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Abstract. The paper considers the issues of obtaining a composite material based on gypsum, fly
ash and sulfur with improved performance. Regularities of impregnation of a gypsum sol matrix with a
sulfur melt are established, taking into account the capillary-porous structure of the gypsum sol stone
and the physical and technical properties of sulfur. The conducted studies make it possible to determine
the sulfur mass transfer coefficient ans and the maximum sulfur-containing Us in impregnated products,
depending on the initial values of the sulfur melt temperature, water-solid ratio and fly ash content. This
allows to determine quickly and effectively the duration of impregnation to a given sulfur content for a
specific composition and size of gypsum products. Technological factors influencing the hardening
coefficient, water resistance and chemical resistance of gypsum ash products impregnated in sulfur melt
have been studied. An analysis of the results shows that the strength of samples impregnated with sulfur
increases while the degree of filling of the pore space with it is increasing. So, with increase in the
relative sulfur content (v = Us / Usmax) from 0.30 to 0.90, the compressive strength increases from 10.1 to
42 MPa. It has been established that water resistance of the impregnated samples significantly depends
on the degree of impregnation and the amount of fly ash. The experiments carried out give reason to
believe that the material based on gypsum, ash and sulfur refers to waterproof materials, since the
softening coefficient is higher than 0.7. It has been established that gypsum and gypsum samples
impregnated with sulfur melt have a chemical resistance coefficient of at least 0.7, which allows them to
be classified as chemically resistant. The resulting sulfur-gypsum composite is distinguished by high
strength, water and corrosion resistance to aggressive environments of livestock complexes, food and
chemical industries, where it should be used in the form of special facing products.
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Formulation of the problem. An effective way to increase water resistance and improve other
construction and technical properties of capillary-porous building materials, including those based on
gypsum, is their impregnation with substances that can harden in the pore space of these materials,
which contributes to the compaction of the structure and prevents the penetration of moisture into them.

Sulfur is the optimal impregnating agent for the modification of gypsum concrete. It is known that
sulfur is a typical inorganic thermoplastic capable of forming numerous allotropic modifications, and at
the same time, in the molten state, it has a low viscosity. Sulfur is well compatible with various polymer
modifiers. By introducing various additives, it is possible to control the viscosity and surface tension
over a wide range. Sulfur has strong adhesive bonds to mineral fillers and aggregates. Under normal
conditions, it is chemically inert. Even when heated, it is practically insoluble in water and acids. Sulfur
is diamagnetic and hydrophobic, it is a poor conductor of heat and it has insecticidal properties. It has a
low melting point, which makes it possible to transfer it from a solid to a liquid state at low energy
costs. From a technological point of view, the process of crystallization of a sulfur melt during cooling
is simpler than the polymerization of monomers in the manufacture of concrete polymers [1, 2].

From the foregoing, it follows that sulfur, as an impregnating material, has many valuable
properties and can be used to impregnate various building capillary-porous materials, in particular,
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gypsum concrete. In addition, sulfur is less scarce and its cost is much lower than that of the
monomers used to impregnate concrete. In Ukraine, there are large reserves of natural sulfur in the
Rozdil and Yavoriv sulfur deposits. The increase in sulfur production is associated not only with an
increase in the production of natural sulfur, but also with a sharp increase in the yield of sulfur
during the purification of natural gas, flue gases and other industrial waste [1]. Therefore, the
utilization of sulfur and sulfur products is in itself the most important and integral task of our time
from an economic, environmental and energy point of view.

Analysis of recent research and publications. Currently, there are several technological
methods for obtaining building materials and products using sulfur of various modifications. One of
them is the impregnation of traditional building materials and products with molten sulfur, the other
is the production of sulfur concrete.

The well-known property of the sulfur melt to form strong adhesive bonds with various
mineral fillers makes it possible to use sulfur as the basis of a sulfur binder - mastic, which, in turn,
is the basis of the structure of sulfur concretes [3].

The most important component of the structure of the mastic is the filler, the introduction of
which reduces the consumption of sulfur and contributes to a change in the structure and all
properties of the sulfur mastic. One of the most valuable properties of sulfur-based composite
materials is their high corrosion resistance. In a number of works, it is noted that sulfur concrete is
resistant to the effects of various acids [3-6].

However, in these works, issues related to the physicochemical phenomena occurring during
the interaction of a gypsum or gypsum sol matrix and sulfur, the resistance of impregnated samples
in aggressive environments have not been investigated, and the processes of drying and
impregnation have not been sufficiently considered from the point of view of their optimization.

