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AHanu3 BTOPUYHOro UCNonb30BaHUA
CTpouTesibHbIX OTXO40B
Kene3o6eTOHHbIX KOHCTPYKL UM

[.C. Banyc, B.C. l'onuubiH, M.C. ByxbiHckuin, H.B. MapyeHko

@IrbOY BO «HauyuoHarnbHbIU uccrnedosamerbcKuli
Mockoeckuli 2ocydapcmeeHHbIl cmpoumerbHbIU yHU8epcumemy,
2. Mockea (Poccus)

KnioueBble cnoBa u ¢pasbl: BTOPMYHOE MCMNOSbL30BaA-
HUe; xerne3o0beTOHHbIE KOHCTPYKLUMN; CTPOUTENbHbLIE OTXOAbI.

AHHoOTaums. Llenb uccrnegoBaHna — U3yunTb BO3MOX-
HOCTK 9hbheKTMBHON NepepaboTkM M MOBTOPHOIO MCMOMb30-
BaHWsl OTXOAOB, BO3HMKAKLMX MPU CHOCE Xene300eTOHHbIX
KOHCTPYKUUIW. 3afjayn uccredoBaHUs: paccMOTpeTb pas-
NUYHbIE METOAbl aHanu3a, OLEHKM U Knaccudukauum cTpo-
UTENbHbIX OTXOA40B, 0COBEHHOCTEN MX COCTaBa U CTPYKTYpbI,
OLIEHUTb 3KOMNOTrMYECKNE M SKOHOMUYECKME BbIrOAbI BTOPUY-
HOroO MCMONb30BaHNSA CTPOUTENbHbBIX OTXOA0B, TaKMUX Kak CO-
KpalleHne oObeMOB BbIBO3a M 3aXOPOHEHMSI OTXOOOB, CHU-
XeHne noTpebneHns NpMpoaHbIX PEeCypCoB, a TaKkKe CHUXKe-
HWe 3aTpaT Ha HOBblIE CTPOMUTENbHbIE MaTtepuanbl. MeToapl
nccrnenoBaHnsA: CpaBHUTENbHbIA, COMOCTaBUTENbHbLIN, aHa-
nuTuyecknin. fmnotesa nUccnegoBaHUs: MHHOBALMK, a Takke
cTaHgapTM3aums 1 HopMaTUBHOE perynuposaHmMe B obnacTtu
BTOPUYHOIO MCMOSIb30BaHUS CTPOUTESbHBLIX OTXOO0B MO3BO-
NAT NOBbICUTb 3PMEKTUBHOCTL UX NpuMeHeHus. o pesynb-
TaTaM UCCreaoBaHUs OTMEYaeTCsl BaXXHOEe 3HadeHue nepe-
paboTKM N BTOPUYHOIO NMPUMEHEHMS OTXOAOB AJS1 pa3BuUTuS
YCTOMYMBON U 3KOSIOrMYECKU OTBETCTBEHHOW CTPOUTENBHON
NHOYCTPUN, NOOLLPSIST MHHOBALMOHHbIE NOAX0A4bl K yrpasne-
HUIO CTPOMUTENBHBIMW OTXO04AaMM U MOBTOPHOMY UCMNONb30Ba-
HUIO MaTepraros.

B coBpemeHHOM 06LiecTBe BONPOCHI yCTONYMBOrO pas3BuTUs U 3hPeKTUBHOIO MCNonb30Ba-
HUS PECYPCOB 3aHMMALOT LieHTparibHOe MeCTO B 061acTy CTPOUTENLCTBA U FpagocTpomTeNbCTBa
[4]. OaHUM M3 KNHOYEBDLIX aCMEKTOB 3TON TEHAEHLNN ABNSAETCSA aHanm3 BO3MOXHOCTEN BTOPUYHO-
ro UCNONb30BaHUS CTPOUTESbHBIX OTX040B, 0COOEHHO TEX, KOTOPbIE BO3HUKAKOT NPU JEMOHTaXe
Kene306eTOHHbIX KOHCTPYKLUMIA. OTOT NPOLECC HE TONbKO NpeacTaBnsaeT cobon BbI3OB ANA UHAY-
CTPYN, HO 1 OTKPbIBAET HOBbIE NEPCNEKTMBLI B 06M1acTn YCTOMYMBOIO CTPOMTENbLCTBA.

B cdhepe ynpaBneHus cTpouTenbHbIMM OTX04aMU KIHOYEBLIM acrnekToM SABMseTcs cuctema-
TUYECKMI aHanua, oueHKa 1 Knaccudumkaumns gaHHbIX OTXO4OB. OTW NPOLECCHI UIPatT BaXKHYHO
porib B MOHMMaHWUM XapakTeEPUCTUK CTPOUTENBbHbBIX OTXOA0B, X NOTEHUMana ans BTOPUYHOro mc-

6 CmpoumesnbHble KOHCMPYKYUU, 30aHUA U COOPYyH(eHUsA



Components of Scientific and Technological Progress

Nosib30BaHUSA 1 3PPEKTUBHOIO ynpaBneHusi B Lensx yCTONYNMBOro passutus [2].

lMprMeHeHne pa3nuyHbIX BUAOB aHanM3a K >xene3o6eTOHHbIM KOHCTPYKLUMSAM UrpaeT BaxHYHo
ponb B 3hPEKTUBHOM YNpPaBEHNUM CTPOUTENBHLIMU OTX04aMN U MOBTOPHOM MCNOSIb30BaHUN Ma-
Tepuanos. OnpeaeneHne XMMUYECKOro CoCcTaBa erne3obeToHa No3BOMSET BblAENUTb OCHOBHbIE
KOMMOHEHTbI, Takne Kak LeMeHT, Boaa, webeHb 1 necok. 3To BaXHO Mpu peLleHnn BONpOCoB
BTOPMYHOIO MCMOMb30BaHWS, Tak Kak YMcToTa mMatepuana MOXeT BNUATb Ha ero NpOYHOCTb U
NpUrogHoOCTb ANng nepepaboTku.

M3yyeHne pasmepHOro pacnpegerneHus yactuy B CocTaBe >Kenes3obeToHa MOXET NMOMOYb
onpeaenuTb onTUMarbHble MeTOAbl U3MEeNbYeHUA U pasgeneHms 6eTOHHbIX U MeTannyecknx
KOMMOHEHTOB Npu AEMOHTaxe u nepepadoTtke. AHann3 husn4ecknx CBOMCTB 6eToHa, Takux Kak
NPOYHOCTb, MOPUCTOCTb M TEMNONPOBOAHOCTb, BaXXEH ANSA onpefeneHns TeEXHUYECKMX XxapakTre-
PUCTMK MaTepuana u ero BO3MOXXHOM MUCMONb30BaHWS B HOBbIX CTPOUTENbHbLIX NMPOEKTaX.

OueHKa TeXHONOrNYeCcKnx BO3MOXHOCTEN M3BMeYeHUa 1 nepepaboTkm KOMMNOHEHTOB Xere-
3006€TOHHOW KOHCTPYKLUMM, TaKUX Kak pasgeneHve apmatypbl u 6eToHa, MOXET NOMOYb onpeae-
nnTb 3dpdEeKTUBHbIE MeTOAbl yTunusauumun. iccnegoBaHne 3KOHOMUYECKON LIENecoobpas3HoCTU
AeMOHTaxa 1 nepepaboTkn Xene3obeTOHHbIX KOHCTPYKUUIA, BKMoYasa 3atpaTbl U Bbirodbl BTO-
PUYHOIO MCMNONb30BaHMS MaTeEPManoB, SBNAETCS BaXKHbIM KOMMOHEHTOM YNpaBfeHus OTXo4aMMu.
Knaccudukaumsa OoTX04oB B 3aBUCMMOCTM OT TuNa »Kene3obeTOHHOW KOHCTPYKUUKU (Hanpumep,
CTeHbl, (byHOaMeHThl, 6ankn) MoXeT NOMOYb ONpeaennTb ONTUMaribHble METoAbl X 06PaboTKK
N BTOPUYHOIO MCMOMb30BaHUS.

He ctout octaBnatb 6€3 BHMMaHMSA OLEHKY BO34ENCTBUSA AEMOHTaXa ene306eTOHHbIX KOH-
CTPYKUMI Ha OKPY>KaKoLLYIO cpeqy, a Takke n3ydeHue noteHunana yMeHbLUEeHUs] 9KONOrmM4eckoro
crefa npuv UCnorib30BaHMM BTOPUYHBIX MaTepuanos [4].

OpdheKkTBHOE NPUMEHEHUE 3TUX BUOOB aHanm3a K xxene3obeToHHbIM KOHCTPYKLUUSAM NoMora-
€T onpeaennTb Hauny4dwme MeToabl U CTpaTerum ynpasneHnust OTXO4aMu, CHUXKAET BO3AENCTBUe
Ha OKpYXaloLLyto cpeay 1 cnocobCTBYET YCTONYNBOMY Pas3BUTUIO CTPOUTENBHOW MHOYCTPUMN.

B nHayctpun CcTpouTernbHbIX MaTepmranos MpPoOOKaeTCsl akTUBHOE pasBUTUE TEXHONOIMN
nepepaboTkM OTXOO0B, BO3HMKAKOLIMX NPU OEMOHTaXe >Xene3obeTOHHbIX KOHCTPYKUMK. 3OTO
BKMoYaeT B cebsi MHHOBAUWOHHbIE METOAbl U3MENBYEeHNs!, COPTUPOBKN U OYUCTKM Matepuanos
AN YX MOBTOPHOMO MCMNONb30BaHMA B CTpouTenbHbIX npoektax [1]. CTpemneHne K BHeOApeHUto
CTaHOapTOB U cepTUrKaLmm Ans BTOPUYHbIX CTPOUTENbHBIX MaTepuarioB crnocobCcTByeT MoBbI-
LLEHMIO JOBEPUS K UX KayecTBy 1 Be3onacHoOCTHU.

Habnogaetcs yBenuueHne ynucna CTpouTenbHbIX NPOEKTOB, BKHOYAOLWLMX BTOPUYHbBIE MaTe-
puanbl, 0COOEHHO BENUYECTBEHHbIX M 3aMeTHbIX. APXMTEKTOPbI 1 AeBenonepbl BCe Yalle pac-
CMaTpUBaOT BO3MOXHOCTb BKIOYEHUST YCTONYMBbBIX CTPOUTENbHbLIX MaTepMarnoB B CBOW MPOEK-
Tbl. YCTOMYMBOCTb N 3KOIEEKTUBHOCTL CTAHOBSATCHA KIHOMEBBbIMW MPUHLMMNAMU B CTpaTeErnsax
CTPOUTENbHbBIX KOMMaHWA U roCy4apCTBEHHbIX OpraHoB. BTopuyHoe ncnonb3oBaHue xenesobe-
TOHHbIX OTXOA0B BMNUCBLIBAETCHA B KOHLIEMLMIO LIMPKYNSIPHON 3KOHOMUKN U COOENCTBYET CHUXEHMUIO
3KOMNOrM4YecKkoro Bo3oencTBusS.

BTopnyHoe ncnonb3oBaHne CTPOUTENbHBIX OTXOAO0B MPUHOCUT PSS, 9KONOMMYECKUX N SKOHO-
MUYECKMX BbIrod, OKasbiBas MOMOXUTENbHOE BO3AEWCTBME Ha OKpyXKarowyk cpegy n busHec-
npoueccol. Tak, OHO NO3BONSAET CHM3UTb OObEMbI OTXOAOB, KOTOPbIE OTMNPaBASAOTCA HA CBaskKy
UNn B YyTUNM3auuio, YTo CnOCcoBCTBYET COKPALLEHU0 HEraTUBHOMO BO3OEWCTBUS CTPOMTENBHOWN
OTpacnun Ha MecTa 3aXOPOHEHMUS N OrPaHNYEHHbIEe CBasiku.

Vcnonb3oBaHne BTOPUYHbBIX CTPOUTENbHBIX Matepuanos yMeHbLuaeT noTpebneHne npmpoa-
HbIX PEecypCcoB, TakMx Kak OpeBecuHa, MeTansbl U MUHepanbHble pecypcbl. JaHHbIM npouecc
BaXXeH NS COXpaHeHUs NPUPOLHbIX 3KOCUCTEM N BOPLOLI C ncHepnaHMeM NPUPOOHbLIX PECYPCOB.

Civil Structures, Buildings and Related Structures 7
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BTopuyHble MmaTepuansl YacTo TpebyoT MeHbLLE SHEePrnn A5s UX NPOU3BOACTBA MO CPaBHEHWUIO
C HOBbIMW MaTepuarnamMu, YTo CoCcOBCTBYET CHUXKEHMIO OBLLMX 3Hepro3aTpaT Ha CTPOUTENBLCTBO.

Ncnonb3oBaHe BTOPMYHbBIX MaTepranoB MOXET CyLLEeCTBEHHO CHU3UTb 3aTpaTbl Ha Npuob-
peTeHne HOBbIX CTPOUTENbHbBIX MaTtepmnanoB. ATO OCOBEHHO aKTyanbHO B YCNOBUAX U3MEHYMBBIX
LEH Ha Cbipbe W CTpouTEmnbHble MaTtepuarnbl. [MOCKONbKY BTOPUYHbIE MaTepuarnbl MOryT ObiTb
npovsBeaeHbl B HENOCPEOCTBEHHON BriM3oCTU K MECTY CTPOWMKM, 3TO CHWXKaeT 3aTpaTbl Ha MX
TPaAHCNOPTMPOBKY, YTO TaKKe SBNSETCA SKOHOMUYECKON BbIrOO0WN.

Pa3Butre pbiHKa BTOPUYHBIX CTPOUTENbHBIX MaTepuanoB CnocobCTByeT CTUMYNMPOBAHMIO
WHHOBaUW B oTpacnu. KomnaHun, opueHTMpoBaHHblE Ha BTOPUYHOE MCMONb30BaHNE MaTepu-
anoB, MOryT BbIXOOUTb Ha HOBbIE PbIHKW M pa3BMBaTb HOBble MPOAYKTbI. B Lenom BTopuyHOE
NCNoMnb30BaHUEe CTPOUTENbHbBIX OTXOA40B HE TOMbKO CNOCOBCTBYET YCTOMYMBOMY Pa3BUTUIO, HO M
NnpegocTaBnsaeT 3Ha4YNTENbHbIE SKOHOMUYECKME NPENMYLLIECTBA ANs1 NPEANPUATAA B CTPOUTENb-
HOWM NMHOYCTPUN.

MpoaBvHYTbIE METOoAbl M3MENBYEHUsI MO3BOMAOT MOfyvaTb BbICOKOKAYECTBEHHbIE CTPOU-
TenbHble MaTepuanbl M3 Kene3obeToHHbIX 0TX0A0B. Vicnonb3oBaHne ApoOWMoK, WpeaepoB U
MenbHUL, CNOCOBCTBYET CO34aHNI0 BTOPUYHBIX MaTepuanos, MPUroaHbIX A5s AarnbHenLwWwero cTpo-
utenbcTBa. Pa3BmBaloTca HOBble MaTepuarbl, Takne kak 6uouemMeHTbl U MHHOBALUMOHHbIE CBS-
3yloLiMe BeLecTBa, KOTopble MOryT 3aMeHUTb TPaauUMOHHbIE COCTaBbl. OTU MaTepuarnbl YacTo
€O34al0TCH C UCMOSb30BaHNEM BTOPUYHbBIX PECYPCOB U CMOCOBCTBYOT CHUXEHMIO 3KONOrM4YecKo-
ro BO3OENCTBUS.

B HeKoTopbIX CTpaHax NPUMEHSIIOTCA MHHOBALMOHHbLIE TEXHOMNOMMK Ans nepepaboTku xerne-
306€TOHHbIX OTXOA0B HA MeCTe CTPOUTENLCTBA. OTO NO3BONSET COKPaTUTL TPAHCNOPTHbIE 3aTpa-
Tbl Y MOBBLICUTb YCTONYMBOCTb MHAPACTPYKTYPHbIX NpoekToB. B obnactn 3D-nevatn ctponTens-
HbIX 3NIEMEHTOB aKTMBHO MUCCreayeTca BO3MOXHOCTb UCMNOMb30BaHMSA BTOPUYHbBIX MaTepuasnos.
OTO He TOomnbKO cnocobCTBYET YCTOMYMBOCTU, HO U OTKPbIBAET HOBbIE NEePCNeKTMBbLI AN ObicTpon
N 3KOHOMUYECKN 3PP EKTUBHON KOHCTPYKLMMN.

NHxxeHepbl 1 y4eHble nccnegyoT HoBble (hOPMbl U CTPYKTYPbl Matepmarnos, KOTOPbIE MOXHO
co3gaTb U3 paccMaTpmBaeMoro Buaa CTPOUTENbHBIX OTXOA40B. OTO MOXET BKMtoYaTb B cebs nH-
HOBAUMWOHHbIE AM3alHbl AN 6eTOHHbIX ONOKOB, NaHenen U ApYrux CTPOUTENbHbLIX 3IEMEHTOB.
MpuMeHeHne UMdPOBbIX TEXHOMOIMIN, TakUX Kak CUCTEMbI YNPaBieHNa AaHHbIMWU, MOXET ynyy-
WKTb 9PPEKTUBHOCTL NPOLIECCOB NepepaboTKkM 1 UCNOoNb30BaHMA MaTepuanoB. ATO BKIKOYaET
B ce651 MOHUTOPUHT 1 ynpaBreHne xene3obeToOHHbIMN OTXOA4aMu Ha BCEX aTanax.

WcenepoBaHua n paspaboTkm B 06nacT TeEXHONornm nepepaboTkm U NpUMeHeHNss OTX040B,
BO3HUKAOLWMX NPU OEMOHTaXE Xene3ob6eTOHHbIX KOHCTPYKLMI, NPOAOIKaTCs, U MHHOBaLWK B
3TON 0bracTy MMetT NoTeHUMan M3MeHUTb NOAXOAbl K CTPOUTENbCTBY, Aenas ux bornee ycTomn-
YMBbLIMU M APDEKTUBHBIMU C TOUKN 3PEHNS PECYPCOB.

Taknm o6pas3om, BTOPUYHOE UCMOMb30BaHUE Kene3obeTOHHbIX OTXOA40B NpeacTaBnsaeT co-
Gon BaXkHyt0 CTpaTernio B paMmkax yCTOMYMBOro pa3BUTUS CTPOUTENbHOM MHAYCTPUMK, YTO NO3BO-
nsieT cokpawatb 06beMbl OTXOA4O0B, CHWXaTb NOTpebrneHne NpMpoaHbIX PeCcCypcoB U OKa3biBaTb
NoSIOXXNTENbHOE BO3OENCTBME Ha 3KOMormo. KMccrnegoBaHue pasnnyHbIX TEXHOMOMMKU nepepa-
BGOTKM OTXOO0B, BO3HUKAKOLWMX MPU AEMOHTaXE XKene3o0eTOHHbIX KOHCTPYKLUWUNA, BbIBUMO 3Ha-
4YUTenbHbIN NOTeHUMan B obnacTtn adpekTnBHOro pasgeneHms 6eToHa 1 apmaTypbl, CO34aHUA
WHHOBALIMOHHbIX CBA3YIOLLMX BELLECTB M pa3paboTkn HOBbIX (POPM U CTPYKTYp MaTepuanos. OT-
Me4vaeTcsi HeobXoaMMOCTb pa3paboTkM U cobnioageHus CTaHOapTOB KavecTBa M 6e30nacHoOCTH
AN BTOPUYHbBIX CTPOUTENbHBLIX MaTtepuanoB. HopmaTnBHoe perynupoBaHne UrpaeT KiyeByHo
porb B ob6ecneyeHnn cTabmnbHOCTU U YCTOMYMBOCTM BTOPUYHOIO MCMOSb30BaHMS.

AHanua nokasan, 4To BTOPUYHOE MCMONb30BaHWE CTPOUTENbHbLIX OTXOA40B NPUHOCUT 3HAYU-
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TenbHblEe 3KONMOrMYECKME BbIrOAbl, TAKMe Kak COoKpalleHne 06 beEMOB BbiBO3a U 3aXOPOHEHUS OT-
XO[O0B, CHWXeHMe NoTpebneHnss NpuUpoaHbIX PECYPCOB M MUHUMM3ALMSA BbIGPOCOB NapHMKOBbIX
rasoB. B To e Bpems 310 cnocoGCTBYET SKOHOMUYECKUM Bbirogam Yepes CHWXKeHue 3aTpar Ha
yTURM3aUmMIo U UCNoMb30BaHWe HOBbIX MaTepuanoB. COOTBETCTBEHHO, BTOPUYHOE UCMONb30Ba-
HMEe CTPOUTENbHbLIX OTXOAOB NpeAcTaBnseT cobon NePCNeKTUBHbBIA U YCTOWYMBBIA NOAXOA4, Tpe-
OyHOLLMIA KOMMTIEKCHOrO NOAX0oAa M COBnoAEHUS BbICOKMX CTaHAAPTOB KayecTBa 1 6e30MacHOCT!.
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Abstract. The work is a study of the possibilities of efficient recycling and reuse of waste
arising from the demolition of reinforced concrete structures. Various methods of analysis,
evaluation and classification of construction waste, features of their composition and structure
are considered. The author draws attention to the environmental and economic benefits of
the secondary use of construction waste, such as reducing the volume of waste removal and
disposal, reducing the consumption of natural resources, as well as reducing the cost of new
construction materials. In addition, the issues of standardization and regulatory regulation in the
field of secondary use of construction waste are being investigated. The importance of recycling
and recycling of waste for the development of a sustainable and environmentally responsible
construction industry is noted, encouraging innovative approaches to the management of
construction waste and the reuse of materials.

© [.C. Banyc, B.C. lNonuupiH, M.C. ByxbiHckuin, H.B. MapyeHko, 2024
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AHanus BNUAHUA 30Sbl-yHOCA Ha NPOYHOCTb
XKene300eTOHHbIX KOHCTPYKLUK

0.C. Banyc, A.B. HaymoBa

@rbOY BO «HauyuoHanbHbIU uccriedoeamerbcKuli
Mockosckul 2ocyOapcmeeHHbIlU cmpoumersibHbIlU yHUsepcumemy,
2. Mockea (Poccus)

KnioueBble crnoBa u ¢pasbl: xene3obeToHHble Garnku;
3051a-yHoC; n3rmbHas Npo4YHOCTb.

AHHOTauusa. B gaHHon ctatbe ocoboe BHUMaHue yaens-
€TCH NCCrnegoBaHUI0 BNUSIHUA 30Mbl-yHOCA Ha NPOYHOCTb XKe-
Ne300EeTOHHbIX KOHCTPYKUMA. PaccMOTpeHOo BNUSIHME 305bl-
yHoca npu 3ameHe 40 % n 50 % obbema noptnaHguemMeHTa.
OGHapyxeHo, YTO NpU 3aMeLLeHMM YacTu LemeHTa 30510M-
yHOCOM Ansi 6ETOHOB HOpPMarbHOro TBEPAEHUSI XapakTepHa
bornee HM3Kasi MPOYHOCTb B PaHHME CPOKM MO CPaBHEHUIO C
GetoHamun 6e3 3onbl. ccrneqoBaHue BnvsiHUMSA 30-5bl-yHOCA
Kak HOBOro no6o4YHOro NMpOAyKTa, MOSTyYEeHHOro B pesynbra-
Te CyXOro W 3aKpbITOro npouecca pasgeneHusi, B KayecTse
3aMeHbl LeMeHTa B 6eToHe. YacTnyHasa 3ameHa nopTraHAa-
LemMeHTa TBepAbiMM NOBOYHBbIMW MPOAYKTAMM, TaKMMU Kak
30Ma-yHOC WNU AOMNOSMHUTENbHbIE BSXKyLUME MaTepuanbl U
nnactudukaTopbl, NpUAaeT OrPOMHOE 3HA4YeHMEe ANsa pas-
paboTKM KOHCTPYKLMOHHbLIX BETOHHLIX CMECen M UX NpakTu-
YEeCcKOro NPUMeEHEHUs1 B CTPOUTENbLCTBE, HECMOTPSI Ha He3Ha-
YNTENBbHOE CHWXKEHME UX JKCMITyaTauMOHHbIX XapaKTePUCTUK
Ha paHHEen cTagum No CPaBHEHUIO C 3TArIOHHOW CMECHHO.

Ha cerogHsLWHWI OeHb MUHeparnbHble A06aBKN ABMASKOTCA HEOTbEMIIEMON YaCTbIO XKeneso-
GETOHHbIX KOHCTPYKUMI. MNpumeHeHne [o6aBoOK NO3BOMSIET CHU3UTbL CoAepKaHue KIMHKEPHOro
LeMeHTa, MoanduunpoBaTb COCTaB, MOBLICUTbL MNIOTHOCTb CTPYKTYPblI OETOHA 1, Kak CrieqcTBme,
NPOYHOCTb N OONTOBEYHOCTb Xene3006eTOHHbIX KOHCTPYKUMA. B HacTosiwee Bpems MCTOYHMKOM
MUHeparnbHbIX 400aBoK Anst 6ETOHOB SABMSANTCA NOOOYHbLIE OTXOAbl NPOMbILLIIEHHOCTU NPOWU3-
BOACTB: TEMMNOBbIX SNEKTPOCTAHUUNA, NpeanpuaTnin yrnegobblun, metannypruu [1; 2].

3ona-yHoc npeacTaBnsieT cobori TOHKOAUCNEPCHLIM MaTepuar, COCTOSLMIA, Kak NpaBuIo,
13 yactuy pasmepom o 0,16 mm, obpasyowmincsa B pesynbsrate cxuraHms tonnuea TOL n oT-
Gupaembivi B CyxoM BuAe anekTpodunsTpamn. HectabunbHOCTb TaknMx CBONCTB, Kak XMMUYECKUI
N MUHeparnbHbI/ COCTaB, MyLLIONaHOBbLIE CBOWCTBA, hOpMa M XapakTep MOBEPXHOCTU YacTul,
KOTOpbIE B CBOK OYepedb 3aBUCAT OT COCTaBa MMHEPAribHOM YacTu TOMMMBA, PEXUMa CXXUraHus,
cnocoba ynaenvBaHUA U yoaneHus, He No3BOSSET LWMPOKO NPUMEHATb NX B CTPOUTENLCTBE NpwU
npounsBoacTee 6eToHa.

Mpn n3rotoBneHnn GETOHOB 305Ty-YHOC CreayeT NPUMEHATb ANl SKOHOMUW LEeMEHTa 1 3a-
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Puc. 2. OkcneprMeHTanbHasi yctaHoBKa TECTOBbIX 06pasLoB

NONHUTENEN, a TakKe ONs YNydleHNsT TEXHONMOIMYECKMX CBOMCTB BETOHOB M XXene300eTOHHbIX
KOHCTPYKLMN.

B 3aBUCMMOCTU OT XMMWYECKOro COCTaBa 30ibl-yHOCA MOAPA3AENSOT Ha KUCHbIE U OCHOB-
Hble. [MpMEeHEHNE KNCTbIX 305 B XKene300eTOHHbIX KOHCTPYKLUUSX OrpaHUYnMBaETCS B LENsSX Kop-
PO3MOHHOWM CTOMKOCTW apmMaTtypbl [3].

Mpn BBEAeHNN B OETOH B3aM€EH YacTu LIEMEHTA 30JIbl-yHOCa BO3pacTaeT MOABUXHOCTL Oe-
TOHHOW CMECU, OaHHbIN 3 dEKT CBA3AH C YMEHbLUEHNEM BHYTPEHHENO TPEHUSI OETOHHOW CMeCK
onarogaps cepuyeckumM Yactuuam C rmagakon OCTEKITOBAHHOM haKTypol NoBepXHOCTU [4].

