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²íòåãðàö³ÿ öèôðîâèõ òåõíîëîã³é ìîí³òîðèíãó òà 
ïðåâåíòèâíîãî óïðàâë³ííÿ åêîëîã³÷íèìè ðèçèêàìè â 

ñèñòåì³ ñòàëîãî ðîçâèòêó ï³äïðèºìñòâ
Ïðåäìåòîì äîñë³äæåííÿ º ñèñòåìà âçàºìîçâ’ÿçê³â ì³æ öèôðîâèìè òåõíîëîã³ÿìè ìîí³òîðèíãó, 

ìåõàí³çìàìè ïðåâåíòèâíîãî óïðàâë³ííÿ åêîëîã³÷íèìè ðèçèêàìè òà ñòðàòåã³÷íèìè ïàðàìåòðàìè 
ñòàëîãî ðîçâèòêó ï³äïðèºìñòâ ó êîíòåêñò³ ñó÷àñíî¿ åêîëîã³÷íî îð³ºíòîâàíî¿ òðàíñôîðìàö³¿ åêî-
íîì³÷íèõ ñèñòåì. Ó ìåæàõ ðîáîòè ïðåäìåò äîñë³äæåííÿ ðîçãëÿäàºòüñÿ ÿê ³íòåãðîâàíà ñóêóïí³ñòü 
îðãàí³çàö³éíî–åêîíîì³÷íèõ, òåõí³êî–òåõíîëîã³÷íèõ, ³íôîðìàö³éíî–àíàë³òè÷íèõ òà óïðàâë³íñüêèõ 
õàðàêòåðèñòèê, ùî âèçíà÷àþòü çäàòí³ñòü ï³äïðèºìñòâ ñâîº÷àñíî ³äåíòèô³êóâàòè, ïðîãíîçóâàòè, 
êîíòðîëþâàòè òà ì³í³ì³çóâàòè åêîëîã³÷í³ ðèçèêè íà îñíîâ³ âèêîðèñòàííÿ ñó÷àñíèõ öèôðîâèõ ³í-
ñòðóìåíò³â. Îñîáëèâà óâàãà ïðèä³ëÿºòüñÿ ñèñòåìíèì ìåõàí³çìàì òðàíñôîðìàö³¿ öèôðîâîãî ìî-
í³òîðèíãó â ³íñòðóìåíò ñòðàòåã³÷íîãî ïðåâåíòèâíîãî óïðàâë³ííÿ, à òàêîæ ñïåöèô³ö³ ³íòåãðàö³¿ öèô-
ðîâèõ åêîëîã³÷íèõ ð³øåíü ó çàãàëüíó ñèñòåìó ñòàëîãî ðîçâèòêó ï³äïðèºìñòâ ç óðàõóâàííÿì âèìîã 
åêîëîã³÷íî¿ áåçïåêè, ESG–ïðèíöèï³â, ðåñóðñíî¿ åôåêòèâíîñò³ òà äîâãîñòðîêîâî¿ êîíêóðåíòîñïðî-
ìîæíîñò³. Ïðåäìåò äîñë³äæåííÿ îõîïëþº íå ëèøå îêðåì³ òåõíîëîã³÷í³ ð³øåííÿ ÷è óïðàâë³íñüê³ 
ïðîöåäóðè, à ¿õ êîìïëåêñíó âçàºìîä³þ, ùî ôîðìóº ðåçóëüòóþ÷èé åôåêò åêîëîã³÷íî¿ ñò³éêîñò³ ï³ä-
ïðèºìñòâà. Òàêèé ï³äõ³ä äîçâîëÿº ðîçãëÿäàòè öèôðîâ³ òåõíîëîã³¿ åêîëîã³÷íîãî ìîí³òîðèíãó íå ÿê 
äîïîì³æíèé ³íñòðóìåíò êîíòðîëþ, à ÿê ñòðàòåã³÷íèé åëåìåíò ñèñòåìè ñòàëîãî ðîçâèòêó, çäàòíèé 
çàáåçïå÷óâàòè äîâãîñòðîêîâó ñòàá³ëüí³ñòü, àäàïòèâí³ñòü òà åêîëîã³÷íó áåçïåêó ï³äïðèºìñòâ.

Ìåòîþ ñòàòò³ º îá´ðóíòóâàííÿ ñèñòåìíî–àíàë³òè÷íîãî ï³äõîäó äî äîñë³äæåííÿ ³íòåãðàö³¿ öèôðî-
âèõ òåõíîëîã³é ìîí³òîðèíãó òà ïðåâåíòèâíîãî óïðàâë³ííÿ åêîëîã³÷íèìè ðèçèêàìè ó ñèñòåìó ñòàëîãî 
ðîçâèòêó ï³äïðèºìñòâ, à òàêîæ âèÿâëåííÿ êëþ÷îâèõ çàêîíîì³ðíîñòåé ôîðìóâàííÿ åêîëîã³÷íî¿ ñò³é-
êîñò³ íà îñíîâ³ öèôðîâî¿ òðàíñôîðìàö³¿. Äîñÿãíåííÿ ïîñòàâëåíî¿ ìåòè ïåðåäáà÷àº óçàãàëüíåííÿ òå-
îðåòè÷íèõ ï³äõîä³â äî òðàêòóâàííÿ åêîëîã³÷íèõ ðèçèê³â, öèôðîâîãî ìîí³òîðèíãó òà ñòàëîãî ðîçâèòêó, 
âèçíà÷åííÿ ñòðóêòóðíèõ êîìïîíåíò³â ¿õ âçàºìîä³¿, à òàêîæ ³äåíòèô³êàö³þ ìåõàí³çì³â, ÿê³ çàáåçïå÷ó-
þòü åôåêòèâíó ³íòåãðàö³þ öèôðîâèõ åêîëîã³÷íèõ òåõíîëîã³é ó êîðïîðàòèâíó ñèñòåìó óïðàâë³ííÿ. 

Ìåòîäîëîã³ÿ ïðîâåäåííÿ ðîáîòè. Ìåòîäîëîã³÷íîþ îñíîâîþ äîñë³äæåííÿ º ñèñòåìíî–àíàë³-
òè÷íèé ï³äõ³ä, ÿêèé äîçâîëÿº ðîçãëÿäàòè öèôðîâ³ òåõíîëîã³¿ ìîí³òîðèíãó, åêîëîã³÷í³ ðèçèêè òà ñè-
ñòåìó ñòàëîãî ðîçâèòêó ÿê âçàºìîïîâ’ÿçàí³ åëåìåíòè ºäèíî¿ ñîö³àëüíî–åêîíîì³÷íî¿ òà åêîëîã³÷íî¿ 
ñèñòåìè ï³äïðèºìñòâà. Ó ðîáîò³ âèêîðèñòàíî ïîºäíàííÿ çàãàëüíîíàóêîâèõ ³ ñïåö³àëüíèõ ìåòî-
ä³â äîñë³äæåííÿ. Çîêðåìà, ìåòîäè àíàë³çó òà ñèíòåçó çàñòîñîâàíî äëÿ ñòðóêòóðèçàö³¿ ñêëàäîâèõ 
öèôðîâîãî åêîëîã³÷íîãî ìîí³òîðèíãó òà ïðåâåíòèâíîãî óïðàâë³ííÿ ðèçèêàìè. ²íäóêòèâíèé ³ äå-
äóêòèâíèé ìåòîäè äàëè çìîãó óçàãàëüíèòè íàóêîâî–òåîðåòè÷í³ ïîëîæåííÿ òà ñôîðìóâàòè ëîã³÷íî 
óçãîäæåíó ìîäåëü ³íòåãðàö³¿ öèôðîâèõ òåõíîëîã³é ó ñèñòåìó ñòàëîãî ðîçâèòêó ï³äïðèºìñòâ.

Ìåòîä ïîð³âíÿëüíîãî àíàë³çó âèêîðèñòàíî äëÿ äîñë³äæåííÿ ñó÷àñíèõ öèôðîâèõ åêîëîã³÷íèõ ³í-
ñòðóìåíò³â, ¿õ ôóíêö³îíàëüíèõ ìîæëèâîñòåé òà åôåêòèâíîñò³ ó ð³çíèõ âèðîáíè÷èõ ³ óïðàâë³íñüêèõ 
óìîâàõ. Åëåìåíòè ñòðóêòóðíî–ôóíêö³îíàëüíîãî ï³äõîäó äîçâîëèëè âèçíà÷èòè ôóíêö³îíàëüí³ ðîë³ 
îêðåìèõ öèôðîâèõ òåõíîëîã³é ó çàáåçïå÷åíí³ åêîëîã³÷íî¿ ñò³éêîñò³, ì³í³ì³çàö³¿ ðèçèê³â òà ï³äâèùåí-
í³ åôåêòèâíîñò³ óïðàâë³íñüêèõ ð³øåíü. Ëîã³êî–àáñòðàêòí³ ìåòîäè çàñòîñîâàíî äëÿ ôîðìóâàííÿ 
êîíöåïòóàëüíèõ ïîëîæåíü äîñë³äæåííÿ òà óçàãàëüíåííÿ ðåçóëüòàò³â. Òàêà ìåòîäîëîã³÷íà êîìïî-
çèö³ÿ çàáåçïå÷óº âèñîêèé ð³âåíü íàóêîâî¿ îá´ðóíòîâàíîñò³ îòðèìàíèõ ðåçóëüòàò³â òà ¿õ ïðàêòè÷íó 
ðåëåâàíòí³ñòü ó ñôåð³ ñòðàòåã³÷íîãî óïðàâë³ííÿ ñòàëèì ðîçâèòêîì ï³äïðèºìñòâ.

