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HNPEAT'OBOP

HcrpaxuBama JbYACKUX Tpellaka 3amoyera CEAaMICCeTHX TOIHHA
MPOIILIOT BeKa, (opMUpalia Cy KOHTYpe OBOT MYJITHAMCIUILTHHAPHOT MOAPYYja
KOje je OJ CBOI HacTaHKa OKYIUbAJO HWHXKEHkEpe pPa3UuuTHX Mpoduia,
CTpyYmake U3 O00JIaCTH TOY3IAHOCTH TEXHUYKHUX CHCTEMa H JbYJICKE
MOY3JIaHOCTH, EProHOMe U rcuxojiore. Behuna uctpakuBaua Omia je 10 cana
(doKycupaHa Ha aHANW3y JbYJACKHMX Tpellaka, JOK Ce MamH 3Ha4aj IMpUAaBao
BUXOBOM PAaHOM IIpero3HaBamwy. JlaHanmy Hanopu cy, Meh)yTuM, ycMepeHu Ka
pasBHjakby MeTo/Aa 3a MPOLEHY JbYICKE NOY3JaHOCTH, KOje HMMajy 3a LWb
nneHTudukanujy, Kiracudukanujy, KBaHTHGUKANU]y ¥ PEAYKIH]Yy JbYICKHX
rpemaka. [Ipeno3naBame, aHaIM3a, BPEJHOBAKE U PENyKIHja JbYACKHX IpelIaka
YHMHE OCHOBY 3a IIPOIEHY JbyACKe moy3maHoctu (eHra. Human Reliability
Assessment — HRA).

OJ MOYETHHX NIPUMEHA Y CIOKCHUM M BHCOKOPH3HMYHAM TEXHOJIOIIKHUM
cucteMnMa (HyKJIeapHa MOCTPOjerha, BOjHA W CBEMUPCKA MHAYCTpHja), METOZE
3a IPOIEHY JbYJCKE IMOY3AaHOCTH IINPE Ce CBE BHIIE M HA OCTAJIC TEXHOJIOIIKE
o0yacT W CBakora JaHa Hajla3e NPUMEHY Y pas3IHYUTUM WHIYCTPH)CKUM
CeKTOpHMa M JENaTHOCTHMA. 3a mocrojelie, alM M 3a HOBO IPOjEKTOBaHE
CHCTEME KOje 4ecTo KapakTepuine rmoBehaH pH3HK yciel MOIYHHOCTH TojaBe
Beher Opoja Mamux aknujgeHara (eNEKTPOIPHBpENa, PYAapCTBO, XEMH]jCKa
HUHIYCTPHja, UT].), BAXKHO je HPOIECHUTH BEpPOBATHONY HACTaHKAa akKIMACHTA W
ompenutu Moryha mpeBeHTHBHa fenoBama. OBaj CIOXKEHH IOCTYIAK
MoZpa3yMeBa MPOIeHY yTHUIaja JbyJCKHX Ipellaka Ha MOy3IaHOCT u 6e30eTHOCT
CHCTEMa, IITO 3aIpaBo NPEACTaBJba TIABHH IUJb IPHIMEHE METOAA 32 NPOIEHY
JbYJICKE TTOY31aHOCTH.

[IpouieHa JpyACKe IMOY34aHOCTH CBAaKaKO MpPEACTaB/ba HM3a30B 33 CBE
npodecHoHaNIe KOjU ce AaHac OaBe MPOIEHOM pHU3WKa. AHAU3a PElCBAHTHE
TuTepaType ToKa3yje Oa ce OpojHM HUCTpaXXMBadWd IIUPOM cBeTa Oase
MpOy4YaBamkEM METOla 3a MPOLEHY JbYICKE MOY3AaHOCTH, TAaKO Ja IOCTOjH
3HayajaH Opoj pamoBa W KmUTa U3 oBe obOmactu. Pe3yararm MHOTHX
HCTpaXXWBamba y pa3BHjEHAM 3eMJbaMa OYMIJICTHO jOII YBEK HHCY HAILIH
onrosapajyhy mpuMeHy y Halloj CTPYYHO] MPaKCH, IITO jeé MOTUBUCAIIO ayTopa
Jla Ce CBOJUM HCTpaXKHMBambHUMa IPHOJIIDKH HOBHUM pAa3BOjHAM TEHJCHIMjaMa.
TpeHyTHa HacTOjama UCTpaXKMBaya y OBOj OOJIACTH BOAE Y MpaBly (hopMupama
HMHTETPHUCAHOT YIPABJHAUYKOT CHCTEMa 3aCHOBAHOT HAa METOHOJIOTHjU YIIPaBJbatha
JbYJCKUM TpelIkaMa. Y peajm3aldju TOT 3ajaTka JbYACKH (akTop, Kao H
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ynpaBibambe HH(OpManujama, uMa 3Ha4yajHy yYJIOTY jep ce MOAepHHU3aIuja
KOMIUIEKCHUX IIpOIleca YIJIABHOM 3acHWBAa Ha YIpaBibamkby 3HABEM U
WHPOPMAIIMOHUM TeXHONOoTHjaMa. MelyTuM, nako y MHOTMM BHCOKOPH3UYHHM
CHCTEMHMa IIOCTOje aJeKBaTHA 3Hama M 3HAa4YajHe MH(POpMAIHje O JbYICKHM
rpelikaMa, HeMa OpraHM30BaHMX aKIMja Ja ce OHEe aJeKBaTHO ymorpebe. 300r
TOTa j€ je;laH Off OCHOBHHX IIMJbEBA ayTopa OBE MyOiHKaluje OUo MPUKYIbamke
U CHUCTEMaTH30Bame Mmoctojehnx 3Hama M3 0Be 00JacTH, Kako Ou objeanmeHa
OmJIa JlaKie JOCTYIHA HAMPEIHUM KOPHCHULIUMA.

