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CTPOUTEJIbHBIE KOHCTPYKLNN

V]IK 624.045.12 DOI: 10.33979/2073-7416-2022-100-2-3-12

BJL.U. KOJJYYHOB!

1®Ir'BOY BO «IOro-3anaHelii rocy1apcTBEHHBIN yHUBEPCUTET, T. Kypcek, Poccus

TAIMOTE3BI O JEMJAHALIIMUA CEYEHUS OT JE®@OPMALIANA CABUT A
B )KEJE30BETOHHBIX KOHCTPYKLMSX, UCTIBLITBIBAIOIIMX
KPYUEHME C U3TMBOM

Annomayun. B cmamve npogeden ananuz cunomes 0 OenIanayuu yenoevix degopmayuii 8
JHcene300emMoHHbIX KOHCMPYKYUAX npu useube ¢ kpyuenuem. Paccmompen npocmoul cnoco6 u3z
cemelicmea  MemoO  CemoK On  ANAPOKCUMAYUU  0eqpopmMayutl  CIONCHbIX — (DYHKYUL  npu
PACCMAMPUBACMOM CILONCHOM HANPAANCEHHOM cocmosiHuu. Tlocmpoenvl u npoananu3uposansl Inopbl
Vel08bIX U JUHEUHbIX Oeopmayuii 6 MAaKux KOHCMPYKYuU OJisi HAXO0NCOeHUs Imux Oedopmayutl,
uzeubarowux U Kpymawux —MOMEHMOS GOCHPUHUMAEMbIX OemoHOM — cocamoi  obnacmu ¢
UCNONL308AHUEM NPUHAMBIX 2UNoOme3 U KOIQOUYUeHmos O Npoeyuposanusi HOPMATIbHbIX U
KacamenbHblx Hanpsoicenutl (Oegpopmayuii) nocpedcmeom OUAZpamm cxicamozo bemona u paboueti
apmamypel.  Annpoxcumayuell  pacuemHo20 — CeueHus ~ MAIbIMU - KEAopamamiu — HOCMPOeHd
NPOCMPAHCMBEHHAsL  NOBEPXHOCb  Oehopmayutl, ¢ COOMBEMCMBYIOWUMY  2PAOUCHMAMU — MUX
Odeghopmayuil 6 ceueHuu ¢ MPEWUHOU U HA IMOU OCHOBE 3ANUCAHbL GbIPANCEHUST OISl CYMMAPHBIX
npodoavhblx deghopmayuti u depopmayuii coguea @ cevwenuu nemenma npu uzeude ¢ kpyvenuem. C
ucnonvsoganuem  MembpanHol — amanocuu  Qyukyuti  Hanpscenuii  Tumowenko-I'yovepa  u
NPEONIONCEHHO20 BAPUAHMA HOBBIX CLONCHBIX PYHKYUU U3 ceMelicmea Memoodd Cemox nposeoer anaius
NOPEUHOCIIU HAXONCOCHUU 3HAUCHUSL CTIONCHBIX (DYHKYUL 6 PACCMOMPEHHbIX XAPAKMEPHBIX MOUKAX
(2%) u 6 mobLIX Moukax nonepeuno2o ceuerus (7%).

Hcnonvzosanue npeonodiceHHvix 2unome3 u NPUGeOeHHO20 BaAPUAHMA CAONCHBIX QYHKYULL
nO380Aem YHUMblEams OenIAHAYUIO CONCHOHANPANCCHHO20 CEUeHUsL HCeNe300eMOHHO20 INEMEHMA C
MPeWUHaMu, UCHLIMbIBAIOWE20 U32UO C KpyueHuem.

Knrouesvie cnosa: Oununelinas noeepxHOCHb, ONACHASL NPOCMPAHCMEEHHAS MPEWUnd,
Odeghopmayuonnviii dhpexm dicenezobemona, Oennanayus, 2paduenm, 6eKmopwvl, Guopsl, hopma
INIOPbI.

VL.I. KOLCHUNOV!
!Southwestern State University, Kursk, Russia

DEPLANATION HYPOTHESES FOR ANGULAR DEFORMATIONS IN
REINFORCED CONCRETE STRUCTURES UNDER COMBINED TORSION
AND BENDING

Abstract. The article analyzes the hypothesis of deplanation of angular deformations in
reinforced concrete structures during bending with torsion. A simple method from the field of the grid
methods for approximating the deformations of complex functions under the 3D stress state is
considered. Diagrams of angular and linear deformations in such structures were built and analyzed to
find these deformations, bending and torques perceived by the concrete of the compressed area using
the accepted hypotheses and coefficients for projecting normal and shear stresses (strains) through
diagrams of compressed concrete and working reinforcement. Approximating the calculated section by
small squares, a spatial surface of deformations was constructed. This is with the corresponding
gradients of these deformations in the section with a crack, and on this basis, expressions were written
for the total longitudinal deformations in the section and shear deformations in the section of the
element during bending with torsion. Using the membrane analogy of the Timoshenko-Goodyear stress

© Konuynoe Bn. 1., 2022

Ne2 (100) 2022



Teopusi HHKEHEPHBIX coopy:keHHH. CTpouTeIbHbIE KOHCTPYKITHHI

functions and the proposed version of new complex functions from the field of the grid method, an
analysis was made of its error, when we find the value of complex functions at the considered
characteristic points (2%) and at any points of the cross section (7%).

The use of the proposed hypotheses and the given version of complex functions makes it
possible considering the warping of the 3D stressed section of a reinforced concrete element with
cracks undergoing bending with torsion.

Keywords: bilinear surface, dangerous spatial crack, deformation effect of reinforced
concrete, deplanation, delta jump functions, vectors, fibers.
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OBPATHAA 3AJAYA KOLIN JIAA BAJIOK B CTPOUTEJIBHBIX
KOHCTPYKIHUAX

Annomauyus. Ilpeonosicen noxazamens Kawecmea KOIQ@OUYUEHMHOU CemOYHOU 00pamuou
sadauu Kowu ons 6anox 6 cmpoumenvHvix KoHempykyusx. I[lokazamens nocmpoen Ha 0cHoge meopuil
peayaspuzayuu  00pamuvlx 3a0ay. AHAIUMUYECKU U HAMYPHbIM IKCNEPUMEHMOM CMOOCIUPOBAHO
WapHupHoe onupanue 6aiKu Ha KONOHHY. HHPOPMAYUOHHO-UMEPUMENbHOU CUCMEMOT UCCTe008aHbL
MOOenu uUMepeHust U GblHUCIeHUIl NPU PAGHOMEPHOU HENPEPbIGHOU HOPMe NOSPEeUHOCIU USMEPEHUs.
npoeubos u GbIMUCIEHUs napamempos udenmupuxayuu 6anku. Modeau omauuaiomes pasiuyHbiMu
COUeMaHUsIMU 8UO06 GHEWUHET HA2PY3KU.

Mepa emusnus nocpewiHocmu Cpedcmeéa UMEPeHUll U pacnpeoeieHus V308 CemKu
annpoKCUMAayUU HA NOSPEUWHOCb ONpedesieHusi Kod(p@uyuenmos ypagHenus npo2ubos 6anku ¢
urcuposannbim  MAAOWUM KO GuyUeHmom onucana 0e3pasMepHuiM — AOCOTIOMHBIM — YUCIOM
obycaosrennocmu  3adauu. I[lpoananusuposanvl 3HaweHuss 6e3pPaAZMEPHO20  AOCOMOMHO20 YUCLd
00YCI0BNIEHHOCIIU U NOKA3AMENSL KAYeCmed 3a0a4u 6 3a8UCUMOCIU O PACHpeOeieHUst Y3108 CemKu
annpoKCUMAayUy, NOSPEeUHOCMY CPeOCEA USMEPEHUL U MUNA MOOeIU USMEPEHUSL U BLIYUCTCHUIL.

[Ipeonosiceno  UCnoab306amb  NOAYVHEHHbIe AHATUMUYECKUE 3d8UCUMOCIU Ol AHAIU3A
CMPOUMENBHBIX KOHCMPYKYULL HA CMAOUU SKCREPUMEHMATIbHO-MEOPEeMUYECKUX UCCIeO08AHUIL.

Knwuesvle cnosa: o6Oanka, obpamuas 3adava Koww, modenv uszmepenus, npozuo,
UHDOPMAYUOHHO-USMEPUMENbHAS CUCTeMA, YucTeHHoe Judghepenyuposanue.

A.P. LOKTIONOV?
1Southwest State University, Kursk, Russia

INVERSE CAUCHY PROBLEM FOR BEAMS IN BUILDING STRUCTURES

Abstract. A quality index of the coefficient grid inverse Cauchy problem for beams in building
structures is proposed. The indicator is based on the theory of regularization of inverse problems. An
articulated support of a beam on a column is modeled analytically and by a full-scale experiment.
Models of measurement and calculation are investigated for a uniform continuous error rate of
deflection measurement and calculation of beam identification parameters. Models differ in various
combinations of types of external load.

A measure of the influence of the error of the measuring instrument and the distribution of
approximation grid nodes on the error in determining the coefficients of the beam deflection equation
with a fixed first coefficient is proposed. The measure of influence is described by the dimensionless
absolute condition number of the problem. The values of the dimensionless absolute condition number
and the quality index of the problem are analyzed depending on the distribution of approximation grid
nodes, the error of the measuring instrument, and the type of measurement and calculation model.

It is proposed to use the obtained analytical dependencies for the analysis of building
structures at the stage of experimental and theoretical studies.

