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PA3BOJ AVITOPUTMA ITPOUEHE E®PEKATA PU3UKA PAJA
PYJAPCKUX MAIIINHA HA BA3U ®A3U AJI'EBPE

N3BOJ

[lojaBa W3HEHAaTHUX OTKa3a €lIEMEHATa TEXHHYKUX CHCTEMa y PYyIapCTBY je
CBaKoJIHEBHA MojaBa. OMacHOCT OHOCHO BepOBAaTHONA HACTaHKA WJIM [10jaBE€ PU3UYHOT
norahaja v BeTMYMHA BETOBUX MOCIEANIIA TIPEICTaBIba MPOCTOP Ha KOME Tpeda CTaTHO
panuTH, IPUMEHHUTH pa3IMYUTe TPUCTYIIC U HAYMHE care/laBama YTHIAQjHUX YWHHUIIAIA
Ha TI0jaBy HEXeJbeHOr pusnyHOr mgorahaja. [loceba maxkma ce Tpeba MOCBETHUTH
carjiefaBamby O030MJBHOCTH MHOCJIEIUIAa pU3MYHOr forahaja Kao U HHUXOB yTHULA] HA
Jnajbe  (PYHKIMOHUCAEmE TEXHUYKOT CHUCTEMa, 3allOCICHE M PAJHO OKPYKEHE.
HeorxomHo je crnpoBecTH HHM3 OpraHM3alMOHMX W TEXHHYKAX Mepa Ha yTBphUBamy
CJIa0MX M KPUTHYHUX MECTa y CUCTEMY M M3HAIAXKEHY Y3pOUHHKA HACTaHKA OTKa3a y

IUJbY CMAabCHhad HECTATUBHUX eq)eKaTa pU3UIHOT z[oraljaja.

JlokTopcka Juceprainuja ca HaBEJCHMM HAcJIOBOM IIpEe3eHTYyje pe3yJTare
UCTpaKMBamka pU3MKA OTKa3a TEXHUYKHX CcHcTeMa Yy pyaapctBy. Lusms  oBor
HCTpa’KMBama jecTe pa3Boj aJIfOPUTMa 3a UMIUIEMEHTAIN]y eeKxata pu3uka OJHOCHO
BepoBaTHONe HACTaHKa IIOCIEAUIC HEIUIAHUPAHOT 3acToja, OTKas3a, XaBapHjCcKe
CUTyallMje y paay MallliHe Ha: KOHCTPYKIM]CKY CTPYKTYpPy caMme MallliHe, TEXHOJIOIKH
IpOIIeC MPOU3BOJIHE Y KOME YUECTBYj€ U PaJHy M )KUBOTHY CPEIUHY Yy CHHTE3HH MOJIEI

OIICHE HUBOA PU3HKa pajia oAroBapajyhe MammHe Koja paan y pyJaapcKoj HHIYCTPH]H.

PesynraT uctpaxuBama OBe TUCEPTAIH]jE jECTE TEOPH]CKH Je(UHUCAH TTOCTYIaK
aHanmu3e e(ekara pU3MKa OTKa3a KOJ MallMHAa U TEXHUYKUX CHCTEMa Yy pPyHapcTBy.
[IpumeHoM U KOMOMHANUMjOM MOCTOjehHMX CTATUCTHYKMX M AHAJIMTUYKUX METoAa U
NOCTyINaKa 3a aHajgu3y pHU3MKa U oapehuBame HHMBOA IOY3/1aHOCTH, Kao LWJb paja
HATIPaBJhCH j€ YHUBEp3aJIaH MoOJeN KOjuM ce onpehyje HUBO pH3MKa U TOY3TaHOCT
TEXHUUYKUX cucTema. [Ipumenom teopuje pa3u ckymnona u (a3u JIOTUKE Y KOMOUHAIU]JU
ca CTaTHCUTYKHUM MeTojama obOpaheHu cy mnopauu o OTKa3zuma, aHaJIU3UPAHU Cy

030MJBHOCTH IITETHOT JIeJioBama CIy4ajHOT jAorahaja, BpemeHa usMel)y oTkaza uCTe




BpCcTe W TpeABHlEHE TOCIequIe KOje Ce MOTY I0jaBHUTH Kao pe3ysTaT HEraTHBHOT
JIeNIOBaba XaBapHja Ha OKOJIMHY M 3arociieHe. [IpencTaBibeHu Mojes MpoleHe PH3HKa
3aCHOBaH Ha (a3WIOTHYKOM 3aK/byuHMBamy TMPUKA3aH je Ha MpUMEpy MOOUITHE
npoownuie ,,Lokotrack LT1213S“, koja pamu Ha kxameHonomy ,JlagHe Bome* Koi
[TerpoBiia Ha MuiaBu. Pa3BujeHm Mozen mpeacTaB/ba HOB METOIOJOIIKK TPUCTYII

MIPONCHE PU3HKA OTKAa3a TCXHUYKUX CUCTEMA.
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MaIInHe, 0TKa3, Gpa3u CKynoBH, (a3u JOruKa

Hayuna o0uiact: Pyiapcko HHXemepCTBO

Yxka HayuyHa o0uact: HAaQTHO PyAapcTBO, MEXaHHU3alMja U ayToMaTusauuja y
pyaapcTBy

VJIK:004.43:007.5
510.64+512.53:519.237/.87
614.8:621:622/.23.05
669:681.3 (043.3)




DEVELOPMENT OF ALGORITHM FOR RISK ASSESSMENT OF
MINING EQUIPMENT OPERATIONS BASED ON FUZZY
ALGEBRA

ABSTRACT

Mining equipm ent failures are comm  on and they occur on daily basis.
Probability of failure occurren ce, as well as its consequences, is the area that requires
constant monitoring and research work, application of different approaches and analysis
of influence factors. Special attention has to  be paid to consequences of failures and
their inf luence to f urther operations of technical syst ems, em ployees and working
environment. It is necessary to es tablish a series of organizational and technical
measures in order to determ ine critical points inside the system s and find causes of
failures, with the aim to minimize negative effects of risky occurrences.

This PhD Dissertation presen ts the re sults of research esre lated to risk
assessment of m ining e quipment failures. Research goal w as to develop an algorith m
for im plementation of risky occu rrence effect s, i. e. to assess th e consequences of
equipment operation failure to equipm  ent construction, technol ogical process and
environment, and create a synthesis model fo r risk assessment of any specific m achine
engaged in mining industry.

The resu It of research es is theo retically defined procedur e for analysis of
equipment failure risk for m achines and tec hnical systems utilized in m ining industry.
With application and com bination of existi ng statistical and analytical m ethods a nd
procedures f or risk ana lysis and d etermination of system reliability, the diss ertation
provides universal m odel for risk assessm ent and reliab ility evaluatio n of techn ical
systems. Fuzzy Sets and Fuzzy Logic theories , combined with statistical methods, were
used for processing data on equipm ent failures in m ining. Also, the consequences of
risky occurrences were analyzed, as well as period of time between failures, in order to
predict the consequence of a failure to working environm ent and e mployees. Model of
risk assessment was then applied to m obile crusher “Lokotrack LT1213S”, engaged in

“Ladne vode” quarry, situated near Petrovac na Mlavi, Eastern Serbia. S uch developed




model represents a new m  ethodological appr oach to risk assessm ent of equipm ent

failure.

Key words: risk, reliability, technical system, mining, mining equipment, failure, fuzzy

sets, fuzzy logic.
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Narrow scientific field: oil mining, mechanization and automation in mining
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1. YBOJAHA PASMATPAIbA

1.1. YBoa

ExcrnoaTtanuja nexumTa MUHEpaHUX CHPOBHHA 0Oe3 ymoTpede caBpeMEeHHX
MallliHa U ONpeMe je FOTOBO He3aMHUCIBa. Pynapcke MalmHe IpeacTaBibajy jeiaH o
HAjCIIOKEHUJUX TEXHUYKUX CHCTEeMa y MHAYCTpUju yomrmmre. OUIMKYjy €€ BEITHKOM
WHBECTHIIMOHOM BpEAHOIINY, paZe y CIOKEHUM YCIOBHMA W CKYIHM TEXHOJOUIKUM
IpOLIECHMa, HOCE JIOCTa BEJMKH PU3HK IO PAaJHY U )KUBOTHY oKkoiuHy. [Ipomnena HuBoa
pU3MKa HEIUIAaHUPAaHUX 3acTOja, OJHOCHO XaBapHjCKUX CHUTyallMja, jelaH je Of
HajOUTHUjUX CUCTEMCKHUX 3a/laTaKa MpU eKCIUIOATallljU U OJIp’KaBamkbhy OBUX TEXHUYKUX

cucTemMa.

VYnpaibame, KOHTposia W mnpaheme pH3MKa OTKa3a TEXHUYKUX CHCTEMa Yy
pYJapcTBY jecTe BeOMa CIOXEH M KOMIleKcaH 3anarak. /la Om ce yommre MOTio
NPUCTYIIUTH yTpaBJbalby PU3HIMMa HAMOXOJHO je MPEIy3eTH OICEKHE CHCTEMCKE H
OpraHM3alMOHe Mepe Kako OM ce yHO3HaIM ca CBUM MOTyhuM HeraTuBHUM |
JNECTPYKTUBHUM UYMHHMOLIMMA KOjU yTUYY Ha KBAJMTETHO (PYHKIHMOHHUCAHE TEXHUYKOT
cucrema. Camo 100pO MO3HABamkEe CUCTEMA Yy TEXHUYKOM M TEXHOJIOIIKOM CMHCIY,
HaunH (QyHKIMOHHWCAaWka M y3ajaMHE Be3€ ca JPYTUM CHCTEMHUMa, MOXKE JONPUHETH
KBJIMTETHO] OLIGHM pPU3MKA OJI OTKa3a IOjeMHUX KOMIIOHEHTH cuctema. [loceOHy
NaXmby Tpeda MOCBETHTH YMHHOIMMA KOJH JOBOJE A0 pPU3MYHOr porahaja, kao u
nocjenuIaMa Kao HeraTUBHH e(eKTH Koju ce MaHudecTyjy HakoH oTkasa. [locnenure
OTKa3a MOTy HMaTH HETaTHUBaH yTHIAj 1O CaM TEXHUYKH CHUCTEM, Ha 3aIlOCJICHE
paZHuKe | )KHBOTHO OKpYXewe. HeratuBaH yTHIlaj oTKa3a MmojeInHIX KOMIIOHEHTH Ha
TEXHUYKH CHCTEM OIJIela C€ Y CMHCIY CMamema MPOjeKTOBAHUX (YHKIMOHATHUX
CHOCOOHOCTH CHCTEMa WJIM TOTAJIHOI NpecTaHka paja. [locimeauie oTkasza nena wiu
[eJIOT TEeXHHUYKOT CHCTEMa HETaTHBHO YTHUYYy Ha 3amocieHe paaHuke nosehaBajyhu
IIaHCY J1a C€ YIpo3u HUXoBa 0€30€HOCT Ha paJHOM MecTy, Aa gohe 1m0 ¢uzuukor

noBpehuBama WM 1MojaBe MITETHOCTH KOje MOTY YTHIIATH Ha HUXOBO 37paBibe. [lojaBa
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aKUIMUJCHTHUX CHUTYyalldja, Kao IMOCJIeIuIia OTKa3a, YeCTO MMa HeraTuBaH yTHIQ] Ha
JKUBOTHY CpeluMHy y ONU3MHU pylnapckux Komruiekca. byka, BuOpamuje, Iypeme
OTPOBHHX racoBa, TEUHOCTH M 3aral)eHUX BOJA jeCy Haj3acTYIJbEHU]U BUIOBHU IITETHOT

yTHIIaja OTKA3a Ha )KUBOTHO OKPYIKEHE.

JlepuHucame MOMUTHKE YIpaBJbakba PU3UKOM Y PyAapCcTBY Tpeba a TompuHece
KBaJMTETHH]EM DPaTHOM OKpYyKemy, 0e30€IHHjUM YyCJIOBHMA 32 pajJ U CUTypHHUjEM H
noy3aaHvjeM (yHKIIMOHHCAaky TEeXHUUYKOr cucteMa. C THUM y Be3HW, HEMXOAHa je
JieTajbHa aHaJM3a TEXHUYKOI CUCTeMa ca acleKTa pHU3UKa U I0Y3JaHOCTH Kpo3
npuMeHy nocrojehux MeToga M Mojena 3a IUXOBY MPOLEHY WIM pa3Boj H

UMIIEMEHTAIN]y HOBUX aJrOpUTaMa.

1.2. IlpeaMer u HU/b UCTPAKUBAHA

[Ipenmer uctpaxxuBama OBE AucepTalvje je nepuHucame MOCTyNKa aHaIu3e
edekaTa pu3MKa OTKa3a KOJ MalliHa M TEXHUYKHX CHCTeMa y pyaapcTBy. Mueja je ma
ce MPUMEHOM M KOMOWHAIMjOM MOCTOjehuX CTAaTUCTUYKUX M aHAJUTHYKUX METO/a W
NOCTyINaKa 3a aHaju3y pHU3MKa M oapehuBame HHMBOA IOY31aHOCTH, Kao LMJb paja
HampaBy MOJIENl U yTBPAM HUBO PU3HKA M MOY31aHOCT MOOMIHE Apodmuie ,,Lokotrack
LT 1213S%, xoja ce kopuctu Ha kKameHosioMy ,,Jlanue Bone* kox IlerpoBiia Ha MiaBu.
[Ipumenom Tteopuje ¢da3u jJoruke moryhe je ga ce oOpajae momamu O OTKa3uMa Ha
OpOoOWINLM, aHaNM3upajy O30MJPHOCTH IUTETHOI JeJoBama cliyyajHor jorahaja,
BpeMeHa u3Mel)y oTkaza ucte BpCTe U MpenBue MOCIeaANIe KOje ce MOTY TI0jaBUTH Kao

pe3yJITaT HeTaTUBHOT JIeJIOBakba XaBapHja Ha OKOJIMHY U 3aI0CIICHE.

[Ipenmer wucTpakuBama OBe aucepranyje oOyxBaTa TpH jacHO H3pa)KeHa
CerMeHTa:

- Pynmapcke MammHe Tj. 3Haya] OBUX MalllMHa y HPOILECY EKCIUIOATaluje

MHUHCPAJIHUX CUPOBHHA,

- [lojam pu3mMKa U BETOBUX CETMEHATA U

- CHUCTEeMCKH MPUCTYTI O/Ip>KaBarby U €KCIUIOATAlMj1 TEXHUUKUX CUCTEMA.
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us  ucTpakuBama OBE JUCEpTallldje jecTe pa3Boj alroputMa 3a
UMIUIEMEeHTaljy edekara pu3nKka OJHOCHO BepoBaTHOhE HAcCTaHKa IOCIEIUIEe
HeIUIaHMpaHOI 3acToja, OTKa3a, XaBapHjCKe CUTyaldje y paay MalldHe Ha:
KOHCTPYKIIMJCKY CTPYKTYpY Came MallhHE, TeXHOJOUIKH MPOILEC MPOU3BOAIKE y KOME
Y4eCTBYj€, paJlHy U JKMBOTHY CpPEAMHY Yy CHHTE3HU MOJENl OLlEHE HHBOA PU3UKa paja

oarosapajyhe mMammHe Koja paau y pyJaapcKoj HHAYCTPH]H.

1.3. Ilosaa3ue xumortese

HcrpaxkuBamwe Koje je peann3oBaHO OBOM JHMCEpTAlMjOM, 3aCHHUBAa CE€ Ha

HCKOJHNKO IIOCTAaBKHU:

- Pynapcke MmammHe Hoce camMe MO ceOM BEIMKUM PU3UK € 003MpOM Ha

WHYCTPHU]Y YHjU CY HEOJABOJUBU CETMEHT.

- TlojaBa HempenBuheHUX OTKa3a, XaBapUjCKE CUTYaIMj€ W CIUYHO, U3a3UBaJy
(GU3MYKO Tponanamke TEXHUYKOT CHCTEMa, 3acTO] IMPOU3BOAKE — CKCILIOATAIlH]je

MHUHEpaJHUX CUPOBHHA U HETaTUBAH YTHUIIA] HA PAJHY U KUBOTHY CPEAMHY.

- KOHL[CHI_II/IjCKa U MaTreéMaThu4dka CIIpera (bCHOMCHa Nnoy3A4aHOCTU  —
HCIIOY3JaHOCTHU U e(beKTa — nocjieauna y ajJropuraM HpoucHE pUusvKa, Ka0 CUHTC3HOT
ImoKasarejba HaBCJICHHX (beHOMCHa, npeacraBjba BPJIO 3HaqajaH CICMCHT JOHOLICHA

OJUTyKa BE3aHO 32 YIIPABIbAE PyIaPCKOM IPOU3BOIHOM.
CuHTe3a HaBeJCHUX MMOCTABKH Jaje MOoJa3Hy XHUIIOTe3y KOja TTIacH:

3a moy3aaH paj MaluHa y PyAapcTBY y3 HajMame Moryhe pu3uke, OTPEOHO je
W3BPILIUTH JETaJbHY aHAIN3Y TEXHHYKOT CHCTEMA MMO3HATAM METO/IaMa, YTBPIUTHU cliaba
MecTa, IITEeTHE yTHIIaje U BhuXoBe edekTe u nedunucatu Mepe Koje Tpeba npeays3eTu aa
0M ce cUCTeM ILTO JYyKEe 3aJp’Kao y ONepaTUBHOM CTamy U 00aBJbao (QYHKLH]Y 32 KOjy
je HaMemeH, 0e3 HeraTMBHUX IOCNIeANHa N0 (HYHKIIMOHATHY LENUHY KOjy YMHH Kao H

pazaHy ¥ )KUBOTHY OKOJIUHY.
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1.4. IlpumemeHe MeTO/Ie HCTPAKUBAHA

N360p HayyHHX METOJa KOj€ Cy KOpUITheHe Yy UCEepPTallljH j& JUPEKTHO BE3aHO
U YCIOBJBEHO TOCTaBJbEHUM I[UJbEBHMA, OJHOCHO pEIIaBamheM IOCTaBJbEHUX

npobiiema, IIpe cBera y CMUCIy ojpehuBama HUBOA PU3MKA U:

- Ctpykrype MelycoOHE 3aBUCHOCTH YTHIAJHUX YMHWJIALA HA PU3UK, KOJU Cy
onpeheHn Ha OCHOBY mpaBuiia (a3u anredpe, KOHKPETHO KopuihewmeM npaBuiia (asu

KOMITO3HIIH]€ U (pa3H JIOTUKE.

- lHTeH3uTeTa yTUIQjHIX YMHWIALA HA PU3HK, 3aKOHUTOCTH paclojielie 0TKasa,
MOY3/1aHOCTH TE€XHUYKHUX CHCTEMa Yy PyJapCTBY, MPUMEHOM TeopHje (a3u CKynoBa U

Teoije Moy31aHOCTH, OAHOCHO TGOpI/Ije BepOBaTHOhe 1 CTaTUCTUYKHUX MCTO/JA.

- AHanu3e edexata puU3MKa M OTKa3a IOjeAMHUX JeJI0Ba HAa (YHKIIMOHHUCAHE
TEXHUYKOI' CHUCTEMa Y ILIEJIMHM, Ha PaJHUKE KOjU OICIYXKY]y MAaIIWHy U Ha >KUBOTHY

CpeiuHYy.

Jla 6 ce MPUCTYMUIO pa3BoOjy YHOTPeOJHUBOT alropuTMa IMPOLIEHE pU3MKa 32
CIIO)KEHE TEXHUYKE CHCTEME Kao IITO Cy pyAapcKe MallWHEe, HEONXOJHO je Ouio
yro3HaBame ca nocrojehoM nuTeparypoM M3 00JacTd MpoleHe pu3uka M Baxkehum
CTaHJapAuMa Koju Je(UHUILY MPOLEHY pU3KKa U yIpaBJbamke pU3NIMMa, Teopuje dha3u
CKymnoBa ¥ ¢a3u JIOTUKE U 10CAIAlIBbUM UCTpaXKUBambUMa Koja Ccy ce 0aBuiia MpoLEeHOM
pH3MKa OTKa3a TeXHWYKHX CUCTeMa y pynapcTBy. HakoHn nerasbHe ananuse mocrojehe
JAUTEpaType W pa3Marpama HeJOoCTaTaka Iocrojehux wmerona MPUCTYNWIO Cce
(opMupamy CHHTE3HOI MOJejia MpPOLEHE pHU3MKAa OTKa3a TEXHUYKHUX CHCTEMa Yy
pynapctBy. @yHKIIMOHATHOCT MPEJIOKEHOT MOJIesa I0Ka3aHa je Ha IpuMepy MOOUITHE
IpoOuIuIe, Ha OCHOBY MPUKYIHEHUX IM0JIaTaka O OTKa3uMa MOMEHYTe JPOOMIHIIE 3a

BPEMCHCKHU MICPUOJ O] ABC I'OJAUHEC.




Teopujcka ananuza gperomena pusuka u noy30aHoCmu

2. TEOPHJCKA AHAJIN3A ®EHOMEHA PU3UKA 1
MOY3JIAHOCTH

Pusuk M mMoy3maHOCT TEXHUYKHX CHUCTEMa Cy y3ajaMHO IOBE3aHH IMOKa3aTesbu
KOJU TPETUPA]y IOjaBy U IMOCJICAMIIEC OTKa3a eJeMeHaTa TEXHUYKUX cHcTeMa. AHaim3a
pu3uKka o0yxBaTa W MOY3AaHOCT, OJJHOCHO HEIMOY3/JIaHOCT CHCTEMa Koja je yCIIOBJbEHA
1I0jaBOM HEHCIIPaBHOCTH y cucTeMy. Pu3uk mpencraBsba BepoBaTHOhy 1a he ce necutu
HEeTraTHBHE MOCIIEINIE HA TEXHUYKOM CUCTEMY MJIH OKPYKEHY HCTOT yciell 0TKa3a, J0K
je moy3JaHOCT BepoBaTHOha fa he TeXHWYKU CHUCTEM paauTu 0e3 oTkaza y ojapeheHom
BpeMEeHCKOM Tiepuony. O30upHOCT MpobiieMa 0TKa3a TEXHUYKUX CUCTeMa U edekaTta —
nocleaAniia MoTBphyje U YMIEHHUIA J1a CE UCTPAKUBaKkha HA OBY TEMY Yy KOHTHHYUTETY
crpoBoie 011 rmociie [Ipyror cBeTCKOr paTa, a HeKa HUCTpaXHBamba IM0y3/1aHOCTH paheHa
Cy | 3a BpeMe caMor para 3a morpede BojHe uuaycTpuje. [IpBa crpyuna koHpepeHmja
Ha TeMy OMACHOCTH U MPEBEHIMje TyOuTaKka pecypca TEXHUUKUX cucreMa, npema (Kletz
1999), ompxkana je 1960. rommae y ManHdectepy, a Ha WHHUIMJaTUBY AMEpPUYKOT
MHCTUTYTA 32 XEMHUJCKO WHXKEHEPCTBO OJpKaH je NMPBH CUMIIO3UjyM O MPEBEHIHjU
ryoutaka 1967. ronune u npBa EBporicka xoHdepenuuja 1971. romune y Hbykaciy
(Newcastle). IIpema (Keller 1 Modarres, 2005) npBa cTpy4Ha KibUra U3 oBe 00JaCTH
u3gaTa je IMOYETKOM MIe3JeCeTUX TIOJUHa MpPOIUIOr BeKka MoJa Ha3uBoM ,,CucTeM
NOYy37aHOCTH U aHaiM3a pusuka“™ (System reliability and risk analysis) ayropa Epnecta
Opankena (Ernst Frankel) npodecopa ca npxasHor yHusep3urera CeBepae Kaponune.
Jlaspu pa3Boj TeopHje pH3WKa W MOY3JAHOCTH NPATHO j€ pa3Boj HyKJIeapHE, aBUO U

CBEMUPCKE HUH]IyCTpH]je, 3a Uunje notpede cy paheHa u nppa nocieparHa UCTPAKUBabA.

Jlocamammba WCTpaXKMBamka W3 O0JACTH TEOpHje pHU3UKAa U IOY3JaHOCTH
NOKa3yjy pa3iuuuTe MPUCTYIIE, Aajy Pa3InUUTE MOJIENIE alld CBA UMAjy MCTH LUJb, @ TO
je: yTBphUBame KPUTUYHUX €JIeMeHaTa CUCTeMa, MOJICUCTEMa U CKJIONOBa, ojipehuBame
3aKOHUTOCTH T10jaBe OTKa3a, oApehuBame HUBOA pU3MKa U Mepa Koje Tpeba mpemy3eTu

Jla CUCTEM 3aJJpXKH CBOje MPOjeKTOBaHEe (PYHKIIMOHATIHE KApaKTEPUCTHKE.




Teopujcka ananuza gperomena pusuka u noy30aHoCmu

Heomeran pax pymapckux MarimHa 0Oe3 3acToja 3axTeBa OICE)KHE Mepe Ha
UCTPAXHMBAKY, aHATU3M U TUIAHUPaKky KBAIUTETHOI CHCTEMATCKOT OJp)KaBama ja Ou
MallliHa 3aJpKajia CBOje (PYHKIIMOHAIHO CTame JYy)XKH BPEMEHCKH mnepuon. [Ipexun
paga jemHOT elleMeHTa WM Jella cuctema Hajuemthe je mpaheH mpekuaoM pana
NPOM3BOIHOT Mporeca. [103HATO je 1a, KO CIOKCHMX TEXHUYKHUX CHCTEMa, U MOpe]
KBaJIMTETHO OPTaHM30BaHOT CHcTeMa 3a npahiere pajga u oJpKaBarma, 10JIa31 10 0TKa3a
MOjeIMHKUX eIEMEHATa KOjU MOTY UMATH HEraTUBHE MOCICIHUIIE M0 MAIIUHY, 3al0CIICHE
U J)KMBOTHO OKpyXewe. Teopuja pu3uka U MOy37aHOCTU Pa3BHjEHE Cy ca IHJbEM Ja Ce
yTBpJIC KpUTHYHA ¥ cj1aba MecTa y CUCTEMY, Jla CE OJPE/IN HUBO PH3HMKA M MTOY3IaHOCTH
Kako OM ce Ha OCHOBY OIleHa JIEJOBAJIO y IUJbY CMamema Opoja OTKa3a TeXHUYKHX

CUCTCMA Yy pyAapCTBY Ka0 U CMabCihby CBCHTYAJTHUX ITOCJICANUIIA.

2.1. Teopuja pusuka

2.1.1. lepunnnuja puzuka

[TojaBa wW3HEHaJHMX OTKa3a JelIOBa TEXHUYKHX CHCTEMa Ca HETaTHBHUM
HoclieiIiamMa y pylapcTBy je CBaKOJHEBHA TojaBa. HeraTWBHHM yTHIaju OTKa3a MOTY
OWTH 1O CaM TEXHHYKH CHCTEM, 3allOCIIieHE WIM PagHO OKpyxemwe. Jlorahaju Taxse
NpUpoze, KOjU y CIIydajy Jla ce Jilece MOTY M3a3BaTH HETaTHBHE MOCJEIUIIe, HA3UBajy ce
pusnyHuM norahajuma. OBo ce MOXe YONILITUTH, 11a Moxke ce pehu n1a norahaj koju uma
MOTYNHOCT yTHIIaja HA UCITYHCHE 3a1aTUX ITUJbEBa (CrpeuaBame, oHeMoryhaBame nin

yCIIopaBambC NMOCTU3akba 3a1aTor I_II/IJ'ba) MOKEC CC CMATpaTu pU3UIHHUM z[oral')ajeM.

Pusuk ce moke aeduHucaTH Kao KOMOMHAIMja BepoBaTHONhEe HEKE I0jaBe HIIU
norahaja 1 BUXOBE MOCIEAUIE Y 3a0KPYKEHOM CHUCTEMY y Oape)eHOM BpPEeMEHCKOM
WHTEpBaJy, IITO 3HAYU JIa J€ PU3HK CTOXACTHYHA TOjaBa. Y HAjIIMPEM CMUCITY PHU3HK
npejcTaB/ba MOTEHIMjaTHy MPUIMKY Jla ce JIecH Joral)aj ca HeraTHBHUM TOCTIeIUIIAMA.
HeratuBHe mnocnenuiie MOry ce carjeiaTH y MaTepujalHOM CMHCIY Kao TyOuTak
nobapa u (PUHAHCHJCKOM CMHCIY KpO3 JoJaTHE (UHAHCH]CKE M3JATKE 32 OTKAMmAmE
nocienuia pusudHor gorahaja. I[locnmenuie oTkaza nenmoBa TEXHHMYKUX CHCTEMa
HETaTHBHO yTHYY Ha CaM TEXHUYKH CHCTEM cMamyjyhu My (QyHKIMOHAIHOCT M Ha

3aIlOCJICHC PAaIHUKCE KOjI/I CYy U3JIOKCHU WITCTHOM YTI/ILIajy HCTaTUBHHUX I[CjCTaBa OTKa3sa.
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Hopez[ TOora, nocCJICANIEC OTKasa MOI'y UMAaTHU HCIraTHUBaH YTI/II_[aj " Ha JXUBOTHY CpCAUHY

Ima MOXKE I[OhI/I 0 KOHTaMI/IHaI_II/Ije BOJC, 3CMJbUIIITA WX Ba3ayxa.

Pusuk je Henmsz0exaH y CBAKOM CErMEHTY JbyJICKE JENaTHOCTH Kao U
HEU3BECHOCT KOja je Hepa3/BOjUBa OJf PU3MKA W MPEJCTaBJbajy Y HW3BECHOM CMUCIY
amniCcoNMyTHY BpeaHocT. MelhyTuM, Ha H3JI0KEHOCT pPU3UKY Moryhe je yTULaTH |

KOHTPOJIMCATH j€, TO j& MPOMEHJbMBA KOja YTUYE HAa HUBO M CTETICH PU3HKA.

VY mocnenmux ABaJeceTaK TOAMHA BeJHMKa Maxkmka NocBeheHa je pu3uKy of
0TKa3a TeXHUUYKUX cucTema. [loHeT cy U MehyHapoJaHM — eBpOICKH CTaHaapau, mehy
muMa U uHTepHaIonanau cranaapa (IEC 300-3-9, 1995), koju nedunuine aHammsy
pHU3UKa Y TEXHOJIOIIKUM cHCTeMHMa. [Ipema OBOM 3aKOHY, PH3HK ce NePUHHIIEC Kao
KOMOHWHaIIMja ydYecTajJocTH, BepoBaTHohe nmorahaja m mocnenmma onapeheHe omacHe
curyanuje uinu jorahaja. HoBuju cranmapn o ynpasibamy puszunuma je (ISO 31000,
2009) n mpeMa mweMy pU3MK ce aeduHuiIe Kao manca aa he ce HemTo AecuTH U Aa he
TO WMATH yTHIaja Ha oOjekaT. Pu3WMk ce mpema MCTOM CTaHAapay MpHKasyje Kao
KOMOMHaIM]ja TIOTeHIMjJTHOT orahaja u rmocienniia moBe3aH ca BEpoBaTHONOM HeroBe

1ojaBe.

MebhyHapoaau npupy4YHHUK Koju oOyxBata feduHuimje Besane 3a pusuke (1SO
GUIDE 73, 2009) nemHuIe pu3mK Kao ,,epeKaT HEM3BECHOCTH Y OJTHOCY Ha LUJbEBE .
OBaj npupy4yHHK objaiimaBa 1a epexaT Moke OUTH MMO3UTUBAH WM HEraTUBaH WIU Jia

e(l)eKaT pu3uKa npeacraBjba OACTYIIake O OYCKMBAHOT.

VY nocnoBHOM peunuky (Business dictionary, URL) nuie na pusuk mpeacraBba
BEpPOBATHONY WM omacHOCcT on omTehema, moBpene, M3I0KEHOCTH, TyOWTKa WIH
JpyTUX HETaTHMBHHUX I10jaBa KOje HACTajy yCJen CIOJbAllbUX WM YHYTpPAIIbUX

c1ab0CTH cUCTEMA, KOJU C€ MOYKE HEYTPAIMCATH ITyTEM ITPEBEHTHUBHOT JICJIOBAHA.

VY nHamem ctanmapay o 0e30egHoctn mammHa (SRPS EN [SO 12100, 2012)
pu3MK ce neduHuIIe Kao KoMOMHAIja BepoBaTHONE Jla ce IOTOoAM MoBpea (IITeTa) u

030MJBHOCT T€ MOBPE/IC.

Hapasho, nocroju Buiie nepuHuIMja pu3nka npeMa pasHuM aytopuma. [lpema

(Radosavljevi¢, 2010) BepoBaTHOha HacTaHKa HeXeJbeHHMX Jorahaja W oOuyeKkHBaHa
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BEJIMYMHA MOCTEeINIA Y 3a0KPY>KEHOM CHUCTEMY TOKOM yTBpleHe dyKHHE BPEMEHCKOT
WHTEpBaja ce y aHaJIU3M CHCTeMa pa3Marpa u nedunwuine kao pusuk. Ayrop (Williams,
2000) pusuk neduHuIIe Kao BepoBaTHOhy onpeheHor HexesbeHOr norahaja koju ce
JlecH0 y HaBeIEeHOM MepHoAy M mpu oxapeheHnM okomHoctuma. Pusuk je, mpema
(Star¢evi¢ 1 dr., 2010), moryhHocT rybuTka WiIM HOBpele, OJHOCHO MoryhHocT

peanu3aimje HeXKeJbeHe MOoCIeauIe HEKOT 1orahaja.

l'enepanno cBe neduHUIMje pU3KMKA YKJbYUYy]y BEpOBaTHONy HacTaHKa
HexeJbeHoT norahaja u 00UM IITeTe KOju ce ’hUMe n3a3uBa. [ JieqaHo ca acreKkTa oTKasza
TEXHUYKHX CHCTEMa Y PyIapcTBy Moxke ce pehu ma ce pusnkom cmarpa BepoBaTHoha
nojase ojpeheHe BpcTe OTKaza yHyTap TEXHUYKOI CHUCTeMa (TE€XHOJIOHIKOT Mpoleca,
MalliHe, MOJCKIIONA WM eIeMeHTa) U Aa he TakBa BpcTa OTKa3a OCTAaBUTH HETaTUBHE
HOoCJIeIUIle Ha MPOLEeC eKCIuloaTalyje, )KUBOTHU BEK MalllMHE, 3all0CJIeHe U KUBOTHO

OKpPYXKEHE.

2.1.2. Ananu3a pusuka

OcHOBY 3a aHaANTU3y PU3MKA U MOY3/1aHOCTH YMHE EMIMPHjCKU nojanu npahema
paga mocMaTpaHUMX TEXHHUYKMX cucTemMa. Ha OCHOBY KB&JIMTETHO IPUKYIJBEHUX
nojaraka Moryhe je M3BpLIMTH aHAIU3y M OJPEIUTH HUBOE OMACHOCTH M KpUTHYHA

MCCTa y CUCTCMY.

Cuctemcko kopuihewme HHpOpMalLKja Kako Ou ce WIACHTU(UKOBAIU H3BOPH U
na 6u ce nmpoueHno HuBO pusuka y (ISO GUIDE 73, 2009) nedunuiie ce kao aHaiu3a
pusuka. Y objamimery ce Kake Jla aHalu3a pU3MKa Jaje OCHOBE 3a OIIEHy HHBOA
pHU3uKa, TPeTMaH W MPUXBATJBUBOCT pusnka. MHpopMmammje Koje ce KOpUCTE TNpH
aHAJIM3M pU3UKa MOTY OWTH CTAaTHCTHYKH MOJAld, TEOPETCKa aHalIM3a, €KCHepTCKa

MHUIIJbCHA UTA.

AHanu3a pu3MKa cacToju ce o011 oApehuBama mocieauia 1 \bIUX0oBe BepoBaTHohe
M0jaBJbUBaba 3a HICHTU(PUKOBAHU puU3MUYHU norahaj, yzumajyhu y o03up mocrojame
WM HemocTojame edukacHe koHTpose. [locnenuie n mwUxoBe BepoBaTHOhE ce 3aTHM
KOMOWHY]y J1a O ce yTBpJIMO HUBO pU3MKaA. AHaNIM3a pU3MKa 00yxBara U pa3MaTparmbe

y3pOKa U U3BOpa pU3HKa, MOceIuIe pU3n4HOr Jorahaja u BepoBaTHONY Ja Moxke Johu
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710 Te Tocneauie u gakropa Koju yTuay Ha jporahaj. lorahaj Moke uMaTH BHILIECTPYKE
NOCJIEUIIE ¥ MOXE Jia yTHYe Ha BHUIIECTPYKE HUJbeBE. AHajW3a pU3HKA OOMYHO
YKJbYUyj€ M MPOLIEHY OIcera MOTeHIMjaTHUX MOoCceIula KOje MOTY HacTaTH U3 jeTHOT
norahaja, cuTyamuje MIM OKOJHOCTH, Ka0 M HbUXOBHX IOBE3aHMX BepoBaTHOha ca

nuJbeM na ce u3mepu HuBo pusuka (IEC 31010/FDIS, 2009).

2.1.3. IIpouena pusuka

CymTrHa MpoleHe pPU3WKa jecTe Jla Ce yTBPAU HUBO PHU3MKA U Jla CC HbUME
ympaBjba. AKO je HUBO pU3WKa HEMPHUXBAT/BUB Tpeda mpeay3eTu oapeleHe Mepe Kako
OM ce pU3MK CBEO Ha HUBO MPHUXBATJBUBOT. HapaBHO, HE MOCTOjHM TEXHUYKH CUCTEM
KOju (QYHKIIMOHUIIIE U Y KOME j€ HUBO PU3HKA YCIIe]l 0TKa3a MOjeJUHUX JeJI0Ba CHCTEMa
jeaHak HynId. Y CBUM TEXHHYKMM CHCTEMHMMAa KOJU CY YKJbYUYEHH Y TEXHOJIOIIKU
IpoIiec, MOCTOjH PHU3MK OJ OTKa3za Jieja WM IEeJOr CHCTeMa, KOjU MOXKE H3a3BaTh
MOBpPEJ/IC 3allOCICHUX, TYOUTKE yCiea 3acToja U (PMHAHCHJCKE W3JIaTKe 3a JIOBONhEHE
cUcTeMa y pagHO cTame. Takohe, CHCTEMH y KOjUMa ce KOPUCTE IITETHE M OINacHe

MaTepHje, MOTY HETaTUBHO YTUIIATH U HA )KUBOTHY CPEAMHY.

2.1.4. Ynpasbame pU3dHKOM

KBanuTeTHO M CTpyYHO yIpaBibamke pU3MIMMa 00e30elyje jacaH cTpaTeniku
OPUCTYT UASHTHU(PUKAIUJU PU3HKA, KOHTPOJIU U CMalkelhy HUBOA HETaTUBHUX e(dekara
pusnuHor norahaja. TakBUM MPUCTYTIOM CTBapajy ce YCIOBH Ja C€ OJIpEeIu MPUOPUTET
U mpeay3My oaroBapajyhe mepe y oarorapajyhem meny cucrema, kako OW ce cMarmbuiia
mTeTa W (PUHAHCHJCKU TYOHWIM. YTpaBhake PU3UKOM HMMa M JIPyre MPETHOCTH 3a
opraHusaiyje, ykJbyuyjyhu uyBame pecypca, IMOBHHE, IPUXOJa U JbYIU. Y IIPaBJbabe
U KOHTpOJIa PU3MKA Y TEXHUYKUM CUCTEMHMA j€ CIIOKEH MPOLEC U CAAPKH BEIUKH
CKyIl Mepa W aKTHBHOCTH. MEHAMEHT PH3UKOM je HOBA JHMCIUIUIMHA Pa3BHjeHA Kao
norpeba Ja ce ympaBihba PU3WIMMA, HE CAMO y TEXHOJIOIIKAM MporecuMa, Beh u y
caobpahajy, ekoHOMH]H, GUHAHCHU]CKOM CEKTOPY U Jip. Pa3BujeH je unTaB HU3 METOAa U

INOCTYyIIaKa 3a OLCHY U YIIpAaBJbalkbC PUSUKOM.
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IIpema (Joy, 2004), 3a mpucTyn ynpaBjbambha PU3UKOM KapaKTEPUCTUYHE CY

yeTupu Qase:

1. uaeHTHu(UKaIMja pU3nuKa — UACHTU()UKOBAHE OMACHOCTU WUJIM CUTYyaIuja
KOj€ MMajy MOTEHITUjaJl J]a 3a30BYy IITeTy Win ryoutke. [ToHekaa ce 30By U HEXKEJbCHH
norahaju;

2. aHajM3a pHU3WKa — aHalu3a oOMMa pU3MKa KOJU MOXE Mpouctehwm u3
HEeXeJbeHoT forahaja;

3. ylpaBjbalkbe PU3UKOM — OJUIyuuMBame O ojAronapajyhum mepama 3a
CMambEeHhE M KOHTPOITY HENMPUXBAT/LUBOT PH3UKA;

4. UMIUIEMEHTaIja, KOHTPOJIHA Mepema M OJAp)KaBamke MPOjeKTOBAHOT

HHUBOA pU3HKA.

AycTpanujcku CTaHfapA O ynpaBibamkby pusukoM (AS/NZS 4360, 1999) naje

KOpake Koje Tpeda CIeuTH MU yIpaBibakby PU3UKOM:

J JaTu o0jalmkemha npoodiema,

J UJICHTU(UKOBATH PU3HKE,

J aHAJIM3UPATH PU3HKE,

o MIPOIIeHA U IPUOPHUTH3AIIN]a PU3HKA,
J TPETUPAHE PU3NKA U

o MOHHUTOPHHT ¥ KOHTPOJIa PU3UKA.

On rope HaBeneHux (asza ympaBjbamkba pPU3UKOM HAJOUTHHjE j€ MpPErno3HaTh
NOTEHIIMjaJTHEe OMACHOCTH, OJHOCHO NMpoHahM KPUTHYHA MECTa y CUCTEMY, U YTBPIAUTH
BUXOB HMBO PHU3MKAa O OTKa3a TOT Jeja WM LEJIOr TeXHUYKor cucrema. Ox Tora

3aBUCC U MCPC KOje he ce MMPpEAY3CTHU 3a CMAKBLCHC PU3UKA KPUTHYHUX ACJIOBA.

Aytopu (Radosavljevi¢c 1 dr., 2009) yka3yjy Ha moTpeOy 3a ymnpaBbambeMm
pU3MLKMa Y PYIapcTBY, AaHAJIUTHUYKUM W METOOJOLIKMM MpPHUCTyIMMa TPETHPATH
PU3MK y IIWUbY HUACHTU(]UKAIM]e, CMamema M KOHCTAaHTHOr mnpahema Mapamerapa
pusuka. Llusb n norpeba 3a UCTpaKUBaKHEM BE3aHO 3a aHAIM3Y, CMameme U npaheme

pH3HKa, IPAKTUYHO CE 32 PyAAPCTBO MPEMNO3Haje KPo3:

° PaSBOj MCTOHOHOFI/Ije 34 AHAJIN3Y Mpoueca U CUCTEMA,

10
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. Pa3Boj kputepujyma u mporieca 3a yBoheme cTanaap/ia Koju Ou Omim o1
noMohu IIpU OLCHU pHU3HUKA TCXHUYKHUX CUCTEMA,

. Pa3Boj meromonormje 3a  OIEHy ~ acmekara  yTUIQja  CBHX
I/I)IGHTI/I(bI/IKOBaHI/IX ACCTPYKTUBHUX HOTeHIII/Ij aJla TCXHOJIOIKUX KOMIIJICKCA U

. Oneny nocrojehux crama cuUCTeMa WU Tpolieca, Kao M OlleHy moTpede

3a JETMMHYHUM WM TIOTIYHUM peAn3ajHApameM U yHanpehemem cucrema.

IIpema (Radosavljevi¢c 1 dr., 2009) pesynaratu pa3Boja U NMPUMEHa METOJa 3a
OlIeHY pH3HKa y jAoMahoj mpakcH, MOTY ce OKapaKTepUCcaTH TUME Jia MOCTOje MPOIHCH
KOjU Kpeupajy AoOpe yciaoBe 3a mpoMmeHy mocTtojeher crama MO3UIMOHUpAma,
yhpaBbathba © Tpahema pHU3WKA ca aclekTa pyJapcke WHAYCTpUje H TMPUMEHY

CTaHIapAU30BAHUX METOJa U MOJIeNIa 3ajeJHO ca T0OPUM HCKYCTBOM JIPYTHUX.

[Tpu ynpaBibamby pU3HMKOM Tpeda ce OCBPHYTH U MpPOydaBaTH PHU3UK KaKo ca
€KOHOMCKOT acleKkTa, Tako M ca acleka 3allTUTe 3arloCiIeHUX OJf H3JI0KEHOCTH
onacHoctuma (Niczyporuk, 1997). IlpeMa noMEHyTUM ayTOpuMa, pU3HK CE Y OCHOBHOM
0o0MKy pa3maTpa Kao KoMmOuWHauja BeoBaTHOhe Hacrtanka porahaja u edekara,
OJIHOCHO TIOCTIEZNIa, a HUBO PH3MKa padyHa Kao MPOU3BOJ BepoBaTHOhe morahaja m
ryOuTaka MpHKa3aHUX KpPo3 EKOHOMCKY BpeAaHocT. OrpaHuuema pU3HMKa OJHOCHO
TpaHUIle IPUXBATJBUBOT PHU3MKA 3a MOjeIMHE BPCTE MOBpPEJa U HUBO pHU3MKa ofpelhyje
Ce 3aBHCHO OJI BepoBaTHOhE I0jaBJbHBaba OJHOCHO OF YUECTAJOCTH AKUUIACHTHUX
cuTyanuja 3a oapeheHn BpEeMEHCKM TMepuoj. 3a TMpoIeC aHalIu3e pPHU3UKa ayTOpH
npeaiaxy cienehe eneMmenre: uaeHTHUUKAIM]ja OACHOCTH, TIPOIIEHA pU3MKa (IpOoIeHa
BEpOBaTHONhe ToOjaBJbHBamba U MPOIEHA BHCHHE TyOHWTaka), MpOIleHa HUBOA PHU3UKA,
ylpaBJbakbe PU3UKOM (EIMMUHAIMja PU3MKA, CMAIbEHe PHU3MKA, 33Jp)KaBambe HHUBOA
pHU3HKa, MPEeHOC pu3nKa) U npahemwe puznka — MOHUTOPHUHT. [Ipema (Grassi 1 dr., 2009)
HajBa)KHMja aKTUBHOCT IPH MPOIIEHU PU3MKA JecTe 3a/laTak OlleHe HMBOA PU3UKa, ajH
YOPKOC BaKHOCTH, HU HAI[MOHATHUM HHU Mel)yHapoIHUM cTaHAapAMMa U peryjaruBama
HUje NeuHuCcaHa CTaHJapAHa MpoLEeaypa 3a OLEHy UCTOr, OCTaBJbajyhu KOMIaHujama
ciobony a ycBoje MPUCTYIE BUMa NMpUXBaT/bMBUM. Kao mocienuiia, KoMIaHuje ce
00MYHO O/JTydy]y 3a TMPUMEHY JEIHOCTAaBHUX METOJa, y3 MOMOhy KOJUX YEeCTO He
MOCTOJM MOTYhHOCT cariiejlaBama CBUX BaXKHUX acleKara, HUTH ce€ Jajy Npenu3He

OLICHEC OIIaCHUX CI/ITyaI_[I/Ij a.

11
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HeMHHOBHO ce MOKe 3aKJby4UTH J1a TPOLIEC YIIPaBhbakha PH3UKOM MPEACTaBIba
HE3a00MIa3HU MOCTYMAK KOjH MOpa Mapalie)iHO Ja Ce MO3MIMOHUPA Ca CBHM OCTAIUM
aKTUBHOCTHMA y jeqHOM mipeay3ehy. Y 3aBHCHOCTH OJ1 ISJIATHOCTH KOjOM ce mpeny3ehe
0aBM, HEOIMXOJIHO j€ Jia Ce pa3BHje YWTaB HU3 MPOICAypa ycaryialmieHuX ca Baxkehum

CTaHJAapAMMa U3 IPeAMETHE 00JaCTH KOj€ YMHE aIrOPUTaM YIIPABJbaba PU3UKOM.

Y ToM cMuUCITy, PyIapcTBO NpeICTaBba jeAHY O] HAjKOMIUIESKCHHjUX TpaHa
UHAYCTpUje C OO3MPOM Ha CIOKEHOCT TEXHOJOTHje U KOpUIIheHe MeXaHu3alluje,
TPOIIKOBE HEIUIAHUPAHUX 3aCTOja, PaJHO OKPYXKEHE Yy KOjeM je MO3MLHUOHHUPaH

TCXHOJIOIIKH ITPOIEC.

CrnenunduyHOCT pagHUX YCIIOBa y KOjUMa C€ Yy PYJIapcTBY paau u mehyomHoca
u3Mmel)y MammHe W pajHe M JKMBOTHE CPEAMHE Kao M YTHIA] HEXEJbeHHX OTKa3a Ha
Jajby (YHKIMOHAJIHOCT MAIIMHE M LEJOI TEeXHUYKOr cuctema Hamehe morpely 3a
CTalHUM TipahemeM U yhpaBjbambeM pu3UKoM. llpuMeHOM W KOMOMHAIUjoM
nocrojehux W pa3BojeM HOBHX MeETOJa 3a TMPOIEHYy pH3UKAa W HUXOBOM
UMITIEMEHTAIjOM Y pyAapcke TeXHHYKE CHCTeME CTBapa ce MOBOJbHA aTMocdepa 3a

ylpaBJjbakhbC pU3UIIUMaA.

2.2. Iloy31aHOCT TEXHHYKHX CHCTEMA

[Toy3manocT je BepoBaTHOha, Ha ojapeheHOM HUBOY mMOBepema, Aa he cucreM
ycrnenHo o0aBUTH (YHKIH]Y 3a KOJy jé HaMemeH, 0€3 OTKa3a W y OKBHPY 3aJaTUX
rpanuia (pyHKIHOHHCAHkA, TOKOM TPa)XEHOT BpEeMEHa; KaJa ce MpH TOMe KOPUCTH Ha
nponucad HauuH. [loy3ganocT ce u3paxana kao 6poj usmehy 0 u 1 unu uzmehy 0 u 100

%.

[Toy3maHOCT ce MOXe TMpeACTaBUTH Kao ojaHoc wu3Mehy Opoja ycremHo
00aBIJBCHHX 3a/I1aTaKa CUCTEMa y OJHOCY Ha YKyIaH Opoj 3ajaTaka KojuMma je CUCTeM
M3JIOKEH. Y clydajy Ja 3a OMJI0 KOju TPEeHyTaK BpEMEHa CHCTEeM H3a cebe mma CBE

yCHenHo 00aBbeHe 3a/1aTKe, moy3aanocT je 1, omaocHo 100 %.

MaivHe ¥ TeXHUYKU CUCTEMH KOjU C€ JaHac NMPUMEHY)y Y pyJapCcTBY HAKOH

HEKOT Tepuojia of yBohema y mporiec Tyoe CBOjY (YHKIIMOHATHOCT, ASTUMUYHO WU
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NOTIyHO, 300r oOTKa3a TNojenuHux enemeHara. [locrmeauiie oTkaza cy 3acToju y
MIPOU3BOAH, TYOHUIIM KOjU C€ MPU TOME jaBjbajy, TPOIIKOBH 3amMeHe W Apyro. Jla oum
TakaB CJOKE€H TEXHWYKH CHUCTEM paauo AyKM BPEMEHCKM Iepuoj 0e3 3acroja,
HEOIXO/JHO j€ TPEeAy3eTH OICEXHE Mepe Ha HCTPaXKUBaly, aHAIU3U U IUIAHUPAILY
KBAIMUTETHOI CHCTEMATCKOT OJIpXKaBamkba Ja OW Cce Ta] CHCTeM OJApXKao y
(YyHKIIMOHATHOM CTamy AyKH BpeMeHCKH nepuof. [Ipexusa pana jenHor ereMeHTa Uiu
Jena cucteMa Hajuenihe je mpaheH MpeKuaoM pajaa MpOU3BOAHOT mpoiieca. CBaku
3aCTOj y MPOU3BOJBM HOCU ca coboM oxapeleHe Tpomikose, Koju y Behunu ciydajeBa
HHUCY 3aHEeMapJbuBH, 300T MpEeKHIa y MPOU3BOMIBM W TyOHTaKa ycCiel Kallmbema ca
MPO3BOJHUM TUTAaHOM. TeopHja TOy3JaHOCTH pa3BHjeHa je ca IWJbeM Ja ce moseha
MepuoJl BpeMeHa 3a Koju he mammHaa OuTH y paay, Tj. Y GyHKIMOHATHOM CTamy, KPo3
aHanu3y U npaheme TEXHUYKOT CHCTeMa y paay U eBUACHTHUPAkE MoJaTaka O 0TKa3uMma.
[pema (Milcic, 2005; Ivkovic, 1997, Majdandzic, 1999) mnpBa wucnuTuBama
MOY3JJaHOCTH 3aroyvelia Cy MPUKYTJbalkeM IMoJIaTaka O OTKa3MMa I0jeIMHUX eJIeMeHaTa

ABHOHAa TPUACCECTUX I'OAWHA IIPOUIJIOr BEKaA.

CBU TEXHWUYKH CHCTEMH Cy IIPOJEKTOBAHW Jla YCIEHmHO 00aBjbajy CBOjJY
(yHKIIM]y HEKM BPEMEHCKH IepHuoj 0e3 oTkasza. 3a cucTeM KOju paau 0e3 oTkaza H
3acToja Kaxe ce Ja je Mmoy3aaH cucteM. YoOuyajHa neduHuUIMja TOy3JaHOCTH Koja ce
Moke Hahu y nmuTeparypu riacu: MOy3JaHOCT je BepoBaTHOha, Ha oApe)eHOM HUBOY
noBepema, Ja he cucreM ycnenrHo, 6e3 0Tkaza, 00aBUTH (PYHKIIM]Y 32 KOJY j€ HAMEHCH,
yHyTap crenuduuupanux rpaHuna nepGopMaHcH, y TOKY cCreruduIpaHor BpeMeHa
Tpajama 3aJaTaka, KaJa ce KOPUCTH Ha IPONMCAHU HAuuMH M Yy CBPXY 3a KOjJy je
HaMEWEeH, Moja crneuuduIupaHuM HUBOMMa onrtepehema, y3umajyhu y o03up u
MPEeTXOAHO BpeMme Kopumrhemwa cucrema. CianuHy, camo kpahy nepuHHLU]Y, A0 je U
(Ivkovic, 1997): moy3maHocT je BepoBaTHOha, Ha oJpelleHOM HHMBOY MOBepema, na he
CUCTEM YycremHo o0aBUTH (YHKIM]y 3a KOJy je HamemeH, 0e3 OTKaza M yHyTap

cnennukoBaHuX nieppopMaHcH, y3uMajyhu y 003up npeTxoHO BpeMe KopHulthema.

Aytop (Ramovi¢, 2005) naje nedpuHunrje U3 craHaapia MojeIUHUUX 3eMaba.

Ha npumep:

J IIpema pyckom cranmapay (I'OCT) moy3nmaHocT ce aeduHHMIIE Kao

CBOjCTBO oOO0jekTa Ja UCHymaBa 3amaTe (YHKOHjE W  OJp)KaBa BPEIHOCT
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eKCIUIOATAlMOHUX IapaMeTapa TOKOM BpEMEHa Yy 3aJaTUM TpaHulama, Koje cy
onpeheHe 3a7aTUM peKUMHMA U yCIOBMMa KopHIlhewma, TEXHUYKOT OICITYKHBamba,
PEMOHTA, CKJIAJUIITEHA U TPAHCIIOPTA.

° [Ipema amepuuxom MIL cranmapny, noa noysnasouthy ce nojapasymena
BepoBaTHOha na he HeKkM HpeaMeT CBOjy HAMEHCKY (yHKIHMjy 00aBjbaTH y JaTOM
BPEMEHCKOM MHTEpPBAITy, [0 3a/1aTUM YCIOBHMA.

. Hewmauku cranmapn DIN nedunumie moy3naHocT Kao CriocOOHOCT HEKOT
IPOM3BO/Ia WINM poOe Na 3a70BOJbH, Y TOKY NPHUMEHE, YCIOBJBCHE 3aXTE€BE KOjU Ce
NIOCTaBJba)y y IMOMNIENYy I[OHAIlalka WIN OJpXKaBamkba HUXOBUX OCOOMHA 3a JyXHU
BPEMEHCKH MEPUOI.

(Mijajlovic 1 Mil¢i¢, 2009) moceGHy rpaHy TeXHHUKE, Koja ce 0aBU Moy3aaHouIhy

Ha3UBajy MHKEHEPCTBOM MOY3aHOCTH U MPeMa lbUMa MOy3JaHOCT je:

. Mepa OCTBapemha HaMEHEe HEKOT CHCTeMa y OJHOCY Ha BpeMe;

. KalmaluTeT eJIeMEeHTa WM CHCTeMa Ja Cce IIOHalla Kao INTO je
MIPOjEKTOBaH;

. OTIIOp CHCTEMA 10jaBU OTKA3a;

. CIIOCOOHOCT eJIeMEHTA MU CHCTEeMa J]a He OTKa)Ke HEMONPaBJbUBO;

. BepoBaTHOha 0€30TKA3HOT pajia eIeMeHTa WM CUCTEMA.

IIpema (Barabady, 2005) moy3gaHOCT TMpoOW3BOJA TMPEACTaBba  Mepy
CHOCOOHOCTH Jia U3BPILU 3axXTeBaHy (PyHKIH]y y mpenBul)eHOM BpeMEHY U OKpPYKEIbY.
[Moy3nanocT je 3HavajaH (GakTop y IJIAHUpAky, TU3AJHUPABY U Paay UHKEHEPCKUX
cucreMa. Kao mro ce Opoj 1 KOMIUIEKCHOCT pyJapcke onpeme noehapa, yTuiiaj oTkasza
OlpeMe IOCTaje CBE BHINC KPUTHYHA, HEIUIAHUPAHU OTKa3M MOTY Ja IMPOY3POKY]jy
3HATHO BHIIE TPOIIKOBE MOMPABKe O] TNIAHUPAHOT OJIp:KaBama WK nomnpaske. O jorr
Behe BaXKHOCTH je TYOHWTaK MPOU3BOAE MOBE3aH ca OTKAa30M OmpeMe. JeaH o1 HaunHa
na ce yOnaku yTHUIlaj OoTKasza je Ja ce moboJplna moy3gaHocT ompeme. [loysmaHoct je

MOKa3aTesb yUNHKA YKYITHE OIPEME.

[loy3manoct ce moxe neduHHMCAaTH HA BUIIE HAayWHA, a CYIITHHA je Ja
MOY3/IaHOCT Tpe/cTaB/ba BepoBaTHohy na he cuctem ycmemHo 00aBUTH 3alaTy

¢yHkunjy, 6e3 orkaza. Ca €KOHOMCKE Tauyke IJIEHIITa IOY3IaHOCT je Mepa 3a
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CMameHke TPOIIKOBA OJpXKaBama cucTema. OCHOBHU IIMJb CHCTEMa IOY3JIaHOCTH,
npema (Distefano 1 Puliafito, 2009), jecte dopmupame Moaena Koju OM MPeacTaB/bao
BpeMe 10 OTKa3a MOCMAaTPaHOT CHUCTEMa, 3aCHOBAH HAa pACIOAENTU BPEMEHa OTKa3a

JCJI0BA, IOJCKJIOIIOBA U CKJIOIIOBA U3 KOjI/IX C€ CUCTEM CaCTOjI/I.

[Totpeba 3a oapkKaBamkeM TEXHHYKHX CHCTEMa MPOUCTHYE W3 HUXOBE
MOJJIOKHOCTH OTKa3WBamby Yy TOKY MUXOBE eKCIUIoaTalfje, IITO Y CYIITHHH
IPE/ICTaBIba PeaHo 00eNexkje CBUX MEXaHHMYKUX cUcTeMa. MHKEHmEpCTBO OpiKaBarba
TEXHUYKUX CHCTEMa Yy CBOjO] JMAENATHOCTH TMOCEOHO y3uMa y o003up TeopHjy

HOY3JaHOCTH.

Teopuja moy3gaHocTu pasBHjeHa je 3a moTpede BojHE WHAYyCTpHje Tokom I
CBETCKOT paTa. BayXHOCT Teopuje Moy3aaHOCTH U HHKEHEPCTBA OpKaBarba TEXHUIKNX
cucTeMa ca CHCTeMa HaMEHCKe HHIycTpuje (TMPBEHCTBEHO Ba3JyXOIJIOBCTBO U
€JIGKTPOHCKM CHUCTEMHM) MpPEHET je M Ha JApyra MoJpydja TEeXHHKe (ayToMOOMIICKa
WHIIyCTPHja, CHEPreTHKa M TMpPOIECHA TEXHWKA, MPOU3BOJHU CHUCTEMH, TPAHCIOPTHHU

CHUCTEeMH, MeXaHu3anuja y oomactuma uaayctpuje) (Papic 1 Milovanovic, 2007).

2.2.1. lloy31aHOCT TEXHHYKHUX CHCTEMA Y PYIapCTBY

TexHHYKUM CHCTEMOM C€ MOXKE CMaTpaTh CKyIl ejneMeHara, ypehaja wmm
MaligHa TIOBE3aHUX Y JIOTHYKY IIEJTUHY KOju 00aBJbajy NpojeKToBaHy (yHKIH]Y. Y
PYJapCcTBY c€ KOPUCTH YHUTAB HU3 TEXHUYKHX CUCTEMa KOjU CBOjy MPUMapHy QYHKIIH]jY
o0aBJpajy y JIOMEHY €KCIUIoaTaldje, npepajae MUHEpaTHe CHPOBUHE, TPAHCIOPTA HTI.
MamwuHe Koje ce JaHac MPUME’mY]y Y PYyJapcTBY Cy JOCTa CIOXKEHE IO CBOjOj

KOHCTPYKIIMjH T1a C€ MOTY CMaTpaTH 3aCEOHIM TEXHUYKHM CHCTEMHUMA.

OTKa30M TEXHHYKOT CHCTEMa CMaTpa ce MpecTaHak o0aBJbama 3a1aTe PYHKIIH]e
3a Kojy je mpojektoBad. Otkazu mpema (Ivkovi¢c, 1997; Milci¢, 2005), mory Outn
NOTHYHU W AenuMHYHH. KO MOTIMyHMX OTKa3a TEXHHYKH CHUCTEM IPEcTaje ca pajioMm,
JOK KOJ NEeTMMHUYHUX OTKa3a He J0JIa3d TPEHYTHO JIO NpecTaHka ca pagoMm Beh ce
IOCTETIEHO CMarbyjy NPOJEeKTOBAaHE pajJHE KapaKTePHCTUKE CHCTeMa 3a O00aBJbambe

npojekroBaHe QyHkiuje. [IoTmyHH M JeIMMHYHU OTKa3d TEXHUYKHX CHUCTEMa Ipema
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Op3uHU HacTajamba MOTy OWTH M3HEHAJHU W IMOCTEINEeHH, Tae ce, mpema Milcic (2005),

HN3HCHAJIHU OTKA3H KAaTCropuIry Kao KaTaCTpO(baJ'IHI/I, a ITOCTCIICHU Kao ACTrpaJallrnOHM.

TexHUYKM cHCTEM WM eleMEeHAT TeXHUYKOT CUCTeMa KOjU Ce HAKOH OTKa3a He
MOY€E MOTMPABUTH Ha3MBa C€ HEMOINPABJbUBUM, JIOK JEJIOBE TEXHUUYKOI CHCTEMa KOjUMa
ce HaKOH OTKa3a MO)X€ BPAaTUTHU (YHKIIOHATHOCT HA3UBAMO MOIPABJEUBUM CUCTEMHUMA.
TexHUUKH CHUCTEMHU KOJ KOjuX (PyHKIIMOHAIIHOCT OIaja ca BPEMEHOM paja MOTYy ce
KaTeropucati Kao BPEMEHCKH 3aBUCHU CHCTEMU. Y KOJHUKO CHCTEM 00aBiba
NPOjeKTOBaHy (YHKIIM]y HE3aBUCHO OJI y’)KHWHE BPEMEHa pajia, TAKBH CHCTEMH CE MOTY

KaTeropucatu Kao BpEMCHCKH HC3aBUCHU CUCTCMMU.

Kao jeman ox OCHOBHHMX 3axTeBa KOJ pyJapCcKHX MallMHA KOje pajae y
KOHTUHYQJTHHUM CHUCTEMHUMa eKCIUIoaTalldje IIoCTaB/ba C€ IITO Mamu 0poj
HeIUIaHUpaHuX 3acroja. OBakBe 3acToje OOWMYHO W3a3MBajy OTKa3M KPUTHUYHUX
eJleMeHaTa y cucteMy U y HajBehem Opojy ciydajeBa 3a mocienule UMajy H3pakeHy
HOBYaHy JAWMEH3Hjy. Y TOM CMHCIY BpJIO je OUTHO Ja C€ MOCTaBU KBAIUTETAH
JIMjarHOCTUYKKA CHCTEM HaJ30pa Kako OW ce MACHTU(UKOBAIN JEIIMMUYHU OTKa3H KOjH
HaroBeITaBjy 3acTO] W Kako OM ce (opmupasa BpeMEHCKa ClMKa CTama Koja Jaje
3aBHCHOCT MHTEH3UTETa OTKa3a U BpEMEHa pajia, OJJHOCHO jeduHuie BepoBarHohy ma

Cce HOjaBI/I OTKa3 y JOrJIiCAHOM BPCMCHY.

