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Abstract. Due to the rapid development of the mining industry and the need to increase its competitiveness,
digital modelling technologies for open-pit mining enterprises become a relevant and important direction
of research. The aim of this study is to analyse integrated digital models for optimising open-pit mining
enterprises, aimed at increasing productivity, ensuring safety, and reducing environmental impact. Among
the methods used, it is worth mentioning the analytical method, classification method, functional method,
statistical method, synthesis method, and others. During the research, an analysis of integrated digital models
for optimising the operation of open-pit mining enterprises was conducted. The implementation of integrated
digital models in mining enterprises has led to a significant increase in the level of resource extraction
productivity, providing a more efficient organisation of work processes. Improvement in the safety system
has also been identified, where these models allowed for timely detection and management of potential
risks. In addition, the application of digital modelling technologies has contributed to a significant reduction
in negative impact on the natural environment, implementing more environmentally sustainable methods
of resource extraction and processing. The integration of digital technologies has allowed optimising work
processes, making them more efficient and resilient. The study also emphasises the importance of using
digital models in the context of predictive analysis and decision-making. The overall conclusion is that
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digital modelling technologies are a key tool for achieving optimal functioning of modern mining enterprises.
A detailed study of modern optimisation methods for mining enterprises will allow optimising work processes,
increasing efficiency, and reducing negative environmental impact
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INTRODUCTION

Studying digital modelling technologies in the min-
ing industry holds significant importance in the mod-
ern world. With the rapid growth of the mining sector
and the constant pursuit of increased competitiveness,
the integration of digital models becomes an integral
part of optimising open-pit mining enterprises. The
implementation of these technologies leads to a sub-
stantial increase in productivity in the mining sector.
This is achieved by refining extraction processes and
resource management through digital models, which
allows for more efficient resource utilisation and cost
reduction. Digital modelling technologies help avoid
excessive resource use, optimise energy efficiency, and
minimise emissions of harmful substances. Examples
of technology use include drone utilisation for ore de-
posit monitoring, risk prediction and process optimisa-
tion through artificial intelligence, and virtual reality
for personnel training, among others. Thus, integrating
digital models into the mining industry serves not only
as a means of achieving economic efficiency but also
as a key element of sustainable development, contrib-
uting to the preservation of natural resources and en-
vironmental resilience.

The research issue lies in the fact that mining en-
terprises face challenges of rapid industry development
and the need to enhance competitiveness. The negative
impact of mining on the environment and workplace
safety instability are pressing issues. The absence of
optimal strategies and effective use of digital model-
ling technologies may limit industry development and
lead to adverse environmental consequences. However,
exploring this issue can identify ways to optimise work
processes, increase efficiency, and reduce environmen-
tal impact, critical for the sustainable development of
the mining industry.

Findings from research by O. Denysiuk & A. Panasi-
uk (2023) indicate that implementing digital modelling
technologies in the mining industry not only enhances
productivity but also enables more effective risk man-
agement and ensures workplace safety. However, it’s im-
portant to note that the research does not address po-
tential challenges and limitations that may arise from
implementing digital modelling technologies in the
mining industry. The work by O. Medvedeva et al. (2023)
highlights key aspects of environmental sustainability
achievable through using digital models to optimise
mining enterprises’ impact on the environment. Never-
theless, the study does not focus on the social interac-
tion aspects and the impact of digital technology im-
plementation on miners and local communities.
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According to research by M. Adamenko et al. (2021),
which focuses on developing integrated digital mod-
els as a strategic tool for enhancing mining enterprises’
competitiveness, it's important to consider adaptation
strategies and potential difficulties in implementing
integrated digital models in various mining enterprise
contexts. Researchers A. Burkovskaya & Yu. Syzonen-
ko (2023) discuss optimising work processes and de-
termining effective methods for implementing digital
technologies in mining enterprises. However, their work
lacks attention to the significant potential for develop-
ing and improving personnel management systems in
mining enterprises through digital technologies.

The study of M. Nazarenko (2021) emphasises the
importance of considering various methods in devel-
oping and implementing digital models for optimising
mining processes. However, the research does not ex-
plore effective implementation strategies and person-
nel training regarding digital model use. B.l. Yatsikovsky
& G.S. Golybka (2022) raise the critical issue of the
interaction of digital technologies with various types
of mining resources and their potential synergy to en-
hance overall productivity and efficiency. However, the
study does not consider potential risks and challeng-
es associated with the synergy of digital technologies
with older, traditional resource extraction methods.

