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TEOPUS1 NH)XEHEPHbLIX COOPY)XEHUM.

CTPOUTEJIbHBIE KOHCTPYKLUN

VJIK 624.012 DOI: 10:33979/2073-7416-2025-122-6-1

0.B. KABAHIIEB, O.A. CUMAKOB, JIE BO ®Y TOAH*

'Hanuonansueiii Mccnenosarensekuii Mockoscekuii Tocynapetsernsiii CTpoutenbHblii Y HuBEpCHTET, T. MOCKBa,
Poccus

WCNBITAHUE YCHJIEHHBIX HATYPHBIX OBPA3IIOB U3 KAMEHHOI
KJAJIKHA

Annomayus. Maccosoe eoccmanosienue 30aHUL U COOPYHCEHUU MNOCNe CeUCMUYEeCKUX
8030elicmeuii U 6 30HAX 00egbix Oelicmeuti ¢ XAPAKMEPHbIMU NOCTeOCMEUAMU MUHHO-83DbIEHBIX
noepescoenuii mpedyem 0coOeHHbIX IPPeKMuUeHbIX Memos YCureHus KOHCMPYKYuil, umo eieuem
HeoOX00uMocmy  paspabomKu COOMEEemMCmEyIouWUx HOPMAMUBHO-MeMOOUUeCcKUx 060CHO8aHUll O
OanHbIX MemoOux. [annvle peuienus 6 nepgyio ouepedsb 00IHCHbL 6A3UPOBAMbCA HA IKCHEPUMEHTNATLHBIX
UCcned08anHuax, NPOSEOSHHbIX HA HAMYPHBIX OUSKUX K PeaNbHbIM 00pasyax, u 6030eicmeusix, makice
COOMBEMCMEYIOWUX PAKMUYECKUM CXeMAM HASPYIHCEHUS KOHCMpPYKyutl. B smoil ceasu cmanosumcs
80MPOC 6b160PA MEMOOUK NPOBEOEHUA UCHLIMAHUL C YUEMOM 8ANCHBIX 8 OAHHOM Clyyae (paxmopos:
nogmopsaemMocms u nooobue, a Maxice 803MOHCHOCIL MACUMAOUPOBAHUA 8 CTyHAe HEBOZMOICHOCHIU
nposedeHus UCHLIMAHULl Ha 00pasyax ¢ pasmepamu OIUSKUX K peanvhviM. Paccmompennvie 6
Hacmosuell cmamve 80RPOChl KAK pa3 NOCEAUEHbl 8b1O0PY MEMOOUKY UCHbIMAHUS KOHCMPYKYUL U3
KAMEHHOU KIAOKU NOCAe NOBPEHCOCHUU SKGUBANEHIMHBIMU CeUCMMUYECKUMU U MUHHO-83DbIEHbIMU
6030€licmeUsMU, PA3PAOOMAHO KOHKPEMHOE NPeON0NHCeHUe NO NPOBEOSHUI UCHbIMAHUL.

Knrouesvte cnosa: ucnvimanus, Kamennas — KiaoKd, — ycuneHnue,  B0CCMAHOBNEHUE,
MOpKpemoemoH.

OL.V. KABANCEYV, OL.A. SIMAKOV, LE VO PHU TOAN?
INational Research Moscow State University of Civil Engineering, Moscow, Russia

TESTING OF REINFORCED LARGE-SCALE MASONRY
SAMPLES

Abstract. The massive restoration of buildings and structures after seismic impacts and in
combat zones with the characteristic consequences of mine and explosive damage requires particularly
effective methods of strengthening structures, which necessitates the development of appropriate
regulatory and methodological justifications for these techniques. These solutions should primarily be
based on experimental studies conducted on field samples close to real samples, and impacts that also
correspond to actual structural loading patterns. In this regard, it becomes a question of choosing test
methods, taking into account important factors in this case: repeatability and similarity, as well as the
possibility of scaling if it is impossible to conduct tests on samples with dimensions close to real ones.
The issues discussed in this article are devoted to the choice of methods for testing masonry structures
after damage caused by equivalent seismic and mine-explosive effects, and a specific test proposal has
been developed.

Keywords: testing, masonry, reinforcement, restoration, shotcrete.
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BJI. 1. KOJJYYHOB?

MockoBcKkuit rocyjapcTBeHHbIH cTpouTenbHbii yausepeuter (HUY MI'CY), r. Mocksa, Poccus
2 HayuHo-HCCIIE0BATENLCKUM HHCTUTYT CTPOUTENBHOM (u3uku Poccuiickoil akaieMuu apXHTEKTypbl M CTPOMTENbHBIX
Hayk (HUMC®), r. Mocksa, Poccus

«IMPEACTABUTEJBHBIA OFbEM» B MEXAHUKE KEJIE30BETOHA

Annomayun. B cmamve paccmompen HOGwl UHCIPYMeHMapuil OJisi ROCMPOEHUS. PACYEMHbIX
Modeineti cCOnpomuGieHUsl Jcene306emona NOCMpPOESHHbIU HA NOHAMUU «NPEOCABUMENTbHO20 00beMay
0Nl MOOEMUPOBAHUSL  XAPAKMEPHBIX — CILOJICHO — HANPSIJICEHHBIX 30H  KOHCmpykyuu. B ocnogy
UHCIMPYMEHMapusl NONOJCeHa udest ONIOYHBIX DUUYECKUX MOOeNell CONPOMUBNEHUs U COYemanue
9HEP2emU1ecKo20 H00X00a MEXAHUKU PA3PYUEHUs] JceNe300emona ¢ mpeuunamu u 0eqhopMayuoHHbIX
Modeneti  meopuu  dcene3obemona. s onpedeneHus  JCeCmKOCmU U MpewuHOCMOUKOCHU
JHCeNe300EeMOHHBIX CIEPICHEBBIX INEMEHMOE 8 30HAX COBMECMHO20 0eliCMEUs MOMEHMOS U NONePeyHbIX
CU NPEeONoANCEHA MOOeb «ECOUHUUHOU COCMABHOU NOAOCKU» 8 NONEPEYHbIX CEYEHUAX INEeMEHMA C
HAKNOHHBIMU — mpewuHamy. Packpvimue HOpMmanoHbIX U HAKIOHHBIX Mpewur  MOOeaupyemcs
«npeocmasumebhbiM 00beMOM» 8 BUOE APMUPOBAHHOU NPUMbBL U O8YXKOHCOIbHbIM dlemenmom ([KD).
Hanpsocenno-oeghopmuposannoe cocmosinue 8 OKpecmHOCMU MPeujutvbl ONpedessemcs ¢ Y4emom
OMKPBINO20 ABMOPOM 8 MEXAHUKE PA3PYULEHUSL HCeNe300emOHA 0eDOPMAYUOHHO20 IPperma.

Knrouesvte cnosa: oicenezobemon, npedcmagumenvhvliii 00vem, oegpopmayuonHulil 3¢pgexm,
2unomesvl, OBYXKOHCONbHYIU JAEMEHM, MEXAHUKA Pa3pyWeHus, PACKpblmue - 3aKpblmie mpeujun,
HCECMKOCTb.

VL. I. KOLCHUNOV*?
Moscow State University of Civil Engineering (National Research University) (MGSU), Moscow, Russia
2Research Institute of Building Physics of the Russian Academy of Architecture and Construction Sciences
(NIISF), Moscow, Russia

REPRESENTATIVE VOLUME ELEMENT IN THE MECHANICS OF
REINFORCED CONCRETE

Abstract. The article presents a novel computational framework for developing constitutive
models of reinforced concrete (RC) behavior, based on the concept of a Representative Volume Element
(RVE) for simulating characteristic complex stress states in structural members. The framework is
founded on the idea of block-based physical models of material response, combining the energy approach
of fracture mechanics for cracked RC with deformation models of reinforced concrete theory. To
determine the stiffness and crack resistance of RC members in regions subjected to combined bending
moments and shear forces, a "single composite strip" model within cross-sections containing inclined
cracks is proposed. The opening of normal and inclined cracks is simulated using RVESs represented by
a reinforced prism and a double-cantilever element (DCE), respectively. The stress-strain state in the
vicinity of a crack is determined taking into account a deformation effect in the fracture mechanics of RC,
discovered by the author.

Keywords: reinforced concrete, representative volume element (RVE), deformation effect,
hypotheses, double-cantilever element (DCE), fracture mechanics, crack opening-closing, stiffness.
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MEXAHW3M JE®OPMAIIUN I'PYHTA
ITPU KOMITPECCHOHHOM C/XKATHUHU ITPOBbI

Annomauus. /lechopmayuu npodvl 2IUHUCMO20 2PYHMA AGIAIOMCA Cle0Cmuem c08u208 no
NOBEPXHOCAM CKONbHCeHUA. DPOHM NOBEPXHOCMU CKOTbICEHUS, NePeMedict 8 HASPYHCAeMOM
2PYHMOBOM melie, MOPMOUMCA HA 0ehopMayuoHHbIX HeoOHOpooHocmax. [Ipeodonenue ynpyzo2o
CONpOMUGNeHUs. HA HUX NPOUCXOOUM CO CKauykom nepemewjenus. Ilepemewenus ua epynne
0eqhoOpMAyUOHHBIX HEOOHOPOOHOCHEl KOONEPAMUSHO NPOSGILIOMCS 8 6Ude CKAYKA OCAOKU Npodbl
2PYHMA Npu KOMUPECCUOHHOM cocamuu. [egopmayuonnvie HeoOHOPOOHOCU NPEOCTNABNEeHbl, 8
pamxax 2-x KoMnoneHmHou mooenu degpopmayuu, Haubosee KPYNHLIMU HCECMKUMU SKTIOYEHUAMU 8
mampuye IUHUCMbIX Hacmuy u Mukpoaspeeamos. llokazamvl cxeMamuuHo C8A3b nepemeujeHus
NOBEPXHOCTU CKOIbIHCEHUS C 0ePOPMAYUAMU CHCAMUS NPOOBL, MEXAHUIM CKAYKOOOPAZHOCMU OCAOKU
U YUKTUYHOCMU CKOpPOCMU 0CcaoKku. Dggexm craukoobpasHocmu 0cadku Nposeisiemcs Kak npu
Hazpysicenuu npobsl, max u npu noasyvecmu. Ipeodonenue 64a3Kk020 MpeHus 6 2IUHUCMON Mampuye u
VAPY2020  CONPOMUGIeHUsi HA  0epOPMAYUOHHBIX HEOOHOPOOHOCMAX —Gbi3bldelm  OMKIOHEHUe
@u3suUecKoll NOBEPXHOCMU CKObIHCEHUSL OM NOBEPXHOCU MAKCUMATLHBIX KACAMENbHbIX HANPANCEHUT,
umo co30aém 3¢pghexm eHympeHHe2o mpeHusl.

Knrwwuesvle cnosa: Oegpopmayuonnas HeoOHOPOOHOCHb, Oedopmayusi, HAnpsdiceHue,
HOBEPXHOCTb CKONbICEHUSL, MUKPOA2Pe2am, CKOPOCHb 0e@opmMayuu, Noa3yuecmy, CKA40K CKOPOCMU.

