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BECTHUK™

Hay4Ho-TexHWU4ecKkuin )ypHan no CTPOUTENbCTBY U apXUTeKType

«Bectauk MI'CY» — peneH3upyeMblil HAyYHO-TEXHUYECKUN KypHaN 0 CTPOUTENBCTBY U apXUTEKTYPE,
LEJISIMH KOTOPOTO SIBIISIFOTCSL (POPMUPOBAHUE OTKPBITOrO MH(OPMAIIHOHHOTO MPOCTPAHCTBA [UIsi 0OMEHA Pe3yIlb-
TaTaMU HAyYHBIX MCCICAOBAaHNN 1 MHCHHSMH B 00JaCTH CTPOUTEIHCTBA MEXKILy POCCHMCKUME M 3apyOe)KHBIMHU
HCCIIeIOBATEIISIMK; TIPUBJICYCHIE BHUMAHUS K HanOoJIee akTyallbHbIM, IEPCIIEKTHBHBIM 1 HHTEPECHBIM HalpaBJie-
HUSIM CTPOUTENBHON HAYKH U MPAKTHKH, TEOPUU U UCTOPUU TPAJOCTPOUTENBCTBA, APXUTEKTYPHOTO TBOPUECTBA.

B oCHOBHBIX TeMaTHYECKNX pa3/esax KypHala MyOIHUKyOTCsl OpUTHHAIBHBIC HAYYHBIC CTAaThU, 0030pHI, KpaT-
KM€ COOOIICHUS, CTaThH TI0 BOIIPOCAM NMPUMEHEHHS HAYyYHBIX JTOCTIDKCHUH B IPAKTUYECKOM JICSITEIEHOCTH Mpe/i-

MIPUSATHN CTPOUTEILHOM OTPACciy, PELEH3UH Ha aKTyabHBIC ITyOMKAIIIH

TemaTtuyeckmne pyopuku

* APXHTEKTypa U rpaJloCTPOUTEIHCTBO. PEKOHCTPYKINS M pecTaBpanus

* [IpoekTrpoBaHye 1 KOHCTPYHPOBAHNE CTPOUTEIBHBIX cucTeM. CTPOUTENbHAS MEXaHHKA.
OcHoBaHus ¥ (PyHIAAMEHTBI, TOA3EMHBIC COOPYKECHHS

* CTpouTenpbHOE MaTepUanoBeICHIE

* be3omacHOCTb CTPOUTENHCTBA U TOPOACKOTO XO3SIHCTBA

* 'unpaBnuka. ['eorexuuka. ['MapoTeXHUUECKOE CTPOUTEIHCTBO

* lHKeHepHBIE CHCTEMBI B CTPOUTENILCTBE

* TeXHOIOTHS 1 OpraHu3anys CTPOUTENILCTBA. DKOHOMHKA M YIIPABJICHHE B CTPOUTEIILCTBE
* Kparkue coobmenns. luckyccnn u penensznu. Mudopmarus
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MmaBHbIN pegakTop
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Bepa Baaoumuposna I'anuwnuxosa, n-p TeXH. HayK, JOIL., Ipod. Kad. )KeJIe300eTOHHBIX 1 KAMEHHBIX KOHCTPYKIHUH, TIPOpeK-

top, HY MI'CY, Mockga, Poccuiickas @enepanus

PepakunoHHasn konnerus

IIaBex AlekceeBH4 AKHMOB, I-p T€XH. HayK, Ipod., akaJeMHK
Poccuiickoii akaieMun apXUTEKTYpbl U CTPOUTENILHBIX HayK, PEKTOP,
HUNY MI'CY, Mocksa, Poccuiickas ®enepaiust

Merp Banamyk, a1-p, npod., benocTokckuii TEXHOIOrMYECKUit
yHuBepcutert, Pecryonuka [Tonbia

Aunexcanap TesbereBnu bekkep, 4i.-kopp. Poccuiickoit akagemun
APXUTEKTYPhI H CTPOUTEIIBHBIX HAyK, I-P TEXH. HayK, Ipod.,
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aBTOHOMHOE 00pa30BaTENbHOE YUPEKICHHE BBICIIETO
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Poccuiickas ®enepanust

Butanuii BacuibeBuu besukos, 1-p TexH. HayK, IVIaBHBIH
HayYHBIH COTPYIHUK JTa00PaTOPUH THAPOJIOTUH PEIHBIX OacCeilHOB,
DezrepanbHOE TOCYIAPCTBEHHOE OIO/PKETHOE YUPEIKICHHE HayKH
WHcrutyT BoaubIx npobiiem Poccuiickoit akajemun Hayk, Mocksa,
Poccuiickas ®eneparust

Auexkcanap MuxaiiiioBuyu Besocroukuii, 1-p TexH. HayK, Ipood.,
akageMuK Poccuiickoif akaieMIH apXUTEKTyphl i CTPOUTENIBHBIX
HayK, Hay4HbIH pyKoBoxuTenb, HayuHo-00pa3oBaTeIbHbIH HEHTP
KOMITBIOTEPHOTO MOJICTIUPOBAHHS YHUKAJIbHBIX 31aHHUH, COOPYKCHUH
u komIuiekcoB uM. A.B. 3omorosa, HUY MI'CY, Mocksa,
Poccuiickas ®enepanus

X.H.X. Bpoy3pc, 1-p HHK. (TEXHHUECKHE HAYKH, CTPOHTEITBHBIC
matepuaisbl), mpod., Texunueckuit yHuBepcuteT DHHIXOBEHa,
Koponescrso Hunepnaunos (Fommanaus)

Hocr BasbpaBeH, 1-p HHXK. (TEXHUYECKHE HAYKH, JKeJIe300€TOHHbIE
KOHCTpYKUHH), 1pod., Texuudeckuii ynusepcuter Jenbdra,
Koponescrso Hunepnanaos

Huxonaii UBanoBuy Batun, 1-p Texs. Hayk, npod., OenepaapHoe
rocyapCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEkKICHHE
BhIciIero oopasoBanust «Cankr-IleTepOyprekuii HoMMTeXHUYeCKuit
yausepcuteT [letpa Bemnkoroy», Cankr-IletepOypr, Poccuiickast
Denepanust

Mozed Buuan, 1-p (TexHUUECKHE HAYKH, KeJIe300€TOHHbIE
KOHCTPYKIHMH), 1pod., YHusepcurer JKununa, Croaikas
PecnyOnuka

3a6urnes Boliunnku, 1-p (CTpouTeIbHAs MEXaHHKa), IPod.,
BportaBckuii TeXHOIOIrHIECKHIT yHHBepenTeT, Pecrryonmka Ilombima
Karaxuna Inanbimescka-Penopyk, 1-p TeXH. HayK, Ipod.,
Benocrokckuit Texnonornyeckuit ynusepeurert, Pecriyonuka IMonbia
Muuan lF'osMukH, 1-p (TEXHUYECKHE HAYKH, CTPOUTEIIbHBIC
KOHCTPYKIHMH), pod., MucTutyT Kitoknepa Yemckoro TeXHu4ecKkoro
yuusepcutera B [Ipare, Yemickas Pecrryoimka

Ierp I'puropseBny I'padoBslii, 1-p SKOH. HayK, pod., 3aB. Kad.
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COIPOTUBICHUS MaTePUATIOB, TEOPHHU YIPYTOCTH U INIACTHIHOCTH,
BapinaBckuii TEXHOJIOTHUECKUH YHUBEPCHTET, HHXKCHEPHO-
cTpouTeNbHbIH (akyasreT, Pecriydnuka Ilomnbina

Penakuus
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Poab¢ Karuendax, 1-p uwx., npod., TeXHUUECKUH YHUBEPCUTET
Hapmurrant, ®eneparusHas Pecriyonuka ['epmanus
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THJPABIMKN U THAPOTEXHUYECKOro cTpoutensctsa, HUY MI'CY,
Mockaa, Poccuiickas ®enepanus

Mapra Kocop-Ka3ep0yx, 1-p TexH. Hayk, npod., bemocrokcknii
TEXHOJIOTHYeCKuil yHuepcurer, Pecriyomuka [losbira

Cepreii Biagumuposuu Ky3nenos, 1-p ¢us.-mar. Hayk, npod.,
[JIaBHBIM Hay4HBIN COTpYyIHUK, DenepanbHOe TroCyIapCTBEHHOE
Oro/KETHOE yupeskieHne Hayku MIHCTUTYT po0ieM MeXaHUuKK
um. A.JO. NuumHekoro Pocceuiickoit akajemuu Hayk, Mocksa,
Poccuiickas ®enepanns

Apxaaunit Hukosnaesuu JlapuoHoB, 1-p 5KOH. HayK, npod., 3aB.
kad). SKOHOMHUKH H ypasieHus B crpoutensctse, HUY MI'CY,
Mocksa, Poccuiickas ®enepanus

Pyna Jluiiac, kana. 5koH. HayK, npod., TanauHckuil TeXHUYeCKuit
YHUBEPCHTET, DCTOHHUS

Hnecca I'aeesna JlykmanoBa, 1-p KOH. HayK, npod., mpod. kad.
9KOHOMHKH U ynpasieHus B crpoutenscrse, HUY MI'CY, Mockaa,
Poccuiickas ®enepauns

Jleon PadarioBny Mauisin, 1-p TeXH. HayK, Ipod., akaaeMuK
Poccuiickoii akageMun apXUTEKTypbl U CTPOUTEIBHBIX HAYK, POQd.
kad. aBTOMOOMIIBHEIX J1opor, DeiepaibHOe TOCy1apCTBEHHOE
Or0/KETHOE 00Pa30BaTEIbHOE YUPEKICHHE BBICIIIEIO 00pa30BaHMUs
«JloHCKOM TOCYyIapCTBEHHBII TEXHUUECKUI yHUBEpCUTET», POCTOB-
Ha-Jlony, Poccuiickas ®enepanus

Huxkounaii IlaBioBuy OcMoI0BCKHI, 1-p DU3.-MaT. HAyK, Mpod.,
MHCcTUTYT cucTeMHBIX HccnenoBanuil [1obckoit akageMnn Hayk,
Bapmasa, PecriyOnuka ITosbina

Amnpnpeii Bytumnposny Ilonomapes, 1-p TexH. Hayk, Ipod.,
3aB. Ka(). CTPOUTENHHOTO IIPOM3BOACTBA H T€OTEXHUKH,
DenepanbHOE TOCYIapCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE
yUpeKJIeHHe BhICIIero 00pazoBanus «IlepMCKHil HAlHOHAIBHBIH
HCCIIeOBATENILCKUH ITONTEXHUISCKUH yHHBEepCUTeT», [Tepmb,
Poccuiickas @eneparust

Mupocaas I[IpempoB, 1-p, npod., Mapubopckuii yHUBEpCHTET,
Pecny6nuka CrioBeHus

Cgersiana BacuiibeBHa CaM4eHKO, JI-p TEXH. HayK, Ipod., 3aB.
xad. ctpourensHoro Marepuaiosenenus, HUY MI'CY, Mocksa,
Poccuiickas @enepanns

Baagumup Huxonaesny Cuaopos, 1-p TexH. HayK, Ipod., wiL.-
xopp. Poccuiickoil akaieMui apXUTEKTYPBI U CTPOMTEIBHBIX HAYK,
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Mocksa, Poccuiickas denepanus

Apmen 3aBenosud Tep-MapTupocsis, J1-p TeXH. HayK, IPOPEKTOP,
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MpepacepaTtens peaakuMOHHOro coBeTa
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1 KaMeHHbIX koHCTpykuuii, HUY MI'CY, Mocksa, Poccuiickas
Denepanus

Muxann Huxonaesuy Kupcanos, 1-p hus.-mar. Hayk, npod.
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HOEJU, 3AJAYU U TEMATHUKA KYPHAJIA.
PEJAKIOHUOHHASA NMMOJIUTUKA

B nayuHo-texuu4eckom xypHaie «Bectank MI'CY» myOnuKyroTcst Hay4qHbIC MaTepHabl 1Mo MpodieMaM CTPOUTENLHON HayK1
U apXUTEKTYpbI (CTPOUTENILCTBO B Poccun n 3a pyOesxoM: Marepualibl, 000pya0BaHUE, TEXHOIOTUH, METOIMKH; APXUTEKTypa: Teopus,
UCTOPUS, TPOEKTUPOBAHKE, PECTABPALIUS; I'PATOCTPOUTENLCTBO).

Temarnueckuii 0XBaT COOTBETCTBYET HAYUYHBIM CIICIUATIBHOCTSM:

2.1.1. CrpoutenbHbie KOHCTPYKIIUH, 3AaHHsI 1 COOPY)KEHUsI (TEXHUUECKHE HAYKN);

2.1.2. OcHoBaHuMS U (yHIAMEHTBI, MOJ3EMHBIC COOPYKEHHUS (TEXHUUECKNE HAYKH);

2.1.3. TennmocHabxeHNEe, BEHTIIISILINS, KOHANIIMOHIPOBAHKE BO3/IyXa, Fa30CHA0KCHNE U OCBELICHNE (TEXHIYECKUE HAYKH);

2.1.4. BonocHabxeHue, KaHaIN3aLHs, CTPOUTEIbHbIE CHCTEMBI OXPaHbI BOAHBIX PECYpPCOB (TEXHUUYECKHE HAYKH);

2.1.5. CtpoutenbHble MaTepHaibl H U3ACIHs (TEXHUYECKUE HAYKH);

2.1.6. TMAPOTEXHUYECKOE CTPOUTENLCTBO, IHAPABINKA M MHXKEHEPHASI THAPOJIOTHS (TEXHUUECKHE HAyKH);

2.1.7. TexHONOTUS U OPraHU3ALMS CTPOUTEINILCTBA (TEXHUUECKUE HAYKN);

2.1.9. CrpourenpHas MeXaHHKa (TEXHUUECKUE HAYKH);
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2.1.12. ApxuTekTypa 31aH1i U coopy)eHHH. TBOpUeCcKre KOHIEIINH apXUTEKTYPHOH AESTEIbHOCTH (ApXUTEKTYpa);

2.1.12. ApxuTekTypa 31aHuil U coopyxeHuil. TBOpuecKkre KOHIEMIINKA apXUTEKTYPHO# AESTEIbHOCTH (TEXHUYECKHIE HAyKN);

2.1.13. T'pagocTpOUTENbCTBO, IITAHUPOBKA CENbCKMX HACEJICHHBIX ITyHKTOB (TEXHUYECKHE HAYKH);

2.1.13. I'pajocTpOUTENBCTBO, IITAHUPOBKA CENIbCKUX HACENICHHBIX ITYHKTOB (apXUTEKTYpa);

2.1.14. YnpaBneHue )KU3HEHHBIM LIUKJIOM 0OBEKTOB CTPOUTENBCTBA (TEXHUUECKUE HAYKH);

5.2.3. PernoHanbHast ¥ OTpacjeBas 3KOHOMHUKA (IKOHOMHUYECKHIE HAyKH);

5.2.6. MeHeDKMEHT (IKOHOMHYECKHE HAYKH).

Mo yka3aHHBIM CHELHAIBLHOCTSIM KypHaJl BKIItoYeH B [lepeueHb pelieH3upyeMbIX HayUHbIX U3/1aHUH, B KOTOPBIX JOKHBI OBITH
OIy0OIMKOBaHbI OCHOBHBIC PE3YJIBTaThl JUCCEPTALNI HA COMCKAHUE YUCHOM CTeNeHN KaHIUaTa HayK, Ha COUCKAaHUE YUCHOW CTETICHU
nokTopa Hayk. K paccMOTpeHHIo W myOJIMKaIlMi B OCHOBHBIX TEMAaTHUECKUX pa3fienax )KypHajla IPUHUMAIOTCS aHAJINTHYECKHE Ma-
TEpHalibl, HAYYHbIC CTATHH, 0630pbl, PCUCH3MU U OT3bIBBI HA HAYYHBIC ny6m/u<au1/m 1o (I)yHﬂaMeHTaﬂbelM U TIPUKJIAAHBIM BOIIPOCaM
CTPOHUTEINILCTBA U APXUTEKTYPBI.

Bce noctynaronye Marepuabl IpoXoJsIT HaAyYHOE PelieH3UpOBaHNE (OJHOCTOPOHHEE CIIETOE) C yHaCTHEM PEACOBETA U MPHBIICUE-
HHEM BHELIHHUX JKCIIEPTOB — AKTUBHO MYOJIMKYIOIMXCS aBTOPUTETHBIX CHELMATMCTOB MO COOTBETCTBYIOIIMM MPEIMETHBIM 00NACTSM.

Konuu perieH3uii uiM MOTHBUPOBAHHBII OTKa3 B IMyOIMKAIMK PEAOCTABISIIOTCS aBTopam U B MuHoOpHayku Poccuu (1o 3ampocy).
Penien3uu XpaHsTCs B peaKIMU B TEUSHHUE 5 JIET.
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AHHOTALMUA

BBepeHue. PaccmaTpuBaetcs oanH U3 06beKTOB KyNbTYPHOrO Hacneams, opMUPYIOLLErO apXUTEKTYPHBIV 06NnWK ycaabobl
MycuHbIX-TTyLwKnHBIX Ha nepeceveHun [Jobpocnoboackon n CnaprakoBckow yrui, B Mockse (HbliHe KoMmMneke 3aaHunin Mo-
CKOBCKOTO rOCyAapCTBEHHOIO CTPOUTENBHOMO YHMBEPCUTETa), — [MNaBHbIN AOM aHcaMbns. byayyn namsaTHUKOM apXuUTeKTy-
pbl dhefepanbHOro 3Ha4YeHns, 3TO COOPYXEeHNEe K HacTosALEMY BPeMEHWN NPETEPNENno MHOrO4YMCIIEHHbIe Npeobpa3oBaHuns,
YTO OTPa3nUmock Kak Ha acagax, Tak ¥ B MHTepbepax 3aaHns. [NaMATHYK nmeeT 6oraTyto CTPOUTENBbHY UCTOPUIO U BKIHO-
YaeT MOCTPOMKM PasfUYHBIX 3MOX N apXMTEKTYPHbIX cTunen. OCHOBHas Lefb UCCNefoBaHNs — NPOCNeanTb NCToputo dop-
MUPOBAHUSI TNIaBHOMO AOMa, ONpeAenUTbCA C ero CTPOUTENBbHON Neproan3auneit, «BblYNIEHNTb» NepBoHaYanbHbIi 06bem
B CTPYKTYpe AaHHOIO COOPYXEHWS U BbINOMHUTb €r0 PEKOHCTPYKLMIO.

MaTepuanbi u Metoabl. V3yyeHne naMAaTHMKA OCHOBaHO Ha METOAEe KOMMIIEKCHOTO MCTOYHVMKOBEAEHWS, BKITHOYAIOLLEro
MOUCK 1 aHanM3 UCTOYHMKOB U NUTepaTypbl, HATYPHbIE UCCIIEA0BaHNS, COMPOBOXAaBLUMECS YCTPONCTBOM 30HAAXEWN, 3a-
Knapkon wypdoB 1 obmepHbIMK paboTamu, a TakkKe XMMUKO-TEXHOINOTMYECKNM U3yYEHNEM CTPOUTENbHBIX U OTAEMOYHbIX
martepuanos. Icnonb3ys cpaBHUTENbHBIN METOA, AaHHbIN OOBEKT GblN pacCMOTPEH B KPYry CTUIIMCTUYECKU U TUMONornye-
CKW BrM3KNX NOCTPOEK.

Pesynbratbl. BoisBneHa ctpouTenbHas nepuoavsauusi namaTHYKa, AaTUPOBaHbl ero CylecTsylowmne obbembl, onpeae-
JIeHO MepBOHaYanbHoe SAPO MOCTPONKM, OBHAPY>KEeHbI U U3yYeHbl CTuneobpasyoLye areMeHTbl 34aHUst, YTO NMO3BONMUMo
pa3paboTaTb rpadnieckyto pEKOHCTPYKLIMIO NaMATHMKA Ha HavanbHbIN Mepuoa B ero CTPOUTENBHON NCTOPUN.

BbiBopbl. [MpeanoxeHHass PeKOHCTPYKUUS SBNSETCA pe3ynbTaToM KOMMIEKCHbIX WCCReAoBaHWA, KOTOpblie MO3BOMSAT
npeacTaBuTb NepBOHaYarnbHbI 06K NOCTPOWKN, CTaBLUEN OCHOBOW A5 HbIHE CYLLIECTBYHOLLENO MMaBHOMO AoMa ycaabobl
MyCUHBIX-TTyLLKMHBIX, XOTS AaHHAs PeKOHCTPYKLMS He npecriedyeT Lenn ero BOCCO34aHus, OHa Nb 0603HavYaeT nepso-
HavanbHbI 0BNMK NaMSATHUKA U packpbiBaeT OAHY U3 CTPaHUL, B UCTOPUM CTOMb 3Ha4mMmMoro Ans Mocksbl ycagebHoro Kom-
nnekca.

KNIOYEBbIE CITOBA: ycagb6a MycuHbix-INywkuHbix Ha Pa3rynsie B Mockse, rnaBHbin goM, M.®. Kazakos, knaccuumam,
6apokko, gom [1.A. LLlenenesa

ona UATUPOBAHWUA: UeaHusik T.B., Canumos A.M. Jom [.A. LLleneneBa B coctaBe rmaBHOro goma ycaabbbl My-
CUHBIX-TTYLUKMHBIX MO MaTtepuanam WCTOPUKO-apXUTEKTYPHbIX uccregosanui // BectHuk MICY. 2023. T. 18. Buin. 6.
C. 829-840. DOI: 10.22227/1997-0935.2023.6.829-840

Asmop, omeemcmeeHHbIl 3a rnepenucky: TuMmyp Buktoposud MBaHubIK, timurahc@yandex.ru.

D.A. Shepelev’s house as part of the main house of the Musin-Pushkin
estate based on the materials of historical and architectural research

Timur V. Ivantsyk, Alexey M. Salimov
Moscow State University of Civil Engineering (National Research University) (MGSU),
Moscow, Russian Federation

ABSTRACT

Introduction. The article deals with one of the objects of cultural heritage, forming the architectural appearance of the Musin-
Pushkin estate at the intersection of Dobroslobodskaya and Spartakovskaya Streets in Moscow (now the building complex
of the Moscow State University of Civil Engineering) — the main house of the ensemble. As an architectural monument
of federal significance, the structure has undergone numerous transformations to date, affecting both the facades and
the interiors of the building. The monument has a rich construction history and includes buildings of different epochs and ar-
chitectural styles. The main purpose of the research is to trace the history of the formation of the main building, to determine
a period of its construction, to “distinguish” the original building volume in the structure and to reconstruct it.
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Materials and methods. The study of the monument is based on the method of complex source study, including search
and analysis of sources and literature, field studies, accompanied by soundings, trenching and measuring works, as well as
chemical and technological research of construction and finishing materials. Using a comparative method, the object was
studied in a range of stylistically and typologically similar buildings.

Results. The structural periodization of the monument has been revealed, its existing volumes have been dated, the origi-
nal core of the building has been determined, and its stylistic elements have been studied; thus, a graphic reconstruction
of the monument at the initial period of its construction history has been elaborated.

Conclusions. The proposed reconstruction is the result of comprehensive research, which helped present the initial ap-
pearance of the building that became the basis for the present main house of the Musin-Pushkin estate, although this recon-
struction is not intended to recreate it. It only marks the initial appearance of the monument and reveals one of the pages in
the history of the estate complex so important for Moscow.

KEYWORDS: manor complex on Razgulay, homestead Musin-Pushkin in Moscow, main house, M.F. Kazakov, classicism,
baroque, D.A. Shepelev’s house
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BBEJAEHUE

Kommneke 3pmaHnit MOCKOBCKOrO TOCYAapCTBEH-
HOTO CTPOWTEJIFHOTO YHHBEPCHTETAa — OJMH U3 apXu-
TEKTYpHBIX aHcamOnelr MOCKBBI 3MOXHM KJIACCHIIN3MA,
co3naHHblil B Hayase XIX B. crapaHusMU M3BECTHOIO
BEJIbMOXXH €KaTepPHHUHCKOTO BPEMEHH, KOJUICKIIMOHEPA
u yaeHoro Anexces: iBanosndaa Mycuna-IIymkuaa. Co-
IJIACHO CIJIOKUBIICHCS MCTOPHOTpapUIECKO TpauIiin
aBTOPOM ATOTO KoMIuiekca Mor 0bITh M.®. KazakoB nnu
30[uMH, «Onu3kuit ero kpyry» [1, 2]. 3a Bpemsi cBoero
CyIlleCTBOBaHUs aHcamOnb Ha Pasrynsie mpereprnen He-
MaJl0 W3MEHEHHH, YTO CII0OCOOCTBOBAJIO BHEAPEHHIO
B CTPYKTYPY KJIACCHLIMCTHYECKOH ycab0bl psiaa aucrap-
MOHHPYIOIIHX 00bEMOB M YTPATE OT/IEIBHBIX JIEMEHTOB
KOMIUTeKca. Takasi CUTyalusi CIOXHIach B OTHOIICHHUN
orpaael mo ymune CmaprakoBkoit [3] ceBepHOTo [4]
¥ BOCTOYHOTO [5] drureneis, ucropudeckuii 00IHK KOTO-
PbIX OBUT B 3HAYUTENILHON CTETICHN yTPAUucH.

I'maBHBI 1OM [@HHOTO KOMIUIEKCA TaKXkKe Ipe-
TepIeNn psia Mpeodpa3oBaHuUil, OMHAKO €T0 CTPOUTEIh-
HYIO HCTOPHIO €CTh OCHOBAaHHE paccMaTpuBarh B 0osee
LIMPOKUX XPOHOJIOTHYECKUX paMKkax. B muteparype,
MOCBSIIEHHOH ycanbdoe MycunbIX-I1yImKHHBIX, Halu-
YECTBYET YCTOSIBILIEECSI MHEHHE, UTO B COCTaB HBIHE CY-
LIECTBYIOILET0 MNIABHOTO IoMa, co3aanHoro B 1790-e rr.,
BXO/SIT KaMEHHbIC JKWJIbIe IajlaThl, KOTOPbIE CTOSIIN
3neck eme B cepeanne XVIII B. [6] Oyaydn BBICTpO-
€HHBIMH, BO3MOXKHO, B nepBoil uerBeptu X VIII cTone-
s [7].

B HacTosmee BpeMs IIIaBHBIHN 10M ycaas061 Mycu-
Ha-[lymknHa npeacTasiseT co00i KITacCHITMCTHIECKO-
ro oOJIMKa YETBIPEXITaKHOE 3[[aHUE, PACIIOJIOKEHHOE
Ha yry CnaprakoBckoit u J{o0pocio0oncKkoi yiuil.
Co CTOpOHBI IIIOIIAAX B MOCTPOHKE OTYETIMBO BBI-
JEISCTCS TPEXATAXKHBIN 00beM Havyana XIX B. u Oornee
TIO3JHUH YETBEPTHIH SIPYC, KOTOPBII OT/IEJICH OT OCHOB-
HOM YaCTH 3aHMUS IIUPOKUM FOPU30HTAIILHBIM ITOSICOM.

[To 3amamaOoMy (TIaBHOMY) (hacamy TpPEXOCEBBIS
pU3aIUTEl  (IAHKAPYIOT YTOIJIEHHYIO CEMHOCEBYIO
CPEAMHHYIO YacTh (acana (JIOIKUIO0), KOTOpasi Mo BTO-
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pOMy H TpEeTheMy sIpycaM aKIEHTHpPOBaHa JKMBOIIMC-
HBIM BOCHMHKOJIOHHBIM TIOPTHKOM C TPEYTOIBHBIM
(bpoHTOHOM. B OCHOBaHHM MOPTHKA HAXOIAMUTCS CCMH-
apouHast 0a3oBas 4YacTh, COOTHECEHHAs II0 BBICOTE
C IepBBIM spycoM 3aaHus (puc. 1). LleHTpansHas ce-
MHOCEBas YacTh 3amaJHOro Qacaga B HAWOONBIICH
CTETIEHH HaChIIeHa JTeKOpoM. [IoMHMO KONOHH C KO-
PUH(PCKIMH KaITUTEISIMA HA CTEHOBOM TUIOCKOCTH TIPH-
CYTCTBYIOT Takoro K€ opJepa MUWIICTPHI U Pa3BUTHIC
paMOYHBIC HATMYHUKA OKOH BTOPOTO sIpyca.

CeepHbIii cemuoceBoit acan goma Oonee cruep-
JKaH 1o AekopupoBke. Omyckasi MPUMHTUBHBIN 110 ap-
XUTEKTYPE YETBEPTHIA SIPYyC, OTMETUM, UTO I10 aHAJIO-
THH C 3aITaHBIM (acajioM 3Ta IIIOCKOCTh TaKKe UMEET
CpPEIMHHBIA AKIEHT B BHJE TPEXOCEBOIO pPHU3AJIUTA,
YKpPAIIEHHOTO TI0 BTOPOMY SIPYCY UETHIPEXKOJIOHHBIM
mopTukoM. COTTIacHO MePapXHUH 371€Ch BUHBI KOJIOHHBI
HEe KOpHH(CKOTO opjepa, a HOHMYEeCcKoro. B Tperbem
APYCE OTY KOMITO3UIUIO BEHYACT MOJYIHUPKYJIbHOC UTA-
JIBSTHCKOE OKHO, a 0a30BOI 4acThIO CIY)KHUT TPEXOKOH-
HBIA PYCTOBAaHHBIM HMKHHMU SIpyC, MPOEMbI KOTOPOIO
HaJIeJICHbI CaH/IPUKAMH.

CBoe0oOpa3HbIM NPOIODKEHHEM CeBepHOTo (aca-
Jla SIBJISIETCS CPE3AHHBIN CEBEPO-BOCTOUHBIN YToil JoMa.
Ha ypoBHe mepBOro u BTOPOIo 3Takei OH OPOPMIICH
poronoii. [To HMKHEMY spycy OHa HaXOIUTCS B KOH-
TEKCTe yOpaHCTBA MEPBOTO dTaka 3JaHUSA, a €€ BTOPOH
SIPyC TPEJACTABICH IATHKOJOHHOM TOJypOTOHJIOH.
Mexay KOMOHHAMH MOHHYECKOTO Opepa YCTpOeHa
OaxrocTpaza, a CTeHa 3TOTO OTKPBITOTO CO CTOPOHBI
yaunbl 00beMa EHTPUPOBAHA KUBOIMCHON TTOTYIIHP-
KyJIbHOW HUIIEH C (DIaHKUPYIOIIMMH €€ KOJIOHKaMHu
U KECCOHMPOBAHHON KOHXOMH, MOMELIEHHOW B MPSMO-
yroJIbHOE 0OpamMIIeHHeE.

ITo cpaBHeHHIO C ceBepHBIM (hacagoM JoMa €ro
IOKHBIA JTBOPOBBIM (hacaj NpenesbHO JIaKOHUYEH.
31ech y OKOHHBIX IPOEMOB OTCYTCTBYIOT HAIWYHHUKH
U HET MOPTHKA, OJIHAKO B TPETHEM SIpyCe €/Ba BBICTY-
MAIOMIETO PU3AINTA YCTPOSHO TMONYIHPKYITbHOE TPEX-
YaCTHOE OKHO, TOBTOPSIOLIEE HUTANBSIHCKOE OKHO Ce-
BepHOTO (hacana.



Aom A.A. LLleneneBa B cocTaBe rmaBHOMo AomMa ycaabbbl MycuHbIX-ITyLLUKUHbBIX

110 Matepraram UCTOPUKO-aPXMTEKTYPHbIX MCCAEAOBaHMI C. 829840

Puc. 1. Mocksa. ['maBHbli 1oM ycaap0b1 Mycnnbix-ITymkuneix no CrniaprakoBckoi yiauie. Bua raBaoro (3anagHoro)
¢acana c miomamy. Cymecrsyromiee cocrosiaue. @oro 2021 .

Fig. 1. Moscow. Main house of the Musin-Pushkin estate on Spartakovskaya Street. View of the main (western) facade from
the square. Existing condition. Photo from 2021

AmnarnorudeH o o(OpMIICHUIO M BOCTOYHBIN (ha-  JINTaMU BOCTOYHOTO (hacaja, 3aHAT BXOIHOH IpyImoi
caJl 37aHMs, OJHAKO €ro IUIaCTHUKa 3HAYUTENBHO BBI-  C BECTHOIOJIIEM, BHEIIHUH OOJIMK KOTOPOTO CBHICTEIb-
pa3suTeNbHEN 3a CUET ABYX PU3AJIMTOB, BBICTYMAIOIIMX  CTBYET O CO3JaHHMU ITOTO COOPYXKEHUs BO BTOPOH MO-
BITyOBb JIBOpa C CEBEPHOW M IOXHOW CTOPOHBI (hacana JoBHHE XX B.

(puc. 2). B nononHeHne 4acThb OKOH TPETHETO sipyca WuTepbeps! TIIaBHOM TOCTPOHKH ycaap0sl Mycu-
MMEET apOouHble CUIBHO MOIHATHIE HAJ OKHAMM CaH- HBIX-IIyIIKMHBIX CBHUAETENBCTBYIOT O MHOTIOUHCIIEH-
JPUKH, KOTOPBIE yBS3aHBI C TOPH3OHTAIBGHON KapHW3- HBIX Mepejeikax, KOTOpbIe ObUIN MPON3BE/ICHBI B 3TOM
HoH Tsroi. Kypmonep, oOpasyemblii OOKOBBIMM pH3a- 37aHMM, HaduHas ¢ mnocienoxapHoro 1813 r Tem

Puc. 2. Mocksa. I'maBublif oM ycanp0s1 Mycunbix-ITymkunaex no CriaprakoBckoit yiuie. Bun nBopoBoro (BocTo4HOT0)
¢acana. Cymectsytomee cocrosiaue. ®oro 2021 1.
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Fig. 2. Moscow. Main house of the Musin-Pushkin estate on Spartakovskaya Street. View of the courtyard (east) facade.
Existing condition. Photo from 2021
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HE MEHEE B IOT0-3alaJHOM YITIOBOM KOMIApTUMEHTE
MPUCYTCTBYET NapajHasi YyryHHas JECTHHIIA, a B ay/IU-
TOPUU BTOPOTO dTaxKa COXPAHUWIUCH KOJIOHHBI, HEKOT[a
yKpalllaBlIue NpOCTOPHBINA ABYCBETHBIN 3all.

[Tox BOCTOYHOI YacThIO ToMa (PUKCHPYIOTCS IO/~
BaJibl. D10 nopsizika 10 cBOUATHIX TOMELIEHUI, UMEIO-
IIUX pa3HbIC IO TUTOMIAAN TTapaMeTpPHI.

MATEPHAJIBI U METO/JbI

UccnenoBanne NaHHOTO MaMSTHHKA MPOBEAECHO
C UCIIOJIb30BAaHUEM KOMILIEKCA METOJI0B, OPUEHTUPO-
BaHHBIX Ha H3Y4YCHHE 00BEKTa KyJIbTYPHOTO HACIICIHS,
€ro HCTOPHUH, dTANIOB (DOPMUPOBAHUS U CTPOUTEITHHON
nepuoam3anuu. Ocoboe BHUMaHHUE YIOCICHO apXu-
TEKTYypHO-apXEOJIOTHICCKOMY HAIPaBICHUIO, aHAJH-
3y BBISBICHHBIX 00BEMOB, (puKcammu WX OOBEMHBIX
MapamMeTpoB U MOJACTUPOBAHUIO O0OBEMHO-IIPOCTpaH-
CTBEHHOM KOMIIO3MIIMM TIOCTPOMKHU. Marepuanamu
JUTSL WCCIIeIOBAHMS CTald BBIABICHHBIE B XOJ€ Ha-
TYPHBIX H3bICKaHHH (PparMEeHThI CTEH MEPBOHAYAIIb-
HOTO TIEpHOJa C OCTaTKaMHU apXUTEKTYpPHOTO NEKOpa,
CTHJIUCTUYCCKUE OCOOCHHOCTH KOTOPOTO HECKOJIBKO
OTJIIMYAIOTCS OT OOIIEH KIACCUIIMCTUYCCKOW KOHIICTI-
LIMM, YTO U JIEIIO B OCHOBY KOHIIETITYaJbHOTO pelie-
HUS U TpadUueCKOW PEKOHCTPYKIIHMH HCCICIYEMOTO
31aHMUSL.

B pamkax KOMIUIEKCHOTO 10/1X0/1a TPOBEAECHBI UC-
CIICZIOBaHUSA B CIICAYIOMINX HATIPABICHUIX:

1. Ocy1ecTBICH OUCK U TTPOAHATN3HPOBAHEI HC-
TOYHUKH W JIUTEPATypa OTHOCHTEIBHO HCCIIETyeMOTO
o0beKTa 1 aHcamOIIs ycaap0bl B IIEIIOM.

2. BrImoHeHs! HAaTypHBIE UCCIIEIOBAHUSA, COTIPO-
BOXKJIABLIMECS YCTPOMCTBOM 30HAAXKEH, 3aKIaJKol
uyphoB, 0OMepHbIMH PabOTaMH U XUMHUKO-TEXHOJIO-
TUYECKUM HM3YYEHHEM CTPOUTENBHBIX W OTACIOYHBIX
MaTepuasoB.

3. Ucnonb3yst cpaBHUTEIbHO-UCTOPUYECKUN Me-
TOJ, OBLITH TIOOOPAaHBI CTHIMCTUYCCKH M THITOJIOTHYC-
CKHU OJTU3KHC aHAJIOTH BBISIBICHHOMY HauOoJice paHHE-
My 00BbEeMy IJIAaBHOTO JIOMA.

4. IoaroToBneHa peKOHCTPYKIIMS 31aHNUs1, BOILIE-
wero B Hayaste XIX B. B COCTaB INIABHOI'O JI0Ma yCaJlb-
661 MycuHBIX-[TyITKHHBIX.

PE3YJIBTATBI HCCJIEJOBAHNA

Droxa MeTPOBCKUX MPeoOpa3oBaHU MpPEBpaTHIIa
JIKAIMNA MEXK]Ty TOPOIOM M 000COOICHHBIMU 3aT0PO/I-
HBIMU NOCEJICHUSIMU paliOH B OJHY M3 CaMbIX IIpe/CTa-
BUTENBHBIX YacTed MOCKBBI, XOTSl BIUIOTh JIO0 MOXKapa
1735 r. 3actpoiika B crmoboje OblIa B 3HAYUTEIHLHOU
Mepe naepeBsiHHOW. Ho crodmum Ha maBHOM ynune
BacmanHOi1 c1000/16I TOMaM cTapajIich NPUAATH OTHO-
CUTETHFHO «IOPSIOYHBINY 00NNK, TOCKOIBKY I10KpOoB-
ckas (bacmannas), a mo3xe EmoxoBckas ymuma Opuia
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napckoit maructpanpio'. B 1730-e rr. mo atoii jopore
nmneparpuria ArHa MoanHoBHa e3nmina B PyOGroBo-
IMoxpogrckoe, U3maitnoo, Jiegoproso.

B cepenune — Bropoii nonosune X VIII B. yyacTok,
Ha KOTOpOM cerofins Haxoautcst komiuieke MI'CY, Bxo-
U B COCTaB OOJBIION ycampObl oOep-rodmeiicrepa
u reHepan-anmeda [I.A. Illerenesa, rae cymecTBoBa-
JIX HE TOJILKO JICPCBSIHHBIC, HO ¥ KAMCHHBIC ITOCTPOUKH
(puc. 3) [8]. OnHako B eKaTepUHUHCKOE BpPEMsI Ha9aJI0Ch
ee apobneHue U B 1776 I. 3HaYUTENbHASL YaCTh 3TOTO
JIOMOBJIA/ICHUSI, BBIXOAAIIETO CBOUM 3aMaJHBIM KpaeMm
Ha IUIomans Pasrynsil, crama coOCTBEHHOCTRIO My-
cunbIX-ITymkunsix [9]. Tounee He Mycunsix-ITymku-
HBIX, 8 X POJICTBCHHUKOB, IIOCKOJIBKY 3Ta ycaan0a J1o-
cranach Exarepune AnekceeBHe Bonkonckoii (¢ 1781 1.
Mo MyXy MycuHOH-IIyImKHHOH) «OT TETKH ee POIHOH
nesuiel Mapsu Ponnonosusl Komenesoit» [10].

Puc. 3. lomopnanenue (B Oynyuiem) Mycunbix-I1ymkuabix
Ha rutane Mockssl. 1739 . Uctounnk: Apxus MI'CY. Jlom
Mycuna-Ilymkuna, Tpu ¢uuresns u orpaaa. Vicropuko-
apXUTEKTypHOE oOcnenoBanue gomoBnaaeHus. T. 1. M. :
000 «Apcumymp», 2011

Fig. 3. Household of the (future) Musin-Pushkin on

the plan of Moscow. 1739. Reference: MGSU archive.
Musin-Pushkin house, three wings and fence. Historical
and architectural survey of the house. Vol. 1. Moscow, LLC
Arsimum, 2011

! EnoxoBckoii (ExamoBckoit) 3Ty ynuily Ha3biBaeT YKa3aresb
Mocksel 1792 1. (Ykaszatenb MOCKBBI ¢ TIPHIIOKEHUEM HJI-
JIIOMUHUPOBAHHOTO IJ1aHa MOCKBBI, Ha YacTH Pa3/elIEHHOM.
Y. 1. M., 1792. C. 55), no na mnanax 1790-x rr. oHa Ha3Ba-
Ha bacmannoit (LII'A Mocksel. ®@. 105. On. 1. JI. 635. JI. 3;
HI'A Mocksbr. @. 171. Omn. 1. JI. 281. JI. 2), a Ha rutaHax
1802 u 1824 rr. 3naunrtcs kak bonpmas [loxposekas (LITA
Mockssl. ®@. T-1. Om. 2. 1. 173 (437/291); 1, 2).
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B 1790 r. E.A. Mycuna-Ilymikuna cobupanach
BO3BECTH Ha ATOM y4yacTKe HOBBIC 3J[aHUSI WU Tepe-
CTpOHTH O0JIee paHHHE COOpYXKeHHs. B 3ToM romy ona
HaMEepeBaJIaCh «NOCMPOUmMsb 20CHOOCKUS OePeBAHHbIA
XOpoMbl €O Ccayxcoamu Ha KAMeHHOM (QyHOameHme
u cmapoe Jicunoe U HedCunoe CMmpoeHue UCHPABUMb
nouunxowy [11].

Cyns o Tomy, 4To B ToM ke 1790 r. B 11eHTpe ee
YIJIOBOTO JIOMOBJIAJICHUSI ObLI 3a()MKCUPOBAH KaMeH-
HBIA IBYX3TaXHbIM goM (2 Ha puc. 4) [12], a He Ka-
MEHHO-IEPEBSHHBIE «XOPOMBD», KOTOpPBIE B CEHTSIOpe
1790 r. Tompko NUIIG coOupanack CTpoUTh MycHHa-
[TymkuHa, TO 3TO KAMEHHOE JKWJIOE CTPOCHHUE CIEYeT
CUUTATh COOPY>KCHUEM, MOSBUBIIUMCS, BO3MOXHO, 3a-
nonro 1o toro, kak E.A. Mycuna-Ilymkuna noxena-
512 OOHOBUTH 3aCTPOKy cBoero y4acrtka. I1o kpaiineit
Mepe, ero MoxkHO oTHecTH K cepenune XVIII B., korna
ycanp6a npuHamexana [.A. Illemenesy.

Puc. 4. Mocksa. [1nan nomosnanenust E.A. Mycunoii-

[Tymxunoil. 1790 r.: / — «BOp U caj BbILIENUCAHHON
rocnoxn Mycunoit [Tymkunoii»; 2 — «CTpoeHne kaMeHHOe
B JIBA 9TaXa»; 3 — «CTPOECHHUE JAEPEBSIHHOE KUII0E

u Hexuoe». LIIA Mocksbl. ®@. 105. Om. 1. 1. 635. J1. 3

Fig. 4. Moscow. Plan of E.A. Musina-Pushkina’s house
ownership. 1790 r.: / — “The yard and garden of the above
mentioned Mrs. Musina Pushkina”; 2 — “building stone

in two stories”; 3 — “wooden building dwelling and
nonresidential”. Moscow Central State Archive. Fund 105.
L. 1. File 635. Sheet 3

B nayane 1790-x rr. X035MHOM paccMaTpuBaeMoi
ycanp0bl B bacMaHHOM YacTH COCTaBUTENb YKa3ares
Mockssl Ha3biBaeT yxe A.M. Mycuna-Ilymknna —
Myxka Exarepunsl AnexceeBHb! [11], XOTsS BIIOTH
no camoro xonua XVIII B. kaxkux-nmuOo neicTBuil
0 BHUJOM3MEHEHUIO CBOEM MOCKOBCKON HEIBHKHMO-

cti oH He npeanpuauMan. K 1799 r. 3actpoiika sToro
JIOMOBJIaJIEHHS TaK B LIEJIOM M OCTallach JEPEBSHHOM.
JInip HeCKOJIBKO BBIPOC B pazMepax IIIaBHBIM ycaeo-
HbI ToM: B 1798 1. k OoJiee paHHEMY MTPAKTUYECKH KBa-
JPaTHOMY B IIJJaHE KAMEHHOMY JIByX3TaKHOMY 00beMy
caenany psy npuctpoek (2, 3 ua puc. 5) [12].

Puc. 5. «I[1nan nqBopy rocrnoauHa TaifHaro COBETHHKA,
CeHaTopa M Pa3HbIX OP/ICHOB KaBajepa rpada Ajekces
WBanosnua Mycuna-IlymknHa, cocTosmeMy 3a 3eMIISTHBIM

roposioM B bacMaHHO# 9acTu B IpUXo/e epKBU
borosinenus I'ocriogus uto B Enoxose, yulHEH HIOHS

nHs 1799 romay: 1 — «IBOp €O CTPOCHUSMHE U CaJl €T0
cusitenbeTBa rpada Anexcest MiBanosnmua Mycuna-
ITymkunHay; 2 — «KaMeHHBIH KOPITYC B IBa KUJIbS,

K KOTOPOMY...»; 3 — «IIPHUCTPOEHbI KAMEHHBIE IPUCTPONKN
... mpouutaro 1798-ro roga». LIFA Mockser. @. 171. Om. 1.
J1.281.J1. 2

Fig. 5. “The plan of the yard of the Privy Councillor, Senator
and Knight of various Orders, Count Alexei Ivanovich
Musin-Pushkin, which is situated outside the Zemlyanoy
Gorod in the Basmannya part of the parish of the Church of
the Epiphany in Elokhovo, was made in June 1799”: ] —

“a courtyard with buildings and a garden of His Lordship
Count Alexey Ivanovich Musin-Pushkin”; 2 — “a stone
building with two residential buildings, to which...”; 3 —
“stone annexes attached... of the last 1798 year”. Moscow
Central State Archive. Fund 171. L. 1. File 281. Sheet 2

B 1797 r, nocne npuxona k Bnactu Ilasna I, Anek-
ceii MIBaHOBHY BBIXOAWT B OTCTaBKY, IpaB/ia, TOIa ke
OH CTaHOBHTCS rpadoM n ceHaropom. Ho atu noxxanosa-
HUS HE 3aCTaBIIIN KOJUIEKIIMOHEPA MPOIOIKUTH Kapbepy
yrHOBHMKA. [lociie oTcTaBkM OH HaBcerna MocesseTcs
B Mockse (BeposiTHO, B ycajp0e Ha Pasrynse) u mepe-
BO3UT crozma u3 IlerepOypra cBoro Oorareiinryro OnOIm-
OTEeKy C OONIMPHEWIINM PYKOITMCHBIM OTJEJIOM U BCE
Ko/utekuuu. Hago momarars, 4To HMEHHO 3THM 00CTOS-
TENBECTBOM OblTa 00yCIIOBIEHa PEKOHCTPYKIHS €T0 MO-
cKoBCKoro goma Ha Crapoil bacmanHoO# ynune, kKoTopas
ObuTa BBITIOJIHCHA B 1798 I. Ha CleAyrOIIUI ro TOCe
Bbixoma A.M. Mycuna-ITymkuna B orctaBky [13].
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Bospparenne Mycuna-Ilymkuna 8 MockBy? cTa-
JIO HAa4YaJIOM KapJIMHAJIbHBIX IEPEMEH B CY/Ib0€ ycaibObI
Ha riomaau Pasrynsii. Eciou B 1798 . Anekceit UBano-
BUY TOJILKO PEKOHCTPYUPYET U HECKOJIbKO pacuIupsieT
IIABHYIO ITOCTPOWKY CBOETO JOMOBJAJCHHS, TO B Ha-
yayie XIX B. ObIJIO MOCTPOSHO HOBOE MACIITA0OHOE KH-
JI0€ 371aHHKe, a TAKKe HECKOJIBKO KAMEHHBIX CITy>KEOHBIX
moctpoek. OO 3TOM CBHAETENBCTBYET IUIAH, KOTOPBIHA
marupyrot 1802 mmm 1804 1. (puc. 6) [14].

) S e
(;{fa.:/{ woerild N #‘x‘:f "

( -)/r"//( il
Puc. 6. MockBa. I'1aBHbIi 10M Ha «['eoMeTpUYECKOM ILIaHE
JoMy cocTosiieMy B bacMaHHOI yacTu TpeTbeM KBapraie
mox Ne 312 u 321-m Ero cusitensctBa rpada Anekces
MBanosnua Mycuna Ilymkuna...». 1802—-1804 rr. II'A
Mocksbl. @. T-1. Om. 2. /1. 173 (437/291; 1)

Fig. 6. Moscow. The main house on the “Geometric plan of
the house located in the Basmannaya part of the third quarter
under No. 312 and 321, and belongs to his Excellency Count
Alexei Ivanovich Musin-Pushkin...”. 1802—-1804. Moscow
Central State Archive. Fund Vol. 1. L. 2. File 173 (437/291; 1)

ABTop noxarorosineHHoM B 1995 r. kpaTkoii uctopu-
YeCKOMU 3aIIMCKU CUUTALT, 4TO PAOOTHI 10 M3MEHEHHIO 00-
JIMKa yca p0bl, 3aBEPIINBIINECS CO3IaHHEM KOMILIEKCa
KaMeHHBIX 3/1aHul, npunuinck Ha 1800-1803 rr. [14].
Opnnako orcyrcTBue Ha ueprexe 1802-1804 rr. psaa
KaMCHHBIX IOCTPOCK, KOTOpbIC (PUKCHPYIOTCS Oojee

2 Ou pomwicst B Mockse B Mapre 1744 . (Kanatioosuu K.®.
Buorpaduueckue cBeneHus o KHU3HHU, YUCHBIX TPYAax U coOpa-
HUH POCCUHCKUX ApeBHOCTEH Tp. AWM. Mycuna-Ilymkuna).
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MO3JHUMH JOKYMEHTaMH, [O3BOJISIET PACIIUPUTH XPO-
HOJIOTHYECKUE PAMKH ITHX CTPOUTEIBHBIX MEPOTPHSI-
Tuid. Ho BecbMa HE3HAUUTENBHO, MOCKOJIBKY K Hadally
1810-x IT. mpakTUYeCKHu Bce BO3BEACHHLIE IO MEpUMe-
Tpy AoMoBianeHuss MycuHBIX-IIyIIKHHBIX coopyske-
HUS yKe ObITH KaMEHHBIMH. [[e510 B TOM, YTO HCTOYHUK
1813 . MOMUMO «2nasHazo mpexamanjicHazo Kopnycax»
OTMEYaeT Ha TEPPUTOPUH ITOH yCcaabObI eIIe «08a JHCi-
JIBIX U 080 HEHCUNILIX OOHOIMANCHBIX (paucensy», a TIaH
1814 . 0oqHO3HAYHO 00 ITOM CBHIICTEIBCTBYET, IJIC IKC-
IUTMKANUS YKA3bIBACT dTAKHOCTH BCEX KAMEHHBIX 3/1a-
Huii [15]. JInmmEM TOATBEPKACHNE TOMY, YTO K BOITHE
1812 r. Bce coopyxeHust sapa ycaab0bl ObUIM KaMeH-
HBIMHU ITOCTPOUKAMH, CITYXKHUT TOT (DAKT, YTO ITOCIIE I10-
Kapa UX COOMPATTUCH ITOTIPABUTH» U yCTPOUTH Ha 3TUX
3MaHUAX KpoBito [16].

bnaronaps crapanusim B1oBbl AWM. Mycuna-Ilym-
KHMHA ycaaeOHbI KOMIUIEKC Ha IJIoaay Pasrymsii mo-
cJie BOWHBI OBUT MOJHOCTHIO BOCCTAHOBIICH, YTO U OBLJIO
3adukcupoBaHo miaHoM 1824 r., THe Ha TEPPUTOPHH
KOMITAaKTHOTO YTJIOBOTO IOMOBJAJICHHUS MOKA3aHBI HC-
KIIIOYUTENIFHO KaMEHHbIe COOPYKEeHHs, He TpeOyro-
e, KaKk CBUACTEIBCTBYET JOKYMEHT, HCIIPABICHHS
(puc. 7) [17].

VYmepna E.A. Mycuna-ITymxkuna B 1829 r., uepes
HECKOJIBKO JIET e¢ HacleIHUKH (CHIHOBbs VBaH 1 Bia-
JUMHP) PELIHIIN IPOIATh POIUTEIBCKOE NMEHHe. B pe-
3yabpTaTe Mociie MpoBeIeHHbIX B 1833 . meperoBopos

| &

Puc. 7. Mocksa. [71aBHBII 10M Ha IU1aHEe «10MY rpapuHH
Exarepuns! AnexceeBHbl MycuHoit [TymkuHoi, coctosdmeMmy
Bacmannoii yactu 3-ro kBaprana mox Ne npexHuM 312-M,

a HeiHE 297-M». 5 deBpaist 1824 . LI'A Mockssr. ©. T-1.
Om. 2. 1. 173 (437/291; 2)

Fig. 7. Moscow. Main house on “The plan of the house

of Countess Catherine Alexeevna Musina Pushkina, located
in Basmannaya part of the 3rd quarter, number 312 formerly,
and now 297”. 5 February 1824. Central State Archive of
Moscow. Fund Vol. 1. L. 2 File 173 (437/291; 2)
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B sitHBape 1834 r. ycanp0a Obla npuodpereHa MockoB-
CKUM yueOHBIM OKpyroMm 3a 130 Teicsiu pyOueid st oT-
KPBITHS 3/1€Ch THMHA3HH.

B nampHeiimieid cyap0e TOMOBIAJACHUS MPOUCXO-
JIMJIO elle HeMaJo MpeoOpa3oBaHMi, OJHAKO B paMKax
JTAHHOM CTaThH PACCMOTPUM JIMIIb TIEPBHIC 3TaIbI (Hop-
MHPOBaHMS IVIABHOTO JIOMa ycaJbOBbl, I1e€ MOXKHO BbI-
JIETUTH CIIEAYIOINE OCHOBHBIE TIEPHOIBI.

I cTponTenbHBINA MEPHOA MOKHO OTHECTH K Cepe-
nuHe XVIII B., korna Ha MecTe CyIIECTBYIOLIETO HbIHE
[TaBHOTO JIoMa  ycaapObl  MycuHbBIX-IIymIKHHBIX,
o 3aka3y JI.A. lleneneBa Bo3BomUTCS ONMM3KOE B TIIa-
HE K KBaJpaTy ABYX3TaKHOE CTpoeHHe. B Takom Buze
OHO, 10 BCEH BUIUMOCTH, ¥ OBLJIO0 3a(hNKCHPOBAHO ITJa-
HoM 1790 1. (2 Ha puc. 4).

II crpoutenbHBIl NEpUOA CIEAYET COOTHECTH
¢ konroM 1790-x rr., korma kK aByMm Qacamam (cesep-
HOMYy U 3amagHomy) noma J[.A. IlleneneBa Obin mpH-
CTPOEH 3HAYMTENIBHBIM 110 TUIOLIa 1 00bEeM, KOTOPBIN
yBsI3aJI 3][aHNE C KPACHBIMHM JIMHUSMH JIBYX Yiull, Gop-
MUpYIOIIUX CEeBEepO-3amajHbI yroia JIOMOBIACHUS
(2, 3 Ha puc. 5).

Il crpouTenbHBI MEPHOA OXBATHIBAET MEPBOE
naecstunerne XIX B. OT0 BpeMs KapAUHAJIBHON mepe-
ctpoiiku 31anus cepenunsl XVII cronerus. [maBHbii
JoM ycaapobl nomyunn [1-o0pa3Hyro B muane gopmy
U TpHoOOpeN KIACCHIMUCTHYECKUH OONNK, 3pUMBIMA
aTpuOyTaMi KOTOPOTO CTaJIM BBICOKHH BOCHMHKOJIOH-
HBII HOPTHK 3aMMaaHOTO (hacaga v U3SIIHAS TOITypPOTOH-
Jla Ha CEBEPO-BOCTOYHOM YTy 3MaHHA. JDTO OOHOBIIE-

[Tnan 1-ro sraxa / 1st floor plan
}
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HUE, 110 CYTH, HABCET/1a CKPBUIO B HEJIPaX MacIITaOHOTO
coopykenus Hauana XIX B. nom J[.A. Illenenesa.

Ha sTom BUIOM3MEHEHHS IIaBHOTO JOMa yCalb-
OBl HEe 3aKOHYMJIMCH, HO B paMKax JaHHOM cTaTbu OyaeT
y/IeIIeHO BHUMaHHE TOJILKO Ha9aJIbHOMY JTaIly B Cy/ib0e
9TOTO MHOTOCOCTABHOTO IAaMATHHKA, & HMEHHO JIOMY
rerepana lllemnenesa.

B pesynprare mpoBeIeHHBIX HATYPHBIX HCCIEHO-
BaHUI YNATOCh BBISIBHTH 3HAYUTEIFHOE KOIHMYECTBO
apTedakToB, YKa3BIBAIOMIUX HAa OOBEMHO-TUIAHHPO-
BOYHYIO CTPYKTYPY M CTHIIMCTHYECKHE OCOOCHHOCTH
JaHHOM mocTpoiiku. B wactHOCTH, OBUT OOHApyXEH
MIEPUMETP HECYILUX KUPIUYHBIX CTeH cTpoeHust X VIII
CTOJIeTHS, Bomeamero B Hadajge XIX B. B cocTaB Iy1aB-
HOTO oMa ycamab0sl MycuHbIX-ITymkuHbIX. DTN CTe-
HbI 11O HACJTIOCHUEM MMO3AHUX HITYKATYPOK COXpaHHUIN
Clle/lbl  JIEKOPATUBHO-XYI0KECTBEHHOTO O(QOpMIICHHS
U OTIEINKY CBOMX (haca/iHbIX TTOBEPXHOCTEH.

CreHOBBIE KOHCTPYKIHMHM, OOJIalatolue Mpu3Ha-
kamu Ooliee paHHEeW MOCTPOMKH, OOHAPYKEHBI B IEH-
TpaJbHOW YacTH 3[1aHUsl — Ha TIEPBOM U BTOPOM 3Ta-
Kax JIOMa; yBS3aHHBIE MEXIY COOOH, OHH SIBIISIIOT
MTOYTH KBaJIPATHBIH B Tu1aHe 00beM (puc. 8). C BHENIHEH
CTOPOHBI €r0 CTeHbl OOWJIBHO YKpAIICHbI OCTaTKaMu
cpy0OieHHOro (hacajHOTro AEKOpPa, a MO MEPBOMY SPYCy
( oTyacTH BTOpPOMY) (PMKCHpYETCs IEpBOHAYaIbHAsS
pyctoBka. OOHapyKEHHBIC TAaHHBIC MO3BOJIIOT IIPEII-
CTaBUTbH rabapUTHI MOCTPOUKH, MECTOIOTIOKEHHUE TIPO-
€MOB U yKa3aTb Ha OTKPOBEHHO OAPOYHYIO CTHIIACTHKY
ee (pacamos.

Inau 2-ro srama / 2st floor plan

[ ] Cepenuna XVIII 8. llom JL.A. llenenesa / The middle of the XVIII century. D.A. Shepelev's house

(.

Iepeoe pecarunerne XIX B. O6beM masHoro JoMa ycansosr My cHHEIX-ITy IIKHHBIX
Ist decade of the XIX century. The volume of the main house of the Musins-Pushkins estate

3nanme ruMuazii 1910-x rr. / The Gymnasium building of the 1910s.

Puc. 8. Mocksa. Ycans6a Mycunbix-ITymkunaeix. CTpouTtenbHas Neproau3alys ITIaBHOTO IoMa ycaab0bl. PEeKOHCTpyKIHs

T.B. UBanneika. HUWIT HUY MI'CY

Fig. 8. Moscow. The Musin-Pushkin estate. Construction periodization of the main house of the estate. Reconstruction by

T.V. Ivantsyk. NIIP NRU MGSU
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B wactHOCTH, WCCENOBaHUS CEBEPHOW CTEHBI
noma JI.A. IllemeneBa moka3anu, Kak B paMKax py-
CTOBKH IIEPBOrO spyca YCTPOCHBI OKOHHBIE H IIBEp-
HBIE TIPOEMBI, HaJIeJIEHHBIE JTyYKOBBIMH II€PEMbIYKaAMH
1 ohOpMIICHHBIE 110 NEPUMETPY YETBEPTHIO C BEHYa-
IOIIMM 3aMKOBBIM KamHeM (puc. 9). PycrtoBka creH,
NIpUMBIKasi B pallOHE 4YeTBEpTEeH, KpEemyercsi, 4To Je-
naet Qacajapl 3aaHus Oosiee rulacTuHbIMU. [IpuMeda-
TEJILHO, YTO B YETBEPTSAX OKOHHBIX IPOEMOB HEPBOTO
9TaXka COXPAHWINCH IOACTABBI, YTO CBHAETEIBCTBYCT
0 HAJIMYUM CTaBEHb Ha OKHAX SIOXM 0apokko. Takoe
pelIeHre JOCTaTOYHO XapaKTEePHO YISl MOCTPOCK JTaH-
HOTO MIepHO/Ia ¥ IMEET HEMAJIO aHAJIOTOB. Y 3alaJHOTO
yIjla ILIETeNeBCKOTo» JloMa (pukcupyercs: cpyoineHHas
nsicTpa (puc. 9), 4To MO3BOJISIET MIPEAIIOIaraTh CyIe-
CTBOBAaHHE IOJJOOHOTO IEMEHTa ¥ Y BOCTOYHOTO yIJia
ceBepHOro acasa.

Puc. 9. Mocksa. ['maBHbli oM ycaab0b1 MyCHHBIX-

[Tymkunsix no CrniapTakoBCKoi ynuie. 30HIaX 110 IEPBOMY
aTaxy ceBepHoro ¢dacana noma J[.A. lllenenesa, rae
(UKCUPYIOTCS] OKOHHBIH M ABEPHOI POEMBI, PyCTOBKA

u parMenT crecanHoi muAcTpel. Poto 2022 1.

Fig. 9. Moscow. Main house of the Musin-Pushkin estate
on Spartakovskaya Street. Probing the ground floor of
the northern facade of D.A. Shepelev’s house, where
window and door openings, rustication and a fragment of
embossed pilasters are fixed. Photo 2022

CTeHbl BTOPOro 3Taka CEBEpPHOro (Qacaga TOKe
UMEJIH PYCT, OIHAKO PACIIONArajcsi OH TOJIBKO B LICH-
TpanbHOi yactu (puc. 10). Ero ¢nankupopanu Oosnee
[POTSDKEHHBIE U JIMIIEHHBIE pycTa NpsACia, KOTOpBIE
OBLIM IPOOUTHI BBICOKMMH OKOHHBIMH IIPOEMaMU C pas-
BUTBIMH OapO4YHBIMH HaJIWYHHKaMH. Y XoTs mocnen-
HUe cpyOnens! (puc. 11), MOXXHO HE TOJNBKO B JCTAJAX
MPENCTaBUTh UX OOJHMK, HO M YKa3aTh Ha HEKOTOPbIC
otnnyus. K mpumepy, KUpIUUHbIe ¢ OelTOKaMEHHBIMU
BCTaBKAMH HAJMYHUKH IIEHTPATBbHOTO BYyXOCEBOTO
pH3aIUTa MMEIH 3aBeplLIeHHe B BHIE TPEYrOJbHO-
ro GpOHTOHA, a HAIMYHUKH OKOH BO (MIAHKHPYIOIIUX
IUIOCKOCTSIX BEHYAIUCH JIYYKOBBIM OYEIIBEM.
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Puc. 10. Mocksa. ['maBHbIiT oM ycaap061 MyCHHBIX-
[Mymkuneix mo CriapTakoBCKOH yiuIe. 30HAaX 110 BTOPOMY
sipycy ceBepHoro ¢acana qoma JI.A. lllenenesa. ®parment
CpyOJICHHOTO OKOHHOTO HaJIMYHHUKA U3 OEJIOro KaMHs

C CaHAPUKOM B BH/Ie (PPOHTOHA M OT/AEIIKA TIIIOCKOCTH CTEHBI
pyctom. doto 2022 1.

Fig. 10. Moscow. Main house of the Musin-Pushkin estate
on Spartakovskaya Street. Probe of the second tier of

the northern facade of D.A. Shepelev’s house. Fragment of
cut down window trim of white stone with a fronton and
finish the plane of the wall with rustication. Photo 2022
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TMoeepxHOCTE COMTOTO HATHYHHKA DAPOMHOIO MepHona
The surface of the knocked-down platband
of the Baroque period

Puc. 11. Mocksa. ['maBHSIH oM ycaap061 MyCHHBIX-
[Tymxunbix no CnapTakoBCKOH yiue: @ — 30HAaX

110 BTOPOMY sIpycy ceBepHoro ¢dacana noma JI.A. Illenenesa.
CpyOneHHbIi okoHHBIN HanmuaHuK. PoTo 2022 15 b —
(uKcanus 30H1aXxa 0 BTOPOMY sIpyCy CeBEpHOTro (acana
noma JI.A. IlleneneBa. OKOHHBIN HATMYHUK

Fig. 11. Moscow. Main house of the Musin-Pushkin estate
on Spartakovskaya Street: @ — probe on the second tier
of the northern facade of the house of D.A. Shepelev. Cut
window casing. Photo of 2022; 5 — probe on the second
tier of the northern facade of the house of D.A. Shepelev.
Window casing
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Bocrounas crena noma JI.A. [llenenera Takxe co-
XpaHWIa PyCTOBKY CTEH TIEPBOTO dTa)ka, U €ro OKOH-
HBIC U JIBEPHBIC MPOCMbI aHAJIOTHYHBI 00HAPYKCHHBIM
Ha CEBEpPHOM cTeHe mocTpoiiku. OmHako (acaaHbIil fe-
KOp BTOPOTO 3Taka MPE/ICTABJICH B IAHHOM ClTy4ae B He-
CKOJIKO MHOM HcrionHenue. [Tomumo cieoB ot cpy-
OJICHHBIX HAJMYHHKOB KHPIHMYHAs KJIaJKa COXPaHWIIA
u pparMeHTs! cpyonaeHHbIX musicTp (puc. 12). Ux Mmox-

[MorepxuocTs cOMTOrO Aekopa HapouHOro NepHoaa
j The surface of the knocked-down decor
of the Baroque period

Puc. 12. Mocksa. ['maBHBII oM ycap061 MyCHHBIX-
[Tymxusabix mo CiapTakoBCKOH ynuIe: @ — 30HAaX

10 BTOPOMY SIpyCY BOCTOYHOTO (hacaja JoMa

J.A. llenenesa. Crenbl cpyOIeHHBIX OKOHHBIX HATHYHHUKOB,
MIBICTPEI ¢ OeJIOKaMEeHHOM 0a30# 1 KaIHUTEIbIo

u BeHuarouiero kapuuza. ®oro 2022 r.; b — dukcarys
30HJaXa 110 BTOPOMY SIpyCy BOCTOYHOTO (hacana roma

J.A. lenenea. Crenbl cpyOISHHBIX OKOHHBIX HAIMYHHUKOB,
MAISICTPBI ¢ OeTTOKaMEHHOW 02301 M KallUTENbI0

1 BEHYAOLIEro KapHu3a

Fig. 12. Moscow. Main house of the Musin-Pushkin estate
on Spartakovskaya Street: a — probe on the second tier of
the eastern facade of the house of D.A. Shepelev. Traces of
cut window cills, pilasters with white-stone base and capitals
and crowning cornice. Photo 2022; b — Probing fixation

on the second tier of the eastern facade of D.A. Shepelev’s
house. Traces of cut window cills, pilasters with white-stone
base and capitals and the crowning cornice

HO WJICHTU(HUIINPOBATH MO 3aKJIaHBIM OEITOKaMEHHBIM
9JIeMEHTaM M CpyOJICHHOW KHMPIUYHOW ITOBEPXHOCTH
MUISICTPBI. [laHHBIE DJIEMEHTHI pacriojiarajliuch B Mpo-
CTEHKaX MEX/y OKOHHBIMH ITpOeMaMH 1 (POPMHUPOBAIIN
IUTaCTHKY TapKoBOro (acajga MOCTPOMKH. 3aBepiual
KOMITO3UIIMIO ITMPOKUI BEHYAIONINH KapHU3, PUCYHOK
KOTOPOTO YHMTAETCsl B KJIAJKE CTCH KaK Ha 3arajHoM,
TaK U Ha ceBepHOM (acanax 3aanus (puc. 12).

Uro kacaeTcs IIBETOBOTO PELICHUs] MOCTPOWKH
cepenunbl XVIII B., To ero taxke yaanoch BBIIBUTH
TIPY MPOBEJICHUH HATYPHBIX MccienoBanuid. [lokpacka
CTEH JioMa ObUIa BBHINOJHEHA HEKHO-PO30BBIM 1[BETOM
0 TOHKOH M3BeCTKOBOM oOmaske (puc. 13). B couera-
HUHM ¢ OCIIBIM JIEKOPOM TaKOE IIBETOBOE PEIICHHE OBLIO
JIOCTAaTOYHO PACIPOCTPAHEHO B OAPOYHBIX ITOCTPOHKAX
cepenunsl XVIII B.

PaccMoTpeB Bce Marepuasibl - HCCIIEOBaHMUS,
MOKHO KOHCTaTHpOBaTh, 4To J0M TeHepaia [llenene-
Ba HE ObUI JIMKBUJIUPOBAH IOCIE MOKYIKH €ro B KOH-
ne XVIII B. Mycunsmvu-ITymkunsivu. Bonee Toro,
OH CTall OCHOBOW ISl KJIACCHUIIMCTHYECKOTO 3/IaHMs
Hayana XIX B., XOTs, Oyay4n BCTPOCHHBIM B HOBBIW
00bEM ecTeCTBEHHBIM 00pa3oM, yTpaTuil cBoe boraroe
0apouyHOC yOpaHCTBO. 3aMETHM, YTO TOJOOHBINA TOJ-
XOJl K apXHUTEKTYPHOMY HAcCJEAMIO OBbLI JOCTATOYHO
pacnpocTpaseH B 3noxy Mycunbix-ITymkunsix. Takxke
MOCTYIHJI U aBTOP apXUTEKTypHOTO aHcamOist Ha Paz-
rynse [18-21].

Taknum 00pazoM, MPOBECHHBIE NCCIIEJOBAHMUS 110-
3BOJIMJTM BBISIBUTH B CTPYKTYpE KIIACCHIMCTHYECKOTO
noMa Hagana XIX B. moctpoiiky cepenunsl X VIII cTo-
JIETUS, KOTOpasi MPAaKTHYECKH IOTHOCTHIO COXpaHHJIa

Puc. 13. Mocksa. [maBHbIit oM ycaap061 MyCHHBIX-

ITymxuaex mo CnapTrakoBCKoi ymumne. 30HAaX MO IEPBOMY
ataxy ceBeproro ¢dacazna noma J[.A. [llenenesa. PycroBka
CTEH CO clielaMu 00Ma3KHU U LIBETOBOTO pereHus dacana.
Doto0 2022 1.

Fig. 13. Moscow. Main house of the Musin-Pushkin estate
on Spartakovskaya Street. Probing along the ground floor

of the northern facade of D.A. Shepelev’s house. Walls
rustication with traces of plastering and colour of the facade.
Photo 2022
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Puc. 14. Mocksa. Cesepubiii pacarn qoma JI.A. lllenenesa,
CyIIIECTBOBABIIECTO HA MECTE OCHOBHOM MOCTPOMKH ycaabObl
Mycunbix-ITymknnsix no Criapraxosckoid (EnoxoBckoit)
yauue. ['paduueckas peKOHCTPYKLUS HA | CTpONTETBHBIN
neprof (cepeanna X VIII B.). PexoncTpykumst

T.B. Usanuwika. HUUIT HUY MI'CY

Fig. 14. Moscow. Northern facade of D.A. Shepelev’s

house, which existed on the site of the main building of

the Musin-Pushkin estate on Spartakovskaya (Elokhovskaya)
Street. Graphic reconstruction for the first construction
period (the middle of the 18th century). Reconstruction by
T.V. Ivantsyk. NIIP NRU MGSU

TIepBOHAYaIbHOE O0BEMHO-IIPOCTPAHCTBEHHOE pelle-
HUE U ciiefibl hacagHoro yopancTsa. X «4MuTaeMoCThb
Jlajia BO3MOKHOCTH TIPEITIOKATh PEKOHCTPYKITUIO WH-
TEPECHOTr0 MaMsATHUKA M0XH 0apokko (puc. 14, 15).

B xauectBe amamoroB nomy JI.A. Illemenera
MOJKHO MPUBECTH PSJT B TICPBYIO OY€PEIb MOCKOBCKUX
MTOCTPOEK, KOTOPHIE CTHJIMCTUYECKH, THIIOIOTHYECKH
¥ XPOHOJIOTHYECKH ONMU3KH WHTEPECYIOMICH aBTOPOB
MOCTPOMKE U TMO3BOJISIIOT 00JIee MPEJAMETHO MpeJcTa-
BHUTH ee 00mmK. Do manarel [llepbakoBa Ha bakyHuH-
ckoil ymure, Iltunpina Ha HukomosiMckoi, riiaBHBIM
noM ycane0sl SlceneBo, mom [lonropykoBeix B Koi-
[MaYHOM I[IepeyJiKe, IJIaBHas IOCTPOWKa B ycaande
I'puboenoBa XmennTa, OCHOBHOC COOPYIKCHHE YCab-
o061 Jlomacusa-3auateeBckoe B Yexose. bomee mon-
pPOOHO IpHBEACHHBIE TOCTPOUKU U PsIJi JPYTrUX aHa-
JIOTUYHBIX MTaMATHHUKOB I[EJI€CO00pa3HO pacCMOTPEThH
B paMKaX OTACIbHOW CTaThH, TOCBSIIEHHOW aHAIOTaM
MPEUIOKEHHONW TrpadruecKoil PEKOHCTPYKIMU J0Ma
J.A. llenenera.

Onwupasich Ha 5TH aHAJOIH, CTAJI0O BO3MOXKHBIM
MPEJCTaBUTh HEAOCTAIOIINE DIIEMEHTHI HCCIIEIyeMOH
noctpoiiku. [Ipexae Bcero, 3To Kphllia INIaBHOTO JI0Ma,
ToyHee ee OOmMK. Mopenupysi yTpadeHHBIH 00beM,
B paMKaX BBIABICHHOW CTHJIMCTHKHU IEIIeCO00pa3HO
MPEATONIOKHUTE JIOMaHyI0 KPOBIIO C MaHCapoH, aHa-
JIOTUYHYIO TOH, YTO CYIIECTBYeT Ha Aome Jlonropyxko-
BbIX B KoimauHoM mepeyike ¥ TIaBHOM COOPY)KCHHUH
B Bs3eMckoil ycampbe ['pmboemoma. Takoe pereHme
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Puc. 15. Mocksa. Boctounsrii ¢acan noma JI.A. [llenenesa,

CYIIECTBOBABIIETO HA MECTE OCHOBHOM MOCTPOMKH ycaabObl
Mycunbix-ITymknnasix no Criapraxosckoit (EnoxoBckoit)
yauue. ['papuueckas peKOHCTPYKLUS HA | cTpONTEIbHBIN
nepuof (cepennna XVIII B.). PexoncTpykmust

T.B. UBanuwika. HUUIT HUY MI'CY

Fig. 15. Moscow. East facade of D.A. Shepelev’s house,
which existed on the site of the main building of the Musin-
Pushkin estate on Spartakovskaya (Elokhovskaya) Street.
Graphic reconstruction for the first construction period

(the middle of the 18th century). Reconstruction by

T.V. Ivantsyk. NIIP NRU MGSU

00yCJIOBJIICHO, KOHCYHO, rabapuTaMu HUCCIIEIyeMOTO
CTPOCHUSI M XapaKTepOM JICKOPATHBHO-XYIOKECTBEH-
HOTO yOpaHcTBa ¢acanoB. OpueHTHPYSICH HA ITH aHa-
JIOTH, MOXKHO TIPEICTABUTH ¥ (POPMY JTFOKApH Ha KPOBJIC
[JIABHOTO JI0OMa.

3AKJITIOYHEHHUE U OBCYXIAEHHUE

Bronnennas mo pesynbraTraM HMccieIOBaHUM pe-
KOHCTPYKIHs oMa reHepana IlleneneBa, BHE BCSIKOTO
COMHCHUA, COACPKUT PALO z[onymeHnﬁ, OJHAKO BBISB-
JIeHHBIE JieTanu (acaJHOro yOpaHCTBa, a TakKe MHO-
TOYUCIICHHBIN apXUTEKTyPHBIA KOHTEKCT, COCTOSIIIHIA
13 XPOHOJOTWYECKH, CTHIMCTUYECKH W THIOJIOTHYE-
CKM OJM3KHMX COOPY)KEHHil, Tal0T OCHOBaHUE paccMma-
TPUBATh ¢ B KAaueCTBC HAMOOJIEE BEPOSITHOTO OOJHKA
HEKOTJ[a yTPauYeHHOTO MaMSTHHKA.

JlaHHas1 pEeKOHCTPYKLIMs HU B KOEH Mepe He Ipe-
TEHJIyeT Ha €€ BOIUIOLIEHUE B )KU3Hb, & JIUIIb PACKPHI-
Ba€T UCTOPHIO CTOJIb 3HAUUMOTI'0 COOpYKeHHUs. B To xe
BpeMs OT/ACTbHBIC apXUTEKTyPHBIC PACKPHITHA | CTpou-
TEJIBHOTO [IEPUO/a, BEPOSITHO, 000TaTHIIHN Obl apXUTEK-
TYPHBII OOJIMK CYIECTBYIOLIETO 31aHUsI 1 HATOMHHIIH
OBl O paHHEW UCTOPHU ATOTO JOMOBIaneHus. OmHa-
KO, YUUTBIBass MHOTOOOpa3me IMO3JTHHX, B TOM YHCIEC
ICHHBIX, HaHHaCTOBaHHﬁ, BO3MOXHOCTH BBIITIOJIHCHUA
TaKUX apXUTEKTYPHBIX PACKPBITUH CIIEAYeT OIpee-
JUTh B KOHTEKCTE OOIIEH KOHICIIIMU pPeCcTaBpalliH
MaMsTHHUKA.
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0CO6EHHOCTH POPMUPOBAHNS APXMTEKTYPHO-NAGHUPOBOYHOM CTPYKTYPbI
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OcobennocTu GopMHUpPOBaAHUS
APXMTEKTYPHO-IUVIAHUPOBOYHON CTPYKTYPbI U THIIOJIOTUH
MOpcKHuX Bok3aJ0B Poccun 1950-1990 rr.

Anuna OpseBna IllinenuoBa, Oabra EBrenbeBna /loiuHuHA
Poccuiickuti ynusepcumem opyoicovl Hapoooe umenu Iampuca Jlymymoor (PVI[H), 2. Mocksa, Poccus

AHHOTAULMUA

BBepgeHue. Mopckue naccaxupckue nepeBosku B Poccum obnagatot 6onblumMM noTeHunanom passutus. MiHdpacTpykTypa
no o6CnyXnMBaHNKD MOPCKOTO NMacCaXmpcKoro coobLeHnst bbina copmmpoBaHa B COBETCKUIA Nepuof, OOMbLUMHCTBO ee
06BLEKTOB HyXXAAeTca B MOAEPHM3aLMM, Tak Kak OHM nepecTany oTBevaTb COBPEMEHHbIM TpeboBaHUsiM no obecrneyeHnto
KOMMIMEKCHOro 1 BbICOKOKa4eCTBEHHOro 06cnyxumBaHusi naccaxupos. Llenb nccnegoeaHns — npoaHanmavpoBaTb COBET-
CKWI ONbIT NPOEKTMPOBAHUS 1 CTPOUTENBCTBA MOPCKMX BOK3arnoB Ans ONpeAeneHnst OCHOBHbIX UCTOPUYECKUX 3Tanos gop-
MUPOBAHUSI apXMTEKTYPbl MOPCKMX BOK3arnoB, OCOBEHHOCTUN KOTOPbIX MOTYT ObITb y4YTEHbI NpY pa3paboTke pekomeHaaLuuni
MO UX PEKOHCTPYKLIUN.

MaTepuanbi n meToabl. [INs BbISBNEHNS NCTOPUYECKMX 3TanoB (hOPMUPOBaHNS apXUTEKTYPbl MOPCKMX BOK3anoB Ha Tep-
putopum Coetckoro Coto3a MCNonb30BaH KOMMIEKCHbIA NOAX0S, BKIHOYAOLWMIA PETPOCNEKTUBHBIV aHanmn3, udyvyeHve nu-
TepaTypHbIX, HOPMaTUBHO-MPaBOBbIX aKTOB, MITIOCTPATUBHBIX, FPadU4ECKNX NCTOHHNKOB, OTHOCALLMXCS K NOA0OHbIM 06B-
eKkTam.

Pesynbrartbl. OTpaxeH OnbIT CTPOMTENbCTBA MOPCKMX BOK3aroB B COBETCKOE BPEMSs U BbleNeHbl ABa NCTOPUYECKUX Mne-
proda B (hopMUpPOBaHUM X apXMTEKTYpbl. [laHa xapakTepucTmka Kaxaoro n3 aranoB UCXOAs U3 0COBEeHHOCTEN PyHKLMNO-
HarbHOW OpraHM3aLnn N apXMTEKTYPHO-MIaHMPOBOYHbIX PELLEHNI MOPCKMX BOK3anoB. BeiaeneHsl npeanockiniku k npeob-
pa3oBaHMIO N PEKOHCTPYKLIMK CYLLECTBYIOLLMX OOBbEKTOB, NPUBEAEHBI MPUMEPBI AaHHbIX NpoLeccos B Poccun.

BbiBopbl. [1poekTMpoBaHme HOBbIX MOPCKMX BOK3arbHbIX kommnekcos (MBK), a Takke MogepHU3aLms MMErLWMXCs BOK3a-
JI0B [AOIMKHbI OTBEYaTb COBPEMEHHbBIM TPebOoBaHMAM MeXAyHapOAHOrO YPOBHSA ANt pa3BUTUS TYPUCTUHECKON UHAYCTPUW,
a TakkKe yunTblBaTb UCTOpMYECKNE 0COBEHHOCTU ux hopmmpoBaHus. MNoTpebHOCTbL B Npeobpa3oBaHusix obycrnoBneHa Tex-
HUYECKMM M TEXHOMOMMYECKUM NPOrpeccoM, M3MEHEHNAMMN B COLManbHO-3KOHOMMYeckow cdpepe. MNepBocTeneHHbIMN SBNS-
10TCA onpeferneHve MecTa Bok3arna B CUCTEME BHELLHErO Y BHYTPEHHEro NnaccaXvpckoro TpaHcnopTta ropoda U Co3faHne
ycnosui ang akcnnyaraumm MBK He Tonbko Kak MynsTMMoAanbHbIX 06bEeKTOB TPAaHCMOPTHOW MHMPACTPYKTYPbI, HO 1 BaX-
HbIX y3I10B B CMCTEME OBLLECTBEHHbIX MPOCTPAHCTB ropoa.

KINOYEBBIE CITOBA: mopckoi BoK3ar, TUMOMOorst MOPCKUX BOK3aroB, (OyHKLMOHaNbHasi opraH13aums MOpPCKMX Bok3arb-
HbIX KOMMIIEKCOB, apXUTEKTYPHO-MNAaHNPOBOYHbIE PELLEHNS MOPCKMX BOK3arnbHbIX KOMMNIEKCOB, TPAHCTMOPTHBIV y3er, NHXe-
HEepHO-TEXHOMNOrMYeckoe peLleHne, TpaHCNopTHas UHAgpacTpyKTypa
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ABSTRACT

Introduction. Maritime passenger transportation in Russia has a great potential for development. However, the infrastruc-
ture for servicing sea passenger traffic was formed during the Soviet period and most of its facilities need modernization and
transformation, since they no longer meet modern requirements for providing comprehensive and high-quality passenger
service. The purpose of the study is to analyze the Soviet experience of design and construction of sea stations to identify
the main historical stages in the formation of the architecture of marine stations, the features of which can be taken into ac-
count when developing recommendations for their reconstruction.

Materials and methods. To identify the historical stages of the formation of the architecture of marine stations on the terri-
tory of the Soviet Union, a complex approach was used, including a retrospective analysis, the study of literary, regulatory
and legal acts, illustrative, graphic sources related to such objects.

Results. The article reflects the experience of the construction of marine stations in the Soviet period and identifies two
historical periods of the formation of their architecture. The characteristic of each of the stages is given based on the features
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of the functional organization and architectural and planning solutions of marine stations. The prerequisites for the transfor-
mation and reconstruction of existing facilities are highlighted and examples of these processes in Russia are given.

Conclusions. The design of new marine station complexes, as well as the modernization of existing stations should meet
the most modern international requirements for the development of the tourism industry, as well as take into account the his-

torical features of their formation.
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BBEJAEHMUE

B cepeanne npororo Bexa HabIIOAJICS POCT T10-
myssipHocTH MOpckux kpyn3oB: CCCP obnanan omxHuM
13 KPyNHEWIINX MacCaXUPCKUX (IOTOB B MHpE, BCe
OoIbIIIe OTEUECTBEHHBIX CYJIOB IEPEBOAMIOCH Ha Kpy-
W3HBIC HApaBJICHNUS. 3a MOCICAHNE ICCATUIICTHS Cde-
pa MOPCKHX IACCaKUPCKUX MEPEBO30K CTarHUpoBasa:
ecnu B 1980-e rr. mopckue noptel 1 TepMmuHansl CCCP
B O] NPUHUMAIK Ooiee 2 MIIH YeJIOBEK, Ha CEerof-
HSIIHUKA JI€Hh NMAacCaKUPOIIOTOK CHU3WIICS ITPAKTHUe-
cku B 20 pa3. 3gaHusi MOPCKUX BOK3aJIOB BBIIOJIHSIOT
B OCHOBHOM POJIb II€PECa0YHBIX ITYHKTOB ITaCCaKHUPOB
Ha pas3JINuHbIC BHIBI TPAHCIIOPTA, MHOTHE U3 HUX HC-
TIOJTb3YIOTCS HE 110 Ha3HAYCHUIO, TAK KaK IIEPECTAIH CO-
OTBETCTBOBAaTh TPEOOBAHMSIM KOMIIJIEKCHOTO U BEICOKO-
KaueCTBEHHOTO O0CITy>KUBAaHUS 11aCCAKHUPOB.

Jlyist Toro 4TOOBI MPAaBUIBHO TPAHC(HOPMHUPOBATH
CYIIECTBYIOIIHE 3/IaHNsI MOPCKHX BOK3aJIOB Ha TEPpH-
TOPHSAX POCCHHCKHX TOPOJIOB, HEOOXOIMMO H3y4YHUTh
HCTOPHUYCCKHH OIBIT UX MPOESKTUPOBAHMSI.

AKTyanbHOCTb BBIOPAHHOTO HAIpaBJICHHS HCCIIe-
JOBaHMS ToATBepkIacT paspadoranHerii OI'VIT «Poc-
Mopropt» TpoekT KoHuenmu pasBUTHS KPyH3HOTO
typusMa B Poccuiickoit denepaumu Ha nepuog a0 2024
rojia, B KOTOPOM YKa3aHO, YTO OIHOW M3 OCHOBHBIX 3a-
J1ad Pa3BUTHSL MOPCKOTO KPYH3HOTO TypH3Ma SIBIISETCS
CO3/IaHNE COBPEMEHHOM KOM(OPTHOH cpenbl OeperoBoit
JMHWUN ¥ Pa3BUTHE MH(PPACTPYKTYPBI KPyH3HOTO TYpHU3-
Ma Ha Tepputopuu cyobekToB Poccuiickoii Deneparuu’.

MATEPHUAJIBI U METO/JbI

HaxormsienHasi Teoperuyeckasi 0a3a mo teme Mc-
CIIeIOBaHMs TIPE/ICTABICHA MaTepuaiaMu KOH(pepeH-
LU, HAYYHBIMHU CTAThSIMH U JAUCCEPTAIMSIMH, KOTOPbIC
MOKHO CTPYMITHUPOBAThH MO CIEIYIOUINM HalpaBiIeHH-
SIM: BOIIPOCHI APXUTEKTYPHOU THIIOJOIUU MOPCKUX
Bok3aioB (H.H. Maifopos, B.A. ®etncos [1], A.B. Ko-
tensHuKOBa [2], A.B. KopombkoBa [3]); mpoOmemsr
PEKOHCTPYKIIMHM MOpPCKHX Bok3anoB (A.B. Kotens-
nukoBa [4], C.A. Kopmryrosa [5], U.C. [apues [6],

! Konueniust pa3BuTHsi KPyW3HOro Typusma B Poccuiickoii
@epepanmu Ha nepuox go 2024 roma. URL: http://static.
government.ru/media/files/uXXZ3 AvF4;E0Zq3{f7xBCP9gL9
RjBfaRH.pdf
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C. Kongpammna [7], H.A. Bacunenko, H.J[. Yep-
sein [8]). Takke MCIONB30BaHb HOPMATUBHO-TIPABO-
BbI€ aKThl U CIPABOYHUKU 10 IMPOEKTHUPOBAHHIO MOP-
ckux Bok3ajnoB: CHull II-B.11-54 «Yacts II. Hopmbl
cTpouTenbHOro mnpoektuposanusy’, CHull I1-B.11-
58 «Yactp II. Pazgen B. I'maa 11. OOuiecTBeHHbIe
saanus»’, CHull 11-85-80 «Boxk3anb»!, CaHuTapHbIC
npaBmIa Uil MOPCKUX K pedHbIX oproB CCCPS.

Tpynel nepBoi TpyHIbl aBTOPOB MO3BOJIMIIN BbI-
MOJTHUTh PETPOCHEKTUBHBIM aHaIN3 Pa3BUTUS MOp-
CKHUX BOK3aJIOB M C(hOpMYJIMPOBaTh TPEOOBAHMS K MPO-
€KTHPOBAHUIO COBPEMEHHBIX MOPCKHX BOK3aJIbHBIX
komruiekcoB (MBK). PaGoTsl Bropo#i rpymnisl aBTOpoB
Jlalli BO3MOJKHOCTBH pa3o0parbCsi B BOIPOCAX TPaHC-
(hopmanuu MOPCKHX BOK3aJOB B coBpeMmeHHbie MBK.

PaccmarpuBaemMble TprMepbl 0100paHbI 110 IPUH-
LUITY Pa3HOOOPAa3Hs UX CXEM U WILTIOCTPUPYIOT Hanbo-
Jiee XapaKTepHbIE sl CTPOUTENIBHON NMPAKTUKK YePThI
Mopckux Bok3anoB CCCP.

PE3VYJIBTATHBI HCCIEJOBAHUSA

Bce 3maHumst TpaHCIOPTHOTO HA3HAYCHUS! W3HA-
YaJbHO HECYT B ceOe (DYHKIMM TaKHX ONepanuii, Kak
OTIpaBJICHNE, IPUOBITHE WM TIepecaKa MacCaKupoB.
[TmannpoBoYHas CTPYKTypa MEPBBIX MOPCKHX BOK3a-
JIOB BBINOJIHSUIACH TO TIPHHIUITY KEJIE3HOJOPOXKHBIX.
Mopckue Bok3anmbsl Hadana XIX B. OBITH CKPOMHBIMH

2 CHuII II-B.11-54. Yacts II. HopMbI CTPOUTEIIBHOTO MPOECK-
TUPOBaHUA : yTB. 10 nopyueHuto Cosera Munucrpos CCCP
TocynapctBennsiM komureroM Cosera Mmunuctpos CCCP
10 JIeJlaM CTPOUTENBCTBA Ul 00A3aTeIbHOTO NMPUMEHEHUs
¢ 1 auBaps 1955 r. BceMu MUHMCTEpPCTBaMH, BEJOMCTBaMU
n CoBeramn MuHHCTPOB coro3HBIX peciryomuk. URL: https://
norm-load.ru/SNiP/old-snip/snip _54/1-5.htm

> CHulII [I-B.11-58. Yacts II. Pa3nen B. ItaBa 11. OGuuie-
crBeHHble 30aHus : yTB. [occtpoem CCCP 11.04.1958. 2-¢
ncnpasi. m3a-e. URL: https://ohranatruda.ru/upload/iblock/
b10/4293781311.pdf

4 CHulT 11-85-80. Bokzassl. URL: https://gostrf.com/norma-
data/1/4293793/4293793679.pdf

> CaHuTapHble NpaBWIA JUII MOPCKMX M PEYHBIX IOPTOB
CCCP : yTB. I'1aBHBIM rocynapCTBEHHBIM CAaHHUTAPHBIM Bpa-
gom CCCP 02.06.1989 Ne 4962-89. URL: https://legalacts.
ru/doc/sanitarnye-pravila-dlja-morskikh-i-rechnykh-portov/
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C. 841-851

MPAKTUYHBIMU COOPYKEHUSAMH, HO C Pa3BUTHEM KeJe3-
HOZIOPOXKHOTO M BOJIHOTO COOOIIEHUSI OHM TpaHCc(op-
MHPOBAJINCH B y3HABAaGMbIC «BOPOTA» TOPO/Ia: apXUTEK-
Typa JaHHBIX OOBEKTOB CTaJIa YACTHIO UX BH3YalbHOTO
obpasza [2]. OgHako Takue BHEIIHWE W BHYTPEHHHE
(axTopsl, KaK y1o0CTBO COBEPIIAEMOrO ITyTEHICCTBHS,
YBEJIMYCHUE CPOKa NMpeObIBaHMS MAcCaKUPOB B IOCE-
IIaeMbIX TOPOJaX M MPOMEXKYTKOB MEXy Mepecaaka-
MH, [TPUBEIIU K HEOOXOTUMOCTH pacIIupeHus PyHKIHO-
HaJIBHOH ITPOTrpaMMbl MOPCKHX BOK3aJIOB.

CTpOouTENsCTBO MOPCKUX BOK3aJIOB B MHPE CTAJIO
MaccoBbIM ¢ 30-x rr. XX B. OmNbIT NpoeKTUPOBAHUS
Mopckux Bok3asioB B CCCP xapaxTepusyeTcs pa3Ho-
o0paszueM apXUTEKTYPHO-TUIAHUPOBOYHBIX PELICHHH.
Ocob0 kpymHble MacmTadbl crpourenscTsa B CCCP
ObUTH JOCTUTHYTHI 0 OKOHYAHUM BOCCTAHOBUTEIBHO-
ro nepuoza nocie Bropoii mupoBoii BoiHbl. PonoHa-
YJaJbHUKAaMH MOPCKHX BOK3aJoB Ha Tepputopuu Co-
BeTckoro Coroza CTamu BOK3aJdbl Ha YepHOMOPCKOM
nodepexbe (HanpuMmep, B TaKMX ropofax, kak: Hoso-
poccutiick, Coun, Cyxy™m, barymn). B coBerckoe Bpe-
Msl aKTUBU3UpPOBAJaCh aAeATeNbHOCTh KpbiMcko-Kas-
Ka3cKoi Kpym3HO# nuHuH. [lomynspHOCTs OHa 0Opena
B 19701988 rr.: 3a roj 1o Heit o0cmykuBaoch 10 130
TBIC. TACCAXHUPOB, B TOM umcie 10-15 Toic. HHOCTpaH-
neB. Ha banruiickom mobepexne OBLTIO BOCTpeOOBaHO
HanpasjieHue B cTpaHbl EBponsl — ['epmanuto, Oun-
mauanto u IlIBennto. Taxke MIaHUPOBAIOCH MOCTPO-
WUTb KpyIIHbIE MOPCKHUE BOK3aJIbl B TopTax YepHoro, Ka-
cnuiickoro u banTtuiickoro Mopei, a Takxke Ha Tuxom
okeane [9].

Taxum 00pa3oM, MOPCKHE My TEIIECTBHS, OCYIIECT-
BisieMble B CCCP, MOXHO pa3fieuTh Ha YEThIpe THUIIA:

* €BPOIEHCKIE KPYyH3bI ISl COBETCKUX TPaXk/IaH;

* MEX/TyHApPOAHbIE KPYU3bI /U1 HHOCTPAHIIEB,;

* Kpyu3sl 1Mo YepHOMY MOpPIO [UISi COBETCKHX
rpakaaH U HHOCTPAHIIEB;

* Kpyu3bl 10 THXOMY OKeaHy AJIsl COBETCKUX IPaX-
JlaH ¥ THOCTPAHIIEB.

Kak mpaBuio, 31aHUST MOPCKUX BOK3aJIOB MPOCK-
THPOBAINCH C YUYETOM IPeoOIaaalonero Buaa macca-
KHPCKOTO COOOIIEHHSI U COOTBETCTBYIOMINX KAaTErOpHi
00CITy’)KMBaeMBIX IMacCaXMPOB. B wacTHOCTH, pa3nnya-

1958 Conn Tnsmsc

Puc. 1. 3ganue mopckoro Bok3aina B . Coun, 1956 1.
Fig. 1. The building of the marine station in Sochi, 1956

JIM CJIEAYIONIME BBl COOOLIEHUI MCXONsl M3 MpOTS-
KEHHOCTH UX CJICIOBAHUS:

* TaNbHNE,

* MECTHBIE;

* [IPUTOPOJIHBIE;

* cMenraHHbIe’.

ApXHUTEKTypa MOPCKHX BOK3QJIOB JUKTOBaJach
TEMH K€ KOMIO3UI[MOHHBIMHU MPUHIIMIIAMH, YTO U ap-
XUTEKTypa OOBEKTOB, SBISIONINXCS JTaHAMadTHO-Tpa-
JOCTPOUTEIBHBIMH aKIeHTaMu. OTe4eCTBEHHOMY
OIBITY MCTOPUYECKOTO PAa3BHUTHS apXUTEKTYPHI MOp-
CKHX BOK3aJIOB XapaKTEPHO HECKOJBKO 3TAllOB HCXO-
Js1 N3 0COOCHHOCTEH apXWUTEKTYPHO-THITOIOTHIECKUX
Pa3HOBHIHOCTEH BOK3QJIBHBIX OOBEKTOB. ODBOIIOIHS
MOCIIEIHUX IIJIa OT MPOCTHIX IJIOUIAJel ¢ HaBecamu
B XIX—XX BB. 10 caMOJ0CTATOYHBIX THHOBAIITMOHHBIX
3[JaHUH U KOMIUIEKCOB, Y/IOBJIETBOPSIONINX TPEOOBAHH-
sM BpemeHu. B pamkax CCCP apxurtekTypa MOpPCKUX
BOK3aJIOB CTaJla paclpoOCTPaHEHHBIM 0OBEKTOM MPOEK-
TUPOBAHUSI IIOCIIE OKOHYaHUsI BTopoil MupoBoil BOIHBL.
Mo:KHO BBIAEINTS JIBa ATara JaHHOTO Mpolecca:

e I atarr — 1950-e rr.;

* [T sran — 1960-1980-¢e rr.

XapakTepucTHKa Ka)XJI0r0 M3 ATAIOB IpUBE/ICHA
HYDKE.

Isran

3MaHusIM  MOPCKHX BOK3aJIOB IIEPBOTO  3Tara
(1950-¢ rr.) mpucymu MpsIMOYTOJIbHBIC OJHOITAKHBIC
WIN JIBYXIT@XHBIE KOpIyca B pa3HbIX MCTOPUYECKUX
CTHJISIX, KOTOPBIC IOJTydYaln 3aBEpIICHHE B BHJIE IICH-
TpaJIbHOW OallHy, JefieHne Ha (yHKIMOHAIBHBIE OJ10-
KH ¥ CUMMETPHUYHOCTh OOBEMOB: IVIABHBI BXOJl M Be-
CTHOIONB pacroyiarajiich B IEHTPE 3MaHM, 10 OOoKaM
pa3sMeIannch 3ajbl OXKHUIAHUS, CITy)KeOHbIE TToMelle-
HUSL ¥ Kacchl. [IprueM 3aibl [J1sl TacCaKUPOB SKOHOM-
Kjlacca OTAEAINCh OT IIOMEINEHWH [UIsl OXKHJIaHMS
BBICIIIUX KJIAcCOB [4].

[Tpumepom ciyXuT MOpcKoii Bok3ai B . Couw, 11o-
cTpoenHblit B 1955 . o npoekty K. Anabsina u JI. Kap-
JIUKA ¢ TMpUBJICYCHNEM cKynpnTopa B. MHrana (puc. 1).

¢ TToco6ue 1o npoekrupoBanuto Bok3asos (k CHull 11-85-80).
URL: https://gostrf.com/normadata/1/4294813/4294813130.pdf
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a

Puc. 2. 3nanue Mmopckoro Bok3ania B . batymu (a) u 31aHue IepBOro MOpckoro Bok3aina B . Haxomke ()

Fig. 2. The building of the marine station in Batumi (a) and the building of the first marine station in Nakhodka ()

Kommiekc BBINOJIHEH B CTUJIMCTUKE CTAIMHCKOTO aM-
MUpa, COCTOUT M3 JABYXSTAKHOTO KOpIyca W rajepen
I'-06pa3noit popmel. B neHTpe 3manus pacmonaraercs
MIPOCTOPHBII 3aJ1 0KUAAHUS, IEKOPUPOBAHHBIN JIEITHU-
HOMW, KapTMHAaMH, YaCaMU M I[BETHOI kepaMUKOH. 31a-
HUE BeH4aeT 71-MeTpoBas OamiHs co mimuieM. AHQH-
Jlasia KOJIOHH M3 0esoro MpaMmopa MpuaaeT MOPCKOMY
BOK3aJIy CTPOTHIA, HO oOsierdyeHHbIin oomuk [10, 11].

ITo aHaNOrMYHOMY NPHHIUITY OPTaHU30BAHO ap-
XUTEKTYypPHO-TUIAHUPOBOYHOE PEHIEHHE MOPCKHX BOK-
3anoB B I. barymu u Haxozxke (puc. 2).

Takum oOpaszom, B mepuon 1950-x IT. mpHeMsbl
(hopMooOpa3oBaHus 3MaHUH MOPCKHX BOK3QJIOB OBLIH
OrpaHMYEHB! OJJHUM THIIOM, OJHAaKO odopmiieHHe (a-
CaJloB M JIEKOPUPOBAHUE HHTEPHEPOB BBIMOIHSIIHCH
B Pa3lIMUHBIX CTHJIMCTHUECKHX pelleHHusX. DyHKIHO-
HaJIbHas TPOrpaMMa MOPCKHX BOK3aJOB TakXke Oblia
HampasjeHa TOJBKO Ha OOCITY)KHBAHHE ITaCCaKHMPOB
MIPEUMYILECTBEHHO KPAaTKOBPEMEHHOTO MIPEObIBAHMS.

II >Tan

Bonee pa3HOOOpasHbI ApXUTEKTYPHO-TUIAHUPO-
BOYHBIC PEIICHHS MOPCKHX BOK3aJOB IEpUOa MO-
JepHU3Ma, Mpeodiagarniee KOJIUYEeCTBO KOTOPBIX
6610 peanu3oBano B 1970-x rr. i MpOEKTHPOBAHUS
MOPCKHMX BOK3aJIOB [ OCyIapCTBEHHBIM KOMHTETOM
CCCP mo crpouTenscTBy ObLTa pa3zpaboTaHa HOpMa-
tuBHas mokymenrarus: CHull II-B.11-54 «Yacts 1.
Hopwmbl crpoutenbHOro mnpoektupoBanus»?, CHull
II-B.11-58 «Yactp II. Pasnen B. I'maBa 11. OOure-
CTBEHHBIC 3/IAHHUS»’, KOTOPbIC 3aT€M ObLIA 3aMEHCHBI
na CHull 11-85-80 «Boxk3anbi»*, CanuTapHble npaBuia
Juia Mopckux U pednsix moptoB CCCP ot 02.06.1989
Ne 4962-89°, 10 HEM MOpCKHE BOK3aJbl ObLIH CHCTE-
MaTHU3UPOBAHBI T10 XapPAKTEPy OCHOBHBIX OIEpaIMi
Ha MAacCaXUPCKUE U TPY30IACCAKUPCKHE, MO0 MECTY
pAacIIOIOKeHUST Ha MOPCKHX JIMHHUSIX — Ha KOHEYHBIC
U TIPOMEXYTOYHBbIE. MOpCKHE BOK3aJbl BO3BOMINCH
10 UHIUBHIYaJIbHBIM NIPOEKTaM B CBS3U C YHHUKAIBHO-
CTBIO HCXOHBIX JAHHBIX, ONPEACIIAIOUINX KOMIIOHOBKY
Oyaymux 3maHuii; MHOTOOOpa3ueM rabapuToB 0OCITy-
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KHMBAEMBbIX CYJOB; Pa3HOCTBIO OTMETOK IPUIIUBA U OT-
JIBA; CE30HHOCTHIO CYHOXOJCTBA, HABUTAIIMOHHBIMH
1 TIOTOTHBIMH YCIIOBHSIMH U JIp.

Tak, Ui OJHOBPEMEHHOTO OOCITY)KUBAHUS He-
CKOJIBKUX KpYIIHBIX CYHOB 3[aHUSl MHOTUX MOPCKHUX
BOK3aJIOB IPOEKTUPOBAINCH 3HAYNTEIBHOW MPOTS-
KEHHOCTBIO. B 3aBHCHMOCTH OT 3THX YCIIOBUIl 31aHHe
MOIVIO pa3MeIarhCs BAOIb HAOEPEIKHOM, Ha BBICTYIA-
IOLIMX B aKBATOPHUIO TUPCAX; Ha 3CTaKaJie, BHIHECEHHON
B Mope; IJIaBy4eil npucranu u T.1. Hanpumep, 3nanue
Mopckoro Bok3anma B I. Cyxyme (CCCP) BoicTymaer
Ha CBasX B akBaTopuio (puc. 3).

Mopckoii Bok3an B I. HoBopoccuiicke, mocTpoeH-
HBI B 1974 . Ha MecTe cTaporo BOK3aa, pacroiaraeT-
Cs1 Ha BBICTYTIAIOIIEM B MOpPE MCKYCCTBEHHO HACBHIITHOM
Kaboraxnom mone Ne 34 miuunoit 240 M u mmmpuHON
100 M. IOro-3amagHas rpaHHIa ydacTKa CTBIKyeTCS
C TOPOIOM TIOCPEACTBOM OJaroyCcTpOeHHOI Habepex-
HOH, KOTOpas IUIABHO MEPETEKacT B NMPHUBOK3AIBHYIO
®opymuyto oniaas (puc. 4). Boksan umeer BHyTpeH-
HUH aTpuyM, OIMH M3 TOPILOB 3/1aHHs aKIEHTHUPYETCs
CMOTPOBOIi OalHeil — ee HaBUcaoUIMi 00beM B (op-
Me JICTAIOMIEH TapelKH CO3JaeT €ro y3HaBaeMbId 00-
pa3 [12].

