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New energy-efficient materials for construction

Abstract. Today in the world there is a huge amount of energy-efficient materials and goods,
that help solve energy saving issues in the operation of various buildings and structures, such
as interior and external load-bearing and enclosing construction of buildings.

Hevertheless, these materials may not always possess the necessary mechanical and physical
qualities, nor high strength, to be used in major building’s load-bearing sections. Strengthening,
decreasing heat conductivity, enhancing weather and moisture resistance, and cutting costs are
all critical responsibilities in the development of energy-efficient structures and goods.

As a result of comprehensive research, the authors have developed new cellular concretes
with high strength characteristics, low thermal conductivity and low cost based on local raw
materials and waste. This approach leads to a significant reduction in energy and resource
consumption and promotes the introduction of environmentally friendly production methods
while maintaining high product quality standards.

Experiments were conducted in a specially designed laboratory chamber. This installation
ensured uniform temperature control inside the chamber, as well as uniform temperature
distribution throughout the entire thickness of the products. This was achieved through a
rational combination of energy sources used.

The article presents the outcomes of investigations into the mechanical and physical
characteristics of foam concrete and the structural features of the material. The manufacturing
of superior goods became possible thanks to a combination of mild heat treatment conditions
and the exothermic properties of cement. In addition, the impact of additional electrical energy
at a minimum consumption (10-20 kWh/m?) on the hardening process of foam concrete is
characterized by a periodic and short-term effect. In contrast, traditional heat treatment
methods require significantly higher energy consumption - from 80 to 100 kWh/m®.

The results of X-ray and electron microscopy studies confirmed that the developed energy-
efficient materials have high physical and mechanical properties and low cost.
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Introduction

The search for new energy sources ranks among the most pressing global challenges today.
Traditional energy sources, such as oil and gas, are considered indispensable. However, the
simplest and cheapest source of energy nowadays is solar energy. Numerous studies are now
being conducted within the Kazakhstani Republic to examine different strategies for utilizing
solar energy in the heat treatment procedures of concrete product and structure production
facilities. For the first time, the authors applied a new method of bilateral use of solar and electric
energy for foam concrete products.

The traditional foam concrete manufacturing technology involves energy-consuming
heat treatment in autoclaves or steaming chambers utilizing conventional energy sources. The
innovative technique makes use of both electrical and solar power.
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When there is a high number of bright, warm days throughout the year, along with
favorable solar radiation and weather, it is possible to use existing solar technology for the
manufacturing of foam concrete. For instance, the long, hot summers in Kazakhstan’s southern
areas are distinguished by consistently high outdoor temperatures of over 35 °C and low
humidity levels of less than 28%. The current climate and weather conditions are perfect for
installing solar fields, which will be utilized to make foam concrete products. Additionally, the
data indicates that, in addition to Kazakhstan, the southern regions of the Russian Federation
and a number of Central Asian republics, including Uzbekistan, Tajikistan, Turkmenistan, and
Kyrgyzstan, also have good weather during warm and hot seasons for the field production of
foam concrete products using solar technology. Therefore, there is great potential for replacing
conventional energy sources with solar radiation in the vast geographic areas where weather
and climate conditions allow the manufacture of foam concrete using solar energy. [1].

The literature review reveals that the entirety of known research and development
endeavors within the construction industry related to solar technology have predominantly
focused regarding the standard concrete’s heat treatment [2,3,4,5,6,7,8,9]. There hasn’t been any
thorough investigation on the utilization of solar energy to produce foam concrete, which is a
very successful building material.

Foam concrete differs greatly from traditional concrete in a number of areas, such as
production process, composition of raw materials, rheological qualities, porous structure, and
other essential features [8,9]. As a result, the approved helio-thermal treatment techniques that
were created for conventional concrete cannot be used in the manufacturing process of foam
concrete.

When creating structures and goods made of foam concrete, the utilization of thermal
energy to expedite the hardening process is essential, leading to a notable increase in energy
consumption during manufacturing.

As a result, an increasing number of foam concrete manufacturers are gradually reducing
their reliance on heat treatment. However, in order to meet the requirements for properties of
constructions and manufactured goods, without resorting to heat treatment, manufacturers
are forced to resort to higher consumption of binders, employ superior grades of cement, and
incorporate specialized additives that accelerate the hardening process. In addition, the prolonged
curing time required for concrete to harden within metal forms necessitates the allocation of
substantial areas for the hardening of products and structures.