Henocratak  oaroBapajyhe nuTepaType Ha HallUM  HAyYHHUM
MPOCTOPUMAa MHHUIIKPAO je UIejy ayTopa Ja CBOje MCTPaKMBAaUKe KOMIICTCHIIH]E
y 00JlacTH HHXCEHEPCTBA JbYACKOT (hakTopa yrpaaum y jemHy MOJCpHY M Ha
HAyYHHM NPUHIUINAMA 3aCHOBaHY NyOnukanujy. Pykomwmc [lpoyena mydcke
noy30aHocmu TPEJICTaBIba CyOIMMaIlNjy BUIICTOANIIBAX HCTPaKHBaka ayTopa
y Hay4HOj 00nacTu MHKEmepCeTBO 3alUTUTE )KUBOTHE CPEOMHE W 3ALITUTE Ha
pany. ¥ ¢okycy oBe myOnukanuje je, Takohe, U MpHUKa3 pe3ynTara KOju Cy
HACTANM Yy OKBUPY HCTPRKHBAYKUX AKTUBHOCTH ayTopa Ha IPOjeKTHMa
¢uHAHCHpaHUM O] cTpaHe MUHHCTapCTBa INPOCBETE, HAYKE M TEXHOJOIIKOT
pasBoja Penmybnuke Cpbuje, 1 KOju ce 0JHOCE UCKIbYYHBO Ha MPOLEHY JbYICKUX
rpeniaka, a He ¥ Ha MPOIeHY pH3HKa HAa HHBOY YHTaBHX CHCTeMa. 300r Tora ce
Ha CTpaHMIIaMa OBE KEIbUTE Haja3e M M3BOJHM M3 PajioBa KOjU Cy 00jaBJbEHH Y
MHOroOpOjHUM cTpaHuM u pAoMahuM mnyOnuKalmjama, a KOjU OJIpaKaBajy
CHHTE3y TEOPHjCKHX W NPaKTHYHUX KOMIIETEHIHja ayTopa W3 olmactu
HHXCHEPCTBA JbYICKOT (haKTopa.

Hamepa ayropa Huje Omina ma QaBopmsyje onpehene mpucryre,
KOHIIETITEe, METO/IC U TEeXHHKE, Beh 1a IPyKu CBOj TOMPUHOC U3JIArambeM HOBUX
CasHamba HIKCHEPUMa, alil M HCTPAXHWBAUMMa y OOJACTH JPYIITBCHHX,
MEIULIMHCKAX W JOPYyrUX Hayka, Kao M CBHMa OHHMa KOjU CE€ y CBOM
NpoQeCHOHATHOM  OKpyXemy cycpehy ca ciMm4HOM  TpOOJIEMAaTHKOM.
[lyGnukanuja Moxe OHTH OF KOPUCTH M CTYJEHTUMa BHCOKOILIKOJICKUX
MHCTHTYLUja Koje ce 0aBe mpoOieMuMa 3alliTHTE pagHe M JKUBOTHE CPEIHHE,
MPOLICHOM PU3HUKA U YIIPABIAkEM BAaHPETHUM CUTYyallljaMa.

IToceGHY 3axBaJHOCT ayTop HCKasyje peleH3eHTHMa — Mpod. ap
MuposeyOy ['po3manoBuhy, npod. np Cphany I'mumosuhy, npod. np Ceetnanu
Ypnuesuh u npod. ap Anekcannpy JKymuhy, Ha KOPHCHHM H KOHCTPYKTHBHHM
caBeTHMa U CyTrecTHjaMa MPH 3aBPIIHOj 00paan OBe MyOJIHKAaIIHje.

Y Humy, 18. 10. 2019. rogune Esuya Cmojumkosuh
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MHNPOLEHA JbYJICKE IIOY3JAHOCTH

PE3UME

[Mocnenmux TOAMHA WHTEH3WBHO C€ paJd Ha NpPOYyYaBamy
JbY/ICKAX TpelIaka Kao BaKHOT €JIeMEHTa KBajluTeTa W 0e30€THOCTH
(GyHKIMOHHCAma TEXHUYKHX CHCTeMa. Y TOKY je pa3Boj HOBHX
IMCIMIUIAHA, Ka0 IITO Cy: MIPOLeHa/aHali3a JbyICKE TOY31aHOCTH (EHII.
Human Reliability Assessment/Analysis — HRA) WHXCHEPUHT JbYACKAX
tdakropa (enrn. Human Factors Engineering — HFFE), u ananuza JbyJicKe
rpemke (enrn. Human Error Analysis — HEA) xkoje, cBaka MOHOCOO,
JIOHOCE OCHOBHE METOJIOJIOTHj€ 3a IPOYyYaBambe JbYICKUX IPElIaKa.

