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Abstract

The article presents the results of an experimental investigation into the effect of modifying
additives on the workability and setting times of a concrete mix used in the production of a two-
component wall block. The block structure consists of an external fagade layer and an internal
structural-thermal insulation layer, which requires precise control of the rheological and
technological parameters of the concrete mix during sequential casting. Lignin and soapstock,
Received: November 23, 2025 which are by-products of the wood-processing and fat-processing industries, were used as
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modifying components. The experimental program included the determination of concrete mix
flowability and cement paste setting times at various additive dosages. The results showed that
the incorporation of lignin and soapstock increased the workability of the concrete mix compared
to the reference composition: the maximum increase in flowability reached up to 6.4% for lignin
and up to 9.5% for soapstock. Their combined application produced a pronounced synergistic
effect, resulting in an increase in workability of up to 16% in linear terms and up to 35% in terms
of spread area, as well as a reduction in data dispersion. The setting time tests revealed opposite
effects of the additives: lignin contributed to a reduction in both initial and final setting times,
whereas soapstock, due to its hydrophobic properties, led to their extension. The obtained results
can be used to optimize the technological regulations for manufacturing two-component wall
blocks and to improve the quality and stability of the final products.
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Introduction

The relevance of wall enclosing structures and
products is beyond doubt, as the majority of existing
and ongoing construction projects are, in one way or
another, carried out using artificial stone.

Traditionally, heavy wall structures include brick
masonry and concrete walls made from high-density
concretes [[1], [2], [3], [4]]. In contrast, lightweight

wall systems are formed using aerated concrete and
foam concrete [5]. The key distinction between
these two groups of materials lies in their intended
purpose and structural role: heavy, high-strength
concrete is primarily used for load-bearing elements
such as columns, foundations, and walls (including
panel walls) of multi-storey buildings [6]. The
drawbacks of using heavy wall structures include low
economic efficiency due to high production costs,
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the complexity of the construction process (in the
case of brick walls), and the need for additional
insulation measures (for heavy concrete) [[7], [8],
El]

Lightweight concretes, on the other hand, are
primarily intended for external enclosures and
internal partitions [[10], [11], [12]]. Their porous
structure provides enhanced thermal and sound
insulation properties, while reduced density
decreases the load on the foundation, which is a
significant structural advantage. The disadvantages
of using lightweight wall structures include their
relatively low performance compared to heavy ones,
which is associated with lower load-bearing
capacity, higher hygroscopicity (in the case of
aerated concrete), low frost resistance, high
brittleness, and so on [[13], [14], [15], [16], [17],
(18], [19]].

The construction product proposed in this
project—a two-component multi-purpose wall
block—offers novelty both in the technological
solution of the wall structure and in its composition
and production technology. The novelty also
includes the development of a modifying additive
derived from industrial waste, whose use is aimed at
targeted improvements of the operational
characteristics of the wall block composite material
(water repellency, frost resistance, and strength).
The proposed product differs in composition from
existing analogues, and the proposed technological
solution is distinct from previously known
production technologies (analogues are presented
below).

This article presents research on the workability
of the concrete mixture used to manufacture the
wall block. Studying the workability of the mixture
provides essential information for the production
process of the wall block. This is particularly relevant
because the block consists of two parts: the external
facade part and the internal structural-thermal
insulation part (Figure 1).

Both parts of the block constitute a monolithic,
unified structure; however, they differ in their
technological composition as well as their functional
purpose. Therefore, the workability of the concrete
mixture, as well as the setting time, plays an
important role in the production process, since
manufacturing involves the sequential pouring into
molds—first the heavy facade part, followed by the
internal lightweight part of the block. The
workability (workability) of the concrete mixture is
also particularly important during the production of
the facade part, as decorative elements (e.g.,

imitating  brickwork or patterns) may be
incorporated into the mold.
Based on the above, the research objectives
were defined as follows:
1) To determine the effect of additives on the
workability of the concrete mix.
2) To determine the effect of additives on the
setting times of the concrete mix.
These indicators will be key for adjusting the
placement time of each block layer to ensure a high-

quality building product.
Experimental part

Figures 2 and 3 show the technological schemes
for the production of the external and internal parts
of the blocks. The production of the wall block
involves the use of the following components:
cement (C), sand (S), lignin (Lg), soapstock (Sp),
basalt waste (Bs), aluminum powder (Al), caustic
soda (N), and the remainder being water (W).