2.2.2. Iloxa3are/bH OY31aHOCTH U oApehuBame moy3gaHocTn

OnpehuBame TMOY3MaHOCTH Ce€ 3acHMBA Ha TMPONCHH W HCTPAXKHBABKBY
HAJKPUTUYHHU]ET eJIEMEHTa, OJHOCHO ciabe Tayke y TOM CHUCTEMY, KPO3 TOCTaBJbaHbe
YTULAQJHUX OCHOBHHUX M JONMYHCKHX KPUTEPHjyMa MCTPAXMBama U yTBpHUBamE paHra
KPUTHYHUX eJIeMEHAaTa TEXHHYKOI CHCTEMa M FUXOBO CyMupame (yTBphUBame H
ynopehuBame TPEKO METOoJe paHrupama). Takohe, oapehuBame MOYy3AaHOCTH CE
3aCHMBA Ha ONTHMU3AIMjH HaunHa o0e30ehera MOoy3MaHOCTH y3 aHAIHM3y HUXOBUX
VHYTpAIIlbUX ¥ CIHOJbAIbUX BE3a, aHAIM3U Yy3ajaMHE TIOBE3aHOCTH 3axTeBa 3a
noy3aaHomihy /1ejaoBa, OAHOCHO CHCTEMa Y IENHHA M YKYIMHUX TPOIIKOBA 32 HHUXOBO
o0e30eheme, ka0 W TMPOTHO3M ONTHUMATHE TMOY3JAHOCTU CJIOKEHUX TEXHUUYKUX

MOCTpOjeHha.
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Jlanammy eramy pasBoja M SKCIUIOATALMje CIIOKEHHX TEXHHYKUX CHCTeMa
KapakTepuine rmoBehaH CTENEH CI0KEHOCTH KaKO caMe TEXHOJIOIIKE MIeME TaKo |
KOHCTPYKIIMje TMOjeJMHUX CKIIONOBAa M eJieMEHaTa OIpeMe, IITO MMa 3a IMOCIEIHILY
nojaBy Beher Opoja muTama Be3aHUX 3a 00e30eherme 1 mopacT Noy3JaHOCTH CUCTEMA Y
nenmuuau. O paja W MOHAIIama MPH EKCIUIOATAIMjH CBAKOT O]l eJIeMeHaTa CHCTeMa
3aBUCH M Kpajikha pajHa MOBE3aHOCT M CIIOCOOHOCT cucTema y nenuHu. [lomazehn on
NPUMEHJBMBHX METO/Ia 32 OBE aHAJIM3€ U KPUTEPUjyMa jeTHOCTPYKUX OTKa3a, Moryhe je
NOYy34aHOCT CJIOKCHUX TCXHUYKHUX CHUCTCMa OJPCAUTHU KPO3 HBHUXOBO palldjialbUBaAbLC
Ha cacTaBHE eleMeHTe, y3 onapehuBame oarorapajyhmx mapamerapa NOy3AaHOCTH U
PaCIOJIOKHUBOCTHU KOpI/IH_IheH)eM CTaTUCTUYKEC aHAJIN3C U YOUYaBaAkEM U }Ie(i)I/IHl/IcaH)eM

MelyycoOHUX Be3a WU YTHUIIaja TI0jeIUHIX eJIeMeHaTa Ha CUCTEM Y LIEJIHHH.

IIpema (Mijajlovi¢ 1 Mil¢i¢, 2009), Teopuja moy3gaHocTu ce 0a3upa Ha TEOpUjU
BEpoBaTHONE M MaTeMaTHUYKe CTAaTHCTUKE U TPETUpa OMHAPHO CTamEe y KOME €IIEMEHTH
Mory na ce Hally — y cTamy paza win y cTamy OTKaza. MelyTum, KoJ moy3JaHOCTH
MallliHa HE MOXE Ce carjiefiaBaTd caMo OWHapHO cTame, Beh Tpeba YyKIbyYUTH |
MehycTama 3a Koje je HajooJbH MpUMep NeNUMUYaH OTKa3 cucreMa. lIpema Tome,
onpehuBame MOy31aHOCTH KaKO elieMeHaTa, Tako M CHCTeMa, 3aXTeBa EKCIUIMIUTHE
BPEIHOCTH TMOYETKAa pasia, BpeMEHa y pajay, TPeHYTaK OTKa3a UTIH., OMHOCHO TeopHja
MOY3JJAaHOCTH J1aje OHOJIMKO MPEIHU3HE BPEITHOCTH KOJIMKO CYy MPEIU3HU MOJaln KOjU ce
xopucte. [Ipobnem koju ce MHXKemepuMa Noy3naHocTu Hamehe, jecte ,,CTaTUCTHYKH
MmaTtepujan’ — OJHOCHO HEAOCTaTaKk I[oJlaTaka HEONMXOAHUX 3a onpehuBame

HOY3JaHOCTH.

AHanm3a ToHamama TEXHWYKOT CHUCTEMa y TOTJIEAY IMOY3JaHOCTH Haj0oJbe ce
npuKazyje BpeMEHCKOM ciaukoM crama (Cinmka 2.1.), Ha K0joj ce BpeMmeHa pana f,
CMEYjy ca BpeMEHHMa y OTKa3y 7, IPH YeMy Cc€ MOBPEMEHO I10jaBJbyje M BPEMEHCKH
nepuoj AyKuHE 6, Kajia ce CUCTEM Haja3u y 3acTojy, HIIp. 300T pajoBa MPEBEHTHBHOT

OJIpKaBarba.
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Cnuka opoj 2.1 Bpemencka ciuka crama (Ivkovic, 1997)

Teopuja moy3maHoctTn ce 0aBM  HMHTEPAUCHUIUIMHAPDHOM  MPUMEHOM
BepoBaTHOhe, CTAaTHUCTUKE M CTOXAaCTHMYKOI MOJEIHpama, y KOMOMHAIUjU ca
WH)KEHEPCKOM MPOHUIBUBOIINY Yy KOHCTPYHCAkhy M HayYHUM CXBAaTalkeM MEXaHHW3Ma
rpeliaka, a y [ujby M3ydaBama pa3IMuuTHX acnekaTa noysaanoctu (Lazarevic, 2000).

[Ipema (Lazarevic, 2006; Mijajlovic 1 Milci¢, 2009), 3amanu Teopuje moy31aHOCTH CY:

o MOJIETTUPAE MTOY3/1aHOCTH,
o aHaJIM3a U ONTHUMM3AIIH]ja T0Y3AaHOCTH,
. UHXEHEPUHT 110Y31aHOCTH,

. HayKa 0 M0Y3/1aHOCTH,

J TEXHOJIOTH]ja MOY3AaHOCTH U

o yIpaBibamke MOy3AaHoIhy.

Aytopu (Kumar 1 dr., 1989) pagunu cy Ha ucTpaxuBamwy U onpehuBamy
MOY3/1aHOCTH AMU3€] YTOBAPHO — TPAHCHOPTHHUX MAIIMHA y MOJ3E€MHO] €KCIUIOATallHju.
[Ipema ayTopuma, Ha MOY3JaHOCT pyJapcKe ONpeMe yTHUy pa3auuuTu gakropu, mehy

KOjMa UCTHYY:

. CTBapHU JU3ajH OMpPEeMe, MOY3/IaHOCT KOja ce MOXKe MOCTUNHU yCIOBJbEHA
j€ oarosapajyhum au3ajHOM IPUMEHEHE OTIPEME;

o KOJIMKO J00pO ce ompema Ofp»aBa, CBaka IUIAHCKAa WJIM HEIUIaHCKa
OllpaBKa, KBAJIUTET ONpPaBKe MMa YTHIAja KOJIMKO he MamHa pajuTd mpe cienche
ompaBke. OBJie ce y3uMa y 003up U KBaJTUTET U3PaJIe M 3aMECHE PE3EPBHUX JENIOBA;

o pasiHu YCIIOBH, YKJbYUY]y OKPYXKEHE U ONepaTHBHE 3aJJaTKe.
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Aytop (Barabady, 2005) y cBOM pamy HCIUTyje TOY3AaHOCT M ITOTOJIHOCT

OJIp’KaBarba ,Z[pO6I/IJ'II/ILIHOl" HOCTpOjeI-Ba " Kao I'JIaBHE IMPCAMECTC NCTPAKHBAbd HABOJAU:

- mnoBehame pazymeBama Mojela MPUPOAEC OTKa3a KOMIUIEKCHE pPyJapcke
ornpemMe u

- MPOIIEHYy MOY3/1aHOCT M MOTOJIHOCT OJIp’KaBamba JIPOOMIMYHOT MTOCTPOjeHha y
KBaHTUTaTUBHOM CMHUCIY M OTKpHUBAaH€ KPUTHUHUX IMOJICUCTEMA KOjJU

3axTeBajy Jajbe yYHampeheme Kpo3 eheKTUBHO o/IprKaBambe.

CBpxa WCTpaXHBamka MOMEHYTOT ayTopa jeé MOOOJbIIAkE IMOY3JaHOCTH PYAapCKUX
MamuHa U (QopMHpame TONUTHKE TMOY3IaHOCTH KOja je 3aCHOBaHAa Ha O/Ip)KaBamby.
AyTop mpeiaxe 1a, npe aHaJu3e Mmojaraka 0 0TKa3uMa, Moctojehn CUCTEM TO/IeNN Ha
HoJICKCTEME JIa OU Ce OTKa3W MOTJIM KaTeropucatu. Takole HaBOIM J1a ce MOy3JaHOCT U
KapaKTepUCTUKE TOTOJHOCTH OJp)KaBama JIeJI0Ba CHCTEMa MOTY PECHEKTHBHO
OJIPE/IUTH KPO3 aHalKM3y BpeMeHa u3Mel)y 0Tkaza u BpeMeHa MOTPEOHOT 32 OTKIIamakhe
kBapa. OppehuBame TMOY3AaHOCTH ¥ TIOTOJHOCTH  OJp)KaBama JAPOOHIMYHOT
MOCTPOjeha BPIIM KPO3: pasyMeBame CHUCTEMa W HWACHTH(PUKANHM]Y U KOJIUPAHmE
NOJICKCTEMAa U OTKa3a y HbUMa, CaKyllbale, COPTHpamke U KiIacu(pUKaIujy Iojaraka
u3Mel)y oTkasa 3a CBakM MOJACUCTeM U 0TKa3. Y cieaehoj ¢as3u paau ananusy nojaraka
3a Bepu(UKaNMjy W OIEHY pacrojeie, ogadbup oarosapajyhe ¢yHkmuje pacmnojene
clly4ajHe TMPOMEHJbUBE 3a TEOPETCKH CpadyHaTy BepoBaTHONy, MpOLeHy mapamerapa
NOY37[aHOCTHU ¥ TOTOTHOCTH OJJpyKaBara CBAKOT MOJICHCcTeMa U ojroBapajyhy GyHkimjy

pacmnoaciic nu I/II[eHTI/I(bI/IKaL[I/ij KPUTHYHUX ITOJACUCTCMA U OTKA3a.

VY cBoM paxy (Tang, 2001) uctuue aa je mOy3AaHOCT MOCTaNa KIbYYHU (HAKTOpP Y
JM3ajHApabY M Pagy BEIUKUX, CIOKEHHX U CKYMHUX JaHAIIBUX MEXaHHYKHX CHCTEMA.
IIpema ayrtopy, HajBehy ynory y aHalIM3M IOY3JaHOCTH CHCTEMa HMa MpOIEHa

MMOYy3J1aHOCTH KOMIIOHCHATa CUCTEMaA.

Aytopu (Saleh 1 Marais, 2006) Harmamasajy na Cy HOJalld O aHalIM3aMa
NOY3JaHOCTH M pHU3MKa TOCTalle BakHE HH(OpMalyje MpH JOHOLICHY OJUIyKa Y
IpoLeCy IPOjEeKTOBamka TEXHUUKUX cucTema. llpenBubame moysmaHocTH ce paau ca
IIMJBEM J1a Ce JOKaKe Ja JIM KOMITOHEHTA WIIM CHCTEM 33J10BOJbaBa IMOCTaBJHEHE 3aXTEBE

IMOYy34aHOCTHU CUCTEMA. Ha OCHOBY aHaJIM3€ IMOY3JAaHOCTH MOTY CC€ YTBPAUTHU MaKC
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MOy3/laHu JIeJIOBU CHCTeMa, M Ha OCHOBY TOora JeloBaTH Ja Ou ce OCTBApWIH
MIOCTaBJbEHU KPUTEPUJYMU Y TOTJIey MOY3JaHOCTH, OJHOCHO Kako Ou ce moOoJblana
MOY3JaHOCT €JIEMEHTa Kao JieJa KOMJIEKCa, a ca TUM U TMOY3JaHOCT LIEJIOr CUCTEMA.
[Ipobnemu MoOy37aHOCTH CHCTEMa MOTY C€, IpeMa hHUMa, U3JBOJUTH Y JIBE OOJIACTH:
npenBubhame Moy3AaHOCTH U MOO0JbIIAKE TOY3JaHOCTH WIIM KOMIIOHEHATa WUJIU 1IeJIOT

CUCTEMA.

3a moTpebe aHanM3e TMOY3IaHOCTH Kao HMHTErpaJiHe KOMIIOHEHTE pH3UKa
pasBujere cy Opojue merone. Kim (2011) uctudue na cy Haj3acTylJbeHHUje aHaIHM3a
crabma otkaza (FT), 610k mujarpam noysgaHocta (RBD), rpadyKOHH TOY3IaHOCTH
(RG), MapkosibeBu saniu, Monte Kapiio cumynanuja u ap. CBe MeTozie Ce TeHepaTHO
MOTY TIOJICTUTH Ha KBAHTUTATUBHE W KBaJIUTAaTHBHE. KBaHTHTATHBHE MeTo/e 0a3upajy
Ce Ha TOCTyNIMMa MaTeMaTW4YKe CTaTUCTHKE M TEOpuje  BepoBaTHohe.
Hajzactymseennje cy bynoBa Teopuja m Teopuja MapkoBa. KsamutatuBHe meToze
MMajy Apyradvjyd MPUCTYI U BUXOBOM IMPUMEHOM MOXE C€ CHCTEMATCKU MPUCTYITUTH
HCTpaXUBamwy Iocieanna oTkaza. ¥ oy rpyny cnanajy FMEA, FMCEA v ananu3a
crabsa otkaza (FTA).

Kao jeman on KpajlbUX IMJbEBAa aHAIM3€ IOY3/IaHOCTH je YTBphuBame
TEOPHUJCKOT 3aKOHA pacrojiele clydyajHe MPOMEHJbUBE, BPEMEHA y paay TEXHHYKOT
cucreMa. [IpennsHuje pedeHo, HAJBUINM IHJb j€ Ja C€ YCTAaHOBH KOJU OJ TMO3HATHUX
TEOPHjCKMX 3aKOHA pAacIoJiesie HajBHINE OAroBapa EMITUPUJCKAM  TOAalnMa.
HeomnxoHo je MpUKYNMUTH TOJATKe O MOHAIaky CUCTeMa y ojpeheHoOM BpeMeHCKOM
nepuoay, Ja i je OWI0 OTKasa, KOJIMKO YeCTO M KakBa je IITeTa HaHETa CHCTEMY,
BpeMe Tpajama 3acroja uTA. OCHOBHH TapaMeTpu KOju Cy TOTPeOHH 3a aHaIu3y
NOY3JaHOCTH jecy IMOJAl O OTKAa3MMa TEXHWYKHX CHCTEMa, MallWHA WA CKJIOMNa Y
OKBHPY MaIlIMHE, 3aTHM I0JIAI[ O BPEMEHMUMA KOJIMKO je MalliHa Ouiia BaH (QyHKIHje 1
BpeMe MOTPeOHO Ja ce MalliHa J0Bele y MPETXOJHO — PAaJHO CTame HAKOH OTKa3a.
KapakTepuctuke moy3maHOCTH eJeMeHaTa WM CUCTeMa y ueiduHu ojnpelyjy ce Ha
OCHOBY eMIIMPHjCKHX T[OJaTaka O BpPEMEHHUMAa IOjaBJbHBama OTKa3za. OCHOBHH
NOKa3aTeJbl pH3MKA OTKa3a MallhiHa Cy: Y4YeCTaJOCT II0jaBJbHBama OTKa3a,
BEepoBaTHOha TojaBe OTKa3za, BepoBaTHoha pama cucremMa Oe3 OTKa3a W MHTEH3UTET

oTka3za. CBH OBHM IOKa3aTeJbU ¢y y QYHKUHUJU 0]l BpeMeHa. [Ipenusnuje pedeHo, nusb je
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Jla ceé YCTaHOBM KOjU OJ MO3HATHX TEOPUJCKHX 3aKOHA pacrojiesie HajBUIlE OJroBapa
EeMIUPUJCKUM Tojanuma. HeonmxoaHo je MpUKYNHUTH MOAATKE O MOHAIlAky CHCTEMa y
onapeheHOM BpEMEHCKOM NEepHOy, Ja JH je OMI0 OTKa3a, KOJIMKO YeCTO W KakBa je
HITETa HAaHETa CUCTEMY M OKOJIMHH, BpeMe Tpajarba 3acToja utJ. Ha 0CHOBY KBaJMTETHO
NPUKYIJbEHUX MoJjaTaka Moryhe je u3BpIIMTH aHaIU3y U OAPEIUTH HUBOE OMACHOCTH U

KPUTHYHA U OITACHA MECTA y CUCTEMY.
2.2.2.1. Iloka3arespu NOy31aHOCTU

OCHOBHM TOKa3aTeJbu IMOY3JaHOCTH Cy (yHKIHMja TOy3AaHOCTH, (yHKIH]jA

BepoBaTHONhe 0TKa3a, GyHKIIMja TYCTHHE OTKa3a M (PyHKIMja MHTEH3UTETa OTKa3a.

Ha 6a3u BpeMeHCKe CIMKE CTama TEXHHYKOI CHCTEMA, MOTY Jla c€ KOHCTaTyjy

onrosapajyhu mokazarespu camor cuctema. [Ipe cBera ce yBoau cieneha jeqHakocT:
F(t)+R(t)=1 (2.1)

[Toy3nanoct (BepoBaTHOha paga 0e3 oTkaza) 1o0Mja ce eKCIEPUMEHTOM KOjH ce
BpIIM Haja N jeHaKUX eJeMeHara, MoJi UCTHUM YCIOBUMa; IOCJIe BpeMeHa ¢ y OTKazy he
outu N, enemenara, 1ok he octasmx N, = N — N Outu jour y paay; MOy3IaHOCT e Ha

OCHOBY TOr'a u3paxxaBa Kao:

== ]ifvl(z) _ N]z\gt) | 2

a BepoBaTHOha 0TKa3a, y BU1y QyHKIIH]j€ OTKa3a, Kao:

F(t)= N‘T(’) (2.3)

N—Nl(t)+N1(t) _

OMHOCHO: F(t)+ R(t) = N N

1 (2.4)

JudepennupameM HaBeICHOT U3pa3a o BpeMeHy, 100Hja ce:

dF (1) | dR() _

0 2.5
dt dt (29

- TIpU 4eMmy]j e: = f(¢) ryctuHa pacnozeine (rycTuHa BepoBaTHOhe IojaBe

dF (f)
dt

OTK8.38.) U IpeacraBjba BepOBaTHOhy OTKaza y jeI[I/IHI/II_II/I BpEMCHa IOCMAaTpaHOT

caCTaBHOTI A€JIa CUCTEMA.
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dR(?)

N3Bon T= p(t) mpeacraBba (PyHKIH]y TYCTHHE BepoBaTHOhe OE30TKa3HOT
t

paaa mocMaTpaHor CaCTaBHOI ACjia CUCTEMaA.

Y KOIMKO ce MpOMEHEe IOoCMaTpajy Kao KOHAYHE Tj. MpPEeKUaHe, (QYHKIH]e

HaBCACHUX I'YCTHHA pacrioaciia Mory ¢c€ u3pasuTu Ha cnenehn Ha4YuH:

Ni(¢) ()= N2(t)

e ,
/@ At-N At-N

(2.6)

- Tieje At ’HTEepBaJl BpeMeHa IocMaTpama.

KymynatuBna (yHKIMja TYCTHHE TOjaBe cTama y paay (A0 TpeHyTKa 1) WIH
¢yHKIMja 6e30TKAa3HOT pajia MpeJCcTaB/ba MOY3aHOCT CUCTEMa, U MOXKE J1a ce U3pa3H

Ha ciengehy HaunH:
R(t)= [ p(t)dt (2.7)
0

Ha uctn HaumH moke na ce nedununie u oarorapajyha GpyHkimja rycTuHe mojaBe

CTama y 0TKa3y (O TPeHYTKa ¢ 10 TPEHYTKA 7;):
12
F(t)= j F(t)dt (2.8)
t1

WHTEeH3uTeT 0TKa3a MpeACcTaB/ba OAHOC (PYHKIH]E TYCTUHE 110jaBe CTamha Y OTKA3y
U KyMyJIATUBHE T'YCTHHE TI0jaBe CTama y pajy, ¥ 3a KOHTHHYaJIHE TIPOMEHE CTamkha MOXKE

Ja €€ Uu3pasu:

PRS0

. -1
——=_  TII0jaBa CTama y OTKa3y,S 2.9
R () ] y y (2.9)

3a KoHauHE MMpOMEHe cTama Ouhe:

- Na(t)— Na(t + At)

A0 At - N2(t)

(2.10)

OyHKIIHMja pacnojiesie BpeMeHa y 0Tka3y ce ojipel)yje Ha OCHOBY TeopHje BepoBaTHONe.

Jeman on OCHOBHMX 3ajaTaka y IIMJbY INTO KBAJIUTCTHHUjET aHAU3UpPamba
Mo0OWjeHUX eKCIEPUMEHTATHHUX I0/IaTaka MpeAcTaBhba YTBphHUBame 3aKOHA pacrojesie
nocMarpaHe cliydajHe MpoMeHJbrBe BennunHe. [Ipenu3nuje peueHo, yrBphuBame KojemM

0/1 TIO3HATUX M TEOPUJCKM Pa3BUJEHHX 3aKOHA pacrojiefie HajBUIIE OJroBapajy
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nobujenu noxanu. Tama ce ca nedmHUCAHOM BepoOBAaTHONOM MOTY HM3payyHaBaTH CBE
noTpebHe KapaKTEpUCTUKE MOCMaTpaHe CIy4ajHO MpOMEHJbHBE BenunduHe. BejOynosa
JBOTIapaMeTapcKa pacrojiesia jecTe je[Ha OJ Haj3aCTYIUbCHHJUX Paclojielia Y TEOpUju

MOY3/IaHOCTHU TIPH YEMY je:
t- TIpe/ICTaBJba BPEMEHCKHU TIEpUO/] 32 KOJU CE payyHa MOy3/1aHoCT ,
f —napamerap ob6nukKa, a
y —lapameTap pasmepe.

[Tapametrpe BejoynoBe pacmogene moryhe je onapeautu rpaduuku, MPEKO

rnarupa BepOBaTHOhC OBC pacroaciic, Wi aHaJIUMTUYKH.

®ynkuuja noysnaHoctu BejOynose pacnoene:

s
R, = e_[ij (2.11)

Oynkiyja otkasza Bejoynose pacnozaene:

0] Q) (2.12)
@dyHKIMja rycTUHE 0TKa3a BejOynose pacnonene:
p-1 t ’
" [t
Jo =£-(—] ‘e [”) (2.13)
n\n
HurensuteT oTkaza Bejoynose pacnonerne:
-1
p(t
Ap="—"|— (2.14)
n\n
Cpenma BpeaHocT BejOynose pacnoserne:
T=n r(1+1] (2.15)
; :
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rae je:
I'- rama ¢ynkmmja .

[Monamame Toka kpuBe BejOynoBe pacmojene y 3aBUCHOCTH O] apamerapa

pacriozesne f uy mpuKazaHo je Ha caukama 2.2. 10 2.5.

e, R

t

Cnuka opoj 2.2 Tlomamame BejoynoBe Cnuxka 6poj 2.3 VYrtumaj mnapamerpa
pacnofene penatuBHUX QpekBeHnu f(t) y oOnwka f Ha QYHKIHM]Y IOY31aHOCTH
3aBMCHOCTH 0J] BpepHoctn mapamerpa S R(t)=1-F(t) (www.weibull.com)

(www.weibull.com)

A & - VU Y

—-
t

~yY

Cnuxka o6poj 2.4 Ytuuaj mnapamerpa Cnuxa opoj 2.5 lTlonamame BejOynose
oboimka f/ Ha (QYHKUM]y HWHTEH3UTETa pacnojene peratuBHUX (pexsenuu f(t) y

otkaza (www.weibull.com) 3aBUCHOCTM ~ OA  BPCAHOCTH  MapameT

papasmepe 77 (www.weibull.com)
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2.2.2.2. CtpykType cuctema y norjaeay rnoy3aaHocT

EneMeHTH TEeXHHYKHMX CHCTeMa WIM LEeId TeXHUYKH CHCTEMH MOTy OuTH
y3ajaMHO TOBe3aHu Yy (yHKIMOHAIHY LenuHy. Be3a Moke OuTH peaHa, mapaieneHa u
KOMOMHOBaHa, IITO je Hajuemrhu ciayydaj. [Topen oBux, Be3e MOry OUTH M KBa3u peHE U
KBa3W NapasieHe KaJa ycies OTKasza He JOJa3| JI0 MpeKuaa pajga cucrtema Beh cucrem

HacTaBJba JIa pajy ca MOropiiaHuM paJHUM Kapaktepuctukama (Milcic, 2005).

Kox penre Bese cBU eneMeHTH MOPajy 11a Oy1y Y (GYHKIIMOHAIHOM CTamy Ja Ou
CUCTEM pajJyo, 3aCTOj Ha jeHOM €JEMEHTY 3Haul ayTOMaTCKH 3aCTo] IIeJIOT CHUCTeMa.
[Tpumep 3a penHo Bezane cucteme Moxke Outn bTO cucrem oTkomaBama, TpaHCHIOPTA U

oJyIarama Ha MOBPLIMHCKUM KornoBuMa yriba (Cruka 2.6).

Kon mapanenne Be3e enemeHTu cucrteMa cy HezaBucHu (Cnuka 2.7). OBakaB
HAa4YWH [OBE3MBaba NPEJICTaB/ba HAYMH Jla C€ TOCTUTHE BUCOKA moy3aaHocT ([vkovic,
1997). Ilpumep 3a mapajieTHO MOBE3aHE CHCTEME J€CTE IMyMITHO IMOCTPOjCHE Y KOME CY
MHCTAJIMpaHa TPU WIM YETUPU MyMIHaA arperara. Ako cy Oap ABa y HCTOBPEMEHOM
paay, 3aCTOj Ha jeIHOM arperaty He yTuue Ha pana apyre mymme. [lapanennu cuctemu

cy y HajeheM Opojy peasiHuX ciyyajeBa CHHOHUM 32 PE3EPBHE €JIEMEHTE.
[To3naHocT 7 peHO Be3aHUX CUCTEMA MOXKE C€ OJIPEINTH, Ha cheaehu HauuH:

R, =R Ry, R (2.16)

T HEHE - =

Cnuxa opoj 2.6 Cuctem ca penHoM Be3oMm enemenara (Milcic, 2005).

() n(t)

Ilo3ganocT n napajCJiHO BC3aHUX CHCTEMA MOKC CC€ OApCAUMTHU Ha CJIGI[ChI/I

Ha4YuH:

R,=1-(1-R,)-(I1-R)-..-(A=R,,) (2.17)
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Cnuka opoj 2.7 Cucrem ca nmapanenHoM Be3oM enemenara (Milcic, 2005).

[Toy3nanocT koa KOMOMHOBaHE Be3€ Ce CBOJAM Ha peIHY Be3y, IpBO ce ofpehyje
MOY3/IaHOCT 3a MapajesHO Be3aHe eJIeMEHTE a Ce OHJa MHOXKH ca Toy3JaHoIIhy peIHo

BE3aHMX eJIEMEHaTa, 3a MpUMep Ha ciniK 2.8 moy3aaHoCT ce oapehyje mpema obpaciy:

Ry =R '[1 _(1_R2<t>)'(1 _Rz‘u))'(l — Ry )]'Ram (2.18)
2
— 1] 2 3 |
=

Cnuka opoj 2.8 llpumep cucrtema ca KoMOMHOBaHOM Be3oM eneMenara (Milcic, 2005).

KBasu penna m KBa3u mapanernHa Be3a Cy Kao TEOPHjCKH MOJICNN Pa3BUjEHH Y
panoBuMa mpocdecopa Tomoposuha (Todorovic, 1993) u mpeacraBibajy BpJIO udecTe
cilydajeBe y TEXHUYKUM cuctemMuma. Koz cucrema ca peiHOM BE30M eJIeMeHaTa 4yecT je
Cllydaj Ja OTKa3 jeJJHOT WJIM BUILIE eJleMeHaTa He 3Ha4M U ayTOMATCKH OTKa3 CHCTeMa,
Beh cucTem HacTaBjba Ja pajd ca MOTOPIIAHUM (DYHKIIMOHATHUM KapaKTepHCTHUKaMa.
TakBa cTama cUCTEMa MOTY CE€ OMMCATH KBa3W peaHoM Be3oM enemeHarta (Cruka 2.9).
YBomu ce (UKTHBHH eleMeHT cucrteMa Ky ca CTaHOBMINTA IIOTOpIIAka pPaJHHX

kapakrepuctuka (Milcic, 2005).
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Cnuka opoj 2.9 llpumep cucteMa ca KBazupeaHoM Be3oM enemeHnata (Milcic, 2005).

[loy3naHocT kBa3upeaHe Be3e eneMeHara, 3a natu npuMmep (Ciuxka 2.9) moxe ce

HAIHCATH y OOJUKY:

Roy =Ry [1-(1= Ry )-(1-K ) ] Ry 2.19

Cnuxa opoj 2.10 [1lpumep cuctema ca KBa3umapajuielHOM BE30M eJeMeHaTa

(Milcig, 2005).

Kao u xoj kBasupe/nHe Be3e eleMeHaTa, HAaKOH OTKa3a jeJIHe TpaHe CUCTEM He
npecTaje ca pagoM, Beh paau ca cMameHuM nepdopmancama 3a daxrop Ky 3a npumep

Ha ciui| 2.10, moy3aaHoCT cucteMa je:

R, =1-(1-Ry,)-(1-Ry, K ) (2.20)

2.3. KonBeHuuonai e Meroje 3a npaheme U NpoLeHy PU3UKA U
HerOBUX NAPIHUjAJTHUX YUHHOLA (MMOY3/1aHOCT, edeKar,
AeTeKTA0MJIHOCT)

[Iporiena pu3uka je CIOKEH 3aJaTaK U 3aXTEBa JI0JIATHO aHTaKOBAHE JbYJICKUX
u puHaHCHjcKUX pecypca. [{usb mporene pusnka jecte ga ce yTBpie ciaada u KpUuTudHa

MecTa y CHUCTeMYy KpO3 aHalIM3y IOKa3aTejha pU3WKa Ja OM Ce Ha OCHOBY pe3yJyraTa
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aHaJIM3€e CIpoBesie KOPEKTHUBHE Mepe y (YHKIHJU CMamemha pU3MKa Ha MPUXBATJHUB

HUBO WX Y6J'Ia)KI/IJ'Ie HCTAaTHBHC ITOCJICOULIC KOje MOory OUTH H3a3BaHe.

Mertone Kkoje cy pa3BHjeHE 3a TMPOICHY pPHU3MKAa MOTY C€ pPa3BpCTaTH Ha
KBAJIUTATUBHE W KBAaHTUTAaTHBHE. KBaluTaTMBHE METOJEC CE MNPUMEHY]y Kaaa Cy
pacIoJIOKMBA HEHYMEPHUYKHU TOJalld M0 KOjUMa Ce BPIIM MPOIICHA PU3MKA, JTOK Ce
KBaHTUTATHBHE METOJIC 3aCHHBAjy Ha TMOJaliMa O IOHAIIAlkby CHCTEMa y paHH]jeM
neproay paza. Beiauku mpobieM Koj MpUMEHEe KBAaHTUTATUBHHX METOJIa OLICHE jecTe
HEI0CTaTaK MOYy3/JAaHuX M MPEIU3HKUX MojaTaka. M3 Tux passiora cBe yeniha je mpuMeHa
METO/a KOje YKJbY4yjy €KCIepTcKy oieHy. [IpemHocT mMeTona Koje ce 3acCHHBajy Ha
EKCIIePTCKO] OIICHH jecTe ImTo omoryhaBajy ¢opmupame Monena OIeHE Ha OCHOBY

noctojehux HeMmOTIYHUX U HEMPELU3HUX M0/1aTaKa.

Aytopu (Marhavilas 1 Koulouriotis, 2012) najy OCHOBHY KiacHU(pUKaLujy
METO/a 3a TPOIIEHY pU3WKa HAa OCHOBY CTpy4HE JuTeparype. IIpakTudHo cBE MeTone
IpOLEHE pPHU3UKA YKJbYUy]y ACTEPMUHHCTHUYKA M CTOXACTUYHHM TMPUCTYN MPOIEHU
pusuka. [Ipema aytopuma, AeTepMUHUCTUYKE METOJIE CYy MOJEJbEHE Y TPU KaTeropuje:
KBAJIMTATUBHE, KBAHTUTATHBHE M XUOpHUHE (KBaTUTATHBHE — KBAHTHUTATHUBHE, MOy —
KBAaHTUTATUBHE), CTOXACTUYHE METO/E YKJbYUyjy KJIACHYHH CTATHCTUYKH TMPHUCTYIN U
Mojenupame nmporuose akmuaeHata. (Grayson i dr., 2009) meme merome 3a mpoleHY
pU3MKa Ha KBAJIWTATUBHE W KBaHTUTaTuBHE. lIpemMa oBMM ayTopuMma, KBaJUTaTHUBHE
3axTeBajy J0OpO OlLlEHYy UCKYCHHX JbYJIU U YECTO je CyOjeKTHBHA OIleHa IMOjeluHala,
JOK KBAaHTUTATMBHA aHalIM3a UMa MpegHocT 30or kopumrhewma mocTojehnx
CTaTUCTHYKUX ToOJaTaka 3a uIeHTH(UKanujy MoryhHOCTH ToOjaBJbHMBama OTKa3a MU
OIICHY TIOCNIeJIUIla OTKa3a Ha 00jeKTMBHUjU HauumH. OIEHy pH3HMKa carjeaaBajy ca

acriekTa (MHAHCH]CKUX MOCIEANIIA KOje N3a3UBajy OTKa3H.

['eHepanHO HE MOCTOjM KOHBEHIMOHAIHA METOJ0JIOTHMja MPHUCTyNa MPOLEHU
pHU3UKa 3a pynapcke TeXHWYKe cucteme. M300p Monena mpoleHe pu3MKa 3aBHCH O
CKJIOHOCTH JIUIIa Koja ce 6aBe oBOM mnpoOiemaTtukoM ojapehenum nocrynuuma. [lpema
(Radosavljevi¢, 2010), Haj3acTyIUbeHHjE€ METOJIE 3a NPOLEHY pU3HKA y CBETY CY:
FMEA-Failure Mode and Effects Analysis (13%), RA-Risk Assessment (19%), PHA
Preliminary Hazard Analysis (12%), WI-what if (6%), FTA-Fault tree Analysis (15%),
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HAZOP-Hazardous Operations (7%), MORT-Management Oversidht Risk Tree (8%),
CL-Checklists (4%), S/Kstandards/ Codes (2%), OM-Other methods (1%).

VY oBoMm geny Ouhe ykpaTko MOMEHYTE€ HEKE O] CTaHAapIHUX IpoLeaypa 3a

OLICHY pU3HKA U I10Y3/1aHOCTH.

2.3.1. FMEA. Anann3a HaYuHA 0TKAa3a U BHUXOBHUX edekarta

Ananu3a HauynMHa oTKa3a U wuxoBux edekara FMEA (Failure mode and effects
analysis) mpencraBjba METOJNy KBAaHTUTATHBHE aHanu3e HaumHa oOTKaza. FMEA
Mpe/icTaB/ba CUCTEMCKU MpPOLEC 3a UACHTU(PUKAIM]Y MOTEHIM]aTHUX IECTPYKTUBHUX
CTamka CUCTEMA Ca TEXHOM Jla Ce NOTEHIMjaTHU OTKa3U youe U Ja C€ eIUMHHUILY WIH
MaK Ja ce MUHUMM3MpAJy HHXOBE MOCIeNuIe Koje Mory u3asBaTd. Llwsb mpumene
FMEA ananuse y ynpasjbalby pU3ULUMa OIJIEA CE Y NIPEBEHTUBHOM JIEJIOBalby KaKO
Ou ce crmpeumia ToOjaBa OTKa3a M Pa3BOj aJEKBATHOT TOCTYIIKA JIEIOBamba YKOJIHKO

0TKa3, 06e3 003upa Ha IpeIy3eTe Mepe, UTIaK HacTaHe.

OBa MeTOz0I0THja pa3BUjeHa je 3a moTpede amepuyke BojHe uHaycTpuje. [lpBu
IIyT METoJa ce cnoMume y AokymeHTy MIL-P-1629 1949. ronnue mnox HasuBoM
Hlpouenypa 3a u3Boheme aHanuM3e HadyMHa, MOCIeauIa UM KPUTHMYHOCTH OTKa3za™
(Procedures for performing a failure mode, effects and criticality analysis) (Milcic,

2005).

IMpema (Lipol 1 Haqg, 2011) FMEA Mertonoyioruja Au3ajHUpaHa je ca IMIbeM Ja

ce HEHOM IIPUMEHOM:

- Ipero3Hajy NOTEHIMjaTHU PEKUMH U BPCTE OTKa3a,

- TpOLEHH PU3MK TIOBE3aH ca mocrojehum Bpcrama OTKasa W MPUOPUTETHUM
MUTakbUMa 32 KOPEKTHBHE aKIfje U

- uaeHTH(QUKYjy W CIpOBEIy KOPEKTHBHE Mepe 3a pellaBambe HajTeXnX

npobiema.

[IpBu KOpak Koja HMpHUMEHEe OBE METOJe jecTe MACHTU(HUKaIMja cBUX Moryhux
JeCTPYKTUBHHUX CTama y3poka M yTHmajHux ¢axtopa. Kaga cy yrBphenu cBu moryhu

HAYMHU OTKa3a MPUCTYIA Ce MACHTU(UKAIUJU U aHAIM3W CTBAPHUX U TIOTCHIIjATHUX
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edekaTa oTkaza. AHaiM3a KPUTHUYHOCTH OTKaza, mpema (MIL — STD — 1629A, [EC
60812 1995; Bowles i Pelaez, 1995; Tay 1 Lim, 2010; Zhang i Chu, 2011; Yang i dr.,
2011), obaBmba ce Ha OCHOBY TpHU IIOKa3aresjhba: O30MJBHOCTH OTKa3a M BEIMYHHA
nocneanna (S), ydecTalocTH I0jaBJbUMBama OTKaza () u MOryhHOCTH JETEKIje
MOTCHIIMjaTHUX OTKa3za (D). BpemHocT oBHX TMoOKaszareiba Jajy ce Kao OpojuaHe
BpeaHocTH Ha ckanu o1 1 1o 10. Ha ocHoBY oBa Tpu moka3aresba pauyHa ce RPN (Risk

Priority Number) koju npeacTaBiba MpoOU3BOJI OBa TPH MOKA3aTeIba.

RPN =SxOxD (2.21)

rie je:
S — 030MIBHOCT OTKa3a (severiti)

O — ydecTasnocT ojaBJbHBama 0TKa3a (occurence)

D — moryhHOCT Gi1aroBpemMeHOT OTKpuBama oTkasa (detectability)
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Cnuka opoj 2.11 I'paduuku npukas Bpeanoctu RPN — a (Phil Stunell's Blog, 2012)

Kana ce oapenn RPN Tpeba kaTeropucaTd TpaHWYHE BPEAHOCTU 3a CTEIEH

HHMBOA PHU3MYHOCTH OTKa3a W Ha OCHOBY jo0OujeHe BpemHoctd 3a RPN wmory ce
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Ipeay3eTH HEOMXOJAHE MEPE 3a CMamhEeHhe HUBOA PU3MKA HAa MPUXBATIHUBY BPEAHOCT 3a
CBaKy BpCTy OTKaza. Ha mpumep, 3a Tpu mokaszatesba pusuka (S), (0) u (D), umnje cy
BpenHocTH Ha ckanmu on 1 mo 10, 3a koje cy oapeheHe rpaHudHEe BPEAHOCTH PU3MKA
kiacama: 0-200 3a veznaran, 201-400 3a kinacy Huzak, 401-600 3a knacy ymepen, 601-
800 3a xiacy Bucok u 801-1000 3a kmacy ekcrpeman, RPN ce moxe rpaduyuku
MpUKa3aTH Kao Ha ciauiy 2.11 rae cy pazauautim 60jama o0eIe)keHn HUBOU PU3UKaA O/

HCE3HATHOI' 1O CKCTPCMHOT'.

OBa Merona je cTaHIapau30BaHa Hajupe 3a mnoTpede AMepudke BOjHE
unaycrpuje nfokymeHToM MIL-STD 1629A u3 1974. rogune, a kacHuje Mel)yHapOTHIM
ISO-IEC crangapauma (IEC 60812) u (IEC 60300-3-9).

2.3.2. FMECA. Ana;u3a HauMHA 0TKAa3a, M0CJeIMIAa 1 KPUTHYHOCTH
0TKa3a

FMECA (Failure mode, effects and criticality analysis), y npeBogy AHanu3za
HauMHA OTKa3a, MOCJIEIUIa U KPUTHUYHOCTH OTKa3a, MPEACTaBba JETaJbHU]Yy BEpP3Ujy
FMEA wetone. llopen HaumHa um edekara oOyxBaTa W aHaIW3y KPUTUIHOCTH.
[IpencraBiba Haj3aCTYIJbEHU]Y METOJNy 3a aHAJIU3y MOY3AaHOCTH M pu3uka. CylTuHa
merone FMECA cactoju ce Yy Tperno3HaBaky M CIpeYaBamby IIO3HATHX |
MOTEHIMjaTHUX IMpobJieMa KOJ TeXHUYKUX CHCTEMa y CMUCIY CMamema OTKasza. 3a
aHamM3y ce y3MMajy TpH IOKa3zaTesba IMpPH yTBpHUBamy NPHOPUTETA IOBE3aHHUX Ca
OTKa3MMa TEeXHUYKHX cuctemMa kao u kong FMEA metone: BepoBaTHoha mojaBe oTkasa,
030MJBHOCT OTKa3a W MoryhHocT oTkpuBama oTkaza. Ha ocnHoBy FMECA wmetone
Moryhe je CUCTeMCKH YTBPJAWUTH MOTEHIMjaTHU yTHIIA] MOjeIMHUX OTKa3a Ha yCHEIIHO
(GYHKIMOHHCAE CUCTEMa, CUTYPHOCT Olleparepa, pe3yirare Kao IITO Cy MOY3JaHOCT,

MOroAHOCT oApiKaBamkba U e(l)eKTI/IBHOCT.

3a pazmuky on FMEA wmerone FMECA wMoxe ce TOPUMEHUTH M Kao
KBAIMTATHBHA M KA0 KBAaHTUTAaTHMBHA OIICHA pu3MKa. KBanuTaTMBHA oOIleHA pHU3HKA
KpeupameM MaTpulla OoTkKaza M yrnopehuBameM 3a CBaKy BPCTY OTKaza oMoryhasa
CTBapame jacHE CIIMKE O HUBOY PHU3MKa 3a CBAaKy BPCTY OTKa3a M yKa3zyje Ha MPUOPUTET

y CIpoBOhemy KOPEKTMBHUX Mepa 3a cMameme pusuka (www.weibull.com; Lipol i

Haq, 2011).
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2.3.3. FTA. Anaiu3a cradjia oTKkasa

Ananmmsza crabma otkaza —FTA (Fault Tree Analysis) mpezacraBba jenHy Of
OCHOBHHMX METOJIa 32 aHaJu3y IOY3/IaHOCTH MAalIMHCKUX cucteMa. Y cywmtunu, FTA
MpeCcTaB/ba CUCTEMATCKy aHanmu3y jgorahaja KOju MOTY JIOBECTH JI0 OTKa3a CHUCTEMa
(Cati¢, 2004). Hacynpot metomn FMEA, xox Koje ce TIOIa3H 0J] BPCTe 0TKa3a y PaBHHU
KOHCTPYKLIMOHUX [eJIoBa, KOja cTalna oTKa3a Hajupe ce pasmarpa Moryhum orkas
cHUCTeMa, a OBaj OTKa3 CHUCTEMa CHHTETH3Yyje OTKa3e U3 JOBHX pPaBHU CHCTEMa
(Tritkovi¢ 1 dr., 2010; Milci¢, 2005). OBa meTona MOTOHA j€ 3a aHAIN3Y CIOXKEHUX
chucTeMa KOjU Cy CacTaBJbHH Of BUIIE (DYHKIMOHAIHO TOBE3aHUX IOICHCTEMA.
[IpumeHOM OBe MeTOJie MOTY C€ YCIIOCTaBUTH Be3e u3Mel)y oTkaza elemMeHaTa U MojaBe
oTka3za cuctema. To ce mocTmxe M3pagoM CTPYKTYpHHUX OJIOK AMjarpama Kpo3 Koje ce
CHUCTEM palllwiamyje XHjepapXHjCKH Ha TOJCHCTEME, a TOJCHUCTEMHU Ha CKJIOMOBE W
enemente. Ha Taj naunn omoryhyje ce na ce yrBpnae mehycoOHe 1 y3pOodHO mociIeInIHe
Be3e u3Mel)y OTkasza MojeIuHHMX JeJOoBa W HHbUXOB YTHIA] HA OTKa3 MOJCHCTEMA H

TCXHUYKUX CUCTCMA Y LCIIMHU.

FTA ananu3a mnpeacTaBiba ajaT KOJUM CE€ MOJXKE H3BPIIUTH CUCTEMAaTCKa
uaeHTU(UKAIMja CBUX HEXEJhEHHX OTKa3a M KoMOuHaiuja Moryhux y3poka Koju cy
JOTIPUHEINN J1a Ce OTKa3 JIECH M Kao TakBa MOTOJHA ja 32 WACHTU(DUKAIW]Y pU3HKA Y

cucreMy. Jletasbu oBe MeTozie natu ¢y y crangapay ([EC 61025).

2.3.4. ETA. Anaau3a crabJia norahaja

Anammza crabma nmorahaja ETA (Event Tree Analysis) ce mnpumemyje 3a
BPEMEHCKY aHanu3y pasBoja jgorahaja. [lpumemyje ce 3a muentudukamnujy moryhmux

nociacaunina nu BepOBaTHOhC HaCTaHKa HOTCHHI/Ij aJIHOT OTKa3sa.

Hws npumene ETA je ma ce oapenu na jau he ce pusmunu norahaj — orkas
pa3BUTH y 030MJbaH OTKA3 CUCTEMA U Jia Jiu je joralaj 10BOJbHO KOHTPOJIHCAH, OHOCHO
na 5 je cucteM ypehen Oe30enHocHuM wMepama. Y3 npumeny ETA mory ce
aHAJM3UPATH PA3NIUYUTH MOTYhHM MCXOAM Kao MOCIEOUIle MOYEeTHOr OTKasza. Taxolbe
CIIy’KU ¥ 32 UICHTU(UKAIN]Y U BPEIHOBAkE BepoBaTHONE MOCIIEANIA OTKA3a Y CUCTEMY

Koje cy Moryhe mocje mo4eTHOT 0TKas3a.
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Crabno norahaja npeacraBiba rpaguuky IpUka3z MOTyhux clieHapHja, TAe cBaka
nyTama J1aje jeaH o Moryhux mucxoja. Y KOJHKO je MCX0J Moryh, padyHa ce merona

BepOBaTHOha HaCTaHKa.

2.3.5. KpuTtuuku OCBPT Ha CTAHJAAP/JAHE METO/1e 32 MPOIeHY PU3UKA

CrannapiHe MeToj€ 3a MpOLEHY pHU3UKa KOje Cy ONHCAaHe y OBOM paiy
3axTeBajy JI0CTa BpEMEHa 3a HM3pady IMpoleHe pusuka. Takole, morpebHO je mocTa
BpEMEHA Jla CE€ CTPYYHH THUM KOJU DPaadl OICHY JETaJbHO YIO3HAa Ca TEXHUYKUM
CHCTEMOM 3a KOjU Cce paad oIleHa. HemoBOJbHO IMO3HABamkEe TEXHWYKOT CHCTEMA H
Mel)yomHOCa 3aBHCHHMX TIOJCHCTEMa WIIM elleMeHaTa MOXKe JaTH CKpO3 IOrpeIlHe
pesynrate. [IpumMeHOM NMOMEHYTHX MeToja HUje Moryhe oApeauTH yTuIaj mociaenuia
OTKa3a eJeMeHaTa Ha BUIIM CTPYKTYPHH HHMBO TojcucTema u cucrema. [lopex Tora,
NPUMEHOM OBUX METOJIa, HHje MOTryhe oJpennTH HHBO pH3UKa 3a 1e0 cucteM Beh ce
paJy Ha HUBOY €JIEeMeHaTa, OJIHOCHO Ha HAaJHI)KEM XHjepapXHjCKoM HUBOY. I eHepaiHo,
3a CBE IOMEHYTE METOJE BaXKM Ja OJl CTPYYHOCTH THMa KOjU paju OLUEHY M HHUXOBOT
[O03HAaBaka TEXHUYKOI CHUCTEMa 3a KOjU CE pajau OlLieHa, 3aBHCHU TauyHOCT pe3yJTara,

OJIHOCHO CYOjEKTHBHOCT IPH OIIEHU UTpa TJIaBHY yJIOTY.

2.4. AHa/IM3a aKTYeJHUX CTAHAAPAA U3 TeOpHUje PU3NKA

VYrpaBibamkbe PU3UKOM Yy TEXHOJOIIKAM TPOLECHMa M IMpepage MUHEPATHHX
CHPOBMHA M TEXHWYKHM CHCTEMHMa KOjU C€ MPUMEHY]y NMPWINKOM EKCIIoaTaluje
YONIITE y TEXHUYKUM CHCTeMHMa, o0yxBaTa CIIEKTap JAejOoBamba W aKTHBHOCTH ca
UJbEM IIPOLICHE, MUHUMU3Hpama, pahema, KOHTpoJIe 1nojaBe puznuka. CTannapau Koju
Cy YCBOjeHHM U3 OBE 00JacTH 0a3upajy ce Ha YUIHCHUIM JIa C€ PU3UKOM MOpa
yIpaBbaTH KaKo O ce CIpedrsie HeraTHBHE MOCTeIUIe OTKa3a CUCTeMa y TOKY paja, a
THME U CMameHe TPOILIKOBA OINpPaBKe, BPEMEHA IPOBEJCHOT Yy 3aCTOjy W TyOuTaK y

IPOU3BOIHOM TIPOLIECY .

VYnopaBbambe PUBUKOM MOXe c€ JedUHUCATH Kao CHCTEMCKH IPUCTYII

uneHTudukanuju Mmoryhux norahaja, mporeHu mocjiaeania CBakor HeraTUBHOT Jtorahaja
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U Ia CC IIpUIIPEME MCPC 3a YMAbHUBAKLC IMOCIICAUIA ACIIaBalkba CBAKOI HEXKCJbECHOI

norabaja.

[Iponiec ympaBipama pHU3UIMMa j€ CTaHAApPAM30BAaH M TIOCTOje HEKOJHUKO
€BPOIICKUX CTaHJIapAa KOju AeHUHMIIY MOCTYNKE M HAYMHE, a Y HEKUM 3aKOHUMA Cy
JneUHUCAHU U MOJIeNH npoleHe pusuka. Bume ISO cranpmapna tpetupa ynpaBibame
pusunmma, kao Hip. OHSAS 18001 xoju nedunuine ynpassbame pU3MLKAMa Y 00JIACTH
0e30ennoctn M 3npaBiba Ha paxy, ISO/IEC 27001 koju je w3 obmactu Oe30emHOCTH
unpopmarnmja, ISO 22000 je 3a obmact 6e36eanocTu xpane. Cranaapa ISO 31000 ca
CBOjUM 3axTeBMMa Ha jelaH cBeoOyxXBaTaH HA4MH Je(PHUHHUIIE EIEMEHTE CHUCTeMa
yhpaBjbamba pU3UIMMa y OMJIO KOjo] OpraHu3aluju, 6e3 003upa Ha HEHY BEIMYHUHY,
BPCTY JI€NAaTHOCTH M JIpyre OMTHE KapaKTepHCTUKE. Y JajbeM TeKCTy Ouhe ykpaTko
OIMMCAaHHW CaMO OHM CTaHIAPJH KOjU C€ OJHOCE HAa YIPABJbAE PU3UKOM Y TEXHHUUKUM

CHUCTEMHMa U OHU KOJU Cy MPETXOAWIN AoHoIewYy cranaapaa ISO 31000.

2.4.1. MehyHnapoauu cTanaapau

VYV mehynapoanom crangapay u3z obnactu noysganoct ([EC 300-3-9, 1995) y
neny 3-9 nmajy ce mpakTHYHA YIYTCTBA 3a aHAIHM3Y PU3WKa TEXHOJIOIIKUX CHCTEMA.
[lpeMa oBOM 3aKOHy aHalIM3a pPU3MKA TIPEACTaB/ba MPOIEC HUIACHTHU(DHUKAIIH]C
BepoBaTHOhe W OOMM HEXKEJHEHHX IOCIeANlla KOje Mpou3uia3e U3 aKTUBHOCTH,
MoCcTpojea WM cuctema. Y neny 3-9 cranmapia jgaTe Cy OCHOBHE JCUHHIIN]E
M0jMOBA BE3aHHUX 3a MPOIICHY pu3HWKa. Takole, maTe Cy Haj3acTylmHCHH]E METOJC 3a

aHaJINU3Y PU3UKA.

AyCTpanujCcKu CTaHIapa U3 00JacTH yrpaBibama pusukoM (AS/NZS 4360,1999) —
VYmpasipame pusukoM (Risk management) nedunuine nmoctynak ymnpaBjbamkba PU3UKOM
KpO3 HEKOJHUKO (a3a:

- YcnocTaBsbame KOHTEKCTA MpodiieMa

- Wnentudukanuja pusuka

- Amnanuza pusuka

- OneHa pusuka

- TpermaH pu3uKa — CMambEHE PU3HKA.
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[Ipema oBOM cTaHmapy IMJbEBH aHAJIM3E PU3UKA Cy Jla C€ OJIBOje TPUXBATHUBU
pU3UIHM O] ,,TJIABHUX'® pU3WKa W Ja ce M00HMjy OCHOBHHM MOJAIM 3a €Bajyalujy
TpeTMaH pu3uKa. AHaln3a pU3MKa MOJpa3yMeBa pa3MaTpame U3BOpa PU3HKA, HUXOBE
nocjenuIie U BEpOBaTHONy Ja Te mocieauie Mory aa ce naece. IlpBa Bepsuja oBor
3akoHa oOjaBibeHa je 1995. rommne mon o3HakoMm (AS/NZS 4360,1995), a HOBHja
Bep3uja 2004. rogunae oa o3HakoMm (AS/NZS 4360, 2004). Y HajHOBH]O] BEP3UjH OBOT

cTanjaapja, o0jaurmemhe TepMUHa U 1ojMoBa yckialheno je ca ISO cranmpapauma.

ISO crangappom (ISO 12100, 2010) neduHucana je OCHOBHA TEPMHUHOJIOIH]a,
NPUHIUIIA M METOJOJIOTHja 3a IOCTHU3alke CUTYPHOCTH y JAM3ajHy MalidHa. Y
METOOJIOTHjU C€ HaBOJIE MPUHIIUIHN MPOIICHE W CMambeha PU3UKa KaKo OU ce MOMOTIIO
JM3ajHEpUMa Y OCTBAapHBamy OBOT IHba. OBM NPUHIMIN Cy 3aCHOBAaHHM Ha 3HAWBY U
UCKYCTBY yHoTpeOe MallliHa U MHIMJEHATa KOJU Cy Cce JAECHIM y TOKY paga. OCHOBHO

Hayello OBOT 3aKOHA jecTe MpedalBame pU3NKa Ha KOHCTPYKTOPA.

EBpornicku cranmapa o ympaBikamy pmunuma (ISO 31000, 2009) mpyxa
IPUHIMIIE U OMIITE CMEPHULIE O yNpaBibaky pusuima. OnHocu ce Ha OUJI0 KOjy BPCTY
pusnka, 0e3 003upa Ha HEroBy MPUPOAY, MO3UTHBHE WM HETaTHUBHE MOCIEIUIE
(ISO31000, 2009). OBaj 3aK0H HACTAO j& KA0 PE3yNITaT UCKYCTBAa Y 00JIaCTH yIpaBJharmha
pU3UKOM Oa3uMpaHOr Ha MPETXOAHO JOHETUM 3akoHHMMa u3 oBe obmactu. ISO 31000
3aCHOBaH j€ Ha ayCTPaJIMjCKOM — HOBO3eJaHACKOM ctaHmapay AS/NZS 4360, 2004
(Sijakovi¢ i dr., 2013). JlepuHuIMje TT0jMOBA U TEPMUHA y OBOM 3aKOHY TIpey3eTe Cy U3
ynyrctBa (ISO GUIDE 73, 2009) ,Yopasmame pusukom — IlojmoBu™ (Risk
Management-Vocabulary). OcHOBY OBOT 3aKOHAa YWHE jaCHO JNe(WHUCAHUW TPUHITUTIN
ylpaBJbakba PU3UKOM U MPOLEC YIpaBibama pu3nKoM. Takolhe, nepunHucanu cy paaHu

OKBHPH YIIPaBJbatba PU3UKOM KOJU CE CaCTOje O:

nocBeheHOCTH PUBHKY,

- neduHHCamba OKBHPA YIPABIbatha PU3UKOM,
- MMIUICMEHTAIIUje yIpaBbaba PUSUKOM,

- MOHHUTOpHHTA U PEBU3MjE U

- KOHTHMHYaJIHOT yHampehema OKBupa.
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[Ipouec ynpasibama puszukoM, mpema crangapay (ISO 31000, 2009), odyxsara cneaehe

AKTUBHOCTH:

KOMYHHKaI{ja U KOHCYJITalllje ca CBUM 3aMHTEPECOBAHUM CTpaHamMa (JIp>KaBHA

TTOJINTHKA, KOPUCHUIIH, ...);

- YCIIOCTaBJbam€ KOHTEKCTa MOJIENA;

- TpOLEHA pU3MKa y OKBHPY Kora Tpeba pajuTH Ha MICHTU()UKALUJU PUSHUYHHX
norahaja u mocneaua, aHaJIM3M PU3UKA U OIICHW HIUBOA PU3HKA;

- TpeTMaH pU3HKa, IPely3UMambhe MEpPa 3a CMAbEHE PU3UKA U

- MOHMUTOPHHT U peBHU3Hja.

I'enepanno, crangapaom [SO 31000 Hucy neduHHCcaHe METOAOTIOTH]E TIPOIICHE
pu3uka Beh HAYWH U IPUCTYIT OBOM (peHOoMeHy. TeXHHKe 3a MPOIIeHY PU3HKA JaTe CY Y
okBupy craraapaa (ISO 31010, 2009) y kome je o0janimeH Mpolec IpoleHe pu3uKa 1
METOZIC 3a MPOLEHY pU3MKa. Y HEeMy Cy JaTe CMEpHHUIle 3a W300p HajaJleKBaTHH]C

METOJIC y 3aBHCHOCTH OJ] 00JIaCTH TJIe Ce IPUMEmYje.

y

Ycenocrap/bame KOHTEKCTA

HpenTudgHKaNHja pHIHKA

AHaJH3a pH3HKA

Onena pH3HKa

11111

Tperman pHsuka

Cnuka opoj 2.12 Ipotiec yrpaBibama pusukom npema [SO 31000

Crannmapa ISO 31000 npeysena je Benuka bpurannja, AMepuka u Aycrpanuja u
Hosu 3enann, nma je y bpuranuju o6jaBsben mox o3xHakom BS ISO 31000:2009, y
Awmepunu o o3HakoM ANSI/ASSE/ISO 31000, a y Ayctpanuju u Ha HoBom 3enanmy
nmox o3HakoM AS/NZS 31000:2009.Takohe, y bpuranuju 2011.ronune, 00jaBbeH je
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craugapa BS 31100:2011 koju maje caBeTe W ymyTCTBa O H3paJd, CIpPOBohemy u
OJlpKaBary MPONOPLUOHATHOT U e(UKACHOT yIpaBjbama pU3UKOM yckiaheH ca ISO
31000. bpurancku crangapa BS 31100 naje mpakTuyHe M KOHKPETHE MPENOpYKe O
TOME Kako Ja Ce IOCTaBe KJbYYHH MPUHLUUIHN €(PUKACHOT YINpaBibamkba PUNIUMA U

MOCTU3ama 331aTOT IIUJba U TTOCEOHO je TPUMEHIBUB 3a:

MIPOAKTHBHO YIIPABIbAE PUHIIUMA Y CIICUPHIHIM 00JacTuma,
- HaAreame yrnpaBibakba PU3UKOM y OpraHu3alujy,
- IpyXame NOTBPJIE O YIIPaBJbalby PU3UIMMA OpraHu3alyje,

- HU3BCHITABAKHC 3aUHTCPCCOBAHUX CTpAaHA.

2.4.2. Cpucku cTaHAapAM U3 00J1aCTH YIIPAB/bAKHA PU3HKOM

Crangpagu u3 o0nacTu ynpaB/barba PU3UKOM Y HAIIO] 3€MJbU Cy Mpey3eTH
Baxxehu eBporicku crannapau u3 ose obmactu, CPIIC EH 60300-1:2008, CPIIC UCO
31000:2010, CPIIC EH 60812:2011, na nehe 6utu aerabHO aHanuM3upaHu jep je Beh
OuJI0 peur o0 BbHUMa.

VYV Cnyx6enom ['macuuky PemyOmimke Cpbuje 6poj 25/2010 nmart je cmucak Cprickux
craHjgapaa w3 obmactu mammHa y pynapctBy (Kwvalitet, URL). V HacraBky Ouhe

HaOpOjaHU CTaH/apIU KOje Ce OIHOCE Ha MaIlIMHE Y PYAapCTBY:

CPIIC EH 1552:2008 - ITogzemne pynapcke Mamune - [IpenocHe mammne 3a Baheme

pyZze Ha oTkony - CUTYpHOCHU 3aXTEBH 3a ceKaue yToBapHBayua U CHCTEMa PAOHUKa;

CPIIC EH 1710:2008 - Omnpema u KOMIOHeHTe mpeaBuheHe 3a ynorpedy Yy

NOJ3EMHHUM PYJHHMIIMMA Y TIOTEHIIMjAIHO €KCIJIO3UBHO] aTtMochepu

CPIIC EH 1804-1:2008 Mammune 3a nojazemMHe pyaHuke - CUTYpHOCHH 3aXTEBU 3a

xuapayiaudse noarpane - eo 1: Enxementu noarpane u onmrH 3aXTeBU

CPIIC EH 1804-2:2008 Mamune 3a noazemMHe pyaHuke - CUTYpPHOCHU 3aXTEBH 3a

XUApayJIU4YHE noaArpaiec - I[eo 2: KnunoBu u MUJIIMHAPW IOTOHCKE ITYyMIIC

CPIIC EH 1804-3:2008 Mamune 3a nojazemMHe pyaHuke - CUTYpHOCHHM 3aXTEBU 3a

xuapayiaudae noarpazne - Jeo 3:Xuapaynuunu ynpaBbadku CUCTEM
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CPIIC EH 1889-1:2008 Mamune 3a moa3zeMHe pyaHuke - [IpeHocHe MaiimHe Koje

pazne noj 3eMJboM - CurypHocT - Jleo 1: Bo3una ca ryMmeHuM TOUYKOBHMA

CPIIC EH 1889-2:2008 Maruse 3a moA3eMHe pyAHUKE - TPEHOCHE MAIlIMHE KOje paje

1o 3eMJboM - CurypHocT - [leo 2: JIokomoTuBe
CPIIC EH 12348:2008 CrabunHe mamuHe 3a Oymieme ca BaljemeM jesrpa -be3deaHoct

CPIIC EH 618:2009 Onpema 1 CHUCTEMHU 3a KOHTHHYHPAHU TPAHCIOPT -3aXTEBU 3a
6e36ennoctT 1 EMI] 3a onpeMy 3a MEXaHHYKO PyKOBAHE PACUITHUM MaTE€pPHjalioM OCHM

CTAllMOHAPHUX (HEMOKPETHUX) TPAHCIIOPTEPA Ca TPAKOM

CPIIC EH 619:2009 Ormpema 1 cucTeMu 32 KOHTUHYUPAHU TPAHCIOPT - 3aXTEBU 3a
6e30eqnoct m EMI] 3a ompemy 3a MeXaHMYKO pyKoBame omntepehemuma of

MojeIMHAYHIX KOMaJia

CPIIC EH 620:2009 Omnpema U CUCTEMH 32 KOHTHHYUPAHU TPAHCIOPT - 3aXTEBU 3a
6e36eqnoct u EMI] 3a craumoHapHe (HEMOKpETHE) TpaHCIOpTEpe ca TPaKkoM 3a

pacHIiHu MaTepujal

CPIIC EH 815:2009 be30ennoct MammHa 6e3 mTHUTa 3a Oyllewme TyHeNla W MalluHa

0e3 Oymahux MUK 3a OyIIeHkhe OKHA y CTEHH - 3aXTEBH 3a 0€30€1HOCT

CPIIC EH 14658:2009 Onpema u cucteMu 3a KOHTUHYaJIHM TpaHcnopT - Onmru
3axTeBH 3a 0e30€QHOCT 3a OonpeMy 3a KOHTHHYAJHH TPAHCIOPT KOJ MOBPUIMHCKHUX

KOITIOBa pyAHUKA JIMTHUTA

2.5. AHaam3sa Aocagjalmilbux HCTpakuBamba U3 00J1acTH IpoucHe
PU3MKA U MTOY31aHOCTH

OTka3u KOMIIOHEHATa TEXHUYKHX CHUCTEMa Y PYyAapCTBY 3ay3MMajy BEJHKY
NaXmby CTPY4YHE jaBHOCTU. PU3HK, 030UJBHOCT OTKa3a U BeIMYMHA U 0OUM MOCiIeaua u
HAYMHA J]a C€ KBAaHTH(HKYjy, OJHOCHO Ja C€ OJPE/C BEIUYHHE IMOCIEAUIa OWIH Cy
TJIaBHU CYyOjeKTH HCTaXuBama Ha OBy Temy. Y cBom paay (Ivkovi¢c, 2004) kao

HajO30MIbHM]E TOCIEANIIE OTKa3a, MOpeJ] XaBapvja MallliHa, WCTHYE IOBpehuBame
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3aM0CIeHUX PaJHUKAa U TO PU3UYHUX CUTyalja MMpH KojuMa JoJia3u J0 NnoBpehuBama
paZiHuKa ca CMPTHUM UcX010M. To je moceOHO KapaKTepUCTHUYHO 3a PYAHUKE YIJba ca
MOJJ3¢MHOM EKCIUIOATalljoM, TJie opea oOpyliaBama yriba U parehux creHa, mocToju
PU3UK O] €KCIUIO3Mj€ 3anabuBe yIJbeHe MIpaimHe W MeTaHa. OBakBe CHUTyaluje ce
jaBJbajy Kao TOCIIEJHWIIC OTKa3a eJIeMEeHaTa TEeXHUYKHX CHCTeMa U IPUMEHEHE
Mexanuzanuje. Huje wckibydeH u Jbyacku (akTop, Koju je JoBeo m0 moruouje 90
pylapa y pyaHuky ,,AnexcuHai’‘ 1989. ronune kana je morunyno 90 pynapa. IIpema
uctpaxusamwuma (Ivkovic, 2004) najsehn 6poj moBpena ca CMPTHUM UCXOA0M, KOJI HAacC

Uy CBETY, JIECHIIE CYy C€ Y PYJHUIIMMA yIJba.

