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CTPOUTEJIbHBIE KOHCTPYKLNN

VJIK 624.072.2:004.9 DOI: 10.33979/2073-7416-2023-105-1-3-15

AI1 JJOKTUOHOB?

'®I'BOY BO «tOro-3amambiii rocyapCTBeHHbII yHUBepcuTeT», I. Kypck, Poccus

OBPATHAS 3AJTIAYA KOIIH JIJISI CTOEYHO-BAJIOYHOMN
KOHCTPYKTHUBHOM CUCTEMBI

Annomayun. OO0vekmom uUCCIe008aHUS AGIAIOMCS CMOEUHO-0AI0UHbLE KOHCIPYKIMUGHbIE
cucmemvl 30aHull C dicecmrkum conpsicenuem oanxu co cmotuxou. Llenv uccaiedosanus cocmoum 6
OYeHKe GNUSHUSL HA MOYHOCMb PeuleHust 3a0ayu NO2PeutHoCmu 6X00HbIX OAHHBIX U YUCAA 3A0AHHbLX
Koo puyuenmos ypasHeHust npozubos. Hccneodosanus npogeoervl AHANUMUYECKO-
IKCHEPUMEHMANLHBIMU MEMOOAMU CEeMOYHOU Pe2yapu3ayuu, peoyKyuu UMEPeHull, peueHuil Ha
UBMEPUMENbHOM — KOMAAKMeE, — NOJUHOMUALLHOU — ANNPOKCUMAYUY, — JUHEUHOU  JA2PAHICeBOU
UHMEPNOAAYUU U YUCTIEHHO20 U hepeHyuposanus.

Ananumuyecku u HAMYPHLIM IKCHEPUMEHNOM CMOOETUPOBAHO HCECMKOe CONpsdiceHUe DAKU
co cmouKkou. /s KonuuecmeeHHoU oyeHKu I@ekmusHoCmu peuieHus 3a0auu OnpeoeieHbl 3HAYeHUs
Yeneeo2o napamempa u Kpumepus ONMUMU3AYUU RO MuHumymy @yuxyuu Jlebeea. Ilpednoscerno
UCNOIb308aMb NOJYUEHHbIE Pe3yibmamsl peutenus oopamuoi 3adauu Kowu npu sxcnepumenmansho-
meopemuiecKux UCCied08aHUSX CMOeUHO-0AI0YHbIX KOHCIMPYKMUGHBIX CUCTHEM.

Knrouesvte cnosa: oOanxka, obpamunas 3adawa Koww, mooenv uszmepenus, npocuo,
AnnpoKcuMayusl, Kpumepuii ONMUMU3AYUU.

A.P. LOKTIONOV!
Southwest State University, Kursk, Russia

INVERSE CAUCHY PROBLEM FOR RACK-AND-BEAM STRUCTURE

Abstract. The object of this study is the building frames with rigid beam-to-column assemblies.
The aim of the study is to assess the impact on the accuracy of the solution of the problem of the error
of the input data and the number of given coefficients of the deflection equation. The studies were
carried out using analytical and experimental methods of regularization, reduction of measurements,
solutions on a measuring compact, polynomial approximation, linear Lagrangian interpolation and
numerical differentiation.

Rigid coupling of a beam with a rack is modeled analytically and by a full-scale experiment.
For a quantitative assessment of the effectiveness of solving the problem, the values of the target
parameter and the optimization criterion are determined through the minimum of the Lebesgue
function. It is proposed to use the obtained results of solving the inverse Cauchy problem in
experimental and theoretical studies of rack-and-beam structures.

Keywords: beam, inverse Cauchy problem, measurement model, deflection, approximation,
optimization criterion.

© Jloxmuonos A.I1., 2023
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TEOMETPUSA U CTATUYECKHIN PACUET TOHKHUX OBOJIOYEK C

JUHENYATHIMU CPEJJUHHBIMUA MOBEPXHOCTSIMHU C

I''TABHBIM KAPKACOM U3 TPEX CYIIEPDJIJIMIICOB

Auuomauuﬂ. ﬂOKClSClHO U npouiniocCmpuposano, 4mo umes 00UHAKOBBIU 2]IABHbLI Kapkac

NOBEPXHOCTU MOJICHO NOCPOUNb MPU PA3Hble NOBEPXHOCU NEPEHOCA Beapoudaibhozo mund. Bssae
omu  mpu pasuvle JuHenyamvle NOBEPXHOCMU 6 Kauecmee CPeOUHHbIX NOBEPXHOCHEl MOHKUX
CMPOUMENbHBIX 000N0UEK, MOICHO PACUWUPUMb YUCLO APXUMEKMYPHBIX (DOPM, Npuemiemvblx Ol
CMpOUmMenbHol NPAKMUKU.

ITlokazana 6o3modoCcHOCHD onpeéeﬂeimﬂ Hanpﬂ?fceHHO'06¢0PMMPO@GHHOZO COCMOAHUA

JIUHeNYamulX 000104eK ¢ paccmMampugaemvbimMu CPEOUHHBIMU NOBEPXHOCTHAMU NPU NOMOWU MUNOBO20
komnvromeprozo xomnaexca CKAJl. U3 npedcmagneHuvlx u30noaell 04e8UOHO, YMO HANPAXCEHHO-
deghopmuposanHvle COCMOAHUS PA3HLIX JTUHEUYAMbIX 000I04eK HA 08ATIbHOM NIAHe, HO C OOHUM U meM
JHce 2NABHbIM KAPKACOM, OMIUYAIOMC He3HAYUMeNbHo )y 08yX u3 mpex obonoyex. Ilpu smom Oviio
VCMAHOBIEHO, YUMo OaHHble 08¢ 000IOYKU UMEIOM OMPUYAMETbHYIO 24YCCO8) KPUBU3HY, d Mpembs —
nynegyio. CnedosamenvHo, uUckamv 6ojiee ONMUMATLHYIO 000I0UKY NO KpUmepuro NpoyHOCmU cpeou
08YX 0007104eK ¢ OMPUYAMENbHOU 2ayCcCcOB0U KPUBU3HOU He UMeem CMbICad, Cledyem Guloupams
0060104KY N0 OpY2OMY KpUMeEPUio, Hanpumep, no Kpumepuio mpyooemMKoChu uU32omoeiLeHus.