C TeyeHnem BpeMeHU pasHuLa B MPOYHOCTM BETOHOB C 305101 U 6e3 30rbl MOCTEMNEHHO CO-
KpalwjaeTcs, a B NO3AHME CPOKMN TBepAeHMS BETOHbI C YMEPEHHbIM cogep)KaHneM 3051bl Npro6-
peTalT NPOYHOCTb, PaBHYK NPOYHOCTM BeToHa 6e3 305bl 1 AaXKe NPEBbLILLAILLYIO ee.

NMoMMMoO uccnegoBaHuii OTHOCUTENBHO GETOHOB C 30510M-yHOCOM HEOobXOoaUMO y4uTbIBaTb
XapakTep UX B3aMMOLENCTBUA C apMaTypoW ene3obeTOHHbIX KOHCTPYKLMIA.

[na aHanmsa BNUAHMA 305bl-yHOCA Ha U3rMBHYI0 NMPOYHOCTL KeNe306EeTOHHbIX KOHCTPYKLMI
Oblna paccMmoTpeHa xenes3obeToHHast 6anka ¢ napameTpamu, ykasaHHbiMu Ha puc. 1 [4; 5].

Bbino BbIsSIBNEHO, 4TO Ha 28 CyTKM MakcumMarnbHasi Harpy3ka Ha ob6pasLbl, M3roTOBMEHHbIE U3
mMapkn 6etoHa B25 6e3 nobaBneHust 3onbl-yHoca, Ha 5,2 % Gonblie MakcuManbHOW Harpysku
Ha obpasubl ¢ gobasneHnem 3onbl-yHoca 40 % OT obbema nopTrnaHAaLeMeHTa; MakcumarnbHas
Harpyska Ha obpasLbl, N3rotToBrneHHble 6e3 gobasneHus 3onbl-yHoca u3 mapku 6etoHa B30, Ha
19,6 % Gonblue mMakcMmarnbHOW Harpyskum Ha obpasubl ¢ gobaBneHvem 3onbli-yHoca 50 % oT
obbema noptnaHguemenTa [4; 6]. NpoBeneHo nccnegoBaHne paboThl XKene3obeToHHbIX 6anok
¢ nobaeneHnem 30Mbi-yHOCA U CTarlbHbIMM BOMIOKHaMu npu n3rnbe, 40 % uemeHTa 3aMmeHunm
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RC30-50-28 — xxene3obeToHHbIN 06pasew, Mapkn 6eToHa B30 ¢ gobaBneHmem 3ormbl-yHoca 50 % ot
obbeMa nopTtnaHaLeMeHTa npu ucnelTaHMn Ha 28 OeHb
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Puc. 4. MpoyHocTb 06pasLoB Ha U3rnob:
RC30-0 — >xene3006eToOHHbIN 06pasey, Mapku 6etoHa B30 6e3 gobaeneHus 3omnbl-yHoca; RC30-50 —
»ene3obeToHHbIV 0bpasel, mapku 6eToHa B30 ¢ pobaeneHnem 3onbl-yHoca 50 % OT o6bema nopTnaHa-
uemeHTa

30m0oK-yHocoM. McnbITbiBanuch Tpu »xene3obeToHHble 6anku, apMMpPOBaHHbIX CTanbHOM hunbpon,
n Tpn Gankmn 6e3 ctanbHon oumbpbl. Takke Obina onpegeneHa NPOYHOCTb Ha CXXaTue 305TbHOro
GeToHa co cTanbHon hnbpoin. MonydeHo, Y4To 3a cyeT AobaBneHns BOMOKOH B Banky Hecylwias
cnocobHocTb yBennuunacb Ha 34,6 %.

Mpn n3yvyeHnn akcnepmMeHTanbHbIX JAHHbIX UCMbITaHM 06pa3L0oB Ha pa3Hble CYTKM 6bino
BbISIBNEHO YBENMYEHNe MaKCuMarbHOW Harpy3ku Ha xerne3obeToHHbIn obpasel, ¢ AobaBneHnem
3onbl-yHoca 50 % Ha 22,8 % Ha 75 cyTKun no cpaBHeHMIO ¢ 06pa3suLomM ¢ JobaBreHnem 305bl-yHoca
50 % Ha 28 cyTku [4].

B cnyyae rugpoTexHMyYecKknx COOpyXEHUIN, BCTyNatoLmMX B 3KCnnyataumo B bonee no3gHemM
BO3pacTe, AaHHbIM 3heKT He sABNAeTCa HegocTaTtkoM. [na KOHCTpyKUuMi, BGbICTPO BBOAMMBIX
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B 3KCnJyataumto, NpoYHOCTb GETOHA C 305101 B paHHEM BO3pacTe MOXET ObiTb MOBLILIEHA Npu-
MeHeHMeM LieMeHTa 6onee BbICOKOW Mapku, NCNOMb30BaHNEM A00aBOK-yCKOpUTENEN TBEPAEHUS
©eToHa, NoBbILEHNEM aKTMBHOCTM 3051bl MOMONoM [5; 7].

Mpn GETOHMPOBAHUN MACCUBHBLIX KOHCTPYKLMIA BHYTPY BETOHHOrO MaccuBea 3a CHET TENMoBbI-
AeneHus npu rmapataumm LuemMeHTa pas3BmMBaloTCA BbICOKME TeMMNeEpaTypbl, YTO Bbi3blIBAET onac-
HOCTb TEPMMYECKOrO pacTpeckMBaHusa 6eToHa, Ang Yero NnpoBOASTCS MEPONPUATUS MO OXNax-
OeHnto 6eTOHHOro MaccuBea.

CyLecTBEHHbIM NPENMYLLECTBOM OETOHA C 30MON-yHOCOM SIBIISIETCA €0 MOHMXEHHOE Te-
nnosblgeneHne npu tBepaeHnn. bonbluoe 3HadeHne gns obecneyeHnst 4ONroBe4YHOCTU MacCuB-
HbIX Kene306EeTOHHbIX KOHCTPYKUUA nmeeT cobnofeHne ycrnoBus CBeAEHUS K MUHUMYMY TeM-
nepaTypHoOro rpagmeHtTa mexay siapom u nepudepmen maccmpa B npoLecce camopasorpesa
OeToHa BcreacTBMe 3K30TEPMUN LIEMEHTA. YCTAHOBMEHO, YTO NPU 3amMeHe MnopThnaHaueMeHTa
3onon-yHocom TOC po 60 % Temnepatypa GeToHa npu TBEpAEHWUM 3HAYUTENIbHO CHUXAETCS.
MakcmanbHbI TeMnepaTypHbI TpaaneHT MeXay LLeHTPOM MaccuBa u ero nepudepuen He npe-
Bbiwaet 6,3 °C [8; 9].

Pesynbtathl uccnegosanusa [10] nokasanu, 4To NOBbILLEHHAsA KPYNHOCTb 3051bl-yHOCa NO3BO-
nset ynyywuTb yaoboyknagpiBaemMocTb 6€TOHHOM cmecu. [ony4eHo, YTO NPOYHOCTb Ha cxaTue
6eToHa ¢ 25 % 3ameHon uemeHTa yxxe Oblfia paBHa 3TaroHHON CMecu B Bo3pacTe 28 oHen.

BbiBoapb!:

1) NPOYHOCTb Xene306eTOHHbLIX KOHCTPYKLMIA Npy o6GaBNEHNN 305bl-yHOCa HUXKE Ha 28 cyT-
Kn, yem 6e3 0obaBoK, ogHaKo Ha 56 1 75 CyTKM NPOYHOCTb Xene3o6eTOHHbIX 3N1IEMEHTOB C J0-
GaBneHnem 305bl-yHOoca NpeBocxoauT Ha 22,8 % Npo4YHOCTb Xene3obeToHHbIX anemMeHToB 6e3
JobaBneHus 30nbl;

2) npwv yBENUYEHUM NpoLeHTa 3aMeHAEeMON YacTu NopTraHguemMeHTa Bo3pacTaeT pasHuua
B NMPOYHOCTM Ha 28 cyTkn o06pasLoB.;

3) obocHOBaHO fanbHenwee uccnegoBaHne paboThbl Kene300eTOHHbIX KOHCTPYKUUI ¢ J0-
GaBneHnem 305bl-yHOCa C Y4E€TOM BIMSHUS HA BOAOHENPOHMLAEMOCTb U KOPPO3NOHHYK CTOW-
KOCTb 6eToHa.
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Analysis of the Influence of Fly Ash on the Strength
of Reinforced Concrete Structures
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Abstract. This article pays special attention to the study of the influence of fly ash on the
strength of reinforced concrete structures. The influence of fly ash when replacing 40 % and
50 % of the volume of Portland cement is considered. It was found that when part of the cement
is replaced with fly ash, normal-hardening concrete is characterized by lower early strength
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compared to concrete without ash. Study on the effect of fly ash as a new by-product obtained
from a dry and closed separation process as a replacement for cement in concrete.

Partial replacement of Portland cement with solid by-products such as fly ash or additional
cementitious materials and plasticizers is of great importance for the development of structural
concrete mixtures and their practical application in construction, despite the slight reduction in
their early performance characteristics compared to the reference mixture.
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YOK 69

AKTyanbHble Npo6nembl AONrOBEYHOCTHU
COOpPHbIX Xene306eTOHHbLIX KOHCTPYKLUMN
B YCNOBUAX BEYHOMU Mep3oThl

C.®. MycueHko, [1.C. Banyc

@IrbOY BO «HauyuoHarnbHbIU uccrnedosamerbcKul
Mockoeckuli 2ocydapcmeeHHbIl cmpoumerbHbIU yHU8epcumemy,
2. Mockea (Poccus)

KniouyeBble cnoBa u dpasbl: BedHas MeparnoTa; 4onro-
BEYHOCTb; COOpHbLIE XKene300eTOHHbIE KOHCTPYKLNUN.

AHHoTauuA. Llenb gaHHom ctaTbu — uccrnegoBaTb CO-
BPEMEHHble MpPOGNeMbl, CBS3aHHblE C OONTOBEYHOCTLIO
COOpPHbIX Xerne3o0eTOHHbIX KOHCTPYKLUWUA B YCMOBUSIX Beu-
HOM Mep3noTbl. 3agayn paboTbl: NPOBECTM aHanNn3 BANAHUSA
XapakTepHbIX OCOBEHHOCTEN MEpP3MOTHbIX FPYHTOB Ha Mo-
BEOEHNE N CTOMKOCTb Kene306eTOHHbIX 311eMEHTOB 1 060-
CHOBaTb HeEobXOoO4MMOCTb pa3paboTkM 3PPEKTUBHBLIX METO-
00B NPOEKTMPOBAHUSA U CTPOMTENbCTBA ANSA NpeoaoneHus
3TMX npobnem. Mnote3sa nccneqoBaHWsA: Ha OONTOBEYHOCTb
KOHCTPYKLMI B YCNOBUSX BEYHOM MEpP3NOThbl BAUSAKOT Takue
TEXHUYECKMEe M TEXHOMNOrMYeckne acnekTbl, Kak TennoBble n
rmapaBnuyeckme CBOMCTBA MPYHTOB, UBMEHEHUS B UX Mexa-
HUYECKNX XapaKTEPUCTUKaxX, a TakkKe BO3L4ENCTBUE TadgHMSA
Mep3noTbl Ha dusnyeckne cesonctBa GetoHa. B npouecce
HanucaHusa paboTbl HALWNW NPUMEHEHNE CPaBHUTENbHbLIA U
aHanuTU4Yeckuin metoapl nccregosanus. o pesynsratam pa-
60Tbl 6bINM NpoaHaNM3MpoBaHbl NPEaSIOKEHHbIE PELUEHUS U
WHHOBaUMM B obractn matepmanoB U TEXHOMNOMMN, KOTopble
MOTyT MOBbICUTb YCTOMYMBOCTb COOPHLIX XEene300eTOHHbIX
KOHCTPYKLMIA B YCINOBUSIX BEYHOM Mep3noThl. Takke ocoboe
BHMMaHue ObIno yaeneHo pa3paboTke HOBbIX CTPOUTENbHbIX
mMaTtepuarioB U1 METO4OB MOHTa)a, ClMOCOBHbIX MUHUMU3NPO-
BaTb OTpuUaTENbHOE BO3OENCTBME MEP3NOTHLIX NMPOLECcCOoB
Ha OONTOBEYHOCTb COOPYXXEHUN.

CoBpeMeHHOe CTPOUTENLCTBO B YCINOBUAX BEYHOM MEP3NOThl NPeacTaBnseT COO0N CNOXHY0
WMHXEHEPHYIO 3aJady, CTOsILLYy0 nepeq NpoeKkTUPOBLUMKaMu 1 ctpoutenamu. BeyHas mepano-
Ta, XapakTepHas Ans 3HauYMTENbHbIX TEPPUTOPUINA B CEBEPHbIX PermoHax, Co3gaeT YHUKarnbHble
BbI30Bbl OS5 ONTOBEYHOCTU U YCTOMYMBOCTU CTPOUTENbHBIX KOHCTPYKLUUA, OCOBEHHO COOPHbIX
XenesobeToHHbIX.

Llenb gaHHoM paboTbl — pacCMOTPEHME COBPEMEHHbIX TEHAEHUUIN, Npobrem 1 NepCneKkTuB B
00nacTv NPOEKTUPOBAHUS U CTPOUTENBCTBA COOPHbIX »Kee306ETOHHbLIX KOHCTPYKLUUIN B YCIOBUSIX
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BEYHOW Mep3roThl, a TakKe npearioXeHne KOHCTPYKTUBHBIX peLleHUin 1 UHHOBALMOHHBLIX NOAXO-
00B A5 NOBbILWEHNS UX AONTOBEYHOCTU U YCTONYMBOCTMU.

WcecnepoBaHne coBpeMeHHbIX Npobnem, CBs3aHHbIX C A40NTOBEYHOCTbI0 COOPHbIX Kene3obe-
TOHHbIX KOHCTPYKLMIA B YCNOBUAX BEYHON MepP3noThl, NpeactaBnseT cobon akTyanbHyto obnactb
WHXEHEepPHbIX uccregoBaHuin, TpebytoLyo rryboKoro NoHUMaHWS BO3OEWCTBUS MepP3MnOTHbIX
NpoLIeccoB Ha Matepuarnbl U CTPYKTYpbI [4]. BeyHas mepanoTa, NpuCcyTCTBYIOLLAA B apKTUYECKMX
N cyBapKTUYECKMUX pernoHax, co3gaeT YHUKarnbHble BbI30Bbl OS5 CTPOUTENbLCTBA, Nogvyepkusas
HeobxoaMMOCTb pa3paboTkM MHHOBALMOHHBIX NMOAXOAOB K NPOEKTUPOBAaHUIO 1 3KCMyaTaLlmmn co-
OpYXeHun.

OpHon n3 knoyeBbIX NPobnem ABNAETCS M3MEHeHNe PU3NKO-MEXaHNYECKNX CBONCTB FPYHTOB
noA4 BO30eNCTBMEM MepP3SOTHbLIX U OTTanBaloLLMX NPOLECCOB. 3TN U3MEHEHUS MOTYT CyLLEeCTBEH-
HO MOBMUATb HA YCTONYMBOCTb UCKYCCTBEHHbIX KOHCTPYKLUMIA, 0COBEHHO COOPHbIX Xene300eToH-
HbIX 31IEMEHTOB, MOABEPIrHYTLIX LMKIIam 3aMmopaxmneaHnsa n ottameaHus [3]. Kpome Toro, TasHue
Mep3MnoTbl MOXET NPUBECTU K AedopMaunsM, TPELUHaM 1 noTepe NPOYHOCTN MaTepuarnos.

BaxxHbIM acnekTom nccnegoBaHus ABMSETCA TakkKe aHanms BIUAHUA KIMMaTUYeCcKux name-
HEeHWN Ha yCnoBuA CTPOUTENbCTBA W 3KCcnryataumu. PaclumpeHune reorpacdumn cTponTenscTea B
YCMNOBUSAX BEYHON MepP3NnoThbl, BbI3BAHHOE M3MEHEHUEeM KnumMaTta M pacKpblTUEM HOBbIX MPUPOa-
HbIX PecypcoB, nogyepkmBaeT HeobXoAMMOCTb aganTauun COBPEMEHHbIX TEXHOMOMMA U CTaH-
0apTOB K YHUKAIbHbIM YCITIOBUSIM 3TUX PErMOHOB.

BnusHue xapakTepHbIX 0COGEHHOCTEN MEP3SOTHbBIX FPYHTOB Ha NoBeAEHNE U CTOMKOCTb Xe-
Ne306eTOHHbIX 3NEeMeHTOB npeacTaBnseTr cobor CNOXHbIN MHXEHEPHbIW BOMpoc, TpebyoLwmn
rny6okoro aHanm3a v pas3paboTku cneunanMampoBaHHbIX MOAXOA0B K MPOEKTUPOBAHMIO U CTPOU-
TenbcTBy. OCHOBHbIE acnekTbl BO3AENCTBUSA MeP3MOThl Ha Xene3o0eTOHHbIE KOHCTPYKLUUN MOTYT
ObITb BblAeneHbl crnegyrowmm obpasom. MepanoTta o6nagaet BbICOKOM TeNNonpoBOAHOCTLIO, YTO
MOXET BbI3blBaTb HEPAaBHOMEPHOE pacrnpeaerneHve Tenna BoKpYr CTPOUTENbHbLIX 3r1IeMEHTOB [2].
OTO NPMBOOMT K NoTepe Tenna mn3 xene3obeToOHHbIX KOHCTPYKLMW, OCOBEHHO Npu BO3AENCTBUN
HU3KNX TemMnepaTyp, YTO MOXET YCKOPUTb MPOLECChl 3aMOpaXnBaH1s U OTTauBaHUS.

MiameHeHns B rmapaBnMyeckux CBOMCTBaAX MeP3NOTHbIX MPYHTOB MOTYT BIUATL Ha YPOBEHb
BOAbl B No4Be. JTO, B CBOK o4yepedb, MOXET NPUBECTU K U3MEHEHUSIM B NPOYHOCTU U YCTONYK-
BOCTM XeNne300eTOHHbIX 3f1IEMEHTOB M3-3a BO34ENCTBUSA BOAbI M NPOLECCOB 3aMep3aHnsa-TasgHUS.

Mep3noTHble NpoLecchl MOryT Bbl3blBaTb U3MEHEHUS B MEXaHUYECKNMX CBONCTBAX rPyHTOB,
TaKMX Kak UX YNIIOTHEHME UK paspbixieHne. TO MOXET CKa3blBaTbCsl Ha HECYLLEN CNOCOBHOCTM
N YCTONYMBOCTM (PYHOAMEHTOB M OMOPHbIX CTPYKTYP.

HeobxogumocTb paspaboTkn addPeKTUBHbIX METOAOB MPOEKTUPOBAHUA U CTPOUTENbCTBA
ANA NpeofoneHns aTux NpobrnemM nogyepKkMBaeT BaXXHOCTb KOMMIEKCHOro nogxoaa. To BKIoYa-
eT B cebsa pa3paboTKy MHHOBALMOHHBLIX CTPOUTENbHbIX MaTepranos, Y4eT MepP3rOTHbIX YCIOBUIA
B rpouecce MNpPOeKTUPOBaHUA, a TaKkKe NpUMeHeHWe HOBbIX TEXHOSOrMM YKMadkM U MOHTaxa,
cneumanbHO aganTUPoBaHHbIX K OCOBEHHOCTAM KnMmaTta ¢ Mep3noTHbIMU rpyHTamu [4].

NcenepoBaHua B aTor obnacty No3BOMnAT BbIABUTbL ONTUMarnbHble pelleHns, obecneyvsato-
LiMe YCTONYMBOCTb U AOMNrOBEYHOCTb Xerne306eTOHHbIX KOHCTPYKLMI B YCOBUAX BEYHON Mep3-
NoThl, YTO SABNSAETCH KMNIOYEBbLIM aCNEKTOM B Pa3BUTUN UHAPACTPYKTYPbl B CEBEPHbLIX PErMoHax.

AKTyaribHble TEXHUYECKNE N TEXHONOIMMYECKNe acnekTbl, BNUALWNE Ha AONrOBEYHOCTb KOH-
CTPYKLMIA B YCIOBUSIX BEYHOM MepP3NnoThbl, MpeacTaBnstoT cobon KomnrekcHbln Habop hakTopos,
KOTOopble HeOOX0AUMO y4MTbIBaTb MPU MPOEKTUPOBAHUM U CTPOUTENLCTBE B 3TUX YHUKambHbIX
KNMMaTMUYeCKNX YCroBUSIX.

M3yyeHne TennoBbIX XapakTepPUCTUK MEP3NOTHbIX FPYHTOB SIBMSETCA KPUTUYECKUM acrek-
TOM. OppeKkTMBHOE YynpaBreHne TennonoTokaMu BOKPYr Xerne3o0eTOHHbIX KOHCTPYKUUA He
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TONbKO NOMOraeT NpegoTBpaTUTb UX 3aMep3aHne, HO U MUHUMU3UPYET BO34ENCTBNE NPOLEeCCOB
OoTTaMmBaHWs Ha CTPYKTYPY rPYHTOB.

M3meHeHus B ruapaBnnyeckmx CBOMCTBAxX MeP3roTHbIX PYHTOB MOMYT BNMATbL Ha pacnpeae-
neHve Bnarv B noyse. MNogaepxxaHune 6anaHca Bnarv BOKPYr CTPOUTENbHbIX 311IEMEHTOB ABMSETCS
BaXXHbIM ANd npefoTepalleHns gedopmMannin u notepm NPoYHoCTU. MNpouecckl 3aMmopaKuBaHns
N OTTanBaHUSA MOTYT U3MEHATb MEXaHN4YeCckue CBOMCTBA rPYHTOB, BMMSS HA UX YNPYrocTb, NPoY-
HOCTb 1 AeOopMUMPYEMOCTb. ITO MOXKET MOBMAUATL HA HECYLLY0 CNOCOBHOCTb DYHAAMEHTOB U
OPYrMX KOHCTPYKTUBHBIX 35IEMEHTOB [5].

MoMeHT TasiHua Mep3noTbl MOXET Bbi3blBaTb pacluMpeHue BOAbl B nopax 6eToHa, 4To B
CBOI0 Ovepeab MOXET NPUBECTU K TPeLLUMHaM 1 NoTepe NpoYHOCTU. MiccnegoBaHme n paspaboTka
BETOHHbIX CMecel, CMOCOBHbIX CNPaBNATLCSA C TAKUMU Harpy3kamu, CTaHOBUTCS BaXXHbIM acnek-
TOM MOBbILEHNSA AONTOBEYHOCTU. YunTbiBas rnobanbHble N3MEeHEHWS KnnumaTa, aHanns BAnsaHus
nocneacTBuUA Ha CTPOUTENLCTBO B YCMOBUSAX BEYHOW Mep3noThl Takke BaxeH. NpenckasaHue
N3MEHEHMWI TeMNepaTypHbIX PEXMMOB N agantaunsa CTPOUTENbHbLIX METOL0B K HOBLIM YCITOBUSIM
UrparoT KIKYEBYIO posb B obecnevyeHnn JONroBe4YHOCTU KOHCTPYKLMNA.

PelweHns n nHHoBauumn B o6nactn marepmanoB 1 TEXHOMOMMI AN NOBbILEHNS YCTOMYNBO-
CTN COOPHbIX >eNe306EeTOHHbIX KOHCTPYKLMI B YCIOBUSAX BEYHOM MEpP3NOoThl BKOYaloT B cebs
crnegywowme acnekTbl: paspaboTka 6onee apeKTUBHBIX TENNOU3ONALNOHHBIX MaTtepuanos no-
3BONAET MMHMMU3NPOBATbL TEMMOMNOTEPU U NpeaoTBpaLlaTh 3aMep3aHne KOHCTPYKLMIA, CMOMb-
30BaHMe BbICOKOTEMNIONPOBOAALLMX MaTEPUAnioB N MIHHOBALMOHHbIX TENON30MALMOHHbBIX CII0EB
nomoraeTt cosfaTtb apdekTnBHbIE Bapbepbl NPOTUB MepeHoca Tenna 4vepes rpyHT [2]. Takke
Ba)XHbIM acneKkTOM BbICTynaeT pa3paboTka matepmanos, o6ecneynBatoLnx BbICOKYH rmapon3o-
nsumio, noMoraeT npeaoTepalwaTe HeraTMBHOE BO3AENCTBUE BOAbl HA BETOHHbIE KOHCTPYKUUK B
YCNoBUsIX OTTeNenu. 3TO BaXXHO ANsl COXPaHEHUS NPOYHOCTU U LONTOBEYHOCTN BeToHa.

BHeapeHue cnuctem TennoBoro ynpaBneHus BHyTPU CTPOUTENbHbBIX 3N1EMEHTOB MOXET aKTUB-
HO noggepXmBaTb TEMMO B KOHCTPYKLMMW, NpegoTBpallasa ee 3amep3aHue u obecneymBas crta-
OunbHble ycrnoBus akcnnyaTaumn. PaspaboTka TEXHONOMMA YKNaaku U MOHTaXa, y4YUTbIBAOLLNX
OCOBEHHOCTN MEepP3rOTHbIX IPYHTOB, BKMOYAET B cebA ONTUMU3NPOBAHHbIE METOAbl 3aKragku
dyHOAMEHTOB, apMUPOBAHNA U COEANHEHNSA ANTEMEHTOB KOHCTPYKLUWUNA.

lMpuMeHeHne cnctem MOHUTOPUHra U o6cregoBaHUSA AN NOCTOAHHOINO KOHTPOMS COCTOSAHUS
KOHCTPYKLMI B YCINOBUSIX BEYHON MeP3MNoThl NMO3BOSISIET ONEPaTUBHO BbISBMASATL MNOTEHUMANbHbIE
npobremMbl 1 NpeanpuHUMaThL Mepbl N0 UX NPEAOTBPALLEHUI0. VIHTerpaunsa AaHHbIX peLleHuin n
WHHOBALMA B KOMMIIEKCHbIN MOAXOA K MPOEKTUPOBAHUIO U CTPOUTENLCTBY COOPHLIX Xene3obe-
TOHHbIX KOHCTPYKLMIA B YCNOBUSIX BEYHOM MEP3MOThbl NO3BOSIUT 3HAYUTENBHO YNYYLLIUTL UX YCTOM-
YMBOCTb N JONTOBEYHOCTb B 3KCTPEMArbHbIX KIMMaTU4eckux ycnosusx [3].

Ocoboe BHMMaHWe A0MmKHO BbITb yAeneHo rmaponsonsaumm n cucteMmam gpeHaxa gns npe-
A0TBpaLLEeHNsA NPOHUKHOBEHWS BOAbI B KOHCTPYKLMIO M YIpaBNeHUs BNaXXHOCTbIO B rpyHTe. BHe-
OpeHne CUCTeEM MOHUTOPUHIA U perynsipHble obcrneaoBaHus NO3BONAT ONepaTuBHO BbISBNATb
N3MEHEHMS B YCNOBUAX U CTPYKTYPE KOHCTPYKLMA.

Kpome Toro, BaXHO OCYLLECTBMATb pa3paboTky crneunanu3npoBaHHbIX METO4OB MOHTaxa,
YUUTBIBAKOLLNX U3MEHEHUSI B MEP3IOTHLIX MPYHTaX M MUHUMUSUPYIOLLNX BO3AENCTBME HA OKPY-
Xatowyto cpeny. ObyyeHne nepcoHana paboTe B YCNOBUSAX BEYHON MEP3NOThbl 1 OOMEH OMbITOM
C Konneramu Takke SBNATCA BaXXHbIMWU aieMeHTaMM MOCTOSIHHOMO Yry4lleHns METO40B U Npo-
LieccoB.

