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ABSTRACT

To date, there is a tendency to increase the pace of production in the field of ferrous metallurgy.
The constant demand for steel products is accompanied by an increase in prices for raw
materials, including carbon reducing agents. In the conditions of the domestic market of
Kazakhstan, of great interest is the study and the possibility of using low-baking and non-baking
coal as a raw material for the production of special coke used as a reducing agent in metallurgy,
the relevance and expediency of which is also due to the resource conservation and energy
efficiency program in the use of raw materials put forward by the Government of the Republic of
Kazakhstan. In this article, as a result of the search for high-quality, alternative types of reducing
agents used in the production of ferroalloys, experimental data of thermal oxidation treatment
(coking) of long-flame, non-baking coals of the Shubarkol deposit (Kazakhstan) are presented. In
laboratory conditions, during the experiments, the tested grade D coals with a fraction of 70-80
mm were subjected to temperature exposure at temperatures of 800, 850, 900, 950 °C with
various preset heating speeds to determine the quality characteristics that meet the
requirements for reducing agents for the metallurgical industry, in particular for the production
of ferroalloys, in electro thermal, steelmaking, for agglomeration of iron and non-ferrous ores,
etc. A technical analysis of long—flame coal was carried out, the volatile and moisture content of
which are Vdaf — 44.5%, W — 14.8%, respectively. Also, the obtained special coke was evaluated
by the content of volatile components as a result of heat treatment of coals from the Shubarkol
deposit: the volatile content averaged 1.73-3.15%, the moisture was 0.73-1.65%.Based on the
results of the studies, the possibility of obtaining a special coke from these types of coals with
appropriate characteristics was shown.
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Introduction

The use of new (alternative) carbon reducing

The reduction of metals by carbon at high
temperatures has been called carbon thermal
reduction. Coke nut, anthracite, and special coke
are used as carbon-containing reducing agents in

agents from non—baking and low-baking coals for
the production of ferroalloys is relevant today - this
measure allows partially or completely eliminating
the use of expensive traditional coke [[1], [2], [3],
[4]].To use alternative reducing agents in the
production of metals, it is necessary to meet the
requirements of consumers in terms of technical
and chemical compositions, electrical resistivity,
reactivity, porosity, durability, etc. [[5], [6]].

the production of ferroalloys.

A feature of the carbon-thermal reduction of
metals is the formation of carbides, which leads to
the production of carbon-saturated alloys.
Therefore, such reduction is used in cases where
there are no restrictions on the content of carbon
in the ferroalloy or its decarburization is carried
out. Reduction of metals from oxides by carbon and
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CO can be represented by the following reactions

[1]:
Mey Oy + yC = xMe +yCO (1)
2Me, O, + yC = 2xMe + yCO; (2)
Mey O, + yCO = xMe + yCO (3)

Thus, the reducing agent plays a crucial role in
the production of ferroalloys.

The use of coal from the Shubarkol deposit for
the production of coke is one of the examples of
the use of these reducing agents in the production
of ferroalloys [[7], [8], [9], [10], [11], [12]]. Coals are
characterized by low ash content, as well as low
sulfur and phosphorus content. The quality
characteristics of this coal are presented in Table 1
[[13], [14], [15], [16]].

The special coke obtained from Shubarkol coal
has a low ash content (8-10%), an average sulfur
content (0.26%) and phosphorus (0.015%), also has
a high reactivity for CO, (4.61 cm? / g-s), has a high
resistivity (33.0 Ohm-cm), porosity is P = 62%, [[2],
[31, [4], [5]].The technical characteristics of the
special box are shown in Table 2 [[17], [18], [19]].

