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JKypnan Br/IioueH u nxgekcupyercs B 6ase ganHbsix PVTHI]
(Poccuiicknit MHEKC HAyYHOTO LIUTYPOBAHNA,
www.elibrary.ru)) Ha yc/0B1AX IIOTHOTEKCTOBOTO pasMele-
HIISL, apXVBUPOBAHI U IETIO3UTHOTO XPAHeHNSL.

Directory of Open Access Journals — DOAJ
(http://www.doaj.org).

Hay4nas 6u6mmoreka oTkppitoro gocryma «Knéep-
JIeanuka». HNY MI'CY npegocTaBu MuIjeH3NIO Ha pas-
MellleHle MaTepuasoB )XypHana « CTpOUTeIbCTBO: HayKa

n o6pasosanne» EBSCO Information Services
(http://www.ebsco.com/) — KpyIHelillleMy B MIpe arpera-
TOPY IIOJTHOTEKCTOBBIX >KYPHA/IOB U PYTYX UCTOYHUKOB
Hay4yHOU MHpopMary. [TomHbIe TeKCTHI BBITYCKOB XKYP-
HaJTa MO>KHO OyZieT HaliTyi B 0OHOBJIEHHOJI 6a3e JaHHbIX
EBSCO Applied Sciences («ITpuknagHble HayKu» ), Kak
TOJIbKO KOJUIEKIMs OyeT yKOMIUIEKTOBAHa I pasMelleHa
Ha caliTe arperaropa. PacrpocTpaHsercs depes 9/IeKTPOH-
Hble 6ubnnoTexu «JIanp», «PykoHT», «IPRbooks», BxOzMUT
B Karajor komanuy East View Information Services, Inc.
ITo nanubiM PVIHII, cpenu 756 xypHaIoB B 061acTi
crpouTtenscTBa «CTPOUTENLCTBO: HayKa 1 06pa3oBaHye»
BXOJUT B 8 BENYIIVX XYPHA/IOB OTPACTIL.

Cratbsm npucsanBaercs ungpooit ugentudukarop DOL

PEAKONNETHA

Tycamn Anexcanap PomMaHOBWY, I7. pefakTop, Ji-p TeXH.
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Cupopos Braguvup Huxonmaesud, 3aM. I71. pefjaktopa, Ji-p
TeXH. Hayk, mpod., wi.-kopp. PAACH, 3aB. kad. nndopmatuku u
npuktagHoi MaTeMatuky, HUY MI'CY, Mocksa, Poccns

Anexcees HOpuit BragummpoBud, 1-p apXuTeKTypbl, 1pog.,
npod. xad. rpagocTpontenncrsa, HNY MI'CY, Mocksa, Poccus
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Tarapun Bnagumup TennapbeBuy, ur.-xopp. PAACH, g-p
TEXH. HayK, Ipod., ITIaBHbIl HAYYHBI COTPyRHMK, Hayuno-uccre-
J0BATE/IbCKIIT MHCTUTYT CTPOUTENbHOI Gusnky Poccuiickoir aka-
JeMUU apXUTEKTYPbI ¥ CTPOUTENbHBIX HayK, Mocksa, Poccus

Eprymenko Cepreit VIBaHOBUY, f1-p TexH. HayK, mpod.,
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Kanrapyxn VIsmann IpuropbeBud, i-p TexH. Hayk, npod.,
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Mawnnsn Jleon Pagasnosny, akagemux PAACH, a-p TexH.
HayK, 1pog., mpod. Kad. aBTOMOOMIBHBIX JOPOT, JJOHCKOI Tocymap-
CTBEHHDIII TeXHNYECKNIT yHuBepcureT, Poctos-na-/lony, Poccnsa
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COIEPXAHUE

CTPOMTEJ/IbHBIE KOHCTPYKIMI. OCHOBAHNMA
N OYHIAMEHTDI. TEXHOJIOI'MA 1 OPTAHM3ALINA
CTPOUTEJ/ILCTBA. IPOEKTUMPOBAHME 3[IAHU
" COOPY KEHUI. MTH)KEHEPHBIE M3bICKAHN A
U OBCEJOBAHVE 3JAHNNA
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AHHOTAULMUA

BBepeHue. Ha HanpsikeHHO-4edOopMMPOBaHHOE COCTOSIHME KapKaca MHOTO3TaXHOMO 34aHUsi OKa3bIBaOT BNMsSHWE Aedek-
Tbl M OTKITOHEHWS1 OT MPOEKTHOTO peLleHusi. KauecTBo CTponTeNbHOro 06bekTa 3aBMCUT HE TOMBKO OT KayeCTBa NPOeKTUpOo-
BaHWUsI U U3rOTOBMEHWS!, HO M OT Ka4ecTBa CTPOUTENbHO-MOHTaXHbIX PaboT. [1py MOHTaxe CTPOUTENbHBIX KOHCTPYKLMIA OC-
HOBHOW LieNnbio ABNsieTcst obecneveHre Tpedyemoro no NnpoekTy NPOCTPAHCTBEHHOIO MOMOXEHWUSI 3NIEMEHTOB CTPOUTESNbHbIX
KOHCTPYKLMIA. [N pamMHOro kapkaca ¢ XXeCTKUMU COMPSKEHUSIMU 3IEMEHTOB OTKITOHEHWSI OT MPOEKTHOTO MNOSOXKEHUSI BeayT
K POCTY M3rnbatoLLMx MOMEHTOB, YTO MOXET Bbl3BaThb Bonee paHHee ncyepnaHmne HecyLlen cnocobHOCTU. AKTyanbHOCTb UC-
crnefoBaHMsa 3akrnoyaeTcsl B pa3paboTke METOAUKN NMPOEKTUPOBAHUSI PpaMHbIX CTalnbHbIX KAPKAaCOB MHOMOATaXHbLIX 30aHMIA
C YY4ETOM MOTrpeLLUHOCTEN N3TOTOBMEHNS U MOHTaxa.

MaTtepumanbl u metoabl. OueHKka BMUSHUS HavanbHbIX HECOBEPLLEHCTB Obifna BbIMOSIHEHA Ha NpUMeEpPe pamMHOro Kapkaca
10-3TaXkHOrO XMNoro 3gaHus. [ns pacyeTa Ucnonb3oBaH BbluncnuTenbHbii komnneke JIMPA-CANMP 2021. HavanbHble He-
COBepLUEeHCTBa Kapkaca NpUHSITbl B COOTBETCTBUM C AEWCTBYIOLLMMWU POCCUIACKMMI HopMamMu. Kpome npsiMoro yyeta mcka-
YKEHHOW reoMeTpUN NPOBOAMINCE PACHETLI C AOMOSHUTENbBHBIMU pacrnpefeneHHbIMU FrOPU3oHTaNbHBIMU Harpy3kamu, npu-
KnagplBaeMbIMU Ha Kaxdom aTaxe no metoauke EBpokopga 1993-1-1. MonyyeHHble pa3HbiMM cnocobamu nepemelLeHns
N YCUNWSA XapaKTepHbIX TOYEK 1 CEYEHWIN KapKaca CpaBHUBANMCh ApYr ¢ ApYroM. PacyeT BbINOMHEH Ha codeTaHue NocTosIH-
HOW, CHErOBOW, NOME3HOW U BETPOBOW Harpy3ok.

Pe3synbratbl. YUeT norpeluHocTen cOopku U U3roTOBMEHMS B TEOMETPUM Kapkaca no3sornsieT 6onee TO4HO yYeCTb BNUsSHUE
NorpeLLHoOCTen No cpaBHEHUO ¢ MeToaukon EBpokoaa. MNepemelleHnst n ycunumsl, nonyvyeHHble NIMHENHbIM pacyeToM pam-
HOro Kapkaca, Mano OTNM4YalTCs OT pe3ynbTaToB HEMMHENHOro pacyeTa.

BbiBOAbI. YCTAHOBINEHO, YTO MPSIMON YYET NOrPELLHOCTEN N3roTOBMNEHUSI 1 COOPKU KapKkaca B reOMeTpUM pacHeTHOW CXEMbI
[aeT BO3MOXHOCTb Gornee TOYHO oLeHMTb paboTy kapkaca. Mcnonb3oBaHve meToauku EBpokoda ¢ OOMOMHUTENbHLIMU
rOpM3oHTarNbHbIMW Harpy3kamMu Ha YPOBHE KaXJOro 3Taxa BefeT K MOMy4YeHUI0 3aBbllUEHHbIX NepeMeLLEHNA U YCUNUA No
CpaBHEHMIO C haKTU4eCKNMMU.

KINMOYEBBIE CJIOBA: MHOrosTaxkHble 34aHusl, NMOrpelHOCTb MOHTaXa UM U3roTOBIEHUSl, PaMHbIA KapKac, cTarnbHble
KOHCTPYKLWM, NIMHENHDBIV pacyeT, HENNHEWHBIN pacyeT, reOMeTPUYECKMEe HECOBEPLLEHCTBA, MHOTO3TaXHble 34aHUs

Ona UUWTUPOBAHWUA: HOcegp PadyaH Xamamu, TycHuH A.P. PaboTa pamHbIX CTarnbHbIX KApKacoB C y4ETOM MOrpeLLHo-
CTen MOHTaxa v nsrotoernexus // CTpontenbCTBo: Hayka n obpasosanue. 2023. T. 13. Bein. 3. Ct. 1. URL: http:/nso-journal.ru.
DOI: 10.22227/2305-5502.2023.3.1
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Operation of steel frame structure taking into account installation
and fabrication imperfections

Youssef Radwan Hamaty, Alexander R. Tusnin
Moscow State University of Civil Engineering (National Research University) (MGSU),
Moscow, Russian Federation

ABSTRACT

Introduction. In cities, a large number of buildings are multi-storey. Multi-storey buildings can be public, industrial and
residential. Buildings with a height of more than 75 m are called high-rise, with a height of more than 100 m — unique.
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BBEJAEHUE

The frames of multi-storey buildings consist of columns, ties and ceilings. The bearing capacity and rigidity of the building
frame is determined by the interaction of all the elements of the frame. The overlaps transfer the load to vertical load-bearing
structures, form horizontal hard disks that combine columns with vertical connections, affect horizontal movements and
vibrations of the frame. The stress-strain state of the frame is affected by defects and deviations from the design solution.
The quality of a construction object depends not only on the quality of design and manufacturing, but also on the quality
of construction and installation work. During the installation of building structures, the main objectives are to ensure the spa-
tial position of building elements required by the project, the mutual connection of structures with each other, ensuring
the safety of installation work. Installation of building structures is a complex process of assembling buildings from separate,
pre-made elements. Increasing the efficiency of installation work is based on the use of progressive methods of work produc-
tion, increasing the level of automation and mechanization of work. Geometric dimensional tolerances in construction are
divided into functional and technological. For a frame structure with rigid interfaces of elements, deviations from the design
position lead to the appearance of additional, primarily bending moments, which may cause earlier exhaustion of the bearing
capacity. The relevance of the work is to develop a design methodology for steel frames of multi-storey buildings, taking into
account fabrication and installation errors.

Materials and methods. The calculation of steel frames can be performed in linear and nonlinear formulation. The linear
calculation does not take into account the deformation of the system under the action of the load and the forces accumu-
lated in the frame elements. With the nonlinear approach, the calculation is performed by several methods: Elastic analysis
of the second order-Plastic analysis of the second order. The assessment of the impact of initial imperfections was carried
out on the example of a frame structure of a 10-storey residential building. When performing the calculation, the finite ele-
ment model of the core frame is taken into account. The work of a separate flat frame is considered, which takes into account
the design features of the frame. LIRA-SAPR 2021 computing complex was used for the calculation. Initial imperfections
of the frame were taken in accordance with the current Russian standards. In addition to direct consideration of the distorted
geometry, calculations were performed with additional distributed horizontal loads applied on each floor according to Euro-
code 1993-1-1. The movements and forces of characteristic points and sections of the frame obtained by different methods
were compared with each other. The influence of imperfections on movements and efforts from individual loads was studied.
The cross sections of the frame elements were initially selected so that its bearing capacity was ensured under the action
of combinations of combinations of design loads. The calculated combination of loads includes constant load, snow load,
payload, wind load.

Results. When analyzing the results, it is necessary to take into account that direct accounting of assembly and manufac-
turing errors in the geometry of the frame is more correct, but requires the formation of more complex calculation schemes
that take into account the errors of the geometry of the frame. The displacements and forces obtained by linear calculation
of the frame structure differ little from the results of nonlinear calculation, which allows us to recommend a linear calculation
method for the frame structure.

Conclusions. Based on calculations of the stress-strain state of the frame of a multi-storey building, it was found that direct
accounting of manufacturing and assembly errors in the geometry of the frame allows for a more accurate assessment
of the work of the frame. The use of Eurocode technique with additional horizontal loads at the level of each floor using
a frame structure leads to excessive movements and efforts compared to the actual ones.

KEYWORDS: multi-storey buildings, assembly and fabrication error, frame structure, steel structures, linear calculation,
nonlinear calculation, geometric imperfections, multi-storey buildings
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M CBs3€i) C TOMOMIbIO OTPabOTaHHBIX Y3IIOB, BO3-
MOXKHO IPUMEHEHHE TOTOBBIX HECYHIMX OOBEMHBIX

B ropogax 6osbiroe 4MciI0 MHOTOSTaKHBIX 3/a- .
monyneit [3, 4]. BaxuapM mpu pa3paboTKe THITOBBIX

Huil. OHU MOTYT OBITH OOIIIECTBEHHBIMH, TIPOMBIIIIIICH-
HBIMU Y XWIBIMH. 3[aHUs BBLICOTON OoJiee 75 M Ha3bl-
BAlOTCSl BBHICOTHBIMH, Ooee 100 M — yHHKaJIbHBIMH
[1, 2]. MHOTOSTaXHBIE 37aHUSI XapaKTEPUIYIOTCSI TEM,
YTO HA OTHOCHTEIFHO HEOOJNIBIIOM IISITHE 3aCTPOWKH
BO3BOJUTCS OOJIBIIOE 110 BBICOTE 3[]aHUE.

OO0beM HCIIONB30BAHUS CTAIM B HECYIIUX KapKa-
caxX MHOTOATAXHBIX 3JaHNI MOXHO YBEJIHMUYHTH 3a CUET
MIPUMEHEHHS] THITOBBIX KOHCTPYKIMH. Mcnonb3oBaHue
THIOBBIX KOHCTPYKIMI M Y3JI0B COKpamaeT BpeMs
U CTOMMOCTbH IPOCKTUPOBAHMS U CTPOMUTENbCTBA. TH-
MOBbIE KOHCTPYKIIMM HMMEIOT BBICOKYIO Ha/Ie)KHOCTb,
JOCTYIHBI, TEXHOJIOTMU MX W3TOTOBJICHHS U MOHTa)xa
orpaboransl. OCOOCHHOCTh THUIIOBBIX KOHCTPYKIMH
3aKIFOYAETCsl B MOJYJIBHOCTU M IIMPOKOM HAIa30HE
pa3mepoB. TuIOBBIE KapKachl MOHTHPYIOTCS W3 TIO-
BTOPSIFOIINXCSI HECYIIUX 3JIEMEHTOB (KOJOHH, pUreleh

KOHCTPYKIHH, I KOTOPBIX XapaKTEPHO MACCOBOE UC-
MIOJTb30BAHUE B OOJBIIOM YHCIIE 3AaHHUH, a TAKKe Ul
KOHCTPYKIHH, UCIONb3yeMbIX B OTBETCTBCHHBIX 3/a-
HUSIX U COOPYXKEHHSIX, SIBISIETCS M3yYEHHE BCEX OCO-
OeHHOCTel paboThl TAKUX KOHCTPYKIHH, B TOM YHCIIE
BIIMSIHUE HA HECYIIYIO CIIOCOOHOCTh M JKECTKOCTH I10-
IPEIIHOCTEN U3rOTOBICHUS U MOHTaXa.

Kapkacbl MHOrO3TaXXHbIX 34aHUH COCTOST U3 KO-
JIOHH, cBsi3ell M mepekpbiTHil. Hecymas crnocoOHOCTD
1 JKECTKOCTh KapKaca 3/IaHUsl OMNpENeINseTcss B3au-
MOJeHCcTBUEM BCeX 3JEMEHTOB Kapkaca. llepexpsbl-
THSI TIEPENAIOT HArpy3Ky Ha BEPTUKAIbHBIC HECYIHUE
KOHCTPYKIMH, OOpa3yloT TOPHU30HTAJIbHBIE >KECTKHE
JVMCKH, OOBEAMHSIONINE KOJOHHBI C BEPTHKAJIbHBIMU
CBSI3SMH, BIMSIIOT Ha TOPU30HTAJIbHBIE MEPEMEIICHUS
1 KoebaHus KapKaca.
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CTNOMTENbCTB!
HayKa v 06pa3oBaH

HOceg Padyan Xamamu, A.P. TycHuH

[TpoekTupoBaHKEe MHOTOATAXHBIX 3[aHUH CBSI-
3aHO C pELICHHEM KOMIUICKCa 3aj]ad, yYUTHIBAIOIINX
00BEMHO-TUIAHUPOBOYHOE PelIeHHe, paboTy HECYILEro
Kapkaca, 0COOCHHOCTH M3TOTOBJIEHUSI M MOHTaXKa €ro
KOHCTPYKTHBHBIX JIEMEHTOB. MHOTO3TaKHBIE 3/1aHMS
13 MeTayia MOTYT OBITh TOJIBKO KapKacHbIMH. CTaib-
HBIE KapKachl PAlIOHAJIBHO MPUMEHSITH B HPOU3BOI-
CTBCHHBIX 3/1aHUAX C 60J'II)IJJI/IMI/I HarpyskKamMmu, a TakKKe
B I'PXIAHCKUX OOJBIIETIPOIICTHBIX ¥ MHOTO3TaKHBIX
3AaHUX. DTO 00BSCHAETCS HECKOIBKUMU IIpUuYuHaAMU:

* CTAJIbHOM KapKac BCJIEACTBHE BBICOKOM HeCy-
el CrmocoOHOCTH MaTepraia 00IagaeT CyIIeCTBEHHO
MEHBILINM COOCTBEHHBIM BECOM 110 CPABHEHUIO C JKelle-
300€TOHHBIM;

¢ BOBMOKHO NPUMCHCHHUE 6OJ'H>IHI/IX IIPOJICTOB HE-
CYIIMX KOHCTPYKLHH II€PEKPHITHH, T.. YBEINYCHHE
1ara KOJIOHH;

* [IpY BO3BEACHUH CTAJIBHOIO KapKaca HCIOJIb3Y-
FOTCS JIEMEHTBI TIOJIHOW 3aBOJICKOM TOTOBHOCTH.

Pabora xapkacoB MHOTO3TaXKHBIX 3/1aHUI CBs3a-
Ha CO 3HAYMUTEIHHBIMU BEPTHKAJIBHBIMU HArpy3Kamu
Ha KOJIOHHBI M C 60J'II)IJ_II/IMI/I TOPU30OHTAJILHBIMU Ha-
Ipy3KaMH OT BETPOBOTO Bo3eicTBHs. [IpoexkTrpoBa-
HHE MHOTOATaXKHOTO 3aHUsI HAPSIMYIO CBSI3aHO C €TO
00BEMHO-TUIAHUPOBOYHBIM PEIICHHEM, BHIOOPOM KOH-
CTPYKTHBHOW CXEMbI, MaTEpHANIOB JUISl HECYIINX KOH-
CTPYKLM, CIIOCOOOB MX H3TOTOBJICHHUS M MOHTaXa,
a Takke 00CITy>KMBaHHEM 3/IaHMs B MPOILECCE IKCILTY-
ataruu [5, 6].

Ha nanpspkeHHO-1€()OPMUPOBAHHOE COCTOSTHHE
(HAC) xapkaca OKa3bIBalOT BIHSHUE MEPEKTH M OT-
KJIOHEHHUS OT MPOEKTHOTO peuieHus. Jedexrsl 3nanuii
MOXKHO KJIACCH(HUIMPOBATH 110 CIIEAYIOUIMM IpPU3HA-
KaM: 10 XapakTepy, IpUYNHE U BPEMEHH, 3HAYUMOCTH.

1. ITo xapakrepy:

* CKPBITHIE;

* SIBHBIC.

2. I1o mpuvmHE 1 BpEMEHU:

* OIIMOKHU M NMPOCUETHI MPU U3BICKAHUSIX U TIPOCK-
THPOBAHNH;

* OIIMOKM U MPOCYETHI B IPOLIECCE M3TOTOBICHUS
1 CTPOHTEINIBCTBA.

3. ITo 3HaunMocTH:

* 1-s rpynma: yrpoxaromye paspymeHueM, ocia-
Orstroe KOHCTPYKIMM M MOTYIIME MPUBECTH K aBa-
pusamM;

e 2-s Tpymma: HE YIPOXKAaloIIMe IeJIOCTHOCTH,
HO 0CJTa0JISIONINE KOHCTPYKIIUH;

*3-g Tpymma: He NPHUBOAIINE K Pa3pylICHHUIO,
HO TpeOyroIue JOMOIHUTEIBHBIX 3aTpar B IpoIecce
9KCILTyaTaluH.

OcHOBHBIE Ie(EKTHI CTATBHBIX KOHCTPYKIIUI TPH
HUX U3IOTOBJICHUU:

* HeOKBMBAJICHTHAsI 3aMEHA MAaTEpUaJIOB NPH W3-
TOTOBJICHUH 3JIEMEHTOB KOHCTPYKLHUH (3aMeHa Mapku
CTaJIM, THUIA JIEKTPOJIOB, YMEHBIICHHE CEUCHHS dJie-
MEHTOB);

8

* NI3MEHEHHE TPOEKTHBIX Pa3MEpPOB KOHCTPYKIINU
B IICJIOM U €€ OT/ACIhHBIX 3JICMECHTOB;

* CMEIIEHHE OCEil PIEMEHTOB OT MPOEKTHBIX T'e0-
METPHUYECKUX IEHTPOB Y3JIOB COMPSIKEHHH HECKOIb-
KHX 3JICMCHTOB;

* HEMIPSAMOIMHEWHOCTD AJICMEHTOB;

* OTCYTCTBHE TPEOyEeMbIX 3a30POB MEXK/Y CTBIKye-
MBIMH 3JICMEHTAM;

* YMCHBIIICHNE JUTMHBI CEUEHHs] CBAapHBIX IIBOB,
HU3KOE Ka4eCTBO CBAaPKH, OKpAIMBAHUE IIBOB C HEOT-
OUTBIM IIIJIAKOM;

* MOJPE3KH MeTala HECYIIUX OJJIEMEHTOB IpH
CBapKe;

* HE/IOCTAaTOYHOE CTATHBAHKE MTAKETOB P OONTO-
BBIX COCAMHEHMSIX;

* IOKPBITHE MeTajula T'PYHTOBKOH 0€3 O4YMCTKH
OT p)KaBYHHEI,

* Me(eKTHl COCNMHEHNI SIEMEHTOB (TOJOBOK 3a-
KJIETIOK, OOJITOBBIX COEIMHEHHH, CBAPHBIX IIBOB);

e neeKThl MPOTUBOKOPPO3UOHHBIX HOKPHITHH
(HemocTaToyHast TONIIMHA, YIACTKU C OTCYTCTBHEM I10-
KPBITUS U T.11.);

* OTIIPaBKa CTAJbHBIX M3/IENUI Ha CTPOHKY Oe3
OTPYHTOBKH.

K pacnpocTpaneHHbIM Jie()eKTaM MOHTaXKa CTalb-
HBIX KOHCTPYKIMH MOXXHO OTHECTH:

* HapyIIEHUE TPABIILHONW ITOCIEHOBATECIHHOCTH
MOHTaXKa;

* HETOYHYIO TIOJITOHKY M HENPABHIBLHOE COCTUHE-
HUE IIEMEHTOB B MOHTAXKHBIX y3IIaX;

* CMEIICHUE KOHCTPYKIMH C TPOEKTHBIX OTMETOK
H OCel;

* OTCYTCTBHE AIIEMEHTA KOHCTPYKIIUH WIIH COCITH-
HEHHS;

* IOBPEK/ICHNE DIIEMEHTOB KOHCTPYKIMI IPH MOH-
Taxe (MCKpUBIICHHAE, KOPOOIeHNEe, BMSITHHBI U T.I1.) [7].

[Tporiecc MPOU3BOACTBA CTATIBHBIX CTPOUTEIBLHBIX
KOHCTPYKIIHH, KaK IIPaBUIIO, TPOUCXOAUT Ha CHICIIHAIIU-
3UpPOBaHHBIX 3aBOIax MeTamIoKoHCTpykmmid (3MK),
COCTOSIIINX U3 IIEXOB OCHOBHOTO M BCIIOMOTATEIIEHOTO
TIPOM3BOJICTBA.

TeXHOIOTUYHOCTD, T.€. IPOCTOTa M YIOOCTBO HX
M3TOTOBJICHUS B 3aBOJCKHX YCIOBHAX, ONHO W3 OT-
JIMYUTENBHBIX JOCTOMHCTB CTPOMTENBHBIX CTabHBIX
KOHCTPYKIMHA. UeM TeXHOIOTHYHEe KOHCTPYKIUS, TeM
HIKE TPYIOEMKOCTh €€ M3TOTOBIICHHS, a 3HAUYUT U KO-
HEeYHasi CTOUMOCTh. ABTOMATH3aIMUs ONEPALUi MO U3-
TOTOBJICHUIO 00CCIICYMBACT CHIDKCHHE Ce0CCTOMMOCTH
roToBOH KOHCTpyKunu [8—10].

KauecTtBo CTpoHMTENBHOTO O0BEKTa 3aBHCUT
HE TOJBKO OT KayeCTBa MPOCKTHPOBAHUS U W3TOTOB-
JIEHUs, HO M OT KauecTBa CTPOUTEIHHO-MOHTAKHBIX
pabor. [Ipu MOHTa)Ke CTPOUTENBHBIX KOHCTPYKILUI OC-
HOBHBIMH HEJISIMHU SIBIISIIOTCSL 0OecrieueHue TpedyemMoro
IO TIPOEKTY TMPOCTPAHCTBEHHOTO TOIIOKEHUS dIEMEH-
TOB CTPOUTEIBHBIX KOHCTPYKIMH, B3aHMMHOE COEIH-
HEHHE KOHCTPYKIMH MeXIy coboii, obecrieueHne 6e3-
OITaCHOCTH TIPOBEACHUS MOHTAKHBIX PaloT.
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B nacrosiiiee Bpemst CyIecTByeT OOJIBIIOE KOJIH-
YEeCTBO BHJIOB M CIIOCOO MOHTa)ka, MO3TOMY MOHTX
CTPOUTEIBHBIX KOHCTPYKIMH BBIACISIOT B OTACIBHYIO
OTpPacilb CTPOUTENILHOTO PONU3BOJICTBA.

MoHTaX CTPOUTENBHBIX KOHCTPYKLMH — 3TO
KOMIIJIEKCHBIH Tpoliecc COOPKH 3/1aHUH U3 OT/EIbHBIX,
3apaHee U3TOTOBIEHHBIX 1eMeHTOB. IIponeccsl, u3 ko-
TOPBIX COCTOWT MOHTAX, JENATCS Ha TPAHCIOPTHBIC,
MIOATOTOBUTENbHBIE U COOCTBEHHO MOHTaxKHbIC. Jlyis
BBITTOTHEHNUS BCEX 3TUX IMPOIECCOB B KOMIUIEKCE HC-
MOJIb3YIOTCS. MOHTA)KHBIE, TAKeJNaXKHbIE U TPAHCIOPT-
HBIE CPE/CTBA.

K MOHTa)XHBIM TIpOIIECCaM OTHOCSATCS 3aXBaT KOH-
CTPYKIUI TPy30MOABEMHBIM MEXaHU3MOM, HOIBEM HIIN
nepeMeIeHe Ha MEeCTO YCTaHOBKH, YCTaHOBKA Ha OTI0-
PBI, BBIBEpKA MPaBHIBHOCTU MPOCTPAHCTBEHHOTO MOJIO0-
JKEHUsI, BPpEMEHHOE U IIOCTOSIHHOE 3aKpEIIEHUE.

Crposmuecs: 00bEKTHI ¢ KaXKABIM TOJOM CTaHO-
BATCS BCE CIIOKHEE, 00bEM MOHTAKHBIX pabOT B CTPOH-
TENbCTBE YBEINIUBACTCS.

[ToBbimenne dpPEeKTUBHOCTH MOHTaXHBIX paboT
OCHOBaHO HAa MPHUMEHEHMU IMPOrPECCUBHBIX METOAOB
TIPOM3BOJICTBA, IOBBIIICHUN YPOBHS aBTOMAaTHU3AIMN
1 MEXaHHU3AIHH.

[Ipu MOHTa)ke BO3SMOYKHO TOSIBICHHE TTOTPEIIHO-
CTel MpM yCTAaHOBKE KOHCTPYKIUM B NPOEKTHOE MO-
JIO)KEHHE KaK IO TOPU3OHTANIM, TaK W 110 BEPTHUKAIIH.
[NorpemrHocTH, KOTOpBIE YKIAABIBAIOTCSA B JIOITyCKae-
MBbIE HOPMBI, Ha3bIBAIOTCS JOMyCKaMu. Jlomyckn reo-
METPHUYECKHX Pa3MEpOB B CTPOUTEIBCTBE Pa3/IeNIOT
Ha (pyHKIMOHAJIbHBIE ¥ TEXHOJIOTHYECKHE.

Haznauenue normyckoB TpeOyeTcs misi obecrede-
HUSI TOYHOH COOPKM KOHCTPYKIHUH M3 HE3aBUCHMO H3-
TOTOBJICHHBIX JJIEMEHTOB B COOTBETCTBHH C MPEIBSIBIIS-
eMBIMHU TPeOOBAHUSAMH B CTAAUU SKCILTyaTaI[lH.

OyHKIMOHATIbHbIE JOMYCKH HAa3HAUaIOT C y4eTOM
TpeOOBaHMII K KOHCTPYKIHMSAM I10 IPOYHOCTH, H30JISI-
LMOHHBIM CBOMCTBAM HJIM TIO 3CTETHYECKHM COO00Opa-
KeHUsIM. DyHKIMOHAIBHBIE JOMYCKH yCTAaHABINBAIOT
TpeOOBaHUSA TIO TOYHOCTH T€OMETPUUYECKUX Mapame-
TPOB B y3JIaX COEIMHEHUs KOHCTPYKLUH, TOUHOCTH UX
B3aMMHOTO PACION0KEHHUS.

TexHOMOrn4ecKue IOMyCKH OMPE/IEISIIOT TOYHOCTh
TIPY M3TOTOBJIEHUH 1 YCTAaHOBKeE 31eMeHToB. K Texnomo-
THYECKHUM JOITyCKaM M3TOTOBJICHUS OTHOCSTCS JOITYCKH
JIMHEHHBIX Pa3MEpOB AIEMEHTOB, (DOPMBI M B3aUMHOTO
MOJIOKEHUST MOBEpXHOCTeH. Jlomycku JHMHEHHBIX pas-
MEpOB PENIAMEHTHUPYIOT TOYHOCTh HMX HW3TOTOBJICHHS
10 JJWHE, IIUPHHE, BBICOTE, TOJIIMHE, & TAKKE TOU-
HOCTh HAHOCUMBIX Ha JIEMEHTHI opueHTHposB [11].

AKTyaJIbHOCTh HAcCTOSIILIEH pPabOThl 3aKJIovaeT-
csl B pa3paboTKe METOAMKH MPOEKTHPOBAHUS PAMHBIX
CTAJIBHBIX KapKacOB MHOTOATAXXHBIX 3[[aHUH C y4eTOM
MOTPELIHOCTEN U3rOTOBIEHMS U MOHTaXa. 1 paMHO-
ro kKapkaca (puc. 1) ¢ JKeCTKUMH COTIPSDKEHHUSIMU dJie-
MEHTOB OTKJIOHEHHsI OT MMPOEKTHOTO MOJIMKEHHS BEIyT
K TOSIBJICHUIO JIOTIOJHUTEJBHBIX, MPEXK/E BCErO M3TH-
6arommx, MOMEHTOB, YTO MOXET BBI3BaTh Oojiee paHHee
HCUEpIIaHUE HECYIIEH CIIOCOOHOCTH.

Puc. 1. MHOrosT@)KHOE 3/[aHHE HA HECYILIEM PaMHOM
Kapkace

MATEPHUAJIBI U METO/bI

PacdeT craidpHBIX KapKacOB MOXKET BBITIONHSATHCS
B JUHEHHON W HEIMHEHHOW IOCTaHOBKe. JIMHEeHHBII
pacyeT He YYUTHIBACT AC(HOPMHUPOBAHIE CHCTEMBI MPH
JEHCTBUY HATPY3KH W HAKOIIEHHBIC B 3JIEMEHTaX Kap-
Kaca ycunus. [Ipy HeMMHEHHOM MOAXOAE PAacyET BbI-
MTOJTHSIETCST HECKOJIBKUMU METOaMu (pHc. 2).
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Ynpyras Harpyska na usrud

Ynpyruit ananus
BTOPOTO MOPAIKA

[TnacTHyeckuii ananus
BTOPOTO MOpsIKa

Harpy3ka

Hedopmarus
b

Puc. 2. O0mias xapakTeprcTHKa METOJIOB pacueTa CTaJbHBIX
kapkacos [12, 13]: a — merozs! pacuera; b — KpuBas
Harpy3ka—zaedopManust 1 pa3HbIX THUIIOB pacdyera
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Puc. 3. [1nan TumoBoro staxka

1. Ynpyeuii ananuz emopozo nopsioka — 3T0 aHa-
JIU3 C YYETOM IeOMETpUUECKOW HeIuHeHHocTU. Takoin
pacdeT TO3BOJISIET BBISIBUTH MOTEPIO O0MLIEeH ycTONYH-
BOCTH CHCTEMBI B YIIPYTOil cTagun paboThl, HO C yde-
TOM M3MEHEHHS T€OMETPHN KOHCTPYKIINH W HAKOTUICH-
HBIX B 2JIEMEHTaxX KapKaca ¢ POCTOM Harpy3KH YCHIIHH.
Hanuumne HaganbHBIX HECOBEPIIEHCTB KapKaca MHOIO-
ATa)KHOTO 37aHUS CIOCOOCTBYET IMPH 3arpyKCHUU 00-
nee OBICTPOMY OTKJIOHEHHUIO ITOJIOKEHHUS DIIEMEHTOB
Kapkaca OT IIPOEKTHOTO U 00Jiee paHHEMY JI0CTHIKEHHIO
MIpeJesIbHON Harpy3KH.

2. [Tnacmuueckuii aunaiuz 6mopoco Nopsoka —
aHan3, KOTOPBI YYUTHIBAET HE TOJBKO Ie(hOpMH-
POBaHHYIO CXE€My, HO M XapakTep (AuarpamMmy) Je-
(dopMupoBaHusi Marepuaia. YpPaBHEHHs pPaBHOBECHS
3amucanbl IS AePOPMUPOBAHHON (HOPMBI, TIPH ATOM
YYUTBHIBACTCS Kak (pU3MUECcKasi, Tak ¥ TeOMEeTpHUIecKas
HEJIMHEUHOCTb.

OTOT TUN aHaIu3a Jy4dlle BCEro MOAXOAUT AL
MOJICITUPOBAHHS PEANEHOTO TMOBEIACHUS KOHCTPYKIHH
U pacueTa Ipeesia Heynpyroi yCToH4uBOCTH, T.€. IIPU
pa3BUTHM IIacTHYeCKHX aedopMalii B marepuaie
KOHCTPYKIUH [IPU 3arpyKEHUU.

[IpoBeneHHBIC paHEe UCCIICTOBAHUS ITOKA3BIBAIOT,
YTO aHAJIN3, OCHOBAaHHBIN Ha pacyeTe MIeaTn3upOBaH-
HOM MHOTO3Ta)KHOH CTaJbHONH KapKacHON KOHCTpYK-
nuu 0e3 yuera HECOBEpIICHCTB, YacTO He oOecIeuu-
BaeT HECYIIYIO0 CIIOCOOHOCTH 3IaHUS W HE OTBEYACT
IKCILIyaTallMOHHBIM TpPEOOBaHHUSIM 110 JIOMYCTHMbIM
nepeMeleHusM Kapkacos [ 14].

OneHka BIMSHHSA HayallbHBIX HECOBEPIIEHCTB
BEITIOJTHEHA Ha TIPHIMEpe paMHOTo Kapkaca 10-3TaxHo-
TO JKUJIOTO 37]aHusl, paclojiokeHHoro B IV cHeroBoM
u IV BeTpoBOM paiioHe. 31aHNe UMEeT MPSIMOYTOIbHBIH
maaH, pasmepsl B miane 54,4 x 12,3 m. Breicora sraxa
paBHa 2,95 M. 3manme 6e3 moxsaina. [lar monepedHsIx
pam TepeMeHHBI B NPoAoNbHOM HampasiaeHun 3,0,
3,3; 3,6; 3,8 u 3,9 M. B nonepeyHoM HanpapieHUH 1Iar
xononH 4,3; 3,3 u 4,7 m. Ha puc. 3 nokasan miaH 31a-
HUS, Ha puc. 4 — paspes.
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Puc. 4. Pa3pes kapkaca
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PamHubIii Kapkac mpejcraBisieT coOOH HECyIIyIo
CTEP)KHEBYIO CHCTEMY, B KOTOPOH KOJOHHBI M Oayku
KECTKO COEJIMHEHBI JIPYT C APYTOM, a KOJIOHHBI KECTKO
MIPUKPEIUIEHB! K (PyHIAMEHTY. 3a CYeT KECTKOTO Kpe-
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TUIEHHS DIIEMEHTOB KapKaca JIpyT K Jpyry odecrednBa-
€TCsI MPOCTPAHCTBEHHAS! YCTOMYHUBOCTD U JK€CTKOCTb.

[epexpbITHst 31aHKST BHITIOJIHSIOTCS B BHJIE MOHO-
JIUTHOH 7K€J1€300€ TOHHOM TUTUTHI 10 MPO(UITHPOBAHHO-
My HaCTHITY.

CreHbl 3/1aHHS KapKacHO-OOIIMBHBIE. B mpoekre
pacueTa Kapkaca BEC CTeH y4YTeH NMPUOIMIKEHHO U PH-
HAT paBHBIM | KIla.

YCTOMUMBOCT, M KECTKOCTh PAMHOIO Kapkaca
B IJIOCKOCTH MONEPEYHOM paMbl 00€CIIednBaAETCS HKECT-
KHM CONPSDKCHHEM pHreield ¢ KOJOHHAMH M KOJIOHH
¢ ¢ynmameHnToM. V3 TIOCKOCTH TOIMEPEYHON pambl
YCTOMYUBOCTh 00ECTIEUNMBACTCS CHCTEMOW BEPTHKAIIb-
HBIX CBsi3el. BepTukanpHble HeCyllue KOHCTPYKIMH
KapKaca — KOJIOHHBI PacIoNararoTcs Ha IePeceueHns X
oceil. KomoHHBI 1 Ganku MEpeKPBHITHS BBITOTHIIOTCS
n3 mpokatHbix aByTaBpoB mo [OCT P 57837-2017".
Cranb xooHH 1 O6anok C345.

Bec cranbHOrO Kapkaca yYHTBIBA€TCS BBIYMCIIH-
TENBHBIM KOMIUICKCOM ITO CEYEHHSAM 3JeMeHTOB. [Ipn
BBISIBJICHUM Harpy3kn OT COOCTBEHHOTO Beca KapKaca
YUUTBHIBaeTCs KOA(P(UIMEHT HaIeKHOCTH IO Harpys-
ke, paBHbIH 1,05, u crpouTenpHbIi K03 duuueHT 1,2,
YUUTHIBAIOIINI Hamuuue pedep, HaKIaIoK, (PacOHOK
1 OTOPHBIX IUTACTHH. Harpyska Ha cTajbHBIC pHUTENIN
TIEPEKPBITHS ONPeJIeNICHa ¢ yYeTOM MINPUHEI TPYy30BOH
TUTOIIA M, PABHOH 1Iary IOIEPEYHBIX PaM.

s IV cHeroBoro paiioHa HOpMaTHBHAsl CHErOBast
Harpyska pasHa 2,0 xIla, pacuernas — 2,8 xIla. lna IV
BETPOBOTO paiioHa HOPMATUBHOE BETPOBOE JIABJICHUE CO-
crasisieT 0,48 klla, pacuernas Harpyska — 0,672 klla.

IIpu mpoBeneHHM pacyeTa yUYTEHO CIIeAyollee.
Koneuno-anementnas moznenb (KOM) kapkaca crepx-
HeBas. PaccmoTpeHa pa0oTa OTAEIBHOW TUIOCKOW
paMbl, YTO Y4YHUTHIBAET OCOOEHHOCTH KOHCTPYKLUH
Kapkaca. Iy pacyeTa MCIOIb30BaH BBHIYHUCIUTEIBHBIN
komruieke JIMPA-CATIP 2021. B Ta6sn. 1 npencrapienst
THIIBI JKECTKOCTEH U CeueHUs 2JIEMEHTOB Kapkaca [15].

Tao6u. 1. Tunsl )xecTKOCTEH 2JIEMEHTOB PAMHOI'0 Kapkaca

Tun HaumenoBanue
CeueHue
JKECTKOCTHU 3JIEMEHTA
1 Kononnasr 35K2
2 banku 3062

Harpy3ska® npukiagpBazach K pacueTHOH cxeme
B BU/JIE IISITH 3arPYyKECHUMN:

1) Bec HeCyImUX KOHCTPYKIHH;

2) moCTOsIHHAsT Harpy3ka — BEC OTrPa)IaIoIINX
KOHCTPYKLUIi;

3) mone3Has HarpysKa;

'TOCT P 57837-2017. JIByTaBphI CTaJbHBIC TOPSTYCKATAHBIC
C MapaJUIeIbHBIMU IPAHSIMHU T0JIOK. TEeXHUYECKUE YCIOBHSI.

2 CIT 20.13330.2016. Harpysku u BO3ICHCTBHS. AKTyalH3H1-
poBannas pepakuust CHull 2.01.07-85%*.

4) cHeroBasl Harpy3Ka;

5) BeTpoBasi Harpy3Ka.

HavanbHble HECOBEpIIEHCTBA KapKaca HPUHSATHI
B COOTBETCTBHUM C JCHCTBYIOLIUMHU POCCUHCKUMU HOP-
MaMI/I3. Komonusr B 3JaHUU TNPHUHATBI JABYXOTaXHbBIMU
mmHor 5900 mm. PaccMoTpeHO OTKIIOHEHHE Bepxa
KOJIOHHBI IT0 BEPTHKAJIM HA ATOM yYaCTKE B IIOCKOCTH
MONEPEYHON pambl. BennuuHa 3TOro OTKIOHEHUS CO-
ctaBnseT 15 Mmm. Kpome OTKIIOHEHHS OT BEpTHKAIH Y-
TeHa ¥ HayaJIbHas ITOru0b KOJIOHHBI B IJIOCKOCTH IIOIIC-
peuHoit pamsl co ctpesoit 0,0015 pnuue! nm §,85 mm.
VYka3aHHBIC OTKJIOHEHHsI OT MPOCKTHOH TIeOMETpHH
yureHs! B reomerpurd KOM. {71t aToro KomoHHa ObITa
pasieneHa Ha JecATh PaBHBIX 4acTeH, KOOPAWHATHI y3-
JIOB OMPENEISIINCh C YYETOM HPUHATHIX OTKJIOHEHHH
B BHJIE CMEIICHUS BepXa KOJIOHHBI Ha 15 MM M CTpernsl
moru6u 8,85 Mmm. B 3amac Hecymeit crtocoOHOCTH pH-
HSATBIE OTKJIOHEHUSI KOJIOHHBI HAKAIUTUBAJIMCH /10 BEpXa
3panng. CyMMapHOE OTKJIOHEHHE KOJIOHHBI Ha BEPXY
3nanust paBHo 75 MM [16]. K pacuerHoii cxeme ¢ uc-
Ka)KCHHOM TeOMETpHEe INpHKJIa bIBAINCh YKa3aHHbIC
BBIIIIE HATPY3KH U BHITTOIHAJICS pacyeT YCHIMH 1 repe-
MemieHui. IToT crmocob pacuera Hambolee JOCTOBEp-
HO OTpa)kaeT paboTy Kapkaca, OJHaKO ero MpUMEeHEHHE
COIPSDKEHO € JIOCTAaTOYHO TPYAOEMKOH Mpolexypoit
(hopMHUpPOBaHHs TEOMETPHN KapKaca C yU4eTOM IIOTpell-
HOCTEH M3TOTOBJICHHS M MOHTaXa.

Kpome npsiMoro ydera MCKa)KEHHOH TI€OMETPUH
MPOBOAUJIMCH PAaCUYC€Thl C AOIMOJJHUTECIBHBIMU pacrpe-
JICTICHHBIMH TOPH30HTAJIBHBIMU Harpy3KaMH, MpHKIIa-
JIBIBAEMBIMH Ha KaXJIOM dTaxe, 1o MeToauke EBpokozna
1993-1-1% [17-20]. TTo metonuke EBpokoma OTKIIOHE-
HHE OT MPOEKTHOTO MOJIOKCHUS YUUTHIBACTCS JOTOI-
HUTEJNBHON FOPU30HTAJILHOM HArpy3Koi, KoTopas Ipu-
KJIaJ(pIBaeTCsl K Hene(OopMHUPOBAHHON KOHCTPYKIMU
Ha ypOBHE MEPEKPHITHS KAKIOro u3 staxeu. [opu-
30HTaAJIbHAsI HArPYy3Ka OTPEEISETCS] TOIBKO OT BEPTH-
KaJIbHBIX Harpy30K Ha Kapkac. JlonoIHUTEeNbHbIE TOPH-
30HTAJIbHBIC HAIrpy3KHU pacCYUTaHbl Ha TO, '-ITO6I>I JaThb
TOT K€ MOMEHT B KOJIOHHaX, YTO W NpPSIMOW ydeT Ha-
YaJbHBIX Je(EKTOB B F€OMETPUHN KOHCTPYKIHMU. B eB-
pOmelcKnX HOpMax HadaJlbHbIE HECOBEPIICHCTBA yUH-
TBIBAIOTCA JJId KaXXI0T0 3arpy>K€HNs ¢ BEPTUKAJIIbHBIMU
HarpyskamMm JOINOJHUTCIIbHBIMUA TOPU30HTAJIbHBIMU
Harpy3KaMu: COCpPEIOTOYCHHBIMU CHJIaMH Ha YPOBHE
Ka)XKJIOTO TIEPEKPBITHSI M PACTIPECIICHHBIMH 110 JUTHHE
KOJIOHH Harpy3KaMH.

1. HayanpHble HECOBEPIICHCTBA B BUIE OTKIIOHE-
HUI OT BepTUKAIN (TIONEPEUHBIX OTKJIOHEHUN) YUUTHI-
BAIOTCSl COCPEIOTOYCHHBIMH FOPU30HTAIBHBIMH CHJIA-
MH Ha YPOBHE KaXJIOTO ITEPEKPHITHS:

N = G — TOopHU30HTaJbHAs Harpy3ka OT BEpTH-
KaJbHOM HAarpy3KH Ha mepekpeitue, rie G — cymmap-

3 CIT 70.13330.2012. Hecyyie U Orpaskaromine KOHCTPYK-
nun. AxryanmsupoBanHas penakiust CHull 3.03.01-87.

4EN 1993-1-1:2005. ITpoeKTHPOBAHUE CTATBHBIX KOHCTPYK-
nuii. O0mue npasuia.
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Hasi BEPTUKaJbHAs Harpy3ka Ha HEepeKphITHE dTaxa
OT COOTBETCTBYIOIIIETO 3arpy>KeHNSI.

rie ¢, = 1/2000, a, = 2/\/h, 1o 2/3 < a, < 1,0 — 1o-
HIDKAIOWIUH K0d(QPULHEHT C Y4ETOM BHICOTHI KOJTOHHBI
h — BBICOTA 3/1AHHS;

o, = 10,5(1 + l/m) — TOHIKAIOIIUH KOA(DhUIIH-

€HT C Y4eTOM KOJHMYECTBA KOJIOHH B PSILy; M — KOJH-
YEeCTBO KOJIOHH B PSITY.

C y4eToM BBICOTHI KOJIOHHBI 29,5 M U 4eThIpex KO-
JIOHH B pany koapduuuent ¢ = 0,005 - 1 - 0,79 =0,004.

2. OTHOCHTEIbHBIE HAYallbHBIE MECTHBIC H3THO-
HBIC HECOBEPILECHCTBA IIEMEHTOB IPH IUIOCKOH (hopme
TOTEPH YCTOWYNBOCTH YUNUTHIBAIOTCS PACIIPE/ICICHHbI-
MH TI0 JITTHHE KOJIOHHBI TOPH30HTaIbHBIMHI Harpy3KaMH:

g =4Ge,/L, rie G — cymMMapHasi BepTUKaJIbHAs
HarpysKka Ha IepeKphITHE ITa)ka OT COOTBETCTBYIOILETO
sarpyskenust; €, /L =1/350 ~1/100 — skBuBaseHTHOE
HavaJbHOE MECTHOE MCKpuBIeHHE; L — (akThyeckas
JUTMHA 3JIEMEHTA.

[pu npoBeieHnn pacyera npusato e, /L =1/300,
torma q = G/75.

B nanpheifmem paccMaTpuBanoch Ba crocoda
pacdera Kapkaca ¢ OTKJIOHCHUSIMH:

1. PacueTt xapkaca ¢ H3MEHEHHOH TeOMETPHEH.

2. Pacuer ujeasbHOTO Kapkaca ¢ y4eTOM JIOIIOJ-
HUTENIBHBIX TOPU30HTAIBHBIX HArpy30K IO METOIHKE
EBpoxkona.

Kpome pacueToB 110 HepBOMY U BTOPOMY BapHaHTY
yueTa HECOBEPIICHCTB BBIMOIHEH pacyeT HealbHOTO
Kapkaca, MMEIOIIEro IMPOEKTHYI0 TEOMeTpuio, n 0e3
yueTra JIOTOJIHUTENILHBIX TOPH30HTAJBHBIX BO3JEH-
ctBui. [lomydeHHbIe pa3HBIMH CIIOCOOaMH TIepeMertie-
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HUSI M YCHJIMSI XapaKTepHBIX TOYEK M CEYCHUH KapKkaca
CpaBHUBAJIUCH JIPYT C Apyrom. M3yuanoce BIUsSHUE He-
COBEPLICHCTB Ha NEPEMELICHHs ¥ YCHIUS OT OTHeIb-
HBIX 3arpy>KeHUH.

Bce pacuersl oCyIIeCTBISUINCH NPH YIPYToi pa-
6ote cranu. PacyeTsl BBIMONHSUINCH B TEOMETPUIECKU
JIMHEWHOW U HEeJMHEHHOMN MOCTaHOBKaX.

CeucHHUs 2JICMEHTOB paMbl IIEPBOHAYATIBHO MO0~
OpaHbl Tak, 4TOOBI ObLIa OOCCIICUCHA HECYIIIas CIT0CO0-
HOCTb IIPY IEHCTBUU COYETAHUM pPACUETHBIX HAIPYy30K.
B pacueTrHOoe coueTaHHe Harpy30K BKJIIOYSHBI ITOCTO-
sIHHasi, CHEroBas, ITIOJie3Has, BeTpoBas. llocTosHHas
U TI0JIe3Hast Harpy3KH B3sTHI ¢ KOd(dureHToM coue-
Tauus 1, BeTpoBast ¢ kodpduuuentom coyeranus 0,9,
cHeroBasi ¢ koa(duienTom coueranust 0,7.

PE3YJIBTATBHI HCCJIEJOBAHNA

[IpoBenen ananu3 pe3ynbTaTOB pacueTa Kapkaca,
MMO3BOJIMBIINI BBISIBUTH BIIMSHHE Pa3HBIX CIIOCOOOB
y4eTa HECOBEPIIECHCTB T€OMETPUU Ha TepEeMEIICHH
u ycrnusi. COmocTaBIeHBI IEPEMEIIEeHIS U yCHIHS, T10-
Jy4YCHHBIC TMHCHHBIM 1 HEIMHSHHBIM PacyeTOM.

Ha puc. 5 mpencrapieHbl epeMenieHns KapKaca,
MTOJIYYCHHBIC PACYCTOM Pa3HBIMHU CIOCO0aMU, OT pac-
YETHOT'O COUETaHHUsI HAarpy30K.

lopu3oHTanbHBIE TIEPEMEIICHHS] BepXa 3HaHus
MIpH ydeTe HECOBEPIIEHCTB KapKaca MEPBBIM CIIOCO-
OOM TIPEBBIMIAIOT MTEPEMEIICHHUS HCATHHOTO KapKaca
Ha 0,33 %. HeoOX0oIMMO OTMETHTb, YTO MCIOJIb30Ba-
Hue Metoauku EBpokoga mo CpaBHEHHIO C MPSIMBIM
Y4ETOM HECOBEPIUICHCTB B T€OMETPHUH pacyETHOM cxe-
MBI BeJIET K IiepeMeleHusiM, oonbium Ha 7,6 %. Yaet
HEJMHEWHON paboThl KapKaca BelleT K pOCTy mepeme-
meHuit Ha 5 %.

30 35 40 45 50 55 60

IMepememenns no X, MM

= Pacuer uaeansHorO Kapkaca

——— Pacuer xapkaca ¢ n3MeHEHHHOI1 reoMeTpHei

Pacuer upeansHoro Kapraca ¢ y4eTOM JOINOJIHHTEIbHBIX MOPH30HTANIBHBIX HAIPY30K

Mo METOIHUKE EB[JO KOoOa
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e Pacuer uaeanbHOro Kapkaca
== PacueT Kapkaca ¢ H3MEHEHHHOI reoMeTpHei
PacueT npaeanbHOro Kapkaca ¢ y4eTOM JOMOIHHTENbHBIX FOPH30HTAIBHBIX HArpy30K
no meroauke EBpokona
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[Mepemeienus no X, Mm

e JIuHEHHBIH pacyeT npH nepBoM crnocobe

c

= HenuHeiiHblii pacuer npu nepsom cnocobe

Puc. 5. l'opusoHTanbHBIC MEPEMEIISHHS KapKkaca MHOTOITAXKHOTO 3aHHS OT PACIETHOTO COUSTAHMUS HarPy30K, MM:

a — JIMHEWHbIe; b — HEeTMMHEHHbIE; ¢ — CONOCTaBICHNE TMHEHHOTO U HEIMHEHHOTO pacyeToB MPH MEPBOM CIIOCO0E pacueTa

Ha puc. 6 mpuBeeHO M3MEHEHHE MPOIOJIBHBIX
yCWINH B CpelHeH KOJOHHE MO BBICOTE 3aHMS JUIs
JIMHEWHOTO WM HEJTMHEeWHOro pacyeroB. HawmOosnbmiee
OTJIMYUC B BCIMYUHAX IMMPOAOJIbHBIX yCI/IHI/Iﬁ Ha6n10)1a-
eTcs y KOJIOHH HIXKHUX 3TaXeH, Mo3ToMy Ha rpaduxe
MIPE/ICTaBIICHA 3aBUCUMOCTb TPOIOIBHBIX YCHINHN JUIs
KOJIOHH 1-5 aTaxei.

B Tabn. 2 npeacrasiieH aHaIU3 TPOIOIbHBIX YCH-
TUH U KOOHH 1—5 3Tarke# I CpeaHUX KOJIOHH.

AHaJn3 BIUSHNS HECOBEPILICHCTB KapKaca Ha Ipo-
JI0JIbHBIE YCUJIUS B KOJIOHHAX MOKa3aJ, 4To 110 CpaBHe-
HUIO C WJealbHBIM KapKacoM MepBhIi crocob pacyera
naeT npoponbHble ycuiausa Oomeire Ha 0,13 %. Ilpn

WCTIONB30BAaHNHM METOOUKH EBpokoma TpoJOIbHEIE
YCWJINS TI0 CPABHEHHIO C MEPBBIM CIIOCOOOM yueTa He-
cosepiieHcTB Ha 0,6 % Oosnbuie. Henuueitnplid pacuer
YBEIUYHBACT MPOJIOITBHBIC YCHIIUS [0 CPABHECHUIO C JTHU-
HeliHbM Ha 0,4 %. B kpaliHuX KOJIOHHAX MpPOJOJIbHEIE
YCHUITHS TIPH TIPSIMOM yUeTe HECOBEPIIICHCTB TEOMETPHH
OoJbIle, 4eM B uaeanbHOM Kapkace Ha 0,25 %.

Ha puc. 7 mpencraBieHO U3MEHEHUE N3THOAIOIINX
MOMEHTOB B CpEJIHEH KOJOHHE IO BBICOTE 3IaHUsI ISt
JIMHEHHOTO U HEJIMHEHHOTO PacyeToB.

