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ABSTRACT

Coal is the main fuel of thermal power plants (TPP), which provides more than 40% of electricity generation
and about 25% of thermal energy in the world. Unlike renewable energy sources, thermal power plants supply
consumers with energy around the clock and without interruption, regardless of the time of year. Expensive highly
reactive fuel (fuel oil or natural gas) is burned to kindle pulverized coal boilers of thermal power plants. The burning
of heating oil leads to an increase in harmful emissions into the atmosphere and initiates the search for alternative
solutions for fuel-free kindling of pulverized coal boilers of thermal power plants. The most effective solution to
this problem is the use of innovative plasma technology for fuel-free boiler kindling. Currently, much attention
is paid to the fight against global warming and related environmental problems that lead to a negative impact on
people, animals, and plants. The installation of plasma-coal burners in the furnaces of power boilers, providing
their fuel-free kindling and illumination of the pulverized coal torch, significantly improves the environmental
and economic indicators of thermal power plants. Currently, one of the priority tasks is to optimize the design of

plasma-coal burners at existing thermal power plants.
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1. Introduction

Renewable energy sources are becoming
increasingly necessary due to concerns about the
impact of anthropogenic emissions on the climate.
Different types of renewable energy sources can
be associated with different effects and different
term-ecological costs on energy supply systems
[1-8]. Active research has begun on the efficient
and clean use of energy resources due to limited
resource reserves and air pollution due to
greenhouse gas emissions. The most widely used
and affordable type of fuel worldwide is coal.
Therefore, an important role is played by the
environmentally and energy-efficient use of this
common fuel [9].

The main source of energy is coal, which
accounts for about 30% of the total energy
consumption. In recent years, many studies have
been conducted aimed at reducing the harmful
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effects of coal-burning in connection with global
warming. Many coal-fired thermal power plants
have significant problems with performance or
operability due to aging. Accordingly, work is
underway to renew thermal power plants, which
is of great importance to compensate for the
growing demand for energy [10].

The main air pollution due to coal-fired
power plants running on fuel oil leads to serious
consequences for human and animal health and
the ecology of the region. People living in these
regions have problems with asthma, cancer,
heart and lung, neurological diseases, and the
environment is polluted by acid rain, global
warming for the environment [11].

When coal is burned in many quantities
in thermal power plants, oxygen reacts with
emissions of both sulfur, carbon, and nitrogen
and forms the corresponding oxides: carbon
monoxide (CO) and carbon dioxide (CO,), sulfur
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dioxide (SO,), and sulfur trioxide (SO;), as well
as nitrogen oxide (NO) and nitrogen dioxide
(NO,), respectively. Emissions of these gases are
indirectly or directly associated with many health
problems, including diseases of the cardiovascular
system, skin, brain, blood, and lungs, as well as
various types of cancer.

During the process of combustion of coal,
energy is released when the carbon atoms are
torn apart. However, various chemical reactions
transfer heavy metals and toxic pollutants to the
environment.

On average, coal-fired power plants generate
the following amounts of pollutants per year
(Fig. 1):

1. CO; (carbon dioxide) pollution from power
plants causes global warming and climate change.
Estimated 3.7 million tons.

2. The toxic heavy metal that pollutes the air,
water, and earth is mercury. It can damage the
nervous, digestive, and immune systems and
poses a serious threat to the development of the
child (170 pounds).

3. When the sulfur in the coal reacts with
oxygen, SO, (Sulfur dioxide) is formed. It combines
with other molecules in the atmosphere to form
small acidic particles. These small particles can
penetrate and cause various diseases such as
bronchitis, asthma. Also, pollute with acid rain
and smog (10,000 tons).

4. NO, (nitrogen oxides) are visible in the form
of smog and irritate the lung tissue, making people
more susceptible to chronic respiratory diseases
and worsening asthma (10,200 tons).

5. Particulate matter is linked with aggravated
asthma, chronic bronchitis, cardiovascular effects
(500 tons).

6. Lead, cadmium, and other toxic heavy metals
(114 pounds).
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Fig. 1. Amounts of pollutants generated by coal-fired
power plants in kg per year.

7. Carbon monoxide causes headaches and
other heart diseases (720 t).

8. Arsenic causes cancer in one out of 100
people who drink water containing 50 parts per
billion (225 pounds) [12].

Reducing carbon dioxide emissions from coal
combustion at traditional thermal power plants
can only be achieved by increasing efficiency.
For example, increasing the efficiency of thermal
power plants from 30 to 40% could reduce CO,
emissions by about 25%.