Previously, the authors had exclusively applied two-way heat treatment to conventional
concrete, yielding positive outcomes. Nevertheless, a novel approach has been introduced for
the first time, which involves dual-sided heat treatment by combining the utilization of both
solar and electric energy, precisely customized to foam concrete products.

According to [10], “with a two-way supply of heat to the hardening concrete, the greatest
uniformity of moisture distribution is observed and thus, as a result, a uniform distribution
of strength is achieved”. Based on this, it is advised to carefully combine extra electrical
energy with solar energy in order to improve the foam concrete products’ ability to solidify
in fields and to provide uniform product heating while reducing temperature gradients. This
supplementary electrical energy may exert a periodic and short-term influence on the concrete
hardening process.

Based on the aforementioned, as a result of comprehensive research, the authors have
developed a novel method for accelerating the hardening of foam concrete, which enables
the application of the solar heating of products under soft conditions coupled with the use of
traditional energy sources, specifically electricity. This approach enables a substantial reduction
in energy costs for expediting the hardening, and facilitates the organization of environmentally
friendly production while maintaining the high quality of products.

The objective of the paper was to develop a method and technology for the production
of foam concrete products at landfills situated in regions by dry and hot climates. This was
accomplished by leveraging solar radiation, with natural intensity, to expedite the hardening
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process, along with incorporating an additional electrical energy source, based on research and
the generalization of existing knowledge.

To achieve this goal, the following tasks were addressed: establishing the correlation
between the strength characteristics of foam concrete products and the length of time that solar
radiation is exposed to during solar thermal treatment; investigating the connection between the
amount of solar energy that enters the system and the type of temperature field development
that occurs in solar-heated goods with varying thicknesses and surface areas; investigating the
structural characteristics and physical-mechanical attributes of aerated concretes that have been
heated by the sun.

Finally, it can be concluded that the all-encompassing method of using additional electrical
energy in conjunction with heat treatment and solar radiation to quickly harden foam concrete
products inside metal forms with helio-coating lids is a novel way to accelerate the process. This
technology combines the natural exothermic capabilities of cement with moderate heat treatment
techniques to enable the fabrication of high-quality products. Additionally, the effects of using
more electrical energy at the lowest possible energy consumption (8-18 kWh/m3), Concrete
shows a periodic and transient nature on the hardening foam. However, the amount of electrical
energy required for heat treatment using traditional methods is significantly higher, ranging
from 75 to 100 kWh/m3.

The results of X-ray and electron microscopic studies confirm that a favorable humid
environment for hardening and a mild temperature regime for thermal solar treatment of goods
contribute to the formation of a high-quality structure and increased the mechanical and physical
characteristics of foam concrete.

Research methods

Experimental studies were conducted in the summer weather conditions in Kyzylorda,
the Republic of Kazakhstan. These experiments focused on factory compositions of foam
concrete wall products D700 (B2) that meet the requirements of GOST 25485 (State standard)
“Cellular concrete. Technical conditions”. The composition utilized included cement from the
Dzhambulsky plant PC400-D20, quartz sand with size of M =1.2 (fraction of sand) and the
LASTON foaming agent (made in Italy).

Fig.1 The laboratory apparatus utilized for the studies is depicted in 1; it has an electric
heating element at the mold’s base and a cover with helio coating. A sensible mix of solar,
exothermic, and electric energy produces both homogeneous temperature fields across the
thickness of the products and stable temperature conditions inside the chamber.

Fig.1 Apparatus for the laboratory with an electric mold heater and heliocoat
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The bottom of metal forms undergoes cyclical electric heating based on the temperature
specified by the thermal sensor; this means that the heating effect on the concrete hardening
process is short-term and periodic.

Upon filling with a foam concrete mixture, cassette forms are immediately placed in a
thermal chamber and kept at a temperature of 28-36°C for three to four hours. The lid of the
chamber is hermetically sealed with helio-coating material.