VY cekTOpMMa BHCOKOI pHU3MKa, Kao INTO Cy HyKJIeapHa,
Ba3yXOIUIOBHA U METPOXEMHjCKAa MHIYCTPHja, alli U Y UHIUBHIYATHHUM
MaJM U CpellibuM Tpeny3ehinMa, jaBuiia ce morpeda aa ce aHAIM3HPAjy
METO/Ie 3a MPOLIEHY JbYACKUX IpelliaKa, napajeiHo ca MeTojaMa IpOLeHe
pH3HKa YUTAaBHX CHCTEMa. AHAJIM30M KOMIUICKCHUX CUCTEMa Pa3IUuUTHX
WHIYCTPHjCKUX W YCIYXXHHX JIETaTHOCTH YTBPHEHO je Ja je JbyjAcKa
rpemka Hajuemhy y3poK CBUX aKkIHIeHaTa y pagHoj ¥ )KUBOTHO] CPEIHHU
(mpexko 90% y HykmeapHo] wuHAycTpuju, 80% y XeMHjckoj] U
METPOXEMHUjCKO] HMHIYCTpHju, 75% Yy MoperioBcTBy, mnpeko 70% vy
aBujaruju, 70 — 90% y npymckom caoOpahajy, 70% y aHeCTe3HOJIOTHjH,
65% y mocioBMMa Ofp)KaBama y pa3IMUMTUM HHAYyCTpUjama, HTI.).
VYiora Jbyi y AMHAMUIM aKIUIeHaTa 300T TOra HEM30CTaBJLEHO Tpeda
na Oyzne y3era y oO3Mp TOKOM TIpolieca NpOLEHEe pH3HMKa, Kako Ou ce
CIpeyno HacTaHak onacHux Jjorahaja. McTpakuBame y3poka H
MOCJIEINIA JbY/ICKUX TPeIllaKka y MHOTUM HHAYCTPHjCKUM JEIaTHOCTUMA,
BUXOBA KBaHTH(UKAIMja, KA0 W TPaXeHe HauWHa M MOTryhHOCTH 3a
BUXOBO yOIakaBame M MpeBa3HIaKeHke Kako O ce ocurypao 6e30emnan
pan, mMa noceOHy APYIITBEHY W HAyYHY ONPABIAHOCT U 3HAYA].
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[TornyHa u yHHMBep3aJiHO NpuxBaheHa TaKCOHOMHja Pa3THYUTHX
TUTIOBA JbYJICKUX TpeIllaKa U HBUXOBHX y3pOKa HE TOCTOjH, jep aHaIM3a
JbYJCKHX TpellaKka JaHac MPeACTaB/ba WHTEPIUCUUILIMHAPHO MOApYYje
UCTpaXUBama Koje joll Huje jacHo nedunucaHo. Jbyjacke rpemike (eHr.
Human Errors — HE) cy HeXeJbeHe pallibeé WIM aKTUBHOCTH KoOje 3a
HOCJIEIUILY MMajy OZCTYIamka O OYSCKHMBAHUX CTaHIAp/ia UM HOPMH, IPU
4eMy Cy JbyJIW, OlpeMa W CHUCTeM y omacHocTd. Meljytum, Beoma je
TemKko GopMmynucatu cBeoOyxBaTHY Ne(UHHUILN]Y JbYICKUX TpelIaKa, jep
Cy OHE YecTo pe3yiaTaT KOMIUIMKOBaHOT Hu3a norahaja. [Ipema
TPaJUIMOHATHOM MPUCTYIy, JbY/ACKAa TpelIKa je Y3pOK Heycrexa y
(YHKIMOHUCAKY CHCTEMA M y3POK aKIHMICHTa, JIOK CaBPEMEHH HMPUCTYI
H0JIa31 OJ] IPETIIOCTAaBKE Jia JbYJICKa TPEIIKa oJpaxana ay0Ospe mpodiaeme
KOjU TOCTOj€ Y CHCTEMYy W Pe3yiTaTr je KOMIUIEKCHHX OAHOoca u3mely
JbyIM, anata, 3aJaTaka M pagHOT OKpyxkemwa. 30or Ttora je Behuna
UCTpaXMBa4a Koju ce OaBe TpoOIEeMAaTHUKOM TMPOIIEHE JhYJ/CKE
MOY3JaHOCTH carjlacHa y CTaBy Ja Cy TpelIke Koje MpaBU YOBEK
cenuduyaH pe3yiTaT HEroBHX akifja, OJAHOCHO ocobuHa. Kapakrep
AKTHBHOCTH OIlepaTepa 3aBHCH OJ MHOTO YMHWIIAIA, KOJU C€ Ha3WBajy
»(PakTopu obnMKoBama yuuHka™“ (eHri. Performance Shaping Factors —
PSFs). ®aktopu 00JMKOBama YYMHKA YTUYy Ha IOHAIIAkE YOBEKA
JIOHOIIIeHhe oyka. Kako je Jpyncka rpemika jeana ox MaHudecranuja
JbYJICKOT TIOHAIIamka, cMaTpa ce Aa (akTopu 0OJMKOBamka yUYMHKA CaApKe
U y3poke rpemaka. Jlakie, pakTopu 0OJMKOBamka yUMHKA MOTY Jla yTUUY
Kako Ha mosehame, TaKo U Ha CMamemke BepoBaTHOhe HAcTaHKa JbY/ICKE
TpeliKe, y 3aBHCHOCTH O] WHAWBUAYAIHUX KapaKTePHCTHUKa O0co0e,
OKpY’KeHha, OpTaHu3allHje Ha MMOCIY, CIIOKEHOCTH 3a7aTaka u CII.

CBaka mpoleHa JbYJACKE TpemIKe CrpoBeAeHa Oe3 a/IeKBaTHe
Kinacu(uKanyje 1 KaTeropusannje Hyje MOTIyHa, jep MocToju MoryhHocT
a HEeKM HHUBO pU3WKa HHje pa3marpaH. On BETUKOr je 3Havaja Jaa
UCTPAaXHBA4 pa3yMe CIOKEHY MPUPOJY JbYACKE I'PEIIKe y KOMIUIEKCHUM
CHUCTEeMUMa W Ja je CBECTaH CBHX Y3pOKa KOjU JIONPHUHOCE HACTAHKY
JbYJICKUX TpelIaKa Koje yTudy Ha HMBO PH3HMKa YHyTap cucrtema. Hamena
cuctema kiacudukalyje rpemaka y mpoleaypu uiaeHtudukanmje je aa
MOMOTHE WCTpaXMBaudy Ja IMoy3laHo wuaeHTudukyje HajBehu Opoj
JbyJICKUX Tpellaka M TIOCTylaka KOjU MOTY HapyILIUTH HOPMAaJHO
(byHKLMOHUCAakE cUCTeMa. AKO je KIacU(UKAIMOHU CUCTEM HEMOy3/AaH
WIN HEIOBOJHHO CBeOOyXBaTaH, MpPOIIEHA pU3UKAa CHUCTEMa MOXKe OUTH
HeTadHa (HIIP. HUBO PU3HMKA MOXE OUTH MOTICHECH).
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AHanuza JbyJCKEe TpelIKe Haj3HAYajHH je Je0 y MPOIEHH
NOY3/IaHOCTH, jep aKo je HeKa Ipelllka H30CTaBJbeHa, oHa Hehe Outm
pa3MaTpaHa W pPe3yJNTaTH MOTy O30MJbHO MOTIEHUTH edeKaT JbyICKe
rpelKe Ha MOCMaTpaHH CUCTEM. 3a MPaBUIIHY aHAIU3Y JbYJCKE IpEIlKe
noTpebHO je 00e30equTH ajJeKBaTHE TMOAATKE, KBAJIUTETHY O0paxy
nHpopMaIMja W TPaABWIHO TOBE3WBAKE pa3IMUUTHX 0aza mojaraka.
Nuaycrpujcke cTyauje O akIUIEHTHMa HjaeajaH Cy HM3BOp IoJlaTaka o
JbYJICKAM TpeIlIKkama, ajld MHOTH pa3jio3u OTeXaBajy NoOHjame TaKBUX
nojaraka. 300r Tora ce 3a MpoLeHy JbYICKUX Ipelaka Hajyenhe Kopucre
METO/Ie KOje Cy 3aCHOBAaHE Ha EKCIIEPTCKOM OICHHBAIY.

