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ABSTRACT

The article presents the results of large-scale laboratory tests carried out in the conditions of the Chemical
and Metallurgical Institute named after V.I. Zh. Abishev on the use of briquetted mono-charge in the
smelting of carbon ferrochrome on a 250 kVA furnace. The purpose of these studies was to determine the
technological parameters of the use of briquetted mono-charge containing in its composition chrome ore,
wastes from the production of high-carbon ferrochrome, middlings and various carbonaceous reducing
agents. The main idea of using these briquettes was to multiply the contact surface of the reductant and
ore, which should speed up the technological process. The principal possibility of smelting a standard alloy
using briquetted mono-charge is shown. The alloy for individual charge options meets the requirements of
the standards. In comparison with the technology without the use of briquettes, the mono-charge
technology has shown advantages in all main parameters. The technology with the use of briquettes from
the dust of the AktZF gas cleaning system is distinguished by a low yield of non-standard metal and slag,
the bulk of the material goes into the gas collection system. Technologies from briquettes from fines pellet
production area of Donskoy ore mining and processing plant and flash have very low specific technical and
economic indicators and cannot be recommended for industrial use. Improvement of briquetting modes
and technology of their smelting is required. The technical and economic indicators were higher than the
current one, showed briquettes from ore and coke of the People's Republic of China, briquettes of ore
from borlin and shubarkol coals of Kazakhstan.
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Introduction

In the conditions of the Chemical and
Metallurgical Institute named after Zh. Abishey,
large-scale laboratory tests were conducted on the
use of briquetted mono-charge for the smelting of
carbonaceous ferrochrome in a 250 kVA furnace.
The duration of the experimental company was 9

days. Six variants of briquettes containing various
reducing agents were tested. As a comparative
variant, the charge materials used at the AktPF
were used. A total of 98 swimming heats were held.

The furnace is lined with magnesite brick. The
furnace hearth is made of a packed hearth mass
that has been coked for 11 hours under current
with periodic shutdown of the furnace [[1], [2], [3],
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[4]]. The furnace transformer has four voltage
stages: 18.2 V; 24.4 V; 36.6 V and 48.8 V. During the
experiments, they worked at a voltage of 36.6 V
and 48.8 V. The furnace has a graphite electrode
with a diameter of 150 mm. The heating of the
furnace began on a traditional charge.

After heating the furnace for 0.92 days on a
traditional charge, they switched to a charge using
briquettes.

The following is a consistent description of the
technologies:

1 - traditional charge (China coke+special
coke+Borly coal);

2 — briquettes with Shubarkol coal;

3 — briquettes with Borly coal;

4 — briquettes with coke ChNR;

5 — briquettes made of gas cleaning dust;

6 — briquettes from a small product from Pallet
Production Site;

7 — briquettes from obloy;

Technical and economic indicators of the
smelting of carbonaceous ferrochrome using
briquetted mono-charge in enlarged laboratory
conditions are shown in table 8.

Calculated part

Stage No. 1 (traditional charge). The tests
began with a comparative version, as which the
technology was chosen as close as possible to the
technology at the Aktobe ferroalloy plant.
According to this option, they worked for 0.92 days,
carried out 11 melt. The average chemical analysis
of melting products during this period was: metal —
67.05% Cr; 1.23% Si; 9.30%C; 0.024%S; 0.012%P;
slag — 5.48% Cr,0s3; 31.05% SiO,; 0.74% CaO;
44.20% MgO; 17.01% Al,0s; 1.12% FeO; 0.215% S;
0.010% P.

The grate worked without fistulas, with uniform
gas release over the entire surface of the grate. The
charge sits down by self-propelled. The furnace
capacity was 155.0 kg Cr/day, chromium extraction
was 79.3%.

