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ESTIMATION OF COAL RESERVES IN LOWER HORIZONS
OF OPERATING MINES TO INVOLVE THEM INTO MINING

Purpose. To assess coal reserves using modern geoinformation technologies to improve the accuracy of quantita-
tive analysis, optimize mining processes, and minimize losses.

Methodology. The study employs computer modeling and geostatistical methods. The research was carried out in
several stages to prepare cartographic and factual materials for reserve estimation. All stages were implemented using
specialized Micromine software, which is widely used for geological data analysis and field modeling. 3D models of
the coal seam were created to analyze its geometric parameters, such as thickness, dip angle, and spatial distribution.

Findings. It was established that the balance coal reserves of the studied area amount to 585.2 thousand tons, of
which 493.7 thousand tons are recoverable. Reserve assessment by categories revealed that 355 thousand tons belong
to category A (first group of geological complexity), while 230.2 thousand tons fall under category B (second group of
geological complexity). 3D models significantly improved the accuracy of coal seam parameter estimation and re-
duced potential industrial losses of the mineral resource.

Originality. An integrated approach to coal reserve estimation has been developed, considering spatial variations
in seam geometry, ash content, and technological parameters. Zones with the highest industrial potential were identi-
fied, enabling increased coal extraction efficiency by prioritizing the development of blocks with the highest concen-
tration of recoverable reserves.

Practical value. The proposed solutions reduce coal losses and enhance extraction efficiency through detailed area
segmentation block-by-block coal quality forecasting and seam characteristics analysis. The results can be utilized to

optimize mining planning, reduce industrial losses, and improve the economic efficiency of coal extraction.
Keywords: coal reserves, geoinformation technologies, 3D modeling, geostatistics, mining

Introduction. Globally, the mining and metallurgy
industry is experiencing complex changes due to eco-
nomic and environmental factors [1, 2]. Coal mining,
which has long been the mainstay of the energy sector
in many countries, faces challenges posed by the glob-
al transition to cleaner energy sources [3]. Despite
these trends, coal continues to play a significant role in
the economies of several countries, particularly those
where coal reserves remain extensive, and the use of
coal in industry and power generation remains in high
demand [4]. Traditional and new coal fields continue
to be exploited using underground and open-pit min-
ing methods, while technologies are constantly being
improved to increase efficiency and reduce environ-
mental risks [5].
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International coal mining projects often focus on
implementing innovative resource management meth-
ods and optimizing production processes. Significant
trends in this area include automation of production op-
erations [6], improved safety systems, and developed
resource reserve prediction methods based on modern
geological data [7, 8]. At the same time, issues related to
coal reserve management and minimizing losses in the
mining process are particularly relevant since they di-
rectly affect the economic feasibility of field mining and
business in general [9].

In recent years, the government in Kyrgyzstan has
had to pay great attention to the problem of efficient
mining of mineral deposits. Coal exhaustibility requires
adopting such design and technological solutions that
will ensure maximum extraction from the subsoil, and
due to the increase in the cost of capital investments and
the growth of current expenses, the issue arises of creat-
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ing the prerequisites for their reduction. In mining coal
deposits with complex conditions of coal occurrence,
subsoil users prefer to write off a part of reserves, arguing
that it is not economically viable [10]. Such reserves can
be categorized as irreplaceable losses of part of the na-
tional wealth. It is known that during the construction
and operation of the field, especially using the under-
ground mining method, significant capital investments
take place. The research objective is to ensure the inter-
ests of society, on the one hand, and the subsoil user, on
the other hand, that is, to make a decision in which it
would be profitable for the latter to mine completely the
previously abandoned reserves and reserves classified
previously as off-balance reserves [11].

The technical and economic assessment, generally
conducted to substantiate the technical and technologi-
cal solutions applicable in the process of field mining
and the feasibility of involving the field reserves in min-
ing, affects the interests of both the subsoil user and the
potential investor. Reduction of subsoil losses brings
certain benefits to the state in the form of additional tax
revenues to different levels of budgets. In case of refusal
to continue further mining, license renewal, or bank-
ruptcy of a subsoil user, the state assumes the costs of
liquidation [12].