Keywords: beam, inverse Cauchy problem, measurement model, deflection, information-
measuring system, numerical differentiation.
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!Benopycckuil HaMOHANBHBIA TEXHUYECKUI YHUBEPCHTET, T. MuHCK, benapych

OILIEHKA HECYIEN CHIOCOBHOCTH CTAJIbHOU BAJIKH METOJIOM
KOHEYHBIX SJIEMEHTOB ITIPY COBMECTHOM JIEICTBUHA
JOKAJIBHBIX U CIBUT'OBBIX YCHUJINI

Annomayusn. Cmanvhole 6anku ¢ 2UOKUMU CIMEHKAMU NPUGTLEKAIOM C80ell 3 PeKmueHocmoio
npu pabome Ha uzeub. /[ns makux 6aioK 6ecbMd AKMYAIbHbIM CMAHOBUMCS 80NPOC O0OecneyeHus:
MecmHou  ycmouuugocmu. Pacuemnvie @opmynvl 6 OOnbUUHCIMBE CAYYAEE CNOJCHBI U  UMEIOM
ozpanudennylo ooracms npumenenus. B ceazu ¢ smum ocoboe mecmo npuobpemaiom pacuemvl Ha
ocnose KD modeneu, Komopvle no3eoasiom 0Oonee YHUBEPCATbHO YHeCmb 6CI0  CHeyuquKy
npoexmupyemo20 siemenma. B cmamve paccmampueaemces pacuem ycmouuugocmu CmenKu 0anKu npu
COBMECTNHOM ~ OeliCmeUU  JOKANbHbIX U COBUSOBBIX YCUMUIL NOCPEOCMBOM KOHEUHO-3JIEMEHMHO20
mooenuposanus.  Co30anvl  uUCTeHHble MOOeU U  HPOU3BEOEH — CPAGHUMENbHbIL — AHAIU3  C
IKCHEPUMEHMATbHBIMU  pesyibmamamu. Ilpedcmagnieno onucanue npunyunos nocmpoenus KO
mooenetl (pazmep cemxu K3, modenv mamepuanos u m.0.), komopwvie He0OX00UMO cobodams npu
oyenke Hecyuell CROCOOHOCmU 6anok ¢ 2ubkumu cmenkamu. Ananusz yyecmeumenvrnocmu K3 moodenu k
6XOOHBIM NAPAMEMPAM BbIA6UL HAUDOTIee 6adICHble Napamempbl (npedeil MmeKyuecmuy Cmaiu, moayuHd
CMEHKU), HeonpeoeieHHOCMb KOMOPbIX HeoOXooumo yuumeieams npu cosoanuu K3 mooeneil.
Cxooumocmos  pe3yibmamos  NoO3601s€m  UCHONb308AMb  MEMOO0  KOHEUHbIX — DJIeMEHMO8 npu
NPOEKMUPOBAHUY  CMANLHLIX OANOK  ON5l  KAYECMGEHHOU U KOIUYECMBEHHOU OyeHKe Hecyuell
cnocoonocmu.  OOunaxo mpebyemcst  Oanvhetiwas paspabomKa  YHUDUYUUPOBAHHBIX NPUHYUNOS
nocmpoenus KO modeneil u ux gepuguxayus na 6orbuiem KoIudecmee IKCnepuUMeHmalbHblX OaGHHbIX, d
makaice onpeoenieHue HACmHuIX KOIDOuyueHmos Ous yuema uUMEHUUBOCMU U HEONpeoeleHHOCmU
NOYHAEMBIX PE3YTbIMAMOE C YYemoM PelaMeHmUpOSaANHbIX NAPAMEMPO8 HAOCHCHOCHIL.

Knwuesvie cnosa: mecmuas ycmoﬁqueocmb CMEHKU, Mobeﬂupoeal-me, MemoO KOHEUHbIX
21eMeRmos, HecoeepuieHcmeda, 0uc;<pemu3auu}z, KpumudecKkasl cuia, YUcClennas MoO0enb.

V.V. NADOLSKI?, V.l. PODYMAKO!
!Belarusian National Technical University, Minsk, Belarus

THE EVALUATION OF ULTIMATE RESISTANCE OF STEEL BEAMS TO
COMBINED SHEAR AND PATCH LOADING BY FINITE ELEMENT
METHOD

Abstract. Thin-web steel girders attract with their efficiency in bending work. For such
girders, the issue of ensuring local stability becomes very relevant. Calculation formulas in most cases
are complex and have a limited scope of application. While the calculations based on FE models make
it possible to more universally consider all the specifics of the designed element. The article deals with
the calculation of the stability of the web girder under the combination of patch and shear loading by
finite element modelling. Numerical models have been created and a comparative analysis with
experimental results has been carried out. A description of the principles for constructing FE models
(mesh size, material model, etc.), which must be observed when assessing the resistance and behaviour
of beams with thin web, is presented. Sensitivity analysis of the FE model to the input parameters
revealed the most important parameters (yield strength of steel, web thickness), the uncertainty of which
must be taken into account when creating FE models. The convergence of the results allows the use of
the finite element method in the design of steel beams for a qualitative and quantitative assessment of
the resistance. However, further development of unified principles for creating FE models and their
verification on a larger amount of experimental data is required, as well as the determination of partial
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factors to take into account the variability and uncertainty of the results obtained, taking into account
the regulated reliability parameters.

Keywords: stability of the web panel, modelling, finite element method, imperfections,
discretization, critical force, numerical model.
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IPPEKTUBHOCTb APMUPOBAHUSA KAMEHHBIX CBOJIOB
KOMIIO3UTHBIMHU MATEPUAJIAMU

Annomayusn. Paccmampugaiomesi KameHrHble c800bl UCMOPUYECKUX 30aHUL, KOMOpble U3-3d
CHUDICEHUSI Hecyyell CnOCcOOHOCIU mpebyiom PeMOHMHO-80CCMAHO8UMENbHBIX pabom. /laemcs ananius
MEXAHUBMO8 PA3PYUWEHUS. YUTUHOPUUECKUX C80008 6 3d8UCUMOCTU OM COOMHOUEHUS UX BbICOMbL K
nponemy.  AHAAUBUPYIOMCS — NPeUMywjecmséd  YCUNCHUs. C600068 C  NOMOWbIO  APMUPOBAHUS
KOMROSUMHbIMU Mamepuaiamu. Jlaemes onucanue mexHoNOSUU NOBEPXHOCIMHOZ0 APMUPOSAHUSL
KAMEHHBIX KOHCHPYKYUU C NOMOUWbIO KOMNOZUMHBIX MAMEPUANOs8 HA NOIUMEPYECMEHMHOU Mampuye
FRCM (Fiber Reinforced Cementitious Matrix). Ilpusooumcs memoouxa IKCNEPUMEHMATbHBIX
UCCTIEO0BAHUTL MOOeNell APMUPOSAHHbIX U He apMUPOSAHHbIX ¢80006. Ha ocHose sxcnepumenma
NOKA3aHO, 4MO 2PDEKMUSHOCIL  APMUPOBAHUL C80008 NPeOONPedeisiemcsi 0COOEHHOCHAMU UX
HANPANCEHHO-0eOPMUPOBAHHO20 — COCMOSIHUSL U MEXAHUSMO8  paspyuwenus. B wacmuocmu,
aphexmusnocms apMuposanusl 803pacmaem C yeeaudeHueM OMHOUEHUsT 8bICOMbL C80008 K €20
nponemy. [annvie pe3yivmamsl 0OOCHOBAHBI MeM, HMO 8 8bICOKUX C800AX OOMUHUPYIOUee SHAUCHUE
uMeem COOMHOWEHUEe U3UOAIOUUX MOMEHMOE8 U NPOOJOTIbHBIX CUlL, d 8 CAyude NOJO2UX CB0008 6 UX
CeUeHUsIX OOMUHUPYIOM NPOOOJIbHbIe U NONEPEUHble CUMbl, d PA3pYUeHue NPOUCXooum 6 eude
CKANbIBAHUSL NO HAKNOHHBLIM ceuenusim. Taxoce dphghekmusnocms apmuposanus o3pacmaem npu ux
HeCUMMEMPUUHOM HASPYHCEHUU OMHOCUMENbHO cepedutbl npoiema. Tlo pesyribmamam ucciedosanus
ROCMPOCHbl  2pApUKU  3A6UCUMOCTIU  MAKCUMATIBHBIX — GEPMUKATIbHbIX — NEPEMEWeHutl 80008,
NOKA3LIBAIOWUX CYUWECMEEHHOE GIUSHUEC APMUPOBAHUS HA YeeaudeHue ux ycecmrxocmu. Kpome amozo
NOOUEPKUBACTNCS, YMO K HACMOAWEMY MOMEHMY Cyujecmeyem HeoOXo0umMocms 8 YCmouuueou meopuu
NPOUHOCU CONCHBIX KAMEHHBIX KOHCMPYKYUI — KPUBOIUHECUHBIX, CBOOUAMbBIX U OPYUX, HAXOOSUUXCA
6 CHOJICHOM HanpsiceHHom cocmosinuu. Ee nosenenue modcem cyujecmeenno ynpocmumos u
VHUGUYUpOsams pacuemul, NPOU3BOOUMbIe NPU 00CACO08AHUU KAMEHHbIX 30aHUl, COCMAGIeHUU
NPOEKMOs Ux pecmaspayuil U PeKOHCMpYKYuU, peuiums npooiemvl RPOYHOCTIU KIAOKU COBPEMEHHbIX
¢gacaomnvix cucmenm.

