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OPTIMIZATION AND MATHEMATICAL MODELING OF FILTRATION
SYSTEMS FOR DRILLING FLUIDS

Drilling mud, also known as drilling fluid, is a cruciedmponent in oil and gas drilling
operations. It serves multiple essential functions, including lubricating the drill bit, carrying
rock cuttings to the surface, controlling pressure in the wellbore, and preventing formation
damage. The composition of dinlg mud varies but typically includes water or-bdsed fluids,
additives, and solids like clay or barjig.

The efficiency of drilling operations is heavily influenced by the quality of drilling fluids
andtheir filtration properties. Properly designed filtration systems are critical for maintaining
the stability of the wellbore, reducing formation damage, arguramy smooth drilling
operations. This article presents a mathematical model to substantiate the rational parameters
of filtration systems for drilling fluids. The model integrates key variables such as particle size
distribution, fluid viscosity, presserdifferentials, and filter media characteristics to optimize
filtration performance. The results provide a framework for designing efficient filtration
systems tailored to specific drilling conditioj2s 3].

Drilling fluids, commonly referred to as drilling mud, play a vital role in the drilling
process by lubricating the drill bit, carrying cuttings to the surface, and maintasitopre
stability. However, the presence of solid particles in the drilling fluid can lead to equipment
wear, formation damage, and reduced drilling efficiency. Filtration systems are employed to
remove these particles, but their design must be optintizkdlance filtration efficiency with
operational constraints. This study focuses on developing a mathematical model to determine
the rational parameters of filtration systems, ensuring optimal performance under varying
drilling conditions.

Let 6 s ¢ omathentatical maodél elevelopmeoit particle size distribution and
filtration efficiency.

The filtration efficiency of a system depends on the size distribution of particles in the
drilling fluid. Let "QQ represent the particle size distribution function, wHere the particle
diameter. The filtration efficiency can be expressed as:

- QN0

whereQ is the critical particle diameter that the filter can effectively remove.
The pressure dropUacross the filter media is a critical parameter that influences the flow
rate and energy consumption. Using Darcy's law, the pressure drop can be modeled as:

. V)

where! =fluid viscosity U = flow rate 0 = thickness of the filter medi&x= permeability
of the filter mediad = crosssectional area of the filter.

The permeabilityQof the filter media is a function of its poros¥#gand the average pore
size’Q . This relationship can be approximated as:

D %0 Q
0 P %o

where0 is a constant dependent on the filter material.

To optimize the filtration system, an objective functi@ms defined that minimizes the
total cost while maximizing filtration efficiency. The function can be expressed as:
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whereg and are weighting factors representing the relative importance of pressure drop
and filtration efficiency, respectively.

The results demonstrate that the mathematical model effectively captures the key
relationships between particle size distribution, filter media characteristics, pressure drop, and
filtration efficiency. By optimizing the critical diameter and porosity, fiteation system can
achieve high efficiency while maintaining operational feasibility. The case study shows that a
filter media with a porosity of 0.4 and a ¢
balance, removing 95% of particles while keegyine pressure drop at 12.5 kPa. These findings
provide a practical framework for designing and optimizing filtration systems for drilling fluids
in reatworld applicationgfig. 1).

Particle Size Distribution Pressure Drop vs. Porosity Filtration Efficiency vs. Critical Diameter
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Figure 1i Visualization of mathematical model= @article size distributigrb -
pressure drop vs. porosity- filtration efficiency vs. critical diameter

A case study was conducted using da&tam a typical drilling operation. The
mathematical model was applied to determine the optimal filter media thickness, porosity, and
pore size. The results demonstrated that a filter media with a porosity of 0.4 and an average
pore size of hebbstb@lancehetweeni fillration efficiency and pressure drop.
The optimized system reduced particle concentration by 95% while maintaining a pressure drop
within acceptable limits.