The feasibility of involving the reserves in mining is
relevant for existing and planned enterprises. Howev-
er, the approaches and methods of such assessment
have several differences related to the degree of explo-
ration of reserves and technical and technological de-
cisions taken at the planning and exploitation stages
[13]. Estimating reserves necessitates assessing the
field from the time of planning until its closure, which
is associated with complete mining, including post-
exploitation activities.

In summary, the coal mining industry is undergoing
significant transformations driven by economic pres-
sures and the global transition towards cleaner energy
sources. Despite these challenges, coal remains a critical
resource for several economies, necessitating the devel-
opment and implementation of innovative approaches
to optimize resource utilization and minimize environ-
mental impacts. The unique conditions in Kyrgyzstan
highlight the importance of ensuring efficient resource
management and reducing losses during mining opera-
tions, particularly for reserves previously classified as
economically unviable. Addressing these issues requires
a comprehensive technical and economic assessment of
coal reserves throughout the lifecycle of mining opera-
tions, from planning to closure. By integrating advanced
technological solutions and adopting sustainable min-
ing practices, it is possible to balance the interests of
subsoil users, the state, and society, ultimately promot-
ing the efficient use of coal reserves and minimizing
their irreplaceable losses.

Literature review. Current scientific research is fo-
cused on several key issues related to the mining of coal
reserves. They include:

- studies aimed at hydro- and geological-technolog-
ical assessment of fields and substantiation of their min-
ing, based on the methodology of feasibility study of
conditions [14, 15];

- studies on economic assessment of fields in the
process of their exploitation, including analysis of the

economic feasibility of mining separate local areas using
the geomechanical assessment methodology [16, 17];

- studies on the potential of coal-mining regions and
their adaptation to actual conditions [18];

- studies on the feasibility of rational schemes for
stripping, preparing, and mining new horizons of active
mines, taking into account the complex conditions of
seam occurrence, applying the methodology for calcu-
lating the efficiency of investment projects [19, 20];

- studies aimed at assessing the efficiency of intro-
ducing new types of equipment and technology [21, 22].

The problems were either related to the technologi-
cal aspects of coal mining or to the economic aspects of
coal mining. Accurate quantification of coal reserves
when assessing reserves to substantiate the feasibility of
involving them in mining and the feasibility study of ex-
ploration and operational conditions could have signifi-
cant errors. Thus, the principle of comparability of as-
sessment results for different purposes was violated, re-
sulting in unreliable estimates.

This necessitates the creation of an approach based
on unified criteria for assessing coal reserves of fields,
which can solve these problems. There is a need for tools
that would link mining-geological conditions of occur-
rence, mining-technological parameters of stripping,
preparing and mining schemes, and parameters of tech-
nological processes through the use of modern geoin-
formation technologies, that is, the construction ofa 3D
geometric model of the field based on drilling data and
geophysical surveys.

Unsolved aspects of the problem. While the presented
3D models and reserve estimations provide detailed in-
sights into the geometry, categorization, and spatial dis-
tribution of coal reserves in the “F” seam, several sig-
nificant challenges remain unresolved, limiting the en-
tire understanding of the seam’s potential. One of the
key issues is the presence of geological uncertainties that
may affect mining efficiency. Despite the high resolu-
tion of the constructed models, minor faults, disconti-
nuities, and other heterogeneities that may not have
been detected during geological exploration could im-
pact reserve accessibility and operational safety. Ad-
vanced geophysical methods, such as seismic or electro-
magnetic surveys, could provide a more detailed under-
standing of the seam structure and enhance the accuracy
of reserve estimation.

Another unresolved aspect is the dynamic behavior
of groundwater within the mining area. While the study
identifies the presence of Jurassic aquifers and estimates
water inflows to be up to 25 m3/hour, the models do not
simulate how groundwater might behave over time dur-
ing active mining. This omission could hinder the devel-
opment of an effective drainage system and increase op-
erational risks. Developing a hydrogeological model in-
corporating temporal changes in water inflow would al-
low for better planning of drainage measures and ensure
safer working conditions. Additionally, the broader envi-
ronmental impacts of mining the “F” seam require fur-
ther investigation. The study focuses primarily on re-
source quantification and operational planning; howev-
er, potential issues such as land subsidence, groundwater
contamination, and air pollution due to the spontaneous
combustion of coal remain insufficiently addressed.
These environmental considerations are critical for de-
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veloping sustainable mining practices, especially in light
of growing regulatory pressures and societal concerns.