Of particular relevance is the study of heat
and mass transfer processes occurring in the
combustion chambers of pulverized coal thermal
power plants (TPP). Mainly, the start-up of the
boiler is carried out using auxiliary heavy oil
burners. This start-up method is expensive due
to the still rising and high crude oil prices. The
method is also harmful to the environment due to
high emissions of soot and heavy hydrocarbons.
Moreover, heavy oil installation is technologically
complex and requires high investments and
maintenance costs. As well as, large energy losses
for heating liquid fuel [13].

When using coals, there are characteristic
problems such as the high sensitivity of the
combustion process to the properties and the need
to burn a huge amount of additional auxiliary fuel
to stabilize the combustion of a pulverized coal
torch and kindling boilers.

2. Ecological efficiency of plasma-coal
burner (PCB)

In the conditions of strict standards for crude
oil, it seems rational to find another way to
start up as pulverized coal boilers without using
liquid fuel. From an environmental, economic,
and energy point of view, it would be cost-
effective to start up a boiler using pulverized
coal as fuel. However, it is not easy to keep the
necessary stable operation and ignition of the
pulverized coal burner in the furnace of a cold
boiler. Accordingly, an additional high-power
ignition source is required, sufficient to cover
energy losses in a cold environment. Efficient fuel
use is the thermochemical preparation of coals
for combustion, including plasma technologies
characterized by high productivity, environmental
cleanliness, and relatively low cost of equipment.
To solve this problem, necessary such a source of
ignition as plasma generators (plasma torches),
which allow reducing the cost of operation and
investment, as well as reducing the negative
impact of starting the boiler on the environment.
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They work on electric energy, installed directly on
pulverized coal burners (Fig. 2) [14].

The use of electric arc plasma in many cases is
energetically and environmentally more efficient
than the use of traditional firing methods,
since plasma with a high concentration of
energy, characterized by the presence of a large
number of chemically active atoms, radicals,
ions, and electrons in it, contributes to the
multiple accelerations of thermal and chemical
transformations of coal and oxidizer, hence, the
complete burnout of the torch.

In plasma reactors of the combined type, the
electric arc zone and the zone of thermochemical
transformations of coal are combined in one
working volume, which increases the efficiency
of the process, and the heating of raw materials
is carried out directly by an arc containing active
centers.

The use of electric arc plasma with a high
energy concentration (200-300 MW/m?) of
chemically active ions (0%, H*, OH;, C*, H*), atoms
(O, H, C), radicals (OH, CH, HO;), and electron
gas contributes to the multiple accelerations
of thermochemical transformations of fuel and

Fuel-air mixture

oxidizer. Figure 3 shows the physical scheme of
the fuel-free ignition of the air mixture (coal dust
+ air) in the plasma-coal burner.

The tightening in the future of the sale of
fuel with a sulfur content of more than 0.5%
and an increase in the price of liquid fuels (fuel
oil) leads to finding an alternative to fuel-free
ignition. Kazakh scientists have developed a
plasma ignition technology that has been widely
used in the world. This technology was presented
by Professor Vladimir Messerle at the world
exhibition EXPO-2017 (Astana). In China, for
example, at pulverized coal thermal power plants,
this technology accounts for 40% of the total
installed capacity of the country (about 1000
boilers are equipped), it is used to heat and ignite
part of the fuel mixture and further ignite and
stabilize the burning of the main torch.

Comparatively, the plasma activation of coal
particles works more efficiently for ignition and
combustion stabilization than fuel oil burners.
Plasma combustion systems can be used to
promote early ignition and improved flame
stabilization of pulverized coal.Inaddition, igniting
coal with plasma reduces harmful emissions and

Furnace

Fig. 3. The scheme of interaction of an air mixture with a plasma torch.
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requires less energy to start and stabilize the
flame in thermal power plants. Consistently, in
the process, the oxidation of chemical reactions
is accelerated and free radicals are formed. This
is due to the additional crushing of coal particles
by plasma. Kanilo et al. reported that the use of
microwave plasma torches instead of fuel oil
burners reduces the energy consumption almost
maximum at startup. During plasma activation,
coal gasification and partial carbon oxidation are
obtained by supplying a coal/air mixture to the
plasma torch, where the plasma flame contains
more energy. The carbon is mainly oxidized to
carbon monoxide at the furnace inlet, which is
highly flammable [15-20].