The proposed mathematical model provides a robust frameworkptimizing the
parameters of filtration systems for drilling fluids. By integrating particle size distribution, fluid
viscosity, and filter media characteristics, the model enables the design of efficient and cost
effective filtration systems. Future wowkll focus on validating the model with experimental
data and extending it to account for dynamic drilling conditions.
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MATHEMATICAL MODELING AND HIGH -SPEED IMAGING ANALYSIS OF
ROCK FRAGMENTATION DYNAMICS DURING DRILLING OPERATIONS

Rock fragmentation during drilling operations is a complex process influenced by various
parameters, including rock properties, drill bit geometry, and operational conditions.
Understanding the dynamics of rock destruction is critical for optimizingrdyiéifficiency and
minimizing energy consumption. This study investigates the influence of rock destruction
parameters on process dynamics using-Bjgged imaging and develops a mathematical model
to describe the fragmentation process. The model intedreyasariables such as rock strength,
impact energy, and fracture propagation velocity. Fighed imaging is used to validate the
model, providing insights into the retaine behavior of rock fragmentation. The results
demonstrate the potential for impmog drilling performance through optimized parameter
selection [1].

Rock fragmentation is a fundamental process in drilling operations, impacting both the
efficiency and cost of resource extraction. The dynamics of rock destruction are influenced by
a combination of mechanical, geological, and operational factors. Traditnethods of
studying rock fragmentation rely on pgsibcess analysis, which often fails to capture the real
time dynamics of the process. Higheed imaging offers a powerful tool for observing and
analyzing rock fragmentation in real time. This stumbymbines higkspeed imaging with
mathematical modeling to investigate the influence of key parameters on rock destruction
dynamics and to develop a predictive model for optimizing drilling operations [2].

The initiation of fractures in rock is governed by its tensile strepgdnd the applied
stress, . The condition for fracture initiation can be expressed as:

where, is a function of the impact eneryand the contact aréa

The velocity of fracture propagatian is influenced by the rock's elastic modulDs
density” , and the energy release rdeThe relationship can be modeled as:

0 -,

where"Ois proportional to the square of the applied stress:
“Oe n ot
The total energyO required for rock fragmentation includes the energy for fracture
initiation O and the energy for fracture propagaton

O ©O ©O.
The energy for fracture initiation is given by:
o , to

wherewis the volume of rock is affected by the fracture.
The energy for fracture propagation is:

o | OQa
whered is the total length of the fracture.
Letds visualize mathematical model (fig. 1
The fracture propagation velocity is determined using the fortmula ¢, where
O pnyt/ m] is the enerq@wkigéimpase theeraold dens
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velocity is approximately 8.94 m/s, which is consistent with the expected behavior of brittle
materials under dynamloading.

Fracture Velocity vs. Rock Density Fracture Propagation Over Time
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Figure 1i Visualization of mathematical modeli dracture velocity according rock
density; bi fracture propagation over time

As rock density increases, fracture velocity decreases due to higher resistance to
propagation. Forinstance,”at ¢ mtkrg/ mj , t he vel ocity o®mmTaAr oun
kg/ mj, it drops to 8.16 m/s. This inverse re
where denser materials require more energy for fracture propagation.

Fracture length increases linearly over time according tob f ¢, indicating uniform

propagation. Ab p ms, the fracture length is approximately 8.94 mm, arid ap T™ms, it
extends to about 89.4 mm. This steady growth suggests that the fracture advances without
significant acceleration or deceleration.

The results highlight the importance of rock properties and operational parameters in
determining the efficiency of rock fragmentation. The mathematical model provides a robust
framework for predicting fragmentation dynamics and optimizing drilling omersitiHigh
speed imaging serves as a valuable tool for validating the model and gaining insights into the
reattime behavior of rock destruction. Future work will focus on extending the model to
account for more complex geological conditions and incorpwatdditional parameters such
as drill bit geometry and fluid interactions.