Knroueevie cnoea: mounkas o000104ka, MemooO KOHEUHO20 OdJleMeHmd, JAUuHeln4amas

no6epxXHOCmb, aﬂee6pauqea<aﬂ HOBEPXHOCMDb, 21ABHbIU Kapkac nogepxnocmu, CynepaJiiunc.

ILA. MAMIEVA!, V.V. KARNEVICH'
YPeoples’ Friendship University of Russia (RUDN University), Moscow, Russia

GEOMETRY AND STATIC ANALYSIS OF THIN SHELLS WITH RULED
MIDDLE SURFACES OF THREE SUPERELLIPSES AS MAIN FRAME

Abstract. The possibility of generating three different translational surfaces of velarodial type

by having the same main frame of the surface is proved and illustrated. Using these three different ruled
surfaces as middle surfaces of thin shells allows to extend the number of architectural forms in
construction practice.

Static analysis of the shells with the middle surfaces under consideration is performed using

the SCAD standard finite element software. The results of the analysis of different ruled shells with
oval-shaped base, but of the same main frame, imply that the stress, moment and displacement
distributions are almost identical in two of the three shells. Moreover, it is established that the
Gaussian curvature of these two shells is negative, and is zero in the third one. Therefore, there is no
sense in determining the optimal shell in terms of strength out of the two shells with negative Gaussian
curvature. Rather, these two shells may be evaluated based on another criterion, for example,
complexity of manufacturing.

Keywords: thin shell, finite element method, ruled surface, algebraic surface, main frame of

surface, superellipse.
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JI.A. MAPHUHA®

"HauponansHslii necnenoatenbekuii MOCKOBCKHIA rOCyAapCTBEHHBIN cTpouTenbHblil yHuBepcurer (HUY MI'CY),
r. Mocksa, Poccust

HECYIIASI CHOCOBHOCTD U JE®@OPMATUBHOCTH CBAPHBIX
BEPTUKAJILHBIX CTBIKOB KPYITHOIIAHEJILHBIX 3JAHMIT HA
3AKJAJTHBIX JETAJIAX

Annomayusn. Ananuz pe3yromamos ucciedosanull, nPeoCmagieHHbIX 8 HAYUHO-MEXHUYECKOU
aumepamype, NOKA3AL OMCYmCmeue OdHHbIX O pabome CEAPHbIX  GEPMUKANLHBIX — CMbIKOS
KPYNHONAHETbHBIX 30aAHULL HA 3AKAAOHBIX OeMAasX ¢ COCOUHUMENbHBIMU INEMEHMAMU 8 8UOe 2HYMbIX U
APOKAMHBIX Y20IKO8.

C yemvio onpedenenus MeXHUYECKUX NAPAMEMPO8, HeoOX00uMblx Ol  pacdema u
APOEKMUPOBANUSL KPYNHONAHENbHbIX 30aHUL, OblLIU NPOGeOeHbl IKCHEPUMEHMANbHbLE UCCIEO08ANUS
PAbompl C8APHBIX BEPMUKALLHBIX CIMLIKOS HA 3AKIAOHbIX OeMAISX C COCOUHUMETbHLIMU DNIEMEHMAMU 8
8uUde ZHYmuvIX U NPOKAMHBIX Y2OJK08 NpU Oelcmeul pacmsaeuéaiomux U CcOBUSAIOWUX YCULUIL.
Cmamuueckasi Hazpy3Kka NPUKIAObIBALACh CMYNEHAMU 00 paspyuleHus ONnvlmHulX 006paszyos. B xode
UCnLIMaHUll PUKCUPOBANIUCH NepeMeueHuss 8 Mecme u3euba coOeOUHUMENbHBIX IIEMEHMOE8 ONbIMHbIX
obpasyos. Ha ocnoganuu NOIYUEHHBIX IKCHEPUMEHMANbHBIX OAHHLIX ONpedeNeHbl  3HAYEeHUs!
ROOAMAUBOCHU COCOUHUTNENbHBIX IIEMEHMO8 BEPMUKATLHO20 CIbIKA HA 3AKIAOHBIX Oemalsix.

Boiuucnenvt u  npeonoosicenvl nonpagounvie Kodp@uyuenmor 0ns MOYHO2O ONpedeseHus.
ROOAMAUBOCIU COCOUHUMETBHBIX JIIEMEHMO8 8 GUOe NPOKAMHBIX U SHYMbIX Y20IK08 GEPMUKANLHO2O
CMbIKA HA 3aKIAOHbIX Oemansix. Bwisignen paznuunblii xapakmep 0ehopMuposanus u pazpyuleHusl
CBAPHBIX BEPMUKANLHBIX CMbIKOE HA 3AKIAOHBIX OeMAsiX ¢ COCOUHUMENbHIMU JJIEMEHMaMU 8 GUOe
SHYMBIX U NPOKAMHBIX Y2OIKO8 C OOUHAKOGLIMU 2€0OMEemPUHeCKUMU DPA3Mepamu npu Oeicmeuu Ha
CIBbIKU PACMALUBAIOWUX U COBULATOUUX YCUTUIL.

Knrwouesvie cnosa: kpynnonanenvHvle 30aHus, C8APHOU 8ePMUKANIbHBIL CMbIK, UCNbIMANHUE HA
cOo8ue, UChbIMaHUe Ha PAcCmAXdCeHUe, NOOAMAUBOCMb, YIPY2dsl CINAOUs. pabomel CIMbIKA, paspyularouas
Hazpy3Ka.

D.A. MARININA!
!National Research Moscow State University of Civil Engineering (NRU MGSU), Moscow, Russia

THE BEARING CAPACITY AND DEFORMABILITY
OF WELDED VERTICAL JOINTS OF LARGE-PANEL BUILDINGS
ON EMBEDDED PARTS

Abstract. Analysis of the research results presented in the scientific and technical literature
showed the absence of data about the operation of welded vertical joints of large-panel buildings on
embedded parts with connecting elements in the form of bent and rolled angle bars. In order to
determine the technical parameters necessary for the calculation and design of large-panel buildings,
experimental researches of the operation of welded vertical joints on embedded parts with connecting
elements in the form of bent and rolled corners under the action of tensile and shear forces were
carried out. The static load was applied in stages until the destruction of the prototypes. During the
experimental researches, the displacements in the place of bending of the connecting elements of the
prototypes were recorded. On the basis of the experimental data obtained, the values of compliance of
the connecting elements of the vertical joint on embedded parts were determined. Correction
coefficients for the correct definition the compliance of connecting elements in the form of rolled and
bent angle bars of a vertical joint on embedded parts are calculated and proposed. A different nature of
deformation and destruction of welded vertical joints on embedded parts with connecting elements in
the form of rolled and bent angle bars with the same geometric dimensions under the action of tensile
and shear forces on the joints is revealed.