Stage No. 2 (briquettes with Shubarkol coal).
At this stage, smelting was carried out using

briquettes with Shubarkol coal in the charge in the
amount of 42.4 kg per ear. According to this option,
we worked for 0.75 days, conducted 9 melt. The
average chemical analysis of melting products
during this period was: metal — 69.12% Cr; 0.85% Si;
9.71% C; 0.020% S; 0.011% P; slag — 5.33% Cr,0s3;
32.16% SiOz; 1.09% CaO; 42.36% MgO; 17.29%
Al,03; 1.28% FeO; 0.206% S; 0.011% P.

The transition to briquettes with Shubarkol coal
in general led to an intensification of the process
with a more stable current load. The grate worked
without fistulas, with uniform gas release over the
entire surface of the grate. The furnace capacity
was 165.9 kg Cr/day, chromium extraction was
88.17%.

Stage No. 3 (briquettes with Borly coal). At this
stage of large-scale laboratory tests, smelting was
carried out using briquettes with Borly coal in the
charge in the amount of 42.0 kg per ear. According
to this option, we worked for 0.5 days, conducted 6
melt. The average chemical analysis of melting
products during this period was: metal — 70.28% Cr;
1.21% Si; 9.22% C; 0.027% S; 0.015% P; slag — 4.63%
Cr,05; 34.03% SiO,; 1.10% CaO; 36.08% MgO;
20.57% Al,03; 0.35% Fe0; 0.210% S; 0.011% P.

The grate worked without fistulas, with uniform
gas release over the entire surface of the grate. The
charge sits down by self-propelled. The furnace
capacity was 152.6 kg Cr/day, chromium extraction
was 84.91 %.

Stage No. 4 (briquettes with coke ChNR). In
this test period, briquettes from ore fractions of O-
10 mm and coke of the ChNR in the amount of 30
kg per ear were used in the charge. According to
this option, they worked for 1.25 days, spent 15
melt. The average chemical analysis of melting
products during this period was: metal — 69.4 %Cr;
0.85%Si; 5.83%C; 0.018%S; 0.042%P; slag -
8.29%Cr,03; 27.77% SiO,; 3.03% Ca0; 36.25% MgO;
8.41% Al,03; 1.64% Fe0; 0.011% P.

The compressive strength of the briquettes
ranged from 154-238 kg per briquette. Such high
strength ensured their safety during transportation
from Aktobe to Karaganda.

Table 1 — Chemical composition of dust from the gas capture system during the testing of briquettes from the dust of

the gas purification of the AktPF

Chemical composition, %

Material

MgO Cao Al203 SiO2 Fe203 P20s Cr203 c S
Dust from the furnace No. 1 69.74 0.68 3.07 11.98 - 0.033 - 3.21 1.3
Dust from the furnace No. 2 46.74 1.36 5.31 14.1 - 0.044 - 6.05 1.2
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Stage No.5 (briquettes made of gas cleaning
dust). The use of gas cleaning dust briquettes had
very serious distinctive features. The braces
themselves were made without the addition of
additional binders. The gas cleaning dust itself,
when water is added, sets like cement and acquires
sufficient strength during subsequent pressing and
drying.

During the melting, there was an intense
release of dust, unlike other options. Dust was
taken from the gas capture system, the chemical
composition of this dust is shown in table 1.

As can be seen from these data, the dust is
characterized by a relatively high MgO content and
high dispersion. It is quite possible to use it as an
additive to a mixture for the manufacture of
periclase bricks or for a mixture in shotcrete masses
for the shotcrete lining of converters. The output of
slag and metal was insignificant. As can be seen
from this table, the metal is characterized by large
fluctuations in chromium and other impurities. It
does not correspond to standard compositions and
it is almost difficult to implement such a
ferrochrome [[5], [6], [7]].

The chemical composition of the slag is also
unstable. The output of metal and slag from
melting to melting is also unstable, often either slag
or metal came out in small quantities. This mode of
operation is unacceptable and cannot be
recommended for industrial development. At the
same time, this technology is of particular interest
for further research and possible improvement with
the use of electric arc units for remelting steel
scrap. Such briquettes can be put into the
chipboard furnace together with scrap for direct
alloying of steel or cast iron with chromium. The
technology is characterized by a high energy
consumption per 1 ton of chromium and low other
indicators (table 2).