Table 1 — Characteristics of the quality of Shubarkol coal

Indicators Unitsof | Content
measur
ement
Workingmoisture— WP % 13.2
Analyticalmoisture— W? % 4.6
Yield of volatile substances of % 39.8
the analytical sample —V?
The release of volatiles to a % 44.1
dry ash-free mass V9
Carboncontent— C? % 65.0
Ash content of the analytical % 5.2
sample — A?
Sulfur—S % 0.46
Lower heat of combustion Q' ki/kg 23700

Table 2 — Technical characteristics of special coke

. Technicalcomposition,%
Material - -
Ash Volatile Moisture
Special coke 8-10 15-25 12-15

The resulting special coke meets the basic
requirements for carbon reducing agents for the
ferroalloy industry and is successfully used at such

enterprises as branches of TNC Kazchrome JSC
Aktobe and Aksu ferroalloy plants.

Since this type of coal belongs to non-baking
long-flame coals of the D brand, the production of
special coke in conventional coke batteries is
impossible, therefore, a thermal oxidation method
of coking on grate grates is recommended [[18],
[19], [20]].

Despite the large number of scientific works
carried out in the field of production of special coke
from non-baking coals of Kazakhstan, there is
incomplete information about the features of the
pyrolysis process of this type of coal and the
dependence on the physical and physicochemical
parameters of the special coke and on the
parameters of coking [[17], [18], [19], [20], [21],
[22], [23]].

For example, the increased humidity of the
special coke has a negative effect, leading to a
violation of the technological and electrical modes
of the furnace by reducing the accuracy of the
dosage of reducing agents. The high volatile
content also has a negative impact on the
technological process, in particular, leading to an
increase in temperature and electrical conductivity,
sintering of the charge and low fit of the electrodes.
According to VUKhIN'sresearch, in order to produce
a special coke for ferroalloy production, the volatile
yield should be 8-9% to ensure the absence of
resinous substances, which lead not only to
sintering of charge materials, but to clogging of the
reducing agent pores during pyrolysis, contributing
to a decrease in the reaction surface and reactivity
[4].

In turn, the stable content of humidity and
volatile parameters contribute to an increase in the
electrical resistance and reactivity of the special
coke [[1], [5], [18], [19], [20]].

The experimental part

To assess the quality of the obtained special
coke, laboratory experiments were carried out on
thermo-oxidative coking of long-flame coal at
various temperatures. Fractionated coals of the
Shubarkol deposit were considered as the test
material.

The purpose of this experiment was to study
the quality of the special coke in terms of volatile
content and humidity as a result of heat treatment.
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To achieve this goal, the following tasks were
defined:

- to carry out technical analysis of volatile
substances and humidity of coal and special coke;

- to determine the change in the volatile
content in long-flame coal during heat treatment at
temperatures of 800, 850, 900 and 950 °C.

The main equipment used was a muffle electric
furnace "SNOL", designed for analytical work with
various materials and various types of heat
treatment at temperatures up to 1300 °C.
Temperature regulation and control is carried out
by an electronic microprocessor-based thermostat
working in conjunction with a thermocouple. The
experimental program provided for heat treatment
in accordance with a given heating of 800, 850, 900
and 950 °C with different heating speeds.

For the experiments, 12 groups of lump coal
with a fraction of 70-80 mm were selected (Figure
1), 4 pieces of the starting material (three samples
for each temperature level).

The choice of the 70-80 mm fraction was made
on the basis of studies conducted on medium-
temperature coking of long-flame coals [24].

The technical analysis carried out in accordance
with GOST 10742-71 showed that the yield of
volatile substances of the initial coal (V¥f) was
44.5%, humidity (W) — 14.8%.

Figure 1 — Coals of the Shubarkol deposit

In accordance with the specified heating, each
group of fractional coal was placed in a furnace for
heat treatment. Visual observation of changes in
the shape of the sample was carried out at 300-500
°C and a given maximum temperature, as well as
changes during cooling.

Cooling for each of the two groups was carried
out to 600 °C and 400 °C, followed by immersion in
water at 40 °C and natural cooling to room
temperature for each third group. In the obtained
samples, after cooling, the content of volatile
substances and humidity were measured.