M.B. MARINICHEV?, P.A. LYASHENKO?, V.V. DENISENKO?
!Kuban State Agrarian University, Krasnodar, Russian Federation
2Kuban State Technological University, Krasnodar, Russian Federation

DETERMINATION OF SOIL CREEP DEFORMATIONS

Abstract. Deformations of a clay soil sample are a consequence of shearing along sliding
surfaces. The sliding surface front, moving in the loaded soil body, is slowed down by deformation
heterogeneities. Overcoming the elastic resistance on them occurs with a displacement jump.
Displacements on a group of deformation heterogeneities cooperatively manifest themselves in the form
of a jump in the soil sample's settlement under compression. Deformational heterogeneities are
represented, within the framework of a 2-component deformation model, by the largest rigid inclusions
in the matrix of clay particles and microaggregates. The schematic diagram shows the relationship
between the displacement of the sliding surface and the compression deformations of the sample, as
well as the mechanism of stepwise settlement and the cyclicity of the settlement rate. The effect of
stepwise settlement is observed both during the loading of the sample and during creep. Overcoming
viscous friction in the clay matrix and elastic resistance on deformation heterogeneities causes the
physical sliding surface to deviate from the surface of maximum tangential stresses, which creates the
effect of internal friction.

Keywords: deformation heterogeneities, deformation, stress, sliding surface, microaggregate,
settlement rate, creep, velocity jump.
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C.I0. CABUHY, A.A. JIN30T'YB?
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JTE®OPMHUPOBAHME ITPUOIIOPHBIX 30H PUT'EJIEN
KEJE30BETOHHBIX PAMHBIX KAPKACOB B 3AIIPE/IEJIBHBIX
COCTOSAHUAX

Annomayun: B coepeMeHHbIX YCI08USX 803DACMAENM PUCK ABAPULHBIX 8030€liCMEUll HaA 30aHUs,
umo denaem mpaouyuoHHvle CMpame2uu NPOeKMUPOBAHUs, OCHOBANHbIE HA UCKTIOYEHUU MAKUX 8030elicThEUll
UMY NPOEKMUPOBAHUY  KNIOUEBbIX  INEMEHMO8, HeOOCMAmoOyHO IPHeKmueHbiMU U  IKOHOMUYECKU
Heonpasoanunvimu. Haubonee nepcnekmugHvimM no0X000M A6IAEMCs 0becnedenie JcUgyyecmu KOHCIMpPYKYul
nymem ocpanuuenuss macumabog oOpyulenuss nocie HAuaibHo20 JOKANbHO20 paspyuienus. Llenvio
uccne008anus SAGIACMcs paspabomKa paciemuou Mooeiu CONpOmMuUGLeHUs. NPUONOPHO20 YYACIKA PUceis
J1CeNe300eMOHHO20 PAMHO20 KAPKACA 30aHUs NPU MHO20YPOBHEEOM O0epopMuposanuy 8 3anpeoenbHom
COCMOAHUL, BO3HUKAIOWEeM 6 pe3yavmame agaputinoi cumyayuu. IIpugodumcs obocnosanue 6vi60pa
@usuueckoli Modenu conpomuenenus 6 6ude KOHCIMpPYKMUGHO20 Y31d ¢ HPUONOPHBIMU YHACKAMU puzenel u
xonoun.  Paspabomana  pacuemmnas — mooenb — CONpoOmMueieHus — NPUONOPHBIX — YYACMKO8  pueenell
J1CeNe300eMOHHO20 PAMHO20 KAPKACA 30aHUs NPU MHO20YPOBHEEOM O0epopMuposanuy 8 3anpeoenbHom
COCMOSIHULL, BOZHUKAIOWEM 8 pe3yabmame agaputinou cumyayuu. Ilonryuenv ananumuyeckue eblpadicerust 0is
XapaxmepHulx mouex ouazpammvl «Momenm — y201 nogopoma 6 NiACMUYECKOM wapHupey npu pabome
KOHCIMPYKYUl NEPeKpbimusl HAO MECmoM HAYATbHO20 JOKATbHO20 DPA3PYWEHUsI NO U3LUOHOU U ApOYHOU
cxemam, a makdce ouazpammovl «IIpodonvHas cuna — YOnuHeHuey npu pabome No YenHou cxeme.
IIpeonooicennuvlii NOOX00 MNO360JAeM OYEHUMb HeCywylo CNnOCOOHOCHbL  JHCeNe300emMOHHbIX KApKACOo8 6
3anpedenvHblX COCMOSAHUAX, BO3HUKAIOWUX NOCIe agapulinozo 6o3delcmesus. Ilonyuennvie pezynvmamol
Moz2ym Oblmb UCTONBL308ANBL OJIA NPAKMUYECKO20 pACHema U npoeKmupo8anus KOHCMpYKYuil, HanpaeieHHo2o
HA NOBbILUEHUE UX JICUBYYECTU.

Knioueevie cnosa: dcusyuecms, npozcpeccupyiouee obpyuienue, apounas cmaous, YenHdas
cmaous, dcene300emon, Kapkac, ysei

S.Y.SAVIN!, A A. LIZAHUB?
!National Research Moscow State University of Civil Engineering, Moscow, Russia
%Brest State Technical University, Brest, Belarus

MULTI-STAGE DEFORMATION OF PLASTIC HINGES IN RC FRAME
BEAMS AT ACCIDENTAL ACTIONS

Abstract. The risk of accidental damage to buildings is currently increasing. This makes
traditional design strategies, which focus on eliminating such impacts or designing key elements,
ineffective and economically unreasonable. The most promising approach is to ensure the robustness
of structures by limiting the extent of collapse after initial local failure. The goal of this study is to
develop a calculation model for the resistance of a beam support section of a reinforced concrete frame
under multi-level deformation in an accidental situation. The rationale for selecting a physical
resistance model in the form of a structural node with support sections of beams and columns is
explained. A calculation model has been developed to determine the resistance of support sections of
beams in a reinforced concrete frame building under multi-level deformation in an extreme state
resulting from an accidental situation. Analytical expressions have been obtained for the characteristic
points of the "moment-rotation angle in a plastic hinge" diagram for flexural and compressive arch
action, as well as for the "axial force-elongation" diagram for tensile catenary action.

© Casun C.IO., Jluzocy6 A.A., 2025
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The proposed approach enables the evaluation of the load-bearing capacity of reinforced concrete
frames under extreme conditions resulting from accidental events. The results of the study can be used
to design structures that are more robust.

Keywords: robustness, progressive collapse, compressive arch action, tensile catenary action,
reinforced concrete, frame, joint
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! Poccuiickuii ynusepcuteT Tpancnopra, Mocksa, Poccus

CNELA®UKA PEAKIIMY BETOHA HA BO3JIENICTBUE
BBICOKOW TEMITEPATYPHI

Annomauua. /lannas cmamos A613emcs 6Mopoll 8 yukie cmamell, NOC8AUEHHBIX 0000UeH IO
U AHAU3Y MHO2OYUCIEHHBIX ONYOIUKOBAHHBIX MAMEPUANIO8 NO UCCIeO08AHUID MEPMOMEXAHUYECKUX
ceolicme OemoHa npu 8bICOKOMeMnepamypHom 6osoelicmsuy. B smou cmamve npuseden 00630p
ONBIMHBIX OAHHBIX, KACAIOWUECs UCCIe008aHUS C8OUCME DemoHA Npu KpAmKkOBPeMeHHOM Hazpese u
NpeonpuHaAma  NONLIMKA — AHAAU3A U CHPYKMYPUPOBAHUA  Pe3yIbMamos8  MHO20YUCTEHHDbIX,
PA3HONIAHOBBIX UCHBIMAHUL, KACArowuecs Ucciedo8anus ceouUcme OemoHda npu KpamxospemMeHHOM
sblcokomemnepamyprom Hazpege. Paccmompena usuka npoyecca Odegpopmuposanusi b6emona npu
Hazpege u e2o npudunvl. Ompadxcena 3a8UCUMOCHb NOTYYAEMBIX XAPAKMEPUCTIUK OM  YC08UL
ucnvimanuti. ITloxkasanvl ocHosHble HauboNee 3HAUUMbIE QAKMOPLI, OKA3bIGAIOWUE 6GIUSIHUE HA
npouHOCmHble U Oehopmamushble Xapakmepucmuku bemona npu nazpese. Pazsumul npedcmagnenus o
MEXAHUBMAX TNEPMULECKOU 0eCMPYKYUU U MEPMOCULOB020 CONPOMUBIEHUSL OEMOHA, NOOMBEPICOECHHbLE
CReyUaIbHLIMU MemoOaMu UCCLe008aH s OeMOHA U e20 KOMNOHeHmo8. [Ipugooamces 0CHOBHbIE NPUYUHBI
UBMEHEeHUs. NPOYHOCMHBIX U 0ehOPMAMUBHBIX XAPAKMEPUCUK OemoHa npu Kpamko8peMeHHOM
8bICOKOMEMNEPAMYPHOM HAzpese, NPU 3MOM AKYeHM COeldH HA 8biAsleHue SIUAIouWUx akmopos u
CmeneHu ux 6IUAHUA, 4 MaKdce HA 0000ujeHUue Cyuecmeywux mpakmosoK 0ecpaoayuoHHbIX
MEXAHU3MOS.

Kniouegvie cnosa: 6emown, memnepamypa, NpouyHOCMb, MOOYIb YApY20Cmu, Oedopmayuu,
KOMNOHeHMbl 0epopMayul, ce:a3b HANPAHCeHUe-0eopMayuu.

V.S. FEDOROQV, V.E. LEVITSKY?
! Russian University of Transport, Moscow, Russia

SPECIFICITY OF CONCRETE RESPONSE TO HIGH TEMPERATURE

Abstract. This article is the second in a series devoted to summarizing and analyzing numerous
published materials on the thermomechanical properties of concrete exposed to high temperatures. This
article provides an overview of experimental data related to the study of concrete properties under short-
term heating and attempts to analyze and structure the results of numerous, diverse tests related to the
study of concrete properties under short-term high-temperature heating. The physics of concrete
deformation during heating and its causes are discussed. The dependence of the obtained characteristics
on test conditions is demonstrated. The key factors influencing the strength and deformation properties
of concrete during heating are highlighted. Concepts regarding the mechanisms of thermal degradation
and thermal resistance of concrete are developed, supported by specialized methods for studying concrete
and its components. The main causes of changes in the strength and deformation properties of concrete
during short-term high-temperature heating are presented, with an emphasis on identifying the
influencing factors and their degree of influence, as well as summarizing existing interpretations of
degradation mechanisms.

