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ABSTRACT

Wang Yi. “Formation of the risk management system for manufacturing
enterprises”.

Qualification scientific work in the form of the manuscript.

Thesis for the degree of Doctor of Philosophy in the specialty 073
“Management” (07 “Management and Administration”). National University of Life
and Environmental Sciences of Ukraine, Kyiv, 2026.

The thesis 1s devoted to the substantiation of theoretical provisions and the
development of practical recommendations for the formation of an integrated risk
management system capable of ensuring the resilience of manufacturing enterprises to
the negative impacts of the macro- and microenvironment using modern digital
technologies. Achieving the research goal is based on the analysis and systematization
of the theoretical and methodological basis of risk management using such methods as
comparison, generalization, cartographic, economic and mathematical modeling,
statistical, descriptive statistics, matrix, etc., as well as on diagnosing the current state
of risk-oriented management of enterprises in the sector.

The conducted retrospective study of scientific views allowed to identify
transformational changes in approaches to determining the nature of risks and to
substantiate the author's interpretation of risk management of manufacturing
enterprises, which is a multi-level management system that includes the identification,
assessment and monitoring of risks. The work proves that under current conditions,
risk management cannot be limited only to minimizing negative consequences. Modern
risk management should be aimed at identifying and using potential opportunities to
strengthen competitive advantages and prevent the negative consequences of the
occurrence of risk. Important in the study is a clear distinction between the categories
of “risk” and “crisis”, where the latter is identified as a consequence of the
implementation of a set of threats under the conditions of ineffective management
mechanisms. This approach allows to focus on the proactive function of risk
management as a key tool for ensuring the viability of manufacturing enterprises and

preventing crisis phenomena.
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The work systematizes the stages of the risk management process, which made
it possible to identify six interrelated stages, the integration of which into the activities
of enterprises ensures the transition from reactive response to proactive prevention of
destabilizing states. A review of the controversial provisions on the classification of
assessment tools made it possible to substantiate the difference between qualitative and
quantitative analysis. Thus, qualitative methods focus on identifying connections,
sources and potential negative factors of risk events, while quantitative methods are
based on mathematical calculations of the probability of their implementation. It was
established that the choice of specific methods of influencing risks directly depends on
the overall development strategy and industry specifics of the enterprise.

Particular attention is paid to the analysis and systematization of regulatory and
legal support, the results of which substantiate the need to continue implementing
international standards into domestic practice. This may be reflected in tax incentive
mechanisms and the implementation of business continuity strategies.

The analytical part of the study is based on an assessment of the
macroenvironment of the functioning of the industrial sector of Ukraine for the period
2014-2024. Using statistical analysis methods and calculations of coefficients of
variation, standard deviation and moving average, significant structural imbalances
were identified, the cause of which was COVID-19 and military actions in Ukraine.
The data obtained indicate the instability of the macroenvironment and fluctuations in
important macroeconomic indicators, which has negative consequences for the
activities of Ukrainian manufacturing enterprises and necessitates the development of
an appropriate risk management model, which will be oriented, among other things, to
these dynamics.

In continuation of the study, an analysis of financial performance, calculation of
financial stability, liquidity and profitability indicators for 5 manufacturing enterprises
of Ukraine was carried out. A differentiated assessment of financial risks was also
conducted using discriminant models of Altman, Springate, Tereshchenko, Taffler and
Tishaw and calculation of the Beaver coefficient for the same enterprises. The results

obtained also reflected fluctuations in financial indicators. The applied approach made
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it possible to identify the relationship between the structure of the risk management
system and the financial performance of the business entities selected for analysis.
Based on the quantitative assessment of financial risks of a representative group of
manufacturing enterprises, a direct relationship between the level of hierarchical risk
management and indicators of financial resistance of business entities was proven.

Using modern digital analytical tools, a comparative analysis of search activity
in Ukraine and the EU countries was carried out. The results confirmed the need to
integrate the best European tools into the practice of domestic risk management,
namely, the transformation of risk-oriented thinking among Ukrainian entrepreneurs
from fragmented perception of terminology to the constant use of risk management
methods.

The methodological apparatus of the work was supplemented by the
development of an integral indicator of macroeconomic risk, which is based on
indicators of gross domestic product, consumer price index and exchange rate. The
feasibility of including these indicators was justified by the results of correlation and
factor analysis, which were subsequently standardized by the z-score method. This
allows us to differentiate the levels of external threats and their impact on the net profit
of the enterprise. In combination with the calculated financial insolvency index, an
author's matrix of macroeconomic and financial distress risks was proposed, which
contains nine quadrants and determines the available risk management vectors
depending on the ratio of external and internal risk factors.

In the development of the study, it is recommended to include in the system of
the above-mentioned risks also other risks that are typical of manufacturing enterprises
and are divided by external and internal characteristics. The proposed risks are
differentiated by the levels of probability of occurrence and impact, which allowed
developing measures to respond to them, which will significantly enhance the
effectiveness and capacity of the risk management system of manufacturing
enterprises. It is noted that the list of risks may have its own specifics depending on the

industry and the specifics of the enterprise's activities.
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The strategic directions and functional capabilities of digitalization of risk
management systems were investigated, which allowed to substantiate the feasibility
of implementing software products to intensify management processes and improve
the quality and efficiency of management decisions. As a result of the analysis,
recommendations were developed, which are differentiated by the scale and needs of
enterprises. This ensures a high level of adaptability of the proposed toolkit to the
specific requirements of Ukrainian manufacturing enterprises.

Particular attention i1s paid to the identification of specific risks of digital
transformation and the development of ways to mitigate them. The need to include
digital threats in the overall risk management system of the enterprise is proven, which
allows for proactive monitoring of the likelihood of their occurrence and the formation
of protective measures.

The final stage of the study was the justification of an integrated complex of
organizational-economic and digital mechanisms. As a result, a model of functional
allocation of responsibility for risk management was developed. This model takes into
account the scale of enterprise activities and integrates modern software products into
the overall management system. The proposed approach ensures the formation of a
holistic risk management system capable of adapting to the challenges of digitalization,
and also allows for the formation of a sustainable trajectory of development of
manufacturing enterprises in the future.

The applied significance of the results obtained lies in the possibility of
implementing scientific provisions, methodological approaches and practical
recommendations in the activities of manufacturing enterprises. The purpose of these
measures is to strengthen strategic stability and minimize the impact of negative factors
of the external and internal environment of business entities. In particular, the
developed macroeconomic risk assessment tool allows enterprises to optimize
management decisions and ensure stable functioning in conditions of high market
volatility. The implementation of the results of the dissertation research into the real

sector of the economy is confirmed by relevant acts and certificates of implementation.
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The thesis is an independently completed scientific work in which the author

substantiates the conceptual principles of forming an integrated risk management

system and proposes a set of organizational-economic and digital mechanisms for
proactively responding to threats to the activities of manufacturing enterprises.

Keywords: risk, risk management, manufacturing enterprises, anti-crisis

management, proactive management, insolvency risk, financial risk, production risk,

logistics risk, macroeconomic risk, digitalization.

AHOTAIIA

Ban 1. “dopMyBaHHS cHCTeMH pH3MK-MEHEIKMEHTY BHPOOHHYHX
MiANPUEMCTB” .

Kramidikaiiiina HaykoBa mparlisl Ha rpaBax pyKOIHUCY.

Hucepranisi Ha 3100yTTS HAYKOBOTO CTymHeHs mJokTopa itocodii 3a
cremianpHicTIO 073 “Menemxment” (07 “YmopaBiaiHHS Ta aAMIHICTpYBaHHS ).
Hamionanpuuii yHiBepcuTeT OiopecypciB 1 MPUPOJOKOpUCTYBaHHS YKpainu, Kwuis,
2026.

Jluceprailito MprucBsIY€HO OOIPYHTYBAHHIO TEOPETUYHUX MOJI0KEHb Ta PO3POOIT
NPAKTUYHUX PEKOMEHAAINd 1moa0 (OpMyBaHHS I1HTErPOBAHOI CHUCTEMH PH3HUK-
MEHEJDKMEHTY, 3/1aTHOI 3a0e3MeYMTH CTIMKICTh BHUPOOHHUYHUX ITIANPUEMCTB J0
HEraTUBHUX BIUIMBIB MAakKpO-, MIKPOCEPEIOBHUIA 3 BUKOPUCTAHHSIM Cy4acHUX
1udpoBux TexHONOTIH. J[OCATHEHHS METH JOCHIJDKCHHS 0a3yeThCs Ha aHali3i Ta
CUCTEMaTH3aIlli TEeOPETHKO-METOJOJIOTIYHOT 0a3W yMpaBliHHS pPHU3UKAMH 32
JIOTIOMOTOI0 TaKMX METOJIB SIK TOPIBHSHHS, Yy3arajdbHEHHS, KapTorpadidyHui,
€KOHOMIKO-MaTeMaTHYHOTO MOJENIOBAHHS, CTaTUCTUYHOTO, OMUCOBOi CTAaTHUCTUKH,
MATPUYHOTO TOMIIO, a TaKoXX Ha [IarHOCTYBaHHI CY4YaCHOTO CTaHy pH3HK-
OpIEHTOBAHOI'O YIPABIIHHS MiANPUEMCTB BUPOOHUUOI chepHu.

[IpoBeneHe MAOCHIKEHHS PETPOCTIIEKTHBH HAYKOBUX TMOTJISAIIB JTO3BOJIUIO
BUSBUTH TpaHc(hOpMalliiiHl 3MIHM y TIAX0JaX 0 BU3HAYEHHS MPUPOJAM PU3HKIB Ta
OOTpYHTYBaTH  aBTOPChKE  TPAKTyBaHHS  PHU3UK-MCHEDKMEHTY  BUPOOHWYHUX

OIJOPUEMCTB, 110 € 0araTOpiBHEBOIO CHUCTEMOIO YIPaBIIHHS, $Ka OXOIUIIOE
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11eHTU(IKaIii0, OIIHIOBAHHS Ta MOHITOPUHI PHU3HKIB. Y poOOTI JOBENEHO, IO B
yMOBaX CHOTOJICHHS YINPABIIHHA pU3HKAMU HE MOXKE OOMEXYBAaTUCS JIUIIIE
MIHIMI3aI[l€l0 HEraTUBHMX HacHijaKiB. CydacHUH pPH3HK-MEHEIKMEHT Mae OyTH
CIPSIMOBAaHUM Ha 1ICHTU(]IKAIIO Ta BUKOPUCTAHHS MOTEHIIMHUX MOKIUBOCTEH NS
3MIITHEHHSI KOHKYPEHTHUX TepeBar Ta yrnepeyKeHHs HeTaTUBHUX HACIIIKIB HACTAHHS
pu3uKy. BaxsiuBuM B JTOCHIIKEHHI € YITKE PO3MEKYBaHHS KaTEropiil «pu3HK» Ta
«KpHu3a», € OCTaHHIO 11€HTU(]IKOBAHO SIK HACIIJIOK peaii3alilii CyKymHOCTI 3arpo3 3a
YMOB HEE(PEKTUBHOCTI YIPABIIHCHKAX MEXaHi3MIB. Takuil MiaX1J J103BOJISIE
aKIICHTYBAaTH yBary Ha MPOAKTUBHIA (YHKIII pU3UK-MEHEKMEHTY SK KIFOYOBOTO
IHCTpYMEHTY  3a0€3le4YeHHs] O KUTTE3AATHOCTI BUPOOHMYMX MIANPHEMCTB Ta
TIOTICPEIKEHHST KPU30BHX SIBHIII.

VY po6oTi cucTeMaTU30BaHO €Talu MPOLeCY YNPaBIiHHS PU3WKaMU, IO JAJIO0
3MOTY BUOKPEMHUTH IIICTh B3a€MOIIOB’3aHUX CTaJliM, 1HTErpallis sIKUX y JTisJIbHICTh
HiAIPUEMCTB 3a0e3Medye MepexiJl Bii peakKTUBHOTO pearyBaHHs /10 MPOAKTUBHOIO
HEJONYIICHHs JecTadimi3yrounx craHiB. [leperisa AMCKYCIMHMX IOJOXKEHBb 010
Kjacudikalii iIHCTpyMEHTApII0 OIIHIOBAHHS JI03BOJIUB OOTIPYHTYBATH BIIMIHHICTB M1k
SKICHUM 1 KUJIbKICHUM aHaji3oM. Tak, sikicHi MeToiu OKYyCYIOThCSl Ha 171eHTUdIKaIii
3B’SI3KIB, JKEpEJ Ta MOTEHIIMHOTO HETraTMBHOTO (DaKTOpy PpHU3MKOBHUX TMOMIM, a
KUTbKICHI — 0a3yloThCs HAa MaTEeMaTUYHMX pO3paxyHKaxX MWMOBIPHOCTI IXHBOI
peanizamii. [Ipy 11bOMy BCTaHOBIIEHO, IO BUOIP KOHKPETHUX METOJIB BIUIMBY Ha
pU3HMKHU Oe3MmocepeIHbO 3aJIeKUTh BiJ] 3arajlbHOI CTpaTerii pO3BUTKY Ta raiay3eBoOi
crierudiKy TiIPHEMCTBA.

OcoOnuBy yBary MpUAIJICHO aHali3y Ta CHCTeMaTu3aiii HOPMAaTUBHO-
IpaBOBOTO 3a0€3MedeHHs, 3a pe3yibTaTaMH dYOr0 OOTPYHTOBAHO HEOOXITHICTh
IPOJOBKEHHS IMIUIEMEHTALll MDKHAPOJAHUX CTAHIAPTIB Y BITUYM3HAHY NpakTuKy. Lle
MOK€E B1JOOpaXKaTUCs y MeXaHI3MaX MOAAaTKOBOI'O CTUMYJIIOBAHHS Ta BIIPOBAKEHHS
cTpaTeriit 6e3nepepBHOCTI Oi3HECY.

AHaniTiyHa ~ 4YacTMHa  JOCHIDKEHHS ~ 0a3yeTbcsi  HAa  OLIHIOBaHHI
MakpocepeloBUIla (PYHKI[IOHYBaHHS MPOMUCIOBOIO CEKTOPY YKpaiHu 3a Mepioj

2014-2024 poku. 3a JOMOMOIOI0 METOJIB CTATUCTMYHOTO aHaNI3y Ta PO3PaxyHKIB



Docusign Envelope ID: 1E7AED5B-C0C9-808E-8316-D3D909816A30

8
Koe(ilieHTIB Bapiaiii, CEpPeIHbOr0 KBAJAPATUYHOTO BIIXWICHHS Ta KOB3HOTO
CEpPEeNHBOTO BHUSBICHO 3HAYHI CTPYKTYPHI AUCHPOIOPINi, MPUUYUHOIO SIKAX CTaJIH
COVID-19 Ta BoenHi nii Ha Tepuropil kpaimn. OTpumaHi JaHl CBiAYaTh MPO
HECTAaOUIbHICTh MAaKpPOCEPEIOBHINA Ta KOJWBAHHS BAXKIMBUX MAaKPOCKOHOMIYHUX
MTOKA3HMKIB, [0 MA€ HETATUBHI HACIIIKHU IS AiSUIHHOCTI BUPOOHUYMX MIAIPHEMCTB
VYkpainu Ta 0OyMOBIIOE€ HEOOXITHICTH PO3POOKM BIAMOBIIHOT MOJAENT PHU3HK-
MEHEKMEHTY, sIKa OyJie OpIEHTYBAaTUCh B TOMY YMCIII i HA JaHy THHAMIKY.

B nponoBkeHHS AOCHIJKEHHS 3[1MCHEHO aHali3 (piHAHCOBUX pe3yJIbTaTiB
TIAJBHOCTI, PO3PaxyHOK TIOKa3HMKIB (IHAHCOBOI CTIMKOCTi, JIIKBIZHOCTI Ta
PEHTA0ENIBHOCTI MO0 5-X BUPOOHMYMUX MIANPUEMCTBAX YKpaiHU. A TaKOX IPOBEIECHO
nudepeHiioBaHe  OLIHIOBaHHS  ()IHAHCOBMX  PU3HMKIB 13  3aCTOCYBaHHSAM
JTUCKpUMIHAHTHUX Mojenie AnbTt™mana, Crpinreita, Tepemienko, Tadiepa ta Timoy
Ta po3paxyHKy koedimieHTy biBepa mo Tux camux mianpueMcrBax. OTpumani
pe3yJbTaTy  BiIOOpaswjid Tak caMO KOJWBaHHSA ()IHAHCOBUX  ITOKA3HHUKIB.
3acTOCOBaHUM MIJX1J 1aB 3MOTY 11€HTU(]IKYBaTH 3B’ SI30K MK CTPYKTYPOIO CUCTEMH
PU3UK-MEHEDKMEHTY Ta (J1HAHCOBOKO PE3YJbTAaTHBHICTh CYy0’ €KTIB TOCIOAAPIOBaHHS,
oOpanux s aHamizy. Ha OCHOBI KIUJIBKICHOI OINIHKKM (PIHAHCOBUX PU3HUKIB
pEnpe3eHTAaTUBHOI TPYNH BHUPOOHUYMX MIAMPUEMCTB JOBEACHO MPSIMY 3aJEKHICTh
M1k pIBHEM 1€papX14HOi MOOYI0OBU PUZHK-MEHEKMEHTY Ta MOKa3HUKaMH (DiHAHCOBOI
PE3UCTEHTHOCTI Cy0’ €EKTIB TOCIIOAAPIOBAHHS.

3a OMOMOTO0 CydYacHHUX MU(PPOBHUX AHATITUYHUX IHCTPYMEHTIB 3/IIMCHEHO
MOPIBHSUTHHUYM aHaJi3 TONIYKOBOT aKTUBHOCTI B YKpaiHi Ta kpainax €C. Otpumani
pe3yibTaTH MIATBEPAWINM HEOOXIMHICTh IHTETparlii Kpamoro €BPOMEHCHKOTO
IHCTPYMEHTApII0 y TPAKTUKY BITUYM3HIHOTO PHU3UK-MEHEIKMEHTY, a caMe
TpaHchopMallii PU3UK-OPIEHTOBAHOIO MHCIIEHHA Y YKPAlHChKUX MIANPUEMIIIB Bij
dbparMeHTapHOTrO CHPUUHSITTS TEPMIHOJIOTII JO MOCTIHHOTO BUKOPUCTAHHS METOJIIB
YIOPABIIHHS PU3UKAMH.

MeTtonnuHwuii amapaT poOOTH TOTOBHEHO PO3POOKOIO IHTETPATLHOTO TOKa3HUKA
MaKpOEKOHOMIYHOTO pPH3UKY, SKUWA 0a3yeTbcsi Ha TOKAa3HMKAX BHYTPIIIHHOTO

BaJIOBOTO TMPOAYKTY, 1HACKCY CIIOKHBUMX I[IH Ta Kypci BamoT. JlOUUIBHICTh
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BKJIFOUCHHSI JaHUX TOKA3HUKIB OyJI0 OOTPYHTOBAHO pe3yJibTaTaMU KOPEISAIIHHOTO Ta
dakTopHOTO aHANI3y U SIKI B MOJATBIIOMY OYJIO CTaHIAPTU30BAHO METOJIOM Z-SCOT€.
Ile mo3Bomsie audepeHIiroBaTi PiBHI 30BHIMIHIX 3arpo3 Ta iX BIUIMB HA YHUCTHHA
npuOyTOK MIAMPUEMCTBA. Y TIOETHAHHI 13 PO3paxOBaHUM iHJEKCOM (DiHAHCOBOI
HETUIaTOCIIPOMOKHOCTI 3alPOIIOHOBAHO aBTOPCHKY MATPHIII0 MAKPOEKOHOMIYHOTO Ta
(1HAHCOBOTO PU3HUKY, IO MICTUTH JEB’ATh KBAJPAHTIB Ta BU3HAUYa€ HAsBHI BEKTOPH
PUBHK-MEHE)KMEHTY 3aJIe)KHO Bl CHIBBIIHOUIEHHS 30BHIIIHIX Ta BHYTPIMIHIX
(akTOpiB PU3HUKY.

B poO3BUTOK JOCHITKEHHS PEKOMEHIOBAHO BKIIOYEHHS JO CHCTEMH
BUIIE3a3HAYEHUX PHU3UKIB ¢ 1HII PU3UKHK, SKI [PUTaMaHHI BHPOOHUYUM
HINPUEMCTBAM Ta SIKI MOJAUICHO 3a 30BHINIHBOIO Ta BHYTPINIHBOIO O3HAKOIO.
3anponoHOBaHl PU3MKU HU(EpeHIIioBaHO 3a PIBHSAMU HMOBIPHICTIO HACTaHHS Ta
BIUIMBY, LIO JO3BOJIMJIO PO3POOMTH 3aXOAM 13 pearyBaHHS Ha HHUX, SIKI 3HAYHO
HIACKIATh  €(EeKTUBHICTh Ta  CIPOMOXHICTb CHUCTEMH  PHU3UK-MEHEIKMEHTY
BUPOOHUYUX TMIAIPUEMCTB. 3ayBa)K€HO, IO CIHUCOK PHU3HKIB MOXE MaTH CBOIO
crieniniKy B 3aJI€KHOCTI B1JI rajy3l Ta crenugpiku poOOTH MiANMPUEMCTBA.

JocmipkeHo — cTrpaTeriyHi  HampssMu  Ta  (QYHKIIOHAJIBHI ~ MOXKJIMBOCTI
mu@poBizaiii CUCTEeM YIPABIIHHS pHU3HKAMH, [0 JO03BOJWIO OOIPYHTYBATH
JOIUIBHICTh ~ IMIUIEMEHTAIlll NPOrpaMHUX  MPOAYKTIB 17 iHTeHCHiKaIii
YOPABIIHCHKUX MPOIIECIB Ta MIABUIICHHS SKOCTI Ta €(EKTHBHOCTI YMPaBIIHCHKUX
pimeHs. B pe3ynbrari TpOBENEHOro aHamizy po3poOJIEHO peKOMeHmarlii, sKi
nudepeHIiioBaHo 3a MacmrTaboMm Ta motpebamu mignpuemctB. lle 3abesmeuye
BHUCOKHN PIBEHb aJaNTHBHOCTI 3alPOTIOHOBAHOTO IHCTPYMEHTAPIIO A0 CrerudiaHuX
BUMOT YKPaiHCHKUX BUPOOHUYUX ITiAMPUEMCTB.

Oco6nuBy yBary B poOOTI HNpUALIEHO ineHTU(IKalli crnerudiuHuX PU3HKIB
mugpoBoi TpaHchopmanii Ta po3poOJEHHIO NUISXIB iX HiBedtOBaHHA. JloBeneHO
HEOOXIJHICTh BKJIOYEHHS MU(PPOBHX 3arpo3 y 3arajlbHy CHUCTEMY pPHU3HK-
MEHEPKMEHTY HiAMPUEMCTBA, 1110 O3BOJISAE 3A1HCHIOBATH MPOAKTUBHUI MOHITOPHHT

AMOBIPHOCTI X BUHUKHEHHA Ta (POPMYBaTH 3aCOOU 3aXHCTY.
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3aBepiiaJbHUM €TarnoM JOCIHIKEHHSI CTajo OOIPYHTYBaHHS I1HTEIPOBAHOTO
KOMIUIEKCY OpTaHi3aliifHO-€eKOHOMIYHOTO Ta IupoBOro MexaHi3miB. B pesynbrati
po3po0IeHO MOJIETh (DYHKIIIOHATLHOTO PO3MOJILTY BIAMOBIIATHHOCTI 32 YIPABIIHHS
pusnkamu. JlaHa MoJZienh BpaxoBy€ MacmTabM JisSIbHOCTI MIAMPUEMCTB Ta IHTETPYE
CyyacHI MpOrpaMHI MPOAYKTH Yy 3arajbHy CHCTEMY YTNpaBIiHHsS. 3alporOHOBAHUN
miaxin 3abesneuyye (HOpMyBaHHS IUTICHOI CHUCTEMH PHU3UK-MEHEIKMEHTY, 3JaTHOI
aJanTyBaTHCs 10 BUKIUKIB LU(DpOBI3alii, a TaKOX I03BOJSE CPOPMYBaTHU CTaILy
TPAEKTOPIIO PO3BUTKY BUPOOHUYUX MMIANPUEMCTB B MAOYTHHOMY.

[lpuknagHa 3HAYYLIICTh OJEPKAHUX PE3YJbTATIB MOJATA€E Y MOMKIMBOCTI
IMIUIEMEHTAIlli HAayKOBUX TIOJIO)K€Hb, METOJMYHUX MIAXOJIB Ta NPAKTUYHUX
pEKOMEHJalli y JiIbHICT BUPOOHUYUX MIANPUEMCTB. METO JaHHX 3aXOJliB €
3MIIHEHHS] CTpaTeriyHoi CTIMKOCTI Ta MiHIMI3allisl BIUIMBY HETaTUBHUX YWHHUKIB
30BHIIIHBOIO Ta BHYTPIIIHHOTO CEPEJOBHILA CYO’€KTIB TOCHOAAPIOBaHHA. 30Kpema,
pO3pO0JICHUI 1HCTPYMEHTApii OIIHIOBAHHS MAaKpPOCKOHOMIYHUX PU3HUKIB J03BOJISE
M1MPUEMCTBAM ONTUMI3YBAaTH YHPABIIHCHKI PIIICHHS Ta 3a0€3MEYUTH CTaAOIIbHICTh
(GYHKIIOHYBaHHS B YMOBax BHCOKOi BOJATWJIBHOCTI pPHUHKY. BnpoamxeHHs
pe3yibTaTiB  UCEPTAIIHHOTO JOCHI/DKEHHS y pPEAJbHUM CEKTOp EKOHOMIKH
1ITBEP/KYETHCS BIATIOBITHUMH aKTaMH Ta JIOBIIKAMHM PO BIIPOBAKCHHS.

Jucepraiiisi € caMOCTIMHO BHUKOHAHOIO HAYKOBOIO TIPAIlCl0, Y SIKI aBTOPOM
OOTPYHTOBAHO KOHIENTYaJIbHI 3acaau (OpMyBaHHS 1HTETPAIIHOI CHUCTEMHU PHU3UK-
MEHE/DKMEHTY Ta 3alpOIllOHOBAHO KOMIUIEKC OpraHi3aliifHO-eKOHOMIYHOTO Ta
u(pPOBOr0 MEXaHI3MIB TMPOAKTHBHOTO pearyBaHHS Ha 3arpo3d JisSTIbHOCTI
BUPOOHUYWX TIAPUEMCTB.

Knwouosi  cnosa: pusuk, pPHU3NK-MEHEKMEHT, BUPOOHHMYI TiAIPHEMCTRA,
AHTUKPU30BHUIA MEHEIHKMEHT, TPOAKTHBHE YIPABIIHHS, PU3UK HETIATOCITPOMOXKHOCTI,
(1HaHCOBUW PU3UK, BUPOOHMYUN PHU3UK, JOTICTUYHUN PHU3UK, MAKPOCKOHOMIUYHUN

PU3HK, HU(PPOBI3aLi.
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INTRODUCTION

Relevance of the topic. The current stage of development of the global
economic system is characterized by a high level of uncertainty, due to increased
geopolitical tension, technological transformations and global economic challenges.
These trends are gaining strategic importance for Ukraine. In the presence of global
instability, full-scale military aggression has caused significant destabilization of the
country's socio-economic environment. Under these conditions, the formation of an
effective risk management system at manufacturing enterprises becomes a necessary
element of ensuring their viability and resilience to modern challenges. The functioning
of manufacturing enterprises in a state of constant uncertainty requires the
abandonment of existing risk management models in favor of proactive risk-oriented
approaches capable of working in critical conditions.

The relevance of this study is enhanced by Ukraine's strategic course towards
integration into the European Union. Adaptation of domestic management systems to
EU standards involves the implementation of modern management principles, where
risk management plays a central role. This directly correlates with the Sustainable
Development Goals adopted by the UN, in particular, in the context of building
sustainable infrastructure, ensuring economic resilience to environmental impacts and
ensuring responsible production, which corresponds to goals 9, 8 and 12
respectively [108].

An important factor in the modernization of the risk management system is
digitalization, which opens up new opportunities for manufacturing enterprises to
mitigate threats, i.e. it becomes an alternative tool for optimizing costs and increasing
the accuracy of management decisions in conditions of uncertainty and limited
financial resources. The need to develop theoretical and applied principles for the
formation of a risk management system that meets European development vectors

determined the choice of the research topic.
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The theoretical and methodological framework of the study is based on the
scientific achievements of such Ukrainian scholars as Alekseieva K., Balanovska T.,
Butenko V., Vakulenko V., Volynets 1., Gavryk O., Dedenko L., Dielini M.,
Dramaretska K., Dudneva Yu., Ostapchuk A., Kovtun O., Kucher A., Mekh K.,
Pogonchuk A., Polous O., Svinous I.,, Sosnovska O., Tereshchenko E.,
Tereshchenko O., Tyurina N., Reshetylo V., Fedotova Yu., Fedulova I., Shynkaruk L.
Among foreign authors we can identify Altman E., Aquino Jr. P., Balaji S,
Beaver W., Chen Z., Jalagat Jr. R., Kennedyd S., Mehmood W., Mitterbaur P.,
Mubeen M., Quoc Toan N., Pesendorfer J., Rahman M., Rotinsulu D., Saerang D.,
Schmidinger E., Shreshta L., Simota J.,Springate G., Steiner F., Sujatha K., Thi
Khanh Van H., Tishow J., Tuffler R., Tupa J., Van Tuan L., Zehra B. The works of
these scholars highlight the principles of management and sustainable development of
manufacturing enterprises in combination with aspects of risk management,
methodology for identifying threats and crisis management tools. The scientific
achievements of these authors allowed to form a basis for assessing the probability of
occurrence of risks in manufacturing enterprises.

Paying tribute to the scientific achievements of the mentioned scientists, it
should be noted that the rapid transformation of the environment and the specifics of
today's challenges require in-depth research into the mechanisms of forming a risk
management system at manufacturing enterprises. This determined the relevance of the
topic of the dissertation research, its goal and objectives.

The connection of work with scientific programs, plans, and topics. The
dissertation research was carried out in accordance with the scientific research plan of
the National University of Life and Environmental Sciences of Ukraine on the research
topic “Transformation of public finances in the context of modern challenges” (state
registration number 0124U002538). The research materials were used in the
preparation of recommendations for assessing the macroeconomic risk of enterprises
and the development of measures for managing the risks of manufacturing enterprises,

in particular financial risks, based on this toolkit, which will contribute to increasing
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the financial stability of enterprises and improving the risk management system of
business entities.

Purpose and objectives of the study. The purpose of the thesis is to substantiate
theoretical and methodological approaches to the formation of an integrated risk
management system for manufacturing enterprises and to develop practical proposals
for their implementation.

To achieve the stated purpose, the following objectives were formulated and
accomplished:

- to systematize scientific approaches to risk management in order to clarify the
essence and characteristics of the basic concepts;

- to propose a phased risk management process, as well as risk assessment
methods for building an effective risk management system for a manufacturing
enterprise;

- to analyze the regulatory framework for risk management, which will
contribute to improving approaches to the formation of enterprise risk management;

- to assess the level of macroenvironmental risks in order to identify potential
threats to manufacturing enterprises;

- to analyze the risks of the internal environment and risk management practices
of a representative group of enterprises to determine approaches to assessing their
viability in a risk environment;

- to conduct a comparative analysis of the specifics and current trends in the
formation of enterprise risk management systems in Ukraine and the EU countries,
which will allow determining current trends in the formation of risk-oriented thinking
among specialists of manufacturing enterprises;

- to model an effective enterprise risk management system taking into account
the assessment of external and internal factors;

- to propose a toolkit for assessing and selecting risk management methods for

manufacturing enterprises to build an effective risk management system;
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- to construct a model of the organizational-economic and digital mechanisms
for forming a risk management system for manufacturing enterprises in order to ensure
the comprehensive resilience of the enterprise to negative environmental influences
and create a basis for making proactive managerial decisions.

The object of the study 1s the process of developing directions for the formation
of a risk management system for manufacturing enterprises.

The subject of the study is a set of theoretical and methodological foundtions,
methodological tools, and practical aspects of forming a risk management system for
manufacturing enterprises using modern digital technologies.

Research methods. The scientific research is based on a complex of
interconnected general scientific and special methods, approaches and principles of
scientific knowledge, which made it possible to analyze the state and prospects for
further development of the formation of risk management at manufacturing enterprises.
In particular, the following methods were widely used in the work: logical
generalization and historical — to determine existing theoretical approaches to the study
of risk management; logical-semantic, scientific abstraction and comparison — in the
process of clarifying the conceptual and terminological apparatus of scientific research;
system analysis — to consider risk management as a complex system consisting of
interconnected elements; grouping and classification — in the process of dividing
assessment methods into qualitative and quantitative and in the typology of risks by
sources of origin; content analysis — in order to generalize and analyze the current
legislation on ensuring risk management at manufacturing enterprises, as well as in the
study of the results of inquiries from entrepreneurs in the EU countries; analogy and
comparative analysis — for studying the risk macroenvironment of manufacturing
enterprises; statistical and economic analysis, analysis of dynamic series — when
assessing the current state of manufacturing enterprises in Ukraine and the dynamics
of their financial indicators; analytical, generalization, cartographic — for visualizing
the results of the study, in particular, when conducting a study of the main dynamics

and trends in interest in the topic of risk among representatives of business and the
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industrial sector of the economy in Ukraine and the EU countries; descriptive statistics
— when assessing the volatility of the macroeconomic environment of Ukraine;
economic and mathematical modeling — for calculating the macroeconomic risk
indicator; matrix method — for constructing a nine-quadrant matrix of macroeconomic
risk and internal integral financial distress risk; modeling — for constructing a model of
the risk management system for manufacturing enterprises and an integrated complex
of organizational-economic and digital mechanisms for forming the risk management
system for manufacturing enterprises; statistical and graphical — when determining
approaches to constructing tables, graphs, schemes and diagrams to ensure the solution
of the general scientific tasks of the study.

The information base of the study is scientific works of leading Ukrainian and
foreign scientists on the topic of the study, current legislative and regulatory legal acts
of Ukraine, provisions of international standards DSTU ISO and other international
legal acts and standards on ensuring risk management, materials of the State Statistics
Service of Ukraine, reports of Ukrainian manufacturing enterprises that provide open
information on their main activities, results of own research and calculations, and
Internet resources.

The scientific novelty of the obtained results, which are submitted for defense,
consists in the development of theoretical and methodological principles and practical
recommendations for the formation of a risk management system for manufacturing
enterprises. The most significant results of the research, which include scientific
novelty, are:

first:

- a model of an integrated complex of organizational-economic and digital
mechanisms for forming a risk management system for manufacturing enterprises has
been developed, which provides synergy between the functional distribution of
responsibility (organizational component) and financial and economic monitoring and
assessment of risk parameters of activity (economic component) with the

implementation of specialized software (digital component);
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improved:

- methodological tools for diagnosing risks in the macroenvironment of
manufacturing enterprises through the comprehensive application of descriptive
statistics indicators in risk assessment, which allows monitoring dynamics, identifying
shock states to predict crisis situations and justifying the need to implement an adaptive
risk management model at the enterprise;

- methodological approach to the formation of a conceptual risk management
model, which, unlike existing ones, is based on the determination of the integral
indicator of macroeconomic risk (MAR), enabling the differentiation of management
strategies depending on the level of external threat (moderately acceptable, elevated,
high);

- a toolkit for assessing and selecting risk management methods by developing
a nine-quadrant matrix of macroeconomic risk (MAR) and internal integral indicator
of financial distress risk (FDR), which allows for differentiating risk response methods
according to the combination of external and internal determinants and provides the
opportunity to promptly adjust the tactics of a manufacturing enterprise in a volatile
environment;

further developed:

- conceptual and terminological apparatus of management theory by clarifying,
based on the analysis of its main characteristics, the meaning of the concept of risk
management in manufacturing enterprises as a comprehensive management system
focused not only on minimizing losses, but also on using opportunities to gain
competitive advantages;

- systematization of the process of functioning of the hierarchical model of
building a risk management system at the enterprise through the definition of six
consecutive stages for making optimal managerial decisions;

- streamlining the regulatory framework based on the implementation of
proactive risk management systems by shifting the focus from state control to incentive

mechanisms, in particular, providing investment tax credits for enterprises certified
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according to ISO 22301 and ISO 31000, implementing industry business continuity
strategies based on BCMS requirements and harmonizing Ukrainian legislation with
international standards;

- an approach to assessing the viability of manufacturing enterprises in a risky
environment through the prism of quantitative assessment of the degree of financial
risks with the integrated use of discriminant models, which allows determining the
connection between the level of stability of the enterprise's risk management system
and the instability of the macroenvironment;

- a methodology for analyzing the interest of business and the industrial sector
of the economy in risk research issues based on the use of content analysis and
comparative monitoring of search activity in Ukraine and EU countries, which allows
to substantiate the need for transforming approaches to risk management of
manufacturing enterprises on proactive methods taking into account global practices.

Practical significance of the obtained results. The conceptual provisions,
conclusions and practical recommendations formulated in the study will contribute to
a deeper understanding of the current state of the risk management system formation
in manufacturing enterprises. In particular, the results of the scientific research have
been used by:

- Private enterprise “Polymet” (Dnipro) has adopted and implemented the
proposed methodology for assessing macroeconomic risk and the financial distress
risk, as well as the subsequent construction of a risk matrix, into operations of the
enterprise, which will enhance the efficiency of risk management in terms of taking
into account the real assessment of the probability of occurrence of both external and
internal risks (Implementation Certificate No. 2026/3 dated January 12, 2026);

- The non-governmental organization “Community Unity - Prosperous Village”
in preparing recommendations and consultations on supporting manufacturing
enterprises in local communities, provided to enterprises of a manufacturing profile by

the NGO in terms of identifying and assessing risks associated with their operations,
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as well as recommendations on the formation of a risk management system for
manufacturing enterprises of various levels (Implementation Certificate);

- National University of Life and Environmental Sciences of Ukraine, in the
course of improving the scientific and methodological support and teaching of the
academic discipline “Crisis Management™ for students of the first (bachelor's) degree
of higher education in specialty 281 “Public Management and Administration”,
specifically regarding identification of risk management methods and strategies as
preventive measures to prevent crises (Implementation Certificate).

Personal contribution of the applicant. The thesis is a completed,
independently conducted scientific study, which presents the author's original
theoretical and practical findings regarding the formation of a risk management system
for manufacturing enterprises. The scientific results of the research were developed by
the author personally. In scientific publications published in co-authorship, the
applicant's contribution is indicated in the list of publications.

Approbation of the results of the thesis. The main theoretical conclusions,
proposals and recommendations of the thesis research were presented at one
international symposium and six international conferences, in particular at:
International Symposium on International Development of Education, Technology and
Management 2023 (California, USA, May 17-19, 2023); VII International Scientific
and Practical Conference “Inclusive Development of the National Economy: Global
Trends, Opportunities of Ukraine and the Role of the Agri-Food Sector” (Kyiv,
November 16-17, 2023); VIII International Scientific and Practical Conference
“Inclusive Development of the National Economy: Global Trends, Opportunities of
Ukraine and the Role of the Agri-Food Sector, Experience and Cooperation with the
EU” (Kyiv, October 23-24, 2024); I International Scientific and Practical Conference
“Scientific Research: Combining Theory and Practice” (Berlin, Germany, October 14-
16, 2024); IX International Scientific and Practical Conference of Higher Education
Applicants, Postgraduate Students and Young Scientists “The Role of Youth in the
Development of the Agro-Industrial Complex” (Kyiv, April 15-16, 2025); IX
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International Scientific and Practical Conference “Inclusive Development of the
National Economy: Global Trends, Opportunities of Ukraine and the Role of the Agri-
Food Sector, Experience and Cooperation with the EU” (Kyiv, October 21-22, 2025);
IT International Scientific and Practical Conference “Development of Economic
Systems in the Context of Globalization” (Kharkiv, November 20-22, 2025).
Publications. The main findings of the thesis research were published in 12
scientific works, including 1 article in a journal included in the international
scientometric database Web of Science Core Collection, 4 articles in Ukrainian
academic journals, and 7 abstracts of conference papers.
Structure and scope of the thesis. The total length of the thesis is 281 pages.
The work consists of an abstract, an introduction, three chapters containing 9
subsections, conclusions, a bibliography of 254 references and 11 appendices. The

work includes 41 tables, and 32 figures.
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CHAPTER 1
THEORETICAL FOUNDATIONS OF FORMING A RISK MANAGEMENT
SYSTEM IN MANUFACTURING ENTERPRISES

1.1. Evolution of scientific approaches to risk management, essence and
characteristics of basic concepts

In today’s realities, which dictate constant changes and unpredictable challenges
that affect all spheres of life in Ukraine, strengthening resilience is critically important.
This task is faced not only by enterprises, but also by state institutions, the public sector
and all of civil society, which need to adapt quickly to challenges. The “black swans”
of recent years — from the COVID-19 pandemic to a full-scale invasion — have
demonstrated the importance of being prepared for sudden shocks. In other words,
uncertainty forces us to instantly respond to challenges and adapt to conditions for
which we were not prepared.

Under these circumstances, building a risk management system becomes not just
necessary, but a critical condition for survival and development. Effective risk
management helps not only minimize potential losses but also use instability to identify
new opportunities and ensure resilience in the future. This is the foundation that enables
to respond quickly to threats and move forward with confidence.

For systematic analysis and justification of approaches to forming risk
management, we will first consider the essence of the definition of “risk”. In their
research, A. Pogonchuk and N. Tyurina prove the existence of two risk theories:
neoclassical, according to which risk is considered through the prism of the probability
of receiving losses depending on the decisions made, and classical, where risk is
defined as the probability of deviation from the goals set in the management
process [86].

Complementing and expanding the above-defined concept of risk, V. Reshetylo
and Yu. Fedotova within the scope of their study, define risk as the possibility of failing
to achieve set goals [109].
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An important prerequisite for the formation of an effective risk management
system is the analysis of the category of “uncertainty” and its clear distinction from the
concept of “risk”. Despite the existence of scientific approaches, where these terms
sometimes treated as synonymous, the actual nature of these phenomena differs
significantly. One of the early researchers of economic phenomena, who differentiated
the concepts of risk and uncertainty, is the American economist Frank Knight.
According to his approach, risk refers to situations in which the probability of a certain
event occurring can be calculated or objectively assessed. His approach, outlined in the
work “Risk, Uncertainty and Profit” showed that these two phenomena are
fundamentally different. Knight defined risk as a situation where the probability of an
event occurring can be objectively calculated, even if its consequences are unknown.
Such risk is subject to quantitative analysis and allows the application of mathematical
models, that is, decisions are made based on probabilistic calculations. At the same
time, uncertainty is a state when future events are completely unpredictable. According
to Knight, probabilities cannot be determined due to lack of data or the uniqueness of
the situation. In such cases, classical statistical methods do not work. Instead, decision-
making under uncertainty requires the Chief Risk Officer to rely on intuition and
experience, which have no objective basis. It is precisely on this basis that Knight
distinguished between these two concepts. This approach remains relevant today, as it
explains why some situations can be insured against, while others cannot [199].

The Ukrainian school of scientific study of the nature of risk is actively
investigating the transformation of this concept in the conditions of transitional
economies and crises. V. Vitlynsky, who is considered one of the founders of the
Ukrainian school, together with S. Nakonechny, consider risk as a multifaceted
category that combines both its objective and subjective characteristics, also offering a
toolkit for making managerial decisions under conditions of uncertainty [18].

The aforementioned scientists, V. Reshetylo and Yu. Fedotov, also reasonably
draw a line between uncertainty and risk. Uncertainty should be understood as a
situation when the development of events is ambiguous, and the available indicators of

processes cannot be predicted in the future [109]. In conclusion to the analysis, it
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should be noted that the main difference between these two concepts is that risk is a
controllable process and involves the availability of methods for calculating the
probabilities of its occurrence, while uncertainty remains a category that cannot be
calculated or predicted [31]. The characteristics of approaches to defining the concept

of “risk” are given in Table 1.1.

Table 1.1
Characteristics of approaches to defining the concept of “risk”
Author The focus in defining the concept of “risk”
Frank Knight [199] Risk is an objective, measurable probability of events

Risk is an inherent category of entrepreneurial activity

Vitlinsky V., Velykoivanenko H. [18] that arises under conditions of uncertainty and conflict

Defining risk as the possibility of failing to achieve set

Reshetylo V., Fedotova Yu. [109]
goals

Detailing the classical (deviation from the goal) and
neoclassical (threat of loss) theories of risk

Source: compiled by the author based on [18, 86, 109, 199]

Pogonchuk A., Tyurina N. [86]

In search of an answer to the question of what risk is, let us consider the
relationship between phenomena of “crisis” and “risk”. These two concepts are central
to management. They are often confused, but in fact they are not identical. One of the
first to draw a direct line from underestimation of risks to the emergence of large-scale
financial and systemic crises is Nassim Nicholas Taleb. According to N. Taleb’s
concept, a crisis arises where risk management is neglected and then the accumulated
or ignored risks are transformed into a phase of acute crisis [122].

Given that the modern environment with a high level of uncertainty is
characterized by crisis phenomena, the global crisis, the consequences of the COVID-
19 pandemic and the long-term martial law cause new conditions of fragility and
uncertainty, under which it is difficult to keep the situation under control, and the
consequences of these conditions cannot be predicted. To overcome the existing threats
of aggravating crisis situations, the implementation of a risk-based approach to
enterprise management is an effective mechanism, the basis of which will be the
process of identifying and analyzing risks, taking into account understanding the

vulnerability of the enterprise to emerging risks [41, 42].
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Among the scientists who establish a causal connection between risk and crisis,
there are also Ukrainian researchers. In particular, T. Syvak claims that “crisis
management does not arise simultaneously with the crisis, but is a response to the
challenges of numerous risks of the potential occurrence of a crisis, and the anti-crisis
component must be present in the management system as a whole” [118], and in the
works of G. Lihonenko, attention is focused on the fact that the crisis is the logical
outcome of unmanaged risk [69].

Rudenko S., Girzheva O., Ryzhykova N. and Nakisko O., in turn, prove that “the
presence of risks determines the probability of a crisis and the threat of crisis
situations... Risk management within the crisis management system must be flexible
and dynamic, able to quickly respond to changing conditions and make optimal
decisions promptly” [112].

Based on the above, in Table 1.2 we have formed the main conceptual

approaches to the formation of the connection between risk and crisis.

Table 1.2
Main conceptual approaches to forming the connection between risk and crisis
Approach Essence of connection
Risk is a probable event,
Causal C. o .
crisis is an actual event (realization of the risk)
Temporal Risk management operates at the pre-crisis stage (preventive type),
P crisis management operates during or after a crisis (reactive type)
. A crisis occurs when a critical number of unmanaged risks exceed the
Transformational e
threshold of stability of any system

Source: compiled by the author based on [69, 118, 112, 122]

Thus, the main causal connection between risk and crisis is that the crisis of an
enterprise is the result of untimely identification and inadequate response to internal
and external risks. Therefore, risk management at the preventive stage is an effective
tool for crisis prevention.

Having examined what the definition of the concept of risk depends on, we will
consider approaches to the formation of approaches to the definition of risk

management.
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In the works of O. Sosnovskaya and L. Dedenko, risk management is defined as
a risk management system based on the identification, assessment and study of risk. In
order to achieve a balance between strategic potential and the degree of risk, it is
necessary to correctly choose ways to neutralize their potential consequences [120].

Similar approaches are followed in the works of other authors. For example,
K. Mekh and I. Fedulova believe that in order to increase positive and reduce negative
consequences, the risk management process should include identification, analysis and
decision-making regarding risks [75], and I. Volynets defines risk management as “the
management of the enterprise as a whole, taking into account the impact of risks based
on the process of their identification, assessment and analysis, as well as the choice of
methods for neutralizing their consequences” [20].

Continuing the analysis of views on the concept of risk management, we note
that A. Pogonchuk and N. Tyurina offer a classical interpretation of this definition,
considering risk management as a sequence of actions to identify, assess and neutralize
risks within the operational activities of enterprises [86].

A slightly different emphasis is placed by V. Vasyuta and D. Guz, who link risk
management with the implementation of the main functions of the enterprise. They
believe that the main task of management is to organize activities in such a way as to
minimize the risk impact in order to obtain the greatest profit [15].

The current state of development of the Ukrainian business environment
involves a transformation of approaches to the definition of risk management. As
O. Rudych notes, in Ukraine there is a transition to a management model in which risk
management is no longer about a situational approach, but about its integration into
general management. This indicates that risk management is becoming a full-fledged
participant in strategic and tactical management, in which decisions are made on the
basis of analysis and assessment of the probability of occurrence of risk
situations [113].

Summarizing the scientific approaches of Ukrainian researchers, “risk
management” is defined as a strategic management system based on proactive

assessment of the probability of threats and implementation of actions to minimize
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them. The strategic vector in this case is its constant integration into the activities of
the enterprise. This ensures stable functioning under conditions of deviations from the
planned.

To define the concept of “risk management of manufacturing enterprises”, it is
first necessary to clarify what underlies the term “manufacturing enterprise”.

There are two views: classical (narrow approach) and modern (broad approach).

A manufacturing enterprise in the classical sense is an enterprise that, in the
process of its activities, converts raw materials, materials or other resources into
finished products. This definition was made because management as a science and field
of knowledge began to take shape in the industrial era with the advent of mass
production, which led to an increase in the scale of enterprises and, accordingly, the
need for effective labor organization. Therefore, this opinion was held by such famous
economists as the Scottish economist Adam Smith (“An Inquiry Into The Nature And
Causes Of The Wealth Of Nations”), it is his concept of added value that is key to the
definition of a “manufacturing enterprise” [228], Karl Marx, a German philosopher and
economist, who in his work “Das Kapital. Kritik der politischen Okonomie” when
analyzing the transformation of raw materials into commodities, considered production
as a process that results in the creation of added value [208].

Based on the above interpretation, the concept of “manufacturing
entrepreneurship” is considered as “activity that is directly related to the production of
products, performance of work, provision of services and information regarding this
for the purpose of further sale to buyers and consumers for profit” [78].

In other sources, manufacturing enterprises are considered as “a business entity
that is created to produce goods for sale” [200], and also “an enterprise that uses
equipment and machinery to process goods, allowing it to create a finished
product” [207]. That is, under manufacturing enterprises we mean enterprises that
directly produce finished products. The difference between the Ukrainian definition
and foreign ones is that in Ukraine, manufacturing enterprises also include those that
produce services, that is, these are all enterprises that produce not only finished

products in tangible form, but also the process of producing services. Foreign sources
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suggest a concentration on the production process of finished products that have
tangible form.

But it is worth noting that in the modern economy there is no longer a clear
boundary between “material goods” and “services”, so the concept of “production” is
used more broadly. It can be argued that a “manufacturing enterprise” is an enterprise
that, in the process of its activities, creates any good that has value for the consumer.
In our study, we will proceed from the position that manufacturing enterprises are
enterprises that produce both goods in material form and services, since this approach
1s more modern.

Thus, when defining the concept of “risk management of manufacturing
enterprises” it is not necessary to focus on the “production” components of the
enterprise. Therefore, risk management of manufacturing enterprises is nothing
more than a risk management system that includes the process of identifying, assessing,
monitoring, analyzing and controlling risks that are an obstacle to achieving the
strategic and tactical goals of the enterprise in order to develop measures to minimize
losses and use opportunities to gain competitive advantages.

In the following, we will trace how the attitude towards risk has changed over
time. O. Steshenko, in her study of the formation of riskology as a science, identifies
four periods of development of approaches to risk definition:

— 1st, covers the years 1970-1980, in which risk management was carried out by
specialists in financial departments;

—2nd, 1981-1990, during which state institutions joined risk management;

— 3rd, 1990-2000. During this period, there is a horizontal growth of
organizations under whose control market, credit and operational risks fall, and such a
function as “risk management” appears;

— 4th, the beginning of the 21st century is characterized by the complexity of
approaches to risk management [121].

We can agree with the periodization indicated by the author under the conditions
that riskology as a science is taken as the basis. But the phenomenon of “risk™ itself

has a longer history, the consideration of which must begin with the development of
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production and technologies. Therefore, we agree with A. Pekhnyk, A. Kroitor and
Yu. Zavgorodnaya, who, studying the history and modern approaches to risk theory,
note that the foundations of the emergence of the risk management system date back
to the 17th-18th centuries. [85].