Puc. 3. 3nanue mopckoro Bok3ana, . Cyxym

Fig. 3. The building of the sea station, Sukhum
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Puc. 4. 3nanue mopckoro Bok3aina, I. HoBopoccuiick

Fig. 4. The building of the sea station, Novorossiysk

B 1970-e rr. Haubosnbliee pacnpoCcTpaHeHUe Mo-
JIy4us1o 2—3-3TakHOE PEelIeHne 31aHUI MOPCKUX BOK-
3aJI0B. DTO CBSI3aHO C MOIYJIIpH3alUell CTPOUTEIBCTBA
TPy30MacCaKUPCKOTO THTIA MOPCKHAX BOK3AJOB, LIS
KOTOPBIX XapaKTepHO PACIOJIOKEHHE I'PY30BBIX CKJla-
JIOB HA YpOBHE TpHUaioB. [lomenenns o0CTy>KHBaHHS
raccaknpoB HAXOMIIMCh Ha YPOBHE BTOPOTO JINOO Tpe-
Thero dTaxa’. Tak, HanpuMep, ObLTH PEIICHBI MOPCKHUE
BOK3asibl BO BrnaauBocrtoke, Jlenunrpazae, Xoiamcke
(0. Caxamun) u Cyxyme (CCCP).

TpebGoBanusi 1Mo 0E30MACHOCTH M COKPAIICHHIO
MACCAKUPCKUX MapIIpyTOB MHUHHMH3UPOBAIH TIepe-
CeYeHUs TMO0 BCTPEUHOE JABMIKEHHE JIFOJICKHX ITOTOKOB
C TPAHCIOPTOM Ha OJHOM YpPOBHE TEPPHUTOPHUH MOP-
CKUX BOK3ajoB. [lomemennst u obopynoBaHne 31aHHs
MOPCKHX BOK3aJIOB Pacroiarajii ¢ y4eTOM palioHalIb-
HOMW TEXHOJIOTHYECKOH MOCIEN0BATEILHOCTH COBEPIIa-
€MbIX ITacCaKupaMu olepauuid, Mpu KOTOpOil BO3Bpat-
HBIE JBWXEHHUS M MAaccOBOE CKOIUICHHE ITaCCaKHMPOB
JIOJDKHBI OBITH CBEACHBI K MUHUMYMY®. JITUTETBHOCTD
MpeOBIBaHUS B TTOPTY TPAH3UTHBIX ITACCAKUPOB U TIAC-
CaXUPOB JIAJIHETO CIIE/IOBAHMsI BbI3bIBaJIa HEOOXO/ M-
MOCTP CO3/1aHUs KOM(DOPTHBIX YCIOBHIA IS OXKHJAHHS
W OT/IbIXa HA MOPCKOM BOK3aJie. Y100CTBa, MpeoCcTaB-
JIieMBIe TTacCaXupam, JODKHBI OBUTH COOTBETCTBOBATH
YCIIOBUSIM TIPEObIBaHUSI HA COBPEMEHHBIX KOMQopTa-
OEIBHBIX TEIUIOXOHaX.

Mopckue BOK3aJIbl JENIINCh Ha ONpe/esICHHbIS
paspsiael, KIaccu(uKaImsa KOTOPBIX OblTa MpeIokeHa
Coro3MOPIPOCKTOM HCXOIsl W3 OOIICH BMECTUMOCTHU
3/1aHU:

* [ pa3psin — Box3ainsl BMecTuMOcThIO 60mee 1000
TTaCCaKUPOB;

e II pa3psg — ot 500 no 1000 maccaxkupos;

* [1I pazpsig — ot 200 10 500 maccaxupos;

"Bonbiras coBerckas oSHuukionemus. URL: https://bse.
slovaronline.com/22353-morskoy vokzal

$PII 31.3.05-97. HOopMbI TEXHOJOTHYECKOTO MPOCKTHPOBa-
uust mopckux moproB. URL: https:/specrazdel.ru/uploaded/
doki/rd-31-3-05-97.pdf

* IV paspsn — menee 200 maccakupoB (JaHHBIE
BOK3aJIBI-IABUIIHOHBI O0CITYKHBAIOT MPEHUMYIIECTBEH-
HO MECTHBIC JINHUN ).

Crenyer OTMETUTb, YTO B OTJIMYUE OT JPYTHX BH-
JIOB TPAHCIOPTA, KOTOPBIE CHEIHATIBHO MPHUCIIOCO0Ie-
HBI TOJBKO IJISi OOCITYKMBaHHA IMAacCa)kKUPOB, B MOp-
CKOM CY/IOXOJCTBE NPAaKTUUYECKH HE HCIIOIb30BAJKChH
MOpPCKHE Cy/a, eIMHCTBEHHAs: (DYHKIHS KOTOPBIX ObLTa
mepeBo3Ka Jitoiell. PeHTabeIbHOCTh MOPCKUX ITEPEBO-
30K TpeOoBaja JONOIHEHNE MTACCAKUPCKHUX TIEPEBO30K
yCIyraMy Ipy30BOH JIOTUCTHKH, YTO TIOBJIHAJIO HA IIPO-
CTPAaHCTBEHHYIO OPTaHU3ALNI0 MOPCKHIX BOK3aJIOB.

B nmensx opraHuzanyuy pauoHaIbHON TPAHCHIOP-
TUPOBKH U paclpeielleHus Ipy30B, IepecaKky nacca-
JKUPOB OOJBIIMHCTBO MOPCKUX BOK3aJIOB CIIPOEKTHPO-
BaHBI B KOMIUIEKCE C JKEIC3HOAOPOKHBIMH BOK3aJIaMH.
31aHns MOPCKUX BOK3QJIOB CTAJIH YHUKAJIBHBIMUA 00B-
eKTaMH OOIIEropoJCKOro 3HAUeHHs, MYIbTHMOANb-
HBIMH TPAHCTIOPTHBIMH Y3JIaMH C Pa3BUTBIM JKeJe3-
HOJIOPOXKHBIM M aBTOMOOWJIBHBIM cooOmieHneM [13,
14]. IlpsiMoit CBA3BIO C JKEJIE3HOAOPOKHBIM BOK3a-
oM 00JamaeT MOpPCKOH BOK3an BO BmamgmBocToxe
(CCCP, 1964 1.) (puc. 5). Mopckue Bok3ansl Haxomku
(CCCP, 1970 1.) u Mypmancka (CCCP, 1961 r.) (puc. 6)
TaKoKe HAXOJATCS B MEIIel JOCTYITHOCTH OT XKeJe3HO-
JOPOXKHBIX.

Puc. 5. Mopckoii Bok3an B I. Biragusoctoxe

Fig. 5. Marine station in Vladivostok
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Puc. 6. Mopckoii Bok3ain B I. MypmaHcke

Fig. 6. Marine station in Murmansk

OO0ycIOBIECHHOCTE (DYHKITHOHAIBHO-TEXHOJIOT Y-
CKOW OpraHW3alii MOPCKHX BOK3QJIOB OT I'PaJOCTPOH-
TEJIBHBIX OCOOEHHOCTEH MOPTOB M MOABE3JHBIX JIOPOT,
MECTHBIX KJIMMATHIECKHX ¥ THIPOre0IOTHIECKUX yCII0-
B, KAaTETOPUI 00CITYy)KIBAaEMBIX MACCAKUPOB U TIeped-
HS IIPe00aIatoyuX IPy30B MPUBENA K YCIOKHEHUIO UX
ApXUTEKTYPHO-TIAHUPOBOYHBIX PEIICHUH M BO3HUKHO-
BEHHIO 0COOOTO TEXHOJIOTUIECKOTO 00OPYHOBaHUS, 00-
JIETYAOIIEr0 JIOTHCTHKY MaccaxupoB. s ymoOHoro
MIPOXO/ia MAcCaKMPOB HA CYIHO HAJ TPY30BBIMHU IIIO-
IaIKaMH, aBTOMOOMIBHBIMH TIPOE3JAMH H JKEIIE3HOMO0-
POXXKHBIMU TYTSMH CTallll TPUMEHSTHCS CHELHATbHbBIC
TI0CA/I0YHBIE YCTPONUCTBA, TAKWE KaK MOIBEMHO-TIOBO-
POTHBIC KPaHBI M KPBITHIC TEICCKOMMIECKUE TPAIIbl’

(puc. 7).

lines »

Puc. 7. Cxema BEpTHKAIBHOTO Pa3AEICHUS ACCAKUPCKUX
U IPY30BBIX ONepanuit

Fig. 7. Scheme of vertical separation of passenger and cargo
operations
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BoNbIIMHCTBO 371aHUI MOPCKUX, PEUHBIX M JKe-
JIE3HOJIOPOXKHBIX BOK3AJIOB POCCHHCKHMX TOpPOJOB, TIO-
CTPOCHHBIX B CTWJIC TO3HECOBETCKOIO MOJECpHH3MAa,
MIPE/ICTaBIUTN cO00W MacCHBHBIE COOpY)KeHHs. BHy-
TPEHHEE MHKEHEPHO-TEXHOJIOTMYECKOE PelIeHNE ObUIO
BBINOJHEHO C TIPUMEHEHUEM TIOCIIEIHUX CTPOUTEIb-
HBIX TexHonoruit [15, 16]. @acansl MOPCKUX BOK3aJIOB
pELICHBI B XapaKTEPHOM MJIsl MOJICPHH3Ma COYCTAHUH
CTEKJISTHHBIX BUTPAXEH M KeJIe300€TOHHBIX MaHeNeH,
B 0(OPMIIEHUH HHTEPHEPOB IIMPOKO HMCIOJIB30BAJICS
HaTypasbHbIM KaMeHb. APXUTEKTYPHO-IUIAHUPOBOYHOM
CTPYKTYpPEe MOPCKMX BOK3aJOB ITO3JIHETO COBETCKOTO
TIepro/ia MPUCYIIH MPOCTOPHBIE 3aJIbHBIC TOMEIICHHUS
JUIst OOCITYKMBAHMSI 1TaCCAXKNUPOB; JIGHTOYHOE OCTEKJIe-
Hue (acazoB, pacKphIBalOIlee BHyTPEHHEE TPOCTPaH-
CTBO 3/1aHHSI B CTOPOHY MOPSI; NCIIOJIb30BAaHHE HAaBECOB
1 OAJIKOHOB JIJIsSI TACCAKUPOB U ITOCETUTEIIEH.

XyInoKeCTBEHHO-apXUTEKTYpHBIN 00pa3 psiia Mop-
ckux Bok3asoB 70-x rr. XX B. OTCBIIAT K XapaKTEPHbIM
JUISL BOJIHBIX CY/IOB DJIEMEHTaM: OKHa-MJUTIOMHUHATOPBI,
«KOpalebHbIC» OrpaXKJICHUsI OaJIKOHOB W JIOJDKHH, Oe-
JIOCHEXXHBIE (hacajabl OKeaHCKUX JialiHepoB. CTuxus
BOZIBI U 00pa3 CKOJB3SIIETO 10 HEl Kopalisi BIOXHOB-
JISUTH apXUTEKTOPOB MOPCKHX BOK3aJloB B JIeHMHIpaje
(CCCP, Cesepo-3amaansiii peruon), Onmecce (CCCP,
CesepHoe [IpuyepHOMOphE HA FOTO-3amazic YKPauHBbI).
Mopckoii Bok3an B Cyxyme (CCCP, AbGxa3usi) HaroMu-
HaeT CBOMMH OUepTaHHUSIMH OEIIOCHEKHBIN JIaliHep, NpH-
LIBAPTOBAHHBIN K TIPHYAITY.

®dacanpl Mopckoro Bok3ana B T JleHmHrpaze
(puc. 8), moctpoeruoro B 1973—-1983 rr. mo mpoekTy
apxutekropoB B.A. Coxuna u JI.B. Kansruna, o6mu-
1IOBaHbI 00BEMHBIMH TTaHEISIMU, HAITOMUHAIOIINMH Ha-
MIOJTHEHHBIE BETPOM Mapyca. 37aHue BeHJaeT 78-MeT-
POBBIIl TUTAHOBBIN HIMHIL ¢ U300paKCHUEM KOpaOIIs
Ha ero ocTpue. Bok3anbHbIN KOMIUIEKC BKJIIOYAET MSITh
MIPUYAIOB, MECTO JUISl MMOTPAHUYHOTO U TaMOXKEHHOTO
JOCMOTpa, pecTopaH, TOCTUHUIYY «Mopckas» Ha cellb-
MOM 3TaKe IIIABHOTO KOPITyca U KOH(EPEHII-KOMILIEKC.
CyMmMapHas 1aMHa Opu4anoB coctasiser 720 M, riy-
OMHa y MpUYaJoB JOCTHTAaeT 9 M, UTO MO3BOJISIET TIPH-
HUMAaTh Cy/la BCEX THITOB, BKIIFOYask KPYTHOTOHHAKHBIE.
[To cBOMM TEXHUYECKUM BO3MOKHOCTSIM MOPCKOI BOK-
3a1 B I. JlenuHrpaje crocoGeH ObUT IPUHATH 10 | MITH
MaccaknpoB, NPUOBIBAIOIINX MOPCKUM ITyTEM.

Mopckoii Bok3an B . Oxecce (puc. 9) Obu1 cO-
OpY)X€H Ha MOJy — CIEHHaJIbHOM THJIPOTEXHHYE-
CKOM OTpaJIUTEIbHOM COOPY)KEHHU-HACHIK JUIs 3a-
IIMTHl aKBaTOPHU MOPTa OT BOJHEHHH — pa3MepoM
420 x 110 m. OcHOBHOI Haeel MpoeKTa MacCakUp-
CKOTO 3JIaHMsl CTall0 TOJHOE pa3/ielieHHe IPY30BBIX
U TIaCCAXKUPCKUX OIEpAIHi C YYETOM TECHBIX TEXHO-
JIOTHYECKHX CBSI3€H MOJIa U PacIioiI0KEHHBIX MOOIH30-
CTH I'PY30BBIX TEpPMUHAJIOB. [lepBblif ATak MOPCKOTO
BOK3aJla OTBEJICH TI0JI IPy30BbIe CKiajpl. [lepekpoiTre
CKJIaJIOB 00pa30BBIBAJIO OOLIMPHYIO TIAT(HOpPMY, Ha KO-
TOPOH pa3MelieH OCHOBHOW 00beM MOPCKOTO BOK3ala.
TpexypoBHEBBIH BeCTHOIOIb OOBEJMHEH C OTEPAIHOH-
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Puc. 8. Mopckoii Bok3an B I. Jleaunrpane (CCCP)
Fig. 8. Marine station in Leningrad (USSR)

HBIM 3aJI0M, K KOTOPOMY MPHUMBIKQJIN pECTOpaH, kade
u japyrue oOciyxuBatoimue mnomemnienus. Ilocaaka
MacCcaXMpoB Ha CYJHO 00eCIeurnBallaCh C YPOBHSI Mac-
COXHUPCKOW TUIAT(GOPMBI TIO TEPEIBIKHBIM Tparam
(puc. 9) [4].

B cBs3u ¢ TeM, 4TO LIEHHOCTh COBETCKOTO U O3/~
HECOBETCKOTO MOJIEpHM3MA J0 CHX IOp B JHCKYypCe
podeCCHOHAILHOTO TI0JIi  HEOJHO3HAuHa, 3/aHMs
MOPCKHX BOK3aJIOB PAacCMaTpHUBAEMOro IepHoia Iof-
BEPrajich PaguKaIbHBIM H3MEHEHHSIM (MOPCKHE BOK-
3anel B Coun, Cankr-IlerepOypre, Bo BrmaanBocToxe,
MypmaHCKe U IpyTrux ropoaax) [5, 17]. Ananus cospe-
MEHHOTI'O COCTOSIHMS 3JaHUI MOPCKUX BOK3asl0B B Poc-
CHH TIOKa3bIBaeT, YTO COXpAHSIETCS HEOOXOIMMOCTH
B JICJIMKATHOW PEKOHCTPYKIIMH CYIIECTBYIOIUX 00bEK-
TOB COBETCKOT'O 3Tala M UX aIalTaliH K PaCIINPEHHON
¢byHkimonanpHol nporpamme [1, 12].

Od4eBHAHO, YTO HYXEH Ooyee KOMIUICKCHBII
MOAXOJ] K PEUICHHIO COBPEMEHHBIX MpOoOJeM: 3HauM-
TEIBHO BO3POCIa BMECTHMOCTH KPYH3HBIX JIAlfHEPOB
10 CPAaBHEHHIO C COBETCKUM HEPHOJIOM, YTO 00YCIOBH-
JI0 yBETHYEHHUE TaCCaXKUPOIIOTOKA, C KOTOPHIM HE MO-
JKET CIpPaBUTHCS OOJBIIMHCTBO 3MAHUN HMMEIOIIHXCS
Mopckux Bok3ayoB [18, 19]. Kpome toro, mosBuiach
Oosiee pa3BuUTasl TPAHCIIOPTHAS CETh, KOTOpasi Tpeody-

€T OT CTapbIX 3[aHUM MOPCKHX BOK3aJOB CO3JaHMS
YCOBEPIIEHCTBOBAHHBIX Pa3Bs30K M dcrakan. Ciemyer
TaKOKe IIPEAYCMOTPETH, YTOOBI 31aHNE HCIO0JIB30BAIOCh
B CBOOOJHBIN OT HAaBUTallMU MEPHO U COUYETANO B Lie-
JISIX PEHTA0eIBHOCTH B ce0e He TOIBKO TPAHCIIOPTHYIO,
HO | JKWIIYIO0, PEKpPeallnoHHY10, TOProByIO, a TaKkxke 00-
LIECTBEHHO-pa3BieKaresibHy0 Gpynkuuu [19, 20].
Ceituac nosiBsieTcs psiy 00bEKTOB, KOTOPBIC YIIOB-
JIETBOPSIIOT JaHHBIM TpeboBanusM. Hanpumep, B nensix
MOZIEPHHU3AIMU CTApOr0 MOPCKOTO BOK3asia BO Buagu-
BOCTOKE I10CJIe PEKOHCTPYKLIUH 31aHUS OblIa Ipeo-
JKeHa KOHIETILUsSI HOBOM HAOEpEeKHOW C KOMILIEKCOM
00IIeCTBEHHBIX 3[IaHUI HaJl kKeJe3HOo noporoi. Ipo-
eKT IpelronaraeT o0beIUHEHNEe MOPCKOTO, JKeJIe3HO-
JIOPOKHOTO M aBTOBOK3aJ0B (puc. 10) [21].
CTpouTeNnsCTBO HOBOTO MOPCKOTO MACCaKMPCKOTO
tepmuHaia B . Cankr-IletepOypre ObUIO BBI3BaHO He-
CHOCOOHOCTBIO COBETCKOTO Bok3asia 1983 1. moctpoiiku
NPUHUMATh KPyH3HbIE [TACCAKUPCKUE CyIa JUIMHOH 60-
see 200 M, KOTOpbIE paHee ITPUOBIBAIM B TOPTOBBIH HOPT
ropoxa (puc. 11). Ceituac HOBBIM Kpyn3HBII TOPT Mop-
ckoii dacan B r. Cankr-IleTepOypre — 3TO €AMHCTBEH-
ueiii B CeBepo-3anmagHoM pernone Poccum cnenmanu-
3UPOBAHHBIN [TACCAKUPCKUI IIOPT, BKIIOYAIOIIUI CEMb
npuyaioB odiei ainHoi Oonee 2200 M ass npuema

352524

—
JOIOinCinin

Puc. 9. Mopckoii Bok3an B . Onecce (CCCP)
Fig. 9. Marine station in Leningrad (USSR)

T
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Puc. 10. 3nanne Mopckoro Bok3aia B I. BraanBocToke mocie peKoOHCTPYKINH (@) ¥ KOHIETIHS MOAECPHU3ALNH TEPPUTOPUH

psioM ¢ Bok3anom (b)

Fig. 10. The building of the marine station in Vladivostok after reconstruction (a) and the concept of modernization of

the territory next to the station (b)

Puc. 11. TTaccaxupckuii mopr Mopckoit dacas, r. Cankr-ITetepOypr

Fig. 11. Passenger port Marine Facade, St. Petersburg

KPYU3HBIX JIAHHEPOB M TPY30NACCAKUPCKUX ITapOMOB
uHOH 10 340 M, a Takke TPU KPYU3HBIX U OIUH CIIe-
LMAIN3UPOBAHHBIN KPyH3HO-TTApOMHBIN TepMuHai [17].
Tepputopust ObIBIIEro MOpcKoro Bok3ana B I CaHKT-
[TerepOypre Taxike MoxBepriach PEKOHCTPYKIUH.
Co3nanre MHOTO(YHKIIHOHANBHBIX BOK3aJBHBIX
KOMIIJICKCOB CTIIOCOOCTBYET 3((PEKTHUBHOMY HCIIOIB30Ba-
HHIO PECYPCOB TEPPUTOPUH M BIOKCHHIO WHBECTHLIHH,
TIOBBIIICHHUIO KOMIUIEKCHOCTH HPEIOCTABICHUS YCIIYT,
VIYYIICHAIO 00CITy)KUBaHUSI TACCAXKUPOB [22-26].

3AKJIIOYEHHUE U OBCYXJAEHHUE

B pesysbrare ucciaeaoBaHUs HCTOPUUECKOTO OIIbI-
Ta (OpMHUPOBAHUS U CTAHOBIICHHS apXUTEKTYPbI MOP-
cKkux Bok3anoB Ha Tepputopun Coserckoro Coroza
YCTAHOBIICHBI /IBA ATAIA UX Pa3BUTHS. 3aHUSI MOPCKUX
BOK3aJI0OB COBETCKOIO MEPUOJa Pa3IMYaIUCh KaK 00b-

E€MHO-TIAHUPOBOYHBIMH PEIICHUSAMH, TaK U (HYHKIHO-
HaJIbHO-TEXHUYECKOW oOpraHuzanueil. Psn mopckux
BOK3aJIOB COBETCKOTO BPEMEHH B HACTOSIIIEE BPEMs HC-
MTOJIB3YETCs HE TI0 MPSIMOMY Ha3HAYCHUIO, YTO BHI3BAHO
mpobJeMaMi B KPYW3HOW HMHIYCTPUH, BO3HHUKIIUMH
mocie pacmaga Coserckoro Coro3a.

Tparcdopmariisi MOPCKHX BOK3aJIOB B COBpeE-
MenHple MBK HeoOxommma i maidpHEHIIEro pas-
BHUTHS OTpAcid B COBPEMEHHBIX ycloBHAX. lloTpel-
HOCTP B TIPEOOPa30BaHUAX OOYCIOBIICHA TEXHUICCKIM
U TEXHOJIOTHYECKUM MPOTPECCOM, H3MCHEHUSIMH B CO-
HabHO-3KOHOMIYecKkor cdepe. TlepBocTeneHHBIME
SIBIISIIOTCSL OMpEAETICHHE MeCTa BOK3aja B CHCTEME
BHEIITHETO W BHYTPEHHETO MTaCCAKUPCKOTO TPAHCIOPTa
ropojia U co3/laHue yciaoBui juid skcruryarauun MBK
HE TONBKO KaK MYJIBETHMOIANBHBIX OOBEKTOB TpPaHC-
MTOPTHOH MHPPACTPYKTYPHI, HO U BaXKHBIX Y3JI0B B CH-
cremMe 00IIeCTBEHHBIX MTPOCTPAHCTB rOposIa.
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AHHOTALMUA

BBeneHue. Cpean ctanbHbIX KOHCTPYKLUMIA MOXHO BblAENUTb OCOObIN KMAcC TOHKOCTEHHbIX CTarbHbIX 3f1EMEHTOB, ANs
KOTOpPbIX XapakTepHble hopMbl OTKa3a COMPOBOXAAKTCSH NOTEPEN MEeCTHOW YCTOMYMBOCTM CTEHKU C MOCMeayroLwwmm pas-
BUTMEM 3aKpUTUYECKOW cTaaun paboTbl OTCeka, Tak HasbiBaeMble 6ankm ¢ rmbkon cTteHkon. SMEKTUBHOCTL MPUMEHe-
HMS, B TOM 4uCrne C MpaKkTuyeckon anpobaumelnt Ha OnbITHbIX 0ObeKTax, 3TUX BUAOB KOHCTPYKUMI Obina noaTBepxaeHa
B 1970-e rr. lLnpokoe pacnpocTtpaHeHne Takux 6anok CAepXMBAETCA HE[OCTATOYHOM CTemneHbio NpopaboTaHHOCTM pac-
YeTHbIX 3aBUCUMOCTEN AN MPOBEPKUN MX HECYLLEN CMOCOBHOCTU 1 3KCMyaTaunoHHOW NpUrogHocTy. PassuTue ananntuye-
CKMX M 3MMMPUYECKMNX PAaCHETHbBIX 3aBUCUMOCTEN CYLLECTBEHHO OCMOXHEHO 13-3a CTaAUNHOIO npoLecca AedopMUpoBaHUs
1 n3MeHeHns cxembl paboTbl oTceka. B cBsA3n ¢ pa3suTveM HGonee yHMBepcanbHOro NoAXoAa ANs onpefeneHns Hecyluen
CMNOCOBHOCTN Ha OCHOBE YNCIEHHBIX MOAENEN, B KOTOPbIX KOHCEPBaTU3M pe3ynbTaToB NPakTUYeCcKn nckoyaeTcs, opmat
npoBepkn 6e30NacHOCTU NEMEHTOB C BbIPAXEHHbIM HENMWHENHBIM NOBEAEHNEM CTAaHOBUTCS KPUTWUYHBIM. [ns npoBepku
6e30MacHOCTV CTPONUIbHBLIX KOHCTPYKLIMIA, KaK MPaBuUio, NCNonb3yoT MeToz, NpeAenbHbIX COCTOSHWI B NOCTaHOBKE MeToAa
KoapcpuLmeHToB HagexHocTn. OgHako MeToabl onpeaeneHns 1 KanmbpoBKM 3HAYEHNI KO3 MDULIMEHTOB HAAEXHOCTU Co-
KyCVpOBaHbl M B HanbornbLUeln CTeneHn pasBuTbl AN MMHENHbIX PACHETHBIX 3aBUCMMOCTEN.

MaTepuanbi u metoabl. [lpeacTaBneHbl NPeanoXeHVs No passBuTUio MeToda KoadULIMEHTOB HAAEXKHOCTU Ha OCHOBE
aHanmUTU4YecKon 3aBUCMMOCTM C 060CHOBaHNEM HeOBXOAMMOro KBAaHTUMS AN PACYETHOTO 3HAYEHNS HECYLLel CocobHOCTH
Ha 6a3e MeTO4OB TEOPUM HAAEXHOCTU NEPBOro Nopsiaka ¢ nocregyroLlen sepndukaument NOCPEACTBOM CUMYNSALMOHHbBIX
MeTOOB.

Pe3ynktathl. [prBeeHbl BEPOATHOCTHbIE MOAENW HecyLel cnocobHOCTM Banku ¢ rmbkov CTeHKOoN 1 060CHOBaHbI Bepo-
ATHOCTHblE Mofenu 6asncHbIX NepeMeHHbIX. MNpeacTaBneHa aHanUTUYeckas 3aBMCUMOCTb A5 OnpefeneHns 3Ha4eHnn Ko-
3 PULMEHTOB HAAEXHOCTU C YYETOM U3MEHYMBOCTU BA3UCHBIX NEPEMEHHbIX 1 MOTPELIHOCTU MoAenupoBaHus. MNonyyeHbl
3HaYeHNs KO3 PVLMEHTOB HAAEXKHOCTM ANS BbIYMCIIEHUS paCYETHbIX 3HAYEHUI HecyLLer cnocobHoCTu.

BbiBoabl. O6ocHOBaHa aHanMTU4ecKas 3aBUCUMOCTb A OMpeferneHns pacyeTHbIX 3HaYeHU AN pernaMmeHTUpoBaHHO-
ro YpOBHSI HAAEXHOCTU. [onyyeHbl YNCTIEHHbIE 3HaYeHUS KOIMULMEHTOB BapnaLmmn HecyLen cnocobHocTy ans 6anok
C rMOKON CTEHKOW AN pasHbiX BUAOB OTKa3a.

KINMOYEBBIE CITOBA: mMeTO KOHEYHbIX 3IEMEHTOB, KOI(MPULMEHT Bapmuauum, YNCIIEHHAst MOAENb, pacyeTHOe 3Have-
HUe, KO3 PULMEHT HAOEXKHOCTH, BE30MACHOCTb, HEMUHENHAs MOAENb, BEPOATHOCTHAsA MOAENb

BracodapHocmu. ABTOp BblpaxaeT 6rnarogapHoOCTb CBOMM HacTaBHWKaM: npodeccopam KOputo CemeHoBuyy MapTbiHOBY
1 Buktopy Bnagumuposudy Typy, a Takke aHOHUMHbBIM PeLeH3eHTaM 3a KOHCTPYKTUBHbIE 3aMedaHus 1 NPeLnoXKeHUs.

OnA UMWTUPOBAHWUA: Hadonbckul B.B. KoadbpuumeHTbl HaaexXHOCTU ANs HEMUHENHbIX Mogenei HecyLlen cnocobHo-
cTun 6anok ¢ rmbkow cteHkol // BectHnk MI'CY. 2023. T. 18. Bobin. 6. C. 852-863. DOI: 10.22227/1997-0935.2023.6.852-863
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KoapdULMEHTbI HAAEXHOCTU AT HEAMHENHBIX MOAEAEN

HecylLer crnocobHocTH 6aaoK ¢ rMbOKOH CTEHKOM C. 852-863

ABSTRACT

Introduction. A special class of thin-walled steel elements can be singled out, for which characteristic failure forms are ac-
companied by loss of local web stability with subsequent development of the post-critical stage, the so-called beams with
flexible web. The effectiveness of application, including practical approbation at pilot sites, of such types of structures was
confirmed as early as the 1970s. However, the widespread dissemination is constrained by the complexity and uncertainty
of the calculated dependences. The development of analytical and empirical resistance models is considerably complicated
because of the stage process of deformation and the change in the compartment operation scheme. Due to the develop-
ment of a more universal approach for determining the bearing capacity based on numerical models, in which conservatism
of the results is practically eliminated, the format of checking the safety of elements with pronounced nonlinear behavior
becomes critical. To verify the safety of rafter structures, as a rule, the method of limit states in the formulation of the method
of reliability factors is used. However, the methods for determining and calibrating reliability coefficient values are focused
and most developed for linear models.

Materials and methods. The paper presents proposals on the development of the method of reliability factors on the ba-
sis of analytical dependence with justification of required quantile for calculated values of load-carrying capacity on the basis
of first-order reliability theory methods with subsequent verification by means of simulation methods.

Results. The paper presents probabilistic models of the bearing capacity of a beam with a flexible web and substantiates
probabilistic models of basic variables. The values of reliability factors for calculating the calculated values of bearing capa-
city have been obtained.

Conclusions. The analytical dependence for determining design values for the regulated level of reliability has been sub-
stantiated. Numerical values of coefficients of variation of bearing capacity for beams with flexible wall for different kinds
of failure have been obtained.

KEYWORDS: finite element method, coefficient of variation, numerical model, design value, reliability coefficient, safety,
nonlinear model, probabilistic model
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BBEJAEHUE

Cpenu cTallbHBIX KOHCTPYKIIMHA MOKHO BBIJICITUTH
0COOBII KJIacC TOHKOCTEHHBIX CTAJBHBIX AJIEMEHTOB,
JUISL KOTOPBIX XapakTepHble (DOPMBI OTKa3a COMPOBO-
JKIAKOTCSL MIOTepedl MECTHOM YCTOHYMBOCTH CTEHKHU
C TOCJIEAYIONMM pa3BUTHEM 3aKPUTHYECKOH CTaJun
paboTHI OTCEKa, TaK Ha3bIBaEMbIe OAJIKH C THOKOH CTEH-
koii [1, 2]. Db beKTUBHOCTh MPUMEHEHUSI, B TOM YHCJIC
C IPaKTUYECKOM arnpodanueil Ha ONBITHBIX O0BEKTaxX,
TaKUX BUJIOB KOHCTPYKIHWH Oblia IOATBEPIK/ICHA €IIe
B 1970-¢ rr. [3-5]. Haubonpmas 3ppeKTUBHOCTD UX
HCIIOJIb30BAHUA OOCTUTaCTCA JIA paMHbIX, 0oJIbIIIE-
MIPOJIETHBIX M MOCTOBBIX KOHCTPYKIMHU. 13-3a cranmii-
HOTO TIporiecca Ae(hOpMUPOBAHUS 1 U3MEHEHHNS CXEMBI
paboTBI OTCEKa pacyeTHBIC 3aBUCHMOCTH ((OpMYIIb-
HBIC MOJCIIM HECYIICH CIIOCOOHOCTH) MPHOOPETAIOT
HEJUHEHHBIN BU [6—8], OHAKO CYIIECTBYIOIIUI Bop-
MaT TIPOBEPKH OE30MacHOCTH W 3Ha4deHHs ko3dduim-
C€HTOB HAJIC)KHOCTU HE YYUTBIBAIOT OTY 0COOEHHOCTH
[9, 10]. Ilpu 3TOM HaAEKHOCTH OOCCIICUCHA TJIABHBIM
00pa3oM KOHCEPBATH3MOM DPACUETHBIX 3aBHCHMOCTEH
[11, 12]. B cBs3u ¢ pa3BuTHEM OONee YHHBEPCAIHHO-
TO MOJXOJA JUIs ONPEACICHHs HeCylllel CoCOOHOCTH
Ha OCHOBE YHCJICHHBIX Mopenel [13-25] (B xoTopbIx
KOHCEPBATH3M PacUeTHBIX MOJENel Hecylel crocoo-
HOCTH MPAKTUYECKH HCKII0YaeTcs) popMaT MpOBEPKH
0€3011acCHOCTH CTaHOBUTCS KPUTUUHBIM. B padote [26]
MIOKa3aHO, YTO MCIIOIb30BAHNE CTAHAAPTHBIX 3HAYCHUN
KO3 (PUIINEHTOB HA/IS)KHOCTH JUTS «TOYHBIX» MOJEICH

HeCymel CHnoCcOOHOCTH TPWUBOIAWT K 3HAYUTECIHHOMY
CHIYKEHHUIO HAJIE)KHOCTH.

Lenb maHHOTO MCCTIEIOBAHUS HANIPABICHA Ha pa3-
paboTky Mmeroma ompenerneHus koddduimeHToB Ha-
JIKHOCTH ISl HEJIMHEHMHBIX MOJeNeil Hecyliei cro-
COOHOCTH CTaTBHBIX KOHCTPYKIUH C yUETOM 3aJaHHBIX
3HAUCHUM MHJEKca HaJexkHOCTH. [Ipencrasiensl mpea-
JIOXKCHUS TI0 YCTAaHOBICHUIO KOA(PPHUIINEHTOB HAICK-
HOCTH HA OCHOBC aHAJTUTUYCCKOHN 3aBUCHMOCTH C 000-
CHOBaHHEM HEOOXOAMMOTO KBAaHTWIISL JJISI PacYETHOTO
3HAYCHUS HeCyIIeH criocoOHOCTH Ha 06a3e METONOB Te-
OpHUH HAJEKHOCTH TEPBOTO MOPSIKA C MOCIEAYIOmeH
Bepu(HKael TOCPEICTBOM CHUMYISAIIUOHHBIX Me-
TO/IoB. B KauecTBe 00BEKTa HCCIEJOBAHUSI HPUHSTHI
0ajKu ¢ TMOKOM CTEHKOM, TaK KakK ISt 9TUX DJIIEMEHTOB
XapakTepHO HeJMuHeiHoe noBeaeHue. [IpennoxeHHblit
MeToJ| ompeaeneHus Kod(PPUIMEHTOB HaAJAESKHOCTH
MOXET OBITh aJanTHUPOBAH W JJIS APYTHX BHIOB KOH-
CTPYKIIMH, JUIS KOTOPBIX HAOIFOIACTCS BBIPAKCHHBIN
HEeJNWHEHHBIN XapakTep paboThl, HATIPUMeEp IS XOIO-
HO(OPMOBAHHBIX TOHKOCTCHHBIX JIEMCHTOB.

MATEPHWAJIBI U METO/JbI

OJHUM U3 TIEPBBIX ATAIOB ONpeAeIeHus Ko hu-
LIMEHTOB HAaJIS)KHOCTH SIBIISIETCSl pa3padboTka (000cHO-
BaHNE) BEPOSTHOCTHOI MOZIeIH HeCyIel CIocOOHOCTH
[27-29]. Hecymyro cmtocoOHOCTh TOHKOCTEHHBIX dJIe-
MEHTOB, B TOM 4YHCIIe 0aJlOK ¢ THOKOW CTEHKOW WITH XO-
J0AHO()OPMOBAHHBIX JJIEMEHTOB, MOXHO YCTaHOBUTD
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WM C TTOMOUIBIO (DOPMYITBHBIX MTPOBEPOK, MIIH C TIOMO-
IIBIO YHUCIIEHHBIX Mofelieit. Tak kak (popMmynbHbIE' MO-
JIeJIH, YYUTBIBAIOLUE [TOTEPI0 MECTHONW YCTOMUUBOCTH
U TIOCIIe/Iyolee U3MEHEHHE CXeMbl 1e(hOpMHUPOBaHUs,
MIPECTABIICHEI B HESIBHOM BHJIE, TO PE3YJIBTAaThl aHAIH-
32 MOYKHO TTOJTyYUTh TONBKO JJIS YACTHBIX CIIydacB, 9To
3arpynHseT 0000IeHne u pa3paboTKy peKOMEHIAIIHA
M0 Ha3HaueHWIO QopMara OEe30MACHOCTH W 3HAUCHUMA
K03 PUIIMEHTOB Haie)KHOCTH. [ToaTOMYy 1715t pazpadoT-
KM METo/1a onpesiesieHnst K03 QUINEHTOB HAJISKHOCTH
BBIJICJICHBI O0OOIIEHHBIC MOJCIU HECYIICH CIOCO0-
HOCTH, YUYMUTBHIBAIOLUE IIOTEPH0 MECTHOM YCTOMYUBO-
CTH U 3aKPUTHUYECKYIO CTAJIMI0 pabOThl. ITO MO3BOJIUT
B [IPOCTOM BHJI€ Y4€CTb HEIMHEMHBIN XapakTep B3au-
MOCBSI3M 0a3MCHBIX TIEPEMEHHBIX M COOTBETCTBEHHO
YCTaHOBHUTH PE3yIFTHPYIONIYI0 H3MEHYHBOCTH (He-
OTIPENICIIEHHOCTh) HECYyIIeH CIMOoCOOHOCTH. AHamu3
Mopeneit Hecymiei crrocoorocTH [30, 31] mokaszain, 4ro
0000IIEHHO MOXHO BBIICINTh HECKOIBKO OCHOBHBIX
Bu0B (popM) OTKa3a, XapaKTEpHBIX It OAJIOK, B TOM
YHCIIe C THOKOHW CTEHKOM:

* BUJ] OTKa3a | — Mo mpoyHOCTH MaTepuaia (J1o-
CTH)KEHUE MpeIeIbHBIX HAMPSHKSHU). XapaKkTepeH s
CTQJIHBIX 3JIEMEHTOB C KECTKUMH CTeHKaMH. B 3ToMm
clIydae Ha HEONpPEACICHHOCTh HECYIIed CrocoOHOCTH
JOMUHHPYIOIIEe BIUSIHNE OKA3bIBAIOT TPEIe TeKyde-
CTH ]; |, M TOJIIINHA CTEHKH £ :

r=f, 4 ()

rae 7 = f{X,} — Hecymas crnocoOHOCTh Kak (QyHKIHUA
OT TIEPEMEHHON X;

* BHJ OTKa3a 2 — 10 IPOYHOCTH MaTepuaa c yue-
TOM BIIMSIHUSI TTOJIOK Oanku. B aToM cirydyae Ha Heompe-
JEJIEHHOCTh HECYIeH CHOCOOHOCTH NOMUHMpYIOIIEE
BJIMSHUE OKA3bIBAKOT IIPEJIET TEKYUECTH f, M TOIIMHA

CTEHKH f , @ COIYTCTBYIOIIEE — MPEJIEN TEKYUECTH f, p

¥ TOJIIIMHA TIOJIOK /. IIpupocT Hecyei cnocoGHOCTH
3a cYeT mosicoB cocraniseT nopsaaka 20-30 % [30, 31],
MIO03TOMY BKJIaJI OSICOB B OOIIIYI0 H3MEHYMBOCTb HECY-
el crocoOHOCTH YMEHBIIAeTCs BBEICHUEM KOd(hhH-
ueHra k:

r=f{f btk fy ot} 2

* BHJ[ OTKa3a 3 — BCIIEACTBHE MOTEPU YCTONUH-
BOCTH CTCHKH C TIOCJIEIYIOUINM Pa3BUTHEM 3aKPHUTH-
YecKoil cTamuu paboThl (M3MEHEHHE CXEMBI) OTCEKa,
HO 0e3 ydJeTa BIUSHHA MOSCOB. B 3TOM ciydae Ha He-
OIPEIICIICHHOCTh HECYIICH CITIOCOOHOCTH TIOMUHHUPYIO-
1[ee BIIMSIHUE OKa3bIBAIOT TOJIIIMHA CTEHKU B KBaJpaTe
U TIpejies TeKydecTH B cTenenu 0,5:

r=f{t ) (3)

* BHJ] OTKasa 4 — BCJICACTBUEC MOTEpHU YCTOI\/'I‘H/I-
BOCTHU CTCHKHU C IMOCICAYIONIUM PAa3BUTUEM 3aKpUTU-

! Hanpumep, 1u1st 6aok ¢ ruOkuMu (HEYCTOHYNBBIMHU) CTCHKA-
mu, cormacHo CIT 16.13330.2017 «CrasibHble KOHCTPYKIHNY.
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Yeckol cTaauu padoThl (M3MEHEHHE CXEMBI) OTCeKa
C YYeTOM JIONOJHUTEIBHOW Hecylledl crnocoOHOCTH,
obecrieurBaeMoii rmosicaMu OaJKu:

r=f{\/fyw-tj,+k~fyf~t;}; (4)

* BUJ OTKa3a 5 — BCJEICTBUE YNPYrol moTe-
pU YCTOMUMBOCTH CTEHKU AJSl OY€Hb TMOKHX CTEHOK
1 cnalbIx MosAcoB. J[aHHBIN ciydail HE MPEACTaBISIET
OOIBILIOTO MPAKTHYECKOTO MHTEPECca B CTPOUTENILCTBE
13-3a PENKOCTH pAcIpOCTPAHEHMs TaKUX pPEHICHUH
1 3HAUUTENHFHOTO KOHCEpBAaTH3Ma pPaccMaTpHBAEMOTO
KkpuTepus oTkaza. OnHAKO aHAIM3 UHTEPECEH A IO-
HUMaHHS BCel 00JIaCTH BO3MOXKHBIX KOHCTPYKTHBHBIX
peleHuit 1 MOXKET OBITh IOJIE3€H ISl OT/IENIBHBIX pac-
YETHBIX CUTyallUd, HalpuMep [pU BPEMEHHOM Ha-
BM)KKE MOCTOB Ha OIOpPBI, KOTJIa BOSHUKAIOT OOJIbIINE
CABUTAIOIIHNE U JIOKAJIbHBIC YCUIIHA, a r'iOKOCTh CTEH-
KM OIpeiersuiach U3 padoThl OAKU Ha M3THO B CTATUH
9KCIUTyaTanuu. B 3ToM ciydae Hecymasi CiocoOHOCTh
OIIPEAENACTCS. MCXOAd M3 KPUTHYECKUX HAMpPSOKEHUH
MOTEpH YCTOMYMBOCTH, @ Ha HEOINPEJEICHHOCTh J0-
MUHHUPYIOLIEE BIUSHUE OKA3bIBAIOT TOJIIIMHA CTEHKH
B KyO€ ¥ MO/IyJIb YIIPYTOCTH CTaJIH:

r=f{E-1}; (5)

* BUJ] OTKa3a 6 — CONPOBOXKJAIOIIUIICS MOTepel
YCTOHYMBOCTh CTEHKH OankW ¥ 00pa3oBaHHEM MeXa-
HU3Ma, NPU KOTOPOM MoJjka Oanku paboTaeT Kak de-
MEHT Ha yIpyroM OCHOBaHUU. XapaKTEPHbIM BUJ| OTKa-
3a 711 JIOKAJIbHOM HArpy3KH, IPHU KOTOPOM IIPOUCXOIAUT
yYBEIMYEHHUE IIUPUHBI Iepenadn (pacipeneieHns) Ha-
TPY3KH 5. B 9TOM ciryuae Mozenb Hecymen crnocooHo-
CTH MOJKHO TIPEZICTaBHUTh B CIEAYIONIEM BHUJIE:

r=f{fty (s, + kot )} (6)

Bunst otkaza 2 u 4 aBsIOTCS Hanboee xapakTep-
HBIMH TS 0AJIOK ¢ THOKHMH CTeHKaMH U ITPpeodpas3yroT-
cs B 1 u 3 mpu 3HaueHUX KodhurmenTa k, paBHbIX 0.
B nccneioBannyn BEIMTOIHEHO UX pasesieHne st Oosee
HaISTHOTO MTPEACTABIICHUS BIMSHUS MTOJOK Ha M3MEH-
YHBOCTB (HEONPEJICICHHOCTh) HECYILEH CIIOCOOHOCTH.

Ha cnenyromieM srare BO3ZHHKAET BOIPOC — Kak
OIIPE/ICIUTh ~ HOPMATUBHOE  (XapaKTepHCTHUECKOE)
U PacyeTHOE 3HAYCHUS HECYIIeH CIIOCOOHOCTH JUIs Ta-
KHX BHJIOB 3aBHCHMOcCTe. s Hecymieil cnocoOHOCTH
i 71t 6a3UCHBIX MEPEMEHHBIX, BXOAAIINX B MOJIENb
HECyIeH CrocoOHOCTH, HapUMep A Ipejienia TeKy-
YeCTH, HOPMATHBHOE 3HAUYCHHE ITPUHUMAETCs Kak 5 %
KBaHTHJIB® pacnpeseneHus. HopMaTuBHOE 3HAauCHHE
HeCylei crocoOHOCTH MOXKHO ONPENENsTh CIeAyIo-
LIMMHU METOJIAMHU:

2 O0wenpuHIT 5%-HbI KBaHTHIIb, HAIPUMEP, COITACHO
I'OCT 277512014 «Hane:KHOCTh CTPOUTEIBHBIX KOHCTPYK-
it u ocHoBanuit» wi CH 2.01.01-2019 «OcHOBBI poek-
THUPOBAHUS CTPOMTEIIBHBIX KOHCTPYKLMH». OIHAKO CTPOrHX
MaTeMaTHYECKUX 000CHOBAaHUH 3TOTO BEIOOPA HET.



KoapdULMEHTbI HAAEXHOCTU AT HEAMHENHBIX MOAEAEN
HecylLer crnocobHocTH 6aaoK ¢ rMbOKOH CTEHKOM

C. 852-863

* HAa OCHOBaHUU UCNbIMANUL, TIPY STOM IIPUMEHS-
IOT HEKOTOpBIE MPEINONIOKEHUS O PEe3ylbTHPYIOLIEM
3aKOHE PacIpe/ie]IeHUs] Hecyel clocoOOHOCTH, a CTa-
THUCTUYECKUE XapaKTEPUCTHKU (CpeiHee U Kodpduim-
SHT BapHall{) OLCHWBAIOT HA OCHOBAHUH 3KCIEPH-
MEHTAJIbHBIX JaHHBIX;

* HA OCHOBAHWU AHANUMUYECKUX peuleHull, HATIPH-
Mep, Kak JUIs MTPOM3BEACHUSI MIM CYMMbI HECKOJIIBKHX
CIly4alHBIX BEJMYMH. DTOT METOJ SBIISICTCA Hanboiee
pacIpoCcTpaHeHHbIM M KIIACCUUECKUM JJIsl yCTaHOBIIE-
HUsI HOPMAaTHUBHOIO 3HAYEHMs HECYHIEH CHOCOOHOCTH
JUISL CTaJbHBIX KOHCTPYKLHUH, MPU 3TOM BHOCSITCS He-
KOTOpBIE TIPE/IIOJIOKEHHS O PE3YJIBTUPYIONIEM 3aKOHE
pacripezienieHust HecyIel ClloCOOHOCTH, a CTaTUCTHYe-
CKHE XapaKTEPUCTHUKHN HECYIIEH CITIOCOOHOCTH OIEHH-
BAIOT MCXO/sl M3 CTaTHCTHYECKHX XapaKTEepUCTUK Oa-
3MCHBIX MIEPEMEHHBIX M aHATMTHUECKHUX MTPEANOCHUIOK;

* Ha OCHOBAHUH CUMYIAYUOHHBIX Memooosg (cre-
HEpUPOBAHHOM BBIOOPKN). J[71s1 OIIEHKM HecyIel cro-
COOHOCTH Ha OCHOBE CHMYIISIIIHOHHBIX METOI0OB HE00-
XOIMMO CTE€HEPHPOBATh BHIOOPKY 3HAYCHUI Oa3MCHBIX
MNEPEMECHHBIX C MOCICAYIOIIUM BbIYHMCICHUEM 3HaA4eC-
HUI Hecymeill crmocoOHocTH. Jlajgee Ha OCHOBaHHH
BEIOOPKH 3HAYEHUH HECyIeH CIIOCOOHOCTH MOXKHO
OLCHUTh HOPMATHMBHOC 3HAYCHHWEC KaK KBAHTWJIb pac-
TIpe/IeIIeHYs;

* C UCTIOJIb30BAaHUEM HOPMAMUBHBIX 3HAYEHUL 0a-
BUCHBIX NEPEeMEHHBbIX, BXOSIIMX B MOJCIb HECyIIeH
criocobHoctu. [Ipu aTOM clleyeT NOHUMATh U yYUThI-
BaTh, YTO PE3YJBTUPYIOIIEE 3HAUCHHE HECYIIEH CIIo-
coOHOCTH (B OCOOCHHOCTH TPH HEJIWHEHHBIX (YHK-
LUSIX HECYIeH criocOOHOCTH M HECKOJIBKUX 0a3MCHBIX
TIEpEMEHHBIX) HE OyAeT paBHO «HCTHHHOMY)» HOpMa-
THBHOMY 3HA4eHHIO, 4YTO TpeOyeT MpeHeOperKeHUs
9TUM (hakTOM (B CiIydae Mayioi OIIMOKN) UITH BBE/ICHHS
JONOJIHUTENBHOTO KO3 dunnenta HagexHoctu. Of-
HaKO JaHHBIM MeTOJ] Hamboyiee MPOCTON M BO MHOTHUX
Cllyyassix OTMEUEHHOE HECOOTBETCTBHE HE IMPHUBOIMT
K CYIIECTBEHHBIM OIIMOKaM, ITO3TOMY 3TOT METOJ Ha-
1iea pacHpoCTPAHEHNUE B yCTAHOBHMBIICHCS MPAKTHKE
HOPMUPOBAHUS U TPOSKTUPOBAHMS;

* Ul YUCIICHHBIX MOJEJIeH Hecymel criocoOHo-
CTH MOXKHO BBIJEIUTH CIIE OIUH METOJ ONpEeIICHHs
HOPMAaTHUBHOTO 3HAYEHHsI — Ha OCHOBAHHMU NPOBEPKU
coomeemcmeus PopmynbHbIM MOOENAM Hecyujel Cno-
cobHocmu, 3aKpPETIICHHBIM B HOPMATHBHBIX JTOKyMEH-
tax. B aTom merone ans Bepupukanuu (KaTuOpoBKH)
YHUCIIEHHOM MOJENN HCHOJIB3yeTCsl MOAENb Hecylen
CIOCOOHOCTH M3 HOPMAaTHUBHOTO JOKyMeHTa. [lapame-
TPbI YUCJIEHHOMN MOJICJIU, HAllpUMEP TUII KOHEYHOTO
JNIEMEHTa, pa3Mep CETKH, KpUBas Ie(OPMHUPOBAHMS
Marepuana, HECOBEPIICHCTBA, OCTAaTOYHBIEC HAIpsiKe-
HUS U T.J., TOJDKHBI ObITh BBIOPAHBI TAKHM O0pPa30M,
4YTOOBI YHCIICHHAs MOJIE)Ib 0OecIieunBalia 3HaYeHNE He-
CylIel cmocoOHOCTH, Hanbomee OIU3Koe K 3HAYCHHUIO,
BBIYUCJICHHOMY COINIACHO HOPMATHBHOMY HNOKYMCHTY.
OnHako JUIs 3TOr0 METO/A CIIEIyeT YYHUTBHIBaTh, 4TO
HOPMAaTHBHOE 3HAYEHHE HECYyIIed CrIOCOOHOCTH, yKa-

3aHHO€ B HOPMAaTHBHBIX JIOKyMEHTaX, ONpeNelsieTcs
TaKKe C YYeTOM JPYIMX KpHTepueB (acnekroB, (ax-
TOPOB), TOMHUMO MaKCHMaJIbHOTO 3HAYCHHS HECYyIIeH
CIIOCOOHOCTH, HAIIPUMED C YUETOM OTPAHWYCHHUS paz-
BHUTHS TuTacTHdecKux nedopmanuii [32, 33]. HeoOxo-
JIUMO, YTOOBI AHAJIOTUYHBIC KPUTCPHU YUYHTHIBAIKCH
TIPU OTIPE/ICTICHUH Hecylleld CIOCOOHOCTH Ha OCHOBE
YUCJIEHHBIX MOJIEIIEH.

PacuetHoe 3HadeHne Hambomee TOYHO MOKHO
YCTaHOBUTH Ha OCHOBAHWHU KaINOPOBKH C HCIOIH30Ba-
HHEM BEPOATHOCTHBIX METOJOB JUTA IIEIEBOTO WHACKCA
Ha/Ie)KHOCTH C Y4€TOM N3MEHYMBOCTH OA3UCHBIX Iepe-
MEHHBIX Mojeliel 3pdeKkToB BO3ACHCTBUI U MoJeieh
Hecyieit cnocodnoctu® [34, 35]. OmHako «credyem
ommemums, YMo 6EPOAMHOCMHOE MOOEIUPOBAHUE
Xoms u no360iaem HANPAMYIO NOLYYUMb DACUEmHOe
3HAYeHue CONPOMUBIeHUs, HO ABIAEMC MpPYyOOeMKOl
npoyedypotil, mpebyroueii He MOIbKO CYUeCmEeHHbIX
3ampam 6pemenu, HO U COOMEEmMCmeEyujeli noo2o-
mogxu cneyuanucmos» [36]. IIpubarmKeHHO pacyeTHOE
3HAYCHUEC MOXXHO OLICHHUTH BCEMHU TCMH XKC MCTOAAMU,
KaK ¥ HOPMaTHBHOE 3HA4YCHHE, €CIIM 3HATh HEOOXOIH-
MBI KBAHTHJIb [T PACYETHOTO 3Ha4eHUs. TpeOyeMbrii
KBaHTWJIb PAaCYCTHOTO 3HAYCHUS MOKHO YCTaHOBUTH
C TOMOIIBI0O METOJOB TEOPHU HAJEKHOCTU IIEPBOTO
TIOpsIJIKa UCXO/Is M3 KOO PHUIUEHTa YyBCTBUTEILHOCTH
U I[EeNIEBOT0 3HAUeHUs] WHJAeKca HajexxHoctu [37, 38].
3HavyeHne K0d(pPUIHEeHTa TyBCTBUTEIBHOCTH IPHHATO
Ha ocHOBaHUM paboTsI [34] paBHBIM 0,6 (HE0OXOAUMO
yKa3aTh, 9TO 3TO 3HAUCHHE CIIPABEIUIMBO TOJBKO LIS
CTJIBHBIX KOHCTpyKumii). lleneBoe 3HaueHne MHIEK-
ca HaJIeXKHOCTH mpuHATO paBHbIM 3,0 [35, 39]. Torna
TpeOyeMblii KBAHTHIIb PACYETHOTO 3HAYEHUs p, PaBeH
3,5 %, uro cootBeTCcTBYET 0O, - B = 0,6 - 3,0.

PE3YJIBTATBI HCCJIEJOBAHNA

UToObl ONpEACINTh PacueTHbIC 3HAYCHHUSI HECY-
el crocoOHOCTH, HEOOXOANMO 3HATh BEPOSITHOCTHEIC
Mojenn 0a3UCHBIX MTEPEMEHHBIX, TAKIX KaK IPeIe Te-
Ky4eCTH ¥ TCOMETPHUICCKHE XapaKTePUCTUKU CCUCHHS.
OOmue moaxo/as! K BEPOSITHOCTHOMY MOJICITMPOBAHUIO
HECyllell CHOCOOHOCTH CTaJbHOTO 3JIEMEHTa Ipe.-
ctaBieHbl B Tpyae [34]. Iy BEpOSATHOCTHOTO OIH-
CaHWsl TpejeNia TeKY4eCTH MPHHST JIOTHOPMAaJbHbIN
3aKOH pacrpeneieHuss ¢ KOd((HUIMEHTOM BapHaIliH
V/y =7 % [34]. 11 BEpOATHOCTHOTO OIHCAHUS MO-
YISl YIPYTOCTH CTal Ko3(p(HUIMEHT BapHaluu mpu-
uat 3 %° [35]. HeoO0x0auMO BHECTH JIOTIOIHUTEIbHBIC
YTOYHEHHMSI, Kacarol1ecsl CTAaTUCTUYECKUX XapaKTepH-
CTHK JJISl TONIIMHBI CTAJBHOTO IpOKaTa, A paccMma-
TPUBAEMBIX YHUCIEHHBIX Moxened. C Ienpio BeposT-
HOCTHBIX PacyeTOB T€OMETPHUCCKHE XapaKTePHUCTHKH
MPUHUMAIOT, KaK TPaBWIO, JIECTCPMHUHUPOBAHHBIMH.
Jiss MoJeN HecCylie CIIOCOOHOCTH, YYHTHIBAIOIICH
TIOTEPI0 MECTHOW YCTOMYMBOCTH YacTH CEUCHUSI, yUeT

3 JCSS Probabilistic Model Code // Joint Committee of Struc-
tural Safety. 2001.
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W3MEHYMBOCTH TOJIIUHBI CTEHKH W TOJILIUHBI TOJOK
sIBJIsieTCsl 00s3areNibHBIM. J[Jisl IMMpUHBI npokarta, T.e.
JUISL BBICOTBI CTEHKM M LIMPHUHBI IOJIOK, U3MEHYHBO-
CTBIO MOXXHO IpeHeOpeub /st OOJBIIMHCTBA MPAKTH-
YEeCKHUX pa3MepoB npoduireii.

AHanmM3 CTaTHCTHYECKUX XaPAKTEPUCTUK OTKIIO-
HEHHUH '€OMETPHUYECKHX Pa3MEpOB MPOKATa BBHITIOIHEH
Ha OCHOBaHMH PETIIAMEHTHPOBAHHBIX HPENIEIBHO JI0-
ITyCTUMBIX 3HAYCHUH OTKIOHEHHH TI'e€OMETPUYECKUX
pa3sMepoB CTaIbHBIX KOHCTPYKIUH, MPEACTaBICHHBIX
B cranmaprax CTB EN 1090-2% CTB EN 100517,
T'OCT 19903°. Tak kKak B HOPMATUBHBIX JOKYMEHTaX
HE YKa3aHO, ¢ KaKkoW O0OECIICYeHHOCTHIO HA3HAYCHBI
MIpeiebHbIE OTKJIOHEHUS, TO MPUHSITO MAOIYIICHHUE,
YTO OTKJIOHEHHS MOAYMHSIOTCS HOPMAJILHOMY 3aKOHY
pachpesiesieHts, a YCTaHOBJICHHBIE HOPMaMHU JIOITyCKU
SBJIAIOTCS] TEMU TPAHULIAMM, TIPH KOTOPBIX MPEAEIbHO
JIOITyCTUMBIC OTKJIOHEHHsS OyIyT COBMAJaTh COOTBET-
CTBEHHO C 95%- u 5%-HBIMH KBaHTHJISIMH pacIpese-
nenns. Hopmatusasiil nokyment CTb EN 10051 ycra-
HaBJIMBAaCT CHMMETPHYHbIC TpEJeIbHbIC OTKIOHEHMS
JUIA pa3HBIX KJIACCOB M3TOTOBJICHUS, IS aHAJIM3a MpH-
HST KJIACC U3TOTOBJIEHUs «B», B COOTBETCTBHHU C KOTO-
PBIM TOCTaBIISICTCS HAHOOJIbIIEE KOJMYECTBO MPOKATa
JUISL CTJIBHBIX KOHCTPYKLMIL. Pe3ynbrarsl ananmsa cBe-
IeHsl B Ta0. 1.

Hopmarusnsiit nokyment 'OCT 19903 ycranas-
JIMBAET HECUMMETPHUYHbBIE IPECIbHBIE OTKIOHEHUS
JUISL JIBYX KJIaCCOB HM3TOTOBIICHUS, MPU STOM OTpHIla-

Taou. 1. Jlomycku Ha TOMIIMHY NPOKaTa CONNIACHO
CTb EN 10051

Table 1. Tolerances of thickness according to STB EN 10051

Homunanehas Jomyck A, my
,TOHHM_Ha’ MM Tolerance A, mm WX | V> %
Nominal thickness, mm

(6-8] +0,36 1,0 3,1

(8-10] +0,39 1,0 2,6

(10-12,5] +0,43 1,0 2,3

(12,5-15] +0,46 1,0 2,0

(15-25] +0,52 1,0 1,6

Ipumeuanue: p /X

nom

— OTHOLICHUE CPETHEro 3HAYCHUS
K HOMHHAJIBHOMY; V' — K03()(pUIMEHT Bapuanuu.

Note: p /X

nom

— the ratio of the mean value to the nominal
value; V' — coefficient of variation.

4CTB EN 1090-2-2013. Bo3seneHue CTajabHBIX U allOMHU-
HUEBBIX KOHCTpyKIMH. Yacts 2. TexHuueckue TpeOOBaHHS
K cTalbHbIM KOHCTpykuusaM. M. : Toccrannaprt, 2014. 193 c.

> CTB EN 10051-2009. JIucTsl, MOIOCH U JICHTHI, TOIy9eH-
Hble HENPEPbIBHOW Topsiueil MpOKaTKOM M3 HeJernpoBaHHBIX
W JISTHPOBAHHBIX cTaineil. Jlomyckn pasmepoB u popMbl. M. :
Toccranmapr, 2010. 36 c.

*TOCT 19903-2015. TIpokar JHMCTOBOM TOpsYEKATAHBIM.
Copramenr : BBen. 01.09.2016.
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TEJIbHBII JIOIYCK OOJIbIIIE, YTO MPHUBOJMUT K CPEIHEMY
3HAQUEHUIO MEHBINE CIUHUIBI. B 1e710M He O4eHb I10-
HSITHO, IO KaKOM MPUYMHE B HOPMATHUBHOM JOKYMEHTE
3QJI0KEH TAaKOW TOIMYCTUMBIH OTPULIATENIBHBIN 10IMYyCK
no TtommuHe. IIOHATHO KenmaHWe NPOU3BOAUTENEH
BBIITyCKaTb NPOKAT C MUHYCOBBIM JOIYCKOM — 3TO
MO3BOJSIET UM DKOHOMHTb, OJHAKO JaHHAS CUTyallHs
MPUBOIUT K YYBCTBUTEIBFHOMY CHIDKCHHMIO HECYIIeH
CIIOCOOHOCTH TOHKOCTEHHBIX 3JIEMEHTOB. 15 aHanm3a
MIPUHAT KJ1acc U3roToBieHus «b» (00pI4HOI TOUHOCTH),
B COOTBETCTBHH C KOTOPBIM ITOCTABIISICTCS HANOOIbIICE
KOJIMYECTBO MpOKaTa AJIS CTAJIbHBIX KOHCTPYKIMH. Jlo-
ITyCKU Ha OTKJIOHEHUS OTIIMYAIOTCS JUIsl TNCTOBOTO MIIN
PYJIOHHOTO IpokaTa. Pe3ynbTarsl aHanu3a rnpejcrasiie-
HBI B TA0I. 2, 3.

Taba. 2. Jlomycku Ha TONIMHY PYJIOHHOTO ITPOKaTa
cornacao 'OCT 19903

Table 2. Tolerances of thickness of rolled steel according to
GOST 19903

Homunanbhas Jlonycx A, v
TOJIINHA, MM ’ wix v, %
Nominal thickness, mm Tolerance A, mm | ™
(5,5-7,5] -0,60...+0,25 0,97 4,1
(7,5-10,0] —-0,80...+0,30 0,97 3,9
(10,0-12,7] -0,80...+0,30 0,98 3,0
(12,7-15,0] -0,80...+0,35 0,98 2,6
(15,0-25,0] -0,90...+0,35 0,99 1,9

Taou. 3. Jlormycku Ha TOJNIIKHY JIMCTOBOTO IpOKaTa
coracHo 'OCT 19903

Table 3. Tolerances of thickness of sheet steel according to
GOST 19903

Homunanbuas

TOJIMINHA, MM Hlonyei A, M w/X 1V, %

. . Tolerance A, mm | “ %~ "om

Nominal thickness, mm
(12,7-25,0] -0,80...+0,20 0,98 1,6

(25-30] —-0,90...+0,20 0,99 1,2
(30-34] —-1,00...+0,30 0,99 1,2
(34-40] -1,10...+0,40 0,99 1,2
(40-50] -1,20...+0,50 0,99 1,2

Ha ocHOBaHUU BBIITOJHEHHOTO aHAJN3a JJIS CTCH-
KM TIPUHSITHI CPEIHEE 3HAUCHHE U KO3 PHUIIUEHT Bapu-
anuu, pasuele 0,97 u 4 %, nns nonok 0,98 u 2 % co-
OTBETCTBEHHO. JIJ1s1 cpaBHEHMS B 0a30BOM TOKYMCHTE
10 BEPOSITHOCTHBIM MOJICIISIM JIJISl TEOMETPUYECKUX Xa-
PaKTEPUCTHK PEKOMEHIyeTCs pUMEHATh /X = 1,0;
V=2 %"

B Tabn. 4 npencraBicHbl CTAaTUCTHYCCKUE MMapa-
METpbl OA3UCHBIX MEPEMEHHBIX, BXOASIINE B MOJCIN
HECYIICH CIIOCOOHOCTH, W 3aBHCHMOCTH U HOpMa-
THUBHOT'O 3HAYCHUs 0a3MCHBIX TIEPEMEHHBIX.
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Taou. 4. BeposTHOCTHBIC MOJIENTH OA3UCHBIX MMEPEMEHHBIX JJIST MOJICITH HECYIIEH CITOCOOHOCTH

Table 4. Probabilistic models of basic variables for the load-bearing capacity model

T b, Vi X,
Hp\?ijﬁ :frlé}]’;g]:m — Wy = LIZf, Vy=T% S = Hyexp(-1,645 V) = 0.89 i,
Tomuma Stemt =103, |, =0970,, [ V=A% | e (- 1645 7,) =093,
gﬁfi? thicknoss b = 1021, | 1, =09812, |V, =2% 1= (1-1,645V)=097p,
Moo e B We=E,, | V;=3% E,=p(1- 1645 7,) = 0,95 1,

m

Ipumeuanue: X,
imo
HOPMAaTHBHOE 3HAYCHHE.

Note: X

i,nom

— nominal value; p,  —

OCHOBBIBasICh Ha pa3pabOTaHHBIX BEPOITHOCTHBIX
MOJEeIIX 0a3UCHBIX NMEPEMEHHBIX (CM. Tadl. 4), manee
OITpe/ieIeHbl HOPMATHBHBIC M PACUETHBIC 3HAYCHHS He-
Cylueil CriocoOHOCTH, BHIYMCIICHHBIC [UIsl HEIMHEHHBIX
MOJIEJIEH COTIACHO CIIEIYIOMINM METOaM:

* HA OCHOBAaHHM CHMYIISIIIMOHHOTO MeTona (cre-
HEpUPOBAHHOM BBHIOOPKH). JlaHHBIH METON NPUHAT KakK
«yCIIOBHO» TOYHBIH M BCE OCTAJIbHBIE CIIOCOOBI OIpe-
JICTICHUS] PACUCTHBIX 3HAYEHUH CPAaBHUBAIOTCS C HUM.
Ha ocHOBaHMUM TIpe/ICTaBIEHHBIX BEPOSTHOCTHBIX MO-
JieTield Mmpejerna TeKy4eCTH M TeOMETPUYECKUX Xapak-
TEPUCTHUK BBITIOJIHEHBI T€HEPAMU 3HAYEHUN Hecyleh
CIOCOOHOCTH I KaXKIOW M3 OOOOIIEHHBIX 3aBUCH-
MOCTEH, IpecTaBIeHHbIX BbIpakeHusiMu (1)—(6). s
TeHEpUPOBaHMs BBHIOOPKH B MCCJICIOBAHUM TPHMEHEH
npsimoit Mmetox MonTe-Kapio. KonnuectBo cumynsiuit
U KaXIOW Oa3WUCHOM IMepeMEeHHOW M, COOTBETCTBCH-
HO, JUI1 BBIOOPKM 3HAUCHMH HECYIIEH CHOCOOHOCTH
cocrasuio 10°. Io creHepupoBaHHBIM BBIOOPKaM 3Ha-
YeHWH HECYyIed CIIOCOOHOCTH BEIUMCIICHBI CpETHEe
3Ha4eHHe L . . KodpuuueHt sapuauun V. . HOpMa-
TUBHOC 7, . ., ¥ PACUETHOC 7, . 3HAYCHUS,

* Ha OCHOBAHMH aHAJIUTUYECKOTO PELICHUSI B IIPe/i-
TIOJIO’KEHUH HOPMAJIBHOTO ¥ JIOTHOPMAJIBHOTO 3aKOHA
pacrpeneieHusl HeCyIed CIoCOOHOCTH (TeM CaMbIM
BBITIOJIHEH aHaJIM3 0oJiee TIOIXOASIIEr0 3aKOHa pacipe-
JETICHNUsT), CTAaTUCTUIECKNAE XapaKTEPUCTHKN HeCyIen
criocoOHOCTH (cpenHee 3HaYCHUE |l 1 K03 UIeHT

T,sim

Bapuanuun V.. ) IMMPUHATBI HA OCHOBAHUN CUMYJIAINOH-

rsim

HOIro Meroaa:

Foswsn & Wy g -eXp(=1,645V, ) (7)
Fewsss = My (1 = 1,645V, 5, )3 ®)
Py = g X (=0 BV, ) ©)

P W (1= 0 BV, ) (10)

rae rkLNS% — 3HA4YCHHUC Hecymef/i CHOCO6HOCTI/I, BBI-
YHCJIICHHOC Ha OCHOBAaHHU MPCATIOJIOXKCHUA O JIOTHOP-

MaJIbHOM PacTpeaCIICHUN, VkaS% — 3HAa4YCHUE HECYIICH

— HOMHUHAIIHOE 3HA9EHHUE; |, — CPEHEE 3HAYEHuE; V,  — KodpuimenT Bapuanmu; X, —

average value; V, — coefficient of variation; X,, — normative value.

CMOCOOHOCTH, BBIYHCICHHOE HAa OCHOBAaHHH IPEAIO-
JIOXKEHUs O HOPMAJILHOM PacClpe/IENeHuy; 7, — pac-
YETHOC 3HAYCHHME HECYIICH CIOCOOHOCTH, BBIYUCIICH-
HOC Ha OCHOBAHHHU MPEAMOIIOKECHHUS O JIOTHOPMATIbHOM
paclpe/eseHny; 7, — PacueTHOE 3HAYEHHE HECYIIEH
CIOCOOHOCTH, BRIYHCIICHHOE HA OCHOBAHHH IPEATIONO-
JKCHUST O HOPMAJIbHOM PaCIIPEICIICHHUH.

Jljist TOro 4To0bl CPABHUTH PE3YNBTAThl PACUETOB
[0 Pa3HBIM METOIaM BBIYUCIICHBI KOA(DDUIIMEHTHI Ha-
JICKHOCTH:

* TIepBbIH KOYPPUITMESHT HANSIKHOCTH AJIS TIEPEXO-
Jia OT CPEIHETO 3HAYEHUS W, HECYWIEH CrIOCOOHOCTH
K HOPMaTHBHOMY 7,

ur, m

Yr,u—) k(sim) = P = > (1 1)
k,sim5%
l“lr, m

Yoo k(N = = > (12)
k.LN5%
l”l’r, m

Voo kv = =, (13)

k.N5%
TAe [, — 3HAYCHHE HECYUICH CIOCOOHOCTH, BHIMHC-
JICHHOE TIPU CPEJHMX 3HAUCHUAX Oa3MCHBIX NepeMeH-
HBIX, COBMaaeT (MPUOIM3UTEIBHO COBIAIACT) C L

1,.5im?

* BTOpO# K03(pPUIMEHT HAIEKHOCTH IS TIEPEX0-

J1a OT «yCJIOBHOY» HOPMATMBHOIO 3HAYEHMA 7 . ., HECY-
1Ie# CMOCOOHOCTH K HOPMATHBHOMY 7!
7
kL XES%
Y;‘,Xk — k(sim) > (14)
rk,simS%
7
T XKS%
Yexk o kany = ; (15)
*.LN5%
r
~ Teoxwse,
Vixk - kNy = > (16)
T N5%

TIC 7', sy, = JAX 150,} — «YCIIOBHO» HOPMATHBHOE 3Ha-
YyeHHe Hecyllel cliocoOHOCTH, T.€. 3Ha4eHHe Hecylel
CHOCOGHOCTI/I, BBIYUCJICHHOC TP HOPMATUBHBIX 3HAYEC-

HHSIX 0a3MCHBIX TNIEPEMEHHBIX
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Taou. 5. KoadhdunmeHTsl Hae)KHOCTH

Table 5. Reliability factors

Kos¢dumenTsr Howmep Buna otkasa / The type of failure

Coefficients 1 2 3 4 5 6

Moo Tt simsis 1,146 1,103 1,161 1,126 1,241 1,149
i 70 8,1 59 8,7 7,0 12,4 8,2

Yot ksim) 1,147 1,103 1,163 1,126 1,240 1,149
Yow— kam 1,145 1,103 1,159 1,124 1,234 1,149
Yon o k) 1,153 1,107 1,168 1,130 1,255 1,157
Y Xk — k(sim) 0,955 0,919 0,957 0,929 0,957 0,930
Voxk— kam 0,954 0,919 0,954 0,928 0,952 0,930
Yok — k) 0,960 0,922 0,961 0,933 0,968 0,937
Y R — disim) 1,161 1,114 1,180 1,138 1,269 1,165
VR dian 1,161 1,113 1,175 1,137 1,258 1,164
YR dv) 1,170 1,117 1,187 1,144 1,285 1,175
YR Xk — dsim) 0,967 0,928 0,971 0,940 0,979 0,941
Y ek — dawy 0,966 0,927 0,966 0,938 0,970 0,940
YRk d) 0,974 0,931 0,977 0,944 0,991 0,949

* TpeTrii K0d(UITHMESHT HAIC)KHOCTH JUTS TIePEX0-
J1a OT CPEJIHETO 3HAYEHHUs | HECYIIeH CocoOHOCTH
K PacueTHOMY 3HAYEHHIO 7',:

Hr) m .
Yr,u—> d(sim) :_X’ (17)
d,sim
“’r, m
Vipodany = s (18)
Ty v
ur, m
/Yr’}l*} d(N) = 5 5 (19)
Tan

* YEeTBEPTHIN KOA(PPHUIINEHT HAIC)KHOCTH IS Tie-
pexoza OT «yCJIOBHO» HOPMAaTHBHOI'O 3HA4YEHMS HECY-
el crocoOHoOCTH 7', xus> BPIYMCIICHHOTO IIPH HOPMATHB-
HBIX 3HAYCHUSIX 0a3MCHBIX MIEPEMEHHBIX, K PACUCTHOMY

3HA4YCHUIO ¥ d:

’
k. XKS%
YR Xk = d(sim) = > (20)
rd,sim
p
e xasos
Yrxk > dany = > (21)
Ta.In
r
X Xk5%
YRk > dny = . (22)
d.N

Pe3ynbraThl pacueToB CBEACHBI B Ta0I. 5.

3AKJIIOYEHUE U OBCYXJIEHHUE

B uccnenoBanuu npeuioxkeH METO ONPeIeICHUS
k03 (QUITMCHTOB HAJIC)KHOCTH U PACUCTHBIX 3HAUCHUM
HeCyIel CIOCOOHOCTH sl HEIMHEHHBIX MOICTCH.
[IpakTrdeckas peanu3aisl MPEIIOKEHHOTO METO/a
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MIPOIEMOHCTPUPOBAHA ISl OAJIOK ¢ THOKMMH CTEHKa-
mu. [lo pesynbratraMm HCClieIOBaHHS MOXKHO CHeJaTh
CJICITyTOIINE BBHIBOJIBL:

* B KauecTBE HMHKEHEPHOIo CIoco0a orpesese-
HHsI PacYETHOIO 3HAYEHMs HeCyIed crocobHocTH R,
MOKHO PEKOMEHJIOBaTb METOJ, OCHOBAHHBIM Ha JIOra-
pudMUYECKH HOPMAJIBLHOM PacIpe/IelIeHUH ¢ yCTaHOB-
JICHNEM KBaHTHJIS Ha 0a3e METOo/1a TEOPUH HAJIS)KHOCTH
nepBoro mnopsiika. CXeMaTuuHO METOA MpPEACTaBJICH
Ha pucyHke. Koapdunument Bapuanum Hecymeil cro-
cobnoctu V, cpennee 3HadeHue [ U KodGuument
BapHalKy V, TIOrPEIIHOCTH MOJIENIM HECYIIEH Croco0-
HOCTH 3aBUCSIT OT PaCCMaTPUBAEMOI TPpoOIIEeMBbI, Aajee
10 TEKCTY IMPECTaBICHbI 3HAYSHUS JUIsl OaloK ¢ THo-
KOU CTEHKOH;

* JUId 3aKOHA pacHpe/eeHusl 3HaUCHU Hecyllen
CcrocoOHOCTH OaloK ¢ TMOKOM CTEHKOU 0oJiee MOaXo-
JAIAM  ABJIACTCA  HUCIIOJB30BAHUC JIOTHOPMAJIBHOT'O
3akoHa. [IpuMeHeHne HOPMaJIbHOTO 3aKOHA IPHBOJIHUT
K Oonee KOHCEPBATUBHBIM pE3yibTaTaM, HOPMAaTHBHOE
3HaueHue 3aHmxkaercs Ha 1-2 %. OngHaxo, y4uThIBas
YCIIOBHOCTh HA3HA4YEHHs 3aKOHa pacmpenencHus Oa-
3UCHBIX MCEPEMCHHBIX, MPUMEHCHHUEC HOPMAJIbHOTO 3a-
KOHA pacHpeiesIeHNs He SIBISIeTCS] KPUTHIHBIM;

* cpe/iHee 3HadYeHHEe Hecylled CHocOoOHOCTH |
MOKET OBITh BBIYHMCIICHO TPH CPEAHUX 3HAYCHHSIX Oa-
3UCHBIX IEPEMEHHBIX 1, . BRIONHEHHOE HCCen0BanNEe
M0Ka3ajo, 4To NpHu (HaKTHYECKUX 3HAYCHUSIX Koddhu-
LIMEHTOB BapHallMK 0a3MCHBIX MEPEMEHHbIX U JUISl pac-
CMOTpPEHHBIX MOjieiel HecyIel CoCOOHOCTH TaHHOe
pUOIMKEHNE TPUBOIUT K OTKIOHEHHIO B CpEIHEM
3HaueHuu He Ooiee 0,3 %;

* kKOO QUIMECHT Bapuanuy Hecyleld CcrocoOHOo-
cru V, 0aJIoK ¢ THOKOM CTEHKOM, CO3/1aBaeMbIi M3MEH-
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Cxema pcainsaiuu METoAa OPEACTICHUA PACUCTHOI'O 3HAUYCHUA Hecymel‘/'l CIIOCOOHOCTH

Scheme of implementation of the method for determining the design value of the load-bearing capacity

YUBOCTBIO MTPOYHOCTHBIX XapaKTEPUCTHK CTAJIN U T'e€0-
METPHUYECKHX pa3MepOB IPOKaTa, COCTABISIET TOPSAKA
5,9-8,7 % B 3aBUCUMOCTHU OT pacCMaTpUBAEMOro BUjaa
orkaza. J[i11 Hanbonee XxapakTepHOro BHJa OTKasa Oa-
JIOK C THOKOM CTEHKOW, KOTOPBIM SBISIETCS HOTEpPS
YCTOMUMBOCTH CTEHKH C IOCIEAYIOIEH 3aKpuTHue-
CKOH cranumeil padOTHI OTceka, Ko3((HUIMEHT Bapua-
uuu V. cocrasnser 7,0-8,5 % B 3aBUCUMOCTH OT JIOJIA
BIIMSTHUS TIOSICOB HA HECYIIYIO CIIOCOOHOCTB;

* 3HAYEHHE HECYILEeH CIIOCOOHOCTH, OIpEe/IelICHHOE
NpH HOPMATHBHBIX 3Ha4eHHs Oa3MCHBIX MEPEMEHHBIX
r{X, .}, B o0LIeM Clly4ae HE MOXKET CYMTAThCsl «HCTHH-
HBIM» HOPMAaTHUBHBIM (5%-HBIM KBaHTHJIEM) 3HA4EHH-
eM 7. B GONBIIMHCTBE CITydaeB 3TO 3HAYEHHE 3aHMIKE-
HO. J[aHHBII (aKkT BOSHUKAET B pe3yJbTare HeMUHEHHON
3aBUCHMOCTH HECyIIeld CIOCOOHOCTH OT HECKONBKHX
MIEpEMEHHBIX (IIpefiena TEeKy4eCTH, MO/ YIPYTOCTH
CTaJIi ¥ TEOMETPUIECKHX Pa3MEPOB CEUCHMS);

* 3HAUCHNE HECYIIEH CIIOCOOHOCTH, BEIYMCICHHOE
TIPY HOPMATHBHOM 3HAUEHUH TOJIBKO TIPEeia TeKyde-
CTH M HOMMHAJIbHBIX 3HAYEHHUSX TOJIIMHBI IPOKATa, T.C.
Tee = "o Lows E,pp)» HE YUHTBIBACT H3MCHIHBOCTH
TOJIIWHBI CTEHKH 1 TONKH. [Ipn MabIX 3HAYEHUSX yC-
JIOBHOHM TMOKOCTH 3Ta MOTPELIHOCTh HE CYIIECTBCHHA,
mopsiaka 1-3 % (0OCHOBHOE BIUSTHHE OKa3hIBACT MPEIEIT
TEKy4eCTH, a €ro HOPMAaTHBHOE 3HAa4YEHHE HAIMPSMYIO
BXOJIUT B MOJIEIIb HECYIIIEH CIIOCOOHOCTN), OHAKO MPH
OONBIINX 3HAYCHUSIX TMOKOCTH IOTPELIHOCTh COCTaB-
astetr 7-12 % B Hebe30mMacHyI0 CTOPOHY, T.€. 3HAYCHHE
HeCylel crnocoOHOCTH TIepeolieHuBaeTCs (MperMy-
IIECTBEHHO HE YUYHUTHIBACTCSI N3MEHYNBOCTD TOJIIMHBI
CTEHKH, TaK KaK B MOJIeJIb HeCyIIel ClIoCOOHOCTH BXO-
JUT HOMHMHQJIBHOE 3Ha4YeHHE TONIIMHBI). B KauecTse
JIOTIOJIHUTENIEHOTO PELICHUs] MOXKHO BBECTH TOHIIKA-

oI K03(h(UIMCHT, KOTOPBIA MO3BOJISIET KOHCEpBa-
THUBHO OIIEHUTH 3Ha4Y€HHE Hecylleld criocoOHOCTH, T.e.
X, } = rk’ﬁlk/l,l;

* JUISl TIepexojia OT CPEAHEro 3HAUYCHMs HEeCyIei
CHOCOOHOCTH [, K PacueTHOMY 7, PEKOMEH/IYETCS HC-
MTOJTb30BaTh KO3(P(QHUITUCHT HAIC)KHOCTH Y, » PABHBII
1,18 (cpennee 3HaueHHe Hecyllel CrIOCOOHOCTH Clie-
JyeT JNeNUTh Ha KOd(PQUIMCHT HaAe)KHOCTH). JlaHHOE
3HAUEHUE CIIPaBEUIMBO Ul HauOoyiee XapaKTepHOU
(dhopmbI 0TKa3a OaloK ¢ THOKO# CTEHKOW — BCIICICTBUE
MOTEPH YCTOMYMBOCTH CTEHKH C ITOCIEIYIOUIMM pas-
BUTHEM 3aKPUTHUECKON cTaguu paboThl (M3MEHEHHE
CXEMBI) OTCEKa C YYEeTOM JOMOJTHUTENBHOW HecyIien
CIIOCOOHOCTH, 0obOecreunBaemMoil nosicamMmu Oanku. Pe-
3YJbTaTbl HCCJIICAOBAHUA ITOKA3bIBAIOT, YTO 3HAYCHHUC
k03D (HUIHCHTa HAICIKHOCTH MOXKET OBITH CHHYKECHO
mo 1,10 mpu 3HAYUTENHHOW 3aKpUTHYECKOH CTaIuH
(cHMKeHHUE 3HAUCHHS KOAPPHUIINEHTa HACIKHOCTH [10-
CTUTAETCS 3 CUET CHIDKEHUS KOO PHUITMEHTA BapHAIINH
B pe3ynbTaTe BIUAHUS HECKOIBKUX HE3aBUCHMBIX CITy-
YaHBIX BEJINIHH);

* CpelHee 3HAYEHHWE [, M KOO(QPUIMEHT Bapua-
uuK Y, HEOTPENENEHHOCTH (morpemrHOCTH) MOENel
HeCymiel CocOOHOCTH, periaMeHTHPOBAHHBIX B HOP-
MaTHBHBIX TOKYMEHTaX, IPEACTaBICHEI B padote [12].

J1ist pa3BUTHSA MPEUTOKESHHOTO METOA M BO3MOYKHO-
CTH TIPAMCHEHHUS €T0 K KOHCYHO-3JIEMEHTHBIM MOJICTISIM
HECyIIel CIIoCOOHOCTH HEOOXOIMMO PEIIUTH CIISTYIOIINE
BaKHBIC 3aa4u. [IepBast 3aja9a — 3TO aHAJIM3 U YYET He-
OTPEICNICHHOCTH (IIOTPEIIHOCTH) KOHEYHO-3IEMEHTHON
MoJie Hecymieil criocoOHocTr. Bropass — paspaborka
METOJIOB OTPEIeTICHIS KO3 PHITIECHTA BapUAIIIH JUTs He-
JIMHEHHBIX MOJICIICH HECYILCH CIIOCOOHOCTH ISl OTPaHH-
YCHHOTO YHCIIa HEJIMHCHHBIX aHAIN30B.
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AHHOTALMNUA

BBepeHue. NpoLecc eCTeCTBEHHOIO CTapeHUsi MEeTaNIMYeCKMX KOHCTPYKLUIA B YCIOBUSAX BO3AENCTBUSI ONUTENbHOW Me-
XaHUYECKON Harpyskv u hakTOpOB OKpyKalollen cpefbl MPUBOAUT K U3MEHEHUIO (PU3UKO-XMMUYECKUX U MEXaHUYECKNX
CBOWCTB METaroB.

MaTtepumanb! u MeToAbl. [peacTaBneHbl pedynbTaThl UCCNeg0BaHUS B OTHOLLEHUM 0bpas3Lia CTarnbHOW KOHCTPYKLMKU CO CPO-
KOM 3KcnnyaTaumm 86 nert. Micnonb3oBancs KOMMEKC 9KCNepUMeHTarbHbIX METOAOB UCCNEeA0BaHUSA: ONTUKO-3MUCCUOHHbIV
MeToA ANs onpefeneHns XMMMYecKoro cocTaBa; MeTansorpaduyeckun MeTog Anst UCCNeaoBaHnst MUKPOCTPYKTYpPbI, Bbl-
SBMeHNs AedekTOB MaTepunarna v OLeHKN HeMeTanMyYeckux BKIYEHNI B CTPYKType obpasLa; UCNbITaHUs Ha cTaTuyeckoe
pacTsbkeHue Ansi onpeaeneHns Ka4eCTBEHHbIX U 9KCMIyaTauMOHHbBIX XapakTepUCcTMK MaTepuanos, B YaCTHOCTU NPOYHOCTH
M NNAacTUYHOCTM.

Pesynbratbl. B npouecce akcnnyataumm XMMUYECKUA COCTaB CTanu B LIENTIOM OCTaeTcsi Hen3mMeHHbIM. CpaBHUTEMbHbIV
aHanM3 MUKpOCTPYKTypbl cTanu CT3 1 cTanm Co CPOKOM 3aKcniyaTauum 86 NeT CBMAETENbCTBYET O HE3HAYUTEMbHBLIX U3-
MEHEHUSIX B CTPYKTYpe, CBSA3AHHbIX C HANIMYMEM PA3HO3EPHUCTOCTU U hparMeHTapHOW NepecTPONKON CTPYKTYPHbIX are-
MEHTOB, UTO MOXET ABMATLCA CBUAETENbCTBOM Hayana paspyLUeHust CTPYKTYPbl Y CHMKEHUS MPOYHOCTHBIX XapaKTepUCTUK
crtanu. B cTpykType ctanu obHapyXeHO HanuuMe HeMeTanfM4ecknx BKYEHUI (TOYeYHble OKCUAbl U Cynbcuabl Map-
raHua), KOTopble CryaT KOHLEHTpaTopaMu HanpsbkeHuin n aedopmauuii B MaTpuue, Bbi3biBasi JIOKanbHOE paspyLleHne
MaTtepwuarna npv 6onee H1U3KoM cpegHer edopMaLnm, YTO MOXET MPUBECTU TaKKe K CHIDKEHUIO Npeaena NpoYHOCTU cTarnb-
HbIX KOHCTPYKUMIA. [ony4eHHble 3HaYeHUs1 9KCMyaTaLlMOHHbIX XapakTEPUCTUK paccMaTpuBaeMon CTanbHOW KOHCTPYKLUN,
MMetoLLert KOPPO3NOHHbIE MOPAXKEHMS MOBEPXHOCTHOMO CIOs, CBUAETENbCTBYIOT O CHYDKEHWUM Npeaena NpoYHocTy Ha 15 %,
npegena tekyvect Ha 10 % v OTHOCUTENBHOTO YANMHEHUsT HA 12 % OT HOPMAaTMBHLIX NoKa3aTenen.

BbiBogbl. [TokaszaHO BAUsIHNE KOPPO3MOHHOTO NMPOLIECCa Ha CHIMKEHME SKCNIyaTaLMOHHbIX XapaKTepUCTUK CTanbHON KOH-
cTpykumu. NpegnonaraeTcs, YTO KOPPO3MsA CO BPEMEHEM NEPEXOAUT B Gornee arpeCcCcuBHbIN BUA OT paBHOMEPHOW KOPPO3un
[0 KOPPO3MOHHOIO pacTPeCcKUBaHUS U pacnpocTpaHseTcs Brilybb OCHOBHOMO MeTansa, YTo NPpUBOAUT K 3HAYUTENbHON Mo-
Tepe MeXaHUYeCKMX CBONCTB CTanbHbIX KOHCTPYKLMIA U CHDKEHUIO MPEAENOB NX OTHECTOMKOCTU.

KNIOYEBbBLIE CITOBA: cranb, cTanbHble KOHCTPYKLUW, XMMUYECKUIA COCTaB, MUKPOCTPYKTYpa, SKCMyaTaunoHHbIe Xa-
PaKTepUCTUKK, CPOK AKCMyaTauuu, npeaen NpoYHOCTH, Npeaen TeKy4ecTu, Kopposus
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ABSTRACT

Introduction. The process of natural ageing of metal structures under influence of long-term mechanical loading and en-
vironmental factors, leads to changes in physical, chemical and mechanical properties of metals. Nowadays, a consider-
able number of industrial and civil buildings with metal structures having service life in the range of 30 to 120 years are in
operation all over the world. Most of the scientific work on the aging of metals has been done in mechanical engineering,
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BBEJIEHUE

wear resistance of pipelines, machine parts, etc. In this connection, undoubtedly, the development of scientific direction con-
nected with the study of peculiarities of changes in the structure, physical and mechanical characteristics of steel structures
of a long period of their operation becomes actual. This is caused by the necessity of safe functioning of these constructions
during the whole service life of a building or a structure, and also by the necessity of prediction of their behavior in fire and
fire-resistant conditions.

Materials and methods. The results of research concerning a steel structure specimen with a service life of 86 years have
been presented. A set of experimental research methods was used: optical emission method to determine the chemical
composition; metallographic method to study the microstructure, identify material defects and evaluate non-metallic inclu-
sions in the structure of the sample; static tensile tests to determine the quality and performance characteristics of materials,
in particular strength and ductility.

Results. The results show that the chemical composition of the steel in general remains essentially unchanged during op-
eration. A comparative analysis of the microstructure of steel St3 and steel with a lifetime of 86 years indicates slight changes
in the structure related to the presence of multi-grain and fragmentary restructuring of structural elements, which may be
indicative of the beginning of the destruction of the structure and reduce the strength characteristics of steel. The steel
structure revealed the presence of non-metallic inclusions (point oxides and manganese sulfides) which serve as stress and
strain concentrators in the matrix, causing local material failure at lower average strain, which may also lead to a reduction
in the tensile strength of steel structures. According to the results of metallographic analysis insignificant transformations
in the structure characterized by a change in perlite morphology, the presence of heterogeneity as well as the presence
of non-metallic inclusions in the form of point oxides and manganese sulfides can be demonstrated. The significant influence
of uniform and ulcerous corrosion process flowing into corrosion cracking going deep into the base metal on mechanical
characteristics of steel is revealed. The obtained values of operational characteristics of the considered steel structure,
having surface corrosion damages shows the lowering of ultimate strength by 15 %, yield strength by 10 % and relative
elongation by 12 % from the normative values.

Conclusions. Characteristic changes in the structure of steel with a long service life have been established. A compara-
tive analysis of the results of static tensile tests on specimens from sections of the structure without corrosion damage and
specimens cut out at the section acutely affected by corrosion has been made. The influence of corrosion process on reduc-
tion of operational characteristics of steel structure is shown. It is supposed that corrosion in course of time turns to a more
aggressive type from even corrosion to corrosion cracking and spreads deep into the base metal which leads to considerable
loss of mechanical properties of steel structures and to reduction of their fire-resistance limits.

KEYWORDS: steel, steel structures, chemical composition, microstructure, operational characteristics, service life, tensile
strength, yield strength, corrosion
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TCIBHBIX KOHCprKLlI/Iﬁ U ocHoBaHuU. OCHOBHEIC II0-
JIOKCHUS .

B COBPEMCHHOU CTPOUTCIILHOU OTPACIN MCTAJIJIN- Hp06HeMa ECTECTBEHHOTO CTAPEHHs CTANbHBIX

YecKHe KOHCTPYKIHMU 3aHUMAIOT MEPEOBbIC MO3UIIH
10 UX MPAKTHYECKOMY MTPUMEHEHHMIO IS 3IaHUH U CO-
OPY)KEHHH pa3indyHOro (PYHKIMOHAJIBHOTO Ha3Haye-
Husa. Ilo manaeiM DenepanbHOi CITyKOBI TOCyHAp-
CTBeHHO# cratuctuku (Poccrar)!, BBITYyCK KOHCTPYK-
UH 1 JeTayield B o01eM 00bemMe KOHCTPYKITUI YePHBIX
metauioB B 2021 r. cocraBui 6,8 MitH T, uTo Ha 0,5 %
6oubiie, yeM B 2019 . 1 Ha 9 % BEIIIE TTOKA3areaci
2020 r. (5,6 muH T). Takwe TUANPYIOIHNE TTO3UIIH TTPH-
MEHEHHSI METAJUINYECKUX KOHCTPYKIMH B CTPOUTEIb-
CTBE OOBSICHHMBI TEM, YTO OHHU 00JIaZalOT BBICOKOM
MIPOYHOCTBIO U JOJTOBEYHOCTHIO, ONPECISIOmeH Ha-
JIEKHOCTH PabOTHI KOHCTPYKIUH U CIIOCOOHOCTH B pa3-
JWYHOW CTENCHM BBIACPKUBATH 3HAYMTENIHHBIE MeXa-
HUYECKHE Harpy3Ku.

BaxHBIM »7EMEHTOM MOJOOHBIX KOHCTPYKLUI
SIBISIETCSI X CPOK CIY>KOBI, KOTOPBIH MOXET JIOCTH-
raTh HECKONBKHX JECITKOB JIeT. HopMaTuBHBIE CpOKH
CITy>KOBI 3TaHUI U COOPYXCHUI TpUBEIeHBI B Ta0I. 1
cormmacio I'OCT 27751-2014 «HapexHocTh cTpou-

! ©epepanbHas ciayxba rocysapcrsernoit craructuku (Poc-
crar). URL: https://rosstat.gov.ru/storage/mediabank/12_02-
02-2022.html

CTPOUTEIBHBIX KOHCTPYKIMH (0anku, CTOMKH, KO-
JIOHHBI, ()epMbI U T.JA.) C YCTAaHOBJIECHHEM HM3MEHEHUS
KaueCTBEHHBIX XapaKTEPUCTHK BO BPEMEHH IKCILTya-
TalMy MaJoM3ydeHa. BOJBIIMHCTBO HAy4HBIX TPYIOB
110 U3YYEHUIO PA3JIMYHBIX CBOWCTB CTaJ€M BBIOJHE-
HBl B 00JIACTH MAIIMHOCTPOEHUS], U3HOCOYCTOHYHMBO-
CTH TpPyOOIPOBOAOB, AeTaieil mMammH U T.O. B Poc-
CHM M 3a pyOeXOM JaHHOE HAllPaBICHHE aKTyaJbHO.
Pesynbrarhl MccnenoBaHWN TPENCTABIECHBI B TpyHax
Takux ydeHblX, kak FO.A. [lemmna, T.B. Momnounas,
C.B.Ilanun, J. Chen, W. Wang u ap. [1-9]. Oxna
13 Hanbonee OMM3KUX PadOT B 0OJACTH WCCIICTOBAHUS
BIIMSTHUS TIPOJOJDKUTEIBHOCTH AKCIUTyaTalluH CTallb-
HBIX KOHCTPYKINH Ha MX XapaKTEePHUCTHUKH — 3TO CTa-
1651 U.B. TorTapenxo [10], B KoTOpoif paccMaTpuBaeTcs
CHJIOBOE COTIPOTHBIICHHE CTPOUTEIBHBIX KOHCTPYKIMH
C Pa3IMIHBIMU MEXAaHUUECKIMHU U KOPPO3NOHHBIMH I10-
BPEXKICHUAMH B TIEPHO]] X HKCILTyaTalnH.
PeTpocniekTuBHBIN aHANMH3 PaOOT CBUACTEIBCTRY-
€T O TOM, YTO B JOBOCHHBIC M TOCJIEBOCHHBIC T'OJbI
B CTPOHUTENBCTBE HCIONB30BAINCH KOHCTPYKIIUH, BbI-
MTOJTHEHHBIC M3 KHUIAMUX cTtaneil. OCHOBHOW 0coOeH-
HOCTBIO 3THX CTaJleil CITy’KUT MPOLECC UX MOTydeHHs

865

€£Z0Z ‘9 9nsSs| "gL 2WINJo/ . 3IN}08})IY2Jy PUB UOIIONIISUOD UO [BuINOf AJYIUO « NSOIN MIUISOA
€20z ‘9 »2fuag "gL woL - (8uljuQ) 0099-70£Z NSSI (Wulld) GE60-2661 NSSI » ADJIN ¥MHLODg



0935 (Print) ISSN 2304-6600 (Online) * Tom 18. Beinyck 6, 2023

BectHuk MICY ¢ ISSN 1997

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 18. Issue 6, 2023

M.M. Lllaxa6oe, A.B. CueeHkos, [].A. Koponb4yeHKo

Taou. 1. HopmatuBHbIe cpoku ciy»0bl 31aHuid 1 coopyxenuit mo TOCT 27751-2014
Table 1. Standard service life of buildings and structures GOST 27751-2014

O0bekT CpoK dKCIUTyaTaIyy, JIeT
Object Service life, years
3naHus 471 MCIIONB30BAHUS B KOPOTKHUH MEPHOJL BpEMEHH (CTPOUTEIIbHASE OBITOBKA, JICTHUH
MaBUJIbOH U T.11.) 10
Buildings for short-term use (construction shed, summer pavilion, etc.)
3nanus, IpUMeHsieMble B CHIIBHOArpeCCUBHOM cperie (TpyOOoIpoBoI, ra30Basi U XMMHUUYECKast Jo 25
IIPOMBIIIUICHHOCTD U T.J.) Un to 25
Buildings used in highly aggressive environments (pipeline, gas and chemical industry, etc.) P
3nanus npu OOBIYHBIX YCIOBHAX UCIIONB30BAHMS (SKUIIBIEC M TPOM3BOACTBCHHBIC 3/1aHMS) o 50
Buildings under normal conditions of use (residential and industrial buildings) Up to 50
31aHus Co CHeUaIbHBIM NpeJHa3HaYeHHeM (CIOPTHBHBIE, KYJIBTYPHbBIE COOPYKEHHUS U T.1.) Boxee 100
Buildings with a special purpose (sports, cultural facilities, etc.) Over 100

1o crioco0y Cumenca — MaprteHa u GecceMepoBaHHeEM,
a MEXaHMYECKHUE CBOMCTBA KUIIAIIUX CTaJICH periaMeH-
THPOBAIUCH HOpMamu 1931 1.2

Hambonee BocTpeOOBaHHOW CTPOHWTEIHHOH cTa-
1b10 B 30-¢ T Obu1a cTans Mapku CT3KII, TpUMEHEHUE
KOTOPOIi B HACTOSIIIIEE BPEMSI JIJIsl OTBETCTBEHHBIX HECY-
HIMX KOHCTPYKILUH MMEET 3HAUYMTENIbHbIC OTPAaHUYCHHSI.
B HacTtosiiiee BpeMs B CTPOUTEIBCTBE MIMPOKO UCTIONb-
3yIOTCSI CTaJIbHBIE KOHCTPYKIIUH, PACKHUCIICHHBIE JI0 110-
JIYCTIOKOMHBIX MJIM CTIOKOWHBIX. OCHOBHBIE XapaKTepu-
cTuku craneit Mapok Ct3 npencrasieHsl B Tal. 2.

CerojiHsi B MUPE KCILTyaTUpPYeTCsi OOJIBIIOE KOJIH-
YECTBO 3aHMH IPEUMYIIECTBEHHO MPOMBIIUICHHOTO
(mexa, MacTepcKue, KOTeIbHBIC) M TPaKIAaHCKOTO (K-
JIble, OOLIECTBEHHBIE) HAa3HAUYCHHS ¢ METAJUINYECKUMHU
KOHCTPYKIMSIMH (Oallki NEepeKpBITHHA, KOJIOHHBI, (ep-
Mbl), KOTOpbIe OBUIM TOCTPOCHBI B PA3JIMYHbBIC TOJBI
MIPOLUIBIX CTOJICTHH. 3HAUUTENbHAs 9acTh MOTOOHBIX

2CTO 22-01-02. PykoBOJACTBO I10 IKCIUTyaTal[MHd HECYIIHX
CTaJbHBIX KOHCTPYKUMH MOKPBITUNA 3[aHH, BBITOJIHEHHBIX
m3kunsmmx craen:segaer2 1.12.2002. M. :3A0 « THUUTICK
uM. MenpHUKOBaY, 2002.

CTPOUTEIBHBIX OOBEKTOB HMEET CPOKH OKCILTyaTa-
uun ot 30 go 120 net. MHorue 34aHMs TPOIOIKAIOT
9KCIUTyaTHPOBAThCS, HEKOTOPBIE W3 HHUX HAXOIATCA
Ha 3aBEPIIAOIICM dTale CBOCTO JKU3HECHHOTO IHUKJIA.
Bo3HukaeTr oueBHIHBIN BOMPOC, HACKOJIBKO MOIVIM H3-
MCHUTHCA (l)I/IBI/IKO-XI/IMI/I‘{eCKI/Ie U MCXAaHHUYCCKHUC CBOﬁ-
CTBa CTaJIA B CTPOUTENBHBIX KOHCTPYKIUAX C MOMEHTA
HayaJia uX SKCILUTyaTallly 0] BO3eiicTBUEM (paKTOpOB
OKpYXKAroUIe cpeibl, pa3InNyHbIX YCIOBUH dKCILTyaTa-
LIUU U IEHCTBUS MEXaHNYECKOW Harpys3KHu.

Wzyuenne ocobeHHOCTEH M3MEHEHHUS CTPYKTYPHI,
(DU3UKO-MEXaHUICCKUX XaPAKTEPUCTUK CTPOUTEIHHBIX
KOHCTPYKITUH JAJIUTENBHOTO TIEPHO/Ia DKCILTyaTalu —
aKTyaJIbHOE HaTpaBICHUE HCCICIOBAHUN B CBSA3U C HE-
00XOAMMOCTBIO O0CCIIEYCHHUST HAJCKHOCTH UX (PyHK-
LMOHUPOBAHHS HA MPOTSHKCHUHM BCETO CPOKA CITYXKOBI
3/IaHUSl WM COOPY>KEHUS, a TaKXKe MPOTHO3UPOBAHHMS
MTOBEJICHUS YTHX KOHCTPYKIUH B YCIOBHUAX TOXKApa, UX
OTHECTOMKOCTH.

enpr HacTOSIIEro MCCIENOBAHUS — YCTaHOBIIE-
HHE BO3MOXXHOCTH HM3MCHEHHUS XMMHYECKOTO COCTaBa,
CTPYKTYPHBIX OCOOCHHOCTEH, a Tak)Ke IPOYHOCTHBIX
XapaKTePUCTUK KOHKPETHOTO oOpasiia CTaJbHOW KOH-

Taou. 2. OcHOBHBIE XapakTepucTHkH cTajeid Mapok Ct3 mo OCT 535-2005

Table 2. Main characteristics of St3 steels according to GOST 535-2005

MaccoBast 10111 XUMHYECKUX IEMEHTOB, %o Mexanndeckue CBOICTBA CTane
Mass fraction of chemical elements, % Mechanical properties of steels
Mapka cranu o, Mlla nns 0, % JUIS TONIMHE
G T
Steel grade Mn Si Mllil,a TOJ'[IJ_[‘PIHI:I go 20 Mmm ‘)10 29 MM
MP MPa for thickness up | % for thicknesses
a
to 20 mm up to 20 mm
Cr3kn He 6omnee 0,05 He menee 235 He menee 27
0,30-0,60 ’ 360-460
St3 boiling steel ’ ’ Less than 0.05 At least 235 At least 27
Cr3nc He menee 245 He menee 26
40— -0,1 4
St3 semi-soft steel 0,40-0,65 0,05-0,15 370-480 At least 245 At least 26
Cr3cn He menee 245 He menee 26
St3 mild steel 0,40-0,65 0,15-0,30 370-480 At least 245 At least 26
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CTPYKLUMU B YCIOBUAX HPOAOKUTENBHOIO MEpUoaa
ee IKCIUTyaTannu. ABTOPaMH MPOBEACHA SKCICPUMEH-
TaJbHas OLIEHKAa CTEICHH M3MEHEHUs CBOICTB CTajb-
HOTO KOHCTPYKTHMBHOI'O 3JIEMEHTA, HaXOJUBLIETOCS
JUTUTEIIHOE BPEMsI B YCIIOBUSIX OKpPY>Karolllel cpebl.
JanHas paboTa BBIIOJIHIETCS B paMKax HAay4yHOTo Ha-
MPAaBJICHNs U3YyYEHHUsI TIOBEICHMS PA3IIMYHBIX MaTepHa-
JIOB M KOHCTPYKIMH JTUTEIBHOTO CPOKA IKCILTyaTalluu
B YCJIOBHUSX MOXKapa.