This study demonstrates the potential of combining mathematical modeling ard high
speed imaging to investigate the dynamics of rock fragmentation during drilling operations.
The developed model accurately predicts fracture initiation and propagatiordipgoaibasis
for optimizing drilling parameters and improving efficiency. The integration of-bged
imaging offers a powerful tool for reime analysis and validation, paving the way for more
advanced studies in rock mechanics and drilling technology
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ARTIFICIAL INTELLIGENCE -BASED ANALYSIS OF ROCK DESTRUCTION
PROCESSES IN DRILLING OPERATIONS

Drilling operations require an 4idepth understanding of rock destruction mechanics to
improve efficiency, reduce operational costs, and extend equipment lifespan. The fragmentation
of rock is governed by interactions betweendhhing bit, rock properties, and external forces
such as weight on bit (WOB), rotational speed, and fluid pressure. Conventional methods for
predicting rock fragmentation rely on empirical relationships, but these approaches often fail to
adapt to reatime changes in drilling conditions.

Artificial intelligence (Al), particularly machine learning (ML) and deep learning (DL),
has revolutionized drilling analysis by enabling dditiwen models that improve predictive
accuracy. Albased approaches utilize vast datasets from sensorssgeghimaging, and
historical drilling logs to analyze patterns in rock failure. This paper develops a mathematical
model incorporating Abased predictions to optimize the rock destruction process during
drilling.

The drillinginduced rock failure is governed by strasisin relationships, fracture
mechanics, and Abased predictive modeling. The proposed model integrates these aspects to
create an adaptive framework for réiahe optimization.

The rock destruction rat&' is a function of mechanical stress strain-, drilling
parameters, and rock properties:

Y Q,hhwG & M,

where:, T applied stress on the rockj induced strain during drillingp 0 61 weight
on bit (axial force applied to the drilling tool); i rotational speed of the drill bifj i pore
pressure affecting the rock's fracture behavior.

Usi ng Ho ok e 0 strain eehationshiphsadefised ase s s

” O-l
whereOi s the rockods el astic modul us. The f a
Coulomb law with Atbased corrections: _
" O ‘U %8,

where:0 7 cohesion of the rock; i friction coefficient;%0.8 1 Al-driven correction
factor based on rediime sensor data.

Al models are trained to refiri8o8 using highspeed imaging and historical drilling
logs, capturing nonlinearities in rock failure dynamics.

Machine learning techniques, such as artificial neural networks (ANN) and reinforcement
learning (RL), optimize drilling performance by adjusting operational parameters-tmmeal
The Al-based optimization function is given by:

v | YTO,

whereUT objective function for maximizing drilling efficiency;i 1 weighting factors
for rock destruction rate and energy consumpti@ri; energy consumption per unit volume of
rock destroyed.

A reinforcement learning agent continuously updates WOB71an maximize y,
ensuring optimal energy efficiency while maintaining high penetration rates.

The Albased analysis of rock destruction processes in drilling operations provides
valuable insights into fracture dynamics, stregain behavior, and material response. The
following results have been derived from numerical modeling and validatioh)(fig

1. StressStrain Relationship (Predicted vs. Real)

[ Ol to' D]y KOt Ea0dzls p Tz’ Ydzts’® CtsdW jtoj dzy’' = OMf' wOdls' © BO BsdsHJR o1

13



grsAhiwgr mi fJfLwy JTrRrfaovvsvstdretffwveRovdCc st RELRM

1 The predicted stresstrain curve (blue dashed line) closely follows the expected
theoretical behavior of rock under compressive loading.

1 The real stresstrain data (red line) shows deviations, particularly in the plastic
deformation region, due to rock heterogeneity, microcracks, and variations in drilling
conditions.

1 The model successfully captures the elastic region, but some discrepancies occur in the
postfailure stage, suggesting a need for further calibration of fracture energy and plasticity
parameters.

2. Fracture Propagation Over Time (Predicted vs. Real)

1 The Al-predicted fracture growth curve (blue dashed line) assumes a steady increase in
fracture length over time, consistent with linear elastic fracture mechanics theory.

1 The real fracture propagation data (red line) demonstrates fluctuations, likely due to
sudden crack jumps, variations in drilling fluid interaction, and local material defects.

