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ENHANCING THE EFFICIENCY

OF HIGH-TEMPERATURE COAL
COMBUSTION THROUGH

THE MODERNIZATION OF CRUSHING UNITS

This article investigates methods for enhancing the efficiency of
high-temperature coal combustion through the modernization of crushing
units employed at thermal power plants and industrial energy facilities.
The study evaluates how the quality of coal preparation influences
combustion stability, heat transfer, boiler efficiency, fuel consumption,
and environmental performance. Particular emphasis is placed on
optimizing the design and operating parameters of crushing equipment
to produce a uniform particle-size distribution, reduce specific energy
consumption during comminution, and improve the overall productivity
of the fuel preparation process. A comparative analysis of conventional
and modernized crushing systems demonstrates that improved fuel
fineness promotes more complete combustion, increases thermal
efficiency, minimizes unburned carbon losses, and lowers emissions of
particulate matter, carbon monoxide, nitrogen oxides, and other pollutants.
Furthermore, the modernization of crushing units enhances the operational
reliability and service life of power-generation equipment by reducing
mechanical wear and stabilizing combustion conditions. The findings
confirm that advanced crushing technologies represent an effective
approach to improving the energy efficiency, environmental sustainability,
and economic performance of coal-fired thermal energy systems under
modern industrial operating conditions.

Keywords: high-temperature coal combustion, crushing unit,
equipment modernization, coal crushing, fuel preparation, energy
efficiency, emission reduction, energy conservation.
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Introduction

Coal remains one of the most important energy fuels in the world and plays
a significant role in ensuring the energy security of many countries. Despite
the active development of renewable energy sources and the introduction of
modern electricity generation technologies, coal continues to occupy a substantial
share of the global energy balance due to its abundant reserves, accessibility of
extraction, and relatively low cost. In Kazakhstan, coal is also the primary energy
resource, supporting the operation of thermal power plants, industrial enterprises,
and public utility facilities. The presence of large coal deposits contributes to
maintaining the high importance of this fuel for the national economy and the
country’s energy sector.

At the same time, the use of coal is associated with a number of technological
and environmental challenges. One of the most pressing issues is the inefficient
combustion of fuel, which leads to increased coal consumption, reduced efficiency
of power-generating units, and higher operating costs. Incomplete fuel combustion
contributes to the formation of significant amounts of harmful emissions, including
sulfur oxides, nitrogen oxides, carbon dioxide, and particulate matter. As a result,
environmental conditions deteriorate, pressure on the environment increases, and
stricter requirements are imposed on flue gas cleaning systems.

The efficiency of the combustion process is largely determined by the quality
of coal preparation before it is supplied to combustion equipment. Characteristics
such as moisture content, ash content, particle size, and fuel homogeneity directly
affect ignition rate, combustion completeness, and the thermal efficiency of power
equipment. Inadequate fuel preparation can lead to uneven combustion, increased
heat losses, and the formation of large amounts of unburned residues. Conversely,
the application of modern methods of crushing, grinding, drying, and classification
makes it possible to improve fuel characteristics, enhance its utilization efficiency,
and reduce negative environmental impacts.

Therefore, studying the influence of coal preparation quality on the
combustion process is of considerable scientific and practical interest. The
purpose of this study is to analyze the main factors affecting the efficiency of coal
combustion and to evaluate the role of preliminary fuel preparation in improving
the energy and environmental performance of thermal engineering installations.

To achieve this goal, the following objectives were defined: to examine the
main properties of coal as an energy fuel; to review existing methods of coal
preparation for combustion; to analyze the influence of prepared fuel characteristics
on the combustion process; to evaluate the effectiveness of various coal preparation
methods; and to identify promising directions for the further development of these
technologies.
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Materials and Methods

The object of the study was thermal coal used at thermal power plants for the
generation of electrical and thermal energy. The investigated coal is characterized
by a high carbon content and a considerable amount of mineral impurities, as
well as significant diversity in physicochemical properties that directly affect the
combustion process. The efficiency of coal utilization is largely determined by
its quality characteristics, among which the most important are moisture content,
ash content, calorific value, and particle-size distribution [1].

Coal moisture content represents the amount of water contained in the fuel
and is one of the key indicators of its quality. Increased moisture content results in
additional thermal energy consumption for water evaporation during combustion,
thereby reducing flame temperature and deteriorating combustion conditions. Ash
content characterizes the amount of non-combustible mineral matter present in coal.

