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ABSTRACT

This article discusses a plasma-chemical method for producing high-purity graphite from an air
suspension of low-ash coal particles from the Shubarkol deposit in Kazakhstan. The technological
process is based on the ability of carbon to transform from a solid to a gaseous state, bypassing
the liquid state. This means it sublimes at high temperatures and desublimes as the temperature
of the gaseous medium in the reactor zone decreases. The use of a graphite catalyst allows for

Received: October 17, 2025 controlled formation of the graphitized material. Atomic carbon graphitization occurs over a wide
Peer-reviewed: November 11, 2025 temperature range. It was established that graphite obtained in high-temperature reactor zones
Accepted November 18, 2025 is purer than graphite obtained in reactor zones close to 500°C. This feature of the graphitization

process enables product classification by quality. The design of a reactor based on sublimation and
desublimation processes for graphite production is discussed. The use of a high-frequency
electromagnetic zone in the plasma-chemical reactor design allows for controlled graphitization
of atomic carbon, intensifying desublimation processes over a graphite powder catalyst. The
plasma-chemical apparatus design includes a dust collection system and carbon monoxide
neutralization, which can occur due to variations in the component proportions in the feedstock,
which includes carbon powder, graphite powder catalyst, and carbon dioxide. The developed
apparatus can be used to produce a sorbent — thermochemically expanded graphite — from
graphite by varying the operating mode. The aim of this research is to develop a plasma-chemical
technology for producing graphite from coal based on sublimation and desublimation processes
in a single reactor, with the separation of impurities during the graphitization of carbon atoms over
a graphite catalyst.

Keywords: plasma, sublimation, desublimation, graphitization, carbon, graphite, separation,
catalyst.
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Introduction

In the next decade, graphite will be the most
sought-after material for nuclear power, mechanical
engineering, chemical engineering, and metallurgy.
Graphite is used to manufacture many specialized
products, such as battery electrodes, protective
screens, sorbents, and much more. But the most
important aspect of graphite today is the growing
demand for high-purity, synthetic graphite.
Obtaining high-purity graphite from readily available
raw materials, which are abundant in Kazakhstan,
such as the Shubarkol coal deposit, is a pressing
issue. Developing technologies for processing coal
into high-purity graphite is a promising solution. A
promising solution is to utilize carbon’s ability to
sublimate in a non-oxidizing atmosphere and
desublimate upon cooling, creating conditions
conducive to graphitization.

An analysis of modern achievements in the
science of obtaining artificial graphite [[1], [2], [3],
[4], [5], [6], [7], [8], [9], [10]] allows to use some of
the subtleties of artificial graphite production in
technology to improve the quality of the main
product.

Graphite is a mineral composed of carbon atoms
arranged in layers. High bond strength between
atoms within layers and low bond strength between
atoms between layers account for graphite’s low
mechanical strength. Graphite’s good electrical and
thermal conductivity is explained by the high atomic
density within layers and the free interlayer space,
which ensures electron mobility and high electrical
conductivity in an electric field. Another important
property of graphite, important for this study, is that
when heated, graphite does not melt; it burns only
in a stream of oxygen, and evaporates in an electric
arc under non-oxidizing conditions, i.e., it
sublimates.

Graphite is used to manufacture a variety of
specialized products, including refractory materials,
solid lubricants, electrical machine contacts, paints,
pencil leads, battery electrodes, and much more. But
the most important aspect of graphite today is its
growing demand and widespread use in nuclear
power, the chemical industry, the production of
conductive rubber, and metallurgy (as a material for
electrodes, crucibles, and refractory screens).

Natural graphite contains various chemical
impurities: SiO,, Al,0s, P,0s, MgO, CuO, FeO, CaO.
This limits its use and requires refining to remove
these impurities. This is associated with enormous
costs, comparable to those of producing synthetic

graphite. Therefore, a significant portion of
industrial graphite is synthetic.

Coke and pitch (petroleum and wood tar, coal
tar) are used as raw materials in the production of
artificial graphite. Given the demand for graphite,
various technologies were developed for producing
artificial graphite, which differs from natural
graphite in chemical purity and applications.
Common types of artificial graphite include:
Acheson graphite, produced by heating a mixture of
pitch and coke to 2800°C in electric furnaces;
Pyrolytic (retort) graphite, designed for the electrical
industry and synthesized from a gaseous
hydrocarbon; Blast furnace graphite, formed as a by-
product during the cooling of cast iron; and Carbide
graphite, produced by the thermal decomposition of
carbides.

