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Dameesa JI. FO. Y TOCKOHAJIEHH METO/(IB OL[IHIOBaHHS PU3UKIB O€3MEeKHU mparli
Ha BUPOOHUUTBI 3 3aCTOCYBaHHSIM (YHKLUIOHATIBHO-3AJEKHUX CTAaTUCTHK. —
KBanidikamiifHa HayKoBa mpars Ha IpaBax pyKOIUCY.

Hucepranis Ha 3100yTTS HAayKOBOrO CTYIEeHs JoKTopa ¢uiocodii 3a
cnemianbHicTiIO 152 — Mertponoris Ta i1H(OpMaIIiHO-BUMIPIOBAJIbHA TEXHIKA. —
HaBuanbHO-HayKOBHI 1HCTUTYT «YKpaiHChbKa IHXKEHEPHO-TEeJaroriyHa axkaaemisi»
XapKiBChKOTO HalloHanbHOro yHiBepcuteTy imMeH1 B. H. Kapasina, Xapkis, 2025.

O0'ekmom _docnidscennss € OLIHIOBaHHS pPU3MKIB Oe3leku mpail Ha

BUPOOHUIITBI.

IIpeomemom _docnidxcennss € 3aCTOCYBaHHS  (DYHKITIOHATBHO-3aJICKHUX

CTATUCTUK I YJAOCKOHAJIEHHS METOMIB OIIHIOBAaHHS PHU3MKIB OE3MEeKH mpaill Ha
BUPOOHMIITBI.

Memorw docridicenns € yIOCKOHAJIGHHS METO/IIB OILIHIOBAHHS PU3UKIB O€3MEeKU

mpaili, BpPaxOBYHOYHM HENIHIMHI (QYHKIIOHAIBHI 3aJeKHOCTI, SKI BIUIMBAIOTH Ha
OTPUMAaHHSI HOBUX YHCEIBHUX 3HAUYEHBb OI[IHOK Ha 0€3pO3MIpHIN KAl Ta JO3BOJISThH
e(pEKTUBHO BUKOPUCTOBYBATH (PYHKIIIOHAIHLHO-3aJIC)KHI CTATUCTUKH JIJISi BU3HAUCHHS
PHU3HKIB MPodeCIiHUX 3aXBOPIOBAHb.

HCZVKO@CZ HO6U3HA OOQDDfCCZHuX pe3yibmamis.

Bnepmie po3poOiieHO KUTbKICHO-BepOajdbHY MATPHUII0 3 BHKOPHCTAHHSIM
(GYHKITIOHATBHOT 3aJIe)KHOCTI - (PYHKIII MOMWIJIOK, fKa JTO3BOJISIE TIEPEBECTH Pi3HI
BapiaHTH BEpOAJIBHUX OIIHOK Yy KOJIOBaHY 4YHCEIbHY Oe3po3MipHy mmkamy. lle
JI03BOJIUTH OTPUMYBATH YMCJIOB1 OLIHKU ()YHKIIIOHYBAHHS CUCTEMHU OE3MEeKH Tpaili Ha
BUPOOHUIITBI y KUIBKICHOMY BHUPa)XXEHHI Ta OTpUMYBaTd iHGOpMAIIO M0 M0
yIpaBJIiHHS.

Brnepire orpumano QyHKITIO IIUTBHOCTI OIIHOK OJITMHAYHUX ITOKA3HUKIB Oe3TMeKH
mpari Ha Oe3pOo3MipHIM IIKai, 3aCTOCOBYIOYH (YHKIIOHATBHY 3aJICKHICTh, SKa
J03BOJIMJIa 3HAWTH IMOBIPHOCTI PU3UKIB MOMAJaHHS BUMIPSHOTO 3HA4Y€HHS Yy Oynb
SAKAWA 1HTEpBaJ OI[IHIOBAHHS 3a YMOBH, IO 3aKOH PO3MOALITY YHCIOBUX 3HAYCHb

OJIMHUYHUX TIOKA3HMKIB O€3MEeKH TIpalll BIAMOBIZAaE HOpPMadbHOMY 3akoHy. lle



J03BOJIMJIO PO3POOUTH METOJIMKY OLIIHIOBaHHS PU3UKIB Ta 3aCTOCOBYBATH IS OyIb
SIKAX TUI BUPOOHUIITB Ta MiATPUEMCTB.

Brniepiie orpumaHo (yHKITIIO HUTBHOCT] OI[IHOK OJITMHUYHUX IMOKAa3HHUKIB O€3MEeKH
npari Ha Oe3pOo3MipHIM IIKali, 3aCTOCOBYIOUM (DYHKIIIOHAJbHY 3aJ€XKHICTh, SKa
J03BOJIMJIA 3HAWTHU IMOBIPHOCTI PU3UKIB MONaJaHHS BUMIPSHOIO 3HA4Y€HHS Yy OyIb
AKUU 1HTEpBal OLIIHIOBAHHS 3a YMOBH, LI0 3aKOH pPO3MOJAUTY YHCIOBUX 3HAYEHb
OJIMHUYHMX MOKa3HUKIB O€3IEKH Tpalll BIIMOBIAa€ pIBHOMIPHOMY 3aKOHY PO3MOLITY.

