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BIIAQUMUP NITbNY TPABYILL - YYEHbIA, KOHCTPYKTOP U U3OBPETATESIb

(BbICTABKA PABOT B HAY MI'CY)

B pamkax ['oma Hayku u Texnoioruid, 14 nexkabps, 8 HUY MI'CY oTkpsLiach BBICTaBKa
paboT BBINAIOMIETOCS YYEHOTO, KOHCTPYKTOpa M H300peTarens, akaJeMHKa W BHIIC-TIPE3UICHTA
PAACH, a.t1.H., nmpodeccopa Bnagumupa Unenva TpaByma. Bragumup Wasud 0THOCHTCS HMEHHO
K TakoOW KaTeropuu YUYEHBIX, KOTOPbIM YHAeTCsi HE TOJBKO CO3/1aBaTh, HCCIENOBaTb, HO U
peaJin30BbIBATh B JKU3Hb NPOPBIBHbIE TEXHUYECKUE PELIEHUS, KOTOPbIE, HECOMHEHHO, SBJISIOTCS
OOJNBIIMM BKJIQJOM B pa3BUTHE MHUPOBOW CTPOUTENFHOW TEXHUKH M apXHUTEKTyphl. B
TOP>KECTBEHHOM IIepeMOHUH OTKpPBITUS NpuHsM yyactue pekrop HUY MI'CY akanemux PAACH
[TaBen AnekceeBud AKHMMOB, MIPEACTABUTENN aKaJeMUYECKOTO 1 HaydHoro coobmrectBa PAACH,
HNY MI'CY, a Takxe acnupaHTbl M CTYIEHTbl YHUBEpPCUTETa M JIpyrux By3oB. Ha BeicTaBke
npenacTaBieHbl GoTrorpaduu M KONMHUM YHUKAIbHBIX JOKYMEHTOB U IPOEKTOB, B pa3paboTKe
KOTOpBIX NpuHMMas ydactue Bmamumup Mneuu. Ilepen ortkpeituem BbicTaBku B.M. TpaBym
MpoYéN JIEKIHI0O B KOBOPKUHI-LIIEHTPE YHHMBEpcUTETa 00 HCTOPHM M TEPCHEKTHUBAX BBICOTHOTO
CTpOMTENbCTBA B Hameld ctpane (pucyHok 1). Cporo nexuuro Bragumup Wnsny Goraro
WUTFOCTpHUpOBaN GoTorpadusiMu, cXxemMaMud M paccKkazamMu O HaubOojee CIOKHBIX U HMHTEPECHBIX
MOMEHTaX CTPOMUTENbCTBA. OH OTMETHJI, YTO BBICOTHOE CTPOMTEIBCTBO B HAIlEl CTpaHE MMEET
Ooratyr0 MCTOPHUIO M HAYajJo €My MOJIOKUIOo crpoutenbcTBo KosokonpHu Bana Bemukoro B
Mockse. Bragumup Wnbnu pacckazal 0 HEW3BECTHBIX CTpaHUIax HCTOpud OCTaHKUHCKOU
TEJIEBU3MOHHOM OaliHu B MOCKBe M Ipoliecce €€ BOCCTaHOBJIEHHS MOCIIE MOKapa.

Pucynok 1 —Jlekyusa B.H. Tpasywa 06 ucmopuu u nepcnekmugax ebicomHuozo cmpoumenvcmea ¢ Poccuu
6 Koeopkunz-uenmpe HUY MI'CY

«Bce BbICOTHBIE M OOJBLICTIPOJIETHBIE 3[aHUS B HAlllel CTpaHE HEPa3pbIBHO CBS3aHBI C
nMeHeM Bnamumupa Wnpuya. YBepeH, BcTpeua ¢ HMM HAJECKOCh 3allOMHHUTCS aclUpaHTaM |
CTyIAeHTaM yHHMBepcutTeTa. [Ipuriamaro BceX NMOCETUTh €ro BBICTABKY», — OTMETHUJI B CBOEM
BoicTymieHun pekrop HUY MI'CY I1.A. AkumoB. Bce o3HakoMHBIIHECS ¢ BBICTAaBKOH (PUCYHOK 2)
OTMETHJIM BBICOKMH mnpodeccuoHamu3m Bmagumupa Wnbnya TpaBymia, ero yHUKalbHbIE
MaTeMaTH4YeCKUe CIIOCOOHOCTH M JIMYHYIO CKpPOMHOCTb. Brmamumup TpaBym — yHHKaJbHBIN
CHEIMAIUCT, OH OKOHYWI JIHENpONETPOBCKUN  HMH)KEHEPHO-CTPOUTENBHBI HMHCTUTYT U
acniupantypy MUCHU-MI'CY. 3a roasl paboThl NPUHSII y4acTHe pa3paboTke U peanuzanuu Oolee
70 mpoekToB, B ToM uucie OCTaHKMHCKON TeNeBU3MOHHOM OamrHu B MOCKBE, HepeaTn30BaHHOM
O6aman  Hukutnaa—TpaByma 4000 — oJHOro U3 caMbIX BBICOYAHIIMX CIPOEKTUPOBAHHBIX
HEOOCKpPEOOB MO 3aKa3y SMOHCKOM KoMmaHuu Murtcycuba, BCEX BBICOTHBIX COOPYKEHHM
MOCKOBCKOTO MEXTyHapOJHOTO J1€710BOr0 LieHTpa «MockBa-Cutu», my3est Xo Illu Muna B XaHoe,
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CTpouTe/IbCTBO U PEKOHCTPYKIUS

KpsiToro koupkoOexxHoro unentpa B Kpeiarckom, kommuiekca «Ilmomans EBpomsr»y, mocrta
«barpatnony», bamun—-2000, 6aman «Mupakc-tiaza» B Mockse, boubInoi nenoBoid apeHsl IS
XOKKesl ¢ maiboii u Tpacchl s 606cnes B Coun, anMuHUCTpaTuBHOTO 31anHus B Hyp-Cynrane,
Axmar Taysp B I'posnom, Unens Taysp B Ye, oOmecTBeHHO-AETOBOr0 KoMmiuiekca «Jlaxra-
Hentp» B Cankr-IlerepOypre, ormeuennoro B 2020 romy mpemueii IlpaBurensctBa PO,
npectikHoi mpemueit Emporis Skyscraper Awards, KoTopasi €XeroJHo HTPUCYXKIACTCS JTYUITUM
BBICOTHBIM 37aHusM (JlaxTa-meHTp BbIOpaH mydmuMm cpead 700 BBICOTHBIX 3/aHUH 1O BCEMY
MUDPY), @ TAK)KE MHOTUX JAPYrUX MPECTIKHBIX HArPaI.

Pucynok 2 — ®@pazmenm evicmasxu paoom B.U. Tpasywa ¢ HUY MI'CY

He y Bcex y Hac ecTh nmpu3BaHUE OTKPHIBATh HOBbIE BeXU B pyHIaMeHTalbHOM Hayke. Eie
ClIOXHee OBbIBaeT JIOBECTH HMCCIIEI0BAHUE 0 KOHKPETHBIX NMPOEKTOB M BOIJIOTUTH UX B )KHU3HB, TO
€CTb B CTPOUTEJIBCTBO PEANbHBIX, J1a €lle M YHUKAIbHBIX OOBEKTOB Kak 3TO JenaeT Braaumup
Wnbnu Tpasym, cnaBuelii KOOuieit koroporo B mae tekymero 2021 roma orMerusna HaydyHas U
nmkeHepHas obmecreeHHOCTh PAACH, HUY MI'CY, IN'opripoekra (T. MOCKBa) 1 MHOTHX, MHOTHX
HAy4YHBIX M MPOEKTHBIX OPraHU3alMNA CTPOUTENBHOM OTPACIN CTPAHBI.