Lignin in concrete mixtures is used
predominantly in the form of lignosulfonates, which
are by-products of the sulfite pulping of wood. These
compounds act as industrial chemical additives, the
performance of which is determined by their
interactions with cement particles at the molecular
level. Due to their negative charge, lignosulfonate
molecules are adsorbed onto the surface of cement
grains, imparting a negative charge to the particles
themselves. Hydrated shells are formed on their
surfaces, which reduce the tendency of particles to
coagulate and form aggregates. This effect improves
cement dispersion and increases the workability of
the concrete mixture [[20], [21]].

Soapstock, which represents a complex of fatty
acids, exhibits activity in cement systems mainly due
to its surface-active and ion-exchange properties. Its
action is associated with a number of characteristic
chemical processes. Soapstock components with an
amphiphilic structure contain both hydrophilic
groups that interact with the aqueous phase and
hydrophobic hydrocarbon chains that orient toward
air voids or outward from the system. Such
molecular orientation contributes to a reduction in
surface tension, improves the wetting of cement
grains, and ensures the formation of a stable
dispersed system [[22], [23]].

To improve the durability of the facade layer
against environmental exposure, lignin (a by-
product of the wood industry) and soapstock (a
waste product of the fat-processing industry) are
incorporated into the mixture. The hydrophobicity
of soapstock, as well as its resistance to certain acids
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and alkalis, enhances the durability of the facade
layer exposed to the environment. Additional
hydrophobization is achieved through lignin, which
promotes polymerization within the facade layer
structure.

Because both lignin and soapstock affect mix
workability, quantitative evaluation was necessary
for developing a technological regulation for two-
component block production.

Tests were conducted on series with varying
contents of modifying components, compared to
reference samples (RS).

For the outer layer, the mass fraction of lignin
relative to cement was 0.015; 0.020; 0.025; 0.030;

0.035%. The soapstock fractions were identical—
0.015; 0.020; 0.025; 0.030; 0.035%.

For the inner layer, lignin contents were 0.02;
0.025; 0.03; 0.035; 0.04%, and the basalt filler
content varied from 0.5 to 0.9% of sand mass.

Table 1 presents the mix proportions, indicating
the masses of the components required to prepare
1 cubic meter of concrete. Sample preparation and
testing were carried out under laboratory conditions
at an air temperature of 21-23 °C and a relative
humidity of 60—65%.

The following laboratory methods were used:

1) Concrete mix workability — GOST 7473-2010
[24].
2) Setting times — GOST 310.3-76 [25].

Table 1 — Proportions of components for concrete preparation

Additives, % Cement (C) Lingin (Lg), Soapstock (Sp), Sand (S) Water (W)
RS: Reference
sample 950.000 0.000 0 950.0 427.5
Lg=0.015 949.858 0.143 0 950.0 427.5
Lg=0.020 949.810 0.190 0 950.0 427.5
Lg=0.025 949.763 0.238 0 950.0 427.5
Lg=0.030 949.715 0.285 0 950.0 427.5
Lg=0.035 949.668 0.333 0 950.0 427.5
Sp=0.015 950.000 0.045 950.0 427.5
Sp =0.020 949.810 0.190 950.0 427.5
Sp =0.025 949.763 0.238 950.0 427.5
Sp =0.030 949.715 0.285 950.0 427.5
Sp =0.035 949.668 0.333 950.0 427.5

Inclusion of additives:
Epoxy resin + KOH

p = 2400 kg/m?

Facade part
t=2-10cm

Conditional boundary
of separation

Inclusion of additives:
Basalt fiber NaOH + Al,05

p = 600 kg/m?

Thermal-insulating load-bearing
partt=20-40cm

Figure 1 - Structure of the wall block
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Lignin Soapstock Water, 135l
v
A K
Mixer 1 Mixer 2 ‘ Final Product
Cement Sand
Figure 2 - Production technology of the outdoor part of the unit
Lignin Water, 35!
Al+NaOH Water, 15l
Mixer 1
Mixer 3
Basalt Water, 90
Mixer 4 - Final Product
Mixer 2

Cement

Sand

Figure 3 - Production technology of the inner layer

Results and Discussion

1. Workability of Concrete Mix

Figure 4 shows the results of the workability of
the concrete mixture with varying composition.
Specifically, Figure 1 presents the flow results of the
mixture at different lignin (Lg) contents. Figure 5
shows the flow results of the mixture with varying
soapstock (Sg) content. Figure 6 presents the flow
results of the mixture at the maximum contents of
both Lg and Sg.