Ðåçóëüòàòè ðîáîòè âñòàíîâèëè, ùî öèôðîâ³ òåõíîëîã³¿ ìîí³òîðèíãó âèñòóïàþòü êëþ÷îâèì åëå-
ìåíòîì ñó÷àñíî¿ ñèñòåìè ïðåâåíòèâíîãî óïðàâë³ííÿ åêîëîã³÷íèìè ðèçèêàìè, çàáåçïå÷óþ÷è ñâîº-
÷àñíó ³äåíòèô³êàö³þ çàãðîç, îïåðàòèâíèé êîíòðîëü åêîëîã³÷íèõ ïàðàìåòð³â, ïðîãíîçóâàííÿ ðèçèê³â 
òà ôîðìóâàííÿ åôåêòèâíèõ óïðàâë³íñüêèõ ð³øåíü. Âèÿâëåíî, ùî ³íòåãðàö³ÿ öèôðîâèõ åêîëîã³÷íèõ 
ð³øåíü ñóòòºâî ï³äâèùóº ð³âåíü åêîëîã³÷íî¿ áåçïåêè ï³äïðèºìñòâ, çíèæóº éìîâ³ðí³ñòü âèíèêíåííÿ 
êðèòè÷íèõ åêîëîã³÷íèõ ñèòóàö³é, ñïðèÿº îïòèì³çàö³¿ ðåñóðñíîãî âèêîðèñòàííÿ òà çàáåçïå÷óº ï³ä-
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âèùåííÿ ñòðàòåã³÷íî¿ ñò³éêîñò³ ï³äïðèºìñòâà. Îá´ðóíòîâàíî, ùî íàéá³ëüø ðåçóëüòàòèâíèìè º ³í-
òåãðîâàí³ ìîäåë³, ÿê³ ïîºäíóþòü IoT–ìîí³òîðèíã, Big Data–àíàë³òèêó, GIS–ñèñòåìè, àâòîìàòèçîâà-
í³ ñèñòåìè åêîëîã³÷íîãî êîíòðîëþ òà öèôðîâèé åêîëîã³÷íèé êîíòðîë³íã.

Îòðèìàí³ ðåçóëüòàòè äîçâîëèëè ñôîðìóâàòè óçàãàëüíåíó àíàë³òè÷íó ìîäåëü ³íòåãðàö³¿ öèôðî-
âèõ òåõíîëîã³é ìîí³òîðèíãó òà ïðåâåíòèâíîãî óïðàâë³ííÿ åêîëîã³÷íèìè ðèçèêàìè ó ñèñòåìó ñòàëî-
ãî ðîçâèòêó ï³äïðèºìñòâ, ÿêà âðàõîâóº îðãàí³çàö³éíî–åêîíîì³÷í³, åêîëîã³÷í³, òåõíîëîã³÷í³ òà ñòðà-
òåã³÷í³ àñïåêòè ôóíêö³îíóâàííÿ ñó÷àñíîãî ï³äïðèºìñòâà.

Âèñíîâêè. Ïðîâåäåíå ñèñòåìíî–àíàë³òè÷íå äîñë³äæåííÿ ï³äòâåðäæóº, ùî öèôðîâ³ òåõíîëîã³¿ 
ìîí³òîðèíãó åêîëîã³÷íèõ ðèçèê³â âèñòóïàþòü íå ëèøå òåõí³÷íèì ³íñòðóìåíòîì êîíòðîëþ, à ñòðà-
òåã³÷íèì ìåõàí³çìîì çàáåçïå÷åííÿ ñòàëîãî ðîçâèòêó ï³äïðèºìñòâ. Âñòàíîâëåíî, ùî åôåêòèâí³ñòü 
öèôðîâî¿ åêîëîã³÷íî¿ òðàíñôîðìàö³¿ çàëåæèòü â³ä ñòóïåíÿ ³íòåãðîâàíîñò³ öèôðîâèõ òåõíîëîã³é 
ó çàãàëüíó ñèñòåìó êîðïîðàòèâíîãî óïðàâë³ííÿ, àäàïòèâíîñò³ îðãàí³çàö³éíî¿ ñòðóêòóðè òà ð³âíÿ 
ñòðàòåã³÷íî¿ îð³ºíòàö³¿ ï³äïðèºìñòâà íà ïðèíöèïè åêîëîã³÷íî¿ áåçïåêè òà ñòàëîãî ðîçâèòêó. Óçà-
ãàëüíåíî, ùî ñèñòåìíà ³íòåãðàö³ÿ öèôðîâèõ òåõíîëîã³é ìîí³òîðèíãó, ïðîãíîçóâàííÿ òà ïðåâåí-
òèâíîãî óïðàâë³ííÿ åêîëîã³÷íèìè ðèçèêàìè äîçâîëÿº ï³äïðèºìñòâàì íå ëèøå ì³í³ì³çóâàòè åêîëî-
ã³÷í³ çàãðîçè, àëå é ôîðìóâàòè äîâãîñòðîêîâ³ êîíêóðåíòí³ ïåðåâàãè, ³íâåñòèö³éíó ïðèâàáëèâ³ñòü òà 
ñòðàòåã³÷íó ñò³éê³ñòü.

Ïðàêòè÷íå çíà÷åííÿ ðåçóëüòàò³â ïîëÿãàº ó ìîæëèâîñò³ ¿õ âèêîðèñòàííÿ äëÿ ðîçðîáëåííÿ àäàï-
òèâíèõ öèôðîâî–åêîëîã³÷íèõ ñòðàòåã³é, îð³ºíòîâàíèõ íà ï³äâèùåííÿ åêîëîã³÷íî¿ áåçïåêè, ðåñóðñ-
íî¿ åôåêòèâíîñò³, åêîíîì³÷íî¿ ðåçóëüòàòèâíîñò³ òà äîâãîñòðîêîâîãî ñòàëîãî ðîçâèòêó ï³äïðèºìñòâ.

Êëþ÷îâ³ ñëîâà: öèôðîâ³ òåõíîëîã³¿, åêîëîã³÷íèé ìîí³òîðèíã, ïðåâåíòèâíå óïðàâë³ííÿ, åêîëîã³÷í³ 
ðèçèêè, ñòàëèé ðîçâèòîê ï³äïðèºìñòâ, ESG, öèôðîâà òðàíñôîðìàö³ÿ, åêîëîã³÷íà áåçïåêà, Big Data, IoT.

DMYTRO NIKOLAYKO

Integration of digital monitoring technologies and 
preventive management of environmental risks in the 

system of sustainable development of enterprises
The subject of the research is the system of interrelations between digital monitoring 

technologies, mechanisms of preventive environmental risk management, and strategic parameters 
of sustainable enterprise development within the context of the modern environmentally oriented 
transformation of economic systems. Within the framework of this study, the subject is considered 
as an integrated set of organizational–economic, technical–technological, informational–analytical, 
and managerial characteristics that determine the ability of enterprises to timely identify, forecast, 
control, and minimize environmental risks through the use of modern digital tools. Special attention is 
paid to the systemic mechanisms of transforming digital monitoring into an instrument of strategic 
preventive management, as well as to the specifics of integrating digital environmental solutions into 
the overall system of sustainable enterprise development, taking into account environmental safety 
requirements, ESG principles, resource efficiency, and long–term competitiveness. The subject of the 
research covers not only individual technological solutions or management procedures, but also their 
comprehensive interaction, which forms the resulting effect of enterprise environmental sustainability. 
Such an approach makes it possible to consider digital environmental monitoring technologies not 
merely as an auxiliary control instrument, but as a strategic element of the sustainable development 
system capable of ensuring long–term stability, adaptability, and environmental safety of enterprises.

The purpose of the article is to substantiate a systemic–analytical approach to the study of 
integrating digital monitoring technologies and preventive environmental risk management into 
the sustainable development system of enterprises, as well as to identify the key patterns of 
environmental sustainability formation based on digital transformation. Achieving this goal involves 
generalizing theoretical approaches to the interpretation of environmental risks, digital monitoring, 
and sustainable development, determining the structural components of their interaction, and 
identifying the mechanisms that ensure the effective integration of digital environmental technologies 
into the corporate management system. Within the article, the goal is specified through the analysis 
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of systemic factors that facilitate or constrain the transformation of digital environmental solutions 
into preventive management mechanisms, as well as through the formation of generalized analytical 
conclusions suitable for practical application in the strategic management of enterprise sustainable 
development.

Methodology of the study. The methodological basis of the research is a systemic–analytical 
approach, which makes it possible to consider digital monitoring technologies, environmental risks, 
and the sustainable development system as interrelated elements of a unified socio–economic 
and environmental enterprise system. The study employs a combination of general scientific and 
specialized research methods. In particular, methods of analysis and synthesis were used to structure 
the components of digital environmental monitoring and preventive risk management. Inductive and 
deductive methods made it possible to generalize scientific–theoretical provisions and to form a 
logically coherent model of integrating digital technologies into the sustainable development system 
of enterprises.

The comparative analysis method was applied to study modern digital environmental tools, their 
functional capabilities, and effectiveness under various production and management conditions. 
Elements of the structural–functional approach made it possible to determine the functional roles of 
individual digital technologies in ensuring environmental sustainability, minimizing risks, and improving 
the effectiveness of management decisions. Logical–abstract methods were used to formulate 
conceptual provisions of the study and summarize the results. Such a methodological composition 
ensures a high level of scientific validity of the obtained results and their practical relevance in the field 
of strategic management of enterprise sustainable development.

The results of the study established that digital monitoring technologies act as a key element 
of the modern system of preventive environmental risk management, ensuring timely identification 
of threats, operational control of environmental parameters, risk forecasting, and the formation of 
effective management decisions. It was found that the integration of digital environmental solutions 
significantly increases the level of environmental safety of enterprises, reduces the likelihood of 
critical environmental situations, contributes to resource optimization, and ensures an increase in 
the strategic sustainability of enterprises. It was substantiated that the most effective are integrated 
models combining IoT monitoring, Big Data analytics, GIS systems, automated environmental control 
systems, and digital environmental controlling.

The obtained results made it possible to form a generalized analytical model of integrating digital 
monitoring technologies and preventive environmental risk management into the sustainable 
development system of enterprises, which takes into account organizational–economic, environmental, 
technological, and strategic aspects of the functioning of a modern enterprise.

Conclusions. The conducted systemic–analytical study confirms that digital technologies for 
environmental risk monitoring function not only as technical control instruments, but also as strategic 
mechanisms for ensuring sustainable enterprise development. It was established that the effectiveness 
of digital environmental transformation depends on the degree of integration of digital technologies 
into the overall corporate management system, the adaptability of the organizational structure, 
and the level of strategic orientation of the enterprise toward the principles of environmental safety 
and sustainable development. It was generalized that the systemic integration of digital monitoring 
technologies, forecasting, and preventive environmental risk management enables enterprises not only 
to minimize environmental threats, but also to form long–term competitive advantages, investment 
attractiveness, and strategic sustainability.

The practical significance of the results lies in the possibility of their application for developing adaptive 
digital–environmental strategies aimed at increasing environmental safety, resource efficiency, 
economic performance, and long–term sustainable development of enterprises.