3amecTuTeNb TJIABHOTO PEAAKTOPA

*KypHana «CTpOUTENBCTBO U PEKOHCTPYKLIMS,
nouent kadeapel XKbK HUY MI'CY, k.T.H., 10LIEHT
C.IO. CaBun

I'maBHBIN pegakTop

KypHana «CTpOUTENbCTBO M PEKOHCTPYKIIMS,
3asenyromuii kadeapoit Y3C IO3I'Y,
akagemuk PAACH, a.1.H., nmpodeccop

B.A. KosiuyHoB
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TEOPUS1 UH)KEHEPHbIX COOPY)XEHNM.

CTPOUTEJIbHBIE KOHCTPYKLNN

V]IK 624.045.12 DOI: 10.33979/2073-7416-2021-98-6-5-19

BJLU. KOJJUYHOB *?, O.U. AJIb-XALLIMMU', M.B. [IPOTYEHKO!
1®Ir'b0Y BO «IOro-3anaHelii rocy1apcTBEHHbIN yHUBEPCUTET, T. Kypck, Poccus
2HayyHo-Hccea0BaTeNbCKUil MHCTUTYT cTpouTenbHoi pusuku PAACH Poccuiickas ®eneparus, r. Mocksa, Poccus

’KECTKOCTbD KEJIE3OBETOHHBIX KOHCTPYKIIMH ITPU U3T'UBE
IONEPEYHOM ¥ MPOJIOJIBHOM CHJIAMHA

Annomayusn. B cmamve pazpabomana moodenv 0isi eOUHUYHBIX COCMAGHLIX NOJOCOK 8 blIoKe —
KAUHE U apKaX MeAHCOY HAKTOHHbIMU MPEWUHAMU, d MAKIICE 8bINOIHEHA ANNPOKCUMAYUSL NPAMOY20TbHbIX
NONEPeuHbIX CeYeHUL ¢ NOMOWbIO MANbIX K8AOPAMOS 6 INEMEHMAX MAMPUYb.

W3 ananuza pabom H.U. Kapnenxo u C.H. Kapnenxo nonyuenvr «nacenvuwviey ycunus Qg 6
NPOOONLHOU PACMANYMOL apmamype U cosue mpewunsl Ay, Kax QYHKYuU Wupunsl packpbimus u
Oepopmayuti  Gemona 6 3asucumocmu om Kocuwyca yeia O. ITlpu amom  onpedenervl
oKCnepumMenmansHole «Hazeavhviey yeunus Qg exp U 3ABUCUMOCIU COBUSA MPEUSUHDL Acre exp OM a [ hq

6 6UOe IKCNOHenmbl 015 0ehopMayull apmMamypsl &g -Mg 3 U paccmosnus | .

Ha ocnoge npunamvix eunomes nonyuen yCloeHbll MOOYIb cOguea wea &, 0N NOIOCKU

COCMABHOT KOHCIPYKYUU eOUHUYHOU ONUHbL NPU U3BECTIHOU PA3HOCMU CPeOHUX OMHOCUMETbHBIX
JIUHEUHbIX U Y2no8bix Oeghopmayuti Gemona (umu apmamypel). Dmo nO360Jsem CHUUMb HOPAOOK
cucmemul Oughpepenyuanvuvix ypasrnenuti Pycanuybina, a maxoce noayuums 8 Kaxcoom uee cymaphvie
yenosvie deopmayuul y 5y sitch sum,i 0€MOHA U «HazenvHwily d(pexm apmamypol. Ipu smom KpueusHol

COCMABHBIX CEPIHCHEll CBA3AHbL C CYMMAPHBIM U32UOAIOWUM MOMEHMOM 6 CMEPIHCHe U3 HECKOIbKUX
opycves u cymmou ux scecmrocmeil. Ilapamempovr Mmampuysl HcecmKocmu O CHcAmoll 301l bemona u
pabouell apmamypbl NOAVHEHbl U3 peuleHus CUCTeMbl YPaeHeHull pasHosecus, Oepopmayuii u
Qusureckux coomnoweruil.

Knrouegvle cnoea: mampuysl scecmxocmu, HONepeynas Cuid, eOUuHUYHble COCMasHvle NOJI0CKU,
apKu ¢ HAKIOHHBIMU MPEWUHAMU, MOOYTb WA U KPUSUHA, AHKEPOBKA, OupdepenyuanbHvle yPagHeHUs.

VL.l. KOLCHUNOV*?, O.1. AL-HASHIMI}, M.V. PROTCHENKO*
1South-West State University, Kursk, Russia
2Research Institute of Building Physics of Russian Academy of Architecture and Construction Sciences,
Moscow, Russia

STIFFNESS OF REINFORCED CONCRETE STRUCTURES UNDER
BENDING WITH TRANSVERSE AND LONGITUDINAL FORCES

Abstract. The authors developed a model for single reinforced concrete strips in block wedge
and arches between inclined cracks and approximated rectangular cross-sections using small squares in
matrix elements. From the analysis of the works of N.I. Karpenko and S.N. Karpenko the "nagel" Qg

forces in the longitudinal tensile reinforcement and crack slip A, as a function of the opening width and
concrete deformations in relation to the cosine of the angle & . The experimental " nagel " forces Qs exp

and crack slip A ¢ evp dependences for the connection between Arcexy and a/hg in the form of an

exponent for the reinforcement deformations & -mg 3 and spacingl, are determined. The forces have

been calculated for two to three cross-sections (single composite strips) of reinforced concrete structures.

On the bases of accepted hypothesis, a new effect of reinforced concrete and a joint modulus &,
in a strip of composite single local shear zone for the difference of mean relative linear and angular
deformations y ,, iitcnsi Of Mutual displacements of concrete (or reinforcement) are developed. The
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hypothesis allows one to reduce the order of the system of differential equations of Rzhanitsyn and to
obtain in each joint the total angular deformations of concrete and the "nagel” effect of reinforcement.
The curvature of the composite bars has a relationship from the total bending moment of the bars to the
sum of the rigidities. The stiffness physical characteristics of the matrix from the compressed concrete
area and the working reinforcement are obtained in a system of equations of equilibrium and
deformation, as well as physical equations.

Keywords: rigidity matrices, shear force, unit compound strips, arches with inclined cracks,
suture modulus and curvature, anchors, differential equations.
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MONEPEYHBINA N3I'UB U CBOBOJHBIE KOJIEBAHUSI
YIIPYI'UX N30TPOIIHBIX IIVIACTUHOK B BUJIE
PABHOBEJIPEHHBIX TPEYI'OJIBHHUKOB