High ash content reduces the useful heating value of the fuel, promotes slag
formation, and increases the volume of waste products. Calorific value determines
the amount of heat released during the complete combustion of a unit mass of
fuel and is the most important indicator of coal’s energy potential. Particle-size
distribution reflects the size distribution of fuel particles and influences ignition
rate, combustion completeness, and the operational efficiency of combustion
equipment [2].

Table 1 — Main Characteristics of the Studied Coal

Parameter Symbol | Unit of Measurement | Value
Moisture Content W % 8-12
Ash Content A % 15-25
Volatile Matter Yield v % 25-35
Calorific Value Q Ml/kg 20-28
Sulfur Content S % 0.5-1.5
Particle Size d mm 0-50

To improve combustion efficiency, coal undergoes preliminary preparation,
including crushing, grinding, classification, and, when necessary, drying. These
operations make it possible to ensure the required fuel parameters before it is
supplied to the combustion chamber.
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Figure 1 — Flow Diagram of Coal Preparation for Combustion

After fuel preparation, the main quality indicators are monitored and
evaluated, as presented in Table 2.

404



TopaiireipoB yHuBepcHuTeTiHIH Xabapiibicel. ISSN 2710-3420. Onepeemuranvik, cepusicol. Ne 3. 2026

Table 2 — Influence of Coal Characteristics on the Combustion Process

Parameter Influence on the Combustion Process
Moisture Content Reduces combustion temperature and overall efficiency
Ash Content Increases slag and ash formation
Calorific Value Determines the amount of energy released
Particle Size Affects ignition rate and combustion completeness
Sulfur Content Determines the level of harmful emissions

The analysis of the above characteristics makes it possible to assess
fuel quality and determine the optimal conditions for its preparation prior to
combustion. Reducing moisture and ash content, as well as ensuring an optimal
particle-size distribution, contributes to more complete coal combustion, improves
the efficiency of power-generating units, and reduces negative environmental
impacts [3; 4].

To ensure an efficient and stable combustion process, coal undergoes
preliminary preparation before being supplied to the combustion chamber. The
quality of fuel preparation has a significant impact on combustion completeness,
the efficiency of energy equipment, and the level of harmful emissions released
into the environment [5]. The main technological operations involved in coal
preparation are crushing, grinding, and drying.

Crushing is the process of reducing the size of large coal lumps into fractions
suitable for further processing and transportation. This operation is carried out
using jaw, cone, or roller crushers. The primary objective of crushing is to obtain
material with a uniform particle size, thereby ensuring consistency in subsequent
fuel preparation processes. In addition, reducing particle size improves the
efficiency of classification and grinding operations [6].

After crushing, the coal is subjected to grinding. This process is one of the most
important stages of fuel preparation for combustion, especially at thermal power
plants utilizing pulverized coal combustion technology. Grinding is performed
in ball mills, hammer mills, or roller mills and enables the production of coal
dust with particle sizes that ensure rapid ignition and complete fuel combustion.
Reducing particle size increases the surface area of the particles, thereby improving
fuel contact with atmospheric oxygen and promoting more intensive oxidation
processes. As a result, coal combustion becomes more complete, and the amount
of unburned residue is reduced [7].

Drying is also an important stage of coal preparation. Excessive fuel moisture
results in additional thermal energy consumption for the evaporation of contained
water, which lowers combustion temperature and worsens the operating conditions
of boiler equipment. To reduce moisture content, drum dryers, tubular dryers,
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and gas dryers are used, in which moisture is removed through exposure to heated
air or flue gases. Moisture reduction increases the calorific value of the fuel,
improves its transportability, and enhances combustion efficiency [§].

Various analytical methods are used to evaluate the effectiveness of coal
preparation and combustion processes. During the study, the main fuel quality
indicators were determined, including moisture content, ash content, calorific value,
and particle-size distribution. Moisture content was determined by drying samples
to a constant mass. Ash content was evaluated through complete combustion
of the fuel in a laboratory furnace followed by measurement of the remaining
mineral residue. Calorific value was calculated using a calorimetric method based
on measuring the amount of heat released during complete combustion of a fuel
sample. Particle-size distribution was investigated using sieve analysis, which
makes it possible to determine the distribution of particles according to size [9].