Keywords: digital technologies, environmental monitoring, preventive management, environmental 
risks, sustainable enterprise development, ESG, digital transformation, environmental safety, Big 
Data, IoT.
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Ïîñòàíîâêà ïðîáëåìè. Ó ñó÷àñíèõ óìîâàõ 
ãëîáàëüíî¿ åêîëîã³÷íî¿ òðàíñôîðìàö³¿, ïîñèëåí-
íÿ êë³ìàòè÷íèõ âèêëèê³â, çðîñòàííÿ òåõíîãåííîãî 
íàâàíòàæåííÿ òà ï³äâèùåííÿ âèìîã äî åêîëîã³÷-
íî¿ â³äïîâ³äàëüíîñò³ á³çíåñó ïðîáëåìà çàáåçïå-
÷åííÿ åôåêòèâíîãî ìîí³òîðèíãó òà ïðåâåíòèâ-
íîãî óïðàâë³ííÿ åêîëîã³÷íèìè ðèçèêàìè íàáóâàº 
ñòðàòåã³÷íîãî çíà÷åííÿ äëÿ ï³äïðèºìñòâ ð³ç-
íèõ ãàëóçåé. Ïîñèëåííÿ åêîëîã³÷íèõ çàãðîç, íå-
ñòàá³ëüí³ñòü ïðèðîäíî–ðåñóðñíîãî ñåðåäîâèùà, 
æîðñòê³øà ðåãóëÿòîðíà ïîë³òèêà, âïðîâàäæåí-
íÿ ESG–ïðèíöèï³â òà íåîáõ³äí³ñòü ïåðåõîäó äî 
ìîäåëåé ñòàëîãî ðîçâèòêó îáóìîâëþþòü ïîòðå-
áó êàðäèíàëüíîãî ïåðåîñìèñëåííÿ òðàäèö³é-
íèõ ï³äõîä³â äî ñèñòåìè åêîëîã³÷íîãî óïðàâë³ííÿ. 
Âîäíî÷àñ ó ïðàêòèö³ ôóíêö³îíóâàííÿ ï³äïðèºìñòâ 
åêîëîã³÷íèé ìîí³òîðèíã ÷àñòî ðîçãëÿäàºòü-
ñÿ ôðàãìåíòàðíî — ïåðåâàæíî ÿê ³íñòðóìåíò 
êîíòðîëþ îêðåìèõ ïîêàçíèê³â, áåç íàëåæíî¿ ³í-
òåãðàö³¿ â ñèñòåìó ñòðàòåã³÷íîãî óïðàâë³ííÿ åêî-
ëîã³÷íîþ áåçïåêîþ òà ñòàëèì ðîçâèòêîì.

Îñîáëèâî¿ àêòóàëüíîñò³ ïðîáëåìà íàáóâàº â 
óìîâàõ öèôðîâî¿ òðàíñôîðìàö³¿ åêîíîì³êè, êî-
ëè ñó÷àñí³ öèôðîâ³ òåõíîëîã³¿ ñòâîðþþòü ïðèí-
öèïîâî íîâ³ ìîæëèâîñò³ äëÿ îïåðàòèâíîãî çáî-
ðó, àíàë³çó, ïðîãíîçóâàííÿ òà ïðåâåíòèâíîãî 
ðåàãóâàííÿ íà åêîëîã³÷í³ ðèçèêè. Âèêîðèñòàííÿ 
IoT–ñåíñîð³â, Big Data–àíàë³òèêè, GIS–ñèñòåì, 
øòó÷íîãî ³íòåëåêòó, àâòîìàòèçîâàíèõ ïëàòôîðì 
åêîëîã³÷íîãî êîíòðîëþ òà öèôðîâîãî åêîëîã³÷-
íîãî êîíòðîë³íãó äîçâîëÿº ñóòòºâî ï³äâèùèòè 
òî÷í³ñòü ìîí³òîðèíãó, ñêîðîòèòè ÷àñ ðåàãóâàííÿ 
íà çàãðîçè òà çàáåçïå÷èòè á³ëüø âèñîêèé ð³âåíü 
ñòðàòåã³÷íî¿ àäàïòèâíîñò³ ï³äïðèºìñòâ. Ïðîòå 
â á³ëüøîñò³ âèïàäê³â öèôðîâ³ åêîëîã³÷í³ ð³øåí-
íÿ âïðîâàäæóþòüñÿ ëîêàëüíî, áåç ñèñòåìíîãî 
âêëþ÷åííÿ â êîðïîðàòèâíó ìîäåëü óïðàâë³ííÿ, 
ùî çíà÷íî îáìåæóº ¿õ åôåêòèâí³ñòü.

²ãíîðóâàííÿ êîìïëåêñíî¿ ³íòåãðàö³¿ öèôðîâèõ 
òåõíîëîã³é ó ñèñòåìó óïðàâë³ííÿ åêîëîã³÷íèìè 
ðèçèêàìè ïðèçâîäèòü äî çðîñòàííÿ åêîëîã³÷íî¿ 
âðàçëèâîñò³ ï³äïðèºìñòâ, ô³íàíñîâèõ âòðàò, ðå-
ïóòàö³éíèõ ðèçèê³â òà çíèæåííÿ äîâãîñòðîêîâî¿ 
êîíêóðåíòîñïðîìîæíîñò³. ßê íàñë³äîê, âèíèêàº 
íåîáõ³äí³ñòü ïåðåõîäó â³ä ðåàêòèâíèõ ìîäåëåé 
åêîëîã³÷íîãî êîíòðîëþ äî ñèñòåìíî ³íòåãðîâàíèõ 
öèôðîâèõ ìåõàí³çì³â ïðåâåíòèâíîãî óïðàâë³í-
íÿ, çäàòíèõ çàáåçïå÷óâàòè ñòàá³ëüí³ñòü, áåçïå÷-
í³ñòü òà ñòðàòåã³÷íó ñò³éê³ñòü ï³äïðèºìñòâ ó ìå-
æàõ êîíöåïö³¿ ñòàëîãî ðîçâèòêó.

Àíàë³ç äîñë³äæåíü ³ ïóáë³êàö³é ïðîáëåìè. 
Ïðîáëåìàòèêà åêîëîã³÷íèõ ðèçèê³â, åêîëîã³÷íî-
ãî ìîí³òîðèíãó òà ñòàëîãî ðîçâèòêó ï³äïðèºìñòâ 
º ïðåäìåòîì óâàãè ÷èñëåííèõ íàóêîâèõ äîñë³-
äæåíü ó ìåæàõ åêîëîã³÷íî¿ åêîíîì³êè, ñòðàòåã³÷íî-
ãî ìåíåäæìåíòó, ðèçèê–ìåíåäæìåíòó òà öèôðî-
âî¿ òðàíñôîðìàö³¿. Ó êëàñè÷íèõ ïðàöÿõ åêîëîã³÷íå 
óïðàâë³ííÿ ïåðåâàæíî ðîçãëÿäàºòüñÿ ÿê ñèñòåìà 
êîíòðîëþ çà äîòðèìàííÿì íîðìàòèâíèõ âèìîã, ì³-
í³ì³çàö³ºþ íåãàòèâíîãî âïëèâó íà äîâê³ëëÿ òà çà-
áåçïå÷åííÿì ðåñóðñíî¿ åôåêòèâíîñò³. Ïðè öüîìó 
öèôðîâ³ òåõíîëîã³¿ çäåá³ëüøîãî òðàêòóþòüñÿ ÿê äî-
ïîì³æíèé òåõí³÷íèé ³íñòðóìåíòàð³é, ùî çàáåçïå÷óº 
³íôîðìàö³éíó ï³äòðèìêó ïðîöåñ³â ìîí³òîðèíãó.

Ó ñó÷àñíèõ íàóêîâèõ ïóáë³êàö³ÿõ ïðîñòåæóºòü-
ñÿ òåíäåíö³ÿ äî ðîçøèðåííÿ òðàêòóâàííÿ öèô-
ðîâèõ åêîëîã³÷íèõ òåõíîëîã³é ÿê ñòðàòåã³÷íîãî 
ðåñóðñó çàáåçïå÷åííÿ ñòàëîãî ðîçâèòêó ï³äïðè-
ºìñòâ. Äîñë³äíèêè àêöåíòóþòü óâàãó íà âèñîêî-
ìó ïîòåíö³àë³ öèôðîâèõ ñèñòåì ìîí³òîðèíãó äëÿ 
ï³äâèùåííÿ òî÷íîñò³ ïðîãíîçóâàííÿ åêîëîã³÷-
íèõ ðèçèê³â, àâòîìàòèçàö³¿ êîíòðîëþ, ôîðìóâàí-
íÿ àäàïòèâíèõ ìîäåëåé óïðàâë³ííÿ òà ³íòåãðà-
ö³¿ åêîëîã³÷íî¿ áåçïåêè ó çàãàëüíó êîðïîðàòèâíó 
ñòðàòåã³þ. Îñîáëèâà óâàãà ïðèä³ëÿºòüñÿ âèêî-
ðèñòàííþ IoT, Big Data, GIS, öèôðîâèõ ïëàòôîðì 
òà ESG–ð³øåíü ÿê ³íñòðóìåíò³â ñó÷àñíî¿ åêîëî-
ã³÷íî¿ ìîäåðí³çàö³¿ ï³äïðèºìñòâ.

Âîäíî÷àñ á³ëüø³ñòü äîñë³äæåíü çîñåðåäæåí³ àáî 
íà òåõí³÷íèõ àñïåêòàõ îêðåìèõ öèôðîâèõ ³íñòðó-
ìåíò³â, àáî íà çàãàëüíèõ ïèòàííÿõ ñòàëîãî ðîçâèòêó, 
ùî îáìåæóº ìîæëèâîñò³ ôîðìóâàííÿ êîìïëåêñíèõ 
ìîäåëåé ³íòåãðàö³¿ öèôðîâèõ òåõíîëîã³é ìîí³òîðèí-
ãó òà ïðåâåíòèâíîãî óïðàâë³ííÿ åêîëîã³÷íèìè ðèçè-
êàìè. Íàÿâí³ ïóáë³êàö³¿ ÷àñòî îïèñóþòü îêðåì³ ïðàê-
òè÷í³ êåéñè ÷è ôóíêö³îíàëüí³ ð³øåííÿ, íå ôîðìóþ÷è 
óçàãàëüíåíî¿ ñèñòåìíî–àíàë³òè÷íî¿ ìîäåë³, ÿêà á 
âðàõîâóâàëà îðãàí³çàö³éíî–åêîíîì³÷í³, ñòðàòåã³÷í³, 
åêîëîã³÷í³ òà òåõíîëîã³÷í³ àñïåêòè.