Finally, while the models assume the use of conven-
tional mining technologies, the integration of advanced
systems such as automation and real-time monitoring
has not been explored. Such innovations could improve
operational safety and efficiency and reduce losses and
environmental risks. Furthermore, incorporating eco-
nomic simulations into the analysis could provide a
more comprehensive understanding of the financial vi-
ability of mining under different market conditions, par-
ticularly in the face of fluctuating coal prices and evolv-
ing energy policies.

Addressing these challenges will enhance the reli-
ability and applicability of the proposed methods while
contributing to the development of safer, more efficient,
and environmentally sustainable mining operations for
the “F” seam. These unresolved aspects highlight the
need for future research to refine current methodologies
and incorporate innovative technologies into the plan-
ning and operational processes.

This research aims to develop a unified methodolog-
ical approach to accurately quantify coal reserves, taking
into account the geological conditions of coal seam oc-
currence, such as thickness and inclination angle.

Study area. The research object, considered for sub-
sequent underground mining, is the “F” seam coal re-
serves located in the local area of the south-western flank
of site No. 12 of the Sulukta lignite deposit [23]. This site
has been selected due to its potential economic signifi-
cance and geological conditions favorable to under-
ground mining. Coal reserves within this site have sig-
nificant industrial potential and require detailed analysis
to determine the feasibility of their further mining.

The boundaries of the stripped area were delineated
as follows:

1. The northern boundary of the local area runs
along estimated block B-41-1, located near exploration
well No. 1189.

2. The western boundary runs along the seam hyp-
sometry on a horizon of 1,220 m and is close to explora-
tion well No. 1251.

3. The area’s eastern boundary is set by seam hyp-
sometry on a horizon of 1,280 m, next to exploration
well No. 1209.

4. The southern boundary passes through estimated
blocks A-39-2 and A-39-1.

The length of the area planned for mining along the
strike of the seam is 283 m. The width of the dip of the
seam is 192 m, indicating that significant coal reserves
are available for underground mining.

The “F” seam occurrence within the study mining
area ranges from 190 to 260 m, with an average depth of
about 225 m. The seam is characterized by stability and
consistency of occurrence, with a dip angle varying from
10 to 18°. The average seam thickness is 8.76 m, indicat-
ing its significant industrial potential. According to the
results of geological additional exploration, the seam
does not show any disturbance, confirming its stability
and endurance.

The coal is characterized by its tendency to sponta-
neously combust, requiring increased attention to safety
measures during its mining. The mine is additionally
classified as hazardous by coal dust explosion, which

necessitates strict compliance with anti-explosion mea-
sures and control of the state of the atmosphere in mine
workings.

Geological surveys have also revealed the presence
of groundwater in Jurassic sediments, which requires
consideration of hydrogeological conditions when de-
signing drainage systems and ensuring safe working
conditions at depth.

In the mines of the field located at a depth of
200—300 m, the water inflow into the mine workings did
not exceed 25 m*/hour. Water inflows within this mining
area are also expected to be within the same limits, re-
quiring a sustainable drainage system to be organized to
maintain safe working conditions.

Seam “F” within the mining allotment has a medium
complex structure. This is expressed in the dip angle
variability, which gives the seam an irregular shape. The
seam has an average thickness of 8.76 m, which is of in-
terest for further mining despite the complex geometric
conditions. Depleting preparatory drifts will conduct
stope operations in the area with an inclination angle of
up to 1°. This will be achieved by driving a face entry to
the seam rise and then depleting it on the return drive. It
is calculated that the operational losses at this stage will
be 13.98 %. Seam “F” will be mined in stages. Each
seam block will be mined separately, which will optimize
the mining process and ensure safe operations. The ini-
tial block is mined first, and then the next block is mined
with a 15—20 m lag. This staged approach to mining en-
sures gradual and safe exploitation of coal reserves, min-
imizing losses and reducing the risks of emergencies.