Stage No. 6 (briquettes from a small product
from Pallet Production Site). The small product of
Pallet Production Site DGOK is a dropout from the
site for the production of pellets with a size of less
than 5 mm. Currently, this material does not find
proper use, although it contains an average of 50 %
Cr,03 in its composition. Using this material, we
have obtained briquettes. The chemical
composition of the briquettes is given in table 3.

Table 2 — Technological parameters of the smelting of high-carbon ferrochrome using briquettes from the dust of the

gas purification of AktPF

Name of the articles meal:::'tecr:ent Parameters
Briquettes consumed kg 1260
Metal received kg 277.05
Slag is obtained kg 226.2
Multiplicity of slag 0.816459123
Melt were carried out pieces 25
Specific power consumption kWh/t Cr 22166.3
Specific consumption of briquettes kg/t Cr 7651.2
Working hours day 2.17
Efficiency Cr kg/day 75.95
Average Cr content in the metal % 59.4

Table 3 — Chemical composition of briquettes from a small product of Pallet Production Site DGOK

Chemical composition, %

Name of materials

Cr203 SiO: MgO CaO FeO Al203 P S C
Briquette from the 31.8 13.0 14.9 35 13.9 6.2 001 | 016 | 11.4
Pallet Production Site

At this stage of large-scale laboratory tests,
smelting was carried out using briquettes from the

fines of the Pallet Production Site DGOC product in
the amount of 30.0 kg per ear in the charge.
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According to this option, they worked for 1.83 days,
carried out 22 melt. The average chemical analysis
of melting products during this period was: metal —
67.5% Cr; 2.09% Si; 5.35% C; 0.003% S; 0.024% P;
slag — 9.38% Cr,03; 28.0% SiO,; 4.94% Ca0; 39.24%
MgO; 12.67% Al,Os; 2.65% FeO; 0.040% P.

The grate worked without fistulas, with uniform
gas release over the entire surface of the grate. The
charge sits down by self-propelled. The furnace
capacity was 114.45 kg Cr/day, chromium
extraction was 84.1 %. The main technological
parameters are presented in table 4.

The strength of briquettes made of small items
of the Pallet Production Site DOK ranged from 43-
81 kg per briquette, which is significantly lower
than the strength of briquettes made of gas
cleaning dust of the AktPF. In addition, this material
is heavily subjected to briquetting by the vacuum-
extrusion method, the yield of briquettes is not
more than 30 % of the total mass of materials

passed through the press. In addition, the
technology is distinguished by a very high specific
energy consumption per 1 ton of chromium
(10266.6 kWh/t Cr). The resulting metal complies
with the standard. This technology with the use of
briquettes from small things of Pallet Production
Site DGOK can not yet be recommended for
industrial use due to the above negative aspects. It
is required to work out the briquetting modes and
the technology of conducting the melting process.

Stage No. 7 (briquettes from obloy). Obloy is a
fine-dispersed waste from the production of
briquettes in the conditions of DGOK. This material
does not find proper use, although it also contains
an average of 49.96 % Cr,0s3 in its composition.
Using this material, we have obtained briquettes by
the vacuum-extrusion method. The chemical
composition of the briquettes is given in table 5.

The ratio of reducing agent, ore and binders is
presented earlier in table 6.