According to preliminary tests, the water—
cement ratio at which a flow spread of 150 cm was
achieved is 0.55. Therefore, all workability tests
were conducted at this water—-cement ratio. The
W/C ratio was intentionally kept constant (0.55) to
isolate the effect of additives on rheology. Although
plasticizers may allow water reduction in
conventional concrete technology, varying w/c
conditions would introduce additional uncertainty
and make it difficult to attribute rheological changes

solely to the additives being investigated. Therefore,
a fixed w/c ratio was selected to ensure accurate
interpretation and comparability of the results. As
can be seen from the curve in Figure 4, lignin (Lg) has
a pronounced effect on the workability of the
mixture: with each increase in Lg concentration, the
spread diameter increases. It is also noticeable that
the dynamics of the spread change are proportional
to the change in concentration.

However, upon the initial introduction of the
additive at a concentration of 0.015, a sharp increase
in spread is observed (indicating the maximum
intensity of the additive’s effect), whereas with
further increases, the effect decreases, although it
remains consistent. Overall, the increment in spread
diameter averages 1-2 cm, indicating the stability of
Lg’s influence on the workability parameter of the
concrete mixture.

Analysis of the coefficients of variation further
confirms the stability of this positive effect, as the
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data dispersion for samples with the additive sharply
decreased to 1.5-1.9%, whereas for the reference
sample this value was 3.2%. It cannot be concluded
that the stability of results increases with higher
additive content (despite the apparent decreasing
trend in the coefficient of variation with increasing
additive), since the fluctuations in variation values
are minor and fall within the statistical error, which
has a minimum threshold of 1.5%.

According to the curve in Figure 5, the positive
effect of the Sp component is also clearly observed.
However, the dynamics of change are not

consistent. The maximum effect occurs upon the
initial introduction of the component. With
subsequent additions, the rate of increase decreases
but remains noticeable relative to further
concentration increases. When the maximum
concentration is applied, the increase in spread
diameter compared to the previous value is only 1
cm, whereas the initial introduction produced an
increase of 4 cm. This indicates that the maximum
concentration of Sp = 0.035% approaches the peak
effect of the component on enhancing workability.
Despite the decreased intensity of the increase, the
influence of Sp remains stable.
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Figure 4 - Change in mix workability with Lg
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Figure 6 - Workability at maximum Lg and Sp
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Moreover, although the intensity of workability
improvement decreases with higher concentrations,
the stability of the data points increases, as
indicated by the coefficients of variation. The
dynamics of the coefficients’ changes are evident:
they decrease proportionally to the increase in
concentration, and minor fluctuations (observed in
the range of 0.015-0.030%) fall within the statistical
error.

According to the curve in Figure 6, which shows
the change spread at the
concentrations of Lg and Sp, a presumptive
synergistic effect of the components is observed. If
the average spread diameter of the reference
sample is 151 cm, it reaches 161 cm at the maximum
concentration of Lg = 0.04 and 165 cm at the
maximum concentration of Sp = 0.035. Under the
combined action of Lg and Sp, the increase reaches
175 cm.

in maximum

In percentage terms, the increase in workability
is 15.9% when evaluated based on the increase in

diameter as a linear dimension (15.9% =100 x
(175-151)
151
increase in spread area, the gain reaches 34.5%

3.14x(175/,)" ~3.14x(151/,)*

> . The
3.14x(131/;)

coefficients of variation also indicate a synergistic

effect of the combined influence of the components.

), while considering the radial proportional

(34.5% =100 x

2. Setting Time of Concrete Mix

Figures 7 and 8 show the results of cement
setting time tests. In Figure 7A, the initial setting
time, setting duration, and final setting time are
presented, while Figure 7B illustrates the dynamics
of their changes depending on the Lg concentration.
Figures 8A and 8B show the same results for varying
concentrations of Sp.
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Figure 7 - Setting times at varying Lg content
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Figure 8 - Setting times at varying Sp content

According to the tests, for samples without
admixtures (RS — reference samples), the setting of
the paste began 150 minutes after mixing, while full
hardening occurred after 420 minutes, with a
duration of 240 minutes.