Keywords: concrete, temperature, strength, elastic modulus, deformation, strain components,
stress-strain relationship.
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PEHOBAIIUS 3JAHUM IIKOJI
B OBPA30BATEJIbHBIE KOMILUIEKCHI IOJIHOTO JIHS
(HA MIPUMEPE BEJITOPOJCKOM OBJIACTH)

Annomayun. B pabome paccmampusaromca  30amusi  00WeoOpA308aAMENbHBIX  UIKOTL
delicmeyrowe2o wKoIbHO20 ¢onoa beneopodckoii obracmu, Hyxcoarwuecs 6 peHogayuu 07
dopmuposanusi Ha UX OCHOBE COBPEMEHHBIX NOJIHOOHEBHBIX 00PA306AMENbHBIX KOMNIEKCO8 HOB020
noxonenus. Pacysem wkonvHoe cmpoumenscmeo 8 pecuone noayyuno 6 1960-1980 cooax, 6 amo epems
0COOEHHO UHMEHCUBHO CIMPOUNUCH HOBbLE WIKOTIbL HA cebCkux meppumopusix. Ce200Hs 30anusi MOPATbHO
ycmapenu, 3a ROCleOHee 6pemsi Yacmb U3 HUX Oblia N00GepPSHYmMAa MOOEPHU3AYUU UTU KANUMATbHO
OMPEMOHMUPOBAHA, OOHAKO MHO2Ue NpOoOOIdICAiom pabomams 6 NpPedCHeM 6ude, YmMoO He
coomseemcmeyem npeovAGIseMblM — Ce200Hs MpeboGanusiM K Opeanuzayuu  00pazo8amenbHoll
0esAmenbHOCMU, BKIIUAsL GHEYPOUHYIO cOCmasisiowyio. MamepuanbHo-mexHuueckas 6a3a 30aHutl Ko
U ux ycmapesuias npoCmpancmeeHHds cpeda He pachonazarm HeoOX00UMbIMU YCIOBUAMI U PECYPCOM
naowadeli Ona pacuiupenusi eHeypouHol @ynkyuu. Cywecmeyem npomueopeuue Mexcoy 3anpocom
nompedumenei K COOEPHCAMENbHOU HACMU U VCIOBUAM NOJYYEHUS. OCHOBHBIX U OONONHUMENbHBIX
06pA306aMenbHBIX YCYe 68 WKOE U OSPAHUYEHHBIMU 803MONCHOCAMU APXUMEKIMYPHO-NIAHUPOBOUHOU
CMPYKMYpol 0etCmYIOUUX UWIKOTbHBIX 30aHull. Dmo npomugopeuue A61aemcs XapaKmepHot npooiemou
Kkak ons beneopoockoii obnacmu, maxk u 0as Opyeux peeuonoe P® — wneobxooum nepexod om
MOHOQYHKYUOHATLHOU UWKOIbI K MHO2OMYHKYUOHATLHOMY 00pA306AMENbHOMY KOMIAEKCY NOIHO20 OHS.
C yenvio pewenus npodremvl U3yueHsbl npuemsl U Memoobl PeHOSAYUU MOPATLHO YCMAPESUWUX 30AHUI
WIKOJ, onpeoesieHbl OCHOBHble MEHOEHYUU 8 NPOEKMUPOSAHUU U CIMPOUmMenbcmee WKon (Ha OCHose
MUPOBO2O OnblMa). Ananuz cywecmeyloueli Mmunoiocul pPecUOHAIbHbIX WKOA NO360MUL 6blSGUNb
OCHOBHbIE KOMNO3UYUOHHbBIE CXeMbl 30aHUll, HeoOXooumvie O NPOEeKMUPOBAHUs OONOTHUMENbHBIX
O10K-MOOYIIell BHEYPOUHBIX YEHMPOS U 68e0CHUs UX 8 CHIPYKIMYPY HOGbIX KOMNIEKCO8 NPU GbINOIHEHUU
pabom no  penogayuu. Llenecoobpasnocme — 6HeOpeHUs — ANbMEPHAMUGHBIX — QYHKYyui 8
MOHODYHKYUOHATbHOE 30aHUe WIKOIbl 00YCI06IEHA COBPEMEHHLIMU MEHOCHYUAMU 6 DPA36Umuu
apxumexmypbl  001eobpaz’08amenbHblX 30AHUL U KOMNIEKCO8 NOJHO20 OHA U COYUOIOSUYECKUMU
UCCIeO08AHUAMU, NPOBEOEHHbLIMU 8 pamKax oOanHou pabomsi. K obcyscoenuro npeoracaemcs
paspabomannas. ¢ OnOpou HA MOOYIbHGIL NOOX00 U C VUEMOM CHONCUBULENCS MUNONOSUU 30AHUL
peauonanvo2o (onda, cmpamezusi peHOSAYUU WKOL 68 00paA306ameibHble KOMNIEKCbl NOIHO20 OHA;
npeoodicer 6apuamueHblil psio, PYHKYUOHANbHASL U APXUMEKMYPHO-NIAHUPOBOYHAs Op2aHu3ayust 610K-
MOOYIell BHeYPOUHBIX YEHMPOE C UCTIONb30BAHUEM IIIEMEHIMO8 YCMOUYUBOU APXUMEKYPbL, NPEOTOHNCEHO
IKCHEPUMEHMANbHOE NPOEKMHOe peuleHue 00pa308amenbHo20 KOMUIEKCA HNOAH020 OHA ¢ 0J0K-
MOOYIAMU 6HEYPOUHBIX YEHMPO8 PA3IUYHOU Hanpasgiennocmu. Cmpameaus penosayuu, npeoiacaemas
aemopamu  pabomvl, NO3GOAUM  OLICIPO U KAYECHEEHHO GUOOUIMEHUMb, U MOOEPHUIUPOBAMD
Oelicmgyowue 30AHUSL WKOJ, UYMO OCODEHHO BAJICHO 6 YCIOBUSX YMPAmbl 3HAYUMETbHOU uacmi
pecuoHanbHo2o honoa u npedcmagisem co6ol Hauboiee KOPOMKULL nyms OJisi nepexood om ycmapesuiell
K COBPEeMEHHOI apXxumeKxmype 06paz08amenbHblx KOMAILEKCO8 HO8020 NOKONIEHUS.

Knrouegvie cnosa: pecuonanvhbviii poHo WKOIbHBIX 30aHUL, CMpame2us peHo8ayu, MOOYIbHbIl
n00x00, 610K-M00YIb, BHEYPOUHBLU YEHMP, 00PA308AMENbHBIN KOMNAEKC NOTHO20 OHSL.
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RENOVATION OF SCHOOL BUILDINGS TO FULL-TIME
EDUCATIONAL COMPLEXES (USING THE EXAMPLE OF THE
BELGOROD REGION)

Abstract. The paper considers the buildings of secondary schools of the current school fund of
the Belgorod region, which need renovation to form modern full-day educational complexes of a new
generation on their basis. School construction in the region flourished in the 1960s and 1980s, during
which time new schools were built especially intensively in rural areas. Today, the buildings are outdated,
and recently some of them have been modernized or overhauled, but many continue to operate as they
were, which does not meet the current requirements for organizing educational activities, including
extracurricular activities. The material and technical base of school buildings and their outdated spatial
environment do not have the necessary conditions and space resources to expand the extracurricular
function. There is a contradiction between consumers' demands for the content and conditions for
obtaining basic and additional educational services at school and the limited possibilities of the
architectural and planning structure of existing school buildings. This contradiction is a characteristic
problem both for the Belgorod region and for other regions of the Russian Federation — a transition
from a monofunctional school to a multifunctional full-time educational complex is necessary. In order
to solve the problem, techniques and methods of renovation of obsolete school buildings have been
studied, and the main trends in school design and construction have been identified (based on
international experience). The analysis of the existing typology of regional schools made it possible to
identify the main compositional schemes of buildings necessary for the design of additional block modules
of extracurricular centers and their introduction into the structure of new complexes during renovation
work. The expediency of introducing alternative functions into a monofunctional school building is due
to current trends in the development of architecture in general education buildings and full-time
complexes and sociological research conducted within the framework of this work. A strategy for the
renovation of schools into full-day educational complexes, based on a modular approach and taking into
account the established typology of buildings of the regional fund, is proposed for discussion; a variable
range, functional and architectural planning organization of block modules of extracurricular centers
using elements of sustainable architecture is proposed; an experimental design solution for a full-day
educational complex with block modules is proposed extracurricular centers of various types. The
renovation strategy proposed by the authors of the work will make it possible to quickly and efficiently
modify and modernize existing school buildings, which is especially important in the context of the loss
of a significant part of the regional fund and represents the shortest path for the transition from outdated
to modern architecture of new-generation educational complexes.

Keywords: regional school building fund, renovation strategy, modular approach, slock
module, extracurricular center, full-day educational complex.
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A.C.TYPBEB !, A.E. EHUH?, C.H. T'VPBEB!

1 ®I'BOY BO «BopoHexkcKuil rocy1apcTBEHHbIH TeXHMUECKUH YHUBEPCUTET», BOPOHEKCKHUIA rocy1apCTBEHHBbIIH
TEXHUYECKUN yHUBEpcUTEeT, Boponex, Poccus

MPUHIIANBLI MIPOEKTUPOBAHMS LIBETOBOM CPE/IbI
OBHIECTBEHHBIX ITPOCTPAHCTB I'OPOJIA

Annomayus. Cmamovs noceéaujena GblA6IeHUI0 OCHOBONONALAIOWUX NPUHYUNOS U NPUEMOS,
CnocobCcmeyrowux YRpasieHuro 20poo0cKoll KOIOPUCMUKOU U pa3gumuem Y8emo8o20 NPoeKmuposanus
00WEeCMBEHHBIX NPOCMPAHCMG, € VYEMOM COYUANLHO-KYIbMYPHOU 00YCI06IEHHOCMU, CIPYKMYPHO-
MOpghono2uueckoll  OCHOBbI  APXUMEKMYPHO-2PAOOCMPOUMENbHOU  hopMbl,  YEEMOBOU  OUHAMUKU
NPUPOOHO20 KOHMEKCMA U Opy2ux axmopos, BIUsiouux Ha co30aHue YHUKATbHO20 C80e00pasust 20pood
u e2o yeemogozo obpasa. Onpedenenvl OCHOBHbIE NPUHYUNLL U NPUEMBI, CHOCOOHbIE OKA3bIBAMD
CywecmeeHHoe 6IusiHue Ha POPMUPOSAHUE YEEMOBOU Cpedbl 0OUECMBEHHbIX NPOCMPAHCIE 20P00ad U
VHUKAILHOCMb  KOJIOPUCIMUYECK020  00pasa  20poda npu  NpoeKmupo8anuu  e2o npeoMemHo-
NPOCMPAHCIBEHHOU U APXUMEKMYPHOU cpedvl. Aemopamu Oenaemcs 661600 0 MOM, YMO NpUMeHeHUe
NpeoCmAasieHHbIX NPUHYUNOS8 POPMUPOBAHUS Y8EMOBOU CPedbl 0OUECBEHHbIX NPOCMPAHCING 20p00d
b6ydem cnocobcmeosamsv — COBEPUICHCIMBOBAHUIO U  ONMUMU3AYUU  Npoyecca NpPOeKMUposanus
KOJIOPUCIMUKU NPEeOMEMHO-NPOCMPAHCIMEEHHOU U APXUMEKNYPHOLL cpedbl 20pood.

Knrouesnvie cuoea: Kojaopucmuka, 06W€C7’}18€HHO€ npocmpancmeo, npuryunbsvl
npoexkmupoeanust, yeem.

