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Pedepar:

1. Inceprarist npucBsyeHa PO3POGIEHHIO Ta JOCIIKEHHIO METOIB Ta MO/ieJIell OLiHIOBaHHSI, IPOTHO3yBAHHS Ta
MiHiMi3alii METPOJIOTIYHUX PU3UKIB, 110 BIIMBAIOTh HA SIKiCTb MIPOAYKLi HA eTami BUTOTOBJIEHHS. Jlucepranis
MiCTUTB BCTYII, YOTUPHU PO3LiNY, BUCHOBKY, CIIMCOK JIiT€PAaTypHUX IPKEPEJ Ta OOLATKU. Y BCTYIIi HABEJIEHO
OOI'PYHTYBaHHSI aKTyaJIbHOCTi TEMU JOCJIiIPKEHHS, 30KpeMa BaXJIMBICTb yIIPABJIiHHS METPOJIOTIYHUMHU PU3MKAMU
L7151 3abe3NeyeHHs SIKOCTi IPOAYKLii Ha eTarli BUrOTOBJIEHHS. Bu3HaueHO 00'eKT Ta NpeAMEeT OCIiI>KeHHS,
cpOopMyIbOBAaHO METY Ta 3aBJaHHS POOOTH, OKPECJIEHO HAYKOBY HOBM3HY OTPMMAaHUX Pe3yJIbTaTiB Ta ixHe
[IpaKTU4HE 3HauYeHHS. TaKoX MOAAHO OIJIS], Cy4YaCHOTO CTaHy Po6ieMH Ta KIII0YOBi HAPSIMU, SIKi JOCiIKyBannucs
B pamKax po6oTu. B nmepuomy po3pisi npecTaBieHo I'PYHTOBHUN aHaJli3 Cy4acHOTO CTaHy TeOopil Ta IIPaKTHUKU
yIIPaBJliHHS METPOJIOTIYHMMU PU3MKAMU Ta iX BIJIMBY Ha SKiCTh IIPOAYKLi HA €Talli BUTOTOBJIEHHS. BU3Ha4yeHo, o
TaKe METPOJIOTIYHUN PU3MK, & TAKOX IPKepeJla Moro BUHMKHEHHS B yMOBaX BUPOOHMYMX NpoueciB. Oco6IMBY yBary
IPUAIIEHO MPOLECy YIIPaBJiHHS PU3MKAMU, IO MICTUTB ifeHTAdIKaLio, OLiHIOBAaHHS Ta MOHITOPUHT MOKJIMBUAX

Heb6esrnekK. Tako IpoBefeHo aHasli3 OCHOBHUX MDKHAPOJHUX CTaHIAPTIB, SIKi PEryJIlOl0Th YIIPAaBIiHHS PU3HMKaMH,