Risk is the subject of many interdisciplinary studies. Thus, based on the study of
different approaches to determining the stages of risk management, we believe that the
evolution of scientific approaches to risk management occurred from a simple
phenomenon to an active management tool, which can be conditionally divided into 5
stages — lack of understanding of the existence of risk — simple understanding of the
existence of risk — risk avoidance — its identification — active management of it.

At the 1st stage, “Pre-scientific understanding of risk” (until the 17th century),
humanity had a complete lack of understanding of risk. Instead, the development of
crafts, and later the emergence of writing, enabled people to record economic
transactions, laid the foundations for calculations, analysis and control, and became the
first step towards managing uncertainty [85]. At this stage, risk was not a scientific
category, but an everyday reality, it was perceived simply as a manifestation of fate,
luck, giving a religious accent to the events that occur. Therefore, the first attempts at
the so-called “management” were intuitive and reduced to a reactive approach, that is,
actions were taken only after the occurrence of a risky event.

At the second stage, “Intuitive perception” (17th-19th centuries), risk was not
yet systematically analyzed. It was perceived as an inevitable and often unpredictable
part of life and economic activity. Therefore, when people began to realize that some
risks could be predicted, the main approach was to avoid them. Because of this,
entrepreneurs, for example, refused investments that seemed risky.

During this period, the first scientific achievements in the field of mathematics
began to appear, which laid the foundation for understanding risk assessment. The
contribution of French mathematicians Blaise Pascal and Pierre de Fermat to risk
management 1s, without exaggeration, fundamental. Their key achievement was the

creation of probability theory, which laid the foundation for quantitative risk analysis.
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They developed a mathematical model that allowed calculating the probability of
certain events occurring [57].

Despite the fact that at the third stage, the “Traditional” (late 19th century -
1970s), risk is still perceived as a negative phenomenon, the policy of its avoidance
continues, but the emphasis is shifted from simply avoiding but minimizing the risks
that arise. Entrepreneurs, when concluding agreements, began to shift responsibility to
the other party. This is how the first forms of insurance appeared, which allowed not
to manage risks, but to transfer them.

Moreover, during this period, risk management theories were developing. For
example, the English economist Alfred Marshall [3] did not study risk as a separate
category, but laid the foundations for its further analysis. The key achievement of the
American economist Frank Knight was the clear distinction between the concepts of
“risk” and “uncertainty” [199].

The I'Vth stage, “Systemic” (1970-1990) is characterized by the transition from
avoidance to systemic risk analysis. There is already an understanding that risk is part
of any system. At this stage, during the development of production and complex
business processes, there was a need to systematize risk analysis. And thanks to the
development of statistics and analytical observations, it became possible to identify,
describe and assess risk. At the same time, management still remained reactive, that is,
actions were taken only when the risk had already been identified.

At this stage, the first standards for risk management processes appear. An
example is the British standard BS 5760-7:1991 (IEC 61025:1990) Guide to failure
mode, effect and criticality analysis (FMECA), which became one of the first
documents to systematize the approach to risk management, moving it from an intuitive
level to a formalized one [156].

In the current, V-th stage, “Integrated”, starting from the 1990s and up to the
present, risk management has become an active process. Risk is no longer perceived as
a threat, now it has become a new opportunity. Companies actively integrate risk
management into their strategy (Enterprise Risk Management, ERM), for example,

through innovation or entering new markets.
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The basis for active risk management and the unification of risk management

approaches worldwide are documents and basic international standards, such as the

standards of the ISO 31000:2018 Risk management — Guidelines, Guide 73:2009 Risk

management — Vocabulary and COSO Enterprise Risk Management (ERM) —
Integrated Framework [163, 187, 194].

A retrospective of our vision of risk management approaches is presented in

Table 1.3.
Table 1.3
Evolution of scientific approaches to risk management in management

Stages Title Characteristics Areas of application Result

Ist to Pre-scientific Lack of ii?g:::e 213 : EZEZE:
W
17th understanding understanding of the | None
. . . after the occurrence
century | of risk existence of risk ) L.
of a risky situation
2nd, Simple
17th- Intuitive understanding of the ) The emergence of the
. . . Entrepreneurship .
19th perception existence of risk, first scientific
centuries risk avoidance achievements in risk
3rd, late Mainlv insurance theory (B. Pascal, P.
19th .. Avoidance and v u Fermat, A. Marshall,
Traditional o . and financial .
century- minimization of risk management F. Knight)
1970s 8
Project
4th, Risk study and management The emergence of the
1970- Systemic identi ficaz]ion 0 dustgrial ’ first standards (BS
1990 ) 5760-7:1991)
production

Sth, . All areas of activity | ISO 31000:2018,

. Active risk ) .
since Integrated manacement (from operational to | Guide 73:2009,
1990 & strategic) COSO ERM

Source: compiled by the author based on [3, 57, 85, 156, 163, 187, 194, 199]

Thus, the developed phasing of the evolution of risk management approaches,
from a lack of understanding of risk to using it in one's strategies as an opportunity,
allows us to assert that the emergence of integrated approaches, such as Enterprise Risk
Management and ISO 31000:2018, Guide 73:2009 standards, has transformed risk
management into an integral part of corporate governance, which requires constant

monitoring and adaptation to changes.
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In the modern world, where unpredictable events are the norm, every enterprise
operates in conditions of uncertainty and risk. In the realities of a full-scale invasion,
this problem has become particularly acute for Ukrainian companies. Risks can come
from different sources, have different degrees of impact and management, scale, nature
of occurrence and nature of impact, be external or internal depending on the specifics
of the enterprise and industry.

Therefore, in order to determine whether an enterprise will be able to
independently influence threats, it is necessary to understand the level of the hierarchy
at which they can arise. Systematization by the scale of influence distinguishes such
types of risks as mega-, macro-, micro- and meso-level risks. Mega-risks are risks of a
global scale that do not depend on the activities of a single country or company, but
have significant consequences for any enterprise. An example is a sharp increase in
energy prices on world markets and an automatic increase in the cost of production of
a manufacturing enterprise in response.

Macro risks are similar in structure, but with the difference that they are national
in nature and their sphere of influence is all enterprises within the country, regardless
of the type of activity. For example, the adoption of amendments to the Tax Code of
Ukraine may increase the tax burden on all enterprises without exception.

Next in the hierarchy are meso-risks, which operate at the regional or industry
level. An example is the shortage of qualified metallurgical engineers or surveyors in
a specific industrial region. In turn, micro-risks are risks inherent in the enterprise itself
or its immediate environment, which are formed under the influence of subjective and
objective factors. For example, untimely maintenance of equipment can lead to
breakdowns, injuries, etc.

According to the possibility of management, managed and unmanaged risks are
distinguished. This is one of the important classifications, because it determines how
to build risk management: either try to prevent and eliminate the causes of the risk or

prepare “backup” measures to minimize the consequences. Managed or controlled risks
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are internal micro-level risks that are identified through qualitative analysis with
subsequent steps to eliminate or manage them. For example, if there is a risk of
producing defective products, the company can control it by implementing a quality
control system according to ISO 9001:2015 and performing timely maintenance of
equipment.

It is more difficult with unmanaged or uncontrollable risks, which can be
conditionally divided into predictable and unpredictable. The sources of these risks lie
beyond the influence of the enterprise, so it cannot prevent their occurrence, but can
only adapt or insure itself against them. An example would be the risk of power supply
interruption due to large-scale accidents in the country's power system. These are
predictable macro-level risks, but since the enterprise cannot influence the situation, it
can only prepare alternative power sources. An example of unpredictable mega-level
risks could be the sudden imposition of an embargo on a certain type of product, which
makes it immediately unnecessary.

In the two levels of systematization we have considered, there is a certain
relationship in terms of the scale of influence and the possibility of management:
micro-risks are usually manageable, and mega-, macro-risks are unmanageable. The
multi-level classification of enterprise risks is presented in Fig. 1.1.

In order to understand how to build an effective risk management strategy in any
enterprise, in our opinion, it is necessary to take into account three main types of risk,
which are extremely important: external, internal and strategic. This division allows
not only to classify threats, but also to develop targeted and adequate modern

requirements tools for managing them (Fig. 1.2).
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mega-risks

- global crises,

- global pandemics,
- global climate change

macrorisks

- changes in national legislation,
- political instability,

by scale of
influence:

Risk systematization

- fluctuations in national currency

- military actions

mesorisks

-changes in regional environmental
standards,

- shortage of personnel in certain
specialties,

- shortage of specific raw materials,

- introduction of new DSTU
standards

micro-risks

- equipment breakdown,
- errors in the organization of the

iproduction process,

- conflict situations in the team

managed

- quality of management,

level of labor organization,

by management
ability

- financial discipline,

unmanaged

- personnel gualifications

- predictable or unpredictable:

- force majeure circumstances,

- changes in the world economy,

- political decisions

internal

by nature of occurrence:

- objective

- subjective

— by origin

external

by nature of impact:

- direct

- indirect

strategic

by time horizon:
-medium-term

- long-term

by level of criticality:
- restructuring

- liquidation of the enterprise

Fig. 1.1. Multilevel classification of enterprise risks

Source: compiled by the author based on [133, 194]
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Sources of risk

internal

- operational
- financial
- managerial (internal)

- risks related to personnel

external

macro level:

- political

- legal

- economic

- social

- technological

- cyberattack risks

- force majeure

micro level:

- consumers
- competitors
- suppliers

- partners

strategic

- managerial (incorrectly chosen strategy,
lack of innovation, reputational risks)

Fig. 1.2. Sources of risk

Source: compiled by the author based on [31, 73]

External risks are those risks that arise outside the enterprise and do not depend

on its activities. They cannot be controlled, but they can be predicted and, thanks to a

timely developed management strategy, their impact can be adapted and mitigated.

External macro-level risks have a global impact, regardless of the industry or

enterprise. Thus, political and legal risks arise due to changes in government policy,

legislation, political instability or military intervention; economic risks are associated

with inflation, currency fluctuations, economic crisis or the state of the economy as a

whole and are manifested in rising inflation, falling purchasing power and the onset of

financial crises. As for social risks, changes in the demographic structure, public
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sentiment, changes in values and priorities significantly affect the activities of the
enterprise, since they shape the environment in which it operates. Technological risks,
cyberattacks, equipment aging or disruption of technological processes are associated
with the rapid development of technologies, which in modern realities have become
“companions” of any management system. Natural risks arise due to natural
phenomena such as floods, earthquakes and droughts. All of the above
macroenvironmental risks are not a consequence of the activities of a particular
enterprise, but they affect all market participants.

Also worth noting are those external risks that may come from the immediate
environment with which the enterprise interacts on a daily basis. Consumers who
sharply change their preferences or decrease their purchasing power, competitors who
dump prices or introduce innovative products, suppliers who sharply increase prices or
stop work due to their own problems and partners who may violate the terms of
cooperation — these micro-level risks are certainly less large-scale than, for example,
political or economic, but they can have a negative impact on a particular enterprise.
Their peculiarity is that in one way or another they are part of the everyday interaction
of the business with the market.

Internal risks — risks that arise within the enterprise and are directly related to its
activities, structure, and management system. Unlike external risks, internal risks are
fully managed and controlled by the enterprise. They can be conditionally divided into
operational risks, which are related to internal processes (failure of production
equipment, inefficient logistics); financial risks, which arise due to inefficient financial
management (for example, incorrect assessment of an investment project); managerial
risks, which are related to the quality of internal management decisions, and risks
related to personnel — the emergence of conflicts, staff turnover, the level of employee
qualifications, and their motivation. Effective minimization of these risks is the key to
successfully overcoming external risks on one’s own [31].

Strategic risks are associated with key management decisions that affect the
long-term existence of the enterprise. They have a different level of responsibility and,

accordingly, require a special approach. Unlike external and internal risks, which are
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minimized during tactical planning, strategic risks require a review of the entire
business model of the enterprise, flexibility of strategy and constant analysis of the
external environment.

Therefore, understanding the classification of risks by source allows
management not only to effectively identify threats, but also to focus its efforts,
correctly allocate resources, and make decisions in accordance with the scale and
nature of threats

When classifying risks, modern expert research on business risks, which are
inherent not only to Ukraine, but also to the whole world, is important. Thus, a study
by Allianz, a leading insurance company and asset management company for private
and corporate clients, which operates in 70 countries around the world, is noteworthy.
In 2025, the 14th Allianz Risk Barometer was released, which is the result of a survey
of 3,778 respondents from 106 countries around the world. The survey covered
companies of all sizes. According to the data of this study, we can present its results in
Table. 1.4.

The table presents a summary of the Allianz Group study on the most important
business risks in 2024 and 2025. According to the report, the Top 10 most important
risks that are inherent in the world, and also, taking into account the geographical
location of Ukraine, also in Europe, are given. We also noted the share of respondents
who chose one or another risk. It is worth noting that the risks of Europe are not
identical to the global risks. Thus, we see certain differences in the places occupied by
risks, as well as existing risks that are included in the Top 10 in the world, but do not
have such a result in Europe (new technologies). And, in turn, there is the risk of “lack
of qualified labor”, which is selected as one of the most important in Europe, but is
absent from the survey results worldwide.

In modern conditions, the application of a risk-oriented approach in enterprise
management acquires strategic importance as a universal mechanism for identifying
and eliminating specific threats of the war period, which allows ensuring the continuity
of operational activities and minimizing the negative impact of uncertainty factors on

the production potential of business entities, regardless of their industry affiliation [8].
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Table 1.4
Key global business risks for 2025
Risk Risk Risk Risk
positionin | positionin | positionin | position in
global global European European
Risk name Risk characteristic ranking, ranking, ranking, ranking,
2025 2024 2025 2024
(share of (share of (share of (share of
respondents) | respondents) | respondents) | respondents)
Cyber incidents Cybercrime, data
leaks, malware 38% 36% 42% 37%
Business Including supply 2 2 3 2
interruption chain disruptions 31% 31% 33% 32%
Storms, floods,
. earthquakes, 3 3 2 3
Natural disasters | o peme  weather | 29% 26% 33% 25%
events
New  directives,
application of
protectionist
measures,
Legislative and | environmental, 4 4 4 4
tonges” | sovernance | 2% 19% 25% 21%
requirements,  as
well as regarding
sustainable
development
Both physical and
. financial risks as a 5 7 5 7
Climate changes | oo™ of global | 19% 18% 19% 18%
warming
Fires and 6 6 6 6
explosions 17% 19% 18% 19%
Inflation,
Macroeconomic | deflation, 7 5 8 5
Changes monetary policy of 15% 19% 13% 20%
the state
Increased
Market Ch c?mpetition, new ] 9 112(3/ .
arket Changes | players, mergers, 0 o 0 -
market 14% 13% New
fluctuations
" . Political
Political ~ risks | . 1 9 8 7 10
and violence igsrtg})ilslg}:’etc war, 14% 14% 18% 15%
New Atrtificial 10
technologics intelligence  and 10% -k - -
g the risks of'its use New
. Loss of
Lack of skilled s 9 8
competitive - - 0 0
labor advantage 12% 16%

* - the risk was not among the Top 10 response results in 2024 or is not specific to the region,

or is not identified at the global level as the most important

Source: compiled by the author based on [148, 149]
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Thus, having systematized the views of scientists on approaches to the concepts
of risk, uncertainty, risk management, and having analyzed what the term
“manufacturing enterprise” underlies, we have proposed an interpretation of risk
management of manufacturing enterprises as a risk management system, which
includes the process of identifying, assessing, monitoring, analyzing, and controlling
risks that are an obstacle to achieving the strategic and tactical goals of the enterprise
in order to develop measures to minimize losses and use opportunities to gain
competitive advantages.

The examination of the relationship between risk and crisis has led to the
conclusion that these two phenomena are interdependent, which is reflected in the
following. Since the emergence of a crisis in an enterprise is often the result of
ineffective risk management, preventing crises in the future requires the development

and implementation of an effective risk management strategy.

1.2. Stages of risk management and risk assessment methods in
manufacturing enterprises

With this in mind, it is important to consider the risk management process, which
also justifies an in-depth analysis of risk assessment and management methods.

As already noted, the main goal of forming a risk management system at an
enterprise is to maximally neutralize future risk and reduce the negative consequences
of its impact on the activities of a given enterprise. To achieve this goal, it is necessary
to build a system that would be integrated into the work of the enterprise itself and
provide for a constant risk management process.

This process consists of the corresponding stages, which have been the subject
of considerable attention from Ukrainian scientists. The number and characteristics of
the stages vary depending on the vision of academics and researchers. The analysis of
the works made it possible to generalize the stages and propose an author's approach
to determining the stages of the risk management process at the enterprise and their
characteristics.

The risk management process at enterprises takes place in stages, which are

shown in Fig. 1.3.
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\- {} J
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Fig. 1.3. The process of functioning of the risk management system at the enterprise
Source: systematized and developed by the author based on [7, 20, 115, 120]
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Ukrainian scientists, studying the stages of risk management at the enterprise,
distinguished from 4 stages to 6 stages. Depending on the number of stages, their
characteristics and scope of work are given. Summarizing and taking into account the
urgent importance of an adequate and timely response to the occurrence of risk and
reducing its negative impact, we have identified 6 stages that must be followed when
forming and implementing a risk management system at any enterprise. Moreover, they
can be applied to enterprises of any size, but will differ in the number of people directly
involved in the risk management process, the scale of work performed related to risk
management, etc.

The first stage can be defined as preparatory, which is no less important than the
others and which is initial and determining for the entire subsequent risk management
system. At this stage, work is carried out to determine the purpose of forming a risk
management system, the main tasks for its achievement, the necessary information is
collected, sources of information are determined, documentation is developed. At this
stage, it is necessary to determine the persons responsible for the formation, adjustment
and further functioning of the risk management system of a manufacturing enterprise.

At the “Risk Identification” stage, external and internal factors that influence the
occurrence of risks are investigated, the types of risks that can potentially arise are
determined, their characteristics, etc. Scientists consider the content of this stage
differently: some distinguish it as the most extensive, which includes what we have
deduced in other stages. We have to understand that the detailing of the management
process makes it possible to more carefully approach planning and its implementation,
which as a result significantly increases efficiency. Therefore, we have additionally
identified the 3rd and 4th stages, which involve the analysis and assessment of risks.
Each of them is important, large-scale and necessary for further effective risk
management.

The third stage is defined by us as “Risk Analysis”, which, based on what was
obtained in the previous stage, already analyzes them in more depth regarding the
probability of occurrence at a given enterprise and models the scenario in case of its

occurrence.
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The next stage, which deserves attention and is worth highlighting, is the risk
assessment stage. At this stage, various assessment methods are used, which becomes
the basis for further actions of the enterprise. This stage is distinguished by its
importance for conducting qualitative calculations and assessments, as this directly
affects the effectiveness of the enterprise risk management system.

Based on the results of the previous stage, the next stage should be implemented
— Neutralization or minimization or optimization of risks. It determines the methods
and tools of risk management in order to reduce their negative impact, analyzes the
potential of the enterprise to manage risks by its own forces or use external sources,
evaluates the effectiveness of the work carried out, etc. Note that this stage cannot be
defined only as the stage of neutralization or minimization of risks. Since each category
implies the achievement of different results, it includes a set of certain actions that lead
to a positive effect. Neutralization of risks assumes that the applied actions will lead to
the fact that the risk will not occur, it will be completely neutralized and leveled.
Minimization of risks assumes that the applied actions will lead to the maximum
reduction of negative consequences in the event of a risk. Optimization, in turn, can
also be defined as minimizing losses in the value of the enterprise [125], and as a way
to reduce the negative consequences of risks and maximize the achievement of the
initial goals of the enterprise. There are many risk management methods that allow
effectively manage this process. We will pay attention to the study of these methods
below.

The final — sixth — stage and one of the least represented in the works of scientists
1s the stage of monitoring and control. We consider it appropriate to highlight it
separately, since its importance is significant in the risk management process. This
stage involves analyzing the effectiveness of enterprise decisions, monitoring the
achievement of risk management goals and their adjustment depending on the changes
occurring in the enterprise, determining risk indicators and their constant calculation
and analysis, which allows to determine the effectiveness of the created risk

management system and the measures taken to neutralize risks. Control is an important
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function that significantly increases the efficiency of any process. It is necessary from
the point of view of the fact that we have to compare planned indicators with real ones,
check whether the adopted norms are observed or decisions are implemented, and how
well the risk management system is integrated into the enterprise.

It is worth noting that these stages of the risk management process at enterprises
should be systemic in nature and integrated into the activities of the enterprise. This is
possible regardless of the scale of the activity, although it is clear that this affects the
number of people involved in risk management, their expertise and area of
responsibility. However, regardless of the size of the company and the specifics of the
activity, the risk management system should be and have to be fully incorporated into
the company's activities.

For the complete disclosure of our study, it is necessary to consider the risk
assessment methods that should be applied at stage 4. As already noted, risk assessment
methods are divided into qualitative and quantitative. The difficulty of assessing risks
1s justified by the fact that they are hypothetical or difficult to estimate mathematically.

The issue of research into risk assessment methods has received sufficient
attention from both Ukrainian and foreign scientists. Among them, Petrova V.F. [84],
Shurda K.E. [139], Gritsai O.I., Defir 1.V., Kozak O.E.[22], Levchenko M.O. [68],
Koretska O.V., Khoteeva N.V., Chyzh L.P. [65], Shvets Yu.O. [138].

Qualitative risk assessment involves identifying risks, their analysis, conditions,
sources and causes of occurrence, as well as factors that have a direct impact on the
implementation of the enterprise's activities [84]. Levchenko M.O. defines the main
tasks of qualitative risk assessment as determining risk factors, as well as identifying
stages of an enterprise's activity where risk may arise [68]. The scientist proposes 4

groups of methods for qualitative risk assessment, which we present in Fig. 1.4.
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Qualitative risk
assessment
methods

1. Methods based | 3. Methods of 4. Heuristic

2. Methods of

on the analysis of . modeling the methods of
. collecting new o o
available information activities of the qualitative
information. ' organization. analysis.

Fig. 1.4. Groups of methods for qualitative risk assessment according to
Levchenko M.O.

Source: compiled by the author based on [68].

According to this author, groups of methods related to the processing of
information, both existing and new, acquire significant importance. This is justified by
the fact that information is the basis for determining possible sources of risk. In the
process of risk management, it is important to understand the role of information in it.

Shurda K. E. confirms the above and notes that qualitative risk analysis involves
both identifying specific risks that may arise and indicating the sources and causes of
their occurrence. Identification of sources and causes gives the opportunity to
understand where we can expect the risk to arise and, accordingly, how to respond to
it and what management methods to apply [139]. Qualitative risk assessment is focused
on both expert assessment and conducting various integrated assessments or applying
other expert methods.

Scientists note a different number of methods that can be attributed to qualitative
risk assessment. Moreover, there are also disagreements among scientists regarding the
attribution of certain methods to qualitative or quantitative risk assessment. Table 1.5
summarizes scientific views on the main methods of qualitative risk assessment.

The results obtained by an enterprise as a result of qualitative risk assessment
become the basis for further calculations of enterprises in quantitative risk assessment.

Their combination makes it possible to most effectively assess risk and ways to manage
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it. But we see that some scientists include in qualitative assessment methods not only
those related to the work of experts, but also statistical methods, although for the most

part they concern quantitative risk assessment.

Table 1.5
Qualitative risk assessment methods
Author Method name Characteristics according to the
author(s)
Petrova V.F. [84] Expert assessment method | It is used when there is not enough

information to apply static methods. It
consists in processing the opinions of
experts in this field (e.g. experienced
entrepreneurs). The author distinguishes
between individual and group expert
assessments.

Method of collective idea | Allows to get a large number of ideas;
generation (brainstorming | sources and causes of risk; possible
method). consequences of risk occurrence;
determination of risk management

methods, etc.

Sarana L.A., Statistical method Allows to assess the degree of impact of

Bilan O.V., Cost-benefit analysis | arisk that may arise on the enterprise.

Bityuk .M. [114] method
Expert assessment method

Shurda K. E. [139] Expert method: Processing of expert assessments from
Questionnaires the field of activity of the enterprise. As
SWOT analysis well as deriving the integral level of risk.
Delphi method This method includes both logical
Score method operations and mathematical and
Ranking statistical methods.

Pair comparison

Rosie and the risk spiral
Project stage risk
assessment

Cost relevance analysis | Identifies potential risk areas.
method
Method of analogies Similar projects are analyzed, taking into
account the conditions of their

implementation.

Source: compiled by the author based on [9, 84, 114, 139].

It is also worth mentioning the methods that Danchenko O. defined as methods

of risk identification. The scientist provides methods that should be used in the early
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stages of risk occurrence, when various signs begin to appear. To take these signs into
account, identify them, and determine possible changes, the following methods are
proposed: the “checklist” method, the 6W1H method, the brainstorming method, the
analysis tree, expert interviews, the review, the Delphi method [23]. In the following
sections, the author explores quantitative methods, therefore, according to the very
essence of the stage defined by the author and its characteristics, we can attribute these
methods to qualitative ones.

Unlike qualitative assessment, which determines the source, cause and factors
of risk occurrence, establishes the significance of the risk, there is also a quantitative
risk assessment, which is based on the results of qualitative assessment. Quantitative
methods allow to assess the probability of risk occurrence [20, 75].

Table 1.6 presents the main methods of quantitative risk assessment.

Table 1.6
Quantitative risk assessment methods
Author Method name Characteristics according to the
author(s)
1 2 3
Sarana L.A., Decision tree method Allows to assess the degree of impact
Bilan O.V., Analytical method of a risk that may arise on the
Bityuk LM. [114] Method of using analogues | enterprise.
Danchenko O.B. [23] Simple quantification Risk assessment according to certain

indicators based on the probability of
occurrence and the size of its impact.

Estimating the monetary | To assess the risk, the probability of
value of risk occurrence and the amount of impact in
monetary terms are taken into account.

Statistical methods and | Allows to assess the degree of impact of
modeling: a risk that may arise on the enterprise.
Statistical probability
distribution method.

Monte Carlo method.
Levchenko M.O. [68] Method of analogies Research on data on similar situations.

Sensitivity analysis method | Identifying the sensitivity of the
indicators being evaluated to changes in
the values of the input variables. It
determines the new final financial result
when each influencing factor changes.
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Continuation of Table 1.6

2

3

Normative method

A system of financial ratios is used.
Actual values are compared with
regulatory values.

Expert assessment method

Risk is assessed based on the opinion of
specialists in a specific field of activity.

Financial
method

sustainability

Based on the calculation of financial
stability indicators, it allows to
determine the financial capabilities and
risks of the enterprise.

Decision tree construction
method

A tree 1s constructed, where the
branches represent possible risk
management solutions.

Analytical method

Traditional indicators of investment and
innovation project effectiveness are
used. Results of alternative projects are
compared.

Statistical method

Quantifying economic risk using
mathematical statistics.

Hrytsai O.,
Defir 1.,
Kozak O. [22]

Cost-benefit analysis | Assesses possible losses of the

method. enterprise. Identifies 5 possible financial
states (from absolute stability to crisis
state). Identifies potential risk zones
(from no risk to unacceptable risk).

Method  for  assessing | Allows to assess the degree of impact of

financial stability.

Sensitivity  (vulnerability)
analysis method.

Method of analogies.

Expert assessment method.

Simulation modeling
method.

Statistical methods of risk
assessment.

Normative method.

Decision tree construction
method.

a risk that may arise on the enterprise.

Scenario method.

Formulation of hypothetical alternatives
for possible developments (scenarios).

Game theory method.

Predicting different levels of risk as a
result of the influence of changing
factors. A “payoff matrix” is
constructed, in  which  possible
alternatives for the development of
events are entered and possible risks are
assessed.
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Continuation of Table 1.6

2

3

Combined method.

A combination of several risk
assessment methods, which allows
achieving a synergistic effect in
assessing risk and minimizing its impact
on the enterprise.

Koretska O.V.,
Khoteeva N.V.,
Chyzh L.P. [65]

Statistical method:
Monte Carlo method
Altman Z-model
Cheser model

Duran model

VaR method

Allows to assess the degree of impact of
a risk that may arise on the enterprise.

Shurda K.E. [139]

Discount rate adjustment
method

Establishing a discount rate that is risk-
free or has a minimal level of risk.

Sensitivity ~ analysis  of
performance indicators

The dependence of the key indicator on
the variation of the values of other
indicators taken into account 1is
investigated.

Scenario method

Forecast of the development of the
external environment. “Pessimistic”,
“most likely”, “optimistic” scenarios
can be developed.

Simulation modeling
(Monte Carlo method)

A series of experiments that allow
empirical estimates of the impact of
various factors on indicators dependent
on them to be obtained.

Statistical method

Using mathematical probability theory
to calculate the probability of risk
occurrence.

Method for estimating the
probability of expected loss

The degree of risk is determined as the
product of the expected loss and the
probability that the loss will occur. The
best option is considered to be the one
when the result of the obtained indicator
is minimal.

Loss minimization method

Calculates  possible losses when
choosing a certain solution option.
There are two types of losses: study risk
(losses due to inaccuracy of the studied
model) and action risk (losses due to
inaccuracy and ineffective
management). Based on these two types
of losses, average losses are derived.

The method of using a
probability tree (“decision
tree”)

Similar to the scenario method, but has
a graphical representation of results and
the organization's participation in
decision-making.

Fuzzy multiple analysis

Direct estimation of the uncertainty of
the result without conducting a
sensitivity analysis.

Source: compiled by the author based on [9, 22, 23, 65, 68, 114, 139].
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Shvets Yu. presents methods of risk assessment identical to those we have
already considered, without dividing them by qualitative and quantitative
characteristics. She proposes the following methods: statistical method, expert method,
calculation-analytical method, cost-effectiveness method, analytical method,
economic-statistical method, analogue method, sensitivity analysis, ‘“scenario”
method, Monte Carlo method [138]. Approximately the same list of quantitative
assessment methods is given by Petrova V.F. [84]. They do not differ from those given
in Table 1.5 and Table 1.6.

As we can see, these tables show that different scientists do not always clearly
distinguish between qualitative and quantitative methods, referring some of them to
either qualitative or quantitative. This can be justified by the fact that even when
conducting a qualitative risk assessment, the consequences for the enterprise's work
are calculated. In this case, the main difference is that quantitative assessment involves
calculating the probability of risk occurrence. Qualitative assessment is also more
focused on identifying the risks that have the most impact on the results of the
enterprise's activities. Although it is assumed that the ranking of risks is carried out on
the basis of both assessments.

Each of the selected methods has its own advantages and disadvantages. For
example, the method of expert assessments can have a subjective connotation, which
1s quite difficult to avoid. One way to avoid this is to involve several experts, establish
clear assessment criteria, etc. Other methods can also have their own positive and
negative sides. The choice of method depends on the capabilities of the enterprise itself
in conducting the assessment. Here the difficulty arises in the availability of qualified
personnel who can apply different methods and interpret them. Also, of great
importance for the choice of method is the information resources of the enterprise and
the ability to collect the necessary information, since the information becomes the basis
for further risk assessment.

The above-described stages of the risk management process, as well as risk
assessment methods, are aimed at making the enterprise's activities as effective as
possible, making sound management decisions and minimizing economic losses from

the occurrence of risk. This is facilitated by various measures that can be implemented
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by enterprises. The study of the works of Ukrainian and foreign scientists reflects a
deep study of this issue, but scientists distinguish both strategies and models, methods
and ways of risk management, which can lead to some confusion and confusion of
concepts. Let us consider the different views of scientists on this issue.

Thus, Shvets Yu. O. also distinguishes active, passive and adaptive approaches
to risk management. Where active involves the maximum use of all sources of
information and tools for risk management and minimizing risks and their
consequences. Passive, on the other hand, involves responding to risk if it occurs. The
adaptive approach is manifested in risk management when the environment is already
changing and the enterprise is already adapting to the situation, choosing an alternative,
etc. [ 138] Each company independently chooses which approach to apply, that depends
on the capabilities of the company itself, the availability of physical, financial and other
resources, understanding of the importance of forming a risk management system, etc.

Sarana L.A., Bilan O.V. and Bityuk .M., in turn, distinguish proactive and
reactive risk management strategies, where proactive is considered a strategy of
predicting challenges, threats, losses in the event of a risk and planning measures to
reduce the negative impact, and reactive is a strategy that resolves the consequences of
a risk that has already occurred and the consequences for this enterprise [114].
Proactive can be considered more effective, and reactive — less. Although the choice
of one or another strategy can have both pros and cons. But, in our opinion, enterprises
should proceed from the proactive approach when forming a risk management system
for manufacturing enterprises, although we fully understand that taking into account
all factors and predicting all possible risks and the degree of their impact in modern
conditions is difficult and almost impossible. However, we must approach the solution
of the problem systematically, comprehensively and try to prevent it.

Chernyshova L.I., Bondar K.R., Krasilovska L.O. propose models of enterprise
risk management in the conditions of today's Ukraine [135]. The characteristics and
models of enterprise risk management are illustrated in Fig. 1.5. The models presented
are based on different positions of enterprises regarding risk management and are
adapted by the authors to the realities of martial law in Ukraine. They include a

different set of tools that can be used in enterprise risk management in modern realities.
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* Responding quickly and effectively to changes in \
the environment, both internal and external. A
model that is flexible, innovative and can quickly
implement changes in response to new challenges.

* Model tools: restructuring, reengineering, impulse-
based management, modernization, and
management by "weak-signal". /

Adaptive behavior
model

* The enterprise is constantly prepared for risks due
to the active position of management in studying
Risk-oriented behavior the external environment and using risk
model management tools.
* Model tools: creation of reserves, diversification
of markets, use of insurance opportunities.

+ The management system is focused on idenfifying,
overcoming and preventing crisis events. Action
plans are being developed for immediate response

Model of anti-crisis in the event of risks.

behavior * Model tools: diagnostics, establishing the presence
of a crisis and its causes, developing a strategy to
eliminate the threat, developing anti-crisis
measures, etc

* The response to the threats is similar to the actions
Expected behavior of other similar enterprises that found themselves

model in similar conditions. There is no clear plan of
action.

* An active position of the enterprise through
forecasting, analysis and decision-making to
prevent the consequences of a risk, which involves
taking action in advance. Implementation of
proactive actions.

Anticipatory Behavior
Model

Fig. 1.5. Risk management models of Ukrainian enterprises according to
Chernyshova L.I., Bondar K.R. and Krasilovskaya L.O.
Source: compiled by the author based on [135]
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Of interest is the approach of Danchenko O.B., which proposes two directions
of risk prevention: a risk control plan and risk financing. The risk control plan includes
risk avoidance (distribution between participants), risk counteraction (search for
countermeasures), risk distribution (creation of a consortium), risk transfer (transfer to
stakeholders). Risk financing includes risk transfer (insurance coverage) and risk
retention (risk money, self-insurance) [23].

Although our research is aimed at the formation of a risk management system
for manufacturing enterprises, approaches to the formation of this system in other areas
are also worth noting. Thus, Vovchenko O. studies the development of risk
management systems in the banking sector. She believes that in today's unstable
conditions, the banking sector is risk-oriented and is based on the concept of “three
lines of defense”. The first line of defense concerns the reduction of operational risk,
which can be manifested through various fraudulent schemes, cooperation with
partners under sanctions, etc. [243].

In such conditions, the institution must have all the means to avoid such a thing.
This can be extrapolated to manufacturing enterprises in the conditions of Ukraine's
economy during martial law, when the number of fraudulent schemes is increasing, as
well as enterprises from the aggressor country or those that are accomplices in
aggression. They are under sanctions and cooperation with them is prohibited.

The “second line of defense” involves a clear understanding and awareness of
potential risks that an organization may face, a willingness to analyze and make
appropriate decisions; setting acceptable limits for different types of risk, which helps
to control these risks. This “line of defense” should be worked on not only by those
who are directly responsible for risk management at the enterprise, but also by other
structures of the organization. The “third line of defense” refers to the active
cooperation of the structure responsible for risk management with other organizations
and stakeholders in terms of developing internal procedures, documentation,
assessment methods or improving and perfecting those that already exist [243]. This
risk management model can be adapted to manufacturing enterprises, as they face the

same problems as the banking sector, but it may take slightly different forms. But
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studying and using cross-sectoral experience can be even more effective in forming
any enterprise's own risk management system.

In the development of interdisciplinary research, we will also present the results
of a group of scientists on risk management models in economics, finance and
accounting. Thus, Kosova T.D., Smerichevsky S.F., Ivashchenko A.lL,
Radchenko G.A. note that the most promising interdisciplinary risk management
models can be reflective, simulation, scenario, Value-at-Risk (VAR), Expected
Shortfall (ES), SWOT analysis, gap management [202]. Thus, the reflective model is
based on consumer expectations regarding the quality and quantity of goods, changes
in their prices. Risk management here occurs in the process of analyzing consumer
expectations and making decisions by them and planning and implementing
appropriate actions to meet these expectations. Simulation or imitation models allow
us to build a simulation of the situation regarding business processes, project
management under risk conditions, investment distribution, etc. Based on them, we can
look at a possible situation that may occur and predict response scenarios to it. The
scenario model involves the development of various scenarios — pessimistic, most
likely, optimistic, combined. These scenarios allow to assess the change in various
indicators when a risk occurs. VAR models determine the impact of economic,
financial, marketing risks on the value of a company's equity, a possible change in
NPV, etc. These methods are mainly used in risk management in the banking, stock
and financial sectors. The ES model involves determining the probability of credit risk
and also applies to transactions with financial instruments. The SWOT analysis model
is well-known and involves determining the strengths and weaknesses of an enterprise,
as well as the opportunities and threats to its functioning. This method is currently very
widespread and is in significant demand in the activities of domestic enterprises of
various sizes. Gap management means studying imbalances that can become a source
of risk. These imbalances can arise in various areas and are subject to study and
analysis in accordance with industry specifics, for example [202].

Yevtushenko G.V. and Berezyuk E.V. in their study provide such risk

management methods as the acquisition of new information, diversification of the
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enterprise's activities, insurance and self-insurance, accounting and evaluation of the
enterprise's funds, risk limitation, etc. [43].

According to scientists such as Sosnovska O., Dedenko L., Mekh K. and
Fedulova I., methods (by Sosnovska O. and Dedenko L. they are mentioned as
approaches) of risk reduction can be divided into external and internal [75, 120]. That
is, depending on what resources and opportunities to use: manage risk at the enterprise
itself using your own efforts or turn to third parties, organizations, etc. In Fig. 1.6 we

present the risk management methods according to these scientists.

External Internal
* Risk insurance * Fund reserves (self-insurance)
* Hedging * Limits
* Liability insurance * Product quality assurance
* Diversification * Business plan
* Risk sharing * Business consulting

Fig. 1.6. Risk management methods

Source: compiled by the author based on [75, 120]

One of the best-known methods of risk management is the use of insurance.
Various types of risks can be insured against, including: commercial, technical,
economic, legal and other risks. It is worth noting that the study of literary sources
allows to call this one of the most mentioned methods of risk management.

One form of insurance stands out separately as a method of risk management —
hedging, which involves insurance against price changes [75, 120].

Liability insurance provides for insurance of the liability of the insured, due to
which third parties suffered losses.

Along with insurance, one of the most well-known risk management methods is
diversification. Diversification is characterized as investing in different objects. This
makes it possible to reduce the likelihood or consequences of the occurrence of risk.

This can be both investing in a completely new type of activity and developing
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activities related to our main product. This method gives us a significant opportunity
to avoid risk or reduce losses from its occurrence if another product or another type of
activity has not suffered from this risk or has suffered less.

One interesting method that can be used is risk sharing, which is characterized
by transferring a certain share of the responsibility for the risk to another party. This
party may be more qualified in managing this particular risk or risks in general, and
there is also a possibility that the losses from the occurrence of the risk for this party
may not be significant. This party can be either the customer him/herself, or a
subcontractor, or another third party [75, 120].

Among the internal methods, one of the most effective and important is the
method of forming the company's own funds and reserves. This method acquires all
the characteristics of self-insurance, when we create reserves for our own security in
the event of a risk. In this case, we can cover our losses with our own resources.
Reserves can be both monetary and in the form of stocks of raw materials,
materials, etc.

The method of setting limits or limiting risks involves setting upper and lower
limits for cash, credit, investment and other flows that are directed to the external
environment. The main purpose of limiting is to limit the amount of losses from the
possible occurrence of risk [120].

An important internal risk management method is product quality assurance. It
involves the production of quality products, which reduces the risk of losing a
customer, the risk of reducing demand for products, does not give rise to the risk of
terminating contracts with partners and consumers, and also does not give the
opportunity to improve competitive positions due to our poor quality. To ensure the
implementation of this risk management method, it is important to comply with the
production process of a product or service, as well as careful control over it.

Business planning as a management method makes it possible to plan the
activities of the enterprise in advance, to study the market, to assess external and

internal factors of influence, to calculate the main groups of production, financial,
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investment indicators. On this basis, it is assumed that it is possible to assess risks and
find opportunities to manage them. Calculation of investment attractiveness indicators
will allow to make a decision on the feasibility of opening a new or developing an
existing business.

In business consulting, you can contact experts in a certain field to provide
appropriate advice. In our specific case, these should be risk management experts.
When using this method, it is assumed that the enterprise, the factors of its activity will
be analyzed by external specialists and risk management consultations will be
provided. But here, a certain discrepancy arises because this method cannot be
considered internal, as was noted by scientists, since it involves contacting outsiders if
the enterprise itself does not have an appropriate expert. However, this does not change
the significance of this method for the entire risk management system.

The above risk management methods are not exhaustive, but only some of them,
which are given in the works of scientists. Their study is a necessary component of a
full-fledged study on the formation of a risk management system for manufacturing
enterprises. The choice of a risk management method depends on many factors: such
as the size of the enterprise itself and the number of employees employed in it, as well
as the specifics of the enterprise's activities (sector, industry), the type of goods or
services produced, the financial capabilities of the enterprise, etc. Risk management
methods are important components of the entire risk management system and process,
laying the foundation for effective risk management.

Thus, summing up the above, we note that the risk management system can be
formed on many principles, but hierarchically the first is the definition of strategy as a
general vision of the enterprise's position in relation to risk. The starting point of the
strategy will be the model according to which the enterprise builds its risk management
system, which, in turn, determines the management methods and risk assessment

methods. In Fig. 1.7 we will illustrate this hierarchy.
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The choice of strategy, model, and methods of the risk management system
depends on the company's capabilities, the market situation, and the qualifications of

specialists working in the risk management system at a particular enterprise.

Strategies

Proactive Reactive

/. _

Models

Active Passive Adaptive

/' ;

Management methods

External Internal

7

Evaluation methods

Quality Quantitative

Fig. 1.7. Hierarchy of formation of the risk management system of a
manufacturing enterprise

Source: compiled by the author

Thus, the results of the study of the stages of the risk management process, their
characteristics, the main methods of qualitative and quantitative risk assessment by
groups, as well as existing risk management models made it possible to substantiate
the author's vision of the process of functioning of the risk management system at the
enterprise (Fig. 1.3) and to develop the Hierarchy of the formation of the risk

management system of a manufacturing enterprise (Fig. 1.7).
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1.3. Regulatory and legal framework for risk management of Ukrainian
enterprises

In the context of globalization challenges, intensive development of science and
technology, integration of Ukraine into the European legal space and the need to ensure
economic security, enterprises are faced with constantly growing external and internal
risks. And it is risk management that becomes a key element of strategic management
of the enterprise.

To ensure effective risk management, to form the basis for organizing processes
and procedures aimed at identifying, assessing and minimizing risks, regulatory and
legal support for risk management is of particular importance.

To systematize the regulatory and legal acts governing risk management, they
should be categorized as follows:

— regulatory and legal acts regulating the general legal framework of risk
management in Ukraine;

— specific laws relating risk management;

— international and integrated standards and their adaptation in Ukraine;

— industry-specific legislative and regulatory acts;

— subordinate regulatory legal documents.

Given that there is no specific law on risk management in Ukraine, the formation
of basic concepts and foundations for understanding these processes is regulated by
relevant regulatory legal acts and standards. Explanations are also contained in by-laws
aimed at implementing laws and regulating public relations. All this provides a general
understanding of the risk management process.

The right to ensure the safety and protection of citizens, safe working conditions,
environmental safety, and guarantees of entrepreneurial activity is enshrined in the
Constitution of Ukraine [63]. Although the main regulatory legal act of the state does
not define specific mechanisms for enterprise risk management, it is the foundation for
creating a stable legal framework and guaranteeing property rights. This allows

reducing political and legal risks and ensuring equal conditions for free
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entrepreneurship, which in turn will allow enterprises to effectively manage internal
risks.

In particular, the Constitution of Ukraine ensures the protection of the rights of
all subjects of property and business, and also establishes their equality before the law
(Article 13), which in turn reduces the risk of illegal seizure of property and creates
legal prerequisites for the stable functioning of the enterprise. Article 42 enshrines the
right of everyone to entrepreneurial activity that is not prohibited by law, which reduces
the risks associated with unequal conditions of competition. The next, Article 43,
guarantees the right to safe and healthy working conditions, defines the rights and
obligations of employers and employees, which allows avoiding the risks of violation
of rights and social norms. Articles 16, 17 and 50 enshrine the right of everyone to a
safe environment, ensuring environmental, economic and information security.

Thus, the Constitution of Ukraine is a legislative framework that allows
enterprises to apply special risk management methods to identify and analyze risks,
manage them, and develop reliable risk strategies depending on the situations.

No less important legislative bases for risk management are codified acts —
consolidated regulatory legal acts that provide legal regulation, systematization and
generalization of legal norms of individual spheres of social relations, uniting the
norms of a certain branch of law [100].

The legal basis for risk management, in our opinion, is the Commercial and Civil
Codes of Ukraine

The Commercial Code of Ukraine (hereinafter referred to as the ComCU) until
August 28, 2025 was the main regulatory legal act that determined the limits of liability
of business entities, regulated the application of economic sanctions, and also
contained norms that regulated public relations in the field of economic activity and
directly related to the management of business risks [21]. However, due to the
duplication of many norms of the aforementioned document, the Civil Code of Ukraine
was abolished, and all corporate and economic norms came under the regulation of the

Civil Code of Ukraine [102].
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Civil Code of Ukraine (hereinafter referred to as the CivCU) [132] in turn,
contains a number of provisions directly related to risk management and establishes
the legal basis for effective risk management by determining the liability of the parties
and regulating contractual obligations. For example, Article 617 of the Code defines
the grounds for exempting participants in civil relations from liability for breach of
obligation; that is, the party bearing the risk may be exempted from liability if it proves
that the accidental destruction of products occurred as a result of force majeure
circumstances. The Civil Code of Ukraine also establishes rules for the transfer of risk
of accidental damage or destruction of products under a purchase and sale agreement
(Article 668), which allows determining at the legislative level which of the
participants in the contractual relationship — the buyer or the seller — is liable for the
negative consequences if the goods are destroyed or damaged not through their fault,
but as a result of any accidental situation.

Thus, the Civil Code of Ukraine establishes rules on liability for non-fulfillment
or improper fulfillment of obligations under contracts, which allows the parties to
minimize risks from non-fulfillment of the terms of the contract in a timely manner.
The Civil Code also defines legal mechanisms that allow counterparties to conclude
contracts that contain provisions on the distribution and insurance of risks and
determines the means of protecting the rights and interests of participants in civil
relations in the event of a particular risk situation.

A summary of the regulatory and legal acts that provide general legal principles
for risk management in Ukraine is presented in Table 1.7.

The analysis thus indicates that in Ukraine, currently the regulatory and legal
acts regulating the general legal principles of risk management are the Constitution of
Ukraine and the Civil Code of Ukraine. Although these documents do not directly
define the fundamental principles of risk management, they create a basis for

enterprises to manage risks effectively.
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Table 1.7
Regulatory and legal acts that provide general legal frameworks for risk

management in Ukraine (with changes and additions)

Year of : _
No. Document name ) Brief description
adoption

guarantees the right to ensure the safety and
Constitution of Ukraine protef:tion of (?ij[izens, the right to safe ?md healthy
1 [64] 1996 | working conditions, protection of the rights of all

subjects of property and economic activity,
environmental safety

Commercial Code of defines the foundations of economic activity,
2 | Ukraine (expired on 2003 | taking into account risk management and the
28.08.2025) [21,102] responsibility of business entities
creates a legal framework for the functioning of
3 Civil Code of Ukraine 2003 risk management by establishing liability,
[132] regulating contractual relations and protecting the

rights of the parties
Source: compiled by the author based on [21, 64, 192, 132]

In Ukraine, there are enterprises of various forms of ownership and management,
which conduct their activities in different sectors of the economy. It is quite clear that
the risk management of each will have certain characteristics. Therefore, it is advisable
to further consider the regulatory and legal framework for risk management in terms
of sectors and specifics.

One of the important special laws in the field of risk management is the Tax
Code of Ukraine (hereinafter referred to as the TCU) [87]. It, as in the above-mentioned
NPAs, does not have a classical understanding of risk management, but focuses on tax
risks that may arise to varying degrees in any enterprise, regardless of its form of
ownership, size or industry. In particular, Article 14 of the Tax Code defines the
concept of “tax risk (compliance risk)”, which is characterized by the probability of a
taxpayer failing to fulfill his/her tax obligations, such as declaring, submitting reports,
paying taxes, etc. Articles 36, 39 define the risks that may arise from various business
transactions.

In general, the risk management system is one of the key tools that helps the
State Tax Service to timely identify risky transactions through the analysis of tax

reporting, reduce administrative pressure, which allows controlling and preventing
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possible violations of tax legislation. Thus, in the TCU, risk management acts as a
mechanism of public administration to ensure financial stability and compliance with
tax legislation [119].

It is also necessary to highlight the Customs Code of Ukraine (hereinafter
referred to as the CCU), which regulates the legal basis for risk management in the
field of customs control [76]. The legal basis for risk management is enshrined in
Articles 361-363 of the Customs Code, which define the objectives of the risk
management system, define such concepts as “risk analysis™, “risk analysis objects”
and define the tasks of customs authorities for risk assessment and management using
an automated risk management system, in particular.

Also, other articles of the codified act are dedicated to building an effective risk
management system, which provide for the categorization of enterprises depending on
the type of risk (Articles 14 and 395), the definition of concepts for customs regulation,
such as “risk” and “risk management” (Article 4), etc.

It is worth noting that the CCU is the first document that enshrines the
application of a risk management system as a key mechanism for ensuring the
effectiveness of customs control at the regulatory level. Although the Customs Code
concerns risk management of state regulation of foreign economic activity, it has
significant practical importance for enterprises, as it enables them to build their own
internal risk management system based on the principles of transparency and
responsibility, because it is on this that the nature of their risks depends and to optimize
relations with the state in the field of customs control.

The next special law we will consider is the Labor Code of Ukraine (hereinafter
referred to as the LCU), which, unlike the Tax and Customs Codes, does not use the
term “risk”, that 1s, it does not contain a direct norm on risk management. The LCU
creates the legal basis for managing risks related to labor relations and occupational
safety, which makes it no less important for effective risk management at any
enterprise [60].

In particular, the law establishes the employer's obligation to provide safe

working conditions for each employee, which allows avoiding reputational and
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operational risks. To minimize financial and legal risks, the Code establishes norms for
wages and compensations and regulates the issue of concluding, amending and
terminating employment contracts at the enterprise.

Given that the Tax and Customs Codes, the Labor Code are codified laws, at
first glance they can be attributed to general laws. However, in our opinion, these are
special laws that establish specific rules for individual areas, therefore they have
priority over the Civil Code (the rule of “lex specialis”) [5].

Another law that establishes the obligation of employers to ensure the
functioning of the occupational safety management system and defines the legal basis
for the implementation of the right of employees to protection of life and health is the
Law of Ukraine “On Labor protection” [104]. The norms of this Law apply to all types
of legal relationships that arise between employers and employees and allow
minimizing risks in management.

A generalized list of special laws in the field of risk management and their
characteristics is presented in Table 1.8.

Before proceeding to the analysis of industry regulations on ensuring risk
management of enterprises in Ukraine, in our opinion, it is necessary to consider
international and integrated standards. In this case, integrated standards are interpreted
by us as standards that can be combined in a single management system (integrated
management system, ISM), which allows the enterprise to simultaneously cover the
requirements of all standards in its activities and thus manage risks effectively [140].

In international practice, there is no single law that would comprehensively
regulate risk management issues for all enterprises, regardless of their field of activity
or economic sector. Instead, the basis for the formation of the regulatory and legal
framework for risk management is:

— international standards,

— industry laws and regulations,

— laws regulating certain types of risks.