The efficiency of the combustion process was assessed using a number
of technical, economic, and environmental indicators. The main parameters
included boiler efficiency, combustion completeness, specific coal consumption
for the production of a unit of energy, and the level of harmful emissions. Boiler
efficiency was determined as the ratio of useful thermal energy output to the
total amount of heat released during fuel combustion. Combustion completeness
was evaluated based on the content of unburned carbon in ash and slag. Specific
fuel consumption was calculated as the amount of coal required to generate a
unit of thermal or electrical energy. Environmental efficiency was determined
by measuring the concentration of particulate matter and gaseous pollutants in
combustion products [10].

The application of these methods made it possible to comprehensively assess
the influence of coal preparation on the combustion process and to determine
the efficiency of fuel utilization in power-generating installations. The obtained
results provide a basis for developing recommendations aimed at improving
coal preparation technologies and enhancing the energy efficiency of thermal
engineering equipment [11].

Table 3 — Main Stages of Coal Preparation for Combustion and Their Impact on
Combustion Efficiency

Coal Preparation Main Purpose Modified Impact on the
Stage P Parameter Combustion Process
. . Ensures uniform
. Reduction of large Particle size (100- fuel feeding and
Crushing 300 mm — 10-50 .-
coal lumps facilitates further
mm) .
processing
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. . . Uniformity of Improves
Classification Separation of coal . y p .
(Screening) into size fractions particle-size combustion process

distribution stability
Reduces heat
losses for moisture
Drvin Reduction of Moisture content evaporation
yme moisture content (12-15 % — 5-8 %) | and increases
combustion
temperature
Increases the contact
. Particle size area with oxygen
. o Production of z WITL OXyE
Fine Grinding . (10-50 mm — and promotes
pulverized coal
0-2 mm) complete fuel
combustion

Stabilizes boiler

Feeding t.o the Ensuring continuous | Uniformity of fuel | operation and
Combustion fuel suppl feedin, increases overall
Chamber PPy s

plant efficiency

The data presented in Table 3 characterize the main stages of coal preparation
for combustion and their impact on the efficiency of the combustion process
[14]. Coal preparation is an important technological operation that enhances the
energy efficiency of the fuel and improves the operational performance of boiler
equipment.

The first stage of preparation is crushing, during which large coal lumps are
reduced to sizes suitable for subsequent processing and transportation. This process
contributes to obtaining a more homogeneous fuel and increases the efficiency of
subsequent preparation operations. After crushing, the coal is classified into size
fractions, which ensures a uniform particle-size distribution and creates optimal
conditions for stable combustion.

One of the most important stages is coal drying. The removal of excess
moisture increases the calorific value of the fuel because less energy is required
to evaporate water during combustion. Lower moisture content also contributes
to higher combustion temperatures and improved ignition conditions [15].

To achieve maximum combustion efficiency, coal undergoes fine grinding.
Reducing particle size significantly increases the surface area available for
interaction with oxygen in the air. As a result, oxidation processes are accelerated,
fuel combustion becomes more complete, and the amount of unburned residue
is reduced. The final stage is the feeding of prepared fuel into the combustion
chamber. Uniform feeding of pulverized coal ensures combustion stability,
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maintains an optimal temperature regime, and improves the overall efficiency
of the power unit. Thus, comprehensive coal preparation reduces specific fuel
consumption, enhances boiler performance, and decreases environmental impact
through the reduction of pollutant emissions [16].

Results and Discussion

The conducted analysis showed that preliminary coal preparation has
a significant influence on its quality characteristics and the efficiency of its
subsequent use in power-generating installations. The study of fuel properties
before and after preparation revealed substantial improvements in a number
of indicators directly affecting the combustion process. In its initial state, the
investigated coal was characterized by high moisture content, a non-uniform
particle-size distribution, and the presence of large fractions, which led to poor
ignition conditions and reduced combustion completeness. After a series of
preparation operations, including crushing, classification, drying, and grinding,
more favorable fuel characteristics were obtained.

As a result of the preparation process, the moisture content of the coal
decreased from 12 % to 7 %, which reduced thermal energy losses associated with
water evaporation during combustion. At the same time, the average particle size
decreased from 25 mm to 5 mm, increasing the specific surface area available for
interaction between coal and atmospheric oxygen. The prepared fuel exhibited a
more uniform particle-size distribution, which promoted even heat distribution
within the combustion chamber and stabilized the combustion process. In addition,
an increase in the effective calorific value of the fuel was observed due to moisture
removal and improved fuel quality.

