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ABSTRACT

The main problem of cement production is to reduce energy consumption and reduce the
amount of greenhouse gases CO; emitted into the atmosphere. The prerequisite for solving the
problem is: the use of man-made waste and unconventional raw materials in the composition of
the charge and the reduction of limestone content from 85% to 70-75% as a source of CO2 gas.
The article presents the results of the studied technogenic waste and the suitability of non-
traditional raw materials such as tefritobazalt, coal mining waste, and lead slag. The chemical
and mineralogical composition of the materials and their suitability for obtaining
environmentally friendly clinker have been established. The possibility of obtaining cement
clinker using low-energy resource-saving technologies is shown. Clinker formation processes in
the developed mixtures are completed at a temperature of 1350 °C, which, with the coal
contained in the waste, will reduce the consumption of fuel injectors and reduce CO, emissions
into the atmosphere. In the developed low-energy mixtures, the specific consumption of raw
materials for obtaining 1 ton of clinker is reduced to 1516-1525 kg, which is significantly lower
than in traditional raw mixtures. Alite crystals are large, reaching 100-140 microns. The content
of clinker minerals is C35-57.88%, C,S-18.82%, C3A-6.46% and CiAF-11.61%. Disposal of large-
tonnage waste will reduce environmental pollution and improve the environmental situation in
the region.

Keywords: clinker, microstructure improvement, waste disposal, temperature reduction,
mineralizer.
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Introduction

Much attention is paid to the production of

Exports of cement to neighboring countries
increased. The production of mixed binders and dry
building mixtures for finishing works is also
increasing. At the same time, we must remember

building materials, including Portland cement, in
the Republic of Kazakhstan. The production of
cement and a number of other building materials is
constantly growing. According to the statistical
agency of the Republic of Kazakhstan, in 2021
cement production amounted to more than 12.65
million tons, which is 15% more than in 2020 [[1].
(21, (311

that large enterprises in metallurgy, chemical
industry, thermal power plants, cement production,
etc. cause significant harm to the environment,
ecology, and health of the population [[4], [5]].

The Concept for the Transition of the Republic
of Kazakhstan to a Green Economy, approved by
the Decree of the President of the Republic of
Kazakhstan dated May 30, 2013, No.577 [6], lays
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the foundations for deep systemic transformations
in order to transition to a new economy by
increasing the welfare, quality of life of the
population of Kazakhstan and countries among the
30 most developed countries in the world while
minimizing the burden on the environment and
degradation of natural resources. The concept of a
green economy sets ambitious goals to achieve the
level of pollutant emissions at the level of the
participating countries of the Organization for
Economic Cooperation and Development and other
developed countries [[7], [8]].

Cement production refers to facilities that have
a significant negative impact on the environment
and are required to obtain integrated
environmental permits to carry out their activities
in accordance with the environmental legislation of
the Republic of Kazakhstan [[9], [10]].

Portland cement is a large-tonnage and energy-
intensive product.

The production of 1 ton of cement requires
about 5 tons of various materials: raw materials,
additives, fuel, water, air, refractories, grinding
bodies, etc. In the Republic of Kazakhstan, 3 plants
are still operating in a wet way. Specific fuel
consumption for the wet method per 1 ton of
clinker is 220-240 kg, for the dry one - 100-120 kg.
Therefore, the issues of energy saving, especially
with the wet method of obtaining clinker, remain
important and relevant [[11], [12], [13]].

To increase the energy efficiency of the clinker
burning process, and reduce fuel consumption, we
have developed low-energy-intensive compositions
of raw mixtures, where traditional natural raw
materials are completely or partially replaced by
technogenic ones [[14], [15]].

In this study, we propose to partially replace
the traditional

carbonate and aluminosilicate

components of the raw charge (loess) with waste
from coal mines in Lenger, magmatic rock —
tephrite basalt of the Daubaba deposit in South
Kazakhstan, and lead slags.

Experimental part

Limestone is mainly composed of CaCOs. The
content of oxides SiO,, and Al,Os is low, and the
content of Fe;0s is very low - 0.57%. The MgO
content is insignificant - 0.88%. The limestone is
pure and highly basic, and the CaO content is more
than 52%. The alkali content is within the normal
range.