VYenen akryenusanuje mpoOiieMa  0e30€HOCTH H  pU3HKA
TEXHOJIOUIKUX CHCTEMa, NpPOy4YaBame KBAINTETa paga Jbyad U
dopMmupame  jeIMHCTBEHE  METOAOJIOTHje 33  HICHTH(UKAIH]Y,
KBaHTHU(HUKALN]Y ¥ PEAYKIH]Y JbYICKUX TPEIIaKa MOCTAI0 j€ HEOIXOIHO.
Metone 3a TpoleHY JbyJACKE TIOY3MaHOCTH MOTY C€ KOPHCTHTH
PETPOCIEKTHBHO, Yy aHAIW3W akKUOujAeHaTa, Wid, dJemhe, aa ce
MPOCIIEKTUBHO HCIUTa cucteM. BehnHa merona je uBpcTo yremesbeHa Ha
CHUCTEMCKOM TIPUCTYIYy KOjU carjiefiaBa JbYJACKHA JONPHHOC IINPHM
TEXHUYKHM M OpTraHW3allMOHMM KOHTeKCTHMa. CBpXa je WCIUTHBAHKE
3ajaTaka, IMpoleca, CHCTeMa WIIM OpraHH3alHOHE CTPYKTYpe Y KOjoj
MOXe OWTHM HeJOCTaTaka WJIM OCETJBMBOCTH Ha TIpelike, a He
NpOHAJIAXEHE Ipelllaka UM 03HaYaBame KpuBana. CBakH CUCTEM Y KOMeE
MOXE J]a ce I0jaBH JbyJCKa TIpeIlka MOXE C€ aHalIu3upaTH nomohy
MeToJia 3a MPOIEHY JbYJCKE MOY3/1aHOCTH, IITO Y MPAKCH 3HA4YU TOTOBO
CBAaKH TPOIEC Y KOME JbYIU y4YecTBYjy. MeToje 3a NpOLEHY JbYACKE
MOY3/IaHOCTH WMajy BEIMKM TOTEHIHWjan 3a mnpeaBuhame Moryhux
rpellaka y LOujby CIpeyaBama akiyaeHaTra, Kao W KO aHaiuu3e Beh
HACTAIMX aKIWJCHATa, paad OTKpHBama y3poka. IlocToju Bemuku Opoj
METOAa 3a TMpPOIEHY JbYyJACKHX Tpelmaka HW OHE C€ XPOHOJIOIIKU
pasBpcTaBajy y TpH reHepaiuje. CBe 0Be METO/IC MMajy CBOjE MPEIHOCTH
U OrpaHWyema y TMPHUMEHU, W BPJO j€ TEHIKO HW3JBOJUTH HEKY Kao
Hajoospy. Behnna meroma je pasBujeHa 3a ymoTpeOy y cneruduyHUM
obnactuMa, Hajuemhe MpH MPOjEKTOBaWmY IMOCTPOjelma Y HYKIEapHO]
UHIyCTPU]H.

[Ipu xoHIUTIUpamy caapkaja OBe IyOJIMKaIMje Hjaeja ayTopa je
Omna ma ce Kpo3 aHalM3y pa3IMYMTUX METO/a 3a MPOICHY JbYICKE
MOY3aHOCTH YKa)Ke Ha FHMXOBE CIMYHOCTH, PA3JIMKE M YCIOBJHEHOCTH,
Jla ce Ha jeTHOM MecTy O0je/TMHe U CUCTeMAaTH3yjy Haj3HadajHHje METOJe
3a TPOLEHY JbYJACKE TOY3JaHOCTH, Kao M Ja ce cyOnumupajy
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BUIICTOMIIHA HUCTPAKUBAKHA Y OBOj OOJIACTH HAa HAIIMM OOpPa30BHHM
npocTopuMa, y HayyHOj oOmacth WMHXKEHmepcTBO 3allTHTE >KUBOTHE
cpeauHe W 3amrtute Ha paay. Crneaehu oBy uzejy, MaTepuja y KibU3U
obpahena je kpo3 cemam ToriaBiba: YBOJHA pa3Marpama, leopuje o
aKIUIEHTHMA U JbYJICKUM rpemikama, [loy3naHocT oneparepa u cuctema
,dOBeK-MammHa*“, OcHOBHEe (pa3e y TpOLEHH JbyJICKE MOY3IaHOCTH,
Mertoze 3a mpoleHy JbyAcke noysgaHoctd, Ctynuje cinydaja, 3akbydHa
pa3marpama.

Y npBom mornaBiby, Yeoowa pasmamparba, WUCTpa)KuBauka
WHTEepecoBama (GoKycHupaHa cy Ha ojapeljuBame u JiehHUCamhe OCHOBHUX
MI0jMOBa ¥ TEPMHUHA KOjU C€ KOPHCTE y MPOIEHH JbyJICKE MOY3JaHOCTH, a
U3J0KEH je W mperien OuOmmorpadcke aHaimm3e O HCTPaKUBambHMa
JbYJICKUX TpeIlaKa y CBETY M KOJ Hac.

VY 1pyrom mnornaBiby, Teopuje 0 axKyuoeHmuma u bYOCKUM
epewikama, UCTAKHYT je 3HA4aj A0 cajJa pa3BHjEeHHX TeopHja Koje ce
KOPHUCTE 3a aHaJHN3y JbYJCKOT (paKTopa y HACTAHKy aKUIWAEHATa W JIaT je
npUKa3 oJpe)eHnX TeopHja O JbYACKHM Ipelikama, pajy aHalnu3e y3poka
¥ MEXaHM3Ma BHXOBOT HAacTajama. YKa3aHO jeé Ha OCHOBHE JAMCTUHKIIH]jE
Meh)y TnoMeHyTHM Teopujama, Kako OM ce yTeMeJbHia HEOIXOIHa
Teopujcka miaTdopmMa Koja je pa3MarpaHa y HaCTaBKY TEKCTa.

Kako Ha moy3maHOCT u 0€30€JHOCT TEXHHYKHX CHCTEMa YeCTO
JOMHUHAHTHO yTHYYy pyKoBaolw/oneparepu, y Tpehem mormasiby,
Iloy30anocm onepamepa u cucmema ,,4o8eK-mawiuna ‘', aHaTM3UPAHU Cy
OCHOBHH TIOKa3aTeJbH TIOY3/aHOCTH oleparepa, Kao W (aKTopu KOju
yTHYY Ha MOY3J[aHOCT YOBEKa Y CHCTEMY ,,9OBEK-MaIlInHa“.

