
Измењено: 2025-01-14 01:45:19

Развој модела за одређивање расположивости континуалних система
на површинским коповима применом неуро-фази модела

Миљан С. Гомилановић

 

Дигитални репозиторијум Рударско-геолошког факултета Универзитета у Београду

[ДР РГФ]

Развој модела за одређивање расположивости континуалних система на површинским коповима применом неуро-
фази модела | Миљан С. Гомилановић | | 2024 | |

http://dr.rgf.bg.ac.rs/s/repo/item/0008725

Дигитални репозиторијум Рударско-геолошког факултета
Универзитета у Београду омогућава приступ издањима
Факултета и радовима запослених доступним у слободном
приступу. - Претрага репозиторијума доступна је на
www.dr.rgf.bg.ac.rs

The Digital repository of The University of Belgrade
Faculty of Mining and Geology archives faculty
publications available in open access, as well as the
employees' publications. - The Repository is available at:
www.dr.rgf.bg.ac.rs



yHPMBEP3MTET y BEOT PAHy 
PYyHAPCKO-Tr EOJIOLHIKVI ĐAKyYJTTET 

MwuybaH C. T oOMuiaHoBuh 

PA3BOJ MOMHEETIA 3A OJIPEĐMBAMH5E 
PACITOJIOKABOCTM KOHTMHYAJIHMX 

CMCTEMA HA TIOBPLLMHCKMM KOITOBMMA 
TIPMIMEHOM HEYPO-QĐA3M MOMHEJIA 

nokTopcka nuceprauuja 

Beorpan, 2024



UNIVERSITY OF BELGRADE 
FACULTY OF MINING AND GEOLOGY 

Miljan S. Gomilanović 

DEVELOPMENT OF A MODEL FOR 
DETERMINING THE AVAILABILITY OF 
CONTINUOUS SYSTEMS AT OPEN PITS 

USING THE NEURO-FUZZY MODEL 

Doctoral Dissertation 

Belgrade, 2024



Menropu: 

IIpod. np Mwiott TaHacvjjeguh, penroBHui ripodbDecop 

Vxxa HayuHa o0jtacr: EzsteMeHTIM MaTITIMHCKIMX 1 eHepreTCKMX CMCTeMa 

VHwepswrrer y Beorpany, PynapckKo-reojtomnrkvi paky:rreT 

IIpod. np Vr:bema Byrapwh, penoBHu ripoecop 

Vxxa HayuHa o0jtacr: /IH)rycTpyMjcKo MH>KeFbepCTBO 

ViHwepsurrer y Beorpany, MammiHckv (pakyxrrer 

'UTtaHOBM KOMMCHJe: 

IIpod. np Ilejan IIsesvrh, penoBHu ripodpecop 

Vxxa HayuHa o0jtacr: EzsteMeHTIM MaTITIMHCKIMX 1 eHepreTCKMX CMCTeMa 

VHwepswrrer y Beorpany, PynapckKo-reojtomnrkvi paky:rreT 

IIpod. np Iiparat YirrbaroBuh, penoBHu ripodbecop 

Vxxa HayuHa o0;rmacr: MexaHwmarnuija y pynapcrTBy M eHepreTIMIIM 

VHwepswrrer y Beorpany, PynapckKo-reojtomnrkvi paky:rreT 

flomn.. ip {lejar ITerponuh, nortenHr 

Vxxa HayuHa o0jtacr: Pynapcrso u reojmorvja 

VHwepswrrer y Beorpany, Texadnrukvi aKyxrreT y Bopy 

/laryM ono6paHe:



TlocBđeheno nopoouuyu



PA3BOJ MOJIEJIA 3A OJIPEBIMđBAMSE PACIIOJIOŽKMBOCTIM 

KOHTMHYVAJIHYX CMCTEMA HA IIOBPIHIMHCKTIM KOIIOBMMA 
TIIPMIMEHOM HEYVPO-OA3Y MOJIEJIA 

CA>KETAK 

PacrtontoxBocT npencTaB)ba jemMaH OM OCHOBHMX IIOKa3aTe)ba yrlOTpeOHor 
KBajmiTreTa (eH2. quality of service) rexHvwrakMx cMcTeMa. VcOB)beHa je moy3MaHorrhy M 
noronHorhy 3a oj1px)xaBatbeM. V oBoj mceprarujuM rppKa3aHWM Cy TeOpMJCKM IIDpMHTGMTIH 

WHDKeHbepcTBa OJp)jKaBatba TeXHMUKMX CMCTeMa ca CTaHOBMIIITA PPaCIIOJIOXKMBOCTIM 1I 
cMrypHocTM dyHKuMoHMcatba (eHe. dependabiliby,, mtoceOHo je wcrakHyT rIpoO)reM 
nedpviHacatba pacHOJIOXMBOCTM y CHyuajy  KOHTMHyaJIHMX CMCTeMa TIIOBpIHIMHCKe 
eKcruoaTarmije. IapatentHo je pa3BvijeHo M ' IIpMMetbeHo BIKMe MeTOMa 53a OJpebuBatbe 

pacrtIoJ1OXKMBOCTIM IIDpMIMeHOM eKCIIepTHMX CMCTeMa, MOJeJIa BelTauKe MHTe)IMTeHIUMje M 
CHMyJTIaTUMOHYMX MOJIeJIa. 

