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YJIEH-KOPPECIIOHOEHTY PAACH, YJIEHY PELOKOJIIEr N
XYPHAJIA CTPOUTETIbCTBO U PEKOHCTPYKUWA,

BITAQUMUPY KOJTHYHOBY - 70 JIET!

9 HosOpsa 2022 roga ucHoJHWIOCH 70 JeT €O JHSA POXKICHHUS
Baagumupa HMBanoBuya KosiuyHOBa — 4ileHAa-KOPpPECHOHIAEHTA
PAACH o01HOro u3 M3BEeCTHBIX COBETCKHMX M POCCHHCKHX Y4YeHBIX

B 00/1aCTH TeOpHH 3Ke1e300eTOHAa, pacyera M IPOEKTHPOBAHMA
3JaHUH M COOPYKEHUI.

OxoHuns DBpsHCKHMI TEXHOJNOTMYECKUH HWHCTUTYT (HBIHE

" TEXHOJIOTUYECCKHI YHUBEPCHUTET) N0 crienuaibHOCTH «IIpoMBITIUIeHHOE
A £ U TPaxIaHCKOE CTPOUTENbCTBO». B 1983 1. oxoHYMJI acmupaHTypy
HUN crpoutenbubix koHCcTpykumii I'occtposs CCCP mno HayuyHOM
cnenuanbHoct  05.23.01. CrpoutenbHble KOHCTPYKLUMU 30aHUN U
coopyxkenmit. Kanmumarckyro muccepramuio 3amutin B 1983 r., a
JOKTOPCKYIO JIUCCEpTalni0 Ha TeMy «®Du3nueckne MOJETH CTEePKHEBBIX IKEIe300€TOHHBIX
KOHCTPYKIMI» 3amuTuia B 1998 rony.

CBoto HaydyHO-TBOpUECKYIO AesiTenbHOCTh KomuyHoB Bi.W. nauan 8 HUU cTpounTensHbIx
koHcTpykuuit 'occtpos CCCP (HUUCK T'occtposs CCCP) B 1975 r., B JOKHOCTH MIIAJIIIETO,
3aTeM CTaplIero HAy4YHOro COTpPYAHHMKAa JabopaTopuu TEOpHH IKele300eToHa U BCS  €ero
MoCJIeyIoasi HayyHas JesTebHOCTh Oblla CBSI3aHAa C HCCIIENOBAaHUSAMU B OOJACTH TEOPHUH
Kene300eToHa W TpenojaBarenbckoi paborot B By3ax CCCP, Vkpawnsl (YHUBEpcHUTET
TpaHcnopTa, HanronansHbIM ABHAITMOHHBIN YHUBEPCUTET (IOIEHT, ipodeccop, 3aB. kadeapoi)).

B nactosimee Bpemst B, KomuyHoB siBnsiercst nmpodeccopoMm kadeapsl «YHUKaTbHBIX
3naHuil U coopyxeHui» (r. Kypck), uileHOM [ABYX IHCCEPTALIMOHHBIX COBETOB, WIEHOM pEl.
KOJUIETHH JIBYX HAyYHO-TEXHUUYECKUX JKYPHAJIOB.

OcHOBHbIE HamNpaBlIEHUS HAYYHON JEATEIbHOCTU: TEOpHUS JKene300eTOHa U METOJIbI
pacuera >Kene300eTOHHBIX KOHCTPYKIIMM, MeXaHUKa XKejie300eTOHAa; MeXaHUKa pa3pylleHus u
cTpoutenbHas MexaHuka. MM omybnukoBaHo Oosiee 300 HayyHBIX TPYIOB, B TOM uHcie 22
MoHoTpaduii, yaeOHUKOB M y4eOHBIX TocoOmil. HamurcanHble UM U B COaBTOPCTBE YYEOHHUKH U
yueOHbIe TOCOOHS IIMPOKO U3BECTHHI B By3ax Poccuu u YKpauHsbl.

[Ipodeccuonanbupie 3acmyru Ba.J. KomuyHoBa oTMeueHBI pSAOM BEIOMCTBEHHBIX
Harpaj, TUIUIOMOB U rpaMoT. B ux uncne «KpaTkuii cipaBOYHUK HH)KEHEpa KOHCTpyKTopa. JKuibie
1 00IlleCTBEHHBIEC 3[aHUs», ABYXTOMHOE «CrIpaBOYHOE MOCOOUE IO CTPOUTENHHON MEXaHUKe» U
MoHorpadus «Kene300eTOHHBIE COCTaBHbIE KOHCTPYKIIMH 3/IaHUN U COOPYKEHUI» HarpaxJaeHbI
aurioMoM, cepebpsiHoit (2013 rox) m 3omotoit (2021 rom) memansamu Poccuiickoit akagemun
apxuTekTypsl ©u cTpouTenbHeix Hayk (PAACH). Brnagumup VBaHOBUY SBJSETCS UJICHOM
aBTOPCKOTO KOJUIEKTHBA HAIIMOHAIBHBIX HOPMATHBHBIX JOKyMeHTOB Poccum u Ykpaunsl. [Ipu
Hay4yHbIX KoHcynbpTanusax B.M. KomdyHoBa MOArOTOBIEHO W 3alIUIIEHO 2-€ JOKTOPCKUX U TPH
HayYHOM PYKOBOJICTBE - 23 KaHIUJATCKUX AUCCEPTAIHH.

Pen. xomnerus kypHama  «CTpOWTENBCTBO U PEKOHCTPYKLHUS»  TO3APABISET
Bn.H1. KomayHoBa ¢ 70-1eTHUM 100HIIeEM M JKelaeT J0OpOro 370POBbs, aKTUBHOTO TBOPYECKOTO
JIONITOJIETHSI U HOBBIX YCTIEXOB B HAYYHOW U MIEAarOTHYECKOM JeSITEeIbHOCTH.
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NETJIEBBIE CTBIKH CTEP)KHEBOW APMATYPHIL.
NCTOPUA PAZBUTUA, ITPOBJIEMbBI U AKTYAJIBHOCTbD

Annomayusn. Coedunenue CmepicHegoli apmaniypbl Hcene300emoHHbIX KOHCMPYKYULl 3a2u6om
apmamypbvl 6 «nemauy ¢ oopazoeaHuem A0pa cmvika ObLI0 paspabomano 6 Hauane NPouLiozo 6eKd,
O00HAKO AKMUBHO20 NpUMEHeHUe MAK U He HAWLIO0, 86U0Y CIONCHOCMU PAbOmbl U OMCYMCMEUI0
Memooux pacuema.

B cmamve npeocmaenen 0030p ucmopuu CO30aHUA, NPAKMUYECKO20 NPUMEHEHUS,
OMeYeCmeeHHbIX U  3apYOEXHCHLIX HAVUHLIX UCCIe008AHUN  NEMAe8blX CIMbIKO8 apmMamypel 6
JHcene300emoHHbIX  KOHCMpyKyuax. B cmamve onucamvl npeumywecmeéa u HeOOCHAMKU MAKUX
coeouHeHull, 0aHa Kpamxas uH@opmMayus 00 OCHOSHLIX NAPAMEMPAX CMbIKOS U NPUHYUN PAdOmbL.
Ilpeocmasnenst npednodxceHus no HANPAGLIEHUAM OaTbHeliuezo U3yieHus padomsl Nemaebix CMulKo8
CMepIHCHeBOU  apMamypul, NOCMABNEHbl Yeau Ond HAMYPHLIX U HUCTEHHbIX IKCNePUMEHMATbHBIX
Uccnedosanull, Hanpasienuvlie Ha paspabomky MemooOux paciema U KOHCMPYUPOSAHUA NemesblX
CMBIKO ¢ Yenvlo ux danvHeliue2o Ooee WUpoKo20 BHeOPEHUs UX 8 CIPOUNENbHYIO NPAKIMUKY .

Kniouesvie cnosa: nemnegvie cmviku, coeOUHeHUs apmMamypbl, 6emoHHoe A0po.

K.V. AVDEEV?, AN. MAMIN!? V.V. BOBROV!? A A. BAMMATOV?,

K.V. MARTYANOV?, S.N. PRYAKHIN?
!AO «CNIIPromzdanij», Moscow, Russia
2Moscow State University of Civil Engineering (NIU MGSU), Moscow, Russia
3]SC «Rosenergoatom» branch of capital projects implementation, Moscow, Russia

THE LOOP JOINS OF REBARS.
DEVELOPMENT HISTORY, PROBLEMS AND RELEVANCE

Abstract. The connection of rebar of concrete structures by looping rebars with the formation
of the joint core was developed at the beginning of the last century, but it has not been actively used due
to the complexity of the work and the lack of calculation methods.

The article presents a review of the history of the creation, practical application, national and
foreign scientific research of the loop joints of rebar in concrete structures. The article describes
advantages and disadvantages of such joints, gives brief information about the main parameters of the
joints and the principle of operation. Suggestions for the directions of further study of the looped joints
of reinforcing bars operation are presented, the goals for full-scale and numerical experimental
research aimed at the development of calculation and design methods of looped joints for their further
wider introduction into the construction practice are set.

Keywords: loop joints, reinforcement connections, concrete core.
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V]IK 624.072 DOI: 10.33979/2073-7416-2022-104-6-12-21

I1.]1. ITEMUHOB!

"HanmonaneHbI nccienoBaTebCKuii MOCKOBCKHIA TOCYJapCTBEHHBIN CTPOUTENBbHBIN YHUBEPCUTET, I'. MockBa, Poccus

BEPOSITHOCTHBIE IAPAMETPBI )KECTKOCTH
’KEJJE3OBETOHHOM BAJIKH, JIEXKAIIIEA HA
CTOXACTUYECKHU HEOJHOPOJHOM OCHOBAHUN

Annomauyusn. Ilpeocmasienvl pe3yibmamsl ONpeoeieHusi 6epOSMHOCHHBIX NAPAMempos
NPOUHOCHHBIX XAPAKMEPUCMUK OemOHA Npu KOHmMpoae KYOUKOBOU NPOYHOCMU U NPOYHOCMU HpU
Pacmsdicenuu, a mardice 8epOSIMHOCHHbIX RAPAMEMPOS pacnpedeierust Mooy deghopmayuu bemoua.
Ilposedena oyenrxa enusHUs CMOXACMUYECKOU HEOOHOPOOHOCMU OEmoHa HA NPUGEOeHHbI MOMEHM
uHepyuu  JIcene300emoHHO20 CedeHUss U NOJYYeHbl BEPOSIMHOCMHblE Napamempuvl pacnpeoeseHus
HauanbHoU uzeubHol dcecmrkocmu oanku. Ilposedena oyenka nusiHUs CMAMUCTIUYECKO20 Xapakmepa
npounocmu  OemMOHA HA  GbICOMY CHCAMOU 30HbL  OemoHa U  YAPY2ONIACMUYECKUN  MOMEHM
conpomueienusi ceyenust OaIKu U NOLy4eHbl 8ePOSMHOCTHbIE NAPAMEempbl pacnpeoesieHuss MOMeHma
0b6pasosanust HopMaibHblX mpewun. Onpedenena 6eposmMHOCMb 00PA308AHUL HOPMATLHBIX MPEUUH 8
@ynoamenmuoil banke 01 Cryuaed KOWMPOs KYOUKOBOU NPouYHOCmuY 6emona u npoYHOCmu 6emona Ha
pacmsiocenue.  Tlonyyenvl  xapakmepucmuxu pacnpedeieHus OAuHbl 30H ¢ MpewuHamu 6
@ynoamenmuoii banxe, 3a2pyiHceHHOU POOM COCPEOOMOUEHHBIX CLYHAUHBIX CUL OIS CYYAe8 KOHMPOJIsL
KYOUKo8oll npoyHocmu 6Gemoua U NpoyHOCmU OemoHa Ha PACWAdICEHUe, YMO OMKpPblédaem
803MONCHOCb peWleHUs YPABHeHUs U3euba O0anku Ha YHpYyeoM OCHOBAHUU C KYCOYHO-NOCMOAHHOU
JHCECMKOCTBIO 6 3AMKHYIOM BUOe.