Docusign Envelope ID: 1E7AED5B-C0C9-808E-8316-D3D909816A30

67

Table 1.8

Special laws in the field of risk management

(with amendments and supplements)

Y f .. .
cat 9 Key provisions on risk Areas of
No Document name adoptio .
n management application
integration of the modern .
i Enterprises
1 Customs Code of 2012 concept of risk management encaced in foreien
Ukraine [76] into the foreign economic 88 i . .g
.. economic activity
activity management system
Acts as a tool of the state to
) Tax Code of Ukraine 010 | Ensure financial stability and | All areas of
[87] compliance with tax application
legislation
Labor Code of Ukraine All areas of
3 1971 .
[60] creates a legal framework for | application
managing risks related to All areas of
4 Law of Ukraine "On 1992 labor relations and application/
Labor Protection" [104] occupational safety Enterprises with
employees
Law of Ukraine “On
Amendments to Certain
Laws of Ukraine on
Information Protection .
) .. ) Public sector,
and Cybersecurity of Digital asset protection and o .
5 ; 2025 . critical information
State Information cyber risk management .
. infrastructure
Resources and Critical
Information
Infrastructure Objects”
[91]
L f Ukraine “O . .
aw o . ame “Ln Establishes requirements for | All areas of
6 | Protection of Personal 2010 information risk management | application
Data” [98] & PP
L f Ukraine “O . .
aw o . ame ) . ) Defines risk assessment in All areas of
7 | Accounting and Financial | 1999 i o
o financial management application
Reporting” [90]
Law of Ukraine “On Sets requirements for
Audit of Financial .q : All areas of
8 . 2017 | financial risk assessment and .
Statements and Auditing . . application
e information transparency
Activities” [89]

Source: compiled by the author based on [60, 76, 87, 89, 90, 91, 98, 104]
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The basis for the development and implementation of a risk management system
at any enterprise, regardless of its form of ownership or type of activity, are national
and international standards. Therefore, the implementation of international risk
management standards in Ukraine is of great importance.

The evolution of the development and implementation of international standards
shows that many different structures have collaborated on them both at the national
and international levels. For example, the Risk Management Standard. This standard
was developed by the Federation of European Risk Management Associations
(FERMA) in cooperation with three British organizations: the Association of Insurance
and Risk Management (AIRMIC), the Institute of Risk Management (IRM) and the
Public Risk Management Association (ALARM) in 2002. And although the FERMA
Risk Management Standard, unlike other standards, is not certified, it provides a
common understanding and approaches to risk management, therefore it is a guide for
European companies [173].

The next most influential, but also non-certified, standard in the field of risk
management is the Enterprise Risk Management (ERM) — Integrated Framework,
developed by the Committee of Sponsoring Organizations of the Treadway
Commission (COSO) in 2004. The purpose of this standard is to develop guidelines
for risk management and their integration into the strategy of enterprises. The
uniqueness of ERM is that, unlike other standards that mainly focused on financial risk
management, ERM offers a comprehensive approach to managing all types of risks
that can affect the activities of enterprises [163].

Next, we will consider the standards developed by the International Organization
for Standardization (ISO), which have been implemented in many countries and a
number of UN organizations. It is worth noting that Ukraine has also joined this global
harmonization process, starting in 2009.

When working on an effective risk management system, it is necessary to pay
special attention to the ISO 31000:2018(en) Risk management — Guidelines “family”
of standards, developed by the International Organization for Standardization (ISO).It

i1s fundamental, as it defines the basic principles and tools for building a risk
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management system, and also allows enterprises to dynamically respond to changes
and identify new risks in the risk management process [ 194]. This standard is universal,
meaning it can be applied by enterprises regardless of ownership, size or type of
activity and allows the risk management process to be integrated into all processes of
the organization.

Harmonization of international standards with domestic legislation occurs
through their implementation at the level of National Standards of Ukraine (DSTU).
Thus, DSTU ISO 31000:2018 “Risk Management. Principles and Guidelines” is
identical to the international standard, which allows Ukrainian enterprises to apply
international norms in practice [36].

International standard ISO 31010:2019 (en,fr) Risk management — Risk
assessment techniques [195] in the Ukrainian legal field found an analogy in DSTU
IES/ISO 31010:2013 “Risk management. General risk assessment methods™ [37].

The introduction of the next standard, ISO Guide 73:2009 Risk management —
Vocabulary (implemented by DSTU ISO Guide 73:2013 Risk management.
Vocabulary), was an important step due to the need for unification of terminology and
understanding in the field of risk management [40, 187]. Before this standard was
introduced, companies used their own terminology for risk management, which created
confusion, communication difficulties and misunderstandings. Thus, ISO Guide
73:2009 is a valuable addition to the main ISO 31000:2018 standard.

The following standard, ISO/TR 31004:2013 Risk management — Guidance for
the implementation of ISO 31000, is not a stand-alone standard [190]. It helps
enterprises that apply ISO 31000 in their practice to move more easily and effectively
from theoretical principles to their practical implementation. In other words, it is a
manual that provides detailed step-by-step instructions for integrating risk
management, recommendations for creating a risk management system, and examples
of applying risk management in various areas. This standard corresponds to the
Ukrainian DSTU ISO/TR 31004:2018 “Risk management. Guidance on the
implementation of ISO 31000 [39].
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In the face of constant cyberattacks, information security risk management is
vital to protecting critical infrastructure around the world. The ISO/IEC 27005:2022
Information security, cybersecurity and privacy protection — Guidance on managing
information security risks standard fills the gap in the information security
management system. This standard provides a detailed approach to identifying,
assessing, handling and monitoring risks, which helps enterprises make informed
decisions after analyzing real risks [189]. ISO/IEC 27005:2022 is a complement and
key tool to the main standard ISO/IEC 27001:2022 Information security, cybersecurity
and privacy protection — Information security management systems — Requirements,
which outlines the requirements for an information security management system [ 188].

The implementation of ISO/IEC 27005:2022 allows Ukrainian companies to
align their risk management process with international practices. The national standard
DSTU ISO/IEC 27005:2023 (ISO/IEC 27005:2022, IDT) “Information security,
cybersecurity and privacy protection. Information security risk management guidance”
has practical significance for Ukraine. This is not just a standard, it is a tool through
which we can not only strengthen cyber resilience and protect Ukrainian assets in war
conditions, but also build trust on the international stage [38].

No less important in the formation of risk management at the enterprise is the
standard ISO 22301:2019 Security and resilience — Business continuity management
systems — Requirements (implemented by DSTU EN ISO 22301:2021 Security and
stability. Business continuity management systems. Requirements (EN ISO
22301:2019, IDT; ISO 22301:2019, IDT) [33]. This international standard (hereinafter
referred to as BCMS) is an applied basis for building an effective business continuity
system and enables any enterprise, regardless of size, type or type of activity, to
maintain resilience in the event of emergencies, which is especially relevant when
managing risks in current conditions [193].

BCMS 1s aligned with a number of other, equally important international
standards for risk management, such as ISO/IEC 27005:2022 Information security,
cybersecurity and privacy protection — Guidance on managing information security

risks [188], ISO 9001:2015 Quality management systems — Requirements [191],
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ISO 14001:2015 Environmental management systems — Requirements with guidance
for use [192] etc.

A good example of sectoral laws and regulations in the financial sector is the
Basel Il series of reforms, which was the response of the Basel Committee on Banking
Supervision to the global financial crisis of 2008. In this standard, unlike Basel I and
Basel II, the emphasis is placed not only on increasing the quality and volume of
capital, but also on greater requirements for risk management, improving their
assessment, which in turn will lead to minimizing risks for depositors. In particular,
the calculation of capital adequacy requirements has been improved, taking into
account credit, market and operational risks [186].

The main countries in which Basel I1I has been implemented are Canada, China,
Japan, Switzerland, the UK, the USA and the EU countries. In Ukraine, these norms
are also implemented by the National Bank of Ukraine through its NPA and resolutions
in accordance with the requirements of European integration (Resolution of the Board
of the National Bank of Ukraine dated 24.12.2019 No. 158 “On the introduction of the
net stable funding ratio (NSFR)” [93]).

If Basel III was developed for the financial and banking sector, the purpose of
the next standard — Solvency II (or Directive 2009/138/EU) — is to regulate risks in the
insurance sector for the financial stability of insurance companies. Solvency Il was
developed by the European Commission together with the European Insurance and
Occupational Pensions Authority (EIOPA) and other institutions of the EU member
states in 2009, but its full implementation took place from January 1, 2016 [170].

Ukraine is successfully implementing the main provisions of Solvency II into its
legislation. The new Law of Ukraine “On Insurance” dated November 18, 2021 No.
1909-1X (entered into force in 2024) is based on the principles of Solvency II and
contains more stringent risk management requirements for insurance companies.
However, not all institutions have yet managed to develop “secondary” legislation to
implement the provisions of the new law, which to one degree or another complicates

the work of insurance market participants [107].
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Further examples of industry-specific laws include the Risk Management
Program (RMP) Rule (USA), which requires businesses that handle hazardous
substances to develop risk management plans to ensure environmental safety [224] and
Health and Safety at Work etc. Act 1994 (United Kingdom), which requires employers
to carry out risk assessments for the health and safety of workers [181]. These
regulatory documents have not been directly incorporated into the legislation of
Ukraine, as they have specific features of their legislation. However, Ukraine has its
own NAPs on the prevention and minimization of risks associated with hazardous
chemicals, health and safety of workers, which are based on EU directives. In
particular, the analogue of the RMP is The SEVESO III Directive (2012/18/EU) [233],
harmonization with which took place through the Law of Ukraine “On High-Hazard
Facilities” [101] and the Procedure for identification and registration of high-risk
facilities and their registration, approved by the Resolution of the Cabinet of Ministers
of Ukraine “Some issues of identification of high-risk facilities” [29].

Some countries have enacted laws to regulate specific types of risks that are of
particular importance to their economy or national security. For example, Germany has
enacted the Lieferkettensorgfaltsplichtengesetz (LkSG), which requires large
companies to manage human rights and environmental risks in their supply
chains [203]. Due to the fact that LkSG is a domestic law of Germany, the impact of
its action on Ukrainian enterprises is indirect and is expressed in the terms of
cooperation with German companies within the framework of this law.

Instead, in the European Union, on July 24, 2024, a similar, but broader-ranging
directive came into force — Directive (EU) 2024/1760 of the European Parliament and
of the Council of 13 June 2024 on corporate sustainability due diligence
(CSDDD) [1609].

Since the main provisions of the CSDDD focus not on traditional financial,
operational and legal risks, but on risks related to sustainable development and social
responsibility, this Directive has a significant impact on risk management. The

CSDDD forces all enterprises to include in their analysis such risks as human rights
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violations, environmental and reputational risks. The Directive is still new and, in our
opinion, harmonization of Ukrainian legislation with it is a matter of time.

Table 1.9 presents generalized information on current international standards

and the process of their implementation into Ukrainian legislation.

Table 1.9
International and integrated standards for risk management
Year of
No Document name adoption Implementation
1 2 3 4
ISO 31000:2018 Risk DSTU ISO 31000:2018 (ISO 31000:2018,
1 | management — Guidelines 2018 IDT) Risk Management. Principles and
[194] Guidelines [36]
ISO 31010:2019(en, fr) Risk DSTU IEC/ISO 31010:2013 Risk
2 | management — Risk 2019 management. General risk assessment methods
assessment techniques [195] [37]
I i :2009 Risk
SO Guide 73:2009 Ris DSTU ISO Guide 73:2013 Risk management.
3 | management — Vocabulary 2009
Vocabulary [40]
[187]
ISO/TR 31004:2013 Risk
n?;/a e;egf_ G?n jani o DSTU ISO/TR 31004:2018 Risk management.
4 . 8 . 2013 Guidance on the implementation of ISO 31000
the implementation of ISO [39]
31000 [190]
iigﬁ;iz(ﬁii?zz DSTU ISO/IEC 27005:2023 (ISO/IEC
. ty? 27005:2022, IDT) Information security,
cybersecurity and privacy } ) .
5 . ) 2022 cybersecurity and privacy protection.
protection — Guidance on . o . .
.. : Information security risk management guidance
managing information [38]
security risks [189]
1507 22301:2019 " Security DSTU EN ISO 22301:2021 Security and
and resilience — Business . . o
6 | continuit management 2019 stability. Business continuity management
< sterrllls Y Re irgements systems. Requirements (EN ISO 22301:2019,
— u
[f%] q IDT; ISO 22301:2019, IDT) [33]
ISO 9001:2015 Quality DSTU ISO 9001:2015 (ISO 9001:2015, IDT)
7 | management systems - 2015 Quality management systems. Requirements
Requirements [191] [34]
ISO 14001:2015
Environmental management DSTU ISO 14001:2015 (ISO 14001:2015,
8 | systems — Requirements 2015 IDT) Environmental management systems.
with guidance for use [192] Requirements and guidance for use [35]
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Continuation of Table 1.9
1 2 3 4
Directive on corporate
9 | sustainability due diligence 2024 Implementation work is underway
(EU) [169]

The norms are implemented through NPA and
NBU resolutions (for example, Resolution of
10 | Basel 111 [186] 2010 | the NBU Board dated 24.12.2019 No. 158 “On
the introduction of the net stable funding ratio
(NSFR)” [93])

The norms are implemented through the

Solvency II (or Directive

11 2009 legislation of Ukraine (for example, the Law of
2009/138/EU) [170 .
) [170] Ukraine “On Insurance” [107])
12 The SEVESO III Directive Standards are implemented through legislation
(2012/18/EU) [233] in the field of environmental safety
Risk Management Standard . .
13 2002 t certified
(FERMA) [173] is not certifie
Enterprise Risk
14 | Management — Integrated 2004 is not certified
Framework (COSO) [163]
15 Risk Management Program 1996 have their own NPAs

(RMP) Rule (USA) [224]
Health and Safety at Work
16 | etc. Act 1994 (Great Britain) 1994
[181]
Lieferkettensorgfaltspflichte
ngesetz (Germany) [203]

Source: compiled by the author based on [163, 169, 170, 173, 181, 186, 187,
189-195, 203, 224, 233]

have own NPAs (for example, the Law of
Ukraine “On Labor Protection” [104])

17 2023 German domestic law

Thus, international practice shows that the enterprise risk management system is
an integrated model of sectoral, corporate and international regulatory legal acts.

Sectoral regulatory legal acts that ensure risk management of enterprises in
Ukraine are those acts that provide legal regulation of a certain sphere of social
relations. Table 1.10 presents a list indicating the scope of application of a particular

NPA.



Docusign Envelope ID: 1E7AED5B-C0C9-808E-8316-D3D909816A30

75

Table 1.10

Sectoral regulatory legal acts for risk management in Ukraine

(with amendments and supplements)

No Document name Year of | Key provisions on risk Areas of application
adoption management
Resolution of the NBU Board Reculati -

1 “On the introduction of the 2019 eégu' ation, Supervision .
net stable funding ratio and risk management in | Finance and banking
(NSFR)” [93] the banking system

) Law of Ukraine “On . RlSk. management
Insurance” [107] requirements are Insurance sector

established
. The scope coverin
Law of Ukraine “On Regulates risk d the develiopment, :
3 | Standardization” [106] 2014 management an adoption and
quality control S
standards application of
standards
Regulates risks
Law of Ukraine “On associated with

4 | Metrology and Metrological 2014 | measurement Metrology field

Activities” [99] inaccuracy and
inaccuracy
Law of Ukraine “On Regulates Industrial producti

5 | Environmental Protection” 1991 environmental risks n ;15 Tl production
[103] (corporate liability) sector
Law of Ukraine “On
Amendments to Certain
Legislative Acts of Ukraine Risk management of Industrial production

6 | on Improving State 2023 | man-made emergencies | sector, critical
Supervision (Control) in the and fires infrastructure
Field of Technogenic and Fire
Safety” [92]

Regulates risks
7 Law of Ukraine “On the 2022 associated with the Industrial production
Public Health System” [105] impact of production on | sector
human health
Resolution “On Approval of
the Methodology for
iﬁfnltérfgg%aﬁéi(z fl‘I}’E};lic- Regulates the allocation | PPP / Infrastructure

8 Prir\)/ate Partnershios. Their 2011 glnd assessment of risks and' investment
Assessment and ps, in PPP projects projects
Determination of the Form of
Their Management” [95]

Resolution of the Cabinet of
Ministers of Ukraine “On Methoidology fgr <k
approval of the methodology gssissu(lig SeCurity risks

9 for assessing security risks in 2024 In the education system .

. related to the armed Educational sector
the education system related X £ th
to the armed aggression of the ?{ggmssml):n((i) ©
Russian Federation against ussian lgr eration
Ukraine” [96] against Ukraine

Source: compiled by the author based on [92, 93, 95, 96, 99, 103, 105-107]



Docusign Envelope ID: 1E7AED5B-C0C9-808E-8316-D3D909816A30

76

It is obvious that the financial sector is the sector with the highest requirements
for risk management and the main regulator in this area is the National Bank of Ukraine
(hereinafter referred to as the NBU). NBU resolutions based on Basel III principles
[186], define requirements for credit, market, and operational risk management. An
example is the Resolution of the NBU Board dated 24.12.2019 No. 158 “On the
introduction of the net stable funding ratio (NSFR)” [93].

Another example, but already in the insurance sector, is the Law of Ukraine “On
Insurance” [107], which implements the requirements of the European Solvency II
Directive [170].

In the public health sector, risk management is regulated by the new Law of
Ukraine “On the Public Health System” [105]; in the standardization and metrology
sector — Laws of Ukraine “On Standardization” [106] and “On metrology and
metrological activities” [99]. Also, sectoral regulatory and legal acts regulate risk
management issues in the field of information security [38], industrial production and
critical infrastructure [92,103], educational sector [96], in the field of public-private
partnership [95] etc.

Examples of some subordinate regulatory documents ensuring risk management
in Ukraine are given in Table 1.11.

Thus, considering the above-analyzed regulatory framework of Ukraine,
international standards and existing Ukrainian ones implemented in relation to risk
management, we can conclude that in Ukraine there is an active work on harmonizing
domestic legislation with international and European standards. Despite the fact that
the application of international standards is voluntary, many large Ukrainian
enterprises implement them to increase their competitiveness and improve risk
management, in particular.

At the same time, the analysis of the regulatory framework for risk management
in Ukraine shows that it is fragmented, sometimes unsystematic and scattered in
various documents, which makes it difficult for enterprises to implement effective risk
management mechanisms. Thus, the fundamental principles of risk management are

partially enshrined in the Constitution of Ukraine, there is no definition of a single
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concept of “risk” or a single methodology, and regulatory regulation of risk
management largely depends on the industry. As international experience shows, it is
the sectoral division that is sufficient for effective management. But in Ukrainian
realities, there is a disproportion between regulatory legal acts by industry. For
example, the regulation of tax or environmental risks is more “protected” by legislative

norms than other sectors of the economy.

Table 1.11
Subordinate regulatory documents for ensuring risk management in Ukraine
Year of Keyp I‘OYISIOIIS Areas of
No Document name . on risk .
adoption application
management
Order of the Ministry of Internal Risk )
. . Industrial
Affairs of Ukraine “On Approval of the management of roduction
u
1 | Methodology for Assessing the Risks 2023 man-made P .\

. . ) sector, critical
of Emergencies of a Technogenic emergencies infrastructure
Nature and Fires” [97] and fires

Creation of a
i
Order of the Ministry of Agrarian wordng group
. . . . for the
Policy of Ukraine “On the introduction . . .
) ) implementation | Agricultural
2 | of a quality management system in 2007 .
. . of the quality sector
accordance with the requirements of and risk
DSTU ISO 9001:2001” [94]
management
system
Implementation
Ordc_ers of the Mmlstr}{ of Economy, qf quality and All areas of
3 | Environment and Agriculture of by year | risk anolication
Ukraine [77] management PP
systems
Establish a
procedure for
Orders of the State Labor Service of risk analysis to | All areas of
4 ) by year . o
Ukraine [28] protect the life | application
and health of
employees

Source: compiled by the author based on [28, 77, 94, 97]

Therefore, to fill these gaps, we consider it appropriate to take the following

steps to improve regulatory and legal support:
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1). At the level of regulatory and legal acts, continue the development of
industry-specific risk assessment methodologies, namely, recommend or oblige
enterprises in various sectors of the economy, depending on the degree of complexity
and criticality of the industry, to develop Business Continuity Management Strategies
based on BCMS requirements [33, 193] and obtaining the ISO 22301 certificate. This
encourages the company not just to think about risks, but to be prepared for them,
which will allow it to avoid a crisis, strengthen its position in the market and improve
risk management.

2). In order to stimulate the implementation of certified risk management
systems based on the international standard ISO 31000:2018 Risk management —
Guidelines [194], it 1s advisable to make amendments to the Tax Code of Ukraine in
terms of introducing a mechanism for granting the right to a temporary reduction in tax
liabilities (introduction of an investment tax credit) for business entities that
successfully implement the aforementioned systems. The implementation of this
initiative will not only be able to compensate for the costs, for example, for the
digitalization of risk processes, but will also contribute to the growth of the prestige of
enterprises with a developed risk management system, which confirms their self-
sufficiency and reliability in terms of fulfilling contractual obligations, product quality
and the ability to ensure the continuity of business processes in conditions of
macroeconomic instability.

3). In order to harmonize Ukrainian legislation with European standards in terms
of critical infrastructure protection, expand the regulatory framework for cyber security
of industrial facilities by introducing the mandatory inclusion of digital risks, such as
cyber threats and data leaks, in the overall risk mitigation plans manufacturing

enterprises.
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Conclusions to chapter 1

The generalization of the above material provides grounds for formulating the
following conclusions regarding the main theoretical provisions for the formation of a
risk management system for manufacturing enterprises:

1. The interpretation of the concept of “risk” is in constant transformation
depending on changes in the world economy, the needs of a particular industry and the
methods of its assessment. Because of this, it is impossible to single out any one of the
above definitions, to choose the best option. Therefore, in our opinion, the most rational
is to use the definition that corresponds to the state and needs of a particular industry
in a certain period of time. As a result of the analysis of the approaches of Ukrainian
and foreign scientists to the interpretation of the concepts of “risk”, “risk

29 €6

management”, “manufacturing enterprise” we have proposed an author's definition of
the concept of “risk management of manufacturing enterprises”.

We have proven that risk is the potential possibility of an undesirable event, it is
predictable or one that can be identified and assessed. In contrast, a crisis is a
consequence of any destabilizing event, a state when a negative event has already
occurred and disrupted the normal functioning of the system. Thus, there is a cause-
and-effect relationship between the concepts of “risk™ and “crisis”, which is as follows:
If risk is not managed or is managed ineffectively, it can develop into a crisis. And
since risk is a probabilistic characteristic of the possibility of a crisis, risk management
is the preventive stage of crisis management.

2. In the course of studying the stages of the risk management process at the
enterprise, the author systematized the process of functioning of the risk management
system at the enterprises of Ukraine. Thus, we have identified 6 stages: preparatory
stage, risk identification, risk analysis, risk assessment, risk neutralization
(optimization, minimization), monitoring and control. At each stage, the main content
of the work of this stage is indicated and this process is summarized with the main goal
- making an effective managerial decision.

In the disclosure of the research objectives, the assessment methods were also

analyzed and it was found that scientists have differences in the definition of qualitative
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and quantitative methods. Qualitative methods of risk assessment are not always only
expert in nature, but are also based on mathematical calculations. Their main difference
from quantitative assessment is that they assess the factors, sources of risk occurrence,
possible consequences in the event of an occurrence. And quantitative methods are
more focused on calculating the probability of occurrence. This is why different
scientists classify the methods as both qualitative and quantitative. Moreover, expert
methods are also found in both groups, although they are somewhat subjective. That is
why, in order to avoid subjectivity, it is worth involving qualified personnel in the risk
management system.

Based on the obtained assessment results, we can make decisions about risk
management methods, but these methods are also derived from the risk management
model and strategy adopted at the enterprise. The methods themselves are also
numerous, which can be conditionally divided into external and internal methods. The
choice of risk management and assessment methods depends on various factors and
may vary at each enterprise. It is important that they should be chosen taking into
account the effect that they can bring to a given enterprise. As a result of the research,
a hierarchical model of building a risk management system for a manufacturing
enterprise was formed, which serves as a tool for early detection of threats and
prevention of crises, and the author's vision of the process of its functioning was
proposed.

3. It was found that Ukraine is actively adapting international standards into
national legislation through the DSTU system, which ensures harmonization with
European Union legislation.

The analysis of regulatory and legal support has shown that the application of
risk management in Ukraine is regulated by various regulatory and legal acts. It is clear
that this is not one law, but a system of regulatory and legal acts in different areas: from
general and special laws to sectoral and subordinate legislation. However, there is a
certain imbalance between them in terms of functional coverage and sectoral

specification.
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To overcome this, in our opinion, it is necessary to shift the emphasis from risk
prevention to an orientation towards consequences, that is, to stimulate mechanisms
for the implementation of proactive risk management systems (benefits for certified
enterprises) and to continue the development of industry risk assessment
methodologies based on international standards (ISO 22301:2019, ISO 31000:2018,
etc.). It is also necessary to strengthen work on harmonizing domestic legislation with
international standards, in particular, in terms of digital risks, which will allow creating
a stable legal environment that will become a reliable basis for preventively leveling
crisis phenomena and strengthening the competitive positions of Ukrainian enterprises

in the global economic environment.
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CHAPTER 2
DIAGNOSTICS OF THE CURRENT STATE OF RISK MANAGEMENT IN
MANUFACTURING ENTERPRISES

2.1. Risk assessment of macroenvironment of manufacturing enterprises

To assess the risk of enterprises, it is important to diagnose the risk environment
of their activities at the macro level. It is clear that the activities of enterprises, their
risks and, accordingly, the risk management system are influenced not only by micro
factors, but also by macro factors, at the country level. For this, it is important to study
the enterprise environment at the macro level, the basis for which can be international
ratings, assessments, as well as socio-economic indicators of Ukraine and the results
of the activities of domestic enterprises, given in official statistical sources.

When studying risks for the further formation of a risk management system, it is
worth studying the results of the World Economic Forum CEO Survey, which was
conducted in 2024 and involves a survey of executives who identify the 5 main risks
that threaten the country in the next 2 years. Executives will choose from 34 risks that
fall into one of these categories: economic, environmental, geopolitical, societal and
technological [175]. The results of the latest study are shown in Fig. 2.1.

As we can see, the leaders of the organizations identified the 5 biggest threats
for Ukraine and enterprises, in particular. Thus, they noted that the possible threats fall
into 3 categories: societal, economic and geopolitical. Analysis of the risks included in
them makes it possible to see that all risks have one or another relation to the activities
of enterprises. The greatest risk for leaders has been the forced displacement of the
population. This has a negative impact both on the country from which people leave
for other countries and on business, as the outflow of migrants leads to a labour

shortage. Next come the risks classified as economic.
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Involuntary,migration

'Attacks on|critical'infrastructure

Labor;and/orstalent shortage

Geopolitical

Public debt

Fig. 2.1. TOP-5 risks according to the results of the Executive Survey (EOS)

Source: compiled by the author based on [175].

Among them, the leaders noted such as attacks on infrastructure, labor shortages
and public debt. That is, economic risks make up the largest share of the categories
identified by the leaders. We agree with the risks indicated by the leaders, which create
real threats to the effective operation of enterprises and the disclosure of their full
potential. That is why it is important to take into account these risks when forming a
modern risk management system for a manufacturing enterprise.

One of these indicators, which is considered international, is the Logistics
Performance Index (LPI). This Index is an international rating calculated by the World
Bank (hereinafter referred to as the WB) based on the results of an expert survey [206].
The World Bank assesses more than 100 countries around the world (the number varies
each reporting year) on 6 key indicators related to logistics efficiency and derives a

weighted average value across these six dimensions:
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1) The efficiency of the clearance process — how quickly and simply documents
and goods are processed by border authorities. This is important for the implementation
of their activities, as it allows enterprises to fulfill their obligations on time or,
conversely, slows them down (Customs score);

2) the quality of trade and transport infrastructure, which includes ports,
railways, roads, etc. It is clear that for Ukraine under martial law, this dimension is
quite problematic and creates real threats to enterprises for production activities
(Infrastructure score);

3) Ease and simplicity of organizing transportation at competitive prices
(International shipment score);

4) Competence and quality in the organization of logistics services (Logistics
competence score). This component of the index is quite important considering what
experience there is in the organization of logistics services, whether there is a supply
of transport operators, customs brokers, etc.;

5) The ability to track and control cargo (Tracking and tracing score). This is
becoming particularly relevant in the context of the spread of digitalization of
enterprise activities and the opportunities that arise against this background. Also,
taking into account martial law, this dimension is necessary to ensure the
implementation of one's activities;

6) Timely delivery of cargo according to the plan and within the delivery terms
(Timeliness score). From the point of view of conducting business and assessing its
risks, this dimension is an important signifier of trust in the company, creating its image
and bearing reputational risks, which justifies the importance of analyzing this
dimension [16, 206].

And based on these 6 points, a weighted average indicator of the Logistics
Performance Index is derived, which is generalizing and allows to see the logistics
risks and threats of domestic enterprises. This index is calculated approximately every
2 years, but with certain exceptions: for example, according to the World Bank, there

1s data from 2007 with a subsequent calculation in 2010 and subsequent two-year data,
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but after 2018, a report for 2023 is provided [206]. The index is calculated on a scale
from 1 to 5, where 5 is the highest level [59]. In Appendix A we have provided all the
presented results of this Index, which are given by the World Bank, which indicate the
main dimensions by which the assessment was carried out, as well as the 3 leading
countries according to this Index, the results of Ukraine and the 3 countries with the
lowest results. This will allow for a more in-depth analysis of Ukraine's place according
to this Index and see what can be improved.

Figure 2.2 illustrates Ukraine’s main performance on this indicator during the
period of calculation of the Index, as well as the rating of Ukraine in the world. The
figure also presents the maximum and minimum result for the corresponding year,

which allows us to see the difference between Ukraine and them.
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Fig. 2.2. Ukraine in the global Logistics Performance Index, 2007-2023
Source: compiled by the author based on [185]
The figure shows Ukraine's score on this index as lines, as well as the maximum
and minimum indicators, and the histogram with a secondary axis shows the result of

Ukraine's rating in the corresponding year. As we can see, Ukraine's score for the
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analyzed period is characterized by certain fluctuations, but does not have an indicator
below 2.55. Ukraine's index had a positive growth trend until 2014, including a further
decrease in 2016 and another increase in 2018 — to 2.83. According to the result of the
score assessment of this Index, Ukraine's score is closer to the maximum level than to
the minimum. The result of 2023 is lower than the previous one — 2018 and is equal to
2.70, which is 2.3 below the maximum. The deterioration in 2023 may be the result of
martial law and the logistical problems associated with it, military operations on the
territory of Ukraine, restrictions on access to certain territories, restrictions on trade
routes, blockade of sea routes, etc.

The result of Ukraine's rating according to this Index is notable: its dynamics are
characterized by greater fluctuations than the score result, and Ukraine's rating
decreased to the 102nd place in the world with further growth and the best indicator -
61st place in 2014. The positive growth of this rating for Ukraine in 2018 to the 66th
place was replaced by a decrease to the 79th place. However, this is still better than the
result of 2010 (102nd place) and 2016 (80th place).

In Fig. 2.3 we illustrate the score result (a) by the components of this index in

Ukraine in 2023, as well as the rating position (b) by these same components.
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Fig. 2.3. Ukraine in the global Logistics Performance Index, 2007-2023
Source: compiled by the author based on [185]
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As can be seen from the figure, the best result, namely 3.1 in the component —
timely delivery of goods. This is a positive characteristic, because it means that
enterprises deliver goods on time and meet their obligations. However, this result is
significantly lower than the highest level of 5.0. The worst are the indicators of customs
clearance and logistics infrastructure (2.4, respectively). This is fully justified by the
wartime conditions in Ukraine. But, as we can see, it does not differ much from other.

Also quite remarkable are the results of Ukraine's ranking position in these
components. Thus, the ease of organizing transportation reflects the best result among
other components — 75th position, which goes hand in hand with the speed of cargo
delivery — 76th place. This characterizes Ukrainian entrepreneurs quite positively, who,
in conditions of limited logistics routes, find opportunities to deliver cargo on time.

Worse positions by components — cargo tracking and control (94) and logistics
competencies (92).

In our opinion, the deterioration of the indicators according to this Index is fully
correlated with the situation that has developed in Ukraine — martial law, active
hostilities, destruction of energy infrastructure, which reduces the ability to provide
timely and high-quality logistics services, worsens the technological capabilities of
cargo tracking due to communication problems during power outages. All this cannot
but affect the result according to this Index and indicate that Ukrainian enterprises are
facing a real problem in the timely provision of services. This can negatively affect the
timely supply of products and raw materials and, accordingly, reduce the ability of
enterprises to produce new products and services according to planned indicators.
Therefore, when forming a risk management system, it is necessary to take into account
the logistical risks that our enterprises are acutely facing.

It is necessary to analyze the country risk, which is determined by the global
rating agency AM BEST. Although this company determines the country risk in terms
of fulfilling financial obligations, this directly affects the business of Ukrainian
enterprises. According to the AM BEST methodology, countries are divided into 1 of
5 levels (from CRT-1 to CRT-5), where countries with the first level of risk are

countries with a stable environment and the lowest level of risk, and countries with the
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5th level are countries with high risk and a threat to financial stability [165]. This
company forms a credit rating that takes into account financial stability, as well as other
investment and insurance factors [155].

According to the latest data, as of August 2025, Ukraine's risk level is
characterized as having a very high level of economic, political and financial risks.
Ukraine is included in CRT - 5. Despite some positive developments in terms of
reducing inflation in 2024, its growth is expected in 2025. The financial sector,
according to IMF estimates, is characterized by stability, but still requires careful
monitoring of increased risks. It is necessary to balance inflation and economic activity
through the use of monetary policy [236]. This assessment of the country in these
sectors also affects the assessment of risks at the level of enterprises conducting their
activities, as they directly depend on the economic, political and financial situation in
the country. It is also noteworthy that Ukraine ranks 105th out of 180 countries in the
Transparency International’s Corruption Perceptions Index [236]. This is a rather
negative characteristic and affects the transparency of business operations.

In the development of our research, we will analyze the result of the risk
assessment of Ukraine by Coface, an international trade credit risk management
company [162]. According to the results of the risk assessment, Ukraine's rating is at
level D, as is the business climate assessment [161]. In general, the assessment
according to this method varies from Al to E (Al, A2, A3, A4, B, C, D, E), where D
means very high (Al is very low, E is extraordinary) [174]. Country risk reflects how
economic, financial and other factors affect a company's payment behavior. Business
climate assessment includes an assessment of the availability of company reporting,
creditor protection, easy access to the domestic market, etc. [237]. According to the
obtained results, the assessment determines the level of risk and business climate of
our country as very high, which is justified by many reasons and is negative from the
point of view of risk management. When forming a risk management system for
manufacturing enterprises, it is necessary to pay attention to this, as it directly
determines both the investment attractiveness of domestic enterprises and the ease of

doing business.
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Among the strengths, Coface noted the regional location of our country, the
Association Agreement and free trade with the EU, the acquisition of the status of
candidate for EU membership, the significant potential of agriculture and metallurgy
for the country's economy, financial assistance from partners, as well as a qualified
workforce. However, they also highlighted the weaknesses of our country, which affect
this result and determine the level of risk as very high. Among them, we can highlight
the war that is still ongoing in Ukraine, high needs for budget financing, dependence
on foreign aid, rather low diversification of the economy, and an important threat is the
outflow of population from the country and a significant demographic decline [237].
All this determines both the opportunities for unlocking the potential of our country
and the main weaknesses that have a negative impact on the risk environment. The risk
management system for manufacturing enterprises must take these points into account
when drawing up its risk management plan and policy.

Important in the development of our research are the results of the country risk
rating assessment, which is developed by Allianz Trade, a company part of the Allianz
Group. This rating measures the risk of default by companies in a country. It consists
of two assessments:

- country rating as a medium-term rating, measured from AA (lowest risk) to D
(highest risk);

- the country's risk level is measured by a short-term rating from 1 (Iow risk) to
4 (highest risk)

The medium-term rating assesses economic imbalances, the quality of the
business climate, and political threats and risks. It includes a macroeconomic rating, a
structural business environment rating, and a political risk rating. While the short-term
rating focuses on the direction of economic performance and production over a time
horizon of the next 6-12 months. It includes a financing flow indicator and a
commercial risk indicator [166].

According to the study, Ukraine has the following results: in 2024, the country's
medium-term rating was D, and the short-term rating, which assesses the country's risk

level, was 4. Ukraine received the same results in 2025 [150, 167]. This characterizes
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the country negatively and as a country with the highest level of risk both at the
macroeconomic level and at the business environment level. This can create certain
problems in the activities of companies, which is associated with both disruptions in
demand and in payment of their obligations. At the country level, this means that there
are economic imbalances, instability of the banking system. It indicates the presence
of problems in the regulation of the activities of companies, low control of corruption
in the country, significant problems in the ease of doing business, etc. This creates
obstacles in the activities of companies, reduces the investment attractiveness of the
entrepreneurial sector of Ukraine and reduces the efficiency of production activities.
To do this, when forming a risk management system, it is necessary to take into account
the problems that our entrepreneurs face and build it in such a way as to be able to
predict possible disruptions in demand in advance, take into account existing
imbalances and at the same time work effectively.

One of the most important indicators by which one can assess the level of risk
in a country, including, is the Index of Economic Freedom (hereinafter — IEF). This
Index is calculated by the Heritage Foundation and measures the extent to which people
have the ability to control their property and work. This Index is measured on the basis
of 12 indicators, which are grouped into 4 pillars: Rule of Law (includes property
rights, government integrity, and the effectiveness of the judiciary); Size of
government (consists of government spending, tax burden, fiscal health); Regulatory
effectiveness (business freedom, labor freedom, monetary freedom); Open markets
(trade freedom, investment freedom, financial freedom) [231]. The characteristics of
the indicators taken into account in the calculation make it possible to see that with low
results, the freedom of doing business is violated, there is a problem with property
rights, there is a high tax burden, etc. That is, all this is a real threat to the effective
conduct of business activities and creates risks in managing the organization.

The index measures each of the 12 indicators on a scale from 0 to 100, where
there is the following division: 0 - 50 - repressed, 50 - 60 - mostly unfree, 60 - 70 -
moderately free, 70-80 - mostly free, 80 - 100 - free [238]. Regarding Ukraine, data is

provided since 1995 and the dynamics of the overall indicator is shown in Fig. 2.4.
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However, it should be noted that the Index was fully calculated up to and including
2022, but starting from that date, data were no longer calculated and Ukraine cannot
take any position in the world. However, information is available for some indicators
after 2022, which we will present in Table 2.1. Appendix B presents available
information on changes in the Index of Economic Freedom of Ukraine and the
indicators included in it for the period 1995 - 2025
Fig. 2.4 allows to see the dynamics of this Index during the analyzed period.

Taking into account the information provided, the dynamics of changes is uneven.
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Fig. 2.4. Dynamics of the Index of Economic Freedom of Ukraine, 1995-2022

Source: compiled d by the author based on [238].

The level of freedom had not very positive results during the analyzed period,
sometimes improving positions and moving from a repressed level of freedom to a
mostly unfree one. All this characterizes doing business in Ukraine as risky, where
there are restrictions on property rights, tax burden, etc.

After 2022, the IEF was not calculated for Ukraine in general, which was
justified by military actions on the territory of the state and the impossibility of
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obtaining various data on the work of enterprises or other important economic

indicators. However, for certain indicators, there were still estimates for the period

2024-2025 (data as of December 2025). We illustrate them in Table 2.1.

Table 2.1
Main results of the assessment of the Index of Economic Freedom of Ukraine,
2024-2025
Years Property rights Government Judicial Trade freedom
Integrity Efficiency
2024 23,0 32,5 30,4 73,2
2025 21,5 35,4 29,9 73,2

Source: compiled by the author based on [145, 238].

As can be seen from the results of the table, it is not possible to derive a general
Index based on 4 indicators, but we can give a certain characteristic. Thus, the worst
indicators are for the “Rule of Law” pillar. There is a low indicator of property rights
— the lowest of those presented. The best result demonstrates the honesty of the
government, but the indicators of this pillar themselves characterize economic freedom
at a repressed level. Corruption in state authorities, which affects the processes and
results of their decision-making, also led to this result.

However, we can note a fairly positive result for the “Trade Freedom™ indicator,
which has the same score of 73.2 in both analyzed years and characterizes the level of
economic freedom in relation to it as “mostly free”. However, its analysis over time
(see Appendix B) reflects a decline, as it also demonstrated an exit to the “free” zone.

Therefore, we can characterize that, despite certain positive results of economic
and market indicators, in Ukraine there is a problem with the legality of actions of the
authorities, judicial bodies and protection of property rights. Which cannot but affect
the activities of business structures and carries certain risks. And the overall indicator
up to 2022 inclusive only confirms our conclusions and indicates a negative indicator
of Ukraine.

We summarize the main macroeconomic results of the country-level risk

assessment in Table 2.2.
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Table 2.2

Ukraine's risk assessment at the macroeconomic level

Rating name

Direction of
assessment

Ukraine's position

The highest and the
lowest

World Economic
Forum CEO Survey,
2025

Company executives
identify 5 main risks
for the country

Forced Migration
Attacks on Critical
Infrastructure
Armed Conflict
Labor Shortage
Public Debt

Logistics Performance

A weighted average
indicator that
summarizes 6 criteria
and allows you to see

Overall score — 2.7
World ranking

1 — lowest score

Index, 2023 the logistical risks and | position — 79 >~ highest score
threats of domestic
enterprises.
CRT-1 - countries
with a stable
Determines the environment and the
Risk rating from AM | country's risk in terms CRT-5 lowest level of risk;
BEST, 2025 of meeting financial to CRT-5 - countries
obligations. with high risk and a
threat to financial
stability.
Country risk Assesses the overall
assessment from risk of a' count'ry by Country risk rating —
Coface, an economic, political
international trade and financial sectors, b; ) . Al —very low,
Business climate E — extreme

credit risk
management
company, 2025.

as well as the
country's business
climate.

rating — D.

Allianz Trade Country
Risk Rating, 2024,
2025

Assesses the country's
rating by a medium-
term assessment and
the country's risk level
by maintaining a
short-term rating.

Country rating — D,
Country risk level — 4.

AA — lowest risk,
D — highest risk;
1 — low risk,

4 — highest risk.

Index of Economic
Freedom, 2022

Measures the extent to
which people have
control over their
property and labor.

54,1

0 — 50 points —
repressed level of
freedom, 80 — 100
points — free

Source: compiled by the author based on previous research
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Thus, the analysis of global indicators that characterize countries by risk showed
that Ukraine currently has mostly negative results in the ratings. Among the ratings
that characterize the country by risk on average, we can highlight the Logistics
Performance Index, which characterizes the level of risk in relation to logistics
activities and the fulfillment of obligations related to logistics.

Other ratings that characterize the country's economic situation, business
environment, legal protection of rights, financial condition, etc., have rather low
results, sometimes Ukraine has the lowest level or is included in the group of countries
with high risk, which indicates problems in the country that affect the business
environment and carry certain threats and risks for the production activities of
enterprises. When forming a risk management system for manufacturing enterprises, it
1s necessary to take into account such results in order to build a system that will timely
identify those possible risks that may arise taking into account the economic, political,
and legal climate in the country.

For further diagnostics of the risk environment of Ukrainian enterprises at the
macro level, it is necessary to study the main macroeconomic indicators of Ukraine.
When selecting indicators, we rely on the data of official statistics of Ukraine, as
provided by the State Statistics Service of Ukraine. Taking into account the
possibilities of collecting information for one time period for a thorough analysis of
the risk environment of Ukrainian entrepreneurs in order to determine further ways of
building a risk management system, we have selected the following indicators:

- The gross domestic product of Ukraine in actual prices (hereinafter referred to
as GDP), which reflects the scale of the country's economy and characterizes
macroeconomic systemic risk. On its basis and by studying its growth trends, it is
possible to generally determine the state of the country's economy. It is measured in
natural quantities.

- The Industrial Producer Price Index (PPI) reflects changes over time in
industrial production and provides an opportunity to analyze price trends by type of
activity [74]. Measured in %. In our study, we use calculation data for the previous

year. Characterizes the price risk of production.
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- The volume of industrial products sold (hereinafter referred to as the ORPP)
characterizes the value of shipped industrial products. It indicates the presence or
absence of a risk of demand for industrial products.

- The Industrial Production Index (hereinafter referred to as the IPI) is a weighted
average value consisting of data on the distribution of gross value added between
industrial activities. In Ukraine, the methodology for its calculation is in accordance
with international standards and the base year is 2016 [56]. In our analysis, we use this
index to the previous year, calculated in %. We also use an aggregated indicator for the
entire industry, which will allow us to see the volatility of this sector as a whole.

- The Consumer Price Index (hereinafter referred to as the CPI) characterizes
changes in the general level of prices for goods and services purchased for non-
productive consumption [55, 74]. This index is an inflation index and characterizes the
purchasing power of potential consumers of products, as its growth leads to a decrease
in purchasing power. We analyze the data of the Index calculated to the previous year
in %.

- The hryvnia to US dollar exchange rate (UAH/USD) and the hryvnia to euro
exchange rate (UAH/EUR) are important indicators of Ukraine's foreign trade, which
includes both exports and imports. They characterize currency and foreign economic
risk, as the appreciation of foreign currency leads to an increase in the cost of imports,
difficulty in meeting obligations, etc. In our study, the exchange rate is given as 1
hryvnia for 100 USD or 100 EUR.

- Capital investments of enterprises (CI) and capital investments of industrial
enterprises (CII) are investments of business entities in various forms for the purpose
of acquiring, manufacturing or modernizing fixed assets, as well as for other purposes
to ensure the production activities of the enterprise [ 72]. These indicators are important
because they are a characteristic of investment risk, technological and reproductive,
since a significant part of these investments is directed specifically to machinery and

equipment. Appendix C presents capital investments of enterprises by type of
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economic activity for the period from 2012 to 2024, which makes it possible to assess

these risks.

Table 2.3 presents statistical data on the indicators described above for the period

from 2013 to 2024.

Table 2.3

Main macroeconomic indicators characterizing the risk environment of

Ukrainian enterprises, 2013-2024*

GDP, ORPP, min UAH/ UAH/ L CLL
Years min PPI U A,H. IPI CPI USD EUR thousand | thousand
UAH UAH UAH
2013 | 1465198 -0,1 | 13224084 95,7 -0,3 | 799,30 | 1061,22 |222671032 | 105292801
2014 | 1586915 17,1 | 1428 839,1 89,9 12,1 | 1188,67 | 1571,59 |183954497 @ 85174872
2015 | 1988544 36,0 | 1776 603,7 87,7 48,7 | 218447 | 2422,87 |218801758 | 87961431
2016 | 2385367 20,5 | 2158030,0 | 104,0 13,9 | 2555,13 | 2829,19 288142597 | 114656763
2017 | 2981227 26,4 | 2625862,7 101,1 14,4 | 2659,66 | 3000,42 366116303 @ 144184086
2018 | 3560302 17,4 | 3045201,9 | 103,0 10,9 | 2720,05 | 3214,29 480314142 200908467
2019 | 3977198 4,1 | 3019383,1 99,5 7,9 | 2584,56 | 2895,18 533728974 | 255397386
2020 | 4222026 -1,6 | 3236 369,1 95,5 2,7 | 2695,75 | 3078,79 409065379 | 181513913
2021 | 5450849 40,8 | 4678908,6 | 101,9 9,4 | 2728,62 | 3230,90 545219654 | 243855992
2022 | 5239114 47,3 | 3854 040,1 63,3 20,2 | 323423 | 3398,20 |344303239 | 126146989
2023 | 6627961 242 | 44029499 | 106,8 12,9 | 3657,38 | 3955,82 |520187646 | 221130301
2024 | 7658659 19,7 | 5279813,1 @ 104,6 6,5 | 4015,21 | 4345,04 1616990761 | 261502937

* The data does not include the territories temporarily occupied by the Russian Federation and

parts of the territories where hostilities are (were) ongoing. By CI and CPI indicators data exclude on

and budget organizations.

Source: compiled by the author based on [12, 26, 27]

We have provided data for 2013-2024, which makes it possible to see changes
over a sufficiently long period of time, which allows to see the dynamics of their
changes.

Thus, the GDP indicator tends to grow during the analyzed period with a slight
decrease in 2022 - the year of the beginning of the full-scale war against Ukraine. If
we take into account the Indices given in our study, we should note that they are marked
by strong fluctuations and have uneven dynamics of development. The exchange rate

of the hryvnia to two foreign currencies, which are the main currencies in foreign
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economic operations, is constantly changing: it can be noted that the annual growth in
the value of foreign currencies is observed with a slight exception in 2019. The trend
1s somewhat the same when analyzing the capital investment indicator, where it tends
to grow during the period, but in 2020 and 2022 it undergoes a decrease. This is
justified by the fact that in 2020 the COVID-19 pandemic began in Ukraine, when
enterprises were closed for some time and had restrictions on the implementation of
their production activities, and 2022 is the beginning of a full-scale Russian invasion
of Ukraine, which had an extremely negative impact on various aspects of the country's
life. Thus, Shynkaruk L.V. with co-authors, studying the features of the development
of enterprises in Ukraine, including in conditions of war and the COVID-19 pandemic,
notes the significant influence of external factors on the efficiency of enterprises [184].

But to conduct a qualitative and thorough study of the risk environment of
Ukrainian enterprises, it is necessary to make certain transformations with the data for
further measurement of volatility and risk. To do this, we need to calculate the standard
deviation (STDEV) and the coefficient of variation (V). The coefficient of variation
(V) is a relative measure of risk. The lower the coefficient of variation, the smaller the
spread of the indicator. This indicator makes it possible to determine the level of the
risk environment [126, 136].

To do this, we need to normalize our data. We will calculate the YoY (year-on-
year) growth rate and present the result in Table 2.4. We leave the Indices as they are,
since they already reflect the growth compared to the previous year.

As we can see from the table, the growth rates are uneven and fluctuate in
different years. One of the largest slowdowns in growth and declines in rates is
observed in the period 2020 and 2022, which is explained by the reasons already given
above. However, we should also note that not all indicators have a positive
characteristic when they grow. An example of this is the CPI indicator, which
characterizes inflation. Accordingly, the lower its growth rate, the better. Similarly, the

growth of currency rates also has the same nature - the lower its growth rate, the better.
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Table 2.4
Growth rate of key macroeconomic indicators characterizing the risk

environment of Ukrainian enterprises, 2014-2024

Years GDP PPI ORPP IPI CPI USI;]/) US[I;I}/{ CI CII
2014 83 17,1 8,0 89,9 12,1 48,7 48,1 -17,4 -19,1
2015 253 36,0 243 87,7 48,7 83,8 54,2 18,9 3.3
2016 20,0 20,5 21,5 104,0 13,9 17,0 16,8 31,7 30,3
2017 25,0 26,4 21,7 101,1 14,4 4,1 6,1 27,1 25,8
2018 19,4 17,4 16,0 103,0 10,9 2,3 7,1 31,2 39,3
2019 11,7 4,1 -0,8 99,5 7,9 -5,0 -9,9 11,1 27,1
2020 6,2 -1,6 7,2 95,5 2,7 4,3 6,3 -23,4 -28,9
2021 29,1 40,8 44,6 101,9 9,4 1,2 4,9 333 34,3
2022 -3,9 47,3 -17,6 63,3 20,2 18,5 52 -36,9 -48,3
2023 26,5 24,2 14,2 106,8 12,9 13,1 16,4 51,1 75,3
2024 15,6 19,7 19,9 104,6 6,5 9.8 9,8 18,6 18,3

Source: calculated by the author

Analysis of growth rates indicates the uneven development of these indicators,
which characterize both the macroeconomic environment in general and its industrial
component, as well as the currency. The dynamics of the GDP growth rate to the
previous year is quite uneven with significant growth in 2015, fluctuations at the same
level for the next 2-3 years and a significant decrease in 2019-2020. Since 2021, the
fluctuations in the growth rates of this indicator have been even greater. The significant
growth rates of currency rates against the hryvnia at the beginning of the analyzed
period with a subsequent slowdown in these rates are notable. Moreover, in 2022-2024,
the growth figures were positive, but not at the level of 2014-2015. This is explained
by the rather strict policy of the National Bank of Ukraine, which fixed the exchange
rate, which was a forced action in wartime conditions and allowed to preserve
Ukraine's gold and foreign exchange reserves and take inflation under control [17].