The purpose of the work is to develop a composite material based on gypsum and sulfur
with improved construction and technical properties, to establish the patterns of impregnation of the
gypsum-sol matrix with sulfur melt, taking into account the capillary-porous structure, and to
determine the physical and technical properties of the modified material.

Materials and research methodology. When conducting research, building gypsum grade G-4
was used as a binder for the manufacture of prototypes, which meets the requirements of DSTU B
V.2.7-82:2010. The choice of gypsum grade G-4 is due to the fact that lower grades after molding,
hardening of gypsum stone and its further heating to the temperature of the sulfur melt (120 ... 150 °C)
give insufficient strength for further technological operations. The use of gypsum of higher grades is
not economically feasible, since the strength of the impregnated material is determined mainly by the
strength of the sulfur framework.

As a filler, fly ash from the Ladyzhinskaya TPP was used, corresponding to Ukrainian national
standardization system (UNSS) B V.2.7-205:2009. The choice of fly ash from the Ladyzhinskaya TPP
is due to the fact that aluminosilicate acid fly ash has good compatibility with gypsum.

For the impregnation of gypsum sol samples, technical sulfur from the Razdolsky Production
Association "Sera™ was used, which corresponds to UNSS 2181-93, since chemically pure sulfur
has a higher cost. The impregnation of gypsum sol samples in a sulfur melt was carried out in a
special chamber at atmospheric pressure [7, 8].

The main experimental method in studying transfer processes is the method of measuring
mass transfer coefficients from the kinetics of capillary impregnation.

Physical and technical parameters of the samples were determined in accordance with standard
methods.

Research results. In order to optimize the sulfur melt preparation technology, experiments were
carried out to study the influence of the temperature history and temperature of the sulfur melt on the
mass transfer coefficient of sulfur. The kinetics of capillary impregnation was recorded at sulfur melt
temperatures of 125, 140 and 155 °C, then the sulfur melt was heated to a temperature of 170 °C, while
the viscosity of the sulfur melt increased significantly due to the rupture of Sg ring molecules and their
combination into long chains. When the sulfur melt was cooled, the kinetics of capillary impregnation
were recorded at the same fixed temperatures of the melt (125, 140 and 155 °C). The results of the
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experiment are shown in Fig. 1. Analysis of the results showed that with an increase in the
temperature of the sulfur melt to 155 °C, the sulfur mass transfer coefficient ans increases. This is
due to allotropic transformations of sulfur and a decrease in its viscosity.

The graph (Fig. 1) shows the presence of a temperature hysteresis in the sulfur mass transfer
coefficient ayns. The presence of a temperature hysteresis of the an,s coefficient makes it possible to
optimize the process of preparing the sulfur melt, since it is possible to apply intense heating of
sulfur without fear of melt overheating above 160 °C, and to obtain a sulfur melt with effective
impregnating properties.
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Fig. 1. Dependence of the mass transfer coefficient ams
on the temperature of the sulfur melt

The results of studies of the influence of the filler concentration and the water-solid ratio on the
mass transfer coefficient ans and the maximum sulfur content Ug are shown in Fig. 2. Quantitative
analysis of the experimental results showed that with an increase in the filler concentration, the ans and
Us coefficients decrease, and with an increase in the water-to-solid ratio, they increase. This is due to
the fact that with an increase in the filler concentration, the porosity and average pore radius decrease,
and with an increase in the water-to-solid ratio, these values increase accordingly.

Thus, the conducted studies make it possible to determine the sulfur mass transfer coefficient
ams and the maximum sulfur-containing Us in impregnated products, depending on the initial values
of the sulfur melt temperature, water-solid ratio and fly ash content. This allows for a specific
composition and size of gypsum products to determine the duration of impregnation to a given
sulfur content in a quick and effective way.

Evaluation of the effectiveness of the impregnation of the samples was carried out by the

coefficient of hardening (K;), which was determined as the ratio of the strength of the sample after
impregnation to the initial strength.
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Fig. 2. Mass transfer coefficient ans (2) and sulfur content U (b) in gypsum sol samples versus fly
ash content
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The results of the study of the influence of the water-gypsum ratio and the relative sulfur content
in impregnated gypsum samples on the strength and hardening coefficient are shown in Fig. 3 and in
Table 1.
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Fig. 3. Dependence of the compressive strength of the impregnated gypsum stone on the relative
sulfur content v=Us/Ugmax