The most cost-effective technology for
producing graphite is coke. The primary raw material
is coal coke. This intermediate product is produced
by heating coal and peat to 1000-1100°C in the
absence of oxygen. Coke is used as a high-energy
fuel, a reducing agent in metallurgy, and a raw
material for graphite production.

Technological features of artificial graphite
production [[11], [12], [13], [14]]: Coke powder is
fired under special conditions, ensuring carbon
graphitization. To produce artificial graphite with
desired properties, the graphite semi-finished
product is impregnated with pitch, formaldehyde, or
other substances. Often, to achieve the desired
characteristics, graphite is subjected to heat
treatment and impregnation several times. Each
subsequent technological stage is carried out
according to a specialized scheme. Graphite
obtained by various methods differs and has a
number of unique properties. These include
increased strength, oxidation resistance, acid
resistance, and high electrical conductivity. Artificial
graphite of high chemical purity is produced in the
form of a powder of various fractions. To produce
parts by molding, the powder is pressed and
sintered using specialized technologies [[15], [16]].

Graphite manufacturers, for example JSC
“Donkarb Graphite”, produced all types and grades
of artificial graphite for industry. This is a colloidal
powder of all possible fractions (fine, medium,
coarse-grained), pressed, with special properties
(grades ATM, OSCh MG, GMZ, PPG and others).

Global demand for graphite products is growing
exponentially [[17], [18]]. Increasing temperature
limits and thermomechanical loads in new
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technologies place increased demands on graphite
quality. The carbon industry’s development strategy
is focused on creating new, durable graphite
materials with unique physical and chemical
properties. Leaders in this area of industrial
development include China, the United States,
Japan, and the Netherlands.

The share of imported graphite in Kazakhstan’s
graphite consumption is expected to increase.
Therefore, the development of graphite production
technologies based on high-purity graphite is
relevant and aligns with the priority areas of
scientific and technological development.

The aim of this research work is to create a
plasma-chemical technology for producing graphite
from coal based on sublimation and desublimation
processes in a single reactor with the separation of
impurities during the graphitization of carbon atoms
on a graphite catalyst.

Methods

This publication presents some of the results of
work conducted at the Research Laboratory of High-
Temperature Synthesis of Composite Materials, M.
Auezov South Kazakhstan University. The
technological features of the graphitization process
were determined, graphite synthesis tests were
conducted from coal using a simple laboratory
setup, and a carbon graphitization reactor based on
these results was designed using coal from
Kazakhstan. An application for a patent of the
Republic of Kazakhstan “Method for producing
graphite from an air suspension of coal particles and
a device for implementing it” was filed. Registration
No. 2025/1516.2 dated November 15, 2025.

Based on the achievements of scientists in the
field of synthesis of artificial graphite [[2], [3], [4],
[6], [8]] and experience of the article authors [9,10],
a process flow chart and equipment for obtaining
artificial graphite from Shubarkol coal in Kazakhstan
were developed. The technology utilizes the
properties of carbon and its modifications. One of
them is the ability of carbon atoms to sublimate
when heated in a non-oxidizing environment, for
example, in carbon dioxide at a temperature above
2000°C. (Sublimation is the transformation of a solid
into a gaseous substance without going through the
liquid state). The reverse process, desublimation, in
this case is graphitization —the formation of graphite
from atomic carbon. The graphitization process is

widely known in scientific practice. It is important to
note that, depending on the conditions, this process
can occur over a wide temperature range, for
example, from 500°C to 2000°C [[13], [14], [16],
[18], [19], [20], [21], [22], [23], [24], [25], [26]]. For
this reason, the work utilizes a graphitization
catalyst, high-purity graphite, which allows to
expand the temperature range of the graphitization
process. Graphitization of atomic carbon on the
surface of the catalyst — the centers of graphitization
nucleation, at high temperatures, when all
impurities are still in a gaseous state, allows the
separation of graphite from impurity atoms. The
plasma reactor (Figure 1) is made of graphite. A
powdered catalyst, in the form of graphite powder,
is fed into the graphitization zone as a seed for
artificial graphite produced by desublimation of
atomic carbon. Artificial graphite particles not
captured in the separator are fed with the gas flow
to a hydrofilter, where the graphite dust is captured
with a special aqueous solution. Purified carbon
dioxide is returned to the process. The resulting
graphite from all graphitization zones and from the
water filter is periodically extracted, analyzed, and
sorted.