B 1a6n. 3 mpuBeneH aHanu3 H3TUOAIOMIINX MOMCH-
TOB JJIs1 KOJIOHH 1—5 aTaxeil [uisl CpeIHUX KOJIOHH.
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Homep staka
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JluHelinbli pacyeT npyu nepBoM crnocode

HenuHeiinslii pacyer npu nepeoM crnocode

Puc. 6. [IpogonsHbIe yCUIHS B CpeIHEN KOJOHHE i 1—5 3Taxkel pH MepBOM CIOco0e pacyeTa OT pacyeTHOrO COUYCTaHMUS

Harpy3oK yCcuIni

Taou1. 2. AHanu3 NPOAONIBHBIX YCHIIHH B CPEIHUX KOJIOHHAX 1—5 3Ta)kel OT pacyeTHOTO COYeTaHUs Harpy30K

Jluneiinplii pacuet Henuneiinsbiit pacuer
H H
oMep WneanbHblii 1-ii criocod® | 2-it criocod OMep W neanbHbIi 1-ii crioco0® | 2-it criocod
JTaxa JTaxa
1 —-1280,58 -1281,89 —1289.,44 1 —1285,37 —1286,73 —1295,53
2 -1128,83 -1130,27 -1136,38 2 -1132,92 —1134,38 —1141,51
3 -992,83 -993,64 -998,84 3 -995,93 -996,74 -1002,71
4 -857,75 —858,55 -862,14 4 —859,88 -860,68 -864,76
5 —724,94 —725,22 -728,02 5 -726,26 -726,54 —729,64
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Jluneiinslii pacdeT npu nepBoM crocobe

HenuHeiiHbIH pacyeT npu nepeoM crnocobe

Puc. 7. M3rubarone MOMEHTBI B CpeJHEH KOJIOHHE IIPH EPBOM CIIOCO0E pacyeTa OT PaCYeTHOTO COYETAHUS HArpy30K
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Taou1. 3. Ananu3 U3rubaroyuX MOMEHTOB B CPETHUX KOJIOHHAX 1—5 3Taxell OT pacueTHOTO COUETaHUS Harpy30K
JIuneiinplii pacuet Henunelinsbiit pacuer
Howmep asraxa | MneanbHblii 1-i1 cnoco0 2-it cmoco6 | Homep staxka | WneansHbIit 1-i1 cnoco0® 2-# criocoo
1 13 -97.,40 —-109,00 -123,00 1 13 -102,00 —-113,00 -130,00
1 Bepx -3,58 -2,03 2,38 1 Bepx -3,67 -2,26 2,93
2 Hu3 —-58,80 -59.,20 -61,40 2 HU3 —63,40 —63,70 —66,60
2 Bepx 33,50 28,00 26,40 2 Bepx 36,00 30,50 29,10
3 Hu3 46,10 -53,90 —63,10 3 Hu3 49,70 -57,50 —68,10
3 Bepx 45,30 48,10 55,40 3 Bepx 48,80 51,70 60,50
4 Hu3 —34,70 -34,30 -35,00 4 nu3 -37,20 -36,80 -37,60
4 Bepx 45,00 41,50 41,50 4 Bepx 48,50 45,00 45,60
5 °Hu3 26,50 -31,90 -38,50 5 Hm3 28,10 -33,60 -40,90
5 Bepx 40,90 43,30 49,30 5 Bepx 43,90 46,30 53,30
AHanu3  BIUSHUS ~ HECOBEPIICHCTB  Kapkaca Ha puc. 8 mpencrasieHo H3MEHEHUE N3THOAOIINX

Ha M3ru0aroIMe MOMEHTHI B KOJNOHHax 1-5 srtaxeil
MOKa3aJl, 4TO M0 CPABHEHHMIO C UJICAILHBIM KapKacoM
HepBbIi CIOCO0 pacueTa JaeT M3rudarole MOMEH-
Tl Oosbinie Ha 12,0 %. IIpu MCMOIB30BaHUN BTOPOTO
criocoba pacuera M3rubaronie MOMEHTBI B KOJIOHHAX
1-5 sTaxkeil MO CpaBHEHHUIO C HJCATBHBIM KapKacoM
6osneine Ha 26 %. Vicnionb3oBanue Metoauku EBpokosia
JlaeT M3rudaroe MOMEHTHl B KOJIOHHAX IO CpaBHe-
HHIO ¢ TIepBbIM criocodoMm Ha 13,0 % Oonbme. Hemu-
HEMHBIM pacyeT yBeIWYHMBACT M3rHOArOINe MOMEHTHI
B KOJIOHHAX 10 CPaBHEHUIO C TMHEHHBIM Ha 7,6 %.

B Tabin. 4 npezcTaBicH aHAIKM3 U3rHOAIOIINX MO-
MEHTOB JJIsi KOJIOHH 6—10 3Taxkelt OT pacyeTHOro co-
YeTaHHs Harpy3oK.

AHanu3 BIMAHUS  HECOBEPIICHCTB  Kapkaca
Ha W3rubaroIMe MOMEHTHI B KOJNOHHaX 6—10 sTaxken
MOKa3aJl, 4TO MO0 CPABHEHHUIO C UJICAILHBIM KapKacoM
HepBbII CIOCOO pacueTa JaeT M3rudarole MOMEH-
Thl Oombire Ha 23,78 %. Mcmonp3oBaHne METOAMKH
EBpokona maer m3rubarommye MOMEHTHI B KOJIOHHAX
M0 CPaBHEHHMIO C UCAIBHBIM KapkacoM Ha 7,1 % 0oib-
mre. HenmHelHbI pacyeT yBenMuMBaeT M3ruOaroiue
MOMEHTBI B KOJIOHHAX [0 CPaBHEHHUIO C JIMHEHHBIM

Ha 7,0 %.

MOMEHTOB B 0ajiKax MepeKpbITHH MEePBOTo dTa)ka JUis
U/ICABHOTO KapKaca M MepBOro Crocoda y4yera OTKIIO-
HEHUH OT PacCUeTHOTO COYETAHMUsI HArPy30K.

B Tabi. 5 mpeacraBieH aHAIU3 U3rHOAOIIUX MO-
MEHTOB 0aJIOK MepekpbIThii 1-ro, 5-ro u 10-ro sTae.

AHanus BIUSHAS HCCOBCPUICHCTB KapKaca Ha HU3-
rHOArOIIMe MOMEHTHI B OajKax MEPEKPBITHsI MOKa3al,
4yTo Haubojee 3HAYUTENILHOE BIUSIHUE OTKIOHEHMS
Kapkaca oKa3ajdh Ha MOMEHTHI B Oayikax 1-ro sraxa.
[To cpaBHEHUIO ¢ WEAIBLHBIM KapKacoM IEPBBIH CIIO-
co0 pacuera maeT HU3rHOArOIIMC MOMCHTBHI OOJIbIIEC
Ha 1,5 %. Hcnonw3oBanue meroquku EBpokona maet
MU3rU0aroIMe MOMCHTBI B OaJIKax MEPEKPBITHS 10 CPaB-
HEHHIO C IEPBBIM crIoco0oM Ha 5,2 % Goblie.

[Tpn ananuse pe3yabTaroB HEOOXOAMMO YHECTb,
YTO TPSIMOI y4eT MOrperrHocTeld COOPKH M M3rOTOB-
JICHUSI B TEOMETPUH KapKaca sIBIIsieTcsl Ooliee MpaBuiib-
HBIM, HO TpeOyeT (GOpMHUpOBaHHs Ooliee CIOKHBIX
PACUYCTHBIX CXEM, YYUTBIBAIOUINX MOTPEIIHOCTU I'€OMEC-
Tpuu Kapkaca. Ilepemenienus u ycunus, oay4eHHbIE
JIMHEHHBIM pacyeToM PaMHOr0 Kapkaca, Majo OTINYa-
IOTCSI OT Pe3yNIbTaToOB HEJIMHEHHOro pacuera, 4To I10-
3BOJISIET JUIsl PAMHOTO KapKaca peKOMEHJI0BaTh JIMHEH-
HBII METOJI pacuera.

Taodu. 4. AHaM3 M3rudAIOIINX MOMEHTOB B CPETHHUX KOJIOHHAX 6—10 dTaxkel OT pac4eTHOTO COYETaHHsI HATPY30K

JIuneiinblii pacuet

Henunelinsbiii pacuer

Howmep sraxa | Wneanpubrii | 1-if cmocod | 2-if cnoco6 | Homep sraxa | Mneanprbrii | 1-i cmocod | 2-if cioco6
6 HI3 35,00 32,80 33,00 6 Hu3 37,30 35,10 35,80
6 Bepx -10,90 -14,30 —18,60 6 Bepx -11,40 -14,80 —-19,30
7 Hu3 28,30 30,00 34,20 7 Hu3 30,00 31,60 36,40
7 Bepx -3,15 -2,61 -2,28 7 Bepx -3,32 -2,77 -2,36
8 Hu3 20,30 19,20 19,50 8 Hu3 21,30 20,20 20,70
8 Bepx 3,09 1,53 0,43 8 Bepx 3,10 1,57 0,43
9 HI3 14,50 15,40 17,60 9 Hu3 15,10 16,00 18,40
9 Bepx 11,10 11,60 12,20 9 Bepx 11,20 11,60 12,30
10 Hu3 -5,08 -5,18 —4,96 10 Hu3 4,82 -4,92 —4,66
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Puc. 8. M3rubaronine MOMEHTHI OalIOK MEPEKPBITHIT TIEPBOTO STaXa sl HICAIBHOIO KapKaca U IepBoro crnocoba yyera

OTKJIOHEHHI OT PACUETHOTO COUCTAHMUS HATPY30K: ¢ — HIealIbHbBII KapKac (0asku nepekpbITuid 1-ro, 5-ro u 10-ro sTaxeii);

b — niepBbIii crtocob yueTa OTKIOHeHHs (0aiKku nmepekpbiThii 1-ro, 5-ro n 10-ro sTaxeit)

Ta6a. 5. Mzrubaromye MOMEHTHI B OajKax MepeKphITHid 1-ro, 5-ro u 10-T0 9Ta)eii OT pac4eTHOTr0 COUCTAHMs HATPY30K

Usrubaromme MomeHTsl, KH M

Hoeanvuviii
Homep sraxa b1 B2 B3
Ocb b IIponer Ocp B Ocs B IIponer Ocp I’ Ocp I’ [Iponer Ocp 1
1 11,10 -30,40 84,40 -12,00 -26,20 79,00 23,80 -33,20 92,60
5 10,20 —26,50 74,10 -15,10 —24,70 71,50 12,00 -31,10 90,50
10 35,20 -20,90 38,50 18,80 -10,70 28,20 33,20 -25,20 55,30
1-1i cnocod
Homep sraxa b1 B2 B3
Ocb b IIponer Ocp B Ocs B IIponer Ocp I’ Ocp I’ [Iponer Ocp 1
1 10,20 -30,70 85,30 —-13,20 -26,70 80,20 23,00 -33.,40 93,40
5 9,20 -26,70 75,10 -16,20 -25,30 72,60 11,30 -31,20 91,30
10 35,10 -20,90 38,70 18,80 -10,70 28,10 33,30 -25,20 55,20
2-1f cnocob
Homep sraxa b1 B2 B3
Ocb b IIponer Ocp B Ocp B IIponer Ocp I’ Ocp I’ [Iponer Ocp [
1 6,51 -31,80 88,90 -17,70 -28,90 84,60 19,70 -33,90 96,90
5 5,94 -27,70 78,20 -20,10 -27,40 76,40 8,30 -31,90 94,30
10 34,90 -20,90 38,90 18,80 -10,70 28,20 33,10 -25,20 55,50

3AKJIIOYEHHUE U OBCYXIAEHHUE

Ha ocnoBanmm pacueroB HJIC kapkaca MHOTO-
JTa)KHOI'O 3/1aHUSl YCTaHOBJIEHO, YTO IPSIMOM yuer
TIOTPEIIHOCTEH M3TOTOBJICHHS U COOPKH B I'€OMETPHU
Kapkaca JaeT BO3MOXKHOCTb 0OJIee TOUHO OIEHUTH pa-
0oty kapkaca. Mcmoms3oBanue Mmeronuxku EBpokona
C JIOTIOJHMTEIBHBIMU TOPU30HTAIBHBIME Harpy3KaMu
Ha YPOBHE Ka)KJI0T0 3Ta)Ka C UCIIOJIb30BAHHEM PAMHOTO
KapKaca BEJIET K ITOJIY4EHHIO 3aBBIIICHHBIX ITepeMele-
HUH U yCHINH 10 cpaBHEHUIO ¢ pakTnaeckumu. Ompe-

16

JIEJICHO, YTO MOTPEIIHOCTH M3TOTOBJICHUS MU MOHTa)Xa
paMHOTO Kapkaca:

* MaJIO BIUSFOT HA TOPH30HTAJIBHBIC TEPEMETIICHUS,
kotopsie yBennuuBarores a0 0,33 % u Ha npooJIbHbIE
yCWIIUs B KOJIOHHAX, yBenunuusatouuecs 10 0,13 %;

* 3HAUUTENIGHO BIMSIOT HAa W3THOAIOININE MOMEH-
THI B KOJIOHHaX 1—5 aTa)keil, KOTOpble yBEIUYUBAIOTCS
10 12,0 %, u B koaoHHax 6—10 sTaxkeit 10 23,78 %;

* IpU MPOBEJEHUU TMPAKTUUECKUX PACUETOB IS
ydeTa BIUSHHS OTKIOHCHHWH KapKaca OT IPOCKTHOM
TEOMETPHH BO3MOXKEH pacueT WACATU3UPOBAHHON
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pacdeTHOi cXeMbl C YMHO)KCHUEM Pe3yJIbTaToOB Ha T0-
MPaBOYHBIC KOAPPHUIUEHTHI: I U3THOATOIINX MOMEH-
TOB B KOJIOHHaX 1-5 staxert y,, = 1,12 u B KonoOHHaxX
6-10 sraxeti v, = 1,24. [lepemeruenuns u NpONOIbHEIE
yCHIINS B KOJIOHHAX, OJyYSHHBIC PAaCYETOM HJICalTU3H-
POBAHHOTO KapKaca, JIOMYCKaeTCsl MCHONb30BaTh MPU
MIPOEKTUPOBAaHNK (DAKTHYECKOTO Kapkaca 0e3 Tormpa-
BOYHBIX KO(DPHUIIUEHTOB;

* N3MEHEHHMSAMH N3THOAIONINX MOMEHTOB B Oalikax
HEePEeKPBITHH, MOIYYCHHBIMH (PAKTHUECKUM PacdyeTOM,
MOKHO IpeHeOpeyb.

Jlyist yMeHbIIIEeHUsT OTKJIOHEHUI Kapkaca OT Ipo-
eKTHOH TeOMETPUN HEOOXOTUMO COOIONATh TEXHOJO-
THYECKHE MEpOIIPUSITHS, KOMIICHCUPYIOLIHE MOrpel-
HOCTH M3TOTOBJICHUS U MOHTaXA.

Pe3ynprarhl, Oy4eHHBIE Ui OCHOBHOTO HCCIIE-
JIOBaHUS, MOXKHO CUUTaTh NCHCTBUTEIBHBIMU TOJIBKO
JUISL PACCMOTPEHHOIN KOHCTPYKIMH Kapkaca. J{ist pas-
paboTKH HOPMATHBHBIX peKOMEHAINN TpebyeTcs mpo-
BECTH TEOPETUYECKUE, IKCIICPUMEHTAIIbHBIC 1 YHCIICH-
HBIE MCCIICIOBAHHS HIMPOKOW TPYIITBI MHOTO3TaKHBIX
KapKacoB.
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INTRODUCTION

In cities, a large number of buildings are multi-
storey. Multi-storey buildings can be public, indus-
trial and residential. Buildings with a height of more
than 75 m are called high-rise, with a height of more
than 100 m — unique [1, 2]. Multi-storey buildings are
characterized by the fact that a large building is erected
on a relatively small plot of land.

The use of steel in the load-bearing frames of multi-
storey buildings can be increased through the use of
standard structures. The use of standard structures and
assemblies reduces the time and cost of design and con-
struction. Standard structures have high reliability, are
available, and the technology of their manufacture and
installation is well developed. A characteristic feature
of standard structures is modularity and a wide range
of sizes. Typical frameworks are assembled from re-
petitive load-bearing elements (columns, transoms and
links) with the use of developed assemblies, it is pos-
sible to use ready-made load-bearing volume modules
[3, 4]. It is important in the development of standard
structures, which are characterized by mass use in
a large number of buildings, as well as for structures
used in critical buildings and structures, to study all
the features of the operation of such structures, includ-
ing the influence of manufacturing and installation er-
rors on the load-bearing capacity and stiffness.

The frames of multi-storey buildings consist of
columns, links and slabs. The bearing capacity and
stiffness of the building frame is determined by the in-
teraction of all frame elements. Slabs transfer the load
to vertical load-bearing structures, form horizontal rigid
discs uniting columns with vertical links, influence hor-
izontal displacements and vibrations of the frame.

The design of multi-storey buildings is associated
with the solution of a set of problems that take into ac-
count the volume-planning solution, the operation of
the load-bearing frame, the peculiarities of manufac-
turing and installation of its structural elements. Multi-
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storey buildings made of metal can only be frame build-
ings. Steel frames are rationally used in industrial build-
ings with heavy loads, as well as in civil large-span and
multi-storey buildings. This is explained by several rea-
sons:

* the steel frame has a significantly lower dead
weight than a reinforced concrete frame due to the high
load-bearing capacity of the material;

* it is possible to use larger spans of slab load-
bearing structures, i.e. increased column spacing;

* when erecting the steel frame, the elements are
used in full factory readiness.

The operation of multi-storey building frames is
associated with significant vertical loads on columns
and with large horizontal loads from wind effects.
The design of a multi-storey building is directly related
to its volume-planning solution, the choice of structural
scheme, materials for load-bearing structures, methods
of their manufacture and installation, as well as mainte-
nance of the building during operation [5, 6].

The stress-strain state of the frame is influenced by
defects and deviations from the design solution. Defects
of buildings can be classified according to the following
features: by nature, reason and time, significance:

1. By nature:

* hidden;

* explicit.

2. For reason and time:

* errors and miscalculations in surveying and de-
sign;

« errors and miscalculations in the fabrication and
construction process.

3. Significance:

e group 1: threatening to collapse, weakening
structures and potentially leading to accidents;

* group 2: not threatening integrity, but weakening
structures;

* group 3: not leading to destruction, but requiring
additional costs during operation.
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The main defects of steel structures during their
manufacture are:

* non-equivalent replacement of materials in
the manufacture of structural elements (replacement
of steel grade, type of electrodes, reduction of element
cross-section);

* changes in the design dimensions of the structure
as a whole and its individual elements;

« displacement of element axes from the design
geometric centres of joint nodes of several elements;

* nonstraightness of elements;

* absence of required gaps between the jointed ele-
ments;

* reduction of welds cross-section length, poor
welding quality, colouring of welds with unbroken slag;

* trimming the metal of supporting elements dur-
ing welding;

« insufficient tightening of packages at bolted con-
nections;

* coating of metal with primer without rust removal;

* defects of element joints (rivet heads, bolted
joints, welded seams);

* defects of anticorrosion coatings (insufficient
thickness, areas with no coating, etc.);

* sending steel products to the construction site
without priming.

Common defects in the installation of steel struc-
tures include:

* violation of the correct installation sequence;

* inaccurate fitting and incorrect connection of ele-
ments in assembly units;

« displacement of structures from the design marks
and axes;

* the absence of a structural element or connection;

» damage to structural elements during assembly
(warping, warping, dents, etc.) [7].

The production process of steel building structures
usually takes place at specialized steel construction
plants (SCP) consisting of main and auxiliary produc-
tion shops.

Technological efficiency, i.e. simplicity and con-
venience of their manufacture in factory conditions is
one of the distinctive advantages of building steel struc-
tures. The more technologically advanced the structure,
the lower the labour intensity of its manufacture, and
therefore the final cost. Automation of manufacturing
operations ensures the reduction of the cost of the fin-
ished structure [8—10].

The quality of a construction object depends not
only on the quality of design and manufacturing, but
also on the quality of construction and assembly works.
During assembly of building structures, the main ob-
jectives are to ensure the spatial position of elements
of building structures required by the project, mutual
connection of structures with each other, and to ensure
the safety of assembly works.

Currently, there is a large number of types and
methods of installation, so the installation of building
structures is allocated to a separate branch of construc-
tion production.

The assembly of building structures is a complex
process of assembling buildings from individual, pre-
fabricated elements. The assembly processes are divid-
ed into transport, preparatory and actual assembly. To
perform all these processes together, assembly, rigging
and transport means are used.

The assembly processes include gripping of struc-
tures with lifting equipment, lifting or moving them
to the installation site, direct installation on supports,
verification of correct spatial position, temporary and
permanent fixing.

Construction projects are becoming more and
more complex every year, the amount of installation
work in construction is increasing.

Increasing the efficiency of installation works
is based on the application of progressive methods of
work production, increasing the level of automation
and mechanization of works.

During assembly, errors may occur in the horizon-
tal and vertical positioning of structures in the design
position. The errors that are within the permitted tol-
erances are called tolerances. Tolerances of geometric
dimensions in construction are divided into functional
and technological tolerances.

The assignment of tolerances is required to ensure
that structures are accurately assembled from indepen-
dently manufactured components to meet the require-
ments during the operational phase.

Functional tolerances are specified taking into ac-
count the requirements for strength, insulating proper-
ties or aesthetic reasons. Functional tolerances set re-
quirements for the accuracy of geometric parameters
in the joints of structures, accuracy of their mutual ar-
rangement.

Manufacturing tolerances determine the accuracy
of the manufacturing and installation of components.
Manufacturing tolerances include tolerances of linear
dimensions of elements, shape and mutual position of
surfaces. Tolerances of linear dimensions regulate
the accuracy of their manufacture in length, width,
height, thickness, as well as the accuracy of landmarks
applied to the elements [11].

The relevance of the work lies in the development
of a design methodology for steel frames of multi-sto-
rey buildings taking into account manufacturing and
installation errors. For the frame structure (Fig. 1) with
rigid interfaces of elements, deviations from the design
position lead to the appearance of additional, primarily
bending moments, which can cause an earlier exhaus-
tion of the load-bearing capacity.
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Fig. 1. Multi-storey building on a load-bearing frame
structure

MATERIALS AND METHODS

Steel frames can be calculated in linear and non-
linear formulation. Linear calculation does not take into
account the deformation of the system under load ac-
tion and accumulated forces in the frame elements. In
the nonlinear approach the calculation is performed by
several methods (Fig. 2).

| Ideal form

- Initial imperfections
' Linear material

* Nonlinear material

Second-order elastic analysis

4
]

Second-order plastic analysis X b1

a

Elastic bending load

Second-order
elastic analysis

Load

Second-order.
plastic analysis

Deformation

b

Fig. 2. General characterization of steel frame calculation
methods [12, 13]: @ — methods of calculation; b — load-
strain curve for different calculation types
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1. Second-order elastic analysis is an analysis that
takes into account geometric nonlinearity. Such calcu-
lation allows to reveal the loss of general stability of
the system in the elastic stage of operation, but taking
into account the changes in the geometry of the struc-
ture and the accumulated forces in the frame elements
with load growth. The presence of initial imperfections
in the frame of a multi-storey building contributes to
a faster deviation of the position of the frame elements
from the design position during loading and to an ear-
lier achievement of the ultimate load.

2. Second-order plastic analysis is an analysis
that takes into account not only the deformed pattern
but also the nature (diagram) of the deformation of
the material. The equations of equilibrium are written
for the deformed shape, and both physical and geomet-
ric nonlinearity are taken into account.

This type of analysis is best suited for modelling
the actual behaviour of the structure and calculating
the inelastic stability limit, i.e. when plastic deformations
develop in the material of the structure under loading.

Previous studies show that the analysis based on
the calculation of an idealized multi-storey steel frame
structure without taking into account the imperfec-
tions often does not ensure the load-bearing capacity of
the building and does not meet the operational require-
ments for allowable displacements of the frames [14].

The assessment of the influence of initial imper-
fections was performed on the example of the frame
structure of a 10-storey residential building located in
4 snow and 4 wind districts. The building has a rec-
tangular plan with plan dimensions of 54.4 x 12.3 m.
The height of the storey is 2.95 m. The building is with-
out a basement. The pitch of transverse frames is vari-
able in longitudinal direction 3.0, 3.3, 3.6, 3.8 and 3.9
metres. In the transverse direction the column spacing
is 4.3, 3.3 and 4.7 m. Fig. 3 shows the plan of the build-
ing, Fig. 4 shows the section.

The frame is a load-bearing rod system in which
the columns and beams are rigidly connected to each
other and the columns are rigidly attached to the foun-
dation. The rigid fixing of the frame eclements to each
other ensures spatial stability and rigidity.

The floors of the building are made in the form of
a monolithic reinforced concrete slab on a profiled deck.

The walls of the building are framed and clad.
In the design of the frame calculation, the weight of
the walls is taken into account approximated and as-
sumed to be 1 kPa.

The stability and stiffness of the frame in the plane
of the transverse frame is ensured by the rigid connec-
tion between the transoms and the columns and be-
tween the columns and the foundation. From the plane
of the transverse frame, the stability is ensured by a sys-
tem of vertical connections. The vertical load-bearing
structures of the frame — columns are located at the in-
tersections of the axes. Columns and floor beams are
made of rolled I-beams according to GOST R 57837—
2017". Steel of columns and beams C345.

" GOST R 57837-2017. Hot-rolled steel I-beams with parallel
faces of flanges. Technical conditions.
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Fig. 3. Typical floor plan
+29.500 1.05 and the construction factor of 1.2, which takes
! into account the presence of ribs, linings, mouldings

and support plates, are taken into account. The load on

+26.340 the steel floor ledgers is determined taking into account
the width of the load area equal to the pitch of the trans-
versal frames.
+23-i92’ For snow region IV, the normative snow load is
2.0 kPa, the design load is 2.8 kPa. For wind region
IV, the normative wind pressure is 0.48 kPa, the design
2050 load is 0.672 kP
-3 oaais V. a.
The following is taken into account in the calcu-
17490 M lation. The finite element model of the frame is a rod
— % model. The work of a separate flat frame is considered,
which takes into account the peculiarities of the frame
+14.540 design. LIRA-SAPR 2021 computer complex was used
¥ for the calculation. Table 1 shows the types of stiffness-
es and cross-sections of frame elements [15].
+11.590
¥
Table 1. Types of stiffnesses of frame elements
+8.640 i
— Stiffness Name of element Section
type
1 Columns 35K2
690 2 Beams 30B2
12.740 ‘ The load? was applied to the calculation scheme in
- the form of 5 loads:
1. Weight of load-bearing structures;
0‘999-‘], 2. Constant load — the weight of the building en-
; : ; velope;
0.200 4,300 3,300 4,700 ’ )
— 12 300 3. Payloald, q
: 4. Snow load;
B C D E ’
® © © ® 5 Wind toad
Initial imperfections of the frame are accepted in
Fig. 4. Section of the frame accordance with the current Russian norms’. The col-

The We]ght of the Steel frame iS taken into ac- 2 CP 20.13330.2016. Loads and impacts. Updated version of

count by the calculation system for the cross-sections ~SNiP 2.01.07-85%.
of the elements. When determining the load from *CP 70.13330.2012. Bearing and enclosing structures. Up-
the frame’s own weight, the load reliability factor of dated edition of SNiP 3.03.01-87.
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umns in the building are assumed to be of two-storey
length of 5,900 mm. The vertical deviation of the col-
umn top at this section in the plane of the transverse
frame is considered. The value of this deviation is
15 mm. In addition to the deviation from the vertical,
the initial column death in the plane of the transverse
frame with a boom of 0.0015 length or 8.85 mm is also
considered. These deviations from the design geometry
were accounted for in the geometry of the finite ele-
ment model. For this purpose the column was divided
into ten equal parts, the coordinates of the nodes were
determined taking into account the accepted deviations
in the form of displacement of the top of the column by
15 mm and 8.85 mm deflection. The accepted deflec-
tions of the column were accumulated up to the top of
the building to reserve the bearing capacity. The total
column deflection at the top of the building is 75 mm
[16]. The above loads were applied to the design
scheme with distorted geometry and the calculation of
forces and displacements was performed. This method
of calculation most reliably reflects the performance
of the frame, but its application involves a rather la-
bour-intensive procedure of forming the geometry of
the frame, taking into account the errors of manufactur-
ing and installation.

In addition to the direct consideration of the dis-
torted geometry, calculations were performed with ad-
ditional distributed horizontal loads applied at each
floor according to Eurocode 1993-1-1¢ [17-20]. Ac-
cording to Eurocode methodology, the deviation from
the design position is accounted for by an additional
horizontal load applied to the undeformed structure
at the floor level of each floor. The horizontal load is
determined only from the vertical loads on the frame.
The additional horizontal loads are designed to give
the same moment in the columns, which directly ac-
counts for the initial imperfections in the geometry of
the structure. In the European Standards, initial imper-
fections are accounted for each loading with vertical
loads by additional horizontal loads: concentrated forc-
es at the level of each slab and loads distributed along
the length of the columns.

1. Initial imperfections in the form of deviations from
the vertical (transverse deviations) are accounted for by
concentrated horizontal forces at the level of each slab:

N = @G horizontal load from the vertical load on
the slab,
where G is the total vertical load on the floor slab from
the corresponding loading.

¢= (pOaham’
where ¢, = 1/2000, o, = 2/«/%, but2/3 <o, < 1.0 reduc-

tion factor taking into account the column height # —
height of the building.

a,, =4/0.5(1+1/m) — reducing coefficient taking
into account the number of columns in yhe row; m —
number of columns in the row.

+EN 1993-1-1:2005. Design of steel structures. General rules.
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Given a column height of 29.5 metres and four
columns in a row, the ratio @ =0.005 - 1 - 0.79 = 0.004.

2. Relative initial local bending imperfections of
the elements in case of flat form of stability loss are
accounted for by horizontal loads distributed along
the length of the column:

q=4Ge,/L,

where G is the total vertical load on the floor slab from
the corresponding loading;

e,/L=1/350~1/100 — is the equivalent initial
local curvature; L is the actual length of the element.

In the calculation, it is assumed e,/L =1/300,
then g = G/75.

In the following, two ways of calculating the devi-
ated frame were considered:

» method 1: calculation of the frame with modified
geometry;

* method 2: calculation of the ideal frame taking
into account additional horizontal loads according to
Eurocode methodology.

In addition to the calculations according to the Ist
and 2nd variants of imperfection accounting, the ideal
frame with the design geometry and without taking into
account additional horizontal influences was calculated.
The displacements and forces of characteristic points
and sections of the frame obtained by different methods
were compared with each other. The influence of imper-
fections on displacements and forces from individual
loads was studied.

All calculations were carried out at elastic behav-
iour of the steel. The calculations were performed in
geometrically linear and nonlinear formulations.

The cross-sections of the frame elements were
initially selected so that its load-bearing capacity un-
der the action of combinations of design loads was
ensured. The design load combination includes perma-
nent, snow, useful and wind loads. Constant and useful
loads are taken with the 1st combination factor, wind
load with a combination factor of 0.9, snow load with
a combination factor of 0.7.

RESEARCH RESULTS

The results of the frame calculation were analyzed
to reveal the influence of different ways of accounting
for geometrical imperfections on displacements and
forces. The displacements and forces obtained by linear
and non-linear calculation are compared.

Fig. 5 shows the displacements of the frame, ob-
tained by calculating by different methods, from the de-
sign combination of loads.

Horizontal displacements of the top of the building
when taking into account the imperfections of the frame
1st method exceed the displacements of the ideal frame
by 0.33 %. It should be noted that the use of Eurocode
methodology in comparison with the direct considera-
tion of imperfections in the geometry of the calculation
scheme leads to displacements greater by 7.6 %. Tak-
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Fig. 5. Horizontal displacements of the frame of a multi-storey building from the design load combination, mm: ¢ — linear;
b — non-linear; ¢ — comparison of linear and non-linear calculation with the 1st calculation method
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ing into account the non-linear work of the frame leads
to an increase in displacements by 5 %.

Fig. 6 shows the variation of longitudinal forces
in the middle column along the height of the building
for linear and non-linear calculation. The greatest dif-
ference in the values of longitudinal forces is observed
in the columns of the lower floors, so the graph shows
the dependence of longitudinal forces for columns
1-5 floors.

Table 2 shows the longitudinal force analysis for
columns 1-5 floors for the middle columns.

The analysis of the influence of frame imperfec-
tions on the longitudinal forces in the columns has
shown that in comparison with the ideal frame the 1st
calculation method gives longitudinal forces higher by
0.13 %. When Eurocode methodology is used, the lon-
gitudinal forces are 0.6 % higher compared to the 1st
method of imperfections. Nonlinear calculation in-
creases longitudinal forces by 0.4 % compared to linear
calculation. In the outermost columns, the longitudinal
forces are 0.25 % higher than in the ideal frame with
direct consideration of geometrical imperfections.

Fig. 7. shows the variation of bending moments in
the middle column along the height of the building for
linear and nonlinear calculation.

Story number

-1,400 -1,300 -1,200 -1,100 -1,000

Table 3 shows the analysis of bending moments
for columns of floors 1-5 for the middle columns.

The analysis of the influence of the frame imperfec-
tions on the bending moments in the columns of the 1st—
Sth floors showed that compared to the ideal frame,
the 1st calculation method gives bending moments high-
er by 12.0 %. When using the 2nd calculation method
the bending moments in columns of 1-5 storeys in com-
parison with the ideal frame are 26 % higher. The use of
Eurocode method gives bending moments in columns in
comparison with st method by 13.0 % more. Nonlinear
calculation increases bending moments in columns com-
pared to linear calculation by 7.6 %.

Table 4 shows the analysis of bending moments
for columns of 6-10 storeys from the design load com-
bination.

The analysis of the influence of frame imperfec-
tions on bending moments in columns of 610 storeys
showed that in comparison with the ideal frame 1st
method of calculation gives bending moments more by
23.78 %. The use of Eurocode method gives bending
moments in columns in comparison with ideal frame
by 7.1 % more. Nonlinear calculation increases bend-
ing moments in columns compared to linear calculation
by 7.0 %.

-900 =800 -700 -600 -500

Longitudinal forces N, kN

= Linear calculation with 1 method

Nonlinear calculation with 1 method

Fig. 6. Longitudinal forces in the middle column for 1-5 storeys with the 1st calculation method from the design combination

of loads of forces

Table 2. Analysis of longitudinal forces in the middle columns of floors 1-5 from the design load combination

Linear calculation

Nonlinear calculation

Story number Perfect 1 way 2 way Story number Perfect 1 way 2 way
1 —1,280.58 —-1,281.89 —-1,289.44 1 —1,285.37 —1,286.73 —-1,295.53
2 —1,128.83 —-1,130.27 -1,136.38 2 -1,132.92 —1,134.38 —-1,141.51
3 -992.83 -993.64 —998.84 3 —995.93 —996.74 —-1,002.71
4 —857.75 —858.55 -862.14 4 —859.88 —860.68 -864.76
5 —724.94 ~725.22 —728.02 5 —726.26 ~726.54 —729.64
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Fig. 7. Bending moments in the middle column with 1st calculation method from the design load combination
Table 3. Analysis of bending moments in the middle columns of floors 1-5 for the design load combination
Linear calculation Nonlinear calculation
Story number Perfect 1 way 2 way Story number Perfect 1 way 2 way
1 bottom -97.40 —-109.00 -123.00 1 bottom -102.00 —-113.00 —-130.00
1 top -3.58 —2.03 2.38 1 top -3.67 —2.26 2.93
2 bottom —58.80 -59.20 —61.40 2 bottom —63.40 —63.70 —66.60
2 tops 33.50 28.00 26.40 2 top 36.00 30.50 29.10
3 bottom —46.10 -53.90 —63.10 3 bottom —49.70 -57.50 —68.10
3 tops 45.30 48.10 55.40 3 tops 48.80 51.70 60.50
4 bottom -34.70 -34.30 —-35.00 4 bottom -37.20 —-36.80 —37.60
4 top 45.00 41.50 41.50 4 top 48.50 45.00 45.60
5 bottom —26.50 -31.90 —38.50 5 bottom —28.10 —33.60 —40.90
5 top 40.90 43.30 49.30 5 top 43.90 46.30 53.30
Table 4. Analysis of bending moments in middle columns of 6-10 storeys from design load combination
Linear calculation Nonlinear calculation
Story number Perfect 1 way 2 way Story number Perfect 1 way 2 way
6 bottom 35.00 32.80 33.00 6 bottom 37.30 35.10 35.80
6 tops —-10.90 -14.30 —-18.60 6 tops —-11.40 —-14.80 -19.30
7 bottom 28.30 30.00 34.20 7 bottom 30.00 31.60 36.40
7 tops -3.15 —2.61 —2.28 7 tops -3.32 —2.77 —2.36
8 bottom 20.30 19.20 19.50 8 bottom 21.30 20.20 20.70
8 top 3.09 1.53 0.43 8 top 3.10 1.57 -0.43
9 bottom 14.50 15.40 17.60 9 bottom 15.10 16.00 18.40
9 top 11.10 11.60 12.20 9 top 11.20 11.60 12.30
10 bottom -5.08 —5.18 —4.96 10 bottom —4.82 -4.92 —4.66
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Fig. 8 shows the variation of bending moments in
the floor joists of the 1st floor for the ideal frame and 1st
method of taking into account deviations from the de-
sign load combination.

Table 5 show the bending moment analyses of
the floor beams of 1.5 and 10 storeys.

The analysis of the influence of frame imperfec-
tions on the bending moments in the floor joists showed
that the most significant influence of frame deflections
had on the moments in the 1st floor joists. Compared to
the ideal frame, the 1st calculation method gives bend-
ing moments higher by 1.5 %. Using Eurocode method

gives bending moments in the floor joists 5.2 % higher
than in the 1st method.

When analyzing the results, it should be taken
into account that the direct consideration of assembly
and fabrication errors in the frame geometry is more
correct, but requires the formation of more complex
calculation schemes that take into account the frame
geometry errors. Displacements and forces obtained by
linear calculation of the frame structure do not differ
much from the results of non-linear calculation, which
allows to recommend the linear method of calculation
for the frame structure.

553 _
-352 385 -33.2 351 387 -333 332
L - AN___ AN < Al 10th floor %D’&W%A
209 107 255 209 107 555
741 s P 751 -726 913
-10.2 ;II A AI 5th floor 9.2
[P =y L
26,5 247 31.1 267 253 312
853  _gp2 93.4
1 floor -10.2
307 267 334
a b

Fig. 8. Bending moments of floor beams of the 1st floor for ideal frame and 1st method of taking into account deviations
from the design load combination: a — ideal frame (floor joists of 1.5 and 10 storeys); b — 1st method of deflection

accounting (floor beams of 1.5 and 10 storeys)

Table 5. Bending moments in floor beams of 1, 5 and 10 storeys from design load combination

Bending moments, kN/m

Perfect
Story number B1 B2 B3
Axis B Aisle Axis V Axis V Aisle Axis G | Axis G Aisle Axis D
1 11.10 -30.40 84.40 —-12.00 -26.20 79.00 23.80 -33.20 92.60
5 10.20 -26.50 74.10 -15.10 -24.70 71.50 12.00 -31.10 90.50
10 35.20 -20.90 38.50 18.80 -10.70 28.20 33.20 -25.20 55.30
1 way
Story number B1 B2 B3
Axis B Aisle Axis V Axis V Aisle Axis G | Axis G Aisle Axis D
1 10.20 -30.70 85.30 -13.20 -26.70 80.20 23.00 -33.40 93.40
5 9.20 -26.70 75.10 -16.20 -25.30 72.60 11.30 -31.20 91.30
10 35.10 -20.90 38.70 18.80 -10.70 28.10 33.30 -25.20 55.20
2 way
Story number B1 B2 B3
Axis B Aisle Axis V Axis V Aisle Axis G | Axis G Aisle Axis D
1 6.51 -31.80 88.90 -17.70 -28.90 84.60 19.70 -33.90 96.90
5 5.94 -27.70 78.20 -20.10 -27.40 76.40 8.30 -31.90 94.30
10 34.90 -20.90 38.90 18.80 -10.70 28.20 33.10 -25.20 55.50
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CONCLUSION AND DISCUSSION

On the basis of calculations of the stress-strain state
of the frame of a multi-storey building it is established
that direct accounting of manufacturing and assembly
errors in the geometry of the frame allows a more ac-
curate assessment of the frame performance. The use of
Eurocode methodology with additional horizontal loads
at the level of each storey with the use of frame struc-
ture leads to overestimated displacements and forces
compared to the actual ones. It was found that the frame
structure fabrication and installation errors:

* have little effect on the horizontal displacements,
which increase to 0.33 % and on the longitudinal forces
in the columns, which increase to 0.13 %;

* significantly affect the bending moments in col-
umns of 1-5 storeys, which increase up to 12.0 %, and
in columns of 610 storeys up to 23.78 %;

* when carrying out practical calculations to take
into account the influence of frame deviations from

the design geometry, it is possible to calculate the ideal-
ized design scheme with multiplication of the results
by correction factors: for bending moments in col-
umns 1-5 floors y_, =1.12 and in columns 610 floors
Y = 1.24. Displacements and longitudinal forces in
columns obtained by the idealized frame calculation
can be used in the design of the actual frame without
correction factors;

« the changes in the bending moments in the floor
beams obtained by the actual calculation can be ne-
glected.

To reduce the deviations of the frame from the de-
sign geometry, it is necessary to follow technological
measures to compensate for manufacturing and assem-
bly errors.

The results obtained for the main study can be con-
sidered valid only for the considered frame design. To
develop normative recommendations, it is necessary to
conduct theoretical, experimental and numerical studies
of a wide group of multi-storey frames.
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AHHOTALUNA

BBeaeHue. B TeueHre MHOrMX gecatuneTuin npeanpuHMManimchb nonbiTKM, U NMOPON yCNeLUHbIe, MO CO34aHUI0 YHMKANbHbIX
rOPOACKUX paroHOB. Ho 3TK panoHbl 6binn paspaboTaHbl B OCHOBHOM Kak eAMHUYHbIE BapuaHTbl (hOPMUPOBaHUSI FOPOACKOM
cpeabl. Bo3aBoaunu paoHbl MHOrO3TaXXHOW 3aCTPOMKM MO yCpeaHEHHbIM TpeboBaHUsIM kK KOMKPOPTY rOPOACKOV cpeapl. B Ha-
cTosiLee BpeMs 9T panioHbl yxke He yA0BNeTBOPST TpeboBaHUSIM NpoXMBaHUS, Heobxoauma peHoBaLusi B COOTBETCTBUN
C COBPEMEHHbIM MPEeACTaBNeHMEM O KOM(OPTHOM NpOoXMBaHUW. iccnegoBaHMe OCHOBAHO HA POCCUMINCKMX U 3apyBexkHbIX
rPafoCTPOUTENBHbLIX NMPOEKTax PpeHoBaLMN PalloHOB C MAacCOBOW MHOTO3TaXKHOW 3aCTPONKON.

MaTtepuansbi u meToabl. Vicxoas ns aHannsa oTe4ecTBEHHOTO U 3apybeXxHOro rpagoCTPOMTENBHOMO OnbiTa No opMmnpo-
BaHMIO KOM(OPTHOWN XM3HEHHOW Cpedbl B panioHax U MUKpopamoHax 60nblUMX ropodoB, NpenriaraeTcs KOHUenTyanbHbI
NPOEKT KOMMJIEKCHOIO PEHOBUPOBAHMS FTOPOACKUX PaoHOB MaccoBow 3acTponkn 1960-2000-x rr.

Pe3ynbraTtbl. Ha npumepe parioHa meTpo JleconapkoBasi NpuBeAeHa KOHLENLMS MO peHoBaLMKn paoHa, cosgaHuio bonee
KOM(OPTHOWN cpeabl 0bUTaHWS, NPUBIEYEHNIO B PANOH OTAbIXaMLWMX, HOBbIX XUTENen, paboTHMKOB Ha HOBble paboune
MecTa MnyTem CO3[aHUs COOPYXXEHUS — aTTPaKTOpP C OCBOEHWEM MOA3EMHOMO MPOCTpaHcTBa. peacTaBneHHbIe OBE KOH-
Lenuumn JaHHOro CoopyXeHust ByoyT npuBnekaTb Nogen Anst NoceweHns pakoHa 1 Nomnb3oBaHus 06LLEeCTBEHHBIM TpaHC-
nopToM, a UMeHHO — MeTpo JleconapkoBasi ByTOBCKOIN NUHUN.

BbiBogbl. [1peacTaBneHHas KOHLUENUMs MOXET CIy>XUTb 6a3MCHOM AN pEHOBMPOBAHMS PaiOHOB C MaCCOBOW 3aCTPOMKOW.
[ns aToro Heo6xoaMM Tak HasbIBaeMbI aTTPAKTOP, KOTOPbIV ByAeT npuBnekaTb OnpeaeneHHbIe Crou HaceneHust, a Takke
KOMMIEKCHOE pa3BuUTME paiioHa B Lenom. TpebyeTcs, 4ToObl KOHLENLMS paioHOB HE NOBTOpsAack U Obina yHUKanbLHOMN.

KIMKOYEBBIE CITOBA: peHoBauusi, MUKPOPANOH, aTTPaKTop, KOHLEeNUMs, Nog3eMHOe COOPYXXeHMe, TOProBo-pekpeaLoH-
HbIN LLEHTP, palioH MacCoBbIX 3aCTPOEK

ona UMTUPOBAHUA: Maxbko A.B., BuHozpadosa B.A., Boponaesa M.U., MaHbwuHa A.A., Mamioxoea O.C. KoHuenuusi
peHoBauun MukpopanoHa // CTponTenbCcTBO: Hayka 1 obpasoBaHue. 2023. T. 13. Bein. 3. Ct. 2. URL: http://nso-journal.ru.
DOI: 10.22227/2305-5502.2023.3.2

Aemop, omeemcmeeHHbIl 3a nepenucky: ApTyp Bnagummposuy Marbko, arthur_manko@mail.ru.

Neighbourhood renovation concept

Arthur V. Manko, Valeria A. Vinogradova, Maria I. Voropaeva, Alina A. Ganshina,

Olga S. Matyukhova
Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation

ABSTRACT

Introduction. For many decades there have already been attempts, and sometimes very successful, to create unique urban
areas. But these areas were developed mainly as single variants on the formation of urban environment. Basically, they built
areas of multi-story buildings according to the average requirements for the comfort of the urban environment. In the modern
world, these areas no longer meet the requirements of living and require renovation in accordance with the modern concepts
of comfortable living. A study based on Russian and foreign urban planning projects of renovation of areas with mass multi-
story buildings is presented.
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Materials and methods. Based on the analysis of domestic and foreign urban planning experience in the formation of
comfortable living environment in the districts and neighbourhoods of large cities, a conceptual project of comprehensive
renovation of urban areas of mass construction of 1960s—2000s is proposed.

Results. On the example of the Lesoparkovaya metro area the concept of renovation of the area, creation of more
comfortable living environment, attraction of holidaymakers, new residents, workers to new jobs to the areas by creating
a structure — attractor with development of underground space is presented. Presented two concepts of this structure will
attract people to visit the district and use public transport, namely — metro Lesoparkovaya, Butovskaya line.
Conclusions. The presented concept can serve as a baseline for the renovation of neighbourhoods with mass development.
This requires a so-called attractor, which will attract certain segments of the population, as well as a comprehensive
development of the whole neighbourhood. It is necessary that the concept of the neighbourhoods should not be repeated
and should be unique. Therefore, everyone will be able to find a rest area, living and working area according to their interests.

KEYWORDS: renovation, microdistrict, attractor, concept, underground construction, shopping and recreational centre,
mass development district
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BBEJIEHHUE

B HanuonansHoM uccnenoBaresibckoM MocCKOB-
CKOM TOCYHapCTBEHHOM CTPOUTEILHOM YHHUBEPCHUTE-
T€ CTyAECHTAaM Hay4YHOTO KpYXKa Kadeapbl MEXaHHKH
IPYHTOB M T€OTEXHUKH OBUIO MPEIJIOKEHO PELICHHE
Keiica, KOTOPBIM He IMEET HIUYETO O0IIETO ¢ rpalocTpo-
UTENBHON KoHLenuuei . MOCKBBIL.

Lenp TaHHOTO HAYYHOTO MCCIIEIOBAHHS — YBEIH-
YeHHE YKciIa MacCaXUPOB Ha CTaHIUHU MeTpo Jlecomap-
koBasi MockoBckoro MerponointeHa. OCHOBHas uuest
Keiica — pEeKOHCTpyKLus paiioHa M. Jleconapkosas
C TOUKH 3PEHUSI IPUBIIEKATEIBHOCTH IIPOKUBAHUS M OT-
JbIXa, a TAKXKC MPUBJICUCHUEC JOIMMOJTHUTCIIbHBIX J'IIO[[eﬂ
B paiioH [T BpeMEHHOTO IpeObIiBaHuA (padoTa, OTIBIX,
MOKYIIKM B Mara3uHax, MoCeIleHue KyabTypHO-10CyTo-
BBIX MEPONPUATHH ¥ T.1.). 711 3TOTO HE0OX0AMMO TIpO-
BECTH PEHOBAIIMIO palioHa C BO3BEJCHHUEM COOPYKECHUH
Pa3IMYHOTO HAa3HAYECHUSI C OTHOBPEMEHHBIM OCBOCHHUEM
MOJ[3eMHOr0 MpocTpaHcTBa. Paiton M. JlecomapkoBas
B3ST KaK NMPUMEP, KOTOPHIH MOKHO PaclpoOCTPaHHUTh
Ha MHbIE PaliOHBI pa3IUYHbIX TOpooB [1].

Palion pacnonoxeH Ha ore MOCKBBI U Orpa-
HUYEH C ceBepa U 3amaja butnesckum necomapkoM,
Ha rore MockoBcKol KonbIleBoi aBrogoporoit (MKA/I)
n Ha BocToke BapiaBckum mocce. B 2014 r. 6bu1a 0T1-
KpbITa cTaHuus M. Jleconapkosast ByToBcko# JIMHUM.
Jaxe obunnanbHbIe TUIa' CYMTAIH, YTO CTAHIIUS Me-
TPO CTPOUTCS «HA TEPCIEKTUBY». [IpomomKnuTensHOe
BpeMs pailoH, IpUJIerarIuil K METpo, UMeJ TOJIbKO
IIPOM30HY, OCHOBY KOTOPOM COCTaBJISLII TOPTOBBIN LIEHTP
aBTOMOOWJIBHOM TeMaTuku. B mocienHue HeCKOJIbKO
JIET Ha9aJOCh aKTUBHOE CTPOUTENIBCTBO JKMIIBIX JIOMOB
KK «JlecomapkoBblii».

B cBs3M ¢ 3TUM MOXHO CJIeNIaTh BBIBOJ, UTO JIaH-
HBI pailoH (OPMHUPYETCS 10 THITY OOBIYHBIX CITAJb-
HBIX pallOHOB, CO3JJaHUE KOTOPBIX Hauaoch B MocCkBe

! KoMIuTeke rpaiocTpOUTENBHOM MONUTHKH U CTPOUTETHCTBA
ropoxa Mockssl. URL: https://stroi.mos.ru/metro/station/21

30

B 60-x rT. XX B. [2]. B HacTostiiiee Bpems® BMECTO KyITb-
TYpHO-IOCYTOBBIX MECT Ha HE3aCTPOCHHOHN TEpPPUTO-
pHUH B palioHE METPO pean3yeTcs Hes TPaHCIIOPTHO-
nepecaaounoro ysna (TITY) [3].

CyiecTByroIIas CeroHs npoodiieMa pailona, KoTo-
pasi Tak ¥ HE pelIeHa, 3TO TPAHCIIOPTHASI TOCTYITHOCTh
aBTOMOOWIJIBHBIM TpaHcropToM. B paiion m. Jlecomap-
KOBasi UMeeTCs Bbe3I-BbIE3]] CO CTOPOHBI BapiaBckoro
mocce 1 MKAJI. C 3amana paiiona mo Baprmasckomy
Irocce BO3MOXKEH BBE3J U3 IEHTPA, a BBIE3 B CTOPO-
Hy O0JIaCTH WJIM Ha BHYTpeHHIOIO cTopony MKAJI.
Ha rore paiioHa Takxke €CTb BbE3[l U Bbl€3] Ha BHYT-
penHioto cropony MKAJI. Hanpsimyto u3 paliona
BBE3/-BBIC3]] ABTOTPAHCIIOPTA HEBO3MOXKCH, 3TO MOXK-
HO CJieJlaTh, TOJIBKO MCIOJIb3Yys pa3Ba3ku Ha MKAJ]
Y YaCTUYHO KOJIBIIEBYIO aBTOIOPOTY: Bbe3lbl 35A u 32,
a Taxke BHYTPEHHIOIO aBTONOPOTY phrHKa «Karmmp-
CKHH IBOPUK». DTO HEynoOHO, M Oe3 CTPOUTEIbCTBA
ellle OJIHOM TPaHCHOPTHOM pa3BsSI3KU CyUIECTBOBAHUE
TITY He mpencTtaBiseTcs: JoTHYHBIM. Takxke 6e3 Jo-
MTOJTHUTEIHHBIX TPAHCTIOPTHBIX Pa3BsA30K HE 000UTHCH
U JKUJIOMY KOMIUIEKCY, BO3BEJEHHE KOTOPOTO BEIETCs
y’K€ HECKOJIBKO JIET.

Tax Kak OCHOBHAS 3a/1a4a HACTOSIIETO MCCIEIO0-
BaHWA 3aKJII0YaeTCs B MPUBIICUYCHUN JTIONCH B pailoH
MOCPEJCTBOM METPO U JKENaTeJIbHO MOCJENyoLEeM
OOHOBJIEHWH KOHTHHTEHTA KaXkaple 2—3 9aca, TO BO-
npoc ctpoutenberBa TITY He OynmeT paccMaTpuBaThCes.
Bepnee, He Oyzet paccMarprBarhCst Kak OCHOBHOM, 110-
CKOJIbKY ucnosb3oBanue TIIY s nepecaaku c aud-
HOTO aBTOTPAHCIOPTA HA OOIMIECTBEHHBIN (B JaHHOM
CIIydae METpPO) IPUBENET K TOMY, YTO YeJIOBEK B Hadae
pabodvero JHs yelIeT U B KOHIIE JTHS IpUeNeT Ha CTaH-
o MeTpo. M Takux moneit Oyaer cToibKo, CKOJIBKO
MApPKOBOYHBIX MECT ITeeXBaThIBafoIIeil mapkoBku. Co-

2 TpaHCTIOpTHO-TIepecaTouHbIi y3en «JlecomapKkoBasy CTaHeT
BOK3aJIOM I MeXayroponHux aBtoOycoB. URL: https://
www.msk.kp.ru/daily/27406/4603683/
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[JIACHO CTaTUCTHUKE® B TOPOJAX Ha aBTOMOOMJISAX Iepe-
neuraercs 1,3 genoBeka. CTPOUTEIECTBO aBTOOYCHOTO
Bok3ana B pamkax TIIY mpuener x Tomy, 4TO 4eso-
BEK BOCIIOJIb3YETCS CTAHLIMENH METPO TOJIKO OJUH pa3.
K tomy ke B panuyce Tpex KWIOMETPOB OT CTaHLIMH
METPO HAXOAUTCS MATh aBTOBOK3AJIOB, UTO COCTABHUT
KOHKYPEHLIMIO CTPOSILEMYCSI aBTOBOK3ally U YMEHb-
IUT MOTEHIMAIbHOE KOJIMYECTBO MACCAXKUPOB Uepes
crannuio M. Jlecomapkosas. CnemoBareibHO, TpeOyeTcs
CO31aTh BCE YCIOBHUS JUISL TOTO, YTOOBI JIFOIU KaK MOKHO
Yarie mojb30BaJUCh OOIECTBEHHBIM TPAHCIIOPTOM —
Metpo. U nns sroro npocroro TITY HenoctaTouHo.

MATEPHUAJIBI U METO/bI

IIpouiecc peHoBanuy ropoACKUX paiOHOB — 3TO
MepeyCTPONCTBO (PyHKITMOHATIA TOW WIIH WHOW TeppH-
Topuu. J)KM3Hb HE CTOUT HA MecTe, U OOIIEeCTBO HC-
MIBITHIBAET MOTPEOHOCTH B cMeHEe (yHKIIMOHAINIA, HO-
BBIX BUJaX J0CYTOBOH AEATEIbHOCTH, )KMIIOH CPEBL.
Bo Bpemena CCCP ¢ 50-x rr. XX B. NIPUHSTH OCHOB-
HBI€ TIPUHIIUIIBI 30HUPOBAHKSI PAOHOB B II€JIOM W MU-
KpOpaliOHOB B YaCTHOCTH. B cooTBeTCTBHU C paboToii
[4] B 1952 1. xmitbIe pallOHBI-MHUKPOPAOHBI OBLTH pa3-
OWTBI HAa KBapTAaJIbl, I/I€ TPOKIIAIbIBAIIICH BHYTPHUKBAp-
TaJbHBIC MPOE3/IBl KOJIBIIEBOTO THIIA. JJoMa B KBapTaje
MIPOEKTUPOBAJINCH IO YETHIPE JOMA U TOPIIAMH MPUMBI-
KaJH JIpYT K JpyTy, 00pa3oBbIBas B ILIAaHE YETHIPEXY-
TOJBHHUK. JTOT CIIOCOO yCTPOMCTBA TOMOB HA3BIBAIICS
«xBOp». Beero B kBapTasne 6bu10 3 1BOpa. [Ipn xaxmom
JIBOpE HEOOXOANMO OBIIO YCTPanBaTh X03SIMCTBEHHYIO
TUTOIIAJIKY M TUTOLIAAKY JUIst AeTed. st mieoro kBapra-
J1a CO3/IaBaJIU elle OJHY IUIOIIAAKY OTAbIXA B3POCIBIX,
[BETHUK M CIIOPTUBHYIO Iutomaaxky. Ha Bcem ocraib-
HOM IIPOCTPAHCTBE IPOBOAUIN O3€TCHEHHE JIEPEBbSIMHU.