Annomayun. B cmamve paccmampuearomcesi ynpyaue U3omponuvle HAACMUHKU 8 Uoe
PABHOOEOPEHHBIX MPEY2ONbHUKOE €  KOMOUHUPOBAHHbIMU 2DAHUYHBIMU  VYCAOBUAMU  (KOMOUHAYUSA
VCI08UU WAPHUPHO2O ONUPAHUSL U HCECMKO20 3AUWEMACHUsT NO CMOPOHAM KOHMYpa). Beinonnenvl
pacuemvl ¢ ucnonvzosanuem MKD 0ns onpedenenus unmespanbHbIX QU3UYECKUX XAPAKMEPUCTNUK 8
paccmampusaemvix 3a0auax F (makcumanvrnozo npocuba pagnomepHo HAZPyHCEHHbIX NAACMUHOK Wo U
OCHOBHOU 4ACMOMmbl KONeOAHULL 8 HEHASPYNHCEHHOM coCmosiHuu ®). Ha ocnoge nomyuennvix 4ucienHbix
Pe3yIbmamos noCmpoenvl annpoKCUMUpyiowue QyHKYun: «MakCUMAIbHbll npo2ud — Kosgguyuenm
Gopmbl  naacmuHoKy, «OCHO6HAsL uacmoma Koaebanui — Kodpduyuenm Gopmvl NIACMUHOKY,
CMpYKmypa KOmMOpblX COOMEEMCMEYem CMPYKmype aHANO0SUYHbIX (QOpMYN, HOLYHEHHbIX Npu
npeoCcmasneHuU U3GeCHHbIX MOYHbIX PEUEeHULl 8 COOMBEMCMEYIOuUX 3a0ayax MexHU4ecKol meopuu
NIACTMUHOK 8 U3onepumempuyeckom eude. Ha ocnosanuu ceoticms koagpuyuenma ¢hpopmol niacmunox
OMU  ANNPOKCUMUPYIOWUE — QYHKYUU — OZDAHUYUBAIOM — 8CE€  MHOJICECMBO  pPACCMAMPUBAEMbIX
UHMEZPATLHBIX  (DUUYECKUX GEIUYUH U NOIMOMY MOZYM UCHOIb308AMbC 6 KAYeCmee ONOPHbIX
peuleHull npu pacueme mpeyeoabHbIX NIACTMUHOK HPOU3BONbHO20 8UOA MemoOOM UHMEPHOIAYUU HO
ko3¢ puyuenmy gopmor (MUK®D). Paccmompen npumep pacuema niaCmuHKu 6 8ude npsimoy20ibHO20
MpeyeonrbHUKA ¢ WAPHUPHBIM ONUPAHUEM CIOPOH.

Kniouesvie cnosa: ynpyaue usomponHuie nIaCmuHKU 6 8Uoe pagHOOEOPEeHHbIX MPeY2OTbHUKOS,
MAKCUMATLHBII NPO2UO, OCHOBHAA YACTNOMA KOAeOAHUL, Memoo UHMEPRoIAYyuU no KodIpguyuenmy

dopmul.

A.V. KOROBKO?, N.G. KALASHNIKOVA?, E.G. ABASHIN?
LOrel State University named after I.S. Turgenev, Orel, Russia
20rel State Agricultural University named N.V. Parahin, Orel, Russia

TRANSVERSE BENDING AND FREE VIBRATIONS OF ELASTIC
ISOTROPIC PLATES IN THE FORM OF ISOSCELES TRIANGLES

Abstract. This paper considers elastic isotropic plates in the form of isosceles triangles with
combined boundary conditions (a combination of hinged support and rigid restraint conditions along
the sides of the contour). Calculations were performed using FEM to determine the integral physical
characteristics in the considered problems F (the maximum deflection of uniformly loaded plates w0
and the fundamental frequency of oscillations in the unloaded state w). On the basis of the obtained
numerical results, approximating functions have been constructed: "maximum deflection - form factor
of plates", "basic frequency of oscillations - form factor of plates", the structure of which corresponds
to the structure of similar formulas obtained when presenting known exact solutions in the
corresponding problems of technical theory of plates in isoperimetric form. Based on the properties of
the form factor of plates, these approximating functions limit the whole set of considered integral
physical quantities and therefore can be used as reference solutions for the calculation of triangular
plates of arbitrary form applying the method of interpolation by form factor (MIFF). We consider an
example of calculation of a plate in the form of a rectangular triangle with hinged support of the sides.

Keywords: elastic isotropic plates in the form of isosceles triangles, maximum deflection,
fundamental frequency of vibration, method of interpolation by form factor.
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KECTKOCTDb HAPYKHOM CTEHOBOMU MAHEJIN
C IPOEMOM XKHJIOI'O IOMA CEPUMH I-515/5
IIPU IIEPEKOCE

Aunnomauyusn. Ilpu o06credosanuy  MUNoOGvIX NAHENLHLIX O00MO8 ObLIU  OOHAPYIHCEHb
Xapaxmepmvie Oehekmbl U paspyuleHus, maxKue KaK KpeHvl U nepekocsl CMeHosbix nauenell. B dannotl
cmambe npou38e0eHo OnpedeieHue HecmKoOCmy CIMeHo80U NAHENU ¢ NPOEMOM NAHEbHO20 00MA cepuul
1-515/5 npu 3a0annom nepexoce nanenu 6 ceoetl niockocmu. Ilanens paccuumléanacy YUCIEHHO NO
HeaunetiHol 0eh)opMAyUOHHOU MOOeNU MeMOOOM KOHEUHBIX INEMEHIMO08 U aHarumuyecku. [l peueHus
3a0auu ucnonv308aics npozpammusii komniexc JIMPA-CAIIP 2017. Pacuem npousgoouncs ¢ yuemom
HeIuHeliHOCMU U NoA3yYecmu mamepuaid. B pesynomame Oviiu nonyuenvl noisi HOPMATbHLIX U
KACamenbHblX HANPANCEHUN 6 NAHeNU U BbIYUCIeHd CO8U208dsl dcecmKocmy. TIpouzeedennvlii anaius
NOLYUEHHBIX Pe3yTbMAmMo8 NOKA3AL, 4mo Cledyem YUUmvléamsb 03MONCHOE CHUMNCEHUE aKmuiecKou
JAHCECMKOCMU NAHENU NPU nepeKoce NPOMUG PACHemHO, NOJYYEeHHOU CO2LACHO HOPMAM.

Knrouesvie cnosa: nanenvnvie ooma cepuu 1-515/5, nepexoc cmenosvix nawneneil, c08uc06as
JHCECMKOCTb, YUCTbLIL COBUS, MEMOO KOHEUHbIX DNIEMEHMOB.

A.S. MARKOVICH?, M.l. ABU MAHADIY, D.A. MILOSERDOVA!
'RUDN University, Moscow, Russia

THE RIGIDITY OF THE EXTERNAL WALL PANEL
WITH OPENING OF RESIDENTIAL BUILDING 1-515/5 SERIES
IN CASE BIAS

Abstract. There were a humber of characteristic damages and defects in typical panel houses
when examine, one of which are tilts and biases of wall panels. The stiffness of the wall panel with the
opening of residential building 1-515/5 series has been determined at a given bias in its plane. The
panel was calculated numerically using a nonlinear deformation model by the finite element method
and analytically. The software package, LIRA-SAPR 2017, was used in this investigation. The
calculation was carried out taking into account the nonlinearity and material creep. As a result, the
fields of normal and shear stresses in the panel were obtained and the shear rigidity was calculated.
The analysis of the obtained results showed that a possible decrease of the actual stiffness of the panel
should take into account against the calculated stiffness was obtained according to the standards.

Keywords: panel buildings 1-515/5 series, bias of wall panels, shear rigidity, direct-shear,
finite-element method.
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A.B. TYPKOB?, C.U. I[IOJIELIKO?, E.A. ®DUHAJIEEBA?, K.B. MAP®UH?