Table 4 — Technological parameters of the smelting of high-carbon ferrochrome using briquettes from small of Pallet

Production Site DGOK

Name of the articles Unit of measurement Parameters

Briquettes consumed kg 1380
Metal received kg 308
Slag is obtained kg 458.5
Multiplicity of slag 1.49
Melt were carried out pieces 22
Specific power consumption kWh/t Cr 10266.6
Specific consumption of briquettes kg/t Cr 6637.78
Working hours day 1.83
Efficiency Cr kg/day 113.6
Average Cr content in the metal % 67.5

Table 5 — Chemical composition of briquettes from a small product of Pallet Production Site DGOK

Chemical composition, %

Name of the articles

Cr203 SiO: MgO

CaO FeO Al203 P S C

11.2 19.4

Briquettes from obloy 24.8

1.1 13.3 5.6 0.04 0.39 9.7

At this stage of large-scale laboratory tests,
smelting was carried out using briquettes from the
chip in the charge in the amount of 30.0 kg per ear.
According to this option, we worked for 0.83 days,
conducted 10 melt. The average chemical analysis
of melting products during this period was: metal —
61.54% Cr; 1.59% Si; 5.17% C; 0.026% S; 0.033% P;
slag — 13.63% Cr;0s3; 24.27% SiO2; 3.01% CaO;

41.24% MgO; 10.83% Al,03; 2.78% FeO; 0.057%
P,0s.

The grate worked unsatisfactorily with frequent
emissions. The charge sits down with difficulty. The
furnace capacity was 95.57 kg Cr/day; chromium
extraction was 72.3 %. The main technological
parameters are presented in table 7.

—— 54 ——
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Table 6 — Compositions of experimental versions of briquettes made of chromium ore and carbon reducing agents

Option no. Type of technology Materials Ratio,%

Chrome ore 77.24

1 Traditional without briquetting Coke ChNR 9.03
Shubarkol coal 5.15
Borly coal 8.58

) . Chrome ore 71.94

2 Briquettes with Shubarkol coal Shubarkol coal 28.06
Chrome ore 72.63

3 Briquettes with Borly coal Borly coal 27.37
Chrome ore 74.0

4 Briquettes with coke ChNR Coke ChNR 18.5

. 7.5
Binder
Briguettes made of gas

5 cleaning dust Gas cleaning dust without additives -

A small product of Pallet Production 71.43
Briquettes from a small product | Site )

6 from Pallet Production Site Coke ChNR 21.43
Binder 7.14
Obloy 71.43

7 Briquettes from obloy Coke ChNR 21.43

Binder 7.14

Table 7 — Technological parameters of the smelting of high-carbon ferrochrome using briquettes from the chip

Name of the articles Unit of measurement Parameters
Briquettes consumed kg 750
Metal received kg 129.5
Slag is obtained kg 502.9
Multiplicity of slag 3.9
Melt were carried out pieces 10
Specific power consumption kWh/t Cr 21777.5
Specific consumption of briquettes kg/t Cr 9417.1
Working hours day 0.83
Efficiency Cr kg/day 95.57
Average Cr content in the metal % 61.5
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The discussion of the results

The strength of briquettes made of scrap
ranged from 41-67 kg per briquette, which is lower
than the strength of briquettes made of gas
purification dust of the AktPF. In addition, this
material is heavily subjected to briquetting by the
vacuum-extrusion method, the yield of briquettes is
not more than 20 % of the total mass passed
through the press of materials. In addition, the
technology is distinguished by a very high specific
energy consumption per 1 ton of chromium

(21777.5 kWh / t Cr). The resulting metal differs
from the standard one. This technology using
briquettes made of scrap can also not be
recommended for industrial use due to the above
negative aspects. It is necessary to work out the
briquetting modes and the technology of
conducting the melting process [[8], [9], [10]].
Below are the main technical and economic
indicators of single-charge technologies, which, in
our opinion, can be recommended for industrial
testing, since they have significant advantages
compared to traditional technologies (table 8).