Figures 2-5 show the temperature dependences
of the heat treatment of samples with specified
heating modes up to temperatures of 800, 850,
900, 950 °C, to assess the behavior of samples
under specified modes.
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Figure 2 — Temperature dependence of heat treatment
of samples up to 800 °C with 30 min exposure and
cooling, experiments 1-3
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Figure 3 — Temperature dependence of thermal
treatment of samples up to 850 °C with 30 min exposure
and cooling, experiments 4-6
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of samples up to 900 °C with 30 min exposure and
cooling, experiments 7-9
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According to the results of the data obtained

during visual observation, heating of the samples to
a temperature of 800 and 850 °C does not lead to a
significant change in the shape of the samples and

their destruction: there is a decrease in size, the
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: formation of pores and microcracks.

{ Y At 900 and 950 °C, a slight decrease in
indicators is observed: fractures and bevels are
formed, a decrease in the size of samples with

increased ash formation on the entire surface of

Figure 5 — Temperature dependence of heat treatment

of samples up to 950 °C with 30 min exposure and

cooling, experiments 10-12

Table 3 — Heating modes of the conducted experiments

the samples is noted.

Sample heating mode up to 800 °C

Experiment1

Experiment2

Experiment3

heating up to 300 °C,
speed 5 °C/min

heating up to 300 °C,
speed 2.5 °C/min

heating from 300-500 °C,
speed 4.2 °C/min

heating from 300-500 °C,
speed 8.3 °C/min

heating from 500 to 800 °C,
speed 3.3 °C/min

heating from 500 to 800 °C,
speed 3.3 °C/min

heating up to 800 °C,
speed 1.9 °C/min

cooling up to 600 °C,
cooling in water at 40 °C

cooling up to 400 °C,
cooling in water at 40 °C

naturalcooling

Sample heating mode up to 850 °C

Experiment4

Experiment5

Experiment6

heating up to 300 °C,
speed 5 °C/min

heating up to 300 °C,
speed 2.5 °C/min

heating from 300-500 °C,
speed 4.2 °C/min

heating from 300-500 °C,
speed 8.3 °C/min

heating from 500 to 800 °C,
speed 3.3 °C/min

heating from 500 to 800 °C,
speed 3.5 °C/min

sample heating up to 850 °C
at a heating rate of 2.02
°C/min

cooling up to 600 °C,
cooling in water at 40 °C

cooling up to 400 °C,
cooling in water at 40 °C

naturalcooling

Sample heating mode up to 900 °C

Experiment7

Experiment8

Experiment9

heating up to 300 °C,
speed 5 °C/min

heating up to 300 °C,
speed 2.5 °C/min

heating up to 500 °C,
speed 4.2 °C/min

heating up to 500 °C,
speed of 8.3 °C/min

heating from 500 to 900 °C,
speed 3.75 °C/min

heating from 500 to 850 °C,
speed of 3.75 °C/min

sample heating up to 900 °C
at a heating rate of 2.14
°C/min

cooling to 600 °C,
further cooling in water at 40 °C

cooling to 400 °C,
cooling in water at 40 °C

naturalcooling

Sample heating mode up to 950 °C

Experiment10

Experiment11

Experiment12

heating up to 300 °C,
speed 5 °C/min

heating up to 300 °C,
speed 2.5 °C/min

heating up to 500 °C,
speed 4.2 °C/min

heating up to 500 °C,
speed 8.3 °C/min

heating from 500 to 950 °C,
speed 3.96 °C/min

heating from 500 to 950 °C,
speed 3.95 °C/min

sample heating up to 950
°C at a heating rate of 2.26
°C/min

cooling up to 600 °C,
cooling in water at 40 °C

cooling to 400 °C,
cooling in water at 40 °C

naturalcooling
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Table 3 shows the values of the heating modes
of the samples with the specified heating rates of
all 12 experiments conducted.