Table 1 — Influence of water-gypsum ratio on the strength of gypsum stone impregnated with sulfur

melt
WI/G Porosity, % Us, % R., MPa Rp, MPa Kh(RC) Kh(Rb)
0,45 50,0 71,2 34,1 10,5 4,7 50
0,50 53,2 83,5 38,0 10,8 6,5 6,7
0,55 55,8 90,8 42,4 12,5 8,3 8,8
0,60 58,4 97,1 42,8 12,1 9,4 9,8
0,65 60,7 100,0 40,2 11,8 10,2 11,2
0,70 63,1 100,2 36,5 10,2 10,6 12,5

An analysis of the results shows that the strength of samples impregnated with sulfur increases
with an increase in the degree of filling of the pore space with it. Thus, with an increase in the relative
sulfur content (vV=U¢/Usmax) from 0.30 to 0.90, the compressive strength increases from 10.1 to 42 MPa.

A significant increase in strength as a result of impregnation with sulfur is due to the fact that
the high porosity of the gypsum stone, which also increases due to the removal of part of the
crystalline water, makes it possible to create a sulfur framework during impregnation. The
formation of a sulfur framework with a fine-grained sulfur structure determines the high strength of
the resulting composite material.

Analysis of the data given in Table 1 shows that the hardening factor of impregnated gypsum
specimens increases as the water/gypsum ratio increases. Thus, with an increase in W/G from 0.45 to
0.70, the coefficient of hardening in compression increases from 4.7 to 10.6, and in bending, from 5 to
12.1. This dependence is explained by the fact that with an increase in the water-gypsum ratio, the
porosity of the gypsum stone increases, which makes it possible to obtain a more "powerful" sulfur
framework during impregnation. As a result, the strength of the impregnated samples increases.
However, with an increase in the water-gypsum ratio, the number of pores larger than 0.2 mm
increases, which are partially clogged with sulfur, which leads to a decrease in the strength of the sulfur
framework. This can explain a slight decrease (by 1.17 times) in the strength of the impregnated
samples with an increase in W/G from 0.60 to 0.70, but the strength of the original gypsum sample
decreases by 1.3 times, which causes an increase in the strengthening coefficient.
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After impregnation with sulfur, the gypsum matrix largely loses its properties and the role of
the framework, since during dehydration it significantly reduces the already low strength.

Experiments have shown (Fig. 4) that the strength of the impregnated samples decreases with
an increase in the content of fly ash. This is due to the fact that with an increase in the amount of fly
ash, the porosity decreases and, as a result, the maximum sulfur content in the impregnated samples
decreases. However, as the fly ash content increases, the hardening coefficient increases. This is due
to the fact that with an increase in the amount of fly ash, the strength of the original gypsum sol
sample decreases faster than that of the impregnated one.
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Fig. 4. Dependence of the compressive strength of the impregnated gypsum stone from fly ash
content

An increase in the content of polymeric sulfur in the impregnated samples contributes to an
increase in their strength by reducing internal stresses and forming stronger adhesive bonds between
sulfur and gypsum stone.

In order to determine the area of rational use in the construction of products from a material
based on gypsum and sulfur, studies of their water resistance and chemical resistance were carried out.

The results of the study of water resistance impregnated with sulfur samples with varying the
content of fly ash and relative sulfur content are given in Table. 2.

Table 2 — Dependence of the softening coefficient on the composition of the impregnated samples

Sample composition Relative sulfur Softening
Gypsum, % Fly ash, % W/A content coefficient (Ky.r)
100 0 0,55 0,75 0,50
1,00 0,72
75 25 0,48 0,75 0,58
1,00 0,78
50 50 0,41 0,75 0,64
1,00 0,85
25 75 0,34 0,75 0,68
1,00 0,88