1®IBOY BO «OpioBckuii rocyaapeTsennslii yausepcutet umenn M.C. Typrenesay, r. Opén, Poccus

NCCIIEJOBAHHUE ITPOI'BOB U YACTOT COBCTBEHHBIX
KOJIEBAHUM KPYTJIBIX H30TPOITHBIX IIJIACTUH JIUHEMHO
NEPEMEHHOM TOJINIAHBI C YTOJIIEHUEM K KPAIO

Annomayun. Paccmampueaemces: 63aumocesisb MAKCUMATBHLIX NPOSUOOE OM CMAMUYECKOl
pasHomepro pacnpedenénnou Hazpysku Wo u  OCHOGHOU uacmomsl COOCMBEHHbIX NONEPEUHbIX
KONeOaHUT @ KpY2noll U30MpOnHOU RAACIUHKY TUHEUHO NePEeMEHHOU MOIUWUHBL C YMOIUEHUEM K KPAKO
npu OOHOPOOHBIX VCIOGUAX ONUPAHUS NO GHEUHEMY KOHMYPY 6 3A6UCUMOCIU OM COOMHOWEHUs.
MOMWUHBL NIACMUHbL 8 YeHmpe K moluwure no Kpaio. Ilo pezynomamam uccie008anust HOCMpoeHsl
2papuKu 3a6UCUMOCIU MAKCUMATLHO20 NPO2UOA U Yacmomol COGCMEEHHBIX KONeOAHUIl NAACTUHKY OM
coomnowenus tilto. Ioxazano, umo 0Ons Kpyeawlx NIACHMUHOK TUHEUHO NEePeMEHHOU MONUWUHbL NPU
tilto<l, I xoagppuyuenm K ¢ mounocmoio 0o 5,9% cosnadaem ¢ anarumuueckum Kodgguyuenmom ons
KPY2AblX NJIACMUHOK NOCHOSHHOU MOMWUHbL. HUCTIeHbIMU UCCIe008AHUAMU YCMAHOBGIEHO, YMO Npu
COOMHOWIEHUY MOJUYUR HA KOHMYpe U 8 YeHmpe PAGHOM O08YM pacxoxcoeHue kodpguyuenma K,
VCMAHAGIUBAIOWE20 CE513b MENCOY CMAMUYECKUMU U OUHAMUYECKUMU XAPAKMEPUCMUKAMU NIAMUH,
cocmaensem nopsioka 25% O0ns wapuupno2o onupauus no Kowmypy u 0o 37% npu owcécmrom
onupanuu. dmo ceudemenbcmeyem o 6onee 3HAUUMENLHOM GIUSHUU HEPAGHOMEPHO20 PACNPEOeNeHUs]
MAccol 0151 MAKUX SPAHUYHBIX YCTIOGUIL

Kniouesvie cnosa: kpyenas niacmuua, ycaoeus ONUPAHUs, 4acmoma coOCmeeHHbIX Koneoanut,
MAKCUMANBHBIU NPO2UO.

A.V. TURKOV?, S.I. POLESHKO?, E.A. FINADEEVA?, K.V. MARFIN!
1Orel state University named after I. S. Turgenev, Orel, Russia

RELATIONSHIP OF MAXIMUM DEFLECTIONS AND NATURAL

FREQUENCIES VIBRATIONS OF ISOTROPIC CIRCULAR PLATES

WITH INHOMOGENEOUS RESISTANCE CONDITIONS ON THE
OUTER AND INNER CONTOUR

Abstract. The relationship between the maximum deflections from a static uniformly
distributed load WO and the fundamental frequency of natural transverse vibrations of a round isotropic
plate of linearly variable thickness with thickening to the edge under homogeneous conditions of
support along the outer contour, depending on the ratio of the thickness of the plate in the center to the
thickness along the edge, is considered. According to the results of the study, graphs of the dependence
of the maximum deflection and the frequency of natural vibrations of the plate on the ratio t1 / t2 are
constructed. It is shown that for round plates of linearly variable thickness at t1/t2<1.1 coefficient K
with an accuracy of 5.9% coincides with the analytical coefficient for round plates of constant
thickness. Numerical studies shows that when the ratio of the thicknesses on the contour and in the
center is equal to two, the difference in the coefficient K, which depends on the relationship between the
static and dynamic characteristics of the platinum, is about 25% for hinged support along the contour
and up to 37% for rigid support. This indicates a more significant effect of uneven mass distribution for
such boundary conditions.

Keywords: ring plate, support conditions, natural vibration frequency, maximum deflection.
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BE3OIMACHOCTb 3[JAHNA N COOPY>XEHUN

VK 691 DOI: 10.33979/2073-7416-2021-98-6-43-49

B.5. JJOPOXOB!?3 H.IO. TIMHTEJIMHY, J1.10. )KEJIJTAKORB?

TocynapcTBeHHBIH HayuaHO-UCCIIENOBATENLCKU HHCTHTYT pectaspain (TOCHWUUWP), r. Mocksa, Poccust
2Hay4Ho-MCcCIe10BaTebCKUI MHCTUTYT CTPOMTENbHOMN (hu3HKkn Poccuiickoii akaeMuy apXUTEKTYphI M CTPOUTENBHBIX HayK
(HUMC® PAACH), r. Mocksa, Poccust
3MockoBckas gyxoBHas akageMus Pycckoii [TpaBocinasroii Llepksu, r. Ceprues Ilocan, Poccus

BJIMSAHUE TEMIIEPATYPHO-BJIAZKHOCTHOI'O PEXXUMA
3ATJYBJIEHHBIX OBBEMOB HA COXPAHHOCTHb HAMATHHUKOB
APXUTEKTYPbI C MOHYMEHTAJIBHOM )KUBOITUCHIO HA
HNPUMEPE CIIACO-ITIPEOBPA’XKEHCKOI'O XPAMA I'OPOJA ITOJIOIIKA

Annomayus. TennoenancHoCmuwlil  pedicum 3a2iyONeHHbIX 4acmell MOdcem OKA3bleamb
cyujecmeennoe, a uHo20a peularowee sHaverue, 0Jisi HOPMAIU3ayuu MUKPOKIUMAmMa 6ce20 NAMImHUKA.
Onvim menioQu3uueckux Uccie008anuil 8 YepPKOGHLIX NAMSIMHUKAX APXUMEKMYPbl CEUOeMeNbCmeyen
0 WUPOKOM Kpyee (hakmopog Onpedeisiiouux 6030elicmeue memnepamypHo-61adiCHOCIHO20 PeNCUMA
3a2nyOneHHbIX 00beM08 Ha hopmuposanue YCao8uti COXPAHHOCMU NAMAMHUKA 6 yeroMm. B nacmosujee
epemsi 1abopamopus Kaumama mysees u namamuuxos apxumexmypvl I OCHUHUP npogooum
uccnedosanus NO OauHOU nNpobieme ¢ Yenblo CO30aHUs MeMOOUKU U3YYEHUsT U HOPMAIU3ayuu
MENNOBNANCHOCTIHO20 PEeNCUMA HAO3EMHOU U NOO3eMHOU Yacmu 30aHUsl KaK eOuHo2o yenoeo. Taxot
no0X00 HeoOX00uM OISl 8bIPADOMKU NPOCKMHBIX U MEXHOIOSUHEeCKUX DeuleHull no Onmumusayuu
VCI08ULL  COXpAHHOCMU — NAMAmMHUKA. B cmamve paccmampueaemcs npakmudecKuil npumep
obecneyenusi  MENIOGIANCHOCMHBIX — YCIOBULL  COXPAHHOCMU — NAMSIMHUKA € MOHYMEHMAIbHOU
HCUBONUCHIO.

Knrouegole cnoga: memnepamypHo-61axiCHOCHHbIL PEICUM, YCL08USL COXPAHHOCTNU HACMEHHOU
JHCUBONUCU, MUKPOKIUMAM, NAMAMHUKY APXUMEKIYPbI, XUMULECKAs 0eCmPYKYus Mamepuaia.

