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OPTIMIZATION OF DIGITAL MODELING METHODS IN MINING BASED ON
GEOSTATISTICAL AND GIS APPROACHES
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ABSTRACT. The development of modem mining enterprises requires the implementation of advanced digital technologies to improve the accuracy, efficiency and
safety of production processes. One of the key directions is the optimization of digital modelling methods based on geostatistical analysis and geographic information
systems (GIS), which allow integrating heterogeneous spatial data and improving decision-making in mining operations. The purpose of this study is to optimize digital
modelling methods in mining based on geostatistical and GIS approaches. The research is based on the analysis of modern technologies used in deposit geometrization,
including 3D modelling, GIS, machine learning methods and digital twins. The methodology includes the use of geostatistical methods such as kriging and inverse
distance weighting (IDW), GIS-based spatial analysis, and integration of data obtained from UAV surveys, GNSS measurements and geological exploration. A
comparative analysis of software products used for digital modelling in mining was also carried out. The results show that the integration of GIS technologies and
geostatistical methods significantly improves the accuracy of spatial modelling and allows optimization of mining processes. It was determined that the use of machine
learning algorithms enhances forecasting capabilities and supports real-time decision-making. In addition, the analysis of digitalization costs demonstrated the
importance of a phased implementation strategy to ensure economic efficiency. The proposed integrated approach to digital modelling allows improving the quality of
resource estimation, optimizing production planning and reducing environmental risks. The obtained results confirm the effectiveness of applying combined geostatistical
and GIS approaches for the development of modern mining systems.
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ONTUMU3ALNA HA METOAUTE 3A LiINGPOBO MOOENWPAHE B MMHHOTO OENO, BA3UPAHU HA
FEOCTATUCTUYECKKU U TUC noaxoau
Mapuna KyHnuyka, OnekcaHd SlHosuy, Cepeell Kanyyk
Lvpxaser yHusepcumem "Kumomupcka nonumexHuka", 10005 Xumomup

PE3IOME. Pa3suTieTo Ha CbBPEMEHHUTE MUHHW MPELNPUSTUS M3NCKBA BHEAPSBAHETO Ha CbBPEMEHHW LMKIPOBI TEXHONOrMK 3a nojobpsiBaHe Ha TOYHOCTTA,
edekTMBHOCTTa 1 Be3onacHoCTTa Ha NPOM3BOACTBEHNTE NpoLieck. EAHO OT KNiYoBUTe HanpaBneHust e ONTUMU3NPaHETO Ha METOAMTe 3a LMPOBO MOAENMpaHe,
6a3snpaHy Ha reoctaTMCTUYECK aHanu3 u reorpadpcki nHopmaLmorHu cuctemu (TUC), kouTo NO3BONABAT MHTErPUPAHETO HA XETEPOreHHN NPOCTPAHCTBEHW AAHHM
11 Noa0bpSBaHETO Ha B3EMAHETO Ha peLLeHns B MUHHUTE onepauyuu. LienTa Ha ToBa n3cneasaxe e aa ce ONTMMM3npaT MetoauTe 3a LudpoBO MOLENMpaHe B MUHHOTO
peno, 6asnpaHn Ha reoctatucTuyecku 1 MC nopxopm. MscnensaHeTo ce 0CHOBaBA Ha aHan3 Ha CbBPEMEHHNTE TEXHOMOMM, 3MON3BaHN B reOMETPU3NPAHETO Ha
HaxoguwaTa, BkmountenHo 3D mopenmpane, TUC, metogn 3a MalwwHHO oByyenne u uudpou 6nusHauu. MeTogonorvsTa BMiOYBa W3MON3BAHETO Ha
reocTaTMCTUYECKI METOAN KAaTo KPUTMHT 1 06paTHO NpeTernsHe Ha pascToskue (IDW), npoctpaHcTeH aHanus, 6asupan Ha [C, n uHTerpupare Ha AaHHu, NonyyeHn
OT npoyyBakus ¢ 6e3nnnoThn netatenHn anapatv, GNSS namepBaH1s 1 reonoxXk1 Npoy4YBaHUs. VI3BbpLUEH € 1 CpaBHUTENEH aHanu3 Ha COTyepHM NpPOaYKTH,
13non3BakK 3a LMpoBO MOfenNpaHe B MUHHOTO Aeno. PesynTtatute nokaseat, Ye WHTerpupaHeTo Ha MAC TexHomorun 1 reoctatucTUHecku MeToamn 3HauMTenHo
nopobpsBa TOYHOCTTa Ha NPOCTPAHCTBEHOTO MOAENMPaHE W NO3BOMNSBA OMTUMU3NPAHE Ha MUHHWUTE MPOLECK. YCTaHOBEHO €, Ye M3NON3BaHeTo Ha anropuTMu 3a
MaLLWHHO obyyeHne NofobpsiBa Bb3MOXHOCTUTE 33 MPOrHO3MpaHe 1 NMoAAbpXa B3EMaHETO Ha pelleHus B peanHo Bpeme. OCBEH TOBA, aHanMM3bT Ha pasxoauTe 3a
LjuchpoBmM3aLS AEMOHCTPUPA 3HAYEHMETO Ha MoeTanHaTa CTpaTerus 3a BHeapsiBaHe, 3a fja Ce rapaHTMpa MKOHOMUYecka echeKTUBHOCT.

[MpeanoxXeHNAT WHTerpupaH MoaxoA KbM LM(pPOBOTO MOAenupaHe no3sonsea nofobpsBaHe Ha KayecTBOTO Ha OLeHkaTa Ha pecypeute, ONTUMM3MpaHe Ha
nnaHnpaHeTo Ha NMPOM3BOACTBOTO W HamansiBaHe Ha eKomnoryHuTe puckose. MonmyyeHuTe pesynTaTi MOTBBPKAABAT NEPCNEKTMBHOCTTA Ha MpunaraHeTo Ha
komBuHupaHu reoctatuctudecku u MAC nogxoan 3a paspaboTBaHeTo Ha CbBPEMEHHU MUHHW CUCTEMM.