We see that the environment is characterized by high risk and there are also

shock states characterized by large fluctuations. We propose to calculate a moving
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average (SMA) for 3 years, which will allow us to smooth our data series and see more
evenly the directions of the dynamics of the series and risk. To do this, we calculated
this indicator and the results are displayed in Table 2.5.

Taking into account the 3-year calculation period, the formula for calculating the
moving average has the following form [182]:

X1+xZ+X3

SMA = =—=, (2.1)

where x1, X2, X3 — data for the previous two periods and the selected period,

n — the number of periods.

Table 2.5
Moving average of growth rates of indicators
UAH/ UAH/
Years | GDP PPI | ORPP | IPI CPI usp | EUR CI CII

2016 17,9 24,5 18,0 93,9 249 | 49,8 39,7 11,1 4,8

2017 23,4 27,6 | 22,5 97,6 25,7 34,9 25,7 | 25,9 19,8
2018 21,5 21,4 19,7 | 102,7 13,1 7,8 10,0 | 30,0 31,8
2019 18,7 16,0 12,3 101,2 11,1 0,5 1,1 23,1 30,7
2020 12,4 6,6 7,4 99,3 7,2 0,5 1,2 6,3 12,5
2021 15,7 14,4 17,0 99,0 6,7 0,2 0,5 7,0 10,8
2022 10,5 28,8 11,4 86,9 10,8 8,0 5,5 -9,0 -14,3
2023 17,2 37,4 13,7 90,7 14,2 10,9 8,8 15,8 20,5
2024 12,7 30,4 5,5 91,6 13,2 13,8 10,5 10,9 15,1

Source: calculated by the author

Thus, we calculated a 3-year moving average of our indicators in order to smooth
out the results of the dynamics. This will allow us to determine the direction of the
indicator's trend without large fluctuations due to shocks. To visualize our calculations
and determine trends, we will construct Fig. 2.5 — 2.9.

These figures illustrate the dynamics of the growth of indicators. SMA allows
you to see a more smoothed nature of changes. Also, a trend line is added to the figures,
which reflects that we do not have a linear relationship in the development of

indicators.
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(a) (b)
Fig. 2.5. Dynamics of growth rates and moving average GDP (a) and PPI (b)

Source: compiled by the author

60

ORPP Moving average *eeeee*** Linear (ORPP)
(a) (b)
Fig. 2.6. Dynamics of growth rates and moving average of the ORPP (a) and
CPI (b)

Source: compiled by the author

Fig. 2.5 — 2.9 show that the growth of all indicators is very uneven, characterized
by significant fluctuations, with a market decline (growth of PPI, CPI and exchange
rates) in 2022. Some indicators also decreased sharply in 2020, which is confirmed by
the figures. The results of the visualization of the moving average reproduce the

process of uneven development of the environment and indicate significant volatility



Docusign Envelope ID: 1E7AED5B-C0C9-808E-8316-D3D909816A30

101
of these indicators. The smoothing that we observe further confirms the variability of
the data and sharp fluctuations in the economy, which is a consequence of the activities
of both the enterprises themselves, on the one hand, and directly affects these

enterprises.

120
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60

40

20

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

IPI Moving average — +eceeeeee Linear (IPI)

Fig. 2.7. Dynamics of growth rates and moving average of IPI

Source: compiled by the author

100.0
80.0
60.0
40.0

20.0

— J AH/ Moving average ««««+++++ Linear (UAH/
EUR rate EUR rate)

Moving average «««+++--- Linear (UAH/
USD rate USD rate)

(a) (b)
Fig. 2.8. Dynamics of growth rates and moving average of UAH/USD (a) and
UAH/EUR (b) exchange rate

Source: compiled by the author
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100.0
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Fig. 2.9. Dynamics of growth rates and moving average of CI (a) and CPI (b)

Source: compiled by the author

Significant fluctuations are noticeable in investment indicators, which is logical
given the circumstances, but also indicates the dependence of enterprises on external
conditions. During crises, shocks, investments in their own development are reduced,
which has a further chain effect. That is why it is necessary to foresee these crises in
order to form a risk management policy that will allow the company to continue
developing even in the event of a risky situation. Since the cessation of development
has significant negative consequences for restoring its market positions and ensuring
competitiveness in modern conditions both in Ukraine and abroad.

Based on the obtained data on growth rates, we will proceed to further study of
the risky external environment of Ukrainian enterprises. Against the background of
already normalized and comparable data, we will calculate the average (Average),
median (Median), minimum (MIN), maximum (MAX), standard deviation (STDEV)
and coefficient of variation (V). This will allow us to see the spread of indicators that
were selected by us for analysis. For this, we will use the MS Excel program. We also
note that we will carry out these calculations both for the entire time range (2014-

2024), and for the pre-war (2014-2021) and war (2022-2024) periods.
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It is worth noting that the coefficient of variation reflects the degree of variability
of the studied data in relation to the average of the entire range. It is an indicator of
volatility, the nature of changes and the risk of the studied phenomenon [158].

To calculate the coefficient of variation, we use the following formula [241]:

V =

X1 Q

x100%, , (2.2)

ne o -1s the standard deviation,
X = average.

Standard deviation measures the dispersion of data in a sample relative to the
mean [158].

The mean indicator reflects the average value over the entire sample. If, when
measuring the coefficient of variation, the mean is close to or equal to “0”, then the
coefficient will show incorrect values [159]. And the median reflects the value that is
in the middle of our series. Comparing these values allows to characterize the stability
of our data or, conversely, reflect asymmetry.

The minimum and maximum indicators also make it possible to see whether
there are extremes in the data under study, whether there are shocks (with a high
difference between them).

The results obtained are presented in Table 2.6.

We will also calculate the difference between the coefficient of variation of the

two analyzed periods. In formula, it looks like this:

AV =V (2014-2021) — V(2022-2024), (2.3)
This will allow to compare how much the main characteristics of these series

have changed and whether the riskiness has increased or decreased.
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Table 2.6

Results of calculating the standard deviation and coefficient of variation

. UAH/ UAH/
Indicator GDP PPI ORPP IPI CPI USD EUR CI CII

For the entire analyzed period

A(Vl‘;r_ﬁ‘; 166 | 229 | 144 | 961 145 180 150 132 143
1‘&2‘32‘; 194 205 | 160 1011 12,1 9,8 71 189 | 258
(1411\-42141; 3.9 16 | -176 | 633 2.7 25,0 99 | 369 | -483
(11:‘4_‘;3 29,1 | 473 | 446 | 1068 48,7 838 | 542 | SL1 | 753
S(ﬁ)_];:; 1021 | 1461 | 1580 1246 1223 | 2608 | 1923 | 2746 35,13

V (14-24)  61,3% 63,8% | 109,3% | 13,0% | 84,3% 145,1% | 128,2% | 207,7% | 245,4%
Pre-war period (2014-2021)

A(Vleatr-zgli 18,1 20,1 17.8 | 97.8 150 | 195 | 167 | 14, 14,0
1‘(412‘1‘231'; 197 | 190 | 187 | 1003 15 42 67 | 230 | 264
(li‘_‘g 6.2 1,6 08 | 877 2,7 50 99 | 234 | 289
(11:14-% 201 | 408 | 446 1040 487 | 838 | 542 | 333 | 393
S(ﬂ)]jlv) 849 | 1446 | 1387 | 6,16 1412 3091 | 2252 | 2257 | 2588

V (14-21) | 46,9% 72,0% | 77,9% | 6,3% 94,1% | 158,2% | 134,9% |160,4% | 184,6%

War period (2022-2024)
Average

12 4 1 13,2 1 1 1 15,1
(22-24) ,7 30, 5.5 91,6 3, 3.8 0,5 0,9 5,
Median
1 242 14,2 104 12 13,1 1 1
(22-24) 5,6 s s 04,6 9 3, 9.8 8,6 8,3
MIN
-3 1 -17,6 63 6,5 8 2 -36 -48
(22-24) 9 9,7 7, 3 , 9, 5, 36,9 3
MAX
26,5 473 1 106,8 20,2 18 16,4 51,1 5
(22_24) b 7’ 9)9 b 9 95 9 9 7 ’3
STDEV 15,39 14,81 20,24 24,50 6,85 4,42 5,64 44 47 61,84
(22-24)
V (22-24) | 121,0% 48,7% | 367,3% | 26,8% 51,9% 32,0% 53,9% 1406,2% | 409,7%
AV

AV | 741% | -233% | 2894%  20,5% @ -42,2%  -1262% | -81,0% 245.8% @ 225,1%
Source: calculated by the author
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First, it is worth noting to give a scale of the level of uncertainty and riskiness of
the activity for the coefficient of variation:

- minimal risk — up to 10%;

- low risk — from 10% to 25%;

- acceptable risk — 25% - 50%;

- critical risk — 50% - 75%;

- more than 75% - catastrophic risk [71].

It is also noted that there is no general standard for the rate of variation, but
analysts suggest this approach:

V < 15% - low variation, when data is clustered around the mean and is
predictable;

V — 15-25% - moderate variation that is typical and occurs in a business
environment. The data 1s consistent but takes into account natural fluctuations;

V > 25% - indicates significant dispersion around the mean. Results are less
predictable [241].

According to this scale, GDP and PPI indicators characterize the environment as
having critical risk, all others as catastrophic. However, we see that there are results
with a coefficient of variation higher than 100%, which may be the result of a large
scatter of our data, which is confirmed by a rather significant difference between the
Average and Median, as well as a distinctive value of the standard deviation.

This table indicates a fairly high risk of the Ukrainian business environment. We
see that the coefficient of variation reflects critical risk and catastrophic risk for many
analyzed indicators. The exception is the IPI, which demonstrates low risk. This can
be explained by the fact that this index does not have large fluctuations, is characterized
by low volatility, but is still prone to crisis deviations.

The analysis of the mean, median, minimum and maximum allows us to confirm
the obtained results of the coefficient of variation, as they demonstrate the difference
between the mean and median indicators, as well as a sufficient difference between the
maximum and minimum. This indicates the instability of the environment, the

volatility of phenomena, the asymmetric development and the presence of shocks.
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If we compare the periods of the pre-war years and wartime, we can see both
positive changes in the coefficient of variation and negative (and significant), this can
also be justified by the small time period (3 years), which is analyzed and compared
with the previous longer period. Although in the second period we calculated the
average, median, as well as the minimum and maximum, we understand that it is not
sufficiently indicative for such a period of time.

The difference between the coefficient of variation for the two analyzed periods
also has positive changes, reflecting the improvement in the level of riskiness in the
PPI, CPI and both exchange rates.

But what attracts our attention is that we have obtained quite high variation
indicators for all analyzed periods, namely —above 100%. This is acceptable and means
that the standard deviation is higher than the average, which is confirmed by the
obtained results and indicates a high variability of these indicators. It may also be a
result of the fact that the calculation of the coefficient of variation is better done when
there is a normal distribution [160], however, the calculations performed, the
previously presented graphs of growth rates with a trend, indicate the absence of a
normal distribution.

For further research, we added the maximum-minimum indicator (Max — Min,
or range of variation), the interquartile range (IQR), as well as the mean absolute
deviation (MAD). Let us calculate these indicators and present them in Table 2.7.

The Max-Min indicator reflects the amplitude of fluctuations in the values of the
indicators we selected.

The interquartile range (IQR) is a measure that defines the portion of a sample
that contains 50% of the values of the sample elements, excluding the 25% of the
smallest and largest values [32]. The median represents Q2. The magnitude of the value
reflects the clustering of the sample around the median. The smaller the value, the more
tightly clustered it is [2]. This indicator is also important because it shows typical
variability, that is, what is inherent in a particular series.

The mean absolute deviation (MAD) is a measure that reflects the average

deviation of individual values from the mean (Average). The latter two measures are
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also important in that they are less sensitive to outliers and extreme values. This is done
by discarding the 25% of the smallest and largest values when calculating the IQR,
when an outlier simply happens to be in those 25%. And the MAD indicator is also

less sensitive to outliers because it is based on absolute deviations of values from the

mean.
Table 2.7
Results of calculating the variability of indicators
Indicator = GDP | PPI | ORPP | IPI CPI %[;I;/ %ﬁg CI CII
For the entire analyzed period
A
(Vlzr_;i‘)’ 166 | 229 144 | 96, 145 | 180 | 150 | 132 | 143
Medi
(12_;:8 19,4 20,5 | 160 | 1011 12,1 9,8 7,1 18,9 25,8
MIN
1424y -1,6 | -17,6 | 633 2,7 -5,0 9,9 | -369 | -483
MAX
(1424 2! 473 | 446 | 1068 48,7 | 838 542 | 51,1 75,3
Max- Mi
a(xl 4_2:8 330 | 489 | 622 43,5 46,0 = 888 64,1 | 87,9 | 1236
S(ﬂ)_f:; 1021 | 14,61 1580 @ 12,46 1223 | 26,08 | 1923 | 2746 | 35,13
MAD
(14-24) 8,3 10,9 | 11,1 8,7 73 17,7 13,7 | 21,7 27,3
IQR
(14_(224) 15,1 140 | 14,0 10,8 55 14,6 11,0 | 34,6 40,3

V (14-24) | 61,3% | 63,8% | 109,3% | 13,0% 84,3% | 145,1% | 128,2% 207,7% | 245,4%
Source: calculated by the author

Therefore, the calculations carried out further show that our data has a high
amplitude of fluctuations, which results in such an indicator of the coefficient of
variation and indicates the variability of the data. And for variation indicators above
100%, the Max-Min indicator is noticeably high, although for other indicators its result
also reflects a high range.

For correct conclusions about the interquartile range and standard deviation,

their values should be analyzed in relation to the median and mean.
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The interquartile range (IQR) has a different result relative to the median for our
indicators. It is significantly smaller for the Consumer Price Index, which also shows
a low result for the mean linear deviation indicator, but the high amplitude of
fluctuations (Max-Min) results in such a coefficient of variation result. Indicators that
have an IQR above the median are also characterized by a large amplitude, as well as
a relatively high MAD indicator, which correlates with the result of the coefficient of
variation.

The result of MAD reflects the average fluctuation of possible changes when
oriented to the average. That is, in addition to the fact that there is asymmetry and
skewness in one direction or another (with the difference between the median and the
average), there is also a deviation from the average indicator itself. It is worth adding
that these deviations are distinctive, since this variability is additional to our averages.
Therefore, it is important to take this into account when forming the risk management
system of enterprises, that changes can also be made taking this into account.

Appendix D contains histograms of indicators and box plots, which make it
possible to assess the distribution of indicator values over certain intervals (histogram),
as well as the stability of the indicator and the presence of extreme indicators (box
plot).

In general, in conclusion, we can say that the risk environment of Ukraine is
characterized by a high level of volatility, instability, and the presence of shock states.
This is confirmed by international ratings, according to which Ukraine has the lowest
values almost everywhere. Of course, the main period when the environment
significantly deteriorated was the COVID-19 pandemic, as well as the war on the
territory of Ukraine. The instability is evidenced by the calculations that were carried
out and substantiated.

The values of the coefficients of variation obtained by us indicate the presence
of shock fluctuations and structural changes in the risk environment of the functioning

of enterprises. In our study, the coefficient became an indicator of the instability of the
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environment. To determine the trends of the selected indicators, we calculated a
moving average for 3 years, which confirmed the uneven development of indicators
and negative changes in moments of crisis. Indicators that are resistant to emissions
also reflected that the environment is unstable, although they had low values for some
indicators. But the additional calculations performed correlated with the coefficient of
variation. In the future, we will propose a mechanism for taking into account the
calculations performed when building a risk management system for manufacturing

enterprises.

2.2. Analysis of the internal environmental risks and risk management
practices at manufacturing enterprises in Ukraine

After analyzing the volatility of the macro environment of Ukrainian enterprises,
it is advisable to study the results of enterprises' activities due to an unstable
environment. First, it is worth to analyze the financial indicators at the country level.
We present them in Table. 2.8.

From Table 2.8 we can see that net income, which is all revenue of enterprises
less indirect taxes, as well as discounts and refunds, increases every year, with the only
exception being 2022, when the volume of net income decreased. The growth rates are
uneven, but stable.

The result of the activities of enterprises before taxation is not so positive, as it
demonstrates both negative results, that is, when enterprises are unprofitable, and
further positive dynamics and profit of enterprises before taxes. But in 2020 there is a
significant decrease in this indicator, although the result is positive. From 2023, the

financial result before taxation is growing again.
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Table 2.8
Main financial indicators of Ukrainian enterprises *
Net income Level of
from sales of | Financial result Level of profitability
Years products (balance before | Net profit (loss), | profitability of | of operating
(goods, works, | tax), thousand thousand UAH all activities of | activities of
services), UAH enterprises, % enterprises,
thousand UAH %
2014 -k -523587000 -590066945 -14,2 -4,1
2015 5164124288 -348471649 -373516013 -7,3 1
2016 6226583191 69887807,3 29705020,1 0,6 7,4
2017 7621974799 236952071 168752793 3 8,8
2018 9092539797 369212262 288305468 4,5 8,1
2019 9659409675 613044036 523779002 7,6 10,2
2020 9884573566 134734313 68054905,5 0,9 6,2
2021 12807404568 - 885276480 10,1 12,6
2022 10681887363 - -276277743 -3,2 3,3
2023 13472989530 563114685 427672584 4,5 8
2024 16022601490 819802108 665011112 5,8 5,7

* The data does not include the territories temporarily occupied by the Russian Federation and

parts of the territories where hostilities are (were) ongoing. Data exclude on banks.

** - — data missing

Source: compiled by the author based on [26, 27]

The net profit or loss indicator is also characterized by loss-making indicators at

the beginning of the analyzed period with a subsequent decrease before transitioning
to a profitable result. However, in the main crisis years of 2020 and 2022, there is a
significant decrease in this indicator. And a return to a loss-making result in 2022. In
the future, starting from 2023, the positive dynamics are restored again. Which
indicates the positive results of the activities of Ukrainian enterprises.

Also noteworthy is the indicator of the level of profitability of the entire
enterprise's activities, which reflects the efficiency of the enterprise's activities, namely
the share of profit in the enterprise's expenses. The change in this indicator during 2014
- 2024 is also uneven: from negative indicators at the beginning of the period, 2014 -
2015 to steady growth until 2020. In the year of the onset of the COVID-19 pandemic,

profitability decreased significantly, although it did not reach a negative result.
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Significant growth in 2021 — up to 10,1% was replaced by a significant decrease to —
3,2% in the year of the full-scale invasion. The results of subsequent years demonstrate
the restoration of positive dynamics.

We will also examine the indicator of the level of profitability of operating
activities, which characterizes the effectiveness of the main activity of the enterprise
for which it was created, how profitable the costs of production and sale of goods are.
The results of this indicator and the dynamics are somewhat different from the previous
one: although there is a negative value, it is only in 2014, and subsequently all the
results are positive. Fluctuations are also present, but their rates are not so high. There
is a decrease in the level of profitability in 2020 and 2022 with further growth.
However, in 2024 the indicator decreases again, although the profitability of all
activities demonstrates growth. The results of the two levels of profitability in 2024
have almost the same indicators (5,8% — the level of profitability of all activities of
enterprises, 5,7% — the level of profitability of operating activities of enterprises). This
indicates an increase in the part of operating activities in the profit of the enterprise.
Although, in general, the profitability of operating activities has decreased.

Thus, we see that the financial results of Ukrainian enterprises are characterized
by instability due to the risky macro environment, the volatility of macroeconomic
indicators. The greatest decrease occurs in 2020 and 2022 — the years of crisis. In such
conditions, enterprises need to form a risk management system that would quickly
respond to possible changes, assess the situation and the main threats that arise before
it. That is why it is necessary to study Ukrainian manufacturing enterprises from the
perspective of studying their risk analysis and their risk management practices.

To do this, we will examine the main manufacturing enterprises that provide
open information about their main activities. We have selected the following 5
enterprises that are manufacturing and based on the analysis of their reporting, it is
possible to conduct a risk assessment:

1. PJSC “ArcelorMittal Kryvyi Rih™ (hereinafter referred to as ArcelorMittal),
which is the largest mining and metallurgical enterprise in Ukraine. This company is
part of an international company and is one of the largest investors in Ukraine. This

company is an enterprise with a full metallurgical cycle, which includes coke chemical
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production, mining production and metallurgical production. Within the framework of
our study, the company represents the mining and metallurgical complex of Ukraine
(MMC), which i1s one of the most important for the industrial and economic
development of the country [81].

2. Metinvest is an international mining and metallurgical group of companies
(Metinvest Holding LLC is the management company and a subsidiary of Metinvest
B.V.). This company also produces mining and metallurgical products [128].

3. Public company «Interpipe Holdings» (hereinafter — Interpipe) is a leading
manufacturer and exporter of pipe and railway products. Represents the metallurgical
and mechanical engineering industry in our study [130].

4. PJSC “Kryukiv Carriage Building Plant” (hereinafter referred to as KVBZ)
produces both freight and passenger railcar products, products for subways,
mechanical engineering and metal construction products. The plant's industry is
mechanical engineering (transport) [82].

5. Private Joint-Stock Company “AZOT” (hereinafter — AZOT). It is a chemical
industry manufacturer and is part of the OSTCHEM holding, being its main asset. The
company's industry is the chemical industry [80].

Thus, we analyzed the data of 5 manufacturing enterprises belonging to different
branches of industry in Ukraine. The study of their financial statements allowed us to
analyze the period 2019-2023 and provide the main indicators of financial activity,
calculate the coefficients of financial stability and liquidity, which characterize the risk
of the enterprise (financial, insolvency), and also further analyze the financial risk of
these enterprises in terms of possible bankruptcy, inability to secure their obligations,
etc. For this, we used 5 methods of assessing the risk of insolvency, which we will
describe below.

First, we will present the main financial and accounting indicators of the
activities of these manufacturing enterprises (Table 2.9) and analyze their absolute and
relative changes (Table 2.10), which will allow us to make a general overview of the
development of these enterprises and assess the dynamics of their development,

determine how much it corresponds to trends at the macro level.
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Table 2.9

Main performance indicators of selected manufacturing enterprises, 2019 -

2023, thousand UAH

A;['::tl:lr Metinvest Interpipe KVBZ AZOT
2019 97436408 | 327745949 | 30037583 4562362 | 18175657
2 2020 88251664 | 380406468 | 26236850 3998600 | 22855418
2 2021 105631044 | 435905636 | 31940917 4909653 | 20943683
< 2022 52637474 | 321255151 | 29254441 4532293 | 24865504
2023 47006610 | 346893259 | 42060950 5315658 | 23153570
2019 60627742 | 164145366 | 10640031 3295240 | -11485030
2 2020 60867996 | 183671802 | 14716533 3391492 | -14262101
o) 2021 76544616 | 217407254 | 11877419 3230533 | -18305916
= 2022 28197740 | 104951882 7523880 3288098 | -25730887
2023 15912044 | 99627835 20152208 3199414 | -22547700
2019 10097927 | 28068147 4618809 1973970 635771
P 2020 7575431 26493300 4350358 1290541 581450
9 2021 14700484 | 42090263 5848392 1738446 686688
7 2022 14166798 | 33350563 6345749 1406722 644846
2023 11029613 | 30044078 7007487 1317834 893834
. 2019 62423831 | 254792453 | 26584491 8218515 4269053
£ 2020 63517295 | 295554394 | 24461233 3336667 3387932
= 2021 109302319 | 491143991 | 30903473 2550219 3597294
5 2022 43819882 | 303080557 | 35885864 3543812 3087958
~ 2023 41873521 | 280955813 | 37553427 2086944 4723250
2019 2744139 7698015 1966191 1040935 1950843
£z . 2020 2073425 23948586 6016835 92842 2267961
§ “§ 2021 31047537 | 134563361 4001057 226514 91585
& = 2022 50262969 | -52146824 10143289 74418 7443595
2023 10304134 | 16902168 13615095 -205781 1465120
2019 2263623 8076994 19627712 842314 2120313
55 2020 742292 14872440 5516827 69016 2796384
2 2021 25220003 | 129980623 2490936 228517 74780
E 2022 49054174 | -80194940 7476121 41288 7605386
2023 11875974 | -7368586 9605483 -143897 3207499
- 2019 7036911 21199149 1417548 79552 20012
£% o 2020 5608640 19170179 1244931 49790 _k
2 & 3 2021 8522466 27741929 1709688 33593 -
SR 2022 2367453 13932637 775474 4441 -
< 2023 4087584 11584632 1170428 2653 -

* - — this cost item was not applied during this period
Source: compiled by the author based on a study of reporting forms of selected

enterprises [48-52]
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The indicators selected for presentation in the table are important for the first
step of risk analysis of Ukrainian manufacturing enterprises, as they allow to assess the
scale of the companies’ activities. It is worth noting that the figures are given in
thousand UAH according to the financial reporting forms of Ukraine. Metinvest and
Interpipe in their consolidated reports provided figures in US dollars. For clarity in this
table, they were calculated at the NBU exchange rate as of December 31 of the
corresponding year. Further calculations of liquidity, stability and other ratios were
carried out by reporting units, which does not affect the result of the ratios.

The asset indicator is important from the point of view of further assessment of
the asset structure and the scale of the company in general. Equity allows to analyze
the systemic risk of the enterprise. These two indicators are one of the most important
in further calculations of risk assessment models. Inventories are an indicator of the
state of the production cycle. It is important to maintain a balance of inventories,
because their excess or deficiency directly affects the production process or cash flow.
In both cases, this is negative for operational activities.

The income and profit indicators that we analyze in the table and in the
subsequent dynamics reflect the stability of the company, the demand for products. Net
income directly depends on production and is an indicator for it, because its decrease
will mean a decrease in demand for products, the risk of losing customers and the need
to reduce capacity utilization. Operating profit is important in the analysis of
manufacturing enterprises, because it is an indicator of production efficiency. It reflects
production and operational risks. The net profit indicator is one of the most important
in the activities of any enterprises and is a signifier of the profitability of the enterprise.
If the enterprise's activities are characterized by unprofitability over a certain period of
time, then this is a signal to management about the crisis at the enterprise and the need
to revise the production model or reorient to other types of activities or changes in
company management.

We also consider it important for manufacturing enterprises to characterize such
an indicator as “acquisition of fixed assets”, since it means capital investment in the

assets of the enterprise for the purpose of conducting economic activity. This



Docusign Envelope ID: 1E7AED5B-C0C9-808E-8316-D3D909816A30

115

contributes to technological development or, conversely, causes it to stop in the

absence of this expense item.

For a full analysis of these indicators, we calculated the absolute deviation of

these indicators and the relative deviation year-on-year (YoY) (Table 2.10), which will

allow to see the dynamics of changes in the main financial and production indicators.

Table 2.10

Dynamics of changes in the main performance indicators of selected

manufacturing enterprises, 2019-2023

‘?\Z:;l;’lr Metinvest | Interpipe | KVBZ AZOT
1 2 3 4 5 6 7
Absolute deviation, thousand UAH
2020/2019 -9184744 52660519 -3800734 -563762 4679761
2021/2020 17379380 55499168 5704068 911053 -1911735
2022/2021 | -52993570 | -114650485 -2686476 -377360 3921821
2 2023/2022 -5630864 25638108 12806509 783365 -1711934
% Relative deviation YoY
2020/2019 -9,4% 16,1% -12,7% -12,4% 25,7%
2021/2020 19,7% 14,6% 21,7% 22,8% -8,4%
2022/2021 -50,2% -26,3% -8,4% -7,7% 18,7%
2023/2022 -10,7% 8,0% 43,8% 17,3% -6,9%
Absolute deviation, thousand UAH
2020/2019 240254 19526436 4076503 96252 -2777071
2021/2020 15676620 33735452 -2839114 -160959 -4043815
2022/2021 | -48346876 | -112455372 -4353540 57565 -7424971
%’ 2023/2022 | -12285696 -5324047 12628328 -88684 3183187
g Relative deviation YoY
2020/2019 0,4% 11,9% 38,3% 2,9% 24.2%
2021/2020 25,8% 18,4% -19,3% -4,7% 28,4%
2022/2021 -63,2% -51,7% -36,7% 1,8% 40,6%
2023/2022 -43,6% -5,1% 167,8% -2, 7% -12,4%
Absolute deviation, thousand UAH
2020/2019 -2522496 -1574847 -268451 -683429 -54321
2021/2020 7125053 15596962 1498033 447905 105238
2022/2021 -533686 -8739699 497358 -331724 -41842
% 2023/2022 -3137185 -3306485 661738 -88888 248988
% Relative deviation YoY
2020/2019 -25,0% -5,6% -5,8% -34,6% -8,5%
2021/2020 94,1% 58,9% 34,4% 34,7% 18,1%
2022/2021 -3,6% -20,8% 8,5% -19,1% -6,1%
2023/2022 -22,1% -9,9% 10,4% -6,3% 38,6%
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Continuation of Table 2.10

|

4

5

6

7

Absolute deviation, thousand UAH

2020/2019 1093464 40761940 -2123258 -4881848 -881121
2021/2020 | 45785024 195589597 6442240 -786448 209362
g 2022/2021 | -65482437 | -188063434 4982391 993593 -509336
2 2023/2022 -1946361 -22124744 1667563 -1456868 1635292
= Relative deviation YoY
2 2020/2019 1,8% 16,0% -8,0% -59,4% -20,6%
2021/2020 72,1% 66,2% 26,3% -23,6% 6,2%
2022/2021 -59,9% -38,3% 16,1% 39,0% -14,2%
2023/2022 -4,4% -7,3% 4,6% -41,1% 53,0%
Absolute deviation, thousand UAH
2020/2019 4817564 16250571 4050643 -948093 -4218804
& 2021/2020 | 28974112 110614774 -2015778 -319356 2359546
% 2022/2021 | -81310506 | -186710184 6142231 300932 -7535180
o0 2023/2022 39958835 69048992 3471807 -280199 5978475
s Relative deviation YoY
i 2020/2019 -175,6% 211,1% 206,0% -91,1% -216,3%
o 2021/2020 1397,4% 461,9% -33,5% -344,0% -104,0%
2022/2021 -261,9% -138,8% 153,5% -132,9% -8227,5%
2023/2022 -79,5% -132,4% 34,2% -376,5% -80,3%
Absolute deviation, thousand UAH
2020/2019 3005915 6795445 -14110885 -773298 -4916697
2021/2020 | 24477711 115108183 -3025891 -297533 2871164
2022/2021 | -74274177 | -210175563 4985185 269805 -7680166
% 2023/2022 37178200 72826354 2129362 -185185 10812885
a Relative deviation YoY
E 2020/2019 -132,8% 84,1% -71,9% -91,8% -231,9%
2021/2020 3297,6% 774,0% -54,8% -431,1% -102,7%
2022/2021 -294,5% -161,7% 200,1% -118,1% -10270,3%
2023/2022 -75,8% -90,8% 28,5% -448,5% -142,2%
" Absolute deviation, thousand UAH
§ 2020/2019 -1428271 -2028970 -172617 -29762 -20012
E 2021/2020 2913826 8571751 464758 -16197 -
o 2022/2021 -6155013 -13809293 -934215 -29152 -
E 2023/2022 1720131 -2348005 394954 -1788 -
: Relative deviation YoY
3§ 2020/2019 -20,3% -9,6% -12,2% -37,4% -100%
E 2021/2020 52,0% 44, 7% 37,3% -32,5% -
g 2022/2021 -72,2% -49,8% -54,6% -86,8% -
2023/2022 72,7% -16,9% 50,9% -40,3% -

enterprises [48-52]

Source: compiled by the author based on a study of reporting forms of selected
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The analysis of the two previous tables allows us to obtain primary conclusions
regarding the dynamics of the selected indicators of the enterprise's activity. We see
that the dynamics of assets is uneven and with rather high actual indicators of the first
3 companies (ArcelorMittal, Metinvest, Interpipe), their dynamics are uneven and
sometimes negative. All the companies presented experience both positive and
negative changes in assets during the study period. This indicates the influence of
negative factors at this moment. The decrease is mainly observed in 2020 compared to
2019 and in 2022 — the year of the beginning of the full-scale war in Ukraine. This is
fully correlated with the previous study of the macro environment. Enterprises confirm
the crisis conditions at these moments. However, it is worth noting that the dynamics
of changes is uneven by year, depending on the companies. For example, AZOT, on
the contrary, will experience a decrease in the years following the crisis states (2021
and 2023).

The volume of equity in these companies did not change evenly compared to the
previous indicator. For example, in ArcelorMittal during 2019-2021 there was an
increase in equity, however, since 2022 the dynamics became negative and equity
decreased significantly. In Metinvest the same dynamics. Moreover, the figures for
2022 are quite high (-63.2% in ArcelorMittal and -51,7% in Metinvest). Negative
dynamics were also observed in them in 2023, although Interpipe demonstrates a
significant increase in equity in 2023 (by 167,8%).

The dynamics of changes in inventories of selected manufacturing enterprises
also differs in both negative (mostly) and positive values. A decrease in inventories
can be a consequence of incorrect warehouse logistics of the enterprise, as well as a
consequence of a decrease in demand and the need to reduce production. If we analyze
this indicator simultaneously with net income, we can see a certain connection in them.
Although there is not always a direct relationship. However, we can see that a decrease
in income occurs in some periods (mainly 2022 and 2023) simultaneously with a

decrease in inventories. Perhaps this is an effective policy of the enterprise, when in
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the case of demand decrease, inventories are automatically reduced so that the volume
of frozen funds does not increase, or, perhaps, ineffective inventory logistics led to a
decrease in production volumes and, accordingly, to a decrease in sales. But, taking
into account the years of the greatest decrease in both indicators (2022 and 2023), this
1s most likely a consequence of many factors, one of which is the decrease in demand
due to hostilities in Ukraine, problems with delivering products to potential consumers
(i.e., there is still a logistical risk, but it has a different form) and a decrease in the
solvency of product buyers. Although there are exceptions. Thus, KVBZ experienced
the greatest decrease in inventories and income in 2020 and 2023.

The operating profit of enterprises undergoes even greater fluctuations, ranging
from — 175,6% in 2020 at ArcelorMittal to 1397,4% in 2021 at the same company.
Negative values during all analyzed years are shown by such enterprises as KVBZ and
AZOT. Interpipe had only one negative year of growth (2021), demonstrating stable
and effective operating activities of the enterprise. Metinvest experienced the largest
decreases in 2022 and 2023. Thus, the results can be an indicator of various risks: from
operational to macro risk, when the enterprise depends on external factors. This does
not indicate the unprofitability of the enterprise, but the existing problems in the
production model of the enterprise and its significant dependence on external factors,
when it is difficult to make forecasts of the enterprise's activities.

The dynamics of net profit has approximately the same dynamics as the previous
indicator, demonstrating significant negative results in 2022 and 2023. Although
KVBZ and AZOT also have negative growth rates compared to the previous year
during 2019-2023, in relative growth rates, when absolute changes are noted, positive
dynamics.

Capital investments in fixed assets develop unevenly depending on the period
and the enterprise. At AZOT, this expense item last occurred in 2019, after which the
purchase of fixed assets did not take place. This may cause the risk of technological
lag. In other companies, this item is present, although the dynamics vary for each

enterprise. That is, enterprises continue to purchase fixed assets, but the amount of
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expenses fluctuates quite significantly. Among the positive changes in 2023, the
indicator of ArcelorMittal (72,7%) and Interpipe (50,9%) is noted, although in the
previous year they experienced a significant decrease in expenses for the purchase of
fixed assets.

In conclusion, we can say that the main financial and production indicators of
the activities of these enterprises indicate high volatility during the implemented
period, which is fully consistent with the results of the study in the previous paragraph.
It 1s worth noting that the sensitivity of these indicators to external factors and
vulnerability is notable. This has a negative effect on the main financial indicators of
activity, which ensure the financial stability of the enterprise. In addition, there may be
arisk of technological lag, since investments in fixed assets react negatively to external
shocks. That is, all this requires the construction of such a risk management system
that could protect the enterprise from the occurrence of risk and its negative
consequences.

The next stage of our research and determination of the risk status of the selected
enterprise will be the calculation and presentation of the main financial ratios that
characterize various risks. This is justified by the fact that one of the methods of
assessing the risk of enterprises is the analysis of indicators of financial stability,
liquidity and profitability. They make it possible to assess the solvency of the
enterprise, its ability to meet its obligations, and the effectiveness of its activities. And
this also embodies the risk management of the enterprises themselves, how effectively
the company works in this direction. In table. 2.11 we present the results of the research
and calculation.

Appendix E presents the dynamics of these indicators over time, carried out

using the method of calculating the absolute deviation.
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Table 2.11

Results of coefficient analysis of the activities of manufacturing enterprises

?\ﬁftl:lr Metinvest | Interpipe KVBZ AZOT
1 2 3 4 5 6 7
o 2019 1,38 1,33 1,47 4,08 0,52
£ 2020 1,69 1,46 2,37 9,78 0,56
; 2021 2,10 1,12 2,70 2,88 0,47
= 2022 1,62 0,89 2,38 3,82 0,45
,E" 2023 0,88 0,93 2,71 2,48 0,47
g Normative 1,5-2,'0 (1-2?; if<l‘ — a warning sign;
O >3 —sign of inefficient asset structure.
o 2019 1,00 0,98 1,01 1,98 0,50
b= 2020 1,26 1,19 1,48 5,93 0,54
= 2021 1,42 0,80 1,77 1,69 0,45
Ig 2022 0,84 0,64 1,59 2,45 0,43
= 2023 0,43 0,74 1,87 1,79 0,45
f‘ . 0,6 (0,7) -1 and above (however, 1-1.5 is also indicated), but not
= Normative .
= higher than 2
2019 0,04 0,08 0,60 0,89 0,0004
° 'é 2020 0,05 0,23 0,56 4,73 0,0001
% E 2021 0,06 0,24 0,69 1,04 0,0001
273 2022 0,05 0,10 0,70 0,59 0,0001
< % 2023 0,02 0,15 1,13 1,55 0,0001
~ | Normative 0,1-0,2 (0,2-0,5; 0,2 - 1)
2 2019 1,61 2,00 2,82 1,38 -1,58
g 2020 1,45 2,07 1,78 1,18 -1,60
gﬂ 2021 1,38 2,01 2,69 1,52 -1,14
§ 2022 1,87 3,06 3,89 1,38 -0,97
E; 2023 2,95 3,48 2,09 1,66 -1,03
g Normative 1 —the ‘company has no dejbts, everything is financed by equity; 1.5 —
.E equity is used, along with a smaller amount of borrowed funds
o 2019 0,38 0,50 0,65 0,28 1,63
g 2020 0,31 0,52 0,44 0,15 1,62
g 2021 0,28 0,50 0,63 0,34 1,87
g2 2022 0,46 0,67 0,74 0,27 2,03
; g 2023 0,66 0,71 0,52 0,40 1,97
=
E Normative <0,5
£
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Continuation of Table 2.11
1 2 3 4 5 6 7
2019 0,62 0,50 0,35 0,72 -0,63
= g ’é 2020 0,69 0,48 0,56 0,85 -0,62
g = S 2021 0,72 0,50 0,37 0,66 -0,87
E § § 2022 0,54 0,33 0,26 0,73 -1,03
- TS 2023 0,34 0,29 0,48 0,60 -0,97
- Normative > (0,5 and above
o 2019 0,61 1,00 1,82 0,38 -2,58
2 2020 0,45 1,07 0,78 0,18 -2,60
= 8 2021 0,38 1,01 1,69 0,52 -2,14
E g 2022 0,87 2,06 2,89 0,38 -1,97
.E 2023 1,95 2,48 1,09 0,66 -2,03
Normative <1
2019 -4,4% 3,0% 7,4% 12,7% 45,7%
0 _ 2020 3.3% 8,1% 24,6% 2,8% -66,9%
s = 2021 28,4% 27,4% 12,9% -8,9% 2,5%
E g 2022 -114,7% -17,2% 28,3% 2,1% -241,1%
= 2023 -24,6% 6,0% 36,3% -9,9% -31,0%
Normative 10-15% and above, industry-specific
2019 -3,6% 3,2% 73,8% 10,2% 49,7%
g . 2020 1,2% 5,0% 22,6% 2,1% -82,5%
g = 2021 23,1% 26,5% 8,1% -9,0% 2,1%
- g 2022 -111,9% -26,5% 20,8% 1,2% -246,3%
z 2023 -28,4% -2,6% 25,6% -6,9% 67,9%
Normative depends on the industry, 5% is low, 10% is healthy, 20% is strong
2019 -2,3% 2,7% 73,8% 20,2% 14,1%
‘q": 2020 0,8% 3,9% 17,8% 1,6% -13,6%
4 2021 26,0% 32,4% 8,7% -5,1% 0,3%
E 2022 -62,0% -17,7% 20,7% 0,9% -33,2%
e 2023 -23,7% -2,2% 26,5% -2,9% 13,4%
E Normative depends on the industry, 5-10% - average indicators, 10-20% - high
indicators.
2019 0,11 0,08 0,05 0,010 0,005
_ E '% 2020 0,09 0,06 0,05 0,015
.% g E 2021 0,08 0,06 0,06 0,013
S % 5 2022 0,05 0,05 0,02 0,001
E E 2023 0,10 0,04 0,03 0,001
Normative depends on the industry, 5-10%, 10%-20% - potential overinvestment

Source: calculated by the author based on [19, 70, 134, 157, 176, 204, 205, 222,
240, 248, 249, 250]

The importance of calculating liquidity group ratios when assessing risks is

justified by the fact that liquidity refers to the ability of assets to quickly turn into
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money without losing their value [239]. That is, it is the ability of the enterprise to meet
its obligations. This is a characteristic of the solvency of the enterprise and its ability
to fulfill current obligations and provides for the payment of wages, timely payment to
suppliers, the ability to independently cover unforeseen expenses [204]. From a risk
perspective, there is a liquidity risk for the enterprise, which means that the enterprise
is unable to meet its short-term obligations. This is a threat to the financial stability of
the enterprise [205]. This group of indicators includes indicators of current liquidity,
quick liquidity and absolute liquidity.

Let us proceed to the analysis of the obtained research results. Thus, the current
liquidity ratio, which reflects the general liquidity status of the enterprise, received
different values at the analyzed enterprises. The main guideline for this indicator is the
range from 1-1,5 to 2. The company that had indicators in this range is Interpipe, its
indicators vary from 1,47 in 2019 to a maximum of 2,71 in 2023. However, the latter
indicator is approaching 3, which may also indicate an increase in the probability of
the risk of forming an inefficient asset structure. Other companies - ArcelorMittal,
Metinvest at the beginning of the analyzed period demonstrated indicators within the
regulatory framework, but Metinvest has experienced a decrease in the current liquidity
ratio since 2022, maintaining this trend in 2023. ArcelorMittal reduced its indicator in
2023. AZOT throughout the period had an indicator in the range from 0,45 to 0,56,
which is an alarming indicator, but its fluctuation is not high. The result of KVBZ is
noteworthy, where they are too high, which may indicate problems in the management
of the company's current assets.

The quick liquidity ratio characterizes the extent to which a company can meet
its obligations in the event of an unforeseen situation. Scientists note industry
differences in regulatory values [134, c. 903; 219]. According to the results of our
study, we found that almost all indicators are within the normative value, but with
minor exceptions. Also, the analysis of this indicator should be carried out together
with the previous one. We see that the difference between them is not large,

maintaining the same trend. The indicators of only KVBZ are notable, where the
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difference between these two indicators is noticeable, which may indicate the
company's dependence on inventories [134, c. 903].

Absolute liquidity implies the ability of the enterprise to quickly respond to
short-term obligations with its cash and current financial investments. Analysis of the
results shows that almost Metinvest and Interpipe fall under the normative value (0,2-
0,5) with a small deviation. This is a positive characteristic of these enterprises. Others
have other indicators that indicate both insufficiently effective cash management (with
a value above 1) and insufficient current assets (less than 0,2, according to some
sources 0,1). However, scientists note that there is a different view of this indicator
from the side of company management and investors, who are interested in the result
above 1 [134, c. 904]. But in our case, we analyze from the point of view of the
management of the company, its assets, cash and liquidity risk. We can say that the
situation is quite threatening for AZOT and KVBZ, although it has different directions.

Thus, the analysis of this group of ratios showed that at some enterprises —
Interpipe and with a slight deviation Metinvest — the liquidity situation is more or less
favorable and the enterprises can potentially meet their obligations, even in critical
situations. However, at other enterprises we see that there is a certain problem with
solvency.

For further analysis, let us move on to the study of indicators that characterize
the financial stability of enterprises. The calculation of this group of indicators is
justified by the fact that it makes it possible to assess the financial risk of the enterprise,
its investment attractiveness, and dependence on external financing.

The financial leverage ratio has several forms of calculation. In our study, we
used the formula for calculating the asset-to-equity ratio, which is also referred to as
the capital multiplier. This indicator is very important, because it shows what
proportion of assets 1s financed by equity compared to debt obligations [240, 248, 250].
Our results indicate different dynamics of this indicator by companies. However, the
closest to the maximum use of equity is KVBZ and for a certain period ArcelorMittal.
Other companies and ArcelorMittal, starting from 2022, demonstrate a situation when

equity capital is used with the involvement of debt. AZOT company has negative
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indicators, which is justified by the negative indicators of the company's equity and
retained earnings during the analyzed period. This may indicate a real threat to the
financial stability of this enterprise.

To confirm or refute our research, we will turn to the following indicators —
financial dependence and financial independence (autonomy). These two indicators are
inverse to each other. The financial dependence indicator indicates the presence of
dependence on borrowed funds, and the independence coefficient, on the contrary,
characterizes the extent to which the enterprise is independent, i.e. autonomous from
external debt sources of financing [58, c.748]. Despite the fact that these two indicators
are inverse and their result is the difference of one and 1, we decided to use them in
this study, because the autonomy coefficient indicates the potential for stability and
resilience of the enterprise, and the second indicates the potential risk of dependence
on debt obligations. Our results show that the selected manufacturing enterprises have
different potential for financial stability at the beginning of the analyzed period and at
its end. For example, ArcelorMittal, which in 2019 demonstrated a good result of
financial independence with its positive dynamics until 2021 inclusive and a further
decrease and exit from the optimal zone (to 0,34), can be an example. Metinvest in
2019 had an even distribution of these two indicators, but gradually dependence on
borrowed funds increased and went outside the zone of favorable optimality. A positive
result throughout the analyzed period is demonstrated by KVBZ, in which the
autonomy coefficient did not drop below 0,5. We see a high dependence on debt funds
in AZOT enterprises, which is fully correlated with the financial leverage indicator. It
should be noted that the increase in dependence at enterprises mainly occurred in 2022
and the following 2023.

The calculated financial risk ratio reflects the ratio of borrowed capital to equity,
demonstrating the dependence on borrowed funds. The results obtained show
indicators that exceed the optimal value in 2023 in ArcelorMittal, at the end of the
analyzed period in Metinvest, a significant period of time in Interpipe and negative
large values in AZOT. But these values do not mean that the risk is low, but, on the

contrary, indicate that the equity indicator is negative, which is confirmed by
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preliminary data and calculations. This company has a significant dependence on
borrowed capital and its financial risk is also high. In general, we see the negative
impact of the crisis years 2022 and 2023 in companies with stable positions before that.
The exception is KVBZ, the financial risk ratio of which does not exceed the optimal
value. Moreover, it is worth noting the significant range before its achievement.

Thus, in conclusion, we can say about the uneven development of the financial
stability of Ukrainian manufacturing enterprises. The main years of negative impact
were 2022 and 2023. However, there are enterprises that were in the risk zone
throughout the period (AZOT), but there are also enterprises that are distinguished by
positive results, although they did not have such positive signs in terms of liquidity
indicators (KVBZ).

Important are indicators of the profitability of the enterprise, such as operating
margin, net profit margin and return on assets. They reflect the efficiency of the
activities of manufacturing enterprises. Operating margin characterizes how effectively
the company manages its operating activities and what profit remains in the enterprise
after covering all operating expenses [249]. Our research has shown that companies
are exposed to significant external fluctuations and some of them demonstrate a high
level of operational risk (ArcelorMittal, AZOT and Metinvest indicators in 2022 and
KVBZ in 2021 and 2023 experienced a significant drop below 0). Although there are
no established standards for this indicator, as it is highly industry-dependent, its growth
is desirable. We see that only Interpipe has demonstrated it and is characterized by
positive results of the company's profitability after paying operating expenses.

Net profit margin reflects how much profit remains at the enterprise after paying
all expenses, including taxes, loans. 2022 was characterized by negative values at
almost all enterprises, except for Interpipe, which maintains positive results throughout
the period. The indicators of ArcelorMittal in 2022 and AZOT in 2020 and 2022 are
supercritical and indicate the onset of financial risk at these enterprises, as they incur
significant losses.

The return on assets indicator characterizes the efficiency of using the company's

assets, both its own and borrowed resources [222, 223]. The analysis of selected
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companies indicates the presence of inefficient use of assets during crisis conditions.
ArcelorMittal and Metinvest have been showing a negative result since 2022. The best
indicator of return on assets is Interpipe, which has positive figures throughout the
period with the lowest indicator in 2021. AZOT again has negative values, but its result
improves in 2023. We see that large manufacturing enterprises are vulnerable to shock
conditions, which results in indicators of operating margin, profitability of net profit
and assets.

The analysis of the macro environment showed that during crisis situations,
capital investments of enterprises fluctuate significantly. Let us analyze the ratio of
capital investments to revenue as one that reflects how much revenue is directed to the
renewal of fixed assets. This ratio characterizes the investment risk (in the case of low
indicators) and the risk of technological obsolescence. The results we obtained indicate
the preservation of regulatory values at ArcelorMittal even during crisis periods and
regardless of other negative performance indicators. Metinvest demonstrates a gradual
reduction in expenses for the renewal of fixed assets. Interpipe had stable indicators
until 2022, after which it significantly reduced capital expenditures. KVBZ has very
low investment indicators. And AZOT stopped investing altogether after 2019. All this
indicates a different approach and capabilities of the enterprise to investing in the
renewal of fixed assets. And although the indicators of some enterprises are not
negative, they are nevertheless insufficient to improve the technological component of
the enterprise's activities, which creates corresponding risks.

In general, we can say that the enterprises demonstrated different results
according to the analyzed indicators. However, we see the impact of shocks on their
activities and their performance. The exception is Interpipe, which demonstrates a
fairly strong position according to many indicators. Although in terms of financial
stability, it exceeds the regulatory indicators. Thus, all companies face the probability
of financial risk, a certain number of companies are exposed to liquidity risk, and the
profitability results indicate the presence of real problems with effective revenue

management at enterprises.
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In the development of our research, we will apply appropriate methods for
assessing the financial condition of enterprises and assessing their solvency. These
methods involve the use of discriminant analysis. The models we have chosen and their

main characteristics are given in Table 2.12.

Table 2.12

Characteristics of models for assessing the risk of insolvency and bankruptcy

of enterprises
Model Normative value Characteristic
1 2 3
Modified 5-factor model of Altman 1983 (A) (Altman Z-score model)
X1 — Working capital / Assets ) .
. . It is a classic
X2 — Retained earnings / Assets model simple
X5 — EBIT / Assets cnough P .
Xa— Equity / Liabilities .
Xs— Net Income / Assets Z < 1,23 - caleulate, but‘ built
s ” on the basis of
distress zone”, research b
1,23 <Z<2,99 - y
“gray” zone Western
e g | COMpanies and
50262’99 safe should be
interpreted taking
into account
Ukrainian
Z=0,717X,+0,847X2+3,107X3+0,42X410,998X; specifics.
Springate Model (S)
X1 — Working capital/Total assets; S < 0862 =
X2 — Profit before interest/Total assets; “distress” zone — | Sufficiently high
X3 — Profit before tax/Current liabilities high risk; reliability of risk
X4 — Net income/Total assets. 0,862 < S < 1,062 | forecasting (error
= “gray” zone — | does not exceed
state of financial | 10%). But it was
insolvency; also focused on the
S>1,062 =“safe” | economies of
zone — minimal | Western countries.
S=1,03X; +3,07X2 + 0,66X3 + 0,4X4 risk.
Tereshchenko's model (T)
X1 — cash flow to liabilities ratio 0 <Z<1 — there It is a national
X2 — balance sheet currency to liabilities ratio is a threat of .
. . Ukrainian  model
X3 —ratio of net profit to average annual assets bankruptcy;
. developed at
X4 — profit to revenue ratio 1 < 72 <2 - .
. . . o Ukrainian
Xs — inventory to revenue ratio financial stability enterprises  takin
X6 —revenue to fixed capital ratio. is violated; SHeTp g
) into account
7 >?2 —thereisno | . .
. international
risk of ractice
Z=1,5X1+0,08X2 + 10X3 + 5X4 + 0,3X5 + 0,1 X6 bankruptcy. P '
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Continuation of Table 2.12
1 | 2 | 3
Taffler and Tishaw model (TT)
X1 — operating profit / current liabilities
X2 — current assets / liabilities Simplicity of
X3 — current liabilities / total assets Z < 02 - the | calculations, but it

X4 — net income/total assets. probability - of [ \ua¢ developed for
bankruptcy is quite

high; companies that
02 < Z < 03 — | went public.
possible bankruptcy; | However, the
Z > 03 - the | practice of using
probability - ° the methodology is
bankruptcy is low, a .

company is | now  widespread

considered healthy. and can be chosen
for all companies.