Takke HeobXx0aMMbl MHHOBALMW, MOCTOSIHHbLIN MOHUTOPUHT U COBMECTHasa paboTta B obnactu
NPOEKTUPOBAHNSA N CTPOUTENBCTBA, YTOObLI CO34aThb YCTONYMBbBIE COOPHbIE KENe306eTOHHbIE KOH-
CTPYKUUK, CNOCOBHbIE BblAEPXUBATb AKCTPEMAsIbHbIE YCNOBUS BEYHOW MEP3NOThI.
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Actual Problems of Durability of Precast Reinforced Concrete Structures
in Permafrost Conditions

S.F. Musienko, D.S. Vanus

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

Key words and phrases: prefabricated reinforced concrete structures; durability;
permafrost.

Abstract. The purpose of this article is to investigate modern problems related to the
durability of precast reinforced concrete structures in permafrost conditions. Objectives of the
work: to analyze the influence of the characteristic features of permafrost soils on the behavior
and durability of reinforced concrete elements and to justify the need to develop effective design
and construction methods to overcome these problems. Research hypothesis: the durability of
structures in permafrost conditions is influenced by such technical and technological aspects
as thermal and hydraulic properties of soils, changes in their mechanical characteristics, as

20 CmpoumesnbHble KOHCMPYKYUU, 30aHUA U COOPYyH(eHUsA



Components of Scientific and Technological Progress

well as the effect of permafrost melting on the physical properties of concrete. In the process of
writing the work, comparative and analytical research methods were used. Based on the results
of the work, the proposed solutions and innovations in the field of materials and technologies
that can increase the stability of precast reinforced concrete structures in permafrost conditions
were analyzed. Special attention was also paid to the development of new building materials
and installation methods that can minimize the negative impact of permafrost processes on the
durability of structures.
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YK 62.764

AHann3 Bo3MOXHOro cnoco6a rasmdukauumm
panoHa AL. Jandawel
(Ha npumepe r. AMMaH)

A.A. AnbxaTtatHux, M.A. MuxannuyeHko, N.MN. Kongaypos,
A.A. KoHoBaneHko

@60y BO «Bonzoepadckuli 2ocydapcmeeHHbIl
MexXHUYeCcKUl yHuUsepcumemsy,
2. Bonzoepad (Poccusi)

KnioueBble crnoBa u c¢ppasbl: ras3oBblie 6anmoHbl; ra-
30CHabXeHne; ra3oTpaHcnopTHas ceTb; VMopaaHus; Hagex-
HOCTb; NponaH-byTaH; CXXWKeHHbIN NPUPOAHLIN ras.

AHHoTaums. Llenb ctatbm — paccMoOTpeTb 3KOHOMUYE-
CKN BbIFOAHYIO CXeMy ras3ocHabXeHusi Xuroro panonHa. [Ans
aToro 6bina nocTaeneHa crneayollas 3agada: NpoBecTn aHa-
N3 pasnuyHbIX cxem rasocHabxeHusa u BbolbpaTb Hambonee
npuemnemyto aons pavoHa AL. Jandawel, pacnonoxeHHoro
B ropoge AMmaH. B kadecTtBe rmnoTesbl uccrnegoBaHus Obin
npegnoxeH cnocob, ¢ MOMOLbD KOTOPOro rasocHabxeHve
noTpebutenen ocyLecTBNANoCbL OT pe3epByapHbIX YCTaHO-
BOK CO CXWXeHHbIM npupoaHbiM razom (CHIM). MoctaeneH-
Has 3afjaya peluaetcd rasocHabxeHunem notpebutenen CIr
C MOMOLLbI0 NPUMEHEHMS pe3epByapHbIX YCTAHOBOK C ecTe-
CTBEHHbIM MCMapeHneM, KoTopble obecneynBaloT yCTOMYU-
BOe rasocHabxeHvne notpebutenen. Ha ocHoBaHuM nmeto-
LLMXCS MOLLHOCTEN noTpebneHns rasa Obinm paccumTaHbl U
NPUHATBI pe3epByapHble YCTaHOBKM, CMOCOOHble obecneuyn-
BaTb ra3om notpebutenen B TeyeHne 35 gHen.

[nsa npoBeaeHns aHanmnsa BO3MOXHbIX clnocoboB rasundukauum panoHa AL. Jandawel, pac-
NMONOXeHHOro B ropoge AMMaH, crieqyeT yuuTbiBaTb pas3fvyHble acnekTbl, TakMe Kak OOCTyn-
HOCTb PEeCypCOB, TEXHUYECKME BO3MOXHOCTU U hnHAHCOBas ycTonumBocTb. OanH n3 cnocobos,
KOTOpbI MOr 6bl ObiTb MCMNOMbL30BaH ANA rasndukauum panoHOB FOPOAOB, PACMONOXEHHbIX B
WopaaHun, — aTo rasocHabxeHue notpedbutenen ¢ NoMOLLbLI pe3epByapHbIX YCTaHOBOK. [1ns
pa3BUTUSA MHPACTPYKTYPbI 1 yCreLwHOoN ra3udmkauumn HeobxoamMmo CTPOUTENbCTBO ra3onpoBo-
OOB 1 rasopacnpenenntenbHbiX CETEN, KOTOPble NO3BOMAT TPAHCNOPTUPOBATL NPUPOAHLIN ra3 B
pa3nuyHble PErMOHbI CTPaHbI.

NopaaHnst MOXeT pas3BuBaTb CETb ra3onpoBOAOB, HO 3TO NOTPEOyeT KanuTanoBNOXEHUN,
ofHako 3To OyaeT cnocobeTBOBaTbL 06ECNEYEHMO YCTONUYMBOIO N SKOHOMUYHOIO ra3oCHabXeHus
notpebutenen. Ha gaHHbIN MOMEHT McCnonb3ytoTca OyTaHOBbLIE U MpoMnaHoBble GanmoHbl AN
NPUroTOBNEHNSA NULLM, HarpeBa BoAbl U 0OorpeBa MOMELLEHMIA B XONOAHbIN nepuod roga. dTo
bonee gelweBas ansTepHaTMBa CTPOUTENLCTBY ra3onpoBOAOB, HO OHa He obecnevmBaeT ycTom-
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BoigecTH gatHbie
Mecay Hione w

BuiBECTH CpeAHIOID BNAXHOCTE 33 BRIGPaHHBIA MecaLl
Cpeanan BnamHocTs 40.49
BrigecTi cpeaHom TeMNepaTypy 3a EnibpanHbIi mecay
Cpeanan temnepatypa C 28.49

BriBecTv MaKCMMANLHYHD BAAMHOCTE 33 BbIDpaHHbIA MecaLy
Makcumanbhan BramHocTb % 45.2

BhiBEcTM MAaKCMMaNBHYID TEMNEPaTYPY 3a BolDpaHHbiA Mecal
Maxcumanshan Temnepatypa C 32

BoiBecTH MMHMMANLHYID ENaMHOCTE 33 BEIGpaHHbIA MecaLL
Munmmanshas snawuocts % 36.3

BIBECTM MMHUMANBHYIO TEMNEPATYPY 33 BbIBpaHHbIA MecaL,

MunnmancHan remneparypa C 27

COEAH HEHWE YCTaHOBNEHO

Puc. 1. O6wun Bng KIMEHTCKOro MpUITOXKeHUs

4YMBOrO ra3ocHabxeHus noTpedbuTenen.

Ana ycnewHon rasudukauum HaceneHHblX NyHKToB MopgaHum Heobxogumo yuuTbiBaTb
MECTHble OCOBGEHHOCTW, SKOHOMWUYECKYKD YCTOMYMBOCTb M NOTPEOHOCTU HaceneHust npu pas-
paboTke nporpaMmmsbl rasudukaummn. HeobxogmMmo npoBecTy AeTanbHOe uccrnegoBaHue, YToobl
onpeaenuTb ONTUMarnbHbIA CNOCO0 ANs KaXOoro HaceneHHoro nyHkta u obecnevnTb adpdek-
TMBHOE M YyCTONYMBOE ra3ocHabxeHue.

[na npymepa rasudukaumm ¢ NOMOLLbIO pe3epBYyapHOM YCTaHOBKU BbIGEPEM XWrble OoMa,
pacnonoxeHHole B panoHe AL. Jandawel ropoga AMmaH. [Ins 3Toro BHavane onpegenum Te-
NnoTy CropaHvs 1 NIOTHOCTb rasa.

Tennota cropaHus rasoBbIX CMeCeNn, T.e. KONMYeCcTBO TENmOoThl, BblAenswLlieecs npu non-
HOM CropaHuu rasa npu HopMarsbHbIX (PU3NYECKMX YCNOBUSX, ONPEAEnseTcs B COOTBETCTBUN C
npaBuiIoM aganTMBHOCTU NO COCTaBy rasa v TensioTe CropaHns KOMMOHEHTA, KIDK/M®:

Q7 =y Q +y,Qp +...+ Y, Qp,

rae ¥y, Yo ---, ¥, — MaccoBble (06beMHbie) JONM KOMMOHEHTOB, BXOASALMX B COCTaB rasa; Q1r,
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Puc. 1. PacyeTHas cxema rasonpoBOAOB HU3KOro AaBneHus

er, Qnr— Tensiota CropaHns roptounx KOMMOHEHTOB, K,El,)K/M3.
[MNOTHOCTb CMecKu OonpenensieTcs B COOTBETCTBUM C NPaBUIIOM agauTMBHOCTM MO COCTaBy
rasa u TensioTe CropaHusi KOMMOHEHTA U paBHa, Kr/M®:

Doy = V4P * VoPy * oo+ Y, P = 2,274 kr/M®,

rae p,’, Py, ..., P, — MNOTHOCTb KOMMOHEHTOB CMECH, kr/m>.

B naTnaTaxHbIX AoMax npegycMatpuBaeM YCTAHOBKY MPOTOYHbIX BOAOHarpesaTenen u ra-
30BbIX NNUT, B OEBATUITAKHbIX — TOMbKO ra3oBbIX MNUT. HOMMHamNbHLIM pacxod rasa Kaxgbim
npnbopomM onpeaenseTcsi Mo NacnopTHbIM XapakTepPUCTMKaM C Y4eTOM HOMUHANbHOW TEMSIOBOW
MOLLHOCTW, M

Qvom. = Qx3600/Qle’
roe Q,e — HM3Waa TennoTta cropaHus Tonnmea, paBHaa 101974 K,El,)K/M3; Q — TennoBasi MOLL-
HOCTb Npubopa (nacnopTHas), KBT.

PacuyeTHbIn pacxog rasa (TennoBasi MOLHOCTb FOPENoOK cTofna MATUKOH(OPOYHON MAUTHI
16,6 kBT n ocHoBHON ropenku gyxosoro wkada 0,09 KBT//J,M3) COCTaBUT:

Qo = 0,58 M/,

PacueTHbIn pacxon rasa Ha y4vacTke onpenendeTrcd no cbopmyne:
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Tabnuua 1. OnpegeneHne pacyeTHbIX pacxofoB rasa no yyactkam KBapTaribHOro

rasonposoja
AccopTumeHT Konunyectso Pacxop rasa, KoadbdpuumenT PacqeTHIi
Homep yyacTka NPUBOPOB kBaAPTUD a n vla OHOBPEMEHHO- pacxop rasa,
p nom' i’ cTH, ksim th, M3/‘-|
1-2 nr-4 13 3,87 0,48 1,86
2-3 nr-4 26 7,74 0,392 3,03
34 nr-4 39 11,61 0,345 4,0
4-5 nr-4 18 23,22 0,28 6,5
Tabnuua 2. OnpegeneHre OpUEHTUPOBOYHBIX ANaMeTPOB
. MpuHATBIN AnameTp
3 OpHUEHTNPOBOYHbIN
YyacTok Pacxog rasa, M/ rasonpoBsofa X TOMLWUHY
anametp, cm
CTEHKU, MM
PacyeTHas maructpanb
1-2 1,86 1,06 38x3,0
2-3 3,03 1,19 38x3,0
34 4 1,25 38x3,0
4-5 6,5 1,9 38x3,0
Tabnuua 3. [MgpaBnuyecknii pacyeT BHYTPMKBapTalibHbIX ra3onpoBoaoB
[nuHa yuacTka, M HencteutenbHble NoTepm
No ' PaC)zou rasa Avametp [aBneHns
yacTka - _ Q,, MM
Yy OelCcTBUTENb pacueTHas, | d dxd, MM yAenbHble, Ha yyacTke,
Has, ln p AP, _, Ma/m AP, ,Ma
yA. Y.
PacuyeTHas marmuctpans
1-2 3 3,3 1,86 38x3,0 0,25 0,82
2-3 3,5 3,85 2,03 38x3,0 0,2 0,77
34 6 6,6 4 38%3,0 2 13,2
4-5 5 5,5 6,5 38x3,0 25 13,75
Cymma 17,5 m 19,25 >29 <1000

h _ <m 3
Qd - zi= 1Ksiqu0M.ni’ M°/4.

KBapTanbHasi ceTb rasonpoBOAOB HMU3KOrO AaBreHUsi pa3brBaeTcs Ha OTAEmNbHbIE YYaCTKU.
PacueTHas cxema npuegeHa Ha puc. 1. 3a pacyeTHyto BETBb NpYHUMaeM Hanbornee HarpyxeH-
HYIO U MPOTSHKEHHYHO BETBb OT TOYKM 6 Y MCNapUTENbHOMO OTAENEHUS pe3epBYyapHON YCTaHOBKM

[0 TouYKn 1.
PesynbraThl pacyeTa pacxonoB rasa ceefeHbl B Tabn. 1.

PacueTHbIn BHyTpeHHI/IIZ aunameTp rasonposoda crieayet npeasapuTeribHO onpenendTtb no
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dopwmyne:
APyﬂ_ =AP L.

MonGop OPUEHTMPOBOYHBIX ANAaMETPOB CBOAMM B Tabn. 2.

B T1abn. 3 npuBegem rmgpaBnnMyeckuin pacyeT BHyTPUKBapTabHOMO ra3onpoBoja.

Paccuntaem pesepByapHyt0 YCTAaHOBKY C €CTECTBEHHbIM MCNapeHneM. YnMcno cyTok Mexay
ovepeaHbIMU 3anpaBKaMn pe3epByapoB:

Z=VSV,, =354cyT

To ectb ona obecneyeHns JOMOB HY>XHO YCTaHOBUTb 3 pe3epByapa, koTopble OyayT obe-
crneymBaTb ra3om notpebutenen B TeueHne 35 gHeNn.

YuunTbiBas BCe BblllECKA3aHHOE, MOXHO caenaTb BbiBOA, YTO 3PEEKTUBHLIM CMOCOOOM
rasndmkaumm sBnsieTca LeHTpanuaoBaHHasa rasudukaums CIIL AnbrepHaTUBHBIM BapuMaHTOM
MOXET CTaTb Nnepexoq HaceneHns Ha aBTOHOMHYIO ra3mdukaLmio, a B nepcnekTuee npu cTpou-
TENbCTBE MarncTpanbHOro ra3onpoBoAa — nepexoq Ha LieHTpann3oBaHHYo rasudukauuio. [Ons
peanu3aumMm gaHHOro BapuaHTa OymeT Heobxoguma Hebonbluas PEKOHCTPYKUUS CUCTEMBI C
Yy4eTOM pasHbiX CBOMNCTB ra3oBOro Tonmnvea.
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Analysis of a Possible Method of Gasification of the AL Jandawel Region
(Using the Example of Amman)

A.Ya. Alkhatatnikh, M.A. Mikhailichenko, P.P. Kondaurov, A.A. Konovalenko

Volgograd State Technical University,
Volgograd (Russia)

Key words and phrases: gas cylinders; gas supply; gas transmission network; liquefied
natural gas; Jordan; reliability; propane-butane.

Abstract. The purpose of the article is to consider an economically advantageous gas
supply scheme for a residential area. To do this, the following task was set — to analyze various
gas supply schemes and choose the most appropriate one for the AL. Jandawel district located
in the city of Amman. As a hypothesis of the study, a method was proposed by which gas supply
to consumers was carried out from tank installations with liquefied natural gas (LNG). The task
is solved by gas supply to LNG consumers through the use of tank installations with natural
evaporation, which ensure a stable gas supply to consumers. Based on the available gas
consumption capacities, tank installations capable of providing consumers with gas for 35 days
were calculated and adopted.

© A.A. AnbxatatHux, M.A. Muxannudenko, IN.IN. KoHgaypos, A.A. KoHoBaneHko, 2024
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YOK 69

3aKOHOMEpPHOCTU CTPYKTYpooGpa3oBaHuA
LLeMEeHTHOro KaMHSl Ha OCHOBe
KapbOoHaTcoaepXaLmx
LLeMEHTHbIX KOMMO3UL UM

A.1O. TypkuH

@rb0Y BO «HauyuoHanbHbIU uccriedosamernbcKull
Mockoeckul eocydapcmeeHHbIl cmpoumeribHbIU yHUsepcumemy,
2. Mockea (Poccus)

KnioueBble cnoBa u cpasbl: kapboHaTcogepalime
LEeMEHTHblE KOMMO3WULWW; CTPYKTypoobpasoBaHue; LEMEHT-
HbI KAMEHb.

AHHoTaumsa. Llenb paboTbl — wnccrnegoBaHue 3akoHO-
MEpPHOCTEN CTPYKTYypoobpasoBaHMsS LIEMEHTHOMO KaMHS C
MCNonNb3oBaHNEM kapboHaTcoaepXalimMxX LEMEHTHbIX KOM-
nosvumin. 3agadn paboTbl: pacCMOTPETb OCHOBHbIE acrek-
Tbl POPMUPOBAHUA CTPYKTYPbl LEMEHTHOro mMarepuana npwu
B3anMoaencTeumn ¢ kapboHaTcoaepawmmMm CoeauHEHNAMN,
nccneqoBaTth pesynbraTbhl AKCNepuMeEHTanbHbIX UccnenoBa-
HUA 1N NPOBECTU aHanu3 BNUSAHUS KOHKPETHbIX NapamMeTpoB
KOMMO3Uuuin Ha Mopdonornio 1 ceorcTea obpasyroLuerocs
LEeMEHTHOro kamHsl. [vnotesa nccrnegoBaHus: ocobyto Bax-
HOCTb B COBPEMEHHbLIV Nepuos UMeeT pelleHue BOMpPOCOoB,
CBSI3aHHbIX C ONTMMMU3aUMEN COCTaBOB LEMEHTHbIX CMecen
C Uenbl [OCTMKEHUA ONTUMasbHbIX CTPYKTYPHbIX Xapak-
TEPUCTUK, @ TaKKe NepcrnekTUBbl NPUMEHEHMS MOMYyYEHHbIX
pes3ynbTaTtoB B CTpOMTENbHOW MHAYCTpuK. MaTtepuansl n me-
TOObl: CpaBHEHME, COonocTaBneHne, aHanua, cuHTes. o pe-
3ynsratamMm uccrnegoBaHus caenaH BbiBoA, YTO pa3paboTku,
MOCBSILLLEHHbIE CTPYKTYpPOOOpa3oBaHUIO LEMEHTHOr0 KaMHS
C wucnonb3oBaHueMm kapboHaTcoaepXalmx KOMMOHEHTOB,
npeacTaBnalT cobon akTyanbHyto M BoCTpeboBaHHy 06-
nactb, OOYCNOBMEHHYK CTpPEMIIEHMEM K WHHOBAUUSM B
CTpPOUTENbCTBE WM CO34aHUI0 MaTepuanoB C YryYlIeHHbIMU
XapakTepUCTUKaMMU.

LleMeHTHbIN KaMeHb SABNAETCS KIOYEBbIM CTPOUTENBHBIM MaTepuanom, LWMPOKO NpUMeHsie-
MbIM B PasfnnyHbIX OTpacnsx CTpoUTenbHOM MHAYCTpUK. ONTUMU3aumns ero CTPYKTYpbl 1 CBONCTB
UrpaeT BaXKHyt0 ponb B obecneyeHnm NpoYHOCTU, AONTOBEYHOCTU U YCTOMYMBOCTM KOHCTPYKLNIA
[4]. B nocnegHue gecatnnetns ocoboe BHUMaHWE yaenseTcs Ucnonb3oBaHuo kapboHaTcoaep-
Xawux LEeMEHTHbIX KOMMO3uUuWi, NpeactaBnsaowmnx cobon nepcrnekTUBHbBIN MyTb Yny4lleHUs
XapaKTepPUCTUK LEMEHTHbIX MaTeprnanos.
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HayuHble nccrnegoBaHusa B obnactn CTpyKTypoobpa3oBaHMsi LEMEHTHOIO KaMHS C UCMOSb-
30BaHMEM KapboHaTcoaepXaLlmMxX KOMMNOHEHTOB SIBNAKOTCA akTyalibHbIMU U BOCTPEBOBaHHbBIMN.
OTn KOMNO3nUMM NpeacTaBnaioT cob60M MHHOBALMOHHBIA NOAXO0A K YNYYLUEHUIO XapaKTepuUcTuK
LeMEHTHbIX MaTepuarnoB, Takux Kak NPOYHOCTb, YCTOMYMBOCTb K arpeCCMBHbIM Cpedam U yMeHb-
LeHNe BO3LOENCTBUS Ha OKpYXKaloLLyto cpeay.

PaboTbl, MOCBSILLEHHbIE CTPYKTYpPOOOPa30BaHMIO LEMEHTHOMO KaMHsS C MCMOfb30BaHNEM
KapboHaTcogepaLlmMx KOMMNOHEHTOB, NPEeACTaBMASAT CODON BaXKHYO M akTyanbHyt0 obnacTtb B
COBPEMEHHOW CTPOUTENBHOW HayKe WM MpoMbIlfeHHOCTN [2]. KapboHaTcogepXkallume LeMEHT-
Hble KOMMNO3ULUKN NpeacTaBnsoT cob0M HOBbI M MHHOBALMOHHBLIA MOAX04 K CO34aHuI0 CTpou-
TenbHbIX MaTtepuanos. VX ncnonb3oBaHve MOXET NPUMBECTU K pa3paboTke mMaTepuanoB C yry4-
LLEHHbIMW CBOMCTBaAMM, YTO BaXKHO AJ11 COBPEMEHHbIX TPEOOBAHNN K CTPOUTENLCTBRY.

Komnosnumm ¢ kapboHatamu moryT obnagaTb NOBbILUEHHON YCTONYMBOCTBIO K arpeCCUBHbBIM
cpedam, TakMM Kak Koppo3usi Unu BO3AENCTBUE XMMMUYECKN arPeCcCMBHBLIX BELLECTB. ATO Takke
BaXXHO OJ151 OCYLLECTBIEHUS CTPOMTENbHBIX paboT B 30HaxX C 3KCTPeMasnbHbIM KNMMaToOM, rae
MaTtepuarnbl NoABEPrarTCs BbICOKOW BMAXXHOCTM UM XUMUYECKUM BO3OENCTBUSIM.

VMicnonb3oBaHue kapboHaTcogepalmx KOMMO3ULMA MOXET CHU3UTb BO3OENCTBME CTPOU-
TenbHbIX NPOLECCOB HA OKPY)KatoLLy0 cpeay, YTO COOTBETCTBYET COBPEMEHHbBIM TpeboBaHMAM K
YCTOMYMBOMY CTPOUTENBLCTBY U 3aboTe 06 skonormm [3]. OTaenbHble UCCNeqoBaHNSA TakKe Ha-
npaeneHbl Ha ONTMMKU3aLMIO NPOM3BOACTBEHHbLIX NPOLIECCOB U MaTepuarnoB, YTO MOXET npuse-
CTU K SHEProcOepeXeHno N CHKEHNIO 3aTpaTt Ha NPOU3BOACTBO LIEMEHTHbLIX MaTepuarnos.

OcHoBHbIe acnekTbl POpPMUPOBaAHUS CTPYKTYPbl LIEMEHTHOrO Martepuana npu B3auMoaewn-
CTBMM C kapboHaTcodep)kalluMy KOMMOHEHTaMM MNPEeACTaBnsitoT cObOM BaXkHbIi OOBLEKT Wuc-
cnefoBaHuin, HarnpaBfeHHbIX Ha ONTUMU3aUMIo CBOMCTB LEMEHTHOIO KamHs. Baanmogencreme
LEMEHTHbIX KOMMO3NLUMA C kapboHaTcoaepXalnumMm KOMNOHEHTAMM OKa3blBaET CYyLLECTBEHHOE
BNUSAHNE HAa CTPYKTYPHbIE XapaKTEPUCTUKN U MEXaAHNYECKME CBOMCTBA 0bpa3sytoLlerocs Mmarepu-
ana. BaxHblM npegcraBnsaeTcs nsydeHne B3anmMogencTBus LleMeHTa ¢ kapboHaTcogepxalmmm
KOMMOHEHTaMM B npouecce rugpartaumm [5]. mapataums ueMeHTa npencraBnser cobon Xnmu-
YEeCKyl peakumio, NpMBoasLLy0 K 06pa3oBaHUi0 rMapaToB, B TO BpeMsi Kak KapboHaTaumnsa —
npouecc abcopbummn yrnekncrioro rasa U3 okpyKatoLlen cpeabl.

AHanua moponornm LEMEHTHOIO KaMHS Npu B3aMMOLENCTBUM C yrrepogaTtaMm no3sosnser
onpegenuTb CTPYKTYPHbIe 0COBEHHOCTU U (bopMy YacTul,. ITO BaXKHO ANS NOHUMaHUS MeXaHu-
YeCKMX CBOMCTB U YCTOMYMBOCTM Matepuana K BHELWHUM BO3AENCTBUSAM. Takke BaXHO Uccneno-
BaTb KOHKPETHbIE KOMMOHEHTbI KapboHaTCcoaepKaLLUMX LEMEHTHbBIX KOMMO3ULNIA, UX KOHLEHTpa-
LMIO N COOTHOLLEHME, BNNAOLLNE HA (DOPMUPOBAHUE CTPYKTYPbI LLEMEHTHOro MaTtepuana.

Kpome Toro, uenecoobpasHo NPOBECTN OLEHKY MEXaHMYECKMX CBOMCTB LIEMEHTHOrO KaMHs
nocne B3anmogencTems ¢ kapboHaTcogepKaliMMmm KOMNOHEHTaMM, BKOYast NPOYHOCTb, YNpy-
roCTb U OOMTOBEYHOCTb, M PACCMOTPETb BUAHWE B3aMMOOENCTBUS LEMEHTHBLIX KOMMO3ULUIA C
kapboHaTcooepKalMMNU KOMMOHEHTaMM Ha 3KONMOrMYECKME XapakKTepUCTMKM MaTtepuana u ero
YCTOMYUBOCTb K JONITOBPEMEHHbBIM BO34ENCTBUSAM.

ViccnegoBaHne ykasaHHbIX acrleKkTOB MMEET KIHYeBOE 3HaveHue ans paspaboTkyM HOBbIX
CTPOUTErNbHBIX MatepuarioB C ynyudleHHbIMU XapakTepucTukamMmu, a Takke Ansg onTuMmsaumnm
npoLEeccoB NPON3BOACTBA, CHKEHUS] HEFATMBHOMO BO3AENCTBMNA Ha OKPY)XaloLLYH cpeny M cos-
OaHusa Bornee yCToNYmMBbIX KOHCTPYKLMKA [1].

PesynbraTbl SKCNepuMeHTarnbHbIX UCCeAoBaHWI NOATBEPXKAAOT, YTO KOHKPETHbIE NapamMe-
TPbl KOMNO3MUMIA KapboHaTcoaepKalmnx LEeMEHTHbIX MaTepuarioB OKasbiBalOT 3HaYUTENbHOE
BMMSIHWE Ha MOPMOSOrMi0 U CBOMCTBa 0OpasyroLLErocs LEMEHTHOIO KaMHs. Tak, npu yBenuye-
HUN KOHLEHTpauum KapboHaToOB B LIEMEHTHOM KOMMO3nuumn Habnwogaetcs naMmeHeHme mMopgo-
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norMM Yactuy 1 yBenuyeHue nroTHOCTU CTPYKTYpbl. OTO BNUSIET HA MeXaHW4Yeckne CBOWCTBA
MaTtepuarna, 0COGeHHO Ha ero NPOYHOCTb.