Knroueeswie cnosa: xamennvie C@Odbl, uwnmépuqecxue CSO()bZ, Hecywas cnocobrocme C60006,
ycujieHue KamMeHHblx 060()06, apmupoeanue KOMnOo3umHblMu mamepuaiamu.
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2Saint-Petersburg State Polytechnical University, Saint-Petersburg, Russia,
3Branch office of the RUE "Institute BeINIIS" - Scientific-Technical Center, Brest, Republic of Belarus

THE EFFICIENCY OF REINFORCING STONE VAULTS WITH
COMPOSITE MATERIALS

Abstract. The stone vaults of historical buildings are considered, which, due to a decrease in
bearing capacity, require repair and restoration work. An analysis is given of the mechanisms of
destruction of cylindrical vaults depending on the ratio of their height to the span. The advantages of
strengthening the vaults with the help of reinforcement with composite materials are analyzed.
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A description is given of the technology of surface reinforcement of stone structures using composite
materials on a polymer cement matrix FRCM (Fiber Reinforced Cementitious Matrix). The technique of
experimental studies of models of reinforced and non-reinforced vaults is given. On the basis of the
experiment, it is shown that the effectiveness of the reinforcement of the vaults is determined by the
features of their stress-strain state and failure mechanisms. In particular, the effectiveness of
reinforcement increases with an increase in the ratio of the height of the vaults to its span. These results
are substantiated by the fact that in high arches the ratio of bending moments and longitudinal forces is
dominant, and in the case of flat arches, longitudinal and transverse forces dominate in their sections,
and destruction occurs in the form of shearing along inclined sections. Also, the effectiveness of
reinforcement increases with their asymmetric loading relative to the middle of the span. According to
the results of the study, graphs of the dependence of the maximum vertical displacements of the vaults
were constructed, showing a significant effect of reinforcement on increasing their rigidity. In addition,
it is emphasized that by now there is a need for a stable theory of the strength of complex stone
structures - curvilinear, vaulted and others that are in a complex stress state. Its appearance can
significantly simplify and unify the calculations made when examining stone buildings, drawing up
projects for their restoration and reconstruction, and solve the problems of the strength of the masonry
of modern facade systems.

Keywords: stone vaults, cylindrical vaults, load-bearing capacity of vaults, detection of stone
vaults, reinforcement with composite materials.
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IKCIIEPUMEHTAJIBHBIE UCCJIEJOBAHUA IMHAMNYECKHUX
CBOICTB KOPPO3MOHHO-TIOBPEKJIEHHBIX C)KATBIX
KEJIE3OBETOHHBIX 2JIEMEHTOB

Annomayun. B wuayunou aumepamype npakmudecku — OMCYMCMGYIOM — pe3yibmambl
IKCHEPUMEHMATBHBIX — UCCICO0B8AHUIL  KOPPOZUOHHO-NOBPENCOCHHBIX — CIOCAMBIX  JHCENe300eMOHHbBIX
anemenmos. Kax pezynbmam 0ocmogepHo oyeHumv HANPANCEHHO-0ehopMUposantoe CcoCmosiHue
OAHHBIX KOHCMPYKYULL OCOOEHHO NpU OUHAMUYECKUX HASPYHCEHUSX NPAKMUYECKU He803MOJICHO. [l
Npo6eOeHUsl IKCHEPUMEHMATILHBIX UCCIEO08aAHUL ObII0 U320mosneno 37 dicele300emoHHbIX 00pasyos —
KOJNOHH Keaopamuozo cedenus pasmepamu 100x100 mm, evicomoii 700 mm. B oicenezobemornnvix
00pasyax co30a8anUch J1OKAIbHbIE KOPPO3UOHHbIE NOBPENCOCHU BEMOHA U apMamypvl npu 3mom OJis
VCKOPEHHO020 KOPPOOUPOBAHUSL INEMEHIMNO8 8 KAYECMEEe aspeccopd UCONb308ANC KOHYECHMPUPOBAHHbLIL
pacmeop (37%) consnou kucnromvr (HCL). B cmamve onucamvl sxcnepumeHmanbhble UCCie008anus
UMeHeHUst  OUHAMUYECKUX — CBOUCME  BHEYEHMPEHHO — CHCAMBIX — KOPPO3UOHHO-NOBPENCOCHHDIX
Jcene300emonnbix  onemenmos. Ha  ocnosanuu  OGHHBLIX  MEH30Mempuu  YCMAHOBLEeHO,  YMOo
KOPPO3UOHHbIE NOBPENHCOCHUSI NPUBOOSM K YMEHbUEHUIO GbICOMbL CHCAMOLU 30Hbl Oemona 3a cyem
VMEHbWEHUs] CeYeHUsl PACMAHYMOU  apMamypsl, d MAaKice OMCYMCMBUsT COBMeCMHOU pabombl
apmamypwl ¢ bemonom. Ilo dannvim menzomempuu nOLYUeHsvl 0ehopmMayuti GHEYEHMPEHHO CIHCATNBIX
KOPPO3UOHHO-NOBPENCOCHHBIX U HENOBPENCOCHHbIX ~CEeYeHUll, KOmopvle MNOKA3AIY, YMO INIOpPbl
Odehopmayuil npuHYUNUATLHO pasiudaiomcs ovepmanuem. Ilonyuennvie 6 pesyibmame HAMYPHO20
ucciedosanus  Odegpopmayuu  apmamypvl U Oemona,  NO3GONUNU — OYEHUMb  HANPSHCEHHO-
Odehopmuposantoe cocmosiHue NOBPENCOEHHbIX U HE NOBPENCOCHHLIX KOppo3uel KOHCMPYKYULl 1o
napamempy Ne-1/r (kpueusna). Ycmanoeneno enusHue KOPPOSUOHHBIX NOBPENCOCHUL HA Xapakmep
Pa3pyulenusi 6HeYeHMpPeHHO CHCAMBIX INEMEHMOB.

Knwoueswvie cnosa: 6HEYEHMPEHHO cofcamble JJIEMEHMbl, KOPPO3UOHHblE noe;peofcdeywz,
OuHamuueckoe HaepyostceHue, IKCnepumenmajlbHvle uccie008anusl.

D.S. POPOV!
!Moscow State University of Civil Engineering, Moscow, Russia.

EXPERIMENTAL STUDIES OF DYNAMIC PROPERTIES OF
CORROSION-DAMAGED COMPRESSED REINFORCED CONCRETE
ELEMENTS

Abstract. There are practically no results of experimental studies of elements made of
compressed reinforced concrete damaged by corrosion in the scientific literature. As a result, it is
almost impossible to reliably assess the state of deformation-deformation of these structures, especially
under dynamic loads. For experimental studies, 37 samples of reinforced concrete were made-columns
of square cross-section with dimensions of 100x100 mm, height of 700 mm. Local corrosion damages of
concrete and reinforcement were created in reinforced concrete samples, while a concentrated (37%)
hydrochloric acid (HCL) solution was used as an aggressor to accelerate the corrosion of elements.
The article describes experimental studies on changing the dynamic properties of reinforced concrete
elements that undergo corrosion during eccentrically compression. Based on strain gauge data, it was
found that corrosion damage leads to a decrease in the height of the compressed concrete section by
reducing the cross-section of the stretched reinforcing bars, as well as to the lack of joint work of
reinforcing bars with concrete. According to strain measurement data, deformations of uncompressed
and undamaged sections were obtained, which showed that the deformation diagrams fundamentally
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differ in their contour. The results obtained as a result of the study of the nature of deformation of
reinforcement and concrete allowed us to assess the state of deformation stress of damaged and non-
corroded structures according to the parameter ne-1/ r (curvature). The effect of corrosion damage on
the nature of destruction of eccentrically compressed elements has been established.

Keywords: eccentrically compressed elements, corrosion damage, dynamic loading,
experimental studies.
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DEGRADATION DAMAGES SURVEY OF THE SILT RESERVOIR
STRUCTURES

Abstract. The aim of this work is to obtain information about the condition of the sludge tank
supporting and enclosing building structures, identifying and fixing existing defects in order to assess
their possible impact on structures during its further operation. Archival surveys were carried out, site
documentation was selected and studied, load-bearing structures engineering measurements were
carried out, building structures were inspected, and the structural condition was photographed
selectively, graphic materials were made, technical conclusions were drawn up with conclusions and
recommendations for further structures safe operation in order to achieve this goal. The technical
surveying included a building structures external examination with damages fixation. The structures
general technical condition of the, the presence and nature of the defect’s propagation were previously
visually recorded, and then refined using measuring equipment. Verification calculations were also
carried out with the design and current load analysis on the sludge tank elements, and the tank
supporting structures concrete strength was determined by the ultrasonic method.