The aim of the research was to provide specific
practical recommendations for implementing digital
technologies in mining enterprises in the context of
contemporary technological development.

MATERIALS AND METHODS

The analytical method helped in thorough examination
of the initial data and identification of key parameters
influencing the effectiveness of digitisation in mining
enterprises. As a result of this study, optimal strategies
for implementing digital technologies were identified,
which would contribute to increased productivity and
sustainable development of the mining industry. The
analytical method proved to be an effective tool for
considering complex relationships in the field of dig-
itisation of mining enterprises and developing optimal
implementation strategies.

Deep analyses were conducted using the statisti-
cal method to assess the effectiveness of implement-
ing digital technologies in mining enterprises. This
method allowed for collecting and processing large
volumes of data to determine statistically signifi-
cant trends and dependencies. Research results from
the statistical method provided detailed indicators of
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digitisation effectiveness, particularly regarding in-
creased productivity, risk reduction, and cost optimi-
sation. This statistical study serves as the basis for a
comprehensive assessment of the impact of digital
technologies on mining enterprises and facilitates the
development of well-founded strategies for further en-
hancing digital transformation in this sector.

Byapplyingthe functional method, keyfunctionsand
roles of digital technologies in the mining industry were
identified. This method enabled a detailed examination
of how digital innovations could optimise production
processes, improve monitoring systems, and risk man-
agement in mining enterprises. Based on the acquired
data, strategies for implementing digital technologies
were developed, which maximally consider the func-
tional needs of the industry and contribute to achieving
optimal results in the context of technological advance-
ments and global challenges in the mining sector. The
functional method allowed for systematising and deter-
mining the role of digital technologies as an effective
tool for achieving strategic goals of mining enterprises.

The deductive method helped in determining the
basic principles underlying the effective implementa-
tion of digitisation in the mining industry. By studying
general digitisation principles and existing theoretical
concepts, key aspects influencing the success of this
process in the resource extraction industry were iden-
tified. The deductive approach established connections
between theoretical concepts and specific requirements
of digital transformation in mining enterprises. This
method served as the foundation for developing imple-
mentation strategies oriented towards achieving maxi-
mum efficiency and compliance with theoretical princi-
ples of digitisation in the context of the mining industry.

Through the synthesis method, diverse compo-
nents and aspects of digitisation in the mining sector
were combined to create a comprehensive and inte-
grated model. This approach allowed for the integra-
tion of various technologies, methods, and strategies
into a unified system aimed at optimising the function-
ing of mining enterprises. Synthesis proved to be an ef-
fective tool for creating a harmonious and interactive
digital environment covering all aspects of production
and management. The results of the synthesis meth-
od serve as the basis for developing integrated digital
models that contribute to increasing productivity, effi-
ciency, and resilience of mining enterprises in the mod-
ern digital landscape.

The classification method helped in organising
various aspects of digitisation in mining enterprises by
identifying key categories and types of technological
solutions. By studying different approaches to digital
transformation in the mining industry, commonali-
ties, and differences between various strategies were
identified. This method facilitated the categorisation
of digital initiatives based on their key characteristics
and functions. Such an approach contributes to the

development of individual strategies for implementing
digital technologies for different classes of mining en-
terprises, ensuring consideration of their specific needs
and conditions.

RESULTS

In design institutes, digital systems can be used to ad-
dress various tasks related to planning and designing
open-pit mining operations. These systems feature
diverse tools and functions that allow mining engi-
neers to create and analyse complex geological mod-
els, assess economic feasibility, and plan work at the
extraction site. One of the main advantages of these
digital systems is their ability to create and enhance
geospatial information support. This support can be
used to create detailed maps and plans of mining ar-
eas, including horisontal plans that can be automati-
cally generated in interactive mode. In addition to ge-
ospatial information, these digital systems can also be
used for modelling and designing multi-variant quarry
spaces, taking into account a wide range of techno-eco-
nomic data (Kunytska et al., 2023). Digital modelling
technologies in the mining industry play a key role in
increasing the efficiency and competitiveness of open-
pit mining enterprises. These technologies enable the
resolution of complex management, safety, and produc-
tion efficiency tasks.