WcnbiTanus BeimosiHeHsl B HayuHo-mcciienoBa-
TEJIbCKOM M UCIBITATEIbBHOM LIEHTPE CBApPOYHBIX TEX-
HOJIOTUA W Hepaspylaronero KoHTpoJs «CrexkTp»
(r. Mockasa).

MATEPHUAJIBI U METO/bI

HccrienoBan oOpaser] cTajibHON KOHCTPYKIIUU
(wsennep ¢ monwunol cmenku 6 MM, no 2eomempuye-
CKUM napamempam wgeniep cOnoCmagum co uigeiie-
pom Ne 27 no I'OCT 8240) nnomaaku o0CyKUBaHUsI
obopynoBanus (puc. 1), IMEIOMAN TOATBEPKIACHHBIN
CPOK JKCIUTyaTaruu 86 JeT BHYTPHU 3AaHUS TEKCTUIIb-
Horo koMOmHaTa nmeHu 11 MHTepHAOHana o aape-
cy: Bragumupckas obnacts, AlleKCaHApOBCKHNA paioH,
r. Kapabanogo, mi. Jleanna, 1. 1.

Puc. 1. BHeunuii Buj uccieayemMoro odpasia craiabHoit

KOHCTPYKIUH (IIBEJIIEpP) U3 31aHUS TeKCTHIEHOTO
kombuHara umenu 111 MHTepHaunonana

Fig. 1. Exterior view of the investigated sample of the steel

structure (channel) from the building of the textile plant
named after III International

OOpazery CTabHOM KOHCTPYKLUHM HaXOIMICS
B YCIIOBHSIX OKpYJKAroIIeH Cpeibl B 3MaHUU KOMOWHa-
Ta ¢ 1936 1. ABTOpHI, pacrionarasi apXUBHBIMHU JTAHHBI-
MU, YCTQHOBHJIH, YTO B TIPOLECCE DKCILUTyaTalldl TOT
AIIEMEHT padoTal B YCIOBHSX HAIPSDKCHHOTO COCTO-
SIHAS — W3TUO TpW EHCTBUM HE3HAYUTENBHBIX Kpa-
TKOBPEMEHHBIX Harpy3ok. Ha moBepXHOCTH CTalbHOM
KOHCTPYKIIMH IO BCEW ee IUIOMay 10 MPUINHE JUTH-
TEJILHOIO BO3JEHCTBUS YCIOBUN OKpYXarollel cpeabl
3aMETHBI Clie[[bl KOPPO3HOHHOTO Ipoliecca. BusyansHo
MOKHO OIPEACIINTD PA3IMYHYIO CTCICHb KOPPO3HOH-
HOTO TIOpayKeHUsI 00pa3iia CTaTbHON KOHCTPYKIINH.

Jlns mpoBeAeHUsT HCCIENOBaHUN HCIONIb30BaIU
KOMITJIEKC 3KCIIEPHUMEHTAIBHBIX METOM0B. OnThko-
SMHICCHOHHBIA METOJ MPUMEHSIICS U YCTaHOBICHHS
xumuueckoro coctaa ['OCT 28033-89. CymHocTh
METOJla 3aKJIIOYAeTCsi B MHTCHCHBHOCTH XapaKTepH-
CTHYECKHX JHHUHN (PIFOOPECIECHIINH 3JIEeMEHTa OT €To
MaccoBoii Jjonu B nipobe. Bo3Oyxnaemoe mepBUYHBIM
PEHTICHOBCKMM  HM3JIy4YEHHEM XapaKTepHCTHUECKOE
M3IyYCHHE DJIEMEHTOB B Mpo0Oe pasiaraeTcsi B CIIEKTP
C MOCJEAYIOIUM HM3MEPEHHEM AaHAIUTHYECKHX CHI-
HaJIOB W ONPENEICHUEM MacCOBOH JOJIM 3JIEMEHTOB
C TIOMOIIBIO TPAyHPOBOYHBIX XapaKTEPUCTHK COTIIAC-
Ho 'OCT 28033-89.

Jlnist BeIsIBIIEHHS J1e(EKTOB, 0COOCHHOCTEH CTPYK-
TypBI C BO3MOXXHOCTBIO ITOCIEAYIOMIETO IMPOTHO3UPO-
BaHHWA MOBEACHWA METAJUIOB B PA3JIMYHBIX OKCILTyaTa-
LMOHHBIX YCJIOBHAX NPUMEHEH MeTayutorpadudecKui
metox o ['OCT 10243-75, TOCT 5640-2020.

C menbl0 yCTAaHOBIICHHSI B CTPYKType HEMeTal-
JIMYECKUX BKJIIOYEHHH (3arpsi3HEHUI) HCIIOIb30BaH
T'OCT 1778-78. OneHKy HeMETaIUTMYSCKUX BKIFOUC-
HUI J1e()OPMUPOBAHHOTO MeTajljia MPOU3BOAWIN IO
MHKPOCKOIIOM ITyTE€M CPaBHEHMS IIOJIyYEHHBIX JaHHBIX
C DTaJIOHHBIMU IITKAJTAMH TIPH IPOCMOTPE BCEH TITOMIA-
JI HETPABJICHBIX IUTU(OB C MPOIOIbHBIM HaIPaBJICHHU-
eM BoJiokoH. Coritacao 'OCT 1778-78, ecnu BKIItOUue-
HUS 10 OopMe U pa3MepaM HE MOTYT OBITH OI[CHEHBI
OJTHUM U3 JIByX COCEIHUX 0aJUIOB, IOMYCKAETCS OLIEHKA
0,5; 1,5; 2,5 6amna u T.a. Ouenky 0 CTaBsaT mpu OTCYyT-
CTBUH KaKOTO-THOO BUAA BKJIFOYCHHUH, a TaKXkKe KOTIa
BKJTFOUEHUH OoJjiee 4eM B 2 pa3a MEHBIIIE 10 CPABHEHHIO
¢ baytom 1.

VcnpiTaHus 1O BBISBICHUIO MEXaHUYECKHX Xa-
PaKTepUCTHK TPOBOIMINCH HA CTATUYECKOE PACTSIKE-
nue o ['OCT 1497-84. CymHOCTh METOJla COCTOUT
B onpezneneHun npu temmneparype 20 °C Takux xapak-
TEPUCTHUK MEXaHMYECKUX CBOMCTB, KaK: TPENENT TEKy-
4yecTd (PU3MYECKOro, Tpeesl TEKy4eCTH YCIOBHOTIO,
BPEMEHHOTO CONPOTHUBIICHHUS; OTHOCHTEIBHOE PaBHO-
MEpHOE YUIMHEHHE; OTHOCUTENBHOE YITHHEHNE TI0CTe
Ppa3pbiBa; OTHOCUTEIBHOE CY)KEHHE TIOTIEPEYHOr0 ceye-
HUSI TIOCTIE Pa3phIBa.

[Ipu n3roTOBNIEHUHN OOPA3LIOB MPUHUMATIH MEPHI,
HCKJIIOYAIOIEe BO3MOXKHOCTh HM3MEHEHHUSI CBOMCTB
MeTajula TpH HarpeBe WM HakJene, BO3HHMKAIOIINX
B pe3ylbTaTe MeXaHHdeckoi oOpaboTku. [mybuHa pe-
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3aHUS IPU MOCIEAHEM MPOXOJIE HE JTOJIKHA NTPEBBIIIATH
0,3 MM cormacHo I'OCT 1497-84. IIpenens! TekydecTu
(U3NYCCKUiA, BEpXHUN U HIKHHUN ONPEICIISIIH M0 THa-
rpamMMe pacTsKeHHs], OJyUYeHHONW Ha MCIbITAaTeIbHON
MalliiHe, TPU YCJIOBUH, YTO MacmTad auarpaMMbl
M0 OCH yCWJIHS | MM COOTBETCTBYET HAINPSIKCHHIO
He 6omee 10 H/mm.

PE3VYJIBTATHBI HCCJIEJOBAHMUS
XHMHYECKHH cOCTaB CTAJIH

B Tabi. 3 npencraBieHbl pe3yabTaTbl XUMHYECKO-
ro aHaiau3a oOpaslia CTaJli CO CPOKOM IKCIUTyaTaluu
86 neT. MOXKHO yCTaHOBHTB, UTO UCCICIyEeMBbId 00pa-
3ell 10 CBOEMY XHMHUYECKOMY COCTaBYy, B YAaCTHOCTH
no conepxannto C = 0,146, cooTBEeTCTBYeT HOPMAaTHB-
HOMY COZCpXKaHHIO yryiepona ais ctanei Mmapku Ct3.

Kaxxapiiik  XUMHYECKUH  DJIEMEHT,  BXOISIIMI
B COCTaB CTaJIM, OKa3bIBACT MHANBHUIYaTbHOE BINSHHE
Ha ee MexaHH4YeCcKue cBoicTBa. BosmoxeH kak adpdexr
YIy4IIEHHS, TaK U YXyAMICHHUS IPOYHOCTHBIX XapaKTe-
puctuk. Hapsiay ¢ XumMudeckuM coCcTaBOM CTaJli HE Me-
Hee Ba)KHA CTeneHb packucienus meramia. Jo 1970 r.
XMMHYECKUH COCTaB CTajIM HE HOPMHUPOBAICS U (ak-
TUYECKH HE KOHTPOIHMpoBazcs, a B Hadane 1970 r. mpo-
W30ILIN KapAWHAIbHBIE I3MEHEHNUS B METAJUTYPTUH, YTO
MIPUBEJIO K BOBMOXKHOCTH PACKUCIICHUS CTallel 10 Momy-
CIIOKOWHBIX, CIIOKOWHBIX ITyTeM H00aBjeHHs B JIOCTa-
TOYHO OOJIBIIOM KOJMYECTBE KPEMHHUSI M AJFOMUHUSL.

Vmes naHHBIE IO XMMHUYECKOMY COCTaBY pa3ivy-
HBIX CTaJIell U UX CpPaBHEHHUE C MOJYYCHHBIMU pPe3yib-
TaTaM{, MO)KHO YTBEpPKJIaTb O TOM, YTO B LIEJIOM IIPH
JUIMTEJIbHOW OKCIUIyaTalluM CTAJIbHBIX KOHCTPYKLMI
B 3[IaHUSIX M COOPYKEHHSX B «XOJOJHOM» COCTOSHUU
XMMHYECKUH COCTaB CTAIIM OCTACTCSI HEM3MEHHBIM.

B cBsi3u ¢ Tem, 4TO B MccienyeMoM o0pasIie, BbI-
TTOTHEHHOM 13 cTasi Mapku CT3, copepkaHie KpeMHHUS
He npesbiraet 0,05 % (tabn. 3), MOXKHO yCTaHOBHTH,
YTO CTalb OTHOCHUTCS K TPYIIIE KHIISAIINX, MMEIOIINX
3HAUUTEJIFHOE MPUMCHEHHE B JIOBOGHHOE U IOCJIEBO-
€HHOE BpeMsl B CTPOUTEIbCTBE B BUJI€ OTBETCTBEHHBIX
KOHCTPYKIMH (0aiku, KoJoHHBL, (epmbl). M3BecTHO,
YTO KUIALIasl CTajlb B OTJIMYUE OT CIIOKOHHOM sIBIIseTCA

Taou. 3. Xumuueckuii coctaB o0pasia

Table 3. Sample chemical composition

HE TMOJHOCTBIO PACKHCICHHON M CONIEPKHUT KHCIOPOI.
Bo Bpems pa3nmBKE B Tpoliecce KPUCTAILIH3AIHNN 3Ta
CTaJlb TOJBEpPKEHA TaK HA3bIBAEMOMY «KHIICHHUIOY.
«Kurenue» MPUBOTUT K BBIICICHUIO T'a3000pa3HBIX
MIPOTYKTOB, a TAKXKE K YCHIICHUIO HEOTHOPOIHOCTH CO-
CTaBa CTaJiell 10 COoJepIKaHHIO yIiieposa, cepbl u (oc-
¢dopa. HeoqHOPOAHOCTh XMMHUYECKOTO COCTaBa, HECO-
MHEHHO, BBI3BIBACT I3MCHEHUE MEXaHIICCKUX CBOCTB
cranu. Takas cTanb 6osee XpyIkas, II0X0 CBAPHUBACTCS
1 OBICTpee MmoJBepraeTcs mpoueccy kopposuu [11-15].

OO0pammaeT Ha ce0s BHIMaHHE XapaKTepHAs 0CO-
OEHHOCTD 110 XUMHYECKOMY COCTaBY MCCIIEyeMOro 00-
pasma crajau, KoTopasl CBs3aHa C MPUCYTCTBHEM B €TO
cocraBe B MaioMm koimdectBe Kpemuus (0,057 %)
u amomunus (0,0052 %) (tabx. 3). 3BecTHO, 4TO 3TH
J[Ba JIEMCHTA 3aITyCKAIOT MPOIIECC YIAICHUS U3 COCTa-
Ba METaJlJIa PACTBOPEHHOTO B HEM KHCIIOPO/a, KOTOPBIH
SABIISICTCSA Bpe}lHOﬁ NMPpUMECHIO U OTPULATECIILHO BJIHACT
Ha MEXaHMYECKUE CBOUCTBA cTalii. OKUCIIBI KHCIOPO/Ia
Yare BCero HeMPOYHbIe U BRICTYNAIOT KOHIICHTpaTOpa-
MM HanpsbkeHuil. X Hanmnuue B CTPYKType cIliaBa 3a-
METHO YMEHBIIIAET er0 BRIHOCIMBOCTE. Kucmopox Tak-
K€ YMEHBINACT COMPOTHBISAEMOCTh CTATH XPYIKOMY
paspymenuto [16—-19]. B omnuue ot 3T0TO, B COBpE-
MEHHBIX CTaJISIX COACPIKaHUE JTaHHBIX JIBYX DJICMCHTOB
CPaBHUTEIHHO BBICOKOE: COIEPKAaHIE KPEMHHUS MOXKET
nocturath 110 0,3 %, a amomunus 10 0,02 %, uro dak-
THYCCKH OKa3bIBACT MOJIOKUTEITHHOE BISIHAC HA MeXa-
HUYECKHE CBOMCTBA CTaJIHM.

MHuKPOCTPYKTYpa CTAJIU

Pe3ynprarbl OLEHKM XapaKTEpHBIX HM3MEHEHUH
B MHUKPOCTPYKType oOpasla CTalu C HCIOJIb30BaHU-
€M MeTaUIorpapUYecKoro aHajm3a IIPEICTABICHBI
Ha puc. 2, 3.

[IpoBeneHHbIE HCHBITAHUST TI0 MeTajulorpagduye-
CKOMY aHAJIN3y IMOKA3aJd, 9TO MHUKPOCTPYKTypa CTaIn
JUTUTEITLHOTO €CTECTBEHHOTO CTAPEHUS UMEET (heppUTO-
MIEPIINTHYI0, MEIIKO3EPHUCTYIO CTPYKTYpy (puc. 2).
OrmeHKa TEPIUTHOW COCTABIAIONICH HE TPEBBINIACT
20-25 %, oHa pacrojioKeHa B BHUJE IJIACTHHYATOTO
nepiuTa. 3epHo eppuTa paBHOOCHOE, €T0 KOJINYECTBO

Coz[epmaHI/Ie OJICMCHTOB B OCHOBHOM METAJIJIC, %

Element content in the base metal, %

HaHMCH?BaHHe 3JIEMEHTOB C Mn P S Cr Mo Ni
Name of elements
P

C3Y/IPTATH ROMTACCTRETHOND axainsa 0,146 | 0,050 | 0450 |0,010| 0012 | 0023 | 0,081 |0,046
Results of quantitative analysis
HaHMCH?BaHHe 3JIEMEHTOB Cu Al B Nb Ti v W Fe
Name of elements
P

COVIBTATRL KOIHCCTRCHNOTO AHATHEA 0,094 | 0,0052 | <0,00010 | 0,014 | <0,0050 | < 0,0050 | < 0,010 | 99,04
Results of quantitative analysis
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Puc. 2. Mukpoctpykrypa HcHbITyeMoro oopasia cranu: a — pasperierne 200 MkMm; b — pasperierne 20 MKM

Fig. 2. Microstructure of the tested steel sample: @ — 200 pm resolution; » — 20 pm resolution

30 mEM / pm

30 mim / pm

Puc. 3. Mukpoctpykrypa 06pasioB cramu: a — cranb Cr3 (TunuuHas cTpykrypa), paspeuienue 30 MkM; b — uccienyemas

cTallb (CpOK 3KcIuTyatanuu 86 ner), paspemenue 30 MKkM

Fig. 3. Microstructure of steel samples: a — St3 steel (typical structure), resolution 30 pm; b — steel under study (86 years of

service life), resolution 30 pm

B cranu npuMepHo 75-80 %. Bennuunna ¢depputHOro
3epHa HaxoauTcs B npexaenax 12—15 mxMm. Paszmep 3ep-
Ha gocturaet 9-10 OaioB YCTAHOBJICHHOW IITKAJbI.
CTpyKTypa cTaJii B pAaBHOBECHOM COCTOSIHUM MEHSIETCS
B 3aBHCHUMOCTH OT KOHIIGHTpalMy yrieposaa. Tak kak
cojepkanue yriepoga mensbie 0,8 % naHHas CTpyK-
Typa OTHOCHUTCSI K JI09BTeKTOMHOMY Tuny. [TogoOHas
CTPYKTYpa CTaJIN SIBISICTCS] TUTIOBOM JUISI JIOOBTEKTON/I-
HBIX CTajeH, B KOTOPBIX (heppuT mpeodiagaeT B KOJIH-
YECTBEHHOM COJICPIKAHHH.

Jlns tunoBoit cTpykTypsl cranu CT3 cOOTHOILIEHHE
(depputa u mepauTa B craiu oObIMHO cocTaBisieT 80
1 20 % CoOTBETCTBEHHO, a BEJIMYHHA (PEepPUTHOTO 3ep-
Ha uMeeT 3HaueHue B cpeaneM 26,7 MM (0,0267 mm)
[20-23].

CpaBHUTEJIBHBIA aHAJIN3 MHUKPOCTPYKTYpBI CTa-
nu CT3 ¥ cTaiau co CPOKOM JKCILTyaTaruu 86 JeT CBU-
JICTEJILCTBYET O HE3HAYMTENBHBIX HPeoOpa3OBaHUIX
B CTPYKTYpE, KOTOpBIE XapaKTepU3YIOTCsl H3MEHEHUEM
MOPQOJIOTHH TIEPIINTa, HAIUYUEM Pa3HO3EPHHCTOCTH

u (parMeHTapHON TNEPEeCTPOWKN CTPYKTYPHBIX O3Jie-
MeHTOB (puc. 3). Paznnunmas Bu3yasnbHO (parmeHTa-
LUsT YaCTHI (heppUTa CITYXKHT TPEITOCHUIKON K Hayaly
pa3pylLIeHUs CTPYKTYPBI CTAIN U BO3MOKHOMY CHHKE-
HUIO MTPOYHOCTHBIX XapaKTEePHCTUK CTaIIH.

[TomoOHBIe W3MEHEHMsT OBUIM  YCTaHOBJIEHBI
U B JIpyrUX paboTax, CB3aHHBIX C U3YYEHHEM MHUKPO-
CTPYKTYpPBI CTaJIM, KOTOpasl HKCIUTyaTHpOBalach IJIH-
TEJILHOE BpPEMsl B COCTaBE Pa3IMYHOTO TEXHOJIOTHYE-
ckoro obopynoBanus. Hampumep, B padote [24] Obuia
n3y4eHa MUKPOCTPYKTypa KOTJIOBOH cTayu (ImapoBoi
KOTEI), KoTopast dKCIuTyaTupoBaiack ¢ 1954 . B cocra-
BE€ TEXHOJIOTMYECKOT0 00opynoBanus. Merayuorpadu-
YEeCKHE MCCIIEJOBAHMS TTO3BOJIMIIN YCTAHOBHUTH chepo-
uanzanuo nepaura. Gepput B JaHHOM Cllydae UMeeT
SIPKO BBIP@KEHHYIO Pa3HO3EPHUCTOCTH, UYTO OTPa)kaeT
MIPOTEKaHNE PEKPHCTAIUIN3AIMOHHOTO ITpoliecca, KOTo-
PBIif MOXKET ABISITHCS IPUINHON CHIKCHHS TIPOYHOCTH
crasmpHOrO Marepuana [24]. Dddexr cheponanzanmn
W HayajJo pPEKPHUCTAIUIM3AIMK TaKKe OOHApPyKEHBI
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MU SKCIUTyaTallil CTajld B KayecTBE MaTepuasa Jyis
TEIUIOBBIX YCTAHOBOK MPOJOKUTENbHOCTRIO 40 jer
B YCJIOBHSIX TepMole(dOpMalMoOHHOTro crapeHus [25].
[Ipu >TOoM HW3MEHEHHUs B CTPYKType oOpasma compo-
BOXK/IAJIUCH TIOBBIIICHUEM €r0 TBEPIOCTH. YKa3aHHBIE
pabOTBI MOTYT CBHCTEILCTBOBATH O BIMSIHUH Ha CBOM-
CTBa cTaieil (CTaNmbHBIX KOHCTPYKLIWH) HE TOIBKO
TIPOJOIKUTENIBHOCTH JKCIUTyaTallid, HO M YCIOBHH
9KCIUTyaTanuu. B naHHOM citydae 3T0 MOTYT OBITH BCe-
BO3MOJKHBIC CIIEIM(UIECKUE YCIOBHS 3KCIUTyaTaI[n
U BeJIMYMHA MeXaHW4ecKod Harpy3ku. [lpu neiictBumn
JIOJTOBPEMEHHOW MEXaHMYECKOI Harpy3Kd Ha CTallb-
HYH0 KOHCTPYKIMIO B CTPYKTYpE CTajd, 10 MHEHHIO
aBTOPOB, BO3MOYKHBI HEOOpaTHMMble M3MEHEHUS, CBs-
3aHHBIE C I3MEHEHUEM (POPMBI 3€PEeH, UX BBHITATHBAHHE
M0 HaNpaBJICHUIO HANPSKEHUS WIN CMSTHE, yBeIude-
HHE B pa3Mepax, 4TO MOXKET CKa3aThCs Ha JIOJTOBEY-
HOCTH METaJJIMYeCKuX KOHCTpykuuil. Hambonee wH-
TEHCUBHAsl yTpaTa Hecyllell crocOOHOCTH CTalIbHBIX
KOHCTPYKIMH BO BPeMsI MX IKCIUTyaTallil B 3TOM CITy-
Yae MPOMCXOANT NPHU BO3AEHCTBUN BBICOKHX TEMIEpa-
Typ (BO3IEHCTBHE TOXKAPA).

MexaHnuueckasi Harpy3ka MOXeET CTaTb IPUYMHOM
TOSIBJICHHS tepopMannii, 1e(heKTOB U MEXaHUIECKUX
TIOBPEXICHUH B cTpyKType cTanu. CoracHo myOinka-
uusM [26, 27], BKIIOYEHUS ¢ HU3KUM ITOKa3aTelleM Jie-
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(hopMHEpPYEMOCTH MOTYT MPUBOIUTH K BOSHUKHOBCHUIO
YCTaJOCTHBIX TPEIIUH JBYMSI CIIOCOOAMHU:

* BBI3BIBATh HETMIOCPEACTBEHHOE 3apOXKICHUE Tpe-
IIUHBI B MPOIIECC IKCILTyaTaI[UH M3-32 HECTTOCOOHOCTH
repenaBaTh HapspKeHUE MaTpUIle (3TO IPUBOIUT K T10-
BBIIICHUIO HANPSOKEHUH BOKPYT BKIIIOUCHHH BO BPEMs
9KCIUTyaTallH, BCJICACTBHIE YETO 3apOXKIAIOTCS TPEIIH-
HBI) [26, 27];

* HU3KHWI TIOKa3aTelb Je(OpMUpPYyEeMOCTH BKIIO-
YeHUH MOXKET OBITh MPUYUHON TOSBICHUS MHKpPOTpE-
[IMH Ha TIOBEPXHOCTH pa3jieia «BKIFYCHHE — MaTpH-
1a» B MPOIECcCe ropsyel U XOJIOIHOM IMIacTHYECKOM
nedopmanuu  cramd. [IpenBapUTENIEHO BO3HHUKIIIHE
MHUKPOTPEIIHHBI MOTYT OBITH MIPUYHHON YCTAIIOCTHOTO
paspylieHus MaTepuaia u3-3a paclpoCTpaHeHUs Tpe-
LIUH B MpoIlecce dKcryaTanuu [27, 28].

B cootBercTBuu ¢ padoramu [29-32], mexaHuye-
ckre (MPOYHOCTh, TUIACTUYHOCTh, M3HOCOCTOHWKOCTD)
U TEXHOJIOTMYECKHE CBOMCTBA CTajiell BO MHOTOM 3aBH-
CAT OT HEMETAIUIMYECKUX BKIIOYCHUH, T.€. OT 3arps3-
HEHHOCTH cTajd. V3BecTHO, YTO TEXHOIOTHS TPOU3-
BOJICTBA KUIISIIIMX CTAJIE XapaKTepU3yEeTCs pa3IMuHOM
CTETIeHBIO WX 3arps3HeHus. [IpoBeneHHBIE HAMH FC-
MBITAHUS 110 OICHKE HEMETAUTHYECKUX BKITIOUCHHH
mo I'OCT 1778-70 moka3aiu, 9TO CTalb SBIICTCS 3a-
TPS3HEHHOH C HAJTMYUEM TOUCYHBIX OKCHIIOB H CYIb(pH-
J0B Maprasna (puc. 4).
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Puc. 4. M306pakenns Haubosee 3arps3HEHHBIX 30H HEMETAJUIMYECKUMU BKJIIOUEHUAMH JUIs 00pasia CTaau JUINTEIbHOTO
CpOKa 3KCILTyaTaln

Fig. 4. Images of the most contaminated areas with non-metallic inclusions for a sample of steel of a long line of operation
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Ha puc. 4 cynpduapl MapraHia mpecTaBICHBI
B BHAc Oojee KPYHHBIX TOUCYHBIX BKIrodeHHil. He-
OIHOPOJHOCTh MEXaHHUYECKUX CBOHCTB CTalll MOXKET
OBITh BBI3BAHA HC TOJIBKO H3MCHCHHEM KOJIMYCCTBA
BKJIFOYCHWH, HO U M3MEHEHHEeM UX (opMbl. Bo3aMoxHO,
B IPOIIECCE MEXAaHUYECKOTO BO3ICHCTBHS HA CTAIIbHEIC
KOHCTPYKIIUH CHJIMKATHBIC W CYJIb(UIHBIC BKIFOUCHHUS
BBITATHBAIOTCS B HANpaBICHUH JepOopManvi, a Hene-
(hopMupyroIiecss BKIFOYCHUST OKCHIIOB TIEpepacipe/ie-
JISIFOTCSL M 00Pa3yroT CTPOUYCUYHBIC CKOIUICHHS, YTO CIIO-
COOCTBYeT aHM30TPONNH MEXaHWIECKUX CBOICTB CTaIH.

Hemeramnnaeckne BKITFOYCHHS, TSHCTBYS B POIH
KOHIIGHTPATOPOB HAIPSDKCHHS, MOTYT CIOCOOCTBO-
BaTh CHIDKCHHIO MEXAaHHUYECKHX, TEXHOJOTHYECKUX
U OKCIUTyaTallMOHHBIX CBOMCTB, a TakKXKe MOBBILIE-
HUIO OXpyH4YHBaHUSA CTaﬂeﬁ, YTO HalpsAMYIO BJIHACT
Ha MPOYHOCTH, IUIACTUIHOCTH U XapaKTep pa3pyIICHHS
marepuaina [26, 33].

Mexanunuyeckue CBOiiCTBA CTAJN

C nenplo OLEHKH M3MEHEHHsI MEXaHMYECKHX Xa-
PaKTepUCTHK HCCIEAYeMOro odpasiia CTaiu (CpoK IKC-
ryatanuu ¢ 1936 1) cTaiabHyI0 KOHCTPYKIIMIO T10 JUTH-
HE pa3eWid Ha YYaCTKU B 3aBUCHMOCTH OT CTEICHU
COXpPaHHOCTH W TIOBpPEXIEHHs Kopposueit. Hanbomee
BO)XHBIM OBUIO pa3ieleHHe CTAIbHONH KOHCTPYKIMH
Ha y4acTkH: 0e3 3HaYMTENIbHOIO KOPPO3HMOHHOTO BO3-
JIEHCTBUSA U CO CIIEAaMU KOPPO3HH, YXOMIAIICH BIITyOb
o ToimuHe o0pasma (puc. 5).

Puc. 5. BHemnuit BU1 yyacTka co cielaMi 3HaYUTeIbHON

KOPPO3HHU CTAJIBHOTO 00pa3ia (CPOK IKCILUTyaTaluu
¢ 1936 ) — mecto orbopa obpasia L1-4

Fig. 5. Appearance of the area with traces of significant
corrosion of the steel sample (operating life since 1936) —
sampling site Sh-4

Jl71st mpoBeeHMs HCIIBITAHUI HAa CTaTUYECKOE pac-
TSDKCHHUE BBIpe3alin 4 cTalibHBIX 00pasna. [1o BHenHeMy
00CIIeIOBAaHHIO KOHCTPYKLIMI YyCTaHOBIICHBI XapaKTep-
HBIE M3MEHEHUs TEXHUIECKOTO cocTostHUSA. C BHEIIHEH
CTOPOHBI IIBEJUIEPA 110 BCEH TUTOIIaM 0Opasiia co Bpe-
MEHEM 3KCIUTyaTaluy c(OPMHUPOBAIICS OKUCHBIH CIIOM.
Ha yuactkax co cienamu KOppO3UOHHBIX BO3AEHCTBUI
HaOJIIOAroTCs 1BA BUJIa KOPPO3HUHU: PaBHOMEPHAS U 513-
BEHHasl, IiepeTeKarolas B KOPPO3HOHHOE pacTPEeCKUBa-
HUE, yXO/s BIIIyOb OCHOBHOTO MeTaia (puc. 5).

O6pazupr 11-1 n III-2 BBIpe3aHsl Ha y4dacTke
CTaJIbHOW KOHCTPYKIMU O€3 3HAYMUTEIIbHBIX KOPPO3H-
oHHbIx moBpexnaeHui (-1 — oOpasen ¢ He3Ha4H-
TEJILHBIMH ciieiaMu Kopposuw; 111-2 — B yoBneTBopu-
TEJILHOM COCTOSIHUH, O€3 CJIC/IOB KOPPO3HH), a 00pa3Libl
-3 u III-4 — Ha OXBau€HHOM KOPPO3MEN ydacTKe
KOHCTPYKIIMH (TTyOWHa MpPOHWKHOBEHMS KOPPO3HOH-
HOTO TIOBPESKACHUS OT 2 10 3 MM).

HcnibiTanust MpoBOIMIINCH HA YHUBEPCAIBHON HC-
neitareabHol Mamae LFM-250 kH o T'OCT 1497-84
CO CKOPOCTBIO HarpyxeHus 8 MM/MuH. OCHOBHBIE pe-
3yabTaThl UCIBITaHui 00pasmoB 1II-1, 2 u HOpMaTHB-
HBIE TToKa3arenn Kursmux craiei Ct3km u Cr3me npu-
BeZICHHI B Ta0I. 4 U Ha puc. 5.

IIpn paccMOTpeHUM NONYYEHHBIX 3aBUCUMOCTEH
(puc. 6) MOXXKHO C/IETaTh BBHIBOZ O THIIOBOM XapakTepe
WU3MEHEHHs JUarpaMM pacTsHKEHHs C HaJIMYHeM BCeX
xapakTepHbIX a1 ctanmu Ct3 yuacTkoB. B memom ist
pas3uuHBIX 00Pa3II0B UMEETCs, 110 CYTH, Ha AUarpaMmme
HaIpsDKSHUS] MICHTHYHAs (pU3nuecKasi KapTHHA paspy-
mieHust oopasia cranu. Ha ygactke oT mpezena Teky-
YEeCTH JI0 Mpejiena MPOYHOCTH JUarpaMma CTPEeMHUTCS
BBEPX [0 MaKCHUMajpHOro 3HaueHus 367-380 MIla
npu 17-18 % nedopmanun. [lanee HaunHaercs: yda-
CTOK pa3pyLICHUs, a B CAMOM 00pas3Ie MOSBISETCS TaK
HasblBacMasl «IIelKa», T.€. B PE3yNbTaTe PacTSHKECHMs
CTEHKH oOpa3la CTaHOBATCS TOHbIIE. Bcienctsue
9TOT0 HEOOXOIMMOE YCHIIME JJIsI pacTsDKeHUs: odpas-
11a yMEHbIIAETCS, U JuarpaMMa cTpeMuTcs BHU3. [Ipn
yMeHblIeHnH Hanpsbxenust 10 280 MIla u noctmxenun
22-25 % nedopmanuy MPOUCXOAUT Pa3pbIB 0Opasia
Ha y4JacTke, rjie ObliIa 00pa3oBaHa «IIeikay.

[To pesymsraraM OIIEHKM MEXAHHYECKHX XapaK-
TEePHUCTUK CTaNbHBIX oOpasioB III-1 u I-2 (tabm. 4
U pUC. 5) MOXXHO TOBOPUTH O TOM, YTO HAWOOJBIIHE
M3MEHEHHS TPETEPIIEBAIOT 3HAYCHHS MPEENIOB TEKY-
YECTH, a TAK)KE N3MEHEHHE UMEET YJacTOK OT Ipezena
TEKy4eCTH BIUIOTH /10 Mpefesia MPOYHOCTH — y4acTOK
HapacTanus HeoOpatuMbix nedopmanuid. Tak, s mc-
CJIElyeMbIX CTaJIbHBIX O00pa3loB IpPEAeN TEKyd4ecTH
Bo3pactaeT Ha 12—-15 % mo cpaBHEHHUIO ¢ KOHTPOIb-
HbIM 00pa3uom craigu CT3KI, a y4acTOK HeoOpaTuMbIX
nedopmanmii UMeer cHiKeHue (GakTuuecku Ha 25 %
(puc. 6). 3TO MOXXET CBUJETEIHCTBOBATH O BO3MOKHOM
CHIKEHHH (P PeKTa caMOyIpOUHEHHUsI U OoJiee UHTEH-
CHBHOM HapacTaHUM HeoOpaTuMbIX aedopMaiui Juis
CTaJIM JUIUTENILHOTO €CTECTBEHHOTO CTApPEHUs BIUIOTH
JI0 MOMEHTa pa3pyleHus oopasua.

[Tpn cpaBHUTENBHOM aHAJM3E IOJIYYEHHBIX pe-
3yJIbTaTOB BW/IHO, YTO HAaWOOJBIINE W3MECHEHHMS CBS-
3aHbl ¢ oOpasnom I1I-1, uMerommM HEKOTOpbIe KOppo-
3MOHHBIC TIOBPEXICHUS ITOBEPXHOCTH KOHCTPYKIMN
U YIOBJIETBOPHUTEIBLHOE TEXHHUYECKOE cocTosiHue. s
JAHHOTO O0pa3smna mpenen MPOYHOCTH ONM30K K MH-
HUMaJbHOMY HOPMAaTHBHOMY IIpEAEIy 3TOH Xapakre-
puctuku st craau CT3KII, a TaKkke 3aMETHO CHIDKE-
HHUE M0KA3aTessi OTHOCUTEJIFHOTO YIIMHEHUs1 00pasia
Ha 18 % TO cpaBHEHMIO C KOHTPOJBHBIM 0Opa3IoM,
YTO XapaKTEPHU3yEeT MOSBICHIE IPHU3HAKOB ITOBBIIICHNS
XPYHKOCTH.
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M.M. Lllaxa6oe, A.B. CueeHkos, [].A. Koponb4yeHKo

Tab6un. 4. OCHOBHBIC pe3yNbTaThl HCIIBITAHUI Ha CTaTHYeCKoe pacTskeHue oopasnos 111-1, 2 1 HOpMaTHBHBIC TOKA3ATETH
mo 'OCT 535-2005

Table 4. The main results of static tensile tests of specimens Sh-1, 2 and normative values in accordance
with GOST 535-2005

, OTHOCHTEIBHOE
[Mpenen Texyuectu 6, < H/mm

Bpemennoe conporusnerue | (Krc/Mm?), Ijis NpoKaTa TOJILMH, MM
o, H/mm? (kre/mm?), most | Yield strength o, < N/mm? (kgf/mm?),

yauHeHue o, %o, st
MpOKAaTa TOJIIIH, MM
Relative elongation 6, %,

MpOKaTa TOJIIHH, MM for rolled thicknesses, mm i
for rolled thicknesses, mm

Tensile strength o, C 10 70 20
Mapka cranu N/mm? (kgf/mm?), for rolled Jlo 10 BBIIE 10 1O
. BKJIFOYUTEITHHO Jlo 20 BKITIOYUTENBEHO

Steel grade thicknesses, mm BKJIFOYHUTENLHO . ;
. . More than 10 to Up to 20 inclusive

Up to 10 inclusive . .
20 inclusive

Jo 10
BKJItOunTeNbHO | CBbimie 10 He menee
Up to 10 Over 10 At least
inclusive

Hopmamusnvie snauenus cmarneii npu Cmamuieckom pacmanceHuu
Standard values of steels in static tension

Ct3kn
St3 boiling steel 360-460 (37-47) 235 (24) 235 (24) 27
Ct3mc
St 3 semi-soft steel 370-480 (38-49) 245 (25) 245 (25) 26

m 2 Pesynbmamul ucneimanuii Ha cmamuyeckoe pacmsidicenue oopasyos LI-1, 2
g 8 Results of static tensile tests of specimens Sh-1, 2
X} 5 & o
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Jist obpasua cramu 111-2, umeromiero B menoM
YAOBJIETBOPUTEIHHOE TEXHHUECKOE COCTOSHUE TIPH OT-
CYTCTBHH 3HAYUTEIBHBIX CICIOB KOPPO3UH, TTOITYICHBI
(akTHYeCKH HOPMATHBHBIC TOKAa3aTesld MM OJHM3KHe
3HAYEeHUS K HOPMATHUBHBIM IIOKA3aTeNsAM [UIS CTaJH
Cr3kn o 'OCT 535-2005, 3a UCKJIFOUCHHEM 3Haue-
HUH mpeena TeKy4decTH (Tpenes TeKy4ecTH IOBBIIIa-
ercst Ha 15 %).

B 3KkcTpeManbHBIX YCIOBHSX TOBBIIICHHUS TEM-
nepatypsl (mMoxkap), Mo MHEHHIO aBTOPOB, CKOPOCTH
HapacTaHus HeoOpaTUMBIX NedopManuii M COOTBET-
CTBYIOLIME H3MEHEHUs B CTPYKType MeTajljga MOTYT
MIPUBECTH K CTPEMHUTEILHOMY CHIDKCHUIO CIIOCOOHO-
CTH CTAJBHOW KOHCTPYKIHH TPOTHBOCTOSTH JCHCTBUIO
NoXKapa — CHUIKEHHIO OTHECTOMKOCTH.

3HAYATENbHBIE W3MEHEHUS JKCIUTYaTallmOHHBIX
XapaKTePUCTUK OOHAPYKCHBI Ui O0pa3IoB CTajci
I-3 u -4, koTopsie ObUIM BBIpE3aHbl W3 HauboJee
OXBAaYCHHOTO KOppo3uel ydacTka. C HapyXHOU ITO-
BEPXHOCTH 00pa3oBaach KOPpPO3Usi B BUJIC PIKaBIMHBI
(okucHOTO CcNOsT), KOTOpas 00pa3yeT pPBHIXJIBI CIIOM,
KOPPO3US paCIIPOCTPAHSIETCS BIIIyOb METalIa M MOXKET
NPUBECTH K 00pPa30BaHHMIO CKBO3HBIX SI3B.

Panee mpoBeneHHBIC WCCICIOBAHUS CBUACTEINb-
CTBYIOT O BO3MO)KHOM CYIIECTBEHHOM BIIMSIHUH IPO-
Hecca KOpPpO3WM Ha MEXaHMYEeCKHEe XapaKTePUCTHKU
craneii. CormacHo pabore I'.B. Kapmenko [27], me-
XaHUYCCKHE CBOICTBA CTAld MOTYT WU3MCHSATHCS O]
BIIMSIHUEM KOPPO3MOHHOM CpeJibl, AecTBOBaBIICH ele
JI0 Hayalla dKCIDTyaTalliy MeTauia (€ro Harpy»XeHus),
HalpHuMep NpH TPeBAPUTEILHON KOPPO3UH MeTalia.
B »3TOM ciydae TPOYHOCTHBIE XapaKTEPUCTHUKU W3-
MEHSIOTCSI BCIJICAICTBUE KOPPO3HMOHHOTO TOPaKCHHS
METaJJIOB, YacTO MMEIOIIEr0 BHJ| KOHIIGHTPATOpPOB

HarnpspKeHusl. J|aHHbIe MCIBITAHUS TOATBEPKIAIOT TH-
moTe3y aBTOpOB pabotr [34-36] o MexaHU3ME CHIDKE-
HUSI TPOYHOCTHBIX XapaKTEPUCTUK M OTHOCHUTEIIHLHOTO
VAJIMHEHNS CTaleld M3-3a TEXHUYECKOTO COCTOSHHA
TTOBEPXHOCTH UCTIBITEIBAEMOT0 obpasna. B.B. ®dumumn-
noBbiM, K.I1. Bepe:kHOBBIM IpOBE/IEHBI MEXaHHYECKHE
ucnsiTanusg craneit mapok 0912C u BCr3cn5 B nua-
Ma30He KIMMAaTHYECKUX TEMIeparyp, KOTOpble ObLIn
MOJIBEP>KEHBI mporieccy Kopposuu. Ilocrne 6 mecsiien
9KCIIOHUPOBAHHS 00PA31I0B, KOT1a KOPPO3UOHHBIE SI3BBI
Ooree OCTPBI, CHIKEHUE IIPOYHOCTHBIX XapAKTEPHUCTHK
U OTHOCHUTEJIBHOTO Y/UIMHEHUs TTojTy4daeTcst 0osee 3Ha-
YUTENBHBIM, YEM TIPH MOCIEAYIOINX CPOKAX IKCIIOHHU-
POBaHMSI.

Jns crameir BCt3cn5 u 0912C cHmkxeHHe Mexa-
HUYECKUX CBOMCTB JOCTUTACT CIEAYIOIINX BEIMYMH:
13,6 u 13 % — no npeneny Texyuecry; 9,0 u 11 % —
10 BpeMEHHOMY compoTuBieHuo; 19,3 u 15,3 % —
110 OTHOCUTEJILHOMY YJUIMHEHHIO COOTBETCTBEHHO [21].

ITo pe3ynapTaram NpOBEIEHHBIX MCCIEIOBAHUM
YCTaQHOBJIEHO, YTO (DaKTHUECKHE MEXaHUIECKHE XapaK-
TEPUCTUKU BPEMEHHOTO CONPOTHBIICHUS U TIpeJiernia Te-
KyuecTr 00pa3nos u yuimHenust 11-3, 4 He cooTBeTCTBY-
10T HOpMaTUBHBIM TokazarersiM mo 'OCT 535-2005.
Oco0OeHHO 3HAYNUTENILHO OTIMYAIOTCS MOKa3aTelan 00-
pasua -4, nMeromiero 3HAYUTEIBHBIE KOPPO3UOHHBIE
TTOpa’keHMsI TOBEPXHOCTHOTO ciiost (Tadi. 5, puc. 7).

[Mpenen npounoctu odpasna 11I-4 HmKe HOpMa-
THBHOTO BPEMEHHOTO CONPOTHBICHUS Ha 15 %, mpene-
sa Tekyyectd Ha 10 % W OTHOCUTENBHOIO yIJIMHEHUS
Ha 12 %. IlomyueHHbIE pe3yNbTAaThl CBHUETEILCTBY-
10T O HAJIUYUM TEHACHIIUU CHIDKCHUS MEXaHHYECKUX
CBOMCTB CTalm JUIs TOPaKCHHBIX KOPPO3HEH ydacT-
koB Ha 15 % u Gosee. [Ipeamnonaraercs, 4To KOPPO3Hs

Taou. 5. OcHOBHBIE pe3yNbTaThl UCTIBITAHUIT HA CTATUYECKOE pacTshkeHre 00pasios 111-3, 4 u HopMaTHBHBIE TOKA3aTEIN

o 'OCT 535-2005

Table 5. The main results of static tensile tests of specimens Sh-3, 4 and normative indicators according to GOST 535-2005

Bpemennoe conporusienue o,
H/mm? (kre/Mm?), aus mpokara
TOJIINH, MM

[Mpenen Texyuectu 6, < H/mm?
(xrc/MM?), JUTS TIpOKaTa TOJIINH, MM
Yield strength 6, < N/mm? (kgf/mm?),
for rolled thicknesses, mm

OTHOCHTENBHOE YIUTHHEHHUE O,
%, IUTS IpOKAaTa TOJIIMH, MM
Relative elongation J, %,
for rolled thicknesses, mm

Tensile strength 6, N/mm?
(kgf/mm?),
for rolled thicknesses, mm

Mapka cranu
Steel grade

Jlo 10
BKJIFOYUTENIBHO
Up to 10 inclusive

Csbime 10 10 20

BKJIFOYUTEIBHO

More than 10 to
20 inclusive

J1o 20 BKITIOUHUTEIIBHO
Up to 20 inclusive

Ao 10 Capime 10 He menee
BKH}OLIH,TeJH’H_O Over 10 At least
Up to 10 inclusive
Cr3kn
St3 boiling 360460 (37-47) 235 (24) 235 (24) 27
steel
Ct3mc
St 3 semi-soft 370-480 (38-49) 245 (25) 245 (25) 26
steel
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OcHosHble pe3yTbmamsl UCHBIMAHUL Ha cmamuyeckoe pacmsdicerue oopasyos 111-3, 4
Results of static tensile tests of specimens Sh-3, 4
11-3
Sho3 20,02 x 4,97 99,50 242,38 244,69 243,54 345,70 20,08
11-4
Shod 19,98 x 4,96 99,10 221,60 223,57 222,50 304,52 19,94
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Puc. 7. [luarpammsl pacTsikeHHs CTalbHBIX 00pas3noB: a — L1-3; b — 111-4

Fig. 7. Tensile diagrams of steel specimens: a — Sh-3; b — Sh-4

CO BpPEMEHEM NEepexXOquT B Ooyiee arpecCHBHBIN BHUI
OT PaBHOMEPHOH KOPPO3UH JJO KOPPO3HOHHOTO pacTpe-
CKUBAHUSI M paclpoCTpaHseTcs BIITyOb OCHOBHOTO Me-
Taja, YTo MPUBOAUT K 3HAUUTEIBHOHN IOTepe MEXaHu-
YECKHUX CBOMCTB CTaJIbHBIX KOHCTPYKLUUN U CHUKCHUIO
IIPEJIEIIOB UX OTHECTOMKOCTH.

3AKJIIOYEHUE

[IpencraBneHbl  pe3yibTarbl  HCCICIOBAaHUS
TI0 OIICHKE BIUSHUS JITUTEIILHOTO CPOKA IKCIUTyaTalluu
CTJIbHBIX KOHCTPYKIUH HA PU3UKO-XUMHUYCCKUE U ME-
XaHUYECKHE XapaKTePUCTHKH, HA TMpUMEpe KOHCTPYK-
TUBHOTO CTAJBHOTO 3JI€MEHTa (IIBeiiepa) IUIONAIKH
oOciy>)xuBaHHA 00OpYIOBaHUS (CPOK AKCIUTyaTaluu
¢ 1936 ) B 31aHUM TEKCTUJIHHOTO KOMOWHATa WMCHH
Il Unrepnanmonana (KapabanoBo, Braammupckas
obnactp). [IpoBeneHa OICHKa XMMHYECKOTO COCTaBa,
a TaK)Xe 0COOCHHOCTEH MHUKPOCTPYKTYpPBI CTAIH JIJIH-
TEJBLHOIO €CTECTBEHHOTO CTapeHUs B YCIIOBHUSX BO3-
JIeWCTBUS OKpy:karolei cpenbl. B npouecce uccneno-
BaHMsl YCTAHOBJIEHO, YTO paccMarpuBaeMbie 00pasiibl
W3TOTOBJICHBI W3 KHUITAMIEH CTANH U SBISIOTCS 3arps3-
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HEHHBIMH C HAJIMYMEM HEMETAJUINYECKUX BKITIOUCHUH,
a IMEHHO B CTPYKTYpPE CTaJIHM IPUCYTCTBYIOT TOYCUHBIC
OKCHJIBI M CyJTb(UIbI MapraHiia, KOTOpble MOTYT CTaTh
NIPUYMHON CHMIKEHUSI MEXAaHUYECKUX XapaKTEPUCTHUK
CTaJIbHBIX KOHCTPYKIIHH.

OmnpeneneHo, 4YTO B TIPOLECCE IKCIUTyaTalun
XMMHYECKUH COCTaB CTAIM B IIEJIOM OCTAeTCS HEH3-
MeHHBIM. CpaBHUTENBHBIH aHaJIN3 MHUKPOCTPYKTYPHI
ctamu CT3 ¥ CTanM CO CPOKOM IKCIUTyaranuu 86 jet
CBUACTCIILCTBYIOT O HCE3HAYUTCIIbHBIX HN3MCHCHUAX
B CTPYKTYPE, CBA3aHHBIX C HAJTMYHEM PA3HO3EPHHUCTO-
CTH W (parMeHTapHOU MEPECTPONKON CTPYKTYpPHBIX
9JIEMEHTOB, YTO MOJKET SIBIISITHCSI CBUIETEIILCTBOM Ha-
Yaja pa3pyleHns: CTPYKTypbl U CHU)KEHHSI TIPOYHOCT-
HBIX XapaKkTepucTuk craiu. Kpome atoro, B CTpyKType
cTany 00OHApY>KEHO HAJTWINE HEMETAJUINUECKUX BKIIIO-
4YeHHH (TOUeUHBIE OKCHABl W CyTb(HUIBI Maprasia),
KOTOPBIE CITy’KaT KOHIIEHTPaTOpaMH HaNpsDKEHUH U Jie-
(dopmanuii B MaTpuIle, BbI3bIBas JIOKAIBHOE pa3pylie-
HUE MaTepuaja npu Oojiee HU3KOU cpeaHeid aedopma-
LM, YTO MOXKET NPUBECTHU TAK)KE K CHIIKEHHIO ITpeiena
MIPOYHOCTH CTAIBHBIX KOHCTPYKIIHH.



SKcrayaTauMOHHbIE XapaKTepUCTUKKM CTaAbHbIX KOHCprKLU/Il;I ANTEABHOIO CPOKa 3KCrAyataummn

C. 864-879

Pesynsrarel Mexannueckux ucneltanuii no 'OCT
1497—84 cBUIETENBCTBYIOT O TOM, YTO 3HAYCHHUS TIpefie-
Jla TIPOYHOCTH Ha PAacTsDKEHHE Ul PacCMaTpHUBaeMBbIX
00pas3IoB CTaNN HAXOIATCSA Ha Tpenesic MUHIMAIBHBIX
3HAYECHUH MPeJesoB MPOYHOCTH. YCTAHOBICHA TEHICH-
U K BOBMOXKHOMY CHIDKCHHIO MEXaHWYECKHUX CBOWCTB
CTaJM B YCJOBHUSIX NPONODKHTEIBHOM SKCILTyaTallUH.
Pe3ynerars! HCTIBITaHHI Ha CTATHYECKOE PACTSKEHHE 00-
pastos [1-1-4 npu cpaBHEHUN 3HAYUTEITLHO OTIIMIAIOTCSI
JPYT OT JpyTa. 3HAUYUTEIBHOE YXY/IICHHE TEXHUUECKOTO
COCTOSIHUSI CTAJIFHBIX KOHCTPYKIIMI B IEPHOJ] UX IKCILTY-
araliyd MOXET MPOUCXOIUTh B PE3YIIbTATe BO3NCHCTBUS
(haKTOPOB OKPY’KAFOIIEH CPeIbl, CIIOCOOCTBYIOMINX IPO-

TEKaHUI0 KOPPO3UOHHBIX TpolieccoB. CpaBHEHHE TMOMY-
YEHHBIX PE3YyJIBTAaTOB MOKA3bIBACT, UTO IS TIOPAKCHHBIX
KOppO3Wel y4acTKOB CTaJILHOTO o0pasiia mpenen Mmpoy-
HocTH oOpasua I11-4 Hmke HOPMaTUBHOTO BPEMEHHOTO
conpotuBieHus Ha 15 %, npenena tekydectd Ha 10 %
1 OTHOCUTEJBHOIO yuinHeHus Ha 12 %.

[Ipenmonaraercsi, 4To KOPPO3HUsi CO BpEMEHEM Tie-
pexoauT B OoJiee arpeCCHBHBINA BHII OT PaBHOMEPHOM
KOPPO3HUH JI0 KOPPO3MOHHOTO PACTPECKUBAHUS U pac-
MIPOCTPAHSAETCS] BITYOb OCHOBHOTO METajlia, YTO MPH-
BOJMUT K 3HAYUTEIHHOM MOTEPE MEXAHUUYECKUX CBONCTB
CTAJIbHBIX KOHCTPYKIMI U CHUKCHUIO TIPEICIIOB HX OT-
HECTOMKOCTH.
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AHHOTALMUA

BBepeHue. PaccmaTpuBaloTcs ycnoBusi ONpefeneHust yCTOMYMBOrO PaBHOBECKS OMOM3HA ANS NoObIX NOBEPXHOCTEW
CKOMbXXEHUSI, NNOTHOCTU, Macchl, 06bema 1 KpyTU3HbI ckroHa. NprBeaeHbl ypaBHEHNSI paBHOBECUS OMOS3HS B KOOpAMHa-
Tax. [ins aTOro cosgarTcs onopHas 1 AedopMauyoHHas CETV Ha OMON3HEBOM CKIoHe. KonmyecTBo nyHKTOB Aedopmaum-
OHHOW CETW Ha3Ha4yaeTCs B COOTBETCTBMU C HEOBXOAMMOWN M AOCTAaTOYHON TOMHOCTbIO ypaBHEHMWI paBHoBecus. [pegmet
nccrnenoBaHMs — mMatemaTvyeckas Moferb OMONn3HsA, co3gaHHas Nno pesynbrataM reoge3vveckux HabniogeHun n nHxe-
HEPHO-TEONOMMYECKMX n3bickaHuin. Llenb nccnegoBanmsi — onpenenuTb BO3MOXHOE COCTOSIHUE OrOS3Hsl HA MOMEHT npo-
BefeHus HabngeHnin. Ha coBpeMeHHOM aTane BbISBNEHWE YCIOBUIA YCTOMYMBOCTM OMOM3HS SBMSIETCS Ba)KHOW Hay4HO-
npakTU4YecKon 3agaven.

MaTepuansi u meToabl. [pegnaraetcs NpUMEHUTHL KOMMNIEKCHbINA NOAXOA, B OCHOBY KOTOPOTO MOMOXEeHO COBMECTHOE Npu-
MEeHEeHMe MeTofa reofesnyeckoro MOHUTOPYHra AedOpMaLMOHHbIX NMPOLIECCOB C UHXEHEPHO-reonornyeckuMmn ncecneno-
BaHusIMW. [INsi NpoBeAeHus reo4e3nyeckoro MOHUTOPUHIa CO3[aloTCsi OMnos3HeBasi U AedopMaLlnoHHasi reofe3nyeckme
CeTU, KOTOpble 3aKPENNATCS Ha MECTHOCTY reofe3MYeCckUMU 3HaKkamy COOTBETCTBEHHO Ha OMOM3HEBOM CKITOHE BHE 30HbI
BMUSIHWS OMON3HEBbLIX NMPOLIECCOB 1 HAa camoM Terne ononsHa. OgHOBpeMeHHO AN nonyyYyeHust 06bEeKTUBHON MHOpMaLMm
0 PU3UKO-MEXAHNYECKUX XapaKTEPUCTUKAX IPYHTOB BbIMOMHSAOTCS MHXXEHEePHO-reonormyeckne nccnegoBanus. MNpveeneHsbl
ypaBHEHWS paBHOBECUS Tena OMOoS3Hs B MPSIMOYTOSbHbIX KOOPAUHATAX, onpeaensieMblX B NpoLecce reofesnyeckoro MoHu-
TOpUHra, Yepes ypaBHEHNE MOBEPXHOCTM B OOLLEM BUAE 1 Yepe3 BEKTOP CUMbl CLEMNTIEHMS.

PesynbraTtbl. Ha ocHOBe pesynbraToB reofe3nyeckoro MOHUTOPUHIA U UHXEHEPHO-TEONONMYECKMX UccneaoBaHuin nomny-
YeHbl hOpMyrbl OMpeAeneHust yCToNYMBOrO PaBHOBECKS OMOM3HS AN N0ObIX MOBEPXHOCTEN CKOMBXEHWUS, NMAOTHOCTH,
Macchl, 06bema 1 KpyTU3HbI CKITOHa AN UX NPaKTUYECKOro UCMOMb30BaHKs U AarnbHENLWEro NporHo3npoBaHms BO3MOXHbIX
OMON3HEBBIX CMELLEHUN.

BbiBogbl. KoMnnekcHbI Nogxoa AaeT BO3MOXHOCTb MPaKTUYECKM BMMOTHYIO MOAOWTM K BOMpOCaM onpegeneHns ycTon-
4Y/BOrO PaBHOBECUS OMOM3HEN, NOCKONbKY NO3BONSET YCTAHOBUTL Hanboree peanbHble 3HA4YEHUS NapaMeTPOB, BXOASALLNX
B oOpMyrbl, KOTOPbIE, B CBOIO Ovepenpb, OyayT 3aBUCETb OT KONMMYECTBA MYHKTOB AeOPMaLMOHHON CETU U CKBaXMH.
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BBEJAEHUE

ABSTRACT

Introduction. The conditions for determining the stable equilibrium of a landslide for any sliding surfaces, density, mass,
volume and slope steepness are considered. The equilibrium equations for a landslide are given in rectangular coordinates.
For this purpose, reference and deformation networks are created on the landslide slope. Depending on the size of the land-
slide body, the support network is designed in the form of a polygonometric course, the geometric parameters of which
satisfy the accuracy characteristics of the course and the conditions of the work area. And based on the accuracy of the equi-
librium equations, the required number of points of the deformation network is determined. The subject of the study is
a mathematical model of a landslide created on the basis of geodetic observations and engineering-geological studies.
The purpose of the study is to determine the possible condition of the landslide at the time of the observation. At the present
stage, determining the conditions for the stability of a landslide is an important scientific and practical task, the relevance
of which is beyond doubt.

Materials and methods. It is proposed to use an integrated approach, which is based on the joint application of the method
of geodetic monitoring of deformation processes with engineering and geological studies. For geodetic monitoring, land-
slide and deformation geodetic networks are created, which are fixed on the terrain by geodetic signs, respectively, outside
the zone of influence of landslide processes and directly on the landslide slope. At the same time, engineering and geologi-
cal studies are carried out to obtain objective information on the physical and mechanical properties of soils. The article
presents the equilibrium equations of the landslide body in rectangular coordinates determined in the process of geodetic
monitoring, through the equation of the surface in general form and through the vector of the adhesion force.

Results. On the basis of the results of geodetic monitoring and engineering-geological studies, formulas were obtained for
determining the stable equilibrium of a landslide for any sliding surfaces, density, mass, volume and slope steepness for their
practical use and further prediction of possible landslide dislocations.

Conclusions. The formulas obtained make it possible to determine the stable equilibrium of a landslide based on geodetic
and geological data. How exactly do these formulas allow us to determine the stable equilibrium of a landslide? This question
remains open and requires further investigation by methods of error theory. The question is very important, since the defini-
tion of the landslide hazard assessment depends on it. If the landslide slope is built up, then the determination of the asses-
sment of landslide vulnerability. Then it is possible to obtain a reasonable assessment of the risk and level of landslide safety
of the frozen landslide slopes. These assessments are very important and can be further used in organizing the development
of urban planning solutions, as well as in assessing the life cycle of intelligent sustainable cities.

KEYWORDS: landslide, sliding surface, adhesion force, friction force, weight, dimensions, geodetic network, coordinates
of points, stable equilibrium equations
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ONITUMAJBHOTO BBIOOpA PAIMOHATBHOTO YKPEIJICHUS
CKJIOHA B OTIOJI3HEBBIX YCIIOBHSAX CTPOHTENHCTBA C UC-

B macrosimiee Bpems OMyOTMKOBAH PAN CTATeH,  ponpsopanmem METOZIOB YHCJIEHHOTO MOJIEIUPOBAHHUS

B KOTOPBIX PacCMaTpHBAIOTCSI BONPOCHI ONPEACICHHS
PaBHOBECHOTO COCTOSIHHUSI OTIOJI3HEH M BO3MOKHBIE Me-
TOJIBI BBISIBJICHHS HAPYIICHHUS UX YCTOW4YMBOCTH. B pa-
6ote [1] mccmemyrores ycinoBus oOpa3oBaHHS HOBOTO
OITIOJI3HEBOTO OJI0KA, €r0 MEPEX0a B PEKUM CMEIICHHS,
MEXaHU3M B3aUMOJIEHCTBUS OIOKA ¢ KOPEHHBIM MacCH-
BOM M TEJIOM OIIOJI3HS, COCTOSIIIUM U3 paHEe CMECTHB-
mIMXCst OJIOKOB; 1aeTCsi 000CHOBaHHE U3MEHEHHS ITPOY-
HOCTU TPYHTOB B IpOILIECCE CMELICHUS U ee 3HAYeHHE
B 3aBEpLICHHM OIIOJ3HEBOTO IIMKJIA; COIMOCTABJICHBI
Pe3yAbTaThl TCOPETHIECKNX M IKCIIEPUMEHTAIIBHBIX HC-
clieoBaHMi. ABTOP BBIJIEIISIET YETHIPE THIIA MEXaHU3Ma
(dhopmupoBaHus OmoI3HEH. Bropoit THIT MexaHU3Ma —
CABUI OJHOM YacTHM MacCUBa OTHOCUTEJIBHO JPYIOM.
OH Qopmupyercs Ipu HapyILICHUH PAaBHOBECHS, KOTIa
BJ10JIb HaKJIOHHOM TIOBEPXHOCTHU B MACCUBE IMTPOUCXOAUT
KOHIIEHTpAIIUsl KacaTeNbHBIX HAMNpsHKEHUH. DTH TMO-
BEPXHOCTH COBITQ/IAIOT C 30HAMH 0CJIa0JIeHHs B MAacCHBE
T10 KOHTAKTy ¢ 00J1ee MPOYHBIMH TIOPOAAMH, I10 TIIIOCKO-
CTSIM HAIUIacTOBaHMs. Pa3BMBAIOTCS B TAKMX YCIOBHIX
OIOJI3HU CKONIBKeHNsl. OOOCHOBBIBAETCS IOJNIOKEHHE
O TOM, UTO «IBW)XEHHE» OIOJN3HS MOMYMHSIETCS 3aKO0-
Hy TypOynentHocTH [2]. Pa3zpabareiBaeTcs anropuTM

Jutst pacyera ycroituuBoctu [3]. [IpencraBnensl pe3yiib-
TaThl OLIEHKH yCTOHYMBOCTH CKJIOHa Kaphepa B IIpo-
ekte Medapalli opencast project (MOCP) xommanun
Singareni Collieries Company Ltd. (SCCL) [4]. B atoit
[IaXT€ BBICOKHUU 3a00# KOHTPOJIHPOBAJICS BU3YaIBHO
1 C IOMOIIBIO TPUOOPOB. TeHAeHINS CMEIIeHHUS, TIOTY-
YeHHas B pe3yJIbTaTe MOHUTOPHHTA CKIIOHA, TIPEICTaB-
nsieT coboil nedopmaryi, MPONCXOASIINe B TIpeeax
CKJIOHA Kapbepa. OCHOBHBIE BXOJTHBIC TapaMeTPhI TPOY-
HOCTH Ha CJBHI, HeO6XOI[I/IMBIe JUISL YUCJICHHBIX MOIC-
JIeH, oTpeneneHsl B taboparopuu. CKIIOH Kaphepa, pac-
CMOTPCHHBIA TIPH YUCICHHOM MOJICITUPOBAHUM, UMEI
BbIcOTy 170 M 1 KpyTuU3Hy 45°. JlaBneHue BOAbI CHIKA-
€T YCTOHYMBOCTh OTKOCA Kaphepa 3a CUeT YMEHBIICHHS
MIPOYHOCTH Ha CABHT. B pe3ynsraTre MOHHTOPHHTA CKIIO-
HA 3aMEUYCHO, YTO TPEIINHBI PA3BUIIUCH U PACIITHPIITUCH
Ha 90 CM HENOCPEICTBEHHO Mepe]] ero pa3pylICHHEM.
W3 uuciaeHHOro aHain3a YCTaHOBIIGHO, YTO paspylle-
HHE CKJIOHA IPOMCXOOUT B HEHANPSDKCHHOM COCTOS-
HUH Ha paccTosHUM OKoiio 10 M OT rpeOHs KOTIoBaHA
1o nryounsl 20 M. 3aTteM CKJIOH ObLI CTaOMIIM3UPOBAH
myTeM oOecrieueHHsl HajJIexaniell peHaXHOH cucTe-
MBI, ¥ TIOCJIe CTaOMIM3aINK Ha4daThl PaOdOTHI B IIIAXTe.
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B pabore [5] kparko paccMarpuBaeTCst XOI HCIIOJb-
30BaHMs Ka4e€CTBEHHBIX M KOJMYECTBEHHBIX METOJOB
OIICHKH PUCKa BOSHUKHOBEHUS ornoi3Hel. Ocoboe BHU-
MaHHUe Y/eISIeTCsI HCIO0JIB30BAaHNIO MaTPUYHOTO MOAX0-
Jla «OMacHOCTh — TocnencTBUs». OTHAKO TpaJuiiOH-
HBIE JICTEPMUHHMPOBAHHBIC METOIBI T€OTEXHUIECKOTO
aHaJin3a AOJIKHBI 6])IT]) JOIIOJIHEHbI HUCCICJOBAHUSAMU
B BEPOSITHOCTHOW CTPYKTYpE, KOTOpas YYWTHIBACT H3-
MEHYHMBOCTh NapaMETPOB U JAPYTHe HEONPEAEICHHO-
CTH. AHaNMU3 YCTOMYMBOCTH CKJIOHOB, OCHOBAHHBI
Ha MmozenupoBannu Monre-Kapmo (MCSM), yauThl-
BAa€T IPOCTPAHCTBEHHYI0 M3MEHUYMBOCTh BXOJIHBIX
NEPEMEHHBIX, CTaTUCTHUYECKYIO HEONPE/eIeHHOCTh
13-3a OTPaHUYEHHBIX JAHHBIX M CMEUICHUS B HCIIOJb-
3YeMBIX SMIUPHIECKUX (pakTopax u Koppermusax [6].
Mertonosorust  MPOWILTIOCTPUPOBAHA BEPOSITHOCTHBIM
AHAJIM30M YCTOWYMBOCTH CKJIOHA IIPH IIPOEKTHPOBAHUN
THIPORJICKTPOCTAaHNINH B 3anuBe J[xefimc. B cratse [7]
aHAJIM3UPYETCsl YCTOWYHMBOCTh CKJIOHA BJOJIb Y4acTKa
noporu (HammonansHoe mocce 5 — National Highway
(NH)) BO6mm3u pationa Jlyxpwu, mtar Xumauan-IIpamen,
Mupaus. PalioH pacroniokeH B 30HE BBICOKOIO pHUCKa
13-3a BBICOKOH 3arpy’kKEHHOCTH JIOpOT, U MOITOMY aHa-
JM3 YCTOWYNBOCTH MPOBOIMIICS C IPUMEHEHHUEM METO-
Ja KoHeYHbIX emMenToB (MKD) u meTona npenensHoro
pasroBecust (MIIP) juist momyyenust 1e)opMarimoHHBIX
XapaKTePUCTHK B CTATHUECKUX YCIOBHUSIX M MX CpPaBHE-
HUAA. Pe3yJ'IBTaTBI 00oux METOAOB IIOMOI'alOT B BBISIBIIC-
HUM 30H yS3BUMOCTH B TEMaTHYECKOM HCCIICIOBAHUH.
Kpome Toro, 3HaueHus xodddummenTa 6e30macHOCTH,
TOJTYYCHHBIC C ITOMOIIBIO O6OI/IX MCTOAOB, HAXOAATCA
B Onu3koM npuOmmkennu. VceienoBanue Takke moka-
3bIBACT, YTO CKJIOH KPUTHYECKH CTAOMIICH, TIPEIIOKEHA
KOPPEKTHUPYIOIasi Mepa MOCPEACTBOM M3MEHEHUS I'eo-
METPHHU CKJIOHA, KOTOpasi HyXK/IaeTCsl B HaJUIEKaIleH 3a-
IINTE OT JIFOOBIX BHEITHUX (hAKTOPOB, TAKMX KaK OCAIKN
1 3eMJIETPSICEHUsI, KOTOPbIE MOTYT BBI3BaTh CMELICHHE
oroi3Hsl. Pe3ynbrarsl, NONyYeHHBIE IO IBYM OIOJI3HE-
BBIM CKJIOHAM: OJIMH MPEJICTABIISIET COO0H OHOPOJHBIN
CKJIOH, JPYrOil — HEOIHOPOIHBINA CIIOMCTBIM CKJIOH,
CPaBHUBAIOTCSI C WCIIOJIB30BAHUEM YETBIPEX IPH3HAH-
HBIX METOJIOB YCTOWYMBOCTH CKJIOHA: OOBIYHBIN METOX
Cpe30B, YNpPOLUEHHbIH MeTon bumiona, ynpoiieHHbIH
meton JxanOy u meronm Cnencepa [8]. Mccienosa-
HHUE TPOIEMOHCTPUPOBAIIO, YTO HWHJCKC HaJICKHOCTH
[ HE 3aBHCHT OT reHepaTopa CIlydalHbIX YHCEll, a pa3-
Mep BeiOOpkH 700 wiu Oosiee SIBIISCTCS XOPOIIMM BbI-
6opom st MCSM. B ciyuae OIHOPOIHOTO CKIJIOHA
HaOJIoaeTcs XOpoIllee COIIacue MEXIY pacCUUTaH-
HbIM HHJCKCOM HAJCKHOCTHU B Ipru HUCIIOJIB30BaAaHHUU
FOSM (First Order Second Moment — MeTOI BTOPOTO
MOMeEHTa TepBoro mopsiaka) 1 MCSM kak [uis 0Obrd-
HOI'O METOZA CPe30B, Tak U Juid Merona bumona. Tem
He MeHee HeOobIasi pa3HUIa B 3 HAOMOmaeTCss Mexk-
Iy ABYMsI METOIAaMH HEOIPENEICHHOCTH HE3aBUCHMO
OT TOrO, MpUMeHsieTcss i Meton JlxaHOy mnm MeTosn
Crnencepa. B cimyuae ciiorctoro CKJioHa JOCTUraeTcs
XOpOIllee COITache MEXIy ABYMsSI METOIAMH HEOmpe-
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JIEJICHHOCTH JJIsl METOJIOB OOBIYHOTO METOJa CPE30B,
Bumona u /[)an0y. CpaBHUTEIBHBIN aHAIN3 YCTOWYH-
BocTH ckiioHa Ha ocHoBe MIIP u MKD npoBoasaT npu
IByX yrmax HakiaoHa 45 u 60° [9]. BemmonHeHo cpas-
HUTETHHOE HMCCIIEA0BAHNE TTAPAMETPOB YCTONYHUBOCTH.
Veranosneno, uro MIIP naer 6ojiee BEICOKHE 3HAUEHUS
kod(duimenTa ycTolunBoCTH 10 cpaBHeHHI0 ¢ MKD.
JU71st OTIEHKH TTOJIBEP’KEHHOCTH CKJIOHOB K OTIOJI3HEBBIM
mporieccaM [10] mccimemyeMblii pailoH B IIEHTPaIbHOM
CrnoBenun ObuT pazneneH Ha 78 365 yacte, sl KO-
TOPBIX PACCUMTaHbl 24 CTaTUCTUYECKHUE MEepPEMEHHBIE.
C moMomipl0 MHOTO(AKTOPHOTO aHaJIH3a MPOBEPEHBI
B3aUMOJICHCTBUS MEXIY (PaKTOpaMH M pacrpeecHu-
€M OIIOJI3HEH, OINpeseNeHa BaKHOCTb OTACIBHBIX I10-
KazaTesiel JUIsi BOSHUKHOBEHUS! OMOJ3HE!. Pe3ynbraThl
MOKA3bIBAIOT, YTO CKJIOH, JIUTOJIOTHS, LIEPOXOBATOCTb
MECTHOCTH U THII TIOKPOBA UIPAIOT BasKHYIO POJIb B BOC-
TIPUMMYHBOCTH K OTOJI3HAM. IS orrpesiesieHns omnomns-
HEBOTI'0 PUCKa Ha yyacTke Tpacchl JIazapeBckoe — Kupos
paccMOTpEH MOAXO0/ Ha OCHOBE METOIMKY HAUMEHBIIINX
noreps [11]. Ilpeanmaraercs OCyIIECTBUTH KOMILIEKC
OPraHN3alMOHHO-TEXHUYECKUX Mep MO CTaOMIM3aIin
9THX OMACHBIX IIPOIECCOB M TPHBEACHHIO OMOJI3HEH
B paBHOBecHoe coctossHme [12]. B crartee [13] pac-
CMAaTpPUBAIOTCS OIOJI3HEBBIC CKIOHBI 'MManaeB, KOTO-
pBI€ SBIIAIOTCS OJHHUM U3 CaMbIX YSI3BUMBIX PETHOHOB
Wnpaun n3-3a cruxuiiHeix OenctBuil. Pasinnynbie BUIbI
OITOJI3HEH YacTO MPOUCXOIAT B TEKTOHMYECKN U TCOTH-
HAMHYECKH aKTHBHOHM oOmactu ['mmamaes. IlpoBenen
aHaJN3 yCTOWYMBOCTH CKJIOHOB BJIOJb JOPOTU — TIPH-
MepHo 20 kM NH 109 ot Pynpanpasira 1o AractMyHH
B 1Tare YTrapakxaHa. Ha ocHoBe moseBbIX Habmoze-
HUH ¥ BapHaIMii T€OJOTNIECKUX U TEOTEXHUIECKUX YC-
JIOBUH BBIOPAHBI MSATh MECT [UIS ACTAIBHOTO M3yUCHUS,
BKJTIOUAsi JTaOOPaTOpHOE HCCIICIOBAHUE M YMCIICHHBIN
aHaimu3. 1o obecrieynsio Oosiee r1yOOKOe MOHUMAaHKE
JAaHHOTO BoIpoca. Pe3ynbrars! aHamn3a, BBIIOIHEHHOTO
C WCTIONB30BaHNEM OOOMX METOJIOB, TOMOIIIN BBISIBUTH
TIOTCHIMAIBHO YSI3BUMBIC OIIOJI3HEBBIC CKIOHBI U TI0-
3BOJIMJI CPABHUTH JIBA METO/IA.

AHanu3 JuTepaTypsl MoKas3all, YyTo ONpeAeTeHHe
PaBHOBECHOTO COCTOSIHMS OIOI3HEH U BO3MOXKHBIE
METO/IbI BBISBIICHHS HAPYIICHNS! X YCTOWYNBOCTH H3-
y4eHbl He MOJTHOCThI0. Ha coBpemeHHOM 3Tame ycra-
HOBJICHHE YCJIOBHI YCTOMYMBOCTH OTMOJ3HS SIBISETCSA
Ba)KHOU HAay4YHO-IIPAKTUYECKOM 3aauei.

Iens uccnenoBaHuss — ONPENECIUTh BO3MOXKHOE
COCTOSIHME OTIOJI3HS Ha MOMEHT INPOBEICHUS HAOIIO-
nenuil. [lpenMer ucciienoBaHuss — MareMaTHyecKast
MOJIeNTb OTIONI3HSA, CO3/JaHHAsl HA OCHOBE KOMIIJICKCHOTO
MOJIXO/A 110 Pe3yJabTaTaM IeoAe3MUeCKUX HaOMIONeHHH
U MH)KEHEPHO-Te0I0TNYEeCKUX HCCIEJOBAHUIM.

MATEPHWAJIBI U METO/JbI

W3 Tteopernyeckoil MEXaHUKU U3BECTHO, YTO JJIS
PaBHOBECHS TBEPIIOTO TeJa NpH £, < ¢ < ¢, HeoOXOaH-
MO M JOCTaTOYHO, YTOOBI B MOMEHT BPEMEHH /, TENO
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MOKOHMJIOChH, & TIIABHBIA BEKTOp R W IIaBHBI MOMEHT
BHCIIIHUX CHIJI Mée) OTHOCUTCJIbHO ITPOU3BOJIBHO BbI-
Opannoro mnoitoca O npu t, <t <t PaBHJIHNCH HYIIO,
Te. RO=0u My =0/[14].

B panee BbIMOMHEHHBIX HccieAoBaHUSIX [15-17]
JIaHO OTMCAHKE OTOJ3HS B BUJIC MEXaHUKO-MareMaruye-
CKOM MOJIENTU C OIMHAKOBOW OJHOPOJHOM Maccod Tena
onoy3usi. Pasnuume coctout B popMax MOBEPXHOCTH
CKOJIL)KEHHS: B OJIHOM CJydyae OHa IMpPEJCTaBIsieT coOon
napaboIMYeCKy 0 KpUByto [15], B IpyroM — IMAIHHIPH-
YECKYH0 I0BEPXHOCTb, SIBJIIFOLLLYIOCS KPUBOM ITPOU3BOJIb-
Horo Bua y = f(x) [16, 17], B Buze ¢hopmyii, a IMEHHO:

* ypaBHEHUsI PaBHOBECHsI Tella OMOJI3HS B CAMOM
o01em cirydae UMEIOT BUT:

R=0,
— (1
Mo =0,
rae R — TIaBHBII BEKTOp BHELIHUX CHJI, BBIYHCIIS-
eMBIH TT0 popMmyIte:
2

R :£j(@+fr +ﬁ)dS,

M 6 — TIaBHBIIi MOMEHT BHEIIIHHUX CHJI OTHOCHTEJIBHO
HayaJsia KOOpIUHAT, BBIYUCISIEMBIN 10 (hopMyIe:

Mo = jj[?m (Fe+N)+7o E}dS, 3)

N

rie M — npou3BOJIbHAA TOYKA ONOJI3HS, r=0M —
pamnyc-BekTop Toukn M; F.(X,, Y, Z,) — Bektop
CHJIBI CLIETUICHNUS (TPEHHs) B pacuyeTe Ha eANHHILY TLI0-
[aJy TOBEPXHOCTH CKOJBKEHHsI OION3HS, Halpas-
JICHHBIH 0 KacaTeIbHOHN K MOBEPXHOCTH CKOJIBbKEHHUS,;
N(X .» Y., Z.) — BEKTOp HOPMAaJIbHOH CHJIBI TPEHHs
B pacyeTe Ha €JUHMIY IUIOIIAAN MOBEPXHOCTU CKOJIb-
KCHHs, HanpaBJEHHBIH II0 HOPMald K MOBEPXHO-
ctu ckonbxeHud. Cunel F, u N NpHIOXKEHBI B TOU-
ke M, C(XO, Y, ZO) — LEHTpP TSAKECTU TeJa OIOJI3HS;

Z |

S, y,2)=0

v

r= cf (XO, YO, ZO) — paauyc-BEKTOp LIEHTPA TSIKECTU
ONON3HS; G — BeC TeNa ONON3HL.

B ¢opmynax (2) u (3) uHTEerpupoBaHHE HAET
o o01miei moBepxHOCTH S Tena onomsHs [ 15].

Taxoxe nssectno, uro «ecmu (F, F, ..., ) — cn-
CTeMa BHEIIHUX CHJI, IPUJIOKEHHBIX K TBEPIOMY Telly,
a x, ), z, — KOODPJMHATHI TOYEK TPHIOKEHUS CHIIBI
F(i=1,2, .., k) B nexkapToBOd NpsSMOYTOIbHOW CH-
cTeMe KOOpJMHAT ¢ HavyajoM B noioce O, To HeoOXo-
JMMBIC ¥ TOCTaTOYHBIC YCIOBHUS PABHOBECHUS TBEPIOTO
tena (1) 3amumryTcs B BHJE CIEAYIOIIMX ILIECTH pa-
BEHCTB» [14]:

iF;'x :0’ iEy :0’ iF;z :0’

i=1 i=1 i=1

4)

)

k
Z(xiE'y - .F, ) =0.

i=1
Toraa NMPUMEHUTENHEHO K OIOJ3HSIM YpaBHEHHMS
paBHOBecus (4) u (5) B IPAMOYTONBHBIX JIEKapPTOBBIX
KOOpJMHATaX OyIyT:

R, =0,

R, =0,

R. =0,

Mo.r—(), ©
Moy =0,

Mo. =0.

CornacHo BeIpaKeHHIO (6) yCTOMYHMBOCTh OTION3-
Hs onpejenseTcs 3HadeHueM cul F. u N, mMaccol Tena

IToBepXHOCTb CKONBIKEHHS
Sliding surface

Puc. 1. [IpsmoyronpHast AekapToBa CHCTEMa KOOPIMHAT C HAYAJIOM B BEPIIMHE MOBEPXHOCTHU OTIOI3HS

Fig. 1. Rectangular Cartesian coordinate system with origin at the vertex of the landslide surface
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OITOJI3HSI, PACIOJIOKEHNEM €ro IIEHTpa TSDKECTH, pas-
MepaMH OmoJ3Hs, BUIoM GyHKuuu fix, y, z), hopmoit
MMOBEPXHOCTH CKoNbxkeHus S (puc. 1) [15].

Pazpaborannblie popMysbl TPH HATNYNH CBEICHUN
0 PacIOJIOKEHUH LEHTPa TSHKECTH, TOPU30HTAIBHOTO
pa3Mepa, Macchl TeJia ONOJI3HS M BEKTOPa CHJIBI CLeTIIe-
HUSI TO3BOJISIFOT OLEHUTH YCTOHYMBOCTD OIOJI3HS, NMe-
foiero Hambosnee ONM3KYI0 K peasibHOCTH Mapadoiiu-
4ecKylo (opMy MOBEPXHOCTH CKOJIBKEeHUS. [Ipu sTom
CJIeILyeT OTMETHUTD, YTO Ha IPAKTHKE TTOydeHHBbIE (Op-
MYJIBI UCTIONIb30BaTh 3aTPYAHUTEIBHO, TAK KaK YCTaHO-
BUTbH peajlbHble 3HAYECHHs OPH30HTAIBHOIO pa3sMepa,
Macchl Tela OION3HS M CBEACHUIl O PacloNOKCHUH
€ro IIeHTpa TSHKECTH, TakXKe KaK M JIaHHBIX O BEKTOpe
CHJIBI CLEIIIIEHHS, JOCTATOYHO CJIOXKHO. B ¢BS3M ¢ 3THM
peLIeHHe 33/1a4H 10 OIICHKE PABHOBECHOTO COCTOSHUS
OITOJI3HS MPE/IaraeTCsi OCYIECTBIATh C MO3UINIA KOM-
TJIEKCHOTO TTO/IX0/1a, TO3BOJISOILETO IIEPEBECTH TEOpe-
THYEeCKHE (OPMYIBI B SMIHPHUECKAE. DMITUPUICCKIE
(OpMyYIBI yCTPAHSIOT 3aTPyAHEHHUS 110 YCTAaHOBICHHIO
CBEJICHUI1 O TOM, HaXOJIUTCS JIN OTOJI3eHb B COCTOSTHUN
paBHOBecus wiu HeT [15].

Jnst pemeHus 3agayd  BBIOpaHa CTaHIAapTHas
psIMOYTOJIbHAST cucTeMa KoopauHar ['aycca — Kprore-
pa O (X, Y, H), npuMeHseMasl B T€O/Ie3UH, C HauaJoM
B BEpILMHE, pACIOJI0KEHHON Ha THEBHOM OBEPXHOCTH
oroi3Hs (puc. 2).

Ha puc. 2 noka3ano:

1) HaganmpHOE MToNTOKeHUe O OTION3HS;

2) M(X, Y, H) — omvH n3 MyHKTOB Je(opMaliy-
OHHOH CETH Ha MOBEPXHOCTH OIIOJI3HS;

3) r=0M (X, Y, H) — pamuyc-BeKTOp IyH-
kra M;

4) F.(X, Y, H) — BEKTOp CHIIbI CUETUIEHHUS, KO-
TOpPBII HAaIpaBlIeH IO KacaTeIbHOH K IOBEPXHOCTH
CKOJIbXKCHUS;

X

5) N (X, Y, H) — BeKkTOp HOPMaJbHOH CHIIbI Tpe-
HUsI, KOTOPBIH HaNpaBjIeH MO HOPMaJU K TOBEPXHOCTU
CKOJIBKEHHS;

6) C(X,, Y, H)) — LEeHTp TAKECTH TENIa OMOJI3HS;

7) r=0C (X,, Y,, H)) — panuyc-BeKTOp LEHTpa
TSKECTH OTON3HS;

8) G— BEKTOP CHJIBI TSKECTH OTOJN3HS, HAIIPAB-
JICHHBII OTBECHO.

JIJIst 4MCIIEHHOTO ONpEeJeNiCHNs] ypaBHEHHS I10-
BEPXHOCTHU OTIOJI3HS, BKJIIOYAsi IOBEPXHOCTH CKOJIbKE-
HUsL B BBIOPAaHHOW CHCTEME KOOPIHMHAT, ONpeeisieM
koopauHathl X, Y u H myHKTOB neopMalimoHHOM ceTH,
HaXOJSIIMXCS Ha JIHEBHOW ITOBEPXHOCTH OMOJI3HS, UC-
TI0JTb3Yysl COBPEMEHHBIC AIEKTPOHHBIE TAXCOMETPHI.

COOTBETCTBYIOIINE 3HAYEHHSI KOOPAMHAT IYHKTOB
neopMaIMOHHOM CETH MPEICTABIICHBI B BUJIC TAOHUIIBL.

3Ha4eHUsI KOOPJIMHAT IyHKTOB JIe()OPMAIIMOHHOM CeTH

Values of coordinates of points of the deformation network

Hoyep IIyHKTOB Y y H
Point number

1 X Y, H,

2 X, | v | #

n x| v

3ameTum:

1. Jlnuna u HanpasieHHe BEKTOpA CHIIbI CLETLIe-
aust F (X, Y, H) B TIIOCKOCTH KacaTesbHOM MOBEPXHO-
CTH CKONbXeHus B Touke M(X, Y, H) ne onpenenenst
1 MOTYT OBITh MPOU3BOJIBLHBIMA. B mpoekuumsx Ha ocu
KOOpAWHAT OH Oynet Fwix,, v, n)(Fw,, F,, Fu,).

2. BexTop HOpMabHOM CHITBI TPEHHSI N (X, Y, H)
B TUTOCKOCTH KacaTeIbHOW MOBEPXHOCTH CKOJBKCHHS

TToBepXHOCTE CKOJIBIKEHHSA OTION3HSA
Landslide sliding surface

Puc. 2. Onucanue ononsHs B NpsIMOYTobHON cucteMe koopauHar I'aycca — Kprorepa

Fig. 2. Description of the landslide in the rectangular Gauss — Kruger coordinate system
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B Touke M(X, Y, H) He onpesiesieH U MOXET OBITh MPo-
U3BOIBHBEIM. B mpoekuusix Ha ocu koopauHar oH Gyzaer
Nu, v uy(Nx,, Ny, Nu,).

B o6mem cirydae cuctema ypaBHEHHH PaBHOBECHS
TeJa OIOJI3HSA MMEET B

n —_— —_— —_—
D[ Fe(X,, Y, H)+ N(X,.Y, H) |+ G =0,
)
LN . - =
1 [ (Fe(x, Y H) + N(X,,Y,, H) | +70-G =0.
i=
[lepBoe ypaBHeHHEe cUCTeMBI (7) BBIpa)KaeT TOT
(axT, 4TO IIaBHBIH BEKTOp BHEUIHUX CHJI PABEH HYIIIO.
Bropoe ypaBHenue cucremsl (7) oTpaxkaeT (akT, 4To
IJIaBHBI MOMEHT BHEIIHUX CHJI OTHOCHTEIIFHO Havasa
KOOPJHMHAT PaBeH HYJIO.
B mpsIMOyTroNIbHEIX KOOpAHMHATAX CHCTEMA YpaBHe-
Huti (7) Oyner clemyromen:
1. IIpoexkuuu ITABHOTO BEKTOpPA BHEIIHUX CHII
Ha OCH KOOPJIMHAT PaBHBI HYIIO:

Y[ (XY H)+ N (X, )

i=l1

0,

S [P (XYL H)+ N, (XY H)]

i=1

0, ®

S [ Fop (X, Y, H)+ N, (X, 5, H) |-G =0,

i=1

2. HpOCKHI/II/I IJIaBHOI'0O MOMCHTA BHCIIHUX CHII
Ha OCH KOOPJAWHAT PABHBI HYJIIO:

n Y, H,
_ = ——[+Y,G=0,
i=t |Fov, + Ny  Fw, + Nu,
. H, X,
. . s _XOG = 05 (9)
i=t |Fur, + Ny, Fuw, + Ny,
n X, Y,
. . = ——|=0.
i=1 FTX,+NX, FrYl +NK
B ypaBuenusax (8) u (9) cymmmpoBaHue ocy-

MIECTBIISIETCS 110 BCEH MOBEPXHOCTU S Tea OMOJ3HS
(10 THEBHOU MOBEPXHOCTH U IO [MOBEPXHOCTU CKOJIb-
JKEHUS).

Cucrtemsl ypaBaenuii (8) u (9) B 4acTHOM cirydae
BKJTIOUAIOT B CeOs paHee pacCMOTPEHHBIC B paboTe [16]
MOJIEJTH.

PE3YJIBTATHBI HCCIEJOBAHUA

[TonyueHHble ypaBHEHHUS] paBHOBECHS! B KOOD/IH-
Harax (6) u (7) mOKa3bIBAIOT, YTO YCTOHYMBOCTD OIOI3-
Hsl 3aBHCHUT OT 3HAYCHUH:

* cuJ clemieHus I, u TpeHus N;

* Beca TeJa onoiasus G;

* pacronoxeHnus ero uenrpa tskectn C(X,, Y, H,);

* pa3MepoB OIOJI3HSL;

* KOJIMYECTBA MYHKTOB Je(QOPMALMOHHON ceTH,
MPUOMMHKEHHO OIMUCHIBAIOINX (POpPMYy THEBHOH II0-

BEPXHOCTHU OIOJI3HS M KOJUYCCTBA CKBAXKUH, MPUOITH-
JKEHHO OMHUCHIBAOIINX (DOPMY MOBEPXHOCTH CKOJIBKE-
HUS S (yem OorpIie MyHKTOB Ae(POPMAIOHHON CETH
U CKB&KHH, TEM TOYHEe Oy/ayT OIHCAHBI 3TH MOBEPX-
HOCTH).

Juis nosnydeHust 00beMa OIMOJI3HEBOIO Teja He-
O6XO[[I/IMO 3HaTb TOBCPXHOCTH CKOJIBXKCHUA OII0JI3-
Hs. BO3MOXXHBIE METONBI ONpENEICHNUS TOBEPXHOCTH
CKOJIBYKEHHSI OIOJI3HSI U MPEABSIBISAEMbIC K HUM TOY-
HOCTHBIC TpPeOOBaHUS MPOAHAIU3MPOBAHEI B pado-
te [18]. Toraa B COOTBETCTBUU C T€OMETpPUEH, YKa3aH-
HOM B Tpyme [18] cern, oOmuit 06beM OIMOIZHEBOTO
Tena OyaeT paBeH CYMME YacTHBIX OOBEMOB IPSMO-
YTOIBHBIX (UTYD ceTu:

V.=V 4V, 4.4V, (10)

rae V — o0beM OMON3HEBOTO Tena; V, — 00beMBI OT-
JIETbHBIX (PUTYp ONOJI3BHEBOH CETH, paBHbIE:
H+H,+H,+H
V,=abH,_ =ab——32—3—*
b 4
e @ 1 b — cTOpOHBI KBajIpara (MpsSIMOyTOJIbHUKA) CETH;
H,— BBICOTBI TOBEPXHOCTH CKOJIBKEHHS OTIOJN3HS.
Bec Tena onon3Hst G, HaNpaBICHHOTO BEPTHUKAIIb-
HO BHM3 (B CHJIy TPaBUTAIMM) U MPUJIOKEHHOTO B LIEH-
Tpe TSDKECTH OMOJI3HS, MOXKHO IOJYYUTh KaK CyMMY
MIpOM3BeICHU 00BEMOB OTCIBFHBIX (PUTYP OMOI3HEBOM
ceTH ¥, Ha COOTBETCTBYIONIYIO TIOTHOCTh IPYHTa p.:

G=YVp,
i=1

(11)

(12)

3AKJIIOYEHUE

KoMriekcHbI MOAX0A, OOBEAMHSIONIMA HHKE-
HEPHO-TEOJIOTHYECKYI0 U TEOJE3UUECKYl0 HH(pOpMa-
LHIO, JaeT BO3MOXHOCTh NPAKTHUYECKHU BIUIOTHYIO
MOJOUTH K BOIIPOCAM OINPENEIEHUs] yCTOMUUBOIO paB-
HOBECHSI OTIOJI3HEH, TOCKOJIBKY MTO3BOJISIET YCTAaHOBUTH
Haubosee peajbHbIe 3HaYCHHS [TapaMEeTPOB, BXOJISIIUX
B (hOpMyYJIbI, COCTABISIONIIME CYIIHOCTh OMHCAHHOTO
B CTaTbhe MOJX0/1a, KOTOPHIE, B CBOIO OYEPE/Ib, OyayT 3a-
BHCETh OT KOJINYECCTBA TYHKTOB 1e(hOPMAIIMOHHOM CeTH
n ckBaxnH. Kak TouHO 3TH popMyIIBI TO3BOIISIOT ONpe-
JETSITh YCTOMYMBOE PABHOBECHE OITOI3HA? DTOT BOIIPOC
OCTAaeTCsI OTKPBITHIM U TpeOyeT JalbHEHIIero uccieno-
BaHUS METOJIaMH TEOPUU MTOTPELTHOCTEH U IPOBEICHUS
WH)KCHEPHBIX M3BICKAHUH Ha KOHKPETHOM SKCIIEPHUMEH-
TaJbHOM CKJIOHE. AmpoOarust u Bepu(DUKALUS TPEI-
CTaBJICHHOI METOJUKH SIBJIAETCS BaKHEHIIUM 3Tarom
ee BHE/IPEHUsI B IPAKTUKY nccienoBannii. Peannzanms
9KCTIEPUMEHTANIbHOM YacTH 3alIlaHUpOBaHa aBTOpaMHU
B 3TOM rofy. Borpoc o4eHb BaKHBII, TaK KaK OT 3TOI0
3aBHCUT OIPEJIEIIEHUE OLIEHKHU OIOJI3HEBOM OMAaCHOCTH.
B ciyuae, eciii OnoN3HEBOM CKIIOH 3aCTPOEH, TO Tpe-
6yeTCSI " BBISABJICHUC OLICHKHU OITIOJI3HEBOM YA3BUMOCTH.
Torna npencraBiseTcs BO3MOXXHOCTB TTOTydeHHs 000-
CHOBAaHHOH OIICHKH PHCKa W YPOBHS OIMOJ3HEBOH 0e3-
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OMaCHOCTU 3aCTPOCHHBIX OIOJ3HEBBIX CKJIOHOB [19].
OTH OLEHKH aKTyaJIbHBI U MOTYT OBITh MCIOJIb30BAHBI
B JIAJIbHEHIIEM TIPH OpraHU3alyd pa3padoTKH rpajio-

CTpOUTENbHBIX pemeHuil [20], a Takke TpHU OILIEHKE
JKU3HEHHOTO IIMKJIA WHTEIJICKTYalbHBIX yCTOWIHBBIX
ropozos [21].
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ABSTRACT

Introduction. The purpose of this study is to investigate air pollution with respect to PM, , particulate matter hazardous to
the health of the urban population, generated by the movement of motor vehicles. The development of existing and construc-
tion of new transport networks in large cities leads to the fact that the problem of air pollution by PM, . particles becomes
extremely urgent.

Materials and methods. The ENVI-met calculations were based on the data provided by the meteorological station. The fol-
lowing methods were applied: system analysis, numerical modelling method — finite difference method, processing of nu-
merical results.

Results. A calculation model of Moscow district territory was developed in ENVI-met programme in order to determine PM,,
dispersion patterns along the road network of the selected district. The calculation was carried out for a 24-hour time period.
The schemes of fine particles dispersion on the territory of the building at a height of 1.5 and 10 m are obtained. Their evalu-
ation shows that the highest concentration of PM, . is observed along the most frequent wind direction near roads. The width
of the roadway and, accordingly, the number of cars passing per hour plays a paramount role in the formation of PM, .
Conclusions. The greatest negative impact of fine dust occurs in residential buildings located along highways. It is most ra-
tional to increase the density of landscaping in areas with a high concentration of PM, ;along the main roads and on the roofs
of existing low-rise buildings and medium-rise buildings.

KEYWORDS: ENVI-met, numerical modelling, air pollution, vehicle emissions, particulate matter, PM
ing, green roofs

5 urban area green-
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OueHka 3arpsi3HeHUs1 BO3yXa TBEPAbIMU YaCTUIIAMHU PM2 s
BOJIM3H aBTOMATrHCTpaJiei

Enena BiragumupoBHa CeicoeBa', Maprapura OJgerona I'esibMaHoBa®
! Hayuonanwnwiii ucciedosamensckuti Mocko6ckuil 20Cyapcmeennbiil CmpoumenbHbiil YHUGepCumenn
(HUY MI'CY); . Mocksa, Poccusi;
’APXU ATEJIBE, 2. Mocksa, Poccus

AHHOTALMUA

BBepgeHue. Llenbio nccnefoBaHust sSiBNSETCA U3yYeHUE 3arpsi3HEHUSI BO3[yxa OnacHbIMU Ansi 340POBbsSI FOPOACKOro Ha-
cernexvst TBepabiMK YacTuuamm PM, , oGpasytolmmncs B pesyrnsTate ABKEHUsI aBTOTPAHCMNOPTHbIX cpeacTs. Passutue
CYLLECTBYHOLLMX 1 CTPOMTENBCTBO HOBLIX TPAHCMOPTHbLIX CETEN B KPYMHBLIX ropogax NPUBOAMT K TOMY, 4TO npobrnema 3arpss-
HeHus Bo3ayxa yactuuamv PM, ; CTaHOBUTCS akTyasnbHOW.

MaTtepumanbl n metogbl. [insa pacyetoB B ENVI-met ncnonb3oBanucek gaHHble, NpefoCTaBneHHble MeTeocTaHumen. Mpu-
MEHSINMUCh CreayoLmMe MeToAbl: CUCTEMHbINA aHanm3, MeTOA, YACIIEHHOTO MOAENMPOBaHUSA — MEeTo, KOHEYHbIX PasHOCTEN,
o6paboTka YMCNEHHbIX Pe3ynLTaToB.

Pesynbratbl. B nporpamme ENVI-met paspaboTtaHa pacyeTHasi Mmogens Tepputopun pavoHa MockBbl Anst onpeaeneHus
3aKOHOMEPHOCTEN paccenmBaHns PMz,s BAOMNb JOPOXHOW CeTU BbIOpaHHOro paroHa. PacyeT npoBoauncsa ans 24-4acoBoro
nepvoga BpemeHu. MNomny4eHbl CXeMbl paccenBaHns MENKMX YacTuL, Ha TeppuTopum Ha BbicoTe 1,5 1 10 M. VX oueHka noka-
3bIBaeT, YTO HanbornbLuas KOHUeHTpaums PMZ5 HabniogaeTca Boonb Hanbonee 4acToro HarnpaeneHus BeTpa BOnunam Jopor.
LLivpnHa npoesxeln 4acTn 1, COOTBETCTBEHHO, KOMMYECTBO MPOEIKAIOLLMX B YaC aBTOMOOUIEN UrpatoT NEPBOCTEMNEHHYHO
porb B o6pasoBaHnmn PM, .

BbiBogbl. HanborbLuee HeraTvBHOE BO3AeNCTBME MENKOAUCNEPCHON MbIf NPUXOAUTCS Ha XKUIble JOMa, PACTONOXEHHbIE
BAOMNb aBTOMOOUMbHBLIX fopor. Hanbonee paunoHanbHO yBENMYMBATL MIIOTHOCTbL O3ENIEHEHNS B paioHaxX C BbICOKOW KOH-
ueHTpauuen PM, . BAOSb OCHOBHbIX AOPOT U Ha KPbILLaX CYLIECTBYIOLLMX MASIOATaXHbIX U CPEAHEITaXHbIX 30aHUNA.

© E.B. CbicoeBa, M.O. [enbmaHoBa, 2023 889
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INTRODUCTION

In September 2015, the United Nations' adopted
the Resolution “Transforming our World: the 2030
Agenda for Sustainable Development”. The adopted
document covers all aspects of life and activities of
people on the planet, especially inside cities, in order to
“protect the planet from degradation including through
the introduction of rational consumption and produc-
tion models, rational use of its natural resources and
taking urgent measures regarding climate change so
that the planet can meet the needs of present and future
generations”.

Cities, being the centers of industry and a transport
system development, have become the main source of
pollution of the air basin. According to the Russian Fed-
eral State Statistics Service 75 % of the country’s popu-
lation is concentrated in cities, and every year the share
of the urban population increases (Fig. 1).

749
747
74.5
743
74.1
73.9
73.7
73.5

2014 2015 2016 2017 2018 2019 2020 2021

Percentage of urban population

Year

Fig. 1. The share of the urban population of the Russian
Federation in the total population’

Cities are destroying nature in an effort to improve
the quality of life. Academician V.A. Ilyichev [1] de-
veloped the principles of transforming a city into a bio-
sphere-compatible and developing people. Principle
No. 1 is awareness of the man and nature unity and
the need for a symbiosis between the city and the Bio-
sphere.

The task of symbiotically embedding the city into
the natural environment is extremely important. Acade-
mician V.I. Osipov [2] notes that it is necessary to pre-
serve the biosphere, “... and it is necessary to manage

! United Nations. Transforming our world: The 2030 agenda
for sustainable development. New York, 2015.

2 The share of the urban population in the total population as
of January 1. URL: https://showdata.gks.ru/report/278932/
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human activity, achieving the harmonization of human—
nature relations. Man cannot and should not interfere in
the natural processes of the Biosphere evolution”.
Currently the problem of air pollution by particu-
late matter PM, , and PM is becoming significant in
large megacities, which becomes a priority for main-
taining the health and well-being of the urban popula-
tion in the context of urban growth? and technological
development [3]. One of the most dangerous pollutants
in the city’s air environment, along with O,, NO, and
SO,, are particulate pollutants PM, ,, which pose a seri-
ous threat to public health [4]. PM, are an air pollut-
ant consisting of solid and liquid particles suspended in
the air with a diameter equal or less than 2.5 microns.
Fig. 2 shows that PM, _ is a part of PM, , but PM,
are more toxic and contain more heavy metals in com-
parison with PM_ [5], and, as a result, contribute more
to the deterioration of the urban population health [6],
leading to an increase in cases of respiratory diseases
such as asthma, an increase in the frequency of cardio-
vascular and oncological diseases [7, 8]. Due to the fact
that particulate pollutants PM, . pose a great danger to
human health, only PM, . are considered in this study.

Soil, road dust

Diesel smoke

- Nitrate ~
Sulfate
PM 2.5-10
-
PM,,
: PM, _ i
Ultrafine fraction

0.001 0.01 0.1 1.0 10 100

Particle diameter, pm

Fig. 2. Comparison of the particle diameter of some
pollutants*

Particulate matter PM,, are divided into pri-
mary and secondary by origin. Primary PM, enter
the airspace ready-made. Secondary PM, ; appear dur-
ing the interaction of various substances in the atmo-
sphere and are more dangerous in comparison with
primary. The ability of dust particles PM, _ to absorb
highly toxic organic compounds and to release these
compounds into the human body via penetrating into

3 United Nations. World urbanization prospects: The 2014
revision. New York, 2014.

4World Health Organization. URL: https://www.euro.who.
int/__data/assets/pdf file/0005/78638/E90038.pdf
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the upper respiratory tract and alveoli of the lungs
makes them secondary damaging factors that enhance
the negative impact of the urban environment on the hu-
man body.

Fine dust has natural and man-made sources (sta-
tionary and mobile). In cities particulate matter PM, .
are mainly formed during the combustion of transport
fuel and when vehicle tires rub against the road surface,
which leads to the appearance of road dust, usually con-
taining heavy metals and metalloids. Thus, the intake
of Sb, Zn, Cu, Pb, Mo is associated with the emission
of engine oil particles and emissions occurring during
the combustion of automobile fuel, Zn, W come from
the abrasion of the road surface and markings, Sb, Cd,
Zn, Pb, Cu — with the abrasion of vehicle tires, Sb,
Zn, Cu, Pb, W — with the wear of brake pads and alloy
surfaces [9]. Industrial emissions are also a source of
PM, , formation, however, due to the fact that industrial
facilities are mainly located outside a city, their impor-
tance is small [10—-12].

The existing regulatory documentation of differ-
ent countries has significant differences in the value of
maximum allowable concentration for particulate pol-
lutants (Table 1).

Table 1. One-time, average daily and average year limits for
PM, : RF, EU, USA, China, WHO

Indicators™® RF | EU | USA | China | WHO
PM, _ one-time limit,
g /121-153 160 | — - - -
PM dail
e RS a5 a5 | 35 | 35 | as
PM, . average year, 12%*
ug/IZh% 25 | 12 L5k 15 10

Notes: * — PM, ; one-time limit — the maximum one-time
permissible concentration of particulate matter in the air when
averaged over 20 min; PM, . average daily limit — maximum
permissible average daily concentration of particulate matter in
the air; PM, | average year limit — the maximum permissible
average annual concentration of particulate matter in the air;
** — a value corresponding to the primary US standards that
protect the health of the most vulnerable groups of the popula-
tion; *** — a value corresponding to the secondary US stan-
dards that protect the health of the rest of the population.