Known advantages of plasma processes:
e Environmental cleanliness;
e High concentration of energy;
e High selectivity;
e Slight inertia;
e The possibility of full automation;
e The possibility of processing various types of
fuel;

e Dramatic acceleration of chemical reactions;

e Small dimensions of the main equipment.

Among the methods of coal processing, the
processes of its full and partial gasification have
received significant development. Methods of
partial gasification of low-grade coals are based
on the use of combustible gas obtained during
gasification as more highly reactive than the
original coal. After separating the solid residue,
the combustible gas can be burned in furnaces or
used to illuminate a pulverized coal torch. In our
case, partial gasification occurs due to an external
source of the plasmatron, an allothermic type of
energy supply to the process.

During the thermochemical preparation of
coal, its molecular structure is destroyed or
rebuilt to one degree or another. The thermal
transformation affects only the organic mass of
coals, practically without affecting their mineral
part. The methods of thermal preparation include
heating of the entire air mixture before mixing
with secondary air and heat treatment of a smaller
part of the pulverized coal stream with its last
mixing with the rest of the dust and secondary air.

The essence of the thermal preparation of
solid fuel is to heat the flow of the pulverized coal
mixture in a special chamber to a temperature
exceeding the temperature of self-ignition of coal
when there is a shortage of oxygen. At the same
time, there is an almost complete release of volatile
and partial combustion and/or gasification of coal
carbon is possible. As a result, at the exit from

the thermochemical fuel preparation chamber
into the furnace, the resulting highly reactive
two-component fuel (coke residue + gas) or fuel
mixture ignites when mixed with secondary air
and burns steadily without using another fuel (for
example, fuel oil or gas) to stabilize the flame.

The whole process of plasma thermochemical
preparation of solid fuel for combustion is carried
out in a plasma fuel system. And the plasmatron
in it is installed on the lined channel of the air
mixture of the burner. The air mixture entering
the burner interacts with the plasma jet flowing
from the nozzle-anode of the plasmatron. The
average temperature of the plasma jet is 3000-
5000 °C, depending on the electric power of the
plasma torch and the flow of plasma-forming air.
The basic principle of plasma thermochemical
preparation of fuel for combustion is the stepwise
nature of the effect of a plasma source on
pulverized coal fuel: first, the plasma jet (electric
arc plasma) interacts with a small part of the
air mixture, as a result of heating, volatile coal
is released, and partial gasification of the coke
residue is carried out with the formation of a
highly reactive two-component fuel (coke residue
+ combustible gas). Then the highly reactive two-
component fuel itself, oxidizing in the primary air
of the air mixture, heats the rest of the air mixture,
which is not in direct contact with the activator
and the allothermic source - the plasmatron. Thus,
it gradually activates the main flow of the air
mixture. As a result, all the fuel passing through
the plasma fuel mixture is subjected to plasma
thermochemical preparation. When entering the
combustion chamber and mixing with secondary
air, it ignites intensively and burns steadily,
in turn, stabilizing the combustion process of
pulverized coal flares not subjected to plasma
thermochemical fuel preparation.

The cold air mixture enters the plasma fuel
mixture, where it is exposed in the plasma flare
zone, forming a highly reactive two-component
fuel from low-grade coal.

In the case of low-reactivity coals (Vr <30%),
the flow of the air mixture in front of the plasma-
fuel system is divided into two unequal parts.
The smaller of them enter the chamber with
a plasma source. The heating of most of the
air mixture occurs as a result of oxidation of a
smaller part of the fuel that has undergone plasma
thermochemical preparation. In the case of high
reactivity (Vr >30%), there is no need to separate
the air mixture beforehand. Nevertheless, 3-5%
of the air mixture is in direct contact with the
plasma torch, which is predetermined by the
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natural thermophysical boundaries of a compact
plasma torch burning in the volume of the plasma-
fuel system.

Plasma-fuel systems tested and developed
in industrial conditions provide ignition and
increase the efficiency of coal combustion while
reducing harmful emissions from pulverized coal
thermal power plants. The economic effect of the
introduction of a plasma fuel system depends on
the ratio of prices for fuel oil, gas, coal, depending
on which the payback period varies from 1 year
to 2 years.