Analysis of the data shows that the water resistance of the impregnated samples significantly
depends on the degree of impregnation and the amount of fly ash. So, with partial impregnation of
gypsum samples, the softening coefficient is 0.50, while with full impregnation it is 0.72. A more
significant decrease in water resistance in the case of partial impregnation is due to the following
reasons. Firstly, due to the diffusion of moisture through the outer impregnated layer in the inner
region of the sample, hemihydrate gypsum is hydrated due to the topochemical addition of water
molecules with the formation of highly dispersed calcium sulfate dehydrate. The resulting internal
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stresses lead to the appearance of microcracks in the outer impregnated layer. Secondly, due to the
subsequent topochemical hydration of capillary condensation, significant amounts of water arise,
leading to intensive dissolution of the contact zones between gypsum crystals and the appearance of
a wedging effect. It is quite obvious that with a decrease in the depth of impregnation of samples,
the intensity of destructive processes will increase and their water resistance will decrease. It has
been established that the coefficient of water resistance of impregnated gypsum sol samples
increases with an increase in the concentration of fly ash and is 0.80...0.88. This is due to the denser
structure of the impregnated gypsum stone, which reduces its permeability. With an increase in the
concentration of fly ash, the relative content of water-soluble intercrystalline contacts of gypsum
decreases [9]. Thirdly, when impregnating gypsum ash samples (especially with a high content of
fly ash), the sulfur melt, filling the intergranular space of fly ash, acts as a binder, since sufficiently
strong adhesive bonds arise between sulfur and fly ash. As a result, a matrix of water-resistant
material is formed, similar to sulfur mastic, which, as is known [3], has high water resistance (0.92).

The conducted experiments give grounds to believe that the material based on gypsum, ash
and sulfur refers to waterproof materials, since the softening coefficient is higher than 0.8.
Therefore, it can be predicted that facing products made of such material will have high durability.

It is known that the chemical resistance of a material depends mainly on its permeability and
the reactivity of the material components to aggressive media. It has been established that the
impregnation of gypsum sol samples with sulfur significantly reduces their total porosity, which can
significantly reduce the permeability of the gypsum sol matrix, and therefore a decrease in the
potential aggressiveness of the medium can be predicted [10, 11]. The chemical stability of
impregnated samples was determined in solutions of magnesium sulphate, sulfuric, acetic and
oxalic acids, which are the most characteristic components of aggressive environments in livestock
buildings, chemical and food industries. The results of testing samples after six months of exposure
to these environments are given in Table. 3.

It has been established that gypsum and gypsum sol samples impregnated with sulfur melt
have a chemical resistance coefficient of at least 0.7. This allows them to be classified as chemically
resistant in these environments.

Table 3 — Results of testing impregnated samples for chemical resistance

Sample composition Us, % Chemical resistance coefficient (K. )
Gypsum, % Fly ash, % Acetic acid | Oxalicacid | H,SO, MgSQO,
100 0 92.0 0.71 0.71 0.70 0.70
75 25 74.2 0.76 0.78 0.75 0.75
50 50 61.4 0.84 0.84 0.83 0.84
25 75 54.0 0.88 0.88 0.88 0.88

Thus, it was found that the value of the hardening coefficient increases with an increase in the
amount of absorbed sulfur, fly ash content and water-solid ratio. The positive role of fly ash in
increasing the water resistance (K,r.>0.8) and chemical resistance (Kr.>0.8) of the impregnated
gypsum ash stone is shown by reducing the relative content of water-soluble gypsum contacts and
the formation of a matrix of serosol material like sulfur mastic.

The conducted studies have established that products made of composite material based on
gypsum, ash and sulfur do not include compounds potentially dangerous for the human body and
the environment; are chemically stable and do not emit unstable inorganic compounds into air,
water and acid environments. Based on the conclusion of the Chief Sanitary Doctor of Ukraine, a
composite material based on gypsum, ash and sulfur is recommended for the construction of
buildings of groups "B" and "C" (industrial and public buildings) [12].

Conclusions. On the basis of the studies carried out, the patterns of impregnation of a gypsum
sol matrix with a sulfur melt have been established, which make it possible to implement a
composite formed by two adhesively bonded continuous substructures - an optimized porous
gypsum ash stone and amorphous-crystalline chamois.
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An analysis of the main construction and technical characteristics of a composite based on
gypsum, ash and sulfur shows that facing products made from such a material have high
performance characteristics and it is advisable to use them for lining fertilizer storage facilities,
drainage systems, floors and walls of livestock complexes, chemical and Food Industry.
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YKuiscoruii HayioHanbHull YHieepcumem OyOi6HUYMSEA i apxXimexmypu
[TosiTpodaorcekuii npocnekt 31, M. Kuis, 03680, Ykpaina