Coal mining wastes are composed of clay,
carbonate minerals, and carbon. The content of
silicon oxide is more than 55%, Al,Os; -10.6 %, they
can replace the aluminosilicate component of the
raw mixture in the raw mixture. The carbon content
in coal mining waste is more than 15%.

Tephrite basalt contains SiO; - 45.54 %, Al,Os -
more than 10 %, Fe;0s3 - about 8.5%. The
magnesium content is increased - 6.95 %, which is
undesirable. It contains a significant amount of
alkalis: (K0 + Na0) is 2.54%, which is also a lot.

Lead slags consist mainly of fayalite Fe,SiO,
melilite, wustite, small amounts of iron, lead and
copper sulfides, and zinc spinel. Lead slag contains
up to 37-40% iron oxides and can replace a
corrective additive. In addition, lead slags contain
up to 15% CaO and partially replace the carbonate
component [[16], [17]].

For the preparation of the raw batch for low-
energy clinkers, we used limestone of the Sastobe
deposit, tephrite basalt, technogenic raw materials
- lead slags, and coal mining waste, the chemical
composition of which is given in Table 1.

Tablel - Chemical composition of mineral and technogenic raw materials

Natural and Chemical composition, wt%
technogenic raw

materials SiO2 | AlOs Fe203 Cao MgO SOs loss on ignition Sum
Limestone 3.87 1.04 0.57 52.83 0.88 0.10 40.71 100.0
Cinders 17.81 | 4.25 62.23 421 3.71 - 7.79 100.0
Lead slag 2594 | 6.44 37.25 14.71 6.15 0.04 0.1 90.63
Tephrite basalt 45.54 10.7 8.53 10.66 6.95 0.2 7.92 90.50
Coal mining waste 55.50 10.6 2.01 3.21 0.7 0.79 24.08 96.89
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Table 2 - Composition of low-energy raw mixes and clinkers based on technogenic and non-traditional raw materials

Composition of the raw mixture, Specific c.onsumptior? of raw Modules com:f)L?Egar:Zg]‘izTiLker,
wt% materials, t/t of clinker Wt%
o, coal . . coal . 3¢
é S';';T]Z mining tig::;e cinders I;:: sljclg:]z mining tzz:;ﬁe cinders Isei:(gj n| p | GS | CS |CA | CAF
waste waste

1|75.76| 11.69 | 11.68 | 0.86 - |1.158| 0.179 | 0.178 | 0.013 - 10.85(2.7/1.50|48.85|30.29|6.44|11.55
2 |76.67| 10.92 | 1091 | 1.50 - |1.174| 0.167 | 0.167 | 0.023 - 10.90{2.5{1.26|58.61|19.05|3.11|16.38
3 (76.94| 11.13 | 11.12 | 0.81 - 11.182| 0.171 | 0.171 | 0.012 - 10.90(2.7{1.51|59.62|19.38|5.19| 13.0
4 |76.64| 10.34 | 10.33 | 2.69 - |1.171| 0.158 | 0.158 | 0.041 - 10.92(2.2|0.97|60.90|19.81|7.76| 8.72
5 (77.12] 10.21 10.2 1.47 - 11.183| 0.164 | 0.165 | 0.023 - 10.92({2.5/{1.26|61.99|14.86|1.47|18.88
6 |77.39] 10.92 | 10.91 | 0.79 - 11.191)| 0.336 | 0.168 | 0.168 | - |0.92(2.7|1.51|62.85(15.07| 3.1 |16.17
7 |76.22| 19.61 - - 4.17|1.186| 0.305 - - 0.065|0.85|2.7|1.31|{48.43|30.03(6.65[11.28
8 [76.93| 18.03 - - 5.05{1.196| 0.280 - - 0.078|0.90|2.5|1.13|59.00|19.19|5.41|12.67
9 |77.38| 18.67 - - 3.95(1.209| 0.292 - - 10.062|0.90|2.7|1.32{59.69|19.41|6.49|10.88
10|76.56| 16.54 - - 6.90(1.181| 0.255 - - 10.106|0.92|2.2|0.89(61.97|14.80|3.48|15.65
11177.37| 17.68 - - |4.94|1.204| 0.275 - - 10.077|0.92|2.5/1.13|63.27|15.18|5.38|12.49
12177.82| 18.32 - - 3.87(1.218| 0.287 - - |0.061|0.92|2.7(1.33|64.00|15.35|6.43| 10.7
13 |74.34| 10.36 | 10.37 4.93|1.119| 0.156 | 0.156 0.074|0.85|2.2|0.98|45.97|28.49(4.58|15.35
14 |75.56| 11.47 | 11.48 - 1.49(1.152| 0.175 | 0.175 - 0.023|0.85|2.7|1.51|47.43|29.41|7.73|10.18
15(76.32| 10.55 | 10.55 - 2.57|1.164| 0.161 | 0.161 - 0.039|0.90|2.5|1.27|57.88|18.82(6.46|11.61
16 |76.75| 10.93 | 10.93 - 1.39(1.176| 0.167 | 0.168 - 0.021|0.90|2.7|1.52|58.50{19.03|7.57| 9.82
17176.01| 9.68 9.68 - |4.63]1.152| 0.147 | 0.147 - |0.070|0.92|2.2|0.99/60.89|14.60|4.46|14.65
1876.78| 10.35 | 10.35 - 2.52|1.173| 0.158 | 0.158 - 10.039|0.92|2.5/1.28(62.08|14.89(6.41|11.46
19|77.20| 10.72 | 10.72 - 1.36/1.185| 0.164 | 0.165 - 10.021|0.92|2.7|1.52{62.75|15.06|7.47| 9.70