For efficient fuel combustion, the residence
time of reagents (carbon particles + oxidizer)
in the plasma fuel system is affected, for high
temperatures (3000-5000 K) - 0.001-0.1 s, low
temperatures (1000-2000 K) - 0.15-0.3 s.

Advantages of the plasma fuel system compared
to traditional technologies, including fluidized bed
and circulating fluidized bed combustion:

- the refinement of coal of any quality occurs
before its combustion due to thermochemical
preparation of the fuel, which results in an
increase in reactivity and recombination of atomic
nitrogen of the fuel, which comes out together
with volatile, into molecular nitrogen. For this
reason, the formation of nitrogen oxides from
molecular nitrogen is possible mainly at furnace
temperatures above 1700 °C (thermal nitrogen
oxides);

- low costs for plasma equipment due to its small
dimensions and the high energy concentration in
electric arc plasma torches (about 200-250 MW/
m?3);

- small values of the relative electrical power
of plasma torches for thermochemical fuel
preparation (0.5-1.5%) of the thermal power of
the pulverized coal burners on which they are
installed. For comparison, the cost of electricity
for the own needs of conventional pulverized coal
boilers is 8-10%;

- the use of plasma-energy technologies at
thermal power plants makes it possible to expand
the range of coals burned in the same boiler and,
ultimately, reduce the sensitivity of pulverized
coal boilers to fuel quality;

- low inertia of plasma ignition systems, which
makes it possible to use them in the “pick-up”
mode of the torch;

- the rapid payback and low cost of the
introduction of plasma energy technologies while
reducing emissions of nitrogen oxides, sulfur, and
vanadium pentoxide and mechanical combustion
of fuel with plasma illumination of a pulverized
coal torch makes them practically the only real

means for today to increase the ecological and
economic efficiency of using solid fuels and
replacing scarce and expensive fuel oil and natural
gas in the fuel balance of thermal power plants in
the required volumes.

Plasma technologies provide significant
savings in liquid and gaseous hydrocarbon
fuels, traditionally used for boiler kindling and
stabilization of combustion low-grade coals.
However, the development of plasma-energy
technologies is largely hindered due to the lack
of adequate mathematical models that allow
calculating with the necessary accuracy the
processes occurring inside the heat treatment
chamber.

In contrast to traditional methods of
thermochemical preparation of fuel (TCPF),
certain features are inherent in the burning of
plasma technology:

- the plasma jet flows into the stream at a speed
of ~ 200 m/s with a huge temperature gradient
between the jet and the stream, i.e. the intensity
of turbulent heat transfer into the flow of the air
mixture (coal dust mixture with air) is very high,
which contributes to its rapid heating and ignition;
- it has been experimentally established that
coal particles when interacting with a high-
temperature plasma jet at a heating rate of 103-
104 degrees/c, are subjected to a thermal shock
and split into dozens of fragments due to thermal
stresses, which leads to a sharp increase in the
reaction surface and a corresponding increase
in the rate of heat release during combustion, i.e.
acceleration of the TCPF. In addition, in the plasma
TCPF, a part of coal dust, which is the main fuel, is
used as fuel for heating the air mixture. Simplify
the technological process as a whole.

3. The comparison of traditional and new
technology

The main advantages of using plasma-coal
burners (PCB) in comparison with traditional
solutions:

- the manufacturability of TCPF using PCB.
From the point of view of manufacturability, the
fuel oil TPP is more complex: it inevitably requires
the presence of a fuel oil farm with well-known,
inherent problems. In the case of fuel oil TCPF,
the appearance of additional links in the ignition
chain makes the possibility of its use in the flare
pick-up mode more uncertain. At the same time,
due to the almost inertia-free launch of the plasma
torch, there are no obstacles to the use of plasma
TCPF in this mode;
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- arrangement of the PCB with boiler equipment.
In the case of fuel oil thermal treatment (for
example), the chamber has an internal diameter
of 630 mm, which is impossible to reduce several
times. It is practically impossible to integrate such
a chamber into an existing burner. The most likely
solution is to install the camera in an embrasure
specially created for it, which is associated with
additional costs for re-equipment of the boiler.
The newly installed, rather bulky equipment will
create certain difficulties in the maintenance of
boiler equipment at work sites, where there is
already a shortage of available space. Due to the
higher energy efficiency of the plasma TCPF, the
dimensions of the PCB allow it to be integrated into
the main burner of the boiler without changing
the defining parameters of the latter;
- environmental aspects. With plasma TCPF, the
heating of the flow of the air mixture is carried out
mainly as a result of the combustion of a certain
part of coal. At the same time, fuel nitrogen,
responsible for the formation of «fuel» nitrogen
oxides, which make up 90-95% of NO, emissions,
comes out together with volatile coal and forms
molecular nitrogen in conditions of oxidant
deficiency. Only «thermal» nitrogen oxides can be
formed from the latter. Moreover, due to the lack
of an oxidizer, the temperature of gases in the PCB
is significantly lower than the temperature of the
torch in the furnace and «thermal» nitrogen oxides
are practically not formed. In the case of fuel oil
TCPF, the heat necessary for the thermochemical
preparation process is supplied as a result of the
combustion of fuel oil (Figs. 4 and 5).