When the concrete achieves 360-590 gr/cm?, which is the plastic strength value needed
for heat treatment, the forms containing the goods are moved into an open solar field. The
heating of products in solar forms should start no later than 10 a.m. in order to guarantee a full
production cycle and sensible use of solar energy during the day. In addition, the helio-chamber’s
temperature rises at a rate of 7-8°C per hour for five to six hours. This is followed by isothermal
heating for three to four hours at a temperature of 61 to 65°C. The foam concrete products are
then progressively cooled in the evening and at night until they are 32+5°C in temperature.

The newly created technology yielded data that showed that foam concrete products
acquired a strength of 45 to 55% of their predetermined strength during the 20-22 hour solar
thermal treatment, depending on the bulk density.

Using samples of comparable composition and age that underwent varying techniques and
hardening circumstances, an analysis of the mechanical and physical characteristics of foam
concrete was conducted [11,12,13].

The kinetics of foam concrete heating during solar thermal treatment were studied

using a 4-channel temperature control device called “Thermodat-17M5”.

Based on the aforementioned findings, to cut down on energy consumption for heat treatment
and justify environmentally friendly production process, a novel method for accelerating the
hardening of foam concrete has been developed. This new method ensures that solar heating
of products is completed by combining a conventional energy source—electricity —with soft
modes.

It is possible to produce foam concrete products with solar energy to speed up the hardening
process when the weather and solar radiation are right. The year-round availability of bright,
warm days characterizes these settings. For instance, the southern parts of Kazakhstan have a
long, hot summer with constant outdoor temperatures between 33 and 43 degrees Celsius and
more than 6 kWh/m2 of solar radiation. Such meteorological and climatic circumstances offer a
strong basis for setting up solar fields for the manufacturing of foam concrete goods.

Based on data from [14,15,16], in addition to Kazakhstan, other regions with favorable
climates for field production of foam concrete products using solar technology during the warm
and hot seasons include the southern regions of the Russian Federation and some Central Asian
republics, including Uzbekistan, Tajikistan, Turkmenistan, and Kyrgyzstan. Considering the
large number of places with ideal weather and climate, using solar energy in foam concrete
production as an alternative to traditional energy sources, holds promising potential.

Results and Discussion

The heating dynamics of foam concrete products with dimensions 200x200x400 cm in
accordance with the ambient temperature can be seen in Fig. 2. Analysis of the graph showed
that heating occurred smoothly and gently until the maximum temperature in the concrete
was reached at 60-65 degrees and the holding lasted up to 10 hours.

Subsequently, there was a period of conditional isothermal exposure lasting 3-4 hours.
Following this, during the evening and nighttime hours, there was a gradual decrease in
temperature, decreasing at a rate of 4-5°C per hour until it reached 33-35°C [17].
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Fig.2 The process of heating blocks at natural air temperature: temperature change by 18-22 mm
in the upper parts of the product (1); temperature changes by 90-110 mm in the upper parts of the
product (2); temperature changes of 170-190 mm in product covers (3); air temperature (4)

It should be noted that when measuring temperature gradients in building blocks, the
maximum jump was 65 degrees. However, temperature changes in the central and lower parts
of the products were slightly lower than 63 and 59 degrees. The process of temperature changes
occurs smoothly with a temperature difference of 4-6 degrees. Thus, in the morning, while
the temperature on the concrete product’s surface ranged from 32-33°C, its centre maintained a
temperature of 34-35°C. This is primarily due to the low thermal conductivity of foam concrete,
which in the retention of heat for an extended duration.

The results of the experiment demonstrate that this hardening of building products when
exposed to solar radiation subsequently has a great positive effect on their structure and basic
technical properties.

The dynamics of growth in compressive strength of foam concrete according to hardening
conditions is shown in Table 1 and Fig. 3. Maturity level of the foam concrete subjected to
solar and heat treatment (3) is 1023 degrees/hour, with achieved strength value of 1.6 MPa in
one day, i.e.,, 55% of the grade (B2). Furthermore, after 28 days of hardening, the strength of
concrete (3) significantly superior than the strength of samples that hardened at 21 degrees (1) by
approximately 51%. The remaining strength of the concrete of normal hardening (1) is attained
within 6 months.
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Fig.3 The graph of the change in time of foam concrete compressive strength, depending on the
hardening conditions. 1 - normal hardening; 2 - aging foam without a care in natural conditions; 3 —
new thermal method with the use of a solar cover with electric form heating
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New energy-efficient materials for construction of excellent quality have been
obtained. The authors have developed a new energy-efficient method for producing high-
quality building products. New achievements allows production of high-quality products by
capitalizing on the soft heat treatment modes and exothermic properties of cement. In addition,
the influence of the minimal consumption of additional electrical energy (10-20 kWh/m?) on
foam concrete hardening is periodic and of short duration. In contrast, the traditional methods
of heat treatment often require electrical energy consumption up to 80-100 kWh/m?[18].