Kniouesvie cnosa: scenezobemonnasn 6anka, ynpyeoe oCHO8AHUE, MOMEHM MPEWUHOCMOUKOCHU,
HOpMAnbHOe pacnpeodenenue, 6epOAmHOCHHbIE NAPAMEmPYL, 30Hbl C MPEUWUHAMU.

P.D. DEMINOV?
!National Research Moscow State University of Civil Engineering, Moscow, Russia

PROBABILISTIC STIFFNESS PARAMETERS OF A REINFORCED
CONCRETE BEAM LYING ON A STOCHASTICALLY INHOMOGENEOUS
FOUNDATION

Abstract. The results of determining the probabilistic parameters of the strength
characteristics of concrete in the control of cubic strength and tensile strength, as well as the
probabilistic parameters of the distribution of the concrete deformation modulus are presented. The
influence of stochastic inhomogeneity of concrete on the reduced moment of inertia of a reinforced
concrete section has been evaluated, and the probabilistic parameters of the distribution of the initial
bending stiffness of the beam have been obtained. The influence of the statistical nature of concrete
strength on the height of the compressed zone of concrete and the elastic-plastic section modulus of the
beam was evaluated, and the probabilistic parameters of the distribution of the moment of normal
cracking were obtained. The probability of formation of normal cracks in the foundation beam is
determined for the cases of control of the cubic strength of concrete and the tensile strength of concrete.
The characteristics of the distribution of the length of zones with cracks in a foundation beam loaded
with a number of concentrated random forces are obtained for the cases of controlling the cubic
strength of concrete and the tensile strength of concrete, which opens up the possibility of solving the
equation of beam bending on an elastic foundation with piecewise constant stiffness in a closed form .

Keywords: reinforced concrete beam, elastic foundation, crack resistance moment, normal
distribution, probability parameters, zones with cracks.
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TE®OPMALIMOHHASI MOJIEJIb CONPOTUBJIEHUSI BETOHA U
"KEJIE3OBETOHA OT JMCJOKALIAI 10 TPELIUH

Annomayusn. s cmpykmypol Kpucmainog O8YXKOMHOHEHMHO20 mamepuana (bemona u
cmanu) paspabomana obwas 0eQopMayUoOHHAsE MOOETb OKMAIOPUUECKUX SPAHE NPU YUCBIX COBU2AX
pasuvix 0,6 Ro 60 6cex nnockocmsix. Ilpu smom 6 meje wapa CKOAbICEHUST OM NPeOeibHbIX
KACAMENbHbIX HANPAINCEHUT 3aNUCAHO SbIpadCcerue sl CYMMUPOBAHUsL €20 0OBEMHBIX CEKMOpPOs, ulapa,
PA3IUYHBIX  YPOBHEl, PACCMOMPEHa MAaKdice albMepHamued, npuxanedxcawas npogeccopy
B.B. Hosooicunogy 6 euode snepeemuueckoll unmepnpemayui 0jis UHmespana cpeone2o KeaopamuiHo2o
BHAueHUs KacamenbHvix Hanpscenul. Tlokazan eapuanm noxyyeHuss 8 30He MUKPOMPEWUHbl Y2r108ble U
JAuHeliHble  Oepopmayuy, NpU  NOBLIUUEHUU  UHMEHCUSHOCMU — MUKDOMPEWUHO0OPA308aHUs. &
npedcmasumensHom obveme Oemona. Jis MAUCmpanvbHblX Mpewjur 6 MexXaHuke paspyuenus
Jrcene300emona npeodsioNcenvl 08yXKOHCOAbHbLe dllemenmbl. Modenupyiowas obaacmes pacmsaicenus,
colcamusi, NONEPEuUH020 CO8Ued U KPYUCHUsl OISl  GHYMPEHHUX Napamempos 6 OKPecmHOCmu
MAKPOMPEUJUHBL.

B Kkauecmeée yciosus  npouHocmu — 6emMOHA  UCNOAL3YEMCS  NpedeilbHoe  3HAYCHUEe
UHMEHCUBHOCU ~ KACAMENbHBIX — HANPANCEHUNl U UHMEHCUSHOCmU  degpopmayuil  coguea O
PACCMAMPUBACMO20 8UOA HANPSHCEHHO20 COCMOSIHUSL.

B ceéeme paccmampusaemozo nooxooa dana gusuueckas unmepnpemayus MoOyisi Oulamayuu
bemona u npednodicena ancebpaudeckas Qyukyusi O Onucamus dmoeo napamempa. Onpedenen
Ko puyuenm nonepeunvix depopmayuii GEMOHA HA PA3HLIX YPOBHAX HASPYNCEHUs. Om OEmoHa 8
Ccmaousix om ypoeHst MUKDOMPeEUur 00 MaKpOmpeujun.

Kniouesvle cnosa: modens, suympenuue HANPANCeHUs, NpuHyun, OemoH, dcene3obemonHbvie
KOHCIPYKYUY, OUCTOKAYUY, MPpewjuibl, OUTAMayui.

VL.I. KOLCHUNOWV*

!Southwestern State University, Kursk, Russia
2Scientific Research Institute of Construction Physics RAASN, Moscow, Russia

DEFORMATION MODEL OF REINFORCED CONCRETE STRUCTURES'
RESISTANCE - FROM DISLOCATIONS TO CRACKS

Abstract. The article provides a model of "internal stresses" for concrete matrix of reinforced
concrete structures from dislocations, microcracks to macrocracks. The energy theory on the surface of
the sphere and the definition of the integral for the mean square value of tangential stresses from
plasticity theory are used. An alternative to the general model of the "eight" in the form of a paraboloid
from the summation of the volume sectors, levels - radii for the matrix of sliding planes (including
octahedral and pure shear) is developed. In the environment of different materials, the model is
constructed based on the structure of crystals and dislocations from microcracks to macrocracks, and
its working assumptions are formulated. The important principle for displacement (deformation)
processes of summation and reduction of relaxing stresses from the stress-strain diagram of concrete is
taken into account. The internal total stresses at the rupture of the "figure of eight" (of two contour
rings) are obtained for combinations of tetrahedrons or layers-strips from the tangle-paraboloid. The
lower boundaries of concrete micro-cracking depend on stresses (deformations), growth rate, energy in
crack advancement for a prism or a standard "figure of eight". Displacements from shear, opening
widths and crack development heights are obtained from the criteria and connecting parameters in a
"representative" volume of concrete. As a result, the dilatation moduli for the stages of the stress-strain
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state of reinforced concrete are determined, and the equality for the second stage and the dual console
elements from the fracture mechanics are obtained.

Keywords: model, internal stresses, principle, concrete, reinforced concrete structures,
dislocations, cracks, dilatations.
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IMPOYHOCTD U JE®POPMATUBHOCTH CHIPBEBOW JIPEBECHHBI
IMOCJIE OTHEBOI'O BO3JENCTBUS

Annomayun.  Usyyenue  Opesecumvbl €O CHUNCEHHLIMU  (DUUKO-MEXAHUYECKUMU
XapaKkmepucmukamy, 6 mom Hucie Opegecunvbl NOOBEPICEHHOU O2HEBOMY B030eUCHEUIO, S6IAeMCcs
BAJICHLIM WALOM K OEpedtcIu8oMy U PAyUoOHATbHOMY NpUpooonoassosanuio. Ilodcapul evizvigarom
UBMEHEHUs. PUBUKO-MEXAHUYECKUX CBOUCME OpPeBeCUnbl: GIANCHOCMU, NIOMHOCMU U HPOYHOCHIU.
Iposenu ucnvimanus Ha cmamuyeckuil useub, coicamue u pacmsoiceue 800ab 6040KoH. CHudiceHue
NIOMHOCIU U NPOYHOCMU 8 OpeBecUure, NOOBEPICEHHOU NOANCAPY NPOUCXOOSIN NO 6CEll BbICOME CIMBOIA.
Habmooaemcs cnedyiowas 3aKoOHOMEPHOCMb: 8 KOMAEBOU YACMU NIOMHOCTb Gblille, YeM 8 CPEOUHHOU
yacmu. CHudicenue nPOYHOCMU 8 CPeOUHHOU U KOMIEBOU H4acmsx COCMAssem: npu Cocamuu 8007b
sonoxon 15-18%,; npu pacmscenuu 600ab 8oaokon 00 24%. Camoe svicokas nomeps NPOYHOCHIU
NPOU3OULIU 8 UCHBIMAHUAX HA CMAMUYEecKUll uzeub: 6 eepuuHHol yacmu 00 42%, 6 cpedunnoi uacmu
00 29%, 6 komnesou uacmu 00 23%. HaumeHvuiee crudiceHue NPOYHOCMU NO 6CEM UCHbIMAHUSM
NPOU3OULIO 8 00PA3YAX, B35MbIX U3 KOMIEGOU YACHIU.

Kniouesvie cnosa: opesecuna, depessintvie KOHCMPYKYUU, NPOYHOCMb, dedopmayuu.
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STRENGTH AND DEFORMABILITY OF RAW WOQOD
AFTER FIRE EXPOSURE

Abstract. The study of wood with reduced physical and mechanical characteristics, including
wood exposed to fire, is an important step towards economical and rational environmental
management. Fires cause changes in the physical and mechanical properties of wood: moisture content,
density and strength. Conducted tests for static bending, compression and tension along the fibers.
Decrease in density and strength in fire-prone wood occurs along the entire height of the trunk. The
following pattern is observed: in the butt part, the density is higher than in the middle part. The
decrease in strength in the middle and butt parts is: in compression along the fibers 15-18%; when
stretched along the fibers up to 24%. The highest loss of strength occurred in tests for static bending: in
the top part up to 42%, in the middle part up to 29%, in the buttom part up to 23%. The smallest
decrease in strength in all tests occurred in samples taken from the buttom.

Keywords: wood, wooden structures, strength, deformation.
© Jlykuna A.B., Jlucamuuxos M.C., Mapmuinog B.A., Powuna C.H., 2022
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KOD®OULMEHT CEKYIIETO MOAYJIS 5
PEKOHCTPYUPYEMOT'O )KEJE30BETOHA

Annomauyusn. Ilpu pexoncmpykyuu, 160 nNO UCMEHYeHUU CPOKA IKCHIYAmayul, a maxice 8

CA3U C GHEWHUM B030elicmaueM - Jicene300emonHble KOHCMPYKyuyu mpedyiom o06ciedosanus u
nposedeHuss noGepounbIX paciemos. Haubonee cogpemennvie U MOuHble pacuemvt HOCHPOCHbL HA
ouazpammusix memooax. Cywecmayowue ouazpammol 0epoOpMuposanuss OemoHa OpuUeHmupo8aHvl Ha
NPOEKMUPOBAHUE HOBIX KOHCMPYKYULL U He adanmuposanvi Ol OemoOH08, USMEHUGUUM C8OU
nPOUHOCMHbBIE U OCPHOPMAYUOHHBIE CEOUCMEA C MEUeHUEM 6PEMEHU UL OM GHEUHe20 6030eiCmEUs.
OcHo6HOU napamemp, ORUCLIBAIOWUL O0ePOPMAMUBHOCTIL DeMOHA 3MO  KOIP@uyuenm cexyuweo
mooyas. Tlpeonoscena memoouka onpedenenus Koappuyuenma cexywezo mooyusi. OHa 0CHOBAHA HA
NPUMEHEHUU IKCNOHEHYUANbHOU Moldeau Oedopmuposanus 6bemona. I[lomyuennviii Kod¢duyuenm,
Modicem Oblmb UCTIONB306AH OISl OOWENPUHAINO20 ONUCAHUS OUASPAMMbBL 0eOPMUPOBAHUsL DeMOHA.
Memoouka paccmompena Ha KOHKpemHoM npumepe. [Ipeonosicennas Memoouka no360um
SHAUUMENIbHO — PACWUPUMb  OUANA30H — NPUMEHEHUs  OUASPAMMHBIX — Memoooe  pacuema U
PaAcnpocmpanums ux Ha 6emonsl nocie ONUMENbHOU IKCAIYAMAYUL WU HEUHE20 8030CUCMBUSL.

