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FORMATION OF STRENGTH AND PHASES
OF SEQUENCE OF DESTRUCTION
OF ARBOLITE COMPOSITES
AT VARIOUS LONG LOADS

Annotation. The article discusses the study of the strength and deformation characteristics of sulfur-containing
arbolite composites using secondary resources, which is relevant in regions with a hot and sharply continental
climate. This is one of the lightest building materials with low thermal conductivity and good sound insulation
ability. The aim of this study is to determine the mechanism of strength formation and the destruction of sulfur-
containing arbolite composites under various long-term loads and to substantiate the effectiveness of their use in
housing construction. The methodological basis of the study was the current provisions of the theory and practice of
creating, developing high-strength concrete concrete based on composite sulfur-containing binders. When
conducting scientific research, standard measuring instruments and methods for analyzing the physicomechanical
characteristics of arbolite composites obtained using modern methods of X-ray diffraction, differential thermal,
microscopic analysis and testing equipment were used.

The properties of sulfur-containing arbolite samples were studied at 7, 28, and 90 days old under various
conditions and loads. The study of the effect of the resulting deformations on the compression strength of the sulfur-
containing arbolyte was based on certain models of concrete structure. The sulfur-containing arbolyte was considered
as a two-component system consisting of a fibre of crushed cane and a sulfur-containing solute component, the
strength of the solute being variable. Four series of samples from sulfur-containing arbolyte were produced for the
study, and a fifth series, for comparison, from sulfur-containing ceramic concrete. Each series consisted of six
samples of prisms measuring 150x150x600 mm, three of which (model I) consisted only of a sulfur-containing solute
(sulfur-to-pyrite fire ratio of 1:3), and in three other prisms (model II), milled cane fibers of about 18-20 mm
diameter were placed in the middle. The prism samples were tested in stages corresponding to a voltage increment of
0.1 to 0.15 MPa, after each load stage the samples were held for five minutes. Readings by indicators (with
measurement accuracy of 0.01mm) were taken after application of each load stage and before application of new
load. Such a test technique allowed extracting elastic instantaneous deformations and determining the value of the
initial modulus of elasticity of sulfur-containing light concrete.

It was established that the destruction of sulfur-containing arbolite occurs sequentially, first the destruction of
the solution component occurs, and then the organic aggregate. The results can be used in the manufacture of
effective wall material for civil buildings, including seismic areas.

Key words: Sulfur-containing arbolite composites, strength, hardening phase, long-term load, deformation
modulus, mortar component, fracture.

Introduction. Due to the rapid development of the construction industry and the expansion of
industrial and civil construction in the regions of Kazakhstan, the demand for building materials and
structures is increasing every day, which is the creation of structural and heat-insulating materials using

28


https://doi.org/10.32014/2020.2518-170X.81
mailto:mr.Baizak@mail.ru
mailto:Akkete86@mail.ru
mailto:m_akulova@mail.ru
mailto:berikbai_79@mail.ru
mailto:abulik92@mail.ru

ISSN 2224-5278 Series of Geology and Technical Sciences. 4. 2020

secondary resources. Arbolite concrete occupies a special place in the production of building materials in
regions with a hot climate, which combines lightness, environmental friendliness, high heat-insulating
qualities and may contain plant agricultural waste, which is rich in steppe regions. Also in the regions of
Kazakhstan there are also huge raw materials in the form of large-tonnage industrial wastes, their disposal
as part of building materials is the first decision of the national economy. However, the increased
requirements for the quality of arbolite pose a task to further increase its construction and operational,
technological and strength indicators. The aim ofthe study is the development of highly effective concrete
concrete based on composite sulfur-containing binders, the development of scientific foundations for the
formation of their structure, composition and properties when used as wall material for housing
construction. To achieve the goal, the influence of additives of sulfur-containing waste from the
petrochemical industry on the structure formation and physicochemical properties of composite binders,
the influence of their main components on the physicomechanical properties of sulfur-containing wood
concrete using chopped reed fiber, the mechanism of strength formation and destruction of sulfur-
containing wood concrete, depending on the type and method, were studied. loading, analysis ofthe use of
wood concrete in building structures.

Studies have established that it is possible to improve properties, simplify manufacturing technology
and increase the efficiency of arbolite production by purposefully changing its properties and structure
with various additives of industrial and plant wastes in the composition [1-17]. An analysis of numerous
data [18-27] shows that, in contrast to conventional wood crushed wood concrete, where organic cellulose
aggregate is most often the least strong component, sulfur-containing components of the mortar part have
a significant effect on its strength and deformation characteristics.