30kpema ISO 9000, ISO 31000, AS4360, COSO ERM, CoCo Ta IRM, 1110 BCTaHOBJIIOIOTH IIPUHLIMIIA TA METOIU
eeKTUBHOrO YIIPaBJliHHS PU3UKAMU Y Pi3HUX Tajy3sX. [JeTajJbHO OMKCaHO IIPOLeC YIIPAaBIiHHS pU3NKaMU
BiZJITOBiJHO 1O BUIIE3TralaHMX CTAaHMAPTIiB, 30KPEMA HA €Tarax IIJIaHyBaHHS, peasisallii, TepeBipKY Ta KOPUTYBAHHS
3aXO0/IiB IIOA0 3HDKEHHS PU3UKIB. Y IPyroMy po3zisi AOCIiIKEHO (PaKTOPU BILIMBY HA TEXHOJIOTIYHUM [IPOLEC SIK
IKepeJsia METPOJIOTiYHUX PU3KKIB, 3hiMICHEHO ix kiacudikalilo Ha BHYTPilHi Ta 30BHiuHI. JocmimkeHo crienudiky
CHCTEMMU OLiHIOBaHHS METPOJIOTIYHUX PU3MKIB IKOCTI IPOAYKIii HAa €Talli BUTOTOBJIEHHS, 10 BiAIOBila€ BUMOram
MiKHapoaHux cranaapris (ISO 9001, ISO 31000, ISO 31010). Po3po6sieHO KOHLIEN1IiI0 YIIPaBJliHHS METPOJIOTIYHUMU
PpU3UKaMU, 10 CKJIAAaE€ThCs 3 TPhOX KJIIOYOBUX €TalliB: MJIaHYBaHHS, OLIiHIOBAaHHS Ta ONpPalllOBaHHS pU3uKiB. Ha
eTalli [JIaHyBaHHs BU3HAYalOTHCA LiJli, cpepa 3acTOCyBaHHS, YIaCHUKY IIpoliecy Ta KpuTepii pusuky. Iig yac
OlIiHIOBaHHS IPOBOJUTBCS aHali3, ifeHTudikallis Ta oliHKa pU3UKiB. Y pobOTi HABOOUTHCS y3arajabHeHa 0JI0K-
cxema npouecy ineHtudikalii Ta aHaIi3y METPOJIOTiYHUX PU3UKIB. Jl0JaTKOBO BUKOPUCTOBYETHCS Tpap-MOIelb
KOMILJIEKCHOTO METPOJIOTIYHOTO PU3HUKY, L0 J1a€ 3MOTy BidyasisyBaTu piBHI B3aeMofii i1 B3a€MO3B'SI3KM Pi3HUX
(axTOpIB Ta [10KA3HUKIB, SIKi POPMYIOTb 3arajibHUi piBeHb pU3KKy. Ha 3aBepiuaibHOMY eTani 3[iiiCHIOETbCS
MiHiMi3allig pU3KKiB LUIIXOM aHaJIi3y IIPOIIOHOBAHMX 3aXOMiB Ta iX BIJIMBY Ha BUSABJIEHI DU3UKU. B TpeTbOMY PO31isi
pPO3p0o6IeHO MaTeMaTUYHy MOZEJb 1711 BUBHAUEHHS KOMIIJIEKCHOTO TIOKa3HUKA PiBHSI METPOJIOTIYHOTO PUBHUKY.
3anporoHOBaHO WKaJIU OLiHKYU 3HAYYIIOCTi HACJIiIKiB, UIMOBIPHOCTI BUHMKHEHHS Ta BUSBJIEHHS PU3UKIB, 5Ki
CJIYTYIOTb OCHOBOIO [I71s1 BUBHAUEHHSI iXHbOTI'O 3HaYeHHsI. PO3po671eHO MaTpULO BIIJIMBY 1J1s1 BUBHAYEHHSI BarOBUX
KoeQilieHTiB, 10 BpaxOBYIOTb B3aEMOBILJIMB PU3KKIB IIifl YaC BUSHAYEHHS IPYIIOBOrO NOKa3HUKA PU3KKY. Takox
[IpeJCTaBJIEeHO aAIITUBHY MOJIEJIb, SIKa 00’ €JHY€E TPYIIOBi IOKa3HUKY B €AMHNN KOMIUJIEKCHUH, Ta MiIXOOU 10
BCTAHOBJIEHHS OIYCTUMOTO 3HAYE€HHS LIbOTO MTOKA3HUKA, 110 JO3BOJISIE KiJIbKiCHO OL[iHUTY PiBE€Hb METPOJIOTIYHOTO
PHU3MKY Ta BUSHAYMTH KPUTUYHI MeXi 17151 BUPOOHMYOTO IIPOLIECy. 3allpOIIOHOBAHO OLiHIOBAaTH €(EKTUBHICTb
3axX0ziB AJ1s MiHiMi3alii py3KKiB, OPIEHTYIOYMCD HA [Ba KJIIOYOBI KPUTEPIi: BiTHOCHE 3MEHIIEHHS KOMIIJIEKCHOTO
[TOKa3HMKa PU3MKY Ta CIiBBiIHOUIEHHS BUTPAT Ha pPeasisallilo 3ax0/liB O MOKJIMBUX BTPAT, SIKAX BAAJIOCS
VHUKHYTU. Lle nae 3Mory o6IpyHTOBaHO BUOMpPATH ONITUMAJIbHI CTpaTerii yIIpaBsliHHSI METPOJIONIYHUMY PU3NKaMU
Ta MiJBUINYBaTU €(PEKTHUBHICTh BUPOOHNYMX NIPOLECIB. Y YETBEPTOMY PO3/iJli IPEICTaBI€HO METO, IPOrHO3YBAaHHS
METPOJIOTIYHUX PU3UKIB i3 BUKOPUCTAHHAM HEMPOHHUX MEPEXK 15 aHaJIi3y 4acOBUX PALiB. JOCIIIKEHO MiCTh
Mojenei, 3okpema: Facebook Prophet, Statsmodels SARIMAX, Forecaster Recursive, Forecaster Direct, LGBM
Regressor, Linear Regression. OnjiHKa TOYHOCTI Mogesiel 31ificHIOBasIacs 32 4 IOKa3HUKaMU: cepeHs abCooTHA
noxu6ka (anrsa. Mean Absolute Error abo MAE), cepeniHs BinHOCHa moxu6ka (aHri. Mean Absolute Percentage Error
a6o MAPE), kopeHeBa cepeHbOKBaZpaTH4Ha [10Xr6oka (aHri. Root Mean Square Error abo RMSE) Ta koediuieHT
Kopesauii (aurs. R square a6o R2).