Ukraine, rich in natural resources including miner-
als, has significant potential for the development of the
mining industry. Zhytomyr region, located in the north-
western part of Ukraine, is one of the regions where
open-pit mining enterprises play an important role in
economic development and providing employment op-
portunities. Zhytomyr region is renowned for its geo-
logical diversity and the presence of valuable minerals.
Ores containing valuable metals as well as construc-
tion materials such as limestone and clay are mined in
this region. Geological reserves create favourable con-
ditions for the development of open-pit mining enter-
prises. Modern technologies are used for the detection,
extraction, and processing of minerals in this region
(Avramchuk, 2021).

As of the end of 2023, the Golovinske deposit of
labradorite in the Chernyahivsky district of Zhytomyr
region actively employs advanced technologies at all
stages of stone extraction and processing. Its devel-
opment history spans over a century, starting in 1894
with the industrial development of decorative and fac-
ing stone. In the 1980s, the deposit underwent a reas-
sessment of reserves and modernisation to meet new
standards and technological developments. Additional
licensing areas within the deposit, namely North and
South, were allocated in 2018, indicating ongoing de-
velopment and expansion. Geological exploration tech-
nologies are used to accurately determine the reserves
of labradorite, while modern drilling machines and
specialised equipment ensure efficient extraction of
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blocks. Automation systems are used for processing and
cutting blocks into facing products, ensuring high qual-
ity. The modernisation and expansion encompass the
allocation of new licensing areas and the application of
digital technologies for monitoring and process man-
agement. The Golovinske deposit actively utilises ad-
vanced tools and methods to achieve efficiency and high
product quality, indicating its confident course towards
sustainable development (Golovinske deposit, n.d.).

The Omelyanivske deposit of granite employs ad-
vanced technologies for efficient extraction and pro-
cessing of granite stone. Their technological scheme
includes modern drilling machines for precise extrac-
tion, specialised equipment for block processing, lift-
ing machines for moving large blocks, and transport
for their transportation. The machinery and equipment
fleet includes automated cutting and polishing systems,
as well as transport vehicles for logistical operations.
Qualified permanent and shift personnel effectively
utilise machinery and control production. Plans for the
future may involve the implementation of even more
efficient technologies, such as artificial intelligence (Al)
for process optimisation, environmentally friendly tech-
nologies to reduce environmental impact, and the ex-
pansion of automated systems to increase productivity.
Continuous modernisation of machinery and equipment
may also be part of the plans to achieve greater com-
petitiveness in the market (Omelyanivske deposit, n.d.).
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Implementation of automated systems, remote
monitoring, and other digital solutions enhances the
efficiency of mining processes and ensures worker safe-
ty. Mining activities in the region significantly impact
the economy and provide new job opportunities for
the local population. Revenues from mineral extraction
contribute to infrastructure development and social
projects, improving the quality of life for residents of
the region. An important aspect of open-pit mining en-
terprises’ activities is their social responsibility. Many
companies implement social programs and environ-
mental initiatives aimed at preserving nature and im-
proving living conditions for local residents. Despite
all the positive aspects, open-pit mining enterprises
also face challenges related to ecology and resource
management (Marimuthu et al., 2021). It is important
to improve technologies and implement innovations to
reduce negative environmental impact.

Building sands, pyrophyllite shales, large reserves
of gabbro, granite, labradorite, and marble represent
valuable minerals in this region. Deposits of rare earth
elements such as vanadium, scandium, hafnium, and
thorium are in high demand on the international mar-
ket. The region has nine major deposits (Fig. 1). The
Irshansk titanium ore district exploits titanium oxide,
known as ilmenite. Among semi-precious stones, the re-
gion extracts beryl, topaz, and quartz (Mineral resourc-
es of Zhytomyr region, n.d.).
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Figure 1. The largest mineral deposits located in the Zhytomyr region
Notes: 1 - Golovinske deposit of labradorite; 2 - Omelyanivske deposit of granite; 3 - Korosten granite deposit; 4 - Korostyshiv
granite deposit; 5 - Leznikivske deposit of granite; 6 — Irshansk titanium ore district

Source: compiled by the authors
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One of the promising directions in the mining in-
dustry is the implementation of autonomous transport
vehicles and drilling rigs. Automated systems can ac-
celerate extraction and reduce labour costs, as well
as mitigate risks for workers in hazardous conditions.
Autonomous transport vehicles, such as drones and un-
manned vehicles, can be used for monitoring and sur-
veying the area, identifying extraction sites, and trans-
porting materials. This reduces transportation time and
costs while ensuring precision and efficiency in process
management. Drilling rigs with automated systems can
accurately determine drilling locations, optimise angles
and depths of wells, leading to increased productivity
and cost reduction.