A.S. GURYEV ! AE. YENIN? S.N. GURYEV!
1Voronezh State Technical University, Voronezh, Russia

PRINCIPLES OF DESIGNING THE COLOR ENVIRONMENT OF PUBLIC
SPACES IN THE CITY

Abstract. This article is devoted to identifying the fundamental principles and techniques for
managing urban coloristics and developing the color design of public spaces. This is considered in the
context of socio-cultural factors, the structural-morphological basis of architectural and urban form, the
color dynamics of the natural setting, and other elements that contribute to a city's unique character and
its visual color identity. The authors define the key principles and techniques capable of significantly
influencing the formation of the color environment in a city's public spaces and the uniqueness of its color
image in the design of its object-spatial and architectural environment. It is concluded that applying these
principles for shaping the color environment of urban public spaces will enhance and optimize the process
of designing the coloristics of the city's object-spatial and architectural setting.

Keywords: coloristics, public space, design principles, color.
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T.®. EJIbUMIIEBA?, I1.B. MOHACTBIPEB?, B.A. E3EPCKMIAY, A.T. TACKAJIMEB?
IOI'BOY BO «TaMO0BCKHMit rocy1apCTBEHHBIH TeXHUYECKMI yHUBEpCUTETY, I. Tam60B, Poccus
2YBIIOY «3anamHo-KazaxcTaHCKH HHHOBAIIMOHHO-TEXHOIOTHYECKUT YHUBEPCUTETY,

r. Ypanbck, Pecniyomuka Kazaxcran

MNPUMEHEHMUME OITIOKHU HIMTTOBCKOI'O MECTOPOXIEHUA
PECITYBJIMKHN KA3AXCTAH B TOPOXKXHOM CTPOUTEJIBCTBE

Annomayusn.llposedeno  ucciedosanue — 603MONCHOCMU — NPUMEHEHUS 8  OOPOJCHOM
cmpoumenvcmge onoku Llunosckoco mecmopooicdenus pecnyoauku Kasaxcman 6 Kauwecmee
CaMoOCMOosimenbHO20 MAMepUad u mepmMoauma, NOJIY4eHHo20 usz onoku. Llenvio uccredosanus sensemcs
Paspabomxa mexHOI0SUYECKUX NAPaAMempos NPOU3B00CMEd HOBbIX CHPOUMENbHbIX MAMEPUAIo8 —
ONOKU U MEPMOUMA, a4 MAKNHCE Pe2laMeHma ux npumenenue 8 0opodcHom cmpoumenvcmee. O6vexm
UCCIe008AHUSL — ONOKA U NOAYYeHHbIU u3 Heé mepmoaum LLlunosckozo mecmopocoenus pecnyonuku
Kasaxcman. Ilpedmem uccnedoganuss — c6oUCMBA ONOKU U MePMOIUMA U MeXHOL02UYecKUue napamempbl
UX BKTIIOUEHUS 8 COCMAB OOPOACHOU 00eHCObl A8MOoMobUIbHBIX Oopoe Il kamezopuu. Hayunas eunomesa
— onoka [lunosckoeo mecmopooscoenus pecnyonuxku Kazaxcmarn modcem ucnoib308amscs 8 Kauecmese
CAMOCMOAMENbHO2O MAMEPUANa Uuiu 8 6uoe MmMepMOIUma 68 COCmase OOPOANCHOU 00edHCObl
asmomoobunbHelx dopoe Il kamezopuu. Hayunas HOBUSHA — C UCNONL30BAHUEM COBDEMEHHBIX MEMO008
UCCIe008aHUsL NOTYYEHbL HOBbIE OAHHbIE O (PUIUKO-MEXAHUYECKUX CBOUCMEAX U MUHEPALOSULEeCKOM
cocmage onoku lllunogckoeo mecmopodicoenust;, RoIyYenvl HOBble OAHHblE O (YUUKOMEXAHUYECKUX
CBOUICMBAX U XUMUUECKOM COCMABe MePMONUMd, NOIYUEeHHO20 U3 Onoku. Teopemuueckas 3HAYUMOCHb
UCCIe008aHUsL 3AKTIOHAEMCS 68 NOAVHYEHUU OIKCNEPUMEHMANbHBIX OAHHBIX O CBOUCMEAX ONOKU U
MEPMOIUMA, NPAKMUYECKAs 3HAYUMOCMb pabomvl 3aKIIOYAEMCsl 8 UCHONb308AHUL Pe3YIbMamos
uccnedoganus 0ns paspabomku cocmasa ac@hanrbmobemouHol cMecu HA OCHO8E MEPMOIUMAa U
NpUMeHeHUs ee 6 OOPON’CHOM Cmpoumenscmee. YCmaHo8leHbl OCHOBHbIE (QUIUKO MeXaHuyecKue
ceoticmea onoku [llunosckoeo mecmoposicoenus 3anaouo-Kasaxcmanckou obracmu. Paspabomanwi
MexHoNIo2UYeCKUe NApamempvl NPUMEHEHUs ONOKU 8 CHMPOUMeNbCmee asmoMOOUTbHOU 00po2U Hd
yuacmxe Ypanvck (Pecnyonuka Kazaxcman) — p. n. O3unxu (Poccutickas @edepayus). B pezynomame
NPOBEOeHHbIX pabom no UCCIe008AHUI) COCMOAHUA Y4aCmKa O00pocu Nocie ulecmuiemuel
IKCHIIYAmMayuu YCmMaHOBIeHO NpeuMyujeCmeo npumeHeHusi Osi CIMpoumenbCmed OCHOBAHUS 00PO2U
ONnoOKU no cpasHenuro ¢ 2aunoll. Paspabomana mexunonozus nonyueHuss mepmMoauma, Ha KOMopyio no
pe3yibmamam npo8eOeHHbIX UCHLIMAHUL NOAYYueH cepmuguram kadvecmea npooykyuu. Pazpabomka
MEXHON02UU NPOU3BOOCMEA ACPATLIOOEMOHHOL CMECU HA OCHO8E MEPMOUMA OJisi CHPOUMENIbCMEa
00poe, 0CoObeHHO 6 mex patoHax, 20e OMCYmcmayiom MeCcmopoICOeHUs. MEEPOLIX 20PHLIX NOPOO O/s
npou3e00cmea wjebts, A6Is1emcs 6ecbma akmyaivHou. Paspaboman cocmag acanbmobemonnoi cmecu
C UCNONb308AHUEM MEPMOIUMA, OMIUYAIOWULICS NPEeUMYUIecmeom NoKaszameneli no CPAGHEHUI0 ¢
CYWeCmeYIOWUMY  AHAL02AMU, YMO NOOMEEPAHCOCHO pe3YIbMmamamu UCNbIMAHUL, NPOBEOEHHbIX 6
AKKPeOUmMoBaHHbIX UCHBIMAMENbHBIX 1A00PAMOPUAX, pA3PEUAIOWUX NPUMEHEHUE DPA3PAOOMAHHO20
cocmaea ac@anbmobemoHHou cmecu 01 CIMPOUMENbCBa O0OPOICHO20 NOJOMHA ABMOMOOUTLHBIX
oopoe 11l kamezopuu.

Kniouesvie cnosa: onoka, mepmonum, ac@anbmobemon, O00POICHOE NOIOMHO, OCHOBAHUE
dopoeu.
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APPLICATION OF OPOKA FROM THE SHIPOVSKOE DEPOSIT
OF THE REPUBLIC OF KAZAKHSTAN IN ROAD
CONSTRUCTION

OFEnvuuwesa T.®., Monacmuipes I1.B., Esepckuii B.A., Tackanues A.T., 2025

Abstract. A study was conducted on the use of opoka from the Shipovskoye deposit in the
Republic of Kazakhstan and thermolite obtained from opoka in road construction. The aim of the study
is to develop new technologies for the production of building materials - opoka and thermolite, and their
use in road construction. The object of the study is opoka from the Shipovskoye deposit in the Republic
of Kazakhstan. The subject of the study is the properties of opoka and thermolite and their work in the
composition of the road pavement of category Ill highways. Scientific hypothesis - opoka from the
Shipovskoye deposit in the Republic of Kazakhstan can be used as an independent material or as a
thermolite in the composition of the road pavement of category Il highways. Scientific novelty - using
modern research methods, new data were obtained on the physical and mechanical properties and
meneralogical composition of opoka from the Shipovskoye deposit; new data were obtained on the
physical and mechanical properties and chemical composition of thermolite obtained from opoka. The
theoretical significance of the study lies in obtaining experimental data on the properties of opoka and
thermolite, the practical significance of the work lies in using the research results to develop the
composition of asphalt concrete mixture based on thermolite and its application in road construction.
The main physical and mechanical properties of opoka from the Shipovskoye deposit in the West
Kazakhstan region were established. The use of opoka in the construction of a road on the section Uralsk
(Republic of Kazakhstan) - the village of Ozinki (Russian Federation) was studied. As a result of the work
carried out to study the state of the road section after six years of operation, the advantage of using opoka
for the construction of the road base was established compared to clay. A technology for producing
thermolite was developed, for which a product quality certificate was received based on the results of the
tests. The development of a technology for the production of asphalt concrete mixture based on thermolite
for road construction, especially in those areas where there are no deposits of hard rocks for the
production of crushed stone, is very relevant. An asphalt concrete mixture composition has been
developed using thermolite, which has an advantage in terms of indicators compared to existing
analogues, which is confirmed by the results of tests conducted in accredited testing laboratories,
permitting the use of the developed asphalt concrete mixture composition for the construction of road
surfaces of category Il highways.

Keywords: opoka, thermolite, asphalt concrete, road surface, road base.

CIIUCOK JIMTEPATYPBI

1. 3mopuk T.b., ®enpaman JL.T'., Tumodeer 1.H., Matuac B.B. Munepasb u ropasie noposi CCCP. Mocksa:
Mgicas, 1970. 488 c.

2. Cecile S. Rousseaux, Watson W. Gregg. Recent decadal trends in global phytoplankton composition // Journal
of Global Biogeochemical Cycles. 2015. Vol. 29, No. 10. Pp. 1674-1688.

3. Kamanos C.M., Jlu K.A.. T'eorpadust pazmereHus MeCTOPOXKICHUI MPUPOTHBIX UCKONAEMBbIX YPalbCKON
00JacTH U UX HApOTHOXO3AUCTBECHHOE 3HaUeHUe. Y paibek: Juanor, 1992. 156 c.

4. CmupHnos [1.B., XXakunb6aes b.E., Crapocemen I.A. [u np.]. JlHaTOMHUTEI ¥ OITOKH MECTOPOKACHHUH 3ama HOro
Kazaxcrana: mTUTONOTHSA, CTPYKTYpHO-TEKCTYpHBIE HapaMeTpsl, MOTECHIMas Hucrosb3oBanus // V3Bectust Tomckoro
MOJUTEXHUYECKOro yHuBepcurtera. MmkuHHpHHT reopecypcoB. 2023. T. 334, Ne7. C. 187-201. DOI
10.18799/24131830/2023/7/4046.

5. bapanoBa M.H., KopenpkoBa C.®., Uymauenko H.I. Mcropust ocBoeHMs KpeMHHUCTHIX 1opoj //
CrpoutensHbie MaTepuansl. 2011. Ne 8. C. 1-4.