Òàêèì ÷èíîì, ñó÷àñíèé ñòàí íàóêîâèõ äîñë³-
äæåíü ñâ³ä÷èòü ïðî íåîáõ³äí³ñòü ïîäàëüøî-
ãî ïîãëèáëåííÿ òåîðåòèêî–ìåòîäîëîã³÷íèõ çà-
ñàä ³íòåãðàö³¿ öèôðîâèõ òåõíîëîã³é åêîëîã³÷íîãî 
ìîí³òîðèíãó â ñèñòåìó ñòàëîãî ðîçâèòêó ï³ä-
ïðèºìñòâ. Îñîáëèâî àêòóàëüíèì º ôîðìóâàí-
íÿ êîìïëåêñíîãî ï³äõîäó, ÿêèé ïîºäíóº öèôðîâó 
òðàíñôîðìàö³þ, ïðåâåíòèâíå óïðàâë³ííÿ åêî-
ëîã³÷íèìè ðèçèêàìè, ñòðàòåã³÷íå óïðàâë³ííÿ òà 
ïðèíöèïè ñòàëîãî ðîçâèòêó â ºäèíó åôåêòèâíó 
ñèñòåìó êîðïîðàòèâíîãî ôóíêö³îíóâàííÿ.
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Âèêëàä îñíîâíîãî ìàòåð³àëó: Ôîðìóâàííÿ 
ñó÷àñíî¿ ñèñòåìè ñòàëîãî ðîçâèòêó ï³äïðèºìñòâ 
áåçïîñåðåäíüî ïîâ’ÿçàíå ç íåîáõ³äí³ñòþ ãëèáî-
êîãî òåîðåòèêî–ìåòîäîëîã³÷íîãî îñìèñëåííÿ 
ïðèðîäè åêîëîã³÷íèõ ðèçèê³â, ¿õ ì³ñöÿ ó ñòðóêòó-
ð³ êîðïîðàòèâíîãî óïðàâë³ííÿ òà ðîë³ öèôðîâèõ 
òåõíîëîã³é ó çàáåçïå÷åíí³ ïðåâåíòèâíîãî êîíòð-
îëþ. Ó ìåæàõ ñó÷àñíî¿ åêîëîã³÷íî îð³ºíòîâàíî¿ 
òðàíñôîðìàö³¿ åêîíîì³êè åêîëîã³÷í³ ðèçèêè ïå-
ðåñòàþòü ðîçãëÿäàòèñÿ âèêëþ÷íî ÿê çîâí³ø-
í³ íåãàòèâí³ ôàêòîðè, à íàáóâàþòü ñòàòóñó ñòðà-
òåã³÷íî¿ êàòåãîð³¿, ùî âïëèâàº íà åêîíîì³÷íó 
ñò³éê³ñòü, êîíêóðåíòîñïðîìîæí³ñòü, ³íâåñòèö³é-
íó ïðèâàáëèâ³ñòü òà äîâãîñòðîêîâó áåçïåêó ï³ä-
ïðèºìñòâà. Ñàìå òîìó òåîðåòè÷íå îá´ðóíòóâàííÿ 
ìåõàí³çì³â ³íòåãðàö³¿ öèôðîâèõ òåõíîëîã³é ìîí³-
òîðèíãó òà ïðåâåíòèâíîãî óïðàâë³ííÿ åêîëîã³÷-
íèìè ðèçèêàìè ñòàº ôóíäàìåíòîì ôîðìóâàííÿ 
ñó÷àñíî¿ ìîäåë³ ñòàëîãî ðîçâèòêó.

Åêîëîã³÷íèé ðèçèê ï³äïðèºìñòâà äîö³ëü-
íî òðàêòóâàòè ÿê éìîâ³ðí³ñòü âèíèêíåííÿ íåãà-
òèâíèõ åêîëîã³÷íèõ ïîä³é àáî ïðîöåñ³â, ïîâ’ÿçà-
íèõ ³ç âèðîáíè÷îþ, ðåñóðñíîþ, òåõíîëîã³÷íîþ ÷è 
óïðàâë³íñüêîþ ä³ÿëüí³ñòþ, ÿê³ ìîæóòü ñïðè÷èíè-
òè ô³íàíñîâ³, ñîö³àëüí³, åêîëîã³÷í³ àáî ðåïóòàö³é-
í³ âòðàòè. Ó ìåæàõ ñòàëîãî ðîçâèòêó åêîëîã³÷íèé 

ðèçèê ðîçãëÿäàºòüñÿ íå ëèøå ÿê ôàêòîð çàãðîçè, 
àëå ³ ÿê îá’ºêò ñòðàòåã³÷íîãî óïðàâë³ííÿ, ùî ïî-
òðåáóº ïîñò³éíîãî ìîí³òîðèíãó, ïðîãíîçóâàííÿ òà 
ñèñòåìíî¿ ì³í³ì³çàö³¿ [1].

Äëÿ ñó÷àñíèõ ï³äïðèºìñòâ êëþ÷îâèì ñòàº ïå-
ðåõ³ä â³ä ðåàêòèâíî¿ ìîäåë³ óïðàâë³ííÿ åêîëîã³÷-
íèìè ðèçèêàìè äî ïðåâåíòèâíî¿, ÿêà áàçóºòü-
ñÿ íà ðàííüîìó âèÿâëåíí³ ïîòåíö³éíèõ çàãðîç, 
âèêîðèñòàíí³ öèôðîâèõ àíàë³òè÷íèõ ïëàòôîðì, 
àâòîìàòèçîâàíîãî ìîí³òîðèíãó òà ³íòåãðîâàíèõ 
ñèñòåì åêîëîã³÷íîãî êîíòðîëþ. Òàêèé ï³äõ³ä äîç-
âîëÿº íå ëèøå çíèæóâàòè åêîëîã³÷í³ çáèòêè, àëå 
é ôîðìóâàòè íîâ³ êîíêóðåíòí³ ïåðåâàãè ÷åðåç 
ï³äâèùåííÿ ñò³éêîñò³ ï³äïðèºìñòâà.

Ïåðøî÷åðãîâî äîö³ëüíî ïðåäñòàâèòè êîíöåï-
òóàëüíèé ðèñóíîê 1, ÿêèé äåìîíñòðóº ñòðóêòóðó 
åêîëîã³÷íèõ ðèçèê³â ó ñèñòåì³ ñòàëîãî ðîçâèòêó 
ï³äïðèºìñòâà.

Ó ìåæàõ òåîðåòèêî–ìåòîäîëîã³÷íîãî àíàë³çó 
äîö³ëüíî âèêîðèñòîâóâàòè ³íòåãðàëüíèé ïîêàç-
íèê ð³âíÿ åêîëîã³÷íîãî ðèçèêó ï³äïðèºìñòâà:

(1)
äå: Weco — ³íòåãðàëüíèé ð³âåíü åêîëîã³÷íîãî ðè-

çèêó, Vi — éìîâ³ðí³ñòü âèíèêíåííÿ îêðåìîãî ðè-
çèêó, Ji — ìàñøòàá åêîëîã³÷íèõ íàñë³äê³â, Hi — ð³-
âåíü âðàçëèâîñò³ ï³äïðèºìñòâà.

Ðèñóíîê 1. Êîíöåïòóàëüíà ìîäåëü ³íòåãðàö³¿ öèôðîâîãî ìîí³òîðèíãó, ïðåâåíòèâíîãî 
óïðàâë³ííÿ åêîëîã³÷íèìè ðèçèêàìè òà ñòàëîãî ðîçâèòêó ï³äïðèºìñòâà
Äæåðåëî: ðîçðîáëåíî àâòîðîì íà îñíîâ³ [1]
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Äàíà ìîäåëü äîçâîëÿº îö³íþâàòè êîìïëåêñíèé 
âïëèâ ìíîæèíè åêîëîã³÷íèõ çàãðîç íà ôóíêö³î-
íóâàííÿ ï³äïðèºìñòâà.

Äðóãèì âàæëèâèì ï³äõîäîì âèñòóïàº îö³íêà 
ð³âíÿ åêîëîã³÷íî¿ ñò³éêîñò³ ï³äïðèºìñòâà:

(2)

äå: Keco — ð³âåíü åêîëîã³÷íî¿ ñò³éêîñò³, P — åôåê-
òèâí³ñòü ìîí³òîðèíãó, F — ð³âåíü öèôðîâ³çàö³¿, N 
— åôåêòèâí³ñòü ïðåâåíòèâíîãî óïðàâë³ííÿ, D — 
ñóêóïíèé åêîëîã³÷íèé ðèçèê.

Öÿ ôîðìóëà äåìîíñòðóº, ùî ï³äâèùåííÿ öèô-
ðîâî¿ ³íòåãðàö³¿ òà ïðåâåíòèâíèõ ìåõàí³çì³â ïðÿ-
ìî âïëèâàº íà çðîñòàííÿ åêîëîã³÷íî¿ ñò³éêîñò³ 
ï³äïðèºìñòâà.

Òåîðåòè÷íî ñèñòåìà ñòàëîãî ðîçâèòêó ï³äïðè-
ºìñòâà ïîâèííà ïîºäíóâàòè: åêîíîì³÷íó åôåê-
òèâí³ñòü, åêîëîã³÷íó áåçïåêó, öèôðîâó òðàíñôîð-
ìàö³þ, ñîö³àëüíó â³äïîâ³äàëüí³ñòü òà ñòðàòåã³÷íó 
àäàïòèâí³ñòü [2].

Ñàìå ³íòåãðàö³ÿ öèôðîâèõ òåõíîëîã³é ó ïðîöåñè 
åêîëîã³÷íîãî óïðàâë³ííÿ äîçâîëÿº ï³äïðèºìñòâàì: 
ì³í³ì³çóâàòè ðèçèêè, ïðîãíîçóâàòè çàãðîçè, îïòè-
ì³çóâàòè ðåñóðñè, ï³äâèùóâàòè ESG–â³äïîâ³äí³ñòü 
òà ôîðìóâàòè äîâãîñòðîêîâó ñò³éê³ñòü.