2. The dissertation is devoted to the development and research of methods and models for assessing, predicting
and minimising metrological risks that affect the quality of products at the manufacturing stage. The thesis
consists of an introduction, four chapters, conclusions, a list of references and appendices. The introduction
provides a justification for the relevance of the research topic, in particular the importance of managing
metrological risks to ensure product quality at the manufacturing stage. The object and subject of the study are
defined, the aim and objectives of the work are formulated, the scientific novelty of the results obtained and their
practical significance are outlined. The article also provides an overview of the current state of the problem and
the key areas that were studied in the framework of the work. The first section presents a thorough analysis of the
current state of the theory and practice of managing metrological risks and their impact on product quality at the
manufacturing stage. The article defines what a metrological risk is, as well as the sources of its occurrence in the
context of production processes. Particular attention is paid to the risk management process, which includes
identification, assessment and monitoring of possible hazards. The article also analyses the main international
standards governing risk management, in particular ISO 9000, ISO 31000, AS4360, COSO ERM, CoCo and IRM,
which establish the principles and methods of effective risk management in various industries. The process of risk
management in accordance with the above standards is described in detail, in particular at the stages of planning,
implementation, verification and adjustment of risk mitigation measures. In the second section, the factors of
influence on the technological process as a source of metrological risks are studied, and their classification into



internal and external is carried out. The specifics of the system for assessing metrological risks to product quality
at the manufacturing stage, which meets the requirements of international standards (ISO 9001, ISO 31000, ISO
31010), are investigated. The concept of metrological risk management is developed, consisting of three key stages:
planning, assessment and processing of risks. At the planning stage, the goals, scope, process participants and risk
criteria are determined. During the assessment stage, risks are analysed, identified and evaluated. The paper
presents a generalised flowchart of the process of identification and analysis of metrological risks. Additionally, a
graph model of complex metrological risk is used to visualise the levels of interaction and interrelationships of
various factors and indicators that form the overall level of risk. At the final stage, risks are minimised by analysing
the proposed measures and their impact on the identified risks. In the third section, a mathematical model is
developed to determine a comprehensive indicator of the level of metrological risk. The scales for assessing the
significance of consequences, probability of occurrence and identification of risks are proposed, which serve as
the basis for determining their value. An influence matrix has been developed to determine the weighting factors
that take into account the interaction of risks when determining a group risk indicator. The article also presents an
adaptive model that combines group indicators into a single complex indicator and approaches to establishing the
permissible value of this indicator, which allows quantifying the level of metrological risk and determining the
critical limits for the production process. It is proposed to evaluate the effectiveness of measures to minimise
risks, focusing on two key criteria: the relative reduction of the complex risk indicator and the ratio of the cost of
implementing measures to the possible losses that were avoided. This makes it possible to reasonably choose the
optimal strategies for managing metrological risks and increase the efficiency of production processes. Section 4
presents a method for predicting metrological risks using neural networks for time series analysis. Six models were
investigated, in particular: Facebook Prophet, Statsmodels SARIMAX, Forecaster Recursive, Forecaster Direct,
LGBM Regressor, Linear Regression. The accuracy of the models was assessed by 4 indicators: mean absolute error
(MAE), mean relative error (MAPE), root mean square error (RMSE), and correlation coefficient (R square or R2).
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