Reference: “Shubarkolkomir (coal)” / Shubarkol
— the black pearl of Sary-ArkaShubarkol. The
industrial coal reserves of the Shubarkol deposit
amounted to over 1.5 billion tons. Coal from the
Shubarkol deposit is classified as grade D (long-
flame) hard coal and contains very little ash. The ash
content of Shubarkol coal is only up to 12 percent,
and the ash content of individual coal seam layers
was only 3-6%. The coal has a low sulfur content (up
to 0.5%) and a high calorific value (from 5200 to
5700 kcal/kg), and produces a lot of heat when
burned [[1], [2], [17]]. Based on these properties,
Shubarkol coal was chosen as the main raw material
for producing artificial graphite using the plasma-
chemical method.

The chemical composition of Shubarkol coal was
studied by mass spectral analysis at the Regional
Testing Laboratory of Engineering Profile “Structural
and Biochemical Materials” (M. Auezov South
Kazakhstan University), the results are presented in
Table 1.

Given the complexity of the plasma-chemical
graphite production process, the coal is sorted by
ash content, and samples with the lowest ash
content are selected (Table 1). A sample of
Shubarkol coal after milling is shown in Figure 2.




2027; 341(2):27-35

ISSN-L 2

616-6445, ISSN 2224-5243

Table 1 - Chemical composition of Shubarkol coal samples: Carbon 97-97.5%

No. Chemical Content of impurities, Ash, impurity Ash content, % - Note
element % - Content in coal content content in ash
1 Si 1.33-1.44 SiO2 56-57 When burned in oxygen,
some of the silicon
evaporates in the form of
Sio

2 Al 0.88-0.93 Al;03 22-22.6

3 Fe 0.15-0.20 Fe,03 7.11

4 Ca 0.08-0.11 Ca0 2.6-2.8

5 Mg 0.02-0.03 MgO 1.8-2.0

6 S 0.04-0.06 SO3 3.4-3.43

7 K 0.04-0.06 K20 1.28-1.3

8 Na 0.06-0.07 Na.O 1.65-1.72

To ensure the graphitization of atomic carbon
produced in the electric arc plasma torch, a catalyst
for the physicochemical process is fed into the
graphitization zone. In this study, a graphitization
catalyst made of high-purity graphite powder was
used. This allowed for an expanded temperature
range for the graphitization process. The plasma
reactor is made of graphite; in the graphitization
zones, a powdered graphite catalyst and a graphite
plasma reactor ensure the quality of the artificial
graphite produced by desublimation of atomic
carbon. A particle separation system for the artificial
graphite separates the resulting products by quality,
traps heavy impurities from the gas stream, and
separates graphite dust with a special aqueous
solution. Purified carbon dioxide is then returned to
the beginning of the process — to the plasma-
chemical reactor.

The resulting graphite from all graphitization
zones and from the water filter is periodically
extracted, analyzed, and sorted.

This method of producing graphite from coal is
promising and important for the creation of
products from artificial graphite: electrodes in
electrochemistry, in the production of electric
batteries, protective screens in nuclear energy,
sorbents in the form of thermally expanded graphite
in the petrochemical industry.

Features of the plasma-chemical synthesis
process for graphite from Shubarkol coal: To
efficiently produce graphite by desublimation, a
powdered catalyst — “OSCh 7-3” grade graphite — is
fed into the reactor’s graphitization zone (position 5,
Figure 1). On the surface of the catalyst particles, for
which high-purity graphite powder was selected, the
graphitization process occurs over a wide
temperature range, significantly increasing the
reactor’s graphitization zone and, consequently, the

duration of the graphitization cycle, which is crucial
for the complete conversion of coal to graphite.
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Figure 1 - Schematic diagram of the plasma-chemical
apparatus for obtaining graphite from coal of the
Shubarkol deposit in the Republic of Kazakhstan:

1 — the plasma reactor chamber, 2 — the graphite
electrodes of the plasma torch, 3 —the tuyere for feeding
reagents into the reactor, 4 — the dome — a dust collector
of gas flows in the graphitization zone, 5 — the feeder for
feeding the graphitization catalyst into the reactor, 6 — the
cassettes for collecting the obtained graphite, 7 — the
separator: storage tanks for synthesized graphite powder,
8 — the water shower chamber, 9 — the water spray
nozzles, 10 — the water sump, 11 — the graphite storage
tank, 12 — the water pump with a filter