6. [Magankwua H.B., EBmmn [1.H. MoaudunupoBaHHble COpOCHTHI HA OCHOBE OTIOKH JUIsl OYHCTKHU BoJ // Tpymst
Konsckoro Hayunoro nenrpa PAH. 2019. T. 10, Ne 1-3. C. 262-269. DOI 10.25702/KSC.2307-5252.2019.10.1.262-269.

7. Hetpos B.II., Makpuaun H.1., CokonoBa 10.A., fIpmakosckuii B.H. TexHonorusa u MaTepuanoBegeHue
MTOPUCTHIX 3aIOHUTENEH 1 nerkux 6etoHoB // Mocksa: [laneornm, 2013.332 c.

8. IlerpoB B.Il., Makpuaun H.U., Spmakosckuit B.H. [lopucrble 3amonHuTenn W Jierkue OCTOHEI.
Marepuanosenenue. Texuonorust npoussoxacTsa // Camapa: Camapckuii TACY, 2009. 436 c.

9. Mizuriaev S. A., Montaev S. A., Taskaliev A. T. Artificial broken stone production for industrial and civil
engineering: Technological Parameters // Procedia Engineering. Elsevier Ltd. 2015. Vol. 111, Pp. 534-539.
DOI 10.1016/j.proeng.2015.07.037

32 Mo 6 (122) 2025



CTpouTebCTBO M PEKOHCTPYKIUA

10. Tsankun B.A, Kanamnukos B.1., Epodeesa 1.B. [TonydeHue TepmMonuTa 13 OMOYHOTO TpaBusl ¥ OETOHA Ha
ero ocHose (Yacte 1) / CoBpeMeHHBIE Hay9IHBIC HccineqoBaHus 1 nHHOBannu. 2015. Ne4 (48). [DmexTpoHHEIH pecypc].
URL: https://web.snauka.ru/issues/2015/04/51697 (nata oopamienus 30.12.2024).

11. MutoBa T.M. HeTkaHbI TEOTEKCTIIIH I TOPOKHOTO CTpouTelbcTBa // COOpPHUK HAyYHBIX TPYIOB IIO
uToraM MeXIyHapoaHOW Hay4yHOW KOH(eEepeHIWH, MOCBAEHHOW 135-meturo co naHSA poxnaeHus mnpodeccopa
B.E. 3otuxosa, Yacts 3. M.: ®I'BOY BO «Poccuiickuii rocynapctBeHHbIH yHUBepcuTeT nMeHn A.H. Koceirnna, 2022.
C. 142-147.

12. TImayrur J.A. TeoTeKCTHIBHBIE MaTepHanbl B JOPOXKHOM CTpouTenbcTBe // DyHmaMeHTalbHBIE U
NPUKJIaJHbIE Hay4YHbIE HCCIENOBaHHI B cOBpeMeHHOM Mupe: COOpPHHMK HaydHbIX cTaTted mno wmarepuanam Il
MexayHapoIHOW Hay9IHO-TIpakTHIecKoi KoHpepenn, Yacts 3. Yda: ObmiecTBO ¢ OrpaHUIeHHON OTBETCTBEHHOCTHIO
«Hayuno-n3narensckuii neHTp «BectHuk Haykm», 2023. C. 48-53.

13. Kombapos B.A., O6yxos I[1./]., Uepbaesa JK.II. [IppumeHeHHE TEOCHHTETHIECKUX MAaTEPUAIIOB B TOPOKHOM
CTpoUTENbCTBE // YCTOWYMBOE pa3BUTHE PErMoHa: apXUTEKTypa, CTPOMTENLCTBO, TpaHCIOpPT: Matepuanbl X-i
MexayHapoIHOW HAyYHO-TIPAKTHYECKOW KOH(EpeHIWH, TIOCBAmeHHON 45-metuto WHCTHTYyTAa apXHUTEKTYypHI,
CTPOHTENBCTBA U TpaHCTOpTa TaMOOBCKOTO TOCYJapCTBEHHOTO TEXHHMUYECKOTO yHHBepcuTera. TamOoB: TamOGoBCKmit
rOCYAapCTBEHHBII TexHH4Yeckuil yHuBepcuret, 2024. C. 60-64.

14. Bapromr C.A. JIopo)XHOE CTPOHTENHCTBO: MPOOIEMBI CTPOHUTENBCTBA W IyTH HX pemeHus // BrI3oBBI
COBPEMEHHOCTH U CTpaTerMu pa3BHTHs OOIIECTBa B YCJIOBHSX HOBOH peanbHocTH: COOpHUK MaTtepuanoB XXIV
MexayHapoIHOW Hay9IHO-TIpakTHYecKoi KoH(pepeHun. M.:, 2024. C. 208-210.

15. Cropony6uesa T.H., lllakuposa O.U., bonros A.B. AKTyaapHOCTh NPOOJIEMBI CTPOUTENBCTBA JTOPOIKHBIX
MIOKPBITHH, M3HOCA U TIOBPEXXICHUH BEPXHETO CIIOS JOPOXKHOH onex sl / COOpHUK cTaTe MeKIyHapoIHOTO HayqHO-
HCCIIeI0BATENIBCKOr0 KOHKypca. Ilerpo3aBoack: MexxyHapoJHbIHM IIeHTp Hay4yHOro naptHepcTBa «HoBas Haykay, 2023.
C. 119-124.

16. Pycckux K.1O., Yappux C.A., Kamupckuii [I.FO. CoBpeMeHHbIE TEXHOJIOTHHU B IOPOKHOM CTPOUTENLCTBE //
Opranm3anuss u 0€30MaCHOCTH JOPOXKHOTO JABIKCHHs: Marepuansl XIV HammonamsHONH HaydHO-TIPAKTHYECKON
KOH(EPEHIINHU C MEXIyHapOIHbIM yyacTHeM. TroMeHb: TroMeHckuii MHAyCcTpUuanbHbli yHuBepeutet, 2021. C. 50-55.

17. Pemuer B.B. IIpuMeHeHHE HOBBIX TEXHOJOTMM M MaTepualoB B JOPOKHOM M  a3pOJPOMHOM
crpoutenbctie / CTpouTenbHble MaTepuabl, 06opynoBanue, Texnonorun X XI Beka. 2020. No5-6 (256-257). C. 47-55.

18. ®mmaroBa A.B., Kopo6oB H.A. VMHHOBanmoHHbIE METOABI AOPOKHOTO CTpouTenscTBa // Tpaguuuu u
MHHOBAIlMM B CTPOUTENILCTBE U apXuTeKType. CTpPOUTEIbCTBO U CTpOUTENbHBIE TexHonoruu: COopHuUK crareil 79-i
BCEPOCCHHCKON HAay4YHO-TeXHHYecKoil KkoH(epeHmmu. Camapa: Camapckuii TocyAapCTBEHHBIH TEXHUYCCKUH
yHuBepcurert, 2022. C. 281-289.

19. Hlep6akoB B.I1., Crauyk A.A. VIHHOBaIlMOHHBIC TEXHOJOTHH B IOPOKHOM CTPOUTEIHCTBE M PEMOHTE //
BectHuk BoeHHO# akameMun MaTepuaibHO-TEXHMUYECKOTO oOecrieueHusi UM. reHepana apmuu A.B. Xpynesa. 2021.
Ne 2(26). C. 133-139.

20. Monraesa A.C., Hlyukun C.B., MonTaes C.A., TackanueB A.T. [u np.]. MccnenoBanue cBOMCTB CTEHOBOM
KEepaMHKH C HCIIOIb30BaHUEM ONOKH // Y cIieXu coBpeMeHHOTo ectecTBo3HaHUA. 2012. Ne 6. C. 41-42.

21. JxapmyxamberoB K.I'., MonraeBa A.C., Montaes C.A., TackamueB A.T. Pa3paboTka TEeXHOJIOTHH
MHKPOIIOPHCTOTO T'PaHyJIHMPOBAHHOTO TEIUION3OJISIMOHHOTO MaTepuana // CoBpeMEeHHBbIE HayKOEMKHE TEXHOJIOTHH.
2014. Ne 5-1. C. 30-31. URL.: https://top-technologies.ru/ru/article/viewid=33679 (nara obpamienus: 01.01.2025).

22. Shakeshev B.T., Narikov K.A., Taskaliev A.T. [et al.]. Prospects of creating the technology of composite
adsorbent for water purification based on the composition of siliceous and clay rocks of Kazakhstan // International
Journal of Mechanical Engineering and Technology. 2018. VVol. 9, No. 1. Pp. 805-813.

REFERENCES

1. Zdorik T.B., Fel'dman L.G., Timofeev I.N., Matias V.V. Mineraly i gornye porody SSSR [Minerals and rocks
of the USSR]. Moscow: Mysl', 1970. 488 p. (rus).

2. Cecile S. Rousseaux, Watson W. Gregg. Recent decadal trends in global phytoplankton composition // Journal
of Global Biogeochemical Cycles. 2015. Vol. 29, No. 10. Pp. 1674-1688.

3. Kamalov S.M., Li K.A.. Geografiya razmeshcheniya mestorozhdeniy prirodnykh iskopayemykh Ural'skoy
oblasti i ikh narodnokhozyaystvennoye znacheniye [Geography of the deposits of natural resources of the Ural region and
their national economic importance]. Uralsk: Dialog, 1992. 156 p. (rus).

4. Smirnov P.V., Zhakipbaev B.E., Staroselec D.A. [i dr.]. Diatomity i opoki mestorozhdenij Zapadnogo
Kazahstana: litologiya, strukturno-teksturnye parametry, potencial ispol'zovaniya [Diatomites and flanks of deposits in
Western Kazakhstan: lithology, structural and textural parameters, potential use] // lzvestiya Tomskogo
politekhnicheskogo universiteta. Inzhiniring georesursov. 2023. T. 334, No. 7. Pp. 187-201. DOI:
10.18799/24131830/2023/7/4046. (rus).

5. Baranova M.N., Koren'kova S.F., Chumachenko N.G. Istoriya osvoeniya kremnistyh porod [The history of
the development of siliceous rocks] // Stroitel'nye materialy. 2011. No. 8. Pp. 1-4. (rus).

6. Padalkin N.V., Evshin P.N. Modificirovannye sorbenty na osnove opoki dlya ochistki vod [Modified sorbents
based on flask for water purification] // Trudy Kol'skogo nauchnogo centra RAN. 2019. T. 10, No 1-3. Pp. 262-269. DOI:
10.25702/KSC.2307-5252.2019.10.1.262-269. (rus).

N 6 (122) 2025 33



CT])OI/ITe.]IbHLIe MaTepHuaJbl U TEXHOJIOI'HA

7. Petrov V.P., Makridin N.I., Sokolova Yu.A., Yarmakovskij V.N. Tekhnologiya i materialovedenie poristyh
zapolnitelej i legkih betonov [Technology and materials science of porous aggregates and light concretes] // Moscow:
Paleotip, 2013. 332 p. (rus).

8. Petrov V.P., Makridin N.l., Yarmakovskij V.N. Poristye zapolniteli i legkie betony. Materialovedenie.
Tekhnologiya proizvodstva [Porous aggregates and lightweight concretes. Materials science. Production technology] //
Samara: Samarskij GASU, 2009. 436 p. (rus).