Knrouesvie cnosa: oOuacpamma Oeopmuposanus Oemona, OUAePaAMMHBIL — Memoo,

KO3 uyuenm cexywezo Mooyis, peKOHCMPYKYusl.
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SECANT MODULUS RATIO FOR RECONSTRUCTABLE
REINFORCED CONCRETE

Abstract. During the reconstruction, or upon expiration of the service life, as well as after

external impact, reinforced concrete structures require examination and verification calculations. The
most modern and accurate calculations are based on diagram methods. Existing diagrams of concrete
deformation are focused on designing new structures and are not adapted to the concretes that have
changed their strength and deformation properties over time or because of external influences. The
main parameter describing the deformability of concrete is the secant modulus ratio. A technique for
determining the secant modulus ratio is proposed in this arctical. The technique is based on using the
exponential concrete deformation model. The obtained secant modulus ratio can be used for the widely
adopted description of the concrete deformation diagram. The technique is illustrated on a specific
example. The proposed technique significantly expands the application range of diagram methods and
extend them to concrete after long-term operation or external impact.

Keywords: stress-strain diagram of concrete, diagram method, secant modulus ratio,

reconstruction.
© Mypawwxun B.I"., 2022

1.
TEKCTHIILHOHU

CIITMCOK JIMTEPATYPBI

Mypamkua B.I'., Mypamkun ['.B., TpaBym B.M. Pacder Hecyme#l crmocoOHOCTH KOHCTPYKIWN 3IaHHHA
npombiinierHoctr  // U3Bectwst BhICIIMX — y4eOHBIX — 3aBeACHUH. TeXHOJOrHWs TEKCTUIBHOM

npomMeinuierHocTH. 2019. Ne 5 (383). C. 222-228.

Mo 6 (104) 2022




CTponTe/IbCTBO H PEKOHCTPYKIHSI

2. Mypamkun I'.B., Mypamkun B.I'. MopenmupoBanue nuarpammsl aeOpMHUpPOBaHHS OETOHA M CXEMBI
HaIpspKEeHHO-1eOPMUPOBAHHOTO cocTostHUS // V3BecTnst BbIcmX yueOHBIX 3aBeneHuil. Ctpourenscto. 1997. Ne 10.
C.4.

3. Mypamkun I'.B., Mypamkua B.I'. MonenupoBanue auarpaMMel nedopmupoBanusi 6erona // V3Bectus
OpJIOBCKOr0 TOCYTapCTBEHHOTO TeXHUYeckoro yauBepcuteta. Cepust: CtpoutenbeTBo U TpaHcmopT. 2007. Ne 2-14.
C. 86-88.

4. Kapnenko H.M. O6mue Mozxenn Mmexanuku xene3oderona. Mocksa: Ctpoinznar, 1996. 416 c.

5. Kapnenko C.H., Kapnenko H.U., Spmakorckuit B.H. JlmarpamMMHBIH METOJ pacueTa CTEP>KHEBBIX
KeJIe300€TOHHBIX KOHCTPYKLMH, SKCILTYyaTHPYEMBIX NpH BO3JCHCTBHM HU3KWMX KiuMmatudeckux (o -70 °C) m
TexHonoruueckux (7o -150 °C) remmnepatyp // Academia. Apxutektypa u ctpourensctso. 2017. Ne 1. C. 104-108.

6. Kapnenko H.U., Kapmenko C.H. O nuarpamMmHON Meroauke pacyera JedopManuii CTepKHEBBIX
2JIEMEHTOB M €€ YaCTHBIX clyJasx // beToH u xxene300eron. Mocksa. Jlaaes. 2012. Ne 6. C. 20-27.

7. Kapneamko H.U., Cokomor B.C., Panmaiixun O.B. K ompenmenenuto nedopmanmii H3rudaeMbIx
KeJIe300€TOHHBIX 3JIEMEHTOB C UCIIOJIb30BaHUEM JTHarpamMM JedopMupoBaHus OeToHa u apMatypbl // CTpPOUTENBCTBO U
pexonctpykiws. Open: OI'TY, 2012. Ne 2. C. 11-20.

8. CII 63.13330.2012 beroHHble n ene300eTOHHbIE KOHCTPYKIMU. OcHOBHBIE nonoxeHus. Mocksa: ['YI1
HUWMXB T'occrpos Poccun, 2012. 147 c.

9. Tlocoome k CII 52-101-2003. IlocoOme MmO NPOEKTHPOBAHHIO OETOHHBIX U IKEIE300ETOHHBIX
KOHCTPYKIMI U3 TsDKesoro 6eroHa 6e3 mpeaBapuTebHOro HampsbkeHus apmatypbl. Mocksa: ['YIT HUMXKB T"ocerpost
Poccun, 2005. 217 c.

10. T'enmeB I'.A. OOOOLICHHBI KPHUTEPUH JUIMTEIBHOW IIPOYHOCTH TSDKENbIX OeroHoB // U3Bectus
OpIOBCKOr0 TOCyIapCTBEHHOro TexHuueckoro yHuBepcurera. Cepusi: CtpoutenbctBo U TpaHcnopt. 2007. Ne 2-14.
C.17-24.

11. Tenwmes I'.A. 3aBUCHMOCTh MPOYHOCTH OeTOHA OT BpeMenu // beton u xene3o0eron. 1993. Ne 1. C. 15-17.

12. Boumapenko B.M., KomuyHoB B.W. KoHuenumst u HampaBieHHE pPa3BHTHS TEOPHH KOHCTPYKTHBHOM
0€30MacHOCTH 3/IaHUH U COOPY)KEHHH TP CHIIOBBIX U cpenoBbix BozzaencTeusx // [IIC. 2013. Ne 2. C. 28-32.

13. Censer B.I1., Husuna T.A. OueHka AONTOBEYHOCTH JKeNe300€TOHHBIX KOHCTPYKIHMH C TIPUMEHEHHEM
MeTona JAerpananuoHHbix (yHkuumii / Bropoll MexayHapoaHblii cumMmozuyMm. [IpoGiembl coBpeMeHHOro OeToHa u
x)eiezo0erona. Munck, 2009. C. 369-385.

14. Baxenos I0.M. Texnonorus 6erona. Mocksa: ACB, 2003. 500 c.

15. bBaxenoB IO.M., Mypamxkun B.I. VYuer usmeHeHus NpoyHOCTH OETOHA TPH MPOCKTHPOBAHHH
KeJe300€TOHHBIX KOHCTpyKuuit // BectHnk Bomkckoro permonanbHoro otaeneHus Poccuiickoil akanemun
ApXHUTEKTYPBI U CTpOUTENbHBIX Hayk. 2017. Ne 20. C. 244-251.

16. Terpo B.B. K Bompocy mnoctpoeHusi Mojeineld pacyera JOJITOBEYHOCTH KOHCTPYKUMHA //
C6. J1onroBe4HOCTh CTPOUTENBHBIX MaTepHaIoB, u3nenuil u koncrtpykuuii. Capanck: CI'Y, 2014. C. 136-144.

17. Mushtag Sadiq Radhi, Shakir Ahmed Al-Mishhadani, Hasan Hamodi Joni. Effect of Age on Concrete
Core Strength Results // The 2nd International Conference of Buildings, Construction and Environmental Engineering
(BCEE2-2015) [DnexTponHbIit pecypc]. URL.:https://www.researchgate.net/publication/307858837
(mara obpamenus: 01.11.2021).

18. Censes B.I1., Huzuna T.A., BansikoB A.C., Huzun JI.P., banOanun A.B. ®pakranbHblii aHANN3 KPUBBIX
ne(OPMHUPOBAHUS HCIIEPCHO-aPMHPOBAHHBIX MEJIKO3EPHHUCTRIX OeToHOB mpu ckatun // BectHuk Ilepmckoro
HAIIMOHAJILHOTO UCCIIE0BATENBCKOr0 TIOIMTEXHNIECKOro yHuBepcurera. Mexanuka. 2016. Ne 1. C. 129-146.

19. Hwusuna T.A., banbGanuu A.B. BnusHue MuHepaibHbIX 100aBOK Ha PEOJIOTHYECKUE WM IPOYHOCTHBIC
XapaKTEePUCTUKK LEMEHTHBIX KOMIIO3UTOB // BecTHMK TOMCKOro rocynapcTBEHHOIO apXHTEKTYPHO-CTPOUTEIBHOTO
yuauBepcurera. 2012, Ne 2. C. 148-153.

20. Mypamkun B.I'. Ocobennoctu HenmuHelHoro nedopmupoBanus O6eroHa // Academia. ApxutekTypa u
crpoutenbetBo. 2019. Ne 1. C. 128-132.

REFERENCES

1. Murashkin V.G., Murashkin G.V., Travush V.I. Raschet nesushhej sposobnosti konstruktsij zdanij
tekstil'noj promyshlennosti [Calculation of the bearing capacity of structures of buildings of the textile industry]
Izvestiya vysshikh uchebnykh zavedenij. Tekhnologiya tekstil'noj promyshlennosti. 2019. No. 5. Pp. 222-228.

2. Murashkin G.V., Murashkin V.G. Modelirovanie diagrammy deformirovaniya betona i skhemy
napryazhenno-deformirovannogo sostoyaniya // Izvestiya vysshikh uchebnykh zavedenij. Stroitel'stvo. 1997. No. 10. Pp. 4.

3. Murashkin G.V., Murashkin V.G. Modelirovanie diagrammy deformirovaniya betona // lzvestiya
Orlovskogo gosudarstvennogo tekhnicheskogo universiteta. Seriya: Stroitel'stvo i transport. 2007. No. 2-14. Pp. 86-88.

4. Karpenko N.I. Obwie modeli mehaniki zhelezobetona. Moskva: Strojizdat, 1996. 416 p.

5. Karpenko S.N., Karpenko N.I., Yarmakovskij V.N. Diagrammnyj metod rascheta sterzhne-vykh
zhelezobetonnykh konstruktsij, ehkspluatiruemykh pri vozdejstvii nizkikh klimati-cheskikh (do -70 °S) i
tekhnologicheskikh (do -150 °S) temperature [The Diagram Method of Rod’s Reinforced ConcreteStructures Account

Ne 6 (104) 2022



https://www.researchgate.net/publication/307858837

Teopusi HHKEeHEPHBIX coOpY:KeHHH. CTpouTeIbHbIE KOHCTPYKITHHI

which are Exploited in the Action of Low Negative Temperatures] Academia. Arkhitektura i stroitel'stvo. 2017. No. 1.
Pp. 104-108.

6. Karpenko N.I., Karpenko S.N. O diagrammnoj metodike rascheta deformatsij sterzhnevykh ehlementov i
ee chastnykh sluchayakh // Beton i zhelezobeton. Moskva. Lad'ya. 2012. No. 6. Pp. 20-27.

7. Karpenko N.I., Sokolov B.S., Radajkin O.V. K opredeleniyu deformatsij izgibaemykh zhelezobetonnykh
ehlementov s ispol'zovaniem diagramm deformirovaniya betona i armatury // Stroitel'stvo i rekonstruktsiya. Orel:
OGTU, 2012. No. 2. Pp. 11-20.

8. SP 63.13330.2012 Betonnye i zhelezobetonnye konstrukcii. Osnovnye polozheniya [Concrete and won
concrete construction. Design requirements]. Moskva: GUP NIIZhB Gosstroja Rossii, 2012. 147 p.