The catalyst was prepared from “OSCh 7-3”
grade graphite bars by crushing and grinding,
followed by fractional separation. To use the
powdered catalyst in a plasma-chemical graphite
synthesis reactor, it is necessary to select a graphite
particle size that, upon entering the high-
temperature reactor zone, does not completely
sublimate but remains solid and acts as artificial
nuclei for the desublimation of atomic carbon
obtained from the carbon particles in the
sublimation zone. These conditions reduce the
energy barrier for the phase transition of atomic
carbon from the gas phase to graphite. For this
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purpose, the vyield of artificial graphite was
determined using catalyst of different fractions. It
was found that, for the conditions of this plasma-
chemical apparatus, a fraction of 0.3-0.5 mm in
cross-section is optimal.

Research Results and Discussion

The raw material — Shubarkol coal powder,
specially processed to a fraction smaller than 0.3
mm —is fed into the plasma zone of a carbon dioxide
reactor. The high heating rate in the reactor’s
plasma flow ensures the sublimation of carbon
atoms. This results in an ionized gas environment
consisting of carbon ions and oxygen ions. A catalyst
—“0OSCh 7-3” grade graphite powder —is fed into this
ionized environment. The catalyst acts as an
activator for the graphitization of carbon ions on its
surface. The atomic structure of the graphitized
product corresponds to that of the graphite catalyst.
Samples of the resulting graphite are shown in
Figure 2 (d).

Using a graphite catalyst with the required
structure, pyrolytic graphite is produced by
depositing carbon from the gas phase at high
temperatures. It is characterized by high purity and
anisotropic properties. (Thermally (chemically)
expanded graphite — TEG and TCEG).

The chemical composition of plasma-chemically
synthesized graphite is shown in Table 2.

Table 2 - Carbon and impurity content in synthesized
graphite (average value of 7 samples from each
graphitization zone of the plasma-chemical reactor)

No. of

raohi Content | Content

g_ P of of

tize- . - Note

tion carbon, | impuriti

% es, %

zone
1 99.82 0.18 Samples were taken from
2 9994 0.06 zones 6, 7, and 11: The
3 99.77 0.23 purest graphite, sample 2,
4 98.68 1.32 was from zone 7 (Figure 1),
5 98.65 1.35 sample 1 was taken from

zone 6, and samples 4 and 5
were from zone 11 (Figure
1). Thisis due to the different
condensation temperatures
of impurities from the
reactor’s gas environment,
which requires further study
and  analysis of the
graphitization process in
such a reactor.

o )

Figure 2 - Photos: a) Shubarkol coal, b) Shubarkol coal
powder, c) Graphite — Catalyst, d) Graphite — graphitized
by desublimation of carbon atoms on the catalyst.

The method and apparatus design proposed in
this article will enable the production of high-purity
graphite with a catalyst-like structure. Such
processes require study using a newly developed
plasma-chemical facility capable of controlling
graphitization conditions and separating
graphitization products in various temperature
ranges for desublimation of atomic carbon.

Conclusions

A high-purity graphite catalyst was used in the
study to expand the temperature range of the
graphitization process. A graphite plasma reactor
ensures the quality of the synthetic graphite
produced by desublimation of atomic carbon.

The artificial graphite particle separation system
allows for the separation of the resulting products
by quality, the capture of heavy impurities from the
gas flow, the separation of graphite dust with a
special aqueous solution, and the return of purified
carbon dioxide back into the process.

The resulting graphite from all graphitization
zones and the water filter is sorted and analyzed. It
was established that the graphite obtained in the
plasma-chemical reactor zone is purer of impurities,
indicating the important role of process
temperature. Furthermore, as the graphite moves
away from the plasma torch, it appears to adsorb
impurities.

This method of producing graphite from coal is
promising and important for the creation of artificial
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graphite products: electrodes in electrochemistry, in
the production of electric batteries, protective
shields in the nuclear power industry, and expanded
graphite sorbents in the petrochemical industry. The
graphitization process requires continued research
to ensure high product quality and address process
control issues.
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KemipTeKk atomaapbiH ra3 ¢asacbiHa cybammauymanan, cogaH KeuiH
YKOFapbl Ta3a rpadputke gecybnumaumanay apkbiabi LLlybapken KemipiHeH
aNblHFaH YXacaHAabl rpadpur

AiimeHos X.T., Nportononos A.B., CyneiimeHoB 3.A., Caunos A.A,,
Mpotononos M.A., MepekeeBa A.}K.