9. Mizuriaev S.A., Montaev S.A., Taskaliev A.T. Artificial broken stone production for industrial and civil
engineering: Technological Parameters // Procedia Engineering. Elsevier Ltd. 2015. Vol. 111, Pp. 534-539. DOI:
10.1016/j.proeng.2015.07.037.

10. Tyapkin V.A, Kalashnikov V.I., Erofeeva 1.V. Poluchenie termolita iz opochnogo graviya i betona na ego
osnove (Chast' 1) [Obtaining thermolith from support gravel and concrete based on it (Part 1)] // Sovremennyenauchnye
issledovaniya i innovacii. 2015. No 4 (48). [Online]. System requirements: Adobe Acrobat Reader. URL:
https://web.snauka.ru/issues/2015/04/51697 (date of application: 30.12.2024). (rus).

11. Shitova T.l. Netkanyj geotekstil' dlya dorozhnogo stroitel'stva [Nonwoven geotextiles for road construction]
/I Sbornik nauchnyh trudov po itogam Mezhdunarodnoj nauchnoj konferencii, posvyashchennoj 135-letiyu so dnya
rozhdeniya professora V.E. Zotikova, Chast' 3. Moscow: FGBOU VO «Rossijskij gosudarstvennyj universitet imeni A.N.
Kosygina, 2022. Pp. 142-147. (rus).

12. Pichugin D.A. Geotekstil'nye materialy v dorozhnom stroitel'stve [Geotextile materials in road construction]
/I Fundamental'nye i prikladnye nauchnye issledovaniya v sovremennom mire: Shornik nauchnyh statej po materialam 11
Mezhdunarodnoj nauchno-prakticheskoj konferencii, Chast' 3. Ufa: Obshchestvo s ogranichennoj otvetstvennost'yu
«Nauchno-izdatel'skij centr «Vestnik nauki», 2023. Pp. 48-53. (rus).

13. Kombarov V. A., Obuhov P.D., Cherbaeva Zh.P. Primenenie geosinteticheskih materialov v dorozhnom
stroitel'stve [Application of geosynthetic materials in road construction] // Ustojchivoe razvitie regiona: arhitektura,
stroitel'stvo, transport: Materialy X-j Mezhdunarodnoj nauchno-prakticheskoj konferencii, posvyashchennoj 45-letiyu
Instituta arhitektury, stroitel'stva i transporta Tambovskogo gosudarstvennogo tekhnicheskogo universiteta. Tambov:
Tambovskij gosudarstvennyj tekhnicheskij universitet, 2024. Pp. 60-64. (rus).

14. Bartosh S.A. Dorozhnoe stroitel'stvo: problemy stroitel'stva i puti ih resheniya [Road construction:
construction problems and ways to solve them] // Vyzovy sovremennosti i strategii razvitiya obshchestva v usloviyah
novoj real'nosti: Shornik materialov XXIV Mezhdunarodnoj nauchno-prakticheskoj konferencii. Moscow, 2024. Pp.
208-210. (rus).

15. Storodubceva T.N., Shakirova O.l., Bolgov A.V. Aktual'nost' problemy stroitel'stva dorozhnyh pokrytij,
iznosa i povrezhdenij verhnego sloya dorozhnoj odezhdy [The relevance of the problem of road surface construction,
wear and damage to the upper layer of the road surface] // Sbornik statej Mezhdunarodnogo nauchno-issledovatel'skogo
konkursa. Petrozavodsk: Mezhdunarodnyj centr nauchnogo partnerstva «Novaya Nauka», 2023. Pp. 119-124. (rus).

16. Russkih K.Yu., Ul'rih S.A., Kashirskij D.Yu. Sovremennye tekhnologii v dorozhnom stroitel'stve [Modern
technologies in road construction] // Organizaciya i bezopasnost' dorozhnogo dvizheniya: materialy HIV Nacional'noj
nauchno-prakticheskoj konferencii s mezhdunarodnym uchastiem. Tyumen: Tyumenskij industrial'nyj universitet, 2021.
Pp. 50-55. (rus).

17. Remnev V.V. Primenenie novyh tekhnologij i materialov v dorozhnom i aerodromnom stroitel'stve
[Application of new technologies and materials in road and airfield construction] // Stroitel'nye materialy, oborudovanie,
tekhnologii XXI veka. 2020. No 5-6 (256-257). Pp. 47-55. (rus).

18. Filatova A.V., Korobov N.A. Innovacionnye metody dorozhnogo stroitel'stva [Innovative methods of road
construction] // Tradicii i innovacii v stroitel'stve i arhitekture. Stroitel'stvo i stroitel'nye tekhnologii: Sbornik statej 79-j
vserossijskoj nauchno-tekhnicheskoj konferencii. Samara: Samarskij gosudarstvennyj tekhnicheskij universitet, 2022.
Pp. 281-289. (rus).

19. Shcherbakov B.P., Stachuk A.A. Innovacionnye tekhnologii v dorozhnom stroitel'stve i remonte [Innovative
technologies in road construction and repair] // Vestnik VVoennoj akademii material'no-tekhnicheskogo obespecheniya im.
generala armii A.V. Hruleva. 2021. No 2 (26). Pp. 133-139. (rus).

20. Montaeva A.S., Shchuchkin S.V., Montaev S.A., Taskaliev A.T. [i dr.]. Issledovanie svojstv stenovoj
keramiki s ispol'zovaniem opoki [Investigation of the properties of wall ceramics using flask] // Uspekhi sovremennogo
estestvoznaniya. 2012. No 6. Pp. 41-42. (rus).

21. Dzharmuhambetov K.G., Montaeva A.S., Montaev S.A., Taskaliev A.T. Razrabotka tekhnologii
mikroporistogo granulirovannogo teploizolyacionnogo materiala [Technology development of microporous granular
thermal insulation material] // Sovremennye naukoemkie tekhnologii. 2014. No 5-1. Pp. 30-31. URL: https://top-
technologies.ru/ru/article/viewid=33679 (date of application: 01.01.2025). (rus).

22. Shakeshev B.T., Narikov K.A., Taskaliev A.T. [et al.]. Prospects of creating the technology of composite
adsorbent for water purification based on the composition of siliceous and clay rocks of Kazakhstan // International
Journal of Mechanical Engineering and Technology. 2018. Vol. 9, No. 1. Pp. 805-813.

HNudopmanus 06 aBTopax:

Eabunmena Tarbsana ®degopoBHa

@®I'BOY BO «TaM00BCKHii rocy1apCTBEHHbIH TEXHUYECKUH yHUBEpCHUTET», T. Tamb0B, Poccus,
KaHAWIAT TeXHUYECKUX HayK, JOICHT, 3aBeIyIOmuil Kadenpoil K ApXUTEKTypa U rpagoCTPOUTETHCTBOY.
E-mail: elschevat@mail.ru

34 M 6 (122) 2025



CTpouTebCTBO M PEKOHCTPYKIUA

Momnacteipes [laBea BiraguciaaBoBu4

OI'BOY BO «TamboBcKuii rocynapcTBEHHBIN TEXHUIECKAN YHUBEPCUTET», T. Tamb0B, Poccus,

yneH-koppecrnonaeHT PAACH, nokTop TeXHHYeCKUX HayK, JIOLEHT, TUPEKTOP HHCTUTYTA apXUTEKTYPbl, CTPOUTEIHCTBA
U TPaHCIIOPTA.

E-mail: monastyrev68@mail.ru

E3epckuii Banepuii AnekcanapoBuy

OI'BOY BO «TamboBcKuii rocynapcTBEHHBIN TEXHUIECKAN YHUBEPCUTET», T. Tamb0B, Poccus,
JIOKTOP TEXHUYECKUX HayK, mpodeccop, npodeccop kadeapsl « ApXUTEKTYpa U rpaloCTPOUTEIIHCTBOY.
E-mail: wiz75micz@rambler.ru

TackaaneB Azamat TroenkaaneBuy

YBIIOY «3anagHo-KazaxcraHckuii WHHOBallMOHHO-TEXHOJOTHYECKHH YHHBEpPCHUTET», T. Ypanbck, PecrmyOnuka
KazaxcTaH, MarucTp TeXHUIECKUX HayK, CTApIINi MPENoaaBaTenb Kadeapbl K APXUTEKTYPa M CTPOUTEIBECTBOY.

E-mail: Taskalievazamat@mail.ru

Information about authors:

Elchishcheva Tatyana F.

Tambov State Technical University, Tambov, Russia,

Candidate of Technical Sciences, Associate Professor, Head of the Department of Architecture and Urban Planning.
E-mail: elschevat@mail.ru

Monastyrev Pavel V.

Tambov State Technical University, Tambov, Russia,

Corresponding Member of RAASN, Doctor of Technical Sciences, Associate Professor, Director of the Institute of
Architecture, Construction and Transport.

E-mail: monastyrev68@mail.ru

Yezerskiy Valery A.

Tambov State Technical University, Tambov, Russia,

Doctor of Technical Sciences, Professor, Professor of the Department of "Architecture and Urban Planning".
E-mail: wiz75micz@rambler.ru

Taskaliyev Azamat T.

West Kazakhstan Innovation and Technology University, Uralsk, Republic of Kazakhstan, Master of Technical Sciences,
Senior Lecturer of the Department of "Architecture and Construction".

E-mail: Taskalievazamat@mail.ru

Crartbs noctynuia B penakiuio 30.10.2025 The article was submitted 30.10.2025
OnoOpena nocie penenzupoBanus 23.11.2025 Approved after reviewing 23.11.2025
[Mpunsra x myomukarmmm 01.12.2025 Accepted for publication 01.12.2025

Mo 6 (122) 2025 35


mailto:monastyrev68@mail.ru
mailto:Taskalievazamat@mail.ru
mailto:monastyrev68@mail.ru
mailto:Taskalievazamat@mail.ru

CT])OI/ITe.]IbHLIe MaTepHuaJbl U TEXHOJIOI'HA

YJIK 691.54 DOI: 10.33979/2073-7416-2025-122-6-99-122

B.T. EPO®EEB!, M.A. TOHUAPOBA?, O.B. TAPAKAHOBS?, J1.A. CBETJIOB* 1.H.
MAKCHUMOBA?, 1.B. EPO®EEBA?, B.H. KYUMH?®, JI.B. CBETJIOB®

! HauponanbHeli uccnenopatenbckuii MOCKOBCKUIA TOCY1apCTBEHHbIN CTPOUTENIBHBINA YHUBEPCUTET, I'. MOCKBa,
Poccus
2 JIuneuxuii rocy1apcTBEHHbIN TeXHMYECKUH YHUBEpCUTeT, T. Jlunenk, Poccus
3 TlenseHcKuil TOCy1apCTBEHHbIN YHUBEPCUTET APXUTEKTYPhI M CTPOUTENLCTBRA, I. Ilensa, Poccus
4 000 «Codr IpotexTopy, . Cankr-TleTepbypr, Poccus
® Cankr-IleTepOyprckuii TOpHBINA yHUBEPCHTET MMIepaTpuiibl Exkarepunst 11, r. Cankt-Tletep6ypr, Poccus
& Cankr-ITerepOyprekuii [onurexnuueckuii Yuusepcuret [letpa Benukoro, r. Cankr-TIletepOypr, Poccus