Îòæå, òåîðåòèêî–ìåòîäîëîã³÷í³ îñíîâè åêî-
ëîã³÷íèõ ðèçèê³â ó ñèñòåì³ ñòàëîãî ðîçâèòêó ï³ä-
ïðèºìñòâ ôîðìóþòü áàçèñ äëÿ ïîáóäîâè ñó÷àñ-
íî¿ öèôðîâî–åêîëîã³÷íî¿ ìîäåë³ êîðïîðàòèâíîãî 
óïðàâë³ííÿ. Ñèñòåìíèé ï³äõ³ä äîçâîëÿº ðîçãëÿ-
äàòè åêîëîã³÷í³ ðèçèêè ÿê ñòðàòåã³÷íèé îá’ºêò 
óïðàâë³ííÿ, à öèôðîâ³ òåõíîëîã³¿ ìîí³òîðèíãó — 
ÿê êëþ÷îâèé ³íñòðóìåíò çàáåçïå÷åííÿ ïðåâåí-
òèâíîãî êîíòðîëþ, åêîëîã³÷íî¿ áåçïåêè òà äîâãî-
ñòðîêîâîãî ñòàëîãî ðîçâèòêó ï³äïðèºìñòâà.

Ñôîðìîâàí³ òåîðåòèêî–ìåòîäîëîã³÷í³ çàñà-
äè äîçâîëÿþòü ïåðåéòè â³ä êîíöåïòóàëüíîãî 
îñìèñëåííÿ åêîëîã³÷íèõ ðèçèê³â äî ïðàêòè÷íî-
ãî àíàë³çó ³íñòðóìåíò³â ¿õ öèôðîâîãî êîíòðîëþ òà 
óïðàâë³ííÿ. Ñàìå òåõíîëîã³÷íà ðåàë³çàö³ÿ öèôðî-
âîãî ìîí³òîðèíãó âèñòóïàº ïðèêëàäíîþ îñíîâîþ 
âïðîâàäæåííÿ ïðåâåíòèâíî¿ åêîëîã³÷íî¿ ñòðàòåã³¿ 
ï³äïðèºìñòâà â ñèñòåì³ ñòàëîãî ðîçâèòêó.

Ñó÷àñíèé ðîçâèòîê ï³äïðèºìñòâ ó ìåæàõ êîí-
öåïö³¿ ñòàëîãî ðîçâèòêó áåçïîñåðåäíüî çàëåæèòü 
â³ä çäàòíîñò³ åôåêòèâíî âèêîðèñòîâóâàòè öèô-
ðîâ³ òåõíîëîã³¿ äëÿ ñèñòåìíîãî ìîí³òîðèíãó, àíà-
ë³çó òà ïðåâåíòèâíîãî óïðàâë³ííÿ åêîëîã³÷íèìè 
ðèçèêàìè. Óìîâè ïîñèëåííÿ åêîëîã³÷íèõ çàãðîç, 
óñêëàäíåííÿ âèðîáíè÷èõ ïðîöåñ³â, ï³äâèùåí-

íÿ ðåãóëÿòîðíèõ âèìîã òà ãëîáàëüíà öèôðîâ³çà-
ö³ÿ åêîíîì³êè çóìîâëþþòü íåîáõ³äí³ñòü ïåðåõî-
äó â³ä òðàäèö³éíèõ åêîëîã³÷íèõ ñèñòåì êîíòðîëþ 
äî êîìïëåêñíèõ öèôðîâèõ ïëàòôîðì óïðàâë³í-
íÿ åêîëîã³÷íîþ áåçïåêîþ. Ñàìå öèôðîâ³ òåõíî-
ëîã³¿ äîçâîëÿþòü ï³äïðèºìñòâàì çàáåçïå÷óâà-
òè áåçïåðåðâíèé çá³ð äàíèõ, àâòîìàòèçîâàíèé 
êîíòðîëü, ïðîãíîçóâàííÿ ðèçèê³â òà îïåðàòèâíå 
ïðèéíÿòòÿ óïðàâë³íñüêèõ ð³øåíü [3].

Êëþ÷îâèìè òåõíîëîã³ÿìè ñó÷àñíîãî öèôðîâî-
ãî åêîëîã³÷íîãî ìîí³òîðèíãó âèñòóïàþòü Internet 
of Things (IoT), Big Data–àíàë³òèêà, GIS–ñèñòå-
ìè, øòó÷íèé ³íòåëåêò, ìàøèííå íàâ÷àííÿ, õìàð-
í³ ïëàòôîðìè, àâòîìàòèçîâàí³ ñèñòåìè åêî-
ëîã³÷íîãî êîíòðîëþ òà öèôðîâèé åêîëîã³÷íèé 
êîíòðîë³íã. IoT–ñåíñîðè äîçâîëÿþòü ó ðåæèì³ 
ðåàëüíîãî ÷àñó â³äñòåæóâàòè ïîêàçíèêè âèêè-
ä³â, ð³âåíü çàáðóäíåííÿ, ñòàí ðåñóðñíîãî âèêî-
ðèñòàííÿ, òåìïåðàòóðí³ çì³íè, òåõíîãåíí³ ðèçèêè 
òà âèðîáíè÷³ ïàðàìåòðè. Öå ñòâîðþº îñíîâó äëÿ 
ïîñò³éíîãî îïåðàòèâíîãî ìîí³òîðèíãó.

Big Data–àíàë³òèêà çàáåçïå÷óº îáðîáêó âåëè-
êèõ ìàñèâ³â åêîëîã³÷íî¿ ³íôîðìàö³¿, âèÿâëåííÿ 
çàêîíîì³ðíîñòåé, îö³íêó ïîòåíö³éíèõ çàãðîç òà 
ôîðìóâàííÿ ïðîãíîçíèõ ìîäåëåé. Âèêîðèñòàí-
íÿ GIS–ñèñòåì äîçâîëÿº ïðîñòîðîâî àíàë³çóâà-
òè åêîëîã³÷í³ ðèçèêè, áóäóâàòè êàðòè âïëèâó òà 
îïòèì³çóâàòè óïðàâë³íñüê³ ð³øåííÿ ç óðàõóâàí-
íÿì ãåîãðàô³÷íèõ ôàêòîð³â.

Øòó÷íèé ³íòåëåêò òà àëãîðèòìè ìàøèííîãî 
íàâ÷àííÿ çíà÷íî ï³äâèùóþòü òî÷í³ñòü ïðîãíîçó-
âàííÿ ðèçèê³â, äîçâîëÿþòü ìîäåëþâàòè ñöåíàð³¿ 
ðîçâèòêó åêîëîã³÷íèõ ñèòóàö³é òà àâòîìàòèçóâà-
òè ïðîöåñ ïðèéíÿòòÿ ïðåâåíòèâíèõ ð³øåíü.

Äëÿ ñó÷àñíîãî ï³äïðèºìñòâà ³íòåãðàö³ÿ öèôðî-
âèõ òåõíîëîã³é ôîðìóº íîâó ìîäåëü: ìîí³òîðèíã, 
àíàë³ç, ïðîãíîçóâàííÿ, ïðåâåíòèâíå ðåàãóâàííÿ, 
ñòðàòåã³÷íå óïðàâë³ííÿ.

Äëÿ íàî÷íîãî ïðåäñòàâëåííÿ ñòðóêòóðè öèô-
ðîâèõ òåõíîëîã³é äîö³ëüíî ñïî÷àòêó ïîáóäóâàòè 
ðèñóíîê 2.

Ó ìåæàõ îö³íêè åôåêòèâíîñò³ öèôðîâîãî ìîí³-
òîðèíãó äîö³ëüíî âèêîðèñòîâóâàòè ³íòåãðàëüíèé 
ïîêàçíèê öèôðîâî¿ åêîëîã³÷íî¿ åôåêòèâíîñò³:

(3)

äå: Vdigital — åôåêòèâí³ñòü öèôðîâî¿ ñèñòåìè ìî-
í³òîðèíãó, S — òî÷í³ñòü ³äåíòèô³êàö³¿ ðèçèê³â, T 
— àíàë³òè÷íà åôåêòèâí³ñòü, I — ïðåâåíòèâíà ðå-
çóëüòàòèâí³ñòü, A — âèòðàòè íà ñèñòåìó.
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Öÿ ôîðìóëà äîçâîëÿº îö³íèòè ñï³ââ³äíîøåííÿ 
ì³æ åôåêòèâí³ñòþ öèôðîâèõ ð³øåíü òà ðåñóðñà-
ìè, íåîáõ³äíèìè äëÿ ¿õ ôóíêö³îíóâàííÿ [4].

Äðóãèì âàæëèâèì ïîêàçíèêîì º ð³âåíü öèôðî-
âîãî åêîëîã³÷íîãî êîíòðîëþ:

 (4)
äå: Vcontrol — ð³âåíü öèôðîâîãî êîíòðîëþ, Gi — 

òåõíîëîã³÷íå îõîïëåííÿ îêðåìî¿ ñèñòåìè, Ki — 
êîåô³ö³ºíò ðåçóëüòàòèâíîñò³.

Öåé ï³äõ³ä äîçâîëÿº êîìïëåêñíî îö³íþâàòè ð³-
âåíü ³íòåãðîâàíîñò³ öèôðîâèõ ³íñòðóìåíò³â.

Äëÿ ñèñòåìàòèçàö³¿ îñíîâíèõ öèôðîâèõ òåõíî-
ëîã³é äîö³ëüíî ïîáóäóâàòè òàáëèöþ 1.

Ïðåäñòàâëåíà òàáëèöÿ äåìîíñòðóº, ùî ñó÷àñí³ 
öèôðîâ³ òåõíîëîã³¿ îõîïëþþòü óñ³ ð³âí³ åêîëîã³÷-
íîãî óïðàâë³ííÿ — â³ä çáîðó äàíèõ äî ñòðàòåã³÷-
íî¿ ³íòåãðàö³¿.