COOTBETCTBEHHO HWHAYyCTpUalbHBICE W 00IIe-
CTBEHHBIC KBAPTAJIBI M PailOHBI OBIIM TOXKE 30HHPO-
BaHbl, HO HE TakK, KaKk 3To ObU10, HaunHas ¢ 20-X TT.,
KOTJIa JKMJIBIE I0Ma B KBapTaje MOIJIM COCEJICTBOBAThH
C COOPY>KEHUSIMU KyJIBETYPHOTO, CIIOPTUBHOIO UM IIPO-
MBIIIJICHHOTO Ha3HaueHUsA. HIyCcTpHaIbHBIE KBap-
TaJbl TOJUKHBI OBITH PACIIOJIIOKEHBI B COOTBETCTBHUH
C MIPOU3BOJICTBEHHBIM I[UKJIOM MPOIYKIIHH, T.€. CKIa (bl
HaXOAWNTHCS B HETTOCPEACTBEHHOHN OJIM3M OT MECT I10-
TpebaeHus npoayKumu ckinana. [IpousBoncTso danepsl
U JIepEBO-CTPYKEUHOH MIIUTHI PacloNaraioch psAaoM
¢ ¢pabpuxoif Mmebenu u T.1. [5].

K 1966 . MeHsieTcss MOHUMaHUE TOTO, KaK CIeIy-
©T 30HMPOBATh JKWJIble KBapTabl. [1osBISIOTCSA TOHS-
TUSL «KWIasi 30Ha» U «CHalbHBIN pailon» [6]. OqHum
13 TaKUX PaHOHOB, pa30UTHIX Ha KBAapTaJIbl M CIIPOEKTH-
POBaHHBIX 0] HOBYIO KOHLIETILINIO, CTAHOBUTCSI paiioH
Hossie Yepemymku [7]. PaccmoTpum npumep KBapTaia
Ne 9. Konrneniiust onpesiensiia 30HbI, TIIE CyIECTBOBATIH

3 DKCIepTHI MOCUNTAIH HAOTHAEMOCTh MayiH B Mockse //
ABTOMOOMITBHBIN KypHAI Quto: MHOOPMAIIMOHHBINA TOPTAI.
URL: https://quto.ru/journal/articles/eksperty-poschitali-na-
polnyaemost-mashin-v-moskve.htm

KHJIBIE IoMa. B 3aBHCHUMOCTH OT KOJIMYECTBA KBAPTHUP
U NOTEHIMAIBHOTO KOJIMUECTBA XKUTENeH KBapTaa ycTa-
HaBJIMBAJIOCh HEOOXOIMMOE KOJIMYECTBO MECT B IETCKUX
SCIAX U CaiaX, KOTOPbIe 00s3aTeIbHO BO3BOIMIN B KaXK-
JioM kBapTaie. O0Iee KoIMIecTBO JOMOB B KBapTaje —
16, B koTOpBIX pacnoyiaranoch 982 kBaptupsl. Taxxe
PacCUNTHIBAIOCH U KOJMYECTBO MECT B IIKOJIE, KOTOPAs
TUIAHMPOBAJIaCh oJHa B KBapTaie. Eciu He Obu1o MecTa
JUTS Pa3MEIIEHHsI [IKOJIBI, TO CTPOMIIM y4EOHBIH KOM-
TUIEKC W3 HECKOIBKUX IIKOJ IS JKUTEJIeH OKPYKaFOIIHX
kBapraiios [8]. Taroke ais KBapTana ObUIM 3alPOEKTH-
POBaHbI CHOPTUBHBIE TIOMIA/IKH, TIOMIAIK! JUTS JeTeH
Y THXOI'0 OT/BIXA, INIECKATEILHEIN Oacceiid, X035 iCTBEH-
HBIE TIOIIA/IKH, OCCEIKH, CTOSIHKU JJIsl MAIIUH U JIaXKe
cBOM kuHOTearp. M Takux KBapTajoB U paiilOHOB BO3-
BEJICHO OOJIBIIOE KOJIMYECTBO B TOPOAAX HaIleil CTpaHsl
B 60—70-x rr. XX B.

B Hacrosimiee Bpemst B paMKaxX peHOBAIMN NMEET-
Csl MHOY)KECTBO MIPOEKTOB 110 PEHOBAINH JKHIIOTO (hoHAA
U palfOHOB, MUKPOPAfOHOB M KBapTayioB. beii paspa-
00TaH KOHLENTYaJbHBIH IPOEKT PEHOBALMK KBapTala
Ne 9 paitona Hosrie Yepemymku [9]. B ocHOBe 3TOTO
MIPOEKTA JIEKUT PEIIEHHE O COXPAHEHUH HCTOPUKO-KYJIIb-
TYPHOTO 3HaueHUsI 00beKTOB. OJTHAKO y YacTH 0OBEKTOB
MPHUAETCS U3MEHHUTH (PyHKIIMOHAIBHOCTD, 4TO TTOTpedyeT
W3MEHEHHUs] 00bEMHO-TNIAHUPOBOYHBIX U KOHCTPYKTHB-
HBIX pelleHuid. JIaHHBII MPOEKT, 10 MHEHUIO aBTOPOB,
MO3BOJINT COXPAaHUTh NCTOPUUECKUN OOJIMK KBapTasa
U TIPUBJICYB TOTIOTHUTENIBHBIE paboyre MecTa, OCBOUTh
071 KBApTaJIOM MOA3EMHOE IPOCTPAHCTBO.

C menpro KOMIUIEKCHOTO Pa3BHTUSI MHUKpopaiio-
HOB C HEY/IaYHO! KOHUEIINEH UM IIPU €€ OTCYTCTBUH,
a TaKXKe ISl PeHOBALMHM MOPAJIBHO U (PM3UUYECKH yCTa-
PEBIINX PaliOHOB MOXKHO OOPATUTHCS K MEXKIYHAPOI-
HoMy ombITy [10]. CortacHO 3TOMY OMBITY BBLAESACTCS
YeThIpe cpelibl HOPMUPOBAHHMS 3apYOEIKHOTO ropojia:

1. HayHTayH — 2TO (PUHAHCOBBIA, KYIBTYpPHBIH
W aJIMUHHUCTPATUBHBII LIEHTP JII000T0 3apy0ekHOTO To-
pona. I'eorpaduuecku 310 He Bcerja reoMeTpHYEeCKHH
neHTp. Yamie BCero JayHTayH PacIIONIONKEH HIDKE Te0-
METPUYECKOTO IIEHTPa TOPOAa, Kak Ol BHHU3Y, U OTCIOAA
Ha3BaHUE. B 3aBUCUMOCTH OT pa3MepoB ropoja pazmep
JlayHTayHa MOXET COCTOATh U3 IBYX-TpPeX 31aHHH.

2. Tlpuropon HaXOIUTCS B HETMOCPEACTBEHHOM
0aM3M OT ayHTayHa, KaK [IPaBUIIO 3amaJiHee U BOCTOY-
Hee LIEHTpa ropoza. B kpynHbIX ropoiax mpuropos pac-
rojiaraeTcs ele ¢ rora. Yaire BCero 3To 0JHO- U JBYX-
STa)KHbIE JI0Ma 4aCTHOTO JOMOBIIAJIEHUs Ha CEMBIO,
peke Ha J[BE CeMbU. JTa YacTh ropoja 1mo (GyHKINO-
HaJTy MOX0XKa Ha POCCUHCKHUE )KHIIbIe 30HbI 1950-X T,

3. NuapycrpuanbHasi 30Ha — MECTO, TJie cocpe-
JIOTOYCHBI BCE CKIIAZbI M ITPOM3BOICTBA TOPOAA, IIOPOH
U TOProBbI€ LEHTPHI. MHAYyCTpuanbHas 30Ha pa3doura
Ha JIB€ — CEBEPHYIO, [7Ie PACHOI0KEHBI IPOU3BOJICTBA,
W I0KHYIO (HIDKE ayHTayHa WM Cpasy 3a MPHUropoja-
MH), TI€ HAXOAATCSA OOBEKThl KyIbTYpPHO-I0CYTOBOTO
CEKTOpa, CIIOPTUBHBIE COOPYIKEHUS, HOUHBIE KIyObI
U T.J.
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A.A. MaHbwuHa, 0.C. Mamroxoea

4. CouunajiabHbId paliloH — 3TO 30HA, IJe MPeod-
JazaeT MHOTO9TaKHasl 3acTpoiika. PaiioH pacnonoxkeH
Ha ceBepe JII000ro ropojia ¥ npeJHa3HaueH JUIs TPOXKH-
BaHM JIIOZICH C HU3KUM JOCTATKOM, MAJTOMMYIINX H T.1.

[Ipuropon u conmansHII palfoH IMEIOT COOCTBEH-
HYI0 HHGPACTPYKTypy (IIKOJIBI, OONBHUIIBI, AETCKHE
yupexaenus). Ilpuropoa MoxxeT IeNUThCS Ha MUKPO-
paifioHBI B COOTBETCTBHH C IIEHOH Ha HEIBUKHMOCTD,
IIPU 9TOM BHYTPH 00pa30BBIBAIOTCSI 000COOIEHHBIE 110-
CeJICHHMS, JIOITYCK B KOTOpBIE 03 CIenuaabHOTO pa3pe-
meHus 3amnpelleH. Eciu nepBble Tpu rpynisl paioHOB
HE COBCEM (BO3MOXHO KPOME YaCTH MHAYCTPHAIBHBIX
paloHOB) MOAXOMIAT AJIsI HCCIIEIOBAaHHUS PEHOBAIMH He-
KOTOpOTo (hyHKIIMOHAJIA CIIajbHBIX PAaHOHOB, TO COLM-
AJBHBIH 110 CBOEMY KOHCTPYKTHBY OJIM30K K COBETCKON
U POCCHICKOM 3aCTPOHKE TOPOAOB.

[Ipu peHoBaK 1 N3MEHEHNH (DYHKIMOHATEHOCTH
PaifoHOB TOPOIOB MHTEPECEH 3apyOS)KHBIH OIIBIT TaK Ha-
3bIBAEMOTO TAKTHUECKOTO YpOaHH3Ma PaifOHOB C MHOTO-
sTaxkHoU 3actpoiikoii [11]. Hanpumep, B CIIIA eme
B 1970 . moHsIH, UTO co3aHre 000COOIEHHOrO aHKIIaBa
C JIIOJIbMH, MMEIOIIUMH COIMAIbHBIC IPOOJIEMBI, BEJET
K JeTpasiaiiiy o0IecTBa U poCcTy MpecTymHOCTH [12].

IIpumepoM MOXKET CHyXUThb paiioH bpoHkc
Hrlo-Mopka, oMH U3 KBAapTaji0B KOTOPOTO MOKA3aH
Ha puc. 14, DTOT KBapTam: Mo BHEIIHEMY YCTPOHCTBY
MIOXOK Ha CIANBbHBIN paiioH JI000T0 KPYIMHOTO TOpO-
Jla Ha TIOCTCOBETCKOM mpocTpaHcTBe. Ho mpobiema
YKa3aHHOTO paiiOHa 3aKJII0YaeTCsl B OTCYTCTBUH JIOCY-
TOBBIX YUPEKIEHUH, CIOPTILIOAN0K U T.I. [TosTOMy
paiionsr roponos CIIIA, rie cyniecTByeT TOIBKO MHO-
rO3Ta)KHast )KUJIAs 3aCTPOMKA, PEHOBUPYIOT M YaCTUYHO
MEHSIIOT (YHKIOHAJI, [TOMyTHO A00aBIIsIsl MH/LyCTPH-
aJbHBIC 3[JaHHSI C MEIKOKYCTapHBIM IIPOU3BOACTBOM,
TOPTOBBIC TIOMEIICHUST U O(UCHI, T.€. CO3/1aBasi HOBbIC
paboune mecra [13, 14]. OmHakOo BMECTO PEHOBAIIHH
paifoHa 3a4acTylO BJIACTH PEaH30BBIBAIH MPHHY/IH-
TEJIbHYIO NOKYNKY HelBmxumocTu. Ilon Bugom npo-
rpaMMbl PEHOBAIMH, SJKOHOMHUUECKOTO PAa3BUTHSI paiio-
Ha IIPOM3BOJIMIIACH CKYIIKA TEPPUTOPHUH JJIsl 3aCTPOUKH
C LIEJTBIO PUBIICYCHUS] MHBECTOPOB. B miepByro ouepens
B IIPOrpaMMy TOMAJaH TeTTO. 3aKOHOJATEILHO TAKyI0
JIeSITEIbHOCTh CMOTJIM OTPaHUYUTh TOJIbKO B 2012 1.,

Puc. 1. Tunuuselii kBapran bponkca

* Kimmelman M. A Rebirth in the Bronx: Is This How to Save
Public Housing? // The New York Times. 2021. Aug. 5.
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MOTOMY 4TO ToJIbkO B 42 u3 50 mraroB cyneOHbIe
Jlenia paccMaTpuBaiuck eme B 1954 r. B Bammnarrone
u B 1984 1. Ha T"aBaiisx, xorna 73 % HEIBUKUMOCTH
ocTpoBa npuHajyIexKano 22 coocTBeHHnKam [15].

B urore B Heto-Mopke B 1970 I. oco3Hanu, 4to
co3manue 000CO0IEHHOr0 aHKIIaBa C JIOAbLMH, UMEIO-
IIMMH COLMAJIbHBIE POOJIEMBI, BEJIET K JIETPaIaliiu 00-
HIecTBa U pocTy npectynHoctu. M mostomy 5 aBrycra
2019 1. aHOHCHpPOBaH HOBBIN 0OMIBIIOI MpoekT Bronx
Creative District, KOTOpbIil TpeoOpa3oBaH U3 KOHIICTI-
TyaJpbHOTO TUTaHa pa3BUTHA patioHa oT 2009 1. O0a
9TH TIaHa 00BETUHSIET OJJHO: HEOOXOMUMOCTh Pa3OUTh
Bponkc Ha 25 MUKpOPaiioHOB U pa3padOTaTh KOHIIETI-
IIUI0 KaXJIOTO MUKpOpaiioHa, OTIMYHYIO OT COCETHETO
paiioHa, B 11€JIOM BCE 3TH KOHIIENIUU MUKPOPAOHOB
JIOJKHBI JOMOMHATE APYT Apyra. To ecTh OBLT aHOH-
CHpOBAH TaK HAa3bIBAEMbII aTTPAKTOP MUKPOpaiOHa,
KOTOPBIW JIOJDKEH JlaBaTh padory, oOydenue, HHPOp-
MaIUIo, YMOLIMY JJIsl AKUTENEH U TOCTe MUKpOpaloHa.
Ha puc. 2 nmokazana ¢ororpadus kBapraia bponkca
MOCJIe PEHOBALIMHU, aTTPAKTOPOM siBIsieTcst My3sei uc-
kyccTB bpoHkca, oTkpbIThI B 2022 1.

[Ipobaembl peHOBALMK U NEepenpo(UIMPOBAHUS
CHAJIBHBIX PallOHOB CTOSAT OCTpo He Tosnbko B CLHA,
HO U B JIPYTHX CTPaHaXx, IJIe €CTh MHOTOJTAXKHAS TH-
moBasi 3acTpoiika. B kadecTBe emie oMHOTO pHUMepa
paccmorpuM DPpaHIKIO®, TIe UMEETCSI TIOHITHE IIPH-
OPUTETHBIE PAHOHBI» — HTO palilOHBl, Pa3BUTUE U I1O-
cienyroniee (MHAHCHPOBAHNWE KOTOPHIX HOCHUT IIEPBO-
CTENEHHBIM XapaKTep OTHOCUTEIbHO IPYIUX paliOHOB.
IIpu 5TOM IPUOPUTETHBIE PAOHBI MOT'YT HAXOIUThHCS
KakK B UepTe TOpoja, TaKk U B MPUTOpoax. ITO paroHbI
MaJIOATAKHOU 3aCTPOMKH, TJI€ )KUIIbE€ CTOUT JOBOJBHO
JIOPOTO U €T0 TSDKEJIO KYMHUTh JIFOJSIM C MajbIM J10CTaT-
KOM, B IPUOPUTETHBIX palloHaX HE BBIAAIOT COLUANb-
Hoe xuibe [16]. Takoe neneHue NOSBUIOCH MOCIE MPO-
Bo3MIalieHue miana Mapmamna 1945 r., korga cranu
pa3fenaTh MecTa MpOoXKUBaHUs TIOJEH 10 YPOBHIO UX
noxona. B 1960-x rr. mocie mpoBo3riialieHus! He3aBU-
cumocTd 0T OpaHIINN MHOXKECTBA €€ KOJIOHHU B CTpa-
HY XJIBIHYJ TIOTOK SMUTPAHTOB U3 3TUX KoJIoHMA. Torma
W TIPUTOIUIICA TUTaH Mapiarna, KorJa UIsl MUTPaHTOB
CTaJ¥ CTPOUTH MHOTOITAaKHBIC IOMa B pallOHAX AJIA

Puc. 2. KBapran bporkca nocie peHoBauu

5 Bouhassoun K. Remplagons les ghettos par des villes //
Factuel.info. URL: https://www.factuel.info/remplacons-les-
ghettos-par-des-villes
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OenHbIX. B cBs3M ¢ TeM, 4TO KOJUYECTBO ILIOLIAI0K
JUISL HOBOTO CTPOUTENIBCTBA OBUIO OIPaHUYEHO, 0CO-
OeHHO B Takmx ropoaax kak Typ, I'asp, Bpect, Cepxw,
Cen-Kanren, Cenap u p., Ha4aJId U3bIMaTh O] CTPO-
UTEIHCTBO 3eMJIH IBOPOBOTO MTPOCTPAHCTBA MEXKTY J10-
MaMH, IMEIOIIUMH CTaTyC COLMaIbHOTO XMIbs. 11 Ma-
JIO9TaKHBIE COIMAIbHBIE JOMa JIEMOHTHPOBAIUCH JUIS
CTPOMTENBCTBA O0Jiee BBICOKHUX JIOMOB (9—16 aTaxeit)
C COLMAIIBHBIM JKHJIBEM JIJIsl MaJI00OECTICUSHHBIX CIIOCB
HaCeJeHUs U SMUTrpanToB. Heckonbko sieT Hazan mpa-
BUTENBCTBO PpaHiny 00BABUIO 0 HanmoHanmsHOM Tpo-
rpaMme OOHOBJICHHS TOPOJIOB, KOTOpAs 3aBEpIINIACh
B 2020 . bruto Bemeneno 50 Mipz eBpo Ha mpeodpazo-
Banue 600 Takux pailoHoB B ropogax ®panuuu. IIpo-
rpamMMa HaripaBJieHa Ha TO, YTOObI COIIMAJIbHBIC PaiiOHBI
npruoOpesnu 0onblIyio 0e30MacHOCTh 3a CUYET COKpallle-
HUS IPECTYITHOCTH MYTEM CO3/IaHHUsl HOBBIX pabo4ymnx
MECT B 3THX pailoHaX, peHOBAIlMH PAliOHOB C CO3/IaHH-
€M O0LIEeCTBEHHO-KYJIBTYPHBIX MECT JI0CYTa U MECT OT-
JIbIXa, TIPUBJICUEHUS JTIOACH 1715l BDEMEHHOM MUTPAIUH
C IIEJBI0 CHIDKECHUSI COLMAIBHOTO HANpspKeHus. B uto-
re BCE 3aKOHYMIOCH TeM, YTO 32 BBIICICHHBIC JCHBIH
MEPEKPACHIN U YACTHYHO OTPEMOHTHPOBAIH JIOMA,
Ha ATOM INIpOrpamMMmy 3aBepuIiiii. JKypHaIucThl Onpo-
CHJTH JKHUTEJICH COLMAIbHBIX PAfOHOB C MHOTOITayKHbI-
MM JIOMaMH, TJie IPOBOJMIIACH IPOrpaMMa OOHOBIICHUS,
72 % 3asBUIM HE TOJIBKO O HEM3MEHHOCTH YPOBHS TIpe-
CTYIHOCTH, HO U O 3HaYUTEIBHOM 00OCTPEHUH COIH-
anbHBIX KOH(pIuKTOB. [TOopoii MOa BUIOM PEHOBALINH
paspymany gaxke MUMeromuecs o0IIeCTBEHHO-KYIIb-
TYPHBIE 30HBI palioHa. 3a PeIKUM UCKIIIOYEHHEM ObIIH
YCTPOCHHI ETCKHE IUTOManku (puc. 3), u3 00bEKTOB
COLIKYJIBTOBITa HUYETO HE CO3JaHo.

[Ipu 5TOM IporpamMma cozeprxaia IyHKTbI, Tpe-
MOJIATAIOIINE CHOC YaCTH MHOTO3TAXKHBIX JIOMOB C Iie-
JIbI0 OCBOOOXKACHUSI TEPPUTOPUH TIOJT OOIIECTBEHHO-
KYJIBTYPHYIO M TOPIroBYyIO 3acTpoiiky. Ho sToro toxe
He ObuTo cremano. CormacHO UToroBoMy oTdery Cuer-
HOM manarel @paHIMK, OCHOBHAS PUYMHA B TOM, YTO
HEKOTOpble MYHULIMNAIUTETHl Tpatuau aumsb 0,1 %
OT CMETHOM CyMMBI Ha peHoBanuio. I1o 00bsIcHEHHIM
HEKOTOPBIX PYKOBOAUTEIIEH FOPOJIOB 3TO CBA3AHO C TEM,
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Puc. 3. [Ipumep peHOBAIIMA MHOTO3TaKHOTO ToMa Bo dpaH-

un o HanmoHansHO# mporpaMMe 0OHOBJICHHUS TOPOIOB

YTO OHH «... HE BUAST CMBICIIA YTO-THOO0 MEHSTh, €CIU
MOYKHO COXPaHHUTb CTApO€ U ClIeJaTh €ro HOBBIM...».
Texanueckas mpodieMa peHOBAIIMN COMATBHBIX paii-
OHOB MHOI'03Ta)XHOH 3aCTpOHKU roponoB dpaHuuu
COCTOMT B OTCYTCTBUU KOMIUIEKCHOTO PELIEHUs MO pe-
HoBamwmu. [IpoexT nmpeaycmaTpuBai CHOC ¥ CTPOUTEIb-
CTBO ellie 0oiee BEICOKHMX COLMAIbHBIX JOMOB, a Ha OC-
BOOO/IMBILIEMCSI MECTE TPETOIarajoch CTPOUTEIHCTBO
YEro-To, YTO B IPOTPAMME YKa3bIBAIOCH KaK «Ha YCMO-
TPeHHE MYHUIIUTIATUTETOBY, T.€. HE MPEAIarajJoch HU-
KaKMX KOHIETIUN Pa3BUTHUS PallOHOB C LIEIbIO CHATHUS
COIIMATIBHOTO HAPSDKEHNSI B STHUIECKNX aHKIIaBaX.

B xauecTBe mpumepa pa3BUTHS U PEHOBAIUH CY-
HIECTBYIOIIUX PAallOHOB, a TAKXKE CO3JAaHUSI HOBBIX
paiioHOB paccMOTpuM npumep I. UpkyTcka, KoTopbli
B ITOCJIE/IHEE BpEeMs aKTHBHO CTpouTcs. B ropoze mpu-
CYTCTBYIOT KaK CTaphble, yXKe CIO0XKHUBIIHECS MHKPO-
paiioHbI, KOTOpPBIE ITOCTENICHHO PEHOBUPYIOT M PEKOH-
CTpyupyrooT (Hampumep, kBaptan 130), Tak U HOBBIE
paitonsl. K nmpumepy, paiton PagyxHblit Hauamu cTpo-
UTH B COBETCKOE BPEMSI, a ITPOIOIDKHIIH, KOT/]a HE TOCy-
JIApCTBO, a YACTHBIH HHBECTOP AUKTYET yCIOBHS KU3HU
U CTPOUTENBLCTBA B paifoHe. HoBbIe palioHbI COBepIICH-
HO pas3Hble. EcTh mpuMep HeyladyHbIX pPalilOHOB, Kak,
Harpumep, EpiioBckuid, rae HeT yCiIoBUH s neule-
To MepeiBIKEHUs, HeT TpaHCIOpTa BHYTPU palioHa,
IUIOXO PA3BHUT OOUIECTBEHHBIH TPaHCIOPT, 10 paiio-
Ha MOXXHO J0€XaTh TOJBKO Ha MapLIpPyTHOM Takch Ne
68k. B palioHe HET WIKOJ, IETCKUX CaJ0B, MOJUKIH-
HUK, 00BEKTOB CHOPTHBHOIO, OOIIECTBEHHOTO U CO-
IUAITbHO-KYJIBTYPHOTO Ha3HAuUEHMs, KaracTpoduiaeckn
HE XBaTaeT Mara3uHOB Jake IIaroBON JAOCTYIMHOCTH.
Bonee ynaunslii B rpaloCTPOUTENBHOM MJIaHE HOBBIN
MuKpopaiion Coro3, pacIoI0KEHHBIH Ha JIEBOM Oepery
Amnrapsl B CBepAIOBCKOM OKpYTe, 3€Ch €CTh JETCKHUM
caj, 0OBEKTHI COIMAIBHO-KYJIBTYPHOTO, CIIOPTHBHO-
TO Ha3HAYeHUsS M 00BEKTH 371paBooxpaHeHus. K co-
JKaJIeHHUIO, B MUKpPOpaiioHe OTCYTCTBYET CBOSI IIIKOJIA,
a TPAHCIOPTHBIE KOMMYHHKAIIUH 10 KOHIIA HE OCBOEHBI,
Ho ¢ BBeeHneM JKK «Coto3 [Iprnoputm» TpanciopTHAs
JIOCTYTTHOCTh JOJDKHA yaydmuThes. OUH U3 CaMbIX
HOBBIX U MHTEPECHBIX pailoHOB MpKyTcka, KOTOPBIH
HCCIIEZIOBATENN 0XapaKTEPU30BAIH KaK «PaioOH MEXITY
CHANBHBIM M YaCTHBIM IIPUTOPOAOM», — MUKpPOpaioH
Bepesonerii [17]. OH sSBIIsICTCS YaCThIO pab0OYeTro Mmocel-
ka MapkoBa. bepe3oBblii 3aCTpOEH IPEUMYLIECTBEHHO
TpeX- U MATUITAKHBIMU JJOMaMH C pa3BUTON MHDpa-
CTpYKTypoil. ETMHCTBEHHBII HEJOCTATOK MUKpPOpaio-
Ha — 9TO 3HAYUTENbHAS YJAJEHHOCTh OT TPAHCIIOPT-
HbIX KOMMYHUKaluil 1 MpkyTtcka.

JUisl KpyTIHBIX TOPOIOB, B YaCTHOCTHU 11 MOCKBBI,
OBLTH pa3paboTaHBI PAa3IUYHBIC AU3ANH-TIPOCKTHI Pe-
HOBAIMH, NEPEenpoPUINPOBAHUS U PEKOHCTPYKIIUU
OBIBIINX CIANbHBIX PAalOHOB B COBPEMEHHBIE 32 CUET
(opmupoBaHUs 00BEKTOB KYJIBTYPHO-IOCYTOBOTO Ha-
3Hadenus [18]. [IlpuBeneHHoe BBINIE HCCIETOBAHUE
MOKa3bIBAET, YTO HEOOXOIMMO PEHOBHPOBATH MMEIO-
muecst 1 pOpMHUPOBATH HOBBIE PAHOHBI C TOUKH 3PCHUS
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YHHUBEPCAILHOCTH: B paifoHe HEOOXOIUMO JKHUTh C KOM-
(hoprom, paboTrarb, OTIBIXATh U PA3BIEKATHCS, Y eTeH
JIOJKHBI OBITH HE TOJBKO LIKOJIBI U JOLIKOJIBHBIC Y4-
PEXIEHUS, HO U JJOCYTOBBIE YUPEXKICHUSL.

Taxoxe cinenyer ynensTe 0cod00e BHIMaHUE 0CBOE-
HUIO MOA3EMHOTO NMPOCTPAHCTBA, a JJIs 3TOTo TpelyeT-
Csl UMETh YeTKO cpopMynHpoOBaHHYIO Tporpammy [19].
B oCcHOBHOM B Takux mporpammax BBIACISAIOT 3—5 Ha-
IIpaBJICHUH MOA3eMHON ypOaHusauuu. [ 1aBHbIe U3 HUX
IMIPUMEHUTEIBLHO K BOIIPOCAM PEHOBALMH CYIIECTBYIO-
IIUX PalioHOB: TPAHCIIOPTHBIE COOPYKEHUS, COOpYkKe-
HUSI NHXXEHEpHOH MH(PacTPyKTYphl U OOIIECTBEHHO-
ro HazHadyeHus. [Ipu peHoBanuu pailoHa UMeEroLUecs
WH)KCHEPHbIC KOMMYHHKAIIUKM U JAPYTHe OOBEKThl UH-
KEHEPHOU MHQPPACTPYKTYpPBI MOATIEKAT OOHOBICHUIO,
HEOOXOIMMO M BO3BEJCHHE MOA3EMHBIX COOPYKEHHH
00IIECTBEHHOTO (COIHATBHOTO, KOMMEPUECKOTO) Ha-
3HadeHus. 13 noa3eMHbIX COOPYKEHUN TPAHCIIOPTHOIO
Ha3HA4YEHUS B MIEPBYIO OYEPEb CTOUT BO3BOAUTH aBTO-
MOOMIIbHBIE TAPKOBKH. Taroke MPUIETCs PEIUTh BOIIPO-
CBbI TPAHCIIOPTHOM AOCTYHNHOCTH MUKpopaiioHa. C 3Toi
po06IeMOl IPEKPACHO CIIPABIISETCS TIOA3EMHAsI CUCTE-
Ma BHEYJIUYHOTO TPAHCIOPTA, CTAHIUsI KOTOPOH TOKHA
HaXOJIUTHCS HEMOCPEICTBEHHO B 30HE MUKPOPaloOHa.

Jlanee paccMOTpHUM IJIaH KOHIENT-TIPOEKTa
10 PEHOBAILIMH CYIECTBYIOIIEro paiioHa ropona. Cro-
UT HAallOMHUTB, 4YTO 3TOT IUIAH JJIsl pailoHa, KOTOPBIH
MaKCHUMAaJIbHO TIOJIXOJTUT IOJT ITOHSITHE «MHOTO(YHKIIHO-
HaJIbHBIM pailoH», 0 KOTOPOM T'OBOPUIIOCH BbIlIE. J1JIst
9TOT0 HEOOXOMMO BBITIOJIHUTH CJICTYIOIIHE IIaru:

1. Ilpoananu3upoBaTh CyUECTBYIOIIMN pailoH
C LIEJIbIO BBISIBJICHHUS] UMEIOLIENCS TPAaHCTIOPTHOM J10-
CTYITHOCTH (aBTOMOOWMJIBHBIM M BHEYJIWYHBIM TpaHC-
MOPTOM), ITyTH Pa3BUTHS TPAHCIIOPTHON JOCTYIIHOCTH,
CYIIECTBYIOLIEH 3aCTPOUKH, TPATOCTPOUTEIHHON 30-
HaJIBHOCTH, PEHOBAINH JKMJINIIIHOTO, OOIIECTBEHHOTO
W MH/yCTpUAIBHOTO (hOHAA.

2. BBINOAHUTH aHAU3 UCTOPUM PA3BUTHS paiioHa
C LeTIbIO CO3anust ero Oyyiero nmupka. Heodxomumo
OIIpe/IeIINTh, KaKre 0OBEKTHI TOUHO HE MOTYT OBITH 3/1€Ch
pacrionoxensl. Hampumep, panbine Slkumanka Obuia
MIPOMBIIIUICHHBIM palioHOM ¢ MaHy(akTypamu 1 (adpu-
KaMH, HO B COBPEMEHHBIX YCIOBHAX 3TO HEBO3MOMKHO.
Vcxonst n3 Ha3HAUCHUS 34aHUS, BOSMOKHO HEKOTOPBIE
13 00BEKTOB COXPAHUTH U NEPENPOPUINPOBATh.

3. BBIBUTH LIETEBYIO ayAUTOPHIO, IS KOTOPOH
cielyeT peHOBHPOBATh JaHHBIN paiioH. HeoOxoxu-
MO Pa3[ENUTh )KUTEJIEH palioHa Ha LEJIEBbIE TPYIIIb
10 BO3pacTy ¥ M0 (PUHAHCOBBIM BO3MOXKHOCTSIM. [Ipn
9TOM CHa4asa ONPEAEIISIIOT, Ul KaKOi LeIeBOM FPyIIIbI
10 (PMHAHCOBBIM BO3MOXKHOCTSIM OYJ€T BBIITOIHSITHCS
pEHOBaIMA palioHa, a 3aTEM B JJaJIbHEHIIIEM yCTaHaBIIU-
BAaIOT OOBEKTHI HH(PPACTPYKTYPHI TOJIBKO JUIS LEIEBOH
TPYIIIBI 110 BO3PACTy B paMKax 0003HaYEHHOM 11e7IeBOH
TPYIBI 10 (PUHAHCOBBIM BO3MOYKHOCTSIM.

4. OnpenenuTs 1ieJeBble TPYIIbI MPUE3KUX B paii-
OH IO TOMY K€ IPUHIIMITY, YTO OIHUCAHO B 1I. 3.
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S. YcTaHOBUTH NPUOPUTETHBIN 00BEKT paiioHa,
Ha KOTOPHIA OyIeT paccynTaHa HanOOIBIIas HATPY3-
Ka JUIsl IPUBJICYCHHUS IPUE3KUX JIOZeH. DTOT 0OBEKT,
0 BO3MOXXHOCTH, TOJDKCH YIOBJICTBOPSATH MOTPEOHO-
CTH BCEX LIEJIEBBIX TPYIIL.

6. OnpenenuTh COMyTCTBYIONIHE 00BEKTHI, HE00-
XOAUMBIC JJTA pa3/IMYHbIX LEJICBBIX I'PYIIII.

7. BeIaBUTH paboune MecTa IS IPUBJICUCHNUS JTTO-
Jieii B paiioH (KOJIMYECTBO, BUJ JESTEILHOCTH U T.1I.).

8. CpaBHUTH YHCIEHHBIE TIOKA3aTEIN NI BBISB-
JICHUs! IPUOPUTETHBIX 00BEKTOB OY/IYIIEro CTPOUTEIh-
cTBa (TPOXOAMMOCTH B JICHb W OIPECICHHBIC YaCHI,
CTaTUCTHKA MO pabOYMM MECTaM U MOCETUTEISIM 00b-
eKTa).

9. O603HAYNTH BO3MOYKHBIC BAPHAHTHI apXUTEK-
TYPHBIX, JJaHAIMA(QTHBIX ¥ KOHCTPYKTHBHBIX pEIICHHUH
¢ 000CHOBaHHEM HX KaK OCHOBHOI'O OOBEKTa, TaK H JI0-
TIOJTHUTEBHBIX.

10. duHaHCOBO 00O0CHOBATH CTPOUTEIECTBO OC-
HOBHOTO 00BEKTa, TaK KaKk OH OyJIeT KIIIOYEBBIM Me-
CTOM TPHUBIICUCHHS JTOTIOIHUTEIBHOTO MTOTOKA JHOJCH.
Heobxoqumo uHarnCcOBOE 000CHOBAaHHE M BCIIOMO-
raTeJbHbIX 0OBEKTOB, MOCKOJIBKY OHM Takke OymayT
IIpUBJIEKaTh CBOKO 3aMHTEPECOBaHHY0 rpynmy. Ilopoii
BCIIOMOTaTeJIbHbIE 0OBEKTHI MOTYT COCTABIIATh CYIIe-
CTBEHHBIH MPOIEHT OT NPHOBLIH.

11. CocraBuTh ipoeKT xu3HeHHOTO 1THKIa (JKIT)
OCHOBHOTO M BCIIOMOTATEJIbHBIX 00BEKTOB JJIsI KOPPEK-
TUPOBKM pacyera Oynymieil npuObUIN U ONpeaeIeHHs
CPOKOB OKYIIa€MOCTH C y4eTOM OyIyIIero peHOBUPO-
BaHMS WM CHOCA 0OBEKTOB M BO3MOXHOTO Iepenpopu-
JUPOBaHUs paiioHa.

PE3YJUBTATBI HCCJEJOBAHUSA

Ecnn 0000mUTh UMEIOIANACSI OTEUYECTBEHHBIN
1 3apyOC)KHBIH OTIBIT, TO MOYKHO CIEINaTh BEIBOJI O TOM,
YTO MPOEKTUPOBAHUE IPAIOCTPOUTENBHOTO JIaHa paii-
OHA WJIM MUKpOpaiioHa cIeayeT MPOBOIUTEH B paMKax
oymymero XL TeppuTopun, 4TO CIIOCOOCTBYEST HAM-
0oJee KOPPEKTHOMY OMPEACIEHUIO CTAAUMHOCTH U Ha-
MPaBIEHHOCTH €ro pa3BuTHsA. CaMblil SpKUH TIpUMED
koHuenuuu XKL >xu3nu B paitone — CILA, rne paii-
OHBI CTPOSTCS JIJISL ONPEICIICHHBIX KATCTOPHIA JIFOICH.
Jist nrofelt MeHCMOHHOTO BO3pacTa HAaJIWYME IIKOJI
1 ICTCKHX CaJI0B HE SIBJISETCS Ba)KHBIM, a JUISI MOJIOBIX
ceMeii, Ha000POT, HAJTMYUE NIKOJIBI B MEIICH TOCTYITHO-
CTH, a TAK)KE PA3IHMYHBIX CIIOPTUBHBIX M MHBIX TOCYTO-
BBIX CEKIMH, MOJKET IMETh pernaroriee 3Haderne [20].
ITocne Toro kak HEOOXOIUMOCTh B 00pA30BATCIBHBIX,
KYyJIBTYPHO-MACCOBBIX U MHBIX YUPSKICHHUSIX OTIIAIACT,
JIOIA TIEpPEee3KaIoT B APYTOH pailoH, KOTOPHIH Oonee
BCET0 aJalTUPOBAH MO/ MEHCUOHEpoB [21, 22].

B Teopuu Bce BhIIECKa3aHHOE MOXKET OBITh OUYCHB
MIPHUBIICKATEIHHBIM, HO KaK Ha CAMOM JleJie TIPUBJICYb
JoJed nmpuexatb B paloH ISl MPOBENEeHUs gocyra?
B nepByto ouepenn, M0 MHEHHIO aBTOPOB JJAHHOM CTa-
TBbH, B pailoHe BO3HHUKAeT OOIbIIast HEOOXOIUMOCTD
B pabOYMX MECTax, 9YeM MECTax I MPOKUBAHUSA.
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Jlrogu, mpoxuBaromue B pailoHe, U Tak OyayT mo-
CellaTh MeCTa OT/IbIXa U KyJIbTYpHOTO jocyra. A s
TOrO YTOOBI JIFOIU TPUEXAU B paiioH (0COOCHHO, eCIIH
OH HAXOJMTCS HAa TPAHUIIC TOPOJIAa U IPUTOPOJIA), Tpe-
OyeTcsi, YTOOBI OHU ATOT paiioH xoporio 3Hamu. Eciu
4elloBeK paboTaeT B KaKOM-HHOYIb MECTE, TO CO Bpe-
MEHEM OH 00s13aTeNIbHO OyJeT OPUEHTHPOBATHCS B UH-
(hpactpykrype 3TOro paiiona. M npuBe3TH CBOIO CEMbIO,
ONM3KHX, Ipy3eil JTydlle Ty/a, IJe YeJI0BeK OyneT yBe-
PEH, YTO OTJBIX U KYJIETYPHOE BPEMSIIPEITPOBOKICHHE
TOYHO cocTtouTcs. Takum oOpasom OymeT obOecredcH
MPUTOK JIFOJIel M3BHE IAHHOTO paiioHa.

IlepBblii BApHAHT COOpPY:KEHHS ATTPAKTOPA IIPHU pe-
HOBaluM paiioHa M. JleconapkoBasi

J1st TOCTHKeHMS TTOCTABICHHBIX 3a/1ad pa3pado-
TaHa KOHIICTIIIH, HApaBJIeHHAsl HAa CO3aHHE JOMO-
HHUTEJIBEHOTO 00beMa pabounX MECT C JIOTOIHUTEIBHON
opraHu3aiyei 1ocyropoi aestenbHocTd. KoHenus
M0JIpa3yMeBAET CTPOUTEIHCTBO O(GHCHO-TOPTrOBOTO
I[EHTpPa C Pa3BUTOM MOA3EMHOMN 4YacCThIO, MPEIACTaB-
JIEHHOW TPEXypPOBHEBBIM MAapPKUHIOM U KHHOTEATPOM.
[Ipoext On3Hec-xaba akTyasieH, Tak Kak B HACTOSIIIEE
BpeMs UJeT aKTUBHOE pa3BuTHe Tpounkoro u Hoso-
MOCKOBCKOTO aIMUHHCTpPATUBHBIX OKpyroB (THHAO),
U CTPOMUTENBCTBO LIEHTPA MPUBIEUYET J0CTATOUHBIN
MIOTOK JIFO/IeH Ha HOBbIE paboune MecTa. 3aMeTHa TeH-
JIEHLIUSI POCTa YUCIEHHOCTU HacelleHUus Tpounkoro
u [Tomonbckoro paifoHOB, U, Kak CIEICTBHE, BO3PACTACT
HEOOXOIMMOCTb B JIOTIOJHUTEIBHBIX pabodnx MecTax.

Jroqu, xuBymue B Tpouukom u Ilononsckom Ha-
MIPaBJICHNH, 3aTPAYMBAIOT 3HAYNTEIIFHOE KOJIHMYECTBO
BpPEMEHH Ha JIOpory 110 paboThl (Harnpumep, MockBa-
Cutn). AnbTepHaTHBOH MOT OBI TIOCITYXKHUTh CYIIIECTBY-
rorui 6usHec-xad Comcity, paciooKeHHbIN BOINU3H
craHuy M. PymsaiieBo. OHaKo 3TOT BapuaHT ynoOeH
TOJIBKO IS IIPOXKMBAIOLIMX BONU3M Oyyteit Tpowurikoii

a

JIuHUM MeTpo. PazBurtue paiiona ctanuuu M. Jleconap-
KOBas, KaK €IIe OHOTO Paboduero MeHTpa, ONTHMAIBHO,
TaK KakK ATO MPHUBJICYCT JTOTOTHUTEIBHBIN ITOTOK JIFOICH
u3 ommkaiimero [TomMockoBbs. JloTONMHUTEIBHAS LIC)Tb
coszzianust OUCHOM YacTH JEIOBOTO IIEHTPa — CO3/[aHue
60siee KOM(OPTHBIX YCIOBHIA 11 PAOOTHHUKOB, 8 UMCHHO
YBEIIYCHNE KOTMYIECTBA Pab0odero mpoCTpaHCTBa.

Konnenmust 0pucHO-TOPTrOBOTO IIEHTPa MPEACTaB-
JISIET COOOM JIEIOBOM IIEHTP, COCTOSIINI U3 TPEX MOJ-
3eMHBIX U CEMH Ha3eMHbIX 3Taxell. Ha HIKHUX Tarkax
JU1s ynoOcTBa pabounx U OCeTUTENeH OyIyT pacmiono-
JKEHBI: TTO/I3¢MHAsl MAapKOBKa; KWHOTEATpP; CKIIAJCKHE
MOMEIEHUsI HHTepHEeT-MapKkeTieiicoB Tuna OZON,
Wildberries u 1.1. [loq3eMHBII MapKUHT TaKKe MOKET
CILYKUTb I1€PEXBAThIBAIOIICH TIAPKOBKOW IPU YCIIOBUU
CO3/IaHUsI COBPEMEHHOM TPAHCIIOPTHOM pa3Bsi3ku. Bri-
COTa KaXXJI0TO MOJ3EMHOTO dTa)ka COCTABUT 5 M CO-
rnacHo ITpunoxenuro XK CIT 42.13330.2016 «I'pano-
cTpouTenbeTBO. IlnaHupoBKa U 3acTpoiika TOPOACKUX
U CebCKHUX MOCEJICHUI» U3 pacuyeTa OJHOI0 MaIIUHO-
MecTa Ha kKaxasle 50 M? oOmelt mromanu 3ganus. O0-
mas mromaas — 13 200 M?, mIomans mapKuHra —
4800 m?. KOHCTPYKTHBHO TOA3EMHOE MPOCTPAHCTBO
MPECTABICHO PSAIOM KOJIOHH, ONMUPAOLIUXCS U Mepe-
JIAIOIIMX HArpy3Ky HEMOCPEJCTBEHHO Ha IUIUTY (yH-
JTaMEHTa, pa3IeieHHY0 ne(hOpPMaMOHHBIMA IBAMH.
B kadecTBe orpakgarommx KOHCTPYKIUN KOTIOBaHA
BBICTYIAIOT CTEHBI B I'PYHTE, BBIITOJHEHHBIC U3 TSKe-
Joro 6eToHa Kiacca no npouHoctu B30.

B HazeMHO# yacTH IIaHUPYETCs PACIOIOKEHHUE
Mara3mHOB TOBApPOB PA3IMIHOTO Ha3HAYEHHS OT Oy THKOB
JI0 CYTIEPMAapKEeTOB M (PyA-KOPTOB, UTO COOTBETCTBYET
COBPEMEHHOMY IIPEACTABIEHUIO O CTAHAAPTHOM MHOIO-
(DyHKIIMOHAIEHOM TOPrOBOM LIeHTpE. [IBe ceMuiTaKHbIe
cekuuu OyIayT OTBEACHBI MO O(QUCHBIC MOMEIICHHUS.
Ha puc. 4 npuBeneH 1maH MepBOro HAA3eMHOTO ATAXKA.
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Puc. 4. ApXuTeKTypHO-IDTAHUPOBOYHOE PEIICHHE MHOTO(MYHKIIMOHATIHHOTO IIEHTPa
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CpenHss CeKLUs CITy’KUT CBSI3YIOIIUM HIIH «TPaHC-
MOPTHBIM» 3B€HOM MEXXKAY paO0YMMH YacTsIMHU 3aHus,
MTOCKOJIBKY B HEHl pacmojo)keHa 30Ha 3CKAIaTOPOB IS
MHUHUMH3AIUH 3aTpaT BPEMEHH IIEPE/IBIKEHIST pabodnx
MEXKIY Pa3IHIHBIMA oTAeTaMu odrcoB. Ha mepBom sTa-
K€ pacrionaraeTcst pOCTOPHAsi KOBOPKUHT-30HA C YKUBBI-
MU I[BETAMU U €CTECTBCHHBIM OCBEIICHUEM Onaromaps
CBETONPO3paYHBIM MOKPHITUAM. Ha oCTambHBIX Ta)kax
pa3MecTsTcs OpHCHBIE MOMEIeHHs. BHeN s oTaenKa
(hacaga — 3¢ exTHbIIT KHHOBAIIMOHHBIN JN3aiiH ¢ na-
HOpaMHbIM ocTekyieHueM. Ha puc. 5 npencrasneHs! pas-
pe3bI MHOTO(YHKIIMOHAIEHOTO KOMITIIEKCA.

Jist onipeziesieHust BO3MOKHOCTH BO3BEACHUSI JIaH-
HOTO MHOTO(YHKITHOHAJTHHOTO KOMIUIEKCA C pa3BUTON
MO/I3€MHOM YaCThIO POBEICHO MAaTEMaTHYECKOE MOJIe-
JIupoBaHue B nporpammuoM kommiekce PLAXIS, pe-

aJM3YIOIIEeM METOJl KOHEUHBIX DJIEMEHTOB. Pe3ybTarTsl
MIPOBEJICHHOTO MOJICIUPOBAHUS MTOKA3aHbI HA PHC. 6.

KoHCTpyKTHBHO MOA3eMHas 4acTh KOMILIEKca
MpEICTaBICHA PSAAOM KOJIOHH, OTIMPAIOIINXCS U Iepe-
JIAIOIINX HArpy3Ky HEMOCPEICTBEHHO Ha IUIUTY (QyH-
nameHTa. OyHIaMEHT IUIMTHBIN, pa3iesIeHHbI CeK-
OUOHHO AepOpMAIMOHHBIMU IIBaMH. B kadecTBe
OTpaXIAOIMNX KOHCTPYKIMI KOTJIOBaHA BEICTYIAIOT
CTCHEI B TPYHTE, IIPEJCTAaBICHHBIC OYPOCEKYIIINMH CBA-
sIMH, BBIIIOJIHEHHBIMH U3 TsDKEIoro oetoHa. JKenezooe-
TOHHBIC MEXAITaXKHBIC MEPEKPHITHI — 0e30amouHbIe
Oe3kamuTeNnbHBIC. B cpeqHell 9acTH TONIIMHA TIepe-
KpBITHA YBEIUYCHA. B pe3ynbrare IpoBEACHHOTO MO-
JIEITNPOBAHUS MAaKCUMAITbHBIC TICPEMEIIICHISI B MACCHBE
Y KOHCTPYKIUSX COCTaBIsAIOT 14 cM. 30HA BIUSHUSA —
22 M OT KOHTYpa noj3eMHol yacTu. CienoBaTenbHO,
BO3BECHUE TAKOTO KOMIIJIEKCA BO3MOXHO.
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Puc. 6. Pe3ynsraTsl MOIeTHPOBAHHS MHOTO(YHKIIHOHAIFHOTO KOMITIEKCa

BTropoii BapuaHT coopy:keHHsI ATTPAKTOPA MPH pe-
HOBaluHu paiiona M. JleconapkoBasi

Crnenyromeii uaeei Mo yBeITUISHHUIO TPOXOIUMO-
CTH CTaHIUH SIBJISIETCS] YCTPOMCTBO TOProBO-pa3BieKa-
tenpHOTO KoMIutekca (TPK). Kimaccuueckuit TPK menee
KOHKYPEHTOCIIOCOOCH, UeM JIpyTHE MOMYNIPHBIC TeMaTH-
YecKHe KOMIUIEKCHI. B ¢Bsi3u ¢ 3TUM HEeoOXoaumMa 0co-
0ast KOHILIETIIHS, KOTOpasi MPHUBIICUET JIOACH MOCETHTH
nMeHHO npesyiaraeMelii TPK — konneniust arrpakropa,
BOKPYT KOTOPOTO OyZIeT CTPOUTHCS HHPPACTPYKTYpa pe-
HOBHPYEMOTO palioHa, OCHOBAHHAs Ha BO3BEICHUH TeMa-
THUYECKOTO TOProBO-Pa3BIIEKaTEIbHOIO KOMILIEKCa, HAIo-
nmobue meHTpa okeanorpaduu «MocKkBapuym» H mapka
«OctpoB Meuts». BMecTo nmeromnieiics nHIyCTpHaib-
HOM 30HBI, KOTOpasl pujeraeT k Bapmasckomy mocce,
JTAHHBIM BapHAaHTOM TPEyCMOTPEHO BO3BECHHUE JKIITHIX
KOMIUIEKCOB. Takum 00pa3zom, ¢ TEeppUTOPHU PEHOBALMN
U PEICBEIIONMEHTa HEOOXOAMMO BBIBOIUTH BCE TIPOU3-
BOJICTBEHHBIC PEANPUATHS. Takxke TpeOyeTcst CTPOH-
TEJIBCTBO 00BEKTOB MHPPACTPYKTYPBI: LIKOJ, TETCKUX
CaJIoB, CIIOPTUBHBIX COOPYKEHUH U T.1I.

KOoHCTPpYKTHBHO KOMIUIEKC COCTOUT M3 YETHI-
pex sTaxel — NMBYX MOJA3EMHBIX U JIByX HAJ3EMHBIX.
Ha nepBoM nmoa3zeMHOM 3Take pacloIoKeH OCHOBHOU
runepmapkeT. Ha BTopom moa3emMHOM 3Take — map-
KUHT JUIsl rocTed koMmIuiekca. Ha nmepBom Hajg3zeMHOM
JTa)XXe PaCIOIOKEHO HEKOTOPOE KOJMYECTBO HEOOIh-
IMX CIEIUATU3UPOBAHHBIX Mara3uHoB, (yI-KOpT
Y 30HBI OT/BIXa MoceTuTesneil. Bropoit Haa3eMHBII

CpaBHEHHE JIBYX BAPHAHTOB COOPYKEHUH

9Tax pasjeneH Ha 4 CeKUUU: My3eH, BHICTABOUHBIC
3aJ1bl, KHHO3aJIbI, B3POCIbINA U IE€TCKUM KBECT-PYM.

PenoBaumus paiiona m. JleconapkoBast

B pamkax pa3pabOTKH KOHIIENIMH PEHOBALMU
paiioHa, KpoMe paccCMOTpPEHHUsI aTTPaKTopa, HeoOXo-
JIUMO y4eCTh 0JIaroyCTPOUCTBO MaPKOBO 30HBI buT-
LIEBCKOTO Jiecomnapka 1 pailoHa B 1esnoM. s xureneit
paiiona JleconapkoBasi CTOUT IPEAyCMOTPETh CTPOHU-
TEJNBCTBO IIKOJIBI, TETCKUX JOIIKOJIBHBIX YUPEKACHUH,
JIETCKO TOJTMKIIMHUKY UITH aMOyJ1aTOpUH, CIIOPTHBHBIX
IJIOLAJO0K U T.1. biM3ocTs pacnonoxkeHHOro burnes-
CKOT'0 JIECOTIapKa MOXKET UTPaTh MOIOKUTEIBHYIO POJIb
JUJIsl IpUBJIeYeHUs Jitofiel B paiioH. He Bcex uHTepecyer
TOProBuii LeHTp. JItoau U3 1eHTpa ropoja Uil UHBIX
palioHOB, T/€ OLIYIIAETCS HEAOCTATOK ITAPKOBOM 30HBI,
Oy/yT mpHe3kKarh JUisl OTJbIXa Ha IPUPOIE.

Xapaxrepen onbiT Heto-Hopka (CILIA), rae mis
AQHAJIOTMYHBIX LIeJIeH OTJbIXa ropoXkaH B pailone MaH-
X3TTEH ObUT Bo3BeaeH LleHTpan-mapk — dakruuecku
HCKYCCTBEHHOE COOpYKEHHUE ISl OTABIXA, MPOTYIOK
u 3aHsATud cioptoM [21]. [To Takomy ke MyTH MOUUTH
B HACTOSIIEe BPeMs IIPH PEHOBAIMH TOPOACKON Cpebl
r. Bysnoc-Aiipec (Aprentuna) [22]. s atoro HeoO-
XOAMM OTIEIbHBIA MPOEKT IO OJAroyCcTPOUCTBY Tep-
putopuu buTiieBckoro gecomnapka, KoTopasi Ipuieraer
HEIOCPE/ICTBEHHO K paiiony. CienyeT co3narb uHdppa-
CTPYKTYpY JUIA OTABIXA, IPOTYIIOK M 3aHATHH CIIOPTOM,
HapUMep ISt TPOOEKEK U CKAHTUHABCKOW XObOBI.

Taroke paiioHy HEOOX0IUMa XOPOIlask TPAHCIIOPT-
Has JOCTYIHOCTH JUIsl TUYHOTO TpaHcnopta. C ogHON

Ha nanneiii MOMEHT
KOJIMYECTBO MACCAKUPOB
CTaHIIMU METPO

CraTucTHyecKue KpUTepun
OLIEHKN

IIpu skcnnyaranuu

Gusmec-eHTpa IIpu sxcrmyaranuu TPIT

[TocemaemocTs B IeHb -

30 Thic. — o¢HCHas YacTh
70 000 — 90 000 — Toprosas
4acTh

50 000 — OynHHE THU
85 000 — BBIXOIHBIE

ITocemaeMocTh MOA3EMHOM
pa3BieKaTesNbHOM yacTu

19 TBIC. Wen/cyT
(pa3BrekarenbHast
30Ha BKJIFOYAET TaKKe
OKeaHapuyM, My3el u ap.)

11,2 TeIC. 9en/cyT (TOIBKO
30Ha KHHOTEaTpa)

0,2 TeIC. yen. — ceiyac.
IIpu crpoutenscrse
TITY — 14,1 ThIC. Hem.

[ToTok naccakupos Ha
CTaHIUH METPO, YET/CYyT

(YBenmnumBaercs Ha 23 %) (YBennunBaercs Ha 19 %)
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A.B. Manbko, B.A. BuHozpadoea, M.A. Boponaeea,
A.A. MaHbwuHa, 0.C. Mamroxoea

CTOPOHBI, HYXHO OOJIbIIIE JIIOJIEH MepeBO3UTh 00IIIe-
CTBEHHBIM TPAHCIIOPTOM, HO C APYroil — paiioH, pac-
noJyioskeHHbIN psagom ¢ MKAJI, no3Bonser ycTpouTh
MePEeXBaTHIBAIONTYIO MAapKOBKY. W mroau OyayT moss30-
BaThCsl METpononIuTeHoM. COITIacCHO MCCIEOBAHUSAM
MHOCTPAHHBIX CIECIUAIMCTOB B 00JIaCTH apXUTEKTYPhI
U TpajocTpouTenbeTBa [23—-26], mroau, NpoBOAsIINE
MHOTO BPEeMEHH B KaKOM-JTHOO0 MecTe Ha paboTe, oAco-
3HATENILHO BBIOWPAIOT 3TOT PAfOH JUIs OTAbIXA C CEMbEH
IIPU YCJIOBUM, YTO JAHHBIN PaliOH YEJIOBEKY HPABUTCS,
OH €T0 YCTPauBaeT M0 MHOTMM KPUTEPHSAM H T.II.