T-Score = 0,53X1+ 0,13X2 + 0,18X3 + 0,16 X4
Beaver coefficient (B)

0,17<KE< 0,4 -5
years before
bankruptcy;

Ks> 04-045 —
does not threaten;
-0,15<Ks< 0,17 —
1 year before
bankruptcy.

Source: compiled by the author based on [6, 54, 67, 117, 129, 137, 141, 154,
172,197, 225, 232, 234]

Ks= (Net income + Depreciation) / (Long-term
liabilities + Current liabilities)

Models are focused on determining the risk of bankruptcy, but if we consider
bankruptcy from the point of view of uncertainty regarding the ability of a company to
conduct its current and operational activities and as a result of ineffective management,
then we can approach this as a study of the risk of solvency and the effectiveness of
company management. Since the financial component is one of the most important for
the implementation of all company activities

For this purpose, we chose the Altman 1983 methodology, which was modified
and adapted to all types of enterprises, both public and private. Other methodologies,
which also have different variations, were chosen by us based on the calculation of the
most effective use in relation to the manufacturing enterprises we selected.

There are several possible options for calculating the Beaver Coefficient, but

based on the classical approach, we included depreciation in the numerator, since this
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is the company's internal own resource. The results of the research are presented in

Table 2.13.
Table 2.13
Assessment of the insolvency risk of manufacturing enterprises in Ukraine
i) Years
S
o
% g
2| § 2019 2020 2021 2022 2023
& g
8| 2
= (]
| 2
[a+]
E R P R p R P R P R P
1| 2 3 4 5 6 7 8 9 10 11 12
A | o1 | Bl o | B 358 | low 1,55 | high | 0,10 high
zone zone
S 021 high | 0,534 | high | 2,483 low 4225 | high | -0,697 high
=
tast tast
E|T | 012 | threat | 097 | threat | 5.86 | norisk | -14,08 | “XSTO | 39 | CAtASUOP
% phic hic
(=]
E possibl ) )
2 TT 0,23 . 0,36 low 1,17 low -1,10 high 0,11 high
B 004 | 1Y | g3y | 2vears |y no 175 | lyear | gpp | lyear
’ before ’ before ’ ’ before ’ before
A 184 | Y 1 203 B 310 low 155 | Y 1 201 gray
zZone zone zZone zZone
0,541 high 0,745 high 2,213 low -0,544 high 0,437 high
+© stabilit
5] .
EIT | 093 | threat | 1,19 | Y™ | 503 | norisk | -325 |CA@StO | gy | catastrop
ot violate phic hic
= d
TT | 0,30 low 0,40 low 0,87 low 0,08 high 0,35 low
1 year 5 years 1 year 1 year
B 0,15 0,19 0,72 0,27 0,03
’ before ’ before ’ ho ’ before ’ before
A | 212 | Y| 350 low | 266 | ¥ 411 low 3,73 low
zone zone
1,986 low 2,208 low 1,433 low 2,608 low 2,578 low
(-5 e
= stability
? T 12,98 no risk 4,16 no risk 1,86 is 4,01 no risk 495 no risk
E violated
TT 0,40 low 0,97 low 0,64 low 1,03 low 1,18 low
B 1,09 1o 0,61 no | 020 | YRS | g40 1o 0,48 no
before
A | 421 low 3,81 ow | 156 | & 239 | & 1.26 gray
zone zone zone
N 2,818 low 1,331 low | 0,536 | high 1,07 low 0,543 high
[=a] o
> stabilit
M .
T | 419 |norisk | 139 | Y | .060 | TP | 78 | threat | -026 | CASTOP
violate hic hic
d
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Continuation of Table 2.13
2 3 4 5 6 7 8 9 10 11 12
TT 1,31 low 1,00 low 0,38 low 0,61 low 0,36 low
5 years 1 year 1 year 1 year
B 0,74 1o 0,27 before -0,09 before 0,10 before -0,03 before
A | -0,78 | high | -143 | high | -1,53 | high 2,75 | high | -1,80 high
0315 | high | -1,006 | high | 9' 3| high | -2093 | high | -1056 | high
[
tast tast
QT | 412 | norisk | 548 | 071 026 | threat | -1574 | © 000 | 496 | norisk
P, phic phic
TT 0,43 low 0,34 low 0,42 low 0,35 low 0,40 low
1 year 1 year 1 year 1 year 1 year
B 0,08 before 0,07 before 0,01 before 0,15 before 0.07 before

where: R is the obtained value of the indicator, P is the probability of risk according to the

normative value

Source: compiled by the author

If we conduct a qualitative analysis of the obtained results of the assessment of
the risk of bankruptcy, insolvency and the ability to conduct their operational activities,
we can see the following: Enterprises have different dynamics of the risk state. But it
is obvious that the greatest negative impact on their activities was in 2022 — the year
of the beginning of the full-scale invasion of Ukraine. Such large enterprises as
ArcelorMittal and Metinvest, which are leaders in their industry, significantly
worsened their results according to many models and reached the lowest level
according to the Tereshchenko’s model. Note that the characteristic “catastrophic” was
introduced by us, since in the model itself the smallest value indicated is equal to O,
but the obtained data are with a negative sign and sometimes significantly below “0”.
Therefore, we marked such a state as catastrophic. In general, if we characterize
ArcelorMittal according to this assessment, we can see that the risk state of this
enterprise in 2019-2021 could be called satisfactory (although some indicators had high
values). However, since 2022, this situation has deteriorated and the financial situation
has worsened, which poses a direct threat to the company's activities. Important in this
1s the use of a risk management system that not only foresees risk, but also applies
crisis management mechanisms.

Metinvest is characterized by approximately the same dynamics, with a slightly

more positive result. But after 2022, the situation worsens significantly, although the
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gray zone remains according to the Altman Z-score model, and in 2023 the indicator
according to Taffler and Tishaw indicates a low level of risk. The results obtained for
these two enterprises are fully correlated with the indicators that we analyzed above
and complement each other, confirming the correctness of the calculations made.

One of the best positions in terms of risk assessment is demonstrated by
Interpipe, which has very low results according to many models and during the
analyzed period. According to the Beaver model, the probability of bankruptcy risk is
estimated as absent, and only in 2021 the situation worsened slightly with the
subsequent restoration of the absence of a probable risk forecast. The same trend is
observed according to the Tereshchenko’s model and the Altman Z-score model, but
the return to the previous positions indicates the effective work of the analytical service
of the enterprise and the entire management of the company. Since maintaining such
positions requires great effort.

KVBZ has results that correspond to the conclusions based on the previously
considered indicators: a sufficiently high probability of insolvency risk according to
the Tereshchenko’s model, which correlates with profitability and liquidity indicators.
But, in general, the degree of probability of the risk of the inability of this enterprise to
implement its operating activities is not too high, if we take into account other models.
Although it tends to a significant probability. In this case, it is the work of the
enterprise's management apparatus, its focus on results, that is important. Taking into
account all problem points and forming a management policy on the basis of
proactivity, and not just reacting to those problems that have already occurred.

The company “AZOT” has a slightly different characteristic, different from the
previous enterprises, which is justified by the financial indicators that we have
provided and analyzed. The enterprise has a problem with liquidity, financial stability
and profitability, which poses a direct threat to the existence of the enterprise. In such

conditions, we are not talking about a risk, but about a crisis, to overcome which an
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appropriate policy must be formed. It is clear that the situation is not catastrophic, but,
given the prolonged negative dynamics, it requires an immediate response.

In conclusion, we note that the most negative significance and impact on
manufacturing enterprises was 2022, which turned out to be a shock for them. This
suggests that the risk management system must be ready for such situations that may
pose a real threat to the main financial indicators of the enterprise. The studied
experience shows that enterprises have different results and the speed of restoration of
previous positions, but even the deterioration of financial indicators does not always
mean that the probability of risk has increased significantly. Sometimes, positive
results of previous years make it possible to balance the situation and not get into high
or catastrophic risk. This is what the risk management system of enterprises should be
aimed at, because it is not always possible to avoid risk, but it is possible to prevent it
and prepare for it.

It is also necessary to analyze the risk management systems of these enterprises
in order to study relevant practices at Ukrainian manufacturing enterprises.

ArcelorMittal implements various risk management practices in its activities. An
important emphasis is placed on financial risk management, which is manifested in
monitoring the liquidity of the enterprise and forecasting cash flows in order to analyze
the possibility of fulfilling its obligations. Credit risk is managed in terms of studying
the creditworthiness of customers and concluding agreements with already known
partners. The image of those companies and a positive business reputation play an
important role in conducting business and cooperating with other parties. Financial risk
management is carried out by the treasury department of the financial service of the
Group of companies (PJSC “ArcelorMittal Kryvyi Rih” and its subsidiaries [62, c.7].

The main principles of ArcelorMittal risk management are the principle of an
effective risk management process; the principle of targeted responsibility; the
principle of proactive leadership; the principle of risk culture; the principle of

transparency and compliance [47, c. 3-4].
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In Metinvest in 2013, the Code of Ethics stated that the company's internal
control system includes, in addition to regular monitoring of financial and operational
activities, also risk management analysis [61]. Currently, the Internal Audit Policy,
which is formulated in accordance with the requirements of the ISO 31000:2018
Standard “Risk Management”, also defines the main principles of Metinvest’s risk
management. In general, the management process takes place through the Supervisory
Board and its committees, which constantly monitor the functioning of risk
management systems, the General Director, who actively promotes the risk
management philosophy and, in accordance with the company’s strategy, determines
the priorities of Metinvest’s risk management system. This structure also includes the
Economics and Business Systems Development Directorate, the Internal Audit
Directorate, and Functional Management [111]. It should be noted that Metinvest
conducts an internal classification of risks, distinguishing between commercial and
non-commercial. Commercial risks are assessed based on EBITDA analysis, while
non-commercial risks are assessed using a corporate scale, which determines the
probability of risk occurrence [110]. Risk management at Metinvest is based on
sustainable development paradigms. The main risks that are described and taken into
account by the company for management purposes are listed in Table 2.14.

Interpipe also pays a great attention to risk management. There are quite a few
types of risk that are influenced and taken into account when conducting business.
Organizational, risk management is assigned to the following services: financial and
economic service (financial risks), legal support service (legal risks), PR service
(reputational), financial and economic service and division sales service (credit risks
of counterparties), ecology and industrial safety service (ecology, labor protection and
technogenic risks), corporate affairs service (human rights), economic security service
(fraud, corruption). The company develops a list of key risks of the Interpipe group of
companies, which describes the risk itself, its potential impact and the main measures

to manage it. Based on this list, a matrix of the materiality of key risks is developed.
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The methodology for its construction consists in ranking all identified risks on a
scoreboard of up to 10 from the point of view of assessing the impact in the year of
assessment and in 3-5 years [147].

KVBZ also applies risk management practices in its activities, but they are not
as widely covered as in previous companies. The main information is provided in the
company's Consolidated Annual Report, which lists the company's main risks and
measures to manage them [63]. Also, conclusions can be drawn about the management
of the risk of product quality decline, which is confirmed by the creation of an
enterprise management system based on the requirements of international standards
ISO 22163 and ISO 9001 and DSTU ISO 9001 [218]. The Ukrainian version of the site
also contains information about unreliable buyers and suppliers, which indicates
attention to reputational risks and the risks of cooperation with unreliable partners [82].
Overall, it is worth noting that despite the work on risk management, there is not
enough information about it.

AZOT relies on risk-based thinking in its activities and has implemented an
Integrated Management System, which was created in accordance with the
requirements of ISO 9001, ISO 14001, ISO 45001 standards, which provide for the
management of relevant areas, including taking into account risk [88]. It is worth
noting that the company has not disseminated sufficient information about risk
management. However, in the report, the audit company highlights certain risks of this
company, and also notes that there is no practice of reviewing the report on risk
management. When analyzing the information materials, we came to the conclusion
that the company places more emphasis on managing labor protection, safety
technology, and product quality. But no information is provided on other risk
management measures.

Table 2.14 summarizes the main risks that are paid attention to at enterprises.
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Table 2.14
Summary of the main risks managed by manufacturing enterprises
Risk of staff
. . . . turnover,
Fmgnmal Credit risk Op er.atlonal EnVqunmental occupational Inherent risks
risk risks risk h
ealth and
safety

+ + + + + Market

Emphasis | Cooperation Taking Considerable | (including

on with appropriate attention to | currency).

liquidity permanent measures  to | workplace Tax.

analysis. partners. reduce the | safety. Logistics and

= negative others.

E impact of its

= activities  on

= the

2 environment.

< Environmental
management
in accordance
with ISO
14001:2015
standards.

+ + + + ESG risk rating,
Monitoring Safe Business ethics
compliance. Workplace and
Technical Program. compliance,

z measures  to | Training and | Sanctions risks,
2 reduce encouragement | Information
ki environmental | in the field of | security risks.
= impact. OSH. Tax risk.
Initiatives  to
increase
energy
efficiency.
+ + + + + Information
o risks.
& Reputational
% risks.
g Currency risk.
ESG risks.
Logistics risk.

+ + + + + Tax risk.

N Through Corporate Currency risk.

aa) quality Culture Code | Political  and

; standards and macroeconomic
product risks.
certification

+ + + + Market risks.

S (identified (identified
N | by the by the audit
< audit firm) firm)
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Thus, we can conclude that Ukrainian manufacturing enterprises are under the
influence of both macroeconomic risks that have an external impact on them and
internal risks that depend directly on their activities. The analysis made it possible to
assess the risks of the activities of the manufacturing enterprises that we selected. We
conducted a quantitative assessment of financial risks (risk of liquidity, bankruptcy,
financial stability, inefficiency of the enterprise's activities). The results obtained
indicate a significant impact of external factors and the instability of the
macroenvironment on the activities of the selected manufacturing enterprises. Even the
leaders of the metallurgical industry are experiencing problems in the conditions of a
full-scale invasion. The indicators indicate insufficient efficiency of capital allocation
of companies, problems with the solvency of some of them, as well as with the
efficiency of profit and operating activities. The assessment of bankruptcy risk, which
we considered from the perspective of the probability of insolvency for the enterprise,
the inability to meet its obligations, and pay wages, also has results that indicate
dependence on shock states and an increase in the probability of risk in war conditions.
Our analysis of risk management practices indicates a sufficient level of attention from
ArcelorMittal, Metinvest, Interpipe to risk management and a slight coverage of
information from KVBZ and AZOT. The volume of risk management measures taken
is fully correlated with the results of financial indicators. This makes it possible to
make assumptions about the need to build a risk management system based on balance

and orientation to real needs.

2.3. Identifying the specifics and prerequisites for the formation of an
enterprise risk management system: comparative characteristics

In the development of our research, it is necessary to study the trends of
developed countries in relation to risk. Under modern conditions of world
development, the threats of risk occurrence are changing and possible risks are
increasing. It is important here to determine the possible risk, its identification. This
will allow us to analyze and assess the possible consequences of the impact in the event

of its occurrence and, accordingly, take measures to manage it. We assume that the
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attention paid to risk issues by entrepreneurs directly affects the effectiveness of its
management. This is confirmed by the research conducted above and the coverage of
the main practices in risk management.

As we wrote above, scientists note that the risk of an enterprise is directly related
to the specifics of the work of this enterprise, which is quite logical and justified, and,
accordingly, risk assessment and management tools should also be industry-oriented
[66, 123]. However, the risk is also associated with the region where the enterprise 1s
located. For example, an enterprise located in Ukraine may currently face the risks of
shelling, lack of electricity and Internet connection, as a result of this, a decrease in
sales due to the outflow of the population, etc. It is worth noting that even in Ukraine
there 1s a certain difference by region in the probability and scale of the occurrence of
these risks. European enterprises suffer less from the possible risk of war by Russia,
which also exists, but it is very low. But their risks are now more related to the
environmental initiatives of the EU government and the adoption of the “Green Deal”.
In the context of the implementation of the Sustainable Development Goals (SDGs) in
all areas of activity in the EU, the requirements for the production of goods, production
that is more environmentally friendly and focused on improving the environment are
becoming higher. The EU has set a goal to achieve climate neutrality, which affects all
processes in this integration formation. Under such conditions, the main risks that may
arise in EU enterprises may be environmental risks, when their production standards
do not have time to reorient to new requirements and will not meet them, which will
affect the possibility of functioning. Also, Ukrainian enterprises currently have a
problem with finding personnel, which is explained by the outflow of labor in the first
years of a full-scale war, as well as the mobilization of the population at present. The
number of male laborers is decreasing, and female representatives cannot always
perform all the same types of work. In the EU, on the contrary, there is currently a large
number of migrants from Ukraine, who are a potential labor force. However, there is a
language issue if displaced persons have not yet sufficiently mastered the language of
the state in which they are located and, accordingly, cannot communicate at the proper

level in the work process, in particular. This may affect the quality of production of
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goods or services. Therefore, EU countries that have granted asylum to our fellow
citizens also have risks related to the labor market, but these risks, characteristics and
consequences are of different nature and differ from each other. Also, one of the
sources of risks in modern enterprises is the digitalization of enterprises, their activities
in the context of digital transformation and the threats that arise against this background
(for example, information leakage, cyber threats) [46, 230, 235].

In accordance with this, the risk management system will be formed at
enterprises in Ukraine or the EU, or enterprises in other countries of the world. To
summarize, in Ukraine the risk management system will now be focused on
maintaining the production of goods or services, effectively balancing the company's
asset structure, maintaining market positions in the conditions of the need to preserve
the life and health of personnel, as well as ensuring the uninterrupted operation of the
enterprise. And in the EU, enterprises will be more focused on the production of more
technological and environmentally friendly goods and the risks that arise as a result of
this. Scientists note that using European risk management experience in Ukraine is
difficult to implement, as the operating conditions of enterprises vary [127]. However,
it is necessary to study their experience, as one that demonstrates positive results.

In this case, we can talk about the importance of forming a risk management
system, which is the result of understanding by business owners of the orientation to
risk-oriented thinking, the importance of identifying risk and managing it. This is the
main impetus for the development of risk management in enterprises. It should be noted
that building a risk management system is possible at an enterprise of any size and
industry. However, this will affect the risks themselves being analyzed, the scale and
measures to manage them. But what is important in modern conditions is conducting
one's activities from a risk management perspective, building a management system
that would provide for constant monitoring and assessment of enterprise risks. In
conditions of uncertainty, this becomes even more important, because when preparing
for those risks that we can influence, we free up a resource that we may need in the

event of an unforeseen situation that we cannot influence [46, 215].
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Taking this into account, we consider it necessary to study the interest in the
topic of risk among representatives of entrepreneurship both in Ukraine and the EU to
compare the main dynamics and trends. Using the analytical method, generalization
methods, graphic, cartographic, dynamics analysis, content analysis and comparative,
we can conduct an analytical study of representatives of business and the industrial
sector of the economy in terms of studying risk and other related issues. The choice of
the category “Business and the industrial sector of the economy” is justified by the
topic of the dissertation research, where we study manufacturing enterprises. This
category most closely corresponds to the selected type of enterprise.

To collect analytical data, we used Google Trends, which provides data on
queries, their zoning, and related search words and phrases.

In the development of our research, we analyzed the queries of the category
“Business and industrial sector of the economy” using Google Trends. The study of
queries from business and production is important for understanding the interests of
their representatives, for predicting the occurrence of possible risks, and, accordingly,
responding to them, forming an effective, proactive risk management system for
enterprises. The importance of the principle of proactivity is of particular importance
in our time, as it involves warning and taking action in advance, which reduces the
likely negative impact. Foreign scholars identify the significant role of ERM in
building a holistic risk management system that will ensure proactive risk management
principles [151, 152, 168, 210, 220].

For comparison, we chose two periods that are crisis periods for our country and
EU countries: 2020-2021 (COVID-19 pandemic) and 2022-2024 (full-scale war in
Ukraine). For the analysis, we used the search word “risk” in the study of search queries
in Poland, Germany and France and “risk” in Ukraine. An additional regional analysis
will also be conducted for Ukraine by region, which will allow us to see more
specifically the regions that are more interested in this topic. The results of this analysis
are presented in Fig. 2.10 and 2.11 according to the analyzed period.

To compare the trends of interest of entrepreneurs in the category of “business

and industrial sector of the economy”, we analyzed data on the main trends in searching
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for information about risk and related words in 3 EU countries with which Ukraine has
long-standing and stable diplomatic and economic ties. For this, we chose Poland,
Germany and France. The choice of EU countries for comparing results is also justified
by the level of development of these countries and their leadership positions in the EU.
An interesting example is Poland, which had historical and economic roots with
Ukraine, but has been a member of the EU since 2004 and has demonstrated positive
results in its development. This is important given Ukraine’s European integration
path.

Figures 2.10 — 2.11 illustrate the trends in the search for information on risk by
entrepreneurs in these countries during the periods indicated (2020-2021 and 2022 -
2024). The selection of information was carried out using the query “risk”, since the
results for other search queries, which will be further analyzed in the indicators of
Ukraine, reflected only small numbers or their absence. We also note that the search
for trends in these countries was carried out in English so that their results could be
compared with each other. Note that the Google Trends algorithms determine the
maximum value (100%) based on the selected research period and other periods or
search trends are calculated relative to it. That is, in the analyzed period, the period
with the highest relative level of queries receives the greatest value — 100%. And other
results will already be calculated from this 100%.

As we can see, the trends in the search for information on risk in these countries
are high and intense during the two analyzed periods. There are also declines and
increases, but the figures almost never fall below 40% (with the exception of the 3rd
quarter of 2021 and the beginning and also the 3rd quarter of 2023). The orientation
towards maximum results makes it possible to see an active position in the study of
risk. These results indicate an active interest of European entrepreneurs in the study of
risk, issues related to it and, it can be assumed, in the effective implementation and
implementation of the risk management system in their enterprises.

The greatest intensity of searches was during the COVID-19 pandemic, reaching
its maximum in the 3rd quarter of 2020. After that, interest was not so pronounced, but

a resurgence was noted at the end of the first period of the study, especially in Poland.
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We can assume that this is due to warnings about possible military aggression against
Ukraine. Enterprises, analyzing the security situation, studied information about risks
more actively. The prevalence of the search indicator for Poland at the end of the first
analyzed period is justified by its territorial proximity to Ukraine, as a potential country

(at that time) against which military aggression could be launched [168].

100

- risk (Poland)

40 risk (Germany)

20

Fig. 2.10. Search dynamics for risk queries in 2020-2021, Poland, Germany,
France

Source: compiled by the author based on [168, 177]

In the second analyzed period, the search intensity was even higher, although the
maximum was not in the 1st quarter, when the full-scale war in Ukraine began. The
highest intensity of requests is observed in the period from the end of 2023 to the end
of the second analyzed period. Perhaps this is also due to the potential military threat

for these countries as well.
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Fig. 2.11. Dynamics of search queries related to risk in 2022-2024, Poland,
Germany, France

Source: compiled by the author based on [168, 177]

Comparing the dynamics of trends by country allows to see that there are
differences, although within the general trend. Sometimes some countries experience
significant growth. Such as, for example, Germany at the beginning of 2023, while
other countries, on the contrary, do not increase their activity. For the most part,
Germany's indicators differ most in the intensity of the corresponding request. But, in
general, there is an intense interest on the part of entrepreneurs in the topic of risk.

Below is a content analysis of related words for these countries in the same
periods (Fig. 2.12 — 2.14, where (a) — 2020-2021, (b) — 2022-2024). It is worth noting
that the search capabilities of Google Trends provide data on related words — up to 25
words. The feasibility of conducting content analysis is justified by the fact that it can
indicate the main directions where entrepreneurs are headed when researching risk
topics, what risk they are focused on, whether there is an understanding of the

availability of methods for managing them, assessing them, etc.
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Fig. 2.12. Searches for words related to the word “risk” by representatives of
the business and industrial sector of the economy in Poland in 2020-2024

Source: compiled by the author based on [168, 177]
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Fig. 2.12. Searches for words related to the word “risk” by representatives of
the business and industrial sector of the economy in Germany in 2020-2024

Source: compiled by the author based on [168, 177]
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Fig. 2.14. Searches for words related to the word “risk” by representatives of

the business and industrial sector of the economy in France in 2020-2024

Source: compiled by the author based on [168, 177]

As it is seen, in Poland, related searches in both analyzed periods did not differ
much. Most of all, risk management and risk assessment were searched. The searches
also included studying information on the risk matrix — an assessment method used in
risk management, and on various types of risk. Among the types of risk, information
on credit risk was searched. In general, this result indicates the orientation of Polish
entrepreneurs precisely on risk assessment and management.

The German results also show a slight difference in the words associated with
this search: there is a search for risk management, risk assessment, financial risk, as
well as a risk matrix, how to mitigate risk, etc.

In France, we got roughly the same results. The main search terms besides risk
were: risk management, risk assessment, risk analysis, risk manager, capital risk, etc.

That is, we can see that the scope of related words is wide and includes many
important points for effective risk management. Entrepreneurs explore different types
of risks and how they can be managed, what methods to use to influence it.

In the development of our research, let us move on to the analysis of the results
for Ukraine. First, we analyze the results of searches for the word “risk” by
representatives of the business and industrial sector of Ukraine by region in both

analyzed periods (Fig. 2.15 - 2.16).
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Fig. 2.15. Searches for the word “risk” by representatives of the business and

industrial sector of the economy of Ukraine in 2020-2021 by region
Source: compiled by the author based on [168, 177]
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Fig. 2.16. Searches for the word “risk” by representatives of the business and

industrial sector of the economy of Ukraine in 2022-2024 by region
Source: compiled by the author based on data [168, 177]



Docusign Envelope ID: 1E7AED5B-C0C9-808E-8316-D3D909816A30

146

The figures above allow us to see the interest in searching for information about
risk during the specified periods. It 1s worth mentioning the algorithms of Google
Trends and noting that they do not give absolute values, but relative ones, when the
maximum number of requests is taken as 100%, and all other figures are derived from
this. As we can see from Fig. 2.15, the greatest intensity of searching for information
about risk was in Vinnytsia region, Kyiv city and slightly lower values in Ivano-
Frankivsk region. It is worth noting that the frequency of requests was higher in this
period in the West of Ukraine, when the center and the East are characterized by lower
search intensity and interest from the business side.

The situation during martial law in Ukraine is slightly different: thus, the highest
intensity of search for information on risk was among entrepreneurs in Kyiv. The
indicators of other regions are much lower, although Vinnytsia and Ternopil regions
studied issues related to this category more intensively. The difference in interest
across Ukraine is not very pronounced (excluding Kyiv and the regions already
described). The data obtained indicate that business paid more attention to risk during
the beginning and continuation of the war than during the pandemic. Also, the low
search values in most regions that actively participated in hostilities from the first days
or were occupied (with the exception of Sumy and Kyiv regions) are notable.

Also, an important characteristic of interest and content analysis of searches of
business representatives is the analysis of related words with the main search word.
Thus, the results of searches for related words among representatives of business and
the industrial sector of the economy of Ukraine in 2020-2021 (a) and in 2022-2024 (b)

are presented in Fig. 2.17.
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Fig. 2.17. Search for words related to the word “risk” by representatives of the
business and industrial sector of the economy of Ukraine in 2020-2024

Source: compiled by the author based on [168, 177]

As we can see, there are certain similarities and differences in search terms
during these periods. For example, during the pandemic, Ukrainian representatives of
business and the industrial sector of the economy were interested in risk management,
audit risk, credit risk, etc., as well as issues of reducing the risk of infection with the
virus. During the war, in addition to the common related words “risk management”,
“audit risk”, “credit risk”, “corruption risk”, others were added that are worth paying
attention to: “justified” and ‘“unjustified risk™, “geopolitical risk”, “insurance risk”,
“social risk”, etc. This gives us reason to see that business representatives during this
period assessed the possible consequences of the war for their business on a larger
scale. It can be noted that during the first studied period, the search intensity was
slightly lower in terms of searching for related words. Entrepreneurs studied this issue
less deeply.

Next, we will present the dynamics of search queries on the topic under study.
We will also add to the risk other keywords “economic risks”, as well as “business
risks” and “military risks” (they were added in the second analyzed period, since no
data was obtained for them in the first). The addition of additional search terms is due

to the fact that it is important to compare the dynamics of queries for those types of
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risk that are important for the activities of enterprises. The obtained data is illustrated

in Fig. 2.18 — 2.19.
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Fig. 2.18. Dynamics of search queries related to risk in 2020-2021
Source: compiled by the author based on [168, 177]
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Fig. 2.19. Dynamics of search queries related to risk in 2022-2024
Source: compiled by the author based on data [168, 177]
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As we can see, during 2020-2021, among the trends, data was obtained on the
risk itself and economic risk. The dynamics are heterogeneous and differ in both
declines and falls. It is worth noting that during the pandemic, the maximum number
of information searches was not in the first period of the announcement of quarantine
measures in Ukraine, but already during the second lockdown — in the fall of 2020.
Which is identical to the search results for EU countries. Economic risks have been of
interest to business representatives since July 2021, and the trends in queries on these
risks do not coincide with the search for “risk”. We can say that economic risks were
not the subject of active search by entrepreneurs during this period. This corresponds
to the content analysis of this period.

Analysis of Figure 2.19 also allows to see additional information obtained
regarding other risks. This figure also reflects uneven trends in searches. Thus,
information regarding military risks was of greater interest to entrepreneurs even
before the start of a full-scale invasion and at the end of 2023. It is worth noting that
the situational nature of interest in various types of risk, rather than its stability.

Searches for information about risk itself are characterized by relative stability,
although with periodic declines. The maximum values of information search fell on
October 2023 and spring 2024. Which is also quite interesting for analysis, since during
this period the war has been going on for quite some time. And it can be assumed that
businessmen are starting to focus more on forming a risk management system, studying
more information about risk.

If we compare with the results of related words of Ukrainian entrepreneurs
during the pandemic, we will see a significant decrease in content not in favor of
domestic entrepreneurs. Although in the second analyzed period the situation
somewhat leveled off with European partners. But Ukrainian businessmen were
currently looking for more information about the types of risks, and not exactly the
means of assessing them and mitigating the consequences of their occurrence.

The results obtained are evidence of how much business representatives are
interested in studying issues related to risk, how much they understand the importance

of risk management and the process of its prediction and mitigation. We see that
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European entrepreneurs approach this issue more deeply and consistently, since trends
are relatively stable, and the requested information involves not only studying the risks
themselves and their types, but also methods of assessing and managing them.

This is important for studying the EU experience with the aim of its
implementation in Ukraine, at Ukrainian enterprises. Enterprises should understand the
relevance of knowledge about risk management and, when building an appropriate
system, approach this issue comprehensively in order to cover all aspects related to
risk. Entrepreneurs of Ukraine should know that risk research is not only a study of its
essence, but also involves searching for the types of risks that an enterprise may
encounter, what consequences this may have for it, as well as how to measure risk and
manage it. An example of this can be the risk management practices of the enterprises
we examined in section 2.2. Namely ArcelorMittal, Metinvest, Interpipe, which
demonstrate advanced risk management practices for Ukraine. Since the risk
management systems they have built take into account the various risks that the
enterprise faces and have a developed risk management methodology, which specifies
specific actions of the enterprise to reduce the likelihood of certain types of risk
occurring.

In order to increase the effectiveness of risk management in an enterprise, it 1s
important to use various tools. One of the effective means is the expert opinion of
specialists and the opportunity to receive professional advice. Ukrainian businessmen
should now use the services of the All-Ukrainian Association of Management
Consultants CMC — Ukraine [146], which actively helps Ukrainian business in crisis
situations. An example is the projects in which Ukrainian entrepreneurs from this
association of consultants can participate. Thus, CMC-Ukraine has successfully
implemented projects on consulting entrepreneurs, namely “CMC4Ukraine.
Restoration and development of manufacturing enterprises” and Project “Business
Development Services for Small and Medium-Sized Enterprises of Ukraine in Crisis
Due to the Ongoing War”, which provided business owners with professional
consultations on various aspects of enterprise management, exchange of experience

between entrepreneurs themselves, which contributed to achieving a synergistic effect
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in obtaining knowledge and skills for businessmen in risk management,
including [217]. Such an example is important for Ukrainian enterprises, as it reflects
the opportunities that entrepreneurs of different levels and scales have to improve their
activities. This becomes especially relevant in the context of stimulating the
development of small and medium-sized businesses (hereinafter referred to as SMEs)
by the Government of Ukraine, world organizations, other countries of the world and
various organizations with similar specifics of activity. By contacting CMC-Ukraine,
an enterprise receives a tool for its own development in the form of knowledge and
skills in managing various aspects of its activities. Risk management may not always
be manifested in such a formulation, but be embodied in the activities of the enterprise
precisely in risk-based management. That 1s, to assess risks in accordance with various
aspects of the company's activities and areas. An example would be the planning of
operational activities precisely on the basis of assessing operational risk within this
framework, and not by isolating it as a separate task for the person responsible for risk
management. Since not all enterprises can have an appropriate structure in their
company. Especially when the enterprise is an SME. Or manage the risk of turnover of
qualified personnel by building an effective policy of supporting such personnel in the
enterprise, which is developed not directly by risk management specialists, but by those
responsible for human resources management. This is what justifies the fact that risk
management should be implemented in every area of the enterprise's activity and
should not have a separate risk management structure, but rather be integrated into the
company's management system.

Thus, having examined the practical aspect of the research topic, we can draw
the following conclusions:

The above-described actualizes the topic of the study and indicates the need for
risk management on a proactive basis, on the full integration of risk into the enterprise
system. For this, it becomes important to study experience, obtain relevant and high-
quality information about risk and the process of its management. It becomes important
here to understand the need for risk management, to take it into account in one's

activities, to form a risk-oriented mindset.
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To achieve the above task, we analyzed entrepreneurs’ queries about risk,
analyzed queries by regions of Ukraine, and analyzed the content of searches for risk-
related words. The data obtained show that there are certain differences in the activity
of searching for information about risks by region for the two analyzed periods. During
a full-scale war, the difference is not as significant as during the COVID-19 pandemic,
but the cities of Kyiv, Vinnytsia, and Ternopil regions stand out the most in 2022-2024.
The analysis of dynamics is also heterogeneous and its results are somewhat different
from the data for EU countries — Poland, Germany, and France. In these countries, the
search for information about risk by business representatives is more stable, which
indicates the awareness of entrepreneurs and constant monitoring of this issue. The
content of the analysis of risk-related words also reflects the same result and indicates
a greater number of additional searches about risk by entrepreneurs from these
countries. Although the result of Ukraine in 2022-2024 is also already approaching the

EU countries analyzed in our study.

Conclusions to Chapter 2

Taking into account the above, we can draw the following conclusions regarding
the development of the risk environment of Ukrainian enterprises:

1. The macro environment in which Ukrainian enterprises operate is unstable
and characterized by high volatility, instability and crisis situations. This is confirmed
by international ratings, according to which Ukraine receives low results. These ratings
characterize creditworthiness, logistics efficiency, economic freedom both at the
country level and at the enterprise level.

The statistical analysis of the main macroeconomic indicators that directly relate
to manufacturing enterprises, which was supplemented by elements of descriptive
statistics and the determination of the coefficient of variation, confirmed the instability
of the macroenvironment of Ukrainian enterprises, sufficiently high risk indicators for
the main macroeconomic indicators. Growth rates also indicate uneven dynamics. The
main shock years were 2020 and 2022. This negatively affects the risk environment of
manufacturing enterprises and creates an additional burden for the risk management

system in terms of analyzing and taking into account the impact of external factors.
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2. The result of significant volatility of the macro environment was fluctuations
in the income and profit indicators of Ukrainian enterprises, which also changed in
accordance with the general dynamics of the considered indicators. Studies of financial
and other indicators of selected manufacturing enterprises indicate a change in the
dynamics of income, profit, assets and others depending on the period. Shock years
also become 2020 and 2022. To substantiate the risk study of selected enterprises, we
calculated the coefficients of the liquidity, financial condition and profitability groups.
The results obtained indicate the presence of certain problems at enterprises, but for
some they are not critical, despite the decrease in financial indicators, and other
enterprises demonstrate more negative indicators. The year of the greatest decrease in
coefficients is also 2022.

The selected models of Altman, Springate, Tereshchenko, Taffler and Tishaw
and the calculation of the Beaver coefficient allowed us to assess the degree of risk of
solvency, bankruptcy, and the ability to meet our obligations. The results show that the
selected enterprises have certain problems and some are characterized by fairly high
risk indicators, while others demonstrate satisfactory results with periodic deviations.

A study of the risk management practices of these enterprises showed that
ArcelorMittal, Metinvest, and Interpipe have a stable risk management structure, while
KVBZ and AZOT do not have such a well-developed risk management system, which
1s fully consistent with the previously obtained results of the risk assessment of these
enterprises.

3. Analysis of interest in the risk category among business and industrial sector
representatives in Ukraine and Germany, France, and Poland reflects certain
differences, where EU countries demonstrate more stable interest than Ukraine.
Comparison of content analysis of search words and phrases is also characterized by
the orientation of European searches towards methods of risk assessment and
management. And in Ukraine, they are more focused on searching for the “risk”
category and its types. And in the period 2020-2021, search interest in additional words
was significantly lower than in the period 2022-2024. Regional analysis of search
queries in Ukraine showed uneven search during the COVID-19 period and relative
uniformity during the period of full-scale war, but with a sufficiently high indicator in

the city of Kyiv, Vinnytsia and Ternopil regions.
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CHAPTER 3
DIRECTIONS FOR FORMING RISK MANAGEMENT FOR
MANUFACTURING ENTERPRISES

3.1. Development of a conceptual model of a risk management system for
manufacturing enterprises taking into account the assessment of macroeconomic
risk

Considering the previously discussed in Chapter 1 and the obtained research
results in Chapter 2 of this dissertation, it is necessary to develop a conceptual model
of the risk management system for manufacturing enterprises, which is justified by the
expediency of risk management in order to increase the efficiency of the enterprise.
The data we obtained show that at enterprises that have implemented a risk
management system at the enterprise and made it proactive, the results of activity are
quite distinctive, although they are also under the negative influence of the risks and
threats that arise before the enterprises of Ukraine. Manufacturing enterprises can be
influenced by various factors, and it is important to take them into account, calculate
the probability of risk occurrence, the degree of impact on activities, etc. That is why
manufacturing enterprises of various scales should build a risk management system
that will analyze these factors and respond in a timely manner and apply appropriate
methods and measures. Moreover, it is important to assess the risk, both external,
which we can hardly influence, and internal, which is a consequence of the occurrence
of external, as well as our ability to analyze and counteract it in advance.

We have determined that Ukrainian enterprises operate in conditions of
significant instability, which is exacerbated in certain years. Currently, among the
external risks that directly and to a significant extent affect the activities of
manufacturing enterprises, there are such risks as logistical, energy, environmental
(maybe internal), inflationary, political, and, first of all, military. It can be said that
military precedes other risks and their probability and scale are a consequence of its

occurrence.
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Among the internal risks, one can distinguish production, information and
digital, personnel risks, as well as liquidity, insolvency and financial risks. However,
the activities of enterprises must take into account and assess all the risks that they face.
In addition, the risk management model must be integrated into the activities of
enterprises regardless of their field of activity and size. The size of enterprises may
affect the organizational mechanism for implementing risk management, but the risk
management system must be inherent in all enterprises.

When forming a risk management system for manufacturing enterprises, it is
worth relying on Enterprise Risk Management (hereinafter referred to as ERM) as an
integrated and holistic risk management system at the enterprise, which includes the
assessment of both financial and operational, strategic and other risks, which cannot
always be assessed quantitatively, but qualitatively [44]. What is important about ERM
1s that it is an element of an integrated management system at the enterprise, and not a
separate one, which is separated from other management structures [1]. The enterprise
1s managed on the basis of a risk-oriented approach, when decision-making is carried
out taking into account the assessment of the probability and scale of risk occurrence,
regardless of the structure that makes the relevant management decision. This creates
the foundation for the integration of such a risk management system into an enterprise
of any size.

An important component in the risk management for manufacturing enterprises
is risk assessment, which has a certain specificity, since not all risk can be assessed
quantitatively, based on statistical information. In risk management, the expert method
is widely used to assess various aspects and types of risk, but it is subjective in nature.
Of course, when managing risks at enterprises and making management decisions, it is
worth including expert risk assessment, but the basis for risk assessment must have a
numerical justification, which can later be taken into account and expert judgments
should be added, taking into account other types of risk that cannot be numerically
confirmed, except for expert assessment.

As a basis for building a risk assessment model for further formation of risk

management policy, we propose to calculate the macroeconomic risk (hereinafter
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referred to as the MAR) of the enterprise as a threat of an external nature and an internal
risk of solvency. They characterize the financial risk of the enterprise, which, although
not the only risk of the enterprise, is important for the existence of the enterprise itself,
because the financial component becomes the basis for regulating various aspects of
the activities of enterprises, as it creates a protective financial mechanism for risk
management and the enterprise in general. For this purpose, we propose to develop a
tool in the form of a matrix that will allow combining the indicator of macroeconomic
risk and internal risk of solvency. The results of the enterprise itself and the results at
the state level allow us to assess the real current state, which is a reflection of our
threats and opportunities. Depending on the results of this matrix and on its basis, the
appropriate operational and strategic policy of the enterprise regarding risk will be
formed. The results of this matrix are included in the conceptual model of risk
management at manufacturing enterprises.

To achieve the stated purpose and develop an appropriate model of the risk
management system, it is necessary to initially determine the external risk of the
enterprise and the directions for its consideration when forming the risk management
system.

We propose to determine external risk by constructing an indicator of
macroeconomic risk as one that can be directly assessed and mathematically
substantiated, which makes it possible to approach this objectively, without making
subjective judgments. In paragraph 2.1 of this dissertation work, we conducted an
assessment of the macroenvironment of Ukrainian manufacturing enterprises, on the
basis of which we propose to calculate an integral indicator of macroeconomic risk.

To calculate this indicator, we propose to construct a correlation matrix to
determine the relationship between the indicators and then construct a regression to
determine the factors of influence among the ones we have selected on the net profit
(loss) indicator.

We have chosen the net profit indicator as the one that all enterprises aim for.

Since obtaining net profit is the main goal of any manufacturing enterprise, which
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allows it to continue to carry out its main activities, meet its obligations and receive
not only income, but also profit.

In section 2.2, we analyzed the profitability and return indicators of Ukrainian
enterprises, but to further build a correlation matrix and regression, we will need to
calculate the growth rate for this indicator, in order to see the connection with the
variability of the main indicators under study and so that all indicators are normalized.
However, the calculation of the growth rate of the net profit (loss) indicator may not

¢ 9

reflect completely correct results due to the sign in the case of a year when a loss
was noted in several consecutive years. In this case, we cannot use this indicator as it
is, but the State Statistics Service of Ukraine also lists this indicator separately as net
profit and net loss. This gives us the opportunity to use one of them and use correct
calculations of growth rates. Taking into account the focus of enterprises on the net
profit indicator (hereinafter referred to as the NP) and its maximization, we will focus
on it and include it in the growth rate indicators for further calculations.

As we have already noted, statistical data and growth rates do not fall under the
law of normal distribution (see section 2.1), so we cannot calculate the Pearson
correlation, but must calculate the Spearman correlation. This correlation is a rank
correlation and makes it possible to establish a relationship between variables [ 164,
178]. When constructing ranks and in our further study of macroeconomic risk, we rely
on growth rate indicators, as they make it possible to normalize our values, which differ
in different ranges of numbers due to differences in scale in the indicators included in
the model.

The growth rates of indicators are ranked by year and subsequently a correlation
1s established between these ranks. We used MS Excel to rank the indicators. The
results are presented in Table 3.1.

To calculate Spearman correlation coefficients, the formula is used [164]:

6Yd?
n(n2-1)

p=1- (3.1)

where p — is Spearman's rank correlation,

d;— difference between the ranks of the corresponding variables,

n —number of observations.
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Table 3.1.
Ranks of growth rates of macroeconomic environment assessment indicators
GDP PPI ORPP IPI CPI UAH/ | UAH/ Cl Cll NP
USD | EUR

2014 3 3 4 3 6 10 10 3 3 4
2015 9 9 10 2 11 11 11 6 4 10
2016 7 6 8 9 8 8 9 9 8 3
2017 8 8 9 6 9 4 4 7 6 7
2018 6 4 6 8 5 3 6 8 10 5
2019 4 2 2 5 3 1 1 4 7 8
2020 2 1 3 4 1 5 5 2 2 2
2021 11 10 11 7 4 2 2 10 9 11
2022 1 11 1 1 10 9 3 1 1 1
2023 10 7 5 11 7 7 8 11 11 9
2024 5 5 7 10 2 6 7 5 5

Source: calculated by the author using MS Excel

After calculating the ranks, we can proceed to calculating the correlation

coefficients, which we present in the form of a correlation matrix in Table 3.2.

Table 3.2.
Spearman correlation matrix
UAH/ | UAH/
GDP PPI ORPP 1PI CPI USD EUR Cl CIl NP

GDP 1
PPI 0,455 1
ORPP 0,827 | 0,436 1
IPI 0,509 | -0,118 0,318 1
CPI 0,245 0,700 0,227 | -0,327 1
UAH/
USD -0,145 0,273 -0,027 | -0,355 0,609 1
UAH/
EUR 0,164 | -0,055 0,264 | 0,082 0,355 | 0,782 1
CI 0,909 | 0,291 0,673 0,745 0,127 | -0,236 | 0,155 1
ClI 0,727 | 0,036 0,400 | 0,791 -0,091 | -0,482 | -0,045 | 0,909 1
NP 0,827 | 0,291 0,618 | 0,273 0,045 | -0,282 | -0,036 | 0,618 | 0,555 1

Source: calculated by the author using MS Excel
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The strength of the relationship according to correlation coefficients varies
among scientists, which depends on various reasons. We define a relationship from 0,1
— 0,29 as weak, 0,3 — 0,49 as medium, from 0,5 to 0,69 as strong, from 0,7 and above
as very strong [164, 179]. Values above 0,5 are marked in red. Also, values above 0

nn

mean a positive relationship, and below 0, with a sign, a negative one, when an
increase in one indicator causes a decrease in the other.

Thus, the results obtained make it possible to see the presence of strong and very
strong relationships between different pairs of indicators. GDP has a rather strong
relationship with the following indicators: Volume of sales, Industrial production
index, Capital investments, Capital investments of industrial enterprises and Net profit.
This result is quite logical and justified, since GDP is an integral macroeconomic
indicator that includes the results of both production and financial activities of
enterprises. GDP has a strong relationship with the Industrial production index, and
with others — very strong.

It is noteworthy that the Producer Price Index has a very strong correlation (0,7)
with the Consumer Price Index, which also seems logical due to the influence of one
indicator on the other. Thus, the result of setting the price of producers of products also
affects the Consumer Price Index in the future.

There is also a strong connection between the Volume of Industrial Products
Sold and Capital Investments and Net Profit. There is a very strong connection between
the indicators of Capital Investments and the Industrial Production Index, which is
justified by investment in fixed assets, the creation of production potential of
enterprises, and this Index results from this. That is why the connection with Capital
Investments of industrial enterprises is even stronger.

It is also worth noting a fairly strong relationship between the hryvnia to USD
and hryvnia to EUR, which can also be justified by the fact that these currencies are

currently the main ones for Ukraine in international settlements. Accordingly, a change
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in the exchange rate of one currency has the same reasons as for another. If a currency
devaluation occurs, it occurs relative to the second in the same way.

Net profit is also strongly related to capital investment indicators, which is
explained by their dependence, since one is a source for the other. Net profit creates
opportunities for further investment. And investment, in turn, creates the basis for the
development of production and the further formation or growth of net profit.

That is, the results obtained are quite logical and natural. They explain that
fluctuations in one can cause significant fluctuations in the other, increasing the
instability and volatility of the macroeconomic environment. They are important for
enterprises to conduct a general assessment and diagnosis of the macroenvironment in
order to make assumptions about possible directions of further changes.

When constructing a regression to determine the factors that affect net profit, we
must consider the concept of “multicollinearity”, which means the dependence
between independent variables in the regression model. This can cause problems in
interpreting the results of the factor analysis and distort them. The independent
variables in the regression model should not be correlated [142, 221]. Studies provide
various methods for identifying multicollinearity, including the use of correlation
coefficients and the variance inflation factor (VIF).

However, Jeffrey Wooldbridge's work notes that there are some nuances in
interpreting statistics when determining multicollinearity, as well as the independent
variables that we will use. The scientist notes that if we want to investigate the effect
of a certain variable on our Y, then we can ignore the VIF of other coefficients [198].

However, we propose to rely on the following algorithm for selecting potential
independent variables in our model: in Table 3.2, all indicators that have a correlation
of more than 0,7 should not be included in our regression model. As a result of
eliminating factors that have such a relationship, we are left with 3 indicators - GDP,
Consumer Price Index and the exchange rate of the hryvnia to the US dollar. Although
instead of the consumer price index we can choose the price index of industrial

producers, we decide to use the consumer price index in the model, which affects not
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only the activities of industrial producers, but also producers of any product in general.
Also, between the hryvnia exchange rates to two foreign currencies, we can choose one
of them, we choose the US dollar in our study, since this currency is the base for foreign
economic operations in Ukraine. In our opinion, these 3 indicators most reflect the
degree of influence on the financial result of the enterprise, and they are also
independent of each other, which is confirmed by Table 3.2. All other indicators in one
way or another either directly affect others (for example, the volume of industrial
products sold and GDP), or this follows as a result of the analysis of the correlation
matrix. Therefore, the selected 3 indicators seem to us to be the most influential factors
for our regression model.

Let us check the selected indicators of GDP, CPI and UAH/USD for
multicollinearity using the VIF method according to the formula: [198]:

1
VIF= —, 3.2)
J

where R’ — is the coefficient of determination for the estimated regression
function.

To calculate this coefficient and regression for these selected indicators, we used
MS Excel.

The results of the verification are shown in Table 3.3.

Table 3.3
Results of multicollinearity testing using the VIF method
R? 1-R? VIF
GDP 0,10767133 0,89232867 1,12066331
CPI 0,75073105 0,24926895 4,0117311
UAH/USD 0,73910945 0,26089055 3,83302497

Source: calculated by the author using MS Excel
The obtained VIF values less than 5 indicate a low degree of multicollinearity
between the selected independent variables for our model. Which further justifies the

feasibility of adding these indicators to our factor model.
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By conducting regression analysis, we will be able to determine the degree of
influence of selected factors on the net profit of Ukrainian enterprises. And also, to
note how much the indicator depends on the selected factors. In general, we note that
regression analysis is a widely used tool in conducting research and which can be
applied in management and when making managerial decisions, as it allows us to see
the degree of influence of factors and make a forecast of future performance
results [79]. This creates the opportunity to predict the development of events, which
1s based on appropriate calculations and is objective in nature.

Thus, we present in Table 3.4 the initial data for constructing a regression model

for assessing the factors influencing the emergency.

Table 3.4.
Input data for regression calculation
GDP CPI UAH/USD NP
2014 8,3 12,1 48,7 13,1
2015 25,3 487 83,8 74,1
2016 20,0 13,9 17,0 12,4
2017 25,0 14,4 4.1 29,9
2018 19,4 10,9 2,3 13,4
2019 11,7 7.9 -5,0 32,1
2020 6,2 2,7 4,3 -22.4
2021 29,1 9.4 1,2 86,4
2022 -39 20,2 18,5 -42.8
2023 26,5 12,9 13,1 43,1
2024 15,6 6,5 9,8 22,4

Source: calculated by the author

Using MS Excel, we will calculate the regression for net profit (Table 3.5).