Results and Discussion

We have developed various options for low-
power compositions of raw materials, designed for
the production of clinkers of various mineralogical
composition, including sulfate-resistant and road
Portland cements using limestone from the LLP
Standard Cement (Table 2).

Calculations of charge compositions were made
according to the formulas of S.D. Okorokov [18].
Several series of calculations of raw materials
charges with natural limestone, unconventional and
technogenic raw materials, located in close
proximity (5-40 km) to the existing cement plants in
South Kazakhstan, have been performed. Delivery
of waste to the plant can be carried out by road and
rail.

Based on the calculations, the compositions of
the three- and four-component charges were
selected:

- Limestone + coal mining waste + tephrite
basalt + cinders;

- Limestone + coal mining waste + lead slag;
- Limestone + coal mining waste + tephrite
basalt + lead slag.

When selecting the compositions of the raw

mixtures, the saturation coefficient (SC) was
changed from 0.85 to 0.92, and the silicate modulus
(n) from 2.2 to 2.7. In this case, the value of the
alumina modulus (p) varies depending on the type
of components, silicate modulus, and SC from 0.97
to 1.52 [19].

Regularities of changes in  modular
characteristics and mineral composition of clinker
from the type and amount of technogenic raw
materials in the composition of the charge have
been established. At SC= 0.92, with an increase in
silicate modulus from 2.2 to 2.7, the content of lead
slag in the charge decreases from 4.63 to 1.36%,
and the alumina modulus increases from 0.99 to
1.52, the content of alite and CsA increases, and the
proportion of C,AF decreases. The strength and
speed of hardening of such cement will be higher.
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Table 3 - Influence of mixture compositions and temperature on the process of binding calcium oxide

Raw mix composition, wt% SC Modules Content of CaO free,%, at burning
temperature, °C
Limes |[coal mining| tephrite lead slag n p 1300 1350 1400 1450
tone waste basalt
77.02 9.79 9.78 3.41 0.92 2.2 | 1.15 3.4 2.1 1.9 0.6
76.72 9.10 9.11 5.06 0.94 2.0 | 0.95 1.3 0.2 - -

In the 1st series of raw mixtures "Limestone +
coal mining waste + cinders" the content of coal
waste is 20-23%. In this case, 3-4% of coal is added
to the composition of the raw mixture. This will
reduce the fuel consumption for burning clinker in
the kiln. The cinder content is 0.86-2.69%. An
increase in the silicate modulus from 2.2 to 2.7
leads to a gradual decrease in the proportion of
pyrite cinders from 2.69 to 0.49%. The magnitude
of the p modulus increases from 0.89 to 1.52. The
resulting clinkers contain 3.1-7.76% tricalcium
aluminate. These clinkers are suitable for the
manufacture of low-aluminate sulfate-resistant
clinkers and cement.

In the second batch of charges, scarce pyrite
cinders were replaced by lead slags. The iron
content in slags is slightly lower than in cinders.
Therefore, the content of lead slag in the charge
increases and reaches 3.95-6.9%. Similarly to series
1 of mixtures, an increase in the modulus n leads to
a gradual increase in the alumina modulus from
0.89 to the optimal 1.12-1.33. The specific
consumption of lead slag increases to 78-106 kg per
1 ton of clinker.