3AKJIIOYEHUE

WccrnenoBanue mpeacTaBlieHO B BUJIE Keiica
10 PEHOBAIIMH PaliOHA C YBEIMYCHHUEM MTACCAKUPOIIOTO-
Ka Ha ctaHuio JlecomapkoBas. [IprBeneHHBIC BBIBOIBI
MOKHO HCIIOJIb30BaTh ISl JTFOOBIX PaifOHOB M MHKPOpaii-
OHOB OOJIBIIUX TOPOAOB. B Tabnuie nanbl CpaBHUTEIb-
HBIC XapaKTEPHUCTHKH JIBYX BAPHAHTOB COOPYKCHHN —
aTTPAaKTOPOB paiiOHA PCHOBAIIUH, B PE3YIIBTATE KOTOPHIX
TUTAHUPYETCS TIPUBJICYD B PaiOH OOJIBIIIE JTFONCH.

Just peneBenmonMenTa paifioHa (MHIYCTpPHATBHO-
ro, HE3aCTPOCHHOI'0, 3aCTPOCHHOIO 10 yCTAapEBIINM

HOpPMaM H T.JI.) HEOOXOMMO OIPENENIUTh €ro LEIEBYIO
ayauropuio. Jlanee cienyer Tak Ha3bIBaeMblil 0OBEKT
aTTpaKTopa, KOTOPBIK OyAeT MpUBJIEKaTh B PAHOH JIFO-
JeH Kak JUIsl )KU3HH, TaK U JJIs1 BPEMEHHOTO MpeObIBa-
HUsI Ha pabore uiam otabixe. Taxke cTtouT pazpadborarsb
yno0OHOe TepeMelieHne B pailoH Ha 0OIIEeCTBEHHOM
TPAHCTIIOPTE CO CTAHIUH-Xa0OB, YTOOBI OXBATUTH KaK
MOKHO OOJIBIIIC IIEJICBOM ayIUTOPHH U3 IPYTHX paii-
oHoB. Kpome arTpakTopa Tpedyercsi mpeaycMoTpeTh
o6HOBICHUE MHPPACTPYKTYpHI paiioHa: MOCTPOUTH
0oJIbIIe TETCKUX JOMIKOIBHBIX YUPEKICHUH U IIKOI,
eCJIM LieJieBasi ayAuTOpHs, IPOKUBAIOIIasi B pailoHe,
MOJIOJIBIE CEMBH, 1 OONIbIIEe 0OBEKTOB COIIMAIBHOTO Ha-
3HAYEHUS, €CIIM IIeJIeBasi ayJUTOPUSI — TIEHCHOHEPBI.
Taroke morpedyercst MPeayCMOTPETh MECTa ISl OT/IbI-
Xa M 3aHATHH CIIOPTOM Ha OTKPBHITOM BO3JyXe, a MpH
HEBO3MOKHOCTH — ITOCTPOUTH 3aKPBITHIH CIIOPTKOM-
TUIEKC C HEJJOPOTUM a0OHEMEHTOM JIJISI €T0 ITOCEIICHHSL.

Tonbko Mpy TakMX yCIOBUSX PECBEIONMEHT paii-
oHa OyzieT YKOHOMHYECKH BBITOJCH AJISl I€BEIIONEPOB
U TIpUeMJIEM IS JKUTeNell Toposa u JofeH, mpuesxa-
IOLUX B JAHHBINA PaiioH U3 MPUTOPOA.
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Asmopul 3as61510m 06 OMCcymcemeuu KOHGIUKMa uHmepecos.

INTRODUCTION

Geotechnics, students were offered a solution to a case
that has nothing to do with the urban planning concept

At the National Research Moscow State Univer- of Moscow city.

sity of Civil Engineering, as part of the student scien-
tific studies of the Department of Soil Mechanics and

The aim of this research is to increase the number
of passengers at Lesoparkovaya metro station of the Mos-
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Alina A. Ganshina, Olga S. Matyukhova

cow Metro. The main idea of the case study is to renovate
the Lesoparkovaya metro area in terms of attractiveness
of residence and recreation, as well as to attract addition-
al people to the area for temporary stay (work, recreation,
shopping, attending cultural and leisure events, etc.). For this
purpose, it is necessary to renovate the area with the con-
struction of various purpose structures to attract people with
simultaneous development of underground space. Lesopar-
kovaya metro district was taken as an example that can be
extended to other districts of various cities [1].

The district is located in the south of Moscow and
is bounded to the north and west by the Bittsev Forest
Park, to the south by the Moscow Ring Road and to
the east by the Warsaw Highway. In 2014, the metro sta-
tion Lesoparkovaya of the Butovskaya line was opened.
Even officials! believed that the metro station was being
built “for the future”. For a long time, the arca adja-
cent to the metro had only an industrial zone, the basis
of which was an automotive shopping centre. In the last
few years, active construction of residential houses
of Lesoparkovy Residential Complex has started.

In this regard, it can be concluded that this area is
formed by the type of typical bedroom neighbourhoods,
the formation of which began in Moscow in the 60s
of the twentieth century [2]. At present? instead of cul-
tural and leisure places on the undeveloped territory in
the metro area the idea of transport and transfer hub
(TTH) is being implemented [3].

The current problem of the district, which has not
been realized yet, is transport accessibility by automobile
transport. The Lesoparkovaya metro area is accessed from
the Varshavskoye Highway and the Moscow Ring Road
(MKAD). In the west of the district, the Varshavskoye
Highway can be used to enter from the centre and exit to-
wards the region or to the inner side of the Moscow Ring
Road. In the south of the district, entry and exit to the in-
ner side of the MKAD is also possible. It is not possible
to enter and exit the district directly, but only by using
interchanges on the Moscow Ring Road and partially
on the Ring Road itself: entrances 35A and 32, as well as
the internal road of the market “Kashirsky Dvorik”. This
solution is not convenient and without the construction
of another transport interchange, the existence of the TTH
does not seem logical. The residential complex, which has
been under construction for several years, will also need
additional transport interchanges.

Since the main objective of this study is to attract
people to the neighbourhood by means of the metro and
preferably subsequent renewal of the contingent every
2-3 hours, the issue of construction of the TTH will
not be considered. Or rather, it will not be considered
as the main issue, as the use of TTH for transfer from

! Moscow City Urban Planning Policy Complex: official web-
site. URL: https://stroi.mos.ru/metro/station/2 1

2 Lesoparkovaya transport and interchange junction will be-
come a station for intercity buses: Komsomolskaya Pravda.
URL: https://www.msk.kp.ru/daily/27406/4603683/
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private motor transport to public transport (in this case
metro) will lead to the fact that a person at the beginning
of the working day will leave and at the end of the day
will come to the metro station. Moreover, there will be
as many people as there are parking spaces in the inter-
ceptor car park, since according to statistics® 1.3 people
move by car in cities. The construction of a bus sta-
tion, within the framework of the TTH, will lead to
the fact that a person will use the metro station only
once. In addition, there are five bus stations within a ra-
dius of 3-kilometres from the metro station, which will
undoubtedly compete with the bus station under con-
struction and reduce the potential number of passengers
through Lesoparkovaya metro station. Consequently, it
is necessary to create all conditions for people to use
public transport — metro as often as possible. And for
this purpose, a simple TTH is not enough.

MATERIALS AND METHODS

The process of renovation of urban areas is the re-
development of the functionality of an area. Life does not
stand still and the society needs a change of functionality,
new types of leisure activities, residential environment. In
the times of the USSR since the 50s of the twentieth cen-
tury, the basic principles of zoning of districts in general and
neighbourhoods in particular were adopted. In accordance
with [4] in 1952, residential areas-micro-districts were div-
ided into quarters, where intra-quarter passages of the ring
type were laid out. Houses in a block were designed by four
houses and adjoined to each other by their ends and formed
a quadrangle in plan. This way of arrangement of houses
was called “courtyard”. In total, there were three court-
yards in the block. At each courtyard, it was necessary to
arrange an economic ground and a ground for children. For
the whole neighbourhood there was also a recreation ground
for adults, a flower garden, and a sports ground. The rest
of the space was planted with trees.

Accordingly, industrial and public quarters and
districts were also zoned, but it was no longer, as it was
since the 20s, when residential buildings in a neighbour-
hood could be adjacent to cultural, sports or industrial
buildings. Industrial neighbourhoods should be located
in accordance with the production cycle of the products,
i.e. warehouses should be located in close proximity to
the places of consumption of the warehouse products.
The production of plywood and wood particle board
were located next to the furniture factory, etc. [5].

By 1966, the understanding of how residential
neighbourhoods should be zoned was changing. Such
concepts as “residential zone” and “bedroom neigh-
bourhood” appeared [6]. One of such districts, divid-
ed into quarters and designed under the new concept,
is the Novye Cheremushki district [7]. Let us consid-
er the example of neighbourhood No. 9. This concept

3 Automobile magazine Quto: information portal. URL:
https://quto.ru/journal/articles/eksperty-poschitali-napolnyae-
most-mashin-v-moskve.htm
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defined the zones where residential buildings existed.
Depending on the number of flats and the potential
number of inhabitants of the neighbourhood, the neces-
sary number of places in nurseries and kindergartens
were determined, which were necessarily erected in
each quarter. The total number of houses in the neigh-
bourhood was 16, with 982 flats. The number of places
in the school, which was one in the quarter, was also
calculated. If there was no space for a school, a whole
educational complex of several schools was built for
the residents of the surrounding neighbourhoods [8].
Also sports grounds, playgrounds for children and quiet
recreation, splashing pool, economic grounds, gazebos,
car parks and even their own cinema were designed for
the quarter. In addition, such neighbourhoods and dis-
tricts were erected a great number in the cities of our
country in the 60s—70s of the twentieth century.

Currently, there are many projects for the renova-
tion of the housing stock and the districts, neighbour-
hoods and quarters themselves. A conceptual project for
the renovation of neighbourhood No. 9 of Novye Cher-
emushki district has been developed [9]. This project
is based on the decision to preserve the historical and
cultural values of the objects. Some of the objects will
have to change their functionality, which will require
changes in volume-planning and structural solutions.
This project, according to the authors, will allow to pre-
serve the historical appearance of the neighbourhood
and attract additional jobs. In addition, this project al-
lows to develop underground space under the quarter.

For the integrated development of neighbourhoods
with an unsuccessful concept or no concept at all, as
well as for the renovation of morally and physically
obsolete areas, we can turn to international experi-
ence [10]. According to international experience, we
can distinguish four environments of foreign city for-
mation:

1. Downtown is the financial, cultural and admin-
istrative centre of any foreign city. Geographically, it is
not always the geometric centre. Most often downtown
is located below the geometric centre of the city — as
if at the bottom, hence the name. Depending on the size
of the city itself, the size of downtown may consist
of two or three buildings.

2. Suburbs — located in close proximity to down-
town, usually west and east of the city centre. In large
cities, the suburbs are located further south. Suburbs

Fig. 1. A typical Bronx neighbourhood

are usually one- and two-storey houses of private, less
often two-family, households. This part of the city is
functionally similar to the Russian residential areas
of the 1950s.

3. Industrial zone is the place where all the ware-
houses and production facilities of the city are con-
centrated, and often shopping centres. Sometimes
the industrial zone is divided into two — the northern
zone, where production facilities are concentrated, and
the southern zone (below downtown or just outside
the suburbs), where cultural and leisure facilities are
concentrated, as well as sports facilities, nightclubs, etc.

4. A social neighbourhood is an area dominated
by high-rise buildings. This neighbourhood is located
in the north of any city and is intended for low-income
people, poor people, etc.

Each of the suburban and social districts has its own
infrastructure (schools, hospitals, childcare centres). In
turn, the suburbs can also be divided into neighbour-
hoods according to the price of real estate, with separ-
ate settlements being formed within them, and access to
them without special permission is prohibited. If the first
three groups of neighbourhoods are not quite suitable
(perhaps except for some industrial areas) for the study
of renovation of some functionalities of dormitory dis-
tricts, the social one by its design is quite suitable for
the Soviet and Russian urban development.

When renovating and changing the functionality
of city districts, first of all, we are interested in foreign
experience of so-called tactical urbanism of districts with
multi-storey buildings [11]. In the USA, for example,
back in 1970 they realized that the creation of an iso-
lated enclave with people with social problems leads to
the degradation of society and the growth of crime [12].

As an example, it is a district of New York —
Bronx, one of the quarters of which is shown in Fig. 1*.
This neighbourhood is similar to a dormitory district
of any large city in the post-Soviet space. However,
the problem of this neighbourhood is the absence of any
leisure facilities, various sports grounds, etc. This neigh-
bourhood lacks any leisure facilities and even a sports
ground. Therefore, neighbourhoods of the USA cities,
where there are only multi-storey residential buildings,
are renovated and partially change their functionality by
adding industrial buildings with small-scale cottage in-
dustries, retail premises and offices, i.e. by creating new
jobs [13, 14]. However, instead of neighbourhood reno-
vation, the authorities often implemented compulsory
purchase of real estate. Under the guise of a programme
of renovation and economic development of the district,
territories were bought up for development in order to
attract investors. First of all, ghettos were included in
the programme. Legislatively, such activities could be
limited only in 2012 because only in 42 of the 50 states,
court cases were held back in 1954 in Washington and

4 Kimmelman M. A Rebirth in the Bronx: Is This How to Save
Public Housing? The New York Times. 2021. Aug. 5.
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in 1984 in Hawaii, when 73 % of the island’s real estate
belonged to 22 owners [15].

As a result, New York City in 1970 realized that
creating a segregated enclave with people with social
problems was leading to community degradation and
increased crime. And so on 5 August 2019, a big new
Bronx Creative District project was announced, trans-
formed from a conceptual neighbourhood plan from
2009. Both of these plans have one thing in common:
it is necessary to divide the Bronx borough into 25
neighbourhoods and develop a concept of each neigh-
bourhood different from the neighboring borough, and
in general, all neighbourhood concepts should com-
plement each other. That is, the so-called neighbour-
hood attractor was announced, which should provide
work, training, information, emotions for residents
and visitors of the neighbourhood. Fig. 2 shows a pic-
ture of the Bronx neighbourhood after renovation and
the attractor is the Bronx Museum of the Arts, which
will open in 2022.

Fig. 2. Bronx neighbourhood after renovation

The problem of renovation and redevelopment
of dormitories is acute not only in the USA, but also
in other countries with high-rise typical buildings. As
another example, consider France®, where there is such
a concept as “priority districts” — these are districts,
the development and subsequent financing of which is
of paramount importance in relation to other districts.
At the same time, priority neighbourhoods can be lo-
cated both within the city and in the suburbs. These are
areas of low-rise development, where housing is quite
expensive and difficult to buy for people with low in-
comes, as well as in priority areas do not issue social
housing [16]. This division appeared after the proclam-
ation of the Marshall Plan in 1945, when they began
to divide the places where people live according to
their income level. In the 1960s, after the declaration
of independence from France of many of its colonies,
the country received a flood of emigrants from these
colonies. In addition, Marshall’s plan came in handy
when they started building high-rise buildings for
the migrants in poor neighbourhoods. Because the num-
ber of sites for new construction was limited, espe-

5 Bouhassoun K. Remplacons les ghettos par des villes: Fac-
tuel.info. URL: https://www.factuel.info/remplacons-les-ghet-
tos-par-des-villes
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cially in such cities as Tours, Le Havre, Brest, Sergi,
Saint-Cantenay, Senara and others, they began to take
away for construction the land of the yard space be-
tween the houses having the status of social housing.
Moreover, low-rise social houses were dismantled for
construction of higher houses (9—16 storeys) with so-
cial housing for low-income groups of population and
emigrants. A few years ago, the French government
announced a “National Urban Renewal Programme”,
which ended in 2020. 50 billion euros were allocated
to transform 600 such neighbourhoods in cities across
France. This programme aimed to make social neigh-
bourhoods more secure by reducing crime by creating
new jobs in the neighbourhoods themselves, renovat-
ing the neighbourhoods with the creation of social and
cultural leisure and recreational facilities, attracting
people to the area for temporary migration to reduce
social tensions. In the end, everything ended up with
repainting and partially renovating the houses for the al-
located money, and that was the end of the programme.
Journalists interviewed residents of social areas with
multi-storey buildings where this renovation pro-
gramme was carried out, and 72 % stated not only that
the crime rate remained unchanged, but also that social
conflicts had significantly worsened. At times, under
the guise of renovation, even the social and cultural
areas of the neighbourhood that existed were destroyed.
With few exceptions, children’s playgrounds (Fig. 3)
and none of the social and cultural facilities were made.

At the same time, the programme contained clauses
suggesting the demolition of a part of multi-storey
buildings in order to free the territory for public cultural
and commercial development. However, this was not
done either. The final report of the French Court of Aud-
itors found that the main reason is that some munici-
palities spent only 0.1 per cent of the estimated amount
on renovation. Some city leaders explained that this
was because they “...see no point in changing anything
if you can keep the old and make it new...”. The tech-
nical problem in the renovation of social neighbour-
hoods of high-rise buildings in French cities is the lack
of a comprehensive renovation solution. The project
itself envisaged demolition and construction of even
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Fig. 3. An example of the renovation of a high-rise building in
France under the National Urban Renewal Programme
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higher social houses, and on the vacated space was sup-
posed to build something that the programme indicated
as “at the discretion of the municipalities”, i.e. no con-
cept of neighbourhood development was proposed in
order to relieve social tensions in ethnic enclaves.

As an example of the development and renova-
tion of existing neighbourhoods, as well as the creation
of significantly new neighbourhoods, let us consid-
er the example of the Irkutsk city, which has recently
been under active construction. The city has both old,
established neighbourhoods, which are gradually being
renovated and reconstructed (for example, quarter 130),
and new districts being built. As an example, there is
the Raduzhny neighbourhood, which started to be built
in Soviet times, and continued to be built in condi-
tions when not the state, but a private investor dictates
the conditions of life and construction in the neighbour-
hood. The new neighbourhoods are completely differ-
ent. There are examples of unsuccessful districts, such
as Ershovsky, where there are no conditions for walk-
ing, no transport within the district, poorly developed
public transport with other parts of the city because
the district can be reached only by route taxi No. 68k.
There are no schools, kindergartens, polyclinics, sports,
public and socio-cultural facilities in the neighbour-
hood, there is a catastrophic lack of shops even within
walking distance. There is, for example, a new neigh-
bourhood Soyuz, located on the left bank of the Angara
River in the Sverdlovsky District, which is more suc-
cessful in terms of urban planning and has its own kin-
dergarten, social, cultural, sports and health care facili-
ties. Unfortunately, the neighbourhood lacks its own
school, and transport communications have not been
fully developed, but with the introduction of the Soy-
uz-Priority housing estate, transport accessibility should
improve. One of the newest and most interesting dis-
tricts of Irkutsk, which researchers have characterized
as “a district between a bedroom and a private suburb”
is the Berezovy microdistrict [17]. This neighbourhood
is a part of the working settlement of Markov. Berezovy
is built up predominantly by three- and five-storey hous-
es with developed infrastructure. The only disadvantage
of the microdistrict is its significant remoteness from
transport communications and Irkutsk.

For large cities, in particular for Moscow, vari-
ous design projects have been developed for renova-
tion, repurposing and reconstruction of former dormi-
tory districts into modern ones through the formation
of cultural and leisure facilities [18]. That is because
the study cited above indicates that it is necessary to
renovate the existing districts and form new districts
from the point of view of universality: it is necessary to
live comfortably, work, relax and have fun in the given
district, and children should have not only schools and
pre-school institutions, but also leisure facilities.

It is also necessary to pay special attention to
the development of underground space, and for this pur-
pose, it is necessary to have a clearly formulated pro-

gramme [19]. In general, such programmes distinguish
3-5 directions in underground urbanization. The main
ones, in relation to the issues of renovation of existing
neighbourhoods: transport facilities, engineering infra-
structure facilities and public facilities. In the course
of neighbourhood renovation, existing engineering
communications and other engineering infrastructure
facilities are subject to renovation, as well as construc-
tion of underground public (social, commercial) fa-
cilities. From the underground structures of transport
purpose, it is necessary to build car parks in the first
place. It is also necessary to modernize the transport
accessibility of the microdistrict. The underground sys-
tem of off-street transport, the station of which should
be located directly in the area of the microdistrict, can
perfectly cope with this problem.

Next, consider a concept project plan for the reno-
vation of an existing neighbourhood in the city. Once
again, it is worth recalling that this plan is for an area
that best fits the concept of a mixed-use neighbourhood
discussed above. To accomplish this, the following
steps should be:

1. Analysis of the existing area to identify existing
transport accessibility (by road and off-street transport),
transport accessibility development path, existing de-
velopment, urban planning zoning, housing, public and
industrial renovation paths.

2. Analyzing the development history of the area
in order to create its future image. It is necessary to de-
termine which objects definitely cannot be located here.
For example, Yakimanka used to be an industrial dis-
trict with manufactories and factories, but in modern
conditions, it is impossible. Also based on the purpose
of the building, it is possible to preserve and repurpose
some of them.

3. Identification of the target audience for which
the neighbourhood should be renovated. It is necessary
to divide the neighbourhood residents into target groups
“by age” and “by financial capacity”. At the same time,
it is first determined for which target group “by finan-
cial capacity” the district will be renovated, and then
further on infrastructure objects are determined only for
the target group “by age” within the designated target
group “by financial capacity”.

4. Identify target groups of commuters to
the neighbourhood along the same lines as described
in point 3.

5. Identification of a prioritized neighbourhood
facility that will have the greatest burden to attract
commuters. This facility should, where possible, meet
the needs of all target groups.

6. Identification of related facilities required by
the different target groups.

7. Identify jobs to attract people to the area (num-
ber, type of activity, etc.).

8. Numerical comparisons to identify priority sites
for future construction (daily and hourly traffic, statis-
tics on jobs and visitors to the site).
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9. Possible variants of architectural, landscape and
structural solutions, their justification of both the main
object and additional ones.

10. Financial justification for the construction
of the main facility as it will be the main place to attract
an additional flow of people. It is also necessary to fi-
nancially justify the auxiliary facilities, as they will also
attract their own interest group. Moreover, sometimes
auxiliary facilities can account for a significant percent-
age of the profit.

11. Life cycle design of the main and ancillary
facilities to adjust the calculation of future profits and
determine payback periods to account for future reno-
vation or demolition of the facilities and possible re-
development of the area.

RESEARCH RESULTS

If we summarize all available domestic and foreign
experience, we can conclude that the design of an urban
plan of a district or microdistrict should be carried out with-
in the framework of its future “life cycle” of the territory,
which contributes to the most correct definition of the stages
and direction of its development. The most vivid ex-
ample of the concept of life cycle in a neighbourhood is
the USA, where neighbourhoods are built for certain cat-
egories of people. For people of retirement age the avail-
ability of schools and kindergartens is not important, and
for categories of people — young families, on the contrary,
the availability of schools in walking distance, as well as
various sports and other leisure sections, can be crucial [20].
After the need for educational, cultural, etc. institutions dis-
appears, people move to another neighbourhood, which is
more adapted to pensioners [21, 22].

All of the above may be very attractive in theory,
but how do you actually attract people to come to
a neighbourhood for leisure activities? First of all, ac-
cording to the authors of this article there is a great-
er need for jobs in the neighbourhood than places to
live. People living in the area will already visit places
of recreation and cultural leisure. In order for people to
come to a neighbourhood (especially if it is on the bor-
der of a city and suburb) it is necessary that they know
the neighbourhood well. If a person works in a place,
then over time he will certainly navigate the infra-
structure of the area. It is better to bring your family,
relatives, friends to the place where a person will be
sure that recreation and cultural pastime will definitely
take place. In this way, an influx of people from outside
the neighbourhood will be ensured.

The first variant of the structure is an attractor dur-
ing the renovation of the Lesoparkovaya metro area

In order to achieve the set objectives, a concept
was developed aimed at organizing an additional vol-
ume of workplaces with additional organization of lei-
sure activities. The concept implies construction of an
office and shopping centre with a developed under-
ground part represented by a three-level car park and
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a cinema. The project of the business hub is relevant,
as at present, there is an active development of TINAO
(Troitsk and Novomoskovsk Administrative District)
and the construction of this centre will attract a suffi-
cient flow of people for new jobs. There is a noticeable
trend of population growth in the Troitsk and Podolsk
regions and, consequently, the need for additional jobs
is increasing.

For people living in Troitskiy direction and in
the direction of Podolsk, it is necessary to spend a sig-
nificant amount of time travelling to work (e.g. Moscow
City). The existing ComCity business hub located near
Rumyantsevo metro station could serve as an alternative.
However, this option is convenient only for people living
near the future Troitskaya metro line. Developing the area
of Lesoparkovaya metro station as another work centre
is optimal, as it will attract an additional flow of people
from the nearest Moscow suburbs. An additional purpose
of creating the office part of the business centre is to cre-
ate more comfortable conditions for employees, namely
to increase the amount of working space.

The concept of the office and shopping centre
is a business centre consisting of three underground
and seven above-ground floors. For the convenience
of workers and visitors, the lower floors will feature:
underground parking; a cinema; storage facilities for
online marketplaces such as OZON, Wildberries, etc.
The underground car park can also serve as an inter-
cepting car park, provided that a modern transport
interchange is created. The height of each underground
floor will be 5 metres according to “Annex G” of CP
42.13330.2016 “Urban Planning. Planning and De-
velopment of Urban and Rural Settlements” at the rate
of one parking space for every 50 m? of the total area
of the building. The total area will be 13,200 m?, the car
park area will be 4,800 m?. Structurally, the under-
ground space is represented by a number of columns
resting and transmitting the load directly on the foun-
dation slab, separated by expansion joints. The enclos-
ing structures of the excavation are walls in the ground
made of heavy concrete of strength class B30.

The ground part is represented by: various shops
of goods for various purposes from boutiques to super-
markets and a food court — in general, a modern idea
of a standard multifunctional shopping centre. Two
seven-storey sections will be allocated for office space.
Fig. 4 shows a plan of the first elevated floor.

The middle section is a link or “transport” link be-
tween the working parts of the building, as it houses
an escalator zone to minimize the time it takes work-
ers to move between different office departments.
On the ground floor, there is a spacious co-working area
with fresh flowers and natural light thanks to translu-
cent coverings. On the remaining floors, there are office
spaces. The exterior facade is a spectacular and innov-
ative design with panoramic glazing. Fig. 5 shows sec-
tions of the multifunctional complex.
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Fig. 4. Architectural and planning solution of the multifunctional centre
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Fig. 6. The results of modelling a multifunctional complex

To determine the possibility of erecting this
multifunctional complex with a developed under-
ground part, mathematical modelling was carried out
in the Plaxis software package implementing the fi-
nite element method. The results of the modelling are
shown in Fig. 6.

Structurally, the underground part of the com-
plex is represented by a number of columns resting
and transmitting the load directly on the foundation
slab. The foundation is a slab foundation divided by
sectional expansion joints. As the enclosing structures
of the excavation — walls in the ground, represented by
bored piles, made of heavy concrete. Reinforced con-
crete inter-storey slabs — beamless, without capitals.
The slab thickness is increased in the middle part. As
a result of the modelling, the maximum displacements
in the massif and structures are 14 cm. The zone of in-
fluence is 22 m from the contour of the underground
part. Therefore, the construction of such a complex is
possible.

The second variant of the structure — attractor dur-
ing the renovation of the Lesoparkovaya metro area

The next idea to increase the walkability of the sta-
tion is to build a shopping and entertainment complex
(SEC). A classic shopping mall will be less competitive
than other popular themed complexes. In this regard,
a special concept is needed that will attract people to
visit the proposed shopping mall — the attractor concept
around which the infrastructure of the renovated area
will be built is based on the construction of a thematic
shopping and entertainment complex, like the Moskvar-
ium Oceanography Centre and the Dream Island Park.
Instead of the existing industrial zone, which is adja-
cent to the Varshavskoye Highway, this option provides
for the construction of residential complexes. Thus, it
is necessary to remove all industrial enterprises from
the territory of renovation and redevelopment. It is also
necessary to build infrastructure facilities: schools, kin-
dergartens, sports facilities, etc.

Structurally, this complex consists of four
floors — two underground and two aboveground.
The first underground floor houses the main hyper-
market. On the second underground floor, there is
a car park for the guests of the complex. The first
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elevated floor contains a number of small specialized
shops, a food court and recreational areas for visitors.
The second elevated floor is divided into 4 sections:
museum, exhibition halls, cinema halls, adult and chil-
dren’s quest-room.

Renovation of the Lesoparkovaya metro area

As part of the development of the neighbourhood
renovation concept, apart from the attractor, it is neces-
sary to take into account the improvement of the park
zone of Bittsevsky Forest Park and the neighbourhood
as a whole. For the residents of Lesoparkovaya neigh-
bourhood it is necessary to envisage the construction
of a school, pre-school institutions, children’s polyclin-
ic or outpatient clinic, sports grounds, etc. The proxim-
ity of the located Bittsevsky forest park can play a posi-
tive role in attracting people to the neighbourhood. Not
everyone is interested in a shopping centre. People
from the city centre or other areas where there is a lack
of parkland will come for recreation in nature.

The experience of New York (the USA) is typical
here, where for similar purposes of recreation of cit-
izens in the Manhattan district Central Park was erect-
ed — actually an artificial structure for recreation,
walks and sports [21]. The same way was followed
at the present time during the renovation of the urban
environment of Buenos Aires, Argentina [22]. This re-
quires a separate project for the improvement of the ter-
ritory of Bittsevsky Forest Park, which is adjacent to
the district. It is necessary to create infrastructure for
recreation, walking and sports — for example, for jog-
ging and Nordic walking.

The area also needs good transport accessibility by
private vehicles. On the one hand, it would seem that
more people need to be transported by public transport,
but on the other hand, the area located near the Moscow
Ring Road allows for intercepting parking. Moreover,
people will use the metro. In addition, according to
the research of foreign specialists in the field of archi-
tecture and urban planning [23-26], people who spend
a lot of time in some place at work, subconsciously
choose this area for recreation with their families. This
is provided that the person likes this neighbourhood, it
suits him/her according to many criteria, etc.
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Comparison of two variants of structures

At the moment, the

Statistical evaluation criteria | number of passengers at

At the operation of the At the operation of the

the metro station business centre shopping mall
30,000 — 50,000 —
office part
Attendance per day — 0000 — 90,000 gvse?)]z)%a}j
retail part weekends
19 thousand people/day

Attendance of underground
entertainment part

11.2 thousand people/day
(cinema zone only)

(entertainment zone also
includes oceanarium,
museum, etc.).

0.2 thousand people —
now
person/day
During construction of
TTH — 14.1 thousand
people

Passenger flow at metro
station, persons/day

CONCLUSIONS

This study was done in the form of a case study
on the renovation of a neighbourhood with increased
passenger traffic to Lesoparkovaya station. However,
the conclusions drawn in it can be used for any neigh-
bourhoods and districts of large cities. Table gives com-
parative characteristics of two variants of facilities —
the attractor of the renovation area, as a result of which
it is planned to attract more people to the area.

In order to redevelop a neighbourhood (industrial,
undeveloped, built-up to outdated standards, etc.), it is
necessary to identify its target audience. Then it is ne-
cessary to select the so-called attractor object, which
will attract people to the area both for living and for
temporary stay at work or on holiday. It is also necessary

(Increases by 23 %) (Increases by 19 %)

to develop a convenient way of travelling to the area by
public transport from the hub stations in order to reach
as much of the target audience from other districts as
possible. In addition to the attractor, it is necessary to
envisage upgrading the infrastructure of the neighbour-
hood: build more pre-schools and schools if the target
audience living in the neighbourhood is young families
and more social facilities if the target audience is pen-
sioners. It is also necessary to provide places for out-
door recreation and sports, and if it is not possible — to
build an indoor sports centre with an inexpensive sub-
scription for its attendance.

Only under these conditions, redevelopment
of the area will be economically viable for developers
and acceptable to city residents and people commuting
to the area from the suburbs.
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KomOunanus pexkyneparopa ¢ BbITSZKHBIM BO31yXOIIPHEeMHBIM
YCTPOHCTBOM /IVISl MCIIOJIb30BAHUA B MEXaHUYECKHX
BEHTWJISIIIUOHHBIX CHCTEMaX
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AHHOTALNA

BBepeHue. OgvH 13 Hanbonee pacnpoCTpaHeHHbIX CMOCOB0B 3KOHOMMM TEMMOBOW SHEPTUN U OEHEXHBIX CPEACTB — 3TO
NPUMEHEHNe peKynepaTopHbIX YCTAHOBOK B MEXAHNYECKUX BEHTUISLIMOHHBIX CUCTEMax. PaccmMoTpeH MogepHU3MPOBaHHbIV
BO3A4YLLUHbIV pekynepaTop. MNprBeaeHbl 0COGEHHOCTH KOHCTPYKLIMK, CXEMa PacroNIOKEHUS U anropuTM paboTbl 3TOro Tensno-
obmeHHoro yctponcTea. [ins yBenuyeHust Bbibopa Tuna v KOHCTPYKLMIA BO3AYLLIHbIX TENNOOOMEHHMKOB NPOEKTUPOBLUMKAM
NPEeAnoXeH U onucaH BapuaHT CMPOEKTUPOBAHHOTO KOMOWMHMPOBaAHHOMO pekyrnepaTopa C BbITSXKHbIM BO3AYXOMPUEMHbBIM
YCTPONCTBOM M3 NMOMELLEHNSI, KOTOPbIV B NpoLiecce paboTbl ByaeT o4HON N3 BEPCUiA yCTPOMCTBA, NMOBbILLIALLETO KO3du-
umneHT nonesHoro Aenctaus (KMO) B MexaHU4ecknx cucteMax BeHTUnsuun. Pekynepatop — He3aMeHUMbIN 3NeMeHT ansi
COBPEMEHHbIX YHMKArbHbIX 3A4aHUA U COOPY>KEHUN.

MaTepuansi u MeToabl. PekynepaTtop npeanaraeTcsi kak aHaror CyLLeCTBYOLLMX U OTHOCMTCS Kk 0b6rnacTu aHeprocbepexe-
HMS B CUCTEMAX MEeXaHN4YeCKON BEHTUNSALNN.

Pesynbrathl. lMoBbiweHne KI[ no cpaBHeHWIO C aHanoraMmu oCyLLEeCTBMSETCS 3a CYET: MCMofb30BaHUSi pekyrnepaTtopa
KaK COBMELLEHHOIO BbITSXXHOrO BO34yXOMNPUEMHOro YCTPOMCTBA M3 MOMELLEHUS], YBENMYEHUS MMOLAaAMN CONPUKOCHOBEHNSI
TennoHocutenemn, ocobor BHyTpEHHEN KOHCTPYKLUMK, CMOCOBHOM K 6ornee paBHOMEPHO Tennonepegaye, HETUNOBOW CXEMbI
pacnonoXxeHUsi pekynepaTopHO YyCTaHOBKM Ans u3bexaHns obMmep3aHnst U «oTTalku» KoHAEeHcaTa y TennonepeaaroLLem
noBepxHocTU. [OTOK HarpeBa NMPUTOYHOMO BO3AdyXa Yepe3 COBMELLEHHbIV PeKynepaTop C BbITSXKHbIM BO3AYyXOMNPUEMHbBIM
YCTPOMNCTBOM M3 MOMELLEHNS B CUCTEME MEXaHUYECKON BEHTUNSLNM perynupyeTcst aBTOMaTUKOW ANns noaaepxaHus bonee
KOMCOPTHOW TemnepaTtypbl NO4aYn B MOMELLEHNE.

BbiBopgbl. HoBas koHCTpykUmsa nprobpeTtaeT nosbilweHHbIN K[ no cpaBHeHUIo ¢ aHanoramu.

KINOYEBBIE CITOBA: pekynepatop, BbITSXHOE BO34yXONpUEMHOEe YCTPONCTBO, BO3AYLUHbIA TENNOOOMEHHMK, Tennonepe-
[ada, MexaHu4yeckas cucrema BEHTUNSALMN

ana UMTUPOBAHUA: XnonuubiH A.0., Pbimapos A.I. KombuHaumsi pekyrniepatopa C BbITSXKHbIM BO34yXONPUEMHbIM
YCTPOWCTBOM [AJ151 UCMOMb30BaHNS B MEXaHUYECKNX BEHTUMSLMOHHBIX cucTtemax // CTpouTenbCTBO: Hayka n obpa3oBaHue.
2023. T. 13. Bbin. 3. Ct. 3. URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2023.3.3

Asmop, omeemcmeeHHbIl 3a nepenucky: Omutpuin Onerosuy XnonuubliH, dkhlopitsyn@mail.ru.

Combination of recuperator with exhaust air intake unit for use
in mechanical ventilation systems

Dmitrii O. Khlopitsyn, Andrey G. Rymarov
Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation

ABSTRACT

Introduction. One of the most common ways to save heat energy and money is the use of recuperator units in mechanical
ventilation systems. In this article, we will talk about the modernized air recuperator. In the process the design feature,
layout and operation algorithm of this heat exchanger device will be demonstrated. In order to increase the choice of type
and designs of air heat exchangers, designers will be offered and described the variant of designed combined recuperator
with an exhaust air intake device from the room, which in the process will be one of the versions of the device increasing
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the efficiency factor in mechanical ventilation systems. The recuperator is an indispensable element for modern unique
buildings and structures.

Materials and methods. The recuperator is proposed as an analogue of existing ones and belongs to the field of energy
saving in mechanical ventilation systems.

Results. The efficiency increase in comparison with analogues is carried out due to: the use of the recuperator as a com-
bined exhaust air intake unit from the room, an increase in the area of contact of heat carriers, a special internal structure
capable of more uniform heat transfer, an atypical arrangement of the recuperator installation to avoid freezing and "defrost-
ing" of condensate at the heat transfer surface. The heating flow of the supply air through the combined recuperator with the
exhaust air intake device from the room in the mechanical ventilation system is regulated by automation to maintain a more
comfortable supply temperature in the room.

Conclusions. The new design acquires an increased efficiency compared to its analogues.

KEYWORDS: recuperator, exhaust air intake device, air heat exchanger, heat transfer, mechanical ventilation system

FOR CITATION: Khlopitsyn D.O., Rymarov A.G. Combination of recuperator with exhaust air intake unit for use in mechanical
ventilation systems. Stroitel’stvo: nauka i obrazovanie [Construction: Science and Education]. 2023; 13(3):3. URL: http:/

nso-journal.ru. DOI: 10.22227/2305-5502.2023.3.3

Corresponding author: Dmitrii O. Khlopitsyn, dkhlopitsyn@mail.ru.

BBEJIEHHUE

Benymue wH)XeHEpHBIE KOMIIAaHUM, CBSI3aHHBIC
C BEHTWISIIMOHHBIM 000PYIOBaHHUEM, CTAPAIOTCS Pa3-
paboTarh TEXHOJIOTUH, aJTOPUTMbI PabOThI U IIPOU3-
BECTH MOJEPHU3AIMIO N3BECTHBIX YCTPOWUCTB JUIs 00e-
CICYCHHS KOM(POPTHOTO MUKPOKIINIMATA B TTIOMEIIICHHH.
Co3pmanue ONTHMaTbHBIX TapaMeTPOB pabOThI, HEBBICO-
Kasi 1leHa, OKYIaeMOCTh B T€UEHUE BPEMEHH — KPHTe-
PHH, 110 KOTOPBIM ITPOUCXOIUT O0pH0a 3a MEPBEHCTBO
Ha PBIHKE BEHTIIIALMOHHOTO 00OPYIOBAHMSL.

Pexyneparop — 3T0 yCTpOICTBO, HalEIEHHOE
Ha Irepejavyy TerjIoBOH YHEPruu OT 0oJee HarpeToro
K MEHEee HarpeToMy TEIJIOHOCHTEIII0 Yepe3 pas/elicH-
HYIO TeIuIoNepenarolyo cTeHky. Ha cerogHsimHumii
JACHb CIICNUAJINUCTHI B 06HaCTI/I CUCTEM BCHTHJIALINU
U TerioMaccooOMeHa MBITAIOTCS JOOUTHCS B CBOMX
peKyIepaTopax BEICOKOTO KOA(P(HUIIHEHTA TTOIE3HOTO
neticteust (KITH), ncrmonp3ys MOAMGHUKALIUIO TETLIO-
nepeiaoniell MOBEpXHOCTH U KOHCTPYKIMH TEII000-
MEHHOTO armapara. [Ipu rpaMoTHOM NMPOEKTHPOBAaHUU
JIAHHBIX YCTAaHOBOK MOYXHO 3HAYHTEIHHO IOBBICHTH
3G PEKTUBHOCTh CUCTEMbI MEXaHUYECKOM BEHTHIISAIIIH.
[TpropuTeTHBIME 3a/lauaM¥ SBISIIOTCSI SKOHOMHUS Jie-
HEXHBIX CPEJICTB HA UX MPHOOPETEHHE, IETKOCTh MPH
IKCIUTyaTalluy B CPOK OKYaeMOCTH.

MATEPHWAJIBI U METO/ bl

B crarpe npemnioxkeH aHaJor, CO3MaHHBIA Ha Oa3e
TPyO4aTOro TEINI00OMEHHHUKA, OTINYAIOIIUICS:

* KOHCTPYKLMEH OT MMEIOIIMUXCS B HACTOSIIEe
BpeMSi;

* KOMOWHAIMEH pexymneparopa Kak BEITSHKHOTO
YCTpOICTBA U3 MOMEUICHUS;

* HETUIIOBOW CXEMOMU pacIioyOKeHHUs peKyTeparopa.

B manHOM HccenoBaHUH pedb OyIeT UATH O TIPO-
eKTHOM pEIICHHH PEeKyNepaTOpHOl yCTaHOBKH WIIU
TEII000MEHHHKa, padOTAIOIIEero Ha TEIIOHOCUTEIE
BO3/YyX.

TexHUYeCKU pe3ynbTaT paboThl — ITOBBIIICHHE
KIIJ] mpu momorniu:

* KOMOWHAIMKM PEKyleparopa KakK BBITSIKHOIO
YCTPONCTBA U3 TIOMEIICHHUS, TEM CAMBIM BO3MOYKHO YBe-
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JUYUTH TIOBEPXHOCTH TEIUIOOOMEHA, HE BIMSA Ha 3CTe-
THUYECKUE TadapUThl CUCTEMBI BEHTWIISIIIMN Ha 00BEKTE;

* (uryprupoBaHus peKkyrneparopa Kak BTOPOH CTy-
TICHU TTOJJ0TPEBA;

* HETHUIIOBOI CXEMBbI PACIIOJIOKEHHS;

* BHUJA TEIUIONEPEIAIONIEr0 MaTepraa;

* OpeOpeHHs TEIIoNepeIatoIeH TOBEPXHOCTH;

* YBEJIMUYCHMS IUIONAAN TEIUIONepeIalonie mo-
BEPXHOCTH 32 CUET PACIIOJIOKEHUS BBITSHKHBIX BO3JLY-
XOBOJOB C MPUTOYHBIMU BO3YXOBOJaMH, 06’I)CJII/IHCH-
HBIMHU B OOIIUI KPYIIIBI BO3MyX0BOI (KOpP0O);

* aBTOMATH3aLUK PAOOTHI CHCTEMbI BEHTUIISIIIH.

Jl1s MakCUMaJIbHOTO 3HEProcOepekeHus TEIIO0-
BOW DHEPruHU ObliIa CIPOCKTUPOBAHA U CMOJICIMPOBAHA
YCTaHOBKA, MO3BOJIsONAs JOOUTHCS Bbicokoro KITJ]
MyTEM NPEICTABICHUS PEKyIepaTopa Kak BBITSKHO-
TO YCTPONCTBA JUISI yAAJEHHUS TEIUIOBBIX M30BITKOB,
Bpe)lHOCTeﬁ WJIN MTOAACPKAHUA OIITUMAJIBHOTO BO3AYy-
X000MeHa B MHOT000pa3HbIX noMenieHusx. Ocoben-
HOCTb KOHCTPYKIUH 3aKJII04AeTCs B TOM, UYTO pEKyIIe-
parop urpaer poib TPACChl BO3AYXOBOAA U BBITSIKHOTO
YCTPOMCTBA OHOBPEMEHHO, BO31YXOBO/bI BBITSKHOMN
Y IPUTOYHOM CHCTEMbI OOBEANHEHBI B OJIMH KPYIJIbIH
BO31yXx0BOJ (kopo0). Bo BHyTpeHHe# obmacTu Kopoba
(BHEUTHMH BO3/yXOBOJ KPYIJIOTO CEYECHUS) MPOXOANUT
IIPUTOUYHBIN BO31yX, OCTYNAKOUIUN U3 HarpeBares,
KOTOPBI BBICTYIIAE€T IIEPBOIl CTYIEHBIO MOJLOIPEBA
B MEXAaHUYECKON CHUCTeMe BEHTHIISIINH, B Mpolecce
Yero ylaiseMblil BO3/LyX IepeaeT TeIuio PUTOYHOMY
BO3AyXy depes Temuronepenatone Tpyoxu. IIpurou-
HBII BO3IyX 00TeKaeT opeOpeHHbIE BBITSDKHBIC TPYO-
KU 1 COOPHBII KOJJICKTOP yAaliieMoro Bo3myxa. Pebopa
MIPUHSATHI IS YBEIWYCHNUS TUTOIIAAN KOHTAKTa TEIuIo-
HOCHTENEH. AKIIEHT, KOTOPHII IIPHHUMACTCS Ha TeMIIe-
parypy 5 °C 10 3axoJa IPUTOYHOTO BO3AyXa B KOMOH-
HUPOBAHHBIN PEKyNeparop, IeJIaeTcsl Uil TOro, YTOOBI:

* YCTpaHHTb OOMep3aHHe TerIonepeaaonen no-
BEPXHOCTH B PEKyIIepaTope, YTO BCerna ObIBACT, €Cin
OJIMH U3 TEIUIOHOCHUTENICH NMEET OTPUIIATEIBHYIO TEM-
neparypys;

* YCTPaHUTh «OTTalKy» peKyIepaTopa, Koraa oT-
KJIFOYAETCs TIPUTOYHBIA BO3AYX M TEIFIOOOMEHHUK ITPO-
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B MeXaHN4YeCKNX BEHTUAALMOHHbLIX CUCTEMAaX

MTyCKaeT uepe3 ceOs TOIBKO BRITSHKHOM BO3AYX, UTO 3a-
HUMaeT MHOTO BPEMEHH;

* TOIepKaTh cTaOmiIbHBIN U Beicokmid K1/ ycra-
HOBKH, TaK Kak He Oy/leT oOMep3aHus Tersionepe/iaro-
el TOBEpXHOCTH.

Bce ycoBepuieHCTBOBaHMsI, IPUHSATHIE B KOMOU-
HUPOBAaHHOM pEKyIeparope, TNIaBHBIM 00pa3oM BIUSIOT
Ha KOA(POUIMECHT TEIUIOOTIAYl KaK CO CTOPOHBI MPH-
TOYHOT'O, TaK M CO CTOPOHBI yAasieMoro Bozayxa [1-5].
Crcrema MEXaHWIECKOH BeHTHIIISAINH, padoTaronas Kak
OJIHO TIeJI0e ¢ KOMOMHMPOBAHHOM PEKyIepaTopHOi ycTa-
HOBKOﬁ, YIIpaBJIACTCA aBTOMAaTHYCCKU JJId JOCTHKCHUA
Oomee cTaOMIIBHON TeMIepaTypsl IPHTOYHOTO BO3AyXa
rocJie pekyrneparopa. B 1aHHoM pemieHun He 000HTHCH
0e3 aBTOMaTH3alMH, TIOCKOJIbKY HEJIb3sl IPe/icKa3arh Ipo-
I[eCC BBIACICHHS TEIUIA B IOMEIICHUH. DTO TIpe/Ioiara-
er kosiebaHue TeMIepaTypbl BX0jia YIaIsieMOro BO3/yXa
(C IOMOIIIBIO BHITSHKHBIX TPYOOK 3a00pa BO3ayXa) Ha Mpo-
TSDKCHUH paOOTHI CHCTEMBI MEXaHIMIECKOH BEHTHIISLIAN.

JlBmkeHHe TerioHOCHTeNell B KOMOMHHUPOBAH-
HOM PEKyIepaTope C BBHITSKHBIM BO3TYXOIPUEMHBIM
YCTPOHCTBOM IIPUCYTCTBYET KaK MPOTUBOTOYHOE, TaK
U MIEPEKPECTHOE, YTO TTO3BOJISIET 3asIBUTH O CMEIIAHHOM
MpoIecce TTOTOKOB TerioHocuTeneil. TpyOkn kpyrimoi
(hOpMBI, CIPOCKTHPOBAHHBIC B PEKyIepaTope, IaioT
BO3MOYKHOCTB ITPUTOYHOMY BO3YXY MTPOXOANUTH C OOJTb-
M 00TeKaHHEeM MTOBEPXHOCTH, a pedpa — JOTMOITHH-
TEJBHO YBEJIIMYHTH IUIOIIA/Ib, B PE3YIBTATE YETO MOBHI-
mraercs 3h(heKTUBHOCTL paboThI pekymneparopa [6—21].
C MOMOIIBI0 TaKOTO PEIIeHUS MOKHO MCIOJB30BaTh
BCE IUTIOCHI IIPOTHBOTOYHOTO W MEPEKPECTHOTO JBH-

’KeHust moTokoB. Ecii paccmarpuBath repuoj paboTsl
CHCTEMBbl MEXaHNYECKON BEHTUISLINH, TO KOMOMHUPO-
BaHHAs PEKyINepaTopHas yCTAHOBKA BXOAMT B TPYIILY
HEMPEPBIBHOTO JCUCTBHA, TaK KaK TEIUIO MeperaeTcs
oT OoJiee HarpeToro Bo3ayxa K MEHEe HarpeToMmy de-
pe3 pas3leleHHYI0 TEIUIONEPEeAAtoIly0 TOBEPXHOCTh
Ha MPOTSHKCHUHU BCCH CTaguu pabOThl MEXaHUYECKOU
BEHTWIALIMOHHOM cucTeMsl. [ TeMOHCTpaK peKy-
MepaTOPHON YCTAHOBKHU Npe/CTaBlIeHa MPUHIUITHAIb-
Has cXeMa M BHYTPEHHsIS KOHCTpYKuus (puc. 1-4).

CocraB ycraHoBku (puc. 1-4):

1 — HarpeBarens;

2 — NIPUTOYHBIN BEHTHIIATOD;

3 — BBITSDKHOU BEHTHJISITOP;

4 — IIPUTOYHBII BO3yXOBOL;

5 — Ipoccenb-KiamnaH;

6 — KOMOWHHMPOBAHHBIA PEKyNepaTop ¢ BBITIK-
HBIM BO3yXOIIPUEMHBIM YCTPOHCTBOM,;

7 — IaT4UK TEMIEpaTypsbl;

8 — mnputodHOE BO3AyXOpaclpeneluTeIbHOe
YCTPOMCTBO;

9 — BBITSDKHOE OTBEPCTHE;

10 — BoITSDKHAS TPyOKa;

1] — BBITSOHKHOH KOJUIEKTOP;

12 — BBITSKHOW BO3AYXOBO;

13 — ynansiemblii BO3AYX;

14 — npUTOYHBIN BO3IYX;

15 — pebpo KoIIeKTOpa;

16 — peOpo BHITSHKHON TPYOKH;

17 — aBTOMAaTHUYECKUI IUT yTIPaBICHIS,

18 — nomeleHue.
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Puc. 1. [IpyanunuansHas cxeMa KOMOMHHPOBAHHOTO PEKyIeparopa ¢ BHITSIKHBIM BO3IYXONPHEMHBIM yCTPOHCTBOM ISt
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Paccmorpum anroput™m paboThl KOMOMHUPOBaH-
HOTO PEKyIepaTopa ¢ BHITSKHBIM BO3AYXOTPHEMHBIM
YCTPOHCTBOM, MO3BOJISIOIUN MOBBICUTH d((HEKTHB-
HOCTb (DYHKIIHOHUPOBAHUSI CHCTEMbI BEHTHJISILIUY B XO-
JIOOHBIN U TIEPEXOIHBINA EPUOBI FOfa.

[Iputounslii Bo3ayx /4 mogaeTcs yepes Harpepa-
Telb / ¥ UMeeT TeMIleparypy Inepes NPUTOUYHBIM BEH-
TraaTopoMm 2 He MeHee 5 °C. DTO yClioBHE TOJKHO
BBINOJTHSATHCS JUIs N30€KaHUS «OTTalKM» KOHJEHcaTa
Ha TEIUIoNepeaaoneif MOBEPXHOCTH, YTO MOXKET CIIO-
COOCTBOBATH, €CIIM TEMIIEPATYPa MPUTOYHOTO BO3AyXa
OyZeT OTpHIATETbHON, OTKIIOYCHUIO TIPUTOYHON Me-
XaHH4Yeckoll cuctemsl BeHTUIAUU. [Tocne yero npu-
TOYHBIH BO3JyX /4 HarHeraeTcs MO BO3AYXOBOJaM
4 ¥ IpOXOIUT Yepe3 ApOCCEib-KianaH 5 A YBA3KU
BeTBeHl cucTemsl. Jlanee MPUTOUHBIN BO3AYX MOCTY-
naetT B KOMOMHUPOBAHHBIN PEKYNEPATOpP C BHITSKHBIM
BO3/1yXOIIPUEMHBIM YCTPOUCTBOM 6, TA€ MPOUCXOAUT
JIOTPEB CBEXKETO BO3AYyXa, B MPOLECCE UEro BO3AYX,
BBIXOAAIINN U3 TAaHHOTO y37a, MPOXOAUT Yepe3 AaTUUK
TeMIepaTypbl 7, KOTOPHIH aHATH3UPyeT HEOOXOIUMYIO
TeMIlepaTypy ¥ C IOMOIIbIO aBTOMATUKHU /7 MOAAeT
CUTHaJI Ha HarpemaTesb /, KOTOPBII B CBOIO Ouepeb
KOPPEKTHUPYET HAarpeB MepBoi cryneHu. B urore npu-
TOYHBIN BO3AYyX /4 MOCTyIaeT B NOMEILEHHUE U3 MPHU-
TOYHOTO BO3yXOpacHpeAeIUTeIbHOIO YCTpoiicTBa 8
B TIoMereHue /8.
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Benrtunsarop 3 3abupaet ygansemblid Bo3ayx /3
13 NoMellleHus /8, OH MOCTYNAeT B BBITSIKHOE OTBEP-
ctue 9 3a00pa BO3yXa, I7e ABHXKETCS 10 BBITSDKHBIM
TpyOkam /(0. 3aTem BBITSHDKHON BO3IYX /3 U3 BBITSKHBIX
TpyOoK /(0 c monepedHsIM opedpeHueM /6 co CTOPOHBI
MPUTOYHOTO BO3Ayxa /4 mocTynaer B COOPHBIN BBI-
TSDKHOM KOJUIEKTOP // ¢ MpONOJIbHBIM opedpenuem /5
CO CTOpPOHBI MPUTOYHOTO Bo3xyxa /4. B pesymprare
4Yero yaajaseMblil Bo3ayX /3 MOCTyMNaeT B BBITSNKHOU
BO3JyX0BOJ /2, TAie YCTaHOBJIEH JApOCCeNb-KiIanaH J
JUTS BEIDAaBHUBAHUSI TABJICHHSI MEXTy JIByMsI BETKaMH.
B xoHue cuctemsl BBITSDKHON BO3ayX /3 ynansercs
B OKPY’KaIOIIYIO CpPELy.

VYnanenue KoHJEHcaTa, 00pa30BBIBAIONIEIOCS
Ha BBITSDKHBIX TpyOKax (Teruronepeaaronieii mosepx-
HOCTH) MEX/1y YAaJseMbIM BO3YXOM /3 U IPUTOUYHBIM
BO3IYXOM /4, IPOM3BOAUTCS B IPEHAKHYIO CHCTEMY.

TerutoBoit nepeHoc sHEpruu OT Hosiee HAarpeToro
(ymangemoro) Bo3ayxa /3 kK MeHee Harperomy (Ipu-
TOYHOMY) /4 BO3IyXy MEpemaeTcs depes Teronepe-
JTAIOIYI0 TIOBEPXHOCTh, CIIPOCKTHPOBAHHYIO B (hopMe
Tpy6ok /0 c momnepedHbiMH peOpamu /6 u oO1iero
cbopHOTO KOJIIeKTOpa // ¢ IPOIOIBHBIME pedpamMu /5.
[IpuHsATHE TaHHOTO PEHIEHNUS MO3BOMIAET YBEIHUUUTD KO-
a¢ppunmeHt 3pHeKTUBHOCTH peKynepaTopa B CHCTEME

MEXaHW4eCKOW BeHTHIISIHH [22-25].