KOHTMHyaJIHM CMCTeMM Ha TIIpOM3BOJIHM yI)ba M OTKPMBKe Cy ITpOM3BOJIHM 
TeXHMUKM CMCTeMM Ca peHHOM Be3OM eJIeMeHaTa. 3a pylnapcKe CMCTeMe BeJIMKMX 

KananrTeTa, KaO IIITO Cy KOHTIMHYy42JIHYM CMCTeMIM, BaJKHO je IpejIBMJIeTHM PpaCIIOJIO)KMBOCT 
cucTeMa KaO KJbyuHV  (DaKTop HeorixojmaH y cpa3vi rTaHyipatba Mr pea)mn3atnıje Irpor3BOJIFe. 

3a rmorpeOe norryHor ripnKa3a pa3BuMjeHMx MoneJma, neTaJjbHo je ypabeHa crynuja 

cryuaja KOHTMHyaJIHOr cMCTeMa Ha yTIJby (I BIJI cwcreM) moBprmmMHcKor Koma |IpMHo, 

Kocrojmar. 3a Kpenpatbe rnpaMKa3aHmMx Monmea y mwcepranmjMw KopyirheHM Cy TIOJaTM 

xMOpunHHor KapaKTepa, eKcIepTCKM JOOOVjjeHMM, TIIpMKyIDbeHM M OOjenMHeHM TIIOHaIUM O 

3acTojMIMa TIOMeHyTOT KOHTIMHY2JIHOT CIMCTeMa y Hepuojiy OJL MeTMPpu TOJIMHe. 

IIojemHauHo je pa3BMjeHo M ripMKa3aHO TpM MOJMeJIa: TIDBMI ce 3aCHMIBa Ha dpa3M 

JIOTMUKOM 3aKJbyulBalby, HpyrM MOJIe)I KOpMCTM KOMOMHaTUMjy BemrTauKMX HeypOHCKMX 
Mpexa vi _ba3ui JtorviKe vi rpehvi ripenicTaB)ba CMMyJIaTIMOHY MOJIe)I Da3y1ipaH Ha JU4CKpeTHOoj 
cMMyjarwrj. Ha oBaj HauMH moOvwjeHa je MoryhHocT oneHe PaCcITOJIOXKMBOCTM Ha Ga3M 

BpeMeHcKe CJMMKe cTafba (eWe. fime slale picture), eKCIepTCKMXx yrmMTHMKa (eHe. eXpert 
questionnaire), noOuvjeHa je MoryhHocT aHajmM3e pacIOJIO)KMBOCTIM MTi FbeHe IIpe}uKıimuje y 

OynyhHocrTw. 

KJbyuHe peuv: pacrtToJIO)KMBOCT, KOHTIMHYy4aJIHM CMCTeMYI, (pa3ui JtorIKa, BerrauKe 
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DEVELOPMENT OF A MODEL FOR DETERMINING THE 

AVAILABILITY OF CONTINUOUS SYSTEMS AT OPEN PITS USING 
THE NEURO-FUZZY MODEL 

ABSTRACT 

Availability is one of the basic indicators of the quality of service of technical systems. 

It is conditioned by reliability and maintainability. This dissertation presents the theoretical 
principles of maintenance engineering, of technical systems from the point of view of 

availability and dependability, the problem of defining availability in the case of continuous 
surface exploitation systems is particularly highlighted. Several methods for determining, 
availability using, expert systems, artificial intelligence models and simulation models were 

developed and applied in parallel. 

Continuous systems for the production of coal and overburden are production 
technical systems with sequential connection of elements. For large-capacity mining, 

systems, such as continuous systems, it is important to predict system availability as a key 
factor necessary in the planning and realization phase of production. 

For the needs of a complete presentation of the developed models, a detailed case 

study of the coal continuous system (I ECC system) of the Drmno surface mine, Kostolac, 
was made. To create the presented models in the dissertation, data of a hybrid nature was 

used, expertly obtained, collected and consolidated data on the failures of the mentioned 
continuous system over a period of four years. 

Three models were individually developed and presented: the first is based on fuzzy 

logic reasoning, the second model uses a combination of artificial neural networks and fuzzy 
logic, and the third is a simulation model based on discrete simulation. In this way, it was 
possible to assess availability based on the time state picture, expert questionnaires, and it 

was possible to analyze availability and predict it in the future. 

Key words: availability, continuous systems, fuzzy logic, artificial neural networks, neuro- 
fuzzy system (ANFIS), simulation. 

Scientific fields covered by the topic of the doctoral dissertation, 
Narrower scientific field: Mining, Elements of mechanical and energy systems 
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