In the third series, coal mining waste and
tephrite basalt are used as the aluminum-
containing component, lead slags are the correcting
additive. Slags, together with tephrite basalt, add a
sufficient amount of iron oxides to the charge
composition.

In  the developed low-energy-intensive
mixtures, the specific consumption of raw materials
for obtaining 1 ton of clinker is reduced to 1516-
1525 kg, which is much lower than in traditional
raw mixtures. The mass of the material that must
be heated in the furnace to the clinker formation
temperature of 1300-1350°C is reduced, which
makes it possible to further reduce fuel
consumption. The content of lead slag in the
mixture is from 70 to 106 kg, due to which from 10
to 15 kg of non-carbonate lime is added per 1 ton
of clinker, which improves the heat balance of the
burning process.

The effect of temperature on the clinker
burning process is shown in Table 3.

As can be seen from the data in Table 3,
depending on SC, n, and the content of lead slag,
the processes of clinker formation in the developed
low-energy-intensive raw mixtures are completed
at 1300 or 1350°C. The content of unbound CaO is
1.3 and 2.1%, respectively. A raw mixture with a
higher silicate modulus n=2.2 and a lower lead slag
content of 3.41% is burned more difficult - the
content of CaO free at 1300°C is 3.4%. An increase
in the content of lead slag to 5.06% leads to a
decrease in the silicate modulus to 2.0, an
acceleration of the clinker formation process, and
an improvement in sintering.

The lead slag contains 4.34% ZnO, 0.52% PbO,
1.1% CuO, which have a mineralizing effect on the
sintering of the charge. Zinc oxide is a catalyst for
the formation of minerals in the production of
clinker. Zn?** ions replace Ca?*in the crystal lattices
of minerals with the formation of solid solutions.
The solubility of zinc oxide in CsS is slightly more
than 2% [20]. Differential thermal analysis of
limestone with additions of 3-10% lead slag showed
that the maximum of the CaCOs; decarbonization
process decreases by 30-50°C. The above will allow
completing the processes at low temperatures,
reducing the heat costs for clinker burning,
increasing the furnace productivity, and reducing
the consumption of nozzle fuel [21].

The developed raw mixes contain two
technogenic products - coal mining waste and lead
slag, as well as a low-melting igneous rock -
tephrite basalt. Their total content is about 23-26%
[22].

The synthesized clinker was subjected to
microscopic examination. Using an electron
microscope in the field of binders, one can study
the following issues: the shape and size of
individual crystals: the processes of growth and
destruction of crystals, processes occurring at the
grain boundary, and a number of other more
particular problems [23].

The dissertation studied the microstructure of
synthesized clinkers. Samples for research were
cleaved from synthesized clinker.
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Analysis of micrographs from a clinker chip
obtained from the traditional raw mix "Limestone +
coal mining waste + cinders" is shown in Figure 1.

1-GsS;2-C5S; 3—-C3A; 4 - CGAF; 5 —Ca0.

Figure 1 - Micrograph of a clinker chip obtained from
traditional raw materials

<. "\ 8 ¥
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Figure 2. Micrographs from clinker chips obtained
from the raw mixture Limestone + coal mining waste +
tephrite-basalt + lead slag

Micrograph of clinker allows us to conclude
that crystallization is relatively clear, the
distribution of minerals is not uniform. Along with
areas of relatively well-formed alite crystals, there
are areas with crystals of an indefinite shape,
passing into intergrowths of alite crystals.

Belite inclusions are observed in large crystals
of alite. Belite is represented by small round and
oval crystals. The amount of belita is much less than
that of alita. The micrograph also shows a slight
accumulation of crystals of free calcium oxide (dark
rounded crystals). On the surface of crystals and
between them, an alumoferite phase (light
intermediate substance) is clearly visible. The
presence of the aluminate phase in this micrograph
is not determined [24].

Analysis of micrographs from a clinker chip
obtained from an unconventional energy-saving
raw mixture of Limestone + coal mining waste +
tephrite-basalt + lead slag (Figure 2).