© Mapununa J[.A., 2023
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Keywords: large-panel buildings, welded vertical joint, shear test, tensile test, compliance,
elastic stage of joint operation, breaking load.
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ITAPAMETPbI YHCJIEHHBIX MOJEJIENA
HECYWEU CITOCOBHOCTU JJIs1 CTAJIBHBIX 39JIEMEHTOB

Annomayus. Hcnorv3oganue HUCIEHHLIX MoOeneli 01 AHAAU3A NOBEOEHUs CMATbHBIX
IeMeHmos 001a0daem HeoCHOPUMbIMU NAIOCAMU U OMKPbIBAEm PA0 NEPCNeKMUBHbIX HANPAGLeHUt O
UCCIeO0BAHUA CTIONCHBIX UTU HOBBIX KOHCIPYKIMUGHBIX peuteHutl. Pasgumue 6blyuciumenbHol mexHuxu
U NPOSPAMMHBIX KOMNIEKCO8 O0aém 3momy HANpAeieHuio HOBbl Man pasgumus — HpPUMEHeHUue
YUCTIEHHbIX MOOeNell 8 NOBCeOHeBHOM npoekmuposanuu. Jna 6onee WUPOKO2O UCHOTb306AHUA
YUCTIEHHBIX MoOeNiell U obecneyeHuss CONOCMABUMOCIU  PEe3VIbINAMO8  BANCHO  GbIpadOMAMb
VHUSEpCcanbHble NPUHYUNLL NOCMPOEHUs. YUCTEHHBIX MOOenell ¢ nociedyioujell peziamenmayuen 6
HOPMAMUSHLIX OOKyMenmax. B pamxax oammozo ucciredoganus coenan aKyeHm HA NpUMeHeHuu
YUCTIEHHBIX MOOeeli HapagHe ¢ K1AcCUtecKUMU (opMynbHbIMU) MOOeTAMU, U 8 Nep8yIo ouepedsb Ol
9MOo20 6bINOAHEH 0030p U CUCeMamu3ayus Hauboiee 6AdCHLIX NAPAMEMPO8 YUCTEHHbIX MOooeell
Hecyweli cnocobnocmu. Ilpedcmagnenvl ykazanus no HA3HAYEHUIO CEOUCME Mamepuanos, mund
KOHEUHO20 JIeMeHma, KA4ecmea Cemku, GeluyuHbvl U OopMbl HECO8EPUIEHCNE NPUMEHUMENbHO K
cmanbHblm  KoHempykyuam. Tlonyuennvie pesyrvmamuvl npeOCMAGIsION uHmepec OAsl OAIbHeluUx
uccnedosanull no yHupurkayuu mpebosanuil K napamempam YUCIeHHbIX MoOeell U Ux eepupuxayuu Ha
OCHOBAHUU ~ IKCNEPUMEHMATLHLIX OAHHBIX €  BbIMUCAEHUEM CIMAMUCMUYECKUX XAPAKMEPUCMuK
HeonpeoeléHHOCU YUCIEHHOU MO0l

Knwuesvle cnosa: uuciennas mooenv Hecymezi cnoco61—tocmu, cmajlibHvle KOHCMPYKYUU,
Heonpedeﬂé'yﬁocmt;, MemoO KOHEYHBIX INeMEHMO8.

V.V. NADOLSKI*?
'Brest State Technical University, Brest, Belarus
“Belarusian National Technical University, Minsk, Belarus

PARAMETERS OF NUMERICAL RESISTANCE MODELS
FOR STEEL ELEMENTS

Abstract. The use of numerical models to analyze the behavior of steel elements has undeniable
advantages and opens up a number of promising areas for the study of complex or new design
solutions. The development of computer technology and software gives this direction a new stage of
development - the use of numerical models in everyday design. For wider use of numerical models and
ensuring comparability of results, it is important to develop universal principles for constructing
numerical models with subsequent regulation in normative documents. Within the framework of this
study, emphasis is placed on the use of numerical models on a par with classical (formula) models, and
first of all, for this purpose, a review and systematization of the most important parameters of
numerical models of load-bearing capacity is carried out. The instructions on the purpose of the
properties of materials, the type of the final element, the quality of the mesh, the size and shape of
imperfections applied to steel structures are presented. The results obtained are of interest for further
research on the unification of the requirements for the parameters of numerical models and their
verification based on experimental data with the calculation of statistical characteristics of the
uncertainty of the numerical model.

Keywords: numerical model of load-bearing capacity, steel structures, uncertainty, finite
element method.
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C TOHKOM HAKJIOHHO-TO®PUPOBAHHOM CTEHKOM

Annomayun. DpdekmusHocmos NpuUMeHeHUs. NONePeuHO-20PPUPOBAHHBIX OANOK MOJICem

Ovimb  ygenuyena 3a cuem HAKIOHA 20()PO8 HA NPUONOPHBIX YYACMKAX UX cmeHoK. B pabome
NPUBOOAINCS  PE3VIbMAMbL UCCIEO08AHUA  HANPAHCEHHO-0ePOPMUPOBAHHO20 COCTNOAHUA CMATLHBIX
08ymMasposuix OANOK ¢ MOHKOU HAKIOHHO-20(PPUPOSAHHON CEHKOI 6 3A8UCUMOCIU OM Yelld HAKIOHA
obpasyowux 20pos Kk NIOCKOCmU nonepeuno2o cevenus oaiku. Illpeocmaesnenvi KOHeyHO-d1eMeHMHblE
MoOenu OanoK ¢ pa3TUdHbIMU YeIamMu HAKIOHA 0bpasyrwux 20¢pos (npoguisb 20ghpos mpeyeonbHbiil
HenpepbleHbIL OMKPBIMbILL), d MAKdHCce Pe3Vabmamsl U KPAMKUll aHalu3 YUCTEHHbIX IKCHEPUMEHMO8,
npoGedenHblX npu nomowu npocpammuoco xomniexca JIMPA-CAIIP. B xode sxcnepumenma 074
KanicOOU MOOenu NOJYYeHbl QopmMbl NOMepu YCMouyuoCmy CMeHoK ¢ Kodpguyuenmamu 3anaca,
Ooehopmuposannvie cxemvl U U3ONOAA PACNpeOeNeHUsl HOPMANbHBIX, KACAMENbHbIX U 21ABHbIX
Hanpaxcenuti 8  9nemenmax  Oanox. Ilpedcmasnennvie  pe3yibmamel  C8UOCMENLCMEYIOM O
OONOAHUMENLHOM NOBBIUEHUYU YCTNOUYUBOCU CINEHKU NPU HUCXO0AWUX 20Ppax, 00 uzmeHenuu ycunull
68 nosACax 6an0K U HEKOMOPOM NOBBIULEHUYU UX 0eDOPMAMUBHOCTIU.