With the addition of Lg, a trend toward a
reduction in all setting times is observed, and the
higher the admixture concentration, the greater the
reduction: at the initial dosage, the initial setting
time decreases by 7%, the duration by 10%, and the
final setting time by 12%; at the maximum
concentration, the same parameters decrease
(relative to RS) by 13%, 21%, and 25%, respectively.
This trend is of minor significance for the outer layer,
as it only requires adjustments in the production
process. However, for the inner layer made of
lightweight concrete, this trend is more
advantageous, as the reduction in setting times
contributes to the formation of a more stable pore
structure. Therefore, a higher concentration of Lg
for the inner layer can be considered justified in
terms of reducing setting times, due to the higher
alkalinity of the mix compared to the outer layer.
Lignosulfonate-based lignin acts primarily as a
plasticizing agent, improving cement grain
dispersion and reducing the effective w/c ratio.
Therefore, lignin leads to a moderate reduction in
both initial and final setting times (18-34%), which
is consistent with hydration acceleration.

In contrast, the addition of Sp exhibits the
opposite pattern. This behavior is expected because
soapstock contains vegetable fats with water-

repellent properties, which slow the hardening
process: at the initial dosage, the initial setting time
increases by 13%, the duration by 5%, and the final
setting time remains unchanged; at the maximum
concentration, the same parameters increase
(relative to RS) by 33%, 18%, and 8%, respectively.

Soapstock contains fatty acids, glycerides, and
small amounts of alkaline residues. These
amphiphilic molecules adsorb onto cement grain
surfaces and form thin hydrophobic films which
reduce water penetration and slow ionic transport
to clinker phases, thereby delaying the dissolution of
alite and the nucleation and growth of early C—S—H.
The hydrophobic films and altered air-entrainment
behavior also change pore-formation and capillary
connectivity, which jointly modify hydration kinetics
and early age microstructure [[22], [26], [27], [28]].

The coefficients of variation in all tests (six
samples per series) did not exceed 5.0%; thus, the
observed trends in setting times can be considered
significant, as the percentage changes exceed the
statistical measurement error. Since the effects of
these components partially offset each other, and
the setting time primarily influences adjustments in
the production process rather than operational
performance, the resulting indicators for selecting
the optimal concentration should be the concrete’s
compressive strength (which is expected to increase
due to plasticizing and water-reducing effects) and
water absorption (which is expected to decrease due
to hydrophobization).
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Conclusions

1. A comprehensive set of laboratory tests was
conducted to evaluate the workability of concrete,
including workability and setting time tests. The
studies were carried out to facilitate the subsequent
adjustment of the technological process for
manufacturing the wall block, which is composed of
a two-component concrete mix. Tests were
performed on samples with varying contents of
lignin (Lg) and soapstock (Sp).

2. Workability tests confirmed the influence of
Lg and Sp on the workability of the concrete mixture.
Each component significantly affects the dynamics
of the spread diameter. The higher the
concentration of each component, the more
pronounced the change in workability. The
maximum increase in spread diameter with the
addition of Lg, relative to the reference sample, was
6.4%. For Sp, this increase was 9.5%. When both
components were added to the concrete mixture, a
synergistic effect was observed, with workability
increasing by 16% relative to the linear diameter,
and by 35% in terms of the radial area. The increase
in workability due to Lg is primarily attributed to its
plasticizing effect, whereas the increase observed
with Sp is due to the presence of vegetable fats in its
composition. It should also be noted that the
inclusion of these components stabilizes the results,
reducing deviations in individual measurements,
which positively affects the material quality.

3. Setting time tests produced contrasting
results. The addition of Lg to the mixture resulted in
a relatively linear decrease in all setting times,
whereas the addition of Sp caused an increase in all
setting times. The increase in setting times with Sp is
explained by the water-repellent effect of the
vegetable fats in its composition, while the
reduction in setting times with Lg is associated with
a decreased w/c ratio due to its plasticizing effect.
The trend of increased setting times has little
significance for the external part, as it only requires
adjustments in the production process. However, for

the internal part made of lightweight concrete, the
trend is more beneficial, as the reduction in setting
time contributes to the formation of a more stable
pore structure. In any case, the final adjustment of
setting times will be carried out after a control
assessment of the basic operational parameters of
the wall block (such as strength, frost resistance,
water absorption, etc.).

1. Vehicle types were divided into five
categories: Al — bicycles; A2 — motorcycles
(mopeds); A3 — passenger cars; A4 — light trucks and
buses with very low capacity; A5 — trucks and buses.
For each category, voltage ranges were calculated
depending on the type of vehicle, the standard load
capacity, and tire pressure.