Kon BehmHe ucrtpakmBama W3 TpeaMeTHE OOJIACTH, TOY3/JaHOCT eJeMeHaTa
MallMHa jecTeé OHO Ha IlTa je ycMepaBaHa naxma. Y pedepeniu (Dhillon 1 Anude,
1992) nat je neTtasbaH MpUKA3 HMCTPpaKHMBama W3 O0JIACTH TIOY3JaHOCTH OIpeMe Y
pynapctBy y mnepuony oxa 1965-1989. Ilpuka3 HOBHjUX HCTpakMBamba Ha TEMY
NOY3JaHOCTH pPyJAapcKuX MammMHa jaat je y paxy (Hoseinie 1 dr., 2012). HaBenena
UCTpaKMBamka MOTY C€ CBPCTaTH y J[BE KaTeropuje: mpBa Koja o0yxBaTa OAp)KaBame H
UCIIPAaBHOCT OIpPEME y pyJapcTBy M Jpyra Koja oOyxBaTa aHaju3y IpOLEHE
noy3aaHoctu. CraTucTuuka oopaaa nocrojehux noparaka o BpeMeHMMa u3Mely oTkasza
U BpeMEHa y OTKa3zy pyJapcKux MamuHa y (QYHKIMJU OJpXKaBama Jare cy y
pedepennama (Barabady i Kumar, 2008; Uzgoren i dr., 2010; Behera i dr., 2011;
Hoseinie 1 dr., 2011; Hoseinie 1 dr., 2012). IlpumeHom Teopuje BepoBaTHOhE,
kopuctehu Hajuenthe BejoynoBy (Weibull) pacrioneny, padyHara je GpyHKIuja rycTuHE

0TKa3a, (yHKIM]ja NOY3JaHOCTH U cpelilbe BpeMe u3mel)y oTkasa.

IIpumena FTA wmetone 3a OLEHY pHU3UKA PyAapCKUX TEXHUYKHX CHCTEMa
npepajze MUHEpaTHUX cUpOoBUHA mpuMeHuu ¢y (Radosavljevic i dr., 2009; Gustafson i
dr., 2013; Gharahasanlou 1 dr., 2014). Ha ocHOBy pe3ynTtara 10OHjeHHX HPUMEHOM
aHanmu3e crabyia 0TKa3a OJPEeNWIN Cy MEpe 32 CMameHkhe PU3MKAa U MOHOBO MPOICHUIH
HUBO pH3UKa Kako OW OJpEeIWIN CTEeTeH CMamemha pH3UKAa HAKOH MPEIy3eThX

KOPCKTHUBHHUX MCpa.

TpaaumoHaIHU MPUCTYII MPOLIEHU PU3HKA MPUMEHOM HajBHIIIE j€ 3aCTYIJbEHUX
FMEA v FMECA metona y CKOpHje BpeMe UMalld Cy HEKOJIMKO ayTopa, Mehy muma

(Radosavljevi¢ 1 dr., 2010; Panteli¢ 1 Papi¢, 2010). Hegoctauu npruMeHe OBE METO/IE,
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KOJU Cy HaBeJCHHM O] CTpaHE MHOTUX ayTopa, HajooJbe Cy O0jallllbeHd Yy MPHIOTY
nperneaHor paga (Liu 1 dr., 2013). U3 Tux pasznora NMpUCTYNHIO C€ H3HAIAKEHY
pemiewa Hemocrataka U mnoOospmama FMEA wMonena 3a  OlLEHY pU3HKa.
Haj3actynssennju npuctyn jecte yBoheme Teopuje pasu ckymnosa u a3y YnmBEHUYHOT

3aKJby4YHBamka Ha 0asu CKCIICPTCKE OLICHEC.

Ayrtopu (Wang i dr.,1995) npumeHwuu cy Teopujy (a3u ckymnosa aa Ou onucaiu
CBaKy BPCTy OTKa3a M Ha OCHOBY YMI€HHYHOI 3aKJby4MBamba OJPEIWIA CUTYPHOCT
dbynkmonucama cuctema. (Bowles 1 Pelaez, 1995) onucanu cy ¢a3u JOrHUKH OPUCTYTI
onpehuBama KpUTHYHOCTH OTKaza npu npumenn FMECA, tne cy KOPUCTWIH
JMHTBUCTUYKE TEPMUHE 332 ONMHUCHBAME 10jaBe, 030MIBHOCTH M MOTYNHOCTH OTKpUBamba
OTKa3a. YCIoCTaBJbamke Kopenanuje u3mely mokaszarespa 1mnojaBe 0Tkasa, 030M/bHOCTH U
MOryhHOCTH OTKpHBama OTKa3a ypaheHa je y3 kopumiheme ako — oHaa 0asze daszu
npaBuia, KOja je pa3BHjeHa HAa OCHOBY EKCIIEpPTCKOI mo3HaBamwa cuctema. (Pillay i
Wang, 2003) nmpemtoxuiau cy HpuUCTyn Ha Oa3u ¢a3u MmpaBuja KOjU HE 3axTeBa
nomohny ¢yHKIMjy 3a neduHHCamEe T0jaBe, 030MBHOCTH W MOTYNHOCTH OTKpUBama
OTKa3a. 3a MpeUIoKEHU MPUCTYI MOTPEOHO je 3a cBaka o Tpu (pakTopa pu3MKa JaTH
¢yHkunjy npunaaHoctd. CBaka BpcTa OTKa3a OLEHbYje C€  JIMHTBUCTHUKUM
IpOMEHJbHMBaMa Koje IMpelcTaBibajy (pakrope pusuka. [Ipumenom 6asze ¢a3u mpasuia
ayTOpH Cy OBE TPU MIPOMEHIBUBE MHTETPUCAIN Y TIPOU3BOJ IUHTBUCTHYKE TPOMEHIbHBE
KOj€ TIPE/ICTaBJbajy paHTHpPamE PU3MKa 3a CBaKy BpcTy oTkasza. (Gargama i1 Chaturvedi,
2011) mpennoxunu cy ¢azu FMEA Mozen 3a paHTHpamke PU3UYHOCTH OTKa3a 3aCHOBAH
Ha CTeNeHy WJAEHTHMYHOCTH W 0Oa3u (a3u mnpaBuia na Ou ce MpeBa3MlUIa HeKa
orpannuema Tpamuionanie FMEA wmerone. llpemioxkam Moaen YKJbydyje
HopMmanu3aiyjy ¢asu Opojesa. (Braglia 1 dr., 2003) mpemnoxnnu cy na ce QpyHKuuja
pU3MKa IOBEXKE Ca HOPMAJIM30BAaHUM BpeaHOCcTMMa RPN-a, rne HOpMalu30BaHE
BpeaHoctn RPN-a mpexacraBsbajy Bpeanoct RPN/1000. (Guimaraes 1 Lapa, 2007)
nepUuHUCAIN Cy KOHIENT (a3 JIOTHYKOT 3aKJbyUlBakba 3aCHOBAHOT Ha ako — OH/a 06a3u
¢da3u mpaBuna kako Ou oxapenwnu ¢azu RPN na O6u ra ynopehuBamm ca
TpanguuuoHanHuM RPN-om. (Petrovi¢ 1 dr., 2014) mpeacrtaBuim cy MOJEN IPOLEHE
pU3MKa OTKa3a MallMHa y pynapcTBy. [IpemnokeHn Mojen 3acHUBA Ce Ha NMPUMEHHU
teopuje (a3u ckymoBa M (Ha3HIOTHIKOT 3aKJbyunBama. [loMeHyTH ayTopu paawiu cy

napajicjiHy MNpoLCHY pU3HuKa TpaJUIHUOHAIIHUM pPAYyYHAHBLCM RPN-a u MMPUMCHOM
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Teopuje ¢as3u ckynoBa. Hagmoh npumene teopuje ga3u ckymnoBa MpH MPOLIEHU pU3HUKa
y ogHocy Ha RPN nata je y oBoMm paxay. Takohe y oBom pamy aytopu (Petrovic i dr.,
2014) pamu cy KpUTHYKHA OCBPT U HUCTUYY HEJOCTATKE KOHBEHLMOHAJIHOI padyHama

RPN-a xon npumene FMEA metone.

Liu 1 dr (2013) ypagunu cy aHanu3y 75 pajgoBa Ha TeMy NpPOLEHE PHU3HUKA.
AHaJIM3UpaHu Cy PaJIoBU KOjH Cy MUcaHu y nepuoay oa 1992. no 2012. ronune. Y tum
panoBuMa (a3u Joruka W cucteMm ¢asu MpaBWiIa M 3aK/bydHBamka j€ HAj3aCTyIJbEHU]ja
Metoonoruja. To camo moTBphyje MOryhHOCTH KOje OBa METOAOJOTHja Mpyka, 1a ce
Ha OCHOBY HETPEIM3HMX JIMHIBUCTUYKHX TOJ[aTaka Jo0uje OlleHa HUBOA pU3MKa OTKa3a

MAaIIMHEC UJIHN TCXHUYKOI CUCTEMA.

Jocamamma ucTpaXuBamba M3 00J1aCTH TOY3AaHOCTH U TPOLEHE pPU3HKA
pyZlapckux MallMHa yKa3yjy Ha MEpMaHEHTHY MOTpedy 3a CTajJHUM yCaBpLIaBaHkEM
pucTyna, METOJO0JIOTHja W HauyuHa carjiefaBamba IOCIeAMIla OTKa3a Kao KJbYYHOI
dakTopa 3a O/UlyuyHMBaEm-€ O Ipeay3uMary aKTUBHOCTH 32 CMamheHmhe HHBOA PHU3HKA

OTKa3a TCXHUYKHUX CUCTCMA.
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3. PYIJAPCKE MAIIWHE U PU3UK

Pu3uk o oTkaza TEXHHYKUX CHCTEMAa y PYIApCTBY jeCTe YHHWIAI KOjU je
Hen30exaH. ['eHepaHO, HE MOCTOje CUCTEMH y KOjUMa je PH3HMK OJ OTKa3a Ha TaKo
HUCKOM HHUBOY Jla HHje MOTpeOHO oOpahaTu maxmy Ha HeroBo mnocrojame. OmnacHoCT,
OJTHOCHO BepoBaTHOhA HACTaHKA WJIM T0jaBe PU3MYHOT Jlorahaja M BeJTMYMHA HErOBUX
MmocjenuIa TpeicTaB/ha IMPOCTOP Ha KoMe Tpeba CTalHO pajWTH, NPUMEHUTH
pa3uynTe TPUCTYNIE W HAYWMHE carjielaBaba YTHIQJHUX YHHWIALA Ha TI0jaBy
HEeKeJbeHOr pu3nuHor norahaja. IloceOHy naxkmy Tpeba HOCBETHTH carje/laBamby
030WJBHOCTH TOCJEIUIa pU3WYHOr jorahaja kKao W WHUXOB YyTHIA] Ha Jajbe
(yHKIIMOHHCake TEXHUUKOT cucTemMa. PU3uk oJ1 oTkasa je yronuko Behu ako ce y3me y
003up na nmocrojehe mMarmmHe Ha pyIHUIIMMA pajie IBaJIeCETaK M BHIIE TOJIMHA U Ja Cy
UCTe OJpXaBaHE MpeMa CTamy. 3aTo Tpebda CHPOBECTH HU3 OPraHU3AlMOHUX H
TEXHUYKHUX Mepa Ha YTBPhUBamWYy ClIa0UX U KPUTHUYHUX MECTA Yy CUCTEMY U U3HATAKEHY
y3pOUYHHMKa HAcTaHKa OTKa3a y IMJbY CMamema Opoja OTKa3a, Kako O ce cHucTem
3apKao y (GyHKIIMOHAITHOM — PaJIHOM CTamby AYXKH BPEMEHCKH MEPUOJT, & CAMUM TUM U

Ha HWXXEM HHMBOY pHU3HKaA.

[Mocnenuue oTka3a pyAapcKUX MamIMHa KOJ KOMIUIEKCHHUX CHCTEMa, Cy JTaIeKO
Behe, KO KOjUX ce TOCNeNWIle 3acToja Ha KOMOBMMAa JHUPEKTHO OJpakaBajy Ha
KOJIMYMHY OTKOIIaHE MHUHEpalHe CHPOBMHE KOja TpEJCTaBjba yJa3Hy CHPOBHHY Y
HOCTpojehe (uioTaluje W KacHUje IOCTPOjerhe TOMHOHMYKE Ipepane. Tako aa on
3acT0ja MalllMHA Ha KOITy 3aBHCH YMTaBa MPOU3BOMA U Tpepaaa pyae. AKO ce y3My y
003Wp TPOIIKOBU 3a 3ayCTaBbarh¢ W MOHOBHO TOKPETamEe CHCTEMa 3a (DIOTHUpame H
TONMMOHWYKY Mpepaay 300Tr HEJOCTaTKa MHHEpAlHE CHUPOBHHE, OHOa ce Hamehe
3aKJbYYaK Jla C€ MOpa CIPOBECTH HU3 OPTaHU3AIMOHUX M TEXHUYHMKX Mepa Kako Ou ce
MallliHe Ha OTKOIaBamby OJprKalie MITO AYKH BPEMEHCKH MEPUOJ] Y PaJHOM CTamy, 0e3

HEIUTaHUPHUX 3aCToja.
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Mepe koje Tpeba mpeny3eTn y Iujby CMamema Opoja OTKaza M BpeMe 3acToja
MallIlHa Y pyJapcTBY jecy Mpe CBera CBeoOyXBaTHA aHAlIM3a M MpPOIleHa PU3UKa OTKa3a
U TOY3JIaHOCTH pajia pyJapCKUX MallMHA M PEeopraHM3allidja CUCTeMa OJprKaBarmba U3
MHEPTHOT Y aKTHBHO OJprKaBarbe IMpeMa PU3MKY y CBAKOM HeroBoM 00imKy. OBakaB
OpUCTYyl OTKa3uMa MalllhHa Yy pyjAapcTBy pgomnpuHehe mnosehawy mnocrojehnx
KaranuTeTa OTKOMaBama M Ipepaje MUHEPAIHUX CHPOBHHA U CMambemhy TPOIIKOBA

GKCHJIOEITaI_II/Ije, npepaac u oAprKaBama.

3.1. TexHOJIOIIKH Pa3B0j MALIMHA Y PYAAPCTBY

Mexanuzainuja y pyaapcTBy, Kao ¥ y JAPYyrUM TpaHama HHIYCTpHje, YBEICHA je
ca IUJbEM Jla 3aMEHH PYYHH pajl, CMamkbH TPOIIKOBE HO0Mjarba MHHEPATHUX CHPOBHHA,
noBeha Mpou3BOIHOCT U 00e30eau 00Jbe M CUTYpPHHjE YCIIOBE paaa pyaapa. Mzymom
napHe MalllMHe 1A Ha/lake, PYYHH pajl IOCTENEeHO Cy 3aMEHUIIE MallliHe Y TOTOBO CBUM
TEXHOJIOIIKUM (hazaMa OTKOIaBama, TAaKO Ja C€ JaHac jako Mald Opoj paaHHuX
orepanyja y pyaHuiiumMa obasiba pyuHo. [IpBa MexaHmu3aimja kKoja ce ynorpedspaBana y
PYAHHUIIMMA JeCTe ONpeMa 3a TPAHCHOPT MCKONHWHA, Tj.yBOhEHE HMIMHCKOT TPaHCIOpPTa
KOjH je 3aMEHHO YNoTpedy pyYHOT MpeBo3a KoiumuMma. JlaHac ce y pynapcTBy
npuMemyje caBpeMeHa KOMITjyTepH30BaHa MEXaHM3allja U ompeMa koja omoryhyje

Opske U Jakuie Jo0Mjambe MUHEPATHUX CHPOBHHA Y3 CMAbCHE HUBOA PU3HKA.

Benmuka excman3uja y pyAapcTBy OCTBapeHa je 3axBajbyjyhW HMHTEH3WBHOM
TEXHOJIOIIKOM pa3Bojy, MOYEB OJ M3yMa IIapHE MallMHE Ia Hajxabe. YBohemeMm
BHCOKONPOJYKTHUBHHMX MAalllMHA 3a €KCIIoaTallljy MUHEPaJIHUX CUpOBHHA oMoryheHa je
€KOHOMHMYHA eKCIUIoaTallja 1 MUHEPAJIHUX CHPOBHMHA KOj€ HEMA]y BEJIMKY €KOHOMCKY
BpenHocT. [IpuMena mapHe mammHe je JoBena 10 Op30T pa3Boja MHOTHUX PYIapCKuX
MallliHa, Kao IITO Cy MAalIMHE 33 M3BO3, MPOBETPABAIE, OJIBO/IGABAKRE M 33 BYyUy
BaroHa. Pa3Boj maimHa je HacTaB/beH ca "HpoHasackoM" U yHoTpeOOM eNeKTpUYHe

eHepruje, Koja je oMoryhumia kopuniheme KOMIIAKTHIX MallTiHA-EIeKTPOMOTOPA.

be3 o63upa Ha TO mwTO je OapyT OMO MO3HAT jOII y CTApOM BEKy, NpUMEHa
MHUHHMpama Huje Omna yoOuuajeHa y jamama 300T Tora IITO HHCY Ouie pa3BUjeHE

MeTone 3a Oymiewe MuUHCKMX OymortuHa. Texk je 1897. romume, J. I'. Jlejnep
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KOHCTpyHcao mnpBu Oymahu uvekuh ca ayTomMaTckoM poTalMjoM, IITO C€ cMarpa
TIOYETKOM Pa3Boja MammHa 3a oymeme (Ziki¢, 2003). Tek y apyroj momounn 20. Bexa,
3armoyerno ce ca yrnoTpedoM MpBHUX MalllMHA 32 MEXaHUYKO Oylieme, T3B. Oymraha kona.
CrnuvaH pas3Boj cy UMajie u JApyre Malivee u ypehaju Koju ce Kopucte y pyaapctBy. To
Ce OJIHOCH, IIpPE CBEra, Ha MPUMEHY CaMOXOJHHX MalllMHA Ha JU3eJ] TIOrOH, Koje Cy
WHTEH3WBHU DPa3Boj AoxkuBene 3anmux 30 roguHa. [lpm moa3emMHO] eKcruioaTaldju,
BHCOKHM TPOIIKOBH TPOBETpaBama y clydyajy INPUMEHE CaMOXOJHE NIU3eNl OmpeMe Cy
JIOBEJHM JI0 TPUMEHE EJIEKTPOMOTOPHOI IOroHa, MpH 4YeMy je "Hamajame" NpeKo
aKyMmyJatopa, Tpoyia Wiu kabioBa onromapajyhe myxkumue. TpaHcmopT mo mmuHama je
JIOKUBEO TIOTIYHY ayTOMaTH3allfjy KOMIUICTHOT IIOCTYIKA IMyHEHma U TPaAKIHCHa

BaroHa, Kao 1 MOFYHHOCT AYTOMATCKOI' KpCTamba.

Robbins (2000) nHaBoau nmpegHocTH yBOhema MexaHu3aluje y pyaapcTsy. Mehy
HajOUTHUjUMA HWCTHYE CMamelke TPOIIKOBA JJ00Mjalba MHUHEPAIHUX CHPOBUHA.
[ToBehamwe kanarnurTera U 100Mjamke Behux KOJUYMHA CUPOBHHA 32 MOTPEOE TPIKUIITA e
Takole jako 6utaH dakTop. 3aMeHOM JbYACKOT pajia MalllMHaMa, CTBapajy ce yCJIOBH 3a
CUTYpPHHM]€ W KBaJUTETHU]E DPATHO OKPYXKEHE pyJapa, MOTOTOBO IMPH MOA3EMHO]
eKcIutoatauju. MexaHu30BambeM paJHUX Olepaluja y pyJapcTBY CMameH je Opoj
MIOBpE/ia ca CMPTHUM HCXoauMa. Pe3ynraT MexaHn3oBama Mpoleca OTKOMaBamba jecTe ’
cMameme Opoja pajHe CHare aHraXOBaHUX y PYIHHUIMMA, IITO YTHYE Ha CMamEHe

TPOIIKOBA OTKOIIaBamba.

3axTeBu koje Tpeba na 3a10BoJbe MarmuHe U ypehaju y pymapery (Ziki¢, 2003;

Ignjatovic, 2009) cy:

-Jla UMajy jeIHOCTaBHY KOHCTPYKIHM]y Koja 00e30el)yje BUCOK cTeneH KOpUCHOT
NIejCTBA;

-na oMoryhyjy J1laKo yrnpaBibarme U OICITY KUBAIbE;

-1a WMajy TIOTOJAH pacmopen ypehaja ca cTaHOBUINTA MOHTa)XKe, PEMOHTA,
OJIpKaBara U OTICITY KHBaba;

-1a UM ce YKyIHa KOHCTPYKIMja CacTOju OJ IUTO BHILNE yHUPUIMPAHUX-
CTaHJIapIHUX JICJIOBA UJIM CKJIOTIOBA KOJH C€ jeTHOCTABHO MOHTHPA]y U JIEMOHTHUPA]Y;

-Ja cy cTabmwiHe u 100po ypaBHOTEKEHE;

-J1a Cy jake KOHCTPYKIIH]j€, TpajHEe U JOBOJHHO POOYyCHE;
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-1a 00e30el)yjy BUCOKY TIPOyKTHBHOCT;

-1a 00e30el)yjy HeonXoAHy U NMPOMHUCaHy CUTYPHOCT TIPH paiy.
HaBenenu 3axTeBH HEIBOCMHCIEHO BOJE Ka CMamelhy HHUBOA PU3HKA, OJHOCHO
nosehamy HHBOA MOY3/1aHOCTH M MTOTOTHOCTH OJ[pXKaBama Kao U 0e30€THOCTH Y OJJHOCY

Ha PaJIHy ¥ )KUBOTHY CPE/IHHY.

3.2. MammHe 32 eKCIVIOATALUjY MUHEPAJHUX CHPOBHHA

CaBpemeHa eKcIuloaTalyja MHUHEPAIHUX CHPOBHHA 3aXTeBa MPUMEHY BHCOKO-
NPOAYKTUBHHUX CHElMjaIM30BaHUX MallMHAa 3a cBe (a3ze TEXHOJIOLIKOr Ipoleca
ekcrutoaranyje. Pa3sHOBpPCHOCT ycnoBa pajna y pydapcTBY YCIOB/baBa WU IMPHUMEHY
Pa3IMUUTUX PYJApCKUX MalllMHA M Pa3IMYuTOr pynapckor amata. O6uM paaoBa, BpcTe
M YCIOBH paja AWKTUPAjy CTENeH MEXaHW30BAHOCTH TIOjeIMHUX pajoBa WM
TEXHOJIOLIKOT IMpoIeca. Y 3aBUCHOCTH O] TUIIOBA JISKUIITA U HAYMHA HA KOJU CE€ BPIIM
noOujarkbe MHUHEpaJHEe CHpPOBHMHE, MAIIMHE C€ MOTy MOJENUTH Ha JBE KaTeropuje:
MamuHe ¥ ypehaju koju ce mpuMeryjy NpH NMOBPIIMHCKO] €KCIUIOATAIMjH W MAaIIHEe
KOje Ce KOPHUCTE 3a MOA3EMHY EKCIUIoaTalfjy MHHEpalHuX cupoBuHA. [Ipema 0BOj
NOJETH, pa3ivKa je y TOME INTO Cy MallhHe KOje ce TMPHUMEHmYjy y MHOI3EMHO]
eKCIUIOAaTalliji 3HATHO MamUX JUMEH3Mja Y OJHOCY Ha OHE KOje Ce KOpUCTEe 3a

MOBPIIMHCKO OTKOMAaBame. T0 je yCIOB/BEHO CKYYEHUM IPOCTOPOM y jaMHU.

MamHe Kkoje ce TpUMEHY]y 3a eKCIUIOATalH]y JIeKHUINTa MHUHEPATHUX
CHPOBHHA MOTY J1a ce KiacubuKyjy 1o Bume ocHoBa (Ziki¢, 2003), kao mTo je mpema:
HAMEHM, TPUHIUIY [€jCTBA, KOHCTPYKUHUJU PAJHOT €INEeMEHTa, KOHCTPYKIIHjH
MOTOHCKOT CKJIONA, BPCTH yrpal)eHOT MpeHOCHHKA, BPCTU MPUMEHEHUX KOYHHIIA, BPCTH
ypehaja 3a Kkperame, HauMHY KOHTpOIIE paja, CUCTEMY YIIpaBJbamba, KamaluTery,

WHCTAJIMCAHO] CHA3H UT/I.

[Ipema pexumy pajga MalimHa, MOXKE C€ HANpaBUTH TOJE/Ia Ha MalluHE ca
JTUCKOHTUHYAIHUM — MEPUOANYHUM (LIUKIMYHUM) PEKHUMOM, KOJ KOJUX C€ OTlepaluje
U3BOJIC je[HA 32 JPYrOM — HAU3MEHUYHO, U KOHTUHYATTHUM—HETPEKUIHUM PEKUMOM,

KOJ KOJUX C€ CBE OTepallije N3B0Ie NCTOBPEMEHO.
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[Ipema creneny nmokpetrspuBocTH (Zikic, 2003) MamHe ce aene Ha:

-CTaIMOHapHEe (HEMOKPETHE),
-MoJycTalMoHapHe (MOJIyIOKpEeTHE), U
-TIOKpeTHE (MOOMIIHE).

[Ipema IOroHCKOM arperaty, MarmHe ce jaeje Ha (Ziki¢, 2003):

-eIIEKTPUYHE,
-ca motopuma, CYC
-ITHEYMAaTCKe,
-XuapayInJdHe,

-KOMOMHOBAHe.
IIpema ypehajuma 3a kperame, moaena MamuHa je caeaeha (Zikic, 2003):

-ca ITHEYMaTHIIMA,
-ca ryceHHIama,
-K0je KOpHUCTE MINHE,

-Kopauajyhe.
IIpema 6pojy pagHHX eTeMeHaTa MallliHe ce aeie Ha oHe ca (Zikic, 2003):

-j CIHUM paadHUM CJIICMCHTOM,

-BUIIC paIHUX CJICMCHATA.

IIpema HameHu, MammEe U ypehaju ce Mory noxenutu Ha cnefehe kmace (Zikic, 2003):

-MallMHE 32 U3pagy PyAHUYKUX IPOCTOpH]a,
-MallvHe 3a Oylieme,

-MallliHe 32 OTKOIaBalkEe U yTOBAp,
-MaivHe u ypehaju 3a Tpancnopr,

-nomohHe mamuHe u ypehaju.

VY oBom nornaBspy Ouhe KpaTko IpuKa3aHe MallliHE KOoje ce MPUMEY]Y Y PyAapCcTBY

MMoACJbCHE NMpCMa HAMCHHU.

46



Pyoapcke mawune u puzux

3.2.1. MammuHe 3a u3paay pyAHUYKHX POCTOpPHja

M3paga pyaHUYKHX MPOCTOpPHja MEXaHW30BAaHMM HAYMHOM Cce Hajuemhe
npuMemyje 3a M3paay MpOCTOpHja KpOo3 MEKIIEe CTeHe. YCaBpIllaBamkeM MallhHa 3a
U3paay MpPOCTOpHja JaHAC CE OBE MAIIMHE MPUMEHY]y 3a M3paay MPOCTOPHja KaKO Y

MCKIIHUM TAaKO U 'y YBPCTUM CTCHaMa.

MexaHn30BaHa U3paja pyIHUUKUX TIPOCTOpHUja MPBU MyT je IpuMemeHa 80-Tux

roguaa XIX Beka y Bennkoj bpuranuju (Dukanovic, 2005).

Marmune 3a u3paay MpoCTOpHja, HEKH ayTOPU WX HA3WBa)y U KOMOWHOBAaHUM
MallliHaMa 3a H3pajy MPOCTOPHja jep TOCelyjy MeXaHH3aM 3a yTOBap pe3aHor
CTEHAKOI MaTepHjajla M EroB TPAaHCIOPT H3a MamuHe, oMmoryhaBajy nma ce y
MOTITYHOCTH MEXaHU3yje Mpolec M3pajaa MmpocTopuja. MaiimHe Koje ce JaHac MOry
Hahy Ha TpXKUWITY u3palyjy ce 3a pa3inyuTe YCIOBE paja M pa3jiMuuTe I0JIoXKaje
npocTopuja y mpocropy. ['eHepaiHO ce MalnHe 3a U3paay MPOCTOPHja MOTY TIOJCITUTH
npeMa HauYMHy o0pajie yesia paiiInilTa Ha: MalllMHE ca CEJICKTUBHUM PajioM U MAalliHE
Koje oOpalyyjy unras npodun npoctopuje. Takohe, jeana on nmomena Moxxke OUTH mpema
HauuHy pazga. [Ilpema oBOM KpHTepHjyMy MamldHE 3a U3paay NpOCTOpHja MOTY OUTH
(Mili¢ 1 Milicevi¢, 2005; Pukanovi¢, 2005):

-JIy4HO POTAIHOHE,

-JIy4HO JIaH4YaHe U JIy4yHO OyOmacTe u

-pOoTalrOHE.

Marmmmse 3a u3pany pyAHHYKHX TPOCTOpHja MpUMERYjy ce Kako Ou ce yop3ao
nporec u3paje pyAHUIKUX mpoctopuja. [Ipema mckyctBuma y Pynmauky ,,Pembac‘
MAaIIMHOM 3a U3pajy IpOCTOpHja ca JIy4YHO POTALMOHOM IJIaBOM MOXKE C€ M3aJUTU U JI0
6 Mertapa mpocTopuje 3a jeaHy cMmeHy. [Ipobiem mpuiankoMm HampeaoBama jecTe IITO
panoBu Ha moarpahuBamky HE MOry Ja ce o0aBe MCTHUM TemnoM. Takole, Ha jeqHOM
PYIHHKY Hajuenthe moCToju camo jeJHa TaKkBa MallldHa WM YaK jeJHa MallliHa 32 BUILE
pYIHHKA, 1A Cy HETATHBHU €(EeKTH OTKa3a Jajeko Behu Hero mro ce Ha MpBH IMOTIIE
MO’KE€ 3aKJbYUUTH. 3aTO je MOTpeOHO CIPOBECTU MPOLIEHY pU3MKa OTKa3a elieMeHaTa
OBaKBHUX MallMHA M OJroBapajyhuM mepama yTHIIATH Ha CMameme Opoja PUSHUHUX

norahaja.
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3.2.2. Mamune 3a Oyumeme

[loBehame mnpom3BOAKE pYAHUKA YCIOBUJIO je KOHCTPYHCAHE OMpeMe 3a
Oymeme koja he 3amoBosbuTH MOTpeOHE Kamanutere. [lodeB ox modyeTHE TpUMEHE
py4HOr THeymaTckor Oymaher uekwha, MammHe W omnpema 3a OyIIeHme CTaaHO CY
ycaBpmaBaHe. Tako Ja JaHac y MPUMEHH MOCTOj€ CaMOXOJHE MaliuHe T3B. Oymraha
KoJla 3a Oyliemhe MHUHCKUX OyIIOTWHA TPU MOA3EMHO] EKCIUIoATallMju KOJA H3paie
poCTOpHja ca jeaHuM WK Buiie Oymrahux dekuha, Oymmmume 3a Oymieme TyOoKux
MUHCKUX OyIIOTHHA NPWIMKOM eKCIUloaTanyje, OymWiauie 3a u3pagay OymoTHHA
Benukor npevynuka (1o 380 mm) (Pantovic, 2008) mpu MOBPIIMHCKO] €KCIUIOATAIU]H.
Takohe, pa3BujeHe Cy caBpeMeHEe MalllMHEe U 3a UCTPAXHO Oylleme. XuApaylIudHH
Oymrahu yekuhu cy yriaBHOM 3aMEHHIM ITHEyMaTcKe 300T BHCOKOT CTETEeHa MpeHoca
€HEepTHje Ha CTeHY Koja ce paszapa. [lopen moMeHyTUx MmalinHa, pa3BHjeHU CYy CUCTEMHU

3a U3pajy OKaHa OyIICHEM IeJIoT nmpodua.

Pusuk on oTka3a CHUTHHMX eJeMeHaTa CHUCTeMa, TUIA Jie)KajeBa Ha KPYHHU 3a
Oymieme MUHCKMX OYIIOTHMHA, MOKE M3a3BaTH BEJIMKM INTETaH YTHULA] HA TEXHUYKU
CUCTEM U 110 Tpolec mpousBoame. [Ipumepa paau, Oymmuna 3a Oymieme MUHCKUAX
OylI0THHA Ha MOBPIIMHCKOM Koty ,,llepoBo®, koju panu y okBupy Pynnuka bakpa bop,
y TOKY IpBHX AeBeT Meceuu 2014. roguHe Tpu myTa je Ouiia y 3acTojy 300T HeHCIpaBHe
KpyHe 3a Oymiemwe. TakaB BUJ OTKa3a M3a3Bao je 3acToj y pany OyIIWInIE Y Tpajamy 01
48 mo vak 90 yacosa (Tehnicki izvestaj [-1X, 2014). OBakaB TN 3acToja C€ CUTYPHO
MOXE CIpPEYUTH OJaroBpeMEHOM HA0ABKOM pE3epPBHHX KpyHa 3a Oylieme, MOrOTBY

KaJia mocToju neuHUCaH palHA BEK KPyHE O] CTpaHe npu3Bohaya.

3.2.3. MamuHe 32 0TKONaBame U YTOBap

barepu cy camoxoHe MalinHe HaMEHEHE 3a OTKOIMABAakhEe U YTOBAP OTKOMMAHUX
Maca y TpaHCIOpPTHa cpeactBa. [Ipu TOBPIIMHCKO] €KCIUIOATAllMju MHUHEpATHE
CUPOBHHE MEKIIMX CTEeHA, IITO je KapaKTePUCTHUUHO 3a JICXKHUILTA YIJba, IPUMEHY]Y Ce
CIIOKEHH TEXHUYKH CUCTEeMH — Oarepu KOoju UCTOBPEMEHO BpIlIe KOMamke U YTOBap

HCKOIIMHA Y TPAaHCIIOPTHA CPEACTBA. 3a OTKOIIABAKE y UBPCTHUM pPaJHUM CpeauHama
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ynotpe0JbaBajy ce O6arepu 3a yToBap MPETXOJHO M3MUHUpPaHE pyJe Wiu jaioBuHe. Ha

OCHOBY OBOTIa, 6arepH CC MOT'Y ITIOJZICJIMTHU Ha!:

1. Garepu ca jegHHUM paAHUM oOpraHoM (KallMKOM), OJHOCHO Oarepu ca
NPEKUIHUM (IIUKIHYHUM, TUCKOHTUHYATHUM) PaJIOM, U
2. Oarepu ca BHILIE paJIHUX OpraHa (Beapuiia), OJHOCHO Oarepu ca HENMpeKUIHUM

(KOHTUHYQJTHUM ) PaZIOM.

Kon BenMKMX TEXHMYKHX CHCTEMa, Kao INTO Cy pOTOPHM Oarepu Ha
MOBPIIMHCKUM KOIMOBHMMA YIJba KOJU C€ KapaKTEepHIIy BEIMKMM OpojeM eleMeHaTa,
HeraTHBHM €(eKTH OTKaza MMajy yTHIaj He caMO Ha MammHy Beh M Ha TpO3BOIY
yrjba Ha Komy W mupe. [lopen m3pakeHOT cMamema KalaluTeTa Ha eKCIUIOATaluju
yriba, eQeKTH OTKaza ce MaHH(peCcTyjy ¥ Ha TNPOU3BOIY CICKTPUYHE CHEprHje.
Potopuu Oarepu npeacTaBibajy MalllMHE ca €KCTPEMHO BHCOKHM HHBOOM pPH3HUKA.
MaimHe HUCY KOMIIAKTHE KOHCTPYKIIMje, Beh cy CTaTHUKK ypaBHOTE)KEHE MAIIMHE, TJe
JIOM jelHOT elleMeHTa (yke, Hocad U CII.) H3a3HBa pylieme Iene mMamuae. Kananureru

Cy MIM jaKO BEJIHMKH, T€ HETUTAaHUPAHM 3acTo] u3azuBa Tporkose u 10.000 eBpa Ha cart.

[Tpumepa pamu, poTopHH Oarep Ha MOBPIIMHCKOM Koty ,,[Tosbe D, 300r noxapa
KOjH je HacTao Kao Mocjeaulla OTKa3a MpeBOjHOr OyOma, MOTIYHO je XaBapucaH. 3a
ETOBY KOMIUIETHY PEBUTAIIN3AIN]Y YIIOKEHO j€ OKO 7 MUJIMOHA €Bpa, ITO U3HOCH OKO
60% ox mene HoBor Oarepa (Ivkovic 1 dr, 2008; Polovina, 2010). PamoBu Ha
pEeBUTANM3AIM]H IOMEHYTOT Oarepa Tpajajid Cy JIBE TOJHMHE, IITO 3HAYU J]a j& TOJHUKO
MamuHa Owna BaH ynorpebe. Jlpyrm mpumep OTKa3a OBaKO BEIMKHX TEXHUYKHX
cuctema je poropuu 6arep o3Hake SchRs 630 25/6, Ha ucTom KoITy,KOJ KOTa j€ JOILIO
0 TIpekuaa Hocehwx ykaau W TOTIYHE XaBapHje Kao TOCJeAWIla ToXKapa KOju je

H3a3BaH 3aBapUBaAKkEM U YIIAJIOM Ma3uBa.

Aytop (Ivkovi¢, 2004) nmaje mpuka3 mojaTaka o xaBapujama Ha Oarepy SRs
1200 22/2 nopmmHCKOM Komy ,Jllosbe D, omakie ce Moxke BUAETH Aa IOjeAMHU
OTKa3u Cy W3a3Balli BHUIIEMECEUYHO HCKJbYUCH-€ Oarepa M3 CHUCTeMa EKCIUIOATallH]e
yriba. [lpumepa paam 1973. roamHe HaKOH 3aBapuBama JONUIO je A0 TOXKapa u
omrehema KOHCTpyKIHje Oarepa. Bpeme 3actoja 6o je 60 nana. Takohe UCTO TOIMKO

Oarep HHje paauo ycien NojaBe MyKOTHHA Ha YBOPHUM Be3aMa HOcaua KOHCTPUKIIH]e.
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Aytopu (Ivkovi¢c 1 dr, 2004) nmajy mpolueHTtyaaHo ydemthe TojearMHUX
noacucrema kox BTO cucrema Ha moBpmmHCKOM Kory TamHaBa rie oTkasu Oarepa
SchRs 700 umajy 60% yuemrha y oxHocy Ha ykymaH Opoj oTkasza cuctema. [pyru
npuMep KOjU MCTH ayTOpH Jajy jecte poTopHH Oarep Ha ,,Ilosby D, kox kora je O6poj

OTKa3a CHCTEeMa 3a TPAHCTIOPT JABOCTPYKO Behu y ogHOCY Ha Opoj oTKaza Oarepa.

barep SchRs 1760 na moBpmHcKOM KoMy yriba ,,[losbe D, HeoueknBaHo 1 6€3
HajaBe, UMao je katacTpodanny xaBapujy 2004.r.,(Danici¢ 1 dr., 2013) makon 17 roguna
HOPMAJIHOT paJia Ha MOBPUIMHCKOM KOIMYy. Y3pOK je JIOM KOjH jeé HacTao Kao Mmocjenuma
3aMopa Marepujana. Harnmm jom ymmna 3a ykaJa MpPOTUBTETa CE JOTOIHMO Kajaa ce
MOBPIIIMHA TOTPEYHOT Tpeceka Koja Tpmu omnTtepeheme 3HaYajHO CMamWiia U yCIel
MambHX MTyKOTHHA HAacTalux 300T 3aMopa MaTepujaja Ha o0e CTpaHe 3aBapeHe Ipefe.
[Ipema nomeHyTuUM ayTtopuma, y (a3 MpojeKTOBama 3aBApEHU CIIOjEBH C€ CMaTpajy
noMOhHUM paJHUM omepanyjama, ra ce 300r Tora Ha HBHX M HE NMPHUMEHYje CUCTEM
npoBepe KBAJIUTETa, HU TMPHIUKOM H3paje, HU TpwimkoMm mperinexa. [locienndno,
MPWIMKOM 3aBapHBamka HACTA]y NePEKTH W HEMpPAaBUIHE CTPYKTYpe, KOje Y3POKY]y
HojaBe KOHIEHTpallMje HaloHA, a KpPUTHYaH 3aBapeHU CII0j HMje JOCTyNaH 3a
MHCIIEKIIMjy TOKOM paJHOT mporeca. Y3 To, aucOanmanc onrtepehema M CMambeHe
nebspuHe ymmna ca 40 Ha 20 MM mpeaBuleHO MPOjEKTOM YCIOBHIIO j€ HEMOBOJbAH
pacriopen HaroHa y KOHCTpyKiuju. [lykoTtune cy 1eMHUTHBHO MOTJIe OUTH OTKPHUBEHE
NpUMEHOM oJiroBapajyher cucrema MHCHEKIMje, ald TakaB CUCTEM HHUj€ CIIPOBEJICH.
Bek excmoaranuje ox 17 ronumHa ykasyje Aa je y3 OoJby HMHCIEKLHU]Y M CHCTEM

OJIp)KaBama, )KUBOTHU BEK MaIllMHE OMO MPOIY’>KEH, a XaBapHja n30erHyTa.

ExcTpeMHO BHCOKE TIOCIIEIUIIE OTKA3a KOje Ce jaBibajy KO OBAKO KOMIUIEKCHUX
cUcTeMa 3aXTeBajy OINCE)XHE Mepe 3a aHaIM3y M IMPOLEHYy pU3MKa OTKa3a eJeMeHaTa
Oarepa y Wby cMamema pu3nka W mnosehama moy3manoctu. Hajeehm yrumaj nHa
noBehame TOy3MaHOCTH MOKe ce mocThhm TmoBehameM IMOy3JaHOCTH TOJICHCTEMA U
eJleMeHaTa 4ydja je moysgaHoct HajMama (Ivkovic 1 dr., 2008; Polovina, 2010). To ce
MOXke MOCTHhM caMO CHUCTEMAaTCKOM W CBEOOYXBAaTHOM aHAIM30M IPOLIEHOM pPH3HKa,
nepuHUCAbIbeM TIOJNMTUKE OJp)KaBama IpeMa pPHU3UKY, KOHCTAaHTHMM mpahemem
NOHAIIaka CHUCTEMa HAKOH IPEIy3eTHX KOPEKTHBHUX Mepa W IOHOBHOM IPOIICHOM

pu3HKa Ja Ou ce BHAETO J1a JIU CY Mpeay3eTe Mepe umaie edexra.
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Hopez[ YXKAJHUX MW XUAPAYJIHUIHHUX 6arepa BCIHMKHX  KallallMTCTa, Ha
IMOBPHIMHCKHUM KOIIOBUMa MCTAJIMYHHUX JICKUINTA JJaHAC CC CBC BUIIC yHOTpe6JLaBajy
YTOBApHEC MallMHC HAa TYMCHHM TOYKOBHMMa — YTOBapaiwu, 300r muxoe Behe

MOOWIHOCTH.

3a yToBap OAMHMHHMpAHE pyJAe y PYIHHUIMMa, MOpe] NMPBOOUTHUX YTOBAPHHUX
MallMHa Ha KOMIIPUMHpaHU Ba3AyX U ca ypehajuma 3a KpeTame IO KOJIOCEKY,
NpUMEY]y C€ YTOBAPHO TPAHCIIOPTHE MAIIMHE BEIUKHUX KamaluTeTa, Ha JAU3E] WIH

CJICKTPHUYHU ITOT'OH.

Kon moasemHe ekcruioaralyje yrijba pa3BUjeHE Cy MalIMHE 3a OTKOIABAE Ca
potupajyhum pe3sHuM opraHuMa — KOMOajHM KOju oMoryhyjy ocTBapHBam€ BEIMKHX
KamamnureTa y npousBoiamu. [lpumemnyjy ce Hajuenthe 3a oTkonaBame yrjba. Maminse
3a OTKOIaBame yIJba KOHCTPYKTUBHO CY U3BEJICHE TAKO JIa je OMOryNeHO U OTKOIaBame

1 yTOBAp OTKOIMAHC MUHECPAJIHC CUPOBUHC.

[lopen mammHa 3a yTOBap ca LMKIMYHUM pajoM, IpH  [OA3EMHO]
eKCIUTIOATallUji MPUMEHY]y C€ M MalliHEe 32 YTOBAap ca KOHTHHyaJIHUM paaom. [Ipema
KOHCTPYKILHMJU paHOr opraHa MOry OuTH ca 3rprajyhum pyuunama, potupajyhum
pyunniaMa u ca portupajyhum HazyOsbeHuUM JauckoBuMa. OBM pajiHU €IEeMEHTH
omoryhaBajy na ce 3axBahenu marepujan npedanu Ha rpadyJbacTH TPAHCTIOPTEP KOJUM

ce CTEHCKa Maca npebdairyje y TpaHCIIOpTHA CPEICTBA.

3.2.4. MammuHe 32 TPAHCIOPT UCKONMUHA

VY 3aBUCHOCTHM O] HaYMHA U BPCTE MUHEpPAIHE CHPOBHMHE KOja C€ OTKOIaBa
NpUMEYjy C€ pPa3TUYMTH BUIOBU TpaHcmopTa. Koj ekcruioaranuje MeTaTudHUX
MUHEpaJHUX CHPOBMHA  MOBPIIMHCKMM  IIyTeM, Hajuemhe ce IMpUMEmYje
JUCKOHTHHYQJIHU HAa4MH TpPaHCIOpTa KaMMOHMMa BEJIMKE HOCHBOCTH oX mpeko 200

TOHA.

Ha noBpmmackoM komy ,.Bemuku Kpusen, koju paau y okBupy Pynxuka
bakpa bop, oapkaBame MammHa ce BpIIM mpema cramky. OCUM PEeIOBHHUX JTHEBHHX

nperjiesia U reHepaqTHUuX PEMOHTA, OCTaJM PaJOBU HA OJpKaBamby MallMHA C€ U3BOJE
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TeKk kamga nohe mo otkaza. OnpkaBamke MallMHA MpPeMa CTalkby OCTaB/ba CBOjE
nociemuiie. [lpumepa paju, nexajeBu Ha TOYKOBUMA KAMHOHA MEHbajy ce TeK Kajaa faohe
1o oTkasza. [lopex oTkaza camor Jexaja Ha MpeJmeM TOYKy KaMHOHa ,.bemas3®, Tuma
75306, HocuBocTH 220 TOHA, AOomUIO je W JO omrTehema TnaBYuHE TOYKa. [lopen
IJIaBYMHE, OBaKaB THUI OTKa3a 3aloOydib€ CEepUjy OTKa3a, HAKOH Jiekaja OTKazyjy
aMOPTH3EpH, Ta YaK W XUAPOUWIMHIPU 32 YIpaBJbakbe Kao TUPEKTHA MOCIeIuIa
oTKaza nexaja. [Ipea puHaHCH]CKUX M3aTaka 3a ONpaBKy W 3aMEHY eJeMeHaTa KOjU Cy
OTKa3aly, BEJIMKH Cy (PMHAHCH]CKM TyOMIM 300r HCKJby4eHa MalllMHe W3 Ipoleca
eKCIuIoaTalyje y Tpajamby O HEKONMKO AaHa. HaBeneHW mpumep ykasyje Ha XHTHY
notpe0y 3a aHaaM30M pH3UKa OTKa3a M TMpeja3ak Ha JAPYTH BHUI OJpKaBama,

OJIp>KaBame MpeMa pU3UKY.

Haj3actynspeHuju BuA TpaHCHoOpTa KOJA OTKOMAaBama yrjba MMOBPIIUHCKUM
HAUYMHOM je KOHTHHYaJHHM TPAHCIOPT TpaHCIOpTepuMma ca TpakoMm. Hajuemhu ciydaj
jecte Ja HEKOJMKO TpaHCIOopTepa paje y HHU3y. Jako BEJIUMKH MpoOJIeM KOJ OBAaKBUX
CHUCTEMa KOjH pajie y PEIHO] BE3M jeCTe HeIIaHUPaHU 3acToj, 300T O0TKa3a Ha HEKOM O]

TPaHCIIOPpTEpa KOjI/I Hn3a3uBa 3aCTOj eJjor CucTteMa 3a TpaHCIopPT.

Ha nospummmHckom komy ,Benuku Kpuses, nopen kamMuoHa, 3a TpaHCIOPT
jaJOBUHE TPUMEY]y €€ W TPAaKaCTU TPAHCIOPTEPH, O IPOOUIIHIIE 3a jaJIOBHHY Ha
000y Koma 70 ojJylarajuiira y crapom ,,bopckom xomy*. lyxuHna tpancrnoprepa je 2,8
km, a mupuHa rymene tpake je 1,8m ca 4eTupu NOrOHCKE CTAHUIIE, J€JJHA Ha MIOYETKY U
Tpu Oycrep cranuue cHare 1 MW. Ilpe necerak roamHa, OTKONaBameM cy 3axBaheHH
NOJ3eMHU PYJapCKu pajJoBH Ia ce Je0 MOArpaZe KOjH je JOCIEeN0 Ha TpaHCIOpTEp
3arJlaBuo ce Ha MPECHITHOM MECTY M MCKHIA0 Tpaky 1o ayXuHu. [lyxunHa omreheHor
nena rymeHe Tpake Owmna je oko 1,5 km. OBako 030mMJbaH OTKa3 HacTao je Kao

nocjeuna JbyJACKEC rpCuIke.

HOpCI[ NIOMCHYTHUX BHUJAOBA TPAHCIIOPTA HA MOBPHIMHCKHUM KOIIOBHMMA YyI'Jbad, 3ad

Jy’Ke TPAaHCHIOPTHE pellaliyje NPUMEYje ce U XKEJTE3HNYKH TPAHCIIOPT.

TpaHcnopT MUHEpaTHUX CUPOBHHA KOJ| MOJI3EMHE €KCIUIOaTalllje y MOCIENhe
BpeMe ce BpIIM jaMCKUM KaMHOHHMMAa Ha JU3eJ WIM eJIeKTpu4HU noroH. Kamuonu cy

npuiaroeHn CKy4eHOM IPOCTOPY y jaMHM Ma MMajy 3HATHO H3PaXeHy IyXKHHY Y
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OollHOCY Ha ocrtaie auMmeHsuje. Takohe, ka0 W KOJ TMOBPIIMHCKE EKCIUIOaTalyje,
npUMelmyje Cce M OIKEeNe3HWYKH TPAHCHOPT AaKyMyJaTOPCKUM WU TPOJTHHUM
JOKOMOTHBCKMM TmoroHoM. Koja moa3emMHe ekcmioaranuje yriba Hajuemnthe ce

NpUMEY]y TpaldyJbaCcTH U TPAHCTIOPTEPHU Ca TPAKOM.

3.2.5. llomohHe MamuHe

MaimHe Koje ce JTUPEKTHO HE KOPUCTE y TMPOLECY eKCIuloaTaluje Ha3uBamo
noMOhHMM MamuHama. Y OBy IpyIly MalluHa crajajy: Oyliao3epu, TpejaepH, CKperepH,
CepBHCHA BO3WJIa KOJ TMOBPIIMHCKE EKCIUIOATallhje, MAllMHe 3a ToarpaljuBame u

3allylbaBambe U CEPBUCHA BO3WJIA KO/ ITOA3CMHE eKcnnoaTaque MHUHCPAJIHUX CUPOBHHA.

WuTepecantan mpuMep HEaJeKBAaTHOT OJpKaBama MalllnHA, KOjH je JOBEO JI0
030MJbHUX TIOCJIEINIIA OTKa3a, jecTe ciaydaj Oymnmosepa ,,Komatsu®“ tuna D155AX, Ha
noBpIIMHCKOM Kkomy ,,Benmuku Kpusem. Haume, na Oum ce ymreneno, y pemykTop
TpaHcMmucHje OyJjo3epa CHIIAaHO je HEealeKBAaTHO YJbe KOje je M3a3Bajlo MEPMAHEHTHO
CTpalalbe MEXaHMYKUX KOMIIOHEHTH €JIEKTPOBEHTHIIA 32 Peryianujy Op3uHe KpeTamba.
W3 Tux pasyora MammHa je Oujia MpakTUYHO HEYMOoTpeOsbUBa Iy KU BPEMEHCKH TIEPHO/T

JIOK C€ HHUje MPEILIO Ha KOpUIITNEHke yiba KOje j& MPernopyurno nporsBohad.

3.2.6. CtanuonapHe MamuHe u ypehaju

VY rpyny cTanMOHapHUX MalllMHA CTa/ajy OHE KOje Cy IMOCTaBJhEHE Ha JeTHOM
MECTY, OOMYHO Ha OETOHCKOM TOCTOJbY, U HeEMajy MOryhHOCT moMepama, Ipyu 4eMy Cy
KapaKTCpUCTUYHU TMPUMCPH: H3BO3HC MAIlIWMHEC, TJIABHU BCHTUJIATOPU, TJIABHC ITyMIIC,
TJIABHH KOMIIPECOp, TpaHCHOpPMATOPH, arperaTd 3a eJICKTPUYHY CHEpPrujy u

JTPOOUITMYHA MTOCTPOjeHha.

3.2.6.1. I3B0o3HE MalInue

OOuM H3BO3a 3aBHUCHU npe CBCra oA KaranuTeTa jaMe Kao u o4 INpUMCHCHC

MCTOJC OTKOIIaBamka U MOXKE J1a C€ 00aBJba OKHUMA M KOCUM HpOCTOpI/IjaMa.
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3a BCPTHUKAJIHU H3BO3 CC KOPHCTC M3BO3HC MAIIMHE, a 34 KOCHM MOTY Ha CC
KOPUCTC TPAHCIIOPTHE TPAKCE, jaMCKa JKu4dapa ¢a roptpbOM 1M J10HOM IIMHOM, BUTJIOBU U

CJIMYHO.

ITocTpojeme 3a M3BO3 YMHM KOMIUIEKC MamiuHa W ypehaja koju je moBe3aH y
jedaH CUCTeM M CHUHXPOHU30BaHO (yHKIMOHMIIE. MehyTum, 3a oBe morpebe ce

pa3Marpajy camo M3BO3HE MAIlIMHE KOje HermocpeaHo 00e30ehyjy u3Bo3.

[Tomena U3BO3HMX MalIMHa MOXe OWTH O BHIIE OCHOBA. [Ipema BpcTH M3BO3HE
1OCyJie M3BO3 MOXE OWMTH: M3BO3 KolleBUMa (jelHa Tocy/a 3a CBE HaMEHE), M3BO3
CKMIIOBMMA (TOCyJa caMO 3a H3BO3 HCKOMMHA), M3BO3 KOMOMHOBAaHMUM H3BO3HUM
CHCTEMOM ca KolleBrMa U ckunoBuma. [Ipema Bpctu ypehaja 3a HamoTaBame H3BO3HOT
y)KeTa U3/]Bajajy Ce€ CHUCTEMH ca KIacCMYHUM OyOmeBHMMa, CHUCTEMH H3BO3a ca
koTypoBuMa Ha Tpemwe ("Keme" cucrtem), m3Bo3He MamimHe ca 0OoOMHama, M3BO3HE

MallliHe ca KOHyCHUM OyOmeBHUMa.

3.2.6.2. BeHTHIIaIMOHO MTOCTPOjeHE

Pynnuuku BeHTHIaTOpU Cy ypehaju 3a MeXaHHUUKO MpOBETpaBame jama. [ maBHu
BEHTHJIATOPHU yrpal)yjy ce y BeHTWJIOAIIMOHMM CTaHHUI[AMa M TO 10 JBa BEHTHJIATOpa ca
JIBa HE3aBHCHA WM3BOpa Hamajama, paau curypHoctd. OCHOBHA MOJIeNIa BEHTHIIATOpA
jecre mpeMa KOHCTPYKIMjH, Ia IpeMa OBOj IOJAETH BEHTWIATOPH MOTy OHTH
HeHTpU(]yraJHu ca jeIHOCTPAaHUM WM JIBOCTpPAaHMM YCHCaBameM, ca Wi 0e3
CIIPOBOJIHOT KOJIa, W aKCHjaJIHU, JETHOCTEIICHU WJIM BUIIECTCIICHU ca (PUKCHUM HIIU
MPOMEHJBUBUM yTJIOM Jomnatuiia (Jovicic, 1989). Panuje cy ce 3a rmaBHO IPOBETPaBAHE
KOPUCTWIIN HEHTpU(YTaIHA BEHTWIATOPH 300T BeMMKHX KamanuTera. /lanac cBe Behy
NpPUMEHY UMajy aKCHjallHd BUIIECTETNICHH BEHTUJIATOPH KOjU HMMajy MPEeIHOCT 300r

MamUX JTUMEH3H]a.

Jako OMTHA KapaKTEepPUCTHKA BEHTWIIATOPA jecTe NMOY3aHOCT y pany. I eHepaiHo,
HUCY CJI0’KE€HU T10 KOHCTPYKIMJU aJId YKOJIHUKO Johe 10 0TKa3a, a pe3epBHU BEHTHIIATOP
ce He MOxe OJaroBpeMeHO YKJbYUYHMTH, MOCIEIUIEe MOry OMTH KaracTpodalHe IO

3aI0CICHE PaIHUKE Y jaMH.
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3.2.6.3. [lymnHO nocTpojeme

[lymnHO mocTpojeme, Toped BEHTWIALMOHOT, TpeACTaB/ba jeJaH O]
HajBXHU]UX JeNa pyJHHYKOT koMiiekca. OIBOImbaBamkEeM Ce OICTpamby]y BOJe KOje ce
CaKyIlJbajy y MpOCTOpHjaMa PyJHHMKA WIM Ha JHY MOBpIIMHCKOr koma. [lymme koje ce
KOPHCTE Y PYJIapCTBY Pa3UKyjy ce M0 KOHCTPYKIU)U, IPUHIIUITY Pajia, KarmauTeTuMa.
[TymniHe cTaHuie y pyJIHUIIMMA YIJIABHOM Cy OINpeMJbeHE LHEHTpU(yraJHuM myMIama.
Onnukyjy ce curypHomhy y pany, €eKOHOMUYHH]E Cy OFf KJIUIHUX U MamU Cy UM
TPOIIKOBU TO jenuHuny wucmymmnane Boxae (Ignjatovic 1 Miljkovi¢, 2004). Tlopen
HaBEJCHHX, Y PYAApCTBY ce MPUMEHY]y U MeMOpaHcke mymre. [Iputrcak koju mymma
Mopa aa octBapu Tpeba ma Oyae TOBOJbaH Jla Ce CaBiia/ajy CBH OTIIOPH W Jla C€ BOJa
UCIyMI1a Ha MOBPIIMHY. YKOJHUKO CE€ paay O BEJIMWKO] TyOWHU jaMe, OJTHOCHO BEJIHKO]
BHUCHHU HCIIyMIIaBamka, OHO MOXKE Jla C€ OCTBapu M KackaaHo. To 3Hauwm jga ce BoAa
WCITyMIIaBa JIO jeTHOT WM BUIIE MeljyHHBOA Ha KOjuMa cy yrpaljeHe apyre myMIiie Koje
BOAY Jajbe TOTHCKYjy HaBumie. Hajuemrhe ce kon ay0okux pyanuka yrpabyjy

BUIIECTENEHE ITyMIIe KOje MOTY Jla CaBJiajiajy BEJTUKE BUCUHCKE Pa3JIMKe.

3.2.6.4. Kommpecopu

Kommpecop je crammoHapHa MamdHa KoOja CIyXH 3a '"TpOu3BOIKY"
KOMIIPUMHPAHOT Ba3ayXxa KOjU C€ MHEYMaTCKOM HWHCTAJAlMjOM pPa3BOAM IO YHUTABO]
jamu. Ilpu moa3eMHO] eKCIUIOATalHMjH, Yy 3HATHO] MEpU, KOPHCTE C€ IMHEyMaTcKe

MalmHe U ypehaju, Kao mTo Cy MamHe 3a OyIieme, yToBap 1 Apyre.

HpeMa MpUHIMITY pada KOMIIpECOpU CC ACJIC Ha: KIIMUIIHC, I_ICHTpI/I(l)yraIIHe—

TypOO 1 BHj4aHEe—3aBOjHE.

3.2.6.5. Ipobunure

JpoOuuiie cy MaliMHE KOjeé ce MPUMElY]Yy Y PYyNapcTBY 3a YCUTHABAKE
OTKOIIaHE MHMHEpaJIHE CUpOBHUHE. J[poObee KOPUCHE NCKOIIMHE c€ 0OMYHO BpPILU 3001
MPUMEHE TPaKaCTHX TPAHCIIOPTEPa 33 HEH JaJbi TPAHCIIOPT, Kao 1 300T Aajbe mpepase.
VY cnydajy jamoBuHE Ipo0JbeHE ce MPUMEYje camo 300r TpaHcmopTa. [[podunuie koje
ce MpUMEY]y Y pyJapcTBY pajie Ha NPUHLMITY MPUTUCKA U yJapa U TUME CMambyjy

BEJIMYMHY KOMaJla MUHEpaIHe CHPOBHHE 3a ofjpel)eHu cTeneH Apo0ibemba.
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[Monmena npoOwimiia MOXe Ja C€ W3BPIIA y OJHOCY Ha IMOKPETIHUBOCT U Y
OJTHOCY Ha NMPUHIHUI paja. [Ipema mpBoj moaenu ApoOHIUIIe MOTY OMTH M3BEICHE Kao
CTaIlOHApHA MOCTPOjeha U Kao MOKpeTHe — MoOuIHe MamuHe. [Ipema npuHuny paaa
IpoOniIniie ce MOTY pa3BpCTaTH Ha YeJbyCHE, KOHYCHE, POTOpHE M JpoOWiHie ca
BasbiMa (Jevtic, 1995; Magdalinovic, 1999). CrarmmonapHa moctpojema 3a Apo0sbemhe
ce MPUMEHYjy KO pyIHHKA Ca BEIMKUM KalalUTeTHMa, JIOK C€ MOOWIIHE IpOOHIIHIIC

an/IMeH,y_]y KO MaJInX KOIIOBAa U Y KaMCHOJIOMUMA.

Baxxna kapakTepuCTHKa MallldHa 3a JpoOJbee jecTe CcTeneH ApolJberma Koju

npeacraBjba OJJHOC BCIIMUMHE YJIA3HOI U U3JIa3HOT KOMaJila MUHEPAJIHE CUPOBUHE.

UespycHe ApoOMIIHIIEe C€ KOPUCTE 32 KPYITHO ApOo0Jbere (CTeneH apo0ibema o1 5
—9) u cutHO IOpobsbewe (cTereH apobsbema o 3 — 5) (Jevtic, 1995). Pagau mpoctop
YyeJbyCHE JpOOWIMIIE YWMHE TOKPETHAa W HEMOKPeTHAa 4eJbyCT U OOYHE CTpaHe.
[Tokperame 4esbyCTH BpIIHU ce y3 MOMOh eKCIIEHTpa KOju je TOBEe3aH ca JOBUM JCIIOM
MOKPETHE IUIOYE MPEKO KPUBAJHOT MEXaHW3Ma, JOK je TOPHH Jeo Iuiode (UKCHpaH
ocoBuHOM. JlpoOsbere MHHEpadTHE CHPOBHHE OBOM JIPOOUIIMIIOM OCTBapyje ce

IIPUTUCKOM TTOKPECTHC IIJIOYC Ha KOMAJI€ pyJac.