Discussion of the results
1) Coking of coals to a temperature of 800 °C.
As a result of heat treatment, the obtained

samples retained their original shape: up to a
temperature of 300 °C, an endothermic reaction

b)

occurs with the absorption of heat and the
formation of microcracks and micropores, then
there is an abundant release of heat and gases,
which affects the reduction in the size of coal,
pores and cracks expand and increase. After slow
cooling, there is a small ash content on the surface
of the coke, which is washed off after cooling with

water with the appearance of characteristic

pigment spots in the places of salinity.
Figure 6 shows a photo image of the samples at
different heating rates.

c) d)

a) heating up to 300 °C; b) heating up to 500°C; c) heating up to 800°C; d) cooling

Figure 6 — Coal samples as a result of the conducted experiment when heated to 800°C

a) heating up to 300 °C; b) heating up to 500 °C; c) heating up to 850 °C;
d) natural cooling to 400 °C; e) water cooling at 40 °C

Figure 7 — Coal samples as a result of experiments 4-6

— 100——
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2) Coking of coals to a temperature of 850 °C.

Heating up to 300 °C is accompanied by heat
absorption with the formation of microcracks, the
shape and characteristic luster of coal is preserved.

Further heating up to 600 °C is accompanied by
gas release, an increase in the size and number of
cracks and pores.

Further heating to 850 °C — the samples
retained their shape, there is a slight decrease in
size, and thereare no gas emissions. As a result of
natural cooling, ash formation, microcracks, pores
are observed on the surface; cooling,
characteristic spots and small bevels are present in
the water at the sites of salinization.

The samples obtained are shown in Figure 7.

after

3) Coking of coals to a temperature of 900 °C.

Heating up to 300 °C is accompanied by the
formation of small cracks, the samples have
retained their shape, and there are no destructions,
chips. Further heating up to 500 °C is accompanied
by strong gas emission, an increase in the number
of microcracks and pores.

When the temperature reaches 900 °C, the
samples retained their shape, the surface is
covered with deep microcracks, chips, and there
are no gas emissions.

As a result of natural cooling, ash, microcracks,
pores are present on the surface, there is an
increase in bevels, samples have less strength; after
cooling in water, and characteristic spots are
present at the sites of salinization. The samples
obtained are shown in Figure 8.

4) Coking of coals to a temperature of 950 °C.

The samples obtained are shown in Figure 9.

Heating up to 300 °C is accompanied by the
formation of small cracks, the samples have
retained their shape, and there is no destruction,
no chips. Further heating up to 500 °C is
accompanied by strong gas emission, an increase in
the number of microcracks and pores.

When the temperature reaches 950 °C, the
destruction of samples is observed, the surface is
covered with deep microcracks, chips, and there
are no gas emissions.

As a result of natural cooling, ash, microcracks,
pores are present on the surface; after cooling,
characteristic spots are present in the water at the
sites of salinization, the formation and increase in
the size of bevels is observed, the destruction of
samples is observed.

Data on the volatile content and humidity of

the samples obtained from all the experiments are
presented in Table 4.

a) b

d)

) c)
o @

e)

a) heating up to 300 °C; b) heating up to 500 °C; c) at 900°C; d) natural cooling; e) water cooling

Figure 8 — Coal samples as a result of the conducted experiment when heated to 900°C

— 101——=
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d)

e)

a) heating up to 300 °C; b) at 400 °C; c) at 750 °C; d) natural cooling; e) water cooling

Figure 9 — Coal samples as a result of the conducted experiment

Table 4 — Data on volatile content and humidity

Core size class, mm Cooling after removal from Cooling after removal Cooling to room

the furnace at 600 °C. from the furnace at 400°C temperature

Experiment1 Experiment2 Experiment3

Vv w Vv w \Y w
Inner core 0-5 mm 3.11 1.54 2.72 1.23 2.23 1.10
Inner core 5-10mm 3.19 1.39 2.54 1.88 2.30 1.18
Outer part 10-25 mm 3.04 1.26 2.45 1.91 3.03 1.20
Outer part 25-40mm 3.27 1.28 2.61 1.59 3.06 1.15
Average per piece 3.15 1.37 2.58 1.65 2.65 1.16