Kommepuusasblk emec akyuoHepsik KoFamoel M.3ye308 ambiHOarbl OHmMycmik KazakcmaHd yHusepcumemi, LLleimkeHm, Kazakcmat

TYWIHAEME

an  peakrtop
Makana kengi: 17 KasaH 2025
CapantamagaH etri: 11 kapawa 2025

KabbingaHapl: 18 Kapawa 2025

MYMKIHAIK 6epegai.

rpaduTaLmACbIH

Makanaga KasaKkcTaHHbiH LUybapken KeH OpHbIHbIH, Ky/li a3 Kemip OenwekTepiHiH, aya
CYyCNeH3UACbIHAH Ta3a/iblfbl }KOFapbl rPAadUTTi anyAblH NAA3MOXMMUANDIK 3A4ICI KapacTbipbliaabl.
TeXHONOTUANBIK MPOLEC CYMbIK KYWAI altHANbIN ©TiM, KaTTbl KYWAEH rasfa alHanaTblH KOMIPTEKTIH,
epeKLlenikTepiH najanaHyfa HerisgenreH, AFHU Kofapbl TemnepaTtypaga cybanmaumanaHagpl,
aimafblHAaFbl  ras
AecybnnmaumanaHagbl.

OpTacbiHbIH, ~ TemnepaTypacbl TOMEHAEreH  Ke3ge

lpaduT KaTanusaTopbliH NaWganaHy rpaduTTeneTiH matepuangbiH,
Ty3inyiH 6ackapyfa MymKiHAiK 6epei. ATOMAbIK KOMIPTEKTIH rpadutaumacbl TemnepaTypaHbiH,
KeH, AnanasoHblHAa Kypeai. *KoFapbl TemnepaTypasbl PeakTop aimaKkTapblHAa anblHFaH rpapuT
500°C-Ka KaKblH peakTop aimaKkTapblHAa anbliHFaH rpaduTKe KapafaHga Tas3a eKeHgiri
aHbIKTangpl. Mpadutauma npoueciHiv byn epekweniri eHimai canacbl 6oOWbIHWA XiKTeyre
padut any ywiH cybammauma xaHe paecybaumauma npouectepiHe
HerisgenreH peakTopablH An3aiiHbl KapacTbipbinagpl. HoFapbl XKUiNikTe 31eKTPOMarHUTTiK acep
eTeTiH aliMaKTblH, NNa3MOXUMMANBIK PEaKTOPbIHbIH, AW3alHblHAA NaiganaHy rpaduT yHTafbl
KaTann3aTopblHAafFbl Aecybanmauma npouecTepiH KyWeWTy apKplibl aTOMAbIK KOMIPTeKTiH,
6ackapyra
KOHCTPYKLMACbIHAA KOMipTeri yHTaFbl, paduT YHTaK KaTaNn3aTopbl }KaHe KOMIP KblLUKbIA rasbl 6ap
6acTankbl WKWKi3aTTafbl KOMMOHEHTTEP NPOMNOPLMANAPbLIHbIH, aybITKYbl Ke3iHAe MYMKiIH 60naTbiH
WaH, XWHay KoHe KemipTeri okcuAiH beliTapantaHabipy yheci KapacTbipbuiFaH. MKacanfaH
annapatra TeXHONOTUANbIK — YMbIC
TEPMOXUMUANDBIK KEHEUTinreH rpadut anyfa 6Gonagpbl.
KaTa/M3aTopbiHAa KeMipTeKk aTomaapbiH rpadutTey KesiHae Kocnanapabl 6enin, 6ip peakTopaa
cybnaMmauma kaHe pecybaumauma npouecTepiHe HerisgenreH KemipgeH rpadut anyapiH,
NNa3MaNblK-XMMUANbIK TEXHONOTUACDIH ¥Kacay.

MYMKIHZIK 6epegai. Mnasmoxumuanbik, annapatTbiH,

PEXUMIH ©3repTy apKplibl rpadutTeH copbeHT -

3epTTeyaiH,  makcaTbl - rpadut
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Tyliin ce30ep: nnasma, cybnavmauma, pecybnumauus, rpaduttey, Kemip, rpadput, 6eny,
KaTanunsartop.
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MUcKyccTBeHHbIN rpaduT us LLly6apKonbCKoro yras, NonyyYeHHbl
cybanmaumen atomos yraepopga B ra3osyto pasy ¢ nocneayowen
pecybnnmaumeit B rpadpuT BbICOKOM YMCTOTDI

AiimeHos X.T., NpoTtononos A.B., CyneiimeHos 3.A., Caunos A.A,,
Mpotononos M.A., MepekeeBa A.X.