Structural features of foam concrete hardened under different conditions were investigated.
X-ray diffraction studies of materials were carried out using a diffractometer X-PertPRO.
Phase analysis using the powder method was used in preparing the experiments [4]. Tables
2,3,4,5 and Figure 4, and 5,6,7 show the results of X-ray examination of foam concrete samples
with similar compositions but solidified under different conditions.

Foam concrete is represented by three samples: complex solar thermal treatment (1), heat
treatment in a steaming chamber (2), normal hardening (3).

Table 1. Change in time of compressive strength of D700, B2 foam concrete depending on
hardening conditions

Concrete compressive

strength
MPa

(_% )in age, days.
1 3 7 14 28

0.05 0,29 0,67 L09 1.43

Normal hardening = 10 323 375 295

Concrete Care Method

n
=
=
-

1.54 167 L1.71
33 575 59

Maintaining foam concrete without care in natural 0.6
conditions 22.

o
=y
=
[¥1]

Solar thermal treatment using a solar cover and a heated  1.60 1.8 2.08 2.38 2.91
mold bottom 55 65 72 82 1005

Table 2. Apparatus and methods

Number of Description of the Isolated phase
identified ID card number phase by chemical . Op ’
in%
phase formula
1 01-086-0402 Ca,SiO, 26
2 01-089-6427 Na(AlSi,0,) 28
3 01-083-0539 SiO, 46
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Table 3. Results of semi-quantitative phase analysis of a foam concrete sample subjected to
complex solar thermal treatment

Number of Description of the Isolated phase
identified ID card number phase by chemical sotate Op ’
%
phase formula

1 01-087-2096 Si0, 57

2 01-086-2339 Ca(CO,) 18

3 01-088-2111 AlO(OH) 2

4 00-030-0665 Fe SiS, 24

400
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Figure 4. X-ray diffraction pattern of a foam concrete sample subjected to complex solar
thermal treatment

Table 4. Table 4. Phase analysis of foam concrete samples from heat treatment in a steam

chamber
Number of Description of the Isolated phase
identified ID card number  phase by chemical . Op ’
in%
phase formula

1 01-085-0794 Si0, 44

2 01-086-2339 Ca(CO) 21

3 01-074-1684 Mg SiO, 16

(Mg0.03 Cao.97)
4 01-089-1304 (€0, 18
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Figure 5. X-ray diffraction pattern of a foam concrete sample subjected to heat treatment in a
steaming chamber

Table 5. Phase analysis of foam concrete samples from normal hardening

Number of Description of

identified ID card number the phase by Isolat'ec}) phase,
. n%
phase chemical formula
1 01-085-0795 SiO, 17
2 01-073-0599 Ca,(S10))0 23
3 01-070-1433 MgCO,(H,0), 12
4 01-083-1612 Na(AlSi,0,) 32
5 01-086-0402 Ca,SiO, 21
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Figure 6. X-ray diffraction pattern of a sample of foam concrete of normal hardening.

Upon analyzing the data of X-ray phase analysis, it can be noted, first of all, the percentage
of silicon dioxide for each of the hardening methods 1, 2 and 3. For 1 it is SiO, = 57%, for 2 it
is SiO, = 44%, for 3 it is SiO, = 16%. These percentages may indicate one of the characteristics
regarding the depth of interaction between the cement slurry and the filler sand for each of the
three samples. From these observations, one can infer that there is a deeper interaction of SiO,
with the solution during normal hardening, followed by decreasing orders of interaction.