Methods. Modern methods such as computer mod-
eling and geostatistical analyses are used to estimate coal
reserves accurately and in detail, which significantly im-
proves the accuracy of estimates and optimizes the cal-
culation process [24, 25]. These innovative approaches
provide in-depth analysis of large data sets and reveal
complex relationships specific to coal fields. They allow
modeling spatial changes in the coal seam geometry,
which is especially important when its thickness and dip
angle are varied.

Coal reserve estimation relies on fundamental volu-
metric calculations refined by integrating geometric and
density parameters. The formula for coal reserve estima-
tion for a specific block is given by

Ri=A4;-T;-p-(1-1),

where R; is reserves of block, tons; 4; is the true plan area
of block i, m?; T, is seam thickness for block i, m; P is
Unit specific gravity, tons/m?® L is operational losses
(fraction, e.g., 0.1398 for 13.98 %).

This approach allows the integration of variable seam
thickness and losses due to mining inefficiencies.

Geostatistical methods such as variogram modeling
and kriging are applied to account for seam thickness
variability and ash content variability. The spatial struc-
ture of seam thickness, 7(x, y), is modeled using a var-
iogram

U N ey 7 2
Y"”:mé[ () -T(x;+h) ],

where y(h) is variogram value for lag #; N(h) is the num-
ber of data pairs separated by 4; T(x;) is the thickness
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value at location x;; T(x; + h) is thickness value at loca-
tion x; + A.

The variogram provides insights into the spatial con-
tinuity of seam parameters and is used for kriging inter-
polation.

The coal seam thickness at an unknown location,
T*(x), is estimated using ordinary kriging interpolation

T*(x)=i7»,. T(x,).
i1

Subject to the condition

N
> =1,
i=1

where T7(x) is the estimated thickness at location x; A, is
kriging weights for each sample point i; 7*(x;) is the
measured thickness at sample point .

The weights A; are derived by solving the kriging sys-
tem based on the variogram model.

To improve the precision of reserve estimation, the
coal seam is segmented based on thickness and ash con-
tent. Each segment, j, is categorized using the following
formula

N
Rj :Z(AIJ T,j 'P'(I—L)),
i=l

where R; is reserved for segment j; A; is an actual plan
area of block i within segment j; T} is the thickness of
block i within segment j.

Ash content (A4,) is classified into intervals using a
step of 5 %

A. €{[0, 5], [5, 10], ..., [40, 45].}.

This segmentation ensures that reserves are classified
by their suitability for industrial use.

The 3D modeling process uses geometric and geo-
statistical parameters to create a block model. The re-
serve volume (V) for each block is calculated as

V= j I f(x,y,2)dxdydz,
AT

where f(x, y, z) represents the coal seam thickness over
the spatial domain A.

The integration is performed numerically within Mi-
cromine using block-modeling techniques, which auto-
mate the process of spatial segmentation and volume
calculation.

To quantify uncertainty, a range of possible reserve
values is calculated using Monte Carlo simulation

R_vimzR' (1 +8)9

where Ry, is simulated reserve; & ~ N(0, 6°) is a random
error modeled as a normal distribution with mean zero
and variance c>.

This approach provides a confidence interval for re-
serve estimates, enhancing the reliability of results.

The following key stages have been accomplished in
the course of the research process:

1. Modeling spatial variations in dip angle and seam
thickness to more accurately reflect seam characteristics.

2. Quantitative assessment of errors: determining
the range of possible reserve values, considering uncer-
tainties in the input data and models constructed.

3. Consideration of risks associated with data un-
certainty has allowed for more informed decisions in
mining the field and managing its reserves.

The initial data for coal reserve modeling and estima-
tion was provided by a catalog of drilling-mining opera-
tions, which contains detailed information on the geo-
logical characteristics of the seam, including data on
thicknesses, dip angles, and geometry of coal seams ob-
tained during drilling-mining operations. Data from the
catalog of drilling-mining operations were used to con-
struct 3D field models, which provided a more accurate
assessment of the change in seam parameters and estima-
tion of coal reserves, considering all spatial peculiarities.