Kniouegvle cnosa: memannuyeckas 08ymasposas OAiKa, MOHKAsSL HAKIOHHO-20(puposannas

CMeHKa, mpey2onbhblil NPOPUIL 20hPo6, MeMoO KOHEUHbIX IEMEHMOB.

N.L. TISHKOV?, A.N. STEPANENKO?
'pacific National University, Khabarovsk, Russia

OPERATION OF STEEL I-BEAMS
WITH THIN SLOPED-CORRULATED WALL

Abstract. The efficiency of the use of cross-corrugated beams can be increased by tilting the

corrugations on the supporting sections of their walls. The paper presents the results of a study of the
stress-strain state of steel I-beams with a thin inclined-corrugated wall, depending on the angle of
inclination of the generatrix of the corrugations to the plane of the cross-section of the beam. The finite
element models of beams with different inclination angles of the generating corrugations (corrugation
profile triangular continuous open) are presented, as well as the results and a brief analysis of
numerical experiments carried out using the software package LIRA-SAPR. In the course of the
experiment, for each model, the forms of wall buckling with safety factors, deformed schemes and
distribution isofields of normal, tangential and principal stresses in beam elements were obtained. The
presented results indicate an additional increase in the stability of the wall with downward
corrugations, a change in the forces in the chords of the beams, and a slight increase in their
deformability.

Keywords: metal I-beam, thin inclined-corrugated wall, triangular corrugation profile, finite

element method.
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VJIK 624.046.5 DOI: 10.33979/2073-7416-2023-105-1-66-76

C.A. COJIOBBEB!, A.D. MHBKOB?, A.A. COJIOBBEBA'

'®I'BOY BO «Bonoroackuit rocyIapCTBEHHbIN YHUBEpPCUTETY, I'. Bonoraa, Poccus

METOJ AHAJIU3A HAJEKHOCTH 9JIEMEHTOB CTPOUTEJ/IBHBIX
KOHCTPYKIHUHU ITO UHTEPBAJIBHBIM OLIEHKAM
CJIYUYAVIHBIX BEJIMYUH

Annomayun. B uccreoosanuu npedcmaeien nooxo0 K aHANU3Y HAOEICHOCU IJeMEHMO8
CMpOUmMenbHblX KOHCMPYKYULL, OCHOBAHHbIU HA UHMEPBATbHBIX OYEHKAX CVUAUHBIX 8eIUYUH, KOMOpble
npeocmagnniom cobou epanuybl ux uzmenuueocmu. Ha uucnemnvlx npumepax nokazamo, 4mo
UCNONB30B8AHUE MAKO20 NOOX00A NPU HETUHEUHbIX MAMEMAMUYecKUx MOOeIsIX NPeOeibHblX COCMOIHUL
no3eoasiem Noayyums 0ojee OCMOPONCHYIO OYEHKY BepOsimHocmu 0e30mKasHotl  pabomel npu
CHUDICEHUU KOIUYeCm8d UCHOIb3YeMbIX cmamucmuieckux eunomes. Ilpednosicennulii 6 cmamve nooxoo
ucnonvzyem HepaseHcmgo Bwicouanckozo-Ilemynuna 01 000CHOBAHUA 2PAHUY USMEHYUBOCTU
CYUAUHBIX BeIUYUH 0e3 UCNONb308AHUS SUNOME3 O 3aKOHe pacnpedefieHus CAyYatHoU BeIuyumbl, d
Mamemamuyeckoe 0X4CUOanue U CIMAaHOapmHoe OMKIOHeHUe NPeOCMasienbl MaKice 008epumenbHblMu
UHMEPBANAMU, YMO NOGbIUAEH NPAKMUYECKYI0 3HAYUMOCHb paA3padomanHHo2o memood. Aneopummbl
UCNONBL308AHUSL  NPeONaeaemMo20 N00X00d NpeOCMAGIeHbl HA — YUCIEHHbIX NpUMepax  OyeHOK
geposamuHocmu 6e30mKa3Hol pabomuol I1eMeHmo8 CIMPOUMENbHBIX KOHCMPYKYUL.

Knwuesvie cnosa. Ha()eoicnocmb, HepaseHcmeo BblCOllaHCKOZO-HemyHuHa, BEPOANMHOCMb
bezomkasnoil pa60mbz, uxnmepeai, 6esonacnocmb, Cﬂy‘talea}Z seluvuHa, CMOXACMU4ecKutl AHaIu3.

S.A. SOLOVEV', AE. INKOV', A A. SOLOVEVA!
"Vologda State University, Vologda, Russia

METHOD OF STRUCTURAL RELIABILITY ANALYSIS BASED ON
INTERVAL ESTIMATES OF RANDOM VARIABLES

Abstract. The article presents an approach to structural reliability analysis based on interval
estimates of random variables, which represent the boundaries of random variables’ variability.
Numerical examples show that the use of such an approach in cases with nonlinear mathematical
models of limit states allow to obtain a more cautious estimate of the failure probability with a decrease
in the number of statistical hypotheses used. The proposed approach uses the Vysochanskij—Petunin
inequality to justify the limits of variability of random variables without using hypotheses about the
distribution shape of a random variable. The mathematical expectation and standard deviation are also
represented by confidence intervals which increases the practical significance of the developed method.
Algorithms for using the proposed approach are presented on numerical examples of estimates of the
no-failure probability of structural elements.

Keywords: reliability, Vysochanskij—Petunin inequality, failure probability, interval, safety,
random variable, stochastic analysis.
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VK 624.012

AV.TUR', V.V TUR! A A. LIZAHUB!
'Brest State Technical University, Brest, Belarus

EXPERIMENTAL AND THEORETICAL STUDY OF THE REINFORCED

CONCRETE FLAT SLABS WITH THE CENTRAL SUPPORT LOSS

Abstract. The paper experimentally and theoretically considers the issues of assessing the
robustness of reinforced concrete structural systems with flat slabs in an accidental design situation.