YerBptu aeo myOnukanuje, Ocunogne (aze y npoyenu wbyocke
noysoarocmu, enadoprpa OCHOBHE TEOPHjCKE M METOJOJIOMIKE ITOCTaBKe
y TPOIIEHHU JbYJCKE TPENIKEe M KOHIICTIIIHN]CKHA OOJIMKYje OCHOBHE (hase y
NPOIICHN JbYJCKE TIOY3/IaHOCTH: TIPETO3HABAKhE JBbYACKE TIpeIIKe,
Npe/CTaB/bakhe JbYJICKE TPEIIKe, KBaHTU(UKAIMja JbYJICKE TPEUIKE H
yOnakaBame JbyJICKE TPEIIKe.

AHanu3a peieBaHTHE JHTepaType ymyhyje Ha 3akibydak na je
JbyACKH (DAaKTOp JOMHHAHTAaH Y3pPOYHHUK aKOWAEHAaTa Yy pajgHo] H
’KMBOTHO] cpeauHu. Mehytum, U y ciaydajeBUMa Kaja JbYICKH (BakTop
HHUje JOMHHAHTaH, MpEerno3HaTe Cy yJIOore M 3Hauaj JbYACKHUX Ipelaka y
MPOIEHUBAKY OMMACHOCTH U PU3MKA Yy CUCTEMUMA 3a Koje ce yoOudajeHo
W Belyjy OBM TiOjMOBH (y WHIYCTPHUjCKUM CHUCTEMHMa BHUCOKE
TEXHOJIOTHje, YKJbYuyjyhu HykieapHa, XeMHjCKa, €JICKTpOCHEepreTcka u
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cMYHa TocTpojema). [Tonasehn o M3NMOKEHUX YMIHCHUIA U Ca3Hama, Y
MEeTOM TMOTNaBJby, Memoode 3a npoyeny myocke noysoanocmu, IaT je
NPUKa3 PeJIeBaHTHUX METO/A KOje ce MPUMEY]Yy paau UAeHTUUKaIH]e,
KBaHTH(HKAIMje W peayKIHje JbYACKHX Tpemnraka. MeToje Ha Koje je
noceOHO OKyCcHpaHa UCTPaKUBAUYKa MaXmha Cy: CTYAHja ONEepPaOUITHOCTH
U ONACHOCTH TMPOY3POKOBAHUX JbYJACKOM TPEUIKOM; CHCTEMCKO
npeasuhame U penyKIHja JbYACKE I'PEIIKe; METO/a MPOIEHEe alCOIyTHE
BepoBaTHOhe; MeToma WHAEKca BepoBaTHohe ycmexa; MeToga 3a
npeaBuhambe HUBOA JbYJICKE TpEIIKe; METOJa MPOLEHE W PenyKIHje
JbYJICKE TPEIKe; METOa MapHoT nmopehema; cucteM MeHaIMeHTa JbY/ICKe
MOY3AaHOCTH; METO/Ia aHAJIN3e¢ KOTHUTHBHE MOY3JaHOCTH U KOTHUTHBHE
TpelIKe; MPOIeHa MOY3JaHOCTH HYKJICAPHUX aKTUBHOCTH, Ka0 U METOJE
3a PeAyKIHjy JbyICKUX TpelaKa.

Y mecrom nornasiby, Cmyouje ciyuaja, IpuKa3aHa je IpaKTHIHA
npuMeHa Hajuemhe KopumheHMX MeToga 3a TMpPOIEHY JbY/ACKE
noy3gaHoctu. Hamepa ayropa Huje Omima ga ¢aBopu3syje onpeheHe
MeTozne, Beh na cyOnuMmupa BUILNETO/AWIIKBA HCTPAXKHWBamka HA IOJbY
MpolleHe JbYACKE TMOY3JaHOCTH W Ja IIMPO] jaBHOCTH TOHYAM jelaH
KOPUCTaH CaJipikaj KOjU Ce OJHOCH Ha TPOLEHY JbYJICKUX Tpelraka Ha
HAIllUM NIPOCTOPHUMA.

MeTo0/I0IIKN OKBUP 32 MPOLEHY JbYACKE MOY3aHOCTH, KOjH je
¢dbopmupan u npaktuyHo norBphen y Enextponpuspean Cpbuje, moryhe
je TPUMEHHTH W Yy OCTaJMM HWHAYCTPHjCKHM JeiaTHoCcTHMa. To Ou
CBAaKaKo JONPHUHENO0 MelyCeKTOpcKOoM yHUGHIUpamy METONOJOTHje 3a
HPOLIEHY JbYACKE IPELIKe, Ka0 CaCTaBHOT Jiejla METOJI0JIOTH]j€ 3a MPOLEHY
pu3MKa. AyTOp jé MUIUbEHA Ja Pe3yiTaTH H3JI0KEHUX HCTpaKUBaba
Mory OUTH Off KOPUCTH TUMOBHMMA 3a MPOLEHY PU3UKA, HHCTUTYLMjaMa U
CTpyYmanuMa Koju ce OaBe Oe30emHomhy ¥ 31ApaBjbeM Ha pany,
pykoBojcTBUMa Tpedy3eha, anu wm 3amocneHrMa, y HAcTojamy Ja ce
cMamu MOTyhHOCT HacTaHkKa JbYACKHX Tpemaka. Takohe, pesynraru
UCTpaKMBamba MOry OuTH m00pa mmojla3Ha OCHOBAa 3a Jajby AaHAIHU3Y
npobjeMa TpOILEHe JbYACKAX Tpellaka y pasIHdUuTHM HHIYCTPHjCKAM
CeKTOpHMa, all W CMEpHHIA 3a Ja/be IPOydyaBame OBE HAy4HE
nmpobyieMaTHKe.

Y ceamoM, 3aBpUIHOM TMIOTJIaBJby, IO HAa3UBOM 3aK/bYUHA
pazmamparsa, AICTaKHyTa je BPEAHOCT CHHEPTHje METOa KPO3 Pa3IuInTe
¢daze mpoueca mpoueHe JbYACKE MOy3naHOCTH. HakoH BHIIETOAMIIEBHX
UCTpaXXUBamka, ayTop j€ MHIUbEHAa Ja CaMO CHHEpreTcKa IMpHUMeHa
MeToJla MOke oMoryhuTu maeHTH(UKaNMjy Tpeliaka y UCTPaXKHUBAHUM
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CHUCTEMHUMa, TpOLEHY BepoBaTHOhe HACTaHKa JbYJACKHUX Tpellaka Hu
yBoheme aJieKBaTHUX Mepa 3a HUXOBY PEAyKIHWjy. Y OBOM MOTJaBIbY
Takohe Cy HazHaueHH OyAyhu TPEeHJIOBH y pa3Bojy METOJia 3a MPOICHY
JbYJICKE TI0Y3/1aHOCTH.