Konycne napoOunuiue ce mnpuMmemyjy Hajuemhe 3a NPUMapHO JIpoOJbere
cupoBuHa. IIpouec npobibema 00aBba ce y MPOCTOPY OTPAaHHMUCHOM JIBEMA CYNPOTHO
NIOCTaBJBCHUM KOHYCHHMM TNOBpIIMHAMa, M3Mel)y MOKpeTHOT M HEMOKpPEeTHOI KOHyca.
[Tpouec npobspema ce cacToju 0J] EKCIEHTPUYHOT KpPeTama IOKPETHOT KOHYca KOjU ce
y TOPHEM JIelly Ocjama y MOKPETHOM JISKHUIITY, 0K JIOBU Kpaj OCOBHHE Ha KOjy je
MOCTaBJ/bEH KOHYC KpPY)XKH OKO TamupacTor 3ymuyaHuka. Ha Taj HaumH ce omoryhyje
HeTpeKuaHO Mel)ycoOHO npulmmKkaBame U y1ajbaBabe KOHYCHUX TOBPIITUHA Y3 CTAIIHY

poTaIujy MOKpEeTHOT KOHYyca.

Jlpobunuiie ca BajbIlIMa NPUMERY]y C€ 3a Jpo0JbeHe MEKIIX CHPOBHHA,
Hajuemthe yrsba. OBaj THI OpoOMIMIIE CACTOJU Ce€ M3 JIBa MapajelHO MOCTaB/beHA

Ha3yOJpeHa BaJbKa KOjH ce OKpehy y CynpOoTHUM cMepOBHMA.

Poropne — ypmapHe apoOwiMiie NpUMEBmY]y €€ HCKIbYYHMBO 3a CEKyHIAapHO

npobsbeme (Stefanovic, 1980; Mirkovi¢, 2005). JIpobwuuniie ce cacToje o1 HeMOKPETHOT
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nena — Kyhuita ¥ poropa Ha KOMe Cy MOCTaBJbeHH pajaHu eneMeHTH. [Ipema Bpctu
pagHOr opraHa, KOHCTPYKIMjCKM MOTy OWUTH M3BEACHE ca yJapHUM dYekuhuma u ca
ynapuuM rpenunama. Ilpomec apoOsema — yCHTH-aBama BpPLIM C€ YIapoOM paJHOT
opraa O KoMaJ MHUHEpaJlHE CHpPOBHMHE. YcCJel yaapa pagHu opraH Oama Komajn

CHPOBHHE Ha 00JI0TY APOOMIINIE YUME C€ BPUIM JOJATHO YCUTHABAE.

3.2.6.6. MoOuiHa MocTpojema 3a Ipo0Jbemne

3a MpOW3BO/KY MallUX KOJIMYMHA HM3IPOOJHEHOT MaTepujajia MPUMEHY]y Ce
MOOWJIHE — TOKpeTHe JpoOwiuie, Hajuemhe y KaMeHOJIOMHMMa Koju ce OaBe
eKCIIOATAlljoM U TpepajoM Tpal)eBUHCKOT KaMmeHa. Belmka TpeaHocT MOOMIHUX
IpoOninIa, Topel MOKPET/FUBOCTH U JIAKOT M Op3or mpebaiBama Ha HOBY paJHy
JIOKAIMjy, jecTe IITO HOBUjE€ APOOMIMIIC MMajy W CHUCTEM 3a IpocejaBambe, IMa je
npousBoJ ApoOsbema oapeheHe rpanyianuje. MoOuiIHa TOCTpojema 3a ApoOJbeHE
cacToje ce 0J MCTHX JeJloBa Kao M CTallMOHAapHa MOCTPOjela W MOCTaBJBEHM Cy Ha
nmokpeTHy macujy. OCHOBHHM JI€JOBH TMOKPEHUX ApOOWIWIIA Cy: Iacuja, MOTOHCKU
MOTOp, ypehaj 3a kperame, mMpujeMHH OyHKEp, BHOpomodaBad IpOOHIIHMIIE, CHUCTEM

BUOpPOCHUTA U TPAHCIIOPTEPA.

MoOunHe npoOwmiuile Mory OWTH H3BEJEHE Kao CaMOCTajJHe MaIllMHE ca
COIICTBEHMM MOTOPOM M ypehajuma 3a KpeTame, U Kao MOJIYIPUKONIHUIE KOje TIoMepajy
KaMHUOHU Terjbaud. lloron MoOumHMX ApoOununa Hajuenthe je muszen mortop. OH
nokpehe TJaBHY XUAPONMYMITy, KOja CHCTEMOM pa3BoJa MPEHOCH CHEPrujy yyba A0

noTpomiavya (XuapoMoTopa ejaeMeHaTa).

[Ipujemun OyHKep ApoOMIHIIe UMa YIIOTY Ja IPUXBATH CTEHCKH MaTepHjal Koju
ce ybaiyje yToBapuBaueM HiIu OarepoM M y3 momoh BuOpojogaBauya paBHOMEPHO

cHabzeBa qpoOMIIHIly CTEHCKHM MaTepHjaJioM KOju ce ApoOu.

JpoOunmiia mpeAcTaB/ba HAjBAXHUJU €O OBHX MAIlIMHA. Y 3aBUCHOCTH O]I
BpPCTE CTEHCKE Mace Koja ce OpoOu MpUMEHYje Ce jeJlaH OJf TOpe HaBEICHHX BHIIOBA
npobibema. CHcTeM 3a MpocejaBamkbe Urpa BaXKHY YIOTY Y MPOLECY YCHUTHABamba

MHHCPAJIHC CUPOBUHC.
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[IpeTxonHuM MpocejaBambeM OACTpamyjy ce HeuncTohe U3 CTEeHCKOT MaTepujana
Kao IITO Cy 3eMJba U Apyre HeuucTtohe, TOK HAKHAJTHO MpocejaBame oMoryhyje ma ce

Kao MPOAYKT Apo0sbera J00Mje MPOU3BO/ YjeAHaUeHE IpaHyIalyje.

Cucrem Ttpancmoprepa omoryhyje MaHUMyJIHCAame CTCHCKUM MAaTEpUjajioM
yHyTap Apoounune. OBUM peniemeM OMOryheHo je Ja ce HaJpelleTHH IPOU3BOJ
MpocejaBamka BpaTH Ha TTOHOBHO JIpoOJberhe. Tpaka 3a GUHATHU TMPOU3BOJ MMa YJIOTY
Jla TPaHCIIOPTYje NPOAYKT ApoOJbema M JICTIOHyje Ta HCHIpen ApOOHIIHIE, 0K
JaJIOBMHCKA Tpaka M3/IBOjeHE HEKOPUCHE IpHMece, KOjeé Cy HU3IBOjeHE NPETXOTHUM

pocejaBameM, JICTIOHYje Ha TTOCEOHY TOMUITY.

Behnra MoOmmHUX IpoOuiuiia ©Ma CHUCTEM 3a ayTOMaTCKo mpaheme panga u
mpoleca ycuTmhaBamba MUHepaiaHe cuposune. [lopen Tora, MobunHe npoOunuiie umajy
BEJIMKHU OTICET MojielIaBamka KPymHohe mpoayKkTa ApoOsbema, Tako Ja MOTy Ja paje |

Kao MpUMapHe U Kao APOOMIIUIIE 3a CEKyHIApPHO TPOOIbEe.

3.3. [Ipuka3 TeXHOJIOLIKOT NMpoueca 100Mjamkba KaMeHOr arperara
HA KamMeHoJsIioMYy ,,JIaxne Boge*

3.3.1. OnmTH noganu 0 KAMeHOJI0MY

Excrnoaranuja kapOOHATHUX CTEHA W3 JEXKHINTA ,,Jlande gode Tpaje jour o
1947. romuue. Y mepuony ox 1976—2002. roauHe, KaMEHOJIOM j€ paalo y cacTaBy
rpaheBuHckor npeayseha ,,Jlom* u3 Ilerposra Ha MuaBu. Ayctpujcka dpupma ,,Alpine
Koja je mocnoBana y Cpouju moj Ha3zuBoM ,,Alpine — Dolomit™ 2002. ronuHe oTKymHIa
je momenyto rTpaheBuHCcko mpemysehe, a ¢ Tum u kKamenoisom. Ox 2014. romune

KaMeHoJIoM je y BiracHumTBy pupme ,,TEKO MINING* 1. O. O.

Kamenu arperar kpeumaka U JIOJIOMUTa KOjU C€ €KCIIoaTuine u mpepalyje y
KaMeHoJIoMy ,JlamHe Boxe™ KOPUCTH Ce€ TpU H3paaud OCTOHCKUX W apMHpPaHO —

OETOHCKHX KOHCTPYKIIH]ja, 3a IPOU3BO/IbY ac(anTHe Mace U Kao MOAJIOra 3a My TeBe.

[Ipema rimaBHOM pyaapckom npojekTy o 2007. roauHe IpojeKTOBaHU TOTUIITHU

KaranuTeT kameHnonoma je 140 000 m> ca 170 paJHUX JaHa U JBE PaJHE CMEHE y TOKY
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nana. [IpojekToBaHu e()eKTUBHM YaCOBHU KallallUTET Mpepajie KaMeHor arperata je 75
t/h. Bennunna ¢paknmja, 0THOCHO KpyITHOha KaMEHOT arperara 3aBHCH U yckiahyje ce
npema notpedbu TpxumTa. Ilpema npojekry (I'PI1, 2007 b), onHoc nobujeHux kiaca

KpyMHOhe OMMCaHUM MOCTYIIKOM Jpo0Jbema aato je y Tabemu 6poj 3.1.

Taébena opoj 3.1 [1pojexToBaHU TOIUIIHU KAMMAIUTET 10 KJlacaMa KpyrHohe

Kamanurer
['panynamuja YaCOBHH yuernihe FOUIIEHI
m’/h % m’

0—4 mm 18,0 35 49 000

4—-8 mm 10,3 20 28 000
8—16 mm 12,9 25 35000
16-31,5 mm 10,3 20 28 000
VYkynHo: 51 100 140 000

3.3.2. Onuc npoueca ekcnjoaranuje u npepajie

3.3.2.1. Excrioaranuja kaMmeHa

Excroaramnuja Kpe4madko — JOJIOMUTHHX CTEHAa Ha KaMEHOJOMY o0aBba ce
JUCKOHTHHYQJIHUM HAaYMHOM paja ca (pOHTAIHUM Pa3BOjeM PajioBa U MCTOBPEMEHUM
pamom Ha Bume eraxa. [Ipouec ekcrutoarauumje, mpema mpojexty (I'PIL, 2007 a),

CacToju ce M3 HEKOJIMKO ¢aza:

- Oylueme U MUHUPAbE;
- IpHIpema 3a yToBap;
- yTOBap OJMHHHpPAHE CTEHCKE Mace U

- TPAHCHOPT JI0 MPUXBATHOT OyHKEpa MpUMapHE APOOUIIHIIE.

OpnBajame cTeHCKe Mace o0aBiba ce OyIIayko — MMHEPCKMM pajoBUMa Ha
etTakama BucuHe 20 MeTtapa W mupuHe 8,65 m. 3a Oylieme MUHCKUX OYyIIOTHHA
npuMmemyje ce Oymmnuna tumna ,,Rock L — 6° mBenckor npoussohaua ,,4Atlas Copco™
(Cnuxa 3.1). MuHcke OymoTnHe npeyHuka 92 mm u gyxuHe 22 m Oyuie ce Ha

MelhycoOHOM pactojamy ox 3 x 3,75 m. 3a MHUHHpame ce KOPHUCTE IpaliKacTh
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eKCIIo3uBH Tumna ,, Defonex” m ,Anfex“. Jla 6u ce mocturu mro OobH edeKTH
pazapama CTEHCKE Mace pa3[Bajajy Ce eKCIUIO3MBHA Mymhema y OYyIIOTMHH ca JBa
Mehyuena. MHunupame €KCIJIO3MBHOT IMymema Bpuu ce ,,NONEL“ HeeleKTpUUHUM
CUCTEMHMa ca yCIOpemeM uMmityiica m3Mmely pemoBa ox 42 ms u 25 ms mmehy
OymoruHa y peay. /JIBa MuHHpama y TOKy Mecena oj 1mo 36 OymioTHHa 3aJ0BOJbaBajy

MIPOjEKTOBAHHU KallallUuTeT KaMeHOJIOMa.

[Mpunpema 3a yToBap mpencTaB/ba a3y eKCIUloaTalje Npu Kojoj ce
OJIMHHHMpAHAa CTCHCKa Maca TIperypaBa HAaKOH MHUHHpamba Kako OH ce BpIIUO
epukacHUju yToBap. 3a oBY a3y eKcruioaramnuje Kopuctu ce Oymmoszep tuma ,,Cat

D9 113

Cnuka opoj 3.2 Xuapaynuaau Oarep
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YTOBap OIMHHHpaHE CTEHCKE Mace 00aBJjba C€ TUPEKTHO Yy MPHUjeMHHU OyHKep
npUMapHe MOOMJIHE APOOMIIMIIE KOja ce IoMepa CYyKIIECHBHO ca HampeI0BameM pajoBa
Ha eKCIUI0aTaluju. 32 yToBap ce KOPUCTE XUAPAYINIHH Oarepu ca 0OpHYTOM KaIlTUuKOM
tuna ,,Cat 325 u ,,Cat 330, 3anpemune kamuke oz 1,9 m’ u 2.3 m3, PECIIEKTHUBHO

(Cnuxka 3.2).

Cauxka opoj 3.3 YTOBapHO — TpaHCHIOpTHA MaluHa ,,Cat 980

TpancopT ogMHHHUpaHE CTEHCKE Mace NpPEeyIOKEHHNM HAYWHOM EKCIUIOaTaluje
00aBJba ce Tako IITO Ce CTEHCKAa Maca Mperypana MpeKko KOCHMHA eTa)ka U rPaBUTALIN]CKI
CIYIITa HA HAJHUXKY €TaXy Koja Mpe/ICTaB/ba YjeqHO U IJIaTO Ha KOME Cy MHCTAMCaHU
CHCTEMHU 3a YCHUTHABalkE€ CTEHCKE Mace. 3a OBy (a3zy eKcCIuloaTaiyje KOPUCTH ce

Oynnmosep tumna ,,Cat DIR™

3a TpaHCTIOPT U3JIPOOIHEHE CTEHCKE Mace KOPUCTH Ce YTOBapHO — TPAHCIIOPTHA
mammHa ,,Cat 980 ca 3anpemuroM Kammke ox 4,6 m® (Cimka 3.3). OBa MammHa ce
NpuMemYyje 3a yTOBap M TPAHCHOPT TMPOAYKTa ApOoOJbeHma [0 TOCTpojera 3a

npocejaBaI{)e. TaKolje CC KOPHUCTH U 34 YTOBAp 'OTOBUX MTPOU3BOJA Y KAMUOHC.

3.3.2.2. Ilpouec npepazie KaMeHOT arperaTa

[Ipouiec mpepane xkameHOr arperata Ha KaMeHOJIOMY,,/laHOe 6ode*“ cacToju ce

O ABOCTCIICHOT I[p06.]'beH>a, npocejaBaH,a U KJIaCHupama CTCHCKC Mace.
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Rovna ruda GGK 700 mm

Otvoreni sklad sekundamo |
B13-44-2v LT110 LT12135 izdrobljenog materijala

1 | TK11-42-2V

; | ! . Np1213M
{ Ton \
\ C110 :

cve0s0 '

H TK13-305 |

TK10-155

! | ! ! !

100 % wy o B% W% 35%
o32mm 167315 mm 8/16mm  4/Bmm 0/4mm

Cnuxka opoj 3.4 lllemaTcku puKa3 mpoleca yCuThaBama U KIIaCHpamba KaMEHOT

arperata (I'PII, 2007 a)

[IpumapHo 1poOJbeHE€ CTEHCKE Mace o00aB/ba C€ MOOWIHOM 4YeJbyCHOM
npoouuioM ,, Lokotrack LT 110, a cekyHmapHo aApoowmunom ,, Lokotrack LT 1213S*.
[IpocejaBame U O/Bajambe KaMEHOT arperaTa Ha kiace 00aBiba ce€ Ha CTAllMOHAPHOM
MOCTPOjEeY 3a TPOCTENEHO MpocejaBame. [locTpojeme 3a MpUMapHO W CEKyHIApHO
IpoOJbehe jeé MOOWITHO, Hajla3W Ce Ha HAjJHIKO] €TaXH KaMEHOJIOMa M IoMepa ce ca
pa3BojeM pajoBa Ha KaMeHoioMy. Takohe, Ha HWCTOM IUIATOy, WHCTAIMPAHO j€ H

CTALIMOHAPHO MOCTPOjEHHE 3a MPOCEjaBambe.

OnmMuHupana creHcka maca kpynHohe - 700 + 0 mm OGarepom ce ybaryje y
NpUXBAaTHH OyHKep mpuMapie MoGmmHe apobumune LT 110, anpemune 10 m’. Hcmox
OyHKepa Haja3u ce BUOpooaBayd — pemerka orsopa 90 mm mpexo Koje ce KpynHHjH
KOMaJHu yCMepaBajy Ka 4YeJbyCHO] IpOoOWIuIM, a mpoceB pemerke — 90 + 0 mm, y3
noMoh JBOAETHE CHIIKE, MOXE CE€ ycCMepaBaTH Ha TPAHCHOPTHY TpaKy KOjOM ce
TpaHCHOPTYje u3Apo0sbeHN MaTepHjail Ha BuOpocuto. Ha BuOpo cuty ce uszziBaja kiiaca
kpymaohe — 90 + 31,5 mm koja ce mpeycMepaBa najbe y mnpoiec. [IpoceB Bubpocura —
31,5 + 0 mm npencraBjba KOHAuHY jJaJOBHHY KOja C€ TpPaKacTUM TPaHCIOPTEPOM

OolIa)ke Ha MpHUBpeMeHy JAenoHujy. DOuHAIHKM MPOW3BOJ MpPHUMAapHE APOOUIIHIIE
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npeJcTaBiba yla3 y Ipyry yAapHy aApoOwiuily. poOumnuiie cy mo3ulnoOHUpaHe Tako Aa
TpakacTH TpaHCIOpTep 3a (UHAIHM TPOM3BOJA NpPHUMapHE IPOOHIUIE HCTOBapyje
MPUMapHO U3APOOJHEHY CTEHCKY Macy y MPHUjEeMHH KOII APOOUIHUIE 32 CEKYHIApHO

YCUTH-ABAE.

Cnuka opoj 3.5 lpodnuna ,, Lokotrack LT 110*

Hcnon mpujeMHOr Kolma JApOOMIIMIIE 332 CEKYHAApHO IpoOJbere Haja3u ce
BUOpPO J10AaBay ca y3Ay>KHOM pemieTkoMm otBopa 63 mm. OjceB pemieTke kpymnHohe —
150 + 63 mm ycMmepaBa ce y yaapHy apoomnuiy. [IpoceB BuOpo nogaBaya — pemieTke —
63 + 0 mm mnajxa Ha NEHTPAJIHH TPAKACTU TPAHCIIOPTEP M 3ajeJHO ca U3APOOJLEHUM
MaTepHujaJioM OjJa3u Ha mpocejaBame. [IpocejaBame ce Bpum Ha BHOpocuty. Ojces
BuOpocuTa oTBopa +31,5 mm maga Ha TMONPEYHHM TPAKACTH TPAHCIOPTEP M IPEKO
OOYHOT MOBPATHOT TPAKACTOT TpaHCIOpTepa Bpaha ce Ha TTOHOBHO JAPOOJbEHE, YNME Ce
3aTBapa mpolec apo0Jbea W mpocejaBama. [IpoceB BUOpo cuta, Kiaca KpymHohe —
31,5 + 0 mm, mpencTaB/ba KOHayaH MPOU3BOJ JpOOJbEeHa M MPEKO TpaHCIopTepa 3a
(uHATHU TIPOM3BOJ JIETIOHYje Ce Ha NPUBPEMEHY JACTOHM]Y, OJAKJIE CE YTOBApHO

TPAHCIIOPTHOM MAIIMHOM TPAHCIIOPTYj€ O CTAI[HIOHAPHOT MOCTPOjeHha 3a KJIACHPambe.

CexkynmapHo JpoOJbem€ CTEHCKE Mace o00aB/ba Ce€ MPUMEHOM YJapHe

npoownune LT 1213S.
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Cnuka opoj 3.6 [lpobnuna ,, Lokotrack LT 1213S(a, 0).
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Cnuka opoj 3.7 CTaninoHapHO TTOCTPO]JCHHE 3a TPOCEjaBakhe

CranmonapHo mocTpojeme 3a mnpocejaBambe (Cnuka 3.7) cactoju ce of
IpUXBaTHOT OyHKepa 3ampemuHe 20 m’. Mcrox mpujeMHOr GyHKepa H3apoGibeHa
CTEHCKa Maca JI0/IaBaueM ce JI03Mpa Ha KOCHU TPAHCHOPTEP ca TPaKOM KOJHUM CE€ OJBO3H
710 BUOpOCHUTa ca TpU CejHE MOBPIIMHE, OTBOpaA 3a InpocejaBame 16, 8 1 4 mm. Ojces
CBaKe MPOCEBHE IMOBPUIMHE TPAKACTUM TPAHCIIOPTEpHUMA Ce€ OJUIaKe Ha MPHUBPEMEHE
JETOHMje, a TIPOoceB Ha ciefehu cramujym mpocejaBama. Ha kpajy ce mobuja mpoces
Tpehe npoceBHe nospurHe kpynHohe — 4 + 0 mm. Kao koHauan pe3ynraT npocejaBama
nobujajy ce yetupu Pppakmuje — 31,5+ 16 mm, — 16 + 8 mm, -8 + 4 mmu -4 + 0
mm. 3a 0BO MOCTPOjeHE HEe MOCTOje MOAALM O TUILy M Ipou3Bolauy, OHO je Mpey3eTo y

TAaKBOM CTamky OJ MPETXOAHOI BJIACHUKA KaMCHOJIOMA.

Pusuk ox oTkasza pyJapCKuX MallMHa KOJ| CHCTEMa 3a OTKOIABame M Mpepaay
MUHEpATHUX CHPOBHHA TJAC paad Mald Opoj MaliMHa, Kao INTO je Ciy4a] Ha
KaMeHoJioMy ,.JlanHe Boje®, najieko ce BUIIE OfpakaBa Ha MPOU3BOJbY M UCIYHCHE
3a/laTuX IJbeBa y OJIHOCY Ha CHCTeMe rJe MmocToju Behu Opoj MaiiumHa 3a jeHy pajHy
onepauyjy. Koj oBakBHUX MaiMx cuUcTeMa H3pakeHHja je moTpeba 3a H3HATaKEHEM
TEXHUYKHX, CACTEMCKUX M OPTaHU3AIMOHUX Mepa y IHJbY CMambemha pU3nKa Of 0TKa3a

MIpUMEHCHE MEXaHU3alIHje.
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3.3.2. Onuc apoduanue

3.3.2.1. Ynora y mporiecy eKkcruioaTaiyje u mpepaje

[Ipumena MOOMIHMX IpPOOMIMYHUX CHCTEMa 3a JpOOJbEHE CTEHCKE Mace
MOKa3aJI0 ce€ Kao MOTroJaH HA4YMH JIa Ce CKpaTre TPAHCIOPTHU ITyTEBH OJMHHHpAHE
CTEHCKEe Mace Ha kameHosoMuma. IloceOHO je 3HawyajHa MOTYhHOCT MOOWIIHOCTH M

npahema GppoHTa pasoBa HA EKCILUIOATAIIH]H.

MoOunna npobunuua ,,Lokotrack LT 1213S* npumemyje ce Ha KaMEHOJIOMY
»J1aJHe BoJIe* 32 CeKYHJapHO YCUTH-aBambe CTeHCKe Mace. [IpoOunuia paau y mapy ca
NPUMApHOM YeJbYCHOM JpooununoMm ,,Lokotrack LT 110“. ®uHanHM TNPOU3BOA
MpUMapHe JIpOOWIIHUIE TPEACTaB/ba yJIa3Hy CHUPOBHHY CEKyHAapHE IpoOmimuie 0e3
JOJJATHOT yTOBapa CTEHCKE Mace jep ce APOOMIIUIE TaKO IOCTaBJbajy Jla TPAHCIIOPTHA
Tpaka (PUHAIHOT IPOU3BO/A IPUMAPHE IPOOUIIHIIE HCTOBAPA CTEHCKY Macy y MpHUjeMHHU
KOl ceKkyHaapHe apoownuue. Apobununa ,, Lokotrack LT 1213S* npumemyje ce 3a

npolsbere creHcke mace ca — 150 + 0 mm wa — 31,5 + 0 mm.

Cnuka o6poj 3.8 Cxunipan npukas apoowmne ,, Lokotrack LT 12138

[llemaTcky mpuKa3 KpeTama CTCHCKE Mace Kpo3 JpOOWIHIly MpHKa3aH je Ha
ciuim 3.8, JlpoOuiwia paad y 3aTBOPEHOM CHUCTEMY MITO 3HA4YM Ja C€ KpPYIHH]jE
(dpakimje CTEeHCKe Mace HAKOH JPo0Jbeha M MPOCEjaBamba TPAKaCTUM TPAHCIOpTepUMa
Bpahajy Ha TIOHOBHO IpoOJbEHE JTOK ce He no0uje moTpedHa rpaHyianuja (GUHATHOT

IIPOU3BOJIA.

CraTUCTHYKH TMOAAM OTKaza IpOOWIUIE O] YBOhema y mpolec mpepane u

BpEMe IPOBEICHO y 3acTOjy caMe MallMHe M IIeJOKYIHOr IIpoIieca OTKOINaBamba
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NPEJICTaBJbajy jaCHy CIHMKY O CTamby CHUCTeMa OJip)KaBarma MAIlIMHA Ha KaMEHOJIOMY, Tj.

HeHOCTOj amby CUCTCMa OJ[piKaBarba.

3Hauaj apoOuIMIe y IPOLECy Mpepajsie MUHEpalHe CHPOBUHE Ha KAMEHOJIOMY U
JTUPEKTaH YTHUIA] 3aCTOja HAa UCIYHECHE MPOU3BOTHOT IJIaHA U 33J0BOJBEHE MOTpeda

Kynana Hamehe motpely 3a cMambeHheM pU3HMKa 0TKa3a came IpOOUIIHIIE.

3.3.2.2. llpunnun pana

Mobwuina nobununa ,, Lokotrack LT 1213S*, unckor npousBohaya MammHa 3a
pynapctBo u tpaheBuny , METSO MINERALS®, upousBenena y DpaHIyckoj,
MPOjEeKTOBAHA j€ 3a MPUMAPHO U CEKYyHIApHO ApoOsbeme cTeHcke Mace. OBa nmpolumuiia
IpEe/ICTaB/ba CaBPEMEH CUCTEM 3a JIPOOJhEHE M MPOCEjaBalbe y 3aTBOPEHOM IUKIYCY
pana. [loron npoOunuiie je quzen motop ,,Cat C12, nok ce cBU ypehaju Ha qpoOHIUIU
nokpehy xuapomoTropuma MpPEKO TIJIaBHE XHWAPOIyMIle, yKJbyudyjyhu u ypehaj 3a
Kperawe napobwmnmie. [poOunuma mocemyje OpojHe MOryhHOCTH —TOJCIIaBamka
BETMYMHE KOoMaZa (PUHAIHOT MPOAYyKTa IpoOJbeha W MOTYNHOCT W3/Bajama JIBE
¢dpakuuje nmpousBona. IIpBa ¢pakiuja ce MOXKe HM3ABOJUTH MCIOJA MPHjEMHOT KoIla
npoOuinie The ce Hajla3u BUOpO JojaBay ca y3AyKHOM pelIeTKoM OoTBopa 63 mm.
OjiceB pemieTke ycMepaBa ce y yaapHy ApoOMInIly, a MPOCceB Majia Ha BUOPOCUTO TTIE ce
o/Bajajy kiace kpynHohe — 31,5 + 0 mm u — 63 + 31,5 mm. Kpynauja dpakumja — 63 +
31,5 mm, mnpeko Tako3BaHOT 3aJmer TPaKacTOI TpaHCIOpTEpa, MACMOHYyje ce Ha
NpUBpPEMEHY JIEMIOHH]Y, OJaKJe ce, Kao TakBa, Mpojaje Kyniuma. Y KOJIUKO ApoOmuia
paau Kao mpuUMapHa, MOCTOju MOTYhHOCT Ja ce MpoceB OJylake MCTOM TPAKOM Kao
jaJoBWHA, Y KOJUKO Y CTEHCKO] MacH MocToje HeuncTtohe Tumna 3emsbe U cnuyHo. Kiaca
kpynHohe — 31,5 + 0 mm mana Ha T7IaBHU [EHTPATHU TPAKACTH TPAHCIIOPTEP M 3aj€THO
ca u3Apo0JHEHOM CTEHCKOM MAacoM OJBO3HM c€ Ha IpocejaBame. J[polibeme CTeHCKOr
MaTepHjajia BpIIM ce y yJAapHo] apoounuuu ca rpexunama. IlpocejaBame ce BpiM Ha
BuOpocuty. OnceB BHOpocHTa Maja Ha TMONPEYHHM TPAKACTH TPAHCIOPTEP M IMPEKO
OOYHOT MOBPATHOT TpaKacTOr TpaHCHoOpTepa Bpaha ce Ha TMOHOBHO IPOOJbEHE H3a
pelIeTke 10/1aBaya Tako Jla HE MOXKE HEMpecTaHo Ja KPyXkH, YUME ce 3aTBapa Mpolec
npobibera U mpocejaBama. Takolhe, U oBAe MOCTOju MOTYRHOCT J1a ce ojiceB He Bpaha

Ha ITOHOBHO ,I[pO6J'LeI-Le, Beh ce Oounom MMOBPATHOM TPAKOM MOKC ACIIOHOBATHU KaoO
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T'OTOB IIPOU3BO/I. HpOCCB npeacrtaBjba KOHa4dYaH IIPOU3BONA ,I[p06.]'beH>a H IIPCKO

TapaHcropTepa 3a (UHAIHU TPOU3BOJ IEMIOHYj€ Ce Ha IPUBPEMEHY JICTIOHH]Y.

3.3.2.3. Onuc apoOunwie

MobunHa apobununa

,Lokotrack LT 1213S*

npeacraBjba CaBpEMCHO

MOCTPOjeHE 3a Apo0JbeHhe U MpocejaBambe cTeHcke Mace. OCHOBHU CAacTaBHU JICTIOBU

npobwmuie, ca oaropapjyhuM mo3unujama, TpHKazaHd Cy Ha cioumy 3.9, a omuc

no3uIyja nat je y Tabenu 6poj 3.2.

6 2

9

LT1213S5_mainassy

8

Cnuka o6poj 3.9 CacraBau J1e710BU MoOuiHe Apoowwmne ,, Lokotrack LT 12135,

(Instruction manual, 2004)

Tabena o6poj 3.2 CactaBHu nenosu apoounune ,, Lokotrack LT 1213S*

Ilo3unmja | Onuc no3unmje Io3unmja | Onuc no3unmje
1 Huzen motop 6 JanoBuHMCKYM TpaHCTIOPTED
(ommMoHaIHO)
) VYpehaj 3a kperame 7 MaruetHu cenaparop
(ommMoHaIHO)
3 VY napua npoOununa 8 CucTteM 3a pocejaBame
4 [Ipujemu xom ca 9 bouna noBparHa Tpaka
J10J1aBaYeM
5 ['maBHU TpakacTu
TPAHCIIOPTEP

68



Pyoapcke mawune u pusux

Hpobnuna ,,Lokotrack LT 1213S“ mocemyje au3zen MOTOp TIpou3Bohaua
,, Caterpillar” Tuma ,,C — 12 cnare 425 kW npu 1600 o/min. OBaj MOTOp CITyXH 3a
HOKpeTame IiaBHe Xuapo mymne mapke Rexroth, tuma A 10 VEC 80, xoja ctBapa
JIOBOJbAH TPHUTUCAK YJba 3a paj xuapomoTopa Mapke Danfoss, tTuma OMTW 400,
Kojuma ce mokpehy cBu ypehaju 3a qpobsbeme, mpocejaBame, TPAHCTIOPT Maca yHyTap

IpoOuIuIle U ypehaja 3a KpeTame.

YcutmaBame CTEHCKE Mace BPIIM Ce yJIapHOM apoOunuiiom tuma ,,NP 1213M*
KOja MpencTaBba r1aBHU ypehaj Ha Mammuu. [[pobuiuia ce cactoju o Kyhuiita mo
qyujeM 000y Cy MOCTaBJ/bEHE 3AIITUTHE 00JIOre OTIOPHE Ha Xabame U pOTopa Ha KOMeE
Cy mocTaBjbeHe yaapHe rpeze. JpoOibeme CTEHCKE Mace BPIIM CE yAapoM yJIapHUX
rpeadnia 0 KOMaj CTeHe. YcCJen ynapa, pagHu opraH Oama KOMaJ CTeHE Ha Oo0JIoTy
JIpoOWIIHIIe U THUME C€ BPIIU JIOJIATHO YCHTH-ABamke CTEHCKe mace. Potop mpobuiuie
nokpehe ce npeko peMeHUX MPEHOCHUKA KOjU MPEHOoCce CHary of XuapoMoTopa. bpzuna
o0OpTaja poTopa 3aBHCH O] a0pa3MBHOCTH CTEHCKe Mace U Kpehe ce y pacmony ox 450
o0OpTaja y MHHYTH, 3a jako aOpasuBHe cteHe, 1o 600 o/min 3a HeaOpa3uWBHE CTEHE.
Kpynuoha u3npo0sbeHe MUHEpaTHE CHPOBHHE MOXE C€ IMOJCIIaBaTH Ipema MoTpedu,
TIOMEPakEM TOPHUX MOKpEeTHUX obsiora npodwnuie. [logemasame 3a30pa IpoOUIHIie
npukaszato je Ha ciuim 3.10. [opma rpaHnyHa KpynmHoha u3apoOsbeHe CTeHCKe Mace, y
3aBHCHOCTH O] BeJIMYMHE YyJIa3HOT KoMana, Moxe Outu ox 30 mo 90 mm. YcmemrHocT
obOaBspama 3amate QyHKIH]jE 1ee TpOoOUITUIle 3aBUCH O] MOY3JaHOCTH paja U CTereHa

YCUTHaBamka CTCHCKE Mace IMoACUCTEMA 3a ,Z[pO6J'bCH>e.

Cnuka opoj 3.10 lllematcku pukas yaapae apoownuue ,,NP 1213M*,

(Instruction manual, 2004)
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JlpoOunnia je ornpemibeHa ca MeT TpaHcmopTepa ca TpakoM. IIpBu neHTpanHu
TPaHCHOPTEP CIIY’KU ca 0J]BO3 M3APOOIEHE CTEHCKE Mace O/ IpOOUIIHIIE IO CUCTEMA 3a
npocejaBame. J[pyru TpakacTé TpaHCIIOPTEp KOPUCTH C€ 3a TPAHCIOPT U JICNIOHOBAHE
(¢uHaMHOT TpPOM3BOAA, MOK Tpehu W YeTBpPTH TpaHCHOPTEp CIOyKU 3a Bpahame
HEJI0BOJbHO H3JIpOOJbEHE CTEHCKE Mace Ha IOHOBHO ApobOsbewme. Kpahm TpaxacTtu
TPaHCIOPTEP MOCTaBJBEH j€ MOMPEKO Ha JPOOMIMILY, Ha Hera rnaja npoceB CUCTeMa 3a
IpocejaBame U BbHUME Ce TPAHCIOPTYje A0 OOYHOr MOBPATHOT TPAHCIOPTEPa KOjUM ce
Bpaha Ha 101aTHO YCUTH-aBambe. 3a Pa3IMKy OJf OCTAJIHMX TPaHCIOpPTEpa, F'yMeHa Tpaka
0OOYHOT TIOBPATHOT TPaHCIOPTEpa HUje TiaTka, Beh je peOpacrta kako O6u ce omoryhuno
TpaHcropT mojJ BehuM HaruboM MOJ KOJUM je TpaHCHOpTep MocTaBibeH. JlyXuHa
OGOYHOI MOBPATHOI' TpaKacToOr TpaHcHopTepa je 9,4 m, Op3uHa KpeTama I'yMEeHe Tpake
MOXe ce IojemaBaTi u kpehe ce y pacnony on 2,4 — 2,6 m/s. Iletu Tpancnoprep ca
TPaKOM MOXKE€ C€ KOPHUCTHTH 3a TPAHCIOPT M OJylarame jaJIOBUHE WK ofpeheHe
(dbpakuuje koja ce He npodu. CBe TpakacTe TpaHCIOPTEPe MOKpehy XUaIpoMoTOpHu Mapke

Danfoss, Tuma OMTW 400.

[IpocejaBame u3npoOHEHE MUHEpPATHE CHUPOBHMHE BPIIM C€ MPEKO BUOpOCHUTA
,,Nordberg TKI13-30S“ xox xora ce MOTYy NMPOMEHUTH CEjHE MOBPIIMHE Pa3TUYUTUX
BEJIMYMHA OTBOpPAa Y 3aBUCHOCTH O] KEJbeHE TIpaHyiauuje (UHAITHOT MPOU3BOJA.
XUAPOMOTOp MPEKO XUApayIMYHE CIIOjHHIIE MPEHOCH CHAry Ha eKCIIEHTap W TUME Ce
omoryhyje kperamwe cejHe nospuinse. [lopen neHTpamHOr mpocejaBama U3APOOIbEHE
MHUHEpaJIHE CUPOBHUHE, IPOCEjaBakbeé MHUHEpAIHE CUPOBUHE CE€ MOXE BPIIUTH IIO
notpebu U Ha ynasy y apoOwiuiy. IlpujemMHH Komr omnpemibeH je BHOpO jJ0aaBadeM
peleTKoM T3B. ,,[PU3IH J0JaBad’ Ijie ce 0/1Bajajy CUTHHje (pakuuje Koje He Uay y
nporec apodsbema. [IpoceB pemierke BUOPO J0AaBaya MOXE € JOAATHO MPOCEjaBaTH
a MPOCEeB YCMEPUTH Ha TJIABHO MPOCEjaBambe, a OJICEB U3/IBOJUTH Kao janoBuny (Crmka
3.11 B) unu cBe ycMepuTH Ha riiaBHO npocejaBame (Cnuka 3.11 6) uin u3ABOJUTH Kao

noce6an nmpouspoj (Ciuka 3.11 a).

70



Pyoapcke mawune u pusux

Cnuka opoj 3.11 MoryhHocTu ycMepaBama IpoceBa BUOPO J0/1aBaya

(Instruction manual, 2004)

CucteMm 3a pa3Boj yJba MOl MPUTUKOM CACTOJU C€ O IIIaBHE XUIPO MymIe (Koja
1aJbe yJbe MOJ MPUTUCKOM Ha EJIEKTPOBEHTHIIE KOJH C€ 0TBAPajy Y 3aBHCHOCTH O] TOTA
KOJH JIe0 CMCTeMa paju), pesepBoapa 3anpemune 520 1, mpeBa 3a pa3zBoheme yiba 1o
NPUTHUCKOM W XHIpOMOTOpa Koju mokpehy nemoBe mammumue. IlpencraBma jegaH of
HajOUTHUJUX TMOJACUCTEMA 3a YCIEIIaH paj JpOoOWIHLE jep ce CBU OCTalU MOACUCTEMHU

nokpehy XxuapoMoTopuMa Koje rnokpehe ysbe noJ IpuTUCKOM.

Pag npoOunuie mpatu ce mpeko Juciiieja KOju je Ha caMoj JpOoOMIMLU OfaKiie
ce BpIIM YyIpaBJbatbe M KOHTpoja pana apobunune (Cnumka 3.12). Ynpapmbame
JIPOOMITMIIOM MOJKE C€ BPIIMTH M MPEKO JaJbHHCKOT yIpaBibada, HAPOYUTO MPHIUKOM

noMepama IpoOuITuIIe.

Cnuxka opoj 3.12 llenrpanuu aucruiej apoodumnune ,, Lokotrack LT 12135
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Cnuka opoj 3.13 Ilpuka3 mobunne apodunuue,, Lokotrack LT 12135 y pany

Y mwby cmamema rabapuTa TNPWIMKOM TpaHCIOpPTa, JIpoOMIHIa KMa
MOTYhHOCT CKJamama NpHjeMHOT OyHKepa W TOBpaTHHX Tpaka, 0e3 CKHJama ca

mammne. Jlumensuje moounne apodwunuue ,, Lokotrack LT 12135 cy :

y pany: 3a TPAHCIIOPT:
HIMpUHA 8 450 mm 3 000 mm
Ty KUHA 17 100 mm 17 200 mm
BUCHHA 4 900 mm 3 600 mm
Mmaca JpoOunuie 50 000 kg

CBHU TOJCUCTEMH JPOOHIIUIIE CYy Y3ajaMHO PEIHO MOBE3aHH, TAKO Jia 3aCTOj Ha
OMJIO KOM EIIEMEHTY OINHMCAaHHX [OJCHCTEMa 3HAa4M ayTOMAaTCKH 3acTOj YHTaBe
JpoOWIIHIIE | TIpoIieca pepajie MUHEPaIHEe CHPOBHHE HAa KAMEHOJIOMY .

3Hauaj came IpoOHIIUIIe y TIPOLIeCy eKCIuToaTalije U mpepajie KaMeHor arperaTta
Hamehe moTpedy na ce mpucCTynHu JApyradydjeM HauyMHy OJip)KaBama MalllHiHE.
OppxaBame MalIuHE IpeMa PU3HUKY jeIHO je O]l HajOOJbHX pellekha 32 CMEHhEHme Opoja

OTKa3sa.
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4. TEOPUJA ®A3U CKYIIOBA U ®A3U JIOT'UKE

Teoprja dasu' CKyroBa, NpeACTaB/ba MAaTEMATHUKH TMPHCTYI IOrOJaH 3a
aHaJM3y W TPETHUpame Tpolieca y KojuMa MpeoBiajaBa HEU3BECHOCT, BUIIC3HAYHOCT,
cy0jekTuBHOCT, HeoapeheHoct uta. Pa3BujeHa je 3a TpeTupame HEJTOBOJBHO MPEIU3HUX
1ojaBa Koje ce He MOTY MOJAEIHPATH CaMO TEOPHjOM BEpOBaTHONE I MHTEPBATHOM
MaremaTukoMm. Heonpehenoct kao mojam moke na ce mocmaTpa Kpo3 cieaehe tpu

KaTeropwuje, y 3aBUCHOCTH O]] TI0jaBa KOje Ce MOJIeTupajy:

- Teopujom BepoBaTHOhe, Kaja JaTH YCJIOBHU KOJU KapaKTEpUUIy I0jaM He

onpelyjy jeAMHCTBEHO OYEKUBAHU PE3yJITaT;

- HVHTepBaiHOM MaTeMaTHKOM, Kaga HHUje Moryhe, (a HHje HH MOTPEOHO)

MPELU3HO 3HATH MIOCMAaTPaHe BPETHOCTH,

- Teopujom ¢a3u ckymnoBa, kaja HeoApehEHOCT MOTHYE O]l HEMPELUU3HOCTH Y
KOMYHHKaIUju (HOp. BHCOKA WJIM HHUCKA TOY3IaHOCT, MOOpO WM JIOIIe

OJIpKaBamE U CI1.).

AHanuTuykd mnpucTyn Ha Oasu Teopuje (a3u CKylmoBa C€ 3acHMBa Ha
UCTOBPEMEHOM pajJy ca KBAJIUTATUBHUM (JMHIBUCTUYKUM) UM KBAaHTUTATUBHUM
(HyMepHUYKHM) MPOMEHJPUBUM, a M3JIa3HU Pe3yNTaT ce Jaje y KOHTUHYallHO] (GopMmH,
IITO HE MOXE J]a Ce Ka)ke 3a OCTajie KOHBEHIIMOHAJIHE MO/l U3 TEOpHUje OTyUNBamba
(Tanasijevi¢, 2007). KoHKpeTHO KOJ MapiyjaHUX HHIAMKATOpA PH3UKA: MOY3IaHOCT
Kao yJla3Ha TPOMEHJbMBA Hajuemhe TMpeacTaB/ba MaTeMEMaTHYKU JeUHHCAHY
BEJIMYMHY ald HE YBEK; 030MJBHOCT IOCIIEAMIIE j€ YUCTO KBAJUTATUBHE NPUPOAE U
3aCHOBAaHA je Ha eKCHepTckoj mpoueHu. CyIITHHCKa KOMIapaTHBHA MpenHOCT (as3u
MO/IeJIa je Y TOME IITO C€ KBaJUTUTATHMBHUA CMHCA0 MPOMEHJbUBUX, OUJIO TIPU aHAIHU3H

nephopMaHCH WM CHHTE3H UCTHX Ha HUBOY oJipel)eHe CTPyKType MalluHe Ipu TOME ce

'V CpIICKOM je3HKYy EHIJIECKE PedH fiizzy sets IPEBOJIE CE KAO PACyTH, PACTUIMHYTH, HEM3PA3UTH
CKyNOBH. Y Hay4HO] JTUTEPATYPH HA CPTIICKOM je3WKY yOOHUEjeHO je J1a ce MUlle (hasu CKynosu.
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He TyOH, OJTHOCHO M pe3yJITaT OCTaje Y JUHTBUCTHYKOM OOJUKY KOjH je neduHucaH

dbyukmujom npunagaocTH (Tanasijevic, 2007).

Kopumheme ¢a3zu ckynoBa, kao M (a3 JIOTUKE, YECTO €€ CUMOOIUYHO
o0jammana u kao ymehe crpyumaxa (Subasi¢, 1997) unu xBanutatuBHM omnuc ymeha,

WIN JE€THOCTABHO KA0 pauyHame peurma.

da3u TEXHOJIOTH]e TPECTaB/bhajy TMOKYIIA] Ja ce HempernusHe uHdopmaruje
npencTaBbajy U oOpalyjy momohy pauynapa, unme Ou ce 06e30enuina nmpucHuja Be3a
u3Mel)y 4oBeka, KOju MO MPHUPOIN OBaKkBe MH(OpMalMje KOPUCTU, U pavyyHapa, KOjH
MaHHMITYJIUIIE WCKIbYYHUBO OpojeBUMa M (pukcHUM cumbonuma. 3060r Tora cy ¢asu
TEXHOJIOTHje OpUJEHTUCAHE Ka YOBEKY M YECTO C€ Ha3MBajy XyMaHUM TEXHOJOrHjama

(Subasi¢, 1997).

(Tanikic, 2009) cmaTpa aa je ¢a3u Joruka Kao KOHIENT MYHO MPUPOJHUJU HETO
IITO Ce TO HAa MPBH MOMeHaT MuciIu. Haume, moctoje cutyainmje y kojuma Hije Moryhe
3HAKE O CHCTEMY PENpE3CHTOBATH Ha arCOJYTHO Tpelu3aH HauuH Opojkama. Yak je
BUIIIE CHUTyallMja y KOjEUMa MOpamMo Ja KOPHUCTUMO HeMpelnu3He KoHcraramuje. Ha
npumep, ,,Mapko je gucox udoBek™, ,,OHaj ayTOMOOWJI ce MpUOIMKaBa jaKko GeauKom
Op3MHOM™ Cy HeTpelM3HE peueHHIle, a UIMaK ce CBaKoJHEBHO kopucre. da3u noruka,
npeMa HaBEICHOM ayTopy, NpeAcTaB/ba CaBPEeMEHM ajaT KOju Cce€ KOPHCTH 3a
yCIIOCTaBJbae TMpaBWiIa TpECIUKaBamba YIa3HHX Yy H3JIa3HE BEIWYMHE, Kajga je
(yHKIM]ja IpeciiKaBamka HElo3HaTa WM BeOMa KOMIIMKOBaHA 3a pa3yMeBame. Y CBOM
pany cucteMu ca (as3u JOrukom kopucre Hu3 npasuia (oomuka AKO-OH/A) koja ce
Ha3uBajy (a3u nmpaBWiIMMa (WIM JIMHTBUCTUYKUM mpaBwinma). Paszu cuctemu Beh ce
YCIICITHO TIPUMEYjy Y Pa3sHUM 00IacTUMa, Kao INTO Cy: KiIacupUKalpja rojaTaxa,

ayTOMaTCKa KOHTpPOJIa, CKCIICPTHHU CUCTEMU UTI.

[Ipumeny Tteopuje ¢(a3u ckynoBa M (a3u JIOTMKE 3a OTKa3ze cHcTeMa Yy
UHKEHEPCKOj Mpakcu aHanusupao je Cai (Cai, 1996). Aytop y cBOM paay Jaje MHUPOK
cnekTap MoryhHocTu mpumMeHe ¢asu merononoruja mehy kojuma uznasaja MoryhHoct
npuMeHe Teopuje Qa3su ckynmoBa M a3y JIOTUKE KOJ| JIMJarHOCTUKE OTKas3a,

MOY3aHOCTH MAIIMHCKUX KOHCTPYKIIH]ja, MIPOTICHE pU3UKa, 0€30€THOCTH Ha pajy U Jp.
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Chen (1994) naje moryhHocTn mpumene das3u ckymnoBa U a3y apuTMETHKE 3a
onpehuBame IMOY3IaHOCTH CHUCTEMa TJ€ TOY3JaHOCT CBaKe KOMIIOHCHTE CHCTEMa

npezcTaB/ba TPOyraoHuM ¢a3u OpojeBuma.

Ja Ou ce mpeBasunuIM HejocTanu TpagunuoHanHe FMEA wmetozne, ayTtopu
(Keskin 1 Ozkan, 2009) yBome HOB MeTon Ha3BaH ,.Da3u Teopuja aJanTUBHOT

pe30HOBama“ Kako OM cpauyyHaJIM BpeTHOCTH 3a RPN.

AyTtopu (Ataei 1 dr, 2009) najy npumep npumene ¢eopuje (asu jgoruke u dazu
npaBuia 3a U300p MeXaHu3aluje y TMOA3EMHHUM pyIHUIUMA Yyriba. (OCHOBHH
NoKaszaresbu Koja n300pa ompeMe Cy TEOJIOIIKH YCIOBH Y JISKHUINTY: Yrao 3ajeramba
cioja ¥ MOhHOCT, TEKTOHCKM Topemehaju cnoja, cacTaB KpOBHMHE W TOAWHE CJIOja,

MOryhHOCT 1ojaBe BoJie Ha Uely paJuIMILITa U TUMEH3HU]e JISKHUIITA.

)4 MMPETXOAHO HABCIACHUX HCKOJIMKO HCTpaXHMBAkba MOXKE CC BUACTH HIMPUHA

crieKTpa MoryhHoCTH puMeHe Teopuje da3u cKyroBa U ¢a3u JOTHKE.

TexHUUKM CUCTEMH KOjH C€ JIaHaC MPUMEbY]Y Y PYAapCTBY Cy AOCTa CIOKECHU U
KOMILJIEKCHH, & CAMUM THM U FBbUXOBO OJipKaBame ciioxkeHuje. Hajuenthe ce cycpehemo
ca CHCTEMHMa KOjU pajie IBaJieCeTaK U BUIIIE TOAMHA, 32 KOje He MOCTOje TAYHU MOIAIlH
0 HAuMHy M TNepuoauMa oOJpKaBama, Te je onpehuBame mapamerapa pU3UKa H
NOY3aHOCTH Ha 0a3M CTaTUCTHYKE 00pajse mojaTaka U3 UCTOpHje paja MAIIuHE YeCTO
HeMoryhe U jeirHa je alTepHaTUBA KOPUIINEHE eKCIIEPTCKOT MUIIJBEHA 3aMIOCIICHUX Y

pajy ca MalMHOM KOje ce 10 MPUPOJIN Jaje y JUHTBUCTUYKO] — (a3zu popmu.

4.1. Teopuja ¢pa3u ckynosa

da3u CKyNoBM c€ pa3iuKyjy 07 OOMUHUX JUCKPETHHX CKYIOBa, TauyHHje (a3u
CKYTOBHU Cy NPOLIMPEHH CKynoBU. EnemMeHTH (a3u cKymoBa MOTY HpPUIAAATH CKYIy
NOTHYHO W JEIMMUYHO, 33 pPAa3IUKy OJ OOMYHUX CKymoBa. To je neduHHCAaHO
(GyHKIMjOM MPUNAJHOCTH, YHja BPEIHOCT MOXKE OUTH u3Mel)y HyjJe U jeIuHULE.
VYrpaBo duekcubuiHOCT Tpu u300py oOimka (yHKIHMje TpunaaHocTu omoryhasa

Jakme mnpuiarohaBame ¢asum cucTeMa peaqHUM CHTyaldjaMa W TO je jedaH Of
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OCHOBHHX paszjora 300r kojux ¢as3m cucreMu y cBe Behoj mepw mocTajy 3ameHa

KIIACUYHUM NHIKCHCPCKUM CUCTCMUMA.

da3u cKynoBU Cy OCHOBHHM €JIEMEHTH KOjuMa OMHCYyjeMo HerpeunsHoct. Hauwme,
KJIaCHYaH JUCKPETaH CKYI CaJIp>KU €JIeMEHTE ca HCTUM CBOjCTBHUMA (CKYTI jabyKa, CKyI
Kpylaka, CKyn 1ejlux OpojeBa UTI.) MOK (a3 CKYIOBU CAAPKE €IIEMEHTE ca CIMYHUM

CBOjCTBHMA (CKYT BUCOKHUX JbYJIH, CKYIl HUCKHUX JbYIH, CKyTl Op3UX ayTOMOOHIA UTI.).

Kox kimacHyHHMX CKyIoBa €JIEMEHT WM TpUIaJia Wi He mpunana oapeheHom
CKymy. AKO TO MPEJACTaBUMO MaTEeMAaTHYKU KaKEMO J1a je CTENeH MPUMIAAHOCTH CKymy |
(axo mpunana) wim 0 (ako He npumnana). Ca apyre cTpaHe, eJIeMEeHTH y Ga3u CKyIoBHUMa
MOTY JICTAMUYHO J1a TIPHUIAJ1ajy, MAaTEMaTHIKH TO MOKEMO JIa TIPEICTaBUMO Ha cieaehu
HauuH: 1 (100% npunana), 0 (yommre He npunaaa ckymy), 0,7 (70% npunana ckymy).

OBUM NPHUCTYNIOM MOT'Y NPELU3HU]E 1A CE PENPE3EHTY]y HENPELU3HU UCKA3H.

Wntepcantan npumep ¢aszu cKymna Moke OUTH KiacupuKalyja CTEHCKE Mace
npema koedunmjeHty uBpcrohe mpema IlporohakonoBy. Mako ce oBaj kKoeuIHjeHT
padyyHa Ha OCHOBY uBcprohe Ha IpPUTUCAK, KAaTeropuje CTEeHa Jare cy 3a TayHO
onpeheHy BpeaHOCT KoepHIMjeHTa U Kao TakBe ce Kopucre. Tako Ha mpumep, y NpBy
KaTeropujy BpJIO YBPCTUX CTE€HA CBPCTaBajy ce CTEHE 4YMju Koe(UIMjeHT YyBpcTohe umMa
BpennocT 20, nok 3a cneachy Huxky kareropujy ,,I1 kaTeropujy Bpio 4BpcTe™ cTeHE ca
koduuujenTom uBpcrohe koju uma BpeaHocT 15. [loctaBma ce mnuTame y KoOjy
KaTeropujy craaajy CTeHe 4uju je KoeduijeHT uBpcrohe perumo 19. Hacraje nunema
Ja U OBe CTeHe mnpunajgajy ckymy | wnm Il kxateropuje Bpio UBpPCTUX CTEHA.
WuTyntnBHO OM ce oBe cTeHe cBpcTane y rpymnu Il kareropuje Bpio YBPCTUX CTEHA.
MebhyTum, Kako 1a ce TO MPEACTaBU HAa CUCTEMAaTHYaH HAYMH, JEJHOCTABHO MOXKE Ce
pehu na creHcka Maca 4uju KoedulMjeHT YBpcTohe Mma BpeaHocT 19 mpumnaga ckymy
,»] KaTeropuje BpJo 4BpCTHX cTeHa™ ca crterneHoM 0,95. Ha oBaj HauMH yBOIM ce HOB
KOHIIENIT, a To je (yHKIMja MpHUMagHOCTH. Tako, Ha mpumep, ,| Kareropuje BpIO
YBPCTUX CTEHA" TpuApykKeHa je (YyHKIMja TNPHUIATHOCTH KOja OINHUCYje CTEeNeH
MPUNAAHOCTA CBAaKOT eleMeHTa ToM ckymy. Ha cmunm 4.1 npukaszana je QyHkiuja

MPUNAAHOCTH CKYITy ,,I KaTeropuje Bpao YBPCTUX CTEHA™.
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OyHKLIHja
HPUIATHOCTH
i

1.0 |
0.8 |
0.6 |

04|
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yppctohe f

Cnuka opoj 4.1 ®a3u cxyn | kareropuje Bpiao YBPCTUX CTEHA

I'maBHa  kapaktepuctuka (¢da3um  Teopuje je MoryhHocT rpymnucama
WHIUBUyTHUX TI0jaBa y CKyIIOBE KOje Hemajy jacHo neduHucane rpanuie. OBako
nepuHucanu (a3 CKymoBM Cy KOPHUCHH 3a OIMCHBaWme HeoapeheHoctn U
HECUTYPHOCTH MOJIela eMIHMpHjCKUX TmojaBa. Teopuja BepoBaTHOhe NpeTHOCTaBIbA
NIOCTOjab€ CaMO jeJHe KJlace WM CKyla €HTHTeTa W M3pa)kaBa CTEIICH BepoBaTHOhe
MPUCYTHOCTH, TJE C€ CKyIl ca HajeehoM BepoBaTHOhOM TyMauuW Kao CTBapHHU CKYII.
[IpumenoM Teopuje ¢a3u ckymoBa Jaje ce MOryhHOCT Ja BHIIE CKYIOBa MOTY OWUTH
NPUCYTHU HA MCTO] JIOKAIMjH MCTOBPEMEHO M M3pa)kaBajy CTENEH MPUCYTHOCTH KPO3

BPEIHOCT (PYHKIIMj€ TPUITATHOCTH.

Teopujy a3u ckymoa pazBuo je Zadeh (1965), kora MHOTH ayTopu cMaTpajy
TBOpLEM Teopuje (a3u snoruke. Pesynrare cBor ucTpaxuBama Aao je y pany ,,dPasu
cKynmoBU“. 3a a3y CKyn Kaxe Ja je CKyn ofjekara ca HEMPEKHIHUM CTEeIeHOM
npunaaHocTu. TakaB CKym ce KapakTepuile (yHKIMjOM MPHUIATHOCTH KOja MPHUITUCYje
CBAaKOM 00JEKTy CTEeNeH NMPUIaJHOCTH paHrupaH uzMely Hyine u jeaunuue. [Ipema oBom
ayTopy, Aebununuja $a3u ckyna riacu: ,,Da3m ckyn 4 ce kapakrepuiie (QpyHKIH]OM
IOpUnajHocTu f{x), MmoBe3aHa ca CBAKOM TadykoM mpocrtopa X pealHuM OpojeM u3
unrepsaina [0,1]. Bpennoct ¢pynkuuje f(x) npectaBiba CTENEH NPUNIAJTHOCTH €IIEMEHTA X
ckymy A. IITo je BpemHocT KapakTepucTHuHe (QyHKIHUje - (QyHKIHMje MPUIIATHOCTH
Onnka JeTUHUIM, TO je Behu cTeneH NpunagHoOCTH eJIeMeHTa Wi o0jeKTa X cKymy A*.
IIpema ucrom aytopy, uaeja o Gasu CKynoBMMa MpPEACTaBIba MOrOAHY IMOJIa3HY TauKy
32 KOHCTPYKLH]Y KOHLENTYaJIHOI OKBUpPAa KOJU MapHpa y acHeKTMMa M OKBHpUMa
kopuihema 0OMYHUX CKYNOBA AJIY j€ ONMIITHJU O KJIACHYHUX CKYTOBa M MOTEHIIH]aTHO

uMa MOTO IIUPH OOUM MPHUMEHE, HAPOUUTO y oOnacTh Kiacudukamuje U oOpaau

77



Teopuja ¢azu ckynosa u ¢asu nozuxe

nojaraka. Y CyIITHHH, TakaB CHUCTEM IMIpyXa TMPHUPOJAH HAuWH 3a OaBJbCHE
npoOjeMuMa y KOjUMa je M3BOP HEMpEIU3aH W TJe He IMOCTOje OmTpo aeduHUCcCaHU
KPUTEPHjYMHU WiIaHCTBa oApeheHuM kmacama. Zimmerman (1996) naje objammeme 3a
HEMpPenn3HOCT KOojy je ommcao Zadeh (1965), cmarpajyhu 1a ce Hempenu3HOCT OJTHOCH
Ha HeoapeheHOCT, a He Ha HEJAOCTaTak 3Haka O BPEIHOCTUMA ITIOCMATPAHHUX
napametapa. Teopuja da3u ckymoBa mpeaBuha CTpOro MaTeMaTHUKe OKBHUPE y KOjuMa

HejaCHI/I KOHICHTYaJITHU (I)CHOMeHI/I MOTy outu IMPEHU3HO U CTPOT'O MMPOyYaBaHU.

Harris (2006) je 3a ¢a3um ckynmoBe Hamucao Ja Cy TO CKYNOBHU KOJU HMMajy
HeTIpelM3He TpaHHIle M J1a ce MOTy npuka3ath BeHoBuMm amjarpammma. Hempenmsne
30He, aeUWHUCAaHE Kao TpaHUIE CKyla, TPEACTaBbajy 30HE ca JEITMMHYHOM
npunagHomhy, OZHOCHO HEMOTIYHOM NpUNagHOIINy HEKOr eJeMEHTa CKyIy, a
npunaaHocT uma BpenHocT usmely nyne u jeaunune, p[0,1]. I'paduuxku (Benos
IUjarpam) mpuka3 ckynoBa A U B, 3a ciiydaj Kaja jecy u Kaja Hucy (a3u CKylmoBH JaT
je Ha cimnum 4.2. V cnydajy ¢a3u CKynoBa HHTEH3HWTET CHBE 00je Mpe/IcTaBiba CTEICH

MPUIIATHOCTU CKYIY.

Cnuka opoj 4.2 Jluckpetnu ckynosH (a), ¢pa3u ckynosH (0)

Booker 1 Singphurwalla (2003) wuctuuy na je Teopuja ¢a3u CKyIoBa
MPUMEHJbHMBA KaJa C€ pajy O HEJaCHUM M HEeJIOPECUYEHUM BpcTaMa YHI-CHHIIA U EbUXOBO]
KIacupUKalrju YHyTap CKylla U HUje Kao TeopHja BepoBaTHOhe Koja 3axTeBa Jja CBaKH
WCXO0JI TIPHIaaa CKyIy Wid mpormupeHoM ckymy. Kom teopuje dasu ckymoBa, creneH

MPUTIATHOCTH — KOJIUKO YJIaH MPHUIIaia CKYITy, 3a1aT je (yHKIIU]OM MPUTATHOCTH.

Subasi¢ (1997) je nedunucao ¢asm cKyn Kao CKyn eJeMeHaTa ca CIMYHHM
CBOjCTBHMa, 3a Pa3IMKy OJ KJIACUYHOI CKyIla KOju je neUHUCAH Kao CKyI eJeMeHaTa

ca UCTUM cBoOjcTBUMA. Takohe, mao je m aeduHUIM]y (DYHKIHjEe MPUTIATHOCTH, KOja
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rmacu: Heka je mat Hempaszan ckyn X. ®a3u ckym A u X ce omucyje (QyHKIHjOM

TIPUNATHOCTH:
wy(u): X > [0,1], (4.1)

rac ﬂA(X) MpeacTaBjba CTCIICH HNPUIIAAHOCTHU CJIEMCHATa X cpa31/1 CKyI1y A 3a cBako

x € X, X —HazuBa ce HaJACKYI WIH YHUBEP3AJIHU CKYII.
a3y cKyn ce MOX€E IPEICTaBUTH CKYTIOM I1apoBa:

A={x, u,(x)| xeX, 0< u,(x) <1 (4.2)

Cmnuny nedbunnnmjy gamm cy u (Tadi¢ 1 dr., 2006; Castillo 1 Melin, 2008) rae je da3u

CcKyTl AedHHICaH MpeKo ypeherux maposa:
Az{(x, uA(x)),xeX} (4.3)

r7e je p4(x) GyHKIHja MPUIIaTHOCTH.

Hocau ¢aszu ckyna A jecte S(A) MOICKYN CBHX Tadaka X W3 YHHBEp3ajgHOT ckyma X

TaKBUX J1a je #4(x)>0:
S(A):{x,xeX,,uA(x) > 0} (4.4)

Enemenar ¢asu ckyma x u3z X (Dubois i1 Prade, 2005) nedunucan je HeroBom
npugogatom GyHkmujom a, on L\{()} no X, axo je X ckynm u ako ce L mocmaTpa Kao

CTPYKTypa CTeleHa MPUIAIHOCTH ca TOPHOM TpaHuiioM | u gowmom 0.