It is important to note that in sample 1 the percentage of calcites Ca(CO,) is 18%, while in
sample 2, it is 21% and a compound denoted as (Mg0.03 Ca0.97) (CO,) is 18%. In contrast, in
foam concrete subjected to normal hardening, crystalline state MgCO, (H,O) , is detected at 11%.
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The presence of magnesium silicate (Mg,SiO, = 16%) characterizes of foam concrete hardened
in the steaming chamber and under normal conditions, and for foam concrete hardened in the
solar chamber — calcium silicates Ca,(SiO,)O at 22%, Ca,SiO, at 20% and sodium aluminosilicate
Na(AlSi,O,) at 20% are noted. These results align with existing knowledge about phase formation
processes during concrete hardening under various thermal conditions. The impact of the
protein foaming agent and superplasticizer does not affect the phase-mineralogical crystalline
composition. It is more likely that organic compounds form amorphous composites, which are
not visible in the diffraction patterns of X-ray diffraction patterns.

Electron-microscopic studies were conducted on a JEOL JSM-6490 LA scanning electron
microscope-microanalyzer. Preparations were made according to the standard procedure.
The voltage at the anode was 7 kV. Over 100 areas were examined, with the most typical ones
selected. Direct inspection of the surface allowed us to see microstructure of the material
using scanning electron microscopy at magnifications from x2000 to 5000 times (Figure 7).

_ 11 39 SEI
a) b)
Figure 7. Morphology of foam concrete samples subjected to complex solar thermal treatment:
a) x2000; b) x5000

The morphology of the examined foam concrete samples reveals dendrite-like aggregates
of flat sintered particles. It is evident that these structures are compositionally homogeneous,
especially in the basal directions.

Differences in phase-mineralogical composition depend on the method and conditions of
hardening. The soft process of normal hardening broadens the spectrum of phases, while the
more rigorous process reduces their number.

Thus, the results of X-ray and electron microscopic studies confirm that a favorable
humidity environment for hardening and a mild temperature regime contribute to the
production of energy-efficient concrete.

Conclusions

Thus, to control production, a system for operational control of the parameters of new
energy-efficient materials was developed. The developed system includes strength growth
graphs, temperature control during the melting process and non-destructive testing upon
completion of the process of obtaining new materials.

The operation of solar sites in Central Asia for the production of new energy-efficient
materials lasts more than 8 months a year, approximately from March to October. To obtain
environmentally friendly, cheap, energy-efficient materials, the air temperature must be above
+20°C.

Research has shown that in order to obtain new energy-efficient materials, it is necessary
to increase strength indicators due to optimal combinations of the exothermic properties of
cement in concrete and smooth heating and cooling modes [19,20,21].
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Hosbie sHEepros¢ pexTuBHbIe MaTepyaabl AAsl CTPOUTEAbCTBA
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AnasoTanms. CymiecTsoBaHIE OTPOMHOIO KOAMYeCTBa 9HEPros(PPEeKTUBHBIX, DKOAOTMIECKI IUCTHIX
MaTepualoB CpeAy KOTOPBIX pa3ANdHble KOHCTPYKINI 3AaHNIT 00Ien3secTHO. V 911 sHeproseKTrBHbIe
MaTepuaAabl IIO3BOASIOT pellaTh BOIIPOCH DHEProcOepeskKeHNsl B OOIIeCTBEeHHBIX M SKUABIX 34aHisix. K
HOBBIM MaTeplriaJaM CETOAH: B IIEPBYIO OUepeab IPeAbsBASIIOTCS TpeOOBaHNA 110 9HEPTrod(pPeKTUBHOCTH,
HKO0TIMYECKON Oe30I1acCHOCTM U HeAOpol cromMocTn. ITosToMy ydeHbIe B CBOUX MCCAeA0BaHUSAX CTaBST
Ha IIepBOe MeCTO yCIU/eHle IIPOYHOCTY, HU3KYIO TEeIA0IPOBOAHOCTD, yBeAdeHe aTMOC(PEePOCTONKOCTI
U BAArOCTOMKOCTY ¥ HU3KYIO CTOMMOCTh MaTepuaa0B.

B pesyabraTe KOMILIEKCHBIX JCCAeJOBaHNII aBTOpaMl pa3paboTaH HOBBIE sYecTble OeTOHEI,
00.1a4aro1ye BBICOKMMU ITPOYHOCTHBIMY XapaKTePUCTUKaM I, HU3KOV TeILA0IIPOBOAHOCTBIO V1 HEBBICOKOIA
CTOMMOCTBIO Ha OCHOBE MECTHOTO CHIPBSI M OTXOAOB. Takoil I104X04 IIPMBOAUT K CYIIECTBEHHOMY
CHIDKEHMIO DHEPIo M pecypcoIoTpedAeHMs M CIOCOOCTBYeT BHEeJPEHUIO HKOAOTMYECKM Oe30ITacHBIX
MeTOAOB IIPOU3BOACTBA IIPU COOAI0AEHNN BHICOKIX CTaHAAPTOB KadecTBa IIPOAYKIINI.