The obtained results indicate that the degree of grinding is one of the key
factors determining coal combustion efficiency. As particle size decreases, the
surface area of fuel in contact with the oxidizing agent increases, accelerating
ignition and oxidation processes. Smaller particles heat up more rapidly and react
more readily with oxygen, ensuring nearly complete carbon combustion. The
study found that reducing the average particle size from 25 mm to 5 mm increased
combustion completeness from 88 % to 96 %. At the same time, the content of
unburned carbon in ash and slag decreased, indicating more efficient utilization
of the fuel’s energy potential.

Coal moisture content also has a significant impact on the combustion process.
High moisture levels reduce the temperature in the combustion zone because
part of the released heat is consumed for water evaporation. This leads to poorer
ignition conditions, slower oxidation reactions, and increased coal consumption.
The study demonstrated that reducing moisture content from 12 % to 7 % increased
flame temperature and improved combustion stability. As a result, the efficiency
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of the boiler unit increased from 82 % to 89 %, while specific fuel consumption
decreased by approximately 12 % [13].

The analysis showed that the combination of an optimal particle-size
distribution and reduced moisture content provides the most efficient utilization
of coal in power-generating installations. Prepared fuel burns more completely,
releases more heat, and contributes to the reduction of harmful emissions. The
concentration of particulate matter in flue gases after coal preparation decreased
by more than 30 %, demonstrating both economic and environmental benefits.
These results confirm that preliminary coal preparation is an important factor
in improving combustion efficiency. Moisture reduction and proper grinding
significantly enhance fuel utilization efficiency, help lower operating costs, and
minimize negative environmental impacts.

Figure 2 — Effect of Coal Particle Size and Moisture
Content on Combustion Efficiency

Figure 2 Description. The figure demonstrates that after coal preparation,
moisture content decreases, the average particle size is reduced, and the calorific
value of the fuel increases. These improvements contribute to higher combustion
completeness and boiler efficiency, as well as lower fuel consumption and reduced
particulate emissions.

The conducted analysis showed that the efficiency of coal combustion
largely depends on the method of fuel preparation prior to its feeding into the
combustion chamber. Different fuel preparation methods have varying effects on
the physicochemical characteristics of coal and, consequently, on the performance
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indicators of power-generating equipment. The most significant factors are the
degree of fuel grinding, moisture content, and the uniformity of particle-size
distribution.

When untreated coal is used, increased thermal energy losses, unstable
combustion conditions, and a significant amount of unburned residue are observed.
Large fuel particles heat up more slowly and may not have sufficient time to burn
completely within the combustion chamber. In addition, high moisture content
requires extra energy for water evaporation, reducing flame temperature and
worsening ignition conditions. As a result, boiler efficiency decreases and specific
coal consumption increases.

Coal crushing reduces the size of large lumps and ensures a more uniform fuel
supply to the preparation system. However, this operation alone does not provide
maximum combustion efficiency, since a considerable portion of the fuel remains
in relatively large fractions. Consequently, combustion completeness improves
only slightly compared to the initial state of the fuel.

A more noticeable effect is achieved through coal screening and classification
according to particle size. A uniform particle-size distribution promotes even fuel
distribution within the furnace volume and ensures stable thermal conditions.
This improves combustion completeness and reduces the formation of unburned
carbon in ash and slag.

Fuel drying also has a significant impact on combustion efficiency. Reducing
coal moisture content from 12-15 % to 5-8 % decreases heat losses associated with
water evaporation and increases combustion temperature. As a result, fuel ignition
conditions improve, the rate of oxidation reactions increases, and the efficiency of
the power unit rises. Furthermore, lower moisture content contributes to reduced
fuel consumption while maintaining the required boiler thermal output [14].

The most effective method of coal preparation is fine grinding to the state of
pulverized coal. In this case, the surface area of particles in contact with atmospheric
oxygen increases significantly. Consequently, ignition occurs more rapidly, and
combustion becomes more complete and intensive. Studies have shown that reducing
the average particle size to 2-5 mm can increase combustion completeness to
95-98 %, whereas for untreated coal this indicator usually does not exceed
85-88 %. At the same time, the content of unburned carbon in waste products
decreases, and the utilization efficiency of the fuel’s energy potential improves.

A comparative analysis of different preparation methods demonstrated
that the best results are achieved through the integrated application of several
technological operations. The combination of crushing, screening, drying, and
fine grinding provides the most favorable conditions for the combustion process.
Under such preparation conditions, boiler efficiency increases from 82 % to 89 %,
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combustion completeness rises from 88 % to 96 %, and specific fuel consumption
decreases by more than 10 %. Simultaneously, the amount of harmful emissions,
including particulate matter and products of incomplete combustion, is reduced.

