YHUBEP3UTET Y BEOT'PAJLY
Pynapcko-reosiomku paxyarer

N3b0PHOM BERY

Ha ocuoBy Omnyke W3b6opnor Beha Pymapcko-reonomkor ¢akynrera YHUBep3uTeTa Y
beorpany (0p. S; 186/2, o1 06.04.2016. rogune) KojoM je onpeheHa KoMHCH]a y cacTaBy:

Hp boxo Konoma, penosau npodecop, Pynapcko-reosnomku dpakynrer, beorpan

Ip HAparan Urmatosuh, penosau npodecop, Pymapcko-reonomku axynret, beorpan
Jp Hukona Jlunuh, pegoau npodecop, Pynapcko-reonomku dakynrer, beorpan

Jp bnaroje HenespkoBuh, penosuu npodecop, Pakynrer TeXHUUKHX HAyKa Y
Kocosckoj MutpoBunu, Yausepsurter y [Ipuimrtunu

AW N~

3a mpurpeMy pedepara 0 IpHUjaB/LEHUM KaHIUAATHMA 1O 00jaBJbEHOM KOHKYpCYy 3a M300p
JeIHOT HACTaBHUKA y 3BabE¢ M HA PAJHO MECTO PeAOBHOI mpodecopa 3a yKy HaydHy 00JIacT
"TpaHCHOPTHH ¥ U3BO3HU CHCTeMH", KOMHCH]a MOAHOCH cieaehu

PE®PEPAT

Ha pacnucanu KoHKypc, KOju je 00jaBJbeH y orylacHUM HoBMHama HammonamHe ciyx6e 3a
3anonubaBame y Jucty ,llocinoBu®, mana 06. 04. 2016. roaune, 3a pagHO MECTO PEIOBHOT
npodecopa 3a y)Ky HayuHy obnacT "TpaHCIOPTHU M M3BO3HM CHUCTeMHU'", MPHjaBHO CE jeJaH
(1) xapaunat: ap MBuna Puctosuh, Banpennu npodecop Ha Kartenpu 3a mpojekToBame U
IUIaHUpalke TOBPIIMHCKUX KomoBa, Pynapckor ojceka, Pymapcko-reosomkor ¢akynrerta,
Yuuep3uteta u beorpany. Komucuja je nanucana Pedepar y 3akonckoM poky o1 60 maHa o
UCTEKa POKa 3a MpHjaBbUBabe KaHAM1aTa Ha KOHKYPC.

A. BUOTPA®CKHU NOJAIIA O KAHIAUIATY

Kanaunar ap Ueuna M. Pucrosuh, numui. unx. pynapcrsa, pohen je 25.01.1964. roqune y
KocoBckoj MwutpoBuiy, Penybnuka Cp6uja. Jumiomupao je Ha Pynapcko-reosonikom
dakynrety YHuBepsutrera y beorpamy 16.10.1992. ronmune Ha cmepy 3a MammmHCTBO y

pPyAapcCTBYy.

AKaJeMCKM Ha3MB MarucTpa TEXHMUYKHX Hayka y objacu pyaapcTBa — MexaHu3anuja u
ayToMaTu3alidja y pyAapcTBy U €HEpPreThka, CTekao je Ha Pymapcko-reonomkoM GakynTery
VYuusepsurera y beorpagy 28.05.1999. roaune kaga je oa0paHHMO MarucTapcku paj Moj
HacmoBom MCTPAXUBAIE ITTOKA3ATEJbA EOEKTUBHOCTU PAJA TIOMORHE
MEXAHU3AIIUJE HA ITOBPIIMHCKMM KOITOBUMA JIMTHUTA.



Hoktopcky  muceprauujy — mox — HazuBom  OIITUMU3AILIMIA  [TAPAMETAPA
KOHTUHYAJIHUX TPAHCIIOPTHUX CUCTEMA VY IIOJA3EMHUM PYJIHULINMA
METAJIMYHUX W HEMETAJIMYHUX MUWHEPAJIHUX CHUPOBUHA, onbpanuo je
07.07.2006. rogune Ha Pynapcko-reosomkom ¢akynrety YHuBep3uTeTa y beorpany.

[To numnomupamy on 1993. no 1996. ronune 3acHuBa paaHu ogHOC Ha Pynapcko-reononkom
dakynrery YHuBep3utera y beorpamy, Ha paiHOM MeCTy CTPYYHO-TEXHHYKH CapaJHUK Ha
Karenpu 3a mexanuzanujy pyaauka. Ox 1996. no 1999. rogune paau kao CTpydyHU capagHUK
32 HAyYHO-UCTPAKUBAYKU paj Ha Pymapckom oxceky. HakoH mpujaBe Ha KOHKYpPC pacrucaH
1999. romune ox crpanHe Pynapcko-reosnomkor ¢akynrera y beorpamy, 3a mpeamer
,» | PAHCIIOPT ¥ M3BO3 y PYAHHUIIMMA" N3a0paH je 32 aCUCTCHTA HA TIOMEHYTOM IIPEIMETY.

Henembpa 2006. roqune nzabpaH je y 3Bame JIOICHTa Ha Pymapcko-reosomkoM GakynTery
3a nmpeamere TpaHcnopT y pyaapcTBy u I'paljeBUHAPCTBO y PyAapCTBYy.

31. Oxrobpa 2011. romune u3abpan je 3a BaHpeaHor mnpodecopa 3a Hayuny obnact
PYJAPCTBO , yxy HayuHy obnact Excruioaranmja YBpcTHX MHUHEPAJTHMX CHPOBMHA M
MeXaHUKA CTeHAa U y TOM 3Bamy C€ U JIaHac HallasH.

VY ckmamy ca OONOHKCKMM IpOMEHaMa M aKPEAUTOBAHUM CTYIHMjCKAM IpOrpaMHMa II0
akpemutaunju ox 2009. roguue u 2013. roxuHe TPEHYTHO OAp)KaBa HACTaBy Ha CBa TPHU
aKpeAMTOBaHAa CTyAWjCKa TMporpamMa Ha Pymapcko-reonomkom ¢axynrery: Pymapcko
H)XEHepcTBO, HKEmEepCTBO 3alITHTE )KUBOTHE cpeanHe U MmkemepcTBo HadTe u raca.

TpeHyTHO je aHra)koBaH Ha akpenuToBaHoM mporpamy u3 2009. rogune Ha OCHOBHUM
akageMckuM ctyavjama (Tpancnopt y pynapctBy, I'paheBunapcTBO y pynapcTBy, 3aKkoHCKa
perynatvBa W3 3alliTUTE Ha paay M 3allTUTE XUBOTHE cpeauHe, CekyHaapHe CHpPOBUHE,
[Tnanupame U NPOjeKTOBAKE CUCTEMAa 3alITUTE JKUBOTHE CpeluHe, 3allTUTa O]l MoXapa U
excryio3rja U TepeHcka HacTaBa U JieTHa Mpakca), /[MIIOMCKUM akaJeMCKUM CTyaujama
(ITpojexToBame cucTeMa NPOTUBIOKAPHE 3aILUTHUTE).

VY akpenutoBaHom mporpamy u3 2013. roaune, anraxkoBaH je Ha OCHOBHUM aKaJIeMCKUM
crynujama (TpaHcnopT ¥ M3BO3 y pyJHHUIMMA, 3aKOHCKA pEryjaTUBa U3 3alUTUTE >KMBOTHE
cpeaune, CucreM ynpaBibamba >KMUBOTHOM cpenuHoM M CrTpyuHa mpakca), JumiomMckum
akagemMckuM cryaujama (TexHorene cupoBuHe) u Jlokropckum cryamjama (TpancnopTHU
CUCTeMH Yy pynHunMMa, OnTUMH3aIja TPAaHCIOPTHUX CHCTEMa y PYIHUIMMa M AHanu3a
JKUBOTHOT IMKITYyCa).

VYyectBoBao je y 10 Hayuno — uctpakuBaukux mpojekara u3 objgacT pyaapcrsa ypaheHux 3a
MuHHCTapCcTBO TPOCBETE, HayKe M TEXHOJIOMIKOr paszBoja Penybmuke CpbOuje. buo je
pykoBoauian rpojekta TP 17021: MctpaxuBame TEXHOJIOTHja TPAHCIOPTA YIJba U3 PYJHUKA
Kpo3 npHpojHe U ypbaHe cpenune, ¢punancupano on crpane MIIHTP PC ox 2008-2010.
ronguae. YuectBoBao je y m3paau 20 Ilpojexara m 18 Cryamja ypaheHux 3a mpuBpemy.
O6jaBuo je 173 HayyHHX U CTPYYHHX pajioBa Ha AoMahuM u Mel)yHapoIHUM CKymnoBUMaA U Y
nomahum 1 MelyHapoJHUM YacomnucuMma.

Aytop je 1 mMoHorpaduje HalMOHAJTHOT 3Hauaja U KoayTop 2 MoHorpaduje HaluOHAIHOT
3Hayaja. YpeaHuk je 1 MoHorpaduje HamumoHanHor 3Hauaja. Koayrop je 1 mormasika y
MoHorpaduju Boaeher melyyHaponHor 3Hayaja U 2 morjiaBJba y MOHOrpaduju mehynapoaHor
3Hayaja.


http://www.rgf.bg.ac.rs/predmet.php?menu=about&id=536&lang=sr
http://www.rgf.bg.ac.rs/predmet.php?menu=about&id=536&lang=sr
http://www.rgf.bg.ac.rs/predmet.php?menu=about&id=2060&lang=sr
http://www.rgf.bg.ac.rs/predmet.php?menu=about&id=2060&lang=sr

On u3b6opa y 3Bame BaHpenHor mnpogecopa koaytop je 1 yubenuka (IuuCKM TpaHcnopT -
2016.) u koaytop 1 IIpakTukyma 3a Tpancnoprt - 2014 ronuse.

On mocnenmer n3dopa y 3Bame J0 JaHac 00jaBHo je 2 paja y UCTaKHYTOM MehyHapoaHoM
gaconucy (M22) u 3 paga y mehynapoaaum gaconucuma (M23) ca CIIU nucre HaBeqeHUX y
Thomson Reuters minu Journal Citation Reports (JCR) nmucrtu, Tj. 9aconmucuma Koju uMajy
Impact factor.

b. HACTABHA JEJATHOCT

AxTtuBHOCT y HactaBu ap Wewuie PucroBuh tpaje om 1999. roaune, Tj. kana je uzabpaH 3a
acucTteHta Ha Pymnapcko-reonomkom ¢akynrery y beorpany. Hberos pan ca cryneHtuma ce
BpIIM KpO3 OJpKaBamke IMpeAaBamba W BeXOM U3 HACTaBHHX IpeIMETa Ha OCHOBHUM
aKaJIeMCKAM, MacTep M JOKTOPCKMM CTyaujama Ha CBUM CTYAHMjCKHM IpOorpamMuMa
Pynapckor oxaceka, Pynapcko-reonomkor (akynrera, YHuBep3utera y beorpany: Pymsapcko
HnxemepcTBo, NHKEHEPCTBO 3aITUTE )KUBOTHE cpefuHe U HxkemepcTBO HaTe U raca.

OcuM peloBHUX aKTUBHOCTH Ha Pymapcko-reomomkom ¢akynrery y beorpamy, mpod. mp
WBuna PuctoBuh anraxosan je ca 1/3 myHOr paaHOr BpeMeHa 3a OJlp)KaBame IMpellaBarba,
BexOM m wmenurta Ha Crymujckom mporpamy Pymapcko HMuxemepcTBo Ha TeXHHYKOM
dakynrery y KocoBckoj MutpoBunn, YHuBep3utera y IlpumitunHu, Ha mnpeaMeTuma:
Tpancnopt u u3BO3 Yy pyAapctBy, ['paheBuHapcTBO y pynapcTBY, XUIPOTPAHCIOPT Yy
pynapctBy, JlonpeMa penpomarepujana U MpeBo3 pagHUKa U JAp., Y 3aBUCHOCTH O] ToTpede
dakynreTa.

[Topen Tora oxapxkaBao je W IpeAaBama MO MO3MBY Ha YHHUBep3uTeTuma y CIOBEHHU]H,
VYkpajunu, Pymynuju, uta.

VY CcB0j0j HaCTaBHOj aKTUBHOCTH OJIP>KaBao j€ U MpeJlaBarmba 1o MO3UBY U TO:

» ENERGY MINING (COAL MINING) AND SUSTAINABLE DEVELOPMENT
Ha HapaBocnoBHoTexHumkom daxkynrery Yuusepsurera y Jbyospanu, CnoBenuja.

» IlpenaBama 3a crynenre Mactep nporpama Ha JloHOAHCKO] Ap>KaBHOj akaJeMHjU 3a
MAaITUHCTBO, 23 - 26. anpun 2013. rogune. Kpamaropck, YkpajuHa.

» TRANSPORT SYSTEMS IN MINES y nerwmem cemectpy 2014/2015 roaune, Ha
HapaBocnoBHoTexHuikoMm ¢akynrery YHusepisurera y Jbyossanu, CinoBenuja.

» VISUALIZATION AND MONITORING OF TRANSPORT SYSTEMS IN y
netweM cemectpy 2014/2015 ronuue, Ha HapaBociIOBHOTEXHUIIKOM (HaKylTeTy
Vuusepsureta y Jbyospanu, CioBenuja.

» OPTIMIZATION OF CONTINUOUS HAULAGE SYSTEMS IN MINES y
3uMckoM cemectpy 2015/2016 rogune, Ha HapaBOCIOBHOTEXHMIIKOM (aKyJITETy
VYuusepsuteta y Jbyospanu, CiioBenuja.



b.1. AHra:koBame Ha NpeaMeTHMA
Axpenutanmja 2013:

OcHoBHe akajeMcKe CTyauje:

- Tpancnoprt 1 U3B03 y pyAHULIUMA (mpenaBama u BexOe) 2+2
- 3aKOHCKa peryjaThBa U3 3alITUTE )KUBOTHE CPEIHE (npenaBama U BexOe) 2+2
- CucreM ympaBibama )XKUBOTHOM CPEIUHOM (npenaBama 1 BexOe) 2+2
- CrpyuHa npakca 0+8

JluniioMcke akajaeMcKe CTyauje:

- TpaHCIOpPTHH CHCTEMH Yy pyAHULMMA (npenaBama u BexOe) 2+2
- TexHoreHe cupoBUHE (npenaBama u BexOe) 2+2

JlokTopcke cTyauje:

- OnTumu3zanyja TpaHCIOPTHUX CUCTEMA Y PYIHULIUMA 4+0
- AHanu3a )XKMBOTHOT LIUKJTyca 4+0

[Ipenmere koju cy my moxaesbeHu, ap Meumna PuctoBuh je ynampenno, yBohemeM HOBHX
TEMaTCKUX cajpkaja y mocrojehe KypceBe, ocaBpeMemaBameM IMocTojehe Teopujcke u
NpakTUYHE HacTaBe, MOCeOHO YKJbY4dyjyhu NpUMEHy KOMIIjyTepCcKe IMpHIpeMe, odpane u
uHTepnpetanyje. OBO ce HApOUUTO OJJHOCH HA MpPEAMETe Be3aHE 3a TPAHCIOPTHE U M3BO3HE
CUCTEME Y pYHapCcTBY, KOJU Cy merora crnenujanHocT. l3Bohewe HactaBe o0OaBsba
CaBpeMEHMM IMpHUCTyIIUMa eNEeKTPOHCKE TMpe3eHTaluje. Ha [peJaBakbuMa KOPHUCTHU
MYJITUMEAN]ATTHE CaJipKaje HaMEHhEeHe CTYICHTUMa KOjuMa IpeJaje.

Bb.2. O0jaB/benu yypOennnu u Mmonorpaguje
[Tpod. ap NBuna PuctoBuh 06jaBro je kao KoayTop, T/ie je MPBU ayTop, jeJjaH YUOeHHK:
1. Pucrosuh, U., I'pyjuh, M.: llluncku tpancnoprt (2016).

0O06jaBuo je Kao ayTop jeAHY MOHOTpa(ujy HAMOHAJIHOT 3HayYaja:

1. PucroBuh, HM.: EdextuBHOCT paga M ojapkaBame NOMOhHe MexaHHM3alMje Ha
MOBPIIMHCKUAM KoroBumMa aurauTa (2007).

Kao xoayTtop 00jaBuro je 1Be MOHOrpaduje HAIIMOHATHOT 3HAYAja:

1. Henesmkosuh, b., PucroBuh, U.: KoHTypHO MUHUpame U TPAaHCHOPT MU3MUHHUPAHOT
MaTtepHjajia pHu U3pajau jaMcKHX o0jekaTa y UBpcToj paaHoj cpeaunu (2009).

2. T'pyjuh, M., Pucrouh, U., I'pyjuh, M.: HUcTpakuBamwe TeXHOJOrHja TpaHCHOPTa
yriba U3 pyJHHUKA Kpo3 IpupoaHe U ypbane cpeaune (2010).



AyTop je morJjiaB/ba y MoHorpaguju meynapoaHor 3Hauaja:
1. PucroBuh, U.: Environment-friendly External Ore Conveyance (2006).
KoayTop jenHor morJjiaBba y Mmonorpaguju mel)ynapoasor 3nauaja:

1. I'pyjuh, M., PuctoBuh, U.: Mining in the Central Europe Trough History (2010).

AyTop je morsiaBiba y jeaqHoj MoHorpadckoj cryauju Boaeher meynapoanor 3nauaja:

1. PucroBuh, U.: Environmental Risks to Air, Water and Soil Due to the Coal Mining
Process. Understanding and Managing Threats to the Environment in South Eastern
Europe, SpringerLink, NATO Science for Peace and Security Series, ISBN 978-94-
007-0610-1, Vol. 2, pp. 251-264, (2011).

Koayrop je nornaspa y jeqnoj MoHorpadckoj ctyauju Bogaeher mel)ynapoanor 3uauaja:
1. PucroBuh, U., bopucasibepuh, A.: Global Change-Challenges for Soil Management —
Advances in GeoEcology. CATENA VERLAG GMBH (2010)
Bb.3. 3aBpmnu pagosu
[Tpod. np MBuma PucroBuh je ydecTBOoBao kao WiaH KOMHCHje 3a 0a0paHy 20 3aBpHIHHX
pazoBa Ha OCHOBHMM aKaJeMCKUM CTyadjaMa, o1 4era je y 6 pamoBa O6uo mentop. On
n3bopa y 3Bame OMO je ujaH KOMHCHje 3a on0paHy 14 3aBpuiHMX paaoBa, o1 dera je y 2

pana Ouo MeHTop.

b.3.1. MeHTOpPCTBO — 3aBPIIHM PAJ0BH:

MeHTOpCTBO — 0A0Palk-€HU 3aBPLUHU PA/IOBH

Bbp. |Aupexc | Ume n npesume Tun paga |Hacuos paaa Cemecrap |Yaora |Jlart. onopane

Jonpema pernpomaTepHjaia )KUIapoM ca TOPHOM
MMHOM M OECKOHaYHMM YyxkeToM y pymHuky|2011/12-2|MenTtop |2.okt.2012.
JlyOnuna

Mupociaas 3aBpiHK

1| P117/07 Majctoposuh pax

Iporniena yrumaja pymapcKHX AaKTHBHOCTH Ha
nopiruackoM Koty [Tosse 1 - IT1/1 PB Komy6apa |2011/12 - 2 | Mentop | 17. cem. 2012.
Ha J)KHBOTHY CPEIHHY

3aBpiHK

2.|P11/04 |Bojan Uiuh
pan

3appman | [Ipouena yruiaja pajga MOBPIIMHCKOT Koma "

3.|P130/05 |Kapko Baaxuh 2009/10 - 1 | MenTop |6. maj 2011.

pan Benuku Lpsbenn " Ha )KUBOTHY CpEeMHY

4.|P131/05 | Misan Bprowau | S0PPWHHM | lpouena yriuaja paxa mOBpIIMHCKON KOMa ™| »00/10 | | Meprop | 6. waj 2011.
pan TamnaBa 3anaj " Ha )KUBOTHY CpEIUHY

5.|P54/05 | Hebojma Hyiun | S25Pumn | Ipouena yruuaja paxa padunepuje  THI-| 500,10 5 | Meyrop |15 jyn 2010,
pan Enemup Ha )UBOTHY cpeanHy
TN Mepe 3amTuTe JKMBOTHE CPEIMHE O] YTHIaja

6.|P83/05 |Cama Bajuh pa;[p nenonyje ornagae uciwiake y HYC Hadraracy-|2008/09 - 1 | Mentop | 5. oxT. 2009.

HoBo Murnomeso




Bb.3.2. YnaHcTBO y KOMHCHjamMa 3a 0A0paHy 3aBPIIHUX PajoBa:

YaancTBO y KoMucHjama - Ondpameny 3aBpUIHE PaJl0BH
Bp. | Uagexc | Ame u npe3ume Tun pana | HacsioB paga Cemecrap |Yaora |Jlat. ondopane
1.|P56/09 | Hikona Huxomu |32BPUHU | BesOeHocT W samTuta Ha pany Ha HPUMEDY | 501415 9 |qgan |29, cen. 2015.
pan npenyseha "®dpuxom” 1.0.0
2.|p13y/11 | Mapmia 3aspun | [pouena yriuaja  Ha  KUBOTHY - CPEMMHY | 501415 ) [Ugan |22 cem. 2015.
MaxkcumoBuh pan ojaranumra ¢ocdoprumca
3aBpIIHI [Inanupame pa3Boja PyIAapCcKUX pajoBa Ha
3.{P45/09 |Jla3zap JoBanoBuh a P OTKOINIABaly  jaJloOBUHE Ha  yHyTpaimeM | 2014/15 - 2 |Ynan 18. cem. 2015.
pan OJIATJIUIITY IIOBPIIMHCKOT Koma "/[pMHO"
4.|P711 | Mpuna 3axupopun | 2P | Xemujcke obpaje pesepoap crena HAQTHUX M |5g1415 5 \ypay |18, cem, 2015,
paxn TaCHHUX JIC)KHIIITA
5.|P16/11 | Jenena Mapumiop | 322P1iH  |Tloschame  creena ucxopumhesa  HaQTHIX| )01 415 5 | qpan |18, cen. 2015.
paxn JICKUIITA YTUCKHUBAKEM BOJAC
6.|P19/11 | Vamja Baopun | 32ePuis |Tloschame mckopumhema HAQTHHX JSKMIITA| )01 415 5 |qpay |18, cen. 2015.
pax YTUCKHUBAKBEM TEYHUX arcHaca
7.|P20/09 | MBan Mapkosuh | S2BPUHM | pouena yruuaja kiactep noapysja Panas Ha|yg 314 o ey |30, cem. 2014.
pan yHarnpelherbe )KUBOTHE CPeIIHHE
8.|P87/09 |/Iparama Mecnuh | 28PUHHM | Acposaraheme ypGamux cpeuna Ha MPHMEPY |5015/13 5 [Ugan |19, cem. 2013.
pan rpazna [TaHueBa
9 |P111/09 AJjlekcaHjpa 3aBpIrHK HpPIHIlI/Il'{I/I YUPaB/bamba TPOUCHOM PH3HKA Y| 01513 5 luypan 19. cerr. 2013.
Tlepumuh pan SKUBOTHO] CPEHHU
3a VY1umaj mMuHHpama y kameHoinoMmy "PaHmn" Ha
10.|P95/07 | Ana IlaynoBuh aBpmx-m JKHBOTHY CcpeuHy M oOkonHe rpaheBuncke [2012/13 -2 |Unan 16. cemn. 2013.
pai objexre
N36op TEXHO-€KOHOMCKHU HAajIIOBOJHHHUjET
11.|P93/09 |Mapuna Fyruh | SABPUHH | POUICH:A 33 ICTIOHOBAKE MyJba H3 IOCTPOJeIA 32 | 51513 |tjpay |11, cen. 2013,
pax IPaBUTALM]CKO-MAarHETCKy  celapaiujy — pyae
rBokha u3 nexuinta ByBau
ETT— AHanu3a yTuliaja Ha )KUBOTHY CPEIHHY CaHaIHje
12.|P70/05 |Bojana Cumuh a P n3rpaame Konekropa Bemukn Kpusess y 3omm [2011/12 -2 |Ynan 10. okr. 2012.
pan pyznuuka bop
13.|P71/06 |Bua Cypaa 3asputht | QIyHAH KM CC KOPHCTE y CTUMYIATHBHHM |)q11/15 5 \ypay |31, jam. 2012,
pan PpazoBUMa U BUXOB YTHIIA] HA )KUBOTHY CPETUHY
14.|P9/04 Iagie JoBanosuh 3apuin | EKOJIOUIKH - MCHAUMEHT - MECTO M yJora y 2010/11 - 2 |Yman 14. jym 2011.
pan MPOIECUMA 3AIUTHTE JKUBOTHE CPEIUHE

b.4. Marucrapcke Te3e

[Tpod. np MBuna PucroBuh je yuecTBOoBao Kao wiaH KOMHCHje 3a oA0paHy 3 Marucrapcke
Te3e, of1 yera je Ha 1 Te3u 6uo MenTop. IIpod. np Msuua Pucrosuh je yuecTBoBao kao uiaH
KOMHCH]e 3a on0paHy 22 macTep pajia Ha MacTep akaJeMCKHUM CTyaujama, O]l Yera je Ha 2
pana 6uo MmenTop. On u36opa y 3Bame OHO je ugaH KoMucHje 3a on0pany 20 mMactep panoBa
on yera je Ha 1 pany 610 MeHTOP.

b.4.1. Marucrapcke Te3e - MEHTOPCTBO:

1. Munopan CrojanoBuh, Mojaen cucrema yrpaBibara 3allITUTOM JKHBOTHE CPEAWHE Y
PBb Komny6apa, PI'® Beorpaz, 2008.

b.4.2. Marucrapcke Te3e - WIaH KOMHCHja 32 010paHy:

1. Mapuna M. TanackoBuh, [Ipumena cucrema Bucehux mpyra y pyAHHIIEMa YIjba ca
noa3eMHoM ekcrutoaTtarjom y Cpouju. PI'®, beorpan, 2008.