DKcIIepuMeHTaAbHbIE ICCAe A0BaHVII IIPOBOAVAVICE B CIIeI[MaAbHO CIIPOEKTHPOBAHHOI 1a00paTOpHOI
kaMmepe. Takas yctaHOBKa oOecIleurbaja paBHOMEPHBIN KOHTPOAb TeMIIepaTypsl BHYTPY KaMephl, a TakKe
paBHOMepHOe paclipejeleHne TeMIepaTypsl 11O BCell TOAIMHE U34eANnil. DTO OBLA0 AOCTUTHYTO 3a CUeT
paIOHaAbHOTO COYETaHNIs UCII0Ab3yEeMBIX ICTOYHIKOB DHEPIUIL.

B craThe mpeacTaBAeHbl pe3yAbTaTHl MCCAeAOBaHMI (PU3MIKO-MeXaHIIeCKIX CBOIICTB IIEHOOETOHOB 1
CTPYKTYPHBIX OCOOeHHOCTell MaTepuasa. [loaydeHne BEICOKOKaueCTBEHHO ITPOAYKIIVI CTaA0 BO3MOKHBIM
04arogapsi COYeTaHMIO MSTKUX PEXUMOB TepMOOOPaOOTKM M DK30TEPMMUYECKMX CBOVICTB IIeMeHTa.
Kpowme Toro, Bo3aeicTB1e AOIOAHNTEABHON DA€KTPUIECKON DHEPIUM IIpU MUHMUMaAbHOM pacxoze (10-
20 xBTu/M?) Ha mpoIiecc TBepAeHNS IIeHOOETOHA XapaKTepU3yeTCcs IepUOANIECKUM U KPaTKOBPEeMEHHbIM
a¢dexrom. Hanporus, TpaiunmoHHbIe MeTOALI TePMOOOPabOTKM TpeOyIOT 3HAYMTeABHO OOAbIIero
pacxoga »aexrposnepruu — ot 80 g0 100 xkBru/m>.

PesyabTaThl peHTIeHO- U 9AEKTPOHHO-MUKPOCKOIIMYECKMX WCCAeJ0BaHUI IIOATBEPAUAN, UTO
paspaboTtaHHble 9HeprosPpPeKTuBHBIE Marepraabl 001aJal0T BBICOKMMU (PUIMKO-MeXaHNIECKIMIU
CBOMCTBAMU U HEBBICOKOI CTOVMMOCTBIO.

Kaiouesble caoBa: 0OeToH, Tellaolepejada, TEILAOM3OAALNA, IIOPUCTOCTL, TeMIlepaTypa, Harpes,
TEeI0IIPOBOAHOCTH, KOHANIIVOHPOBAHIE BO34yXa, TeMIlepaTypa, dHeprocoepekeHne

BECTHWVK EHY umenu /A.H. T'ymuresa. Cepus mexnuveckue HayKu U mexHoA0ZUl Ne 4/2023 185
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