MMPOYHOCTDb U AE®@OPMATUBHOCTDH BUOLNIHbBIX HEMEHTHBIX
KOMIIO3UTOB

Aunnomayun. B npoyecce sKkcniyamayuu 30aHUL U COOPYHCEHULl  Jicene300emoHHble
KOHCMPYKYUU NOO8EPIAHCEHbl 8030CUCHEUI0 PA3TUYHBIX HAZPY30K, KOMopble 8bl3vlearom degopmayuu u
paspyutenus. [Ilpounocmuvle u ynpyeo-niacmudeckue c80lCmMed cOBPEMEeHHbIX OeMOH08 pe2yIupyromcs
C NOMOWbIO 88e0eHUs 8 COCMABLL NAACMUPUKAMOPOS8, HAHO000asoK u Hanonawumenel. Ilosvlwenue
buocmoikocmu KOMNO3UMO8 00CmMu2aemcs 3a cdem 68edenuss obuoyuouvix 0obasox. Cmambs
NOCEAUEHA UZYUEHUIO NPOYecco8 0eopMUpoBanust U paspyulenus MoOUuPuUYUPoBaHHvIX OUOYUOHOT
000a6KOU YeMEHMHBIX KOMNO3UYULL 0I5t CO30ANUSL 00N208EYHBIX NOPOULKOBO-AKMUBUPOBAHHBIX OEMOHOE8
— 00HO20 U3 pA3HOGUOHOCMEU 0emOH08 HOB020 MNOKOAEHUA. IKCNEPUMEHMANbHO —OO0KA3AHA
nepCcnekmueHOCHb NPUMEHEHUs 8 Kadecmee yHeUYUOHOU 006asKu NPenapamos Ha 0CHO8e COeOUHEHUL
eyanuouna. OCHOBHblE XAPAKMEPUCMUKU Npoyeccog oedopmayur 6Emonos YCmaHasiugaiomcs ¢
ROMOWbIO OUaCPamMm «Hanpsxcerue—oegopmayuay. Ilonyuensvt noamvie ouazpammol 0ehopmuposanus
OUOYUOHBIX OEeMOHO8 C NPOMANCEHHbIM YUACHMKOM HASPYIHCEHUs NpU NOCMOAHHOU 3amyxaroujell
ckopocmu  Oepopmuposanus, ¢ QuKkcayuell NIABHO20 CHUJNCEHUs Hanpsaxcenus. [Huacpamma
deghopmuposanus bemona Ha HUCXOOAWeU 8eMBU QUKCUPYemcs: NpedeibHOU 0epopMAmueHOCMbIO,
coomgemcmayrouiell 00CMUNCeHUr OeMOHOM MAKCUMANIbHO20 3HAYEHUs NPOYHOCMU, U KOHEUHOU
MOUKOU HUCXO0AWel GemsU, COOMBEMmCmayoujell OCMAmoyHou npouHocmu 6bemona. H3yuenvi
3asucumocmu enusnus B/[J-omuowenus u 6uoyudnol 006a6Ku Ha 0OCHOGHBIE nApaMempuiecKue moyKu
ouazpammuvl o—¢. Buinoanen amanus nonyuenuvix ouazpamm. Ilokazano, umo 3a cuem 68edeHus
OUOYUOHOU 006aBKU NOBLIUAIOMCA NPOYHOCTNHBIE NOKA3AmMenu yeMeHmHo2o Kamusa. Ilpounocms Ha
mecme HOPMAIbHOU 2YCmMomul 803pocia 8 npedenax om 12 0o 65 % (6 3asucumocmu om cocmasa). Ilpu
HOBbIUUEHUU 6000YEMEHMHO20 OMHOULEHUSL DU USMeHeHus bonee snadumenvivl — 29—79 %. [losviwenue
6oooyemenmnozo ommuoutenus ¢ 0,267 oo 0,350 ona cocmasoe Ha OuoyuoHol 00baske NPUGOOUM K
CHUDICEHUIO npouyHocmu yemenmunozo kamusa Ha 27 — 39 %.

Kntouesvle cnosa: yemennuvie KOMRO3UYUU, PEAKYUOHHO-NOPOUIKOBbIE OEmMOHbl, OUOYUOHAS
dobaska, @QuauKo-MexaHuyecKue XapakmepucmuKu KOMNO3UMO8, Ouazpammvl O0e@opMupo8anus c
HUCXO0O0sWell  6emebl0,  3AKOHOMEPHOCMU — 0epOMUPOBAHUS  YEMEHIMHbIX MAMmpuy —PeaKyuOHHO-
NOPOWKOBLIX OEMOHO08 ¢ OUOYUOHBIMU D0DABKAMUL.
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Abstract. During the operation of buildings and structures, reinforced concrete structures are
exposed to various loads that cause deformation and failure. The strength and elastic-plastic properties
of modern concrete are controlled by introducing plasticizers, nanoadditives, and fillers. The biostability
of composites is enhanced by adding biocidal additives. This article examines the deformation and failure
of cement compositions modified with biocidal additives to create durable powder-activated concrete—a
type of next-generation concrete. The potential of using guanidine-based compounds as a fungicide
additive has been experimentally demonstrated. The key characteristics of concrete deformation
processes are determined using stress-strain diagrams. Complete stress-strain diagrams for biocidal
concrete are obtained and analyzed, showing a descending branch with an extended section of concrete
loading at a constant, decaying strain rate, with a smooth decrease in stress. The concrete deformation
diagram on the descending branch is fixed by the ultimate deformation, corresponding to the concrete
achieving the maximum strength value, and the end point of the descending branch, corresponding to the
residual strength of concrete. The dependences of the influence of the water/cement ratio and the biocidal
additive on the main parametric points of the o—¢ diagram are studied. The obtained diagrams are
analyzed. It is shown that the introduction of the biocidal additive increases the strength properties of the
cement stone. Moreover, the role of the water-cement ratio is revealed: the strength of concrete on a test
of normal consistency increased within the range of 12 to 65% (depending on the composition), with an
increase in the water-cement ratio these changes are more significant — 29-79%. An increase in the
water-cement ratio from 0.267 to 0.350 for compositions with a biocidal additive lead to a decrease in
the strength of the cement stone by 27-39%

Keywords: cement compositions, reaction powder concretes, biocidal additive, physico-
mechanical characteristics of composites, diagrams of deformation with a descending branch, patterns
of defomination of cement matrices of reaction powder concretes with biocidal additives.
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E.B. TKAY', }0.C. PUTTMMOHOBA?, A.A. YEPHBIX"
1®I'e0Y BO «HaunoHanbHbIi UCCen0BaTeNbekiil MOCKOBCKMH TOCY1apCTBEHHbIN CTPOUTENBHBINA YHUBEPCHTETY, T.
Mocksa, Poccus
2OrAOY BO «MOCKOBCKHii MOJNTEXHUYECKUH YHUBEPCHTET», T. MockBa, Poccus

W3YUEHUE SKCILTYATAIIMOHHBIX CBOMCTB
MOINPUIIUPOBAHHOI'O BETOHA
HA OCHOBE NOJIMAUCITEPCHOI'O BAXKYIIEI'O JIsA
I'MAPOMEJIUNOPATUBHOI'O CTPOUTEJIBCTBA

Annomayus. [{na coz3oanus 3QHexmusnbix yCaosul UCNonb3068aHUsL METUOPUPYEMbIX 3eMeTb U
UxX nA000POOUs HEOOXOOUMO 00eCHe UMy CIMPOUMeNLCMEO U IKCNIYAMAYUIO PA38eMEIeHHOU CUcCmembl
opocumenvHbix cucmem (10MKO8) C BbICOKOU CMENeHbio 00206EYHOCTNU U  HAOEHCHOCHU HA
RPOMANCEHUU 6Ce20 Nepuoda dKCnayamayuu. B pamxax OaumHblx uccied08anuil paccmampuearmcs
BONPOCHI, CBA3AHHBIE C NOBBIULEHUEM SKCHIYAMAYUOHHBIX XAPAKMEPUCMUK MOOUDUYUPOBAHHO2O0
msceno2o bemona, pabomarnwe2o 8 Cyposvix yCioguax skcnayamayuu. Llenvio uccredosanus aensemcs
VCMAHOGIEHUEe — BO3MONCHOCIU — YAPAGIEHUS.  3€PHOBbLIM — COCMABOM — YEMEHMHO20 — BANCYWje2o,
MOOUPUYUPOBAHHO20 — KOMHIIEKCHbIM — Moougukamopom  (cynepnaacmugpukamop — +nonumep +
MUKPOKpeMHe3eM) 3a cuen popmMuposanus npoCmpaHcmeeHHO-apMUPOSaAHHON METKOKPUCAIIUYECKOT
CIMPYKMYPl YeMEeHMHOU MAmpuybl ¢ MAKCUMATLHO HIOMHOU YNAKOBKOU, KOMOPAs COXPAHACTNCA 80
epemenu. Hanuyue 6 KOMWIEKCHOM MOOUQUKAMOpe MUKDOKPEMHE3EMUCMO20 — KOMNOHEHmMA
cnocobcmeyem  NpOMEKAHUI0  NYYYOIAHOBOU peakyuu ¢ 06pa306anueM XumMuyecku CMOUKUX
HU3KOOCHOBHBIX 2UOPOCUTUKATNOS KATbYUS, YMO HOTONCUTNENLHO 8IUACT HA KOPPOZUOHHYIO CIMOUKOCTb
bemona. Ob6vekm uccre008anus: madxceavlii OemoH Ha OCHO8e NOMUOUCIEPCHOZ0 BANCYUIe20 C
KOMNAEKCHbIM — MoOugukamopom  (cynepniacmuguxamop + noaumep +  Mukpoxpemmesem),
APMUPOBAHHDLIL OA3ATLIMOGHIM BOJOKHOM O/ 2UOPOMETUOPAMUBHO20 CIMPOUMETbCMEd, 8 YACIHHOCHU
JIOMKO8 OPOCUMENbHBIX cucmem. B pabome ucnonvzosanvl credyroujue Memoobl UCCLEO08AHUL:
JIA3EPHOL  SPAHYIOMEmPUY, PEHM2eHOPA308020, NEKMPOHHO-MUKPOCKONUYECKO20 U XUMUYECKO2O
AHATU308; 8 YEIAX (DOPMUPOBAHUS NIOMHBIX YRAKOBOK MOHKOOUCHEPCHBIX (PpaKyull KIUHKEPHOZ2O
KOMNOHEHMA NPUMEHSICA Memo0 MAameMamuieckol o0pabomxy NOIYYEHHbIX IKCREPUMEHMATbHBIX
Oaunvix. Pe3zynemamul uccne0o8anuii: noyyenvl Hogvle OauHwle, OONOAMAIOWUE MeopemuyecKue
npeocmasgienus 0 npoyecce CMPYKmMypooopazoeanus maxceno2o bemona Ha 0CHoge NOIUOUCTIEPCHO2O
BAACY W20 C YNPABTAEMBIM 3€PHOBLIM COCTNABOM COBMECMHO € KOMIIEKCHbIM MOOUDUKAMOPOM U
aApMUPOBAHHBLIM 6A3ATMOEIM 8010KHOM. Paspaboman cocmas u mexnono2uieckue peuteHus noayyeHus
apexmusnozo maxcenozo 6emona 0aA 2UOPOMENUOPAMUBHO0 CMPOUMETLCNEA C NOBLIUEHHBIMU
IKCNIYAMAYUOHHBIMY XAPAKMePUCmuKamu: npedei npounocmu na cocamue — 77,3 Mlla; npeden

npounocmu Ha pacmsadxcenue npu useude — 8,62 Mlla; eodonoerowenue — 1,9%, mapka no
so0onenponuyaemocmu — W14, mopozocmouxocmo F1=600, nogvliiennas cmoikocms K a2peccusHbiMm
cpedanm.