1 The overall trend aligns well, confirming that the Al model effectively predicts the
general behavior, though further refinements are needed for precisemediracture
forecasting.

Stress-Strain Curve: Predicted vs. Real Fracture Growth: Predicted vs. Real
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Figure 1i Visualization of mathematical model= atressstrain relationship; b
fracture propagation over time

The Alenhanced approach reduces energy consumption while maintaining drilling
efficiency, making it a promising tool for automated drilling optimization.

Artificial intelligence provides @owerful framework for analyzing and optimizing rock
destruction processes in drilling operations. By integrating Al with mathematical models of
rock failure, drilling efficiency can be improved significantly. The proposed model offers real
time adaptabity, enhanced predictive accuracy, and automated parameter optimization,
making it a valuable advancement in drilling technology. Future research will focus on
extending Aldriven approaches to mujphysics simulations and retine decisioamaking
systemdor fully autonomous drilling operations.
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RESEARCH OF IMPACT VISCOSITY OF COMPOSITE MATERIALS

The intensive development of transportation, energy, chemical and atomic engineering,
shipbuilding, and aerospace technology imposes new requirements on structural materials. The
quality of materials is ensured through thermal and thermomechanical tresgtatiening, and
the application of protective coatings [1]. One of the promising ways to address the problem of
improving the reliability and durability of machine structures and components operating under
complex loading conditions could be the develeptof new layered metal composite
materials (LMCMs), which allow for the formation of a structure with interlayer boundaries
and provide properties in accordance with the operating conditions of the components [2].
LMCMs are produced by rolling and pressj thermodiffusion welding, casting, deposition on
one or several components' surfaces, etc. One of the methods characterized by high
technological efficiency and cesffectiveness is the production of LMCMs using explosion
welding [3].

The aim of the workTo investigate the dependence of impact viscosity of layered
composite materials on shewkave loading.

Composite materiab a materiatonsisting of two or more components and possessing
new properties that differ from the sum of the properties of the constituent elements [2].

The following materials were chosen as starting materials for the production of layered
composite materials: alloyed steel 12X18H10T and carbon steel 8].[4[he steels had
different structures (austenitic in steel 12X18H10T and fepetdite in stee20), as well as
varying levels of strength and plasticity.

Layered composite materials 12X18H10T + 20 were obtained by explosion welding
under different welding parameters: plate velocity, contact point motion speed, collision angle,
and pressure at the interface. LMCMs were obtained using welding modes Nand 32,

As a result of explosion welding, all composite materials had swwhaped interlayer
boundaries. The length and amplitude of the waves were measured in the LMCMs. The
variation among the measured values was within 10%.

The properties and performance of composite products are largely determined by the
compositionally heterogeneous interlayer bonding zone, the structure and properties of which
are formed due to the melting of surface layers, their mixing, and diffusieleroents. In the
bonding zone of materials obtained under welding mode 1, regular waves were formed. In the
bonding zone of materials obtained under welding mode 2, regular waves were formed with
slight vortexing at the crests. In the bonding zone of naddesbtained under welding mode 3,
large waves with pronounced vortexing at the crests were formed, and in certain areas, cast
structure zones appeared.

Explosion welding was accompanied by significant strengthening of the metals in the
bonding zone. The degree of strengthening was calculated as the ratio of microhardness after
explosion welding to the initial microhardness. The degree of strengthenirgjeelf
12X18H10T was 1.5 (welding mode No. 1), 1.6 (welding mode No. 2), and 1.7 (welding mode
No. 3). For steel 20, the degree of strengthening was 1.6 (welding mode No. 1), 1.9 (welding
mode No. 2), and 2.1 (welding mode No. 3).