YV 6cmyni oOTpyHTOBAaHO aKTyalbHICTh Te€MH, CHOPMYIHOBAHO METYy 1 3aAayi
JAUCepTaliifHoi poOOTH, BH3HAYEHO HAYKOBY HOBHM3HY 1 MPaKTUYHY I[IHHICTb
OTPUMAaHHX PE3YIbTATIB, MMOJAHO 3aralIbHy XapaKTePUCTHKY POOOTH.

V' nepwomy po30ini TPOBENCHO aHali3 ICHYIOUHMX HAyKOBUX IIJAXOMIB 0O
KUTBKICHOTO OLIIHIOBAHHA SIKOCTI SIK O0’€KTIB KBaJIMETpii Pi3HOT NMPHUPOAH, TaK 1
IPOIIECiB Ta CUCTEM, CEpel IKMX CUCTEMH 3a0e3reueHHs Oe3MeKoro mpaiti. Po3risHyTo
pSJl Cy4acHHX HAyKOBUX POOIT, MOB’A3aHUX 3 OI[IHIOBAHHSIM SIKOCTI, MPOILIECIB Ta
MOCITYT, BU3HAYEHO X HEIOIIKM Ta MOKJIIMBI MEK1 3aCTOCYBaHHS.

Hayxosusmu Error! Reference source not found.Error! Reference source
not found.BcranoBneHo, 110 IJIAHYBaHHS 3aXOJ(iB 1 PO3MOALI PECypCiB Ha MOTpeOH
OXOpPOHU TIpaIli BUMArarTh 3aCTOCYBAaHHS CHEIIAIbHUX MaTeMaTHYHUX METOIIB, IO
JT03BOJISIFOTh OILIIHUTH HACIHIJKKA YOPAaBIIHCBKUX pimieHb. Ilicns aHamizy cydacHUX
npoOJieM YIpaBIIIHHSA OXOPOHOI0 TIpallli Ha MAIIMHOOYAIBHUX MiANPHUEMCTBAX Y
KOHTEKCTI pPUHKOBHUX YMOB, aBTOPH JIOBOJUTH, 110 JIJIs1 YCITIIITIHOT peai3allii Jep>kaBHOT
MOJIITUKU B cepl OXOPOHH Tpalli HEOOX1AHO BIPOBAKYBATH HAYKOBHM MIAXINT 10
VIOPABIIHHS TPOIECOM TOJIMIIEHHS YMOB Ta O€3IMeKH mpaili. 3a JYMKOIO aBTOPIB,
HEBU3HAYCHICTh CUTYyaIlil y chepi 0XOpoHH mpaii 00yMOBJIeHA BETUKOIO KUIBKICTIO
YMHHUKIB, 110 BIUIMBAIOTh Ha HEi, SKI HEMOXJHMBO MepeAdadyuTH TOYHO, a TaKOXK
BIJICYTHICTIO YITKO BU3HAUYCHHX IIJICH 1 KPUTEPIiB AJIs IXHBOIT OIIHKH.

3 aHaizy HAyKOBUX POOIT BUIHO, IO B MyOJiKaIisIX BiICYTHIA OOTPyHTOBAHHIA
MaTeMaTUYHHU anapar, pilleHHs IPUUMal0Th EKCIIEPTH Ta HEMA€E €MHOTO MiIX0TY A0
OIIHIOBaHHS HeOe3meku. B SIKOCTI MaTeMaTHYHOIO aHajdi3y BHKOPHCTOBYIOTHCS
perpeciitni Mojeni, K1 He e(peKTUBH1 AJIsl BUPIIICHHS 3a/1a4 3a0e31eueHHs 0e3MeUHnX

YMOB Ipalli, a HAYKOB1 MIJX0/IU HOCATh OpraHI3allliHUI XapakTep.



3 aHaNi3y HayKOBHX ITyOITiKaIiid 3p03yM1JIo, 1110 €BpONeiichKa 3aKOHOaBYa 6aza
3 OXOPOHHU TIpalll CTBOPIOE MOMKIIUBICTh 3a0€3MEUNTH HAJIC)KHHU I PIBEHb O€3MEKH Mpalli.
[IpoTe BaxIIMBO MIAKPECIUTH, 10 KO>KHA KpaiHa MOBUHHA CAMOCTINHO BUPILTYBaTH L€
MUTaHHS, TOMY B YKpaiHl HEOOX1IHO aKTHUBIZYBaTH POOOTY 3 Y3rOJKEHHSM BUMOT,
3aKOHIB Ta HOPMATHBHO-NPABOBUX aKTIB Yy BIJIMNOBIZHOCTI 1O JUPEKTUB
€sponericbkoro Coro3y. [Ipunnun €BponelchbKOro 3aKOHOJABCTBA, 110 BHU3HAYa€
HEOOXIAHICTh IPUIHATTS PIlIEHb 1010 NOJIMIIEHHS! YMOB Mpalll Ha OCHOB1 0OCTaBUH
Oe3nocepeIHbO HA POOOYOMY MICITI, 3aJIUIIAETHCS aKTyaJIbHUM 1 1711 YKpaiHu.