KntouoBu gymm: LucpoBo Mogenupare, MUHHO eno, MUC, reoctatucTyka, oNTUMU3aLMS.

Introduction allow the integration of various data sources, including

geological exploration, geodetic measurements, and remote
The modern mining industry is undergoing rapid digital sensing, into a unified digital environment.

transformation driven by the need to improve the efficiency, Despite significant progress, there remains a need to

accuracy, and safety of production processes. The increasing optimize digital modelling methods to improve their accuracy,

comp|exity of geo|ogica| conditions and the growing demand for rellablllty, and efﬁCiency. Therefore, the application of integrated

mineral resources require the use of advanced technologies for ~ geostatistical and GIS approaches is a relevant scientific and

data processing, analysis, and modelling (Carvalho, 2017; Choi practical task in modern mining.

etal, 2020).

One of the key tasks in mining is the accurate )
geometrization of mineral deposits, which provides reliable Theoretical part and methodology
information about the spatial distribution of resources and

serves as a basis for effective planning and management of Digital modelling in mining is based on the integration of
mining operations (Hustrulid et al., 2013). Traditional methods various data sources, including geological, geodetic, and remote
are often limited in their ability to process large volumes of sensing data (Choi et al., 2020; Vangu et al., 2023). Geographic
heterogeneous data and ensure high accuracy. information systems (GIS) provide tools for spatial data

In recent years, digital modelling based on geographic management, visualization, and analysis, enabling the creation
information systems (GIS) and geostatistical approaches has of comprehensive three-dimensional models of mineral deposits
become widely used in mining practice. These technologies (Choi et al., 2020).
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Geostatistical methods play a crucial role in modelling the
spatial distribution of geological parameters. Among the most
commonly used methods are kriging and inverse distance
weighting (IDW), which allow interpolation of data and improve
the accuracy of resource estimation in conditions of spatial
variability (Kim et al., 2018; Uyan & Dursun, 2021).

Modern digital technologies also include the use of
unmanned aerial vehicles (UAVs), GNSS measurements, and
photogrammetric processing, which significantly increase the
density and accuracy of spatial data (Kunytska et al., 2023). The
integration of these technologies into GIS environments allows
for efficient data processing and visualization.

In addition, machine learning methods are increasingly used
for analysing large datasets, identifying hidden patterns, and
forecasting changes in geological conditions. The concept of
digital twins enables real-time monitoring and simulation of
mining systems, which improves decision-making and
operational efficiency.

Thus, the integration of GIS technologies, geostatistical
methods, and modern digital tools forms the theoretical basis for
optimizing digital modelling methods in mining.

Results and discussion

The analysis of modern digital modelling methods in mining
demonstrates that the integration of GIS technologies with
geostatistical approaches (Choi et al., 2020; Uyan & Dursun,
2021) significantly improves the accuracy and reliability of
spatial models (Fig. 1).
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Fig. 1. Distribution of the application of key digital technologies
in mining

It was established that geostatistical methods such as
kriging and inverse distance weighting (IDW) provide a higher
level of accuracy in modelling the spatial variability of mineral
deposits, especially under conditions of heterogeneous
geological structures. These methods allow more precise
interpolation of geological parameters and reduce uncertainty in
resource estimation.

The use of GIS technologies ensures efficient integration,
processing, and visualization of heterogeneous data obtained
from various sources, including geological exploration, UAV
surveys, and GNSS measurements (Vangu et al., 2023). This
integration significantly enhances the quality of spatial analysis

and supports more informed decision-making in mining
operations. (Uyan & Dursun, 2021)

The results also indicate that the application of machine
learning algorithms improves predictive capabilities and enables
the identification of hidden patterns in geological data. This
contributes to the optimization of mining processes and allows
real-time monitoring and adjustment of production parameters.

At the same time, the analysis of digitalization processes
has shown that the implementation of digital technologies
requires significant initial investments and careful planning of
financial resources. The distribution of digitalization costs at
different stages of implementation is presented in Fig. 2.
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Fig. 2. Distribution of digitalization costs across different
implementation stages

An important result of the study is the identification of key
challenges in the implementation of digital technologies,
including data heterogeneity, lack of standardized approaches,
and shortage of qualified specialists (Fig. 3).
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Fig. 3. Key challenges in the implementation of digital
technologies in mining

Despite these challenges, the advantages of digital
modelling significantly outweigh the limitations, providing
improved accuracy, operational efficiency, and environmental
sustainability of mining enterprises.
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The obtained results confirm that the integrated use of GIS
technologies and geostatistical methods is an effective and
perspective approach for optimizing digital modelling processes
and improving the overall performance of mining systems

Conclusion

The conducted study confirms that the optimization of digital
modelling methods based on geostatistical and GIS approaches
is an effective way to improve the efficiency and accuracy of
mining operations.

It was established that the integration of GIS technologies
with geostatistical methods such as kriging and inverse distance
weighting (IDW) significantly enhances the reliability of spatial
modelling and reduces uncertainty in resource estimation. The
application of machine learning algorithms further improves
predictive capabilities and supports real-time decision-making.

The analysis of digitalization processes demonstrated that
despite the need for significant initial investments, the
implementation of digital technologies provides substantial
advantages, including improved operational efficiency, better
resource management, and reduced environmental risks.

Thus, the integrated use of GIS, geostatistical methods, and
modern digital technologies represents a promising direction for
the development of mining systems and the sustainable use of
mineral resources.
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