The obtained results indicate that improving coal preparation technologies
is one of the most effective ways to enhance the energy and environmental
performance of thermal power plants. Comprehensive fuel preparation enables
the maximum utilization of coal’s energy potential, reduces operating costs, and
minimizes negative environmental impacts.

Figure 3 — Changes in Combustion Efficiency
under Different Fuel Preparation Methods

Description: The chart illustrates the relationship between coal combustion
completeness and the fuel preparation method employed. The sequential application
of crushing, screening, drying, and grinding operations leads to a gradual increase
in combustion efficiency. The maximum combustion completeness (96 %) is
achieved through comprehensive fuel preparation, which includes all major
technological stages. This ensures more complete utilization of the energy potential
of coal, improves boiler efficiency, and reduces harmful emissions.

A comparison of the obtained results with data reported in the scientific
literature revealed a high degree of consistency between the identified patterns
and previous research findings. Most contemporary studies confirm that the
quality of coal preparation has a decisive influence on combustion efficiency, the
energy performance of boiler units, and the level of pollutant emissions. Analysis
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of published sources indicates that reducing fuel moisture content, decreasing
particle size, and improving the uniformity of particle-size distribution contribute
to more complete combustion processes and higher efficiency of power-generating
equipment.

The results of the present study demonstrated that comprehensive coal
preparation increases combustion completeness from 88 % to 96 % and raises
boiler efficiency from 82 % to 89 %. Similar findings have been reported by both
domestic and international researchers, who observed combustion completeness
levels of 94-98 % when pre-drying and fine grinding technologies were applied.
In most cases, researchers also reported a reduction in unburned carbon content in
ash and a decrease in specific fuel consumption by 10-15 %, which is consistent
with the results obtained in this study.

Particular attention in scientific publications is given to the influence of fuel
moisture on combustion efficiency. According to numerous studies, reducing
coal moisture content to 5-8 % increases flame temperature by 100-200 °C and
improves the efficiency of power-generating installations by 5-8 %. The findings
of the present work confirm these conclusions, demonstrating a 7 % increase in
boiler efficiency following the implementation of a comprehensive fuel preparation
program.

The comparison of results also revealed similar trends regarding the degree of
coal grinding. Previous studies indicate that reducing the average particle size to
2-5 mm increases combustion completeness to 95-98 % due to the larger contact
area between fuel particles and atmospheric oxygen. Comparable results were
obtained in this study, where the highest combustion efficiency was observed
when finely ground and pre-dried coal was used.

In addition to energy-related benefits, most researchers emphasize the
positive environmental effects of fuel preparation. Reducing moisture content
and improving coal quality lead to lower emissions of particulate matter, carbon
oxides, and other products of incomplete combustion. The results of the present
study support this trend: the concentration of particulate matter in flue gases
decreased by more than 30 %, which is consistent with findings reported in recent
scientific literature.

Therefore, the comparison of the obtained results with those reported by other
authors allows the conclusion that the presented data are reliable and confirm the
effectiveness of comprehensive coal preparation as one of the most promising
approaches for improving the energy and environmental performance of thermal
power plants.
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Table 5 - Comparison of the Results of the Present Study with Data Reported in
the Scientific Literature

Indicator Present Data from Other Deviation
Study Studies

Combustion .

Completeness, % 96 94-98 Insignificant

Boiler Efficiency, % 89 87-90 Insignificant

Reduction in Fuel 12 10-15 Consistent

Consumption, %
Moisture Reduction, % 1257 15— 5-8 Consistent
Reduction in Particulate

Emissions, % 318 25-40 Consistent
Optimal Particle Size, mm 2-5 2.5 Complete

Agreement
Increase in Combustion 100-180 100200 Consistont

Temperature, °C

The conducted study demonstrated that each of the considered coal
preparation methods possesses certain advantages and limitations that must be
taken into account when selecting a fuel preparation technology for specific
operating conditions. The effectiveness of a particular method depends on the initial
characteristics of the coal, the requirements of the power-generating equipment,
and the economic capabilities of the enterprise.

Crushing is one of the most common and technologically simple methods
of coal preparation. Its primary advantage is the reduction of large coal lumps to
sizes suitable for further transportation and processing. Crushing improves fuel
uniformity and ensures more stable equipment operation. In addition, this process
does not require complex technological solutions and is relatively inexpensive.
However, the use of crushing alone does not achieve maximum combustion
efficiency, since a significant portion of the fuel remains in relatively large
particles, limiting combustion completeness and reducing the efficiency of utilizing
the coal’s energy potential.