9. Posobie k SP 52-101-2003. Posobie po proektirovaniyu betonnykh i zhelezobetonnykh konstruktsij iz
tyazhelogo be-tona bez predvaritel'nogo napryazheniya armatury [Manual for the design of concrete and reinforced
concrete structures made of heavy concrete without prestressing reinforcement]. Moskva: GUP NIIZhB Gosstroja
Rossii, 2005. 217 p.

10. Geniev G.A. Obobshhennyj kriterij dlitel'noj prochnosti tyazhelykh betonov // lzvestiya Orlovskogo
gosudarstvennogo tekhnicheskogo universiteta. Seriya: Stroitel'stvo i transport. 2007. No. 2-14. Pp. 17-24.

11. Geniev G.A. Zavisimost' prochnosti betona ot vremeni // Beton i zhelezobeton. 1993. No. 1. Pp. 15-17.

12. Bondarenko V.M., Kolchunov V.I. Kontseptsiya i napravlenie razvitiya teorii konstruktiv-noj
bezopasnosti zdanij i sooruzhenij pri silovykh i sredovykh vozdejstviyakh // PGS. 2013. No.2. Pp. 28-32.

13. Selyaev V.P., Nizina T.A. Otsenka dolgovechnosti zhelezobetonnykh konstruktsij s primeneniem metoda
degradatsionnykh funktsij // Vtoroj mezhdunarodnyj simpozium. Problemy sovremennogo betona i zhelezobetona.
Minsk, 2009. Pp. 369-385.

14. Bazhenov Y.M. Tekhnologiya betona // Moskva: ASV, 2003. 500p.

15. Bazhenov Y.M., Murashkin V.G. Uchet izmeneniya prochnosti betona pri proektirovanii
zhelezobetonnykh konstruktsij // Vestnik Volzhskogo regional'nogo otdeleniya Rossijskoj akademii arkhitektury i
stroitel'nykh nauk. 2017. No. 20. Pp. 244-251.

16. Petrov V.V. K voprosu postroeniya modelej rascheta dolgovechnosti konstruktsij / Sb. Dolgovechnost'
stroitel'nykh materialov, izdelij i konstruktsij. Saransk: SGU, 2014. Pp. 136-144.

17. Mushtag Sadiq Radhi, Shakir Ahmed Al-Mishhadani, Hasan Hamodi Joni. Effect of Age on Concrete
Core Strength Results // The 2nd International Conference of Buildings, Construction and Environmental Engineering
(BCEE2-2015) [Elektronnyj resurs]. URL.:https://www.researchgate.net/publication/307858837 (data obrashheniya:
01.11.2021).

18. Selyaev V.P., Nizina T.A., Balykov A.S., Nizin D.R., Balbalin A.V. Fraktal'nyj analiz krivykh
deformirovaniya dispersno-armirovannykh melkozernistykh betonov pri szhatii [Fractal Analysis of Deformation
Curves of Dispersed-Reinforced Fine-Grained Concrete under Compression]. Vestnik Permskogo natsional'nogo
issledovatel'skogo politekhnicheskogo universiteta. Mekhanika. 2016. No. 1. Pp. 129-146.

19. Nizina T.A., Balbalin A.V. Vliyanie mineral'nyh dobavok na reologicheskie i prochnostnye harakteristiki
tsementnyh kompozitov // Vestnik Tomskogo gosudarstvennogo arhitekturno-stroitel'nogo universiteta. 2012. No. 2.
Pp. 148-153.

20. Murashkin V.G. Osobennosti nelinejnogo deformirovaniya betona // Academia. Arkhitektura i
stroitel'stvo. 2019. No.1. Pp. 128-132.

HNndpopmanus o6 aBTope:

Mypawmxkun Bacuiuii I'ennaabeBuy
00O «Pwmantcrpoit», r. Camapa, Poccus,
KaHAWAAT TEXHUIECKUX HAYK, OLEHT, 3aMECTHTENb TUPEKTOPA.

E-mail: murvag@mail.ru

Information about author:

Murashkin Vasiliy G.
00O «Riehltstroj», Samara, Russia,
candidate of technical sciences, docent, deputy director.

E-mail: murvag@mail.ru

Mo 6 (104) 2022



https://www.researchgate.net/publication/307858837
mailto:murvag@mail.ru
mailto:murvag@mail.ru

CTponTe/IbCTBO H PEKOHCTPYKIHSI

VK 534.833.46: 699.844 DOI: 10.33979/2073-7416-2022-104-6-56-68

C.H. OBCSIHHUKOB?, O.B. JIEJTIOT'A?, A.C. CAMOXBAJIOB'?,
E.A. JIBIMAPEBA'?, T.C. BOJIbITIAHWHA'?

1Tomcknii rocynapcTBeHHbIN apXUTEKTYPHO-CTPOMTENBHBIM YHUBEPCHUTET, T. Tomck, Poccus
2Hay4Ho-HcCle10BaTeNbCKHil MHCTUTYT CTPOUTENbHOM (usuku Poccuiickoii akajeMun apXUTEKTyphl U
CTPOUTENBHBIX HayK, I. MockBa, Poccus

SKCIHHEPUMEHTAJIBHBIE UCCJIEJJOBAHUS
YIPYT'O-JUCCHUITATUBHBIX CBOMCTB KOHCTPYKIIMOHHBIX
U TEPMETHU3UPYIOIINX MATEPUAJIOB CBETOITPO3PAUYHBIX

KOHCTPYKIIUI

Annomayun. Ananumuueckoe peuieHue 3a0auu  NPOXONCOEHUs. 36VKA U GuOpayuu no
KOHCMPYKYUAM U uepe3 Cmblku mpebyem  OnpeoeieHus Ynpyeo-OUCCUNAMUBHBIX — CEOUCME
KOHCMPYKYUOHHbIX U 2epMEMU3UPYIOWux  MAMEpuanog  CEemonpO3PAYHbIX  KOHCIPYKYULL:
OUHAMUYECK020 MO0V ynpyeocmu u Koagguyuenma nomeps. B oannou pabome uccrnedosanvl u
IKCNEPUMEHMANILHO YCTNAHOGIeHbL NAPAMEMPbl OUHAMULECKO20 MOOVISL YAPY20CHL U KO3 duyuenma
nomeps HEKOMOPLIX CIMPOUTNELHBIX MAMEPUANO8 8 CPAGHEHUU C PAHEE NOJYUEHHLIMU OAHHbIMU OPY2UX
aemopos. J{na  asmomamuzayuu U NOBbIUEHUS MOYHOCMU USMEPeHUs. MOOYIs YRpyeocmu u
KO uyuenma nomeps KOHCMPYKYUOHHBIX MAMEPUATOS ObLIA UCROIb308AHA MEMOOUKA USMEPEHUSL C
npUMEHeHUeM NPOSPAMMHO20 obecnedenus u umepumenvhol annapamypul Zetlab. Ilpu npogedenuu
usMepeHull  OUHAMUYECKO20 MOOYIsL YAPY2OCMU  2ePMEMUUPYIOWUX  MAMEPUATO8 NPUMEHSIOCH
usmepumenvhoe obopyoosanue xomnanuu LDS. Ilonyuennvl ymounenHvle 3HAUeHUs OUHAMUYECKO2O
MOOYIISL ynpy20Cmu u Kod@huyuenma nomepb Mamepuaios.

Kniouesvie cnosa: 3syxouzonayus, OuHaAMuyeckui MoOyab YApy2ocmu, Kodg@uyuenm
GHYMPEHHUX NOMEPb, PE3OHAHCHAS YACMOMA, CEEMONPO3PAUHbIE KOHCMPYKYUU.
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EXPERIMENTAL STUDIES OF ELASTIC-DISSIPATIVE
PROPERTIES OF STRUCTURAL AND SEALING MATERIALS
OF TRANSLUCENT STRUCTURES

Abstract. The analytical solution of the problem of sound and vibration passage through
structures and joints requires determining the elastic-dissipative properties of structural and sealing
materials of translucent structures: the dynamic modulus of elasticity and loss factor. In this paper, the
parameters of the dynamic modulus of elasticity and loss coefficient of some well-known building
materials are investigated and experimentally established in comparison with previously obtained data
from other authors. To automate and accurately measure the coefficient of dynamic characteristics of
materials, a measurement technique was used, using Zetlab software and measuring equipment. When
measuring the dynamic modulus of elasticity of sealing materials, LDS measuring equipment was used.
The refined values obtained for the dynamic modulus of elasticity and the loss factor of materials allow
them to be used in vibroacoustic calculations of translucent structures.

Keywords: sound insulation, dynamic modulus of elasticity, internal loss coefficient, resonance
frequency, translucent structures.
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YCTPOMCTBO CKBO3HBIX IIPOEMOB B
KAMEHHBIX CBOJAX UCTOPUYECKUX 3JIAHUI

Annomayusn. Cmamvs nocesiwjena npoobneme YCmpoucmea CKEO3HbIX NPOEMO8 6 KAMEHHbIX
C800aX PEKOHCMPYUpyemvix ucmopuueckux s3oanuil. Heobxooumocms 6 makux npoemax 603HuKdaem
CO2NIACHO NPOEKMY NPUMEHEHUs 8 YelsaX DPA3MeujeHusi U NPOKIAOKU HOBbIX KOMMYHUKAYUOHHBIX U
UMDICCHEPHBIX — CUCmeEM, — Hanpumep,  JUDMOS,  CAHMEXHUYECKO20  000pYy008anus,  CUCHEM
600ocHabdcenus, eenmumayuu u Op. Ilpusooumcs amaiu3 HANPAANCEHHO20 COCMOSHUSL MOOeIU
KAMEHHOU CMeHbl C NPSMOY2OJIbHbIM U KPYSIbIM HPOEMaMu, d MAKICe GIUSAHUS AHU30MPONUU
NPOYHOCMU KAMEHHOU KIAOKU HA ee HeCywylo CNOCOOHOCmb 6 30He npoemos. Ommeuaemcsi, umo
YCMPOUCMBO NPOEMO8 CE53AHO C KOMHPOMUCCOM MeHcOy MmpeOOoSaHUsMU NPOEKma NpuUMeHeHUs,
KACalowuxcsi pasmepos, Gopmvl U Mecm pacnoiodcenus Nnpoemos 6 C600ax, U YCIOGUIMU UX
bezonacnou axcnayamayuu. C 9moil yeavio HeoOXo0um OemaibHblil AHANU3 CLONCHO20 HANPANCEHHO20
COCMOSIHUSL CB0008 C UCHONIb30BAHUEM CYUECMBYIOUUX NPOSPAMMHbBIX KOMAIAeKkco8. TIpu smom ocoboe
6HUMaHUe clledyem 00pawamv HA MUHUMUZAYUIO DPACMASUBAIOWUX HANPAICEHUL, 6bl3bl6AIOUUX
mpewunbl 0COOEHHO 6 Y2lax NpsMOY20lbHbIX npoemos. Ommeuaromcsi mpyoHOCmu C6s3aHHble C
npUMeHeHUeM Kpumepues npo4HOCmu 8 YCI0GUSIX CLONCHOZ0 HANPAICEHHO20 COCMOSIHUSL C80008 8 30He
npoemos. Ilpusoosimcs npumepvl NPaAKmMuyecKol peanusayuu CKEO3HbIX NPOEMO8 6 UCMOPUYECKUX
YUTUHOPUHECKUX U KPECHOBbIX KAMEHHbIX C600aX ¢ OemAlbHbIM AHATUZ0M UX HANPSICEHHO2O0
COCMOsIHUSL, a4 maKdce 6GIUAHUS HA Hecywylo cnocobnocmo. Iloouepxusaemces, uwmo wnaubonee
ONMUMANLHOU  JIOKAMU3AYUE TNPOeMO8  SGIIOMCL HAUMEHee HANPSJICEHHble VUACTKU 80008,
Hanpumep, pacnaryoku 60U PACHONONCEHHBIX NOO HUMU CMeHamu. AHAIU3UPYIOmcs cnocoobl
yeunenusi 80008, ocnabnenuvix npoemamu. Ilpeonoumenue omoaemcs ux apmMupogaHuio audo
VCUNEHUIO ¢ NOMOWBIO dicele300emoHHbIX  noscos.  OOCycoaromes mexHoao2udecKue dAcnexknvl
sbinonnenuss npoemos. Obpawaemcss maxgice GHUMAHUE HA HEOOXOOUMOCHb MOHUMOPUHSA C80008 6
npoyecce GbINOIHEHUs: NPOEMOB.