Keywords: silt reservoir, load-bearing structures of the tank, technical condition assessment,
verification calculations, non-destructive method for assessing the strength.
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OBCJIEJOBAHUE JEIPAJAIIMOHHBIX NOBPEXXIEHUI
KOHCTPYKIUA NJIOBOI'O XPAHUJINILIA

Annomayusa. ILlenvio nHacmoswell pabomvl A671AemMcs NONYYeHUe Cc8e0eHUll 0 COCMOAHUU
HEeCYWUX 1 02panicoarouux CmpoumenbHulx KOHCIPYKYUIL UI08020 Pe3epeyapa, GbisigieHuUe U YUKcayus
cywecmeyowux 0eghekmos OJisi OYEHKU UX BO3MOIICHO20 GNUSIHUSL HA CHPOUMENbHbIe KOHCIMPYKYUU 6
npoyecce OanbHelulell IKCRIYAmayuu uno8o2o peszepgyapa. /s docmudicenusi nOCMAGIeHHOU Yyeu
NPOBeOeHbl APXUBHbIEe UZbICKAHUS, OMOOPAHA U U3Y4eHa OOKYMEeHmayus no 00beKkmy, 6blNOJHeHd
UHDICEHEPHAsL 0OMePKA HeCYWux KOHCMPYKYUtl, NP08edeHo 00C1e008aAHUe CIPOUMENbHBIX KOHCIPYKYULL
U BbINONHEHA 6bIOOPOUHAsL (POmMOpUKCaAYUst COCMOAHUSL KOHCMPYKYUL, 6bINOIHEHbl 2paguuecKue
Mamepuansl, pazpabomano mexHu4ecKoe 3aKa04eHUs C 8bl800AMU U PeKOMEHOAYUAMU NO OdbHeliuell
bezonacHoul sxcnyamayuu Konempykyuil. Qbcnedosarue SKIIOUAN0 HEWHUN OCMOMP CIPOUMETbHBIX
KOHCmpyKkyutl ¢ ghuxcayuetl ux nogpesicoerutl. Obujee mexHuueckoe coOCmosHue KOHCMpPYKYyutl, Hanuuue
U xXapakmep pacnpocmpanenusi 0e(exmos npedsapumenbHO QUKCUPOSANUCH GUSYALLHO, 4 3AmeMm
VIOUHAUCH ¢ NOMOWBIO UBMEPUMENbHOU mexHuky. Takoice Obliu 6bINONIHEHbL NOBEPOHHBLE PACHENbl
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INIEMEHMO8 Pe3epayapa ¢ AHANU30M NPOEKMHOU U 0elUCmEYIowell Hazpy3Ku Ha STeMEeHmbl COOPYICEHU.
UI08020 pe3epeyapa, onpedeieHa NPOYHOCMb  OemoOHA HeCywjux KOHCMPYKYUil —pe3epeyapa
VIbMPA38YKOBbIM MENMOOOM.

Knrouegvle cnosa: necywjue KOHCMpYKyuu pe3epeyapd, OYeHKAd MEeXHUHYeCKo20 COCHIOAHUA,
NOBEPOUHbIE PACUEMbL, HEPA3PYILAIOWUL MEMOO OYEHKU NPOYHOCTIL.
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APXUTEKTYPA U TPALOCTPOUTEIIbCTBO

YK 721.012.6 DOI: 10.33979/2073-7416-2022-100-2-75-84

S.V. STRASHNOV?, S.M. MABHENA!, L.A. ALBOROVA!
! Peoples’ Friendship University of Russia (RUDN University), Moscow, Russia

FOLDED SURFACES IN ARCHITECTURE

Abstract. There is now a growing interest in the design and construction of shells whose
median surfaces cannot be defined by analytic formulas, i.e. it is difficult to apply geometric modeling,
and shell structures of the folded type formed by the intersection of flat or curvilinear elements. These
structures are executed in the style of digital architecture or experimental methods. Based on the
research of descriptive and analytical geometry, architects in the 20th and early 21st century created
many memorable folded structures of various purposes. This is illustrated in the article on the example
of many flat-sided structures. The illustrations found on the Internet and the author's personal photos
were used. Based on the carried-out research it is concluded that flat-sided folds were used very widely
in various fields of architecture and construction. The availability of numerical methods of calculation
makes it possible to design structures of various degrees of complexity. This is confirmed by references
to numerous sources used. However, some architects disagree with this conclusion, believing that
despite many attempts on folding, it remains one of the least studied forms in architecture.

Keywords: folded squamous structures, polyhedra, folding dome, folding vault, experimental
approach in architecture, architectural trend "Origanic architecture".

C.B. CTPAILIHOB!, C.M. MABEHA!, JI.A. AJIGOPOBA?
I®rAOY BO «Poccuiickuii yHuBEpCUTET APY*OBI HAPOAOBY, I'. MockBa, Poccus

CKVIAJTYATBIE IOBEPXHOCTHU B APXUTEKTYPE

Annomauus. B nacmosiwee epemsi ROOHSLICS UHMEPEC K NPOEKMUPOBAHUIO U CIPOUMETbCINGY
0007104€eK, CpeduHHble NOBEPXHOCTU KOMOPBIX Helb3sl 3a0anb AHATUMULECKUMU YOpMYIaMU, MO eCib
MPYOHO NPUMEHUMb 2eOMEMPUYECKOe MOOETUPOBAHUE, U 0DOIOYEUHBIX CIPYKMYP CKAA0Yamo20 mund,
chopmuposannbiMu  nepecedeHuemM NAOCKUX Wi KPUBOIUHEUHbIX DJJIeMeHmOos. Dmu  COOpydlcenus
BLINONHSIOMCSL 6 CMUle OUSUMANLHOU APXUMEKMYPbl UMY  NPUMEHSIOMCS  IKCHEPUMEHMANbHbIE
Memoobl. Onupascs Ha UCCIEO08AHUS HAYEPINAMENbHOU U AHATUMUYECKOU 2e0Memputi, apXumexkmopbl
6 XX-om u mauane XXI-20 6exos co30amu MHO20 3ANOMUHAIOWUXCSL CKAAOHAMBIX COOPYIHCEHUU
PA3IUYHO20 HA3HAYEeHUs. DMO RPOUWIOCMPUPOBAHO 8 CIMAMbe HA NpUMepe MHO2UX MIOCKOSPAHHBIX
coopyaicenuil. Hcnonvzosanucy unmocmpayuu, OOHAPYICEHHbIE 6 Cemu UHMEPHemd, U JUYHble
gomoepaghuu aemopa. Ha ocnosanuu npogeoeHHbIX UCCIeO08aHULL COENAH 8bIEOO, YMO NIOCKOZPAHHbIE
CKAAOKU NPUMEHSIUCL U HPUMEHSIOMCSL OYeHb WUPOKO 6 DA3IUYHBIX 00NACMAX aApXUMeKmypbl u
cmpoumenvcmea. Hanuyue uuciennvix memooos paciema no380Jsem NPOEKmMuposams CmpyKmypbl
PAa3IUYHOL  CmeneHu  CIAOJNCHOCMU. Dmo  NOOMEEPICOEHO  CCOLIKAMU HA  MHOLOUUCTEHHbLE
UCNOAb306aHHble UcmouHuKy. Ho ¢ 2mum 6bl8000M He CO2NACHbL HEKOMOpble apXUmeKmopbl,
cuumaiowjue, Ymo, HeCMOMpS HA MHOJNCECMBEHHbIE NONBIMKU OCMbICAEHUS. CKIAOKU, OHA HO-TPENCHEMY
ocmaémest 00HOU U3 HaUMeHee U3YYEHHbIX POPM 6 apXumeKmype.

Kntouesvie cnosa: cxkiaduamvie NIOCKOSPAHHBIE CIPYKIMYPbl, MHO2OZPAHHUKY, CKAAOYAMbIL
KYNOJ, CKIA04amvlil c800, IKCNEPUMEHMANbHBIN NOOX00 8 apXumeKmype, apXumexmypHoe meuyeHue
«Origanic architecture».

© Cmpawmnos C.B., Mabena C.M., Anboposa JI.A., 2022
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E.B. XOJIOJJOBA!
!Hayuno-uccrenoBaTenbckuii MHCTHTYT TEOPHH W UCTOPHMM apXMTEKTYPHI M rpajgoctpontensetsa (HUMTUAT)
Ouuan OI'BY "IHHUUIT Munctpost Poccun", r. Mocksa, Poccust

PACKPBITUE OCOBEHHOCTEM BJIUSIHUS APXUTEKTYPbBI MOCKBBI
N 3AMOCKOBHOI'O KPASI HA YCAJIEBHOE CTPOUTEJILCTBO
KYPCKOTI'O KPAS 1-1 TOJIOBUHBI XVIII B.:
NCTOYHUKHU U OB BEKTHI UCCJIEJIOBAHUSI

Annomauusn. Bnepevie paznocmoponne nposoosmes 06caed08anusi 20pOOCKUX U 3A20POOHbBIX
ycaoed Kypckoeo kpas 1-u non. XVIII 6. (obmepwl, ¢pomodurcayus, HamypHble 3apucoexu),
BbISABIIAIOMCSL APXUBHBIE U NEeYaAMHble UCTMOYHUKU, BOCKpewalowue oopassl YmpavyenHvlx 08OPSHCKUX U
Kyneueckux ycaoeb, ocyujecmensiemcst 00uull aHaius uccieoyeMot memol.

Basichvlm  pe3ynrbmamom  uccied08anusi CManoSUmMcs pAckpvlmue 0COOeHHOCmeEll GIUSHUSL
apxumexmypovl Mockevl u 3amockosnozo Kpasi Ha Opyeue pe2uoHvl cmpaHvl (Ha npumepe Kypckozo
Kpasi), umo OmKpbvleaem HOGble CMPAHuybl MHO2OSPAHHOU  KVIbMYPbl,  APXUMEKMYpbl U
CMpOUmMenbCmea pyccKoli npoSUHYULL

Bsedenue 6 Hayumvili 060pom KOHKPEMHbIX NAMSAMHUKOS apXumexmypvl 3aMOCKO6HO20 U
Kypckozo kpasi 3a0anH020 nepuoda, ux yeuyoieHHoe uzyueHue Mojcem 0bims UCHOIb308AHO 8 HAYYHOU
aumepamype, 1eKYUOHHbIX KYPCax u NPpoeKmHo-0XpaHHOU OOKYMEeHMAayUU.

Ilybnuxayus evinonnena 6 pamxax memol no Inany @®HHU PAACH u Muncmpos Poccuu na
2022 200.