AHanu3 npeacTaBreHHbIX NapaMeTpoB MO3BOMSAET HE TOMbKO Ny4lle MOHATb MeXaHWU3Mbl
hOpPMUPOBAHNS CTPYKTYPbI LEMEHTHOIro KaMHSA Mpu B3aMMOAENCTBUMN C KapboHaTcogepalmmm
KOMMOHEHTaMK, HO N ONpeaenuTb ONTUMarbHble YCNOBUS ANS NOMyYeHUss matepuana c xenae-
MbIMU CBOMCTBaMW. lNMonyyeHHble pe3ynbraTbl UMEKT BaXKHOE 3HAYEHWe O11S MHXEeHEepPOoB U Mpo-
n3BoauTenen CTpouTENbHbIX MaTepmanoB, NOCKONbKY OHM obecneynBatoT 6asy onst pa3paboTku
bonee 3pHEKTUBHBIX N YCTONYMBBIX KOHCTPYKLINNA.

B xope cneumanbHbIX UCCNeQoBaHWA akLEeHT Obin caenaH Ha onTuMmu3aumm COCTaBOB Lie-
MEHTHbIX CMEeCeN C Lenblo AOCTUXKEHUSI ONTUManbHbIX CTPYKTYPHbIX XapakTEPUCTUK LLlEMEHTHO-
ro KamHs. PesynbraTbl 9KCNEepUMEHTOB MO3BOMSAOT BblAENUTb HECKOMNBbKO KITHOYEBbIX CTpaTernm
oNTUMMU3aLNN.

1. OnpegeneHne onTMManbHbIX 003 KapboHATOB B LEMEHTHOM CMECU, KoTopble obecne-
4YMBAIOT HE TOSbKO XXenaemble MOPGONOrMYeckne N3MEHEHNS, HO U yNy4lleHNe XapaKTepucTuk
NPOYHOCTU N YCTONYMBOCTN MaTepuana.

2. OnNTMmn3aums OTHOLLEHNS BOAa/UEMEHT 1 BpeMeHU rmapaTtaunm ons AOCTUXEHUS ONTu-
MarbHOW CTPYKTYPbl LLEMEHTHOIO KaMHSA U NPeaoTBpaLLEeHNa HeXenaTenbHbIX SABMEHUN, Takux
KaK TpeLunHbl UM HEO4HOPOAHOCTMW.

3. BBegeHvne OONOMHUTENbHBIX BSXKYLLMX MaTtepuanos, cnocobCTBYOWMX (OPMUPOBAHUIO
©onee NNOTHOM U NPOYHOW CTPYKTYpbI.

4. PaspaboTka onTumanbHbIX TeMnepaTypHbIX PEXUMOB, CNOCOBCTBYOLWMX 3P(PEKTUBHON
rmgpartauumn n kapboHatauumn Nnpy MUHUManbHbIX 3Hepro3arpartax.

MepcnekTBbl NMPUMEHEHUS MOMYyYEHHbIX Pe3yrbTaToB B CTPOUTENbHOM WHOYCTPUU COOKY-
CUpYIOTCA Ha psige acnektoB. Hanpumep, ucnonb3oBaHve kapboHaTcogepKalimMx LEeMEHTHbIX
KOMMO3MLMIN MOXET CNOCOBCTBOBATL CHUDKEHWUIO 3KONOMMYECKOro BO3AENCTBUS, NMOCKOMbKY OHM
YaCTUYHO 3aMEHST TPaAULMOHHbIE KOMMOHEHTbI ¢ Gornee HU3KUM coaepXaHuem yrrnepoaa.
OnNTUMM3NPOBaHHbIE COCTaBbl LIEMEHTHbIX CMEeCe MOryT YMNyyluTb MPOU3BOACTBEHHbIE MPO-
LLleCCbl, CHU3UTb 3aTpaTtbl HA SHEPIUIO U CbipbeBble MaTepuansbl [2]. PaspaboTka matepmanos ¢
ONTUManbHbIMU CTPYKTYPHBIMU XapakTepUCTMKaMM OTKPbIBAET HOBbIE NEPCNEKTUBLI ANt Co3aa-
H1S 6onee NPOYHbIX, NErknx N YCTOMUYUBBIX KOHCTPYKLWNA.

Takum obpasom, pa3paboTku, NOCBALLEHHbIE CTPYKTYPOOOpasoBaHMO LEMEHTHOMO KaMHS
C ncnonb3oBaHneM kapboHaTcoaepKalimx KOMMOHEHTOB, NPeACTaBNAT cOO0M akTyarnbHy U
BoCTpeboBaHHYyt0 0brnacTb, 00YCNOBNEHHYK CTPEMIIEHNMEM K MHHOBAUUSM B CTPOUTENLCTBE U
CO30aHNI0 MaTepPMaroB C yNy4dleHHbIMY XapakTepPUCTUKaMN.

B uenom uccrnemoBaHus B paccMmartpvBaemMor obnactn NpeacTaBnsitoT COBOM BaXKHbIN
BKNag B pasBUMTUE CTPOUTENbHOM HayKuM M NpakTuku, obecnedmBas NepcnekTMBbl AN ynydile-
HUS MaTepuanoB U METOOO0B CTPOUTENbCTBA B COOTBETCTBMM C COBPEMEHHbBIMU TpeboBaHUAMM
N cTaHgapTamu.
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Patterns of Structure Formation of Cement Stone Based
on Carbonate-Containing Cement Compositions
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Abstract. This article is devoted to the study of the regularities of the structure formation
of cement stone using carbonate-containing cement compositions. The paper considers the
main aspects of the formation of the structure of cement material in interaction with carbonate-
containing compounds. The author examines the results of experimental studies, analyzes
the influence of specific parameters of compositions on the morphology and properties of the
resulting cement stone.
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UccnepoBaHue npoGreMm TeXHUYECKOro
MU reoTeXHU4YEeCKOro MOHUTOPUHra
HeCyLMX KOHCTPYKLUN
oTAeNbHbIX BUAOB MOHOJSIUTHbIX paboTt
B paMKax Hay4HO-TeXHU4YeCKOoro
COMNpPOBOXAEHNA CTPOUTENbLCTBA

O.b. 3abenuHa, [1.C. Cenos

@rb0Y BO «HauuoHanbHbIU uccriedosamernbcKull
Mockosckul 2ocydapcmeeHHbIl cmpoumeribHbIlU yHUsepcumemy,
2. Mocksa (Poccus)

KnioueBble cnoBa u cppasbl: KOHTPONb KayecTBa ap-
MUPOBaHUSA; KOHTPOSb KavyecTBa OGETOHHbIX paboT; HayyHo-
TEXHUYEeCKoe COMPOBOXAEHWEe CTPOUTENbCTBA; TEXHUYECKUIA
MOHWUTOPUHI CTPOUTENbLCTBA.

AHHOTaumsa. AKTyanbHOCTb WCCregoBaHus 00ycroB-
fieHa HEYKIMOHHO pacTywuMu Temnamu n obbemamm CTpou-
TenbcTBa B Poccun. [1ns oObeKkToB, MMEIOLLMX MOBbILLEHHbIN
YPOBEHb OTBETCTBEHHOCTU, kracca KC-3 B cooTBeTCTBUM C
AEVCTBYIOLMM 3aKOHOOATENbCTBOM Ha BCEX JTanax Xuas-
HEHHOro UuKna OObeKTOB CTPOUTENbCTBA AOMMKHO BECTUCH
Hay4Ho-TexHu4eckoe conpoBoxaeHune (HTC) [1]. Ha atane
ctpoutensctBa HTC BknoyaeT B cebs npoueccbl TEXHUYe-
CKOro COMNpPOBOXAEHUA/MOHUTOPUHIA N FEOTEXHUYECKOro MO-
HUTOpWHra. Llenb gaHHOro nccneaoBaHnsa — BbIABUTb OCHOB-
Hble NPo6neMHble MOMEHTbI, BO3HWUKAKOLME MNPU TeXHUYe-
ckom conposoxaeHun (TC) B npouecce npoBefeHus pabot
MO YCTPOMCTBY >Kene300ETOHHbIX KOHCTPYKUMA (apmatyp-
Hble U MOHOMUTHbIE paboTkl), B pamkax HTC, a Takke npwu
reoTeXHMYEeCKOM MOHUTOPUHIE BO3BOOMMbIX U BO3BEAEHHbIX
KOHCTpYKUunn. OBGBEKT uccrneqoBaHUA — HayyYHO-TEXHMYe-
CKOe COoMnpoBOXAeHWe cTpouTenbcTBa. [pegmeT nccnenosa-
HUSA — TEXHUYECKUIA N FEOTEXHUYECKNIA MOHUTOPUHT nNpouecca
MOHOMMTHbIX paboT n KUx pesynkrata. B xoge uccnegoBaHus
npoBefeH TeopeTU4eckur aHanms CyLlecTBYHLWen HopMma-
TMBHOWM [OKYMEHTauun W MpakTUKU MpOBEeAeHUsT TexHU4e-
CKOFO U re0TEXHUYECKOr0 MOHUTOPUHIa MOHOMUTHBIX paboT
npu cTpouTenbCcTBe OOLEKTOB Ha Bcex ctagusax. B pesynb-
TaTe uccrnegoBaHWs BbISBIIEHbl OCHOBHbIE NPOBNeMbl TEXHU-
4YeCKOro MOHUTOPMHra, B YaCTHOCTWU KayecTBa M TEXHOMNOrmu
NpOBeAEeHNS MOHOMUTHBLIX paboT, KOHTPONSA MX KayecTsa, U
AaHbl pekomMeHZaunn no yCTpaHeHo BO3MOXHbIX AeEKTOB
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n/unu onTMMmM3aunn npon3BoACTBEHHbLIX MPOLECCOB.

[Ons obecneyeHns mexaHuyeckon OesonacHocTn obbekTtoB KC-3, obecnevyeHnss mx kade-
CTBa, TEXHONOMMYHOCTU N HAOEXHOCTU Hay4HO-TEXHUYECKOE COMPOBOXAEHWE CTpOUTENbCTBa
(HTCC) npoBoantCcs B TEYEHWE BCEr0 XU3HEHHOro uukna cosgaHusa obbekta. HTCC — aTo
KOMMMeKCc paboT 1 MeponpuaTUA, BKIOYaoLWwmMi B ceba TexHUn4eckoe, Hay4yHO-MeToanyeckoe,
MHOPMaLIMOHHOE, OpraHn3aunoHHO-NpaBoBoe 1 T.N. obecnedeHne [4]. Ob6ssaTensHbIMK NPo-
uegypamn HTCC aBnsaloTca B TOM 4mMcre TEXHUYECKUA MOHUTOpUHT (TM), reotexHu4yeckuii
MoHuTopuHr (FTM) ctpoutenbctBa. TM 1 'TM nos3BonsoT cBOeBpeEMEHHO nMbo 3apaHee Bbl-
SIBUTb HEMPOEKTHble NepeMeHbl, HanpseHHo-gedopmuposaHHoe coctosHne (HAC) KoHCTpyk-
UUIA 30aHUA, OTCTYNNEHNS OT YTBEPXKOEHHbIX NMPOEKTHbIX PeLUeHUI, KOTOopble MOTyT MPUBECTU K
aBapuUNHbIM CUTyaLUsaM, CBOEBPEMEHHO pa3paboTaTb KOMMMEKC MEPONPUSATUIA MO YCTPAHEHWIO
npu4mH n3bbiTodHoro HOC, BkNovasi TEXHUYECKME PELLEHMS 1 METoAOoNorM4Yeckne nogxoabl [2].
TM cocTouT 13 BU3yanbHOrO U UHCTPYMEHTANbHOrO KOHTPOMS, PEerucTpaumm N3MeHEeHUn KOH-
TPONUPYEMbIX MapamMeTpoB M UX OTKNOHEHMI OT NpeAernbHO AOMYCTUMbIX 3HAYEHWUN, a Takke
CBOEBPEMEHHOE BbISIBNEHNE OTCTYNNEHUA OT YTBEPXKAEHHbIX NMPOEKTHLIX PELLUEHNNA.

Mpn npoBegeHUN MOHUTOPUHIA NPUOPUTETHBIMU SABASOTCA:

— 100 % BW3yanbHO-MHCTPYMEHTASbHbLIN KOHTPOSb COCTOSIHUSA BO3BOAMMbIX M BO3BEOEH-
HbIX KOHCTPYKLMNA;

— dmkcaums BbISBNSEMbIX Ae(EKTOB pasNMyHbIMKU MeToAaMu (pasnuyHbIMU CpeacTBamm
N3MepeHMs, BKoYasa npasuna, Masku-TpeLmnHoOMEpPbI, PyfeTkn, AanbHOMEpbI 1 T.M., agToMaTu-
3MpOBaHHbIE CUCTEMbI U NpOYMEe CpeacTBa, No3Bonstowmne prkcmpoBaTtb Kakme-nnbo rabaput-
Hble mapameTpbl), NpY 3ToM oba3aTenbHbIMU ABNATCA (POTOUKCAUUA U MPOTOKONNPOBaHNE
nonyyaembliX 3HaYEHUN;

— nepvoguyeckne HabniogeHus reogesvyeckMMmn MeTogamMu BepTUKarbHbIX U FOPU30H-
TanbHbIX NepeMeLLeHnn reogesndyecknx MasikoB 1 MapokK, YCTaHaBrMBaeMblX Ha KOHCTPYKLMAX
BO3BOAMMOro o6bekTa, AaHHble paboThbl BbINOMHATCA NPU NOMOLLM 3MEKTPOHHbBIX HUBEMWPOB,
TaxeoMeTpOoB, CKaHUPYOLLMX TaxeomeTpoB, 3D-ckaHepoB U hoTorpamMeTpuUn.

Ona cbopa nonHbix cBeaeHnn 06 0ObEKTE MOHUTOPUHIA Ha 3Tane NPOeKTUPOBaHMUSA, HO 4O
Hayana cTpouTenbHbIX PaboT AOMmKHbI OblTb CHOPMYNUPOBAHbI N YTOYHEHbI COCTaB, O6beMbl,
nepnognyHoOCTb, CPOKU U MeToAbl paboT, NpUMEHUTENbHBIX K 00bEKTY, U paspaboTaHa cneuu-
anbHas nporpamma pabor. [Nporpamma paboT yunTbiBaeT BCe OCOOEHHOCTN 0ObekTa, UHOMBU-
ayanbHble cneundukn, TEXHONOrMM NPOn3BOACTBA PaboT, KNMMaTUYECKME U Feororn4yeckme yc-
noeus pamnoHa ctpoutenbctBa U T.N. Pesyneratel TM, I'TM n HTCC npeacraenstoTca B Buae
NMPOMEXYTOYHbBIX OTYETOB MOCIE NepBOro M KaXaoro nocregyowero uukna KoHTpons (M3mepe-
HUR), @ TakKe UTOrOBbIX OTYETOB.

[na HenpepbIBHON OMArHOCTUKM COCTOSIHUSI CTPOUTENbHbBIX KOHCTPYKLMI NPUMEHSAIOT aB-
TOMaTM3MPOBAHHYK CTaLMOHAPHYIO CUCTEMY MOHUTOPUHra TexHudeckoro coctosiHus (CMUK).
OHa no3BonsieT B pexvMMe peanbHOro BpEMEHN aBTOMaTUYECKM BbISIBMATb U (PMKCMpPOBaTb Mto-
Oble nameHeHnss HOC KOHCTPyKUMI C fioKkanmsaumen omnacHbIX Y4acTKOB, a Takke Opyrve mx
napametpbl.

Mpn NpoBeaeHWM MOHWUTOPUHIA OCHOBHOE BHUMaHWe YAenseTcss COCTOSHWMI0 OCHOBaHWS,
dYyHAAMEHTOB N HECYLLMX KOHCTPYKLMI (B TOM YnCrie XKene3obeToOHHOMY Kapkacy) obbekTa. Ha-
6niogeHve npu HeobxoaMMOCTN BedeTCca M 3a dpacagHbIMU CUCTEMAMM U 3NIEMEHTaMN Orpax-
JaroWwmnx KOHCTpyKumn. Ocobo OTBETCTBEHHbIMU 3fiEMEHTAMM OOBEKTOB, B YACTHOCTU, SIBMSIHOT-
CS Y3Nbl KPenreHusi KOHCTPYKLUMA U MeCTa UX COMPSDKEHUs, a TakkKe OCHOBHble KOHCTPYKLUK
Kapkaca.
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BusyanbHbIN U MHCTPYMEHTAarbHbIA KOHTPOSMb KOHCTPYKLMIA

R 2

KoHTponb kavyecTBa OETOHHbIX 1 apMaTypHbIX paboT

R 2

KoHTpornb kadecTBa CBapHbIX COEANHEHNI

L 2

MOHI/ITOpVIHF NS1aHOBO-BbICOTHbLIX NMOSTIOXEHUI KOHCprKLI,I/IVI
Ha CTaaumn cTpouTenbCTBa

R 2

CocTaBneHne exxeMecsiYHbIX NMPOMEXYTOYHbIX N UTOFOBOIo OT4YETOB

Puc. 1. Cxema cocraBa pa60T Nno TEXHNYECKOMY MOHUTOPUHTY

Ta6nuua 1. KoHTponupyeMble napamMeTpbl Npy TEXHUYECKOM MOHUTOPUHTE

Ne
an KoHTponupyemble napameTpbl Bug koHTpons
BepTukanbHble nepemeLleHns (ocagku) n
1 B pamkax paboT no reoTeEXHUYECKOMY MOHUTOPUHTY
OTHOCUTESbHbIE Pa3HOCTW 0CaAoK (PyHAAMEHTOB
5 OTKNOHEHUS OT BepTMKanu (KpeHbl) BepTuKanbHblX | Feogesnyeckumu Metogamu B pamkax pabot no
HECYLLIMX KOHCTPYKLIMI >kene3006eTOHHOro Kapkaca | re0TEXHUYECKOMY MOHUTOPUHTY
3 [opu3oHTanbHbIE (B T.4. KPEHbI) NepeMeLLeHnst leopgesnyecknmmn metTogamm B pamkax pabot no
BEPXHEW YacTu 30aHnst TEXHUYECKOMY N FeOTEXHUYECKOMY MOHUTOPUHTY
dakTnyecKkoe NonoxeHne KOHCTPYKUMI, aeTanen,
4 B pamkax paboT no TeXHNYEeCKOMY MOHUTOPUHTY

3MEeMEHTOB 1 np.

PakTnyeckme xapakTePUCTUKN KOHCTPYKLMIA 1
5 maTtepuarnos, X ka4ecTBo (Mapka knacc 6eToHa, B pamkax paboT no TEXHNYECKOMY MOHUTOPUHTY
apmartypbl, MeTanna v np.)

Cuctema MOHUTOPUHIA TEXHUYECKOTO COCTOSIHMS
NHXEHEPHbIX KOHCTPYKLMIA, NMBO reoTexHUYeckui
MOHWUTOPUHI, BbiNONTHAEMbIEe Mo cneunanbHO
pa3paboTaHHOMY NPOEKTY

Hanps»keHns 0CHOBaHWSA 1 BO3BEAEHHbIX
6 KOHCTPYKLUMI (pyHAAMEHTbI, KOMOHHbI,
nepeKkpbITUST)

Ha puc. 1 npegctaBneHa 6nok-cxema obuiero coctaBa paboT No TEXHUYECKOMY COMpPOBO-
XOEHUO 1 MOHUTOPWHTY, a B Tabn. 1 — KOHTponNMpyeMble NapaMeTpbl U METOAbI OCYLLECTBEHNS
KOHTpOnA.

MeprognyHoCTb M 06beM UKCaUMM KOHTPONMpyeMbIX NapaMeTpoB onpegensercs npo-
rpammon pabot, paspabaTbiBaeMONn Ha OCHOBAHWM NPOEKTHOMO PELLUEHUs U B CTPOrOM COOTBET-
cTBUM C TpeboBaHNAMM 3aKOHOAATENBCTBA U HOPMATUBHO-TEXHUYECKNX OKYMEHTOB. TM n MM
NPOBOASATCS Ha MOCTOSAHHOW OCHOBE, a UX COCTaB M NEPUOANYHOCTb 3aBUCAT OT TEMMOB NPOU3-
BOACTBA CTPOUTENbHO-MOHTaXHbIX paboT. CoctaB n nepuogmyHoctb 'TM onpegenserca npo-
rpammon paboT, HO, COrnacHoO HopMaTMBHbIM TpeboBaHMsM [3], OH NPOBOAUTCA HE pexe O4HOro
pasa B MecsL Ha aTane cTpouTenbcTBa 00beKTa, a Takke Nocrne ero BO3BeAEHUS.
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TeXHU4EeCKUI MOHUTOPUHT GeTOHHbIX paboT

I

I
]

1 aTan - NoaroToBUTENbHbLIE
paboTtbl

2 atan - BuayanbHO-UHCTPYMEHTanbHbIA
KOHTpOIb

CornacoBaHve cucTembl
KOHTpOns Ka4ecTBa 6eTOHHbIX
paboT Ha OCHOBE NPOEKTHbIX
pelennii n NMNOC

[poBepka cOOTBETCTBUA BbIMOMHEHHbIX
KOHCTPYKLUIA NPOEKTHON AOKYMEeHTaLun Ha
BCex aTtanax ux ycrponctea — 100 %

]

Cornacosanue MNP

OueHKa TEXHUYECKOTO COCTOSIHUSA
BbINOMHEHHbIX KOHCTPYKLWIA NO BHELLHWUM
npuaHakam — 100 %

3 artan - UtoroBbii
KOHTpONb KayecTea
BO3BeEeHHOMN
KOHCTPYKLMK

CornacoBaHue TEXHOMOrMYECcKnx

pernaMeHToB Ha NPOM3BOACTBO

GeToHHbIX paboT, B T.4. B 3UMHUIA
nepuon

KoHTponb kayecTBa apMaTypHbIX U
BeToHHbIX paboT - BbIGOPO4HO

YcTpoiicTBO 1 pacnonoXxeHue paboymx u
XOMOAHBIX LWBOB GETOHWPOBAHUS -
BblOOPOYHO

CornacoBaHue pernameHToB no
yCTpaHeHUo 06HapyKeHHbIX
nedexTos

[MonoxeHve 3aknagHbIX aetanen U ux
aHKEepOBKM - BbiIBOpo4HO

Pukcaumsa TUNOBbIX AedeKToB

Puc. 2. Otanbl TEXHNYECKOTO MOHUTOPMHIa BETOHHBIX paboT

KoHTponk (npoBepka) ka4yecTBa 6eTOHHbIX paboT

[MpoBepka cTabunbHOCTK KayecTBa NoCTaBNAeMbIX Matep1arnos
(pacTBopbl, DETOH U Np.) HA OCHOBaHWMK NAcnopToB U CepTUMUKATOB
3aBO0B-U3TOTOBUTENEN, @ TaloKe BXOAHOMO U nabopaTopHOro KOHTPOss
Ha obbekTe
|

KoHTporb Npo4HOCTH BETOHA KOHCTPYKLWIA HepaspyLUaloLMmMm
MeTofamMu («OTpbIB CO CKanbiBaHUeM», YrbTPa3ByKoBON MeTof 1 Mp.) B
NPOEKTHOM Bo3pacTe — 06beM OnpefenseTca nporpaMmoit pagot

KoHTponb npoyHocTv 6eToHa KOHCTPYKLMIA B NPOEKTHOM BO3pacTe
NpPSIMbIMK, paapyLualoLwyMmMu metogamm (oT6op KepHOB Ans
nabopaTopHbIX UCTbITaHuWi1) — 06bem onpeaenseTcs NporpaMmont
paGoT 1 npu HeobxoauMocTH

MNpoBepka TONWMWHbLI 3aLUUTHOTO Cros GeToHa - BblﬁOpO‘-IHO

KoHTponb KayecTBa 3aBepLUeHHbIX paboT (YNOXEHHOrO B KOHCTPYKLMIO
6eToHa) B 4acTy KOHEYHbIX reoMeTpUYecKuUx napameTpos,
OHOPOAHOCTU U CMIOLWHOCTH MOMYYEHHON KOHCTPYKLIMM

Puc. 3. CocraBnsatowme KOHTPONA Ka4vecTBa OETOHHbIX pa60T

TexHNYeCcKMn MOHUTOPUHI BETOHHBIX paboT ocylecTBnsalT B coctaBe TC n HTC u oH co-
CTOUT U3 HECKOSbKO 3TanoB: NoAroToBUTENbHblE PaboThl, BU3yanbHO-MHCTPYMEHTANbHbIA KOH-
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TexHuu4eckum MOHWUTOPHWHI NPU U3rOTOBNTIEHWH U MOHTaXe apMaTypHbIX

WU3genumn, rM6KoM 1 XecTKon apMaTypbl

1 atan - NoaroToBuTenbHble paboTsl

2 atan — KoHTponb (onepauyoHHas NpoBepKa)

AHanMUa NPoeKTHOM [IOKYMEHTaLWmn B
YacTh TEXHONMOTMYHOCTH U
[ONyCTYMOCTU YCTPOWCTBA CBAPHbIX
1 HECBAPHbIX MOHTaXHbIX
COeVHEeHUIA

MpoBepka COOTBETCTBUSA BbINOTHAEMOTO
apMUpOBaHUS NPOEKTHOM JOKYMEHTaLUN —
Bbl6OpoYHO

CornacoBaHue TEXHONMOTMYECKUX
pernamMeHTOoB 1 KapT Mo YCTPOMCTBY
CBapHbIX U HECBaPHbIX (BA3KA,
MyThl, Faikn) MOHTaXHbIX
coeavHEeHWI i apMaTypHOW cTanu, B
T.4. MO YKPYNHUTENBHOW cOopke
CETOK, KapKacoB W [ip. apMaTypHbIX
napenun

YyacTue B NpoBeaeH! BXOAHOMO KOHTPONS
nocTaBsnsaembl Ha 06bEKT apMaTypHbIX CTanei,
CBapO4HbIX Martepuanos, GOHTOB, raek, Hann4ue
[OKYMEHTOB O Ka4yecTBe, CepTUUKATOB Ka4ecTea
W COOTBETCTBUA — BblﬁOpOHHO, npu
HeoBXoaMMOCTH, U onpefensieTcs NporpamMo
pabor

3 aran -
KoHTpornb
KayecTsa

apMupoBaHus

KoHTponb kayecTBa c60PKM M NOArOTOBKM
3MEeMEHTOB Mo CBapKy, BA3KY U Ap. — BbIGOPOYHO

lNMpoBepka KayecTBa NoCTaBNAeMbIX
mMaTepuanoB Ha OCHOBaHUA

nacnopToB U cepTU(HKATOB 3aBOLOB

—13roTOBUTENEN, a TaKKe BXOOHOTO U
nabopaTopHOro KOHTpons

|
NaGopaTopHbIi KOHTPOMb MeTannonpokara
(apMarypHas cTanb, My(OTOBble U CBapHble
coefiMHeHns1) — BbIBOPOYHO, a Talkke
haKTU4eCcKoro KayecTea coeIMHEHUI Ha obbekTe
— BbIGOpPO4HO

Puc. 4. Otanbl TEXHMYECKOrO MOHUTOPWUHIa Npu N3rotoBl1IEHNN N MOHTaXe apMaTypPHbIX nagenumn

TPONb BO3BOAMMOW/YCTPaMBaeMoOn KOHCTPYKLMKN, UTOrOBbIA KOHTPOSb KadecTBa BO3BEAEHHOM
KOHCTpYKLMM (puUC. 2).