Impact viscosity is an important material characteristic that largely determines its
susceptibility to brittle fracture.
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| mpact bending tests of | ayered samples w
notch (r = 0.25 mm) were conducted at a t emrg
1481:2022 on a pendulum impact testing machine with a maximum impact energy of 300 J
[6]. In the composite materials, the notch was made in steel 12X18H10T. The bottom of the
notch was located 4 mm away from the interlayer boundary. The fracture plane of the samples
was perpendicular to the metal layer bonding plane. The test resulteseatpd in Table 1.

Table 1
Impact viscosity of layered comptes steell2X18H10T + steel 20
Material KCV, Jlcnt
Steel 12m1871 10w 215,0
Steel 20 55,0
Steel 12X18H10T + steel 20, welding mode 1 138, 0é142,
Steel 12X18H10T + steel 20, welding mode 2 110, 0é111,
Steel 12X18H10T + steel 20, welding mode 3 100,0

As aresult of the microhardness study in the joints of steel 12X18H10T + steel 20 welded
under different modes, it was found that an increase in pressure at the detonation wave front
leads to an increase in the degree of strengthening of the welded mettde andth of the
hardened zone.

The results of testing the composite materials 12X18H10T + 20, obtained by explosion
welding, showed that the impact toughness of the bilayer composite materials occupies an
intermediate position between the impact toughness values of steels 12X18HXDI and

With an increase in explosion welding parameters, the impact toughness of the composite
materials decreases. The composite materials welded under the 2nd and 3rd modes had impact
toughness values 21% and 29% lower, respectively, compared to the compelsieesunder
the 1st mode.
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ANALYSIS OF ORE DELIVERY COSTS DEPENDING ON THE
PRODUCTIVITY OF VARIOUS TYPES OF LOAD -HAUL -DUMP MACHINES

The effectiveness of extraction operations and the comprehensive quantitative and
qualitative recovery of ore reserves are critical issues in the development-gtr&dghiron ore
through sublevel caving systems in Kryvbas mines [1]. A primary technalqgiacess in this
system is ore release through horizontal bottom drifts of the receiving levels [2]. Ore
transportation is a crucial component of the extraction process, determining the efficiency of
ore release and overall mining productivity [3]. Theestion of transportation equipment
significantly impacts the organization of work and the productivity of the entire block [4]. In
modern underground ore deposit extraction systems, ore release and transportation are among
the most labeintensive and iefficient processes [5]. The release of fragmented ore from the
extraction area is typically carried out from under caved surrounding rock or through a network
of specialized drifts uniformly distributed beneath the extraction face. The ore moves through
the extraction area and release drifts under the influence of gravity.

However, only about 50% of pure ore is recovered due to horizontal limitations in the release
figure dimensions. To reduce ore dilution, sequential releases from adjacent drifts are made in
equal or varied doses, as per established release plans. Hawenet release methods cannot
fulfill these plans due to frequent blockages in the release drift necks and the avalanching flow
of ore when these blockages are cleared. Consequently, the release process is prolonged and
marked by high ore losses and dibat reaching up to 25% and 18%, respectively.

Based on the calculations performed using the econpratbematical model, graphical
dependencies were constructed to illustrate the specific costs of ore delivery relative to the
productivity of various types of LoadaultDump (LHD) machines used in secamy ore
transport. These relationships are presented inlFithe results provide insights into the cost
effectiveness of different LHD machine types under varying productivity conditions, allowing
for an optimized approach to secondary ore transpontati

Fig. 1 shows that the lowest specific ore delivery costs are achieved when using a
combined scrapeself-propelled transport method, utilizing meittucket scraper winches of
the 55LS2SMA type for primary delivery, and the selfopelled LHD ST7 type for secoacy
delivery. This scheme has the lowest cost indicators when the average transport distance is
within the range of 12®70 m. Under these conditions, the productivity of the system is
between 7201110 tons per shift, which is 1.3.3 times higher than wheusing only scraper
winches for ore delivery.