MAMAAE Y

Puc. 2. [IpononpHoe ceyeHne KOMOMHUPOBAHHOTO PEKYINEpaTopa C BHITSKHBIM BO3JYXONPHUEMHBIM yCTPOHCTBOM IS

HCIIOJIB30BAHHUS B MEXAaHUYCCKUX BCHTUIIIIIMOHHBIX CUCTEMaX

a b

Puc. 3. [Tonepeunoe cedeHre KOMOMHIPOBAHHOTO PEKyIepa-
TOpa C BBITSKHBIM BO31yXOIIPHUEMHBIM YCTPOUCTBOM ULl UC-
MOJIB30BAHUS B MEXaHNYECKUX BEHTHIISIIMOHHBIX CHCTEMAX
B MeCTe MOAKIIOUCHHUS:  — BBITSHKHBIX TPYOOK K cOOpHOMY
KOJUIEKTOPY; b — HMPUTOYHOTO BO3TYyXOBOJA
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Puc. 4. AkcoHOMETpHsS KOMOMHHPOBAHHOTO PEKyIeparopa
C BBITSDKHBIM BO3/yXONPHUEMHBIM YCTPOHCTBOM JUTSl HCIIOIb-
30BaHHUSI B MEXaHNUECKUX BEHTHISIIMOHHBIX CHCTEMaX



KomburHaums peKyneparopa C BbITAXHbIM BO3AYXOINpUeMHbIM yCTpOﬁCTBOM ANA UCTOAB30BaHUA
B MeXaHN4YeCKNX BEHTUAALMOHHbLIX CUCTEMAaX

C. 49-59

PE3YJBbTATBI HCCJIEJOBAHUS

[TonoxxuTenbHbBIE CTOPOHBI UCIIOIB30BAHUSA KOM-
OMHUPOBAHHOTO peKyIeparopa:

1. CoxpartieHue TemnoBbIx 3arpar. Harpesanue npu-
TOYHOTO BO3/IyXa B HArpeBaTele MPOUCXOIUT JI0 TEMIIEpa-
Typbl 5 °C u Beilie. Harpeparenb UrpaeT posib epBoOH CTy-
TICHW HarpeBaHMs B MEXaHMIECKOH CHCTEME BEHTHIISIIM.
ITpouecc norpeBa MPUTOYHOTO BO3yXa IMPOMCXOIUT B KOM-
OUHMPOBAHHOM PEKYIIEPATOPE C BHITSKHBIM BO3LYXOIpPH-
€MHBIM YCTPOHCTBOM, YTO NOJPa3yMEBAET BTOPYIO CTyIIEHb
HarpeBaHMs B MEXaHNUECKOM BEHTHIIALIMOHHOMN CUCTEME.

2. IlpocTota KOHCTpYKIMHU. Pexymneparop He nMeeT
JIBIDKYIIMX JIEMEHTOB, TEILIONEPEIatoIye TPYOKH C Tore-
PEYHBIMHU peOpaMu M COOPHBIIT KOJUIEKTOP C MPOIOJIEHBIMH
pebpaMul pacronararoTcst BHyTpY BHEILIHETO BO3IYXOBO/IA.
3aBozckast cOOpka He TpeOyeT MaKCHMAIbHOW KaTeropun
WHXEHEPOB, COOMPAIONINX JaHHBIA pekyneparop. Komou-
HAIWsI PEKYTIEpaTopa ! BBITSDKHOTO YCTPOHCTBA O0BENHS-
T JIBa Pa3HbIX IEMEHTa, MPEATIONATAIOINX YHUKAIbHbBIC
(DyHKIMM B CHCTEME MEXaHUUECKON BEHTHIISLIUM.

3. CoxkparieHre KCIUTyaTalMoHHbIX 3arpart. [Ipu uc-
TMOJIB30BAHUM PEKYIepaTopa MOCe HarpeBaTess B CUCTe-
M€ MEXaHMYECKON BEHTHJISIIIMK OTCYTCTBYET OOMEp3aHue
U TIOCJIeYIOIas «OTTaiKay Ternonepeaoien moBepx-
HocTH. CxeMa pacriooKeHHs] KOMOMHHPOBAHHOTO PEeKyTIe-
paTopa C BBITSKHBIM BO3TYXOIPUEMHBIM YCTPOUCTBOM IS
MCIOJIB30BAHMS B MEXaHNYECKON BEHTUIISIIMOHHON CHCTe-
Me€ TT03BOJISIET OOXOIUTHCS 0€3 3aMEHBI TeIUIONePEIAFOIITX
TpPYOOK I PEMOHTA BHYTPEHHETO, MJIN BHEIITHETO COCTaBa
YCTaHOBKH, TaK KaK Ha BCEM MPOTSDKEHUN PaOOTBI B XOJIOJ-
HBIM U NIEPEXO/IHBIN NEpUO/IbI To/Ia CPEeIHSS TeMIleparypa
MIPU OCYIIECTRICHUH TEMJIONEPEHOCA MEXKITY YAAIIEMbIM
1 TIPUTOYHBIM BO3TYXOM HaXOIUTCS B IJIFOCOBOM Juaria-
30He. TexHnYeCKOMy TepcoHaTy HEOOXOIUMO JIeNIaTh Mpo-
BEPKY OJIMH pa3 B Iofl HA TIPEAMET 3arps3HEHUs U LEN0CT-
HOCTH TEIUIONEPEe/IAtONINX TPYOOK.

4. Dcrerndeckas cocTaBisomas. Pexynepatop
UTPAET POJIb BBITSHDKHOTO BO3AYXOMPUEMHOTO YCTPOii-
CTBa M TPACCHl BO3AYXOBOAAa OJHOBPEMEHHO, 3TO IO-
3BOJISIET PacIoJiaraTb B HEM OOJIBIIYIO IUIONIAJb
TEIUIONIEPEAIONIEH TOBEPXHOCTH, UTO TOBBIIIAET UH-
TEHCU(HKALMIO TETIIoNepeayu.

5. IlpumeHeHue aBTOMATUKY ISl KOHTPOJIUPOBa-
HUS U KOPPEKTUPOBKU TeMieparypsl. [I{ut apromaTu-
KM TIpH paboTe BKYIIE C JaTYUKOM TeMIIepaTypsl JaeT
BO3MOXXHOCTb KOHTPOJIUPOBAaTh U KOPPEKTUPOBATh
TEIUIOBYI0O MOIIHOCTH B Harpesarene. [1aBHOe mpa-
BIJIO — YCTAHOBKA JIaTUYMKa TEMIIEPATyphl IO MTOTOKY
IO ¥ BOJNW3H MPUTOYHOTO yCcTpoiicTBa. IMEHHO Maroe
pacCTOsIHUE MO3BOJIUT MAKCHMAJIbHO TOYHO MOMICPIKH-
BaTh TEMIIEPATYPy MPUTOYHOTO BO3IYXa, BBIXOISIIETO
13 BO3MyXOpaclpeaeuTeIbHOTO YCTpoicTBa [26—29].

3AK/IIOYEHHUE U OBCYXJIEHHUE

KoMOMHMpPOBaHHBIN PEKynepaTop C BBITSHKHBIM BO3-
JTyXOIPUEMHBIM YCTPOMCTBOM /Il UCIIONB30BAaHUS B Me-
XaHWYECKNX BEHTWISIIIMOHHBIX CHCTEMax MO3BOJISCT:

* HKOHOMHTbH MOIIIHOCTh HarpeBarels;

* MCKJIIOYUTH OOJIeJIeHEHHE TerIonepenatonieil
MOBEPXHOCTH M HPOLECC «OTTAHKM» (OTKIIOYCHHUS
HpPITO‘IHOﬁ CHUCTEMbI BECHTUJISILINU U pa6OTI)I TOJIBKO
BBITSDKHON CHCTEMBI BEHTUIISILIUH);

* YMCHBUIUTDL AC€HEKHBIC 3aTpaThl;

* MOBBICUTH 3(P(HEKTUBHOCTH MO CPABHEHUIO
C aHaAJIOraMHM 3a CUET yBEJIMYECHHsI TUIOIAIH TEIlIo-
nepenaroneil MoBepXHOCTH IPU MOMOIIN HETHIIOBOH
pabOThI U CXCMBI,

* 00BbEIMHNATH (QYHKLHOHA JIBYX HE3aBHCHMBIX
AJIEMEHTOB — PEKYIEeparopa 1 BHITSHKHOTO YCTPOHCTBA;

* moOuTHCs Ooee OBICTPOIT OKYTTAeMOCTH IT0 CPaB-
HEHUIO C aHaJIOTaMH;

* BBINIOJIHUTH MOHTQXX U YCTAHOBKY Ha 00bekTe 0e3
KaKUX-JIMOO CIIOXKHOCTEH [UIs MH)KEHEPOB M MOHTA)KHHKOB;

* OCYLIECTBISTh MUHHMAJIbHBIH KOHTPOJIb IKC-
TUTyaTHPYIOIMMHU OPTaHU3alUSIMH.

OcHoBHBIE TpeOOBaHUA NI MPOCKTHPOBAHUS
KOMOMHHUPOBAHHOTO PEKYIEepaTopa C BHITSKHBIM BO3-
IYXOTIIPHEMHBIM YCTPOWCTBOM C IIEJIBI0 HCIIOJIB30BAHUS
B MEXaHMUYECKHX CUCTEMax BEHTUIISLIVH:

* pacxoJ MPUTOYHOTO BO3AYXa;

* pacxoj yAaJsieMoro BO3/lyXa;

* IapaMeTpbl BHYTPEHHETO BO3IyXa;

* TIapaMeTphl BXOJ1a IPUTOYHOTO BO3/yXa, TeMIIe-
parypa Bo3myxa He HIDke 5 °C;

* TapaMeTphl BBIX0/a IPUTOYHOTO BO3/1yXa;

* IapaMeTphl BXOJa YIalsieMOTo BO3/LyXa;

* TapaMeTphl BBIXO/A YIAJIIEMOTO BO3/yXa;

* [UIOIIA/(b TEIUIONIePEeIafOMIHUX TPYOOK U BBITSIK-
HOTO KOJIJIEKTOpa (TTOBEPXHOCTEN);

* MarepHa 1 OpeOpEeHNe TeIIIONEePEIAIOIIIX TPY-
0OK U BBITSDKHOTO KOJICKTOPA (TIOBEPXHOCTEH).

I'maBHBIC TpeOOBaHMS A SKCIUTyaTallud KOMOU-
HUPOBAHHOTO PEKYIIepaTopa ¢ BEITSHKHBIM BO3IYXOIPH-
€MHBIM yCTPOHCTBOM C LIEJIBIO UCIIONB30BaHUS B MeXa-
HUYECKHX CUCTEMaX BEHTUIISLINHN:

* OYHMCTKA TEIIONEPEAIoONX TPYOOK U BBITIK-
HOTO KOJUIEKTOpa (IOBEPXHOCTEN) VISl TTOIepIKAHUS
pacuyeTHO# 3 dexTuBHOCTH padoThl. Ijist yBeande-
HUS Mana3oHa OYMCTKH TEIUIONEepEeaaonnX TpyOoK
Y TEIUI00OMEHHHKA BO3MOYKHO MCIIOIB30BATh B TIPOCKTE
(uIIBTp «0C000 TOHKOH OUMCTKNY;

* OIleHKa pabOThl CUCTEMbI aBTOMATHKH JJIS TTO/I-
JIep>KaHHsl TEMIEpaTypbl IPUTOYHOTO BO3TyXa.

Takum o6pa3omM, cmenmanucram B 00JIacTH
CHUCTEM BEHTWISLHUHU MPEIIOKEH BapHaHT KOMOH-
HUPOBAHHOTO PEKyIeparopa ¢ BBITSKHBIM BO3IY-
XONPHEMHBIM YCTPOHCTBOM JUIsl HCIIOIB30BAHUS B Me-
XaHUYCCKHUX BCHTHUIALHMOHHBIX CHCTCMAX, KOTOpBIﬁ
obsaziaeT BECOMBIMH ILIFOCAMH 110 CPABHEHUIO C aHa-
noramu. JIaHHBIH TENJI0OOMEHHBIHN ammapar ¢ aBTo-
MaTHUKON MO3BOJISIET 00eCIeYHTh 0oJiee CTAOMITBHEIC
TeMIIepaTypHbIe IMapaMeTpbl MUKPOKJIMMATa B IIO-
MEIICHUU B XOJIOAHBIA U NMEPEXOAHBIH MEPUOABI TOAa
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C yY4ETOM MHTCHCH(DHUKAIMH TSIJI000OMEHA MEXTY BbI-
TSOKHBIM F IPUTOYHBIM BO3JIyXOM Uepe3 TerIonepe/a-

I0IMe TPYOKH U KOJUIEKTOP, YTO CIOCOOCTBYET YIyd-
IIEHHOMY 9HEProcOepeKeHHIO.
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INTRODUCTION

Leading engineering companies related to ven-
tilation equipment try to develop technologies, algo-
rithms of operation and modernize all known devices
in the field of providing comfortable microclimate
in the room. Work on creation of optimal parame-
ters of work, not high price, payback within time —
the criteria for which there is a struggle for supremacy
in the market of ventilation equipment.

A recuperator is a device aimed at transferring heat
energy from a more heated heat transfer medium to a less
heated heat transfer medium through a separated heat
transfer wall. Today, specialists in the field of ventilation
and heat and mass transfer systems try to achieve high
efficiency in their recuperators by modifying the heat
transfer surface and the design of the heat exchanger it-
self. If these units are designed correctly, the efficiency
of the mechanical ventilation system can be significantly
increased. The priority is to save money on their pur-
chase, ease of operation and payback over time.

MATERIALS AND METHODS

The paper proposes an analogue based on the tubu-
lar heat exchanger, but different:

* by design from those available today;

* combination of a recuperator as a room exhaust unit;

* not a typical recuperator layout.

In this article, we will talk about the design solu-
tion of a recuperator unit or simply a heat exchanger
operating on the heat carrier air.

The technical result of the work is to increase
the efficiency factor with:

 the combination of the recuperator as a room
exhaust unit, thus increasing the heat exchange surface
without affecting the aesthetic dimensions of the venti-
lation system on site;

* the recuperator as a second heating stage;

* not a typical layout;

* the type of heat transfer material;

* finning of the heat transfer surface;

* increasing the heat transfer surface area due to
the arrangement of exhaust ducts with supply ducts
combined in a common circular duct (box);

* automation of the ventilation system.

In order to maximize the energy saving of thermal
energy, an installation has been designed and modelled
to achieve high efficiency by presenting the recuperator
as an exhaust unit for removing thermal excesses, con-
taminants or maintaining optimal air exchange in a variety
of rooms. The special feature of the design is that the recu-
perator plays the role of both a duct route and an exhaust
unit at the same time, the ducts of the exhaust and supply
system are combined into one circular duct (box). In the in-
ner area of the box (outer circular duct) passes the supply
air coming from the heater, which plays the role of the first
stage of heating in the mechanical ventilation system,
in the process of which the exhaust air transfers heat to
the supply air through heat transfer tubes. This supply air
flows around the finned exhaust tubes and the exhaust air
collector. The fins are adopted to increase the contact area
of the heat transfer media. Accent, which is taken at a tem-
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perature of 5 °C before sunset supply air to the combined
recuperator, is done in order to:

* eliminate freezing of the heat transfer surface in
the recuperator, which always happens if one of the cool-
ants has a negative temperature;

» eliminate heat exchanger «defrosts», when the sup-
ply air is turned off and the heat exchanger passes only
exhaust air through itself, which takes a lot of time;

* maintain stable and high efficiency of the installa-
tion, since there will be no freezing of the heat transfer
surface.

All improvements adopted in the combined re-
cuperator mainly affect on the heat transfer coefficient
from both the supply and exhaust air sides [1-5]. Me-
chanical ventilation system operating as one piece with
a combined recuperator unit, controlled automatically to
achieve more stable supply air temperature after the re-
cuperator. There is no way around this solution without
automation, since it is impossible to predict the process
of heat release in the room. This involves fluctuating
exhaust air inlet temperature (using exhaust air intake
tubes) during operation of the mechanical ventilation
system.

The movement of heat carriers in the combined
recuperator with an exhaust air intake unit is both coun-
tercurrent and crosscurrent, which makes it possible to
declare a mixed process of heat carrier flows. The cir-
cular tubes designed in this recuperator allow the sup-
ply air to pass with a large surface flow, and the fins
allow an additional increase in the surface area, thus
increasing the efficiency of the recuperator [6-21].
This solution makes it possible to use all the advan-

tages of countercurrent and crosscurrent. If we con-
sider the period of operation of this mechanical ven-
tilation system, the combined recuperator unit is part
of the continuous group, as it allows heat transfer from
more heated air to less heated air through a divided heat
transfer surface throughout the entire stage of operation
of the mechanical ventilation system. To demonstrate
the recuperator unit, the circuit diagram and internal
construction are shown in Fig. 1-4.

Composition:

1 — heater;

2 — supply fan;

3 — exhaust fan;

4 — supply air duct;

5 — throttle valve;

6 — combined recuperator with exhaust air intake
device;

7 — temperature sensor;

8 — supply air distribution unit;

9 — exhaust opening;

10 — exhaust tube;

11 — exhaust collector;

12 — exhaust duct;

13 — exhaust air;

14 — supply air;

15 — collector rib;

16 — rib of the extraction tube;

17 — automatic control panel;

18 — room.

Let us consider the algorithm of operation of the com-
bined recuperator with the exhaust air intake device, which
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Fig. 1. Schematic diagram of a combined recuperator with an exhaust air intake unit for use in mechanical ventilation systems
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allows to increase the efficiency of the ventilation system
in the cold and transitional periods of the year.

The supply air /4 is supplied through heater / and
has a temperature in front of supply fan 2 of at least
5 °C. This condition must carried out to avoid conden-
sate “defrosting” on the heat transfer surface, which
can exist if the supply air temperature will be negative,
the air supply will be turned off mechanical ventila-
tion system. After which the supply air /4 is pumped
through the air ducts 4 and passes through the throttle
valve 5 for linking the branches of the system. Next,
the supply air enters a combined recuperator with an ex-
haust air intake device 6, where the fresh air is reheated,
during which the air, leaving this node passes through
the sensor temperature 7, which analyzes the required
temperature and with the help of automation /7 sup-
plies signal to heater /, which in turn adjusts the heat-
ing of the first stage. As a result, supply air /4 enters
the room from the supply air distribution device § to
room /8.

The fan 3 draws the exhaust air /3 from the room /8
and enters the exhaust air intake opening 9, where it
flows through the exhaust tubes /0. Further, the extract
air /3 from the extract tubes /0 with transverse fins /6
on the supply air side /4 enters the exhaust collector //
with longitudinal fins /5 on the supply air side /4.
The exhaust air /3 then flows into the exhaust duct 72,
where a throttle valve 5 is installed to equalize the pres-

sure between the two branches. At the end of the system,
the exhaust air /3 is discharged into the environment.

Condensate formed on the exhaust tubes (heat
transfer surface) between the exhaust air /3 and the sup-
ply air /4 is removed to the drainage system.

Thermal energy transfer from the more heated (ex-
haust) air /3 to the less heated (supply) air /4 is trans-
ferred through the heat transfer surface designed in
the form of tubes /0 with transverse ribs /6 and a com-
mon collecting collector // with longitudinal ribs /5.
Adoption of this solution allows increasing the recuper-
ator efficiency coefficient in the mechanical ventilation
system [22-25].

RESEARCH RESULTS

Positive aspects:

1. Reduction of heat costs. The supply air is heated
in the heater to a temperature of 5 °C or more. The heat-
er itself is the first heating stage in a mechanical ventila-
tion system. The reheating of the supply air takes place
in a combined recuperator with an exhaust air intake
unit, which implies a second heating stage in the me-
chanical ventilation system.

2. Simplicity of design. The recuperator has no
moving parts, the heat transfer tubes with transversal
fins and the collector with longitudinal fins are located
inside the external duct. The factory assembly does not
require the maximum category of engineers assembling
this recuperator. The combination of recuperator and

13
= e

_

z THHTK‘HHTMMMHH

Fig. 2. Longitudinal section of a combined recuperator with an exhaust air intake for use in mechanical ventilation systems

Fig. 3. Cross—section of a combined recuperator with an ex-
haust air intake unit for use in mechanical ventilation systems
at the connection point: ¢ — exhaust tubes to the collector;
b — supply duct

Fig. 4. Axonometric view of a combined recuperator with
an exhaust air intake for use in mechanical ventilation systems
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extractor combines two different elements with unique
functions in a mechanical ventilation system.

3. Reduced operating costs. When the recupera-
tor is used after the heater in a mechanical ventilation
system, there is no freezing and subsequent “defrost-
ing” of the heat transfer surface. This arrangement
of the combined recuperator with exhaust air intake de-
vice for use in the mechanical ventilation system makes
it possible to do without replacement of heat transfer
tubes or repair of the internal or external composition
of the unit, since throughout the operation in the cold
and transitional periods of the year, the average tem-
perature during the heat transfer between the exhaust
and supply air is in the plus range. The maintenance
staff should check once a year the effect of fouling and
the integrity of the heat transfer tubes themselves.

4. Aesthetic component. The recuperator plays
the role of an exhaust air intake unit and duct route si-
multaneously, which allows a large heat transfer surface
area to be located in the recuperator, thus increasing
the heat transfer intensification.

5. Use of automation to control and adjust the tem-
perature. The automation panel, when working in conjunc-
tion with a temperature sensor, allows the heat output in
the heater to be monitored and corrected. The main rule is
to install the temperature sensor in the flow upstream and
close to the supply unit. The small distance will allow to
maintain the temperature of the supply air leaving the air
distribution unit as accurately as possible [26-29].

CONCLUSION AND DISCUSSION

Combined recuperator with an exhaust air intake
unit for use in mechanical ventilation systems allows:

* save heater power;

 avoid icing of the heat transfer surface and
the “defrosting” process (switching off the supply ven-
tilation system and operating only the exhaust ventila-
tion system);

* reduce explicit costs;

* increase the efficiency compared to analogues
by increasing the heat transfer surface area using non-
typical operation and circuitry;

» combine the functionality of two independent
elements, recuperator and extractor;

» produce a faster payback compared to ana-
logues;

* carry out assembly and installation on site with-
out any difficulties for engineers and installers;

* carry out minimal control by the operating or-
ganizations.

Basic requirements for the design of a combined
recuperator with exhaust air intake for use in mechani-
cal ventilation systems:

* supply flow rate;

» exhaust air flow rate;

* indoor air parameters;

 supply air inlet parameters, air temperature at
least 5 °C;

* supply air outlet parameters;

» parameters of the intake of the removed air;

 parameters of the exhaust air outlet;

» area of the heat transfer tubes and the exhaust
collector (surfaces);

» material and finning of heat transfer tubes and
exhaust collector (surfaces).

Basic requirements for the operation of a com-
bined recuperator with exhaust air inlet for use in me-
chanical ventilation systems:

* cleaning of the heat transfer tubes and the ex-
haust collector (surfaces) to maintain the design effi-
ciency. To increase the cleaning range of the heat trans-
fer tubes at the heat exchanger, it is possible to use
an “extra fine” filter in the project;

« evaluate the operation of the automation system
to maintain the supply air temperature.

Thus, specialists in the field of ventilation systems
are offered a variant of a combined recuperator with an
exhaust air intake unit for use in mechanical ventilation
systems, which has significant advantages compared to
analogues. This heat exchanger with automation makes
it possible to provide more stable temperature param-
eters of the indoor microclimate during cold and transi-
tional periods of the year, taking into account the inten-
sification of heat exchange between exhaust and supply
air through heat transfer tubes and collector, which con-
tributes to improved energy saving.
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0030p HOBBIX KOHCTPYKTHBHBIX pPellIeHNI BO03a00PHBIX
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AHHOTALUA

BBeneHue. lMNpegmetom uccrnefoBaHust SIBNSOTCA BOA03abOPHbIE COOPYXEHUSI MPUPOAHBIX BOA — MOBEPXHOCTHBIX W
noaseMHbIX. [Moxanyn, He CyLLecTBYeT HW OHOrO UHXEHEPHOro COOPYXKEHWS, Haf, COBEPLUEHCTBOBAHWEM KOHCTPYKLMM
N TEXHUYECKOro OCHALLEHNs KOTOPOro (B LieNsX NOBbILLEHNS] HaAeXHOCTHN) He paboTanu Obl MHXeHepsbl, yyeHble. Bonosa-
BOpHblE COOPYXEHNS B JAHHOM KOHTEKCTE He UCKMoYeHre. POCT nroLaam XXunowm 3acTpovikv, pasBuTie NPOMbILLNIEHHOCTH,
CenbCKOro X03sCTBa, rocyAapCTBEHHbIE NPOrpamMmMbl, HanpaBrieHHbIE Ha CHUXKEHWE CTENEHW OTPULIATENIbHOTO BO3AENCTBUS
Ha OKpYy>XaloLLlyt0 NPUPOAHYI0 Cpeay, CO3AatoT NPEeAnockIkA ANS CTPOUTENLCTBA HOBbIX, PEKOHCTPYKLMW AENCTBYHOLLMX
BOAO3abopoB. HakonneHHble 3a nocrnegHue [ecaTb NeT HayyHble pa3paboTKM POCCUMACKMX U 3apyBexHbIX Y4YeHbIX,
MOCBSILLEHHbIE CO3AaHNI0 HOBbIX KOHCTPYKLMIA COOPYXXeHUN Ansa 3abopa BoAbl, HyxaatTcs B 0606LweHnm.

Matepuansl u metoabl. [poBeaeH aHaNUTUYECKMIN 0630p HOBbLIX Hay4HbIX TPYAOB (MEPUOANYECKUX U30AHUIA, NATEHTOB,
AMCCepTaLMOHHbBIX WCCNeaoBaHUi), B KOTOPbIX NPUBOAWTCA OMNWUCAHWE WHHOBALMOHHBIX KOHCTPYKLMIA BOA03abOPHbLIX
YCTPOMNCTB, 06ecneymBaloLLyX TEXHOMOrMYECKUA U (M) SKOHOMUYECKUI adDEKT.

PesynbTatbl. YCTaHOBMNEHO, 4TO 6onbluee YMCrO HOBbIX M30OpEeTeHMI HaueneHo Ha MoBbilleHne GapbepHOn ponuv
BOO03ab0pOB MOBEPXHOCTHLIX BOA MO OTHOLUEHMIO K B3BELUEHHbIM, [OHHbIM HaHocam U pbibHOW Moroan. JAddekT
O4YMCTKM BOAbI BOA03abOPHBLIM COOPYXEHNeM, Kak npaBuno, obecneymsBaetcs punbTPOBaHNEM, OTCTaMBaHUEM, a TaKke
KOMMIEKCOM 3TUX NpoLeccoB. [Npeanaraembie y4eHbIMU KOHCTPYKLIMK PbiGO3aLLMTHBLIX YCTPONCTB BKITHOYAOT OAHOBPEMEHHO
dunbTpyloLwmne nperpagsl U CpeacTsa BO3AENCTBUS Ha NOBEAeHYeCcKMe peakumnn pbibHoM monoan. IHTepec yyeHbix Takke
nposiBNeH k paspaboTke KOHCTPYKLMM BOA03abOPOB NOA3EMHbIX BOA, CMIOCOOCTBYIOLLMX YBENUYEHUIO [eOUTa COOPYXKEHUSI.
BbiBoAbl. BbinonHeHbl 0630pHOE OnNMCaHWe W aHanu3 HOBbIX KOHCTPYKTUBHbIX PEeLUeHU BOJ03abO0pHbIX COOPYXEHWUH,
0603Ha4yeHbl pekoMeHaauMn no ux npuMeHeHuo. CobpaHHble cBeAeHWs MOTyT HaWTh MpakTU4ecKoe MpUMeHeHVe npu
NPOEKTUPOBaHNM HOBbIX BOA03ab0pOB, MOAEPHM3ALMN AENCTBYIOLLNX YCTPOUCTB.

KNOYEBBIE CITOBA: Bogo3abopHble COOpYXXeHWs!, B3BELLEHHbIE U AOHHbIE HAHOCHI, PbiG0O3aLLUTHLIE COOPYXeHUs, Bopb-
0a ¢ Lwyron, ropHble peku, NoA3eMHble BOAbI
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ABSTRACT

Introduction. The subject of research is water intake structures of natural waters — surface and underground. At present,
there is perhaps not a single engineering structure that engineers and scientists would not work on improving its design and
technical equipment (in order to increase reliability). Water intake structures in this context are not an exception. The growth
of residential area, development of industry, agriculture, state programmes aimed at reducing the degree of negative impact
on the environment create prerequisites for construction of new and reconstruction of existing water intakes. Scientific de-
velopments of Russian and foreign scientists devoted to the creation of new designs of water intake structures accumulated
over the last ten years need to be generalized.

Materials and methods. An analytical review of new scientific papers (periodicals, patents, dissertation research), which de-
scribe innovative designs of water intake structures that provide technological and (or) economic effect, has been carried out.
Results. It was found that a greater number of new inventions are aimed at increasing the barrier role of surface water intake
structures in relation to suspended, bottom sediments and juvenile fish. The effect of water purification by a water intake
structure is usually provided by filtration, sedimentation, and a complex of these processes. The designs of fish protection
devices proposed by scientists include both filtering barriers and means of influence on the behavioural reactions of juvenile
fish. Scientists are also interested in developing groundwater intake structure design that contributes to increasing flow rate
of the structure.
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Conclusions. The overview description and analysis of new design solutions of water intake structures are made, recom-
mendations on their application are outlined. The collected data can find practical application in the design of new water

intake structures and modernization of the existing facilities.

KEYWORDS: water intake structures, suspended and bottom sediments, fish protection structures, slush ice control, moun-

tain rivers, groundwater
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BBEJAEHHUE

Bomo3abopHbie COOpYKEHHS CITy>KaT MEePBbIM 3Be-
HOM CJIOKHOM IIETTOYKH CHCTEMbI BOIOCHAOKEHNS, BBU-
JIy 4ero 00eCIICYCHUE BRICOKOM HAIC)KHOCTH MX (DYHKIIU-
OHUPOBaHUS HE MOKET OBITh TIOCTABJICHO O/ COMHCHUE.
OT npaBWILHOCTH BEIOOpA PaCIIONOKEHUs Boo3abopa,
€ro KOHCTPYKLUHU ¥ 00OPYIOBaHHS HAIPSIMYO 3aBUCST
3(hGEKTHBHOCTD U YKOHOMHYHOCTH TPOIIECCa BOIOIIO-
TOTOBKH, YKOJIOTHYECKOE COCTOSIHHE BOJOHMCTOYHMKA
1 TICPCIICKTHBEI €T0 MCIIOIh30BaHMS KaK TaKOBOTO B Oy-
nymieM. Hemanoe BimsiHuE BO03a00PHBIE COOPYKEHHS
OKa3bIBAIOT M Ha oOMTaTeIe BOAHOIO 00OBEKTAa — €TO
hopy u dayny. Ocobyro ocTpoTy HalIeKHOCTH (DYHK-
IHOHUPOBAHUA BOJ03a00PHBIX COOPYKCHUH HMeEeT
B ycrnoBusax CeBepa M Ha TOPHBIX pekax. C ydeTom He-
0CJ1a0eBaeMOro TEXHOTEHHOTO BO3JICHCTBHUS HA TIOBEPX-
HOCTHBIC U TIOA3EMHBIC BOJIBI K COOPY)KCHHUSIM 3a00pa
BOJIbI HA CCTOMHSIIHUN JCHb MPEABSIBISIOTCS TPeOOBa-
HUSI TI0 TTOBBIIIICHHUIO UX OaphepHOIl PO B OTHOIICHHUU
puMecei IpUPOAHOH Bobl. Llenu Ipo0BOILCTBEHHOM
0€30MMacHOCTH roCyapcTRa (B IIaHEe 00eCICUCHHsI Hace-
JICHUS pPHIOO# U PHIOOTIPOYKTAMH) YKA3bIBAIOT HA AKTY-
aJIBHOCTH 000pYyI0BaHMs B0J03a00pOB 3(h(hEeKTUBHBIMU
CpPE/ICTBaMU PHIOO3AIIHTHL

3HaYUTeNbHbIN BKJIAJ B CO3JaHUE HAyYHOM JIUTe-
parypsl, TIOCBAIICHHOW BOJI03a00paM MOBEPXHOCTHBIX
u nox3emubIX Box, BHecnu C.K. Abpamos, H.H. bun-
nemaH, B.C. Anekcees, K.C. boromo6os, M.T. XKyp-
6a, K.M. T'oBoposa, H.H. Jlanmma, M.I1. CemeHOB,
H.A. IInoteukoB, FO.U. Boosun, U.A. JlymkuH,
A.®. Iopsimua. DTHME yaeHbIMHE 10 Hagaia 2000-x rT.
MTOJTOTOBIICHBI 3aMeJaTeIbHbIC YICOHUKN M yIeOHBIC
mocoOus, COCTAaBUBIINE OCHOBY AJISI aKaJEeMHUYEeCKON
MOATOTOBKH CIICIIMATUCTOB B chepe BooCHa0KeHw s, 13-
ydeHue nzaaBaemMon 3a nocaenuue 1015 ner yueOHOI
JIUTEPATyPhl MOKA3aJI0, YTO B YACTU KOHCTPYKTHBHBIX
0COOEHHOCTEH BO03a00PHBIX COOPY)KEHHUII aBTOpaMu
B OCHOBHOM OITUCBHIBAFOTCSI CTEPEOTHITHBIC KOHCTPYKIHH
BOJI03200PHBIX YCTPOMCTB, 3apPEKOMEH/I0OBaBILUE CeOs
MHOTOJICTHEH MPAaKTUKON. BMecTe ¢ TeM mocTynareib-
HOE JIBIDKCHUE HAYKHU BJICYET 3a COOOM CO3MaHKMe UHHO-
BaIMii BO BCeX c(hepax TEXHUKHU U TEXHOJIOTHIA, KOTOPhIC
HE CIICJIyeT OCTaBIIATh Oc3 BHUMAHU. 3a1a4a HaCTOSIICH
paboThl — 0030p HAKOIUICHHBIX 3a IMOCICAHEE ACCITH-
JICTHE HAyYHO-TEXHUYCCKUX NOCTIKCHHU B cdepe co-
OpY>KEeHHH JUTs1 3200pa BOIBI U3 PA3IMIHBIX HCTOYHIKOB.

MATEPHUAJIBI U METO/bI

B nensix cbopa napopmaum 0 COBpeMEHHBIX Ha-
YYHO-TEXHHUYECKUX pa3paboTkax B cdepe Bogo3adop-

HBIX COOPY)KEHUH ObUIN M3yUeHbI Hay4YHbIE TPYJIbI POC-
CHICKMX U 3apyOeXKHBIX YUCHBIX 3a rmocienHue 10 ner.
OTpaxeHHe aKTyalIbHbIX TCHICHIMH, OITbITA TIPOEKTH-
POBaHUs U CTPOUTEILCTBA BOA03a0OPHBIX YCTPOICTB
MOXET CII0COOCTBOBATH MOJICPHHU3ALIUH JICHCTBYIOIINX
COOPYKEHHH JJISl TOBBIIICHUS X MPON3BOANTEIILHO-
CTH, HaJIeXXHOCTH padOThI, PEIICHUIO OTAEIbHBIX BO-
MIPOCOB MTPOEKTHUPOBAHUSI HOBBIX BO/1032a00POB.

PE3VYJIBTATHBI HCCJIEJOBAHUA

3a00p BOABI U3 TOPHBIX PEK COMPSIKEH C TAKUMH
TPYAHOCTSIMH, KaKk OOJIBIIOE KOJIMYECTBO B3BELICHHBIX
1 JIOHHBIX HAHOCOB, HEPAaBHOMEPHOCTh CTOKA, Pa3MbIB
OeperoB M pycia, IPUINHONW YEro SBISETCS BBICOKAs
CKOpPOCTh TeueHHs BoAs [1, 2]. B mensx moBbImeHus
HaJIe)KHOCTH paboOTHl BOJ03a0OPHBIX COOPYKEHUU
13 TAaKUX BOJOMCTOYHHUKOB YUCHBIMU HPEIUIOKECHBI NH-
HOBAIIMOHHBIE KOHCTPYKIINHU BOI03a00PHBIX YCTPONUCTB.

B ny6nukanuu [3] coobmraercst 06 u3oopete-
HUH HOBOW KOHCTPYKIIMHU BOJ03a00pa M3 TOPHBIX peK
(puc. 1). OTIMYUTENTBHEIH AIEMEHT BOJI03a00PHOTO CO-
OpY>KEHHUSI — BaJBIIOBBIN 3aTBOP, pacroararomuncs
NEepHeHUKYJSIPHO pycity peku. [loBepxHOCTB 3aTBOpa
UMEET BOAOIPOITYCKHBIC IIEIH, TTO3BOJISIONINE MTPH-
HUMAaTh BOJly TIOBEPXHOCTHBIX CIIOE€B BOJHOI'O IOTOKA,
KOTOpasi COJAEPKUT Mayl0 KOHLEHTPAIMIO JTOHHBIX
W B3BEUICHHBIX HAaHOCOB. BaibuoBsiii 3aTBop hopmu-
pyeT BepXHHUH M HIWKHUHN Obe(, IPH STOM B BEpXHEM
OCaKAAIOTCS BCE KPYITHBIC IPUMECH, TIEPEHOCHUMBIE T10-
TOKOM BOJIBL. JIJIsl IepHOMYEeCKOi OYMCTKHU THAPOY3iIa
OT HAaHOCOB M HJIa TIPETyCMOTPEHA BO3MOKHOCTH O/Ib-
ema 3aTBopa.

[IpencraBisieT UHTEpEC MPEIIOKESHHBINH YUCHbI-
MU [4] Bo03a00pHBIN y3ei, pa3paboTaHHBIN AJIs TOp-
HBIX pek. Ha puc. 2 nmpencraBieHa cxema KOMIOHOBKH
COOPYXKEHHSI, BKIIOYAIOIIEr0 YEeThIPE MIOTHUHBI, MPO-
MBIBHYIO Kamepy, OTCTOMHUK U HUTI03-peryisrtop. Ha-
3HAYCHHUE TEPEUNCICHHBIX 3JIEMEHTOB 3aKI0YaeTCs
B cllefiylomieM. [yxas MmiIoTuHa MepeKkphIBaeT pycio
peku Juist GOPMUPOBAHUSI BEPXHETO M HIDKHEro Obeda,
BOZIOCIIBHAS M [IMTOBAS IUIOTHHBI IIPETHA3HAYEHBI JUIS
MPOITyCKa BOABI B BOIOIPHUEMHYIO IIIOTHHY. Bogomnpu-
e€MHas MJIOTHHA C JOHHO-PELIETYATHIM BOA03a00pOM
CIIY’KHT OCHOBHBIM 3JIEMEHTOM COOPY)KEHHs: 4acTb
BOJHOTO ITOTOKA MOIAAAeT B BOJ03a00p M OTBOAUTCS
B IIPOMBIBHYIO Kamepy, JApyrasi 4acTb TPAH3UTOM MpO-
XOJUT B HW)KHUI Obed. B mpombIBHON Kamepe mpouc-
XOJIUT CHMKECHNE CKOPOCTH ITOTOKA W OTBEACHUE €TO
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Puc. 1. Cxema ropHoro Bono3abopa: a — miaH; b — npoaoibHeIid paspes [3]; / — BepxHUii Obed; 2 — BaJbIIOBBII 3aTBOP;
3 — mieneBoe oTBepCTHE; 4 — BO03a00pHast ranepes; 5 — CErMEHTHBIN JIHCT; 6 — TPAaBUENIOBKH; 7/ — OTBOAALIMN KaHAI;

8 — HKHUH Obed

AV

T ]

Puc. 2. Cxema Bomo3abopHoro ruapoysia [4]: I — riyxas

IUIOTHHA; 2 — BOJOCIIMBHAS IJIOTUHA; 3 — LIUTOBAs IIOTHU-
Ha; 4 — BOAONPUEMHAs IUIOTHHA; 5 — IIPOMbIBHAsI KaMepa;
6 — OTCTOMHUK; 7 — MLIH03-PETYIATOP; 8 — BEPXHUIA Obed
ruapoysna; 9 — HikHUN Obed ruapoysia

B orcToitHUK. OTCTOHHMK criocoOcTByeT 3 dhekTHBHO-
MY OCaKJICHHIO B3BECH U HAHOCOB.

Bononpuemnast iiotuna (puc. 3) odopymoBaHa pe-
METYaTbIM MCPEKPBITUEM, 06€CH6‘II/IB3}OH_H/IM BIIYCK 3a-
JTAHHOTO pacxona Bozbsl. B pabote [4] Takxke mpuBeaeH
THJIPABINYECKHH pacyeT OMUCAaHHOTO BOAOIMPUEMHOTO
THPOY3Ja.

IIpennokeHa ycoBeplIeHCTBOBaHHAS KOHCTPYK-
st BOJI03a00pa U3 TOPHOI peKH sl [eNeil KaneabHO-
ro opoiicHus [5]. YueHbMu OblIa TIOCTABJICHA 3a/1aua
IO MOBBIIIEHUIO TEXHUKO-I)KOHOMUYECKUX MOKa3aTe-
Jeil Bo03a00pHBIX COOPYKEHHH C Lesblo obecreye-
HUS MU TIPUEMIICMOW CTEIICHN OYHCTKH BOJBI OT ME-
XaHUYecKuX mpumecei. KoHcTpykims Bomo3abopHOro
coopyxeHus (puc. 4) mpennosyaraeT OCHaIleHUE BO-
JOTIPUEMHIKA (HIBTPYIONIIMHE TaHEIIMHU, IPEICTaB-
JISIFOIMMU COO0 MMOBEPXHOCTH U3 HECKOJIBKUX KacceT.
D710 BOI032a00pHOE COOPYKCHUE UMEET IMPEHMYIIECTBA!
TIPUEM BOJIBI OCYIIECTBISIETCS 3 IIOBEPXHOCTHBIX CIIO-
€B ITOTOKA (XapaKTePU3YIOIIUXCS MAJIBIM COIePKaHIEeM

62

B3BECH); 00CCIeUCHIEe TpaH3UTa IJIaBAOIIEro copa
BHH3 T10 TEUCHUIO BOJIBI B KaHAJIE; 3aJJep>KaHNEe JOHHbBIX
HAHOCOB Ha MOBEPXHOCTH (PUIBTPYIONINX KacceT. AB-
TOpamMH N300pETEHHs MPEIaraeTcsi BO3MOKHOCTH pas-
MemneHus QUIBTPYIOLIUX KacCeT HE TOJBKO Iapajlielib-
HO 3epKaity Bojbl (puc. 4), HO U B OOKOBBIX CTCHKaX
kaHaza (puc. 5). IIpu 3TOM akLeHTUpYyeTCs BHUMAHUE
Ha TOM, 4TO (MIBTPYIOMINE KacCeThl (B 3aBUCUMOCTH
OT BBICOTHOM OTMETKH PACIIOJIOKEHHsI) MOTYT obecre-
YHBaTh 3200p BOJIBI C PA3IMYHBIX IIIyOWH KaHala.
[MatenT [6] momyuen Ha m3oOpereHue «Bomo3a-
OOpHOE OUUCTUTETBHOE coopykeHue» (puc. 6). Coopy-
JKEHHE MOJKET HAXOANTH IPUMEHEHHUE IS 3a00pa BOJIBI
U3 UCTOYHHUKOB C OOJIBIINM KOJIMYIECTBOM B3BELICHHBIX
HAHOCOB, OHO MPEJHA3HAYCHO IS Pa3MELICHUs B 110]-
BOJAIIMX KaHAJIaX, Pa3esIeHO Ha BE YaCTH — IPUEM-
Hyl0 / ¥ Kamepy uuctod Boxbl 2. OuncTka Boabl 00e-
CHEYUBAETCA COPOYACPKHUBAIOIUME pemeTkamMu 8, 10
Y oTCTauBaHUeM B kamepe /. J{Js mepuoanyeckoi mpo-
MBIBKH ITPUEMHOM KaMephbI ITPEelyCMOTPEH KOJIEKTOp /1.
VYuensiMu Poccuiickoro Hay4HO-HCCIEN0BATENb-
CKOTO MHCTHTYTa MpodiieM Mmenuopanuu [7] mpen-
JI0)KeHa KOHCTPYKIHS BOM03a00PHOTO COOPY>KEHUS
W3 TIOBEPXHOCTHOTO MCTOYHMKA JJIS LIEJIeH MeTnopa-
un. KoHeTpykius coopyxkenus (puc. 7) obecreunBaet
3a/lepKaHne B3BELICHHBIX BEIIECTB U3 COCTaBa BOABI,
YTO JOCTHUTAETCs C MOMOIIBIO COPO3arpaguTeIbHON
PEILICTKH U PACIOJIOKEHHON 3a HEeW (QHIBTPYIOIICH

PemeTka
- \'\J/ Tanepes
= %,
- / { X

R

Bononpuemnas minoruna

Puc. 3. Cxema BOooOIpreMHO# IIIOTHHBI [4]
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Puc. 4. Cxema Bo103a00pHOTO COOPYKEHHS U3 TOPHOTO BOZIO-
ToKa [5]: / — BOZONPUEMHHK BOZ03200PHOTO COOPYKEHHUS;
2 — Tpy0Ouarsie BOJOOTBOIBI; 3 — BOAOIPHUEMHBIH OacceiiH
OpOCHUTENBHON CHCTEMBI; 4 — BOmOCOOpHas ranepes; 5 —
(GunbTpyIOLINE MaHe N BOJONPHEMHHKA; 6 — ONOPHBIE YCTOU

Puc. 6. Bono3zabopHoe odncTUTENbHOE coopyskeHue [6]:
1 — otcroitHas kamepa; 2 — Kamepa YUCTOH BOAbl; 3 —
BEpTHKaIbHAS MEPEropojka; 4, 5 — CeKUuu Box03adbopa;
6 — OKHO; 7 — maTpy0oK; § — MyCOpOyIEpKUBAIOLIAsl pe-
metka; 9 — ochb BpamieHus; /() — IONOTHUTENbHAS COPOY-
JIep KUBAOILAs PelIeTKa; // — KOJIEKTOp MPOMBIBHON BOJIBL;
12 — HanpaBnsromas cTeHka; /3 — OTBOAAMINN KOJUIEKTOD;
14 — MyCOpOOTBOIHBIH JTOTOK; /5 — MOABOIAIINI BOJOBOS;
16, 17 — TMONKY ; { — YKIJIOH

naneny. OuiabTpyromas naHelb MpeaCcTaBiIsieT coOon
KacceTy M3 KPYHMHOSYEHUCTOH CETKH, 3al0THEHHYIO
(DUITBTPYIOMINMHU JIEMEHTaMH — ITOPOAJIACTOBBIMU MITH
pe3uHoBbIMH mapukamu auamerpom 10-30 mm. Ot™me-
YaeTcsl, 4YTO MIapUKU 3aNOJHSIIOT HE BCe BHYTPEHHEE
MIPOCTPAHCTBO KacceTbl. ABTOpaMH M300pEeTEeHUS MOA-
YEepKUBAIOTCS IIPEUMYIIECTBA KOHCTPYKIINH, 3aKJII0ua-
oumecs B MpocToit u 3h(HeKTUBHON OYMCTKE KacceT
OT KOJIbMATaHTa: JIJIsI BBITIOJIHEHMSI YUCTKU KaCCETa BbI-
HUMAETCsI KPAaHOM U3 BOJIBI, B BEPTHKAIBHOH INIOCKOCTH
noBopayuBaercs Ha 180°, 3a cuer 4yero WapuKku Npu-
XOJT B MHTEHCUBHOE JIBHKEHHUE (COMPOBOXKIAIOIIeecs
TPEHUEM JPYT O APYra) ¥ OCBOOOXKAAIOTCS OT CKOIHB-
LIMXCS 3arPS3HEHUMN.

BomozabopHo-ouncTHOE coopykeHue [8], o yT-
BEPXKICHHUIO Pa3pabOTUYMKOB, CIIOCOOCTBYET OYMUCTKE
BOJIBI OT TIJIABAIOIIETO MYyCOpa, YBEITHUCHHIO MPOITYCK-
HOHM CITOCOOHOCTH U YIPOIICHUIO YCJIOBHH IKCILIY-
ataruu (puc. 8). CoopyKeHHE TPEICTABIACT COOOM

Puc. 5. O6umii Bu Bo03a00pa U3 KaHasa jist OIauH mpesi-
BapUTEIILHO OYHIICHHOW BOJIBI B KANCIBHYI OPOCUTEIBHYIO
cucremy [5]: / — opocUTENbHBINH KaHal; 2 — OTKOCHI KaHa-
na; 3 — B0O03a00PHBII OTOJIOBOK; 4 — BOJAOMPHUEMHHUK; 5 —
(GuUIBTpyIOIINE MaHEeIH; 6 — BOIOOTBOSIINI TPYyOOPOBOT

Q I3 10
i 15 12 | 5 9
== =& =—1- ' ]S
ZE AN r-‘f’}l uo 4
7 SRR
SEC
o -

7
o ./’///./
7

Puc. 7. Cxema B0g03a00pHOTO COOPYKECHUS (TIPOIOIBHBIN
npoduis) [7]: I — Bogoem; 2 — CEKIMH BOJOIPHEMHHUKA
(aBaHKaMepbl HACOCHOW CTaHIMM); 3 — JHHILNEC aBaHKaMe-
pBL; 4 — 3abpanbHas CTEHKa; 5 — copo3arpaauTenbHas pe-
meTKa; 6 — (QUIBTPYIOIIUE MaHeNn; 7/ — BXOAHOM MOpOT;
8 — xecTKuil (cTepKHEBON) 0aIIIaCT BOAOPETYIUPYIOIIETO
9KpaHa; 9 — MOABbEMHO-OIYCKHOM MeXaHU3M dKpaHa; /0 —
KO3JIOBO# KpaH; // — BcachIBaloLINEe BOAOBOIBL; /2 — HACco-
cbI; /3 — HacocHasi CTaHIMsA; /4 — HaOPHBIN TPyOOIIPOBOL;
15 — 3a1BUXKKHA

MOJIYKPYIJIBIM KOJIOZAEL, pa3/ieeHHbIA Ha CEKLIUU ep-
dhopupoBaHHbIMU CTeHKaMU. CEKIUHU MPEIHA3HAYCHBI
JUIsl pa3MELIeHNsI B HUX KOP3HH, BBITIOJIHEHHBIX U3 I'€0-
CHHTETHUYECKUX MaTEepUasoB U 3alOJTHEHHBIX TIEHOIIO-
JIMCTHPOIILHOM 3arpy3koii. KopauHbl 000py/10BaHsbI 1eT-
JSIMM JUIs1 BO3SMOXKHOCTH MX IIOIbEMa B LIEJISIX 3aMEHBI
3arpy3KH IPpH 3aCOPEHUH.

Takum oOpa3zoM, paboTa ONHCAHHBIX KOHCTPYKIMH
BO103a00PHBIX COOPY)KCHUH /ISl BOJIOUCTOYHUKOB, Xa-
PAKTEPU3YIOLINXCS BEICOKMMH 3HAYEHHUSIMU B3BELLIEHHBIX
BEILIECTB, OCHOBAaHA HA CO3J[AHUH YCJIOBUH TSI OCYIIECT-
BJICHHUS TAKHX ITPOLIECCOB OYMCTKH BOJBI, KAK OTCTaMBa-
HHe 1 pusTpoBaHue. B kauecTBe GUIBTPYIOLIEH Cpe/ibl
pacupoCTpaHCHbl CHHTCTHYCCKUE MaTCpralibl: IICHOIIO-
JIMCTUPOJI, CHHTETHUECKUI Kay4yK, TTOPOAJIacT.

3a00p BOIBI M3 MTOBEPXHOCTHBIX UCTOUHUKOB Ce-
Bepa COMpPsDKEH ¢ 0CO00H CIOKHOCTHIO, 00YCIOBICH-
HOW BBICOKOW BEPOSITHOCTHIO Pa3pylICHUs] BOJOIIPH-
€MHHKOB TOPOCSIIMMUCS JICTOBBIMH TTOJISIMH, @ TAaKXKe
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Puc. 8. Bomgo3abopHo-ounctHOE YyCTpoucTBO [8]: / — mepdopupoBaHHas eperopojaka; 2 — GuIbTpyromue cekuum; 3 — Oe-

peroBasd CTeHa; 4 — KOJIOACIT, 5— KPBbIIIKa, 6 — (1)I/IHI>prIOIIII/Ie ITaHCIIN, 7 — T€OCUHTCTHUCCKHC KOP3UHBI C IEHOIIOJIHUCTE-

PpOJILHOM 3arpy3Koit

JIeJOBBIMU 3K3apanusiMu. I1pu npoekTupoBaHuU BOJIO-
3a00pPHOTO COOPYKEHHUS IS TAKUX PaiOHOB HEOOXO-
JIMMO YYUTHIBATh OCOOCHHOCTU IPUPOAHBIX (PaKTOpPOB,
B YaCTHOCTH MEP3JIOTHO-THIPOJIOTHIECKHE YCIOBUS
BOJOUCTOYHHKA.

B pabGore [9] ommcaHa KOHCTPYKIIHS PYCJIIOBO-
ro Bojxo3abopa, pa3pabOTaHHOIO IS pa3MelIeHUs
B akBaropuu OOcKoit ry0sl. OTnuuTenbHON 0coOeH-
HOCTBIO COOPY>KeHUS (puC. 9) SABISIOTCS 3aLIUTHBIC JKe-
71e300€TOHHBIE KPETUICHHsI BOJOIIPUEMHOTO OTOJIOBKA
1 BOJJOBOIOB. BOKpYT BOZOTIPHEMHHKOB MPEIararoTcst
K YCTPOWCTBY /iBa psiga CBAaWHBIX ()yHIaMEHTOB, CO-
cTosAnnx 3 OypoHaOMBHBEIX CBail M pOoCTBEpKOB. s
JIOTIOJIHUTENIBHOM 3aIUThl BOJONPUEMHHUKOB OBEPX
POCTBEPKOB YKJIQ/IBIBAIOTCS pelleTyarbie Kapkachl. Bo-
JOBOJBI OTpaXaar0TCs pOCTBECPKaMU MPAMOYTOJILHOI'O
cedeHus, mupuHoit 1,35 M u Beicotoit 0,85 M. Mexy
co00l POCTBEPKHU COCIHHSIOTCS KEJIe300€TOHHBI-
MU OaJIKaMHU-CBSA3SIMH. ABTOPaMH YTBEPXKIACTCS, YTO
MIPEATIOKEHHAsT KOHCTPYKIHS 3aIIUTHBIX COOPY>KeHUH
CIIOCOOCTBYET HaJIeKHOII 3aInTe BoJ03a00pa OT JIeo-
BEIX BO3/ICHCTBHIA, HO TIPU 3TOM €€ CTOMMOCTB Ooiee
4YeM B J[Ba Pa3a MPEBBIIAECT CTOMMOCTb CTPOUTEIBCTBA
BO/I03a00pa ¢ HACOCHOM CTaHIMel 1-To momxbema.

rOBOpr 0 30HaxX MEP3JIOThI, HEJIB3d HU YIIOMSAHYTb
00 ycTpoiicTBax IIYro3amiuThl B 30HE Pa3MellCHUs
BOJ103a00PHBIX COOPYKEHUU. B 11es10M 1miyra siBisieT-

cs pobIeMOoil He TONBKO BOZOMCTOUYHHKOB CeBepa,
HO ¥ BOJIOTOKOB U BOJIOEMOB JIDYTHX PETHOHOB, TEM-
nepaTypa BOJbl B KOTOPBIX MOXeT cHHKarbes 0 0 °C.
PrIXJIbIE CKOTIIIEHHUS Jibga y BOOOIIPUEMHBIX OKOH CIIO-
COOCTBYIOT CHIDKEHHIO HX MPOITYCKHOW CIIOCOOHOCTH
U MOTYT MOJHOCTBIO MPENSATCTBOBATH ITOCTYILICHHIO
BOJIbI B BOIOTIPUEMHUK. B Tabnuie nepeanciieHsr Mepo-
MPUSTHS 110 CHY)KEHMIO BIMSHUS IIyTH Ha ()yHKIIMOHU-
poBaHKe BOJI03a00POB Pa3HOW MPOU3BOANUTEIHHOCTH.
[Tpu mpoexkTupoBaHUU BOH03a0OPHOTO COOPY-
JKCHHsl HeMaJloe BHUMAaHHE JOJDKHO YHCNATHCS PhI-
003amMUTHBIM ycTpoiicTBaM. Ilo JaHHBIM NPUPO-
JIOOXPAaHHBIX OPraHOB yuiepO PHIOHOMY XO3SHCTBY
¢ 1 M*¢ 3abupaemMoii U3 UCTOYHHMKA BOJIBI COCTABIISIET
6onee 24 toic. py6. [10]. CIT 101.13330.2012' koHKpe-
TH3UPYET CTENEeHb YPPEKTHBHOCTH PHIO0O3AIUTHBIX
YCTPOUCTB: HEOOXOIMMO 00CCIICUUTh HEAOMYIICHUE
MOTIa/IaHKs B BOJI03a00PHOE COOPYIKEHUE PHIOHOM MO-
JIOAM ¢ JIMHOM Tena oT 12 MM npu 3 (PeKTUBHOCTH
He menee 70 %. B HacTosiee BpeMst HaXoAsIT pUMeHe-
HHE TPU THIA PHIOO3AIIUTHBIX COOPYKEHHH: MEXaHU-
YecKHe, THAPABINYeCKUe U (pU3HOJIOrn4ecKkue (mose-
neHdyeckue). K MexaHHuecKuM coOpy>KEHUSIM OTHOCST

"'CIT 101.13330.2012. IToAmopHbIe CTEHEI, CYIOXOAHbIE LITIO-
3bI, PHIOOTIPOITYCKHBIC U PHIOO3AIIUTHBIC coopyxkeHHs. URL:
https://docs.cntd.ru/document/1200095534
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Puc. 9. [Inas BOZONPHEMHOTO OTOJIOBKA C 3aIIUTHBIMU JKeJI€3006 TOHHBIMU KOHCTPYKIUSAMH [9]

64



0630p HOBbIX KOHCTPYKTUBHbIX PELLIEHUH BOAO3aB0PHbIX COOPYXEHMI C. 60-76

Mepormnpusitus o 6opbOe ¢ 1Iyroii Ha Bogo3adopax pa3invHON POU3BOANTEIEHOCTH

[Ipon3BoauTENHHOCTH
B0/1032a00PHOTO
COOPYKEHUS

KomnuecTro uryru

Mepompusitre o 6oprde ¢ nryroi
B BOJIONCTOYHHKE

I'mapodoOHBIe MOKPHITHS PEIIETOK

CTpyeHamnpasJsolme yCTponcTBa

Bonosozayuinbie 3aBecsl

Cpennee

Manas DUIBTPYIOLIUE OrOJIOBKH

I/IMHyJ'lLCHaH IIPOMBIBKA, IIPOMBIBKa O6paTHLIM TOKOM

LllyroorGoitHUKH

Bonwmioe Hepe‘{I/ICHCHHBIC METOJBI + I[y6JII/Ip0BaHI/Ie BOJOIIPUEMHUKOB

lyroor6oiinuku + 1y0iarpoBaHKe BOJIOIPUEMHHKOB

OuUnbTpyIOIKE OTOIOBKY + AyOIHUpOBaHNE BOJOIPHEMHUKOB

VmiyecHast IpOMBIBKA, IPOMBIBKA OOPaTHBIM TOKOM +
+ myGmupoBaHUe BOZOIPUEMHUKOB

Cpennee

OO0orpeB CTEepIKHEH PEIIeTOK
Cpennsist P P p

O0borpeB BOIBI Iepe] BOA03a00PHBIM COOPYKEHHEM + TyOIHpOBaHIe
BOJIOTIPHEMHHUKOB

BOI[OB03I[yH_IHI>Ie 3aBECHI + Z[y6III/IpOBaHI/Ie BOJOIIPUEMHUKOB

KOMGI/IHaLII/Iﬂ BbILICTIEPEYUCIICHHBIX METOI0B + I[y6JTI/IpOBaHI/Ie
BOJOITPUEMHUKOB

bonpmoe

IyrooTOOHHUKH + 000TPEB CTEP)KHEN PEIIETOK

[IyrooT6oitHuku + 060rpeB BOIBI epe]] BOJ03a00PHBIM

Cpennee
COOpPYXKEHUEM

Bonbmmas

BomoBozayriHbie 3aBeckl + 000rpeB

bonbioe Bononpuemnslit koI

¢unpTpyrone U cetdarsie prido3arpaaurenn. OHu
MOTYT IOTIOTHUTEIHFHO OCHAIIATHCS PHIOOOTBOIOM.
K ruapaBnudeckuM yCTpOMCTBaM OTHOCST 3allaHH,
KO3BIPBKH, pbI003arpauTeIi 30HTHIHOTO U JKATFO3UIi-
HOTO TUTOB. OHU3NOIOTHYECKUE pPbI003arpauTeNbHbIC
YCTpPOWICTBA OCHOBAHBI Ha 33/ICHCTBOBAHUU KaKHX-TTHOO
pazapakuTesiell — BO3IEHCTBUU HA CIIyX, 3pEHUE, OCs-
3aHue peIOBL. K TaKuM yCTpOWCTBAM OTHOCST JICKTPH-
YeCKHe, CBETOBEIC, 3BYKOBBIE PHIOO3arpaguTen. Yue-
Hele [11, 12] cxoasiTcsi BO MHEHHH, YTO COBPEMEHHBIE
TEH/ICHITIH 3aIIUTHI PBIOBI OT NOTIAaHUs B BO03a00p-

| 1
_A,
: | 2
A 5

HOE COOpY>KEHHE TPENoIararoT KOMITJIEKC, COCTOSIITHNA
13 [IBYX, a HHOTZIA U BCEX TPEX TUIIOB COOPYKECHUM.