2. 3opan [omyboBuh, Ilpumor ompaBIaHOCTH PEKOHCTPYKIIMjE€ TOTOHCKHX CHCTEMa
pamHOT Touka Ha O6arepuma cpenme kmace. ®TH, KocoBcka Mutposuia, 2009.




b 4.3. Macrep cTyanje - MCHTOPCTBO:

MenTopcTBO - On0pameHu MacTep paioBH

Bp. | Uagexc | Ume u npe3ume Tun pana | HacioB paga Cemecrap | Yaora |Jlat. ondpaHe
1.iP505/09 | Cama Bajuh Mactep  llpuvena T'VIC-a 'y 3aTiTi KUBOTHE CPEMHE o010/ 1 5 | Mentop |25. de6. 2011
pan IIPU PYAApPCKUM aKTUBHOCTUMA
MenTOopcTBO - Mactep paj y TOKY
Bp. | Anpexc | Ame u npesume Tun paga | Hacios paga Cemectap |VYuaora |Jlat. onGpane
. HcrpaxuBame MoryhHocTH —OMopemenujaiuje Mewnrop
4.1P526/15 xap"ﬁ‘ " I‘fiamp saralyeror 3eMJbHIITA yriotpeom | 2015/16 - 2 { 3a 12. anp. 2016.
AKCHMOBH pan BIOCOMPLEX - a onbpany

b 4.4. Macrep cTyauje - 4JIaH KOMUCHja 32 010pPaHy:

YaancTBO y KoMHucHjaMa - On0pameHn MacTep pagoBu

Bp. | Uugekc | Ume u npe3ume Tun paga | HacsioB paga Cemecrap ! Yaora |Jlar. onopane
Macre MoryhHoct  onpehuBama  mpuopHTeTa  3a
1.1P556/12 { bojana Cumuh P pemaBame mpobiieMa 3aITUTe )XUBOTHE cpeaune | 2014/15 - 2 { Ynan 30. cem. 2015.
pan
y I1]1 Pb Kony6apa
2.1P533/13 |Ana Kupamopuh | VACTEP  {MHACKC KBAIMTCTa Bastyxa HA TEPUTOPHIMIyi4/15 o iynay |30, cen. 2015,
pan onutuHe bujesbuna
3.|P535/13 | Bpanka Merpopuh | MACTeP | CTaIke KBAINTETA BASIYXA Y PYAAPCKOM BACEHY | 51 4/15 5 | yan | 30. cem. 2015.
pan Komy6apa
Josana Macre VrHuiaj  MOBpIIMHCKE — eKCIUIOATalije  Ha
4.1P525/13 . P Jerpajanyjy 3eMJbHINTa Ha npuMmepy ommruHe | 2014/15 - 2 i Unan 29. cen. 2015.
Baarojesunh pan
JlazapeBan
5.1P537/14 | OBpen Hukoauh | V12¢TeP | Monemmpaie ucnepsuje acposarabhersa BAAYXA | o415 5 fay |29, cem, 2015.
paz u3 Tepmoerexrpane "l"ako
6.1P539/14 | Mupjana Mseruh | VI2CTeP  (Byxa 'y ypbamum - cpemumama ca  acleKTa,,iins o iugay |29, cem, 2015.
pan tepuropuje beorpana
Macre OrnrruMu3anyja KHCEIIMHCKUX obpana
7.1P552/14 {T'aépujen ['pydau a P kapOoHaTHHX  pe3epBoap  creHa  HadTHHX | 2014/15 -2 {Ynan 18. cem. 2015.
pan JICKHIITA
8.iP524/12 {Mapko Kekes Mactep  {Marmparse  Gyke Ha  W3pamw  KOICKTOPAi,gy3/14 5 iypay {30, cen. 2014,
pag Kpusesbcke pexe
9.|P540/12 | Crepam Ampuh | VACTeP | AHAIN3A TOBPEAa  Ha MOBPUIMHCKOM  KOMY|»g13/14 5 iquay |30, cem. 2014,
pan Komy6apa!
10.1P547/12 | Huxona Cocnapuh | V2CTEP | AHATN3A QUSHUIKIX U XeMHJCKUX IUTCTHOCTH HA {0 3)14 5 iypay |30, cen. 2014,
pag noBpirHckoM komy "Ilosse [ Komy6apa
KBaymmrer Basgyxa © yTHIA] Ha OKHBOTHY
11.1P553/13 ?ﬂ:{c:a:;]gp N;aCTep CpenuHy ¥ 31paBibe Jbynau y Bpamy y mepmony {2013/14 - 2 { Ynan 30. cemn. 2014.
pajro bax 012008. 10 2013. rozune
Macre Pa3Boj  reoba3ze  WHTErpalHOr  KaracTpa
12.1{P523/13 | UBanka Crojunh a P sarajuBaua Ha TNpUMepy MOBpIIMHCKOr Koma |2013/14 -2 | Unan 17. cen. 2014.
pan " Tpmo”
Macre IloBehamwe wuckopumhewa HaTHUX M TaCHUX
13.1{P540/13 | Cgermana Ilenuh a P JISKHUIITA MIPOLIECOM xuapaynuykor | 2013/14 - 2 { Unan 16. cem. 2014.
pan (dpakTypupama
AHann3a TpHMapHe U CeKyHIapHe paspaje
14.1P555/12 Caobonan Macrep HaTHUX M FACHUX JISKHIITA ca (pakrypupanum | 2013/14 - 2 i Ynan 8. jyn2014.
Credanon pan
KOJIEKTOpHMa
Macre MoryhiHOCT HHTerpHcama CHCTEMa YIIPaBJbarba
15.1P550/12 Jenena BypheBuh a P Oe30emnomhy Ha pamy ¥ 3amTHUTOM OKHMBOTHeE § 2012/13 -2 Ynan 30. cem. 2013.
pan cpemmHe Ha pumepy npexnyseha "Komosu" A Jl. Y6
16./P503/12 | Caabko Hemmh | “0CTeP | AHATH3 TpUMapHe M CCKYHAGPHE PaspaiCinginiiz piumay |18, cem. 2013,
paz TaCHO-KOH/ICH3aTHUX JICKUIITA
17.1P542/12 HUBana Macrep AHanuza moBpea Ha pajy Ha HOBPIIMHCKUM 2012/13 - 2 | Unan 18. cer. 2013.
®uaunosuh pan KOIIOBUMA JINTHUTA
18.17538/12 Mapujana Macrep Texm/m'Kn W 3KOHCKH OKBHDH  3aTBAPAMA| 01513 5 | yyan 11, cem. 2013
Huxonauh pan JIeTIOHU]a MHAYCTPHjCKOTI OTIaaa
19.:P520/10 | Bojan Teuuh Macrep | Pacnipoctuparse Gyke Ha ILK. Boryroso ceno -iyg 1 15 5 typay {8, oxr. 2012.
pax VYTIbEBUK.
20.1P519/10 | Mupjana Yseaan | 2CTeP | JOAMHCTBCHH CHCTEM YNPaBILAMA SANTHTOM Ha|5010/11 ) [Ugan |30, cem. 2011.
pan pajy M 3alITHTOM XUBOTHE CPEIHHE




B.5. JlokTopcke nucepranuje

[Tpod. mp Meuna PucroBuh je ydecTBOoBao Kao uiaH KOMHCH]e 3a oAOpaHy 3 JOKTOpCKE
nucepTaije. buo je MeHTop Ha 3 TOKTOpPCKe Te3e Koje ¢y y ToKy. On u3dopa y 3Bame Ouo je
4jjaH KOMHCHje 3a o10panHy 1 JOKTOpCKe Te3e W MEHTOp je Ha 3 IOKTOpCKe Te3e Koje Cy Y
TOKY.

Bb5.1. lokTopcka nucepranuja — MEHTOPCTBO:

1. Jenena ManenoBuh-Hukonuh, Mopaenupame cucTeMa yOpaB/bamkba 3allITHTOM
KUBOTHE CpPEJIMHE Y PyJapCKO-CHEPIreTCKIUM KOMILIEKCUMa. (Y TOKY).

2. Hpana Bnajuh-HaymoBcka, Pa3Boj Mmozena mpolieHe pusnka mpoiieca 6e30eTIHOCTH U
3amtute Ha pany y norouuma [1/] TE-KO "Kocromnan". - (y TOKYy).

3. HBana ®ununoBuh: Mogen 3a IMMEH3MOHUCAmHE KOHCTPYKIIMOHUX Iapamerapa
[IEBaCTUX TPAHCIIOPTEPA Ca TYMEHOM TPAKOM Y PYAAPCTBY. - (Y TOKY).

B5.2. lokTopcke qucepranuje — 4J1aH KOMUCHja 3a o10paHy:

1. Huxomera XycakoBa, Reverzna logistika v podmienkach SR s aplikdciou na
opotrebované pneumatiky, Texunuku Yuuep3uter Komune, CnoBauka, 2008.

2. Anexcanmap LlBjermh, Pa3Boj xuOpumHor cucremMa 3a aHaNM3y U YIPaBJbambe
GU3MYKUM W XEMHjCKUM YTUIQjuMa y paJHUM CpeluHaMa pyaHuka, Pymapcko-
reojomku akynrer, beorpax, 2010.

3. 3opan ['ony6osuh, [Ipunor ucrpaxkvpamwy ONTUMATHUX pPEHICHA 32 PEKOHCTPYKIIU]Y
MOTOHCKUX CHUCTeMa poTopHor Oarepa, @Paxynrer TexHuukux Hayka, KocoBcka
Mutposuna, Yuausepsuret y [pumrunu, 2013.

B.6. Ouene crynenara

Hp WBuna PucroBuh ce y cBOM gocajmamimeM paay ca CTyJEHTHMa IO0Ka3ao Kao 11o0ap
neaaror, KOPeKTHOT OJIHOCA MpeMa MIaJuM Kojerama. Beoma 030MibaH y CBakoM MOTJENY,
CTYJEHTHMa OCHOBHUX M MacTep CTylIuja Kao M CTYJEHTHMa JOKTOPCKUX CTyAHja MpyKa
noMoh y3 BEJIMKO JTUYHO aHTa)KOBAHkE U 3aJlarame.

Cga npenaBama U BexOe U3 mpeaMeTa KOju Cy My JI0/1eJbeHH, CTalHO yHampelyje, a cBoje
3HaWbE CTYJEHTHUMa IMPEHOCH MPUMEHOM MOJIEPHUX JAOCTHUTHyha KommjyTepcke MpHUIpeME,
oOpajge M MHTeprperauuje. Y pajay Ha YacOBHMA IOJICTHYE YKJbYUMBAKE U YUECTBOBAE
CTyZIeHaTa y HacTaBy.

On u3bopa y 3Bame BaHpeIHOr Ipodecopa 1O JaHAC IpeMa pe3yslTaTUMa CTYIEHTCKOT
BpeIHOBamka HacTaBHMKa Jp MBuma PuctoBuh je no6MO OUIMYHY MpOCeuHy oleHy. Y
HacTaBKy je nar l3Bemitaj o BpegHOBamYy IEAarolIKOr paja HacTaBHHKa Pynapcko-
reosiomikor akynrera, YHuBepsutera y beorpany, npod. np Usune Pucrosuh.



HM3Bemraj o BpeaHOBamy IMeJarolIKOr paja HacTaBHHKa Pynapcko-reoJiomkor

¢axyarera, npod. ap Usuna Pucrosuh:

PE3VIJITATU AHKETA - TpancnopT y py1apcTBy

Aukera [ 18 maj 2012. v | nepuon | 201112012, v
Twun nssewTaja ‘ﬂo KypCeBnMa v | Mpeamer |Tpchr|op'ry pyaapcTey (TPYP) v
Gpoj cr Koju cy cTypenara o
‘O[ArOBOPMIM Ha MUTarbe Koju cy ogroBop Ha
Pesyntarn aHkete, 20. anpun 2016. 21:56:03, 2011/12. rop I, Ty
TpaHcno|
;YABP 23 4,52 23 4,61 23 4,48 23 4,48 23 4,43 23 4,35 23 4,43 23| 1,43 23 4,35 23 4,39 AEL i) 22 4,61 276 4,46 4,46
(TPYP)
APMT- | 53 452 23 4,61 23 4,48 23 4,48 23 4,43 23 4,35 23 4,43 23 4,43 23 4,35 23 4,39 23 4,39 23 4,61 276 4,46 4,46
Moje
¢a“‘:ﬁ;‘;‘ 23 4,52 23 4,61 23 4,48 23 4,48 23 4,43 23 4,35 23 4,43 23 4,43 23 4,35 23 4,39 23 4,39 23 4,61 276 4,46 4,46
Tew. Moje | 23 4,52 23 4,61 23 4,48 23 4,48 23 4,43 23 4,35 23 4,43 23 4,43 23 4,35 23 4,30 23 4,39 23 4,61 276 4,46 4,46
TeM. | 53 4,52 23 4,61 23 4,48 23 4,48 23 4,43 23 4,35 23 4,43 23 4,43 23 4,35 23 4,39 23 4,39 23 4,61 276 4,46 4,46
dakynrer
PE3VIJITATU AHKETA — TpancnopTHU CUCTEMH y PYIHHUIIIMA
Pesynrarh ankere, 20. anpwn 2016. 22:48:21, wkoncka 2013/ 14. rogWHa, MHMMANHO CrypenaTa: 1
TpaHCTopTHA
Yy 1 5,00 1 5,00 1 5,00 1 5,00 1 5,00 1 5,00 1 5,00 1 5,00 1 5,00 1 5,00 1 5,00 1 5,00 1 5,00 1 5,00 1 5,00 1 5,00 1 5,00 1 500 18 5,00 5,00
PYAHULIMA
(13-2TCYP)
Apwr.moje. 1 500 1 500 1 500 1 500 1500 1500 1500 1500 1500 1500 1500 150 150 150 150 150 150 1 500 18 500 500
¢akc":::" 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1 500 1500 1 500 1 500 1 500 1 500 18 500 500
Tew.moje, 1 500 1 500 1 500 1 500 1 500 1500 150 150 150 150 1500 150 150 150 150 150 150 1 50 18 500 500
‘bawt'e":' 1500 150 1500 1500 1500 150 150 150 1500 150 1500 150 1500 150 150 150 150 1 500 18 500 500




PE3VJITATU AHKETA — I'paljeBunapcTBO y pyIapcTBy

PE3VYJITATU AHKETA —3akoHcKa perysiaTtuba U3 3alliTUTE HA pajy U 3alITHTE )KUBOTHE

cpenuHe

Anxera |27, ma 2011

«

-

‘ Mo kypcesnma

omey

Twn M3BewTaja

6poj cry,
oaroBopunm Ha nuTare

Meprop, 2011/2012. v
| |

| 3aKoHCKa perynaTuea U3 3alWTUTe Ha pagdy W 3aluTuTe # ¥ |

e L

Mpeamer

koju cy oarosop

Pesyntartm aHkeTe, 21. anpun 2016. 00:18:37, wkoncka 2011/ 12. roagMHa, MMHMMANHO CTyfeHaTa: 1

3akoHCKa
perynaTusa
W3 3aWTUTE
Ha paay n 9
zawTuTe
HMEOTHE
cpeavHe
(PETY)
Apwr.
mMoje
ApuT.
parynTer
Temn. Moje 3
Tex.
darxynter

5,00 3 5,00 3

5,00 3
5,00 3
5,00 3

5,00 3
5,00 3
5,00 3

36 5,00 5,00

5,00 3 5,00 3 5,00 3 36 5,00 5,00

s,00 3 36
5,00 3

5,00 3

5,00
5,00
5,00

5,00
5,00
5,00

5,00 3
5,00 3
5,00 3

5,00 3
5,00 3
5,00 3

36
36

10



PE3VIITATU AHKETA —3akoHcKa peryinaTuBa U3 3alUTUTE )KUBOTHE CPEIUHE

PE3VJITATU AHKETA — CexkynnapHe cupOBUHE

PE3VJITATU AHKETA — Ananu3a >kMBOTHOT LIUKJTyca

PesynTaTh aHkeTe, 21. anpun 2016. 00:50:55, WKoncka 2014/ 15. FOAMHA, MUHUMANHO CTyAeHaTa: 1

Ananuza
KUBOTHOT

unknyca 4 500
(13-
3AHXL)
ApT- 4 5 00
moje
Aput- 500
awynTer
Tex. | 4 5,00
moje
Terc.
paegnrer 2 5100

4

500 4
500 4
500 4
500 4
500 2

5,00

4 500

4 5,00

4 500 4
4 500 4
4 500 4
4 500 4
4 500 4

5,00

4 5,00

4 5,00

4

5,00

2 500

4 500

-
R
°
S

4 500

4 500 3 500
4 500 3 500
4 500 3 500
4 500 3 500
4 500 3 500

69

5,00 5,00

5,00 5,00
5,00 5,00
5,00 5,00

5,00 5,00

PE3VIJITATU AHKETA — [Inanupame 1 MpojeKTOBamhe CUCTEMA 3AIITUTE )KUBOTHE CPEINHE

AHkeTa

Twun M3BewTaja

b6poj cT

‘0ArOBOPWUAM Ha NWTatbe

KOju cy

18, w3 2012.

v | Mepnog

‘ Mo kypcesuma

'| Mpeamer

P Y.
CYy OArOBOPHMAKM Ha NWTatbe

| 201172012,

"]

| I'InaHupaH:e W NpPOJEKTOB3 e CUCTEME 33LUTUTE HMBOTHI ¥ ‘

g N

PesyntaTu aHkete, 20. anpun 2016. 23:14:25, wkoncka 2011/12. roAMHa, MMHUMAnNHO CryAenara: 1

MnaHuparLe 1
npojexToBarse
cucTema
zawTuTe
HMBOTHE
cpeavHe
(nncz)
ApHT. Moje
Apwr.
daxynTer
Ten. moje
Tewn.
darynrer

o o o o

4,67
4,67
4,67
4,67

o o o o

4,67
4,67
4,67
4,67

o o o o

4,50
4,50
4,50
4,50

o o o o

4,67
4,67
4,67
4,67

L - )

4,67
4,67
4,67
4,67

Qe o @

4,67

4,67
4,67
4,67
4,67

(]

L - -]

4,33

4,33
4,33
4,33
4,33

6

o o o o

4,67

4,67
4,67
4,67
4,67

6

o o o o

4,83

4,83
4,83
4,83
4,83

6

o o o o

4,83

4,83
4,83
4,83
4,83

6

o o o o

4,83

4,83
4,83
4,83
4,83

(<]

L - )

4,83

4,83
4,83
4,83
4,83

4,68 4,68

4,68 4,68

4,68 4,68

4,68 4,68

4,68 4,68



Pesyntaty ankere, 20. anpun 2016. 23:19:15, wikoncka 2013/14. roAMHa, MUHAMANHO CTy/leHaTa;: 1

MAaHupare 1

e

e

JawTuTe 12 492 12 4,83 12 4,92 1z 4,83 12 4,92 12 4,83 12 4,92 12 4,83 12 4,92 12 4,83 12 4,92 12 483 12 4,92 12 4,83 1z 4,92 12 492 12 4,83 11 4,82 215 4,87 4,87

TR

G

(nnca)

ApWT. Moje | 12 4,92 12 4,83 12 492 12 4,83 12 4,92 12 4,83 12 492 12 4,83 12 4,92 12 483 12 492| 12 4,83 12 4,92 12 4,83 12 4,92 12 4,92 12 4,83 11 4,82 215 4,87 4,87
l‘,“:,ﬁ':';" 12 4,92 12 4,83 12 492 12 4,83 12 4,92 12 4,83 12 492 12 4,83 12 4,92 12 4,83 12 492| 12 4,83 12 4,92 12 4,83 12 4,92 12 4,92 12 4,83 11 4,82 215 4,87 4,87
Tew. Moje| 12 4,92 12 4,83 12 4,92 12 4,83 12 4,92 12 4,83 12 4,92 12 4,83 12 4,92 12 4,83 12 4,92 12 4,83 12 4,92 12 4,83 12 4,92 12 4,92 12 4,83 11 4,82 215 4,87 4,87
WW";"‘}':" 12 4,92 12 4,83 12 4,92 12 4,83 12 4,92 12 4,83 12 4,92 12 4,83 12 4,92 12 4,83 12 4,92 12 4,83 12 4,92 12 4,83 12 4,92 12 4,92 12 4,83 11 4,82 215 4,87 4,87

Ankera | 18. waj 2012. v | Nepnon | 201112012 v

Tun uzBewTaja | Mo kypcesuMa v | Mpeamer | MpojekToBatse CMCTEMA NPOTHENOXAPHE 3awmaTe (MCM ¥ |

MuHumManaH Gpoj cTyaeHaTa Koju cy
‘OfIrOBOPHNM Ha NHTatbe

T

cy onronopm'l:I Ha NUTarbe

e -

PeaynTatu aHkeTe, 20. anpun 2016. 23:02:56, wWKoncka 2011/12. roguHa, MHHMMaNHO CcTyAeHaTa: 1

MpojexTosarbe

cucrema

NpOTHBNOMapHe 1 5,00 1 5,00
3awTnTe

(ncns)
Apwrt. Moje 1 5,00 1 5,00

ApHT.
darynres L 500 1 500
Tex. Moje 1 5,00 1 5,00

Tex.
o 1 5,00 1 5,00

R R R

5,00
5,00
5,00
5,00

R R R

5,00
5,00
5,00
5,00

R R R

5,00
5,00
5,00
5,00

R R R

5,00

5,00
5,00
5,00
5,00

1 5,00
1 5,00
1 5,00
1 5,00
1 5,00

1

R R R

5,00

5,00
5,00
5,00
5,00

1 5,00 1 5,00 1 5,00 1 500 12 5,00 5,00

1 500 1 500 1 500 1 500 12 500 5,00
1 500 1 500 1 500 1 500 12 500 500
1 5,00 1 5,00 1 5,00 1 500 12 5,00 5,00
1 5,00 1 5,00 1 5,00 1 500 12 5,00 5,00

12




PE3VJITATU AHKETA —3amTuTa of noxapa 1 eKCcrio3uja

Pesynramh akkere, 20. anpwn 2016. 23:32:19, wkoncka 2012/13. rofuHa, MUHMMANHO CTyieHaT:

3aumma
on noxapa

" 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 36 500 500
excnnosuja

(3rmE)

Az:].'ej 2 500 2 500 2 500 2 500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 250 2500 36500 500
WN:":'; 2 500 2 500 2 500 2 500 2500 2500 2 500 2500 2500 2500 2500 2500 2500 2500 2500 2 500 2 500 2 500 36 500 500
Texc.moje 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2500 2500 2500 2500 2500 2500 2500 2500 2500 36500 500
WW::' 2 500 2 500 2 500 2 500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 36 500 500
PesynTath ankete, 20. anpun 2016. 23:46:40, WKoNCKa 2015/ 16. FOAMHA, MMHMMANHO CTyAeHaTa; 1
3aumima
0 noxapa
" 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 72 500 5,00
ekcrinoanja
(3rmE)

A::].'e' 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 72 500 500
wk:zr”; 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 72 500 500
Tew.moje 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 4 500 72 500 500
foymes 4 500 4 500 4500 4500 4500 4500 4500 4500 4500 4500 4500 4500 4500 4500 4500 4500 4500 4500 72500 500
PesynTath ankere, 7. Maj 2016. 03:25:15, wkoncka 2014/ 15. roiMHa, MAHWMaNHO CTyAenara: 1 (x]
Wspana
ﬁig‘;‘:z:]e 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 O - 2 500 2 500 2 500/ 2 500 34 500 5,00
(13-34nA1)

Aput.moje | 2 5,00 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 O - 2500 2 500 2 500 2 500 34 500 500
. u:::c'r 18 500 18 500 18 500 18 500 18 500 18 500 18 500 18 500 18 500 18 500 18 500 18 500 16 4,38 14 3,93 18 500 18 4,80 18 500 18 4,89 318 4,80 4,91
Tew.moje 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 O - 2500 2500 2500 2 500 34 500 500
waw:;:; 18 500 18 500 18 500 18 500 18 500 18 500 18 500 18 500 18 500 18 500 18 500 18 500 16 4,38 14 3,93 18 500 18 4,89 18 500 18 4,89 318 4,89 4,91




Pesyntaty ankete, 21. anpwn 2016. 01:06:52, wkoncka 2014/ 15. roguHa, MuHMMAIHO cryaenaTa: 1

vepana
AoxTopcie
Tauuje

i 2 500 2 500 2 500 2 50 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500/ 2 500 2 500 2 500 2 500
(13-3n04)

500 36 500 500

Aput.moje 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2500 2500 2 500 2500 2500 2500 2 500 36 500 500
m.‘cﬁ:‘; 12 500 12 500 12 500 12 500 12 500 12 500 12 500 12 500 12 500 12 500 12 500 12 500 10 4,80 10 3,40 12 500 12 500 12 500 7 500 207 4,90 4,91
Tew.moje 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2500 2500 2500 2500 2500 2500 2500 2500 2 500 36 500 500
1’3‘;:‘2'}:; 12 500 12 500 12 500 12 500 12 500 12 500 12 500 12 500 12 500 12 500 12 500 12 500 10 4,80 10 3,40 12 500 12 500 12 500 7 500 207 4,90 4,91

PesynTath anere, 7. maj 2016. 03:33:46, wkoncka 2015/ 16. roguma, MunMmanno crygenara: 1

2 5,00

2 5000 2 500 2 500 2 500 2 500 2 5000 2 500 2 500 2 500 2 500 2 500 2 500 2 5000 2 500 2 500 2 500 2 500 36 500 500

2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 36 500 500

2 500 2 500 2 500 2 500 2 500 2 500 2 500 32 500 2 500 2 500 2500 2 500 2500 2 500 2500 2 500 2500 2 500 36 500 500

2 500 2 500 2 500 2 500 2 500 2 500 2 500 32 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 36 500 500

paynrer 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2500 2500 2500 2500 2500 2500 2500 2500 36 500 500
B. HAYYHA JAEJATHOCT

[Ipod. np MBuna PucroBuh cBojy HayuyHy akTUBHOCT oOaBjba Ha Pymapckom ojceky
Pynapcko-reonoukor ¢akynrera y beorpany.