The methodolody of experimental studies for two scale models of a flat slab fragment in the
case of removal of the central support under static (sample FS-1) and dynamic (sample FS-2) loading
are presented. Based on the data obtained, the analysis of the main mechanisms of resistance of flat
slabs to progressive collapse was carried out.

The article presents a theoretical approach to a direct quantitative assessment of robustness,
which is based on the provisions of the energy balance of a damaged structural system in an accidental
design situation. The proposed solutions make it possible to determine the non-linear quasi-static "load-
displacement™ reaction and the ultimate dynamic resistance for reinforced concrete structural systems
with flat slabs in the case of removal of the vertical key element.

Keywords: flat slab, robustness, resistance mechanism, membrane action, dynamic resistance,
energy balance method.

B.B. TYP!, A.B. TYP!, A.A. TN30OT'YB!

lEpeCTCKHﬁ rOCYAAapCTBEHHBIM TEXHUYECKUN YHUBEPCUTET, I'. bpect, benapyce

IKCHEPUMEHTAJIBHBIE U TEOPETUYECKKHUE UCCJIEAOBAHUA

’KEJE30BETOHHBIX IIJIOCKUX NEPEKPLITUM ITPU YJIAJIEHUN
HEHTPAJIBHOMU OIIOPHI

Annomayusn. B pabome 3KChepuMeHmMaibHO U MEOPemu4ecKy paccMompensl 6ONPOCHL OYEHKU
aAcUYUeCmu Jcene300emOHHBIX KOHCIPYKMUBHBIX CUCTEM € NIOCKUMU OUCKAMU NEPEKPLIMULL 8 0CODOU
pacuemuoll cumyayuu.

Ilpeocmasnena Mmemoouka npogedeHUss OIKCNEPUMEHMATbHLIX —UCCIe008aHUll 01  08YX
MacumabHbix Modenel pasmenma ni0CKO20 NepeKpulmus @ Ciyyae YOaieHUs YeHmpaibHOl Onopbl
npu cmamuveckom (obpaszey FS-1) u ounamuuecxom (obpaszey FS-2) naepyscenusx. Ha ocnosanuu
NONYYEHHbIX OAHHbL GbINOAHEH AHAIU3 OCHOB2bIX MEXAHUBMOS CONPOMUBNEHUS. NIOCKUX OUCKO8
nepexpuLmus NPOSPECccupyiowemy oopyuLeHuio.

B cmamve npeocmasenen meopemuueckuii. N0OX00 HPSIMOU  KOAUYECMEEHHOU OYEHKU
AHCUBYUECU, KOMOPBIL OCHOBAH HA  NONONCEHUSX IHEPLeMUYECKO20 OAlaHcd NOBPENCOeHHOU
KOHCIPYKMUBHOU cucmembl 6 0coboil pacuemnot cumyayuu. IIpednoscennvle peujeHust no3eosiom
onpedenums HEMUHEUHYI0 K8AZUCIAMUYECKYI0 PeaKyuio «HA2py3Ka-nepemMeujeruey u GeIuduHy
nPedebHO20 OUHAMUYECKO20 CONPOMUBTICHUSL OISl JHCeAe300eMOHHbIX KOHCMPYKMUGHbIX CUCTEM C
RAOCKUMU OUCKAMU NEPEKPLIMULL 6 CIyYae YOALeHUsl 6ePMUKATLHO20 KIIOYE8020 dNeMEHMA.

Knioueevie cnosa: nnockoe nepekpvimue, JICUBYYECMb,  MEXAHUIM — CONPOMUBGTLEHUS,
Membpanuvlli d¢pghexm, Ounamuueckoe conpomueieHue, NOBPeNCOEeHHAs CUCmeMa, IHepeemuuecKull
bananc.

DOI: 10.33979/2073-7416-2023-105-1-77-103
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AU. BEJIOB', B.A. PSI3BAHOBA?, A.l. TABUTOB?,
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"HatmonamsHeiit rcceaoBaTeMbeKkiit MOCKOBCKHIA TOCYIApCTBEHHBINM CTPOUTENBHBIN YHUBEPCUTET, I. MockBa, Poccus
%Y (puMCKHiT rOCYIapCTBEHHBIN He(TAHOIM TeXHMUecKHit yruBepenter, T. Y da, Poccus

BAPUAHTHOE IIPOEKTHPOBAHUE ®YHIAMEHTOB
ITPOMBIIIVIEHHBIX 1 OBINECTBEHHBIX 3TAHUUA J1JIA1
PA3JIMYHBIX T'MJIPOT'EOJIOT'MYECKUX YCJIOBUM

Annomayua. B cmamve paccmompeno eapuanmmoe npoekmuposanue @OYHOAMeHmos O0ns
pasauynvix peeuonos Poccuiickoii Dedepayuu. [na 30anus mHo2o@pYHKYUOHATLHO20 CHOPMUBHOO
KOMNIEKCA BbINOAHEH PACYém C6aliHo20 (YYHOAMeHma ¢ y4émom 0cobeHHocmell SUOpO2e0no0UdecKux
Yenosull  paccmampugaemvix  pe2uonos. Mooenuposanue Npocmpancmeenol pamvl  GLINOIHEHO C
npumenenuem npocpammuvix komniexcos SCAD u Autodesk AutoCAD. Ilo pacuémy ona Pecnybauxu
Bawxopmocman npunsamer ceau no cepuu C-5-30 onunoii 5 m ceuenuem 300x300 mm. [Jns Pecnybnuku
Tamapcman: ceau no cepuu C-3-30 oaunout 3 m ceveruem 300x300 mm. [dns [lepmckozo Kpas npursmuol
ceau no cepuu C-6-50 onunou 6 m ceuenuem 500x500 mm. [[na onpedenenus cmoumocmu 60368e0eHust
@dyHOamMeHmo8 cocmagnen JIOKATbHO-CMEeMHbLL pacyém Ha OCHOge edomocmell obvemos pabom. Ilo
npeocmagienHoll OKOHYAMENbHOU CMOUMOCIMU 0elaemcs 6bl600 O MOM, YMO pPA3IUYHble KAMme2opuu
CNIONCHOCIU  UHIICEHEPHO-2€0NI02UYECKUX  YCIO8ULl  NOOpasymMesaiom npogedenue OONOIHUMENbHBIX
Meponpusimuil 6 paoHax ¢ Oojiee CLONCHOU 2Uopo2eosiocuteckol 00cmanoskol. Cmoumocms 6036€0eHUs.
@ynoamenma onst Pecnybauxu bawrxopmocman cocmasuna 93,711 man. py6 u oxkasanace Haubonvuietl no
CPAGHEHUIO C OPY2UMU PESUOHAMU, YMO CEA3AHO CO 3HAYUMENbHbIM YEeludeHuem 00vémoe pabom 3a
CYém ycmpoucmea MOHOIUMHBIX JHCeNe300eMOHHbIX NOACO8. Aemopamu ommeueHo, umo 6 @vibope
KOHCMPYKYUll (yHOAMEHMAa NpOeKmupyemoz20 30anus ONnpeoersiomum Gaxkmopom seIsemcs aHaius
UMIICEHEPHO-2C0NI02UHeCKUX — YCA0BULl  NIOWAoKU  cmpoumenvcmea. IIpeocmasnennas — memoouka
nO380JIsem NPoGecmi MEXHUKO-IKOHOMUHECKYIO OYEHKY CIMPOUMenIsbCmea aHAI02UYHBIX NPOMbIULIEHHbIX
U 00WecmBenHbIX 30aHULl He MOJbKO 8 PACCMOMPEHHBbIX DE2UOHAX, HO U HA BCell Mmeppumopuu
Poccuiickoii @edepayuu.