Îòæå, ñó÷àñí³ öèôðîâ³ òåõíîëîã³¿ ìîí³òîðèí-
ãó åêîëîã³÷íèõ ðèçèê³â ôîðìóþòü îñíîâó íîâî¿ 
ìîäåë³ ñòàëîãî ðîçâèòêó ï³äïðèºìñòâ, äå öèô-
ðîâ³çàö³ÿ ñòàº êëþ÷îâèì ôàêòîðîì åêîëîã³÷íî¿ 
áåçïåêè, ðåñóðñíî¿ åôåêòèâíîñò³ òà ñòðàòåã³÷-
íî¿ êîíêóðåíòîñïðîìîæíîñò³. Ñèñòåìíå âïðîâà-
äæåííÿ IoT, Big Data, GIS, AI òà öèôðîâîãî êîí-
òðîë³íãó çàáåçïå÷óº ï³äïðèºìñòâàì ìîæëèâ³ñòü 
ïåðåõîäó äî ïðåâåíòèâíîãî óïðàâë³ííÿ åêîëî-
ã³÷íèìè ðèçèêàìè, ï³äâèùóþ÷è ¿õ ñò³éê³ñòü, àäàï-
òèâí³ñòü òà äîâãîñòðîêîâó åôåêòèâí³ñòü.

Ðîçãëÿä òåõíîëîã³÷íîãî ïîòåíö³àëó öèôðîâèõ 
ñèñòåì åêîëîã³÷íîãî ìîí³òîðèíãó çàêîíîì³ðíî 
çóìîâëþº íåîáõ³äí³ñòü äîñë³äæåííÿ ìåõàí³çì³â 
¿õ ïðàêòè÷íî¿ ³íòåãðàö³¿ â óïðàâë³íñüêó ñòðóêòó-
ðó ï³äïðèºìñòâà. Ñàìå îðãàí³çàö³éíî–åêîíîì³÷-
íå çàáåçïå÷åííÿ âèçíà÷àº, íàñê³ëüêè åôåêòèâíî 

Ðèñóíîê 2. Àíàë³òè÷íà ìîäåëü ñó÷àñíèõ öèôðîâèõ òåõíîëîã³é ìîí³òîðèíãó åêîëîã³÷íèõ 
ðèçèê³â ï³äïðèºìñòâà â ñèñòåì³ ñòàëîãî ðîçâèòêó
Äæåðåëî: ðîçðîáëåíî àâòîðîì íà îñíîâ³ [3]

Òàáëèöÿ 1. Îñíîâí³ öèôðîâ³ òåõíîëîã³¿ ìîí³òîðèíãó åêîëîã³÷íèõ ðèçèê³â ï³äïðèºìñòâ
Öèôðîâà òåõíîëîã³ÿ Îñíîâíå ïðèçíà÷åííÿ Åêîëîã³÷íèé åôåêò

IoT–ñåíñîðè Áåçïåðåðâíèé çá³ð åêîëîã³÷íèõ äàíèõ Îïåðàòèâíèé êîíòðîëü
Big Data–àíàë³òèêà Îáðîáêà âåëèêèõ ìàñèâ³â ³íôîðìàö³¿ Ïðîãíîçóâàííÿ ðèçèê³â
GIS–ñèñòåìè Ïðîñòîðîâèé àíàë³ç ðèçèê³â Ãåîåêîëîã³÷íà îïòèì³çàö³ÿ
AI / Machine Learning Ïðîãíîçóâàííÿ ñöåíàð³¿â Ïðåâåíòèâíå ðåàãóâàííÿ
Õìàðí³ ïëàòôîðìè Öåíòðàë³çîâàíå óïðàâë³ííÿ ²íòåãðàö³ÿ ñèñòåì
Àâòîìàòèçîâàíèé êîíòðîë³íã KPI òà óïðàâë³íñüêèé ìîí³òîðèíã Ï³äâèùåííÿ ñò³éêîñò³
ESG–ïëàòôîðìè Ñòðàòåã³÷íèé åêîëîã³÷íèé êîíòðîëü Ðåïóòàö³éíå ïîñèëåííÿ

Äæåðåëî: ðîçðîáëåíî àâòîðîì íà îñíîâ³ [4]
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öèôðîâ³ åêîëîã³÷í³ ³íñòðóìåíòè òðàíñôîðìóþòü-
ñÿ ç òåõíîëîã³÷íîãî ðåñóðñó ó ñòðàòåã³÷íèé ôàê-
òîð ñòàëîãî ðîçâèòêó.

Åôåêòèâí³ñòü öèôðîâî¿ òðàíñôîðìàö³¿ åêîëî-
ã³÷íîãî óïðàâë³ííÿ ï³äïðèºìñòâ çíà÷íîþ ì³ðîþ 
âèçíà÷àºòüñÿ íå ëèøå ð³âíåì òåõíîëîã³÷íîãî 
ðîçâèòêó, àëå é çäàòí³ñòþ ï³äïðèºìñòâà ñôîð-
ìóâàòè ö³ë³ñí³ îðãàí³çàö³éíî–åêîíîì³÷í³ ìåõà-
í³çìè ³íòåãðàö³¿ öèôðîâèõ ð³øåíü ó êîðïîðàòèâíó 
ñèñòåìó óïðàâë³ííÿ. Ó ìåæàõ ñòàëîãî ðîçâèò-
êó öèôðîâ³ òåõíîëîã³¿ åêîëîã³÷íîãî ìîí³òîðèíãó 
ïîâèíí³ áóòè íå ³çîëüîâàíèìè ³íñòðóìåíòàìè, à 
ñòðóêòóðíî âáóäîâàíèìè åëåìåíòàìè ñòðàòåã³÷-
íîãî ìåíåäæìåíòó, ÿê³ çàáåçïå÷óþòü ñèñòåìíó 
ïðåâåíö³þ ðèçèê³â, îïòèì³çàö³þ âèòðàò, åêîëîã³÷-
íó áåçïåêó òà äîâãîñòðîêîâó ñò³éê³ñòü ï³äïðèºì-
ñòâà. Ñàìå òîìó îðãàí³çàö³éíî–åêîíîì³÷í³ ìå-
õàí³çìè ³íòåãðàö³¿ âèñòóïàþòü êëþ÷îâîþ óìîâîþ 
ðåçóëüòàòèâíîãî ïåðåõîäó äî öèôðîâî–åêîëî-
ã³÷íî¿ ìîäåë³ óïðàâë³ííÿ [11].

Îðãàí³çàö³éíèé àñïåêò ³íòåãðàö³¿ ïåðåäáà÷àº 
ïåðåáóäîâó óïðàâë³íñüêî¿ ñòðóêòóðè ï³äïðèºì-
ñòâà ç óðàõóâàííÿì öèôðîâèõ åêîëîã³÷íèõ ôóíê-
ö³é. Öå âêëþ÷àº ôîðìóâàííÿ ñïåö³àë³çîâàíèõ 
ï³äðîçä³ë³â öèôðîâîãî åêîëîã³÷íîãî êîíòðîë³íãó, 
³íòåãðàö³þ åêîëîã³÷íèõ KPI ó ñòðàòåã³÷íå ïëàíó-
âàííÿ, âïðîâàäæåííÿ öèôðîâèõ ïàíåëåé óïðàâ-
ë³ííÿ, ñòâîðåííÿ ìåõàí³çì³â âíóòð³øíüî¿ êîîðäè-
íàö³¿ ì³æ òåõí³÷íèìè, âèðîáíè÷èìè, ô³íàíñîâèìè 
òà åêîëîã³÷íèìè ñëóæáàìè. Òàêà ñèñòåìà çàáåç-
ïå÷óº ïîñò³éíó âçàºìîä³þ ì³æ ³íôîðìàö³éíèìè 
ïîòîêàìè òà óïðàâë³íñüêèìè ð³øåííÿìè [5].

Åêîíîì³÷íèé ìåõàí³çì ³íòåãðàö³¿ âêëþ÷àº: ³í-
âåñòèö³¿ ó öèôðîâ³ òåõíîëîã³¿, îö³íêó åôåêòèâíîñò³ 
âïðîâàäæåííÿ, îïòèì³çàö³þ âèòðàò, åêîëîã³÷íèé 
êîíòðîë³íã, áþäæåòóâàííÿ öèôðîâî¿ ìîäåðí³çà-
ö³¿, ESG–ô³íàíñóâàííÿ, ñèñòåìó åêîëîã³÷íî¿ ðåí-
òàáåëüíîñò³.

Ó ñó÷àñíèõ óìîâàõ ï³äïðèºìñòâà ïîâèíí³ îö³-
íþâàòè ³íòåãðàö³þ öèôðîâèõ åêîëîã³÷íèõ òåõ-
íîëîã³é íå ëèøå ÿê âèòðàòíèé ïðîöåñ, à ÿê ³í-
âåñòèö³þ ó ñòðàòåã³÷íó ñò³éê³ñòü, ÿêà çàáåçïå÷óº 
çíèæåííÿ ïîòåíö³éíèõ åêîëîã³÷íèõ çáèòê³â, ï³ä-
âèùåííÿ ðåïóòàö³¿ òà êîíêóðåíòîñïðîìîæíîñò³.

Äëÿ êîìïëåêñíî¿ îö³íêè îðãàí³çàö³éíî–åêîíî-
ì³÷íî¿ åôåêòèâíîñò³ ³íòåãðàö³¿ öèôðîâèõ òåõíî-
ëîã³é äîö³ëüíî âèêîðèñòîâóâàòè ïîêàçíèê ³íòå-
ãðîâàíî¿ ðåçóëüòàòèâíîñò³:

(5)

äå: Sorg–eco — ³íòåãðàëüíà åôåêòèâí³ñòü îðãàí³-
çàö³éíî–åêîíîì³÷íî¿ ³íòåãðàö³¿, E — ð³âåíü öèô-
ðîâ³çàö³¿, J — ÿê³ñòü ìîí³òîðèíãó, A — åêîíîì³÷íèé 
åôåêò, D — ñòðàòåã³÷íà ñò³éê³ñòü, L — âèòðàòè íà 
âïðîâàäæåííÿ, B — çàëèøêîâ³ ðèçèêè.

Öÿ ìîäåëü äîçâîëÿº îö³íþâàòè ñï³ââ³äíîøåí-
íÿ ì³æ ðåçóëüòàòèâí³ñòþ ³íòåãðàö³¿ òà ðåñóðñíè-
ìè âèòðàòàìè [6].