TokoM BuIIerouIIBer HaydHor paja npog. ap Msuna Pucrosuh je myGiukosao 173 HayuyHux
U CTPYYHHMX PajoBa, YKJbydyjyhu Mmarwmcrparypy, AOKTOpar, MOHOTpadHje W TIOrjiaBjba y
MOHOTrpagujaMa HallMOHATHOT ¥ MelyHapoaHor 3Ha4aja. Ox oBor Opoja 29 pajoBa je 00jaB/bEHO
y HallMOHAJTHUM YacolucuMa, 42 pasia Ha HallMOHAJTHUM CKYIIOBUMa, 62 paja Ha MelyyHapoHIM
ckynoBuMa, 1 11 pajoBa y HayyHMM YacomucuMma Mel)yHapoIHOT 3Hauaja (y 4yacomucuma ca
CHMU naucre).

Y nepuoay nocjae u3doopa y 3same Baupeasor npodecopa., ap Ueuma Pucrosuh je o6jaBuo:

1 paa v TeMaTckoM 300pHUKY Boaeher mehynapoauor 3navaja (M13)

4 paja y TeMaTcKoM 300pHMKY MehyHapoaHor 3Hauaja (M14)

2 paaga y ucrakuyruMm Mehyaapoaaum gaconucuma ca CIHUM aucte ca UD (M22)
3 paga v mehhynapoauum yaconucuma ca CIIHM jgucrte ca UD (M23)

TI'oct ypennuk je 1 ucrakgyror MehyHapoaHor Hay4yHor 4aconyuca Ha roguiimeM HuBoy (M27)
2 npegaBaka 110 MO3MBY ca Mel)yHApPOAHOT CKYINA IITAMIAHUX V meaunu (M31)
12 caonmrTema ca Mel)yHApPOIHOT CKYIA IITAMNAHUX V HeJanan (M33)

Ypennuk 1 300pHrKa caonmurema ca Mehynapoanor ckyna (M36)

2 paga vy Bojaehum yaconucuMa HalMoOHAJHOT 3Ha4vaja (M51)

1 pax v yaconucy HAMOHAJHOT 3Hayaja (M52)

1 caonmTeme ca CKYNAa HAIMOHAJHOTI 3HaYaja mramMnano v neannu (M63)

1 HoBa TexHoJgoruja (M81)

1 OuTHO NM000/bIIAHA HOBA TexHoJoruja (M84)
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['maBHa 065acT Hay4HOT W CTPYYHOT MHTEpecoBama u paaa ap WMsurne Pucrosuh je Pymapcko
UHKEHEpCTBO M VIH)KEmepCTBO 3alITUTE KUBOTHE CPEMHE U 3aIITUTE HA Pafy.

VYika o0nacT meroBor HayyHor pajaa je TpaHCcOPpTHHM M M3BO3HHM CHCTEMH Y PYAapcTBY.
OcwumMm Tora, 6aBU ce U 3alITUTOM XHUBOTHE CPEIMHE MIPHU TPAHCIIOPTY MUHEPAIIHUX CHUPOBUHA.
[Tpema npobieMaTHIIM KOja je y HAYYHUM paJloBUMa TPETHpPaHa, PaJloBU CE€ MOTY CBPCTaTH y
JIBE TpYIIE.

1. [IpBy rpyny unmHe pajoBH KOju ce ogHOce HA obaacT PyzapcrBa — TpancnopTuu u
M3BO3HH CHCTEMH Yy pPyJapcTBYy. 3Hayaj OBHX PajioBa je y TOME IUTO ce y BehuHM o HBHX
nprKasyje mpobiieMaThKa MpOjeKTOBamka U MPUMEHE TPAaHCIOPTHUX cuctema. Kpo3 pamose
NPUKA3aHU Cy HEKH CAaBPEeMEHH IPHCTYNH pellaBama IMOjeAMHUX IpolieMa BE3aHHX 3a
IPOjeKTOBAE U MPUMEHY TPAHCHOPTHHUX CHUCTEMa M ONTHUMH3AIM]y HUXOBUX Iapamerapa.
OcuMm Tora HEKH Ol paxoBa Omucyjy u OaBe ce MpoOIEeMaTHKOM pPYyIapCKO-EHEPIreTCKHX
KOMILJIEKCa ca BUILE aclieKkaTa oJ KOjUX je jeZjaH U MmpoOiieMaTHKa TPAHCHIOPTHUX CHUCTEMA Y
OBHM KOMIUICKCHMA.

Y HekoJMKo 00jaBJbEHUX PajioBa ayTop ce 0aBu M300pOM U MPOPAUyYHOM MeEXaHM3alHje 3a
TPAHCIIOPT M YTOBAp KA0 U UCTPAKUBAKBEM M MOJICITHPAHEM TPAHCIIOPTHHX IyTama. Takohe,
y OBUM paJIOBUMa C€ UCTPaXKyje U CTAOMIIHOCT PyIapCKUX MPOCTOpHUja y KOjuMa ce 00aBba
PYIapCKH TPAHCIIOPT U U3BO3.

Kpo3 oBe pamoBe ykasyje ce Ha mpobiieM Mayjor Opoja MCTpakWBama y IMHUJbY pellaBama
npobJieMa ONTUMH3AIIMje TPAHCIIOPTHUX CHCTeMa KoJ Hac. Mako mocToje, OHa ce yrilaBHOM
CBOJIC Ha CTY/IMjCKa M NPOjEKTHA PelICha ONTUMH3ALIU]E MOjeAMHUX eJIeMeHATa CUCTEeMa.

VYV HekomMko 00jaBJbEHUX PajioBa KOjU ce 0aBe PyAapCTBOM M EHEPIreTUKOM HCTPAXHUBaH j& U
yTUIa) TPaHCOOpTAa M W3BO3a, KAao /€0 LENOKYITHOI CHUCTeMa eKCIUloaTalje M Tpepaje
MUHEPATHIX CHPOBHHA, HA YKYITHY MTOTPOIIY SHEPIHje Y PYAAPCKO-CHEPreTCKUM KOMIUICKCHMA.
Y 0BOM pafy cy npukazaHe 1 MOryhHOCTH YIITE/Ie €HePrije Ha TPAHCIIOPY U U3BO3Y.

KonauHo, npeo pamoBa oOpabyje mnpoOiemMaTHKy HeIOCTaTKa HAyYHMX Yacoluca H
npoOnemMaTuky oOjaBibuBama pagoBa ca CIU nucrte y oGnacTu TpaHcmopTa M HM3BO3a y

pyaapcCTBy.

OBU pasioBu Ccy MyOJUKOBaHM y TeMaTCKOM 300pHHMKY Boieher mehyHapoaHor 3Hauyaja
(pan Op. 1), Temarckom 300pHuKy MelhyHapoaHor 3naudaja (pamoBu Op. 1, 2, 3 u 4),
HCcTakHYTUM MelhyHapoanum 4aconucuma ca CIHHMU aumcre (pagoBu Op. 1, u 2),
mehynapoanum yaconucuma ca CIHHU aucre (pax Op. 3), nmpexaBamy Mo MO3UBY ca
mehynapoanor ckyna (paxg Op. 2), 30opHMuuMa pajaoBa ca melyHapoanux ckynoBa
(pamoBu Op. 2, 3, 8,9, 11 u 12), Bonehum yaconncuma HaIMOHAJIHOT 3HA4Yaja (paxoBu Op.
1 u 2), yacomucy HaUMOHAJHOr 3Hayaja (pax Op. 1) u 300pHUKY pagoBa ca cKyna
HAMOHAJIHOT 3Ha4aja (pax Op. 1).

2. Jlpyry rpymny pajaoBa YHHe PaJ0BH KOjHU TpeTHpajy NpodJeMAaTHKY TPaHCHOpPTa
MHHEPAJTHUX CHPOBHMHA KpPO3 KHBOTHY CPeAUHY M 3aILUTUTY KUBOTHE CpeIHHE O]
yTHIaja TPAHCIIOPTA MHUHEPAJHUX CHPOBHHA M pyaapcrBa yommre. Kpo3 oBe panose,
NpUKa3Ha je mpoliieMaTHKa TPaHCIIOPTa MUHEPATHUX CHPOBUHA KPO3 JKUBOTHY CPEIUHY, Tj.
KpO3 NpHUPOJHE U ypOaHe cpelMHe, Ka0 U HeKa CaBpEMEHa pPEelIekha U CBETCKa MCKYCTaBa y
NPUMEHHN HOBHUX TEXHOJIOTHja TPAHCIIOPTa MUHEPATHUX CUPOBHHA KPO3 KUBOTHY CPEAMHY.
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Kpo3 mybnukoBaHe pagoBe MpUKa3aHU Cy CBU aCHEKTH TPAHCIIOPTAa MHUHEPATHUX CHPOBUHA
KpO3 )KMBOTHY CPEMHY, MEpE 3allITUTE Y TOKY TPaHCIIOPTa, HOBE TEXHOJIOTH]j€ TPAHCIIOpTa ca
MaJIiM CTENCHOM YTHIIaja Ha )KUBOTHY CPEIMHY U HAYWH U300pa TpaHCIOpTa.

OcuM Tora Kpo3 pajoBe Cy IpHKa3aHe MOTYNHOCTH W IpHMEHa Mepe 3a OAPKHUBH Pa3BOj
pyZAapcTBa Kao W TpaHCIopTa y pynapctBy. OBU panoBu o0pal)yjy mpobieMaTHKy 3aIliTuTe
KHUBOTHE CPEIMHE y PyJapCKO-€HEPreTCKuM KoMIriekcuma. Kpo3 pazoBe je ucTakHyT 3Hauaj
notpede aa ce MMIUIEMEHTHPAjy CaBPEMEHU CHCTEMH 3aIITUTE KUBOTHE CPEANHE U PEIaBajy
HpO6JIeMI/I 3al0TUTC )KUBOTHE CPCANHE TPUMCHOM HOBHUX MGTOI[OJIOFI/Ija u METOoAa.

OBa rpyma pangoBa, Takohe oOpahyje u mpukasyje MoJenHMpame CHCTeMa YIpaBJbamba
3aIITUTOM )KUBOTHE CPEJHMHE Y PYAapPCKO-CHEPreTCKUM KOMILIEKCHMA, Ha OCHOBY pe3yJTara
UCTpaXHBamka YCKIaheHOCTH paja pPYAapCKO-CHEPreTCKOr KOMIUIEKCa ¢a OCHOBHUM
NPUHIMITIMA OJIP’KUBOT pa3Boja. Kpos pasose je mpukasaH pa3BUjeHH MOJIEN yHanpehuBama
CHCTEMa YIpaBJbakha 3alITUTOM J>KUBOTHE CPEIHHE PYyIapCKO-CHEPreTCKOr KOMILICKCA.
[lpukaszaH je W Tporpam MOIPIIKE BHIICKPUTEPUjYMCKOM OJUTyYHBakby, 3aCHOBaH Ha
popavyyHy 3HAYajHOCTH aclieKaTa >KUBOTHE CPEeIUHE M M300py MPUOPHUTETHUX MEpa 3alITHTE
KMBOTHE CpeInHE, OpeluBamy BPEIHOCTH EHEPreTCKHUX UHIUKATOpA ¥ KOHKPETHO] MPOBEPH
Mojiella yHampeluBama CHCTEMa yIpaB/bambha 3allTUTOM JKUBOTHE CpPEAMHE PYyIapcKo-
EHEePreTCKOT KOMILIEKCA.

Kpo3 cBe oBe ob6nactu uctpakupama o0yxBaheHa je 1 006JacT TpaHCIIOPTA y PyIapCTBY.
OBu panoBu cy nyonukoBanu y Mehynapoanum yaconucuma ca CLU nucre (pagosu Op. 1

u 2), npeaaBamy no no3uBy ca melhynapoanor ckyna (paa 6p. 1), 30opaunuma pajaona ca
melynapoauux ckynosa (pagosu 6p. 1,4, 5, 6, 7, u 10).
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B.1. OBJAB/bEHU PA/IOBU - I1PE N350PA Y 3BAIbE BAHPE/THOI' IIPO®ECOPA:

M10 MOHOT'PA®UJE, TEMATCKE CTYAUJE, TEMATCKHU 3bOPHULIA
MEBYHAPOJHOI 3HAYAJA
M13 MOHOI'PA®CKA CTYAUJA/TIOIJIABJ/BE Y KIbU3U M11 WJIN PALY

TEMATCKOM 350PHUKY BOAEREI' MEBYHAPO/JHOI 3HAYAJA

1

PucroBuh, U., bopucasmepuh, A., 2010: New Technology for Prevention of Eolian Erosion of
Ash on the Ash Disposals in Power Plant Nikola Tesla in Serbia. GLOBAL CHANGE-
CHALLENGES FOR SOIL MANAGEMENT-Advances in GeoEcology 41. Miodrag Zlatic
(editor). CATENA VERLAG GMBH, ISBN 987-3-923381-57-9, US ISBN 1-59326-248-5, pp.
278-285, September 2010.

PucroBuh, WU., 2011: Environmental Risks to Air, Water and Soil Due to the Coal Mining
Process. Understanding and Managing Threats to the Environment in South Eastern Europe,
SPRINGERLINK, NATO SCIENCE FOR PEACE AND SECURITY SERIES, ISBN 978-94-
007-0610-1, Vol. 2, pp. 251-264, 2011.

M14

MOHOTI'PA®CKA CTYAUJA/TIOT'JIABJBE YV KIbU3U M12 UJIN PALL Y
TEMATCKOM 350PHUKY MEBYHAPOJHOI' 3BHAYAJA

PucroBuh HW., 2006: Environmental Protection in Conveyance of Metallic Mineral Raw
Materials. Environment-friendly External Ore Conveyance, pp.71-87, ISBN 86-7352-152-1,
FMG Belgrade - TU Kosice BERG Faculty.

I'pyjuh, M., PucroBuh, U., 2010: Transfer of Technologies in Serbian Mining Through History.
Mining in Central Europe Through History, pp. 1-10, ISBN: 978-86-7352-206-7, University of
Belgrade, Faculty of Mining and Geology - TU KoS$ice, BERG Faculty, Institute of Geotourism.

M20

PAJTIOBU OBJABJBEHU Y HAYUHUM YACOIIMCUMA MEBYHAPO/JHOTI'
3HAYAJA

M21

PAJLY BPXYHCKOM MEBYHAPOJHOM YHACOIIUCY

Tomuh, A. HenespkoBuh, b., Uukapa, [I,, Pucrosuh, U., 2011: Particulate basalt-polymer
composites characteristics investigation. Materials and Design 32 (2011) 1677-1683 Elsevier
Ltd., ISSN: 0261-3069.

M23

PALY MEBYHAPOJHOM YACOIIUCY

Pucrosuh, U., Crojakosuh, M., Bynuh, M., 2010: Recultivation and Sustainable Development
of Coal Mining in Kolubara Basin. Thermal Science: ISSN 0354-9836, Vol. 14, No. 3, (2010)
pp. 759-772, Publisher: Vinca Institute of Nuclear Sciences, Belgrade

Pouep, J., Pucrouh, U., Bynuh, M., 2010: Applicability of Continuous Real-Time Monitoring
Systems in Safety Assurance of Significant Structures. Strojarstvo, ISSN 0562-1887, 52 (4) 449-
458 (2010), Publisher: Croatian Union of Mechanical Engineers and Naval Architects, Zagreb.8

lanuh, A., Pucroeuh, U., DBophesuh, [I., Bynuh, M., 2010: Parametric Adjustment of a
Junction Triangle in Terms of The Precise Construction of Haulage Drives in Underground
Mines. REM: Revista Escola de Minas, ISSN 0370-4467, Ouro Preto, 63(3): 529-538, (2010),
Publisher: Escola de Minas, Brazil.

I'pyjuh, M., PucroBuh, U., I'pyjuh, M., 2010: Model for the Selection of the Optimal Location of a
Thermal Power Unit According to the External Coal Conveyance Criterion. Acta Montanistica
Slovaca, Rocnik 15 (2010), mimoriadne ¢islo 1, 31-33, ISSN 1335-1788, KoSice, Slovakia

Caguh, Jb., PuctoBuh, U., Tpajkosuh, C., Casuh, Jb., 2010: Experimental Research and
Defining of the Optimum Bit Blade Sharpening Angle for Drilling Rocks and Ores. TTEM
Technics Technologies Education Management, Vol. 5 Number 1, 2010., pp. 205-217, ISSN
1840-1503, DRUNPP, Sarajevo, Bosnia and Hercegovina
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M30

350PHUIIN MEBYHAPOJHUX HAYYHUX CKYIIOBA

M31

HPEJABAIBE 110 ITIO3UBY CA MEBYHAPOJIHOI' CKYIIA HITAMITAHO ¥
HNEJUHHA

PucroBuh, WU., 2007.: Restructuring and Privatization of Underground Coal Mines in Serbia.
Proceedings of 1st International Symposium ENERGY MINING 07, p.p. 15-21, Vrnjacka Spa, Serbia.

PucroBuh, U., 2008: Curent Situation and Development of Energy Mining in Serbia. Proceedings of
2nd International Symposium ENERGY MINING 08, p. 1-10, September 15-18., Tara, Serbia.

PucroBuh, U., 2010: Energy Mining And Sustainable Development. Proceedings of 3rd International
Symposium ENERGY MINING ER 2010, p.p. 1-6, Banja Junakovi¢, Apatin, Serbia.

M33

CAOIIIITEKBE CA MEBYHAPOJHOI' CKYIHA IITAMITIAHO Y HEJIMHHA

PucroBuh WU., )Kupanueru /[I., lamwuh B., 1996: [lpunpema xomnpumupanoe éazdyxa, ycios 3a
epuxacno  oopoicasarbe nHeymamckux mawuna. 300pHUK pamoBa, III  Mehynaponna
KoH(hepeHIrja 0 MOBPIIMHCKOj eKcIuioaTanuju, 157-165, beorpan.

PucroBuh HU., 'amuh B., Mumicassesuh B., 1996: Tpancnopm jeonowunckom jamckom sucefiom
arcenesnuyom y jamu ““Ucmouno nowe” y PMY “Bocosuna’ u mweno oopocasarse. 300pHHK pajioBa
IIT lHTepHalMOHAIHO CABETOBALE O TPAHCHOPTY U U3B03y, mil. 401-406, beorpan.

Crojanosuh ., Urmarosuh /1., UBkoBuh C., PuctoBuh WM., 1997: Reconstruction of the bucket
wheel excavator 1200 24/4. Proceedings of Bulgarian-Yugoslavian Conference on Mining and
Geology, Sofia, Bulgaria

MumncasibeBuh B., PucroBuh WM., I'amuh B., 1998: [Ipeonocmu ynompebe 6uoouzena rao
NO2OHCKO2 eopusa ousenazpezama y pyoHuyuma. 360pHUK panosa, Il MehyHapoaar cumMmosnjym
PynapcTBo u 3amrtuTa )xuBoTHe cpeaune, 366-370, beorpan.

Pucrouh HW., Urmarosuh [I., Kemojesuh B., 1999: Monitoring of Auxiliary Equipment
Efficiency for Lignite Open Pits. MEPS, Ukraine, MEIIC, YkpajuHa,

PucroBuh WU., 1999: IIpahierwe noxazamema egpexkmuenocmu paoa nomohine mexanuzayuje Ha
nogpuuHckum konoguma auenuma. IV MebhyHaponHa KoH(depeHIHja O MOBPIIMHCKO]
excruioatarmju, OMIL '99, m.i. 209-214, bopcko jesepo,

Pucrosuh H., T'aumh B., 1999: Oopowcasarwe nneymamuxa ko0 mawuma u ypehaja 3a
mparncnopm. IV VHTepHAIIMOHAIHN CUMITO3HjyM O TPAHCIIOPTY W M3B03y, beorpas,

I'pyjuli M., Puctosuh U., Yomuh M., 1999: Defining rational limitations of the application of belt
conveyors in coal mines. Proceedings of international Symposium — Possible aspects of exploitation,
development and combustion of coal in Republic of Srpska, Teslic, Bosnia and Herzegovina.

Pucrosuh U., Urwarosuh /., 2000: The Reliability of Dozers on the Open Pits of Lignite in
Serbia. Proceedings of International Carpathian Control Conference, p.p. 155-158, FBERG,
High Tatras, Slovakia.

10

I'pyjuh M., PucroBuh HU., Yommh M., 2000: Defining the link between granulation of blasted
masses and belt width of special conveyors. Proceedings of 2™ International Conference of
Drilling and Blasting, pp. 291-299, Ohrid, Macedonia.

11

I'pyjuhh M., PucroBuh H., 2000: How to Optimize the Parameters of Mechanized Bunkers in
Coal Mines. Proceedings of International Conference, pp. 28-32, Ostrava, Cheh Republic.

12

I'pyjuh M., Kyamanosuh /1., Pucrouh H., 2000: Some aspects on influence of ropes torsion on
guides in vertical shaft. X1 medzinarodna konferencia Vyskum, Vyroba a pouzitie ocelovych lan,
p.p. 77-81, Podbanske, Slovakia.

13

Urwartosuh /1., PucroBuh M., CrojakoBuh M., 2000: The Methodology of the Selection of
Auxiliary Mechanization for the Open Pit Mines of Lignite. 9™ International Symposium on Mine
Planning & Equipment Selection 2000, pp. 577-581, Athens, Greece.

14

PucroBuh U., Caenues I'., Honmuh M., bormanosuh /I., 2001: 3asucnocm ouysarwa scueomue
cpedune 00 Husoa pyoapcke npoussoomwe. MEIT’01, . 69-73, Bpaauk.

15

I'pyjuli M., Pucroeuh HU., Kysmanosuh /., 2001: Ymuyaj mpancnopma yema na sxcusommy
cpeduny u omxaanarwe necamustux nocreouya. MEIT'01, m. 158-162, Bpanuk.

16

I'pyjuhh M., Munanosuh P., PuctoBuh M., 2001: Possibilities of solutions of transportation
problems in underground coal mines with small production. LOADO 2001, pp. 256, High
Tatras, Slovakia.

18
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I'pyjuh M., Ky3manosuh /., PuctoBuh U., lllectrak U., 2001: Some Aspects of Application Pipe
Conveyors in Mining. LOADO 2001, pp. 257-260, High Tatras, Slovakia.

18

PucroBuh W., Bacmwseuh H., 2001: Evidential Sofiware for Machines Failure Occurrence.
RINT 2001, Proceedings of International Scientific Meeting Computer Integrated Technologies
in Mineral Industry, pp. 161-165, Prijedor, Bosnia and Hercegovina.

19
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transportation of crushed ore. Proceedings of 2™ International Conference on the Problems of
the Rational Nature Management, pp. 384-386, Tula, Rusia.

20

PucroBuh W., Kuexxeruh I'., I'pyjuh M., 2002: Endangerment of Fluvial Ecosystem due to
Mining Activities on the Example of Ibar River (Yugoslavia). Proceedings of 2™ International
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21

I'pyjuh M., Pucrouh H., ITonouh 1., 2002: Specific Characteristics of the Application of -
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[Tpumrnan-Pakynret TexHuukux Hayka KocoBcka Murtposuna, Kocoscka Mutposuna.
PucroBuh, W., JoBanoruh-Unuh, b., 2007.: Pyoapcmeo u onacan omnad y ceemiy Hauie

33 | peeyramuse u peayramued c6emcKkux azenyuja 3a 3aumumy oxoaune. 15 Hayuno—cTpy4ynu ckym
ca MmehyHapomHuM yuemheM O NPUPOAHHM BpPEAHOCTHMA W 3AIITUTH J>KMBOTHE CpEIUHE:
Exomnomka nctuaa, EKOUCT 07, Texanuku daxynret y bopy, . 514-519, Coxo bama.