Inaccordance with the international documentation
“WHO Guidelines on Air Quality” concerning the con-
tent of particulate matter, ozone, nitrogen dioxide and
sulfur dioxide in the air, the recommended daily average
value of PM,  concentration should be 0.025 mg/m’;
the annual average is 0.010 mg/m3. According to es-

3 Air quality guidelines: global update 2005: particulate mat-
ter, ozone, nitrogen dioxide and sulfur dioxide / World Health
Organization (WHO). 2006. URL: http://apps.who.int/iris/
handle/10665/107823

timates of the long-term chronic impact of PM,, on
human health in European cities, life expectancy may
increase by up to 22 months solely due to the fact that
the average annual concentrations of particles in the air
will be set equal to 10 micrograms/m®. Moreover, re-
sults have been obtained showing that an increase in
daily concentrations of fine dust leads to an increase
in subsequent days of hospitalizations associated
with respiratory and cardiovascular diseases [13], and
chronic exposure to PM,  leads to increased mortality
[14-17]. The WHO Guidelines on Air Quality establish
interim targets (IT) of average annual concentrations
of PM,, (IT-1 — 0.035 mg/m’, IT-2 — 0.025 mg/m’,
IT-3 — 0.015 mg/m?) and average daily concentrations
of PM,, (IT-1 — 0.075 mg/m’, IT-2 — 0.050 mg/m’,
IT-3 — 0.0375 mg/m?®). Levels from IT-3 (the lowest)
to IT-1 (the highest) show an increase in mortality.
Thus, with respect to the average annual values IT-1 is
characterized by a significant risk of mortality in de-
veloped countries (the risk of mortality is 15 % higher
than the risk of mortality at the recommended value of
0.010 mg/m?), at the level of IT-2 the risk of mortality
decreases by about 6 % compared to IT-1, at the level
IT-3, the risk of mortality also decreases by about 6 %
compared to IT-2. According to average daily values
the risk of mortality is 5 % higher for IT-1, 2.5 % higher
for IT-2, 1.2 % higher for IT-3 compared with the rec-
ommended value of 0.025 mg/m?® (Fig. 3).

Concentration of PM, ,, mg/m’

0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

0

WHO
recommended value

IT-1 IT-2 IT-3

» Average annual concentrations = Average daily concentrations
Fig. 3. Recommended value and IT of average annual and
average daily concentrations of PM, ; (mg/m?) in accordance with
the WHO Guidelines on Air Quality (MR — mortality risk)

Thus, in accordance with the existing evidence
base according to the maximum permissible values
of PM, ;, based on a large number of foreign studies,
the long-term impact of PM, ; exceeding the values of
25 mg/m?* for daily averaged value and 10 mg/m® for
year averaged value is dangerous and significantly in-
creases the risk of mortality of the population. This sug-
gests the need to revise the existing regulatory values
in a number of countries. However, even with PM,
values not exceeding the WHO recommended values
(0.025 mg/m? daily average, 0.010 mg/m? annual aver-
age), adverse effects on human health cannot be com-
pletely excluded, but the risk to public health can be
significantly reduced.
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The following factors can affect the decrease in
the concentration of fine particles in the air:

1) the number of sources of PM,, formation
(the number of vehicles powered by gasoline and diesel
fuel, the number of industrial facilities) and their features;

2) climatic conditions (average annual precipita-
tion, air humidity, wind speed and direction);

3) urban planning factors (geometry of the build-
ing area, number of storeys of buildings, built-up-
ness — for example, fine dust particles accumulate at
intersections and buildings located on turning sections
of a road) in combination with the wind rose;

4) the area of green areas at various horizontal
levels, including green roofs, as well as green facades
(surfaces that retain fine dust particles).

Various management solutions are used in cities to
reduce air pollution by particulate pollutants. As a rule,
the main measures to combat air pollution are aimed
to reducing the number of pollutant sources or control-
ling their emissions. This strategy leads to an effec-
tive reduction in the emissions rate, but does not affect
the pollutants already exists in the air. It is important to
note that the green spaces currently aren’t used to regu-
late the concentration of PM, ..

To improve air quality, it is necessary to modernize
traditional approaches for reduction the concentration of
existing pollutants in the air to an acceptable level, espe-
cially in the summer and at positive temperatures. One
of the ways to achieve this goal is to use green spaces
in a city that can reduce air pollution by depositing dust
particles on the surface of leaves [18-25]. Subsequently,
during precipitation particulate matter enter the ground,
the upper part of which must be changed every 2-3 years,
as approved in the current Order of the State Construction
Committee of the Russian Federation No. 153 dated De-
cember 15, 1999. It is important to note that the dust-re-
taining properties of various vegetation are not the same
and are characterized by the dust-filtering ability of
plants, depending on their morphological characteristics,
biomass, the amount and fraction of dust. Moreover, trees
and shrubs are more effective in removing pollutants
than lawn grass due to the larger leaf surface area, which
is characterized by Leaf Area Index (LAI). Thus, by [26]
anumerical study was carried out, which showed that trees
planted along highways contribute to reducing the con-
centration of exhaust gases in nearby pedestrian zones
by 7 %. Scientists have also revealed that trees through-
out the United States annually remove 711,000 tons
of pollutants from the air [27]. Based on the results of
these studies, in 2004, the US Environmental Protection
Agency (EPA) decided to plant trees in urbanized areas
to reduce the concentration of pollutants in the air in cit-
ies®. Thus, it is extremely important to recover landscap-
ing in urban areas.

¢ United States Environmental Protection Agency (US EPA).
Incorporating Emerging and Voluntary Measures in a State
Implementation Plan (SIP). US Environmental Protection
Agency, Research Triangle Park, NC, 2004. URL: https://www.
epa.gov/sites/default/files/2016-05/documents/voluntarycontro
Imeasurespolicyepa.pdf
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In conditions of high building density, where it is
impossible to allocate free space, landscaping the roofs
of existing buildings is an exceptional solution. Few
studies on the ability of green roofs to remove pollut-
ants from the air do not provide sufficient information
to judge the effectiveness of greening the roofs of build-
ings in order to reduce the concentration of PM, ;. Cur-
rently, the greening of roofs cannot be used as an inde-
pendent measure to combat air pollution due to the high
cost, but it can be an additional measure in combination
with other ones, in addition green roofs can provide
a solution to a number of environmental problems.

The purpose of the current research is to obtain
and analyze PM, , dispersion schemes in urban area on
the example of a residential neighborhood in the south-
ern administrative district of Moscow. In this study,
the following tasks were set:

1. Development of the residential area 3D numeri-
cal model in the ENVI-met software, which makes it
possible to estimate and predict the concentrations of
PM,  in the air.

2. Dynamic calculation of an air environment state
of the selected site with the use of computational hy-
drodynamics methods for a 24-hour period, analyze and
assess of the obtained PM, , dispersion schemes.

MATERIALS AND METHODS
ENVI-met description

The solution of the problem of urban landscaping
rational planning became possible due to the intensive
development of computational fluid dynamics (CFD),
which allows to analyze the effectiveness of the pro-
posed measures to improve the quality of urban air [28].
For the first time CFD was used to calculate pollutants
dispersion in the atmosphere in 1986 [29]. The mod-
els and methods of calculating heat and mass transfer
in the air, which have been improving since then, have
made it possible to investigate the influence of many
parameters on the dispersion of particulate matter in
the urban atmosphere: turbulence [30], humidity and
temperature, the diameter of polluting particles, the lo-
cation of emission sources in space, the geometry of
buildings and the type of building surface materials.
The introduction of CFD modeling into the research
process is an important step in determining the patterns
of the particulate matter desperation in urban develop-
ment and identifying effective measures to reduce dust
pollution in urbanized areas.

ENVI-met is a programme that uses computa-
tional fluid and dynamics methods, designed to build
a three-dimensional predictive model of microclimate
and modeling processes occurring in the boundary
layer of the earth, taking into account the properties
of urban surfaces, location and types of buildings and
green spaces. The CFD calculation in ENVI-met is
based on the numerical solution of the air flows equa-
tions in the mesh region. ENVI-met uses the Reyn-
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olds averaged Navier-Stokes equations (RANS) and
the standard k-e turbulence model, first proposed in
the study [31]. The k-¢ turbulence model is based on
several assumptions, the most important of which is
that the Reynolds number is sufficiently large. In ad-
dition, it is important that turbulence is in equilibrium
in the boundary layers (i.e., near the walls of solid ob-
jects), which means that the amount of turbulent ener-
gy generated is equal to the amount of turbulent energy
dissipated. These assumptions limit the accuracy of
the model, however, lead to savings in computing re-
sources compared to using more complex turbulence
models.

In this study, the calculation of PM, ; dispersion
was performed in the ENVI-met software version 4.4.5.

RESULTS
Research area

For this study, the territory of a residential neigh-
bourhood which is remote from industrial zones and lo-
cated in the southern administrative district of Moscow
(with an area of 12,856 hectares) was selected (Fig. 4).
Public and residential buildings up to 15 floors are lo-
cated on this territory. The study area is bounded on four
sides by highways: in the east — Warsaw Highway, in
the west — Simferopol Boulevard, in the north — Nakhi-
movsky Avenue, in the south — Bolotnikovskaya Street,
among which Warsaw Highway and Nakhimovsky
Avenue have the densest traffic.

Meteological data for the study was taken from
a weather station located near the study area at the ad-
dress: Moscow, Kashirskoe highway, 10 (Fig. 5, 6).

Meteorological data was used to set boundary con-
ditions in the model. The hourly averaged data from
the weather station was used as input parameters. Data
on relative humidity, %, air temperature, °C and PM,
concentration are performed in the Table 2.

Thus, sufficiently high concentration of PM,
were detected. The maximum one-time concentration
on August 26, 2020 was equal to 136.9 pg/m* (Fig. 7) in
the period between 20:00 and 22:00, which is lower than
the value of one-time concentration limit (160 pg/m?)
established by Russian Sanitary Regulations and Stan-
dards 1.2.3685-21. The average daily concentration on
August 26, 2020 was equal to 24.92 pg/m?, which is
also lower than the average daily concentration limit
(35 pg/m?). Despite the fact that the data obtained fall
within the limits of the Standard, their maximum values

Table 2. Weather station data for August 26, 2020

Fig. 4. Three-dimensional model of the research area in
AutoCAD:
— residential and public buildings up to 9 floors;

— residential buildings with up to 15 floors;

pedestrian zones; = — highways; — green areas; m —

deciduous trees

Fig. 5. Satellite image of the research area

L

‘z‘fn
aF » Y
7 ;
i — Il

Fig. 6. The scheme of the research area: @ — the 70th quarter
of Volkhonki-ZIL; b — the 72nd quarter of Volkhonki-ZIL;

¢ — the 71st quarter of Volkhonki-ZIL; d — the location of
the weather station

Time, h 02| 24 | 46 | 68 | 810 [ 10-12|12-14 | 14-16| 16-18 | 1820 | 20-22 | 2224
PM, , averadge, pg/m’ 30 29 32 39 35 33 34 10 4 5 15
PM, , maximum, pg /m? | 54.80 | 29.50 | 40.60 | 38.50 | 43.70 | 34.90 | 46.80 | 34.00 | 12.60 | 13.20 | 136.90 | 15.20
T,°C 21 19 18 18 20 20 20 17 17 17 16
Relative humidity, % 84 100 100 100 100 93 96 99 100 95 91 100
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are dangerous to human health according to WHO and
as a result can cause respiratory, cardiovascular and on-
cological diseases.

Cipaso pg/m’
45
40
35
304
25
20
15
10

0 2 4 6 & 10 12 14 16 18 20 22 24
Fig. 7. Hourly graph of the average PM, ; concentration
measured by the weather station at August 26, 2020

ENVI-met model

The AutoCAD programme was used to build
the research area. Rhinoceros 3D software based on
Grasshopper visual programming was used to import
the model from the AutoCAD programme to ENVI-met

(Fig. 8).

AutoCad —— Rhinoceros 3D —— ENVI-met

Fig. 8. The stages of importing the model into ENVI-met

In this case, the finite element ENVI-met model
(Fig. 9) includes the research area with the selected
model parameters and ENVI-met objects which are as-
signed different types of materials (asphaltic-cement
concrete road surfaces, concrete and brick surfaces of
buildings, landscaped surfaces).

The calculation was carried out for a twenty-four-
hour period on August 26, 2020. Table 3 shows the pa-
rameters of the ENVI-met model.

Adding nesting grids can improve the conver-
gence of the numerical solution, but it is not necessary

Table 3. The main parameters of the ENVI-met model

243 m

1,230 m

Fig. 9. Computational domain of the ENVI-met model

if there is sufficient free space between the boundary of
the computational domain and the outermost objects
of development. To improve the convergence of the so-
lution, 8 nesting grids were added in this calculation.

The ENVI-met programme can construct 2 types
of a vertical grid: equidistant grid A, where all cells,
except the five lower ones with a height of 0.2Az,
have the same vertical dimensions Az, and a telescopic
grid B1, B2, C, where with increasing distance from
the earth’s surface, the cells height increases taking
into account the expansion coefficient s. Fig. 10 shows
an equidistant grid (A) and a telescopic grid in three
variants (B1, B2, C), where variant C, which is a special
case of variants B1 and B2, has an expansion coefficient
s equal to zero, as a result the heights of each cell of all
layers of the computational domain are equal. In this re-
search, the equidistant method of generating a vertical
grid (A) was applied. Near the earth’s surface, a smaller
vertical size of five grids was set equal to 0.6 m in or-
der to obtain more accurate calculation results since at
ground level the exchange processes between the atmo-
sphere and the earth’s surface have a significant impact
on the microclimate.

The size of a grid cell in ENVI-met computational
domain ranges from 0.5 to 10 m, while the time step
is 1-5 s [32]. In this study, the cell size is 3 x 3 X 3 m,
the computational domain of the model has dimensions
of 1,230 x 1,140 m and a height of 243 m. The compari-
son of the model in AutoCAD and ENVI-met is shown
in Fig. 11 and 12.

. . Computational domain of

Simulation date August 26, 2020 the ENVILmet model, m 1230 x 1140 x 243
Simulation time 24 hours Grid cell dimensions 3x3x3
Wind speed, measured at a height of 10 m, m/s 4.05 dx, dy, dz, m
Wind direction Northeast Nesting grids 8
The initial temperature of atmospheric air at 00:00 21
on August 26, 2020 ¢, °C
Minimum temperature over 24 hours on August 26, Vertical grid generation .
2020¢ . ,°C ’ ¢ 16 riethi d Equidistant
The maximum temperature over 24 hours on August 21
26,2020¢ ., °C
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A Bl B2 C
Az Az |
Az(d)|=Az(3) + |Az(0)=Az(4) + [T
Az ( —s(-Az(B) ' s-Az(4)—z
Az Az(d)=Az + -
Az(3)|= Az(2) + bsAz | Az

il R Fs-AX2) [ A Az
Az |/ ooas [Az@)=Az(1) + | Az Az |
- +5-Az(1) L
—0.2Az |Az(1) Az Az
1-0.2Az —
\02&2 s=0

Fig. 10. Types of vertical grids in ENVI-met

Fig. 11. Three-dimensional model of the studied area in
AutoCAD, top view: = — residential buildings with up to 15
floors; — residential and public buildings up to 9 floors;

— pedestrian zones; = — highways; = — landscaped
areas; m — deciduous trees

| SRR

HEE
LS
Fig. 12. Three-dimensional model of the studied area in
ENVI-met, top view: m — residential and public buildings;
— pedestrian zones;
m — deciduous trees

— green areas; O — highways;

The traffic intensity was determined by averaged
traffic calculations with dividing transport into dif-
ferent classes (truck transport > 7.5 tons; buses; pas-
senger cars). Traffic data was averaged over 1 hour.
Emissions from road traffic are presented in the form of
linear sources. The sources were placed across the en-
tire width of the traffic lanes for a more realistic spatial
distribution.

After the calculation, the distribution schemes
of fine particles in the air of urban development were
drawn up, which are shown in Fig. 13—-16.

The calculation results demonstrated that the width
of the roadway, and, consequently, the number of vehi-
cles passing per hour, plays a primary role in the forma-
tion of fine dust in the studied area (Fig. 13). Moreover,
the speed and direction of air movement determine
the location of areas of PM, , accumulation (Fig. 14).
Wind speed (and, consequently, PM, ; concentration)
have the greatest values on the streets oriented along
the wind direction. Since the air flows in the compu-
tational domain have a north-easterly direction (in
the southern part of the studied area wind has north-
westerly direction due to the vortex movement of air),
the greatest negative impact of PM,  falls on residential
buildings located along two highways: Varshavskoe
Highway and Simferopol Avenue. The wind speed in-
side the area (in courtyards between houses away from
wide highways) is significantly lower due to the shiel-
ding effect of residential buildings, as a result, fine par-
ticles PM, . will stagnate in these areas.

Concentration
of PM, 4, pg/m’

Min.: 0.00
Max.: 77.02

0 162 324 486 648 810 972 1,134 1,230 Z
X, om

Fig. 13. The distribution scheme of PM, , in the studied area
at 21:00 at the height of 1.5 m from the ground surface

1,140 g Wind
972 |y speed, m/s
o
810 ;
| 0.65
648 0.98
131
Y,m : 1.63
486 1.96
229
s 28,
162 | Min.: 0.00
Max.: 3.27

0 162 324 486 648 810 972 1,134 1,230 ¢
Aom

)y -

Fig. 14. Wind speed in the studied area at 21:00 at at
the height of 1.5 m from the ground surface
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Concentration
of PM, ;, pg/m?

Y,m

0 162 324

486 648 810 972 1,134 1,230 ‘
X, om

Fig. 15. The distribution scheme of PM, . in the studied area
at 21:00 at the height of 10 m from the ground surface

0 162 324 486 648 810 972 1,134 1,230 A
X, m

Fig. 16. Wind speed in the studied area at 21:00 at at
the height of 10 m from the ground surface

Fig. 13 and 15 show that dust pollution remains
highly concentrated along the roads. At the altitude of
1.5 m from the earth’s surface, the maximum concen-
tration of PM, , was 77.02 pug/m* in the central part of
the Warsaw Highway, which is lower than the short-
term exposure limit = 160 pg/m?, which is nevertheless
dangerous for human health. At a distance of 10 m from
the border of the nine-lane road carriageway, PM, ; con-
centrations decrease by approximately 5-10 % com-
pared to the central part of Warsaw highway.

In further studies, roofs landscaping in the deve-
lopment area at various altitude relative to the earth’s
surface will be proposed to reduce PM, , concentrations
in order to study the effectiveness of this factor.

CONCLUSIONS

Thus, according to the results of the study, we can
come to the following conclusions.

Air pollution by particulate matter in the context
of urban development and expansion is becoming an ur-
gent problem that requires researches and development
of effective and environmentally friendly management
solutions. PM, , are part of PM_, but it is PM, , that are
more toxic and contain more heavy metals, and, as a re-
sult, contribute more to the deterioration of the health of
the urban population, leading to respiratory, cardiovas-
cular and oncological diseases.

The analysis of domestic and foreign regulatory
documentation has shown the need to revise the exis-
ting regulatory values on the territory of the Russian
Federation. Reducing the average daily and average an-
nual concentration limits of PM, ; will reduce the risks
of mortality and improve the well-being and health of
the urban population. So, with a decrease in average
annual concentration limit for PM, | from 25 ug/m’ to
the recommended value of 10 ug/m?, the risk of morta-
lity of the population will decrease by more than 6 %.
At that, the regulation of the average annual concentra-
tion limit is a more important step because this indicator
causes more harmful long-term effects of fine dust on
human health.

Urban landscaping is a little-studied factor that has
a potential to decrease in the concentration of PM, ..
Reduction of air pollution by fine particles occurs due
to their deposition on the surface of leaves, and if it is
impossible to allocate free space in conditions of high
building density, greening roofs of existing buildings
may become a solution to reduce air pollution.

The results of the calculation carried out in this
study demonstrated that the width of a roadway and,
consequently, the number of vehicles passing it per
hour plays a primary role in the formation of fine dust
in the studied area. Moreover, the speed and direc-
tion of air movement are of the greatest importance on
the streets oriented along the wind direction and deter-
mine the location of areas of PN, ;accumulation. Dust
pollution remains highly concentrated along the roads.
The greatest negative impact of fine dust falls on resi-
dential buildings located along highways.

It is most rational to increase the density of land-
scaping in areas with a high concentration of PM,
along the main roads and on the roofs of existing low-
rise buildings and medium-rise buildings.
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Numerical modelling of multiphase flow hydrodynamics by CFD
analysis methods in a double-elbow pipeline
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ABSTRACT

Introduction. Prediction of multiphase flow patterns in pipelines of gas and oil industry is a complicated hydrodynamic
process. Hydraulics of gas-liquid flows and erosion processes in pipelines with many bends in which gas, water, oil and air
move are insufficiently studied. There are known studies of movement in single-phase flow conditions with one elbow, which
is insufficient for design of modern pipeline systems. Therefore, there is a need for in-depth analysis of interaction of media
in multiphase flow and transported sand particles. In this paper the effects of elbows on multiphase flow hydraulics and ero-
sion of pipe sections are investigated using computational fluid dynamics (CFD) modelling tools for 100 seconds’ of process.
Materials and methods. A liquid volume model (VOF) was used to simulate three-phase flow: air-water with solids in a pipe
with two elbows. Turbulence effects have been accounted for with the RNG k—¢ model. The model verification methods
from previous studies have been used. For the numerical solution, the Ansys Fluent version 20.1 software package has
been used. The results of CFD modelling of the volumetric gas content have shown a good agreement with the available
experimental data.

Results. The results showed that the change in the flow regime remains unchanged before the first elbow and after the se-
cond elbow in the cork flow. However, for the initial churn flow regime, the flow regime varies at different segments of the flow
area before and after each elbow.

Conclusions. The preliminary churn flow in the upper vertical section was transformed to wavy stratified flow in the hori-
zontal section between the two elbows and wavy annular flow in the vertical pipe after the second elbow. The flow pattern in
slug flow maintained same after the first elbow, but the Taylor bubbles are lengthier in the horizontal section between the first
and second elbows.

KEYWORDS: multiphase flow, churn flow, void fraction, slug flow, two elbows pipe, Ansys, CFD, probability density function
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YuciaeHHoe MoaeJUPOBaHNE THAPOAUHAMHUKN MHOTO()A3HOT0 MOTOKA
Metogamu CFD-ananu3a B Tpy0OOnpoBo/ie ¢ IBOMHBIM KOJEHOM

Ausmpe3sa Taxepudapa, Buxrop BacuiabeBuu Enucrparos
Canxm-Ilemepbypeckuu norumexnuyeckuti ynusepcumem Ilempa Benuxoeo (CIIOITY);
2. Canxm-Ilemepoype, Poccus

AHHOTAULMUA

BBeneHwue. [porHosnpoBaHue xapaktepa ABMKEHUS MHOrodasHbIX NOTOKOB B TPyOOMNpoBoAax rasoBov U HeTAHON Npo-
MBbILLITEHHOCTW SBNSIETCS CMOXHbBIM rMAPOAMHaMUYECKUM npoLeccoM. [mapaBnuka ra3oXuaKOCTHbIX NMOTOKOB M 3PO3MOH-
Hble npoLecchbl B Tpy6onpoBodax Co MHOMMMM KOfleHaMu, B KOTOPbIX ABWXYTCS ras, Bofa, HedTb, BO34yX, HEAOCTaTO4HO
n3yyeHsbl. /13BeCTHbI nccnenoBaHns ABWKEHUSI B YCNOBUSAX OQHOMA3HOro NoToKa C OAHUM KOMEHOM, YTO HEA0CTaTOYHO Mpu
NPOEKTUPOBaHNUN COBPEMEHHbIX TPYOONPOBOAHBIX cUCTEM. [103TOMY CylecTByeT HeOBXOAMMOCTb B yriy6rneHHOM aHanuse
B3aUMOLENCTBUS cpef, B MHOroha3HOM MOTOKE C TPaHCMOPTUPYEMbIMM YacTuLamu necka. VccnegoBaHo BMsIHWE KONMEH
Ha rMapaBnMKy MHOroda3HOro NnoToka v 3po3unio y4acTKoB TPyObl C MCMOMb30BaHWEM UHCTPYMEHTOB MOAENMPOBaHNS Bbl-
yncnutensHou ruapoanHaMmukmn (CFD) B TeyeHne 100 c npouecca.

MaTepuansi u metoabl. lNpumeHnnu mofens obbema xuagkoctu (VOF) ans mogenuposaHus TpexdasHoro rnoToka: Bo3ayx-
BOAa C TBepAbIMM YacTuuamu B Tpybe ¢ AByMsA koneHamun. AddekTbl TypOyneHTHOCTH yyTeHbl ¢ noMoLlbio Mogeny RNG
k—¢. Vicnonb3oBaHbl MeToAbl BepudUKaLmMn Mogeny No paHee BbIMOMHEHHbIM UCCNEA0BaHNAM. [Ns YNCNEHHOro peLleHns
NPUMEHUNU NporpaMMHebIi komnrekc Ansys Fluent Bepcum 20.1. MonyyeHHble pesynstatsl CFD-mogenupoBaHnst 06bemMHo-
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INTRODUCTION

Multiphase flows with the presence of sand parti-
cles are commonly encountered in many industries, in-
cluding the oil and gas production process. This process
involves extracting fluids from underground reservoirs,
which can contain a mixture of oil, gas, water, and sand.
The fluids are then transported through a series of pipes
and processing facilities to separate the different phases
and extract the valuable components. The multiphase
flow in the oil and gas production process can occur
across the entire production line, from the reservoir to
the surface processing facilities. This includes the well
completion, which involves connecting the reservoir
to the surface through tubulars, as well as any surface
facilities on land, seashore, or offshore structures. Pipe-
lines are also used to transport the extracted fluids to
additional processing facilities.

The composition of the multiphase flow in the oil
and gas production process can vary depending on
the stage of production. For example, it may include
a saturation stage, a gas/air phase, and a water phase.
Different modes of three-phase flow can occur due to
the interactions between the different phases. Some
common industrial flow regimes include slug flow,
churn flow, and annular flow. To better understand and
optimize the multiphase flow in the oil and gas pro-
duction process, a range of simulations and numerical
methods can be used. This includes computational fluid
dynamics (CFD) modelling, which allows researchers
to simulate and analyze the complex behavior of mul-
tiphase flows in different conditions. By gaining a bet-
ter understanding of the behavior of multiphase flows,
researchers can improve the efficiency and safety of
the oil and gas production process, as well as other in-
dustries that use similar flow systems [1, 2]. Researchers
have tirelessly focused their attention on geometrical
structures with a single bend or fixed vertical or hori-
zontal pipes. However, sophisticated pipelines such as
those with multiple bends and U-bends require more at-
tention to study due to limited space availability and
design economics. Nevertheless, a comprehensive un-
derstanding of the behavior of two-phase flow in bends
is crucial for various industrial applications. Zhao
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has demonstrated two particular comparisons of two
fluids at several bends to highlight the complexity. He
has developed a method for calculating oil-gas proces-
sing systems, where two-phase flows encounter several
turns due to the installation of bends in the pipeline [3].
Zao concluded that there is a significant difference in
the behavior of two-phase flow patterns in horizontal
and vertical pipes. This finding suggests that annular
flow is presented in both horizontal and vertical pipes,
whereas vertical pipes also exhibit diffused bubble,
slug, stratified, and churn flows [4].

Flow regimes can rapidly change at bends when
the flow direction shifts from a vertical to horizontal
or horizontal to vertical perspective. Kerpel [5] inves-
tigated the behavior of a sharp return stepped elbow
both upstream and downstream using capacitance sen-
sors. The elbow had an interior diameter of 0.008 m and
a radius of curvature of 1 mm. He used the refrigerant
R134a, with mass flux and void fraction ranging from
210410 kg/m?’s and zero to one, respectively. Depen-
ding on the experimental conditions, Kerpel equipped
the elbow upstream and downstream with seven capaci-
tance sensors to collect a series of void fraction results
over time to assess how the elbow influenced the ex-
periment’s results. He found that, for a short period be-
fore the first elbow, the flow exhibited slug, wavy and
annular flow regimes.

Abdulkadir [6] investigated the conductance of
two-phase air-water flow in churn and annular flow
regimes in a large diameter vertical 180-degree return
elbow with a diameter of 0.135 m and a curvature ratio
of three. The air velocity ranged from 3.8 to 15.8 m/s,
while the water velocity ranged from 0.03 to 0.3 m/s.
The mean film of probability density function (PDF)
profiles were used to determine that the flow pat-
terns were located within the slug-to-churn transition
zone. Although churn flow was observed upstream of
the elbow, the liquid was found to be draining towards
the elbow’s base due to gravity forces, and the gas was
situated in the pipe’s center, resulting in an annular
flow pattern downstream. These findings suggest that
the flow regimes in the elbow were influenced by gra-
vity forces and could change based on the flow rates
of the two phases. It is necessary to carry out further
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studies to fully understand the behavior of two-phase
flow in large diameter vertical return elbows.

The researchers conducted experiments to ana-
lyze the flow patterns before and after elbows in
a 75.3 mm pipe. They discovered that the churn/annu-
lar flow patterns were nearly identical before and after
the pipe elbows were installed. The void fraction dis-
tributions were measured before and after the elbow
using a wire mesh sensor that was directed vertically
upward and horizontally at gas velocities of 12 m/s
and liquid velocities of 0.015 m/s. During the inves-
tigation, they observed a flow transition from annular
churn flow at one point in the pipe’s length to wavy
stratified flow at the opposite point. These findings
suggest that the flow patterns in the pipe are affected
by several factors such as the pipe geometry, flow
rates, and the positions of the wire mesh sensors. Fur-
ther investigations are necessary to fully understand
the behavior of the two-phase flow and its characteris-
tics in pipes with elbows [1].

Vieira conducted a comprehensive investigation
to study the impact of a 90-degree standard elbow on
the flow characteristics of horizontal gas-liquid strati-
fied and annular flows in a stratified-wavy horizontal
pipeline. To accomplish this, the author employed dual
wire-mesh sensors to measure void fraction distribu-
tions. The horizontal test section was constructed with
a 17-meter-long pipe having an inner and outer diameter
0f 0.0851 m, which produced stratified-wavy and annu-
lar flows. Two sensors with a 16 X 16 wire-mesh design
was placed 0.81 and 0.59 m upstream and downstream
of the elbow, respectively. The tests were performed at
various superficial liquid velocities ranging from 0.03
to 0.3 m/s and superficial gas velocities ranging from
10 to 33 m/s using wire-mesh sensors.

The author analyzed the cross-sectional averaged
void fraction time series for stratified and annular flows
in the upstream and downstream regions and found that
they had a significant resemblance, indicating that they
were produced by the same mechanism. The transition
from stratified to slug flow was also investigated, and it
was observed that wave instability was the most promi-
nent characteristic. After passing through the 90-degree
horizontal elbow, there was a slight increase in cross-
sectional time-averaged void fraction values, and more
liquid was present in the pipe’s perimeter, with smaller
waves than upstream conditions. The findings suggest
that the presence of a standard elbow in a horizontal
pipeline does not significantly affect the churn and an-
nular flow patterns [7].

Suleimanov [8] and his colleagues proposed a com-
prehensive approach that involves analyzing the cha-
racteristics of the transported fluid and the pipeline.
They discuss the different methods that can be used to
determine the fluid composition, including laboratory
testing and mathematical modelling. They also discuss
the importance of accurately predicting the pipeline
route profile, which can help to identify potential prob-

lem areas. Gromov [9] and colleagues presented a new
measurement and computing system for diagnosing
thermodynamic processes of multiphase flows in pipe-
lines. The authors discussed the challenges associated
with diagnosing the thermodynamic processes of multi-
phase flows in pipelines, including the lack of accurate
measurement and computing systems. They introduced
their new system, which combines advanced measure-
ment techniques with modern computing technology to
provide accurate and reliable data on the thermodynamic
processes of multiphase flows.

Serov [10] conducted a numerical study to investi-
gate the effect of the inclination angle of the pipeline on
the pressure drop and flow regime in a multiphase flow
system. His research highlights the importance of accu-
rate modelling and simulation of multiphase flow sys-
tems to optimize pipeline design and operation. The au-
thors concluded by recommending further research on
the effect of pipeline position on multiphase flow re-
gimes and the development of more accurate modelling
techniques to improve the efficiency and safety of pipe-
line operations.

Buznikov [11] discussed the impact of the choice
of a hydrate inhibitor on ensuring uninterrupted flow
in long offshore multiphase fluid pipelines. The authors
examined the performance of two commonly used hy-
drate inhibitors and their impact on pipeline flow sta-
bility. They provided an overview of the challenges
associated with maintaining uninterrupted flow in long
offshore multiphase fluid pipelines, including the for-
mation of hydrates and their impact on pipeline integ-
rity. The authors then described the experimental study
they conducted to investigate the effectiveness of two
hydrate inhibitors in preventing hydrate formation and
ensuring uninterrupted flow in the pipeline.

Kopteva [12] presented a method for developing
an intelligent information-measuring system for con-
trolling complex parameters of multiphase flows in
conditions of uncertainty. The focus was on creating
an adaptive information-measuring system for the trans-
port parameters of oil and the detection of organic
deposits on the inner surface of pipelines to improve
the efficiency of the state information system of the fuel
and energy complex.

Taherifard utilized Computational Fluid Dynamics
(CFD) to investigate the characteristics of both water
and gas within the pipeline, and to make predictions
about potential erosion. Specifically, he focused on
a pipeline with a diameter of 76.2 mm, and conducted
simulations of churn, slug, and annular flow in order
to identify where erosion may occur and estimate its
size. By analyzing the behavior of fluids under these
different flow conditions, Taherifard was able to gain
insight into how erosion is likely to develop in the pipe-
line over time. The results of his investigation may have
significant implications for pipeline safety and mainte-
nance [13, 14].
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Zhao [3] and colleagues conducted an experimen-
tal investigation in the laboratory to study the transi-
tion between two-phase flow regimes in a double-bend
pipeline. They investigated gas-liquid flows at two
90-degree bends in sequence with a constant sepa-
ration distance and measured the phase distribution
using capacitance measurements inside and outside
the elbows. The results showed that the two-phase
flows underwent transformative flow due to second-
ary flows and gravity forces at the bend. Slug and
churn flows were observed upstream of the elbow,
whereas stratified churn, wavy, and slug flows were
recorded downstream of the bend at different gas and
liquid surface velocities. The bend transformed up-
stream bubbly flow into stratified flow downstream
of the elbow at certain liquid and gas superficial ve-
locities whereas upstream slug flow transformed into
churn flow downstream of the elbow at other liquid and
gas superficial velocities. The liquid phase drained to
the pipe’s bottom during the passage of the two-phase
flow around the bend and into the horizontal sections,
due to gravity, and converted to stratified flow. They
found that a minimum distance of 10 to 50 D from
the 90-degree bend was required for the formation of
the flow after the bend, depending on the flow rates.
The study highlighted a knowledge gap in the previ-
ous literature regarding two-phase current switching
on curves with different separation lengths. These pipe
designs are widely used in offshore oil and gas drilling
rigs, refineries, and food processing facilities to create
novel curved connections.

According to the aforementioned literature study,
there is a knowledge gap in the understanding of two-
phase flow transition in pipeline with two elbows.
Such pipe structure is predominantly reported on off-
shore oil and natural gas processing facilities. This
work seeks to provide a knowledge of two-phase flow
(gas/water) pattern, and its behavior in the pipe with
two elbows including slug and churn flow. The in-
stability of two-phase gas-liquid flow is still one of
the most important issues in the study of multiphase
flows, whether it is done experimentally or numeri-
cally. CFD analysis for the flow and moving phase
interaction can provide important information about
the interaction of the two-phase gas-liquid flow and
moving phase. It is a commonly used as an approach
for multiphase flow modelling that includes accurate
interfaces, such as layered flow patterns or slugs, and
is known as volume of fluid method (VOF) [4, 15-19].
The Euler model was employed in this work, together
with the multifluid VOF model. The multifluid-VOF
model is one of the hybrid approaches that have been
produced by combining the Two-Fluid approach with
the Volume of Fluid (VOF) method proposed by
Cerne [20]. The volume interface model is employed
to analyze evolution prior to and following the emer-
gence of multiphase flows with a various separation
length of elbows.
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MATERIALS AND METHODS
Simulations numerical

To simulate the slug and churn flow regimes and
capture the interface between gas and liquid phases, this
study used the Eulerian two-phase model along with
the Multifluid-VOF model, an interface capture method
in Ansys Fluent. The simplified modelling assumption
of Interfacial Area Concentration (IAC) transport equa-
tion was used in this hybrid model to account for dif-
ferent bubble sizes, bubble breakage, and coalescence
without delving into the details of bubble size distribu-
tion as in the population balance model.

Eulerian-Eulerian two-phase flow modelling
The phase continuity equations are:

%+V(aipi\7i )=0;

ot
Zn:a,. =1,
q

where o, p.and  are the volume fraction, density and
velocity of the individual phases.

The momentum formulas for the stages are as fol-
lows:

(1

2)

a(g‘ipivi) + \v4
ot
=-o,Vp+V- 1, +aipi§+F

i

(U‘ipivivi) = 3)

where p and 1, are the pressure and stress-strain tensor
of the individual phase, g is acceleration due to gra-
vity and £} is the interfacial force between the phases.
The governing equation of the interfacial force F}

from equation (3) is given as:
F, =K, (v,. —v.),

J

(4)

where K, is the interphase momentum exchange co-
efficient between the phases. The second phase in Eule-
rian-Eulerian two-phase flows is considered as bubbles,
and the interphase exchange coefficient is given by:

Py
y 61’. p

i

)

where X, is the interfacial area concentration; f is
the drag co-efficient and 1, is the particle relaxation time
given by:

_pd;

T, . 6
Rt ©)

To compute the drag coefficient f, the Schiller
model is employed.

Eulerian-Eulerian two-phase flow modelling is
needed to understand fluid behavior in pipes because
it can track two different fluid phases simultaneously
and predict flow pattern, pressure drop, velocity distri-
bution, and phase holdup. This approach is necessary
to optimize system design and operation in various in-
dustries.



Numerical modelling of multiphase flow hydrodynamics by CFD analysis methods

in a double-elbow pipeline C. 901-916

Turbulence simulation

k—e turbulence models with Re-Normalization
Group (RNG) equations were used to model the pro-
cesses in the pipe [21]. The RNG k—¢ transfer formulas
are as follows.

Kinetic Energy, &:

(k) + = (ki) =

ot Oox;
7
_ 0 a ok +G, —pe v
ox; eHer ox; Pe
Dissipation rate, €:
o)+ 2 (pev ) =2 o, 2 |4
at p a p i a . gp’eﬁ’a
' / o ®
2
€ €
+C1£Z(Gk)_C28p7_Rs’

where o, and a_are given in which the inverse effec-
tive Prandtl numbers for k£ and ¢ respectively; G, is
the production of turbulent kinetic energy as a result
of mean velocity gradients; G, and C, are 1.42 and
1.68; is the effective viscosity. The effective vis-
cosity is given by:
pC.k*
My =n+p, andp, = ; ,

©)

where G, is 0.085.

RNG k—=¢ is more precise and dependable over
a broader range of flows. They are also more sensitive
to the effects of fast strain and streamline deformation,
making them ideal for flow through elbows [22]:

3(1- 2
g 2 Ger(-ning)e’ (10)
¢ 1+pn’ k
Sk
ﬂ=?; n, =4.38, p=0.012, (11)

where S is strain rate of fluid flow.

The k—e turbulence model with RNG is necessary
to use in computational fluid dynamics (CFD) to ac-
curately model the turbulence in confined flows such as
pipes. It takes into account the effects of turbulence on
fluid properties such as velocity and pressure. The model
uses two transport equations to model kinetic energy
and the rate of dissipation of turbulence. The RNG ap-
proach is used to improve the accuracy of the model
in certain flow situations. Overall, the k—¢ turbulence
model with RNG is widely accepted and effective for
predicting the behavior of fluid flows in pipes.

Mathematic approaches to solving problems

The governing equations for mass, velocity, phase
volume fraction, and turbulence were numerically
solved using Ansys Fluent version 2020R1. The simu-
lations were three-dimensional and transient, with
the assumption that the fluid and gas phases were im-
miscible and did not exchange mass. The upwind tech-

nique was used to discretize the velocity and turbulence
equations, and the velocity and pressure equations were
linked through the SIMPLE phase-coupled algorithm.
The under-relaxation factor for pressure, momentum,
and interfacial area density equations was set to 0.3,
while the volume fraction was set at 0.5, and the turbu-
lence kinetic energy and power dissipation rate equa-
tions were set at 0.6. The solutions were obtained us-
ing a transient method with a time interval of 0.001 s,
and convergence was achieved when the particles of all
equations were less than 106. Each time step required
between ten and twenty iterations to achieve conver-
gence.

Flow

The two elbows pipeline with a standardized gap
distance (Length/Diameter) of 15 between two elbows
were created in Ansys. There are three-meter verti-
cal pipes and 2-meter horizontal pipes upstream and
downstream of a typical 90-degree elbow, respectively,
and fluid flows from an upward vertical to a horizontal
direction, similar to the 3-D discrete mathematics em-
ployed by Parsi [23]. The pipe’s diameter and the ra-
dius of the elbow’s curve are both 0.0762 m and 1.5 of
diameters, respectively. The input parameters of boun-
dary conditions are represented in Table 1, regarding
the pipe size, and the sand particles data.

Table 1. Input parameters for the calculation

Input parameters Value
Pipe Diameter, mm 76.2
Elbow Radius of curvature 1.5
Sand Diameter, pm 300
Sand Density, kgm™ 2,650
Sand Flow Rate, kg/s 0.0265
Gas velocity, m/s, in validation study 18.1
Gas velocity in churn flow, m/s 15.3
Gas velocity in slug flow, m/s 0.8
Liquid velocity, m/s 0.3

Boundary conditions

To define the boundary conditions for velocity-
inlet and pressure-outlet, the researchers established
conditions at both the inlet and outlet of the system.
The wall was constructed using the conventional log-
law method. The inlet was designed to have a 9 percent
flow velocity. To facilitate faster flow development,
the pipe intake surface was divided into two sections,
as shown in Fig. 1, which is similar to the CFD simula-
tion conducted by Parsi [23]. The diagram shows that
the gas was introduced into the domain through the cen-
ter of the inlet, while the liquid was added circumfe-
rentially. The velocities from formulas (1) and (2) were
used to incorporate both the fluid and gas phases into
the domain. Initially, the liquid phase was introduced
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into the domain at a constant velocity of zero degrees
Celsius and filled the entire space:

V. A
s8§p
inlet—gas > (12)
& Ag
V,A
I/irtle—li = . (13)
t—lig Al

In this equation, V_as well as V are the subsur-
face gas and liquid kinematics, Ap is the perimeter of
the pipe, and A, as well as 4, are the gas and liquid in-
take areas, respectively.

Fig. 1. Phase injection is accomplished through the intake,
and the colors red and blue represent air and water,
correspondingly

Creation of mesh

The mesh cells used in this study had an element
size of 281,608 grids, according to the research made
by Parsi which the mesh size of 236,250 was used for
modelling in Ansys for particle tracking in multiphase
flow [23]. Parsi used smaller mesh size due to lower
computational expense, however, the bigger mesh size,
the more accurate the result will be.

Conditions of flow

It was found that simulations are to implement for
both single and double bend pipes under two different
flow conditions, with superficial liquid and gas velocity
values of 0.3 and 18.1 m/s, respectively. The gas and
water phases of the experiment were air and water, cor-
relatively. There are two types of fluid properties in ver-
tical pipes for this study: slug and churn. Fig. 2, a shows
the map of vertical fluid flow developed by Liu [24].
Fig. 2, b shows the flow conditions in horizontal pipes,
which are closer to the elongated bubble/slug boundary
and therefore include the slug and annular fluid flow.
The points on the figures demonstrate the chosen velo-
city for case 1, and case 2.

RESULTS OF THE RESEARCH

Validation of a single elbow

Previously, Parsi conducted a study on void frac-
tion at a location 1m before the elbow and published
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Fig. 2. The formation of the flow’s structure multiphase
flow: a — vertical pipes; b — horizontal pipes

a paper. The aim of the study was to compare experi-
mental and modelling data to identify any discrepan-
cies and validate the experiments. The surface gas ve-
locity was 18.1 m/s, and the liquid surface velocity was
0.3 m/s. In Fig. 3, the average steam quality in a cycle
section with an internal gas velocity ¥ of 18.1 m/s and
a liquid velocity ¥, 0f 0.3 m/s was compared. Parsi pre-
sented experimental and numerical time series data on
void fraction content [25], characterized by a high value
of 0.9 representing the gas component with few drops
and a low value of 0.2 representing the periodic transi-
tion of the liquid. The minimum void fraction decreases
in the experimental and numerical data presented by
Parsi was 0.69 and 0.73, respectively, while this study
has a minimum volume fraction of 0.75. The maximum
void fraction in the Parsi’s experimental and CFD data
was 0.97, while it was 0.98 in this study.

As can be seen in Fig. 3, when Ve is 18.1 and
V, is 0.3, the results of the current investigation and
the experimental work of Parsi are in agreement. Thus,
the next step is to investigate pipe with two elbows.
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of ng= 18.1 m/sand V= 0.3 m/s

Geometries with two elbows and multiphase flows

This study investigated the velocity distribution of
a multiphase slug/churn flow with a constant liquid ve-
locity, considering two different gas velocities ranging
from 0.8 to 15.3 m/s. The liquid velocity was fixed at
0.3 m/s. The study included four observation levels, and
their positions are illustrated in Fig. 4.

Flow visualization

Case 1 and Case 2 contour are plots after 100 se-
conds of simulation time (ng =153 m/s; V,,= 0.3 m/s)
which are shown in Fig. 5, a, b, respectively. Conurba-
tion flows are used to differentiate flow rates upstream
of Elbow 1 when the standardized separation distance
is zero, as indicated by the contour plots. When running
a churn flow, there are no clearly defined boundaries be-

Location 3

I m Location 2

Location1

Fig. 4. Domains in the field of computation

0.1 m
0.2m

A

Location 4
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tween the liquid and gas phases. This is despite the exis-
tence of oscillations and periodic gas cores [26, 27].
Some authors believe that this sort of flow is essentially
annular in character, with massive perturbation waves
transported by the gas flow; similarly to the findings
of this study, massive waves in churn stream have also
been reported by Parsi and Riva Col [16, 28].

The aim of this analysis was to investigate
the multiphase flow behavior in the horizontal section
follo-wing bend 1, with the standardized separation dis-
tance set at 15. The contour plots presented in Fig. 6
depict the mean void percentage over a homogeneous
surface of the flow at a gas velocity of 15.3 m/s and
a liquid velocity of 0.3 m/s. In the first bend, the gas
and liquid phases split, forming a wavy stratified flow
in the churn regime. As the relatively stable displace-

ment vector increases, a subtle but noticeable difference
in the flow advancement in the cross pipe (between
the elbows) is observed due to the effect of secondary
flow and gravitational forces inside the elbow. When
the length to diameter ratio (L/D) is equal to 15, the lig-
uid phase flows behave more like a thin layer pushed
towards the outer perimeter of the second elbow. Ta-
ble 2 shows the constant flow development across
the four flow sectors, which is influenced by various
factors in the flow sectors spanning L/D equivalent to
15. The analysis reveals that the flow behaves more like
annular flow in the transverse surface prior to the first
elbow, as evidenced by the presence of gas. Whereas,
the phases detach into a stratified flow at the outlet of
the upstream elbow (elbow 1) as the flow traverses into
the horizontal section after passing through elbow 1.

Air. Volume Fraction
Contour 1

1.000e+t00  Air
| 9.000e-01
' 8.000e-01

' 7.000e-01
6.000e-01
5.000e-01
4.000e-01
3.000e-01
2.000e-01
1.000e-01

0.000e+00 Water

Fig. 5. Void fraction on the length of the pipeline under the conditions of different velocity of gas and water: Case @ — Churn

flow contour plot; Case b — Slug flow contour plot

Table 2. Contour graphs the monitoring cross-sections, of void fractions for the multiphase flow with gas velocity of 15.3 m/s

Contour of average void fraction

Location 1 Location 2

Location 3 Location 4
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Table 3. Contour graphs the monitoring cross-sections, of void fractions for the multiphase flow with gas velocity of 0.8 m/s

Contour of average void fraction

Location 1 Location 2

Location 3 Location 4

The analysis was conducted on a ten-second flow
in the axis of symmetry, where the internal gas velo-
city was 0.8 m/s and the boundary fluid velocity was
0.3 m/s. The average void fraction content of the flow
is presented in Table 3. The contour plot shows that
the flow is divided horizontally, and the liquids in vari-
ous portions of the pipe fill over 50 % of the fluid flow
and part of the surface area including location 1, result-
ing in a sinusoidal shape of the gas phase. These pa-
rameters depict the slug’s passage across the horizontal
pipe, where the liquid slug at the pipe’s bottom con-
nects the gas phases in different locations including lo-
cation 2 and 3, leading to the formation of air pockets
referred to as Taylor bubbles. On location 4, we observe
the huge bubble which demonstrates the churn flow.

The gas velocity for two different flow types,
churn and slug flow, was measured and compared using
monitoring points during a 100-second simulation, as
shown in Fig. 6. The results of the analysis revealed that
for churn flow, the gas velocity decreases as it moves
towards the horizontal side of the pipeline, specifically
at locations 2 and 3, while increasing in the vertical
section. Conversely, the gas velocity for slug flow at
locations 2 and 3, which represent the horizontal side of
the pipe, is higher than in the vertical sections. Notably,
for churn flow, the gas velocity at location 1 on the ver-
tical pipe is higher than at location 4, whereas for slug
flow, the velocity of gas at location 4 is higher than at
location 1.

In summary, the findings suggest that the behavior
of the gas flow varies depending on the flow type and
the location within the pipeline. Churn flow exhibits
a decrease in velocity as it moves towards the horizon-
tal side, while slug flow displays higher gas velocity in
these sections. Furthermore, the velocity of gas in churn
flow is higher in the vertical pipe at location 1 com-
pared to location 4, whereas for slug flow, the opposite
is true. These insights can provide valuable information
for designing and optimizing pipeline systems for im-
proved performance.

Evaluation of different flow characteristics caused
by double bend using quantitative methods

The development of two-phase flow induced by
double bends was studied utilizing the area-average

void fraction throughout the length of the pipe, as well
as the cumulative distribution function and probability
density function. Statistical analysis of the behavior in
void fraction is a method for elucidating flow patterns
in a double bend pipe design. According to Costigan
and Rezkallah [26], each two-phase flow pattern has
a unique probability density function (PDF) of void
percent. The PDF curve of churn flow has a solitary
peak at high porous proportions and a wide tail at low
void fractions. A single peak at high void percentage in-
dicates that the flow is approaching annular flow, while
the broad tail indicates the presence of unstable slugs.
According to Lowe and Rezkallah, a typical churn flow
PDF curve has an average void fraction ranging from
0.7 to 0.9. Conversely, slug flow displays two peaks in
the PDF curve of the mean void fraction data set, with
one peak at low aspect fraction and another at high void
fraction. These peaks correspond to the passage of two
distinct characteristics of slug flow; the Taylor bubble at
high porosity and the fluid slug at low porosity. In this
research, MATLAB’s Ksdensity function was utilized
to produce the Probability Density Function (PDF)
features for average void fraction time series. Multiple
researchers, such as Liu and Hanafizadeh, have used
this method [29], Ye and Guo [30], Franca [31], and
Bouyahiaoui [32] have also employed PDF to denote
distinct flow regimes.

The study was conducted by positioning the refe-
rence point at four different locations, namely 1.1 m
before the first elbow, 0.2 m after the first elbow, 0.7 m
after the first elbow, and 0.2 m after the second elbow.
The contour plots in Fig. 7 show that the periodic fluc-
tuations observed in the flow instability and uncertainty
can be attributed to the complex interconnections be-
tween the liquid and gas phases in these flow circum-
stances.

The results indicate that there is a drop in the mo-
nitored surface as the liquid structure passes through it,
with more droplets being produced as more liquid flows
through the control surface. On the other hand, the li-
quid phase expands in response to the rising apparent
gas velocity, resulting in a massive disturbance wave.
The amplitude of the time series grows in proportion to
the flow inflation level.
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Fig. 6. Velocity of gas in all cross-section locations for churn and slug flow: a — gas velocity of initial condition 15.3 m/s;

b — gas velocity of initial condition 0.8 m/s

In addition, the experiment revealed the oc-
currence of intermittent flow or cross flow between
the slug flow and the circulation flow, which are nor-
mal features. These cross-flows can cause disturban-
ces in the flow, resulting in periodic fluctuations and
instability. Understanding the complex interconnec-
tions between the liquid and gas phases is essential
for accurately modelling multiphase flow in such cir-
cumstances. Furthermore, the results indicate that in
churn flow, a large water bubble is transported through
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the pipe in a more periodic manner, while in slug flow,
the movement of water bubbles is observed more fre-
quently. Churn flow is characterized by large water
bubbles that are carried through the pipe in a cycli-
cal or periodic manner, often accompanied by a frothy
layer of air or gas. On the other hand, slug flow is
defined by the movement of elongated or cylindrical
water bubbles, which move through the pipe intermit-
tently and can cause significant pressure fluctuations
and flow instabilities.
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Fig. 7. Time series of the cross-sectional averaged void fraction (¥, = 0.3 m/s and V= 15.3 m/s)

The graph in Fig. 8 clearly displays the time-de-
pendent behavior of the average steam performance in
low surface gas velocity conditions. The periodic varia-
tions in the performance can be attributed to the discon-
tinuous flows of gas and liquid phases across the moni-
toring plane, as shown in the cross-sectional image.
The high values of the performance metric indicate
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that a large amount of air or gas has passed through,
which occurs when the Taylor bubbles, mentioned ear-
lier, pass through the monitoring surface. On the other
hand, the low values of the performance metric indicate
the passage of fluid slugs with low porosity.

It should be noted that these variations in steam
performance are influenced by various factors such as

Location 1
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Fig. 8. Averaged void fraction time series across cross-sections (V= 0.3 m/s and V| = 0.8 m/s)
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Fig. 9. Demonstrates the PDF for: ¢ — churn flow; b — slug flow

the velocity of the gas and liquid phases, the cross-
sectional area of the pipe, and the presence of any
obstructions or bends in the pipe. These factors can
cause significant changes in the flow pattern, resulting
in complex behavior and periodic fluctuations in
the performance metric.

Understanding the behavior of these multiphase
flows is critical for the design and optimization of
various industrial processes, such as chemical reactors
and oil pipelines. Therefore, further studies are needed
to explore the intricate dynamics of multiphase flows
and develop accurate models that can predict their be-
havior under different operating conditions.

When the peaks in the inclination angles are
high, it is an indication of turbulent flow, and there is
no clear distinction between phases. However, when
the peaks are low and sustained for a short period
of time, it is indicative of bubble deformation flow.
The PDF curve, in this case, shows a large peak at po-
rous structure and a wide body at low porosity, which
is a characteristic feature of bubble deformation flow.

On the other hand, when the flow is on the verge
of becoming annular, it is reflected in the PDF curve
as having a single summit with a large proportion of
empty space. In contrast, when unstable slugs pass
through the flow, the PDF curve shows a broad tail.

In the case of slug flow, the probability den-
sity function (PDF) of the transitional air portion of
the time series exhibits multiple peaks. One peak is at
small pores, while the other is at highly porous, indi-
cating the presence of slug-like flow. These peaks rep-
resent the periodic passing of the two features of slug
flow, namely, Taylor bubbles for high porosity and
liquid slugs for low porosity. Furthermore, the flow
data in the investigated slug flow patterns are spread
across two PDF peaks because the flow transitions
from primary slug flow to Taylor bubble flow as it ex-
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pands. As a result, the proportion of voids in the slug
to voids in the Taylor bubble increases. Fig. 9 illus-
trates the PDF curve for the slug flow patterns studied
in this research.

In summary, the PDF curves provide valuable in-
sights into the nature of multiphase flow patterns, such
as slug flow and bubble deformation flow. By examin-
ing the peaks and widths of the curves, it is possible to
discern the characteristics of the flow and the transi-
tions between different flow regimes.

CONCLUSION

The simulation results have revealed significant
insights into the behavior of different flow patterns in
the pipeline system. Specifically, the initial churn flow
observed in the upper vertical portion of the pipeline was
found to transform into a wavy stratified flow in the hori-
zontal section between the two elbows. This transition
can be attributed to the changes in the flow dynamics re-
sulting from the geometry of the pipe and the interaction
between gas and liquid phases. Subsequently, the flow
pattern was observed to transition into a wavy annular
flow in the vertical pipe after the second elbow.

In contrast, the slug flow pattern remained un-
changed after the first elbow. However, it was observed
that the Taylor bubbles were longer in the horizontal por-
tion between the first and second elbows. Additionally,
the initial slug flow in the upper vertical portion conti-
nued as slug flow throughout the horizontal and down-
ward vertical sections following the bend. These findings
have significant implications for the design of various in-
dustrial applications such as boiling/condensing heat ex-
changers, new integrated bend/T-junction separators, and
oil and gas pipelines in offshore processing platforms.
A better understanding of the flow behavior can help im-
prove the efficiency and reliability of these systems, re-
duce operational costs, and minimize the risk of accidents.



Numerical modelling of multiphase flow hydrodynamics by CFD analysis methods

in a double-elbow pipeline C. 901-916

REFERENCES

1. Asgharpour A., Zahedi P., Vieira R., Parsi M.,
Shirazi S.A., McLaury B.S. Investigation of churn/an-
nular and pseudo-slug flow characteristics before and
after pipe elbows. //th North American Conference on
Multiphase Production Technology. 2018.

2. Doroshenko Y., Doroshenko J., Zapukhliak V.,
Poberezhny L., Maruschak P. Modeling computational
fluid dynamics of multiphase flows in elbow and
T-junction of the main gas pipeline. Transport. 2019;
34(1):19-29. DOI: 10.3846/transport.2019.7441

3. Zhao D., Omar R., Abdulkadir M., Abdulka-
reem L.A., Azzi A., Saidj F. et al. The control and
maintenance of desired flow patterns in bends of dif-
ferent orientations. Flow Measurement and Instrumen-
tation. 2017; 53:230-242. DOI: 10.1016/j.flowmea-
sinst.2016.09.003

4. Parsi M. Sand particle erosion in vertical slug/
churn flow. The University of Tulsa, 2015; 175.

5. De Kerpel K., De Keulenaer T., De Scham-
pheleire S., De Paepe M. Capacitance sensor measure-
ments of upward and downward two-phase flow in ver-
tical return bends. International Journal of Multiphase
Flow. 2014; 64:1-10. DOI: 10.1016/j.ijmultiphase-
flow.2014.04.003

6. Abdulkadir M., Zhao D., Azzi A., Lowndes 1.S.,
Azzopardi B.J. Two-phase air—water flow through
a large diameter vertical 1800 return bend. Chemical En-
gineering Science. 2012; 79:138-152. DOI: 10.1016/j.
ces.2012.05.029

7. Vieira R.E., Kesana N.R., McLaury B.S., Shi-
razi S.A., Torres C.F., Schleicher E. et al. Experimental
investigation of the effect of 90 standard elbow on hori-
zontal gas—liquid stratified and annular flow characte-
ristics using dual wire-mesh sensors. Experimental Ther-
mal and Fluid Science. 2014; 59:72-87. DOI: 10.1016/;.
expthermflusci.2014.08.001

8. Suleymanov V.A., Buznikov N.A. Multiphase
flow assurance in an extentional subsea pipeline: ef-
fects of the transported fluid composition and the pipe-
line route profile. SOCAR Proceedings. Transportation,
Storage of Oil and Gas. 2021; 3:92-99. DOI: 10.5510/
OGP20210300534 (rus.).

9. Gromov V.A., Semenov T.V., Yashnik I.L.,
Petrov A.M. New generation measuring and com-
puting complex for diagnosing thermodynamic
processes of multiphase flows in pipelines. Sci-
entific Bulletin of the Arctic. 2022; 13:101-105.
DOI: 10.52978/25421220 2022 13 101-105 (rus.).

10. Serov N.V., Kurushina V.A. Modelling the ef-
fect of pipeline inclination on the multiphase flow re-
gime. Architecture, Construction, Transport. 2022;
1(99):88-95. DOI: 10.31660/2782-232X-2022-1-
88-95 (rus.).

11. Buznikov N.A., Suleymanov V.A., Trofi-
mov [LA. Influence of hydrate inhibitor choice on flow

assurance in long subsea multiphase pipelines. Pipe-
line Transport: Theory and Practice. 2018; 1(65):
34-38. (rus.).

12. Kopteva A.V., Koptev V.Yu., Poddubnyi D.A.
Information support for the process of multiphaseflows
transportation based on the introduction of a radioiso-
tope non-separation hydrocarbon measuring system. Dy-
namics of Systems, Mechanisms and Machines (Dyna-
mics). 2019; 7(2):220-226. DOI: 10.25206/2310-9793-
7-2-220-226 (rus.).

13. Taherifard A., Elistratov V.V. Numerical mo-
deling of erosion in a pipe with a multiphase flow of oil
and gas. Izvestiya VNIIG named after B.E. Vedeneeva.
2023; 307:16-28. (rus.).

14. Taherifard A., Elistratov V.V. 3D Modelling
of double elbow pipeline erosion in methane — water —
sand multiphase medium. Vestnik MGSU [Monthly
Journal on Construction and Architecture]. 2023;
18(5):717-725. DOI: 10.22227/1997-0935.2023.5.
717-725 (rus.).

15. Karami H., Torres C.F., Parsi M., Pereyra E.,
Sarica C. CFD simulations of low liquid loading mul-
tiphase flow in horizontal pipelines. Fluids Engine-
ering Division Summer Meeting. 2014; VO02T06A011.
DOI: 10.1115/fedsm2014-21856

16. Bortolin S., Da Riva E., Del Col D. Conden-
sation in a square minichannel: application of the VOF
method. Heat Transfer Engineering. 2014; 35(2):193-
203. DOI: 10.1080/01457632.2013.812493

17. Hernandez-Perez V., Abdulkadir M., Az-
zopardi B.J. Grid generation issues in the CFD mo-
delling of two-phase flow in a pipe. The Journal of
Computational Multiphase Flows. 2011; 3(1):13-26.
DOI: 10.1260/1757-482%.3.1.13

18. Ratkovich N.R., Majumder S.K., Bentzen T.R.
Empirical correlations and CFD simulations of vertical
two-phase gas—liquid (Newtonian and non-Newtonian)
slug flow compared against experimental data of void
fraction. Chemical Engineering Research and Design.
2013; 91(6):988-998. DOI: 10.1016/j.cherd.2012.11.002

19. Saad S.B., Gentric C., Fourmigué J.-F., Cle-
ment P., Leclerc J.-P. CFD and experimental investiga-
tion of the gas—liquid flow in the distributor of a com-
pact heat exchanger. Chemical Engineering Research
and Design. 2014; 92(11):2361-2370. DOI: 10.1016/j.
cherd.2014.02.002

20. Cerne G., Petelin S., Tiselj I. Coupling of
the interface tracking and the two-fluid models for
the simulation of incompressible two-phase flow. Jour-
nal of Computational Physics. 2001; 171(2):776-804.
DOI: 10.1006/jcph.2001.6810

21. Yakhot V., Orszag S.A., Thangam S., Gat-
ski T.B., Speziale C. Development of turbulence mod-
els for shear flows by a double expansion technique.

913

€£Z0Z ‘9 9nsSs| "gL 2WINJo/ . 3IN}08})IY2Jy PUB UOIIONIISUOD UO [BuINOf AJYIUO « NSOIN MIUISOA
€20z ‘9 »2fuag "gL woL - (8uljuQ) 0099-70£Z NSSI (Wulld) GE60-2661 NSSI » ADJIN ¥MHLODg



0935 (Print) ISSN 2304-6600 (Online) « Tom 18. Beinyck 6, 2023

BectHuk MICY ¢ ISSN 1997

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 18. Issue 6, 2023

Alireza Taherifard, Victor V. Elistratov

Physics of Fluids A: Fluid Dynamics. 1992; 4(7):1510-
1520. DOI: 10.1063/1.858424

22. Ferziger J.H. Large eddy simulation. Simu-
lation and Modeling of Turbulent Flows. 1996.
DOI: 10.1093/050/9780195106435.003.0007

23. Parsi M., Agrawal M., Srinivasan V., Viei-
ra R.E., Torres C.F., McLaury B.S. et al. CFD simula-
tion of sand particle erosion in gas-dominant multiphase
flow. Journal of Natural Gas Science and Engineering.
2015; 27:706-718. DOI: 10.1016/j.jngse.2015.09.003

24. Liu Y., Miwa S., Hibiki T., Ishii M., Mori-
ta H., Kondoh Y. et al. Experimental study of internal
two-phase flow induced fluctuating force on a 90° el-
bow. Chemical Engineering Science. 2012; 76:173-187.
DOI: 10.1016/j.ces.2012.04.021

25. Parsi M., Agrawal M., Srinivasan V., Viei-
ra R.E., Torres C.F., McLaury B.S. et al. Assessment of
a hybrid CFD model for simulation of complex vertical
upward gas—liquid churn flow. Chemical Engineering
Research and Design. 2016; 105:71-84. DOI: 10.1016/j.
cherd.2015.10.044

26. Costigan G., Whalley P.B. Slug flow regime
identification from dynamic void fraction measurements
in vertical air-water flows. International Journal of
Multiphase Flow. 1997; 23(2):263-282. DOI: 10.1016/
$0301-9322(96)00050-x

27. Lowe D.C., Rezkallah K.S. Flow regime iden-
tification in microgravity two-phase flows using void

Received November 27, 2022.
Adopted in revised form on March 24, 2023.
Approved for publication on May 18, 2023.

fraction signals. International Journal of Multiphase
Flow. 1999; 25(3):433 457. DOI: 10.1016/s0301-
9322(98)00058-5

28. Parsi M., Vieira R.E., Torres C.F., Ke-
sana N.R., McLaury B.S., Shirazi S.A. et al. Cha-
racterizing slug/churn flow using wire mesh sensor.
Fluids Engineering Division Summer Meeting. 2014.
DOI: 10.1115/FEDSM2014-21678

29. Hanafizadeh P., Eshraghi J., Taklifi A., Ghan-
barzadeh S. Experimental identification of flow regimes
in gas—liquid two phase flow in a vertical pipe. Mec-
canica. 2016; 51(8):1771-1782. DOIL: 10.1007/s11012-
015-0344-4

30. Ye J., Guo L. Multiphase flow pattern
recognition in pipeline—riser system by statistical fea-
ture clustering of pressure fluctuations. Chemical En-
gineering Science. 2013; 102:486-501. DOI: 10.1016/j.
ces.2013.08.048

31. FrancaF., Acikgoz M., Lahey R.T., Clausse A.
The use of fractal techniques for flow regime identifica-
tion. International Journal of Multiphase Flow. 1991;
17(4):545-552. DOI: 10.1016/0301-9322(91)90049-9

32. Bouyahiaoui H., Azzi A., Zeghloul A., Ha-
san A.H., Al-Sarkhi A., Parsi M. Vertical upward and
downward churn flow: similarities and differences.
Journal of Natural Gas Science and Engineering. 2020;
73:103080. DOI: 10.1016/j.jngse.2019.103080

BroNoTEs: Alireza Taherifard — postgraduate student; Peter the Great St. Petersburg Polytechnic Univer-
sity (SPbPU); 29 Politekhnicheskaya st., St. Petersburg, 195251, Russian Federation; Scopus: 57191530010, ORCID:

0000-0001-5973-7419; taherifard.a@edu.spbstu.ru;

Viktor V. Elistratov — Doctor of Technical Sciences, Professor, Professor of the Higher School of Hydrotechni-
cal and Power Engineering; Peter the Great St. Petersburg Polytechnic University (SPbPU); 29 Politekhnicheskaya
st., St. Petersburg, 195251, Russian Federation; elistratov@spbstu.ru.

Contribution of the authors: all authors have made an equivalent contribution to the publication.

The authors declare no conflicts of interest.

CIIMCOK HCTOYHHUKOB

1. Asgharpour A., Zahedi P., Vieira R., Parsi M.,
Shirazi S.A., McLaury B.S. Investigation of churn/an-
nular and pseudo-slug flow characteristics before and
after pipe elbows // 11th North American Conference
on Multiphase Production Technology. 2018.

2. Doroshenko Y., Doroshenko J., Zapukhliak V.,
Poberezhny L., Maruschak P. Modeling computational
fluid dynamics of multiphase flows in elbow and T-junc-
tion of the main gas pipeline // Transport. 2019. Vol. 34.
Issue 1. Pp. 19-29. DOI: 10.3846/transport.2019.7441

914

3. Zhao D., Omar R., Abdulkadir M., Abdulka-
reem L.A., Azzi A., Saidj F. et al. The control and main-
tenance of desired flow patterns in bends of different
orientations // Flow Measurement and Instrumentation.
2017. Vol. 53. Pp. 230-242. DOI: 10.1016/j.flowmea-
sinst.2016.09.003

4. Parsi M. Sand particle erosion in vertical slug/
churn flow. The University of Tulsa, 2015. 175 p.

5. De Kerpel K., De Keulenaer T., De Schamphe-
leire S., De Paepe M. Capacitance sensor measurements
of upward and downward two-phase flow in vertical re-



Numerical modelling of multiphase flow hydrodynamics by CFD analysis methods

in a double-elbow pipeline C. 901-916

turn bends // International Journal of Multiphase Flow.
2014. Vol. 64. Pp. 1-10. DOI: 10.1016/j.ijmultiphase-
flow.2014.04.003

6. Abdulkadir M., Zhao D., Azzi A., Lowndes I.S.,
Azzopardi B.J. Two-phase air—water flow through
a large diameter vertical 1800 return bend // Chemi-
cal Engineering Science. 2012. Vol. 79. Pp. 138-152.
DOI: 10.1016/j.ces.2012.05.029

7. Vieira R.E., Kesana N.R., McLaury B.S., Shi-
razi S.A., Torres C.F., Schleicher E. et al. Experimen-
tal investigation of the effect of 90 standard elbow on
horizontal gas—liquid stratified and annular flow charac-
teristics using dual wire-mesh sensors // Experimental
Thermal and Fluid Science. 2014. Vol. 59. Pp. 72-87.
DOI: 10.1016/j.expthermflusci.2014.08.001

8. Cyneiimanos B.A., Bysnuxos H.A. Obecrieuenne
6ecriepe0oHOCTH MHOTO()a3HOTO MTOTOKA B TIPOTSIKCH-
HOM MOPCKOM TpyOOITpOBO/E: BIMSIHUE COCTaBA TPAHC-
MOPTHPYEMOTo (ITFOMIA B MPOGUIIS TPACCH TPYOOTIpo-
Bojaa // SOCAR Proceedings. Transportation, Storage
of Oil and Gas. 2021. Ne 3. C. 92-99. DOI: 10.5510/
OGP20210300534

9. I'pomos B.A., Cemenos T.B., Awnux U.JI., Ile-
mpos A.M. VI3MepuTeTbHO-BBIYNCITUTETbHBIA KOMITIIEKC
HOBOTO ITOKOJICHHS JUTSI TUarHOCTUKH TEPMOIUHAMIYE-
CKHX IIPOIIECCOB MHOTO()a3HBIX TIOTOKOB B TPYOOIIPOBO-
nax // Hayunwrit BectHuk Apkruku. 2022, Ne 13. C. 101—
105. DOI: 10.52978/25421220 2022 13 101-105

10. Cepos H.B., Kypywuna B.A. Monenupo-
BaHHME BIMSHHS IOJOXKEHUS TPpyOOIpoBOJa Ha pe-
KUM MHOT0(a3HOTO TOTOKa // ApXUTEKTypa, CTpo-
UTEIBCTBO, Tpancrmopt. 2022. Ne 1 (99). C. 88-95.
DOI: 10.31660/2782-232X-2022-1-88-95

11. Bysuukos H.A., Cyneumanos B.A., Tpogu-
moe U.A. BrusiHuEe BBIOOpa HHTHOUTOpPA THAPAaTOOOpa-
30BaHMs Ha obecrieueHre O6ecrepe0oHHOCTH MOTOKa
B MPOTSDKEHHBIX MOPCKHUX TPYOONpPOBOAax MHOTO]a3-
HoTO (prrronya // TpyOOTpPOBOAHBINA TPAHCTIOPT: TEOPHS
u npaktuka. 2018. Ne 1 (65). C. 34-38.

12. Konmesa A.B., Konmes B.IO., [1000y0-
nottl J].A. UndopmaiimonHoe obecrieueHue mpoiecca
TPaHCTIOPTHPOBAHHS MHOTO(a3HBIX TOTOKOB Ha OCHO-
BE€ BHEJAPCHUS PAJUOU30TOIHOW OeccenapainoHHON
CHCTEMBI yueTa yrieBogopoioB // Jlnnamuka cuctem,
Mexanu3MoB 1 MamuH. 2019. T. 7. Ne 2. C. 220-226.
DOI: 10.25206/2310-9793-7-2-220-226

13. Taxepugpapo A., Exucmpamos B.B. UucneH-
HOE MOJICTUPOBAHUE 3PO3UH B TpyOe MpHu MHOTO(a3HOM
notoke HedTh u rasza // Uzsectust BHUUI um. b.E. Be-
neneesa. 2023. T. 307. C. 16-28.

14. Taxepughapo A., Enucmpamos B.B. Tpexmep-
HOE MOJISTIMPOBAaHKE 3PO3HHU TPYOOIIPOBOIA C TBOHHBIM
KOJICHOM B MHOro(a3HOi cpeje MeTaH — Boja — Iie-
cok // Bectauk MI'CY. 2023. T. 18. Ne 5. C. 717-725.
DOI: 10.22227/1997-0935.2023.5.717-725

15. Karami H., Torres C.F., Parsi M., Pereyra E.,
Sarica C. CFD simulations of low liquid loading multi-

phase flow in horizontal pipelines // Fluids Engineering
Division Summer Meeting. 2014. P. VO02T06AO011.
DOI: 10.1115/fedsm2014-21856

16. Bortolin S., Da Riva E., Del Col D. Conden-
sation in a square minichannel: application of the VOF
method // Heat Transfer Engineering. 2014. Vol. 35. Is-
sue 2. Pp. 193-203. DOI: 10.1080/01457632.2013.812493

17. Hernandez-Perez V., Abdulkadir M., Azzopar-
di B.J. Grid generation issues in the CFD modelling of
two-phase flow in a pipe // The Journal of Computational
Multiphase Flows. 2011. Vol. 3. Issue 1. Pp. 13-26.
DOI: 10.1260/1757-482x.3.1.13

18. Ratkovich N.R., Majumder S.K., Bentzen T.R.
Empirical correlations and CFD simulations of vertical
two-phase gas—liquid (Newtonian and non-Newtonian)
slug flow compared against experimental data of void
fraction // Chemical Engineering Research and Design.
2013. Vol. 91. Issue 6. Pp. 988-998. DOI: 10.1016/j.
cherd.2012.11.002

19. Saad S.B., Gentric C., Fourmigué J.-F., Cle-
ment P., Leclerc J.-P. CFD and experimental investiga-
tion of the gas—liquid flow in the distributor of a com-
pact heat exchanger // Chemical Engineering Research
and Design. 2014. Vol. 92. Issue 11. Pp. 2361-2370.
DOI: 10.1016/j.cherd.2014.02.002

20. Cerne G., Petelin S., Tiselj I. Coupling of
the interface tracking and the two-fluid models for
the simulation of incompressible two-phase flow // Jour-
nal of Computational Physics. 2001. Vol. 171. Issue 2.
Pp. 776-804. DOI: 10.1006/jcph.2001.6810

21. Yakhot V., Orszag S.A., Thangam S., Gat-
ski T.B., Speziale C. Development of turbulence mod-
els for shear flows by a double expansion technique //
Physics of Fluids A: Fluid Dynamics. 1992. Vol. 4.
Issue 7. Pp. 1510-1520. DOI: 10.1063/1.858424

22. Ferziger J.H. Large eddy simulation //
Simulation and Modeling of Turbulent Flows. 1996.
DOI: 10.1093/050/9780195106435.003.0007

23. Parsi M., Agrawal M., Srinivasan V., Viei-
ra R.E., Torres C.F., McLaury B.S. et al. CFD simu-
lation of sand particle erosion in gas-dominant multi-
phase flow // Journal of Natural Gas Science and Engi-
neering. 2015. Vol. 27. Pp. 706-718. DOI: 10.1016/j.
jngse.2015.09.003

24. Liu'Y., Miwa S., Hibiki T., Ishii M., Morita H.,
Kondoh Y. et al. Experimental study of internal two-
phase flow induced fluctuating force on a 90° elbow //
Chemical Engineering Science. 2012. Vol. 76. Pp. 173—
187. DOI: 10.1016/j.ces.2012.04.021

25. Parsi M., Agrawal M., Srinivasan V., Viei-
ra R.E., Torres C.F., McLaury B.S. et al. Assessment
of a hybrid CFD model for simulation of complex verti-
cal upward gas—liquid churn flow // Chemical Engine-
ering Research and Design. 2016. Vol. 105. Pp. 71-84.
DOI: 10.1016/j.cherd.2015.10.044

26. Costigan G., Whalley P.B. Slug flow regime
identification from dynamic void fraction measurements

915

€£Z0Z ‘9 9nsSs| "gL 2WINJo/ . 3IN}08})IY2Jy PUB UOIIONIISUOD UO [BuINOf AJYIUO « NSOIN MIUISOA
€20z ‘9 »2fuag "gL woL - (8uljuQ) 0099-70£Z NSSI (Wulld) GE60-2661 NSSI » ADJIN ¥MHLODg



0935 (Print) ISSN 2304-6600 (Online) « Tom 18. Beinyck 6, 2023

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 18. Issue 6, 2023

BectHuk MICY ¢ ISSN 1997

Alireza Taherifard, Victor V. Elistratov

in vertical air-water flows // International Journal of
Multiphase Flow. 1997. Vol. 23. Issue 2. Pp. 263-282.
DOI: 10.1016/s0301-9322(96)00050-x

27. Lowe D.C., Rezkallah K_S. Flow regime identi-
fication in microgravity two-phase flows using void frac-
tion signals // International Journal of Multiphase Flow.
1999. Vol. 25. Issue 3. Pp. 433-457. DOI: 10.1016/
s0301-9322(98)00058-5

28. Parsi M., Vieira R.E., Torres C.F., Kesa-
na N.R., McLaury B.S., Shirazi S.A. et al. Characterizing
slug/churn flow using wire mesh sensor // Fluids Engi-
neering Division Summer Meeting. 2014. DOI: 10.1115/
FEDSM2014-21678

29. Hanafizadeh P., Eshraghi J., Taklifi A., Ghan-
barzadeh S. Experimental identification of flow re-
gimes in gas—liquid two phase flow in a vertical pipe //

Ilocmynuna 6 pedaxyuio 27 nosabpa 2022 a.
IIpunsima 6 dopabomannom sude 24 mapma 2023 .
Ooobpena ons nyoruxayuu 18 mas 2023 e.

Meccanica. 2016. Vol. 51. Issue 8. Pp. 1771-1782.
DOI: 10.1007/s11012-015-0344-4

30. YeJ., Guo L. Multiphase flow pattern recogni-
tion in pipeline-riser system by statistical feature clus-
tering of pressure fluctuations / Chemical Engineering
Science. 2013. Vol. 102. Pp. 486-501. DOI: 10.1016/j.
ces.2013.08.048

31. Franca F., Acikgoz M., Lahey R.T., Clausse A.
The use of fractal techniques for flow regime identifica-
tion // International Journal of Multiphase Flow. 1991.
Vol. 17. Issue 4. Pp. 545-552. DOI: 10.1016/0301-
9322(91)90049-9

32. Bouyahiaoui H., Azzi A., Zeghloul A.,
Hasan A.H., Al-Sarkhi A., Parsi M. Vertical upward
and downward churn flow: similarities and differences //
Journal of Natural Gas Science and Engineering. 2020.
Vol. 73. P. 103080. DOI: 10.1016/j.jngse.2019.103080

Op ABTOPAX: Auupe3a Taxepudapa — acnupant; Cankr-IlerepOyprexuii nosiMTeXHuYecKuii yHuBepcH-
Tet [lerpa Beauxoro (CIIGITY); 195251, r. Cankr-IletepOypr, yi1. [lomutexuudeckas, 1. 29; Scopus: 57191530010,
ORCID: 0000-0001-5973-7419; taherifard.a@edu.spbstu.ru;

Buktop BacuabeBuu EjqucTparoB — JOKTOp TEXHHYECKHX Hayk, mpodeccop, mpodeccop Bricimeld mikoms

THAPOTEXHHIECKOTO M DHEPreTHIECKOr0 CTPOUTENbeTBa; CaHKT-IleTepOyprekuii MOIMTeXHHYECKHil YHUBEPCHTET
IMerpa Besnuxkoro (CIIGITY); 195251, r. Caukr-ITetepOypr, yi. [lonurexuuueckas, 1. 29; elistratov@spbstu.ru.

Brrao asmopos: éce asmopul coenanu skeusaieHmublil 6K1a0 8 NHOO20MOBKY Ny ONUKAYUU.

Asmopul 3as6ns10m 06 omcymcemeuu KOHQIUKMa uHmepecos.

916



BAsiHME $paKTOpOB Ha PUALTPALIMOHHbIN PEXUM 3EMASIHOM NAOTUHbLI NPU cpaboTke BeEpXHEro bbeda C. 917-926

HAVYHAS CTAThSI / RESEARCH PAPER
VIIK 627.8
DOI: 10.22227/1997-0935.2023.6.917-926

Bausinue ¢paxkTopoB Ha PUILTPALUOHHBIA PEKUM 3eMJIAHOM
IUVIOTHHBI IIPU CPadOTKe BepxHero 0beda
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AHHOTAULMUA

BBepeHue. Kak nokasbiBaeT ctaTucTuka HabnogeHnii 3a rpyHToBbIMYM BOAOMOANOPHBLIMU COOPYXXEHUSMU, OOAHUM U3 CaMbIX
3Ha4YMMbIX (PaKTOPOB, BbI3bIBAKOLLMX BO3HUKHOBEHME aBaPUMHbBIX CUTyaLuii B 3TUX COOPYXEHUSX, ABNSETCS BO3HUKHOBEHVE
B Tene NoTUHbI PUNLTPaLMOHHbIX Aedopmanmii. YacTo creacTBMEM 3TOrO CTAHOBUTCH NOSABNEHNE XOA0B COCPEAOTOHEHHOW
dunsTpauun. CnpoBoLMpoBaTh BO3HUKHOBEHME 3TUX SBMEHUIN MOXET ObICTPOE MOHMXEHNE YPOBHSA BepxHero bbeda (BB),
Ha3blBaeMoe cpaboTtkon BopoxpaHunuiia. OHa MOXeT ObiTb Bbi3BaHa TEXHOMOTMYECKMMKU TpeboBaHNAMM 3KcnyaTaumm
rMapoysna wunu asapuiiHon cuTyauun. CoBpeMeHHble HOpPMbl MPOEKTUPOBaHUS TpebytT obsA3aTenbHOro paccMoTpeHus
cny4as 6bICTport cpaboTKM C OLLEHKON PUNBTPALIMOHHOTO PEXMMA U YCTOMYMBOCTU COOPYXKEHMSI.

MaTepuanbi u MmeToabl. PaccmatprBatoTcs pesynbraTbl YUCTEHHbIX MCCNEA0BAHNI HeYCTaHOBMBLUENCS (UNbTPaLnm B Of-
HOPOAHON 3eMISHON MNOTUHE NMpu cpaboTke BoAoOXpaHWUnua. YncnexHHble nccrnenoBaHust NPOBEAEHbI HA OCHOBE MeToAa
KOHEYHbIX 3fIeMEHTOB € NoMoLLpbto nporpammHoro kommnekca (MK) PRAXIS. BbinonHeHbl TeCTOBbIE pacyeThl, MOKa3aBLUMe
[OCTOBEPHOCTb MOMNyYEHHbIX pe3ynbTaToB. AHaNM3NpyeTcs BAMsSHUE KO3 duumneHTa unbsTpauum rpyHTa nioTuHbI, CKO-
pOCTK CpaboTKM N 3aMOXEHNS OTKOCa COOPYXEHMSA Ha U3MEHEHME MOMOXEeHNS AENPECCMOHHON KPMBOW U BENNYMHY MaKCu-
MarnbHOro rpagueHTa Hamopa.

Pesynbratbl. [1nS pacCMOTPEHHbIX BAPUAHTOB IPYHTOBBLIX MIIOTVH C Pa3HbIMU XapaKTepUCTMKaMM NosyYeHbl napameTpbl
PUILTPALMOHHOIO NOTOKa NPU M3MEHEeHUN YpPoBHSA BB: monoxeHns A4enpecCMoHHON KpMBOW M BEMMYUHBI MaKCUMaIbHbIX
rpagneHToB Hanopa. [laHa oueHKka BO3MOXHOCTM NOSBNEHNS (OUNBTPaLMOHHbIX AedopMaLmin rpyHTOB BEPXOBOWN NPU3MbI
NAOTWHBI.

BbiBogbl. Vicnonb3oaHue MK PLAXIS ans pelweHusi 3agad HeyCTaHOBUBLLENCS OUNBTPALLMN MPU U3MEHEHUN YPOBHEWN
B6bedoB NO3BOMSAET NOMY4YNTb JOCTOBEPHbIE PE3ynbTaThl, XOPOLLO CONOCTaBNMbIE C pesyrnbratamy Apyrux anpobupoBaHHbIX
meTopoB. [Npy onpefeneHHbIX CKOpoCTAX cpaboTku ANs rPyHTOB PasfnMyHOM NPOHMLIAEMOCTU B BEPXOBOW MPU3Me rPyHTO-
BOW NIOTVHbI BO3MOXHO BO3HVMKHOBEHME BOMbLUNX 3HAYEHUI rpaAVEeHTOB Hanopa, NPeBbILAOLLMX KPUTUYECKNE 3HAYEHWS.
3T0 roBopuT 0 HEOBXOAMMOCTH KOHTPOA npoLecca cpaboTkv 1 NPUMEHEHNS MPOTUBOMUIBTPALIMOHHBIX MEPOMNPUSTUN.

KNIOYEBbIE CINNOBA: HeycTaHoBMBLIasiCS ounnbTpauusi, cpaboTka BogoxpaHunuwa, rpaameHT dunstpaumm, dunstpa-
LMOHHbIe AedhopMaLm, AenPeCcCMOHHas NOBEPXHOCTb, KOAPULMEHT dunsTpaLum

ona UMTUPOBAHUA: Anuckud H.A., Cmynusues A.B. BnusiHne ¢aktopoB Ha (DULTPALMOHHBIN PEXUM 3eMIs-
HOW NNOTUHBLI Npu cpaboTke BepxHero 6eeda // BectHnk MITCY. 2023. T. 18. Buin. 6. C. 917-926. DOI: 10.22227/1997-
0935.2023.6.917-926
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Influence of factors on filtration regime of an earth dam under
headwater drawdown

Nikolai A. Aniskin, Andrey V. Stupivtsev
Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation

ABSTRACT

Introduction. As the statistics of observations of groundwater retaining structures shows, one of the most significant factors
of emergencies in these structures is the occurrence of filtration deformations in the dam body. This often results in the ap-
pearance of moves of concentrated filtration. The occurrence of these phenomena can be provoked by a rapid decrease
of the headwater level known as reservoir drawdown. It can be caused either by the technological requirements of the
operation of the hydraulic unit or by the occurrence of an emergency situation. Modern design standards require mandatory
consideration of the case of rapid drawdown with an assessment of the filtration regime and stability of the structure.
Materials and methods. The results of numerical studies of unsteady filtration in a homogeneous earth dam under reservoir
drawdown are considered. Numerical studies were carried out on the basis of the finite element method using the PRAXIS
software package. Test calculations were carried out, which showed the reliability of the results obtained. The influ-
ence of the soil filtration coefficient of the dam, the rate of drawdown and the slope of the structure on the change in the po-
sition of the depression curve and the value of the maximum pressure gradient is analyzed.
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Results. For the considered variants of earth dams with different characteristics, the parameters of the filtration flow are ob-
tained when the headwater level changes: the position of the depression curve and the values of the maximum pressure gra-
dients. An assessment of the possibility of occurrence of filtration deformations of soils of the upper prism of the dam is given.
Conclusions. The use of the PLAXIS software package for solving problems of unsteady filtration under reservoir level
changes allows to obtain reliable results that are well comparable with the results of other proven methods. At certain rates
of runoff for soils of different permeability in the upper prism of an earth dam, large values of pressure gradients exceeding
critical values may occur. This indicates the necessity to control the process of drawdown and the use of antifiltration mea-
sures.

KEYWORDS: unsteady filtration, reservoir drawdown, filtration gradient, filtration deformations, depression surface, filtra-
tion coefficient
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BBEJAEHUE

Kak moka3pIBaeT CTaTUCTHKA, BTOPHIM MO 3HAYH-
MocTH (hakTopoMm (IOciIe TepeirBa BOIbI 4epe3 Ipe-
OcHb ), BEI3BIBAIOIINM aBapUH HAa TPYHTOBBIX TUIOTHHAX,
ABIAIOTCST  (pUIbTpannoHHbIE JehopMannuy TPYyHTOB
Y BO3HMKHOBEHHE B TeJie IUIOTHH COCPEIOTOUYCHHOU
¢unpTparun [1, 2]. OTH mporecchl MOTYT OBITH CITeA-
CTBHEM OLIMOOK B IPOEKTHPOBAHUH, TEXHOJIOTUHU BO3-
BE/ICHHS Y DKCILTyaTalliu COOPYKEHHH.

[Tpn sKCcIUTyaTany TPYHTOBBIX BOJOIOAIIOPHBIX
COOpPY)KEHMM YacTO MPOUCXOAUT H3MEHEHHE YPOBHS
BepxHero O0beda (BB). OHO MOXeT OBITH BBI3BAHO KaK
TEXHOJIOTHYECKUMH TPEOOBAHMUSAMH IKCIUTyaTalluy TH-
npoy3ia (Hanpumep, mpu padore I'DC B MexxeHHBIH Te-
pHON), TaK M HEOOXOMMOCTBIO CHHKEHHSI YPOBHSI BOJIBI
B Bb npu aBapwuitHoii cutyarmu. CHmxenne yposas Bb
(cpaboTKa BOJOXpAHMIMINA) MPUBOAUT K U3MEHEHHIO
Harpy3oK, BIMSIONIMX Ha YCTOWYMBOCTH OTKOCA TPYH-
TOBOMW IJIOTUHBL. [Ipu 3TOM ycnoBUs Halle BCEro yxyu-
matoTcst (0coOeHHO MpH OBICTPOIl cpaboTKe Ha OO0Jb-
mryto BenmuuHy) [3, 4]. CpaboTka BeneT K N3MECHCHHIO
(UIBTPALMOHHOTO PEKUMa TPYHTOBOTO COOPYXKEHUSI:
MEHSIETCSI TTOJIOKEHHE JICPECCHOHHON IOBEPXHOCTH,
(UIBTPALMOHHBIE TPAJUEHTHl W HAIpPAaBICHUE CKOPO-
cTedl (DMIIBTPAaLlMOHHOTO MOTOKa. B BepxoBoil npusme
TPYHTOBOH IJIOTHHBI HOSBISIETCS 00OBEMHAsT THIPO/IH-
HaMUYecKas Harpyska, IeHcTByrowas B cTtopoHy Bb
Y CHIDKAIOIAsi YCTOWYMBOCTh OTKOCa [3, 4]. YBenuye-
HUE (UIBTPAMOHHBIX T'PAJIMCHTOB MOXKET NPHUBECTH
K BO3HHKHOBEHHIO (OMIBTPAIIMOHHBIX Ae(pOpMAaIiiii
B MacCHBE I'PYHTa WM Ha MMOBEPXHOCTH OTKOCA BEPXO-
BOM mpu3Msl [5, 6]. B mpakTke ruipOTEXHUKU U3BECT-
HO MHOXECTBO CIIy4aeB BO3HMKHOBEHHs aBapUIHBIX
CUTYallMl, CBSI3aHHBIX C IOHMXCHHUEM YPOBHS BOJIbI
Bonmoxpanmwtuma [7, 8]. CreneHp WM3MEHEHWH YCTOMH-
YUBOCTH KOHCTPYKIIMH ¥ (HUIBTPAIIMOHHOTO PEXKUMA
3aBUCST OT HECKOJBKHX (AKTOPOB: MPOHHUIIAEMOCTH
TPYHTOB BEpXOBOM MPHU3MBI IUIOTHHBI, BETUIHHBI U CKO-
pocTu cpabOTKH, 3aI0KEHHSI BEPXOBOTO OTKOCa [9].

[Tpn NMpoeKTHPOBAHUM TPYHTOBBIX IUIOTUH OOs-
3aTETIbHBIM SIBIISICTCS BBINOJIHEHHE (DMIIBTpanMOHHBIX

918

pacueToB M pacuyeToB (DUIBTPAIIMOHHOW MPOYHOCTH'.
PesynbraThl BBINOJIHEHHBIX (QUIBTPAIIMOHHBIX HCCIIe-
JIOBAaHUM 3aT€M HCIIOJB3YIOTCSA B pacueTax yCTONYMBO-
CTH COOPYKCHHUS.

Jl1st OLIEHKM YCTOMYMBOCTH BEPXOBOIO OTKOCa
TPYHTOBOH IUIOTHHEI CIEIyeT paccMaTpPUBaTh MaKCH-
MaJIbHO BO3MO)KHOE CHIIKEHHE BOJBI B BOJIOXPAHUIIHU-
e ¢ HanOoJIbIIei BO3MOXHOM CKOpocThio. [1pu aTOM
YUUTBHIBAIOTCS (DMIIBTPALIMOHHBIE CHIIBI HEYCTaHOBUB-
mieiicss unpTparun. TakuM 00pa3oM, HEOOXOAMMBIM
SJIEMEHTOM pacyeTHOro OOOCHOBAHUSI T'PYHTOBBIX
IUIOTHH CITy’KUT pPEHICHHWEe 3a/ad HEyCTaHOBHBIICHCS
¢unpTparm. OIUH W3 ONpENeNseMbIX B 3THUX peIle-
HUSX TApaMETPOB — TPATUCHT HArmopa. BenmuduHbI
1 HaIpaBJICHHOCTh TPaEHTOB HAIIOpa — OCHOBA ISl
OLICHKHM (MIBTPAIIMOHHON NPOYHOCTH TPyHTa Tela
TUTOTUHBI M YCTAaHOBIICHUS (PUIIBTPAIIMOHHON THAPOIH-
HaMUYECKOW HAarpy3KH, BIUSIOLICH HA YCTOWYUBOCTH
OTKOCAa TUIOTHHEI [7-9].

B cummy TpyaHOCTH pelmeHust 3amad HEyCTaHoO-
BHBINEHCS QUIBTpAN C cepeAnHBI XX B. OOJIBIIOE
pactpocTpaHeHNE TIONYYHIN THUAPABINICCKIEC METO-
JIbl, OCHOBaHHBIC Ha PEIICHUN ypaBHeHHs byccrnHecka
C MPUHITHEM HEKOTOpbIX aomymieHui [10]. Mertoast
W pe3yJbTaThl UCCIIEAO0BaHUIT TPE/ICTaBICHBI B paboTax
WHOCTPAaHHBIX U poccuiickux aBTopoB [10]. TTozmHee
pa3BUTHE MPOAOIDKIIOCH B pa3paboTke KaK aHAIUTH-
yeckux [11], Tak ¥ THAPABINYIECKIX METOIOB pacdyera
[12-14].

Bce wmccnenoBaHWs HEyCTaHOBHBIICHCS —(DHITB-
TpalUK, MpPEACTaBICHHBIC BBIIIEC, NMPOBOAWINCH TIPH
OITPE/ICIICHHBIX OTPaHUYCHHSX, YTO OOYCIIOBJICHO He-
COBEPIICHCTBOM HCIOJIb3yeMbIX MeTO/I0B. Kak npaBu-
JI0, paccMaTpUBaNach OAHOPOIHAS H30TPOIMHAsl 30HA
10 MaTepragaM, OCTOSTHHAS CKOPOCTh CPabOTKU BOJIO-
XpaHWININA, OTPAHWYCHHBIH KPYT KOHCTPYKIHMHA. DTH
OTpaHUYCHUS HE TMO3BOJLUTH MPOBECTH TOIHOIICHHBIN
aHaIN3 TIOBEICHUS COOPY)KECHUS TIPH N3MECHCHHUU YPOB-
HEH BOZOXpaHMIIMIIA.

3HauUTENBHBII TIpOrpecc B PEIICHWH 3a/1ad He-
YCTAHOBHMBIIEHCS (DWIBTPALlMK CErOIHS JAOCTUTHYT

"' CIT 39.13330.2012. IInOTHHBI U3 TPYHTOBBIX MAaTEPHAJIOB.
AxryanusuposanHas pegakuus CHull 2.06.05-84*.
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C HMCIOJIb30BAaHUEM YHCIICHHBIX METOJIOB H, B NEPBYIO
odepenp, MeToaa KoHeuHbIX AmemerToB (MKD). B co-
BpeMEHHBIX Tpyaax [15-20] ocCHOBHOH aKIIeHT cienaH
Ha pelmeHud (QUIBTPAIMOHHBIX 3a1a4 (ompeaeneHue
JIETIPECCHOHHON KPUBOH, BBICOTHI IPOMEXKYTKa BbICA-
YMBaHHsI, BEIMYMH (DUIBTPALMOHHOIO pacxoja U rpa-
IUCHTA) METOJOM KOHTPOJIBHOTO O0BEMa, METOIOM
TpaHUYHBIX 21eMeHToB, MKD.

Pemrenne 3amaum uiabTpanuy B OONBIIMHCTBE
MIPUMEHSIEMBIX pPAcYETHBIX MPOrpaMM M KOMILIEKCaxX
CBOIWTCS K PEIICHUI0 OCHOBHOTO AupdepeHnansHo-
TO ypaBHEHUsI TEOPUH (MIIBTPALIUH C U3BECTHBIMU I'pa-
HUYHBIMH ycioBusmiu [10]:

K,—

0 [ 8H) 0
- KX_ +—
Ox ox ) oy\ 7 oy

L0 g O\ Ot
oz oz ot

rne H = f(x, y, z, {) — QyHKIHS Hamlopa B paccMaTpHBa-
eMoi1 00J1aCTH, N3MEHSIOIIASCS 110 KOOPHHATAM X, V, Z
u B0 Bpemenn ; K, K, K. — k03¢ (HUIHEHTHI PIITBTpa-
LMK B HANPaBJICHUSX OCEeH X, y, z; L — KoaduumeHt
MIOTEPh BOIBI B IPYHTE.

[Ipennonaraercs, 4TO ABMXKEHUE BOIBI MEKIY Ya-
CTHUI[AMU TIOYBBI ITPOUCXOANT, KOTZA MOPBI MTOTHOCTHIO
3aMOJHSIOTCS BOJIOW MO 1€HCTBHEM THPABINYECKOTO
rpajuenTta u3 o0nactu ¢ Gonee BBICOKMM JaBJICHUEM
B 001acTh ¢ OoJiee HU3KNM aaBieHueM. [lonoxenue ne-
IIPECCUOHHOM KPUBOH OIpPENEsIeTCs IIyTEM UCKIII0YE-
HUS U3 PAaCYETHOM 001acTH KOHEUHBIX 371eMeHTOB (KD),
JUIS1 KOTOPBIX TTOJTyY€HHOE U3 PEIICHHs 3HAaUYCHUE (QHJIThb-
TPAILIOHHOTO HAMOPa OKA3bIBAETCS MEHBIIIE UX BBICOT-
Horo noyiokenwus [17, 20].

3amaun HEyCTAHOBHBILIECHCS (QUIBTpAIMA H3yda-
IOTCSI U B TAaKOM HAay4YHOM HAIPaBJICHUH, KaK MOYBEH-
Hast ruapororus [21, 22]. B paccMaTpuBaeMbIX 3a1aqax
JBIDKCHUE (QUIIBTPALIMOHHOTO TIOTOKA IIPOUCXOJNUT KaK
B HACBIIIICHHOM, TaK ¥ B HCHACHIIIICHHOMN 001acTsaX. 3a-
Jla4y THUAPOJIOTHH TIOYB aHAJIM3MPOBAINCH B paborax
W3BECTHBIX 3apyO0ekHBIX [23-26], COBETCKMX W pPOC-
CUHMCKHX y49eHBIX [27-31].

B ocHoBe pacuera ABMXKEHHs MOYBEHHOW BIaru
IIMPOKO UCTIIONB3yeTcs u3BecTHoe ypasHenue JI.A. Pu-
yappca [22], sBisttorieecs Moau(UKaUeH ypaBHEHHS
Japcu npuMeHUTENbHO K YCJIOBHSIM HEHACBIIICHHOU
cpensl. OnHa u3 GOPM 3alKCH ATOTO ypaBHEHMS IPU
MepeHoce BIIaru B BEPTUKAJIbHOM HAIPaBICHNH (KoTaa
TpajiueHT IPaBUTAIIMOHHOTO ABJICHHS paBeH | ) BBITIS-
JIUT CIEeIYIOmNM 00pazom:

oH
(D

k oY
oY 0z—1
H——=0——, 2
ot 0z
e | — xodddunment auddepeHnnanbHON BIaro-
eMKOCTH TOYBBI, CM BOm. CT.'; ¥ — kamwmispHoe

JaBIICHIE TPYHTOBOW (TIOYBEHHOI) BIIarHW, CM BOJ. CT.;
t — Bpewms, cyT; k — K0d(h(PUIMEHT THAPaBIMYECKON
MPOBOJMMOCTH TPyHTa (IIOYBBI), CM/CYT, SBISETCA

¢yHkumeit or nasnenus Baaru V; z — koopauHara
10 BEPTUKAJIbHOU OCH, CM.

Pemenne Takoro ypaBHEHHSI BO3MOXKHO TOJBKO
C TIOMOIIBIO YHCIICHHBIX METOJ0B. Bxossmue B ypas-
Henue (2) xkodpPUIUCHTHI SBISIOTCS (DyHKIMEH Ka-
musipHoro masienus Baarn: U = W) u k = k()
1 KITIOYEBOH MPOOJIEMOI B MOWCKE PEIICHUS CIYKHUT
OTCYTCTBHE MCUEPIBIBAIOIIETO OOOCHOBAHUS UX OTIpE-
nenenus. [lpu moucke pemeHus OOBIMHO IMPUMEHSIOT
SMITMPUYECKUE 3aBUCHMOCTH 3THX IapaMeTpoB, II0-
JIydeHHbIE HAa OCHOBE OSKCIIEPHMEHTAJIBHBIX JaHHBIX
[29-32]. B nabopaTopHBIX YCIOBHSX ONpPEACISIOT 3a-
BHUCHMOCTh OOBEMHOH BJI2XKHOCTHU ITOYBHI 6 OT Kamui-
JSIpHOTO JaBiieHus Biark P, KoTopyro Ha3bIBalOT OC-
HOBHOW ruapopusnueckoil xapaxrepuctukoit (OI'X)
[22, 28].

Ban TenyxteHom [25] mpu HCHOIB30BAaHUU Me-
toga Myasiema [24] ObLia MpemIoKeHa MOJCIb OIH-
CaHusl THIPOPHU3NYECKUX CBOHCTB TPYHTOB (IIOYB)
C TNPUMEHEHHEM BBIPAKEHUH, U3BECTHAsI KaK MOJCIb
Myanema — BaH ['enyxTtena. OHa HaIuIa MUPOKOE MPH-
MEHEHHE B MpPAKTHKE YHCIEHHOTO MOJCIMPOBAHMS
(UITBTPAIIOHHBIX TTPOIIeCcCoB [5, 7].

MATEPHAJIBI U METO/JbI

OO0BLEKT HccJIeI0BaAHNS

PaccmarpuBanack 3emisiHas OHOPOIHAS TUIOTHHA
BbICOTOM 24,0 M Ha HEPOHUIIAEMOM OCHOBAHUHU.

3anoxxeHue BepXoBoro orkoca npunaro 1:3,0, Hu-
30Boro — 1:1,85. OT™MeTka HOPMAJILHOTO YPOBHS BOJIBI
H = 22,0 M, OTMETKA YPOBHSI BOJIbI HUKE TI0 TEUECHHIO
ot motunbl H, = 3,0 M. CxeMa KOHCTPYKIIUHU PUBEJIE-
Ha Ha puc. 1.

HccnenoBanuch clenyrone BapHaHThl I'PYHTOB
TeJa MJIOTUHBL: IECOK CpeTHEH 3epHUCTOCTH, IECOK MeJI-
KO 36pHUCTOCTH, CYIECh U CYIIIMHOK. VIcTionb30BaHHbBIE
XapaKTePUCTUKHU IPYHTOB MPEACTABICHHI B Ta0M. 1.

HccnenoBanuss mpoBOAWINCH YHcieHHbIM MKD
¢ momonrpio mporpammuoro xomriekca (ITK) PLAXIS,
BKJTFOYAIOIIETO MOIYIM JUIA  BBIIIONHEHUS PACUeTOB
¢unsTpanmm B TpyHTe. Monyne PlaxFlow mosBomser
MIPOBOIWTH pacdeThl HEYCTaHOBWBINIEHCSA (DUITBTpaIyu.
Hcmonp3yercs ofHa U3 CaMBIX PacpOCTPaHCHHBIX U IIPO-
BEPEHHBIX MOJIeNIel — Mozienb Bad [enyxTena [25].

12 3 45 6 7 8

+24,000
18,000 22000 &
+10.000 W ] = | 2y
% +4joooa._3 g NS +3,000
72 8 444

12 3 45 6 7 8

Puc. 1. Cxema rpyHTOBOIT OTHOPOIHOI TUIOTHHBI

Fig. 1. Scheme of an earth homogeneous dam
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Taou. 1. XapaKTepI/ICTI/IKI/I rpyHTa T€J1a MJIOTHUHBI IJIs1 CPABHUTEIIBHOI'O aHalin3a MOJIOKECHU z[enpeccnom{oﬁ KpI/IBOﬁ

Table 1. Characteristics of the soil of the dam body for a comparative analysis of the position of the depression curve

Bapuant rpysta Pasmep YacTuL, v [IponieHTHOE COOTHOLIEHUE KoadpunmenT punmsrpannmy,
Soil option Particle size, mm HacTHIL IPyHTa, % m/cyT
p e e Percentage of soil particles, % Filtration coefficient, m/day
Ilecox cpenueit < 0,002 4
3€pHUCTOCTH 0,002-0,05 4 10,000
Medium grain sand 0,05-2 9
. <0,002 4
HeCOK MEJIKO3ePHHCTBIH 0.002-0.05 4 1,920
Fine-grained sand
0,05-2 92
. <0,002 42
Ilecok 3armMHUPOBaHHBIN 0.002-0,05 5 0.100
Clay sand
0,05-2 53
<0,002 6
Cynece 0,002-0,05 11 0,010
Sandy loam
0,052 83
<0,002 20
Cyrmmox 0,002-0,05 40 0,0010
Loam
0,05-2 40

TecToBBIEC pacyeThbl

Jna nposepku Metonuku pacuera B [IK PLAXIS
MIPOBEJICHBI TECTOBBIE PACYEThl IUIOTHHBI PU CPadOT-
ke ypoBHs Bozbl Bb. B kauecTBe Ha4albHOIO yCiI0BUs
[IPUHUMAJICS PE3YJIBTAT PEIeHUs CTAllMOHAPHOHN (HJIb-
TPAllMOHHOM 3a/lauu HpU HaloJHEHHOM YypoBHe Bb
U oTMeTKe HkHero obeda +3,00 (puc. 1). Monenupo-
BaHME CPaOOTKHU ITPOU3BOIMIIOCH CO CKOPOCTBIO CHIIKE-
HUSI TOPU30HTA BOJBI BOJOXpaHUIHIIA | M/CYT.