The results obtained indicate the reliability of the model and the high degree of
influence of the selected factors, namely 78,8% of the result of the emergency is
explained by these three factors (coefficient of determination R? = 0,788). This is a

high indicator and confirms the correctly selected independent variables [131].
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Table 3.5.
Regression calculation result
SUMMARY
OUTPUT
Regression Statistics
Multiple R | 0,88784826
R Square 0,78827454
Adjusted R ) 59753505
Square
Standard 1 5 4656819
Error
Observations 11
ANOVA
df oy MS F Signi];cance
Regression 31 10915,783 | 3638,594 | 8,687 0,0093
Residual 71 2931,909 | 418,844
Total 10 | 13847,692
. Standard P- Lower Upper | Lower | Upper
Coefficients | “p,or | 1S90 | aje | 95% | 95% | 95.0% | 95.0%
Intercept -32,693 13,511 -2,420 | 0,046 -64,643 | -0,744 | -64,643 | -0,744
GDP 3,138 0,671 4,677 | 0,002 1,552 | 4,725 1,552 | 4,725
CPI -0,098 1,060 -0,093 | 0,929 -2,604 | 2,407 | -2,604 | 2,407
UAH/USD 0,315 0,486 0,649 | 0,537 -0,833 | 1,464 | -0,833 1,464

Source: calculated by the author using MS Excel

Given F = 8,69, which is higher than Ftable = 4,35 for the significance level of
0,05, the model is statistically significant. As indicated by the Significance F = 0,0093,
which is significantly lower than the standard significance level of = 0,05 and less than
0,01 (which is even more indicative).

That is, our model showed its significance and significant impact on the indicator
of the emergency, the appropriateness of the selected factors. Moreover, it is worth
noting that not all variables individually have such indicators of significance, which is
justified by the small time period of the study, as well as the importance of taking into

account these factors together, as a model, since they have a synergistic effect in our
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case, and do not affect in isolation. Summarizing the above, our regression equation
has the following form:

NP =-32,69 + 3,14*GDP - 0,098*CPI+0,315*UAH/USD, (3.3)

It should be noted that a random error term is usually included in regression
equations [198, 253]; however, it is not used in estimation equations.

So, having received the results of the regression model, we can proceed to the
calculation of the macroeconomic risk indicator, which has an external impact on the
activities of enterprises and must be taken into account by the enterprise when forming
a risk management system and making management decisions.

This indicator is supposed to be calculated based on the factors that we included
in the regression model. Their inclusion in the indicator is justified by the high
statistical significance of our model. We propose to calculate the integral indicator
MAR using the following formula:

MAR:= Y(w; * s; * z3¢), (3.4)
where w; — is the weight of the i-th indicator;
zi— standardized value (z-score) of the i-th indicator in a specific period ¢;
si— coefficient of the direction of the indicator's influence on the level of
macroeconomic risk (-1, +1);
si= -1 — stabilizing factor;
si=+1 —risk factor.

In our case, the stabilizing factor is GDP, and the CPI and UAH/USD exchange
rate are risk factors.

Specifically for our indicators we get the following formula:

MAR:= wspr*(-Zcpp,t)+ Wepr*(zcpr,t )+ Wuan/usp™®(Zuan/USD,t), (3.5)

Moving to calculation of a z-score to standardize our data and include it in our
integral measure. This is done to normalize our data, where the values are converted to
a common scale, where 0 is the average value. This measure means how much the
obtained value differs from the average [180, 254]. Standardization is used to ensure

comparability of indicators.
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Let us give the z-score formula [196]:

z= &8 (3.6)

g

where z — z-score,

x — value that is being evaluated and should be standardized,
M - sample mean,
o - standard deviation (STDEV).

To calculate standardized z-scores, we will use MS Excel and present the results
in Table 3.7.

To select the period — the base of our study, we will take a 10-year range (2015-
2024). The average and standard deviation are calculated for this period. We have
chosen this range of years in order to ensure comparability, homogeneity of the base
and relevance of the risk environment. In the future, it is proposed to update the base
every 5 years.

In Table 3.6. we present the mean and standard deviation for our model over a

given 10-year range.

Table 3.6.
Mean and standard deviation indicators when calculating z-score
GDP CPI UAH/USD
U8 17,5 14,8 14,9
c 10,4 12,9 25,3

Source: calculated by the author using MS Excel

The results of the calculations are given in Table 3.7. We will take into account
the coefficient of the direction of the indicator's influence.

So, we have obtained the data for calculating the z-score, on the basis of which

we can proceed to calculating the macroeconomic risk indicator.
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Table 3.7.
Obtained Z-scores of macroeconomic indicators
Years Z-GDP Z-GDP*S Z-CPI Z-UAH/USD
2014 -0,886 0,886 -0,206 1,336
2015 0,756 -0,756 2,638 2,722
2016 0,239 -0,239 -0,066 0,082
2017 0,724 -0,724 -0,027 -0,427
2018 0,188 -0,188 -0,299 -0,499
2019 -0,557 0,557 -0,532 -0,786
2020 -1,093 1,093 -0,936 -0,419
2021 1,122 -1,122 -0,416 -0,541
2022 -2,063 2,063 0,424 0,143
2023 0,871 -0,871 -0,144 -0,072
2024 -0,186 0,186 -0,641 -0,202

Source: calculated by the author using MS Excel
To calculate our MAR indicator, it is also necessary to calculate the weights,

according to the formula:

|Bil
w; = , 3.7
' SLIg 7

where w;— normalized weight of the i—th indicator,
S — standardized regression coefficient.

According to scientists, it is the values of the regression coefficients that we can
use to estimate the weights of the variables [214].

In our case wi gpp= 0,884, wi cpi= 0,028, wi uanusp = 0,089.

The results of the calculation of the MAR indicator are presented in Table 3.8.
We will also immediately convert the result of the obtained indicator to a scale of 0-
100 using the logistic transformation method. This will limit the range of values to 100
and reduce the impact of extreme emissions.

Transforming the formula of the logistic function (sigmoid) to our indicator, we

obtain [25]:

1
14+e~Z2

100
1+e~2’

p2) = - R=100=*¢(Z) = (3.8)
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So, we have obtained an indicator of macroeconomic risk, which is presented in
Table 3.8. To determine its level, we propose to specify the following threshold values:
up to 33 - moderately acceptable;
34-67 - elevated;

68 — 100 - high.
According to these values, we will enter the risk levels in Table 3.8.
Table 3.8.
Macroeconomic Risk Indicator, 2014-2024
Years MAR MAR o-100 Level
2014 0,895 71 high
2015 -0,353 41 elevated
2016 -0,206 45 elevated
2017 -0,678 34 elevated
2018 -0,218 45 elevated
2019 0,408 60 elevated
2020 0,903 71 high
2021 -1,051 26 moderately acceptable
2022 1,847 86 high
2023 -0,780 31 moderately acceptable
2024 0,129 53 elevated

Source: calculated by the author using MS Excel

Moderately acceptable risk level — the lowest level of the indicator, the lower it
1s, the better. We define this level as such that the risk exists, but the environment is
relatively stable, fluctuations are present, but they are not large, in general, the risk can
be managed on a general basis, carrying out current monitoring and control of
indicators, as well as analyzing the external and internal environment. Also, with the
analysis of the dynamics of this risk and its gradual increase to the limit level or the
obtained indicator, which is approaching 33, we understand that volatility is increasing,
the risk becomes more likely, macroeconomic factors have a greater impact on the
activities of the enterprise, and although the risk is not critical, it deserves more
attention than at lower numbers. But this does not require reactive attention, but may
be current risk management. Proactivity here is manifested in the ongoing construction

of forecasts for the development of the macro environment, in preparation for possible
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further changes in macro indicators, their anticipated impact on the enterprise, control
of this impact and relevant management decisions.

Elevated risk level (34-67) — at this stage, a significant impact of risk on the
enterprise is already felt, on its financial stability, macroeconomic instability is
increasing. The risk becomes difficult to control. Significant resources are used for risk
management, including financial ones. Crisis measures may already take place, when
there is no longer a proactive position, but a reactive one, adapting the enterprise's
policy to the developing situation.

High level of risk (68-100) — the macro environment is unstable, the probability
of negative impact on enterprises is high, the state of the macro environment may be
of a crisis nature. At this stage, large-scale crisis instruments are already actively used,
a review of risk management policy may take place. Here, the probability of risk
occurrence is added to the high level of uncertainty, which complicates forecasting and
effective implementation of decisions made.

Thus, we have identified the main levels of macroeconomic risk and the main
management actions. However, it is worth noting that at any level of the MAR, various
risk management tools are used, even at the moderately acceptable level. The scale and
nature of these tools may vary, but they should be present at any level. Proactivity may
be more evident at the moderately acceptable level, when certain changes can be
predicted, there is time to review and analyze the current risk management policy, and
various methods and tools can be used. But at the elevated and high levels, reactive
action and the use of crisis measures and tools will take place more. When conducting
this assessment, it is also necessary to pay attention not only to the level at which the
value falls, but also to its dynamics and location itself. The closer to the thresholds of
the level, the more attention should be paid to the level to which it is approaching. If
there is a positive trend and the risk is approaching a moderate-acceptable level, then
the company can no longer focus on anti-crisis tools, but focus on proactive
management methods and improving its financial situation. That is why it is important
to take into account previous experience when analyzing the current situation, the

obtained MAR indicator for the previous year (previous years), in order to assess the
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prospects for further changes, taking into account the data and information that are
analyzed by responsible persons and experts.

For greater clarity of the results and a more in-depth analysis, we present
Fig. 3.1.
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Fig. 3.1. Dynamics of macroeconomic risk in Ukraine, 2014-2024

Source: compiled by the author

We see that the MAR has uneven dynamics, which quite logically and
reasonably correlates with the general trend in the country. But the highest level for the
calculated period was obtained only in 2022, even the 2020 indicator did not have such
high indicators, although it entered the high-risk level. It is also noteworthy that after
2020 and 2022 there is a significant decrease in the MAR risk indicator. There may be
several explanations for this: firstly, we calculate our index on growth rates in order to
remove strong emissions and normalize our model, and growth rates after shocks may
be high compared to the previous year, when it is compared with very low indicators;
and, secondly, the rapid adaptation of Ukrainian enterprises to the current situation.
This difference between 2020 and 2022 can be explained by the fact that despite the
shock state, in 2022 it was more systemic and had a deeper nature for the entire
economy and the state. Periods of quarantine restrictions ended quickly and enterprises

returned to work, while the movement of the population was, on the contrary, limited
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by quarantine measures. When in 2022 the consequences were greater, which was
additionally strengthened in a negative sense by the outflow of labor.

An important role in reducing the indicator after the shock years is also played
by the adaptation of the economy, when enterprises and the state can quickly adjust to
the changes that are coming, when enterprises are ready for energy failures, changes in
supply chains. This affects the stabilization of macroeconomic indicators and these
extreme indicators become smaller. Therefore, the dynamics of this indicator is uneven
and reflects significant fluctuations in macroeconomic risk for Ukraine as a whole, and
enterprises. As of 2024, according to our assessment, the level of this risk is increased,
which requires careful attention and a quick response from the management apparatus.

Thus, we proposed the construction of a risk management model at
manufacturing enterprises, which will include an analysis of the external and internal
environment. To assess the external environment, the calculation of the
Macroeconomic Risk (MAR) indicator was proposed, which is based on the selection
of factors and the construction of a correlation-regression analysis. By selecting
indicators in the factor model, between which there is no strong correlation, between
which there is no multicollinearity of indicators, a regression analysis was conducted,
the results of which indicate the significance of the model and a significant impact on
the size of net profit of GDP indicators, consumer price index and hryvnia exchange
rate to the dollar. Due to the standardization of the growth rates of the selected
indicators using z-score, determination of their weight coefficients, an integral
indicator of macroeconomic risk was calculated, which was converted to a scale of 0-
100 by logistic transformation. The results obtained indicate a significant level of this
risk and rather high fluctuations. However, after reaching peak values, its decrease is
observed, which indicates the adaptability of the system and adaptation to the current
situation. It 1s also noteworthy that during the analyzed period the MAR indicator
passed to the moderately acceptable level twice - precisely after strong growth and high
risk indicators. For further research and determination of the place of this indicator, we
will proceed to its integration into the general risk management system of

manufacturing enterprises.
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3.2. Tools for assessing internal risk and selecting risk management methods
for manufacturing enterprises

For a complete risk assessment of manufacturing enterprises, it is necessary to do
not only an assessment of the external environment and calculate the macroeconomic
risk, but also the internal one. The assessment of internal risk makes it possible to see
also potential threats to the enterprise from within in terms of the risk that is measured.
Although, internal risk also largely depends on external factors, including
macroeconomic risk. The calculation of these two indicators will make it possible to
see where the enterprise is. We propose to visualize this in the form of a matrix, which
will allow to visualize the results obtained and suggest appropriate risk management
methods.

That is why, after assessing the external — macroeconomic risk, we propose to
assess the internal risk. Taking into account the mathematical possibility, we can
determine the risk of insolvency, that is, the risk at which the enterprise will not be able
to meet its obligations. For this, we propose to take as a basis the results of calculations
of discriminant models for 5 enterprises, which we calculated in section 2.2 of this
work. We propose to translate the obtained results into a scale from 0 to 100, where 0
is the lowest indicator according to the model - the lowest solvency, and 100 is a very
high positive result - the highest solvency. Translation to this scale is necessary in order
to unify the results we have obtained and for the purpose of further visualization of the
location of the enterprise. However, the method of converting from 0 to 100 differs
from the one we used in section 3.1, since for these methods we used the values that
are normative and based on them we built formulas and calculated the values converted
to this scale using MS Excel. Also, for “0” in all models we took the numbers not those
after which the highest level of risk begins, but slightly lower ones, since risk is the
probability of occurrence and, taking into account the long-term unstable conditions of
Ukraine and also the ability of domestic enterprises to quickly adapt to such conditions,
it seems logical and necessary to assess the highest level of risk as slightly lower than

the minimum normative value.
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It is of great importance to present in Table 3.9 the calculations of the results of
discriminant models on a scale of 0-100.

Table 3.9.

Converting the results of discriminant models to a scale of 0-100

Years ‘ Enterprises
Altman z-score model

ArcelorMittal Metinvest Interpipe KVBZ AZOT
2019 28 41 55 100 0
2020 55 51 100 100 0
2021 100 100 83 27 0
2022 0 27 100 69 0
2023 0 50 100 12 0

Springate Model

ArcelorMittal Metinvest Interpipe KVBZ AZOT
2019 0 0 100 100 0
2020 0 6 100 100 0
2021 100 100 100 0 0
2022 0 0 100 100 0
2023 0 0 100 0 0

Tereshchenko’s Model

ArcelorMittal Metinvest Interpipe KVBZ AZOT
2019 1 9 100 100 100
2020 10 27 100 45 0
2021 100 100 87 0 3
2022 0 0 100 8 0
2023 0 0 100 0 100

Taffler and Tishaw model

ArcelorMittal Metinvest Interpipe KVBZ AZOT
2019 34 100 100 100 100
2020 100 100 100 100 100
2021 100 100 100 100 100
2022 0 0 100 100 100
2023 0 100 100 100 100

Beaver coefficient

ArcelorMittal Metinvest Interpipe KVBZ AZOT
2019 9 9 100 100 7
2020 55 16 100 42 3
2021 100 100 20 2 5
2022 0 0 84 8 0
2023 0 6 100 4 7

Source: calculated by the author using MS Excel
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Thus, the results of the discriminant models were converted into unified risk
scale using threshold-zonal normalization with linear interpolation within the financial
condition zones.

So, we see that the results of the transfer are fully consistent with the results
obtained in section 2.2. ArcelorMittal's indicators vary greatly depending on the year
according to different models, demonstrating the greatest stability and solvency, the
lowest level of risk in 2021. Metinvest's results are also variable, but more stable.
According to the Taffler-Tischaw model, the company has the highest result, excluding
2022. The most positive solvency indicators in Interpipe during the analyzed years and
according to the 5 models, excluding some years, are notable. KVBZ and AZOT are
also uneven across the analyzed years and differ both among themselves and with other
enterprises. The results of AZOT are notable, where according to the Altman, Springate
and Beaver methods the indicators are the lowest, but according to Tereshchenko and
Taffler-Tischaw in 2023, on the contrary, they are very positive and exceed, for
example, ArcelorMittal. This may be a result of the fact that the companies belong to
different industries, although both are manufacturing, and also that the mining and
metallurgical industry of Ukraine suffered more from military restrictions, and also
that ArcelorMittal is more export-oriented than AZOT. And under conditions of
significant logistical restrictions this leads to a deterioration in financial indicators.

Based on the results obtained, we propose to derive the general risk of financial
insolvency or Financial Distress Risk (hereinafter — FDR), which indicates the
presence of financial problems in an enterprise and the threat of inability to meet its
obligations, even the possibility of bankruptcy. To calculate it, we will use the results
obtained above, which show us the financial condition indicator (hereinafter — FCI),
since the higher it is, the better for an enterprise. To do this, we will use the following
formula [214]:

FCILi=Y", w; * SU (3.9)
where S/ financial condition indicator for the i-th model in year t on a scale
of 0-100,
w; — weight of the i-th model;
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i —model;
n —number of models by which the indicator is calculated.
Given that it is difficult to determine which of the models we have selected has
the greatest weight, we propose to give the same weight to each model. Therefore,
considering 5 models for calculating and analyzing the financial condition, the weight

of each of them is 0,2. The final calculation is made according to the following formula:

FCI _ SAltamn,t"' SSpringate,t+STereshchenko,t+STaffler,t+SBeaver,t
t— 9
5

(3.10)

We will perform the calculations using MS Excel. The results are presented in the

Table 3.10.
Table 3.10
Results of calculating the integral indicator of financial condition
Years | ArcelorMittal Metinvest Interpipe KVBZ AZOT
2019 14 32 91 100 41
2020 44 40 100 77 21
2021 100 100 78 26 22
2022 0 5 97 57 20
2023 0 31 100 23 41

Source: calculated by the author using MS Excel

But to comply with the methodology for calculating the macroeconomic
indicator, it is necessary to convert it to a scale, 0 is the lowest risk indicator, and 100
is the highest risk indicator. To do this, we propose to do a mathematical inversion for

calculating the FDR and subtract the FCI from 100. The formula will look like this:

FDR =100 — FCI (3.11)

But before that, we will also apply the bounding method, which involves
avoiding absolutely extreme estimates, since in the end we can potentially get
incorrectly interpreted results when the risk is equal to 0 (absent at all) or 100 (the
highest level of occurrence). But when it comes to risks, there is always a chance that
it will not occur or, conversely, even with the lowest probability of occurrence, it will

occur and bring undesirable results to the enterprise. In order to take this error into
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account, we will use the lower limit as 5 and the upper as 95 [180, 252]. This will mean
that even with the highest risk score, the company still has a chance to avoid it by
taking certain actions. This increases the interpretive reliability of our integral FDR
indicator. In practice, using this method means that values up to and including 5 (0-5)
will result in a value of 5, as well as relative to 95, when values in the range 95-100
will result in a value of 95.

Having performed this operation and using the appropriate formula, we can
present the results of calculating our integral indicator of financial insolvency risk in

Table 3.11.

Table 3.11
Enterprises’ Financial Distress Risk, 2019-2023
Years ArcelorMittal Metinvest Interpipe KVBZ AZOT
2019 86 68 9 5 59
2020 56 60 5 23 80
2021 5 5 22 74 78
2022 95 95 5 43 80
2023 95 69 5 71 59

Source: calculated by the author using MS Excel

The results obtained indicate significant changes in this indicator in
ArcelorMittal, Metinvest, KVBZ. Interpipe also experienced an increase in this integral
indicator in 2021, but in other years its values were the smallest. KVBZ had the lowest
value in 2019 with further growth. Moreover, in the crisis years of 2020 and 2022, its
results were not the greatest, in contrast to 2021 and 2023. This may indicate a slightly
distant impact of the crisis years on the company's activities. AZOT does not have the
lowest values during the analyzed period, but does not reach the level of 90 - 95.
Although during 2020-2022 the results are characterized by a high risk of insolvency.

To determine the risk level, we will use the same scale that we proposed in the
previous section of work 3.1, where up to 33 is a moderately acceptable level of risk;
34-67 is an elevated risk; 68 — 100 is a high risk. According to this, ArcelorMittal has
had a very high risk of insolvency for the last two years, Metinvest, after a high level
in 2022, significantly improved its financial condition and reduced it to 69, but still the

result is high. Interpipe is characterized by a moderately acceptable level of risk
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throughout the analyzed period. KVBZ has different levels of risk: from moderately
acceptable in 2019 to high in 2021 and 2023. AZOT is characterized by a high risk of
insolvency during 2020-2022 and elevated in 2019 and 2023.

It is necessary to add that in relation to this risk, as well as in relation to the
MAR, even with a result that falls into the moderately acceptable level, the enterprise
must build its risk management policy and form it on a proactive basis. When the
enterprise has an FDR of up to 33 inclusive, this means that the enterprise has the
opportunity to predict in advance and plan possible scenarios for responding to the risk
in the event of its occurrence. When the enterprise moves to the next level - elevated
risk, its actions can sometimes be both proactive and reactive, because here it is
possible to identify quite high problems with the solvency of the enterprise. And at a
high level — one proactive position may no longer be enough and it is necessary to act
quickly and taking into account the reality that the enterprise has encountered. But the
enterprise, in any case, must form a risk management system on a proactive basis, with
the aim of preventive risk management.

Now, having the results of two integral indicators, we can take them into account
when determining where the enterprise is currently located and propose a matrix
consisting of 9 quadrants that determine the appropriate level of risk for the enterprise,
taking into account macroeconomic risk and insolvency risk. On this basis, the
enterprise should build its further risk management policy.

It is assumed that at the beginning of the year the enterprise receives
macroeconomic indicators (we have proposed and taken into account in the MAR
model those indicators that are already known at the beginning of the calendar year)
and has information about its own indicators (even if they are not yet covered in the
official report on the website). The enterprise assesses those integral indicators that we
have proposed and identifies its place (its quadrant) in this matrix. This makes it
possible to immediately, at the beginning of the year, see its main threats, external and
internal problems and make an appropriate management decision regarding the risk
management strategy that will be applied at the enterprise, and on this basis to develop

appropriate tactical and operational actions for its implementation.
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In our case, we have complete data on the MAR up to 2024 inclusive, but for the
integrated financial risk indicator of insolvency, data at the time of calculating the
coefficients and models were available only up to 2023 inclusive. Therefore, we
propose to develop matrix data for the enterprises we have selected for 2022 and 2023.
This will provide an opportunity to visualize the results of enterprises in these two
years and see the dynamics and determine the actions that should be applied at
production enterprises for the purpose of risk management.

We present the results in Fig. 3.2 and Fig. 3.3.
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Fig. 3.2. Macroeconomic and financial distress risks matrix of selected
manufacturing enterprises in 2022
Source: compiled by the author
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As can be seen from the matrix shown in Fig. 3.2, Interpipe has the best position,
although it is located in quadrant 7, which is characterized by high macroeconomic
risk. That is, the risk of insolvency of the enterprise itself is low, but due to high
macroeconomic risk, the place of this company in this quadrant. That is, the greatest
threats and unplanned situations may arise precisely because of external risk, and not
because of the financial problems of the enterprise.
KVBZ is in quadrant 8, which is characterized by a high level of MAR and an
elevated FDR. And 3 companies — AZOT, Metinvest and ArcelorMittal — are in
quadrant 9 with a high level of risk according to both integral indicators.

Let us compare the situation with 2023, which is illustrated in Fig. 3.3.
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Fig. 3.3. Macroeconomic and financial distress risks matrix of selected
manufacturing enterprises in 2023
Source: compiled by the author
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According to the figure, the external risk has decreased significantly and the
companies have moved into the green zone, but the results according to FDR vary.
Interpipe is again in the best position and its risk according to both indicators is the
lowest, AZOT has moved according to the FDR result from the high-risk zone to the
elevated-risk zone, and in the quadrant characterized by a high level of FDR are again
Metinvest (although it has reached almost the minimum value for this quadrant),
ArcelorMittal, and KVBZ, which has also worsened its financial condition.

This matrix is constructed in such a way that the X-axis shows the FDR result,
and the Y-axis shows the MAR. According to the external MAR risk and its levels, we
offer a color scheme that reflects the level of risk. So, the lowest — moderately
acceptable is marked in green, which means the possibility of not applying reactive
measures and crisis measures, but analyzing the situation, making forecasts and
planning response methods in a planned mode. The next level — an elevated MAR level
— we propose to highlight in yellow, as such, when it is already necessary to increase
the level of attention and sometimes it will be necessary to resort to reactive actions.
We highlight the highest MAR level in red, which means the need to conduct a
thorough analysis of changes that may occur and, possibly, already apply anti-crisis
measures. Also, we note that the brightness of the color depends on the level of risk
according to the FDR: the least bright color corresponds to a moderately acceptable
level of financial insolvency risk, medium brightness — to an elevated level, and the
most saturated bright color — to a high level of risk. Such a color scheme will take into
account different psychotypes of people according to the type of information
perception and will allow you to react more quickly to the situation that has developed,
depending on the quadrant where the company is located.

Each quadrant is characterized by the threats that the enterprise may face, and
the corresponding strategies and methods of responding to risks can be applied to it.

The characteristics of the quadrants according to these two are given in Table 3.12.
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Table 3.12
Characteristics of the macroeconomic and financial distress risks matrix
Risk Level
Quadrant (MAR - The main characteristic Nature of response
FDR)

1 2 3 4

1 moderately This quadrant is characterized by a low | Proactive.
acceptable — | level of risk for both integral Analysis of the current
moderately indicators. However, it is important to | state, forecasting the
acceptable observe the dynamics over the years future, monitoring the

and predict trends. The results of activities and external
indicators that are approaching the environment of the
limit of this level — 33 — indicate a enterprise, assessing the
possible transition next year to potential impact of
quadrants with an elevated or high external changes on
level. It is also important to remember | enterprises, etc.

that even low values for these Decisions on risk
indicators do not mean the management methods are
impossibility of risk, they simply made depending on
indicate the relative stability of the potential threats.
environment and a low level of

insolvency of the enterprise, that is, a

relatively stable financial condition.

But this is not a guarantee of the

absence of the probability of risk,

therefore it requires ongoing control,

analysis and management of it.

2 moderately The macroeconomic environment is Reactive-proactive. At this
acceptable — | relatively stable, although there is stage, the enterprise is
elevated always a possibility of this risk already beginning to apply

occurring and affecting the company's | anti-crisis elements in
activities. And financial insolvency is | management. Risk
already at an elevated level and there management resources are
is a risk of potential bankruptcy significant. The policy is
(although not imminent), inability to adopted taking into
meet its obligations. This may be a account financial
consequence not so much of an insolvency, the ratio of the
external risk as of the influence of enterprise's assets, equity.
other factors and the ineffective work | The emphasis is on
of the company in identifying and identifying the causes of
managing risks. such FDR and eliminating
them. Opportunities are
sought to correct the
financial situation, find
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Continuation of Table 3.12

4

sources of financing,
increase demand and sales
of products. Proactivity
here remains in terms of
predicting its further
development and
attempting to control
future deterioration, as

well as in relation to the
MAR.

3 moderately

acceptable —
high

Macroeconomic risk is low, but
requires control and monitoring. The
risk of financial insolvency has entered
a critical zone, which indicates serious
problems with the company's solvency
and financial condition in general,
there is a high risk of bankruptcy of
the company. However, there is
always a possibility to get out of this
situation thanks to effective
management decisions.

Reactive-proactive.

The enterprise requires the
application of crisis
measures to ensure its
further functioning and
sustainable activities.
However, the MAR is
more or less balanced and
not the main factor of such
a state. An analysis of the
impact of other external
risks is required, as well as
the adoption of appropriate
decisions by the enterprise
to remove the enterprise
from such a state.
Decisions can be made on
the diversification of
production, changes in the
enterprise's strategy,
orientation on demand and
the needs of society. For
enterprises that depend on
exports and have problems
with logistics, the search
for other opportunities for
product sales is
maintained.

Proactivity here is
maintained relative to the
MAR.
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Continuation of Table 3.12
1 2 3 4
4 elevated — The MAR is no longer so small and its | Proactive-reactive.
moderately impact is felt on the work of Despite the growth of the
acceptable enterprises in general. The macro MAR, the main emphasis
environment is volatile, unstable, here is on proactive
which requires large resources to be actions in relation to the
able to regulate the consequences. enterprise, when we still
However, the risk of financial have the opportunity to
insolvency does not demonstrate the mitigate further changes
same results, which indicates either a that will come.
skillful risk management policy at the | Management, taking into
enterprise, or a slightly delayed account the result of the
reaction of this enterprise due to a MAR, makes decisions on
certain specifics of production. leveling or reducing the
negative consequences of
changes taking place in
society. It may be
necessary to make a
decision on insurance of
certain risks, currency
transactions, and a revised
pricing policy of the
enterprise.
Reactivity here is
manifested in the
regulation of the
consequences that the
MAR already has for
enterprises, production.
5 elevated — This quadrant characterizes an Reactive-proactive.
elevated increased level of MAR and FDR, Management applies crisis
which indicates a fairly significant measures and tries to bring
level of instability in the environment, | the enterprise into other,
its impact on the activities of less danger quadrants. The
enterprises and the need to use impact of MAR on the
significant resources for risk enterprise's activities is
management. The location of the analyzed and appropriate
enterprise in this quadrant is already conclusions are drawn.
problematic for the company and Great efforts are spent on
indicates potential threats to the risk control. Proactivity
enterprise's activities, significant remains in the desire to see
problems with its solvency. further forecast results
and, accordingly,
decisions are already being
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Continuation of Table 3.12

4

made, and methods are
also applied to prevent
falling into quadrants with
a high level.

Management here also
takes place regarding the
possible consequences of
MAR: reassessment of the
enterprise's pricing policy,
taking into account
exchange rate fluctuations,
etc., as well as the
application of FDR
management measures:
searching for sources of
financing for activities,
using insurance
mechanisms, focusing on
increasing product sales.

6 elevated —
high

The MAR is elevated, demonstrating
the instability of the environment that
affects the activities of enterprises. A
high level of FDR indicates problems
with solvency and a high probability of
bankruptcy. Starting from this

quadrant and the following ones are
already problematic for enterprises and
require greater efforts to manage risks
and their consequences.

Reactive-proactive.

The enterprise applies
active measures, which are
already crisis, since FDR
indicates real problems
with solvency. To prevent
negative consequences and
maintain further activity of
enterprises, management
analyzes the reasons for
this state, both external
and internal, and also
builds a policy for
managing financial risk,
which is already high, and
managing MAR.
Proactivity here still
remains in terms of
preventing the transition of
MAR to the next level.

7 high —
moderately
acceptable

MAR indicates high instability of the
environment, which has a significant
negative impact on the results of the
enterprise. However, the risk of

Reactive-proactive.

The company tries to
manage the effects of the
unstable macroeconomic
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Continuation of Table 3.12
1 2 3 4
financial insolvency is low, but this environment by
does not mean that it is impossible. reallocating resources
The reasons for such a discrepancy in | from other activities and
the results between MAR and FDR reducing the need for
may lie in the specifics of the resources due to its own
production process of a particular moderate-acceptable level.
enterprise, when the impact is This will probably allow
somewhat remote, as well as the some restraint on price
greater influence of other factors on increases due to inflation
this enterprise. And other factors have | and exchange rate
a more positive impact. And this is fluctuations.
also a characteristic of a skillful and
effective risk management system at
the enterprise. For example, Interpipe
in 2022.
8 high — High MAR is characterized by Reactive.
elevated volatility and significant fluctuations The company is making a
in important macroeconomic lot of efforts to manage the
indicators, which has its impact on results of a high MAR, as
financial flows and economic well as reduce the risk of
processes within the country. It also financial insolvency. At
results in an increased level of FDR, this stage, actions become
when enterprises are already facing a | reactive, as a reaction to
real problem of solvency. what has already
happened, and the
measures taken are already
of an anti-crisis nature.
9 high — high The instability of the macro Reactive.
environment is combined with the Risk management is
insolvency of the enterprise. This largely based on the
quadrant indicates real problems in the | principles of crisis
development of the enterprise and management, when the
causes the need to apply anti-crisis enterprise is faced with a
measures and large resources of the real threat of bankruptcy,
enterprise to manage the solvency and | as well as a deterioration
the consequences of the IDA impact. in the external
This is the most undesirable quadrant | environment. Decisions
for all enterprises. for enterprises in this
quadrant must be carefully
thought out and justified
due to the high probability
of losing the enterprise in
general.
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Continuation of Table 3.12
1 2 3 4

These may also be
decisions regarding
changes in the financial,

marketing and general
strategy of the enterprise,
diversification of
production, involvement
of the enterprise's
insurance funds, etc. The
main thing is to find
sources of financing for
the enterprise while
maintaining an appropriate
ratio of own and
borrowed.

Source: compiled by the author

Thus, we have proposed a characteristic of the macroeconomic and financial
distress risks matrix, which makes it possible to see the location of the enterprise in it
and determine the main directions of its development and the threats that arise for it. It
1s worth noting that risk management methods depend on many factors. First of all, this
is the size of the enterprise itself. An example is ArcelorMittal, which in 2022 and 2023
demonstrates negative results according to the FDR indicator. In 2022, together with
Metinvest and AZOT, they fell into the 9th quadrant. However, we understand that the
capabilities of these companies are quite large in terms of resolving the issue and
preventing bankruptcy. We would like to emphasize once again that the high result of
the second integral indicator, that the risk may occur, indicates the current state, but
there is always a probability that the enterprise will be able to find a way out, its risk
management methods will be effective and the enterprise will be able to move to
another, lower, quadrant.

As we have already studied in the first chapter, the risks faced by an enterprise
are much more than those assessed by us above. However, we believe that financial
risk is one of the main ones, which is existential for the further existence of the
enterprise. Also, the financial component is the main prerequisite for the functioning

of the enterprise, creating a basis for protection against the occurrence of other risks.
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Financial risk in terms of assessing insolvency and stability can be assessed not by an
expert, but based on objective data, as well as macroeconomic risk, which is more
reliable and does not have a subjective opinion. That is why we propose to assess the
enterprise based on this matrix for the purpose of further risk management. But this is
not the only thing that should form the basis of the enterprise's risk management. It is
also important to identify and assess other risks that manufacturing enterprises of
different levels may face. Taking these risks into account and assessing them is
essential for a balanced, holistic risk management system in manufacturing enterprises.

Any enterprise faces external and internal risks. In addition to the above, on the
basis of which we propose to build a matrix of macroeconomic and financial distress
risks, we recommend that each enterprise, regardless of its scale and field of activity,
analyze other types of risks that the enterprise faces. To do this, it is necessary to
establish at the level of the enterprise management those potential risks that should be
taken into account in the enterprise's risk management system and responsible persons
who should assess the potential threat and the consequences of their occurrence for the
enterprise. At the level of a microenterprise, this responsible person can be either the
manager himself, or together with an accountant or other persons involved in this. At
the level of a small enterprise, these can be those responsible for areas in the enterprise
(for example, production, financial part, marketing, etc.). Starting from a medium-
sized enterprise and above, these can be specialized departments that manage risk. But
we must note that even the presence of a separate management level responsible for
risk does not mean that they should function completely separately. Risk management
requires cooperation between all levels of the enterprise and constant communication
between different departments.

Therefore, the responsible person must expertly determine on a scale of 0-100
the level of risk inherent in a particular risk in the coming year and form a risk
management system accordingly. It is necessary to determine external and internal
risks at the enterprise that may affect the activities of the enterprise. Among the
external risks, we will highlight military, energy, logistical, environmental risks as the

main ones. But each enterprise must form this list for itself. Legal, tax, political,
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inflationary and others can be added to them. Internal risks, in addition to what we have
highlighted, we will define personnel, production, information and digital,
environmental, and also, depending on the specifics of the activity, liquidity,
insolvency or financial risk. Environmental risk can be both internal and external in
relation to any enterprises, which is especially relevant for production.

We describe the main risks by the level of impact on enterprises and the nature

of actions to manage them in Tables 3.13 and 3.14.

Table 3.13

Characteristics of the impact of major external risks on manufacturing

enterprises and areas of action for managing them

Level Boundary The main characteristic Nature and main response
limits measures
1 2 3 4
Military risk
Moderately | upto 33 | Military actions do not have a The enterprise plans the main
acceptable significant direct impact on the indicators in a planned manner,
activities of enterprises, their assesses the probability of
production process. The changes and deviations from
consequences of the impact are the planned. Develops
easily predicted and subject to development scenarios and
preventive management. proposes measures to reduce
the negative impact, which
depend on the specifics of the
enterprise's activities and the
consequences of the impact.
Elevated 34-67 Military operations are already The enterprise is no longer
having a tangible impact on the proactive, but reacts to the
direct activities of the enterprise changes that occur. Risk is
and its financial stability. At this difficult to control and manage.
stage, it is difficult to control the The main response methods
risk and assess its consequences. should be focused on ensuring
Depending on the specifics of the | physical security and
enterprise (production of products | maintaining production
for the defense-industrial complex, | indicators, planning the
defense industry), there may be an | movement of people and
increase in sales and financial production to safer areas.
indicators.

High 68-100 | Significantly affects the activities The enterprise is focused on
of the enterprise, reducing the ensuring the physical safety of
possibility of production and personnel and their families,
functioning of the enterprise. preserving production facilities
Uncertainty of activity occurs, the | by providing shelter or
impossibility of forecasting and transportation to safer places.
evaluating development scenarios.
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Continuation of Table 3.13

1 2 3 4
Energy risk
Moderately | upto 33 | The impact on the company's The enterprise operates under
acceptable operations is not significant, it is normal conditions or can
amenable to planning and control the supply of
forecasting key indicators. Outage | electricity. Plans are being
schedules are stable and developed to purchase possible
operational. alternative sources in the event
of a potential increase in risk.
Elevated 34-67 The impact of risk is increasing The enterprise uses financial
and is already much more resources to ensure alternative
noticeable. Power outage schedules | energy supply, plans
are unstable, and it is becoming production activities more
more difficult to predict production | strictly and, at the same time,
processes. promptly makes appropriate
decisions. A possible option is
to diversify production in
terms of focusing on less
energy-consuming production.
High 68-100 | Significant impact on production Almost complete transition to
process and results. Planning and alternative power supply,
forecasting capabilities are low or | revision of the company's
almost non-existent. production strategy towards the
production of less energy-
intensive products.
Logistics risk
Moderately | upto 33 | The impact on the company's The enterprise manages
acceptable operations is insignificant. according to the plan, builds a
Logistics routes remain either logistics policy, forecasts
unchanged or changes are development scenarios.
controlled. Indicators are Management methods include
forecasted. observation and monitoring of
changes and decision-making
based on their results.
Elevated 34-67 The impact of this risk is growing, | Development of alternatives
it is becoming difficult to control, for logistics routes, warehouses
and it is more difficult to predict and stock formation.
changes.
High 68-100 | Significant impact of risk on the Using alternative ways of

company's activities, disruption of
logistics routes, forecasting is
difficult or impossible.

supplying goods and storing
products.
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Continuation of Table 3.13
1 2 3 4
Environmental risk
Moderately | upto 33 | The impact of the risk is not The company monitors the
acceptable noticeable, the enterprise operates | situation and forecasts possible
under normal conditions, meets all | changes in accordance with
standards and works in accordance | disasters, climate change,
with environmental law. changes in legislation and
international standards. In the
event of an increase in the
probability of occurrence,
companies prepare for
appropriate legal and
regulatory changes, as well as
for preventing the negative
consequences of the
occurrence of natural disasters.
Elevated 34-67 The impact is already noticeable, In the event of disasters, the
there are certain threats in terms of | company acts taking into
natural disasters, climate change, account the specifics of these
which may affect the possibility of | disasters and the possibilities
producing products, and changes in | of their prevention, giving
standards (for example, the EU) priority to ensuring the
may be significant and pose certain | physical safety of personnel. In
threats to export-oriented the event of changes in
enterprises. national and international
standards and legislation, the
company makes appropriate
changes in accordance with
them.

High 68-100 | The impact of the risk is The company provides all
significant, the enterprise suffers opportunities to ensure the
significantly from it, which poses a | health and life of personnel, as
threat to both the health and life of | well as to change the
personnel and the ability to production process to meet
produce products and sell them on | standards and requirements at
both domestic and foreign markets. | both the national and

international levels, which
requires significant capital
investments.

Source: compiled by the author

Thus, we have considered the main types of external risk, which we propose to

determine at the level of production enterprises additionally by expert means and the

main directions of action for their management. It should be emphasized that
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environmental risk has both an external and an internal dimension. If we are talking
about external, then this may be the probability of natural disasters, climate change, as
well as changes in standards and environmental legislation at both the national and
international levels. The internal dimension of environmental risk is manifested in
environmental pollution as a result of the enterprise's production, its failure to comply
with environmental standards, inefficient waste management, etc., which is associated
with the enterprise's own activities and its impact on the environment.

Let us now consider internal risks and the main measures to manage them
(Table 3.14).
Table 3.14
Characteristics of the impact of major internal risks on manufacturing

enterprises and areas of action for managing them

Level Boundary The main characteristic Nature and main response
limits measures
1 2 3 4
Personnel risk
Moderately | upto 33 | The impact of the risk is The enterprise systematically
acceptable imperceptible or insignificant. manages personnel, forecasts its
Changes and turnover of changes, analyzes and monitors

personnel are natural and do not | the labor market. All changes
affect the results of the enterprise. | are controlled.
Personnel flows are predictable
and controllable.

Elevated 34-67 Staff turnover is increasing, their | The company is actively
professional qualities are studying the reason for the
decreasing. This affects the increase in staff turnover and
quality of the products produced | reacting accordingly. For
and the functioning of the example, reviewing salaries in
enterprise in general. the direction of increase, career

advancement, etc.

To improve the qualifications of
personnel and support their
continuous development,
various educational courses are
held, where employees who
meet the professional
requirements of the company are
also invited.
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Continuation of Table 3.14
1 2 3 4
High 68-100 | The impact of the risk is Support for personnel is
significant. There is increasing significantly increased in order
staff turnover, a shortage of labor, | to maintain its quantitative and
and a decline in the professional | qualitative composition. Various
qualifications of staff. motivation programs are being
formed and the best personnel
are being retained at the
enterprise. Issues of increased
labor outflow are being studied
and appropriate measures are
being taken. If the military risk
increases, which poses a threat
to human life and increases
labor migration, then in this case
work formats and the aspect of
remote work can be reviewed
where possible. Also,
considerable attention is paid to
either improving the
qualifications or training of
personnel.
Production risk
Moderately | upto 33 | Risk does not have a strong The enterprise systematically
acceptable impact, production activities are | manages production processes,
as planned, volume fluctuations monitors changes and
and product shortages are within | deviations, forecasts production
regulatory limits and depend on volumes, equipment repairs and
the industry. Increase in failure its planned replacement. If the
rates and equipment damage is risk increases, the possibility of
controlled. updating equipment and
switching to other production
technologies is calculated.
Elevated 34-67 Risk significantly affects the The enterprise actively responds
activities of the enterprise, there | to the changes that occur,
are failures in production and replaces or repairs equipment,
equipment operation, the predicts possible further changes
production of new products is in production and forms ways to
slowed down. It is becoming prevent them.
increasingly difficult to control
the process.
High 68-100 | Risk increases significantly and The enterprise focuses its main
has a strong impact on production | efforts on responding to the
activities, slowing down changes that are taking place. It
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Continuation of Table 3.14

1 2 3 4
production and reducing the replaces equipment. The main
ability to meet its obligations. financial resources are spent on
covering failures, purchasing
new equipment, and
technological re-equipment of
the enterprise.
Information and digital risk
Moderately | upto 33 | The risk impact is low, The company controls digital
acceptable information flows are controlled, | processes and information
there is no leakage of personal flows, monitors digital systems
data, digital tools are configured | and attempts to attack them,
and managed. involves specialists in ensuring
digital and information security
in working order. Analyzes new
fraud and hacking schemes,
takes them into account when
adjusting activities.

Elevated 34-67 Greater likelihood of occurrence | Responding as events occur,
and impact of risk, there may be | finding new ways to protect, and
precedents of leakage of personal | installing elements of stronger
information of employees and information and digital security
customers, hacking of the systems.
company's system.

High 68-100 | This level can be defined as a A complete review of the
state of information or digital information protection system
danger, a high probability of loss | and digital processes in the
of control over these processes company, taking into account all
and systems. The enterprise needs | technological developments and
a complete review of the security | innovations. Installation of a
system. new information and digital
security system.
Environmental risk
Moderately | upto 33 | The company controls the Emissions, leaks and pollution
acceptable production process, emissions indicators are monitored and
and adheres to environmental compared with regulatory
standards. standards. Innovations in the
industry are studied to reduce
the environmental impact of
production.
Elevated 34-67 The company's emissions are The company analyzes the likely

increasing, the negative impact
on the environment is greater.
The probability of non-

increase in environmental
pollution, its causes and
influences them in order to
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Continuation of Table 3.14

3

4

compliance with regulations and
standards.

eliminate them. New
technological requirements and
opportunities for reducing the
negative consequences of the
company's activities are being
studied.

High

68-100

Very high level of risk, where
deviation from standards can be
strong, non-compliance with
international, European, national
standards is also significant.

The enterprise is reformatting its
own policy of managing
environmental risks and
emissions. It is switching to new
production technologies that

involve more environmentally
responsible production.

Source: compiled by the author

Thus, we have considered the main internal risks of manufacturing enterprises,
which should also be analyzed by the company's responsible employees and the nature
of actions in case of their occurrence. The list of assessed and predicted internal risks
may depend and vary depending on the specifics of the enterprise's work and its size.

Consideration of these risks is important for building a full-fledged risk
management system for enterprises, but it was the financial part that was given more
time in our study, because any risks at the stage of elevated and high require additional
tools and resources to manage them. Most often, such resources are financial. Which
justifies the direction and proposals of this study.

In general, for the development of the risk management system for
manufacturing enterprises, we proposed the calculation of the integral Financial
Distress Risk, which was calculated by the weighted average method of 5 models,
which were calculated in the 2nd chapter, and which showed the uneven development
of the solvency of Ukrainian enterprises. After obtaining this indicator, the possibility
of taking into account the macroeconomic risk indicator and constructing a
macroeconomic and financial distress risks matrix was considered, which makes it
possible to see the state of development of the enterprise according to these indicators.
Based on the 9 quadrants of the matrix, we proposed a descriptive characteristic of the

action of risks and areas of management of these risks.
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After that, we proposed, in addition to the above, to determine the external and

internal risks of the enterprise and the areas of influence of these risks by expert means,
with the proposal of certain actions according to the level of risk.

It is assumed that an approach that combines the assessment of macroeconomic

risk with financial risk, as well as other external and internal risks, will allow building

a multifaceted risk management system for manufacturing enterprises.

3.3. Organizational-economic and digital mechanisms for forming a risk
management system for manufacturing enterprises
Under modern conditions, an important component of risk management is digital
tools, which are actively developing and provide many opportunities for increasing the
efficiency of risk management. Thanks to them, they become more effective, the speed
and validity of decision-making increases, and there is an opportunity to transfer part
of the functional responsibilities to digital tools. This significantly increases the
efficiency of this process, since the basis of successful risk management is the speed
of reaction, anticipation and forecasting of possible changes, and a thorough analysis
of the problem that already exists and could potentially arise. It is digital tools that
provide this opportunity and create the basis for increasing the efficiency of risk
management. This is especially relevant for manufacturing enterprises, where the
process of manufacturing finished products itself can also be automated and robotic.
Scientists describe digital transformation as “the process of using digital
technologies” to improve the performance of enterprises and increase the efficiency of
management decisions [83], which also affects the possibilities of digitalization of risk
management as part of the overall enterprise management system. The lack of
alternatives to digitalization of management processes is also significantly actualized
in the conditions of the crisis caused by military actions, which determines the
implementation of progressive methods and intelligent technologies as a critically
necessary prerequisite for restoring functional stability, significantly minimizing risks
and adapting manufacturing enterprises to extreme challenges of the external

environment in the post-war period [143, 144].
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Let us define the technologies that can be applied in risk management. Thus, the
team of authors — Perevozova 1.V., Shaiban V.M., Dedelyuk O.V. — mention the
following digital technologies that contribute to increasing the efficiency of
management and the effectiveness of companies’ activities — cloud services, Internet
of Things (IoT), artificial intelligence (Al), blockchain [83]. As we can see, there are
various digitalization tools that can be used in enterprise risk management.
Accordingly, this determines the areas of their application, as they may have different
implementation practices.

Thus, Dielini M.M., Vakulenko V.L., Dramaretska K.P. indicate areas where
digital tools can be used, and they also note the difference between the application of
these technologies at manufacturing enterprises and agricultural ones. Scientists note
that digital technologies can be applied in various production and business processes,
not necessarily in the implementation of risk management. Even the introduction of
new technologies into the production process prevents the likelihood of the risk of
producing low-quality products or, in general, improves the situation with the
management of the production process, costs, terms and quality of work
performed [30].

An important issue of today, namely, the implementation of digitalization of
production process management for the restoration and development of agricultural
enterprises in the deoccupied territories, is raised by Balanovskaya T.I., Dielini M.M.,
Vakulenko V.L. The results of their research indicate that under conditions of resource
scarcity, digitalization of the agricultural sector acts as a driving force for its restoration
and allows transforming operational data into effective management decisions. This
will minimize production risks and increase the technological sustainability of
enterprises in the post-war period [4].

Stepanenko R.D. specifically identifies digital tools that can be used in risk

management in various areas. Let us illustrate this in Fig. 3.4.
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Artificial Intelligence (Al), Machine Learning (ML), Big Data Analytics, Digital
Twin Tools.

* Risk analysis,

* Forecasting situations and developments,

* Visualization,

* Modeling alternative development scenarios

Internet of Things (IoT) and Robotic Process Automation (RPA) technologies.

» Process automation,
* Continuous risk monitoring,
* Identification of deviations from predicted or planned indicators

Blockchain technologies and ERP systems

* Ensuring transparency and immutability of data that underpins enterprise risk management
decisions.

Fig. 3.4. Directions of application of digital technologies in enterprise risk
management

Source: compiled by the author for [14, 229]

Thus, we see that the possibilities of using digital technologies are quite large
and provide a wide range of directions for increasing the efficiency of risk
management. This is especially important and possible for manufacturing enterprises
that are focused on the production of finished products. After all, such processes can
be robotic and automated, which significantly increases the efficiency of production
risk management.

However, we should note that there are also various software that can be used in
risk management. These include Visure Requirements ALM, IBM Engineering
Requirements Management DOORS, Sparx Systems Enterprise, Spira Team, ReQtest,
Helix RM, etc [30].



Docusign Envelope ID: 1E7AED5B-C0C9-808E-8316-D3D909816A30

197

The use of a software product may depend on the scale of the enterprise, which
is justified by the fact that micro-enterprises will not introduce software products that
are designed for larger enterprises, as it is not always appropriate. But for the most part,
ERPs are already designed for enterprises, starting from a small level.

The areas of use of Al in risk management are also broad. Thus, scientists
provide information that in business it is used in various ways: from customer service,
cybersecurity, inventory management to accounting, in supply chain operations,
market segmentation, etc [201]. Al is also very often used as a tool for working with
BigData for data analysis and forecasting, which is one of the components of risk
management [116].

Terekhov D. and Zhelavska N. identify the following areas of application of Al:
automation of decision-making processes; optimization of personnel management;
forecasting and strategic planning; optimization of operational activities; control and
monitoring of activities [124]. That is, they are aimed at conducting analysis, data
processing, forecasting, modeling, comparing between planned and actual and making
decisions based on this. And the combination of AI with RPA — robotics, which
consists in delegating certain tasks to robots — significantly increases the efficiency of
using such digital tools. Together, they can significantly improve the quality of the
production process, control the operational process and prevent the risk of poor-quality
production, insufficient production (since Al can analyze previous data and predict
based on them), failures in work [24]. The production process of certain industries is
easier to automate, which improves the efficiency of enterprises, their inventory
management and costs.