Materials: the object of the study is the industrial waste of enterprises in the region of Kazakhstan in
the form of sludges and solids.

1 Portland cement grade 400 Chimkent cement plant.

2. As an additional additive, pyrite cinders of the former JSC “Phosphorhim” were used, consisting
mainly of a mixture of iron oxides (ll, I1l) Fe304 (Fe203), calculated on the iron content of 40-63%, and
sulfur impurities of 1-2%. The rest is non-ferrous metal oxides.

3. As a modifying additive, technical sulfur was used - a secondary product of the processing of high
sulfur oil from deposits of the Republic of Kazakhstan. Sulfur is a granular product that meets the
requirements of GOST 127.1-93.

Shredded reed fibers were used as initial porous aggregates for the production of sulfur-containing
arbolites. The physicochemical properties of reed, its chemical and fractional composition were
established empirically in accordance with the requirements of GOST 19222, GOST 25820-2000, as well
as on the basis of reference and published data [1-20].

Methods. The characteristics of the initial and activated binder were determined in accordance with
GOST 30515-97, GOST 31108-2003 and GOST 7473-2010. The tensile strength and bending strength of
sulfur-containing binders were determined on beam samples 40x40x160 mm in size using an IP 2710
instrument. Using the X-ray phase analysis, the phase composition of the activated sulfur-containing
binder was determined. Radiographic imaging was performed on a DR-ON-3 diffractometer. During the
survey, the interval of diffraction angles from 2 to 32° was chosen. The radiographs were decoded on the
basis of reference radiographs of the constituent minerals. Differential thermal analysis of hydrated sulfur-
containing cement powders was carried out on a MOM Budapest photo-recording derivatograph
(Hungary) according to a standard method. The nature of the strength formation and the reasons for the
destruction of sulfur-containing arbolite were studied using tensometric equipment and depth strain gauges
with a base of 10-50 mm glued to the reed fibers using the “Moment” quick-hardening adhesive, oriented
along and perpendicular to the applied load to the prisms installed before concreting. The task of the tests
was that deep strain gauge sensors were installed both on the fibers of the chopped reed and in the sulfur-
containing mortar component of the material, which made it possible to determine the root cause of the
destruction sequence ofthe individual components of the sulfur-containing material (figure).

Studies were carried out on samples of sulfur-containing arbolite at 7, 28 and 90 days old. The study
of the effect of deformations on the compressive strength of sulfur-containing arbolite was based on
certain models of concrete structure. Sulfur-containing arbolite was considered as a two-component
system consisting of chopped reed fiber and a sulfur-containing mortar component, while the strength of
the mortar part was a variable. For the study, four series of samples were made from sulfur-containing
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Installation diagram of deep strain gauges. 1- sensor on reed fibers; 2- sensor in the mortar component

arbolite, and the fifth series, for comparison, from sulfur-containing expanded clay concrete. Each series
consisted of six samples of prisms 150x150x600 mm in size, three of which (model 1) consisted only of a
sulfur-containing mortar part (the ratio of sulfur to pyrite cinder was 1: 3), and in three other prisms
(model Il) fibers of crushed reed were placed in the middle with a diameter of about 18-20 mm. All
samples after heat treatment before testing were stored in vivo laboratory. The interval of the maximum
load on the test samples varied from 60 to 120 kN, which was determined by the limiting level of loading
of the samples, equal to 0.75 Rpr (Rpr is the primary strength of sulfur-containing arbolite). It is known
[12-27] that the creep of sulfur-containing expanded clay concrete is mainly determined by the creep of
the gel, which is part of the cement stone, therefore, it was suggested that these patterns apply to sulfur-
containing arbolite. The compositions of sulfur-containing arbolite and sulfur-containing expanded clay
concrete for the manufacture of prototypes are given in table 1and 2.