3rifHo 3 BKaziBKamMu €BpOINEMChKOi KOMICIT 3 COIllaJbHUX MUTaHb, TITi€HO-
€niIeMIOJIOT14H1 JOCTIIPKEHHSI € BaXKJIMBUM IHCTPYMEHTOM JJisi OLIIHIOBAHHS SIKOCTI
pobGouoro >kHTTA. TOMy akTyaJbHUM € BH3HAYCHHS OCHOBHHMX YHWHHHUKIB, IO
BIUIMBAIOTh HA CTaH 3JI0POB'Sl HACEJICHHS PETIOHY, 30KpeMa MaIluHOOYiBHOI
IPOMHUCJIOBOCTI, 3 ypaxyBaHHSIM IPOMHUCIIOBHX, CKOJIOTIYHMX 1 COIliaJdbHO-
€KOHOMIYHMX TMOKa3HUKIB. HeoOXiTHO po3poOuTH MOJIeNb OIIHIOBAHHS PU3UKIB JIJIs
OKpeMuXx Tpodeciii MamMHOOYAIBHOI Taimy3i Ta OOIPYHTYBAaTH KOMIUIEKCHY CHUCTEMY
npoUIAKTUYHUX 3aXOJIB JJIsI 3MEHIIEHHS 3aXBOPIOBAHOCTI MAITMHOOY/IIBHUKIB Ta
HENPAIIOI0YOT0 HACEJIEHHS PET10OHY 3 PO3BUHEHOIO MPOMUCIIOBICTIO.

Ha ocHOBI aHamisy HOPMAaTHMBHUX JOKYMEHTIB Ta HayKOBO-TEXHIYHOT
JiTepaTypH BUBYEHO MPOOIEMY KOMILJICKCHOTO OIIHIOBAaHHS 0€3MEeKH Ta TIri€Hu mparli
y BUPOOHUYHNX MPHUMIIIEHHSAX, TPOBEACHO KPUTHYHUHN aHATI3 ICHYIOUHX MIAXOIB 110 ii
BupimeHHs. I[IpoBegeHo aHami3 Cy4acHUX HAYKOBHX JIOCHIIKEHb CTOCOBHO
OI[IHIOBaHHSA OE3MEKW Ta TIri€HW Mpalli KUTHbKICHOI OIIHKKA PHU3WKIB HeOe3nmeku Ta
METOMK 1AeHTH(IKaIlil HeOe3neK Ta OIiHIoBaHHS mpodeciitHux pusnkiB. Po3risHyTo
pSI HAYKOBHX JAHMCEpTalliid, B SKHX JOCIIKYIOTHCS KBAJTIMETPUYHI MiAXOAH [0
OIliHIOBaHHS O€3IEKH Ta TIri€HH Mpalli Ta BUSBICHO 1X HEJOIKH.

YV opyeomy po3oini nuceprariii po3TisaIacTbCcsl CHCTEMa YIPABIIHHSA 0€3IEKOI0
mpari Ha MIANPUEMCTBI, SK CKIagHA CHCTeMa. 1OMY TPOMOHYETHCS OTPUMATH
KOMITJIEKCHY OIIHKY ii sKOCTi. J[JIf 1[bOTO MPOTOHYETHCS 3aCTOCOBYBAaTH BepOabHi
IIIKaJIM, TaK SK OILIHKY OJMHUYHUX MOKAa3HUKIB SIKOCTI MOXJIMBO OTPUMATH METOJIOM
ONMUTYBaHHS NPAI[IBHUKIB JaHOTO MignpuemcrtBa. JlJisi ompaitoBaHHS pe3yJbTaTiB

OMUTYBaHHS MPOIMOHYETHCS, 00U yC1 pe3yIbTaTH Malld €IUHY LKAy OL[IHIOBAaHHA Y



YHCIOBOMY BUpaKeHHI. Tak sk pe3yabTaTH ONMUTYBaHHS MAlOTh SIKICHE BUPa)KEHHS,
TOOTO HAHOCSATHCS Ha BEpOAJIbHI IIKAJIU, TO HEOOX1AHA (YHKI[IOHAIbHA 3aJI€KHICTb,
AKa JaCTh MOJIMBICTh MEPETBOPIOBATH BepOasbHI IIKAIU 3 PI3HUM J1alla30HOM Ta
KPOKOM B €IMHY 0€3p0O3MIpHY IIKaIy Ta OTPUMYBATH OLIIHKH PE3YJIbTaTIB ONMUTYBAaHHS
y U pOBOMY BUPAKEHHI.

VYV gxocti (QyHKUIOHAIBHOI 3aJIeKHOCTI MPOMOHYETHCS BUKOPUCTOBYBATH
OyHKI[1}0 TOMUJIOK, SIKa Ma€ mapaMerp GopMH 1 mapaMeTp 3cyBy (Macitady). Takox
3alpOIIOHOBAHO METOJUKY OTPUMAaHHS KUIBbKICHUX OIIIHOK CHCTEMH YIpPaBIiHHS
ririeHor0 Ta O€3MeKOoI0 Mpalll 3 BEJIMKOK KUIBKICTIO MoKa3HMKIB. Llg Meroauka
JI03BOJISIE  3aCTOCOBYBATH INHUPOKHH CHEKTP MAaTeMaTHYHHX IHCTPYMEHTIB UIs
OIIHFOBAaHHS Ta MPUHHATTS YIPaBIIHCHKHX pillieHb. [IpU bOMY BHPIMICHO HHU3KY
HAYKOBHX 3aBJIaHb:

- pO3poOWIIN KUTBKICHO-BEpOATbHY MATPHIlIO, KA J03BOJISIE TIEPEBECTH Pi3HI
BapiaHTH BepOATBHUX OI[IHOK y KOJOBaHY UYMCENBbHY IIKaTy. Matpuils nepemdadae
3aCTOCYBaHHSI BepOaJlbHMX IIKaN 13 KUIBKICTIO BapiaHTIB OILIHOK (Bix 2 10 7), 110
pOOUTH 1i yHIBEpCAIBHOIO;

- OTpUMAaJIM YMCEJIbHI 3HAUYEHHS y3arajlbHEHUX OaraToOKpuUTepialbHUX OI[IHOK
TECTIB MpAaIliBHUKIB MAIIMHOOYAIBHOTO IMIANMPUEMCTBA Ta CHCTEMHU 3a0e3redeHHS
Oe3MeYHnX yMOB TIpalli Ha MiAMPUEMCTBI B M&XaX Perpe3eHTaTUBHOI BUOIPKU;

- 3HAWIIIM KOMIUIEKCHY OI[IHKY CHUCTEMH YMpaBIIHHSA O€3IMeKOor0 mpaili Ha
MalIMHOOYIIBHOMY T1AITPUEMCTBI.

Po3pobnena meronuka mae MOXIMBICTH OTPUMYBATH YHMCEIbHI 3HAYCHHS
BepOaJIbHUX OIIHOK, L0 TO3BOJISIE€ 3aCTOCOBYBAaTH METOAM MaTeMaTHYHO1 CTATUCTUKU
JUTSI BUPIIICHHS MPAKTUYHUX 3aBJIaHb 3 YIPABIIHHSA B CHCTEMAaX YIPABIIHHS T1r1€HOIO
Ta Oe3mekor0 mpami Ha BHpOOHHMITBI. Po3pobrmena wmeTtogumka ampoOoBaHa Ha
MamuHOOYIIBHOMY MIAMPUEMCTBI. BHACTIMOK 3acTOCYBaHHS METOJUKH OTPUMAaHO
KOMITJIEKCHY OIIIHKY CHCTEMH YIIPaBJIiHHS O€3MEeKOr0 Mpaili.

HaykoBa IiHHICTb 3aIPONOHOBAHOT METOJMKH TOJNSTAE B 1i yHiBepcambHOCTI. 1
MOHA 3aCTOCOBYBATH JIJIs OL[IHIOBAaHHS YMOB Ipalll Ha BUPOOHUIITBAX PI3HUX rairy3ei
3 PI3HOI KUIBKICTIO HIKIIJIMBUX YMHHUKIB 3 PI3HUM [1alla30HOM iX BHUMIPIOBAHHS.

Kpim mporo, ¢akrtopu MOXYyTh MaTH pi3HI HIKAJIU BUMIPIOBaHb. MOXyTh OyTH



BHU3HAYEHI 3aKOHOJAaBYMMHU a00 KOPHNOPATHUBHMUMM BUMOIaMH MiANPUEMCTBA. Takoxk
BOHM MOXYTb MEPErifafatucs 1 3MIHATBCS 3 METOK €(EeKTHUBHOIO YIPaBIiHHSA
cuctemMoro Oe3neku mnpani. OOMEXEHHSIMH JaHOI METOJAMKM € 3aCTOCYBaHHS
OLIIHIOIOYM TUX YMHHMKIB, SIKI MalOTh KUIBKICHY OLIHKY. Po3poOka meToauku i3
3aCTOCYBaHHSIM BepOalbHUX IIKAJ Ta SKICHUX OLIHOK OyJe METOH HaCTYIHHUX
TOCIIIKEHb.

3a J0MOMOTroI0 3ampONOHOBAHOI METOAMKM MOKHAa NPUMMATH YNpPaBIIHCHKI
pillIeHHs, fAKI MPU3BOJAATH JO MIHIMI3alli PU3HUKIB 1 HEMACHUX BUMNAJKIB.
3anponoHOBaHa METOJMKAa Ma€ YHIBEpCAJIbHUN XapakTep, Tak SK ii MOXHa
3aCTOCYBaTH JUIsl OIIIHIOBaHHS CHCTEMH YIPaBIIHHS O€3MeKOol Mpail B PI3HHUX
opraHizarisx.

Y mpemvomy po30ini NpONOHYETHCS METOJMKA BU3HAYEHHS KOMILIEKCHOT OI[IHKA
YMOB TIpalli, sIKa CKJIAMA€ThCs 3 pAMy KpokiB. st migTBepKeHHs Tpaie3naTHOCTI
METOAMKHA 3 OIllIHIOBaHHS Oe3meku Tmpaii OyJao TPOBEACHO JOCHIKEHHS Ha
MaIlIMHOOYIIBHOMY  IMANMPUEMCTBI. JJIS OIIHIOBAHHS PO3TJISAAIUCS  IIKIIJIUBI
BUPOOHWYl YMHHUKH y 1eXy. BuzHauumu, mo y IeXy OCHOBHUMH UIKIIJIMBUMHU
BUPOOHMYMMH YWHHHUKAMHU €. MIKpOKIIMAT (TeMmiepaTypa TOBITpS, BiJIHOCHA
BOJIOTICTB MOBITPSI, MBUAKICTh PYXY MOBITPS), IITyM, JIOKaJIbHA BiOpaIris.