Thus, we see that the range of functions that can be transferred to Al is quite
wide. However, we should not forget about the main problems and threats that the use
of Al poses — the presence of hallucinations when the information provided by it needs
to be verified; the costs of training personnel, the distribution of responsibility for
decisions, etc. [124]. But we must accept that Al is becoming a full member of our

daily activities and the work of enterprises, bringing significant positive results to
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them. The fact that the processes of digitalization of production are the norm of today's
activities is no exception [216].

Many different programs implement Al in them, which further contributes to
achieving a positive effect from their application. In our opinion, Al plays an important
role and should be used by enterprises to analyze statistical data of the enterprise's
work, analyze statistical data of macroeconomic development, which also affects the
activities of the enterprise, build forecasts based on this and model various scenarios.
But the issue of ethics and integrity remains important when implementing and using
Al elements in the activities of the enterprise.

When forming a risk management system for manufacturing enterprises, digital
technologies can be used for: automation and robotization of processes, which will
increase the accuracy and quality of work performed; calculations of planned and
actual calculations for analyzing deviations and building forecasts; monitoring the
general activities and processes of the enterprise in order to identify current threats and
deviations.

Table 3.15 lists some software products that can be used in the formation of risk
management for manufacturing enterprises, which we propose to determine by the size
of enterprises (data as of January 2026).

Table 3.15

Software products for risk management for manufacturing enterprises

Micro-
enterprises

Google Sheets

financial indicators,
descriptive statistics,
calculation of
coefficient of variation,
data forecasting,

data visualization.

ise si o o T frisk bei
Enterprise size Digital tool Direction of use ype OLTISK belng
managed
1 2 3 )
MS Excel Calculation of key Financial, solvency.

PowerBI

Visualization,
forecasting, and
influencing factors.

Financial, solvency.

Tableau, LookerStudio
etc.

Data visualization.

Financial, solvency.
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Continuation of Table 3.15

2

3

4

Google Notebook

Al visualization,
infographics.

Financial.

Python

Calculation of key
financial indicators,
descriptive statistics,
calculation of
coefficient of variation,
data forecasting,

data visualization.

Financial, solvency.

Small businesses

MS Excel

See above

Financial, solvency.

Google Sheets

See above

Financial, solvency.

PowerBI

See above

Financial, solvency.

Tableau, LookerStudio
Ta iH.

See above

Financial, solvency.

Google Notebook

See above

Financial, solvency.

Python

See above

Financial, solvency.

BAS ERP

Analysis of enterprise
activities, production
management and
planning, cost
management,
budgeting, financial
management,
procurement,
warehouse and
inventory management,
etc.

Production, logistics,
financial.

SAP Business One

Financial Management,
Sales and Customer
Management, Inventory
Management, Business
Intelligence, Analytics
and Reporting, etc.

Financial, solvency,
logistical.

Dynamics 365 Business
Central

Al-based ERP -
Copilot. Integration
with Microsoft 365,
Microsoft Teams,
Microsoft Outlook, etc.
Process automation and
procedure optimization.
Finance, budget,
expense management.

Financial, solvency,
budgetary, logistical.
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Continuation of Table 3.15

3

4

Supply chain
management, etc.

Oracle NetSuite

Accounting, sales,
supply chain and
warehouse
management, human
resources management,
advanced analytics.
Cloud product. Al-
powered.

Financial, solvency,
logistics, personnel.

Medium-sized
enterprises

BAS ERP

See above

Production, logistics,
financial.

SAP Business One

See above

Financial, solvency,
logistical.

Dynamics 365

Includes various
products that can be
combined or used
separately: Dynamics
365 Supply Chain
Management,
Dynamics 365 Finance,
Dynamics 365
Commerce, Dynamics
365 Project Operations,
Dynamics 365 Human
Resources, Dynamics
365 Business Central

Financial, solvency,
budgetary, logistical,
personnel.

Oracle Fusion Cloud
Enterprise Resource
Planning

Financial management,
project management,
procurement
management, risk
management and
compliance, ERP
analytics, enterprise

Financial, solvency,
logistical.

performance
management.
Oracle Fusion Cloud Personnel management, | Personnel.
Human Capital workforce, payroll
Management module, human capital
management analytics.
Oracle Fusion Cloud Supply chain planning, | Financial,
Supply Chain & inventory management, | production, logistics.
Manufacturing manufacturing,
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Continuation of Table 3.15

ALM

based on Failure Mode
and Effects Analysis
(FMEA).

1 2 3 4
logistics, product
lifecycle management,
etc.
Visure Requirements Risk management Production.

Large enterprises

Dynamics 365

See above

Financial, solvency,
budgetary, logistical,
personnel.

SAP Cloud ERP (Public | Financial management, | Financial, solvency,
ta Private Edition) procurement production, logistics,
management, supply personnel.
chain management,
sales management,
service management,
production
management (design,
planning, production
process, quality
management).
Oracle Fusion Cloud See above Financial,
Enterprise Resource production, logistics,
Planning, Oracle Fusion personnel.
Cloud Human Capital
Management, Oracle
Fusion Cloud Supply
Chain & Manufacturing
Visure Requirements See above Production.
ALM
IBM Engineering The main focus is on Production.
Requirements requirements
Management DOORS management through
collaboration,
compliance

management, cost
management, quality
management, etc. Al is
widely used to improve
work. These tools can,
in general, be applied to
medium-sized
enterprises, but the very
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Continuation of Table 3.15
1 2 3 4

specifics of the scale of
projects that the
program is focused on

are more inherent in
large.

Source: compiled by the author based on [14, 45, 153, 171, 183, 209, 211, 212,
213, 226,227,242, 251]

So, we see some software products that can be used in risk management. They
provide a wide range of functions that allow to manage both the entire enterprise and
those parts of it that are directly related to risk management. However, since we believe
that risk management should be a holistic system integrated into all areas and processes
of the enterprise, it is worth taking into account the maximum capabilities of these
software products. We add that most of them already use Al, which is a combination
of several modern tools to increase the efficiency of activities. Thanks to the use of
digital tools, it is possible to manage not only production, financial risks, but also
personnel, environmental, etc., if you analyze and visualize changes in the company's
personnel, indicators related to environmental issues.

We should also note that the use of digital tools in our activities also carries
negative aspects: on the one hand, it is the increase in costs for their implementation,
training of personnel in the necessary skills, and, on the other hand, it is the risks that
arise from the development of these digital technologies. Namely: cyber threats, which
manifest themselves in the risk of information leakage, hacker attacks, malicious
software, and Al can have hallucinations, information must always be checked to
reduce these risks. Automation and robotics can carry the risk of equipment going out
of working order, the high cost of training qualified personnel, the difficulty of finding
a specialist of the appropriate profile in the event of a breakdown. One of the risks
inherent in the digitalization process is the obsolescence of digital technologies, tools
and programs, the emergence of new alternatives.

To manage these side effects of the digitalization of the management process,

appropriate protective measures should be used in terms of installing high-quality
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software and protecting the company's information, cooperating with experts in the
field of information protection and protecting the company from cyber threats. To work
with Al, use only reliable information, train specialists with the appropriate skills to
work with Al, and critically check the information received from Al. The use of new
technologies always involves risks, but the expected effect is positive and should
significantly increase the efficiency of enterprises. Managing these risks should also
become an integral part of the enterprise's risk management system, ensuring the
implementation of the main stages of risk management. To manage risks associated
with the automation of production or management processes, it is necessary to have
sufficient financial support and training of personnel, as well as the choice of such
digital technologies that are sufficiently used and known in the territory of the
enterprise, which ensures the availability of specialists of the appropriate profile in the
event of equipment failure.

One of the risks associated with digitalization is the development of
technologies, which can lead to the obsolescence of those used. To manage it, we offer
constant monitoring of possible changes and training of personnel in new functions and
capabilities. This requires additional financial resources, but allows to quickly adapt to
new changes and requirements.

It becomes necessary to integrate the entire risk management system into the
overall activities of enterprises, to allocate responsibilities and to ensure organizational
coherence. Organizational responsibility for risk management may vary in enterprises
depending on their size. We present this in Table 3.16.

Thus, we have proposed an appropriate organizational mechanism for risk
management for manufacturing enterprises, which differs depending on the size of the
enterprise and offers a distribution of responsibilities and functionality in relation to
risk management, determines the areas of cooperation with different parts of the
enterprise. The difference in functional responsibilities and structural units depends on

the scale of the enterprise, the number of its personnel and production specifics.
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Table 3.16

Organizational mechanism for risk management for manufacturing enterprises

Responsible Collaboration with
Enterprise size person/unit Risk management functions other employees/
/structure department
1 2 3 4
Micro- Owner/ Analysis of the external Taking into account
enterprise Director/ environment, comparison of the number of
Manager planned and actual indicators, | personnel,
monitoring of major changes in | cooperation occurs
the company, consumer by obtaining
behavior, changes in information from the
production norms and relevant employee
standards, etc. for analysis of
It is possible to build a matrix | activities directly to
of macroeconomic and those who manage
financial distress risks by the | risk.
company head or manager if
such functionality is approved.
Small business | Head/ Managers in the relevant areas | Cooperation with
responsible for the analyze planned and actual departments in terms
directions indicators, as well as the of collecting data on

external environment within
their areas of responsibility.
The person responsible for the
financial part or the head of the
company builds a matrix of
macroeconomic and financial
distress risks, analyzes its
dynamics for the year. The
head of the company makes
appropriate decisions regarding
risk management methods.

the results of their
activities and
planned indicators,
deviations, as well as
expert assessment of
risks inherent in
their area of
responsibility.
Coordination with
those responsible for
the areas of risk
response tools and
methods of their
management.
Cooperation with the
information
department
(specialist) to
manage information
and digital risk.
Coordination of
expenses with the
finance department.

Medium-sized
enterprise

A separate personnel
unit may be
introduced.

It is advisable to introduce a
separate unit or department that
will be responsible for risk
management at the enterprise.
In the case of creating a
separate department, it is
possible to combine functional
responsibilities with others, for

Cooperation with
finance, production,
HR, information and
digital support
departments and
others (names may
vary at each
enterprise) on
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responsible for risk
management (may
have different
names, but one of its
main functions is
risk management).

This department may have
different names or have
specialists responsible for risk
management within it.

This department coordinates
the work of other departments
in transmitting data on its
inherent risks, builds a matrix
of macroeconomic and
financial distress risks,
identifies the main threats and
offers the management of the
department and departments
with the relevant direction risk
management methods that have
a short-term and medium-term
horizon. Decisions, strategies
and methods regarding the
general risk management
policy of enterprises or in the
event of a risk that threatens
the existence of the enterprise
are agreed with the
management of the entire
enterprise.
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Continuation of Table 3.16
1 2 3 4
example, compliance, crisis identifying their
management. The responsible | inherent risks and
person or department will their expert
compile a matrix of assessment. Constant
macroeconomic and financial monitoring of
distress risks, as well as reports provided by
summarize expert assessments | them on planned and
of those responsible for the actual performance
areas for the risks inherent in indicators, built
them across the enterprise. forecasts.
Develop various alternative Cooperation with the
risk management scenarios and | information
offer them to the manager for | department
selection. (information security
department or
related to this
activity) on
information and
digital risk
management.
Cost coordination
with the financial
department.
Large A separate A department whose main Cooperates with
enterprise department activity is risk management. departments in the

direction to obtain
information from
them on planned and
actual indicators,
assessed risks,
forecasting. possible
development
scenarios.
Cooperation with the
information
department
(information security
department or
related to this
activity) on
information and
digital risk
management.
Coordination of
expenses with the
finance department.

Source: compiled by the author
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In order to ensure the functioning of a stable risk management system, it is
proposed to track planned and actual indicators, measure deviations, build a matrix of
macroeconomic and financial distress risks, expert assessment by those responsible for
other types of risk, build forecasts and development scenarios, etc. For this, it is not
necessary to create a separate unit if the enterprise is small, but the implementation of
this activity and the appropriate analysis from the point of view of assessing deviations
as a risk are necessary. For this, an important tool that can increase the efficiency of
this activity can be the digitalization process, which allows not only to manage specific
risks (production, logistics), but also to build appropriate systems for analysis,
automation of calculations, information storage, data processing, visualization of the
results obtained, analytical dashboards, etc. In this regard, digital tools act as an
important assistant for increasing the efficiency of risk management for manufacturing
enterprises.

One of the important mechanisms of risk management for manufacturing
enterprises 1s economic, which is mostly the basis for the formation of a risk
management system and its implementation in reality. It manifests itself as budgeting
of the risk management system itself — the allocation of financial resources to ensure
the risk management process, as well as the implementation of methods. On the one
hand, financing of the risk management activity itself is required: organization of the
appropriate management level, purchase of software, training of personnel in
appropriate skills related to risk management. On the other hand, the application of
various management methods also requires financial resources, namely: in the case of
a decision to insure the risk, appropriate payments are required, in the case of
diversification of production, financial resources and support play an important role, if
the enterprise decides to relocate the company, then in this case, the need for a financial
budget increases even more, etc. In addition, one of the methods of risk management
1s to reduce costs, that 1s, also the use of economic resources in terms of its reduction.
Thus, the importance of the economic mechanism for the risk management process of
enterprises is substantiated.

The economic mechanism of risk management for manufacturing enterprises can

be presented as follows (Fig. 3.5):
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1) Introduction of risk management in the enterprise

Implementation by the manager of the relevant functionality, introduction of a staff unit or management
level responsible for risk management, distribution of duties and areas of responsibility between
different departments/levels of the enterprise. Identification of risks and key indicators (quantitative
and gualitative) for subsequent monitoring.

vV

2) Establishing a financial budget for the enterprise risk management system

Depending on the size of the enterprise, the company's budget is set for risk management, the purchase
of appropriate equipment, personnel training, and other costs related to risk management. The budget is
set when forming the risk management system, as well as every year.

NS

3) Acquisition of appropriate robotic equipment, software and other digital tools

To increase the effectiveness of risk management, a decision is made to use appropriate digital
tools to analyze, monitor, evaluate, and predict deviations in indicators and the probability of
risk occurrence.

NS

4) Training staff on working with digital tools and basic risk management functions in
the enterprise

Responsible persons undergo training, improve their skills in working with digital tools and collecting
information, analyzing, monitoring, evaluating, forecasting certain indicators, planned and actual
results, and determining the probability of risk occurrence.

NS

5) Financing enterprise risk management strategies and methods

The choice of a risk management strategy, risk management methods and their financing by
the enterprise.

Fig. 3.5. Stages of implementation of the economic mechanism of the risk
management system for manufacturing enterprises
Source: compiled by the author
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In Fig. 3.5 we have illustrated our vision of the economic mechanism for
implementing risk management at the enterprise. Moreover, the stages after the 1st
may be parallel or repeated over time. Thus, with the development of technologies or
the emergence of new functions in the software, personnel need to improve their
qualifications again, or the technological equipment itself may need repair or change.
What can be attributed to this budget. The proposed stages are decisive for enterprises
when forming a risk management system and can be adapted to the needs of each
individual enterprise depending on its size. It is important to initially establish the risks
that are analyzed at this enterprise and the indicators by which they are evaluated. Risks
may change in the course of the activity, but the main list is approved at the first stage
with the possibility of further change. Developing a system of indicators by which
these risks are measured is also a necessary component of forming a risk management
system, because the employees responsible for it will subsequently monitor, record
changes and assess the likelihood of risk occurrence.

As a generalization of the above, we see that the formation of a risk management
system for manufacturing enterprises is a multifaceted process that combines various
elements and mechanisms regardless of the size of the enterprise. It is important to
form it in such a way that this system shows its viability both after its launch and during
the implementation process. It combines both organizational-economic and digital
mechanisms, which should be links in one process and lead to the effective operation
of the entire enterprise. Risk management should not be the responsibility of only one
staff unit or a separate link, it should be part of the functional responsibilities of various
departments and employees. By this we mean that organizational and digital risk
management occurs depending on the type of risk. So, if we are talking about personnel
risk, then the analysis of the probability of its occurrence, consequences and causes of
occurrence, proposals for its management should be carried out not by the person
responsible for risk management at the enterprise, but by the personnel management
department with the transfer of relevant information and coordination of actions with
the person responsible for risk management. But one of the most harmonious

cooperation in risk management is the cooperation of the person responsible for risk
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management with the financial department, with which the budget of the risk
management system and deductions for the implementation of the risk management
strategy and methods are agreed.

We propose a Model of an integrated complex of organizational-economic and
digital mechanisms for forming a risk management (RM) system for manufacturing
enterprises, which is presented in Fig. 3.6.

In Fig. 3.6 we have illustrated a model of an integrated complex of
organizational-economic and digital mechanisms for forming a risk management
system for manufacturing enterprises. According to it, the person or unit responsible
for risk management (in a micro-enterprise this may also be the owner of the company)
carries out the general process of risk management at the enterprise, forms the
enterprise's risk management policy, evaluates, analyzes, monitors certain performance
indicators, develops an annual macroeconomic and financial distress risks matrix, and
also actively cooperates with other departments that also perform certain risk
management functions specific to their area of responsibility. After agreeing on the
main points and mutual transfer of data on the relevant risks, the person or unit
responsible for risk management cooperates with the financial department both on risk
management and on evaluating the results of the financial part, as well as from the
point of view of risk assessment and risk-based management. After coordination with
the financial department, the person responsible for risk management, together with
the financial department, coordinates with the head of the enterprise the financial
budget of risk management, the directions of choosing strategies and methods of risk
management. This is the foundation for the formation of a risk management system for
manufacturing enterprises. The interpretation and implementation itself may vary
depending on the size of the enterprise, its industry and the products manufactured, but
the basis should be such that it will allow achieving full integration of risk management
into the overall management system, creating conditions for preventive risk
management in order to protect the enterprise from the threat of further crisis

management when the risk reaches the level of crisis.
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Head of the enterprise

Finance Department

Analysis of key financial
indicators, plan-fact, budget
approval for RM together
with the responsible
person/unit, financing of
risk management activities.

Person/unit responsible
for RM

4>

+—>

HR
department
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Production
department

Logistics
Department

Development of RM policy, general monitoring
and risk assessment, collection of information
from other departments, preparation of a
macroeconomic and financial distress risk
matrix, development of proposals and
alternatives for risk management, selection of
strategy and methods in agreement with
management.

Marketing
Department,
Information
Security
Department
and other
departments
of the
company

Analysis,
monitoring,
evaluation,
comparison
of plan and
fact,
forecasting,
risk
assessment
in the area
of
responsibilit
y of the
department.

- robotization and automation of production processes

- coordination with the manager

- software for risk management, performance analysis, data visualization

- cooperation and data transfer to the person responsible for the RM

- financing of RM activities and methods of managing them.

Fig. 3.6. Model of an integrated complex of organizational-economic and

digital mechanisms for forming a risk management system for manufacturing

enterprises

Source: compiled by the author
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So, we have proven the relevance and opportunities provided by digital tools in
risk management at manufacturing enterprises, and indicated the directions of their use.
It has been determined that the processes of robotization of work processes
significantly increase the effectiveness of risk management at manufacturing
enterprises, as the quality of work performance improves, the efficiency of production
management and, accordingly, related areas increases. If we take risk management
directly, digital tools allow us to significantly improve the quality and speed up the
processes of data analysis, forecasting, and scenario modeling. But the opportunities
for managing other areas are also increasing, which also significantly increases the
effectiveness of risk management at the enterprise. It is important that technologies and
software products are created that allow us to make the risk management process
integrated into the entire enterprise management process and holistic, which has a
significant positive effect on the activities of enterprises. We have proposed software
products and directions for their application in risk management at manufacturing
enterprises by size. It is noted that digitalization also carries certain risks and threats,
the management of which should become part of this integrated risk management
system and requires thorough training, both technical and personnel. In general, the
possibilities of using digital tools in risk management are significant, creating a basis
for increasing the efficiency and quality of management decision-making, relying on
the results of such tools as Al, RPA, various software, etc.

An organizational mechanism for implementing a risk management system in
manufacturing enterprises of various levels and scales is proposed. The main functional
responsibilities of those responsible for risk management are indicated, as well as the
boundaries of their responsibility and decision-making. An important role in the
organizational mechanism of risk management is assigned to the head of the enterprise,
whose corresponding functionality depends on the size of the enterprise.

It is also recommended to combine the organizational with the economic
mechanism, which becomes a prerequisite for the possibility of implementing the risk
management system, since the financial component is the basis for both the formation

of the risk management system and its further implementation. A necessary component
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of the organizational-economic mechanism is the definition of a system of risks that
will be assessed at the enterprise and a system of indicators, both quantitative and
qualitative, by which the relevant employees will subsequently monitor and analyze
the probability of risk occurrence and its level.

A model of an integrated complex of organizational-economic and digital
mechanisms for forming a risk management system for manufacturing enterprises has
been developed, which embodies all the processes described above and is universal for
enterprises. Its universal nature allows it to adapt to the needs of enterprises of different
levels and in accordance with the characteristics of production, which will allow the
most effective construction of a risk management system at manufacturing enterprises

in Ukraine.

Conclusions to chapter 3

1. We proposed the construction of a conceptual model of the risk management
system for manufacturing enterprises, which will be based on the assessment of
external and internal factors. For this, we calculated an integral indicator of
macroeconomic risk, which includes the GDP indicator, the consumer price index and
the hryvnia exchange rate to the US dollar. The selection of these indicators was also
based on the conducted correlation-regression analysis, which selected indicators
between which there is no very strong connection and multicollinearity, and the
regression model is characterized by the significance and validity of the selected
indicators as factors of influence on net profit. Further standardization of indicators
using the z-score method allowed us to bring them to a comparable scale and calculate
macroeconomic risk, which is characterized by uneven dynamics and significant
fluctuations, which correlates with statistical data. However, for the most part, the
MAR is at an elevated level. But, taking into account the macro environment of
Ukraine, we have characterized each level of this risk and noted that a strong risk
management system should be built at any level. At the first level, it is more balanced
and reactive, characterized by a proactive position, and at the higher and higher levels

1t 1S more crisis 1n nature.
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2. The calculation of the integral financial distress risk (FDR) was proposed,
which is a weighted average indicator of 5 discriminant models calculated for 5
enterprises. FDR characterizes the financial condition of the enterprise in terms of its
solvency, ability to meet its obligations, and the probability of bankruptcy. The results
obtained indicate changes in this indicator over the analyzed period in ArcelorMittal,
Metinvest, and KVBZ. Interpipe has a more stable position, with a slight deterioration
in 2021. AZOT's positions also range from an elevated level to a high.

Based on this indicator, together with the macroeconomic indicator MAR, we
have developed a matrix of macroeconomic and financial distress risks. This matrix is
constructed in such a way that the X-axis is the result of FDR, and the Y-axis is MAR.
The matrix consists of 9 quadrants. According to the external risk of MAR and its
levels, we offer a color scheme that reflects the level of risk. Each quadrant was
characterized and a certain risk management strategy and courses of action were
proposed in it.

It is also proposed to conduct an expert assessment every year for other external
and internal risks, along with a description of the impact at each level of these risks
and directions of action for their resolution. Building such a risk management system
will make this process an effective and holistic mechanism.

3. The opportunities provided by digital tools and technologies in the
implementation of enterprise risk management are identified. Thus, digitalization has
significant positive consequences for the process and results of risk management,
namely, the efficiency of the management process increases due to the reduction of
data processing time, which is very important in risk analysis and assessment; the
ability to build analytical dashboards that allow to visualize clearly the results of
enterprise activities and key indicators; monitor the production process in real time;
automation and robotization of the production process, which reduces the number of
defective products, optimizes costs, allows more accurately to predict the need for
technical upgrades of equipment, etc. One of the main positive opportunities is the
integration of risk management into the overall enterprise management system by

digitalizing this process.
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The distribution of software products by enterprise size and the main functions
they perform and which can be transferred to the risk management for manufacturing
enterprises is proposed, which allows enterprises to choose various digital tools
according to the most acceptable categories and parameters for them. The main risks
that digitalization carries in terms of cyber threats, the risk of information leakage,
technology obsolescence, etc. are indicated. The inclusion of this risk in the
management system and the main directions for their reduction are proposed.

Taking into account and using the capabilities of digital technologies becomes
part of the digital mechanism of the risk management system for manufacturing
enterprises, which is supplemented by the organizational-economic mechanism of this
system. The organizational component is represented by a proposal for the functional
distribution of management functions in the risk management system between the
relevant personnel or units of the enterprise. These proposals take into account the size
of the enterprise and can be flexible depending on other conditions and the industry of
the enterprise. It has been determined that an important component of both the
formation and further activity of the risk management system is the economic
component, which forms the economic mechanism and consists in coordinating the
risk management budget, distributing financial resources both for the analysis,
assessment and monitoring activities themselves and for the implementation of the
main risk management measures, identifying the main risks that the enterprise monitors
and which can be supplemented, expanded or changed, and developing a system of
quantitative and qualitative indicators by which the enterprise's activities and the
probability of risks occurring are analyzed and assessed.

The developed model of an integrated complex of organizational-economic and
digital mechanisms for forming a risk management system for manufacturing
enterprises is adaptive to the needs of enterprises of various sizes and industries and
allows integrating the risk management process into the overall enterprise management
system, which will increase the efficiency and effectiveness of the activities of

manufacturing enterprises.
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CONCLUSIONS

The thesis developed conceptual principles and scientific and methodological
provisions for the formation of a risk management system for manufacturing
enterprises. The results of the research indicate the achievement of the set goal and
provide grounds for formulating the following conclusions and proposals.

1. The results of the study of the genesis of scientific views on the nature of risks
allowed us to state a significant transformation of approaches to the interpretation of
the concepts of “risk”, “uncertainty”, “risk management” and “manufacturing
enterprise” depending on the specific industry and time period. It was found that in the
conditions of modern challenges, risk management of manufacturing enterprises
should be considered as a comprehensive management system that is not limited to
tools for minimizing negative consequences. It was established that the key
characteristic of a modern system is its ability to identify and use potential
opportunities that arise in a risk environment in order to form sustainable competitive
advantages of the enterprise.

Within the framework of the clarification of the conceptual and categorical
apparatus, the relationship between the concepts of “risk™ and “crisis” was revealed,
where the latter was defined as the result of the implementation of a critical set of risks
under the conditions of ineffectiveness of the risk management system. It was
established that risk is an anticipatory state of uncertainty, while the crisis is a phase of
violation of the functional stability of the enterprise. Such a distinction allows us to
interpret risk management as a “strategic monitoring system”, which is designed to
break the cause-and-effect relationship between risk and crisis through timely
identification of negative triggers and ensuring the viability of the business entity.

2. Within the framework of the analysis of the phasing of the risk management
process, the sequence of functioning of the risk management system of manufacturing
enterprises 1s systematized. In particular, six interrelated stages are distinguished, from
preparatory to monitoring, the purpose of integrating which is to ensure the validity of
management decisions.

As a result of the study of debatable issues regarding the classification of risk

assessment methods, it has been proven that the key difference between qualitative and
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quantitative analysis lies in the object of research: qualitative methods focus on
identifying factors, sources and potential consequences of risk events, while
quantitative methods focus on mathematically measuring the probability of their
realization.

It is proven that the choice of methods of influencing risks (differentiated into
internal and external) is a derivative of the chosen model and strategy of enterprise
management, and the variability of methodological tools is due to the industry specifics
and scale of activity, where the criterion for optimality of choice is the expected
economic effect. The result of the study was the formation of a hierarchical model for
building a risk management system, which acts as a preventive tool for early detection
of threats. This allows for the transition from situational response to proactive
prevention of crisis states, which is important for ensuring the sustainable functioning
of manufacturing enterprises.

3. The results of the analysis of regulatory legal acts regulating the legal
framework of risk management in Ukraine, international standards and their
implementation into domestic legislation revealed the need to improve approaches to
the formation of the regulatory framework by introducing proactive management
mechanisms. In particular, at the legislative level, it is recommended that enterprises
develop Business Continuity Management Strategies based on BCMS requirements
and obtain an ISO 22301 certificate accordingly, which will improve the risk
management system and, as a result, increase the competitiveness of Ukrainian
enterprises in the global market, and propose the introduction of investment tax credits
for business entities that have confirmed the compliance of their management systems
with ISO 22301:2019, ISO 31000:2018 standards, which will provide them with
significant preferences over other enterprises (compensation for the costs of
digitalization of risk management and reputation growth).

The need to continue work on harmonizing Ukrainian legislation with
international standards is also substantiated, in terms of developing industry strategies
based on business continuity management systems (BCMS), modernizing the
regulatory framework in the field of cybersecurity of industrial facilities by

implementing requirements for the mandatory integration of digital risks, and
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implementing international standards in the State Technical Regulations of Ukraine.
The introduction of such steps will allow transforming approaches to crisis
management, moving from fragmented risk response to the formation of a
comprehensive risk management system.

4. The study found that the risk macroenvironment of the functioning of
manufacturing enterprises is characterized by increased variability, volatility and
instability. Thus, the results of the country risk assessment (Table 2.2) indicate low
positions of Ukraine in world rankings (according to the Logistics Performance Index
(LPI) and the Index of Economic Freedom (IEF) — indicators of increased risk,
according to country risk assessments by AM BEST, Coface and Allianz Trade — the
highest levels of risk). Given that the state of the risk macroenvironment is a
determining factor in identifying threats, it becomes necessary to integrate indicators
of the risk external environment into the general risk management system of
manufacturing enterprises.

Statistical analysis of the main indicators of the macro environment that are
relevant to manufacturing enterprises, with additional calculations of the coefficient of
variation (V), standard deviation (STDEV) and moving average (SMA) for the period
2014-2024, revealed the presence of imbalances caused by macro shocks due to the
COVID-19 pandemic and full-scale invasion in 2020 and 2022, respectively.

Calculations of these indicators, in particular the coefficient of variation (V),
which is a relative measure of risk and an indicator of volatility, made it possible to
prove the necessity to implement a mechanism for integrating the results of the analysis
of quantitative indicators into the process of forming risk management for
manufacturing enterprises.

5. The results of the analysis of the financial condition of a representative group
of enterprises (PJSC “ArcelorMittal Kryvyir Rih”, LLC “Metinvest Holding”, PC
“Interpipe”, PJSC “Kryukiv Carriage Building Plant”, PrJSC “AZOT”’) showed that in
the conditions of the COVID-19 pandemic and martial law, there is a significant deficit
of solvency and a decrease in the efficiency of capital allocation, which demonstrates
the direct dependence of enterprises on macroeconomic instability and external

influences on their activities.
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When conducting a quantitative assessment of financial risks using 5 models
(Altman, Springate, Tereshchenko, Tafler and Tishaw, and the Beaver coefficient), a
close relationship was found between the quality of risk management and the financial
results of enterprises. It was proven that enterprises with a built-in hierarchical risk
management structure, such as ArcelorMittal, Metinvest and Interpipe, have higher
resistance to crises, and enterprises with a fragmented approach to risk management,
such as AZOT and KVBZ, have deviations from the values, i.e. they have higher
indicators of the probability of bankruptcy.

The analysis conducted confirms all previous calculations and indicates the need
to form holistic risk management systems for manufacturing enterprises.

6. As a result of the study of the dynamics of search queries regarding interest in
the category “risk”, the uneven formation of risk-oriented thinking among Ukrainian
entrepreneurs compared to EU countries was revealed. Analysis of EU countries
(Poland, Germany and France) showed that the European experience of search activity
is based on the constant interest in the tools of risk assessment and management, which
indicates interest in this issue, understanding of the importance of studying not only
theoretical approaches, but also risk management methods and greater awareness. At
the same time, in Ukraine, search queries are characterized by situationalism,
increasing during crises, regional specificity (Kyiv, Vinnytsia and Ternopil regions
hold the lead) and orientation in searches in the majority on terminological aspects.

The analysis conducted is the basis for the implementation of EU best
management practices at Ukrainian domestic enterprises in order to build an effective
risk management system.

7. It is proposed to include in the risk management model at manufacturing
enterprises an assessment of macroeconomic risk based on the calculation of an
integral indicator, which includes GDP indicators, the Consumer Price Index and the
hryvnia to US dollar exchange rate, standardized using z-score. The choice of these
indicators is justified by the conducted correlation and regression analysis. The
conducted analysis of the impact of these indicators on net profit confirmed the
feasibility of including and substantiating their changes in the net profit indicator of

enterprises. The obtained for this indicator results allow us to determine 3 levels of



Docusign Envelope ID: 1E7AED5B-C0C9-808E-8316-D3D909816A30

219
macroeconomic risk — moderately acceptable, elevated and high, at each of which it is
recommended to implement a certain risk management strategy. Obtaining an indicator
at the lowest level does not mean the absence of necessary actions, but a proactive
position in analyzing the situation and predicting possible changes, developing action
plans. The next two levels also provide for an appropriate response to the changes that
occur at the enterprise as a result of the occurrence of such a risk.

8. To assess internal financial risk, we have proposed the calculation of the
integral financial distress risk (FDR), which is based on taking into account 5
discriminant models calculated in Chapter 2 for 5 manufacturing enterprises. This
indicator characterizes the risk of insolvency of the enterprise, the inability to meet its
obligations. The results obtained reflect the unevenness of its changes in the 5 analyzed
enterprises over 5 years. Interpipe has the best positions. Other enterprises have
experienced significant fluctuations during this period.

Taking into account this indicator and together with the MAR indicator, we offer
a matrix of macroeconomic and financial distress risks, which consists of 9 quadrants
and reflects the place of the enterprise in terms of external and internal risk. This makes
it possible to assess external threats and their impact on the enterprise, as well as the
internal possibility of providing financial resources. The matrix consists of 9 quadrants,
which are characterized by a certain ratio of external macroeconomic and internal risk
of financial insolvency. For each quadrant, we have proposed its characteristics and
the strategy and directions of action of enterprises that find themselves in it.

It is also recommended that other external and internal risks be assessed by
experts, in accordance with which tables have been developed indicating the nature of
the impact on the enterprise and the areas of action to manage these risks.

9. The main opportunities and directions of digitalization for risk management
of manufacturing enterprises are considered, on the basis of which the use of software
products 1s proposed, which will significantly increase the effectiveness of risk
management. The developed recommendations differ in the size of enterprises, which
makes it possible to adapt the proposed recommendations to the needs and
requirements of manufacturing enterprises in Ukraine, depending on their scale and

specifics of their activities. The risks that arise as a result of digitalization are identified
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and directions for their management are proposed. It is important to integrate these
risks into the general risk management system of enterprises in order to analyze the
probability of their occurrence and manage them.

The organizational mechanism of risk management is substantiated, which
outlines the functional distribution between employees or departments of the enterprise
regarding risk management and takes into account the different sizes of enterprises in
Ukraine. The organizational mechanism is supplemented by an economic one, its
stages are recommended and the importance of budgeting and financing the risk
management process, the development of a system of indicators that will analyze the
work of the enterprise and allow assessing the probability of risks occurring, is
determined.

A model of an integrated complex of organizational-economic and digital
mechanisms for forming a risk management system for manufacturing enterprises has
been developed, which summarizes the stages, directions and distribution of
responsibility in the process of implementing risk management and is adaptive to the
relevant needs of enterprises of different sizes, scales and industries. The proposed
model of an integrated complex of organizational-economic and digital mechanisms
allows forming an integrated, effective and comprehensive risk management system
for manufacturing enterprises. This model eliminates the negative impact of
macroeconomic volatility, allows to strengthen financial stability and serves as the
basis not only for the formation of a risk management system, but also for increasing
the overall efficiency of manufacturing enterprises.

The use of these conclusions and proposals is a methodological basis for further

research on the formation of a risk management system for manufacturing enterprises.
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Appendix A
Logistics Performance Index
2007
Ease of Logistics Ease of Domestic
Overall LPI Customs Infrastructure . gistl . Logistics Timeliness
Shipment Services Tracking Costs
Country score | rank | score | rank | score | rank | score | rank | score | rank | score | rank | score | rank | score | rank
Singapore | 4,19 1 3,90 3 4,27 2 4,04 2 4,21 2 4,25 1 2,70 | 113 | 4,53 1
ietherlan 418 | 2 | 399 | 1 4,29 1| 405 | 1 | 425 | 1 | 414 | 4 | 265|121 | 438 | 5
Germany 4,10 3 3,88 4 4,19 3 3,91 4 4,21 3 4,12 5 2,34 | 136 | 4,33 8
Ukraine 2,55 73 2,22 97 2,35 74 2,53 83 2,41 920 2,53 80 3,25 21 3,31 55
Rwanda 1,77 148 1,80 143 1,53 148 1,67 148 1,67 | 148 | 1,60 148 3,07 52 2,38 135
Eg;lt(e)r- 1,71 149 1,63 147 1,67 146 1,50 149 1,60 | 149 | 1,67 147 3,33 16 2,25 141
ﬁfghamsm 1,21 | 150 | 1,30 | 150 | 1,10 | 150 | 1,22 | 150 | 1,25 | 150 | 1,00 | 150 | 3,13 | 40 | 1,38 | 150
2010
. Quality .
Overall LPI Customs Infrastructure Intef'natlonal Logistics Trackm.g and Timeliness
Shipments . Tracing
Services

Country score | rank | score | rank | score | rank | score | rank | score | rank | score | rank | score | rank
Germany 4,11 1 4,00 3 4,34 1 3,66 9 4,14 4 4,18 4 4,48 3
Singapore | 4,09 2 4,02 2 4,22 4 3,86 1 4,12 6 4,15 6 4,23 14
Sweden 4,08 3 3,88 5 4,03 10 3,83 2 4,22 2 4,22 3 4,32 11
Ukraine 2,57 102 2,02 135 2,44 79 2,79 84 2,59 77 2,49 112 3,06 114
Sterra 1,97 | 153 | 2,17 | 110 | 1,61 | 152 | 2,33 | 134 | 1,53 | 154 | 1,73 | 152 | 233 | 152
Leone
Eritrea 1,70 154 1,50 154 1,35 155 1,63 154 1,88 | 150 | 1,55 154 2,21 153
Somalia 1,34 155 1,33 155 1,50 154 1,33 155 1,33 | 155 | 1,17 155 1,38 155
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Continuation of Appendix A

2012
International Logistics Tracking and R
Overall LPI Customs Infrastructure . Competence . Timeliness
Shipment . Tracing
and Quality
Country score | rank | score | rank | score | rank | score | rank | score | rank | score | rank | score | rank
Singapore 4,13 1 4,10 1 4,15 2 3,99 2 4,07 6 4,07 6 4,39 1
Hong
I;irf{g’ 412 | 2 | 397 | 3 4,12 7 | 418 | 1 | 408 | 5 | 409 | 5 428 | 4
China
Finland 4,05 3 3,98 2 4,12 6 3,85 4 4,14 1 4,14 1 4,10 15
Ukraine 2,85 66 2,41 88 2,69 70 2,72 83 2,85 61 3,15 50 3,31 68
Haiti 2,03 153 1,78 150 1,78 151 1,94 148 1,74 | 154 | 2,15 139 2,74 129
Djibouti 1,80 154 1,72 154 1,51 154 1,77 154 1,84 | 153 1,73 153 2,19 154
Burundi 1,61 155 1,67 155 1,68 153 1,57 155 1,43 155 | 1,67 154 1,67 155
2014
International Logistics Tracking and S
Overall LPI Customs Infrastructure . quality and . Timeliness
shipments tracing
competence

Country score | rank | score | rank | score rank | score | rank | score | rank | score | rank | score | rank
Germany 4,12 1 4,10 2 4,32 1 3,74 4 4,12 3 4,17 1 4,36 4
ietheﬂan 405 | 2 | 396 | 4 4,23 300364 | 11 | 413 | 2 | 407 | 6 434 | 6
Belgium 4,04 3 3,80 11 4,10 8 3,80 2 4,11 4 4,11 4 4,39 2
Ukraine 2,98 61 2,69 69 2,65 71 2,95 67 2,84 72 3,20 45 3,51 52
ﬁfghamm 2,07 | 158 | 206 | 137 | 1,82 | 158 | 1,99 | 156 | 2,12 | 152 | 1.85 | 159 | 248 | 149
Congo, 1,88 | 159 | 1,78 | 158 | 1,83 | 156 | 1,70 | 160 | 1,84 | 158 | 2,10 | 151 | 204 | 159
Dem. Rep.
Somalia 1,77 160 2,00 147 1,50 160 1,75 159 1,75 160 | 1,75 160 1,88 160
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2016
International Logistics Tracking and oo
Overall LPI Customs Infrastructure . quality and . Timeliness
shipments competence tracing
Country score | rank | score | rank | score | rank | score | rank | score | rank | score | rank | score | rank
Germany 4,23 1 4,12 2 4,44 1 3,86 8 4,28 1 4,27 3 4,45 2
i:g“xembou 4221 2 |39 | 9 4,24 4 | 424 | 1 | 401 | 10 | 412 | 8 480 | 1
Sweden 4,20 3 3,92 8 4,27 3 4,00 4 4,25 2 4,38 1 4,45 3
Ukraine 2,74 | 80 2,30 116 2,49 84 2,59 95 2,55 95 2,96 61 3,51 54
Somalia 1,75 | 158 1,29 159 1,57 156 1,86 157 1,85 156 | 1,51 160 2,35 152
Haiti 1,72 | 159 1,70 158 1,47 159 1,81 159 1,68 | 159 | 1,56 158 2,02 160
Syrian
Arab 1,60 | 160 1,11 160 1,24 160 1,36 160 1,39 | 160 | 2,10 138 2,40 147
Republic
2018
. Logisti .
Overall LPI Customs Infrastructure Inte.r national qu;)ﬁt;t:lid Trackll?g and Timeliness
shipments tracing
competence

Country score | rank | score | rank | score | rank | score | rank | score | rank | score | rank | score | rank
Germany 4,20 1 4,09 1 4,37 1 3,86 4 4,31 1 4,24 2 4,39 3
Sweden 4,05 2 4,05 2 4,24 3 3,92 2 3,98 10 3,88 17 4,28 7
Belgium 4,04 3 3,66 14 3,98 14 3,99 1 4,13 2 4,05 9 4,41 1
Ukraine 2,83 66 2,49 89 2,22 119 2,83 68 2,84 61 3,11 52 3,42 56
Burundi 2,06 158 1,69 159 1,95 146 2,21 139 2,33 117 | 2,01 156 2,17 158
Angola 2,05 159 1,57 160 1,86 153 2,20 143 2,00 | 155 | 2,00 157 2,59 140
ﬁfghamsm 1,95 | 160 | 1,73 | 158 | 1,81 | 158 | 2,00 | 152 | 1,92 | 158 | 1,70 | 159 | 238 | 153
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2023
International Logistics Tracking and
LPI Customs Infrastructure . Competence Timeliness 8
Shipments . Tracing
and Quality

Country score | rank | score | rank | score | rank | score | rank | score | rank | score | rank | score | rank
Singapore 4,3 1 4,2 1 4,6 1 4,0 2 4,4 1 4,3 1 4,4 1
Finland 4,2 2 4,0 4 4,2 5 4,1 1 4,2 3 4,3 1 4,2 3
Denmark 4,1 3 4,1 2 4,1 9 3,6 14 4,1 9 4,1 10 4,3 2
Germany 4,1 3 3,9 7 4,3 3 3,7 8 4,2 3 4,1 10 4,2 3
I;Setheﬂan 4,1 3 3,9 7 42 5 3,7 8 42 | 3 | 40 | 17 42 3
zwnzeﬂa“ 4,1 3 4,1 2 4.4 2 36 | 14 | 43 | 2 | 42 4 4,2 3
Ukraine 2,7 79 2,4 90 2,4 89 2,8 75 2,6 92 3,1 76 2,6 94
Somalia 2,0 138 1,5 140 1,9 133 2,4 111 1,8 140 2,3 134 1,8 137
I‘?fghamsm 1,9 | 139 | 21 | 120 | 1,7 | 139 | 1,8 | 139 | 20 | 136 | 23 | 134 | 16 | 140
Libya 1,9 139 1,9 134 1,7 139 2,0 136 1,9 139 2,2 138 1,8 137

Source: [206]
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Ukraine's Index of Economic Freedom, 1999-2025
Index | Overall Property Govern- Jud1c1§11 Tax Govern- Fiscal | Business | Labor | Monetary | Trade Invest- Financial
Year | Score Rights I menj[ Effecti- Burden menF Health | Freedom | Freedom | Freedom | Freedom ment Freedom
ntegrity | veness Spending Freedom
| 2 3 4 5 6 7 8 9 10 11 12 13 14

1995 39,9 30,0 10,0 N/A 61,8 47,1 N/A 55,0 N/A 0,0 55,0 50,0 50,0
1996 40,6 30,0 30,0 N/A 57,7 47,1 N/A 55,0 N/A 0,0 66,0 50,0 30,0
1997 43,5 50,0 30,0 N/A 61,1 49,1 N/A 55,0 N/A 0,0 66,0 50,0 30,0
1998 40,4 30,0 30,0 N/A 64,4 51,0 N/A 55,0 N/A 0,0 53,0 50,0 30,0
1999 43,7 30,0 30,0 N/A 63,0 43,0 N/A 55,0 N/A 39,3 53,0 50,0 30,0
2000 47,8 30,0 28,0 N/A 62,3 41,9 N/A 55,0 N/A 63,0 70,0 50,0 30,0
2001 48,5 30,0 26,0 N/A 63,8 49,6 N/A 55,0 N/A 62,3 70,0 50,0 30,0
2002 48,2 30,0 15,0 N/A 66,1 58,9 N/A 55,0 N/A 58,2 71,0 50,0 30,0
2003 51,1 30,0 21,0 N/A 67,1 68,1 N/A 55,0 N/A 64,0 74,6 30,0 50,0
2004 53,7 30,0 24,0 N/A 67,5 77,8 N/A 55,0 N/A 74,5 74,4 30,0 50,0
2005 55,8 30,0 23,0 N/A 83,0 78,6 N/A 55,0 55,8 76,2 76,2 30,0 50,0
2006 54,4 30,0 22,0 N/A 90,2 75,8 N/A 43,1 53,2 72,9 77,2 30,0 50,0
2007 51,5 30,0 26,0 N/A 83,6 53,2 N/A 43,6 52,8 68,4 77,2 30,0 50,0
2008 51,0 30,0 28,0 N/A 79,0 43,0 N/A 44.4 53,1 69,9 82,2 30,0 50,0
2009 48,8 30,0 27,0 N/A 77,0 39,0 N/A 40,5 52,4 68,1 84,0 30,0 40,0
2010 46,4 30,0 25,0 N/A 77,9 41,1 N/A 38,7 57,7 61,2 82,6 20,0 30,0
2011 45,8 30,0 22,0 N/A 77,3 32,9 N/A 47,1 50,0 63,2 85,2 30,0
2012 46,1 30,0 24,0 N/A 78,2 29,4 N/A 46,2 51,2 67,7 84,4 20,0 30,0
2013 46,3 30,0 23,0 N/A 78,2 29,4 N/A 47,6 49,9 71,0 84,4 20,0 30,0
2014 49,3 30,0 21,9 N/A 79,1 37,5 N/A 59,8 49,8 78,7 86,2 20,0 30,0
2015 46,9 20,0 25,0 N/A 78,7 28,0 N/A 59,3 48,2 78,6 85,8 15,0 30,0
2016 46,8 25,0 26,0 N/A 78,6 30,6 N/A 56,8 47,9 66,9 85,8 20,0 30,0
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2017 48,1 41,4 29,2 22,6 78,6 38,2 67,9 62,1 48,8 47,4 85,9 25,0 30,0
2018 51,9 41,0 29,0 29,5 80,2 45,0 75,9 62,7 52,8 60,1 81,1 35,0 30,0
2019 52,3 43,9 29,6 31,5 81,8 46,9 82,6 66,1 46,7 58,6 75,0 35,0 30,0
2020 54,9 47,5 37,9 42,2 81,1 47,2 83,9 61,3 48,3 63,0 81,2 35,0 30,0
2021 56,2 48,5 37,9 41,1 88,7 48,2 87,7 63,5 48,7 65,8 79,2 35,0 30,0
2022 54,1 39,7 33,8 31,4 89,1 44,5 73,6 61,1 60,7 71,2 78,6 35,0 30,0
2023 N/A N/A N/A N/A N/A N/A N/A N/A NaN N/A N/A N/A N/A
2024 N/A 23,0 32,5 30,4 N/A N/A N/A N/A N/A N/A 73,2 N/A N/A
2025 N/A 21,5 35,4 29,9 N/A N/A N/A N/A N/A N/A 73,2 N/A N/A

Source: [238].
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Appendix C

Including
of them of them
Gross n
Cod investment .
e Gross Gross In in CONCeSSIo

NA investment | investment In construction . intangible ns,
Years . . . In machinery patents, In

CE of in tangible acquisition and non- .

