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CHARACTERISTICS OF MELTS FROM HIGH-TEMPERATURE TESTS
OF LOWER QUARTENARY LOAMS AND TECHNOGENIC COAL ASH
FROM BORALDAY TPP AS THE BASIS FOR THE PRODUCTION
OF LIGHT CONCRETE FILLERS

Abstract. The study describes of the material composition, technological properties of light concrete fillers
(aggregates) from Lower Quaternary loam and coal ash waste from TPP. Huge amount of ash (many hundreds of
millions tons) has accumulated on the territory of Kazakhstan, which is a waste product of coal power industry.
Organization of light concrete fillers production from waste would allow manufacturing various building structures
on their basis.

Old and new ash burials from Boralday area contains up to 90% siliceous formations (mullite and quartz),
which is characterized as a durable, fireproof and chemically stable substances. These natural formations are durab-
leas part of the construction material. Due to the peculiarities of the mineral content of the formations under con-
sideration, with negligible impurities of calcium and magnesium carbonates, they can be used directly as a filler of
concrete. And with the additional firing of this ash, the lightness, heat and soundproofness of the concrete product
will be added to the abovementioned qualities.

When calcining loam, some of its components (montmorillonite, muscovite, and chlorite) together with non-
melted quartz particles form a homogencous aggregate. Minerals such as calcite, dolomite and gypsum degenerated
into calcium and magnesium oxides during dissociation, which eventually allowed to reduce the viscosity of the
melt. The main aggregates of the melt (~ 50%) in the obtained firing product were powder granules of siliceous con-
stituents of loam.

Thus, the product obtained at this stage of the study can already be used in the production of heat-resistant and
mechanically strong flake aggregates of light concrete aggregates.

Keywords: keramzit, charge, loess-like loam, coal ash, thermal, X-ray phase and microprobe analyzes, melting
of batch of high-temperature furnace.

Keramzit (expanded clay) has a reputation of a material with good insulating and strength properties.
Keramzit is a porous rounded granule, which is obtained from raw materials by their firing and melting. A
structure made of keramzit is durable and has a light weight and keramzit itself is a thermal insulator with
excellent parameters. Traditionally, clays are used as a raw material for the production of expanded clay.
Such Lower Quaternary loess like loams are widely developed in the foothills of the Zailisky Alatau,
where their reserves are enormous.

On the territory of Kazakhstan, a huge amount of ash has accumulated (many hundreds of millions of
tons) representing a waste of coal energy. The organization of industrial production of lightweight
aggregates from such wastes would allow them to make various building structures on their basis. In this
regard, the possibility of using as has a raw material for keramzit from industrial wastes of Boralday TPP
was considered. For this, samples were selected and subsequently studied by laboratory methods [1, 2] in
accordance with existing GOSTs [3, 4]. Subsequently, the samples were subjected to high-temperature
tests in the chamber furnace LHT 04/16 (Nabertherm) with a dynamic temperature increase from 50 to
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1200 °C and further to a temperature of 1300 °C. The temperature rise was controlled by the set time, after
which the thermal installation automatically switched to the next heating mode at T° — constant. The
process of the furnace thermal exposure to a sample was completed by free cooling of the system. The
graphic scheme of high-temperature heating of samples in a chamber furnace is shown in figure 1
(Ungurtas vil.). On the y-axis, symbols T, and T, designate the initial temperature of the furnace and the
temperature at which the heating regime changes.respectively. On the abscissa axis, 3o, 91, 95, 9;, and 94
time of thermal testing of stone material is shown. The work of the thermal installation is carried out
according to the following scheme: 1) heating under conditions of dynamic temperature rise; 2) isothermal
regime (thermal effect); 3) free cooling of the charge. After the test, the firing products were visually exa-
mined under a microscope. The evaluation was carried out for its suitability as a finished product or light
concrete filler and for direct casting of heat-resistant, chemically stable, electrical insulating and heat-
resistant products.
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Figure 1 — Photo illustration (a) of the product of firing (clay, the upper horizon, Ungurtas),
b — diagram of high-temperature heating of samples in a chamber furnace — 1200°C (5',40', 30")

The production requirements are based on the correspondence of the physical and chemical propertics
of each of the listed types of raw materials and is determined, first of all, by its elemental composition,
structural features and accompanying mineral impuritics. For this, melting of the initial material was
carried out in various temperature regimes to select the optimal melting temperature of the charge [5, 6].
Another important requirement for the properties of raw materials is its thermochemical susceptibility to
the firing process, which determines the homogenization of the resulting melt and the crystallization
sequence of the substrate obtained [6-8].