Ha puc. 3 npegctaBneHbl onepaumm OCYLLECTBIEHNSA KOHTPOSS KayecTBa GETOHHbLIX paboT.
KonnyectBo KOHTPONMpPYEMbIX Y4acTKOB 3aBMCWUT OT KONMYeCcTBa 3axBaTok OETOHMPOBaHWS,
onpeaensieTcsi HopMaTUBHbIMU TPEOGOBaAHNAMN N COOTBETCTBYHOLLEN NporpaMmmon pabot [5-7].

TM apmatypHbIx paboT ocywecTtensatT B coctaBe TC n HTC npu n3rotoBNeHUM U MOHTaxe
apMaTypHbIX M3LENnui 1 XXecTkon apmatypbl (metannonpokata), TM Bknto4yaeT B cebsa atansbl,
npeacTaBneHHble Ha crefytoLen cxeme (puc. 4).

Cnepyet otmeTuth, 4to HTCC B Lenom un otaenbHble BUAbl paboT B ero coctaBe He OTMe-
HSeT 06513aTeNbHOCTb OCYLLECTBIIEHUS] CTPOUTENBHOIO KOHTPONMS YY4aCTHUKAaMU CTPOUTENbHOMO
npouecca, a Takke cobniogeHus Bcex TpeboBaHUN HOPMATUBHO-TEXHUYECKON OOKYyMEHTALMMW.
BaxxHon coctaBnsiowen TC n TM cTposillerocs oobekTa, BNUSIIOLLEN Ha KadeCTBO, CKOPOCTb
N OnepaTMBHOCTb MOMyYEeHUA COOTBETCTBYIOLMX Pe3ynbTaTtoB, ABMASETCA aBTOMaTM3aums npo-
LleCCOB Ha BCeX aTanax XWsHeHHoro uukna ctpoutensctea. CMUK, koHevHo, cyLecTBeHHO 06-
neryaet cbop n 06paboTky pe3ynsTaTtoB U NO3BOMSIET BOBPEMS BbISIBUTb UBMEHEHME COCTOSIHUN
KOHCTPYKLMI N NPUHATL COOTBETCTBYHOLUME NpeaynpeanTenbHble mepbl. OgHako B LEenom npo-
ueaypa OCyLIeCTBNEHNST aBTOMATUYECKOrO TEXHUYECKOrO MOHUTOPUHra B PP elle 0O KOHLA He
npopaboTtaHa.

B pamkax npoBeAeHHOro aHanm3a CTPOUTENbHbLIX NPOLECCOB U U3YYEeHUss BOMpoca Kade-
CTBa BbINOMHAEMbIX NPV BO3BEAEHUWN 3OaHUA U COOPYXXEHMI paboT, MOHUTOPMHIa U nocneny-
IOLLLEr0 PELUEHUs BO3HUKAKOLLMX «HEMPOEKTHbIX» U «HEHOPMATUBHbLIX» CUTYyaLMi, MOXHO Bblae-
nuTb criegyowme npobnemol.

1. CTpemneHue 3aKas3ynKoB K CHIDKEHWUIO NPSIMbIX 3aTpaTt NyTEM YMEHbLUEHUS pacxodoB Ha
BO3BedeHne obbekTa.
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2. HecornacoBaHHOCTb HEKOTOPLIX HOPMAaTMBHbLIX aKTOB U NpaBusl. B HacTosiwee Bpemsi co
CTOPOHbI MUHCTPOSI TONBLKO cornacoBbIBaeTcsi HOBbIM HopmaTuB — Cl1 «Hay4Ho-TexHu4eckoe
COMPOBOXAEHNE VHXEHEPHBIX U3bICKAHUIN, MPOEKTUPOBAHNSA U CTPOUTENBCTBA 30aHUN N COOPY-
XeHun. OOLWwme nonoXeHusI», KOTOPbIA, BO3MOXHO, YCTPaAHUT CYLLECTBYIOLLINE PA3HOYTEHNS B
HOPMAaTUBHbIX AOKYMEHTaX.

3. HepocTtaToyHOCTb M 3a4acTy0 HEKOMMNETEHTHOCTb CTPOUTENBHOMO U TEXHUYECKOTO KOH-
TpOnsi, OCYLLECTBAEMOro Ha obbekTe cnyxbamu nogpsaHbIX OpraHM3aumii U 3aKa34vnKkoB.

4. HebpexHoe BbINONHeHWe paboT cneunanmucTammn noapsaHbIX opraHu3aumi.

5. Yenoseueckunin baktop.

[nsa peleHuns BbllLEO3HAYEHHbLIX NPOBIeM MOXHO peEKOMEHAOBATb CreayoLLEe:

1) nocTosiHHOEe MOBbLIWEHME KBanuMUKauum cneunanmucToB opraHmM3aunii, BbIMOMHSOLLMX
T€ UNK MHble BUAbl paboT, OCYLLECTBNSAIOLWMNX COOTBETCTBYOLINE OYHKLMM U Np.;

2) NOBbIWEHNE 3KOHOMMYECKOW 3(PEEKTUBHOCTIN MPOEKTA HE 3a CHET CHWXKEHMS 3aTpaT Ha
cneumanucToB, a 3a CYET YBENMYEHUS1 TEMMOB M KayecTBa BbIMOMHSAEMbIX paboT;

3) opraHmsaumsa u BHegpPEeHUEe MEXaHU3MOB BHELLUHEro KOHTPOrs (KOHTPONS TpeTben CTOpo-
Hbl) 3@ KQ4E€CTBOM BbINOMHAEMbIX paboT 1 BO3BOANMbIX KOHCTPYKLIMNA;

4) BHYTPEHHWI ayOouT U NepenpoBepKka KOPPEKTHOCTM NMPOEKTHOW AOKYMEHTauuu Ha BCeX
aTanax ee pa3paboTky;

5) npumeHenne HTC npu MHXEHEPHbIX W3bICKAHUSAX, NPOEKTUPOBAHUWN, W3rOTOBIEHWUN,
BO3BEOEHUN U CHOCE KOHCTPYKUWUI, a TakKe TEXHUYECKOr0o MOHUTOPUHra Npu BO3BE4EHUU, IKC-
nryaTtauumy, PeKOHCTPYKLUKM, KanuTarlbHOM PEMOHTE UIM CHOCe OOBLEKTOB NOOOro Knacca, a He
Tonbko KC-3, kak Toro TpebyeT AeiCTByOLEE 3aKOHOA4ATENbCTBO.
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Research of Problems of Technical and Geotechnical Monitoring
of Load-Bearing Structures of Certain Types of Monolithic Works
within the Framework of Scientific and Technical Support of Construction

0O.B. Zabelina, D.S. Sedov

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

Key words and phrases: technical monitoring of construction; scientific and technical
support; quality control of concrete work; quality control of reinforcement.

Abstract. The relevance of the study is due to the steadily growing pace and volume of
construction in Russia. For objects with an increased level of responsibility, class KS-3, in
accordance with current legislation, scientific and technical support (STS) must be provided
at all stages of the life cycle of construction projects [1]. During the construction phase, the
STS includes the processes of technical support/monitoring and geotechnical monitoring.
The purpose of this study is to identify the main problematic issues that arise during technical
support in the process of carrying out work on the installation of reinforced concrete structures
(reinforcement and monolithic work) within the framework of scientific and technical support,
as well as during geotechnical monitoring of erected and erected structures. The object of the
study is scientific and technical support of construction. The subject of the study is technical
and geotechnical monitoring of the process of monolithic works and their results. During the
study, a theoretical analysis of existing regulatory documentation and the practice of technical
and geotechnical monitoring of monolithic works during the construction of objects at all their
stages was carried out. As a result of the study, the main problems of technical monitoring
were identified in terms of the quality and technology of monolithic work, their quality control,
and recommendations were given for eliminating possible defects and/or optimizing production
processes.
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YOK 69

MUcnonb3oBaHue COBpeMEeHHbIX
MeToA4O0B aHalim3a n moaennpoBaHuA
npu oueHkKe Ka4vyecTBa
CTpoOUTEeJsiIbHbIX MaTepuanoB

T.B. YepHbiwoea, E.A. YepHbiwosa, A.A. TuTkos

@rb0Y BO «HauyuoHanbHbIlU uccriedosamernbcKull
Mockoeckul eocydapcmeeHHbIl cmpoumeribHbIU yHU8epcumemy,
00O «Hay4Ho-uccriedogameribcKuli
UH)XEeHePHbIU yeHmp « CuHmMesy;

OO0 «Bawdkcrnepmy,

2. Mockea (Poccus)

KnioueBble cnoBa u dpasbl: aHanms; MOAENMPOBaHUE;
OLlEHKa KayecTBa, COBPEMEHHble METOAbl; CTPOUTENbHLIE
mMartepuansl.

AHHoOTaums. Llenb nccnegosaHnst — U3y4mtb 0COOEHHO-
CTW OLIEHKM Ka4yecTBa CTPOMUTENbHbLIX MaTepuanoB C UCMOSb-
30BaHMEM COBPEMEHHbLIX METOAOB aHanv3a U MoaenupoBa-
HMA. 3agadnm mnccnegoBaHWsl: PacCMOTPETb COBPEMEHHbIE
MEeTOAbl U MHCTPYMEHTbI, Takue Kak KOMMbITEpPHOe Moae-
NMpoBaHMe, HAHOTEXHOMOMMN, CMEKTPOCKOMMWS, PEHTreHOB-
ckas AndpakToMeTpus U Apyrne, KoTopble No3BonsatoT Gonee
TOYHO U 3(PPEKTMBHO NPOBOAUTL aHANU3 U OLIEHKY KavyecTBa
CTPOUTENbHbIX MaTeEpPManoB, a Takke onpeaennTtb Hanbonee
3(hheKTMBHbIE HanNpaBneHNsa OeaTeNbHOCTN B paccMaTpuBa-
€MOM achekKTe.

MeTogbl MccnenoBaHUS: CpaBHUTESbHLIWM, COMOCTaBU-
TENbHbIW, aHANUTUYECKUIA.

[vnoTesa wnccnegoBaHUA: CTPOUTENbHbIE MaTepuarbl
UrparoT KI4YeBYyl posb B 06ecneyeHnmn HagexxHocTu 1 gorn-
rOBEYHOCTU CTPOUTENBHbLIX KOHCTPYKLUMA, MO3TOMY UX Kade-
CTBO MMEET OrPOMHOE 3Ha4YeHue.

Mo pesynbraTtam McCCNeaoBaHMs cOenaH BbiBOL, YTO MC-
Nnonb3oBaHMe COBPEMEHHbLIX METOOOB aHanmM3a 1 Moaenmpo-
BaHWs1 OTKPbIBAET HOBblE BO3MOXHOCTU M MEPCMNEKTUBLI AN
CTPOUTENBLHON WHOYCTPUKN, CMOCOOCTBYSI YIyULLIEHUIO Kade-
CTBa MartepuarnoB, MOBbILLEHNIO 6e30MacHOCTU U OONroBeY-
HOCTW KOHCTPYKLUUWN, a TaKKE CHMKEHUIO HEeratMBHOIMO BO3-
OENCTBMA Ha OKpY>KatoLLyto cpeay.

OueHka ka4yecTBa CTPOUTENbHbIX MaTepuanoB — KIOYEBOW acnekT B obractu cTpouTenb-
CTBa, KOTOPbIA HanpsiMylo BNUSIET HA HaAOEXHOCTb, AONTOBEYHOCTb M GEe30MacHOCTb CTpOu-
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TenbHbIX KOHCTPYKUMN. COBpeMeHHas MHAYCTPUSA CTPOMTENLCTBA CTaNKMBAETCA C NOCTOAHHbLIM
pocTtoM TpeboBaHWi K Matepuanam, B TOM YMChe K UX IKONMOMMYECKON YCTOMYMBOCTU, ahbdek-
TMBHOCTU U CpokaM cnyx6bl [4]. cnonb3yemble cerogHs TEXHOMNOrMM NpegocTaBnsitoT BO3MOX-
HOCTW Ang 6ornee rmyboKoro n TOYHOrO aHanu3a CTPOUTENbHbBIX MaTepuanos, U 3TO OTKPbIBaET
HOBbI€ MEePCNEeKTMBLI AN UX YCOBEPLUEHCTBOBAHUS U MHHOBALMINA.

B cBA3M C pacTywen 0CO3HAHHOCTLIO 3KONOrmyeckux npobnem, TpeboBaHns K CTpouTenb-
HbIM MaTepuanam ctanu ctpoxe. CTpomaTepuansl, U3roTOBMAEHHbIE C y4eToM TpeboBaHui «3e-
NeHbIX» TEXHOMOrMM, KOTOpble MMEKT HU3KUIA YPOBEHb BpeaHbIX BbIbpocoB 1 Gonee anutens-
HbI CPOK Crny>0Obl, cTaHOBATCA BCce 6onee BocTpeboBaHHbIMU. DTO NogpasymMeBaeT HE TOMbKO
OLEHKY (P13NYECKMX CBONCTB MaTepuarnoB, HO U NX BO3AENCTBUE Ha OKpyXatoLLyto cpeay [1].

CoBpeMEHHble CTpOUTESNbHbIE MPOEKTbI CTAHOBSATCS BCe Goree CrioxHbiMU U TpebyoT 60-
nee apeKTUBHbLIX MaTepuanos, YTOObI COKPATUTb CPOKU M 3aTpaTtbl HA CTPOUTENLCTBO. -
(hEKTMBHOCTb MaTepuarnoB TaKkKe CBA3aHa C WX TENnousonsaunen, 3ByKOU3omnsunen, npoyHo-
CTbIO U OpYrMMn xapaktepuctukamun. [JonroBe4HOCTb CTPOUTEMbHbLIX MaTepuanoB CTaHOBUTCSH
BCe BGonee BaXXHbIM acnekToM, NOCKOSbKY OHa HanpsiMyto BANSAET HA CTOMMOCTb 0GCNY>KMBaHUSA
N 3aMeHbl KOHCTPYKUun. C pasBuUTMEM Hay4YHbIX U TEXHONOMMYECKMUX OOCTUXKEHUA MOSABMASIOTCA
HOBble CTpoUTEmNbHbIE MaTepuarnbl, Co34aBaeMble Ha OCHOBE HAHOTEXHOMOMMA UNU ApYrnx ne-
pefoBbIX METOOO0B NPOM3BOACTBA. VX oueHka u CpaBHEHVE C TPaaMUMOHHBIMW MaTtepuanamm
Takke sBNSeTCA BaXXHbIM acrnekToM OLEeHKM kadecTBa. CriegoBaTtenbHoO, ANg ycnewHon aganTta-
LUK K 3TMM Bbl30BaM 1 obecneyeHns 6€30nacHOCTN U AONTOBEYHOCTM CTPOUTENbHbLIX OOBEKTOB
HeobXoaMMO MOCTOSIHHO COBEPLUEHCTBOBATb METOAbLI OLEHKM KadecTBa CTPOUTEMbHbLIX MaTepu-
anoB, 4YTO, B CBOK o4epedb, CrocobCTBYeT pa3BuTuMo Bonee MHHOBALMOHHBLIX U YCTONYMBBIX
CTpouTenbHbIX pelleHnin. PaccmoTpym Takme meTtoabl 6onee nogpo6Ho.

KomnbtoTepHOe MogennpoBaHue No3BONSAET MHXeHepaM npeackasbiBaTb omusmyeckme cBon-
CTBa CTPOMTENbHbIX MaTepuarioB, Takme Kak MpPOYHOCTb, TENNONPOBOAHOCTb, YCTOMYMBOCTb K
KOppOo3uun, TennoBoe paclunmpeHne n mHorune apyrune. Mogenu moryT cosgaBaTbCsl Ha OCHOBE
MaTeMaTM4eCKMX ypaBHEHWUI, KOTOPbIE ONMUCLIBAOT NOBEAEHNE MaTepMarnoB B pa3fMyHbIX yCIo-
BusX [2]. MogenvpoBaHMe MOXET UCNONb30BaTbCA AN ONTUMMU3ALMU NPOU3BOACTBEHHbIX MPO-
LLleCCOB CTPOMUTENbHbIX MaTepuaros, YTO NO3BOSISET YYYLUUTb UX KAYECTBO U CHU3UTb 3aTparThbl.
Takke OHO NOMOraeT COKpaTUTb BPEMS M 3aTpaTtbl HA PU3NYECKMEe UCMbITaHUSA U TECTUPOBaHWE
MaTtepuarnoB, Tak Kak MHOrMe acnekTbl MOryT ObITb npeackasaHbl M U3yveHbl B BUPTYanbHOM
cpege. Kpome TOro, paccmatpvBaemas TEXHONMOrMSA MO3BOMSET mccregoBaTb 6e30macHOCTb
MaTepuarnoB N KOHCTPYKUWI, NpeackasbiBasi U aHanuanpys nx noBeaeHue B pasnmnyHbiX CUTya-
umax [5].

CnekTpockonusa — elle OAuMH MeToq aHanmsa — UCMNOoMb3yeT pasfuyHble cnekTparnbHble Me-
TOoObl NS aHanu3a XMMUYECKOro coctaBa MaTepuanos, Takue Kak MHgpakpacHas, ynsrpaduo-
neToBas CNEKTPOCKONNA N SAEPHO-MarHUTHbIM pe3oHaHc. OHa No3BoONseT onpeaennTb Hanuume
N KOHLEHTpaLUMIO pasfnnyHbiX KOMMNOHEHTOB U 3arps3HUTENEN B CTPOUTENBHBLIX MaTepuanax.

Tak, nHdpakpacHasa CNeKTPOCKOMMS UCMNONb3yeT MH(PaKpacHoe usnyvyeHve Ons aHanuaa
XUMUYECKUX CBA3en B MaTepuanax. Kaxgoe xumuyeckoe coefmHeHwe obrnagaer yHUKanbHbIM
NH(ppakpacHbIM CNEKTPOM, YTO MO3BONSET MOAEHTUPULMPOBATL Pa3NUYHble COeaUHEHUS B 06-
pasue. MiHdpakpacHas CnekTpocKonust 4acTo UCNONb3yeTca ANS aHannsa opraHuyeckux mare-
puanos. NocpeacTBOM MPUMEHEHUA O4aHHOrO MeTo4a MOXHO onpedennTb cogepXaHue B TOM
U MHOM MaTtepwuarne pasfuyHbiX XMMUYECKUX NIEMEHTOB U UX XMMUYECKOE COCTOSIHUE.

PeHTreHoBCKas CnekTpocKonusi nonesHa Ang aHanusa coctaBa MUHeparnoB U MeTannuye-
CKuX matepuarnos [3].

dnyopecueHTHas CnekTpOoCKONusa Ucnonb3yet riyopecueHTHOe nsnyvyeHne obpasuos npu
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06ny4eHnmn Nx CBETOM onpeaerieHHOM ANnHbI BofHbl. OHa MOXET MCMOoNb30BaTbCA 4118 onpeae-
neHnsa cogepXaHns onpeaeneHHbIX ANIEMEHTOB Y MOMNEKYNSPHbIX COEAUHEHW.

PeHTreHoBCcKas andpakToMeTpusa ncnonb3yeTcs Ans aHanu3a KpUCcTanimyeckon CTpyKTypbl
mMaTepuarnos. C ee NOMOLLbIO MOXHO ONpeaenuTb napameTpbl KpUCTannmyeckon peLleTku n Bbl-
ABUTb AedeKTbl NN HEOQHOPOAHOCTU B CTPYKTYpe MaTepuanos. 3TO MOLWHbIA MeTof aHanvsa
KpUCTannmnyecknx Marepmarnos, KOTOPbIN NPeaoCTaBnseT MHOpMaLno 0 CTPYKType 1 napame-
Tpax KpUCTanamn4yeckom peLLeTKu.

PeHTreHoBCckas AncpakToOMeTpus NO3BONSET Onpeaenutb napameTpbl KpUcTannmyecKkomn
peLLeTkn Matepuana, Takme Kak pacCTosiHUA Mexay atoMamu, Yribl Mexay peLleToqHbIMU Nio-
CKOCTAMM 1 06BbEM 3NIEMEHTAPHON AYENKKN, YTO BAXKHO AN NOMHOIO NOHMMaHUSA CTPYKTYpbl Ma-
Tepuana. Takke AaHHbI MeTof MO3BONSET MAEHTUMPULMPOBATL pPasfnuyHble Kpuctannmyeckme
dasbl B 06pasue. ITO NOMNe3HO Npu aHanuse CroXHbIX MaTepuanos, B KOTOPbIX NPUCYTCTBYIOT
pasnuyHble CTPYKTYpbl. PEHTreHoBCKasi AMPaKTOMETPUS MOXET BbIABIATE AedEKTbl U HEO4HO-
POAHOCTU B KpUCTANIMYECKOW CTPYKTYpe maTtepuana, TakMe Kak AMCnoKaumm, BKNIOYEeHUsa n ae-
dhopmaumm peLleTkn. OTO BaXKHO 4118 NOHUMAHWS NPOYHOCTU U MEXaHUYECKMX CBOMCTB MaTepu-
ana. Takke paccmaTpvBaeMbli METOA MOXET UCNONb30BaTbCA AN onpedeneHus opueHTauum
KpucTanmnmyeckmx 3epeH B Matepuarne, Ans MOHUTOPUHIa CTPYKTYPHbIX U3MEHEHUN B MaTepu-
arne noj BO3OEWCTBMEM PasfnU4YHbIX (PAKTOPOB, TaKMX Kak Temnepartypa, AaBneHne Unu BHeLl-
Hue Harpysku [4]. PeHTreHoBCKasg AMdpakTOMETpUS SBNSETCH HEOTbEMIIEMON YacTbio aHanmsa
KpUCTanmnyecknx MatepmarnoB 1 BaXXHbIM MHCTPYMEHTOM A5 UCCIIeQ0BaHUSA U KOHTPOIS Kade-
CTBa CTPOUTENbHbLIX Matepuanos, 0COBEHHO Korga CTPyKTypa M napameTpbl KpUcTanimyeckomn
peLLEeTKN UrpatT peLlaroLLyto porib B UX CBOMCTBAX M MPOU3BOAUTENBLHOCTU.

Takne MeToabl, Kak CKaHMpyloLasa arnekTpPoOHHas MUKPOCKOMNUS 1 ONTUYecKas MUKPOCKOMUS,
No3BOMSIOT UccnegoBaTb MUKPOCTPYKTYPY MaTepuarnoB Ha8 MUKPOCKONUYECKOM YPOBHE, YTO He-
o6xoanmo Ans BbiABMEHUSA AedeKkToB, TPeLmH, Nop 1 ApYrnx aHOManun, KoTopble MOryT BhAu-
ATb Ha KadyecTBO matepuanoB. MuKpocKkonusa sBNSETCA BaXXHbIM METOAOM aHanusa, KOTOpbIn
Nno3BOMsieT UCCnefoBaTb MUKPOCTPYKTYPY CTPOUTENbHbIX MaTepuanoB Ha MUKPOCKOMMYECKOM
ypoBHe. PaccmaTprBaembli MeToq No3BONAeT 0bHapyxuBaTb U aHanu3MpoBaTb AeTanu 1 ae-
eKTbI, KOTOPblE MOTYT OblTb HEBUANMbI HEBOOPYXXEHHbIM N1A30M, HO MOTYT CYLLECTBEHHO BNU-
SATb Ha Ka4eCTBO N NPOM3BOAUTENBHOCTL MaTepuanos [1].

OnTnyeckass MUKPOCKOMUSA MO3BONSAET MccneaoBaTb MUKPOCTPYKTYPY Marepuanos, BKIHO-
Yyasi 3epHa, Nopbl, TPELLMHbI U Apyrne AedeKTbl. TO NONEe3HO ANA KOHTPOSS KadYecTBa U OLeH-
K/ COCTOSIHUSI MOBEPXHOCTU MaTepuarnoB. CkaHupylowasa anekTpoHHas Mukpockonus (SEM) n
TPaHCMUCCUOHHAsA aneKkTpoHHass mukpockonusa (TEM) ncrnonb3yoT anekTpoHbl BMECTO BUAMMO-
ro ceBeTa Ansa yesenuyeHns obpasuyos, YTO JaeT BO3MOXHOCTb MUCCreoBaTb CTPYKTYpPY Ha arto-
MapHOM 1 MoMneKynsipHoM ypoBHe. SEM no3BonseT aHanM3mpoBaTb NOBEPXHOCTb MaTepuarnos,
B TO BpeMs kak TEM nossonset npoHvkaTb BHyTPb 06pasLoB U MCCnefoBaTb UX BHYTPEHHIOK
CTPYKTYPY.

MuKpOCKONMS LUMPOKO NMPUMEHSETCA B NPOM3BOACTBEHHbIX NpoLeccax Afs KOHTpona Kade-
CTBa CTPOUTENbHbLIX MaTepuanoB U 0bHapyXeHUs 4edeKTOB Ha paHHNX CTagusax NPOU3BOACTBA,
a TaKxe urpaeT BaXKHYIO porb B UCCMNEeAOBaHMSX HOBbIX MaTepuarioB U HAHOCTPYKTYP, YTO CMo-
cobcTByeT paspaboTke 6ornee 3PPEKTUBHBIX U MHHOBALMOHHBIX CTPOUTENbHbLIX MaTepuarnos.

MonekynspHoe MoaernupoBaHue Mo3BONseT MOAeNnupoBaTb B3auMOLEWCTBUE MOEKyrn B
MaTtepuarnax Ha atoMapHoMm ypoBHe. OHO npeacTaBnsieT cobor KOMMLITEPHbIA METOA, KOTOPbI
Nno3BoMseT co3gasaTb BUPTYyarbHble MOAENV B3aMOAENCTBMA aTOMOB U MOJSieKyn B maTtepua-
nax. QTOT METoA MOXET MUcnonb3oBaTbcsa Ana 6onee rnybokoro NOHNMaHNA XUMUYECKUX U hu-
3MYEeCKMX CBOMCTB CTPOUTENbHLIX MaTepuanosB 1 npeackasaHns UxX noBefeHus npu pasrmyHbIX
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ycnosusax [5].

MonekynspHoe MoaennpoBaHMe NO3BOMSET UCCeN0oBaTh MOMEKYNAPHYO CTPYKTYpYy maTte-
puvanos, BKMOYasi pacnonoXxXeHne aToMoOB 1 MOMEKyn BHYTpu matepuana. MogenuposaHue mo-
XET NCNOoNb30BaTbCA A5l OLUEHKM CTPYKTYPHbIX U3MEHEHMI B MaTepuanax nog BO34eNCTBUEM
BHELWHMX (paKTOpOB, TakMX Kak TemnepaTypHble KonebaHusi, Harpy3ku U BO3OeNCTBME arpec-
CUBHbIX cpead. Takke AaHHbI METOO MOXET MOMOYb ONTMMU3NPOBATL MPOM3BOACTBEHHbIE MPO-
LlecCbl, TaK Kak OH MO3BOSISIET fyylle MOHUMAaTb XMMMUYECKME peakunn U B3anMOLENCTBUS BO
BpeMS NPON3BOACTBA MaTepuanos. MonekynsipHoe MogenupoBaHne UrpaeT BaxkHY pPorb B UC-
cnefoBaHun M paspaboTke CTPOUTENbHBIX MaTepuarnoB, Tak Kak OHO NpesocTaBnseT rnybokoe
NMOHMMaHMe MOMEKYNAPHbBIX N aTOMapHbIX B3aMMOAENCTBUIN, YTO CMNOCOOCTBYET pasBUTUIO UHHO-
Bauun B obnactu [2].

WckycctBeHHbIn nHtennekt (MU) moxeT ncnonb3oBaTbCs ANA HENPEPbLIBHOIO MOHUTOPMHIA
COCTOSIHUSA MaTepuanoB B pearnibHOM BPEMEHU. OTO BaXKHO AN BbISIBIIEHMS MOTEHUMANbHbIX
npobnem v NpegoTBpalleHns aBapui. Tak, UCNONb3ysl AaHHble O MOBELEHMU MaTepuarnos B
pa3nuyHbix ycnosusx, A mMoxeT nomoyb B NPOrHO3MPOBAHUM CpoKa CryXObl KOHCTPYKUMI M
MaTtepuarnoB, YTO CnOCOBCTBYET NIAaHMPOBAHMIO NPOLECCOB 06CAYXMBAHUSA U 3aMeHblI [5].