Table 8 — Technical and economic indicators of carbon ferrochrome smelting with the use of briquetted mono-charge

. Periods
Unit of — -
. Traditional Briquettes . . . .
Indicators measur . . Briquettes with Briquettes with
ement without with coke Shubarkol coal Borly coal
briquetting ChNR
1. Working hours day 0.92 1.25 0.75 0.50
2. The number of melt pieces 11 15 9 6
3. The charge is set
Dry briquettes kg 930 555.1 350.1
including chrome ore kg 688.2 392.5 250.1
content Cr203 % 50.0 52.5 52.5
it has chromium in it kg 234.0 141.1 89.9
Coke ChNR kg 172.05
Shubarkol coal kg 162.6
Borly coal kg 100.1
Chrome. ores of fr. 0-10 mm kg 162.9 688.2
content Cr203 % 52.5 50.0
it has chromium in it kg 58.6 234.0
Chrome. ores of fr. 10-80 kg 3379
mm % 52.2
content Cr203 ke 120.6
it has chromium in it )
Total ore 50% Cr203 523.7 688.2 412.5 262.8
it has chromium in it 179.2 234.0 141.1 89.9
Quartzite kg 14.0
Carbon reducing agents:
Coke ChNR kg 56.4 172.05
special coke kg 34.0
Shubarkol coal kg 162.6
Borly coal kg 56.1 100.1
The restorer of everything kg 146.5 172.05 162.6 100.1
4. Electric power kWh 1680.0 2448 1408.0 888.0
5. Metal received
Total kg 211.9 307.29 180 108.6
kg Cr 142.1 212.95 124.4 76.3
Chemical composition of the metal
Cr % 67.05 69.4 69.12 70.28
Si % 1.23 0.85 0.85 1.21
C % 9.30 5.83 9.71 9.22
S % 0.024 0.018 0.020 0.027
P % 0.012 0.042 0.011 0.015
6. Slag is obtained kg 243.5 372.36 176.7 118.0
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It has chromium in it kg Cr 9.13 20.99 6.44 3.74
Multiplicity of slag 1.15 1.21 0.98 1.09
Chemical composition of slag
Cr203 % 5.48 8.29 5.33 4.63
SiO2 % 31.05 27.77 32.16 34.03
CaO % 0.74 3.03 1.09 1.10
MgO % 44.20 36.25 42.36 36.08
Al,03 % 17.01 8.41 17.29 20.57
FeO % 1.12 1.64 1.28 0.35
S % 0.215 0.204 0.206 0.210
P % 0.010 0.011 0.011 0.011
7. Technical and economic indicators
kg
Efficiency Cr/da 155.0 170.36 165.9 152.6
y
Average melting weight kg Cr 12.92 14.19 13.82 12.72
Extracting chromium % 79.30 90.0 88.17 84.91
Specific consumption of materials
chrome. ore 50% Cr203 ki/rt 3685.9 3224.73 3315.2 3442.7
. kg/ t

reducing agent Cr 1031.2 806.18 1306.9 13111
Coke ChNR ki/rt 397.0 806.18
special coke ke/ t 239.3

Cr
Shubarkol coal EE/ t 1306.9
Borly coal Ef/ t 394.9 1311.1
Quartzite ke/ t 112.5

Cr
Speuf.lc consumption of kWh/ 11824 11470.69 11317 11635
electric energy tCr

Conclusions

The technology using briquettes from the dust
of the gas purification of the AktPF is characterized
by a low yield of metal and slag, the bulk of the
material goes into the gas capture system. During
these melts, the resulting ferrochrome does not
correspond to the standard composition. The dust
caught in the gas cleaning system contains a high
concentration of MgO, which is a prerequisite for
its use in the refractory industry. The technology
has low specific technical and economic indicators,
especially high power consumption. It is not
recommended to use briquettes from the gas
purification dust of the AktZF with a complete
replacement of the traditional charge, they can be
used as an additive to the usual charge in a certain
proportion. Technologies made of briquettes from

small pieces of of Pallet Production Site DGOK and
debris have very low specific technical and
economic indicators and cannot be recommended
for industrial use. It is necessary to finalize the
briquetting modes and the smelting technology.