[IpoBenenuii BUMIPIOBAIBHUM EKCIIEPUMEHT IIATBEPAUB, IO YHCJIOBI
3Ha4YCHHS OYyJh SIKMX HEOE3NMEeYHWX YMHHHUKIB, II0 BIUIMBAIOTH HA 3JI0POB’S JIIOJICH
MalTh CTATUCTUYHI XapaKTEPUCTHKHU, TaKi SK cepelHe apumeTHyHe 3HAYCHHS Ta
MOTPiOH1 JTOJATKOBI JOCIIDKCHHS IIOJIO OIIHIOBAaHHS PH3HUKIB, 3aCTOCOBYIOUH
CTaTHUCTHYHI METO/H.

KoxeH 3 YMHHUKIB Ma€e pi3HUHN Miama3oH JOMyCTUMHUX HOPM Ta Pi3HI OJUHUI
BUMIPIOBaHHS, IO 3aTPy/IHSE€ BU3HAYNUTH KOMIUIEKCHUHN IMOKAa3HUK OE3MEKH Tpaii.
ToMy HEOOX1THO TMPHUBECTH YCi PIZHOPO3MIPHI YUHHUKH y O€3pO3MIpHY BEIHUYHHY.
JUiss 1mhOTO TIPOTIOHYETHCS 3aCTOCYBaTH HENMiHIMHY (QyHKII0O (MaTeMaTHIHYy
3aJIEKHICTB), sika Oy/ie IEPETBOPIOBATH BUMIPSHI YUNHHUKH Y O€3p0O3MIpH1 3HAUCHHS Y
nianazoni (0, 1). ¥V skocTi MareMaTU4HOI 3aJIEKHOCTI MPOIMOHYETHCA 3aCTOCYBaTH

(GYHKIIIO TOMHIJIOK, IO € HEEJIEMEHTAPHOK Ta 3aCTOCOBYETHCS y MaTeMaTH4HIN



CTaTUCTHIIl Ta MATEMAaTHYHINA (P13ULL 1Sl BUPIICHHS I€SIKUX MPAKTUYHUX 3aB/IaHb.

JUJIsi KOMIUIEKCHOTO OLIIHIOBaHHsI O€3MEeKH Mpali Ha BUPOOHUITBI MPOMOHYETHCS
3aCTOCOBYBAaTH KBaJIMETPUYHI METOAM, a CaMe, BH3HAYaTHU OLIHKY IO KOXHOMY
HIKIJUIMBOMY 1 HEO€3MeYHOMY BUPOOHWYOMY UMHHUKY a, MOTIM, BU3HAYATU €IUHY
KOMILJIEKCHY ~ OIlIHKY YMOB TIpalli. 3ampollOHOBAaHO METOJIWKY BU3HAUYCHHS
KOMIUIEKCHOTO TOKa3HHMKa OE3MEeKH Tpalli, 3aCTOCOBYIOUM YHCENbHE IHTErpyBaHHS
METOJIOM CEpEeAHIX MPAMOKYTHHUKIB. 3allpOTIOHOBaHY METOJMKY MOXHA BBa)KATH
YHIBEPCAJIBHOI, OCKUIBKH 1I MOYKHA 3aCTOCOBYBATH JJIsi OyJb SKHX NPHUMIIICHb Ta
HiANPUEMCTB.

V' uemeepmomy po3oini pucepraulii pO3TIASAAETbCS OJUH 13 BAXKIMBHUX
MOKa3HUKIB SIKOCTI JKUTTS — Oe3mneka mpari. Oco0JIMBO BaXKIUBUM SBISIETHCS
OIliHIOBaTH O€3MeKy Mpalll Ha BUPOOHUIITBI, a00 NpPH BUKOHAHHI MIKIJJIUBUX IS
30pOB’s Ta XKUTTS poOiT. Tak sk OUTBIIICTh JIOJEH 3HAYHY YACTUHY CBOTO KHUTTS
POBOASATH Ha pOOOYOMY MICIII, TP BUKOHAHH1 CBOIX CITy>KO0BUX 000B’S3KiB, TO ICHY€
PHU3HK BIUTMBY YMOB TIpaIli Ha iX 310poB’ . MibKHapOH1 OpraHi3ailii aKIeHTYIOTh CBOIO
yBary Ha MoCTiHHOMY KOHTPOJI1 BIUTUBY IIKIJIMBUX YUHHUKIB HA 3I0POB’ S JIIOJIMHU, &
came OOH, y cBoiit konueniii «Cranuii po3BUTOK JIOJICTBA», PO3Tisgae Oe3meKy
mpari BaXJIMBUM IOKAa3HUKOM SKOCTI JKUTTS, a MDKHApOJHAa opraHizamis 3i
cragaapruzamii (ISO) pospoOuna psan craHmapTiB, siKi MarOTh BIAHOUIEHHS MO
omintoBanHa pusukie (ISO 31000:2018, IDT; ISO 31010:2013, IDT), cucrem
ynpasninag gkicTio (ISO 9001:2015, IDT). ta cucrtemMu ymnpaBiiHHA OXOPOHOIO
3mopoB’s Ta 6e3nexoro npaii (ISO 45001:2018, IDT).