4.1.1. CBojcTBa 1 onepanuje Ha (pa3u CKYNOBUMA

OcnoBHa cBojcTBa (pazu ckyna cy (Tadic i dr., 2006):
1. ®a3m ckym A je mpa3aH ako U caMo aKo je p4(x)=0

2. Bucuna ¢a3u ckyna je HajBeha BpeJHOCT cTeneHa NpUnajHOCTH HEKOT

€JIEMEHTa X y CKyIy A KOjH je MOJCKYTl YHUBEP3aJIHOT CKYyTIa.
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3. ®a3u ckym A je HOpMaJaH ako U caMmo ako (3xg) € X, Tako aa pu4(xg)=1, OTHOCHO

ako je

sup s, (x)=1 (4.5)

xeX

4. @a3um ckyn A je cyOHOpManaH ako HUje HopMmanaH. Hempaszan cyOHOpmaiaH

(hasu ckym A MOKe J1a ce HopMaIH3yje ako Ce p4(Xg) TIOJIEH ca u3pa3om 4.5.

4.1.2. Onepanmje Ha ¢a3u CKynoBumMa

Bojadziev 1 Bojadziev (2007) nmpuka3zanu cy omnepauuje Ha (a3u CKyHmoBHMA.
Axo ce y pa3maTpame y3My JaBa (a3u CKymna, CKylm A U CKyn B U3 yHHBEP3aJIHOT CKyma

X,

A={x, w0}, () e[0.1], (4.6)

B={x, p,(x)},u,(x)e[0.1], (4.7)

orepanyje Ha ¢a3u cKynoBuMa A U B mpenctaBibeHe Cy olnepandjama Ha HBHXOBHM
¢yukiujama npunagHoctd. I[Ipema mnomeHyTMM ayTopuma onepaudje Ha ¢dasu

CKyIOBHMa Cy:

e JenHakocT ¢a3u CKynoBa

®a3u ckynoBu A u B cy jeanaku, o0enexxaBamo ux ca A=B, ako u camo ako cy

UM jenHake (yHKIHUje PUITaTHOCTH 3a CBako X € X,
()= 1 () (8

e Huxiysuja (ykibyueme) (a3u ckymnona

®a3u ckyn A je ykibyueH y (asu ckyn B, obenexaBamo ux ca A< B, ako 3a

cBako x € X ,

10, () < 1, (x). (49
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Tana je ¢pa3u ckyn A mojackyn ¢asu ckymna B.
Opnrosapajyhu nojckymn

®a3u ckyn A 30BeMo oarosapajyhu mojackyn ¢asu ckyna B u obenexaa ce ca

Ac B, kana je A noackyn ckyna B u A#B u Tana Baxu:

1, (x)< py(x)3acrako x € X (4.10)
f,(x) < 1y (x) 3a HAjMamse jenHO X € X | (4.11)

Komnnemenr ¢a3zu ckymna
Ckyn cympoTtaH (a3 CKyIly je KOMIUIEMEHT (a3u ckyma, olenexeH ca A H

MPEACTaBIbEH (PYHKIINjOM MPUTIATHOCTH:

,u;i(x)zl—,uA(x) W ,u;l(x)+,uA(x)=l (4.12)

36up aBa ¢a3um ckymna je mpecek ¢aszu ckynoBa A u B je Takohe (a3u ckyr,

obenexaBamo ra ca A N B, mpeacTaBibeH nomohy QpyHKIIM]je MPUITaTHOCTH
M (x) =, (x)V g2y (x)=max {p, (x), 5 (x)} , 32 cBAKO x € X . (4.13)

[Ipecex nBa ¢a3um ckyna 4 u B, olenexaBamo ca ANB, mnpeacraBiba
3ajellHMYKH CKyn JaBa ckyna A u B, paepunucan mnomohy QyHKIHje

IMPpUIIATHOCTHU!

s (x) =g, (X) A 1 (x):min{,uA (x). 1, (x)} ,3acBaKo xe X . (4.14)

4.1.3. ®a3u 0poj

®a3u 6poj A je da3um ckyn mpencraBibeH (YHKIMJOM MPUIATHOCTH p4(X) ca

cienehum ocobnHama:

S

H4(x) je nepuHMCAaHA HA/T CKYTIOM peaTHUX OpojeBa,
M.4(X) j€ KOHBEKCHA,
M4(X) je HOpMasHa, 1

H4(x) je neo o aeo HenpekuaHa GpyHkiuja (Subasic, 1997).
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Cnnuny nedununujy namu cy u (Tadic¢ 1 dr., 2006), koja rmacu:
®da3u Opoj A je KOHBEKCAaH HOpMaJM30BaH (a3W CKyN KOju je AedUHUCAH Ha CKYITY
peanHux Opojesa, R:

a) aKo ersuCTHpa TayHO JeTHO X, € R 3a Koje je uy (xg)=I

0) u4 (xg) je HEenpekuaHA QYHKIH]a 32 CBE OCTAJIC BPSAHOCTH X € X .

4

1.0 p-m-mmgmo == mmmrg = mmmmmmmmmmmm g

Cnuka opoj 4.3 ®a3u ckynou koju jecy (A u B) u koju vucy ¢dasu 6pojesu (C, D)
(Subasic¢, 1997).

4.1.4. Pazauuntu 00Jnuu (pyHKUMje MPUIIATHOCTH

®dyHKIMja TPUNIAJHOCTH MOXKE UMaTh pasinunrte obnuke. [locroje 1Ba ocHOBHA
o0nuKa (QyHKIHUje TPUIaTHOCTH My (Xg): TUCKPETHU U KOHTHHYyanHU. Koa auckpeTHe
(yHKIMje TPHUITaTHOCTH, CBAKOM €JIEMEHTY Hocada (a3u Opoja MpHIPYXKYje ce TauHO
jemHna nuckpetrHa BpeaHocT u3 uHtepBana [0,1]. Kontunyanna Qyskimja pacmoperne
MoryhHocTH jAeduHHCAHA je Ha MHTEpBAy IIOBEpEHa IMOMONYy mapameTrapa.
HajjennocraBHuju 001K (QyHKIMje NpUNIaAHOCTU jecTe Tpoyraonu oomuk (Tadic 1 dr.,
2006; Castillo 1 Melin, 2008; Siler 1 Buckley, 2005). Tpoyraonu obauk ¢yHKIHje
MPUITATHOCTH 33/JaT je ToMOohy Tpu mapamerapa, @, b, ¢ TakBux na je a<b<c. OBu
napamMeTpH TMpeJCTaBiba]y TpU Tadke Tpoyria. DyHKOHM]ja TPUITATHOCTH JaTa je Ha

cnenehn nauwn (Tadic 1 dr., 2006, Castillo 1 Melin, 2008; Siler 1 Buckley, 2005):

0,x<a
z_a,anSb
—-a
yA(x)z . (4.15)
,b<x<c
c—b
0,c<x
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Ju8
10p — — — — — = ~
o8~ = = TN
o6 — *%* *****
o4r — — = __ﬁ:‘__ - - =
02F — = /= — |-+ - - N~ -
e
a X b c

Cnuxa opoj 4.4 Tpoyraonu o01uK (GyHKITH]E TIPUITATHOCTH

Tpane3nn o0iuMK (yHKIOH]jEe TPHUMATHOCTH JeUHHCAH je TIOMONy dYeTHpHu
napameTtpa a, b, ¢ u d, TakBux na je a<b<c<d. OyHKIMja TPHUMATHOCTH JaTa je y

cnenehem obmuky (Tadic i dr., 2006, Castillo 1 Melin, 2008; Siler 1 Buckley, 2005):

0, x<a
xX—a
, a<x<b
b—a
,uA(x): I, b<x<c (4.16)
d—x
, d<x
d—-c
0, c<x
2k
or — — = = = ‘ N
08 — — — — e T
o6 — — — 7 e N
ol SN
e 22 e e W
0 1 2 3 4 5
a X b c d

Cnuka opoj 4.5 Tpane3nu 00Uk QyHKIHM]E TPUTTATHOCTH
OyHKIIMja MPUTIATHOCTH Y 00JMKY mapaboiie (3BoHA) AeduHHCaHA je moMohy
TpHU mapamerpa a, b, u ¢, Ha ciaenaehu Haumn (Tadic 1 dr., 2006, Castillo 1 Melin, 2008;
Siler i Buckley, 2005):
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1
IUA(X)z - 2 (4.17)
xX—c
1+ }
. a
il
It
1.0
0.8
0.6
0.4
0.2
0 I 2 3 4 5
a X b C

Cnuka opoj 4.6 OyHK1Mja IPUNIATHOCTH Yy O0JIHMKY mapaboiie

4.1.5. Penaumje ¢a3u ckynosa

®da3u penaiyje NpeacTaBibajy KOMOMHAIINM]Y CBUX eleMeHarta ABa a3y CKyma.

Hegpunuyuja 1: (Zimmermann, 1996), Ako cy X,Y < R yHUBep3aJIHU CKYIIOBH, TaJa

R ={((%,y),1p (X, ¥)I(x,y) e Xx Y} (4.18)
30BeMoO (azu penanujom X Ha ¥ u obenexxaBamo X x Y .

Hepununuja 2: (Zimmermann, 1996), Akocy X, Y <R un
AZ{(X,],LA (x))|xeX} (4.19)

B={(y.us (y)ly e Y} (4.20)

nBa (asu ckyna, Tana je penanuja (4.18) dasu penanuja Ha ckynosuma A u B ako je

,uR(x,y)S,uA (x),V(x,y)eXxY (4.21)

te (%,3) S 1y (1), V(x, ) e X XY . (4.22)
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bunapna ¢a3u penanuja jecte ¢a3m ckym X XY Koja CBAaKOM €JIEMEHTY CKyma X XY

nonaaje crerneH npunagaocTy u3Mely 0 u 1 (Castillo 1 Melin, 2008).

4.1.5.1. Ocobune da3u penanyja

[Tpema (Ross, 2004) ocobune ¢a3u penamuje gepuHUCaAHE Cy HA YHUBEP3AUTHOM

ckymy X, Takohe u penanuja u3 X Ha X:

PednexcuBrocT: g1, (x,,x,) =1 (4.23)
CumeTpudHOCT: L4, (xl.,xj) = U, (xj,xl.) (4.24)
TpaH3UTUBHOCT: i, (xi,xj ) =AU u, (xj,xk ) ==ty (x,x,)=2 (4.25)

rae je: A=min[4,,4,]

4.1.5.2. OcHoBHe onepanyje Ha (a3u penanujama

[Ipema (Bojadziev 1 Bojadziev, 2007), ako cy R; 1 R, nBe dasu penammje

neduHucane Ha AXB, TakBe 1aa je:
R ={((x.7). a5 (x. )} (x,y) € AxB, (4.26)

R, ={((e.y)o sty (x,9))) (%) €AXB, (4.27)
Tajia ce MOTy M3/IBOjUTH ciiefiehe oneparyje Hal a3y penanyjama:
e Jemnakoct (ha3u penaiyja

®a3u penanmje R; u R, cy jenHke ako M caMO ako 3a CBakd THap

(x,y) € Ax Bpaxu:

e (X)) = 1y (x,9). (4.28)

e Uuxiysuja

Axo 3a caxu map (X, ) € Ax Bpaxu:

e (%, )<y (x,9) (4.29)
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Taja ce Gasu penanuja Ry cagpknm y penanuju R, m obenexaa ce caR, c R, .

KOMHHeMeHTapHOCT

Penanupja koja je koMIuieMeHTapHa penanumju R obenexaBa ce ca R, a

nedUuHUCaHA je Kao:
,uﬁ(x,y)=l—uR (x,y),za svako (x,y) € AxB. (4.30)

IIpecex

Ilpecek nBe dasu penanumje obenexaBamo caR R, , a nepunucano je momohy
cnenehe penamuje:

o e (x,y):min{,uRl (x,y),,uR2 (x,y)}, (x,y)e AxB. (4.31)
VYHuja das3u penanuja

Vuuja nBe daszu penanuje odenexxaamo ca R, U R, , a AepuHKUCaHA j€ Ha

cienehu HauuH:

Hy g (ov)=max (s, (x,9), 4, (6 0)),  (r,y)e AxB (4.32)

A
(%) A B

1.0 A

Cnuxka opoj 4.7 Yuanja dpa3u ckynoa A u B (Tadic i dr., 2006)

neao 4
A B

1.0

Cnuxka opoj 4.8 Tpecek dazu ckynoBa A u B (Tadic 1 dr., 2006)
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pix) A ~

1.0

Cnuxka opoj 4.9 Kommuiement ¢asu ckymna A (Subasic, 1997)

4.1.5.3. Kommnozuiija ¢asu penamyja

Kommnosunmja dasm penamuja ce Moke MOCMaTpaTd Kao H3pavyyHABambe HOBE
penamyje Ha OCHOBY JaTHX penanyja. Y JUTepaTypud Ce HaBOJEe HEKOJIMKO MEeToja
KoMrosunuje $a3u penanuja Mehy Kojuma Cy Haj3acTyIJbCHU]C max-min, min-max u

max-proizvod.

Kundu (1998) mao je neduHuiMje 3a Max-MUH M 3a MHUH-MaxX KOMITO3HIIH]E H

BUXOBO yropeheme, Koja Taacu:

Axo cy Ri=[ui] 1 Rr=[vyj] nBe ba3u penanuje, rae je R, c X, xX,u
R, c X,xX,, Taga max-min TpaBUIO padyHa (yHKIMjy HOpUnagHocTH 3a ¢asu

penanujy R -R, =R = [rij}na X, xX,.
Max-min (Mm) npaBUI0 KOMITO3UIIH]e!
7, :max{y,.k /\ukj}:%a CBAKO I U . (4.33)
Min-max (mM) nipaBUI0 KOMIIO3UIIN]E.

T; = max{,uik \% Uk/} 3a CBAKO [ U . (4.34)
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4.2. Teopuja Ppa3u noruke

Teopuja ¢as3u noruKe OCTBapyje MMIIPECHUBAH YCIEX Y Pa3sHUM HH)KEHEPCKHM
aruIgKalyjaMa y pacloHy OJ MAacOBHUX MOTPOINAYKMX IPOMU3BOJA HA TPXKUIUTY [0
cy(uctunmpanux ojutyka M KOHTposie mpoOiema. dasu Joruka ykibydyje JbYICKO

HCKYCTBO U ONpe/e/behe 3a QYyHKIN]Y TPUIATHOCTH U (a3u MpaBuiIa.

®a3u oruka, Kao METOJO0JIOTHja 332 MOJAEIMpAame U aHAJINU3y CUCTEMA j€ O
noceOHOr 3Hayaja, 300r CBOjeé CHOCOOHOCTH Jla MOJEIHpa KBAHTUTATUBHO H
KBAJMTaTUBHO MpobOieMe KOju YKJbYdyjy HejacHohe u HempenusHocTH. IIpema
(Carvalho 1 Machado, 2006) mpornec ¢a3u JIOTUKE y OCHOBU 3aCHUBA CE€ HAa KOHIICTITY
Koju omoryhasa paj ca MpHOIMKHAM BPEIHOCTUMA, HETIOTITYHUM HJIM JTBOCMHUCICHUM
nH(popMaIjaMa 1 lBUXOBUM YTHIIAjUMa Ha JJOHOIIEHE OJuTyKa. Y3 rmomoh ¢azu soruke
MOTY C€ PELIUTH HEKM HECTPYKTYpalHU NpoOJeMH ca HENOTIYHUM 3HAmEM, IyTeM
pa3Boja 3aKkJbyuka M TPUOTMKHHUX OJArOBOpa, Kao INTO Jbyjacka Owuha pane.
Marematnuka KoHmemuja (asm  jormke omoryhaBa TpeACTaB/bake  HEKHX
KapaKTepUCTHUKA JbYJICKOT HauMHA pa3MuliLbama. [Ipu pa3Bojy ¢aszu Mozena y mpBoj
(a3 HEONXOJHO je MAEHTHU(PHUKOBATU KPUTHUYHE NPOMEHJbUBE U MapaMeTpe cucTema.
[IpomensbuBe U MapamMeTpu Mopajy OuTH cnenmduuupanu oarosapajyhom ¢yHkimjom
npunaanoctu. [lorpeOHo je uaeHTH(UKOBATH aKTUBHOCTH Ha KOHTPOIU CHUCTEMa H
OIMCATH UX Y CMHUCITY JITHTBUCTUYKHX TpaBuia. Y Apyroj (a3u cucteM ce KOHTPOJIUIIIE
nomohy nperxonHo aepuHucaHux npaBuia. OMoryheHo je na ce Mepewma BpeAHOCTH
NPOMEHJbUBUX 00aBJbajy TOKOM Tpajama Mnpoueca. V3MepeHe BpEeIHOCTH ce€ HaKOH
Mepema TpaHC(POPMHUIILY, Ha OCHOBY IIpaBUiIa, y OAroBapajyhe JTMHIBUCTUYKE TEPMUHE.
PesynraTt nmpumene (as3u oruke y cucreMuMa jecte Taj Aa ce AeGUHHUIILY MO3UIHje Ha

KOjI/IMa CC MOXKEC ACJTOBATH U KOHTPOJIUCATH CUCTCM.

®da3u noruka npyxa edukacaH HauMH Ja ce O] AOCTYNHHUX IOJaTaka CauMHU
MaTeMaTUYKHU MOJEJ Ka0 OCHOBA 32 aHAJIN3Yy. Y3 IIOMON JIMI'BUCTUYKHUX MTPOMEHIbUBHUX,
KOJUM ce OKapakTepuie (a3 cKyI, oMoryhasa ce kapakrepusannja KOMIUIEKCHUX WIH
nome nedunucanux denomena (Owens 1 Coppola, 2012). Kaga cy ¢dasu ckymnoBu
neuHUCAaHU Ha OBa] HA4YMH, UCTpakuBad (opmupa QYHKIU]Y MPUIATHOCTH KOja

KapakTepuIlle CTeNeH NpPUIIaJHOCTU eneMeHTa oapeheHoMm ¢asu ckymy. [pyrum
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pedrMa, TMpesia3aK U3 YIAHCTBA Y HEWIAHCTBO CKYITy j€ MOCTEMeHOo, 0all Kao MTO TO
NO’KMBJbAaBA CTPYUHAK KOjU paau aHanu3y. [Iporec MmoaenoBama Ha 0a3u (a3u JOrHKe
3axXTeBa IMOCTETEHO WHTEPAKTHBHO aHTa)XOBame CTPy4Ylhaka Ha O0paaul MCTOPH)CKUX
YHIBbEHUIA, Ca IUJBEM Jla CE IMpOoLeC MOOOJbIIa HA OCHOBY pe3yiTara, akCHoMa WU

paBuIa.

Brubaker (1994) naje met kateropuja rjae je Moryhe nmpumMeHuTH (a3u JOTUKY, a

1o ’eMy Hajuenthe ¥ HeOmXOAHO:

1. ®a3m noruka ce Tpe6a INPUMCHUTH KO KOMINNICKCHHUX CUCTCMA, Kajld je TCIIKO

i Hemoryhe neduHucaTu cucTeM Ha APYTd HAYMH.

2. Takobhe, Tpeba ce NpUMEHHUTH Yy CIy4ajeBUMa KaJa c€ CUCTEM KOHTPOJIUIIE O]

CTpaHC CKCIICpara.

3. ®a3u snoruky Tpeba MPUMEHUTH y ClIyyajeBUMa CIOXKEHHUX M BeOMa CIIOKEHHX

CHUCTCMaA Ca KOHTHHYAJIHUM YyJla3uMa U U3Jia3uMa.

4. Cucremu Ko KOjux ce Bpuid npaheme mporieca o CTpaHe paJHUKA TOe ce Y

paay BpIlM IpOMEHA yJa3HUX U U3JIa3HUX [apameTapa

5. V¥ cucremMuma y KojuMa je HejaCHOCT yoOudajeHa, IpuMep eKOHOMCKU CHUCTEMH,

IPUPOJIHE HAYKE...

VY ¢a3u noruny HUje TPEHU3HO JePHUHUCAHA TMPHUIIAJHOCT jETHOT eJIeMEHTa
onpehenom ckymy, Beh ce mpumamHocT Mepu y, penumo, mporeHTHma. OBe Mepe
NPUNAAHOCTH, CKaJIMpaHe, MOTy Aa y3uMmajy BpemHoctd ox 0 mo 1. Y3mumo, kao
pUMep, JaHe Y HeJIeJbU M HalpaBUMoO JBa ckyma. CKyIl paJHHX JaHa ¥ CKyll BUKCHI. Y
OWHApHO] JIOTHUILIM C€ y CKYyNy paJHUX JaHa yOpajajy: TOHeNeshakK, yTOpak, cpena,
YEeTBPTAaK M IETaK, a y CKyIy BUKEHJ JaHa: cyboTa u Henespa. [IpumagHocT enemeHTa
HEKOM CKymy Om ce m3pasuia OpojeM 1, a Hempunamame O6pojem 0. Mehytum, y ¢azu
3aKJby4YMBamy O cHTyalnuja Owia HemTo apyraudvja. Ilerak, kao JaH KOjU je JCIOM
pajHu JlaH, a JAeJIOM TMOYeTaK BUKEeHJa, OMo OW Herjae Ha rpaHulld OBa JBa CKyIa, Tj.
HEroBa MPHUMATHOCT MPBOM CKYNy paIHHUX JaHa OM ce u3paxkaBajia, peruMo Opojem
0,62, nox Ou MpUNATHOCT JPYroM CKYITy BUKEeHJ JnaHa Ouna 1udpa 0,38, ako ce y3me

MpoleHTyaaHo Bpeme oA 24 yaca. CimuHo OM OMJI0O W 3a Helesby Kao JaH KOJH jecTe
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BUKCHJI, alld HE CacBUM IIEIMM CBOJUM TpajameM, jep HIaK ce Hejlesba yBede
JOXHMBJbaBa Kao MPHIIPEMa 3a HOBY pajJHy HeIesby, OJHOCHO MHOTH Jbynu he ra
OKapaKTepucaTy Kao He CACBUM BHKEH] JIaH, jep MOCIIe Hhera J101a3u MoHeAebaK. Buau
ce 11a je ¢a3u JIoruKa jako OJMCKa JbY/ICKOj MEPIENrji O MHOTUM CTBAPHMA y JKUBOTY.
MHore ciauvHe CcUTyallje KOje HHUCY jacHO pa3BOjeHEe, KOje Cy MeEIIaBHHA BHIIE
CTBapH, Cy CBaKOJIHEBHO MPHUCYyTHE OKO Hac. OBIE CMO Ha NPWIMYHO HECTAOWIHOM

TEPEHy, jep peIeBaHTHO MocTaje Cy0jeKTUBHO MUIILbEHE O HEKOj CTBAPH WJIH 110jaBU.

da3u JiorMka je KOpHCTaH ajlaT 3a KOHTPOJY M YIPaBJbake KOMIUICKCHUM
WHAYCTHJCKUM TpoliecuMa, JoMahMHCTBMMA, €KCIIEPTCKUM CHCTEMHMa M 3a Jpyre
armmkarje  (Hellmann, 2001). ®a3m nmormka omoryhaBa npyradmju TMpHCTYII
ynpaB/baby U Kiacudukanuju mnpobirema. Moxgen ce ¢dokycupa Ha peliaBamy
npoOjemMa, a He Ha M3HAIAKCHY MAaTeMaTHYKOT MOJeNa, y KOJUKO OH mocroju. Ca
Jpyre cTpaHe, a3y CUCTEM 3aXTeBa JOBOJHHO EKCIIEPTCKO 3Hame 3a popMupame O6aza

npaBuiIa, KOMOUHaNM]y (a3u ckymnoBa u aedasuduxammjy.

[Tpumena Qasu JIOTHKe jako je KOPHUCHA 3a BEOMa CIIOXKEHE IMpoIiece 3a Koje He
MOCTOjJH jeTHOCTaBaH MaTeMaTHYKW MOJIEN, 3a HEJIMHEapHE Ipolece WU 3a odpany

jesndxo (opmynrcaHor crpy4Hor 3Hama (Hellmann, 2001).

Mechefske (1998) y cBom pany naje moryhHocTH mpumeHe ¢a3u JOTHKE 3a
JIMJarHOCTHKY OTKa3a MamMHa. AyTop cmaTtpa jAa (a3u Joruka mpyka MOJen 3a
ynpouthemwe 1 00jalmbenhe KoMIUIeKCHUX cucteMa. dasu joruka paau ca HeoapeheHum
U HEJaCHMM CHCTEMHMa Ha Ha4MH KOjU OINOHAIla JbYJACKO pasMullibame. Omoryhasa
NPUIIAJHOCT MPOMEHJBHBE TPYIIM y OKBHPY KOj€ C€ OIeHYje CTENeH HEU3BECHOCTH.
[IpencraBba mapamerpe cucrema kao HopmanuszoBaHe wu3mehy O u 1. Crenen

MPUIATHOCTU ACPUHHUILIE JIULIE WIH CTPYYHH TUM KOjU pajy aHATU3Y.

CkynoBu (a3u Joruke cy OO0jeKTH KOju C€ KOPHCTE 3a MOJCITUPAmE
Heopel)eHOCTH W HEM3BECHOCTH, Ka0 M OHHMX KOjU Cy MPUCYTHH JIMHTBHCTHYKH Kaja
OTHMCYjeMO CTBapH, KOoHIenTe u uuaeje 6e3 jacaux rpanuna (Hanovich, 2010). Teopuja
¢da3u JorukKe mpyxa MeTojxe 3a HNpUOIMKHO pPE30HOBaWmE Ipolieca Ha OCHOBY
HECUT'YPHHX, HETIOTITYHUX, HEMIPEUM3HUX WK Heoapehenux nndopmarmja. Anaru dazu

JIOTHKE TIpy»Kajy MoryhHocT 1a ce aohe 10 oapeheHux 3akjbydaka Ha OCHOBY HEJaCHHX,
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JIBOCMOCJICHHX, HENPEIM3HUX ToJaTaka WM VY CiIy4ajeBUMa Kajga HeJIoCTajy
undopmarnmje. Hanovich (2010) y cBoM paay u3aBaja Tpu OMTHE KapaKTepucTUke (a3u

JIOTHKE:
1) cBe je cTBap cremneHa;

2) da3u yoruka je MOorojHa 3a HEW3BECHA WM NPUOIMKHA 3aKJbYUHMBabA,

IOrOTOBY 3a CUCTEMC Ca CJIIOKCHUM MAaTCMAaTUYKUM MOACIINMA U

3) ¢a3u noruka omoryhaBa JOHOILICHE OJTyKa KaJla ce€ pagul O HEjaCHUM WM

HCIIOTITYHUM IoJaliuMa.

IIpema (Hanovich, 2010) ¢a3u noruka je mpuCTyll HpOMEHJbUBaMa KOjU
HOAp)KaBa TayHUje MOJIEJIOBAKE IpOIeca OMIydMBama U OOJBEr IPECTaBJbamba
UMHTEpaKlMja peaJlHor CBeTa HaclpaM OWHAapHOI TMPUCTYNa KOJU HUMa CTPOro

PalOHAJIMCTUYKHU IOTJIE] Ha CBET.

McGill 1 Ayyub (2007) TBpae la OCHOBY 3a uU3paay Mojena (ha3u JOTUKE YHHE
JUHTBUCTUYKE MMPOMEHJbUBE omnucane (a3u OpojeBuma. HacympoT jacHUM, KilaCHYHUM
CKyIOBHMMa, YHja je BpeIHOCT jacHo nedunucana, gpa3u 6poj je ¢pasu ckyn aepuHucan y
CKYIly pealHux OpojeBa uHje je HyMEepHUuKO 3Hauewe HejacHo JeduHucaHo. Ha npumep,
ped ,,BepoBaTHO™ Kao TBpIma O BepoBaTHOhM M pey ,,kaTacTpodanrHo* Kao TBPAMKA O
TOTEHITM]aJTHUM TTOCIeIuIaMa cy ooe a3 OpojeBr y CMUCITY Jla U3pa)KaBajy BEJIMUNHE

0e3 mperu3He KBaHTU(UKAaIH]e.

OcHOBHa TIPEeTHOCT KOHIENTa (a3u CKyIoBa jeCTe CIIOCOOHOCT Ja MOJEIyje
Heroy3/l1aHe W JABOCMUCIeHe uHpopmanmje. Pasnmka ¢a3um ckymoBa y OIHOCY Ha
knacuyHe ckynoBe (Reveiz 1 Leon, 2009) jecre QyHKIHMja MpHUIATHOCTH KOja HUje
IUcKpeTHa Beh HENpeKuaHa, TAe Pa3IuYUTH CTETEeHU MPUIAJHOCTH MMajy BPETHOCT
u3Mel)y yumbeHUIA J1a U He, BpeAHOCTH O 1 1, YMeHHUIIA HCTUHUTO W HEMCTUHUTO, UT/I.
DyHKIIMja TPHUIATHOCTH jecTe, y CYIITHHH, JIMHHUja Koja neduHHUIne mpena3 umehy

CKyIIOBa.
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4.2.1. JIMHrBUCTHYKE NPOMEH/bHBE

JIMHrBUCTHUYKA MTPOMEHJBHBA je BaKaH KOHIENT Yy (a3u JOTHLHU U UrPa KIbYUHY
yIOTy Yy MHOTHUM aruTMKaIfjamMa, HapoyuTo y JIOMeHY (a3u eKCHEepTCKUX CHUCTeMa H
KOHTPOJIHE (a3u JIOTHKE. Y OCHOBH, JIMHTBUCTUYKA NPOMEHJBHBA Yy3HMMa BPEIHOCTH
KOje cy IM0jMOBH NPUPOAHOT je3uka. Ha npumep, Op3uHa je JIMHIBUCTUYKA TPOMEHIbHUBA
aKO HEHE BPETHOCTH MOTY OUTH criopo, Op30, Beoma O6p30 U Tako nasbe. OBaj KOHIENT
je yBeJieH na Ou ce KapakTepu30Balid (PEHOMEHH KOJU Cy WIIH CYBHIIE KOMIUICKCHH, WJITH

dhopmaHo some AeuHUCAHU.

Subasi¢c (1997) je mao nedWHUIIN]Y JIMHTBHCTHYKE MPOMEHJbHUBE KOja TJIACH:
,»JIHNHTBUCTUYKA MPOMEHJbHBA j€ MPOMEHJbHBA YHj€ Cy [103BOJbEHE BPEIHOCTH PEUH

NPUPOIHOT je3nKa™.

JIMHTBUCTUYKY M3pa3y MPEJICTaBsbajy MOCT u3Mel)y OpojuaHUX TMpeacTaBibamba

nH(popMaIja y padyHapy ¥ YOBEKOBOT HauMHa pazmunsbama (Tadic i dr., 2000).

HpHMep JIMHTBUCTHYKC ITPOMCHJbHUBE MOXKC OUTH KBAJIUTET OJp’KaBamba U MOKC

MMaTH BPEIHOCTU: BeoMa JIoIIle, JIole, 100ap, Beoma 100ap, OAIUYaH. ..

[lo npedbwHUIMjM, JUHTBUCTHYKA IPOMEHJbMBA je TIPOMEHJbMBA YHjE CY
JI03BOJbEHE BPEIHOCTH PEYU TPUPOIHOT je3rKa. JIMHTBHCTHYKA MTPOMEHIBHBA YECTO CE
HazuBa W (a3u NPOMEHJBMBOM. Mcrpen OCHOBHUX JIMHIBHCTUYKHX TPOMEHJbUBUX
4ecTo ce J0/ajy W oAroBapajyhut MoauQHUKATOPH, HIP. BPJO U Ci. JIMHTBUCTHYKHU
MOIU(GHUKATOPU KAao M BE3HUIM KOju he KacHuje OMTH JeduHHMCAHU, MOTY Ja ce
ne(UHUITY 3aBUCHO O] yroTpebe u HameHe. 300T Tora ce U ynorpedsbaBa BeUKU Opoj
Pa3IMYUTHX JIMHTBUCTHYKHAX Moaupukaropa u Be3Huka. OUurienHo je u aa, ¢ 003upom
Ha Je3WYKe MAaHUIyJaluje, TMpe CBera y CMHUCIY JBOCMHUCICHOCTH I10JMOBa,
JMHTBUCTUYKE TMPOMEHJBHHMBE U MOAM(PHUKATOPU YECTO MOTY Ja C€ KOMOHMHYJY Tako Ja
ce JIeJIOM M3ryOu BhHUX0Ba OCHOBHA yJIOTa MPOMEHJbUBE MM MOAU(pUKaTopa. Y CBaKOM
ciydajy tpebdano 6u nedunacatu (a3u mpoMeHIbUBE, Tj. Ha3uBe (Da3u CKyIoBa TakKo Ja
ce Ha HajOOJbH HAUMH arcopOyjy aHanmm3upanu ¢penomenu. [Ipu Tome Tpeda yBek nmaTu

Ha YMy Jia je JIMHIBUCTHYKA MPOMEHJbHBA MIPAKTUYHO Be3a u3Mel)y pauyHapa 1 YOBeKa.

Omnepatopu MoguduKanmje:
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Heka A o3nauaBa a3u ckyn ca GyHKIUjOM NMPUNAIHOCTH UA(x), x €X,
rzae je X yHuBep3anHu ckynu A < X .

[IpBa rpyma momudukaTopa npema (Subasi¢, 1997) moxe ce aeduHucatd Ha

cienehu HaunH

1. MHOXeme cKaJapoM:

toq(X) =au,(x); a>0,aeRevxeX;au, (x)<1 (4.35)
2. CreneHoBame:

w(x) = (1,(x))"s a>0,aeRe (4.36)
3. Hopmanuzanwmja:

NORM (4) =— 24 supui(x) #0 (4.37)
sup pa(x) x

4. KoHueHtpucame:

CONC(4) = 4% Hoonern = (144(%)) (4.38)

5. Ilpommupeme:

DIL(4) = A"; tonn = ((x))” (4.39)

Jpyra rpyna oneparopa Moaudukaimje ce Moxke AepuHUCcaTU Ha cliejehn HauKH:

1. TlojauaBame koHTpacTa: INT(A4);

2(,uA (x))2 za 0<p,(x)<0,5

; (4.40)
1-2(1-p,(x)) za 0,5< u,(x)<1

INT(4)

2. @azudukanuja dasu ckyma A ce Bpmm nomohy npyror ¢asm ckyma K(x;) u

nedunwuie ce Ha cieaehn HaywH:

SF(A:K) =2 u,(x)K (x,), (4.41)

- rae ce K(x;) Ha3uBa je3rpo Qazudukanuje.
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HaBenenu ommre npuxBaheHH MOAuQHUKATOPU JTHHIBUCTUYKUX BPEIHOCTH CE
NpUAPYXKY]y omeparopy moaudukaiuyje u To Hajuemthe Ha cnenaehm HaumH (Subasic,

1997):
- Beoma A= CONC(4);
- Mame-Buiie A = DIL(A4);
- nmouemTo A =NORM(4 u uHe (VEOMA(A)));
- npuwiudHo A = NORM{INT(A) u ne INT[CON(A)]};

. um3y3zetHo A =NORM(INT(A)).

dazudukanmja npeacTaBba MOCTYNaK NpeTBapama yJa3HUX Hojaraka y ¢asu
cKym win Opoj. Yia3Hu moganyd MOry OUTH JaTé Kao JTMHTBUCTHYKE MPOMEHIBHBE WIIH
Opojuano. TakBe MmojaTke je HEOMXOAHO TpaHchopMmHcaTH y OONMK ¢a3u CKyma ca
(dbyHKIIMjaMa NMPUNAAHOCTH AAaTUM CKynoBuMa. das3u CKynmoBH MOTY OWUTH TPOYTIacToOT,
Tpare3Hor WUIU 3BOHAcTOT 00muKka. Tpoyraonu oOnuk ¢a3u cKyma ce mpuMermyje KoJ
JMHTBUCTUYKY MPOMEHJBHBHX KOje Tpenu3Huje AeguHunry oapeheHy mojaBy, AOK ce
Tpane3Hn OOJUK TpUMEHYje KOJ TI0jMOBa KOJU HWMajy IIHPE 3HAYCHE, THUIla
JMHTBUCTUYKE TPOMEHJBHUBE ,,yMEPEH KOJ MpolleHe pu3uKa. Tpare3Hu U TpoyraoHu

o0muk (ha3u ckymnoBa npukasas je Ha ciauiu 4.10.

Ja Ou ce ¢asudukoBanu OpojuaHH MojAalLM, Kao IITO Cy BpeMeHa u3mely nBa
0TKa3a KOJ IMpOIEHE PU3HKa, HEOXOTHO je Ne(UHHCATH KJIAaCy MPUIAAHOCTH, OJHOCHO
CBakoj kiacu Tpeba mpumomatd ojarorapajyhe OpojuaHe BpeIHOCTH Kako OH
nmocMaTpaHa TojaBa Owia jaeduHucaHa oaroapajyhum ¢asum ckymom. 3a mpumep
BpPEMEHa y OTKa3y, Kiacu | Tpeba mpuaoAaTH Hajlry’Ke BpeMe IMPOBEACHO y paiy, JOK
kiacu 7 Hajkpahe Bpeme y pany. Ha Taj HaumH ce Hajkpahe Bpeme mpoBeneHO y paay

noBe3syje ca (a3u CKyIoM KOju OMUCYje eKCTPEMaH HUBO PU3HKA O/ OTKa3a.

Kox dasuduxanuje ynazHux nojgaraka 100MjeHUX Ha OCHOBY €KCIIEPTCKE OLICHE
ONMCHO peYMMa, HEONMXOAHO je aAeduuucatn ¢asd CKyHoBe JIMHTBUCTHUKU

MPOMEHJBPUBUX KOjUMa j€ ONMCaHa 10jaBa, Ha TPUMEp, PU3UK.
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Lk HesHaTaH  HH3aK YMepeH BHCOK B&OMa BIICOK

L0 = = 7 = A0 —| — - - A e
08| S - R R _
0.60
0.40

0.20 — - T - - A= - - 4 - - [ N 1 _ _|

1 2 3 4 5 6 7 Kiaca

Cnuxa o6poj 4.10 Tpoyraonu u Tpane3nu oonuk ¢asu ckyna (Petrovic idr., 2014)

A
10 10 /u=0.5
oa=07
. ou=3
a=04

>

A
A

MHOEEEE CEATAD O CTEIEHOEBAREE
3 NORM (A) A A
1.0 10 |
R 7\cowc (A)
CTEIIEHOEAKRE Konue;{'rpauﬂja
A A n A
10 10 |
___— DIL{A) ?\ — INT (A)
0.5 /
OpOLIHPE e HojauaBakEe KOHTPACTA

/ >
r
\J

A K (x) A SF (A; K)
10 10 4

1.0

= ¥

X X

tbazuduranmja

Cnuka opoj 4.11 Onepatopu mogudukanuje, (Subasic, 1997)
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Y ommTem ciaydajy Mory jga ce JedUHMINY W BE3HUIM (WM, WIH, HE) Y
JMHTBUCTUYKUM HU3pa3uMa, KOjU OMeT MOory jaa ce aeduHumy Ha cieaehu HauwH
(Subasic, 1997):

- AuB=A4nNB;

- Aumu B=A4 U B;

Hed=4.

3a mpexacraBibambe TBphewma Koja cajpie JMHIBHCTUYKE BPEIHOCTH KOPUCTH CE
noctynak (asu mponosunmje. Pasu mpomosuiyja je Aakiie MOCTYIAK carjielaBarmba
pEaTHOCTH Ha HA4YWH Ja OHa MOXE Ja ce MPEACTaBH, KaKO je paHHje pEeueHo, y
pauynapy. CnobomHo ce Moxe pehu na je moctymnak (a3u mporo3uIirje Haj3aXxTeBHUJH
KOpak y GopMHpamy KOHayHE OlleHe Ha 0a3u (a3u CKyIoBa. 3aXTEBHOCT Ce€ Oriefa y
KOMIUIEKCHOCTH CHCTEMAaTH3allije 3Hama, UCKYCTaBa, 3aTUM OJroBapajyhux mepema u

CJI.

4.3. ®a3u peaauuje

da3u penanpje onucyjy HempenusHe oaHoce uzMel)y nBe BenuunHe. KOHKpETHO,
Heka ¢y X u Y nBa yHuBep3anHa ckymna. Tama je R = {((x, ¥), uR(x, y)) | (x,y) € X x Y}

OounapHa ¢azu pemanuja. uR(x, y) je ABOAMMEH3UOHATHA (PYHKIIH]ja TPUTIATHOCTH.
VYoOuuajene OunapHe (aszu penanuje cy:
- xje 6xm3y y (6pojeBm),
- X 3aBucu of y (norahajn),
- x nuud Ha y (00jeKTH),

- @Ko je X BEIMKO y je Majo (ynpaBibame, (ha3u CUCTEMH 3aKJbydHnBarba).

4.3.1. Komno3uuuja ¢gasu penauuja

Heka cy nare nBe OuHapHe penanuje R, u R, ¢as3u penanuje nedpunucane y X xV

u Y xZ, pecnekruBHo. Komnosunuja penanuja Ry nu R, ce o3Ha4aBa ca R°R, u

neduHUCaHa je HaJl TPOU3BOAOM X X Z .
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Ri°Ry={[(x,2); (x,y) e Ri,(,2) e ] |xe X;ye Y,ze Z}. (4.42)

Komnosunuja nBe penamuje MOXKe ce I[OCMarpaTH Kao H3pavdyHaBame HOBE

penamuje R; © R, Ha OCHOBY JIaTUX penaidja Ry v R;.

Hajnpeno3natspuBuju 1 Hajuerthe ynorpebspbaBaHu NpUHIMI (Da3u KOMIO3ULUjE
je T3B. max-min KOMIIO3UIKja. Y TOM CiIyd4ajy, KOMIIO3UIIM]ja penanuja R, u R,, 3a nate

OIMIIITE yCJIOBe, AeuHICcaHa je Ha cieaehu HauuH:

Ry ° Ry = {[(x, ) maXy-min (Ur (x5, ), o 0, 2)] | x e Xy e Yz e Z}. (4.43)

OnHOCHO 3a KOHKPETHA U3padyHaBama:

HUR1°R2 (X, 2) = {\}{ [(ur ) AR, 2)|xeX;yeY,ze Zy, (4.44)

- IJIe Cy ONEPATOpU: V = max U A = min.

Kana ce R; u R, npeacraBe y MaTpUYHOM OOJIMKY, M3padyHaBambe BEOMa JIMUYM Ha
MATPUYHO MHOXEHE CaMO IITO CE MHOXEHmE M cabupame Memajy ca Vv H A,
pecnektuBHO. M3 TOr pasnora ce max-min KOMIIO3MLMja 4YECTO Ha3UBA U max-min

IIPOU3BO.

Hexka cy R;, R», R3 6unapne penammje Ha X X Y u ¥ x Zu Z x W . Taga Baxe

cnenehe ocobune max-min kommo3sumyje (Subasic, 1997):
- aCOIIMJaTUBHOCT:
Ri°(R2° R3) = (R ° Ry) ° R3; (4.45)
- TUCTPUOYTUBHOCT Y OJTHOCY Ha YHU]JY:
Ri° (R, UR3)=(R°Ry) U (R °R3); (4.46)

- cnaba JUCTPUOYTUBHOCT y OHOCY Ha MPECEK:

Ri°(R; N R3) < (R °Ry) N (R ° Ry); (4.47)
- MOHOTOHOCT:
Rz c R3 = (R1 © Rz) c (Rl ° R3) (448)

[IpumeHoM wucTe HOTalUje Kao M KOJA max-min KOMIIO3UIUja, MOXE Ja ce
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nedUHHMIIE O jeTHa KOMIIO3HUITH]a, MaX-IIPOU3BO KOMITO3UIIH]ja

UrieR2 (X, 2) = M [uri(x, ¥), ura(y, 2)] (4.49)

4.3.2. ®a3u npono3uumje

da3u mpomno3unyja ce NMpUMEmYje 3a IMpelcTaBbamkbe TBphema Koja caapike

JIMHIBUCTUYKC BPCIAHOCTH.

Jegununyuja: (Subasic, 1997): Axo y tBphemy P =X je A, A npencrasiba hazu
CKYTI, OJJTHOCHO JIMHTBUCTHYKY BPEIHOCT KOjO] C€ MOXe noaenuTu (a3u ckyr, oHaa je P

(hazu mpomno3uiuja.

Kana je A ¢a3sum ckym, onma cy moryhe BpeIHOCTH MpOMEHJbUBE X (asu
ckynoBu. Taja ce mpoMeHsbMBA X 30Be (ha3u MPOMEHJbHBA. AKO ce A IocMaTpa Kao
JMHTBUCTAYKA BPEIHOCT, OHIA Cy Moryhe BpeOHOCTH NMPOMEHJBHBE X JIMHTBHCTHUYKE

BPEIHOCTH.

4.3.3.®a3u 3aK/by4UnBambe

@da3u 3aKk/byuHMBambe KOPUCTH CTEMEeH CarjlaCHOCTH u3Mel)y UumbeHule Hu
npeaycioBa MpaBwia Ja OM ce Ha OCHOBY TOora M3padyHao 3akjbydak. Ha ocHOBY
NI03HAaTEe YUBCHUILE A, pasnuuuTe of npeaycinosa npasuina A, A—B, uzpadyHaBa ce

3aKJby4ak B KOju je y ONIITEM CIydajy pa3IHuuT O] 3aKJbyuka B mpaBuia.

Subasic¢ (1997) je nao neduHUIM]y pa3u 3aKbydnBama Koja riiacu: AKO je 1aTh
¢azu ckyn A nedpunucan Hag HaackynoMm X u ¢asu penanuja R vag U xV', Ha OCHOBY

yera ce pauyHa HOBM (a3u ckyn B Haj Hajackynom V.

Ob6jamimeme: OBO ce MOXe CXBaTUTU Ha cienehu HauuH: A je yumbeHuna, R je

npaBuiio, a B je 3akspyuak mpasuiia. To ce Moxe MpeAcTaBUTH Ha cliefiehyu HaunH:

Uumenuna: 4 .......... da3u ckyn nepunucan Hag U
[IpaBumo: R............ dasu penarmja nedunucana vag U xV
3aKkJbydaKx: B....... ¢da3u ckyn nepunucan Hag V
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4.3.4. ®a3u npaBuia

basa ¢a3u npaBuia neduHMIIe pe3yaTaT WU W3NIa3HY BEIMYHHY (HUBO PHU3HMKA
CUCTeMa IpU NPOIEHH PU3MKA) 3a CBAKy KOMOMHAIM]y yJa3HUX NpOMEHJbUBUX. Ta
IpaBuiIa Cy OOMYHO BHUIIE Y YIOTPeOU Kao JIMHIBUCTUYKHU TEPMUHM O]l MAaTEMaTHUKUX
OpojuaHMX BPEIHOCTH U U3pa’kaBajy ce Kao ,,ak0-oHja* mpaBuiaa. AKO — OHJa paBuiIa
cajip’ke JIBa Jiefla: XUIOTe3€, OJHOCHO IPETIIOCTAaBKe Koja ce yropehyje ca ynasHuUM

HOJALMMAa, U 3aKJbyUKa, IITO IPEACTaBIba Pe3yITar.
HajjennoctraBHuju 061UK (ha3u mpaBuiia MOXKe Ce TPEJICTaBUTH Kao:
AKO jex A OHJIA jey B.

AKO neo mpencraBiba yia3Ho cTambe wian npemucy, a OHJIA mnpexacrasspa
W3JIa3HO CTamke WIM 3akjbyudak. Behu Opoj mpaBuia y KOjuMa ce€ pedyuMa OIHUCYje
peleme HeKOT podiiemMa MpeacTaBiba 0a3y npaBuia. HapaBHO, MOXEMO MMATH BUIIE

yJIa3HHuX NpOMCHJbUBHX.

Baxno je HanmomeHyTH na a3y MpaBuiia MPOUCTHYY M3 MPETXOIHOT MCKYCTBa

CTPYYHOT THMa KOjH PaJy aHAJIN3Y Kao U 0] TI03HABamka CUCTEMA KOJU C€ aHAJIN3UpA.

4.4. lepasudpukannja

Jedazudukanuja je mocTynak KOjuM ce pe3yiTar (a3 3aK/bydrBama npeTBapa
y peanan 6poj. IIpema (Sivanandam i dr., 2007) pesynratu (a3u 3akjbydynBama He
MOTY C€ Kao TaKBH KOPUCTHTH, Ia j¢ HEONMXOAHO (pa3u 3aKkJbydKe MPETBOPUTH Y jaCHE
BPEIHOCTH 3a Jajby npuMeHy. IIpema ucTHMM ayTopuma IOCTOjH cedaM MeEToAa 3a

nedaszudukanmjy hazu nuznazae GyHKIHje, a TO Cy:

1. TlpuHunn makcuMaiHe (QyHKIHje TPUIaIHOCTH,
Merton TexumTa,

Cpenmwa nonaepucaHa BpeaHoOCT,

Mertoa cpelimbe BpeAHOCTH MakCUMyMa,

LenTap cyme,

A

[enrtap najehe obmactu u
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7. Meton MMPpBOI"' MAKCUMYMaA WJIH IMOCJICAKBCT MaKCUMYyMa.

[punuun wmaxkcumanne ¢yHkuuje npunagHoctu (ciauka 4.12) , mpema

(Sivanandam i dr., 2007), MoXe ce IpHKa3aTH U3Pa3oM:
1o (z2) > . (z) zasvako ze Z, (4.50)

e je :

Z - ckyn Moryhux pemiema
Uc — pyHKIHMja MPUMATHOCTH pemema (azu ckymy C

Oga MeTo/1a aje pe3ynrar ca HajsehoM (YHKIINjOM MPUIIATHOCTH.

Cnuka opoj 4.12 ITpuniun MakcuMaiie QyHKIHU)e IPUITaTHOCTH

j’l .

=

Z*

Cnuxa o6poj 4.13 Meroa Texuira

Metox Texumra je Hajuemhe mpumemeH meron, ciauka 4.13. OBaj meron
Ha3WBa CE€ jOII U METOJI IIEHTPa Te)KUHA WIIM METOJ IIEHTpa MOBPIIK. MaTeMaTHIKH ce

MOXke Tpukasatu penamnujom (Ross, 2004; Sivanandam 1 dr., 2007):
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= [k ((ZZ))Z;LZ (4.51)

Cpenma noHzeprcaHa BpeIHOCT WK CPe/iiba BPEIHOCT TexHHA (ciuka 4.14) He
MOKE C€ MPUMEHMBATU 3a acUMETpu4He u3naszHe (yHkuuje mpunagHoctH. OneHa

¢byHKIMje npumagHocTH oBoM MeTonoM (Ross, 2004; Sivanandam i dr., 2007) moxe ce

noburtu cneaehum uzpazom:

L DMz 452
Spe(z) (452

rae je:

Z - TEOMETPUJCKA CPeIMHA CBAKE CUMETPUYHE (PYHKIIH]E MPUNaIHOCTH

0 a b T

Cnuka opoj 4.14 Cpenmwa nosepucana BpeIHOCT

Mertoa cpeame BpeIHOCTH MAaKCUMMyMa je TOBE3aH ca MPUHIUIIOM MaKCHMAJIHEe
BpenHocTH (yHKIMje mnpunagHocTd. Hwuje moTpedHO na MakcuMyMm  (yHKIHje
MpUnagHocTH Oyne y jemHoj Tadkv, Beh moske OMTHM MHTEepBal Ha KojeM (yHKIH]a
NPUIMIATHOCTH MMa MaKCHUMalHy BpeIHOCT. MaTematuuku ce Moxke mpukazatu (Ross,

2004; Sivanandam i dr., 2007):

« a+b
z =
2

(4.53)

>

rie ¢y a u b mouerak u Kpaj UHTEpBajJa y KOoME (YHKIMja MPUIIAJHOCTH HMa

MaKCHMaJHy BPEIHOCT.
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=

0 a Zx b Tz

Cnuka opoj 4.15 Meton cpenme BpeJHOCTH MAKCUMyMa

Lenrap cyme oOyxBara anrebapcKy CyMmy IOjeIMHAYHUX M3i1a3a (a3u CKyIoBa.
OBaj MeToA je clMYaH METOIY CPeImhe MOHAEpHUCAaHe BPEAHOCTH, alld y IEHTPY CyMe
TEXHUHE Cy 00JIaCTH PECIEKTHBHO OJroBapajyhum ¢GyHKIHMjamMa MPUITATHOCTH, JTIOK KOJI
Cpellbe MOHJEpUCAHE BPETHOCTH TEXHUHE Cy I0jeIMHAYHE BPEAHOCTH (YHKIM]jE
npunaanoctu. JledasudukoBana BpeqHOCT MOke ce 106Ut npeko u3pasa (Ross, 2004;
Sivanandam 1 dr., 2007):

JE;,UC,( (z)dz

*_z

(4.54)

z

0.75+

0 2 4 6 8 10 2 0 2 4 6 8 10 ¢
(a) (6)

0.75 +

0 2 4,6 8 10 2
()
Cnuxa opoj 4.16 llentap cyme: a) npBa (pyHKIHja TPUMATHOCTH, 0) apyra GyHKIIHja

MPUIIATHOCTH U 11) Aedaszudukamnmja
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Ilentap nHajBehe obOmactu. Ako ¢a3m CKyn MMa JIB€ KOHBEKCHE T0JI00JIacTH,
OHJAa ce 3a pauyHame Aeda3udukoBaHEe BPETHOCTH Y3UMa TEKUHCKA BPEIHOCT
nojo6sacTu koja uMa Behy nospiuny. OBa TBpAma, npema (Ross, 2004, Sivanandam 1

dr., 2007), nara je u3zpazom:

- Jnen(2)zz
.

= (4.55)
J‘,qu (z)dz

Kon meroma mpBOr wim MoOCHEImEr MakCHMyMa, padyHame H3ja3a CBHX
NOjeIMHaYHUX U37a3a (a3u CKyNoBa y3MMa C€ 332 pauyHame HajMambHX BPEIHOCTH ca
MaKCUMHM3HpAaHUM BpEIHOCTHMA CTereHa mnpunanHoctd. Hajseha Bucuna y yHHjH
npecTaBbeHa je nmomohy hgt.cy, Koja ce Moxke ofpeautu nomohy mspasza (Ross, 2004;

Sivanandam i dr., 2007):

hgt(Ck) =sup_, pte, (2) (4.56)
[IpBu o Mmakcumyma oapelyyje ce mo odpacity:

2 =inf_, {z e Zlp (z) = hgz(Ck)} (4.57)
[Mocnenmwu o makcumyma oapelyyje ce mo odpaciyy:

2 =sup., {z e Zlu, (2) = hgt(Ck)} (4.58)

Cnuka opoj 4.17 Metoa npBOT WIH MOCIIEIHET MaKCUMyMa
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N360p meTone 3a OlLEHY KOja ce NMpUMEHYje 3aBUCH O]l MpoljemMa KOju ce
pemaBa. 3a MpoIeHy pU3MKa OTKa3a TEXHWYKHX CHCTeMa Hajuyenrhe ce KOPUCTH METO]

Cpe/me MOHepHCcaHe BPETHOCTH.

4.5. AnTepHaTHBHE MeTO/I€ 32 Pajl ca HeNMPeU3HUM MOAAUMA

ITopen teopuje asm cKymoBa Koja MpEACTaB/ba YHUBEP3AJIHH ajaT 3a
JIOHOIICHE O/UTyKa Kaja Ce pagd ca HENPEIM3HUM M HEIOBOJBHO JIe(PHHUCAHUM
NOAAIMMAa, y IPAKCH Ce KOPHCTE U METO/Ia YME-EHIUYHOT 3aKkjbyunBama (eHr. Evidental
Reasoning), ER- anroputam, U BuileaTpuOyTHMBHa aHanmu3a (eHr. Multy atribute

desicion analysis), ckpaheno MADA.

4.5.1. MeTo1 YUHeHUYHOT 3aK/bYYHBaHA

ER — anroputaM KOPUCTH C€ KOJ CHHTe3e (a3u MojMoBa, kKao U (asu
KOMIIO3MLIMja KOA Teopuje (a3su CKyNnoBa, Ha HUBOY XHjepapXHjcKe CHHTE3€ [0
HajBUILET XHjepapxujckor HuBoa. [Ipumena ER — anroputma omoryhaBa HCTOBpEeMEHH
pax ca MPEenu3HMM HYMEPHUYKAM TMOJAIMa M IoJaluMa JOOWjeHMM Ha OCHOBY
ekcrieprcke omene (Tanasijevic, 2007). 3a cBaky JUTBUCTHYKY MPOMEHJBHBY KOjOM CE
OIHUCY]y TOKa3aTeJbH IOCMAaTpaHe I0jaBe YBOJE C€ TEKMHCKH (PAKTOpPHU Ha OCHOBY
EKCIIepPTCKE OIeHe Koju mMajy BpeaHocT mamelhy O u 1, mro 3a cimydaj da3u ckynosa

npejcTaBba QYHKIH]Y IPUIIATHOCTH.

CunresHa oreHa S, Ha onpehenom xujepapxjckom HUBOY / 100Hja ce y OOIHKY

(Tanasijevic¢, 2007):

Sy={(m/ . H), j=12....n} (4.59)
rje je BenmumunHa H CKym JIMHTBUCTHYMX TPOMEHJHMBHUX 32 OTIHC OILICHE, KOja j€ /aTa Kao:
o (4.60)

Benuunna m nipesicrasiba QyHKIU]y MPUTIAIHOCTH 1aTOM (Ba3u CKYIy CHHTE3HE

OIICHE Ha J1aTOM HUBOY (KoJ (ha3u CKyIoBa je 03Ha4YeHa ca u).
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PexypsuBauM ER anroputMoM JeUHHUINE CE HAYMH padyHara BeJUYuHE 'y
3aBUCHOCTH O] JIMHTBUCTHYKE NpoMeHsbuBe H u xujepapxujckor HuBoa I (Tanasijevic,

2007):

{H}:o om! =m/ g A= j=l..n (4.61)
{H}: m’y =m" L A=m (4.62)
rie je:
{Hj} : mjl(Hl) = l(i+1)(mj(i>mjl(i+1) + mjl(i)mHl(iJrl) + mHl(i)mHl(Hl))’j = 1,...n (4- 63)
{HYy: m", . =Kgym" om" ., j=1.n (4.64)
-1
N N )
Ky = 1= m" o’ oy | 0=l (4.65)
1

n=1

~.

j#n

~

Benuunna m je panan 6poj Koju ce OJJHOCH Ha U3HOC CTENCHA MMOBEPaba U MPEICTaBIba
CTeNeH y KoMe J00ujeHa mapiifjajiHa OlieHa 1-TOT eJeMEHTa MOoJIp)KaBa XUIOTe3y Jia je
CHHTE3Ha OLICHa Ha j-TOM XHjepapXxujckoMm HuBOY curypHo Hj. Onpa ce m'; nobuja xao

npousBo (Tanasijevic, 2007):
mjl.:/ii',uij, j=L.n, i=1..1 (4.66)

r7e je 4; HOpMJIM30BaH TSXKHHCKU TOHJIEP KOjU Jaje Mely3aBHCHOCT elieMeHaTa WIIH
CTPYKTYpHE IIEJIMHE TEXHHUYKOT CHCTEMa Ca HW)KET Ha Ha BHIIU XHjCPapXHjCKH HHBO

CHUCTCMA.

Benuunna 4; nobuja ce Ha 0a3u ekcrmepTcke oleHe y uHTepaBanmy 0< A<I.
IIpema (Tanasijevic, 2007) moctoju MoryhHOCT 12 ce npoLEeHkeHa BPeIHOCT BEIMUUHE 4;
nupekTHo yHocu y ER anroputam. [lpyrum HauumH yBOhemwa IMOHIEpa Yy CHHTE3HH
TpoIriec, MpeMa HCTOM ayTopy, jé Ha 0a3W Mojena eKCIEepTCKEe OIeHe Tae noHyhene
HOHJIEpEe PEBUTAIM3Yj€ Y OJTHOCY HAa MAaKCHMaJHy BPEAHOCT IIOHJEpa Ha HUBOY JE€IHOT
XHjepapxujckor HuBoa ojpeheHe neianHe k y XujepapXujcKy CTPYKTypy HOCMaTpaHOr

TCXHHUYKOI' CUCTEMA, HA cnenehn Ha4yuH:
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J
Ay =@, 5—’; (4.67)
K

rae je:

- Ok KOepHUIMJEHT KOjU Jlaje paHI BaXXHOCTH YyJiore TMoHjAepa Hajeehe
cnenuuIHe BPEIHOCTH oJpeheHe CTPYKTypHE LenuHe kK y OJHOCY Ha XUjepapXHjCcKu

CTPYKTYPHO BUILY LIeTUHY k+1,

- &k TexuHCKH (AKTOp HA j-TOM XHjEpapXHjCKOM HHBOY 3HAYajHOCTH

CTPYKTYpHE IleNTuHe k y OHOCY Ha XHjepapXHjCKH CTPYKTYpPHO BUILY nenuny k+1,

- &'k Hajseha BpeHCT TEKMHCKHMX (DAKTOPA 3HAYAJHOCTH CTPYKTYpHE HeTHHe K y

OJIHOCY Ha XHjepapXHjCKU CTPYKTYpPHO BUITY LEAUHY k+1.

OBakaB HauMH yBolema TMOHAEpPa HAa OCHOBY EKCIIEPTCKE OIleHE j€ JJ0CTa
cy0jeKTuBaH, Ia eKCIepPTCKE OLlEHa JOCTa yTHYe Ha Ha MOJEN 3aKJby4HBambha, IOTOTOBY
npBu HauuH. [lpyru HauumH yBolema MOHIEpa je y Mam0] Mepu CyOjeKTHBaH jep

MPAKTUYHO PAaHTUpPA MOHJEPE eleMeHaTa y IOCMaTpPaHoj CTPYKTYPHO] LIEIUHU.

4.5.2. Bumnearpu0yTruBHa oneHa

BumearpuOytuBHa oriena MADA 3acHUBa ce Ha KCIIEPTCKOj OIIEHU eJieMeHaTa
cUcTeMa Ha OCHOBY BHIIIE MaplMjaTHUX MoKaszaresba. CylITHHA METOZAE jecTe Aa ce
CBAaKOM €JIEMEHTYy Ha HajHWKEM XHjepapXHjCKOM HHBOY naje oueHa of 1 mo 10 Ha
OCHOBY €KCIIEpTCKE OLIEHE. 3a eJIeMEHTE KOJU CE MOTY pa3JIO’KUTH Ha €JIEMEHTE HMKEr
XHjepapXrjCKOT HUBOA OICHAa ce 00Wja Ha OCHOBY OIICHA eJeMeHaTa W MPHI0AaTHX
MOHJIEPUCAHUX TEKUHCKUX (PakTopa, Koje Takolhe /ajy eKcmepTH, Kao cyMa IMpou3BOja
orieHe M onroapajyhux texunckux (akropa (Nikoli¢ 1 Borovic, 1996). IIpunonatu
TEKHUHCKU (PAKTOPU Ce HOPMAIU3Yjy Kako Ou ce M0oOHjeHe OIeHe Hala3uiie y pacrloHy

onl nmo 10.

Orena i-Tor elleMeHTa XHjepapXujckor | HUBOA e;, YKOJIMKO CaJp)Ku EICMEHTE
HIKET XMJE€papXHjCKOI HUBOA, 100Mja ce ka0 cyma oueHa n; Il HHBOa e€;; NOMHOXKEHH

oarosapajyhum texxunckum dakropuma (Nikoli¢ 1 Borovic, 1996):
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e = Ze[jw[j, pu 4emy je ZWU =1 (4.68)
J=1 Jj=1

VYKOIMKO ce eleMeHaT e; He pas3jiaXe Ha EJIEMEHTE HIKEr XHjepapXujcKor

HHMBOA, OHJ/Ia My C€ OLICHA JI0/IeJbYje Ha OCHOBY EKCIIEPTCKE MPOIICHE.

Ouena j-Tor enemeHTa xujepapxujckor II HUBOa e; KOju ce y XujepapxujcKoj
CTPYKTypH Hajla3u UCIIOJ eJIeMEHTa e; 1001ja ce kKao cyma oueHa n;; 111 HuBoa e;j kKoju
Ce y XHjepapXujCKOj CTPYKTYPH Halla3e MCIOJ, €JIEMEHTA e;; IOMHOXKEHU oArosapajyhum

TesxxuHcKuM pakropuma w; (Nikoli¢ i Borovi¢, 1996):
e, = Zeljkwyk’ pu 4emy je Z Wy =1 (4.69)
j=1 j=1

VYkonuko ce enemMeHar e; xujepapxujckor Il HHBoa He pa3znaxke Ha eleMeHTe
HIDKET XHjepapXujCKOr HUBOA, OHJA MY C€ OIeHa JI0JieJbyjeé Ha OCHOBY EKCIIEPTCKE

IpOLIEHE.

Bpennoct atpubyTa Ha OCHOBY KOjUX C€ BPIIM BUIIEATPUOYTUBHO PaHTHUPAHE
(dopmupa ce Ha ocHOByoleHe enemeHara | HuBoa. Bpeanoct p-tor arpubyra a, 1061ja
ce Kao cyMa OIleHa CBHUX eJleMeHaTa | Xujepapxujckor HUBOA e; TOMHOKEHUX

oarosapajyhum rexunckum paxropuma w’; (Nikoli¢ i Borovic, 1996):

a,= Zeiw,.” IIpU YeMy je Za)l.” = (4.70)

i=1 i=l1
BpenHoctu TexuHCKEX (hakTopa @f; 1o0ujajy ce Ha OCHOBY €KCIIEPTCKE OIICHE.