Pe3ynbTarsl pelieHns TeCTOBOM 3a1a4u B BUE MO-
JIO)KEHUS JICTIPECCUOHHON KPUBOM M MOJIeH pacmpeje-
JIEHUsI TIOPOBOTO JABJICHUS B IUIOTMHE HA HadaJbHBIN
MOMEHT M Ha TEPHOMAbI BPEMEHH, COOTBETCTBYIOIIHE
BBIOpAaHHBIM JTaraM, IMpeAcTaBleHbl Ha puc. 2. Pe-
3yJabTaThl MOJEIHPOBAHUS TECTOBOW 3ajauu, IMOINy-
yenHsle B PLAXIS, cpaBHuBanmuch ¢ pesysibraTamu,
nojiyueHHeiMu B padorax B.M. IllecrakoBa (Ha oc-
HOBE T'MJPABIMYECKOIO METOJA C PELICHHEM ypaBHe-

r= 0 cyTnf’ days

uust Byccunecka) u B.C. JlykbsiHOBa (MOIEIUPOBaHKE
Ha ruapaBaudeckoM uHTerparope) [33]. CpaBHeHue
TIOJIOKEHUSL JENPECCUOHHON KPUBOM BBINOJHSJIOCH
B BOCbMH BBIOPAHHBIX CCUCHHSX (TIOJIOKCHUEC CCUCHHIA
MOKazaHo Ha puc. 1). 3HaueHUs! MONTOKEHHUs TOUEK Jie-
MIPECCUOHHOMN TOBEPXHOCTU B CEUCHUSIX, MOJYICHHbIE
pa3HBIMU METOAMH, IPUBEICHBI B TA0. 2.

PacxoxeHre MONYyYCHHBIX 3HAYCHUN pa3HBIMHU
METOJ]aMH HE MPEBBICHIIO B OOJIBIIMHCTBE TOUEK S5 %o,
YTO TOBOPHT O IONTYCTUMOCTH PEIICHUS TaHHOM! 3a7a9u
B I[IK PLAXIS.

IlocTanoBKa Mcc/ie10BaHuii

W3yvanock BiusiHME BEIOPAHHBIX ()aKTOPOB Ha Na-
paMeTpsl (PUIBTPALIMOHHOIO IIOTOKA 4Yepe3 OJHOPOI-
HYIO 3eMJISIHYIO IJIOTHHY NPH M3MEHEHHH BO BPEMEHU
ypoBHs Bojbl B BB. B kauecTBe Biustomux (pakropoB
ObuTH BBIOpaHBI: KOI(QGUIMEHT (QUIBTPALMK TPyHTA

”!=4cle;’(I1aysl

—_— T

t=18 cyr/ day

S

Puc. 2. Pe3ynbrarsl onpeneneHus MOI0KeHHUs AenpeccuoHHoi kpuBoit mpu K = 1,92 m/cyt B IIK PLAXIS.

M3omonsimMu moka3zaHo TIOPOBOE NABJICHUE B TEJIC IIJIOTUHBI

Fig. 2. The results of determining the position of the depression curve at K = 1.92 m/day in the PC PLAXIS.

The isofields show the pore pressure in the body of the dam
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Taou1. 2. Pe3ynbrars! pacueTa HOJIOKEHUS JEIPECCUOHHON KPUBOH B TeJl€ MJIOTHHBI

Table 2. The results of calculating the position of the depression curve in the body of the dam

Orar cpaboTKH/BpeMst BeicoTa nenpeccuoHHOM KpUBOI 10 CEYEHUI0, M
TocIIe Havyajaa cpadoTKu Merog pacuera Depression curve height in cross section, m
Drawdown stage/ Calculation method
reservoir drawdown time -1 2-21 33 | 441 55| 66| 77| 88
Paccrosinue oT moaomBel IIIOTHHBI CO CTOPOHBI BB, M
Distance from the base of the dam from the headwater side, m 47,0 152,01 62,0 1 72,0 1 77,0 | 87,0 | 97,0 | 107.0
Thpagmtieckutit urterparop — 1180|180 [ 17,1 | 160 | 143 | 119 | 85
o 1/4 Hydraulic integrator
o 1/4 nust
Meron B.M. lllecrakopa
No. 1/4 days Method VM. Shestakova - | 18,0 | 173 | 16,8 | 15,7 | 13,9 | 11,6 | 7,9
PLAXIS - | 18,0 | 182 | 17,2 | 16,6 | 14,7 | 12,4 | 9,0
Tnapapmicciii nrerparop 123 [ 13,0 | 13,5 | 12,8 | 123 | 112 | 97 | 7.2
Hydraulic integrator
Ne2/12 nueid Meton B.M. IllecTakoBa
No. 2/12 days Method VM. Shestakova 13,0 | 13,9 | 14,0 | 13,7 | 13,0 | 12,0 | 10,0 | 7,8
PLAXIS 12,7 | 13,0 | 13,1 | 12,8 | 12,6 | 11,6 | 10,0 | 7,8
Ppagiireciui kerparop 9,5 | 10,0 [ 10,6 | 10,5 [ 102 | 92 | 82 | 62
No3/18 . Hydraulic integrator
o nHei
i Merog B.M. lllecrakoa
No. 3/18 days Method VM. Shestakova 11,6 | 11,9 | 12,0 | 11,5 | 11,0 | 10,0 | 8,9 | 6,0
PLAXIS 10,2 | 10,6 | 10,8 | 10,8 | 10,5 | 9,8 | 8,6 | 6,8

IUIOTUHBI, CKOPOCTh CPabOTKH BOJOXPAHMIIMIIA, 3aJ10-
’KeHHe BepxoBoro orkoca. Ilo pesynpraram pacyeroB
MIPOAHAIN3UPOBAHO BIMSIHHUE (DAKTOPOB Ha TOJIOKEHHE
JIENIPECCUOHHOM MOBEPXHOCTH U MAaKCUMAJIbHYIO BEJIH-
YUHY (QUIIBTPALIMOHHOTO TPaeHTa BOJIM3H BEPXOBOTO
OTKOCA IUIOTHHBI.

PE3VYJIBTATHBI HCCIEJOBAHUA

Bausinue ko3punuenra GpuiabTpauun
Ha MO0JI0JKeHHUe JeNpPecCHOHHON KPHBOi

PaccmarpuBanach OIHOpOJHAsT 3eMIISTHAsl ILIO-
ThHa (puc. 1) ¢ BapuaHTaMH TPYHTOB, IPEJCTaBIICH-
HBIMH B Tabn. 1. B pe3ysbrare pacueToB sl KaKa0ro
BapuaHTa IUIOTUHBI B 3aBUCUMOCTH OT Koddduimuenra
(GUIBTpaUK TOyYCHBI OJOKCHHS JEIPECCUOHHON
KPUBOW JUIsS Pa3IMYHBIX 3TArOB CPabOTKH (Tabi. 2).

P RS ETR) PUEE FEWY FUTS FETE PETS PRV FETe |

Ha puc. 3 noka3aHbl NOJ0XKEHUs! 1€IPECCUOHHON KpH-
BOIl HA MOMEHT BpeMeHH, paBHbIl 18 cyTkaM ¢ Hauana
CpabOTKH sl Pa3IMYHbIX 10 IPOHUIIAEMOCTH BapHaH-
TOB TPYHTOB. MOKHO OTMETUTH, YTO JUISl IJIMHUCTBIX
IpyHTOB ¢ KoadduipenTom puisrpanmn K o1 102
HM3MEHEHUE IMOJIOXKEHUS JeNPECCUOHHOM KpUBOI Ipo-
WCXOJIUT JIUILBb BOJIM3HM BEPXOBOIO OTKOCA.

Jyist ocTanbHBIX TPYHTOB U3MEHEHHS 3aTParuBaroT
MIPaKTHYECKH BECh NMPOQHIb IPYHTOBON TIOTHHBI. [1o-
JIy4eHHbIE Pe3yJIbTaThl Oy/yT UCIIOIB30BAHbI Ha CIIEY-
IOIIEM JTarie A7l OLEHKH yCTOWYMBOCTH OTKOCA.

Bausinue xo3pdunuenra GuiabTpanun
U CKOPOCTHU cpadOTKM HA BeJIMYUHY
MAaKCHMAaJIbHOI'0 TPaJMeHTa HAlopa

JUIst TUIOTHHBL € pa3MepaMM, Npe/ICTaBICHHBIMA
Ha puc. 1, paccMaTpuBanach pa3IlMyHasl CKOPOCTb Cpa-
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Puc. 3. [TonoxeHnne nenpeccMoHHON KPUBOM NPH pa3inyuHbIX Kodpduimentax Gpuibrpanun Matepyrasa Tena MIOTHHBI

Ha 18 cyT ¢ Havana cpaboTKu

Fig. 3. The position of the depression curve at different filtration coefficients of the material of the dam body on the 18th day

from the beginning of drawdown
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6otku yposus Bb: 0,1; 0,25; 0,5; 1,0; 1,5; 2,0 m/cyT.
B pesynbrare pacyeToB MOTy4eHBI MAKCHMAJIbHBIE Tpa-
JVEHTHI Hallopa B TeJIE ITIOTHHBI BOJIM3H BEPXOBOH Ipa-
HU JJIsl pACCMOTPEHHBIX BapHaHTOB. Pesynbrarsl pac-
YeTOB NPUBE/ICHBI B Ta0I. 3.

BuaHo, 4TO JUIs BCEX THIIOB TPYHTOB C yBEJIHYeE-
HHEM CKOPOCTH CpaOOTKH MPOWCXOIUT YBEINYCHHE
MaKCUMAaJIbHBIX T'PaAueHTOB. {1 CHIIBHO MPOHHIIAE-
MBIX TPYHTOB (K . 10 mM/cyT) pu CKOPOCTH CPabOTKH
0,1-0,25 M/cyT MakCHUMabHBIC TPAJUCHTHI HE3HAYH-
TenbHBl U HaxoasTca B uHTepBane 0,043-0,105. Ipu
BO3pacTaHuu ckopoctu cpaborku 1o 1,0-2,0 m/cyT ux
BenuurHa Bo3pactaet a0 0,356-0,406. DTo cBUACTEND-
CTBYET O TOM, YTO TIPH TaKHX OOJBIIMX CKOPOCTSIX Cpa-
0OTKM BOJIa B BEPXOBOI IPU3ME HE yCIIEBAET 32 YPOB-
HeM BB. 111 mIHMHACTHIX TPYHTOB ¢ KOA(PPUITHCHTAMH
¢unpTparmm 0,01-0,001 M/cyT XapakTepHBI TOCTATOY-
HO OOJIbIIME 3HAYCHUS] TPAJMEHTA, H3MEHSIONIHECs
ot 3HaueHui 0,468—0,469 pu cpabOTKE CO CKOPOCTHIO
0,10 M/cyt no 3mauenuit 0,484—0,643 mpu cpabotke
co cKopocThio 2,0 M/CyT.

Bausinne ko3¢ dunuenta puabrpanumn
U 32J105KeHUS 0TKOCA HA BeJJHYHHY MAKCHUMAJIbHOTO
rpajueHTa Hamopa

PaccMarpuBasMch BApUaHThI C PA3IHYHBIME KO3 -
peHTamMu (IIBTparmy (Tadm. 1) U 3aJI0KEHIMH BepXO-
BOI'0 M HM30BOro otkocos: 1:1,5; 1:2,0; 1:2,5; 1:3,0; 1:3.5;
1:4,0. CropocTb cpabOTKN TPH ATOM 3ajaBajack | M/CyT.
Pesynsrars! pacuera npuBeieHBl B TaON. 4 U Ha puc. 4.

MOXHO OTMETHUTH JOCTATOYHO OOJIBINOE BIIMSHHE
3aJI0XKEHHSI BEPXOBOTO OTKOCA Ha BEJIMYNHY MaKCHMaJlb-
HOTO IpaJineHTa Haropa. Jisi NIMHUCTOTO IPyHTa C KO-
s¢dunmentom punsrpanmn K o 0,001 m/cyT 3HaueHnE
rpaguenTa ysemununBaercs ¢ 0,394 mpu 3amoxeHUH
1:4,0 mo 0,956 mpu 3anoxenun 1:1,5. B OonpmmmHCTBE
CITy4aeB MaKCHMaJIbHBIA I'paJIMeHT Haropa 3a(puKcupo-
BaH Ha BEPXOBOM OTKOCE TUIOTHHBI B TOYKE BBIXOa KPH-
BOH genpeccun Ha oTMmeTke +4,00, YTO COOTBETCTBYET
TIOJIOXKEHHIO YPOBHS BOZIbI mociie cpaborku. Ho B ciy-
yae ¢ 3asokeHnsiMu otkoca 1:3,5 u 1:4,0 u koadpunu-
errom uibsrparun 0,001 M/cyT genpeccuoHHas KpuBas
BBIXOIUT Ha OTKOC Ha oTMeTkax 20-22 wm, T7ie u moiy-
YeHBl camble OOJbIIME 3HAYEHMs TPaJUCHTA Haropa.

Ta6u. 3. MakcuManbHbIe IPAANESHTHI HAOPA MPH Pa3IMYHBIX KOAQGUIMEHTaX (UIIBTPALMK U CKOPOCTAX CpabOTKH

Table 3. Maximum filtration gradients at various filtration coefficients and drawdown rates

Cﬁffﬁﬁf,ﬁpisgfgmi? 0,10 025 0,50 1,00 1,50 2,00
Koadduunent dpunsrparmu, m/cyt I'panuent punsrpamuu, |J_ |
Filtration coefficient, m/day Filtration gradient, |J__ |
0,001 0,476 0,486 0,506 0,538 0,586 0,643
0,01 0,468 0,469 0,470 0,476 0,479 0,484
0,1 0,420 0,445 0,457 0,463 0,465 0,466
1,0 0,255 0,383 0,425 0,451 0,458 0,462
10,0 0,043 0,105 0,247 0,356 0,388 0,406
Ta6a. 4. MakcumanbHble GUIBTPALHOHHBIC TPaJUEHTHI TIPH Pa3INuHbIX Kod(duirenTax Gpuisrpaun
1 3aJI0)KCHUSAX OTKOCOB
Table 4. Maximum filtration gradients at various filtration coefficients and slopes
32‘”0*‘3230‘;TK°°°B 1:1,5 12,0 12,5 13,0 13,5 1:4,0
Koadduument dpunsrparmu, m/cyt I'panuent punsrpamuu, |J_ |
Filtration coefficient, m/day Filtration gradient, |J__ |
0,001 0,956 0,77 0,621 0,508 0,441 0,394
0,01 0,881 0,702 0,557 0,444 0,387 0,329
0,1 0,781 0,669 0,542 0,435 0,38 0,319
1,0 0,697 0,632 0,521 0,426 0,378 0,33
10,0 0,468 0,431 0,480 0,411 0,393 0,301
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Fig. 4. Maximum filtration gradients at various filtration coefficients and drawdown rates

3AKJITIOYEHHUE U OBCYXIAEHHUE

BrImonHeHO cpaBHEHME Pe3yabTaTOB PEIICHUS Te-
CTOBO 3a/1a9H, TOIydeHHBIX ¢ Tomoribio ITK PLAXIS,
C peI_HeHI/I)IMI/I FI/I}IpaBJ'II/I‘IeCKI/IM METOAOM U C UCIIOJIb-
30BaHHEM THJIPABIUYCCKOIO MHTErpaTopa. Pesynbrars
pacdeTa moKa3ajl XOPOIIY0 COITOCTABUMOCTD, YTO I10-
3BOJISIET TOBOPHUTH O TIOCTOBEPHOCTH PE3YIIBTATOB YHC-
JIEHHBIX UCCIEI0OBaHUM.

HOJ’[y‘-IeHHI)Ie U3 YHUCJICHHBIX BKCHepI/IMeHTOB 3Ha-
YCHUS] TPOJACMOHCTPHPOBAIN CYIICCTBCHHYIO 3aBH-
CHUMOCTB IapaMeTpOB (PHIIBTPAIIMOHHOTO TOTOKA (I10-
JIOKEHHUE JCTIPECCHOHHOW TMOBEPXHOCTH, BEIMUYMHEI
TpaJiieHTa Haropa) oT KoduireHTa GUIbTpannm.

MakcuMalbHbIC TPaIUEHThI Haropa 3aHKCHPOBa-
HBI B TOYKAX BBIXOIA JICTIPECCHOHHONW KPHBOW Ha BEPXO-
BOM OTKOC. BeslmumHbl MaKCUMaJIbHBIX TPAJUEHTOB J0-
CTAaTOYHO BCJIIMKH, YTO I‘OBOpI/IT 0 HeO6XOI[I/IMOCTI/I OLICHKH
(UIBTPAMOHHON TPOYHOCTH TPYHTOB TUIOTHHEL.

CKopoCTh CpabOTKH ¥ 3aJI0KEHHE BEPXOBOTO OTKO-
Ca BIIMAKOT HA BCJ'II/I‘II/IHy MAaKCHUMAJIBHOI'O Fpa}II/IeHTa Ha-
nopa. ['paueHT Haropa yBeIMYUBACTCS C YBEIMUEHUEM
CKOPOCTH CPabOTKH M YMEHBIIICHAEM 3aJIO’KSHHUSI OTKOCA.

B panbHEHIIMX MCCIIEAOBAaHUSAX CIENYET Ollpe-
JICTIUTh BIMSHUE OBICTPOI CpabOTKM BOAOXpPAHMIIMIIA
U PAaCCMOTPEHHBIX (PAKTOPOB HA YCTOMYMBOCTH OTKO-
COB IJIOTHHBI.
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NMHXEHEPHBIE CUCTEMBbI
B CTPOUTEJIbCTBE

HAYYHAS CTATbSA / RESEARCH PAPER
VYIK 628.81
DOI: 10.22227/1997-0935.2023.6.927-934

JHepreTudeckas 3PPeKTHBHOCTD JIEKTPHUYECKOI0 KOTJIA
C KOCBEHHBIM IOBEPXHOCTHBIM PEe3MCTOPHBIM HATPEBOM
TENJIOHOCHTEJIA

Anexceii Jleonngosuu Topomnos
HUnocenepuwiii yenmp «Anpenvy (UL «Anpenvy); e. Mockeéa, Poccus

AHHOTALUMUA

BBepeHwue. [lonsa sHeprum Ha TennocHabxeHne gomoxosancts coctasnseT Ao 80 % oT obuen notpebnsaemMont sHeprum.
PaboTbl No noBbILEeHUO aHepreTudeckon adpdpekTnBHocTM obopyaoBaHns HVAC BHOCAT Hambonblunii BKMag B CHUXEHMWE
TEXHOrEeHHOro BO34eNCTBUS Ha NpUpoaHyto cpedy. TexHonorusi Power-to-Heat npeacraenseT cobon anekTpuyeckne KoTnbl,
NpUMeHsieMble ANs1 OTOMNMEeHUs BOASIHbIMM CUCTEMaMu C paguaTtopamy U HU3KOTeMMepaTypHbIMU NpubopaMu OTOMNNeHns
«Tennbin nony». MNpeacraBneHo nccnegoBaHne sHepreTnYeckon apdeKTUBHOCTN HACTEHHOMO 3NEKTPUYECKOro KOTMa, OCHa-
LLIeHHOrO TensioreHepaTopoM KOCBEHHOIO NMOBEPXHOCTHOIO Pe3MCTOPHOIO HarpeBa TeMMOHOCUTENS.

MaTepuansi U metoabl. O6bEKT NccnefoBaHUs — CEPUAHO BbINMyCKAEMbIi OOHOKOHTYPHbIA HACTEHHbIN 3MEKTPUYECKIIA
koten ARDERIA E24 HOMVHaNbHOM MOLLHOCTbLIO 24 KBT-4, OCHAaLLEHHbIN TPEXCKOPOCTHBLIM LNMPKYISLMOHHBIM HACOCOM, pac-
LMpuTenbHbIM 6akoM obbemom 6 N, rpynmnoi rugpasnuyeckot 6e3onacHoOCTM 1 NOAMUTKA TENSOHOCUTENS. YNpaBneHue
MOLLHOCTbIO paboThbl KOTNA BbIMOMHEHO HA CUMUCTOPaXx C paguatopamu OXMaXAeHUs, pacrnofioKeHHbIX Ha obpaTHon mMaru-
CTpanu KOHTypa LMpKynsumuu. Ha KoTne ycTaHOBIEH 3MeKTPUYECKUIA TENMNOreHepaTop C KOCBEHHbIM PE3UCTOPHBLIM NMOBEPX-
HOCTHbIM HarpeBOM TEMJIOHOCUTENSI C «KCyXUMMU» TpybyaTeiMu anekTpoHarpesatensammu (TOH).

Pesynbrathl. /lccnegoBaHHble anekTpuyeckne TennoreHepaTopbl MMEKT BbICOKYH YAENbHYH 06bEMHY MOLLHOCTb, paB-
Hyto 9,3 kBT-u/gm3. CpegHsis yaenbHas mowHocTb TOH — 25,1 Br/cm?, makcumanbHas — 28,8 Bt/cm?. KoadhduumeHt
aHepreTnyeckon ahdeKkTMBHOCTM paboTbl KoTna coctaenset 0,986. Mopasnuyeckoe conpoTueneHne 6noka — 1,25 m
BOAsiHOro ctonba npu pacxoge 1,0 m3/u.

BbiBoabl. NpvMeHeHMe KOHCTPYKLUUM 3MEeKTPUYECKOro TEemnnoBOro reHepaTtopa, COCTOSILLErO0 M3 NIUTOrO antoMUHWUEBOTO
6rnoka ¢ pasmeLleHHbIMU BHYTpU TpybyaTbiMM HarpeBaTenbHbIMU SrieMEHTaM1 U CnnpasnbHOW TpyObl LIMPKYNSaUMM Tenno-
HOCUTENS, MoKasano BbICOKYIO dHEpreTuyeckyto adpdeKkTMBHOCTb C koadduumneHtamm 0,98-0,986 B AnanasoHe moayns-
LN TENMoBON MOLHOCTU. KoahduumMeHT Moaynaumnm TeNOBOM MOLLHOCTM 3NEKTPMYECKOro KoTna paBeH 12 (2-24 «kBr).
OHEeproemMKoCTb KOHCTPYKLIMM TEMNOBOro reHepartopa coctasnseT 9,3 kBT-u/am®, 4yTo 3HAYMTENBHO Bbille TPAAULMOHHBIX
6roKOB reHepaLmm TENOBON 3HepPrum ¢ «MokpbiMn» TOH. Cuctema ynpasreHust TENNOBON MOLLHOCTBIO KOTIa UCKIoYaeT
BEPOSATHOCTb BO3HUKHOBEHWS TeMnepaTypbl Ha MOBEPXHOCTU BHYTPEHHeN TpyObl LMpKynaummn TennoHocutens sbiwe 88 °C.

KINMOYEBBIE CJIIOBA: P2H, anekTpuyeckuin koTen, pe3aucTop, KOCBEHHbIW HarpeB, TOH, sHepreTnyeckas apdekTuB-
HOCTb, MUHEPLIMOHHBIN Harpes

BnazodapHocmu. ABTOp GrnarogapuT peLeH3eHTOB 3a 3aMevaHunst Mo CTUMIO USNOXKEHUSI U HAaYYHO-TEXHUYECKOW CyTU, Cro-
cobcTBytoLme 6ornee rmy6bokoMy pacKpbITUIO TEMbl HAYYHOWN paboThI.

AnA UWWTUPOBAHWUA: Toporos A.J1. QHepretnyeckas aMEKTUBHOCTb 3MEKTPUYECKOrO KOTMa C KOCBEHHbIM MOBEpPX-
HOCTHbIM PE3UCTOPHBLIM HarpeBom TennoHocuTens // BectHnk MICY. 2023. T. 18. Bbin. 6. C. 927-934. DOI: 10.22227/1997-
0935.2023.6.927-934

Asmop, omeemcmeeHHbIl 3a nepenucky: Anekcen JleoHngosuy Toponos, toropov@aprilgroup.ru.

Energy efficiency of an electric boiler
with indirect surface resistive heating of the heat carrier

Alexey L. Toropov

Engineering Center “April”; Moscow, Russian Federation

ABSTRACT

Introduction. The share of energy for heating of households makes up to 80 % of the total energy consumption. Works
on increase of energy efficiency of HVAC equipment make the biggest contribution to reduction of manmade impact on
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the environment. Power-to-Heat technology — electric boilers used for heating with water systems with radiators and low-
temperature heating devices of the “warm floor” type. The research of energy efficiency of the wall mounted electric boiler
equipped with the heat generator of indirect surface resistive heating of the heat carrier is presented.

Materials and methods. The object of the research is an electric boiler ARDERIA E24, with a nominal capacity of 24 kWh,
equipped with a circulation pump, an expansion tank with a volume of 6 L, a group of hydraulic safety and heat carrier
recharge. Control of the capacity of the boiler is carried out on semistors with cooling radiators located on the reverse
line of the circulation circuit. The boiler is equipped with an electric heat generator with indirect resistor surface heating
of the heat carrier.

Results. The studied electric heat generators have high specific volumetric power equal to 9.3 kWh/dm?3. The average
specific power of tubular electric heaters is 25.1 watts/cm?. The coefficient of energy efficiency of the boiler is 0.986. The hy-
draulic resistance of the unit is 1.25 meters of water column at a flow rate of 1.0 m%h.

Conclusions. The application of the electric heat generator design consisting of a cast aluminum block with tubular heating
elements placed inside and a spiral coolant circulation pipe showed high energy efficiency with coefficients of 0.98—-0.986
in the modulation range of heat output. The heat output modulation factor of the electric boiler is 12 (2-24 kW). The energy
intensity of the heat generator design is 9.3 kWh/dm?, which is significantly higher than traditional heat generation units with
“wet” heating elements. The boiler’s heat output control system eliminates the possibility of the temperature rising above
88 °C on the inner heating medium circulation pipe surface.

KEYWORDS: Power-to-Heat, electric boiler, resistor, indirect heating, tubular electric heater, energy efficiency, inertial
heating
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BBEJAEHUE

B Poccuiickoit ®eneparyu 78 % ot o0riero mo-
TpeOJICHUST PHEPTUU JOMOXO3SHCTBAMHU TPUXOTUTCS
Ha OTOTIICHHE U TIOJITOTOBKY TOpsTIeii BOMIbI . AHAIOTHY-
Hele jgaHHbie B EBponeiickom Coroze — 79 %% 3,
B CIIIA — 60 %*. Yka3zauuble upbl yOIUTEIBHO M10-
Ka3bIBAIOT, YTO UMEHHO PaOOTHI TIO MTOBBIMICHUIO YHEP-
retuueckoil sddexkruBHoctn obopynoBanusi HVAC
(Heating, ventilation and air conditioning — oTorute-
HUE, BCHTWIANWSA W KOHIUIIMOHHPOBAHUE BO3IyXa)
BHOCST HaOOJBINNI BKJIAJ B CHIKCHNE TEXHOTCHHOTO
BO3JICHCTBHS TEXHUYECKOTO OOOpYIOBaHHMS JTOMOXO-
3SICTB Ha €CTECTBEHHYIO IIPUPOIHYIO cpeay. st cHu-
JKCHHSI BBIOPOCOB TIAPHUKOBBIX T'a30B BCE IEPEIOBEIC

' O cocrosinnu HEProcOepekeHns U TOBBIIIEHHNA YHEPIeTH-
yeckoit adpexruBHocTH B Poccuiickoit dexepannu : rocy-
JIapCTBEHHBIN Jokian. M. : MUHHCTEPCTBO SKOHOMUYECKO-
ro pa3sutusi Poccuiickoit @enepauuu. 2020. 114 c. URL:
https://www.economy.gov.ru/material/file/c3901dba442{8e3

61d68bc019d7ee83f/Energyefficiency2020.pdf

2 Heating and cooling constitute around half of the EU energy
consumption // Directorate-General for Energy. URL: https://
ec.europa.eu/energy/topics/energy-efficiency/heating-and-
cooling_en?redir=1

3 Energy consumption and use by households // Eurostat.
URL:  https://ec.europa.eu/eurostat/web/products-eurostat-
news/-/DDN-20190620-1

* Energy balances of OECD countries 2014 // International
Energy Agency (IEA). URL: https://www.oecd-ilibrary.org/
content/publication/energy bal oecd-2014-en
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CTpaHbl YIEINSIOT BHUMAHHE IOBBIMICHUIO SHEProdd-
(EKTHBHOCTH 3IAHUH M CHCTEM TeIuIoCHamKeHuHs™ & 7.

Texnomorun Power-to-Heat (PtH wmu P2H) or-
HOCATCSI K 000PYZIOBaHUIO, B KOTOPBIX JIEKTPHUYECKast
sHeprus reHepupyer Tteruo. P2H mpemmaraer MHo-
KECTBO IPEUMYILECTB JUIS YIPaBICHUS JHEpreTHUe-
ckuM mepexonoM. Bomsueie P2H ¢ ucnonb3oBannem
N30BITOYHON TIEPEeMEHHONW BO30OHOBIISIEMOM YHEPrHU
MO3BOJISIIOT ~ ONTHMH3HMPOBAaTh  SHEPromnoTpedieHne
U COKpAaIaloT MPUMEHEHUE YIJIEBOIOPOIHOTO TOILIH-
Ba. DJIIEKTPUYECTBO HE SIBISICTCS IEPBUYHON SHEPTHEH.
Bamanc nmoTpebneHns MepBUYHON SHEPTHH 3HAYUTEITH-
Ho muddepeniupoBan. B Poccuiickoit Denepariuu
1o faHHbIM 3a 2018 1. mpu NpoU3BOICTBE IEKTPHUUE-
CKOM 3Hepruu omns raza cocranisiet 60 %, yrst 16 %,
Hedrenpoaykros 13 %, spepHoro Tormsa 8 %, THAPO-
sHepruu 3 %, Bce BUABI BO30OHOBISIEMBIX HCTOYHUKOB
sueprun cocrasmsiior 0,03 %'. Kaxnas crpana umeer

5 Directive 2010/31/EU of the European Parliament and of
the Council of 19 May 2010 on the Energy Performance
of Buildings (recast). URL: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=celex%3A32010L0031

¢ World energy balances 2020 edition. Database documenta-
tion. URL: https://iea.blob.core.windows.net/assets/4{314df4-
8c60-4e48-9136-bfea3d2b7td5/WorldBAL 2020 Documen-
tation.pdf

7006 sHEeprocOepeKeHNH 1 O TOBBIMICHUH dHEPTETHUECKON
3¢ exTUBHOCTH 1 0 BHECEHUH N3MEHEHHH B OT/IEIBHBIE 3aKO0-
HojarenbHble akThl Poccuiickoit @enepanun : denepanbHbli
3akoH Ne 261-®3. URL: https://fzakon.ru/laws/federalnyy-
zakon-ot-23.11.2009-n-261-{z/



SHepreTnyeckas aPHeKTUBHOCTb IAEKTPUUYECKOrO KOTAA

C. 927-934

C KOCBEHHbIM OBEPXHOCTHbIM PE3UCTOPHbBIM HarpeBOM TENNAOHOCUTEAA

CBOM 0aJlaHC HCIIONBb30BaHMS MPHUPOTHBIX PECYPCOB
NIpU POU3BOJCTBE BJIEKTPUUECKON sHepruu. B kaue-
CTBE €IMHUIBI CpaBHeHUs Koddduimenra tpancop-
MaIHy IEKTPHUECKON SHEPTHH C TOUYKH 3PCHUS yIye-
pomHOTO crena Ul KaXIOW CTpaHbl IEIecoo0pasHo
B34Th KOIM4YeCTBO BbIOpocoB CO, NpH CHKMTaHUM TIPH-
poaHoro rasa mnpu npousBoicTBe 1 kBT-u Ternooit
sHepruw, paHoit 200 r®. B CIIA B 2021 r. ob6uias ro-
JI0Basi BBIPaOOTKA IEKTPOIHEPTHU DIEKTPOCTAHIIUSIMH
Pa3HOro THIA MPOUCXOMIIA CO CPEIHUMH BBIOpOCAMHU
388 r Ha KBT'9’, 4TO COOTBETCTBYEeT KOIDPHUIHMEHTY
1,94 B cpaBHEHWH C DMHCCHEH TIPH CXKUTAHUH Ta30-
oOpazHoro torumBa. PeanbHble kKoddduIMeHTHl Tpe-
00pa3oBaHMs MEPBUYHON PHEPIHU B IEKTPHUUECKYIO
Pa3JIMuHBI B pa3HbIX CTPAHAX U MEHSIOTCS KaXIbIH IO,
IpUYeM HE TOJBKO B CTOPOHY yMeHblneHus. Ilo nan-
HBIM HccnenoBanuii [1, 2] B Kutae — sro 3,35, ®PT —
2,2, B cpenHeM no mupy — 2,64.

DNEKTPUYECKHA KOTEI — OIHO M3 TOIMYIISIPHBIX
pemennit P2H, mmpoko mpuMeHsIeTCsl B JJOMOXO35IH-
CTBaxX JUI OTOIUICHHS BOASHBIMH CHCTEMAMHU C Paji-
atopaMM M HH3KOTEMIICpaTypHBIMU IPUOOpaMH OTO-
TUICHUS] TUTIA «TEIJIBIA MO, JTa TEXHOJIOTHUSI BHITOTHA
n3-3a KOM(OPTHOI, OeciryMHO# 1 6e30MmacHoi paboThI
YCTPONCTB, HU3KOW HadaJbHOW CTOMMOCTH, HPOCTOTHI
00CITy’KMBaHHS, BOSMO)KHOCTH aKKyMYJIHPOBAaHUS YHEP-
TMHW, MHTETPUPOBAHNS C YCTPOHCTBAMH TeHEPAIIUH BO3-
oOHOBIsIeMOi dHeprun. Knaccupukanms KOHCTPYKIMNA
MEKTPUYECKON TeHEpalny TeIia B OBITOBBIX M IIPO-
MBIIIJICHHBIX 3/IaHUSX TPEACTaBIcHa B paborax [3—7].
B nanHOI1 cTaThe paccMaTpuBarOTCs JELICHTPATU30BAH-
HBIC, HU3KoTeMIeparypHbie (MeHee 120 °C) amexTpude-
CKHE HarpeBaTesIbHbIE KOTIBI IUII CUCTEM TEIIOCHA0-
KEHMS TOMOBIIAZCHHS MM KOMMEPUECKHUX TTOMEICHHUH
HeOOJIBIION MOIITHOCTH, UCTIOJIB3YIOIIHE JKOYIIEB (Pe3u-
CTOPHBIN) HAarpeB AJIsl MPeoOpa3OBAHUS dIEKTPUICCKOM
SHEPTHHU B TEIUIOBYIO. B monapistomniemM OONBIIMHCTBE
B TEIJIOCHAOKEHUH JIOMOXO3SICTB TIPUMEHSIOTCS] UMEH-
HO 3JIEKTPUYECKHE KOTIBI ¢ KOCBEHHBIM PE3HCTOPHBIM
THIIOM Harpesa Terionocutes'® 1 [8—14].

[TpenmymiecTBa TaHHBIX CUCTEM:

1. IlpocToTa KOHCTPYKIIMU HArpeBaTelIbHOTO de-
menTa (HD), MaccoBbIif xapakTtep MpOU3BOJACTBA, HU3-
Kasi CTOUMOCTb.

8 Specific Carbon Dioxide Emissions of Various Fuels.
URL: https://www.volker-quaschning.de/datserv/CO2-spez/
index_e.php

® How much carbon dioxide is produced per kilowatthour of
U.S. electricity generation? // U.S. Energy Information Ad-
ministration. URL: https://www.eia.gov/tools/faqs/faq.php?
id=74&t=11

10 Chepsr mpumeHeHUsT B 0COOEHHOCTH TPYOUATHIX HArpeBa-
teneii. URL: https://polymernagrev.ru/nagrev-v-proizvod-
stve/sfery-primeneniya-i-osobennosti-trubchatykh-nagre-
vateley/

' Nidek A.J. Heating elements. URL: https://farnam-custom.
com/heating-elements?locale=en

2. KoMnakTHOCTb, JIETKOCTh MOHTa)ka M JKCILTya-
Talnuu.

3. BO3MOXXHOCTh ~ PETYIMpPOBAHHUS  MOITHOCTH
B ITIOJIHOM aAuaIia3soHe N3MCHCHMU TEIJIOBOM Harpysku.

4. Beicokuii k03(GHUIMEHT SHEPreTHYeckor -
(eKTUBHOCTH TPeoOpa3oBaHMs AIISKTPHUECKOW IHEp-
THH B TEIIOBYIO, paBHEIHA 0,95-0,99.

Henocrarkn cucteM KOCBEHHOTO HarpeBa TETIO-
HOCHTENS PE3UCTOPHBIMH HArpeBaTeNbHBIMU TPHOO-
pamu:

1. OcHOBaHBI Ha HCIIOIB30BAHUHU AIIEKTPHUCCKOI
sHepruu. [Ipn omenke yriepomHoro ciena Tpedyercs
YUUTHIBaTh KOA(QUIMEHTH TpaHchopMaluy mepBo-
POIHOTO NCTOYHMKA SHEPTUH B JIEKTPUUECKYIO.

2. OrpaHuYeHHBIN CPOK CITY>KObI HarpeBaTeNIbHBIX
9JIEMEHTOB, CBSI3aHHBIN C MaTepHaaMH U3TOTOBJICHUS,
KOHCTPYKIHEH, THTEHCHBHOCTBIO PaOOTBHI.

3. Belcokast Temmeparypa HOBEPXHOCTH B 30HE
KOHTAKTa HarpeBaTeJIbHBIX JeTaJel ¢ dKUIKUMHU TEIUIo-
HOCUTEISIMU (B OOJNBIIMHCTBE CIIy4aeB C BOAOM), NpH-
BOJISINAS K 3aKUIAHUIO IMOBEPXHOCTHOTO CJIOS TEIIOo-
HOCHTEJISL.

4. O6pazoBanue Ha nmoBepxHocTH HD omnoxkennit
COJIeH JKECTKOCTH, 3HAYUTEIBHO CHIKAIOMUX 3 dek-
TUBHOCTb HAarpeBa TEIUIOHOCUTENS] M yMEHbBLIAIOMINX
cpok cyx0sr HO.

5. bonblias TemioBas HHEPLUMOHHOCTb Harpe-
BaTENbHBIX 3JIEMEHTOB, IPUBOAAIIAS K CIOXHOCTH
B YIPaBJIEHUH TEIJIOBOM HArpy3Koil.

6. BO3BMOXXHOCTb BO3rOpaHusi YCTPOMCTB TEILIO-
cHaOXXeHUSI U OOBEMHBIX MehOopMaluil MpH aBapHsIX
B HELITATHBIX PEXHUMax paboThI.

[TpuHnun pa®oThl M KOHCTPYKIHUSI HarpeBaTelb-
HBIX DJIEMEHTOB PE3UCTOPHOIO THIA 3aKIHOUYAOTCA
B cienyromeM. Ha HarpeBaTenbHbIN 2I€MEHT ¢ BBICO-
KHUM conpoTtuBieHreM R, OM, mogaercs AeKTpudIecKuii
ToK /, A. Belienenue Termia mpoucxXouT 1U3-3a CUil Co-
MIPOTUBJICHUS, KOTOPBIE 3aJIePKUBAIOT AICKTPUUIECKHMA
TOK OT CBOOOJHOIO IPOTEKAaHMsI 4epe3 IPOBOJIHHUK.
Harpes nponopruoHaieH MpOU3BEACHUIO JIEKTpHUYe-
CKOTO COTIPOTHBIICHHS MPOBOAHMKA HA KBAIpaT JIEK-
TPUUYECKOTO TOKa, MPOTEKAIOIIEro dYepe3 MPOBOAHUK
P oo I? - R, ¥ 3aBUCHT OT BpeMeHH. Briiensemoe Ten-
no Q, Bt-4, HarpeBaet xopiryc HD gepes Toxonsonupy-
roumii Marepuan. Kopmyc HD koHTakTHpyeT ¢ Terio-
HOCHTEJIEM CUCTEMBI TEINIOCHA0KEHHNS 1 HarpeBaeT €ro.
Marepuanom HD gacTo ciry»xat HIXpOMOBasi ITPOBOJIOKA
(Ni 80 %, Cr 20 %), cruiaBbl MoimOAEHa, Boib(ppama.
Kopnyc HO — menp, HepkaBeroiast cTajib MM KEpaMu-
ka'? [15]. ®opma HD MokeT ObITh IPOU3BOJIbHAS.

B knaccudukanmm >MeKTpUIecKuX KOTIOB Pa3iIH-
YaloT JIBa TUIA PE3UCTOPHBIX HD: «MOKpHINH», y KOTO-
poro obosouka Tpyouaroro anekrponarpesarens (TOH)
KOHTaKTHPYET C TEIUIOHOCUTENIEM, U «CyXOi», Y KOTO-
poro obonouka TOH HarpeBaeT IpoMexXyTOUYHBIN dJie-
MEHT, KOHTaKTUPYIOUIMH ¢ TemjaoHocuteneM. B cBoro

12 TpyGuarsiii anekrponarpesareib. URL: https://magsbt.com/
blog/trubchatyy-elektronagrevatel/
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ouepenb, TOH a1 KOTJIOB «CyXOro» THUMA IO PacIo-
JIOKEHHMIO JIETISITCSl Ha BHYTPEHHHE 00bEMHBIC (BHYTPH
TETUIOHOCUTENIS1) U BHEIIHUE MMOBEPXHOCTHBIE (TEIUIO-
HOCHUTCJIb HAXOAUTCA BHYTPU KOHCTPYKIHUHU «CYXOT'O0»
TOH). Ha puc. 1 npencrasien 6mox TOH cepuiino
BBIITyCKaEMOT0 Ha poccuiickom 3aBoae «APJIEPUS»
HACTCHHOI'O KOTJIa C OJHOMMCHHBIM HAa3BAHUEM
ARDERIA, cepust E. DnexkTpuueckuii TersioreHepa-
TOP COCTOMT U3 IECTH TPYOUaTHIX dMeKTprudecknx HO,
pa3MeIeHHBIX BHYTPH CHHPAIBHOW TPYOBI, IO KOTO-
poii IBMKETCS TeIUIOHOCHTeNb. KOHCTpyKuus TpyOsI
terutoHocutens u TOH pacmonoxeHbl BHYTPH LEITHHO-
JTUTOTO ATFOMUHUEBOTO OJIOKA.

JIaHHBIA 3JEKTPUYECKUI TEIUIOIEHEPaTop C «Cy-
xum» TunoM TOH 1 BHEITHUM MTOBEPXHOCTHBIM Harpe-
BOM TPYOKH TEIDIOHOCHTENS 00TamacT CICTyFOIIMH
MPEUMYIIECTBAMH TI0 CPABHEHHIO C «KMOKPBIMY» THIIOM:

1. Temriepatypa HOBEpXHOCTH OOOIOYKH «KMOKPBIX»
TOH ne nomxkna npebimars 100 °C 11t CHUKEHUS Be-
POSITHOCTY 3aKMITIAHUSI TEIIOHOCUTEIISI Ha TIOBEPXHOCTH
TOH, cHIWXEHNSI UHTCHCHBHOCTH 00OPa30BaHUS HAKHUIIH.
«Cyxue» TOH paccmarpuBaeMoro TemjoreHeparopa
HE KOHTAaKTUPYIOT C TemyioHocuTeneM. OHU HarpeBaroT
BECh 00BbEM AITFOMUHUEBOTO OJIOKa U TPYOKY JIBHIKECHHSI
TeIJIOHOCUTENS. JlaHHAs KOHCTPYKILUS JOIMYCKAaeT TeM-
neparypy obonouku TOH 150 °C, npu sToM Temrepa-
Typa B JIFO0OH TOYKE MOBEPXHOCTU TPYOKH JIBHIKECHHS
TeruioHocuTens He npesbiaet 80 °C.

2. DddexkTuBHOCTH HarpeBa. MakcumaibHas
yaeJbHas MOIMHOCTE «MOKporo» TOH He mpessliiaer
15 Br/em?. Momnocts TOH mmmHoii 1 M npu guame-
tpe 10 MM He mpeBbimaer 4 kBt u [16-19]. B atom
cIy4ae UIi TEIUIOBBIX TEHEPaTOPOB MOIIHOCTHIO
24 xBt mmuna TOH npu gmamerpe 10 MM momkHa
OLITh HE MEHee 6 M, YTO 3aHHMAEeT OOJBIION 00BEM

u Bec. Temmorenepatop xotrioB ARDERIA ocHamen
TOH ¢ yaenbHOM MomHOCTHIO 10 30 Bt/cm?, uto mmo-
3BOJISICT YMEHBIIUTh UX pa3Mep M0 CPAaBHEHUIO C «MO-
KpbIMI» TpyOuaTeiMu HD.

3. HarpeB TpyOuarhiMH 3JIEKTPOHATPEBATCIIIMHU
AIIOMUHHEBOTO MOHOJUTHOTO KOPITyca JaeT BO3MOX-
HOCTb 00ECIIEUNTh paBHOMEPHBIN HarpeB BCel MOBEPX-
HOCTH TPYyOBI, 10 KOTOPOH JBHKETCS! TEINIOHOCUTED.
[Tnomans moBepxHOCTH TPYOHI B 1,5 pas3a mpessImiaet
TUIONIA b TOBEPXHOCTH HAaIPEBATEIbHBIX PE3UCTOPHBIX
3NIEMEHTOB «MOKPOTO» THIIA.

4. Ilpn pa3MelIeHNH Ha MOBEPXHOCTH AJIFOMHHH-
eBoro OJIOKa TepMoOcCTaTa C OrpaHHYEHHEM TeMIepa-
Typsl 80 °C BO3MOXKHOCTH 3aKUMIAHUS TETDIOHOCHTEIIS
uckiodaercsi. TersoBass MHEPUHMOHHOCTH 000JI0YeK
TOH remnsnoreneparopa MEHbILIE, YEM y BapHaHTOB
¢ «MokpbeiM» TOH. baaromapst 5ToMy CHUXKaeTCsl HHEp-
LIMOHHBINA TeperpeB o0beMa TEINIOHOCUTENSI TP aBa-
PHIHHOM OTKJIIOUCHHH JIEKTPUYECKOTO MUTAHUS KOTJIa,
MIOCKOJIbKY M30BITOUHAs Temrieparypa obonoukn TOH
nepepacipeenseTcs: Ha Maccy JIMTOro alllOMUHHEBOTO
0110Ka, a HEe Ha 00BEM BOIbI, HAXOSIINICS B TEILIOTe-
HepaTope.

5. KoHCcTpyKknust TemioreHeparopa KOMIIaKTHasl,
9HEProeMKOCTh OJIoKa OoJyiee BBICOKAs, YeM IpPU HC-
MIOJIb30BaHUHU «MOKPBIX» TOH.

Ilens umccrnemoBaHus — OIpPeNEIUTh 3HEPreTH-
4eCKy0 3()PEKTUBHOCTh HACTECHHOIO 3JICKTPHUCCKO-
ro KOTJIa C TEIUIOTEHEePaTOPOM B BHJIE LEIHHOIUTOTO
QTIOMHHHMEBOTO OJIOKa C pPACIONOKEHHBIM BHYTPHU
CIHPAJIbHBIM CTaJbHBIM TPyOUaThIM KaHAJIOM IHPKY-
JAIAA TeroHocuTeNs U 6moka TOH, ruapasnnue-
CKOE€ COINPOTHUBJICHUE TEIIOI€HEPaTopa U TEIUIOBYIO
WHEPIUOHHOCTD MIPHU aBAPHHHOM OTKJIIOYEHUH IHEp-
TOIUTaHUS.

ARDERIA

Puc. 1. 1ok KoCBEHHOTO Harpesa TCIVIOHOCHUTEJIA C UCIIOJIb30BAHUEM PE3UCTOPHBIX HArpeBATCIIbHBIX 2JIEMEHTOB

u anekrpudecknid HacteHHbIN kotemr ARDERIA, cepust E24: ] — amoMuHNEBBII KOPITyC HarpeBareibHOro Ooka; 2 —

BHCKTpI/I‘IeCKI/Iﬁ HaneBaTCHLHBIﬁ OJICMCHT, 3— pr61<a TCIIIIOHOCUTCIIA

Fig. 1. Block of indirect heating of the heat carrier with the use of resistor heating elements and electric wall-mounted boiler

ARDERIA E24 series: / — aluminum body of the heating block; 2 — electric heating element; 3 — heat carrier tube
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MATEPHUAJIBI U METO/JBI

OOBEKT HCCNIeIOBAaHNUSA — CEPHIUHO BBITYCKaeMBII
OJHOKOHTYPHbBI HACTEHHBIH SJIEKTPUYECKUI KOTEI
ARDERIA E24 HOMMHAJIBHONW MOIIHOCTBIO 24 KBT 4,
OCHAIICHHBIA TPEXCKOPOCTHBIM IUPKYISAIOHHBIM Ha-
cocom (ITH) ¢ MOTOpOM acCHHXPOHHOTO THIA, PACIIUPH-
TEJILHBIM 0AKOM 00BbEMOM 6 JI, TPYIIION THPABIHYCCKOM
0€30ITacCHOCTH W TIOAIHUTKH TEIUIOHOCHUTENS. YIIpaBiie-
HHUE MOIIHOCTBIO PaOOThI KOTJIA BBIMOJIHEHO HA CHMHU-
CTOpax C paguaTopaMy OXJIaKACHUS, PACTIONOKEHHBIMI
Ha 00paTHOM MaruCTPaIy KOHTYPa IUPKYIISAIHAH.

a b

Puc. 2. Kongurypauns TOH (a); popma crimpanbHOi
TpyOKH JABMIKEHUsI TeruIoHOcUTels (b)

Fig. 2. Tubular electric heating element configuration (a);
the shape of the spiral tube for the movement of the heat
carrier (b)

TeroBoii anekTpuueckuii 610k — pasmep 150 x
x 325 x 53 mm (III x B x T'), o6beM 2,58 am>, ymenbHast
HOMHMHAJIbHAs 9HEpProeMkocThb 9,3 kBt u/nm*. Ha puc. 2
npezcTaBiaeHbl 0ok anekrpuuyeckux TOH wm cxkaras
cnimpaneoOpasHast TpyOKa JBIDKCHHUS TETZIOHOCHTEIS.
JnHa TpyOKH KOHTYpa LMPKYJSIIMM TETJIOHOCHTEIs
BHyTpH Onoka 4750 mm. [lmamerp 18 MM, TommimHa
creHku 1 MM, ctans AISI 304, nnomans noBepxHoCTH
Tpy6sl 2684 cm?. KommuectBo TOH — 6 mryk, aua-
MeTp obomoukn 10 mm. Cpemusis mmHa 513 MM, cym-
MapHas qmuHa 3,08 M. Bec Omoka, Bkirouast Bec TOH,
CIHMpANbHOW TPYOKH, MaTpyOKOB MONKIIIOUEHHS, Oe3
TerIoHocuTeNs — 6,25 kr. VcnbITaHus! IPOBOAUIIUCH
Ha HUCCIIeJIOBATENbCKOM cTeHe 3aBona «APIEPHS».
Ternnmonocutens — Boza. KoimuecTBo UKIIOB HCITBITA-
HU 5. Dnekrpuyeckas ceth Tpexdasnas. Temmepartypa
B rioMerttenun 18 °C.

PE3VYJIBTATHBI HCCIEJOBAHUA

DreKkTprdeckre KOTIbI, OCHAIIEHHBIC OJIOKOM KOC-
BEHHOTO MOBEPXHOCTHOTO PE3UCTOPHOIO HarpeBa Te-
TUTOHOCHTEITS, IMEIOT BBICOKYIO YACTHHYIO MOIIHOCTB,

pasuyto 9,3 kB1-u/nm’. TpaIuilOHHbIE, TTOTPYKEHHBIC
B 00BEM HarpeBarebHOTO OJI0Ka, 3aM0JIHEHHOTO TErIo-
HocutelnieM, Tpyodarsie HD TpeOyror Hanmmuus 3a3opa
Mexxny TOH u xopitycom HE MeHee 5 MM, YTO TIPHBOJHT
K YBEIMYEHHUIO pa3MepoB OoKa. YaenbHas MOITHOCTD
OJIOKOB DJIEKTPUYECKOTO HarpeBa C HCIOIB30BaHIEM
TOH «Mokporoy» Tuma cocTasisieT Menee 3,0 kBr-u/mve.
Cpennsis ynenbHass MowHOCTs TOH, wncnonb3yembix
B HCCIIElyeMOM OJIOKE KOCBEHHOI'O PE3HUCTOPHOIO IIO-
BEPXHOCTHOTO Harpesa, cocrapiser 25,1 Br/cm® mpu
MaKCUMAJIbHON OCTUTHYTOH MomHocTH 28,8 Br/em?’.
KoHerpykims uccnenyemoro 010ka KOCBEHHOTO Harpe-
Ba TETJIOHOCHUTEJIS HCKITIOYACT 3aKUITaHNE TeTUIOHOCHTE-
JIS1 B 30HE €T0 KOHTAKTa C IMOBEPXHOCTHIO TPYOKH yCTa-
HOBKOH OJIOKa TepMOpeIe ¢ TEMIIePaTypOr OTKITIOUCHHS
mutanust, papaoi 90 °C, pacmonoKeHHOTO Ha BHEITHEH
TTOBEPXHOCTH HArPEBATEIHHOTO JIUTOTO OJOKA, M IPO-
TIOPIHOHAIBEHOTO JIaTYMKa TEMIIEPaTypbl, YCTAHOBJICH-
HOTO Ha BBIXOJHOM MarucTpaiud. AJTOpUTM padoThI
KOTJIa OTPaHWYMBACT MaKCUMAJIBHYIO TEMIIeparypy Te-
wionocuresst 80 °C. KosdduimeHT sHEpreTHUSCKOM
a¢dexruBHOCTH PaboThl KoTia cocrarisier 0,98—0,986
B JIMaNia30HE MOMYJISIIIMMA MOIIHOCTH OT 2 110 24 kBT-u.
I'mppaBirgeckoe cOnpoTHUBICHHUE OJTOKA IEKTPHUIECKO-
TO HarpeBa TerIoHoCUTesI — 1,25 M BOASHOTO cTONOA
npu pacxome 1,0 MP/4, 9TO COM3MEPHMO C THIPABIIH-
YECKHM CONPOTHBICHHEM HACTEHHOTO Ta30BOTO KOTIA
aHaJIOTUYHOM MoIHoCcTH [20]. DneKkTpuueckrue KOTIIbI
C CUMHUCTOPHOH CXeMOH ympaBieHUs TEIUIOBOI HAarpys3-
KOH MMEIOT BO3MOXKHOCTB «IUTABHOM» MOJY/ISILIMH MOIII-
HOCTH C IIIaroM HW3MEHEHUS MEHbIIe HOMUHAJIbLHONU
MotHocTH ogHoro TOH. B uccneayemom Kotiie mar us-
MEHEHHsI MOIITHOCTH paBeH MoJIoBHHE MoutHocTH TOH,
YTO MO TIOTPEOIIeMOMY TOKY COOTBETCTBYET ITOJIOBHHE
BENMYMHBI TTOTpedsieMoro Toka ogaoro TOH. JlaHHbNH
(hakT IMeeT MPENMYIIECTBO TIePe PeICHHBIMU TUIIAMU
CHCTEM YIIPABICHHUS TEIUIOBOM MOIIHOCTBIO JJICKTPH-
YECKUX KOTJIOB, IOCKOJIBKY JOIyckaeT s(¢deKkTuBHOE
MIPUOPUTETHOE paclpe/ieieHHe BbIIEICHHOH Ha JIOMO-
XO3SICTBO JEKTPUYIECKON MOIIHOCTH B CIIydyae ee Jiu-
MuTHpoBaHus [21]. HepIMoHHBINH HarpeB TEMJIOHOCH-
TeJsl B 30HE MaKCHMaJbHOTO HarpeBa IpU aBapHdHOM
BBIKJTIOUCHHUH SNIEKTPOITUTAHUS U OCTAHOBKE JIBHYKCHHS
teroHocuTens npu otkmodeHny [[H cocrasmn 8 °C.
ABapuiiHbIl HHEPLUUOHHBIN HarpeB MPOUCXOANT 3a CUET
MIpeABapUTEIHHOTO HarpeBa 00O0NOYKH TpyOuareix HO
1o temreparyps! 150 °C, pa3MeIeHHbIX B INTOM OJI0Ke
KOCBEHHOTO HarpeBa. V30bITOUHBIN HarpeB 000IOYKH
TOH nepepacnpenensercss Ha HarpeB BCEX AIIEMEHTOB
Onoka (Bec 6,25 Kr), BKJIIOYAs AFOMHHHCBBIA OJIOK,
TpyOKy JIBMXKCHUSI TEIJIOHOCHUTENS, TEIUIOHOCHUTEITb.
Temmneparypa TerIOHOCHTENsI HA BXOJIe B OJIOK Harpesa
B MOMEHT aBapHITHOTO OTKITIOUCHHNS MUTAHUS HE TIPEBHI-
mraet 60 °C.

JAK/IIOYEHUE U OBCYXJIEHHUE

[IpumeHneHne KOHCTPYKIIMH 3IEKTPUIECKOTO Te-
IJIOBOTO TEHEPaTopa, COCTOAIIETO M3 JUTOTO aJFOMHU-
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HHUEBOTO OJIOKA C pa3MENeHHBIMU BHYTPH TPyOUaThIMU
HD u ciupansHON TPyOBI MUPKYIAUH TETIOHOCHTE-
751, TIOKA3aJ0 BBICOKYIO DHEPTeTHYECKyIo I(PQeKTHB-
HOCTh ¢ Kodhdummenramu 0,98-0,986 B amamazone
MOJYJISIIMK TeIuIoBoM MorrHocTH. Koaddumuent mo-
JQYNSALIHAN TEIJIOBOM MOITHOCTH 3JIEKTPUYECKOro KOT-
na paBeH 12 (2-24 xBt). DHeproeMkocTh KOHCTPYK-
MU TEIUIOBOTO TEeHepaTropa BBICOKAs, COCTABISET
9,3 kBt u/nmM°, 9T0 3HAYMTETHHO BBIIIE TPaIHIIHOH-
HBIX OJIOKOB T'€HEepaIH TEIUIOBON SHEPTHH C «MOKPBI-
mu» TOH. MakcumanbHast yaensHas MomHocTs TOH,
MIPUMEHEHHBIX B KOHCTPYKIHHK Os10Ka, — 10 30 Br/cM?,
Cucrema ympaBlIeHHs TEIJIOBOM MOIIHOCTBIO KOTIA,
BKIIFOYAsi yCTAHOBKY TEPMOCTATa HA BHEIIHEH IMOBEpPX-
HOCTH aJIOMHHHEBOTO JINTOTO OJO0Ka, MO3BOJISIET HC-

KITIOYUTH BEPOSITHOCTH BO3HMKHOBEHUS TEMIIEPATyphl
Ha MMOBEPXHOCTH BHYTPEHHEH TPyObl LUPKYJISLUU Te-
mwioHocutens Beime 80 °C. IIpu aBapuitHOM OTKITIOUE-
HUH 3JIEKTPUUECKOTO MUTAHUS KOTJIA U NPEKpPaAIlCHUN
pabotsl I{H pasorpeB o0bema TEIUIOHOCHUTEIIS, HAXO-
JISIIIErocs B TEIUIOT€HepaTope, MPOUCXOJUT 3a CUET Te-
noBoii uHepuuu TOH Ha Temneparypy He 6onee 8 °C.
Temneparypa TeruioHocuTens B OJIOKE HarpeBa B HOP-
MaJIbHOM pabodeM pexxnme He npeBbimaet 80 °C, cko-
pPOCTh JIBWKCHHUSI TEIJIOHOCUTENSI B HarpeBaTeIbHOM
TpyOKe CYIIECTBEHHO BBbIIIE KOHCTPYKIUI 00bEMHOTO
HarpeBa ¢ «MOKpeIMI» TOH, 4TO 3HAYUTENHHO CHUXKA-
€T MHTEHCUBHOCTb HapacTaHHs TBEPABIX 00pa30BaHUN
HaKHUIIM Ha BHYTPCHHEH MOBEPXHOCTH KaHAJIOB JIBIKE-
HUSI TETJIOHOCHTEIISI.
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TEXHOJOI'NMYECCKHUX pemeHm”l, HalpaBJICHHbIX HA CHH’KCHHUC
B/JIUSTHUS MIPOCKTHBIX PUCKOB
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AHHOTALMUA

BBepgeHue. AKTyanbHOCTb UCCNENOBAHNS ONpeaensieTcs NoTPebHOCTbI0 COBPEMEHHbIX MPOEKTHBLIX U CTPOUTENbHbLIX Opra-
HU3auni B OOGbEKTUBHOM YYeTe BMUSHUSA Pa3NMYHbIX KAaTeropuii pUCKOB Ha pesynbTaTbhl peanv3aumm CTPOUTENbHbIX Npo-
€KTOB, a TaKKe OrpaHM4YEeHHOCTBIO CYLLECTBYHOLLMX UHCTPYMEHTamNbHbLIX CPeACTB, MPUMEHSEMbIX AN 060CHOBaHMA napa-
METPOB peanu3auny CTPOUTENbHBLIX NMPOEKTOB, YYUTLIBAS PUCKU BHYTPEHHEN U BHELWHeN cpedbl. [aHHble 0COBeHHOCTH
obycnoBunu LenecoobpasHoOCTb NPOBEAEHNS UCCNeaoBaHUs, LENblo KOTOPOro ABNsieTCs pa3paboTka MHCTPYMEHTarbHbIX
cpencTB 0O0CHOBAHUSA XapakTEPUCTMK OpraHn3aunoHHO-TeXHoNnorndecknx pewwerdnn (OTP), HanpaBneHHbIX Ha CHMKEHME
BMUSIHUS PUCKOB Ha pe3ynbTaThl peanu3auumn CTPOUTENbHbLIX MPOEKTOB.

MaTtepumanb! 1 MeToabl. PaspaboTtaHa meToauka o6ocHoBaHUs xapaktepucTuk OTP, HanpaBneHHbIX Ha CHUKEHWE BITUSHUS
PUCKOB Ha pe3yrnbTaTbl peanu3auumn CTpouTenbHbIX NpoekToB. MeToguka npegnonaraeT popMmnpoBaHMe aHanNmUTUYECKOn
MOZENU 3aBMCUMOCTM 3HAYEHUS NoKasaTens pucka OT MapaMeTpoB peanu3yemMoro CTPOUTENbHOro nNpoekTa (mapameTpoB
pucka) ¢ nocneayLmMM NOCTPOEHNEM U peanusaumnert onTUMU3aLMoHHON Moaen 060CHOBaHMSA M3MEHEHWI YNPaBnsieMbIX
napameTpoB pUcka Ha OCHOBE KpUTEPMEB CYMMapHbIX 3aTpaT Ha peanu3auunio ykazaHHbIX U3MEHEHUN, a Takke dakTuye-
CKUX 3HAYEHMWI MoKasaTenen HeraTMBHOIO BMMSIHWSA pyUcKa Ha pe3ynbTraThl peanusauum CTPOUTENBHOTO NPoeKTa.
Pe3ynbratbl. PaspaboTtaHHas MeToguka peanu3oBaHa Ha NpakTU4eCcKOM NpuMepe, B pe3ynbTaTe BbINOMHEHUS COOTBET-
CTBYIOLUMX pacYETHbIX MpoLieayp NonyyeHbl 3Ha4eHUss U3AMEHEHNI NapamMeTpoB npoLiecca PyHKLUMOHUPOBAHMS NHBECTULIN-
OHHO-CTPOUTENBbHON OpraHn3aunm HedpTerazoBoro cekTopa ans obecnedeHusi Tpebyembix 3Ha4YeHMI PAKTUYECKOTO cpeaHe-
ro (Mo o6bekTam) cpoka 3aJepXKu caaym B KCrryaTauuio U Aonmv oObekToB, CBOEBPEMEHHO CAAHHbIX B SKCMITyaTaLmio.
BbiBogbl. Ha ocHOBe agekBaTHbIX Pe3ynbTaToB, NMOMyYEHHbIX MO UTOraMm peanusauum NpearnioxkeHHON METOAMKN Ha npak-
TUYECKOM NpUMepe, CAeNaH BbIBOA O BbICOKOW NPaKTUYECKOW 3HAYMMOCTU pa3paboTaHHOrO MHCTPYMEHTarbHOro CpeacTaa.
NaoeHTndmumpoBaHbl 0cOBEHHOCTU pa3paboTaHHOW METOAMKU, YMEHbLualLwme obnactb ee apdeKTUBHOTO NPUMEHEHMS,
B YACTHOCTW 3aBUCUMOCTb afleKBaTHOCTU pe3ynbTaToB peanu3auuym METOAMKM OT afeKBaTHOCTU aHanMTUYeCKON mMoaenu
3aBMCMMOCTHM 3HAYEHMS NokasaTerns pucka oT NapaMeTpoB peanudyemMoro CTPOUTENbLHOro npoekTa. [ns ycTpaHeHus Bbl-
SIBMEHHbIX HE4OCTaTKOB 3anfiaHMPOBaHO COBEPLUEHCTBOBAHME METOAMKM HA JaNbHENLIMX STanax UccneqoBaHus.

KIMOYEBDBIE CJTOBA: cTpouTerbHbI NPOEKT, nokasaTesb pyUcka, 3aBUCMMOCTb, ONTUMU3aLMOHHasi MogeNb, METOAMKA,
00beKT cTpouTenbcTea

OnAa UWTUPOBAHWUA: Yepenesa A.A., Muwakosa A.B., Padaes A.E. OnTnMnsaumsa xapaktepucTuk OpraHn3aunoHHo-
TEXHOMOrMYECKUX PELUEHUN, HanpaBlieHHbIX HA CHWDKEHWE BIWSHUS MPOEeKTHbIX puckos // BectHuk MICY. 2023. T. 18.
Bein. 6. C. 935-961. DOI: 10.22227/1997-0935.2023.6.935-961
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Optimization of the characteristics of organizational and technological
solutions aimed at reducing the impact of project risks

Anastasia A. Chereneva, Anastasia V. Mishakova, Anton E. Radaev
Peter the Great St. Petersburg Polytechnic University (SPbPU); St. Petersburg, Russian Federation

ABSTRACT

Introduction. The research relevance is determined by the need of modern design and construction organizations to ob-
jectively estimate the impact of various categories of risks on the results of the construction projects’ implementation, as
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well as the limitations of existing tools used to justify the parameters for the implementation of construction projects, taking
into account the risks of the internal and external environment. The mentioned above features determined the feasibility
of conducting the research, which purpose is to develop the tools for determination of the characteristics for organizational
and technological solutions aimed at reducing the impact of risks on the results of construction projects’ implementation.
Materials and methods. The methodology of the substantiation of the characteristics of organizational and technological
solutions aimed at reducing the impact of risks on the results of construction projects has been developed. The methodology
assumes forming the analytical model of dependence of risk indicator value from parameters of the construction project to
be realized (risk parameters) with further building and realization of an optimization model to substantiate changes of the ma-
naged risk parameters on the basis of criteria of total expenses for realization of the indicated changes and actual values
of indicators of negative influence of risk on the results of realization of construction project.

Results. The developed method has been realized by the practical example, as a result of the corresponding calculation
procedures the values of the parameters’ changes of the operating process of the investment and building organization
of the oil and gas sector to provide the required values of the actual average (by objects) term of delay in putting into opera-
tion and the share of the objects put into operation on time have been obtained.

Conclusions. Based on the results of the implementation of the proposed methodology on a practical example, the con-
clusion of a high practical significance of the developed tool has been made. The features of the developed method that
reduce the area of its effective application have been identified, in particular, dependence of the adequacy of the results
of the method realization on the adequacy of the analytical model of dependence of the risk indicator value on the para-
meters of the ongoing construction project. For elimination of the revealed disadvantages, the updating of the methodology
on the further stages of research is planned.

KEYWORDS: construction project, risk indicator, dependence, optimization model, technique, construction object
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BBEJIEHUE

B COBpeMEHHBIX yCIIOBHSIX Pa3BHTHS CTPOHTEIb-
HOIl OTpaciii, XapaKTepH3yIOLIMXCS MOBBIIICHUEM Tpe-
00oBaHMIT K CpPOKaM M KaueCTBY pEalM3aliM IPOCKTOB
JKIIMIIHOTO U TIPOMBIIIJIEHHOTO CTPOUTENIBCTBA, OCO-
Oyr0 BaXHOCTB ITPUOOPETAIOT BOIIPOCH! PAIIOHATIBHOTO
ydeTa pa3iIMIHbIX KaTeropuii pucKoB MpH 000CHOBAHUN
eJIeCO00Pa3HOCTH ¥ IKOHOMHUYECKOH 3((PEKTHBHOCTH
YIOMSHYTBIX TPOCKTOB. J[aHHOE O0OCTOSATENHCTBO 00-
YCJIOBJIEHO HE CTOJIBKO CIIOKHOCTBIO HJICHTH()UKAIMN
(bakTOpOB BHYTpEHHEW W BHEIIHEH Cpembl, ompeaems-
IOMINX HAIMYME PHCKOB B paMKax OTAEIBHOTO CTPOH-
TENIBHOTO IPOEKTA, CKOJBKO TPYAHOCTBIO YCTaHOBIIE-
HUS B3aMMOCBSA3EH MEXTy OTACIBHBIMH HapaMeTpamMu
mpoliecca peajn3alyy MPOeKTa M KOJINYECTBCHHBIMU
XapaKTEePUCTHUKaMH HETaTHBHOTO BIMSHMS BbIIICYKa3aH-
HBIX PHCKOB Ha PEe3yJbTaThl peasn3aluy rnpoekra. [Ipn
9TOM Pe3yJIbTaThl PEBAPUTEIHLHOTO 0030pa M aHalIM3a
HAayJHBIX pabOT B 00JIACTH y4deTa pa3InIHBIX KaTeTOPHA
PHCKOB B CTPOUTEIILHON c(hepe CBUICTENBCTBYIOT 00 OT-
CyTCTBHH 3()(EKTHBHBIX HHCTPYMEHTAJIBHBIX CPEACTB
JUIsl 0OOOCHOBaHUSI TTAPAMETPOB PEATU3ALMN CTPOUTEIb-
HBIX IPOEKTOB, YUUTHIBAsl PUCKUA BHYTPEHHEH U BHEILI-
HEl cpenpl. YKazaHHBIE OCOOCHHOCTH OTIPEHCIHIN Iie-
JIeCOO00Pa3HOCTh TIPOBEACHHSI HCCIICIOBAHMS, LEIBIO
KOTOPOTO  SIBJISIETCSl  Pa3pabOTKa HMHCTPYMEHTAJIbHBIX
CpeaCTB 0OOCHOBAHMSI XapaKTEPHCTHK OpraHW3alHoH-
Ho-TexHonoruueckux pemenuii (OTP), HarmpaBieHHbBIX
Ha CHIDKECHHE BIMSHHS PUCKOB Ha PE3YJIbTaThl peann3a-
LIUH CTPOUTEITBHBIX TPOCKTOB.

J1Jist TOCTHKEHUS 1IeJIN MCCIIeIOBAHUsT CHOPMYITH-
POBAHBI CIIEAYIONIHNE 3a/1a4H:

1. O630p u aHaNM3 Hay4YHBIX PabOT B 00JIaCTH pe-
LIEHUS 33/1a4 000CHOBAHMUS XapAKTEPUCTUK CTPONUTEIb-
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HBIX IIPOIECCOB C YYETOM PUCKOB BHYTPECHHEH 1 BHEII-
HEl cpefbl.

2. PazpaboTka MeTOmUKH OOOCHOBAaHHWS XapakTe-
puctuk OTP, HampaBlieHHBIX Ha CHI)KEHUE BIUSHUS
PUCKOB Ha pE3YJbTaThl PEaU3allMd CTPOUTCIHHBIX
MIPOCKTOB.

3. Peanu3arus pa3paboTaHHON METOUKH Ha TIPaK-
THYECKOM TIPUMeEpeE.

O6wexT uccrenoBanmst — OTP, HampaBneHHBIE
Ha CHIDKCHUE BIIMSHUS PUCKOB Ha PE3yIIBTAaThl Pealil-
3aliU CTPOUTEIBHBIX ITPOCKTOB.

[Ipenmer uccnenopanust — xapakrepuctuku OTP,
a TaK)Ke B3aUMOCBSI3H YKa3aHHBIX XapaKTCPUCTHUK C T0-
Ka3aTelIsIMU PUCKa.

Ha Ha4daJIbHBIX 2Tallax uCCjaca0BaHUS 6BIJ'I BBIIIOJI-
HeH 0030p M aHaTW3 HAYYHBIX TPYIOB, OTHOCAIIMXCS
K Tematuke Hactosmed padotsl [1-20]. ITo pesymbra-
TaM BBITTOJIHCHUS COOTBETCTBYIOIIIX MPOIEAYp Cela-
HBI YaCTHBIE BHIBOIBL:

1. Bce peneBaHTHBIC HaydHbIE pPaOOTBI MOTYT
OBITh KJIACCH(DUIIUPOBAHBI IO CICAYIOUIMM OCHOBHBIM
MpHU3HAKAM:

* XapakTep HAyYHBIX pa3pabOTOK: METOAUYCCKHE
pa3paboTKu (MMeroIe 0O030PHBIN MIIN KOHIETITyallhb-
HBII Xapakrep) [3, 10, 12, 14, 16, 18, 20] u nuaCTpyMEH-
TaJbHBIC CpeICTBa (TIPEACTABISIIONNE COOOW MOIECIH,
QITOPUTMBI ¥ T.II. U PEUICHUS KOHKPETHBIX MTPHUKIIAJI-
HBIX 3a7a4) [1, 2, 3-6, 7-9, 11, 13, 15, 17, 19];

* 00BEKT cucrema
MEHEPKMEHTA Ha NPEANPUATUAX CTPOUTEIbHON UHLY-
CTpI/II/I, B TOM 4YHCJIC opraHmauI/mx FOCy}IapCTBeHHOFO
cTpouTeNbHOTO Haazopa [1, 3, 10, 12, 14, 16, 18, 20];
PHUCKH, OKa3bIBAIOIINE HETATHBHOE BIMSHUE Ha TOKa-

PacCMOTpPEHUS: pHCK-
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HarnpaBAEHHbIX Ha CHUWXEeHWEe BAUAHWA MPOEKTHbBIX PUCKOB

3aTeNIn peanu3aliuu CTPOUTENbHBIX MPOEKTOB [2, 4, 6,
7-9, 13, 17, 19]; pucku, oKa3pIBaIONINE HETaTUBHOE
BJIMSIHME Ha NOKa3aresid (PyHKIIMOHUPOBaHHS (DKCILTY-
aranum) o0ObeKTa crpoutenscTBa [5, 11, 15];

* KaTeropusi Hay4HBIX PE3yJbTaTOB: dJIEMEHTHI
KOHIICIIINH (aHAIN3 MTPOOIIeM, KIIACCH(HUKAIINS PICKOB,
CTPYKTypa MpoIlecca YMNpaBICHUS pPUCKAMH M T.J.)
PHUCK-MEHEDKMEHTA C YYETOM CHEeNH()UICCKHX OCO-
OCHHOCTCH TPEANPHUITUN CTPOUTEIBHON OTpaciu [3,
10, 12, 14, 16, 18, 20]; meToauKka OnpeaeeHus LEHBI
U YPOBHSI PUCKA C YYETOM Pa3IMYHBIX TEXHUYECKUX pe-
wenuii [11, 15]; aHanuTHUecKkue MOIEIN OLIEHKH apa-
METPOB PHCKA C YIETOM arperHpOBAaHHBIX ITOKa3aTenen
(cToMMOCTH, IIWTEIBHOCTH, Ka4eCTBa) peaji3aluu
CTPOUTENBHBIX MPOEKTOB [5, 6, 7-9, 13, 17]; meTonuka
OLICHKH TOKa3aTelel prucKa KaKk CTaTHCTHYECKOTO I10-
Kazarens BapHaOeIbHOCTH MapaMeTpPOB JJIS CTaTHCTH-
YECKOM COBOKYITHOCTH MpoekToB [1, 2, 19];

* KaTeTOpHsl TPUMEHSIEMBIX WHCTPYMEHTAIBHBIX
CPEIICTB: METOABI AKCIICPTHOTO OIEHUBAHUS U CTaTH-
CcTUYeCcKOl 00paboTku wmHPOpMammu [1]; AIeMeHTHI
Teopun BepostHocTelt [8, 9, 13, 17]; Meroasl aHa-
JM3a W anmpoKCHMAIlMM JAaHHBIX C HCIOJIH30BAaHH-
em anroput™moB onrtummsaiuu ISTA (Iterative Soft-
Thresholding Algorithm) [2], a Taxxe baiiecoBckoit
ontumuszanuu [4]; MeToAbl CTPYKTYpHOH ONTHMM3a-
mu [19]; MeTombl HeUeTKON JIOTHKH [8]; MeTo aHamu-
3a uepapxutii [5, 6].

2. CymiecTByIomye Hay4dHbIE pa3pabOTKH, COOT-
BETCTBYIOIINE TEMaTHUKE HCCIEOBAHHS, UMEIOT OCHOB-
HBIE HEJTOCTATKH:

e orcyTcTBHE (DOPMAIM30BAHHOIO (aHAIUTHYE-
CKOTO) OITMCAHMS B3aUMOCBS3CH MEXKIy XapaKTepH-
crukamu OTP, popmMupyeMbIX Ha Pa3IHMYHBIX CTAJUSIX
peanu3anuy CTPOUTEIFHOTO TIPOCKTa, U TTOKA3aTeIISIMH
pucka [1, 3, 10, 12, 14, 16, 18, 20];

* OTHOCUTETIPHO HEOOJbIIAs CTCNCHb YHHUBEP-
CAJILHOCTH pa3pabOTKU IPU PaCCMOTPEHUU BIUSHHS
KOHKPETHOTO BHUJIa PHICKa Ha Mpolecc (HyHKINOHUPOBA-
HHSI 0OBEKTa CTPOUTENBCTBA OIPE/ICIICHHOM KaTeropuu
C YYETOM COOTBETCTBYIOIIUX CIICII(PHICCKUX OCOOCH-
Hocreit [11, 15];

* OTCYTCTBHE NPHHIMIIOB (HOPMHUPOBAHUS Opra-
HU3ALHMOHHO-TEXHOJOTHUECKUX WJIM HMHBIX PELICHHH,
HAIPaBJICHHBIX HA YMCHBIIICHHE HETATUBHOTO BITHSHUS
pucka [2,4-6, 7-9, 13, 17, 19], a Takxe HEBO3ZMOKHOCTh
OOBEKTHBHOM OIICHKH NPAKTHYECKOM 3HAYMMOCTH Ha-
YYHOH pa3paboTKN BBHIY OTCYTCTBHUS PE3yJBTaTOB €€
peanu3anuy Ha IpakTHYeckoM npumepe (8, 9, 13, 17].

Ha ocHOBe BBIMIEH3IOKEHHOTO C/AETaH BBIBOJ
0 HEJOCTATOYHOH CTENEHH NPOPadOTaHHOCTH BOIPO-
coB obocHoBanus xapakrepuctuk OTP mis ymens-
IIEHUs] HETaTUBHOTO BIIMSIHUSI PUCKOB Ha PE3YJBTaThl
peann3aliy IPOEeKTOB CTPOUTENLCTBA. JlaHHOE 006CTO-
SITEJICTBO, B CBOIO OYEPE/Ib, OTIPEIEIIHIIO esiecoo0pas-
HOCTP pa3pabOTKH METOAMKH 000CHOBAHHUS XapaKTepH-

CTHK BBIIICYTOMSHYTBIX PCIICHHH C UCMONB30BAaHUEM
CPEICTB aHAJIUTHYECKOTO W ONTHMH3ALHOHHOIO MO-
nenupoBanus. [1oapoOHOE omicaHne HHCTPYMEHTAIIb-
HOTO CPEACTBA IIPEJCTAaBICHO B CIICIYIONIEM pa3zielie
paboThLI.

MATEPHAJIBI U METO/JbI

Ha npoMexyTouHBIX dTamnax uccieaoBaHus Obuia
paspaboraHa MeTOJMKa OOOCHOBaHMSI XapaKTEPHCTHK
OTP, HampaBieHHBIX Ha CHWKEHHUE BIHUSHHUSA PUCKOB
Ha pe3yJbTaThl pealn3alii CTPOUTEIBHBIX IPOCKTOB.

OCHOBHBIMH HOJIOKEHUSIMU pa3pabOTaHHON METO-
JIKH SIBIJTHCH CIIEYIOMINE:

1. OOBEKTOM PacCCMOTPEHHS CITYXKHT B3aHMOCBSI3b
MEXIY OTICNBHBIMH MapaMeTpaMH Ipolecca peau-
3aIlM CTPOWUTEIBHOTO IMPOEKTA M KOJINYECTBEHHBIMU
XapaKTEPUCTUKAMU PHCKA HECBOEBPEMEHHOCTH 3aBEp-
IICHNST CTPOUTENBCTBA (CHa9M B IKCIUTyaTalHio) CO-
OTBETCTBYIOIIETO OOBEKTa OTHOCHTENBHO MPOEKTHBIX
CPOKOB.

2. OcHOBHasi KOJIMYECTBEHHAs XapaKTepPHCTUKA
pHCKa — CPOK 3aJIep’KKH C/1aull 00BEKTa CTPOMTEIIb-
CTBa B KCILTyaTalHIO (Jjajiee — MoKa3aTelb PUCKa).

3. KirtoueBble mapameTpsl Tpolecca peain3annn
O00BEKTa CTPOMTENBCTBA, OKa3bIBAalOLIME Hauboiee
CYIIECTBEHHOE BIIMSHHE Ha II0Ka3aTelb pPHUCKA (Ja-
Jlee — TapamMeTphbl prcKa), B OOIIEM Cilydae BKIIIOYA-
10T KOJIMYECTBEHHBIE XapaKTEPUCTHUKU, OTHOCSIIHECS
KaK HETIOCPE/ICTBEHHO K OOBEKTY CTPOMTENBCTBA, TAK
U K OpraHM3alysM, OOeCHEeUMBAIONIINM BBIITOJIHEHHE
COOTBETCTBYIOIINX PabOT Ha MOCIEHPOEKTHON CTagun
CTPOUTEIBCTBRA.

4. CymecTByeT TuHEHHas (yHKIIMOHATBHAS 3aBH-
CHUMOCTh MEXJly 3HAUYCHHEM IOKa3aTels pUcka M 3Ha-
YEHUSIMU NapaMETPOB PHUCKA ISl OTAEIBHOTO 00BEKTa
CTPOUTEJBCTBA, ONpe/ielisieMast BRIPAKCHUEM:

n

y=a0+Zaj-x/., (1)

j=1
7€ y — 3Ha4YeHHe MOKa3aTeNs PUCKa, MeC.; a, — 3Ha-
YEHHUE YCIIOBHO-IIOCTOSIHHON KOMITOHEHTBI IIPOTHO3HO-
TO 3HAUCHHUS TTOKA3aTEIs PUCKA, MEC.; I — KOJINYECTBO
11apaMeTPOB PUCKA, €11.; ¢, — 3HAYCHHE Kod(pduIeHTa
MIPOTIOPIMOHATBHOCTH 3HAYCHUS [IOKA3aTelisi PHCKa 3Ha-
YEHUIO TTapaMeTpa pucka ¢ uujaekcomj (j =1, 2, ..., n),
Mec./EI/Ij; X, — 3HAYCHME MNapamMeTpa PHUCKA C MH-
nekcom j (=1, 2, ..., n), EI/I/.; EI/Ij — €IMHHULBI U3-
MEpeHHs, ompeaeiseMble  (U3MUYECKHUM CMBICIOM
Ka)KJIOTO OT/IEJIbHOTO MapaMeTpa pUcKa C WHJIEKCOM j
(j=1,2,...,n) B coOTBETCTBHH C TaOI. 2.1.

5. IlapameTpsl (PYHKIIMOHAIEHOW 3aBUCHUMOCTH,
yKa3aHHOH B II. 4, MOTYT OBITH OMpE/eJICHbl HAa OCHO-
BEe BBIOOPKH TIPOEKTOB (OOBEKTOB) CTPOUTEIIHCTBA,
JUTSL KOTOPBIX M3BECTHBI 3HAYEHHS MapaMeTpOB PHCKa,
a TaKXKe IOKa3arelsl pUCKa, ¢ MCIIOIb30BAaHUEM MPO-
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Leayp MHOTO(AKTOPHOW JIMHEIHOI perpeccuu, a Tak-
K€ MEeTo/]a HAaNMEHBIIINX KBaJpaToB U MmeTona Kpamepa
JUTSL peLIeHUs] CUCTEMbI COOTBETCTBYIOLIUX JIMHEHHBIX
ypaBHeHwmi [21].

6. AZICKBaTHOCTh aHAINTHYECKOW Mojenu (yHK-
LIMOHAJIBHON 3aBUCHUMOCTH, YKa3aHHOM B 1. 4, MOXET
OBITH OIICHEHA 110 KPUTEPUIO KOdP(DHUIIMEHTA AETEPMHU-
HAIUH; IPH 3TOM YCIIOBHE, 00CCIICUHBAIOIICE aICKBAT-
HOCTh aHAJTUTHYECKON MOJICIIN, IMEET BH/I;

R>0,7, )

e R? — k03 UITHEHT TeTePMUHAIINH, BEITHUCIISIEMBIit
Ha OCHOBE IIPOTHO3HBIX U (DAaKTUUCCKUX 3HAYCHHU I10-
Ka3arels pucKa I KaKI0TO U3 O0BEKTOB CTPOUTEIh-
CTBa B COCTaBE BHIOOPKH, YKa3aHHOH B TI. 5.

7. IlapameTpsl prcKa B OOIIEM CITydac MOTYT OBITh
pa3aemnceHbl Ha CISIYIOIINE KaTeTOPHH.

7.1. — B 3aBHCHMOCTH OT BO3MOKHOCTH yTIpaBJie-
HUS:

* HEYIIPaBIISICMbIC ITaPaMETPhI, 3HAUCHHSI KOTOPBIX
HE MOTYT OBITh U3MEHEHBI B PAMKaX peann3alii opra-
HU3aLUOHHO-YIIPABICHYECKUX PELICHUN, HaIpaBJICH-
HBIX Ha CHIDKCHHE PUCKA, YKa3aHHOTO B 1I. 1;

* yIpaBiIsieMbIe TTapaMeTpPhl, 3HAYCHUS KOTOPBIX
MOTYT OBITh U3MCHEHBI MTOCPEICTBOM pPCaM3aluu Op-
TaHU3aIMOHHO-YTIPABICHUYCCKAX PEIICHUH,
JICHHBIX Ha CHIDKCHHE PUCKA, YKa3aHHOTO B 1I. 1.

Harpas-

7.2. — B 3aBUCUMOCTH OT MIpUHIUIIAa B3AUMOCBA3H
C MOKa3aTeJIeM PUCKA!

* (TIONIOJKUTENBHBIE» MAPaMETPBI, yBEIUYEHHE
3HA4YCHUA KOTOPBIX O6yCJ'IaBJ'II/IBaeT YMEHBUICHUC 3HA-
YEeHHs NIOKa3aTelsl PUCKa,;

* «OTPHULATEIBHBIE» MapaMeTPhl, YBEINYEHUE KO-
TOPBIX 00YyCJIaBIMBAET yBEIMYCHUE 3HAUCHUS TOKa3a-
TeJs PUCKA.

8. B mpouecce aHanu3a BIUSHUS pa3IUYHbIX Ba-
PUAHTOB U3MEHEHUM 3HAaUEHUI YIIPABISIEMbIX Iapame-
TPOB PUCKA HA MPOTHO3HBIE 3HAUEHUsS IOKa3aTels pu-
CKa JUIs 0OBEKTOB CTPOUTEIHCTBA B COCTABE BEIOOPKH,
yKa3aHHOH B 1. 5, MOCIEIHNE B OOIIEM ClTydyae MOTYT
OBITH pa3/iesieHbl Ha KaTETOPUH:

* 00OBEKTHI CTPOUTENBCTBA, CBOEBPEMEHHO CJlia-
BaeMbl€ B DKCIUTYaTalUIO, I KOTOPBIX MPOTHO3HOE
3HaueHHEe [OKa3aTeNls pUcka (A1 paccMaTpUBaeMO-
rO BapHaHTa U3MEHEHHMs YNpaBIsIEeMbIX IapaMeTPOB
pHCKa) HPUHMMAET HYJIEBOE WIM OTPHUIATEIbHOE
3HAUCHUE;

* 00BEKTHI CTPOHUTENILCTBA, HECBOCBPEMEHHO C/a-
BaeMbl€ B DKCIUIyaTallUIoO, IS KOTOPBIX MPOrHO3HOE
3Ha4YeHME IOKa3aTelsl PUCKa (A1 paccMaTPUBAEMOrO
BapHaHTa M3MEHEHUs YIpPaBIsIEMbIX NMapaMETPOB pH-
CKa) TIPUHUMAET MOJIOKHUTEIbHOE 3HAUCHHE.

9. HeoOxonumo ompenenuth (akTuyeckue 3Ha-
YEHHs M3MEHEHHMH MapaMeTpoB PUCKA, MPU KOTOPBIX
OymyT ob0ecneunBaTbCsi MUHHMAJIBHBIE CyMMapHBIE
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3aTparhl Ha peajr3aldio yKa3aHHbIX W3MEHEHHH INpu
YCIIOBHH, YTO CpeaHne (Mo oObEeKTaM CTPOUTEIHCTBA
B COCTaBe BBIOOPKH, YKA3aHHOM B II. 5) UTOTOBBIC 3Ha-
YeHHS YIPABIIEMBIX MTapaMEeTPOB PHUCKA U MTOKA3aTeINs
pHCKa, a TaKKe 3HaYeHHE J0JIM CBOEBPEMEHHO C/laBae-
MBIX B JKCIUTyaTanuio (B COOTBETCTBHHU C MPOTHO3HEI-
MH WTOTOBBIMH 3HAUEHHUSIMH ITI0Ka3areiisi pucka) o0b-
€KTOB CTPOMTEIHCTBA B OOIIEM KOJIHYECTBE OOBEKTOB
Oy/lyT HaXOJUTHCS B MPE/ENax 3aaHHbIX JOIYCTUMBIX
3HAYEHUH.

CTpyKTypa METOIUKH ONPEEsIeTCs OJIOK-CXEMOH,
TIpeACTaBICHHON Ha puc. 1, W Tpexamoiaraer Imocie-
JIOBAaTEJIbHOE BBIMIOJHEHHE CIIEIYIOIUX OCHOBHBIX
STAroB:

1. [ToaroToBKa MCXOAHBIX JAaHHBIX, B TOM 4YHCIIE
WACHTH(UKAIMS TTapaMeTpoOB pealn3alnud MpoeKTa
CTPOMTENIbCTBA, ONPEACISIONINX MOKa3aTelb pUCKa
(CpoK 3amepKKH CTPOUTETHCTBA 00BEKTA U, KaK CIIe/-
CTBHE, CJJa4Ml €ro B DKCIUTyaTalMIo), a TakKe (HOpMH-
pOBaHME BEIOOPKHU CTPOUTEITHHBIX MMPOCKTOB C U3BECT-
HBIMU 3HAYCHHMSMH NapaMeTPOB M IOKAa3arels pHcKa
(610 1 cxemsl Ha puc. 1). OOmmii IepedeHb UCXO/-
HBIX JaHHBIX MPEJCTABICH B TaOn. 1 (mompasmensl
1.1-1.7).

2. ®opMUpOBaHUE aHATUTHYECKON MOJIeNId 3aBU-
CHUMOCTH 3HAYCHUS TIOKA3aTelsl pucka OT 3HAYCHUH TMa-
paMeTpoB PUCKa B COOTBETCTBHU C M. 4—6 OCHOBHBIX
MTOJIOKEHUI METONWKH, ONHCAHHBIX B TIPEIBITYIICM
noapaszeine padotsl (6ok 2.1 cxemsl Ha puc. 1). Jlan-
Has MpOoIeTypa MPeoiaraeT MoCIeI0BaTeIbHBINA pac-
YeT ONpENENICHHBIX PAaCUETHBIX XapaKTEePUCTUK (IOA-
poOHOE omMcaHNe KOTOPBIX MPEACTABICHO B TalmI. 2),
a TaKkKe TIPOBEPKY aJIeKBATHOCTH aHAINTHYECKOU
Mojenu 1Mo ycioBuro (2) (6mox 2.2 cxemsl Ha puc. 1).
B ciydyae HEBBINMONHEHMS YCJIOBUSI IPOM3BOIUTCS
KOPPEKTUPOBKA HMCXOAHBIX NAHHBIX B YacCTH BBIOOPKH
CTPOUTEJBHBIX MpoeKkToB (010K 2.3 cxembl Ha puc. 1)
C TIOCTICYTOIITMM TTOBTOPHBIM BEITIOTHEHHEM ITPOIICTY-
PBI IO TEX MOp, MOKa JUIs PacCMaTpHBaeMOro BapHaHTa
HCXOAHBIX JaHHBIX HE OyZeT oOecredeHo BRITIOIHEHIE
ycioBust (2); B IPOTHMBHOM CJIydae MPOM3BOIUTCS BbI-
TTOJTHEHNE HIDKECIIETYIOIIEro dTara.

3. ®opMupoBaHNe HEHM3BECTHBIX IEPEMEHHBIX
(Tabm. 1) u pacdeTHBIX XapaKTepUCTHK (Tabi. 3) onTH-
MU3AIMOHHON MOJEeNN OOOCHOBAHUS XapaKTEPUCTHK
OTP, HampaBIeHHBIX Ha CHIDKCHWE BIHSHHUS PUCKOB
Ha pe3yJbTarThl peaji3aluil CTPOUTEIBHBIX MPOEKTOB
(6mox 3 cxemsl Ha puc. 1). bonee mogpodnas mapOp-
Marusi rpeactasicHa B Tabu. 1 (mompasaensr 2.1-2.3)
u Tabm. 3.

4. ITocTpoeHue ONTUMU3ALMOHHOW Mojenu 000-
cHoBaHM XapakrepucTiuk OTP, HanpaBIeHHBIX HA CHH-
JKEHUE BIMSIHUSL PUCKOB Ha PE3yNbTaThl pean3alun
CTPOUTEIHHBIX TIPOCKTOB.
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1
; TloxroroBka MCXOMHBIX HaHHBIX / Source data preparation / ---
|

2.1

DopMHpOBaHKE aHATUTUIESCKONH MOJIETH 3aBUCHMOCTH
3HAYCHUSI [IOKA3aTessl pUCKa OT 3HAUCHHUI [TapaMeTPOB PHCKa
Formation of an analytical model of the dependence
of the risk indicator’s value on the risk parameters’ values

SABIISCTCS a1eKBaTHOM
The model is adequate

2.3

KoppeKTHpOBKa MCXOHBIX [JaHHBIX B 4aCTH BHIOOPKH 00BEKTOB
CTPOUTENBCTBA B PAMKaX PEai30BaHHBIX POECKTOB
Correction of the initial data with regard to the selection
of construction objects within the implemented projects

]

!

d DopMHIpOBaHHE HEM3BECTHBIX MEPEMEHHBIX U PACUETHBIX
XapaKTEePHCTUK ONTHMU3ALHOHHON MOIEIN
Formation of unknown variables and calculated
characteristics of the optimization model

@D {

TlocTpoenue oNTUMHU3ALMOHHON MOZEIN 000CHOBAHUS
XapaKTePHCTUK OPraHH3aIMOHHO-TeXHOIOIHIECKHX
peleHuil, HAPABICHHbBIX HA CHIKCHHE BIMSHHS PUCKOB
Ha CPOKH PeaN3aLH1 CTPOUTEILHBIX IPOSKTOB
Creation of optimization model for determination
of the characteristics for organizational and technological
solutions aimed at reducing the impact of risks
on the construction projects’ duration

|

GD '

Peanmsanus nocTpoeHHoOI MOJIENH B CpeJie
ONTUMH3ALHOHHOTO MOJICITHPOBAHUS
Implementation of the constructed model
in the optimization modeling environment

Pemenne naiigeno
Solution found

KoppekTrpoBka npeienbHO J0IMyCTUMBIX 3HaUCHHUIT
JUISL TApaMETPOB PHUCKA M KOMIIOHEHT [TOKa3aTes pUcKa

5.3
Adjustment of limit values for risk parameters o
and components of the risk indicator

YHIpaBIAEMBIX ITapaMETPOB pUCKa -

Sensitivity analysis of the actual risk value and its components
n relation to the values of change in the controlled risk parameters

: !
(DOPMHpOBaHI/Ie OpPraHu3alluOHHO-TEXHOJIOTNYICCKUX
pC].LICHI/Iﬁ Ha OCHOBC IOJIYYCHHBIX PE3YJIbTAaTOB

Formation of organizational and technological solutions
on the basis of the obtained results

—

g '
Ananmms YYBCTBUTCIBHOCTH q)aKTH‘ICCKOTO 3Ha4YCHUS pUCKa
¥ €ro KOMIIOHEHT MO0 OTHOUICHHIO K 3HAUCHUSM U3MEHEHUI
i

Puc. 1. briok-cxema, onucHIBaloImast CTPyKTypy pa3paboTaHHONH METOIUKI

Fig. 1. Block diagram describing the structure of the developed procedure

Tab6n. 1, mogpazaenst 1.1-1.7
Table 1, subsections 1.1-1.7

Beipaxenue (1); Ta6mr. 2
Expression (1); Table 2

{ VYenosue (2) / Condition (2)

Tab6n. 1, mogpasaenst 1.5, 1.6
Table 1, subsections 1.5, 1.6

Tabm. 2, moxpasnenst 2.1-2.3; Taou. 3
Table 2, subsections 2.1-2.3; Table 3

Beipaxenus (2.16)—(2.29); Tabm. 4
Expressions (2.16)—(2.29); Table 4

Meroz BeTBel 1 rpaHMuLL;
Hapncrpoiika «Ilouck pemenus»
nporpammsl «Microsoft Excel»;
Hancrpoiixa «Optimization toolbox»
nporpammsl «MatLaby

Branch and bound method;

Solver add-in for Microsoft Excel
software; Optimization toolbox
add-in for MatLab software

Tabn. 1, mm. 1.4.5,1.7.2,1.7.3
Table 1, items 1.4.5,1.7.2, 1.7.3

Tab6m. 1, m. 2.1.1; Ta6xn. 3, . 6.1-6.3
Table 1, item 2.1.1; Table 3, items 6.1-6.3
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Taon. 1. I/ICXO}IHBIG JIAHHBIC U HEU3BECTHBIC NICPEMEHHBIC, YUUTBIBACMbIC B paMKax paSpaGOTaHHOﬁ MCTOAUKHU

Table 1. Source data and unknown variables taken into account within the developed procedure

HanmeHOBaHUE 2JIEMEHTa UCXOAHBIX TaHHBIX/KaTeropHn EnuHuIs!
Howmep ay | Obo3Hadenue/BoIpaskeHHE
HEU3BECTHBIX MIEPEMEHHBIX U3MEpEHHS . . .
Number . . .1y | Designation/expression
Name of source data element/category of unknown variables Measure unit
1 Hcxonnpie naHHbIe
Source data
11 TTapameTpbl CTPYKTYPbI HCXOIHBIX JIAHHBIX
’ Source data structure parameters
111 KosyecTBo nmapaMerpoB pucka el "
o Risk parameters number unit
112 KomnmuaecTBo 00BEKTOB CTPOUTENBCTBA el "
o Construction objects number unit
12 MHupexcsl 1 MHOKECTBA
’ Indexes and sets
121 MNupexc napamerpa pucka =12 n
- Risk parameter index J=h %
VHaeke 00beKTa CTPOUTENBCTBA
1.2.2 . L -
Construction object index i=1,2,....m
MHOXECTBO HH/ICKCOB yIPaBJISEMbIX MapaMeTpoB prcka®
1.2.3 . . @ - J
Set of indexes related to controlled risk parameters®
MHOKECTBO HHIEKCOB HEYIPaBJISEMBIX apaMeTpoB prcka® ,
1.2.4 . . 5 - J’
Set of indexes related to uncontrolled risk parameters®
™ 125 MHOXeCTBO HHIEKCOB LIEJIOYHUCICHHBIX 1apAMETPOB PHCKA Jin
g g - Set of indexes related to integer risk parameters
NN 126 MHOKECTBO LIEIBIX YUCE P 101,
© © o Set of integer values o e
X 0 .
g 3 13 HcxonHble naHHbIE, yYUTHIBAEMbIE JUIS Ka)KI0T0 OT/IEIBHOTO apameTpa pucka ¢ uuaekcomj (j=1,2, ..., n)
EY ’ Source data taken into account for each individual risk parameter with indexj (j =1, 2, ..., n)
4 .
M o 131 HaumeHoBaHHe apaMeTpa pucka
S o Risk parameter name
o
; £ 132 VHauKaTop NpHHAIC)KHOCTH K YIIPaBIsieMbIM apameTpam®
|2 % o Indicator of belonging to controlled parameters® Y
. ? VicxonHble JaHHBIC, YUHTHIBACMBIC JUTsl KAKI0T0 OTACIBHOTO YIPABISIEMOTO [apamMeTpa prcKa ¢ HHACKCOM j
ig o 14 |Geld)
= *(':; Source data taken into account for each individual controlled risk parameter with index j (j € J')
<) % 141 IIpenenpHOe 3HaUCHHE TTapamMeTpa pucka’® EN, i
§ & o Limit value of the risk parameter® MU !
@ g MHHHUMAaJIbHOE EN min
< c 1.4.2 . ] Ax]
@ 3HaueHre U3MEHEHMs ITapaMeTpa pucKa minimal MU
c .
N5 Risk parameter change value MaKCUMaIbHOE® EN nax
Z 5 1.4.3 . i Ax]
0 g maximal® MU
=
=2 VnesnbHbIe 3aTpaThl HA PeATU3ALUI0 U3MEHEHHS TapaMeTpa pucKa
£ 8 1.4.4 | Specific costs for the implementation of a change in the risk H'e'/EHI c
a© CUMU J
- c parameter 7
0 O
R T 145 IIpenensHOE cpeaHee UTOrOBOE 3HAUYECHHUE IIApaMeTpa pUCKa EI/I]. Flm
c G . i
'O\- 5 Threshold average final value of the risk parameter MU !
o
3 2 VicxozHble JaHHBIC, YUUTBIBAEMBIC JUIsl KQKI0TO OTACIBHOIO 00BEKTa CTPOUTENIBCTBA C MHICKCOM
> = 1.5 |i@i=1,2,...,m)
- . . .. . . . . . .
% S Source data taken into account for each individual construction object with index i (i =1, 2, ..., m)
B % 5.1 PeruoH CTpouTeNnbCTBA
B =) h Construction region
[72] =
= o Kon ctpoiikn
= 1.5.2 . - -
¢ = Construction code
=
E = 153 DaKTHYECKOE HCXOIHOE 3HAYCHHE MTOKa3aTellsl pUCKa Mec. 30
i e Actual initial value of risk indicator month !
Q0
o>
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Oxonuanue maén. 1/ End of Table 1

HanmeHoBaHue d11eMeHTa NCXOAHBIX IaHHBIX/KaTEropuu Enuaunne!
Howmep o | Obo3HadeHne/BEIpAKEHHIE
HEHM3BECTHBIX MEPEMEHHBIX H3MepeHHs . . .
Number . . . .1y | Designation/expression
Name of source data element/category of unknown variables Measure unit
VIcxo/IHbIe JaHHBIC, YYUTHIBAEMBIC JUIS KaXKI0T0 OT/IEIbHOIO 00BEKTa CTPOUTENBCTBA € HHACKCoM i (i = 1,2, ..., m)
16 B 9aCTH Ka)XKJIOTO OTIEIHHOTO ITapaMeTpa pucka ¢ uaaekcom j (=1, 2, ..., n)
’ Source data taken into account for each individual construction object with index 7 (i =1, 2, ..., m) in terms of
each individual risk parameter with indexj (j =1, 2, ..., n)
16.1 VcxonHoe 3HaueHHE mapaMeTpa pucka Juisi 00beKTa CTPOUTENIbCTBA EI/I/. ¥
o The initial value of the risk parameter for the construction object MU v
17 ATrperupoBaHHbIE HCXOJHEIC TaHHBIC
’ Aggregated source data
171 MakcumanbHoe 3HaYCHHE ToKa3aTelns pucka’) Mec. -
o Maximal value of the risk indicator” month
MaxkcumMaiisHOE cpejiHee (110 00BeKTaM CTPOHUTENIHLCTBA) 3HAYCHHE
|7 |mOKasaTelns prcka Mec. Frmax
o Maximal average (for construction objects) value of the risk month
indicator
MuUHHUMaJIBHOE 3HAYE€HUE 10U CBOEBPEMEHHO CIAaBACMBIX
173 00BEKTOB CTPOUTENbLCTBA prin
o Minimal value of the share of construction objects timely put into
operation
HewusBecTHbIe IepeMeHHBIE
2 .
Unknown variables
21 HeunsBecTHbIe NIepeMEHHbIE, YYUTHIBAEMBIC IS KaXKIOTO YIIPaBIseMOro apaMerpa pucka ¢ uHaekcom j (j € J')
’ Unknown variables taken into account for each controlled risk parameter with index j (j € J')
211 dakTHUecKoe 3HAYEHHE N3MEHEHUS TapaMeTpa prcka EN, Ax
o The actual value of risk parameter change MU, U
Hcxomuble naHHBIE, YIUTHIBAEMbIE UTS KaXKIIOTO OTIEIBHOTO 00BEKTa CTPOUTEIBCTBA ¢ HHACKCOM [ (i = 1,2, ..., m)
29 B 9aCTH KXKJOTO OTAEIHHOTO YIIPABISIEMOro MapaMeTpa prucka ¢ HHaekcoM j (j € J')
: Source data taken into account for each individual construction object with index 7 (i =1, 2, ..., m) in terms of
each individual controlled risk parameter with index j (j € J')
Koppekrupyromiee OTKIOHEHHE yIPaBIIIeMOro apaMeTpa prucka
291 |Am 00bEKTa CTPOUTEIILCTBA EI/II_ Ax
- Corrective deviation of the controlled risk parameter for MU, i
the construction object
VIHAMKaTOp AOCTHIKCHHUSI PACUCTHBIM 3HAYCHUEM YIIPABISEMOro
29 |MAPAMETPa PUCKa COOTBETCTBYIOMIEIO MPEEMbHOT0 3HaueHus®
o Indicator of the achievement by the calculated value of i
the controlled risk parameter of the corresponding limit value®
HeusBecTHbIe TepeMEHHBIE, YUUTHIBAEMbIC I KXKIOTO OTISIBHOI0 00BEKTa CTPOUTEIBCTBA C MHACKCOM i
2.3 (i=1,2,...,m)
Unknown variables taken into account for each individual construction object with index i (i =1, 2, ..., m)
231 VIHauKaTop CBOCBPEMEHHOCTH ClIa4l 00BEKTa B dKCILTyaTaruo 0
h Indicator of the timeliness of putting the object into operation® i
TIpumeuanue: V — o6osnadenne EUV omnpenenser yHUKAIbHYIO T KaKIOTO OTACIBHOTO MapaMeTpa pucka (¢ HHACKCOM j)
J

CIMHUILY U3MEPCHHUS B COOTBETCTBHHU C €ro (GU3NIECKUM CMBbICIIOM (OoJiee ropoOHast nHpOpMAIKs peICTaBlIcHa B Ta0. 5);
) — B3aMMOCBS3b JJIEMEHTA MCXOJHBIX JAHHBIX C IEMEHTOM II. 1.3.2 Tabnuupl onpenensercs Boipaxenuem J' =1 jly, =1f;
) — B3aMMOCBA3b SEMEHTA HCXOMHBIX JIAHHBIX € JIEMEHTOM IL. 1.3.2 Tabnnue! onpenensercst Boipaxkenuem J” ={ /|y, =0;
) — 3HaYCHUE DIIEMCHTA NCXO/HBIX TaHHBIX ABISCTCS GuHapHbIM (v, € {0; 1}) 1 OopMUpYeTCsi B COOTBETCTBUH CO CIICAYIOLIMMHU
NPHHIANAMH: ¥, = 1 B Cllyuae, eC/i napamMeTp PUCKa C MHJEKCOM j SBISETCS YIPAaBISEMbIM; B POTHBHOM ciy4ae ¥, = 0;

) — 3HaueHHWe dIEMEHTA MCXOIHBIX MAHHBIX JOJUKHO YHOBIECTBOPSTH CICAYIONIIEMY YCIOBHIO: x;"“ > max{xf}} , ecnn
. i .