34 | I'pyjuh, M., PucroBuh, W., 2007.: Mocyhnocmu npumene mMpaHCROPMHUX CUCmeEMA Cd
Kancyiama npu uzpaou noozemuux npocmopuja. 111 Mehynapoaau cumnosujym CaBpeMeHH
TPEHJIOBH Y IOA3eMHOj Tpaamh, 17-18 nenembap, n.o. 157-162, beorpan.

35 | ManenoBuh Huxomwh, J., PuctoBuh, W., 2008: /[pyuumeeno — exoHoMcKu acnekmu 00piCcuoe
passoja enepeemcko2 pyoapcmed, UHOUKAMOPU HCUBOMHe CPeOUHe U npuMeHa 0OHOBBUBUX U360PA
enepeuje. Kordepennuja OnpxuBu pa3Boj v KIIMMaTCKe poMere, .11 99-104, 19-20. jyn, Hum.

36 | PucroBuh, U., ®emopko, I'., Xycakosa, H., bajuh, C., 2009: [Ipojexmosare mparcnopmuux
cucmema 3a exonowiky mparcnopm nenena. 300pHuK pagoa Il caBeToBama ca MehyHaponHuM
yuerthem Jlenonuje nenena, IJbake W jaIOBUHE Y TEPMOCJICKTpaHaMa U PyAHHUIIUMA, T, 75-83,
okTo6ap 2009, bama Bpyjunmn.

37 | Manenosuh, J., Kpctuh, C., PucroBuh, WU., 2009: Unouxamopu y cucmemuma 3auimume
Jrcusomue cpedure Oenonuja neneia u uiwaxe. 30opHHK pagoBa Il caBeroBama ca
MehyHaponuuMm yuenthem Jlemonuje memnena, NUJbake W jaJlOBUHE y TEPMOCICKTpaHaMa U
pynautmMa, . 113-120, okrobap 2009, bama Bpyjurm

38 | bopucasmesuh, A., PucroBuh, U., 2009.: Exoundycmpujcku napkogu Kao aimeprHamued y 3auimumu
JHCUBOMHE CpeduHe 00 wimemHoe ymuyaja uHoycmpujckoe omnada. 11 MehyHapomau cuMIosujym
3arrtyTa )KMBOTHE cpeinHe y uHycTpujckiM noapydjuma, @THKM, nm. 203-209, Kocoscka Mutposuria.

39 | Jakumh, M., Muhanosuh, M., Pucrouh, H., 2009.: /[pyumeena odzoeoprocm 3a napyuwiasaree
exonowxe pasHomeodice. 11 MelhyHapoauu cummosmjym 3amrTuta KHUBOTHE CpEAWHE Y
unaycrpujckuM noapyujuma, PTHKM, mm. 500-504, KocoBcka Mutposuia.

40 | PucroBuh, U., ®enopxo, I'., Bymuh, M., 2009: Modelling and Monitoring the Process of the
Maintenance of Auxiliary Mechanization in Lignite Open Pits. 9" International Conference
RaDMI 2009, 16-19. September 2009, pp. 363-368, Vrnjacka Spa, Serbia.

41 | Crojanosuh, M., Kynuh, 3., Pucrouh, U., 2010: Preparedness And Response To Emergency
Situations And Accident. 10™ International Conference RaDMI 2010, pp. 1247-1251, Donji
Milanovac, Serbia.

M70 MAT'UCTAPCKE U JOKTOPCKE TE3E
M71 OJBPAIBEHA JJOKTOPCKA JTUCEPTALIUJA

1 Ristovi¢ 1., 2006: Onmumuzayuja napamemapa KOHMUHYAIHUX MPAHCHOPMHUX cucmema y
PYOHUYUMA MEMATUYHUX U HeMeMAIUyHUX MUHepamtHux cupoguna. JIOKTOpcKa JucepTalja,
.. 180, PI'®, beorpan

M72 OJBPAIEH MATUCTAPCKHU PA/L

1 Ristovi¢ 1., 1999: Ucmpasicusarwe nokaszamema egpexmusenocmu paoa nomohne mexanuszayuje

HA NOBPUIUHCKUM Konosuma aueHuma. Marucrtapcka te3a, PI'®, beorpan
M80 TEXHUYKA U PABBOJHA PEHIEHA
MS81 HOBH MTPOU3BOA NJIU TEXHOJOI'NJA

Jlwnuh, H., Lpjeruh, A., Komowa, Jb., Crankosuh, P., Pucrosuh, WU., Tomamesuh, A.,
Joanosuh, M., 2007: PROTECTOR - Cucrtem 3a aHanu3y CUIYPHOCTH M 3aIUTHTE HA paay y
pyaaunuma. Kopuchuk: J.I1. Enextponpuspena Cpouje. http://www.rgf.bg.ac.rs/tr/protector.htm
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B.2. ObJAB/bEHHU PAJIOBHU - IIOCJIE U3B50PA Y 3BAIBE BAHPETHOI' IIPO®ECOPA:

M10
M13

1

M14

M20

M22

M23

MOHOI'PA®UJE MEBYHAPOJHOI 3HAYAJA
PALY TEMATCKOM 350PHUKY BOAEREI' MEBYHAPOJHOI' 3HAYAJA

Fedorko, G., Kral Jr., J., Kral, J., Ristovic, I., Molnar, V.: Determination of calculation for the
shape of blades trace in the concrete mixer truck. Procedia Technology, (2015), ISSN 2212-
0173, pp. 395-401, ELSEVIER.

http://www journals.elsevier.com/procedia-technology/

PAJ1Y TEMATCKOM 3bOPHUKY MEBYHAPOJHOI 3HAYAJA
Ristovié, 1., Dasi¢, P., Dasi¢, J., 2014: Analysis of the SCI, SCI-E and SSCI Journals in the
Fields of Mining Transport, Haulage and Hoisting. Applied Mechanics and Materials, Trans
Tech Publications, Switzerland, vol. 683, p.p 78-85, Edited by Vieroslav Molnar and Gabriel
Fedorko, ISSN: 1662-7482,
DOI: 10.4028/www.scientific.net/ AMM.683.78
Ristovié, 1., Vuli¢, M., 2014: Affordable Photogrammetry as Applied in the 3D Modelling and
Monitoring of Underground Mining Exploitation and Transport. Applied Mechanics and
Materials, Trans Tech Publications, Switzerland, vol. 683, p.p 251-256, Edited by Vieroslav
Molnar and Gabriel Fedorko, ISSN: 1662-7482,
DOI: 10.4028/www.scientific.net/ AMM.683.251
Fedorko, G., Molnar, V., Michalik, P., Husakova, N., Ristovié¢, 1., Kaémary, P.: The Calculation
of Force Effects of a Conveyor Belt of the Pipe Conveyor to Forming Rollers by FEM. Applied
Mechanics and Materials (2015), Volume: Research and Development in Mechanical
Engineering, ISSN 1662-7482, pp. 181-186, Scientific.Net Trans Tech Publications Inc.,
http://www.ttp.net/
Jovanci¢, P., Medenica, D., Milisavljevi¢, V., Ristovié, L.: Behaviour Diagnostics Of Bucket
Wheel Support Structure Using Finite Elements Method: Optimization Of Structures. Applied
Mechanics and Materials (2015), Volume: Research and Development in Mechanical
Engineering, ISSN 1662-7482, pp. 187-196, Scientific.Net Trans Tech Publications Inc.,
http://www.ttp.net/

PAJIOBU OBJAB/bEHU Y HAYUHUM YACOIMUCUMA MEBYHAPO/HOTI'
3HAYAJA

UCTAKHYTU MEBYHAPOJHU YACOIIUC
Medved, M., Ristovic, 1., Roser, J., Vulic, M.: An Overview of Two Years of Continuous Energy
Optimization at the Velenje Coal Mine. Energies, 2012, 5(6), 2017-2029;
doi:10.3390/en5062017, MDPI (Multidisciplinary Digital Publishing Institute) Basel,
Switzerland.
http://www.mdpi.com/1996-1073/5/6
Impact Factor (2012) = 1.844
Milisavljevié, V., Medenica, D., Cokorilo, V., Ristovié, I.: New Approach to Equipment Quality
Evaluation Method With Distinct Functions. Thermal Science, ISSN 2334-7163 (online) ISSN
0354-9836 (printed), UDC 621, DOI Number: 10.2298/TSCI150324142M
http://thermalscience.vinca.rs/pdfs/papers-2015/TSCI150324142M.pdf
Impact Factor (2014) = 1.222

MEBYHAPOJIHHN YACOIINC
Stefanovic, G. Skrijelj. H., Ristovic, 1., Milutinovic, B., Milosevic. O,. Popovic, S,: Sustainable
Waste Management Model-Case Study: Novi Pazar. Journal of Environmental Protection And
Ecology. ISSN 1311-5065, (2014), vol. 15 br. 3, str. 1005-1012
http://www.jepe-journal.info/journal-content/https-sites-google-com-a-jepe-journal-info-jepe-
journal-vol-15-no-3-2014

Impact Factor (2014) = 0.838
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http://dx.doi.org/10.3390/en5062017
http://www.mdpi.com/1996-1073/5/6
http://thermalscience.vinca.rs/pdfs/papers-2015/TSCI150324142M.pdf
http://www.jepe-journal.info/journal-content/https-sites-google-com-a-jepe-journal-info-jepe-journal-vol-15-no-3-2014
http://www.jepe-journal.info/journal-content/https-sites-google-com-a-jepe-journal-info-jepe-journal-vol-15-no-3-2014

M27

M30
M31

M33

Nikolic Malenovic, J., Ristovic, 1., Vasovic, D.: System Modelling for Environmental
Management of Mining and Energy Complex Based on the Strategy Principles of Sustainable
Balanced Scorecard Method (SBSC). Journal of Environmental Protection and Ecology, ISSN
1311-5065, (2015), vol. 16 br. 3, str. 1082-1090
http://www.jepe-journal.info/journal-content/vol-16-no3

Impact Factor (2014) = 0.838

Milisavljevié, V., Togi¢, D., Cokorilo, V., Ristovi¢, L.: Modelling of AT Rockbolts Parameters
for "Soko" Underground Coal Mine. Technical Gazette, ISSN 1330-3651 (Print), ISSN 1848-
6339 (Online) DOI Number: 10.17559/TV-20140825132622
http://www.tehnicki-vjesnik.com/web/public/page

Impact Factor (2014) = 0,579

YPEBUBABBE UCTAKHYTOI' MEBYHAPOHOI' HAYYHOI' YACOIIMCA HA
roanmmbEM HUBOY (I'OCT YPEJIHUK)

ENERGIES, ISSN 1996-1073, Special Issue "5th International Symposium on Mining and
Environmental Protection". Special Issue Editor, Guest Editor - 13 November 2015
http://www.mdpi.com/journal/energies/special issues/5th MEP conf

Impact Factor: 2.072 (2014); 5-Year Impact Factor: 2.436 (2014)

3bOPHULIM MEBYHAPO/HUX CKYIIOBA
MNPEJABAIBGE 110 ITIO3UBY CA MEBYHAPOJHOI' CKYIIA LITAMITAHO ¥
LEJUHUA

Ristovic, L.: Mining and Environmental Protection - Experiences and Challenges. 5"
International Symposium Mining and Environmental Protection, pp. 1-8, University of Belgrade,
Faculty of Mining and Geology, Belgrade, Center for Environmental Engineering, 10 - 13 June
2015., Vrdnik, Serbia

Dasic, P., Ristovic, 1., Dasic, J.: Analysis of bibliometric indicators for category Mining &
Mineral Processing for 2013 based on JCR and Scopus data. 5" International Symposium
Mining and Environmental Protection, pp. 30-39, University of Belgrade, Faculty of Mining and
Geology, Belgrade, Center for Environmental Engineering, 10 - 13 June 2015., Vrdnik, Serbia

CAOIIIITEKBE CA MEBYHAPO/HOT CKYIIA IITAMITAHO VY IIEJIMHA

Medved, M., Ristovic, 1., Vulic, M.: Sustainable Development of Exploitation and Use of Coal
in the Countries of the EU (Slovenia) and South-Eastern Europe (Serbia). 24™ International
Conference on Efficiency, Cost, Optimization, Simulation and Environmental Impact of Energy
Systems (ECOS 2011), Editors: M. Bojic N. Lior J. Petrovic G. Stefanovic V. Stefanovic, pp.
2316- 2324, ISBN: 978-1-63266-393-1, Novi Sad, Serbia 4 — 7 July 2011
Medved, M., Ristovic, 1., Roser, J., Vulic, M.: Energy Optimization in the Premogovnik Velenje
(Velenje Coal Mine). 24™ International Conference on Efficiency, Cost, Optimization, Simulation and
Environmental Impact of Energy Systems (ECOS 2011), Editors: M. Bojic N. Lior J. Petrovic G.
Stefanovic V. Stefanovic, ISBN: 978-1-63266-393-1, Novi Sad, Serbia 4 — 7 July 2011
Milisavljevi¢, V., Ristovié, I., Cokorilo, V., Lili¢, N., Deni¢, M., 2011: Improvement of
Roadways Stability in Serbian Underground Coal Mines. Proceedings of 4™ Balkan Mining
Congress, pp. 533-537, Publisher: Velenje Coal Mine, University of Ljubljana, Faculty of
Natural Sciences and Engineering, 8-20 October, Ljubljana, Slovenia.
Malenovi¢-Nikoli¢, J., Janackovi¢, G., Ristovié, 1., 2011: Gaussian Model for Determining
Immission Concentrations of Sulphur Dioxide and Selection of Measuring Locations for Thermal
Power Plant Monitoring System. Proceedings of 11th International Conference Research and
Development in Mechanical Industry, RaDMI 2011, Volume 2, Publisher: SaTCIP (Scientific
and Technical Center for Intellectual Property) Ltd., Serbia, pp. 775-780, 15 - 18. September
2011, Sokobanja, Serbia.
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10

11

12

M36

M50
MS51

Mirakovski, D., Hadzi-Nikolova, M., Ristovic, 1., Despodov, Z., Panov, Z. 2011: Modeling Of
Noise Impact Assessment On The Aggregate Surface Mines. International Symposium
Sustainable Development of Mining and Energy Industry ORRE °11, Editor Prof. dr Milos
Gruji¢, ISBN 978-86-7352-257-9, pp. 278-282, Zlatibor, 11 - 15. september 2011.

Paji¢, N., Gasi¢, V., Samolov, A., Ristovié, L., 2011: Investigation Of Radioactivity Of Soil In
Different Areas In Serbia. International Symposium Sustainable Development of Mining and
Energy Industry ORRE ’11, Editor Prof. dr Milo§ Gruji¢, ISBN 978-86-7352-257-9, pp. 398-
402, Zlatibor, 11 - 15. september 2011.

Malenovi¢-Nikoli¢, J., Janackovi¢, G., Ristovié, 1., 2011: Application Of Gaussian Dispersion
Model In The Selection Of Measuring Locations For Monitoring The Impact Of Nitrogen Oxides
From Coal Combustion Process. International Symposium Sustainable Development of Mining
and Energy Industry ORRE °11, Editor Prof. dr Milo§ Gruji¢, ISBN 978-86-7352-257-9, pp.
438-444, Zlatibor, 11 - 15. september 2011.

Gruji¢c, M., Ristovi¢, 1., Grujic, M., 2012: Influence of Anchor Support of Underground
Transportational Chambers on the Efficiency of the Supply of Intermediate Goods. Proceedings of
12th International Conference Research and Development in Mechanical Industry, RaDMI 2012,
Volume 2, Publisher: SaTCIP (Scientific and Technical Center for Intellectual Property) Ltd.,
Serbia, pp. 986-989, 13 - 17. September 2012, Vrnjacka Banja, Serbia.

Milisavljevi¢, V., Ristovié, 1., Cokorilo, V., 2012: Rockbolting Installation Trial in Soko
Underground Coal Mine. Proceedings of 12th International Conference Research and
Development in Mechanical Industry, RaDMI 2012, Volume 2, Publisher: SaTCIP (Scientific
and Technical Center for Intellectual Property) Ltd., Serbia, pp. 1114-1118, 13 - 17. September
2012, Vrnjacka Banja, Serbia.

Belji¢, C., Ristovié, I., Gligori¢, Z., Glui&evié, B., Tomasevié, A., 2013.: Coal Production in Serbia
the Social Aspects and Making Strategic Decision Support. Proceedings of 3rd International
Conference Economics and Menagement Based on New Technologies, Publisher: SaTCIP (Scientific
and Technical Center for Intellectual Property) Ltd., Serbia, ISBN 978-86-6075-039-8, p.p. 107-110,
13-16. June 2013, Vrmjacka Banja, Serbia.

Milisavljevi¢ V., Ristovi¢ I., Cokorilo V., 2013.: Installation Trial of at Rockbolts in Stavalj
Underground Coal Mine. Proceedings of 13th International Conference Research and
Development in Mechanical Industry, RaDMI 2013, ISBN 978-86-6075-041-1, Volume 1,
Publisher: SaTCIP (Scientific and Technical Center for Intellectual Property) Ltd., Serbia, p.p.
862-868, 12 - 15. September 2013, Kopaonik, Serbia.

Fedorko, G., Filipovic, 1., Ristovic, 1.: Utilization of CAD and CAE Technologies by Research of
Shifting of Pipe Conveyors. International Symposium Mining and Environmental Protection, pp.
55-63. University of Belgrade, Faculty of Mining and Geology, Belgrade, Center for
Environmental Engineering, 10 - 13 June 2015., Vrdnik, Serbia

YPEBUBAIBE 350PHUKA CAOIIIITEI LA MEBYHAPOJHOI' CKVYIIA
EDITOR: Ivica Ristovic: PROCEEDINGS of 5™ International Symposium Mining and
Environmental Protection. University of Belgrade, Faculty of Mining and Geology, Belgrade,
Center for Environmental Engineering, 10 - 13 June 2015., Vrdnik, Serbia.
http://rgf.bg.ac.rs/mep/?page id=59

YACOIINCHU HAIIMOHAJIHOI' 3BHAYAJA
BOJERU YACOIINC HAIIUOHAJIHOI' 3BHAYAJA

I'pyjuh, M., Puctouh, U., I'pyjuh, M., 2014: Hexe mocyhinocmu nobosmuwarea paoue u dcusonme
CpeOuHe Ha cucmemuma 3a mpascnopm ueHuma Ha nospuiunckum konosuma. Erepreruxa, ICCH
0354-8651, 6p. 1-2, CaBe3 Eneprernyapa, .. 335-339., 3natudop, 25.03-28.03. 2014.

I'pyjuh, M., PucroBuh, WU., ['pyjuh, M., 2015: beszbednocnu puzuyu npu npegoszy paouuxa
mpancnopmuum mpaxama y pyonuyuma yesma. Enepreruka, MICCH 0354-8651, 6p. 1-2, Cae3
Eneprerunuapa, n.m. 23-26, 3natubop, 25.03-28.03. 2015.
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MS52

Mo60
M63

MS80
MS81

M84

YACOIMUC HAIIMOHAJIHOT 3HAYAJA
PucroBuh, U., I'pyjuh, M., 2013: Melhycobnu ymuyaj jeOnowiuncke donpeme penpomamepujana u
nonpeunoz npeceka noozpalhenux noo3emHux npocmopuja y pyonuyuma yesa. IlonzeMHu pagosu
op. 22, ctp. 7-13, PI'®, UCCH 0354-2904

350PHUIIN CKYIIOBA HAITUOHAJIHOT 3HAYAJA
CAOIIITEKBE CA CKYITA HAIIMOHAJIHOTI 3BHAYAJA LIITAMITAHO Y HEJIUHU
I'pyjuh, M., PucroBuh, HU., I'pyjuh, M, 2012: Vmephusarwe napamemapa cneyujarnux
MPAHCROPMEPA €A GUCOKUM CHMENEHOM 3AUimume JHCUGOMHe cpeduHe 3a MPAHCHOPM HA

nospuwunckum konoguma. 3 Cumnosujym ca mehynapogaum yuemthem “PYJIAPCTBO 20127,
HCBH 978-86-80809-69-4, m.i. 156-159, 3natutop.

TEXHHUUYKA U PA3BOJHA PEIIIEIHA
HOBMU IMTPOU3BO 1 NJIN TEXHOJIOTI'NJA
Tomamesuh, A., Konoma, b., CreBanosuh, II., Kuexesuh, lI., Pucrouh, ., Komoma, Jb.,
JoBanosuh, M., JIumuh, H., JoBanuwuh, I1., Crankosuh, P.: Ilpoepamcku cucmem 3a nianuparee
ekcnioamayuje u 0enoHosarbe yebd y Yyunby YApasioard KeAIUmMenom yena

BUTHO NOBOJBIIIAHA HOBA TEXHOJIOT'UJA
Lgjeruh, A., I'mymryeruh, b., Munucassbesuh, B., Yokopuno, B., 'muropuh, 3., Pucrosuh, U.,
Jlwnuh, H., Besbuh, U.: Texnuuko pewerse ysoherwa AT sucehe nooepade u npaherwa HanoHcko
dehopMayuoHux Kapaxmepucmuka Macusd.

TabenapHo je mpuKazaHa cyMapHa CTPYKTypa 00jaB/beHUX yIIOCHUKA, MPAKTHKyMa M pajoBa
ap Uuie Puctosuh mocie n3bopa y 3Bambe BaHpeAHOT mpodecopa:

YuOeHuK U NPAKTHKYM Bpoj
1. MBuna Pucroruh, Munom ['pyjuh: Illuncku Tpancnopt. YHuBepsurer y beorpany, 1
Pynapcko-reonomku daxynrer, MICBH:978-86-7352-290-6, 2016
2. Muonpar [leaunh, UBuua Pucrosuh: Ilpakrukym Tpancnopt, Y HUBEp3UTET y 1
beorpany, Texuuuku dpaxynrer y bopy, UICBH:978-86-6305-022-8, 2014.
. Bpoj
O0jaBH-eHM pagoBU M
paxoBa
MoHnorpadcka cryauja/mornasibe y K3 M 11 ninm pag y TeMarckom M13 1
300pHuKy Bojeher Mel)yHapoaHor 3Ha4aja
Momorpadcka cTyauja/mornasibe y Kibn3u M 12 uimum paji y TeMaTcKkoM M14 4
300pHUKY Mel)yHapoHOT 3Hadaja
Pan y ucrakayToM MeljyHapoiHOM Yaconucy M22 2
Pan y mehyrapoaroM gaconmcy M23 3
VYpehuBame ucrakuyTor Mel)yHapoJHOT HAyYHOT Yacomuca Ha ro. M27 1
HHUBOY (TOCT YpeIHHK)
IIpenaBame 1Mo MO3WBY ca MeljyHApPOTHOT CKyTIa IITAMITAHO Y IETHHU M31 2
Caomninremne ca Mel)yHapoIHOT CKyIIa IITaMIIaHO y IEIUHU M33 12
VYpehuBame 300pHHKA caonIITeHa Me))yHapOJHOT HAYYHOT CKyna M36 1
Pan y Bopehem yaconucy HallMOHAJIHOT 3HaYaja M51 2
Pan y yaconucy HallMOHAJIHOT 3HA4aja M52 1
Caomninremne ca CKyla HallMOHAJIHOT 3Hauaja MTaMIIaHo Y ICJIMHU M63 1
HoBwu nipon3Bo/1 MJTH TEXHOJIOTHja YBEIEHH Y IPOU3BOJIY, MPU3HAT M81 1
IIPOrPaMCKHU CHCTEM
BbutHO no6oJspIaH nocrojehu MPOU3BOJ MM TEXHOJIOTHja M84 1
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B.3. CTPYUHE IIYBJIMKAIIUMJE (IIPOJEKTHU, CTYIHNJE):

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

IMPOJEKTU:

JomyHcku pyaapcku IpojekaT cenapanuje yriba pynauka “IlraBams”, PI'®, beorpan,
asryct 1993.

['maBHM mIpojeKaT 3a U3rpajmby MOCTPOjeha 3a YHIIhemhe yriba Y ayTOXTOHO] CYCIICH3UjU
noBpiHCKOT kona “Ilorpmuna”, PI'®, beorpan, maj 1994.

TexHUUYKM TIpojeKaT TPAHCIIOPTa perpoMaTepHjajia U ONpeMe U MPEeBO3a JbYyIH y jaMH
“HcTouno nospe” pyaHuka Mpkor yriba “borosuna”, PI'®, beorpaa, mapt 1996.
TexHUUKH TpojeKaT HAACTPEIIHMIIC M TOBPIIMHCKE Tpace 3a jEIHOIIMHCKY jaMCKy
Bucehy Jkene3HuIly pyaHuKa MpKor yriba “‘borosuna”, PI'®, beorpan, mapt 1996.
TexHUUKH TpojeKaT paJvoOHMIIE 32 CEPBUCHPAE AW3EN-XUIPAYINYHE JIOKOMOTHUBE
pyaHHKa MpKor yriba “borosuna”, PI'®, beorpan, mapt 1996.

['eHepanHu mpojekaT 3a HM3rpalmby IOCTpOjeba 3a IMPOHM3BOMY Nener-Opukera 3a
notpebe JI1 3a IIEY Enexrponpuspene Cpouje, PI'®, beorpan, netembap 1996.