Fuel oil burnout should be complete. At the
same time, an excess of oxygen must be provided,
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Fig. 4. Reduction of NO, concentration during plasma
stabilization of combustion coal torch depending on
specific energy consumption (Q,) for the process,
reduced to 1 kg of coal.
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Fig. 5.Reduction of mechanical burn (q4) during plasma
stabilization of combustion coal torch depending on the
specific energy consumption for the process, reduced
to 1 kg of coal.

which is necessary for the thermochemical
transformations of coal in the TCPF chamber. Due
to the higher reactivity of fuel oil, in comparison
with coal, combustion will occur in conditions of
increased excess air and at a higher temperature
than coal combustion. In this case, conditions
for the formation of both “fuel” and “thermal”
nitrogen oxides are more likely. As a rule, the
sulfur content in fuel oil is higher than in coal,
which entails an increase in the emission of
sulfur oxides. Vanadium is present in the fuel oil,
which forms a carcinogen - vanadium pentoxide.
Vanadium is also the cause of high-temperature
corrosion of heating surfaces, and it practically
does not occur in coal;

- economic indicators. As a rule, the cost
of fuel oil is several times higher than the
cost of coal in terms of conventional fuel. This
makes the use of PCB for the implementation of
plasma thermochemical preparation of fuel for
combustion quickly recoupable (the previously
used heating oil is replaced by coal dust itself).
The payback period of the plasma system of oil-
free ignition of coals, as a rule, does not exceed
12-24 months.

Studies have shown that where carbon is
present in the fuel, carbon monoxide and the main
gas formation of NO is mostly concentrated in the
zone of the main distribution of the fuel flow from
the burners. At the same time, the distribution
of curves in this area is ambiguous, indicating a
complex process of forming nitrogen oxides in this
region and the influence of plasma activation on
the formation of NO. With an increase in plasma-
activated flows and, accordingly, due toanincrease
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Fig. 6. The use of fuel oil for ignition in thermal power
plants.

in the CO content in the incoming highly reactive
two-component flow, maximum CO values are
observed in the cross-section plane of the burners.
[t is seen that the use of plasma burners leads to a
decrease in the total concentration of NO and CO
at the outlet of the furnace space. In particular,
to reduce harmful CO, emissions is used the re-
powering of installed capacity at thermal power
plants [21-23].

When burning fuel oil and coal together, several
economic, environmental, and technical problems
arise. These are the difficulties of using and
storing fuel oil in winter conditions; a decrease
in the efficiency (gross) (by 4-5%); an increasing
mechanical burn of coal (10-15%); an increase in
the yield of nitrogen oxides (by 40-50%) of sulfur
and vanadium pentoxide (Fig. 6).

Based on the above, we can conclude about the
advantages of using plasma technologies in terms
of environmental aspects of fuel combustion
compared to the use of fuel oil. The use of plasma
technologies leads to a decrease in nitrogen
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Fig. 7. Using plasma technology for ignition in thermal
power plants.

oxides by 1.5-2 times and mechanical combustion
by 2-3 times. In addition, the exclusion of fuel oil
from the technological process of kindling allows
reducing vanadium pentoxide emissions by 90-
95% (Fig. 7).

The above figures show comparisons from an
environmental point of view of the use of fuel oil
and plasma technologies for ignition in thermal
power plants [24].