Knwoueswvie cnosa:. xamenmvie CGO@bl, CKB0O3Hble npoembvl, Hecyuias CnOCOéHOCWlb, cnocoowl
YCUjieHus, MOHUMmMOpPUHe.

R.B. ORLOVICH?, S.S. ZIMIN?
1000 « PI Georekonstrukcia», Saint-Petersburg, Russia
2Saint-Petersburg State Polytechnical University, Saint-Petersburg, Russia

ARRANGING OF THROUGH OPENINGS IN THE STONE VAULT
OF HISTORICAL BUILDINGS

Abstract. The article is devoted to the problem of arranging through openings in the stone
vaults of reconstructed building structures. The need for such openings arises in connection with the
use of new communication and engineering systems in opening cases and laying, for example, elevators,
plumbing equipment, water supply systems, ventilation, etc. An analysis is made of the severity of the
state of a stone wall with a rectangular and checked openings, as well as a study of anisotropy the
strength of the stone lining on its bearing capacity in the presence of openings. It is noted that the use of
the device of openings is possible with a compromise between the requirements of the project, the
allowable sizes, shapes and locations of openings in the vaults, and the likelihood of their use. For this
purpose, a detailed analysis of the complex acute condition of the vaults using modern software systems
is required. In this case, special attention should be paid to minimizing tensile strains that cause cracks,
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especially at the corners of rectangular openings. There are cases associated with the detection of
violations in difficult conditions of the stress state of blood coagulation in the presence of openings. Use
examples of the practical implementation of through openings in the main cylindrical and cross stone
vaults with a detailed analysis of their state of sharpness, as well as a study of the bearing capacity. It is
emphasized that the most common manifestations of openings are minor tense sections of vaults, for
example, stripping due to the proximity of walls under them. The elimination of vaults weakened by
openings is analyzed. Preference is given to their reinforcement or reinforcement using reinforced
concrete belts. Technological aspects of making openings are discussed. Attention is also drawn to
monitoring the progress of openings.

Keywords: stone vaults, through openings, bearing capacity, strengthening methods,
monitoring.

CIIMCOK JIMTEPATYPbI

1. MHccnenmoBanue nedopmaiuii, pacueT HECyIIeH CIOCOOHOCTH M KOHCTPYKTHUBHOE YKPEIUICHHUE NPEBHUX
pacrnopHbIx cucteM. MeTtoanueckue pekoMenaanuu. M., 1989.

2. bepurapn B.P. Apku u cBoabl: PykoBOACTBO 1O YCTpPOHCTBY M pacyeTy apO4HbIX M CBOAYATBIX
nepekpsiTiid. C-IlerepOypr, 1901. 128 c.

3. Jlaxtun H.K. Pacuer apok u cBomoB. PyKOBOJICTBO K aHaJMTHYECKOMY U TpaduuecKkoMy pacdery
apOUHBIX U CBOJUYATHIX NMEpeKphITH. M., 1911.

4. Ahnert R., Krause K. H. Typische Baukonstruktionen von 1860 bis 1960 zur Beurteilung der
vorhandenen Bausubstanz. Band 1,2. Berlin, 2009.

5. TpozmoB B.T. «KupnuuHeie cBOAbI TEPEKPHITUH CTApPBIX JKWIBIX W OOLIECTBEHHBIX 3naHui». C.-
[TerepOypr, 1993.

6. 3umun C.C., becnanoe B.B., Ckpunuenko V.B. BnusiHue pacnamnyOok Ha HampsHKEHHOE COCTOSTHUE
KaMeHHBIX cBOjI0B // Matepuaibl VII MexayHapoaHO#H HaydHO-TIpakTHYecKoi KoHbeperinn «O0cienoBanre 3aHui
U COOPYKEHHIA: MpoOsieMbl 1 TyTH uX petieHus». 2017. C. 133-144,

7. Jlepxau B.H. Anu3oTpomnms MPOYHOCTH KaMEHHOW Kiaiaku mpu ckatnu // HaydHo-TexHuueckue
Begomoctu CIIOI'TIY. Hayka u obpazoBanue. 2011. Ne 3(130). C. 181-186.

8. Tlomsxos C.B. CeiicMocToiikre KOHCTpYKIMHY 31anuid. Beiciiast mikona, M., 1983. 304 c.

9. Jlepxau B.H. AHu30TpONUs MpOYHOCTH KAMEHHOM KJIAJKH Ha PAcTsHKEHUE MPH packanbiBanuy // Hayano-
texunyeckue Begomoctu CIIOITTY. Hayka 1 oopa3zoBanue. 2012. Ne 2 (147). C. 259-264.

10. Standard Test Method for Diagonal Tension (Shear) in Masonry Assemblages ASTM E519-02: ASTM
Committee C15. 2003. 5 p.

11. Diagonal tensile strength tests of small walls specimens. TC76-LUM: RILEM LUMB 6 1991. — Bagneux:
International Union of Laboratories and Experts in Construction Materials, Systems and Structures, 1991. 2 p.

12. Owmspens U.A. JledpekTbl B KOHCTPYKLUSIX, COOPY)KEHHSX M METOAbl MX ycTpaHeHus. M., Ctpoiusnar,
1987.

13. Tlasnos B.B., Xapskos E.B. Boccranosienne paGoTocmocoOHOCTH KaMEHHBIX apoK U ¢cBooB // BecTHHK
rpaxmaHckux urxeHepos. 2017. Ne 6 (65). C. 65-70.

14. CoxkomoB b.C., IlaBmor B.B., XopekoB E.B. KoHCTpyKTHBHO-TEXHOIOTHYECKHE OCOOCHHOCTH
BOCCTAHOBJICHHSI SKCIDTYaTallMOHHOW TIPHTOJHOCTH KaMEHHBIX CBOAYATHIX MOKpHITHIA: cO. cT. IV MexayrapogHoit
(X Beepoccuiickoit) kongpepennnn HACKP-2018. Yysamickuii yauepcuter. Yebokcapst. 2018. C. 323-329.

15. OpnoBua P.b., Usikammmu B.X. CmocoObl ycwieHHs NIWIHHAPHYECKHX KAaMEHHBIX CBOJIOB.
CrpownrenbeTBo 1 pekoHcTpykimst. Ne 1 (69). 2017.

16. Opnoeuu P.B., Jlepkay B.A. 3apyOekHbIi ONBIT apMHUPOBaHUS KaMEHHBIX KOHCTpyKImit // JKumumaoe
crpoutenberBo. 2011, Ne 11.

17. Biolzi L., Ghittoni C., Fedele R., Rosati G. Experimental and theoretical issues in FRP-concrete bonding
/I Construction and Building Materials. 2013. No. 41. Pp. 182-190.

18. ICDMOS. Recommendations for the analysis, consevvation and structural of architectural heritage.
International Scientifich Committee for Analysis and Restovation of Structures of Architectural Heritage, 2003.

19. TOCT P 59437-2021 CoxpaHeHue MaMsATHUKOB KaMEHHOT0 30/14ecTBa. OOIine TpeOoBaHuMs.

20. Jepkau B.H., OpnoBuu P.B. DMmupuueckne KpUTEpHH MPOYHOCTH KAMEHHOW KIAIKH B YCIOBHSAX
CITOKHOTO HANPSKEHHOTO cocTosiaust. CTponTenscTBO U pekorcTpykimst. 2010. Ne 6 (32). C. 8-12.

21. Opnosuu P.B., lepkau B.H. Kputepuu npo4HOCTH, MPUMEHSIEMbIE B 3apyOe)KHOI MPAKTUKE pacdera u
MPOEKTHPOBAHMS KaMEHHBIX KOHCTpyKImi // M3BecTnst BhICIHX y4ueOHBIX 3aBemenuii. Ctpoutenscro. Ne 6. 2011,
C. 101-106.

22. Opnosuu P.b., llepkau B.H. IlpuMeHenne KiaccH4ecKUX TEOPHH MPOYHOCTH IS pacdera KaMeHHOH
KIIAJIKA B YCIOBHSIX CIOJKHOTO HANpsDKeHHOro coctostaust // CtpourenbetBo u pekonctpykimst. 2011, Ne 1 (33). C. 35-
40.

Ne 6 (104) 2022



Teopusi HHKEeHEPHBIX coOpY:KeHHH. CTpouTeIbHbIE KOHCTPYKITHHI

REFERENCES

1. Issledovanie deformacij, raschet nesushchej sposobnosti i konstruktivnoe ukreplenie drevnih raspornyh
sistem. Metodicheskie rekomendacii. M., 1989.

2. Berngard V.R. Arki i svody: Rukovodstvo po ustrojstvu i raschetu arochnyh i svodchatyh perekrytij. S-
Peterburg, 1901. 128 p.

3. Lahtin N.K. Raschet arok i svodov. Rukovodstvo k analiticheskomu i graficheskomu raschetu arochnyh i
svodchatyh perekrytij. M., 1911.

4.  Ahnert R, Krause K. H. Typische Baukonstruktionen von 1860 bis 1960 zur Beurteilung der vorhandenen
Bausubstanz. Band 1,2. Berlin, 2009.

5. Grozdov V.T. «Kirpichnye svody perekrytij staryh zhilyh i obshchestvennyh zdanij». S.-Peterburg, 1993.

6. Zimin S.S., Bespalov V.V., Skripchenko 1.V. Vliyanie raspalubok na napryazhennoe sostoyanie kamennyh
svodov // Materialy VII mezhdunarodnoj nauchno-prakticheskoj konferencii «Obsledovanie zdanij i sooruzhenij:
problemy i puti ih resheniya». 2017. Pp. 133-144.

7. Derkach V.N. Anizotropiya prochnosti kamennoj kladki pri szhatii // Nauchno-tekhnicheskie vedomosti
SPbGPU. Nauka i obrazovanie. 2011. No. 3(130). Pp. 181—186.

8. Polyakov S.V. Sejsmostojkie konstrukcii zdanij. Vysshaya shkola, M., 1983. 304 p.

9. Derkach V.N. Anizotropiya prochnosti kamennoj kladki na rastyazhenie pri raskalyvanii // Nauchno-
tekhnicheskie vedomosti SPbGPU. Nauka i obrazovanie. 2012. No. 2 (147). Pp. 259-264.

10. Standard Test Method for Diagonal Tension (Shear) in Masonry Assemblages ASTM E519-02: ASTM
Committee C15. 2003. 5 p.

11. Diagonal tensile strength tests of small walls specimens. TC76-LUM: RILEM LUMB 6 1991. — Bagneux:
International Union of Laboratories and Experts in Construction Materials, Systems and Structures, 1991. 2 p.

12. Fizdel' . A. Defekty v konstrukciyah, sooruzheniyah i metody ih ustraneniya. M., Strojizdat, 1987.

13. Pavlov V.V., Har'kov E.V. Vosstanovlenie rabotosposobnosti kamennyh arok i svodov // Vestnik
grazhdanskih inzhenerov. 2017. No. 6(65). Pp. 65-70.

14. Sokolov B.S., Pavlov V.V., Hor'kov E.V. Konstruktivno-tekhnologicheskie osobennosti vosstanovleniya
ekspluatacionnoj prigodnosti kamennyh svodchatyh pokrytij: sbh. st. IV Mezhdunarodnoj (H Vserossijskoj) konferencii
NASKR-2018. CHuvashskij universitet. CHeboksary. 2018. Pp. 323-329.

15. Orlovich R.B., CHykalidi V.H. Sposoby usileniya cilindricheskih kamennyh svodov. Stroitel'stvo i
rekonstrukciya. No. 1 (69) 2017.