Wnejan mpojekar 3a u3rpalmpy IMOCTpOjera 3a MPOW3BOY MeneT-Opukera y PMY
“borouna”’, PI'®, beorpan, neriembap 1996.

MamvHCKH TIpojeKaT yCHITHOT JIeBKa ca 3aTBapadeM 3a OyHkep y mpocropuju MH-1
pyanuka "Coko", PI'®, beorpan, jyiau 1997.

Pexoncrpykmmja cemaparmje y PMY “JacenoBan” - MnejHo pememe, PI'®, Beorpan,
janyap 1998.

['maBHU Tpal)eBUHCKH IpOjeKaT PeKOHCTpYyKIHja cenapanpje y PMY “Jacenosar”, PI'®
beorpan, anpui 1998.

[Npojekar pemaBama npobiema emucuje U oiarama nenena u3 TEHT-A OOpenogar,
NuctutyT 32 Pusnuky xemujy, 2001.

VYTephuBame crama 3aralema nonmue peke Mopa ycnen pynapckux aktuBHOCTH,(I daza)
PI'®, beorpan, netiem6ap 2001.

HcTpaxuBame CIIOJbAIIHET TPAHCIIOPTa MUHEPATHUX CHPOBHHA Ca BHCOKHAM CTEIIEHOM
3alITuTe XXKUBOTHE cpeaune, PI'®, beorpan - CnoBauka, arrpun 2002.

TexHuuku npojekar pekyntuBanyje crnospammer oarauimra [LK. Kocronar — [osse
Knenosnuk, PI'®, beorpaz, jyn 2002.

TexHnuky npojekar pexkynruBanyje ynyrpammer omtaraaumra [1LK. Kocronar — [osse
Knenosnuk, PI'®, beorpaz, jyn 2004.

['maBHM mpojekar ekcruioaranyje ciIadOMHUHEpalHe TMPHUPOIHE W3BOPCKE BOJE W3
KantupaHor usBopa bujena Uecma Ha 3matu6opy — CO Yajeruna. Lllymapcku ¢axynrer,
beorpan, janyap 2008.

XUIIporeosonika UCTpaXXKUBamba y 1Y yIBphHBama yciaoBa 1 MOryhHOCTH 3axBarama
NpUpoIHUX MHUHepaTHUX Bojaa y borojesuhmma — CO Apusse. lllymapcku dakynrer,
Beorpan, ¢pedpyap 2009.

[pojexar XHIPOTEOIOMIKAX HCTPAXKHUBAKA Y IHJbY H3HAIAKEHa HUCKOTEMITEPATYPHHUX
reoTepMajJHUX BOAa U  yTBphUBama MOryhHOCTHM HHMXOBE eKCIUloaTaldje 3a
BUITIICHaMEHCKY ymoTpeOy y moapy4jy I'pyna — CO Yajeruna. Illymapcku daxynrer,
beorpan, mapt 2009.

Karacrap nanymrenux xonosa Ha reputopuju All Bojsoauna, PI'®, beorpan, 2014.
['maBHM pynapcku IpojeKaT eKCIUIoaTalldje Kpeuraka Kao CHPOBHHE 332 TEXHHUYKO-
rpaheBuHCKN KameH U3 nexuinta Proruncku Kpin koz 3ajedapa, PI'®, beorpan, 2016.
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CTYINJE:

OnTuMuzanyja pa3Boja MOBPIIMHCKHX KomoBa y Oaceny Kocroman, PI'®, Beorparn,
Mapt 1992.

MoryhHOCT MEeXaHHW30BaHOT OTKOIIaBama yriba y JexumTy pyanuka "llltaBams", PI'O,
beorpan, centem6ap 1993.

MoryhHOCT TNpOW3BOAKE W IUIACMAaHAa KOMIICH3AMOHUX OyHKepa 3a IMOJI3eMHY
ekcruioatanujy yrisa, PI'®, beorpaa, anpun 1994.

VYBohewme cuctema aHKepa ca JBOKOMIIOHEHTHOM CMEIIOM Yy pPYAHHUKE yrjba ca
Moa3eMHOM ekcrutoaTajom, PI'®, beorpan, Ampun 1998.

OppehuBame eKCIIOAaTallMOHOX KBaJIMTETa YIJba 3a CHa0/EBamke TEPMOEIEKTpaHa
"Huxomna Tecna" y O6penoBuy"”, PI'®, beorpaz, 2000.

Panmonanmsanuja u MoaepHU3anMja u3pajae u noAarpahuBama pyaapcKux mpocTopHja
y pyIHULIIMA ca MOA3EMHOM eKciutoaranujom, Konen nmxemepunr, beorpan, 2001
OppehuBame momMohHe MexaHHM3aIMje 3a OCTBAPCHE IUIAHMpPAHE IPOU3BOAKBE Ha
noBpiuHcKuM konosuma EIIC-a, PI'®, beorpan, janyap 2003.

PemaBame exonomkux npobiema Hactanux pajaom "Tepmoenextpana Hukona Tecna
A u B", Unctutyt 3a dpusnuky xemujy, jya 2003.

OppehuBame momohHe MexaHHW3aIMje 3a OCTBAPCHE IUIAHMpPAHE IMPOU3BOAKBE Ha
[ToBpmuHckuM konosuma EINC-a, PT'®, beorpan, janyap 2003.

VYcknahuBame kamanurera TpaHcmopTHOr cuctema 3a oTkpuBkKy I[I.K. TamuaBa —
3anaano nosse, PI'® beorpan, cenrembap 2003.

AHanm3a Moryhux TEXHOJIOTHja 3a CIIpeuaBame W3JBajarba (UTYTHBHE IpAIINHE ca
nenonuje nenena u uusake JII TE Kocrtonan u u3bop ontumanHor pemiema, PI'O,
beorpax — PI'®, llITumn, janyap 2005.

CrpeuaBame €0JICKE epo3uje TMemena ca JenoHuje mnemeina u nubake TEHT-a
HaHoIIeHeM ciioja xemukanuja, WBC, beorpan, anpun 2006.

Crynuja neduHHCcama NpPUOPUTETA 3a pellaBamke NpodjemMa 3alTUTE JKUBOTHE
CpeIMHE M3a3BaHUX EJIEKTPOCHEPreTCKUM OO0jeKTHMMa HamoHckor HuBoa 110, 220 u
400 KB-H ¢a3a, beorpaa, HoBem6ap 2009.

Crynnja nedunucama TPUOPUTETA 3a pElIaBambe MpobiieMa 3aIlTHTE KUBOTHE
CpelMHE M3a3BaHUX EJEKTPOCHEPreTCKHMM O0jeKTHMa HamoHckor HuBoa 110, 220 u
400 KB, beorpan, nenem6ap 2010.

Crynuja neduHncama MIPUOPHUTETA 3a PEllaBambe MpodIeMa 3aIlITUTE )KUBOTHE CPEANHE Y
nepuony 2011-2021. ca akmmonum tuianom y I1J Pb Komybapa, beorpan, cenrembap
2011.

UnejHo pemiewme npodiema ojajlaramba YBPCTOr OTIHAAa Ha CAaHUTAPHO] JACTIOHUJU Y
Hogowm Ila3apy nokammja ,,I'ono bpro*, KocoBcka Mutposuia, jyn 2013.

Crynvja W3BOJJBMBOCTH €KCIUJIOATallje Kpeumaka Kao CHPOBHHE 3a TEXHUYKO-
rpaheBuHCKH KameH u3 nexumTa Protuncku Kpm kon 3ajeuapa, PI'®, Bbeorpapn,
2015.

Crymmja mpouene yrunaja Ilpojexta ekciuloartanje Kpedmaka Kao CHPOBHHE 3a
TEeXHUUKO-Tpal)eBUHCKM KaMeH u3 nexumuta Protuncku Kpm kox 3ajeuapa PI'O,
Beorpan 2015.
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Abstract: The Velenje Coal Mine (VCM) is one of the largest and the most modern
underground coal mines in Europe. Although the coal mining industry produces coal as an
energy source, it is also uses a lot of energy for its own operation and support processes. At
this time of volatile energy prices and more and more strict environmental emission
requirements, optimizing energy consumption plays an important role in good business
performance. To track the consumption of electricity, district heating, drinking water and
compressed air at the VCM a detailed energy monitoring methodology was developed and
established in July 2010. The essential element of the presented monitoring system is a
software application named “Central System for Regulation of Energy” (CSRE). The
purpose of the CSRE is to control energy processes from a distance, take measures for
economical and efficient use of energy, as well as to assist in maintenance. Such
monitoring allows extensive comparisons between different energy sources consumption
and enables correct measures to be taken to reduce the difference between the target and
actual consumption of energy in VCM. With established real-time monitoring system, it is
possible to look at mining processes and see where energy is being used inefficiently.

Keywords: mining; underground lignite exploitation; energy consumption; energy
optimization; Central System for Regulation of Energy
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1. Introduction

The Velenje Coal Mine (VCM) in Velenje (Slovenia) is one of the largest and most modern
underground thick layer coal extraction mines in Europe. Mechanized extraction of coal by the use of
the long wall method was developed by VCM and it is protected by a patent [1]. The process of
obtaining coal, due to thick layers of lignite, which reach a peak of 160 m, is specific and can be
classified as a Best Available Technology (BAT) process. The company is leading the innovation
activity and has an integrated system for continuous improvement. In spite of that, the VCM is aware
that today a company that is not energy efficient, cannot be commercially successful. The cost of
energy consumed at the VCM is approximately 4 million Euros per year [2]. To reduce these costs we
take certain measures to enable savings. In order to track the power consumption of district heating,
drinking water, compressed air and electricity we began to use a monitoring system called “Central
System for Regulation of Energy” (CSRE) in July 2010.

2. Methods

The VCM needs, beside a reliable and quality energy supply, also a suitable tool for the efficient
management of energy. As [3] demonstrates, the larger and more complex the industrial process and
more so when item bodies different energy sources, the harder it is to control, if energy consumption is
within the acceptable limits.

To meet our needs we have introduced CSRE, which enables remote monitoring, management,
monitoring of the energy consumption and easy integration of additional energy systems. The CSRE
software consists of a Supervisory Control and Data Acquisition (SCADA) [4] and a manufacturing
Mepis E & E information system [5] (Figure 1). The SCADA system operates at an operational level
and is used to capture the different parameters and values in several places, including remote one and
further for displaying them in real time [6]. Figure 2 shows a basic graphical SCADA interface and
Figure 3 the graphical interface for controlling the climate.

The Mepis E & E Production Information System is a modular and configurable software product
that covers the following functionalities [5]:

= Operational planning and grading,

= Quality management,

= Better control over the use of energy resources (“real time" monitoring),
= Increased energy efficiency,

= Reduced environmental pollution,

= An effective tool for developing an active energy policy,

= Online Analytical Processing (OLAP) and Reporting,

= Energy savings,

= Lower costs.
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Figure 1. Schematic representation of CSRE structure and monitored energy sources by
location and users.

Figure 2. Basic graphical SCADA interface of Velenje Coal Mine’s CSRE system.
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Figure 3. SCADA Real-time information about climate control in graphical form.

Figure 4 shows a basic graphical Mepis E&E interface.

Figure 4. Basic graphical Mepis E&E interface of Velenje Coal Mine’s CSRE system.



Energies 2012, 5 2021

By using CSRE distribution and energy consumption can be followed every 15 min, separately for
each of the technological process, as shown in Figure 1. In this manner consumption of electricity and
compressed air for each location in the mine and on the surface is known, further use of drinking water
in the mine (in the case of triad water supply shortfalls) and on the surface and district heat consumed
are also known. The original system was connected to 154 sensors: 67 electricity meters, 18 heat
meters, 61 meters for drinking water and eight meters for compressed air and then extended with
10 additional electricity meters in 2011. Mepis E & E allows the calculation and display of energy
consumption for any arbitrary period of time and comparison between different parameters and
consumers (Figure 5). Energy efficiency is monitored and evaluated through key performance
indicators, which are calculated as the ratio of consumed quantity of appointed energy sources in the
two comparative periods.

Figure 5. Graphical energy consumption interface in CSRE.

3. Results and Discussion

Annually the VCM uses approximately 74,000 MWh of energy for the production of coal and
supporting processes [7]. Figure 6 shows the cost percentage of different energy sources depending on
their spending location for the period from 1 to 20 December in the years 2010 and 2011 (underground
and surface consumption).

The great advantage of the CSRE system is possibility to monitor the energy consumption by
different groups of consumers. In Figures 7 and 8 are shown the electricity and heat consumption of
the various consumers and various locations during the period from 15th to 28th of July and 5th to
18th of December in years 2010 and 2011, respectively.
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Figure 6. Cost distribution of energy consumption for the period from 1 to 20 December:
(a) in underground mining processes in 2010; (b) in underground mining processes in 2011;
(c) on surface processes in 2010; (d) on surface processes in 2011.

Figure 7. Electricity consumption distribution in VCM for the month of July: (a) by
different consumers in 2010; (b) by different consumers in 2011; (c) by location in 2010;
(d) by location in 2011.
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Figure 8. District heating consumption distribution in VCM for the month of December:
(a) by different consumers in 2010; (b) by different consumers in 2011; (c) by location in
2010; (d) by location in 2011.

3.1. Electricity

Electric power represents about 70% of the cost of energy at the VCM (Figure 6). The electricity
consumption in year 2009 declined by 3% in comparison to 2008, as a result of modified work
schedules, some energy saving measures implemented in the building lighting field (for example,
substituting electric lamps with energy saving lamps), controlling prescribed scheduling of
refrigeration equipment and staff behavior. The consumption in the year 2010 decreased by another
4%. The consumption of electricity for the underground production processes is approximately 95%,
and the remaining 5% is used above ground. A large part of electricity consumption is associated with
the continuous aeration of the underground mine [approximately 20%; Figure 7(a,b)], which is
independent of production levels. Of course, the production itself comprises the largest share of
consumed electricity, which is around 30% [Figure 7(a,b)]. In 2011 the coal production increased by
1.4%. By using CSRE we identified optimal aeration settings, which involve specially modified
aeration modes for the non-working days. This is reflected in lower consumption of electricity as
shown on the diagram in Figure 9(a) (the modified aeration mode is operational since October 2010).
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Figure 9. Electricity consumption in years 2009 to 2011: (a) in underground mining
processes; (b) on surface processes.

(@) (b)

Since we use electricity for the production of compressed air, the reduction in the compressed air
consumption is directly reflected in the reduced electricity consumption in 2010. On the other hand, in
2011 the consumption of compressed air increased by a quarter, which is directly reflected in the
consumed electricity. Consumption of electricity on the surface is constant and depends on the number
of working days [Figure 9(b)] [2].

3.2. District Heating

The largest consumption of district heating is for underground mine warming and thus to ensure
adequate working conditions that depend on the outside environment temperatures and the preferences
of users. The dynamics of heat consumption by month are shown in the diagrams in Figure 10. We saw
increased heat consumption at the beginning of year (winter time), but minor in the summer, when the
environmental temperatures are high. By monitoring the current consumption with the CSRE we are
able to regulate the temperatures for underground mine and buildings heating as well for sanitary
water heating.

Figure 10. Heat consumption in years 2009 to 2011: (a) in underground mining processes;
(b) on surface processes.

(@) (b)
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With optimal temperatures we decrease heating consumption and achieve lower heating costs,
resulting in a reduction of installed power from 23 MW to 21.2 MW [8]. In 2010, in comparison to the
year 2009, the reduction in heat consumption is approximately 11%. An additional 7% reduction in
2011 is mainly due to a higher that average air temperature in 2011, which was 1.2 °C higher than
in 2010.

3.3. Drinking Water

The total VCM water consumption in 2009 was nearly 180,000 m®. In the year 2010 the
consumption was reduced significantly, by about 30% compared to the prior year. The biggest impact
on reduction came from the renovation of the hydrant system in May, which is evident from the
diagrams in Figure 11.

Figure 11. Water consumption in years 2009 to 2011: (a) in underground mining
processes; (b) on surface processes.

(€Y (b)

By monitoring the consumption in real-time through CSRE we are able to inform consumers about
water consumption and thus influence employees to make economical use of resources. In 2011, in
comparison to the year 2010, the reduction in drinking water consumption was an additional 12%.
Underground water consumption in 2011 was reduced due to the regular daily checks and maintenance
on the pressure reducing station. On the surface water consumption, the largest effect resulted from a
bathroom renovation in January 2011.

3.4. Compressed Air

The consumption of compressed air in 2009 was 13% less than in 2008. The negative trend of
compressed air consumption is a result of the regular maintenance work on pipelines and thus
reduction of air losses. In 2010, the consumption decreased by another 2% in comparison to the year
2009. With CSRE we followed target consumption, reduced the use of compressed air in the
underground mine processes and also reduced the losses on the pipeline system (Figure 12).
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Figure 12. Compressed air consumption in years 2009 to 2011: (a) in underground mining
processes; (b) on surface processes.

(@) (b)

Unfortunately, from July 2010, the losses due to pipeline leakage increased. In 2011 additional
maintenance work on the pipeline has been carried out. However, underground consumption in 2011
increased due to higher production targets and operational plans. Even though that production does not
directly affect the consumption of compressed air, it is affected by the number of working days, the
number of underground roadway construction sites and their daily advance and mine equipment
assembling. In comparison to 2010, in 2011 the consumption of compressed air has increased by 25%.

Reviewing advances related to energy savings by applying energy monitoring methodology and
software solutions it is clear that achievements are significant and that there are numerous scientific
research, suggested and applied solutions for monitoring energy consumption, improvements is some
mining activities and application of Best Available Technologies (BAT) for the purpose of energy
consumption reduction. Some designed solutions, as well as some software solutions are generally
related to specific parts of mining activities. Other solutions encompass energy consumption
monitoring and energy savings in several combined mining activities. As many studies have shown,
the benefits of Ventilation-On-Demand (VOD) are numerous. Most notably, implementation of a VOD
system has been shown to provide a 20%-50% reduction in ventilation energy costs [9,10], Recent
studies carried out under the Deep Mine Research Programme have shown that cyclical operation of
cooling and ventilation systems can lead to significant cost savings [11,12]. The Motor Challenge
program promotes a “Systems Approach” rather than a “Component Approach” when evaluating
projects for energy efficiency [13]. REMS Winder software is a fully automated on-site Real-Time
Energy Management System (REMS) that controls electrically operated mining equipment via the
SCADA system [14]. An Energy Management Information System (EMIS) is an important element of
a comprehensive energy management program. It provides relevant information to key individuals and
departments that enables them to improve energy performance [15].

As already mentioned, the process of obtaining coal is specific. Mechanized extraction of coal by
the use of the long wall method was developed by VCM and it is patent-protected. Having in mind that
this mining method is not applied in other mines in the region and in EU, comparison to other mines
would not provide efficient results, because different mining activities are performed. On the other
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hand, results of analyses like those presented in this paper are typically considered confidential
information by the mining companies and because of that such data is difficult to obtain. Large mining
companies, which are operating several mines all around the World include:

e Glencore (one of the world’s leading integrated producers and marketers of commodities.
Glencore has worldwide activities in its industrial operations in 33 countries);

e Xstrata (operations and projects in more than 20 countries in North America, South America,
Europe, Africa and Australia)

e Rio Tinto (five principal product groups—Aluminum, Copper, Diamonds &Minerals, Energy
and Iron Ore—plus two support groups: Technology & Innovation and Exploration)

e RAG Aktiengesellschaft (collieries in North Rhine-Westphalia and Saarland);

e UK Coal (Deep mines—Daw Mill colliery, Kellingley colliery, Thoresby colliery, Harworth
colliery, number of surface mines in Durham, Northumberland, Shropshire and Derbyshire);

e Consol Energy Inc. (produced bituminous coal from 13 mining complexes in the United
States);

e Inmet Mining Corporation (Turkey, Spain, Finland, Canada, Papua New Guinea, Panama);

e China Coal Energy Company Limited (Pingshuo Mining Area—6 open pit and underground
mine, Datun Mining Area—6 mines, Liliu Mining Area, Dongpo Coal Mine, Nanliang Coal
Mine), etc.

These are mainly producing different type of product (energy-coal, ferrous and non-ferrous) and in
their annual and technical reports are providing data on global energy savings for all mines within the
company, regardless to the type of the resource [16-23]. Therefore, analysis related to energy savings
in these companies, could not be used for comparison to efficiency of applied solution in VCM.

4. Conclusions

The presented system has proven to be effective in meeting the goals, which include the
establishment of system for the review of energy consumption, for monitoring the quantity and costs of
energy consumption, cost savings in energy usage, for optimizing energy use in all processes and to
measure consumption by individual consumers. Key performance indicators show a constant decline in
consumption of electricity, heat, drinking water and compressed air at the VCM. Because of measures
taken and the effective energy management, specific energy consumption decreases each year.

In recent years, VCM has been able to reduce overall energy consumption by 8 to 10 percent by the
appropriate energy efficiency and rational energy use, which would be more difficult or even
impossible without establishment of the CSRE. For example, in the year 2010, after the establishment
of the CSRE monitoring system, the total cost of energy consumption in VCM was approximately 20%
less of the total energy cost in the year 2009. The monitoring actions resulted in efficiency
improvement, a considerable reduction in energent consumption and consequently in reduction of
emissions. According to 2010 energy costs in 2011 increased for 15%, but with the use of CSRE we
know that this is due to increased coal production and higher energy prices in 2011.

According to a 2007 study by the U.S. Department of Energy, entitled the Mining Industry Energy
Bandwidth Study [24], in which energy-saving potential of key processes in coal mining industry have
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been analyzed, the estimated saving due to implementation of best practices in coal mines could save
approximately 17% of the total energy consumption and furthermore with a combined energy savings
from best practice investments and further Research & Development could allow for total savings of
49% of the total energy consumption of the coal mining industry. In recent years the Velenje Coal
Mine has reduced energy consumption by approximately 10%, simply by appropriate energy efficiency
and rational energy use. Further energy-saving opportunities exist if the current processes are
improved by implementing more energy-efficient practices and by using advanced technologies. The
principal advantage of the presented system is its flexibility in improvements. In the future we plan to
install a module for forecasting energy consumption for the target production and also for actual
weather conditions as shown in [25]. We can conclude that the CSRE is certainly quite an acquisition
for the Velenje Coal Mine, but with future upgrades this system promises even more.
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Abstract. Sustainable waste management started to be implemented in Serbia in 2009. Before that,
waste management was reduced to a collection and disposal of waste in unsanitary landfill. The
situation is similar in the municipality of Novi Pazar. The landfill, which was built with the intention
of being a sanitary landfill, has lost that status. Instead, it has become a risk to human health and
the environment. At the same time, each year a new amount of waste is generated and disposed of
without any plan. On the other hand, questions arise about the optimisation of waste disposal costs
and its more efficient use. This paper describes the current status of waste management, the amount
of waste generated and its composition. Special attention is given to the existing landfill. Based on
the data analysis, an advanced waste management model is made to include the existing legislation,
the economic feasibility and sustainable development principles. It is shown that with an integrated
waste management which includes landfill mining and sorting of old and new generated waste is
possible to reduce both the amount of disposed waste and negative impact to the environment and
achieve economic profit through material recovery.

Keywords: waste, sustainable development, landfill mining.

AIMS AND BACKGROUND

The purpose of the study was to demonstrate the benefits of integrated waste man-
agement planning and the possibility of utilisation of waste from the landfill.
The latest insights into the state of resources on the planet lead us to the con-
clusion that the waste must be viewed not only as an environmental pollutant but
also as a raw material. In fact, the broadest perspective directs us toward the waste
management system (WMS) that uses the principle of sustainable development
which involves the prevention of waste, conservation and recovery of resources,

* For correspondence.
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along with attempts to find a system that best suits society, economy and environ-
mental protection.

The negative impact of non-sanitary landfills on environment is through air,
water and soil pollution. This effect can be so big to cause ripple effect that leads
to ‘an environment modified by municipal waste deposition activities generated
distress to life forms’t. A particular problem is the pollution of groundwater due
to the complexity of the detection of pollution and its treatment. All these nega-
tive effects through synergistic blend greatly impact on human health. Particles of
hazardous materials moving through the soil and can occur even in groundwater.
Sidjimov and Spassov presented? the way VOCs contamination from the landfill
to the groundwater.

Recently, a new topic has been imposed, and it concerns extracting valuable
components from already deposited waste — landfill mining. It must be said that
there are several reasons for landfill excavation/mining as well as the remediation
of landfills for local emissions prevention, creation of a new volume in an existing
landfill, release of space for new infrastructure, and usage of recyclable materials?.
Mining from landfills has more unknowns that can cause problems. Baas et al.
emphasised 4 main types of uncertainties related to landfill mining projects: waste
composition of landfills, efficiency of materials processing technologies, markets
for materials recovered from landfills and environmental and health risks from
excavating landfills. In previous years all types of waste such as metal, glass, paper,
textiles, food waste, industrial and hazardous waste were disposed of in landfills.
Data on the composition and quantity of these substances are still unavailable.
One of the ways to obtain these data is the test excavations or drillings into the
landfill body®. In old landfills, most of the waste which can be exploited is metal
waste, while the utilisation of the organic part of the waste (paper, cardboard,
food and yard waste, wood and plastics) is possible in the form of fuel. There are
studies that deal with non-fuel oriented technologies. It has been proven that the
finest fraction of waste in old landfills can be used as the covering material for the
landfill which can reduce the cost of landfill management®. In the new landfills it
is possible to extract construction material, combustibles, non-ferrous and ferrous
metals, and plastics.