4. Conclusion

Itshouldbenotedthattheinstallationofaplasma
burner in the combustion chambers of power
boilers significantly improves the environmental
performance of thermal power plants. Nowadays,
optimizing the design of plasmatron to increase
its power and efficiency is the priority. Coal-fired
power plants are reliable in terms of stability. And
the use of new innovative technologies makes it
environmentally and economically beneficial for
all mankind. This is a very important point to
prevent environmental problems, which means
the lives of people and animals. As well as plants
and global warming in general. New technologies
and techniques allow us to stop this process to the
maximum and improve the quality of life.
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Jkosiornyeckas 3¢ PeKTUBHOCTb UCNOJIb30Ba-
HMS TBEpAOTONIMBHOM NJIa3MeHHOM TeXHOJI0-
rum

B.E. Meccepsie'?® u M.H. Opbin6acap®

MHcTUTYT npo6JsieM ropeHus, yia. boren6ai 6aThipa,
172, Anmartbl, Ka3zaxcTaH

Mucturyt Ttemnodusuku um. C.C. Kyrarenanze CO
PAH, np. Akagemuka JlaBpeHTbeBa, 1, HoBocubupck,
Poccusga

3KasHY um. Anb-®apabu, np. anb-Papabu, 71, Anma-
Tbl, KazaxcraHn

AHHOTanMs

YroJib sIBJIsIETCS OCHOBHBIM TOIJIMBOM TEIJIO-
BbIX asieKkTpoctaHiui (TIC), KoTopble obecrnedu-
BaloT 6osiee 40% BbIPAGOTKHU 3JIEKTPOIHEPTUH U
0K0J10 25% TemnJoBoU sHEPTUH B MUpe. B oTinune
OT BO30OHOBJISIEMBIX HUCTOUHUKOB 3HEPTUMU Te-
MJIOBbIE 3JIEKTPOCTAHILIMU KPYTJOCYTOYHO U Gec-
nepe6GONHO CHAaGXalOT 3HEpPruerd NoTpedOUTeel
He3aBUCHMO OT BpeMeHHU roja. /ljig pacTonKu mbl-
JleyroJibHbIX KOTJIOB TAC cxxuraeTcsa JOpOrocTo-
silee BbICOKOPEAKIMOHHOE TOIMJIMBO (Ma3yT UJId
npupoHbli ras). CkuraHvue TOMOYHOTO Ma3syTa
NPUBOJUT K YBEJHUYEHUIO BPEeHBIX BHIOPOCOB B
aTMochepy U UHUIMHUPYET MOUCK aJbTEPHATUB-
HBIX pellleHUH AJis 6e3Ma3yTHOM pacTONKU IbLiIe-
yroJyibHbIX KOTJIOB TAC. Haubosiee adPpeKTUBHBIM
pelieHHMEM 3TOM NPO6JIEMbI SIBJISETCS UCIOJIb30-
BaHWe HWHHOBALlMOHHOMW IJIa3MEHHOW TEXHOJIO-
ruu 6e3MasyTol pacTONKHU KOTJ/OB. B HacTosee
BpeMsl 00JIbIIIOE BHUMaHUe yaesseTcsa 60pbbe ¢
rJ106aJbHBIM MOTENJIEHUEM U CBS3aHHBIM C HUM
3KOJIOTUYECKUM Npob6sieMaM, IPUBOASAIIMM K OT-
pULlaTeJbHOMY BO3/JIEHCTBUIO Ha JIIOJIEH, )KUBOT-
HbIM U PaCTUTeJIbHbIA MUP. YCTAaHOBKA IJIa3MeH-
HO-YTOJIbHBIX TOPEJIOK B TOMKAaX IHEPTeTUUECKUX
KOTJIOB, 06ecliedrMBasi UX 60€3Ma3yTHYK pacTol-
Ky W MOJICBETKY MNbLJIEyTroJbHOro ¢akesa, 3Ha-
YUTEJNbHO YJy4YllaeT 3KO0JIOT0-3KOHOMHUYeCKHe
noka3zaTesid TIC. B HacTodiee BpeMsl 0JJHOU U3
NPUOPUTETHBIX 3a/a4 SIBJSETCS ONTUMHU3ALUS
KOHCTPYKIMH MJIa3MEHHO-YT0JbHBIX TOPEJIOK Ha
geucrByromux TIC.

Katwouesvle caoea: TennoBas 3JIEKTPOCTAHIUA, IblJIEe-
yrojibHO€ TOIIJIMBO, TOPE€HHe, MJIa3MOTPOH, IJIa3MeH-
HO-YTOJIbHas TopeJiKa.