Loams melt at a temperature of 1200° C and crystallization of the molten substrate proceeds during
its cooling. The scheme of thermal effect on loam and ash is acceptable for the production of technical
products with specified physical properties. As a result of loam heating in the indicated firing regime a
firm to the touch product was obtained of a dark brown color with a light matte shade of the surface part
of the ingot. At the same time, this substance retained all the three-dimensional outlines of the charge
(dome shape) left on it during the preparation of the powder sample for a programmed thermal test. This
characteristic of the new transformed substance was formed as a result of a combination of circumstances
related to the thermal properties of the components of the test sample and were caused by the conditions of
the combined heating of this object from 20 to 1200° C (figure 1).

When calcining the loam, minerals such as montmorillonite (6.7%), muscovite (7.2%) and chlorite
(3.8%) allowed non-melted quartz particles to consolidate into a homogeneous aggregate. Whereas calcite,
dolomite, and gypsum degenerated into calcium and magnesium oxides in the process of dissociation,
which eventually reduced the viscosity of the melt. The main aggregates of the melt (~ 50%) in the ob-
tained firing product were powder granules of siliceous constituents of loam. Thus, the product obtained at
this stage of the study can already be used in the production of heat-resistant and mechanically strong
flake aggregates of light concrete fillers.
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The temperature-chronological scheme of the thermal test of the stone material shown in figure 1
further will be presented as follows: T°C (AS,, AS,, AS;). Based on the example of this sample, the first
number means the upper temperature limit of the test and the values in parentheses correspond to the
waiting time of the experiment, its dynamic heating, and the stage of isothermal calcination of the sample.

When calcining the loam in the mode indicated in figure 2, the material was obtained with appea-
rance and physical properties very similar to the product of calcination of the previous sample. This fact is
explained by the relationship between the composition of these rocks and the similarity of conditions for
their calcination. These two samples contain almost the same set of minerals with close proportions of
their quantity. In their compositions, the proportion of thermally active and thermally inert components is
also observed. Direct confirmation of this is the proximity of the percentage content in these samples, both
clay-carbonate and anhydrous siliceous formations. And finally, when calcining these samples, 12.3 and
11.9% of the mass are lost (in the form of H,O, OH and CO; emissions), which indicates a proximity of
the amount of thermally active mineral inclusions in them.

Figure 2 — Photo illustration of the product of firing clay loam (lower the horizon, the village of Ungurtas).
The temperature-temporal parameters of firing stone material in a high temperature heating to 1200°C (5', 40', 30")

The loess like loam north of the Boralday town repeats all the stages of the formation of the ceramic
product that occurred during the firing of loam during the calcination at 1200 °C (5', 40', 30"). In all
samples, as the burning temperature increased several stages of dehydration of clay inclusions and the
processes of thermal dissociation of carbonate constituents of tested samples were observed. Dehydration
of the system was provided by two types of hydrate emissions: removal of interlayer water (H20) in the
range from 60 to 215 °C and yield of hydroxyls (OH) from tetrahedral grids of clay minerals (220-
830 °C). The dissociation of carbonate inclusions (CaCO; and CaMg (COs),) was studied by dynamically
heating them on a thermal installation called derivatograph Q1500D.The thermal destruction of these
impurities was carried out in the range of ~ 400-800 °C, in which the decomposition product (CO,)
indicated the degree of its belonging to dolomite and calcite and at the same time informed about
quantitative content of these carbonates in the rock. Thus, the results of thermal analysis showed that the
chemical decomposition of the thermally active components of the sample started at 40 °C is completely
completed in the vicinity of 830 °C.As a result of this, in the substrate for calcination of clays, carbonates
and gypsum in this temperature range centers are already formed in which the first points of melting are
formed. These include melting of silicon-oxygen compounds, which are the products of thermochemical
destruction of layered silicates. The process proceeds without significant participation of quartz, albite,
and orthoclase present in the samples, since melting temperatures of these silicates are much higher than a
sintering temperature of carbonate-argillaceous inclusions of the loams in question.