The research led by T. Kartineer et al.” has shown that the landfills aged be-
tween 5-10 years have a net calorific value of combustible part of up to approxi-
mately 20 MJ/kg dry matters. At the same time, the results show that by manual
sorting the available part for the production of fuel can be up to 40-45% (w/w)
while by the mechanical treatment the availability decreases up to 30% (w/w).
Unfortunately, only a few of these landfill mining initiatives have stressed resource
recovery and even fewer have used an integrated approach to solve a local issue
and at the same time extract recyclable materials from the landfill®.
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This paper presents the state of waste management in Novi Pazar, a local
community in Serbia. Waste has been disposed for 13 years in a landfill that is
dysfunctional. As such, the landfill is a source of danger to human health and the
environment, and needs to be closed. The closure of the landfill should be done
with all the technical and technological measures to reduce the negative impact to
environment (insulation of the bottom of the landfill, covering the landfill body,
etc.). However, the question arises whether it is possible to extract from the body
of the landfill and reuse some of the recyclable materials that have been depos-
ited. This would reduce the volume of waste and make some recyclable materials
reusable. With regard to the plan for building a center for waste separation, the
proposal of an integrated waste management that contains advanced waste man-
agement principles to the gradual closure of the existing landfill remediation with
the partial extraction of raw materials is given.

EXPERIMENTAL

In order to start building a sustainable waste management system on the territory
of alocal community one needs to collect data and provide the necessary informa-
tion: basic information, priority objectives for waste management and instruments
for reaching the proposed objectives.

Description of current waste management. Waste generated in the municipality of
Novi Pazar is disposed of in the landfill Golo Brdo, which is 25 km away from the
town. Golo Brdo landfill covers an area of 3 ha and has a capacity of 2 900 850 m?®.
Although designed as a sanitary landfill, due to unfinished construction works, the
landfill Golo Brdo operates as an open non-sanitary landfill used for the disposal of
all sorts of waste collected in Novi Pazar and surrounding municipalities, Tutin and
Ribaric. Great danger to humans and the environment are constant fires that occur
because of inappropriate waste disposal. Nikolaou® research has shown that during
the landfill fire, the release of a large number of pollutants is extremely harmful to
human health. Residents who gravitate towards this location have a very negative
attitude toward it and they have requested the relocation of the landfill.

The limited capacity of the Public Utility Company (PUC) and irresponsible
behavior of waste generators, often lead to illegal disposal, so there are a lot of open
dumps on the entire territory. Sorting waste at the city level is not implemented.
The capacity of the recycling industry is small.

Estimated waste quantities. The quantities of generated waste have been recorded
in the last few years by PUC. Table 1 shows the quantity of waste disposed of in
the landfill Golo Brdo in the period from 2000 to 2012.
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Table 1. Quantities of disposed waste in the landfill Golo Brdo in the period 2000-2012

Year 2000- 2005 2006 2007 2008 2009 2010 2011 2012 Total
2004

\ol- 219000 60000 65000 68000 70000 73000 74000 72000 77000 778000

ume of

desposed

waste

(m?)

Weight of 102930 28200 30550 31960 32900 34310 34780 33840 36190 365660

desposed

waste (1)

Source: Analysis of the production of waste and recycling model in Southwest Serbia.

Waste composition. The composition of waste is monitored during a period of time,
but it is not accompanied by all factions according to the principles of the EU.
Fraction ‘other waste’ contains organic waste. Table 2 shows the composition of
waste in the municipality of Novi Pazar as estimated by the PUC.

Table 2. Composition of municipal waste
Waste fraction Bulky Paper/ Plastic Tex- Electr. Glass Wood Metal Other Total

waste Cardb. tile/ waste waste
leather
% 2 12 10 4 1 3 4 5 59 100

Esimated quan- 723 4343 3619 1448 362 1086 1448 1809 21352 36190
tity — 2012 (t)
Source: Analysis of the production of waste and recycling model in Southwest Serbia.

Based on the presented composition of the waste it is possible to make an
assessment of amount of certain recyclable materials found in the waste that is
collected in the municipality. Table 2 shows the estimated quantities of certain
waste fractions for 2012.

The city does not implement any sorting of waste. Education about environ-
mental protection and the importance of waste separation and recycling is carried
out on a small scale. Hazardous waste is not separated from other waste. In the
city there are textile, wood and food industry that generate significant amounts of
industrial and hazardous waste. Also, the municipal waste comes from households;
there are significant amounts of hazardous waste (batteries, pharmaceuticals,
paints, varnishes, protecting agricultural chemicals). It is necessary to carry out
the education of the population and decision makers on hazardous waste that is
either in homes or in public companies.

Priority objectives for waste management. Taking into account the increase in
population from year to year, with a growth rate of 0.9%, it can be expected that
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the amount of generated waste will increase. Due to the existing landfill and landfill
legislation, Golo Brdo needs to close in the near future. Thus arises the question of
solving the problem of waste management. It is logical to expect that the solution
leads to the development and introduction of the improved waste management
system, which would in itself integrate all aspects of environmental protection
and sustainable development. The content of the waste is shown in Table 2, which
indicates the possibility of utilisation of secondary raw materials. In addition to
metals, paper and plastics, attention should be paid to the fraction containing organic
waste. This fraction has major positive features as well as a big negative impact
on the environment at the same time. Classification of waste as either primary or
secondary is one of the conditions for the use of these materials.

Instruments for reaching the proposed objectives. The process of closing the land-
fill involves a number of activities, out of which the most important are finding
new space for the landfill as well as reducing the amount of waste that is disposed
of in the existing one. The initiative for the construction of the secondary waste
separation center is also of importance. It is anticipated that the capacity of the
system is 5 t/h.

RESULTS AND DISCUSSION

The proposed improved waste management model is made on the basis of the
current situation in the field of legislation and obligations and the principles of
sustainable development. The model consists of three phases: closing the exist-
ing landfill, developing an integrated system for sorting and recycling of waste
on the territory of the municipality and opening a new sanitary landfill. The aim
of the first two phases is to bring the existing waste management system into the
state of ecological balance until the conditions are created for the opening of a
new sanitary landfill.

The first phase of the model consists of the rehabilitation of the landfill into
a sanitary landfill, its successive closure and remediation. The process of reha-
bilitation would start from the first, and move to the upper floors. First of all, the
waste would be excavated and temporarily displaced to a higher floor. The open
landfill body would be examined, remediation would be performed and thereafter
the body of the first floor would be covered with a suitable insulator. Waste would
be returned to thus prepared floor and it would also be filled with waste from the
second floor or new waste until its completion and closure. The same principle
should be applied to the other floors. A particular problem in an existing landfill is
leachate. Therefore, in the first phase the local stream would be displaced in order
not to pass through the landfill, and atmospheric precipitation would be collected
around the perimeter of the landfill. During the rehabilitation, the landfill drain-
age system would be progressively placed and connected with a renewed pool
of leachate. To avoid pollution with new disposed waste during rehabilitation of
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individual floors, especially the first, it is necessary to prepare a new appropriate
site for the waste disposal, near the existing landfill. The location of the new site
should be properly prepared, with the capacity for waste generated during the
remediation of the first and second floors. This would enable the rehabilitation
of the entire landfill into a sanitary landfill, and the terrain will be permanently
isolated from pollution.

Parallel with the process of rehabilitation of the landfill Golo Brdo, an inte-
grated system for sorting and recycling of waste would be established — the second
phase, based on the sorting of new waste (which is generated daily) and the sorting
of the waste disposed of in the landfill (landfill mining) (Fig. 1). Therefore, the
second phase of the sustainable waste management model is the construction of a
center for waste separation (CWS) and the system for waste separation at the landfill
(WSL). The capacity of the CWS was determined based on the generated waste
quantity and composition. The center would be placed in a location that is near to
the waste generators. CWS would have at least two functions: maximum utilisa-
tion of raw materials from waste and minimisation of disposed waste. The task of
WSL is to extract the greatest possible amount of raw materials from the landfill,
reduce the amount of disposed waste and make financial benefits. Integrated waste
management system (SWS and WSL) involves separation of plastic and metal for
recycling compost production from CWS and the deposition of residual waste on
the rehabilitated landfill. These actions would reduce the waste transportation costs
to the final disposal and at the same time extend the life of the existing landfill.
In order to achieve a sustainable waste management system in the long term, the
capacity of facilities at CWS and WSL are in mutual dependence, relying on the
amount of waste generated and the decisions which amount of waste in the landfill
can be used. Figure 1 shows that some of the waste collected goes to CWS, and
the second part of the fresh waste (smaller) is sent to WSL. After the utilisation of
the old waste and landfill closure, a complete separation plant would be located
next to CWS in order to increase their total capacity.

The composition of generated waste that is sent to the landfill is shown in Table
2. During landfilling this composition changes. At this point an accurate assessment
can not be done, but because of the addition of inert materials, the percentage of
certain fractions is lower. From mixed waste with transformed organic fraction,
plastic, metal and glass can be separated. If necessary, waste tires can be separated.
Having reviewed the situation on the site it can be concluded that a certain waste
fraction disposed of in the period 2010-2013 can be extracted from the landfill.
Based on the waste composition presented in Table 2 the quantities of certain
waste fractions that were generated and disposed of in the period 2011-2013 and
2010-2013 were evaluated. Estimated values are shown in Table 3.
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Fig. 1. Scheme of an integrated system for waste sorting and recycling on the territory of Novi
Pazar

Table 3. Estimated quantities of raw materials that can be obtained from the landfill

Waste fraction Percentage Quantity (t)
(%) 2011-2013 2010-2013
Plastic 10 10803.00 14281.00
Electronic waste 1 1080.30 1428.10
Metal 5 5401.50 7140.50
Other waste 59 63737.70 84257.90
Paper/cardboard 12 12963.60 17137.20
Textile/leather 4 4321.20 5712.40
Wood 4 4321.20 5712.40
Bulky waste 2 2160.60 2856.20
Glass 3 3240.90 4284.30
Total 100 108030.00 142810.00

Residual waste contains, apart from ‘other waste’, paper, cardboard, textile,
leather, wood, bulky waste and glass. Depending on the needs, the rest could be
used either as a fuel, for composting or the covering of the landfill. It is necessary
to first estimate heat capacity, moisture and content of hazardous waste.

The third phase involves the construction of a new sanitary landfill that should
be performed in line with the legal regulations and the principles of sustainable
development.
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CONCLUSIONS

Modern ways of waste management include an integrated approach to solving the
problem of waste which involves the best available techniques, new law regulation
and principles of sustainable development.

The proposed model of sustainable waste management involves closing the
existing landfill, which is unacceptable from the perspective of sustainable devel-
opment, remediation and returning to an acceptable state of the landfill surface,
developing an integrated system for sorting and recycling of waste as well as
opening a new, sustainable landfill. An integrated system for sorting and recycling
of waste allows the extraction of useful materials from both fresh and deposited
waste, reducing the volume of disposed waste and thus increasing the life of the
existing and future landfills, improving the quality of the environment and the
welfare of the people through job creation. The main part which can be extracted
from the waste by landfill mining is metal. The residual waste can be used either
as a fuel or inert material depends on its calorific value, humidity and hazardous
waste content.
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Abstract. System modelling for environmental management of mining and energy complex, based on
the analysis of the consequences of exploitation and coal combustion, is a prerequisite for the reduc-
tion of cross-border pollution and preserving the quality of air, water and soil. This paper analyses the
impact of air pollution by the energy complex ‘TE Kostolac’ from the Republic of Serbia. Analytical
hierarchical method is used for ranking the aspects of air quality in relation to: failures in organisation
of the protection system, the lack of financial resources for the implementation of standard measures
of precautions and reactions of environmental organisations. Paper considers the influence of surface
mines and power plants on: quality of the air environment, employees, stakeholders and financial
situation in the event of a hazardous situation. We ranked the scores of consequences of the surface
mines and power plants operations as the basis for the application of multi-criteria decision-making
in the process of solving high priority problems of air environment pollution. The results of the analy-
sis of impact of power plants on ambient air quality and calculation of weighted coefficients form
the basis for the application of balanced scorecard method. Systematic approach to environmental
management planning for mining and energy complex, based on the application of AHP method in
combination with BSC method, provides an opportunity for a more realistic view of the situation and
mitigates the subjective attitudes in decision-making. The paper used a clear strategy of Sustainable
balanced scorecard method (SBSC). Environmental management procedure in the energy complex is
based on the partial method and the method of shared services. Proposal of protection measures and
the development of strategies to protect the environment contribute to better international coopera-
tion and reducing the level of cross-border air pollution. Realisation of presented solutions depends
on the financial possibilities of mining and energy complex and the willingness of management to
take significant steps in solving environmental problems, implementing the principle of sustainable
development and improving the environmental safety of cross-border regions.

Keywords: protection models, management, SBSC, mining and energy complexes.

* For correspondence.

1082



AIMS AND BACKGROUND

Within the overall primary energy consumption in Serbia (by energy source), fossil
fuels are prevalent. Reports on the state of the environment in Serbia indicate that
thermal power stations are the dominant sources of air pollution. This paper consid-
ers the impact of the mining and energy complex in Kostolac, which incorporates
three surface mines (Cirikovac, Klenovik, and Drmno) and two thermal power
stations (TE ‘Kostolac A’ (100 MW) and TE ‘Kostolac B’ (2x348.5 MW)) (Ref. 1).

Based on the Reports on Emission Values it can be concluded that the smoke
channels of thermal stations TE ‘Kostolac A’, Block 1, Boiler 1; TE ‘Kostolac
A’, Block 1, Boiler 2; TE ‘Kostolac A’, Block 2; TE ‘Kostolac B’, Block 1; and
TE ‘Kostolac B’, Block 2 have higher sulphur dioxide mass concentration values
than the emission limit value (ELV) and that values in excess of the ELV for solid
particulates is often registered?.

Improvement of the environmental management system in the ‘Kostolac’ min-
ing and energy complex should be aimed toward enhancing the level of control
efficiency, introducing modern safety measures, and reducing the possibility of
cross-border propagation of air pollution. Objective assessment of the effects of
coal exploitation and combustion are required**. Use of a multi-criteria approach
to decision-making and implementation of advanced management strategies forms
a basis for the realisation of the adopted environmental policy for mining and
energy complexes®.

RESULTS AND DISCUSSION

ANALYTIC HIERARCHY PROCESS IN THE ENVIRONMENTAL MANAGEMENT
SYSTEM OF MINING AND ENERGY COMPLEXES

Management of environmental systems based on the Analytic Hierarchy Process
(AHP) increases the level of objectivity and reduced personal views to a minimum.
Thomas Saaty developed the concept of this model in 1978 (Ref. 6). It includes a
definition of hierarchy, selection of elements (criteria, sub-criteria, and attributes),
comparison of significance of all same-level elements in relation to priorities
(higher-level elements), calculation of weight coefficients, and creation of a list
of priorities.

A modern environmental management system (EMS) requires the identification
of environmental aspects and causes of air pollution. The assessed environmen-
tal aspects are the effects of surface mining of coal (dust dispersal from surface
mine slopes — E1; dust and exhaust emission during the operation of mining and
transport machinery — E2; coal dust dispersal from access and transport roads —
E3; and emission of gases from spontaneous coal combustion — E4) and of coal
combustion (incomplete coal combustion — E1; irregular filter replacement — E2;

1083



exceeded pollutant ELVs — E3; and improper disposal of ash and slag — E4). The
handling of priority air pollution problems is planned according to the analysis of
work effects. The criteria are as follows: oversights in EMS organisation (C1); lack
of finances for implementing prescribed environmental protection measures (C2);
and diminished competitiveness due to unfavourable reactions from the public and
from environmental organisation s (C3). Sub-criteria include the assessment of
environmental impact (SC1), impact on employees (SC2), impact on stakeholders
(SC3), and financial cost of hazardous situation remediation (SC4).

The results of comparison of the mutual impact of work activities and their
impact in terms of priority conditions are given as tables. The ranking of aspects
and the definition of importance (I) are based on the value of the product of impact
level (IL) and the likelihood of occurrence (L). Qualitative values of the defined
work activities were translated into quantitative ones by means of an ordinal
scale. The distances between attribute ranks are not strictly defined. The results
of comparison of key work activities represent the elements of the comparison
matrix of certain hierarchy levels or the decision matrix. The weight coefficients
are defined by inter-comparison of the effects of critical activities’. Based on the
tabular representation of the results of ranking the effects of work activities in
surface mining and combustion of coal (Tables 1-3), a schematic was drawn rep-
resenting the relationship between critical effects, criteria, and sub-criteria (Fig. 1).

Table 1. Assessment of importance, weight coefficients (W), and ranks (R) of comparison of the
impact of defined criteria in relation to key environmental aspects

Impact analysis of surface mining Impact analysis of coal combustion
CILL I matrix W R CILL I matrix W R
Cl2 2 4 r 1/2 3:| 030 II C12 3 6 T 12 T 033 I

A = A -
1 1

c22 3 6 2 15 050 I C23 3 9 2 17 059 1
321 2 B 010 I C32 1 2 /5 ur 1 0.07 1II
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Table 2. Assessment of importance and weight coefficients as indicators of the impact of defined

criteria

Impact analysis of surface mining

Impact analysis of coal combustion

PILL I matrix W R KILL I matrix W R
Cl El 2 3 6 1 1/2 3] 0.26 I Cl El 2 1 2 1 1/2 1/5 1/7] 0.06 v
E23 3 9,2 1 4505 I E23 1 3 ,.2 1 vsvs 011 1]
1/2 1/4 2 5 3 1 1/2
E33 24 [J700 10 E33 26 7 ) 7030
E4 3 1 3 0081V E43 3 9 052 1
C2E1 2 3 6 1 1/2 2 8] 028 II C2E1 1 2 2 M 1 1/5 U7] 0.07 III
E23 3 9 ,[2 1 459050 I E22 1 2 , [11us w7 007 III
E32 2 4 [2le tlol6em  E32 3 6 |55 L2032 01
E41 1 1 S0041V E43 39 UT % 1lgszg
C3E1 2 1 2 1 33y2) 028 1 C3E11 1 1 rn 1 vz uys] 0.09 IIT
E2 1 1 1 ,8t1us 010 I E21 1 1 5|1 550 000 III
E3 1 11 Pl ol0m E32 12 o, ;) 028
E4 3 1 3 051 1 E4 3 1 3 051 1

Table 3. Assessment of importance and weight coefficients as indicators of the impact of defined

sub-criteria

Impact analysis of surface mining

Impact analysis of coal combustion

PILL I matrix W R KIL L I matrix W R
E13 2 6 1 12 2 3 026 1I E13 2 6 1 312y 019 II
5 E233 9,2 1 45050 1 — E23 13, wsiusus 0071
A E3 2 2 4 1;;1;:1/12i0.14111mE3339 251 1] 036 1
E43 13 © 008 TV E43 3 9 (251 1135 ]
El13 3 9 1 1 2 51 036 El11 2 2 1 1 3 1/2] 023 1II
~ E23 3 9,1 125 036 1  E21 2 2, |1 13120 023 11
S E32 3 6 |peueyss 010 1 % E3 1 1 1 (MU115 gog
E43 1 3 007 E41 33 2P toas
E12 1 2 1 1 133 019 1II E12 2 4 1 1 , 31 035 1
% E22 1 2, 1 113 019 I e E22 2 4, |t 1 23 0351
A B32 24 |50, 053 1 @ E33 13 (200 % 018 11
E41 1 1 007 I E42 1 2 ° © 0.0 110
El1 3 2 6 1 1/2 5 5 032 1I El 2 2 4 [1 6 1/2 1/4] 0.16 III
3 E23 3 9,2 177 053 1 3 E22 1 2, |vs1u8us| 0041V
A E31 2 2 |eyr1. 007IIG E33 2 6 jg;l’f 0.28 11
E4 2 1 2 007 I E43 3 9 - 7050 1
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Identification of priority preventive measures of environmental protection for
the purpose of modelling the environmental protection system in mining and energy complexes

: [ L) ) ‘
[ c1 | | ] c2 | c3 |

| [er] [e] [eem]

Fig. 1. Identification of problems in the functioning of the environmental protection system in min-
ing and energy complexes and the basis for protection system modelling and selection of priority
preventive measures of environmental protection (*Impact analysis of surface mining; **Impact
analysis of coal combustion)

Assessment of environmental aspect importance suggests a need for priority
resolution of the following problems: coal dust emission, coal combustion, and
improper disposal of ash and slag. The results of the AHP form the basis for a
consideration of management strategy selection of strategic perspectives, and im-
plementation of balanced scorecards for the environmental impact of coal mining
and combustion®®.

MODELLING OF ENVIRONMENTAL MANAGEMENT SYSTEMS FOR MINING AND
ENERGY COMPLEXES BASED ON THE STRATEGIES OF THE SUSTAINABILITY
BALANCED SCORECARD

System management using the Balanced Scorecard (BSC) was defined by Kaplan
and Norton in 1992 (Ref. 10). It is based on choosing a company strategy accord-
ing to the financial data, customers, business organisation, and preparedness for
learning and development. The selection of AHP priority measures using BSC
as a strategy organisation method has been discussed by the following authors:
Pan!! on the adequacy of proposed activities noticed by management, Lee!? on
facilitating decision making in the processing industry, Varma'* on performance
assessment of a petroleum industry supply chain, Jovanovic and Krivokapic'* on
the selection of indicator importance for indicators pertaining to the attainment of
adopted company goals, and Huang!'s on strategic planning.

Environmental and social aspects are the integral part of the key strategic per-
spectives (SP) of the Balanced Scorecard: finance (F), users (U), internal processes
(IP), and learning and development (LD) (Ref. 16). Table 4 provides a proposal
for the integration of environmental and social aspects (ESA) and the introduction
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of a derived, market-oriented, environmental-social perspective (ESP) within the
EMS and its subsystem for air quality preservation.

Table 4. Proposal for integration of environmental and social aspects (ESA) into key strategic
perspectives
BSCtype SP Proposal for the integration of environmental and social aspects

Integration of F allocation of finances for the monitoring of air pollution propaga-
ESA tion

U regular air quality control and stakeholder notification regarding
the results

IP  regular implementation of internal air monitoring processes

LD personnel training for internal control of air quality and report

writing
Independent F higher profit and preservation of coal reserves coupled with envi-
ESP ronmental quality preservation

U reduced amount of pollutants per unit of distributed energy
IP  monitoring of air quality and exceeded limit values

LD education of employees for planning and use of alternative energy
sources

The defined proposal of integration of ESA given in Table 4 increases the
reputation of any mining and energy complex without any significant financial
investment. The market-oriented derived environmental perspective requires state
support and guarantees in terms of initial capital and resolution of environmental
issues. It is one the most complex forms of balanced scorecard implementation
and it enables business operation in accordance with the principles of sustainable
development.

Table 5 provides a proposal of the integration of environmental (E), social
(S), or environmental-social (E-S) aspects, in parallel with the key perspectives.

Table 5. Proposal of introduction of environmental-social perspective (E-S, E, or S) of environmental
management

SP  Goals of new environmental-social perspectives of environmental management
E-S Internal monitoring of air and, if necessary, public notification

E Internal monitoring of air and determination of pollutant concentrations
S Financial support to persons suffering from respiratory diseases and public warn-
ings

This proposal is an important step towards determining the actual state of the
environment and mitigating the effects of coal mining and combustion.

Integrating elements of sustainable development into the balanced scorecard
requires a systems approach to management. Figge et al.!” base the inclusion of
elements of sustainable development on the integration of new environmental
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aspects into (or their addition to) the four key strategic perspectives. Bieker and
Gminder®® define the following strategies: clean (partial approach or shared ser-
vices), efficient (company cost reduction with the implementation of environmental
protection goals), innovative (resolution of environmental issues while realising
financial gain), and progressive (full implementation of the principles of sustain-
able development using the total, the additive, or the transversal approach). The
state of Serbian electric power industry warrants the implementation of the clean
strategy of the SBSC. The main features of the clean strategy and a proposal on
how to integrate the environmental-social aspects are given in Table 6.