Monitoring and control systems play a crucial role
in ensuring safety and efficiency in the mining industry.
The use of modern technologies such as sensors, Inter-
net of Things (loT) technologies, and remote monitor-
ing systems allows real-time monitoring of equipment
parameters and working conditions. |oT systems enable
the collection and analysis of data from equipment, fa-

Automation

Digitalisation

cilitating the timely detection of potential issues and
avoidance of accidents. Sensors measure various pa-
rameters such as temperature, pressure, and humidity,
aiding in maintaining optimal conditions for equipment
operation.The use of remote monitoring systems allows
operators to receive real-time information about the
equipment’s status and remotely control its operation.
This ensures prompt response to any malfunctions or
changes in production processes. The implementation
of autonomous transport vehicles, automated drilling
rigs, and monitoring systems allows for increased effi-
ciency and competitiveness of the extraction process,
while simultaneously ensuring optimal working condi-
tions and worker safety.

Digital transformation is a key factor in the modern
development of the mining industry, where the use of
advanced technologies can improve productivity, safety,
and environmental efficiency (Feroz et al., 2021). The
process of digital transformation goes through sever-
al stages, including automation, digitisation, and the
transformation itself (Fig. 2).

Digital transformation

Figure 2. Development process of digital transformation of a mining enterprise

Source: compiled by the authors

In the first stage, the mining enterprise implements
automation to optimise specific processes and tasks.
This may involve the use of automated production sys-
tems,automated drilling rigs, intelligent transport vehi-
cles, and monitoring systems. As a result of automation,
the enterprise achieves increased efficiency, reduced
labour costs, and minimisation of risks for workers.
However, this is only the initial step in the adoption
of digital technologies. In the second stage, the mining
enterprise transitions to broader use of digital technol-
ogies, which includes converting analogue information
into digital format. The use of sensors, loT technologies,
data analytics, and cloud services allows for the collec-
tion and processing of large volumes of information in
real-time. Digitisation enables the enterprise to gain a
deeper understanding of its operations, react to chang-
es in real-time, and improve decision-making strat-
egies. The final stage is digital transformation, where
the mining enterprise changes its philosophy, business
model, and culture, using advanced digital technolo-
gies. This includes the adoption of artificial intelligence
(Al), blockchain technologies, big data analytics, and
other innovations. Digital transformation enables the
enterprise to move from reactive management to fore-
casting and strategic planning. It also improves inter-
action with customers, ensures sustainability, and ad-
dresses environmental challenges.

The evolution of digital transformation in the min-
ing industry is a process that reflects the transition

from automation to deep digital transformation. Each
stage aims to improve efficiency, ensure safety, and en-
vironmental responsibility, making mining enterprises
more competitive and resilient in the modern world of
technology. In the modern world of technology, virtual
and augmented realities (VR/AR) become integral parts
of the industry, especially in resource extraction. One
of the key applications of VR/AR in the mining sector is
the use of virtual environments for training operators
and personnel. Virtual simulators allow for the creation
of realistic scenarios where personnel can learn to work
efficiently and safely with equipment.This is particularly
relevantin cases where workrequires a high level of skill
and safety, such as operating heavy machinery or robots
in extraction sites. Virtual simulations also allow per-
sonnel to adapt to unforeseen situations and emergen-
cies, making training more realistic and effective, lead-
ing to improved employee readiness and risk reduction.

VR/AR is also widely used to optimise design and
planning processes in the mining industry. Virtual en-
vironments allow engineers and designers to interact
with extraction objects and examine them under real
conditions. Work planning may include the use of AR for
overlaying virtual models onto real objects, allowing for
precise marking of work areas, equipment placement,
and infrastructure layout. This approach improves plan-
ning efficiency and reduces errors in project implemen-
tation. The use of VR/AR in the mining industry not only
ensures safety and high levels of personnel training,
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but also greatly facilitates project planning and design
(Xie et al., 2022). These technologies bring innovation
to the industry, contributing to its development and in-
creasing overall productivity. Al and machine learning
(ML) address a wide range of tasks in the industrial sec-
tor, including resource extraction (Sircar et al., 2021).