VYropaBimiHHS PU3UKOM BKJIIOYAE PO3POOJICHHS Ta peamizaliiio €KOHOMIYHO
OOTPYHTOBAHUX JUIS JJAHOTO IMPOMHUCIIOBOTO IIANPUEMCTBA PEKOMEHIAIIIN 1 3aXO0/iB,
CIPSIMOBAaHUX Ha 3MEHIICHHS BUXITHOTO PIBHS PU3UKY J0 MPUUHATHOTO (hiHATHEHOTO
piBHA. BOoHO crmpaeThCsi Ha pe3ynbTaTH OIIHKKA PU3HUKY, TEXHIKO- €KOHOMIYHHMHA 1
TEXHIKO-TEXHOJIOTIYHUIM aHaTi3 TMOTEHI[laly Ta cepenoBuila (yHKIIIOHYBaHHS
MANPUEMCTBA, YHHHY 1 TPOTHO30BaHy 0a3y TOCMOMAAPIOBAHHS Ta Pi3HI JOCIIKEHHS.
OO0'exTOM OIIIHKK Ta YNPaBIIHHS PU3UKOM MarOTh OYTHM CTpaTeriuHi pIilllEeHHS B
Maciitadax MiANPUEMCTBA, CTpATETiyHUN IJIaH. | HE OCTaHHE MICLIE B HUX Mae

B1IBOUTHCS (DYHKI[IOHYBAHHIO Ta PO3BUTKY CUCTEMU YIPABIIHHS OXOPOHOIO Mpaili.



Pe3ynpTaTé NOCHIIKEHHS METOAOJOTIYHUX MPOOJEM OLIHKKA BUPOOHUYMX
PHU3HKIB Ha MIANPUEMCTBI BKa3ylOTh Ha 3aBJaHHS YIPaBIIHHS OXOPOHOIO Mpalll Ta
PU3UKOM, OCHOBHMMH 3 SKHX MalOTh OyTH: HaBYaHHS NPAI[IBHUKIB OE3MEYHUM
METO/IaM Tpalll 3 OJJHOYAaCHUM BHXOBAaHHSAM y HUX ICHUXOJIOT1i O€3MeKH; 3ano0iraHHs
HETPUITYCTUMHUM MPOPECIHHUM PU3UKAM Ha POOOYMX MICIISIX; CTBOPEHHS MOJIOKEHHS
10/I0 MOPSAKY 1X 1MeHTHdIKallll, OIIHKK Ta YCYHEHHS; aTrecTailis poOoYrux MiCllb 3a
KapTKaMM yMOB Tpali Ta KapTKaMHu 1AeHTHU]IKalli, OLIHKA W YCYHEHHs
HENPUITYCTUMUX TPODECITHUX PUBHKIB.

JUist oTpUMaHHS OLIHOK BIUIMBAIOUMX YMHHHUKIB Ha O€3pOo3MIpHIN MIKai
3aMpoINOHOBAHO 3aCTOCOBYBATH (PYHKIIIIO TIOMUIIOK, SIKA SIBISIETHCS CTAHJAPTHOIO, Ta
€ BOynmoBaHoro B Microsoft Excel, mo miarBepmxye ii moctoBipHicTb. g Ti
MOJIEpHi3allii BBEJIeH1 KOe(IIlIEHTH, K1 JO3BOJIUIM 3aCTOCOBYBATH 11 JJIs1 OI[IHIOBaHHS
1 OTpUMYBATH OLIIHKH Y fiana3oHi (0-1).

Buznaumnu ¢yHKIiI0 OIUIBHOCTI Ha O€3pO3MIpHIA IMIKadi, SKa SBISETHCS
IMOBIPHOCTSIMM PH3HKIB IIOINAIaHHS BUMIPSHOTO 3HAUYCHHS YMHHUKA y Oyab SKUN
iaTepBain Bix 0 70 1 3a yMOBI, 1110 3aKOH PO3IOALUTY BUIIAJIKOBUX (DAKTOPIB SIBISETHCS
HOpMAaJIbHUM.

Busnaunnu — GyHKIIIO MUTBHOCTI (DYHKIIOHATBHO 3aJICKHUX BHITAJIKOBUX
BEJMYMH OIIIHOK TIOKAa3HUKIB SKOCTI 3a YMOBHM, IO TIOKa3HUKH SIKOCTI
HiATOPSIAKOBYIOTECS.  PIBHOMIPHOMY 3akoHY po3mnoaury. IlpoeeaeHo ampoOairiro
METOJly T4 BU3HAYEHO MMOBIPHOCTI MOTPAIUISIHHS BUMAJAKOBUX BEIWYUH Y 3aJaHUMN
1HTEpBaJ OI[IHIOBAHHS
Knrouoei cnoea: SKicTh, OIIHKH IMOKAa3HHUKIB SKOCTI, KOMIJICKCHUH IMOKAa3HHUK SKOCTI,
KBIIMETPis, KBaJTIMETPUYHI METOJU, OO0'€KT KBaIIMeTpii, OaraTokpuTepiaibHe
OIlIHIOBaHHA, Oe3meka, Oe3meka mpaili, (YHKIS MOMWIOK, PHU3WK, OI[IHIOBaHHS

PHU3HUKIB.



ABSTRACT

Fatieieva L. Y. Improvement of methods for assessing occupational safety risks
at work using functionally dependent statistics. — Qualifying scientific work on the
rights of the manuscript.