Ha puc. 10 npeacrasneHo 3anareHroBanHoe [13]
YCTPOICTBO IS 3aIIUTHI PHIOHON MOJIOH OT IOTajaa-
HUS B BOZ03a00pHOE COOpYyKEeHUE. YCTPOHCTBO Mpea-
MoJaraeT HaJlu4dKe 3KpaHa /, COCTOSIIETO U3 ChbEMHBIX
¢dunpTpyrommx Kaccet 2. Pa3Mep sueiikn ceTyaToro
MOJIOTHA JOJDKEH cocTaBisATh HE MeHee 1 MM. Ilepen
PBIOO3ANMUTHRIM SKpPAaHOM MOMEpPeK peKH (KaHaia)
yCcTpoeHsl nepdopupoBaHHbie TPYOBI J, IO KOTOPHIM
MoJIaeTCs 030HOBO3IYIIHASl CMECh C KOHIIEHTpamnuen
o3ona 0,001 Mr/n. ABTOpHI H300pETEHUS COOOIIAOT,

A-A

__7L._.._

5

A

Puc. 10. YcTpo#cTBO A7 3aIIMTH MOJIOIH PHIO OT TOMaJaHus B Boo3abopHOe coopyskeHue [ 13]: / — prIO03aIIUTHBIN SKpaH;
2 — GuIBTpyOIINe KacceThl; 3 — MCTOYHUK CKATOTO BO3/IyXa; 4 — IeHepaTop 030Ha; 5 — mep(oprupoBaHHBIE BO3LYyXOBOIBI
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YTO YCTPOHCTBO CIIOCOOCTBYET HE TOJBKO d(PPEKTHB-
HOH pBIOO3aIINTE, HO U TOIJAEPKAHUIO CTAOMIBHOTO
9KOJIOTHYECKOTO COCTOSHHUS BOJHOTO 00BEKTa, 00e-
criedynBas oOe33apakuparomuii d¢pdext. Ixcmepu-
MEHTAJIBHO JIOKa3aHO, 4TO 110/1a4d 030HOBO3TYITHON
CMECH C yKa3aHHOH KOHILEHTpaIuel ryOouTenpHa s
MHKPOOOB, BUPYCOB, Mapa3nToB psid. Hanbormee neneco-
00pa3Ho (QYHKIIMOHNPOBAHKE PHIOO3AIUTHOTO YCTPOI-
CTBa B TCIUIBIN TICPUOJ TO1a (BECHOM, JICTOM).

VYuenbivmu BonrI' TV [14] pazpaboTraHo peroo3ariur-
HOE ycTpoiicTBo (puc. 11), criocoOHOe MpeaoTBpaIaTh
roraianue B Boj103a00p PHIOHON MOJIOZH C pa3MepoM
Tenma MeHee 15 mm. KoHCTpyKIus BKITIOYAaeT CTAIbHON
Kapkac /, OOTSHYTHI MEJKOSIECHCTOH ceTKoi 3. BHyTpH
KapKaca pacroJyiaraercsi CTpyereHeparop, IpeacTaBIIsio-
it coboi Bpamarontytocs pamy 2. O0pasyrommecs Ipu
BpAIICHUH paMbl ITOTOKH BOJIbI HE MO3BOJISIIOT MaJIbKaM
PBIOBI TPUOIIKATECS K Boo3zabopy. Crpyereneparop Bpa-
I1aeTcs Ha MOANIUITHUKAX J, 6, CKOPOCTb BPAIICHUSI MO/
JISKUT PETYJIMPOBKE MEXaHU3MOM 7. JlnamMeTp oTBepCTUs
B BEPXHEH YacTH phI003AlIUTHOIO YCTPOUCTBA JOJDKEH
PaBHSATHCS HAPY)KHOMY JIHAMETpPY BCACBIBAIOILIETO TPYOO-
IIPOBOJIa HACOCHOM CTaHIIMU.

B Tpyze [15] mpuBoanuTcs omucaHme BOAOIPH-
€MHOTO OTOJIOBKa (puc. 12), 06ecreunBaromero BhI-
COKYI0 OapbhepHYIO (PYHKIIHIO ITO OTHOUICHHIO K PHIOE.
Co3parenyu MOJNE3HON MOJIENN PEKOMEHAYIOT €€ MpH-
MEHEHHE B PbI00X03sICTBEHHBIX BOJI0TOKaX. Bononpu-
EMHBIH OTOJIOBOK COJICPXKHT PHIOO3AIINTHYIO PEIIETKY,
CMOHTHPOBAHHYIO Ha LITAHTE MOABEMHOTO MEXaHNU3Ma.

Puc. 12. BomonpuemHslit oronoBok [15]: / — pama ¢ moas-
E€MHBIM MEXaHU3MOM; 2 — Bo0o3abopHas Tpyda; 3 — pemer-
Ka; 4 — OTBEPCTHSL; 5 — KOJIBI0; 6 — MIAPHKH; 7 — BEPXHSSA
KpBIIIKa; § — IJIMTA Or0JIOBKa; 9 — IITaHTa C BHHTOBOH Ha-
peskoii; 10 — y3en kperuieHust; /] — raiika; /2 — KoJeco
BpamieHus; /3 — 0eperoBoil MOCTHK

66

Ppi0o3aiuTHas penieTka BhIIOJHEHA U3 CTPYH C HaHU-
3aHHBIMU Ha Hee apukamu. [lox Bo3nelcTBreM ruapo-
JUHAMHUYECKUX HArpy30K CTPYHbI BUOPUPYIOT U OTITY-
ruBatot peiOy. [llapuku B cBOrO o4epesib CiocOOCTBYIOT
HE3aCOopSIEMOCTH PELIETKH, MOCKOJIbKY UX TOIABUK-
HOCTB IT03BOJISIET MYyCOPY MPOXOIAUTH BHYTPb OrOJIOBKA.

OnucaHHbIe BbIILIE HOBbIE KOHCTPYKLUHU PbIOO-
3aIUTHBIX COOPY)KEHHUH A1 BOI03a00POB UMEIOT 00-
IIYI0 0COOEHHOCTh: UX KOHCTPYKLHUSI OJIHOBPEMEHHO
BKJIIOUaeT (pU3MUYECKYIO MPerpajy [uis prIOHON MOJIO-
JIM U CPEICTBO, OTIyTHBalolIee ee (BO3/eiCTRyIoIIee
Ha OpTaHbl YyBCTB).

Boubiioe 3HaYeHUE 1Sl X0351HICTBEHHO-TTUTHEBOTO
U TIPOU3BOJICTBEHHOT'O BOJOCHAOKEHNS, a TAK)KE MEJIH-
opalyu UMEIOT MoJ3eMHbIe BOJbI. [0/13eMHBIE BOJIbI
BBHUAY OOJbIIEH CBOEH 3aIUIIEHHOCTH OT aHTPOIIO-
TEHHOTO BO3CHCTBUA (110 CPABHEHHIO C MIOBEPXHOCT-
HBIMH BOJIAMH) XapaKTePH3YIOTCsl JOCTATOYHO BHICOKH-
MU (B TOM YHCJIE€ CTAOMIIBHBIMHU) OPTaHOJIEITHYECKIMHU
nokaszaressiMu. st ux 3abopa HCHOJIB3YIOT Pas3iiny-
HbI€ BO/103a00pHbBIE YCTPOUCTBA: CKBAXKHUHBI, TOPH30H-
TaJbHBIC U JIyueBble BOJ03a00PHI, IAXTHBIE KOJOJLIBI
u kantaxu. [loxanyi, HanOonpliel npodieMoit nmpu
9KCIUTyaTalluy BO03a00pOB MOA3EMHBIX BOJ ABISIETCS
KOJIbMATaX JAPEHAKHBIX YCTPOUCTB M 3a(hUIBTPOBBIX
oOacteil BOMOHOCHBIX 1mopoa. Oco0yro 0CcTpPOTy Mmpo-
6rema KopMaTaxa UMeeT IpHU 3a00pe BOJBI U3 Mecya-
HBIX BOJIOHOCHBIX TOpH30HTOB. Kpome Toro, Hepocrar-
KOM BO/J103200pOB BBICOKO 3aJIETAIOIINX ITOI3EMHBIX BOJI
CITY>KUT UX HEOOJIBIION ICOUT.

VYuenbimu [16] npeaioxkeHa KOHCTPYKIIUS KOMOU-
HUPOBAHHOTO TOPU3OHTAIBHOTO Bojmo3abopa (puc. 13).
BonocGopHas ranepest BBIIOJIHIETCS B BHJE JIOTKA,
MEPEKPHITOro MeTajlmnueckoil cetkoit. IToBepx cerku
YKJIaJIbIBAIOTCS TA0OMOHHBIE TIOQsIKU. OTIMYUTEIbHAS
0COOCHHOCTh M300pPETEHUST — JOTOJHUTEIBHOE OC-
HallleHHe BOAOCOOPHBIX rajepeil kaHajlaMH, YKJIabl-
BaeMbIMH NEpHEHIUKYISIPHO. KaHalbl 1peicTaBisor
c000ii raOMOHHBIC TIO(SIKH, YKIaJIbIBACMbIC HA BOJO-
HenpoHHULaeMble OCHOBaHUsI. OHM CIIOCOOCTBYIOT yBe-
JIMYEHUIO TUIOIIA/M BOJAOIPUEMHON MOBEPXHOCTH H,

Puc. 13. ['opu3oHTaIBHBIN MOA3EMHBII BOI03a00p KOMOU-
HUPOBAHHOW KOHCTPYKIHH [16]: /| — OTKPBITHIH JTOTOK;
2 — MeTaJI4yecKas penierka; 3 — rabuoHHbIe TIOQIKH; 4 —
rulkue TIOQIKH; 5 — raOnOHHBIE TIOMSKU TOTTOTHUTEBHBIX
BOJIOCOOPHBIX KaHAJIOB; 6 — KaHaJbl; / — BOJOCOOPHBII KO-
nozet; § — Bom03a00pHBINA TPYOOIIPOBOM; 9 — TITUHHUCTHINA
TPyHT
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KakK pe3yJbTaT, MOBBIIIECHUIO Ae0uTa BO103a00pHOTO
coopyxeHus. Bomo3zabop moaxoauT Juis BOXOHOCHBIX
TOPU30HTOB ITyOuHO# 710 10 M.

[IpencraBisier HHTEpPEC KOHCTPYKIHS IMOAPYC-
J0BOro (GuIbTpyroiiero Bojxosabopa [17] (puc. 14),
MIO3BOJISIOIIETO OCYLIECTBIATh OMHOBPEMEHHO 3a00p
BOJIbI U3 PYCJIa PEKH U TPUHUMATH ITOJIPYCIIOBBIC BOJBL.
Bopmocbopnas ranepesi ycrpanBaercsl BAOJNb pyciia
pexn. OHa nepeKphIBaeTCs IBYMs piJaMyu raGMOHHBIX
KOHCTPYKLHMH (IIPOJOJIIBHBIMU U TONepedHbiMu). Hop-
MaJIbHO K BOAOCOOPHOM Tajepee YKJIaAbIBAIOTCS J10-
TMMOJTHUTECIbHBIC BOAONIPUEMHUKHU, TPCIHAZHAYCHHBIC
JUIS TpUEeMa MOIPYCIIOBBIX BOA. ABTOPBI PEKOMEHYIOT
K YCTPOWCTBY ONMCAHHOE BOA03a00PHOE COOPY)KCHHE
JJId IpOMEP3aroIuX UCTOYHUKOB, ITOCKOJIBKY OHO ITO-
3BOJISIET 00eCIeYynBaTh MOCTOSHHBIH NPUEM BOJBI
3a cueT cOopa MOAPYCIOBBIX BO.

B pabore [18] mpemaractcst KOHCTPYKIUS KOJIOJ-
Ha-CKBaXXUWHBI, ITO3BOJIAIOUICTO COKpPAaTUTh CTOUMOCTD
yCTpoiicTBa Bom03a0bopa rpyHTOBBIX Boa. CoopykeHHe
coderaer B ceOe MPHU3HAKM MIAXTHOTO KOJOJIA U CKBa-
uHbl (puc. 15). Bonozabop Bkitouaer cieayromiue
3JIEMEHTHI: CTBOJ-IIAXTy /, MpeJHa3HAYCHHYIO IS
HAKOIUICHHS BOJBI, OJHMMAIOIIECHCS 3 BOJOHOCHOTO
TOPH30HTA, a TaKKe MPOX0Ja BOIOMOIBEMHBIX COOPY-
JKEHUIl WK pa3MelleHnsl Hacoca; epphOopHUpPOBAHHYIO

Puc. 14. Toapyciooii GUIBTpUPYIOIIKIT BO103a00p KOMOU-
HHUPOBAaHHOI KoHCTpyKuuu [17]: / — BomocOopHas raiepes;
2 — MeTa/uIn4ecKas perieTka; 3 — rudkue Tiohsak; 4, 5 —
rabMOHHBIC TIOQSKK; 6 — HANpPaBJISIOUIMN OPOT; 7 — BO-
JIOTIpUeMHHK; 8 — mnepdopupoBanHble TPYyOBl; 9 — pebpa
JKECTKOCTH; [ — YKJIOH
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Puc. 15. Konoxen-ckBaxuna [ 18]

MOJIMATHIICHOBYIO TPYOy 2, SIBISIFOILYIOCS BOJOIPUEM-
HBIM 2JIEMEHTOM; OTCTOWHHUK-3arIyliKy 3, B KOTOPOM
HaKaIIMBAIOTCS YaCTHIbI I'PYHTa, MPOCKAKNBAIOIIHNE
gyepes3 ApeHaxHY0 00chIKy 4 (puc. 15). TexHuko-3xo-
HOMHUYECKHUH 3(PPEKT COOpPYKEHUSI COCTOUT B COKpa-
MIEHUH MaTepHaIOeMKOCTH B0J103a00pa, 4YT0 0COOCHHO
LIEHHO IPY A0O0BIYE BOJBI U3 TITYOOKO 3aJIEralonX BO-
JIOHOCHBIX TOPH30HTOB.

B my6mukaruu [19] npemraraiores K UCIOTB30-
BaHUIO CHHMPAJIBbHO-HABUTHIC (DPUIIBTPYIOLINE JJIEMEHTHI
(puc. 16). 3asBieHa X JOCTATOYHO IKPOKas cdepa
NPUMEHEHHS: B KauyecTBE (HUIBTPOB BEPTHUKAIBHBIX
Y TOPU30HTAJIBHBIX (B COCTaBE JIyYEBBIX BOJI03a00POB)
CKBaKHH, PEIIETOK Ha BOAOIIPHEMHBIX OKHAX PYyCIIOBBIX
1 OeperoBhIX B0103a00poB. OTIMYUTEILHON 0COOCHHO-
CTBIO (PUIBTPOB CIYXKHUT MPOBOJIOKA TPEYTOIBHOTO Ce-
YEHUs], TPUBAPUBAEMAst K METAIUTMIECKAM CTPHHTEpaM,
SBJIAIOMIAMCS KapKacoM KOHCTpyKIuu. [IponsBoxuTens
¢unsrpos T « TOKO-OUNJIBTP» coobmraer 06 oco-
OOM IHpaBINYECKOM PEXKHUMeE, CIIOCOOCTBYIOIIEM HU3-
KOM KoJbMaTaluy MOPOBOTO MPOCTPAHCTBA HApPSAY
C BO3MOXKHOCTBIO OBICTPOI IPOMBIBKH.

[Ipencrasiser MHTEpEC UCCIEIOBAHHE YYEHBIX
Wpanckoro yHuBepcurera, MpoOBEICHHOE B LIEJSX pe-
IIEHMS TIPOOJIEMBI YCTPAHEHMs! CBUHIIA M3 COCTaBa IO/I-
3€MHOH BOJIBI, TOOBIBAEGMOH TTOCPEACTBOM IIAXTHBIX KO-
noaues. [IpuurHa HaCHIIEHNS! CBUHIIOM TTO/I36MHBIX BOJI
LlentpansHoro MpaHa ux KOHTAKT C BYJKAaHUYECKUMU
nmoponamu. B pabore [20] mpenmaraeTcs MCmoiap30BaTh
KJIMHOITHJIONUT B KadecTBe (ruIbTpa Konozaues. Jokasa-
HO, 4TO 3((HEeKTHBHOCTH MOTIIOIICHHUSI CBUHIIA MOYKET JI0-
crurarb 85 %. KnuHonTHionur, kak mpupoaHbIi COPOSHT,
paccMarpuBajics B paHee U3JaHHbIX Tpynax [21, 22].

Bono3abopHble CKBa)KMHBI, SKCIUTyaTalHsi KOTO-
PBIX 10 KaKMM-JTHO0 NPUYNHAM IIPEKPAIaeTCs, IPUHSITO
TaMIIOHMPOBaTh. BMecTe ¢ TeM, CorTacHO MpOBEICHHBIM
uccienoBanusM [23], 3aTaMIOHUPOBAHHAST CKBAXHHA
HAHOCHT YPOH OKPYXXAIOIIEH cpesie M CO3aeT MPeIo-
CBUIKH JUIs1 HEBO3MOXKHOCTH HCIIONB30BAHMS TEPPUTOPHI
IS 3a00pa moa3eMHON Bojbl. [Ipobiema TaMImoHupo-
BaHHBIX CKBa)XMH COCTOUT B cliefytomiem. Yaiie Bcero
M3 JKCILTyaTalluu BBIBOOATCSA CKBaXWHBI, TPYHTOBOC
MPOCTPAHCTBO BOKPYT KOTOPBIX 3aKOJIbMAaTHPOBAHO,
0 TIPUYMHE Yero MpeJesibHO CHIKAETCsl JeOUT BOJIO-
3abopa. [TockonbKy perenepanust 3aKoJIbMaTHPOBaHHBIX
30H TpeOyeT NMpPUBJICUECHUS 3HAYUTEIBHBIX JCHEKHBIX
CPEJICTB, K COXAJICHUIO, IPEKPAIICHUE HCTIOJIb30BAHNS

Puc. 16. ['padpnueckoe n300pakeHNE MOTOKA B CIIUPATBHO-
HaBUTHIX (QHUIBTPYIOMIHX dMIeMeHTax [19]
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3aKOJIbMaTUPOBAHHBIX CKBAXKUH ABJIACTCA IMOBCEMECTHOM
npakTuKoil. [Ipu 3ToM 00macTe 3aKOTBLMATHPOBAHHON
OKOJIOCKBXMHHOM cpejibl, peBblatonieit Ha 500 mm
JIMaMETP CKBaXXMHbI, — 3TO 30HA CKOIUIEHUSI HEPACTBO-
PUMBIX COEIMHEHUH, TSHKEIBIX METAIUI0B. CKOMUBILIKECS
0CaJIKH CIIOCOOCTBYIOT U3MEHEHUIO COCTaBa MOJ3EMHBIX
BOJI, U3MEHEHHUIO TUIPOAMHAMUYECKUX [1apAMETPOB BO-
JIOHOCHOTO TOPU30HTA U (PU3UKO-MEXaHIUECKIX CBOVCTB
BOJIOHOCHBIX TPYHTOB. AHAJOTHIHYIO TIPOOIIeMy TIpe-
CTaBJISIFOT U OCTOHHBIC CTOWKH, 00pa3yroluecs B pe-
3yJbTaTe TAMIIOHAYKa CKBAKUH [IEMEHTHBIM PAaCTBOPOM.
Peuienne onucaHHOW HEraTMBHOM MPAaKTUKU UCCIIEA0-
BaTeJIM BUJAT B YBEJIMUEHNUHN CPOKA IKCIUTyaTalluy CKBa-
5KUH, YTO JJOJKHO JOCTUTaThCsl IIAHOBBIMU pereHepaly-
SIMM OKOJIOCKBa)KMHHBIX 30H, TPOBOJUMBIMU Ha OCHOBE
HAaWJTyUIIUX TOCTYIHBIX TEXHOJIOTHH.

3AKJTIOYEHHUE U OBCYXJIEHHUE

O0630p Hay4YHBIX MyOIUKAIUI 3a TTOCTEIHUE Jie-
CATB JIET MOKAa3al, YTO TEHJICHIUS Pa3BUTHUS MHXKE-
HEPHBIX PEIICHUH B 00JIACTH COOPYKEHHH T 3a00pa
MOBEPXHOCTHBIX BOJ HAalpaBiieHa HA CO3JAaHHUE KOH-
CTPYKIMI B0/103200POB, CIIOCOOCTBYIOINX CHHUXKE-
HUIO KOHIEHTpPAIMH B3BEHICHHBIX BEHIECTB, Mycopa
B 3a0MpaeMoil BoJe, MOBBIIIEHNUIO HAJIEKHOCTH pa-
60THI B CYpOBBIX KIUMaTHUecKux ycinoBusx Cesepa.
HHTepec y4eHBIX TakKe MPOSIBIEH K COBEPIIEHCTBO-
BAaHHIO PHIOO3AIMUTHBIX COOPYXKEHHUH, MOBBIIIECHUIO
ux OapbepHO# (yHKIIMU. YTO KacaeTcs Bomo3abopoB
MOJI36MHBIX BOJ|, TO 3[1€Ch MOKHO OTMETUTH HOBBIE
KOHCTPYKTHBHBIE PELICHNUs, 00eCIIeYBAIOIINE TTOBbI-
HieHue nedura.
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OB ABTOPE: HOmus Aﬂekcannponﬂa PouibueBa — KaHuaaT TEXHUYECKUX HayK, [IPEroaBaTeiib Ka(be[[p]:l BOJIO-

cHaO)keHMs U BolooTBeAeH!s; HaumoHaabHbli HcciienoBaTebeckuii MoCKOBCKHUI rocy1apcTBeHHbIN CTPOUTE/Ib-
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57214228101, ORCID: 0000-0002-1315-6907; yuliya.ryltseva@mail.ru.

INTRODUCTION

Water intake structures are the first link in the com-
plex chain of the water supply system, therefore, ensuring
high reliability of their operation cannot be questioned.
The efficiency and cost-effectiveness of the water treat-
ment process, the ecological condition of the water source
and the prospects for its future use as such depend dir-
ectly on the correct choice of the location of the intake,
its design and equipment. Water intake facilities also
have a significant impact on the inhabitants of the water
body — its flora and fauna. The reliability of water intake
structures functioning is especially acute in the conditions
of the North and mountain rivers. Taking into account
the unrelenting anthropogenic impact on surface and
ground waters, water intake structures are currently subject
to requirements to increase their barrier role with regard
to natural water impurities. The objectives of food secur-
ity of the state (in terms of providing the population with
fish and fish products) indicate the relevance of equipping
water intakes with effective means of fish protection.

Significant contribution to creation of scientific lit-
erature devoted to surface and ground water intakes was
made by S.K. Abramov, N.N. Bindeman, V.S. Alek-
seev, K.S. Bogolyubov, M.G. Zhurba, J.M. Gov-
orova, N.N. Lapshin, M.P. Semenov, N.A. Plotnikov,
Y.I. Vdovin, I.A. Lushkin, A.F. Poryadin. These sci-

entists prepared the most remarkable textbooks and
manuals, which formed the basis for academic training
of specialists in the field of water supply until the early
2000s. The study of educational literature published for
the last 1015 years has shown that in terms of design
features of water intake structures the authors mainly
describe stereotypical designs of water intake devices,
which have proved themselves by many years of prac-
tice. At the same time, the progressive movement of sci-
ence entails the creation of innovations in all spheres
of engineering and technology, which should not be left
without attention. The author of this paper set a task
consisting in reviewing the scientific and technical
achievements in the field of water intake structures
from various sources accumulated over the last decade.

MATERIALS AND METHODS

In order to collect information on modern scientif-
ic and technical developments in the field of water in-
take structures, scientific works of Russian and foreign
scientists for the last 10 years were studied. Reflection
of current trends, experience in design and construction
of water intake facilities can contribute to moderniza-
tion of existing facilities in order to improve their per-
formance, reliability of operation, and to solve some
issues of design of new water intakes.
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Fig. 1. Mountain water intake scheme: a — layout; » — longitudinal section [3]; / — upstream water; 2 — rolling-drum gate;
3 — slotted opening; 4 — intake gallery; 5 — segmented sheet; 6 — gravel traps; 7 — discharge channel; § — downstream water

RESEARCH RESULTS

Water intake from mountain rivers is associat-
ed with such difficulties: a large amount of suspended
and bottom sediments, uneven flow, bank and channel
erosion, which is caused by high water velocity [1, 2].
In order to improve the reliability of water intake struc-
tures from such water sources, scientists have proposed
the following innovative designs of water intake devices.

The paper [3] reports the invention of a new design
of water intake from mountain rivers (Fig. 1). The distinct-
ive element of the intake structure is a roller gate located
perpendicularly to the river bed. The surface of the pen-
stock has culvert slits that allow it to receive water from
the surface layers of the water flow, which contains a low
concentration of bottom and suspended sediment. The roll
gate forms an upper and lower embankment, with the up-
per embankment depositing all coarse impurities carried
by the water flow. The penstock can be lifted for periodic
cleaning of sediment and silt from the hydrosystem.

The water intake unit proposed by scientists [4]
and developed for mountain rivers is of interest. Fig. 2
shows the layout scheme of the structure, which in-
cludes four dams, a flushing chamber, a settling tank
and a sluice-regulator. The purpose of these elements
is as follows. The blind dam overlaps the river channel
to form the upper and lower embankment, the spillway
and panel dams are designed to allow water to pass
into the intake dam. The bottom-slatted intake dam
is the main element of the structure: part of the water
flow enters the intake and is discharged into the flush-
ing chamber, while the other part transits downstream.
The flushing chamber reduces the flow velocity and
diverts it to the sedimentation tank. The sedimentation
tank facilitates efficient sedimentation of suspended
sediment and sediment load.

The intake dam (Fig. 3) is equipped with a lattice
slab, which ensures the inlet of a given water flow rate.
In [4] the hydraulic calculation of the described inlet
weir is also presented.

In [5] an improved design of water intake from
a mountain river for the purposes of drip irrigation is
proposed. Scientists set the task to improve the tech-
nical and economic performance of water intake struc-
tures in order to ensure an acceptable degree of water
purification from mechanical impurities. The design
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of the water intake structure (Fig. 4) involves equipping
the water intake with filter panels, which are a surface
of several cassettes. The presented water intake struc-
ture has the following advantages: water intake is car-
ried out from the surface layers of the stream (charac-
terized by a low content of suspended solids); ensuring

W
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Fig. 2. Water intake hydrosystem scheme [4]: / — blind dam;
2 — spillway dam; 3 — gate dam; 4 — water intake dam;
5 — flushing chamber; 6 — sump; 7 — gateway regulator;
8 — upstream water of hydrosystem; 9 — downstream water
of hydrosystem
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Water intake dam

Fig. 3. Water intake dam scheme [4]
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the transit of floating sod downstream of the water in
the channel; retention of bottom sediments on the sur-
face of filtering cassettes. The authors of the invention
propose the possibility of placing filter cassettes not
only parallel to the water mirror (Fig. 4), but also in
the side walls of the canal (Fig. 5). At the same time,
it is emphasized that the filter cassettes (depending
on the elevation of the location) can provide water in-
take from different depths of the canal.

Patent [6] was obtained for the invention “Water
intake treatment plant” (Fig. 6). The structure can be
used for water intake from springs with a large amount
of suspended sediment. The water intake structure, which
is designed to be placed in supply canals, is divided into
two parts — intake / and clean water chamber 2. Water
purification is ensured by sedimentation grids 9, /0 and
sedimentation in chamber /. Collector // is provided for
periodic washing of the receiving chamber.

Scientists of the Russian Research Institute of Land
Reclamation Problems [7] proposed a design of a wa-
ter intake structure from a surface source for land rec-
lamation purposes. The design of the structure (Fig. 7)
provides detention of suspended solids from water
composition, which is ensured by a sedimentation grid
and a filter panel located behind it. The filtering panel is
a cassette made of coarse-mesh mesh, filled with filter-
ing elements — poroelastic or rubber balls with a di-
ameter of 10-30 mm. It is noted that the balls do not
fill the entire internal space of the cassette. The authors
of the invention emphasize the advantages of the design,
consisting in simple and effective cleaning of the cas-
settes from colmatant: for cleaning the cassette is taken
out of water by a tap, turned vertically by 180°, due to
which the balls come into intensive movement (accom-
panied by friction against each other) and are freed from
accumulated contaminants.

According to the developers, the water intake and
treatment facility [8] promotes water purification from
floating debris, increases the throughput capacity and
simplifies the operating conditions (Fig. 8). The structure
is a semicircular well divided into sections by perforated
walls. The sections are designed to accommodate baskets
made of geosynthetic materials and filled with polysty-
rene foam. The baskets are equipped with hinges for lift-
ing them in order to replace the load in case of clogging.

Thus, operation of the described designs of water in-
take structures for water sources characterized by high val-
ues of suspended solids is based on creation of conditions
for such water purification processes as sedimentation and
filtration. Synthetic materials such as polyester foam, syn-
thetic rubber, poroelast are used as a filtering medium.

Water intake from surface water sources in
the North is particularly difficult due to the high probabil-
ity of water intakes being destroyed by ice fields and ice
exaggerations. When designing a water intake structure
for such areas, it is necessary to take into account the pe-
culiarities of natural factors, in particular, permafrost and
hydrological conditions of the water source.

In [9] the design of a channel water intake devel-
oped for placement in the water area of the Gulf of Ob
is described. The distinctive feature of the structure
(Fig. 9) is the protective reinforced concrete fasten-
ings of the water intake head and water conduits. Two
rows of pile foundations consisting of bored piles and
footings are proposed around the water intakes. For

Fig. 4. Scheme of a water intake structure from a mountain
watercourse [5]: / — water collector of intake structure; 2 —
tubular drains; 3 — water intake basin of irrigation system;
4 — catch gallery; 5 — filter panels of water intake; 6 —
abutments

Fig. 5. General view of water intake from the channel for
supplying pretreated water to the drip irrigation system [5]:
1 — irrigation channel; 2 — channel slopes; 3 — water

intake mouth; 4 — water intake; 5 — filter panels; 6 — water
pipeline
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Fig. 6. Water intake treatment facility [6]: / — sludge
chamber; 2 — clean water chamber; 3 — vertical baffle;
4, 5 — water intake sections; 6 — window; 7 — pipe; § —
waste-retaining grid; 9 — axis of rotation; /0 — additional
sedimentation grid; // — wash-water collector; /2 — guide
wall; /3 — discharge header; /4 — trash disposal tray; /5 —
water supply line; 16, 17 — shelves; i — declivity
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Fig. 7. Scheme of water intake structure (longitudinal section)
[7]: 1 — reservoir; 2 — sections of the water intake (pump
station antechambers); 3 — antechamber bottom; 4 — curtain
wall; 5 — waste-retaining grid; 6 — filter panels; 7 —
entrance threshold; § — rigid (rod) ballast of water screen;
9 — screen hoisting mechanism; /0 — gantry crane; // —
suction water ducts; /2 — pumps; /3 — pumping station;
14 — pressure piping; 15 — valves

additional protection of the inlets, lattice frames will
be placed on top of the footings. Water conduits are
enclosed by rectangular cross-sectional piles, 1.35 m
wide and 0.85 m high. Between themselves, the spans
are connected by reinforced concrete tie beams.
The authors claim that the proposed design of pro-
tective structures contributes to reliable protection
of the water intake from ice impacts, but, at the same

time, its cost is more than twice as high as the cost
of construction of a water intake with a pumping sta-
tion of the Ist lift.

Speaking about permafrost zones, one can-
not fail to mention the devices of snowstorm protec-
tion in the zone of water intake facilities location. In
general, ice squelch is a problem not only for water
sources in the North, but also for watercourses and res-
ervoirs in other regions, where water temperature can
drop to 0 °C. Loose ice accumulations at water intake
windows contribute to the reduction of their capacity,
and may even completely prevent water from entering
the intake. Table lists the measures to reduce the influ-
ence of noise on the functioning of water intakes of dif-
ferent capacities.

When designing a water intake structure much
attention should be paid to fish protection devices.
According to the data of environmental authorities,
the damage to fisheries from 1 m*/s of water withdrawn
from the source is more than 24 thousand rubles. [10].
Code of Regulations SP 101.13330.2012" specifies
the degree of effectiveness of fish protection devices:
it is necessary to ensure the prevention of ingress into
the water intake structure of fish juveniles with a body
length of 12 mm or more, while ensuring an efficiency

'SP 101.13330.2012. Code of Practice. Retaining walls, ship-
ping locks, fish passage and fish protection structures. URL:
https://docs.cntd.ru/document/1200095534

Fig. 8. Water intake and treatment structure [8]: / — perforated partition; 2 — filter sections; 3 — shore wall; 4 — well; 5 —
lid; 6 — filter panels; 7 — geosynthetic baskets filled with expanded polystyrene
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Fig. 9. Water intake mouth layout with protective reinforced concrete structures [9]
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Measures to combat slush ice at water intakes of various capacities

Capacity of water intake
structure

The amount of slush
ice in the water source

Interventions against slush ice

Small

Medium

Hydrophobic rack coatings

Guide devices

Air-water curtain system

Filter heads

Pulse flushing, reverse current flushing

Anti-slush ice devices

Large

The listed methods + duplication of water intake structures

Anti-slush ice devices + duplication of water intake structures

Filter heads + duplication of water intake structures

Pulse flushing, reverse current flushing + duplication of water intake

Medium

structures

Medium

Heating of rack bars

Water heating before water intake + duplication of water intake

structures

Air-water curtain system + duplication of water intake structures

Large

Combination of the above methods + duplication of water intake

structures

Anti-slush ice devices + rack bars heating

Medium

Anti-slush ice devices + water heating before water intake

Large

Air-water curtain systems + heating

Large

of at least 70 %. At present, three types of fish protection
structures are used: mechanical, hydraulic and physio-
logical (behavioural). Mechanical structures include
filter and mesh fish barriers. They can be additionally
equipped with a fish outlet. Hydraulic devices include
fences, canopies, fish barriers of umbrella and louvre
types. Physiological fish barrier devices are based on in-
volvement of any stimuli — impact on hearing, vision,
touch of fish. Such devices include electric, light, sound
fish barriers. Scientists [11, 12] agree in opinion that
modern tendencies of fish protection from getting into
water intake structure assume a complex consisting
of two, and sometimes all three types of structures.

Fig. 10 shows a patented [13] device for protect-
ing fish juveniles from entering a water intake structure.
The device assumes the presence of a screen 1 consisting
of removable filter cassettes 2. The mesh size of the net
should be at least 1 mm. In front of the fish screen, per-
forated pipes 5 are arranged across the river (canal),
through which an ozone-air mixture with an ozone
concentration of 0.001 mg/l is supplied. The authors
of the invention report that the device contributes not
only to effective fish protection, but also to maintaining
a stable ecological state of a water body, providing a dis-
infecting effect. It is experimentally proved that the sup-
ply of ozone-air mixture with the specified concentration
is destructive for microbes, viruses, parasites of fish. It
is most expedient to operate fish protection device in
the warm period of the year (spring, summer).

Water intake bucket

VolgGTU scientists [14] have developed a fish
protection device (Fig. 11) capable of preventing juven-
ile fish with body size less than 15 mm from entering
the water intake. The design includes a steel frame /
covered with a fine-mesh net 3. Inside the frame, there
is a jet generator, which is a rotating frame 2. The water
streams formed by the rotating frame prevent fish fry
from approaching the water intake. Stream generator
rotates on bearings 5, 6, the speed of rotation is subject
to adjustment mechanism 7. The diameter of the hole
in the upper part of the fish protection device should
be equal to the outer diameter of the suction pipe
of the pumping station.

In [15] there is a description of a water intake head
(Fig. 12), which provides a high barrier function in rela-
tion to fish. The creators of the utility model recommend
its application in fishery watercourses. The water-re-
ceiving head contains a fish-protective grating mounted
on a boom of the lifting mechanism. The fish protection
grid is made of strings with balls strung on it. Under
the influence of hydrodynamic loads, the strings vi-
brate and deter fish. The balls, in their turn, contribute
to the unclogging of the grid, as their mobility allows
debris to pass inside the header.

The above-described new designs of working
protection structures for water intakes have a common
feature: their design simultaneously includes a physical
barrier for fish juveniles and a means of deterring them
(affecting their senses).
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Fig. 10. Device used to prevent juvenile fish from entering water intake structure [13]: / — fish-protection screen; 2 — filter
cassettes; 3 — compressed air source; 4 — ozone generator; 5 — perforated air ducts

Fig. 12. Water intake head [15]: / — frame with lifting mech-
anism; 2 — water intake pipe; 3 — grid; 4 — holes; 5 — ring;
6 — balls; 7 — top cover; § — headliner plate; 9 — rod with
screw thread; /0 — fastening unit; // — nut; /2 — rotation
wheel; /3 — shore bridge

oI e =G =T

Fig. 13. Horizontal underground water intake of combined
construction [16]: / — open flume; 2 — metal grid; 3 — ga-
bion tubes; 4 — flexible tubes; 5 — gabion tubes of additional
water intake channels; 6 — channels; 7 — water intake well;
8§ — water intake pipeline; 9 — clay soil

74

Groundwater is of great importance for domestic
and industrial water supply and land reclamation. Due
to its greater protection from anthropogenic impact
(compared to surface water), groundwater is character-
ized by rather high (including stable) organoleptic par-
ameters. For their intake, various water intake devices
are used: wells, horizontal and beam intakes, shaft wells
and drip pits. Perhaps, the biggest problem at operation
of groundwater intakes is ring matage of drainage de-
vices and behind-filter areas of water-bearing rocks.
The problem of colmatage is particularly acute when
water is withdrawn from sandy aquifers. In addition,
the disadvantage of water intakes of highly buried
groundwater is their low flow rate.

Scientists [16] proposed a design of combined
horizontal water intake (Fig. 13). The water intake gal-
lery is made in the form of a flume covered with a metal
grid. On top of the grid, gabion typhoons are laid.
A distinctive feature of the invention is the addition-
al equipping of the catchment galleries with channels
laid perpendicularly. The channels are gabion mats laid
on watertight bases. They help to increase the water in-
take surface area and, as a result, increase the flow rate
of the water intake structure. The intake is suitable for
aquifers up to 10 metres deep.

The design of the under-channel filtering water in-
take [17] (Fig. 14), which allows simultaneous water
intake from the river bed and receiving under-channel
water, is of interest. The water intake gallery is con-
structed along the river bed. It is covered by two rows
of gabion structures (longitudinal and transverse). Addi-
tional water receivers are laid normal to the catchment
gallery, designed to receive underflow water. The auth-
ors recommend the described water intake structure for
freezing springs, as it allows to provide constant water
intake due to underflow water collection.

In [18] the design of a borehole-well is proposed,
which allows to reduce the cost of groundwater intake.
The structure combines the features of a shaft well and
a borehole (Fig. 15). The water intake includes the fol-
lowing elements: shaft-mine /, designed for accumula-
tion of water rising from the aquifer, as well as the pas-
sage of water-lifting structures or pump placement;



Review of new design solutions for water intake structures

P. 60-76

Fig. 14. Sub-channel filtering water intake of combined con-
struction [17]: / — catchment gallery; 2 — metal grating;
3 — flexible bales; 4, 5 — gabion bales; 6 — guiding sill;
7 — water intake; 8§ — perforated pipes; 9 — stiffening ribs
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Fig. 15. Well-borehole [18]

Fig. 16. Graphic representation of the flow in spiral-wound
filter elements [19]

perforated polyethylene pipe 2, which is a water-receiv-
ing element; sump-shut-off 3, in which soil particles
accumulate, jumping through the drainage cover 4.
The technical and economic effect of the construction
consists in reduction of material intensity of water in-
take, which is especially valuable for water extraction
from deep aquifers.

In the paper [19] spiral, wound filter elements are
proposed for use (Fig. 16). Their wide enough scope of ap-
plication is declared: as filters of vertical and horizontal

(as a part of beam water intakes) wells, as grids on water
intake windows of channel and coastal water intakes.
A distinctive feature of the filters is a triangular cross-sec-
tion wire welded to metal stringers, which are the frame
of the structure. The manufacturer of the filters (MF “TEKO-
FILTER”) informs about the special hydraulic mode,
which promotes low colmatation of the pore space along
with the possibility of fast washing.

A study by scientists at the University of Iran is
of interest in order to solve the problem of lead elim-
ination from the composition of groundwater extracted
through mine wells. The reason for lead saturation
of groundwater in Central Iran is its contact with volcanic
rocks. In [20], it is proposed to use clinoptilolite as a well
filter. It is proved that the efficiency of lead absorption
can reach 85 %. Clinoptilolite as a natural sorbent was
considered in previously published works [21, 22].

It is customary to plug water wells that are no longer
in operation for any reason. However, according to studies
[23], a tamped well damages the environment and creates
preconditions for the impossibility of using the area for
groundwater abstraction. The problem of plugged wells
is as follows. Most often, wells are decommissioned if
the ground space around them is obstructed, which reduces
the flow rate of the water intake to the limit. As regenera-
tion of obstructed zones requires attraction of considerable
money, unfortunately, termination of use of obstructed
wells is a widespread practice. At the same time, the arca
of obstructed near-well medium, exceeding by 500 mm
the well diameter, is a zone of accumulation of insol-
uble compounds, heavy metals. The accumulated sedi-
ments contribute to the change of groundwater compos-
ition, change of hydrodynamic parameters of aquifer and
physical and mechanical properties of water-bearing soils.
Concrete struts formed as a result of cement slurry plug-
ging of wells pose a similar problem. The researchers see
the solution to this negative practice as increasing the life
of wells, which should be achieved by planned regenera-
tion of well zones based on the best available technologies.

CONCLUSION AND DISCUSSION

The review of scientific publications for the last ten
years has shown that the tendency of development of en-
gineering solutions in the field of surface water intake
structures is aimed at creation of water intake structures,
contributing to reduction of suspended solids concen-
tration, debris in the intake water, increasing reliability
of operation in severe climatic conditions of the North.
Scientists are also interested in improving fish protec-
tion structures, increasing their barrier function. As for
groundwater intakes, it is possible to note new construct-
ive solutions providing increase of flow rate.
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AHHOTALUMUA

BBepenue. [Ins rpagoperynmpoBaHns B CITOXUBLLUXCS YCMOBUSAX Ha COBPEMEHHOM 3Tane MHOPMaLOHHO-KOMMYHUKa-
LIMOHHBIX TEXHOSMOMWI B LENsiX AOCTUXEHWS YCTONYMBOTO Pa3BUTUS TEPPUTOPUIA, B TOM YWCIE CHWXEHWS HeraTUBHbIX Mo-
CMEeACTBUIA OT NPUPOAHBIX N TEXHOTEHHbIX BeACTBUN, akTyanbHLIMU SBSIOTCA BONPOCHI CUCTEMHOTO COBEPLLEHCTBOBAHUSA
Ka4ecTBa npodeccroHanbHOro o6pas3oBaHust U pasBUTUSA KBanudurKaLni BCeX Y4aCTHUKOB rpafoCTPOUTENbHOW AedTenb-
HocTu. MpeacTaBneHbl NpeanoXeHns No hOPMUPOBAHUIO HAYYHbIX OCHOB CO3[@HWNS CUCTEMbI NOAAEPXKKU MPUHATUS rpa-
[OCTPOUTENbBHbBIX PELLEeHNIA C aKLeHTOM Ha obpa3oBaTenbHoe HanpaBneHvie NoAroToBKM KafapoB Mo HanpaeneHuto «pago-
CTPOUTENBLCTBOY.

MaTepuanbi n metoAbl. [TpoBeaeHbl CPaBHUTENBHO-CONOCTABUTENbHBIV aHanNM3 HOPMAaTUBHO-NPaBOBONM AOKYMEHTaLuu,
Hay4YHO-MpaKTU4yecknin 063op MHGOPMaLMKN MO TeEME MEXAUCLMNIIMHAPHOTO (apXWUTeKTypa, CTPOUTENbCTBO, COLMOSIONiS,
3KOHOMVKa, 9KOMOrusi, Kynetypa, reomHopmartuka, reokaprorpacdus) rpagocTponTenbHOro HanpasneHus obpasoBaHus,
B TOM Yu1CIie aHanM3 MexayHapoaHoON cucTemMbl 06pa3oBaHus.

Pe3ynbratbl. BbinonHeH aHanma CrnoxmBLLECS K HAacTosLeMy BpeMeHu B Poccuiickoit ®efepauum cutyaumm B obpasosa-
HWK MO HanpaBsneHuto «PagoCTPONTENLCTBOY, MPEANOXEHbI NOAXOAL! MO CUCTEMHOMY COBEPLLEHCTBOBAHWIO HanpaBneHui
«ApxuTtekTypa» n «CTpontenbcTBo» B 06pa3oBaHum Anst hOPMMPOBaHMSA Hay4YHbIX OCHOB CO3[aHUS CUCTEMbI NOAAEPXKKN
NPUHSITUS TPafOCTPONTENBHBIX PELLEHNIA.

BbiBoabl. HayyHas Likona rpagocTpouTenscTBa, B OCHOBE KOTOpoi Mopenb CTPYKTYPHOW OpraHu3auuv KOMMOHEHTOB
1 TUMOB OOBbEKTOB NOCENeHun, 3aJaeT opraHn3aumio CUCTEMHON B3anMOCBSA3M HanpasreHus «pagocTponuTenscTBO» CO
MHOXXECTBOM HamnpaBsfieHunin B 06pa3oBaHum 1 y4nTbIBAET BCe MHOroobpasvie 3agay KOHLEenTyanbHOro NporHo3vpoBaHus,
NNaHNpoBaHUs, MPOEKTUPOBAHNSA Pa3IINYHbIX FPAAOCTPONTENBHBIX TUMOB TEPPUTOPUM (B TOM YKCIle BCEro pa3Hoobpasusi
rpafocTpouTerNbHbIX TpaHcopMaLmMii Ha TeppuTopun), HOPMUPOBaHNS 06 EMHO-NNAaHNPOBOYHBIX PELUeHU 34aHuiA, Co-
OPY>XEHUI 1 NX CO3AAHNS U 3KCMnyaTauum Ha eaUHOV METOA0MNOrMYECKO OCHOBE.

KINMOYEBBIE CJTOBA: rpagocTpontensCcTBO, OCHOBbI NpoLecca rpagoCTpoUTENbHOTO perynupoBanusi, Mogenb n Meto-
[0nornst CTPyKTYpPHOW OpraHn3aunyM KOMMOHEHTOB 1 TUNoB o6bekToB (Moaens), cuctema rpagoctpouTensHoro obpasosa-
HKSA, cucTema noaaep kv NPUHATUS TPafoCTPOUTENBHbBIX peLLeHUi

BnaezodapHocmu. WiccnenoBaHue anpobupoBaHo B paMkax EBpasuiickoro MHHOBaLMOHHOMO chopyma «AKTyarnbHble npo-
6Gnembl 3acTpolikv 1 6e3onacHOCTM KpyMnHbIX ropogoBy (KasaxcTtaH, . Anmatbl, 15—17 uoHst 2022 r. URL: http://gradoresurs.
ru/grado/). ABTOpbI BblpaxatoT 6narogapHocTu: aupektopy VHCTUTYTa apxutekTypbl u cTpouTtensctea uM. T.K. BaceHoBa
Kaszaxckoro HauuoHanbHOro uccregoBaTenbCkoro TexHuveckoro yHusepcuteta M. K.W. Catnaesa (KasHWTY), goktopy
apxutekTypsl, npodeccopy B.Y. Kycnanranuesy; ampektopy LHNWIM MuHcTpos Poccuu, kaHamaaTy SKOHOMUYECKMX Hayk
[.B. Muxeey; uneHy CoBeTa no npodecCcroHanbHbIM KBanupukaumusiMm B CTPOUTENLCTBE, 3KCMEPTY Hay4YHO-TEXHUYECKON
cdepbl MuHoGpHayku Poccun, akcnepTy NPOEeKTHOM AOKYMEHTaLMMN U MHXEHEPHbIX n3blckaHuin MuHcTpos Poccun, kaHan-
faaty TexHuyeckux Hayk P.T. AkbreBy; pektopy HauvoHansHoro nccnegoartensckoro MockoBCKOro rocyaapCTBeHHOro CTpo-
utenbHoro yHueepcuteta (HUY MI'CY), akageMuky Poccuickoi akagemMmmmn apxutekTypbl 1 cTpouTenbHbix Hayk (PAACH),
npodeccopy, OOKTOpY TexHu4Yeckmx Hayk M.A. AKMMOBY, a Takke aHOHVMMHbIM peleH3eHTaM. ViccnegoBaHve BbIMOMHEHO
B pamkax ®PHUP no teme 2.2.3.1 «dopmmnpoBaHne Hay4HbIX OCHOB CO34aHUs CUCTEMbI NOAAEPKKN NPUHSATUSE TPaaoCTPOu-
TenbHbIX PEeLUeHNA».
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ABSTRACT

Introduction. Russia is in the process of establishing a new urban planning regulation using information and communica-
tion technologies to achieve sustainable development of territories. The relevant questions are: 1) improving education;
2) qualifications of all participants in urban development activities. The paper presents proposals for the formation of sci-
entific foundations for the creation of a system to support the adoption of urban planning decisions in terms of personnel
training.

Materials and methods. The comparative analysis of international and Russian regulatory and legal documentation, a sci-
entific and practical review of the system of interdisciplinary urban planning education (architecture, construction, sociology,
economics, ecology, ecology, culture, geoinformatics, geocartography) were carried out.

Results. The analysis of the situation in education in the direction of urban development in Russia is carried out. Approaches
to the systematic improvement of education in the areas of “Urban Planning”, “Architecture” and “Construction” are pro-
posed. A model of the structural organization of components and types of settlement objects (briefly Model) is presented.
The Model is the scientific basis for creating a Decision Support System (DSS) for urban planning.

Conclusions. It seems that the scientific school of urban planning should be based on the Model, a methodology of urban
planning regulation using information and communication technologies. Such a scientific school of urban planning will con-
tribute to the interconnection of all participants in urban planning activities. The direction of “Urban planning” in the Model
provides the organization of a systemic relationship of participants in a variety of areas in education. The “model” takes into
account all the variety of tasks of conceptual forecasting, planning, design of various urban types of the territory (all types
of urban transformations in the territory), spatial planning solutions of buildings, structures, processes of creation and opera-
tion of buildings, structures on a single methodological basis.

KEYWORDS: urban planning, basics of the process of urban planning regulation, Model and methodology of the structural
organization of components and types of objects (Model), the system of urban planning education, Decision Support System
(DSS) for urban planning
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BBEJAEHUE

ITocne pacnaga CCCP B Poccuiickoit ®@eneparmu
elle He 3aBepIICHO CTAaHOBJIEHHE HOBOTO PETYINPOBAHUS:
1) y4acTHHKOB TpO(pECCHOHANBHOH NesTelbHO-
CTH' B TPajOCTPOUTENbCTBE’ (IPaJOCTPOUTEIH, ap-

'B craree WCMONB30BAHA TCPMHHONOTHS B HMHTEPIPETAINA
10.B. Anekceesa, Bmecte ¢ B.H. benoycosbiM 1 A.I1. Kynpsiuesbim
OCHOBABIIIM HAayYHOE HAIPABICHUE B OTEUYECTBEHHOM IPafOCTPO-
UTEIIBCTBE.

[podeccnonanbras AesITENBHOCT — OPraHU30BAHHBIE U KOOP/IH-
HHUpPYEMbIe OpraHaMH YIpaBICHUs MEPONpPHUATHS INPU IUIAHUPOBA-
HHUH, apXUTEKTYPHO-CTPOUTENIBHOM IIPOEKTUPOBAHUN IIOCETICHUH
peruoHa, odecrieunBarone (popMUPOBAHHE HOBBIX U HW3MEHEHHs
CYIIECTBYIOIIHMX MOCENICHNH B MHTEpecax KaKJI0To YelloBeKa H 00-
IIECTBA, YYACTHUKU KOTOPBIX UMEIOT KBATU(DHUKALMIO TI0 OCHOBHBIM
HAIpPaBICHUSIM B TTPO(ECCHOHATIEHOM 00pasoBaHuu: «IpagocTpou-
TENBCTBOY, «APXUTEKTYpay, «CTPOUTEILCTBON.
I'pamocTponTenbcTBO — CcO3IaHUE MaTepHATIEHO-TIPOCTPAHCTBEH-
HOI cpefbl JKU3HEACSTeIbHOCTH JIIOAEH B IOCENCHUSX pPEerHoHa,
B IIPOIIECCE KOTOPOTO Y4aCTBYIOT MPEICTABUTEIIN BCEX OTpaciei Ha-
POIHOIO XO3sMCTBA.

I'pamocTponTenbHas OesATEIBHOCTh — CHUCTEMA YHPABISIEMBIX II0-
JINTHYECKHX, DKOHOMHYECKHX, (PUHAHCOBBIX, SKOJIOTMYECKUX, COLIH-
AJIBHBIX, IUTAHUPOBOYHBIX, CTPOUTEIIBHBIX, HAyIHO-HCCIICJOBATEb-
CKHX, 00pa30BaTelIbHbIX MEPOIPHSTHIA, 00ECIICYNBAIOIINX CO3IaHUE
MaTepUAIbHO-TIPOCTPAHCTBEHHON CPEJIbl JKU3HENEATEHOCTH JIH0-
JIeil B MOCENIEHUAX PETHOHA Ha OCHOBE KOJUICKTMBHOTO OIIBITA, Ha-
KOILIEHHOTO BO BCEX OTPACIISIX HAPOIHOTO XO3AHCTBA.
I'panocrpouTensHoe peryMpoBaHie — yrpasieHue (GpopMUpoBa-
HHMEM HOBBIX U U3MEHEHUSIMH, TIPEXK/IE BCETO IPOLIECCAMU PA3BUTHS
U pOCTa, TIOCEIEHUH PEeruoHa.