Takum 06pas3oM, NCNONb30BaHNE COBPEMEHHbIX METOAOB aHanM3a U MoAenupoBaHust Npu
OLIEHKE Ka4yecCTBa CTPOMUTENbHbIX MaTepuarnioB npeactaBnsgeT cobon Kro4eBOW acnekT B pas-
BUTUN CTPOUTENBHON WUHOYCTPUKN, KOTOpas CTaNkMBaeTCs C NMOCTOSIHHO MeHswmnmmucs Tpebo-
BaHWSIMK K MaTepuanam, BKoYas SKONOrm4yeckyro yCToONUnBOCTb, 3pdEKTUBHOCTb 1 OONTOBEY-
HocTb. COOTBETCTBEHHO, MMEETCA HEOOXOANMMOCTb NMOCTOAHHOIO COBEPLUEHCTBOBAHMS METOO0B
OLIEHKM KayecTBa CTPOMTENbHbLIX MaTtepmnaros.

CoBpeMeHHble MeTOAbl aHanu3a U MOAENMPOBaHMUS, Takne Kak KOMMNbOTEPHOE MOAENNPO-
BaHWe, CNEKTPOCKONUSA, PEHTreHOBCKast ANPPakTOMETPULA, MUKPOCKONNS, HAHOTEXHOMNOMMMU, MO-
NEKyNspHOEe MOOENUPOBAHNE U MCMNOMb30BAHNE WMCKYCCTBEHHOIO WMHTENEKTA UrpatoT BaXKHYIO
poOfb B OLEHKE 1 YyNyylleHUn KayecTBa MaTepmarnos.

B uenom ucnonb3oBaHMe COBPEMEHHbIX METOAOB aHanmM3a M MOAENMPOBAHUS OTKPbIBAET
HOBbIE BO3MOXHOCTM U NEPCNEKTUBbLI ANA CTPOUTENBHOM MHAYCTPUKN, CNOCOBCTBYA YNy4LLIEHUIO
KayecTBa maTepuaroB, NOBbILWEHMIO 6e30MacHOCTM U OONrOBEYHOCTU KOHCTPYKLUWUA, a Takke
CHXEHUNIO HEraTMBHOIO BO3AENCTBUSA HA OKPYXKaIOLLYIO Cpeay.
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The Use of Modern Methods of Analysis and Modeling in Assessing the Quality
of Building Materials
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Abstract. The purpose of the study is to study the features of assessing the quality of building
materials using modern methods of analysis and modeling. Research objectives: to consider
modern methods and tools, such as computer modeling, nanotechnology, spectroscopy, X-ray
diffractometry and others, which allow more accurate and efficient analysis and assessment of
the quality of building materials, as well as to determine the most effective areas of activity in
this aspect.

Research methods: comparative, comparative, analytical.

Research hypothesis: building materials play a key role in ensuring the reliability and
durability of building structures, so their quality is of great importance.

Based on the results of the study, it was concluded that the use of modern methods of
analysis and modeling opens up new opportunities and prospects for the construction industry,
helping to improve the quality of materials, increase the safety and durability of structures, and
reduce the negative impact on the environment.
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YOK 728

MpuHunnbl hopmmupoBaHus
YCTOMYMBOMN apXUTEKTYpPbl XXUMOro AgomMa

.M. XaHaHu Maxmyq

@rAOY BO «Poccutickul yHusepcumem Opyx6bl Hapoooey,
2. Mockea (Poccus)

KnioueBble crnoBa un dpasbl: apxXMTEKTYPHOE MPOEKTU-
poBaHue; Xunble 06bEKTbI; MeETOANYECKasi OCHOBA; NPUHLMN
3KOSTOrMYHOCTU; MPUHLMN SHEProapPEKTUBHOCTHU; YCTONYK-
Basi apxXuTekTypa.

AHHOTauusa. B pabote paccmartpuBaloTcs akTyasnbHble
BOMpPOChbI hopMUpOBaHUA MNapamMeTpoB kKomdopta u 6e30-
MacHOCTW apXUTEKTYPHOro NPOCTPAHCTBA COBPEMEHHbIX XW-
nbix 0bpa3oBaHuii.

Llenbto nccnepgoBaHus siBnsietca paspabotka n 060CHO-
BaHME NPUHLUMMNOB YCTOMYMBON apXUTEKTYpbl, Kak cnocob
NpakTU4eckoro oTobpaxeHns 3anpocoB K KavyeCTBY COCTOS-
HWNA XUMbIX 06pa3oBaHuU.

K uncny 3agady vccnegoBaHuM OTHOCATCS: aHanua co-
CTOSIHUSI apXUTEKTYPHON OEeATEeNbHOCTUM B KOHTEKCTE YCTON-
YMBOrO Pa3BUTUS COBPEMEHHOW UMBUNM3aLUN; BbisiBNIEHNE
pPoONM N 3HAYEHUS apXUTEKTYpPbl AN OpraHu3auumn XUMoro
NpoCTpaHCTBa; paspaboTka NPUHLMMNOB apXUTEKTYPHOIO Npo-
€KTMPOBAHNA B OTHOLLEHUMN COOTBETCTBUSA rnobasibHOMY Npo-
Lileccy yCTOMYMBOro pasBuTUS; OLEHKa NPUHLMNOB (hOPMUPO-
BaHUSA YCTONYMBOW apXUTEKTYPbl Ha8 BO3MOXHOCTb U YCINOBUS
obecneyeHnss NPoLECCOB XU3HEOEATENbHOCTMY.

MeTtoauka nuccnenoBaHun npegycMmatpmBaeT CUCTEMHbIN
NOAXOA N CUHTE3 TPAANLUMOHHbBIX U MHHOBALMOHHbIX NPUHLN-
noB POPMUPOBAHUS NMPEAMETHOrO COAEPXKAHUA apXUTEKTYpP-
HOro NPOCTPaHCTBA.

OCHOBHbIM pe3ynbTaTtoOM UCCNefoBaHUA SBNSETCA pas-
paboTka NpMHUMNOB (TOYHEee, rpynmn NPUHLMMNOB), OPUEHTU-
POBaHHbLIX Ha (popMUPOBAHNE aAPXUTEKTYPHOrO MNpPOCTpaH-
CTBa COBPEMEHHbIX M MEPCMNEKTMBHbIX 0Opa3oBaHMin KUIOro
Ha3Ha4YeHus:.

K OCHOBHbIM BblBOAaM CTaTbW OTHOCUTCHA CAOPMYn-
POBaHHLIN MO pe3ynbrataM UccnegoBaHU Te3NC O HEOOXO-
AVMOCTWN MHTErpaumm nNpuHUMMNOB YCTOMYMBON apXUTEKTYPbI
B dhopmaTt eguMHOM U LEenoCTHOM METOOUKN apXUTEKTYPHOro
NMPOEKTUPOBAHUS XUFbIX OOBbEKTOB.

COBpeMeHHaﬂ APXUTEKTYpHaA OeATEeSIbHOCTb 0T06pa>|<aeT 3HauNTeENbHO Gonee CnoXHble

Apxumekmypa 30aHull u coopyxeHuli.
TeopuecKue KoHyenyuu apxumekmypHoii desmenbHocmu
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Puc. 1. CTpyKTypHble 3neMeHTbl KOHLENLUMN YCTONYMBOIO pa3suTtus [4]

ABMEHWSA NPUPOAbI, XXMU3HU U KYNbTYpbl, YeM 3TO NpeacTaBnsanochk AN NpOoLeaLlnX Uctopude-
CKMX (CTUneBbIX) 3MOX, a ee ObLeCTBEHHAas M HaydHasi pofib OOCTATOYHO MPOTUBOPEYMBA U
onpegensieTcsi B HacTosilee BpeMsi OCOBEHHOCTSAIMM COCTOSIHUSI U NEPCNEKTUB Pa3BUTUSA KOH-
KpeTHOW cuTyauun. ApxuTekTypa ocTaeTcs NpegMeTHOM U MaTtepuaniM3oBaHHOM HadeXaon Ha
apyroe n nydwee 6yayulee, B 3TOM CBOMCTBE OToOpaxaeTcs ee peanbHas nonutnyeckas n co-
LumanbHaa gyHKLnS.

OpraHusaums Xunown cpegbl CTaHOBUTCA Bce Bonee 3aBucvma OT M3MEHEHUN 1 Tpebosa-
HU obecneveHmns XN3HeAEATENbHOCTU HACeNeHns, CTPEMIEHUS K NPaKTUYECKOW peanu3auum
N3MEeHeHU B TPaAMLMOHHbBIX MOAX04aX B KOHTEKCTE MX MOHUMAaHUS apXUTEKTOPOM, YCIOBUN U
BO3MOXHOCTEWN OKpYyXatoLlen (MpUpPOLAHOW, KyNbTYpPHOW, couunarnbHON) cpedbl Ans opMmpoBa-
HUS n3meHeHnn [1].

HauuHasa ¢ 1987 r. (nocrne cooTBeTCTBYlOWEro Aoknaga komuceun OpraHunsauun Obveam-
HEeHHbIX Haumi no okpyxatoLLen cpeae, KOTopbi nonyynn HasBaHue «Hawe obliee byayuiee»
(Our Common Future)) B mexxgyHapogHOM coobLlecTBe, B pPa3fiMyHbiX 00racTsix 3HaHUs yTBep-
Annack KoHLUenuust «yctonymsoro passutus» (Sustainability) [2; 3].

Ha puc. 1 npegcraBneHa nHTepnpeTaumsa OCHOBHbIX MOSTIOXEHUN KOHLENUUN «YCTOMYMBOIO
pasBUTUSI» B KOHTEKCTE apXUTEKTYPHOrO (hOpMUPOBAHNS XKUITOW cpeabl.

BaxHO OTMeTUTb, YTO pelleHve 3adadv KOHUEenuuu yCTOMYMBOrO pasBUTUSA, COCTaBMSHO-
wmx kateropun «MpurogHbin gns xunbs Mup» 1 « OTBETCTBEHHOCTb 3a OKPY>KaloLLYK cpeay»
(puc. 1) cTaHOBUTCA MaBHbIM BEKTOPOM Pa3BUTUSA apXUTEKTYPHOW (apXMTEKTYPHO-CTPOMUTENb-
HOWN) OeATEeNnbHOCTN.

Taknm 06pa3om, COBPEMEHHLIN NOAXOA K OpraHu3aunmM apxXMTekTypbl XUNOW cpeabl npea-
CcTaBrnsieT coboM CUCTEMHbIN B3MMsS4 U OCMbICIIEHHYIO Mofdenb TpeboBaHWi K y4eTy Tpaauunin,
3KOMNOrnKn, 3KOHOMUKMN N SKOHOMHOIO NOTPebrneHnst pecypcoB, aHeproadpdekTMBHOCTH, 6esonac-
HOCTW U 3CTETUKN [5].

ApPXUTEKTYpHas OpraHu3auusi NepcrnekTUBHON XWUMNOW cpedbl nNpenctaBnseTcs crnocobHom

Architecture of Buildings and Structures. 45
Creative Concepts of Architectural Activity



Components of Scientific and Technological Progress

Puc. 2. OTobpaxkeHne rapmMOHMN apXUTEKTYPHON hOPMbI U OKPYXKatOLLLErO MPUPOAHOIO
NMPOCTPAHCTBA B KOHLEMLMM 3KOSNTOTMYHOCTM XMUIOro 00pa3oBaHms:
a) sunna Banbc-Bansc, LWeenuapus; 6) Kactens Mep («om mexay ckanamuy»), ®paHuus

hopmanusoBaTb ¥ OpraHN30BbIBaTb B3aUMOOENCTBME BHELUHErO U BHYTPEHHEro NpoCTpaHCTBa
apXUTEKTYPHbIX 06pa3oB crnocobamu, KOTOpble HE CTOMbKO NPOAMKTOBaHbI 3KOHOMUYECKUMM
npeacTaBneHnsiMm, aroM3aMoM, MOAOW UK MAEONOrMYECKMMM AOrMaMmn U cTepeoTunamm, CKosb-
KO TEXHONOMMYEeCKUMM BO3MOXHOCTSMM, AOCTATOMHBIMU ANS (hopMMpoBaHMS ONTUManbHON cpe-
Obl, COOTBETCTBYIOLLEN OXMAAHUAM U NPEANOYTEHUSAM MONb30BaTeNen apxXMTeKTypPHO-CTPOU-
TeNnbHON AeATENbHOCTW.

K HacTodwemMy BpeMeHn cchopMMpOBanmChb ABe OCHOBHbIX FPynnbl MPUHUUNOB (dOpMUPOBa-
HUSA 1N Pa3BUTUSA YCTOMYMBOWN apXUTEKTYphbI [6; 7]:

= MPUHUUNbI, OPUEHTUPOBAHHbBIE HA aKTUBHOE NPOABMXKEHNE KOHLEMLMM IKOSOrMMYHOCTH B
COOTBETCTBYIOLLMX METOAAX apXUTEKTYPHOro (apXUTEKTYPHO-CTPOUTENBHOrO, rpagocTpouTenb-
HOro) NPOEKTUPOBAHNSA XWUINbIX 06pa3oBaHW;

= MPUHUMMbI, OPUEHTUPOBAHHbLIE Ha aKTUBHOE NPOABMXKEHWE KOHLEeNnuMn aHeproaddek-
TMBHOCTW B COOTBETCTBYIOLLMX MPpUemMax KOMMNO3ULMOHHOIO Y KOHCTPYKTUBHOMO MPOEKTUPOBaHUS
Xnnbix o6pasoBaHUn.

MpuHUKMNbI oGecneveHnst KONOrMYHOCTM OPUEHTUPOBAHLI HA Pa3BUTUE CNESYHOLLMX OCHOB-
HbIX HanpaBEeHWN:;

— NPUMEHEHME KOMMO3NLMOHHBIX MPUEMOB apXUTEKTYPHOIO NPOEKTUPOBAHUSA, OPUEHTUPO-
BaHHbIX Ha peanu3auuio GUONOrMYECKNX TEXHOMOIMIA U/ NPUHUUNOB hopmoobpasoBaHns 1
opraHm3auun yHKUMOHMPOBaAHNA 06 LEKTOB UCKYCCTBEHHOW (3KMIOW) cpeabl B YCITOBUSX rapMo-
HUYECKOro B3aMMOOENCTBUSA C OKPY>KaKOLMM NPOCTPaAHCTBOM;

— NPUMEHEHMEe WHHOBALMOHHBLIX TEXHOMOMUIA, YCTPOMUCTB U CUCTEM, OPUEHTUPOBAHHBIX Ha
obecneyeHne napameTpoB MUKPOKIMMAaTa BHYTPEHHEro NpOCTPaHCTBa M MPOLECCOB XU3Heae-
ATENbHOCTUN, KOTOPblE 3HAYMTENbHO NPEBOCXOAAT NO APPEKTUBHOCTU MPUPOAHBLIE UIN UCKYC-
CTBEHHblE NpoLueaypsbl;

— NpUMEHeHME MOOUMUULMPOBAHHBLIX MPUPOLHbIX WAN MHHOBALUMOHHbBIX WCKYCCTBEHHbIX
CTPOUTENbHbBIX MAaTEPMANiOB U apXUTEKTYPHbIX KOHCTPYKLUMIA (CUCTEM) U3 TaKUX MaTepuanos, KO-
TOpble XapakTepu3yTCa MUHUMAarbHbIM YPOBHEM HEraTMBHOIO BO3AEWCTBUSA HA OKPYXatoLLyto
cpeny (npexage Bcero, BbIBPOCOB BpeaHbIX BELLECTB) B MpoLEecce UX M3roTOBMEHUS, BO3BeAe-
HWUS, 3KCnnyaTaumm 1 ytunmsaumm (NOBTOPHOIO NPUMEHEHUS).

OCHOBHbIM pe3ynbTaToM NPUMEHEHUS KOHLENUUN IKOMNOMMYHOCTUN ABNSETCS NPpUOpUTETHOE
hopMUPOBaHNE YCTONYMBBIX, HEPA3PbIBHbIX CBA3EN apXUTEKTYpHOro obpasa Xunoro HasHade-
HWUS1 C OKPY>KatoLLMMK NPUPOAHBIMU 3nemMeHTamum (puc. 2).
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KoHuenumsa aKonormyHoCcTu noapasymeBaeT AOCTMXKEHNE COCTOSTHUSA SKONOrMYeCKon rapmMo-
HUWN 1 PaBHOBECUS MEXAY BCEMU XMBbIMW CyLLECTBAMM Ha HaLLeW NnaHeTe, Kaxabl U3 KOTOPbIX
ABMNSETCHA paBHbIM y4aCTHUKOM rnobanbHOn akocucTeMbl. MpUHLMNBI 3KONOrMYHOCTM OToBpaxa-
0T CTUMYIMPYHIOLLNA N pa3BUBAIOLLNIA BEKTOP, KOTOPbIN OTBEYaAET COBPEMEHHbIM COLManbHbIM U
KynbTYpHbIM 3anpocam Ha No3nTUBHbIE N3MeHeHUs [8].

Pa3BuTrE apXUTEKTYPHOWM KOHLEMUUN SKOMOMMYECKM YCTOMYMBOM Cpeabl Xuibix obpasoBa-
HWI, BKMOYaloLLlee HanpasneHus rapMoHM3aunM aHTPOMNOreHHOro BO3OEeNCTBUSA Ha NPUPOAHYHO
cpeny v COBEPLUEHCTBOBAHMUS KOMMO3ULMOHHbBIX MPUEMOB N CPEACTB (POPMUPOBAHNSA apXUTEK-
TYPHOrO NPOCTPaHCTBA, €CTECTBEHHbIM 06pa3oM MOALEpP)KaHO KOHLUenumnen aHeproaddeKkTns-
HOCTM M paumoHanbHOro pacxoda HeBO30OHOBMSEMbIX PeCYpPCOB NPUPOAHOIO MPOUCXOXAEHUS.

K 4yncny OCHOBHbIX HanpasfeHnin peanu3aumm KoHUeNUUn aHeproadeKTUBHOCTN apXUTeK-
TYPHbIX OOBbEKTOB XXMMOro Ha3HaA4YeHNs1 OTHOCATCS:

— rnaccuBHoe 3gaHue (passive building) — xxnnoe o6pasoBaHune, KOTOpoe oTobpaXkaeT KoM-
NNeKC apXMTEKTYPHbIX (KOMMO3ULMOHHBLIX), KOHCTPYKTUBHbIX, (DYHKLIMOHANbHO-TEXHOMOrMYECKMX
pELLUEeHN, HaNpaBneHHbIX HA MUHUMU3ALMIO NOTPEONEHNST BHELLHEN SHEPTUK, NOCTYNatoLWmX 13
HeBO306HOBNAEMbIX PECYPCOB NPUPOAHOIO NPOUCXOXOEHWS;

— akTmBHOe 3aaHue (active building) — xunoe obpasoBaHue, kKoTopoe oTobpakaeT KoM-
NNeKC apXUTEKTYPHbIX (KOMMO3ULMOHHBIX), KOHCTPYKTUBHbIX, (DYHKLMOHAbHO-TEXHOMOrMYECKMX
peLLeHnn, HanpaBneHHbIX Ha U3bbITOYHYIO (MO OTHOLLEHW K Tpebyemomy ypoBHIO noTpebre-
HWUS 3Heprum) BolpaboTKy aHeprumn 6e3 NpuBnedYeHns BHELLUHUX MCTOYHUKOB;

— OBuoknumaTtudeckoe 3gaHue (bioclimatic building) — xunoe obpasoBaHue, KOTOpoe OTO-
OpakaeT KOMMMEKC apXUTEKTYPHbIX (KOMMO3ULMOHHbBIX), KOHCTPYKTUBHbIX, (PYHKLMOHANBHO-TEX-
HOMOrMYECKNX peLleHN, HanpaBeHHbIX Ha MaKCUMaribHbI y4eT MEeCTHbIX MPUPOOHO-KNUMa-
TMYECKMX (PAKTOPOB, MCMOMb30BaHWE WHHOBALMOHHBLIX MaTepuanoB, YCTPOMCTB U TEXHOMOrMN
Ana opmMmMpoBaHua HeobBXoaMMbIX MoKasaTenen aHepreTuyeckoro GanaHca M MUKpoknumarta
BHYTPEHHEro NPOCTPaHCTBA;

— WHTennekTyanbHoe, unu ymHoe, 3gaHue (intellectual building) — >xunoe obpasoBaHue,
KOTOpoe oTobpaxaeT KOMMIEKC apXUTEKTYPHbIX (KOMMO3ULMOHHBLIX), KOHCTPYKTUBHbIX, (PYHK-
LMOHArNbHO-TEXHOMOMMYECKNX PEeLUEHUI, HanpaBfieHHbIX Ha MaKCUMarbHOe WCMNOoNb30BaHuNe
WHHOBALMOHHbIX TEXHOMOrMIM, obecneynBaroLLmMx nokasarenu komgoprta n 6e30nacHOCTN BHYT-
PEHHEero NpoCTpPaHCTBa, aBTOHOMHOE (PYHKLUMOHMPOBAHME CUCTEM M YCTPOWCTB obecneveHus
NpOLIECCOB XN3HEeAEeATEeNbHOCTY;

— 3popoeoe 3gaHue (healthy building) — »xmnoe obpasoBaHue, kKOTOpoe oTobpaXkaeT KoMm-
NNeKC apXUTEKTYPHbIX (KOMMO3ULMOHHBIX), KOHCTPYKTUBHBIX, DYHKLMOHAbHO-TEXHOMOMMYECKMX
peLleHnin, HanpaeBneHHbIX Ha obecneyeHne nokasartenen puanonorm4yecKkoro, SMOLMOHaNbLHOIO
N MCUXONOrNYECKOro KoMdopTa XU3HeLeATeNbHOCTU NPU MakCMMarbHOM YPOBHE BO3MOXHO-
CTen UCnonb30oBaHMsA IKONorn4eckn 6esonacHbIX MaTepmanos;

— 3HeproadhdekTnBHoe 3aaHne (energy efficient or zero energy efficient building) — »xunoe
obpa3soBaHue, KOTopoe OTOBOpaxaeT KOMMMEKC apXUTEKTYPHbIX (KOMMO3MLMOHHBLIX), KOHCTPYK-
TUBHbIX, (PYHKLUNOHANBbHO-TEXHOMOMMYECKNX PELLUEHN, HanpaBneHHbIX Ha «Hynesoe notpebne-
HVe» BHELUHEeN 3Hepruu, NocTynarwLlen U3 HeBo30OHOBNSEMbIX PeCypCoB NPUPOAHOrO Mpouc-
XOXAEHMUS, a TaKkkKe OKasblBaloLLMX «HYNeBOe BO3OEWCTBME» Ha OKpYXaloLylo cpedy, npexae
Bcero Bbibpocos yrnekucrnoro rasa (CO,), ¢ obpasoBaHWEM 3KOMOTMYECKN HENTPAnbHON Cpeapbl
XN3HEeOEeATENbHOCTY;

— 9KOnorn4eckun ycrtomumeoe 3gaHue (green sustainable building) — »xunoe obpasosaHue,
KOTOpoe OoTobpaxaeT KOMMIIEKC apXUTEKTYPHbIX (KOMMO3ULMOHHBLIX), KOHCTPYKTUBHbIX, (PYHK-
LMOHaNbHO-TEXHOMNOMMYECKNX PeLLEeHNn, HanpaBreHHbIX Ha «HyrneBoe noTpebneHne» BHELLHeEWN
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Puc. 3. XapaktepucTuka pacnpeneneHusi SHeprum Ansi )XM3HEHHOTO LMKIa XUNoro obbekTta

3Hepruun, NocTynawLwen n3 HeBO30O6HOBNSAEMbIX PECYPCOB NPUPOAHOIO MPOUCXOXKAEHUSA, 3aM-
KHYTBIN LUK UCNOMb30BaHUA PECypCOoB XMU3HeOeATenbHOCTU (BOAbl, CBETa, Tenna, Bo3gyxa),
a Takke MCnonb3oBaHMe BTOPUYHO nepepaboTaHHbIX UMM 3KONOrMYeckn HenTpanbHbIX CTPOU-
TenbHbIX MaTepunarnos.

MOXXHO OTMETUTb, YTO KaXX40e N3 PAaCCMOTPEHHbIX HanpasneHu (MpUHUMNoB) obecnedyeHns
3HeproadeKTUBHOCTM NpearnonaraeT pa3paboTKy apXUTEKTYPHbIX PEeLleHnil, OPUEeHTUPOBAH-
HbIX Ha ONTUMM3aUMIO NOTPebNeHns aHeprn ana Hambonee 3HEProeMKUX 3TanoB XKU3HEHHOMO
uukna xunoro obbekta (puc. 3).

B HacTosilee BpeMsi NMPOBOAUTCH aKTMBHAs OEATENbHOCTb B OTHOLIEHUU pa3paboTku u
NPOABWMXEHUSA MPUHLMMOB YCTOMYMBOW apXUTEKTYpbl. Pesynbratbl JaHHOW OeSTenbHOCTU OTo-
OpakeHbl B 6OMbLLIOM KONMYECTBE Hay4YHO-TEOpPETUYECKNX paboT 1 aKCnepuMeHTanbHbIX nccne-
AOBaHWI, 3aTparmBarloLLMX BOMPOCHl U pelleHns 3MEKTUBHOIO UCMNONb30OBaHUSA SHEPTUN ANs
obecneyeHnss NPoLECCOB XunsHeaeaTenbHOCTU. BmecTe ¢ Tem cnegyet npusHatb OTCYTCTBUE
LENOCTHOM MEeTOOUKN apXUTEKTYPHOrO MPOEKTUPOBAHWUS (BKNtOYaloLlen pauuoHarnbHbIN anro-
pUTM peLleHns rpafoCTPOUTENbHbIX, (PYHKLMOHANBHO-NIAaHUPOBOYHbLIX, KOHCTPYKTUBHbIX, 3KO-
HOMWYECKNX M XYAOXECTBEHHO-3CTETUYECKNX 3aad), peanuayloLen B NofnHOM o6beme NpuHLm-
Mbl 3KONOrMYHOCTU U 3HEProdddEKTUBHOCTN (POPMUPOBAHMSA XKUITOrO NPOCTPaAHCTBA KakK Kntove-
BOrO 3reMeHTa «3KONOMMYECKON apXUTEKTYPbI».
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methodological basis.

Abstract. The work deals with current issues at the formation parameters the comfort and
safety in the architectural space modern residential formations.

The main purpose for the study is to develop and substantiate the principles at the
sustainable architecture as a way the practically displaying requests for the quality of the state
in residential formations.

The tasks research include: analysis the state in architectural activity in the context at the
sustainable development modern civilization; identify the role and significance at the architecture
for the organization the living space; development for architectural design principles in relation
to compliance with the global sustainable development process; assessment for the principles
in formation a stable architecture for the possibility and conditions for ensuring vital processes.

The research methodology provides for a systematic approach and synthesis at the
traditional and innovative principles in formation at the subject content for the architectural
space. The main result of the study is the development the principles (more precisely, groups
of principles) focused on the formation the architectural space at the modern and promising
residential formations.

The main conclusions in the article include the thesis formulated based on the results for
research on the need to integrate the principles sustainable architecture into the format at the a
unified and holistic methodology for architectural design in residential buildings.