As results of a differential thermal analysis (DTA) showed, complete sintering of these objects with
dynamic heating from 20 to 1000 °C did not occur, which is due to the high gradient dT°/dt = 10 deg/min,
i.. insufficient storage time of the charge in the high temperature range. In a special test of loam in the
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high-temperature installation, according to the scheme shown in Fig. 2 (1200 °C (5', 40', 30"), an alloy
(from the carbonate-argillaceous part of the charge) was obtained, which unified in its mass unmelted
chips of quartz, albite, and orthoclase (figure 3). The substance crystallized from such a melt has a number
of advantages to construction products: it is environmentally friendly, durable, fire-resistant and chemi-
cally inert. Produced in this way product can be used as a casting material for the production of litter
plates, facing coatings, and flake aggregates of concrete widely used in the construction of buildings and
special structures. A combination of the three main factors is required in the production of such material: a
certain composition of the raw materials, an upper limit of the calcination temperature, and holding time
of the charge during its heating. All these factors were taken into account in our experiments in the
process of selecting a test object as well as in selecting the temperature-chronological (T° and t')
parameters for the dynamic and isothermal high-temperature (1200 °C) heating of the charge.

U 1 Z 3 CM
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Figure 3 — 3hoto illustration of the product of firing clay loam (Boraldai); temperature-temporal parameters
of firing stone material in a high temperature heating to 1200°C (5', 40', 30")

Loams north of Uzun-Agachvillage and the quarry of Boralday TPP have a polymineral composition
of which 55% are not subjected to any phase transformations in the investigated temperature range and
45% decompose within 60-820 °C with a release into the atmosphere of 12.3% (of the sample mass) of
volatile compounds: H,O, OH and CO, Due to the low content of fine montmorillonite in the system
(respectively 6.7, 4.6, and 6.2%), the probability of forming a large amount of refractory mullite, cristoba-
lite (by roasting), is also low. But this is the only problem for low-temperature production (up to 1000 °C)
of these clays, to obtain a material with qualities comparable to those of burnt bricks. With proper
additions to these montmorillonite loams and a slight increase in the firing temperature, these formations
will provide raw materials for the technology of manufacturing a fireproof, chemically inert, and mecha-
nically strong concrete filler. In particular, these loams serve as a promising material for the production of
expanded clay and thermal insulation materials. From a series of high-temperature tests performed with
heating of these complexes, a group of products with qualities corresponding to the physical properties of
expanded clay was identified. The choice of these qualities in crystallized melts was carried out taking
into account the energy saving factors of furnace heating and the expression of the production cycle. The
most acceptable calcination temperature of most samples was 1200 °C and time of isothermal roas-
ting (without taking into account a preheating of the charge and its cooling) for different samples was 20-
30 minutes.

The sample firing product (old storage ash, Boralday TPP) is presented as a hard, porous substance
with a yellowish tinge of the surface on which dotted, sparsely populated dark specks of quartz and micro
cracks with sizes from 2 to 4 mm are seen (figure 4). Heat treatment (20-1000°C) of the studied ash did
not cause a significant reduction in the initial mass of the charge. The main stages of weight loss of the
sample are in the temperature range of 20-800 °C, where the system loses up to 7.3% of its mass as a ga-
seous substance. Within these temperatures, the analytical balance of the derivatograph records all the
steps of removing volatile components of the ash (in the form of moisture and carbon monoxide).
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Figure 4 — Photo illustration (4) the product of annealing of the sample (the remains of an old storage pit Boraldai TPP),
thermal-temporal parameters of firing stone material in a high temperature heating to 1200°C (5', 40", 30")

However, when the sample was heated in the range of 20-1200 °C, the weight loss was ~ 9%, i.e. in
the range of 1000-1200 °C, the investigated charge loses another ~ 1.5% of its weight. This difference is
due to the release of organic carbon monoxide (COqr) and carbonate CO, into the atmosphere. The reac-
tion is due to thermal depressurization of microscopic silicon capsules included in the ash composition.
Formation of these capsules and its contents was carried out even while burning fuel in the ovens of TPP.
This way, in the process of combustion of coal, part of the organic and carbonate inclusions can appear in
the spaces of these hermetic cells, whose shells at some point served as an obstacle for ingress of oxygen.