Technical and economic indicators are higher,
compared to the current one, showed briquettes
from ore and coke of the People's Republic of
China, briquettes from Borlin and Shubarkol coals
of Kazakhstan.
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TYAIHAEME

Makanaga *.06iweB aTblHAAFbI XMMUA-METANNYPIUMA MHCTUTYTHI XKaFgaiblHga Kyatbl 250 KBA newTte
KemipTekTi deppoxpomabl HankbiTy KesiHae 6puKeTTeNreH MOHOLWEKKypaM KongaHy 6olibiHwa
JKYPFi3inreH KeHeWTinreH 3epTxaHanblK 3epTTeynepiH, HaTuKenepi KenTipiareH. Byn 3epTTeynepgin,
MaKcaTbl KypamblHAA XPOM KeHi, XOfapbl KeMipTeKTi ¢peppoXpom eHAIpICiHiH, KanabiKTapbl, apasbik,
OHIMAEDP KOHe SPTYPNiI KOMIpTeKTi TOTbIKCbI3AaHAbIpFbIWTap 6ap OPUKETTENreH MOHOLIEKKYpamabl
nafanaHyApblH TEXHONOTMUANBIK KepceTKiWTepiH aHbikTay 6onapl. bactbl naea ocbl 6pukeTTepai KONAAHY
6apacbiHAA TOTLIKCLI3AAHALIPFbIW MEH KEHHIH 9peKeT eTy ypaiciH yafanTy 6onbin Tabblnagbl.
BpuKkeTTenreH MOHOLWIEKKYPamabl KONAAHA OTbIPbIN, CTaHAAPTTbl KOPbITNaHbl GankpITyAblH, Herisri
MYMKIHAiM KepceTinreH. LUeKKypamHbIH KeKkenereH HycKanapbl 6oMblHWA KOpbITNA CTaHAAPTTapAblH,
TanantapbliHa COMKec Kenepj. bBpuKeTTepcis  TEXHONOTMAMEH  CanbiCTbipFaHA@  MOHOLUEKKYpam
TEXHONOrMACbI BapAblK Herisri napameTpiep 6GOMbIHWA apTbIKWbLIbIKTapAbl KepceTTi. AKT3® rasgaH
TasapTy WaHplHaH BpuKeTTepai NailaanaHy TEXHONOTUACHI CTaHAAPTTbI eMeC MeTanN MeH LUNAKTbIH TOMeH
WbIFbICBIMEH CUMATTanagbl, MaTepuangpblH, Herisri 6eniri rasgpl ycray yiveciHe Tycegi. [JoH Tay-KeH
6aliblTy KOMOWHATbIHbIH, LUEKeMTacTap eHAipy y4vackeci mMeH 0610MAbIH, YyCaK-Tylek 6puKeTTepiHeH
acanFaH TeXHONOrMANap eTe TeMeH TeXHUKaNblK-9KOHOMMKa/bIK KepcCeTKilTepre ne XaHe onapapl
OHepKacCinTiK nalganaHy ywiH ycbiHyfa 6onmaiapl. bpukettey pexumaepiH KaHe onapapl 6ankpity
TEXHONMOTUACBIH  KETINAIPY  KaeT. TexXHWKaNblK-9KOHOMUKaNbIK — KepceTkiwTep  Kpitall  Xanbik
PecnybnuKkacbl KeHi MeH KOKCblHaH anbiHFaH 6pukeTTep, KasakcTaHHbIH, 6opabl kaHe Lwybapken
KeMipiHeH anblHFaH KeH bpuKeTTepi aFbiMAaFrbl KOPCETKILUTEPMEH CanbICTbIPFaHAA KOFapbl.
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BapuaHTbl BbiNAaBKKU yraepoauctoro ¢eppoxpoma Ha OCHOBE PYAHOro CbipbA,
NPOMNPOAYKTOB U UX TEXHONOrMYECKana OLEeHKa
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AHHOTALMUA