The research objective is to estimate coal reserves ac-
curately by blocking coal seam reserves by category.
Each block was divided into segments with coal seam
thickness intervals every 0.5 m, accounting for 100 %
blockage by rock interlayers. This allows for a more ac-
curate estimation of coal volumes suitable for mining.
For each of the obtained segments, the division was
made by ash content intervals from 0 to 45 % with a step
of 5 %, which is essential for assessing coal quality since
ash content directly influences its suitability for indus-
trial use. The resulting isohypsum map, which previ-
ously represented a block of reserve estimates, has been
divided into technical coal grades based on coal charac-
teristics and composition. This division allows coal to be
classified according to its industrial value and purpose.

After all these operations, a separate estimation of
coal seam reserves was made for each category, consid-
ering all the above-mentioned parameters. Such a de-
tailed approach makes it possible to significantly im-
prove the accuracy of coal reserve assessment and make
informed decisions on further field mining.

The stages of cartographic and factual material prep-
aration for reserve estimation were performed using Mi-
cromine software, which provides a wide range of tools
for working with geological data and field modeling.
Micromine automates the reserve estimation process
using various modeling and calculation methods, there-
by increasing accuracy and reducing error probability.

In addition to the segmentation based on coal seam
thickness and ash content, using geostatistical methods
in Micromine further enhances the precision of the re-
serve estimation process. By applying variogram model-
ing and kriging techniques, spatial relationships between
coal seam properties, such as thickness and ash distribu-
tion, can be accurately represented. This advanced spa-
tial analysis provides a more detailed understanding of
coal deposit variability and helps identify areas with
higher industrial potential and lower extraction costs.
Such geostatistical methods ensure that the estimation is
grounded in a robust statistical framework, contributing
to more reliable resource management and strategic
mine planning.

Results and discussion. Micromine software has au-
tomated and simplified many processes, providing high
accuracy of coal reserve estimation and the possibility to
analyze further and use them.

The methods described in the previous section have
resulted in highly detailed 3D models of the coal seam,
which not only improve the accuracy of reserve estima-
tion but also allow better prediction of changes in thick-
ness and inclination of the seam in space, which is criti-
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cal for planning practical mining. The approach makes
it possible to reduce operational losses and improve the
quality of mining planning, making it an essential tool in
today’s mining environment.

The conducted modeling and analysis of the spatial
change in the dip angle and seam thickness made it pos-
sible to create 3D models that demonstrate the pecu-
liarities of coal seam occurrence (Figs. 1 and 2). These
models show that the coal seam has a complex structure
with changing geometric parameters, confirming the
need for an individual approach to each blocking and
interval.

The 3D model of the seam surface shown in Fig. 1
highlights the spatial geometry and variability of the “F”
seam, which is critical in planning mining operations.
The seam exhibits a dip angle ranging from 10 to 18°,
indicating moderate structural complexity. This vari-
ability requires tailored mining strategies to ensure sta-
bility and efficiency during extraction. Additionally, the
seam thickness is consistent across the area, averaging
8.76 m, which is favorable for industrial-scale mining.
These characteristics emphasize the potential for eco-
nomically viable extraction with minimal operational
adjustments.

Fig. 2 demonstrates the estimated blocks within the
“F” seam, providing a detailed breakdown of coal re-
serves. The segmentation of the seam into distinct blocks
enables precise categorization of reserves, with 355 thou-
sand tons classified as category A4 (fully explored and re-
liable) and 230.2 thousand tons as category B (prelimi-
narily explored). The spatial distribution of these re-
serves identifies key areas with higher resource concen-
trations, such as block A-42, which contains approxi-
mately 164.5 thousand tons. These insights are essential
for prioritizing mining activities in blocks with the most
significant economic potential.

The 3D models presented in Figs. 1 and 2 also reveal
the operational efficiency of the proposed mining ap-
proach. Replying reserves constitute 84.3 % of the bal-
ance reserves, confirming that the detailed modeling
minimizes operational losses and optimizes the utiliza-
tion of available resources. The visualized block seg-
mentation further enables the design of a stepwise ex-
traction process, which ensures safety and stability by
minimizing disruption to the seam’s structure.