To determine the dependence of the change in the quality of the roasting product on changing the
upper limit of the heating temperature from 1200 °C to 1300 °C, while maintaining the other earlier used
heating parameters, this ash was tested at 1300 °C (5, 30", 40"), see figure 5.
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Figure 5 — Photo illustration (5) of the product of calcination of ash of a new storage (Boraldai TPP);
thermal-temporal parameters of firing stone material in a high temperature heat of 1300°C (5', 30", 40"

The coal ash of current dumps when heated at 1300 °C (5', 30', 40") forms a ceramic mass according
to the external appearance of the previous firing of the ash obtained under the same temperature-chrono-
logical conditions of calcination. The sintered batch of the object under consideration is also presented in
the form of a microporous formation, but with a few dark specks with diameters ranging from 0.5 to 2 mm.
Most of the surface is dotted with micro-craters formed as a result of bursting of bubbles in the process of
gas inclusions coming out of them. The resulting product does not contain cracks and is a consolidated
mass with a more dim shade of the surface than was observed in the example of the abovementioned
sample.
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Based on results of X-ray tests, the mineral composition of the investigated charge mainly consists of
mullite (68%) and quartz (22.4%) (figure 6). The new heating mode could not significantly change the
ratio of these minerals and their aggregate state in the firing product. This is due to the insufficiency of the
upper temperature limit (1300 °C) achieved in the experiment, which is below the melting point of mullite
(1810-1530 °C) and quartz (1713-1728°C).The same should be attributed to the calcium and magnesium
oxides obtained as a result of the decomposition present in the calcite and dolomite sample. However,
Ca0 and MgO reduce viscosity of the liquid phase, the source of which can be one of the components of
the studied ash, orthoclase. The feldspar is melted within (1130-1450 °C). Consequently, the development
of ceramic formation in a system based on mullite and quartz as well as with the participation of calcium
and magnesium oxides is performed as a result of melting of orthoclase, further crystallization of which
ensures the consolidation of particles of the named minerals.

1300° 1300°
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Figure 6 — (a) photo illustration the product of annealing of a sample of ash's old warehouse (Boraldai TPP),
(b) — scheme for high-temperature ash heating in a chamber furnace - 1300 °C (5', 30", 40")

To reveal new qualities of expanded clay from old storage ash when changing the upper limit of the
heating temperature from 1200 to 1300 °C a test was also conducted in the 1300 °C (5', 30', 40 ') mode,
figure 6. Thermal treatment of this object in the new temperature range slightly increased its weight loss
(~ 10%) and did not change the appearance of the sintered sample. Due to this, the resulting ceramic
formation has the same hardness and micro porosity as the product made with the first firing process. Dark
specks of crystalline origin are clearly traced on the surface of this formation. A distinctive feature of the
new calcination product in relation to the external appearance of the compared material serves grayish-
matt color of its surface. The yellowish-almond color of the formation was preceded by this color shade of
the sintered charge at 1300 °C obtained in the heating mode of 1200 °C (5 ', 40", 30 ).

Thus, as a result of the given high-temperature modes of heating of the specified ash, highly porous
materials with a special hardness, heat and noise insulating properties were obtained, characterized as
chemically inert and fire-resistant substances. The procedure for obtaining materials with similar quality
from the same ash in different heating regimes can later be used in large-scale production of construction
products to find an acceptable technical and economic balance between the required quality of the pro-
ducts produced and the cost of energy resources for manufacturing them. Since this formation includes up
to 50% of mullite (Aly(Al;5S1;2)0s5), 41% of quartz, and 9% of oxides (aluminum, calcium and iron)
which do not have chemically active properties, environmental safety can be added to the abovementioned
advantages of burnt material (figure 6). All these qualities of obtained products fully meet the techno-
logical requirements of light concrete fillers, which can be used in the construction of residential, admi-
nistrative, and industrial buildings as well as for the construction of technical structures for various
purposes.