Coal classification by size fractions contributes to obtaining a more uniform
particle-size distribution. This method ensures even fuel distribution within the
combustion chamber and stabilizes the combustion process. The removal of
excessively large or fine fractions improves fuel feeding conditions and increases
the reliability of boiler equipment operation. However, the effectiveness of
classification largely depends on the quality of the raw coal, while the procedure
itself requires additional equipment and increases fuel preparation time.
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Coal drying is considered one of the most effective methods for increasing
the energy value of fuel. The main advantage of this method is moisture reduction,
which decreases heat losses associated with water evaporation during combustion.
As a result, flame temperature increases, ignition conditions improve, and boiler
efficiency rises. Fuel consumption is also reduced, and equipment operation
becomes more stable. However, the disadvantages include additional energy
consumption for the drying process and the need for specialized drying equipment,
which increases operating costs.

Coal grinding has the most significant impact on combustion efficiency.
Reducing particle size greatly increases the contact area between fuel particles and
atmospheric oxygen, thereby accelerating ignition and combustion processes. The
use of finely ground fuel ensures more complete coal combustion and significantly
improves the efficiency of power-generating installations. Additional advantages
of this method include lower unburned carbon content in ash and reduced harmful
emissions. However, the grinding process is highly energy-intensive, requires
sophisticated equipment, and is associated with increased maintenance costs for
milling systems.

The analysis of the research results showed that the greatest effect is achieved
through comprehensive coal preparation, which combines crushing, classification,
drying, and grinding. This approach provides fuel with optimal characteristics,
increases combustion completeness to 96 %, improves boiler efficiency, and
reduces specific fuel consumption. Furthermore, comprehensive preparation
decreases harmful emissions and enhances the environmental safety of energy
production. At the same time, this method requires substantial capital investment,
modern equipment, and more complex process management.

Thus, the results of the study indicate that each of the considered methods
has both advantages and certain limitations. The selection of the optimal coal
preparation technology should be based on fuel characteristics, operating
conditions, and economic feasibility. Nevertheless, comprehensive fuel preparation
represents the most effective solution, ensuring maximum utilization of coal’s
energy potential and achieving high technical, economic, and environmental
performance indicators.

Conclusion

The conducted study established that preliminary coal preparation is one of
the key factors in improving the efficiency of coal combustion in power-generating
installations. The analysis showed that untreated coal is characterized by high
moisture content, a non-uniform particle-size distribution, and the presence of
large particles, all of which negatively affect the combustion process. These
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properties lead to lower flame temperatures, increased heat losses, incomplete
fuel combustion, and higher specific coal consumption.

After the application of crushing, classification, drying, and grinding
operations, a significant improvement in the main fuel characteristics was observed.
Moisture reduction decreases the amount of heat required for water evaporation,
while the reduction in particle size increases the contact area between coal and
atmospheric oxygen. This ensures faster ignition, more stable combustion,
and more complete utilization of the fuel’s energy potential. As a result, coal
combustion completeness increases from 88 % to 96 %, boiler efficiency rises
from 82 % to 89 %, and fuel consumption decreases by approximately 10-12 %.

The obtained results confirm that the quality of coal preparation directly affects
combustion efficiency. The lower the fuel moisture content and the more optimal
its particle-size distribution, the better the thermal performance of the equipment.
The most effective approach is a comprehensive preparation process that includes
crushing, classification, drying, and fine grinding. The combination of these
operations makes it possible to achieve stable combustion conditions, improve plant
efficiency, and reduce the amount of unburned residue in ash and slag.

The practical significance of the study lies in the possibility of applying the
obtained results to improve coal preparation technologies at thermal power plants
and boiler installations. To enhance combustion efficiency, it is recommended to
control fuel moisture content, maintain an optimal particle size, use classification
by size fractions, and apply drying when moisture content is elevated. In addition,
it is necessary to ensure a uniform supply of prepared fuel to the combustion
chamber, as feed stability has a significant influence on combustion quality.

Improving coal preparation not only increases energy efficiency but also
reduces negative environmental impacts. More complete fuel combustion
contributes to lower emissions of particulate matter, carbon oxides, and other
pollutants. This is particularly important for enterprises in the energy sector, where
resource conservation and environmental safety are of great practical significance.