Table 1- Composition of sulfur-containing arbolite prism samples

No. of series The composition of concrete Water-cement Cement consumption
of samples (by weight),% ratio, W/ C per 1m3 of concrete, kg
1 Cement 33.3%: crushed reed fibers 22.4%: additives in the 134 1

form of industrial sulfur and pyrite cinder 10.8%: water 33.5%

Cement 34.4%: crushed reed fibers 21.4%: additives in the
form of industrial sulfur and pyrite cinder 10.8%: water 33.4%

3 Cement 34.9%: ground cane fiber 20.6%: additives in the form
of industrial sulfur and pyrite cinder 10.94%: water 33.56%

137 335
14 345

Table 2 - The Composition of sulfur-containing expanded clay prism samples

No. of series The composition of concrete Water-cement Cement consumption
of samples (by weight),% ratio, W/ C per 1m3 of concrete, kg
1 Cement 37.8%: expanded clay 20.9%: additives in the form 097 300
of industrial sulfur and pyrite cinder 10.8%: water 30.5% ’
2 Cement 38.2%: expanded clay 21.8%: additives in the form 12 400
of industrial sulfur and pyrite cinder 10.8%: water 29.2% '
3 Cement 33.6%: expanded clay 22.7%: additives in the form 11 410

of industrial sulfur and pyrite cinder 10.8%: water 27.9%
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Results. Our studies have shown the following results:

1. Depth strain gauges located in the sulfur-containing mortar component of the material, record the
moment of its destruction and the achievement of ultimate tensile sulfur-containing arbolite in prisms
perpendicular to the current load of the press. In this case, the arrow of the press gauge falls, that is, the
initial destruction of the sulfur-containing material is always observed. At the same time, strain gauge
sensors mounted on the fibers of the chopped reed and oriented along and across the current load continue
to show an increase in deformations, and the pressure gauge needle of the press continues to show an
increase in stresses. These effects are not detected in a sulfur-containing arbolite of a porous or large-pore
structure of low density of less than 500 kg / m3.

2. When testing a sulfur-containing arbolite of a dense structure, no simultaneous destruction of the
sulfur-containing solution component and organic aggregate occurred. Usually, sequential failure was
observed associated with the aggregate, then with the sulfur-containing solution component, but only in
the second phase of hardening. The destruction of the sulfur-containing material along the solution
component occurred only in the first phase of hardening.

When testing a sulfur-containing arbolite of a dense, porous and coarse-porous structure, the adhesion
surface of the fiber of crushed reeds with a sulfur-containing solution component is of significant
importance, while for a material of a dense structure, the adhesion strength of the solution component is
less than the strength of the organic aggregate. For a porous and porous material, the adhesion strength of
the mortar component is greater than that of the organic aggregate.

Discussions. The conducted studies provide the basis for clarifying the hypotheses of strength
formation and the causes of the destruction of sulfur-containing arbolite. The strength theory of
A. I. Vaganov [7, 25] is acceptable for explaining the process of increasing the strength of a sulfur-
containing material during hardening, when the deformability of the sulfur-containing mortar component
is less than the deformability ofthe clogged fibers of shredded reed. To explain the increase in the strength
of sulfur-containing arbolite of dense structure in the second phase of hardening, this hardening theory
requires additional refinement, since the simultaneous destruction of the organic aggregate and the
solution component is not observed. The destruction of sulfur-containing material in the second phase of
hardening occurs in steps, first an organic aggregate, then a sulfur-containing solution. The final strength
of the sulfur-containing arbolite of a dense structure in all tested samples was determined by the strength
of the mortar component. So, with a lower strength of the sulfur-containing solution compared to the
strength of the aggregate, single-phase hardening and single-stage destruction occur along the solution.
With the high strength of the sulfur-containing solution compared with the strength of the organic
aggregate, two-phase hardening and two-stage destruction occur. The strength of the sulfur-containing
arbolite of the porous structure is formed in one phase, the destruction occurs in a one-stage process -
according to the clogged organic aggregate, the strength of which determines mainly the strength of the
material.

Conclusions. The conducted studies allow one to plan to obtain sulfur-containing arbolite of various
strengths depending on the grain fraction or fiber length of the organic aggregate. The research results can
be widely used in the manufacture of wall materials and structures for all types of public and civil
buildings, including areas of high seismicity.