. In land L . and licences, | purchased
Rev. enterprises | non-current of existing | improveme . current
s equipment trade software
2 assets buildings nt of assets
s marks and
buildings other than .
oodwill | Similar
& rights
Total 2012 | 235684789 | 227389779 | 1741993 6182028 | 104108303 106931752 8295010 | 3631615 2694055

2013 | 222671032 | 212208077 | 1094417 5200778 | 101561769 94740863 | 10462955 | 5646121 2687530
2014 | 183954497 | 176712637 932610 2858218 86662565 79157302 | 7241860 | 2939648 2314431
2015 | 218801758 | 200590448 | 1313456 5404886 86467426 98857091 | 18211310 | 12349975 3766396
2016 | 288142597 | 276466591 | 1743744 8496494 | 106133723 148266741 | 11676006 | 4134374 4785017
2017 | 366116303 | 349938361 | 1895381 6512797 | 121120078 204952111 | 16177942 | 5624697 6443127
2018 | 480314142 | 444177199 | 1645821 | 10770711 | 166605237 246713668 | 36136943 | 23739488 6869920
2019 | 533728974 | 510940069 | 2313512 | 10655539 | 205658178 249527603 | 22788905 | 7248537 7455293
2020 | 409065379 | 384496521 | 2250206 5291462 | 152031085 201209061 | 24568858 | 3868331 8237750
2021 | 545219654 | 514549613 | 2680785 6166737 | 206301987 267478323 | 30670041 | 5915565 11207302
2022 | 344303239 | 323872930 989001 2368508 | 105278370 180498356 | 20430309 | 3268395 9750782
2023 | 520187646 | 489546889 | 1471214 4289607 | 181728195 271251163 | 30640757 | 4556306 12552437
2024 | 616990761 | 573112487 | 4531857 4954396 | 204334224 326273603 | 43878274 | 8833108 16621910
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Gross investment of enterprises by type of economic activity in 2012-2024, thsd. UAH

Including
of them Gross of them
investment In
Code Gross Gross I In n concession

Branch NAC | Year | investment | investment " .| construction In intangible | s, patents, In

E S of in tangible acquisiti d machine non- licences urchase
. & In land on of o y | P
Rev. 2 enterprises | non-current - improveme and current trade d
existing .
assets buildings nt Qf equipment assets mqus and | software
buildings other than similar
goodwill rights

| 2 3 4 5 6 7 8 9 10 11 12
A 2012 19205800 19140303 47486 | 401219 4887292 11801123 65497 14752 19249
2013 18919105 18577946 19782 | 351749 4000114 11762416 341159 10836 15310
2014 18582362 18506895 88678 | 340695 4134991 11912084 75467 9415 24459
2015 29798481 29619503 52355 | 987236 5763644 19880371 178978 4020 25564
2016 50319592 50048198 96031 574349 7659092 38224491 271394 2555 36920
Agriculture, 2017 64084079 63475866 153154 | 402294 9893216 48934470 608213 11023 50951
forestry and 2018 66576317 65253458 193090 | 2165277 12473291 45460348 1322859 5398 58127
fishing 2019 59910061 58486071 317769 | 1087637 12160411 37835055 1423990 41336 39225
2020 50634301 49732853 | 272134 | 621609 10279367 32941860 901448 5938 44096
2021 69966300 68259098 180552 | 1084033 12790957 47802589 1707202 9873 105664
2022 51355693 50273867 60015 | 422377 9486603 34446342 1081826 1402 67057
2023 65150627 63325702 112495 | 587446 12502988 42093228 1824925 25570 100936
2024 81764595 79505994 | 2844456 | 866547 15105271 53863564 2258601 10292 | 417590
?;fpj 2012 | 106802464 | 105337825 | 366559 | 1566984 48073615 51987860 1464639 331913 | 478555
2013 | 105292801 | 102916175 91050 | 878886 51011672 47201319 2376626 1462531 468074
Industry 2014 85174872 83758743 305484 | 711898 42569908 37655228 1416129 418132 | 331304
2015 87961431 86059313 181142 | 901410 43064830 39427558 1902118 780720 | 637274
2016 | 114656763 | 112608533 | 283722 | 1470819 52096328 55676245 2048230 598901 696028
2017 | 144184086 | 140141885 | 242536 | 1185393 58264752 76197219 4042201 795654 | 1955741
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2 3 4 5 6 7 8 9 10 11 12

2018 | 200908467 | 197622688 | 420109 | 3408933 87561089 | 101051070 3285779 859044 | 1220688

2019 | 255397386 | 251214986 | 454510 | 2244535 | 120432571 | 119485269 4182400 1240218 | 1589917

2020 | 181513913 | 178363669 | 306613 | 1361376 85530818 84582098 3150244 676648 | 1234194

2021 | 243855992 | 236896900 | 697572 | 2294988 | 114672072 | 109485800 6959092 541541 | 3824835

2022 | 126146989 | 122930947 356349 | 875737 51730199 65727227 3216042 379379 | 2045388

2023 | 221130301 | 216468570 | 719274 | 1651250 | 102222582 | 105971570 | 4661731 352134 | 2258610

2024 | 261502937 | 251422683 771241 | 1909055 | 108451876 | 133046752 | 10080254 1954468 | 3000194

B | 2012 | 31912891 | 31346662 3547 | 210824 | 12798034 | 18040062 566229 66741 42358

2013 | 23659456 | 23205162 7382 | 22074 | 12923482 9864216 454294 83340 | 90899

2014 | 19212245 | 18585355 3093 12254 | 11891899 6474876 626890 48485 | 37569

2015 | 17907509 | 17215816 12036 6889 | 10389838 6548649 691693 351260 | 48469

2016 | 22884625 | 22137889 14825 | 142782 | 11724765 9848675 746736 92785 | 155567

N 2017 | 35551169 | 33141917 18374 | 522902 | 16597732 | 15435178 | 2409252 143773 | 1321706

2ﬁgﬁg§;§“i 2018 | 53630041 | 52540225 | 150932 | 88507 | 27384582 | 23333121 | 1089816 117668 | 414818

2019 | 69276384 | 67792805 | 53427 | 50417 | 33889662 | 32017439 | 1483579 360506 | 309721

2020 | 51293903 | 50444813 38541 | 306136 | 29865142 | 18026262 849090 88293 | 115247

2021 | 61669575 | 60124567 | 121185 | 278443 | 34283816 | 24890437 | 1545008 3067 | 326394

2022 | 25149586 | 24850047 6604 3794 | 14930471 9564915 299539 819 | 143531

2023 | 63759190 | 62876004 14697 | 29322 | 46168398 | 15975971 883186 2087 | 48836

2024 | 63275978 | 60418601 24700 | 330747 | 42186035 | 17278948 | 2857377 12883 | 275159

C |2012] 46663235| 46101681 | 348261 | 1271885 | 15300845 | 27701086 561554 | 245309 | 220207

2013 | 45349907 | 43629390 | 78432 | 760625 | 12451410 | 28747904 | 1720517 | 1360813 | 235406

2014 | 42364938 | 41737977 | 284340 | 670419 | 12855371 | 26839540 626961 345641 | 182511

2015 | 47202690 | 46112849 | 162730 | 846352 | 13902168 | 29818762 | 1089841 418128 | 499901

. 2016 | 59461377 | 58332457 | 252421 | 1266134 | 14583889 | 40565527 | 1128920 | 484565 | 425623
Manufacturin

2017 74844470 73357711 222435 | 620720 17772853 52326018 1486759 636383 533360

£ 2018 | 102004123 | 100074809 199800 | 3237272 26856291 67134439 1929314 703717 | 611733

2019 | 105720792 | 103953893 | 372329 | 2095338 25194003 71404558 1766899 639867 | 653757

2020 84554724 82674703 262193 | 988868 25428224 52904062 1880021 571816 | 754529

2021 | 113300687 | 109120406 568617 | 1897932 32727961 66480901 4180281 474975 | 2479979

2022 60744765 59204069 | 345422 | 741208 15250399 40272353 1540696 223243 813712
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2023 | 91198477 | 89182085 | 701858 | 1268142 | 18729852 | 64960401 | 2016392 297912 | 979893
2024 | 122333808 | 117475513 | 723687 | 1483201 | 24800212 | 85626444 | 4858295 | 1838651 | 831961
D [2012| 26522844 | 26251015 12348 77659 | 19050872 5588293 271829 17907 | 208160
2013 | 34304201 | 34122179 2890 56922 | 25071585 7303420 182022 13312 | 132542
2014 | 22783857 | 22640109 17112 17979 | 17508328 3909518 143748 21355 99291
2015 | 21317632 | 21207599 2601 28540 | 17919945 2470214 110033 8678 84141
Electricity, 2016 | 30095360 | 29938603 16091 39749 | 24594741 4407743 156757 18730 | 106479
gas, steam 2017 | 30943131 30817270 362 26697 | 22590981 7089508 125861 12869 93346
and air 2018 | 42006858 | 41760966 68561 69151 | 31807221 9033094 245892 34702 | 185664
conditioning 2019 | 76499909 | 75613068 16393 88364 | 59543213 | 14510478 886841 233704 | 611744
supply 2020 | 42099566 | 41717447 4661 40724 | 28267040 | 12294848 382119 14025 | 341472
2021 | 63369733 | 62197435 7751 29024 | 45175889 | 15478738 | 1172298 61163 | 996210
2022 | 35796186 | 34449100 267 72103 | 19571406 | 13622771 | 1347086 155046 | 1076536
2023 | 55266332 | 53672341 1413 | 120974 | 31441603 | 20819439 | 1593991 41310 | 1209880
2024 | 68106605 | 65806282 20841 26030 | 37956440 | 26398478 | 2300323 99436 | 1862520
E |2012 1703494 1638467 2403 6616 923864 658419 65027 1956 7830
2013 1979237 1959444 2346 39265 565195 1285779 19793 5066 9227
2014 813832 795302 939 11246 314310 431294 18530 2651 11933
Water 2015 1533600 1523049 3775 19629 852879 589933 10551 2654 4763
supply; 2016 2215401 2199584 385 22154 1192933 854300 15817 2821 8359
sewerage, 2017 2845316 2824987 1365 15074 1303186 1346515 20329 2629 7329
xz;t; ement 2018 3267445 3246688 816 14003 1512995 1550416 20757 2957 8473
and g 2019 3900301 3855220 12361 10416 1805693 1552794 45081 6141 14695
remediation 2020 3565720 3526706 1218 25648 1970412 1356926 39014 2514 22946
activities 2021 5515997 5454492 19 89589 2484406 2635724 61505 2336 22252
2022 4456452 4427731 4056 58632 1977923 2267188 28721 271 11609
2023 | 10906302 | 10738140 1306 | 232812 5882729 4215759 168162 10625 20001
2024 7786546 7722287 2013 69077 3509189 3742882 64259 3498 30554
F [2012] 10255988 | 10204184 | 268164 | 149406 7666370 1998538 51804 8114 10048
Construction 2013 | 14450761 | 14418479 | 160702 | 169000 | 11840196 1966145 32282 5441 8089
2014 | 12901144 | 12806696 71690 | 171580 | 10774775 1659697 94448 63775 6873
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2015 13462117 13405057 20154 87400 11515314 1636526 57060 4590 16722
2016 14709962 14671194 105332 | 200290 10934264 3195580 38768 4975 12393
2017 16381756 16281969 135344 | 240753 10545375 5036258 99787 56745 21886
2018 18286948 18191621 58819 | 198573 11835334 5639537 95327 4175 39427
2019 21466060 21356481 29338 183325 13218807 5632703 109579 23148 28715
2020 13855700 13780800 139202 | 201434 6674783 6230644 74900 6311 16181
2021 19976804 19900363 | 278856 126430 9913243 8781640 76441 2463 58326
2022 12030721 11791786 26945 176029 7212124 3686486 238935 10611 155080
2023 14977297 14154186 10044 102711 5826890 7706746 823111 12643 148375
2024 12048106 11967616 34999 | 166168 5889708 5511314 80490 10554 29388

G 2012 20157632 19448570 | 388338 | 1360115 7857509 8886226 709062 359470 | 293525

2013 21211733 19963532 137930 | 823953 7867514 10016487 1248201 644527 536129

2014 20172706 18946601 174373 | 503703 8962786 8294081 1226105 563633 540154

2015 19704345 18553238 288710 | 629309 6454654 10071070 1151107 212273 849244

Wholesale 2016 | 27722810 | 26265402 | 295007 | 1427242 6803698 | 15619157 | 1457408 607059 | 684070
a“‘;r_e""“l . 2017 | 32546006 | 31327360 | 428327 | 1015209 6616857 | 20623993 | 1218646 | 311567 | 635917
g?nfo tr:rpa“ 2018 | 48367806 | 39085495 | 252373 | 817184 9778323 | 24947049 | 9282311 | 8107306 | 820988
vehicles and 2019 | 54669652 | 52286451 | 615562 | 1805295 | 11488594 | 23986256 | 2383201 929347 | 858556
motorcycles 2020 | 40384538 | 37570396 | 1011412 | 1174899 | 11415805 | 19430985 | 2814142 | 770823 | 939561
2021 | 58396171 | 54436077 | 1024255 | 1168985 | 16875631 | 28687617 | 3960094 | 224480 | 957249

2022 | 36362911 | 33693113 | 252043 | 351955| 10543155 | 18366443 | 2669798 | 438128 | 1417591

2023 | 54819640 | 51490160 | 467775 | 430263 | 14416321 | 29404781 | 3329480 148687 | 1855829

2024 | 69323095 | 65192249 | 642624 | 650292 | 17334926 | 39580124 | 4130846 187217 | 3117395

H | 2012 30027739 | 29688247 | 47840 | 112822| 13072946 | 15898683 339492 23517 | 277460

2013 | 18940137 | 18596218 | 41649 | 135390 8808000 9061115 343919 18624 | 169659

2014 | 14921599 | 14684535 | 32948 | 144971 7304113 6884827 | 237064 13531 95095

Transportatio 2015 | 18493229 | 18298880 | 116087 | 623260 7147355 9771702 194349 11838 | 108916
n and storage 2016 | 25339900 | 25127560 | 84016 | 264578| 10097788 | 13836820 | 212340 20002 | 126657
2017 | 38862266 | 38317081 74720 | 214292 | 11793117 | 24750857 | 545185 23925 | 400692

2018 51457303 50788998 37849 | 217793 15674549 33480656 668305 208370 | 398626

2019 44850046 43590966 194530 | 818593 14082140 25783522 1259080 89387 | 380061
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2020 | 34814835 | 34423376 42159 | 444057 10822146 | 21430611 391459 49927 | 234384
2021 | 43462480 | 42883431 55982 | 264899 | 14280436 | 26633851 579049 10674 | 467398
2022 | 49674886 | 48929096 19082 | 171106 9647257 | 22794734 745790 108125 | 535297
2023 | 53313568 | 52657281 44280 | 93943 | 16167235| 32776080 656287 18559 | 448247
2024 | 60102713 | 59431873 48251 | 130542 20052692 | 34052653 670840 14512 | 441220
7 |2012 9839468 6474314 1794 | 45253 1673824 4448549 | 3365154 | 2128703 | 754099
2013 9820162 7178713 271 113605 1363243 5439262 | 2641449 | 1630003 | 594973
2014 8120920 5630200 111 9639 852822 4518062 | 2490720 | 1580072 | 660908
2015 | 22900497 | 10213933 244 | 68577 772025 9087892 | 12686564 | 10708498 | 1450937
. 2016 | 15707002 | 10935907 908 | 650530 1229843 8659909 | 4771095 | 2220077 | 1962593
Ing”Tnauon 2017 | 18696616 | 11985774 11032 | 134347 1912596 9469434 | 6710842 | 3693874 | 2054599
ggnnnunhxni 2018 | 29684191 | 12878833 4172 | 48864 1370198 | 10808814 | 16805358 | 13049109 | 2258009
on 2019 | 21259832 | 13101105 311 23404 1751729 | 10192820 | 8158727 | 3630295 | 2223118
2020 | 22343060 | 13185403 36| 46826 1751905 | 10411048 | 9157657 837518 | 2806240
2021 | 23754284 | 14069191 439 17452 1891965 | 11091874 | 9685093 | 4522639 | 2923731
2022 | 16834706 | 11382037 17 2714 1275274 9455327 | 5452669 | 1743152 | 2319501
2023 | 23764314 | 14836129 ok 4517 1434228 | 12857527 | 8928185 | 2452271 | 4172127
2024 | 33686465 | 19720255 2 3065 1957920 | 17083780 | 13966210 | 4891256 | 5898981
I |2012 3245755 3232196 57979 | 43597 2246843 691835 13559 1656 8981
2013 2399530 2382628 44855 | 45859 1602848 542760 16902 4013 10214
2014 1409244 1397710 7398 9755 979090 329905 11534 912 9489
2015 1076074 1053512 43232 | 81460 468560 406697 22562 11110 10439
2016 1503890 1463574 5667 | 25491 855298 470256 40316 1594 | 25498
iﬁiﬁiﬁ??Sfﬁt 2017 2063126 2036876 34001 75952 1076373 699684 26250 5882 8824
corvice 2018 2501747 2464270 | 20123 10937 1400228 823217 37477 11066 | 21842
- ofivitios 2019 2413664 2034962 21612 | 34823 744383 870801 378702 4782 13247
2020 1960740 1723146 8839 4400 810036 667833 237594 3572 14904
2021 2701549 2686953 33096 7228 1210521 1091989 14596 1580 12342
2022 2141817 2124624 50668 11312 654202 1295670 17193 382 15662
2023 3343487 3299416 6632 8245 1831425 1197963 44071 6241 29969
2024 3004364 2958474 38126 | 60702 1095095 1471085 45890 7422 29225
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Continuation of Appendix C
1 2 3 4 5 6 7 8 9 10 11 12

K 2012 7212328 5901506 71882 | 1031572 1128064 3361396 1310822 81661 684372
2013 6447250 5132030 35303 | 650602 921716 3127069 1315220 118947 | 678395
2014 6199723 4934995 24270 | 248344 761024 3522615 1264728 109901 493349
2015 6372430 5140537 | 202524 | 588946 824204 3263246 1231893 133190 | 501000
2016 7666278 5779907 | 247786 | 574270 663540 3822030 1886371 250991 930158
Financial and 2017 8020105 6028147 29393 | 410630 402246 4726895 1991958 314303 | 1016294
insurance 2018 10703123 8070981 125244 | 412441 479916 6579128 2632142 141331 | 1575801
activities 2019 10704441 7687480 57834 | 288106 1015388 5598442 3016961 225801 | 1676785
2020 11593786 7279932 76858 | 464903 1261497 4625505 4313854 159080 | 2164256
2021 10103330 5993585 - 99214 1106324 3830510 4109745 130325 | 1753292

2022 8824360 4180081 64834 76801 324285 3192691 4644279 181068 | 2424261
2023 17313939 11187671 60527 | 365828 510321 8468069 6126268 402350 | 2293567

2024 18787662 11051060 7229 | 238016 776402 8491700 7736602 290857 | 2412791
L 2012 13783667 13720972 | 289043 | 608510 10539075 2037123 62695 34360 13553
2013 14329737 14263545 | 428762 | 1357352 10162794 2118134 66192 32097 21365
2014 10914514 10879585 | 211398 | 574597 7927720 2049078 34929 7479 17323

2015 10437893 10391005 | 393241 | 1239520 7008228 1579532 46888 23245 16801

2016 17872466 17607879 | 410850 | 3138179 11161846 2555564 264587 184629 35864

2017 21795918 21569791 725160 | 2308623 14443577 3731652 226127 132657 51656

Real estate

ropit 2018 | 26074209 | 25933868 | 503259 | 2921387 | 16689742 5237106 140341 56613 49956
2019 | 29732533 | 29619339 | 468404 | 3715323 | 17559317 5756953 113194 24832 | 62756

2020 | 18158835 | 17996473 | 226616 | 654386 | 12565758 3404473 162362 12832 | 117771

2021 | 22546524 | 22070221 | 367671 | 768575| 15906269 3995952 476303 58670 | 263868

2022 | 12279887 | 11936309 | 102733 | 172306 8214239 3078897 343578 29384 | 183013

2023 | 19521499 | 19085325 2624 | 503423 | 12538563 5380414 436174 22389 | 183643

2024 | 24567564 | 24245256 |  71675| 437404 | 17432103 5456361 322308 11721 197856

. M | 2012 5840394 5621547 | 112729 | 206753 3083523 2116342 218847 92155 88427
gﬁﬁfgzggi; 2013 3092693 2848564 36531 | 129974 1729206 799478 244129 49658 | 118392
i 2014 2326673 2198466 7810 | 78231 1457168 580763 128207 14361 55681
2015 3399644 3258001 3966 | 128471 2017369 1033658 141643 30180 | 81072

o
Aevies 2016 | 4945210 4647700 59702 77182 3025164 1317190 | 297510 | 93917 | 133785
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Continuation of Appendix C
2 3 4 5 6 7 8 9 10 11 12
2017 6643260 6327551 13823 | 70623 3641007 2397659 315709 72572 | 120131
2018 8442888 8044964 9014 | 166851 4630205 2853239 397924 88087 | 268973
2019 9506577 9061848 63774 | 265961 5586022 2401103 444729 40729 | 340916
2020 9252801 8062572 | 107080 8345 5791026 1898010 | 1190229 661288 | 361907
2021 | 14097989 | 13220586 2 8053 | 10004472 2780997 877403 336668 | 418124
2022 3964158 3529349 655 8954 1585998 1630595 434809 114225 | 272686
2023 | 11704833 | 10580324 9090 | 341303 7417747 2422865 | 1124509 622050 | 400908
2024 | 14142863 | 12935954 394 | 359721 9015276 2995220 | 1206909 332423 | 618803
N |2012 5051645 4948414 | 24053 | 452692 1553462 2780667 103231 67552 | 28672
2013 3771687 3716213 14899 | 417797 1020295 2068126 55474 14658 | 30871
2014 2163092 2060559 5946 | 47484 541338 1320623 102533 15460 | 67413
2015 3531795 3418174 6408 | 47792 982381 2072730 113621 22550 | 51493
L 2016 5488830 5233690 | 152586 | 55060 787528 3907846 255140 40508 | 120282
Ad“gn““““V 2017 9162594 8956739 35647 | 367791 1134255 6772430 205855 51853 99981
;izmzuppon 2018 | 10489766 | 10255750 3230 | 284631 2376012 7206386 | 234016 31932 | 118835
- ctivitios 2019 | 13021428 | 12719145 14761 | 49768 3233864 7870801 302283 52886 | 185893
2020 8622059 8331351 10958 | 91302 2371939 5419794 290708 2849 | 223406
2021 | 12102683 | 11603600 5133 | 128409 2368513 8359532 499083 73294 | 328245
2022 6266622 5903487 319 32799 1451233 4098077 363135 79850 | 257732
2023 8702059 8438135 85 7027 1216461 6567776 263924 172740 | 59620
2024 | 10543635 | 10172389 10608 | 57652 1454988 7993388 371246 37744 | 90278
P 2012 192749 190182 104 6318 100623 72304 2567 1698 839
2013 121818 120844 937 4826 59535 48081 974 188 584
2014 121774 118535 121 1967 56787 52831 3239 275 2083
2015 110576 107934 586 157 49611 50077 2642 1098 1535
Education 2016 188925 184457 — 5656 88568 68308 4468 1154 3181
2017 436868 430572 533 10432 223646 165298 6296 864 5388
2018 497184 491850 29 75773 211237 134564 5334 1042 3769
2019 362635 346796 97| 50432 58967 100591 15839 461 15231
2020 312568 310155 | 22470 | 165660 17184 64568 2413 199 1547
2021 381426 376925 197 6768 171131 139777 4501 219 4045
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Continuation of Appendix C
2 3 4 5 6 7 8 9 10 11 12
2022 178118 171762 1500 3874 59546 96089 6356 102 5265
2023 144245 132321 3541 155 21651 89657 11924 247 4951
2024 502890 424287 | 21773 9687 180398 177768 78603 38242 | 20043
Q | 2012 995986 990521 2397 | 30761 446769 415942 5465 566 3931
2013 985386 979765 4439 8759 467491 402100 5621 891 3726
2014 510058 501546 2071 12171 169640 276334 8512 664 4863
2015 637426 619650 1289 2685 149226 417738 17776 793 14183
2016 1198281 1178883 2| 27382 334042 674491 19398 1053 16147
{f“?ﬁfl 2017 1715981 1696631 11509 | 74260 393608 1027643 19350 3261 13973
sgzgliigk 2018 3277256 3231600 3916 | 28266 918565 2032849 45656 6055 | 26547
it 2019 6581194 6532344 | 47024 | 67977 2008276 3652201 48850 5832 | 34095
2020 | 13623015 | 12900143 16563 | 44148 2241925 9886998 722872 | 650930 | 53056
2021 | 19988444 | 19859161 | 26547 | 186815 3840553 | 13944472 129283 1762 | 75327
2022 | 16045625 | 15917160 | 50002 | 60906 2378595 | 12334785 128465 56206 | 36168
2023 | 22546634 | 22100265 | 34837 | 191467 4573133 | 15695770 | 446369 175963 | 85649
2024 | 22635092 | 22253235 | 40470 | 64233 4822435 | 15735696 | 381857 7659 | 139401
R | 2012 2758235 2177136 | 63327 | 165211 1520924 392692 | 581099 | 485480 | 31446
2013 2811689 1040110 | 76222 | 106616 691010 145447 | 1771579 | 1653209 | 31433
2014 385520 238762 - 1899 157816 68404 146758 142019 4093
2015 804390 341798 842 | 16453 220585 85690 | 462592 | 405616 327
2016 645892 543189 2072 4282 356656 148599 102703 101880 668
Arts, 2017 1106544 949074 - 240 707963 199186 157470 150447 6020
Zﬁgﬂta““nent 2018 2809362 1629451 14396 5890 1163693 336273 | 1179911 | 1169613 4995
recreation 2019 3383320 2434693 | 27811 18612 2030106 260103 048627 | 939465 6062
2020 1771054 635069 7559 8117 407658 156010 | 1135985 30414 3372
2021 3252416 1670738 116 4888 1081518 487630 | 1581678 1356 4537
2022 2053638 977415 1 1561 678397 233362 | 1076223 126368 6606
2023 3405416 1460806 - 1956 919278 480019 | 1944610 144027 | 492336
2024 3909758 1439448 9 1265 591682 697122 | 2470310 | 1038347 | 190113
Other service | S | 2012 314939 313862 298 815 257464 42472 1077 18 898
activities 2013 76543 73315 1085 6410 16135 42924 3228 498 316
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Continuation of Appendix C

3

4

5

8

9

10

11

12

2014 50296 48809 312 1284 12587 32770 1487 19 1344
2015 111430 109913 2676 2210 29440 72604 1517 254 889
2016 176796 170518 43 1184 40068 90255 6278 5079 773
2017 417098 413045 202 1958 71490 219433 4053 70 1074
2018 237575 233372 198 7911 42855 123432 4203 347 3337
2019 470145 467402 175 1748 287603 100983 2743 18 716
2020 224174 201183 1707 - 89238 58624 22991 2 22875
2021 633262 622784 10367 - 188382 364093 10478 21 10319
2022 143108 131897 3838 77 37263 61631 11211 13 9475
2023 349787 330598 10 73 129372 138698 19189 435 17670
2024 469022 391714 - 47 173452 117076 77308 394 18632

Source: [27]

* Data exclude on and budget organizations, for 2014—2021 the temporarily occupied territories of the Autonomous Republic of Crimea, the city
of Sevastopol and a part of temporarily occupied territories in the Donetsk and Luhansk regions data for 20222024 exclude the territories which are

temporarily occupied by the russian federation and part of territories where the military actions are/were conducted.

*% <_“_not observed
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Appendix D

Box plots and histograms of the distribution of macroeconomic indicators
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Continuation of Appendix D
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Continuation of Appendix D
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Appendix E
The increase in calculated coefficients based on the results of the activities of
selected manufacturing enterprises

Arcelor | Metinvest | Interpipe KVBZ AZOT
Mittal
Current liquidity 202012019 | 031 0,13 0,90 5,70 0,04
! 2021/2020 | 0,41 20,33 0,33 -6,90 20,09
ratio 2022/2021 | -0,48 0,23 0,31 0,94 20,02
2023/2022 | -0,74 0,04 0,33 1,34 0,03
. 20202019 | 0,26 0,21 0,47 3,95 0,04
Quick liquidity 10575050 T 0.16 20,39 0,30 4.4 20,09
ratio 20222021 |  -0,57 0,16 0,18 0,76 20,02
2023/2022 | -0.41 0,11 0,28 20,65 0,02
20202019 | 0,01 0,15 -0,04 385 | -0,00031
Absolute liquidity | 2021/2020 | 0,01 0,01 0,13 3,69 | -0,00001
ratio 20222021 | -0,01 0,15 0,01 0,45 | 0,00001
20232022 | -0,03 0,06 0,43 0,95 0,00002
o 20202019 | -0,16 0,07 -1,04 0,21 20,02
Financial leverage = 0> 150707 .07 20,07 0,91 0,34 0,46
ratio 2022/2021 | 0,49 1,06 1,20 0,14 0,18
2023/2022 | 1,09 0,42 -1,80 0,28 20,06
Financial 20202019 |  -0,07 0,02 0,21 20,13 20,01
dependency ratio 2021/2020 | -0,03 20,02 0,19 0,19 0,25
20222021 | 0,19 0,17 0,11 20,07 0,16
2023/2022 | 0,20 0,04 20,22 0,12 20,06
Financial 20202019 | 0,07 20,02 021 0,13 0,01
independence 2021/2020 0,03 0,02 -0,19 -0,19 -0,25
(autonomy) 20222021 | -0,19 20,17 0,11 0,07 20,16
coefficient 2023/2022 | -0,20 -0,04 0,22 -0,12 0,06
20202019 |  -0,16 0,07 _1,04 0,21 20,02
Financial risk ratio | 2021/2020 | 0,07 -0,07 0,91 0,34 0,46
20222021 0,49 1,06 1,20 20,14 0,18
2023/2022 | 1,09 0,42 ~1,80 0,28 20,06
20202019 | 7.7% 5.1% 17,2% 9.9% | -112,6%
Onerating marein | 20212020 | 25.1% 19,3% 11,7% 11,7% | 69,5%
P g margi 5622/2021 | -143,1% ~44.6% 15,3% 11,0% | -243,6%
2023/2022 | 90,1% 23.2% 8,0% 12,0% | 210,0%
20202019 |  -0,02 20,02 20,002 0,01 -0,005
Capital investment | 2021/2020 | -0,01 -0,01 0,004 -0,002
to revenue ratio | 2022/2021 | -0,02 20,01 20,03 20,01
2023/2022 | 0,04 -0,005 0,01 0,00002
20202019 | 4.8% 1,9% -51,3% 82% | -1322%
Net profit margin |- 20212020 | 21,9% 21,4% _14,5% 11,0% | 84,6%
20222021 | -135,0% -52.9% 12,8% 10,1% | -248,4%
2023/2022 | 83,6% 23.8% 4.7% 8,1% | 3142%
20202019 | 3,1% 1,1% -56,1% 18,6% | 27.7%
Return on assets | 20212020 [ 25.2% 28,5% 9.1% -6,7% 14,0%
2022/2021 | -88.0% -50,1% 12,0% 6,0% 233,5%
2023/2022 | 38.3% 15,5% 5.8% -3,8% 46,6%

Source: calculated by the author
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Results of calculations of manufacturing enterprises using discriminant models
ArcelorMittal
| 2019 | 2020 | 2021 | 2022 | 2023
Altman Z-score model
X 0,104 0,138 0,225 0,215 -0,063
Xa 0,302 0,341 0,433 -0,063 -0,323
Xs -0,028 0,023 0,294 -0,955 -0,219
X4 1,647 2,223 2,632 1,154 0,512
Xs 0,641 0,720 1,035 0,832 0,891
7 =
0,717X1+0,847X2+3,107X3+
0,42X4+0,998X5 1,574 2,113 3,579 -1,551 0,104
Springate model
X1 0,104 0,138 0,225 0,215 -0,063
X2 -0,028 0,023 0,294 -0,955 -0,219
X3 -0,101 0,048 1,416 -2,800 -0,478
X4 0,641 0,720 1,035 0,832 0,891
Z=1,03X1+3,07X2 +
0,66X3 + 0,4X4 0,210 0,534 2,483 -4,225 -0,697
Tereshchenko's model
X1 0,138 0,310 1,111 -1,755 -0,264
X2 2,647 3,223 3,632 2,154 1,512
X3 -0,023 0,008 0,260 -0,620 -0,237
X4 -0,036 0,012 0,231 -1,119 -0,282
X5 0,162 0,119 0,134 0,323 0,263
X6 0,641 0,720 1,035 0,832 0,890
Z=1,5X1+0,08X2 + 10X3 +
5X4 +0,3X5 +0,1X6 0,117 0,969 5,856 -14,075 -3,888
Taffler and Tishaw model
X1 -0,103 0,117 1,433 -2,738 -0,418
X2 0,999 1,094 1,562 1,214 0,697
X3 0,273 0,201 0,205 0,349 0,524
X4 0,641 0,720 1,035 0,832 0,891
Z=0,53X1+0,13X2 +
0,18X3 +0,16X4 0,227 0,355 1,165 -1,098 0,106
Beaver coefficient

Beaver coefficient 0,14 0,31 1,11 -1,75 -0,27
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Continuation of Appendix F

Metinvest
2019 2020 2021 2022 2023
Altman Z-score model
X4 0,081 0,121 0,037 -0,045 -0,030
X2 0,608 0,683 0,673 1,115 1,064
X3 0,023 0,063 0,309 -0,162 0,049
Xa 1,003 0,934 0,995 0,485 0,403
Xs 0,777 0,777 1,127 0,943 0,810
7 =
0,717X1+0,847X2+3,107X3+
0,42X4+0,998X5 1,843 2,028 3,098 1,553 2,008
Springate model
X1 0,081 0,121 0,037 -0,045 -0,030
X2 0,023 0,063 0,309 -0,162 0,049
X3 0,114 0,176 1,177 -0,571 -0,008
X4 0,777 0,777 1,127 0,943 0,810
7Z=1,03X1 +3,07X2 +
0,66X3 +0,4X4 0,541 0,745 2,213 -0,544 0,437
Tereshchenko's model
X1 0,151 0,193 0,716 -0,266 0,032
X2 2,003 1,934 1,995 1,485 1,403
X3 0,027 0,039 0,324 -0,177 -0,022
X4 0,032 0,050 0,265 -0,265 -0,026
X5 0,110 0,090 0,086 0,110 0,107
X6 0,777 0,777 1,127 0,943 0,810
Z=1,5X1+0,08X2 + 10X3 +
5X4+0,3X5+0,1X6 0,929 1,187 5,934 -3,247 -0,074
Taffler and Tishaw model

X1 0,096 0,238 1,025 -0,397 0,106
X2 0,654 0,744 0,674 0,541 0,600
X3 0,246 0,264 0,301 0,409 0,458
X4 0,777 0,777 1,127 0,943 0,810
Z=0,53X1+0,13X2 +
0,18X3 +0,16X4 0,304 0,395 0,865 0,084 0,346

Beaver coefficient
Beaver coefficient 0,15 0,19 0,72 -0,27 0,03
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Continuation of Appendix F

Interpipe
2019 2020 2021 2022 2023
Altman Z-score model
X4 0,156 0,254 0,335 0,380 0,339
X2 0,814 1,339 0,962 1,642 1,421
X3 0,065 0,229 0,125 0,347 0,324
Xa 0,549 1,277 0,592 0,346 0,920
Xs 0,885 0,932 0,968 1,227 0,893
7 =
0,717X1+0,847X2+3,107X3+
0,42X4+0,998X5 2,119 3,496 2,658 4,111 3,730
Springate model
X1 0,156 0,254 0,335 0,380 0,339
X2 0,065 0,229 0,125 0,347 0,324
X3 1,924 1,317 0,479 1,002 1,330
X4 0,885 0,932 0,968 1,227 0,893
7Z=1,03X1 +3,07X2 +
0,66X3 +0,4X4 1,986 2,208 1,433 2,608 2,578
Tereshchenko's model
X1 1,092 0,614 0,203 0,405 0,478
X2 1,549 2,277 1,592 1,346 1,920
X3 0,738 0,178 0,087 0,207 0,265
X4 0,738 0,226 0,081 0,208 0,256
X5 0,174 0,178 0,189 0,177 0,187
X6 0,885 0,932 0,968 1,227 0,893
Z=1,5X1+0,08X2 + 10X3 +
5X4+0,3X5+0,1X6 12,977 4,155 1,858 4,007 4,947
Taffler and Tishaw model

X1 0,196 1,233 0,634 1,260 1,635
X2 0,759 1,003 0,849 0,883 1,032
X3 0,334 0,186 0,198 0,275 0,198
X4 0,885 0,932 0,968 1,227 0,893
Z=0,53X1+0,13X2 +
0,18X3 +0,16X4 0,404 0,966 0,637 1,028 1,179

Beaver coefficient
Beaver coefficient 1,09 0,61 0,20 0,40 0,48
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Continuation of Appendix F

KVBZ
2019 2020 2021 2022 2023
Altman Z-score model
X4 0,634 0,736 0,559 0,638 0,535
X2 0,181 0,032 -0,027 -0,016 -0,031
X3 0,228 0,023 -0,046 0,016 -0,039
Xa 2,601 5,586 1,924 2,643 1,512
Xs 1,801 0,834 0,519 0,782 0,393
7 =
0,717X1+0,847X2+3,107X3+
0,42X4+0,998X5 4,207 3,806 1,561 2,385 1,264
Springate model
X1 0,634 0,736 0,559 0,638 0,535
X2 0,228 0,023 -0,046 0,016 -0,039
X3 1,127 0,255 -0,160 0,074 -0,070
X4 1,801 0,834 0,519 0,782 0,393
7Z=1,03X1 +3,07X2 +
0,66X3 +0,4X4 2,818 1,331 0,536 1,070 0,543
Tereshchenko's model
X1 0,742 0,267 -0,086 0,099 -0,034
X2 3,601 6,586 2,924 3,643 2,512
X3 0,202 0,016 -0,051 0,009 -0,029
X4 0,102 0,021 -0,090 0,012 -0,069
X5 0,240 0,387 0,682 0,397 0,631
X6 1,801 0,834 0,519 0,782 0,393
Z=1,5X1+0,08X2 + 10X3 +
5X4+0,3X5+0,1X6 4,185 1,391 -0,600 0,782 -0,259
Taffler and Tishaw model

X1 1,108 0,277 -0,155 0,072 -0,107
X2 3,025 5,399 2,504 3,150 2,251
X3 0,206 0,084 0,298 0,227 0,362
X4 1,801 0,834 0,519 0,782 0,393
Z=0,53X1+0,13X2 +
0,18X3 +0,16X4 1,306 0,997 0,380 0,614 0,364

Beaver coefficient
Beaver coefficient 0,74 0,27 -0,09 0,10 -0,03
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Continuation of Appendix F

AZOT
2019 2020 2021 2022 2023
Altman Z-score model
X4 -0,765 -0,688 -0,967 -1,088 -0,965
X2 -0,754 -0,721 -0,980 -1,124 -1,070
X3 0,107 -0,099 0,004 -0,299 -0,063
Xa -0,387 -0,384 -0,466 -0,509 -0,493
Xs 0,235 0,148 0,172 0,124 0,204
/7 =
0,717X1+0,847X2+3,107X3+
0,42X4+0,998X5 -0,782 -1,426 -1,534 -2,752 -1,798
Springate Model

X1 -0,765 -0,688 -0,967 -1,088 -0,965
X2 0,107 -0,099 0,004 -0,299 -0,063
X3 0,074 -0,078 0,002 -0,155 0,076
X4 0,235 0,148 0,172 0,124 0,204
7Z=1,03X1 +3,07X2 +
0,66X3 + 0,4X4 -0,315 -1,006 -0,913 -2,093 -1,056

Mogens Tepenienka
X1 0,076 -0,072 0,005 -0,148 0,073
X2 0,613 0,616 0,534 0,491 0,507
X3 0,141 -0,136 0,003 -0,332 0,134
X4 0,497 -0,825 0,021 -2,463 0,679
X5 0,149 0,172 0,191 0,209 0,189
X6 0,235 0,148 0,172 0,124 0,204
Z=1,5X1+0,08X2 + 10X3 +
5X4 +0,3X5+0,1X6 4,122 -5,482 0,263 -15,742 4,959

Taffler and Tishaw model

X1 0,067 -0,064 0,002 -0,152 -0,035
X2 0,515 0,537 0,455 0,433 0,438
X3 1,605 1,560 1,820 1,970 1,830
X4 0,235 0,148 0,172 0,124 0,204
Z=0,53X1+0,13X2 +
0,18X3 +0,16X4 0,429 0,341 0,416 0,350 0,401

Beaver coefficient
Beaver coefficient | 0,08 | -0,07 0,01 -0,15 0,07

Source: calculated by the author
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Appendix G

HATUOHAJILII YIIBEPCHTET .
BIOPECYPCIB L HPHPOJIOKOPHCTYBAHS YKPATHH
EKOHOMIYHHUN ®AKYJILTET

03041, . Kuin, sya. Fepoin Odoponn, |1, wanswanninii kopnye No 10, mer/dhane: (044) 5 17.85-40, 1en; (044) §27-85-43
E-mail: economy_deaninubip.edu,ua

Bux. Bin /0: 0.30{6 Ne Wﬁ

JIOBIIKA

Busana Ban 1 npo yuacrs B naykosiii temi « I'pancdopmaitis nyosidnux ginancis
B YMOBAX Cy4yacHMX BHKIAMKiB» (Homep jepikasioi peectpauii  0124U002538)
Hauionansnoro  yuisepeurery  Giopecypeis 1 npupojiokopuetysaiis — YKpaitiu,
MinicteperBa 0CBITH | Haykn YKpaitiu.

Martepiaan nocnikens Ban I Bukopucrano npu niarorosui pekomenjauiii i3
OLLIHKM  MaKPOCKOHOMIYHOIO PH3MKY MiANPHEMCTB Ta PO3podLl 1Ha OCHOBI 1LOIO
THCTPYMEHTAPIIO 3aXO/IB i3 yNpaBAiHHs PH3HKAMH BUPOOHUUMX MATNPHEMCTB, 30KpeMa
(iHAHCOBUMM  PH3MKAMM, 1O CHPHATHME  [ijBHIEHHIO (hinancosoi  crifikocTi
NUIPHEMCTB  Ta  YJIOCKOHAIEHHIO  CHCTEMM  YHPaBJIiHHs  pusukamu  cyl'ektin

rocrojlaproBatHs.

ﬂOBiJIKa BWJ1aHa JUIst 11OJIaHHA 34 MICIIEM BUMOI'H.

3aCTYNHHK JIEKAHA €KOHOMIMHOTO

3 HAYKOBOI pOOOTH, K.€.H., IOICHT Tersma KYIlb

KepiBnuk temu, j.c.u., npogecop C-éeei"’ o [Oais HET'OJIA
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Appendix H
Vepaina
0 2 Hpusameue nidnpuescmso «[TOJIMET» HI «HOTIMETy
) % k00 CHPIIOY 24456420 inie 244564205141
/ -2 FIUS L, dninponemposcora odaacm, s lluinpo, eva Kvpreiicmia, 6y0.9a
P4 ‘\_ e-meil: polimeiiier wa

N 202673 wiad 12 el 2026 p

JOBIJIKA
Npo BOPOBAUKEHHS PE3YILTATIB AUCEePTAUIHAOTO JocaisKeHIS

AAHOI TOBLAKOK MIATREPIKYETBCS, UG PeaynsTaTi nucepranii Bad 1 ua TEMY:

«DOPMYBAHHA  CHCTEMU  PUIMK-MEECIDKMEHTY — BHPOGIIHUIX

THANPHEMCIBY, IO
npejicTaniede Ha  3700y1TH

CTyneHnda  jokTopa hinocodii 3 cnewiamsnocti 073

«Menemrmenty ratysi sHans 07 «YNpasmiaHa 12 aaMinicTpyRaHHa» BIIpOBaTKEHO Y
aianeiiets T «TTOIMET».

PeaysanraTi meceprauUiliHoro 10CIipkeHHS B 4a¢THHI 3aMpONOHOBAHOL METOMMKH
OLLITIOBAHAS MAKPOCKOHOMIMHOTO PH3MKY Ta pH3uKy (HHAICOROT HEMIaTOCIPOMOKHOCTI
TIAIPHEMCTBA Ta No7a1s10f 100y 10BH MATPHIL PU3HKIE BHKOPHCTAHO T 3aPOBATAKCHO
Y AisbHICTS OIZNMPHEMCTBA, LI0 JO3BOAMTL T RHIIATH CPRKTUBHICTL  YMPaBRiHHS

PH3HKAMH B “4CTHHI BpaXyRaHHs PCATBHOT OLIHKM HMORIDHOCT] HACTAHHS sT% JOBHITIHIX,
TaK i BHYTPILUHIX PU3HKIR.

HduapekTop

I «[1OJIMET>» Makecuv TUUEHKO
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Appendix J

*\ J e nlllc'“' I'annn“ 08170, c. Bita-ITomrosa, By. bosipebka 4

+38 (098) 187 12 34

’ \‘ 3AMO}“HE cmn e-mail: egzsvp@gmail.com

CrenjanizoBaniii BueHiii paji
110 3aXKCTY AUCepTaLii

JloBijika
TPO BIPOBAJUKEHHS Pe3yJIbTATIB AUCEPTAIiHHOTO 10CIIUKEHHS
Banu |

Jlanoio noBiakoo I'pomajichka opraizaiis «EAHICTh IPOMajH — 3aMOXKHE
ceno» TIATBEp/UKYE, 1o mponosuiii Bau [ maBemeni B aucepraliiiHoMy
nocmipkenHi  «DOpMyBaHHS  CHCTEMH — PU3HK-MEHE/DKMEHTY BUPOOHHYMX
TNPUEMCTBY, TOJAHOI Ha 3100yTTs HAYKOBOTO CTYNEHS AOKTOpa dinocodii 3a
cnenianpaicTio 073 «MeHeDKMEHT?, BiIPi3HAIOTHCSA HAYKOBOIO HOBHU3HOIO, MAIOTh
3HAYHY NPAKTHYHY LIHHICTH Ta BIPOBa/yKeHi B po6oTi I'pomazcekol opraHisattii.

Y mporeci peanizauii craryTHoi AisnbHocTi 'O Oysio BUKOPHCTAHO oKpeMmi
NONOYKEHHS! TA AHANITHYHI BHCHOBKH JMCEPTALiHHOro NOCII/UKSHHS, B YacCTHHI
inenTndikauii Ta OUIHIOBAHHS PH3MKIiB MisIBHOCTI BHPOOHMYHMX MiANPHEMCTB,
pekomeHjauiil 3 (OPMYBaHHS CHCTEMH pPH3MK-MEHE/UKMEHTY BUPOOHUYMX
TiINPUEMCTB Pi3HKX PiBHIB.

3a3HaueHi pe3ysbTaTd Oyl0 BUKOPUCTAHO MPH MiAroTOBI{ peKxoMeHzaliit Ta
KOHCYJIBTALIiH 110/10 MiATPUMKH BUPOGHAYOTO MiAMPHEMHHIITBA B TePUTOPIAIbHUX
rpomajiax, HaJlaHuX i ANPUEMCTBAM BUPOOHHHOTO npodimo 3 6oky I'O.

Kepisnuk I'O Ab ra MA3YPEIIb-MAKCUMYYK
4, rﬁta}?oua'~
/;‘;I«'Hl:ﬁ-\ulﬂ i
8 CHICTS TPOMAH-
3% | JAMOXHE CENOs!
'("2\:’&& Ne39334305 ¢
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Appendix K

3ATBEPJIZKYIO

[IpopexTop 3 naykoso-neaaroriunoi
potoru ta mudponoi Tpanchopmanii
Hauionaannoro ynisepentery biopecypein
i npuponokopucTyBaning Ykpainm,
JMOKTOp nc;mrgritnmk Hayk,

npogecop npogecop. T~
/ 1/ WAL ‘
7
///////% Oxcana TOHXA f/./) - 'Onena TJIA3YHOBA
« » 2026 p. “» < w2026 p.
AKT

NPO BIPOBAKEHHS/BUKOPHCTAHHS
pe3y/bTaTiB AucepTauii 3100yBaya CTyneHs
nokropa ¢pinocodii y HaBuanbHUI pouec

Ll1M aKTOM CTBEpP/UKYETBCS, IO pe3y/abTaTh Ancepraiii Ha Temy: « DopMyBaHHs
CHCTEMH PH3HK-MEHEKMEHTY BHPOOHMUYMX MIAMPUEMCTBY», SKY MPEJACTABICHO Ha
3100yTTs cTynens aoktopa dinocodii 3i cnenianprocti 073 «MeHeKMEHT» rajysi
3nanb 07 «YnpaBiaiHHS Ta aAMIHICTPYBaHHS», BHKOHaHOi Ban I, BnpoBamkeno y
HaBYAJIBHHI NPOLIEC MiJl Yac MArOTOBKH KYpPCYy JICKIIi 3 JHCUMIIIIHH «AHTHKPH30BE
ynpasiainus» s 3100yBauis nepmoro (6akaiaBpchkoro) piBHs BHILOT OCBITH 3i
crnewiansHocti 281 «[ly6niune ynpasiniHHs Ta aaMiHiCTpyBaHHsa» y HauionaasHomy
yHiBepcHTETI GiopecypciB i NPHPOAOKOPHCTYBAaHHS YKPaiHH B 4aCTHHI BH3HAYCHHSA
METOMIB Ta CTpareriii  pH3MK-MEHEKMEHTY SK [PEBEHTHBHHUX 3aX01iB 3
nornepe/UKeHHs Kpu3.

JInpexTop HABYAILHO-HAYKOBOI0O
IHCTHTYTY HenepepBHOi 0CBITH,

a.e.n., npogecop " 1Ouaiss HET'OJIA

B.o. 3aBiaysaua kadeapu nydaiunoro
YIpaBJIiHHs, MEHEKRMENTY innoBauiinoi
JUSJIBHOCTI TA JI0paHHITBA,

.e.H., mpogecop ( f%n e Ouasra BUTBHIIBKA
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Appendix L

LIST OF PUBLISHED WORKS ON THE THESIS TOPIC
Articles in scientific publications included in the international scientometric
databases Scopus and/or Web of Science Core Collection
1. Dielini M., Nesterova M., Wang Yi. Peculiarities of forming an enterprise
risk management system in the context of modern transformations: the experience of

European countries and Ukraine. Baltic Journal of Economic Studies. 2025. Vol. 11,

Ne2, pp. 67-79. https://doi.org/10.30525/2256-0742/2025-11-2-67-79 (Dielini M.

carried out scientific and methodological support for the study, analyzed modern
trends in risk management and the emergence of new risks, Nesterova M. investigated
the features of the formation of the enterprise risk management system in the conditions
of modern transformations in Ukraine, formed the introductory part, Wang Yi
conducted a literature search, formed the concept of the study, determined the
importance of transforming traditional risk management as reactive into proactive
enterprise risk management (ERM), compared the results obtained in EU countries
with Ukraine, formed conclusions).
Articles in scientific publications included in the List of Scientific
Professional Publications of Ukraine

1. Jemini MM., Ban 1. Teopernuni 3acaqm (GOpMyBaHHS CHCTEMH PH3HK-

MEHEKMEHTY MIANPUEMCTB. [Heecmuyii: npakmuxa ma 0ocegio. 2024. Ne20. C. 40-46.

DOI : https://doi.org/10.32702/2306-6814.2024.20.40 (Delini M.M. carried out

scientific and methodological support of the research, formulated interim and final
conclusions. Wang Yi carried out an analysis of scientific sources and their
generalization, formed a research concept, developed a phasing of the risk
management process at the enterprise).

2. Ban I, Jlenini M.M. MeToan OuiHKM PH3HKiB BUPOOHMYHX MiJAIPHEMCTB:
METOMOJIOTIYHI MIAXO0AH, OCOOJMBOCTI BUOOpY Ta BHUKOpHUCTaHHS. Haykoso-
supoonuyuil ocypran ‘“‘bisnec-nasicamop”. 2025. Bumyck 6 (83). C. 343-349.
https://doi.org/10.32782/business-navigator.83-56 (Wang Yi developed a research
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plan, identified the main methodological approaches to risk assessment. Delini M.M.

provided scientific and methodological support for the study, formulated general
conclusions).

3. Ban 1. Iludposi iHCTpymeHTH 3abe3meueHHs e(eKTHBHOCTI PU3MK-

MCHEJDKMEHTY BHPOOHHYUX IMiIIPHEMCTB. [Jughposa exonomika ma eKOHOMIUHA

be3nexa. 2025. Ne6 (21). C. 279-285. https://doi.org/10.32782/dees.21-41

4. Ban 1. Owminka MakpocepeOBHINA B PH3UK-MEHEKMEHTI BHUPOOHMUHX
nianpueMCTB YKpainu. Axkmyanvui npobnemu ekonomixu. 2026. Nel (295). C. 18 —25.
DOI: 10.32752/1993-6788-2026-1-295-18-25

Abstracts of scientific reports

1. Wang Yi. Enterprise Internal Control Management and Measures for
Financial Risk Response. Education, Technology, and Management — The Future of
Teaching and Learning: proceedings of the ISIETM 2023, California, USA, May 17-
19, 2023. California, USA, pp. 170-176.

2. Wang Yi. Towards a more prosperous future for Ukraine. [uxnmosusnuii
PO36UMOK HAYIOHANLHOI eKOHOMIKU. 2100aNbHI MeHOeHYil, Modcaueocmi Yxpainu ma
POoib  azponpooosonvioeo cekmopy. matepianu VII mikHap. Hayk.-TIpakT. KOH(Q.,
M. Kwuis, 16-17 auct. 2023 p. Kuis: HYBill Ykpaiau, 2023. C.10-12.

3. Wang Yi. Threats and risk management under the war conditions.
IHK103UBHUL PO36UMOK HAYIOHATILHOI eKOHOMIKU. 27100AIbHI MEHOeHYIT, MONCIUBOCTI
Vkpainu ma ponv azponpodosonvuoco cekmopy, 0ocsio i cnienpays 3 €C: MaTepiaiu
VIII mixHap. HAyK.-pakT. KOH., M. Kuis, 23-24 xoB. 2024 p. Kuis: HYbill Ykpainn,
2024. C.52-53.

4. Ban 1. MoITHBOCTI pH3MK-MEHEKMEHTY MiJNPHEMCTB YKpaiHu B yMOBax
HeBU3HauYCHOCTI. Scientific Exploration : Bridging Theory and Practice: proceedings
of the 1st International Scientific and Practical Conference, Berlin, Germany, October
14-16, 2024, Berlin, Germany, 2024. C. 96-97.

5. Wang Yi. Business interest in risk evaluation in crisis conditions. Posib M0100i

vy possumky AIIK: matepianu [X MikHap. HayK.-pakT. KOH®. 3400yBayiB BHUIIOI
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OCBITH, aCIipaHTIB 1 MoJIOAUX BueHHMX, M. KuiB, 15-16 kBit. 2025 p. Kuis: HYBill
VYkpainu, 2025. C. 18-20.

6. Ban I. Cyuacni nudpoBi iHCTpyMEHTH B pU3HK-MEHEIKMEHTI ITiIIPUEMCTB:
IHKITIO3UBHUM aCNEKT. [HKII03UBHUL PO36UMOK HAYIOHANbHOI eKOHOMIKU: 2100a/bHI
meHOeHYii, Modxcausocmi YKpainu ma poib azponpooosoibioco CeKxmopy, 00c8io i
cnienpays 3 €C: marepianu [X MiKHap. HayK.-pakT. KoHP., M. Kuis, 21-22 xo0B.
2025 p. Kuis: HYBill Ykpaian, 2025. C. 81-83.

7. Ban . InHOBaiiiHi NiZXOAU B PU3HK-MEHEKMEHTI MiANpUeMcTB. Po36umok
EKOHOMIYHUX cucmem 6 ymosax enooanizayii: matepianu Il MixHap. HayK.-paKT.

KoH(®., M. XapkiB, 20-22 nuct. 2025 p, M. Xapkis. C. 322-323.
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