Knrouegvie cnosa: ceaiinviii ghynoamenm, eapuanmuoe npoOeKmuposanue, 2uopo2enosudeckue
yenogust,  NaOWaoka — CMpoUumenbCcmed, — JOKANbHO-CMEMHbLL — pacyem, — MeXHUKO-IKOHOMUYEeCKUe
noxazamenu, aHamu3.

A.l. BEDOV?, V.A. RYAZANOVA?, A.l. GABITOV?,
A.S. SALOV?, D.R. ISLAMGALIEVA?

*National Research Moscow State University of Civil Engineering, Moscow, Russia
2Ufa State Petroleum Technological University, Ufa, Russia

VARIOUS FOUNDATION DESIGN FOR INDUSTRIAL AND PUBLIC
BUILDINGS WITH DIFFERENT HYDROGEOLOGICAL CONDITIONS

Abstract. The article considers the various foundation design for different regions of the Russian
Federation. The calculation of the pile foundation was carried out taking into account the peculiarities of
hydrogeological conditions in these regions for the multifunctional sport complex. The spatial frame
modeling was performed using SCAD and Autodesk AutoCAD software packages. According the
calculation S-5-30 5 m long with a section of 300x300 mm (by series) piles received for the Republic of
Bashkortostan. For the Republic of Tatarstan: piles according to the S-3-30 series, 3 m long, with a
section of 300x300 mm. According to the S-6-50 series, 6 m long, with a section of 500x500 mm piles are
accepted for the Perm Territory. To define the price of building foundations, a local estimate calculation
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was composed based on bills of quantities. Based on the presented final price, it can be concluded that
different categories of engineering and geological conditions complexity, imply additional activities in
areas with more complex hydrogeological conditions. The cost of building the foundation for the Republic
of Bashkortostan amounted to 93.711 million rubles, and turned out to be the largest in comparison with
other regions, which is associated with a significant increase in the volume of work due to the installation
of monolithic reinforced concrete belts. The authors noted, that analysis of engineering and geological
conditions of the construction site is the determining factor in the choice of foundation structures for the
designed building. The presented methodology allows to carry out a similar industrial and public
buildings feasibility study in construction not only in the considered regions but throughout the Russian
Federation.

Keywords: pile foundation, various design, hydrogeological conditions, construction site, local
cost estimate, feasibility study, analysis.
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1«Haquo—HccneL[OBaTenLCKHﬁ HHCTHUTYT CTPOUTENHHON QU3UKN Poccuiickoi akageMun apXuTeKTYPHI H
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2«HauroHambHEIH HCCIe10BaTeNbCKIH MOCKOBCKHIT TOCyIapCTBEHHBIH CTpouTeNbHEIH yHHBepcuTeT» (HUY MI'CY),
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HNPUYUHBI PASPYIIEHUA JIMIEBOI'O KUPIINYA

Annomauusn. Paccmompenuvl ocHogHble nputunsbl paspyulenus iuyeeo2o Kupnuid. Yxasauno, umo
ceolicmea Kepamuieckux uzoenull npu ux dKCHAYamayuu 8 cmeHosoll K1doKe 80 MHO2OM 3A8UCAM Om
Kayecmea no02omogKkamu nuHAHou maccol. Ce30HHOe NPOMOPAXCUBAHUE IUHBL NO360AEM YAYUUUMb €€
Gopmosounvie u cywunvhvle ceolicmea. Pacuemamu noomeepoicdeno, umo evicoma KoHyca npu
CE30HHOM XPAHEeHUU 2IUHbL OISl Kiumamuyeckux ycaogui Mockoeckozo pezuona 00adichHa Ovims He boee
6 mempog. Ilpedcmasnen KpumuyecKuil aHaiu3 mMeopuu Xumudeckou OecmpyKyuu KepamuyecKkoz2o
KUpRU4a npu 83aumooeticmsuu wenodell ¢ OKCUOamMu KpemHus U arroMuHus amop@rot gaszvl. Honvl
Kanbyus U MAeHUs 6 20pa300 MeHbuiell CHIeNneHu GIUsiom HA KOPPO3UOHHble Npoyecchl KUpnuyd 6
pesynibmame 00paA308aHUsL 1E2KOPACMBOPUMBIX CULUKAMOS U ANIOMUHAMOS NO CPABHEHUI) C UOHAMU
Hampus u kanus. IIpednodxcena ougghepenyuayus mpeboganuil nO Mopo30CMOUKOCIU TUYEB020 KUPNuid
8 3a8UCUMOCU O KIUMAMUYECKUX YCI08ULL PeUOHA CIPOUmMenbCmed.

Knrwuesvie cuoea: ﬂuueeoﬁ Kupnud, 2lIUHA, paccioenue, Xumuveckas Koppo3ust,
MOpOé’OCWIOlJKOC’mb, ZMOPOCMJZuKame Kajlbyus, ZMOPOGﬂIOMuHambl Kajavyus.