This study was supported by a scientific grant in accordance with the decision of the National
Scientific Council on grant financing by the Ministry of Education and Science of the Republic of
Kazakhstan “Rational use of natural resources, processing of raw materials and products” dated January
23, 2017.
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SPTYPIL1 ¥3AL MEP31MA1 CAJIMALL OCEPIHEH APBO/TNT KOMMO3SNTTEPLL LL
BEP1KT1IMNl MEH B¥3blN1Y B1P134LLLTILILW, UANBINTACYbI

AHHoTauusa. Makanaga bICTbIK X3He KYPT aiiHbIMasibl KAMMATTbl eHipepre blLuraiifbl X3He KaAblK MaTepuan-
[lapAbl KongaHy apkblibl dxacanatblH KYKIPTTI K¥pamasbl apbonuT KOMNO3UTTepLULL, 6epikTiK XaHe AethopMaTuBTI
KacveTTepi KapacTblpblaraH. Ap6OANUT - Xbily eTW3NWTT TEMEH XX3He [Abl6bIC ACTarbIWThIrbl XOrapbl XeHin
K pbIfbIC MaTepuangapra xaragpl. 3epTTeyL Herisri Makcatbl - KYKIPTTi K¥pamagbl apbonuT KOMMO3UTTEPIHIH
apTYPni "3ak Mep3iMai casimakka wwbigac 6epin, GepikTiK KacueTw KyLUeWTy MeXaHW3MiH XK3He 6:pbiibICbIHbLL,
Gipi3iNiriH aHbIKTali OTbIPbIN, TAPrbIH YV K¥pbINbICbIHAA KOAfaHy TWiMAINIFiH aHbIKTay GOMbIN CaHanapl.
3epTTeyaiH 3AtoHaManbIK HerisiHe KYKIPTTI K¥pamasibl KOMMO3WUTTI 6aiifaHbICTbIPrbIlUTap HerisiHAe >kacanraH,
Xorapbl 6epLUNK KacueTi MbIrbiM apbonmMT6eToHAap XeHLWw aen Kasipri 3aMaHrbl Teopusnap MeH Onapgbl xxacan
LWbirapy TeXHoMormsnapbl Heriz 6ongpl. 3epTrey X MbICTapbiH XYPprisy 6apbiCbiHAa apbonMT KOMMO3WUTTEPLLULL,
(hM3nKa-MexaHUKa/IbIK KacuTTepiH aHblKTay YLiH Ka3ipri 3amaHrbl aficteri peHTreHgasgbl, Auddepauvanisl-
TEPMUANBIK, MUKPOCKONTbI 3A4ICTEri CTaHAAPTThI eflley X3He CbiHay K¥pangapbl KongaHoligbl. KympTn k¥pamagbl
ap6onUT KOMNO3NTTEPI YArinepiHiH kacuTTepL 3epTTen YWpeHyae onapabl 7, 28, xaHe 90 T3yl allbiK ayaja XaHe
Xbllyaa ~cTan KenTipreHHeH KewH TYpAi camak TYcipin cbiHan Kepaw. KYKIpTTi k¥pamanbl ap6onutTepaiH
CbirbiNraHarbl 6eplwTTK weride TYpni KYWTepaeH naiifa 6onaThiH geopmauysnap acepiH YVipeHy 6apbicbiHia
HaKTbl Oip K¥pampgarbl 6eTOH MOZEniH >xacay KaxeTTw Tyabl. M™Hpa KYKIPTTI k¥pamaibl apbonuT ~cagranraH
KaMmbIC ()MOpackIHaH X3HEe KyLIPTN K¥pamasibl epTiHAILEH TApaTbIH el KOMMOHEHTTI XYlie peTiHAe KapacTbipbliraH
YK3He epTiHAI 6epikTiri esrepmeni 60bIN Kenefar 3epTTey >XXYMbICTapbIH XYPrizy 6apbiCbiHAa KYLLPTN K¥paMafb!
apbonuTTeH JaspnaHraH TepT YIIri X3He X MbICTapibl CanbICTbIpy YLUIH KYLWPTN K¥pamasibl Kepam3nTTi 6eTOHHaH
XacanraH 6eciHwWi Ynri cepuanapbl gaspnaHibl. Op6ip cepus enwemaepi 150x150x600 Mm 6oniraH anTbl npusma
YnrigeH Tupagbl, ArHu onapApiH Yuweyi (Mogenb 1) KYKIpTTi K¥pamasnbl epTiHgigeH (KYKIpTTiH NUPWUT TOTbIrbIHA
KaTblHackl 1:3) »acanca, an kanraH y™ npuama YnrinepgiH apaceiHa (Mogens 1) gnametpnepi 18-20 mm 6onraH
AcakTa/iraH KambIC (hubpanapbl opHanacTbipbiiraH. Mpuama YArinepai coiHay kepHeyi 0,1-geH 0,15-ke MIMa gewH
KebeWeTLL 3TanTap apKblibl XYPrisifedi XsHe apbip canmak 6ackbilbiHAa Yrinepai 6ec MuHyT ~cTan Tvpagpbl.
Vnavkatopnapgarsl ecentep (0,01Mm Aangikke feidiH) Ynrinepre >xkaHa caimak TYCKeHre feidiH )K3He CaiMak
TYCipifIreHHHeH KeiliH enweHesi. 3epTTey GapbicbiHaa Keyek TYPaeri KYKIpTTi k¥pamagbl apbonuttap 6epikTiri 6ip
(hasanblK 60/bIN, 0napablH Kupaybl 6ip caTbiiblK, ArHU apoonnT K¥paMblHAArbl KOM/IbMaTaLMANaHraH opraHuKabiK
TOMbWTbIPrbilW TYPIHE KaTbICTbIMbITbl aHblKTangbl. Thirbid TYPgeri KYKIPTTI K¥pamaibl apbonutrep OGepiKTiriH
apTYpni canmak TYCipin cbiHaraHga onapgarbl 6”3biny 6ipi3giniri TYpiHge 60natbiHbIMLl, ATHW GipiHWI (hasaja
6aiinaHbICTbIPrbILL epiTiHAI KMpan, COHbIHAaH eKiHWi (ha3aga OpraHuKablK TOAbLLTbIPrbILUTbLLY, Y3inin CbiHATbIHAIMbI
aHbIKTangbl. KYKIipTTi K¥pamanbl ap6onMT KOMMO3UTTepL 3epTTey apKanbl anbIHFaH HaTkenepai T proiH YA
K¥pbINbICbIHA, COHbIH LWBAE CeldCMUKaNbIK aydaHjapra apHan LibirapbliaTblH Kabblprasblk matepuangapipl
faspnay 6apbiCblHAA TONbIK KOMAaHyra 6onagbl.