2. For each category of motor vehicles,
calculations of normal stresses on the road surface
have been performed: for category Al, the stress
range is from 48.7 kN/m? (0.50 kg/cm?) to 229.8
kN/m? (2.34 kg/cm?); for A2, from 111.4 kN/m? (1.13
kg/cm?) to 346.2 kN/m? (3.53 kg/cm?); for A3, from
168.8 kN/m? (1.72 kg/cm?) to 316.2 kN/m? (3.22
kg/cm?); for A4 from 259.0 kN/m? (2.62 kg/cm?) to
546.6 kN/m? (5.57 kg/cm?); for A5 from 349.4 kN/m?
(3.56 kg/cm?) to 1216.7 kN/m? (12.41 kg/cm?).
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MoaudukaumanaHraH Kabbipfa 6210rbiH 3epTTey aacbiHAA 6eTOH KOCNACbIHbIH,

KO3FaNfbIWTbIFbIHA KOCNANapAbliH acepiH 6aranay

L2flyknanos P.E., “2ltocembunos [.C., ¥’ AntbiH6ekoBa A.[., 3Kaklauskas G., “2}Kymarynosa A.A.
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3fedumuHac mexHuKasnelK yHusepcumemi, BunoHioc, /lumea

Makana kengi: 23 kapawa 2025
CapantamagaH eTTi: 3 weamokcaH 2025
Kabbinganabl: 20 kaHmap 2026

TYRIHAEME

Makanaga eki KOMNOHeHTTi Kabbipfa 60KTTapbIH 6HAIpYAe KONAAHbINATbIH 6ETOH KOCMaCbIHbIH,
KO3FaNFbIWTbIFbl MEH KATy YaKbITbiHA MOAUDUKALMANBIK KOCMANapAblH, 9CEPiH SKCMEPUMEHTTIK
3epTTey HITUXKeNepi YCbIHbINFaH. BAOK KypblnbiMbl CbIPTKbl KACOET KabaTblH KIHE KypbINbIMAbIK,
JKOHe Kby OKLaynafbllw KabaTblH KamTuAapl, 6yn 6ETOH KOCMacbliHblH, PEONOrMANBIK KaHe
TEXHONOTUANBIK MapameTpsiepiH TisbeKTi KanbinTay KesiHAe [2/1 peTTeyai Tanan eTegi.
MoanduKaumanblK KOMMOHEHTTEP PETiHAE afall KoHe Mall eHAey OHepKacibiHiH Kocankbl
eHiMaepi 60nbIN TabblNAATbIH IMTHWH K3HE COANCTOK MaZanaHbingpl. Taxipubenik 6argapnama
6ETOH KOCNACbIHbIH, aFbIHABIIbIFbIH XKaHE KOCNanapablH, dpTYpAi KOHLEHTPaUMANapbiHAa LEMEHT
KaMbIPbIHbIH, KaTy YaKbITbIH aHbIKTayAbl KamTbiapl. JIMTHUH MeH cabblH KOCMACbIH eHri3y 6akblnay
KYPambIMeH canblicTbipFaHAa 6eTOH KOCNacbiHbIH, KO3FaNFbILLTbIFbIHA OH 3Cep eTeTiHi aHbIKTanabl:
afblIn KeTyAiH MaKcumanabl ecyi IMrHWH eHrisinreHae 6,4%-fa geli, an cabblH KOCMACbIH HTi3reH
Ke3pe 9,5%-Fa geniH keTTi. Kocnanapabl 6ipre KongaHy alikbiH CUHEPreTUKanbiK acep 6epaj, 6y
KO3Fa/IfbILWTHIKTbIH, CbI3bIKTbIK TypFblaaH 16%-fa AeniH kaHe Tapany amarbiHaa 35%-fa aewi
apTybIMeH COHAAW-aK SKCNEPUMEHTTIK AepeKTepiH, WallbipaybliH a3aiTyAbl KamTamachi3 eTTi.
KaTy yaKpITbiH 3epTTey KOMNOHEHTTEPAIH, Ken 6afbITTbl 9CepiH KOpCeTTi: MMrHUH BacTankpl KaHe
COHfbl KaTy YaKblTblH a3ailTyfa KemeKTeceai, an coanctok rnapodobTbl KacueTTepre wue
6oNFaHAbIKTaH, ONapAblH, apTyblHa aKenedi. ANblHFAH HITUMKENep KOCMnanapAblH, OHTalAbl
Me/LWEPIH Heri3aeyre KaHe 0napApbl KAacuMeTTepiHiH, TYPaKTblablfbl MeH AaWblH BHIM CanacbiH
apTTbipaTbiH €Ki KOMMNOHEHTTI KabbipFa 6/10KTapbIH OHAIPYAIH, TEXHONOTUANBIK PernameHTTepiH
Ty3eTy YWiH nainganaHyfa MyMKiHAK bepegai.