16. Orlovich R.B., Derkach V.A. Zarubezhnyj opyt armirovaniya kamennyh konstrukcij // ZHilishchnoe
stroitel'stvo. 2011. No. 11.

17. Biolzi L., Ghittoni C., Fedele R., Rosati G. Experimental and theoretical issues in FRP-concrete bonding.
Construction and Building Materials 2013. No. 41. Pp. 182-190.

18. ICDMOS. Recommendations for the analysis, consevvation and structural of architectural heritage.
International Scientifich Committee for Analysis and Restovation of Structures of Architectural Heritage, 2003.

19. GOST R 59437-2021 Sohranenie pamyatnikov kamennogo zodchestva. Obshchie trebovaniya.

20. Derkach V.N., Orlovich R.B. Empiricheskie kriterii prochnosti kamennoj kladki v usloviyah slozhnogo
napryazhennogo sostoyaniya. Stroitel'stvo i rekonstrukciya. 2010. No. 6 (32). Pp. 8-12.

21. Orlovich R.B., Derkach V.N. Kriterii prochnosti, primenyaemye v zarubezhnoj praktike rascheta i
proektirovaniya kamennyh konstrukcij. lzvestiya vysshih uchebnyh zavedenij. Stroitel'stvo. No. 6. 2011. Pp. 101-106.

22. Orlovich R.B., Derkach V.N. Primenenie klassicheskih teorij prochnosti dlya rascheta kamennoj kladki v
usloviyah slozhnogo napryazhennogo sostoyaniya. Stroitel'stvo i rekonstrukciya. 2011. No. 1 (33). Pp. 35-40.

HNudpopmanus 06 apTopax:

OpaoBuu Poman BoseciiaBoBu4

00O «ITA I'eopexoncTpyKIHs», T. Caskt-IlerepOypr, Poccus,
JIOKTOpP TEXHUYECKUX HayK, Ipoeccop, HayIHbIH KOHCYJIbTAHT.
E-mail: orlowicz@mail.ru

3umun Cepreii CepreeBu4

OI'AYO BO «Canxkr-IlerepOyprekuii monuTexandeckmii yaueepcuteT [letpa Benmkoroy, r. Carkr-IlerepOypr, Poccus,
KaHIUJIAT TeXHUYECKUX HAyK, JOLEHT BpIcIIeil ImKkoixa MpOMBINUICHHO-TPaXKIAaHCKOrO M JTOPOXKHOTO CTPOHTEIHCTBA
WmxenepHo-cTpourtensHoro uHctuTyTa CITOITY.

E-mail: zimin_sergei@mail.ru

Mo 6 (104) 2022



mailto:orlowicz@mail.ru
mailto:zimin_sergei@mail.ru

CTponTe/IbCTBO H PEKOHCTPYKIHSI

Information about authors:

Orlovich Roman B.

Chief Engineer of the company «PI Georekonstrukciya», Saint-Petersburg, Russia,
doctor of technical sciences, professor, scientific consultant.

E-mail: orlowicz@mail.ru

Zimin Sergey S.

Peter the Great St.Petersburg Polytechnic University, Saint-Petersburg, Russia,

candidate of technical sciences, assistant professor of the Higher School Industrial, Civil and Highway Engineering of
the Civil Engineering Institute.

E-mail: zimin_sergei@mail.ru

Ne 6 (104) 2022


mailto:orlowicz@mail.ru
mailto:zimin_sergei@mail.ru

Teopusi HHKEeHEPHBIX coOpY:KeHHH. CTpouTeIbHbIE KOHCTPYKITHHI

V]IK 624.046.5/624.014 DOI: 10.33979/2073-7416-2022-104-6-78-90

B.B. TYP!, B.B. HAJIOJIbCKHUIA*
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KOHIEIIIUSA ITPOEKTUPOBAHUA
CTPOUTEJLHBIX KOHCTPYKIIUI HA OCHOBE
YUCJEHHBIX MOJIEJIEM CONTPOTUBJIEHUS

Annomauyusn. Pacuémuvie kiaccuyeckue mooenu CONpOmMuGNeHus:, GHOCUMbIE 8 HOPMAMUBHDbIE
OOKyMenmul, NOOMEEPHCOAIOMCSL DONLUUM KOTULECHBOM MEOPEMUUECKUX U IKCHEPUMEHIMATbHBIX
UCCe008aHULL C NOCACOVIOWUM CPABHEHUEM C CYWEeCMBEYIOWUM Onblmom npoexmuposanusi. Oounako 6
COBDEMEHHBIX YCI0BUAX ObICMPO20 COBEPUICHCINBOBAHUSL MAMEPUATIO8 U MEXHONO02ULl 6CE wupe
UCNONL3YIOM HOBblE OPUSUHATIbHBIE KOHCMPYKMUGHLIE (opmbl, Ol KOMOPBIX pACYEmHble MOOelu He
VCMAHOGIEHbl UL HE UMEIOM OOCMAMOYHO20 NOOmeepaicoenusi. [{isi npeo0oseHust Smux mpyoHocmen u
66UQY BbICOKOU CMOUMOCMU UCHBIMAHUL 6ce OOoNbulee PACNPOCMPAHEeHUe NOAYYAOm YUCIEHHbIe
Memoobl aHanu3a (MOOEIUPOBAHUS, CUMYTAYULL) NOBEOCHUS CMPOUMETbHbIX KOHCMPYKYULL U
omoenvHozo dnemenma koncmpykyuu. OOnaxo peanusayusi NPOEeKMUPOBAHUs CIMAIbHbIX KOHCIPYKYUL
HA OCHOBE YUCIEHHbIX MOOenel 8 NEPEYI0 ouepedb COEPAHCUBAETC OMCYMCMBUEM eOUHBIX HOOX0008 K
ux paspabomxe, 4mo 3aKI04Aemcs 6 OMCYMCMEUN 6ePUDUYUPOBAHHBIX PEKOMEHOAYUL NO HA3HAYEHUIO
MAKux napamempos, Kax ONnucauue ouazpamm O0eopmMuposanusi Cmai, pazmepos KOHEYHbIX
9NEMEHMO8, (POopMbl U 3HAYEHUU HecosepuieHcms u m.0. Bmopoil eadicnoil npobaemou sensemcs
omcymemeue  gopmama  6e30NACHOCMU U 3HAYEHULl Y4ACMHBIX Kod(pduyuenmos. B cmamve
000CHO8aNbl  0OnaACMU  NPUMEHEeHUsT Memood NPOeKMUPOBAHUs HA OCHO8e HUCIECHHbIX Modenell
CONpOMUGIEHUs], CUCTNEMAMU3UPOBAHbL  (DAKMOPbL,  GIUSIOUUEe HA HEONPeOeiéHHOCb  3HAYEeHUs.
conpomueienusi, U ChopmyIuposarvl HeobXoouMble SManbl PA36UMUsL Menmooa NPOEKMUPOSaHUs Ha
OCHOBE YUCIEHHBIX MOOeeli CONPOMUGTEHUSL.

Kniouesvie cnosa: uucnewnas mooenv — conpomugienus, — @opmam — 0e30nacHocmu,
HeonpeoenénHoCmy, MemooO KOHEUHbIX JJIeMEHTNOS.

V.V. TUR}, V.V. NADOLSKI*
!Brest State Technical University, Brest, Belarus

THE CONCEPT OF DESIGN OF BUILDING STRUCTURES
BASED ON NUMERICAL RESISTANCE MODELS

Abstract. A large number of theoretical and experimental studies confirms the classical
resistance models introduced into standards. However, in modern conditions of rapid improvement of
materials and technologies, new original design forms are increasingly being used, for which
calculation models have not been established or do not have sufficient confirmation. To overcome these
difficulties and due to the high cost of testing, numerical methods of analysis (modeling, simulations) of
the behavior of building structures or a separate structural element are becoming increasingly
widespread. However, the implementation of the design of steel structures based on numerical models is
primarily constrained by the lack of unified approaches to development. There are no verified
recommendations on the assignment of parameters of the numerical model, such as the description of
steel deformation diagrams, recommendations on the assignment of the dimensions of the final
elements, recommendations on the assignment of the shape and values of imperfections, etc. The second
important problem is the lack of a safety format and the values of partial factors. The article
substantiates the areas of application of the design method based on numerical resistance models,
systematizes the factors affecting the uncertainty of the resistance and formulates the necessary stages
of development of the design method based on numerical resistance models.

Keywords: numerical resistance model, safety format, uncertainty, finite element method.
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JHEPT'O®P®EKTUBHBIE 3TAHUA HA OCHOBE
TPAHC®OPMUPYEMBIX KAPKACOB

Annomayun. B cmpoumenvhoil ompaciu éce uawje nOAGIAIOMC 30aHus, 06ecneyusaouue
cebs dHepeuell. B cmamve paccmampusaemcsi Gopmoobpazyiouue 603MONCHOCU KUHEMAMUYECKOU
cucmemyl, NPeOCMAGICHbL PelemKy U Noayuaemvle U3 HUX 00beMHO-NPOCMPAHCIGEHHbIE (OPMbL.
Ocobe @Humanue yoeneHo YUTUHOPUHECKOU NOGEPXHOCIU, 2COMEMPUUECKAs HEUSMEHAEMOCHb ee
obecneuusaemcs JHeeCmKoCmvio KOHMYpa U NPOCMPAHCIEEHHOU OPpMOLl HOBEPXHOCU YEHMPATbHOL
yacmu. Aempamu cmamvu NPedNoNCEHO 0OujeCmeeHHoe 30aHue HA OCHOGE MPAHCEHOPMUPYEMO20
Kapkaca — 3mo 6blCmpPOBO3600UMAs U JeeKas NPOCMPAHCMEEHHAST KOHCMPYKYus, Komopas 6ydem
YO061emEOpsims Mpem 2NAGHbIM MPebOBAHUIM COBPEMEHHOCMU. IHEP2OCOEPedNCceHUe, IKOHOMULHOCT
u axonocuunocms. Co30ana mpexmepHas Mooeib KOHCMPYKYUU, PACCMOMPEHHASE 8 08YX COCMOSHUSX:
00 8038e0eHUs (NIOCKAsSL NPAMONUHEUHAs. peulemka) U nocie 6038edeHus. Buinoanen noobop
02pPaANCOAIOWUX — KOHCMPYKYULL HA  OCHO8e — MENJIOMEXHUYeCcKo20 pacuema, @ 6 Kauecmee
OONOTHUMENLHBIX NAHENel UCNOAL3VIOMCS CcoNHeunble bamapeu. [Ipednosiceno ysemogoe peuierue
gacados. Ceemosvie npoemvl mpeyeorvHou Gopmbl Ha 60Ko6oM pacade u mpaneyuesuonvle ¢
mpeyeonoHbiMu Ha mopyax 30anus. Taxoe peutenue 00YCLOGIEHO NOOOEPIHCAHUEM DPUMMUYHOCTIU
KOHCMPYKYUU U COHOBUY-NAHENCH. YCMAHOBKU OONOJIHUMENbHbIX SHYmMpenHux onop. Omcymcmeue
GHYMpPEHHUX onop 6 30aHuu obecneyusaem ce0600y 6 60OnNpPocax NAAHUPOsKU. s evipabomku
ANbMEPHAMUBHO20 BUOA IHEPSUU U IKOHOMUU HA 30aHUe YCMAHOBGIEHbl COMHEeUHble bamapeu mak
umobbl He Hapyuams 00WYI0 KOHYenyuio hacaoos.

Knrouegvte cnoea: mpaucgopmupyemulii Kapkac, gopmoobpazosanue,
IHep2odhhexmueHocms.