In addition to supporting efficient resource extrac-
tion, the models address critical safety and hydrogeo-
logical considerations. Jurassic aquifers within the min-
ing area are indirectly reflected in the seam geometry,
underscoring the need for sustainable drainage systems
to handle anticipated water inflows of up to 25 m3/hour.
Furthermore, risks of areas prone to spontaneous com-
bustion or coal dust explosion are identified through the
models, reinforcing the necessity of robust safety proto-
cols. Overall, the 3D modeling approach demonstrates
its value in improving coal reserve estimation, enhanc-
ing the precision of mine planning, and ensuring safer
and more efficient mining operations.

As a result of the conducted research and prepara-
tory work on coal reserve estimation in the “F” seam of
the south-western flank of site No. 12 of the Sulukta lig-
nite deposit, significant results have been obtained, al-
lowing essential conclusions to be drawn on the state of
reserves and their feasibility for further mining.

The balance reserves of the seam, planned for in-
volvement in mining, amounted to 585.2 thousand tons,
of which 355.0 thousand tons belong to category A and
230.2 thousand tons — to category B. Recoverable re-
serves in categories 4 and B amount to 493.7 thousand
tons, which confirms the availability of significant re-
sources for economically efficient mining. The reserve
recovery efficiency (K,) is 84.3 %. Data on estimated
balance reserves are presented in Table.

The data presented in Table 1 reflects the distribu-
tion of reserves by blocks and categories and considers
geometric parameters such as dip angle, seam thickness,
volume, and unit-specific gravity. Reserves and seam
thickness by block are presented in Fig. 3.

The chart in Fig. 3 illustrates each block’s reserves
and seam thickness. The blue bars represent the coal re-
serves in each block, while the orange line with markers
indicates the seam thickness. This dual visualization
highlights how seam thickness correlates with the quan-
tity of reserves, enabling a deeper understanding of the
resource distribution and prioritization of blocks for
mining operations.

The appropriate categories were identified after a de-
tailed analysis and categorization of the reserves. Cate-
gory A coal reserves (355.0 thousand tons) are thor-
oughly explored mineral resources where the bodies’
boundaries, shape, and structure are entirely deter-
mined. The types and industrial grades of raw materials
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Fig. 1. 3D model of the seam surface involved in mining
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Fig. 2. 3D model of estimated blocks in “F” seam
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Table

Estimation of balance reserves of the south-western flank of minefield No. 12, planned for involvement in mining by
blocks and categories

Block No. Area illllzplan, ]?Sigcilrllgt;e True area, thiscfllir:ss, Volrllllgne, ng\iltl;ifz Retsgrrl\;es,
m tons/m

A-39-1 8,432.50 1.03 8,725.87 9.37 81,761.44 1.25 102,201.80
A-39-2 1,952.24 1.02 1,986.60 9.37 18,614.44 23,268.05
A-40 6,160.65 1.02 6,300.42 8.26 52,041.46 65,051.82
A-42 15,844.70 1.03 16,366.11 8.04 131,583.54 164,479.42
B-25 220.12 1.03 226.84 9.95 2,257.10 2,821.37
B-41-1 12,543.04 1.04 12,994.76 8.16 106,037.23 132,546.54
B-41-2 8,980.24 1.04 9,303.04 8.16 75,912.81 94,891.01
Total 585,260.01
Including A Category 355,001.09
Including B category 230,258.92

and the geologic factors influencing their mining condi-
tions are also known. Category B coal reserves
(230.25 thousand tons) are preliminarily explored re-
serves where the contours of mineral bodies are approx-
imately determined. Still, the exact spatial position of
natural types of raw materials is not shown.

The industrial coal reserves in the study area were
determined using two different methods, which allows
for a more accurate assessment of their volume and
characteristics.

The first method analyzes the area where the reserves
amount to 475.8 thousand tons. This approach includes
measurements and calculations related to the geometric
parameters of the area, which provides a sufficiently ac-
curate estimate of reserves. However, there may be er-
rors in this method due to simplifications in the consid-
eration of geological-technological factors.