B nanHOl cTarhe aBTOPHI AKIEHTHPYIOT BHUMAHHWE HA MOHATUH
«TpoecCHOHANIbHAS AESTEIEHOCT», KOTOPOE BXOIHUT B COCTAB T10-
HSTUS «TPAZIOCTPOMTENbHAs IEATENbHOCTEY. Ellle Gonee mmpokum
U OOIIMM K TIOHATHIO «TIPAJOCTPOUTENBHAS ACATEILHOCTDY SIBIISI-
ercsl IMOHSATHE «TPAOCTPOMTENIbHbIE OTHOLICHUS», Ui KOTOPBIX
B 'K P® onpenenen kpyr cyobextoB — Poccuiickas denepars,
cyobextbl Poceniickoit denepanun, MyHULMIIAIbHBIE 00pa30BaHus,
(uznuecKre 1 opuarUeckre uia. Ha faHHOM HCTOPHYECKOM dTa-
e B Poccuu Kpyr y4acTHHKOB IPO(ECCHOHAIBHOM NCATEIIBHOCTH
B TPaJOCTPOUTENIBCTBE €Ille HE YCTOSUICS M TpedyeT CHCTEMHOro
COBEPLICHCTBOBAHUS KaueCTBAa MPO(ECCHOHAIBHOTO 00pa3oBaHMs
W Pa3BUTHS KBATM(HUKAIMIT BCEX YYACTHHKOB IPa/IOCTPOUTEIBHOM
JESITEIIbHOCTH.

B wmupe rpagoctpoutensctBo (anmi. Urban planning, Town
planning, City planning, Regional planning, Rural planning) Bos-
HUKJIO KaK podeccus B nepBble AecsatuaeTis XX B., B OCHOBHOM
KaK CHCTeMa IPUHSTUS PELICHUI Ha BO3HUKIIHNE CaHUTapHBIC, CO-
LMaIbHBIE U HKOHOMUYECKHME YCJIOBUA OBICTPO PAcTyLIMX Hpo-
MBIIIUICHHBIX TOPoz0B. [IepBOHAYANIEHO IUCIUILINHE] APXHTCKTYPbI
U TPAKIAHCKOIO CTPOUTENIHCTBA COCTABIIUIN PO 3aHHTEPECOBAH-
HBIX IIPO()eCCHOHAJIOB, IIPHBICKACMBIX JUL PEIICHHUS 3TUX IPOOIeM.
B nanbHeiinieM K HUM HPUCOCIMHIIIMCH CIICIMAIMCTB B 00IACTH
CaHUTAPHO-3MIIEMUOIOTTYECKOTO KOHTPOJIL, SKOHOMUCTBI, COLH-
OJIOTH, FOPUCTBI U reorpadbl Ui pelieHus CreupUIecKux 3a1a4
ynpasieHus noceneHusMy. COBPEMEHHbIE METO/Ib! IUTAHHPOBAHHU
IPaJOCTPOUTENBHBIX TpaHC(OpMalHil Ha TEPPUTOPUM BKIIFOYAIOT
00CIIeIOBAHN, AHAJIN3, IPOCKTUPOBAHKE U PEATIN3ALIHIO Pa3pabOToK
Ha OCHOBE CHHTE3a MEKIUCIUIUIMHAPHBIX 3HAHH.

CoBpeMEHHOE IPaJJOCTPOUTEIBCTBO — TEXHUYECKHH M MOIUTHYC-
CKHH MPOILIECC, CBSI3aHHBIN C OarocOCTOSHUEM JIFOZICH, KOHTPOJIEM
3a HCIMONB30BAHUEM 3EMJIHM, IIPOCKTHPOBAHHEM CPEIBl XKU3HEICS-
TEJIHOCTH (BKJII0YAst TPAHCTIOPTHBIE M KOMMYHHUKAIIMOHHbIE CETH),
a TaKoKe 3alllUTy M OXpaHy IpHpoaHbIX pecypcos (What is Urban
Planning? // School of Urban Planning, McGill University. Montréal

XHUTEKTOPBI, CTPOUTEIH, TPENOJaBaTeIn YUpPeKACHUN
pa3IMYHBIX YPOBHEH MpodecCHOHATLHOrO 00pa3oBa-
HUSI, PYKOBOAUTEIH U CHELUAIUCTBI Pa3InuHbIi YPOB-
HEH BIAaCTH, NPUHUMAIOIIME PELISHHs 110 TPaJ0CTPOU-
TEJILHOHM TpaHchopManuy Ha Tepputopun) [1];

(Québec) Canada. URL: https://www.mcgill.ca/urbanplanning/
planning. Tlepeson H.A. CamoiinoBoii). C npumeyaHueMm «rpajio-
CTPOMTENBCTBOY TEPMHH, UCIIONB3yeMBIif B POCCHI 1 OHUMAEMBIi
CIICMATINCTAMH Ha TEPPUTOPHU IIOCTCOBETCKOIO IIPOCTPAHCTBA,
BKJIFOYACT TAKKE TEPMHH Ha aHHiickoM si3bike Urban development,
m060¢e (GU3MYIECKOE PACLIMPEHNE HIIH H3MEHCHHE BHIOB 3eMJICIONb-
30BaHUS B MOCENICHUSX U MPIJICTAIOMINX K HUM TEPPUTOPHUSIX: pa3-
JIeNICHNe Ha 30HBI C PA3jIMYHBIMM PEIIaMEHTAMU HCIIONb30BAHHS;
CTPOMTENICTBO, PEHOBALMIO, PEBUTAIM3ALMIO WM pPereHeparuio
3aHUH, OPOL, NHXKCHEPHBIX CETEH U APYTHX 0OBEKTOB; H3MCHCHHUS
MPUPOHBIX TEPPUTOPHIL; a TAKKE POCT HACEICHHS U CBSI3aHHBIC
C THM SKOHOMMYECKHE, COLMAIBHBIC U MOJIUTHYECKHE U3MEHEHHS
(Casandra M. Solutions to Solving Urban Sprawl / Bizfluent Leaf
Group Ltd. URL: https://bizfluent.com/13657584/ways-to-reduce-
urban-sprawl. [TepeBox H.A. CamoiinoBoit).

Jlnst cBeieHHs IPUBE/IEM HECKOJIBKO (DaKTOB:

1. I'pagocTpouTenbHas HayKa Ha CTHIKE TEXHHUCCKUX M COLATIBHO-
TYMaHHUTApHBIX HayK, mpu 3ToM BAK Poccun npucyxnaer ydeHsle
CTEIIeHU T10 OTPACISIM HAyKH: apXUTEKTypa M TeXHHYECKHE HAyKd
[0 HAy4HOIl CreLHaIbHOCTH «IPaJoCTPOUTENIBCTBO, [UIAHUPOBKA
CEJIBCKUX HACENCHHBIX MyHKTOBY (mmdp 2.1.13.): (IIpuka3s Mumoo-
pHayku Poccun ot 24.02.2021 Ne 118 «O06 yTBep)KaeHUN HOMEHKIIa-
TYpbI Hay4YHBIX CIICLMAIBHOCTEH, 110 KOTOPBIM MPUCYIKIAIOTCS yUe-
HBIE CTereHd. ..» (¢ mM. Ha 30.03.2023)).

2. B mupe ¢ Hauanma XX B. B ypOaHHCTHKE MPOU30ILIO CYIIECTBEH-
HOE pa3jelicHHe Ha TPU HAydHbIe BETBU: SCTETHYECKas (AKIEHT
Ha BHEIIHEH (opMe ropona, Ha BapHaHTAaX €ro KOMIIO3ULMOHHOH
CTPYKTYpBI); TEXHOJIOTHYeCKast (IIpoOJIeMbl TOPOJCKOiT HH(PPACTPyK-
TYPBI, B TOM YHCIIE TPAHCIIOPTHBIE CETH; BOIPOCHI SKOHOMUKHU TOPO-
JIa ¥l YIIPABJICHUS PA3BUTHCM, B TOM YHCIIC ICBEIIONIMCHT); COLIMAIIb-
Hast (IpoGJIeMBbI COLMAIEHOM KH3HH TOPOZia U TOPOXKaH, B TOM YHCIIE
mpaBoBble) (/1azviues B.JI. Tlonutideckas skoHOMUsI ropoma. M. :
Memno, 2009. 192 c.).

3. B Havane 1920-x rr. BO3HMKaeT HOBast OOJNACTb JEATEILHOCTH
IPaIOCTPOUTENBCTBA — TEPPUTOPHANIEHOE IUIAHUPOBAHHE, MU
paiioHHasi TIaHMpoBKa (aHrI. spatial planning, regional planning),
32 HCKJIIOYCHHCM TCHILUIAHOB HACEJICHHBIX ITYHKTOB; B COBETCKOC
BpeMs — 3TO ObUIH pa3padarTbiBacMble CXeMbl PallOHHBIX ILTAHH-
POBOK KpaeB, o0iacTeil ¥ aBTOHOMHBIX PECIyOnuK. 3a pyOexom
TEpBbIil TAKOW TPOEKT IUIAHUPOBKH ObLT pa3paboTaH aHIIMHCKUMU
apxurexkropamu JLI1. AGepkpom6u u T. J[KOHCOHOM JUTS yTOJIBHOTO
paifona B AHIVIUL.

4. B CCCP ¢ 1917 no 1990-¢ rr. B mepuoz OTCyTCTBHSI CBOOOTHOTO
000poTa 3eMEJIBHBIX YYaCTKOB M PHIHKA HEJBIKHMOCTH JICHCTBOBA-
JIa CHCTEMa COIMAIIMCTHYECKOTO TPa0CTPOUTEIIBCTBA KaK TTOHSATHE
HE SKOHOMUYECKOTO COZIEPIKaHMs, & KOHCTPYKIMOHHOTO, YTO COOT-
BETCTBYCT 3alafHOMY MOHATHIO «(PH3HYECKOe PerHOHaIBHOE ILIa-
HHUPOBAHHEY.

5. Kax cucrema 3nanmii B Poccum TpafocTpOUTENBCTBO SIBISIETCS
TMOZIOTPACIIBIO JIBYX OTpaciell HayKH: apXMTEKTypbl U CTPOHMTEIIb-
CTBa — M CJIOKWJIACH B TAKOM BHJIC B IIEPHO]] AKTHBHOIO CTPOUTEIIb-
CTBa HOBBIX rOpooB B 1930-¢ IT. 1 ohuImaibHOro ocyskaeHus ypoa-
HHMCTHKHM (TOYHEE OTIENBHBIX €€ JABYX BETBEH — TEXHOJIOTHYECKOM
1 COLMAIBHOM) U 3aIpeTa Ha COLIUOJIOTHIO.

6. I'oponckoe mnannposanue, nMesiiee mecto B 1930-e rr. B CCCP,
YCTYIIIJIO MJiee TPaJOCTPOUTENBHOIO IPOSKTUPOBAHMS, KOIZia BO-
pochl (POPMUPOBAHKUS TOPOJICKOH MH(PPACTPYKTYpPBI OBUTH TOAYH-
HEHBI BEJIOMCTBEHHOII CHCTEME IOCYJAPCTBEHHOIO ILIAHUPOBAHUS,
a TPEJCTABICHHS O MOTPEOHOCTSIX TOPOKAaH OBUIM BBICTPOCHBI
T10 HOPMATHBHOM MOJIENIM Ha OCHOBE MJICOJIOTMYECKUX YCTAaHOBOK.
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CTNOMTENbCTB!
HayKa v 06pa3oBaH

H.A. Camotnoea, KO.B. Anekceee

2) OT/AENBHBIX CTPYKTYPHBIX O3JIEMEHTOB DBIHKA
Tpy/Aa: NpaBOBbIe akThl (OPM TpyZla M 3aHATOCTH (KX
CYIIHOCTHBIX ITPU3HAKOB), O NMPABOBOI KBaIU(PHUKAIIMN
JIMYHOTO TPY/ia B OTAEIBHBIX CIIOPHBIX CIy4asX ero hc-
noJyib3oBanus [2];

3) mpoheccroHaNBHOTO 00pa30BaHUS 10 HAIIPABIIC-
HUM «I pajiocTpOUTENLCTBO», K APXHTEKTYpa», «CTpo-
UTENBCTBOY» C YYETOM IPO(PECCHOHAIBHBIX CTaH/IapTOB.

B crarbe kaHmmpara OpUAMYECKHX HayK, aJBO-
xata M.A. Jlpauyk [2] B xypHane «TpynoBoe mpaBo
B Poccun u 3a pyGexom» 0003HAUEHO, YTO «TOCYAAp-
CTBO TIpH JIIOOOM MM C(OPMYIUPOBAHHOM THUIIE PHIH-
Ka Tpyna (aAMUHHUCTPATHBHO-TUIAHOBOM, CAMOPETYIIH-
PYEMOM WM MX CMEHIAHHBIX MOJENSX) KaKk MHHUMYM
JIOJDKHO OCYIIECTBIIATH!

* CO3/IaHUE CHCTEMBI 00pa30BaHMUs, KOPPEIUPYIO-
IIeH C CHCTEeMOH PBIHKA TPYIA U 3aHATOCTH;

* popMupoBaHHE, PETYINPOBAHUE H 0OCCIICUCHIEC
(YHKIMOHHUPOBAHUS CHCTEMBI, CTPYKTYpHl U HWH(ppa-
CTPYKTYpHI PBIHKA TPY/A;

* nH(MOPMAIIMOHHOE 0OecIIeueHIe CyObEeKTOB PHIH-
Ka TpyZa» (OT aBTOPOB JaHHOHM CTAaThH YTOYHHM, YTO
JUI YYaCTHUKOB TPOPECCHOHANBHON IeSTeTbHOCTH
ocoboe 3Ha4YCHHWE MMEET TOCyHapCTBeHHas WH(popMa-
[MOHHAS cHCTeMa OOECIeUYeHHsI TPaJO0CTPOUTEIEHON
nestenpbHOCTH Poccmiickoit @eneparmm  (IMCOIL)
¥ Pa3BHBAIONIMICA TIOPTal MPOCTPAHCTBCHHBIX [aH-
HBIX P®, B TOM umcne denepanpHas rocynapcTBeHHAS
WH(POPMALMOHHAS CHCTEMa TEPPUTOPHAIBHOTO TIIa-
HupoBaausa Poccuiickoit ®enepanuu (PI'UC TII POD),
B PaMKax CHCTEMBI MOJACPKKH MPUHATHS TPagoCTpPo-
WUTENBHBIX PEIICHUH, B TOM YHCJE C WCIOIh30BaHUEM
«CKBO3HBIX» MU(PPOBBIX TEXHOJIOTHH).

B kax10l 13 ykazaHHBIX TPOEK BaXKHa pOJIb MPO-
(heccroHaNBHOTO 00pa30BaHUs U BBEICHHE HOBBIX 3HA-
HUIl B MCHOJIb30BaHHE BCEMHU CYOBEKTaMH IPa0CTpPO-
UTENBHBIX OTHOIICHWI’, B TOM YHCIC (U3HUCCKUMH
Y IOPUANYECKIMHA JIHIIAMH, SBISIOMIIMHUCS MOTPEOH-
TCIISIMHU FpalIOCTpOI/ITeJ'IBHOﬁ Cpe€abl 1 COydaCTHUKaMHU
10 €€ IPaJOCTPOUTEIHLHON TpaHCHOpMAITHH.

B coorBerctBuu ¢ paeiictByromum [‘panocrpou-
TenbHBIM KoziekcoM Poccuiickoit @enepannn (I'K PO)
IPaJoOCTPOUTENBHAS ACATENFHOCTR, OCyIIeCTBIsICMAast

3 CyObeKTaMn TpPagoCTPOUTENBHBIX OTHOIIEHUH SBISIOTCS
Poccuiickas denepamyst, cydobektsl Poccniickoit @enepanum,
MYHHIUNAIBHBIE 00pa30BaHus, PU3NIECKHE U IOPUANIECKIE
muna (. 1 ct. 5 I'pagoctpoutensroro Konekca Poccuiickoit
®Oenepanuu ot 29.12.2004 Ne 190-D3 (pen. ot 01.09.2023)).

* I'pagocTponTeNbHAsT  IESITEIBHOCTE —  ACSTEIBHOCTH
10 Pa3BUTUIO TEPPUTOPHH, B TOM HYHCIE TOPOIOB M MHBIX
MOCeNIeHNH, OCyIIeCTBIsIeMas B BHIAE TEPPUTOPHAIBLHOTO
TUIAHUPOBAHMS, TPAZOCTPOUTEIBHOTO 30HUPOBAHMS, TIIAHH-
POBKH TEPPUTOPHUH, APXUTEKTypPHO-CTPOHTENBHOTO IPOEK-
THPOBAHUSI, CTPOUTENBCTBA, KAITUTAIFHOTO PEMOHTA, PEKOH-
CTPYKIIMH, CHOCA OOBEKTOB KalMTAIbHOTO CTPOHTENBCTBA,
SKCIULyaTalluu 3J1aHUM, COOPYKEHUH, KOMILJIEKCHOIO pa3BU-

THUS TeppuUTOpuil 1 uX Omaroycrpoiictsa (1. 1 ct. 1 [K P®D).
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B COOTBETCTBHHM CO BCEMHU yCTaHOBIEHHBbIMU B 'K PD
BUJIAMH JIOKYMEHTOB, B TOM YHUCJIE TPAJI0CTPOUTEIbHBI-
MU HOPMAaTHBAMH W TPAIOCTPOUTEIHHBIMH pPeriaMeH-
TaMH, Kak MOCPEICTBOM MOATOTOBKH YCTAaHOBIICHHBIX
IPaJIOCTPOUTENBHBIX JOKYMEHTOB® Ha HAIIMOHAIBLHOM,
pPErMOHaJIbHOM W MECTHOM YPOBHSX, @ TaKXKe HeIo-
CPEIICTBEHHO: CTPOMTENLCTBA, KalUTAJIbHOTO PEMOH-
Ta, PEKOHCTPYKIMH, CHOCAa OOBEKTOB KalUTalbHOTO
CTPOUTENIbCTBA, SKCIUIyaTallMM 34aHUH, COOPYKEHMI,
KOMIUIEKCHOTO PAa3BUTHSA TEPPUTOpUH W uX Omaro-
YCTpOWCTBA; TaK W IOCPEACTBOM HAYIHO-HCCIEIO-
BaTEJIbCKOM JIESITENFHOCTH, a TAaK)KEe KOMMYHHMKAIMH
CyObEKTOB TI'pajlOCTPOUTEIBHBIX OTHOIICHHH, B TOM
YHCIIe C HCIIONb30BAaHMEM COBPEMEHHBIX HH(pOpMa-
LIUOHHO-KOMMYHHKAIIHOHHBIX TEXHOJIOTHH B Tpodec-
CHOHAJIGHOW JEATETbHOCTH, KOTOpas OXBaTHIBACT BCE
Tpu HarpasieHus «[ pagocTpouTenscTBO», « APXUTEK-
Typa» 1 «CTpOUTEIHCTBOY» C yUYETOM yCTaHOBICHHBIX
(enepasibHBIX TOCYJapCTBEHHBIX —00pa30BaTeNIbHBIX
cranaaptoB (PI'OC’) moAroTOBKH KaapoB’ pasiInyHbIX
KBaJM(UKALKI 10 IporpaMMaM TOJIOTOBKH Hay4YHO-
MeTaTOTUYECKIX KaJpOB B AaCHHpAHType, CIICIHali-
TeTe, BeIciero oopasosanus (BO), cpegnero mpodec-
cuoHabHOTO oOpaszoBanust (CIIO) mns obecrnedeHus
JIOJITOCPOYHBIX TOTpeOHOCTEW OTpaciell SKOHOMHKH
U COIUAIILHOU C(epHI.

MATEPHUAJIBI U METO/JBbI

[IpoBeneHsl  CpaBHUTENBLHO-COMOCTABUTENbHBIH
aHaJIM3 HOPMATUBHO-TIPABOBOM JOKYMEHTAIIMH, Hay4-
HO-TIPAKTUYECKUH 0030p MHPOPMAIIMH 110 TEME TPaIo-
CTPOMTEIBHOTO HANPaBICHUS 00pa30BaHUS.

5 JIOKyMEHTBI TEpPUTOPHAIBHOIO IUIAHUPOBAHMS, YyKa3aH-
uele B 1. 2 ¢T. 9 'K P®, u Marepuans! mo nx 060CHOBAHHIO,
a taxke ycraHosieHHsle B 1. 3.1 'K P® Hopmarussl rpazno-
CTPOMUTEJIBHOIO IPOEKTUPOBAHUSA; JOKYMEHTBI I'PagoCTpo-
ntensHoro 3oHupoBanus (1. 2 cr. 30 'K P®D); nokymenra-
1y 1o TianupoBke teppuropuu (cr. 41 'K P®); npoexrHas
JOKYMEHTaIus, pabodas JOKyMEHTAalus, HPHMEHUTEIEHO
K O0OBEKTaM KalUTaJIbHOIO CTPOUTENBCTBA M HMX YaCTSM,
CTPOSALIUMCS, PEKOHCTPYUPYEMBIM, U HMHIKCHEPHBIC M3bI-
CKaHMs JUIA IOATOTOBKM TaKOU NPOEKTHOH NOKyMEHTaLuH,
a TaKKe pasjiell IPOEKTHOH NOKYMEHTALUU IIPU IIPOBEACHUU
KaIUTaJIbHOTO PEMOHTa 00BEKTa KAIHUTAaJIbHOTO CTPOHTEIIb-
CTBa B yCTAaHOBJICHHBIX ciiydasx (cT. 48 'K PO).

¢ @Ir'OC 2022 onmaiin. URL: https://classinform.ru/fgos.html

7C 2022 r. g CIIO peanmsyercst npoekt «IIpodeccrona-
nmutet» (Ilocranosnenue [IpaButenscrBa PO ot 16.03.2022
Ne 387 «O mpoBeneHnN SKCIEPUMEHTA MO pa3padoTKe, arnpo-
0auuy W BHEAPEHUIO HOBOW 0Opa30BaTeNIbHOW TEXHOJIOTHU
KOHCTPYHPOBaHMSI 00pa30BaTENbHBIX MPOrPAaMM CPEIHETO
npodeCcCHOHANBHOTO 00pa30BaHKsA B paMKax (eaepaabHOTO
npoekrta “TIpopeccunonanurer”»), a ¢ 2023 r. gt BO — pea-
nu3anys muioTHoro npoekTa (Ykas [Ipesunenta Poccuiickoit
®enepaunn ot 12.05.2023 Ne 343 «O HEKOTOPBIX BOIIPOCAX
COBEPILICHCTBOBAHMS CHCTEMBI BBICIIETO 00Pa30BaHU).
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B paspese ormenbHBIX CTpaH U B OOLIEMHUPOBOM
Macirabe MEeXAyHapoJIHas CTaHIapTHasl Kiaccugu-
kanus obpasosanuss (MCKO) (International Standard
Classification of Education — ISCED) kak uHCTpyMeHT
COTOCTABJICHHUS CTATHCTHYECKHUX JaHHBIX 110 00pa3oBa-
HUIO BBIJIEIISIET /IBA KPYITHBIX BH/Ia KOJAUPOBAHMS:

* TOPM3OHTAJIBLHOE: TI0 YPOBHSAM 0Opa3oBaHUS
(tabm. 1);

* BEpPTHKaJIbHOE: MO 001acTAM 00pa3oBaHUS
¥ IpOoeCCHOHATHPHON MOATOTOBKE (TA0II. 2).

Bmecte ¢ Ttem B nocnennue 30 neT, HECMOTpSA
Ha npunsatue @enepanpHoro 3akoHa or 29.12.2012
Ne 273-®3 «O6 obpazoBannu B Poccmiickort denepa-
uu», pukasa Poccranmapra ot 17.12.2013 Ne 2255-ct
(B pen. or 23.06.2020) 06 ytBepxkaenuun «OK 017-
2013. OOmepoccHifickuii KITacCU(PUKATOP CICIHAIh-
HOCTEH BBICHICH HAyYHOH KBaMM(UKAIMN», MpUKa3a
Munrpyna Poccun ot 12.04.2013 Ne 1471 «O06 yT-
BepxkIeHnH MakeTa npog)ecCHOHAIBHOTO CTaHIapTay,
JUIS JF000TO phIHKA Tpyaa, AuddepeHInpoBaHHOTO
B TOM YHCIIE 10 Pa3IM4YHbIM (opMaM COOCTBEHHOCTH,
«oco00e MeCTO B MEXaHU3ME JIF0OOTO THIAa 3aHUMAET
cUCTeMaTu3alys ¥ periaMeHTaliss OCHOBHBIX OTpac-
JIeil SKOHOMUYECKON AeATeNbHOCTIY [2].

Panee Bo Bpemena CCCP Obui chopmupoBaHbI
Y HOPMAaTUBHO YPEryJIMpOBaHbl OTPACIH HAPOIHOIO XO-
3saiictBa — OKOHX (OOriecoro3Hblil  Kitaccu(pukarop
«Otpacnu  HaponmHOro xosstiictBa» (yTB. l'ockomcra-
toM CCCP, T'oc-iianom CCCP, Toccranmaprom CCCP
01.01.1976)), B Tom umcine «CrpontensctBoy, kox 60000.

B coBpemennoit Poccun TexHonoruyeckue mnpo-
LIECCHl B COOTBETCTBHU C OOHOBJICHHBIMH KOIAMH,
ycraHoBieHHBIMH B OOmmepoccuiickom Kinaccupuka-
TOpe BUJOB dKOHOMHUUecKoH aesrenbHocTH OK 029—
2014 (KAEC Pen. 2) «CrpoutenscTBoy» U «/lesTens-
HOCTh TIpo(eccCHOHaANbHAs, HAYYHAs M TEXHUYECKasH
(Tabm. 3), Tak e KaKk U paHee HEBO3MOXKHBI B OTPHI-
BE OT WCIIONB30BAaHMS TpyJda 4YEJIOBEKa, HECMOTPS
Ha CTPEMHTENILHO pa3BHBAIOIINECS HH()OPMAIIIOHHBIE
1 «CKBO3HBIE» IIU()POBBIC TEXHOJIOTUH, B TOM YHCIIE HC-
KYCCTBEHHBII HHTEIIIEKT [3].

Taou. 1. MexxayHapoaHas cTaHIapTHAS KilaccuUKanus
00pa3oBaHus [0 YPOBHSIM 00pa30BaHHs

DKOHOMHYECKAs JIESITeIbHOCTh UIMEET MECTO TOT-
I, Koraa pecypcsl (00opynoBaHue, pabodas cuia, TeX-
HOJIOTHH, CBIpbE, MaTepHallbl, SHEPTUsl, THPOPMALIUOH-
HBIE PECypCHl) OOBETUHSIOTCS B TPOWU3BOICTBEHHBIN
TIPOLIECC, UMEIOIIHMIA [ENbIO TIPOU3BOACTBO MPOAYKIHN
(oxazaHue yciyr).

[pussrunbie u3 CCCP TUNOBBIE TOTKHOCTHBIE UH-
CTPYKIIUH B IPO(heCCHOHATBHBIX CTAaHAAPTAX 3aMCHEHBI
HA TIOHSTHS «TPYIOBBIC NEUCTBHS) (KTO €CTh 3aJIOKe-
HbI HayaJla CaMOCTOSTENIbHON, TBOPUECKOM aKTUBHOCTH
U TIEPCOHANFHON OTBETCTBEHHOCTH paboTHHKa» [2]),
a 3aKperuieHHble B TPOQGECCHOHANBHBIX CTaHIapTax
«HEOOXOIMMBIC YMCHUS» U «HEOOXOIUMBIC 3HAHUSD) SIB-
JISIFOTCSI IPSIMOM CBSI3bIO C 00pa30BaTelIbHBIMK CTaH AP~
TaMH, B TOM YHCIIE CO CTaHAApTaMH JOMONHUTEIEHBIX
o011eo6pa3oBaTeNbHBIX MPOTPaMM U JTOTIOTHUTETHHBIX
podeCcCHOHATBHBIX TIporpaMm (puc. 1).

Ta6u. 2. Koapl 1 Ha3BaHus 00nacTeil u rpymn
obpazoBarensHbIX porpamm mo MCKO-2011 (dparment
B YaCTHU I'PajoCTPOUTEIIHCTBA)

upoxue VY3kue Jleranu3upoBaHHbIE

obactu obactu obactu

07 MammHo- | 073 Apxurek- |0731 Apxurtekrypa u rpa-

CTpOCHHE, Typa U CTPOHU- | IOCTPOUTEIIHCTBO
TIPOM3BOJI- TEJIBCTBO 0732 Ioctpoiika (coopy-
CTBO M CTPO- JKEHHE) U FPaKJaHCKOE
UTEIICTBO CTPOUTENBCTBO

0738 MexaucuuIuinHapHbIe

TIPOrpaMMBbI 1 KBamu(uKa-
IIMH, BKJIIOYAOIINE apXHTEK-
TypY ¥ CTPOHUTEIBCTBO

Taba. 3. O6mepoccuiickuii Kilaccu(pHUKaTop BUIOB
skoHomMHueckoi nesrensHoctd OK 029-2014 (KEC Pen. 2)
(BbImIHICKA 110 paznenam F u M)

Pacmmdposka

Ko,
A Paznen F CtpourenscTBo

41 | CTpouTensCTBO 34aHUIL:

1) obmiee CTPOUTENBCTBO 3JaHUH BCEX THIIOB
(B HETro BKJIFOYEHO CTPOUTENHCTBO HOBBIX 3[aHHH,
PEKOHCTPYKIMS, KAlUTAIbHbII PEMOHT, TEKyLIMH
PEMOHT U IOTIOJTHUTENbHBIE pa00ThI, MOHTaX cOOP-
HBIX COOPY’KEHUH MM KOHCTPYKLUHMH Ha y4acTke,

Vposers MCKO—2011 a TaKKe CTPOUTENILCTBO BPEMEHHBIX 3/1aHNH);
2) CTPOUTEIBCTBO JKUIIbsI, aAMUHUCTPATUBHBIX 37a-
Homkonsroe obpazoBarue HUM, CKIIAI0B ¥ POYMX OOIIECTBEHHBIX U 0OCITYIKH-
0 (01 NowkonbHOe 00pa30BATEIbHOC PA3BUTHE) BAIOIIMX 31aHUH, pepMepCKHX MOMELICHUH U T.1.
JlomkonsHOE 00pa3oBaHme Paznen M [lesitenbHOCTE podeccHoHaIbHAS,
(02 HomkonsHOE 0Opa3oBaHKE) Hay4Hasi U TeXHUYECKast
1 HauanbHoe 06pasoBanne 71.1 | deATenbHOCTH B 0OIACTH apXUTEKTYPbI, HHKEHEP-
B Henommoe cpenmes 0Gpasopanye HBIX M3EICKAHHIL M IPENOCTARICHHE TEXHHICCKIX
KOHCYNBTAIHH B 3TUX 00IacTsIX:
3 Bricuuee cpeniiee 00pasosae 1) mpefocTaBIeHne APXHTEKTYPHBIX, HHKEHEPHO-
4 [Nocnecpennee HeTpUBHATEHOE 00Opa30BaHKE TEXHUYECKHX YCIIYT, YCIYT MO pa3paboTke
5 Beiciiee 06pa3zoBaHne KOPOTKOTO [IHKIIA YepTekel, 0 CTPOUTENBHBIM U3BICKATEIECKIM Pa-
6 CrereHb OakanaBpa WIH YKBHBAJICHT Goram, yenyr no xkaprorpaduu u T.I.;
2) OKa3aHUE YCIyr IO YIPaBICHUIO IMPOEKTaMU
7 CreneHs, MaruCTpa I IKBHBAICHT CTPOHUTENBCTBA, BEIITOIHEHUIO CTPOUTEIBHOTO KOH-
8 I[OKTOpCKa}I CTCIICHb UJIU DKBUBAJICHT TPOJIS ¥ aBTOPCKOTO HaA30pa
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HonoanurenbHoe odpazoBanue

JlonoHUTEIBLHBIC 00PA30BATEILHBIC

HOHBH'EM 1] p{ll'p'd MMBEI
D11 0 » JlomoJHHUTeILHEIE Pa3BHBAKOIINE IIPOrPAMMEI
pOpasa » JlonoJHuTeNLHEIE TPEANPOQeCcCHOHATLHEIE
o NPOrpaMMEI

JononnuTenbHbIe NPodeccHOHATBHBIE
NpoOrpaMmbl

Jdonoanureasnoe
npodeccnonanbHoe
o0pazoBanue

* [IporpamMmsl OBBIICHHS KBaTH()HUKAITHA
* [Iporpammel npodecCHOHAIBHOMN MEPENnoAroTOBKH

Puc. 1. [lononuurensuoe oopazosanue B Poccuiickoit ®eneparnn

JIro0ast THMOBas TEXHOJOTHS — THIOBAsT (PyHK-
ousl, a 3HAYUT, OHAa NOMYMHEHA JAEHCTBHIO Tpodec-
CHOHAJIbHOTO cTaHaapra. B TpynoBom komekce Poc-
cuiickoit ®enepanun (ct. 195.3) ycraHoBieHO, 4YTO
npodecCHOHaNbHbIE CTAaHAAPTHl  00S3aTeNBHBI  JUIs
MIPUMEHEHHsT PabOTOAATEsIMU, @ B YAaCTHOM CEKTOpe
9KOHOMUKH ITPUMEHSIOTCS pabOTOATENSIMU B KaUueCTBE
OCHOBBI JUIsl OIIpE/IENICHHs TPEeOOBaHUH K KBaIH(UKa-
UK PaDOTHUKOB C YY4ETOM OCOOCHHOCTEH BBIITOJHSI-
eMbIX pPabOTHHKAMHU TPYHAOBBIX (YHKIHH, OOYCIIOB-
JICHHBIX MPUMEHSIEMbIMUA TEXHOJOTUSIMH U TPHHATOM
opraHm3aiei Mpou3BOJICTBA U TPY/IA.

B macrosmee Bpems aeiictByer 18 mpodeccuo-
HAJIBHBIX CTaHAApPTOB B 00MacTH TpPOQecCHOHATH-
HOW JEATENbHOCTH «APXHUTEKTYpa, MPOEKTHPOBAHUE,
reonesus, Tonorpadus U mu3aiie» (kox 10), yTBepxk-
nerable MunaTpymoMm Poccum (tadm. 4), u 6omee 100
podecCHOHANBHBIX CTAaHIApTOB B obOiactu «CTpou-
tenbeTBO U JKKX» (kox 16).

Jlist yriopsiiourBaHus OT/ACNBHBIX (0COOCHHO MMOI-
JISKAIUX JIMIEH3UPOBAHHUIO W/MIM Pa3pelInTeIbHON
perucTpanyy) BUI0B HSKOHOMHUYECKOH JESTEIbHOCTH,
TakuX Kak B cdepe «IpagocTponuTenbcTBO», «ApXH-
TekTypa», «CtpontensctBoy» (pazgenst F u M — OK
029-2014 n xox 073 ApXuTeKTypa U CTpPOUTEIHCTBO —
MCKO-2011), HeoOXonmumo oOecreynTs exuHoo0pa-
3Me HauMEHOBaHMs paboT JUIs 1eliel ONMUCaHUs U T10-
UCKa BaKaHCHUil, OpraHu3aluy 3aHITOCTH, B TOM YHCIIe
MOJIOJIBIX CIICIIMAIMCTOB, & TAKXKE CYIIHOCTHO-COZCP-
KATEIbHON PerIaMEeHTallul TEXHOIOTHH.

B O6mepoccuiickoM KJIacCH(PHUKATOpPE CIEIn-
anpHOCTEN o obOpasoBanuio OK 009-2016 (OKCO)
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UCIIONB3YeTCsl MEPeueHb YKPYNHEHHBIX TPYII, ycTa-
HOBJICHHBIN TpUKazaMu MUHHCTEPCTBA 00pa30BaHMs
u Hayku PO or 12.09.2013 Ne 1061 «O0 yTBepkaeHHN
NepeyHell CenuaabHOCTEeH U HAIIPaBICHUH MTOJTrOTOB-
KM BBICIIEr0 oOpaszoBarmss» U oT 29.10.2013 Ne 1199
«O06 yTBepKICHUH NepeuHei mpodeccuii U crenuatb-
HOCTEH Cpe/tHero Mpogh)eCCHOHAILHOTO 00Pa30BaAHMSD).

ITpu sTom B obnact obpazoBanus «HHxenepHoe
JIeNI0, TEXHOJIOTHH M TEXHWYEeCKHe Haykm» (Talm. 5)
Cpeau TaKuX YKPYIMHEHHBIX TPYMI, KaK «ApPXUTEK-
Typa», «TeXHHMKa M TEXHOJOTHH CTPOHUTEIHCTBAY
(manee — «CtpowurtenbcTBoy), «TexHochepHas Oe3-
OTACHOCTb U MPHUPOI000yCTporicTBOY, «HpOpMaTHKa
W BBIYMCIIUTCIIbHAA TCXHUKa» U APYTUX, OTCYTCTBYET
YKpyITHEeHHas rpynmna «[ pagocTpouTenseTBo», OHO OT-
HECEHO K YKPYITHEHHOH Trpymie «ApPXHUTEKTypa» Kak
OTZ€NbHAsl CIIEUATBHOCTb.

K oOmact oOpa3zoBanust «MaTtemaTHuecKue
1 €CTECTBEHHBIC HAyKM» K YKPYIHEHHOH Tpyme «Hay-
KH 0 3eMJIe» OTHECEeHa cIieruanbHoCTh «KapTorpadus
u reonHpopMaruka», Kk odnactu obpazoanus «Haykn
00 o0mecTBe» K yKpYNHEHHOW TIpymre «DKOHOMHKA
1 yTpaBJIE€HUE» OTHECEHa CIENHAIBHOCTh <« K-
HOE XO34HCTBO M KOMMYHaJIbHas HH(PaCTPyKTypay,
K oOmactu oOpasoBanusi «VICKYcCTBO M KyJbTypa»
K YKpynHeHHOH rpymnne «VckyccTBo3HaHHE» OTHece-
Ha CHenuanbHOCTh «COnnalbHO-KyIbTYPHAs JACATENb-
HOCTH (IO BHIAaM)», KOTOpble KaKk WU MHOTHE JPYTHE,
CBSI3aHHBIE C T'PaJOCTPOUTEIBHON JIESTENBHOCTBIO,
B OKCO npencraBneHsl B pa3HbIX YKPYITHEHHBIX IPyII-
Iax ¥ UX KOJbl HE B3aMMOCBS3aHbI.
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Taou. 4. PeecTp npodheccroHaIbHBIX CTAaHIAPTOB B 00MaCTH POodHeCCHOHABHOI AesaTenbHOCTH: 10. ApXUTEKTYpa,
MIPOEKTUPOBAHKE, reojie3usi, Tonorpadus u qusau® °

Bun mpodeccuonansHOM Hanveroparie HPPIKa; YA flera flara
Kon TIC Mpo¢heCCHOHATEHOTO ocenn BBEJICHUS | OKOHUAHUS
JeATeTbHOCTH . .
cTaHzapTa HOMep naTa B JIeiicTBHE | JeHCTBHS
3 5 6 7 8 11 12
10.006 | lesTenpHOCTH MO Pa3BUTHUIO I'panoctpourens
TEPPUTOPHIi, B TOM YHCIIE
TOPOJIOB U HHBIX TIOCENEHHUH],
ocyuecTBiIsieMas B BUzie 27 18.01.2023 {01.09.2023 {01.09.2029
TEPPUTOPHANBEHOTO TIIAHUPOBAHUS,
TpaJIOCTPOUTENLHOTO 30HUPOBAHHUS,
TUIAHUPOBKU TEPPUTOPHH
10.010 | Co3nanue o0bekToB NanamadTHoi | JlanamadTHbINH 485 29.01.2019 | 10.03.2019 B
APXUTEKTYPBI ApXUTEKTOP
10.012 | OcymiecTBIeHHE NESITENEHOCTH Crenuanuct
JUIS OTIpEZIeNIeHHs KaJacTpOBOH TI0 OTPEIETICHHIO
CTOMMOCTH 00BEKTOB KaZacTpOBOIl CTOMMOCTH
HEJIBUKUMOCTH, CBEJCHUS 562u |02.09.2020 [ 05.10.2020 -
0 KOTOPBIX BHECEHBI B €JJUHBII
TOCY/IapCTBEHHBII peecTp
HEJIBIDKIMOCTH
10.013 | BemonHeHue paboT U OKa3aHHUE T'eorpad (cneumanuct
ycayr reorpaduiaeckoit 10 BBHITMTOJTHEHUIO paboT
HaAIPaBJICHHOCTH W OKa3aHHIO yCIyT 9541 [24.12.2020 | 15.02.2021 -
reorpaduyeckoi
HaTPaBICHHOCTHN)
10.016 | OcymuiecTBieHUE aPXUTEKTYPHO- ApXUTEKTOp-peCcTaBpaTop
pecTaBpaliOHHON AESTEIbHOCTH
B 00J1aCTH COXpaHeHus,
HMCII0JIb30BaHUs U NOITYJIApU3aliiu
00BEKTOB KYJIbTYPHOI'0 HaCIeI1sl — 6121 [31.08.2021 | 01.03.2022 | 01.03.2028
MaMSATHUKOB, aHCaMOJIeH
1 JOCTONTPUMEYATECIIBHBIX MECT,
UCTOPUKO-KYJIbTYPHOU Cpelibl
0OUTaHUsI TOPOIOB U MOCEICHUH
10.018 | OcymiectBnenue CrienuanucT B 00J1acTu
a’podoToreoe3nIecKoit aspoororeoae3nn 1691 |24.03.2022 | 01.09.2022 | 01.09.2028
JeATeITLHOCTH
10.019 | T'eone3nyeckne u3MEpeHUst CrienanucT B 00J1acTH
Ha MTOBEPXHOCTH 3eMIIH, Te0JIe3UN
KOOPAWHATHO-BPEMEHHOE 1681 |24.03.2022 | 01.09.2022 |01.09.2028
¥ HaBUTAIMOHHOE o0ecTieueHue
TEpPUTOPHUIL
10.020 | OcymiectBienue kaprorpadpudeckoit | Crienuanuct
U reonH(pOPMAaIIOHHO B obOactu kaprorpadun 1670 |24.03.2022 | 01.09.2022 | 01.09.2028
JEATeIbHOCTH 1 reonH(pOpPMaTHKI
10.021 | Pacuer u mpoekTUpoOBaHUE Cnenyanuct B o0acti
OETOHHBIX U KEeIe300eTOHHBIX pacydeTa M MpOEeKTHPOBAHUS
KOHCTPYKIHH OcTomHEIX 2220 |19.04.2022 [01.09.2022 | 01.09.2028

$TIpodeccronanbHbie cranaaptsl / Muntpyn Poccnn. URL:
https://profstandart.rosmintrud.ru/obshchiy-informatsionnyy-
blok/natsionalnyy-reestr-professionalnykh-standartov/reestr-
professionalnykh-standartov/?sort=PROPERTY_RANGE _

M JKEeJIe300ETOHHBIX
KOHCTPYKIUH 31aHui
U COOPY KEHUH

id=290612

PROFACT&order=asc&PAGEN _1=2&SIZEN 1=20

?TIpumeps! oreHOYHBIX cpencts // ITopran HOIIPU3. URL:
https://spk.nopriz.ru/spk/nezavisimaya-otsenka-kvalifikatsii/
primery-otsenochnykh-sredstv/index.php?sphrase
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Oxonuanue maon. 4

[Ipuxa3z Munrtpyna

B pocheccronabHoii Haunmenosanue JHara Jara
Kon IIC A i;{TenBHocm npodeccHOHANTBHOTO Poceun BBEJICHHUS | OKOHUAHHS
hi cTaHgapTa HOMeEp nata B JCUCTBHE | JIEHCTBUS
3 5 6 7 8 11 12
10.022 | Pacuer u mpoeKTHpOBaHKE CrienuanucT B 00J1acTu
JEPEBSHHBIX U METAJUIOEPEBSHHBIX | pacueTa U MPOEeKTHPOBAHHS
KOHCTPYKIUH JIEPEBSIHHBIX 2201 | 19.04.2022 | 01.09.2022 |01.09.2028
1 METAIIOAEPEBSIHHBIX
KOHCTPYKIUI
10.023 | Pacuer u mpoeKTHpOBaHKE Crneuuanuct B o0nactu
KOHCTPYKIHMH U3 MOTUMEPHBIX pacdeTa ¥ IPOEKTUPOBAHUS
1 KOMTIOSHIHOMHBIX MATEPHATOB | KOHCTPYKHIH 221n |19.04.2022 [01.09.2022 | 01.09.2028
13 TIOTMMEPHBIX
1 KOMITO3UITHOHHBIX
MaTepuasoB
10.024 | Pacuet u mpoeKTUpOBaHUE Crnenyanuct B o0nactu
KOHCTPYKIMH N3 ITYYHBIX pacteTa H IPOEKTHPOBAHNA | 3 (51 04 5005 | 01.09.2022 |01.09.2028
MaTepHaoB KOHCTPYKIMH M3 ITYYHBIX
MaTepuaIoB
10.025 | IIpoexTupoBanue HapyXHBIX ceTell | Crienmanuct B 006JIacTH
BOJIOCHA0XKEHHS, BOJIOOTBEICHUS TIPOEKTHPOBAHUS
1 KAHATH3ALIH HAPYXHBIX CCTCH 2160 |18.04.2022 [01.09.2022 | 01.09.2028
BOJOCHAOKEHUS,
BOJIOOTBEICHUS
1 KaHAIM3aIun
10.026 | Pa3paboTka MepONIpHATHIA Crienuanuct
10 OXpaHe OKPY’Karomie cpempl B 00nacTu pa3paboTKu
TIPU IPOEKTHPOBAHUH OOBEKTOB MeponprATHIi 110 OXpaHe | 10 |16 049000 [01.09.2022 [01.09.2008
KaIHUTaJIbHOTO CTPOUTENHCTBA OKpY’KaloIeH cpezbl
00BEKTOB KAaIIMTaIbHOTO
CTPOHTEIBCTBA
10.027 | IIpoekTupoBaHUE TPAHCTIOPTHBIX CrienanucT B 00J1acTu
TOHHENEH TIPOEKTHPOBAHHUS 2181 | 18.04.2022 | 01.09.2022 |01.09.2028
TPaHCIIOPTHBIX TOHHETEH
10.028 | IIpoekTupoBaHKE apXUTEKTYpPHOH | ApXHTEKTOp-An3aiiHep 538 |14.09.2022 101.03.2023 |01.03.2029
cpebl
10.029 | HxeHepHO-TreoIorHIecKue Creuuanuct
U3BICKaHVS B TPAIOCTPOUTENIBHON | B 00JIaCTH HHIKEHEPHO-
TIeSITCILHOCTH reoJOTHUECKUX n3bIcKkanmii | 6150 | 04.10.2022 [01.03.2023 |01.03.2029
JUTSI TPaJIOCTPOUTEILHON
JeATeIBHOCTH
10.030 | MmxenepHo- Creuuanuct
THPOMETEOPOTIOTUIECKHE B 00J1acTH MHXEHEPHO-
W3LICKAHNA B TPAJIOCTPOMTENBHOM | THIPOMETEOPONIOTHHECKHX | 4 |04 105055 [ 01.03.2023 | 01.03.2029
JeATeIHOCTH H3BICKaHUH JUTS
TpalOCTPOUTEIILHON
JeATeITbHOCTH
10.031 |IIpoexktupoBaHue cucteM moxxapHoi | Crienuanuct B 001acTi
CUTHAJIN3alUH, OTIOBEIICHHS MIPOEKTHPOBAHUS CHCTEM
U yIpaBJIeHUs IBaKyaluen JIoaeil | IpOTHUBOIIOKapHOM
TIpYU TIOXkAape, IPOTUBOABIMHOM 3aIIUTEI OOBEKTOB
SAUITH, TIOXAPOTYIICHA, CANHTAILHONO 1811 [20.03.2023 [ 01.09.2023 [ 01.09.2029
TIPOTHUBOIIOKapHOTO CTPOHUTEIHCTBA
BOJIOCHA0KEHHUST OOBEKTOB
KaIUTaJIbHOTO CTPOUTENHCTBA
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Tabu. 5. [lepeueHb YKPYIMTHEHHBIX TPYIII UIs 00MacTi 00pa3oBanus «HXeHEPHOE JIeI10, TEXHOJIOTHU U TEXHHYECKUE HAYKU

Kon

ITepeyeHb yKpyIHEHHBIX TPYIIIT

07 | Apxurtekrtypa

08 TexHHUKa U TEXHOJIOIHH CTPOUTENILCTBA

09 HNndopmaTruka u BHIYUCIUTETbHAS TEXHUKA

10 | MadopmannonHast 6€30MacHOCTh

11 DIEKTPOHHKA, PATUOTEXHUKA U CUCTEMBbI CBSI3U

12 ®doToHHKa, TPUOOPOCTPOCHHUE, ONTHYCCKHIE M OMOTEXHUYECKUE CUCTEMBI M TEXHOJIOTHH

13 DJEKTPO- U TEIIOIHEPreTHKa

14 | SlnepHas >HEpreTHKa U TEXHOJIOTUU

15 Mamunoctpoenue

16 DU3UKO-TEXHUYECKHUE HAYKU M TEXHOJIOTHH

17 OpyzKHe U CUCTEMBI BOOPYKEHHUS

18 XUMHUYECKHE TEXHOIOTHH

19 [IpombinuIeHHAS IKOJOTHS U OUOTEXHOJIOTHH

20 TexHocdepHas 6e30MacHOCTb U PUPOI000YCTPOHCTBO

21 TIpukiagnas reoJorus, TopHoe /€10, HeTera3oBoe JeI0 U reoie3us

22 TexHonorum MarepuaioB

23 TexHuKa U TEXHOJIOTMH HA3€MHOI0 TPAHCIIOPTa

24 ABHalMOHHAS U PAKETHO-KOCMHUYECKask TEXHUKA

25 AbspoHaBuranys 1 9KCIUTyaTalus aBUallMOHHON M paKeTHO-KOCMHUYECKOM TEXHUKU

26 TexHUKa U TEXHOJOTUH KOPAOICCTPOCHHUS U BOJHOTO TPAHCIIOPTA

27 YHpaBJIBHI/IC B TCXHUYCCKHX CUCTEMaAX

28 HanorexHonoruu 1 HaHOMaTepUabl

29 | TexHOMOTHH JETKOH MPOMBIILICHHOCTH

IIpumeuanue: >KUpHBIM MWPHOTOM BbIIECICHBI YKPYITHCHHbIE IPYIIbI B yKa3aHHOW 00JacTH 00pa30BaHMs 10 HAINPaBICHUSIM

«[pamocTpoOUTENnbCTBOY, KAPXUTEKTYpa», «CTPOUTEILCTBOY.

Ta6a. 6. [lepeyens HauMEHOBaHUIT CIIEIMAIBHOCTEH U IPYII ClICNUAIBLHOCTEH 110 (he/iepaIbHBIM FOCYAAPCTBEHHBIM

o0pa3oBareIbHBIM cTaHaapTaM 2—6, 9 ypoBHel 110 HalpaBIeHHIM «APXHUTEKTYpay, «I'pagocTpoUTeILCTBOY,

«CtpoutenbctBon'

Hanpasnenus Apxutekrypa | I'panocTpoutenscTBo CTpOUTENBCTBO
Accucrenrypa- 07.00.00 ApxurtexTtypa (ypoBensn 9)!
CTAXKHPOBKH B
- 07.09.01 Apxurekrypa 07.09.04 I'pagocTpOUTENBCTBO -
07.09.02 PexoHCcTpyKIHS
- U pecTaBpanus - -
APXUTEKTYPHOTO HACITCIHS
07.09.03 dnzaitn
B APXUTEKTYPHOIT Cpeibl B -
AcrnimpaHTypa 07.00.00 ApxurtekTypa (YypoBeHb 6) 08.00.00 Texnuxa
H T€XHOJIOTHH CTPOUTEIbCTBA
(ypoBeHb 6)
07.06.01 Apxurekrypa 08.06.01 TexHuka
B 1 TEXHOJIOTUHU CTPOUTEIBCTBA
CnenpanureT 08.00.00 TexHuKa ¥ TeXHOJOTUH
B B CTPOMTEILCTBA (YPOBEHD 5)

Y TToarorosneno H.A. CamoilyioBoii W He MNpeTEHIYET
Ha TIOJIHOTY, JIMIIb AaeT o0lIee NPeaCcTaBIeHHEe O BBISBIICH-
HBIX HECOBEPIICHCTBAX y4eTa HEOOXOJUMBIX CICHHATBHO-
cTell B cepe IpaJloCTPOUTEIBHON JIESITeIbHOCTH O Tep-
mubosoru 'K P®D u orcyTcTBUM €IMHON yKpYIHEHHOM
TPYIIIbL.

' Tlo yka3aHHBIM CICHHATBHOCTSIM OPTraHU3aIMH, OCYIIECT-
BIISIIOIIME 00pa30BaTeNbHYIO JEATEIbHOCTD, PEaM3yloT 00-
pa3oBaTebHbIe IPOrpaMMBbI JI0 3aBepIIeHUs] O0yUeHUs JIHL,
MPUHATHIX Ha oOydenne g0 1 centsops 2025 r. B cooTBeT-
crBun ¢ Ilpukazom Muno6pnayku Poccum ot 01.02.2022
(B pen. ot 29.08.2022, nara BeryruieHus B cuity 26.11.2022).
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H.A. Camotnoea, KO.B. Anekceee

Ipooonsicenue mabn. 6

Hanpasnenus Apxutekrypa I'panocTpoutenscTBo

CTpouTENbCTBO

08.05.01 CrpourenbcTBO
YHUKAJIbHbIX 3JaHUH U COOPYKEHUH

08.05.02 CtpourenbcTBo,
IKCIUTyaTalus, BOCCTAHOBIICHHE
U TEXHUYECKOEC TIPUKPBITHE
aBTOMOOMJIBHBIX JIOPOT, MOCTOB
U TOHHEJIeH

Beicwee obpazosanue

Maructpst 07.00.00 ApxuTeKkTypa 07.00.00 ApxuTekTypa 08.00.00 TexHUKa M TEXHOJIOTHH
(ypoBeHb 4) (ypoBeHb 4) CTPOUTEIbCTBA (YPOBEHD 4)
- 07.04.01 Apxurexrypa 07.04.04 T'panocrpoutensctBo | 08.04.01 CtpouTenscTBo
07.04.02 PexoHncTpyKIus

- 1 pecTaBparys -
ApXUTEKTYPHOT'O HACIeaAUs

07.04.03 [uzaiin
APXHUTEKTYPHOU CPEJIbI

35.00.00 Ceanckoe
X0351iicTBO

H CeJIbCKOX03AHCTBEHHbIE
HAayKH (YypoBeHb 4)

35.04.10
JlanamadTHas apXUTEKTypa

BakanaBpsl 07.00.00 ApxuTekTypa 07.00.00 ApxuTtekTypa 08.00.00 Texnnka u TeXHOJIOTHH
(ypoBeHns 3) (ypoBens 3) CTpoUTEIbCTBA (YPOBEHbD 3)
- 07.03.01 Apxurekrypa 07.03.04 I'papoctpourensctBo | 08.03.01 CtpourenseTBoO

07.03.02 Pexoncrpykuus
- U pecTaBparys -
APXUTEKTYPHOI'O HACIIeaNs

07.03.03 [duzaiin
APXUTEKTYPHOH cpeibl

35.00.00 Ceanckoe
X03s1iicTBO

M CeJIbCKOX035CTBEHHbIE
HayKkH (ypoBeHb 3)

35.03.10
JlanmmadtHas apXUTEKTypa

Cpennee 07.00.00 ApxurexkTypa 21.00.00 ITpuxknagnas
npodeccronanbuoe | (YpoBeHb 2) reoJIOrusi, FOpHOe JeJ10,
oOpa3zoBaHne HedTerazosoe 1e/10

H reogesust (YypoBeHb 2)

08.00.00 Texnnka 1 TEXHOJTOTHH
CTPOHTEIbLCTBA (YPOBEHD 2)

07.02.01 Apxurekrypa 21.02.06 NudopmarnoHHbIe
CHUCTEMBI 00€CIICUCHU s
rpajioCTPOUTENLHOM
JieITeNbHOCTH 2

08.00.00 Texnuka

U TEXHOJIOTUU CTPOUTEIBCTBA
(40 crieunanbHOCTEH, B TOM YHCIIE:
08.02.01 CrpourenscTBo

¥ 9KCILTyaTalus 37aHuil

1 COOPYKEHHIH,

08.02.02 CtpoutenscTBo

151 alccnnyaTaum( WHXXCHCPHBIX
COOPYKEHHH,

08.02.05 CrpourenbcTBo

151 alccnnyaTaum( aBTOMO6l/IJ'lebIX
JIOPOT U a3POJIPOMOB,

12 [Ipuem Ha oOyuenue npekpainaercs ¢ 31 aexabpst 2022 .,  obpasoBanus B paMKax (eaepaibHoro npoekra «IIpodeccu-
a TIpH pean3aluu 00pa3oBaTeNbHOM opranusaiumeii oopazo-  onaimuter» — ¢ 1 aBrycra 2022 r. (mpuka3 MuHHCTEpCTBa
BaTeNbHOI MporpamMmel 1o cnenuanbHoct 21.02.19 B yeno-  mpocsemenus PO ot 18.09.2022 Ne 339 «O6 yTBepskaeHNH
BHSAX 9KCHEPUMEHTa 10 pa3padoTke, anpodaumun U BHeIpe-  (enepanbHOro rocyrapcTBEHHOrO 00pa30BaTEIbHOTO CTaH-
HUIO HOBOI 00pa30BaTEIbHON TEXHOJIOTHN KOHCTPYUPOBAHUS  JIapTa CPEJHEro NMpodecCHOHAIbHOTO 00pa3oBaHMs IO CIie-
00pa3oBaTeNbHBIX MPOTrpaMM CpeiHero npodeccronanbHoro  muansHocTr 21.02.19 3emieycTpoiicTBoy).
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C. 77107

Oxonyuanue maon. 6

Hampasnenust Apxurekrypa

I'panocTpourenscTBo

CTpOHUTENBCTBO

08.02.06 CrpourenbcTBO

M 9KCIUTyaTaIus TOPOJCKHX MyTei
- co00IIEeH s,

08.02.10 CTpouTenbCTBO JKEIE3HBIX
JIOPOT, IyTh U MyTEBOE XO3SUCTBO)

54.00.00 U306pa3uTenbHOE
- W NPHUKJIATHbIE BUABI
HCKYCCTB (YPOBeHb 2)

54.00.00 U300pa3uresbHbIe
M NPUKJIAIHbIC BUABI
HCKYCCTB (YpOBeHb 2)

54.00.00 U3o0pa3uTtesbHbIC
W MPHUKJIAIHbIe BUABI HCKYCCTB
(ypoBeHb 2)

(27 crienmanbHOCTEH, B TOM
qucIe:

072200.04 PecraBparop
MaMsATHAKOB KAMEHHOTO

1 IEPEBSHHOTO 30/]4ECTBa,
072500.01 Ucnonuurens

YHUCIC:

(27 cnieunanbHOCTEH, B TOM

54.01.20 I'padmrueckmii
nu3aiHep,

54.02.01 duzaitn

(o oTpacinam),

(27 cieunanbHOCTEH, B TOM YHCIIC:
072200.02 PecraBparop
CTPOUTEINBHBIH)

XyH0KECTBEHHO- 54.02.06 U3o6pazutenbHOE

oopmuTeNBECKUX padoT) HCKYCCTBO U YEpUCHHE)

35.00.00 Ceabckoe 09.00.00 UnpopmaTuxa 35.00.00 Cesnckoe X03¥icTBO
X03s1iicTBO U BBIYHCJIUTEIbHAS TEXHUKA | M CeJIbCKOXO035IiCTBEHHbIEC HAYKH
U CeJIbCKOXO035IiicTBeHHbIe | (YPOBeHb 2) (ypoBeHb 2)

HayKH (YpoBeHb 2)

35.03.10
JlanmmadTHas apXUTEKTypa

A enmuHCTBeHHas crienuanbHOCTh «MHOpMmarm-
OHHBIE CHCTEMbI 00ECIICUeHNs IPaI0CTPOUTEIBHON Jie-
SITEJIBHOCTH», CYIIECTBYOIIast ToNbKo Ha ypoBHe CI1O
B paMmKax yKpynHeHHoOW rpynmnsl «IlpuknannHas reo-
JIOTHs1, TOPHOE JIENI0, He()TEera3oBoe JIeJI0 U I'e0e3Hs»,
mocine 2022 1. yrpadeHa (Tabm. 6).