TyiiiH ce30ep: kabblipFa 610rbl, KOCMA, KO3FANFbIWTbIK,, KaTalo YaKbITbl, IMIHWUH, COANCTOK.
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AHHOTAUMUA

B cTaTbe npeacTaBneHbl pesynbTaTbl  IKCMEPUMEHTANbHOTO  WUCCNEA0BAHWA  BAUAHUA
Mmoauduumpyowmx [06aBOK Ha MOABUMMKHOCTL W CPOKM CXBaTblBaHUA 6GETOHHOW cmecy,
NPUMEHAEMOI NPU NPOU3BOACTBE ABYXKOMMOHEHTHOTO CTEHOBOro 610Ka. KoHCTpyKuma 610Ka
BK/OYAET Hapy»KHblt dacafHbli CNOW M BHYTPEHHUI KOHCTPYKLMOHHO-TEMNNION30NALMOHHDBIN
CNoK, 4To TpebyeT TOYHOro PEeryaMpoBaHUA PEONOTUYECKUX U TEXHOIOMMYECKUX MapameTpos
6eTOHHOW CcMecu npu nocnepoBaTeslbHOM GOPMOBaHMU. B KavecTBe moauduumpyoLwmx
KOMMOHEHTOB  WCMO/Mb30BaHbl  AWMHUMH M COANCTOK  —  NOBOYHbIE  MPOAYKTHI

Moctynuna: 23 Hoabps 2025 AepeBoobpabaTbiBalowerr M KUPOBON MPOMbILAEHHOCTU. DKCMEePUMMEHTaNbHaA Mporpamma
PeueHsupoBaHue: 3 dekabpsa 2025

BK/ItOYaNa onpefeneHune nokasartenell pacTekaeMocTu 6ETOHHOWM CMecu U CPOKOB CXBaTblBaHUSA
MpuHAaTa B Nneyatb: 20 AH8apAa 2026

LEMEHTHOro TecTa MNpu pPas/iMyHbIX KOHUEHTpauuax Aob6aBoOK. YCTaHOBNEHO, 4YTO BBedeHUWe
JIMTHWHA U COANCTOKa OKa3blBAET NOOKMUTENbHOE BIMSIHWE HA NOABUXHOCTb BETOHHOW cMecH No
CPaBHEHWUIO C KOHTPO/IbHbIM COCTAaBOM: MaKCMMa/lbHblA MPUPOCT PacTEKAaeMOCTU COCTaBUA A0
6,4% npv BBEAEHUM NUTHUHA U A0 9,5% npw BBegeHWM coancToka. CoBMeCcTHOe NpUMeHeHue
[06aBOK  obecneunsno  BbIPAXKEHHbIM  CUHepreTuyeckuint  addekT, conpoBoXKAatoLMIcA
yBe/MYeHnem MNoABWMXKHOCTM g0 16% no nvHelHOMy noKasaTento u go 35% no naowagu
pacTeKaHus, a TaKXKe CHUXKeHMEeM pa3bpoca sKcnepMMeHTalbHbIX AaHHbIX. MccnefoBaHMe CPOKOB
CXBaTbIBaHMA MOKa3aNo Pa3HOHANPABNEHHOE BAUAHUE KOMMOHEHTOB: JIMTHUH cnocobcTeyeT
COKpPALLEeHWIO HaYasbHbIX M KOHEYHbIX CPOKOB CXBATblBaHWA, TOrAa KaK COancToK, obnagas
rmapodobHbIMK CBOWCTBAMU, NPUBOAMT K UX yBEAUYEHUIO. [ToNyYeHHble pesyibTaTbl NO3BONAOT
060CHOBaTb ONTUMAa/bHblE A03MPOBKM [006ABOK M MCMONb30BaTb WX AOJ/17 KOPPEKTUPOBKM
TEXHO/NIOTMYECKOTo  pernameHTa MNpPOU3BOACTBA  [ABYXKOMMOHEHTHbIX CTEHOBbIX 6/10KOB C
NOBbILLEHHOMN CTABUNBHOCTBIO CBOWCTB M KAa4ECTBOM rOTOBOW NPOAYKLMUMU.

Kniouesble cnoea: cteHoBoW 610K, A06aBKa, NOABWMKHOCTb, CPOKM CXBaTblBaHWA, JIMFHWUH,
COAancToK.
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