A significant reduction in specific ore delivery costs is achieved by increasing the average
transport distance from 120 m to 270 m, as seen in Fig. 3. This reduction is due to a notable
decrease in specific capital expenditure for constructing the prianarpass, dropping from
$1.24 per ton to $0.21 per ton. However, there is a corresponding decline in the productivity of
the selfpropelled LHDs used in secondary ore delivery, with performance decreases as follows:
EST2D from 460 tons per shift to 26zwoper shift, ST2D from 600 tons per shift to 375 tons
per shift, ST3.5 from 950 tons per shift to 620 tons per shift, ST7 from 1110 tons per shift to
730 tons per shift, ST1030 from 1610 tons per shift to 1050 tons per shift, LH409E from 1500
tons per stit to 890 tons per shift, and TORO400D from 1520 tons per shift to 990 tons per
shift.
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Fig. 1. The dependence of specific ore delivery costs on the productivity of various LHD
machine types [own study]

By approximating the maximum values, an empirical dependency was obtained to
describe how specific capital costs for constructing the primary ore pass change with respect to
the balance of ore reserves. This dependency highlights the relationship beteesme t
reserves allocated to a single ore pass and the associated capital investment required for its
construction. As the balance of ore reserves increases, the model demonstrates how specific
costs can be optimized, providing a clear framework for castaigement. The empirical model
also allows for adjustments based on varying reserve balances, making it adaptable to different
mining conditions. Overall, understanding this dependency is crucial for making informed
decisions on resource allocation anduadg construction expenses in ore pass development.
The specific costs for constructing the primary ore pass, depending on the balance of ore
reserves transported by one ore pass to the receiving level, can be determined by the formula:

Ry”__ = ZOO.ZTB:ap_l 422 , $/thousands tons with #’= 0.9848,

where: Bap 1 Ore reserves per primary ore pass, thousands of térisapproximation
accuracy

The study concludes that the use of-petfpelled equipment for ore delivery in sublevel
caving systems, as applied in the Kryvbas mines, is both feasible and economically justified
when employing a combined scrays@if-propelled transport approach. Feecondary ore
delivery, specific selfpropelled LoddaulFDump (LHD) machines, such as the EST2D, ST2D,
ST3.5, ST7, ST1030, LH409E, and TORO400D, were found to be particularly suitable and
costeffective.
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Depth to Water - Collocated Points Predicted Depth to Water - Extra Trees
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Dereviahina N.I., Head of the Department ofHydrogeology and Engineering Geology,
BieliashovM.V., Postgraduate Student
(Dnipro University of Technology, Dnipro, Ukraine)

ANALYSIS OF THE CHANGES IN STRENGTH AND DEFORMATION
CHARACTERISTICS OF LOESS SOLID MASS AS A RESULT
OF DYNAMIC LOADS

The necessity to provide stability of slopes, structures, and bearing capacity of rock
masses disturbed by blast loading depends upon the temporal and spatial changes in soil
parameters. Hence, we have analyzed the regularities characterizing a range sfioHaege
soil resulting from dynamic (namely, blasting) loads taking into consideration their
technogenesis under various conditions. The research territory is within the terracbdmight
share of Dnipro city in its southern part. The territory igespnted by a sedimentation mass
of the Anthropogene and Upper Pliocene deposits occurring on crystalline rocks and their
weathering crust (i.e. kaolin and granitic subsoil). They contain Poltava series sand; mottled
and redbrown clay; and loessoil seres. In this place, loess clay loam was sampled after blast
loading on the formation happened.

Mainly, the loess types are of siliceeaigjillic composition with the impurities of
carbonates and metal oxides. Siliceous {pi®the key component which content varies from
55 up to 65%. A significant share of aluminium oxidel (&) is 10 15%; the one of iron oxides
(FeOi) is 47%. Generally, carbonates are represented by calcium oxide (CaO) and
magnesium oxide (MgO) (3% and 13%, respectively). The content of such alkaline
elements as potassium oxidd () and sodium oxide (N@) is 2 4% and 12%, respectively.