TYWin cesgep: KYKIpTTi K¥pamanbl apbonnT KOMMO3UTTePi, GepikTiK, kaTato (hasachl, y3aK; yaKbIT 3cep eTyLLi
canmak, fetopmaums mogyn® epTiHAi K¥pamachl, Kupay.
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POPMNPOBAHWE MPOYHOCTU N MOCNEAOBATE/IBHOCTWU
PA3SPYLLEHNA APBEOJTIUTOBBLIX KOMIMO3UTOB
MNPV PASNNYHbBIX ONTNTENBHBIX HATPY3KAX

AHHOTauus. B cTaTbe paccmaTpyBarOTCsi BOMPOCHI MO WCCMELOBAHUKD MPOYHOCTHBIX W AethOPMATUBHBIX
XapaKTEPUCTUK CEpPOCOAEPXalMX apB6O/IMTOBLIX KOMMO3WUTOB C WCMOMb30BAaHWEM BTOPUYHBLIX PECYPCOB, UTO
SBNSETCA aKTya/lbHbIM B PETVMOHAX C KapKUM W PE3KOKOHTUHEHTAbHBIM KIUMATOM. 3TO OfMH U3 CamblX NETKMX
CTPOUTE/BHBIX MaTepUanoB, 06/1afal0LLMX HU3KON TEMMONPOBOAHOCTHIO U XOPOLLEN 3BYKOM3O0/ISILMOHHOM Cnoco6-
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HOCTbHO. Llefibio fJaHHOro mnccnefoBaHuA ABNSETCA ONpefeneHne MexaHusma (HopMUPOBAHUA NMPOYHOCTU W paspy-
LLeHVe Ccepocofepallyx apbo/MTOBbIX KOMMO3UTOB MPU PasMYHbIX ANMTENbHbIX Harpy3kax u 060CHOBaHWe
3(pheKTUBHOCTA WX MCMOMb30BaHWUSA B XXWULLHOM CTpouTenbcTBe. MeTOL0N0rMYeckoin OCHOBOI WCCefoBaHNS
MOCMYXXW/IN COBPEMEHHbIE MOMOXEHUA TEOPUM W NPAKTUKM CO34aHWs, paspaboTKU BbICOKOMPOYHbLIX ap6onmTo-
6ETOHOB Ha OCHOBE KOMMO3ULMOHHBIX CepocoAepXaliyx BKywmX. [py npoBefeHnM HayuHbIX WCCNefoBaHWi
MCMNONb30BAINCL CTAHAAPTHbIE CPELCTBA M3MEpPeHUli U MeToAbl aHam3a (PU3MKO-MeXaHWUeCKUX XapakTepucTuk
ap60nTOBbLIX KOMMO3MUTOB, MOMYYEHHbLIX C MPUMEHEHWEM COBPEMEHHbIX METOLOB peHTreHoMasosoro, Auddepa-
LMa/IbHO-TEPMUYECKOro, MUKPOCKOMMYECKOr0 aHanmnsa 1 UcnbltateNlbHoro o6opynosaHus. CBoiiCTBa cepocogepxa-
LMxX apbonUTOBbLIX 06Pa3LoB U3ydanu B 7-mMu, 28-mu, 1 90 CyTOUHOM BO3pacTe B pasMUHbLIX YCNOBUAX U Harpy3Kax.