HapamMeTp PHCKA C MHACKCOM j ABIACTCS «IOJNOKUTEIBHBIM»; X < mln{xg} , ©CIIM MapaMeTp PUCKA C MHAEKCOM j SBIISETCS
i

lim
«OTPULATECIIBHBIM) © — 3payeHue dIeMeHTa HUCXOOHBIX JAHHBIX MOXKET OBITh ONPEeACIICHO C UCTIOJIB30BAHUEM BBIPAKEHUSA !

lim . 0 ¥,
. X; —ml_ln{xij},]eJ ;
s max{xo}—x"‘"

¢ i i

JeJ;
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KOMIIOHEHTBI BBIpaKeHUst onpenenstores . 1.4.1, 1.6.1 nanHo# tabmuuel, a takke . 1.1, 1.2 tabn. 3; @ — 3Hauenne
9JIEMEHTA MCXOJHBIX JAHHBIX ONpENeIsIeTCsl 3HAYeHHSAMH dJIeMeHTa I1. 1.5.3 Tabnuubl U J0DKHO YHOBIETBOPATH YCIOBHIO:

™ > max { P } ® — 3HaueHIe HeM3BECTHON HepeMeHHOI/I SIBIIICTCS] OMHAPHBIM (X € {0 1}) u hopMupyeTcst B COOTBETCTBUH
CO CITE/IyIONIMMHY TIPHHITHITAMH: 7» =1 B cimyyae, eciu x +Ax, 2 xh“‘ npu ¢, = 1 x —Ax; < x]"“ npu ¢, = —1; B mpoTHBHOM
ciydae ky =0; © — 3HaueHue HCHSBCCTHOI/I neper:HHon SIBIISICTCS 6I/IHapHI>IM ©, {0, 1}) u (bOpMI/IpyCTCSI B COOTBETCTBHU
CO CJIETY OIMMHU MPUHIMNIAMU: O, = | B cTyyae, ecli 00bEKT CTPOUTENBCTBA C HHIEKCOM / ABJISETCS CBOCBPEMEHHO CIaBAEMBIM
B DKCILTYaTaIMIo (B COOTBETCTBHMH C MPOTHO3HBIM UTOTOBBIM 3HAYCHUEM TOKa3aTellsl PUCKa); B IPOTUBHOM cityyae 0, = 0.

Note: ' — the designation MU, defines a measure unit that is unique for each individual risk parameter (with index ;) in
accordance with its physical meaning (more detailed information is presented in Table 5); ® — the interconnection between
the source data element and the element related to the item 1.3.2 of the table is determined by the expression J' = { Jly; = 1};
% — the interconnection between the source data element and the element related to the item 1.3.2 of the table is determined
by the expression J" = {/\y = O} @ — the value of the input data element is binary (v, € {0;13) and is formed in accordance
with the following principles: vy, = 1 in case the risk parameter with index j is controlled otherwise Y, =0; ) — the value of
the source data element must satisfy the following condition: x'"“ > max{x }, if the risk parameter w1th index j is “positive”;

'/”“ < mm{ /}, if the risk parameter with index ; is negauve”' © _'the value of the source data element can be determined
with the'use of the expression:

i . +
x" = mln{ },]EJ ;
Axmax o
J 1 . -
max {x//.} -x;", jelJ;
1

the components of the expression are defined by items 1.4.1, 1.6.1 of this table, as well as items 1.1, 1.2 of table 3; » —
the value of the source data element is determined by the values of the element related to the item 1.5.3 of the table and
must satisfy the condition: t™ > max { j/,‘?}; ® — the value of the unknown variable is binary (7»/ € {0; 1}) and is formed in
accordance with the following principles: A, = 1 in case x; +Ax, > x;™ and ¢, = 1 or x; —Ax; < ““‘ and ¢, = —1; otherwise
A, =0; © — the value of the unknown variable is binary (0, € {0; 1}) and is formed in accordance w1th the followmg principles:
0,= 1 in case the construction object with the index i is timely put into operation (in accordance with the predicted final value
of the risk indicator); otherwise 0, = 0.

Taou. 2. PacueTHble XapaKTEPUCTUKH, BEIYUCIISIEMbIE B PAMKaX HPOLEAYpbl GOPMUPOBAHHUS aHATUTHYESCKON MOJIEIIN
3aBHCHMOCTH 3HAYCHHs [10KA3aTeIsl PUCKA OT 3HAYCHUH I1apaMeTpOB PUCKa

Table 2. Calculated characteristics enumerated during the creation of analytical model for the dependence of the risk
indicator’s value on the risk parameters’ values

o Equnnis
Howmep HanmeHoBaHHe pacueTHON XapaKTePUCTUKH weneperus® O0603HaueHNe/BBIPAKEHHIE
Number Calculated characteristic name P ) Designation/expression
Measure unit
| PacueTHble XapaKTEPUCTHKH, BBIYMCIIIEMbIE B IpoLiecce (POPMUPOBAHUS AHATUTHYECKOH MOZIEIIH
Calculated characteristics enumerated during the analytical model’s formation
11 ATperupoBaHHbIC PACUECTHBIC XapaKTEPUCTHKU
' Aggregated calculated characteristics
A= {Ak,};
m,if k=0,1=0;
m
Q) Doxy e, if k=1,1=0;
I'maBHas MaTpUIla CHCTEMbI yPaBHEHUH ij=k> =L =0,
1.1.1 | The main matrix connected to the system of -
t (2) Akl =i 0 .
equations Dox), if k=0,121;
i=1
m
ng:k -x,_;» otherwise
i=1
OrnpenenTens MaBHOI MaTPUIIBI CHCTEMBI
aBHCHUI
1,12 |YpasHer . . - A= 4|
Determinant of the main matrix connected to the
system of equations
PacueTHbIe XapaKTepUCTHKN, BEIYUCIISIEMBIE ISl KAJKIOTO OTACIBHOTO MapaMeTpa aHaIUTHIECKOH MOJIeIH
12 cungekcom j (j=1,2, ..., n)®
’ Estimated characteristics calculated for each individual parameter of the analytical model with index
JjG=12,..,n®
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Oxonuanue maén. 2/ End of Table 2

Equnnis
nsmepenus)
Measure unit”

Homep HanmenoBanue pacueTHON XapakTepUCTUKHU
Number Calculated characteristic name

O603Ha4YeHe/BBIpaKEHNE
Designation/expression

4, ={4}};

m
3 Doy ifk=0,1=j;
YacTHast MaTpUIla CHCTEMbI YpaBHEHHUIA?) =

1.2.1 | Partial matrix connected to the system of - ; 5o o .
equations® Al = Zyi Xy if k211 =
i=1

A,,, otherwise

OmnpenenuTens YacTHOH MaTPHIIbI CUCTEMBI
122 ypaBHEHUH B A=l4|
- Determinant of the partial matrix connected to the ;o

system of equations

123 3HavyeHHe mapamMeTpa aHATUTHIECKOH MOJIeIH Mec./(EI/Ij) a = ﬁ
- Analytical model parameter value month/(MU) A
5 PacueTHble XapaKTEPUCTHKHU, BBIUMCIIIEMbIE B IIPOIIECCE OLCHKH aJJeKBATHOCTH aHAIUTHYECKOH MOZIEIH

Calculated characteristics enumerated during the analytical model’s adequacy assessment

PacueTHbIe XapaKTepUCTUKH, BEIYUCIIIEMBIE TSl KKI0TO OTACIBHOIO 00BEKTa CTPOUTEIBCTBA C HHACKCOM
2.1 |(G=12,...,n)
Calculated characteristics enumerated for each individual construction object with an indexj (=1, 2, ..., n)

[IporHo3HOE UCXOMHOE 3HAYCHHE TIOKA3aTeIs
2.1.1 |pucka
Predicted initial value of the risk indicator

McEcC.

n
~0 0
yi=a,_,+ E a,-x;
month o =

ATpernupoBaHHbIC PACUETHBIC XapaKTEPUCTHKI

2.2 Aggregated calculated characteristics

KoaddumuenT gerepMuHanum n
22.1 (bpuunent AcTepmial - 30
Determination ratio

Tpumeuanue: " — o0603HaueHHE EI/Ij OIIpE/IeNsAeT yHUKAIBHYIO [T KaXKA0TO OT/EIBHOTO IIapaMeTpa PUCKA €IMHHILY H3MEPEHHs
B COOTBETCTBHH C ero (hu3nueckuM cMbiciioM (Goiee moapoOHas nH(GopMalms npe/cTasieHa B tabi. 4); @ — marpuna nmeer
n+ 1 crpok u n + 1 cTONOLOB; IS ONMUCAHUS COOTBETCTBYIOLIMX CTPYKTYPHBIX JICMEHTOB HCHOJB3YIOTCS MHICKC CTPOK
k (0, 1, ..., n) m uanekc cronduos [ (/=0, 1, ..., n); ® — npu uHIEKCE MapaMeTpa aHATUTHYCCKOM Mojen j = 0 mociaeaHui
SBJIAETCA YCJIOBHO-NOCTOSHHONW KOMIIOHEHTOH NMPOTHO3HOTO 3HA4YEHMA MOKa3arells pucka (mapamerp a, B Beipaxenun (1));
P MHJIEKCE TIapaMeTpa aHAIUTHYECKOW Mozienn j > 0 mocneiHuii npeacrapiser codoi koaGUIMEHT TPONOPLIHOHATBHOCTH
3HAUCHMS TIOKA3aTelIsl PUCKA 3HAYCHHUIO TTapaMeTpa prCcKa C HHACKCOM j (apameTp @, B BEIPAKCHHH (1)).

Note: U — the designation MU, defines a unique measure unit for each individual risk parameter in accordance with its
physical meaning (more detailed information is presented in table 4); @ — the matrix has n + 1 rows and columns; row index
k(k=0,1,...,n)and column index / (/= 0, 1, ..., n) are used to describe the corresponding structural elements; ® — in case
index value parameter of the analytical model corresponds to the conditionally constant component of the predicted value
of the risk indicator (the parameter in expression (1)); in case index value parameter of the analytical model corresponds
to the coefficient describing proportionality of the risk indicator’s value to the value of the risk parameter with the index
(the parameter in expression (1)).
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Taon. 3. PacuerHbie XapaKTEPUCTHUKH, (bOpMI/IpyeMBIC Py NMMOCTPOCHUUN ONTUMHU3AIIMOHHOMN MOACIN

Table 3. Calculated characteristics formed during the optimization model’s creation

.o Enuauis
Homep | HaumeHOBaHME pacuyeTHOH XapaKTePHCTUKH wseerus®) O0603HaYeHHe/BBIpAKEHHIE
Number Calculated characteristic name Mcamfrc unit® Designation/expression
1 MmuoxectBa / Sets
MHOXeCTBO HHJIEKCOB «IIOJIOKUTEIBHBIX)
1] |mapamerpos pucka® = { o, = 1}
’ Set of indexes related to “positive” risk VI =
parameters®
MHOXECTBO HHACKCOB «OTPULIATEIIBHBIX)
|5 |mapamerpos pucka® J = { o = 1}
’ Set of indexes related to “negative” risk SV =
parameters®
PacuerHble XapaKTepUCTHKN, BEIYUCIISIEMBIE JUISI KAJKIOTO OTACIBHOTO MapaMeTpa PUCKa C HHIEKCOM
2 jG=12,...,n)
Calculated characteristics enumerated for each individual risk parameter with indexj (j =1, 2, ..., n)
MUHHMaIBHOE UCXOAHOE 3HAYCHHE
EN. Omin _ - 0
2.1 nmapameTpa pucka Y, U/ Xjo T Mg x,
Minimal initial value of the risk parameter J
MakcuMalIbHOE UCXOIHOE 3HaYCHHE
EH Omax __
2.2 rapameTpa pucka MU] X; max \ x;
Maximal initial value of the risk parameter J
Cpennee HCXOHOE 3HAYCHHUE MapameTpa BN ixo
2.3 |pucka ] T
S . . MU X, =L
Average initial value of the risk parameter J J m
Koaddunment Biausams Ha Moka3aresb
6).(4)
HCKa
2.4 p . . . - =-—si n(a.)
The coefficient of influence on the risk @; gn\g;
indicator®-®
PacuerHble XapaKTepUCTHKN, BEIYUCIISIEMBIE TSI KAJKIOTO OTACIBHOTO YIIPABIIEMOTO IapaMeTpa PUcKa ¢
3 uHyeKcoM j (j € J')
Calculated characteristics enumerated for each individual controlled risk parameter with index j (j € J')
H m m 0
31 PUBCACHIHOC CPEAHEe daxriaeckoe EN, inj Z("u to; '(ij -, ))
. HTOTOBOE 3HAYCHHE actual® MU 0, =g, =
rapaMeTpa pucka / m m
Reduced average final
32 |value of the risk parameter | " AVaAbHOS E, A=, X"
’ <P minimal MU / o
aCYeTHBIE XapaKTEPHCTHUKH, BBIYUCIISIEMbBIE IS KaJKIOTO OTACIBHOTO 00BEKTa CTPOUTEIHCTBA C MHIECKCOM /
p paKrep , Ob p
4 (i=1,2, ..., m) B YacTH KaX/I0T0 OTIEIBHOTO yIPABIIIEMOTO [TapaMeTpa pUCKa ¢ HHAEKCOM j (j € J')
Calculated characteristics enumerated for each individual construction object with index i (i =1, 2, ..., m) in
terms of each individual controlled risk parameter with index j (j € J')
MakcnuMalibHOE 3HaYCHUE KOPPEKTUPYIOLIETro
EH max max
4.1 | OTKIOHEHH v A = A
Maximal value of corrective deviation j
49 HroroBoe 3HaueHue napaMeTpa pucka EI/Ij 0, ( Ar - Ax )
. . X, =x,+¢,-(Ax, —Ax,
The final value of the risk parameter MU AR 7 i
AKTHYECKOE EN.
43 ¢ J AX, =g, (Ax, - Ax,)
actual MU j J i
HurerpanbHoe im0 R
44 |oTKIOHEHNE Mapaverpa MHHHUMAJIbHOE EN, ALY — (x_,. _xl-j)'}»,-,-, JjeJ
. . i ") -
pucka minimal MU, X" —xg, jed
Integral deviation of the
risk parameter xim_x0 jeJ
P MaKCHUMaJIbHOE EN. Ay ) i J ’
4.5 imal M[; i lim _ 0 . -
maxima / (xj —x,.j) Ny, jEJ
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Oxonuanue maon. 3/ End of Table 3

. Enuuunis
Homep | HaumeHOBaHME pacuyeTHOH XapaKTEePHCTUKH wenerus®) O0603HaYeHNe/BBIPAKEHIE
Number Calculated characteristic name P ) Designation/expression
Measure unit!
PacueTHbIe XapaKTepUCTUKH, BBIYUCIIEMBIC JUIS KXKI0TO OTACIBHOIO 00BEKTa CTPOUTENIBCTBA C MHIIEKCOM i
5 (i=12,...,m)
Calculated characteristics enumerated for each individual construction object with index i (i =1, 2, ..., m)
v = . . 0 =
Fima+ 2ia g+ ) =
51 (hakTHyEeCcKOE Mec. jel' jet”
’ HToroBoe MpOTHO3HOE actual month = (0 ( - ) 1O
p ao+2aj x; ¢, (Ax; - Ax, +Zaj x;
3HAYEHUE TOKa3aTes e’ jer"
pucka
57 |Final predicted value of the | MUHAMAIbLHOE Mec. pon g
. . N 1 1
risk indicator minimal month
MaKCUMaJIbHOE Mec. -
53 . m s (19
maximal month
6 ATperupoBaHHbIC PACUETHBIC XapaKTEPUCTHKU
Aggregated calculated characteristics
daxtudeckoe cpenHee (Mo 00beKTam n
CTPOMTENBCTBA) 3HAYCHHE MTOKA3aTEIIs z ¥
pHUCKa — cpoKa 3aJep KKK c1adl 00beKTa T=£—=qg,+
6.1 CTPOMTENBCTBA B KCILTYaTaIHIO Mmec. m
’ The actual average (for construction objects) month i z u (xo . Ar — Ax )) . z g i
value of the risk indicator — the period of =\ & RS J i £ o
delay for construction object’s putting into + "
operation
dakTHUecKoe 3HaYEHHE JIOJIH CBOEBPEMEHHO n
6 | CHaBacMbIX 00BEKTOB CTPOUTETHCTBA zei
' The actual value of the share of construction P=r—
projects timely put into operation m
dakTHyeckoe 3HaYeHHE PHCKa =
6.3 . P - Q=T.(1-P)
Actual risk value
CyMMapHbIe 3aTpaThl Ha pean3aLuio
6.4 U3MEHEHHH mapaMeTpoB pUcKa I.€. C* = Z ¢ -Ax.
B . . J J
Total costs for implementation of the changes CU jed'
in risk parameters
Tpumeuanue: Y — o603nauerne EN onpeessieT yHUKaIbHYO IS KaXKI0T0 OTISIbHOTO IApaMeTpa PHCKa SANHHUILY H3MEPCHUSI
J
B COOTBETCTBHHU C €ro (hU3MYeCKUM CMBICIOM (Gosiee moapoOHast uH(popMarms npeacrasieHa B tabm. 5); @ — 3Hauenue

pacueTHON XapaKTEPUCTUKH OIPEAEIIETCS 3HAYeHHEM dJIeMeHTa 1. 2.4 Tabnuibl; ¢ — 3HaueHUe PacyeTHOM XapaKTepPUCTHKN
ONPEIC/IACT XapaKTep BIMAHMs 3HAYCHHS 1APAMETPA PHCKA HA 3HAYCHUE T0KA3ATE/Is PUCKA: 3HAYCHUE ¢, = 1 cooTBeTcTBYET
«TIOJIOXKUTETBHOMYY TapaMeTpy pHCKa ¢ MHACKCOM j; 3HaUYCHHE 9= —1 — COOTBETCTBEHHO «OTPHUILATEIILHOMY» MapaMeTpy
pucKa (CM. I1. 5 OCHOBHBIX MOJIOKEHHI METOAUKH); ) — (DyHKIHS Sign B COCTABE COOTBETCTBYIONIETO BBIPAKCHHS BO3BPAIIACT
3HAK COOTBETCTBYIOIIEH pacyeTHOW BeIn4nHbI (MpuHUMaeT 3HaueHne —1, 0, 1 mpu COOTBETCTBEHHO OTPHULIATEIHLHOM, HYJIEBOM
U TIOJIOKUTEIIHOM 3HAYEHNUH apryMeHTa); ) — 3HaYeHHe pacueTHOW XapaKTEePHCTUKH ONPEACISIETC 3HAYCHHEM DIIEMEHTa
. 4.2 TaOIuLBbL.

Note: () — the designation MU, defines a measure unit that is unique for each individual risk parameter (with index /) in
accordance with its physical meaning (more detailed information is presented in Table 5); ® — the value of the calculated
characteristic is determined by the value of the element related to the item 2.4 of the table; ¢ — the value of the calculated
characteristic determines the nature of the influence of the risk parameter’s value on the risk indicator’s value: the value ¢, = 1
corresponds to the “positive” risk parameter with index j; value ¢, = -1 — according to the “negative” risk parameter (see
paragraph 5 of the procedure’s main provisions); ¥ — the function “sign” as part of the corresponding expression returns
the sign of the corresponding calculated value (takes the value —1, 0, 1 for negative, zero and positive values of the argument,
respectively); © — the value of the calculated characteristic is determined by the value of the element related to the item 4.2
of the table.
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CTpyKTypa ONTUMHU3ALIMOHHON MOJIENIN OTpe es-

€TCs CIICYIONINMHE BBIPAXKEHUSIMU:
* B 00001ICHHOI (hopMe 3arucH:

C* (fax ) > min
AXT" < Ax; S AT, je '
e m; j €T
Ax,eZ, jel; je]™;

Ax,eZ, i=1,2, .., mjel;je™,
A {031}, i=1,2, .., m; jeJ

0, {01}, i=1,2, .., m;
y SA™ (X)), i=12, ., m e

1 (Ax, Ax ) 20", je "

A (1) S A, (1, A5 <A (3, ).
i=1,2,.,mjeJ
7 (0,) <7, ({ax ) {an ) <5 (6,).
i=12, .., m
P ({a ) <7
P({6,})=P™;
* B pa3BepHYTOI (hOpME 3aITUCH:

ZCj‘ij — min;

jel'
A" < Ax, <A e s
Ax, 20,i=1, 2, .., m; jelJ'
Ax;eZ, jel; je™;
Ax,eZ,i=12, .., m, jed; jeJ™;

A {01}, i=12, ., mjel’

0935 (Print) ISSN 2304-6600 (Online) « Tom 18. Beinyck 6, 2023

0, €{0;1},i=1,2, .., m
- Ax; AT, i=1,2, ., m; jel’;
ngﬂpf'(mj_mv) .
(Pj L=l Z(P] _lem’ jEJ’;

m

(xl.im —x;’.)-KU <o, (Axl —Ax; ) <x"—x;

J i
i=1,2,...m; jelJ; jel";
X" =y <0, (A, - Av ) < (2] - )2

i=12,

ij°
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3)
(4)
)
(6)
(M
®)
)
(10)
(11)

(12)

(13)

(14)
(15)

(16)

(17)
(18)
(19)
(20)
@1)
(22)

(23)

24

(25)

(26)

- .0, £a0+2aj '(x3+(pj -(ij —Ax,.j))+
e (27)
+Zaj x:j) <™ -(I—Oi), i=12, .. m
jel’

ao+(Zm:(2aj~(x3+(pj~(ij—Axij))+

it e

0 —
+Zaj-x,.j/m)STmax;

jeJ"

(28)

m

2.6,

=L pmin
m

29)

OnucaHue KOMITOHEHT IeNeBOi (yHKIUHM W He-
MPSMBIX OTPaHUYEHUH MOAM(UIIMPOBAHHON MOJEIN
npezcTapiaeHo B Tabn. 1-3. OmnmcaHue CTPYKTYypHBIX
9JIEMEHTOB MOJICJIH TIPUBEICHO B Ta0I. 4.

5. Peanu3zamyst BBINICYNOMSIHYTONH ONTHMHU3AIN-
OHHOM MOJIENIM C WCIIOJIb30BAaHUEM COBPEMEHHBIX ITPO-
TPaMMHBIX CPE/l ONTHMH3AI[MOHHOTO MOJIEIMPOBAHHMS
BBITIOJTHSIETCS JIUIS HAXOXKJEHHMs HamOoee IpeInoyTy-
TeNbHBIX 3HaueHni xapakrepuctuk OTP, HampasneH-
HBIX Ha CHIDKEHHE pUCKa. BBHIY TOTO, YTO CTPYKTYpHBIE
AJIEMEHTBI MOJIEITH (B YaCTHOCTH, BhIpakeHus (16)—(29))

COOTBETCTBYIOT TPOIEAYPE LEIOYHCICHHON JIMHEH-
HOW ONTHMH3ALUK, MOJIENIb MOXKET ObITh 3()(HEKTUBHO
peai30BaHa ¢ MOMOIIIBIO METO/Ia BETBEH U IPaHMUIL, J10-
CTYITHOTO B TOM 4HcJIe B mporpammax Microsoft Excel
(nmapctpoiika «Ilonck pemrenusi») n MatlLab (Han-
ctpoiika Optimization Toolbox) [22].

6. AHAJIM3  YYBCTBUTEIBHOCTH  (DAaKTHYECKOTO
3HAUEHHUs] PUCKAa M €ro KOMIIOHEHT (cM. mm. 6.1-6.3
Taba. 3) MO OTHONICHHIO K 3HAYCHUSM H3MCHCHHIA
yIpaBisieMbIX TapaMeTpoB pucka (cM. 1. 2.2.1 tadum. 1)
OCYIIECTBIISICTCS ISl Haubosee 0ObEKTUBHON OICHKU
B3aUMOCBSI3U MEX/Y 3HAYCHHSIMH XapaKTEPUCTHK BbI-
meynomsiHyThix OTP w moxaszarensiMu HeraTMBHOTO
BIIMSTHUSI pUCKa Ha PE3yJIbTaThl pean3alii CTPOUTEIb-
HOTO ITPOEKTA.

7. ®opmupoBanue OTP, nHanpaBieHHBIX Ha CHH-
JKEHHE PHCKa, HA OCHOBE PE3YJBTaTOB BBIOJIHEHMS
BBIIIICONMCAHHBIX ATANoOB. DakTHUECKUE 3HAYCHHS Xa-
PaKTEPUCTHK yKa3aHHBIX PEIICHUH MOTYT OTIMYAThCS
OT PEe3yJIbTaTOB, TIOJIyYEHHBIX B paMKax dTamna 5 MeTo-
JIMKH, BBUJly HJINYHSI OTPAaHMYEHHOTO KOJIMYECTBA pe-
CYPCOB MJIM MHBIX OCOOCHHOCTEH MPOIIECCOB peal3a-
LUK CTPOUTEIBHBIX IPOCKTOB.

Takum oOpa3zom, pazpaboTaHHass MeToANKa Oa3u-
pyeTcsi Ha HCIOJB30BaHUU CPEACTB aHATUTHYECKOTO
U ONTUMM3AIOHHOTO MOJAEIMPOBAHUS ISl 000CHOBA-
Hust Xxapakrepuctik OTP, HarpaBieHHBIX Ha yMEHbIIIe-
HUE HETaTUBHOTO BIIMSTHHSI PUCKA Ha PE3yJIbTaThl pea-
JIM3alUH CTPOUTENIBHBIX TIPOEKTOB. Tem He MeHee JuIs
OOBEKTHBHOM OLIEHKH NMPAKTHYECKOW 3HAUUMOCTHU pa3-
pabOTaHHOTO MHCTPYMEHTAILHOTO CPEICTBA METO/IMKA
OblTa peann3oBaHa Ha MPaKTUYECKOM mpuMepe. boiee
noapoOHas MH(OPMaIHs MMPEACTaBICHA B CIIEIYIONIEM
paszene paboThI.
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Taou. 4. Onucanue CTPyKTypHBIX AJIEMEHTOB ONTUMH3ALUOHHON MOJEIH

Table 4. Description of the optimization model’s structural elements

Homep BrIpakeHNs KaK CTPYKTYPHOTO
9JIEMEHTa MOZEIN
Index of expression as a structural
element of the model

O06o61IeHHas
(hopma 3ammcu
Generalized
notation

Paspepuyras
(hopma 3ammcu
Extended notation

Ornucanue
Description

©)

(16)

IeneBas yHKIMS — cyMMapHBIe 3aTPaThl Ha PEasTH3aIII0 H3MCHEHHI
TIapaMeTpOB PHCKa — MHUHUMU3UPYETCS

The objective function — the total cost of implementation of changes in risk
parameters — is minimized

4)

(17

TpsiMBIC OrpaHHICHNS, ONIPEACISIONINE COOTBETCTBUE 3HAUCHHS IIEPEMCHHOMN Ax,
JIMaIia30Hy JOMYCTUMBIX 3HAUSHUH JUTS KaXkJI0TO YIIPABISIEMOro IIapaMeTpa prcka
c uHAeKcoM j (j € J')

Direct constraints that determine correspondence of the value of the variable Ax,
to the range of acceptable values for each controlled risk parameter with index

JUeJ)

©)

(18)

IIpsiMble orpaHuYeHsl, ONPEACIISIONINE HEOTPHLATEILBHOCTh 3HAYCHHSI TIEPEMEHHON
Axi]. JUTSL KQXKJIOTO YIPABJISIEMOTO MapaMeTpa prcka ¢ HHIeKcoM j (j € J') 1 KaxkI0ro
00BbeKTa CTPOUTENILCTBA C HHACKCOM i (i =1, 2, ..., m)

Direct constraints that determine the non-negativity of the variable Ax, value for
each controlled risk parameter with index j (j € J') and each construction object
with index i (i=1, 2, ..., m)

(6)

(19)

IIpsiMble orpaHUYeHNs], ONPEICIIONNE IPHHAUICKHOCTD 3HAUCHUS IEPEMEHHOM
Ax, MHOXKCCTBY LEIIBIX YHCEIT JUTSl KAXK/I0TO LETOYNCICHHOTO YIPABIseMOro
napameTpa pucka ¢ unuekcom j (j € J', j € Jm)

Direct constraints that determine belonging of the variable Ax, value to a set of
integer values for each integer controlled risk parameter with index j (j € J,j € J™)

™)

(20)

IIpsiMble OrpaHUYCHUs], ONPEEIIAIONINE NPUHAIICKHOCTh 3HAUYCHHUS TIEPEMEHHON
Ax,; MHOXECTBY LIEIIBIX YHCEI ISl KX 10T LETIOYHCICHHOTO YIPAB/IACMOro
napameTpa prcka ¢ uaekcom j (j € J',j € J™) 1 kaxa0ro 00beKTa CTPOUTEIBCTBA
cunaekcom i (i=1,2, ..., m)

Direct constraints that determine belonging of variable Ax, value to a set of integer
values for each integer controlled risk parameter with index j (j € J',j € J™) and
each construction object with index i (i=1, 2, ..., m)

®)

@n

IpsMbie orpaHUHYeHNs, ONPEACIAIOUNE GHHAPHOCTD 3HAYCHHUS IIGPEMEHHOM A, U1t
Ka)KJI0TO YIPAaBJISIEMOT0 ITapaMeTpa pUcka ¢ HHAEKCOM j (j € J') M KaxJ0ro o0beKTa
CTPOUTENBCTBA C MHIEKCOM i (1= 1,2, ..., m)

Direct constraints that determine the binary value of the variable Xi/ for each
controlled risk parameter with index j (j € J') and each construction object with
indexi(i=1,2,...,m)

©)

(22)

[IpsiMbie orpaHUYEHHUs, ONPEACIAIONMEe OUHAPHOCT 3HAYCHHS TIEPEMEHHOM 0, Js
Ka)KI0T0 00BEKTa CTPOUTEIBCTBA ¢ MHACKCOM [ (i=1,2, ..., m)

Direct constraints that determine the binary value of the variable 0, for each
construction object with the index i (i =1, 2, ..., m)

(10)

(23)

HenpsimMbie orpaniyenns, ONpeaessioIIye B3aMMOCBS3b MKy IIGPEMCHHBIMH Ax,,
U 7‘,-,- JUIS KQKIOTO YIPaBIsIeMOro NapaMeTpa pucka ¢ HHIEKCoM j (j € J') 1 KaKaoro
00BeKTa CTPOUTENBCTBA C MHAeKCoM i (i = 1,2, ..., m) 10 IPUHIHUILY: Axt:/. >0

B Clly4ae, eciu )\'ij = 1; B IPOTUBHOM Clly4yae Axl:,. =0

Indirect constraints that determine the interconnection between variables Ax, and

k// for each controlled risk parameter with index j (j € J') and each construction
object with index 7 (i = 1, 2, ..., m) in accordance with the principle: Ax, > 0 in case
k”, = 1; otherwise Axl/_ =0
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Oxonuanue maon. 4/ End of Table 4

Homep BBIpakeHNs Kak CTPYKTYPHOTO
2JIEMEHTA MO
Index of expression as a structural
element of the model

O6o061IeHHas
(hopma 3ammcu
Generalized
notation

PasBepuyras
dhopma 3anmcu
Extended notation

Onucanue
Description

an (24)

HenpsiMble orpaHnueHus1, Onpe/iessiolre COOTBETCTBUE CPEHEro (110 00beKTaM
CTPOMTEIILCTBA) HTOTOBOTO 3HAYEHHMS Ka)XKJIOTO YIIPABIIEMOTO IapaMeTpa pucKa
¢ HHJIEKCOM j (j € J') Anana3oHy JOIyCTUMBIX 3HAYEeHHI

Indirect constraints that determine the correspondence of the average (for
construction projects) final value of each managed risk parameter with index

Jj (7 € J') to the range of acceptable values

(12)

(25), (26)

HemnpsiMble orpaHuYeHHs, ONPENEIIONNE B3aUMOCBA3b MEXY HEPEeMEHHBIMU
Axl.j u 7‘17 IUTS KQKIOTO «ITOJIOKHUTENFHOT0» («OTPHIIATEIIHHOTO») YIIPaBIIEMOTO
napameTpa pucka ¢ uuiaekcoMm j (j € J', j € J'O) u kak10ro 06beKTa CTpOUTENLCTBA

c ungexcoM i (i =1, 2, ..., m) MO IPUHIMITY: |ij - Axy| = |x;i‘“ - x:,)‘ B ClTyuae, ecliu
—1- _ lim' 0
ky_ = 1; B IPOTUBHOM cCllyuae Ax]. Ax,.j < |x f i

Indirect constraints that determine the relationship between variables Ax, and 2, for
each “positive” (“negative”) controlled risk parameter with index j (j € J',j € J©)
and each construction object with index 7 (i =1, 2, ..., m) in accordance with

the principle: ‘Av/ —Ax,| = ‘x —xf/" in case A, = 1; otherwise ‘Ax, —A’c”‘ < |xtm 0‘

lim

j X =X

(13)

@7

HemnpsiMbie orpaHuueHus, ONpeesSIFOIINe B3aUMOCBI3b MEK/IY MePEeMEHHBIMU
ij, Ax,.j 1 0, 1151 Kay10r0 00bEeKTa CTPOMTENBCTBA ¢ MHAeKCcoM i (i = 1,2, ..., m)
0 MIPUHLIUILY: ¥, ({ij}, {Axy}) <0 B ciyuae, eciu 0, = 1; B pOTUBHOM ciTyyae
3. fa )0

Indirect constraints that determine the interconnection between variables Ar/,
Ax, and 0, for each construction object with an index i (i = 1,2, ..., m) in
accordance with the principle: 3, ({Ax‘/}. {Avq/ }) <0in case 0, = 1; otherwise

¥ ({Ar/}, {Axl/}> >0

(14)

(28)

HenpsiMmoe orpaHu4eHne, B COOTBETCTBHHU € KOTOPHIM (DaKTHYECKOE Cpe/iHee

(o o0BEKTaM CTPOHUTENIHCTBA) 3HAYCHHE ITOKA3aTellsl pHCKa He JI0DKHO MPEeBbINIATH
COOTBETCTBYIOLIEE MAKCUMAJIbHOE 3HAUYCHHUE

Indirect constraint, according to which the actual average (for construction projects)
value of the risk indicator must not exceed the corresponding maximum value

PE3YJIBTATBI HCCJIEJOBAHNA

(15)

Ha 3axmrounTenbHBIX Tamax Hcciea0BaHus 1mpo-

29

HenpsiMoe orpanudeHne, B COOTBETCTBHHU € KOTOPHIM (JaKTHYECKOE 3HAYCHUE 10U
CBOEBPEMEHHO C/IaBaeMBIX 00BEKTOB CTPOUTEIBCTBA HE JIOJDKHO OBITH MEHBIIIE
COOTBETCTBYIOIETO MUHUMAIEHOTO 3HAYCHUS

Indirect constraint, according to which the actual value of the share of construction
objects timely put into operation must not be less than the corresponding minimum
value

1ecce pelicHus 3a/1adu, MpeacTaBicH B Tabu. 5. B ka-
YECTBE YIPaBIIIEMbIX MAapaMeTPOB PUCKA paccMaTpu-
BaJIMCh CIICAYIOIINE:

W3BEeHa peanu3anusl pa3pabOTaHHOH  METOIMKH
Ha MPaKTUYCCKOM IPUMEPE — UIA PCHICHUA 3aJdadu
o6ocHoBanusi OTP B obnactu npouecca GpyHKINOHH-
POBaHMSI HHBECTHLIMOHHO-CTPONUTEIILHON OpraHU3aliuy
HETEra3oBoro CEKTOpa, HANPABICHHBIX Ha CHIKECHHE
pHCKa HECBOCBPEMEHHOCTH 3aBEpPIICHHSI CTPOHUTEIb-
cTBa (Ccl]a4M B DKCIUTyaTaluio) 0ObEKTOB — YYacTKOB
ra3oIpoBOJOB, PACIOJIOKEHHBIX Ha Teppuropuu PO,
Ha OCHOBE MMEIOLINXCS UCXOIHBIX JaHHBIX MO BBIOOp-
K€ y>K€ PEaJlM30BaHHbIX CTPOUTENBHBIX MPOEKTOB [21].
CocraB mapamMeTpoB pHCKa, PaCCMaTPUBAEMBIX B MPO-

948

* KOJIMYECTBO JOTOBOPOB apeH bl (j = 1), onpene-
JsieMoe B TOM 4Hciie 3 (EeKTHBHOCTBIO paboTHI OT/esa
9KOHOMHUYECKOH OIIEHKH CTPOUTEIBHBIX IPOEKTOB;

¢ KOJIMYCCTBO COTPYAHHUKOB, MPOBEPAIOIINX TOKY-
MeHTaimio (j = 4), onpenensieMoe KaJpOBOH IMOJIUTH-
KO OpraHu3anny;

* CpeiHee KOJIMYECTBO JIOKYMEHTOB, IIPEA0CTaBIIA-
€MBIX areHToM (j = 9), onpeznenseMoe B TOM YHUCIE CO-
cTaBoM (DyHKIMI, MEepeKIIaJbIBAeMbIX Ha CTOPOHHIOIO
OpTaHHU3ALHIO.
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3Ha4YCHHS yICBHBIX 3aTPaT HA Pealn3aliio H3Me-
HCHUIi YIPaBIIEMbIX MAPaMETPOB PUCKA HA3HAYAIHCH
C MCIIOTb30BAHMEM IKCIIEPTHBIX METO/IOB C YYETOM BO3-
MOXXHOCTEH U PeCYPCHBIX PE3E€PBOB OpraHHU3aIHH.

B pamkax BBIMOTHEHHUsI OCHOBHBIX JTAallOB METO-
JIUKU UCIOJIB30BaIach nmporpaMmuas cpeia Microsoft
Excel. ®parmenTsl pabo4ero JMcTa COOTBETCTBYIO-
HIel KHHUTH, COACpIKAl[he 3HAYCHUS DICMEHTOB HC-

XOJHBIX JIAaHHBIX, & TaKXe pe3yynbTarhl (popMHUpOBa-
HUSI aHAJMTUYECKON MOJIENIN 3aBUCUMOCTH 3HAYCHUS
roKasaress pucka OT 3HAYCHHUH MapaMeTpoB pHCKa
(oTan 2 METOAMKH) U PEe3yJbTaThl peann3alud ONTH-
MHU3AI[MOHHON MOJEJIN 00OCHOBaHUS XapaKTEPHCTUK
OTP (pram 4 METOMWKM) INpeICTaBICHBl Ha puc. 2.
[TpuHIMIBI 3aTIOJHEHHS slYeeK Padovero JIMcTa MpH-
Be/IeHbI B Ta0II. 6.

Ta6u. 5. CocraB napaMeTpoB pHCKa, pACCMATPUBAEMBIX B PaMKax IPOLECCA PeaIn3alMi METOMKH Ha IPAKTHYECKOM
npuMepe

Table 5. Composition of the risk parameters considered during the implementation of the procedure on a practical example

1 . 1 Enununia
! OMgp 7 aHMeI;IQfaHHe napaMeTpa pucka mavepenms EV,
umber j isk parameter name Measure unit MU,

| KonmuecTBo 10roBopoB apeHab! el
Number of lease agreements unit
CpenHee KOIMYECTBO OLIMOOK B JIOKYMEHTAX, IPEA0CTABIISEMbIX I'eHEPaIbHBIM en

2 MOPSAIHUKOM )

. . unit

Average number of errors in documents provided by the general contractor

3 VHaMKaTop HAJIMYHs COMOCTaBUTEIbHON BefomMocTH)
Comparative sheet’s availability indicator"

4 KonnuecTBO cOTPYAHHUKOB, TPOBEPSIOIINX JOKYMEHTAINIO qell.
Number of employees checking the documentation prsn.

5 PaccrostHue ot 06acTHOTO IEHTpa perrona cTpoutenscTsa 10 Cankr-IlerepOypra KM
Distance from the regional center of the construction region to St. Petersburg km

6 Bpemennas pasnuna ¢ CeBepo-3ananHbiM (eepanbHbIM OKPYyroM q
Temporary difference with St. Petersburg h

7 WnenTudukatop opraHu3ainm, BeAyleil TeXHuIeckuii Hanzop® -
Technical supervision organization identificator®

3 CpezHee KOJTMYECTBO OMIMOOK B JOKYMEHTAX, IIPEI0CTABIIEMbIX areHTOM el
Average number of errors in documents provided by the agent unit

9 CpenHee KOJIMYECTBO JOKYMEHTOB, IPEIOCTABIICMbIX ar€HTOM el
Average number of documents provided by the agent unit

10 YacroTta AOMYIICHHS OMMOOK IIPH peann3alii 10roBopoB apeH b1
Frequency of errors during the execution of lease agreements®

1 Cpok 10roBOpa apeHsl IH.
Lease agreement term day

12 WHANKATOp HAIMYHS TIOMETKH «CPOYHBIH 00BekT»
Indicator of the “urgent” mark’s presence®

Tpumeuanue: V) — 3Ha4YCHUE TApaMETpa PUCKa SBISIETCS OMHAPHBIM U GOPMHPYETCS MO CICAYIOIEMY TIPUHIUITY: 3HAYCHUE
1 COOTBETCTBYET HAIMYMIO MOANMCAHHON BEAOMOCTH, 3HadeHHe 0 — OTCYTCTBUIO JOKYMeHTa; ¥ — 3HaueHHe mapaMerpa

pucKa sIBJIseTCs OMHAPHBIM U (OPMHPYETCs IO CIEAYIONIeMy NPHHIMIY: 3HadeHHe 0 COOTBETCTBYET OpraHU3alliH-areHTy,
3HaueHue | — mpoueit opranusanuu; ¢ — 3HaueHHMe mapameTpa prcka BapbupyeTcs B auanasone [0; 10], rue 3HaueHue 0
COOTBETCTBYET HAMMEHBIIIEH YaCTOTE JAOMYIICHHS OIIMOOK, a 3HaueHue 10 — HaubosbIiei yacrore; ) — 3HaueHue nmapamerpa
pHcKa sBISeTCS OMHAPHBEIM M (OPMHpPYETCS IO CIIEAYyIOMeMy HMpPHHIHITY: 3HaueHHe () COOTBETCTBYET HAIMUYHIO ITOMETKH
«CPOYHBII 00BEKTY, 3HAUCHUE | — HAIWYNIO TOMETKH «HECPOUHBIH 0OBEKT».

Note: ) — the value of the risk parameter is binary and is formed according to the following principle: the value 1 corresponds
to the presence of a signed comparative sheet, the value 0 corresponds to the absence of a document; ® — the value of the risk
parameter is binary and is formed according to the following principle: the value 1 corresponds to the agent organization,
the value 0 corresponds to another organization; ¢ — the value of the risk parameter varies in the range [0; 10], where
the value 0 corresponds to the lowest frequency of errors, and the value 10 corresponds to the highest frequency; @ — the value
of the risk parameter is binary and is formed according to the following principle: the value 0 corresponds to the presence of
the “urgent” mark, the value 1 — the presence of the “non-urgent” mark.
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Taba. 6. [Ipunuune! 3anonHenus pabodero gucra kHuru Microsoft Excel B pamkax peann3aiuy METOANKH Ha NPAKTHUECKOM

npumepe

Table 6. Principles of filling of the book Microsoft Excel file’s worksheet during the implementation of the procedure on

a practical example

Anpeca suyeex DJIeMEeHT MaTeMaTH4eCcKoro
paGouero jucra) Conepxumoe/popmyiia OINUCaHUSI
Worksheet cell Content/formula Element of mathematical
addresses) description
Taon. 1/ Table 1
K3 3Hayenus eMeHTa ucxoaHbix qaHHbx; =4HCTPOK(A14:A25) Tabu. 1,m. 1.1.1
Values of source data element; =ROWS(A14:A25) Table 1, item 1.1.1
K4 3HadeHus sneMeHTa ucxoqHbix gaHubx; =HCTPOK(A35:A193) Tabm. 1, 1. 1.1.2
Values of source data element; =ROWS(A35:A193) Table 1, item 1.1.2
Tabn. 2/ Table 2
Al4:A25 3HaueHus PIIEMEHTAa HCXOAHBIX JaHHBIX Tabm. 1,m. 1.2.1
’ Values of source data element Table 1, item 1.2.1
B14:125 3HayeHHsl HTIEMEHTA UCXOAHBIX JTAHHBIX Tabu. 1, . 1.3.1
’ Values of source data element Table 1, item 1.3.1
K14:K25 3HAYCHUsI HIIEMEHTA UCXOIHBIX JTAHHBIX Tabum. 1, . 1 mpumeyanust
' Values of source data element Table 1, note paragraph 1
L14:125 3HaueHust HIEMEHTA UCXOAHBIX JTAaHHBIX Tabun. 1, m. 1.3.2
’ Values of source data element Table 1, item 1.3.2
) =CUETECJIM(L$14:L14;1)
MI4:M25 =SUMIF(L$14:L14,1) B
§ § Ta6n. 3.1/ Tuble 3.1
N N G32:R32 3HavyeHNs IEMEHTA UCXOAHBIX JTaHHBIX Tabm. 1,m. 1.2.1
©© ’ Values of source data element Table 1, item 1.2.1
; g A35:A193 3HaueHus 31eMEHTa UCXOHBIX TaHHBIX Tabm. 1,m. 1.2.2
c ﬁ ’ Values of source data element Table 1, item 1.2.2
fa © B35-F193 3HaueHMs AIIEMEHTA UCXOJHbIX JaHHbIX [21] Tab6n. 1, m. 1.5.1
P : ' Values of source data element [21] Table 1, item 1.5.1
; £ F35:-F193 3HaYCHMS IIEMEHTA UCXOAHBIX JaHHbIX [21] Tabm. 1, 1. 1.5.2
o % ’ Values of source data element [21] Table 1, item 1.5.2
|.- > G35R193 3HaueHUsI DJIEMEHTA UCXOAHBIX JTAHHBIX Tabu. 1, 1. 1.6.1
'qg o ’ Values of source data element Table 1, item 1.6.1
IS *(-':J $35:9193 3HaueHus 1eMEHTa HCXOJHBIX TAaHHBIX Tabm. 1,m. 1.5.3
9% ’ Values of source data element Table 1, item 1.5.3
o
2 E T35(:T193) =$K$213+CYMMIIPOU3B(G35:R35;$G$198:3R$198) Tabn. 2, m. 2.1.1
:r? e ' =$K$213+SUMPRODUCT(G35:R35,$G$198:3R$198) Table 2, item 2.1.1
c
S« =MUH(G35:G193) Ta6un. 3, m. 2.1
[+2] . 5
; _é GI94(R194) =MIN(G35:G193) Table 3, item 2.1
%) 5 G195(:R195) =MAKC(G35:G193) Tabn. 3, m. 2.2
=8 ' =MAX(G35:G193) Table 3, item 2.2
£ 0 — .
& (é G196:(R196) :CP3HA‘-I(G35.G.193) Tabum. 3? m 2.3
5 & =AVERAGE(G35:G193) Table 3, item 2.3
8B =
o T . =1-CMEI($L$14;G32-1;;;) B
NS 5 GIOT:RIIN) || OFFSET(SLS14.G32-1..)
% ; =MHIEKC(JIMHEMH(CMEIL($S$35;;;$K$4;); CMELL($G$35;;;5K $4; Tabn. 2, m. 1.1.1, 1.1.2,
z £ G198:(R198) $K$3));$K$3+1-G32) 12.1-12.3
% 5 ’ =INDEX(LINEST(OFFSET($S$35,,,8K$4,),OFFSET($G$35,,,5K$4, Table 2, item 1.1.1, 1.1.2,
T2 $K$3)),$K$3+1-G32) 12.1-1.2.3
3 2 Taén. 3.2/ Tuble 3.2
E [©) =ECJIMOIINBKA(CMEI($A$14;ITONUCKIIO3(CTOJIBEL()-CTOJIBE
X E AB32(:AM32) LI(SAA:SAA);,CMEL($MS$14;;;$K$3;);0)-1;0);%-») Ta6m. 1,m. 123
E s ' =IFERROR(OFFSET($A$14, MATCH(COLUMN()- Table 1, item 1.2.3
5 b COLUMN($AA:$AA),OFFSET($M$14,,,.8K$3,),0)-1,0),»-»)
83 T AN32(AY32) |-AB32 -
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Ipooonacenue maén. 6 / Continuation of the Table 6

Anpeca siueex DJIEeMEHT MaTeMaTHu4eCKOro
paboyero ymcra Conepxumoe/popmyna OTTUCAHHS
Worksheet cell Content/formula Element of mathematical
addresses” description
AZ32(:BK32) |[=AB32 -
BL32(:BW32) [=AB32 -
V35(:V193) =A35 -
W35(:2193) =B35 _
AA35(:AA193) |=F35 -
. 3HaueHMs] HEU3BECTHBIX IIEPEMEHHbIX Tabm. 1,m.2.2.2
ABSSADISS Values of unknown variables Table 1, item 2.2.2
. 3HaueHNUs] HEN3BECTHBIX MEPEMEHHBIX Tabm. 1,m. 2.2.1
AN3S:API93 Values of unknown variables Table 1, item 2.2.1
= . * oy
AZ32(:BK193) 7ECJ’H/I(E‘H/ICJ'IO(AZ$32),AB$198 AB35;%-») Tabm. 3? m 4.1
=I[FISNUMBER(AZ$32),AB$198*AB35,»-») Table 3, item 4.1
=ECJIM(EYMCIIO(BL$32);CMEII($G35;;BL$32-1;;)
) +AB$195*(ABS$196-AN35);»-») Tabm. 3, 1m.4.2
BL32(:BW193) =[FISNUMBER(BL$32),0FFSET($G35,,BL$32-1,,) Table 3, item 4.2
+AB$195*(AB$196-AN35),»-»)
. 3HaueHMs HEU3BECTHBIX IIEPEMEHHbIX Tab6n. 1,m.2.3.1
BX32:BX193 Values of unknown variables Table 1, item 2.3.1
=$K$213+CYMMITPOU3B($G$197:$R$197;$GS$198:SR$198;G35
:R35)+ CYMMIIPOU3B(CMEIIL(BL35;;;;$K$212); CMEILL(AB$201;;;;
. $K$212)) Tabm. 3, 1. 5.1
BY32(:BY193) =$K$213+SUMPRODUCT($G$197:$R$197,$G$198:3R$198,G35 Table 3, item 5.1
:R35)+ SUMPRODUCT(OFFSET(BL35,,,,$K$212),0FFSET(AB$201.,,,,
$K$212))
Tabm. 3, 1. 5.2
. —_ * 5
BZ32(:BZ193) $K$208*BX35 Table 3. item 5.2
Tabm. 3, 1. 5.3
. — *(1_ >
CA32(:CA193) $K$208*(1-BX35) Table 3, item 5.3
. 3HaueHUsI DJIEMEHTA NCXOAHBIX JTaHHBIX Tabu. 3, 1. 1.4.1
ABI94:AD194 Values of source data element Table 3, item 1.4.1
ABI95(:AM195) =ECJIN(EYUCIIO(AN32);(-1)*3HAK(CMEIL($G$198;;AN32-1;;));»-») Tabn. 3, 1. 2.4
’ =[FISNUMBER(AN32),(-1)*SIGN(OFFSET($G$198,,AN32-1,,)),»-») Table 3, item 2.4
. 3HaueHHs HEN3BECTHBIX NMEPEMEHHBIX Tabun. 1, m. 2.1.1
ABI96:AD196 Values of unknown variables Table 1, item 2.1.1
) 3HaueHus PIIEMEHTa UCXOAHBIX JaHHBIX Tabm. 1,11 1.4.2
ABI9T:AD197 Values of source data element Table 1, item 1.4.2
3HaYeHMsI DIIEMEHTA UCXOJHBIX JaHHBIX;
=ECJIN(AB195=1;AB194-CMEIL($G$194;;AN$32-1;;); Tabm. 1, 1. 1.4.3, 1. 6
) CMEIL($GS$195;;ANS$32-1;;)-AB194) MpUMEYaHuUs]
ABI98:ADI98 Values of source data element Table 1, item 1.4.3, note
=IF(AB195=1,AB194-OFFSET($G$194,,AN$32-1,,), paragraph 6
OFFSET($G$195,,AN$32-1,,)-AB194)
) 3HaueHus DIIEMEHTA UCXOAHBIX JaHHBIX Tabm. 1, 1. 1.4.4
ABI99:AD199 Values of source data element Table 1, item 1.4.4
. 3HaueHus! HIEMEHTA UCXOAHBIX JJAHHBIX Tabun. 1, m. 1.4.5
AB200:AD200 Values of source data element Table 1, item 1.4.5
AB201(:AM201) =ECJIM(EYNCIIO(AN32);CMEII($G$198;;AN32-1;;);7-») Tabn. 2,m. 1.2.3
’ =IF(ISNUMBER(AN32),0FFSET($G$198,,AN32-1,,),»-») Table 2, item 1.2.3
=ECJIN(EYNUCJIIO(AN32);AB195*CYMM(CMEIILI(BL35;;;$K$4;))/
) SK$4:-») Tab6mn. 3, m. 3.1
AB202(:AM202) =IF(ISNUMBER(AN32),AB195*SUM(OFFSET(BL35,,,$K$4,))/ Table 3, item 3.1
$KS$4,»-»)
) =ECJIM(EYNUCIIO(AN32);AB195*AB200;»-») Tabm. 3, m. 3.2
AB203(:AM203) =IF(ISNUMBER(AN32),AB195*AB200,»-») Table 3, item 3.2
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Oxonuanue maon. 6 / End of Table 6

0935 (Print) ISSN 2304-6600 (Online) * Tom 18. Beinyck 6, 2023

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 18. Issue 6, 2023

BectHuk MICY ¢ ISSN 1997

Anpeca sguyeex DJIeMEHT MaTeMaTH4eCcKoro
pa6ouero simcra Conepxumoe/popmyiia OIUCAHHUSI
Worksheet cell Content/formula Element of mathematical
addresses™ description
Tabn. 3.3/ Tuble 3.3
CI32(:CT32) |=AB32 _
CU32(:DF32) |=AB32 _
DG32(:DR32) |=AB32 -
CC35(:CC193) |=A35 -
CD35(:CG193) |=B35 -
CH35(:CH193) |=F35 -
CI35(:CT193) =ECJIN(EYUCIIO(CI$32);AB$195*(AB$196-AN35);»-») Tabm. 3, m. 4.3
’ =IF(ISNUMBER(CI$32),AB$195*(AB$196-AN35),»-») Table 3, item 4.3
=ECJIN(EYUCIIO(CUS$32);(AB$194-CMEIL($G35;;,CUS$32-1;;))*ECIIN
CU35(:DF193) (_AB$195=1;AB35;1);»-») Tabm. 3? m 4.4
=[F(ISNUMBER(CU$32),(AB$194-OFFSET($G35,,CU$32-1,,))*IF Table 3, item 4.4
(AB$195=1,AB35,1),»-»)
=ECJIM(EYMNCIIO(DG$32);(AB$194-CMEL($G35;,DGS$32-1;;))*
. ECIIN(AB$195=1;1;AB35);»-») Tabn. 3, 1. 4.5
DG35(:DR193) =IF(ISNUMBER(DG$32),(AB$194-OFFSET($G35,,DG$32-1,,))* Table 3, item 4.5
IF(AB$195=1,1,AB35),»-»)
Tabn. 4/ Table 4
K203 3HAYCHHE HIIEMEHTA UCXOAHBIX JAHHBIX Tabm. 1, m. 1.7.1
Values of source data element Table 1, item 1.7.1
K204 3HaYCHHE AIIEMEHTA UCXOAHBIX JAHHBIX Tabm. 1,1m. 1.7.2
Values of source data element Table 1, item 1.7.2
K205 3HadeHHE ATEMEHTA UCXOIHBIX IAHHBIX Tabm. 1, m. 1.7.3
Values of source data element Table 1, item 1.7.3
=CYMM(L14:L25)
K207 =SUM(L14:L25) -
=MHJIEKC(JIMHEMH($S$35:$5$193; $G$35:3R$193); UMCIICTOJIB(S
K208 G$193:$S$193)) Tabn. 2, m. 1.2.3
=INDEX(LINEST($S$35:$S$193, $G$35:$R$193),COLUMNS($G$193: Table 2, item 1.2.3
$S$193))
=1-CYMMKBPA3H($T$35:$T$193;$S$35:$S$193)/ (AUCIL.I($S$35:$S
K209 $193)*UCTPOK($S$35:8S$193)) Tab6n. 2, m. 2.2.1
=1-SUMXMY2($T$35:$T$193,$S$35:8S$193)/ (VAR.P($S$35:$S$193)* Table 2, item 2.2.1
ROWS($S$35:$S$193))
K210 =CYMM(CMEI(BY35;;;K4;))/K4 Tabm. 3, m. 6.1
=SUM(OFFSET(BY35,,,K4,))/K4 Table 3, item 6.1
K211 =CYMM(CMEI(BX35;;;K4;))/K4 Tabm. 3, m. 6.2
=SUM(OFFSET(BX35,,,K4,))/K4 Table 3, item 6.2
Tabm. 3, . 6.3
— *(1. >
K212 K210*(1-K211) Table 3, item 6.3
K213 =CYMMITPOU3B(CMEIL(AB196;;;;K207); CMEIL(AB199;;;;K207)) Tabn. 3, . 6.4
=SUMPRODUCT(OFFSET(AB196,,,,K207),0FFSET(AB199,,,,K207)) Table 3, item 6.4
Ipumeuanue: ¥ — aberpaktHoe o603HaueHue A 1(:B10) o3Hauaert, uto B siueiiky A 1 HeoOx0uMO BBeCTH (HOPMYITY, YKa3aHHYIO

B COOTBETCTBYIOIIEM CTOJIOIE TaOIHIIBI, OCIIE YEeTO MOITyYeHHbIH pe3yabTaT «pacTIHyTh» (CKOMMPOBaTh) 10 staeliku B10.

Note: V — the abstract designation A1(:B10) means that the formula specified in the corresponding column of the table must
be entered in cell A1 with further “stretching” (copying) of the result to cell B10.
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OnTumMusaumsi XxapakTepuUCTUK opraHM3aLMOHHO-TEXHOAOTMYECKMX peLueHMﬁ,

C. 935-961

HarnpaBAEHHbIX Ha CHUXEeHWEe BAUAHWA MPOEKTHbIX PUCKOB

Peanuzaryst onTHMHU3AIMOHHON MOJIEIN OCYIIECT-
BISUIaCh C MCIOJb30BaHMEM HajcTpoiiku OpenSolver,
COOTBETCTBYIOIIHE HACTPOWKH MPEJICTAaBICHBI B Ta0I. 7.
Kax BuaHO M3 puC. 2, ONTUMAIBHOE PEIICHHE MPE/IIo-
JlaraeT CJAeAyIoUIMe 3HAuYeHWs M3MEHEHMH ympaslise-
MBIX MapaMeTpoB pHUCKa: ij:1 =4 en., ij:4 = 7 demn.,
Ax_, = 10 en. PesynsTarhl aHatM3a 4yBCTBUTEILHOCTH

(haKTHUYECKOTO 3HAYEHHUS PHCKA U €r0 KOMITOHEHT I10 OT-
HOIICHUIO K 3HAYEHMSIM M3MEHEHUH YNpPaBIsSieMbIX I1a-
paMeTpoB pucka B Tpaduyeckoil (opme MpeICTaBICHbI
Ha puc. 3. Ha coOTBETCTBYIOINX TPEXMEPHBIX TpauKax
0TOOpakeHbI (haKTHYECKUE 3HAUCHUSI PUCKA U €r0 KOM-
TIOHEHT MPX W3MEHEHUH 3HAYE€HHH JIBYX ITapaMeTpOB pH-
CKa B BBIIIEOITICAHHOM OIITHMAaJIbHOM PEIICHHUH.

Ta6a. 7. 3nauenus HacTpoek HaacTpoiiku OpenSolver, HcHonb3yeMble B paMKaX peaii3allii METOANKHI Ha MPAKTUICCKOM

rnpumepe

Table 7. The values of the settings for the OpenSolver add-in used during the implementation of the procedure on a practical

example
Hanmenosanue napamerpa
Homep . 3HayeHune DJIEMEeHT MaTeMaTHYeCKOro OMHCAHUS
HACTPOWKH . . o
Number . Value Element of mathematical description
Setting parameter name
11 HlI?I/IK?. Lenesoit dyHKIUH K213
Objective function cell Beipaxenue (16)
Twun 3agaun onTUMHU3aUN . Expression (16)
1.2 L Min
Optimization problem type
Tabm. 1, m. 2.1.1
21 ABI196:AD196 Table 1, item 2.1.1
Ta6n. 1, m. 2.2.1
2.2 AN35:AP193 >
Slueiiky nepeMeHHBbIX Table 1, item 2.2.1
Cells of unknown variables Ta6m. 1, m. 2.2.2
23 AB35:ADI93 Table 1, item 2.2.2
. Tabn. 1, m. 2.3.1
2.4 BX35:BX193 Table 1. item 2.3.1
3.1 AB196:AD196 >= AB197:AD197 Beoipaskenue (17)
3.2 AB196:AD196 <= AB198:AD198 Expression (17)
33 AN35:AP193>=0 Beiparcerie (18)
Expression (18)
3.4 AB196:AD196 = int Beipascenie (19)
Expression (19)
3.5 AN35:AP193 = int Beipasceriiie (20)
Expression (20)
3.6 AB35:AD193 = bin Bupaierne (21)
Expression (21)
3.7 BX35:BX193 = bin Beipascere (22)
Expression (22)
3.8 | Orpamieins AN35:AP193 <= AZ35:BB193 Buipaicere (23)
Constraints Expression (23)
B Bripaxxenne (24)
3.9 AB202:AD202 >= AB203:AD203 .
Expression (24)
3.10 CI35:CK193 >= CU35:CW193 Beipaserie (25)
Expression (25)
3.11 CI35:CK 193 <= DG35:DI193 Beipascene (26)
Expression (26)
3.12 BY35:BY193 >=BZ35:BZ193 Beipaxenue (27)
3.13 BY35:BY193 <= CA35:CA193 Expression (27)
3.14 K210 <= K204 Berpaxere (28)
Expression (28)
_ Bripaxenue (29)
315 K211 == K205 Expression (29)
Anroputm
4 Algorithm COIN-OR CBC —
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Puc. 3. (oxonuanue) Pe3ynasTaTsl aHann3a 4yBCTBUTEILHOCTH, BHITIOMHEHHOTO B PaMKaX pealH3aIiy METOUKN

Ha MPaKTUIECKOM IIpUMepe

Fig. 3. (ending) Results of the sensitivity analysis performed during the implementation of the procedure on a practical

example

Ha ocHOBe BBIIICYIIOMSHYTBIX PE3Y/IbTATOB OBUIH
CJIeNIaHbI CIIEAYIONINE YACTHBIC BHIBOJIBI:

1. UyBCTBUTENBHOCT  (PAKTHUCCKOTO 3HAYCHMS
pHUCKa M ero KOMIIOHEHT I10 OTHOUIEHWIO K 3HAYEHHIO
napamerpa Ax, | CyIIECTBEHHO MEHBIIC B CPABHCHHH
¢ mapameTpamu Ax,_, u ij: o J1aHHOE 0OCTOATENBCTBO
OOBSICHACTCS HAIMYNEM IMPSIMON B3aUMOCBSI3H MEXIY
KOJINYECTBEHHBIMH XapaKTEPUCTUKAMH YyBCTBUTEIIb-
HOCTH BBILICYIIOMSIHYTBIX MIOKa3aresieil 1 abCOoNIOTHbI-
MM 3HAQUEHUSIMU IapaMEeTPOB {aj} AQHAJIMTUYECKOH MO-
JIETIH JJIs1 pacCMaTPUBAEMBIX TAPAMETPOB PHCKA.

2. Habnromaercst Onm3koe K JIMHEHHOMY CHHKE-
HUE (aKTUUECKOTO CPEIHEro (1o 00bEeKTaM) 3HAUCHHMS
noKasareJisl pucka — CPOKa 3aJepKKU T — Ha BCEM
JIMana3oHe YBETHYCHHS NapamMeTpa Ax, _, a TAkKe IpH
OTHOCHUTEJIEHO HEOOJIBIIOM YBEJIMUCHHH OCTalIbHBIX
apaMeTpoB (ij:4 <6 uen; Ax,_, <3 en.). B mpo-
TUBHOM CJIy4ae BBIIICYIIOMSIHYTOE€ CHW)KEHHE MpO-
HCXOIUT HEJNWHEWHO C aCHMITOTHYECKUM TMPHOIH-
JKEHHEM K MMHUMajbHOMY 3HadeHuio T = 0,85 mec.
u T = 0,28 Mec. a5 rpaQuKoB COOTBETCTBEHHO MO-
3unuit a u b Ha puc. 3.

3. 3aBHCUMOCTh (paKTUUECKOTO 3HAUYCHHSI BEPOSIT-
HOCTHOTO ITOKa3aTeIsl — JOJIM CBOEBPEMEHHO CIAHHBIX
00BEKTOB P — OT 3HaYCHUI TapaMeTpPOB ij: LU ij: 0
SIBISIETCSl HEJIMHEHHOW, MOHOTOHHO BO3pAacCTaloIIeH,
ACHMITOTHYECKH NPHUONMKaloIeiics K 3HauYeHUIo |
(rpadux nmozunuu d Ha puc. 3), no hopme HarOMHUHA-
fomeil  (DyHKIMIO HOPMAJIBHOTO pAaCTpeneNeHus], Xa-

paKTepHOTO IS 3HAUYCHUH IMapaMeTpoB W IMOKA3aTeNs
pUCKa B paMKax BBIOOPKH CTPOUTEIBHBIX MPOCKTOB,
UCIIONIb3YeMOH B COCTaBE MCXOIHBIX MaHHBIX JUIS pe-
anm3anuu Metoauku. OakTudeckne 3HAUYCHHUS BEPOST-
HOCTHOT'O TOKa3aTels He W3MEHSIOTCS NpPU yBellnue-
HUK mapamerpa Ax,_ (rpacduk mo3mmmu ¢ Ha puc. 3).

4. 3aBucuMocCTh  (DaKTHYECKOrO 3HAUCHUSI pH-
cka T - (1 — P) or 3HaueHuii napamMeTpoB Ax,_ |, Ax,_,
¥ Ax,_, BO MHOIOM ITOXOka Ha 3aBHCHMOCT (baxTHue-
CKOTO cpenHero (1o oOBeKTaM) 3HAYCHHUS MOKA3aTels
pucka T OT BBIIIENEPEYUCICHHBIX APaMETPOB, OIHA-
KO B JJAHHOM CIly4ae YYacTKH JUHEWHOTO M3MEHCHHS
3HAYCHUS PHCKA TIPU YBCIMYCHUU 3HAYCHUI mapame-
TPOB ij: R ij: , HE HAOMIOAAr0TCS (TpadUKU MO3UIHH
e u fHa puc. 3). Tem He MeHee CyIIECTBEHHOE CHIKeE-
HUE 3HAYCHUS] pHCKa HAOIIOAAETCS MPU OTHOCHTEIb-
HO HEOOJNBIINX 3HAYCHUSAX MAPaMETPOB Ax,_ ,mAx,_,
(ij: P ij:9 <2), 4TO, B CBOIO OYEPEb, CBUICTEIb-
CTBYeT 00 OTCYTCTBHH IEIECOO00PA3HOCTH BBIICICHHS
CYIIECTBEHHBIX 00BEMOB JICHEXKHBIX CPEJICTB JUIS pea-
muzauun OTP, HanpaBieHHbIX HA KapAWHAJIbHOE CHU-
JKCHUC HETaTUBHOTO BJIMSIHUS PACCMaTPUBACMOMN KaTe-
TOPHU pHUCKa.

S3AKJIIOYEHUE U OBCYXJIEHUE

B pamkax rmpoBeZeHHOT0 UCCIIeI0BaHuUs ObUIN T10-
JIyHEHBI CIEIYIOIINE OCHOBHBIEC PE3yIIbTaThI.
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BerrmonaeH 0030p U aHANHM3 HAy4YHBIX paboOT B 00-
JIACTH PEHICHUS 3a7ad OOOCHOBAaHUS XapaKTCPUCTHK
CTPOHTENBHBIX MPOIECCOB C YUECTOM PHCKOB BHYTPCH-
Hell u BHewHed cpenpl. [lo pesynabratam mpoBeNEHUS
MPOIETyPHI CACTAaH BBIBOA O HEAOCTATOYHOH CTEIICHH
MpopabOTaHHOCTH BOMPOCOB OOOCHOBAHMS XapakKTe-
PUCTHUK OTP JJI1 YMCHBIICHUA HETATUBHOTO BJIMAHUSA
PHUCKOB Ha pE3yJbTaThl PeajH3aliy MPOEKTOB CTPOU-
TEJBCTBA.

Pa3paborana MeTonnka 000CHOBaHHS XapaKTepu-
ctuk OTP, HampaBIIeHHBIX HA CHWYKCHUE BIUSHUSA PH-
CKOB Ha PEe3yJbTaThl peaTn3aliil CTPOUTEIBHBIX TPO-
€KTOB, C HCIIOJIb30BAaHUEM CPEJCTB aHAJIMTHYECKOTO
U ONTUMHU3AIITMOHHOIO MOACIMPOBAHUA. OTINYUTEND-
HOW OCOOCHHOCTBIO METOAMKHU SIBISICTCS NPUMEHEHHE
METOJIOB LIEJIOYUCIEHHOM JTMHEWHHON ONTUMHU3ALUH [T
pelIeHus 3a7a4d, MPEIoIaraloneil HeTMHeHHYIO 3a-
BHCHMOCTH BEPOSTHOCTHOTO TOKAa3aTelsl pHCKa (IOIH
CBOEBPEMEHHO CIIaBACMbIX OOBEKTOB CTPOUTEIIHCTBA)
OT YIpaBISIEMbIX [TAPaMETPOB PHCKA.

IIpousBenena peanuzanus pa3zpabOTaHHOH Me-
TOAWKK Ha THpakTHUeckoM mpumepe. [lomydycHHBIC
pe3yNIBTaThl COOTBETCTBYIOT PEajbHBIM yCIOBHSM pe-
ANHM3alHU CTPOUTEIHHBIX MPOCKTOB C YUETOM Pa3iInd-
HBIX KaTeropuil pUCKOB, YTO TIO3BOJISIET CAICNIATh BEIBOJ
0 BBICOKOM MPAaKTUIECKOW 3HAYUMOCTH Pa3padOTaHHO-
IO HHCTPYMEHTAJILHOTO CPEJICTBA.

Ha ocHOBe BbIIIIEH3II0KEHHBIX PE3yJIbTaTOB Clielia-
HBI 00LIIHE BBIBOABI 11O TIPOBEICHHOMY HCCIIEA0BAHUIO:

* B3aMIMOCBSI3b MEXKIIy BPEMCHHBIM ITOKa3aTeleM
pucka (CpOKOM 3aJIepKKH cladll 00bEeKTa CTPOUTEIh-
CTBa B IKCIUTyaTalldi0) M OTICIBHBIMHU ITapaMeTpaMu
(YHKIMOHUPOBAHHUS  HMHBECTUIIMOHHO-CTPOUTEIHEHON

OpraHM3aIi MOXKET OBITh OIpe/esieHa MOCPEICTBOM
peanu3anuy MporeIypsl MHOTO(PAKTOPHON JTHHEHHON
perpeccuy 1o OTHOIICHUIO K BBIOOPKE IIPOEKTOB CTPO-
UTETIbCTBA;

*3aqa4a OOOCHOBAaHMS 3HAYCHHUH YIPaBISEMbIX
TIapaMeTpoB PHUCKa Ha OCHOBE BBIOOPKU CTPOUTEIBHBIX
MIPOEKTOB MOXKET OBITh PEIICHa C UCTIOIb30BAaHUEM all-
TOPUTMOB LIEJIOYMCIEHHOW JIMHEHHONW ONTHUMM3aLUU
IIPY PACCMOTPEHUH CyMMapHBIX 3aTpar Ha Peallu3alnio
N3MEHEHWH B KaueCTBE KPUTEPHs ONTUMAIBLHOCTH pe-
LIEHUsI, @ OCHOBHBIX KOMIIOHEHT ()aKTHUECKOTO 3Haue-
HUSI pUCKa — B KaU€CTBE OIPaHUYCHHH.

Tem He MeHee BaXHO 00paTUTh BHUMaHHE Ha Clie-
JYIOIIHEe 0COOEHHOCTH pa3pabOTaHHON METOIUKH, He-
CKOJILKO yMEHbIIAMoIHe 001acTh I3PPEKTUBHOIO MPH-
MEHEHHsI MHCTPYMEHTAIbHOTO CPEACTRA:

* 3aBUCHMOCTbH aJIeKBaTHOCTHU PE3YJILTATOB pea-
3aIlMM METOANKH OT a/ICKBATHOCTH aHAINTHYECKOH MO-
JIeTIM 3aBUCUMOCTH 3HAUSHHSI [TOKA3aTels PHCKa OT 3Ha-
YEHU MapaMeTpOB PUCKA;

* y4eT OTPHUIATENBHBIX IPOTHO3HBIX 3HAYCHUH
MoKa3arens pucka (cpoka 3afepKKH craadn 0oObeKTa
B OKCIUIyaTalHIo), ONPEeISIOUX JOCPOUHOE 3aBep-
IIEHUE CTPOUTENILCTBA B COCTABE JAHHBIX IS OLEHKU
(axTH4eckoro cpegHero (1o 0ObeKTaM CTPOUTEIHCTBA)
3HAUCHUS TTOKA3aTENIsl PUCKA.

Jlyist OBBINIEHHsST OOBEKTUBHOCTH OLICHKH 3Haue-
HUSI PUCKa Ha MOCJIEAYIOIUX 3Tanax paboTsl Mpero-
naraercsi MoauQuUKanus ONTHMHU3AIMOHHON MOJCIH
obocHoBanmst xapakrtepuctuk OTP, HampaBieHHBIX
Ha CHIDKCHUE BIIMSHUS PHCKOB Ha Pe3yJbTaThbl pealu-
3aIlM CTPOUTEIBHBIX MIPOCKTOB.
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ABSTRACT

Introduction. This article shows the importance of quality control for construction projects during the implementation phase,
as the use of an appropriate quality control plan for the project allows us to obtain the required quality of work for the first time
without the need to rework or modify it and thus reduce the cost of the work. Addressing quality management as a neces-
sary measure for achieving cost-effective construction processes, reducing waste, and minimizing losses resulting from its
absence, its significance lies in the fact that adopting this approach in work will increase profits by controlling resources and
costs. Additionally, considering the work methodology is essential.

Materials and methods. The studied case is a three-storey villa project in Iraq. A quality control plan was developed for
the implementation of the exterior coating of the type of stone facades, and after the completion of the work, quality control
tools were used to check the quality of the coating implemented based on the plan, where the experimental approach was
used.

Results. The main aim of quality control is to ensure product quality and at the lowest possible cost. In practice, this can
only be achieved by controlling the production processes, so we studied the stability of the implementation process through
the usage of statistical quality control tools, and all the results indicated that the process is statistically disciplined and
stable. Reducing the tasks and activities necessary to transform inputs (raw materials) into valuable products or services
for customers is essential. Quality requires getting things right the first time, which means reducing defects or rework and,
consequently, minimizing costs.

Conclusions. A quality policy will lead to the correct use of resources and improve the quality of performance. It also has
a positive impact on the overall cost of implementation within this study.

KEYWORDS: quality management, construction projects, control maps, quality control plan, interface works, quality stan-
dard, implementation quality
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AHHOTALUMUA

BBepaeHue. MNokasaHa BaXHOCTb KOHTPOSS Ka4yecTBa AJ1st CTPOUTESNbHBIX 0OBEKTOB Ha aTane peanuaauuy, Tak Kak Mcnorb-
30BaHMe COOTBETCTBYIOLLErO NiaHa KOHTPOMSA KavyecTBa NpoeKkTa No3BOMsAeT nonyynTb Tpebyemoe kavecTBo 6e3 Heobxoaw-
MOCTV AopaboTku 1 Takum 06pa3om CHU3UTL CTOMMOCTL paboT. ObpalleHve K ynpaBneHuio Ka4ecTBOM Kak HeobXxoanmMon
Mepe Ans JOCTWKEHUS 9KOHOMUYECKN 3PMEKTUBHBIX CTPOUTENbHBIX NPOLECCOB, COKPALLEHUS OTXOA0B Y MUHUMU3ALIN
noTepb, BO3HMKAIOLWMNX N3-3a NX OTCYTCTBYUS, 3aKIMIOYAETCA B TOM, YTO NMPUHATME TaKoro noaxona npvBedeT K YBENMYeHUio
npubbINM NyTeM KOHTPOMSA pecypcoB 1 3aTpart. Kpome Toro, BaXKHO y4ecTb METOA0s0rMio paboTh.

MaTepuanbl u meToabl. PaccmaTtpuBaetcs npoekT Bunmbl B Mpake, cocTtoswen us Tpex ataxen. PaspaboTtaH nnaH KoH-
TPONSA KavyecTBa BbINOMHEHUSI HAPYXXHOrO NMOKPLITUA MO TUMY KaMeHHbIX dacafos. [ocne 3aBeplueHns paboT ncnone3o-
BaNMCb MHCTPYMEHTbI KOHTPONS KayecTBa Ans NPOBEepPKU Ka4yecTBa NMOKPbLITUSA MO NiaHy ¢ NOMOLLbI0 9KCNepPUMEHTanbHoOro
noaxopaa.

Pe3ynbraTbl. OCHOBHas LieNb KOHTPONA KavecTBa — obecnedyeHne kadecTsa NpPoAyKLUMN Npu MUHUManNbHO BO3MOXHbIX
3aTpartax. Ha npakTuke aToro MoXHO A0OUTLCA TOMNBKO 3@ CYET KOHTPOIS MPOU3BOACTBEHHbIX NMPOLECCOB, NO3TOMY M3yya-
N CTabunbHOCTbL NpoLecca BHEAPEHWS C NPUMEHEHNEM NHCTPYMEHTOB CTaTUCTUYECKOro KOHTPONS Ka4ecTsa, pesynbra-
Tbl CBMAETENLCTBYIOT O TOM, YTO MPOLECC ABMSETCS CTaTUCTUYECKN cTabunbHbIM. CokpalleHve 3aaady n AesaTenbHOCTH,
HeobXxoAnMbIX AN Npeobpa3oBaHUsi BXOAHbBIX AAHHbIX (Cbipbsi) B LieHHblE NPOAYKTLI UMW YCryr Ans KNWEHTOB, ABNseT-
csi HeobxoanMbIM. KayecTBo 03HayaeT CHMXeHne AedeKTOB UM NOBTOPHbIX PaboT 1, crnefoBaTenbHO, MUHUMU3ALMIO
3arpar.

© A.A. N\anuayc, Mbparum Ubparum Gaama Mbparum, M.A. ®axpaTtos, 2023
PacnpocTtpaHsieTca Ha ocHoBaHuu Creative Commons Attribution Non-Commercial (CC BY-NC)
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BbiBoabl. NonuTrka kavecTBa npuBeneT K npaBuiibHOMY MUCMNOJIb30BaHUIO pPeCcypCoB U yJy4lUIEeHUD KadecTBa BbINos-
HeHUA pa60T. OHa Takke OoKasbiBaeT MOMOXUTENbHOE BMUSHWE Ha 06Ll.l,y}0 CTOMMOCTb peanum3aunn B pamMkax gaHHOro

nccnenoBaHua.
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INTRODUCTION

There is great potential for quality improvement in
the construction process. A study of the literature and of
surveys conducted in the USA indicated that manage-
ment’s commitment to quality and to continuous quality
improvement is very important. Construction industry
professionals are well aware of the importance of qua-
lity training. Partnering agreements between the par-
ties in the construction process constitute an important
step in securing a high-quality product. A feedback
loop could upgrade the original quality standards used
in the industry, the clarity of project scope and require-
ments as well as of drawings and specifications is a pre-
requisite for high quality process [1].

One of the problems of introducing modern qua-
lity management systems in building organizations in
the Russian Federation is that it turned out that there
are two factors that affect the quality of construction
products, especially at the stage of implementation of
facilities, namely document management in construc-
tion enterprises and qualified personnel [2].

So, following a successful quality policy will lead
to the correct use of resources and improve the quality
of implementation [3].

In general, there are three basic elements that must
be achieved in any construction project (lower cost,
faster completion, and better quality). Where it is dif-
ficult to achieve these three elements at the same time,
because low cost usually means the quality of work at
a lower level and a relatively long completion time, and
quality or high quality means high cost and long dura-
tion of completion, and rapid completion of the project
usually means high cost and quality of work at a lower
level [4].

Although quality management at every stage of
project life cycle is important but the quality manage-
ment at the execution (construction) stage contributes
significantly on final quality outcome of construction
projects [5].

MATERIALS AND METHODS

Project Description

The project is a villa with an area of (150) consis-
ting of three floors, with a floor height of (3.2) meters.
The supporting structure consists of circular columns
with a diameter of 40 cm and rectangular dimensions

(20 x 50 cm), in addition to two load-bearing walls at
the entrance to the staircase with a thickness of 20 cm.
The horizontal elements were a ribbed plate. It was nec-
essary to introduce the concept of quality as a very im-
portant concept and as a necessary measure to achieve
all the objectives of the project and reduce waste and
losses resulting from its absence, and this in turn will
lead to increasing profits as a result of controlling re-
sources and costs [6] as it was proven that the cause of
many defects and damage is the use of non-accredited
materials and non-observance of implementation tech-
nology [7]. Fig. 1 shows the villa and its supporting
structures.

Fig. 1. Building construction

Organization and responsibilities
of the quality control team

The quality control team includes, quality control
specialist: ensure the implementation of the project
works according to the required specifications and sub-
mit reports thereon to the project manager, and ensure
the quality of the materials that are supplied to the pro-
ject (veneering stone in terms of dimensions and its
conformity with specifications) [8]. Fig. 2 presents
the interfaces of the project under study in Iraq.

Implementation supervisor: acceptance or rejec-
tion of completed works and work on monitoring ope-
rations to ensure that standards are met for production

963

€£Z0Z ‘9 9nsSs| "gL 2WINJo/ . 3IN}08})IY2Jy PUB UOIIONIISUOD UO [BuINOf AJYIUO « NSOIN MIUISOA
€202 ‘9 wohuiag gL woL . (8uluO) 0099-0€Z NSSI (uld) GE60-2661 NSSI « ADJIN d¥MHLODg



0935 (Print) ISSN 2304-6600 (Online) * Tom 18. Beinyck 6, 2023

BectHuk MICY ¢ ISSN 1997

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 18. Issue 6, 2023

Azariy A. Lapidus, Ibrahim Ibrahim Fadhil Ibrahim, Mukhammet A. Fakhratov

Quality Control
Specialists

Construction
Superintendent

Installers/
Laborers

Foreman

Fig. 2. Interfaces of the studied project in Iraq

operations, in addition to suggesting amendments re-
garding the production process [9].

Project manager:

Coordinating and communicating between all
project parties and managing the resources and infor-
mation flowing to and from the project, in addition to
providing suggestions and recommendations for con-
tinuous development and improvement [10].

Site safety manager:

Adequate knowledge and work to apply the security
and safety rules and legislations in force in the country.

This is the purpose of the plan for the quality
control process to be a form of cooperation and inte-
gration between all parties to the project, and it is not
the responsibility of the quality control team to work as
a “special team” but to ensure the assistance of the staff
(including contractors) to obtain the final product of
quality required, and to be proactive in approach, to
anticipate problems and take corrective actions before
they occur [11]. The following are typical responsibili-
ties for ensuring and controlling quality for all project
parties, which shows that quality is everyone’s respon-
sibility [12].

This quality control plan includes suggested ways
and methods for how to implement quality control
systems and procedures for stone cladding works for
facades that are implemented at the work site. It also
includes the required tests and works documents that
are implemented and all the activities that are accompa-
nied to control quality to obtain works conditions con-
forming to specifications and contract documents and
that through searching, collecting and registering [13].
Information, analyze it, and then take the right action to
ensure the quality of the outputs and inputs of the im-
plemented process [14].

964

Making Deliverables

It is the contractor’s responsibility to deliver all of
the following:

1) workshop plans;

2) articles and Modification Requests;

3) timetable showing the periods for comple-
ting the necessary activities to carry out the works and
the quantity of materials to be supplied (construction
program);

4) equipment brought in to be checked on time
manner;

5) the Contractor shall submit the details of the ma-
terials to be brought, including:

* the technical manufacturing specifications rela-
ted to the products, and here is the marble stone used
in the facades;

« installation methods as recommended by the de-
signer;

« factory catalogs;

* confirmation of conformity with international
quality standards;

* performance characteristics;

« factory’s charts about the standard information
related to the project and the use of the product for
a specific job.

In case that there are deviations from the specifica-
tions, the contractor must submit a list of deviations that
includes all points that do not conform to the specifica-
tions with justification to clarify the selection of these
samples to be approved [15].

Quality Control Procedures

The quality management has to provide the en-
vironment within which related tools, techniques and
procedures can be deployed effectively leading to ope-
rational success for a construction project [16].

The contractor must carry out the work accor-
ding to an approved quality plan and the quality con-
trol plan, which is the daily tool for quality assurance.
During the construction phase, the contractor submits
the checklists to the supervisor for work inspection
and the contractor must hand over materials inspec-
tion report before receiving them [17]. As for the stone
facade works, the checklists for the installation work
and the work carried out must be submitted according
to the contract documents, workshop plans, and mate-
rial specifications. The work sequence is carried out to
achieve quality according to the Fig. 3.

Following this sequence will help the contractor to
avoid refusal of works. Repeated refusal of works may
delay the project, which affects the overall scheduling
to finish the project and thus the implementation costs.

For Supplies

The contractor must be responsible for the supply
of materials, equipment and systems that will be in-
stalled in the project, and these supplies must be in con-
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Fig. 3. The sequence of implementation of works to achieve quality

formity with the contractual obligations, specifications
and legal obligations, and the necessary checks and
tests must be carried out before any supply is brought
to the work site and the results of the examination are
given to the competent authorities in the project [18]. It
is forbidden to enter any material before the supervision
device approves it, and the contractor performs inspec-
tions during the implementation stages using the lists of
inspection, control, guarantee and safety shown later.
He must also keep records of supplies for all business
items, and the record of supplies must be handed over
to the supervisor every week for review and audit [19].

Each consignment is stored separately from the rest
of the consignments. Appropriate conditions for storage
must be met, and it must be stored in places close to use

Table 1. The safety list for stone coating works

in order to avoid some risks. Table 1 presents a list of
safety measures when applying stone coatings.
Table 2 presents a checklist of stone coating works.
Table 3 shows a checklist for stone cladding work.
Now let’s turn to the consideration of the warranty
sheet for work on stone cladding, which is presented in
Table 4.

RESULTS OF THE RESEARCH

If organizations wish to achieve continuous qua-
lity improvement they need to use appropriate selection
of quality tools and techniques [20]. The primary pur-
pose of quality control is to ensure the quality product
at the lowest possible cost. In practice, this can only
be achieved by controlling production processes and

Checklist Items Item Text Response
Department of Engineers

1 Do safety inspectors visit the site?

) Is the computational design, stiffening, and high scaffolding and temporary
structures done?

Department of foremen

3 Do you keep pressure away from the worker by not showing anger to him?

4 Are you analyzing problems rather than focusing on changing workers?

5 Do you incorporate safety instructions into work rules?

6 Is a report prepared for every accident or incident in the workplace?

Department of workers

7 Do you know your rights and duties regarding occupational safety?
Are your colleagues inclined to safety?

9 Do you think taking risks is part of the job?

10 Did you undergo a preliminary medical examination before starting work?

11 Do you undergo periodic medical examinations?

2 Are there treatment services available to work permanently (daily medical
reviews — medicines — consultations)?

13 Have you been provided with protective clothing, tools and personal protective
equipment?
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Table 2. The inspection list for stone coating works

Checklist Items Item Text Response
1 Ensured that there are no visible water and moisture leaks
2 Ensure that the quality of the stone used in all types of cladding works conforms

to the stipulated specifications

Was it confirmed that the falling paint spots were removed before they dried?

4 Have all excess materials, debris and rubbish been removed?

Take pictures or video clips to document the completion of the work

Table 3. The control list for stone cladding works

Checklist Items Item Text Response
1 Prohibited places must be clearly defined
2 Sound insulators must be in their designated places
3 Moisture insulators must be identified and affixed continuously and correctly to
avoid weak points
4 Ensure proper bonding between the wall and the adhesive or mortar

Ensure that the minimum width of joints in stone cladding is 2 cm

Table 4. The warranty list for stone cladding works

Checklist Items Item Text Response

Ensure that masons and stone workers follow the instructions included in

1
the Quality Assurance Checklist

2 Allocate sufficient distance for window frames and walls to be installed safely
Ensure that the doors, windows and other openings on the external walls have

3 been designated with openings so that the edge of the opening is at least far
enough away from the corners and other adjacent openings

4 The wall must be roughened before installation begins

5 Use the Air Rocket to create the openings, tempering, grooves or small grooves

stream on the wall to facilitate proper bonding with the adhesive or mortar

minimizing the occurrence of defective production out- Table 5 below shows the measured distance be-
side the limits of specifications. There are four practi- tween the stone spacers.

cal steps to control the quality of products: determine
the required level of quality: this is done through mar-

. . . Table 5. The distance between stone spacers
ket research, product designs and specifications. P

Evaluation of conformity between the product and Zone The Measurements
specifications: This is done by taking regular samples
from the production line and then conducting measure- ! 24 21 18 18
p g
ments on its characteristics, and comparing the results 2 2.3 2.4 2.4 2.1
with those specified in the specifications and determine 3 16 4 ) »a
the values of the differences between them. i : i
Evaluating and analyzing the causes leading to these 4 23 1.7 24 23
differences and taking corrective and preventive actions. 5 23 11 11 15
Planning continuous quality improvement by re-
viewing product specifications. 6 1.1 1.5 2.3 1.8
We measured the distance between the stone joints, 7 1.7 22 2.2 25
as the technical requirements stipulated that these joints " ) ) 0 6
should not be less than 2 cm. : : i :
The stability of the implementation process will 9 1.8 2.4 24 2.3
be studied through the use of statistical quality control 10 18 17 73 21
tools, which are shown in Fig. 4 [10].
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Fig. 4. Statistical quality control tools

Below are the results of the range map in Table 6.

The average results on the map are shown in Table 7
below.

Fig. 5 is shown below, which shows a diagram of
the measurement range.

Fig. 6 shows an averaged measurement diagram.

We notice from the diagrams that the process is
within the limits of control and there is no deviation
from the limits of control, a periodic distribution of
points, or upward or downward central tendencies,
due to following the plan that was developed during
the implementation stage, and from it we conclude
the importance and made the quality control plan in
reducing the amount of rework, saving in cost, and
reducing changes at work.

Range chart

s UCLR
e [CLR

==g== Range
e Mid-range

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Fig. 5. Range diagram of the measurements

Table 6. Range map results

Zone

The Measurements

Range

Mid-
range

UCLR

LCLR

—_

1.8]1.8

2.1

24| 0.6

0.8

1.8256

21|24

2.4

23] 03

0.8

1.8256

24| 2

24

1.6 0.8

0.8

1.8256

23124

1.7

23| 0.7

0.8

1.8256

1.5] 1.1

1.1

23| 1.2

0.8

1.8256

1.8123

1.5

L.1| 12

0.8

1.8256

25022

22

1.7] 0.8

0.8

1.8256

1.6 1.1

1.1

2.1 1

0.8

1.8256

O [0 | Q[ || B W[

23124

2.4

1.8 0.6

Table 7. Average map results

0.8

1.8256

(=3 R BN =1 Il Bl B e e N =)

Aver-
age

Average-
Average

UCLx

LCLx

d4

a2

2.025

1.958333333

2.541533333

1.375133

2.282

0.729

23

1.958333333

2.541533333

1.375133

2.282

0.729

2.1

1.958333333

2.541533333

1.375133

2.282

0.729

2.175

1.958333333

2.541533333

1.375133

2.282

0.729

1.5

1.958333333

2.541533333

1.375133

0.729

1.675

1.958333333

2.541533333

1.375133

2.282

0.729

2.15

1.958333333

2.541533333

1.375133

2.282

0.729

1.475

1.958333333

2.541533333

1.375133

2.282

0.729

2.225

1.958333333

2.541533333

1.375133

0
0
0
0
01]2.282
0
0
0
0

2.282

0.729
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Fig. 6. Average diagram of the measurements

CONCLUSIONS AND DISCUSSION

The adoption of a quality control plan reduces
waste and losses resulting from the absence of Total
Quality Management. This is achieved by relying on
a specialized quality team.

The research concludes seven tools in statistical
quality control, which constitute the knowledge base
for Total Quality Management in project implementa-
tion.

Achieving quality: this is done by developing
a construction method according to the dimensions of
quality as desired by the customers. It is worth men-
tioning that neglecting quality leads to increased time
for task performance and completion, increased surveil-
lance activities, and consequently, increased complaints
from service beneficiaries. Furthermore, research is di-
rected towards implementing a Total Quality Manage-
ment program.

The implementation of Total Quality Management
in construction for the case study in the Republic of
Iraq will result in creating an environment that supports
and preserves continuous development. It will also fos-
ter a spirit of participation among all those involved in
the development process, ultimately leading to the fu-
ture monitoring and development of performance mea-
surement tools.

Total Quality Management in the case study will
lead to reducing the tasks and activities necessary to
transform inputs (raw materials) into construction pro-
ducts or services.
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AHHOTAULMUA

BBepeHue. KntoueBoe 3Ha4eHve B onpegeneHnm ypoBHs Lmdposmsauum pervoHoB Poccunckon ®egepauum npnobpetarot
pasnuyHble NCCNeaoBaHNS Y aHanUTMYeckne 063opbl, NO3BOMSAOLLME OLEHUTL AVHAMUKY NPUPAaLLEHNS YPOBHS LMdpoBmn3a-
uum B GrsHec-npouecchl NpeanpuaTuii. MNpuBeaeHsbl pesynsraThl MCCReaoBaHns, MOCBALLEHHOMO aHan1ay ypoBHS LMpoBu-
3aLMN POCCUMCKMX MPEANPUATUIA U OpraHn3aLmnii MIHBECTULIMOHHO-CTpouTenbHow cdepsl (MCC). CTponTenbCcTBO — OAHa 13
KIt04EeBbIX OTpacnen akoHoMmuku. [Jons oTpacnu B BanoBoM BHyTpeHHeM npoaykTe (BBI1) oueHnBaetca Ha ypoBHe 5-6 %
(no paHHbIM Pocctata B 2019 1. 5,6 %), a fond 3aHATLIX B HeW cocTaBnsaeT nopsgka 9 %. Macwrabbl 1 3Ha4MMoCTb CTpo-
UTENbHOW cdepbl FOBOPAT O TOM, YTO MOBbILLEHVE IPPEKTUBHOCTY AEATENBHOCTY NPEeANpPUATUA, B TOM YMCIE HA OCHOBE
BHEAPEHNS LMPOBbIX TEXHOMOIMI Kak OCHOBHOIO COBPEMEHHOIO ApanBepa NpoLeCccoB MOBbILLEHUS MPOU3BOANTENBHOCTH
TPyAa 1 pesynsTaTMBHOCTU, MOXET OKasaTb BIINSHME HA Pa3sBUTNE OTEYECTBEHHON 3KOHOMMKM.

Matepumanb! n metoabl. OCHOBa UCCNeaoBaHNs — BbIGOPOYHbIN 3a04HbIV MPSIMON ONpPOC B hopmaTe OHManH-aHKETUPOBa-
HYS. [TPUMEHANNCL: CUCTEMHBIN NOAXOA, 06LLEeTeOpEeTUYECKNE METOAbI NO3HAHMS (aHanNun3, CMHTE3, aHanorus, obobLueHne,
cornocTaBneHne, CpaBHeHne 1 Ap.), rpaduyeckoe MoOAenupoBaHne.

Pesynbratbl. [lpeactaBneHbl pesynstaTtbl OLEHKU PEeCnoHAEeHTaMy YypOBHS LIMPPOBM3aLMM POCCUNCKUX NPeanpusTuii
NCC, noaTBepxaatoLme akTreaumio oTpacnu B LndpoBon cpeae. BoisBneHbl dhakTopbl yCNELWHOCTN AaHHbIX NPOLECCOB,
K KOTOPbIM OTHOCSTCS: Hanuune LndpoBovi MHPPaACTPYKTYPbl M KBaNMMMULMPOBAHHbLIX KaAPOB, YTO B CBOK OYepeb onpeae-
nseTcs pMHaAHCOBLIMU BO3MOXHOCTAMY NPEANpUATUIA, HAaNMYneM LpoBo KynbTypbl, CNOCOOHOCTLIO pa3BUBaTh 1 yaep-
XuBaTb Kagpbl.

BbiBogbl. [1poBeaeHHbIN aHann3 AokasbiBaeT, YTO UMEKTCHA BCEe MPEANnOChInkM ANns 9EKTUBHOIO pas3BUTUSA LNEMPOBbIX
OTHOLLEHWI BHYTPY NPEANPUSTAN 1 oTpacnu B Lenom. Lindposnsaumsa no3sonut B KOHEYHOM UTOre NMOBbLICUTL SKOHOMUYE-
CKyt0 3(P(PEKTNBHOCTb 1 YNPaBNSEMOCTb OPraHN3aLMOHHLIMM 1 MPON3BOACTBEHHBLIMU NpoLIeccCaMmn NPEAnpUSTAN 1 yBenu-
unTb gonto BBIT otpacnu.

KNIOYEBbLIE CIOBA: undpoBusaums, TexHonornm nHcopmaumoHHoro moaenuposanus (TVUIM), npeumyLiectsa BHe-
apeHnst TUM, ypoBeHb L poBu3aumnmn npeanpuaTMin permoHoB, MHBECTULIMOHHO-CTpoOUTENbHas cdepa

ona UATUPOBAHWUA: Kucenb T.H., lNpoxoposa FO.C. YpoBeHb UnpoBmu3aLmm poCcCUMCKMX NpeanpusaTuin MHBECTULN-
OHHO-CTpouTenbHON cdpepbl // BecTHuk MITCY. 2023. T. 18. Bein. 6. C. 971-987. DOI: 10.22227/1997-0935.2023.6.971-987
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The level of digitalization of Russian enterprises in the investment
and construction sector

Tatiana N. Kisel, Yulia S. Prokhorova
Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation

ABSTRACT

Introduction. The modern vector of development of the Russian Federation is associated with the transition to a digital model
in a variety of aspects: — from the penetration of information technologies into the social sphere and private life of people
to their impact on the pace of development of industries and national economies, the effectiveness of public administration,
the development of international cooperation. The configuration of global spheres of human activity is undergoing significant
changes under the influence of digitalization and radically new emerging human needs and the enterprise management
process. Various studies and analytical reviews are of key importance in determining the level of digitalization of the regions
of the Russian Federation, allowing to assess the dynamics of the incremental level of digitalization in the business process
of enterprises. The results of a study devoted to the analysis of the level of digitalization of Russian enterprises and organiza-
tions in the investment and construction sector are presented (ICS). Construction is one of the key sectors of the economy.
Thus, its share in the gross domestic product (GDP) is estimated at 5-6 % (according to Rosstat, 5.6 % in 2019), and
the share of employed in it is about 9 %. The scale and importance of the construction sector suggest that improving the ef-
ficiency of enterprises, including through the introduction of digital technologies as the main modern driver of productivity and
efficiency processes, can have an impact on the development of the domestic economy as a whole.
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Materials and methods. The basis of the study is a selective correspondence direct survey in the format of an online
questionnaire. The following methods were used: the system approach, general theoretical methods of cognition (analysis,
synthesis, analogy, generalization, comparison, comparison and others), graphical modelling.

Results. The results of respondents’ assessment of the level of digitalization of Russian enterprises in the investment and
construction sector are presented, confirming the activation of the industry in the digital environment. The success factors
of these processes are identified, which include: the availability of digital infrastructure and qualified personnel, which in turn
is determined by the financial capabilities of enterprises, the presence of digital culture, as well as the ability to develop and
retain personnel.

Conclusions. The analysis proves that there are all prerequisites for the effective development of digital relations within
enterprises and the industry as a whole. The transition to “digital” will ultimately increase the economic efficiency and
manageability of all internal and external organizational and production processes of enterprises and increase the share
of the industry’s GDP.
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BBEJAEHUE

Poccust Havana myTh K 1upoBoil TpaHCchOp-
Manuu W (QOPMUPOBAHUIO NH(PPOBOH HKOHOMHUKH
B 2002 r., xorma Obima pa3paboraHa W MpHHATA Qe-
JepanbHas 1eneBas rnporpamma «iekTponHas Poc-
CHsI», B 3a/laudl KOTOPOI BXOJMJI NEPEeXoi Ha IIpeJo-
CTaBJICHHE T'OCY/IapCTBEHHBIX YCIYr W HCIIOJHEHHE
rOCyapCTBEHHBIX (YHKUUI B DJIEKTPOHHOM BHJIE,
a TaKkKe pa3BUTHE HMHQPACTPYKTYPHI SIEKTPOHHOTO
MIPABUTENILCTBA M IOCTYTA K TOCYJapCTBEHHBIM U MYy-
HULUTAIBHBIM yCIryram'.

Kak u npyrue 6a3oBble OTpaciy YKOHOMUKH, WH-
BecTHLMOHHO-cTpouTenbHas chepa (MCC) axruBHO
BHenpsier nudposbie TexHonoruu (LIT) B obecrieun-

! ®epepanpHast meneBas mporpamma «DiekTpoHHas Poc-
cust (2002-2010 romer)». URL: http://government.ru/docs/
all/41067/

Buenpenne HHOPMAMOHHEIX
TEXHOIOTHH Ha BCex dTamnax

AHIHEHHOTO 1IHK/IA PEean3atiu
00BEKTOB KAaHTANBHOTO CTPOHTENBCTBA
Introduction of information technologies
at all stages of the life cycle

of the implementation of capital
construction projects

Lluporas TpaHchopMaLHs NPOLIECCOB
H YCIIYT Ha BCEX DTanax KH3HCHHOTO
LHK/IA peani3alui 00beKToR
KAMHUTAIBHOTO CTPOMTENBCTRA

Digital transformation of processes

and services at all stages of the life
cycle of capital construction projects

BalOIIME W BCIIOMOTAaTeJbHBIC MPOIECChl peann3alun
MPOCKTOB CTPOUTEIBCTBA ISl TOCTHKEHHS «IU(PPOBOit
3pEJIOCTH» B COOTBETCTBHM C HALMOHAIBHOH LEIBIO
«udposast tpanchopmanmsa»’. YpoBeHb HU(PPOBOM
3pPENIOCTH ONPEEISIETCs] CIIOCOOHOCTBIO TPEIPHSTHS,
KaK OCHOBHOT'O 2JIEMEHTa CTPOMTEIILHOW OTPaciH, J0-
CTUTHYTB IIeTIeH Iu(ppOoBOH TpaHCPOPMAITIH, KOTOPEIE,
OCHOBBIBAsICh Ha CTYIIEHYATOM HepapXruu, MOKHO TIPe/I-
CTaBUThH CJIEAYIOMUM 00pa3oM (puc. 1)°.

B 2022 1. poccmiickas SKOHOMHKa CTOJKHYJIACh
¢ OecrpelieIeHTHBIM KOJIMYECTBOM CAHKLMH, a TaKKe

2 O HaIMOHAIBHBIX [eIisiX pa3BuTus Poccuiickoii Meneparun
Ha mepuon no 2030 roma : Ykas IIpesmmenrta Poccuiickoii
ODeneparmu ot 21.07.2020 Ne 474. URL: http://publication.
pravo.gov.ru/Document/View/0001202007210012

3 Ludposusamus crpoutesbHoii orpacin. URL: [upposusa-
LU CTPOUTENBHON OTpachu (ria.ru).

y

[Noesimenne ypoeHA LHOPOBOIH
3PENIOCTH CTPOHTENLHOM OTpacin

B LIEJIOM

Increasing the level of digital
maturity of the construction industry
as a whole

Puc. 1. YpoBHu 1udpoBOii 3peI0CTH MPEANPHUSITHSI HHBECTUIIMOHHO-CTPOUTEIILHOM OTpacin (COCTAaBICHO aBTOPaMH)

Fig. 1. Levels of digital maturity of an enterprise in the investment and construction industry (compiled by the authors)
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YXOJIOM C POCCHICKOTO PBIHKA IIEJIOT0 psijia BEAYIINX
OpraHu3aIyii B obmacTu mudpoBu3anum — pa3padboT-
4YUKOB Iporpammuoro obdecriedenus (I10) mis TexHo-
noruii wH(OpMATMOHHOTO MozeiupoBaHus Autodesk
n Nemetschek. Ipennpusitust 1 opranuzanuu, oodia-
JafolIye mpaBaMu noib3oBanus 110 nx nmponsBojcTBa,
CMOIJIH TIPOAOJDKUTH MCIIOIB30BaTh KOMILUIEKCHI B CBO-
eit paboTe, OMHAKO JaHHBIN (HaKTOp HAIIEN OTPaKCHHE
B CKOPOCTH TI€PEX0/ia U BHEAPECHUH MHPOPMAIIMOHHBIX
texaonoruid (MT) Ha Bce dTambl KM3HEHHOTO ITUKIIA
(OKLI) peanmzanmu 00bEKTa KalUTAJIBHOTO CTPOUTEIb-
ctBa (OKC) (obecrieuenue mepBoro ypoBHs MUGPOBOH
3penoctr (puc. 1)) HM3-3a CYIIECTBYIOIICTO KOJIHYC-
CTBEHHOTO Pa3pbIBa B MCIIOIBb30BAHUH OTEUECTBEHHOTO
u 3apyoexxnoro I10. ITo pa3HBIM 3KCIIEPTHBIM OIICH-
KaM, Ha TEpEXoA K MCIOJIb30BAaHHIO OTEUECTBEHHOTO
co(ra moTpedyeTcst OT OHOTO Tojia JI0 TpeX JIeT. Yxke
ceifyac ecTh KaueCTBEHHBIE OTEUECTBEHHBIE Pa3padoT-
KH, CIIOCOOHBIE COCTaBUTh KOHKYPEHIIHIO 3apy0eHbIM
agamoram. K 2023—-2024 rtr. muraHupyeTcs YIydIIHTh
¢dyHnkimonan oredectserHHoro [10 1u1st MoaHOM 3aMeHbI
3apy0eKHOTO, TEM CaMbIM OOCCIICUHTH pPEeaH3aIHIo
MEPBOTO YPOBHS LU(PPOBON 3pENOCTH MPEANPUITHI
WHBECTUIIMOHHO-CTPOUTENIFHON OTPacid B ITOJTHOM
obbeme.