Soil moisture is among the main factors determining their condition under loading. It
especially concerns loess rocks which specific properties complicate their behavioural
forecasting both under natural conditions and under technogenic load. Congeqyaathic
load involve an idea of optimum humidity in terms of which irreversible soil deformations will
be the greatest. Moreover, for each soil type the indicator will not be constant since it depends
upon load and its rate.

Based upon the analysis of the taken samples as well as relevant laboratory tests, it has
been defined that in the context of cohesive soil the maximum changes in density take place
within an area adjoining excavation operations. Accordingly, compactsgnigicantly higher
(18-20%) if soil moisture increases. If the values are close to complete water saturation then
the consolidated zone geometry increase and change in density of the zone is insignificant.

It has been proved experimentally that blast loading influences heavily
physicomechanical characteristics of loess clay loam in Prydniproviya stipulating certain
changes in its density, adhesion, and internal angle friction. It has been defined thaa within
zone of immediate blast impact (i.e. near the explosive cavit®)5 2imes increase in the
specific soil adhesion is observed to compare with its natural condition. Then the value
decreases gradually because of distancing from the explosion epmemtaring its natural
values at 1314-m distance decreasing in the certain areas to the level behagtings less
compared to the initial values. The obtained results demonstrate the necessity to take into
consideration the changes in physicomechapiaedmeters of loess clay loam while designing
and operating engineering structures within the territories experiencing blast loading to provide
their stability and durability.
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IMPROVEMENT OF TECHNOLOGICAL SAFETY SYSTEMS AT MINING
FACILITIES

Nowadays, process safety at mining companies plays a key role in ensuring the efficiency
and sustainability of production processes. The mining industry is one of the most hazardous
industries, with high risks of accidents and incidents due to difficulingiand geological
conditions, high gas pollution and the possibility of sudden emissions of methane and coal dust.
Therefore, improving the process safety systems at mining enterprises is a priority task to
increase the reliability of production process@d protect the lives of workers [1].

Effective degassing of mine workings is one of the key areas of mine safety, as methane
released during coal mining poses a serious explosive threat. Modern technologies make it
possible to remove gas from the massif by preliminary degassing coal dépaositise ground
surface, coal seams degassing systems, mined spaces, etc. The introduction of digital solutions,
such as automated monitoring and intelligent analytics, increases the efficiency of these
systems, minimizing the risk of gas accumulation sumtlen releases.

One of the main causes of accidents at coal mines is the release of methane, which
accumulates in the workings, posing a danger to miners and leading to forced production
shutdowns. The risk of methane in mines depends on a variety of factors, includirad na
conditions, deposit characteristics, coal depth and rock properties, as well as the organization
of mining, equipment condition and personnel training. The availability of modern control and
protection systems plays a crucial role in reducing trediikod of accidents [2].

One of the most effective ways to prevent such accidents is to remove methane from the
seams before and during mining. This method helps to significantly reduce the concentration
of methane in the mine air and reduce the risk of gas contamination. lioadditmproving
safety, it also helps to avoid cases of coal production stoppages caused by gassing of mine
workings due to high methane gas content. In addition, the captured methane can be used as an
energy source, making the mining process not onbr ¢aft also more cosfffective.

Currently, the methane content in the air of mine workings is mostly monitored using
thermocatalytic sensors, and in degassing systems, thermoconductometric sensors. The
thermocatalytic method is widely used due to its simplicity, low cost, and highigiénsit
However, it is effective only at methane concentrations of up to 5 vol%, and at higher
concentrations and with significant changes in the value of the concentration, such as those
characteristic of metharar mixtures in degassing pipelines, it do®t provide the required
control accuracy [3].

Thermoconductometric sensors are less sensitive, but they can measure methane
concentrations over a wide range of concentrations and are not sensitive to changes in pressure.
However, their accuracy can be affected by changes in temperature, humidggsandkture
composition. In addition, such sensors have a higher inertia, which limits their use in process
safety systems.