The ashes of the old and new burials from the Boralday area contain up to 90% of siliceous forma-
tions (mullite and quartz) characterized as strong, fire-resistant, and chemically inert substances. As part
of a building material, these natural formations are durable. Due to the peculiarities of the mineral content
of the formations under consideration with negligible impurities of calcium and magnesium carbonates
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(2.3 and 2.1%, respectively), they can be used directly as a concrete aggregate. And with the additional of
firing of this ash, the lightness, heat, and sound proofness of the concrete product will be added to the
abovementioned qualities.

The use of industrial waste from Boralday TPP as raw material for the production of expanded clay
has a number of undeniable advantages over other types of natural material, namely the aggregate state of
ash, low cost of energy, waste utilization, the solution of the environmental storage problem, and other
benefits associated with the proximity of the heat-power center to a large metropolis. To obtain a test
sample of quality expanded clay from said ash, isothermal heating of the charge at 1300 °C is required for
40 minutes (without taking into account the time of the furnace temperature rise and its cooling). Interest
in this ash from the position of using it as raw material in the production of concrete filler is enormous in
connection with the solution of environmental problems of recycling industrial waste and with an
improvement of the quality of products and lowering of the cost of raw materials too.

The work was financially supported by the program of the Ministry of Education and Science of the
Republic of Kazakhstan, No. BRO523680.
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B. B. Kopooxuu', K. B. Camaros?, K. C. Tysiemucoa’, E. A. Jlo6poBo/mckast’

'AK «KazakcTan-BpHTaH TEXHUKATBIK YHHBEPCHTET», ATMaTsl, Kasakcran,
“K. 1. CotOaeB aTBIHIAFHI T€OOTHATBIK FRUTBIMAAP HHCTHTYTHI, Cot6acB yHuBepcHTETI, Amvarsl, KasakcTan

KEHLJI BETOH TOJTBIPFBIINITAP OHAIPICTIH HET'I3I PETIHAE KOJIJAHBIJIATBIH
KOFAPBI TEMIIEPATYPAJIBI CBIHAYJAPJAH OTKEH TOMEHI'T TOPTTIK CA3JJAKTAPABIH
JKOHE BOPAJIJIAM KBLTY JIEKTPOCTAHIUAHBIH TEXHOTEHIIK KOMIP KYJIIEPITHIH,
BAJTKBIMAJIAPBIHBIH CUIITITATAMA ChbI

Annortamus, TeMEHTI TOPTTIK Ca3JAKTAPAAH >KOHC JKBUIYJBIK 3JCKTPOCTAHCAHBIH KATIBIKTAPIBIH KOMip
KYJIACPIHCH »KACAJFAH JKCHIJ OCTOH TONTHIPFBIIITAPABIH 3aTTHIK KYPAMbIHBIH, TEXHOJOTHSUIBIK KACHETTEPIIH 3EPTTEY
Mocenepi KapaimraH. Ka3akcTaH aiMaFpIHIa KeMip 3HCPTCTHKA KAIIBIKTAPhl TYPIHAC Kom Memmepi Kymaep (Ky3ae-
TCH MIJUTHOH TOHHA) KOPJIAHFAH. OHCPKOCINTIK KCHIT OCTOH TONTHIPFBIN 6HIIPICI YHBIMIACTBHIPYBI OCHI KAJIBIKTAP
HETI31HE SPTYPIIi KYPBUIBIC KYPhLIMAIap JAWBIHAAI IIBIFAPYFA KAFIAH TYFBI3a/IbL