Knrwouesvle cnosa: somuunvl, 0auu, ycadvbwl, naiamol, 00OMd, apXumexmypd, CMUIUCMUKA,
00bEMHO-NIAHUPOBOUHBIE PEULEHUSL.

E.V. KHOLODOVA!
'Research Institute of Theory and History of Architecture and Urban Planning (NIITIAG) Branch of the Federal State
Budgetary Institution "TsNIIP of the Ministry of Construction of Russia", Moscow, Russia

DISCLOSURE OF THE FEATURES OF THE INFLUENCE OF
ARCHITECTURE OF MOSCOW AND THE ZAMOSKOVNY REGION ON
THE ESTATE CONSTRUCTION OF THE KURSK REGION IN THE
1st HALF OF THE 18TH CENTURY:

SOURCES AND OBJECTS OF RESEARCH

Abstract. For the first time, comprehensive surveys of urban and suburban estates of the Kursk
Territory are carried out. 18th century (measurements, photo fixation, natural sketches), archival and
printed sources are identified that resurrect images of lost noble and merchant estates, and a general
analysis of the topic under study is carried out. An important result of the study is the disclosure of the
peculiarities of the influence of the architecture of Moscow and the Zamoskovskiy Territory on other
regions of the country (on the example of the Kursk Territory), which opens up new pages of the
multifaceted culture, architecture and construction of the Russian province. Introduction into scientific
circulation of specific architectural monuments of the Zamoskovskiy and Kursk regions of a given
period, their in-depth study can be used in scientific literature, lecture courses and design and security
documentation.

The publication was made as part of the theme according to the Plan of the FNI RAASN and
the Ministry of Construction of Russia for 2022.

Keywords: estates, dachas, estates, chambers, houses, architecture, style, space-planning
solutions.
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AJ1. AJITBIHBEKOBA?, P.E. JIVKIIAHOB?, C.5. EHKEBAEB?,
J1.C. JIOCEMBMHOB!, H.K. EPX)KAHOBA?

'HAO «EBpasuiickuil HanMoHaIbHbIH yHUBepcuTeT nMenn JIL.H. T'ymunesay, r. Hyp-Cynran, Kazaxcran
2HAO «Tapa3ckuii peruoHabHbI yHuBepcuTeT umMenn M. X. Jlymatny, r. Tapas, Kasaxcran

YJIOBOYKJIAIBIBAEMBINA BETOH EBICTPOI'O TBEPJIEHUSA 1JISI
MPOU3BOJICTBA BYPOHABUBHBIX CBAM

Annomauyun. B cmamve npedcmagienvl pe3yibmamvl GIUAHUS KOMIIEKCHOU 000a6KU Ha
yayuwenue QusuKo-mexanudeckux xapaxmepucmuxk mamepuana. OyeHKa QUIUKO-MEXAHUYECKUX
xapakmepucmux 6emona npousgedeHa 015 uemvipex munog bemona. OCHOBHLIMU OYEHOYHBIMU
napamempamu, A6usAIUCh. CPOKU CXEAMbIBANUS, NPOYHOCMb HA CoCAMUe U pacmsdicenue npu uszuoe,
6oodonoznowenue. B npedcmaenennoti pabome aemopvl UCNOIB3068AAU  KOMNJIEKCHYIO 000ABKY,
codepoicauux 8 C80eM cocmage Wenoyb (Kaycmuyeckds cooaq), ROCIeCRUpmosyio 6apoy (0mxoouvl
CRUPMOBO20 NPOU3BOOCHIBA) U Pe2yIsmop meepoeHuUs (2Unc) @ pasHvlx coomuowenusx. [lokazano, umo
COBMECTHOe NpUMeHeHue 8 COCMase KOMNJIEKCHOU 000asKu, 001adarouetl XOpouio COBMeCmumMbiMu
MEXAHUBMAMU UX GIUAHUSL HA NPOYECCHl 2UOPAMAYUL, CXEAMBIBAHUS U MEEPOCHUSI YEMEHMHOU MACCbL,
63AUMHO OONOAHAEM U YCUauedem Oelicmeue Kadicoo2o umepeouenma 000aeku. YeenuueHue
KOHYEHMpayuy KOMNIEKCHOU 000a6KU 8 YeMeHMHOU cmecu 00 7% om Maccwl yeMeHma He molbKO
oKazvleaem GIUSIHUE HA NPOYECC PA3JICUICEHUST YEMEHMHO20 pAcmeopd, COKpaujeHue 6pemeHu
CX8aMbLEAHUSL U MEEPOCHUsL UEMEHIMHOU MACChL, HO U NOBLIULAET NPOUHOCTD HA CHCAMUE YEMEHTNHO20
KAMHSL HA 6cex CpoKax meepoeHus. Ananuz oaem oCHOBAHUE YMEEPIHCOAMb, YMO KOMNIEKCHAs 000a6Ka
obecneyusaem ymeHvbUleHUE BOOONO2NOWeHUs Oemona. Bouiseneno, umo 6emon ¢ ucciedyemou
KOMNIEKCHOU 000aeKoll 061adaem 6biCOKUMU (DUUKO-MEXAHUYECKUMU hnoKazamensmu. Haiioenvi
ONMUMAIbHbIE O03UPOBKU PACCMAMPUBAEMOU 000ABKU, KOMOPblEe UCHONb306ANUCH, 6 HACMOosiyel
pabome.

Knrwouessle crosa: xomnnexcnas 0obaska, nociecnupmogas 6apoa, Kaycmuyeckas cood, Sunc,
OYypoHabusHas c8as, CPOKU CX6AMBIBAHUSL, NPOYHOCTHL HA CoCamue, NPOYHOCHb HA PACTsIICenUe npu
uszeube, 600ono2noweHue.
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'L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
2M.Kh. Dulaty Taraz Regional University, Taraz, Kazakhstan

FAST-HARDENING WORKABLE CONCRETE FOR THE PRODUCTION
OF BORED

Abstract. The article presents the results of the effect of a complex additive on improving the
physical and mechanical characteristics of the material. The evaluation of the physical and mechanical
characteristics of concrete was made for four types of concrete. The main parameters were: setting
time, compressive and flexural strength, water absorption. In the presented work the authors used a
complex additive containing in its composition alkali (caustic soda), post-alcoholic bard (alcohol
production waste) and hardening regulator (gypsum) in different ratios. It is shown that the combined
use in the composition of a complex additive, which has well-compatible mechanisms of their influence
on the processes of hydration, setting and hardening of the cement mass, mutually complements and
enhances the effect of each ingredient of the additive. Increasing the concentration of the complex
additive in the cement mixture up to 7% of the cement mass not only affects the process of
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cement mortar liquefaction, shortening the time of setting and hardening of the cement mass, but also
increases the compressive strength of the cement in all periods of hardening. The analysis suggests that
the complex additive provides a reduction in water absorption of concrete. It has been revealed that
concrete with the studied complex additive has high physical and mechanical properties. The optimum
dosages of the considered additive have been found and used in the present work.

Keywords: complex additive, post-alcohol bard, caustic soda, gypsum, bored pile, setting time,
compressive strength, flexural strength, water absorption.
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CTpouTe/IbCTBO H PEKOHCTPYKIUS

V]IK 666.972 DOI: 10.33979/2073-7416-2022-100-2-112-119

E.B. TKAYY, 10.C. DUJIMMOHOBA?, A.1. KOPHEEB?

1®Irb0Y BO «HaumoHanbHbIN HCCIen0BaTeNbCKIil MOCKOBCKHUI TOCYIapCTBEHHBIN CTPOUTENBHBINA YHUBEPCHTETY,
r. MockBa, Poccus
2TBepcKoil ToCyIapCTBEHHBIN TEXHUYECKHi yHUBepcUTeT, T. TBepsb, Poccus

TSIKEJIBIA BETOH HA OCHOBE IOJIMJIUCITEPCHOT' O
BAXKYIEI'O C KOMIVIEKCHBIM HOJIMMEPHBIM MOIU®OUKATOPOM
C HOBBIINEHHBIMHU 3KCIINIYATAIIMOHHBIMMU ITIOKA3SATEJISIMA

Annomayusn.  OcHnoenou  3a0aueil  noiyueHuss  OemoHO8, 8  wacmuocmu  OJisi
SUOPOMENUOPAMUBHO20 CMPOUMETbCMEA, ¢  NOBLIUEHHLIMU  IKCNIYAMAYUOHHBIMU NOKA3AMEAMU
nymem MoOU@GUYUPOBAHUSL UX CIMPYKMYPbL U CEOUCME KOMNICKCHLIMU 000ABKAMU C KANCOLIM 2000M
cmanosumesi 6¢€ 6olee aAKmMyaibHbIM. B pamkax OauHbIX UCCIe008aHUtl PACCMOMPEHbl 8ONPOCHI,
CBA3aAMHbIE C MOOUGPUKAYUC COCABA MANCEN020 GEMOHA C NPUMEHEHUEeM KOMNIAEKCHOU XUMUYECKOl
dobasku, cocmosiyei us cynepniacmuguxamopa Melflux 5581 F u eodopacmeopumoti noaumephotl
0obasxu Iorudon-A.

Llenvio uccnedosanus s6nAemcss pazpabomka HAYYHO O0OOCHOBAHHO20 MEXHOA0SUUECKO2O
peuienus, 0becneuusanue2o NoayieHue maxceio2o 6emona Ha OCHO8e NOTUOUCHEPCHO0 GSNCYUe20 C
KOMNIeKCHbIM noaumephovim moouguxamopom (Melflux + Ilonuoon-A) ons cenbckoxossaicmeeHHo2o
Cmpoumenbcmaa.