Dissertation for the degree of Doctor of Philosophy in speciality 152 - Metrology
and Information and Measuring Technology - Educational and Research Institute
‘Ukrainian Engineering and Pedagogical Academy’ of V. N. Karazin Kharkiv National
University, Kharkiv, 2024,

The object of the research is the assessment of occupational safety risks at work.

The subject of the research is the use of functionally dependent statistics to
improve methods for assessing occupational safety risks at work.

The purpose of the study is to improve methods for assessing occupational safety
risks, taking into account nonlinear functional dependencies that affect the obtaining
of new numerical values of estimates on a dimensionless scale and will allow the
effective use of functionally dependent statistics to determine the risks of occupational
diseases.

Scientific novelty of the results.

For the first time, a quantitative-verbal matrix has been developed using a
functional dependence - the error function, which allows to translate different variants
of verbal assessments into a coded numerical dimensionless scale. This will make it
possible to obtain numerical estimates of the functioning of the occupational safety
system in quantitative terms and to obtain information on management.

For the first time, the density function of estimates of single indicators of
occupational safety on a dimensionless scale was obtained using a functional
dependence that allowed us to find the probabilities of the risk of the measured value
falling into a bad interval of estimation, provided that the law of distribution of
numerical values of single indicators of occupational safety corresponds to the normal
law. This made it possible to develop a risk assessment methodology that can be

applied to any type of production and enterprise.



For the first time, a density function of estimates of single occupational safety
indicators on a dimensionless scale was obtained using a functional dependence that
allowed us to find the probabilities of the measured value falling into a bad interval of
estimation, provided that the law of distribution of numerical values of single
occupational safety indicators follows a uniform distribution law.

The introduction substantiates the relevance of the topic, formulates the purpose
and objectives of the dissertation, defines the scientific novelty and practical value of
the results obtained, and provides a general description of the work.

The first chapter analyzes the existing scientific approaches to quantitative
guality assessment of both qualimetry objects of various nature and processes and
systems, including occupational safety systems. A number of modern scientific works
related to the assessment of quality, processes and services are considered, their
shortcomings and possible limits of application are identified.

The researchers have established that planning of activities and allocation of
resources for occupational health and safety requires the use of special mathematical
methods to assess the consequences of management decisions. After analyzing the
current problems of occupational health and safety management at machine-building
enterprises in the context of market conditions, the authors argue that for the successful
implementation of the State policy in the field of occupational health and safety, it is
necessary to introduce a scientific approach to managing the process of improving
working conditions and safety. According to the authors, the uncertainty of the
situation in the field of labor protection is due to a large number of factors affecting it,
which cannot be predicted accurately, as well as the lack of clearly defined goals and
criteria for their evaluation.

The analysis of scientific papers shows that publications lack a sound
mathematical apparatus, decisions are made by experts, and there is no single approach
to hazard assessment. Regression models are used as a mathematical analysis, which
are not effective for solving problems of ensuring safe working conditions, and
scientific approaches are of an organizational nature.

From the analysis of scientific publications, it is clear that the European

legislative framework on occupational safety and health creates an opportunity to



ensure an appropriate level of occupational safety. However, it is important to
emphasize that each country must solve this issue independently, so Ukraine needs to
intensify work on harmonizing requirements, laws and regulations in accordance with
EU directives. The principle of European legislation that requires decisions on
improving working conditions to be made on the basis of circumstances at the
workplace remains relevant for Ukraine as well.

According to the guidelines of the European Commission on Social Affairs,
hygiene and epidemiological studies are an important tool for assessing the quality of
working life. Therefore, it is important to identify the main factors affecting the health
of the population of the region, in particular the machine-building industry, taking into
account industrial, environmental and socio-economic indicators. It is necessary to
develop a risk assessment model for individual professions in the machine-building
industry and to substantiate a comprehensive system of preventive measures to reduce
the incidence of morbidity among machine-builders and the non-working population
of a region with a developed industry.

Based on the analysis of regulatory documents and scientific and technical
literature, the problem of comprehensive assessment of occupational safety and health
in production facilities is studied, and a critical analysis of existing approaches to its
solution is carried out. The author analyzes current scientific research on the
assessment of occupational safety and health, quantitative hazard risk assessment, and
methods of hazard identification and occupational risk assessment. A number of
scientific dissertations investigating qualimetric approaches to assessing occupational
safety and health are considered and their shortcomings are identified.

The second chapter of the dissertation considers the system of occupational
safety management at an enterprise as a complex system. Therefore, it is proposed to
obtain a comprehensive assessment of its quality. For this purpose, it is proposed to
use verbal scales, since the assessment of individual quality indicators can be obtained
by interviewing employees of the enterprise. To process the results of the survey, it is
proposed that all results should have a single rating scale in numerical terms. Since the
results of the survey have a qualitative expression, i.e., they are applied to verbal scales,

a functional dependence is needed that will allow converting verbal scales with



different ranges and steps into a single dimensionless scale and obtaining estimates of
the survey results in digital terms.