N.G. TSARITOVA! A.l. KURBANOV?, A.A. KURBANOVA!
!Platov South-Russian State Polytechnic University (NPI), Novocherkassk, Russia

ENERGY-EFFICIENT BUILDINGS BASED ON TRANSFORMABLE
FRAMES

Abstract. In the construction industry, buildings that provide themselves with energy are
increasingly appearing. The article discusses the formative capabilities of the kinematic system,
presents lattices and the three-dimensional shapes obtained from them. Special attention is paid to the
cylindrical surface, its geometric immutability is ensured by the rigidity of the contour and the spatial
shape of the surface of the central part. The authors of the article proposed a public building based on
a transformable frame — it is a quick-erect and lightweight spatial structure that will meet the three
main requirements of modernity: energy conservation, eco-nomicity and environmental friendliness.
Have created a three-dimensional model of the structure, viewed in two states: before construction (flat
rectilinear lattice) and after construction. The selection of enclosing structures based on thermal
engineering calculations was carried out, and solar panels are used as additional panels. The color
scheme of the facades is proposed. The light openings are triangular in shape on the side facade and
trapezoidal with triangular at the ends of the building. This solution is due to maintaining the rhythm of
structures and sandwich panels. installation of additional internal supports. The absence of internal
supports in the building provides freedom in planning issues. To generate an alternative type of energy
and save money, solar panels are installed on the building so as not to violate the general concept of
facades.

Keywords: transformable frame, shaping, energy efficiency.
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A.B. AJIEKCEMLIEB!, H.C. KYPYEHKO!, M.JI. AHTOHOB?, /I.B. MOPO30OBA*

1®rb0Y BO «HaumoHanbHbIN HCCIen0BaTeENbCKIA MOCKOBCKUI TOCY1apCTBEHHbIN CTPOUTENBHBINA YHUBEPCHTETY,
r. Mocksa, Poccus

HECYIIASI CHOCOBHOCTHh ABAPUMHO JIOTPYKAEMBIX
KEJIE3OBETOHHBIX KOJIOHH C HAYAJIbHBIMH
HECOBEPHIEHCTBAMMUA

Annomayun. Paccmompen  nooxo0 K YUCIEHHOMY — MOOEIUPOBAHUIO  HANPSIICEHHO-
0eOpMUPOBAHHO20 COCMOSIHUS  JHCENE300EMOHHBIX KONOHH KBAOPAMHO20 CeYeHUs C PA3IUYHbIMU
MURamy Ha4aibHelX Hecosepuiencms. Onpedenena ux npeoeivbHds Hecywds cnocObHOCMb € YYemom
B03MOINCHO20 OUHAMUHECKO20 OO0SDYIICEHUs NPOOONbHOU CUNOU U usubaowum momenmom. s
UCCe008AHUTL UCHONb3YEMCS YUCTEHHAS MOOEIb, ONUCLIBAIOWAs. KOHCIPYKYUIO KOTOHHbL 00beMHbIMU
aniemMeHmamu O0sl GemoOHA U CMEPIICHEBLIMU DNEMEHMAamMu O apMamypHo2o Kapkaca. Hauanvhuvie
Heco8epuleHcmea MOOEIUPYIOMCs: NymeM Qu3uuecKo2o YOaneHus: JAeMeHMo8, PACUUEKU INEMEHMOE,
DPACUUBKU C 803MONCHOCIIBIO NOCAEOYVIOUel CUIUBKU HETUHETHBIMU CEA3MU, MOOETUPYIOWUMU 3d30Dbl
u cyennienue Ha epanuye pasoena cped. JucieHHblll aHanu3 6bINOIHAICA 6 OUHAMUYECKOU NOCMAHOBKE
NO HEsBHOU cXeMe HA OCHOBE WA208020 Memood, peuleHue HeTUHEUHOU 3a0ayu GbINONHANOCh C
ucnonv3osanuem memooa Hoiomona-Pagcona ¢ neesnzkoi no 3naveHuio y3n06vix cul. Ycmanosenena
Ccmenenb  GIUAHUS  HAYATbHLIX HECOBEPUICHCS, CES3AHHbIX C  OMKIOHEHUSMU 2eOMEempuu U
NOBPEICOCHUAMU MAMEPUANd HA HECYWYlo CNOCOOHOCMb  COCAMO-ULUOAEMbIX IIEMEHMO8 Npu
asaputinom eoszoeticmeuu. I1okazano, wmo O COOPYIHCEHUN NOBLIUEHHO20 YPOGHS OMBEMCMEEHHOCIU
YenecooBpasHo npu  NPOEKMUPOBAHUU  NPeOYCMAMPUBams  OONOIHUMENbHbIU  3ANAC  NPOYHOCIU
00epyarcaemvix KOJIOHH 8 pamublx KoHcmpykyusix 6 npedenax 10%.

Kniouesvle cnosa: sxcugyuecmo, YucieHHOe MOOCIUPOSAHLE, JHCele300emOHHbIe KOHCIMPYKYUU,
KOJIOHHbL, KOHEYHO DJICMEHMHbLI AHANU3, OUHAMUUECKOE 002PYHCEHUE, HAUANbHbIE HECO8EPULCHCMEA,
be3onacrocme.

A.V. ALEKSEYTSEV?, N.S. KURCHENKO?, M.D. ANTONOV?, D.V. MOROZOVA!
!Moscow State University of Civil Engineering

BEARING CAPACITY OF EMERGENCYLY LOADED REINFORCED
CONCRETE COLUMNS WITH INITIAL IMPERFECTIONS

Abstract. An approach to numerical simulation of the stress-strain state of reinforced concrete
square columns with various types of initial imperfections is considered. Their ultimate bearing
capacity is determined taking into account the possible dynamic additional loading by the longitudinal
force and the bending moment. For research, a numerical model is used that describes the design of the
column with volumetric elements for concrete and rod elements for the reinforcing cage.

Initial imperfections are modeled by physical removal of elements, unzipping of elements,
unzipping with the possibility of subsequent stitching by nonlinear bonds that simulate gaps and
adhesion at the interface between media. Numerical analysis was carried out in a dynamic formulation
according to an implicit scheme based on the direct method, the solution of a nonlinear problem was
performed using the Newton-Raphson method with a discrepancy in the value of nodal forces. The
degree of influence of initial imperfections associated with deviations of geometry and damage to the
material on the bearing capacity of compressed-bent elements under emergency impact has been
established. It is shown that for structures with an increased level of responsibility, it is advisable when
designing to provide for an additional margin of safety for additionally loaded columns in frame
structures within 10%.
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Keywords: survivability, numerical simulation, reinforced concrete structures, columns, finite
element analysis, dynamic loading, initial imperfections, structural safety.
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H.T. BV}, H.B. ®EJJOPOBA'
1®rb0Y BO «HaumoHanbHbIH MCCIen0BaTeNbekiii MOCKOBCKHIA TOCYIapCTBEHHBIIM CTPOUTENBHBIN YHUBEPCHTET
(HY MI'CY), r. Mocksa, Poccust

BAPUAHT TEOPUMU IVIACTUYHOCTHU BETOHA ITPUMEHUTEJIBHO K
CTATUKO-JUHAMHUYECKOMY PEXUMY JE®OPMUPOBAHUA

Annomauusn. [lpedcmasneno obochosanue pexscumos Cmamuko-0UHAMUYECKO20 HASPYHCEHUS.
IKCHILYAMUPYEMBIX  JICELe300eMOHHBIX — KAPKACO8 MHOL0IMANCHLIX  30aHULl  NPU  3ANPOEKMHOM
8030elicmeull 8 8Ude 6HE3aNH020 YOaneHUs OMOeNbHbIX Hecyuux snemenmos. Ha ocnose meopuu
naacmuyHocmu bemona u sxcenezobemona I A. I'enuesa nocmpoenvi anarumuyeckue 3a8UCUMocmu Oisl
onpeoenenuss napamempos OUdAsPaMMbl CHAMUKO-OUHAMUYECKO20 Oedopmuposanus Oemona npu
DA3MUYHBIX PEXHCUMAX CIMATNUYECKO20 HAZPYHCEHUA U NOCAe008AMENTbHOM OUHAMUUECKOM 00SPYHCEHUM.
Tlpeumywecmeo noyueHHo20 YMOUHEHHO20 BAPUAHMA O0epOPMUPOBAHUA 6EMOHA COCMOUm 6 MOM,
umo OH coO0epicum 08a 6AXHCHBLIX NAPAMEMpPA, YUUMbIBAIOWUX GIUAHUA CKOPOCMU HASPYHCCHUA U
VPOGHA CAMUYECKO20 HASPYHCEHUA HA CIONMCHOE HANPAHCEHHO-0eDOPMUPOSBAHHOEe COCMOAHUE
bemona. YHucnennvimMu UCCIE008AHUAMU NOKA3AHO, YMO NpedelbHds CMAamuKo-OUHAMUYEeCKast
NPOUHOCMb 6eMOHA NPU OUHAMUYECKOM QOSPYHCEHUU 3A8UCUM OM YPOBHS HAYANLHOO HANPAXCEHHO2O
COCMOSIHUSL NPU  CIMATMUYECKOM HASPYJICeHUU Oemona, ¢ KOmopo2o Npou3800UMcs OUHAMUYECKOe
o0ocpysicerue 00 npedervbHoco cocmoanus. IIposedennbiM ¢ UCNONbL308AHUEM PACCMAMPUBAEMOL
MoOenu  HUCIeHHLIM — AHATU3OM  NOOMEEPHCOeHbl  MaKdice  pe3ynbmamvl — IKCHEPUMEHTNATLHBIX
UCCTIeO0BAHUTI O MOM, YO MUKPOMPeWUHoobpazoeanue 8 bemone npu CMamuyeckom HazpyiceHuu
HAYUHAEeMCcs He ¢ HEeKOMOPO20 YPOGHe20 3HAYEHUA HANPAXCEeHUll, d NPAKMUYecKy ¢ MOMeHma Ha4ana
Haepyscenua bemona. Ilonyuennvie pe3ynomamvl npeOCmMasIAIOM uHmepec Oia peueHus NPUKIaoHbIx
3a0au, CEA3AHHLIX C NPOOIEMOU HCUBYHECTU, 3AUUMbl 30aHUL U COOPYICEHUL OM NPOSPECcCUpyroujeco
00pywienus, 6 HaAcCmMHOCU Npu OnpedeneHuu Kpumepued MpOYHOCMU OemoHa npu o0cobom
HANPAHCEHHOM COCHOAHUU.

Kniouesvie cnosa: sicene306emomn, dHcugyuecmv, 6He3aNHAs CMPYKMYPHAA Nepecmpolikd,
npoepeccupyioujee  oOpywieHue,  Meopus  NIACMUYHOCMU  OeMOHd,  CMAMUKO-OUHAMUYECKOe
HazpysiceHue, OUHAMUYECKAas NPOYHOCMb, OUASPAMMA OehOpMUPO8anUs DEMoHa.