V.B. DOROKHOV*?2 N.YU. PINTELIN?, D.YU. ZHELDAKOV?
IState Research Institute of Restoration (GOSNIIR), Moscow, Russia
2Research Institute of Building Physics of the Russian Academy of Architecture and Construction Sciences
(NIISF RAASN), Moscow, Russia
3Moscow Theological Academy of the Russian Orthodox Church, Sergiev Posad, Russia

INFLUENCE OF THE TEMPERATURE AND HUMIDITY REGIME OF
BURIED VOLUMES ON THE PRESERVATION OF ARCHITECTURAL
MONUMENTS WITH MONUMENTAL PAINTINGS ON THE EXAMPLE OF
THE TRANSFIGURATION CHURCH IN POLOTSK

Abstract. The heat and humidity regime of the buried parts can be essential, and sometimes
crucial, for the normalization of the microclimate of the entire monument. The experience of
thermophysical studies in church architectural monuments shows a wide range of factors that determine
the impact of the temperature and humidity regime of the buried volumes on the formation of conditions
for the preservation of the monument as a whole. Currently, the Climate Laboratory of Museums and
Architectural Monuments of GOSNIIR conducts research on this problem in order to create a
methodology for studying and normalizing the heat and humidity regime of the aboveground and
underground parts of the building as a whole to develop design and technological approaches to
optimizing the conditions for the preservation of the monument. The article considers a practical
example of providing heat and humidity conditions for the preservation of a monument with
monumental painting.

Keywords: temperature and humidity conditions, wall paintings preservationconditions,
microclimate, architectural monument, chemical destruction of the material.
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VIIK 624.04

C.0. KYPHABMHA!, 1.K. MAHAEHKOB!, 11.B. ITAI[YJIMH!

BJIUSAHUE IVIACTUYECKHUX JE®OPMAIIUI HA PABOTY

KEJIE3OBETOHHBIX U3I'MBAEMBIX 2JIEMEHTOB IIPU CMEHE

3HAKA YCIJIUA

Annomayus. B nopmamuenoui 6aze P® no ceticmocmoiukomy cmpoumenbCmeay npeononazaemcst
pazeumue NIACMUYECKUX Oedopmayuti 8 icene300emMoHHbIX KOHCMPYKYUSIX HPU  CeUCMU4ecKom
6030eticmeuy. HMx nanuuue oxasviéaem CywecmeeHHoe GIUsHUe HA HANPSHCEHHO-0epopMuposantoe
cocmosiHue, HeCywylo ChOCOOHOCMb U MEXAHUSM PAa3pYUIeHUsl HCele300eMOHHbIX KOHCMPYKYU npu
Oelicmeu 3HAKONEPEeMEHHbIX HAZPY30K OONbULOU UHmMeHcusHocmu. B cmamve u3nosicena memoouxa u
OCHOBHblE pe3yIbmamyvl  IKCHEPUMEHMANbHBIX  UCCACO0BAHULL, CEA3AHHLIX C OYEHKOU  GIUSAHUSA
naacmuyeckux oegopmayuii Ha pabomy uzUOAeMbixX Hcere300emMOHHbIX IIeMEHMO8 NPU CMeHe 3HaKd
yeunusi. IIpedcmaegnenvt oannbie 0 CHUdMCEHUU Hecywel cnocobHocmu 06pasyos npu cmeHe 3HAKA
VCUNUSL C POCMOM MAKCUMATbHBIX NAACMUYecKUX Oeghopmayutl 6 Nepeom NOIYYUKIE HASPYICEHUS,
NOMYUEHbl 3HAYEHUs] NPEOebHbIX KOIDOUYUEHO08 Niacmudnocmu 1o 0eopMayusim apmanypol,
coomeemcmayloujue Hauary paspyuieHus Gemona cocamorl 30Hbl NPU CMeHe 3HAKA YCUUs, NOCHpOeHbl
anopel Oehopmayiii HOPMATbHBIX CEUEHULL ONBIMHBIX 00PA3YO8 NPU NPIMOM U OOPAMHOM HAZPY IHCEHUU.

Knwuesnie cnosa: SHAKonepemeHHble 60308120}71614}1, njiacmuvdeckue 0ed)0pMauuu, ocmamouHsle
mpewunbsl.

S.0. KURNAVINAL, 1.K. MANAENKOV?, I.V. TSATSULIN!?
!Moscow State University of Civil Engineering (National Research University), Moscow, Russia

THE INFLUENCE OF PLASTIC STRAINS ON THE BEHAVIOR
OF BENDING REINFORCED CONCRETE ELEMENTS
WHEN CHANGING THE FORCE SIGN

Abstract. The Russian standards for earthquake resistant constructions suppose the development
of plastic strains in reinforced concrete constructions under seismic effects. Their presence influences
significantly on the stress-strain state, bearing capacity and mechanism of destruction of reinforced
concrete constructions under alternation loads of high intensity. The methodology and main results of
experimental tests connected with the evaluation of plastic deformations influence on the behavior of
reinforced concrete bending elements when changing the force sign is represented. The information
about the bearing capacity reduction when changing the force sign with the increase of plastic strains
in the first semi cycle of loading is given. The coefficients of plasticity for reinforcement deformations
limit values are obtained, corresponding to the beginning of compressed zone concrete destruction when
changing the force sign and the plots of normal sections deformations distribution of experimental
specimens under direct and reverse loading have been built.

Keywords: alternating effects, plastic strains, residual cracks, bearing capacity.
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GIL-OULBE MATHIEU!
'Engineering Academy of the Peoples' Friendship University of Russia, Moscow, Russia

RESERVE OF ANALYTICAL SURFACES FOR ARCHITECTURE
AND CONSTRUCTION

Abstract. After a period of relative calm in the construction and design of thin-walled large-
span shells and network multilayer shell structures, which, according to the world's leading architects,
began in the 1980 s, the time has come for the expanded use of spatial structures in the architecture of
public and industrial buildings. Less commonly, shells are used in small-sized housing construction:
ecological villages, noospheric and bionic architecture. The entire 20th century did not stop research
on the development of analytical and numerical methods for analyzing shells for strength and stability,
for the creation of new building materials. Geometers have created and studied more than 600
analytical surfaces that can be mistaken for the mid-surfaces of civil and mechanical engineering shells.
As a result, by the beginning of the 21st century, architects and engineers had all the necessary tools to
continue the traditions of the "golden age of shells". The analysis of problems with the use of new forms
in parametric architecture, carried out in the article, showed that more than ten classes of surfaces
from their classification have not yet found application in architecture and mechanical engineering. It
is assumed that the number of applied classes of surfaces will not expand, and new ideas for the
shaping of shells will be based on the use of already well-known surfaces, namely, surfaces of
revolution, transfer, umbrella, minimal, ruled and wavy surfaces. Mainly, shell structures will be
designed taking into account environmental, energy-saving requirements and transforming structures.

Keywords: analytical surfaces, surface classification, thin shells, shell architecture, shells in
mechanical engineering, parametric architecture.

YKUJIb-VJIBE MATBE?