Table 6. Proposal for the implementation of the partial approach and shared services within the
clean strategy

Implementa- Acknowledgement of viewpoints of stakeholders and end users of distrib-
tion goal uted electric energy
Proof that due consideration is given to the impact of mining and energy
complexes on air quality

Proposal Regular control, internal control, recultivation of smaller areas, air purifi-
cation

Partial ES-F  Allocation of finances to improve air protection measures

SBSC ES-IP  Implementation of internal processes: air monitoring, regular

maintenance of the air purification system, recultivation of smaller
areas, and heating system maintenance
Shared ser- ESA-F Allocation of finances to conduct air monitoring and organise the
vices SBSC and IP internal process of technical and biological monitoring
ESA-F Personnel training for the implementation of preventive air protec-
and LD tion procedures and implementation of the EPA model in emission
prediction
ESA-IP Organisation of the internal process of biological air monitoring
and LD and personnel training for the monitoring of plant species that are
used as air bioindicators
Results Defence of the existing market for mining and energy complexes and envi-
ronmental quality preservation

More complex approaches to management system modelling in the present
state of Serbian mining and energy complexes are not feasible’$. A graphic model
proposal (Fig. 2) shows alternatives for EMS development.
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Planning of environmental protection system management in mining and energy complexes

not
* Improvement
yes
Preservation of the adopted environmental policy [ Analysis of the effects of work activities

not

Implementation AHP

Selection of preventive and corrective environmental protection measures ] yes

[ Assessment of importance of environmental aspects ]

Proposal on changing the environmental
management model [ Selection of priority solutions according to the state of the environment and the weight coefficients

A
¥ not Implementation SBSC
Creation of proposals to improve the management system based on the severity yes

of the consequences and financial and technical capabilities [ Selection of management strategies from the SBSC ]

v

[ Clean strategy ] [ Efficient strategy ] [ Innovative strategy ] [ Progressive strategy ]

Use of modern methods of

combustion product treatment

Implementation of Correction of combustion processes in the
current legislation event of unfavourable climate conditions

’ Coal dust briquetting H

Model of existing! Model of environmental cost Model of environmental\ ] _Model of adherence to the
market defence transformation into environmental benefit product introduction principles of sustainable development

Fig. 2. EMS model for mining and energy complexes based on the strategies of the Sustainable
Balanced Scorecard

As a developing country, Serbia is trying to implement the [ISO14001 standard
and meet the legal and other regulatory requirements. Analysis of the actual situa-
tion and decision making based on a multi-criteria analysis of the AHP is the basis
for the planning of air protection measures. Problems can be gradually overcome
through the design of modern EMS models for mining and energy complexes
based on the BSC.

CONCLUSIONS

EMS improvement or the creation of a parallel management system using the
BSC is essential for mitigating the negative effects of work activities and reducing
cross-border dispersal of pollutants. The sustainability concept of the BSC ranks
high in any EMS in the domain of energy, as there is a real need for the integration
of profitable environmental perspectives.
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The paper presents new approach for improving method for quality
evaluation and selection of equipment (devices and machinery) by applying
distinct functions. Quality evaluation and selection of devices and machinery
is a multi-criteria problem which involves the consideration of numerous
parameters of various origins. Original selection method with distinct
functions is based on technical parameters with arbitrary evaluation of each
parameter importance (weighting). Improvement of this method, presented
in this paper, addresses the issue of weighting of parameters by using Delphi
Method. Finally, two case studies are provided, which included quality
evaluation of standard boilers for heating and evaluation of load-haul-dump
(LHD) machines, to demonstrate applicability of this approach. Analytical

Hierarchical Process (AHP) is used as a control method.

Key words: Quality evaluation, Selection, Distinct functions, Delphi method,
Analytical Hierarchical Process

1. Introduction

Quality evaluation of equipment (devices and machines) is a multi-attribute decision-making
problem which is important issue for an effective production system, which can be used in selection
process. Most common approach is to evaluate several alternatives which should be ranked according
to various qualitative or quantitative criteria. During evaluation of machinery for given working
conditions numerous factors, such as technical, economical, ergonomic, etc., should be taken into
consideration. Purpose of this task is to acquire the best possible alternative for given restrictions.
However, the importance of technical characteristics in evaluation or selection process is emphasised
by many researchers but it was not deeply investigated.

Recent researches of several authors are suggesting application of operational research
methods such as Analytical Hierarchical Process (AHP), Analytical Network Process (ANP) and
Preference Ranking Organization Method for Enrichment Evaluations (PROMETHEE) [1-5]. Also,
some authors investigated possibility of application of Fuzzy sets [6-7] or more general approach to
machinery selection [8].

It should be mentioned that particular issue in solving the problem of ranking of various
alternatives is assigning the importance or "weight" to each criterion. Some recent researchers are
using simple assessment grades [7], while the other are incorporating Fuzzy theory to convert
linguistic variables-descriptions into weight parameters of each criterion, such as Fuzzy Simple
Additive Weighting (FSAW) [9], or combination of Fuzzy theory and multi-attribute decision making
tools [10-11].

" Corresponding author, e-mail: vojin.cokorilo@rgf.bg.ac.rs
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On the other hand, weighting for AHP and PROMETHEE methods is based on comparison of
pairs of criteria, resulting in general ranking of criteria, as described for PROMETHEE example in [5].
Main disadvantage of this approach is unstructured weighting procedure, which is by definition
subjective process, and it can generate unrealistic results. For solving this issue it is proposed to use
Delphi method for the purpose of criteria weighting. Example of using the Delphi method for the
purpose of selecting the most influential criteria by a few professional experts or decision makers is
presented in [12].

This paper describes improvement of the method for quality comparative evaluation of devices
or machinery based on their technical characteristics [13], with Delphi method. Reason for application
of Delphi method was to reduce the subjectivity in the evaluation process, through structuring of
weighting factors determination, which has impact on ranking of the machines.

2. Description of the new approach of quality evaluation method

Method for quality evaluation of devices and machinery was initially developed at the
University of Belgrade, Faculty of Mining and Geology [14] and subsequently is improved [15] and
made available for use at computers [16].

Final method which includes Distinct functions was developed in 2003 [13]. The latest method
proposes the methodology for ranking of m alternatives, according to their n technical characteristics
(parameters). Technical characteristics can be presented in the form of matrix A with type (format)

mxn
a4 Ay
A= a4 A s, ,
aml am2 amn
where a;; (1=1,2, ..., m; j=1, 2, ..., n) is the value of j-th characteristic for i-th machine. The matrix

A will be called the Matrix of technical characteristics.

The nature of the technical characteristic is that the biggest or the smallest value of a single
characteristic is at the same time the best. This means that it is always possible to arrange
characteristics (by calculating reciprocal values of some characteristics) in such way that, for example,
the biggest value is at the same time the best. For this reason let us find maximum value in every

column of matrix A, i.e.:
bj = max {alj, Ajy «ev s amj} (] = 1, 2, ey m),

and then let's find the ratio

bj .
q;=—(0=1L2..,ni=12,..,m)
aj;
and form the matrix Q
Q1 2 -+ 9
Q= qQ21 922 -+ Yop ’

qml qm2 qmn



which will be called the Matrix of technical characteristics (parameters) comparative values. From the
way of selecting b; and calculating ratio g it follows that q;; > 1 for everyi=1,2, .., m;j=1,2, ...,
n, and that in every column of matrix Q number 1 appears at least once in the place of the highest
value of the corresponding parameter in the matrix A.

Parameter of machine quality (p;) is calculated in following way:

pi= /Zn:mj(qij —1f (=1,2,...,m). (1)

Conclusion about machine quality is drawn from the following criteria: the smaller the p;, the
better is alternative (device or machine). In fact, eq. (1) is measuring the "distance" of every parameter
(i=1,2, ... ,m) for each alternative (device or machine) from the one "perfect" alternative which has
all the best parameters. Therefore, ranking can be established, where the best alternative has the
smallest parameter p;, meaning that the best alternative is one closest to the "perfect" alternative.

Equation (1) includes factor w; (j = 1, 2, ... ,n) which represents the weight of the j-th technical
characteristic to the quality of the machine. Factors ; (j = 1, 2, ... ,n) are in range from 0 to 1, but sum
of all factors is equal 1. It is suggested that value of ®; should be determined according to the
experience.

This paper addresses the issue of determination of weight factor w by using Delphi method.

The Delphi method is a proven and popular tool in information systems research for
identifying and prioritizing issues for managerial decision-making [17]. Main principle of the Delphi
method is that decision or forecast from a structured group of individuals is more accurate than those
from unstructured group [18]. First applications of the Delphi method were in the field of science and
technology forecasting. The objective of the method was to combine expert opinions on probability
and expected development of the particular technology, in a single indicator.

Therefore, Delphi method is a structured communication method, originally developed as a
systematic, interactive forecasting method which relies on a structured group of experts [19] [20]. The
experts are providing answers to given questions in two or more rounds. After each round, a facilitator
provides an anonymous summary of the experts’ answers from the previous round. Thus, experts are
encouraged to revise their earlier answers in light of the replies of other members of their panel. This
process is narrowing the range of the answers and the group will converge towards the "correct"
answer. Finally, the process is finalized after a pre-defined stop criterion and the median scores of the
final round determine the results.

For the purpose of determination of weight (w) for each characteristic of machine it is
suggested to organize panel of experts' survey with at least two rounds. First round would include
marking-scoring of each characteristic of the machine, while the second round would enable experts to
revise their initial scoring with knowledge of replies of other experts. Additional rounds can be
organized, depending on the complexity of the machine, i.e. required accuracy. Although Delphi
method can be considered as a subjective method, structured approach with panel of experts refining
their opinions will surely provide more accurate characteristic's weights to be used for calculation of

machine quality (Eq. 1).
3. Control method — Analytic Hierarchy Process

Case studies — examples given in following chapters uses Analytic Hierarchy Process (AHP),
as a control method. This method, developed by Thomas L. Saaty [21], is a structured technique for
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organizing and analysing complex decisions. Also, this method is widely applied through-out
numerous industries for solving multi-criteria decision-making problems. Therefore, only basic
description is given bellow.

AHP is based on opinion of experts for the purpose to decompose a problem into hierarchies
[22]. Therefore, it can be said that this method is a subjective one. Complexity of problem is simulated
by the numerous levels in the hierarchy, combining the developed model of the problem to be solved.
Such hierarchy is then used to derive scaled measures for decision alternatives and the relative value
that alternatives have against organizational goals and project risks. General example of hierarchy of
AHP is shown on fig. 1. AHP uses matrix algebra for calculation of parameters in order to obtain
optimal solution. AHP is a well proved method in numerous industries.

GOAL
Criteria 1 Criteria 2 Criteria 3 Level 1
Alternative Alternative Alternative Alternative
| ) 3 4 Level 2

Figure 1: Scheme of hierarchy levels of AHP

AHP derives ratio scales from paired comparisons of factors and choice options, which are
marked according to so-called Saaty scale [21], which is given bellow.

Intensity of Definition Explanation
importance
1 Equal importance Two factors contribute equally to the objective
3 Somewhat more important Experience and judgement slightly favour one
over the other.
5 Much more important Experience and judgement strongly favour one
over the other.
7 Very much more important Experience and judgement very strongly favour

one over the other. Its importance is
demonstrated in practice.

9 Absolutely more important The evidence favouring one over the other is of
the highest possible validity.
2,4,6,8 Intermediate values When compromise is needed.

4. Case study — Example 1

Eight standard boilers used for house heating [23] are selected to present the improved
machinery quality evaluation method with distinct functions. These machines will be evaluated

according to their five characteristics (tab. 1).
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Table 1: Standard boilers for heating and characteristics (Matrix A)

Country of | Maximal heat | Operating power | Efficiency at max. | Efficiency at min. | NO, emission
origin load (kW) range (kW) heat load (%) heat load (%) (mg/kWh)
Hungary 20.00 14.00 88.08 83.74 188.25
Germany a 27.60 19.40 89.08 84.17 105.37
Serbia a 26.00 13.20 90.50 84.11 111.93
Germany b 26.10 16.00 90.63 84.12 100.94
France/Italy 26.05 16.50 90.35 84.11 148.04
Slovakia a 12.50 8.20 91.88 83.18 145.83
Slovakia b 30.50 17.50 89.62 84.31 105.64
Serbia b 26.92 9.31 91.46 84.17 148.78

Highest value of each characteristic is the best one, except for the emission of NO,, which is
taken into consideration by calculating reciprocal values in last column. Comparative values of
technical characteristics for boilers are given in tab. 2 (matrix Q). It should be noted that number 1
appears at least once in each column, at place of the best parameter. Also, the biggest comparative
value in each column is at the place of the worst parameter. Best boiler would be the one with all
comparative values closest to the number 1, and this is calculated with eq. (1)

Table 2: Matrix Q — Comparative values of boilers

1,52500 1,38571 1,04314 1,00681 1,86499
1,10507 1,00000 1,03143 1,00166 1,04390
1,17308 1,46970 1,01525 1,00238 1,10889
1,16858 1,21250 1,01379 1,00226 1,00000
1,17083 1,17576 1,01693 1,00238 1,46663
2,44000 2,36585 1,00000 1,01358 1,44474
1,00000 1,10857 1,02522 1,00000 1,04658
1,13299 2,08378 1,00459 1,00166 1,47396

Delphi method was introduced in the next step, which included establishment of panel of five
experts, which was asked to rank characteristics of boilers according to their importance. After two

rounds of facilitation values of weights for each characteristic was established (tab. 3).
Table 3: Values of weight factors (@) for boilers calculated by Delphi method

Maximal heat
load (kW)

Operating power
range (kW)

Efficiency at max.
heat load (%)

Efficiency at min.
heat load (%)

NO, emission
(mg/kWh)

0.26

0.25

0.20

0.13

0.16

Diagonal pairwise comparison matrix for Analytic Hierarchy Process is presented in tab 4.

Table 4: Pairwise comparisons matrix of boilers

Maximal heat | Operating power | Efficiency at max. | Efficiency at min. | NO emission

load (kW) range (kW) heat load (%) heat load (%) (mg/kWh)
Maxim(ait(l\%:at load | 2 2 2 5
Oreingrowsr |1 | 2 : i
Eicencysims | 1o | : i
Elicieneystan | 1o | :




It should be noted that parameters related to AHP method are: Ana,=5.3778, CI=0.0945 and
CR=0.0843.

Results of machine quality calculation according to eq. (1) are given in tab. 5. Calculations
was also performed in same manner for case with equal weight parameters (v=1/5) and with AHP, for
purpose to demonstrate the difference.

Table 5: Rankings of the boilers

GERa | SVKb | GERD FR/IT SER a HUN SER b SVK a

Distinct functions with Rank: 1 |Rank:2 |Rank:3 |[Rank:4 |Rank:5 |Rank:6 |Rank:7 |Rank:8
Delphi method pi=0.058 |pi=0.059 |p=0.137 |[p=0.224 |p;i=0.255 |p=0.478 |pi=0.578 |pi=1.018

Distinct functions with Rank:1 |Rank:2 |Rank:3 |Rank:5 |Rank:4 |[Rank:6 |Rank:7 |Rank:8
equal weight parameters |p;i=0.053 [p=0.054 |p;i=0.121 |[p=0.236 |[p=0.229 |p;i=0.485 |p=0.532 |p=0.909

AHP ranking Rank: 1 |Rank:2 |Rank:3 |Rank:4 |Rank:5 |Rank:8 |Rank:6 |Rank:7

Distinct functions evaluation method provided almost same ranking. The only difference is
switched position of fourth and fifth boiler, i.e. French-Italian boiler advanced one rank in case with
Delphi method. AHP method provided same ranking for best five boilers, while sixth, seventh and
eighth boilers switched ranks. Similar results with comparison of various ranking methods can be
found in research [3].

5. Case study — Example 2

A second example is provided, for the purpose of further suitability and reliability
confirmation of Distinct functions with Delphi method. In this example we ranked five machines
(underground loaders), which are evaluated according to their nine characteristics (tab. 6).

Table 6: Underground loaders and characteristics (Matrix A)

. . Radius Radius
. Bucket | Engine Payload | Machine | Loading Velocity turning turning Bupket
Machine volume | power (ke) | mass (1) | cycle (s) max. outside inside width
3
() | (kw) () | |y | ()
‘S*;I%S SCOPCO 3.4 136 | 6000 | 17.10 12.6 21.0 5446 2620 1956
Sandvik Tamrock | 5 142 | 6700 | 17.20 12.9 26.0 5600 3030 | 2100
Toro 006
S?/? Fahrzeuge |50 1 136 | 6000 | 1950 | 125 | 23.0 6022 3247 | 2040
Caterpillar
1300 3.4 123 | 6800 | 20.95 9.3 24.0 5741 2825 | 2400
Wuhan
KHD.3 3.0 112 | 6500 | 17.20 13.5 23.0 6060 3274 | 2110

The best characteristic in column four, five, seven, eight and nine is the smallest value, while
the best characteristic in remaining columns is the highest value. This was taken into consideration by
calculating reciprocal values in columns four, five, seven, eight and nine. Comparative values of
machines technical characteristics are given in tab. 7 (matrix Q). Same as in previous example,
number 1 appears at least once in each column, at place of the best parameter. Also, the biggest
comparative value in each column is at the place of the worst parameter. Best LHD machine would be
the one with smallest comparative p; calculated with eq. (1).




Table 7: Matrix Q — Comparative values of LHDs

1.00000 | 1.04412 | 1.13333 | 1.00000 | 1.35488 1.23810 1.00000 1.00000 1.00000
1.13333 | 1.00000 | 1.01493 | 1.00586 | 1.38714 1.00000 1.02816 1.15655 1.07352
1.13333 | 1.04412 | 1.13333 | 1.14036 | 1.34413 1.13043 1.10564 1.23938 1.04285
1.00000 | 1.15447 | 1.00000 | 1.22516 | 1.00000 1.08333 1.05405 1.07830 1.22688
1.13333 | 1.26786 | 1.04615 | 1.00586 | 1.45173 1.13043 1.11262 1.24969 1.07863

As in previous example, five experts provided ranking of characteristics for loaders in two

rounds of facilitation, according to Delphi method. Weights are given in tab. 8.

Table 8: Values of weight factors (®) for loaders calculated by Delphi method

Bucket Engine | Payload | Machine | Loading | Velocity Radius Radius Bucket

volume power (kg) mass (t) cycle (s) max. turning turning width

(m?) (kW) (km/h) outside inside (mm)
(mm) (mm)

0.1232 0.1311 0.1367 0.0990 0.1697 0.1003 0.0879 0.0677 0.0844

Initial step in Analytic Hierarchy Process (AHP) is making of diagonal pairwise comparison

matrix (tab. 9). Values in this matrix are representing pair comparisons of all criteria-characteristics.

Table 9: Pairwise comparisons matrix of LHD machines

. . Radius Radius
Bucket | Engine Payload | Machine | Loading Velocity turning turning Bupket
volume | power (kg) | mass (t) | cycle (s) max. outside inside width
3
) | (kW) () | G| oy | )
Bucket \golume 1 5 | 5 3 5 4 3 3
(m’)
Engine power
(kW) 1/5 1 1 1 1/5 1 1 1 1
Payload (kg) 1 1 1 1/3 1 1/3 1 1 1
MaCh‘(‘g’ mass | s 1 3 1 113 113 1 1 1
L"ad‘gg) oyele | )3 5 I 3 I I 4 4 5
Velocity max.
(k/h) 1/5 1 3 3 1 1 4 4 4
Radius tuming |, 1 1 1 1/4 1/4 1 2 1
outside (mm)
Radius turning | 5 1 1 1 1/4 1/4 12 1 1
inside (mm)
Bucket width | 3 1 1 1 1/5 1/4 1 1 1
(mm)

It should be noted that parameters related to AHP method are: A,,,=10.09, CI=0.1366 and

CR=0.0942.

Results of machine quality calculation according to eq. (1) are given in tab. 10. Similar

calculations was also performed and results are provided in same table, for case with equal weight

parameters (0=1/9), for purpose to demonstrate the difference. Table 10 also provides ranking of

loaders according to AHP method.



Table 10: Rankings of the machines

Method Caterpillar Atlas Copco | Sandvik Tamrock | GHH Fahrzeuge | Wuhan

R1300 ST 3.5 Toro 006 LF/6 KHD-3

Distinct functions with Rank: 1 Rank: 2 Rank: 3 Rank: 4 Rank: 5
Delphi method pi=0.11773 pi=0.17246 pi=0.17275 pi=0.18342 pi=0.23256

Distinct functions with Rank: 1 Rank: 3 Rank: 2 Rank: 4 Rank: 5
equal weight parameters | p=0.12562 pi=0.14994 pi=0.14855 pi=0.17092 pi=0.20921

AHP ranking Rank: 1 Rank: 2 Rank: 3 Rank: 4 Rank: 5

It can be seen that in case of LHD machines all three evaluation methods are suggesting same
machine as the best. However, it is obvious that weight parameters are having importance. Second
ranked machine, according to Distinct functions ranking with equal weight parameters, switched rank
with third machine in case of Distinct functions with Delphi method. Also, it is obvious that evaluation
with Delphi method have wider range of p; parameter, which is direct result of allocating the weight
with Delphi method to specific characteristics of the machine. It should be noted that ranking of
machines obtained with Distinct functions with Delphi method completely corresponds with ranking
obtained with AHP method.

6. Conclusion

Distinct functions with Delphi method can be used for comparative evaluation of quality to
arbitrary number of machines according to their technical characteristics. Introduction of Delphi
technique into this approach should minimize subjectivity through panel of experts, which are
providing their opinions in at least two rounds. Case studies indicated the importance of allocating
weight parameters to specific characteristics, which resulted in different ranking of alternatives-
machines. Finally, presented method for quality evaluation of machines was validated by very similar
ranking obtained by AHP method. Therefore, application of Distinct functions with Delphi method for
quality evaluation of equipment, as presented in this paper, is justifiable and suitable for ranking of
arbitrary number of alternatives-machines according to their technical characteristics.
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Categorization of paper
Research in this article presents development of numerical model of strata interaction with AT (Advanced Technology) roof support in "Soko" deep coal
mine and comparison of modelling parameters with results obtained through experimental measurements. Numerical model is based on finite elements
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Modeliranje parametara AT viseée podgrade za rudnik uglja sa podzemnom eksploatacijom "Soko"

Kategorizacija ¢lanka
U ovom radu je prezentovan razvoj numerickog modela interakcije stenskog masiva i AT visece podgrade u rudniku mrkog uglja ,,Soko* i uradeno je
poredenje rezultata dobijenih modeliranjem sa razultatima koji su dobijeni eksperimentalnim putem. Numericko modeliranje je uradeno metodom
konacnih elemenata, koriS¢enjem programa Phase2. Poredenje je pokazalo da dobijeni rezultati potpuno korespondiraju, 5to potvrduje ispravnost uvodenja

predloZenog sistema podgradivanja u rudniku"Soko".

Kljuéne reéi: Napredna tehnologija, prostorije otvaranja, viseca podgrada, sidra, rudnik sa podzemnom eksploatacijom

1. Introduction

Research described in this paper was performed
during development of the project "Research on
possibility for AT (Advanced Technology) rockbolting
application in mines for the purpose of increasing work
safety and production efficiency” (TR33025), within
Technological Development program (field Energy,
mining and energy efficiency). Development of this
project is financed by Ministry of Science and
Technological Development, Republic of Serbia. Project
is developed by University of Belgrade, Faculty of
Mining and Geology (RGF) and Technical Faculty (TF)
together with Public Company for Underground Coal
Mining, Resavica (JPPEU).

Mines at JPPEU are having complex opening and
developing systems, characterized by large number of
active roadways, relatively long for applied mining
technology. Most common types of support are steel
circular support (36%), steel arched support (22%),
timber trapezoid support (11%) and steel trapezoid
support (6%). Other types are used less frequently.

In order to overcome existing problems related to
development of roadways and maintaining their stability,
research was initiated to investigate possibilities for
application of new supporting technologies and
improvement of general conditions of underground
roadways.

Initial investigations indicated that solution could be
introduction of active support, i.e. support which reacts
before deformation occurs in rocks around the roadway.
AT roof support was identified as the most suitable
solution. This type of support creates reinforced zone of
strata around the roadway, thus reducing propagation of
deformation. Beside improved stability of roadway, AT
roof support would enable significant improvement
regarding reduced requirements for steel support,
increased advance rate and reduced need for labour
works during roadway development.

2. Literature Review

Modelling and selection of AT roof bolting
parameters is related to the depth of the roadway, strata
discontinuities, physical and mechanical properties of
rocks around the roadway, intensity and direction of
virgin and induced stresses, shape and size of the
roadway and similar [1]. Basic parameters which should
be determined in process of selection roof bolting
parameters are:

— Diameter and capacity of the bolt;

— Length of the bolt;

— Installation pattern (number of bolts in single row
and spacing between successive rows of bolts).

Diameter of the bolts depends on extension strength
of the steel, capacity of the bolt and its yielding strength.
Diameter of the roof bolt can be calculated according to
the following expression:

M)

where:

Ks — coefficient of safety, accepted in range between 2
and 4;

R - Loading capacity of the roof bolt;

omax — €Xtension strength of the steel.

Loading capacity for the existing roof bolt can be
determined according to previous expression, as follows:

T

R :ZGmax -D. 2

Other factors could have impact of roof bolt loading
capacity beside its diameter and materials. Most



important factories bond strength between the bolt and
the rock, i.e. capability of load transfer from the strata-
rock to the bolt.

Lang and Bischof determined relationship between
bolt length (Ls) and width of the roadway (B), which can
be used for approximate selection [2]. This relationship
can be written as:

Lg=B?"3. €)

It was also determined that in case of solid
immediate roof of the roadway, required length of the
roof bolt is one third of roadway width [3], while n case
of weaker immediate roof this length is one half of
roadway width [4].

Roof bolt length which is to be installed into the roof
in order to act in beam forming mechanism can be
determined by following expression [5]:

100-CMRR

Ls=012-1p -|og10(3,25H)-( 100

j, m. @

where:

Ir =95+ (0,2 - CMRR) (m) — maximal span in analysed
working environment;

CMRR - value of Coal Mines Roof Rating;

H (m) — depth of the roadway from the terrain surface.