Bopanzaii anaHpIHIAFB! €CKi XKOHE KaHA >kepiey Kyiaepi 90% neitin KpeMHHH KypacTsIpylIap (MYJUTHT KOHE
KBapI) >Kacaapl skoHE OCPIKTIK, OTKATO3IMOITMIK, XHUMILUIBIK TYPAKTHI 3aT PETiHAC CcHUImAaraianpl. Kypbuibic maTe-
pHangapsl KYPaMbIHAA OCHI TaOMFH KYPACTHIPYIAp IbIIAMMEP3iMIl OOmbI caHanmaxsl. MUHEPAIIpl MeIIIepi e3re-
mmijiri ce0eOiHeH KapayFaH KypacThIpyJap eTe a3 KaJbLUH »KOHE MAarHWi KapOOHATTAp TYPIHAC 3HMAHIABI KOCTamap
Kypais1, 0Japabl TiKeJIeH OCTOH TONTBHIPFBIII PETiHAC KOJMaHyra 0onaasl. KockMmia KyHIipy OCHI KYIIIiH sKOFa-
pBIAA €CKEpIIreH KACHETTEPIHE Tarbl OIpHEIIE KOCHLIANBI — OCTOH OYMBIMAAPIBIH, MKCHUIIIrL, KbUIY KOHE JBIOBIC
JKYTaThIH OKIIAJaMAaCHI.

Ca3gakTel KYHIIPTeHIS KypaMOOTiKTCPaiH >KapThICH (MOHTMOPH/IOHHT, MYCKOBHT JKOHE XJIOPHT) OaIKbLI-
MaFaH KBapI OeNMICKTEPIMCH Oipre OGIpTEKTLNIK KCHTCK KypaWasl. KambuuT, JOMOMHT, SKOHC THIIC MHHCPAITAPHI
JUCCOUHMANAS APKbLIBI MATHUI JKOHE KAIBIMH OKUATCPTE alfHATAAbI, COHBIHAA OATKBIMAHBIH TYTKBIPIBIFBIH TOMCH-
geremi. EH 0acTel OaiKbIMaHBIH TONTHIPFBIIBI (~50%) KYHIIPY ApKbIIbI AMbIHFAH OYMBIMBI KPEMHE3EM Kypay bl
Ca3IAKTApABIH YHTAKTHIK TYHIPIIiKTCPi OOIFaH.
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Ocpl 3epTTEY KE3CHIHAC AJbIHFAH OYHBIM OHIIPICTE TEPMHUSUIBIK TO3IM/I JKOHE MCXAHHKAIBIK OCPIKTI >KCHIT
OCTOH TONTHIPFHIN KAOBIPIIAKTHI ATPETaT MIBIFAPY YIIiH KOJIJAHY MYMKIH.

Tyiiin cesaep: kepaM3uT, MIMXTA, JIECC TAPBI3ABI CA3JAKTAP, KOMIP KYIIi, TEPMILUIBIK, PEHTTCH(A3IBbIK, MHKPO-
30HIBIK TAJIAY B, >KOFAPHI TEMIICPATYPATBI IIEIITE IHXTA OATKBITYBI.

B. B. Kopooxun', K. B. Camaros?, K. C. Tyiemucoa', E. A. Jlo6poBo/mckas’

'AO «Kazaxcrancko-BpHTaHCKHIT TEXHIUCCKUH yHHBEPCHTET», AnMaThl, Kasaxcras,
*UucTHTyT reonormueckux Hayk mM. K. M. Carmaesa, Yrusepcuter Catnacsa, AnMarsl, Kazaxcran

XAPAKTEPHCTHKA PACILUIABOB BHICOKOTEMITIEPATYPHBIX HCIIBITAHHUM
HAKHEUYETBEPTUYHBIX CYTJIMHKOB U TEXHOT'EHHOM YI'OJIbHOM 30J1bI
BOPAJITAMCKOM TAII, KAK OCHOBA JJIS1 IPOU3BOJACTBA
JEI'KHX 3ATIOJTHUTEJIEN BETOHOB