Axo ce ca af, o3Haun BpenHOCT p-TOT atprdyTa 3a (-TH TEXHHYKU CHUCTEM, a ca
/p BPEIHOCT TEXUHCKOI (hakTopa aTpulyTa a, 100UjeHOr Of CTpaHe eKcliepara, OHIA
ce Ka0 KOHayHa HyMepHyKa OlleHa CBAKOI' TEXHMYKOI cucreMa [/, ¢opmmupa kao cyma
BpeaHocTH atpudyta af, momMHOKeHnX ca oarosapajyhum TexuHCKHM (akTopuma A,

(Nikoli¢ 1 Borovi¢, 1996):

[, :Z/Ipaj py 4emy je Zﬂp =1 (4.71)
i=1 i=1
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MADA wmetona MpH OLIEHH KOPUCTH HyMEpHUYyKe MOoJaTKe KOju JOOHMjeHH Ha
OCHOBY eKcrepTcke oreHe. OBako q0OMjeHH TTOIal MOTY OMTH Mam0j uiau Behoj Mmepu
CyOjeKTHBHHM ILITO CE€ MOKE OJIPa3sUTH Ha UCXOJ OLEHE, I1a Ce MOYKEe cMaTpaTu HajBehum
HejocTaTkoM oBe Merone. Takohe, Hemoctatak MADA metozne jecTte y TOME IITO Ce
IPU OLIEHH BUIIMX XHJEPAPXM]CKUX HUBOA I'yOM KBaJIMUTAaTUBHA BPEIHOCT OLIEHE Kaja

npenasy y KBaHTUTATHUBHY.
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5. AEOPMHUCAIBE ITPOLHEAYPA U AJI'OPUTMA
INPUMEHE MOJEJIA INPOLOHEHE PU3UKA HA
PYJAPCKUM MAHINHAMA

5.1. Ilpumena Tteopuje ¢a3u Joruke U (pasu CKynoBa 3a
oapehuBame HUBOA PU3UKA

s oBOr MCTpakMBama jecTe Ja ce Kperpa MaTeMaTHYKHd M KOHIENTYallH!
MOJIET 3a HPOLIEHY PU3MKa HA PyAAapCKUM MalllMHaMma KOju OM J1ao jacHe M INpELu3He
uHpOpMaNMje O KPUTHYHHUM MECTHMa y CHUCTEMYy ca aclleKTa PH3UKa y HEroBOM
(GYHKIIMOHHCAY Kao U O HUBOY YKYITHOT PU3MKa TEXHHYKOT CHCTeMa. Y TOM CMHCIY,
naje ce MOryhHOCT IPEeBEHTHBHOT SIMMHHHUCAka CIa0uX MecTa HEKOM O] Mepa, Ouio
na je To noehameM MOy3JaHOCTH WM MOTYNHOCTH MPEBEHTUBHOI OTKPHBaWba OTKa3a
WIN eJeMHHHCAamheM MOTYNHOCTHM 3a HAacTaHaK HEraTMBHUX edekara ycieJ OTKasza
MalllHe Ha HUBOY 3aCTOja TEXHOJIOLIKOT MPOIeca, Ha HUBOY yIpOXKaBarma 3alloCICHNX

WIH TIPUPOJIHOT OKPYIKEHha.

Jlocajanima UCTpakMBamba y CBETY Cy C€ OrpaHMYMIa Ha pa3BHjame MoJerna
onpehuBama BepoBaTHOhe MojaBe OTKa3a Ha JaTOM HUBOY MOBEpEHa Ha 0a3u Teopwuje
BepoBaTHOhe 1 Ha popmupamy OlleHe HHBOA pU3MKa KOpHUIIhemeM BHUIIEATPUOYTUBHE
orieHe. [I[pumeHoM 0BHX yoOWYajeHUX METO/Ia IIPOIICHE pU3KKa HEe J00H]ja ce OIleHa Koja
y cebu caapKu CTPYyKTypy pH3UKa, y CMHUCIY JeduHUCamka jacHE 3aBUCHOCTHU
HENoy3JaHOCTU cucTemMa u edekara pusuka. [Ipobnem carnenaBama CBUX YTHIAJHUX
yrHMIIana, 0e3 003upa Ha HUXOBY (OPMY M HUXOBE WHTEpPAKIMje, HA HUBO PHU3HKA,
MOXX€ C€ YCIEHIHO pELIUTH NPUMEHOM Teopuje (a3 ckynoBa U (a3u JOTHUKOT
3aKJbyuuBama. Ilpumena teopuje ¢asm ckymoBa u (a3u Joruke omoryhyje
KBAJMTATUBHY OLICHY PU3MKA TEXHUYKUX CHCTEMa KpO3 CBE CErMEHTE MCTOr U MpyXKa
MOTyhHOCT cTBapama er3akTHOT MOJela KOju y ceOu calIpku CHHEepreTcku edexar
(heHOMEHA caMoOr pu3MKa U HEroBUX MapuujanHux enemenara. dasu anredpa Taxohe

omoryhaBa pauyHame ca XHOpUIHUM MOAAIMa, KOjU Cy OBJIe HEM30E)KHH JIe0 aHAJTH3E.
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Teopuja da3u mormke u Teopuja (asu ckymoBa Tpyxka epuKacaH HAYUH Ja CE O]
JOCTYITHUX TOJaTaKa CAYMHU MAaTeMaTHYKHA M KOHIEIIIM]CKH MOJIEN MpoIeHe ederarta
pHU3MKa 32 KOJU HE MOCTOjU KOHBEHIIMOHAIHU Mozell. [ToceOHO je moroaan Ko aHaau3e
mojiaTaka Koju HHCY JIaTH Kao OpojuaHe BpeaHOCTH Beh ommcHo, peunma. Y3 momoh
JUTBUCTUYIKUX TPOMEHJBUBUX, KOJUM ce oOKapakrtepuine (a3u ckymn, omoryhaBa ce
KapakTepu3alija KOMIUIEKCHUX WiIu (eHOMEHa 3a KOje HE IMOCTOjU KOHBEHIIMOHAJIAH
Ha4YMH Mepema U kBauTudukanuje. To je moceOHO KapaKTepUCTUIHO 3a TEOPHU)y pU3HKa

u edexTe pu3HyUHOr norahaja.

®da3u JoruKa TmMpecTaBjba TOKYINQj Ja Ce Hempelu3He W HECUTypHe
uHpOpManrje mpecTaBibajy U oOpalyjy momohy Hymepwukux Monena, unme Ou ce
o0e30enmia mpucHHUja Be3a m3Mely 4YoBeka KOjU 1O MPHUPOAM OBakBe HHGOpMAIlje
KOPHUCTH, ¥ padyHapa, Koju obpalyje Hymepuuke BpeanoctH. [lojam dasu ce omHocu Ha
HEIITO HejacHo, 3amyheHo, MarioBuTO, HempeuusHo. bbera je y cBeT Hayke H
TexHonoruje yBeo mpodecop Jloptu 3Bamex ca VYHuBepsutera y beprimjy,
oOjaBipHBameM paaa ,,Pa3u ckymoBu™ (Zadeh, 1965). OBa Teopuja mpejacraBibaia je
reHepan3aiujy KiacudHe Teopuje ckymoBa. [Ipodecop 3aaex je, mpakTUyHO, MPBU
YCIIOCTaBUO MaTEeMAaTUYKU MojeN koju he ommcuBatu HecurypHocT. OH je U TBoOpail
MPUHIIAIIA HEKOMITATUOMITHOCTH, Koju Thacu: "[lImo ce uuie npubauxicasamo peaiHom

npobiemy, we206o peuterbe nocmaje cee suwie gazu' (Subasic, 1997).

I'maBHa  kapakTepuctuka ¢asu Teopuje je MoryhHocT rpynucama
WHIMBUAYAIIHUX TI0jaBa y CKYIIOBE KOjU HeMajy jacHO aepuHucane rpanuie. OBako
nedunrcanu (a3u CKynmoBH Cy KOPUCHHU 32 ONMHMCHUBAE HEOJIPEheHOCTH, HECUTYPHOCTH
u hopmupame Mozelia eMIUpUjCKUX TojaBa. DyHKIMja Ga3u MPUITATHOCTH HAU3TIIE je
BpJI0 cinu4yHa (yHKIMjU BepoBaTHOhe, alM y OCHOBHU, OHE C€ paslukyjy y
uHTepnperanuju. Teopuja BepoBaTHOhe MpeTHOCTaBJba MOCTOjaEbe CaMO jeJHE Kilace
WIN CKyTIa eJIeMeHaTa M h3pakaBa CTEeIeH BepoBaTHONE MPHUCYCTHOCTH, TJIE CE KJlaca ca

HajsehoM BepoBaTHONOM TyMauu Kao CTBapHa Kiaca.

OcHoOBHa TPeIHOCT KOHIENTa (a3 CKyIMoBa jeCTe CIIOCOOHOCT Ja MOJECIyje
Heroy3Zane M JaBocMucieHe uHpopmanuje. Pasmmka ¢asm ckynoBa y opHocy Ha
kiaacuyHe ckymnoBe (Reveiz 1 Leon, 2009) jecte ¢yHKIMja NPUIAAHOCTH KOja HHjeE

TUCcKpeTHa Beh HeNpekuaHa, A€ pPa3IMYUTH CTENEeHU MPUIAJHOCTU MMajy BPETHOCT
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u3Mel)y unmeHuna 1a u He, BpeqHoctd O u 1, YMmbeHuIa UCTUHUTO U HEUCTHHUTO HTI.
Kama cy ¢a3u ckynoBu neduwHMcanHm Ha oBaj HaumH, Moryhe je paeduHHCATH
MPUIIATHOCT TTocMaTpaHor (penomena oapehenom ¢aszu ckymy. [Ipu Tome, mpunagHoOCT
onpehenum ¢asu ckymoBuma je mocreneHa u Mmoxe outu nyanHa (Reveiz i Leon, 2009),
Tj. onpeleHn mokazaresb HUBOA pU3MKA OTKa3a eIEMEHTa MOXKE CE CBPCTAaTH Y JIBa WU
Buie (a3u ckyma ca oaroapajyhom (yHKIIHMjoM TPHUIATHOCTH, IITO j& JaKO IOTOIHO

KaJla [0CTOje IBOyMJbEHA Y KOjJy KaTeropujy cBpcTaT oapeheHu nokasaresb pusMka.

[Iponiec MozenoOBama NpoleHe pU3KKa Ha 6a3u a3y JIOTUKE 3aXTeBa MMOCTEICHO
MHTEPATUBHO aHTAKOBamke Ha 00paau rnmocrojehux mogartaka, ca IHIbEM Ja ce MoOoJbIIa

(YHKIIMOHAITHOCT MalllHA HA OCHOBY PE3YJITaTa aHaJIU3€ pU3HUKa.

[Ipumenom Teopuje ¢aszm joruke Moryhe je mapiujasHo OJIpPEAWTH HEraTHBHE
edekre pu3M4HOr jaorahaja m OoHJA MX MPUMEHUTH Yy CHHTE3HU MOJIEe] OlIEHE HUBOA
pHU3UKa eJIeMEHTa, oJICHCTeMa HITH 1ieJior cucteMa. Popmuparme Moziesia OlleHe pU3UKa
cHCTeMa Ha OCHOBY pH3MKa OTKa3a MOjeJMHAYHUX KOMITOHEHTH CHUCTEMa M HUXOBHUX
napiyjaTHuX ToKa3aresba, oMoryhyje cTBapame jacHE CIIMKE O CTamy CHCTeMa Ha
OCHOBY KOTa O ce Tpejy3eie HEOX0HE Mepe 3a KBAJIMTETHO YIIPaBJbakhe PU3HIIUMA H
CTBapama IOBOJbHE aTMmocdepe 3a Modosbiname (QYHKIMOHAIHOCTH LEIOKYITHOT
npolieca eKcIioaTanrje MUHEpATHUX CUpoBHHA. [loceOHO je BakHA YMEHEHHUIA Ja Ce
MIPUMEHOM TeopHje (a3u JIOTHUKOT 3aKJbyunBama, J00Ujajy pe3yJsiaTaTd KOju yKazyjy
Ha TPEH pU3UKa M jaCHO HEJIBOCMHCIICHO yKa3yjy Ha Oyayhe pa3Boje morahaja BezaHux

3a 0TKa3¢€ cucrema.

IIponiena pu3nka OTKa3za TEXHWYKUX cHUCTeMa Ha 0a3u Teopuje a3y Joruke

CaCTOjH CC M3 HCKOJIMKO KOpaKa:

-Ilpukynspame 1 copTupame Mmocrojehux nogaTaka o paay cucrema 3a KOju ce

paau oucHa.

- ®azudukanyja NpUKyIJLEHUX M0/1aTaKa 3a IMaplyjagHe MoKa3aTesbe pu3nKa.

-Komno3unmja ¢QyHkuMja mnpumagHocTH MNaplUMjaIHUX IIO0Ka3aTesba pHU3UKa
IPUMEHOM min — max KOMIIO3ULHje.

-Unentudukanuja, oqHOCHO oapehuBame HMBOA MPUIAAHOCTU JIePUHUCAHUM

(a3u CKynmoBMMa pHU3HKa JOOHjeHHUX OIleHa pU3HKa IPUMEHOM best — fit MeTofe.
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MIN-MAX 3

‘ R nodcucm., cucmem ’

Cnuka opoj 5.1 AnroputaMm NpoleHe pu3nuKa 0TKa3a TEXHUYKUX CUCTEMA

Aropuram mpouene pusuka (Cnuka 5.1), pa3BujeH y OBOj AHMcepTaLujy,
oOyxBaTa JBa Kopaka WM ¢a3e Npu NpoLEeHH HUBoa pusuka. [IpBu kopak moxena
MPOIICHEe PU3UKA jJeCTe J1a C€ OJPeIy HUBO PH3HMKA OTKa3a A-TOT €IEMEHTa TEXHUYKOT
cucreMa, rae je k=1,2,..,n. HuBo pu3mWka OTKa3za €JIeMEHTa TEXHUYKOT CHCTeMa
oapehyje ce Ha OCHOBY MoOKaszaTesba puU3MKa k-Tor eneMeHTta. [lokasaresbn pu3HKa
OTKa3a eJleMeHTa Cy: O30MJPHOCT OTKa3a, BepoBaTHoha IIOjaBJbMBamba OTKa3a H

MoryhHOCT G1aroBpeMeHOr OTKpHBamba 0TKa3a.
O30MIBHOCT OTKAa3a MPEUI0KEHUM aJITOPUTMOM carjiejaBa ce IpeKo:
- (hyHKIMje MOTOTHOCTH O/Ip>KaBamba Ka0 MEPOM BpEeMeHa IIPOBE/IEHOT Y 3aCTOjy,

- eBI/II[eHI_II/Ije noBpcaa Ha paay Kao MCpOM yTI/II_Iaja OTKa3a Ha 3aIlOCJICHC

pagHuKe U
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- UISMCPCHUX BPCIHOCTU HUBOA 3arabeH,a Kao MEpa yTHuaja OTKa3a Ha JXUBOTHY

CpeIuHy.

@dyHKIMja MOY3JaHOCTH y3UMa C€ Kao Mepa ydecTaJloCTH I0jaBe OTKa3a Ha

OCHOBY BPECMCHCKC CJIMKC CTatha TCXHUYKOT' CUCTCMA.

MoryhHoct OGiiaroBpeMeHOr OTKpHUBama OTKa3a WM JIE€TeKTHOMIHOCT
Mpe/IcTaBJba MOKa3aTe/b PU3HKA KOJUM Ce€ MOTBphyje /a Ju je mocrojansa BepoBaTHoha
Jla C€ PeIOBHUM IIperjeinMa TEXHHUKOT CUCTeMa OTKpHje MOTEHIIMjaTHU OTKa3 U Ja ce
Ha OCHOBY JCTEKTOBAHOT CTama JIelyje Y CMUCIY CIpeuaBama WM MUHUMHU3UPAmHA

nociaeauna oTKasa.

Jla Ou ce MOrJiO MPUCTYNUTH KOMIIO3ULIMJU TMOKa3zaTesba 030MIbHOCTH pPU3HKA
OTKa3a eJIEMEHTa TEXHUYKOI CHCTeMa HeoXojHa je (asudukanuja yaazHUX IM0JaTaKa.
[Moctynak 3a dasudukanujy mnpuMemyje ce y 3aBUCHOCTH OJf BpPCTE J10OUjEHUX
nmojlaTaka O OTKasuma, jAeTtajbHuje o (asudkauuju y mornaBiky 5.1.2. Ilomamu o
OTKa3MMa elleMeHaTa TeXHHYKOT CHCTEMa MOTY C€ JaTH Kao HyMEpHUYKH (BpeMEeHCKa
CIIMKa CTama, 3a0eIeKeHr Opoj MoBpea, Mepeme HIUBoa 3aral)emba) Wik JTUHTBUCTHYKH
(excriepTcka OlleHa 3arllOCIICHUX Ha pajly U OJIpiKaBamy TEXHHUYKUX cHCTeMma). Jako je
OWTHO HArJacUTH Ja alropuTam omoryhaBa paja M ca jelHOM U ca JPYrOM BpPCTOM

1oJjaTaka, Kao 1 KOMOMHAIIN]Y UCTHX.

s,

Hs. =

Cnuka 6poj 5.2 Min — max xommnosunyja |
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Hakon da3udukanmje, mpructyna ce KOMIO3UIH]H (GyHKIIH]a MPUITATHOCTH TIPBO
MoKasaTesba 030M/BHOCTH OTKa3a MPUMEHOM min — max kommosunuje I (cnuka 5.2) na
Ou ce Ha OCHOBY KoMmmosuigje no0uo ¢a3u cKyn ca (QyHKUIMjamMa MpUIIAIHOCTH
030mspHOCTH oOTKa3a. OBaj moOKa3aTesb pHU3MKa OTKa3za Ce 3ajeqHO ca Jpyra /Ba
noKasatesba puMemyje 3a min — max xomno3unujy Il (cnuka 5.3), npu kojoj ce nobuja

IMpoICHa HUBOA PU3HKa OTKas3a k-TOr ejleMeHTa TEXHUYKOI CHUCTEMA.

Cnuxka opoj 5.3 Min — max xommosurja Il

e,

MR, =

Cnuka o6poj 5.4 Min — max xommnozunuja 11
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OneHa HUBO apu3MKa BUIIMX XUEPAPXHUjCKUX CTPYKTypa (MOAUCTEMA, CUCTEMA)
BpILIM CE Ha OCHOBY OIIEHE HHMBOA PU3HMKA OTKa3a eJeMeHaTa HUKHX XHjepapXHjCKUuX

CTPYKTypa npuMeHoM min — max xommnosunuje 11 (couxa 5.4).

Ucxon je xox min — max xomnosunuje [11 nedmuaucan kao ouekuBaHa (mpoceyHa
BpeaHocT) oreHa. OmHocHo, kopuniheHa je uneja RPN Opoja rme cBu maprujamHu
MOKa3aTe/bl pU3UKA TMOAJEeAHAKO YTHYy Ha OIleHy pu3uka. Y ciaydajy Min-max
Kommo3uiuje 3. HuBoa (cnuka 5.4) ucxoa Moke Aa ce AepUHHILIE Ha OBa] HAYHMH, MPH
YeMy ce ce alpHOpU CMaTpa Jia Cy HUXKE XHjepapXUjCKe CTPYKTYpe y PEIHO] BE3U y
CMHCITY TI0Y3/1aHOCTH, OJTHOCHO TIOJjeIHAKO YTUYy Ha IMOY3JAaHOCT BUIIHMX CTPYKTypa
YUjU Cy OHHM CacTaBHM eJeMeHTH. Ha oBaj HauWMH je CHHTE3HAa OlleHa pHU3HKa
NpecTaB/beHa Kao Hajiomuja Mehy Haj0o/bMMa y OJHOCY Ha TMOTCHIMjaTHE MCXOJe
pu3nuHuX curyanuja. OBo jecte Hajuemhu cioy4aj y CTpyKTypH ctabia oOTKasza
TEXHUYKHUX CHUCTeMa. Y CIIy4ajy Jia je CHCTEM ca pe3epBOM, OJJHOCHO Kaja je HeKa Jpyra
CTpyKTypa Be3e (mornaBibe 2.2.2.2) ucxon ce gopmupa kao jorudku 3akibydak (IF-
THEN ¢opma) 3a Ouio KOjy pHU3HYHY CHTyalldjy H3a3BaHy OTKa30M TEXHHYKOT
cucrtema. Hrp., kajia ce cuctem cacToju o J1Ba elieMeHTa | U 2 01 KOjuX eJIeMeHT 1 uma
pe3epBHU 1' KOjU ce yKJbydyje ayTOMaTCKU Kaja eIeMeHT | oTKaxke, UCXO0Jl Koju Ou ce
OJIHOCHO Ha 110 CUCTEM HE MOKe OMTH jeJTHAK 3a CIIydaj KaJa OTKaxe eleMeHT 1 U kaaa
OTKa)ke €JIeMEHT 2. HEMMHOBHO j€ Jla j€ HEONXOJHO Kopulhewe eKcrepTcKe MpoIeHe
Koja OM caapxkaia y ceOM KBaJHWTET CHUCTEMa aKTUBUpPama PE3epBHOT jena’ HCla. Y
cilyyajy J1a ce KOpucTH penauyja 5.18 nobunu 6u y o0a cirydaja UCTH HUCXOJ, ILTO OBIE
He Ou Omio y pexny. Tako 1a JOJAaTHO YKJbYYEH-E€ EKCIEPTCKE OLIEHE Yy MOJAET Y TOKY
came OlleHe, y IuJby noOujama KBaJIUTETHHjE NMPOLEHE PU3HKA, TOPUHOCH KBAJIHUTETY

noOMjeHNX pe3yTara.

Jlepunncame crerneHa MpUIATHOCTA TOOUJEHOT pe3ysTaTa, OJHOCHO (yHKIHje
npurnagHocTy oApehenom (asu ckymy (He3HaTaH, HU3aK, yMEpPEH, BUCOK, BEOMa BUCOK)
BpIIA ce moctynkoMm nedasudukarnuje (mornaribe 5.1.4). Iloctymak nedaszudrarmje
MOXK€ C€ NMPUMEHUTH Ha CBE XHEPAPXH]CKE HHBOE TEXHUYIKOT CHUCTEMa y 3aBUCHOCTH

IIITa Ce JKEJIU MoCTUh OLICHOM.

JletasbaH MpUKa3 MPEIIoKEHOT aJropuTMa MPOLEHe PU3MKA AT je Y MPHIIoTY

opoj 1.
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5.1.1. ®a3u npono3uumja

dasum mpomo3miMja TpeAcTaBba MOCTYHAaK JAepUHUCABA [OCMATPaHOT
(eHOMEHA JTMHIMBHCTUYKAM TMPOMEHJbMBAMa, OJHOCHO [0JICJbUBAbE MOKa3aTeJbuMa

ImocMaTpaHe HOjaBC JIMHI'BUCTUYKE BPCIHOCTH.

Jla Ou ce mpuctynuino a3y KOMIO3HUIUJU U TPOILEHU PU3HMKA, HEOMXOMHO je
neGuHUCATH JIMHTBHCTUYKE NPOMEHJbMBE KojuMa he ce ommcaTH MOCMaTpaHH
nokasatespbu. JIMHTBUCTHYKE MPOMEHJBUBE KOje OMHUCYjy (ha3u CKYIOBE IOKa3aTesba
HUBOA PU3HKA Cy: HE3HATaH, HU3aK, yMEPEH, BUCOK M BeOMa BUCOK. Da3u CKyIIOBH MOTY
OWTH TpHUKa3aHHU ca (PYHKITMjOM TPUITAJHOCTH Y OOJIMKY TPOYTJIa M Tpamesa, uiu pehe
3BoHacTor oOmmka. OOMMK (YyHKLIMje NPUNATHOCTH, KOje TNpeACTaBibajy HaBeleHe
JUHTBUCTUYKE TIPOMEHJBUBE, Y OBOM MOJIENy Cy nate y oonuky tpoyria (Crnuka 5.5).
Tpoyraonu oOMMK (QyHKIMje TPUNAAHOCTH TMPUMEIYje C€ 3a JMHTBUCTHYKHU

npernusanje Tepmune (Ivezic i dr., 2008).

VY mpakTH4YHO] TpUMEHU (a3 3aKbydHBama, 3a ojapehuBame HHWBOA PH3HKA,
CJIMMUHMIIE ce MoTpeba Ja ce yia3He BPEJHOCTH aHaJU3UpaHUX I0Ka3aresba,
onpeheHor (¢eHoMeHa WIM TOjaBe, UW3paXKaBajy NPEHU3HUM MaTeMaTHUYKUM
BpeIHOCTHMA, Beh IMHTBUCTHYKAM MTpOMeHJbHBaMa. [1oTpeOHo je BoauTH padyHa Ja ce
IpU aHAIM3U HE y3Me BEJHMKH OpOj JMHIBHCTHUKYM IMPOMEHJBUBUX jep C€ MOTY jaBHUTH
HoTelKohe NPUIMKOM OIeHe. Y KOJUKO TOCTOJU BEJIMKU Opoj JUHTBUCTHUKU
POMEHJbUBUX KOJUMA CE OIKCY]y MOKa3aTesbu ojpeheHor peHOMeHa WM 1ojaBe MOXe
Ce JICCUTH Ja eKCIEePT KOjU PaJiv OIEHY HE MOXKE JIa C€ OJTy4YHd KOjoM he JIMHTBUCTHYKH
MPOMEHJBUBOM J1a OLIEHHW MMOCMaTpaHu (GeHoMmeH. JbyJCcKH MO3ak HHje y CTamy Ja y
JEeTHOM TPEHYTKY carJie/ia BUIIE 011 ceiaM pa3auauTux mojmona (Wang i dr., 1995).

!’LR HE3HaTaH HH3aK VMCPCH BHCOK B€OMd BHCOK
1.00 | — T v

0.80 | —
0.60 | —
040 | —
0.20

Kilaca

Cnuka 6poj 5.5 ®a3u cCKynoBu NoKazaresba HIBOA pU3MKa
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@a3n CcKymoBH ce MOTY MPEACTaBUTH NpPEKo (QYHKIMjEe NPUIaTHOCTH [
oJpeheHnM Kilacama 3a CBaKy JMHIBHCTHUYKY NPOMEHJBHBY, TJ€ CE MOjaM Kiaca yBOIH
Kao jeJMHMIIA Mepe 3a Mokaszaresbe pusnka. Kiaca xoja mMa BpenHOCT 1 perpeseHTyje
HajMambe BPEJHOCTH TOKa3aTesba 3a Haj0oJbe CTame CUCTeMa, JOoK Kiaca 10 HajBuie
BpPEIHOCTH TIOKa3zaresba pusnka. [lojaMm kiace je JOBOJHHO MPENO3HATIHHUB IOjaM KOjU
neduHUIIe HUBO KBalIWTEeTa. 3a NMPEUIOKEHW MOJEN YCBOJEHO j€ IMeT JIMHTUBTHYKH
npomeHsbuBuX U 10 kiaca. OBako BeIMKHU Opoj Kiaca YCBOjeH je 300r mpobiema Koju ce
MOTY jaBUTH TpwiIHKoM (asudukanmje, Tj MOXKE Ce JEeCUTH Ja KOJ ToKa3aTesba
BPEMEHCKOT CTama MAIlIMHE Y pajly WK 3acTOjy He Aohe 10 mpekianama ca pa3u ckyma
MoKa3zaTeJsba HU ca jeTHOM KiacoM. Da3n CKyNoBHU 3a CBAaKy JMHTBCTHYKY MOPMEHJBUBY

MOTY C€ TIPeJICTaBUTH y ciaeachem oOmKy:
1=, =1, 1, =10) (3.1)

da3u CKyNnoBHM TOKa3aTesba pH3MKa ca ojaroBapajyhum ¢QyHKIujama mpUmagHOCTH Y

00JIMKY TpoyTJia, mpema ciuiy 5.5 ouhe:

u,.=(0.5,1,0.5,0,0,0,0,0,0,0); (5.2)
u,... =(0,0.165,0.65,0.83,0.33,0,0,0,0, 0); (5.3)
Homeren = (0, 0,0,0.25,0.75,0.75, 0.25,0, 0,0); (5.4)
.. =(0,0,0,0,0,0.33,0.83,0.65,0.16, 0); (5.5)
Hyooma o = (0,0,0,0,0,0,0,0.5,1,0.5). (5.6)

5.1.2. ®a3uduxanuja

dazn¢ukanmja npeacTaBba NPOLUEAYpPy NPETBapama yIa3HUX MoJaTaka KojHu Cy
JaTh y HYMEpPUYKO] WM JIMHIBHCTUYKO] (opmu y ¢a3su Opojese. Kox ouene
NOKa3aTeJba PU3HMKA M MOY3JaHOCTH KOjH Cy JAaTH Ka0 HyMEpPHYKe BPEAHOCTH, Kao IITO
je BpeMme y paay WIH BpeMe IpPOBEACHO Y 3acTojy 300r OTKasza, HEOMXOJHO je
dasudukoBatn kymynaruBHe pyHkimje. BejoymoBa nqBonapamerapcka pacroerna jecTe

jeHa O] Haj3acTyIUbCHMJUX pacrmojena y Teopuju moysfgaHocTu. IIpumeHoM oBe
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pacniogene, mnpema (Weibull, 1951) moryhe je oapenutn (yHKIH]y T[MO30aHOCTH,

OJIHOCHO YHKIIH]y OTKa3a. DyHKIHja MOY3/1aHOCTH UMa OOJIUK:
i
R =e (5.7)

BejOynoBy pacnozmeny moryhe je npumeHutu 3a onpehuBame (QyHKLHjE

MOTOTHOCTH OfpKaBamy. DYHKIIHM]a MOrOJHOCTH OpKaBama uma cieaehu oonuk:

f
M, =1-e'" (5.8)
VY obpacumma 5.7 u 5.8:
t- Ipe/iCTaBJba BPEMEHCKH TIEPUO/T 3a KOJU CE pauyHa Moy3JaHocCT ,
f —mmapamerap obiuka, a

y —TlapameTap paszmepe.

[Tapamerpe BejOynoBe pacmoaene moryhe je onapenuTd TpaduyuKH, IMTPEKO

nanupa BepoBaTHONe OBe pacrojielie, Wi aHATUTHIKH.

3a ciiy4aj mMayior y3opka, major Opoja otka3za n<3(, rae je n Opoj oTkasa,

yMecTo GyHKIIHj€ pacroaesie 0TKaza

F =1 —e_[éj (5.9)

padyHa ce MeAHjalHu paHT, mpemMa bepHapoBoj anmpokcHUMaIju Wi CE MOXKE Y3€TH U3

Tabiuia Koje ce Mory Hahu y autepaTypH.

j-023

= 5.10
n+0.4 (5-10)

MR

e je:
Jj — penanu 0poj oTkaza cpeheHux mo pactyhem pemocneny

n — yKynaH 0poj oTkaza
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3a ¢yHKIM]y MOY3AaHOCTH M (PYHKIIM]y TIOTOJHOCTH OJip>KaBama ojpehyje ce

cpema BPEIHOCT PacIo/iesie U CTaHIapaHa IeBHjalija, mpemMa oopaciuma:

= 1
T=nT|l+— 5.11
1 (Jrﬁj (5.11)

o= |n*- F(l+%)—{lﬂ(l+%ﬂ (5.12)

riae I'- mpencrasiba ramMa GyHKITH]Y.

5.1.2.1 ®a3udukanyja KyMmyIaTuBHEe (YyHKIIH]E

Vna3Hu mojany BpeMeHa y pajy M BpEMEHA y OTKa3zy MalluHE (=, ... , I,
noOMjeHMX Ha OCHOBY BPEMEHCKE CIIMKE CTama CHCTeMa, y3 TNpuMmeHy BejOynose
JBOMapamMeTapcke pacmnojene, dazudukyjy ce y ¢aszu OpojeBe Tpame3zacTor o0HkKa, 3a
BpenHocTH mapamerpa I<f<3 (Cnuka 5.6). BejOynoBa pacronena 3a BpeaHOCT
napamerpa f=I mnpenasu y EkcmoHeHIWjasHy, a 3a BpEIHOCTH f>3 Tmpeia3u y
Hopmanny pacniogeny (Ivkovic, 1997), na 3a Bpennoctu 1<f<3 HajmorojiHuje je nmpemMa

(Tanasijevic 1 dr., 2013) xopucTuTH Tpanesznu odnuka ¢asu O6poja.

1,0
0,8

bpi T bpa

Cnuka opoj 5.6 Tpoyraonu u Tpame3Hu (a3 cKyI

Tpane3nu ¢a3u cKyn MOXKE ce MPEeICTaBUTH MPEKO Tavyaka Mnpekuaa y cienaehem

00JuKY:

Fb=(tpl,tpz,tp3,tp4) (5.13)

119



Hedunucare npoyedypa u aneopumma npumene mMooena npoyene pusuxka Ha pyoapcKum
MawuHama

Tauke npekuja npeacTaBibajy BPeAHOCTH 3a Koje je u=0 u p=1, mro ce Moxe

npukaszaTH y cieaehem oomuky:
ipy=i(u=0); tp,=i(u=1); tpy=i(u=1); tp,=i(u=0). (3.14)

Tauke npexkuna #p;, tpy, y3UMajy BpPEIHOCT MHMHHUMAJIHOT W MaKCHMAJIHOT

3a0enexKeHOr BpeMeHa f. Bpemena 3a Tauke mpekuna #p;, ps3, padyHajy ce Ha OCHOBY

cpelmer BpeMeHa /'y 3aBUCHOCTH 0J1 mapameTtpa obinka BejOynose pacronene f.

tpzzT—x(T—tl) (5.15)

tpy=T+x(t, - T) (5.16)

rae je: x=03a =3 i x=1 3a p=1
3a ciy4aj 1a je tp,=tp;, Tpane3nu oOHMK (Ga3u CKyIa Mpeia3d y TPOyraoHH .

dakTop pasMepe X Ha OCHOBY IapaMeTpa B MOXe ce OIPEAMUTH JIMHEAPHOM

MHTEPII0NIALI]OM.

Tpeba Takohe moBe3aTu oapehene kmace ca BpeMEHHMa y paay, OAHOCHO Y
3actojy. Kox Bpemena y 3actojy, Hajkpahe Bpeme 3actoja mpuaojaaje ce kiacu 1, a
Hajayxe Bpeme kiacu 10, 1ok ce Koa BpeMeHa y pany, Hajkpahe BpeMe paja mpuaoaaje

kiacu 10, a Hajxyxe knacu 1.

5.1.2.2. ®a3udukanuja nogataka J00MjeHUX HA OCHOBY €KCIIEPTCKE OLICHE

[Ipobnem ¢aszudukanuje momataka JOOMjEHUX HA OCHOBY EKCIEPTCKE OICHE
pemaBa ce yBohemeM cTeneHa MpUIaaHocTu ¢a3u ckynoBuMa. Tpeba HarmoMeHyTH Ja
Ce CTeMeH MPUMAJHOCTH Pa3JIuKyje o1 PyHKIM]je MPUTIATHOCTH KOja je 00eyeKeHa ca u.
VY CyImITHHH, CTENEH MPUIATHOCTH MPEICTaBJba MPOIEHAT MPHUIA/lakhba MOCMaTPaHOT

nokasatespa oapeheHoM ¢dasu ckymy.

3a notpebe dasuduxanrje GopMupa ce yNUTHUK y KOME aHKETHPAHO JIMLE
peMa CBOM MHUIIUUBEHY J1aje CTENEeH MPUIagHoCTH oapeheHoM ¢asu cKymy, ¢ TUM Ja ce

MO€ ONPEAEIUTH 3a BUIIE (a3u CKyHmoBa aiu 30up CTENeHa MPUIAJHOCTH MOpa Ja
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Oyne jemnak 1. Y taGenu 5.1 gar je mokasHHM IpuUMep pe3yliTaTa aHKETE Ha OCHOBY IET

AHKCTHUPAHUX JIWLA.

Taébena opoj 5.1 Ctenien npumnaaHocT Ga3u CKYIoBa Ha OCHOBY €KCIIEPTCKE OIICHE

dazu ckyn

BEOMa
aHAJUTHYap | HE3HATaH | HM3AK yMepeH BUCOK

BHCOK
1 Ro 1
2 Ro 0.3 0.7
3 Ro 0.7 0.3
4 Ro 0.5 0.5
5 |Ro 0.2 0.8
2 |Ro 0.34 0.66

UYerupu numa cy gana oapehenu crenen npumnagHocty kmacu Huzak (0.3; 0.7;
0.5; 0.2), MoK cy CBHX NET aHKETHpPAHHX JOACIIIN TeXUHCKE (pakTope KiIacu yMepeH

(1; 0.7, 0.3; 0.5; 0.8).
CrereH pUIaHOCTH 32 a3y CKyI HU3aK:

((1x0.3)+(1x0.7)+(1x0.5) +(1x0.2))
5

=0.34

Crenen npumnagHocTy 3a a3y CKyI yMepeH:

((1x1)+(1x0.7) +(1x0.3) +(1x0.5) +(1x0.8))
5

=0.66

JloObujeHn cTeneHu MPHUIaTHOCTH MHOXE ce ca (yHKIMjaMa MPUMIaTHOCTH oApeheHuM

KJlacama, 1a 3a (a3u CKyIoBe Hu3ax u ymeper ipema 5.3 u 5.4 ouhe:

U =(0x0.34,0.165x0.34,0.65x0.34,0.83x0.34, 0.33x0.34,
0x0.34,0x0.34,0%x0.34,0%x0.34,0x0.34);

=(0x0.66,0x0.66,0x0.66, 0.25%x0.66, 0.75%x0.66, 0.75% 0.66,
0.25%0.66,0x0.66,0x0.66,0x0.66);

luumeren
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Ha uctu nauun ce oapelyjy ykumje mpumnagHocTu 3a octaie (a3u CKyIoBe,

HITO je MpuKa3aHo y Tabenu 5.2, A0k ce GyHKIMja MPUIIATHOCTU MOKa3aTesba pU3nKa

onpehenum knacama (j=1, ..., 10) ogpehyje kao 30up cBUX (yHKIMja IPUIATHOCTH TOJ

KJIacH, 1a 3a kiacy J ouhe:

(0x0)+(0.33x0.34)+(0.75%0.66)+(0x0)+(0x0) =0.569

Ha ocHoBy noOujennx (yHKIMja NMPUNATHOCTH TOKa3aTesba pU3HKAa MOXKE Ce

I[IpHUKa3aTu (1)8.31/1 CKyIl TIOKa3aTcJba pPHU3HUKaA KOjI/I CC IIpcCiMKaBa Ha IIPCTXOAHO

neguHucaHe ¢a3u CKymnoBe, ja OM ce aoduia (GyHKIMja MPUIIAAHOCTH Kiacama. 3a

HaBEJCHU NpHUMep, Ga3u CKyIl I0Ka3aTesba HUBOA PU3MKA NIPUKA3aH je Ha CIuIu 5.7.

s
1.00

0.80
0.60
0.40
0.20

HEZHATaH

HH3aK

VMepeH

BHCOK BCOMA BHCOK

[

r ]

10

Cnuxka 6poj 5.7 OyHKIHja IPUMATHOCTH MTOKa3aTeba pU3NKa Kjlacama

KlTaca

Tabena opoj 5.2 OnpehuBame GyHKIUja TPUTIATHOCTH ITOKa3aTeJba PU3NKA OpeheHuM

KJjlacaMa

= 1 2 3 4 5 6 7 8 9 10
0/He3HaTaH 0.5x0 1x0 0.5%0 0x0 0x0 0x0 0x0 0x0 0x0 0x0
0.34/un3ax 0x0.34 | 0.165x0.34 | 0.65x0.34 | 0.83x0.34 | 0.33x0.34 | 0x0.34 0x0.34 0x0.34 0x0.34 0x0.34
0.66/ymepeH 0x0.66 | 0%0.66 0x0.66 0.25%0.66 | 0.75x0.66 | 0.25x0.66 | 0x0.66 0x0.66 0x0.66 0x0.66
0/Bucox 0x0 0x0 0x0 0x0 0x0 0.33%0 0.83%0 0.65%0 0.165x0 0x0
0/Beoma BUCOK 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0.5x0 1x0 0.5x0
O 0 0.0561 0.221 0.3512 0.569 0.165 0 0 0 0

Ca

no6ujeHnM (yHKIMjaMa TMPHUIAJHOCTH TOKa3aTejba pHU3MKa ojpeheHum

KjlacaMa IIpUCTyIla CC KOMHOSI/II_II/IjI/I I[MOoKa3aTeJjba HUBOA PU3HKA Yy LUJBY OLCHC HUBOA

pH3HKa.
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5.1.2.3. ®azudukairja HyMEpUIKUX M01aTaka

Hywmepuuku nogany o eBeHTYaIHUM MOBpelaMa paJHuKa U 3arahemy KHUBOTHE
CpeIuHE TPOY3POKOBAHMX OTKa3MMa MOTY ce Takoh)e yBeCcTH y MOJel NpOoIeHe

MoKasaresba pU3MKa NoCcTynKoM (asudukanuje.

VYTHIaj OTKa3a Ha XHUBOTHY CPEAMHY MOXKE CE€ YTBPIUTH MEPEHEM KOJIMYUHA
mreTHUX u 3araljyjyhux martepuja y BasmyxXy, 3eMJBHIITY W Boau. Ha OCHOBY
MUHUMAJTHAX U MaKCHUMaJHHX 3a0eNIe)KEHNX BPEIHOCTH M MAaKCHMAaJIHO JO3BOJHCHHX
koHueHntpanuja (MJIK) 3aralhyjyhux marepuja mMoxke ce neduHMcaTH 0O0NMHMK (a3u

CKyIa.

[ToBpene pagHKMKa HacTalie yCieJ OTKa3a TEXHHYKOT CHCTEMa WJIM eJeMEHaTa
UCTOT, Takohe ce Mory mpuka3atu ¢asu ckynoBuma. dDasudukainja ce MOXKe ypaauTi
Ha BWINE HAYMHA y 3aBHCHOCTH O] Cy4aja J0 Cllydaja Ha OCHOBY KJacHQUKaIlje.
Knacudukanuja moBpena MoXe Ce M3BPIIATH MPeMa CTEIICHY WHBAIHIUTETA, MMpeMa

Opojy JMaHa MpoBeeHUX Ha 00JIOBamYy, MpeMa TSKUHHU UTI.

Jlo6Gujenu ¢a3u ckynoBu (pa3supuKoBaHUX HYMEPUUYKUX MOJaTaka UMajy OoOJHK

Kao Ha CJIULH 5.6.

5.1.3. ®a3u KOMIIO3ULKja PU NMPOLEHU HUBOA PU3HKA

3a OIleHy HHMBOA pU3WKa OTKa3a eJeMeHaTa TEXHWYKHX CHCTeMa TOTPEOHO je
YPaIUTH CHHTE3y MaplHjaHUX IOKazaTesba pu3uka. CHHTE3a Ce BPIIM HAa OCHOBY
onropapajyhe ¢asu xomnosunuje. Kon onene pusuka, npema (Kundu, 1998), na 6a3u
MaTeMaTHUKe aHaIHM3e JI0KAa3aHo je Jla je min-max KOMIIO3UIMja Mpelru3Huja y OJHOCY
Ha max-min y CMHUCIYy KOHIIEHTpAIMje pe3ysiTaTa OKO KOHAauyHE EKBHBAJCHIHjE 3a
ycnocTaBibame penanuje. Kon ¢penomena xoju mpukasyjy HETaTUBHE BPETHOCTH, Kao
IITO j€ PU3MK, PE3yJITaHTa M0jMOBA KOJU YNHE CUHTE3HU MOJCII MPEJICTaB/ba HAjJIOIIHjU
melhy HajOospuM ucxonuma. Ha Taj HauuH ce 100uja pelaTUBHO OIITPHja OLEHa, a KOJ
OIICHE pHU3WKa HHUje Tpemka ako moctoju Beha obOa3puBoct. CympoTHO je ca
(eHOMEeHNMa Kao IITO je CUTYPHOCT, IMOY3/IaHOCT, U CII., KaJa C€ MOXe KOPHUCTUTH /Max-

min KOMITO3HIIH]a.
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3a Tpu (a3m ckyma mokaszaresba pusuka S, O u D, xoju cy nedpuHucaHM ca
oarosapajyhuMm ¢yHkmMjama nMpunagHOCTH M Kiiacama, Ouhe mpukazaH TPHHIAI min-
max xomnosunuje. a3y cKymoBe Mokaszaresba puzrMka mMoryhe je mpeacTaBuTé MpeKo

ckynoBa QyHKIMja mpumagHocTy Ha cienehu naune (Petrovic 1 dr., 2014):
M =(/L[S1,/L1S2,...,,Llsj), Ho =(ﬂ01,ﬂ02,...,ﬂ0j), Hp =(ﬂD1,ﬂD2,---,ﬂDj), (517)

1) [IpBu koOpak min-max KOMIIO3WIIMjE jecTe Oa ce, 3a Jaata Tpu ¢asu cKyna,
oJpeay MakcUMaiHu Opoj koMmOuHauuja (yHKIMja npunaaHoctd. 3a ¢asu

ckymnose (5.17) moryhe je C = j° xomOuHamwuja.

AKo ce 3a j y3Mme manu 0poj, MOTY c€ TI0jaBUTH MTPoOJIeMU MPUITUKOM KOMIIO3UIIH]E jep

ce mpaBe pyIie (eHr. gaps) y KOHAaYHOM pe3yJITaTy.

i) 3a aHanu3y ce y3MMajy caMO OHE KOMOHWHAIMje YHje Cy BpeIHOCTH (YHKIIHje

i=1,...,1 .
npunagHocTy pasnuuurte ox 0, 1l )y #0. TakBe KOMOMHALMjE O3HAYMMO Ca

0, tne je O e C.3a TakBe koMOMHaInmje padyHa ce ucxoxn (Miodragovi¢ 1 dr.,
2012) npema cnenehem obpaciy:
Y opl

Q= —S’;’D (5.18)

Hcxon moxke Takohe Outh nedMHHUCAH M €KCIIEPTCKH, HE MOpa OUTH Mpeko ¢gopmyiie.

Ha taj HauuH ce aaje GpreKcuOMIHOCT EKCIIEPTCKOM CHCTEMY.

1il) Cnenehu xopak jecte ga ce 3a J00MjeHE KOMOWHAIMjEe OAPEAM MAaKCUMYyM
BPETHOCTH KOMOWHANMje Msop 33 OHE KOMOWHANIMje YHje CYy BPEIHOCTH
GyHKIH]je PUTIATHOCTH pazinuute o 0.
MAX =max{u/™", u, ™", w71 3a cBako 0=1 10 O (5.19)
1v) Ha xpajy, komOuHanmje ce pa3BpcTaBajy mpema MCXOJUMa W 3a CBAKH HCXO]I
TPaXKU ce MUHUMAJTHA BPETHOCT Mel)y peTXo1HO oJipel)eHnM MakCUMyMHMa.

MIN ; =min{MAX } 3a ceaxoj (5.20)

Ha ocHOBy min-max koMIo3uiiyje OLEHEHUX IOKa3aTesba pU3UKa ojpehyje ce HUBO

pu3MKa 3a cBaky BapujaHTy. OLieHa HUBOA pHU3HKa J00Mja ce KOHAYHO Y OOJIHKY:

sy =(MIN, =1,...,MIN, =10) (5.21)
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5.1.4. Unentuduxanuja - nepazuduxauuja

Haxon min - max xoMmno3unuje notpedHo je nodujern obauk (5.21) npeTBoputu
y OOJIMK KOju Ae(pUHUIIIE CTETIeH MPHUITAIHOCTH, OJTHOCHO (YHKIHU]Y TPUITATHOCTH (a3u
CKYIIOBUMa: HE3HATaH, HU3aK, YMEPEH, BUCOK M Beoma BUCOK. [Ipema (Wang 1 dr., 1995)
Best-fit merona (MeToJa HajMamMX KBajapara) je oarosapajyhm mocrtymak 3a
onpehuBame ¢yHKIMje npunagHocTH oapeheHuMm ¢aszu ckynmoBuma. OBOM METOJIOM
onpehyje ce pacrojame m3mehy noOujeHe BpemHOCTH (QYHKIUjE NPUTIATHOCTH M
METOJOM min - max KOMIIO3UIIM]j€ W BPETHOCTH M 3a yHampen neduHucane daszum

CKymnoBe JaTux obpaciuma 5.2 — 5.6.

dl.(Rl.,Hl.):\/Zil(ij—,ujHi)z (5.22)

j=1, ..., 10; H={He3nartaH, Hu3aK, yMepeH, BUCOK, BEOMa BHUCOK }
e je:

H — cKyn TMHTBHCTHYKH MPOMEHJBUBHX KOJUMA CE OMHKCYj€ HUBO PU3HKA

o =—,i=1,...5; (5.23)

VY obOpaciy 5.23 @; npeacTaBba PEIATUBHO PACTOjalbe y OJAHOCY HA HajMamby
BPEIHOCT pacTojama d; mix JOOWJEHE BPETHOCTH Y OJHOCY Ha 3amare (a3u CKyIoBe.
3atuM ce paju HOopMallM3alldja peslaTUBHMX pacTojaka M Ha Taj HAUMH ce Jo0Hja
CTENeH MPUMAaIHOCTH qo0ujeHe oueHe oapeheHoM ¢daszu ckymy uuje cy BpenHoctu () <
p=1.

Hopmanu3zanuja penaTuBHUX pacTojama paau ce npema cieaehem odpacity:

i =ZSLQ i=1,...5>, B =1 (5.24)
i=1 " im

Ha Kpajy HUBO pPH3HKA OTKa3a CJICMCHATAa TCXHUYKHUX CHUCTEMa MOKE CC

W3paszuTu Ha ciefehu HauuH:
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(,Bizl, He3HamaH), ( B, Hu3ai<), ( B, ymepeH),

. (,3-=4, sucox), (B._s, 6eoma eucox)

1 1

, (5.25)

5.2. Xujepapxujcka KOMNO3MIHUja MMOKA3aTe/ba PU3UKA 0TKA3a
ejieMeHaTa y PyHKUUjH MPOLEHEe PU3UKA 0TKA3a CUCTeMa

[IpucTyn nporeHn pu3KKa Koje HOCH OTKa3 eJIeMeHaTa TEXHUYKHX CHCTeMa KOjU
ce MpUMEmYjy 3a eKCIUIoaTaldjy W Tpepaay MHHEPATHUX CHPOBHUHA, y OBOM
HUCTpaXXuBamwy, 3aCHUBA CC HA YNILCHUYHOM CTalkby MalllMHa Y NOCMATPAaHOM TPCHYTKY.
Crame MammHa carjieiaBa ce Kpo3 aHaim3y mnoctojehux momaraka o paay MailivdHe,
OJTHOCHO OTKa3WMa, y MOCMaTpaHOM BpeMEHCKOM mepuoay. [lomamu o 3abenexeHUM
XaBapHjCKUM CTamHMa, y3pOollMMa M MOCieauiiaMa Koje Cy THME H3a3BaHe YWHE

TI0JIa3HY OCHOBY 3a ()OPMUpPAE KBATUTETHOT MOJEIa IPOLIEHE PU3HKA.

Hpe,I[J'IO)KeHI/I MOJCII MPOLCHE PU3HKaAa OTKa3a TCXHUYKUX CUCTEMA Yy PYAApCTBY
nu C(I)CKaTa PUBUIHOT z[oraljaja 3dCHHBA C€ HAa YUIHLCHUYHOM 3aKJbydHBaAby IMPUMCHOM

npasuia ¢asu anredpe. ®azu Moen NpoLeHe pU3HKa OTKa3a 00yxBara:

- IpOLEHY MapIHjaTHUX OKa3aTesba PU3MKA OTKa3a eieMeHaTa CHCTeMa,
- CHHTE3HY OIleHy HMBOA PH3HKa OTKa3a eJIeMeHara,

- XHUjepapXHjCKy CHHTE3y OlLleHa pU3HMKa Ha HUBO TEXHUYKOT CUCTEMa

CymtuHa Mojena TpOIEHEe pU3MKa jecTe Jla Ce€ Ha OCHOBY JedUHUCAHUX
MoKa3zaTrejba pHU3MKA, TMPUMEHOM CTaTHCTU4YKe o0page u ¢a3d JOTUYKUM
3aKJbYUMBAKEM OJIpEM HUBO pHU3MKA. 3a TMOKa3aTe/b€ HHUBOA pU3MKA Y OBOM

UCTPaXKUBAKY YCBOjCHH CY:

- 030MJHHOCT OTKa3a,
- Y4ecTaJloCT M0jaBJbUBamka OTKa3a

- moryhHocT 651aroBpeMeHOT OTKpUBamba MPe HEro IITO C€ OTKa3 JECH.
O30uspHOCT OTKa3a (), cariefaBa ce y OJHOCY Ha cienehe acmekre:

- TCXHUYKU CHUCTECM HJIM MAIIMHY W KOJUKY MTETY MOXKC H3a3BaTU, OJHOCHO

KOJIMKO je BpeMeHa MOpeOHO /1a ce MalliHa BPaTH Y (PYHKIIMOHATHO CTambE,
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- Ha 3aII0CJICHC paaHHKEC, Aa JIM OTKAa3 MOKC Jda YI'pO3Hu 66366,Z[HOCT H 3PaBJbC

padHuKa U

KakoO 1 y KOjOj MEpHU OTKa3, OAHOCHO MITCTHC IOCJICAUIC OTKa3a YTUYY Ha

JKUBOTHO OKPYXKEH-E.

[IOKASATETR TORASATETR
KL OZEMIBHOCTH

TEXHHUKH CHCTEM
F

MOACHCTEM m-1

Cnuxa opoj 5.8 ®a3u mozien npoleHe pu3nuka

VYuecranoctT mojaBbuBama () OTKasa NpPEICTaB/ba BPEMEHCKH I10Ka3aTesb
MallliHe y pajy, OJHOCHO 3a0elie)keHa BpeMeHa y paay 10 IojaBe oTka3a. Ha ocHOBY
CTATUCTUYKHUX TOJIaTaKa O BpeMEeHHMa u3Mel)y oTkasza oapelyje ce MaTeMaTHuKu 3aKOH
pacmiozene, Tj. pyHKIHMja oTkaza. Hacynpor oBoM moka3zaTelby, MO3AaHOCT MPECTaBIba

BepOBaTHOhy Ja he cucrem paauTu 0e3 oTKaza y O,Z[peljeHOM BPEMCHCKOM MHTCpPBAIY.

MoryhHoct OGraroBpeMeHoOr OTKpHBama OTkaza (D) mpe Hero ImrTo ce JecH
npe/cTaB/ba IMOKa3aTesb KOjU MpHKa3yje BEpOBaTHONY OTKpHBaWka MOTEHIIU]jaTHOT
0TKa3a — JETEeKTUOMIHOCT. MOJKe ce OJIpeIuTH CaMO Ha OCHOBY €KCIIEPTCKE OLIEHE JTUIa

KOja pajie Ha O/Ip>KaBarby MaIlInHE.
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Csu IIOMCHYTH IIOKA3aTCJbU YJIA3€ Y CHUHTC3HY OLICHY HHWBO pPHU3HKaA OTKasa

CJICMCHATAa CUCTCMA — MAIlIMHE Y KOHKPCTHOM cnytlajy.

OueHa HHMBOa pH3HMKa OTKa3a IIOJACHCTEMa IPEACTaBJba CHHTC3HY OLCHY Ha
OCHOBY OLCHC pHU3HKaA CJIEMCHATAa NPHUMCHOM min-max KOMHO3HI.IPIjC, a OllcHa HHBOAa
pu3rKa OTKa3a LCJIOI TEXHUYKOI CUCTEMA CC paand Ha OCHOBY ,Z[O6I/Ij€HI/IX OoncHa HUBOA

pH3HKa 0TKa3a 3a MMOJICHCTEME, TaKoh)e MPUMEHOM min-max KOMIIO3HIIUje.

Mopnen npumMene Teopuje a3 cKymoBa U ¢a3u JOTUKe 3a ojpehuBame HHBOA
pu3nKa oTka3za Owhe mpuKazaH Ha mpuUMepy MoOmiIHEe apodumure ,,Lokotrack 1213S*
npousBohaua , METSO MINERALS®. Jlpobwiniia ce KOpUCTH 32 CEKyHIAPHO MIICBEHE
KaMEHOT arperaTta Ha kameHoJsioMy ,JIagne Boje™ kox [lerpoBiia Ha MnaBu. UnmeHura
na ApoOunIa paau y CUCTEMY bazep — npumapHa opodounuya — opoounuya ,, Lokotrack
1213S* mpencraBiba joIl jelaH paslioT ycBajama OBOT TpUMEpa Ja Cce€ Ha HeMy
MpHUKaKe MPEIOKESHI MOJICIT MPOIICHe pU3HKa. 3acToj 300T 0TKa3a Ha OBOj APOOHITUIN
3HAYM M 3aCTOj MpoIleca YCUTHaBamkha KAMEHOT arperata Ha KaMEHOJIOMY. 3Hadaj OBe
MallliHe y TPOIeCcy SKCIUIoaTalfje u mpepaje KaMeHOT arperaTta jeiaH je of pasjora
mTo je u3abpaHo Ja ce Ha MpUMEpy OTKa3a OBE MalllMHE MPUKaXe Pa3BHjCHU MOJCT
nporeHe pusuka. [lpyru pasnor je Taj mTO ce Ha KaMEHOJOMY BOJM KBAJIMTETHA U

CUCTEMAaTHU30BaHa €BUJICHIIM]a M0aTaka O OTKa3uMa MallliHa KOje ce IPUMEY]Y.

5.2.1. Jlekommno3unuja cucremMa

CucreMckd TPUCTYN MPOLEHU pHU3MKA OTKa3a MallMHa 3aXTeBa CTPY4YHY M
CHCTEeMaTH4YHy AEKOMIIO3MIHMjy cucrtema. l3ocraBibamke HEKOT, Ha TPBH IOTJIEH
HEOMTHOT TTO/ICUCTEMAa WJIM CaCTAaBHOT Jefla MaIlIMHE, MOTJIO OM C€ HETaTHBHO OJIPAa3UTH
Ha (YHKIMOHATHOCT MOJEJa MPOLIEHe PU3MKa Kao M Ha KOHAadaH pe3ynrar. M3 tux
pasjora OBOM 3aJaTKy Tpeba NPUCTYNUTH CTPY4YHO ca JOOpUM MO3HAaBaEHEM
(GyHKIMOHHMCaka TEXHUYKOTI cucTteMa M MmelyomHoca enemenarta cucrema. Jla Om ce
ypajwia aHalu3a M NPOLEHHO HUBO pPHU3MKAa OTKa3a TEXHUYKHUX CHCTEMa OBOM
METOJI0JIOTMjOM HOTPEOHO j€ CHUCTEM pALMOHAIHO pPALIYJIAHUTH Ha MOJCHCTEME, a

MOJICUCTEME Ha €JIeMEHTE, Tj. A0 (YHKIMOHATHHUX LEJMHA KOj€ LEJIOBUTO yTUYY Ha
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HHIUKATOpC pPHU3UKA. TexHuuky cuUcTeM — ,Z[pO6I/IJ'II/II_Ia noacJbCHa je Ha ocaM

nmoacucTtema, 1 TO:

CHCTEM XUApayJIHKe,

IJIaBHU TU3€] MOTOp,

€JIEKTPOCHUCTEM,

CHCTEM 32 TPAHCIIOPT Mace TPAHCIIOPTEPUMA ca TPAKOM YHYTap MallnHe
CUCTEM 3a Ipo0JbEHE,

CHCTEM 3a IPOCejaBambe,

KOHCTPYKIIH]ja APOOHIIUIIE U

YCHUIIHU KOILI — 103aTOpP.

- EJNEMEHT n
— | EJEMEHT 1 j

HHIPAY JITRA ‘

JHIEINMOTCP

EIEKTPO

TPAHCIIOPT

JPOEIEERE

ITPOCETABARRE

KOHCTPYKITATA ‘/
1—{ WCHIIHE KO ‘ [ ENEMEHT 1 ]

Cnuka opoj 5.9 JlekoMno3uiivja TEXHUYKOT CUCTEMA

MOBIHJIHA JPOBIJIIIIA
A

B S T O A T
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3a cBaku noaACHUCTEM I[po61/mnue, Ha OCHOBY O6pabeHI/IX rnoaaTraka O BpCTaMa OTKa3a U
CJICMCHTA IIOCHCTEMA Ha KOMEC CC€ HOjaBI/IO OTKas, aHanHSHpajy CC IIOKa3aTcJbu H

HpOI.IGH:y_jC HHUBO pHU3HUKaA 34 ICT KaPAKTCPUCTUIHUX OTKAa3a.

5.2.2. llpukymbame nogaraxKa

5.2.2.1. EBuieHTHpame MogaTaka 0 OTkazuma apoodunune ,,Lokotrack 12135

EBunennuja mogaraka o OTKa3uMa M 3aCTOjUMa MallldiHA HAa KaMEHOJIOMY BOJU
Ce CBaKOJHEBHO KpO3 BUIIIE HHTEPHUX JTIOKyMeHaTa. [IpBH JOKyMEHT KOju ce BOJIHU jecTe
CMEHCKH M3BEITaj] O pajay MalluHe T3B. ,,paJHA HAJIOT™ KOjU C€ TOIyHaBa y TOKY
CMEHe, a MOoMymaBa Ia pyKoBajall MallMHE. Y pPaJHOM HaJory ymucyjy ce cieaehu
nojamnu: 6poj MOTO4acoBa MOTOpa M CHCTeMa 3a ApoOJbeHmhe Ha MOYETKY M Ha Kpajy
CMEHe, HEJJOCTAalll YOUEeHU PEJIOBHUM IIPErJIe/IOM Ha MOYETKY CMEHE, paJHU 3aJaTak
MallvHe, MMO3WIlMja Ha KO0jOj MaIllMHa pajd, TpaHylandja (GUHATHOT TPOW3BOJA, U
€BUJICHIIM]€ O TUTIOBMMA 3aCTOja M OTKa3a MEIINHE, KA0 ¥ €BEHTYaJIHE MHTEPBEHIIH]EC Ha
MalIMHU paJy OTKJIamama oTkasza. [lopen paaHor Hamora mocioBola KaMEeHOJIOMA BOJIU
»KIbUTY CMEHCKHMX H3BEIITaja paJa Ha KaMEHOJIOMY“. Y CMEHCKUM H3BElITajuMa
Takole ce BoAM eBHJEHIMja O OTKAa3MMa M pagy CBHX MallMHA Ha KameHonomy. Tpehu
aKT KOjH ce TOoIymaBa Ha Kpajy cMeHe jecte ,,CMEHCKHM H3BeImTaj OpaBapa“ rae ce

HaABOJAC paJoBU U MCPCE 3a OTKJIakhakhe 0TKa3a 3a CBC MAalIMHC HA KAMCHOJIOMY.

W3 mpeTxoHOT ce MOXKe 3aKJbYUYHTH J[a C€ Ha KAMEHOJIOMY BPIIH KBATUTETHO U
CHUCTEMaTUYHO Boleme EBHUICHIIM]E O I0jaBaMa OTKa3a Ha oApeheHOM TEeXHUYIKOM
CUCTEMY — MaIlIMHH, IITO je OMTaH MperyclioB 3a (opMUpaEkE MOJIENA MTPOLIEHE PU3HKA.
VY nucepranuju cy y3eTd nojaiu o oTkazuma apoouiuine 3a nepuos ox 01. 01. 2009. —
31. 12. 2010. romuae. Ha ocHOBY mperienaHe MOKyMEHTallMje 3aKJbY4eHO je na y
MIEpUOJTy TIpe HABEJCHOT HHUje KOHCTAHTHO BOlEHA €BWJICHIMja O pagy MallWHe, Ia ce
cMaTpajo Ja MOAALM U3 pPaHHjer Mepuoja HUCY PENIEBAHTHU 3a MPEUIOKEHH MOJEI.
[Touerkom 2011. roguHe Ha ApoOMIUIM je pal)eH BENIUKH CEpBUC, TAKO J1a HU MOl
MocJie peMOHTa He OM OCITMKAaBalu MPaBO CTame MamuHe. M3 TUX pasiora ycBOjeHO je

Jla ce aHaJM3MPajy OTKa3M KOjU Cy C€ ACCHIIH y NIEPUOIY O JBE TOUHE.
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5.2.2.2. Knacuduxkaiuja 1 aHajan3a nojaTaka

[Tomamm Be3aHW 3a BPCTY M BpeMeHa u3Mel)y OTKasza, Koju Ccy J0OWjeHH Ha

OCHOBY JACTAaJbHC QaHAJIN3C I[OKYMeHTaLII/Ije Ha KaMCHOJIOMY, CBpPCTaHU CYy IIpEMa

MPETXOIHO] TOAENN APOOUTUIE HA MojacucTeMe. YTBpHEHO je 1a je y MmocMaTpaHOM

neproay 6mino oko 330 oTkaza, mTO MpeAcTaBiba 3a0pumanajyhy nudpy.

3a cBakM OJ] OcaM IOJICUCTEMa aHAJIM3HPAHO j& IO TMeT KapaKTePUCTHUYHUX U

Hajuemthux BpcTta oTkaza. [loganmu o BpemeHMMa y pajay M BpeMeHa moTpeOHa jaa ce

OTKJIOHE OTKa3u NMpHKa3aHu cy y Tabemama 5.3 1o 5.11.