N.T. VU, N.V. FEDOROVA!
!Moscow State University of Civil Engineering, Moscow, Russia

VARIANT OF THE PLASTICITY THEORY FOR CONCRETE IN
RELATION TO THE STATIC-DYNAMIC DEFORMATION REGIME

Abstract. The substantiation of the modes of static-dynamic loading of the operated reinforced
concrete frames of multi-storey buildings under the out-of-design impact in the form of sudden removal
of individual load-bearing elements is presented. Based on the theory of plasticity of concrete and
reinforced concrete by G.A. Geniev, analytical dependences are constructed to determine the
parameters of the static-dynamic deformation diagram of concrete under various modes of static
loading and sequential dynamic loading. The advantage of the obtained refined variant of concrete
deformation is that it contains two important parameters that take into account the influence of the
loading speed and the level of static loading on the complex stress-strain state of concrete. Numerical
studies have shown that the limiting static-dynamic strength of concrete under dynamic loading depends
on the level of the initial stress state under static loading of concrete, from which dynamic loading is
carried out to the limit state. The numerical analysis carried out using the model under consideration
also confirmed the results of experimental studies that microcracking in concrete under static loading
does not begin with a certain stress level, but practically from the moment of the beginning of concrete
loading. The results obtained are of interest for solving applied problems related to the problem of
survivability, protection of buildings and structures from progressive collapse, in particular when
determining the criteria for the strength of concrete under special stress.
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Keywords: reinforced concrete, survivability, sudden column removal, progressive collapse,
plasticity theory of concrete, static-dynamic loading, dynamic strength, concrete deformation diagram.
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KPUTEPUHU ONEHKU TEXHUYECKOI'O COCTOAHUA
KEJIE3OBETOHHBIX IIVIMT TP KOPPO3UU APMATYPbBI

Annomauyusn. [ npedynpesicoeHuss NpexcoespemMeHno20 U3HOCA U CHUdICEHUs Hecyuell
CnocoOHOCMU  JHCENe300eMOHHbIX NAUM  He0bX0OUMO CBOEEPEMEHHO NPOBOOUMb 00CAe006aAHUe UX
MEXHUYECK020 COCMOSIHUL C ONpedeleHuemM NPUdUl B803HUKHOGEHU 0e(eKmos ¢ nociedyloujell ux
auxeuoayuel. B nacmoswee epemsi ¢ I'OCT 31937, peeynupyroweco npasuia 06cie008aHus.,
OmMCYymcmeyiom KOJIUYECMBEHHbIE 3HAYEHUs. KPUMEpPUes MeXHUUecKo20 COCMOAHUS, N0 KOMOPbIM
MOJICHO HA3HAYUMb KAME20PUI0 MEXHUYECKO20 COCMOAHUS KOHCMPYKYUL, 6 MTOM YUCle 8 PAMKAX
8U3YATLHO20 00CAed08anus. [l BbIAGICHUS YACMOMbL NOSIGNEHUsL 0eDeKMO8, CBA3AHHbIX C KOppO3Uuel
apmamypbl 8 JHcene300emonHbIX NAUMAX 30aHUTL U COOPYICEHUU, a MAKdICe ONPedeieHuss NPUYUH UX
603HUKHOGeHUsL ObLIu  paccmompervl 738  apxushbix omuemos AO «[[HHUUIIpomzoanuity no
0bcaedosanuio.

Ananuz npogedeHnvix pamnee 06cied08anull NOKA3AL, 4mo deghexmul, 8bl36aHHbBIE C KOPPO3UEL
apmamypwl, AGNAIOMCA OOHUMU U3 HAuboNee pACnpOCMpAaHeHHblx U mpebyiom 0ojee O0emanbHbix
VKA3aHUL NO HA3HAYEHUIO Kame2opuu MeXHUYecko20 COCMOsiHus KoHcmpykyutl. /[na paspabomku
Kpumepued MmexHUu4ecko20 COCMOSIHUSL JICcele300emMOHHbIX Naum ¢ Oehekmamu, NOIYYEHHLIMU 6
pe3yibmame KOppO3Uuu apmamypwl, Oblil GbINOIHEH PACHEMHbIU AHATU3 GIUSHUSL KOPPO3UU APMAMYpbl
HA HeCYwyro cnoCOOHOCMb, PACCMOMPEHO GIUAHUE NPOOYKIMOE KOPPO3UU HA 00pa3068anue npooOIbHbIX
U NONEPeYHbIX Mpewur, OAHHbIX IKCNEPUMEHMATbHIX UCCIe008AHUL, A MaAKice Mmpebo8anHutl
HOPMAMUBHBIX OOKYMEHMOE.

Kniouesvie cnoea: coopnulii dicene3o0emon, MHO2ONYCMOMHbIE NAUMbL, peOpucmvle NauUmbl,
KOPPO3Us apmamypul, oeghexm, Kpumepuii mexHu4ecko2o CoCMmosHUA.

I.A. TEREKHOV?
'Russian University of Transport, Moscow, Russia

CRITERIA FOR ASSESSING THE TECHNICAL
CONDITION OF REINFORCED CONCRETE SLABS DURING
REINFORCEMENT CORROSION

Abstract. To prevent premature wear and reduce the bearing capacity of reinforced concrete
slabs, it is necessary to conduct a timely examination of their technical condition with the determination
of the causes of defects with their subsequent elimination. At present, GOST 31937, which regulates the
inspection rules, does not contain quantitative values of the technical condition criteria, according to
which it is possible to assign a category of the technical condition of structures, including within the
framework of a visual inspection. To identify the frequency of occurrence of defects associated with
corrosion of reinforcement in reinforced concrete slabs of buildings and structures, as well as to
determine the causes of their occurrence, 738 archival survey reports of TsNIIPromzdaniy JSC were
considered.

An analysis of previous surveys showed that defects caused by corrosion of reinforcement are
among the most common and require more detailed instructions on the designation of the category of
technical condition of structures. To develop criteria for the technical condition of reinforced concrete
slabs with defects resulting from reinforcement corrosion, a calculation analysis of the effect of
reinforcement corrosion on the bearing capacity was performed, the effect of corrosion products on the
formation of longitudinal and transverse cracks, experimental data, and the requirements of regulatory
documents were considered.

Keywords: precast concrete, hollow-core slabs, ribbed slabs, reinforcement corrosion, defect,
technical condition criterion.
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E.B. TKAU', A.M. PAXIMOB?
1®Irb0Y BO «HaumoHanbHbIN MCCIen0BaTeNbCKiii MOCKOBCKHUIH TOCYIapCTBEHHBIN CTPOUTENLHBINA YHUBEPCHTETY,
r. Mocksa, Poccus
2KaparanMHCKUI TeXHUYECKUI yHUBEpCHUTET, T. Kaparanna, Pecriy6nuka Kasaxcran

NEHOCTEKJOKPUCTAJIMYECKUMN IIOPUCTBIN 3ATIOJTHUTEJIb
HA OCHOBE TEXHOI'EHHBIX OTXOJ0B VIS JIEI'KUX BETOHOB

Annomayusn. 3adauu, ce13aHHble C PACUUPEHUEM CbIpbeGoll 0a3zbl npu npouzso0Cmee
NOpUCmsIX 3anoaHumenell Oisl JecKux OemoH08 ¢ MUHUMAIbHbIMU IHEPeO3AMPAMAMU, C KANCObIM
2000M CmMAaHo8AmMcs 6cé OoNlee aKxmMyaibHbIMU. B pamkax OaHHbIX UCCIe008aHUNl PACCMOMPEHbL
60NPOCHI, CESA3AHHbIE C NOJYYEHUeM HOPUCMbBIX 3anoJHUmenetl Olsi Jleeko2o 0Oemona, Komopbvie
sblOepoicusarom Ooiee 8blCoKUe HA2PY3KU 6e3 CHUNCEHUs Kauyecad 3a CUem HAIUYUs KPUCMAaiiudeckou
CIPYKMYPbl  MEJNCNOPO8bIX Nepecopoook. Mamepuan obnadaem HUKUM 6000RO2IOWEHUEM TNO
CPABHEHUI0 C KePpAM3UMOM, YMO YKaA3bléaem HA CNOCOOHOCHb COXPAHSAMb CE0U MENIOmexHuyecKue
Xapakxmepucmuky 60 6pemMenU, U umMeen NPaKmuyecKy HeoPAHUYeH bl Cpok ciyxcovl. lenv dannozo
Uccne0o8anuss — NOJYYeHUe NeHOCMEKIOKPUCTIAIUYECKUX HOPUCMbIX 3aNOaHUmenel 01 1ecKUux
0emoH08 no MexXHON02UU HUSKOMEMNepamyprozo ecnenusanusi. ObbeKmom ucciedo8anust AGIANUCH
MEeXHO2eHHble OmMX00bl NPOU3BOOCMEA, Codepcajue KPEeMHe3eMUCmoe U  AMIOMOCUIUKATIHbLE
cocmasisiouue 8 Kawecmse 0CHO8H020 Komnowenma (unaxu, 3o01vl TOC, xeocmel obocauieHust).

Pesynomamol  uccredosanusi:  noiyueHHvle NOPUCMblE 3ANOIHUMENU XAPAKMEPUIYIOMC
BLICOKUMU  (PUBUKO-MexaHuyeckumu ceoticmeamu. niomuocmo 200-220 xke/m3; npounocme 3,1-4,0
Mlla; mennonposoonocms 0,07 - 0,1 Bm/(moC); eodonocnowenue 1-2%. Obpasyvi neckux
3anonHumenell Xapakmepusviomesi 6blCOKOU CMENneHbio O0OHOPOOHOCMU NOPOBOU CMPYKMYpbl U
npeonoumumenbHbIMU OJisk NOKA3ameneil npoYHOCmuU U Menionpo8OOHOCHU pasmepamu nop 0o 1,2 mm
U MedHCNOPOoBoll nepe2opooku 50 Mkm.

Knwuesoie cuoea: 0mxoowl npoMblULIEHHOCTU, NEeHOoCMEKOJIbHble Mamepuaiiel,
HU3KomemnepamypHdas mexHolocus, nopucmaole 3anojaHumenu, Je2kutl bemok.

E.V. TKACH!, AM. RAKHIMOV?
!National Research Moscow State Civil Engineering University, Moscow, Russia
2Karaganda state technical University, Karaganda, Republic of Kazakhstan

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

Abstract. The tasks related to the expansion of the raw material base in the production of
porous aggregates for lightweight concrete with minimal energy consumption are becoming more and
more urgent every year. As part of these studies, issues related to the production of porous aggregates
for lightweight concrete that can withstand higher loads without compromising quality due to the
presence of a crystalline structure of interpore partitions are considered. The material has low water
absorption compared to expanded clay, which indicates the ability to maintain its thermal performance
over time, and has an almost unlimited service life. The purpose of this study is to obtain foam-glass-
crystalline porous aggregates for lightweight concrete using the technology of low-temperature
foaming. The object of the study was technogenic production waste containing silica and
aluminosilicate components as the main component (slag, TPP ash, enrichment tailings).
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Research results: the resulting porous fillers are characterized by high physical and
mechanical properties: density 200-220 kg/m3; strength 3.1-4.0 MPa; thermal conductivity 0.07 - 0.1 W
/ (moS); water absorption 1-2%. Samples of light aggregates are characterized by a high degree of
uniformity of the pore structure and preferred for strength and thermal conductivity pore sizes up to 1.2
mm and an interpore wall of 50 um.

Keywords: industrial waste, foam glass materials, low-temperature technology, porous
aggregates, lightweight concrete.
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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 M3IaHHSIX.

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 TEPMHUHBI IPY HATMYHN PABHO3HAYHBIX CJIOB 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 CHHTAKCUYECKHMX KOHCTPYKLIMH, HOBBIX CJIOBOOOpa3OBaHMH M TEPMHUHOB, a
TAKXe CJIOB Y3KOIPO(ECCHOHATIBHOTO U MECTHOT'O 3HAUCHUS;
- aHHoTauusi (HAa PYCCKOM M aHIJIMIICKOM s3bIKe) KPaTKO OIMCBHIBAET OOBEKT MCCIECIOBAHUS,
MOTHBALMIO K IPOBEACHUIO MCCIEAOBaHMS, PEe3yIbTaThl HCCIEOOBAaHUS (PEKOMEHIYETCs 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
HAiTH CTaThIO NP IOMCKE U ONPEHETUTh NMPEIMETHYIO O0JIACTh TEKCTA; OOBIYHO MX 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¢opmanuu 06 aBropax pexomenayercs ykassisate ORCID, Scopus ID u SPIN-koz, mprcBoeHHbIH B
PUHII.

Penakuusi He B3uMaeT maTty ¢ aBTOPOB 32 IOATOTOBKY, PELEH3HMPOBAHUE M Pa3MELICHHE B OTKPHITOM
JIOCTYIIE CTaTEH.

[IpaBo ucnons30BaHUs MPOU3BEACHUI MPEAOCTABICHO aBTOpPaMHU Ha OCHOBaHMH 1. 2 cT. 1286 YerBepToii
yactu ['paxxnanckoro Konekca Poccniickoit deneparum.
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