Ha xpajy nmyGnukaumje nat je mperiies; KopuinheHe TuTepaType,
npu uyemy cy pedepeHue ayropa M3 00NacTH MpPOLIEHE JbYJACKE
MOY3/IaHOCTH TTOCeOHO M3IBOjEHE.

KibyuHe peum: Jbyjicka Tpemika, akIUACHT, PU3HK, BaHpEIHA
cutyanuja, (Gakropu OOIMKOBama yYMHKA, TMPOILEHA  JbYJCKE
MOY3[aHOCTH, aHalW3a JbYJCKE TIpelike, HAeHTH(]UKaLuja JbyackKe
rpenike, BepoBaTHoNA JbYJICKE TPEIIKe, KBAaHTHU(PHUKAIU]a JbYICKE TPEIIKE,
peayKivja JbYIACKE Tpellke, CTyIuja ONepaOWIHOCTA M OMAacCHOCTH
MPOY3POKOBAaHUX JbYJCKOM TpEIIKOM, CHUCTEeMCKO TnpeaBuhame u
penyKiMja JbyJACKe Tpelike, METoAa IMPOLEHE arcoilyTHe BepoBaTHoOhe,
METO/a MHJIEKCa BepoBaTHOhe ycrexa, MeToja 3a mpeiBulame HHBOA
JbYJICKE TPEIIKe, METOJa MPOICHE U PEAYKIHje JbYICKE TPEHIKe, METOAa
napHor mopelhema, cucTeM MeHalMEHTa JbYJICKE MOY3IaHOCTH, METo/a
aHaM3e KOTHUTHBHE TIOY3JaHOCTH M KOTHHTHBHE TpEIIKe, MpOoIcHa
MOY3JIaHOCTH HYKJCApHUX AaKTUBHOCTH, CTyIWja ciyd4aja, CHHEpruja
METo/1a.
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HUMAN RELIABILITY ASSESSMENT

SUMMARY

In recent years, human errors have been intensively investigated as
an important element of the quality and safety of technical systems
functioning. These days, we are facing the development of new
disciplines such as — Human Reliability Assessment/Analysis (HRA),
Human Factors Engineering (HFE), and Human Error Analysis (HEA) —
and each and every one of them provides basic methodologies for the
study of human error.

In high-risk sectors, such as nuclear, aviation and petrochemical
industries, up to individual SMEs, there was the need to analyze the
methods for human error assessment, along with the risk assessment
methods pertaining to entire systems. An analysis of the complex systems
in diverse industrial and service industries has revealed that human error
is the most frequent cause of all accidents in the workplace and
environment (over 90% of accidents in the nuclear industry, over 80% in
the chemical and petrochemical industries, over 75% in maritime
industry, over 70% in aviation accidents, 70 - 90% in road transport, over
70% in anesthesiology, over 65% in maintenance in various industries,
etc.). For this reason, the role of humans in accident dynamics should be
undoubtedly taken into account during the risk assessment process in
order to ensure the prevention of hazardous events. Research into the
causes and consequences of human errors in various industries, their
quantification, as well as exploring the possibilities to mitigate or avoid
them with the aim to ensure safe work, has a particular social and
scientific justification and relevance.

A complete and universally accepted taxonomy of different types
of human errors and their causes does not exist, because human error
analysis is an interdisciplinary field of research not yet well defined.
Human Errors (HE) are unintentional actions or activities that result in
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deviations from expected standards or norms, which place people,
equipment, and the system at risk. However, it is very difficult to
formulate a comprehensive definition of human errors, since they are
often the result of a complicated series of events. According to the
traditional approach, human error is the cause of failure in system
functions and the cause of an accident, whereas the contemporary
approach assumes that human error reflects the deeper trouble inside the
system and is the result of complex relationships between people, tools,
tasks and workplace environment. Therefore, the majority of researchers
who investigate the HRA issues agree that the errors made by human
beings are a specific outcome of their actions or character traits. The
nature of the operator's activities depends on many factors, referred to as
"Performance Shaping Factors" (PSFs). Performance Shaping Factors
influence human behaviour and decision-making process. Since human
error is one of the manifestations of human behaviour, it is believed that
PSFs also incorporate the causes of error. Therefore, Performance
Shaping Factors can both increase and decrease the likelihood of human
error, depending on the personality traits, the environment, the
organization at work, the complexity of the tasks, and similar.

Each assessment of human error conducted without a suitable
classification and categorization is incomplete since there is a possibility
that a certain level of risk might not have been considered. It is of utmost
importance that the assessor understands the complicated nature of the
human error in complex systems and is aware of all the causes that lead to
human errors, which again influence the level of risk inside the system.
The purpose of an error classification system in an identification
procedure is to help the assessor reliably identify the multitude of human
errors and actions that may compromise the normal system functioning. If
the classification system is unreliable or not sufficiently comprehensive,
then the system risk assessment may be incorrect (e.g. the level of risk
may be underestimated).

Human Error Analysis is the most significant part in Human
Reliability Assessment because if an error is omitted at this stage it will
not appear in the analysis, which may seriously underestimate the effect
of human error on the observed system. For correct Human Error
Analysis, it is necessary to supply adequate data, quality information
processing and the relationship between different databases. Studies of
industrial accidents are a valuable source of information about human
errors; however, there are many obstacles to obtaining this kind of
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information. For that reason, the methods which rely on expert judgment
are widely used for HRA.

Due to the emerging safety and risks issues in technological
systems, the study of the work quality and the development of a unique
methodology for the identification, quantification, and reduction of
human errors has become imperative. In accident analysis, the HRA
methods can be used retrospectively, or, more often, for prospective
system analysis. Most methods are firmly rooted in a systems approach in
which human contribution to the broader technical and organizational
framework is visible. The purpose is to examine a task, a process, a
system, or an organizational structure that may be defective or susceptible
to error, rather than finding errors or identifying wrongdoers. Each system
in which human error can happen could be analyzed using the HRA
methods, which in practice means almost all processes that involve
human participants. HRA methods have great potential for predicting
errors with the aim to prevent accidents, as well as for analyzing accidents
that have already happened and find out their causes. There is a variety of
HEA methods which are classified into three generations following the
chronological order. When it comes to their application, all these methods
have advantages and disadvantages and it is rather difficult to single out
the best one. Majority of methods have been developed for use in specific
fields, most often in case of nuclear plant design.