Tabena opoj 5.3 3abenexeHa BpeMeHa y paay usMely aBa oTkaza v BpeMe 3acToja 300r

0TKa3a 3a MOJICUCTEM XUOpayIuKa

IHoxcucrem Jeo y oTka3sy olT;llc):ia Bpeme y pany (h) Bpewme 3acroja (h)
24,85,97, 131, 198,247, | 0.5,0.5, 0.6, 0.6, 0.8,
Iypeme yipa 13 287, 300, 366, 530,610, | 0.9,1,1,1.1,1.2,1.3,
1136, 1347 14,25
~ Iypeme ) 995, 3432 4,8
< pesepBoapa
= Ipesa 37,97, 137, 140, 151, 1.2,1.3,1.5,1.6,2.1,2.2,
g DAY IIIKE 16 176, 205,219, 263,304, | 2.5,3.0,3.2,3.5,3.6,3.7,
= /1pay 327, 448, 469, 877, 1069 | 3.8,4.0,4.1,4.2
~ I'maBHa xuapo 5 1113, 3489 12,38
nymia
XnpomoTopu 3 302,463, 587,635,718, | 4,4.5,8,12,17,19.5, 25,
956, 1452, 2692 30

Tabena opoj 5.4 3a0enexena BpeMeHa y paay usmely 1Ba oTkaza U BpeMme 3acToja 300r

OTKa3sa 3a NoJACUCTCM Momop

Moacucrem Jeo y oTka3y Ofll():l):a Bpeme y pany (h) Bpewme 3actoja (h)

AnTepHarop 4 237,739, 942, 2569 2.5,4,6.5,8.2
Lypeme mpeBa 270, 410, 1487, 1736, 1,1.2,3.5,4.5, 6.8,
pacxinajaHe 5 2056
TEYHOCTH

= JlexxajeBu Ha 1363, 2019, 2583 2.5,3.5,48

g5 enucu 3

> XJIaambaKa
[Ipexun noBona 4 183, 336, 649, 670 0.5,0.5,0.8,2.2
ropuBa
Pemenn 10 58, 89, 146, 152, 259, 0.3,0.5,0.5,0.7,0.8, 0.9,
IPEHOCHULIU 375,456, 573, 1401, 1428 | 1,1.2,1.2,1.3
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Tabena opoj 5.5 3abenexena BpemeHa y paay usmely 1Ba otkaza u BpeMe 3actoja 300r

O0TKa3a 3a MOoACHUCTEM eJIeKmpo

IHoncucrem Jeo y oTkasy OIT;]I::;a Bpeme y pany (h) Bpeme 3actoja (h)
83,226, 527, 529, 690, 2.2,4.5,8,10.5,11.6,
En. BenTnnmn 6 1092 15.5
KOMITjyTep 3 602, 871, 3105 22,26,40
- IMTpexun 148, 173, 206, 219, 360, 0.5,08,1,1,1.2,25,3,
= KabJoBa, 9 385, 703, 807, 2428 35,4
E KOHTaKTH
= Penej‘ 3 538, 1732, 3462 22,65, 14
KOMIIjyTepa
Cemsopi 10 26,61, 87,104, 147,164, | 2,3.5,4,5.6,7, 8.5, 10,
232, 496, 667, 735 12,14.5,16

Tabena opoj 5.6 3abenexena BpeMeHa y paay usmely nBa orkasa u BpeMe 3acroja 300r

0TKa3a 3a MOJICUCTEM Opo0./berbe

Moacucrem Heo y oTkasy ofll::ia Bpeme y pany (h) Bpewme 3actoja (h)
Joma Bpata 7 129, 144, 539, 749, 1051, | 3,4,4,5.5,7,7.7, 8
MJIMHA 1442, 1558
Tlom obiore 35, 60, 69, 80, 84, 99, 1,1,1.5,2,2,2,2.3,2.5,
[ 16 100, 110, 266, 279, 279, 2.5,2.6,2.8,2.8,3,3,3,
° 411,439, 535,679, 1864 | 3.4
g 13,17,18,21,24,25,28, | 1,1,1,1.2,1.2,1.3, 1.3,
é Jom saBpTHbeBa 30,34,47,49,61,82,84, | 1.5,1.5,1.5,1.5,1.5,2,2,
2 A oboraMa 26 91,93, 100, 159, 164, 2,2,2,2,22,2.2,2.5,
= 181, 190, 249, 395, 423, 2.5,25,3,35,4
443,514
Pamenu 7 202, 226, 498, 678, 844, 1,1,1,1.5,1.5,1.5,2.5
MIPEHOCHUK 1056,2334
Potop muinHa 2 795, 2686 24, 40

Tabena opoj 5.7 3abenexeHa BpeMeHa y paay uMely aBa oTKaza v BpeMe 3acToja 300r

0TKa3a 3a MOJICUCTEM npocejasarve

Honcucrem Jeo y oTkasy olT;llc):;a Bpeme y paay (h) Bpeme 3acToja (h)
AMopTH3ep 3 891, 906, 3043 24,3,45
ryme
Vcnaname cira 20, 81, 133, 141, 158, 181, | 1.5,1.5,1.5,2,2.2,2.4,
W3 LKA 13 206, 219, 228, 360, 766, 2.5,2.5,25,3,4,4,4,
2 965, 1042
3 Ocurypau 7 228,252,258, 825, 840, 0.5,0.5,0.7,09,1, 1,2
% BOOpocHTa 1200, 2143
g Cejue 10 35,192,201, 215, 205, 2,3,3.6,4,4.5,4.5,6,7,
é‘ MOBPILIUHE 589, 792, 851, 879, 997, 8, 8,
Criojruna 27,28, 33, 38, 39, 49, 53, 1,1,1,1,1.5,2,2,2,2,2,
XHIPOMOTOpA 25 63,63,71,72,76,76,91, |2,2,2,2,2,2,2,2,2,2,
- 129, 256, 278, 308,, 329, 2,3,3.5,4
345, 396, 408, 472, 486
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Tabena opoj 5.8 3abenexena BpemeHa y paay usmely nBa orkaza u BpeMe 3actoja 300r

OTKa3a 3a NOJACUCTEM mpaHcnopm

Bpoj .
IMoacucrem Jeo y oTkasy oTKA3a Bpeme y pany (h) Bpewme 3actoja (h)
22,25,32,48, 51, 74, 8,8,8, 10,10, 10, 12, 12,
Jlenmmamo 93,101, 105, 111, 131, | 14,14, 16,17, 18, 18, 18,
KiTatbe TpaKe 24 139, 146, 169, 170, 216, | 18, 20, 24, 24, 24, 24,24,
259, 283,299, 359, 460, | 24,24
760, 791, 1987
30,43,48,50,73,102, | 14,14, 14,14, 16, 16, 16,
Kiname Tpake 20 117,133, 138, 146, 207, | 16, 20, 20, 26, 26, 28, 30,
~ 212,257,317, 358,404, | 32,32,32,33,34,34
= 497, 509, 877, 1282
% 44,47, 59, 60, 62, 96, 2,2,3,3,3,4,4,4, 4.5,
ﬁ- JlexxajeBu Ha 20 99,119, 120, 160, 174, | 4.5,5,5,5,6,8,8, 8, 8.5,
OyOmeBUMa 189, 238, 304, 320, 348, | 10, 10
440, 446, 633, 747
Henpasiian 31, 60, 79,90, 105, 135, | 2,3,3,3,3,4,4,4,4.5,
15 217,252,255, 470, 500, | 4.5,5,6,6,7,8
paj Tpaxe 552, 782, 985, 1256
[Moroncku 7 124,192, 322,477,957, | 4,4,4,5,6.5, 8, 8,
Oy0Oam 1041, 2014

Tabena opoj 5.9 3abenexena BpeMeHa y paay u3mely nBa orkasa u BpeMe 3acroja 300r

0TKa3a 3a MOJICUCTEM KOHCMPYKYuja

IMoacucrem Heo y oTka3sy 0]T;l[() :&la Bpeme y paay (h) Bpewme 3actoja (h)

Kpusibeme 553, 1792 3,7
Je10Ba )
KOHCTpYKIIHje
Tpaka

-% Jlom nmenoBa 90, 192, 230, 295, 305, 2,4,4,5,6,8

g KOHCTpYKIIHje 6 1276

z Tpaka

5 Jlom aprxaya 3 456, 485,1014 3,4,7

z cura

= Jlom yenmamIx ) 879, 2753 1.5,3.2
KOIIIeBA TPaKa
[Tomohna 5 193, 336, 517, 1240, 1,15,2,35,4
KOHCTPYKIIH]a 2334

N3 Tabena 5.3 no 5.10 moxe ce 3ak/byuuTH J1a je HajBehu Opoj 3abenexeHux
OTKa3a KOJ TMOJCHCTEMA 3a TPAHCIOPT Maca, 4ak 86 OTKa3a 3a MOCMaTpaHH TEPHOJ O

JIBE TOJIUHE.
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Tabena opoj 5.10 3abenexxena BpeMeHa y paay uzMel)y ABa oTkas3a U Bpeme 3acToja

300T 0TKa3a 3a MOACUCTEM 003amop

Bpoj .
IMoacucrem Jeo y oTkasy oTKA3a Bpeme y pany (h) Bpewme 3acroja (h)
Hypemwe yba u3 5 1201, 3046 1,2
J103aTopa
Jlom nprxaga ) 1113, 3478 2,4
J103aTopa
& Jlom ocoBuHe ) 2253, 3476 24,40
E Jl03aTopa
é( HOM 3aBapEHUX 5 1240, 2951 2,5
crojeBa Koma
[IperpeBame 897, 1036, 3325 1,1.5,2.5
yiba 'y 3
JI03aTOpy

On ykymHOr Opoja OTKaza Hajuemhu OTKa3u Cy JEIMMHYHO WM TOTITYHO
KHJIalhe TpaKka U OTKa3 JexajeBa Ha OyOmeBuma. Hajmamu Opoj oTkasza 3abenexeH je
KOJ rmojcucTeMa dozamop, csera 11. MaTepecanTHo je To 1a je 6poj oTkasa pacnopehen
nmpemMa MojACUCTeMUMa Koju y3umajy HajBehe yuemrhe y pamy apoowmmie. bpoj oTkasza

npema mnojicuctreMuma pacriopehen je Ha cinenehu HauwH:

- CHCTEM 3a TPAHCIIOPT Mace TPAHCIOPTEPUMA ca TPAKOM YHyTap maminHe 86

- CHCTEM 3a Ipo0JbeHe 58
- CHCTEM 3a IIPOCejaBame 58
- CHCTEM XUJApayJIMKe 41
- €IEeKTPOCHCTEM 31
- IJIaBHM JIU3€] MOTOp 26
- KOHCTpPYKITHja ApOOMIHIIE 18
- YCHITHH KOUI — JI03aTOp 11

[Mopen momataka o BpcTama OTKa3a W BPEMEHHMA IIPOBEICHUX y paay U Y
3aCcTOjy ApOoOMIIMIIe, HEOIIXOIHO j€ JIa C€ OMMIIY IOKa3aTeJbu pU3uKa Koje Huje Moryhe
MOOUTH Ha OCHOBY CTaTUCTHUKHMX TofaTaka. M3 Tux pasnora NPUCTYNHUIO Ce
AHKETUPABkY paJHHKa KOJjU paZe y CIyXOu oipkaBama MalluHa W3 TPOU3BOIHOT
cucTeMa Ha KaMEHOJIOMy. 3a CBakd THII OTKa3a CauWMi-eH je YINUTHUK 3a crienehe

I10Ka3aTcJbe:
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- yYTHUIIQj OTKa3a Ha 6e30eTHOCT U 3/IpaBJbe paJHUKA KOjU pajie Mmope ApoOuuIie,
- YTHIIAj OTKa3a Ha yIPOXKaBamke )KMBOTHE CPEIUHE U

- MOT thOCT 6J'IaFOBpeMeHOF OTKpHUBakba 0TKa3a pEAOBHUM IIPETIICAOM MAIlIUHEC.

5.2.3. Ilpouena HUBOA PU3MKA 0TKAa3a eJieMeHATA MOJACHCTEMA
apooauIe

Monen mpoleHe pH3MKa OTKa3a eJeMeHara CHUCTeMa 3acHHBa Ce€ Ha
(a3ueKCIepTCKOM 3aKJbyYHBamky Ha OCHOBY IIOKa3aTesba PEaHOI CTamha TEXHHYKOT
cuctema — MamuHe. Edextu pusudHor jporahaja unHe CYIITHHCKHA OUTHE MOKa3aTesbe
dopmupanor wmogena. Pazu  MoAen TPOIEHE pU3MKa TpeAcTaB/ba CHHTE3Y
CTAaTHCTUYKUX TOJaTaka W IMojaTraka N0oOMjeHHX Ha 0a3u eKCIEepPTCKE OILICHE CTama

CHUCTCMA Ha OCHOBY 3a0eIeKeHNUX 0TKa3a.

[IpemnoxkxeHUM MOJZIENIOM, Ha OCHOBY TpH IOKa3aTesba pHU3MKa OTKa3a, y3
MIPUMEHY min — max KOMIIO3UIHje U (ha3iIOrHYKOT 3aKJbydrBama J1I00Mja ce mpolieHa
HUBOA PU3MKa OTKa3a eJIeMEHaTa MoJICcTeMa. 3a CBaKy BPCTY OTKa3a aHAJTM3UPaHU CY

CJ'IC,Z[ehI/I IIOKa3aTCJbu:

- 030MJPHOCT OTKa3a (HeraTMBaH YTHII] OTKa3a Ha (DyHKIMOHAIHOCT MAIIHHE,
yrpokaBame 0e30€THOCTH PaIHUKA U YTPOKABAE )KUBOTHE CpEAUHE), S,
- Y4ecTaJioCT IM0jaBJbUBaka 0TKa3a (BpeMe MPOBEACHO y pany), O u

- MoryhHocT 651aroBpeMeHor OTKpUBamwba MOTEHLMjaTHUX 0TKa3a, D.

300r OOMMHOCTH pe3yJiTara Mojeia NpOleHEe pU3MKa, Y OBOM Jeiy Ouhe
MpHUKa3aHe METOJC W TEXHUKE MPOIICHE PU3HMKA CaMO jEIHOT eIeMEeHTa, MOJCHCTeMa H
TEXHUYKOT CHCTEMa, JIOK 3a OCTalle eJeMEHTe M IoJcucreMe Owhe aatm camo
pesynratu. Ha npumepy xuopomomopa 6uhe mpuka3zaH MOJEN OlICHE HUBOA PH3UKa 3a
eJIEMEHTE TOJICUCTEMA, a OlleHa 3a MoJIcucTeM Ouhe mpuKas3aHa 3a MOACUCTEM ,,CUCHIEeM
xuopaynuke. OBU NpUMEpPU Cy Yy3€TH ca Pa3jIoroMm, jep je€ Xuapaysiyka jeaH oOf
HaJOUTHUJUX CACTABHUX IEJIMHA 32 HEOMETAHO (DYHKIIMOHHUCAKE TPEIMETHE TPOOUITUIIE

Kao TCXHHUYKOI' CUCTEMA.
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5.2.3.1. OnpehuBame mokazaTesba 030M/bHOCTH OTKa3a

O30MJbHOCT OTKa3a MpeJcTaB/ba HEraTUBAaH YTULA] Ha (YHKIMOHAIHOCT
cucreMa U OKpyxkeme. O30MJbHOCT XaBapuje, OJHOCHO YTHIA] LITETE KOJy H3a3MBa

OTKa3 JcJjia CUCTECMa Ha LICO CUCTCM, CarjiclaBa CC KpO3 TPU IMMOKa3aTCJba, a TO CYy:

- BpeMe KOje MalIlHa IPOBEJIE Y 3aCTOjy MOTPEOHO 3a OTKIIAmamhe KBapa, Sy
- YTUIQj OTKa3a Ha 3aloCJIeHe, Tj. INTETHH YTHWIA] OTKa3a Ha O0e30eMHOCT W
3ApaBJbE 3AMOCIEHUX, Sy U

- YTHUIQj Ha )KUBOTHY CPEIUHY, Sy

O30mipHOCT OTKa3a neduHUcaHa je ca cienehum ¢da3u CKynoBUMa: HE3HATaH,
HU3aK, yMEpeH, BUCOK U ekctpemaH. Ilojam ,, mesnaman* npeacraBiba Moryhe otkase
KOjU TOTOBO U HEMajy HEKH yTIIaj Ha pajl CUCTEMa, JOK T0jaM ,,6e0Ma 6UCOK * OTIHCY]e
MOTCHIIMjaTHE OTKa3e KOjU HW3a3WBajy OTPOMHY INTETy CHUCTeMa, MmTo je mpaheHo
TPOIIKOBMMA ONPaBKE U 3aCTOjeM y Mpou3BoAmU. Dazu CKyNmoBUMaA MPUIPYKEHE Cy
onrosapajyhe kmace ox 1 g0 10, rie ce ca kmacom 9 u 10 onmcyje 0Tka3 KOju M3a3uBa
€KCTPEMHO BHCOKY IITETY Y CUCTEMY, II€JIOM TEXHOJIOUIKOM IMPOIECY U OKPYKEHY, TOK
kaace 1 u 2 omucyjy OTKase KOjU MMajy MUHUManaH yTunaj. Pasu CKynoBH

030MJBHOCTH OTKAa3a, OJHOCHO yTHUI[aja IITeTe NpHKa3aHu cy Ha ciaunu 5.10.

l.ls HC3HaTaH HH3aK YMEPCH BHCOK BCOMAa BHCOK
100 — T A T AT T

oso| _ - /\

0.60 | — -
040 | —/
020/ + \/

L
[+

Kimaca

Cnuka opoj 5.10 ®a3zu cKkynoBu 030MJPHOCTH OTKa3a

(I)a3m1)mcaunja ViasHux noaatraka noxkasare/ba 030MJbHOCTH 0TKAa3a

Bpeme koje mammHa MpoBeAe y OTKa3zy Y3€TO jé Ha OCHOBY CTAaTHCTHYKHX
nonaraka Ciryxx0e oapkaBama Ha kKameHonomy. Hajkpahe 3abenexeHo Bpeme y 3acTojy

owmo je 0,5 yacoBa, TIOK Hajay»Ke BpeMe Koje je MallnHa IIPoBeia y 3acTojy 300T OTKaza
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6uno je 40 yacoBa. Bpeme 3actoja KoJl HEKMX OTKa3a jaKo je KpaTKO IITO MPEACTaBIba
npobiem mpwimkoM dazudukamuje jep ce aodujern ¢asu ckyn Hayasu usmely nse
KJIace U He MOXKE C€ OYMTATH BpEAHOCT (DyHKIMje MPHUIATHOCTH. 3aTO cy (a3u CKYNOBH
030MJPHOCTH OTKa3a M TOKa3zaTesba O30MJBHOCTH OTKa3a MPOIIMPEHU U YKyIaH Opoj

kiaca je 30, cimka 5.11.

Kjaca

MPOTITHPERe KIaca
Cnuka opoj 5.11 I'paduuku mpukas nmpommpemna Kiaca

Ha ocnoBy cinuke 5.11 ¢asu ckynosu (Cnuka 5.9) 3a npomupenu 6poj kiaca g1o6ujajy

00uK Kao Ha ciauim S5.12:

HS HC3HAaTaH HH34K YMEpEH BHCOK BCOMa BHCOK
100 — 7~ - 7 TN - 77 ,/\, R
v SN >/ </\ N
o/ NNV NN
/ N\

3 6 9 12 15 18 21 24 27 30 Kjaca

Cnuka o6poj 5.12 ®azu cKynoBM BpeMeHa y 0TKa3y 3a MPOIIUpEeHH Opoj Kiiaca

Kana ce ¢asudukyje Bpeme Kao Mmokazatesb HEOIMXOIHO je Kilacama MPUIPYKUTH
BpeMeHa MpoBejieHa y oTkaly. Kiacu 1 mpunapyxkeHo je Hajkpahe Bpeme y 3acTojy oA
0,5 gacosa, ok kiacu 30 IpUIPYKEHO je HajayKe BpeMe y 3acTojy, a To je 40 pamHux

gacoBa (Cmmka 5.13). 3a ocrame kiace BpeMeHa ce oxapelyjy auHeapHOM

I/IHTepHOJ'IaI_[I/Ij OM.
| | ‘ | | | | | | | | | | | ‘ | | ‘ | | ‘ | | | | | | | | |
3 6 9 12 15 18 21 24 27 30 KJ1aca
| | ‘ | | | | | | | | | | | ‘ | | ‘ | | ‘ | | | | | | | | | =
0.5 11.32 27.74 40 h

Cnuka opoj 5.13 3aBucHocT n3Mel)y BpeMeHa y 0TKa3y W kjaca a3y CKynoBa

Bpeme 3actoja 10 oTKIamama oTKaza (asudukyje ce npema MocTynky Koju je aar y
tauku 5.1.2.1., a mojganu o BpeMeHUMa y OTKa3y 3a eJIeMEHTE MOACUCTEMA XUApAyIKa

natu cy Tabemn 5.11.
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Tabena opoj 5.11 ®azudukanuja BpeMeHa y 0TKa3y 3a eJIeMEeHTe MoIcucTeMa

Xuapayinka
. IMapameTpn .
EjeMenar y Bpemena y ¢-ja oTka3a, pacnojese g;zl::;l; @azudukanmja BpeMeHa y 0TKa3y
0TKa3y 0TKAa3y F.
© B 1 X T, T, T, T, Tep
4,45,8,12,17, . e
Xuapo — 1 — ¢ (732) 14 1732 |08 4 6358 | 27.16 | 30 15.79
MOTOPH 19.5, 25, 30
12,13,1.5,
It 1.6,2.1,2.2, .
peea 2.5,3.0,32, ) 257 | 3.24 0215 12 | 2375 |3.022 |42 |27
XHApayJ/iuKe 3536.3.7 i
3.8,4.0,4.1,4.2
Lypeme £ (184
pesepsoapa | 4,8 1— ez 1.84 | 7.14 0.58 4 498 7.3 8 6.34
32 y/be
0.5,0.5, 0.6,
ypeme 0.6,0.8,0.9, 1, ot 38
yona L1213, 1— e (x) 233 | 1.17 0.335 0.5 0.86 1.53 2.5 1.04
14,25
I'naBua "
XHIpO - 12,38 1— oGm0 1.1 3146 | 0.95 12 12.91 37,61 38 30.31
nymmna
l,l,s HC3HaTaH  HIT3aK VYMepeH BIICOK BCOMAa BHCOK
1.00 7N /Kr T
N/ NANATR
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0.5 11.32 27.74 40 h

Cnuka opoj 5.14 Oyunkuyja npunagHoCH BpeMeHa y 0TKa3y 3a INIaBHY XUIPOMYMITY

oarosapajyhum kmacama

@DyHKIMja IPUIAJHOCTH BPEMEHA y OTKa3y MOXe Ce HallucaTu Ha OCHOBY ciMke 5.14 y

cnenehem oOMUKY:

S =(2,.,9/0,10/0.83,11/1,12/0.83,13/0.65,14/0.58,15/0.75,16/0.91,

17/0.91,18/0.75,19/0.58,20/0.65,21/0.83,22/1,23/0.83, 24/ 0.65,
25/0.65,26/0.83,27/1,28/0.83,29,30/0)

[lIteTHn yTHIla] OTKa3a HA PAJHUKE KOJH OICIY)KY]y MAIMHY U Paje y HEHO]

HEMOCPeHO) OJMM3MHY, Ka0 U yTUIA] OTKa3a Ha KMUBOTHY CPEIUHY y3€T je Ha OCHOBY

OLIEHE paJHMKA KOjU pajJie Ha O/Ip>KaBarby MallMHA HA KAMEHOJIOMY. AHKETHPAHO je TeT

pajHUKa M OHU Cy JajH TPOLEHTYyaJIHO IMPHIATHOCT oapeheHoM (a3u CKymy WU
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CKynoBHMa. YTUTHUK je JeduHUCAH Tako Ja yKylHa OlleHa MpuMagHocTh (a3u

ckynoBuma Oynie jenan, onHocHo 100%.

[Ipema ynutHuKY U3 Tabene Opoj 5.12 Moxke ce BUAETH J1a Cy IBa PaJHUKA O]
MeT aHKeTUPAHWX OICHWIN Jla je YTUIAj] HAa PaJHO OKPYXKEHmE y KIACH ,,8UCOK™ ca

creneHoM npunagHocty o1 0.3 u 0.1 mrTo ce Moxe MpeICcTaBUTH:

((1x0.3)+(1x0.1))/5=0.08.

CBUX TeT aHKETHPAHUX paJHUKa CBPCTAIM Cy YTHIA] OTKa3a Ha 3alocjeHe Y
KaTeropuju ,, ymeper *“ ca oarosapajyhum crenerom npunaanoctu. Ha ocHoBy Tabene

5.12, crernen npunagHocTH (Ba3u CKyIy ,,yMepeH'* uMma cieaehu oouK:

((1x0.8)+(1x0.5) + (1x0.5) + (1x 0.4) + (1x0.6)) / 5 = 0.56

Tabena opoj 5.12 YIUTHHUK yTHIIaja HA PATHO OKPYKEHE U )KUBOTHY CPEAUHY 3a

XUIPOMOTOpE
HeraTtuBan yTHnaj otkasa
HE3HaTaH | HHU3aK | YMEpPEeH | BHCOK Beoma Bucok
1 | PagHO OKpyXKeme 0.2 0.8
JKuBoTHa cpenuna 1
2 | PagHo okpyxeme 0.2 0.5 0.3
J’KupotHa cpenuna 0.8 0.2
3 | PagHO OKpYyKeme 0.5 0.5
XXusotHa cpennna 1
4 | PagHO OKpyXeme 0.5 0.4 0.1
’KuBoTHa cpeauHa 1
5 | PagHo okpyx)eme 0.4 0.6
JKuotHa cpenuHa 1
Y | PagHo okpyxeme 0.36 0.56 0.08
JKuBoTHa cpenuna 0.76 0.24

CBU meT aHKETHUPAaHUX pajJHUKAa CMaTpajy Ja yTHIA] OTKa3a Ha 3aroclieHe

MIpUIaia ¥ KJIacH ,, Hu3ax *“ ca oAroBapajyhuM CTeneHoOM MPUITATHOCTH, 1A je:

((2x0.2)+(2x0.5) +(1x0.4)) / 5 =0.36
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yTI/II_Iaj OTKa3a Ha 3aI10CJICHC KOjI/I paac ca MallIMHOM MOKE CC€ U3PA3UTH:

Ro=(0/ne3naman, 0,36/nusax, 0,56/ymepen, 0,08/sucox, 0/eéeoma sucox) (5.26)

JlobujeHe cremeHe MPHUIATHOCTH Tpeda MOMHOXKHUTU ca (PyHKIHMjamMa MPHUIIAaTHOCTH

kiacama. 3a ¢a3u CKynoBe yMepeH qo0uja ce 1a je:

S

r(ymepen)

=(L2,...,10/0x0.7,11/0.08x0.7,12/0.25%0.7,13/0.415x 0.7,
14/0.58x0.7,15/0.75x0.7,16/0.91x0.7,17/0.91x0.7,
18/0.75x0.7,19/0.58x0.7,20/0.415x0.7,21/0.25x 0.7,
22/0.8x0.7,23,24,...,30/0x0.7).

(5.27)

Hctu moctymak ce mpuMemyje 3a cBe (a3 CKyNoBe KOjU Cy JIe(pUHHCAHU

JUHTBUCTUYKUM MpOMEHJbUBaMa. Ha kpajy ce 3a kiacy po0uja QyHKIMja MpUNagHOCTH

Kao 30up (QyHKIIMja IPHUITATHOCTH CBUX JIMHTBUTHYKH IMPOMEHJBUBHX 32 Ty KJIACy mpemMa

MOCTYNKY Koju je mar y Tauku 5.1.2.2. 3a Opoj kmaca j=30. Tume je u3BpIiIeHa

¢dasudukanyja nogaraka Koju cy J0OHjeHHM Ha OCHOBY EKCIEPTCKE OILleHEe, OJHOCHO

nobujeHe cy (yHKIMje IPUIATHOCTH YTUIaja OTKa3a Ha 3aM0CICHE PAIHUKE U KUBOTHY

cpenuny y crneachem o0nuky:

S,=@,...,5/0,6/0.059,7/0.119,8/0.18,9/0.234,10/0.299,11/ 0.405,

12/0.439,13/0.466,14/0.505,15/0.539,16/0.569,17/0.523,

5.28
18/0.446,19/0.345,20/0.284,21/0.206,22/0.1248,23/0.07, (-28)
24/0.052,25/0.04,26/0.026,27/0.013,28,29,30/0)

S.=(@{,...,10/0,11/0.061,12/0.19,13/0.315,14/0.441,15/0.57,
16/0.692,17/0.731,18/0.649,19/0.561,20/0.471,21/0.389, (5.29)

LLs
1.00

0.80
0.60
0.40
0.20

22/0.301,23/0.199,24/0.156,25/0.12,26/0.079,27/ 0.04,
28,29,30/0)

HE3HaTaH HH3aK YMepeHn BHCOK BCOMa BHCOK

T

15 18 | 27 30 KI1aca
Cnuka o6poj 5.15 OyHK1IM]ja IPUTIATHOCTH YTUIIAja OTKa3a Ha 3aM0CIICHE

pajiHUKe 3a OTKa3 IJIaBHE XUAPOITyMIIe
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Lz HC3HATAH  HH3AK VYMCpPCH BHCOK BCOMAa BHCOK
1.00 T - : .

0.80
0.60
0.40
0.20

3 6 9 12 15 18 21 24 7 30 T Kmaca

Cnuka opoj 5.16 Oyukuuja npumagHOCTH yTHIIAja OTKa3a Ha )KUBOTHO

OKPYIKEHE 3a 0TKAa3 INIaBHE XUAPOITYMIIE

Ha cnukama 5.15 u 5.16 npukazane cy ¢yHKIMje MPUNIATHOCTH yTHIAja OTKa3a
Ha 3aIl0CJICHEe paJHUKE M KMBOTHY CpPEIWHY KOje Cy T0OHjeHe Ha OCHOBY JOOHjEHHUX

(yHKIIMja TpUNagHOCTH TOCTYyNKOM (pasudukanuje.
Min — max KOMIIO3UIIHja MOKA3aTe/ba 030M/bHOCTH 0TKAa3a

3a nobujena Tpu (asu ckyma S, S, u S (5.27 — 5.29) nokasarespa
030MJPHOCTH OTKa3a paju ce min — max KOMIIO3ulMja jaa Ou ce qobuo Qa3 cKym

030MJBHOCTH OTKAa3a.

3a oBako aeduHucane (a3u ckynoBe KOMOMHY]Jy ce (yHKIMje NpPUIaJHOCTH,
TAaKO ITO Ce KOMOWHYyje TO jelaH elleMEHAT W3 CBaKOol CKyma. YKYIHO OBAaKBUX
xoMmOunamuja uma = j3 =303 = 27000 , rae je j — 6poj kmaca. On ose muppe
0Jly3UMajy ce€ OHE KOMOMHAIMje KOJ Kojux je Oap jenHa (yHKIMja MPUIIATHOCTH
jennaka 0. bpoj xomOuHanuja (QyHKOMja OPUIAAHOCTH KOX KOjUX (yHKIHje
NpUINIAJHOCTH UMajy BpeaHoctu pasiamuute on 0 je 7 106. 3a oBe koMOWHAIMje TPaXXu
Ce MCXOJ] 1 MaKCUMyM I10 UCXOUMa IpeMa MOCTYNKYy onucanoM y tadku 5.1.3. Jla Ou
ce 100uo ¢a3u cKym 030MIBHOCTH OTKa3a O] JOOUjeHUX MaKCUMyMa y3MMa Ce€ HajMamba
BPEIHOCT CBAaKor Mcxoja. Tume je kommosuiuja 3aBpuieHa. [Ipumenom min — max

komnosuuyje I nobujene cy BpeaHocTu GyHKIMja IPUNAJIHOCTH 030MIBHOCTH OTKa3a:

§S=(,...,8/0,9/0.83,10/0.58,11/0.58,12/0.58,13/0.58,14/0.58,
15/0.58,16/0.58,17/0.58,18/0.58,19/0.58,20/0.58,21/0.58, (5.30)
22/0.58,23/0.58,24/0.58,25/0.65,26/0.65,27/0.83,28,29,30/0)

[Ipuka3 nena moctynka padyHama (QyHKLHja HNPUNAJHOCTH HNPUMEHOM min —

max xomnosuuuje | maro je y mpuiory Opoj 2, AOK je L€0 IMOCTyHaK padyHamba
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¢bynkuuja npunagHocta y MS Excel-y gato y enexpoHCkoj Bep3uju mpuiora 0poj 2 y

pdf dopmary.

IJ.S He3HaTaH  HH3aK VYMEpcH BHCOK BcOMAa BHCOK

LOO | AT TN A TN N T
oso| L| | /__\ Z\_\_ /\\/ / \_ 1

0.60 7,/7,,7 LN/ L] IR ,\,7
o LN NN

=
12 15 18 21 24 27 30 KJiaca

el

[F5)
(=2
fl=)

Cnuka opoj 5.17 OyHkMja TPUTATHOCTH 030MIBHOCTH OTKa3a

3a o1ieHy HMBOA pU3MKa OTKa3a eJeMeHaTa rnojcucrema y3ero je 10 kmaca, Tako
Jla je W3 TOT paszjora IMOTPeOHO OIeHy O30MJPHOCTH OTKasza, koja mma 30 kiaca,
npeciukatd Ha 10 ximaca. To ce MOXKe ypaauTH Tako IITO C€ y3UMa BPEIHOCT CBaKe
Tpehe kace, 0IHOCHO 3a BpeAHOCT GYHKIUje MPUTIATHOCTH Ki1ace | y3uma ce BpeIHOCT

KJace 3, 3a BpeIHOCT (DyHKIIM]je MIPHUITATHOCTH KJlace 2 y3uMa ce BPEIHOCT Kitace 6 U T/.

Cnuka opoj 5.18 I'paduuku nprkas cMamema Opoja Kiiaca

Ha ocHOBY rope onucaHor nocTyrnka 1 rpauykor mnpukasa Ha cauiy 6poj 5.18
ca Kora ce jaCHO MOKE€ BHJIETH OIMCAHM IOCTyHakK, J00uja ce KOHayaH (a3u CKyIl

030MJBHOCTH OTKa3a Koju uMa ciieqiehu o0mmk:

§=(/0,2/0,3/0.83,4/0.58,5/0.58,

(5.31)
6/0.58,7/0.58,8/0.58,9/0.83,10/0)

Ha coumu 5.19 npukasan je KkoHauaH wu3riaea (GUHKIUjE MPHUMAJIHOCTH

030MJPHOCTH OTKa3a 3a IJ1aBHY XUAPOITYyMITY.
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Hs HEe3HATAH HHU3aK  YMEPEH  BHCOK BEOMA BHCOK
Loo| — 1 - - T AT T T TA T -
080 — + 77‘777777" -
060 — 1/~ - ff/fff\ — = — -
040 | /0 - 1N VN /TN TN I
0.20 T - - F = TN/ T T = —\— T
1 2 3 4 5 6 7 8 9 10 KTaca

Cnuka opoj 5.19 Konauan usrien GyHKIHMje IPUITATHCOTH 030MIBHOCTH OTKAa3a 3a

[JIABHY XUAPOILYMILY
5.2.3.2. ®a3udukanuja yuectajiocTu ojaBJbUBamba 0TKa3a

Jlpyru mokazatesb pU3MKa jeCTe Y4YecTaJoCT IOojaBJbUBama OTKa3a. Moxe ce
OJIPEIIUTH Ha OCHOBY 3a0€JICKCHUX XaBapHUjCKUX CTamkba 332 CHCTEM KOJH CE aHAIM3HpA.
Takohe, nepunucano je mer (a3u CKyna ydecTaJoCTH I10jaBJbUBaMba XaBapHjCKUX
CTamka W TO: BEOMa HHUCKA, HUCKA, YMEpPEHa, BUCOKA W BEOMa BHCOKa. Bpio Bucoka
y4eCTaJIOCT MpeJICTaBba Jorahaje Koju ce jaBbajy CKOPO CBAKH JaH WJIA CBAKH JaH, 0K
OTKa3W KOju ce jaBibajy HakoH 3000 pagHuMX caTH TMpHIanajy KiIach BeOMa HHCKE
yuecTanocTd. BpeaHoct kiaca koJ a3y CKyIloBa 3a 0Baj MOKa3aTesb UMajy BPEIHOCT
on 10 no 1. Penocnen je oOpHYT U3 pasiora ga Ou ce 3a CBaKy KIIACy MOTJIO OJPEIUTH
BpeMe pajia cucTema Jio mmojaBe otkasza. Kimacu 10 mpuapyxeHo je Bpeme pajia 10 oTKaza
o1 7 yacoBa, TO je yjeIHO W Hajkpahe BpeMe paja TEXHHUYKOT CHUCTEMa-APOOIIHIIEC 10
nojaBe OTKa3a, JMOK je kiacu | mpuapyxkeHo Bpeme on 3500 ywacoBa U TO Bpeme

0JIrOBapa Hajay>KeM BpeMeHY pajia MallnHe u3Mmel)y /iBa oTka3a ucre BpCTe.

|
1 Kjaca

|
7 783 194756 3500 h

—
]
o
=]
-]
(o2
Ln
ey
(V5]

— o —

Cnuka 6poj 5.20 3aBucHocT u3Mely BpemeHa y paay u kiiaca a3y CKynoBa

Bpeme y pagy cucrema 10 otkasa asudukyje ce npema nocTynky Koju je 1aTy
tauku 5.1.2.1, a momanu o BpeMeHUMA y pajay 3a €JIEMEHTE MOJCHCTeMa XUApayInKa
natu cy Tabenu 5.13. Ha ocHoBy (azmdukanuje momataka GyHKIMja TPUTTATHOCTH CE

Moske rpaduuku npukazat (Cnuka 5.21).
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Ha ocnoBy cnuke 5.19 nobuja ce ¢hyHKIIMja TPUITATHOCTH YYECTAIOCTH TO0jaBJbUBaa

0TKa3a, KOju ce mpukaszyje y cieachem o0mmuKy:

0=(1/0,2/1,3/0.65,4/0.83,5/0.75,6/0.75,7/0.6125,8/0,9/0,10/0) (5.32)

Tabena opoj 5.13 dazudukanyja BpeMeHa y paay cUCTeMa JI0 TojaBe ojapeleHnx

0TKa3a 3a MOJICUCTEM ,, XUopayiuka “

¢-ia Hapaverpn ®da3udukanmja BpeMeHa y pa,
Esevenary Bpemena y NOYy3/1aHOC pacnojeie ®axrop ja sp ypany
pany usmehy ™ pasmepe,
oTicasy Ba 0TKAa32 ’ X
a Ry B n T, T, T; Ty Tep
302,463, 587, 1.51 1097.96 0.427 302 696.25 1716.79 2692 | 990.06
Xuapo - 635,718,956, | _(_t _y'*
MoTopu 1452, 2692 e \1ovmse
37,97, 137, 1.35 369.32 0.825 37 89.825 941.225 1069 | 338.86
140, 151, 176, ,( t )1'35
Hpesa 205,219,263, | € 36932
XWAPAYIHKE 1 304 327, 448
469, 877, 1069
Hypemwe 995, 3432 1.03 2801.54 0.99 995 1012.74 3425 3432 | 2769.66
pesepBoapa _(Wfls‘})l'“
3a yJbe € '
24, 85,97, 131, 1.02 430.90 0.99 24 28.03 1337.80 1347 | 427.66
198, 247, 287, _( t )LDZ
Llypeme ysba | 300,366,530, | € **°%
610, 1136,
1347
I'naBHa 1113, 3489 1.11 2779.82 0.945 1113 | 1205.45 3449.99 3489 | 2779.82
XHAPO - ~Grm)
nymmna € ’
]J,O BE€OMd BUCOKAa BUCOKa YMEpPCHa HUCKa BEOMa HHUCKa
100 A -
080 — - S ANF /4N B -
060 — /- - M - - M- 1 -\ -
h
040 | —/+ — - —/T R
0.20 T - — = TN/ T — T - *\* -
10 9 8 7 6 5 4 3 2 1 KJIaca
\ \ \ \ \ \ \ | | \
7 783 194756 3500 h

Cnuka opoj 5.21 Oynkuyja npyUnagHOCTH YUECTAIOCTH M0jaB/bUBaba 0TKa3a 3a TIaBHY

XHUIPOITYMITY
5.2.3.3. ®a3uduxanuja MoryhHOCTH OTKpUBama OTKa3a

OTkpuBame MOTCHIMjATHUX OTKa3a chucTeMa Moryhe je camo y3 BHIIETOUIILES

paZiHO WCKYCTBO Ha OJ[p)KaBamy CHUCTEMa 3a KOjU ce paau aHanm3a. Mcto kao u 3a
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nokasartesbe, hopmupajy ce (asu CKymoBH BepoBaTHONhE OTKTHMBamba MOTEHIIH]ATHUX
OoTKa3a ca cieachuM JMHTBUTUYKUM TPOMEHJbMBaMa: TOTOBO CHUTypHa, Moryhe,
yMmepeHa, Tenko u Hemoryhe. ®asu ckyn ,,eomogo cucypra‘‘ 00yxBaTa O0TKaze KOjU ce
YBEK MOT'Y IPEIBHIETH Ha OCHOBY IOHAIIamka cucTeMa mpu paay. [Jorahaju, onHocHo
OTKa3W Koje HHje Moryhe OTKpPHTH Ipe Hero INTO HACTajy, TPyNHIIy ce y (a3u CKyI
,,6eoma mewrxo . Kimace MOryhHOCTH OTKpWBama IOTEHIMjaTHUX OTKa3a jaTe Cy

OpojuanuM Bpeanoctuma of 1 1o 10 (Cruka 5.5).

MoryhHOCT OTKpHBama MOTEHLHMjAIHUX OTKa3a IMpe HEro IITO ce Jiece jecTe
MOKa3aTeJb KOJU MOXKE Jla CE OJ[pelu caMO Ha OCHOBY ekcreprTcke oreHe. Kao u kox
nokasaresba 030MJPHOCTH OTKa3a palieHa je aHkeTa TJe Cy pajHUIM KOjU Cy 3a1yKeHU
3a O/Ip’KaBarbe¢ MAIIMHE IONYHhaBald YIUTHHK. YIUTHHUK je (opMmyinHcaH Tako aa cy
OHHU MOTJIM J1a U3pa3e MpoleHaT MPUIMAIHOCTH MO0Ka3aTesba 3a opel)eHy TMHIBUCTUUKY
MPOMEHJbUBY. AHKETHUPAHO j€ MeT paJHHKa KOjU pajZe Ha OJp)KaBamy MalllMHAa Ha
KaMmeHoJoMy. Y Tabenu Opoj 5.14 npukazaH je ynmUTHUK MOT'YhHOCTH OTKpHBamba 0TKa3a

Ha IpUMEPY XUIPOMOTOpa.

Tabena o6poj 5.14 YnuTHUK MOTYhHOCTH OTKpHBama OTKaza

MoryhHocT G1aroBpeMeHOT OTKpUBama 0TKa3a

TOTOBO Mmoryhe yMepeHa | TeUIKO BEoMa
CUTYPHO TEILKO

1 D 0.5 0.5

2 D 1

3 D 0.5 0.5

4 D 0.8 0.2

5 D 0.6 0.4

x D 0 0 0 0.68 0.32

[Tokazaresr MoryhHOCTH OTKpHBama OTKa3a ce Ha MCTH HauuH (asudukyje u
nperBapa y $a3m Opoj Kao W MoKa3aTesbu yTHIIaja OTKa3a Ha 3aIloCiCHE U KUBOTHY
cpenuHy. JloOwjeHe BpPEOHOCTH CTENEHAa TMPHUIATHOCTH MHOXE ce (yHKIujama

MIPUITATHOCTU 3a CBAaKy JIMHIBUCTHUYKY MIPOMEHJbUBY, Kao IITO je MpUKa3aHO y Tabenu
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5.15, u cabupamem (yHKIMja NPUNAAHOCTH IO Kiacama no0uja ce ¢asu CKyn

MOFy'hHOCTI/I OTKpHBama OTKa3a.

Tabena opoj 5.15 ®@azudukannja MOryhHOCTH 01aroBpeMeHOT OTKPHUBambha 0TKa3a

= 1 2 3 4 5 6 7 8 9 10
0/roToBo 0.5%0 1x0 0.5x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0
CUTYpPHO

0/moryhe 0x0 0.165%0 0.65%0 0.83%0 0.33%0 0x0 0x0 0x0 0x0 0x0
0/ymepena 0x0 0x0 0x0 0.25%0 0.75%0 0.25%0 0x0 0x0 0x0 0x0
0.68/remko 0%0.68 | 0x0.68 0x0.68 0x0.68 0%0.68 0.33x0.68 | 0.83x0.68 | 0.65x0.68 | 0.165x0.68 | 0x0.68
0.32/Beoma 0x0.32 | 0x0.32 0x0.32 0x0.32 0x0.32 0x0.32 0x0.32 0.5%0.32 1x0.32 0.5%x0.32
TEILKO

0 0 0 0 0 0 0.2244 0.564 0.602 0.4322 0.16

Ha ocHOBYy TexuHCKHX (hakTOpa KOju cy Ao0ujeHu y Tabenu 5.15 mobuja ce dhazu ckyn

MoryhHocTH GJ1arOBpeMEHOT OTKpHBamka 0TKa3a y ciienehem o0IuKy:

D=(1/,2/,3/0,4/0,5/0,6/0.2244,7/0.564,8/0.602,9/0.4322,10/0.16) (5.33)

[Ipecnukana noOujeHa QyHKIMja MPUIIATHOCTH Ha (pa3u CKYIOBE IMOKa3aTe/ha PU3HMKA

MpUKa3aHa je Ha Cumm 5.22.

Lo
1.00

0.80
0.60
0.40
0.20

TOTOBO CHT'YPHO MOTth YMCpCHa - TCHIKO BEOMaA TCIIKO

10

Ki1aca

Cnuka opoj 5.22 Oyukuyja npunagHoCcTd MOTyhHOCTH GJIarOBpeMEHOT OTKPHUBabha

OTKa3a
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5.2.3.4. O1ieHa HUBOA pU3MKa OTKa3a eJeMeHaTa MoJACUcTeMa MPUMEHOM Mmin —

max KOMIIO3UIIN]e

OreHa HUBOA pHU3MKa OTKa3a eJieMeHarTa noJcucremMa paljeHa je Ha OCHOBY min —
max KOMIIO3WIMje aHAJIM3UPAaHUX T[oKa3aTesba pHU3MKA, O30MIJBHOCTH OTKasa,
YUECTaJIOCTH TI0jaBJbMBakba W MOTYNHOCTH OTKpWBama IOTCHIMjAIHUX OTKasza. 3a
nobujeHa Tpu ckyma ¢yHknuja npunagHocta (5.31, 5.32 m 5.33) mpumemyje ce
TIOCTYTIAK min — max KoMmmno3unuje ¢asu ckynosa. [Ippu KOpak KOMIO3HIIHjE jecTe aa
ce oJpeau MakcumanaH Opoj KoMmOuHanMja (yHKIMja TPUNAJHOCTH, TaKBUX
koMbuHanHja nMa j=10°=1000, rae je j — 6poj k1aca. Ox oBe wEpPe Oay3UMajy ce OHE
KOMOWHaluje Koj Kkojux je Oap jemna ¢yukumja mnpunagHoctu jemHaka 0. bpoj
KoMOHWHaIMja PyHKIM]ja MPUTIATHOCTH KOJT KOJUX Cy (PYHKITH]€ MPUTIATHOCTH PA3INIUTE
ox 0 je 210. 3a oBe kOMOMHaIMje TPaKU C€ MCXOJ M MAKCUMYyM IO HUCXOJUMa Ipema
HOCTYKY onucaHor y Tauku 5.1.3. /la Ou ce no0uo a3u ckyn pu3uka oTkasza eJeMeHaTa
CUCTEeMa, O] JIOOWjCHIX MaKCHMyMa y3uMa Ce HajMarma BPEIHOCT CBAKOT Hcxoja. Tume
je xomno3uiuja 3aspiueHa. [[pumenom min — max xomnosunyje Il (cnuxa 5.3) no6ujene
Cy BpeOHOCTH (YHKIIMja MPHUITAJHOCTH PU3MKA OTKa3a eJieMEHaTa CUCTeMa 3a TJIaBHY

XUIPOIYMITY:

R =(1/0,2/0,3/0,4/0.65,5/0.65,6/0.6125,7/0.6125,

(xuoponymna) (5 34)
8/0.6125,9/0.83,10/0)

Ha cnunm 5.23 nar je rpadwuuku npukas ¢a3u CKyna HABOA PU3HMKA 3a TJIABHY

XUJIPOMYMITY.

llR HC3HATAH HH3aAK YMCPCH BHCOK BEOMa BHCOK
1.00 | — T AT CTAT - TAT AT
0.80| a /\ f/ffﬁ T -
0.60| — N
040 | — /1 — +
020 / /- C- N/t N T\

1 2 3 A 5 6 7 8 9 10 KJ1aca

Cnuka opoj 5.23 ®a3u cKyn pu3uKa 0TKas3a 3a IJIaBHY XUAPOITYMITY
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[Mpuka3 mena moctynka padyHama (QyHKIHja TPUTAJIHOCTH TPUMEHOM min —
max xommnosunuje Il nato je y mpumory Opoj 3, IOK je IIe0 MOCTyHaK paudyHarba
¢byHkimja npunagaoctd y MS Excel-y gato y enekpoHCKoj Bep3uju mpuiora 6poj 3 y

pdf dopmary.

5.2.3.5. ®a3u unenrudukanyja — JeKOMIO3HUIIKja IPH MIPOLEHA HUBOA PU3HKA

CJICEMCHAaTa IoJacucremMa

Hakon min - max xomno3uiuje notpedHo je no0ujeHu obnuk 5.34 nmpeTBOpUTH
y o0nuK 5.25, koju neduHHIINe CTENEH MPUITaTHOCTH, OJHOCHO J1ajeé OATOBOP KOM (asu
CKymny (He3HaTaH, HU3aK,yMEPEH, BUCOK U BeOMa BHCOK) HajBUIIIE OJIroBapa JOOUjeHU
da3u cKym olleHe pU3WKa, Mpema IMOCTYNKY KOju je Jar y mornaBiby S5.1.4. Best-fit
MeTosa (MeToJa HajMamWX KBajpara) je oaroBapajyhum moctymak 3a ojpehuBambe

CTereHa MpUMaaHOCTH a3y cKynoBa pu3MKa 3a1aTuM (a3 cKymnoBuMma.
3a nobujenu da3um CKyn pU3UKa:

R =(1/0,2/0,3/0,4/0.65,5/0.65,6/0.6125,7/0.6125,

8/0.6125,9/0.83,10/0)

(xuoponymna)

di(Ri’Hi):\/i(/ujR_lujHi)z )

j=1
j=1, ..., 10; Hi={ne3HnaraHn, Hu3aK, yMepeH, BUCOK, BEOMa BHCOK }

d, =[(0-0.5)>+(0-1)>+(0-0.5)> +(0.65-0)* +(0.65-0)> +
+(0.6125-0)>+(0.6125-0)>+(0.6125-0)>+(0.83-0)>+(0-0)*]°* = 2.03945

d, =[(0=0)* +(0—0.165)* + (0 —0.65)* + (0.65—0.83)* + (0.65— 0.33) +
+(0.6125—-0)” +(0.6125—0)* +(0.6125—0)> +(0.83 - 0)* + (0— 0)°]"* =1.54884

d, =[(0—0)> +(0—0)* +(0—0)> +(0.65—0.25)* + (0.65—0.75)* +
+(0.6125-0.75)> +(0.6125—0.25)* + (0.6125 - 0)? + (0.83 - 0)* +
+(0-0)°1"° =1.17659
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d, =[(0—0)> +(0—0)* +(0—0)> +(0.65—0)* + (0.65—0)* + (0.6125— 0.33)> +
+(0.6125—0.83)% +(0.6125—0.65)> +(0.83—0.165)* + (0—0)*]** =1.18985

d; =[(0-0)" +(0—0)* +(0—-0)* +(0.65-0)" + (0.65-0)" +

+(0.6125-0)> +(0.6125—0)> + (0.6125—0.5)* + (0.83 —1)> + (0—0.5)*]*° =1.37363

PenatuBHO pacTojarke y OJHOCY HAa HajMamy BPETHOCT pPACTOjarbd d; min

onpehyje ce mpema obpaciry:

1
& =——— i=l, ... 5 dipn =ds=1.17659
/dimin
o, = L. ! =0.57692;
d /d, 2.03945/1.17659

i min

o, =0.75966;a, =1.000; 0, =0.98886; a, =0.85655

Hopmanu3zanuja penaTUBHUX pacTojamba y OAHOCY Ha HajMamby BPEJHOCT pacTojama d;

min OZIpehyje ce mpema obpaciy:

a, - . 5
pogtits X
m=1 " im
,- o, 0.57692 =0.13795

VT dta, ta, ta, +a, 0.57692+0.75966+1.000+ 0.98886 + 0.85655
B, =0.18165; B, =0.23912; B, =0.23646; B, =0.20482

Ha kpajy, HUBO pu3uKa OTKa3a ejJeMeHaTa TEXHUYKUX CHCTeMa Yy PyJIapCTBY MOXKE Ce,

npema obpaciyy 5.25, u3pazutu Ha cneaehu HauuH:

(0.13795 / He3HamaH),(O.18165 / Hu3a1<),(0.23912 / ijepeH),
b (0.23646/6u00K),(0.20482/6eOMa emco;c)
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5.2.4. Ouena HMBOA PU3HUKA 0TKA3a MOJACHCTEMA

OmneHa HMBOA pU3MKa OTKa3a IMOJCUCTeMa paljeHa je Ha OCHOBY OIICHE HUBOA
pusnka oTkaza eneMeHaTa. Pasmdukanuja ymazHUX IMOJaTKa Yy OBOM CIIy4ajy HUje
noTpeOHa jep cy yna3Hu nojanu ¢as3u CKyImoBH pU3UKa OTKa3a eJeMeHaTa MoJICHCTeMa

KOjU Cy TOOWjeHU OLIEHOM PU3MKa eJeMeHara.

Min — max KOMIO3UIMja je TIPUMEHCHA W y OBOM CIlydyajy W3 pasjora IMiTo
OpUMEHOM OBe Kommosuigje wMoryhe wu3aBojutu Hajmomju wmehy Hajo0pUM
pesynratuma, OJHOCHO JI0OMja ce OlleHa 3a KJIacy YHjH je HUBO pu3uKa HajBuim. OreHa

HUBO pU3HKa MoJIcucTeMa uma cieaehu oomuk:

R=(1/ 4y, 2/ pty, 31 3 4/ g 57 s, 6/ g 71y, 81 g, 9/ 1,10/ )

3a oleHy HUBOA pU3HMKaA OTKa3a IMoOjcuUcTeMa min — max kommosumnuja I je
pahena 3a mer ¢a3m CKyma KOjU IpeACTaBibajy OIEHY HHMBOA pPHU3MKa eJeMeHara
nojcucreMa. IlocTymak je MCTM Kao M KOJA NPETXOJHUX KoMmmosunuja pahen y MS
Excel-y. [leo Tabene je mpukasaH y npuiory 0poj 4, a mena tadeina KOMIO3UIHje,300r
0oOMMHOCTH TIOJIaTaKa, JgaTa je y eJeKTpOHCKoM mpmiiory Opoj 4. [loctynak je uctu xKao
U 3a Tpu a3y cKyma, oJl cBUX Moryhux xomOuHanuja ¢yskiuja npunaanocta (100
000) y xoMmo3uiujy yia3e caMO OHE KOMOMHalMje 3a Koje cy cBe (QYHKIH]je
npunagnoctu pazaumuute ox 0 (5 040). 3a mer ¢a3u ckyma pe3ynraTd OleHEe HUBOA

pH3HKa 32 €JIEMEHTE MOICUCTEMAa XUpayIuKa UMajy cienehe BpeIHOCTH:

R,=(1/0,2/0,3/0,4/0,5/1, 6/0.65, 7/0.65, 8/0.65, 9/0, 10/0)

R,=(1/0,2/0, 3/1,4/0.65, 5/0.65, 6/0.65, 7/0.65, 8/0.75, 9/0, 10/0)
R, =(1/O, 2/0,3/0,4/0, 5/0.65, 6/0.65, 7/0.65, 8/0.65, 9/1, 10/0)
R, :(1/0, 2/0,3/0,4/0.65, 5/0.6125, 6/0.6125, 7/0.6125, 8/0.65, 9/0.65, IO/O)

R, :(1/0, 2/0,3/0.36, 4/0.36, 5/0.25, 6/0.25, 7/0.25, 8/0.25, 9/0.31, 10/0)

Ha ocHOBY min — max kommo3uinuje no6uja ce aa je ga3u CKym OlleHe pU3HMKa OTKa3a

MOJICKCTEMA ,, XUOPAYIUKa *“:
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R i =(1/0, 2/0, 3/0, 4/0.65, 5/0.65, 6/0.65, 7/0.65, 8/0.65, 9/1, 10/0)

He ' HE3HATaAH  HH3aK YMEPEH BHCOK BeOMa BHCOK

B =

0.80
0.60
0.40
0.20

1 2 3 4 5 6 7 8 9 10 ~kmaca

Cnuka opoj 5.24 ®a3u ckyn pu3uKa 0TKasza 3a MOJCUCTEM ,, XUOpayIuka “

Ha cnunm 5.24 nar je rpaduuky npuka3 ga3u cKyna HUBOA PU3HMKaA OTKa3a MOJCUCTEMA

,, Xuopaynuka ‘.

[IpumeHoM mocTymnka EeKOMIO3UIMje, KOJU je UCTU Kao U KOJ OIeHE pHU3UKa
eneMmenara, onpehyje ce cremeH mpumagHocTH pusMka oxapeheHom ¢asu ckymy. 3a

MOJICUCTEM ,, Xuopayauxa ‘‘oljeHa HUBOa pu3nKa uMma cieaehu o0onuk:

(0.14122 / HesnamaH),(O.l796 / HusaK),(0.22846/yMepeH),
drautia (0.23421 / euCOK) , (0.2 1651/ 6eoma eucmc)

Xupgpaynuka

0.25 % |

0.2 |

0.15 / I |

0.1 / . |
E my ‘

0 | I I
He3HaTaH HU3aK ymepeH = L
S

Cnuka opoj 5.25 I'paduuku npukas nporieHe HUBOA pU3HKa MOACUCTEMA XUOPAYIUKA

Ha ciumm 5.25 rpadguuku cy npukazaHu pe3yJTaTd NpOIeHEe HUBOA PU3HMKaA 32

CBC IIOACUCTEME I[pO6I/IJII/II_IG, ca KOje CC MOXKC BJACTU Oa PU3HK O/ OTKa3a MOJACHUCTCMA
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Xuopayiuxka W ejlexmpocucmem TIPUNANajy KaTEroOpHju ,,8ucox’, JOK 3a OcTaie

HOJCUCTEME PHU3HK je Y KaTerOpu YMEpeH.

0.35

0.3

0.25

0.2

0.15

0.1

0.05

B He3HaTaH M HM3aK @ ymepeH MWBUCOK M BeOMa BMCOK

Cnuka opoj 5.26 I'paduuku npukas npoleHe HIBoa pU3UKa 3a MOJACUCTEME IPOOUITHIIE

5.2.5. Ouena HMBOA PU3HKA 0TKA3a CHCTEMA

5.2.5.1. ®a3u KOMIMO3HIIK]ja MIPH MPOILIEHN HUBOA PU3UKA OTKAa3a CUCTEMaA

Ornena HMBOA pU3MKA OTKa3a TEXHWYKOI CHCTeMa — JIpoOmiuie paleHa je kao
CHHTE3Ha OIICHA HMBOA PU3MKa OTKa3a IMMOJICHCTeMa. YJa3HH IOJAIM 3a OLEHYy HHBOA
pHU3MKa OTKa3a TEeXHHYKOT CHCTeMa — MalluHe jecy (a3 CKyNmoBHM pH3MKa OTKa3a
noJcucTeMa, 1na Huje noTpedHo ypaautu (azudukanujy yna3Hux nogaraka. Min — max
KOMITO3HIIMja TPUMCH-EHA je U 332 CHHTE3HY OLICHY HHMBOA pHU3MKa OTKa3a CHUCTEMa.
Parnor 3a TOo oOjammeH je HAa MOYETKY IOTJIaBJha. 300T BEIMKOT Opoja KOMOWHAIHMja

(YHKIHja IPUIaIHOCTH 3a 0caM mojcucTeMa apodmuie C=;°, rae je j=10, yKymHo
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100 000 000 xomOuHaIMja, MOpAJIO c€ MPUCTYIMUTH CMamelky Opoja Ki1aca J00ujeHuX
¢da3u ckymoBa pusmka oTKaza mnoacucteMa. da3m CKyNoOBH OIEHE pHU3UKa OTKa3a
noJcrcTeMa MpeciuKaHu cy ca BpeAHOCTH j=10 Ha BpeIHOCT j=5 Tako IITO ce y3uma
CBaka JIpyra BPEeIHOCT (YHKIIMje MPUMATHOCTH, Ha TpuUMep 3a Kiacy |1 y3uma ce

BPEHOCT KJ1ace 2, 3a BPEHOCT Kiiace 2 y3uMma ce BpeaHoct kiace 4 uta (Cnuka 5.27).

da3u cKynoBU pU3MKa 0TKa3a MOJICUCTeMa O0JIMKa:

waratia = (170, 2/0, 3/0, 4/0.65, 5/0.65, 6/0.65, 7/0.65, 8/0.65, 9/1, 10/0)

1/0,2/0,3/0,4/1,5/1,6/1,7/1, 8/1, 9/0, 10/0)

motor (

1/0,2/0,3/0,4/0,5/1,6/1,7/1, 8/1,9/0, 10/0)

elektrosistem (

:(1/0, 2/0,3/0,4/1,5/1,6/1,7/1,8/1,9/0, 10/0)

mlevenje

1/0,2/0,3/0,4/1,5/1,6/1,7/1, 8/0, 9/0, 10/0)

prosejavanje = (

1/0,2/0,3/0,4/1,5/1,6/1,7/1, 8/0,9/0, 10/0)

R
R
R
R
R
R nspore =
R o =(1/0, 2/0, 3/0.65, 4/0.65, 5/0.65, 6/0.65, 7/0.83, 8/0, 9/0, 10/0)
R

consmen = (170, 270, 3/0.75, 4/0.65, 5/0.65, 6/0.65, 7/0.83, 8/0, 9/0, 10/0)

NPECIINKaBajy ce y (ha3u CKyIoBe:

idranlika =(1/O, 2/0.65, 3/0.65, 4/0.65, 5/0)

1/0,2/1, 3/1, 4/1, 5/0)

motor (

1/0,2/0, 3/1, 4/1, 5/0)

elektrosistem (

1/0,2/1, 3/1, 4/0, 5/0)

prosejavanje = (

=(1/0,2/1, 3/1, 4/0, 5/0)

transport

1/0,2/0.65, 3/0.65, 4/0, 5/0)

dozator — (

R
R
R
R yevene =(1/0, 271, 371, 4/1, 5/0)
R
R
R
R

konstrukcija :(1/09 2/0653 3/0659 4/03 5/0)
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| |
1 2 3 4 5 6 7 8 9 10 Kraca

—
(3]
[7%]
e
n

CMAamCHe Kilaca

Cnuka 6poj 5.27 lloctynak cMamema Opoja kiaca

3a peneduHrcane Qa3 CKyNoBe OIICHE pU3HMKa OTKa3a CBAKOT MOJICUCTEMA Paiu
ce min — max KOMIIO3HIHja 3a KOjy je VKymaH Opoj xkomOuHammja C=/°, Tj. 390 625
KOMOWHANHM]a, T71e je j=35. Ox Tor Opoja 3a omeHy ce y3uma 864 koMOuHaIuja QyHKIHja

MIPUIATHOCTH YHje Cy BpeIHOCTH pasnuuute of 0.