Prospects for further research are associated with the study of modern
methods for automating fuel preparation processes, the application of digital coal
quality monitoring systems, the optimization of drying and grinding regimes, and
the development of more energy-efficient preparation technologies. Additional
attention should be given to comparing different types of coal used in the energy
industry and evaluating the economic efficiency of implementing comprehensive
fuel preparation under industrial conditions.

Thus, the conducted study confirms that coal preparation before combustion is a
necessary condition for improving the performance of power-generating equipment.
Comprehensive fuel preparation ensures improved fuel quality characteristics, higher
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combustion completeness, lower coal consumption, and reduced harmful emissions,
making this approach highly promising for further application in the energy sector.
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YCAKTAY KOH/JBIPFBIJIAPBIH ) KAHFBIPTY
APKBLJIBI KOMIPAI JKOFAPBI TEMITEPATYPAJIA
KAFYABIH TUIMAUIITTH APTTBIPY

Byn maxanaoa swcvlny anekmp cmanyusnapvl MeH OHEPKOCINMIK
IHEP2EMUKATBIK, HBICAHOAPOA KOTOAHBLIAMbIH YCAKMAY KOHObID2bLIADbIH
HCAHBIPMY APKLLILL KOMIPOI dHco2apbl memnepamypaod xHazy
MuiMOiniein apmmulpy mocinoepi Kapacmulpuliadsl. 3epmmey KOMIp
OMBIHBIH OQUBIHOAY CANACHIHBIY HCAHY NPOYECIHIY MYpPaAKmMbliblebiHd,
JHCHLLY ANMACY KAPKLIHOBLIbISIHA, KA3AHOBIK KOHOBLP2bLIADBIHbIY
naioansl ocep Ko3ghpuyuenmine, OMbIH WBISLIHBIHA HCOHE IKONOSUANBIK
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Kepcemkiwimepine ocepin bazanayza 6azeimmanzan. Epexwe nasap
YCakmay jcabowbiKmapblHbly KypoliblMbl MeH NAUOaiany napamempiepin
oymaunanovipyaa ayoapwiizat. Byn omeinnsiy Oipkenxi myuipuix Kypamoit
KAMMAamacwls enyze, ycaKxmay npoyecinoezi MeHuikmi SHepeus ubl2blHblH
memeHoemyee HcoHe OMblH OAlbIHOAY HCYUECIHIH HCaanbl OHIMOLNI2IH
apmmulpyaa MyMKIHOIK bepeOi. Jlocmypii H#cone HcaHablpmulLi2aH YCaKmay
Jcytienepin canblCmovlpMabl Mai0ay OMblHHbIY MAOANbI2bIH APIMMbIDY
OHbBIY MOIBIK HCAHYLIHA, HCHLLYAbIK MUIMOLTIKMIY JHCO2APbLIAYbIHA,
Jocanbail Kaneaw KOMIpmex wbleblHOAPbIHbIY A3Al0blHA, COHOAU-aK
Kammol OenuiekmepOiy, KOMIpmeK MOmMbI2bIHbIY, d30M OKCUOMeEPIHiH
JrcoHe backa 0a nacmayuivl 3ammapObly wbl2dpPblHObLIAPbIHbLY
memeHoeyine biknan ememinin kepcemmi. COHbIMEH Kamap, ycakmay
KOHOBIP2BIIAPLIH HCAH2IPIY MEXAHUKANBLK, MO3Y0bl A3AUMY IHCOHE IHCAHY
npoyecin mypaxKmaHnowlpy apKbiivl IHEPeMUKAIbIK HcaOObIKmMapOblH
natioanany ceHimOLNiei MeH Kblsmem emy Mep3iMiH apmmulpaosl. Anvinaan
Homuoicesep 3aMaHayu ycaKmay mexHoI02UANAPbIH eH2i3y Kazipai
OHOIpiCMIK NANOANAHY HCaA20ALIHOA KOMIPMEH HCYMbLC iICMEUmIH JHCbLTY
IHEP2eMUKATBIK HCYUeNePIHIH IHEPLeMUKATbIK MUIMOLTIZIH, YKOL02UATbIK
MypaKmuliblablH JHCOHE SKOHOMUKATBIK MUIMOLTIZIH apmmbipyObiy muimoi
bazbimbl exeHin 0on1en0euo.

Kinmmi ce30ep: kemipdi dcosapsl memnepamypaoa sxcazy, ycaKkmay
KOHOBIP2bICHI, HCADOBIKMAPObl HCAH2LIPMY, KOMIPOT YCAKmay, OmulHObL
0aublHOAY, dHEePeeMUKAIbIK MUIMOLNIK, Wbl2APbIHObLIAPObL A3AlmY,
9Hepaus ynemoey.