Experiment4 Experiment5 Experiment6
Inner core 0-5 mm 291 1.53 2.63 1.36 2.19 0.97
Inner core 5-10mm 2.97 1.40 2.51 1.48 2.27 1.01
Outer part 10-25 mm 2.99 1.28 2.42 1.61 2.61 1.12
Outer part 25-40mm 3.01 1.27 2.56 1.57 2.72 1.05
Average per piece 2.97 1.37 2.53 1.50 2.45 1.04

Experiment7 Experiment8 Experiment9
Inner core 0-5 mm 2.83 1.44 2.53 1.37 2.01 0.83
Inner core 5-10mm 2.85 1.49 2.43 1.45 1.97 0.87
Outer part 10-25 mm 2.73 1.41 2.37 1.53 1.85 0.91
Outer part 25-40mm 291 1.47 2.44 1.49 1.73 0.99
Average per piece 2.83 1.45 2.44 1.46 1.89 0.90

Experiment10 Experiment11 Experiment12
Inner core 0-5 mm 2.21 1.42 1.97 1.40 1.85 0.75
Inner core 5-10mm 2.15 1.44 2.01 1.45 1.79 0.78
Outer part 10-25 mm 2.30 1.38 191 1.52 1.65 0.73
Outer part 25-40mm 2.31 1.41 1.85 1.51 1.61 0.81
Average per piece 2.24 1.41 1.93 1.47 1.73 0.77

— 102——
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According to Table 4, as a result of thermal
exposure to the coals of the Shubarkol deposit, the
samples have the required humidity and volatile
values required for reducing agents.

In experiments 6, 9, 12, a decrease in humidity
indicators is observed due to the high rate of
coking.

At the same time, when temperatures reach
900 and 950 °C, there is a decrease in the size of
the pieces and their integrity, the formation of
bevels and, according to visual signs, strength.

Conclusions

In this work, experiments were carried out to
assess the quality of non-baking coals of the
Shubarkol deposit, and the influence of
temperature conditions on the quality of samples
of special coke obtained in laboratory conditions,
used as agents for metallurgical
production, was investigated.

reducing

In total, 12 experiments of thermal exposure to
long-flame coals of the Shubarkol deposit were
carried out in the temperature range up to
800...950 °C with different preset heating speeds.

s a result, the following results were obtained:

- technical analysis of long—flame coal with a
grain size of 70-80 mm, volatile V%’ — 44.5%,
humidity W — 14.8 %;

- samples were obtained as a result of heat
treatment up to 800, 850, 900 and 950 °C of long-
flame coals with a size of 70-80 mm;

- the assessment of the special coke on the
content of volatile components as a result of heat
treatment of coals of the Shubarkol deposit was
carried out: the content of volatile on average is
1.73-3.15%, the humidity was 0.73-1.65%.

Based on the obtained research data, the
following coking mode is recommended:

- coal size 70-80 mm;

- coking temperature800-850 °C;

The evaluation of the obtained results proves
the effectiveness of using long-flame coal from the
Shubarkol deposit as reducing agents for the
metallurgical industry, in particular ferroalloy
production, electrothermal, steelmaking
productions, for agglomeration of iron and non-
ferrous ores and other.
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TYRIHAEME

ByriHri TaHAa Kapa MeTannyprusa canacbiHAaFbl OHAIPIC KAPKbIHbIH apTTbIPY Ypaici 6arikanaabl. bonat

eHimaepiHe  TypakTbl

Makana kengij: 12 kapawa 2022
CapantamagaH eTTi: 16 ¥enmokcaH 2022
KabbingaHabl: 27 kaHmap 2023

KaXkeTTinik

WKKi3aT  6aFacbiHbIH, OHbIH, iwinge KeMipTeKTi

TOTbIKCbI3AAHABIPFLILTAPFA ©CYIMEH KaTap Kypyae. KasakcTaHHbIH, iWKi Hapbifbl KafaanbiHAA
MeTanNypruaga TOTbIKCbI3AAHABIPFbIW PEeTiHAE KONAAHbINATbIH apHavbl KOKC any YLWiH LWKKi3aT
peTiHAE TOMEH YKEHTEKTE/ITEH }KOHE YKEHTEeKTe/IMENTIH KeMipepai nainganaHy MyMKIHAIMH 3epTTey