The use of ML algorithms enables the analysis of
large volumes of data to forecast various parameters in
the extraction field. Al systems can analyse data on ex-
traction, energy consumption, and other key indicators
to provide accurate and predictive results. For exam-
ple, algorithms can forecast extraction volumes based
on historical data, climatic conditions, and equipment
technical parameters. This allows companies to plan
production processes, optimise resource utilisation,and
reduce costs. The implementation of visual surveillance
and object recognition systems ensures a high level of
safety and efficiency at extraction sites. Al systems can
recognise objects, detect anomalies, and take action in
real-time. For example, recognition systems can detect
hazardous situations, such as gas leaks or transporta-
tion accidents, and send automatic signals for evacu-
ation or other safety measures. The use of Al and ML
in resource extraction contributes to increased produc-
tivity and provides significant advantages in forecast-
ing and labour safety (Waltersmann et al., 2021). These
technologies open up new opportunities for efficient
resource utilisation and industrial process optimisation,
making a significant contribution to the modern indus-
try. Digital technologies play a crucial role in improving
processes and optimising management across various
sectors of industry.

The application of blockchain technology in supply
chains is intended to enhance transparency and trust in
this crucial aspect of industry. The Blockchain enables
the creation of a continuous and immutable registry
of transactions that can be easily tracked and verified.
Through blockchain, accuracy, and reliability of infor-
mation regarding the sources of resources, their move-
ment, and processing at various stages of the supply
chain can be ensured. This provides parties with the
ability to verify conditions of extraction, storage, and
transportation, thereby contributing to the improve-
ment of product quality and safety.

The use of digital technologies for automating the
processing and storage of documentation is anoth-
er important part of digital transformation. Electronic
document management systems replace traditional
paper-based processes with efficient and environmen-
tally friendly solutions. These systems automate the
processes of document creation, processing, signing,
and storage, ensuring their availability, integrity, and
security. This reduces time, costs, and the likelihood
of errors associated with manual operations. Digital
technologies make a significant contribution to mod-
ern industry, particularly in the resource extraction sec-
tor (Calvao & Archer, 2021). The use of blockchain for
supply chains and electronic document management
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systems contributes to enhancing transparency, se-
curity, and efficiency in various aspects of industrial
processes. The implementation of digital solutions in
resource extraction allows for the efficient use of ener-
gy and water while reducing emissions into the atmos-
phere and water bodies. The use of modern technolo-
gies for monitoring and controlling processes enables
companies to accurately regulate resource consump-
tion while considering production needs and environ-
mental standards. For example, the use of sensors and
loT technologies allows for real-time monitoring and
optimisation of energy usage in equipment. Data anal-
ysis also helps identify effective ways to reduce costs
and environmental impact.

The use of models to forecast the ecological con-
sequences of mining operations is a key step in en-
suring sustainable development. These models allow
scientists and engineers to understand the potential
impact of actions on the natural environment. Devel-
oping strategies to mitigate negative environmental
impacts is based on modelling results. These strategies
may include implementing technologies for wastewa-
ter treatment, implementing measures to restore soil
fertility, and using environmentally friendly mining
methods. The introduction of digital technologies in
the mining sector promotes more efficient resource
utilisation and reduces negative environmental im-
pact. Combining optimisation and modelling of en-
vironmental consequences makes the industry more
sustainable and responsible towards nature (Xiong et
al., 2022). Digital modelling technologies can signifi-
cantly increase the productivity and resilience of min-
ing enterprises while reducing their environmental
impacts, creating more efficient and environmentally
sustainable working conditions.

DISCUSSION

In the modern world, open-pit mining enterprises are
taking the forefront of digital transformation, imple-
menting new modelling technologies to optimise and
enhance production processes. This trend creates new
opportunities and challenges for the industry that
should be carefully considered. Digital modelling tech-
nologies allow miners to precisely calculate and fore-
cast mining processes. The use of virtual models en-
ables the optimisation of open-pit mining operations,
managing extraction, resources, and minimising time
and resource losses. Digital technologies facilitate the
implementation of automation and robotics in open-
pit mining enterprises. The use of drones, autonomous
vehicles, and other automated systems simplifies and
accelerates production processes, reducing labour costs
and increasing safety. Digital technologies enable more
efficient use of natural resources and minimise nega-
tive environmental impact. Modelling allows for deep-
er analysis of energy, water, and other resource usage,
contributing to the creation of more environmentally
friendly and sustainable mining activities.
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The growth of digitisation demands new skills and
competencies from workers in the mining industry. En-
suring cybersecurity and compliance with standards are
critical tasks. The implementation of digital technolo-
gies may change the employment profile and require
retraining of workers. Simultaneously, this may create
new opportunities for development and skill enhance-
ment. Digital modelling technologies open new hori-
zons for open-pit mining enterprises. Their efficiency,
contribution to sustainable development, and increased
worker safety make this digital transformation crucial
for the future of the mining industry. However, it is im-
portant to manage this process wisely, considering so-
cial, ethical, and environmental aspects, to achieve a
balance between innovation and sustainability.