AnHoTtammsi. PaccMaTpuBarOTCST BOIPOCHI M3YUCHUS BEIIECCTBEHHOTO COCTABA, TEXHOJOTHUECKHX CBOHCTB
JETKUX 3aMOJHHUTENCH 111 OCTOHOB M3 HIDKHCUCTBEPTHUHBIX CYTJIMHKOB M YTOJNBHOH 3016l — oTxozos TOL[. Ha
TeppuTopun Kazaxcrana HaKONMWIOCh OTPOMHOE KOIHMHMECTBO 3076l (MHOTHE COTHH MIJIIMOHOB TOHH), ITPEACTAB-
Jsrormue coO0OM OTXObI YTOIBHON 3HEPreTHKH. OpraHm3anysi MPOMBIILUICHHOTO MPOW3BOICTBA JIETKHUX 3aMOIHHTE-
JeH M3 TAKHX OTXOJ0B MO3BOJIMNIA OBI HA MX OCHOBE H3TOTABIMBATH PA3IHYHbIC CTPOUTEIBHBIC KOHCTPYKIHH.

3071 CTAPOTO W HOBOTO 3AXOPOHCHHA W3 Tomanan bopammait comepkar B cede 10 90% KpeMHHUCTHIX 00pa-
30BaHUIl (MYJUIMT U KBapIl), XapAKTEPH3YIOIUXCA, KAK MPOYHbIC, OTHEYNOPHBIC U XMMHUYCCKH YCTOMYUBBIC BEIIC-
cTBa. B coctase cTtponTensHOTO Marepuana 3TH MPHPOJHBIC 00PA30BAHMUS SIBISIFOTCS JOJTOBEYHBIMH. B crmiry oco-
OCHHOCTEH MHHEPAIBFHOTO COACPMAHMS PACCMATPHBACMBIX O0pA30BaHMHA C HHUTOKHO MAIBIMHU IIPHMECSIMH B HHUX
KapOOHATOB KAJbLUS M MATHUS, OHH MOTYT OBITh HCIOJIB30BAaHbI HETIOCPEACTBECHHO B KAUECTBE 3AIOJIHUTEI OETOHA.
A Tpu TOTOMHHUTETIHHOM OOXKHWIE 3TOH 30/bI K BBIMCYMOMSIHYTBIM KA4eCTBAM J0OABATCS — JIETKOCTh, TEIUIO- H
3By KOHETIPOHHIIAEMOCTh OCTOHHOTO H3/CITHL.

[Tpu o6skure CyTIMHKA, YaCTh €0 KOMIIOHCHTOB (MOHTMOPHJIZIOHHUT, MyCKOBHT U XJIOPHUT), COBMECTHO C HEpac-
TUTABUBINMMHCS YACTHIIAMH KBapua oOpasyroT OTHOPOIHBIH arperar. Takue MHHEPANb, KaK KaJAbLUT, JOJOMHT H
THIIC, B POIIECCE TUCCONUANNH, TICPEPOIIIIICH B OKCH/BI KANBIHA M MATHHS, YTO B HTOTC MO3BOJIAIO CHHU3UTD BA3-
KOCTh paciriaBa. | maBHEIMH 3amosHuTESIME paciuiasa (~50%) B MOIYyYCHHOM MPOAYKTE O0XKUTA SIBHJIHCH ITOPOIII-
KOBBIC TPAHY JII KPEMHE3EMHUCTBIX COCTABILIIONINX CYTITHHKA.

Takum 006pa3zoM, MOJIYUYECHHBIH MPOJYKT HA JAHHOM J3TAalle MCCICAOBAHMA YKE MOXKCET OBITH HCIIOJIb30BAH IIPH
TIPOM3BOICTBE TEPMOCTOMKHX M MEXaHHUCCKH ITPOYHBIX YEIIY HIATHIX arPEraToB JIETKUX 3al0THUTENICH OeTOHA.

KimoueBbie c10Ba: KepaM3uT, IMIMXTA, JICCCOBUIHBIC CYTIHHKH, YTOIBHAA 30714, TEPMUYCCKUH, PEHTTCHO(A30-
BBIH I MHKPO30HIOBbIA AHATU3BI, IIJIABJICHUC IIUXTHI B BHICOKOTEMIIEPATYPHOH TIEHH.
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