1O AOY BO «Poccuiickuii yHMBEpCUTET ApY#Obl HAPOLOB», I. Mocksa, Poccust

PE3EPB AHAJIMTUUYECKHNX NOBEPXHOCTEM JJISI APXUTEKTYPBI
N CTPOUTEJBbBCTBA

Annomayun. Ilocie nepuoda OMHOCUMETLHOZO — 3AMUWbA 6  CIpOUmMenvscmee U
NPOEKMUPOBAHULU  MOHKOCIMEHHBIX DOIbUIENPONIEMHBIX  000NIOUeK U  CMEPHCHEBbIX MHOLOCTIOUHBIX
0007104eUHbIX CIPYKIMYD, KOMOPbLL N0 MHEHUIO 6€0YWUX apXUmekmopos mupa nauaics ¢ 1980-e 200wl
HACTYNUNO 8peMs  PACUWUPEHHO20 NPUMEHEHUs NPOCMPAHCTNEEHHbIX CMPYKMYpP 6 apXumeKkmype
00WeCmBeHHbIX U NPOMBIUICHHVIX 30anull. Pedce obonouku npumensiomes 8 Mano2adapumuom
HCUTUWHOM CIPOUMENbCMEE. IKOT0SUYECKUe O0epesHU, HOOCQEepHAs U OUOHUYECKAs apXUmeKmypa.
Becv 20-ii 6ex He npexkpawjanuce uccie008aHus NO pazsUumMulo AHATUMUYECKUX U YUCIEHHBIX MemOo008
pacyema 000I04EK HA NPOYHOCMYb U YCMOUYUBOCTIb, HO CO30AHUIO HOBbIX CIPOUMETbHBIX MAMEPUATOS.
Teomempul cozoanu u usyyunu donee 600 anarumuueckux nogepxHocmell, Komopwvle Mo2ym Oblmb
NPUHAMbBL  3a  CPeOUHHble HNOBEPXHOCHU 000N0UEK CMPOUMENbHO20 U  MAUUHOCHIPOUMENbHO2O
HasHauenus. B umoce x Hauwany 21-20 6exa apXxumeKkmopvl U UHICEHePbl UMeNU 6ecb HAbop
HEoOX00UMbIX Cpedcma8 O0iisi NPOOOJIHCeHUs MPAOU UL «30]10M020 8eKa 0000uek». AHanus npodrem c
NpUMeHeHueM HOBbIX POPM 8 Napamempuieckoli apxumexmype, NpO8eOeHHbll 8 CMamve, HOKA3A, YMo
bonee Oecsimu KIACCO8 MNOBEPXHOCMEU U3 UX KIACCUDUKAYUU He Hawenl euje HNPUMEHeHUs 8
apxumexmype u mawunocmpoernuy. COenano npeononodcenue, 4mo Hucio NPUMEHSIEMbIX KIACCO8
nosepxHocmeli He Oyoem pacuupsamscsi, a Hogvle uodeu Gopmoobpazoganus o0borouex Oyoym
0a3UpoaAMbCsL HA UCTIONBL30BAHUU YIHCE XOPOUIO U3BECTNHBIX NOBEPXHOCMEN, A UMEHHO, NOBePXHOCHel
8PAWEHUs, NEePEeHOCA, 30HMUYHBIX, MUHUMATbHBIX, JUHEYAMbIX U BOIHOOOPA3HbIX nogepxHocmeu. B
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OCHOBHOM — OYOym  RPOEKMuposamuvcsi  000JOYeUHble CIMPYKMYPbL € YYEemoM  IKOJIOSUHECKUX,
9Hepaochbepecaiowux mpebo8anull U mpaHcoopmupyrouuecs: CImpyKnypbl.

Kntouesvle cnosa: ananumuueckue noeepxHOCMU, KIACCUDUKAYUS NOBEPXHOCMEL, MOHKUE
0001104KY, apxumexmypa 000104eK, 000I0UKU 8 MAUWUHOCHPOCHUU, NAPAMEMPUYeCKas apxumexmypd,
nepcnexmuebl NPUMEHeHUs 06010YeK.
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T'PAJJIOCTPOUTEJBHAS KOHIENINS ®OPMUPOBAHUS
APXUTEKTYPHO-IIPOCTPAHCTBEHHOTI'O PEHIEHUSI BHE3/THOT' O
3HAKA B MAJIBII TOPO/I

Annomauus. Paccmompenwi 6apuanmol apxXumeKmypHO-npoCmMpaHCcmeeHHoO20,
KOMRO3UYUOHHO20 pelenusi 6be30H020 3HaKa 6 manvle 20poda. IIpoananusuposanvi ocobennocmu
ApXUMEKMYPHO-XYO0AHCECHBEHHO20, KOHCIMPYKMUBHO20, KOMNOZUYUOHHO20 PEUleHUsl 6be30H020 3HAKA,
npuMeHeHue Omoei0uHbIX MAmepudaios.

Ob60cHOBbI6ACCS  AKMYATBHOCMb  PA3GUMUSL MANI020 20p00d € YYEmOM UCMOPUYECKUX,
KYAbMYPHBIX, IKOHOMULECKUX 0CODeHHOCmel U OOCIMUdICEHULl PALIOHA, A MAKdice CUMBObL KYAbMypbl U
MHO208EK0BOU  UCMOpUU  pecuoHd 6 KOHmeKCcme peuienus npobiem  2padocmpoumenbHou
dessmenbHOCmU.

IIpugedenvl mpebo6anus Kk oyeHKe no KaxicoOMy XapakmepHoMy NOKA3amenio, 6IUusiouemy Ha
BbISIGNICHUE  HOBbIX — APXUMEKMYPHO-XYOONCECMBEHHbIX U ICTNEMUYECKUX — B03MOJICHOCHEU
npedcmasieHusi CUMBOJIA HA 6be30€e 8 MAJIbLL 20pO0.

Knirouesvie cnosa: evesonoii 3smax 6 20pood, apxumexkmypHvlie NPUHYUNGI, 00WjeCmEeHHble
NPOCMpancmea, 2padocmpoumenbCmeo, 20p00, 2padoCmpoOumenbHas ONMUMUZAYUA, CKYTbIIYPA.

A.V. SHUTKA!, E.I. GUREVA!
Voronezh state technical University, Voronezh, Russia

URBAN PLANNING CONCEPT OF FORMING AN ARCHITECTURAL AND
SPATIAL SOLUTION FOR AN ENTRANCE SIGN TO A SMALL CITY

Abstract. Variants of architectural, spatial, and compositional solutions of entrance signs in
small towns are considered. The article analyzes the features of architectural and artistic, structural,
and compositional solutions of the entrance sign, as well as the use of finishing materials.

The urgency of development of small cities taking into account the historical, cultural,
economic characteristics and achievements of the district, as well as symbols of culture and long
history of the region in the context of solving problems of urban development.

The requirements for the assessment of each characteristic indicator that affects the
identification of new architectural, artistic and aesthetic possibilities for the representation of the
symbol at the entrance to a small city are given.

Keywords: entrance sign to the city; architectural principles; public spaces; urban planning;
city; urban planning optimization; sculpture.
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MNOJYYEHUE CEMCMOCTOMKOI'O KUPITMYA HA OCHOBE IILTAKA
OT BBIIVIABKHY BE3YIVIEPOJIUCTOI'O ®EPPOXPOMA
1N HEKOHJIMIIMOHHOM IINHBI