ObecriedeHre BTOPOTO YPOBHS ITH(PPOBOI 3pero-
ctu (puc. 1) — 1udposas TpaHchHopMaIus MpoIeCCoB
1 yCIIYT 3aTparuBaeT ACSTEIbHOCTD MPEATPUATHH 1 3a-
HHTepecoBaHHBIX JuIl B peanu3anuun OKC Ha peruo-
HaJIBHOM U QenepaabHoM ypoBHe. MuHCTpo#t Poccum
WHHUIMUPOBAJI CO3JaHUE E€IMHOTO HMH(OPMAMOHHOTO
MIPOCTPAHCTBA, KOTOPOE ITO3BOJISET 00ECTIeUnTh AP PeK-
tuBHoe ynpasinenue OKC na Bcex sranmax XKL, akkymy-
JIMPOBaTh BCIO MH(POPMALHUIO U3 TPaZOCTPOUTEITHHON
JOKYMEHTAIlMU M CJeNaTh ee JOCTYIHOW M Npo3pad-
HOMW. Pedur mneT o rocymapcTBeHHON HH(OPMAITMOHHON
cucTteMe 00ecredyeHus TPaJOCTPOUTEIILHON AesTelb-
voctu PO (T'MCOTJ] P®), npuszBaHHONH ONTHMH3U-
poBarh TPOLECCHl YNPABICHUsI W MHTETpaIuio Oolee
20 rocymapCTBEeHHBIX HH()OPMAIIMOHHBIX CHCTEM.

ObecrieueHUEe TPETHEr0 yPOBHS IUPPOBOH 3pe-
noctu (puc. 1) HeBo3moxkHO 6e3 100%-Horo mepexona
POCCUIMCKUX CTPOUTEBHBIX NPEIANPHUITHH W OpraHu-
3anuii B 30HY HU(PPOBBIX TEXHOJOTHHA W KOMIETCHITHH.
[TosToMy B HacTosiIIeM MCCIIEAOBAHUM aBTOPBI COCpe-
JOTOUYMIIMCH Ha TOM, YTOOBI PacCMOTPETH IMPOIECCHI
nUQpoBU3ALNT 1a3aMu  COTPYJHHUKOB
NPEANPUATHI U OpraHu3aluid, U ONPENEIUTh BO3MOXK-
HOCTb JIOCTIDKCHUS «LIU(PPOBOH 3PENOCTH» B paMKax
peanu3aniy HAIIMOHAJNBHON HeMHn «IHu(pPOBOH TpaHC-
(dopmarumny.

[TpencTasisieM pe3yabTaThl HCCIEIOBAHNUS, TIOCBSI-
LIEHHOTO aHaJIN3y YPOBHS LU(PPOBU3AINN POCCHHCKUX
npennpusTaii u opranuzamuii ICC. BaxkHO OTMETHTB,

CHUBHYTPWY,

Y10 cOOp AAaHHBIX ObUI HauaT B SHBape W 3aBEpIICH
B HosiOpe 2022 1. B TeyeHue roma mpoHCXOAWNIN CO-
OBITHSI, KOTOPbIE MOIVIM OKa3aTh BIUSHUE HA OTBETHI
PECIIOHJICHTOB. JTO MOIVIO HAMTH OTpa)KEHUE B XOJC
cbopa uH(OpPMAIIMK, HO KPUTHYECKOTO 3HAYCHUS IS
PE3ybTaToOB UCCIICAOBAHNS HE UMEeT.

B kauecTBe mIaBHOI €M UCCIEA0BAHNS 0003Ha-
YeHO M3yYeHHE OCHOBHBIX TEHACHILUI M PE3ylIbTaToB
nuppoBol TpaHCHOpPMAIIM Ha MPEATIPHATHAK/Opra-
auzamsix MICC. MccnenoBanne mMpoBeIeHO Ha OCHOBE
aHaIM3a MHEGHUH COTPYIHUKOB JaHHBIX MPEIAPHUATHI/
OpTaHU3aINiA, YTO JaeT BOSMOXKHOCTh TOJYYNTH HaH-
Ooiee 0OBEKTUBHYIO KapTHHY O PEallbHO TPOUCXOMS-
X Tporeccax NU(GPOBU3ANH U ITUPPOBOH TpaHC-
(dhopmanum.

OOBEKTOM WCCICIOBAHUS SIBISIFOTCS  TIPEIIPHU-
srtust/opranuzanyni UCC paznudHoi HanpaBICHHOCTH.

[Tpenmer ucciaenoBaHus — ONpeeIeHHe MHSHUN
COTPYIHMKOB Tmpeanpustuii/opranmzammii MCC  ot-
HOCHUTEJIBHO IpoIeccoB Iu(poBU3annu U UQGpPOBOH
TpaHC(OpMalMU HAa MHKPOYPOBHE (HEIIOCPEICTBEHHO
Ha MPEAIPUSTHSIX/OpraHU3alHsX ).

Bomnpocs! undposuzanuu 1 nudpooit Tpancop-
Malliu B IOCJEIHEe BpeMs CTaJd OAHUMH M3 IIOITy-
JIIPHBIX HAmpaBicHU uccienoBanus. [{udpousarms
103BOJISIET IPON3BOJICTBEHHBIM KOMITAHUSIM YIIPABIISITh
CIIOKHBIMH TPOM3BOACTBEHHBIMHU Mporieccamu [1-3]
U OTKpBIBACT HOBBIE BO3MOXXHOCTH, HAIPUMEpP, B OT-
HomeHU! 3()(HEeKTUBHOCTH, aTaITHBHOCTH U aBTOMATH-
3alid, TeM CaMbIM OOecTedrnBas KOHKYPEHTOCIIOCO0-
HOCTB U poct [4-7].

Cymectyer psin poccuiickux® > & 7 [8] u 3apy-
6exubix® [9, 10] paboT, MOCBSIICHHBIX H3yYCHUIO
ypoBHsi npumenenust L{T, BceMupHO HM3BECTHBIE KOH-
CAJITHHTOBBIC KOMIAHUN C(OPMYIHPOBAIN PEKOMEH-
Jaliy B 00NacTy IHQPOBH3ANUN U TUPPOBOU TpaHC-

4 lHAMKATOPBI IM(POBOI SKOHOMUKH: CTATHCTHYCCKHUI COOp-
k. URL: https://www.hse.ru/data/2019/06/25/1490054019/
ice2019.pdf

SUunexe «udposas Poccus» // Ckomkoo. URL: https://
sk.skolkovo.ru/storage/file storage/00436d13-c75c-46¢f-
9¢78-89375a6b4918/SKOLKOVO_Digital Russia Report
Full 2019-04 ru.pdf

® HaumoHa/IbHbIH HHACKC Pa3BUTHs LU(PPOBOH SKOHOMUKH:
nutotHas peanusaiusi. M. : Tockopriopaimst «Pocatomy»,
2018. 92 c. URL: https://in.minenergo.gov.ru/upload/iblock/
df0/df063a504b10a3af5alce7cbb07e35fd.pdf

"Tudposas tpanchopmauust B Poccuun — 2020. Amnanu-
THYEeCKHH OT4YeT Ha 0aze ompoca MpeICTaBHTENCH poccHii-
ckux kommannit / OO0 «Komanma-A Menemxment». URL:
https://komanda-a.pro/projects/dtr 2020

8 The digitalisation of science, technology and innovation.
Key Developments and Policies. Paris : OECD Publishing,
2020. 182 p. DOI: 10.1787/b9¢e4a2c0-en
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dopmarn® '°, pa3BuTHS M yOpaBieHHS HUPPOBBIMU
TEXHOJIOTHAMH U IPOAYKTaMu''.

B Hacrosiee BpeMsi OIHMM U3 KIIIOUEBBIX Ha-
npasiieHni nudpoBu3anyu 1 udpoBoi TpaHchopma-
UM B CTPOMUTENILCTBE SIBJISIETCSI BHEJPEHHE TEXHOJIO-
ruii mHpopManmoHHoro MmopenuposaHus (TUM wmm
BIM-texnomnormif). [Ipumenenne TUUM maet BO3MOXK-
HOCTh YYaCTHHUKAM HMHBECTHIMOHHO-CTPOUTEIHLHOTO
MIPOEKTa TOJy4aTh MHOTOYHCIICHHBIE NPEHMYIIECTBa,
CBSI3aHHBIC C ITOBBIIICHUEM TOYHOCTH IUIAHMPOBAHMS
[11-13], obecreueHneM KadecTBa IMPOEKTHON OKY-
MeHTauuu [14, 15] u, xak pe3ynabrar, BBICOKMM Kade-
CTBOM CTPOUTENBCTBA [16], yaydieHrueM opraHusanuu
1 KOOPAMHALMU IEUCTBUN YHACTHUKOB IIPOEKTA 33 CUET
(hOpMHUPOBAHUS M HCIIOIB30BAHUS SIUHOTO HU(POBOTO
ucroynrka uHpopmanun o6 oowvexre [17] u ap. Poc-
cuiickue'? u 3apyoexHble uccnenosanus [18—20] moka-
3ayid, 4To npumeHenue THM 1No3BOJSET 3HAUYUTENBHO
MOBBICUTh YKOHOMHUYECKUE MOKA3aTeNIN MHBECTUIHOH-
HO-CTPOUTENIBLHOTO MPOEKTa (KOJINYECTBEHHBIE OLEHKN
TIPH 3TOM MOTYT KOJIe0aThCs).

MoOXHO cKa3aTh, YTO MMEHHO 3TOMY HallpaBe-
HUIO [U(POBU3AIMH YIessieTcss HauOobliee BHUMA-
HUE Ha CaMBIX Pa3HBIX YPOBHSIX — M IpPaKTHKaMH,
¥ yIpaBICHIAMH,  YICHBIMHU. DTO, 0€3yCIOBHO, 000-
cHOBaHHO. OIHAKO B KaueCTBE T'MIIOTE3bI MCCIIEN0BaA-
HUs npenmnonaraem, uro BHenpenue LT mpoucxoaut
U 10 TEM HAalpaBJICHUSAM JESITEIBHOCTH M OW3HEC-
npoueccam, Kotopsle Hanpsimyto ¢ TUM He cBsizaHbl
U SIBISIIOTCS 110 OTHOILICHHIO K OCHOBHOW MPOW3BOJ-
CTBEHHOH JIESATEIBHOCTH BCIOMOIaTEIbHBIMA — 3TO
MIpoIiecchl ympaBieHHs (MHAHCOBBIMH M 4eJIOBeye-
CKHUMH PECYPCaMH, JOTUCTHKA, CHAOKEHNE, MAPKETHHT
U MIPOJIAYKH, B3aUMOJICHCTBHE C KIIMEHTAMHU U CEPBHLC.
[lo MHeHHIO aBTOpPOB, KOMIUIEKCHBIH MOJAXOJ K BHE-
apennto LT (Bkirowast ykasaHHBIE MPOIECCHI) TTO3BO-
JIUT TIOMYYUTh U KOMIUIEKCHBIN 3Q(EKT 1, 9TO BaXHO,
chopmupoBarh Ha npeanpusTusx/oprannzanusx MCC
IU(POBYIO KyJIbTYpY M pa3BHUBaTh HU(POBLIE KOMIIE-
TEHINH.

° Baenpenue 1upoBoii TpaHCGOpMAILHK B POMBIILICHHBIX
xommnanusax // McKinsey & Company. URL: https://www.
mckinsey.com/industries/industrials-and-electronics/our-
insights/implementing-a-digital-transformation-at-industrial-
companies

10 Digital transformation as a path to growth // Deloitte Global.
2023. URL: https://www2.deloitte.com/content/dam/insights/
us/articles/6287_path-to-growth/DI_path-to-growth.pdf

" Digital product management // Deloitte Global. 2023.
URL:  https://www?2.deloitte.com/content/dam/insights/us/
articles/5224 _Digital-transformation-7/DI_Digital%20trans-
formation%207.pdf

12 Pegynbrarel MCCIeqoBaHus d(POEKTUBHOCTH TPUMEHEHHS
BIM-texHonoruii B MHBECTULIMOHHO-CTPOUTENIBHBIX TPOEK-
Tax poccuiickux kommnanuii / Concurator. 2005-2023. URL:
http://concurator.ru/information/bim-value/
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MATEPHUAJBI U METO/JBbI

HccnenoBanne OCHOBAaHO Ha TIPOBEICHWH BBI-
0GOPOYHOTO 3209HOTO MPSMOTO OIpoca B opMaTe OH-
JIaliH-aHKETUPOBAHMUSI.

IleneBasi ayauTOpuUsl MCCIENOBAHUS — MpEACTa-
BuTenu mpeanpustuit u opranmzanuit UCC pasznud-
HBIX BUJIOB JESATENILHOCTH, BKJIIOYAs OpraHbl BIIACTH,
B cepe NeaTeIbHOCTH KOTOPBIX HAaXOJSITCs BOMPOCHI,
CBSI3aHHBIC CO CTPOMTENLCTBOM. [Ipeioxkenne noyya-
CTBOBATh B MCCJIEOBAaHUH PACCHUIANIOCH 10 3JIEKTPOH-
HoOH noure. JIuua, »*earouue IpUHATh y4acTue B OIpo-
ce, CaMOCTOATENILHO 3alOIHSIN AIEKTPOHHYIO (hopmy
C BOIPOCAMH M OTHPABIUIM €€ Ui IOCIenyroueh
00paborku u aHanuza. OHJaiH-aHKETHPOBAHUE TI03BO-
JIICT PECIIOHICHTY BBIOpaTh yIOOHOE MECTO U BpeMs
JUIS TIPOXOXKJCHUSI aHKETHPOBAHUS, CaMOCTOSTEIBHO
OTMETHUTH HY)KHBIC OTBETHI, YTO IOBBIIIAET Ka4eCTBO
1 TOYHOCTB TTOJYYEHHBIX CBEICHUI M CHIKACT BEPOST-
HOCTh MX HcKaxkeHus. Kpome Toro, Takoii Mmeton coopa
JAHHBIX €T BO3MOXKHOCTB IIPHUBJIEYb K YUACTHIO B HC-
CJICIOBAaHUN NPEJICTABUTENCH Pa3IMYHBIX, B TOM UYHC-
JIC U YAAaJICHHBIX, PCTUOHOB, YTO B YCJIOBHUAX 0O0JIBIION
TEPPUTOPUH HAIlleH CTPaHBI TAKKE aKTyaJIbHO.

WHcTpyMeHTaprueM nccie0BaHus cTala aHOHUM-
Hast (6e3 yKazaHWs JIMYHBIX JaHHBIX U HAUMEHOBAHMS
OpraHM3ali) OHJIAHH-aHKeTa. TpaJUIMOHHO aHKe-
Ta BKIIOYaja OJIOK «IaclOPTUYKMY, HalpaBICHHbBIN
Ha cOop MHPOPMAIINHA O PECIOHACHTE: PETHOH, YUC-
JICHHOCTb ¥ BO3PACT, BUJ JCSTEIbHOCTH OpraHU3aLum/
MIPEANPUSITHSI, B KOTOPOW PECIOH/CHT paboTaer, ero
NO3MIHI0 B OpTraHU3alnuu.

OObeM BBIOOPKH cOCTaBHJI 355 pECOHIEHTOB
(tabn. 1, 2). CdhopmupoBaBiryrocss BBIOOPKY Cllemy-
€T OXapaKTepu30BaTh KaK CTHXWiHYy10. B Hee momamm
MIPEJCTaBUTENN TIpennpusaTiii u opranuzamumii UCC
pa3muyHON (PYHKIIMOHATBFHONW HANpPaBICHHOCTH (WH-
BECTOPBI, 3aCTPOHIIMKH, JEBEJIONEPhl, TEXHHUYECKHE
3aKa3YMKH, TEHIOAPSIIYUKH, TMOAPSIIYUKA U CyOIo-
JIPANUYUKU, apXUTEKTOPBI, NMPOEKTUPOBLIUKH, DKCILIY-
aTupyromume opranuzanuu u ap.) (tadm. 1). B cdop-
MHUPOBAaHHOH BBIOOPKE MPHUCYTCTBYIOT IPEICTABUTEIN
Bcex (eaepalbHbIX OKpYroB (Tali. 2), XOTs cieayer
OTMETHUTH TIepeBec B CTOpoHYy LleHTpambHOTO dene-
panbHOTO OKpyTa (LIPO), 9TO B IIETIOM COOTBETCTBYET
YPOBHIO €r0 JIeJIOBOM aKTUBHOCTH, & TAK)Ke KOHIIEHTpa-
MU 1 MacmTabaM JEHCTBYIOIIMX HA €r0 TePPUTOPHH
OopraHu3anui.

PE3VYJIBTATHBI HCCIEJOBAHUA

MudpoBuzauus B CTPONTEILCTBE — 3TO OOJbLIE,
yeM BHeapenue TUM

Boree monoBuHsI onporieHHbIX (53 %) oTMeyaroT,
YTO BO3MOXKHOCTH HH(POBHU3ALMH B CTPOUTEIIHLCTBE
mmpe TUM (THUM mpu 3TOM BKIFOYEH B BO3MOYKHO-
ctu nudposnzanyn), 33 % NpUPaBHUBAIOT MOHATHSA
Iu(POBU3AINH B CTPOUTENBCTBE K BHeApeHHIo THM,
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Ta6a. 1. Pacipenenenne pecrioHICHTOB 10 OCHOBHOMY BHJTY JISSITEJIbHOCTH OpraHN3aluy (COCTaBICHO aBTOPaMM)

Table 1. Distribution of respondents by the main type of activity of the organization (compiled by the authors)

OCHOBHOI BHJI I€ITEILHOCTH Komuecrso Jouns B BeIOOpKE, %
Main activity HCTOBEK Share in the sample, %
Number of people
Apxurexrop / Architect 11 3,1
lennoppsinuux
Gener:lp CI([)ntractor 24 6.8
TocynapcTBeHHOS/MYHULUTIAIBHOE YUPEKICHUE 63 177
State/municipal institution ’
JHesenonep / Developer 25 7,0
3acTpoifmk
ProertyHclieveloper 10 28
O6pazoBaresibHOE yUperKieHne (OCYILECTBIISIONIEE TOATOTOBKY KaipOB
JUTSL CTPOUTEIIBHOMN OTPACIIH) 10 2,8
Educational institution (providing training for the construction industry)
OpraH MCTIONHHUTEIFHON BJIACTH
E)I:ecutive authority 66 18,6
Opranu3anys, 0CyIIeCTBISONIAs CTPOUTEIBHBIH KOHTPOJIb 4 11
Organization that carries out construction control ’
Honpsmunk/cyOnoapsiTank
Contractor/subcontractor 25 70
[poextupoBumk / Designer 58 16,3
ITpOM3BOANTEIIH/TIOCTABIMK CTPOUTEIBHBIX MATCPHAIIOB 4 L1
Manufacturer/supplier of building materials ’
IpodeccnonanbHoe 00bEANHEHNE 5 14
Professional association ’
Cyne6§aﬂ 3Kcn.epT.H3a 5 0.6
Forensic examination ’
TexHudeckuii 3aka3ank
Technical customer 22 6.2
DKcrepTr3a MPOEeKTHON TOKyMEHTaUH 4 11
Examination of project documentation ’
OKCIUTyaTHpYIOLasi OpraHu3alus 9 25
Operating organization ’
[poune / Other 13 3,7
Bcero / Total 355 100

Tabua. 2. PacipesienieHne pecrioHICHTOB 110 (efiepaTbHBIM OKpyTaM (COCTaBISHO aBTOPaMH)

Table 2. Distribution of respondents by federal districts (compiled by the authors)

DenepanpHblil 0KpyT (PO) KonmuectBo uenosex Hons B BeIOOpPKE, Y%
Federal District (FD) Number of people Share in the sample, %
JanereBocTtounblit @O / Far Eastern FD 17 4,8
[pusomxckuit @O / Volga FD 39 11,0
Cesepo-3anaaneiii @O / Northwest FD 53 14,9
Cesepo-Kaskascknit @O / North Caucasian FD 4 1,1
Cubupckuii @O / Siberian FD 49 13,8
VYpansckuit @O / Ural FD 22 6,2
PO / Central FD 136 38,3
Osxub1i DO / Southern FD 30 8,5
Mpoune / Other 5 1,4
Bceero / Total 355 100
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12 % ONpOIIEHHBIX CYUTAIOT, YTO LU(PPOBU3AIMS
B CTPOHUTEIBCTBE MOXKET MOJApa3yMeBaTh aBTOMATH3a-
LU0 PA3IMYHBIX MIPOLIECCOB, He Kacasich TUM (puc. 2).

Ludposas 3peaocTh, KAaK NPABUIO, BHILIE
Y MOJIOABIX M/MJIM KPYNHBIX NpeInpusiTHii/
OpraHu3auui

JlocTartouHO BBICOKYIO OLIEHKY YPOBHIO IH(DPOBH-
3aliU WX OpPTaHU3AIMH/TIPEIIPUATHIO TTocTaBuI 21 %
PECTOHACHTOB, U3 HUX 1 % cunTaeT CBOIO OpraHu3a-
U0 JuAepoM mudpoBusanuu. 38 % pecHoHICHTOB
OILICHUBAIOT YPOBCHB IIH(DPOBOIL 3peTI0CTH CBOCH Opra-
HU3ALMU/TIPENPHUATHS Ha HU3KOM ypOBHE, a 5 % ore-
HUWJIX €€ Ha HYJCBOM ypOBHE (puc. 3).

[Tpu cooTHeceHmM BoO3pacTa OpraHM3ali U ee
ypOoBHsI LH(GPOBOU 3pEIOCTH HAOIIONACTCSI 3aKOHOMEP-
HOCTB: YeM MOJIOXKE OpraHu3alys, TeM 00Jiee BHICOKYIO
OLIEHKY M(POBOIL 3pETIOCTH OHA MOTYYHIIA.

CooTtHecenne MacmTaboB OpraHU3aluy M YPOBHS
UU(POBOI 3PEIOCTH MOKA3BIBACT, YTO YEM KPYITHEE Op-
TaHMU3ALHUs, TEM OIITUMUCTHIHEE PECIIOH/ICHTHI U3 YHC-
Ja COTPYIHHKOB CMOTPSAT HA YPOBECHb €€ MHU(POBOM
3pENIOCTH.

OnnuM U3 (paKTOPOB YCHENTHOCTH NpoLecca
HU(POBU3ANUH FBJISIETCS HAIHYHE
COOTBETCTBYIONIEr0 IUIAHOBOI'O JOKYMEHTA —
JIOPOKHOI KAPThI, CTPATErHH, IUIaHA

O HanM4yuu B OpraHU3alMU CTpaTreruu unudpo-
Buzanuu, 1udpoBoi TpaHchopmaiu (WK paszaena
mo nu(pOBHU3ANUN B KOPIIOPATHBHOM CTpaTerun) 3a-
sBIITH 29 % omporneHHbIX. 40 % coOOMIHITH, YTO TaKOH
JMOKYMEHT HAXOAWTCS B cTagud pa3pabotku, a 31 %
yKa3all Ha OTCYTCTBHE TaKHX JJOKYMEHTOB (pHC. 4).

BonbmmHCcTBO Opranu3anuii/npenpusa T
0TpAac/IM 3aHUMAKOTcs Hu(poBH3anuei
HeJeHANPaBIeHHO

OpraHuzaiyy 1 IPEANpUsITUs OTPACIH 3aHUMAl0T-
cst porieccamu rudpoBuszanuu B 62 % ciyyaes (puc. 5).

W3 Hux B 25 % ciay4yaeB H3MEHEHHS KacaloTcs B3a-
MMOJIEHCTBYSI C OpraHaMH BJIACTH 4epe3 AIEKTPOHHBIE
CepBHCHl M T.A. BHyTpH opranusauuu/mpenupHaTHs
HN3MEHEHHH He mpoucxoauT. B 25 % ciydaeB opraHu-
3anus/TIPEANPUATHE 3aHUMAeTCsl II(pOoBU3aNNeii OT-
JETBbHBIX TporeccoB. KomruiekcHas mudpoBu3amms
ocymecTisieTcs B 12 % opranuzannii/mpeanpusTHid.

Oprann3anusiMu/mpeanpusATAAMA
HHBECTHIHHOHHO-CTPOUTEIbHOM cepbl

AKTHBHO HCIO/Ib3YIOTCS 3JIeKTPOHHO-IH(POBast
noanuch (L), 3J1IeKTPOHHBII JOKYMEHT0000POT.
PacnpocTpaHeHa NpaKTUKA 3aK/II0YeHHs
JI0TOBOPOB B 3J1eKTPOHHOM dopme

06 ucnonezoBanuu DI coobumim 87 % omnpo-
MICHHBIX (pHC. 6), AIEKTPOHHBIA JOKYMEHTO00OpOT
BHeZpeH B 85 % OpraHM3anuii/IpeAnpusTHil PeCcIoH-
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L{1poBH3ALMIO B CTPOMTENLCTBE MOKHO NPHPABHATE
K BHEJPCHHIO TEXHONOIUiH HHOPMAIIMOHHOTO
monenuposanua (THM)

Digitalization in construction can be equated

with the introduction of information-modelling
technologies (BIM)

B03MOKHOCTH LIH(POBU3ALLMH B CTPOUTENILCTEE BKIIOYAIOT
ereapenne TUM, no mmpe TUM

The possibilities of digitalization in construction

include the introduction of BIM, but more broadly BIM

ABTOMaTH3aLMA PA3THYHLIX TIPOLIECCOB.
Mosket ne kacarseas THM
Automation of various processes. Can be not about BIM

He nonumaio cofilepAaanue MOHATHA «IHOPOBHIALHL)
I do not understand the content of the concept
of “digitalization”

Puc. 2. Pacnipenenenue 0TBETOB PECIIOHICHTOB
Ha Bornpoc «Kak JIMYHO Bl MOHUMaeTe LH(POBU3ALUIO
B CTPOUTENHCTBE?» (COCTABICHO aBTOPAMH)

Fig. 2. Distribution of respondents’ answers to the question
“How do you personally understand digitalization in
construction?” (compiled by the authors)

Huzkas (0-20 %)
B Low (0-20 %)
Hue cpeanero (21-40 %)
Below-average (21-40 %)
Cpennss (41-60 %)
Average (41-60 %)

Bemne cpeanero (61-80 %)
Above average (61-80 %)

Buicokas (81-100 %)
B High (81-100 %)

Puc. 3. Pacnpenesnenye OTBETOB PECIIOHICHTOB Ha BOIIPOC!
«Kaxk BbI MOXKETE OLIEHHTH [IU(POBYIO 3PEIOCTh BalIel
opraHuzauuu/npeanpuaTus B npouexrax ot 0 go 100 %?»
(cocTaBIeHO aBTOPaMHU)

Fig. 3. Distribution of respondents’ answers to the question:
“How can you assess the digital maturity of your
o

organization/enterprise as a percentage from 0 to 100 %?
(compiled by the authors)
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Ha/ Yes

Tloka HeT, HAXOAMMCA B Mpolecce pa3paboTKu
Not yet, we are in process of developing

Her /No

Puc. 4. PactipeniesieHuie 0TBETOB PECIIOHACHTOB Ha BOIIPOC
0 HAJIMYHUHU B UX OPraHU3aLUK/TIPSIIPHATHN CTPATETUH
mudposuzaimy, HudpoBoii TpaHchopmaun (UK
paszena no HudpoBU3aLUN B KOPIIOPATHBHOMN CTPATErHH1)
(cocTaBieHO aBTOpaMM)

Fig. 4. Distribution of respondents’ answers to the question
of whether their organization/enterprise has a digitalization
strategy, digital transformation (or a section on digitalization
in the corporate strategy) (compiled by the authors)

3aHuMaeMcs KOMILUIEKCHOH
undpoBH3alueii opraHu3auu
We are engaged in complex
digitalization of the organization

3anumaemcs uudpoBusaimei
OT/ETBEHBIX MPOLECCOB
We are engaged
in digitalization
of individual processes

AKTHBHO CJISIUM 33 BO3MOMKHOCTSAMH

¥ UHHOBALMAMH, IUIAHHPYEM BHEJIPEHHE
We actively monitor opportunities

and innovations, and plan to implement

5%

m [a/Yes
B Her/No

@ 3arpyausalock oTBeTHTE
[ find it difficult to answer

Puc. 6. PacripeziesicHie OTBETOB PECIIOHICHTOB Ha BOIPOC
«Mcronb3yeTcs Ju B Balliel OpraHu3alii ICKTPOHHASL
udposas nmoamuck (DLIT)?» (cocraBneHo aBropamn)

Fig. 6. Distribution of respondents’ answers to the question
“Is an electronic digital signature (EDS) used in your
organization?” (compiled by the authors)

Huxaxux usmenenunii
He IPOHCXOAUT
No changes are happening

H3menenus kacarorcs
B3aHMOJEHCTBHA C OpraHaMu
BJIACTH YEPe3 EKTPOHHBIE
CEpPBHCHI H T.[I.

BuyTpu opranuzaunu
W3MEHEeHHH He MPOUCXOIUT
The changes relate to interaction
with authorities through
electronic services, etc.
There are no changes

within the organization

AKTHBHO ClIeIUM 33 BO3MOMKHOCTAMH

M HHHOBALIMAMH, HO NOKA HE HCTIONb3YEM

We are actively monitoring opportunities

and innovations, but we are not using them yet

Puc. 5. PacripenienieHre OTBETOB PECIIOHICHTOB Ha BOTpoc «Kak BBl MOJKETe 0XapaKTepH30BaTh MPOLECC UPPOBOI

TpaHc(HOpPMAIIUH B Balllel OPraHU3aUH/TIPEANPHATHI?» (COCTABICHO aBTOPAMH)

Fig. 5. Distribution of respondents’ answers to the question “How can you characterize the process of digital transformation

in your organization/enterprise?” (compiled by the authors)
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B Ja/Yes
B Her/No

= 3aTpyIHAKCE OTBETHTE
I find it difficult to answer

Puc. 7. PacripenienieHue 0TBETOB PECIIOHIEHTOB Ha BOIIPOC
«EcTpb 11 B Baliel opranu3aluy NpakTHKa 3aKII0YeHHs
JIOTOBOPOB B AIIEKTPOHHOH popme?» (COCTaBICHO aBTOPAMH)

Fig. 7. Distribution of respondents’ answers to the question
“Does your organization have a practice of concluding
contracts in electronic form?” (compiled by the authors)

neHToB (puc. 7). bonee nmoxoBuHbI onporieHHbIX (57 %)
OTMETIJIN, YTO B UX OPTaHM3AILMN/TIPEIIPUSITHN NMe-
eTcs TIPaKTHKa 3aKIIFOYCHUS JOTOBOPOB B 3JIEKTPOHHON

tdopme (puc. 8).

Buenpenue u npumenenue TUM — BakHeiimee
HaNpaBJieHHe NH(POBU3ALNNH B CTPOUTEILCTBE.
JoJist opranu3anuii/npeanpusTHii, HCIOIb3YOMINX
THUM B cBoeii padoTe, pacTeT

W3 yncna onporieHHbIX 7 % OTMETHIIH, 9TO UX Op-
TaHW3ALUS/TIPEATPUATAE B OCHOBHOM paboTaeT C MpH-
vmernennem TUM. Eme 24 % yxazamm, ato TUM
TIPUMEHSIOTCS B Psifie TPOEKTOB, MCHONB3YIOTCSI HEKO-
Topbie anemenTsl TUM. 32 % coolmunu, 4To HE Mpu-
mensAoT TUM, onHako m1aHUpYIOT BHEAPEHUE B TeUe-
HHUE Tpex JeT. 28 % He MPUMEHSIOT U HE TUIAHHPYIOT
B Omkaiimme roasl BHEAPATs TUM (puc. 9).

Taxum obpazom, npumenenne TUM (momHOIEH-
HO€ WM YacTHYHOE) MOATBepAmwIM cymmapHo 31 %
pecnionaenToB (110 gemoBex). OTHOCHTENBFHO TaHHO-
TO BOIPOCA CTOWT /aTh JOTOIHHUTEIBHBIC MTOSCHEHUS.
THUM — 310 1enbIif Habop METO0B U MHCTPYMEHTOB
pabotsl. M 3adacTyi0 MOXHO BCTPETHTH DPa3IMIHOE
noHuManue Toro, yro takoe THUM — ot mnpocroit
3D-Bu3yanu3aiuu 10 MPUMEHEHHS BCEro KOMIIICK-
ca MHCTpyMEeHTOB Ha Bcex dtanax JKL[ ¢ moctynom
K pabore ¢ WH()OPMAIIMOHHON MOIETBI0 MHOXKECTBA
YYacTHHUKOB U T.J. [loaTOMy B 1aHHOM Cilydae HEIb3s
JIeTIaTh BBIBOJ O IOJHOLIEHHOM M KOMITJIEKCHOM BHE-
apeanu TUM B 31 % opranusanuii. [TpaBuisHO ObLIO
OBl CKa3aTh, 4TO 1O PE3yNbTaTaM OMpOCa OKOJIO TPETH
OTIPOIIEHHBIX HCHONB3YIOT METOABI W HHCTPYMEHTHI
THM B cBoeit pabore. MOXXHO clienaTh BBIBO, 9TO CO-
BMECTHBIC YCWJINSI TOCYAAapCTBa, MPO(ECCHOHAIBHBIX
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B Ja/Yes
B Her/No

= 3aTpynHAKCE OTBETHTH
I find it difficult to answer

Puc. 8. PacripeneneHue 0TBETOB PECIIOHICHTOB Ha BOTIPOC
«Vcronp3yercs 1 ANEKTPOHHBIN TOKYMEHTOO00POT
B BaIllei opraHu3anuu?» (COCTaBICHO aBTOPaMH)

Fig. 8. Distribution of respondents’ answers to the question
“Is electronic document management used in your
organization?” (compiled by the authors)

Ja, paboraem B ocuoeHoM B THM
Yes, we work mainly in BIM

Ja, uenonwzyem THM B paje npoekTos,

HCMOJIL3YeM HeKoTOpkie oneMenTsl THM
Yes, we use BIM in a number of projects,
we use some elements of BIM

Her, Ho nnanupyem BHEpeHHE
B Ommaitinme 3 roga

No, but we plan to implement
it in the next 3 years

Her

No

m 3aTpyaHsIoCch OTBETHTH
[ find it difficult to answer

Puc. 9. Pactipenenenue 0TBETOB PECIIOHICHTOB Ha BOIIPOC
«Hcnonb3yeT nu Balia OpraHu3aIys TeXHOIOTUH
nrpopmanmonnoro mozaenuposanus (TUM/BIM)?»
(cocTaBIeHO aBTOPaMH)

Fig. 9. Distribution of respondents” answers to the question
“Does your organization use information modelling
technologies (BIM)?” (compiled by the authors)



YpoBEHb LUMGPOBU3aLIMM POCCUHACKUX MPEANPUSITUI MHBECTULIMOHHO-CTPOMTEABHOM CHEPBDI

C. 971-987

coobiects, npousBoxuteneil [10, oOpazoBarenbHBIX
YUPESKIACHUHN, OTIACIBHBIX JHICPOB B obOmactu TUM
OKa3aJIUCh HE HANpacHbl — MMEET MECTO IOJIOKH-
TeNbHAsl JUHAMHUKA. DTOMY CIIOCOOCTBOBAJIM MHOTO-
YHCIIEHHBIE MEPOTIPHSTHSI, MOCBSIICHHbBIE MpodieMaM
n npeumyniectBaM THUM, coBmecTHast padoTa mpo-
(eccHOHANBHBIX COOOIIECTB, T'OCYJAPCTBEHHBIX MH-
HUCTEPCTB U BEJOMCTB, 3HAYUTEIBHO PaCIIUPUBIINECS
BO3MOKHOCTH 00yueHust B chepe TUM. besycnosHo,
OKa3aJl0 BIUSHHE U pELICHHE CAeNaTh MPUMEHEHUE
TUM o0si3aTenbHbIM 1pH paboTe ¢ TPOeKTaMu, (PHHAH-
CHPYEMBIMHU M3 CPEJICTB OIOIPKETHON CHCTEMBI.
Pecnonzientam, yTBEpAUTENBHO  OTBETHBIIUM
Ha BOINPOC O NPUMEHEHMH B uX opranuzauuu TUM,
OBUTH 33/1aHBI JIOTIOJIHUTEJILHO J[Ba BOIpOCa. JTO BO-

IIPOCBI, Kacaromuecs ucnonszyemoro uMu 10, a Takxe
HAJIUYHSI OTIBITA IOy YCHHS MOJI0KUTEIIEHOTO 3aKITIoUe-
HUSI TOCY/IapCTBEHHOM SKCIEPTH3bI MH(OPMAIIMOHHON
Mozenu. Bonpockr 6butn 3amanel 110 pecrionaeHTam
(31 % omnpomennsix). 13 Hux 26 pecrionneHTos (7,3 %)
COOOLIMIN, YTO MX OpraHH3aluu paboTaloT B OCHOB-
HoMm B TUM, n 84 (24,7 %) — HCHONB3YIOT 2JIEMEHTHI
THUM.

OToli rpynne pecrnoHAEeHTOB 3a1aH Bompoc «Ka-
KO IPOrpaMMHOE O0OEeCIeUeHHE HCIONb3YeTCs B Ba-
el komnauuu s popmuposanus BIM-monenu u ee
MOCTEAYIOIIET0 UCIONIb30BaHU?». By IpeIoKeHbI
BapUaHTBhl OTBETOB, a TaKke€ BO3MO)KHOCTH BIIHCATh
CBOH BapHaHT OTBeTa. Pacnpenenenue oTBETOB Mpojie-
MOHCTPHPOBAHO B Ta0II. 3.

Ta6a. 3. Mcnons3yemoe pecnoHIeHTaMu IIporpaMMHoOe obecrnieuerne st pabotel ¢ TUM (u3 uncia pecroHaeHToB,

npumersronmx THM) (cocTaBieHO aBTOpamMu)

Table 3. Software used by respondents to work with BIM (from among respondents using BIM) (compiled by the authors)

KonnuectBo Jons
IIporpamMmHoe obecneueHne PECIIOH/ICHTOB, Yell. PECIIOHIEHTOB, Yo
Software Number of respondents, Percentage of
people. respondents, %

Autodesk Revit 84 76,4
AutoCAD 69 62,7
Navisworks 36 32,7
ARCHICAD 35 31,8
JIMPA-CATIP / LIRA-SAPR 30 27,3
Dynamo 15 13,6
SketchUp 14 12,7
Renga (Renga Architecture, Renga Structure, Renga MEP) 11 10,0
AVEVA E3D, AVEVA Bocad 11 10,0
CAII®UP-3D / SAPFIR-3D 9 8,2
Autodesk Plant 3D 7 6,4
Tekla Structures 7 6,4
Advance Steel 4 3,6
Nemetschek Allplan 4 3,6
Bentley AECOsim Building Designer 4 3,6
InfraWorks 4 3,6
Tonomaruk Robur / Topomatic Robur 4 3,6
MicroStation 3 2,7
Rhinoceros 3 2,7
Civil 3D 2 1,8
STARK ES 1 0,9
ZWSOFT 1 0,9
TAD (pabounii cton apxutekropa) / TAD (architect’s desktop) 1 0,9
BricsCAD BIM 1 0,9
[ponyxrer Kpeno-/uanor / Credo-Dialog Products 1 0,9
RIB iTWO 1 0,9
FreeReason 1 0,9
EOCI0, OUC MILICP, EOC-3akymku / EOSDO, ICSR OIC EOS-Procurement 1 0,9
FEM models 1 0,9
Pilot-BIM 1 0,9
Datamine 1 0,9
Agisoft Metashape 1 0,9
Nanosoft 1 0,9
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B naHHOM cripicke MMEIOTCSI M POCCHIICKHE MpO-
mBonutenu IIO m mx He Tak Mano. D10 m Renga
u I1I0 wxommammm «Kpemo-nanor», nanoCAD, To-
nomatuk Robur, JINPA-CAIIP u CAII®UP-3D, enu-
Hele otpacneBble cuctembl EOCIO, EOC-3akynku
u ap. HeoOxomumocTh pa3paboTKuM OTEueCTBEHHOTO
1O B cepe TUM B nocinieiHee BpeMst HOTIEPKUBACTCS
Ha YpOBHE IOCyJapcTBa, a TAaK)Ke aKTHBHO 00CYKIaeT-
Csl Ha ITPOBOJIUMBIX OTPACIIEBBIX MEPOIIPHATHSIX.

B cTpouTesbeTBe HCNOJIB3YyeTCs LeJIbIN Psij
HHU(POBLIX TEXHOJIOIMI U PelIeHUIl KaK

JJ151 OCHOBHBIX POU3BOACTBEHHBIX
OM3HeCc-MPOoLEeCCOB, TAK U LISl BCIIOMOTraTeJIbHBIX

PecnioHIeHTEI OTMEYAIOT (pacTpeieiecHHe OTBETOB
MpeaCcTaBiIcHo Ha puc. 10) UCHONb30BaHKUE IPOrPaMM-
HBIX PEIICHUN JUIs: aBTOMATU3allUK MMOCTAHOBKHU MPO-

OmnaitH-MoHUTOpUHT HenoaHenus [T0C
(nj1aHa OpraHn3alHi CTPOUTENILCTEA)
Online monitoring of the implementation
of the construction organization plan

BIUIA (aposr) anst KOHTponst 00bEMOB
BBITMONIHEHHBIX paboT
UAVs (drones) to control the volume of work performed

Texnonoruu BHPTYaIbHOMH H JAONOIHEHHOI
peansiocti (VR/AR)
Virtual and Augmented Reality (VR/AR) technologies

ABTOMATH3UPOBAHHbIE H/WIH OONa4YHbBIE PereHns
JUISl MOHUTOPHHTA paBoT Ha nuouanke
Automated and/or cloud solutions for monitoring
work on site

ITporpamMMHbIe peleHHs 11 aBTOMaTH3alHH
MOCTAHOBKH MPOH3BO/ICTBEHHBIX 33134
Automated and/or cloud solutions for monitoring
work on site

Bxopsumuii KOHTPOIE CTPOHTENBHBEIX MATEPHAIOB
¢ mpuMeHeHneM HHGOPMALHOHHBIX TeXHOMOTHIi
(KOHTPOIL MapKUPOBKH)

Incoming control of building materials using
information technology (marking control)

TTporpamMMBbI-NIAHHPOBIIHKH LT ONTHMH3ALHH
JIOTHCTHKH
Planning programs for logistics optimization

M3BOJCTBEHHBIX 3a/a4; aBTOMATHU3alUU W/WIH 00jad-
HBIX PEUICHUHN JUII MOHUTOPUHIrA PadOT Ha IUIOIIAIKE;
OHJIAITH-MOHUTOPHUHTA WCIIOJHCHUSI IUIaHA OpraHu3a-
un crpoutensersa ([10OC); mucTaHIMOHHOTO KOHTPO-
71 00BEMOB BBITIOTHEHHBIX PadOT ¢ HCIOJIh30BaHUEM
OeCIMIIOTHBIX JIeTaTeNbHBIX anmapatoB (BITJIA).

Taxoke MCTIONB3YIOTCS MPOTPAMMBI JUIS: ONTHMU-
3alliU JIOTUCTUKH, BXOMAIIETO KOHTPOJS CTPOUTEIh-
HBIX MaTepHajoB C NMPUMEHEHHEeM HH(POPMAIMOHHBIX
TEXHOJIOTHI, aBTOMAaTH3alUu IPOLIECCOB B3aUMOACH-
CTBUS C KIMEHTAMH, yTPABICHHUS YEIOBEUYECKUMH pe-
cypcamH U T.1.

Hcxons 3 TOro, 4T0 B XOZ€ OMPOCa 3HAUUTEIbHAS
JIOJIsI PECTIOH/ICHTOB 3aTPYAHSIACh C OTBETOM Ha JIaH-
HBII BOTIPOC, MOYKHO C/IEJIaTh BBIBOJI, YTO MOJYUYCHHBIC
CBeJICHUST 00 HMCIOJIb30BAHUN HU(POBBIX TEXHOJOTHIA
U peUIeHUH SIBISIOTCS, BEPOATHO, HWOKHEW TUIAHKOM:

59,7 %

68,2 %
68,2 %
56,3 %
19,4 %
23,1 %
42,8 %
34,1 %
25,1 %
67,0 %
29,3 %
59,7 %

0,0% 10,0% 20,0 % 30,0 % 40,0 % 50,0 % 60,0 % 70,0 % 80,0 %

[ 3arpyanstocs otseruts / | find it difficult to answer B Her/No M [Ja / Yes

Puc. 10. PacripesiesieHne 0TBETOB PECIIOH/ICHTOB Ha Bonpoc «Kakue 13 nepeuncieHHbIX TUPPOBBIX TEXHOJIIOTHI U pelIeHUN
UCIIONIB3YIOTCS B Balllel OpraHu3aiuu?» (COCTaBIeHO aBTOPAMH)

Fig. 10. Distribution of respondents” answers to the question “Which of the listed digital technologies and solutions are used
in your organization?” (compiled by the authors)
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BBICOKA BEPOSITHOCTH TOTO, YTO B Psijie CIly4aeB B Op-
TaHU3ANUAX TAKUX PECIIOH/ICHTOB YKa3aHHBIC TEXHOIIO-
THH HCTIONIB3YIOTCS, OJJHAKO CaM PECIIOH/ICHT HE OCBe-
JIOMJIEH 00 9TOM WJIM HE YBEPEH B OTBETE.

B kadectBe mHOMKaTtopa ypoBHS IH(POBH3ANU
MOYKHO pacCMaTpHUBaTh U MPUMCHCHUE OPTaHU3aIUSIMH
pazmuuHoro 10, 3TeKTPOHHBIX CEPBUCOB IS TEX WM
MHBIX OM3HEC-TIporieccoB. B pesymbrare omnpoca noimy-
yeHa uH(GopMarus 00 ucnoias3oBanuu [10, 3mekTpoH-
HBIX CEPBHCOB M IIOIIAIOK sl psifia OU3HEeC-TIporec-
cos (puc. 11):

* ynpapieHue (HUHAHCOBO-XO3IHCTBEHHOW Jesi-
TenbHOCThIO — 40,3 %;

* 3aKynKkH (CHaOXXeHHe), BKIOYask 3aKyNKy W I0-
CTaBKy CTpOIMAarepuajioB, IIOUMCK CTPOUTEIILHOM TeX-
HUKH — 39,2 %);

* yIpaBiieHue nepcoHanom — 33,5 %;

* B3aUMOJICHCTBHE ¢ KiueHTaMu — 29,9 %;

* YIpaBJICHHE U MOHUTOPHHT CTPOUTEIHCTBA —
%03

* IPUBIICUCHIE KIMESHTOB, TIpofaxku — 17,7 %;

* yrpaBJeHUE OCHOBHBIMH (h)OHAAaMHU (B TOM YHCIIe
yIpaBjeHUE M IKCIUTyaralus OObEKTOB HEIBIIKHMO-
ctn) — 16,3 %.

24,5

BszaumopeiicTBie ¢ KIHEHTAMU
Interaction with clients

[MpuBneyeHne KIHEHTOB, MPOTAKH
Customer acquisition, sales

VnpaeneHue nepcoHanom
Personnel management

YnpasneHue (PHHAHCOBO-X03AHCTBEHHOI! 1EATENBHOCTHIO
Management of financial and economic activities

VipasneHue 0CHOBHBIMH (hOHIAMH (B TOM YHCIIE
YIpaBieHHe H JKCILTyaTanks 00beKTOB HeABHKHMOCTH)
Management of fixed assets (including management
and operation of real estate)

3akynku (cHabxkKeHHUe), BKII0YAsA 3aKyTIKY U NOCTABKY
cTpoiimMarepHanoB, NOHCK CTPOHTENbHOH TEXHUKH
Procurement (supply), including the purchase and supply
of building materials, search for construction equipment

YI'I[JaBI[eHHC H MOHHTOPHHI' CTPOHTENIBCTBA
Construction management and monitori ng

" Barpynustocs otetuts / | find it difficult to answer

Kak u B mpenpiaymeM BOIpoce, 3HAYUTENbHAsS
JI0JIs PECTIOHJICHTOB 3aTpydHsiiack ¢ orBeToM. CooT-
BETCTBEHHO, TaKXKe MOXKHO CZE€NaTh BBIBOJ, YTO MOIY-
YEHHBIN pe3yJIbTar SIBJISIETCS. HUKHEH TUIAHKOM UCIIONb-
30BaHus [1O, 3IEKTPOHHBIX CEPBHUCOB M IUIOLIAJOK:
BEPOSATHO, YTO B HEKOTOPBIX CIydasX B OpraHU3anusx/
TIPEATIPUSATHSX TAKAX PECTIOHICHTOB 3T BO3MOXXHOCTH
IU(POBU3AIMN  HCIIONB3YIOTCS, OJHAKO PECHOHJICHT
HE YBEPEH B OTBETE WJIM HEJIOCTATOYHO OCBE/IOMIICH.

B Hacrosiiiee BpeMsi aKTUBHO pa3BHBAcTCs CETh
ANIEKTPOHHBIX CEPBUCOB, IJI€ MOKHO MOIYYUTh YCIYTH
Pa3IMYHOrO Xapakrepa. DTO Kacaercst U mpogeccuo-
HAJILHOM Cpe/ibl, B TOM YHCIE JJIsl MIPEANPUsSTHIA/Op-
raam3anuit ICC. Cpenn Hammx pecrioHAeHTOB Oojee
nooBuHEI (51,5 %) TONB3YIOTCS AIEKTPOHHBIMHU yC-
JIyTaMH B IIEJSIX TPOXOXKICHHS IKCIIEPTU3BI TIPOSKTHOM
JokyMeHTanuu, 6onee 30 % — momydeHus pasperie-
HUSI Ha CTPOUTEINILCTBO M MOJTyYeHUS (PMHAHCHPOBAHUS,
6osee 20 % — moyyueHHsl YCIIyT BBOJA M MIOCTAHOBKU
00beKTa Ha y4eT, pa3pelieH s Ha BBOJ B OKCILTyaTalHIo
u oopMIICHHUS 3eMeIBHOTO ydacTKa. Takoe pacnpene-
JICHHE MOXET OBITh OOBSICHEHO HE CTOJBKO TEM, YTO
KaKHE-TO OpPTaHM3aLUK HE HCIOJIB3YIOT 3JIEKTPOHHBIE
CEpPBHUCHI, TOTOMY YTO MPEIIOYUTAIOT TPAIUIIHOHHBINA
BUJI TTOTYYEHHS YCIIyT, @ HAlPaBJICHUEM JCATEILHOCTH

524 %
29,0 %
54,6 %
242 %
36,6 %
39,2 %
234 %
52,1 %
. (1]
0,0 % 20,0 % 40,0 % 60,0 %
B Her/No W [Ja /Yes

Puc. 11. PacnpesneneHue 0oTBETOB pECIOHICHTOB Ha Bonpoc «lcrnonb3yer nu Baila opraHu3anus NporpaMMHoOe

OGCCHC‘ICHI/IG, SJIEKTPOHHBIE CCPBUCKHI, TJIOMAAKN U T.A. JJI CJICAYIOIINX 6I/I3HeC-Hp0HeCCOB?» (COCTaBJ'IeHO aBTOpaMI/I)

Fig. 11. Distribution of respondents’ answers to the question “Does your organization use software, electronic services,

platforms, etc. for the following business processes?”” (compiled by the authors)
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OpraHM3ali M, COOTBETCTBEHHO, HAINPABICHHEM YC-
JIYT, KOTOPBIMHU B paMKax JAaHHOH JesTelbHOCTH He0O-
XOJMMO MOJIb30BATHCS.

Kpome Toro, 16,9 % pecrnoHIEHTOB OTMETHIIH,
YTO HUKAKMMH SJICKTPOHHBIMH CEpBHCAMH B UX Opra-
HU3aIUH HE TONB3yIoTes (puc. 12).

[ToMMMO TIPEAJIOKEHHBIX BapUAHTOB OTBETOB,
PECIIOHJICHTHI OTMETHIIN TAK)KE MCIOJIb30BaHHE DJICK-
TPOHHBIX CEPBHCOB ISl BBIIAUKM 3aKIIOYCHHUIT O COOT-
BETCTBHH ITOCTPOCHHOTO 00BEKTa, Mmomadu mHpopMa-
LUOHHBIX JOKYMEHTOB Yepe3 PErHOHANbHBIN HOpTal
TOCYJJapCTBEHHBIX YCJIyI, WH)KCHEPHBIX HW3BICKaHUH,
B3anMOJICHCTBUSI C (DUCKAJIbHBIMH OpPraHaMH, a Tak-
K€ B3aUMOJICHCTBHSI C TOCYJapCTBEHHBIMH OpraHaMu
U POCCUICKUMU CTyACHUECKMMM oTpsaamu. Hekoro-
pbIE PECIIOHJCHTHI YKa3aJH, YTO HE MOJIb3YIOTCS AIIEK-
TPOHHBIMU CEPBHUCAMH CaMOCTOSATENIBHO, TaK KaK HX
HCIIONB3YET MOIPAIIHK.

OCHOBHBIM NpensATCTBHEM HU(POBU3ALUH
SIBJISIETCS] HeXBATKA 3HAHMI U AepuumT
KBATN(UIHUPOBAHHBIX KaPOB

Hexsarky 3nanuii B obmactu LT y psimoBbIX co-
TPYIHHUKOB M MEHEIDKMEHTA OpraHU3alMu/ IPeIIPHSTHS
ormetin 71 % onpoleHHbIX, a JeGuIuT KBaInpHUIU-
POBaHHBIX KaJIpOB Ha PHIHKE Tpyna cocTaBisier 64,5 %.
O mammurn neduimra GUHAHCHPOBAHUS Ha TPOIIECCHI
mudposuzamu odparuam BHUMaHue 62,3 % (puc. 13).

Bomree monoBunbl pecnonnentoB (51,3 %) 3a-
SIBWJIM 00 OTCYTCTBUH WJIM HU3KOM YPOBHE LU(POBOM
KyJIBTYpbI B OpraHU3alUsIX, OTPACIH U 00IIeCTBe.

He ncrionb3yem 21eKTpOHHBIE CEPBUCH
We do not use electronic services

[Monyyenue pUHAHCHPOBAHHA
Obtaining financing

Beon 1 nocraHoeka 00beKTa Ha y4er
Entering and registering an object

[NonyueHne pasperieHHs Ha BBOJ B SKCILTYATALHIO
Obtaining a permit for commissioning

JKCrnepTHsa

Expertise

[lonyueHne pa3peieHHs Ha CTPOUTENECTRBO
Obtaining a construction permit

OcopmieHne 3eMeNIBHOTO yYacTKa
Registration of a land plot

3aTpyaHsAICH OTBETHTE
[ find it difficult to answer

B 37%

0,0 %

10,0 %

Horenunanbubie 3QPeKThI, KOTOPbIE MOXKET MOJIY-
yuth opranmsanus/npennpusatue UCC B pe3yib-
TaTte HU(PPOBU3ALUMN OLIEHUBAIOTCH BBICOKO. A

3¢ pexThI U pe3yabTaThl UM(POBU3ALNU HeNOCPe-
CTBCHHO B CBOCH OPraHM3aluy — HU3KO

B oTHOmeHMM MOTEHIMATBHBIX SPPEKTOB It
MIPEIIPUSATHI/OPTaHN3aUI  OTPACd  PECIOHICHTHI
Yalie BCETO Ha3blBaIN YCKOPEHHE IPOU3BOICTBEHHBIX
IIPOLIECCOB, YIyUIlIeHHE KOOPIUHALIMH MEXY Moapa3-
JACTICHUAMU, a TAKXKC YITYUIICHUC KaUCCTBA YIIPABJICHUSA
W OpraHu3aIyy nporeccos (puc. 14).

B otHOMmIEHNN COOCTBEHHOTO MeCTa pabOTHI OIIEH-
KM PECIIOHJICHTOB HaMHOTO MeccuMmucTHuHee. boiee
30 % onpoIIeHHBIX CYNTAIOT, YTO B pe3ysbTare nudpo-
BU3AIMY ¥ LUPPOBOI TpaHchopMaIK B MX OpraHu3a-
UK He OyzieT/He ObUIO MOJTy4eHO HUKAKUX 3P PEeKTOB.

HNudopmanuonHasi HHQpacTpyKTypa,
KBAIN(UIUPOBAHHBIC KA/IPbI H HU(poBast
KYJbTypa SIBJSIOTCH BaskHellmumu ¢pakropamu
uugpoBU3zanNU

JInme 5 % onpoIIeHHBIX yKa3alu, YTO CYIIECTBY-
Iolas B MX OpraHu3aiuu WHpOpManuoHHas HHppa-
CTPYKTypa IIOJIHOCTBIO COOTBETCTBYET TPEOOBAHHSM,
HEoOXoaAnMBIM Ut 3 QeKTHBHOTO pazBuTHA, 28 %
CKJIOHHBI CUUTaTh, 4TO HH(ppPOBas HHOPACTPYKTYpa
pa3BHTa Ha JIOCTaTOYHO BEICOKOM YPOBHE.

O nedunure KBaTU(PHUIIMPOBAHHBIX KaJpoB, 00-
JIQAI0IINX KoMIeTeHIussMU B oomactu 1T, coobrmmim

I 16.9 %

B 31,5 %
TR 22,0 %

I 26,5 %
e R 51,5 Y
S 12,7 %

PR 028 %

20,0% 30,0% 40,0% 50,0% 60,0%

Puc. 12. PactipeneneHue 0TBETOB PECIIOHICHTOB Ha BONPOC «KaKHMMHU MEKTPOHHBIMHI YCIyTaMH TOJIb3yeTCs Ballla

opranuszanusi’?» (COCTaBIeHO aBTOPaMMU)

Fig. 12. Distribution of respondents’ answers to the question “What electronic services does your organization use?”

(compiled by the authors)
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Oskuaanne cHKeHH HPPEeKTHBHOCTH AeATETEHOCTH
Ha NepHOJ BHEAPEHHSA HU(POBLIX TEXHONOTHIT

The expectation of a decrease in the efficiency

of activities for the period of introduction

of digital technologies

OTCyTCTBHE MOHATHBIX COOCTBEHHHKAM

W MEHeIKMEHTY 1enei uppoBu3alnm
Lack of digitalization goals understandable
to owners and management

OTcyTCTBHE MOTHBALMHA K NPeo0pasoBaHUsIM (IIOBBILICHHE

KOHKYPEHTOCMOCOOHOCTH CTPOUTENbHOIH
OpraHH3alyy He ABJIAETCA MPAMBIM CJIEICTBHEM
BHelpeHUs U POBLIX TEXHOIOrHii)

Lack of motivation for transformation (increasing
the competitiveness of a construction company is not

a direct consequence of the introduction of digital technologies)

OTcyTCTBHE MW HU3KHIT YPOBEHb LM POBOH KyIBTYPbI
B OPraHM3alHusiX, OTPAcaH H obLIecTse

Absence or low level of digital culture

in organizations, industry and society

HeroroBHOCTE KOHTpareHToB paboTars B undpoBoit
cpejie H Ha OCHOBE LIU(POBBIX JAHHKIX
Unwillingness of contractors to work in a digital
environment and on the basis of digital data

Henocrarounas noajep:ka co CTOPOHEI FrOCYAapcTsa
(opranusauus GecniaaTrHoro oGyyeHus,
MPEeNoCTABNCHHE JILIOT H T.11.)

Insufficient support from the state (organization

of free education, provision of benefits, etc.)

CornpoTHBIieHHE H3MEHEHHAM CO CTOPOHBI
PYKOBOJCTBA CTPOUTENBHLIX OpraHu3atuii
Resistance to changes on the part of the management
of construction organizations

ConpoTuBieHHe H3IMEHEHHAM CO CTOPOHBI
COTPYIHHKOB CTPOHTENIBHBIX OpraHu3aluii
Resistance to changes on the part of employees
of construction organizations

JinuTenbHEI CPOK OKYNAEMOCTH HHBECTHLIMH
B UH(POBH3ALITIO
Long payback period for investments in digitalization

Jeduunt hpuHaHCHPOBaHHS HA MPOLECCHI
Hu(ppoBH3aLIH (B TOM YHC/IE 3aKynKa 000pynoBaHHs,
1O, noBbimenne kBanuQUKALHA)

Lack of financing for digitalization processes
(including purchase of equipment, software,
advanced training)

Jeduuunr kanuduuupoBaHHEIX Kaapos (B o0acTy
LH(POBLIX TEXHOJIOTHIT) HA PBIHKE Tpyaa

Shortage of qualified personnel (in the field of digital
technologies) in the labor market

Hexpatka 3Hanuii B 06macT# mHPPOBBIX TEXHOIOTHI

¥ COTPYIIHMKOB M MEHEDKMEHTa OPraHH3alHy

Lack of knowledge in the field of digital technologies
among employees and management of the organization

Puc. 13. PacnipenienieHre OTBETOB PECIOHACHTOB Ha BONPocC «UTo, 110 BalieMy MHEHUIO, SBIISICTCS MPCISITCTBUEM
nuppoBH3aUK U HU(PPOBOI TpaHCHOPMAIMH B CTPOUTEIEHON OTPACIU?» (COCTABICHO aBTOPaMH)

Fig. 13. Distribution of respondents’ answers to the question “What, in your opinion, are the obstacles to digitalization and
digital transformation in the construction industry?” (compiled by the authors)

21,7 %

25,1 %

Il

51,3 %

35,8 %

22,5%

29,3 %

21,7%

62,3 %

64,5 %

71,0 %

0,0 %

20,0 %

40,0 % 60,0 % 80,0 %
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INoBelnenne kayecTBa ycayr

WIH TPOIYKIHH

Improving the quality of services

or products

Viyuienne (UHAHCOBLIX NOKasareneil
(npubbLIH, peHTabenBHOCTH)
Improvement of financial indicators
(profit, profitability)

8,7 %

CoxpaiiieHHe pUHAHCOBBIX 3aTpaT 9,0 %

Reduction of financial costs

VMeHbLIEHHE NPOCTOEB 060Dy 0BaHHS 5,9 %

Reducing equipment downtime

TNoseiuenne 3dpexTuHOCTH TPYIA
Improving labor efficiency

ViydieHue KagecTpa yrpaBieHus

¥ OpraHH3allHK MPOLECCOB
Improving the quality of management
and organization of processes

ViyulieHue KOOPAHHALIMH MEXIY

{akl

19,7 %

59,7 %

Kaxue aippekTr momyueHsr

B BAIIEH OPraHu3amH

B PE3y/bTaTe HH(PPOBH3ALHH

H uH(poBoit Tpauchopmaun?
What effects have been obtained
in your organization as a result
of digitalization and digital
transformation?

41,7 %

51,3 %

Kakne sddekrsr, no pamemy
MHEHHIO, MOTYT OBITh MOTYYeHEl
B CTPOHTE/BHBIX OPraHH3aIHAX
W B PE3yNbTATe HH(PPOBH3AIIHH
nudposoit TpanchopManun?
What effects, in your opinion,
can be obtained in construction
organizations as a result

of digitalization and digital
transformation?

37,5 %

24,2 %
58,0 %

20,6 %

64,8 %

nojpas/ieneHusIMH 36,6 %
Improved coordination between 75.5 9%
departments :
TMoBbieHne rHOKOCTH H ANANTHBHOCTH
K H3MEHEHHAM BHELIHeH cpe/ibl 13,5 %
Increased flexibility and adaptability 49,0 %
to changes in the external environment
YckopeHHe NpOH3BOACTBEHHBIX MPOLIECCOB
(npoeKTHPOBaHHE, CTPOUTENLCTBO H T.1.) 33,8 %
Acceleration of production processes 82,3 %
(design, construction, etc.)
0,0 % 20,0 % 40,0% 60,0 % 80,0%  100,0 %

Puc. 14. Pacnipeienenue 0TBETOB pecroHieHToB Ha Bonpoc «Kaxue adhekTsl, 110 BalieMy MHEHHIO, MOTYT OBITh I1OJIy4EHBI

B CTPOUTECJIBHBIX OpraHu3anusax U HENOCPEIACTBEHHO B Barein OopraHusaluu B pe3yjibTare III/I(l)pOBI/BaLH/II/I u HH(l)pOBOﬁ

TpaHchopmanuu?» (COCTaBICHO aBTOPAMH)

Fig. 14. Distribution of respondents’ answers to the question “What effects, in your opinion, can be obtained in construction

organizations and directly in your organization as a result of digitalization and digital transformation?” (compiled by

the authors)

75 % pecrnoHeHTOB, U JUIIb 7 % OTBETHIIN, YTO TaKOH
po0OJIeMbI B UX OpraHU3alUsIX Ha JaHHBIH MOMEHT HET.

B 62 % opraHusanuii/npeanpusaTuil pasgeisioT
LEHHOCTH IU(POBOH KyIbTypsl MOIHOCTHIO (16,1 %)
WM 9acTUIHO (46 %).

3AKJIIOYHEHHUE U OBCYXJAEHHUE

Ludposuzanms n mudposas TpaHchopmarys,
110 MHEHHUIO aBTOPOB, HE SIBIISIOTCA HEOPAMHAPHBIMU
npoueccamu. Hecmorpst Ha TO, uro BHeapenue I[T
MO3BOJISIET AOCTUYb PE3YNbTATOB B IUIAHE MTPOU3BOIH-
TEJIBbHOCTH, TOYHOCTU U KaueCTBa, CKOPOCTHU ACHCTBUH,
oOMeHa W aHanu3a WH(GOPMALINH, 3TH MPOIECCHI CITy-

984

JKaT JIOTUYECKUM CJICICTBHEM COBPEMEHHOTO ypPOBHSA
pa3BUTHSI TEXHOJIOTUHA. JIOCTUTHYTBIH YPOBEHb TEX-
HOJIOTHYECKOTO PAa3BUTHA TOCTEIIEHHO OTpa’kaeTcs
BO BCeX c(hepax KU3HEACATEIIHOCTH, BCTPAUBAsCh KaK
B IPOU3BOJICTBEHHBIE MPOLIECCHI, TAK U B COIHAIBHYIO
xm3Hb. [TosToMy mudpoBuzanns n undposas TpaHc-
(bopmarust SKOHOMUKH — TIPOLECC HEM30EKHBIH, OTpe-
JensieMbld ypoBHeM pazsutust L[T.
WuBecTuMoHHO-cTpouTeNibHas cdepa, Xapakre-
pHU3yIomasics TeXHOIOTHYECKON CIOKHOCTHIO, HHPOP-
MAaI[MOHHOH HaCBIIEHHOCTBIO U BBICOKOM CTOMMOCTBIO
MPOU3BOANMON TIPOAYKINH, HE MOXET OCTaBaThCA
B CTOpOHE OT IpoleccoB nudposuzauu. 1 Hecmorpst
Ha TO, YTO TI0 Pe3yJIbTaTaM MCCIIEIOBAHUN CTPOUTEIh-



YpoBEHb LUMGPOBU3aLIMM POCCUHACKUX MPEANPUSITUI MHBECTULIMOHHO-CTPOMTEABHOM CHEPBDI

C. 971-987

CTBO Ha JAaHHBIH MOMEHT SIBJISIETCSI CKOpee ayTcaije-
pom B Bonpocax BHeApenus LT, y orpacinu B 3TOM Ha-
MPaBJIEHUU UMEETCSI KOJIOCCAIbHBIN MOTEHLIHUAI.
Pesynbrarel uccienoBaHusi MOATBEPHKAAIOT, UTO
npoIecChl MUGPOBU3AIMKA B CTPOUTEILCTBE B HACTO-
S MOMEHT aKTHBH3MPOBaHbI. BaxkHbiMu (pakropa-

MH YCHEUIHOCTH ITUX IPOIECCOB SBISIOTCS HAaJIHYHE
uudpoBoil HHPPACTPYKTYPHl M KBAIH(HUIINPOBAHHBIX
KaJIpoB, YTO B CBOIO OUYEPENb ONpEeAeIsieTcsl (PHMHAHCO-
BBIMH BO3MOXKHOCTSIMHM OpraHU3allH, HATHYHEM LH]-
POBOM KYJIBTYPBI, @ TaK)Ke CIIOCOOHOCTBIO pa3BUBAThH
U YJePKUBATh KaJphl.
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AHHOTALMUA

BBepgeHue. Llenb uccnegosaHus — npoaHanuanpoBaTbh YaCTOTHOCTb UCMOMb30BaHWS MHOS3bIYHBIX TEPMUHOB (B YaCTHO-
CTW — aHIMUUM3MOB) B COBPEMEHHOM 0DULManbHO-AENOBOM CTUIE PeYU, OLEHUTb NOHATUNHOCTb TEPMUHOB NPU UCTOSb-
30BaHWK CTygeHTamu, obyyatommMmcs no cneunanbHoCcTN «focyaapCTBEHHOE Y MyHULMMNANbHOE ynpaBneHney, npu npo-
deccroHanbHoM 06LLEeHNM B cdhepe CTPOUTENbHONM AESTENBHOCTH.

MaTepuansi u metoabl. Matepuanamu uccrnefoBaHusi NOCMYXUNM paboTel aBTOPOB, MOCBSLLEHHbIE NMPUYMHAM U TEHAEH-
LMSIM 3aMMCTBOBAHWI MHOCTPAHHbIX CITOB B PYCCKOM $13blKe, odhuLmanbHble JOKYMEHThI, OnybrmkoBaHHbIE HA PYCCKOM A3bl-
ke B 2000-2023 rr., BbICTYNMEHNs NpeAcTaBuTenen OpraHoB rocy4apCTBEHHOMO Y MyHULIMNANbHOMO yNpaBneHus, a Takke
pe3ynbTaThl onpoca, NPOBEAEHHOro aBTopamu Cpeaun CTyaeHToB-6akanaspos, obyyatowmxcs B HAY MICY no Hanpasne-
Huto 38.03.04 «locymapcTBeHHOE M MyHUUMNanbHoe ynpaeneHuey. MNprMeHeHbl MeToabl: HabnoaeHne, onucaxHme, onpoc,
KONMYECTBEHHO-CTAaTUCTUYECKUIA aHanu3, CpaBHUTENbHO-COMOCTaBUTENbHbIA aHanu3, CTPYKTYPHbIN aHanns, cemaHTUKO-
CTUINMUCTUYECKUI aHann3, MeTod AUCTPUOYTUBHON CEMaHTUKM, YaCTOTHBIV aHanm3 v ap.

Pesynbratbl. /3y4yeHbl NpMYnHbI 3aMMCTBOBaHWN 1 BUAbI 3aMMCTBOBAHUNA B PYCCKOM S3bike. BbigBneHbl Hanbonee pac-
npocTpaHeHHble B cdpepe rocy4apCTBEHHOMO U MyHULMNANbHOTO yNpaBreHust MHOCTPaHHble CrioBa PasfMYHOW CTemneHu
accmunsiumn. MNMpoaHanuanpoBaHbl HEKOTOPbIE LLUMPOKO PacnpoCTpaHeHHbIe TEPMUHbLI-3aUMCTBOBAHUS! C TOYKM 3PEHUST UX
NMOHATHOCTW, YMECTHOCTHU, CTENEHN aCCUMUNALMK, @ TaKKe HanNn4unst yaadHoro pycCKoro aKBMBarneHTa u uenecoobpasHocTu
ynotpebnenns aHrmuumama. AHanu3 pesynbTaTtoB aHKETUPOBAHWSA CTyAeHTOB-0akanaBpoB, obyvatomxcs no Hanpaene-
Huo «locyaapCcTBEHHOE U MyHUUMManbHOe yrnpaeBreHuey», NoaATBepAUn NpeanorioKeHne o TOM, YTO YacTo MHOSA3bIYHAsA
TEPMUHOMOTUS NMOHSITA HE B MOSTHOW Mepe, U, Kak CreAcTBME, MHOS3bIYHbIE CMOBa YNOTPebnsTcs B peyn HEBEPHO.
BbiBogbl. Pesynbratbl nccnegoBaHus Mnokasanu, YTO MOSHbIA OTKA3 OT MHOCTPAHHbIX CIIOB HEBO3MOXEH M HE HYXEH,
HO HeOOXOAUMO OCTaHOBUTL MX Ype3MepHoe yrnoTpebneHne, ncnonb3oBaTb 3aMMCTBOBaHUSA OCMbICIIEHHO U OMpaBAaHHo.
370 No3BONUT M3b6exkaTb HEBEPHbIX UNWN ABYCMbICIEHHbLIX UHTEPRpeTaLmii ouumanbHbIX TEKCTOB, He OyAET BbI3blBaTb He-
raTuBHbIX 3P HEKTOB 1, B KOHEYHOM cYeTe, ByaeT crnocobCTBOBATL NMOBLILLEHWUIO HE TONBKO KayecTBa 0ULMAnbHOro A3blka,
HO U1 rocyAapCTBEHHOTO ¥ MyHULMMANbHOMO YNpaBreHusi B LIENIOM.

KINMOYEBBIE CITOBA: 3anmcTBOBaHUS, UHOCTPaHHbIE CMOBA, PYCCKUI A3bIK, KyrnbTypa peyu, NCMofnb30BaHNe 3aMMCTBO-
BaHWI B s3blke rOCYAAPCTBEHHOTO ¥ MYHULMMNANbLHOIO yrpaBneHns
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ABSTRACT

Introduction. The purpose of this research is to analyze the frequency of use of foreign-language terms (in particular, angli-
cisms) in the modern official style, to evaluate the comprehensibility of terms, used by students majoring in public and mu-
nicipal administration in their professional communication in the field of construction, and to prove the inexpediency of use
of some loanwords in the speech of public and municipal government officers. The authors also investigated the availability
of Russian equivalents, capable of replacing anglicisms, as well as the influence of loanwords on the quality and purity
of the native language. The issue of loanwords has always been debatable in the Russian language, and it gained particular
relevance after amendments to the Federal law “On the State Language of the Russian Federation” had been adopted.

© M.I. AaHuensH, E.O. BacunbeBa, M.X. AaBretos, 2023
PacnpocTtpaHsieTca Ha ocHoBaHuu Creative Commons Attribution Non-Commercial (CC BY-NC)



HeobocHoBaHHbIe 3aMMCTBOBaHMS B METasi3blKe roCyAapCTBEHHOIO yrpaBAEHUS B CTPOMTEALCTBE C. 988-1001

Materials and methods. Works addressing the reasons for and trends in (1) loanword borrowing by the Russian language,
(2) official documents, published in Russian in 2000-2023, and (3) speeches delivered by representatives of public and mu-
nicipal authorities, as well as (4) results of the survey, carried out by the authors among the bachelor students of the Federal
State Budget Educational Institution of Higher Education “Moscow State University of Civil Engineering (National Research
University)” in the field of studies number 38.03.04 “Public and municipal administration” served as the materials for the re-
search. The authors used such methods as observation, description, survey, quantitative and statistical analysis, compara-
tive analysis, structural analysis, semantic and stylistic analysis, method of distributive semantics, frequency analysis, etc.
to draft the article.

Results. The authors studied the reasons for and types of borrowings in the Russian language. Foreign words of various
extents of assimilation, most widely spread in the field of public and municipal administration, are identified. Some widely
spread borrowings are analyzed in terms of their comprehensiveness, relevance, extent of assimilation, existence of ad-
equate Russian equivalents and expediency of their use. The analysis of the results of the survey, launched among the ba-
chelor students, majoring in Public and Municipal Administration, confirmed the assumption about the frequent failure to
fully understand the foreign-language terminology, as a result of which loanwords are used incorrectly in the formal speech.
Conclusions. The results of the research let the authors make a conclusion that the decline of foreign words is impossible
and unnecessary. However, there is a need to stop overusing loanwords, and to use them consciously and reasonably. That
will allow avoiding incorrect or ambiguous interpretations of official texts, prevent any negative effects, and, in the end, facili-
tate improvement in the quality of the official language, as well as public and municipal administration in general.

KEYWORDS: loanwords, foreign loanwords, Russian language, standard of speech, use of loanwords in the language
of public and municipal administration
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BBEJIEHUE

JlekcuueckoMy — 3aMMCTBOBAHHMIO  IOZABEPKEHBI
MHOTHE S3bIKH. [IpOHMKHOBEHHE WHOSI3BIYHBIX CIIOB
B JIFOOOH HAITMOHATLHBIN SI3BIK MPOUCXOTUT, KaK mpa-
BUIJIO, Omarofapst IKOHOMHYECKUM, ITOJUTHYECKUM,
KyJAbTYPHBIM UM OOIIECTBEHHBIM B3aMMOACHCTBUSM.
3aMMCTBOBAHHIO TOJIBEPralOTCsA HAa3BaHWS IPEIMETOB
WUJIM TOHSTUH, OTCYTCTBYIOIIMX B JAAHHBII BPEMEHHOM
MIEPUOJL B JIEKCHYECKOM COCTaBE S3bIKA.

OTHOCHTENBHASL OTKPBITOCTD A3BIKOBOM CHCTEMBI
PYCCKOTO $3bIKa HE HPEMATCTBYET MPOHUKHOBEHHIO
WHOSI3BIYHON JIGKCHKH, B CBSI3U C UYEM BO3pPAcTaeT KO-
JTUYECTBO 3aMMCTBOBAHUH, yIIOTPEOIIEMbIX B IIpodec-
CHOHANBHBIX cooOmecTtBax. ClemyeT OTMETHUTh, YTO
Ha BCEM MNPOTSDKCHUHU Pa3BUTUSL PYCCKOTO JIMTEpaTyp-
HOTO f3bIKa HAOIIOZAETCS HEMPEPhIBHBIN MPOIIECC M0-
TIOJTHEHHMS €T0 JIEKCHYECKOTO 3araca 3a CUeT MHOS3bIU-
HBIX CJIOB.

TpaguuMOHHO CuUWTaeTcs, 4YTO 3aMMCTBOBAaHHE
B OCHOBHOM BBI3BAHO MCTOPUYECKUMH KOHTAKTaMU
MexIy Hapomamu [1, 2]. B mocnmennue mecATHICTHS
MHOSI3BIYHBIC CJIOBA MEPEXOMAT U3 S3bIKA B SI3BIK B TIEp-
BYIO Ouepellb IMOCPENCTBOM INUCbMEHHOM peun. Buubl
peUYeBOi NEATENFHOCTH, CO3/Aatoniie S(PPEKTHBHBIA
MyTh JUIA 3aUMCTBOBAaHHUS, — 3TO UYTEHHE, MEPEBOJ
U KOMMEHTUPOBAaHUE MHOCTPAHHOM IPECCHI, HAyYHOMI
1 MyONMIMCTUYECKOH JIHTEepaTyphl, y4acTHE B MEX-
QYHapOIHBIX KOH(pepeHIusIX, OOIIeHHe B IMpoIecce
pa3pabOTKH COBMECTHBIX TEXHHYECKHX M HAyYHBIX
MIPOEKTOB, MOATOTOBKA MEX/yHAPOAHBIX HOPMATHBHO-
MIPAaBOBBIX JOKYMEHTOB, JCKJIApalui, AWUIIOMATHUE-
CKas mepemnucka u T.10. [3, 4].

Uro kacaercs NpUYUH 3aUMCTBOBAaHUM, TO IHep-
Basl U3 HUX — HEOOXOJMMOCTh HAaNMEHOBAHMS HOBBIX
NPEIMETOB U SIBICHUN, TaK, HApUMeEp, B PYCCKUI

SI3BIK BOIIIH CJIOBA KOMIIBIOTEp, oBepApadT. Bropas
MIPUYNHA 3aUMCTBOBAaHHN — MOTPEOHOCTH pasrpaHu-
YUTH OJM3KHE 10 CONEPIKAHHIO, HO BCE JK€ HE TOXIC-
CTBCHHBIC MMOHSTHUS, HAPAMEP OOCITY)KUBaHUE — Cep-
BHC, BKJAJ — JACMO3UT. TpeTbs — HEO0OXOANMOCTH
CHICIHATH3AINN TTOHATHH, HAIIPUMEp, TaKUX KaK BBI-
BO3 — DKCIIOPT, OIITOBBIH MTPOIABEI] — TUCTPHOBIOTOP.
UYerBeprast MpuYuHa — CTPEMIICHUEC K SKOHOMHU SI3bI-
KOBBIX CPEJICTB, UYTO CTUMYIIUPYET TCHICHIIHIO 3aMCHBI
TPOMO3JIKMX CIIOBOCOYCTAHUIH OIHOCIOBHBIMH HaW-
MEHOBaHUAMH. Tak, cJI0BO OpOKep yIa4yHO 3aMCHSIET
B PYCCKOM $I3bIKE OIMCATENILHBIN MEPEBOM «HOCPEOHUK
MedHcdy npooasyoM U noKynamenem Ha poHO080l, mo-
BAPHOUL UL BATIOMHOU OUPIHCAXY .

Ho cy1mecTByIOT Takke U CONUATBHO-TICHXOJIOTH-
YECKUE MPUYUHBI 3aMCTBOBAHUI:

1) NIpecTHKHOCTH MHOSI3BIYHOTO CJIOBA 110 CPaBHE-
HUIO C POJIHBIM WJIM PaHEe 3aMMCTBOBAHHBIM U TIOJHO-
CTBIO ACCHMWJIMPOBABIINMCS B PYCCKOM SI3BIKE CIIOBOM.
Hocutenb pycckoro si3blka, HCIONB3Ysl WHOSI3BIYHBIC
(GhopMbl, TaKKe KaK MPE3CHTAIMsI, KOHCAJITHHT, [TOKa3bI-
BAcT CBOIO YYEHOCTh, HAUMTAHHOCTh (3a4acTyl0 MHH-
MBI€) U CBOE COIIHAIBHOE TIOJIOKEHHE;

2) KOMMYHHKAaTHBHas aKTyalbHOCTb MOHSATHS
U COOTBETCTBYIOILIETO €My CJIOBA CIIYXHT CTHMYJIOM
JUIS PaciipoCTpaHeHHs HHOA3BIYHOM JiekcukH [ 5—7]. Ko-
HEYHO, aKTyaJbHOCTh MEHSIETCSI CO BPEMEHEM: HalpH-
Mep, Takue CJIOoBa, KaK MaTepualiniM, UMIICPUAIIN3M,
MOTEPSUTH CBOIO aKTYyallbHOCTb, IIMPOKO PacIpocTpa-
HEHHBIMH TEPMHHAMH CETOHS CTald JeBEJIONIMEHT,
kpayndaHI|HT U JIp.

WHos13pIuHAas JIEKCUKA, BXOJAIIAs B PYCCKUH SI3BIK,
paszmensieTcs Ha OCBOCHHBIC M HEOCBOCHHBIE 3aMCTBO-
BaHus [8, 9]. B oTedecTBEeHHOW THHTBHUCTHKE CyIIe-
CTBYeT HECKOJIBKO KJacCH(UKAIMA 3aMMCTBOBAaHHBIX
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CJIOB: TIOJHOCTBIO YCBOEHHBIE, COXPAHSIOIINE YEepPTHI
sI3bIKa-ZI0HOpa [9], MHTEpHAMOHAIN3MBI, 3K30TH3MBI.
N.b. Tomy6 paccmarpuBaeT 3aMMCTBOBAHUS, YIUTHIBAS
OIpaHMYEHHOCTh ¥ HEOTPAaHHYEHHOCTh UX yIOTpeode-
Hus B peun [10].

WHocTpaHHas 1eKCUKa IPOHUKAIA B PYCCKHUMN SI3bIK
JIBYMsI CIIOCOOAMU: YCTHBIM M MUCbMEHHBIM; JI0 KOHIIA
XVIII B. HHOS3BIYHBIE CIIOBA 3aUMCTBOBAIUCH PYCCKUM
SI3BIKOM ITOCPEACTBOM YCTHOH peun, B XIX B. — Omaro-
Jlapsi TUCbMEHHBIM MCTOYHUKAM, a B XX B. — 4epe3
MenuiiHble cpeacTsa. Tak, B anoxy Ilerpa I B pycckuii
SI3BIK TIPOHHUKJIO OKOJIO TPEX THICSY MHOSI3BIYHBIX CIIOB,
U3 HUX aHIIMIU3MOB OBUTO JHIIb 5 %; B COBPEMEHHOM
PYCCKOM SI3bIKE€ aHMIUIM3MBI He mpeBbimatoT 10 %
0T 001Iero JeKcudecKkoro cionaps [11].

B konme XX B. Ha0IIONATOCH aKTHBHOE Pa3BUTHE
MH(POPMALMOHHBIX TEXHOJIOTHH, JKOHOMHUECKHX U (HH-
HAHCOBBIX OTHOWIEHNH. OUeBUIHO, YTO UIMEHHO B 3TOT
UCTOPHYECKHH TIEPHOJ] B PYCCKHUH S3bIK BOILIO OOJIb-
1I0€ KOJIMYECTBO AHMIUIM3MOB, TaKUX Kak JIUCILIEH,
Opay3ep, CaiT, KpeIuT, MapKeTHHT, OpOKep.

B oreuecTBEHHOM JMHIBUCTUYECKOW JIMTEpaAry-
pe MHEHMS OTHOCUTEIBHO 3aMMCTBOBAaHUIl U ymoTpe-
OJIeHUs] WHOS3BIYHBIX CJIOB CHJIBHO pasHAThCS. Tak,
B.I. benuHckuili, pa3aensBIIMil TOUKY 3peHUs 3amnaji-
HHUKOB, CYMTAJl, YTO 3aMMCTBOBaHMs OOOTAIalOT JICK-
CHUYECKHMH 3amac pycckoro sizbika, a B.M. Jlane, otHO-
CSAIUICS K pycodmiam, OTMEYall HeTaTHBHOE BIIMSTHHE
WHOCTPAHHBIX CJIOB Ha HALMOHAJIBHYIO CAMOOBITHOCTh
SI3BIKA.

Criop 3amajHMKOB W CIaBsSHO(MIOB O coxpa-
HEHWU YUCTOTBHI PYCCKOTO si3bIKa OEpeT CBOE Hayajio
¢ XVIII B. JIMHTBUCTHI-CTaBIHOPIIBI HE NMPHHAMAIN
A3BIKOBBIX pedopm, mpoBoguMbeix H.M. Kapam3unbiM.
A.C. lllumikoB, Bo3riaBmsBIIKi 00mecTBo «becena
TFOOWTENEH PyCCKOTO CIIOBay, Mpe3nuaeHT Poccuiickoit
aKaJIeMUU HayK, MHHHUCTDP HApOJHOTO MPOCBEIICHHS,
OTMEYaj, YTO 4YPEe3MEpPHOE 3aMMCTBOBAHHWE IaryOHO
BIIMSICT HA POIHOM s3bIK: «MHOCTpaHen HayduT MeHs
CBOEMY SI3bIKY, CBOUM HPaBaM, CBOMM OObIUasiM, CBOMM
00psi1aM; BOCTIAIUT BO MHE JIIOOOBH K HUM; a MHE Ha-
IOOHO JOOHUTH CBOM... OH BO30YAHUT BO MHE JKCIIAaHWE
YUTATh €ro MUCATeNeH, MPUCTPACTUT MEHS K UX CIIO-
TY, BEIpQXKEHUSIM, CJIOBaM — a upe3 TO OTBPATUT MEHS
OT YTEHHMSI COOCTBEHHBIX MOMX KHHI, HO3HAHUS KPAcoT
A3bIKa MOETO... Takum 00pa3oM, Ja’ke HEXOTS, BIOKHUT
B MEHsI BCE CBOE, HCTPEOUT BO MHE BCe MOe M, cOH-
3MB MCHSI CO CBOMMH OOBIYasMH M HPABaMHM, YIAJIUT
oT MouX» (SI3BIK HaIl — TOBOJBIPH HAII B pail win
B aja. Uznanue MexayHapoanoro (ounna CraBsHCKOU
MMMCBMEHHOCTH U KYIbTYpHI [12]).

Bompoc o nmomycTHMOCTH M II€I€cO00pa3sHOCTH
3aMMCTBOBAaHUM M O COXPAaHEHMH UYUCTOTHI PYCCKOTO
SI3pIKA OCTAETCS JUCKYCCHOHHBIM U O CeHl IEHb.

Camo 1o cebe 3aMMCTBOBAaHHE HWHOCTPAHHBIX
CJIOB — HOpMAaJIbHBIN Mpolece, OeccropHo, obora-
waoumii npuauMatoumil s3eik [13]. Hanomuum, uro
1 B MHOCTPAHHBIX SI3bIKAX MPWKAIOCH HEMAJIO 3aUM-
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CTBOBaHMIA U3 pyccKoro si3bika [14]. [Ipobiema B ToM,
YTO 3a MOCIEIHUE AECATWIETHS MPOU30IIIO Pe3Koe,
Jake 4Ype3MEpHOEe YBEIWYCHHE YHUCIIa MHOCTPAHHBIX
CIIOB, UCIOJB3YEMBIX B PYCCKOM SI3BIKE, B OCHOBHOM
MIPUIIEIINAX U3 aHIIUHACKOTO S3bIKa (YTO OBLTO CBA3aHO
CO CTAaTyCOM aHIVIMHCKOTO S13bIKa KaK A3bIKa MEXIyHa-
pOHOrO OOIIEHHMS, & TAKXKE C TECHBIMH CBs3siMU Poc-
CHH C aHDJIOA3BIYHBIMH CTPaHAMH), U U3 APYTUX SI3bI-
KOB, HampuMep (ppaHIry3cKoro.

CormmacHo ®@enepansHomy 3akony ot 01.06.2005
Ne 53-®3 «O rocymapcTBeHHOM si3bIKe Poccuiickoit
Oeneparm» (4. 6 cT. 1) cI0Ba WHOS3BEIYHOTO TPOTIC-
XOXJICHHSI HE JOJDKHBI TPEBAIMPOBATH NPU HATMUUN
DKBHUBAJICHTHBIX M CHHOHHMHUYHBIX CJIOB B PYCCKOM
s3pike.  OJHAKO TAaKOro OrpaHMYEHHs OKa3auoch,
10 MHEHHMIO 3aKOHOZATEIsI, HE/IOCTaTOYHO, U B (peBpase
2023 r. T'ocynapctBenHas [lyma PD mpunsna 3akoHo-
npoekT Ne 221977-8 «O BHecenuu uzMeHeHuii B De-
JepanbHblii 3akoH “O rocymapcTBeHHOM s3blke Poc-
cuiickoii denepanuu” (B 4aCTH COBEPIICHCTBOBAHUS
MEXaHH3MOB O0€CTeUeHHUs] CTaTyca pPyCCKOTO s3bIKa
KaK rocy/1lapcTBeHHOrO si3bika Poccuiickoit denepanuu
U OCYIIECTBICHHS KOHTPOJIS 3a COONIONEHHEM HOPM
COBPEMEHHOI'O PYCCKOTO JINTEPATypPHOTO sI3bIKa)». De-
JepanbHbI 3akoH «O BHeceHMH m3MeHeHHid B Dene-
panbHBINA 3ak0H “O TOoCyZapcTBeHHOM si3bike Poccwii-
ckoit dexepannn’™s 6611 mpuHAT 28.02.2023.

B rtekymeit pemakunn 3akoH «O rocymapcTBeH-
HOM si3bIke Poccmiickoit deneparmm» 0O0sS3bIBACT UC-
TI0JIb30BaTh MCKOHHO PYCCKHE CJIOBAa W MHUHHMH3H-
poBaTh MHOCTPAaHHBIE CIIOBA B CIEAYIOMUX cdepax:
JeATEIbHOCTh TOCYIAPCTBEHHBIX (MYHHIINIAIBHBIX )
OpraHoB, OpraHM3alMi (B TOM YHUCIE AEIONPOU3BOA-
CTBO), HAUMEHOBAHHMSI OPTaHOB BJIACTH, CYAOIPOU3BO-
CTBO, TEKCTbl HOPMAaTHBHBIX aKTOB, mpoaykuus CMU
U peKiaMa, HaMEHOBaHUS reorpapuyeckux 0ObEeKTOB
1 HaJIIUCH Ha JOPOXKHBIX 3HaKax U T.A. (4. | cT. 3 3aKo-
Ha 0 TocyaapcTBeHHOM si3bike)'. K chepam, B KOTOPBIX
HCIOB30BAaHUE PYCCKOTO S3bIKA CTAJ0 00s3aTelIbHBIM
U HE JOIyCKAIONUMM HHOCTPAaHHBIC 3aWMCTBOBAHHUS,
OBUTH OTHECEHBI JIESITEIbHOCTD TOCYIapCTBEHHBIX (MYy-
HUIAIMAJIBHBIX) OpPraHoB, OQHIMAiIbHAS TIeperrcKa
OopraHu3aii Bcex (OpM COOCTBEHHOCTH C TpaXkKaa-
HaMH-POCCUSIHAMH, HAaUMEHOBAHHS TeoTrpaduuecKux
OOBEKTOB M HAIIHMCH HA JTOPOXKHBIX 3HAKaX M T.J., yKa-
3aHHUE aJPecoB B TeJEerpaMMax, Ha MICbMax W MOCHUI-
Kax; coJep)KaHHe TOCYJapCTBEHHBIX M MYHHUIWIAIb-
HBIX HHPOPMALMOHHBIX CHCTEM; a TaKKe HH(POpPMAIHs
0 TOBapax, NpeHa3HauCHHAs IS IIOTPEOUTEIICH.

ITo MHEHMIO aBTOPOB, B CBETE U3MEHEHUH, IPOU30-
LIeIINX B IJI0CKOCTH HOPMATUBHO-TIIPABOBOTO PEryIIH-
poBaHHMs OHUINATBHOTO SI3bIKA, aKTyaIbHOCTH ITpo0ie-
MBI 3aUMCTBOBaHMH MOBBIIIAETCA. ABTOPAMHU CTaTbU

'O Buecenun uamenenuit B Oenepanpublii 3akoH «O rocy-
napcTBeHHOM si3bike Poccuiickoit denepanumn» : Penepaib-
el 3akoH OT 01.06.2005 Ne 53-®3 B pemakumuu 3akoHa
Ne 52-03 ot 28.02.2023. URL: http://actual.pravo.gov.ru/

text.html#pnum=0001202302280028
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OBUTH MPOAHAIM3UPOBAHBI HEKOTOPHIE 3aMMCTBOBaHHS,
pacripocTpaHeHHbIe B c(epe rocyJapcTBEHHOTO U My-
HUIMTNAIBHOTO YIPABICHHs, U3y4YeH BOIPOC O TOM, Ha-
CKOJILKO OIIPaBJaHO HCIIOJIb30BaHUE 3aWMCTBOBAaHHI
(¥ B 4aCTHOCTH — AQHIIMIIM3MOB) B COBPEMEHHOI peun
TOCYIApCTBEHHOIO W MYHHMLMIAJIBHOTO YIIPABICHUS,
€CTh JIM B PYCCKOM SI3bIKE JKBHBAJICHTBI, CIIOCOOHBIC
3aMEHHUTh aHIJIMIU3MBI, 1 KaK 3aIMCTBOBAHUS BIIHSIOT
Ha Ka4eCTBO M YHCTOTY S3bIKa (B TOM YHcie — O(HUIH-
aJBHOTO).

MATEPHWAJIBI U METO/JbI

Teopernueckyto 0a3y HcClieOBaHHS COCTABHIN
paboTBI aBTOPOB, TMOCBSIICHHBIC TPUYNHAM M TCHICH-
UM 3aMMCTBOBAHUHM MHOCTPAHHBIX CJIOB B PYCCKOM
s3pIke, Takux Kak: C.B. Anoxuna [15], H.H. Be3nenex-
wex, C.B. [Tronsaxosa, C.C. 3aiinesa [16], M.A. Bpeii-
tep [17], B.I. JdempsnoB [13], JLII. Kpeicun [5, 6],
B.M. HoBuxos [18], M.1O. Ceménona [19], JI.B. Illep-
6a [20], I.b. Tony6 [10]. IIpakTnyeckumMu MaTepraa-
MU JUISL HACTOSILIETO MCCIIEAOBAHUS TTOCIYKHIH OpH-
IAJIbHBIC JOKYMEHTHI, OHy6HI/IKOBaHHI)Ie Ha pyCCKOM
a3bike B 2000-2023 rr, ¥ BBICTYIUICHUS MIPEJCTaBUTE-
JIel OpraHoB TOCYAapCTBEHHOTO W MYHHIIMITQIIEHOTO
YIPaBJICHUs, @ TAKXKE PE3yJIbTaThl ONPOCa, IPOBE/ICH-
HOTO aBTOpPaMM CPEIN CTYJCHTOB-0aKajaBpOB HalpaB-
nenus 38.03.04 «[ocynapcTBeHHOE U MyHHLIUIAIBHOE
ympasieHue» (2—4 Kypcsl).

IIpn mMOAroTOBKE CTAaTbM MCIOJNB30BAHBI TaKHe
METO/IbI, KaK HaOIIOIeHNE, ONMCAHUE, OIpPOC, KOIH-
YECTBEHHO-CTATUCTUYECKUN aHAIN3, CPaBHUTEIBHO-
CONOCTAaBUTEIbHBIA aHAIN3, CTPYKTYPHBIH aHaJn3,
CEMaHTHKO-CTHJINCTHUECKUH aHaau3, METOJ ANUCTPH-
OyTHBHOW CEMaHTHKH, YACTOTHBINA aHATIN3 | JP.

Omnpoc cpeny CTYIEHTOB NPOBEIACH Ul BbIABIIC-
HHA CTCIICHU IIOHWMAaHHUs 3aMMCTBOBAHHBIX CJIOB, OT-
HOCSIIUXCSI K npodeccuoHanu3MaM B cepe rocymap-
CTBCHHOI'O W MYHHUIHNAJIBHOI'O YIIPABJICHUA. MCTOI[
AQHKETHPOBAHMS /ISl BBIMOJHEHHS HKCIIEPUMEHTA BbI-
OpaH IO CIEAYIOIMM NpUYMHaM: 1) aHKeTUpOBaHHE
CUUTAETCS OJIHUM M3 ONEPaTUBHBIX METOJI0B cOOpa NH-
(dopmarmy; 2) noyueHHbIE Pe3ysIbTaThl XOPOIIO IMOA-
JIAfOTCsl MaTeMaTn4eckoii 00padoTke; 3) JaHHBIA METOX
TI03BOJISIET OXBATHThH OOJIBIIOE KOJIMYECTBO CTYICHTOB
(chopmupoBaTh 1OCTATOYHO PENPE3CHTATHBHYIO CTa-
TUCTHYECKYIO BBIOOPKY, MO3BOJISIONIYIO CAETaTh 000-
CHOBAHHBIC BBIBOJIBI).

Lens aHKeTHMpOBaHUSI — OINPEAEIUTb, B KaKOU
Mepe CTyACHTHI, o0ydJaromniecst Ha GaKyIbTeTe MEHE -
JKMEHTa, BIAaJCIOT 3alMCTBOBAaHHOW TEPMHUHOJIOTUEH
U HACKOJIBKO IIPaBUJIBHO €€ UHTEPIIPETUPYIOT.

PE3VYJIBTATHBI HCCIEJOBAHMUA

3aMMCTBOBAaHHBIE CJIOBA IO CTEIIEHH OCBOCHHS
PYCCKHUM SA3BIKOM Pa3JINYAOTCA Ha ITOJHOCTBIO acCH-
MUJIMPOBAHHBIC, YACTUYHO aCCUMHUJINPOBAHHBIC, HEAC-

cUMMIIMpoBaHHbIe. K aOCONMOTHO acCHMIITMPOBAaHHBIM
CJIOBaM OTHOCSITCS T€, KOTOPbIE BOCIPHHUMAIOTCS KaK
HCKOHHBIE M COOTBETCTBYIOT (DOHETHYECKUM, IpaMMa-
THYECKUM HOpMaM si3bikaM. K yactnuno accumunmpo-
BAaHHOW JIGKCHUKE OTHOCSTCS CJIOBA, MMEIOIIUE OOJIHK
SI3bIKA-MCTOUYHMKA M0 CBOEMY HAIMCAHHUIO U MPOM3HO-
nieHuo. HeacCMMWIMPOBAaHHBIMU CUHTAIOTCSI JIEKCH-
YECKUC CIUHUIIBI, KOTOPHIC HE MOTHOCTHIO OCBOCHBI
S3BIKOM-peUITueHToM [21].

B macnopre, pabounx nporpaMMax 1 cojepkaHuu
KypCOB TI0 HampasiieHHI0 «[0cymapcTBeHHOE M MyHH-
LUIAJIBHOE YIPABICHUE» MIPUCYTCTBYIOT CIIOBA U CJIO-
BOCOYETAHMSI B PAa3HOW CTENCHH aCCUMHUIIMPOBAaHHBIC,
UMEIoIMe W He MMEIOIIME aHaJIoroB, KOTOpBIE M0-
CTAaTOYHO TOYHO TepeaBain Obl UX 3HAUYCHUE HA PYyC-
CKOM si3bIKe. K 4HCIly TakuX CJIOB MOXKHO OTHECTH:
e-governance;, OpeHOuHe (bpenouHe meppumopuil);
retic; ERP (cucmema Enterprise Resource Planning);
busnec-accoyuayuu, IT-mexnonocuu;
010021cemuposanue; KiueHmenusm, mpancgepmel,; 610-
poxpamus; roriabopayus,; public management (new
public management); aomunucmpuposanue; GeHyyp-
Hble; KOMMYHUKAMUBHOCTb, COYUADETbHOCTb, AKMOP,
OayHcau3une; KOHCANMuHe, AHMUKPUIUCHDBLL, 0eOHMO-
noeust;, xonyenyusi VBM (Value-Based Management),
apbumpasic;  ouddcumanuzayusi  (OuSUmaru3ayus);
KOppynyusl;,  aymcopcune, UHCAuOepCKuil, KOYYUHE,
aymcemagghune; cmetikxondep, 9muKa, CHOHCOPUHZ,
(MedACKYIbMYPHAS) CEHZUMUBHOCTb, XEOXAHMUNS, Npe-
CHIUIIC U UMUODIC, NPOYECCHDILIL; CHOHCOD, CHOHCOPCMEBO;
JUMUMUPOBAHHOCb (POCA U M.0.); AUMUMUPOBAH-
HbLL, KauecmeenHoe ynpasienue (good governance);
Mmexanusmul co-production u public participation n np.

ABTOpaMH CTarbl H3Y4€H BOIPOC, HACKOIBKO
OIpaBJaHHO MCIOJIb30BAHUE 3aMMCTBOBAHUH (1 B 4acT-
HOCTH — aHTIIMIU3MOB) B COBPEMEHHOMN pevn rocynap-
CTBEHHOTO M MYHHIIMIAJIBHOTO YIPABICHHS, €CTh JIU
B PYCCKOM S3bIKE DKBHBAJICHTBI, CIIOCOOHBIC 3aMEHUTH
AHIVIMIM3MBI, ¥ KaK 3aUMCTBOBAHMUS BIMSIOT HA Kaue-
CTBO U YHCTOTY sI3bIKa (B TOM YHCIIC — O(HUIMATIBHOIO).

J.9. Poszenrans ormeuaer: «BHeapeHue wuHo-
SI3BIYHBIX CIIOB OTMPEIEISIETCSI U HEOOXOMMMOCTRIO Jia-
BaTh Ha3BaHUS HOBBIM IpPEIMETaM U MOHATHsAM. Takue
CJIOBa MOTYT OBITH PE3yJIbTaTOM HOBAaTOPCTBA TOW MM
MHOU HAlUK B KaKOW-JIMOO 00JIaCTH HAYKU M TEXHUKH.
OHH TaKKe MOTYT BO3HHKHYTh KaK CJIEICTBUE CHOOM3-
Ma, MOJBD» [22].

[Momynspusaius B MOCIEAHUE TPUIIATH JIET aH-
[JIMACKOTO sI3bIKa MPUBENA K YBEIWYCHHIO YHCIa aH-
DIMLUKU3MOB U aMEPUKaHU3MOB B PYCCKOM peuu. bbuio
BpeMsi, KOTJia peub 0e3 MHOS3BIYHBIX BKPAIUICHUN CUH-
Tajlack CKYIHOH W mpecHoi. MHOrue 3auMCcTBOBaHUS
CUUTAIOTCS ONPABIAHHBIMHU, TaK KakK CIyXar 0003Ha-
YEHUEM HOBBIX SIBJICHUH, MPEAMETOB, CEphI ACATEb-
HOCTH, Y KOTOPBIX HET CHHOHUMHYHOTO HAa3BaHMs
B si3bIKe-perunuenTe. HeonpasnaHHbIE 3aMMCTBOBaA-
HUSI — 3TO TE CJI0Ba, KOTOPBIC HE Ha3bIBAIOT HU HOBBIC
CJIOBa, HU HOBBIC TIOHSTHSI, KaK [TPABUIIO, OHH OTHOCSIT-

Kjauenmeia,

991

€£Z0Z ‘9 9nsSs| "gL 2WINJo/ . 3IN}08})IY2Jy PUB UOIIONIISUOD UO [BuINOf AJYIUO « NSOIN MIUISOA
€20z ‘9 »2fuag "gL woL - (8uljuQ) 0099-70£Z NSSI (Wulld) GE60-2661 NSSI » ADJIN ¥MHLODg



0935 (Print) ISSN 2304-6600 (Online) « Tom 18. Beinyck 6, 2023

BectHuk MICY ¢ ISSN 1997

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 18. Issue 6, 2023

M.I. JanuensH, E.FO. Bacunwesa, U.X. Jasnemoe

s K JkaproHusmaM u BapsapusmaM [20]. Heompasaan-
HOE€ HCIIONIb30BAaHWE B YCTHOH peud aMepuKaHW3MOB
HE SABJIACTCS MOKAa3aTesIeM 3HaHMS aHDIMICKOTO s3bIKa
TOBOPSIINM, CKOpee BCEro 9To JaHb Moje. Yerosek,
BJIAJICIONINI Ha BBICOKOM ypOBHE ABYMs M Ooiee s3bl-
KaMH, PEAKO BCTABISIET WHOS3BIYHBIC CIIOBA, CTapa-
SCh MPUMEHATH OJIMH SI3bIKOBOW KoJ. Haubonee yacto
B YCTHOHM pe4M HCIIOIB3YIOT HEONpaBIaHHBIC aMepH-
KaHU3MBI JIFO[H, KOTOPbIE BIAJCIOT aHIIMICKUM S3bI-
KOM Ha CaMOM HM3KOM YpPOBHE, CUMTasi [IPU 3TOM, 4TO
WHOSI3BIYHBIC CIIOBA TPHIAIYT BEC UX BBICKA3BIBAHUIO.
beckoHTpOIbHOE NPUMEHEHNE AHIIMIIU3MOB B YCTHOM
U NMUCbMEHHOM PeYn MOPOXK/JIACT MOJHOE MM 4aCTHY-
HOE HEITOHMMAaHHE YCIBIIIAaHHOTO WA IPOYNTaHHOTO,
peub CTaHOBUTCSl HENOHSTHOM M OTAroUmeHHOM. Tak,
y TIOMYJSIPHBIX CIIOB Oednatin, my may, Kpaui, mpoul,
OTHOCSIIIUXCS K BapBapu3MaM, HUMEIOTCS CHHOHHMMBI
B PYCCKOM $I3bIKE, I OHH HE Ha3bIBAIOT HOBBIE PEAIHH.

B mpodeccruoHanbHO#M cpee HEpeaKo MPOUCXO-
JWT Tapajjie]bHOE 3aMMCTBOBAHHUE, ITPHU KOTOPOM 3a-
MMCTBOBAaHHOE CJIOBO B SI3bIKE-PEIUIHMEHTE UMEET TOT
K€ KOPEHb, YTO U B SI3bIKE-UCTOUHHKE [23, 24].