AHoTtanisi. B po00Ti po3risHYTI NMUTaHHS OTPUMAHHS KOMIIO3UIIIMHOTO Marepialy Ha OCHOBI
TiICy, 30JIM-BUHOCY Ta CIPKH 3 MiJIBUILIEHUMU EKCIUTyaTallliHUMU XapaKTepHCTUKaMH. BcTaHoBiIeHO
3aKOHOMIPHOCTI TMPOCOYEHHSI TINCO30JIbHOI MaTpHIll PO3IUIaBOM CIPKH 3 YpaxXyBaHHSM KaliIsipHO-
MOPUCTOT CTPYKTYPH TITICO30JIBHOTO KaMEHIO0 Ta (PI3MKO-TEXHIYHUX BIIACTMBOCTEH cipku. [IpoBeneHi
JOCTI/DKEHHST JIO3BOJISIIOTh BU3HAYATH KOE(ILIEHT MAacONepeHOCY CIPKH ays Ta MaKCHMAJIBHOTO
cipkoBmicTy Us y mpocoueHHnx BUpoOax, 3aJIeKHO BiJ] BUXITHUX 3HaYE€Hb TEMIIEpaTypy po3ILIaBy CipKH,
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BOJIOTBEPJOTrO BIJHOUICHHS Ta BMICTY 30JH-BUHOCY. lle 103Bosie e(eKTHBHO Ta OMepaTHBHO
BHU3HAYATH TPHUBAIICTh MPOCOYEHHS 10 33JJaHOTO BMICTY CIPKH UISI KOHKPETHOTO CKJIaay Ta po3Mipy
TiICO30JIbHUX BUPOOiB. J{OCTIIKEHO TEXHOIOTI4YHI ()aKTOPH, 10 BILTMBAIOTH HAa KOS(IIIEHT 3MIITHCHHS,
BOJIOCTIMKICTh Ta XIMi4HY CTIHKICTh TiIICO30JbHUX BHPOOIB, MPOCOYEHUX Y PO3IUIABI CIpKU. AHami3
pe3yIbTaTIB TIOKA3YE, 110 MIIHICTh MPOCOYCHUX CIPKOIO 3pa3KiB MiJIBUILILYETHCS 31 30UTBIICHHSM PiBHS
3aIllOBHEHHSI HEIO TIOPOBOro mpoctopy. Tak, mpu 30iibineHHi BigHOCHOro BMICTY CipKH (V= Usg/Usmax) 3
0,30 mo 0,90 mexa MirHOCTI MpH cTUcKaHH] miaBumryeTbes 3 10,1 no 42 Mlla. Beranosneno, 1o
BOJIOCTIMKICTh MPOCOYCHUX 3pa3KiB ICTOTHO 3aJICKUTh BiJl CTYNEHS MPOCOYCHHS Ta KUILKOCTI 30JIU-
BUHeceHHs. [IpoBeIeHI eKCIIepUMEHTH JIAI0Th IMiJICTaBy BBAXKATH, II0 Marepiaj Ha OCHOBI TiMCy, 30111
Ta CIPKM BIJIHOCHTBHCS JI0 BOAOCTIMKHMX MaTepiaiiB, OCKUIbKHA Koe(ilieHT po3m'skineHHs Buine 0,7.
BcranoBieHo, 110 TINCOBI Ta TINCO30JIBHI 3pa3KH, MPOCOYEHI PO3ILIABOM CIpKH, MalOTh KOoepilieHT
XiMiuHOi cTiKocTi He MeHmie 0,7, 1e M03BOJSE BIAHECTH iX 10 XIMIYHO CTiHKMX. OTpUMaHUit
CIPKOTINCOBHI KOMIIO3UT BIIPI3HSAETHCSI BUCOKOIO MILIHICTIO, BOJO- Ta KOPO3IMHOIO CTIHKICTIO 10
arpecMBHHUX CEPEIOBUI TBAapPUHHHIILKAX KOMIUIEKCIB, MIANPHUEMCTB XapyoBOi Ta  XIMIYHOI
MTPOMUCIIOBOCTI, JIe HOTO CJTiJT BAKOPUCTOBYBATH Y BUTJISII CHICIATBHUX OOJUITFOBATEHUX BUPOOIB.
KurrouoBi ciioBa: cipka, rirnc, 30i1a, BOAOCTIHKICTb, XIMiYHA CTIHKICTh, PO3ILJIaB CIPKH.