The content of this publication reflects the author’s idea to
illustrate the similarities, differences and conditionality between various
HRA methods by analyzing them; to collect and systematize the most
relevant HRA methods in one place; and, finally to compile the years of
research in this area in Serbian education, especially in the scientific field
of Environmental Engineering and Occupational Safety. Following this
idea, the book covers seven chapters: Introductory Remarks, Theories of
Accidents and Human Errors, Reliability of Operators and Man-Machine
Systems, Basic Stages in Human Reliability Assessment, Human
Reliability Assessment Methods, Case Studies, and Concluding Remarks.

In the first chapter, Introductory Remarks, the research interests
are focused on defining basic terms used in human reliability assessment.
Also, a bibliographic analysis of research on human errors worldwide and
in our country was presented.

The second chapter, Theories of Accidents and Human Errors,
highlights the significance of the so far developed theories used to
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analyze the human factor in the occurrence of accidents, and provides an
overview of certain HE theories in order to analyze the causes and
mechanisms of their occurrence. The chapter points to the distinction
between the theories in order to set up a necessary theoretical framework
that will be discussed in later chapters.

Since the reliability and safety of technical systems are often
predominantly influenced by operators, the third chapter, Reliability of
Operators and Man-Machine Systems, analyzes the basic indicators of
operator reliability as well as the factors that affect human reliability in
the Man-Machine System.

The fourth chapter in this publication, Basic Stages in Human
Reliability  Assessment, elaborates the Dbasic theoretical and
methodological assumptions in HEA and conceptually shapes the basic
stages in HRA, such as Human Error Identification, Human Error
Presentation, Human Error Quantification, and Human Error Mitigation.

An analysis of the relevant literature suggests that the human
factor is the dominant cause of accidents in the workplace and the
environment. However, even in cases where the human factor is not
dominant, the roles and the significance of human errors in assessing
hazards and risks in the systems commonly associated with these
concepts have been observed (e.g. in high-tech industrial systems,
including nuclear, chemical, power and similar plants). Starting from the
facts and findings presented, chapter five, Human Reliability Assessment
Methods, provides an overview of the relevant methods used to identify,
quantify and reduce human errors. The following methods are of special
interest to the researchers: Human Hazard and Operability Study;
Systemic Human Error Reduction and Prediction Approach; Absolute
Probability Judgement; Success Likelihood Index Method; Technique for
Human Error Rate Prediction; Human Error Assessment and Reduction
Technique; Paired Comparisons; Human Reliability Management System;
Cognitive Reliability and Error Analysis Method; Nuclear Action
Reliability Assessment, as well as some other methods for human error
reduction.

Chapter six, Case Studies, describes the practical application of
commonly used HRA methods. The intention of the author was not to
favour certain methods, but to compile the years of research in the field of
human reliability assessment and to offer useful subject matter for HEA
in the Serbian region.
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The methodological framework for human reliability assessment,
which was created and practically validated by the Electric Power
Industry of Serbia, can be applied in other industrial activities as well.
This would certainly contribute to the cross-sectoral unification of the
HEA methodology which is an integral part of the risk assessment
methodology. The author believes that the results of the research
presented may be beneficial to risk assessment teams, institutions and
experts in the field of occupational safety and health, but also to company
executives and employees, all with the aim to reduce the possibility of
human errors. Besides, the research results can be a good starting point
for further analysis of HEA in different industrial sectors, as well as a
guideline for further study of this scientific issue.

The seven, final chapter, entitled Concluding Remarks, highlights
the significance of the synergy of methods, through various stages of the
HRA process. After years of research, the author concluded that only
Synergy Methods can facilitate the error identification in the investigated
systems, human error probability assessment and the introduction of
adequate measures for their reduction. This chapter also outlines future
trends in the development of HRA methods.

At the end of the publication, there is a literature review, with the
authors' key references in the field of human reliability assessment.

Keywords: Human Error, Accident, Risk, Emergency Situation,
Performance Shaping Factors, Human Reliability Assessment, Human
Error Analysis, Human Error Identification, Human Error Probability,
Human Error Quantification, Human Error Reduction, Human Hazard and
Operability Study, Systemic Human Error Reduction and Prediction
Approach, Absolute Probability Judgement, Success Likelihood Index
Method, Technique for Human Error Rate Prediction, Human Error
Assessment and Reduction Technique, Paired Comparisons, Human
Reliability Management System, Cognitive Reliability and Error Analysis
Method, Nuclear Action Reliability Assessment, Case Study, Synergy
Methods.
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CKPAREHUIIE

ANOVA Analysis of Variance AHanu3a BapHjaHce
APJ Absolute Probability Judgement Ipouena anconytHe BepoBaTHOhE
APOA Assessed Proportion of Affect IpouemeHna pa3mepa yTuuaja
ASEP Accident Sequence Evaluation IIporpam 3a eBanyanujy CeKBeHIIE
Programme aKnuaeHaTa
ATHEANA A Techmque‘f or Human Error TexHuKa 3a aHaJIU3Y JbYJICKE I'PELIKE
Analysis
Connectionism Assessment of Human | KOHEKIMOHUCTHYKH IPUCTYII IPOLICHN
CAHR P
Reliability JbYJICKE TIOY3JJaHOCTH
CES Cognitive Environmental Simulation KoruutuBHa cuMmynanuja okpyxerma
CFF Cognitive Function Failure OTKa3 KOTHUTHBHE (DyHKIIH]jE
CoCoM Contextual Control Model Mozen KOHTEKCTYaIHOT YIpaBJbambha
COSMO The Contingent Operator Stress Mopern NOTeHLUjaTHoT cTpeca
Model oreparepa
CPCs Commom Performance Condition Onurru (sajepHuxi) yesosu
nepdopmaHcH/yIuHKa
Cognitive Reliability and Error Meroaa aHanu3e KOTHUTHBHE
CREAM .
Analysis Method MOY31aHOCTH M KOTHUTUBHE IPELIKe
EEM External Error Mechanism/Model Mexanuzam/Moien CroJballbe TperiKe
EF Error Factors ®daxkTopu rpemke
EPCsg Error Producing Conditions YcoBy 3a HaCTaHaK TpelIke
CodTBepcku anar 3a MOJPIIKY OJUTy-
EPS-APJ - YUBaEbY PA3BHjCH 3a MPOLICHY JbYICKUX
rpemaka y Enexrponpuspenu Cpbuje
ERM Error Reduction Mechanisms MexaHu3MH 32 PEAYKIHUjY TPEIIKe
ERS Error Reduction Strategies Crpateruje 3a peyKuujy rpemke
ETA Event Tree Analysis Amnanusa crabna norahaja
FTA Fault Tree Analysis Amnanusa crabia oTKasza
GEMS Generic Error Modelling System T'enepuaiu cucTem mozienparsa
rperiKe
GTT Generic Task Type OmTy TUIIOBH 3a/1aTaKa
HAZOP Hazard and Operability Study CryaMja OIacHOCTH U ONEpadUIHOCTH
HCR Human Cognitive Reliability Ioy3maHocT JbyICKE KOTHUTHBHOCTH
HE Human Error Jbyncka rpemika
HEA Human Error Analysis AHanm3a JbyACKe IpelKe
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Human Error Assessment and