Obvexm uccne008anus - msdicenvlii. 6emoH HA OCHO8e NOMUOUCNEPCHO20 BANCYUWEe20 C
KOMNIEKCHBIM NOTUMEPHBIM MOOUDUKAMOPOM OIS CENbCKOXO3AUCMEEHHO20 CMPOUMETbCMEA.

Pesyromamol uccneoosanus: Ilonyuennviii mMooupuyuposannili 6emon XxapaKmepusyemcs
nOGblUCHICM NPOYHOCMU HA CHcamue U pacmsdicenue npu useube, VCI08HOMY Kodpduyuenmy
UHIMEHCUBHOCIU HANPSNCEHUL, 8000N02NOUEHUIO, BOOOHENPOHUYACMOCTU U MOPO30CMOUKOCIU, 4MO
oaem 803MONCHOCHb PEKOMEHO08AMb €20 OISl RPOU3B0OCIBA CIMPOUMETIbHBIX USOETULL U KOHCMPYKYUI,
Pabomarowux 8 cypossix YCI0GUsX IKCIIYAMayuu, 8 YACMHOCMU, OIS IOMKOE OPOCUMENbHBIX CUCTIEM.

Knrwouegvle cnosa: cuopomenuopamusnoe Cmpoumenscmeo, noauoucnepcHoe 6adlcyujee,
Moouguyuposanue, cynepniacmugpuxamop, 68000paACmMEopUMas nonumepnas odobaexa,
68000HENPOHUYAEMOCHIb, NPOYHOCHb, MOPO30CMOUKOCHb.

E.V. TKACH?, YU.S. FILIMONOVA!, A.l. KORNEEV?

'National Research Moscow State Civil Engineering University, Moscow, Russia
2Tver State Technical University, Tver, Russia

HEAVY CONCRETE BASED ON POLYDISPERSE
BINDER WITH COMPLEX POLYMER MODIFIER WITH INCREASED
PERFORMANCE INDICATORS

Abstract. The main task of obtaining concrete, in particular for irrigation and drainage
construction, with increased performance by modifying their structure and properties with complex
additives is becoming more and more relevant every year. Within the framework of these studies, issues
related to the modification of the composition of heavy concrete with the use of a complex chemical
additive consisting of the superplasticizer Melflux 5581 F and the water-soluble polymer additive
Polydon-A were considered.

The aim of the study is to develop a scientifically based technological solution that provides
the production of heavy concrete based on a polydisperse binder with a complex polymer modifier
(Melflux + Polydon-A) for agricultural construction.

The object of study is heavy concrete based on a polydisperse binder with a complex polymeric
modifier for agricultural construction.

© Tkau E.B., Qunumonosa FO.C., Koprees A.U., 2022
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Research results: The resulting modified concrete is characterized by an increase in
compressive and tensile strength in bending, a conditional stress intensity factor, water absorption,
water resistance and frost resistance, which makes it possible to recommend it for the production of
building products and structures operating in harsh operating conditions, in particular, for trays
irrigation systems.

Keywords: irrigation and drainage construction, polydisperse binder, modification,
superplasticizer, water-soluble polymer additive, water resistance, strength, frost resistance.

CIIMCOK JIMTEPATYPBI

1. bBaxenoB MO.M., JlembsnoBa B.C., Kamammwmkop B.M. MoauduiupoBaHHbIe BBICOKOKAYECTBEHHBIC
6eronsl. M.: 3. Accormanuu cTpouTenbHBIX By30B. 2006. 368 c.

2. VYpoes H.B. BricokokoHIIeHTpHUpOBaHHbIC AucriepcHbie ciucteMbl. (Chemistry, Moscow, 1980).

3. Isaeva YU.V., Velichko E.G., Kasumov A.SH. Structure optimization of ultra-light cement mortar with due
regard for geometrical and physicaland mechanical characteristics of components, Construction Materials, 8, 84-87(2015)
DOI: 10.31659/0585-430X-2015-728-8-84-88.

4. Yakovlev G.I., Ginuchickaya YU.N., Kizinievich O., Kizinievich V., Gordina A.F. Influence of dispersions
of multilayer carbon nano-tubes on physical-mechanical characteristics and structure of building ceramics, Construction
Materials. 2016. Ne 8. C. 20-29.

5. Dwurun 3.b., IOnoBuu b.3. MHorokomnonentHsie nieMenTsl. Hayun. Tp. // HUWuemenr, 1994. By 107.
C. 3-76. DOI: 10.31659/0585-430X-2016-740-8-25-29.

6. Bemmuko E.I', Ilymwmmmna 1O.C. K mnpobGneme ¢opmupoBaHMSI IUCIIEPCHOTO COCTaBa W CBOWCTB
BBICOKOMpPOUHOro Oerona// Bectauk MI'CY. 2020. T. 15. Bem. 2. C. 235-243. DOI: 10.22227/1997-0935.2020.2.235-
243.

7. Camuenko C.B., Eropos E.C. VmpasieHue cBONCTBAMHM LIEMEHTHOW NHAcThl NPH €€ MOAU(PHUIUPOBAHUH
MPEeBAPUTEIBHO THAPATHPOBAHHON IeMEHTHON cycnensueit // Texnuka u texHomorust cunukartoB. 2021. T. 28. Ne 2,
C. 54-58.

8. Camuenko C.B., AdpamoB M.A., EropoB E.C. OcoOeHHOCTH MpOTeKaHHs THIApATAlMM U TBEPACHHS
[IEMEHTHBIX MACT C J00aBKO# ruapatupoBaHHoro nemenra // Texuuka u Texunomorus cuukatos. 2020. T. 27. Ne 1. C. 24-
28.

9. ®wumumonoBa 10.C., Benmuko E.I. MccnemoBaHue KOMIUIEKCHOH MOIUQUKALMK TsDKENoro OeroHa //
CrponrenbctBo 1 pekoHcTpyKims. 2021. Ned (96). C.107-109. DOI: 10.33979/2073-7416-2021-96-4-107- 112.

10. Conosse B.1., Tkau E.B., CepoBa P.®., Tkau C.A., ToumbaeBa b.M., Ceiiqunoa I'.A. VccnenoBanue
MOPUCTOCTH LEMEHTHOrO0 KaMHS, MOAMU(DUIMPOBAHHOIO KOMIUICKCHBIMH OpraHOMHHEPAIBHBIMU MoaugukaTopamu //
dynnamenranbHbie uccaeqoBanus. 2014. Ne8-3. C. 590-595.

11. Camuenko C.B., Koznosa U.B., 3emckoBa O.B., ynapesa M.O., lllyouna E.C. CpaBHUTEIbHBIN aHAaIN3
cr10co60B MOAMU(UIMPOBAHKS NLTAKOMOPTIAHALIEMEHTA YIBTPAIUCIIEPCHBIM KoMIOHeHTOM // TexXHHKa M TEXHOJOTHS
cuiukatos. 2020. T. 27. Ne 4. C. 113-120.

12. Tkau E.B., TemupkanoB P.U. lleMeHTHbIII OETOH C yny4IIEHHBIMH (PU3UKO-MEXAaHUYECKHMMHU CBOMCTBAMH
Ha OCHOBE NPUMEHEHHsI aKTHBUPOBAHHOI'0 MUKpOKpeMHe3ema // MuHoBatmu u uaBecturmu. 2019. Nel0. C. 289-292.

13. Txkau E.B., TemupkanoB P.W. Yiydiienue Gpu3nko-MeXaHHIECKAX CBOWCTBA MOIU(PHUIIMPOBAHHOTO OETOHA
Ha OCHOBE NPHMEHEHHS XHMHYECKH aKTHBUPOBAHHOTO MHUKPOKPEMHE3eMa C MHKPOAPMHUPYIOLIMM BOJOKHOM //
CrpouTtenbctBo U pekoncTpykuus. 2020. Ne2 (88). C. 123-135.

14. Xu S.Q. The Comprehensive Utilization of Fly Ash. Applied Mechanics and Materials, 459, 82-86(2013)
DOI:10.4028/www.scientific.net/ AMM.459.82

15. Feng N., Peng G. High Performance Concrete with High Volume Fly Ash. Key Engineering Materials.
302-303, (470-478) 2006. DOI:10.4028/www.scientific.net/KEM.302-303.470

16. Nai-Qian Feng, Gai-Fei PengA Development of the Research on High Performance Concrete Incorporated
with High Volume Fly Ash. Key Engineering Materials. 302-302, 26-34(2006).
DOI:10.4028/www.scientific.net/KEM.302-303.26156.

17. Reiterman Comparative Investigations of some Properties Related to Durability of Cement Concretes
Containing Different Fly Ashes. Advanced Materials Research. 1054, 154-161(2014).
DOI: 10.4028/www.scientific.net/ AMR.1054.154

18. KanammukoB B.U. TIpOMBINIIEHHOCT HEPYIHBIX CTPOUTEIBHBIX MaTepuaioB H Oymayiiee OETOHOB,
Construction Materials. 2008. Ne 3. C. 20-23.