As a functional dependency, it is proposed to use the Error Function, which has
a shape parameter and a shift (scale) parameter. A methodology for obtaining
quantitative assessments of the occupational health and safety management system
with a large number of indicators is also proposed. This methodology allows the use of
a wide range of mathematical tools for evaluation and management decision-making.
A number of scientific tasks have been solved:

- developed a quantitative-verbal matrix that allows for the translation of
different verbal assessment options into a coded numerical scale. The matrix provides
for the use of verbal scales with a number of rating options (from 2 to 7), which makes
it universal;

- obtained numerical values of generalized multicriteria assessments of tests of
employees of an engineering enterprise and the system of ensuring safe working
conditions at the enterprise within a representative sample;

- a comprehensive assessment of the occupational safety management system at
an engineering enterprise was found.

The developed methodology makes it possible to obtain numerical values of
verbal assessments, which allows the use of mathematical statistics methods to solve
practical management problems in occupational health and safety management
systems. The developed methodology has been tested at an engineering enterprise. As
a result of applying the methodology, a comprehensive assessment of the occupational
safety management system was obtained.

The scientific value of the proposed methodology lies in its versatility. It can be
used to assess working conditions in industries of different sectors with a different
number of harmful factors and a different range of their measurement. In addition,
factors may have different measurement scales. They can be determined by legal or
corporate requirements of the enterprise. They can also be reviewed and changed in
order to effectively manage the occupational safety system. The limitations of this
methodology are the use of factors that are quantified. The development of a

methodology using verbal scales and qualitative assessments will be the goal of further



research.

The proposed methodology can be used to make management decisions that lead
to minimization of risks and accidents. The proposed methodology is universal in
nature, as it can be used to assess the occupational safety management system in
various organizations.

The third chapter proposes a methodology for determining a comprehensive
assessment of working conditions, which consists of a number of steps. To confirm the
efficiency of the methodology for assessing occupational safety, a study was conducted
at a machine-building enterprise. For the purpose of the assessment, we considered
harmful production factors in the shop. It was determined that the main harmful
production factors in the shop are: microclimate (air temperature, relative humidity, air
velocity), noise, local vibration.

The measurement experiment confirmed that the numerical values of any
hazardous factors affecting human health have statistical characteristics, such as the
arithmetic mean and range. Therefore, to manage and minimize their impact on human
health, additional research is needed to assess risks using statistical methods.

Each of the factors has a different range of permissible norms and different units
of measurement, which makes it difficult to determine a comprehensive indicator of
occupational safety. Therefore, it is necessary to bring all multidimensional factors to
a dimensionless value. To do this, it is proposed to use a nonlinear function
(mathematical dependence) that will convert the measured factors into dimensionless
values in the range (0, 1). As a mathematical dependence, it is proposed to use the error
function, which is non-elementary and is used in mathematical statistics and
mathematical physics to solve some practical problems.

For a comprehensive assessment of occupational safety at work, it is proposed
to apply qualimetric methods, namely, to determine the assessment for each harmful
and dangerous production factor and, then, to determine a single comprehensive
assessment of working conditions. The article proposes a methodology for determining
a comprehensive indicator of labor safety using the numerical integration by the
method of average rectangles. The proposed methodology can be considered universal,

since it can be applied to any premises and enterprises.



The fourth chapter of the thesis discusses one of the most important indicators
of quality of life - occupational safety. It is especially important to assess labor safety
at work, or when performing work that is harmful to health and life. Since most people
spend a significant part of their lives in the workplace, performing their duties, there is
a risk that working conditions may affect their health. International organizations focus
on continuous monitoring of the impact of harmful factors on human health, namely,
the UN, in its concept of "Sustainable Development of Humanity", considers
occupational safety an important indicator of quality of life, and the International
Organization for Standardization (1SO) has developed a number of standards related to
risk assessment (ISO 31000:2018, IDT; I1SO 31010:2013, IDT), quality management
systems (ISO 9001:2015, IDT) and occupational health and safety management
systems (ISO 45001:2018, IDT).

Risk management involves the development and implementation of
economically feasible recommendations and measures for a given industrial enterprise
aimed at reducing the initial risk level to an acceptable final level. It is based on the
results of risk assessment, technical, economic, technical and technological analysis of
the enterprise’s potential and environment, current and projected business base, and
various studies. The object of risk assessment and management should be strategic
decisions on an enterprise-wide scale and a strategic plan. And not the least place in
them should be given to the functioning and development of the occupational health
and safety management system.

The results of the study of methodological problems of assessing occupational
risks at an enterprise indicate the tasks of occupational safety and risk management,
the main of which should be: training employees in safe working methods while
educating them in safety psychology; prevention of unacceptable occupational risks in
the workplace; creation of regulations on the procedure for their identification,
assessment and elimination; certification of workplaces according to working
conditions cards and cards for identification, assessment and elimination of
unacceptable occupational risks.

To obtain estimates of the influencing factors on a dimensionless scale, it is

proposed to use the error function, which is standard and built into Microsoft Excel,



which confirms its reliability. To modernize it, we introduced coefficients that allowed
us to use it for evaluation and obtain estimates in the range (0-1).

The density function was determined on a dimensionless scale, which is the
probability of the risk of the measured value of a factor falling into a poor interval from
0 to 1, provided that the law of distribution of random factors is normal.

The density function of functionally dependent random variables of quality
indicators estimates is determined, provided that the quality indicators follow a uniform
distribution law. The method was tested and the probabilities of random variables
falling into a given evaluation interval were determined
Keywords: quality, assessment of quality indicators, complex quality indicator,
qualimetry, object of qualimetry, multicriteria assessment, occupational safety, error

function, functionally dependent statistics.
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