The second method, which uses horizons for min-
ing, shows a slightly higher reserve value of 476.3 thou-
sand tons. This approach considers the area and the spa-
tial location of coal layers, their thickness, and other
parameters, which increases calculation accuracy.

A comparative analysis of the results obtained by the
two methods shows that the difference between them is
512.7 tons, equivalent to a 0.1 % discrepancy. This mini-
mal discrepancy indicates the high reliability of both
methods, which makes it possible to confidently assume
that the value of industrial reserves calculated by the

180 12
160

10
140
120 8

100

6
80
60 4
40
20 I
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B-25 A-39-2 A-40 B-41-2 A-39-1 B-41-1 A-42

Reserves, thousand tons
Seam thickness, m

[

Fig. 3. Reserves and seam thickness by block

second method equals 476.3 thousand tons. Thus, the
selected reserve volume will be used for further planning
of the field mining, which includes assessment of eco-
nomic feasibility, selection of mining technologies, and
design of mine workings.

Comparing the data with the results of other research-
ers, it can be noted that coal reserves estimated using
similar methods range from 500 to 600 thousand tons for
coal fields with comparable geological conditions. For
example, studies conducted in the fields of Ukraine show
similar volumes of reserves, and the quality of coal is also
high. It is also worth noting that the applied reserve esti-
mation and analysis methods, such as computer model-
ing and geostatistical approaches, reflect trends in the
mining industry [26]. The studies [27] emphasize using
3D modeling to identify reserves better and develop effi-
cient mining schemes. For example, research conducted
in Poland demonstrates that using geoinformation tech-
nologies has increased the accuracy of reserve estimation
by 15—20 % compared to traditional methods.

The results confirmed compliance with modern
methods and trends in the coal mining field. The com-
parisons not only strengthen the reliability of calcula-
tions but also serve as a basis for further research and
optimization of coal mining processes, which, in turn,
will contribute to improving the efficiency and safety of
the coal mining industry.

Using innovative technologies such as remote sens-
ing [28] and unmanned aerial vehicles [29] can signifi-
cantly improve the quality of geological exploration and
make it possible to obtain more detailed data on the geo-
logical structure of fields. It is also important to consider
recent advances in computer engineering [30, 31]. This,
in turn, can lead to more accurate models that help im-
prove planning processes [32]. Thus, the integration of
the results of this research with existing data from other
researchers, as well as the application of modern tech-
nologies, creates a foundation for improving coal min-
ing processes.

Conclusions. The obtained results confirm the expe-
diency of involving coal reserves of “F” seam into
mining. The use of modern methods for reserve estima-
tion and analysis, as well as detailed blocking by catego-
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ries, allows one not only to reliably quantify available
resources, but also to create a theoretical basis for effec-
tive management of their mining processes. These
methods contribute to a better understanding of geo-
logic conditions, which can minimize the risks associ-
ated with coal mining and increase the safety and sus-
tainability of mine operations.

Further research and implementation of innovative
technologies can significantly optimize mining process-
es and improve the overall efficiency of the coal mining
industry. The creation of computer models for predict-
ing reserves and developing optimal mining schemes
provides an opportunity to make informed decisions on
further development of the mine. This will make it pos-
sible to select the most adequate mining schemes, re-
duce production costs, and assess the long-term pros-
pects of the field development.

Estimating coal reserves is a dynamic and iterative
process that requires regular updating of data to reflect
new geological studies and changes in the mining-geo-
logical and mining-engineering environment. This ap-
proach ensures the relevance and reliability of informa-
tion, which is critical for efficient coal field operation.
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Meta. Ouinka 3anaciB BYTiJIIsl 3 BUKOPUCTAHHSIM
Cy4acHUX reoiH(opMalliifHUX TeXHOJOTIN LIS MidBU-
ILIEHHS TOYHOCTI KiJIbKICHOTO aHaiizy, OInTuMi3allii
npolieciB BUOOOYTKY I MiHiMi3allii BTparT.