YAKEH KbI3bIFYLWbINbIK TyAplpadbl, OHbIH, ©3eKTiNiri MeH MaKcaTTbiibifbl KP YKimeTi ycbiHFaH

LIMKI3aTTbl

nanganaHyaarbl

pecypctapabl  YHeMAey KdHe 3Heprua  TUIMAINiriH - apTTbipy

6argapnamacbiHa ga 6ainaHbIcTbl. byn makanaga deppoKopbiTnanap eHaipiciHae KongaHbliaTbiH

TOTbIKCbI3AAHAbIPFLILITAPAbIH, cananbl, 6anama TypnepiH i3gey HaTuxKeciHae Lybapken KeH

OPHbIHbIH, (Ka3akcTaH) y3blH JKaNblHAbI, KYWEXEHTEKTEMENTIH KemipZi TEPMO TOTbIKTbIPFbILL

eHAeYAiH (KOKCTeyain) Taxipubenik aepektepi KenTipinreH. 3epTxaHanblk Kafgaga, Taxipubenep
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Kyprizy 6apbicbiHga 70-80 mm dpakuuacel 6ap [ mapkanbl CbiHafATbiH Kemipiep cananbik,
cMMaTTaManapbliH aHbIKTAy YLWiH apTypAai BepinreH Kbi3gblpy XbligamapikTapbimeH 800, 850, 900,
950 °C TemnepaTtypafa TemnepaTtypanblik acepre ylwbipagbl METaNnyprua eHepkacibi ywiH, atan
anTKaHga deppoKopbITNanap eHAipIci yiWiH, 3aneKTpoTepMUuAnbIK, 6onat 6ankbITy eHAipiciHae, Temip
JKOHEe TYCTi KeHAepai arnomepauusanay YWiH KaHe T. 6. TOTbIKCbI3AaHAbIPFbILITAPFa KOMbINATbIH
Tanantapfa coMKec Keneai. ¥3blH Xa/blHAbl TaC Kemipre TEXHUKaNbIK Tangay Kyprisingi, onapabiH
yWNa ’KaHe binfan menwepnepi, caikeciHwe Vdaf — 44,5%, W — 14,8% kypaiabl. CoHaai-ak,
LLly6apKen KeH OpHbIHbIH, KOMIPiH TEPMUANBIK BHAEY HITUMXKECIHAE YLUNa KOMMOHEHTTEPAiH, Kypambl
60ibIHWa anblHFAH apHaibl KOKCTbI BaFanay Xyprisingi: yWwKplWTapaplH, Kypambl opta ecennex 1,73-
3,15%, binFangpinbibl 0,73-1,65% Kypagbl. HKyprisinreH 3epTreynepain, HaTMXKenepi HerisiHae THiCTi
cunatTamanapbl 6ap KemipaiH atanfaH Typ/aepiHeH apHalibl KOKC any MyMKiHAir KepceTing,i.

TyiiiH ce30ep:kemip, Kemip, TOTbIKCbI3AAHAbIPFbIL, aPHANMbl KOKC, KOKC, GeppoKopbITNa eHAipici,
Y3bIH KanblHAbI.
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AHHOTALMUA