According to recent research by J. Duarte et
al. (2021), the digitisation of open-pit mining opera-
tions is marked by significant advantages, particularly
in the implementation of a new approach to monitor-
ing and controlling rock fragmentation. The use of ad-
vanced digital technologies enables precise and effi-
cient tracking of rock fragmentation processes, defining
the direct importance of digital monitoring in mining.
One key advantage is the use of modern sensors and
loT technologies for continuous real-time monitoring
of mining parameters. This provides operators and en-
gineers with access to real-time data on fragmentation,
allowing timely responses to any changes in rock con-
ditions. The use of digital systems also facilitates auto-
mated data collection and analysis, ultimately improv-
ing the accuracy and timeliness of decision-making.
These findings align with the themes presented in the
previous section. An important aspect of digitisation
in this context is the implementation of Al technolo-
gies for forecasting fragmentation implications and
optimising material removal processes. This allows not
only reacting to current conditions but also planning
future operations based on trends and historical data.
This new approach to monitoring and controlling rock
fragmentation ensures high levels of efficiency, safety,
and stability in mining operations.

One can refer to the definition by G. Wang (2022)
that the new technological progress in coal exploration
is characterised by significant achievements, yet certain
problems arise that require attention and solutions.One
key advantage is the use of advanced geoinformation
systems and modern satellite probing technologies for
accurately determining coal deposit locations. This en-
sures high accuracy in determining the locations of coal
reserves, allowing for effective planning of extraction
and optimisation of work processes. However, against
the backdrop of technological progress, environmental
and social problems arise. Coal mining is often associ-
ated with a significant impact on the environment and
the health of local residents. Air, water, and soil pollu-
tion, gas emissions, as well as ecosystem degradation,

can have serious consequences. Additionally, social
aspects such as preserving the health and safety of
workers, adequate living conditions for local popula-
tions, are necessary requirements in the development
of the coal industry. It is worth noting that these men-
tioned problems require a comprehensive approach and
the search for innovative solutions to balance techno-
logical development with environmental preservation
and socio-economic well-being in coal regions.
Researchers PV. Hartlieb-Wallthor et al. (2022)
have identified that sustainable intelligent mineral
extraction defines the modern approach to mining,
focusing on ensuring safety, economic efficiency, en-
vironmental cleanliness, and digital enhancement.
One of the key characteristics of this approach is the
application of advanced technologies and intelligent
systems to enhance worker safety in mining sites. Mon-
itoring and forecasting systems help prevent accidents
and incidents, while artificial intelligence can analyse
data to anticipate potential risks. Economic efficiency
is ensured through optimisation of extraction process-
es, use of autonomous technical means, and improved
resource management. Digital technologies, such as
blockchain, can enhance the transparency and reliabili-
ty of supply chains, crucial for the sustainable econom-
ic activities of mining enterprises. The environmental
cleanliness of sustainable intelligent extraction is de-
termined by the use of environmentally friendly tech-
nologies, implementation of measures for restoring
natural resources, and minimisation of emissions. This
includes the adoption of energy-efficient solutions and
the use of renewable energy sources. These results
confirm the aforementioned research, as sustainable
intelligent mineral extraction promotes the harmoni-
ous combination of industrial development with na-
ture preservation and improvement of the quality of
life for communities involved in mining activities.
Researchers Q. Qi et al.(2021) demonstrated in their
work that the use of technologies and tools for Digital
Twins is marked by revolutionary capabilities in many
fields - from industry and infrastructure to science and
medicine. A digital twin is a virtual model of a real ob-
ject or system that reflects its state, parameters, and
interaction with the surrounding environment in re-
al-time. In industry, digital twins can be used for mon-
itoring and managing equipment, predicting potential
breakdowns, optimising production processes, and in-
creasing manufacturing efficiency. In infrastructure, this
may involve creating virtual models of cities to manage
traffic, water supply, and other municipal systems. How-
ever, along with the benefits, there are also challenges.
Ensuring high accuracy and truthfulness of data, ensur-
ing cybersecurity, and addressing confidentiality issues
are key tasks in the use of digital twins. It is also impor-
tant to consider the cost of implementation and main-
tenance of such technologies. With this view, one can
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agree, more specifically, that governments, businesses,
and scientific sectors should work together to develop
standards, regulations, and ethical norms to ensure suc-
cessful integration of digital twins into various spheres
and make them safe and beneficial for society.