Äðóãèì âàæëèâèì ³íñòðóìåíòîì âèñòóïàº îö³í-
êà åêîíîì³÷íî¿ äîö³ëüíîñò³ öèôðîâî¿ åêîëîã³÷íî¿ 
ìîäåðí³çàö³¿:

 (6)

äå: Heco–digital — êîåô³ö³ºíò åêîíîì³÷íî¿ äîö³ëü-
íîñò³ öèôðîâ³çàö³¿, Ci — î÷³êóâàí³ âèãîäè, Fi — ïî-
òåíö³éí³ çáèòêè áåç öèôðîâ³çàö³¿, Li — âàãîì³ñòü 
íàïðÿìó, Ri — îáñÿã ³íâåñòèö³é.

Äàíà ôîðìóëà äåìîíñòðóº, ùî åêîíîì³÷íà 
åôåêòèâí³ñòü öèôðîâî¿ ³íòåãðàö³¿ âèçíà÷àºòüñÿ 
íå ëèøå ïðèáóòêîâ³ñòþ, à é ìàñøòàáîì óíèêíå-
íèõ åêîëîã³÷íèõ âòðàò.

Äëÿ â³çóàëüíîãî â³äîáðàæåííÿ ñòðóêòóðè ³íòå-
ãðàö³¿ äîö³ëüíî ïðåäñòàâèòè àíàë³òè÷íèé ðèñóíîê.

²íòåãðàö³ÿ öèôðîâèõ òåõíîëîã³é ó ñèñòåìó ïðå-
âåíòèâíîãî óïðàâë³ííÿ åêîëîã³÷íèìè ðèçèêàìè º 
ñêëàäíèì áàãàòîð³âíåâèì ïðîöåñîì, ùî âèìà-
ãàº îäíî÷àñíîãî ïîºäíàííÿ òåõíîëîã³÷íèõ, îð-
ãàí³çàö³éíèõ, ô³íàíñîâèõ òà ñòðàòåã³÷íèõ ð³øåíü. 
Ñèñòåìíèé ï³äõ³ä äîçâîëÿº ï³äïðèºìñòâàì íå 
ëèøå ï³äâèùèòè ð³âåíü åêîëîã³÷íî¿ áåçïåêè, àëå 
é çàáåçïå÷èòè åêîíîì³÷íó ðåçóëüòàòèâí³ñòü, ðå-
ñóðñíó åôåêòèâí³ñòü, ESG–â³äïîâ³äí³ñòü òà äîâ-
ãîñòðîêîâó ñò³éê³ñòü. Ñàìå îðãàí³çàö³éíî–åêî-
íîì³÷í³ ìåõàí³çìè âèñòóïàþòü ôóíäàìåíòîì 
åôåêòèâíî¿ öèôðîâî–åêîëîã³÷íî¿ òðàíñôîðìàö³¿ 
ñó÷àñíèõ ï³äïðèºìñòâ.

Ï³ñëÿ ôîðìóâàííÿ îðãàí³çàö³éíî–åêîíîì³÷íî¿ 
îñíîâè öèôðîâî¿ åêîëîã³÷íî¿ ³íòåãðàö³¿ âèíèêàº 
íåîáõ³äí³ñòü ê³ëüê³ñíîãî âèçíà÷åííÿ ¿¿ ðåàëüíî¿ ðå-
çóëüòàòèâíîñò³. Ñàìå ñèñòåìíà îö³íêà åôåêòèâ-
íîñò³ âïðîâàäæåíèõ öèôðîâèõ ìåõàí³çì³â äîçâî-
ëÿº âñòàíîâèòè ¿õ ñòðàòåã³÷íó äîö³ëüí³ñòü, ð³âåíü 
åêîëîã³÷íîãî âïëèâó òà åêîíîì³÷íó âèïðàâäàí³ñòü 
ó ñòðóêòóð³ ñòàëîãî ðîçâèòêó ï³äïðèºìñòâà.

Îö³íêà åôåêòèâíîñò³ öèôðîâèõ ñèñòåì ìîí³òî-
ðèíãó òà ïðåâåíòèâíîãî óïðàâë³ííÿ åêîëîã³÷íèìè 
ðèçèêàìè º îäíèì ³ç êëþ÷îâèõ åòàï³â ôîðìóâàí-
íÿ ñó÷àñíî¿ ìîäåë³ ñòàëîãî ðîçâèòêó ï³äïðèºìñòâ. 
Ñàìå ðåçóëüòàòèâí³ñòü öèôðîâî¿ åêîëîã³÷íî¿ 
òðàíñôîðìàö³¿ âèçíà÷àº äîö³ëüí³ñòü ³íâåñòèö³é ó 
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öèôðîâ³ òåõíîëîã³¿, ð³âåíü ¿õ âïëèâó íà åêîëîã³÷-
íó áåçïåêó, åêîíîì³÷íó ñò³éê³ñòü, ðåñóðñíó åôåê-
òèâí³ñòü òà ñòðàòåã³÷íó êîíêóðåíòîñïðîìîæí³ñòü 
ï³äïðèºìñòâà. Äëÿ ñó÷àñíèõ ï³äïðèºìñòâ âàæ-
ëèâî îö³íþâàòè öèôðîâ³ åêîëîã³÷í³ ñèñòåìè íå 
ëèøå ç òåõí³÷íî¿ òî÷êè çîðó, à ÿê êîìïëåêñíèé 
óïðàâë³íñüêèé ìåõàí³çì, çäàòíèé çàáåçïå÷óâà-
òè äîâãîñòðîêîâó ñòàá³ëüí³ñòü òà ïðåâåíòèâíèé 
êîíòðîëü ðèçèê³â [10].

Åôåêòèâí³ñòü öèôðîâèõ åêîëîã³÷íèõ ñèñòåì 
äîö³ëüíî ðîçãëÿäàòè ÷åðåç áàãàòîêîìïîíåíò-
íó ìîäåëü, ÿêà îõîïëþº: òî÷í³ñòü ìîí³òîðèí-
ãó, øâèäê³ñòü ðåàãóâàííÿ, ð³âåíü ïðîãíîçóâàííÿ, 
ìàñøòàá çíèæåííÿ ðèçèê³â, åêîíîì³÷íèé åôåêò, 
ðåñóðñíó îïòèì³çàö³þ, ESG–â³äïîâ³äí³ñòü òà 
ñòðàòåã³÷íó ñò³éê³ñòü [7].

Ïåðøèì êëþ÷îâèì ïîêàçíèêîì º ³íòåãðàëüíà 
ðåçóëüòàòèâí³ñòü öèôðîâî¿ ñèñòåìè ìîí³òîðèíãó:

(7)

äå: Fsys — çàãàëüíà åôåêòèâí³ñòü öèôðîâî¿ ñèñ-
òåìè, G — òî÷í³ñòü ìîí³òîðèíãó, R — åôåêòèâí³ñòü 
ïðîãíîçóâàííÿ, L — ð³âåíü çíèæåííÿ ðèçèê³â, B — 
ñòðàòåã³÷íà ñò³éê³ñòü, C — çàãàëüí³ âèòðàòè.

Öÿ ôîðìóëà äîçâîëÿº êîìïëåêñíî îö³íèòè, íà-
ñê³ëüêè öèôðîâà ñèñòåìà çàáåçïå÷óº åêîëîã³÷íó 
òà åêîíîì³÷íó ðåçóëüòàòèâí³ñòü.

Äðóãèì âàæëèâèì ïîêàçíèêîì âèñòóïàº êîåô³-
ö³ºíò ïðåâåíòèâíî¿ åêîëîã³÷íî¿ åôåêòèâíîñò³:

(8)

äå: Pprevent — êîåô³ö³ºíò ïðåâåíòèâíî¿ åôåêòèâ-
íîñò³, Davoided — îáñÿã óíèêíåíèõ åêîëîã³÷íèõ çáèò-
ê³â, Vdigital — ³íâåñòèö³¿ ó öèôðîâ³çàö³þ, Ncost — îïå-
ðàö³éí³ âèòðàòè.

Äàíèé ïîêàçíèê äåìîíñòðóº ðåàëüíó åêîíîì³÷íó 
äîö³ëüí³ñòü öèôðîâî¿ åêîëîã³÷íî¿ ìîäåðí³çàö³¿ [8].

Äëÿ ñèñòåìàòèçàö³¿ êðèòåð³¿â îö³íêè äîö³ëüíî 
ïðåäñòàâèòè òàáëèöþ 2.

Íàâåäåíà òàáëèöÿ äåìîíñòðóº, ùî îö³íêà 
åôåêòèâíîñò³ öèôðîâèõ ñèñòåì ïîâèííà âðàõî-
âóâàòè ÿê åêîëîã³÷í³, òàê ³ ô³íàíñîâî–ñòðàòåã³÷í³ 
ðåçóëüòàòè.

Äëÿ â³çóàëüíîãî àíàë³çó äîö³ëüíî ïîáóäóâàòè 
àíàë³òè÷íèé ðèñóíîê 4.

Àíàë³òè÷íà ìîäåëü ïîâèííà äåìîíñòðóâàòè, ùî 
íàéá³ëüøèé åôåêò öèôðîâèõ ñèñòåì ôîðìóºòü-
ñÿ çàâäÿêè ñèíåðã³¿ ì³æ òåõíîëîã³÷íîþ òî÷í³ñòþ, 

Ðèñóíîê 3. Ñòðóêòóðíî–àíàë³òè÷íà ìîäåëü îðãàí³çàö³éíî–åêîíîì³÷íî¿ ³íòåãðàö³¿ öèôðîâèõ 
òåõíîëîã³é ó ñèñòåìó ïðåâåíòèâíîãî óïðàâë³ííÿ åêîëîã³÷íèìè ðèçèêàìè ï³äïðèºìñòâà
Äæåðåëî: ðîçðîáëåíî àâòîðîì íà îñíîâ³ [6]
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óïðàâë³íñüêîþ àäàïòèâí³ñòþ òà åêîíîì³÷íîþ ðå-
çóëüòàòèâí³ñòþ [9].