The wuse of microcontrollers in methane monitoring systems based on
thermoconductometric sensors significantly increases the accuracy, reliability, and efficiency
of measurements. One of the main advantages is digital data processing, which makes it
possibé to compensate for the nonlinearity of the thermocatalytic sensor signal at methane
concentrations above 5%. This is especially important because at higher gas concentrations,
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changes in the composition of the mixture, such as a decrease in oxygen content, can distort
sensor readings. Thanks to microcontrollers, correction algorithms can be applied that take into
account the influence of external factors such as temperaturéjityjrand pressure, which
significantly reduces measurement error and makes the system more resistant to environmental
changes.

Another significant improvement is the reduction of sensor inertia. Under normal
conditions, such sensors react to changes in gas concentration with a delay, which can be critical
in emergency situations. However, the use of microcontrollers makes iblpossiuse fast
filtering and adaptive correction algorithms, which reduces the system response time. This
makes it possible to quickly detect leaks or dangerous increases in methane levels, ensuring a
timely response.

In addition, microcontrollers allow for automatic diagnostics and calibration of sensors.
Built-in selfdiagnostic algorithms can monitor the condition of sensors, detect degradation of
sensors, sensor contamination, and other malfunctions that affectiremeaat accuracy.
Automatic calibration eliminates the need for frequent manual intervention, increasing system
stability and reducing operating costs.

Energy efficiency is also becoming an important factor when using microcontrollers.
Optimized control algorithms allow you to adjust the operating modes of sensors, turning them
on only when necessary, which reduces energy consumption. This is espetalfiant for
autonomous control systems that operate on battery power or in conditions of limited power
supply.

Another important aspect is to increase the reliability of the control equipment in difficult
underground conditions. In mines and degassing systems, dust, steam, and other gas impurities
can be present, which affect the accuracy of measurements. THemiseocontrollers makes
it possible to apply algorithms for compensation, data filtering, and adaptation to changing
conditions. This makes measurements more accurate and reliable even in aggressive
environments.

Conclusions. Improving the technological safety systems of mining enterprises is a
crucial area of development for the mining industry, which ensures a reduction in accidents and
an increase in production efficiency. One of the key aspects of improviety safthe
development and optimization of degassing systems through the use of information technology
by introducing microcontrollers into methane control systems based on thermoconductometric
sensors, which significantly improves their accuracy, redirm$ia, increases reliability in
difficult conditions and expands the possibilities of integration with modern digital systems.
These technologies provide a higher level of safety at mining enterprises, allowing them to
detect potential threats in a tijehanner and minimize the risk of accidents.
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COMPARISON OF DIFFERENT CHEBYSHEV POLYNOMIAL SYSTEMS FOR
MFSD HEAVY -TAIL PROCESS PREDICTION

Introduction and the results. We investigate continuous Kolmogoiid¥iener prediction
of the MFSD heawail process [1]. Our previous paper [2] was devoted to the corresponding
investigation based on tli#hebyshev polynomials of the first kind. This investigation is based
on the Chebyshev polynomials of the second kind for the same parameters as indicated in [2].
The corresponding comparison of the mean absolute percentage errors (MAPESs) of the
misalignmemof the lefthand side and the rightand side of the Wiendfopf integral equation
is made. The results for the packet rate equattp/2 are given in Table 1.
Table 1 MAPE for different numbers n of & hebyshev polynomials of the second kind

n fotr, n fotr,
1 2739 7 3.49
2 1858 8 2.92
3 11.77 9 2.03
4 8.67 10 1.69
5 6.01 11 1.57
6 4.71 12 1.34

As can be seen, the obtained results coincide with the corresponding results calculated on
the basis of the Chebyshpulynomials of the first kind [2].

Conclusions and plans for the future.The results for the Chebyshev polynomials of the
first kind are identical to the results for the Chebyshev polynomials of the second kind. It is
expected that a similar situation will occur for other packet rates, not onit fils 2The heawy
tail processes are used in agriculture, see [3], so the considered approach may be used to not
only to the traffic investigation [1], but also to agriculture. A plan for the future is to investigate
the corresponding problem d¢ime basis of another function set.
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