1.V. BESSONOV?, B.I. BULGAKOV?, A.V. LANKIN?, I.S. GOVRYAKOV?,

E.A. GORBUNOVA'?
'Research Institute of Building Physics Russian Academy of Architecture and Construction Sciences (NIISF RAASN),
Moscow, Russia
“Moscow State University of Civil Engineering (National Research University), Moscow, Russia
*Butovo plant of building materials, Moscow, Russia

THE REASONS FOR THE DESTRUCTION OF THE FACE BRICK

Abstract. The main causes of the destruction of the front brick are considered. It is indicated that
the properties of ceramic products during their operation in masonry largely depend on the quality of the
preparation of the clay mass. Seasonal freezing of clay improves its molding and drying properties. The
height of the cone during seasonal storage of clay for the climatic conditions of the Moscow region
should be no more than 6 meters. It is confirmed by calculation. A critical analysis of the theory of
chemical destruction of ceramic bricks during the interaction of alkalis with oxides of silicon and
aluminum of the amorphous phase is presented. Calcium and magnesium ions have a much lesser effect
on the corrosion processes of bricks because of the formation of easily soluble silicates and aluminates
compared to sodium and potassium ions. It is proposed to separate the requirements for frost resistance
of facing bricks is proposed depending on the climatic conditions of the construction.

Keywords: front brick, clay, delamination, chemical corrosion, frost resistance, calcium
hydrosilicates, calcium hydroaluminates.
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CTPYKTYPOOBPA3ZOBAHME U ITIOTPEBUTEJIBCKHUE
CBOHCTBA T'PAHYJIMPOBAHHBIX AC®AJIBTOBETOHHBIX CMECEM C
BKIIOYEHUEM ®OCPOTI'UIICA
N BTOPUYHOTI'O NOJUDTUJIEHTEPE®TAJIATA

Annomayua. Paccmompenvt s¢hgpexmul cmpykmypoobpazoeanusi 6 OUCHEPCHBIXCUCTEMAX,
ROJIYYAeMblX HymeMm panyIupo8anus. OKamuléanuem npu u320mosieHuy acghanbmobemouHbix cmeceti ¢
exmouenuem 00 30% gocgoeunca. Ipu usyuenuu QuU3UKO-XUMUYECKUX U NOMPEOUMENbCKUX CEOUCME
oumyma ¢ 00Oaskou NOIUIMUNEHMEPEPMANAMA UCNONL308AH MEMOO UMepeHUus Kpaegozo Yaid
cemauusanus. Muxkpogomozpaghuu moouguyuposanno2o 8axcyujeco no3eoaAom cyoums 00 usmeHeHuu
cocmoanus  noeepxnocmu  6umyma. 3apeaucmpuposanvl mennosvie dpgexmuvi Kax pe3yrvmam
MOOUPUYUPOBAHUS CEOLICME TMAKUX MAMEPUANO8. YCMAHOBIEHO, Yo NOLyHeHue acharbmodemoHHol
cMecu MemooomM SPAHyIUPOBAHUs OKAMbI8AHUEM oDecneuusaen GblCoKue NOKA3amenu NPOYHOCHU Ha
corcamue OmeepIcOeHHo20 mamepuana. Beisenen pocm eodoycmotivugocmu acganemobemona npu
OOHOBDEMEHHOM 66€0€HUU 8 OUCNEPCHYI0 CUCeMy NoaudmuieHmepepmanama u nopowKa
NPOMbBLULEHHO20 0mXx00a — pocgoeunca. ObHAPYI’CEHO CUHEPeemUYecKoe luaHUe YKA3AHHbIX 000a80K
Ha OocmudiceHue NONONCUMENbHO20 3pghekma cmpykmypooopazo8anus 6 achanrbmossi’cyuux
Mamepuanax, Yymo 6vlAssAem Hosble NePCneKmugsbl UX UCHOIb306aHUA 8 NPOUZBOOCTNEE CIPOUMENbHBIX
pabom.

Kniouesvie cnosa: xomnosuyuonHvie Mamepuansl, achaibmobemonnvie cmecu, MoOupurayus
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STRUCTURE FORMATION AND CONSUMER PROPERTIES
OF GRANULAR ASPHALT-CONCRETE MIXTURES
WITH PHOSPHOGYPSUM INCLUSION
AND SECONDARY POLYETHYLENE TEREPHTHALATE

Abstract. The effects of structure formation in disperse systems obtained by pelletizing in the
manufacture of asphalt concrete mixtures with the inclusion of up to 30% phosphogypsum have been
considered. In studying the physical-chemical and consumer properties of bitumen with polyethylene
terephthalate additive they used the method of measuring the wetting edge angle. Microphotographs of
modified binder make it possible to judge about the change of bitumen surface state. Thermal effects
occurring as a result of modifying properties of such materials were registered. It was found that
production of asphalt-concrete mixture by pelletizing provides high indicators of compressive strength of
the hardened material. We found an increase in asphalt concrete water resistance at simultaneous
introduction of polyethylene terephthalate and industrial waste phosphogypsum powder into the disperse
system. Synergetic effect of the above additives on the achievement of positive effect of structure
formation in asphalt-binding materials has been revealed, which reveals new prospects for their use in
the production of construction works.

Keywords: composite  materials, asphalt-concrete  mixtures, binder maodification,
phosphogypsum, polyethylene terephthalate, pelletizing.
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YBaxaemble aBTOPbI!
IIpocum Bac 03HaKOMUTBHCSI C OCHOBHBIMH TPeOOBaHUAMH
K 0(pOpMIICHHIO HAYYHBIX CTaTel

o [lpexacraBiseMblii MaTepual AOJKEH OBITH OPUTHHAJIBHBIM, He OMYOJMKOBAHHBIM paHee B JAPYTHX
ME€YaTHBIX U3JaHUIX.

e OObeM MaTepHamna, MpeAsaraeMoro K MyOJUKalM{, U3MEPSIeTCs YUCIOM 3HAKOB C YUETOM IPOOEIIOB.
Pexomennyemslit 00bem ctateii: ot 15000 10 45000 3HaKoB ¢ mpodenamu.

o Crarbs nowkHa OBITH HabpaHa Ha jucrax ¢opmara A4 mpudrom Times New Roman, pasmep 12 pt ¢
OJIMHAPHBIM MHTEPBAJIOM, TEKCT BBIPABHUBAETCA 110 IIUpHUHE; ab3amHbiil otcTyn — 1,25 oM, mpaBoe mome —
2 ¢M, JIeBOe TIoJIe — 2 CM, TIOJIsl BHU3Y W BBEPXY — 2 CM; BCE CTPaHUIIBI PYKOIHCH JIOJIKHBI HMETh CIUIONIHYO
HyMeparuio.