Kon ananuse mokasarespa pu3vKa KOjU UMaju UCTH YTHUIA] HA HUBO PU3UKa HUJE
Ooutan penocien kojum he ce (asu ckymoBH IMOKaszaTesba IOjaBUTH NPH oleHW. Ha
OCHOBY min — max KOMIIO3UIje 100uja ce 1a je ¢a3u CKyll HUBOA OTKa3a TEXHHYKOT

CUCTEeMa — IPOOHITHIIC:
R:(I/O, 2/1, 3/1, 4/1, 5/0)

I'papuuku mpuka3 ¢a3u ckynma pHu3MKa OTKa3a TEXHUYKOI CHCTeMa — MOOWIIHE

JpoOWITHIIE TIPUKAa3aH je Ha ciunu 5.28

I«LR HE3HaTaH HHU3aK yMEpeH BHCOK BEOMa BHCOK
10| A

080 — -
060 — /- + /-
040 | —/ — A\~
020] £ — - -

5 KJIaca

Cnuka opoj 5.28 ®a3u cKyn pyu3MKa 0TKa3a TEXHUYKOT CHCTeMa — MOOWIIHE IPOOUITUIIE

., Lokotrack 1213S
5.2.5.2. UnenTudukaimja —1eKOMIIO3UIHja IPH MPOIICHH HUBOA PU3HMKA OTKa3a
cucreMa

[Mpumenom ,,best-fit” moOujenn oOsmk (a3wm ckyma OICHE pH3MKA OTKasza

TEXHUYKOT cuctema moryhe je TpanchopmucaTt y ooauk 5.25.
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OBUM TOCTYNKOM JeQHUHHUIIEC CE CTENEH MPUIAJHOCTU TOOUjeHE OllCHe HHBOA
pHU3MKa CUCTeMa MPUMEHOM min-max KoMmno3suuuje oapehenom ¢asu ckymy (He3HaTaH,

HU3aK, YMCPCH, BUCOK U BCOMaA BI/ICOK).

da3u ckynoBU pusMKa gatu ciefaehum QyHKIujama npunaaHoCTu:
Hiuemamany = (1 05 0, 0, 0);

i =(0.165, 0.83, 0, 0, 0);

Hpmepen = (05 0.25, 0.75, 0, 0);

ooy = (05 0, 0.33, 0.65, 0);

luR(eeo,waeucorc) :(O’ O’ 0’ 059 05),

5
dl(R,-,HmuamaH) = \/z (lujR - /uj(neanamaﬂ) )2 =

j=1

= J(O-1? +(1-0)* +(1-0)* +(1-0)* +(0—0)* =2.0
Ha uctu Hauun oapel)yjy ce BpeAHOCTH d; 3a octane ¢a3u CKynoBe

d, =1,434; d, =1,275; d, =1,253; d; =1,581;

Jla 6u ce ypagwia HOpManu3anuja a3y CKynoBa MOTPEOHO je OAPEAUTH peslaTUBHA
pacTojama y OJIHOCY Ha HajMame pacTojame JOOUjEHUX BPEIHOCTH OICHE y mopehemy

ca 3amaTuM (ha3u CKyrmoBuMa Ha ciegehy HauuH:

1
Q; :7 i:1, ey 5; dimin:d4:],253

| |
4= Td 201258
7d 0/1.

i min

6265 ;

o, =0.873;a, = 0.9827 ;a, =1; o, =0.792
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Hopmanu3aiiyja penaTHBHUX pacTojama pajau ce mpema cieaehem odpacity:
B=—ri— el 5 Y =l
Z et Eim
5 - 2, 0.6265 01465

b o to,ta,+o,+a; B 0.6265+0.873+0.9827+1+0.792
£, =0204; p,=0.2299; B, =0.2339; B, =0.185

Ha xpajy, HMBO pH3MKa OTKa3a TEXHHYKOT CHUCTEMa MOXKE Ce M3pa3uTh Ha cieaehu

Ha4YuH:

0.1465 / neznaman),(0.204 / nuzax ),(0.2299 / ymepen ),(0.2339 / 6ucox),
R

(0.185 / 6eoma emcox)

/ 22,99%  23,39%

0.2

0.15

0.1

0.05

He3HaTaH HU3aK ymepeH BUCOK BeoMa
BUCOK

Cnuka opoj 5.29 I'paduuku nprkas MporeHe HUBOA PU3HKa TEXHUYKOT CUCTEMA —
MOOUITHE TpoOuMIIHIIe
JexoMmriozunujoM (a3 CKyIa pu3uka OTKaza TEXHHYKOT CHCTeMa — ApOOMIHIle A00H]a
ce Ja pHU3MK O] OTKa3za JpoOWiIMLe MpUIlafa KaTeropuju BHCOK Ca CTEINEeHOM

npunaganoctu ox 0,2339, ognocuo 23,39 %.
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Ananuza pezyrmama u OUcKycuja

6. AHAJIN3A PE3YJITATA U IUCKYCHUJA

6.1 Pe3ysiTaTu olleHe HUBOA PU3MKA 0TKAa3a APo0UIMIe

[Ipuctyn npouenu pusuka oTkasa MoounHe npodunuue ,, Lokotrack LT 12135
OPUMEHOM TPEAJIOKEHOT CHHTE3HOI MOJeNia OIeHEe pu3MKa Jaje  MoryhHoct
carjenaBama pesysitaTa 3a MOjeJMHAYHE eNEMEeHTe, Ka0 M CHHTE3HE OIICHE HHUBOA
pU3MKa OTKaza TOJCHCTEMa M TEXHUYKOr cucreMa y nenuHu. OBakaB HauuH
UHTEpIpeTanyje pesynrata omoryhyje aHammsy, carjenaBambeé U HU3/Bajambe
HAJKPUTUYHUJUX €JIEMEHaTa y CUCTeMY KO KOjuX je HUBO pusuka Hajehu. Ha ocHoBy
tora Mmoryhe je W3JBOJUTH e€JEeMEHTEe cHucTeMa KOju he 100OMTH NPUOPHUTET MpH
npeay3uMamy KOPEKTHBHUX Mepa Yy LUJbY CMamemha HUBOA PU3UKA, ILITO MPEICTaBIbA

CBpXY IPOIICHE pPU3HKA.

6.1.1 Pe3yaraTu oneHe HUBOA PU3HKAa 0TKAa3a eJieMeHATA ApPo0uinme

Pesynratu mporieHe HMBOA pHU3MKa OTKa3a eJeMEHaTa IOJCUCTEMa MPUMEHOM
NPEUIO’KEHOT MOJIeNIa 3aCHOBAaHOT Ha a3y EKCIEPTCKOM OJUTyYHMBamy JaTH Cy Y
tabenama 6.1-6.8. Pesynratu mpeacraBsbajy CTENEH NPHUIAJIHOCTH JI0OMjEeHE OlleHE

onpehenom ¢azu cKyIy KOjUM ce ONUCYje HUBO PU3HKA.

Tabena opoj 6.1 Oniena HUBOA pU3MKa OTKa3a eJIeMHaTa MOJICUCTeMAa XUOpayiuKa

Crenen npunagnoctu (f;)
IHoacucrem Jeo y oTkasy BeoMa
He3HATAaH | HU3AK | yMepeH BHCOK
BHCOK
- Hypeme yiba 0,13974 0,15271 0,22168 0,25538 0,2305
§ Lypemwe pesepBoapa 0,16062 0,2392 0,22558 0,21908 0,15552
=
z LpeBa xuapayuke 0,13624 0,1565 | 0,31218 0,24531 0,14977
Ef' I'maBHa xuapo mymmna 0,13795 0,18165 | 0,23912 0,23646 0,20482
>< XuapomMoTopu 0,14756 0,24713 | 0,21791 0,212 0,1754
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TaGema 6.1 mnpukazyje pe3yarare oOIeHe HHMBOA pH3MKAa 3a MeET
KapaKTepUCTUYHUX BPCTa OTKa3a MOJCHCTEMa XHIpayJHKa. 3a OTKa3 Iypeme yJba Ha
[peBHMMa 3a pa3Boheme yJha TOJ MPHUTHCKOM. OIICHOM je MOOMjeHO Ja cmaaa y
KaTeropmjy ,,BHCOK™, ca crtemeHoM mpumagHoctd B=0,25538. To je um ouekuBaHa
BPEIHOCT HUBOA PH3HMKA jep IypemeM yjba Omaja HPUTHCAK y CHCTEMy, IITO Ce
oJpakaBa Ha JIOII pajJ XUAPOMOTOpA W IEJOr mpoleca Apodsbema. Pusnk on mypema
pesepBoapa 3a yJb€ UM PH3HMK OJl 0TKa3a XHJIPOMOTOpa CHajnajy y KaTreropujy ,,HU3aK",
JOK PHU3UK OJI OTKa3a TJIABHE XHUAPOIyMIIE M KHUJAmke IpeBa XUApAYJIHKE Crana y
KaTeropujy ,,ymepeH. Mehytum, crenen npunaaHocTH fy 1a pU3UK OJ] OTKa3a TJIaBHE
XUJIPOIYMIIE CMaJia y KaTeropHjy BUCOK jep je MpUOJIMkKaH CTeNeHy NPUIIaJHOCTHU fi3 3a
KaTeropujy yMepeH, pasiuka je Ha Tpehoj nemumanu, ma je MU OBOj BPCTH OTKasa

NoTpeOHO MOCBETUTH MOCEOHY MaXIbY Y IUJbY CMambeha pU3MKa O] 0TKa3a.

035 7
03 V7
H Lypere y/ba
025 V7
[ B Llyperse
pesepBoapa

I Lpesa xuapaynumke

0.15 7
B [naBHa xmapo
nymna

CteneH npunagHoctm Bi
o
N

0.1 A
ey B XuapomoTopu

0.05 17~

He3HaTaH HU3aK ymepeH BUCOK Beoma
BUCOK

Kateropwmja pusuka

Cnuka opoj 6.1 I'padpyaxy npruka3 IpoIieHe HUBOA PU3HKA 32 SJIEMEHTE TOJICUCTeMA
»XHApayIuKa‘

[Ipexun moBOMA ropuBa KOJ TJIABHOT JH3EJI MOTOpA JielIaBa ¢€ yIrJIaBHOM 300T
JOLIeT KBajJWTeTa TOpUBa W JOCTa j€ uecTa IojaBa KOJ TMPEeAMETHE IpOOHIIHIE.

[Mpekugom pajga ou3en MoTOopa CTaje Ieo Mpolec JApoOJbema W IMpocejaBama Ha
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kKaMmeHosiomy. Ha ocHOBy mokasaresba pu3nka Jo0HjE€HO je 1a pU3HK O] PeKHIa J0BOAa
ropuBa au3el MOTOpa Craja y KaTeropujy ,,BUCOK ca J0CTa BHCOKHM CTEIIEHOM
npuragaoctu on 0,36909, omnocHo 36% (Tabena 6.2). Puswk ox oTkaza, OJHOCHO
KHJaha PEMEHUX TNPEHOCHHWKA BEHTWIIATOpA XJIAJaka, IpeMa OLEHH MPEeITOKCHUM
MOJICJIOM, Takole craja y KaTeropujy ,,BUCOK", aJli jaKo je Maja pa3juKa y CTeIeHuMa

NPUIIAJHOCTHU 32 KaTeropujy ,,yMepeH* u ,,sucok*, ceera 0,0002, onnocno 0,2%.

Tabena opoj 6.2 Ouena HUBOA pU3MKa OTKA3a eJleMHaTa MOJICUCTEMA MOMOp

Crenen npunaanoctu (f;)
Iloacucrem Heo y oTkazy BeoMa
HE3HaATaH HHU3AK yYmepen BUCOK
BHCOK
AJITepHATOP 0,13441 | 0,19268 | 028199 | 024311 | 0,14782
Lypere upesa 0,13441 | 0,19268 | 0,28199 | 024311 | 0,14782
pacxiiaaHe TEYHOCT
& Jlexajeesu Ha emucH 0,15226 | 024502 | 025523 | 021074 | 0,13675
g XJIaamhaKa
= IIpexun nosona 0,13783 | 0,14187 | 0,19492 | 036909 | 0,15629
ropuBa
PeMeHn NpeHOCHHIH 0,14366 | 0,19126 | 025187 | 025207 | 0,16113
BEHTHUJIATOpa
04 {7
H AnTepHaTtop
0.35 /
a / B Lyperbe upesa
E 0.3 1 7 pacxnagHe
o) e TeYHoOCT
:EEIZ 0.25 / ® lexkajeeBu Ha
] / enncK xnaHaka
= 0.2 -
Q o
= - M [Mpekna gosoaa
3 015 ¥~ ] : ropusa
Q 7
E " M PemeHu
(&) 0.1 47
A npeHoOCHNUMN
0.05 - . BEHTUNAaTOpa
0
He3HaTaH HU3aK ymepeH BUCOK Beoma
BUCOK
Kateropuja pusuka

Cnuka o6poj 6.2 I'paduuku mpuKa3 MpoleHe HUBOA PU3KKa 3a €JIEeMEHTE TOJICHCTEMa

»MoTOp*
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Tabena opoj 6.3 OueHa HUBOA pU3MKa OTKA3a eJIeMeHaTa MOJICUCTEMA e1eKmpo

Crenen npunaauoctu (f;)
IMoacucrem Hdeo y oTka3zy BeoMa
HE3HATAH | HM3aK | YyMepeH | BHCOK
BHCOK
En. BenTunu 0,12862 0,14505 0,28171 0,30048 0,14414
o Kommjyrep 0,12862 0,14505 | 0,28171 0,30048 0,14414
=9
> Ipexun kabrosa, 0,14145 | 0,18986 | 024615 | 0,26124 0,1613
z KOHTAKTH
= Penej kommjyrepa 0,16021 0,26924 | 0,24719 0,18358 0,13979
Cenzopu 0,13783 0,14187 0,19492 0,36909 0,15629
B En. BeHTUAN
@ W KomnjyTtep
=
=
O
g ) M Mpekng,
g - KabnoBsa, KOHTaKTK
s B Penej KomnjyTepa
o
c
3 H CeH3op#
[=
[
=
o
0
He3HaTaH HU3aK ymepeH BMCOK Beoma

Kateropuja pusuka

BUCOK

Cnuka o6poj 6.3 I'paduuku mpuKa3 MporeHe HUBOA PU3KKa 3a eJIEeMEHTE TOJICHCTEMa

,»EJIeKTpO*

Kon moncucrema ,,enektpo®, 3a 4YeTUpu OJ NET KapaKTEPUCTHUYHHMX BpCTa

0TKa3a, T0OMjeHo je Jla pU3MK O]l OTKa3a chaja y KaTeropuju ,,BUCOK M TO 3a OTKa3

€JICKTPOBEHTHIIA, TJABHOT KOMIIjyTepa, MPeKua KabjloBa M KOHTaKaTa W 3a OTKa3

ceH3opa npoodwmie. JloOujeHu pe3ynTaT yKka3yjy Ha motpely 3a JeTabHOM aHAITU30M

OBOTI' MOJCHCTEMa U H3HAIAXKEHE M CIPOBOheme MNOoceOHMX Mepa MPEBEHTHBHOT

Olp)KaBakba y INJbY CMalbCha pU3UKA. Pusuk ox oTtkasa CCH30pa nma HajBehI/I CTCIICH

npunaanoctu  0,36909 kareropuju ,,BUCOK™ JOK CTEMEHU MPHUIATHOCTH JAPYTHM
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KaTreroprjama umajy mame BpeaHocTu on 0,2, mTo jacHO MOTBplyje Aa He TOoCToje
JIBOCMHUCJICHOCTH KOJ IoOWjeHe oleHe. PU3MK 011 O0TKa3a eJeKTPOBEHTHIIA M TJIABHOT
KOMIIjyTepa je WcTH 3a oba ciy4aja, W TpuUIaga KaTeropuju ,,BUCOK™, ca HUCTHM
crenieHoM mpurmagaoctu o 0,30048. TIpBa Huka BPeTHOCT CTENEHA TPUITATHOCTH jeCTe

3a KaTeropHjy ,,yMepeH®, IITO C€ MOXKE CMAaTpaTH TPEHJIOM PHU3HKa.

Tabena opoj 6.4 Ouiena HUBOA pU3MKa OTKa3a eJeMeHara MoJICUcCTeMa Opob.berve

Crenen npunaanoctu (f;)
IMoacucrem Heo y oTka3zy BeoMa
HE3HATAH | HM3aK | YMepeH BHCOK
BHCOK
Jlomwa Bpara MmiiMHa 0,15337 0,26267 0,26401 0,18399 0,13597
éﬂ JIom oGrore mimHa 0,15065 0,25782 0,27369 0,18422 0,13422
*]
2 Jlom 3aBpTE-€B2 Ha 0,14681 | 0,16075 | 026026 | 0,26988 0,1623
S o0Oyiorama
:Qf Pamenu npeHocHuk 0,15552 0,21908 0,22558 0,2392 0,16062
JIoM poTop MiuHa 0,13342 0,14911 0,27621 0,29208 0,14917
03 17
025 ¥ _
— - _ M [lorba BpaTa MMHA
Q s )
=
g 0.2 -/ i _ H/lom obsiore manHa
= .
© o " 1 /lom 3aBpTHEBA Ha
s 0.15 - obnorama
c " M PameHW NPpeHOCHUK
I .
¢|1=J 0.1 A :
) -~ W Jlom potop minHa
o] /
0.05 7
0
He3HaTaH HM3aK ymepeH BUCOK Beoma
BUCOK
Karteropuja pusuka

Cnuka opoj 6.4 I'padmyxy nprka3 IpoIieHe HUBOA PU3HKA 32 CJIEMEHTE MOJICUCTeMA

1 po0Jbeme™
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[Toacucrem npobsbema MpeacTaBiba je/laH O]l CYIITHHCKH BAKHHUX TOJICHCTEMA.
On xBanMTeTa pajga OBOT IMOJCUCTEMA 3aBHUCH M CaMa MPOU3BOJIEbA Ha KaMEHOJIOMY.
Pasyntatu mpomeHe HHMBOa pHU3MKAa OTKa3a e€JieMEHaTa MOJCUCTEMA 3a JPOOJhEHE

pUKa3aHu cy y Tabemnu 6.4.

Otka3u koju MMajy HajBehu HMBO pHU3MKa OJ] OTKa3a Cy JIOM poTopa yJapHe
JIpOOMIIUIE, PEMEHHU TIPEHOCHHIIM U JIOM 3aBPTH-€Ba Ha oOsorama apoowmie. Potop
MiIMHAa Tpnu HajBehe omTepeheme NpuIMKOM Tporeca ApoOJbemha CTEHCKE Mace,
MIPEKHUIOM pajia oJICHCTEMa 3a IpO0IbEHE CTaje LEeo MpoLec Ipodiberha U MPocejaBamba
CTEHCKE Mace Ha KaMEHOJIOMY. PH3HMK 0] JloMa poTopa ynapHe ApOOWIMIE Npema
pesyiaTaTiMa TpPEUIOKEHOT MoJeNia crhaja y KaTeropujy ,,BHCOK ca CTENeHOM
npunagHoctu ox 0,292208, a mpBa HWKa BPEAHOCT CTETEHA NMPUIATHOCTH jecTe 3a
KaTeropujy ,,yMepeH™, ITo je T00po jep pU3UK He TeXH Ka EKCTPEMHO] BPEIHOCTH.
Pusuk o1 0TKa3a peMEHHUX MPEHOCHHUKA IPOOMITHIIC TaKohe criaaa y KaTeropHjy ,,BUCOK'
ca crereHoM mnpunagHoct onx 0,2392, omnocHo 23,92%. 3a OBy BpeaHOCT HUBOA
pu3nKa Moxke ce pehu ma je odekuBaHa ¢ 003MPOM J1a j€ CHCTEM 3a JPOOJHEHE TAKO
MPOjEeKTOBAH Jla YNpaBO PEMEHH MPEHOCHUIM Oyay ciaba Tayka, Tj. J1a C€ HUXOBHM
KujgameM crpeue Behe xaBapuje Ha camoj ynapHoj apoOwiuim. Ilopen oBux BpcTa
0TKa3a, M PU3MK O] JIOMa 3aBPTH-eBa Ha 00JOraMa MIIMHA OLECHCH je KaTeropujoM
,,BHCOK". JIoM 3aBpTH-eBa 00JI0T€ MJIMHA j€ BPJIO YecTa mojaBa 300r BHOpaiija u yaapa
KOje 3aBPTHEBH TpIE y TOKY pajaa apoOwnuie, a Takohe Tpeba Harimacutu na u

KBaJIMTET 3aBPTH-EBA KOJU Ce yNOTpeOsbaBajy HUje Ha 3a/10BOJbaBajyheM HUBOY.

Tabena opoj 6.5 Ouena HUBOA pU3KKa OTKa3a eJIeMeHaTa MOJICUCTEMA Npocejasarbe

Crenen npunaguoctu (f;)

IHoncucrem Heo y oTkasy BeoMa
He3HaTaH HU3aAK yYmepeH BHUCOK
BHUCOK
AMOpTH3Ep IyMe 014782 | 024311 | 028199 | 0,19268 | 0,13441
9 Mcnaname cura u3 0,12862 | 0,14505 | 028171 | 030048 | 0,14414
£ JICKHUINTA
2 Ocurypau BuOpocuta 0,12862 0,14505 | 0,28171 0,30048 0,14414
3 CejHe MOBpIIMHE 012213 | 020247 | 041259 | 014067 | 0,12213
= N
éh CnojHuna
XHPOMOTOpPa 0,1409 0578 | 034512 | 021528 | 0,1409
BHUOpOCHUTA
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[IpemioxkeHUM MOJEIOM TPOIEHE pU3MKa 3a EJIEeMEHTe TOoJCchcTeMa 3a
LIpocejaBame’ N3Apo0IhEHE CTEHCKE Mace, TIOOHM]EHO je 1a c€ PU3HIIM OJ1 OTKa3a Hayia3e

y Kateropujama ,,ymepeH u ,,sucok’ (Tabena 6.5).

3a amopTtusep ryme BHOpPOCHTA, CEJHE TMOBPIIMHE M CIOJHHUILY XHUIPOMOTOPA
BUOpOCHUTA OIICH-EHU HUBO PHU3UKa OJ OTKa3a j€ y KaTeropuju ,,yMepeH", JOK 3a OTKa3e
ocurypada BHOpPOCHTAa M WCIAJAalke CUTA M3 JISKUINTA, HUBO PU3HMKA j€ Yy KaTerOpHjU
,»BUCOK™. OBako IOOWjeHH pe3yJiTaTH OILIEHE HUBOA PU3MKA MOTY C€ jeIIHOCTABHO
00jaCHUTH YMILEHHUIIOM J1a KOHCTPYKTOPH MallliHa CBECHO OCTaBJbajy IOjeAuHE clade
KOMITOHEHETE Y CHCTEMY, KOje je JaKO 3aMEHHTH M NMPHUTOM HE KOINTajy MHOTO, Ja Ou
3aIUTUTHIIN JIEJIOBE CHCTEMA Yuju cy epekTu pusnuHor aorahaja nanexo sehu. Hanwme,
ocurypad BHOpPOCHTa caM IO ce0M HOCH BHUCOK PH3HUK O] OTKa3a, MPOjeKTOBAH je TaKo
Jla ce HEroBHM JIOMOM CIpedyaBa O30MJbHHMJH OTKa3 Ha CHCTEMY 3a IPOCEjaBabE.
Takohe, cnojHUIIa XHIPOMOTOpPa BHOPOCHTA MMa HCTy YJIOTY. 3a By je npeapuleHa
YyecTa 3aMEHa, Ia je KOHCTPYKTOPCKUM pelemuma omoryhena Op3a 3ameHa ucte 6e3
BEIIMKMX BPEMEHCKHX 3acToja. Kupame cejHMX MOBpIIMHA 3aBUCU O]l aOpPa3WBHOCTH
CTEHCKE Mace Koja ce Apobu u mpocejaBa. Mako je mpensuhena vecra 3amena 360r
MIPOMEHE BEJIMYHMHE M3JIa3HOT KOMaJa, MOTpeOHO BpeMe 3a 3aMEHy HHUje 3aHEMapJbUBO,
na je MojaesoM 00WjeHO J1a pU3UK O] KHJamba CEjHUX MOBPIIMHA MPUTANa KaTeropHju
»yMepeH, ca cremeHoM mpumnagHoctd on 41,259%. Onaj pesynarar ykasyje na je
NoTpeOHO JIOCTa PaJUTH Yy IMJbY CMamema Opoja OTKa3za Kako OM HHBO pPHU3HKA
Ipunazao HWkoj kiacu. HajjenHocraBHHUje peleme jecTe NpUMEHa CUTa Koja Cy

OTIIOpHHU]ja Ha Xabame o] mocTojehux.

[Toacucrem TpaHcmopTepa ca TYMEHOM TpakoM Hajuemrhe mpecTaje ca paaoMm
300T JETMMHUYHOT WU TOTITYHOT KUamka T'yMeHe Tpake. Bemuku npobieM Ko 0BaKBOT
THIIa 3aCTOja jecTe BpeMe MOTPEOHO Jla Ce CUCTEM JIOBEJIE Y PaJHO CTame 300T BpeMeHa
notpebHOr 3a ouBpuIhaBame JenKa KOjU €€ KOPUCTH KOJ XJIaJHOT BYJIKaHU3Hpama
rymeHe Ttpake. [IpomsBohau mpenmeTHe apoOwiniie TPEABHIEO j€ CHajambe T'yMeHe
Tpake Komdama, aji ce Yy NpaKCH IT0Ka3alo Ja Cy OBaKBU CIIOj€BH JIOCTa CKIIOHH
KU1y, 1A Ce U3 THX Pa3Jiora MpHMEmbYje ByJKaHU3UPAKE HAKO j€ 3a BYJIKAHU3UPAHE
noTpeOHO BHILE BpeMEHa 3a Koje ApoOmiuia npoBesae BaH QyHkuuje. CBU HaBeJeHU
(akTOpy TPOY3POKOBAIM Cy Ja HHMBO pPHU3HMKA OJf OBAKBOI THIMA OTKaza Oyne y

KaTerOpHjH ,,BHCOK".
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0.45
0.4
& 035 ~ H AmopTusep
= ryme
8 0.3 :
g:t B icnagarbe cuTa
o 0.25 U3 NeXMULLTa
=
2 02 = Ocurypay
T L BobpocuTa
g 015 {7
o : © mCejHe
© noBpLUNHE
0
He3HaTaH HM3aK ymepeH BUCOK BEOMa
BUCOK

KaTteropwmja pusuka

Cnuka 6poj 6.5 I'paduuky nmprkas nporeHe HUBOA PH3HKA 3a eJIEMEHTE OoACUCTEMa

LlIpocejaBame*

Tabena opoj 6.6 Oniena HUBOA pU3KKa OTKa3a eJleMeHaTa MOJICUCTeMAa MPAHCHOPMm

Crenen npunaauoctu (f;)

MMoacucrem Hdeo y oTkazy BEeoMa
HEe3HaATaH HHU3aAK yMepeH BHCOK
BHCOK
ACIMMATHO KRS 0,15005 | 025782 | 027369 | 0,18422 | 0,13422
TpaKe
g Kupame Tpake 0.12862 | 0,14505 | 028171 | 030048 | 0.14414
o .
5 Jlexajesn na 014622 | 020042 | 030672 | 0020042 | 0,14622
= OyOmeBrMa
(=7
= Henpasunan pan 0.14414 | 030048 | 028171 | 014505 | 0.12862
Tpake
Torotcku 6y6as 013441 | 0,19268 | 028199 | 024311 | 0,14782

HuBo pu3mka on oTkasza 3a JETUMHYHO KUJame Tpake, OTKa3 JiekajeBa Ha
NOTOHCKUM OyOmeBuMa U JIoM 00J10re MOTOHCKUX OyOmeBa Tpaka, jecTe y KaTeropHjH
,»yMepeH". HenpaBuiaHn paJl TpaHCIOpTEpa ca TPAKOM OJHOCH C€ Ha MOMEPAHE TYMEHE
Tpake y CTpaHy y oJlHOCY Ha Hocehe ponHe. OBakBa BpCcTa O0TKa3a HE W3a3uBa 3acToj Beh

y 3HaTHOj MCPU YyTHYC HA KBAJIUTCT pada CUCTEMA, I1a ,HOGI/IjCHI/I HUBO pU3HKaA IpHUIlaga
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KaTeropuju ,,Hu3ak“. Jlo oBakBOI THIMa OTKa3a Hajuerrhe gona3u 300T JOTPajaoCcTH
TyMEHEe Tpake Wiu 300T JIOIIer ByJIKaHU3Upama. Pe3yntaTu mpolieHe HUBO pHU3UKa 3a

€JIeMEHTE TIOJICUCTEMA TPAHCTIOPT MPUKa3aHu Cy y Tabemnw 6.6.

0.35 /

’ M He3HaTaH
o8 M HU3aK
=
-
[8)
]
I
o B ymepeH
©
c
=
o
c M BMCOK
T
7]
c
7]
=
o M BEOMa BMCOK

KaTteropwuja pusuka

Cnuka opoj 6.6 I'padvaxy nprka3 IpoIleHe HUBOA PU3HKA 32 SJIEMEHTE TOJICUCTeMA

» I paHCTIOpT*

Taébena opoj 6.7 OrieHa HUBOA PU3KKa OTKa3a eJleMeHaTa MOJICUCTeMa KOHCMPYKyuja

Crenen npunaanoctu (B;)

MMoxcucrem Jeo y oTka3y BEoMa

He3HaTaH HUM3aK ymepen BHCOK
BHCOK

Kpussseme nenosa

. 0,14835 0,30905 0,26559 0,14642 0,13058
KOHCTPYKIIMj€ Tpaka

<
= Jlom genora 0,12421 | 0,18555 | 0,38047 | 0,18555 | 0,12421
5 KOHCTPYKIH]E TpaKa
= Jlom spskaua cuta 0,12213 0,14067 | 0,41259 0,20247 0,12213
=
2]
2 Jlom ycumnnx 0,19017 0,25698 | 0,26395 0,15246 0,13644
Z KOIIICBA TpaKa
Ilomohna 0,15005 | 0,25782 | 0,27369 | 0,18442 0,13442
KOHCTpYKIH]a
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Cnuxka 6poj 6.7 I'paduuky mprkas npoleHe HUBOA PU3HKA 3a eJIEMEHTE NOACUCTEMa

,»,KoHCTpyKIIHja*

Pesynrati omeHe HWBOAa pH3HMKAa OTKa3a JeJIOBa KOHCTPYKIHje MOOWIHE
npoounuie (Tabema 6.7) cmamajy y KaTeropujy ,,yMepeH, OCHUM 3a KPHBJHEHE
KOHCTPYKIIHMja Tpaka KOjU je y KaTeropuju ,,Hu3ak". CTeneH MpHIaJHOCTH PU3UKA O
JIOMa YCUITHHX KOIIIeBa U JIOMa TOMOhHE KOHCTPYKIIH]j€ MPUTIa/ia KaTeTOPUjHU ,,yMepeH*.
[Mopen Tora jako je Mama pas3nuKa 3a CTENEH MPHUIIAAHOCTH 3a KaTETOpHjy pH3HKa
,HU3aK". ['eHepamHoO, OBM mojamnu Cy OWTHHUjU 3a camor mnpomsBohaua ormpeme, jep ce
KOJI OBaKBE BPCTE OTKAa3a MaJIO TOra MOXKE YUUHUTH Y TIPOIIECY OJprKaBarba JIPOOHIIHIIC

Ja c€ CMambU HUBO PU3HKA.

OrneHa HMBOA pHU3MKa OJ1 OTKa3a JeJIoBa MpUjeMHOr OyHKepa - J103aTopa JiaTa je
y Tabemu 6.8. Pusumk o JomMa OCOBHMHE [03aTOpa, NpeMa OLEHU MPEIOKEHUM
MOJIETIOM, CHajia y KaTeropujy ,,yMepeH™, ca 10cTa BUCOKUM CTETIEHOM IPHUITaJHOCTH OJF
0,38458. Takohe, pu3uk o mperpeBama yJba YHyTap Kyhwuinra go3aropa crajaa y OBy
ucTy Kareropujy. OBakBa BpcTa OTKa3a yKasyje Ha IocTojame Hekor Beher npobiema y

OBOM JIeJly CHCTeMa IITO ce MaHu(]ecTyje Ha OBakaB HaYMH. PU3UK 0] JoMa 3aBapeHUX
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CHOjCBa YCHUIIHOT' KOIlla ITpuIiaza KaTeI‘OpI/IjI/I ,,HI/I3aK“, Kao UM pU3HK OJ JIOMa AprKava

no3zaropa. OBakBe BpCTE OTKa3a HACTajy Kao MOCJenuIia 3aMopa MaTepujana ycien

mojase BUOpaIja y TOKy paja.
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- M Uypere y/ba u3
Jo3aTopa

B J/lom gpxava
Jo3aTopa

M /lom ocoBuHeE
po3atopa

- M J/lom 3aBapeHux
cnojesa Kowwua

- W MperpeBatbe y/ba y
ZLosaTopy

He3HaTaH HU3aK ymepeH BUCOK Beoma
BUCOK

Kateropuja pusuka

Cnuka 6poj 6.8 I'padyuku nprka3 IpolieHe HUBOA PU3HKA 32 eJIEMEHTE MOJCUCTEMA

»Jlo3aTop*

Tabena 6poj 6.8 Onena HUBOA pU3MKa OTKa3a eJIeMeHaTa MOJICUCTEMa 003amop

Crenen npunagsoctu (B;)

IMoacucrem Heo y orkasy BEOMa
HE3HATaH HU3aAK yYmepeH BHCOK
BHCOK
Lypeme yiba u3 0,14782 | 024311 | 028199 | 0,19268 | 0,13441
J103aTOpa
Jlom npxasa 0,14477 | 031336 | 027003 | 0,14422 | 0,12763
. J03aTopa
=]
= Jlom ocopmHe 012819 | 0,14891 | 038458 | 021012 | 0,12819
2 1103aTopa
=

JIom 3aBapeHux

. 0,19431 0,2699 0,25108 0,15035 0,13454
CIIOj€Ba KolIa

[IperpeBame yiba y
J103aTOpy

0,14945 0,23797 0,27715 0,19908 0,13635
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6.1.2 Pe3yJITaTI/l OLICHEC HUBOA PU3HKaA OTKa3a ImoacucremMa )Ipoﬁmmue

Ha ocHOBy olieHe HMBOa pH3HMKa OTKa3a elieMeHara mojcuctema onapeheH je

HUBO pHU3HMKa OTKa3a IMOJCUCTEMA. 3a CBaKW OJ] OocaM MojcucTteMa oapeheH je HUBO

pU3HKa 3a MO IET KapaKTCPUCTHUYHUX BPCTa OTKa3sa. PGSYJ'ITaTI/I OIICHC HMBOA pU3HKa

0TKa3a mojicucreMa MoOOMIIHE JpoOMInLe MpUKa3aHu cy y Tabenu 6.9, 1 npeacTaBibajy

pe3yJITaT CHUHTC3HC OILICHC HAa OCHOBY HHBOA PHU3UKAa OJf OTKa3a CJICMCHATa CBAKOI

MOJICUCTEMA T10j€AMHAYHO.

Tabena o6poj 6.9 OtieHa HUBOA PU3MKA OTKA3a MOJICUCTEMA IPOOUITHIIC

Crenen npunaanoctu (f;)

Hoacucrem BeoMa
HEe3HATAH HHU3AK yMepeH BHCOK BHCOK
Xuapaynauka 0,14122 0,1796 0,22846 0,23421 0,21651
Mortop 0,15046 0,19357 0,25574 0,23666 0,16357
Enexrpocucrem 0,14681 0,1675 0,26026 0,26988 01623
Hpobibeme 0,15046 0,19357 0,25574 0,23666 0,16357
[IpocejaBame 0,14622 0,20042 0,30672 0,20042 0,14622
Tpauncnopt 0,14622 0,20042 0,30672 0,20042 0,14622
Koncrpyxkimja 0,15314 0,2444 0,26656 0,19779 0,13811
Hozarop 0,14945 0,23797 0,27715 0,19908 0,13635

CuHTe3Ha olieHa HMBOA pU3MKa OTKa3a MoJcucTeMa paleHa je Ha OCHOBY min —

max KoMmIo3unuje (asu CKymnmoBa pHU3MKa OTKa3a enemeHara. JloOujeHH pe3ynraTu

NpUIaajy KaTeropuju ,,yMepeH OCUM 3a MOJCHCTEM ,,XUIPAYJIUKa* U ,,eJeKTPO"* KOjH

Cy Yy KaTeropuju ,,BUCOK“. 3a MOJICHCTEM ,,MOTOp* IMpBa HUXA BPEAHOCT CTEIEHa

MOBEpPEma jeCTe 3a KaTeropujy ,,BUCOK™, IITO j€ JOBOJbAH TMOKAa3aTesb TPECH/IA PHU3UKA.

IToncucremu 3a npocejaBaH,e U TPpaHCIIOPT I/IMajy HCTU HHUBO pHU3HMKa OTKa3a, Ca UCTUM

creneHoM npunaanoctu ox 0,30672, onnocHo 30,67%.
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Cnuka opoj 6.9. I'padmuku npuka3 a3y IporeHe HUBOA PU3HKA 32 TIOJICUCTEME

6.1.3 Pe3yairaTu oueHe HUBOA PU3MKA 0TKa3a APOOMIHILE

OueHa HUBOA PpH3HUKa OTKa3a TEXHUYKOI CHUCTCMa — MOOUITHE I[pO6I/IJ'II/II_[C
MMPUMCHOM min—max KOMHOSI/II_II/Ije (1)3.31/1 CKyIlioBa pHU3HKa OTKa3a IOJCHUCTCMaA

npuKas3aHa je Ha cieaehu HaumH:

(O. 1465/ I-@HCWHH) ,(0.204/ HLBCK) ,(0.299/ W) ,(0.2539/ eucac) ,

(0.185/ o 6uca<)

s
Ny

0.15 A

R=

0.1 -

0.05 A

0 T T T T 1

He3HaTaH HU3aK ymepeH BUCOK BeOMa BUCOK

Cnuka o6poj 6.10 I'paduuxu npukas mporeHe HUBoA pU3uKa MOOMITHE IpOOHUIIHIIS
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3a olleHy HHWBOA pPH3HMKa YCBOJCHO je MET KaTeropuja pu3HMKa: He3HATaH, HU3aK,
yMEpeH, BHCOK M BeOMa BHCOK. 3a CBaKy Kareropwjy ojpehuBaH je cremneH
npunagHocTd f KOjuM ce 100MjeHa OlleHa pU3MKa CBpPCTaBa y KaTeropujy HHUBOA
pusuka. CreneH mpumagHocTH ojapelyje KaTeropujy pusuka, mHa 3a TPEAMETHY
JTPOOMIHILY, T0OMjEHO je J1a j€ pU3UK Y KaTeropuju ,,BUCOK™ ca CTENICHOM MPHUMAHOCTH
on 0,2339, omnocHo 23,39%. IIpBa HWXa BpPEIHOCT CTENEHA MPHUIATHOCTH jecTe 3a
KaTeropujy pusukKa ,,yMepeH™, pasnuka je mama o1 1%. [Ipema pesynratuma oreHe
PU3UK O OTKa3a APOOWIIMIE je Yy KaTreropuju ,,BHCOK' alM TEKU Ka KaTeropuju
,»YMEpEH" jep IpBa Mama BPEJHOCT CTENEHA MPUTIAJHOCTH jJECTe YIPaBO 3a KaTeTOPHjy

»YMEpEH .

6.2 /Iuckycuja pe3zysarara npoueHe pu3nuKa oTkKasa aApoounJauiie

Pesynratu npornene pusnka oTkaza MOOWIHE JIpoOwinle 10O0UjeHH MPUMEHOM
MPEVIOKEHOT MOJeNIa TpEeACTaB/bajy 3HA4ajHy OCHOBY 3a (OpMHpame CTpaTerje
olpKaBama MallMHE y LWbY CMamema HHUBOa pusnka. OppikaBame IpoOmnIe
3aCHOBAHO Ha PU3UKY Jajo OM 3HauajHe pe3yJsTaTe Ha CMamewy Opoja 0TKas3a, a CaMUM
TUM CMamWIK Ou ce HeraTMBHH edekTn pusuka. M3 anammse pesynrara ToOWjeHHX
NPEIO’KEHUM MOJIEIIOM MOXKE C€ BHJICTH J1a MOjeTUHI CACTABHU CIIEMEHTH JIPOOHIIHIIC
MMajy BUCOK HUBO PHU3MKa O] OTKa3a, Kao Ha MPUMeEp MPEKUI JOBOIa TOPHBA KOJI AN3EI
moropa. Haumsrnmen Oe3asneHa cTBap ainu H3a3MBa BeJNMKE NpolieMe y Tpolecy
Ipo0sberha U MpocejaBama CTEHCKEe Mace. PU3UK of1 mMojaBe OBaKBe BPCTE OTKAa3a MOXKE
Ce jeIHOCTaBHO CMAamUTH YTPaamOoM JOJaTHOT (uirepa 3a npeduinhaBame TOpPHBA.
CrnuyHa cuTyanja je Koj JioMa 3aBpTH-eBa Ha obsorama mumHa. HabaBka u yrpasama
3aBpTHEBa onroBapajyhe uBpcrohe curypHo Ou JONpHHENE a ce CMambe HEeraTWBHU
eeKTH pU3UKa 3a OBY BPCTY OTKa3a, IITO MPEICTaB/ba MUHUMAJIHY MHBECTHUIH]Y KOja
Ou cmammia edekre pu3uvHOr norahaja (Mcmagame W JIOM 00JIOTe APOOWIIUIIE, JIOM
poTopa Apodunuie, KHIamke PEMEHUX MpeHOCHUKa apobunuie,...) [loceOHo Tpeda
ucrahu 3a0pumaBajyhy YnmbEHUILY Ja 32 YETUPH O MeT aHAIN3UPAaHUX BPCTa OTKa3a 3a
€JIEKTPO TOJCUCTEM, PU3UK O] OTKa3a je y KaTeropuju ,,BUCOK®. 3a OBaj MOJICHUCTEM,
HEOIXO/JHO j€ W3paJUTH CTPATETHjy OAp)KaBama M Ipely3eTH HEONXOJHE Mepe Ha
IIPEBEHTUBHOM OJIp)KaBarby U MEPMAHEHTHO] PEIOBHO] NMPOBEPU CBUX Y3POUYHMKA KOJU

MOT'y JOBECTHU 1O OBAKBC BPCTC OTKai3a, KakKo Ou ce U30erau uiu y6na>1<1/m1/1 HEraTuBHU
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YTUIAJU OTKa3a. YTHIIA] paJHe CpeauHe aApoowuniie (MpamirHa, YTUIaj aTMochepcKux
naJlaBiHa U JPYyro) He MOXKE Ce KOHTPOJHUCATH, alli C€ 3aTO MOTY CIPOBECTH Mepe Ha
M0jauyaHOM OJpKaBamy (penoBHO uuinheme KOHTaKaTa OJ MpalliHe M OKCHJAIdje).
Kox cucrema 3a TpaHcmopT u3apoOJbeHE CTEHCKe Mace Moryha je OmaroBpemeHa
3aMeHa TYMEHHX Tpaka Kako Ou ce cmamuo Opoj 3acToja, jep BpeMe 3a Koje je MoTpeOHO
Jla c€ CHUCTEM JIOBeJIe Y pajJiHO cTame je 20 M BUIlle YacoBa, IITO MPEICTaBIha 030MIbaH
yJAapall Ha OCTBapUBame IUIAHUPaHE MPON3BOAKe. OBO Cy caMO HEKH MPUMEpPH OTKa3a
Ha Koje ce Moxe 0p30 u epukacHo yrunatu. [loehame noy3ganoctu cucrema jeqHa je

oI MEpa 3a CMalkbCHE PU3BHKA.

Ha ocHOBY pe3ynaTara mpolieHe HHBOa pU3MKa OTKa3a eleMeHaTa, MoJucTeMa u
LIETIOT TEXHUYKOT CHCTeMa — JpoOWiuIle, MOTPEOHO je ypaauTH [eTajbaH IUTaH U
pa3BUTH CTpaTerujy OJaroBpeMEHOT JeoBamba y CMHCIY OJAp)KaBamkha TEXHUYKOT
cCUCTeMa MpeMa PU3UKY, Kako OM ce HMBO PH3UKa OTKa3a CBEO Ha MPUXBATIHHB HUBO,

MOrOTOBY 32 BPCTE OTKa3a YMjH je HUBO PU3HKA Y KJIACH BHCOK.

[lpeanoxeHn Moaen TMPOILEHE pH3MKAa 3acHOBaH Ha (asu  JIOTMYKOM
3aKJbyuMBamy omoryhaBa cariemaBame NocTojehMx dYMHWIANA KOJU MPEICTaBIbajy
HeraTHBaH YTHIA] PU3UYHOT jaorahaja, a OLEHEHH Cy KpO3 MaplujalHe MOKa3aTesbe
pusuka. Mojien mporeHe pu3nuKa 0TKa3a TeXHUYKHX CHCTeMa Y PYAapCTBY, pa3BUjeH y
OBOj JHcepTalMju, MpecTaB/ba HOBU HAYMH carjielaBama MoKasaTesba pusuka. Ilopen
TOTa, MPEAJIOKEHN MOJIET TIPE/ICTaBIba OPUTUHAIHO PElIeHkhe Koje oMoryhaBa CHHTE3HY
OLIEHY pU3MKa OTKa3a TEXHUYKUX CHCTEMa y PyAapCcTBY — MallliHa Ha OCHOBY OIICHE
HUBOA pHU3UKa eileMeHaTa cuctema. IIpennoxeHn Mozen je ajanTuBaH U NPUMEHJbUB
KOJl TIPOLICHE PH3MKa 3a CBe TexHHuke cucteme. OlleHa HMBOA pHU3MKa Oa3upaHa Ha
OLICHM HHMBOA pPHU3MKa OTKa3a eJIeMEeHaTa, KpO3 carjieflaBare HeraTWBHHUX edekaTa
pH3MKa TEXHUYKOT CHCTEMa, MpyKa jacHE CMEpHHUIC 3a KpEUpame IOJUTHKE

OJIpKaBamka MAILIMHA y PyAapCTBY IIpEMa PU3UKY.

172



3axmwyuax

7. 3AK/bYYAK

uss oBOT HCTpakMBama jecte GopMHUpame alropuT™Ma MPOIeHE PU3HKa KOju On
00yXBaTHO CBE HETaTUBHE I0jaBe KOj€ HOCH OTKAa3 TEXHUYKOT CHUCTEMa MPBEHCTBEHO Ca

ACIICKTa pyAapCKUX MallnuHa, 1 TO Y OAHOCY Ha:

- (I)YHKI_[I/IOHaJ'IHOCT u JaJby CIIOCOOHOCT TEXHUYKOI CHCTEMa Ja o0aBJba

NpOjeKTOBaHy (QyHKIH]Y,
- 0e30eHOCT U 3/1paBJbe 3aMlOCICHUX PaJHUKA U
- PaJHO M )KUBOTHO OKPYXKEHE.

[Ipukazanu MoJen MpoleHe pU3MKA MPEACTaBbha XUjEPAPXHU]CKY KOMIO3UIH]Y

MapIujaHuX MoKa3aTesba pU3uKa Ha HUBOY €JIEMEHTa CHCTEMa, Ha OCHOBY:
-030MJLHOCTH OTKa3a,

-y4ecTaJoCTH T0jaBJbMBakba OTKa3a Koja je WACHTHU(HUKOBaHA ca (PYHKIH]OM

MOy3J1aHOCTHU U MHTCH3UTCTA OTKa3a,
—MOFthOCTI/I 6nar03peMeH0r OTKpHUBamba 0TKa3a, OATHOCHO I[eTeKTI/I6I/IJ'IHOCTI/I.

O30MIbHOCT OTKa3a, Kao jeJ]aH OJ] IoKa3aTesba pU3MKa, aHAIM3UPAH je KPOo3 TPH

yTHIajHa (pakTOpa HETAaTHBHOT JEJIOBaba PU3NYHOT forahaja:

-yTu1aj Ha (PYHKIMOHAJIHOCT MalllMHE KOJU j€ MJIEHTU(HUKOBAH Ca BPEMEHOM
NoTpeOHUM J1a ce MallliHa BpaTu y PaJHO CTame, OJHOCHO ca (YHKLHjOM MOTOAHOCTH

OpiKaBama,

-yTUIlaj OTKa3a Ha 0e30eqHOCT W 3lpaBJbe 3alOCICHUX paTHUKA KOJU je

uaeHTU(UKOBaH ca OpojeM U BPCTOM MOBpPE/Ia paJHUKA KOjU pajie ca MaIlMHOM,
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-yTUIIa) HAa PaJHy U >KUBOTHY CpEIHHY KOJU j€ HJIEHTU(PUKOBAH Ca HUBOOM

KOHTaMI/IHaI_II/Ije HUCTC.

Jlpyru cTemeH OLleHE HUBOA pHU3MKa MpPEJCTaB/ba OLEHY HHMBOA pH3UKA
XHMjepapXujCKu BHUIIUX (YHKIMOHATHUX M KOHCTPYKIMJCKMX MEJIWHA y OJHOCY Ha
eJIeMEeHT (MOJCHUCTEMa, CHUCTEMAa) Ha OCHOBY MPETXOAHO YypaleHe mpolieHe pu3uKa

OTKa3a CKyTa eJIeMEeHaTa KOjH YNHE Ty XUjepapPXHjCKU BUIITY IICIIUHY.

OBakaB HauMH ojpehuBama HUBOA pU3MKA KOJU je W3a3BaH OTKA30M €JIEMEHTa
TEXHUYKOT cuCTeMa oMoryhaBa carjieiaBame pU3uKa 3a €JIeMEHTE, MOJCUCTEME H 11e0
CUCTEM, aHAIIN3y HUXOBE HHTEPAKIIH]e, HATAKEHE C1abuX MecTa y CHCTeMy, J00Hjambe
nmoBpaTHe MH(OMAIHjEe y CMHUCITY NMPHUOPUTETA 33 CMambEeHhe PU3MKa (Ca CTaHOBWIITA
MOY3/MaHOCTH, IMOTOJHOCTH  OJpKaBama, Opoja TmMoBpeda, HUBoa 3aralema,
neTeKTHuOmTHOCTH). Takohe, OBakaB HauWH TPOIICHE PHU3WKA IPEICTaBJba OJJIUNUYHY

M0JIa3HY OCHOBY 3a (popMEpame MOTUTHKE MPEBEHTUBHOT OJIpyKaBarha MAIlIUHA.

Jeman neo ucTpakMBama yCMepeH je M Ha M3HAJTAXEme ajara 3a obpamy u
WHTEPIEPETAlN]y HEMOTIIYHUX M HENMPEIU3HUX IojaTaka, Mpu 4eMmy ce Teopuja da3u
cKymoBa W (ha3u JIOTMKe IMoKa3ajia ce Kao HajoroaHuju ,.anatr”. [lotpeba 3a pan ca
XUOpUIHUM TOJalMa HacTana je 300r came mpupoje (eHOMEHa KOju Ce aHAIM3Hpa.
Jleo yna3HuX mojaTaka ce 1001ja Ha OCHOBY CTaTUCTHYKE 00Opajie mojaraka 0 OTKazuma
Ha OCHOBY BpEMEHCKE CIIMKE CTama TEXHHYKOT CHCTeMa WM EBUJICHIH]E O
pasMaTpaHMM HEraTUBHUM TIl0jaBamMa a JIe0 Ha OCHOBY CTAaTHCTHYKe oOpane
NPUKYJHEHUX 3HaFa U MCKYCTaBa OJJHOCHO €KCIEepPTCKE MPOIEHE 3alOCICHUX Y paay |
OJlp)KaBarby TEXHUYKOT CHUCTeMa. Y IMPBOM ciyd4ajy ce 100Hjajy HyMEpUKHU IMOJAIH Y
00JIMKY BPEMEHCKH 3aBUCHE (YHKITH]E, a y APYTOM Cy4ajy ce A00Hjajy JIMHIBUCTHYKE
POMEHJbUBE y TIPOIMMCAHOM KBAJIMTATHBHOM CMHCIY. 3a Pa3jMKy OJ MPBUX €Tr3aKTHUX
nojiaTaka JIpyru Cy HEMOTIYHHM W Hemnpernu3Hu. Kommnosuiyja ynazHux mojaTaka Koju
cy matu y ¢opmu (yHKIMje TPUMATHOCTH KjIacaMa Kao jeIMHUYHUM Mepama
napuujaqTHUX —ToKa3aTejba pU3MKa, ypaheHa je mnpumeHoM ,min-max‘ (azm
koMrosunuje. Ha oBaj HauMH je CHHTE3Ha OlleHa pU3HKa MPEICTaBJheHa Kao HajJIoIIHja
Mmel)y HajOoJbMMa y OJIHOCY Ha MOTEHIMjaJIHEe MCXOJAE PU3NYHUX cuTyarnuja. Mcxon je
oprie (opmupan kao joruuku 3akipyyak (IF-THEN ¢opma) 3a 6uno kojy pu3HUHY

CHUTyallMjy U3a3BaHy OTKa30M TEXHHUYKOT cuctema. [Ipu ToMe ce anmpuopu cmarpa za cy
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€JIEMHTU y PEHO] BE3U Yy CMHUCIY IMOY3AaHOCTH, C TUM IITO MOJEN Jaje MOTyhHOCT U
TpeTHupama napajieiaHe Be3e y3 KOPEeKIHjy pa3MaTpaHOT UCXOfa KOjU je TeHepasHO JaT

3a CBC cnyqajeBe OTKa3sa.

OcCHOBHE KapaKTEpUCTUKE IMPEUIOKEHOT MOJIea 3a MPOICHY PU3MKa OrJeaajy
ce Tpe CBera y OPHTHHATHOCTH KOHICMIM]CKOT MPHUCTyINa yBohema IoKa3aTesbha
pu3uYHOT forahaja OTHOCHO OTKa3a y MPOIEHY pu3uKa. AJITOpUTaM MPOIIEHE PU3HKA je
yHanpehen crtanmapanu monen mpouene pusuka (Risk Priority Number), xoju naje
mMpy CIOUKy YTHIQJHHX Ilapamerapa Ha pu3uk (omoryhaBa yBoheme y oleHy
1oKa3aresbe KOju J0 caja HUCY Ommn oO0yxBaheHM MpH MPOIEHN pH3HKa MalllnHa), 1aje
CUHTE3HU MOJIEN 3a CJIOXKEHE TEXHUYKE CUCTEME U Jaje MoryhHOCT pajia ca XuOpuIHUM

nonanuma. Konauna orieHa HUBOA pU3UKa j€ Y KOHTHHYaTHO] hopMH.

HpI/IKa3aHI/I MOZACII MHUHUMH3UPA MOFYhHOCT yTHuaja AHAJIMTHYapa Ha HCXO0[J

OLICHC.

[Ipemnoxxenum MojenoM aara je MoryhHocT cMamema Opoja WTepanuja npu
neduHrcamy Opoja kKOMOMHaNMja y TOCTYNKYy oapehuBama moryhux ucxona. Ha oBaj

HAuWH 3HaTHO ce yOp3aBa MOCTYIAaK payyHamwa ,,/min-max' KOMIO3UIHje.

[Ipennosxenu Mozien je yHUBEp3aJlaH U NMPUXBATJBUB 32 MPOLEHY pU3MKa OTKa3a
CBUX MaIllMHA KOje Ce€ MPHUMEIY]y Y MHIYCTPUJU U PYAAPCTBY, & HETOBO TECTHPAHHE
ypaheHno je Ha mpumMepy cekyHaapHe MooOwitHe apoowunuue ,, METSO MINERALS“, tun
LT 12135 na noBpmmHackoM komy JlagHe Bone kox IletrpoBiua na Mansu. Jlo6ujenu
pe3yaTaTH yKa3ald Cy Ha MOCTOjame BEIMKOr Opoja OTKa3a KOjU MOTEHLHUjaIHO HOCe
BHCOK PH3MK a Ha KOj€ C€ MaJIMM yJarambeM JbYJCKUX U (PMHAHCHJCKUX pecypca, MOXe
YTHLATH Kako OM ce cMamno Opoj Wi yONIaXWiau HEeraTMBHU €(eKTH OTKasza, IITO
KOPUCHUKY Tpeba J1a MoCIIy U Aa MOJIU(DHUKYje CUCTEM OJIpKaBama Kako OM OCTBapuO
3HayajHe ymTene. Kao KOHKpeTaH npumep ce HaBOJu OCUrypad BUOpOCHTa JpoOuInLE.
VY xonuko nohe m0 noma MM HCNadama OCUrypaya mociefune ce MaHudectyjy Ha
TEXHUYKH CUCTEM Yy CMUCITY (pHu3HUKOr omrehema crucTeMa 3a MpocejaBambe, NCTIalambe
u omreheme HOcaya U CEJHUX MOBpILIMHA apoduinie. biaroBpeMeHoOM MHTEPBEHIN)jOM

MOT'y C€ CIIPCUYUTH IMOCIICAUIC OTKa3a OBAKBOI' TUIIA.
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Ha ocHOBY pedyHOT MOXe ce pe3uMHUpaTH:

AnroputaM TpoOILEHE puU3MKa CBEOOYXBaTHO aHajM3upa MaplujajHe
HoKa3aTejbe pHU3UKa: BepoBaTHONY HAacTaHKa OTKa3a KOju MIACHTU(UKYje ca
(GYHKITHjOM MOY31aHOCTH CHCTEMA; 030MJBHOCT TIOCTIEINIIC KOjy HICHTUDUKY]E
ca (yHKUMJOM HOTOJHOCTH OJp’KaBalkba Ka0 MEPOM BpPEMEHA MPOBEACHOI Y
3aCTOjy, €BUICHIIMJOM TIOBpEIa Ha pajy Kao MEpOM HETaTHBHOT yTHIlaja Ha
3arocyieHe ¥ U3MEPEHUM HHMBOOM 3aralema Kao MepOM HErauBHOT yTHIlaja Ha
KHUBOTHY CpeAMHy; MoOryhHOCT OJIaroBpeMEeHOr OIHOCHO TPEBEHTUBHOT

uaHeTH(DUKOBama 0TKA3a WK JIETCKTUOMITHOCT.

®da3u KOHIEMIMJCKH MOJEN TMPOICHE pPHU3WKA TEXHUUYKHX CHCTeMa TpyxkKa
MOryhHOCT payyHama ca XUOPUAHMM TMOJAlMMa. OJHOCHO MAapIyjaTHU
MoKa3aTeJbu PU3MKA MOTY Jla C€ MPUKaXy Kao: BPEMEHCKHU 3aBUCHE (pyHKIIH]e,
XUCTOTPAMU CTAaTHUCTHUYKU TPUKYIUBEHUX I0/aTaKa, €KCIepcKa 3Hama U
UCKYyCTBa TMpHKa3aHa y OONHMKYy (QyHKIHje NPUIAJTHOCTH OJaroBapajyhum
JUHTBUCTUYKUM MpOMEHJbMBaMa. AJIropuTam IMpu ToMme Jaje Moryhnoct
dazudukanyje HaBeJCHUX MOAATaKa TE HUXOBE JaJbe KOMIO3MIIMje HAa HUBO

pHU3HUKA.

AnroputaM TpoleHe pH3MKa oOO0yXBaTa M CHHTE3HM MOZET HAa HHUBOY
XMjepapXxMujcKe CTPYKType TEXHHYKOI CHCTeMa KOjU KOpUCTH  (a3u
kommno3unujy. Ha oBaj HaumH cTBapa ce MoryhHocT aHanmm3e MmehyomHoca
eJeMeHTa cucTtema, Mel)yCOOHMX yTHIlaja OTKa3a Ha KBaJUTET paja, yTHIA]
OTKa3a Jiesia WM KOMIIOHEHTE CHCTeMa Ha TEXHOJIOIIKHU IPOIIeC, 3arociIeHe |
pagHO ¥ JKMBOTHO OKpYXEHe; Kao M HuAeHTH(DUKaAIMje Cclnabux MecTa y

TCXHUYKOM CUCTEMY Ca CTAHOBUIITA pU3UKA.

WnentudukoBan je 3Hauaj mpahema OTKa3za 3a MOTEHLHUjAIHO HAjpU3UYHU)E
eJIeMEHTE cucTeMa Ha mpumepy moowminHe apoowunuie ,,METSO MINERALS®,

tun ,,LLT 1213S* na kamenonomy Jlague Bojae kon [lerposiia Ha Mansu.
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Hejan IlerpoBuh, nuni.nu:x.pya.

Buorpadmja

Hejan IletpoBuh pohen je 29.07.1980. romune y bopy. OcHOBHY mIKomy
3aBpuno je y Kpusemy 1995. roaune, a cpenwy MamuHcko-EnekTpoTexHuuKky, cMep
MamwuHckn TexHuuyap 3aBpmuo je 1999. rommne y bopy ca oJIMYHUM yCHEXOM.
Jumomupao je Ha TexnwukoMm ¢akynrery y bopy, Ha cMmepy 3a eKCILioaraiujy
JIEKUIITA MUHEPATHUX CHPOBHHA ca IpocedyHoM oneHoMm 8,11. Jlummomcku pan non
Ha3uBOM: ,,IIpeyior HauMHa OTKOMaBama IEHTPAHOT Aeia pyaHor Tena , I[,A*“ y jamu
Bop* oxbpanno je 16.12.2005. rogune ca omneHoM gecer. CTpydHH HCIUT ca TEMOM
»JlOITYHCKH PYJapCKH MpojeKaT OTBapama U eKCIUIoaTalrje OTKOMHOT moJka [V 6ok y
jamu PaBua Pexa PMY Pembac — PecaBuma® momnoxwuo je 17. 11. 2009. r. y Cagesy

nHxemepa u rexunuapa Cpouje y beorpany (Yepeme Op. 5262/P uznato 25.11.2009).

Jloktopcke Axanemcke cTyauje Ha Pygapcko-reonomkoM (akynaTety y

Beorpany ynucao je 2009. rogune, Ha CTyAMjCKOM nporpamy Pynapcko HHKEHEepCTBO.

On maja 2006. rogune paguo je y ,JII TIEY*® y Pyauuky Mpkor VYripa
»PEMBAC* y TexHHYKOM CEKTOpY Ha paJHOM MECTy MHKEHEPA y MPOU3BOABU 10

03.09.2007. roguse.

On jyna 2008. romune paawo je y ,JII TIEYV® y Pymauky Mpxor VYrisa
,,DOTOBMHA® Ha pajJiHa MeCTa aCUCTEHTa yNpaBHHUKA W ynpaBHuka Jame go 23.10.2008.
roJuHE KajJa je aHraxkoBaH Ha TexHuukoM (akynrery y bopy, Kao yHUBEp3UTETCKU
capaJHUK y 3Bamy acucTeHTa Ha Kareapuw 3a moa3eMHy ekcIuioaTanujy, T W JHAC

paam.

Aytop je wmmm koaytop Beher Opoja cTpydyHHX pajgoBa U3 00JIacTH
eKCIuIoaTalje JIeKUIITa MUHEPaIHUX CUPOBUHA 0O0jaBJbeHMX Yy MelhyHaponHum u
noMahuM yacomucuMa Kao M Ha MehyHapoaHuM Hiu JoMahuM Hay4HO-CTPYYHUM

CKYIIOBHMA.




Mpunor 1.

UsjaBa o ayTopcTBY

[MoTnncanu [ejaH B. MNeTpoBuh
Opoj nHaekca P 702/2009
N3jaBmbyjem

[la je JOKTOpCKa AucepTauuja noj HacnoBoM

PA3BOJ ATITTOPUTMA MPOLIEHE E®EKATA PU3NKA PAOA PYOAPCKNX

MALUNHA HA BA3WN ®A3N ATNTTEBPE

e pesynTaT CONCTBEHOr UCTPAXUBAYKOr paaa,

e [a nNpeanoxeHa guceptaumja y UenNMHU HU Y AENOBUMMA HUje Buna npeanoxeHa
3a pobujarbe OUNO Koje aunnome npema CTyaujCKUM nporpamuma apyrux
BUCOKOLLIKOJICKUX YCTaHOBA,

e [a cy pe3ynTaTi KOPEKTHO HaBeaeHU 1

e [Ja HUCaM Kplumo/ra ayTopcka npaBa W KOPUCTUO WHTENeKTyarnHy CBOjUHY
Apyrvx nuua.

Motnuc gokTopaHAaa

Y Beorpaay, 13.10.2014.
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Mpwnor 2.

U3jaBa 0 UICTOBETHOCTHU LUITaMMaHe U eNeKTPOHCKe
Bep3unje AOKTOPCKOr paga

Vime n npesume aytopa [Jejan MMeTpoBuh
bpoj unaekca P 702/2009
Cryaujcku nporpam Pyaapcko MHXeHepCcTBO

Hacnos paga _Pa3sBoj anroputma npoLeHe edekata pusunka paga pyaapckux MallnHa
Ha 6a3un dasu anrebpe

MeHTop [Mpodb. ap Munow TaHacuieBuh

/A w b
MoTnucaHu [JejaH [MeTposuh ./\//s,‘frl’{uj)c

W3jaBrbyjem aa je wtamnaHa Bepaunja Mor AOKTOPCKOr paja UCTOBETHA eNeKTPOHCKO]
BEp3uju Kojy cam npepao/na 3a objaBrbuMBakbe Ha noptany  AururanHor
peno3utopujyma YHuBep3uteta y Beorpaay.

[o3BorraBam fa ce objaBe MOjU NUYHU nodauy BesaHu 3a Jobujarbe akagemcKor
3Batba [OKTOpA Hayka, Kao LITO Cy UMe U npesnme, rognHa U mecto poferwa 1 Aatym
opbpaHe paaa.

OBM nuYyHM nopaun Mory ce ob6jaBuTU Ha MPEXHUM CTpaHuuama JurutanHe
BubnuoTeke, y eNeKTpOHCKOM KaTanory u 'y nybnukauvjama YHusep3auteta y beorpagy.

MoTtnuc gokropaHaa

Y Beorpagy, _ 13.10.20014. ‘
:/dju) 700 X




Mpwunor 3.

UsjaBa o kopuwwheky

Oenawhyjem YHuepsauTeTcky Gubnuoteky ,CBetosap MapkoBuh® ga y [durutantHu
penosutopujym YHusepauteta y beorpagy yHece Mojy AOKTOPCKY AucepTtauujy noa
HaCNoBOM:;

PA3BOJ AJITOPUTMA NMPOLIEHE E®EKATA PU3UKA PAJA PYOAPCKNX

MALUMHA HA BA3U ®A3N AlTEBPE

Koja je Moje ayTopcKo Aeno.

HducepTtauujy ca cBUM npunosnma rnpefao/na cam y eriekTpoHCKOM hopmMarty noroaHoMm
3a TpajHO apXuBUpaHe.

Mojy OOKTOpCKY AucepTaunjy noxpareHy y [urutanHy penosmTopujym YHMBep3uTeTa
y Beorpagy mory aa kopucte CBM koju noLTyjy oapeanbe cagpxaHe y ogabpaHom tuny
nuueHue KpeaTusHe 3ajegHuue (Creative Commons) 3a kojy cam ce oanyyuno/na.

1. AyTtopcTBO

2. AyTOpCTBO - HEKOMEpPLUjarHo

©) AyTOpPCTBO — HEKOMepUWjanHo — 6e3 npepage

4. AyTOpCTBO — HEKOMEpPUMjanHo — 4ennuTn Nnoa NCTUM YCroBmumMa
5. AytopcTBo — 6e3 npepage

6. AyTOpCTBO — AENUTU NOA UCTUM yCroBUMA

(Monumo pa 3aoKkpyxuTe camo jefHy OA LeCT MOoHYReHuX nuueHuUn, KpaTak onnc
nuueHUn aat je Ha nonefunHn nucra).

MoTtnuc gokTopaHaa

Y Beorpagy, 13.10.2014.
L AATO0IC