Metoauka. Y poOOTi 3acTOCOBaHE KOMIT IOTEpHE
MOJIETIOBaHHS 1 TeOCTaTUCTUYHI METOAM JOC/iIKEeH-
He. JlocmimkeHHsT BUKOHYBAJOCh Yy JEKiJlbKa eTarliB,
110 OyJIU CIIPSIMOBaHi Ha MiNrOTOBKY KapTorpadiyHoro

i1 hakTUUHOTO MaTepialy ISl OLIiIHKM 3amaciB. Yci eTa-
MU peasli3oBaHi i3 BUKOPUCTAHHSIM CIeliali30BaHOIo
MporpaMHoOro 3ade3rneyeHHs1 Micromine, 1110 LIMPOKO
3aCTOCOBYETHCS JJ1s1 pOOOTH 3 T€OJIOTIYHUMU TaHUMU
Ta MoIeoBaHHsS ponoBuil. 3D-moneni miacra Oyau
CTBOpEHI IS aHajlidy TeOMETPUUYHMX IlapaMeTpiB
I1acTa, TaKUX SIK MOTY>KHICTb, KyT MaAiHHS Ta IIPOCTO-
POBUIT PO3IIOII.

PesyabTaT. BcTaHoBIeHO, 1110 OajlaHCOBI 3amacu
BYIiJUISI  AOCHiAXYBaHOI  IUISIHKU CTaHOBJISITh
585,2 Tuc. TOH, i3 kKX 493,7 TUC. TOH NMPUAATHI 10 BU-
nooysaHHs. OuiHKa 3amaciB 3a KaTeropissMu Iokasa-
Jia, 1o 355 TUC. TOH HajlexaTh 10 KaTeropii A (mepiua
rpymna CKJIaZHOCTI reojioriyHoi 6ynosu), a 230,2 Tuc.
TOH — -0 Kareropii B (apyroi rpymna ckjaagHOCTi reo-
JioriyHoi OymoBu). Bukopuctanusi 3D-moxeneit mo-
3BOJIMJIO 3HAYHO MiABUIIUTU TOUYHICTh OLIIHKM IMapa-
METPIB IU1acTa i 3HU3UTU MOXJIMBI IPOMUCIIOBI BTpa-
TH KOPUCHOI KOTIAJIUHMU.

HaykoBa HoBu3Ha. Po3po0JieHO iHTerpoBaHUM Mif-
Xill 10 OLIHKMU 3araciB BYTi/UIs, 1110 BPaXOBYE MPOCTO-
POBi Bapiallii reoMeTpii miacTa, 30JbHOCTI 1 TEXHOJIO0-
riYHUX TapaMmeTpiB. Bu3HaueHi 30HU 3 HalBUIIIUM
MPOMMCJIOBUM TMOTEHIJIOM, 110 J03BOJISIE MiABUILIM-
TU e(beKTUBHICTh BUNOOYTKY BYTiLIS LIJISIXOM TIPiOpU-
TETHOTO PO3pOOJIEHHS OJIOKIB i3 HAOIBIIIOIO KOHIIEH-
Tpalli€lo BUIOOYBHUX 3aIlaciB.

IIpakTiyHa 3HaYMMicTh. 3arpONMOHOBAHI PillIeHHS
TIO3BOJISIIOTh 3HU3UTU BTPATW BYTULUIS M MiIBUIIATH
e(PeKTUBHICTh 1Or0 BUIOOYTKY 32 paXyHOK JIeTaJIbHOTO
OJIOKYBaHHSI IUISTHKM Ta aHaTi3y XapaKTEPUCTUK T1J1ac-
Ta. Pe3ynbratt MOXyTb OYTU BUKOPUCTAHI JJIsI OIITH-
Mi3allii mpoLeciB MIaHyBaHHS BUAOOYTKY, 3MEHIIIEHHS
MPOMMCJIOBUX BTpaT 1 IIOKpallleHHSI E€KOHOMIiYHOI1
e(eKTUBHOCTI BULOOYTKY BYTLLIS.

KmouoBi caoBa: sanacu eyeinns, eeoinghopmayiiini
mexHonoeii, 3D-modearosarnus, eeocmamucmurka, 6Udo-
bymok
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