e CraThs MpenoCcTaBIsAeTCs B AIEKTPOHHOM BHIE IO DJIEKTPOHHOHN MOYTE WM Yepe3 CUCTEMY JJIEKTPOHHOM
peAaKIHH.

e B omgHoMm cOopHHKE MOXET OBITh OIyOJMKOBaHA TOJNBKO OJHA CTaThs OJHOrO aBTOPA, BKIIIOYAs
COaBTOPCTBO.

e FEcnu crarbs Bo3BpallaeTcs aBTOPY Ha JOpPaOOTKY, WCHpAaBICHHBIM BapHaHT CIeAyeT MNpPUCIATh B
peNakiuio TOBTOPHO, MPHIOKHUB MMUCHMO C OTBETAMH Ha 3aMeuaHMs peleH3eHTa. JJopaboTaHHEBIN BapHaHT
CTaTbU PELEH3UPYETCS U paccMaTpUBAETCAd pPEAAKUIMOHHOW KOJUIETHMEl BHOBb. JlaToil mpeacTaBiieHMs
MaTepraa CYNTaeTCs 1aTa MOCTYIUICHNS B PeJaKINi0 OKOHYATEIIFHOTO BApHAHTA HCIIPABICHHON CTaThH.

e AHHOTaUM BCEX NYOJIUKYEMBIX MAaTEpUANIOB, KIIIOYEBBIE CIIOBAa, WHPOpMaUs 00 aBTOpaxX, CIUCKH
JIUTEpaTypsl OYAYyT HAXOAUTHCS B CBOOOJHOM JOCTYIE Ha caiiTeé COOTBETCTBYIOIIETrO JKypHalla M Ha caiire
Poccuiickoii HayuHO# 31ekTpoHHON OubnroTekn — PYHOB (Poccuiickuii MHIEKC HAYYHOTO LIMTHPOBAHMUS).

B TekcTe cTaThbu HE PEKOMEHYETCS IPUMEHSITH!

- 000pOTHI pa3rOBOPHOM peuH, TEXHUIU3MBIL, TPO(eCCHOHATN3MBI;

- s OIHOTO M TOTO JK€ IOHSTHUS Pa3iWYHble HaydHbIE TEPMMHBI, OJIM3KHE IO CMBICTY (CHHOHHUMBI), a
TaKXe WHOCTPaHHBIC CJIOBA U TEPMUHBI TIPU HAJTMYMH PaBHO3HAYHBIX CJIOB U TEPMHUHOB B PYCCKOM SI3BIKE;

- NIPOHM3BOJIBHBIE CIIOBOOOPA30BAHUS;

- COKpaleHHs CJIOB, KPOME YCTaHOBJIIEHHBIX MpPaBUIaMH PYCCKOW opdorpadun, COOTBETCTBYIOLIMMHU
CTaH/IapTaMHU.

o CokpameHuss ¥ abOpeBUATYphl JIOJKHBI pPacHIM(POBBIBATHCS MO MECTY TMEPBOrO  YIIOMHHAHUS
(BXOXJIEHUST) B TEKCTE CTATHH.

O0s3aTebHbIC 3JICMEHTDI:
- 3aryiaBue (Ha PYCCKOM W aHIJIMICKOM fI3bIKe) MyOJIMKyeMOro Marepuaia JOJDKHO ObITh TOYHBIM M
€MKHM, CJIOBA, BXOJIIME B 3arjlaBHe, JOJDKHBI OBITH SICHBIMH CaMH IO cebe, a HE TOJbKO B KOHTEKCTE;
cienyeT u30eraTh CIOKHBIX CHHTAKCHUYECKHMX KOHCTPYKIIMH, HOBBIX CJIOBOOOpAa3OBaHHWN M TEPMHUHOB, a
TaKXe CJIOB Y3KONpo(hecCHOHaTbHOTO U MECTHOTO 3HAYCHHUS;
- aHHOTauusi (HA PYCCKOM M aHIVIMICKOM s3bIKe) KpaTKO ONMCHIBAET OOBEKT HCCIEI0BAHUS,
MOTHMBAlIMI0O K TIPOBEJEHHUIO HCCIEAOBAaHUS, pE3yJIbTaThl HCCIEAOBAaHUS (PEKOMEHIYeTCs YKa3bIBaTh
KOHKpPETHBIE pe3ylbTaThl ¥ 3aBUCHUMOCTH, TIOJlyY€HHbIE B WCCIIEZIOBAaHWHU), BBIBOJBI (KPaTKo);
pexkomenryembrit 00beM — ot 200 o 250 cros;
- KJIIOYeBble CJIOBA (HA PyCCKOM W AHIVIMIICKOM fI3bIKe) — 3TO TEKCTOBBIE METKH, 10 KOTOPHIM MOXHO
HaWTH CTaThIO MPH MOUCKE M OMPEAEINUTh MPEIMETHYIO 00JacTh TEKCTa; OOBIYHO WX BBIOMPAIOT M3 TEKCTa
myOJIMKyeMoro MaTepuaa, J0CTaTOYHO 5-10 KITI0UeBBIX CIIOB.
- CIHCOK JIMTePaTyphl, HA KOTOPYIO aBTOP CCHUIACTCS B TEKCTE CTaThU; PEKOMEHAYEMbIil 00beM CIUCKa
JTUTEepaTypsl — He MeHee 20 HCTOYHUKOB.

B nndopmanmu 06 aBropax pekomenayercs ykassiBatb ORCID, Scopus ID u SPIN-koza, nprcBOoeHHBIH B
PUHILI.

Penakius He B3WMaeT TUIaTy C aBTOPOB 3a MOATOTOBKY, PEIIEH3UPOBAHHE W Pa3MEUICHHE B OTKPHITOM
JIOCTYTIE CTaTEH.

[IpaBo ucnonp30BaHUs MPOU3BENECHUN TPEJOCTABICHO aBTOPaMHU Ha OCHOBaHMH 1II. 2 cT. 1286 YeTrBepToit
yactu ['paxxtanckoro Kogexca Poccuiickoit @enepanuu.

C nosHoii Bepcueii TpedoBaHMIl K 0(popMIIEHHIO HAYYHBIX CTaTel
Brbl Mo:xeTe 03HAKOMUTHCA Ha caiiTe https://construction.elpub.ru/jour/index
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