© W.M. XaHaHu Maxmya, 2024
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CoBeplueHcTBOBaHUe
CTPOUTENbHOrO KOHTpONS
NpU CTPOUTENbLCTBE BbICOTHbLIX 34aHUN
C UCNONb30BaHMEM MoAenu
HEMPOHHON ceTH

A.A. llannayc, Axb L3MHL3MH

@IrbOY BO «HauyuoHanbHbIlU uccrnedosamerbCKul
Mockoeckul eocydapcmeeHHbIl cmpoumeribHbIU yHUsepcumemy,
2. Mockea (Poccus)

KnioueBble cnoBa u dpa3bl: KA4ECTBO CTPOUTENbHbIX
NPOEKTOB; MOHUTOPUHI CTPOUTENbHbLIX MPOLIECCOB; HEWPOH-
Hble CETU B CTPOUTENLCTBE; CTPOUTENbHbBIA KOHTPOIb; TeX-
HOMOMMN CTPOMUTENBHOIO KOHTPONS; 3dEKTUBHOCTb CTPOU-
TENMbHOrO ynpaeBneHus.

AHHoTauua. C yckopeHumeMm npouecca ypbaHusauum
BbICOTHOE CTPOMTENLCTBO UrpaeT Bce Gonee BaXKHyH Porib
B rpagoctpoutenbctee. OOgHaKO CTPOUTENbHBLIA KOHTPOSb
BbICOTHbIX 34aHWA CTankMBaeTCsl C pacTyLWUMK Bbi30BaMu
n notpebHocTamu. [laHHas ctaTbs npegnaraeT HOBbIA Tex-
HUYECKMIA NOOXOA, MCMOoNb3ys MoAerlb HEMPOHHOW CEeTU Ans
onTMMM3aUnK npouecca CTPOUTENBHONO KOHTPOMA BbICOT-
HbIX 30aHU, 4YTOObI NOBbLICUTL 3PFEKTUBHOCTL N TOYHOCTb
KOHTPONbHLIX npouenyp. B kadectBe meTtoga mccrneqoBaHus
ObIn1 BbIGpAH 3MMMPUYECKUI aHanM3, OCHOBaHHbIN Ha cbope
W aHanuae daHHbIX B MPOLIECCE CTPOMTENbCTBA BbICOTHbBIX
30aHui, Ansg npoBepkn 3adPEKTUBHOCTU NPUMEHEHMS MOAae-
N HEMPOHHOW CETU B CTPOUTENBHOM KOHTpose. ViccrneooBa-
HWe nokasarno, YTO UCnonb3oBaHMe MoAeN HEMPOHHOW CETU
3HaAYNTENbHO MOBbLIWAET 3PPEKTUBHOCTD U TOYHOCTb CTPOU-
TENbHOIO KOHTPOSS BLICOTHLIX 3gaHun. Ota Mogenb addek-
TUBHO MNPOrHO3MPYET U YMNpPaBrsieT MHOXECTBOM CITOXHbIX
¢akTopoB B Mpouecce CTPOUTENbCTBA, TEM CaMbIM CHUXas
PUCKM 1 NOBbILLAS KA4eCTBO CTPOUTENLCTBA.

OKoHomu4yeckasn rmobanusauus n npouecc ypbaHmsaumm CnocoOCTBYHOT aKTUBHOMY pas-
BUTUIO CTPOUTENBLCTBA BbICOTHbIX 34aHWNA. [1ogbeM BbICOTHOrO CTPOMTENLCTBA NPUBOAMT K MO-
BbILLUEHHbIM TPebOBaHUSIM B 06nacTy CTPOUTENbHOIO KOHTPOMS, YTO SABNSIETCS KM4YeBbIM AN
obecneyeHnst kayecTBa U 6€30MacHOCTM TakMx MacluTabHbIX MPOEKTOB.

B coBpemeHHOM Mupe, rge TeXHOMNOorMM urpatoT Bce Gonee 3Ha4YMMy0 porb, NPUMEHEeHne
MoZernen MCKyCCTBEHHOrO HEMPOHHOIO MHTENNEKTa B CTPOUTENbCTBE OTKPbIBAET HOBbIE rOpU-
30HTbI AN NOBbILWEHUS 3(PEKTUBHOCTM N TOYHOCTM KOHTPONSA 3a cTpouTenscTtBoM. Vcnonb-
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Puc. 1. Cxema MCKYyCCTBEHHON HEMPOHHOW CETU C (OYHKLMEN nopora

30BaHMe OaHHbIX TEXHOMOrMMN NO3BOMSET He TONMbKO ONTUMU3NPOBATL CyLUEeCTBYOLWMne paboyve
npouecchl, HO U cnocobcTByeT Gonee TOYHOMY MPOrHO3MPOBAHMIO MOTEHLUMAarNbHbBIX PUCKOB U
npobrnem, Y4To KparHe BaXKHO Mpu CTPOMTENBCTBE BbICOTHbLIX 3A4aHUN.

Llenbto Halero uccrneqoBaHUs sIBASIETCA aHanm3 U oueHKa NpUMeHeHUs Moenen UCKyc-
CTBEHHOMO MHTENNEKTa B KOHTEKCTE CTPOUTESbHOIO KOHTPOMSA BbICOTHbIX 34aHuA. Mbl nsydaem,
KaK MMEHHO 3TU TEXHOMOMMM MOryT OblTb MHTErPUPOBaHbI B TEKYLUME CTPOUTEmNbHbIE MpOLEC-
Cbl M KakoB MX NOTeHUMan B MOBbILEHUN KayecTBa M 6e30nacHOCTN CTPOUTENbHbBIX MPOEKTOB.
B pamkax nccnegoBaHusa paccmMaTpyBaloTCs Kak TEOPETUYECKMEe acneKkTbl, Tak U NpaKkTuyecKkoe
NPUMEHEHNE AaHHbIX TEXHOMOMI, a TaKkke UX BNMsiHue Ha obliee pa3BuTME CTPOUTENIbHON OT-
pacnu.

B Poccumn Habntopaetcs Bo3pacTarowmi MHTEPEC K MccnegoBaHMsiM B 00nactu npuMeHe-
HUS HEMPOHHBIX CETEN B CTPOUTENBLCTBE. DTO HanpaefeHne nccnegoBaHUii OCBELLLAETCS B pa-
©oTax Takux aBTopoB, kak A.H. Makapog [1], M.P. KanpaH [2], J1.E. lNyTeeBa, B.A. TyxdaTynnuH,
A.A. ManaHoga [3], M.B. Kyknuna [4], O.B. Kntounukosa [5], E.E. Anekcangpos, [.B. bopoanH
[6], C.C. Pabosa, tO.C. Enecuna [7], M.E. MukutuHckmi n K0.5.X. XowHas [8].

OTn paboTbl OXBATbIBAIOT LUMPOKMIA CNEKTP TEM — OT MCMOMb30BaHUSA UCKYCCTBEHHBIX HEN-
POHHbIX CETEN ANA ynpaBrneHns CTPoUTENbHbIM MPOLIECCOM 0 UX NMPUMEHEHUS B CTPOUTENBHOM
MexaHuke n matepuanosegeHun. Ocoboe BHVMMaHVE yOenseTcs MOBbIWEeHU0 3PPEeKTUBHO-
CTM paboTbl CTPOMTENBHbBIX OpPraHM3aLnin N OLEHKE BUSHUA HEMPOHHBLIX CETEN Ha ynpasreHue
CTpOUTENbHBIMY NpOeKTamMn. OTU UCCNEAOBaHNUS NPegoCTaBnaT yHaaMeHTanbHyto 6a3y ans
Hallero aHanusa noteHumana HeMpOHHbIX CETEN B KOHTEKCTE CTPOUTENBHOrO KOHTPOMSA BbICOT-
HbIX 34aHWI C LeNbio MOBbILWEHMS KadecTBa U 3P(PEKTUBHOCTM B CTPOUTENBHOM OTpacnu.

B paHHOM pasperne npefctaBrieHbl TEOpPeTUYeCKMe OCHOBbI MOAENM UCKYCCTBEHHOW Hen-
POHHOWN CEeTW, UNNIOCTPUPOBaHHble Ha puc. 1. ckycctBeHHas HernpoHHast ceTb (MHC) cocto-
UT 13 y3N0OB, UMUTUPYIOLLUMX HENPOHbI, N COEAMHEHWUA, UMUTUPYIOLLNX CUHAMNChl MeXay HUMM.
BxogHble OaHHble nogalTcs Ha BXOOHOW CrOW, KOTOPbIA nepefaetr MHAOPMaLno B CKPbITbIE
cnou Yyepes BecoBble KO3IhuUmneHTbl. Kaxkabii HEMPOH CKPbITOro Cnosi reHepupyet CyMMUpo-
BaHHbIA CUrHam, KOTOPbI SABMSETCS B3BELUEHHOW CYMMOM BXOAHbIX CUrHasoB, U npeobpasyet
€ro C NOMOLLbIH aKTUBALMOHHOMN GOYHKLINN.

VickyccTBeHHaa HeENMpOHHas CeTb — 3TO HeNuHenHasd, aganTuBHas U CaMoopraHuayoLas-
csl cucTema, co3gaHHas B onpeaerneHHom nopsigke. MHC ncnonb3yeT matematnyeckne mMetogbl
ansa abcTparmpoBaHus, YrNpoLeHUs U MMUTaLmMmn onpegeneHHbiX yHKUMIA YernoBeYeckoro Mos-
ra. HecmoTtpsi Ha cyllecTBylolmne pasnnums B PyHKLNOHANTbHOCTU N CIIOXHOCTM MO CPaBHEHUIO
¢ mo3rom vernoseka, MHC obnagaet 3Ha4YnTeNnbHOW BbIYUCIUTENBHON MOLLHOCTbLIO U CNOCOOHO-
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CTbto 06paboTKN JaHHbIX, MPEBOCXOAALLEN BO3MOXHOCTM YENoBEeYEeCKOoro Mosra.

B naHHoM cTaTbe BbibpaHa Mogerib MHOMOCIIOMHOM MPSIMOM CBSA3U UCKYCCTBEHHOW HEWPOH-
Houn ceTwu. lNpegnonaraeTcs, YTO €Cnu pes3ynbrart, MOMYyYeHHbIN C MOMOLLBLI HEMPOHHOW CETW,
CUNBbHO OTNMYaETCsa OT OXMAaemMoro pesynbsrata, To owmnbka Byaet obpaTHO pacnpocTpaHATLCA
N OAHOBPEMEHHO KOPPEKTUPOBaTb NOPOrM U Beca cetn. AToT npouecc Byaer MHOroKpaTHO no-
BTOPSATLCSA, NoKa He ByaeT OOCTUIHYT pe3ynbraT, KOTOpbI BCE BNMXKE K OXXngaemMmomy.

B TpexcnorMHOM HEWpOHHOW cetm n, m wun | COOTBETCTBEHHO MNPEeACTaBNsAT Co-
fon KoONMMYecTBO HEMPOHOB B Kaaom crnoe. BxogHom cnown npeactaeBnsieT cobon BxoAd-
HoM BekTop: X = (X, Xp, X3, ..., xn)T; CKPbITbIA CIIOW MpencraBnser cobor BbIXOOHOW BEK-
Top: Y = (V4 Vor Vo oo ym)T; BbIXOAHOW Cnow npeacrtaBnsieT cobor BbIXOAHOW BEKTOP:
O = (04, 05, 05, ..., 0)) . XKenaembiin BEKTOP BbIXOAHbLIX AaHHbIX: d = (d,, d,, dj, ..., d,)T. BecoBas
mMaTtpuua Mexay BXOAHbIM U CKPbITbIM CrioeM 0bo3HavaeTca Kak v = (v,, V,, Vs, ..., vm)T, a Beco-
Bas MaTpuila Mexay CKpbITbIM 1 BbIXOAHbLIM CriosiMi 0603Ha4aeTcs Kak w = (w,, W,, Wy, ..., W,)T.

CKpbITbIN CrOMN:

yi= f(netj),j= 1,2, ...,m,
net;= 31 _ovpX, j=1,2, ... m.

BbixogHow cnown:

Ok= f(netk), k= 1, 2, eny /,
net, =37 Wy, k=1,2,...,1.

B ykasaHHon chopmyne nepepadn f(x) ncrnonb3yerca ogHononsipHas yHKUMs S, TO ecTb
fix) = 1/(1+¢e™).

MaremaTnyeckas mogenb, NpeacTaBrneHHas Bbllle, ABMAETCS MOLENbIO TPEXCITONHOW Hen-
POHHOW CETMW.

[Mocne BbINOMHEHUS BbilleyKa3aHHbIX LWIAaroB Mbl MOHMMaeEM OCHOBHYIKO CTPYKTYPY HEWpOH-
HOW CeTW 1 Kak oHa obpabaTbiBaeT BXOAHbIE AaHHbIE AN reHepaunn BbIXOAHbIX AAHHbIX B MPO-
Lecce NpsAIMOro pacnpocTpaHeHus. Tenepb HEOGXOAMMO PacCMOTPETb, Kak HEMPOHHAsi CeTb On-
TMMuU3npyet cebs, obyyasicb Ha CBOUX OLLUMBKAXxX, TO €CTb pPasHULIEN MexXay BbIXOOOM U LieneBbl-
MU 3HaYEeHNAMWN. JTOT NPOLIECC ONTUMMU3ALMMN OCYLLIECTBIIAETCA C UCMOMb30BaHNEM MeXaHU3Ma,
Ha3blBaeMoro «obpaTHbIM pacnpocTpaHeHneM OLWNBKM», B pamMKax KOTOPOro CETb KOPPEKTUPY-
€T CBOW BHYTPEHHUE BeCOBble KOIMPMULMEHTBI C LieNblo MUHUMU3aLUN OLLNGKN:

ijk=—r]aE/aij,j= 1,2, ...mk=1,2, ..., 1
Av,.j=—r]aE/6v,.., i=1,2,...,nj=1,2,...,m,

r4e MUHYC O3HayaeT rpaguMeHTHbIN cnyck, KoHcTaHTa n € (0; 1) npeacTtaBnsieT cobon CKOpOCTb
0oBy4eHusa unu war.
BbluncnuteneHbin npouecc. OnpeagenexHme curHana oLmoKu:

éjy = —0Elonet, 5,° = —0Eldnet,,
Av; = —noE/ov; = —ndE/onet; onet/dv; = néjyxiéjy = —0Elonet; = —0E/dy, dy/onet, = —(9EIdy)f(net)),
Aw,, = —ndElow,, = -ndElonet, onet Jow, 8,° = —9E/onet, = —0Eldo, do Jonet, = —(0E/do,)f(net,).
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Traundng Set: R=0.93993 Wabdation Set: R=0.51522

01 e a8 o s ee o as o s 16
Teat Set: R=0.97436 Overall Set: R=0.98135

Puc. 3. padhmk npouecca obyveHus, Bepu-
Puc. 2. iHTepderic oByyeHnst NCKYCCTBEHHOM dukauum n TeCTUPOBaHUSA HEMPOHHOMN CETU
HenpoHHon cetn B MATLAB Neural Network Training, Validation, and
Testing Process Regression Plots

M3BecTHo, yacTHas npomssogHas ot E = 1/25 _ (d, — 0,)° MOXeT BbiTb BbluMCrEHa Kak:
0Eldo, = —(d, — o)), f(net,) = 0,(1 — 0,).

o _ y — ! o
C y4eToMm BbILIENINOXEHHOTO O, = (dy — 0,)0,(1 — 0,), ;" = y(1 — y)2, _ 10, W,. Paccunta-
Hbl [iBa cUrHana owmnGKu.
PesynbraT MOXXHO NOMNy4YnThb:

AVij = nakoyj = n(dk - Ok)ok(1 — Ok)yj7
= — 1
Avl'j = néjyxi _rlzk= 16kOVijyj(1 _ yj)Xi_

Ecnu HavanbHble 3Ha4YeHMs BeCOBbIX KOI((PMLUMEHTOB yCTAHOBMEHbI CRMLIKOM GonbLun-
MU, PYHKLUMSA aKTMBaLMWM HacCbILLAETCS, U HEMPOHHAs CETb MOXET OKa3aTbCs B FIOKarbHOM MU-
HUMyMe. Ecnn 3HadeHus CnuwKoM MarneHbkue, TO OUCKPETHOCTb OyAeT CrMLUKOM BbICOKOM M
TOYHOCTb 0by4eHnsa mogenu Oyaet 3aTpygHeHa. [1osToMy onTUManbHbIM PEeLIEHMEM SBMSETCS
yCTaHOBKa HayarbHbIX BECOB TakMM 006pa3om, 4Tobbl BbIXO4 KaXOoro HempoHa B HEMPOHHOM
CETU CTPEMMUICA K HYIH0. DTO NO3BOMSAET PErynmpoBaTb BECOBbIE KOIPMPULNEHTBI KaX40ro Hen-
poOHa B MecTax, rae oyHKUMA akTuBaumm Tuna S umeeT HamborbLuee nameHeHve n obecneunsa-
eT 6bicTpoe obyyeHne. OBbIYHO pekoMeHayeTCsa yCTaHaBNMBaTb HaYanbHbIE BECa B AManasoHe
(=1; 1) c ncnonb3oBaHMeM cnyyanHblx Ymicen. B gaHHOM cTaTbe HayanbHble Beca BblOuparTcs
crny4arHbIiMK Yncnamu B guanasoHe (—1; 1).

B aTtom nccnegosaHum haktopbl CTPOUTENBHOIO KOHTPOMNSA NPUHUMAKOTCS B KAQYECTBE BEKTO-
POB MPU3HAKOB N UCMOMb3YITCH B KAYeCTBE BXOAHbIX €ANHUL HEMPOHHOW ceTn. Mbl Bbigenunm
15 kntoyeBbIX Nokasatenen, a umeHHo oT U1 go U15, kaxabli U3 KOTOPbIX COOTBETCTBYET Oonpe-
OeneHHOMY hakTopy CTPOUTENBHOIO KOHTPOMSA. DTN nokasaTenu npeacTaensaoT cobon 15-mep-
HbI BEKTOP NPU3HAKOB Afsl BXoAaa HenmpoHHowm cety BP [9].

54 YnpaeneHue dU3HEHHbIM YUKAOM obvekmoes cmpoumesnbcmea



Components of Scientific and Technological Progress

Tabnuua 1. Pe3synsratbl 06y4eHnsi HEMPOHHOW CETU

Observed value MSE R
train 80 0.011 1
valid 17 0.014 0.9192
test 14 0.0038 0.9749

Tabnuua 2. Tabnuua 4yBCTBUTENBHOCTM HEMPOHHOW CETU K MapaMeTpaM CTPOUTENIbHOIO
KOHTPOIA BbICOTHbIX 3,anMl7I

Ctpoun-
Mpoektn- | CTpon- | TenbHble
Yenose- | Ynpae-
dakTopbl |poBaHWe U| TemNbHbIe | TEXHO-
yecKkue neHune n
BIMNAHNA nnaHleo— MaTepVI- normn mn ecypchi Haa3op
BaHne anbl O60pyp,0- pecy
BaHune
BbiGop | KauectBo Crpou- | Ctpon- | oo | Cucrema
AyauTt Llenouka | TenbHble | TernbHoe Cuctema
maTtepua- | matepua- dukaums | ynpasne-
npoekTa MOCTaBOK | TEXHONo- | 06opyao- Haasopa
nos nos pabounx HUS
mu BaHune
Cymma
aeomiot- | g g 12.00 12.63 8.79 12.31 9.97 9.12 10.14 10.55
HbIX 3HA-
YeHui
”p?,/”e”T 6.49 13.12 13.81 9.61 13.46 10.90 9.91 11.09 11.54
0

B HEMPOHHbIX CETSX KOMMYECTBO Y3MN0B BXOAHOMO Criosi TECHO CBSAA3aHO C pa3mMepamu obb-
eKToB B 0OyyatoLen Bbibopke. Ecnn paamepHOCTb OOGBbEKTOB CRIULLIKOM BENNKa, 3TO MOXET yBe-
NMYUTB BbIYUCTIMTENBHYIO Harpy3Ky 1 Bpems obyyeHus ceTu, 4YTo, B CBOKO oyepedb, BNUSET Ha
achdekTnBHOCTL 06y4veHusa. Moatomy adbdekTMBHaa npenBapuTenbHas obpaboTka AaHHbIX,
BKMOYasi OTOOP HaOEeXHbIX, peanbHbIX U TECHO CBA3a@HHbIX C LiensmMu 00yYeHnst AaHHbIX B Kaye-
CTBE BXOAHbIX JaHHbIX, SIBMISETCA BaXXHOW 3agaden nepeq obyyeHmem.

Ana Toro 4ytobbl ny4we oby4nTb MoAEeNb HEMPOHHON CETU N AOCTUYb ONTUMarbHbIX Pe3yrib-
TaToB, B AaHHOM paboTe MCMonb3yeTcs MeTOA aHanu3a rfnaBHbIX KOMMNOHEHTOB AN CHWXEHUS
pa3MepHOCTM AaHHbIX, coKpawas 15 KOHTPONbHbIX (PaKTOPOB 4O 9 OCHOBHbLIX KOMMOHEHTOB.
BxoaHow crion HEMPOHHOW CETU COCTOUT U3 9 HEMPOHOB, CKPLITLIN CION COOEPXNT 7 HEMPOHOB,
YTO MUHUMM3MPYET OWNBKY. BbixogHON crnon nmeet 3 HEMPOHA, 3HAYEHUST OrPaHUYEHbl UHTEp-
Banom (0; 1) c coxpaHeHnemM ogHOWN OeCATMYHON 3Haka. BennuumHa ynicna Torga npencraenser
cobor BeCoBOW KOIMMPULUMEHT, OTpaXxarLWwmnin BANAHUE KOHTPOSbHbIX (DAaKTOPOB Ha BbICOTHbIE
30aHus (puc. 2).

Mocne paclumpeHns gaHHOro nccrneaoBaHms 6bino nonyyeHo 114 obpasuoB ¢ 9 rmaBHbIMK
KOMMOHeHTaMu Kaxabln, obpasysa (114x9)-mepHbin Habop AaHHbIX Ans 00y4eHUs HEWPOHHON
cetn. Mbl pazgenynu gaHHble Ha 00yyaroLUn, MPOBEPOYHbLIN 1 TECTOBbLIA HAbOPbI B COOTHOLLE-
HUM 70 %, 15 % n 15 % cooTBeTCcTBEHHO: 0bpa3subl ¢ Homepamn oT 1 go 80 mncnonb3oBanucb
ansa obyyenus, ¢ Homepamum ot 81 go 97 — anga npoeepkn, a ¢ Homepamu ot 98 oo 114 — ang
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TecTupoBaHus. MapameTpbl 00y4eHnst ykasaHbl B Tabn. 1. MNpaBuna oueHKn pucka crnegyouime:
obLee 3HadeHue pucka B amanasoHe oT 0 go 0,2 cuymTtaercs HM3kMM puckom, oT 0,3 oo 0,5 —
cpeaHuM puckom, 6onblue unm pasHo 0,6 — BbICOKMM puckoM. Cxema obyyeHusi HEMPOHHOM
ceTun ns3obpaxeHa Ha rpaduke (puc. 3).

PesynbraTtbl CUMYNALMM YKa3aHHOTO Bbile NpoekTa paBHbl 0,9749, a oTHOCKMTENbHasA owmn6-
Ka Mo OTHOLLEHMIO K CTaHOAPTHOMY 3Ha4YeHuto 1 cocTaBnsieT:

(1-0,9749)/1 = 0,025 = 2,51 %.

OTtctoga BMAHO, YTO pesynbTaTbl CUMYNALMM OYeHb BNM3KM K peanbHOM cuTyauum U Toud-
HOCTb CMMYNSAUMU CEeTU YOOBMNeTBOpsSeT TpeboBaHUSAM NPUMEHEHUS B UHXEHEPHbIX MPOEeKTax.
OTa ceTb MOXET MCMNOMb30BaTLCs B pearbHbIX NMPUNOXKEHUAX TaKUX NPOEKTOB.

O6yyeHHas HeMpOHHasA CeTb COXpPaHSAET MaTpuLy BECOB ANS KaXAOro yana, oTpaas CBs-
31 Mexay yanamu. o 3aBepLueHMM 00yYeHUs aHanNU3npPyTCS 3HAYEHUS1 BECOB KaX4oro yana.
lMockonbKy BNMsiHUE BECOB Ha pasfnnyHble Y3rbl MOXET OblTb Kak MONMOXUTENbHbIM, Tak U OT-
puuaTtenbHbIM, AN 06bEKTUBHOMO OTOBpPaXeHMs BNUSAHWUS BECOB Ha Y3ribl Mbl CYMMUPYEM UX
abcontoTHble 3HaveHus. Takum obpasom, nonyyaem Tabnuuy, OTpaXKaroLLy YyBCTBUTENbHOCTb
ornpeaeneHHoro yana HEMPOHHOM CEeTU K oakTopam CTPOUTESNbHOIO KOHTPOSS BbICOTHbLIX 34aHUI
(tabn. 2).

Cyaa no pesynbratam, Ka4ecTBO CTPOUTENbHbBIX MaTepuanoB UMEET 3Ha4YuTeNbHoe BO3aen-
CTBME Ha CTPOMUTESbHBIA KOHTPOMb BLICOTHLIX 34aHWIA, 3@ HAM crnedyeT CTpouTerNbHasd TEXHOMNO-
rms. OTO yKasbiBaeT Ha TO, YTO 3TW [Ba acnekTa 3aHUMaloT 3HaYUTENbHYO OO0 B 06wem o6b-
eMe MnpoeKkTa BbICOTHOMO CTPOUTENbCTBa M MMEKT Aaneko uayuiee BO3AeWCTBUME Ha npoLecc
cTpouTenbcTBa. B TO BpemMs Kak ayguT 4YepTexen u NormctTvka B NocTaBKax MMEHT MeHbLuee
BO34eNCTBME Ha CTPOUTENbHbIA KOHTPOSb BbICOTHBIX 34aHWUMN.
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Improving Construction Control During the Construction
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Abstract. With the acceleration of urbanization, high-rise construction is playing an
increasingly important role in urban planning. However, the construction control of high-rise
buildings faces increasing challenges and needs. This paper proposes a new technical approach
using a neural network model to optimize the construction inspection process of high-rise
buildings to improve the efficiency and accuracy of inspection procedures. Empirical analysis
based on data collection and analysis during the construction process of high-rise buildings was
chosen as the research method to test the effectiveness of applying the neural network model in
construction inspection. The study showed that the use of a neural network model significantly
improves the efficiency and accuracy of construction inspection of high-rise buildings. This
model effectively predicts and manages many complex factors during the construction process,
thereby reducing risks and improving construction quality.
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Abstract. The subject of the study is a model of
preferential taxation of profits of information technology
(IT) organizations using a standard tax rate and a special
mechanism for determining qualified profit (QP), which allows
reducing the effective tax rate of QP and thus achieving a
stimulating effect for IT organizations. The proposed model
focuses national tax policy on stimulating scientific research
on the territory of the Russian Federation while countering
the widespread activities of economic agents on the base
erosion. The QP calculation form proposed by the author
modifies the procedure for calculating the tax base in
such a way that qualified revenue is reduced not only by
qualified costs, but also by increasing costs, the amount
of which depends on the actual qualified costs incurred on
the territory of the Russian Federation. The application of
the standard rate of 20 % to the base modified in this way
leads, when qualifying conditions are met, to a decrease in
the effective tax rate, the lower value of which is proposed
to be limited to 2.5 %, which corresponds to the minimum
tax rate for technology companies in Cyprus, making the
proposed model competitive. The proposed formula takes
into account the established lower threshold. The results of
testing the proposed model showed its main advantages:
high incentive power comparable to tax maneuver measures
in IT, conditionality of the application of benefits by activities
on the territory of the Russian Federation, immunity to the
presence of non-core revenue and non-operating income,
simplification of tax administration.