Although the bolt length is one of the basic
parameters of roof bolting system, accepted
comprehensive model for its calculation is still not
published in literature. It can be seen that approach to
determination of required length of roof bolt depends on
acting mechanism of roof bolting system. In case of
suspended load mechanism, required length of the rock
bolt is related to width of the roadway, and also length
depends on strength of the rock in which the bolt is being
installed.

On the other hand, for the case of beam forming
mechanism (which is the case for most of the
underground coal mines), required length of the roof bolt
is determined after natural and mining conditions, which
is evaluated by Coal Mine Roof Rating (CMRR)
methodology. This approach enables evaluation of
mentioned geological information, and it was developed
for the purpose of application in underground coal mines
for selection of relevant roof bolting parameters [1].

Number of bolts and installation location of each
individual bolt in single cross-section (row) represents
installation pattern.

Considering interaction between roof support i.e.
rock bolts and rock strata it can be concluded that
parameters with influence on spacing between successive
rows of rock bolts are thickness of immediate roof,
location of delamination planes of stratified seams,
condition of roof, pre-tensioning of bolts and bolt
properties (diameter, length, extension strength) and
similar.

Comprehensive approach for determination of
roofbolting pattern and spacing between successive rows
of bolts was described Molinda and Mark in [5]. This

approach is based on Design Parameter (PP) and it
assumes that there is no most important component or
parameter for determination of roof bolting patter and
spacing between rows. This parameter includes all of the
parameters relevant for roof bolting (length and loading
capacity of bolt, number of bolts in single row, spacing
between two successive rows of roof bolts), as well as
width of the roadway. Design parameter can be
calculated as follows:

Ls-Ng-R

PP =0,015
b-B

©)

where:

Ls — length of the rock bolt (m), calculated according to
expression 4;

Ns — number of bolts in a single row;

R — loading capacity of the bolt (kN);

b — spacing between two successive rows of rock bolts (m)
B — width of the underground roadway (m);

On the other hand recommended values of Design
Parameter for shallow (to depth of 100 m) and deep can
be calculated as follows:

— shallow deposits:

PP =155-0,23 - CMRR,; (6)
— deep deposits:
PP=17,8-0,23 - CMRR,; @)

Such approach establishes relation between
components of roof bolting system and roadway width
on one side and natural, mining and geological
conditions, evaluated by Coal Mine Roof Rating
(CMRR) index on the other side.

Procedure starts with determination of Design
Parameter for specific deposit, according to known roof
rating index.

Next step is calculating required length of the roof
bolt (Ls, expression 4) and bolt loading capacity (R,
expression 2). It is assumed that roadway width (B) is
already determined in this stage, according to
technological requirements. After acceptance one of the
remaining parameters (Ns or b), second parameter can be
calculated. This approach enables selection of several
roof bolting patterns and spacing between successive
rows. In another words, result of such procedure is
several patterns at various spacing, therefore enabling
application of other criteria for final selection (economic,
technical, technological, etc.).

Described procedure which is based on CMRR index
represents comprehensive and contemporary
methodology for parameters determination of roof
bolting system. This methodology, based on both
analytical and empirical approach, can be successfully
applied in conditions prevailing in underground coal
mines in Serbia.

On the other hand, modelling of stress and
deformation in rocks-strata, as well as roof bolts itself,
increases accuracy during evaluation of individual
solutions and results of analytical calculations, as
described in [6], [7], [8]-
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3. Modelling of AT Roof Support with Case Study

Research described in this chapter is a part of wider
research at the Faculty of Mining and Geology which
was related to introduction of AT roof support in Serbian
underground coal mines. Previous research included
theoretical analysis, numerical modelling, field trials and
technology transfer [9], as well as series of experimental
field trials in several underground coal mines.

These experimental trials on individual locations
included following activities:

—  Core sampling of direct roof, to the depth of 5 m;

— Drilling trials for selection of drilling consumables
and determination of borehole's profile;

— Short encapsulation pull-out tests.

Core sampling of roof strata provides data on type of
rocks in which the AT rockbolts will be installed, as well
as data necessary for modelling. Beside geological
interpretation of coal seam roof, this activity will provide
data on physical and mechanical properties of roof rocks,
such as uniaxial compressive strength, cohesion and
angle of internal friction.

Drilling trials will be performed with various drill
bits and drilling rods, in each rock detected in previous
activity, in order to identified possible problems which
may occur. Part of this activity is determination of
borehole profile, drilled with selected drilling
consumables. Borehole profile, or variation of borehole
diameter along the depth of the borehole, will be used for
calculation of required volume of resin for installation of
AT rockbolts.

Finally, short encapsulation pull-out test will provide
data on load (force) which could be possible to transfer
from the rock to the AT rockbolt. This information will
be used as a base for modelling in later stages.

The purpose of the research described below is to
establish connection between results obtained during
analytical stage of AT roof bolting modelling [9] and
results obtained during experimental field research [10],
[11] and [12].

Main result of the numerical modelling was a
conclusion that stability of the underground roadway can
be achieved by installing 5 to 6 AT rock bolts into the
roof at spacing of maximum 1 m, where length of the
rock bolts is 2.4 m. It should be mentioned that number
of rock bolts in the junction zone of two roadways is
larger. On the other hand, main result of the experimental
field trials were results of pull-out tests of short
encapsulated AT rock bolt, which is performed in several
mines of JPPEU.

Research described in this paper includes modelling
of part of the deposit of mine and roadway, which are
supported with 5 AT rock bolts of various length.
Purpose of the research is to verify loading of the
individual bolts.

Brown coal mine "Soko", which is located some 200
km to the south of Belgrade, was selected for the case
study of presented approach. Main problem in this mine
is stability of level roadways, which are developed in
coal seam by drilling and blasting technology. These
roadways have circular cross section with diameter of 3.5
m and are supported with arched steel rings. Developed
model of the "Soko™ mine is presented on Figure 1.

Figure 1 Model of the "Soko™ mine

As it can be seen, model interprets coal seam which
is 24 m thick and inclined at angle of 40 degrees. Two
level roadways are also modelled. These roadways are
developed along the intrusion of marlstone. Model also
includes two additional intrusions, one of loose
marlstone above the roadways and one of clay near the
floor of the coal seam. Analysis of stresses and
deformation was performed with Phase 2 software.

Rock properties of strata in "Soko™ mine which are
used for modelling, according to Mohr-Coloumb failure
criterion, are given in table 1 [13].

Development of two level roadways incurred
principal maximal stress presented on figure 2, while
total displacement is shown on figure 3.



Table 1 Rock properties of strata in "Soko" mine [2]

. . Angle of

.P-en?lt)./. Compressive Cohesion| internal
in situ strength .

Rock type C friction
Vs G¢ ©
t/m° MPa Mpa 0
Sandstone 2.65 9.36 2.40 26
Coal 1.46 19.67 3.50 38
Marlstone 211 11.75 2.60 30
Clay-intrusion| 1.65 15.52 2.80 33
Clay and slate | 2.50 8.36 1.66 32

Next stage of research included simulation of AT
rockbolts installation into the roof of roadways. Purpose
of this was to determine the load exerted on the rockbolts
and to compare these with results obtained during the

Figure 2 Maximal stress incurred by development of level roadways

Figure 3 Total displacement incurred by development of level
roadways

short encapsulation pull-out test, which are provided in
table 2 [11].

Table 2 Short encapsulation pull-out test results”"Soko" mine [7]

Test no. Location Rock D(erg)th Bonoéks't\ﬁngth Lc()iﬁl')n 9
1 EH-(-78)i Coal-roof 2.4 90 Failed at90
2 EH-(-78)i Coal-roof 24 110 Loadedto 200and held
3 EH-(-78)i Coal-roof 2.4 100 Failed at100
4 EH-(-78)i Coal-rib 1.0 20 Failed, fracturedcoal
5 EH-(-78)i Coal-rib 1.0 140 Loadedto 210and held
6 EH-(-78)i Coal-face 1.8 90 Failed at90

As it can be seen, six pull-out tests were performed behaviour of rockbolts is similar. Load transfer is

in "Soko" mine. Bolts 1, 4 and 6 were pulled out from
the coal at indicated loads. Average measured bond
strength is around 105 kN, while the result of test 4, bolt
installed at depth of 1.0 m, has lower load since it was
installed in crushed coal. Crushed and disturbed rocks
around the roadway will have negative impact on load
transfer, hence AT roof support should be installed
before delaminating and deformation of the rocks [4].
Modelling of installed AT rockbolts of various
lengths is shown on figures 4, 5 and 6. It can be seen that

increasing in the areas with higher stress of 20 to 25 MPa
(bolts on the left side of the roadways). On the other
hand, rockbolts installed in zones with reduced stress
(blue areas, on the right side of the roadways) are
indicating lower loads.

It should be mentioned that AT rockbolts means
fully bonded rockbolts, made of steel (Elasticity
Modulus 200 GPa). This model is based on AT rockbolts
with diameter of 22 mm.
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Figure 4 Maximal and minimal loading on 2.4 m long AT rockbolts

Figure 5 Maximal and minimal loading on 2.1 m long AT rockbolts

Figure 6 Maximal and minimal loading on 1.8 m long AT rockbolts



Axial forces and axial stresses in AT rockbolts (2.4 m long, lower level roadway) are shown on figures 7 and 8.

Figure 7 Axial forces in 2.4 m AT rockbolt in lower roadway

Figure 8Axial stresses in 2.4 m AT rockbolt in lower roadway

Maximal loads on AT rockbolts for all three cases
are given in table 3. Also it should be noted that maximal
loads occurs in centre bolts for each case, regardless to
length of the bolt.

Table 3 Maximal loads on bolts

Bolt length and bolt no. Load
2.4 m (upper roadway, bolt #3) 89.9 kN
2.1 m (upper roadway, bolt #3) 90.5 kN
1.8 m (lower roadway, bolt #3) 89.6 kN

As it can be seen from figures above, maximal loads
on the AT rockbolts is approximately 90 kN, meaning
that rockbolts are not subjected to plastic deformation.
Also, it is very important that these values are
corresponding to forces determined with short
encapsulated pull-out test (table 2), thus providing
additional confirmation and reliability to selected
approach of results verification.

4. Conclusion

Short encapsulation pull-out tests from coal were
performed in "Soko" coal mine (table 2) with average
bond strength of 105 kN. This results are good, regarding
evaluation of load transfer from the rock to the full

column resin bonded bolts Load transfer characteristics
are of sufficient strength, thus enabling reinforcement of
the surrounding rock mass with AT rockbolts.

Results obtained during experimental part of the
research provided base for the next stage of the project
development, which includes numerical modelling of AT
roof support parameters.

Research presented in this article confirmed
approach by numerical modelling of AT roof support in
almost full concurrence with pull-out tests results.
Therefore, it can be concluded that developed model are
reliable and can be used for more detailed modelling of
AT roof bolting parameters.
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energy water and environment systems, JlyOpoBHUK.

» Unan HayuHor ondopa MelyHapomHOr cuMmo3ujyma 3alliTUTa )KUBOTHE CPEIHHE Y
MHAYCTPUJCKUM noApydjuma, DakynTeT TeXHUUKUX Hayka, KocoBcka Mutposuna.

I'. YHEIII'RE U PYKOBOBEIBE ITPOJEKTUMA

Hp UBuna PuctoBuh je akTMBaH y4decHUK y BehMHHM HAaydyHUX W CTPYYHHX IpojeKata U
CTyIuja Koju ce peannsyjy Ha KaTenpu 3a nmpojekToBame U MIIaHUPAkE MOBPLIIMHCKUX KOTIOBA
u Ha Pynmapckom ojceky. YyecTBoBao je y peanusanuju npexko S0 HayyHMX U CTPYYHUX
mpojekara, cTyauja U enabopara, o4 KOjUX cy HajBaxHUju oHM I[Ipojektn koju cy
¢duHaHCMpaHU O cTpaHe MUHHCTApCTBO TMPOCBETEe, HAyKe W TEXHOJOLIKOT pa3Boja
Penyomuke CpOuje, kao u 4 Mehynapoana OuiatepaiHa mpojekra o Kojux je Ha 1 Omo
pykoBoawian [Ipojekra.

[TpojexTH KOju cy pUHAHCHpPAHH OJ CTpaHe MUHHCTApCTBA 32 HAYKY U TEXHOJIOTH]Y:
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1. HMUIT 08MO7: HcTpakuBame HOBUX TEXHOJOTHja U METOJIa EKCIUIOaTaluje, orpeMe u
VIpaBJbauyKUX CUCTEMA Yy ULUJbY PpalUMOHAIHOT HCKOpHUIINema eHEepPreTCKUX
MUHEpPAIHUX cupoBHHA, beorpan, 1995-2000.

2. TP 0217: Vuanpeheme TEXHOJOIIKUX Ipolieca TMOJ3EMHE eKCIUIoaTaldje yriba y
HOBOHACTAIMM yclioBUMa npuBpehuBama, beorpax 2002-2003.

3. TP 0247: Pepuranuzanuja ¥ MOJACPHH3aIlMja CUCTEMA POTOPHU Oarep TpaHCIIOPTEp-
oJji1arad Ha MOBPIIMHCKUM KoroBuma, beorpaa 2002-2003.

4. TP: Tlom3emHa ekcruioaTalyja MajuX JIGKUINTA MUHEPATHUX CHpPOBHMHA, beorpan,
2002-2003.

5. EE 210189: Vmnpapmame mpolecoM XOMOTEHH3aIMje yrjba y IWJby moBehama
uckopuihemha HUCKOKBAIMTETHUX YIJbE€BAa U YIUTEAE Ma3yTa y TE€pPMOEIEKTpaHaMma,
beorpan, 2004-2005.

6. EE 1018A: IloBehame eHeprercke e(UKACHOCTH KOHTHHYAJIHUX TPAHCHOPTHHUX
CUCTEeMa ca TpakoM Yy pyIHUIUMA yrjba ca MOJ3EMHOM EKCIIJIOAaTallljoM
paIrMoHaIn3aIjoM u YBohemheM crucTeMa ayToMaTCKOT yIpaBibama, beorpam, 2005.

7. TP 6641 A Ontumuzanuja cucTema 3a TPaHCIOPT UCKOIMHE, IPEBO3 JbYIH U AOIPEMY
penpomMaTepujana y moJ3eMHUM pyaHuIuma yriba Cpouje, beorpan, 2005-2007.

8. TP 17021: HcTpaxuBame TEXHOIOTHja TPAHCIIOPTA yIiba U3 PYJHUKA KPO3 MPUPOTHE
u ypbane cpenune, beorpan, 2008-2010 (PykoBoauaan Ilpojexra).

9. TP 33025: UctpaxkuBamwe Moryhnoctu npumene AT Bucehe nmoarpage y pynHunuma y
by nmoBehama 06e30eJHOCTH pasia v erKacHOCTH porn3BoIke. beorpam, 2011-2016.

10. TP 33039: VYHampehewe TexHOIOTHje MOBPIIMHCKE EKCIUIOATALMje JIMTHUTA Y IUIbY
noBehama eHeprercke epUKaCHOCTH, CHTYPHOCTH U 3alITUTE Ha pafy, beorpazn, 2011-2016.

[TpojexTn MehyHapogHe OmilaTepanne capaumbe:

1. Research of Environment-Friendly External Ore Conveyance, University of Belgrade,
Faculty of Mining and Geology — TU KoSice, BERG Faculty, 2004-2006.

2. Information Systems in Transport of Mineral Raw Materials, University of Belgrade,
Faculty of Mining and Geology — TU KoSice, BERG Faculty, 2006-2008.

3. Design of Logistics Model for Mining Enterprise with Application of the Principles of
Transport and Reverse Logistics, University of Belgrade, Faculty of Mining and
Geology — TU Kosice, BERG Faculty, 2010-2011.

4. Bwusyenusanuja 1 MOHUTOPUHI TPAHCIIOPTHUX CHUCTEMA y PYAHHULMMA MPUMEHOM 31
nacepckux ckeHepa. University of Belgrade, Faculty of Mining and Geology -
Univerza v Ljubljani, Naravoslovnotehniska fakulteta, Ljubljana, Slovenija, 2014-
2015 (PykoBoaunian Ilpojekra).

. YJITAHCTBA Y YAPYKEIBUMA U ITIPO®PECUOHAJIHE AKTUBHOCTH
Jp WBuna Puctosuh je:

— Unan caBeta Pynapcko-reonomkor ¢akynrera Yausepsutera y beorpamy 2007-20009.
— 3amenuk leda Pynapckor onceka ox 2009-2012.

— Illed Pynapckor oxncexa 2012-2015.

— IIpencennux ['pynamuje 3a eneprercko pyaapcto [IK Cpouje 2007 u nasbe.

— UYnan 'pynauwuje 3a 3amruty xuBotHe cpenune [IK Cpouje 2007 u naswe.

— Unan I'pymanmje 3a 0OHOBJbHMBE HM3BOpE €Hepruje M eHeprercky edukacHoct I[TK
Cpouje 2004-2006.
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3AK/bYYAK U ITPEVIOT' KOMUCHUJE

Ha pacrnmcanm koHkypc 3a paagHo Mecto PeaoBHor mpodecopa 3a yxy HaydHy o0Jjact
TpaHcnOpTHU M U3BO3HH CHCTEMHU, IpujaBuo ce jenan (1) kanauaat: Ap UBuna PucroBuh,
BaHpenHu npodecop Ha Karenpu 3a MpojeKTOBame M IUIAHUPAE MOBPIIMHCKUX KOIMOBA,
Pynapckor onceka, Pynapcko-reonomkor ¢akynrera, YHuBep3uTera y beorpany.

JletasbHO aHanM3Mpajyhin HACTABHUYKY, HAYYHY U CTPYYHY akTHBHOCT jap VBuiie Pucrosuh,
Komucuja je xoHCTaroBana na ce paad o ahupMuUCAaHOM HAYYHOM PATHUKY, JEIHOM O
Bojehux cTpydmaka Ha 1MoJby TPaHCIOPTHHUX U M3BO3HUX CHCTEMa Y PyIapCTBY KO Hac.

Komucuja je pasmoTpuia MOIHETY MOKYMEHTAIM]y M 3aKkjbydyWia Ja KaHauaar np leuia
Pucrosuh nma:

- JlokTopar u3 HayyHe 00JacTh pyIapcTBO 3a KOjy ce Oupa;

- YkynHo 173 o0jaB/beHHMX HAYYHHX U CTPYYHHUX pPaaoBa yKJbydyjyhwm Marucrtparypy,
JIOKTOpaT, yUOEHWK, TMPaKTUKyM, MOHorpaguje u TorjiaB/ba Yy MOHorpadujama
HAIIMOHATHOT W MelyHapoaHOT 3Haudaja KOjU TPENCTaBibajy MONPHHOC adupManuju u
pa3Bojy TpaHCIOpTa M U3B0O3a y PyJapCTBY U 3AIUTUTH )KUBOTHE CPEIMHE MPH TPAHCIIOPTY
MuHepaiHuX cupoBuHa. On oBor Opoja 29 pamoBa je MyOJUKOBAaHO Y YacOMUCHMA
HaIMOHAJIHOT 3Havaja, 42 paja Ha HallMOHAJIHUM CKyINoBHUMa, 62 paga Ha MelyHapoaHuUM
KOHTpecuMa W cumnosujymuma, u 11 pajgoBa y HayyHHUM dacomucuma mehyHapomnor
3Hauaja.

- YV mepuony on u3bopa y 3Bame BaHpemHOr mnpodecopa 00jaBJbeHHX 5 pajaoBa y
mehynapoaunm vaconucuma ca CHU nucre ca UP, 2 npepaBama 1Mo MO3UBY ca
Mel)yHapOoJHOT cKyna IITaMIIaHUX Yy LeJuHH, 12 pajoBa Ha Mel)yHapoIHOM CKymy, 2 pajaa
y BoaehuM yaconucruMa HallMOHAITHOT 3Hauaja, 1 paj y 4aconucy HallMOHAHOT 3Havaja, 2
npeJaBamba IO IMO3UBY ca cKyna MelyHapogHor 3Havaja, 1 caommreme ca CKyma
HAIIMOHATHOT 3Ha4aja MTaMIIaHO y [EIUHHU.

- YV mnepuony o u3zbopa y 3Bame BaHpenHor mnpodecopa myOnukoBaHo 1 moriaBbe y
TeMaTCKOM 300pHHKY Bojeher melhyHapoqHor 3Havaja, 4 MOIIaBba y TEMAaTCKOM 300pHUKY
MehyHapoiHor 3Hauaja,

- Tocr ypennuk je y 1 ucraknyrom melhyHaponHoMm yaconucy. YpenHuk je 1 300pHuka
caomIuTema ca Mel)yHapoaHor cKyma.

- AKTUBHO je ydecTBoBao y peanm3zanuju 10 npojekara koje ¢punancupa MUHHCTAPCTBO MPOCBETE,
HayKe U TEXHOJIOMIKOT pa3Boja Pemyomuke Cpouje. buo je pyxoBomiair 1 mpojekra.

- VYuecHuk je 4 mehynapoana Ilpojexra - Ounarepanne capaame, a 6uo je pykooauial 1
ITpojexTa.

- On u3bopa y 3Bame BanpenHor mpodecopa koaytop je 1 "HoBor mpousBoma wim
TexHoJjoruje yseneHe y mnpousBoawmy (M81) m 1 "butHo mnobosemianor mnocrojeher
pou3Bojia uiu TexHonoruje (M84).

- On wm3bopa y 3Bame BaHpemaHor mnpodecopa ap Msuma PucroBuh je ywectBoBao y
peanu3zauuju 14 3aBpIIHUX pajioBa, Of Yera je y 2 3aBpIHa paja OMo MEHTOp. YUecTBOBAO je
y KoMucHju 3a oa0pany 20 mactep pagoBa of kojux je Ha 1 6o meHtop. Menrop je Ha 3
JIOKTOpPCKE JHcepTalyje Koje Cy y TOKy, a OMo je wiaH Komucuje 3a og0pany 1 JoKTopcke
JcepTanyje.

- On nonacka Ha Pymapcko-reosomku (akynreT ApPYHITBEHO je BeoMa akTUBaH. buo je
ynaH caBeta Pymapcko — reosomkor gaxynrera, 3ameHuk llleda Pymapckor onceka u
[led pymapckor oncexa. TpenytHo je 3amenuk Illeda Karempe 3a mpojekroBame u
IUTAaHUPame MOBPIIMHCKHUX KOmoBa, Pynapckor onceka, Pygapcko-reonomkor ¢akynrera.
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- 3aayXeH je 3a ofpKaBame MpeJaBama U BeKOU Ha 4 mpeMeTa Ha OCHOBHUM aKaJeMCKUM
cTyadjaMa, 2 TpeAMeTa Ha IUIUIOMCKHM aKaJIeMCKUM CTylujaMa W 2 TpeaMera Ha
JOKTOPCKUM CTyJHjama.

- TIlpema pe3yiaratuma CTYIACHTCKOT BpEIHOBamba HACTaBHUKA, OJ] M300pa y 3Bame
BaHpenHor mnpodecopa, np Meumna PucroBuh je noOuo omnmuyHe mpocedyHe OICHE: 3a
mkosicky 2011/2012 (4,46; 5,00; 4,68; 5,00), 3a mxoncky 2012/2013 (4,74; 4,89; 4,70;
4,87; 5,00), 3a mkosicky 2013/2014 (4,69; 5,00; 4,35; 4,87; 4,74),3a mkoncky 2014/2015
(4,86; 4,82; 4,86; 4,88; 4,74; 5,00; 4,31; 4,84; 5,00; 5,00; 4,89; 5,00; 5,00),3a mkoJicky
2015/2016 (5,00; 5,00).

Ha ocHoBy Hanpesa u3HeTOr Kao U Ha ocHOBY KpuTepujyma 3a cTuname 3Bamba HaCTaBHUKA Ha
YuuBep3utery y beorpamy, xomucuja je 3akpydmia na kanguaatr np Meuma PucroBuh y
MOTIYHOCTH HCITyHaBa YCJIOBE 3a U300p Yy 3Bame pPeIoBHOT mpodecopa, U ca 3aJJ0BOJbCTBOM
npemiaxxe HacraBHo-HayuHom Behy Pynapcko-reonomkor ¢akynrera YHUBEpP3UTETa Y
beorpany, na ce nap Msumna PucroBuh, mumn. uHxk. pya. uzabepe y 3Bamwe PEJJOBHOI'
MNPOPECOPA 3A HAYUHY OBJIACT - PYJAPCTBO, Y KXY HAYYHY OBJIACT -
TPAHCIIOPTHU U MU3BO3HU CUCTEMM, na Pynapcko-reonomkom ¢akyiaTery,
Yuusepsurera y beorpany.

Bbeorpan, 27.05.2016. ronune

YJIAHOBU KOMUCUIJE:

Hp boxo Konomwa, penosau npodecop, Pynapcko-reonomku gpakynrer
YHusepsurer y beorpany

Hp Hparan Urwarosuh, penosuu npodecop, Pynapcko-reonomku paxynTer
VYHusep3uret y beorpany

Hp Huxona Jlunuh, pegosuu npodecop, Pynapcko-reonomku pakynrer
VYHusep3uret y beorpany

Hp bnaroje HenesskoBuh, penosuu npodecop, akynreT TEXHUIKUX HayKa,
Kocoscka Murposuna, Yausepsutet y [pumruau
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