As noted by Y. Uteshov et al. (2021), the use of digiti-
sation and advanced analytics in the field of designing
and developing solid mineral deposits opens up wide
opportunities for improving process efficiency. One of
the key advantages is the use of digital twins of mining
objects, which virtualise the entire geological structure
and resource locations. This allows geologists and en-
gineers to conduct more precise modelling and anal-
ysis of potential deposits, contributing to the study of
geological conditions and optimisation of extraction
design. Advanced analytics involves the use of intel-
ligent algorithms and Al to process large volumes of
data collected during geological surveys and drilling.
This contributes to improving forecasts regarding ore
presence, depth of mineralisation, and other important
parameters that determine the profitability of deposit
development. Additionally, digital technologies enable
the implementation of real-time monitoring systems
on mining objects. This provides a continuous flow of
data on equipment conditions, ore reserves, and oth-
er factors, facilitating prompt response to changes in
production processes. Analysing the results and con-
clusions obtained, it can be concluded that digitisation
and advanced analytics in the mining industry create
prospects for improving development strategies and
increasing production efficiency, while reducing risks
and optimising resource utilisation. Researchers T. Li et
al. (2022) identified that thematic research on the ef-
fectiveness of technological innovations in enterpris-
es is influenced by digital transformation. This process
significantly changes approaches to production, man-
agement, and customer interaction. One of the main
advantages of digital transformation is the ability to
quickly integrate cutting-edge technologies, leading to
increased innovation within the enterprise. This allows
companies to improve the quality of their products and
services, as well as to respond more promptly to chang-
es in market conditions.

Technological innovations driven by digital trans-
formation can encompass various areas, including pro-
duction processes, logistics, marketing, and customer
service. Automation of production lines, implementa-
tion of Al systems for data analysis, and the use of
loT for equipment monitoring are just a few directions
that can improve enterprise productivity. It is worth
noting that companies can quickly adopt and adapt to
advanced innovations, which becomes a key factor in
a changing business environment. This ability to rap-
idly integrate allows enterprises to leverage the latest
technological solutions, leading to increased levels of
innovation.
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CONCLUSIONS

In the conclusions, it is expedient to emphasise the sig-
nificance of digital modelling technologies in the min-
ing industry, as well as to identify their potential bene-
fits and prospects for open-pit mining enterprises. For
successful implementation of digital technologies into
the business model of a mining enterprise, it is neces-
sary to overcome traditional conservative approaches
in the mining industry, activate systematic training and
skill enhancement of employees, taking into account
industry-specific features and organisational-techno-
logical aspects of the enterprise. Another important el-
ement is the creation of an industry innovation system
aimed at intensifying technology transfer.

Digital modelling technologies applied in the min-
ing industry define a new level of efficiency and man-
agement of production processes in open-pit mining
enterprises. They enable accurate forecasting and op-
timisation of mining operations, ensuring optimal re-
source utilisation and maximising production produc-
tivity. The efficiency of digital technologies lies in their
ability to enhance decision-making quality, minimise
risks, and ensure workplace safety. Implementation of
automated systems, remote monitoring, and other in-
novative solutions simplifies tasks and enables flexi-
ble response to changing conditions in mining activi-
ties. The prospects of digitisation for open-pit mining
enterprises include productivity growth, resource loss
reduction, increased worker safety, and reduced envi-
ronmental impact. It is noted that these technologies
open up new opportunities for industry development
and contribute to its sustainable growth.