Îòæå, îö³íêà åôåêòèâíîñò³ öèôðîâèõ ñèñòåì 
ìîí³òîðèíãó òà ïðåâåíòèâíîãî óïðàâë³ííÿ åêî-
ëîã³÷íèìè ðèçèêàìè ïîâèííà çä³éñíþâàòèñÿ íà 
îñíîâ³ êîìïëåêñíîãî ñèñòåìíîãî ï³äõîäó. Âèêî-
ðèñòàííÿ ³íòåãðàëüíèõ ìîäåëåé äîçâîëÿº ï³ä-
ïðèºìñòâàì âèçíà÷àòè íå ëèøå òåõí³÷íó ðåçóëü-
òàòèâí³ñòü öèôðîâèõ ð³øåíü, àëå é ¿õ ñòðàòåã³÷íèé 
âíåñîê ó ôîðìóâàííÿ ñòàëîãî ðîçâèòêó, åêîëî-
ã³÷íî¿ áåçïåêè, ðåñóðñíî¿ åôåêòèâíîñò³ òà äîâ-
ãîñòðîêîâî¿ êîíêóðåíòîñïðîìîæíîñò³. Ñàìå òàêà 
ìîäåëü çàáåçïå÷óº ïåðåõ³ä ï³äïðèºìñòâ äî ñó-
÷àñíî¿ öèôðîâî–åêîëîã³÷íî¿ ñèñòåìè óïðàâë³ííÿ 
íîâîãî ïîêîë³ííÿ.

Âèñíîâîê
Ïðîâåäåíå äîñë³äæåííÿ ï³äòâåðäæóº, ùî ³íòåãðà-

ö³ÿ öèôðîâèõ òåõíîëîã³é ìîí³òîðèíãó òà ïðåâåí-
òèâíîãî óïðàâë³ííÿ åêîëîã³÷íèìè ðèçèêàìè º êëþ-
÷îâèì íàïðÿìîì òðàíñôîðìàö³¿ ñèñòåìè ñòàëîãî 
ðîçâèòêó ñó÷àñíèõ ï³äïðèºìñòâ. Ó ðîáîò³ îá´ðóíòî-
âàíî, ùî åêîëîã³÷í³ ðèçèêè íàáóâàþòü ñòàòóñó ñòðà-
òåã³÷íîãî ôàêòîðó, ÿêèé âèçíà÷àº íå ëèøå ð³âåíü 
åêîëîã³÷íî¿ áåçïåêè, àëå é åêîíîì³÷íó åôåêòèâí³ñòü, 
³íâåñòèö³éíó ïðèâàáëèâ³ñòü òà äîâãîñòðîêîâó êîíêó-
ðåíòîñïðîìîæí³ñòü ï³äïðèºìñòâà. Âñòàíîâëåíî, ùî 
òðàäèö³éí³ ï³äõîäè äî åêîëîã³÷íîãî êîíòðîëþ, ÿê³ áà-
çóþòüñÿ íà ðåàêòèâíèõ ìåõàí³çìàõ, º íåäîñòàòí³ìè 
â óìîâàõ çðîñòàííÿ ñêëàäíîñò³ âèðîáíè÷èõ ïðîöåñ³â 
òà äèíàì³÷íîñò³ çîâí³øíüîãî ñåðåäîâèùà.

Òàáëèöÿ 2. Îñíîâí³ êðèòåð³¿ îö³íêè åôåêòèâíîñò³ öèôðîâèõ ñèñòåì ìîí³òîðèíãó åêîëîã³÷íèõ 
ðèçèê³â

Êðèòåð³é Õàðàêòåðèñòèêà Ñòðàòåã³÷íèé åôåêò
Òî÷í³ñòü ìîí³òîðèíãó ßê³ñòü âèÿâëåííÿ çàãðîç Çíèæåííÿ ïîìèëîê
Øâèäê³ñòü ðåàãóâàííÿ Îïåðàòèâí³ñòü óïðàâë³ííÿ Ïðåâåíö³ÿ ðèçèê³â
Ïðîãíîçíà òî÷í³ñòü ßê³ñòü ñöåíàðíîãî àíàë³çó Ñòðàòåã³÷íå ïëàíóâàííÿ
Çíèæåííÿ åêîëîã³÷íèõ çáèòê³â Óíèêíåííÿ âòðàò Åêîíîì³÷íà åôåêòèâí³ñòü
Îïòèì³çàö³ÿ ðåñóðñ³â Ðàö³îíàëüíå âèêîðèñòàííÿ ðåñóðñ³â Ñêîðî÷åííÿ âèòðàò
ESG–â³äïîâ³äí³ñòü Ðåïóòàö³éíà åôåêòèâí³ñòü ²íâåñòèö³éíà ïðèâàáëèâ³ñòü
Ñòðàòåã³÷íà ñò³éê³ñòü Äîâãîñòðîêîâà àäàïòèâí³ñòü Êîíêóðåíòí³ ïåðåâàãè

Äæåðåëî: ðîçðîáëåíî àâòîðîì íà îñíîâ³ [8]

Ðèñóíîê 4. Êîìïëåêñíà àíàë³òè÷íà îö³íêà åôåêòèâíîñò³ öèôðîâèõ ñèñòåì ìîí³òîðèíãó òà 
ïðåâåíòèâíîãî óïðàâë³ííÿ åêîëîã³÷íèìè ðèçèêàìè ï³äïðèºìñòâà
Äæåðåëî: ðîçðîáëåíî àâòîðîì íà îñíîâ³ [8]
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Ó ìåæàõ äîñë³äæåííÿ äîâåäåíî, ùî öèôðî-
â³ òåõíîëîã³¿, çîêðåìà IoT, Big Data, GIS, øòó÷íèé 
³íòåëåêò òà àâòîìàòèçîâàí³ ñèñòåìè êîíòðîëþ, 
çàáåçïå÷óþòü ïðèíöèïîâî íîâèé ð³âåíü ìîí³òî-
ðèíãó åêîëîã³÷íèõ ðèçèê³â, ÿêèé õàðàêòåðèçóºòü-
ñÿ áåçïåðåðâí³ñòþ, òî÷í³ñòþ, îïåðàòèâí³ñòþ òà 
ìîæëèâ³ñòþ ïðîãíîçóâàííÿ. Âèçíà÷åíî, ùî íàé-
á³ëüø åôåêòèâíîþ º ³íòåãðîâàíà ìîäåëü, ó ÿê³é 
öèôðîâèé ìîí³òîðèíã ïîºäíóºòüñÿ ç îðãàí³çà-
ö³éíî–åêîíîì³÷íèìè ìåõàí³çìàìè óïðàâë³ííÿ, 
ôîðìóþ÷è ºäèíó ñèñòåìó ïðåâåíòèâíîãî ðåàãó-
âàííÿ íà åêîëîã³÷í³ çàãðîçè.

Îá´ðóíòîâàíî, ùî åôåêòèâí³ñòü öèôðîâèõ åêî-
ëîã³÷íèõ ñèñòåì âèçíà÷àºòüñÿ íå ëèøå òåõí³÷íèìè 
ïàðàìåòðàìè, àëå é ð³âíåì ¿õ ³íòåãðàö³¿ ó êîðïîðà-
òèâíó ñèñòåìó óïðàâë³ííÿ, íàÿâí³ñòþ àäàïòèâíî¿ 
îðãàí³çàö³éíî¿ ñòðóêòóðè, åêîíîì³÷íîþ äîö³ëüí³-
ñòþ ³íâåñòèö³é òà â³äïîâ³äí³ñòþ ïðèíöèïàì ñòàëî-
ãî ðîçâèòêó. Çàïðîïîíîâàí³ àíàë³òè÷í³ ï³äõîäè òà 
ìîäåë³ äîçâîëÿþòü êîìïëåêñíî îö³íþâàòè ð³âåíü 
åêîëîã³÷íî¿ ñò³éêîñò³ ï³äïðèºìñòâà, åôåêòèâí³ñòü 
öèôðîâèõ ð³øåíü òà ¿õ âïëèâ íà çíèæåííÿ ðèçèê³â 
³ îïòèì³çàö³þ ðåñóðñíîãî âèêîðèñòàííÿ.

Ó ðåçóëüòàò³ äîñë³äæåííÿ ñôîðìîâàíî êîíöåïòó-
àëüíó ìîäåëü ³íòåãðàö³¿ öèôðîâèõ òåõíîëîã³é ó ñè-
ñòåìó ïðåâåíòèâíîãî óïðàâë³ííÿ åêîëîã³÷íèìè ðè-
çèêàìè, ÿêà âðàõîâóº âçàºìîçâ’ÿçîê òåõíîëîã³÷íèõ, 
îðãàí³çàö³éíèõ, åêîíîì³÷íèõ òà ñòðàòåã³÷íèõ êîì-
ïîíåíò³â. Äîâåäåíî, ùî ñèñòåìíå âïðîâàäæåííÿ 
öèôðîâèõ åêîëîã³÷íèõ òåõíîëîã³é çàáåçïå÷óº ï³ä-
âèùåííÿ òî÷íîñò³ ìîí³òîðèíãó, ñêîðî÷åííÿ åêî-
ëîã³÷íèõ çáèòê³â, çðîñòàííÿ åôåêòèâíîñò³ óïðàâ-
ë³íñüêèõ ð³øåíü, à òàêîæ ôîðìóâàííÿ ñò³éêèõ 
êîíêóðåíòíèõ ïåðåâàã ï³äïðèºìñòâà.

Ïðàêòè÷íå çíà÷åííÿ îòðèìàíèõ ðåçóëüòàò³â ïî-
ëÿãàº ó ìîæëèâîñò³ ¿õ âèêîðèñòàííÿ äëÿ ðîçðî-
áëåííÿ öèôðîâî–åêîëîã³÷íèõ ñòðàòåã³é ï³äïðè-
ºìñòâ, îð³ºíòîâàíèõ íà ì³í³ì³çàö³þ åêîëîã³÷íèõ 
ðèçèê³â, ï³äâèùåííÿ ðåñóðñíî¿ åôåêòèâíîñò³, çà-
áåçïå÷åííÿ ESG–â³äïîâ³äíîñò³ òà äîñÿãíåííÿ äîâ-
ãîñòðîêîâîãî ñòàëîãî ðîçâèòêó. Óçàãàëüíåíî, ùî 
³íòåãðàö³ÿ öèôðîâèõ òåõíîëîã³é ó ñèñòåìó åêîëî-
ã³÷íîãî óïðàâë³ííÿ âèñòóïàº íå ëèøå ³íñòðóìåíòîì 
ï³äâèùåííÿ åêîëîã³÷íî¿ áåçïåêè, àëå é âàæëèâèì 
ôàêòîðîì ñòðàòåã³÷íî¿ ìîäåðí³çàö³¿ ï³äïðèºìñòâ ó 
ñó÷àñíèõ óìîâàõ ðîçâèòêó åêîíîì³êè.
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