Figure 2 shows a photomicrograph from
cleavage of clinker. Analysis of micrographs allows
us to conclude that the crystallization of minerals is
clear, but their distribution is uneven. Along with
areas where alite has a regular geometric shape,
there are areas with an indefinite crystal shape.
Belite is represented by crystals of round and oval
shape; cracks are observed on the surface of belite
granules.

Alite crystals of large size, reaching 100-140
microns. A small amount of lead slag (2.57%)
introduced into the mixture has a mineralizing
effect. This, together with basalt tephrite, reduces
the burning temperature from 1450 °C to 1350 °C,
the CaOf content decreases to 1.39%. There is a lot
of intermediate phase and it is represented mainly
by calcium aluminoferrite. Calcium alumoferrites
are represented by light needle-like crystals. The
content of clinker minerals is C3S — 57.88%, C,S —
18.82%, CsA — 6.46%, and C,AF — 11.61%.

The presence of three cement plants in the
South Kazakhstan region: LLP Standard Cement, JSC
Shymkentcement and LLP Sastobe Technologies
with a total capacity of ~ 3.5 million tons would
allow for a short period of time to completely
utilize lead slag and coal waste in cement
production. This would help to reduce the
anthropogenic load on the environment, eliminate
major sources of its pollution [25].

Conclusions

1. Experiments have shown the possibility of
using technogenic waste as part of the charge: coal
mining waste - 9.79%, lead slag - 3.41-5.06%, and
tefrito bazalt - 9.78%, that is, to dispose of up to
25%.

2. To improve the clinker formation process

and the microstructure of the main minerals of alite
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due to the introduction of lead slag. In the
composition of lead slag, zinc oxide performed the
task of a mineralizer and accelerated the process of

materials will increase the efficiency of cement
production, reduce environmental pollution and
improve the ecology of the region.

clinker formation at 1350°C. The free calcium oxide
in the composition of clinker was 0.2 % at a
temperature of 1350°C.

3. With coal mining waste, from 2 to 3.5% of
coal is introduced into the incinerated charge,
which made it possible to reduce heat costs and
nozzle fuel consumption for clinker combustion.
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IKONOTUANDIK Ta3a LLeMEHT KJIMHKePiHiH KYPbIIbIMbIHA OHAIPICTiK
KanAablKTapAblH acepi
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TYWRIHAEME

LlemeHT eHpAjipiciHiH, Heri3ri npobaemacbl - 3HEPTUA LWbIFbIHbIH TOMEHAETY KaHe aTmocdepara
woifapblnatelH CO2 NApHUKTIK rasgap MeswepiH asaiTy. MaceneHi wWewyAjH anfbiwapTbl:
TeXHOTeHAK KanablKTap MeH A3CTYp/i emec LUMKI3aTTbl WHUKIKYPaMHbIH, KypambiHAA KONAAHY
»koHe CO; rasblH WbIFapy Ke3i 9KTacTblH, menwepiH 85% - aaH 70-75% - fa AeiliH TemeHaeTy.
MaKanaga TexHoreHai KanablKTapabl »KaHe TedputobaszanbT, Kemip eHAIpICiHIH KanabiKTapbl
JKOHE KOPfacblH LUMKIKYpPamMbl CUAKTbI A3CTYP/i emec LWKKi3aT maTepuangapbiH  ¢pusmnka-
XUMUANBIK ~ 3epTTey  HaTuKenepi  KenTipinreH. MartepuangapZblH, — XUMUANBIK — XKaHe
MWHEPANOTUANBIK Kypambl KaHe ONapAblH, 3KOMOTMANbIK Ta3a KAMHKEP ajnyfa KapamAplabifbl
aHbIKTaNApl. JHEPruAHbl a3 KaXeT eTeTiH pecypcTapabl YHEMAENTIH TeXHoAorMAnapabl KonaaHa
OTbIPbIN, LLEeMEHT KAWHKEPIH any MYMKIHAIM KepceTinreH. o3ipieHreH Kocnanapaafbl KAMHKep
npouectepi 1350°C TemnepaTypaga afakTanagpl, byn kanablkrapaafrbl KemipmeH bipre 6ypikkiwTi
(dopcyHKa) OTbIH LWbIFbIHBIH a3aiTagpl kaHe atmocdepafa CO:2 WbIFapbiHABINAPbIH a3alTagbl.
O3ipAeHreH a3 aHepruanbl Kocnanapaa 1 TOHHa KAWMHKEpP anyfa apHanfaH WKWKI3aTTbiH, MEHLUIKTI
WoliFblHbl 1516-1525 Kr aeiiH TemeHaenai, byn ACTypAi LWMKI3aT KocrmanapbiHa KapafaHaa
alTapAbIKTall TOMeH. ANblHFAaH KAWMHKepPAiH, MUHepanoruanblk Kypambl C3S — 57,88%, C.S —
18,82%, C3A — 6,46% xoHe C4AF -11,61%. Ken TOHHaxKAbl KangblKTapAbl Kagere apaTy
KOpLUafaH OpTaHblH, NIaCTaHYblH a3alTyFa YKaHe eHipAeri 3KONOTUANBIK XKaFfaanabl KakcapTyFa
MYMKIHAiK 6epeai.