IJEMEHTBI TEXHOJJOI'NMY MOJYYEHUS CEPOI'HIICOBOT'O KOMIIO3UTA
N EI'O CBOUCTBA, KAK OBJIMIIOBOYHOI'O MATEPHUAJIA
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'Kuesckuii HAYUOHAIbHOIL YHUBEPCUMEN CIMPOUMENbCMEA U apXUmeKmypbl
Boznyxoduorckuit npocnexr,3 1, r. Kues, 03680, Ykpanna

AHHOTanus. B pabore paccMOTpeHBI BOIPOCH! MOMYYCHUS KOMITO3HIIMOHHOTO Marepuaya Ha
OCHOBE THIICA, 30JIbI-YHOC M CEpbl C IOBBIIIEHHBIMH 3KCIUTyaTallMOHHBIMU XapaKTE€PUCTUKAMHU.
VYcTaHOBNEHBI 3aKOHOMEPHOCTH TMPOMMTKH THUIICO30JIbHONM MAaTpHIlbl PACIIJIaBOM CEPhl C YYETOM
KaIMJUIIPHO-TIOPUCTON CTPYKTYPBI THUIICO30JIbHOTO KaMHS M (PU3UKO-TEXHUUYECKUX CBOMCTB CEpBI
[TpoBeneHHBIE HMCCIEOBaHUS TO3BOJISIOT OMPENENsATh KOAI(P(GUIMEHT MacColepeHoca Cepbl ams U
MakcuMaibHOe cepocojepkamiee Us B NPONUTAHHBIX WU3JENUAX, B 3aBUCUMOCTU OT MCXOJHBIX
3HAYEHUH TeMIepaTyphl pacijiaBa cepbl, BOAOTBEPIOTO OTHOIICHUS U COACPIKAHUS 30JIbI-yHOCA. ITO
MO3BOJISIET [T KOHKPETHOTO COCTaBa U pa3Mepa THICO30JbHBIX U3/enuil 3pGEKTHBHO U ONEPATUBHO
ONpeAeNATh MPOJOJIKUTEIBPHOCTh MPOMNMUTKH [0 33aJaHHOIO cojJiepkaHus cepbl. VMccnenoBaHbl
TEXHOJOTHYeCKue (aKkTOphl, BIMSIONME Ha KOIPPHUIMEHT YIPOYHEHHS, BOJOCTOMKOCTh U
XUMHYECKYI0 CTOMKOCTh THUIICO30JBHBIX W3JENUM, TMPOMUTAHHBIX B pAaCIIaBe Cepbl. AHAIM3
pe3ybTaTOB TOKAa3bIBA€T, YTO MPOYHOCTh MPOMUTAHHBIX CEpol OOpas3loB MOBBIIIACTCS C
YBEJIMUYEHUEM CTETIEHU 3allOJIHEHUS €0 TOPOBOTO TMPOCTpaHCTBA. Tak, MpU  yBETUYCHUU
otHocutensHOro cepocogepkanus (v= Ug/Ugmax) ¢ 0,30 1o 0,90 mpemen MpoOYHOCTH MPH CHKATHH
nobimaercs ¢ 10,1 go 42 MIla. YcraHoBiIeHO, YTO BOJOCTOMKOCTH MPOMUTAHHBIX OOpPAa3IOB
CYLIECTBEHHO 3aBUCHUT OT CTEIIEHU MPOMUTKU U KOJIMYECTBA 30J1bI-YHOC. [ [pOBEIEHHBIE SKCTIEPUMEHTHI
JTAIOT OCHOBAHWE CYUTATh, YTO MATEpHAJl HA OCHOBE THIICA, 30JIbI M CEPBI, OTHOCUTCS K BOJOCTOMKIM
MaTepuaiaM, MOCKOJIbKY Kod(hGuIMeHT pazMsrdeHus Bbime (,7. YCTaHOBIEHO, YTO THIICOBBIE H
THIICO30JIbHBIE O0pa3ilbl, MPOMHUTAHHBIE PACIUIABOM CEPbl, UMEIOT KOAI(POUIMEHT XUMUYECKOU
CTOMKOCTH He MeHee 0,7, 4TO MO3BOJSET OTHECTH HX K XMUMHUYECKHM CTOMKUM. [lomydeHHBbI
CEPOTHIICOBBI KOMIIO3UT OTJIMYAETCS BBICOKOM IMPOYHOCTBIO, BOJO- U KOPPO3UOHHON CTOMKOCTBIO K
arpecCUBHBIM CpeJaM >KUBOTHOBOJYECKUX KOMILUIEKCOB, MPEANPHUATHA MUIIEBOW W XMUMHYECKOU
MIPOMBIIIJICHHOCTH, TJIE €T0 CJIeIYeT UCTIOIB30BaTh B BUJIE CTICITUATBHBIX OOJIMIIOBOYHBIX U3/ICITHH.

KuroueBblie ciioBa: cepa, ruric, 3051a, BOAOCTOMKOCTh, XAMUYECKAsk CTOMKOCTb, PACIIaB CEPHI.
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