[TpodeccronambHBIMU COOOIIECTBAMU HCIIONbB3Y-
eTcs 0OJbIIOe KOJIMYECTBO aHTIHIN3MOB M aMEpHKa-
HU3MOB Ha -HHI, MMPEACTABISIOIIMX COOOH rpaMmary-
YecKyro (hopMy — repyH/IHi, SKBUBAJICHTOM KOTOPOMY
SIBISIFOTCSI OTIVIArOJIbHBIE CYIIECTBUTENBHBIC MPOLEC-
cyasibHOTO Xapakrepa. [IpumepaMu Takux 3aMMCTBO-
BaHMH MOTYT CIIy)XHThb aMEPUKAHU3MBIL: HeUMUHE,
OpeHOuHe, mpeuouHe, CHOHCOPUHS, AYMCOPCUHE, ayNi-
cmagghune, xeoxanmune v 1p.

AMepUKaHU3MBL HellMuHe (naming) u OpeHOuHe
(brending) amanTUPOBATUCh K S3BIKY-PEIUIHCHTY,
npussiB (opManbHble (OpPMBI: (OHETHYECKYIO, TpaM-
MaTHYECKYIO ¥ CEMaHTHYECKYIO (T.€. JIEKCHYEeCKOe 3Ha-
YeHHEe HOBOOOPA30BaHHOTO CJIOBA), W IPOYHO BOILIA
B MpoeCCHOHATBHYIO PEUb.

[IpodeccronanbHOe CIOBO OpeHOuHe O03HAYACT
CO3/IaHUE W TIPOJIBI)KCHNE Ha PHIHKE TOPrOBOM MapKH.
Eme B 70-x Tomax XX B. CIOBO 6peHO TMPAKTHUYECKH
HE YNOTpeONIsuIoch B PYCCKOM pedM, OJHAKO CyIle-
CTBOBAJIH CJIOBA (hupma, Mapka OT aHTIUICKOTO brend.
B aT0T HcTOpUYecKnii IEpHO CIOBaMHU hupma, Mapra
XapaKTepU30BAIOCh KaKoe-TH00 W3/eNue, HarpuMep
OT OBITOBOM TEXHHKH JI0 TIPEIMETOB IEPBOH HEOOXO/ M-
MOCTH, KOTOPOE TapaHTHPOBAHHO HMMEJIO HaMIydIlee
kauecTBO. OIHAKO JIGKCHYECKOE 3HaUSHHE CIIOB hupma,
Mapxa He MOXKET MOKPBITh BECh CIICKTP 3HAYCHHSI aMe-
pPHUKaHU3MA OpeHOuHe, TaK Kak 3TO TPOIECC «nposede-
HUsL MEPONPUAMUL NO NPOOSUNCEHUIO MOP2OBOT MAPKUL
€ co30anuem nociedyruieco NOI0NHCUMENbHO20 00pa-
3a». Vlcnionp30BaHNe TaHHOTO aMEepHUKaHU3Ma 000CHO-
BaHHO, [TOCKOJIbKY B PYCCKOM SI3bIKE HET DKBHBAJICHTA,
a JUIsl PAaCKpBITHsSI BHYTPEHHETO COACPKaHMUS JICKCEMBI
moTpeOyeTcst HeOOobIIast CIIOBapHast CTaThs.

AMepUKaHU3M HeuMuHe (naming) 0003HAYACT
rporecc pa3pabOTKH HAMMEHOBAHMS OpeHa ISl KOM-
TIaHWH, TOBapa WM YCIYTH U SIBISIETCS OCHOBHOH 4a-
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CThIO MApKCTHHTOBOW CTPATCTHH JIJIsl TOMYJIIPH3AIAN
Openna. Ha pycckuii 361K JaHHBIA TPOECCHOHAIN3M
MOYKHO TIEPEBECTH KaK HMSI00pa3oBaHHE, HO ITHM
CIIOBOM HENb3$s1 PACKpBITh TOJHOE 3HAUCHHUE HelMUH-
2a — TpoIlecca, CBI3aHHOTO C CO3/IaHUECM 3BYYHBIX,
3aITOMUHAIOIINXCS M TOYHBIX HA3BAHUH I TIPEATPH-
SITUH, MPOEKTOB, TOBapoB. OYEBHIIHO, YTO BHYTpPECH-
HEe CONCpKAHUEC TEPMUHOB-aMCPUKAHU3MOB HeUMUHS
U OpeHOune 60Iee MUPOKOE MO0 CPABHEHUIO C PYCCKIM
TepMUHOM. Pycckue orpesesicHuss TPOMO3JIKH, B HUX
HAOJTIOACTCS HAHW3BIBAHHE MAICKCH, YTO TPUBOIMT
K Oosiee peakoMy YHOTpeOJCHHIO TIPU YCTHOM 00IIe-
HUW. AMEpPUKaHU3MBbl JIAKOHWYHBI, OHU CIIOCOOHBI
aJIanTHPOBaThC K TPAMMATHYCCKOM U CIOBOOOpa30-
BaTEIFHON MOJIEIISIM PYCCKOTO SI3BIKA, MOTYT SIBIISITHCS
MPOU3BOAIIMMU OCHOBAMHU (HeUMUH206as1, OPeHOUH-
206blil).

CeMaHTHYECKAs TIPO3PAYHOCTH, KPATKOCTh M M-
KOCTh aMEpUKaHMW3MOB CJyKaT OCHOBHBIM TOKa3are-
JIEM WX TOIMYISIPHOCTH W YaCTOTHOCTH YIOTPEOICHUS.
3anMCTBOBaHHE MOXKHO  CYHTaTh  OIPAaBIAHHBIM
B TOM CJIy4ae, €CJIM HOBOE CJIOBO 3aHMMAET CBOE MECTO
B OIPEICICHHON JEKCUKO-TEMaTHYCCKOH TpyIIe Jr0o
BXOIIUT B y3KompodeccnoHambHyo chepy. bomee Toro,
CJIOBA OpeHOUHe ¥ HellMUHe CTAJIH IICHTPOM CIIOBOOOpa-
30BaTEIBHOTO THE3/A: OpeHO — OpeHOUuHe — OpeHO08blIL;
HeuM — HeuMuHe — HeuMuHosbwil. biaronapst ceoel cro-
COOHOCTH K CIIOBOOOPA30BAaHHIO HHOS3BIYHOE CIIOBO
MTOCTETIICHHO MPUOIKACTCS K SI3BIKOBOM CHCTEME MPH-
HUMAIOIIETO SI3bIKA W CTAaHOBUTCS TOHSATHEE TOBOPSI-
IIMM U CITYIIAFOIINM.

WHos3bpI4HOE  CIIOBO  @ymcopcune TPOUCXOAUT
OT CJIOBOCOUYCTAHHS SI3BIKA oOuter-resource-using —
OyK. Opyeoil UCMOYHUK uUCnoiv3osanus. B pycckoM
SI3BIKE KCIONB3YCeTCS COKPAILICHHBIM BapHaHT aMepu-
KaHU3Ma outsourcing, 0003HAYAIOIINI Iepenady op-
TaHW3aLMEeH CBOWX JIOTIONHUTEIBHBIX, HEOCHOBHBIX,
BCIIOMOTATEJIbHBIX (DYHKIIMH HEKOW CTOPOHHEH KoMIa-
Huu. [Ipu cpaBHEHUH HAIMCAHSI STOTO CIOBA B S3BIKE-
JIOHOPE | SI3BIKE-PEIUITIEHTE CTAHOBUTCSI OYEBUIHBIM,
YTO OHO MO/BEPINIOCH rpaduueckoil u (GoHeTHYeCKON
aIanTaIny.

Tepmun aymcopcumne BOIIET B PYCCKHH S3BIK ITy-
TEM TPAHCKPUIIIINH, T.C. KOMUPOBAHUS 3BYKOBOTO CO-
CTaBa CJIOBa U3 SI3BIKA-MCTOYHWKA. HecMoTps Ha TO,
YTO OHO aJaNTUPOBATIOCH (POHETHIESCKH U TpaPUIECKH,
TEeM He MeHee OHO He BOILIO B pa3psia o0meynoTpeou-
TEJIbHOH JIeKCUKH. DOHETHICCKUI OONUK CIOoBa aymi-
copcuHe TPYACH IS IPOU3HECEHHS M HeTTPUBBIUCH IS
PYCCKOTOBOPSIIIIUX, & COAEpKaTelIbHAs 4acTh IOJHO-
CTBIO TIOHATHA TOJBKO cIieruanucTaM. Mcmons3oBanme
9TOTO CIIOBA, SBIAIONIETOCS TEPMUHOM, B IIHPOKOH ay-
JUTOPUH MIPUBEACT KOO0 K YaCTUIHOMY, JINOO IMOTHOMY
HEMIOHUMAHUIO BBICKA3bIBAHUSI.

Awmepukanusm aymcemacgghune (outstaffing) odpa-
30BaH OT CJIOB out (6He, cHapyoicu) u staff (nepconai)
U 03HAYACT GHEUMAMHbBIL NePCOHAN HEKOU OP2aHU3d-
yuu. Ton aymemaghpuneom TOHNMACTCS aceHmcmaeo,
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8 KOMOPOM OGhOpMIIeHbL CREeYUATUCTIbL, KOMOopble pado-
Mmarom 8 UHbIX KOMNAHUAX-3AKA3UUKAX.

CnoBa aymcopcune v aymemaghgune, MConb3y-
IOIIMECs] CIeNUaIicTaMi B 00JNacTH MEHEPKMEHTa,
HEPEIKO MOKHO YCIBIMATh U3 YCT YHHOBHHKOB IIPH
HMHTEpBbIOMPOBaHHUHU. JIIONISIM, HE 3HAKOMBIM C TEPMHU-
HaMHU yIIpaBICHIECKOH c(hephl, He Bcera OHATHA CYTh
CKa3aHHOTO N0 MPUYMHE HE3HAHUS 3HAYCHUSI CIIOB TIep-
BOMCTOYHHKA. AMEPUKAaHU3M aymcopcuHe, 0003HaYar0-
M Tiepeaady 4yacTu (GyHKIUH KOMITAHUM CTOPOHHEH
OpraHM3alMi, MOXXHO 3aMEHHTH CIJIOBOM CYOIOAps
00 CIIOBOCOYECTaHUEM TIPHUBICUCHIE CTOPOHHHUX Op-
raHu3anui, a aymemaghgpune — CyONOAPSIHON KOM-
MaHWeH, Tepenaronell Ha BpeMs CBOMX COTPYIHHUKOB
B ILITAT KOMIIAHUHM-3aKa3uHKa.

3anMcTBOBaHHOE CIOBO xedxammune (headhun-
ting) — TEepMHUH B YIIPaBICHYECKOH cdepe, o3HAYaeT
TIOWCK U TIEpEMaHNBaHNE BRICOKOKBAIN(DUIINPOBAHHBIX
CHELUAINCTOB. B aHIINHCKOM SI3BIKE CIEHIOBOE CIIO-
BO headhunting (Oyk. oxoma 3a 2on06amu) W3HAYaIb-
HO TPHUMEHSUIOCH B Y3KONpOo(ecCHOHANBHON cpene,
a TI03/IHee TOJIYYHJIIO HIMPOKOE pacripocTpaHeHue Oia-
rofapsi KypHaJINCTaM, OIHCHIBAIONINM IIpOLiecC mepe-
MaHWBAaHUS TOM-MEHEKEPOB KPYITHBIX KOMITaHHUH.
CHHOHMMHUYHBIM BBIPAKECHUEM X€OXAHMUHEA SBISIETCS
executive search (9KCKII03UBHBII NOUCK).

OJHUM M3 MOMYJISIPHBIX CeYac CUUTACTCS TEPMHUH
e-government. B Hactosmiee BpeMs peuKC e- — ITO
YaCTOTHBIA CJIOBOOOpa3oBareibHblil ad)hUKC U HC-
MOJIb3yeTCsl NMpH O0O3HAYCHUM IIOHATHH, CBS3aHHBIX
C «IJEKTPOHHOW» COCTAaBIISIONICH, HamlpuMep, e-mail,
e-commerce. Clef0BaTenbHO, MOJ e-government MOA-
pa3yMeBaeTCs 21eKmpoHHOe NPpagumMenbCcmeo, OIHAKO,
CIIOBapH JAlOT pa3HOE ONPEIETICHHUE ATOTO TMOHSTHS.
Tak, 3T0 CII0BO IPUMEHUMO U K TIOHSITHIO 21€KMPOHHOE
npasumenbcmeo, HYacTb 2NeKMpPOHHO20 20CY0apcmsd
BMECTE C 91EeKMPOHHLIM NAPIAMEHMOM WU IeKMPOH-
HolM  npagocyouem. Hepenko e-government WMeeT
JIBa 3HAUCHUSI — INEKMPOHHOE 20CYOapCmeo U IleK-
MpoHHOe npasumenscmeo. B aHTITUIACKOM S3BIKE TION
e-government TIOAPa3yMEBACTCS 91€KMPOHHOE NPAsU-
menbemeo, T.e. OOLIHOCTB «ANEKMPOHHO20 20Cydap-
cmea, napiamenma u npasocyousy, U «3NeKmpoHHoe
2ocyoapcmeo U npagumenbcmeo». B oTeuecTBEeHHOM
JUTEpaType TEPMUH e-government TPaKTYeTCs CBO-
OOIIHO: 2eKMpOHHOE 20CYOAPCME0, INEKMPOHHOE 20-
cyoapcmeenHoe ynpasieHue, yu@pogoe 20cyoapcmeo
H TIp.

Cnenys onpenenenuto K. Layne u J. Lee [25],
oJ| e-government TIOHAMAETCSl MCTIONB30BaHME TIpa-
BUTEJILCTBOM KOMITBIOTEPHBIX TEXHOJIOTHIl, HapuMep
BEO-TIPIIIOKEHUH, IS OCTYIA K MPaBUTEIECTBEHHOM
uHpopMaIK, NPENOCTaBICHNE PA3INYHBIX TOCYCIyT
KaK PSIOBBIM TPayKIaHAM CTPaHBI, TaK U TOCYIapCTBCH-
HBIM YUPEXKACHUSAM U CTPYKTypaM. AHAJIOTUYIHOH IOo-
3ULUU MPUIEPKUBAIOTCS Takue aBTOphl, kak S.K.M.
Ewurah [26], T. Almarabeh [27, 28] u mp.

E-government TpakTyeTcs M Kak NPUMEHEHHE MH-
¢dopmarmonssix TexHonormid (UT), mH(bOpMaIOHHO-
KOMMYHHUKaIMoHHbIX TexHosoruit (MKT) u apyrux
CETEBBIX TEJICKOMMYHHKAIIMOHHBIX TEXHOJIOTHH C Iie-
JIBIO TIOBBINIEHHS () (PEKTUBHOCTH M PE3YJIBTaTUBHOCTH
IIPEI0CTABICHHS YCIIYT B TOCYAAPCTBEHHOM CEKTOPE.

CrnoBapp Macmillan [26] maet odeHb cBOOOIHOE
B CBOMX paMKax, OTTOTO CIIMIIKOM HEOIIPE/IEIEeHHOE,
OIIpE/ICIICHHUE e-government: «UCnOIb306aHUe UHMED-
Hema npasumenvcmeom, Hanpumep, Ojis npedocmas-
JleHus uHgopmayuy 0ouwecmeenHocmu, wiu 0is mozo,
umoObl 100U MO2NU 20]I0CO8AMb CO CB0E20 KOMNbIO-
mepay. Jlymaercsi, 4To NpH TakOM pa3HOOOPa3HOM
OOBSICHEHNH JIETKO OINHOWTHCS B MPABHIBHOCTH HH-
TeprpeTanui. TepMHUHBI, 0COOEHHO YHOTPEOJISIOIIN-
ecs B IPaBOBOM U YIPaBICHYECKOW MAESITEIBHOCTH,
HE JOJDKHBI UMETh HECKOJIBKO ompenesneHuid. Tepmun
OTIINYAETCS OT OOMIEYMOTPEOUTENEHON JTEKCHKU TEM,
YTO HE UMEET MHOTO3HAYHOCTH U HE MOYKET IIOHUMATh-
Cs TIO-pa3HOMY B 3aBHCHMOCTH OT KOHTEKCTa. MHOTro-
3HAYHOE HMHTEPIPETUPOBAHNE HHOS3BIYHON TEPMHUHO-
JIOTHU MOXET NPUBECTH K CEPbE3HBIM ITPOOIEMaM XOTS
ObI IOTOMY, YTO BapUaTUBHOCTH 3HAYCHHS HE 1T €M~
HOTO TTOHUMAaHHUSL.

J1yist BBISIBIICHUS CTETICHH TTOHUMAaHUSI HEKOTOPBIX
PacIpoOCTPaHEHHBIX 3aMMCTBOBAHHBIX CJIOB, OTHOCS-
mMXcs K IpoeccroHanu3MaM B cepe rocy1apcTBeH-
HOTO W MYHHIIUIIAIBHOTO YIPABICHUs, ObII MPOBEICH
onpoc cpeau crynenroB HUY MI'CY 14 kypca.

Lenp aHKeTHMpOBaHUST — OIPEAEIUTb, B KaKOU
Mepe CTy/eHTHI, oOy4atomuecst Ha (haKyJIbTeTe MEeHe/-
JKMEHTa, BJIAJCIOT 3aMMCTBOBAaHHOW TEPMHUHOJIOTUEM
1 HaCKOJIBKO ITPAaBUIILHO €€ HHTEPIPETUPYIOT.

CryneHTaM OBIJIO TPEMJIOKEHO 3arlOHUTH JBE
AHKETBI: OTKPBITYIO M 3aKpBITYI0. B 3akpeITOil ankere
MIPeAIaragoch 3a/laHue B BUJIE TECTa, B KOTOPOM HEO0O-
XOJIMMO U3 JITaHHBIX BapHaHTOB OTBETOB BHIOpATH Mpa-
BIJIBHOE TOJKOBAHUE MHOS3BIYHBIX TEPMUHOB.

B aHKeTe OTKpBITOrO THIA CTYJACHTHI JOJDKHBI Ha-
IMCaTh CBOE MOHMMAaHHWE aMEPHKAHM3MOB, MCIONbB3Ys
JIEKCUKY PYCCKOTO SI3bIKa U MHTEPHALIMOHAI3MBL.

ITpennoskeHHbIE aHKETBI COCTOSIN U3 CIEAYIOIINX
yacreil:

1. BBomHas1, coneprxamias poch0y K peCIIOHICHTY
OTBETUTH Ha BOIPOCHI, TaPaHTHUIO KOH(PUICHIIHAIBHO-
CTH, OJIarolapHOCTh 33 YYaCTHE B AHKETUPOBAHHH.

2. «ITacnopTHas» B KOTOpPOHM pecroH-
JEHTaMH YKa3bIBaJICs BO3pacT M Kypc. JlaHHbBIE «Ia-
CIIOPTHOM» 4acTH HEOOXOAMMBI JUISl CTATHCTHYECKOTO
aHa/IM3a LeJEBOM ayIUuTOPUH, a OTBETHl OCHOBHOW Ya-
CTH — JUIS TIOATBEPKACHHS MM OIPOBEPKEHUS BbI-
JBUHYTON aBTOPAaMH TMIIOTE3HI.

3. OcHOBHas 4YacTh, IJ€ pa3MEIIEHBl BOIPOCHI
(cm. Tabm. 1, 2).

4acTh,
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Taou1. 1. OTKpPBITHIN BapUAHT aHKETbI, IPEATIOKCHHBIN CTyIeHTaM

Table 1. Open version of the questionnaire offered to the students

OHI/II_HI/ITe, KaK BbI IOHUMAECTE CIICAYIOUIUE CII0BaA.

HaﬁZ[PITC PYCCKHUE CJIOBA WM CIIOBOCOYUCTAHUSA, KOTOPBIC PACKPBIBAIOT 3TU MOHATHS

Describe the way you understand the following words. Find the Russian words or phrases, that explain the following terms

AyTCOpCHHT
Outsourcing

Aytcraddunr
Outstaffing

CrioHCOpHHT
Sponsoring

Koncantunr
Consulting

Koyunnr

Coaching

Taou1. 2. 3akpbIThI BAPHAHT aHKETHI, IPEUIOKEHHBIN CTYIeHTaM

Table 2. The multiple-choice version of the questionnaire offered to the students

Bri6epute npaBmitsHbnii otBeT / Choose the correct answer

a) KagpoBoe arenrctBo / Recruitment agency
AyTcopcuHTr .
Out . b) ®unancoBas kommanus / Finance company
utsourcing
£ c¢) MuBectunmonnas kommanus / [nvestment company
a) Kagposoe arentctBo / Recruitment agenc
Aytcradpunr ) Kazp . gency
Outstaff b) Pexpyrunrosas kommanus / Recruiting company
utstaffing .
£ c¢) dunancoas komnanus / Finance company
a) [IpoBenenue pexiiaMHoi kammanuu / Launching an advertising campaign
CHOHCOPUHT ) Ilp P . . g “ paig
. b) ®unancosas noxaepxka / Financial support
Sponsoring . . .
¢) bnarorBopurensueiii Gpoux / Charity foundation
a) AHanutuk / Analyst
Koncantunr )
. b) Koncynsrant / Consultant
Consulting . .
¢) @unancucr / Financier
a) HacraBuuk / Mentor
Koyuunr . .
Coachi b) ITcuxonor-koncynsrant / Consulting psychologist
oaching
£ c¢) Tpenep / Coach

B anketrnpoBaHMM TPUHAIO ydacThue 85 CTyaeH-
TOB B Bo3pacTe oT 18 no 22 yeT, ABIAIOLUINXCS HOCH-
TENSIMA PYCCKOTO $I3bIKa, B TOM 4HCIe: 36 CTYICHTOB
2-ro Kypca, 34 crynenta 3-ro Kypca u 15 CTyaeHTOB
4-ro xypca. CryneHTsl 1-ro Kypca B aHKETHPOBAaHHH
HE y4acTBOBAJHM, TIOCKOJIbKY Ha MEPBOM 3Tare o0yue-
HUSI OHM 3HAKOMSTCS B OCHOBHOM C OOIIEHAyYHBIMU
TEPMHHAMH, HE OTPY’KA0TCs ITyOOKO B CIIEIHATIBHYTO
TEPMUHOJIOTHIO M MOTYT HE 3HaTh 3HaYCHHUs psAaa Tep-
MHHOB 10 OOBbEKTHBHBIM MIPUYMHAM, HE3aBHCHUMO OT UX
stumosioruu. [1o MHeHUIO aBTOPOB, c(HOPMUpPOBaHHAS
CTAaTHCTHYECKas BBIOOPKA pEMpe3eHTaTHBHA, JOCTa-
TOYHO JIOCTOBEPHO OTpaA)KaeT CBOMCTBA I'e€HEPabHOU
COBOKYITHOCTH (CTyHeHTOB, oOydvarommxcs B HUY
MI'CY no nampasnenuto «locynapcTBeHHOE U MyHH-
LUITAJBHOE YIPABJICHUE») M IIO3BOJISIET JENarh 000-
CHOBAHHBIC BBIBOJIBI.
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B xome amamm3a pe3ynbpTaToB aHKETHPOBAHUS 3a-
MEUEHO, 4TO, 0TBEYasl Ha BOIIPOCHI OTKPBITOTO BapuaH-
Ta aHKEeTHI, CTYACHTHI MIPHUACPKUBAINCH OHON M3 Clie-
JYIOLIMX CTpaTeruii:

* TIpeJyIarajgu pycCKuil TepMUH-9KBUBAJICHT;

* 3aTPYOHITUCH TIOM00PaTh OIXHOCIIOXKHBIN Tep-
MUH-KBHMBAJIEHT, HO CMOIVIM IPEATIOXKUTh JOCTAaTOUHO
YeTKO CQOPMYIMPOBAHHBIN OMUCATEIBHBIN TIEPEBOJ
WM TT0JJ00ME OTpe/IeNICHNs] HHOS3BIYHOTO TEPMHUHA;

¢ IIBITAJIMCh J0raJarbCsi O 3HAUCHUHW TCEpMHUHA
1 TTOSICHUTB €TO «CBOMMH CIIOBAMIY, IIPH 3TOM HE CMOT -
11 ¢(hOPMYITNPOBATH MOSICHEHHE YETKO;

* 3aTPYOHITUCH TIOT00PATh PYCCKHE CIIOBA U ITPE-
JIOKWIJIN 0OBSICHEHNE OJJHOTO 3aMMCTBOBAHHOTO TEPMHU-
Ha C MMOMOIIBIO IPYTOr0 3aMMCTBOBaHHUS;

* HE JIaJii OTBETA WJIM JJAJIA OTBET «HE 3HAIO).

Ha puc. 1 npeacrasneHo pacmpeseneHue crpare-
THHA CPeaH CTYACHTOB 2—4 KypCOB.
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® [lpennoxen pycckuii Tepmun-3kBuBanent / The Russian equivalent is offered

= [Ipennosen nocTaToduHO HeTKHil onHcarenbHblii nepepon / A rather accurate descriptive translation is offered

Cnenana orazika o 3Ha4eHHH TEPMHHA «CBOMMH crioBamu» [ A guess on the term meaning is made “using one’s own words™

= [Ipennoxeno oObAcHEHHE TEPMHHA C IIOMOIIBIO APYyroro 3auMcteoBaHus / The term is explained by another loanword

®  Her otera / No answer

Puc. 1. KonnyectBo CTYACHTOB, BI>I6paBU.II/IX PasIM4HbIC CTPATECTUU TIPU OTBETAX HA BOIIPOCHI OTKpLITOi;I AHKCTBI:

a — 2-ro xypca; b — 3-ro Kypca; ¢ — 4-ro Kypca

Fig. 1. The number of students, who have chosen various strategies when answering open-ended questions

of the questionnaire: a — 2nd year; b — 3rd year; ¢ — 4th year

To ecTh cTyaeHTaM Ha BceX dTamax OOy4YeHHS
CBOWCTBCHHO JyMaTh, YTO OHH 3HAIOT 3HAYCHHUE HWHO-
SI3BIYHOTO TEPMHHA (€r0 PYCCKHUIl SKBUBAJICHT) WIIH MO-
TyT JaTh ero ompeaencHue. OnHAKO aHATH3 COICpIKa-
TEJIBHOM YaCTH UX OTBETOB 3aCTaBIISICT CAEIaTh MCHEE
ONTUMHCTUYHBIC BBIBOJIBI.

Jluie HeOOMbIAS YACTh OMPOIICHHBIX 3HACT TOY-
HOC 3HAYCHUC TCPMHHOB WJIM MOXET JaTh UM BEPHOE
ompeneneHue. Jlpyrast 4acTh ONMPOIICHHBIX UMEET MPH-
OJM3UTEIBHOE, XOTS U HETOYHOE MPEICTABICHHE O 3HA-
YCHUU TCPMHUHOB. BoJbIIast 9acTh OMPOIICHHBIX JHOO
JacT HEBEPHOC TOJIKOBAHHWE TEPMHUHA, COJCPIKAIICE
CYIIECTBEHHBIC HETOYHOCTH, JIHOO HE MMECT MPEICTaB-
JICHHSI O 3HAUCHUH TEPMUHA — JIaCT OTBET «HE 3HAION,
JU00 HE TaeT HUKAKOro OTBeTa (puc. 2).

ITpu 3TOM HEKOTOPBIE MPETIOKEHHBIE HHTEPIIPE-
TalMK HE MPOCTO OTIMYAIOTCS HETOYHOCTHIO, a abco-
JIFOTHO JaJICKH OT UCTHHHOTO 3HAYEHHsI TEPMHHA WJIH
Jla)Ke He OTHOCATCS K YIPaBIEHUYECKOH JeATETbHOCTH,
HAMIPUMED: «aYMCOPCUHS — MO KO20A MU 8bIXOOUN
3a npeoenvl UZpo8020 NOJSLY, KKOHCANMUHE — MO NPO-
dasey-koHcynromanmy. Jons TOXOOHBIX OTBETOB CO-
craBuna 3 %.

Tak)ke MHTEPECHO OTMETUTh, YTO HAMMEHEE I0-
HATHBIMH, WCKa)KEHHBIMU OKa3aJMCh CJIOBA, HIHPOKO
pacIpoCTpaHEHHbIE B PEUYH M KAXKYIIHECS COBPEMEHHO-
MY CTYACHTY NPUBBIYHBIME (CHOHCOPUHZ, KOHCANMUHE,
KOyuuHe), a HE Yy3KHEe TEepPMHUHBI (aymcopcume, aym-
cmagghune), KOTOpbIC OTBEYAOIIUE JTHOO HE MBITATHCH
TOJIKOBaTh, JIMOO TOJKOBAIHA OTHOCHTEIBHO JIOTHYHO,
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Aytcopennr / Outsourcing AyTtcopennr / Outsourcing

Aytcradounr / Outstaffing

CrioHcopuHT / Sponsoring
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Koyunnr / Coaching Koyunnr / Coaching

3
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m Beproe nonnmanue tepmuHa / Proper understanding of the term

Cy1iecTBeHHbIC HETOYHOCTH B TOHUMAHNH 3HAYCHHS TEPMUHA
Essential inaccuracies in the understanding of the term meaning

a — 2-ro xypca; b — 3-ro Kypca; ¢ — 4-ro Kypca

BecTtHuk MICY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 18. Beinyck 6, 2023
Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 18. Issue 6, 2023

a — 2rd year; b — 3rd year; ¢ — 4th year
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Aytcopcunr / Outsourcing

Koyunnr / Coaching

8.

\ S

8

42 _
33

m [Ipubnu3uTensHOe mpeIcTaBlIeHue 0 3HaYeHnH TepMuHa / Approximate understanding, an idea of the term meaning

m [TonHoCcThIO OIMOOYHOE ToHMMaHKe TepmuHa / Completely wrong understanding of the term
m Her oTBera, HeT MpeIONOKEHUH O 3HaUYCHUH TepMuHa / No answer, no assumptions about the term meaning

Puc. 2. Pacnpez[enenne OTBETOB OMNPOIICHHBIX CTYACHTOB C TOUKHU 3pEHUS MTOHUMaHUA 3HAYCHUSA TEPMHUHOB, %:

Fig. 2. Breakdown of answers given by the students in terms of their understanding of the terms meanings, in %:
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OCHOBBIBasICh Ha MMEIONIMXCS 3HAHUAX Tpodeccro-
HaJbHBIX JUCLUIUIMH. DTO MOATBEP:KIAET paHee cle-
JAHHOE HAOIIOCHHE, YTO 3aMMCTBOBAHUS YacTO YIIO-
TpeOJIAIOTCS Kak JaHb Moje, 0e3 TOHMMAaHUS CMBICIA
U MCTIONB3YIOTCS HEBEPHO JIOABMHU, KOTOPbIE HE OTSTO-
LIEHbI HU 3HAaHUAMU POJHOTO U MHOCTPAHHOTO SI3BIKOB,
HU 3HAHUSAMU PO(eCcCHOHATBHBIMH.

B cpennem cpenu cTyieHToB co 2 110 4 Kypc TEpMUH
aymcopcure abCONIOTHO HE TOHMUMAIOT FJTH HEBEPHO TI0-
HUMAIOT 49 % OMPOIICHHBIX, TEPMUH aymcmapghune —
62 %, cnoncopune — 86 %, xoncanmune — 77 %,
Koyuune — 79 % (paccuuTaHO 1O AaHHBIM OIIPOCA KaK
cpenHeapudMeTHIecKas B3BeIICHHAS BETMUNHA).

WHTepecHo, 9To pe3ynbTaThl aHKETHPOBAHUS MAJIO
OTIIMYAIIUCH JUISI CTYACHTOB Pa3HBIX BO3pPacTOB, 00yda-
roruxcst Ha 2—4 kypcax. To ecTh 4yTh OONBIIUIT KH3-
HEHHBIN ONBIT, KPyro30p WX 3Tall NpodeccHoHaIbHON
MTOJTOTOBKH HE TIOMOTIIM TIOHUMAHUIO HHOSI3BIYHBIX
TEPMHUHOB.

Takum o006pa3zoM, MPOBEAEHHOE AHKETHPOBAHUE
MOATBEPANIIO MPEONIOKEHUE aBTOPOB, YTO CTYJCHTHI
BIAACIOT MHOS3BIYHOM TEPMHHOJIOTMEN HE B IOJIHOM
Mepe, 3aTPYOHSIOTCS OOBSCHHUTH 3HAYCHHE TOTO WIIH
WHOTO OTPEACICHUS W, KaK CIEACTBUE, yIOTPEOIIIOT
B PEYM MHOSA3BIYHBIC CJIOBA, 3HAYEHUS KOTOPBIX HE yC-
BOCHBI.

AHamm3upyst pe3yibTaThl aHKETUPOBAHUS, MOXKHO
YTBEP)KIATh CIIEAYIOIIee:

1. Hcnons30BaHre aMEepUKaHU3MOB B YIPAaBJICH-
YEeCKOW JesTelIbHOCTH H30BITOYHO, OOoJbllas 4YacTb
U3 HUX OCTAaeTCs HEMOHSTHIMU, YTO 3aTPYIHSIET IOHU-
MaHHE BBICKAa3bIBAaHHH.

2. Bo n3bexanne HETTOHUMAaHWS M HETIPABHIBHOMN
TPAKTOBKH TEPMHUHOB CJIEAYyeT ynoTpeOnaTs 6ojee 1mo-
HSTHBIC TEPMHHbI — HWHTEPHAIMOHAIN3MBI JIHOO HC-
KOHHO PYCCKHE CJIOBA, SBJISIOIIUECS JEKCHYECKUMU
SKBHUBAJICHTHBIMHU 3aHMMCTBOBaHUSIM.

3. HoBble TepMUHBI-aMEPUKAHU3MBI, UCIIOIb3YIO-
IIFeCs B YIPABICHUYCCKONW NESITEIHHOCTH, HE TOJDKHBI
UMETh PA3JIMYHYI0 MHTEPIPETALHIO, T.e. HEOOXOANMO
3aKPEMUTh 33 KaXKJbIM TEPMUHOM OIpEJeNICHHOE 3Ha-
YEHHE Ha PYCCKOM SI3bIKE.

3AK/IIOYEHUE U OBCYXJIEHHUE

3auMCTBOBaHMS, TOSBHBLIMECS 3a IOCIETHHUE
JIBaJLATh JIET, aKTUBHO UCIIONB3YIOTCS B yIpaBlicHYe-
ckoit cepe nesrenpHOCTH. IlomonHeHWe mpodeccH-
OHAJIHOM JIEKCHMKHM 3aWMCTBOBAaHHMSMH OOBSICHSIETCS
TEM, YTO B PYCCKOM SI3bIKE HET aHAJIOTUYHBIX TIOHSTHH,
TIOJTHOCTBIO PAacKpBIBAIOIIMX WX 3HadeHwi. [Ipomecc
ACCHMMIISILIMK TAKHUX CJIOB, KaK aymcopcute, aymcemag-
Qune, oudoscumanuzayus W APYTHX, 3aiMET HEMalo
BpeMeHu. OZIHAKO CTOUT OTMETHTh, YTO HEKOTOPbIE 3a-
HWMCTBOBaHHS CO BpPEMEHEM OOpETaloT M HEraTHBHYIO
KOHHOTALMIO. DTO OOBSCHSETCS TEM, YTO HEYUCTHIC
Ha PYKY «INbIbI», MPUKPHIBASICH HOBBIMH, HEMOHST-
HBIMH CIIOBaMH (HAIIPUMEP, KOYUUHe, Chut), OPTaHU3Y-

10T pa3JInyHble HE3aKOHHBIE MEPOIIPUSITHS KaK C TOUYKA
3pEeHHUs 3aKOHA, TaK M C IO3UNMI 00IIedeToBedecKon
MOpAJIH.

besycioBHO, MHOS3bIUHAS JICKCHKA, ITPOIIE/ANIas
aJlalTallMOHHBIA TIEpHOJ M Hamleqmasl B S3bIKE CBOE
MECTO, UCTIOJIb3YEeTCs KaK B OOIETUTEPATyPHOM SI3BIKE,
Tak u B npodeccuonansuoM [29]. Ho Hemb3s He yrio-
MSIHYTb M TOT ()aKT, YTO MHOS3BIYHAS JICKCHKA CO3/1aeT
mpo0JieMbl KOTHUTHBHOTO Topsiika. Tak, kenmast mpu-
JlaTh HayKOOOpPa3HOCTh CBOEH pedM, TOBOPSILUMH HC-
TIOJTb3YETCs TAKOE MHOXKECTBO MHOCTPAHHBIX CJIOB, YTO
IIOpON HEBO3MOXHO IMOHATH TeMY pasrosopa. IIpume-
HEHHE Y3KONPO(pEeCCHOHAIBHBIX TEPMUHOB B IIUPOKON
ayZINTOPUH IPUBOJUT K Iy TAHUIIE 110 TOH MPUYHHE, 9TO
HE BCE CIYMIAIOMINE BIAACIOT AHIIMHCKUM SI3BIKOM,
BCJICJICTBHE YEro MPOUCXOJHUT OTTOpKEHHE MH(OpMa-
i, ee HenpuHsThe. CIymaomuii, He 3Has 3HaUYCHUS
CJIOB, CUMTAET, YTO TOBOPSIIHUH, HCIONB3YS «KPaCH-
BBIC» CJIOBA, TOJBKO HPHUIACT «COJIMJHOCTHY» CBOEMY
BBICTYIUICHHIO. VICTIONB30BaHNE 3aMMCTBOBAHHBIX ITPO-
(heccnoHANNM3MOB MOYKHO CUHTATh OIPAaBJAHHBIM TOJb-
KO B TOM Clly4ae, €CJIM TOBOPSIIMHA ¥ CIyIIAroIHe
MIPAaBUIIBHO TPAKTYIOT 3HAUYCHHE HE TOJIBKO OTIEIIBHBIX
CJIOB, HO ¥ OOBEMHBIX BBICKa3bIBAHUH.

Heo0xomumMocTh B 4pe3MEpHOM 3auMCTBOBAaHHU
B TEPMHHOJOTUM — BOIIPOC JAMCKYCCHOHHBIH. OJHM
TIOJTaratoT, YTO MHOSI3BIYHBIC CIIOBA MOMOJIHSIOT JIEKCH-
Ky PYCCKOTO sI3bIKa, JPYTHe CYUTAIOT, YTO 3aMMCTBOBA-
HUSI 3aCOPSIIOT PYCCKHUH SI3bIK, TaK KaK 3HAYCHUS «HO-
BBIX)» CJIOB OCTAIOTCS HE JI0 KOHIIA SICHBIMH.

CJietyeT npHU3HaTh, YTO 3a4aCTYI0 B PYCCKOM SI3bI-
K€ JICHCTBUTENHHO HET CJIOB-1y0aeToB (20CONMOTHBIX
CHHOHHMOB), OOIIEYNOTPEeOUTENHHBIX aHAJIOTOB [UIS
HMHOCTpaHHOTO TepMmuHa [12]. B Takux ciydasx 3aum-
CTBOBaHHUE II€J€CO00Pa3HO M JOCTATOYHO JIETKO aCCH-
MHIJIMPYETCS B PYCCKOM SI3BIKE, COOTBETCTBEHHO, HET
CMBIC/Ia N30aBIISITHCST OT HETO B SI3BIKE TOCYIapCTBEHHO-
r0 ¥ MYyHHIMIIAJIBHOTO YIPABJICHUS, YTO OBLIO YYTEHO
B ronpaBkax K 3akoHy «O rocynapcTBeHHOM si3bIke PD».

OnHaKo aHaNM3 psja TMOMYJISIPHBIX 3aMMCTBOBA-
HUM ¥ pe3ysbTaThbl MPOBEJAECHHOIO aBTOPAaMM OIpoca
MIOKAa3aJIM, YTO YaCTOTHOCTh AMEPHUKAHU3MOB, HCIIOIb-
3yEeMBbIX B TOCYAapCTBEHHOM U MYHHUIINIAILHOM YIIPaB-
JICHUH, BBICOKA, HO TPH 3TOM TEPMHUHOJIOTHS OCTACTCS
HETOHATOH. Vcronb30BaHME JEKCHYECKHUX PECYpPCOB
POZIHOTO fA3bIKA MO3BOJIUT JIydIlIe PACKPBITh CYTh Tep-
MHHA, YTO MPHUBEICT K OoJiee YMECTHOMY €ro IpHMe-
HEHHIO.

Upe3MmepHbIe 3aMMCTBOBAHUS IPUBOJAT K LIEIOMY
Ppsily HEraTUBHBIX d(PEKTOB:

* [IPOMCXOANT YACTUYHAS MOTEPs 3HAYCHHS 3aHM-
CTBOBAHHBIX CJIOB, PACXOKACHHE MOHATHHHOTO COAEp-
JKaHUS B MEKKYJIBTYPHOM KOHTEKCTE;

* qacToe NMPHUMCHEHHE MHOCTPAHHBIX CIIOB B pas-
JIMYHBIX O0JACTSAX MPHUBOAMT, Kak MPaBHIIO, K UX Jiece-
MaHTH3alluu, a yHOTpe6neH1/1e TOI'0 UJIKM MHOI'O TCPMUHA
0e3 JOPKHOTO TIOHMMAaHHMS €ro CHEeUU(UKH B OTpbHIBE
OT TNIEPBOHAYAILHOTO 3HAYEHHS MM MPOCTO KaK JaHb
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MOJIHOMY YBJICYEHHIO TauT B ce0e OITAaCHOCTh CKOPOH €ro
JMCKPEIUTAINY U JJa)Ke He3aCITy)KeHHOTO 3a0BEHNS;

* Ype3MEpPHOE U HETIPABMIILHOE YIIOTPEOICHNE M0~
JOOHBIX CJIOB BHE BCSIKOH JIOTMKH M CMBICIA, HTHOPH-
pOBaHHUE JTUTEPATYPHBIX HOPM MPUBOAUT K HEBEPHBIM
HMHTEpIpeTanysM 3aUMCTBOBaHHBIX TEPMHHOB B peyH,
HENOHUMAaHHUIO peanuil, kasycam. [Ipu sTom nomycka-
10TCsl (DOHETHYECKHE, JIEKCHKO-TpAaMMaTHYECKUE He-
TOYHOCTH WJIN JIA’KE OIINOKH;

*B psle CIy4aeB MHOCTPAHHBIC CJIOBA HCIIOJb-
3yIOTCSI 3aBEJIOMO C II€JIbI0 3aBYaJIHpOBaTh MCTHHHBIN
CMBICTT  BBICKa3bIBaHUS, SBISIOTCS CBOEOOPAa3HBIM
CrIocoOOM yXoJia OT OTBETa W T.II., YTO WJET B pa3pe3
C MIPUHIMIAMHI HA/JIEKAIIETO TOCYAAPCTBEHHOTO U My-
HUIUIAJIHHOTO yIIPaBICHHS;

* ype3MEpHOE HCIOJIb30BaHUE MHOSA3BIYHBIX MPO-
(eccOHANMM3MOB OKa3bIBaCT HEraTHBHOE BIMSHHE
Ha ajipecara, Tak Kak HEIIOHHNMaHNE CHWKAET KOHIICH-
TPAIMIO U BHUMAHHE.

AHanu3 pe3ynbTaToB aHKETHPOBAHMUS, MPOBE/ICH-
HOTO Cpe/Iu CTYJCHTOB — OYIyLIMX HpeICcCTaBUTEIeH
cdepbl TOCYIapCTBEHHOI'O U MYHHIMIIAIBHOTO YIIPaB-
JICHUSI, TIOATBEPIUII, YTO:

e OospmIas 4YacThb TEPMHHOB-3aMMCTBOBAHUI
B YIIPABJICHUECKON AEATEIBHOCTH OCTAETCS HEMOHSThI-
MH, YTO 3aTPyAHSIECT HHTEPIPETALINIO BBICKA3bIBAHUI;

* BO MHOTHX CJIydasiX CJie/oBaJIo Obl yIOTPeOIsTh
Oonee TOHATHBIA TEPMUH — WHTEPHAIMOHAIN3MBI
100 MCKOHHO PYCCKHE CIIOBA, SBISIOMINECS JIEKCHUEe-
CKHMH 3KBHUBAJICHTAMH 3aUMCTBOBaHHUSM;

* TEPMUHBI-3aUMCTBOBAHUS,  HCIOJB3YIOLIHECS
B YIIPaBJICHYECKON AEATENBHOCTH, HE JOJKHBI UMETh

Pa3IMUHYI0 MHTEPIPETAHIO, T.€. CIEAYET 3aKpPErnuTh
3a KaK/IbIM TEPMHHOM OIIPEIEICHHOE 3HAYCHNE Ha PyC-
CKOM SI3BIKE.

Hpunsateiii 01.06.2005 denepanbHBI 3aKOH
«O rocynapcTBeHHOM s13bIke Poccuiickoit denepannmy
OIIOCPENIOBAHHO pa3pelnlaeT UCIONb30BaHUE WHOS3BIY-
HOW JIEKCHKH, HE HMMEIOIeH 00IIeynoTpeOnTeIbHBIX
AHAJIOTOB B PYCCKOM $I3bIKE, B ODUIIMAIBHBIX U TIPaBO-
BBIX JOKYMEHTaX, X0Ts pefakius 3akoHa ot 28.02.2023
U CY)KaeT ero BOSMO)KHOCTH.

PaccmarpuBasi ~ mpUMEHEHWE  3aMMCTBOBaHHI
B PEYH TOCYAapPCTBEHHOTO W MYHHIHIIAILHOTO yIIPaB-
JICHUS! KPUTHYECKHU, C TOYKH 3PEHUS UX Iesiecoodpas-
HOCTH ¥ TIOCJICIICTBUI IS KYJIBTYPBI POIHOTO SI3BIKA,
KyJIBTYpbl O(QHUIHAILHOTO OOLICHUS, aBTOPHI MPUIILIN
K BBIBOJY, YTO HEOOXOANMO HE KYJIBTHBHPOBAThH Ype3-
MepHOE yoTpeOieHNE «IUITHUX» HHOCTPAHHBIX CJIOB,
a BHEAPATh CHCTEMATHYECKOE OCMBICIICHHE UX ITUMO-
JIOTHH, CEMaHTHKH, CTHIMCTHKH, CIEIM(UKU yHOTpe-
OJIeHHMS B pa3INYHBIX CHUTYaLUsIX, YTO IPUBEAET K 0CO3-
HaHHOMY U OINPABAaHHOMY YIOTPEOIEHHIO TOJIBKO TeX
3aMCTBOBAHHUI{, KOTOpBIC, NMpUAaBas OQUIHAILHOMY
PYCCKOMY $I3bIKYy TOYHOCTBH M KPacoTy, He OyayT 3aco-
pATh ero. B ocTanbHBIX Clly4asx JOJDKHBI yIIOTPeOIATh-
Csl PyCCKOSI3bIYHBIC 9KBHBAJICHTHI. Kak pesysbrar, s3bIK
opHUIIHANBEHBIX TOKYMEHTOB B O()UITHATEHOTO OOIIICHNS
N30€XKHUT HEBEPHBIX WIIN JIBYCMBICIIEHHBIX HHTEPIIpETa-
L1, He OyZeT BBI3bIBATH HETaTUBHOW peaKIHy B 00IIIe-
CTBE, CMOXET CIIOCOOCTBOBATH IOBBIIICHHIO KauyecTBa
1 3G PEKTHBHOCTU TOCYAapCTBEHHOTO U MYHHLIUIIAIIb-
HOTO yIpaBJICHUSL.
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TpeboBaHUsA K 0POPMAEHMIO Hay4YHOH CTaTby

TPEBOBAHNA K O®OPMJIEHUIO HAYYHOU CTATbMU

Texct cratpu HaOupaercs B aiinax B popmare .docx.

CTPYKTYPA HAYUHOM CTATHHU

Hay4Hnas craThst JOJDKHA COCTOSITH M3 CIEAYIOLIMX CTPYKTYPHBIX JIEMEHTOB: 3arOJIOBOK, CIIHCOK aBTOPOB,
AQHHOTAIIMsI, KITFOYEBBIE CJIOBA, OCHOBHOM TEKCT, CBEJICHUS 00 aBTOPAaX, CIIMCOK HCTOYHHKOB.

3arojoBOK, CIIMCOK aBTOPOB, aHHOTAIIMs, KIIIOUEBbIE CJIOBA, CIIUCOK MCTOYHUKOB YKa3bIBAIOTCS MOCIIEIOBA-
TEJILHO Ha PYCCKOM M aHIIMHCKOM SI3bIKaX.

3aroyI0BOK K CTaThe JO0JKEH COOTBETCTBOBATH OCHOBHOMY COJICPIKAHHIO CTAaThH. 3aroJIOBOK CTAThU JTOJKEH
kparko (He 6omnee 10 CIIOB) ¥ TOYHO OTpakaTh OOBEKT, IIENNb U HOBU3HY, PE3YIBTaThl IIPOBEJCHHOTO HAYIHOTO UC-
cnenoBanusa. OH JOJDKEH OBITH MH(POPMATUBHEIM M OTPaXKaTh YHHKAJILHOCTh HAYYHOTO TBOPYECTBA aBTOpA.

CHHcOoK aBTOPOB B KPaTKOH (hopMe OTpaskaeT BCEX aBTOPOB CTAThU U YKAa3bIBACTCS B cleAyIomeM Gopmare:

HUmsa OruectBo @avminus', Uma OTtuecTtBo Pamuins’

! Mecmo pabomul nepéozo aemopa, 20poo, Cmpana

2 Mecmo pabomoi émopo2o asmopa, 20pood, cmpana

*ecau asmopos ne bonee wemvlpex, mo Heobxooumo ykazvieamv noanvie PHO, om namu asmopos
u bonee — doNyCMuMo UCTONb306AMb UHUYUATL

AHHOTANOMNA

OCHOBHOW IPUHIIAIT CO3/IaHUs aHHOTANK — HH(popMaTuBHOCTE. O0BeM aHHOTamu — OT 200 10 250 cioB.

CTpyKTypa U cofepKaHue aHHOTAIMH JOHKHBI COOTBETCTBOBAThH CTPYKTYPE U COACPIKAHUIO OCHOBHOTO TEK-
CTa CTaThU.

AHHOTaIs K CTaThe JOJDKHA MPEICTABIATh KPATKYIO XapaKTePHCTHUKY HAYYHOH CTaThU. 3ajada aHHOTa-
1IUM — JaTh BO3MOXHOCTh YUTATEI0 YCTAHOBUTH €€ OCHOBHOE COJIEPKAHKE, OMIPE/ICIUTh €€ PEIEBAHTHOCTD U Pe-
IIUTH, CIICIYET JIX 00paIaThes K IOTHOMY TEKCTY CTaThH.

UeTKkoe CTPYKTypUPOBAHHE aHHOTAIIMH MO3BOJISIET HE YIMYCTUTh OCHOBHBIE dJIEMEHTHI cTaThu. CTpyKTypa
AQHHOTALMW aHAJIOTUYHA CTPYKTYpE HAyYHOU CTaTbU U COACPKUT CIEAYIOUINE OCHOBHBIC Pa3/ieibl:

* BBeaeHmne — cofep)KUT OMUCAHNE TIPEIMETa, IeNiell U 3a7a4 NCCIIIOBAHNS, AKTyaIbHOCTb.

e Marepuaabl 1 MeTOIBI (HITH METOIOJIOTHSI IPOBEICHHS PAOOTHI) — ONMUCAHKE HCIIOIh30BAHHBIX B UCCIICIO-
BaHUM WH(POPMAIMOHHBIX MaTePHAIOB, HAyYHBIX METOIOB MJIM METOIUKA TPOBEICHHS UCCIICIOBAHNUS

e Pe3yabTaThl — NPUBOISITCS OCHOBHBIC TEOPETHUCCKUE U IKCIICPUMCHTANBHBIC PE3yJIbTaThl, (PAKTHYCCKUEC
JTAHHBIC, OOHAPYKEHHBIC B3aUMOCBSI3H ¥ 3aKOHOMEPHOCTH. [IpeinoureHue OTnaeTcsi HOBBIM Pe3yJIbTaTaM H BBIBO-
JaM, KOTOpBIe, T0 MHEHHIO aBTOPa, HMEIOT MPAKTHYECKOE 3HAYCHNUE.

* BbIBOIBI — UYETKOE M3JI0KEHUE BBIBOJIOB, KOTOPHIE MOT'YT CONPOBOXKAATHCS PEKOMEHAIMSIMU, OIICHKaMH,
MIPEUIOKCHUSMH, OTIMCAaHHBIMU B CTaThE.

e KioueBble cj10Ba — MEPEUUCIIIOTCS Yepe3 3amsaTy o, KoJrudecTBO — oT 7 70 10 cios.

BaaronapuocTn. Kparkoe BeIpakeHHE OaronapHOCTH MEPCOHAM W/WIIA OpPTaHU3aIUsIM, KOTOPBIE OKa3al
TTOMOIIb B BBITMIOJITHEHUW UCCIIETOBAHMS MM BHICKA3bIBAJIM KPUTHYECKHE 3aMeUaHusl B aJpec Baiei cratbu. Taxoke
B pa3jielic YKa3bIBaCTCsl UCTOUHUKU (DMHAHCUPOBAHMS UCCIICIOBAHUS OT OpraHU3aluidi U (POHOB OpPraHU3aAIHIM
1 QoHIaM, T.. 3a CYeT KaKUX TPAHTOB, KOHTPAKTOB, CTHIIEHANN YIaJIOCh TPOBECTH MCcieqoBaHue. Pa3en mpuBo-
JUTCS TIPYA HEOOXOIMMOCTH.

AHHOTAIVSI HE TOJDKHA COICPIKATh:

* W30BITOYHBIX BBOAHBIX (pa3 («ABTOp CTaThbH pacCMaTpPUBACT...», «B maHHOI cTarbe...» U T.1.);

* a0CTPaKTHOTO yKa3aHUsI Ha BpeMs HamucaHus cTathi («B HacTosimee Bpems...», «Ha JaHHBIH MOMEHT...»,
«Ha cerogHsmHu#i 1eHb...» U T.1.);

* O0IIEero ONMHUCaHUS;

* IUTAT, TAOIUII, AUarpamMm, abopeBuaryp;

* CCBUIOK Ha HCTOYHUKHU JTUTEPATYPHI;

* UH(pOPMAIUIO, KOTOPOU HET B CTAThE.

AHTIOSA3BIYHAS aHHOTANNS THUIIETCS M0 TeM Ke mpaBuiaM. OTMETHM, YTO aHTIIMICKast aHHOTAIHs He 00513a-
TEJIHHO JOJKHA OBITh TOUHBIM MEPEBOJIOM PYCCKOM.
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TpeboBaHUA K 0POPMAEHUIO Hay4YHOM cTaTbn

Crenyer obpamars ocoboe BHIMaHNE Ha KOPPEKTHOCTh yroTpebiaeHus: TepMuHOB. M36eraiite ymorpebie-
HUSI TEPMHUHOB, SIBIISIIOIINXCSI TPSIMON KaJIBKOH PYyCCKOA3bIUHBIX. HeoOxomuMo co0imoaarh eJMHCTBO TEPMHHOIIO-
THHU B NIPEAETaX aHHOTAIH.

KaroueBble ciioBa — npooOpa3 CTaThbd B MOMCKOBBIX CHCTEMaxX, T€ TOYKH, 10 KOTOPBIM YHTATENlb MOXET
HaWTH Ballly CTaThIO U ONPEACIUTH NIPEIMETHYIO 001acTh TeKcTa. YTOOB! ONPeNeTTh OCHOBHBIE KITIOUEBBIE CIIOBA
JUISL CTaTbU, PEKOMEHAYETCS MPEICTAaBUTh, IO KAKUM IOUCKOBBIM 3alIpOCaM YUTATENIN MOTYT UCKATh BAILy CTaTbIO.
Kak mpaBuio, KiIt09eBbIe CI0Ba TaK)KE MOTYT BKIIIOUAaTh OCHOBHYIO TEPMHHOJIOTHIO.

OCHOBHOM TEKCT

OCHOBHOI1 TEKCT HAYYHOMH CTATBHH, TPEACTABISIEMON B KYpHAJI, JIOJDKEH OBITH OOPMIICH B COOTBETCTBHH
co cranaaprom IMRaD u Bkitouars cienyoomue pas3iesbl:
* Bpenenne;
* Marepuainbl 1 METOBI;
* Pesynbrarhl HCCIIEIOBAHNS;
* 3aKIItOYCHUC U 0OCYKICHHE.

PUCYHKH U TABJ UL bI

PucyHku 1 TaOJUIBI ClleTyeT BCTABIATh B TEKCT CTaThH Cpa3y Mociie Toro ad3ara, B KOTOPOM PHCYHOK BIIEp-
BbIe yIIOMUHAETCS. PUCYHKM M TaOMUIBI TOJDKHBI OBITH OPUTMHAIBHBIMUA (JIMOO C yKa3aHHWEM MCTOYHHKA), XO-
pomrero xagectBa (He menee 300 dpi). OpurnHaIBEl PUCYHKOB MPENOCTABIAIOTCS B (haimax ¢opmata .jpg, .tiff
(na3zBanue (aiiya JOHKHBI COOTBETCTBOBATH MOPSIKOBOMY HOMEpY PHCYHKa B TekcTe) Pasmep mpudra momken
COOTBETCTBOBATh pa3Mepy IIpudTa OCHOBHOIO TEKCTa cTaThu. JIMHUN 00s13aTe/bHO He TOHbIE 0,25 MYyHKTOB.

3arooBKku TAaOIHII U PUCYHKOB BBIPABHMUBAIOTCS TIO JIEBOMY Kparo. 3arojOBOK TaONHIBI pacIiojiaraeTcs
HaJl HEl0, HAYMHAsICh C COKpamieHust « Tadi.» 1 mopsAKOBOro HoMepa TaOIUIbl, HOAIICH K PUCYHKY pacriojiaract-
Cd 110J1 HUM, HAYUHAACh C COKpAIICHUA «Puc.» u TMMOPAAKOBOTO HOMEPA. PI/ICyHKI/I n Ta6J'II/I[H)I TTO3UITUOHUPYIOTCA
T10 TICHTPY CTPaHUIIBI.

[ToppucyHOYHBIE TOAITUCH M HA3BaHMs TAOJINI] Pa3MEIaloTCs Ha PyCCKOM M aHIJIMIICKOM SI3bIKaX, KaX bl Ha
HOBOM CTPOKE C BBIPAaBHHBAHHEM I10 JIEBOMY KPaIO0.

Oopaszey:

Puc. 1. [Ipumep pucyHka B cTaTbe

Figure 1. Example of article image

Taou. 1. [Ipumep Tabnumpsl B cTaThe

Table 1. Example of table for article

®OPMYJbI

DopmyItbl 10TDKHBI OBITH HAOpaHbl B pefakrope popmynn MathType Bepcun 6 vy Bble.

Hudpsl, rpeueckue, TOTUYECKHE U KUPIIUTHYECKUE OyKBBI HAOUPAIOTCs MPSMBIM MIpHU(TOM; TaTHHCKHE OyK-
BBI JIUIs1 0003HAYEHUS Pa3INYHbIX (PU3UYECKUX BeMHuMH (A4, F, b ¥ T.II.) — KypcHBOM; HAaMEHOBAHUS TPUTOHO-
METPHUYECKHX (YHKIHMi, COKpallleHHbIe HAMMEHOBAHUSI MaTeMaTHUECKUX TMOHATHH Ha jaruHuie (max, div, log
U T.II.) — OPSIMBIM; BEKTOPBI (@, b ¥ T.I1.) — >KUPHBIM KYPCHBOM; CHMBOJIBI XUMHUYECKHX JIEMEHTOB Ha JIATHHUIE
(Cl, Mg) — npsmMbIM.

3amnuch (opMyJIbI BBIMIOJIHSIETCS aBTOPOM C HCIIOJIb30BAaHMEM BCEX BO3BMOXHBIX CIIOCOOOB YIPOILEHUS U HE
JIOJDKHA COZIePIKaTh IPOMEKYTOYHBIC TIPeoOpa3OBaHMSL.

CIIMCOK UCTOYHHUKOB

CnrcoK HCTOYHUKOB COCTABIISIETCS B MOPSAKE YIIOMUHAHMA B TeKkcTe. [TopsaKkoBbIil HOMep HCTOUYHHUKA B TEK-
cTe (CChUIKA) 3aKII0YACTCsl B KBaJApaTHble CKOOKU. TeKCT CTaThH JIOJDKEH COACPIKATh CCHUIKM HAa BCE MCTOUYHHKH
U3 CIMCKA UCTOYHUKOB. [Ipy HaIMYKMK CCBUIKH JODKHBI coepkarh uneHTudukatopsr DOL.

CHHCOK UCTOYHUKOB Ha pyccKom s3vike oopmiisieTcs: B cooTBeTcTBUH ¢ TpeboBanusmu 'OCT P 7.0.5-2008.

CIMCcOK MCTOYHUKOB Ha aHTIIMKCKOM si3bIke (reference) opopmisieTcss B COOTBETCTBHH C MEKIYHAPOIHBIM
CTaHJapTOM LHUTUPOBAHUSA Vancouver — HOCHG}IOBaTeﬂbeIﬂ YHUCJICHHBIA CTHUIIb: CCHUIKU HYMEPYIOTCA 110 XO4Yy
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1X IUTHPOBAaHUS B TeKCTe, Tabnuiax u pucynkax. @O aBropoB, Ha3BaHHWE CTAThHU HA AHIIMHCKOM SI3bIKE, HaW-
MCHOBaHHE )KypHasla, T/ BBITycKa; ToM (BBIITYCK): CTPaHHIIBL.

CIIMCOK MCTOYHUKOB M CBEICHHS 00 aBTOpax YKa3bIBAIOTCS MOCJIEAOBATEILHO HA PYCCKOM M aHDIMICKOM
SI3BIKAX.

HopmartuBHbIe TOKYMEHTHI (IIOCTaHOBICHHUS, pacnopsbkeHust, yctaBel), OCTrI, cipaBodyHas nuTepaTypa He
YKa3bIBAIOTCSI B CIIUCKAX UCTOYHUKOB, O(OPMIISIOTCS B BUJIE CHOCOK.

CBEJEHUA Ob ABTOPAX

B CBenenusix 06 aBropax (Bionotes) mpencrasisiercss OCHOBHAS HHPOPMAITH 00 aBTOPCKOM KOJUIEKTHUBE B
ciietyronieM Qopmare.

Hms, OTuecTBo, @aMuims (II0JIHOCTHIO) — YUeHast CTEIIEHb, yIEHOE 3BaHUE, JOJDKHOCTD, O/IPa3/eiIeHNE;
Ha3BaHWe OpPraHu3anuu (00s3aTebHO NPUBOAUTH B MOJIHOW M KPaTKOM OQHIMAIbHO YCTaHOBICHHOH (hopMme,
B UMEHHUTEILHOM Ta/ICKE), B KOTOPOH paboTaeT (yuuTcs) aBTOp; IOYTOBBIN afpec OpraHu3allim; aapec MEeKTPOH-
Ho#t outer; ORCID, ResearcherID u ap. (pu Hasm4un).

CaezieHns 00 aBTOpax MPENCTaBIAIOTCSA HA PyCCKOM M aHIIIMHMCKOM SI3bIKaX.

Caezienns 00 aBTOpax Ha aHIMIICKOM SI3bIKE JAIOTCS B TTOJHOM BHJE, O3 cokpamieHuit cios. [IpuBogsarcs
o(uMaIbHO YCTaHOBJICHHBIE AHIIIOA3BIYHbBIC HA3BAHNS OPTAHU3ALNN U UX TToapaszaeneHui. OmmycKaloTcs SIeMeH-
TBI, XapaKTEPU3YIOIINE MTPABOBYIO (OPMY YUPEKACHHS (OpraHU3anni) B HA3BAHUSAX BY30B.

ABTOp JTOJKEH NPUICPKUBATHCS €IMHOOOPA3HOT0 HANMCcaHus (PaMHIIMK, UMEHH, OTYECTBA BO BCEX CTAThSIX.
Ota nHdpopManus Uil KOPPEKTHOW MHJCKCAIMU JIOJDKHA OBITh yKa3aHa B JPYTMX CTaThsX, MPO(QMIIX aBTopa B
MexyHapoaHbIX 6a3ax qaHHbIX Scopus/WoS u T.z.

CBEJEHMUSA O BKJIAJE KAXKJIOI'O ABTOPA

CBeneHnsIM TPEANIecTBYIOT cioBa «Bkiaag aBropos:» (Contribution of the authors:). ITocie dpamumun
1 MHULHAJIOB aBTOpa B KPaTKoil (hopMe ONMUCHIBACTCS €ro JIMYHBIA BKIIAJ B HAIIMCAHUE CTAaThH (Mues, cOop mare-
puana, 00paboTKa MaTrepyaa, HaMCaHUE CTAaThH, HAyYHOE PEIAaKTUPOBAHUE TEKCTA U T.11.).

CaezieHust 00 OTCYTCTBUH WM HATMYMN KOH(IMKTa HHTEPECOB M JIETAIN3AIMIO TAKOTO KOH(IIMKTA B CIIydae
€ro HaJIM4Ms YKa3bIBaIOT MOCIIE BCEX JaHHBIX O BKJIAJIE KaXK0ro aBTopa.

KAK HNOATOTOBUTh OCHOBHOM TEKCT CTATHH,
YTOBbI EE IPUHAJU K HYBJIUKALINUN?

3ATOJOBOK

3aroyi0BOK CTaThby JOJDKEH KPaTKO M ToUHO (He Oosee 10 cioB) oTpaxkarb 00bEKT, IeJIb U HOBU3HY, pe3yJibTa-
THI ITPOBEJICHHOT'O HAYYHOT'O KCCieIoBaHusl. B Hero HeoOX0MMO Kak BIOKHUTh HH()OPMATHBHOCTb, TaK U OTPA3UTh
MPUBJIEKATEIFHOCTh, YHUKAJIFHOCTh HAYYHOTO TBOPYECTBA aBTOPA.

OCHOBHOWM TEKCT CTATHhHU

OCHOBHOI1 TEKCT HayYHOMH CTaThH, IPEACTABISIEMON B )KypHAI ISl PACCMOTPEHHS BOIIPOCA O e¢ ITyOIHKaLuH,
JIOJDKEH OBITH 0(OPMIICH B COOTBETCTBUM co cTaHmaproM IMRaD u BKJIrOYaTh CleIyIOIINe pas3eibl: BBEACHHE
(Introduction), marepuainsl 1 MeTons! (Materials and methods), pe3ynbrars! nccnenosanus (Result), 3akmrodenue
n o6cyxaenne (Conclusion and discussion).

Bgenenmne (Introduction). Otpaskaer To, Kakoi podIeMe TOCBSIIEHO ucciienoBanue. OcyIiecTBIseTcs no-
CTaHOBKA HAYYHOU MPOOJIEMBI, €€ aKTyaJIbHOCTh, CBSA3b C BAKHCHIIIMMU 33ja4aMU, KOTOPBIC HEOOXOAMMO PEIIHTh,
SHA4YCHUEC JJId pa3BUTUA OHpe}]eHeHHOﬁ OTpacjii HAYKU U HpaKTHqCCKOﬁ JACATCIBHOCTH.

Bo BBeneHnn I0/mKHa coepikarbes HHGOPMALUs, KOTOPask TIO3BOJIUT YATATENIO IOHATD U OLCHUTH PEe3yilb-
TaThl UCCIICIOBAHUS, MPEICTABICHHOTO B CTaThe 0€3 JOIOJHUTEIBFHOTO O0OpaleHHss K JPYTUM JIHTepaTypHbIM
HCTOYHHKAM. Bo BBeJIGHHH aBTOp OCYIIECTBISIET 0030p MPOOIEeMHON 001acTh (JIMTepaTypHBIi 0030p), B paMKax
KOTOPOH OCYIIECTBICHO MCCIEI0BaHNe, 0003HaYaeT IPOOIEMbl, HE PELICHHBIE B MPEABIYIIMX UCCIEA0BAHUIX,
KOTOpBIE NTPHU3BaHa PEIUTh JaHHas cTaThs. Kpome 3Toro, B HeM BbIpaykaeTcs INIaBHAsl MJes ITyOlMKaluy, KOTo-
past CyIIECTBEHHO OTIMYAECTCSl OT COBPEMEHHBIX NPEACTABICHUH O mpoliieMe, JOIOIHAST WIH YIIyOlseT yxe
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M3BECTHBIE MOAXO/IBI K HEl; 0OpariaeTcss BHUMaHNE Ha BBEICHHE B HAYYHOE 0OpaleHue HOBBIX (PaKTOB, BEIBOJIOB,
peKoMeHaanui, 3akoHoMepHocTeil. L{enb cTaThy BEITEKAaeT U3 MOCTAHOBKU HAYYHOM MPOOIEMEI.

PEKOMEHJAIIUU ITO COCTABJIIEHUNIO
JUTEPATYPHOI'O OB30PA

B Crnucok uCTOYHMKOB pexoMeHayeTcs BKIodath oT 20 10 40 MCTOYHMKOB, HE YUUTHIBAs CCHIIKH Ha HOP-
MaTUBHBIEC JOKYMEHTBI, HHTEPHET-PECyPChI (CaiiThl ceTn VIHTepHET, HEe SBISIOMHUECS EPHOTNIECKUMI U3/1aHHs-
MH), OTYETHI, @ TAK)KE UCTOYHUKH, OTCYTCTBYIOIHME B KaTaJI0rax BEAYIIUX POCCHHCKUX OMOINOTEK-Ie03UTapreB
(I'TIHTB, PHB, PI'B), apxuBax u T.11. [lomoOHBIC MICTOYHUKY TIPHBOMIAT B CHOCKAX BHHU3Y CTPAHMIIBI CBEPX MUHH-
MaJIbHO PEKOMEHyeMOTo Mopora.

He pexomeHyeTcst cchlIaThesi HA HHTEPHET-PECYPCHI, HE COZIEpXKAINEe HayIHYI0 HH(POPMAINIO, YICOHNKH,
yueOHbIE U METOIMYECKUE MOCOOUs. B uncie HCTOYHMKOB TOJDKHO OBITh He MeHee 10 MHOCTpaHHBIX UCTOYHUKOB
(Juts cTarei Ha aHITIMHCKOM SI3BIKE HE MEHEe TpeX pocCHicKuX). He MeHee miecTn M3 MHOCTPAHHBIX U HE MEHee
IIECTH U3 POCCUHCKUX MCTOYHHMKOB JOJDKHBI OBITh BKJIFOYEHBI B OIMH M3 BEAYIUX MHICKCOB UTHPOBaHUs: Web
of Science/Scopus mwu Anpo PUHII. CocTaB MCTOYHHKOB JOIKEH OBITH aKTyalbHBIM M COICpPKATh HE MCHeEe
BOCbMH CTaTel M3 Hay4HBIX *KypHAJIOB He cTapiie 10 jert, U3 HUX YeThlpe — He cTaplie Tpex JeT. B crucke uc-
TOYHUKOB JIOJDKHO OBITH He Ooisiee 10 % pabot, aBTOpoM TMO0 COaBTOPOM KOTOPBIX SIBIISIETCS] aBTOP CTATHU.

Marepuanasl u MeTobl (Materials and methods). Otpaxaer To, Kak u3ydanach npoodiema. OnnchIBarOTCS
HPOLIECC OPraHU3aIMK IKCIIEPUMEHTa, IPUMEHEHHbIE METOIMKH, 000CHOBBIBAETCSl UX BbIOOD. JleTanu3zanus onu-
CaHus J0JDKHA OBITh HACTOJIBKO TOPOOHOM, YTOOB! JTI000H KOMIIETEHTHBIN CIEUAINCT MOT' BOCIIPOM3BECTH HX,
HOJIB3YSICh JIMIIb TEKCTOM CTAThH.

Pesyabratsl (Result). B pazgene npeacrasisercs: cCHCTEeMaTH3UPOBAHHBIN aBTOPCKAN aHAIUTHYECKAN U CTa-
TUCTUYECKUI Marepuall. Pe3yabTarsl MPOBEAEHHOIO MCCIIEIOBAHHSI HEOOX0ANMO OMUCHIBATH JIOCTATOYHO TTOJHO,
YTOOBI YUTATENIb MOT MIPOCIEIUTH €ro 3TANbl U OLEHUTH 00OCHOBAHHOCTB C/IEIAHHBIX aBTOPOM BBIBOJIOB. DTO
OCHOBHOM pasfief, 1eJib ero — IMPH [MOMOIIK aHaIKu3a, 0000INEHHUS U Pa3hsICHEHUS TaHHBIX JI0Ka3aTh PabovyIo
rurnore3y (ruoressl). Pe3ynbsraTel IpH HEOOXOANMOCTH MOATBEPIKIAIOTCS WILTIOCTpALMsIMU (Tabnuiamu, rpadu-
KaMHM, PUCYHKaMH ), KOTOPBIE ITPEACTABIISIIOT UCXOIHbBII MaTepHall HiIH JI0Ka3aTelbCTBa B CBEPHYTOM BHUjie. BakHo,
4TO0OBI MTPOMIUTIOCTPUPOBaHHAS MH(OpPMAIMS HE TyOnHMpoBalia yKe NMpUBEICHHYI0 B TekcTe. [IpencraBineHHbIe
B CTaThe PE3yJIbTaThl COMOCTABISIOTCS C MIPEABIIYIIMMHI Pab0TaMH B 9TOM 00JIaCTH Kak aBTOpa, Tak U JIPyrUX HC-
clieoBaTeNEH.

3akurouenne (Conclusion and discussion) coepuT Kparkyro GopMyIHpOBKY pe3yJbTaToB UCCIICIOBAHUS.
B HeM B cxxaToM BHJIE HOBTOPSIIOTCS IIABHBIC MBICJIM OCHOBHOW YacTH paboThl. [I0BTOPEI M3/1araeMoro Marepuaa
nydine oOpMILSITh HOBBIMH (hpazamiu, OTIINYAIOIIMMHKCS OT BHICKa3aHHBIX B OCHOBHOI 4acTu crarbu. B aTom pas-
JieTie He0OXOAMMO COIIOCTAaBHUTh MOYy4YEHHbIE PEe3yiIbTaThl ¢ 0003HaUCHHOW B Hadase paboThl 1ebio. B 3akimrove-
HUM CYMMHUPYIOTCS pe3YJIbTaThl OCMBICIICHHSI TEMBI, JICJIAFOTCS BHIBOJIBI, 0000IICHHS U PEKOMEH/IALIUH, BBITEKAIO-
e u3 paboThl, TOTYEPKUBACTCS NX MPAKTHYECKAst 3HAYNMOCTb, a TAKXKE OTPE/IEIISIIOTCSI OCHOBHBIE HAIPABICHUS
JUISL TaIbHEHIIero UCCIIeIOBaHMs B ATOM 00acTh. B 3aKIIOUMTENbHYIO YaCTh CTaThH XKEJIAaTeIbHO BKIIOUUTH MO-
TIBITKH ITPOTHO32 Pa3BUTHUSI pACCMOTPEHHBIX BOITPOCOB.

KAK O®OPMUTDH CITMCOK HCTOYHHUKOB

CnHCcOK HCTOYHHKOB HA PYCCKOM sI3bIKe opopmisieTcs B cOOTBeTCTBHH ¢ TpeboBarusmu [OCT P 7.0.5—
2008.

Oébpasey:

Jlureparypa

1. I'onuyein I C. TlapHUKOBEIA 3QdexT n m3meneHus knumara // [lpupoma. 1990. Ne 7. C. 17-24.

2. lenywunun FO.A., Maxapoe K.H. TIpoGieMbl ¥ IEPCIIEKTUBBI THAPABIMYCCKOTO MOJICITUPOBAHNUS BOJTHO-
BBIX IPOIECCOB B MCKaKEHHBIX MacmTabax // CTpoutenscTBO: Hayka u oOpaszoBanue. 2019. T. 9. Bem. 2. Cr. 4.
URL.: http://nso-journal.ru. DOI: 10.22227/2305-5502.2019.2.4

CHcoK HCTOYHUKOB HAa aHIIHiickoM s3bike (reference) opopmiseTcss B COOTBETCTBHHU € MEKITyHAPOIHBIM
CTaHJapTOM LHUTUPOBAHUA Vancouver — HOCHG)IOBaTeHLHbIﬂ YHUCJICHHBIA CTHUIIb: CCHUIKU HYMCPYIOTCA 110 XO4Yy
UX OUTHPOBAHUA B TEKCTE, TaONuIax u pucyHkax. @O aBTopoB, Ha3BaHUE CTAThU HA AHIVIMIICKOM SI3bIKE, HaH-
MEHOBaHHE >KypHaJja, roj BbIycka; ToM (BBIMYCK): CTPaHHIIbL.
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CaMOM M3JIaHWU; TP HAJTMYHN).
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Tox m3ganms; OOIIee KOMMYeCTBO CTPAHUII.
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nmaaus, M3narens, ['on m3manms; O01iee KOTHIeCTBO CTPAaHHII.
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CraTbs B 3J1eKTPOHHOM KypHaJe: Pamrumus (Qammnn) MHUIIANE aBTOpoB. 3aronoBok. HasBanwne xyp-
Hana. Jlara myonukanmu [nara nuruposanus|; Tom* (Beimyck): Ctpanuis. URL.

Oébpasey:

Chertes K., Tupitsyna O., Martynenko E., Pystin V. Disposal of solid waste into soil-like remediation and
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* yKa3bIBAIOTCS TPH HAJTUYUH.

Bce narsl ykaseiatorest B popmare J1/1-Mecsin (tekcTom)-I o

Hns popmuposanus anenoazeluno20 CRUCKA UCMOYHUKOE PeOaKyusi peKOMeHOYem UCHONb306AMmb pecypc
Citethisforme.com.
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LLlabAoH cTaTbu

IHABJIOH CTATbU

Tuno Crateu
TI/IH CTaThbH - Haquaﬂ CTaTh, 0630pHa;1 CTaThH, peI[aKI_[I/IOHHaH CTaThs, Z[I/ICKYCCI/IOHHEUI CTaThs, HepCOHa.TII/II/I,
peﬂaKTOpCKaﬂ 3aMCTKa, peuemym Ha KHI/IFy, pel_IeH3I/l§I Ha CTaTblO, CIICKTAKJIb U T. II., KpaTkoe COO6HleHI/le.

YK 11111
DOI 11111

3JATOJTOBOK CTATBHBH

JIOJDKEH KpaTko (He 0osee 10 CI0B) M TOUHO OTpakaTh OOBEKT, 1IeJIb U HOBU3HY, PE3yJbTaThl MPOBEIEHHOTO HAy-
HOTO UCCIICIOBaHUsA. B HEero HeoOXOAUMO KaK BIIOXKHUTH HH(OPMATHBHOCTh, TAK M OTPA3UTh MPUBICKATCIHHOCTD,
YHHKAJIbHOCTh HAy4YHOTO TBOPYECTBA aBTOPA.

HUms OtuectBo @amuims', Umsa OryecTtBo @amuiiusa’ -

! Mecmo pabomur nepsozo asmopa, 20pood, cmpaua

? Mecmo pabomoi nepeoeo agmopa,; 20pod, cmpana

*ecnu agmopos e bonee yemvipex, mo Heobxooumo ykaswvieams noausvie ®HUO, om namu asmopos u
bonee — 0oNyCMUMO UCNONBL308AMb UHUYUATbL

AnHoTanus (nomkHa cogepxarb oT 200 1o 250 ciioB), B KOTOPYIO BXOAUT MH(YOPMALIHS IO/ 3aT0JIOBKAMU:
Beenenne, Marepuanbl u MeToabl, Pe3yabrarel, BoiBoabl.

BBenenne: mpuBOAATCS XapaKTEPUCTUKN pabOThI — €CIIM He SICHO W3 Ha3BaHMSA CTaThH, TO KPAaTKO (opMy-
JIUPYEOTCS TIPEIMET UCCIICAOBAHHMS, €r0 aKTyalbHOCTh M HayYHas HOBHM3HA, a TAKXKE MPAaKTUYECKas 3HAYMMOCTh
(oOmecTBeHHAs W Hay4HAas), IIeTh U 33aa49l MccieqoBaHus. JIakoHHdHOE yKa3aHue mpobieM, Ha perieHne KOTo-
PBIX HAIPABJICHO MUCCIICIOBAHUE, WM HAyYHAs TUIIOTE3a UCCIICIOBAHMS.

Martepuajabl 1 METOAbI: OITMCAaHHUE TIPUMCHICMBIX HH()OPMAIIMOHHBIX MaTEPHAIIOB H HAyYHBIX METOJIOB.

Pe3yabTaThl: pa3BepHYTOC MPEACTABICHUE PE3yJIBTATOB MCCICAOBAaHUS. [IPUBOAATCS OCHOBHBIC TECOPETHU-
YECKUE U IKCICPUMCHTATIBHBIC PE3YIbTaThl, (DaKTUYECKHUE NaHHBIC, 0OHAPYKCHHBIC B3aUMOCBSI3H M 3aKOHOMEP-
HoCTH. [Ipu 3TOM OTHAETCS MPEANOYTEHHE HOBBIM pPE3yNbTaTaM M JaHHBIM JOJITOCPOYHOTO 3HAYCHHS, BAKHBIM
OTKPBITHUSIM, BBIBOZAM, KOTOPBIC OMPOBEPTAIOT CYIICCTBYIOIINE TCOPHH, & TAKXKE JaHHBIM, KOTOPBIC, 10 MHCHUIO
aBTOpa, IMEIOT MPAKTHYECKOE 3HAYCHNUE.

BLIBO)IBI: aprMeHTI/lpOBaHHOC 06OCHOBaHI/Ie IICHHOCTHU nonyqume pe3y.]'l]:TaTOB, peKOMeHILaLII/II/I 10 Ux
HCTIOTF30BAaHUIO M BHEAPCHUIO. BEIBOIBI MOTYT COIIPOBOXIATHCS PEKOMCHIAIMSIMHA, OTICHKaMU, TIPEITIOKCHUSIMH,
HOBBIMH I'MIIOTE3aMH, OITMCAHHBIMU B CTAThHE.

HpMBeI[CHHBIe JacTU aHHOTalUU CIECAYET BBIACIATE COOTBETCTBYIOIIUMU ITOA3aroJIOBKaMu U U3JiaraTb B JaHHBIX pa3Jeiiax peJI€BaHT-
HYIO I/IHCbOpMaIH/IH). Cm. PEKOMEHAALMH IO COCTABJICHUIO AHHOTAIIUH.

KuaroueBnble cjioBa: 7—10 KIIFOYEBBIX CIIOB.

KiroueBble c10Ba SIBISIOTCS MOMCKOBBIM 00pa3oM HaydHOi#l cTaTbi. Bo Becex Oubmuorpaduyeckux 06azax JaHHBIX BO3SMOXKECH TTOHMCK
crareii 10 KII0YEBbIM CIIOBaM. B CBsI3H ¢ 3TUM OHM JIOJDKHBI OTPAXKaTh OCHOBHYIO TEPMUHOJIOIUIO HAYYHOTO MCCIIEI0BAHHS U HE OBTOPSTH
Ha3BaHHE CTAThH.

brazooaprocmu (eciu HyKHO).

B sTOM pasjerne cieayeT ynoMsHyTh JIF0EH, IOMOIaBIIHX aBTOPY MOATOTOBHTH HACTOSIILYIO CTAThIO, OpraHH3aliK, OKa3aBIuHe (QHHAH-
COBYIO MOJIICPKKY. XOPOLINM TOHOM CYUTACTCSI BRIPAKEHNE GJIAr0JaPHOCTH aHOHUMHBIM PELICH3CHTAM.

Aemop, omeemcmeennwiil 3a nepenucky: Ums OtuectBo @amMuitus, aapec MEKTPOHHON MOYTHI IS CBSI3H.

3ATOJIOBOK CTATbU HA AHI'JIMHCKOM S3BIKE

N.0. ®avuaus', 1.0. ®amuiaus’ - Ha aHIIHHACKOM SI3BIKE
' Mecmo pabomwl nepso2o asmopa; 20poo, cmpana — Ha AaHIITAHCKOM SI3bIKE
2 Mecmo pabomel nepeozo asgmopa, 20poo, CmpaHa — Ha aHTITHHCKOM S3bIKE
*ecau aemopoe He bonee uemvipex, mo Heobxooumo ykazvieams noinvie PUO, om namu agmopos u
bonee — donycmwl/to ucnojibzoeamsvb UHUYUAIbL

Abstract (200-250 cioB)
Introduction: text, text, text.
Materials and methods: text, text, text.
Results: text, text, text.
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Conclusions: text, text, text.

Key words: text, text, text.

Acknowledgements: text, text, text.

Corresponding author: imst OtuectBo damMuiius, aapec 3JICKTPOHHON MOUTHI VISl CBA3U — HA aHITIHICKOM
SI3BIKE

BBEJAEHHUE

3ajava BBeACHHSI — 0030p COBPEMEHHOI'0 COCTOSIHUS PACCMATPHBAEMOH B CTaThe MPOOIeMaTnku, 0003Have-
HUE HAyYHOU NPOOJIEMBI U €€ aKTyaJIbHOCTH.

BBezienne 107KHO BKITIOYATh 0030p COBPEMEHHBIX OPUTHMHAIBHBIX POCCHMCKNX M 3apyOeKHBIX HayYHbIX J0-
CTIDKCHHUI B pacCMaTpUBacMOM IMPEIMETHOW 00JacTH, UCCIACIOBAaHUI U PE3yJbTaTOB, HA KOTOPHIX Oasupyercs
npezacTasisieMast padora (JIuteparypHsiii 0030p). JIutepaTypHbIii 0030p TODKEH MOAYEPKUBATH aKTyalIbHOCTh
1 HOBU3HY pacCMaTpUBAaEMbIX B UCCIIEOBAaHUH BOIIPOCOB.

Bo BBeneHnY 10mKHA coniepkaThest TH(GOPMALHS, KOTOPas TO3BOJIUT YUTATENIO TIOHATH U OLCHUTH Pe3yJIbTa-
ThI UCCIIEIOBAHNS, IPEJICTABICHHOTO B CTaTheE.

JlutepatrypHblii 0030p. CITUCOK MCTOYHUKOB BKIIodaeT OT 20 10 50 MCTOYHHWKOB, HE YUHTHIBAS CCHUTKU
Ha HopmatuBHbIe okyMeHTsl (TOCT, CHull, CII), unrepuer-pecypes (caidiTbl cetu IHTEpHET, HE SBISIONINECS
TIEPUOTNYECKUMH M3AaHUSMH), OTUYETHI, & TAKXKE NCTOYHHKH, OTCYTCTBYIOIIHE B KATalOrax BEAYIINX POCCHH-
ckux ounbnuorex-genosurapues (I'TIHTB, PHB, PI'B), apxuBax u T.1m. [TonoOHbIe HCTOYHUKH CIIEAYyeT yKa3bIBaTh
B CIIMCKE JINTEPATYPBI CBEPX MUHUMAJILHO YCTaHOBJIEHHOTO 1opora. He pekoMeHtyeTcs cebliaThCst HA HHTEPHET-
PECYPCHI, HE CollepIKAIUe HAyYHYH0 HH(DOPMAIIHIO, YICOHUKH, YUCOHBIC U METOAMYCCKUE TOCOOHSL.

YpoBeHb MyOIMKanny OMPENENSIOT MOJIHOTA U IPEICTABUTEIBHOCTh HCTOUHUKOB. He MeHee mecTn u3 uHo-
CTPaHHBIX M HE MEHEE IIECTH U3 POCCUHCKUX NCTOYHHKOB JIOJKHBI OBITH BKITIOYEHBI B OJIH N3 BETYIIHX HH/CKCOB
LUTHPOBAHUSL:

» Web of Science http://webofknowledge.com
* Scopus http://www.scopus.com/home.url
* sapo Poccuiickoro nuaekca Hayunoro nutuposanus (PUHLI) http://elibrary.ru

AHIIOSA3BIYHBIX HCTOYHUKOB BKIIFOYAIOT B CIUCOK He MeHee 50 %, 3a mocieanue Tpu roga — HE MEHee Mo-
JIOBUHBL. PeKOMeHyeTCs HCIONb30BaTh OPUTMHANIbHBIE HICTOYHUKH He cTapuie 10 yeT.

CchUIKM Ha UCTOYHHMKH TPUBOAATCS B CTaThe B KBAaJPATHBIX CKOOKaX. MICTOYHMKM HyMEpYIOTCS 10 TOPSIIKY
YIOMUHAHUS B CTAThE.

3aBepInaroT BBEJCHNUE K CTaThe MOCTAHOBKA U ONMCAHME IENTU U 3a7a4H IPUBEACHHON PabOTHI.

MATEPHUAJIBI U METObI

Pa3/:[eﬂ OIMMCBIBACT METOAUKY IPOBECACHUA UCCICAOBAHUS. O0ocHOBaHKE BI)I60pa TEMBbI (Ha3BaHI/IH) CTaTbHu.
CBCI[CHI/I}I 0 METOAC, NPUBEACHHBIC B pa3aeiie, TOJHKHBI OBITh AOCTATOYHBIMU JIsI BOCTIDOU3BEACHUS €T0 KBaJIM-
(bHHI/IpOBaHHI)IM HUCCICO0BATCIIEM.

PE3YJBTATHBI HCCIEJOBAHUSA

B 51011 yacTu cTaThn TOIDKEH OBITH MPEICTABIEH CUCTEMATH3MPOBAaHHBIN aBTOPCKUIT aHATUTHIECKUIT 1 cTa-
TUCTHYCCKHUI marepual. PeSyJ'leaTI)I MMPOBEACHHOI'O UCCJIEJOBAHUA HeO6XOZ[l/IMO OIIMCBhIBATh TaAK, lIT06I)I YUuTaTrciib
MOT HPOCJIEUTh €ro 3Talbl ¥ OLEHUTh 000CHOBAHHOCTH C/IEJIAHHBIX aBTOPOM BBIBOZOB. DTO OCHOBHOM pasJel,
LIeJIb KOTOPOTro — IPY MIOMOIIM aHaIN3a, 0000IIEHHS U Pa3bsICHEHNUS! JaHHBIX J0Ka3aTh pabouyto TUIoTe3y (TU-
moTe3bl). Pe3ynbraTel mpu HEOOXOAMMOCTH TOATBEP)KIAIOTCS WIUTIOCTpAIUsAME (Tabnuuamu, rpadukamMu, pH-
CYHKaMH), KOTOpBIE TPECTABIISIOT UCXOIHBII MaTeprall Wi JI0Ka3aTeIbCTBa B CBEPHYTOM BHze. BakHO, 4TOOBI
MIPOMJLTIOCTPHPOBaHHAs MH(OPMAIH He TyOnupoBalia yXKe IIPUBEICHHYIO B TeKkcTe. [IpeacTaBieHHbIe B cTaThe
Ppe3yabTaThl CIEAYET CONOCTaBUTh C MPEABLIYIIMME paboTaMy B 3TOH 00JIaCTH Kak aBTopa, Tak U APYTUX HcCie-
noBatenieil. Takoe cpaBHEHHE TOTOIHUTEIHHO PACKPOET HOBU3HY MPOBEACHHON PabOTHI, IPUIACT e OOBEKTHB-
HOCTb. Pe3ysbTarhl ncciieJoBaHMs JOJDKHBI OBITh N3JI0KEHBI KPATKO, HO TP 3TOM COIEPXKAaTh J0CTaTOYHO HH(Op-
Maluy A7 OLEHKU C/AETaHHbIX BBIBOJIOB. He MpUHATO B JaHHOM pasJielie IPUBOIUTE CCHUIKM Ha JINTEPATYPHBIC
WCTOYHUKH.

3AKJIOYEHHUE U OBCYXKXIAEHUE

3aKIF0YEHUE COIEPKUT KPaTKy1o (pOPMYIHMPOBKY PE3yIbTaToOB HCCIe0BaHMs (BBIBOBI). B aTOM pasznene no-
Ka3bIBAIOT, KaK TOJ[yYSHHbIE PE3yJIbTaThl 00ECIIEUMBAIOT BBIIOJIHEHHNE TOCTABICHHON LIEJI UCCIICA0BAHUS, YKa3bl-
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BAIOT, YTO MTOCTABJICHHBIC 3a/1a9X aBTOpPaMH OBLTH pemieHbl. [IpuBoasITCcst 0000IMIEHUS U TAIOTCSI PEKOMEH TaIiH,
BBITEKAIOIIHE U3 PA0OTHI, MOMIEPKUBACTCS UX MPAKTHIECKask 3HAYMMOCTh, a TAK)KE OMPEIEIIIOTCS OCHOBHBIC Ha-
MPABJICHHUS /IS JAJIbHEHIIIETO UCCICIOBAHUS B 9TOM o0acTu. B pamkax 00Cy»KICHUS KeIaTeIbHO PACKPBITh Mep-
CTIEKTUBBI PA3BUTUS TEMBI.

B nanHoM paszene He NPUBOIST CCHUIKM Ha MCTOYHMKH.

CIIMCOK UCTOYHUKOB (REFERENCES)

OdopmisieTcst Ha pycCKOM H AHIVIMICKOM SI3BIKAX.

PacrionoxxeHre HCTOYHUKOB B CITUCKE — B CTPOTOM COOTBETCTBHHU C MOPSIKOM YIIOMHHAHHS B TEKCTE CTaThH.

bubnnorpaduueckoe onrcaHue JOKyMEHTOB (B TOM YHCJIE M SJIEKTPOHHBIX) HA PYCCKOM SI3bIKE 0(hOPMIISIETCS
B cootBeTcTBHH ¢ TpebosanusiMmu 'OCTa P 7.0.5-2008.

bubnorpadgudeckoe onucanue JOKYMEHTOB (B TOM YHCIIE M JJICKTPOHHBIX) HA aHIIUHCKOM SI3BIKE 0(OpM-
nsieTcs B cTiiie «BaHkyBepy.

Pycckos3bI4HbIE HCTOYHUKH HEOOXOAUMO IPUBOANTE B OQUIINATIBLHOM BapHaHTe NepeBoa (T.€. TOM, KOTOPBIH
pa3MelieH B caMOM M3IaHuM; IpY Hajau4duu). Ha3BaHnue ropoja u3iaHust TPUBOIUTCS TIONIHOCTHIO, B aHIIMHCKOM
Hanucannuy. Ha3BaHus )KypHAJIOB M U3J1aTelIbCTB IPUBOATCS JINOO oUIMaIbHbIe aHIIIMHCKUE (€CIIH €CTh), TO0
TpaHCIUTEPUPOBaHHbIC. B KOHIIE OMMcaHnsl HCTOYHHUKA B CKOOKAX yKa3bIBAaeTCS SI3bIK HCTOUYHUKA (TUS. ).

st m3naHmii cnenayer ykaszath (haMHIMKM aBTOPOB, XKypHaJ (JIIEKTPOHHBII aipec), roJ U3IaHus, TOM (BbI-
ycK), Homep, cTpanubl, DOI wmu agpec noctymna B cetu UaTepHeT. IHTEpECyIOmUIics YuTaTeh JODKEH HMETh
BO3MOKHOCTh HaWTH YKa3aHHBIN JIUTEPATyPHBII HCTOYHUK B MAKCUMAIILHO CXKATHIE CPOKH.

Ecnu y crarbu (n3nanus) ects DOI, ero o6s3arenbHO yKas3pIBaloT B OHOIHOrpaduiyeckoM OnucaHuy UCTOY-
HUKA.

Ba)xHO MpaBHIBEHO O(OPMHUTH CCHUIKY Ha HCTOYHHUK.

Ipumep odopmiteHus:

CIINMCOK UCTOYHHUKOB

1. Camapur O.JI. O pacyere OXJaXJICHHsI HAPYKHBIX CTCH B aBapUHHBIX peKUMax TeruiocHaOxenus // U3Be-
cTHsl BBICIINX Y4eOHbIX 3aBeneHuil. CtpoutenbetBo. 2007. Ne 2. C. 46-50. URL: http://izvuzstr.sibstrin.ru/uploads/
publication/fulltext/2-2007.pdf (zaTa obpamenus: 04.12.18).

2. Mycopuna T.A., Ilempuyenxo M.P. Matematnueckasi MoJelb TeIIOMacconepeHoca B mopuctom tene // Ctpou-
TEJILCTBO: HayKa u oOpazoBanue. 2018. T. 8. Ne 3. C. 35-53. DOI: 10.22227/2305-5502.2018.3.3

REFERENCES

1. Samarin O.D. On calculation of external walls coling in emergency condition of heat supply. Proceedings
of Higher Educational Institutions. Construction. 2007; 2:46-50. URL: http://izvuzstr.sibstrin.ru/uploads/publication/
fulltext/2-2007.pdf (Accessed 19th June 2015). (rus.).

2. Musorina T.A., Petrichenko M.R. Mathematical model of heat and mass transfer in porous body. Construction:
science and education. 2018; 8(3):35-53. DOI: 10.22227/2305-5502.2018.3.3 (rus.).

CBEAEHUA Ob ABTOPAX

O¢popMIISAIOTCS HA PYCCKOM M AHIVIMIICKOM SI3bIKAX.

006 aBTopax: Ams, oryecTBo, hamuiius (OJHOCTHIO) — YYCHAst CTEIICHb, YYCHOE 3BAHKE, JIOJDKHOCTD, TIOAPAa3/IeICHHE;
Ha3BaHHe OpraHu3anuu (00s3aTeIbHO IPUBOIUTH B OJIHOH 1 KpaTKO# 0()HIMAIBHO yCTaHOBICHHON popMe, B UMEHUTETHHOM
nasiexxe), B KOTopoii paboTaeT (YUHUTCs) aBTOP; MOYTOBBII aApec OpraHu3alny; aapec JEeKTPOHHON OUTHI;

Nwms, oTyecTBO, hamMuiius (IOJHOCTHIO) — y4eHas CTEIICHb, YYCHOE 3BaHHE, JOJDKHOCTD, TI0Ipa3/ielicHIE, Ha3BaHHe
opranm3anuu (00s13aTeIbHO MPUBOIUTE B MOJHOM M KPaTKOH OUIMAIEHO YCTAHOBICHHOH ()opMe, B UMEHHTEIIHHOM TTaieke),
B KOTOpOIi paboTaeT (yuuTcs) aBTOp, MOYTOBBIH aApec OpraHu3aluy, aApec HEKTPOHHOM MOYTHL

Cesedenust 06 asmopax Ha aHTIIMHCKOM SI3BIKE ITPUBOASATCS B IIOJIHOM BH/IE, 0€3 COKpareHui cios. [IpuBoastes
o(uManbHO YCTaHOBJICHHBIEC AHITIOA3BIYHbBIC HA3BAHNS OPTAHU3ALNN U UX TTopaszaeneHui. OmmycKalTcs SIeMeH-
ThI, XapaKTEPU3YIOLINeE TPABOBYIO (POPMY yUpEKIEeHUs (OpraHn3alun) B Ha3BaHHUIX BY30B.

ABTOp JTOJDKEH NPHJIEPIKUBATHCS €IMHOO0PA3HOTO HaNKcaHus (haMUIMU, UMEHH, OTYECTBA BO BCEX CTAThIX.
Ora nHdopManus Uil KOPPEKTHOW MHJEKCAIMK JIOJDKHA OBITh yKa3aHa B JPYIHX CTaThsX, NPO(QUISIX aBTopa B
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MexayHapoaHbIx 0a3ax maHHbIX Scopus / WoS u T.1.

Bionotes: HUms, oTuecTBO, haMuusi (OJHOCTEI0) — ydeHas CTENeHb, yUCHOE 3BaHHUE, JOIKHOCTD, TTOAPa3/eiIeHHeE;
Ha3BaHHe OpraHu3auuu (00s3aTeTbHO NMPHUBOJUTH B TIONHOW M KpaTKoW O(UIMAaTBHO YCTaHOBICHHOU (OopMe), B KOTOPOH
paboraet (y4uTcs) aBTOp; MOYTOBBIN apec OpraHU3aLUH (B TOCIEI0BATEIBHOCTU: O(HC, IOM, YIHIIA, TOPOI, HHIECKC, CTPaHa);
aJpec AEKTPOHHOMN MOYTHI;

Hms, oTyecTBO, hamMuusl (TTOTHOCTHIO) — y4eHasl CTENIeHb, YUCHOE 3BaHNE, TOJDKHOCTD, OApa3/ecHIe; Ha3BaHHe
opraHuzanuu (00sS3aTeNbHO MPHUBOJHUTEH B TIOJHON M KPAaTKOH O(MHUIIMATBHO YCTaHOBICHHOU (hopme), B KOTOpoil paboraeT
(y4uTCs) aBTOp; TIOYTOBBIN aIpec OpraHU3aIlNH (B TTOCIIEIOBATEILHOCTH: OQHC, IOM, YIHIa, TOPO, HHACKC, CTpaHa); ajpec
9JIEKTPOHHOM MOYTHI.

BHUMAHMUE! Bce Ha3BaHMs, MOANUCH U CTPYKTYPHBIE 3JIeMeHThI PUCYHKOB, TpadguKkoB, cxeM, Ta0HI]
0(OPMIISIFOTCSI HA PYCCKOM U AHIVIMICKOM SI3bIKaX.

Bknao aemopos:

Damunus U.O. - onucanue muuno20 6K1a0a 6 HANUCAHUE CMAMbU 8 Kpamxoul ghopme (udes, cobop mamepuana, 0bpabomra
Mamepuana, HaAnUCanue CMamyli, Hay4yHoe pedaKmuposanue mekcma u m. 0.).

Hpumep:

Apmemvesa C. C. — HayuHOe pyKOBOOCHB0; KOHYENyus UCCIe008AHUs; PA36Umie Memooono2ul, yuacmue 8 paspabomke
VUEOHBIX NPOZPAMM U UX Peanu3ayuu; HANUCAHUE UCXOOHO20 MEKCMA; umo2osble 8bi600bl. Mumpoxun B. B. — yuacmue 6 pas-
pabomre yueOHbIX NPOSPAMM U UX Peanu3ayuu; opabomKa mekcma, umozosble 8bi00b.

[locne «Mupopmanun o6 aBTOpax» HNPHUBOASAT CBEACHHMS OO0 OTCYTCTBHM WM HAJMYWU KOHQIIMKTa HMHTEPECOB

n AC€Talu3aluio TaKkoro KOH(I)J'II/IKTa B ClIy4yac€ €ro HaJauvus. Ecnu B cTarne TPUBOAAT AJAHHBIE O BKJIAZAE€ KaXXJ0r'0 aBTOpa,
TO CBCACHUA 00 OTCYTCTBUU UJIN HAJIUYUUN KOH(bHHKTa HUHTEPECOB YKA3BIBAIOT MOCJIC HUX.

[pumep:
Brao asmopos: éce agmopul coenanu K8UBALEHMHBII 8KAAO 8 NOO20MOBKY NYONUKAYUU.
Asmoput 3a561510m 06 OMCYMCMBUY KOHPAUKMA UHMEPECO8
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|7|7|1|6|1|0|3|3|9|1| |0|3|2|1|4|6|4|3|0|0|0|0|0|0|0|1|7|3|0|0|

HH nonyuarens nnatexa) (HOMEp cueTa MoJTydyaTesns IIaTeKa)

B 'Y BaHka Poccum no LI®O BHKIO|0l4|5|2|5[9|8|8|

(nanmenoBanue GaHKa MOMydares miaTeKa)

KBK [o]o]o]o]o]o]o]o]o]o]o]o]o]o]olo]o]1]3]0]

OKIMO |4]5]3]]s]o]o[o]

Becrauk MI'CY - 573.34 py6. x 12 sk3.
MOJINKCKA HA IHBAph, (PeBpaib, MapT, anpesib, Maii, HIOHb,
HIOJIb, aBT'YCT, CEHTAOPH, OKTIOPD, HOSOPD, Aekadps 2023 I

C YCJIOBUSIMHM TIpUEMaA yKa3aHHOﬁ B IUIATE)KHOM JOKYMEHTEC CyMMBI, B T.H. C CyMMOﬁ B3UMAEeMOM TIATHI 3a ycayru
0aHKa, 03HAKOMJICH U COITIACCH.

Moanucn

nJaTe bUIHKA

1
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| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| Becruuk MI'CY I
I (HAaHMEHOBAHHE TLIATEKA) (HOMep JHIIEBOro cyeTa (KOJ) IIaTe/bIInKa) I
! Kaccup ®1.0 |
| I1aTeNbIHUKA |
| Anpec |
| IJIaTeINbIINKA |
| Cymma |
| TJIaThl |

Cymma 3a
I IIaTexa 6 880 pyo. 00 xom. yciyru pyo. KOIIL. I
I Hroro pyo. KOII. « » 20 r. |
| C ycloBUSME TIPHEMA YKA3aHHON B IIATE)KHOM [OKYMEHTE CyMMBbI, B T.4. ¢ CyMMOH B3uMaeMoii miatsl 3a yeuyru |
| 6aHKa, 03HAKOMJICH U COTTIACEH. |
I Moanucn I
X IUIATEAbIHKA
T 1
| |
: @opua Ne T4 )

|
| |
| Y®K no r. Mockge r. MockBa (HWY MI'CY, n/c 20736X29560) KM 771601001
(HGHMCHOBHHVIC nojryqaresns l'l'laTC)l(a) I
| |
| |7|7|1|6|1|0|3|3|9|1| |0|3|2|1|4|6|4|3|°|0|0|0|0|0|0|1|7|3|0|0|
I/IHH noay4arens nnaTema (HOMEp CyeTa nojay4aresns ﬂﬂ’«]TC)Ka I
! B Y Banka Poccuu no LIdO EI/IK|0|0[4|5|2|5|9|8[8| '
I (“a"ME“OBa“HS Ganka nojgy4arens I'U'laTE)Ka) I
b
: KBK [o]o[ofo]o[o]o[o]o]o]o[o]o|o]o]o]o]1]3]0] :
OKTMO
| |4[5[3[6[5]o]o]o] |
| Bectauk MI'CY - 573.34 py6. x 12 ox3.

MOJIKMCKA Ha SIHBAPb, (eBPalb, MAPT, alpelib, Mail, HIOHb, I
| HIOJb, aBTYCT, CEHTAOPB, OKTAOPE, HOSIOPB, Tekadps 2023 . |
| |
I Becruuk MI'CY I
| (HaMMEHOBAHHE ILIATEKA) (HOMep JIMLEBOro cyeTa (KoJ) IUIaTe bIINKa) |

o.U1.0
! TUIaTeJIbIINKA I
: Anpec |
| TUIaTENbIIMKA I
| Cymma |
| TUIATHI |
| KBuranuus Cymma 3a I
I m1aTexa 6 880 py6. 00 KOIl._YCIIyTH pyo. Kom. |
| Kaccup Hroro pyo. KOII. « » 20 o
| |
| |
| |
| |

brank a5 onaTel MOIYrof0BOM MOAMUCKY Yepe3 pelakiuio (oriara B 6aHKe).

BHUMAHUE!

Ecnu BbI omratnm moamucky 1o ¢opme I1/]-4 B 6anke, To 1151 CBOEBPEMEHHON OTIIPABKH BaM HOMEPOB JKypHalla
0e30TIaraTeabHO MPUIILTUTE KOIMMIO TUIATEKHOTO JOKYMEHTA M COOOIIUTE BAll afpec ¢ MOo4TOBbIM HHAEKcoM, D.1.O.

Ha e-mail: podpiska@mgsu.ru.

Mopmucunku — paborankn HUY MI'CY moryT 3amoqHnTh OJI1aHK Ha CBOE UMSI 1 OOPaTUTHCS B OT/EI PacIpo-
crpaneHus u pa3sutus Mznarenscrsa MUCU — MI'CY s opopMiIeHns HOANMHUCKH.

Tenedon: (495)287-49-14 (BH. 22-47), podpiska@mgsu.ru.

[MoxpobGuyto nHpOpMaIHIo 0 BapraHTax noAnucku Ha «Bectauk MI'CY» mist pu3ndeckux u IOpUANIECKHX
JIUII CMOTPUTE Ha caiite xypHaina http://vestnikmgsu.ru/