Annomauusn. B Poccuiickou @edepayuu 6OIbUUHCIMEO N€2KONIABKUX 2NUH, NPUMEHSEMbIX 8
npoU3BOOCMEe  Kepamuieckozo KUpnuud, UMelOn HU3Koe COOepIcanue OKCUOd — anOMUHUS
(Al,03=12—15%). IIpu maxom HU3KOM COOEPHCAHUL OKCUOQ ATIOMUHUSL 8 NUHUCTNBIX MAMEPUALAX U3
HUX HEeB03MOIICHO NOayuums kupnuy mapox M150 u eviwe. [ 6036e0eHuss HECYWUX CMEH HUICHUX
amadicell 30anuill nogvlueHHOU dmasxichocmu (15 smasiceli u 6onee) mpebyemces Kepamudeckuil Kupnuy
mapox — M150-M300. B makue erunucmoie mamepuanvl Oiss NOJIYHEHUs. CEUCMOCTOUKO20 KUPRUYA
M150 u evbiue Heobx00uMo 8600ums omowgumens, cooepaicawuti A1,03>50%. C yuemom coxpaujerust
3anacos MpaoUYUOHHO20 BbICOKO2TUHOZEMUCIIOZ0 NPUPOOHO20 Cblipbs HEOOXOOUMO HAUMU HOBble
CnocoObl €20 3aMewenuss pa3iudHbIMU eUdamu omxo008. Onvlim Nepedosvix 3apyOedtCHbix CMmpaH
NOKA3aL MEXHUYECKYIO OCYUeCmMEUMOCTb 9MO20 HANPAGTIeHUs U NPUMEHEHUs. euje U KaK UHCTpYMenma
3auumsl  NPUPOOHOUl cpedbl oOm 3azpsizHenusi. B nacmoswell pabome @3amen  NPUPOOHbIX
MPAOUYUOHHBIX Omowjumeneli npeorazaemcs: UCHOIb308aAMb WIIAK OM GbINIAGKU Oe3y2nepooucnozo
deppoxpoma codepacawuii A1,03=55,8%. B xavecmee enunucmozo mamepuaid UCnOIb30641ACH
HEKOHOUYUOHHASL OEtloeIumo8as 2iuna, Komopas 6e3 omowumenel He npueooHa Oiisk NPOU3B00Cmed
Kepamuueckozo kupnuua. Tlonyuen na ochoee wiiaka om GbinIAKU 6e3y2iepooucnmozo geppoxpoma u
HEKOHOUYUOHHOU — 2IUHbL  Kepamuyeckutl —ceticmocmoukuii  kupnuy MI125-M175 6 unmepsane
memnepamyp 1050-1100°C.

Knrwuesvle cnosa: ceticmocmotikuii  KUpnuy, Omxoobl HPOU3800CMS, HEKOHOUYUOHHAS
OetioeIUmosas 2NUHA, WILAK 0N 8bINIAGKU De3)21epooucmozo heppoxpoma.

V.Z. ABDRAKHIMOV?, E.S. ABDRAKHIMOVA?,
!Samara State University of Economics, Samara, Russia,
2Samara University (Samara national Research University named after Academician S.P. Koroleva), Samara, Russia

OBTAINING EARTHQUAKE-RESISTANT BRICKS BASED ON SLAG
FROM THE SMELTING OF CARBON-FREE FERROCHROME AND
SUBSTANDARD CLAY

Abstract. In the Russian Federation, most low-melting clays used in the production of ceramic
bricks have a low content of aluminum oxide (Al,03=12-15%). With such a low content of aluminum
oxide in clay materials, it is impossible to obtain bricks of grades M150 and higher from them. For the
construction of load-bearing walls of the lower floors of high-rise buildings (15 floors or more),
ceramic bricks of the M150-M300 brands are required. In such clay materials, to obtain earthquake-
resistant bricks M150 and higher, it is necessary to introduce a thinning agent containing A1,03;>50%.
Taking into account the reduction of reserves of traditional high-alumina natural raw materials, it is
necessary to find new ways to replace it with various types of waste. The experience of advanced
foreign countries has shown the technical feasibility of this direction and its application as a tool for
protecting the natural environment from pollution. In this paper, instead of natural traditional
desiccants, it is proposed to use slag from the smelting of carbon-free ferrochrome containing
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Al1,03=55.8%. As a clay material, substandard beidellite clay was used, which is not suitable for the
production of ceramic bricks without thinners. A ceramic earthquake-resistant brick M125-M175 was
obtained on the basis of slag from the smelting of carbon-free ferrochrome and substandard clay in the
temperature range of 1050-1100°C

Keywords: earthquake-resistant brick, industrial waste, substandard beidellite clay, slag from
the smelting of carbon-free ferrochrome
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'HanmonaneHbIi nccienoBaTebCKuii MOCKOBCKHIA TOCYJapCTBEHHBIN CTPOUTENBbHBINA YHUBEPCUTET, T. MockBa, Poccust

HEPCIIEKTUBbBI HPUMEHEHUA HIJIAKA MEJIEIIJIABHJIBHOTI'O
INPOU3BOJACTBA B JTOPOKHOM CTPOUTEJIBCTBE

Annomayus. B cmamve paccmampueaemcs 6apuanm YKpPEenAeHUsi ZPYHMOS 3eMISHO20
NOJIOMHA  ABMOMOOUTILHBIX 00POE KOMNLEKCHBIM GAJICYWUM HA OCHO8E ZPAHYIUPOBAHHO2O WLIAKA
MEOenasuibHo20  NPou3eoocmea U eudpamuoi  uzeecmu. Ilpeocmaeinenvl  xapakmepucmuxu
Uccnedyemo2o wiaKa, MUKpO@hOMOCHUMKU €20 NOBePXHOCMU, d MAKiCe XUMUYeCKUu U Qazoewlil
cocmagsl. Bulnonneno noopobuoe onucanue penmeeHOOUPPAKmMOSpamMMbl UCCIeOYeMO20 WNAKA C
00pabomKoll NOIYHeHHbIX pe@iekcoé ¢ ucnoavzosanuem 6aszvl oannvix ICDD PDF-2. [Ipogedensi
pacuemst 2UOPOIUMUYECKUX PABHOBECUL C UCNONb30BAHUEM OCHOBHBIX (DA3, HAUOCHHIX NO OAHHBIM
penmeenopasosoco anamuza. Pacuemmnviv memodom ycmanoeneno, umo npu yposwe pH=11-12 ¢
U36ECMKOBO-ULIAKOBOU CMeCU NPOMEKAem DPA3N0NCEHUe CUTUKAMOS U AIOMOCUIUKAMOG JiceNe3d C
06pazoeanuem ceieti 2UOPOKCUO08 Hcene3d U AIOMUHUSA, 4 MAKice amoppHo2o kpemnesema. Ha ocrnose
NONYUEHHO20 KOMNIEKCHO20 — 6AJICYUec0  U320MOGNeHbl  CMAHOAPMHble  00pasybl  YKPENIeHHO20
CYSUHUCTNO20 2PYHMA U OnpedeNenvl €20  QuauKo-mexanuyeckue ceolicmea. Pesyivmamuol
NPOBEOCHHBIX IKCHEPUMEHINOE OAIOM NEePCHEKMUSHYIO B03MONCHOCMb Ol NOLYYEHUs. YKPEeNnIeHHbIX
2PYHMOG HA OCHOBE KOMNIEKCHO20 MUHEPATLHO2O0 BANCYUe20 C NPOUHOCMbIO Ha coicamue 0o 2,2 MIla.

Knrouegole cnoga: winax meoenniaguibHO20 NPOU3EOOCMEA, KYNEPUINAK, 3eMISIHOE NOJOMHO,
SPYHMbL, YKpeNnieHue 2PYHMOo8, 00PONCHOE CIPOUMENbCNEO.

N.l. SHESTAKOV?, A\V. KORSHUNOV?, S.V. PUTILIN!?
!Moscow State University of Civil Engineering, Moscow, Russia

PROSPECTS FOR THE APPLICATION OF COPPER MELTING SLAG
IN ROAD CONSTRUCTION

Abstract. The article discusses the option of strengthening the soils of the roadbed of highways
with complex binders based on granular slag of copper smelting production and air lime. The
characteristics of the investigated slag, photomicrographs of its surface, as well as the chemical and
phase compositions are presented. A detailed description of the X-ray diffractogram of the studied slag
with the processing of the obtained reflections using the ICDD PDF-2 database is presented.
Calculations of hydrolytic equilibria were carried out using the main phases found from the data of X-
ray phase analysis. It was found by the calculation method that at pH = 11-12 in the lime-slag mixture
decomposition of iron silicates and aluminosilicates occurs with the formation of gels of iron and
aluminum hydroxides, as well as amorphous silica. On the basis of the obtained complex binder,
standard samples of strengthened soil based on loam were made and tested to determine the physical
and mechanical properties. The results of the experiments carried out create an opportunity for
obtaining hardened soils based on a complex mineral binder with a compressive strength of up to
2.2 MPa.