Digitisation in the mining industry not only trans-
forms technological processes but also contributes to
the formation of the concept of a “‘green” mining en-
terprise. This process involves the implementation of
environmentally friendly technologies, optimisation
of resource use, and reduction of atmospheric emis-
sions, leading to the creation of environmentally safe
and economically efficient production. This direction is
characterised not only by the use of advanced tech-
nologies to increase productivity but also by active
implementation of energy-efficient and environmen-
tally friendly solutions. However, it is important to
consider challenges such as staff training, ensuring
cybersecurity, and addressing social and ethical issues.
Overall, digital modelling technologies are a key fac-
tor in transforming open-pit mining enterprises into
high-tech, productive, and environmentally friendly
complexes.
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AHoTauifa. Y 383Ky 3i CTPIMKMM PO3BUTKOM FipHMYOT iHAYCTPii Ta HEOOXIAHICTIO NIABULLEHHS Ti KOHKYPEHTO-
CMPOMOXHOCTI, LMbPOBI TEXHONOFIT MOAENIOBAHHSA BIAKPUTUX FIPHUYMX MiANPUEMCTB CTAOTb aKTYaIbHUM i
BaXX/TMBUM HaANpsSMKOM AO0CiAXEHHS. MeTo fAaHOro AOCNIAXEHHS € aHaNi3 iHTerpoBaHMX UMbpoBUX Moaenei
ANg ONTUMI3aLii BiAKPUTUX FipHUYMX NiIANPUEMCTB, CNPAMOBAHMX HA NiABULLEHHS NPOAYKTUBHOCTI, 3a6e3neyeHHs
H6e3neKkn Ta 3MeHLIEHHS BNIMBY Ha HAaBKONUILHE cepenoBuuie. Cepel BUKOPUCTAHUX METOLIB Cif 3a3HAUYUTH
aQHaNITUYHWMIA MeToa, MeToA, Knacudikauii, GyHKLiIOHaNbHUI MeToa, CTaTUCTUYHUI METOA, METOL CUHTE3Y Ta iHWI. Y
X0Ai pocnipkeHHs 6yB NpoBeaeHUIt aHani3 iHTerpoBaHUX LM@POBUX Moaene Ans onTuMi3aLii GyHKLIOHYBaHHS
BiAKPUTUX FipHUYMX NiANPUEMCTB. BnpoBaaXeHHs iHTerpoBaHmx LMdpoBmUxX MoAenen B ripHMyi nignpueMcTea
npu3Beno A0 3HAYHOr0 3pOCTaHHS PiBHA NPOAYKTUMBHOCTI B BUAO0OYTKY pecypciB, 3abe3neunBlum e@ekTUBHILLY
opraHizauito poboumx npoueci. TakoX BUSBIEHO NMOKPALLEHHS B CMCTeMi Be3neku, ae i Mogeni L03BOIMIM BYACHO
BUSBNSATU Ta YNPABAATU NOTEHLIMHUMM pu3mKamu. Kpim Toro, 3aCToCyBaHHSA LMPPOBUX TEXHONOTI MOAENOBAHHS
CNPpUSN0 3HAYHOMY 3MEHLLUEHHIO HEFATMBHOTO BM/IMBY Ha NPUPOAHE CepeoByLLe, peanisyoun b6inbll eKonoriyHo
cTani MeToam BMAO6YTKY Ta 06pobkum pecypciB. IHTerpauis LMbpOBKUX TEXHONOTI AO3BOAMNA ONTUMI3yBaTH poboui
npouecu, pobnsum ix 6inbw edekTMBHUMU Ta CTINKUMU. [lOCNiOXKEHHS TAKOX NiAKPECANN0 3HAYEHHS BUKOPUCTAHHS
LUndpoBUX MoJenen y KOHTEKCTI MPOrHOCTUYHOMO aHani3y Ta NPUNHATTS pilleHb. 3arafbHWUI BUCHOBOK MNONSra€ B TOMY,
Wo uMbpoBi TEXHONOTIT MOAENOBAHHS € K/TIHOYOBMM iIHCTPYMEHTOM ANl AOCATHEHHS ONTUMANIbHOTO QYHKLIIOHYBAHHSA
CYYaCHUX FIPHUYUX NiANPUEMCTB. [leTanbHe BUBYEHHS CyHaCHMX LWASXIB ONTUMI3aLii ripHUYMX NigNPUEMCTB A03BONUTD
ONMTMMIi3yBaTV poboYi NpoLuecy, NiABULWMTL ePeKTUBHICTb T3 3MEHLLYBATU HEraTMBHMI BM/IMB Ha OOBKiNNS

KniouoBi cnoBa: KOHKYPEHTOCMPOMOXHICTb; BMAMB Ha HABKOMMIIHE cepefoBuile; pobodi mpouecu; cTparteris;
MOJentoBaHHe; uMdpoBsisauis
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