L. Aruova, A. Jexembayeva, M. Konkanov, L. Zhaksylykova

Kyppblabicka apHaafraH JKaHa, 9HepIrus YHeMAelTiH MaTepuaajap
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Anpatna. byrinri Tanga eaeMJe opTypai FUMapaTTap MeH KYpbLABICTapAbl IlaiijadaHy KesiHae
DHEPTUAHBI YHEMJey MacelelepiH Ienryre MyMKiHAIK OepeTiH, FuMapaTTapAblH iIlIKi >KoHe CBIPTKDI
JKYK KOTepTilll JKoHe KOpIllay KOHCTPYKUMAAapbIH KOCa aAfaHAa, DHepPIUs YHeMAENTiH MaTepuaajap
MeH OyiBIMJapAblH OpacaH Kell Mmeallepi Oap. JereHMeH, MyHJail Marepuasljap OpKalllaH >KOFaphl
OepikTikKe, COHAal-aK, YAKEeH FUMapaTThIH KYK KOTeprill 0e4ikTepinje KoAJaHyFa apHaAraH GpU3UKaABIK,
JKOHe MeXaHUKaAbK Kacyerrepre me Ooaa Oepmeiigi. OcblFaH 0aifAaHBICTHI DHEPTUSIHBI YHEMAEWTIH
KYPBLABIMAAQpP MeH OyIbIMAapAbl 93ipAeyaiH ©3eKTi MiHAeTTepi OepiKTiriH apTTHIPY, JKbLAY ©TKIi3TiIITiriH
TOMeH/eTy, aya-paliblHa TO3IMAiAiK ITeH blAFaAfa TO31MAIAIKTI apTTHIPY, COHBIMEH KaTap ©3iHAIK KYHBIH
TeMeHAeTy OOABIIT TabblaaAbl.

Kan->XKakTbl 3epTTeyAepail HoTIKeCiHAe aBTOpJAap >KepridiKTi IMKi3aT IIeH KaaAbIKTap HerisiHge
OepiKTiri >KoFapbl, XLy ©TKI3IIIITiri TOMEH >KoHe KyHBI TOMEeH >KaHa YSIIBIKTE OeTOHAapAbI >Kacaasl. bya
TaCiA DHepPIus MeH pecypcTapabl TYTHIHYABIH aiiTapAbIKTall TOMeHJeyiHe aKeaeal JKoHe OHIiM callachIHbIH
SKOFapBl CTaHAAPTTapPBIH CaKTall OTBIPHIII, DKOAOTMAABIK Ta3a OHAIPIC 94iCTepiH eHrisyre BIKIIaa eTei.

DKcIIepUMeHTTIK 3epTTeyAep apHaiibl JKacalFaH 3epTXaHaAblK KaMepada XKy prisiagi. bBya KoHAbIpFsI
KaMepaHBbIH iIIiHAeri TemIleparypaHbl Oipkeaki OaKblaayabl, COHJall-aK ©HIMHIH OYKid KaABIHABIFEI
OolibIHIIa TeMIlepaTypaHbIH OipkeaKi TapaadyblH KaMTaMmachld eTTi. byran maiigasaHblAFaH DHEpPIus
KO3/epiH YTBIMABI OipiKTipy apKbIAbI KOA JKeTKi3iaAl.

Makasagda Xe0ik OeTOHBIHBIH (PU3MKAABIK-MeXaHMUKAaABIK KacHeTTepiH >KoHe MaTepualablH
KYPBIABIMABIK €peKIIeAiKTepiH 3epTrey HaTIKedepi OepiareH. JKorapsl camaabl eHiMAepai eHAIPY
JKYMCaK TepMUAABIK ©HAEY >Kafjalidapbl MeH IIeMEHTTiH DK30TepMMSABIK KacUeTTepiHiH yilaeciMi
apkacelHza MYMKiH 060a4bl. COHBIMEH KaTap, MMHUMAaAAbl TyThIHYy KediHge (10-20 xBrt/M3) xoceimiia
DAEKTp DHEPIVICHIHBIH KOOiK O€TOHHBIH KaTalo IIpolieciHe acepi Mep3iMAi >KoHe KbICKa Mep3iMAi acepMeH
cunarradaabl. Kepiciniile, 4ocTypai TepMUAABIK ©HAEY d4icTepi aliTapAbIKTall >KOFaphl DHEPTUs TYTBHIHYABI
taaar ereai - 80-aen 100 kBrcar/m3 aerrin.

Pentrengix >xeHe 9A€KTPOHABI MUKPOCKOIIMSAABIK 3epTTeyAepAiH HaTVKeAepi 93ipAeHTeH SHePTUSHEI
YHEMAENTiH MaTepuaalapAblH QU3NMKaAbIK-MeXaHIUKaABIK KacueTTepi >KOFaphl KoHe KYHBI TOMEH eKeHiH
pacraapbl.

Tyiiia cesgep: beron, >XbplAy OTKI3riIITiK, >KBIAy OKIIayJay, KeyeKTidiK, TeMmIepaTypa, >KbLAY
OTKI3TIIITIK, ayaHsI OarlTay, SHEpTUAHBI YHEMAEY
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