Meroja (TeXHHKa) IPOLIEHE U

HEART Reduction Technique PemyKIHje JbYACKE TPeIIKe
HEP Human Error Probability BepoBarHoha Jby/cke rpemke
HFE Human Factor Engineering VmxemepuHT JbyICKOT (hakTopa
HRA Human Reliability Assessment/ IMponena/Ananu3za Jpyacke
Analysis N0Y31aHOCTH
HRMS Human Reliability Management CucreM MeHalIMEHTa JbYICKe
System MOY3/IaHOCTH
HSI Human System Interface Wurepdejc sbyau u cucrema
HTA Hierarchical Task Analysis Xwujepapxujcka aHaIU3a 3aaTka
Human HAZOP Human. HAZard and OPerability Crynuja onepabHITHOCTH U OIIACHOCTH
Analysis [IPOY3POKOBAHHX JbYACKOM IPEIIKOM
IDA Influence Diagrams Approach [pucryn nmujarpama yruiaja
IMAS Influence Modelling and Assessment CucreM 3a MOJICTIHPARLE U IPOLIEHY
System yTHIAja
JEHDI Justification of Human Error Data OnpasnaHocT noaaraxka 1 nHdopmanmja
Information 0 JbYJICKAM TpeIKama
LCA Life Cycle Analysis AHanu3a ;KUBOTHOT LUKITyca
Meéthode d’Evaluation de la
Réalisation des Missions Opérateur
MERMOS pour la Sireté g/gg(;na gpo:e;le nephopMaHCcH
HOT
Assessment Method for the AHOT pan
Performance of Safety Operation
NARA Nuclear Action Reliability Assessment Ipouena noysxanoctn Hykieapamx
AKTHBHOCTH
OHA Op erat.mg and Support Hazard OnepaTiBHa aHaIKM3a ONACHOCTH
Analysis
PC Paired Comparisons [Napna nopehemwa
PDCA Plan—Do—Check—Act [Tnanupaj—Ypagu—Ilposepu—Iloctymnu
PEM Psychological Error Mexanuzam/Moien CuXoJIoLKe
Mechanism/Model rpeuke
PFDyy, Probability of Failure on Demand BepoBarHoha oTkaza 1o 3axTeBy
Potential Human Error Causes AHan3a NOTEHIM]jAIINX Y3pOKa JbYICKE
PHECA .
Analysis rperike
The Prediction of Human Operator Ipensubame rpemike oneparepa
PHOENIX Error using Numerical Index YHOTpeOOM EKCTpaIoaluje
eXtrapolation HYMEpPHUKUX UHIEKCa
POA Proportions of Affect Pasmepe ytuuaja
PRA Probabilistic Risk Analysis/ Amnanusa/llpouena BepoBaTtHohe pusnka
Assessment
PSA Probabilistic Safety Assessment Ipouena BepoBatHOhe Oe30eaHOCTH
PSFs Performance Shaping Factors ®dakropu 00JIMKOBamka yYHMHKA
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The Recognition/Meta-recognition

Mopen npeno3HaBama/mMeTa-

R/M
model Ipero3HaBama
RARA Railway Action Reliability Assessment Tlpouera noy3AaHOCTH XENESHHTKHX
AKTHBHOCTH
RRF Risk Reduction Factor ®dakTop peayKIuje pu3nKa
System for Critical Human Error CucreM 3a aHaM3y yIpaBbamba
SCHEMA .
Management Analysis KPUTHYHUM JbYACKAM IpelIKama
Systemic Human Error Reduction and | CuctemMcko npeaBuhame U peyKuuja
SHERPA L
Prediction Approach JbYJICKE TPELIKEe
SIF Safety Instumented Function CHprH(.)CHO MHCTpYMCHTATHA
¢dyHKIHIja
SIL Safety Instumented Level CHrypHOCHO HHCTPYMEHTATHH HUBO
SKR Skill-Rule-Knowledge Bemrnna-npaBuio-3Hame
SLI Success Likelihood Index Wnnexc BepoBaTHOhE ycmexa
SLIM Success Likelihood Index Method Meroja uHIeKca BepoBaTHOhe ycnexa
Success Likelihood Index Method Meroja uHIeKca BepoBaTHohe ycnexa
SLIM MAUD using Multi-Attribute Utility xopuirhemeM BUIlle aTpUOYTHBHE
Decomposition TEopHUje KOPUCHOCTH
SLMV Slips, Lapse, Mistakes, Violations OMatlike, Jarcyc, MpoIycTH, KpIiemha
Simplified Plant Analysis Risk Human Tojennoctanena npouena myscke
SPAR-H g MOY3/1aHOCTH y aHAJIM3U PU3HKa
Reliability Assessment .
IOCTpOjema
TA Task Analysis Amnanu3za 3agaTka
TESEO Tecnica Empirica Stima Errori EmMnupujcka TeXHHKA 32 IPOLCHY
Operatori rpelke oneparepa
Technique for Human Error Rate Meroja (TexHHKa) 3a npeauharme
THERP S
Prediction HMBOA JbY/ICKE IPEIIKEe
TOP Top Event Bpunu (rnaBuu) ,,ron‘ norahaj
WA Work Analysis Amnanusa paga
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