298 V.E. Messerle and M.N. Orynbasar / TOPEHUE U [IJTABMOXUMHS 19 (2021) 289-298

KaTTbl OTBIHHBIH, IIJIa3MaJIbIK, TEXHOJIOTUSCBIH
KOJIAAHY A bIH, 9KOJIOTHSJIBIK TUIMAJTIr]

B.E. Meccepuie!?? ;xone M.H. Opbin6acap®

Kany npo6siemMasap UHCTUTYThI, Beren6ai 6aThIp K.,
172, Anmartsl, KazakcTan

“PFA CbB-HiH C.C. KyTaTenagze aTbiHjarbl XKoLty ¢pusu-
Ka MHCTUTYThI, AKaJieMrKa JlaBpeHTheBa K., 1, HoBocu-
6upck, Peceit

3o1-dPapabu ateiHgarel Kas¥y, as-dapabu ganr., 71, Au-
MaThl, KasakcTan

AnjgaTtna

KemMip anemzeri asieKTp sHeprusacblH eHAIpY-
JiH 40% - naH acTaMbIH XoHe KblJ1y SHEPTrUACHI-
HbIH 25% - bIH KaMTaMachI3 eTEeTiH KblJIy 3JIEKTP
ctannuanapbiHblH (2KIC) Herisri oThIHBI 60JIbIN
Tabbliaabl. JKaHapThlIaTbIH 3HepPrusi Ke3zepi-
HEH aWblpMallblJIBIFbI, KbIJIY 3JIEKTP CTaHLUA-
Jlapbl KbLJI Me3TiJiHe KapaMacTaH TYTbIHYUIbI-
JlapJibl TOYJiK GOMBI KoHe Y3/iKCi3 aHeprusiMeH
KamTamacbid erefi. KIC 1maH-kemip Ka3saH-
JBIKTapblH afy YIIiH KbIM6GAT TypaTblH >KOFfa-
pbl pEaKTUBTI OThIH (Ma3yT HeMece TabUFHU ras)
Karb1aZbl. OT »KaFaTblH Ma3yTThl KaFy aTMOC-

depara 3UAH/IbI WIBIFAPBIHABLIAP/ABIH KobewiHe
asibln Keseni xoHe KIC maH-keMip KazaHbIKTa-
pPbIH Ma3yTChI3 »KaFy YIIiH O6ajama lemimMaepni
isgeyai 6acraiigbl. Byn MaceneHiH eH TUiMAI
nmemiMi KasaHAbIKTapAbl MaWJ/ayCbl3 >KaFy[blH
VHHOBAUUSJIbIK [JIa3MaJIblK TEXHOJIOTHUSCHIH
naigasany 6osbin TabbLaabl. Kazipri yakeirta
aZlaM/Japra, )KaHyapJiap MeH eCiMJiKTep aJieMiHe
Tepic acep eTeTiH kahaH/bIK XbLJIBIHYMEH KoHe
OHbIMEH 6aNJIaHBICThI 3KOJOTUSJIBIK MaceJeep-
MeH Kypecyre Kell KeHis GeJiiHe/i. JHepreTHUKa-
JIBIK, Ka3aH/AbIKTAap/blH OTThIKTapblHJA IJla3Ma-
JIBIK-KeMip »KaHapFblJIapblH OPHATY, OJIapJblH,
Ma3yTChbI3 XKaFbLJIYbIH XKoHe TO3aH-KeMip ajlayblH
KapbIKTaHABIPYbIH KaMTaMacbl3 eTe OTbIPHIII,
JKIC-TiH 3KOJ0TUANBIK-9KOHOMUKAJIBIK KOpPCEeT-
KillTepiH enayip »kakcaptazbl. Kasipri yakbiTTa
6acbIM MiHJeTTep/iH 6ipi KyMbIC icTen TypFaH
2KI3C-Te mnnasManbIK-KeMip >KaHapFblJIapbIHBIH
KOHCTPYKLMUSCBIH OHTAWJIAHABIPY 6GOJIbIN Tabbl-
JlaJibl.

Kinm ce3dep: )blLly 371€KTP CTAHLUSCH], YHTAaKThI-KOMip
OTbIH, XaHY, [IJIa3MOTPOH, rma3ma-KeMip »KaHap¥rhbl.