B cTaTbe WM3N0XEHbl pe3ynbTaTbl YKPYNHEHHO-1abopaToOpHbIX WMCMbITAHWI, NPOBEAEHHblE B YCAOBUAX
XUMMKO-METANNYPIUYECKOTO MHCTUTYTa WM. . ABUWEBA NO NPUMEHEHWUID BPUKETUPOBaHHOW
MOHOLUMXTbI MPU BbINAABKE YrAepoguctoro ¢peppoxpoma Ha neuym mouwHocTbio 250 KBA. Lenbto atux
nuccnepoBaHuii 6bin0 onpeaeneHve TEXHONOTMYECKUX MNOKasaTenel NpuMeHeHUs BpPUKeTUPOBAHHOW
MOHOLLUUXTbI, COAEepXKallell B CBOEM COCTaBe XPOMOBYIO pydy, OTXOAbl MpPOM3BOACBA BbICOKO
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PeueHsupoBaHue: 19 okmabpsa 2021 yrnepoaucTblii Geppoxpom, MPOMMNPOAYKTbl U Pa3AUYHbIe YINepoAUCTblie BOCCTaHOBUTENMU. [NaBHas uaes
MpuHAaTa B neyatb: 30 HoAbps 2021 npuMeHeHWe 3TUX BPMKETOB 3aK/loyanacb B MHOTOKPAaTHOM YBENMYEHUM MOBEPXHOCTM KOHTaKTa

BOCCTAHOBUTENA W pyAbl, YTO [OMKHO OPCMPOBATb TeEXHOMOrMYeckuidi npouecc. [lokasaHa
NPUHLMNMANbHAA BO3MOXHOCTb BbIMIABKM CTaHAAPTHOrO CM/aBa C UCMO/Ib30BaHUEM BPUKETUPOBAHHOWM
MOHOWMXTbl. Craas no OTAeNbHbIM BapuaHTaM LUMXTbl COOTBETCTBYeT TpeboBaHWAM CTaHAAPTOB. B
CpaBHeHUW C TexHosnorvei 6e3 npumeHeHUs OGPUKETOB MOHOLUMXTOBAA TEXHONOTMA MoKasana
npenmyLL,ecTsa No BCEM OCHOBHbIM MapameTpam. TeXHOMOrUA C UCMO/b30BaHMEM OGPUKETOB U3 Mblau
rasooumcTkM AKT3® OTIMYAETCA HU3KUM BbIXOAOM HECTaHAAPTHOrO METa/l/a U LWaKa, OCHOBHaA macca
maTepuana yxoAauT B CUCTEMY YNaBIMBaHMA ra3oB. TeXHONOrMM M3 BPUKETOB M3 MEJIoYM y4acTka
NPOU3BOACTBA OKaTbiWwel [JOHCKOro ropHo-060raTUTeNbHOrO KOM6MHaTa U 06109 UMEIOT OYeHb HU3BKKE
yAe/bHble TEXHUKO-IKOHOMMYECKME MOKa3aTe M U He MOryT BbITb PEKOMEHA0BaHbI A MPOMbILIIEHHOTo
ncnonb3oBaHuA. TpebyeTca A0paboTKa pPekMMOB BPUKETUPOBAHMA U TEXHOMOMMW UX BbINIABKU. Bonee
BbICOKME TEXHUKO-3KOHOMMUYECKME MOKa3aTeNn, Mo CPAaBHEHMIO C TEKYLLENW, NOKa3ann 6pUKeTbl U3 pyabl U
KOKca Kutalickolt HapogHoit Pecny6aunku, 6puKkeTbl U3 60PAMHCKMX M WybapKoAbCKux yrnei KasaxcraHa.
Kniouesble cnoBa: ¢epppocnnas, yrnepoaucTbiii GeppoXpom, MOHOLIMXTA, BOCCTAHOBWUTENDb, LIAAK,
BbpuKer.
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