Hekommepueckoe akyuoHepHoe obujecmao HoxcHo-KazaxcmaHckuli yHusepcumem umeHu M.Aya3oea, LLibimkeHm, KazaxcmaH

AHHOTALUMUA

B cTaTbe paccmaTtpuBaeTcA NAAa3sMOXMMUYECKUI MeToA, MONyYeHUsa BbICOKOUMUCTOro rpaduta ms
BO3JYLIHOM B3BECM YACTWUL, MaN030/IbHOTO KameHHoro yrnsa LLy6apKonbckoro mectopoxaeHus
KasaxctaHa. OcHOBa TEXHO/IOTMYECKOrO MPOLLECCa 3aK/NtOYeHa B MCMOJ/Ib30BaHUM OCOBEHHOCTU
yrneposa npespaLaTbca U3 TBEPAOro COCTOAHMA B ra3006pasHoe, MUHYA KUAKOE COCTOSHUE, TO
ecTb cy6AMMMPOBaTL NPU BbICOKOW TemnepaType, a Npu CHUNKEHWM TeMNepaTypbl ra3oBoi cpepl
B 30He peakTopa AgecybavmupoBaTb. Mcnosnb3oBaHue KaTanusatopa u3 rpaduTta nossonser

Nocrynuna: 17 okmsa6pa 2025 ynpasnatb GopmuposaHnem rpadutusmpyemoro matepuana. lpaduraums aTomapHoro yrnepoaa

PeueHsnpoBaHue: 11 Hosbpa 2025
MpuHsaTa B Nevatb: 18 Hoabps 2025 peaKTopa C BbICOKOW TemnepaTypoit 6osnee 4WCTbI, yem rpaduT, NONYYAOWMIACA B 30HAX

peaktopa 6auM3kux K 500°C. ITa ocobeHHocTb npouecca rpaduTaumum npepocTaBnserT

NPOUCXOANT B LUMPOKOM AMana3oHe TemnepaTyp. YCTaHOBIEHO, YTO rpadmT, NONYYEHHbIIM B 30HaX

BO3MOXHOCTb KNaccUbMLMPOBaTh MPOAYKT MO KauyecTBy. PacCMOTpeHa KOHCTPYKLMA peakTopa, Ha
OCHOBe NpoLeccoB cybaMmauuv 1 gecybammauum, gisa noaydenus rpadura. MicnonbsosaHue B
KOHCTPYKLMK M1a3MOXMMUYECKOTO PEAKTOPa 30Hbl C BbICOKOYACTOTHBIM 3/EKTPOMArHUTHbIM
BO3JeMCTBMEM MO3BONAET YNpaBiaTb rpaduTaumeit aTomMapHOro yrnepoga, MHTeHcuduumpys
npoueccbl Aecybaumaumm Ha rpaduTOBOM MOPOLIKOBOM KaTanusatope. B KOHCTpyKuuu
N1asMOXMMMUYECKOTO annaparta NpefycMOTPeHa CUCTEMA MblIeYNaBAMBAHWUA U HEUTPaM3aLMm
YrapHoro rasa, BO3MOXHOFO Mpu OTKJIOHEHUAX MPOMOPLUIA KOMMNOHEHTOB B UCXO4HOM Cbipbe, B
KOTOPOM NPUCYTCTBYET Yro/ibHbIi MOPOLLOK, rpaduT NOPOLLIKOBbLII KaTaanu3aTop U yraeKUCbIi ras.
B cosgaHHOM annapaTte BO3MOMXHO MOAy4aTb U3 rpaduta COPOEHT - TEPMOXMMMUYECKU
pacWUpeHHbI rpaduT, U3MeHAA TEeXHONOTMYECKUI pexum paboTbl. Lenblo uccnesosaHus
ABAAETCA CO3JaHMe M1a3MOXMMUYECKON TEXHONOTUM NosydeHus rpadwvTa U3 yras Ha OcHose
npoueccos cybaMmaumm u gecybavMmauym B OAHOM PEAKTOpe C OTAe/eHUeM Npumecei npwu
rpaduTaLmMmn aTOMOB yrneposa Ha Kataausatope u3 rpadura.
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