Keywords: copper smelting slag, roadbed, soils, soil strengthening, road construction.
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e B ogHOM cOOpHHKE MOXKET OBITH ONYOJIMKOBaHAa TONBKO OJHA CTaThsi OJAHOIO aBTOpa, BKIIOYAS
COABTOPCTRO.

e FEciam crarbs BoO3Bpaliaercs aBTOpY Ha J0paOOTKYy, HWCIPaBICHHBIM BapHaHT cJeAyeT MpHCIaTh B
pEeAaKIHIo TOBTOPHO, MPHJIOKUB MUCBMO C OTBETaMU Ha 3aMe4aHMs perieH3eHTa. JlopadoTaHHBIA BapHaHT
CTaTbU PEIEH3UPYETCA W pPacCMaTpUBAETCs PENaKIMOHHOM Kojulered BHOBb. JlaToil mpencraBieHus
MaTepuaia CYMTaeTcs JaTa MOCTYIUIEHUS B PEAAKIIMIO OKOHYATETFHOTO BapHaHTa UCTIPABICHHON CTAThH.

e AHHOTaIMM BCEX IMMyOJMKYEMBIX MAaTEpUaJIOB, KIFOYEBBIE CIIOBa, WHGpOpMAIMs 00 aBTOpax, CIHCKH
JTUTEPaTypbl OYyIyT HAXOMUTHCS B CBOOOTHOM JIOCTYIIE HA CailTe COOTBETCTBYIONIETO XKYpHAla M Ha caire
Poccuiickoit Hay4HOIT anekTpoHHOM Onbnnorekn — PYHOb (Poccuiickuii nHAEKC HAy9HOTO IUTHPOBAHUS).

B TekcTe cTaThbH HE PEKOMEHAYETCSI IPUMEHSITD:

- 000pOTHI Pa3rOBOPHON PEUH, TEXHUIIU3MBI, TPO(ECCHOHATI3MBI;

- ISl OMHOTO M TOTO JK€ MOHSATHS Pa3jInYHbIe HAYYHBIC TEPMUHBI, OJM3KHE 1O CMBICTY (CHHOHUMBI), a
TaK)Ke HHOCTPAHHBIE CII0BA U TEPMUHBI IIPH HATMYHN PAaBHO3HAYHBIX CJIOB M TEPMHUHOB B PYCCKOM SI3BIKE;

- TPOU3BOJILHBIC CJIOBOOOPA30BaHUS,

- COKpaIllcHUSl CIIOB, KPOME YCTAaHOBJICHHBIX MpaBWIAMH pycckoil opdorpaduu, COOTBETCTBYIOIIUMU
CTaHJApTaMHU.

e Cokpamenuss u abOpeBHATyphl IOIDKHBI pacmU(pOBBIBATECA II0 MECTYy IMEPBOTO YIIOMHHAHHS
(BXOXICHHS) B TEKCTE CTATHH.

Oos3aTe/ibHbIE 31eMeHThI:
- 3arjaBHe (Ha PyCCKOM M aHIJVIMIICKOM sI3bIKe) ITyOJIMKyeMOro Marepuana AO0JDKHO ObITh TOYHBIM U
eMKHM, CJIOBA, BXOJLINE B 3arjlaBHE, ODKHBI OBITh SICHBIMH CaMH{ IO ceOe, a He TOJIbKO B KOHTEKCTE;
cienyer M30erath CIOXHBIX CHUHTAaKCMUECKMX KOHCTPYKLMH, HOBBIX CIOBOOOPa30BaHMA M TEPMHUHOB, a
TaKXe CJIOB Y3KONPO(ECCHOHANIBHOIO M MECTHOI'O 3HAUCHMS;
- aHHOTamus (HA PYCCKOM W AHIVIMICKOM #3bIKe) KpPaTKO OMNHCHIBACT OOBEKT WCCIEAOBaHUA,
MOTHBALMIO K HPOBEIACHUIO MCCIECAOBAaHMs, PE3yJIbTaTbl HCCIEIOBAaHUS (PEKOMEHAYETCS YKas3blBaTh
KOHKDETHbIE pE3yJbTaThl W 3aBUCHMOCTH, IIOJIyY€HHbIE B HCCIECIOBAaHUM), BbIBOABI (KpaTKoO);
pexoMeHryeMblit 06seM — ot 200 mo 250 croB;
- KJII0YeBble cJI0BA (HA PYCCKOM M AHIVIMICKOM fI3bIKe) — 3TO TEKCTOBBIE METKHU, 110 KOTOPHIM MOXKHO
HAiTH CTaThIO NP IOMCKE W ONPEACTUTH MPEIMETHYIO 00IacTh TEKCTa; OOBIYHO MX BBHIOMPAIOT U3 TEKCTa
myOJIMKyeMOoro MaTrepuana, 10cTaTouHo 5-10 KITF0UeBbIX CIIOB.
- CHHCOK JIMTepPaTyphbl, Ha KOTOPYIO aBTOP CCBUIAETCS B TEKCTE CTAThU; PEKOMEHIYyEeMBbIH 00bEM CIHCKa
JUTEPaTyphl — He MeHee 20 HCTOUHUKOB.

B nn¢opmanuu 06 aBropax pekomenayercs ykassiBatb ORCID, Scopus ID u SPIN-koz, mprcBoeHHbIH B
PUHII.

Penakuums He B3uMaeT miuaTty ¢ aBTOPOB 3a IOATOTOBKY, PELEH3MPOBAHUE W Pa3MEIIEHHE B OTKPHITOM
JIOCTYIIE CTaTeH.

[IpaBo ucmonap30BaHUS MPOU3BEACHUI NPEIOCTABICHO aBTOpaMH Ha OCHOBaHUHU II. 2 cT. 1286 UerBepToii
yactu ['paxxnanckoro Konekca Poccniickoit deneparum.

C nmosHoit BepcHeii TpeOOBaHNIH K 0()OPMIICHUIO HAYYHBIX CTaTEH
BbI Mo:xeTe 03HAKOMUTBHCA Ha caiiTe https://construction.elpub.ru/jour/index
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(enepanbHOE TOCYIapCTBEHHOE OIOPKETHOE 00pa30BaTEIbHOE YUPEKICHUE
BhICIIEro oOpasoBanusi «OpIoOBCKHiA rocynapcTBeHHbIH yHIBepcuTeT uMeHn M.C. TypreHneBay
302026, OpnoBckas obmactb, T. Open, yn. Komcomonsckas 1. 95
+7 (4862) 75-13-18

www.oreluniver.ru
E-mail: info@oreluniver.ru

Aodpec peoakyuu
(henepaibHOE TOCYTAPCTBEHHOE OI0/PKETHOE 00pa30BaTENIbHOE YUPEKICHUE
BbIciIero oOpa3oBanus «OprnoBckuil rocygapctBeHHbIN yHuBepcureT umenu 1.C. Typrenesa»
302030, OpnoBckast o6mactb, T. Open, yi. MockoBckas, 77.
+79065704999
http://oreluniver.ru/science/journal/sir
E-mail: str_and_rek@mail.ru

Marepuainsl cTaTel Ie4aTaroTCsl B aBTOPCKON PEIAKIUU.
[IpaBo ucmonp30BaHUS MPOU3BEICHNN MPEOCTABICHO aBTOPAMHU Ha OCHOBAHUH
m. 2 ct. 1286 YerBeptoii yactu ['paxknanckoro Koaekca Poccuiickot @enepanun
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