19. Cyznansue O.B. Hossie BricokoaddexruBHbie 6etonbr, New university. Technical sciences, 7-8(29-30),
44-47(2014).

20. Melihov I.V. Physicochemical Evolution of Solid, (Binomial. Knowledge laboratory, Moscow, 2009).

M 2 (100) 2022



https://elibrary.ru/item.asp?id=47206604
https://elibrary.ru/item.asp?id=47206604
https://elibrary.ru/contents.asp?id=47206599
https://elibrary.ru/contents.asp?id=47206599&selid=47206604
https://elibrary.ru/item.asp?id=44820758
https://elibrary.ru/item.asp?id=44820758
https://elibrary.ru/contents.asp?id=44820752
https://elibrary.ru/contents.asp?id=44820752&selid=44820758
https://elibrary.ru/item.asp?id=46407705
https://elibrary.ru/item.asp?id=46407705
https://elibrary.ru/contents.asp?id=46407701
https://elibrary.ru/contents.asp?id=46407701
https://elibrary.ru/contents.asp?id=46407701&selid=46407705

CTpouTe/IbCTBO H PEKOHCTPYKIUS

REFERENCES

1. Bazhenov YU.M., Demyanova V.S., Kalashnikov V.I. Modified high quality concretes. M.: Ed.
Association of construction universities. 2006. 368 p.

2. Ur'ev N.B. Vysokokoncentrirovannye dispersnye sistemy, (Chemistry, Moscow, 1980).

3. Isaeva YU.V., Velichko E.G., Kasumov A.SH. Structure optimization of ultra-light cement mortar with due
regard for geometrical and physicaland mechanical characteristics of components, Construction Materials, 8, 84-87(2015)
DOI: 10.31659/0585-430X-2015-728-8-84-88.

4. Yakovlev G.I., Ginuchickaya YU.N., Kizinievich O., Kizinievich V., Gordina A.F. Influence of dispersions
of multilayer carbon nano-tubes on physical-mechanical characteristics and structure of building ceramics, Construction
Materials. 2016. N. 8. C. 20-29.

5. Entin Z.B., YUdovich B.E. Mnogokomponentnye cementy. Nauchn. tr. // Nllcement, 107. 1994. Pp. 3-76.
DOI: 10.31659/0585-430X-2016-740-8-25-29.

6. Velichko E.G., SHumilina YU.S. K probleme formirovaniya dispersnogo sostava i svojstv vysoko-
prochnogo betona // Vestnik MGSU, 15(2), 235-243(2020). DOI: 10.22227/1997-0935.2020.2.235-243.

7. Samchenko S.V., Egorov E.S. Control of the properties of cement paste during its modification with a pre-
hydrated cement suspension. Technique and technology of silicates. 28 (2), 54-58 (2021).

8. Samchenko S.V., Abramov M.A., Egorov E.S. Peculiarities of hydration and hardening of cement pastes
with the addition of hydrated cement. Technique and technology of silicates. 27 (1), 24-28(2020).

9. Tkach E.V., Temirkanov R.l. Cement concrete with improved physical and mechanical properties based on
the use of activated silica fume. Innovations and investments. 10, 289-292(2019).

10. Tkach E.V., Temirkanov R.I. Improving the physical and mechanical properties of modified concrete based
on the use of chemically activated microsilica with micro-reinforcing fiber. Construction and Reconstruction. 2 (88), 123-
135(2020).

11. Samchenko S.V., Kozlova 1.V., Zemskova O.V., Dudareva M.O., Shubina E.S. Comparative analysis of
methods for modifying Portland slag cement with an ultrafine component, Technique and technology of silicates. 27 (4),
113-120(2020).

12. Filimonova YU.S., Velichko E.G. Study of the complex modification of heavy concrete // Construction and
reconstruction. 4 (96), 107-109(2021). DOI: 10.33979/2073-7416-2021-96-4-107-112.

13. Soloviev V.I., Tkach E.V., Serova R.F., Tkach S.A., Toimbaeva B.M., Seydinova G.A. Research of cement
stone porosity modified by complex organic mineral modifiers // Fundamental research., 8-3, 590-595(2014).

14. Xu S.Q. The Comprehensive Utilization of Fly Ash. Applied Mechanics and Materials, 459, 82-86(2013)
DOI:10.4028/www.scientific.net/ AMM.459.82

15. Feng N., Peng G. High Performance Concrete with High Volume Fly Ash. Key Engineering Materials.
302-303, 470-478(2006). DOI:10.4028/www.scientific.net/ KEM.302-303.470

16. Nai-Qian Feng, Gai-Fei PengA Development of the Research on High Performance Concrete Incorporated
with High Volume Fly Ash. Key Engineering Materials. 302-302, 26-34(2006).
DOI:10.4028/www.scientific.net/ KEM.302-303.26 156.

17. Reiterman Comparative Investigations of some Properties Related to Durability of Cement Concretes
Containing Different Fly Ashes. Advanced Materials Research. 1054, 154-161(2014).
DOI: 10.4028/www.scientific.net/ AMR.1054.154

18. Kalashnikov V.I. Promyshlennost' nerudnyh stroitel'nynh materialov i budushchee betonov, Construction
Materials. 2008. N. 3. Pp. 20-23.

19. Suzdal'cev O.V. Novye vysokeffektivnye betony, New university. Technical sciences, 7-8(29-30), 44-
47(2014).

20. Melihov L.V. Physicochemical Evolution of Solid, (Binomial. Knowledge laboratory, Moscow, 2009).

HNudpopmauus 06 apTopax:

Tkau EBrenns BaragumupoBsna

OI'bOY BO «HammoHanbHBIA HCCIEAOBATENBCKIN MOCKOBCKHIT TOCYNApCTBEHHBIN CTPOWTENBHBIN YHHBEPCHTETY,
. Mocksa, Poccnsi, TOKTOp TEXHUYECKUX HayK, podeccop, mpodeccop kadenpsl CTpONTENTFHOTO MAaTEPHATOBEICHUSL.
E-mail: ev_tkach@mail.ru

@®unumonosa FOnus CepreeBHa

OI'bOY BO «HammoHanbHBIA HCCIEAOBATENBCKIN MOCKOBCKHIT TOCYHApCTBEHHBIN CTPOWTEIBHBIN YHHBEPCHTETY,
r. Mocksa, Poccust, mpenopaBaTess kadenpbl CTPOUTEIFHOTO MaTEPHATIOBECHHSL.

E-mail: JuliaS06@mail.ru

Kopneer Anexcanap Uropesny
TBepckoil rocyJapCTBEHHBIM TEXHUUECKUI yHUBEpCHUTET I. TBeps, Poccus,
acrupaHT kadeapsl ABTOMaTH3aIUs TEXHOIOTHYECKHX MPOLECCOB.

E-mail: blpgg@yandex.ru
Ae2 (100) 2022



mailto:ev_tkach@mail.ru
mailto:JuliaS06@mail.ru
mailto:blpgg@yandex.ru

CrpouTeibHble MAaTEPHAJDI M TEXHOJOTHH

Information about authors:

Tkach Evgeniya V.

National Research Moscow State University of Civil Engineering, Moscow, Russia,

doctor of technical sciences, professor, professor of the department building materials science.
E-mail: ev_tkach@mail.ru

Filimonova Yulia S.

National Research Moscow State University of Civil Engineering, Moscow, Russia,
lecturer of the department of building materials science.

E-mail: JuliaSO6@mail.ru

Korneev Alexander 1.
Tver State Technical University Tver, Russia
postgraduate of the department Automation of technological processes.

E-mail: blpgg@yandex.ru

M 2 (100) 2022


mailto:ev_tkach@mail.ru
mailto:JuliaS06@mail.ru
mailto:blpgg@yandex.ru

OT3bIB HA YYEBHOE IIOCOBHUE

«I/IHHOB AHI/IOHHI)IE B.A. ilnsaies (C.T. Enensanos

B.W. Konuywoe  H.B. bakaesa

TEXHOJIOI'UM B
CTPOUMTEJIBCTBE 'OPOIOB.
BUOC®EPHAASA
COBMECTUMOCTB H

YEJIOBEYECKHWU IIOTEHIIUAJD»
MockBa: H3nareanctBo: ACB, 2019, 208 c.
aBTopoB: akajiemuka PAACH B.A. Hnvuuyesa,

wieH-koppecnionenta PAACH C.I'. Emenvanosa,

akagemuka PAACH B./A. Konuynosa,
cosetnuka PAACH H.B. bakaesoii

B yue6HOM mOCOOMHM, TOATOTOBJICHHOM KOJUIEKTUBOM aBTOPOB TOJ PYKOBOJICTBOM
akamemuka PAACH B.M. UnbuueBa, mpencraBlieH  MEKIUCHUIUIMHAPHBIM TMOJXOJ, KOTOPBIMA
HampaBJieH Ha (OpMUpOBaHUE TPOCTPAHCTBEHHBIX IMAPAMETPOB KA4eCTBA JKU3HU C TO3UIIHUH
cuM0Omno3a ropojaa u 6mocdepsl. CeroaHsi B yaeOHOU JTUTEPATYpe HEJOCTATOUHO IIM MPAKTUUECKH
OTCYTCTBYIOT W3JIaHUs, OTpaxkaromue (HOpMHUPOBAHHE HOBOTO MHPOBO33PEHHS YEIOBEKa depes
KOTHUTHBHOE, a(pQEeKTUBHOE U JJYXOBHOE B3aUMOJICHCTBUE C MPHUPOJIOI, HAMpaBIEHHOTO Ha
MPEO0/I0JICHUE aHTArOHUCTUYECKOTO OTHOIIIEHHSI K OKPY>KAIOIIEH TOPOI MPUPOIHOM Cpeie.