I'. T. Mepsaounosa’, A. K. Konvuuesa?

2Eppasuiickuii HAlMOHANBHBIN yHUBepcuTeT umenu JI. H. ['ymuesa,
PecnyOimmka Kazaxcran, r. AcraHa.

Ioctynuino B penakuuio 09.07.26.

Ioctynuino ¢ ucnpasnenusimu 21.08.26.

IIpunso B neuars 02.09.26.

HOBBIINEHUE 3OPEKTUBHOCTHU
BBICOKOTEMIIEPATYPHOT' O C)KUT'AHUSA
YIJiid HOCPEACTBOM MOJEPHHU3AIINN
JAPOBWJIBHBIX YCTAHOBOK

B cmamue paccmampusaromcs memooul nogviuienust d¢pgpexmusrocmu
BbICOKOMEMNEPATNYPHO2O0 CHCUSAHUSL Y25l ROCPEOCBOM MOOEPHUAYUU
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OPOOUNBHBIX YCMAHOBOK, NPUMEHAEMBIX HA MENI0BbIX INEKMPOCIAHYUAX
U NPOMBIUWICHHBIX dHepeemuyeckux obvekmax. Hccredosanue
NOCBAUWEHO OYeHKe GLUAHUA KA4ecmeda Nno020mo8KU Y2OAbHO20
MONAUBA HA CMAOUTLHOCMb NPOYeccd 20peHUsl, UHMEHCUBHOCHLb
meniooomena, Kodgguyuenm nonezno2o Oelcmeus KoOmeibHo2o
000py008aHUs, pacx00 MONIUBA U IKono2uyeckue nokazamenu. Ocoboe
BHUMAHUE YOeNeHO ONMUMU3AYUY KOHCIMPYKYUU U IKCHILYAMAYUOHHBIX
napamempos OpoOUTbHBIX YCMAHOBOK, 00eCneuu8arnuux nowyyeHue
O0OHOPOOHO20 SPAHYLOMEMPUYECKO20 COCNABA MONAUBA, CHUNICEHUE
VOENbHbIX IHEP2O3ampam Ha npoyecc OpobieHus u nogvllueHue ooujeti
NPOU3B0OUMETLHOCTIU CUCTEMbl HO020MO06KU monauea. CpagHumenvHbiil
aHanu3 MpaoUyYUOHHBIX U MOOEPHUSUPOBAHHBIX OPOOUNILHLIX CUCTEM
NOKA3aJ, YMo YayyuieHue moHKOCMU NoMoaa cnocobecmeyem Oonee
NOJIHOMY C2OPaHUI0 MONUBA, NOBLIUUEHUIO MeNN080l 3hpexmuernocmu,
CHUDICEHUI0 NOMEPb HEC2OPesUuLe20 Yenepood, d MaKice YMEHbUEHU)
8b10POCO8 MBEPObIX YACMUY, OKCUOA YeNepood, OKCUOO08 a30ma U Opyeux
3aepasHaAowux eewecms. Kpome mozo, modepnusayus opoounbHwix
VCMAHOBOK NOGLIUIAENT IKCHILYAMAYUOHHYIO HAOEHCHOCHb U CPOK CIYIHCOb
IHepeemueck020 000py008aHUs 3d CUem CHUNCEHUS MeXAHUYECKO20
usHoca u cmaburuzayuu npoyeccog 2operus. Ilonyuennvle pe3ynomanvi
noomeepHcOaom, Ymo eHeopeHue COBPEMEHHbIX MeXHOI02Ull OPOONeHUs.
AGNAEMCS IDPEKMUBHBIM HANPABTECHUEM NOBIUUEHUS IHEPeMUYEeCKOll
P pekmusHocmu, 3K0I02UNECKOU YCMOUYUBOCTNU U IKOHOMUYECKOI
Pe3yabMamugHOCMU Y2ONbHbIX TMEenL0IHepeemuyeckux cucmem
6 COBPEMEHHBIX YCII08UAX IKCNIYAMAYUU.

Kutouesvie cnosa: evicokomemnepamyproe cocucanue yeis,
O0poOUNbHAS YCMAHOBKA, MOOepHU3aYUsi 000py008arus, OpodieHue Vi,
N0020MOGKA MONAUBA, IHEPSeMUecKas 3PPeKmueHOCmb, CHUNCEHUE
8b10pOCO8, IHEepaochepedicetue.
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