V3yyeHne BANAHMA BO3HMKAOWMX AethopMauvii Ha MNpefen MNPOYHOCTU NPU CXKATWM CepocoAepKalLlero
apbonMTa OCHOBLIBA/IOCH HAa OMPefeNeHHbIX MOZensx CTPYKTypbl 6eToHa. Cepocogepkalleli ap6onut paccmar-
puBanca Kak ABYXKOMMOHEHTHas CUCTeMa, COCTOALLAs M3 (MOpbl M3MENbYEHHOTO TPOCTHMKA U CepOCOAepKalLieli
PacTBOPHOI COCTaBAAIOWENA, NPU 3TOM MPOYHOCTb PACTBOPHOA YacTw 6blia BENMYMHOW NepemeHHOn. [ns
NPOBeLEeHUs UCCNefoBaHMA Oblv U3rOTOBNEHbI YeTbIpe cepun 06pa3LoB M3 cepocojepatliero apbonuta, a nsras
cepusi, AN CpaBHEHMA - U3 Cepocofepxallero KepamsutobetoHa. Kaxgas cepus coctosna M3 LuecT o6pasuoB
npv3m pasmMepom 150x150x600 MM, TpK 13 KOTOpbIX (Mogenb |) COCTOANM TONBKO U3 CEPOCOAEPXKaLLel pacTBOPHONA
YyacTy (OTHOLLEHMe cepbl K MMPUTHOMY orapky 1:3), a B Tpex Apyrux npusmax (Mofens 1) B cepeiuHy nomeLianmch
(hMbpbI M3MENIbYEHHOTO0 TPOCTHMKA AMaMeTpom okono 18-20 mm. MchbitaHne npr3m-06pasLoB MPOM3BOAWIOCH
aTanamu, COOTBETCTBYIOLUMMM MpupaweHnto HanpshkeHnst ot 0,1 go 0,15 MlMa, nocne KaXaoi CTymeHn Harpysku
06pasLbl BbIEPXKUBANN B TeYeHME NATU MMHYT. OTCYeTbl NO MHAMKaTopam (C TOYHOCTbIO M3MepeHus 0,01 mm)
6panunch Nocne NPUNOKEHNS KXKAON CTYNEHN Harpysku 1 nepes NpunoXeHWeM HOBOM Harpysku. Takas MeTofuka
VCMbITaHWIA NO3BONANA BbILENNTb YNPYTrue MrHOBEHHbIE fe(opMaLm 1 onpesennTb BeMUMHY HaYa/IbHOro MOy
YMNPYrocTy CepocojepXaLlimx nerkux 6eToHOB.

YCTaHOB/IEHO, YTO pa3pyLLeHNe CepocofepKalliero apbonnTa NPOUCXOAMT MOCe0BaTe/lbHO, CHavana npowmc-
XOAWT paspyLUeHne pacTBOPHOI COCTaBMIAOLLEN, a 3aTEM - OPraHWYeckoro 3anonHWUTeNs. MofyyeHHble pesynbTaTbl
MOXXHO 1CMO/Ib30BaTb NPY U3rOTOB/IEHMM 3(h(PEKTUBHOIO CTEHOBOrO MaTeprana A4/is 34aHWIA rpadkaaHCKoOro HasHaue-
HUS, B TOM YmMC/e 41 CEMCMUYECKMX PaiOHOB.

KntoueBble cnosa: cepocogepalime apbonMToBble KOMMO3WTbI, MPOYHOCTL, (ha3a TBEPAEHUS, AANUTeNbHas
Harpyska, MoAy/b fethopmaLimi, pacTBOPHas COCTAB/AIOLLAA, paspyLLUeHUs.
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