Hacrosmee mocobue oTpakaeT OMNBIT HAydyHBIX MCCICIOBAHWM aBTOPOB, KOTOPBIN
CUCTEMAaTU3UPOBAH B COBOKYITHOCTh HAy4YHBIX YCTAHOBOK POcCCHIICKON akaieMHHM apXUTEKTyphl U
CTPOUTENBHBIX HAayK — TMapagurMy OHOC(PEepOCOBMECTHMOIO  pa3BUTUSl  YEJIOBEYECTBA,
MOCTYKUBIIYIO B TOCJIEAYIONIEM METOJO0JOTHYECKOM 0a30ii mius  pa3paboTku  JIOKTpUHBI
rpasioyCTPONCTBA U PACCEIICHHUS.

Hayunbie mnonoxeHuss y4eOHOTO MOCOOHMS OCHOBaHbl Ha (DyHIAMEHTAJIbHBIX 3HAHMSIX
9KOJIOTHH, O€30MaCHOCTU >KU3HEAEATEIbHOCTH, MPHUPOAOIOJBL30BAHUS, COLMUOJIOTHH W JAPYIHX
CMEXHBIX HayK. MCXOOAT U3 OLIEHKHM COBPEMEHHOIO COCTOSIHUS TOPOJICKOW Cpeibl M MPUHLMUIIOB
cOamaHCUPOBAHHOM MPUPOIHO-AaHTPONOTEHHOW COBMECTHUMOCTH, YTO HE TOJBKO HE MPOTHUBOPEUUT
IPaJOCTPOUTETILHON TEOPUH M MPAKTUKH IUIAHUPOBKH M 3aCTPOMKH TOpPOJOB, HO U HA0OOPOT,
JOTIOJIHSET €e.

Bompochkl, ocBeménnubie B y4eOHOM MOCOOMH, TaKK€ MOTYT OBITH MOJIO)KEHBI B OCHOBY
pa3BUTHUS HOPMATHUBHOM 0a3pl TEXHUYECKOTO PETYIHpPOBaHUS B TPaJlOCTPOUTEIBCTBE U
CTPOUTEIILCTBE.

3aBenyrouuii kadenpoit «I"pagocTpoUTETHCTBOY
MOCKOBCKOTO apXUTEKTYPHOT'O UHCTUTYTA
akanemMuk PAACH, n-p apxutektypsl, mpodeccop
M.B. IllyOenkoB
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YBaxxaeMble aBTOPbI!
IIpocum Bac 03HAKOMHTBCSI ¢ OCHOBHBIMH TPeOOBAHUSIMH
K 0(hopMIICHHIO HAYYHBIX CTATEH

e [lpencraBnsieMblii MaTeprana JOMHKEH ObITH OPUTHHAJIBHBIM, He ONMYOJMKOBAHHBIM paHee B JIPYruX
MEYaTHBIX M3IaHUSIX.

e OO0beM MaTepuaia, MpeIaraeMoro K IyOJUKalluh, U3MEPSETCsl YKCIOM 3HAKOB C YYETOM IPOOEIIOB.
Pexomennyemsrii 00bem crateii: ot 15000 10 45000 3HakoB ¢ npodenamu.

o CraThsa q0KHa OBITH HaOpaHa Ha juctax (opmara A4 mpudrom Times New Roman, pasmep 12 pt ¢
OJIMHAPHBIM MHTEPBAJIOM, TEKCT BBIPABHUBAETCS 1O IMUpUHE; a03amHbid otcTynm — 1,25 oM, mpaBoe mone —
2 cM, JIeBOe ToJie — 2 CM, TIOJISI BHU3Y M BBEPXY — 2 CM; BCE CTPAHUIIBI PYKOMHCH JOJKHBI HIMETh CIUIOIIHYIO
HyMeEpaIuio.

o CraThs MPEAOCTABIISIETCS B AIEKTPOHHOM BHJIE TI0 3JICKTPOHHOW MOUTE MITH Yepe3 CUCTEMY DJIEKTPOHHOU
pelaKIuH.

e B ogHOM cOOpHHKE MOXKET OBITh ONYOJIMKOBaHAa TONBKO OJHA CTaThsl OJAHOIO aBTOpa, BKIIOYAs
COaBTOPCTBO.

e FEciam craThs BO3Bpamlaercs aBTOpPY Ha JOpa0OOTKYy, WCIpaBICHHBIM BapHaHT cJeAyer IMpHciaTh B
pEelaKkiuio TOBTOPHO, MPHUJIOKKB MUCHMO C OTBETAMH Ha 3aMeuaHusi peleH3eHTa. JlopaboTaHHbBIA BapHaHT
CTaTbU PEUEH3UPYETCA W PacCMaTpUBAETCS PENAKIMOHHOM Kojulerued BHOBBL. JlaTod mpeacTtaBieHUs
MaTepHala CYMTAeTCs JaTa MOCTYIUICHHS B PEIaKINI0 OKOHYATEIFHOTO BAPHAHTA UCTIPABIICHHOW CTAThHH.

e AHHOTanMKM BceX NYOJMKYeMbIX MAaTEpUaIOB, KIIOYEBbIC CJIOBa, WH(OpMAIms 00 aBTopax, CIHCKU
JUTEPaTypbl OyIyT HaXOAUTHCS B CBOOOJHOM JIOCTYII€ HA CAalTe COOTBETCTBYIOIIETO XKYpHaja M Ha caiTe
Poccuiickoit HayqHOI anekTpoHHOM Onbmuorekn — PYHDbB (Poccuiicknii nHAEKC HAyIHOTO TUTHPOBAHUS).

B TekcTe cTaThbH HE PEKOMEHIYETCS IPUMEHSITD:

- 000pOTHI Pa3roBOPHOI PEUH, TEXHUIIU3MBI, TPO(ECCHOHATI3MBI;

- ISl OMHOTO M TOTO JK€ TMOHSTHS Pa3jInYHbIe HAYYHBIC TEPMUHBI, OJM3KHE 1O CMBICTY (CHHOHUMBI), a
TaK)Ke HHOCTPAHHBIE CII0OBA U TEPMUHBI IIPH HATMYHN PAaBHO3HAYHBIX CIIOB U TEPMUHOB B PYCCKOM SI3BIKE;

- TPOU3BOJILHBIC CJIOBOOOPA30BaHUS,

- COKpaIllcHUSl CIIOB, KPOME YCTaHOBJICHHBIX MpaBWIAMH pYycckoil opdorpaduu, COOTBETCTBYIOIIMMU
CTaHJApTaMHU.

o CokpameHuss ¥ a00OpeBHATYphl JOIDKHBI pacH(pOBBIBATHCS TI0 MECTY MEPBOrO  YIOMHHAHUS
(BXOXICHHS) B TEKCTE CTATHH.

Oos3aTe/ibHbIE 31eMeHThI:
- 3arjaBHe (Ha PyCCKOM M aHIJVIMIICKOM sI3bIKe) ITyOJIMKyeMOro Marepuana AO0JDKHO OBbITh TOYHBIM U
eMKHM, CJIOBA, BXOJIIIME B 3arjlaBHe, NODKHBI OBITH SICHBIMH CaMH{ IO ceOe, a He TOJIbKO B KOHTEKCTE;
cienyer M30eratb CIIOXKHBIX CHHTAKCHYECKMX KOHCTPYKIMH, HOBBIX CJIOBOOOPa30BaHMHA M TEPMHUHOB, a
TAKXe CJIOB Y3KOIPO(ECCHOHATIBHOTO U MECTHOT'O 3HAUCHUS;
- aHHoTauusi (HAa PYCCKOM M aHIJIMIICKOM s3bIKe) KPaTKO OIMCBHIBAET OOBEKT MCCIECIOBAHUS,
MOTHBALMIO K MPOBEACHUIO MCCIEAOBaHMS, PE3yabTaThl HCCICOOBAaHUS (PEKOMEHAYETCS YKa3bIBaTh
KOHKDETHbIE PE3yJlbTaTbl W 3aBUCHMOCTH, IIOJIyY€HHbIE B HCCIEIOBAaHUM), BBIBOABI (KPaTKo);
pexoMeHryeMblit 06seM — ot 200 mo 250 croB;
- KJII0YeBble cJI0Ba (HA PYCCKOM M AHIVIMICKOM fI3bIKe) — 3TO TEKCTOBBIE METKHU, 110 KOTOPBIM MOXKHO
HAlTH CTaThIO NP IOHCKE U ONPEIECTUTh NMPEIMETHYIO 00IacTh TEKCTa; OOBIYHO X BBIOMPAIOT U3 TEKCTa
myOJIMKyeMOoro Matepuana, 10cTaTouHo 5-10 KITF0UeBbIX CIIOB.
- CHHCOK JIMTepPaTyphbl, HA KOTOPYIO aBTOP CCBHIJIAETCSl B TEKCTE CTAThU; PEKOMEHIYyEeMbIH 00bEM CIIHCKA
JUTEPaTyphl — He MeHee 20 HCTOUHUKOB.

B nn¢opmanum 06 aBropax pekomenayercs ykassiate ORCID, Scopus ID u SPIN-koz, nmprcBoeHHbIH B
PUHII.

Penakuums He B3uMaeT miaTty ¢ aBTOPOB 3a IOATOTOBKY, PELEH3UPOBAHUE W Pa3MEIIEHHE B OTKPHITOM
JIOCTYIIE CTaTEH.

[IpaBo ucnons30BaHUs MPOU3BEACHUI MPEAOCTABICHO aBTOpaMH Ha OCHOBaHMH II. 2 cT. 1286 UerBepToii
yactu ['paxxnanckoro Konekca Poccniickoit deneparum.

C nmosHoi1 BepcHeii TpeGoOBaHN K 0()OPMIICHHIO HAYYHBIX CTaTeH
BbI Mo:xeTe 03HAKOMUTBHCA Ha caiiTe https://construction.elpub.ru/jour/index
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