TyiiiH ce30ep: KAVHKEP, MUKPOKYPbUIbIMAbI aKCapTy, KaNAblKTapApbl KOk, TemnepaTypaHbl
TOMEHAETY, MUHepann3aTop.
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AHHOTAUMUA

OcHOBHOM Npobnemoii NPOM3BOACTBA LEMEHTA ABNAETCA CHUMKEHME SHEPro3aTpaTt U CHUXKeHUe
KOAMYECTBA NapHUKoBbIX razos CO», BbibpacbiBaemblx B aTmochepy. Mpeanocbinkol peweHus
npobaembl ABNAETCA: NPUMEHEHME TEXHOTEHHbIX OTXO40B U HETPAAULMOHHOIO Cbipbs B COCTaBe
LUMXTbI U CHUXKEHME coAepKaHUA n3BecTHAKa ¢ 85% A0 70-75% Kak UCTOYHMKA BblAeneHuna rasa
CO,. B cratbe npeAactaBneHbl pe3ynbTaTbl GUIMKO-XMMUHYECKMX MCCAEL0BaHUIN TEXHOMEHHbIX
OTXOA0B U NPUrOAHOCTb HETPAAMLMOHHbBIX CbIPbEBbIX MaTePUaNoB TaKMX, Kak TedputobasansT,
oTxoAbl yrnefo6biun U CBUHLOBbINM WNAK. YCTAHOBEH XMMUYECKMI U MUHEPANIOTMYECKUIA COCTaB
MaTepuanoB ANA MNONYYEHUA 3IKOJOTMYECKOro YMCTOro KAuHKepa. [loKasaHa BO3MOXHOCTb
NoOyYeHUA LLeMEHTHOTO KIMHKepa C UCNO/Ib30BaHWEM MaNo3HEepProeMKux pecypcocbeperatomx
TEXHONIOTUIA. YCTAHOBNIEHO, YTO MPOLECChl KAMHKepoobpa3oBaHUA B paspaboTaHHbIX CMecAX C
yrnecofepalwumm oTxo4amu 3asepliatotca npu Temnepatype 1350 °C, yto, cnocobctByer
CHVMXKEHMIO pacxoda GOPCYHOYHOro TOM/IMBA M yMeHblueHuto Bbibpocos CO, B atmocdepy. B
pa3paboTaHHbIX MasIO3IHEProeMKUX CMECAX YAEeNbHbIA Pacxod Cbipbs Ha nosnyyeHue 1 TOHHbI
KNMHKepa cHuxaetcA [0 1516-1525 Kr, 4TO 3HAUMTENIbHO HUXKE, 4em B MNPUMEHEeHUU
TPAAMUMOHHBIX CblpbeBbIX cMecei. OnpeneneH MUHEpasorMYeckuii CocTaB Mosy4aemMoro
KAWHKepa, KoTopblit npeactasneH CsS- 57,88%, C.S- 18,82%, CsA- 6,46% un CsAf- 11,61%.
YTUAN3aUMA KPYMHOTOHHAXKHbIX OTXOZ0B MO3BOIUT CHU3UTb 3arpA3HEHMe OKpYXKatoLel cpesbl U
YAYYLINTb SKONIOTUYECKYIO 0BCTaHOBKY B PErvoHe.

Knrouesbie cnosa: KnuHKep, ynyylleHME MWMKPOCTPYKTYPbl, YTUAN3ALUA OTXOL0B, CHUMKEHUe
Temnepartypbl, MMHEepaan3aTop.
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