Introduction

The IT industry taxation is quite specific within the Russian tax system and provides for
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multiple tax benefits with regard to corporate income tax, VAT, social contributions. Also, special
tax administration relief is imposed for a limited 3-year period. Digitalization and technical
development based on IT was designated as national priority [1] tasks, justifying strong tax
stimulation of the involved organizations. The set of tax incentive measures for the IT industry is
commonly called the IT tax maneuver.

The incentive gained high response in the industry and became popular, causing economic
effects such as number of participants, increasing industry output, attraction of workforce
[2]. However, the current design of the IT tax maneuver indicates signs of inefficiencies and
therefore its further improvement represents particular research interest.

Theoretical Background

Scientific publications focus on the on the qualitative and quantitative effects of IT tax
incentives, leaving uncovered alternative ways to stimulate the industry.

A.S. Advokatova reviews original approaches to tax incentives and their potential application
to the Russian national policy of Industry 4.0 development [3]. |.A. Mayburov observes tax policy
of the Russian Federation in the view of national priorities, including strategic reliance on the
IT and digitalization [4]. L.V. Goncharenko defines appropriate benchmarks for evaluating tax
benefits efficiency [5] in general. A.L. Suslina questions whether or not the tax incentives are a
working tool to stimulate innovations, and shows controversial economic evidences [6]. B. Knoll
and N. Riedel examine the influence of the tax incentives implemented in certain jurisdictions
on international capital and intellectual property transfer [7]. S.K. Grant revises the design of
tax incentives provided to the software developers in Russia [8]. L.V. Polezharova points out
complications arising during taxation and tax administration of digital commerce [9]. A.E. Yudin
observes positive influence of the tax maneuver in the IT on the budget receipts [10]. P.V. Stroev
considers the consequences of the fourth industrial revolution for the taxation and ways of
respective transformation of the latter [11].

Based on the scientific achievements of its predecessors, the article suggests the author’s
approach to designing the taxing model that would eliminate existing disadvantages in IT tax
maneuver and on the other maintain stimulation environment for the industry.

Analysis

The practice that has already been implemented on the basis of BEPS measures in
jurisdictions that have introduced a special IP BOX taxation regime remains outside the
perimeter of the study of domestic authors. There is strong evidence that the existent special
taxation system for IT industry organizations contains many elements of the early forms of IP
BOX, and therefore their inherent disadvantages.

The IP BOX regimes that functioned in the world before Base Erosion and Profit Shifting
plan implementation in 2016:

1) were targeted on high tech industries, heavily using intellectual property in their
international operations;

2) offered tax rates of 2.5-10 %, which is well below the standard corporate income tax
rates;

3) did not distinguish between core and non-core profits, effectively omitting the definition
of the qualified profits;

4) did not establish the connection between the value creation in the jurisdiction and
eligibility for tax benefits.
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These very characteristics are attributable to the IT industry taxation in the Russian
Federation since 2021. The downfalls of such tax system design that we intend to eliminate
are the non-selective provision of the tax benefits to all profits, irrespective of their source, lack
of nexus between the core activity being performed in Russia and benefit provision, heavy
administration burden for both taxpayers and tax administration.

The author’s proposal is to introduce a mechanism in the domestic tax system that is based
on applying the procedure for calculating qualified profits to IT organizations, which allows
reducing the standard tax rate when qualifying conditions are met. That is, the upper limit of the
income tax rate will be limited to the standard rate of 20 % for Russian companies, but an IT
organization, if the conditions for “landing” the product development process and creating added
value on the territory of the Russian Federation are met, will have the opportunity to reduce the
effective rate. The latter rate is up to a level that the taxpayer will associate with a high degree of
incentive impact. As this level, a rate of 2.5 % is proposed — the lowest effective rate achievable
for an IT organization in Cyprus, traditionally a popular location for Russian entrepreneurs.

It is proposed to reduce the effective rate only for profits that will meet the established
conditions, i.e., they will be qualified for the purposes of applying benefits.

The calculation of qualified profit should include both the determination of revenue from the
sale of IT products and services (qualified revenue) and the costs incurred in Russia related to
the creation of IT products (qualified costs). To the latter, in order to achieve a reduced effective
tax rate, increasing deductions are applied as a percentage of qualifying costs. The total amount
of deductions — qualifying and increasing — is limited so that the effective tax rate cannot be
lower than 2.5 %.

By limiting the effect of incentive measures to qualified revenue only and qualified costs
only, a twofold goal is achieved. On the one hand, the creation of added value in the territory of
the Russian Federation is encouraged, and IT sector companies bearing core costs receive real
support, and on the other hand, the possibility of extending benefits to non-core revenue is cut off.

We can formalize the calculation of the qualified profit with the proposed author’s formula:

Bq = Sq - (Cq + UCq),

where Bgq is the qualified profit; Sq is the qualified revenue; Cq is the qualified costs; c¢ is
increasing costs, a conditional value in % of the qualified costs.
The tax is calculated using the formula:

Te = B(q)*R(s),

where R(s) is the standard tax rate in the Russian Federation, 20 %.

In order to limit the lower limit of the effective rate to 2.5 percent, but achieve a stimulating
effect, it is necessary to limit the UCq value from two sides: the increasing costs must be greater
than zero, but less than 87.5 % of the profit before applying the increasing costs, where 87.5 %
is a limiter calculated as the ratio of the minimum allowable effective rate of 2.5 % and the
standard rate 20 %:

87.5%=1-(25%120 %).
It is proposed to set the amount of the increasing costs in the amount of 30 % of the

qualifying costs, which corresponds to the coefficients established in developed countries.
Graphically, the dependency of the effective tax rate on the qualified costs share in revenue,
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20%

Effective tax rate

Share of aualified costs in revenues

Fig. 1. Dependence of the effective tax rate on the share of qualifying costs in revenue

Indicator Parameter 0% 10% 20% 30% 40% 50% 60% 70%  80%  90% 100%

1 Qualified sales Sq 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000

2 Total costs 300 800 800 300 800 800 800 300 800 800 800|

2.a Qualified costs c, 0 80 160 240 320 400 480 360 640 720 800

2.b Non-qualified costs 800 720 640 360 480 400 320 240 160 80 0

3 Pre-tax profit 200 200 200 200 200 200 200 200 200 200 200

4 Uplift costs. 30%*(2.a) UC, 0 24 48 72 96 120 144 168 192 216 240

5 Upper limit of the uplift costs, 87.5%%(3) 175 175 175 175 175 175 175 175 175 175 175

6 Tax Base=(1)-(2)-(4) or (5) 200 176 152 128 104 80 56 32 25 25 25

7 Standard tax rate R, 20%  20% 20% 20% 20%  20%  20% @ 20% @ 20% @ 20% @ 20%

8 Tax. = (5)*(6) 40 352 304 256 208 16 112 64 5 5 5

9 Effective tax rate. T, 200% 17.6% 152% 128% 104% 8.0% 56% 32% 2.5% 2.5%  2.5%)
Sensitivity of the effective rate to the share of the

10 qualified costs, % 024% 024% 024%  024% 024% 024% 024% 0.07% 0.00% 0.00%

Fig. 2. Analysis of the sensitivity of the model to the level of qualified costs in total costs

expressing the effect of the formula application can be presented as shown in Fig. 1.

The proposed revenue calculation mechanism will allow solving the inherent disadvantages
and limitations of the tax system within the framework of the “IT tax maneuver”.

1. Currently, there is no restriction on withdrawing funds to foreign jurisdictions. A company
that orders software development abroad can do this without losing the right to benefits.

2. There is a mechanism in place that benefits the entire profit of an IT organization,
regardless of whether it is derived from software development or other activities. This provides
an opportunity to exempt from taxation those types of activities that do not fall within the incentive
perimeter.

3. The amounts of non-operating and non-operating income received by an organization
from other types of assets that are currently exempt from taxation (although other organizations
do not have this exemption) will be subject to taxation in a general manner.

4. IT organizations are forced to take additional financial administration measures that
will allow them to comply with the condition of minimum core revenue — 70 %. For example,
companies that provide services based on their software may separate these activities into
separate legal entities, which leads to unproductive administrative costs.

To illustrate the stimulating effect of the proposed economic model, the procedure for
calculating profits for various organizations was modelled.
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Indicator Parameter
1 Qualified sales Sq 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
2 Total costs. including
2.a Qualified costs Cq 300 550 600 650 700 750 800 850 900 950 1000 1050 1100
2.b Nen-qualified costs o o o o 4] 4] /] o o o 4] 4] 4]
3 Pre-tax profit 500 450 400 350 300 250 200 150 100 50 0 -50 | -100
4 Uplift costs, 30%*(2.a) UCq 150 165 180 195 210 225 240 255 270 285 300 315 330
5 Upper limit of the uplift costs. 87.5%%(3) 4375 3938 350 3063 2625 2188 175 1313 875 4375 0 0 0
6 Tax Base=(1)-(2)-(4) or (5) 350 285 220 155 90 3125 25 18,75 12,5 625 0 0 0
7 Standard tax rate Rg 20% 20% 20% 20% @ 20% 20% 20% 20% 20% 20% @ 20% 20% 20%
8 Tax. = (5)*(6) 70 57 44 31 18 625 5 375 25 125 0 0 0
9 Effective tax rate, Te 14.0% 12.7% 11.0% 8.9% 60% 2.5% 25% 25% 25% 25% 00% 0.0% 0.0%

Fig. 3. Analysis of the sensitivity of the model to the level of profitability of the organization

Option 1 Option 2 Option 3 Option 4
Indicator Tapamery IT Non-IT Total IT Non-IT Total IT Non-IT Total IT Non-IT Total
1 Qualified sales Sq 1000 0 1000 | 1000 100 1100 1000 500 1500 | 1000 1000 2000
2 Total costs, including 0 80 880 800 400 " 1200 0 800 800
2a Qualified costs C g 800 800 800 800 800 800 800 800
2.b Nen-qualified costs g 0 a a 80 80 0 400 400 800 8§00 1600
3 Pre-tax profit 200 0 200 200 20 220 200 100 300 200 200 400
4 Uplift costs, 30%*(2.a) Ucy | 240 0 240 | 240 0 240 | 240 0 240 | 240 0 240
5 Upper limit of the uplift costs, 87.5%%(3) 175 0 175 175 0 175 175 0 175 175 0 175
6 Tax Base.=(1)-(2)-(4) or (5) 25 0 25 25 20 45 25 100 125 25 200 225
7 Standard tax rate Rg 20% 0% 20% | 20% @ 20% @ 40% | 20% @ 20% @ 40% | 20% @ 20% @ 40%
8 Tax, = (5)%(6) 5 0 5 5 4 " o9 5 20 7 25 5 40 a5
9 Effective tax rate. Te 2.5% 0.0% 20.0% 2.5% 200% 83% | 2.5% 20.0% 11 3%;

Fig. 4. Analysis of the sensitivity of the model to the share of non-core revenue

When studying the dependence of the effective rate on the share of qualified costs in total
costs (Fig. 2), the hypothesis of a linear relationship is confirmed; each percentage increase in
the share of such costs leads to a decrease in the effective tax rate by 0.24 %, up to a level
corresponding to 2.5 % of the effective rate, and no further reduction occurs.

IT industry organizations demonstrate significant variability in such an indicator as the
marginality of their core business. Some enterprises show increased margins, while others,
especially newly created ones, may show losses in the initial periods of activity. The calculations
in Table 2 show that the proposed taxation model demonstrates selective action, providing
greater incentives to low-margin organizations and less to high-margin ones. The effective tax
rate decreases as the level of profitability of the organization decreases.

We demonstrate the selectivity of the proposed model to stimulate core IT activities. Let’s
choose the ratio of unqualified and qualified revenue in the total financial result of 0 % (Option
1), 10 % (Option 2), 50 % (Option 3) and 100 % (Option 4). The calculations in Fig. 4 prove
that the total tax burden on the financial result in the studied variants increases as the share of
non-core income increases. This is the advantage of the proposed model in comparison with the
current preferential treatment, which completely exempts non-core income.

Non-operating income, such as exchange differences, rental income, interest earned
and profits from securities, and others, may in some cases constitute a significant share of
an organization’s income. The current procedure for the application of benefits allows for full
benefits of these incomes, since it does not contain any restrictions on other incomes, which
does not correspond to the stated purpose of benefits by the state. Theoretically, a situation is
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Option 1 | Option 1| Option 1 | Option 1
Indicator IMapameryd IT IT 1T IT
1 Qualified sales Sq 1000 1000 1000 1000
2 Total costs, including 800 0
2.a Qualified costs Cq 800 800 800 800
2D Non-qualified costs a a 0 800
3 Pre-tax profit 200 200 200 200
3.1.  Other ncome 0 50 100 200
4 Uplift costs. 30%*(2.a) UCq 240 240 240 240
5 Upper limit of the uplift costs, 87.5%%*(3) 175 175 175 175
6 Tax Base= (1)-(2)-(4) or (5) 25 75 125 225
7 Standard tax rate Ry 20% 20% 20% 20%
8 Tax, = (5)%(6) 5 15 25 45
9 Effective tax rate, Te 2.5% 6,0% 8,3% 11,3%

Fig. 5. Analysis of the sensitivity of the model to the level of other income of the organization

possible when the main business of an organization is renting out real estate, but thanks to the
IT benefit, these incomes will not be taxed if the organization mimics IT.

The proposed author’s model solves this problem by applying a standard rate of 20 % to
all income, with the exception of qualifying expenses. Fig. 5 illustrates that all non-operating
income will become part of the tax base, and as their share in the financial result increases, the
effective tax rate of the financial result will increase.

Conclusions

National interest of Russia is to incentivize the product development and value creation
in the country and attract the foreign investments. We suggest the transit to taxation of the
qualified profit, well tested in China and some European countries. The qualified profit, defined
as the profit or Russian and foreign companies derived from the IT development localization
and value creation on the territory of Russia would then be taxed at effective rate of 2.5 %, or
otherwise (provided that the profit is unqualified) at standard 20 %.

The qualified profit approach starts with the computation of percentage of value, created
on the territory of Russia. If it equals 100 %, then an extra deduction of 30 % of total cost (but
limited to 87.5 % of the base) is applied. In that model, the effective rate can be as low as 2.5 %.
For those companies that do not meet the local value creation criteria, or are highly marginal,
the effective rate will fall in range between 2.5 % and 20 %, but with bias toward the highest
level. The suggested model simplifies domestic tax system by returning the tax rate to standard
20 %. Tax administration becomes more transparent and easier by omitting the unnecessary
control measures at the registration stage. More importantly, the model implies reduced tax rates
only for profits derived from core IT operations, leaving non-core profits outside of exemption
perimeter. It is mostly effective for low margin IT organizations.
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Hanoroo6noxeHue kBanucpuumpyeMmon npmobinm
KaK anbTepHaTuBa MepaM Hanorosoro maHeBpa B Poccuickon ®egepauum

N.B. KonoTtoBKuH

@roby BO «®uHaHcosbIl yHusepcumem nipu lNpasumenscmee Pocculickol ®edepayuuy,
2. Mocksa (Poccusi)

KnroueBble cnoBa u dpasbl: Hanorosbii MaHeBp B UT; HanoroBble Nbrotbl; MHopMaLm-
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AHHoTauwms. [peameT nccnegoBaHnsa — MOAENb NbrOTHOMO HanoroobnoxeHns NpubbIn op-
raHMsaumn otTpacnu MHgopmaumMoHHbIX TexHonorun (UT) ¢ npumMeHeHnem cTaHOapTHOW CTaBKU
HanoroobnoXxeHns n ocoboro mexaHnama onpegenenunsa ksannduumnpyemon npmnbsinu (KI), no-
3BONAOLLEro CHU3NTbL 3(PPEKTMBHYIO CTaBKy HanoroobnoxeHnsa Kl n goctmyb Takum obpasom
ctumynupyoLlero acbdekta ana UT-opraHnsauun. MNpegnoxeHHas mogens pokycupyeT Hauuo-
HanbHYK HanoroBy MOMUTUKY Ha CTUMYNMPOBAaHWE Hay4YHO-MUCCneaoBaTenbCKnx paboTt Ha Tep-
putopun Poccuinckon degepauun ¢ 0gHOBPEMEHHBLIM MPOTUBOAENCTBMEM MOMyUUBLLEN LUNPO-
KOe pacnpocTpaHeHne AeaTeNbHOCTM 3KOHOMUYECKNX areHTOB Mo 3po3un 6asbl.

MpeanoxeHHas aBsTopom dhopma pacdeta Kl mognduumpyet nopsagok pacyeta HanoroBon
6a3bl TakMM 06pa3om, YTO KBanuuUMpyemas Bblpyyka YMEHbLUAETCS He TOMbKO Ha KBanudu-
uMpyemMble 3aTpathbl, HO U Ha MOBLILAOLWME 3aTpaThl, pa3mep KOTOPbIX 3aBUCUT OT dhaKTU4ECKM
NMOHECEHHbIX KBanuduumpyemblx 3aTpat Ha Tepputopun Poccuiickon ®enepaumu. NpumeHeHne
CTaHOapTHON HOMUHanbHoM ctaBku 20 % K moanduumMpoBaHHON TakuMm obpa3om Gase npuBo-
OUT Mpu BbIMOMTHEHMM KBaNMOUUNPYIOLWNX YCIOBUA K CHUKEHUIO 3OdEKTUBHOM CTaBKM Hamora,
HWXKHee 3HadyeHne KOTOpPOro npeanaraetcs orpaHuynTb 2,5 %, YTO COOTBETCTBYET MWUHUMarb-
HOWM CTaBKe HanoroobrnoXeHns TeXHOMOrm4yecknx komnaHwn Ha Kunpe, genas npegnaraemytro
MoAenb KOHKYpeHTHow. NpeanoxeHHas opMyna yuuTbiBaeT YCTaHOBMEHHbIA HWKHUIA MOPOT.
PesynbraTbl TeCTUpOBaHUS MpPeasioKeHHOW MOLEeNnW nokasanu ee OCHOBHble NpenmyLlecTBa:
BbICOKasi CTUMyNupytoLLiasi CnocobHOCTb, CpaBHUMas C Mepamun HanoroBoro maHespa B UT, 06-
YCNOBMNEHHOCTb NPUMEHEHUS NbroT AeATenbHOCTbIO Ha Tepputopun Poccuiickon depgepaumu,
UMMYHUTET K Hannumio HenpoduinbHON BbIPYYKM M BHEpeanu3aLMoHHbIX 40X040B, YnpoLleHue
HanoroBoro aAMMHUCTPUPOBAHMS.

© |.V. Kolotovkin, 2024
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Abstract. This article analyzes methodologies that
are applying to the new trends of the digital transformation
and their changes in management. The purpose of the
investigation is to analyze new digital trends applied by the
management of inter-organizational and shared consumption
companies to propose sustainable solutions to the changes
that occur in these companies. The hypothesis is the
assumption that the growth of electronic commerce driven by
new digital trends is changing the management processes of
inter-organizational companies. Research methodology. For
this article, a methodology was used based in the analysis
of quantitative data, data from international management
and economics journals that contain statistical analyzes
on the latest digital trends such as artificial intelligence
and autonomous robots. Results. With the arrival of
digital technologies, interorganizational companies have
experienced greater transformation, which confirms that
processes in management and elimination of intermediaries
have been reduced with the new trends of doing commerce
and production in electronic commerce and collaborative
consumption, which will increase in the next 5 years.

In recent years, economic changes have changed the way products are sold in the markets.
According to the World Economic Forum (WEF), this has caused social unrest and political
unrest in many cases due to the acceleration of these new trends, of which many participating
companies are not prepared for these changes, without knowing how to take advantage of the
opportunities. This study highlights the importance to stay up to date with the changes produced
by new technologies to guarantee the future success of companies [7]. For this reason, it is
necessary to describe the main changes, in the analysis of the growth trends of e-commerce,
which is expected to increase significantly in the next 5 years, changes in the supply chain
and the introduction of artificial intelligence in Data analysis and logistics make it necessary
to restructure the management of all companies so that they can maintain their presence in
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Fig. 1. Technology implementation, 2023—-2027. Source: World Economic Forum, Future of
Jobs Study 2023

international markets. Michael Porter [4], analyzes the power that customers possess, it means
the ability to influence the decisions and actions of companies in the industry it can be applied
in our days with digital trends, customers are increasingly demanding and it is difficult to retain
them. According to recent statistical reports from official magazines such as the World Economic
Forum, Mc Kinsey, Deloitte, Boston Consulting Group and other sources, they also mention
the importance of these digital trends; they have relevance in all inter-organizational business.
Experts no doubt about that, digital transformation and new changes in the way of manage the
businesses since it has improved communication, helping decision-making in streamlining the
supply chain, automating processes, based on data to ensure compliance with the regulations
that companies require. These trends represent an opportunity that allows companies to expand
globally and compete more effectively in an increasingly interconnected market. E-commerce
refers to online transactions for the purchase and sale of goods and services through websites,
mobile applications, social networks or other digital channels. It is known that e-commerce has
the ability to reach a global audience, where companies can sell their products and services in
all parts of the world without the need to have a physical store in each location as was the case
before and mainly allowing.

» Operating costs are reduced: Since e-commerce has lower operating costs in its
processes, it allows companies to reduce their costs in renting a store, paying salaries for store
staff and the payment of other services such as electricity, water and maintenance.

» Offer customers convenience and flexibility: Customers, feel more comfortable with
e-commerce offers, allowing them to purchase products anytime, anywhere, simply from their
devices, giving them an advantage to avoid visit the store in person. According to the World
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Fig. 2. Top 10 countries by online sales growth rate. Source: Data Insight 2022 analysts

Economic Forum (WEF) publication, The Future of Jobs, 86 % of respondents expect greater
access to digital technologies to transform their organizations, 52 % expect it to lead to growth
in employment and specialist professionals in electronic commerce [7].

Taking into account new digital trends as the protagonist of changes in the supply chain, the
following are presented:

* Process automation: It speeds up inventory management and increases a fast process
and can reduce costs, so with the help of technology will fast take decisions than was previously
done.

+ Atrtificial intelligence: To improve the ability to forecast demand and identify new trends
can give lower costs and greater efficiency in the management of companies.

* |Improved communication: This ensures seamless communication between various
supply chain participants, resulting in greater production efficiency and savings in operating
costs.

* Increase in demand for logistics services: Driven by electronic commerce, logistics plays
a fundamental role in the efficiency of the supply chain and bring the ability of companies to be
more competitive in the global market reducing delivery time [1].

* Advanced automation: The use of autonomous vehicles and robots in warehouses has
led to greater efficiency and precision in logistics processes, especially in the way warehouse
management and product delivery are carried out today. Customers can receive precise
information about the status of their shipments. Electronic commerce continues to grow due to
new trade agreements that facilitate the expansion of supply chains from the local to the global,
for this the new logistics processes eliminate intermediaries and make direct deliveries from
the manufacturer, contrary to the traditional logistics processes that delivery speeds are slower
because they use intermediaries and go through several stages of the supply chain.

The study results show the impact of digital platforms and mobile applications: Fig. 1 shows
that 86.4 % of companies are likely to adopt platforms and applications that can be used for
e-commerce and the 75.3 % plan to adopt this new technology before 2027. Additionally,
expected future trends in technology implementation in companies. Fig. 1 also shows the big
data, the cloud computing and the artificial intelligence, which remain popular at 80 %, 76.6 and
74.9 % respectively, meaning that on average about 75 % of the technologies that companies
are looking for will be used in the next five years [7]. For example, the turnover online retail at
Russian market at the end of 2022 amounted to 5.7 trillion rubles, an increase of 64 % compared
to 2021. Such data was published by Data Insight analysts in March 2023 according to the data
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in Fig. 2.

In conclusion, the new structuring in the management of electronic processes will affect the
classic model applied in supply chains, so it will also affect logistical issues, where adaptation
is most needed so that these companies can continue their presence in the coming years.
According to Porter, customers exert pressure on the market, who expect fast results in the time
of delivery when they are using electronic commerce, so companies face a great challenge of
adaptation. These will cause that inter-organizational business with a previously occupied large
infrastructures in the cities, replace in future traditional companies by all online services and
manage, and not serve physical businesses as usual, in the case of manufacturers since their
warehouses will be able to make direct sales with their customers, eliminating trade through
intermediaries to the forecasts and trends, but in exchange they will gain greater profitability and
reputation with their clients, if they take the necessary measures that allow the use of artificial
intelligence to streamline and reduce management processes and the use of autonomous robots
in logistics use, in the next 5 years. These findings can serve as a basis for future research and
related opportunities on topics related to the management of interorganizational companies and
the collaborative economy, aspects that will change and impact electronic commerce, the supply
chain and logistics, to take advantage of this information and make gains, but to companies,
using digital resources to their advantage.
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HoBble LWICprBbIe TeHAeHUUn NpuMeHNTerIbHO K MeHeOXXKMEeHTY
B MeXOopraHn3aunMoHHbIX KOMNaHNAX COBMEeCTHOIo n0Tpe6ne|-|m|

Cecap ApmaHgo HyHec Ockusenb

@rAQY BO «CaHkm-lNemepbypackul nonumexHudyeckul yHusepcumem [lNempa Berukozaoy,
2. CaHkm-llemepbype (Poccus)

KnroueBble cnoBa u ¢hpasbl: HOBble LMGPOBbLIE TPEHALI; COBMECTHOE MOTpPebneHue; Le-
noyka nocTaBok; LMdpoBas NorucTuka; umdposasi TpaHcopMaLmst; ANEKTPOHHAA KOMMEpPLIUA.

AHHoOTauusa. B gaHHon cTaTbe aHanManpyTcs METOAOMNOMN, KOTOPblE MPUMEHSAIOTCA K HO-
BbIM TEHAEHLMAM LMdPOBON TpaHCHOPMaLMN U UX UBMEHEHUSIM B YNPaBNEHUN.

Llenb nccnegoBaHns — npoaHannanpoBaTb HOBble LMPOBLIE TEHAEHUWU, NMPUMEHSIEMbIE
PYKOBOACTBOM KOMMAHNA MEXOPraHM3aLUmMoHHOIo 1 COBMECTHOMO NoTpebneHuns, Ytobbl Npeano-
XUTb YCTONYMBLIE PELUEHNSI UBMEHEHWI, MPOUCXOLALLMNX B OTUX KOMMNAHUSAX.

MMnoTesa 3akntoyaeTcss B NPEAnONOKEHUN, YTO POCT ANEKTPOHHOW KOMMepuun, obycnoB-
NEHHbIA HOBbIMU LMPOBLIMUA TEHAEHUMNSMWN, MEHSIET MPOLIECCHI YNPABEHUS MEXOopraHm3aum-
OHHbIMW KOMMNaHUSIMW.

[ns aton cTtaTbn ObINa MCNONb30BaHaA METOOOMNOMS, OCHOBaHHAsA Ha aHanM3e KonM4eCcTBeH-
HbIX AaHHbIX, AaHHbIX MEXAYHAPOOHbIX XYPHANOB N0 MEHEKMEHTY N SKOHOMMUKE, KOTOpble CO-
aepxart CTaTUCTUYECKMIA aHanu3 nocrneaHnx LM@pPoBbIX TEHOAEHUMA, TaKMX Kak MCKYCCTBEHHbIN
WHTENNEKT U aBTOHOMHbIE POBOTHI.

Mony4yeHHble pe3ynbTathbl: C MPUXOAOM LIMMPPOBbLIX TEXHONOMMIN MEXOPraHn3aunoHHbIE KOM-
naHun npetepnenu 6onbLlyo TpaHcopMaLumio, YTO NOATBEPXKAAET, YTO NPOLECCHl ynpaBneHns
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N YCTPaHEHUs1 MOCPEAHNKOB COKPATUIIUCL C HOBbIMW TEHOEHUUSIMUA BEAEHUS] TOPrOBIM U Mpo-
N3BOACTBA B 3MNEKTPOHHOM KOMMEPLIMM U COBMECTHOIo notpebneHus, kotopoe byaet yBenuyu-
BaTbCs B Onukanwme 5 ner.
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