Knrouegvie cnoga: zuopomenuopamugnoe CMpoOUMeIbCmeo, nOAUOUCNEPCHOe  BAdCYulee,
KOMRIEKCHBIU MOOUPUKAMOD, KOPPOSUOHHAS CMOUKOCHIb.

E.V. TKACH!, YU.S. FILIMONOVA?, A.A. CHERNYKH!

!National Research Moscow State Civil Engineering University, Moscow, Russia
2Moscow Polytechnic University, Moscow, Russia

STUDY OF PERFORMANCE PROPERTIES OF MODIFIED CONCRETE
BASED ON POLYDISPERSED BINDING AGENT FOR WATER
RECLAMATION CONSTRUCTION

©Tkau E.B., Qunumonosa F0O.C., Yepnvix A.A., 2025
Abstract. To effectively utilize reclaimed land and maintain its fertility, it is necessary to ensure
the construction and operation of a comprehensive irrigation system (troughs) with a high degree of
durability and reliability throughout the entire service life. This research examines issues related to
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improving the performance of modified heavy-duty concrete operating under harsh conditions. The
objective of this study is to establish the feasibility of controlling the grain size distribution of a cement
binder modified with a complex modifier (superplasticizer + polymer + microsilica) by forming a
spatially reinforced, fine-crystalline structure of the cement matrix with the highest possible packing
density, which is maintained over time. The presence of a microsilica component in the complex modifier
promotes a pozzolanic reaction with the formation of chemically stable, low-basic calcium hydrosilicates,
which positively impacts the corrosion resistance of concrete. Object of study: heavy-duty concrete based
on a polydisperse binder with a complex modifier (superplasticizer + polymer + microsilica), reinforced
with basalt fiber for irrigation and drainage construction, specifically irrigation system trays. The
following research methods were used in the study: laser granulometry, X-ray phase analysis, electron
microscopy, and chemical analysis. Mathematical processing of the obtained experimental data was used
to form dense packings of finely dispersed fractions of the clinker component. Research results: new data
were obtained that complement theoretical understanding of the structure formation process of heavy-
duty concrete based on a polydisperse binder with a controlled grain size distribution, combined with a
complex modifier and reinforced with basalt fiber. A composition and technological solutions have been
developed for producing effective heavy concrete for irrigation and drainage construction with improved
performance characteristics: compressive strength — 77.3 MPa; tensile strength in bending — 8.62 MPa;
water absorption — 1.9%; water resistance grade — W14; frost resistance F1=600, increased resistance
to aggressive environments.

Keywords: irrigation and drainage construction, polydisperse binder, complex modifier,
corrosion resistance.
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YBakaemble aBTOPBI!
IIpocum Bac 03HAKOMHMTBCS C OCHOBHBIMH TPeOOBAHUSIMU
K 0()OpPMJICHMIO HAYYHBIX cTaTeil

e JlpexncraBisemblii MaTepual AOJDKEH ObITh OPUTHHAIBHBIM, He ONYOJMKOBAHHBIM paHee B APYIHX
MEYaTHBIX U3AaHUSIX.

e OObeMm MaTepHama, MpeAsaraeMoro K MyOJUKalM{, U3MEPSIeTCs YUCIOM 3HAKOB C Y4ETOM HpOOeIoB.
Pexomenmyemsiit o0pem crarteii: ot 15000 1o 45000 3naKkoB ¢ npodesamu.

o Crarbs mowkHa ObITH HabpaHa Ha juctax (¢opmara A4 mpudrom Times New Roman, pasmep 12 pt ¢
OJMHAPHBIM WHTEPBAJIOM, TEKCT BBIPABHUBACTCS MO IIUpUHE; ad3amHblii oTcTyn — 1,25 oM, mpaBoe mone —
2 cM, JIeBOe TIoNe — 2 CM, TIOJIsl BHU3Y M BBEPXY — 2 CM; BCE CTPaHUIIbI PyKOMHMCH AOJKHBI HIMETh CILIOLIHYIO
HyMEpaLHIO.

e Crarbs MPeIOCTaBISAETCS B SIEKTPOHHOM BHJIE TI0 DJICKTPOHHOW MOYTE WM Yepe3 CHCTEMY DJIEKTPOHHOM
pelaKIuH.

e B oxHOM cOOpHHKE MOXXET ObITh OIyOJMKOBaHa TOJBKO OJHA CTAaThsi OJHOIO AaBTOPA, BKIIOYAs
COaBTOPCTBO.

e Ecnu ctaThs BO3BpaIaeTcsi aBTOPY Ha 10pabO0TKY, UCTIPABIICHHBIH BAPHAHT CIIEAYET MPUCIIATh B PEIAKIIHIO
MOBTOPHO, MPWUJIOXKHB HHCBMO C OTBETAaMHM Ha 3aMeuyaHMs peleH3eHTa. JlopaboTaHHBIN BapHaHT CTaTbU
PELEH3UPYETCST U paccMaTpUBAETCS PENAKLMOHHOM Koyulerueil BHOBb. JlaToil mpenacTaBieHUs MaTepualia
CUHUTACTCA AaTa NOCTYIUICHUA B PCAAKIIUIO OKOHYATCIILHOI'O BaprUaHTa HCHpaBJ’ICHHOﬁ CTaTbu.

e AHHOTaMM BCEX IyONMKYEMBIX MAaTEpUAJIOB, KIIIOYEBBIE CIIOBAa, MHPOpManus 00 aBTOpaxX, CIHUCKH
JTUTEpaTypsl OYAyT HaXOAUTHCS B CBOOOJHOM JOCTYIE Ha caiiTeé COOTBETCTBYIOIIETO JKypHalla M Ha caiire
Poccwiickoit Hay4uHOH 2nexTpoHHOH 6rbmmoTexn — PYHObB (Poccuiickuii nHIEKC HAyYHOTO IIUTHPOBAHUA).

B TekcTe cTaThM HE PEKOMEHAYETCSI TIPUMEHSITh:

- 000pOTHI pa3rOBOPHON peUH, TEXHUITU3MBI, TPO(HECCHOHAIN3MEI;

- 17151 OTHOTO U TOTO K€ MOHATHSI Pa3IMuHble HAYYHBIE TEPMHUHBI, OJIN3KHE 110 CMBICTY (CHHOHMMBI), 8 TAKXKE
HWHOCTPAHHBIC CJIOBA U TCPMUHBI IIPU HAJITMYHUKU PABHO3HAYHBIX CJIOB U TCPMHUHOB B PYCCKOM A3LIKE;

- NIPOHM3BOJILHBIE CIIOBOOOPA30BAHUS;

- COKpallleHHsl CIJIOB, KPOME YCTAaHOBJICHHBIX IPaBUIAMH PYCCKOW opdorpaduu, COOTBETCTBYIOIIUMHU
CTaH/IapTaMHU.

o CokpamieHus 1 a0OpeBHATYPBI IOJDKHBI paciI(pPOBBIBATHCS 110 MECTY IIEPBOTO YIIOMUHAHUS (BXOKICHUS )
B TEKCTE CTAThH.

Oo0s3aTe/IbHBIC 3JIEMEHTBI:
- 3aryiapue (Ha PYCCKOM M aHIJIMICKOM fi3bIKe) ITyOJIMKyeMOro MaTepHajia JOJKHO OBITh TOYHBIM H
€MKHM, CJI0BA, BXOJISIIINE B 3arJIaBUe, IOJDKHBI OBITh SICHBIMU CaMH 110 ce0e, a He TOJIbKO B KOHTEKCTE; CIeyeT
n30eraTh CI0KHBIX CHHTAaKCHYECKHX KOHCTPYKIIMH, HOBBIX CIOBOOOPAa30BaHHI U TEPMHHOB, a TAKXKE CIIOB
Y3KONpo(}ecCHOHATLHOIO U MECTHOT'O 3HAUCHHUS;
- aHHOTAUHUs (HA PyCCKOM M aHTJIHIICKOM fI3bIKe) KPAaTKO OMUCHIBACT 0OBEKT UCCIIEIOBAHHSI, MOTHUBAIIHIO
K TPOBEJCHUIO WCCIIEJIOBAHUS, PE3yNbTaThl HCCIENOBaHMUS (PEKOMEHIyeTCs YKa3blBaThb KOHKpPETHBIE
Pe3yJbTaThl U 3aBUCUMOCTH, TIOJIy4Y€HHbIE B UCCIIEIOBAHUH ), BBIBOJIBI (KPATKO); PEKOMEHIYEeMbIi 00beM — OT
200 mo 250 cnos;
- KJIIOYeBble CJI0Ba (HA PYyCCKOM W AHIJIMIICKOM fI3bIKe) — 3TO TEKCTOBBIE METKH, 110 KOTOPHIM MO>KHO
HalTU CTAaThIO IPHU MOUCKE U ONPEIENUTh MPEIMETHYIO 001aCTh TEKCTa; OOBIYHO MX BBIOMPAIOT M3 TEKCTa
myOIMKyeMOro MaTepHaa, J0CTaTOYHO 5-10 KII0UeBBIX CIIOB.
- CIHCOK JINTEPATYphl, HA KOTOPYIO aBTOP CCHUIACTCS B TEKCTE CTAThU; PEKOMEHAYEMbIH 00BEM CITUCKa
JIUTEpaTypsl — He MeHee 20 HICTOUHUKOB.

B nndopmanmu 06 aBropax pekomenayetcs ykassiBatb ORCID, Scopus ID u SPIN-koza, npucBOeHHBIH B
PUHLI.

Penakius HE B3WMaeT TJIaTy C aBTOPOB 3a MOATOTOBKY, PEIEH3WPOBAHUE W Pa3MEIIEHHE B OTKPHITOM
JIOCTYIIE CTaTeH.

[IpaBo KCII0JIb30BaHUS TPOU3BEACHHUI IPEAOCTABICHO aBTOPaMH Ha OCHOBaHMU II. 2 ¢T. 1286 UerBepToit
yactu ['paxxtanckoro Kogexca Pocculickoit @enepanuu.

C nosHoii Bepcueii TpedoBaHUIl K 0()OPMIIEHHIO HAYYHBIX CTATei
Bbl Mo:keTe 03HAKOMUTHLCA Ha caiiTe https://construction.elpub.ru/jour/index
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