Ha cerogHAWHWI aeHb HabnogaeTcAa TeHAEHLMA HapalMBaHUA Temna Npou3BoAcTBa B 0b6aacTu
yepHolt meTannyprumn. MocTosHHAA NOTPeBHOCTb HA CTa/ZbHYHO MPOAYKUMIO COMPOBOXAAETCA C
POCTOM LiEH Ha Cbipbe, B TOM YMCAE U Ha YINepOoaUCTble BOCCTAHOBUTENU. B ycnoBMAX BHYTPeHHero
pblHKa KasaxctaHa 60/1bliOi MHTepec NpeacTaBAAeT U3yyeHue U BO3MOMKHOCTb WMCMOb30BAHUSA
cnabocneKaroWwmnxcsa 1 HeCNeKaloLWMXCa yraein B KayecTse CbipbeBOro Matepuana ana Npons3BoaCcTBa
CMeLKOoKca, MCMOo/b3YIoWerocs B KayecTBe BOCCTAHOBMTENSA B METasNypruM,  aKTyasbHOCTb U
LenecoobpasHoOCTb KOTOPOro TaKkKe 0bycnoBneHa B pamKax Nporpammbl pecypcocbepeeHuns u
3HeproaddeKTUBHOCTU B UCMONb30BAHUN CbiPbEBbIX PECYPCOB, BblABUraemMblx Mpasutensctsom PK.
B faHHOW cTaTbe, B pe3ynbTaTe NOMCKA KauecTBEHHbIX, albTEPHATUBHbIX BUA0B BOCCTAHOBUTENEN,
NpYMeHAlWUXcA B NpousBoacTee  ¢GeppocnniaBoB, MNpeacTaB/ieHbl  3KCNepUMEHTaNbHble
OAHHBIETEPMOOKUCIUTENBHOW 06paboTKM  (KOKCOBAHMA) AJIMHHOMAAMEHHbIX, HecneKarLwmuxca
yrnei LWy6apKoabckoro mectopoxaeHus (KasaxcraH). B nabopaTopHbiX ycnoBuax, B npouecce
NpPoOBEAEHMA OMbITOB, WCMbITyeMble YyrAnM mapku [, dpakuynern 70-80 mm noasepraauncb
TemnepaTtypHOMy BoO3geincTBuio npu TemnepaTtypax 800, 850, 900, 950 °C c pasnnyHbIMMU
33faHHbIMW  CKOPOCTAMM  Harpesa [ANA  OMNPeAe/sIeHUA  KAaYyeCTBEHHbIX  XapaKTepUCTUK,
COOTBETCTBYIOLLMX TPEBOBAHMAM K BOCCTAHOBUTENAM A1 METANNYPIrUYECKON NPOMBILNEHHOCTH, B
YacTHOCTM ANAa  npous3BoAcTBa (GEeppocnnaBoB, B 3NEKTPOTEPMUYECKOM, CTanennaBuabHOM
NPOU3BOACTBE, ANA Ar/IOMepPaLMK KenesHbiX U LBETHbIX pya U T.4. Bbin npoBefeH TeXHUYeCcKui
aHaIM3 KAMEHHOTOo ANMHHOMIAMEHHOTO YA, COAEPMKAHME NETYYUX U BNArK KOTOPbIX COCTABAAIOT,
COOTBETCTBEHHO, Vdaf — 44,5 %, W — 14,8 %. TakKe, npoBeAeHa OLLeHKa NOly4eHHOro CneLKoKca no
COAEPKAHUIO  NIeTY4MX  KOMMOHEHTOB B  pe3ynbTaTe Tepmuyeckol 06paboTku  yraei
LLly6apKO/IbCKOrO MECTOPOXKAEHUA: COAEp’KaHMe NeTyunx B cpeaHem cocrtasaser 1,73-3,15 %,
BNA¥HOCTb cocTtasuna 0,73-1,65%. Ha OCHOBaHMM pe3ynbTaToB NPOBEAEHHbIX UCCAef0BaHWUM,
6blNa NOKa3aHa BO3MOMKHOCTb NOMYYEHUA CNELKOKCA U3 AaHHbIX TUNOB Yr/ei C COOTBETCTBYIOLLMMMU
XapaKTepucTuKamu.

Knio4yesble cnoea: yrnn, BOCCTAaHOBUTENb, CMELIKOKC, KOKC, MNPOM3BOACTBO ¢eppocniasos,
OJIMHHONIAMEHHbIN.
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