B nactosmee Bpemst B OKCO mo ypoBHSM TOf-
TOTOBKH: 2 — cpeziHee npodeccronaabHoe 00pa3oBa-
HHue, 3 — OakanaBpuar, 4 — MarucTparypa, 5 — cre-
[AaTUTeT, 6 — acIUpPaHTypa, CIEIHAILHOCTH B chepe
IPaJloCTPOUTENILHON JIESITENBHOCTH, B TEPMUHOJIOTHA
I'K PO, B OCHOBHOM IpeJICTaBIECHbI 110 BBIACIECHHBIM
aBTOpaMHU HampasIeHUsIM «Apxutekrypa», «Ipamo-
CTPOUTEIBCTBOY, «CTPOUTENHCTBOY (TA0M. 6).

VYpoBeHb oOmiero oOpa3oBaHus (IIKOJIA) MOXET
OBITH TIPEICTABJIICH B JOMOJHUTEIBHBIX 001e00pa3o-
BaTeNbHBIX NporpammMax (puc. 1) B cdepe rpagoctpo-
UTEIBHOW JEeATENIbHOCTH 10 HA00Opy HEOOXOANMBIX
MEXJUCIMIUIMHAPHBIX 3HAHUM WM 3HAHUW OJHOU
U3 CHelUaIbHOCTeH 00pa3oBaHMs U B JIAHHOW CTaThe
HE MTPUBOANTCSL.

ITo paccmartpuBaemoii Teme MpOpadOTaHBI Iy-
omukanuu [4-26], B Tom umcie: H.H. XKebmuenok
[15, 16], K.B. Kusinenko [17-19], A.B. Kpamenun-
HuKoB [20-22], H.®. Metnenxkon [23], FO0.M. Mowuce-
eB [24], M.B. Illy6enkoB [25, 26] u apyrux aBTOpPOB
[27-29], a Taxke COOpHMKM HaydHBIX TpynoB PA-
ACH 3a 2017-2022 .. Jng HOCTHKEHHS €JUMHOIO
NOHMMaHMsl HAy4yHBIX IpoOsieM, 3aj1ad YHpaBlICHHs

13 Coopuuku HayuHbIx TpyaoB PAACH // Poccuiickas axa-
JIeMUsl apXUTEKTYpbl U CTPOUTENbHBIX Hayk. 2017-2022.
M. : UznarenbctBo ACB. URL: www.raasn.ru/publication/
sborniki-nauchnykh-trudov-raasn

09.02.04 NudopmarnrionHsie
CHCTEMBI (II0 OTPACIISIM)

35.02.12 CanoBo-napkoBoe
U NTaHIadTHOE CTPOUTEIBCTBO

TEPPUTOPUATIBHO-IIPOCTPAHCTBEHHON  OpraHu3anuen
U apXHUTEKTypHO-IUIAHUPOBOYHBIM (HOPMUPOBAHUEM
YCTOHYMBOTO Pa3BUTHA TEPPUTOPHU (BKJIIOYAsl BCE
BUJIBI TPAJOCTPOUTENbHBIX TpaHchopManuii'* kak ot-
JETbHBIX OOBEKTOB, TAK M PA3IUYHBIX T'PagOCTPOU-
TeNbHBIX TUIOB Tepputopun [30]) n dopMupoBaHus
po¢heCCHOHAIEHOTO MHTEIUICKTA Y WICHOB PO eccH-
OHAJIBHOTO COOOIIECTBA YUTCHBI HICH U 000OIICHHBIN
ONBIT B OONACTH COBEPIICHCTBOBAHUS OOpPA30BAHUS
U COJIepIKaTeIbHBIX MOJIOKEHUH B Chepe apXUTEKTYPBbI,
IpaloCTPOUTENILCTBA, TOPOJCKON Cpe/ibl (KOTHUTHBHON
ypOanuctiku [21]) 1 B 1ENOM apXUTEKTYPHO-CTPOU-
TEJIEHOTO KOMITIEKCa.

PE3YJIBTATHBI HCCIEJOBAHUA

B pesynerare ocymiecTBICHHS HAy4YHO-TIPAKTHU-
YEeCcKoro 0030pa M CPaBHUTEIBHO-COMOCTABUTEIHLHOTO
aHaIM3a HOPMAaTUBHO-TIIPABOBOI JOKyMeHTanuu chop-
MYJIHPOBaHbl HAYYHO-NPAKTUUECKUE TE€3UCHI U MIPEIO0-
KCHUS.

Opranusanus 00pa3oBaTeIbHOTO Npolecca 110 Ha-
mpaBIeHUAM «[ paoCTPOUTETECTBOY, K APXUTEKTYPay,

" Bumpl rpaJoCTPOUTENBHBIX TpaHCOpMaIMil: OCBOCHUE
HOBBIX TEPPUTOPHI, BKITF0YAsi KOMIUIEKCHOE CO3JJaHHIE HOBBIX
3[aHUH U COOPYXKEHHH; peHoBamys (0OHOBICHUE C COXpaHe-
HHUEM CYIIECTBYIOIEero (h)yHKIMOHANA); peBuTanmu3anus (00-
HOBJICHHE C W3MEHEHHEM CYIIEeCTBYIOMEro (hyHKIMOHAA);
perenepanust (PEKOHCTPYKIIHS, pecTaBpalys WIN BOCCO31a-
HUE 00JHKa HCTOPHIECKUX HIIH CYIIECTBYIOIINX MaTepHalb-
HBIX 00BEKTOB M TEPPUTOPHIL); PEKyIETUBAIHS HAPYIIEHHBIX
TEPPUTOPHH, SBISIOMUXCS HAKOIUICHHBIM «9KOJIOTMYECKHM
yiepOom» B TPeIbIIyIine HepHOAbl XO3SHCTBEHHOH es-
TEJIHOCTH.
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CTNOMTENbCTB!
HayKa v 06pa3oBaH

H.A. Camotnoea, KO.B. Anekceee

«CTpouTesbCTBO» HaIpaBlieHa Ha 00ECIICYeHUE IMO-
TOTOBKHM OOy4aromuxcst B 00pa3oBaTEIbHBIX YUpexk-
JICHUSIX, B TOM YHCIIE JUIsl aCHHPAHTOB (JOKTOPAHTOB),
MOATOTOBKH CHEIHUAIMCTOB B YUPEIKACHHUSIX 10 MOBbI-
HICHUI0 KBaNMA(UKAIMK, NPO(HECCHOHATBHON Tepe-
MOATOTOBKE KaJ[POB, a TAKKe OYITyIIMX CIIEIHAINCTOB,
KOTOPBIE €Ille yyarcs B IKOJIAX, JJIsl PELICHUs I'yMaHH-
TapHBIX ¥ TEXHUYECKUX 3a/1a4 TNIAaHWPOBAHUS TEPPUTO-
PHYH U apXUTEKTYPHO-CTPOUTEIHEHOTO ITPOSKTUPOBAHUS
3MaHUHA U COOPY>KEHHH.

B cooTBeTCTBUUM C POCCHUIICKMMH HOpPMaMH BCEM
(U3MUECKUM JIMIaM, YYacTBYIOLIMM B 3TOH mpodec-
CHOHAJIbHOW JICATENILHOCTH, @ 3TO TPaJOCTPOUTEIH-
TUTAHUPOBIINKH,  MPOSKTUPOBIIUKK,  yIPABJICHIIbI,
MIPE/ICTONT MPOWUTH IMPOLEAYPY HA COOTBETCTBUE I10-
JIO)KEHHSIM MPO(ECCHOHANIBHBIX CTaH/IaPTOB B [IEHTPaX
ouenkn kBamudukanuii (LIOK). ITpu sTom ob6pa3osa-
TENBHBIA TPOIECC MOATOTOBKM Kak OyIyIIMX yd4acT-
HUKOB NPO(heCCHOHAIBHON JICITELHOCTH, TaK U yXkKe
paboTaronyx, T0/KeH 00beIUHATh UX Ha OCHOBE €/1U-
HOTO ITOHUMaHHS:

* DBOJIIOLIMM HAyYHBIX MPOOJIEM, 3aja4 yrpasie-
HUSI TEPPUTOPUAIIBHO-IIPOCTPAHCTBEHHON OpraHu3a-
LUel B CTpaHe M ee PeruoHax, apXUTEKTypHO-IUIaHH-
POBOYHBIM (DOPMHUPOBAHUEM 3[aHUI M COOPYIKECHUH
B TIOCEJICHHMSIX;

* crI0co0OCTBOBATh NOCTYNATEILHOMY (hOPMUPOBA-
HUIO MTPO(EeCCHOHATIBHOTO MHTEIUICKTa y YJICHOB IMpPO-
(eccroHANBEHOTO COOOIIECTBA, BKIJIIOYAIOIIETO TaKKe
HMHBECTOPOB, JKUTEJIEH MOCEeICHUH.

[Ipu 5TOM cilestyeT y4ecTb, YTO COIMAIIBHBIC MPO-
OJeMBI Pa3BUTHSI TEPPUTOPUAIIBHBIX OOBEKTOB TOJb-
KO 0OperarT CBO€ MECTO B COCTaBJIAIOMIMX Ipodec-
cun Tpagoctpoutens. llpuBenem ciioBa W3 CTarbu
IO.M. MouceeBa [14]: «mianupoBaHue TO 00peTaio
BEChbMa 3HAYMTENIHHOE MOJIOKEHUE, TO JIOBOJHCTBOBA-
JIOCh KaKOH-TO MaprUHAIBHOW poJibio. MHOroe B IuIaHu-
POBaHUM MOXKHO CBSI3aTh C TO3MLMOHUPOBAHUEM POIIH
rocynapcTsa B skoHOMuke. Ilpu ero joMHHHpOBaHHN
B YIPaBJICHUH COLMAIBHO-DKOHOMHYECKUMH Tpoliecca-
MU CHCTEMa I'Pa0CTPOUTEIBHOIO IIAHWPOBAHMUS HUrpa-
J1a BUJHYIO POJIb M 00najiana OobIIel CUIIOH, HeXelH
B YCJIOBUSIX JIMOEPAIILHBIX pe()OpM U B CMEIIAHHOMN KO-
HOMMKE. B pBIHOUHOM 3KOHOMHKE IpaJIoCTPOUTEIBLCTBO
UTpaeT MEHEEe 3aMETHYIO POJIb B YIPABJICHUH TOPOACKH-
MU U3MEHEHUSIMU. DTH TPEH/IbI TPOCIIEKHUBAIIMCH TOBCE-
MECTHO, & CUCTEMa I'PaJI0CTPOUTEIBHOTO IIJIAHMPOBAHHS
CTpPEMUJIACh MCIIOIb30BaTh MOMEHT, a HE JOMUHHPOBATh
B YAaCTHBIX MHTepecax pa3BuTus. OpHaKo mioOalibHbIC
TIepEMEHBI, POU3OLICAIINE B TEYEHHE JIBYX HOCIEIHUX
JIeKaj'®, IUKTYIOT HOBBIC YCIIOBHS M MOATAIKUBAIOT CH-
CTEMy T'paJIOCTPOUTENILCTBA 00pecTH Oojiee BIACTHYIO
TIO3UIIMIO U HE MTO3BOJIATH PHIHKY MaHHITYJIMPOBATh TIPO-
LIECCOM TOPOJACKHUX TIepeMeH. B monmmTuieckux ycrpem-
JICHUSIX YCWINTh OajlaHC B TI0JIb3y IUIaHMPOBIIHKA,
9 peKThI ToKa He CTOJb 3aMETHBI, €CJIM HE CKa3aThb Ipo-
CTO — HEBEIIMKI.

15 ecsituieTnii (yTOUHEHHE aBTOPOB CTATBH).
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B pesynbrare 6bu1 chopMHUPOBaH €ANHBIH METO/I0-
JIOTHYECKHHN TTOIXO0] K MPOo(dhecCHOHAIEHOMY 00pa3oBa-
HUIO, 00€CIIeUuNBAIOIINI CHCTEMHYIO B3aMMOCBS3b Ha-
npasneHus «['pagocTponTenbCcTBO» C HANpaBICHUSAMHU
«Apxurekrypa» u «CTpOUTEIBCTBO», pa3paboTaHHBINA
Ha 0a3e Monenmu CTPYKTypHOH OpTraHM3aIlH KOMIIO-
HCHTOB U TUIIOB TECPPHUTOPHUAIIBHO-TIPOCTPAHCTBCHHBIX
OOBEKTOB, CUCTEMBI YIPABICHUSI OpPraHU3aled M KO-
OpVHAIMEH B3aWMOCBS3aHHBIX TO3HINI mpodeccro-
HAJIBHOM JESITEIPHOCTH U METOJOIOTUH OICHKH U y4e-
Ta yCJIOBHUH, 0COOEHHOCTEH, CICHU(HUKNA B3aMMOCBSI3N
KOMITOHCHTOB ¥ THIIOB TEPPHTOPHAIBHO-TIPOCTPAH-
ctBeHHBIX 00bekTOB (I, I, III, IV) (manee — Moneinb
U METOZ0JIOrUs CTPYKTYPHOM OpraHU3alii KOMIIOHEH-
TOB M THIIOB OOBEKTOB MITH KpaTko — Mogens ', aBTop
10.B. Anekcees [31]).

B obmem Buze Mognenb mpeacTaBieHa Kak 4eThl-
pe moacucTeMbl (U3MYECKOH COBOKYITHOCTH KOMIIO-
HEHTOB ¥ THUIIOB TEPPUTOPHAIHHO-TIPOCTPAHCTBEHHBIX
oosekroB (I, 11, III, IV). O6bekT (I) — mpocTpaHCTBO
«3aMKHYTOTO» TIOCTPOCHHSI (3AaHUSI M COOPYKEHHS);
00bekT (II) — mpoCTpPaHCTBO «OTKPBITOTOY» IMTOCTPOE-
HUS (TEPPUTOPHUU TTOCEIICHUH B YPOBHE MOBEPXHOCTH
3emimn); o0bekt (1) — mpupoaHbIil KOMIUIEKC OHO-
cdepsl 3emun; 00bekT (IV) — mpocTpaHCTBO «HOITY-
OTKPBITOTO» TIOCTPOCHUA (HAI3EMHBIC TEPPUTOPHH).
Moyienb IpeCTaBisieT B3aUMOCBSI3M U HAIlOJHEHHE
BHYTPH BCEX THIIOB TEPPUTOPHAIBHO-IIPOCTPAHCTBEH-
HBIX OOBEKTOB 3aCTPOUKH TTOCEITICHHUS.

Mopenb COIep KUT ETaIN3alUI0 BCEX COCTABIIA-
IOLIMX, KOTOPBIE MPEJCTaBICHBl Ha OTJIENBHBIX (par-
MeHTax Mopmenu it kaxaoro ooeekra (I, I, III, IV)
U THMOB ero KommoHeHTa (puc. 2). Taxxe Monensb
BKJIIOYACT BapHUaHThI COYETaHUM KOMIIOHEHTOB U TUIIOB
TEPPUTOPUAIBEHO-TIPOCTPAHCTBEHHBIX OOBEKTOB U CH-
CTeMbI OTPaHHUYEHUH a7 KOHKPETHBIX KOMITOHEHTOB
U TUIIOB.

Takas Mopens mopomuia 0coOyr0 METOIOJIOTH-
YECKYI0 KOMIUICKCHYIO OIICHKY (PYHKIIMOHAITBHO-TEX-
HOJIOTHYECKUX, (DU3UKO-TEXHHUYECKUX, TEXHHUUECKUX,
ICTETHYECKHX, IKOJIOTUIECKUX «KAaYEeCTBY» M AKOHOMH-
YECKUX TOKA3aTelIeH, a TAKXKe y4eT YCIOBUI U 0COOCH-
HOCTEH, cenn(UKA B3aUMOCBSA3H KOMIIOHEHTOB M TH-
IIOB TEPPUTOPHAIBHO-IIPOCTPAHCTBEHHBIX OOBEKTOB.

B memnsix opraHM3anuy ¥ KOOpAMHAIMU Mpodec-
CHOHAJIbHOU JAeATENbHOCTH MOJEIb ITO3BOISET CUCTE-
MaTU3UPOBATh KPUTCPHUU B BUJIC KOMIIOHCHTOB U TUIIOB
TEPPUTOPUAIBEHO-TIPOCTPAHCTBEHHBIX  O0BEKTOB, HX
YaCTHBIX (YHKIUH W (QYHKIHOHAIBHBIX IIPOIIECCOB,
TpeOoBaHUN K OOBEMHO-TIIAHHPOBOYHBIM PEIICHUSM

' Onucanne Mogenu kpatko m3iaoxkeno B crarbe H.A. Ca-
MOIIOBOH «I pagoCcTpOUTENbHBIN “CKeneT” TeppuTopuu. Mo-
JIeNTb CTPYKTYPHO# OpraHM3allii KOMIIOHEHTOB M THIIOB Tep-
PHUTOPHAIILHO-TTPOCTPAHCTBEHHBIX OOBEKTOB MOCEICHUH KaK
cBOe0Opa3HbIN “ckeneT’” (OMOPHBINA KapKac) MM HayyHast OC-
HOBA, TOJIBKO HE “‘yenoBeka”, a repputopumn» // ACADEMIA.
Apxurektypa u crpoutenscTBo. 2022. Ne 3. C. 142-144.

DOI: 10.22337/2077-9038-2022-3-142-144
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bazosas Monens
‘re PPUTOPHANIBHO-
CTPAHCTBEHHBIX
KTOB 3aCTPOKH
MOCEJIeHH

[

]

HayuHno-npoekTHO-
o0pazoBatensHas

Hudopmannonxas
CHCTEMA HHIEKCALIHH

TEPPHTOPHATIBHO-
METO'DDgg;:quKa“ MPOCTPAHCTBEHHBIX
00OBLEKTOB
1 1
MeTomsi Hudopmaunonnan 6aza
pa | XpaHeHus
OLIEHKH H Y4eTa anmpmauuu
TEPPUTOPHATILHO- I o teppuTOpHANELHO-
MpOCTPAHCTBEHHBIX TPOCTPAHCTBEHHEIX
00BEKTOB 0OBeKTAX
. | |
lom 1: #0CHORKI NNAHWPORAHWRA, NPOBKTHPORA- ]
iR oBwexTo (LILILIV)» I 1
Tom 2: aHazemHbIe M NOAIEMHLIE 10AHHA, COO- =
py=eHuR obwexta (I)s OcHOBBI =
Tom 3: «CyxonyTuie, nognwe Topputopwn 3a-|  TTAHHPOBAHMA, OCHOBEI OpraHH3alHy
CTpoAKM NoconaHmk 06wokTa (i) APXHMTEKTY PHO- ¥ KOOPAHHALIHK
Tom 4: d CTPOHTENIBHOTO npofdeccHoHaBHOM
3emnn obwexTa (il
Tom &: eHaglaMHee TeppuTopun ofwexta (IV)y ITPDEKTH BaHHA AEATENBHOCTH
Tom 6: «CTp MOCEJIEHHH PErHoHa
6 [(ETEY™ T T
Tom T: -annmm oprlul:lmm M KDOPAN- I
mlllnﬂ i
OFwentwi (II), (I} npoteccHOHANLHONR QOATENLHOCTH O6wexTe (1), (M nm:mummoﬁ mwnwocm
2 5 P il | TpodeccronansHas
=== R JEATETBHOCTh @,
|
| ! | |
Hayunbie Vi Hie
Konunenuus ApPXHTEKTYPHO- HCCIENOBAHNS TRdyIe i 06 el
OpraHu3aLHe o Harlpaanenmm
L S S MG 110 HANPABJICHHAM u koopaunamneit _ | [«Tpanoctponrenserson,
" ]'[J]a[-]l[pOBat.[;Hﬂ npn%nﬂponanae i «I'panoctpoutenseTson, || npodeccuonansHoi CAPXHTEKTYpa»,
HOCE/ICHI] ST PUKHTIOCEIIEHH «APXHTEKTY pay, MEATENBHOCTH «CTPOMTENBCTBON
«CTPOMTENBECTBON

[ ]— Eannas merononornueckas 6asa

[ ]— Teopernueckas 6asa

[ ]— Ionbsosarenu (y4acTHUKY IPOECCHOHANBHOMN ACATEALHOCTH)

Puc. 2. Enunas cucrema obecriedeHus B3aMMOCBA3U CII0C00a MBIIUICHHS U KOMIUIEKCA JeHCTBHI BCEX YUaCTHUKOB

npodeccroHaNbHON ISSITEIbHOCTH Ha OCHOBe Mozernn

THUITIOB KOMIIOHEHTOB OOBEKTa M WX IUIAHUPOBOYHBIM
(axTopaM, a Tak)Ke yCTaHAaBIMBATh CHCTEMbI OTPaHU-
YEHUH Ui KOHKPETHBIX KOMIOHEHTOB M THIIOB TEp-
PHUTOPHAIBHO-TIPOCTPAHCTBEHHBIX OOBEKTOB B YPOBHE
TIOBEPXHOCTH OHOChEepsl 3eMITH, HA3EMHBIX U TT0J3EM-
HBIX 3[aHUI U COOPYKEHHH, Ha36MHOW TEPPUTOPUH,
MIPUPOTHOTO KOMIUIEKCa OHOoChepsl 3eMIIH.

3ajaun AMHAMAYHO MEHSIOLIECHCS] CHCTEMBI MpPO-
(heccHOHANIBHOTO 00pA30BaHUs CBS3aHBI C Pa3BUTHEM
y OyAylIMX M AEHCTBYIOMIMX yYaCTHHKOB IPO(deccHo-
HaJILHOM JIEATEIBHOCTH CIOCOOHOCTH 000CHOBAaTh
U pa3paboTarh COLMAIBHO OKOHOMHYECKH 3HAuM-
MBbI€, JKOJIOTHYECKH OTBETCTBEHHBIC IIAHMPOBOYHBIC
U apXUTEKTYPHO-CTPOUTEJIBHBIC PEIICHHs KOMITOHEH-
TOB TEPPUTOPUAIBLHO-TIPOCTPAHCTBEHHBIX OOBEKTOB

3aCTpOWKU. DTO 3a/1auu, HANpaBJICHHbIE Ha (HOPMHUPO-
BaHMeE MPOPECCHOHAIBHOTO UHTEIUICKTA.

C y4eToM M3JI0KEHHOTO, TPEJCTABIISETCS, YTO CH-
CTEMHOE COBEpIICHCTBOBaHHME HampabieHuil «Ipamo-
CTPOUTEIBCTBOY, «APXUTEKTYpa», «CTpOUTEIBECTBO»
B IIPO(eCCHOHATLHOM 00pa30BaHuM (KaK IO FOPU30H-
Tanu, Tak u 1o Beprukann MCKO), MoxeT ObITh BBI-
CTPOGHO Ha OCHOBE EAMHOM CHCTEMBbI OOeCreueHHMs
B3aUMOCBSI3M CIOCO0a MBIIUICHHUSI U KOMIUIEKCA Jeii-
CTBHH BCEX YYaCTHUKOB MPOQECCHOHAIBHOM JesATEIb-
HOCTH, MOJITOTOBJIEHHON Ha 0cHOBe Monenu (puc. 2).

Enunast Mmetononorndeckast 6aza Ha puc. 2 (BbI-
JICTICHO CEPBIM IIBETOM) BKIIIOYAET: HAyYHO-TIPOCKTHO
00pa3zoBaTeIbHYI0 METOOJIOINYECKyI0 0a3y, METOJbI
OIICHKM W y4yeTa TEePPUTOPHAIBHO-TIOCTPAHCTBEHHBIX
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CTNOMTENbCTB!
HayKa v 06pa3oBaH

H.A. Camotnoea, KO.B. Anekceee

00BEKTOB, WMH(OPMALUOHHYIO CHUCTEMY HHJEKCAIN
TEPPUTOPHAITEHO-TTOOCTPAHCTBEHHBIX OOBEKTOB U WH-
(opmanmonnyro 6a3zy cOopa 1 XpaHeHHs HH)OpMAITHN
0 TEPPUTOPHATILHO-TIOCTPAHCTBEHHBIX 00bekTax [31].
Ennnas mertomonormdeckast ©a3za ommpaetcsi Ha:
OCHOBBI TITAHUPOBAHHS APXUTEKTYPHO-CTPOUTEIHHOTO
MPOEKTUPOBAHMS MOCENEHUH PErHoHa M OCHOBBI Op-
TaHU3AIMd U KOOOPIUHAINH TPo(eCcCHOHATBHON JIes-
tensHOCTH [31] (Ha puC. 2 BBIIEIEHO TOIyOBIM [IBETOM).
[TpodeccronanbHas AEATEIBLHOCTh OXBATHIBACT
BECh CIICKTP €€ YYaCTHUKOB: TPaIOCTPOUTEIH, apXu-
TEKTOPHI, CTPOHTENH, TPETONABATEIH YUPEKICHIH
pa3MuHBIX YPOBHEH IpOQecCHOHATBLHOTO 00pa3o-
BaHUS, PYKOBOMUTEIH W CICIHATICTBI Pa3IAIHBIX
YpOBHEW BIACTH, MPUHUMAIOIINE PEIICHIS 110 Tpajio-
CTPOUTEBHOW TpaHC(hOpPMaIMU Ha TEPPUTOPUH (TaKHe
MTOJIb30BATENIN 110 KPYIHBIM OJIOKaM MPEACTABICHBI
Ha puc. 2: 1-i 6J0K — KOHIEIIINA Pa3BUTHSA U TUTAaHU-
POBaHUsI TOCEICHHMIA; 2-if OJIOK — apXUTEKTYPHO-CTPO-
UTEIbHOE IPOEKTUPOBAHUE 3aCTPONKHU NOCceNeHut; 3-i

070K — Hay4YHbIC HCCIEAOBAHUS 110 HANPABICHHAM
«I'pagocTpouTenbCTBO», «ApXuTekTypa», «Ctpou-
TENBCTBO»; 4-i ONOK — YyNpaBlieHHE OpraHu3aluel

W KOOpIHWHAIMEH TPo(hecCHHATBPHON HIeITeTbHOCTH;
5-it 610k — obOpasoBaHue 1O HampasieHusM «Ipamo-
CTPOHTEIBCTBOY», KAPXUTEKTYPa», « CTPOUTEIBCTBOY).

IIpn Takoil opraHM3alMOHHO-METOIUYECKON CH-
creme o0paszoBaHus OyeT oOecreueHo:

* IUI1 TPajoCTpouTeNicli (IUIAHUPOBIIUKOB) TIO-
HUMAaHHUE aPXUTEKTYPHBIX M TEXHHYCCKHUX (CTPOHTEIb-
HBIX) 0COOCHHOCTEH, crienuuKH (HOPMUPOBAHHS 00B-
€MHO-IUIAHUPOBOYHBIX PEIIEHUH 31aHUH, COOpYKEeHUI
¥ KOMIDIEKCOB; YMCHHE OCMBICITUTD UX (DYHKIIHOHATBHO
1 OCTCTUYCCKH IIPU TINIAHUPOBAHUN U ITPOCKTUPOBAHNUU
TaKuX KOMIIOHEHTOB oObekTa (II — Teppuropuu noce-
JICHUI B ypOBHE TOBEPXHOCTH 3eMJIN), KaK TPAHCIIOPT-
Hasi cUCTeMa, 00OpyJOBaHUE M CETH, OJIaroycTpoicTBO
U 03€JICHEHHE U IpyTHE, Ha TEPPUTOPHSIX C HOBOMU U CIIO-
JKUBIIEHCS 3aCTPOMKOMN B IMOCEJIEHUSIX U PETUOHAX;

* IUTSI apXUTEKTOPOB TOHMMAaHHUE 33719 [UIAHUPO-
BaHUS M MPOEKTHPOBAHUS HOBOTO TOCEIECHUS B KOH-
KPEeTHOM pErHOHE WIH TPaIOCTPOUTEIBHON TpaHC-
(hopmanuu TEPPUTOPHN B KOHKPETHOM MOCEIICHUN WIIN
pEeruoHe, CTPOUTENBHBIX 0COOCHHOCTEH U crielnpUKH
(hopMHEpOBaHUS UX TEPPUTOPHUIL; KOHCTPYKTUBHBIX pe-
IIeHNH, 000PYIOBaHUS U CETCH 3MaHUI U COOPYKEHHH,
YMEHUE OCMBICIIUTDL U TIEPEBCCTHU UX B KOMITO3UIITMOHHO-
XyI0KECTBECHHYIO (POPMY;

* TSI CTPOUTENICH YMEHHE peIIaTh TEXHUYIECCKHE
3aJa4u B 00JaCTH IUIAHWPOBAHHSI M HPOEKTUPOBAHMS
pa3IMYHBIX 3MaHUH W COOPYKCHHH B KOHKPETHBIX
MMOCENIEHISIX W PEeTrHOHaX IO KOHKPETHBIM TpeboBa-
HUSIM apXUTEKTYpPbI, YMETh TOJAepKarh, 000CHOBATh
U 00CCICUUTh pean3aluio Pe3ylbTaToB IIAHUPOBA-
HUS W TPOSKTHPOBAHUS CPEHbl KU3HEICSITECIHHOCTH
U apXUTEKTYPHOM UJICU B HAType.

BaxxHo 0CcO3HaBaTh, YTO TPATOCTPOUTEIAMH (TDTa-
HUPOBIUKAMH), apXUTEKTOPaMH, CTPOUTEISIMH pe-
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11aeTcsl IUPOKUH KPYr B3aMMOCBSI3aHHBIX 3a/a4 MpU
TUIAHUPOBAHNH, APXUTEKTYPHO-CTPOUTEIILHOM IIPOSKTH-
POBaHMUHM, CTPOUTEIIBCTBE MOCEJICHUH U PETHOHOB, COOT-
BETCTBYIOMIAX yCIOBHUSIM, OCOOCHHOCTSIM M CIIeIH(UKE
YIPaBICHUA HUX TEPPUTOPHATIBEHO-TIPOCTPAHCTBEHHBIM
U apXUTEKTYyPHO-IIAHUPOBOYHBIM  (DOPMHPOBAHHEM.
Takast B3auMoCBs13b TpeOyeT CriennaabHON OpraHu3alin
00pa30BaTeNBFHOTO MPOLECcCa, OCHOBAHHOTO HAa CHCTEM-
HOM Yy4€eTe B3aUMOBIIMIHNS TEPPUTOPUATIBHO-TIPOCTPAH-
CTBEHHBIX 00BEKTOB COTlIacHO Mozem.

3AKJIIOYEHHUE

[Ipencrapnsiercs, YTO Ui OPTAaHOB ITyOIHY-
HOM BJIACTH BBIT'OJHO BBICTPOUTH HCO6XOI[I/IMy}O
Ha COBPEMEHHOM JTare pa3BUTHs TOCy/lapcTBa CUCTeE-
My TONICPKKH TPHHATHS U PEryIHUPOBAaHUS TPaJio-
CTPOWTENBHBIX PEIICHUH (B TOM YHCIE aKTyalbHOTO
U JOCTOBEPHOTO MOHHTOPHHTA C HCIOJIH30BAaHUEM
MHPOPMALMOHHO-KOMMYHHKAI[IOHHBIX  TEXHOJIOTHUH,
MPOCTPAHCTBEHHOTO MHOTOMEPHOI'0 aHaJn3a MEXUC-
OUIUTHHAPHBIX JTAaHHBIX, B TOM YHCIIC C MPUMEHECHUCM
COBPEMEHHBIX HH(PPOBBIX TEXHOJOTHWH, BKIIIOYAs FC-
KyCCTBEHHBIH HHTEIJICKT).

Mogenb 0XBaThIBae€T HAYYHO-UCCIIEIOBATEIHCKYIO
JESITeTPHOCTH, HEOOXOIUMYIO KaK JUISI TOATOTOBKH Ma-
TEepHaJIoB MO0 OOOCHOBAaHHIO TPaOCTPOUTEIHHBIX HO-
KyMEHTOB, TaK M COBEPIICHCTBOBAHWIO HOPMATHBOB
TPagoCTPOUTETHHOTO IPOSKTUPOBAHMS U TPATOCTPOH-
TCIBHBIX PETIIAMCHTOB, OTpaXaromux MEKAUCHUIIN-
HapHBIA XapakTep rpaJoCTPOUTENILHOTO HaNpaBIeHUs
00pa3oBaHMS.

BaxHbIM acreKkToM TaKOW CUCTEMBI SIBISIETCS CO-
BEpIICHCTBOBaHHE MPO(ECCHOHATBHOTO 00pa3oBaHMs
B cdepe TpaloCTPOUTEIILHON ACATEIBHOCTHA C YYETOM
HEOOXOIUMOCTHU 00ECIICUCHHSI PA3TUYHBIMU CITCITHAITH-
CTaMH JUTSI CTPOUTEIILCTBA, KAIMUTAIFHOTO PEMOHTA,
PEKOHCTPYKIINHU, B TOM YHCIIE WH)KEHEPHOTO 000pyHo-
BaHUS 37JaHUI, COOPYKEHUH B TEPPUTOPHIA, CHOCA 00B-
€KTOB KalUTaJIbHOTO CTPOUTENBCTBA, OIKCIUTyaTalluu
3J1aHUH, COOPYKEHUH, KOMIUIEKCHOTO Pa3BUTHUS TEPPU-
TOpUI M HX OJIarOyCTPOICTBA, B TOM YUCIIE O3CTICHEHUS,
Ha OCHOBE TPaIOCTPOUTENBHBIX JOKYMEHTOB IS TPaX-
JTAHCKOTO, TPOM3BOACTBEHHOT0, CEITLCKOXO3AHCTBEHHO-
TO, TPAaHCIIOPTHOI'O U NHOT'O CIICIIUAJIbHOTO HAa3HAYCHUA
B COCTaBe PAa3JIMYHBIX TPAJOCTPOUTEIHHBIX THUIIOB
TEPPUTOPUH, B TOM YHCIC DIIEMCHTOB IUIAHHPOBOY-
HOU CTPYKTYpHI (paiioH, MuKpopaiioH, kBapram, TIIY,
YAMYHO-TOPOXKHAS CETh U Ap.) Ha TEPPUTOPUHU CTPAHEI,
CyOBbeKkTOB PD, MyHHUIIMITIATBHBIX 00pa30BaHUM.

«'pamocTpouTEeNIECTBO» Kak 00pa3oBaTeiIbHOC
HaTIpaBJIICHUE TOATOTOBKMA KaJIpOB B CHCTEME Tpajio-
CTPOWTENBHON NEATENTFHOCTH JOJDKHO 3aHATH KOOP-
JUHHUPYIOIIYIO PO HAa OCHOBE MEXINUCIUILTHHAPHBIX
B3aMMOCBSI3€i BCEX THIOB TEPPUTOPHUATHLHO-TIPOCTPaH-
CTBCHHBIX 00BCKTOB B Mojienu Ha 6a3e COBPEMCHHBIX
CKBO3HBIX TEXHOIOTHH. Takoe TMpenroIoKeHHue Ha-
XOIUT mnoxatBepxkaeHue B uccaenoBanusix H.H. JKe-



Moaenb B3anmMocCBs3M y4aCTHUKOB I'lpO(peCCMOHa/\bHOI;I AEATEABHOCTU B rPaAOCTPOUTEALCTBE

C. 77107

OJIMEHOK, KOTOpas KOHCTAaTUPYeT C y4YeTOM aHain3a
OTEYECTBEHHOTO  «00pa30BaTeNIbHOTO  HANPABICHUS
IpaloCTPOUTENILCTBA» B MUPOBOM KOHTEKCTE, YTO OT-
JenbHas npodeccust «rpagoCcTpoUTeNby, (OKyc Jes-
TEJILHOCTH KOTOPOH — «IIpoeKT» (obecreyeHue JI0Ky-
MEHTaJIbHON 0a3bl ISl TPOCTPAHCTBEHHBIX HHUIMATHB
rocyJaapcrsa, Ou3Heca, WHBECTHUIIMOHHBIX IIPOCKTOB)
[16], B TakoM Buje B MHPOBOH NMPaKTUKE MOCTEIEHHO
HCYE3aET.

Takum 00pazom, cucTeMa MOAJEPKKH TPHHATHS
IpaJloCTPOUTENIFHBIX PEHICHUH Ha Hay4HOH OCHOBE
JOJDKHA ONHpaThess Ha TpodeccnoHalbHOe 00paso-
BaHME W BBEJCHHE HOBBIX 3HAHWH C HCIIOIH30BAHUEM
BCEMM YYaCTHHKaMH TPOPECCHOHAIBHON aesATelb-
HOCTH (CyOBEKTaMH IPaJOCTPOUTEIHHBIX OTHOIICHUH
o 'K P®).

Co3nanue ycioBrii B 00pa3oBaTeIbHOM IIporiecce
B YACTH CHCTEMBI YIPaBJICHUS KOOPAMHAIIMEH W Opra-
HU3aIMeH B3aMMOCBS3aHHBIX MO3HMIMH mpodeccHo-
HaJIHOH JeSITENILHOCTH TpeOyeT:

* HOBOW CHCTEMBI KOOPJWHAIIMK M OPraHU3alnu
y49e0HO-HAyYHO-METOINICCKON ACATENbHOCTH Kademp
BBICITUX 00pa30BaTeNbHBIX yupekaeHnil. Hampumep,
HUY MI'CY ¢ 2015 1. ygactByeT B 00pa3oBaTeIbHOM
npoekTe «VHXKeHepHbIH KJ1acC B MOCKOBCKOM IIKOJIE»
(oxomo 150 mxom), ¢ 2020 1. kadempa TpagoCTPOH-
tensctBa HUUY MI'CY pabotaer BO B3aUMOACHCTBUH
¢ Uucturyrom lenmana Mockssi'’, a ¢ 2023 . B HUY
MI'CY o6pa3zoBana kopmopaTuBHas Kadenpa MuH-
crpost Poccnu'®;

* KOPPEKTUPOBKH CYHIECTBYIOIUX M HalUCAHUS
HOBBIX YYEOHBIX IIJIAHOB, pabodMX IMporpamm, ydeo-
HUKOB M TOCOOMH, COOTBETCTBYIOIIMX METOHOJIOTHU
OIICHKH M y4YeTa YCJIOBHH, OCOOCHHOCTEH, CrierupruKku
B3aUMOCBSI3M KOMIIOHEHTOB M THIIOB TEPPUTOpPHAIIb-
HO-TIPOCTPAHCTBEHHBIX 00BEKTOB MoJeNnn 3aCTPOUKH
MOCEIICHUN U PETUOHOB W NPUHIOHUIIOB OCYHIIECTBJIC-
HU UX aHaJIn3a U CUHTE3a, BIIMAIONINX Ha YIIPABJICHUC
TEPPUTOPUATILHO-TIPOCTPAHCTBEHHON  OpraHu3anuen
U apXUTEKTYPHO-IUIAHUPOBOYHBIM (DOPMUPOBAHUEM
IIOCEJICHUH U PETMOHOB, C YYETOM COBPEMEHHBIX MH-
(hopMaInOHHO-KOMMYHHUKAI[HOHHBIX TEXHOJIOTHA.
Takne yuyeOHMKM M TTOCOOMS JIOJKHBI BKIIFOYATh DJICK-
TpOHHBIE OMONHMOTeuHble 0a3bl (Takue 0a3bl UMEIOTCS
B HUY MI'CY), UHTepHET-TEeXHOIOT UM, BKIIOYasi BU-
JACOYPOKHU M HX 3allMCH, MHTCPAKTHUBHBIC OJOCKH JIid
COBMECTHOH pabotel Hajx mpoekramu (B HUY MI'CY
yCIemHo (YHKIIMOHUPYET eIUHbIH 00pa3oBaTeIbHbIN
noptan «CTpOUTENBCTBO +», MHOTHE ayAMTOPUU 000-
PYIOBaHbI HHTEPAKTHBHBIMH JIOCKAMH ISl TPOBEACHUS

17B 2022 1. B ctpykType uHcTuTyToB HUY MI'CY 06pasoBaHa
camocCTosTebHas 6a3oBast Kadenpa «I pagocTpOUTENBCTBOY.
8B wmae 2022 r. 3aMecTHTE]Ib MHHKHCTPAa CTPOHTENLCTBA
u J)KKX C. My3bI4eHKO 03BYYHJI pELICHUE O CO3IAaHUU KOp-
nopatuBHOi kadeapsr Munctpos Poccun 8 MI'CY. URL:
https://mgsu.ru/news/Universitet/MinstroyRossiiplaniruetsoz
datkorporativnuyukafedruvNIUMGSU/

3aHSTHH C BEIXOJIOM B HHTEPHET ¥ OCHAIICHBI JINIICH3H-
pyeMbIMH NTpodeCCHOHAIBHBIMA TIPOrpaMMaMn);

* B OPraHU3aIMOHHBIX MEPOIPUSITHH AT yJacTust
B cucteMe Npo(eCCHOHAIBHOI IesITeIbHOCTH — Hayd-
HBIX HCCJIENOBAHMAX, IUIAHUPOBAHMM W MPOEKTHPOBA-
HUH, Pa3pabOTKE U COBEPIICHCTBOBAHUN HAyYHO-METO-
JIMYECKOM M HOPMATHBHO-TEXHUYECKOH JT0KyMEHTAlUU
0c000€ MECTO 3aHMMaET KOOPUHHUPYIONIHI OpraH, ocy-
LIECTBIIAIOMINH TOCYJAPCTBEHHOE PETYIMPOBAHKE B Ya-
CTH COOTBETCTBHA ITOJTYYCHHOI'O 06pa303aH1/1;1 " I1oa-
TBEpP)KACHHS YPOBHS 3HAHUKM W YMEHHH HEOOXOANMBIM
TPYAOBBIM JEHCTBHSAM, KOTOPBIE YIaCTHUKU MPO(pECcCHO-
HAJIBHOM JIESTENBHOCTH YK€ OCYIIECTBISIOT (T.e. yXkKe
pabotator). Takoe noarsepxaenue nposogurcs B LIOK,
nanpumep B LIHMUII Munctpost Poccun.

Jlnist Oyymimx y4acTHUKOB IPO(eCCHOHAIBHO Jie-
SITEIIBHOCTH (TOJIBKO TUIAHUPYIOIUX OCYIIECTBISTH IIPO-
(eccroHaNbHYIO eaTensHOCTh) B yacT BO ¢ 2021 T
Ha 6a3e HY MI'CVY co3nan KOHCOPITUYM BY30B, BKIIFO-
YalOUIMH BCEe BeIyIIHME apXHUTEKTYpPHO-CTPOUTEIbHBIC
By3bl MockBbl, Kazann, Huxxnero Hosropona, Hoso-
cubupcka, Ilensslr, Cankr-IletepOypra, Tomcka, BbI-
ITyCKAIOIIUX CIENMAINCTOB MO HanpasieHus M «I pano-
CTPOUTEIBCTBOY, «APXHTEKTypa», «CTPOUTEIHCTBOY.
Tako#t KOHCOPIIMYM cO31aH Jasi (pOPMUPOBAHHS Ha-
LMOHAJILHOM CHUCTEMBI Pa3BUTHS CTPOUTEIHLHOTO IPO-
(eccroHanbHOTO 00pa30BaHMS, CTPOUTEIHHON HAYKH,
HAYyYHO-TCXHOJIOTHYCCKOI'O pa3BUTHUA CTpOHTeJ’[BHOﬁ
OTpaciii, ¢ ydacTuem MpodecCHOHaIBLHOTO CcOoo0IIe-
CTBa, OTPACIEBON HAyKH, OM3HEC-CTPYKTYpP, HHBIX Op-
raan3anuii. OCOOEHHOCTAMHU KOHCOPIIMYMa SBISIOTCS
HaJIM4Me B YHCIIE yupeanTesael mpouipHON rocyaap-
CTBeHHOW akanmemuu Hayk (Poccmiickas akamemus ap-
XUTEKTYpHI U cTpoutenbHbIX Hayk (PAACH)), a Takxe
orpacnieBbix (HanmonansHoe oObeaMHEHHE CTpOUTE-
el (HOCTPOPI), HaummonansHoe 00bEAMHEHNE W3BI-
ckateneid U npoektuposiiko (HOITPU3)) u mexo-
tpacsieBoro (Poccuiickuii coto3 crpoureneit (OMOP
«PCC»)) obwvemmuennit paboromareneir. Korcoprmym
B3aumojeiicteyer ¢ Munctpoem Poccmm u OOmie-
CTBEHHBIM COBETOM IIPH MHHUCTEPCTBE.

[TpoBeneHHbIE HCCIIEOBAHMS ITO3BOJIMIIN YCTaHO-
BUTb, YTO CO3JAHUE, PA3BUTUE IPaJOPETYIHMPOBAHUS
(perynupoBaHusl TPaJOCTPOUTENBHON AEATEILHOCTH
o 'K P®) moryT npoBonuThCst Ha 6a3e MOAEIH CTPYK-
TypHOH OpraHU3alliy KOMIIOHEHTOB M THUIIOB TEppH-
TOPHAIBHO-TIPOCTPAHCTBEHHBIX 00bekTOB  (Mosierns)
1 TPUHIUIIOB OCYIICCTBICHUS aHAIN3a U CHHTE3a UX
ocobenHocTell m cnennpukd (OPMHPOBAHUS B 3a-
CTPOMKE IIOCEJICHUN U PErMOHOB.

[Tpu TakoM 1Moaxo/e AOCTUTAeTCs KOMIUIEKCHOCTD,
CHCTEMHOCTh TIOATOTOBKH OT MIKOJIBHHUKOB (OymyImimx
CTyAEHTOB WIM NPOCTO TPAaMOTHBIX MOJb30BaTEICH
B IIPOCTPAHCTBEHHON CpeJie JKH3HEIeSTeIIbHOCTH), 00y-
YAIOIIUXCS [0 CPETHAM H BBICIINM PO ECCHOHATBHBIM
0o0pazoBareibHBIM MporpaMMam (B TOM YHUCIIE TIOCIIEBY-
30BCKHX: aCHHMPaHTOB, JOKTOPAHTOB), 10 pabOoTaIomunX
CTICIIAJIFICTOB, O0ECIICYNBAIOMINX B TPO(ecCHoHaT b-
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H.A. Camotnoea, KO.B. Anekceee

HOM JIeSTeNbHOCTH €IMHOE TOHMMaHHE IUIaHHPOBOY-
HBIX, APXUTEKTYPHBIX, CTPOMTEIBHBIX W HAYYHO-HC-
CJIEIOBATEIbCKHUX 3a]1ad TP BBINOJIHEHUH TPeOOBaHMI
K (hOPMHPOBAHUIO KOMIIOHEHTOB M THIIOB TEPPHUTOPH-
AITBHO-TIPOCTPAHCTBEHHBIX OOBEKTOB 3aCTPOHKH  IIO-
CEJICHHH M PErHOHOB, W YYeTe COOTBETCTBYIOIIMX MM
IUTAHUPOBOYHBIX (PaKTOpOB: HE (hopMamm3yeMbIX (Xy-
JIO’)KECTBEHHO-KOMIIO3UIIMOHHBIX) U (hopMasTn3yeMbIX
(pyHKIMOHATEHO-TEXHONIOTHYECKIX, (PU3NKO-TEXHIYE-
CKUX, TEXHUYECKUX, IKOHOMUUYECKUX U JIP.).
[lonroroBnenusle Ha HayyHOW oOcHOBe Moaenu
IpajloCTPOUTEIH, HAPSILY C APXUTEKTOPAMH U CTPOUTE-
JsIMH, Oyt T ClIOCOOHBI TPO(ECCHOHATIBHO ¥ CHCTEMHO
y4ecTh IUTAHUPOBOYHEIC TPEOOBaHUSA U (PaKTOPHI, CBOII-
CTBEHHbIE O00BEMHO-ITPOCTPAHCTBEHHBIM, OOBEMHO-
TUTAHUPOBOYHBIM,  TEPPUTOPHATBHO-TIPOCTPAHCTBEH-

HBIM PEIICHHUSIM KOMIIOHEHTOB O0BEKTOB, TaK KaK TaKHe
TpeGoBaHMs U (PAKTOPBI HEOTHEMJIEMBI OT yUeTa B Op-
TaHU3aIMOHHO-METOIMUECKOM cUcTeMe 00pa3oBaHMs
XapaKTepHBIX, B3aUMOCBSI3aHHBIX YCIOBUH, 0COOECHHO-
cteit, crerudukr mMpodecCHOHATBHON AEATSIIbHOCTH
(IIITaHUPOBOYHOM, IIPOEKTHOM, HAYYHO-HCCIICI0BATEIb-
CKOH, yIIpaBIIeHYECKOH, MHBECTUIIOHHOM ).

ITosToMy 11t cUCTEMHOI B3auMOCBA3M B 00pa-
30BaHUM HampaBiIeHUN «[pagocTpoUTENLCTBO», «Ap-
XUTEKTypa», «CTpOHUTEIbCTBO», COOTBETCTBYIOLICH
YCIIOBHUSIM, OCOOCHHOCTSM, crenupuke mnpodeccuo-
HaJIbHOM JIeATEIbHOCTH €€ YYaCTHUKOB, OPraHU3yeMOn
Ha €JIMHOM METOJ0JIOTHYECKOM IT0JIX0/Ie, HE0OX0ANMO
mudepeHIIPOBaHHOE OTHOIICHHE K CHCTEME 3HaHUH,
MOJIy4aeMbIX B JJOBY30BCKOIl, By30BCKOI 1 OCIIEBY30B-
CKOM IIOJrOTOBKE Ha OCHOBE Ipe/ICTaBIeHHON Moenu.
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Nadezhda A. Samoylova, Yuri V. Alekseev

INTRODUCTION

After the collapse of the USSR, the independent
Russian Federation is still in the process of establishing
a new regulation:

1) participants of professional activity' in urban
planning? (urban planners, architects, builders, teachers
of institutions of various levels of professional educa-
tion, managers and specialists of various levels of gov-

! The article uses terminology interpreted by Y.V. Alekseev,
who together with V.N. Belousov and A.P. Kudryavtsev found-
ed the scientific direction in the domestic urban planning.
Professional activity — activities organized and coordi-
nated by management bodies in planning, architectural and
construction design of settlements in the region, ensuring
the formation of new settlements and changes in existing
ones in the interests of each person and society, the partici-
pants of which are qualified in the main areas of professional
education: “Town Planning”, “Architecture”, “Construc-
tion”.

Urban planning is the creation of material and spatial envi-
ronment of people's life in the settlements of the region, in
the process of which representatives of all branches of na-
tional economy participate.

Urban planning is a system of managed political, economic,
financial, environmental, social, planning, construction, re-
search and educational activities that ensure the creation of
material and spatial living environment for people in the set-
tlements of the region on the basis of collective experience
accumulated in all sectors of the national economy.

Urban planning regulation — managing the formation of new
and changing, primarily development and growth processes,
settlements in the region.

2 Urban planning (in English: Urban planning, Town plan-
ning, City planning, Regional planning, Rural planning)
emerged as a profession in the first decades of the 20th
century, mainly as a system of decision-making to address
the emerging sanitary, social and economic conditions of
rapidly growing industrial cities. Initially, the disciplines of
architecture and civil engineering formed the core of the in-
terested professionals involved in solving these problems.
They were later joined by sanitary and epidemiological
control specialists, economists, sociologists, lawyers and
geographers to address the specific challenges of settlement
management. Modern methods of planning urban transfor-
mations in the territory include surveys, analyses, design
and implementation of developments based on the synthesis
of interdisciplinary knowledge.

Modern urban planning is a technical and political process
concerned with human well-being, control of land use,
the design of living environments (including transport and
communication networks), and the protection and conserva-
tion of natural resources (““What is Urban Planning”. School
of Urban Planning, McGill University. Montréal (Québec)
Canada. URL: https://www.mcgill.ca/urbanplanning/plan-
ning. Archived from the original on 8 January 2008, trans-
lation by N.A. Samoilova) with the note “Urban planning”
the term used in Russia and understood by specialists
in the territory of the post-Soviet socialist space also in-
cludes the term in English — Urban development, any phys-
ical expansion or change of land use in settlements and adja-
cent territories: division into zones with different regulations
of use; construction, renovation, revitalization or regenera-
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ernment, making decisions on urban transformation on
the territory) [1];

2) separate structural elements of the labour mar-
ket: legal acts of forms of labour and employment (their
essential features), on the legal qualification of personal
labour in certain disputable cases of its use) [2];

3) professional education in the areas of “Urban
Planning”, “Architecture”, “Construction” taking into
account professional standards.

tion of buildings, roads, utilities and other facilities; changes
in the natural environment; construction of new buildings,
roads, utilities and other facilities; changes in the use of nat-
ural resources. (Solutions to Solving Urban Sprawl, Bizflu-
ent Leaf Group Ltd. URL: https://bizfluent.com/13657584/
ways-to-reduce-urban-sprawl Archived from the original on
19 January 2019 Date of access: 01.07.23, translation by
N.A. Samoilova).

Here are a few facts for your information:

1. Urban planning science at the intersection of technical
and socio-humanitarian sciences, with the Higher Attesta-
tion Commission of Russia awarding academic degrees in
the branches of science: architecture and technical sciences
in the scientific specialty “Urban planning, planning of rural
settlements” (code 2.1.13.): (Order of the Ministry of Educa-
tion and Science of Russia from 24 February 2021 No. 118
“On approval of the nomenclature of scientific specialties
in which academic degrees are awarded...”. (as amended on
30.03.2023)).

2. In the world since the beginning of the twentieth century
in urbanism, there has been a significant division into three
scientific branches: aesthetic (emphasis on the external form
of the city, on variants of its compositional structure); techno-
logical (problems of urban infrastructure, including transport
networks; issues of urban economy and development man-
agement, including development); social (problems of social
life of the city and citizens, including legal) (Glazychev V.L.
Political Economy of the City. Moscow, Delo, 2009; 192).

3. In the early 1920s, a new field of urban planning activity
emerged — spatial planning, or district planning (in English
it is spatial planning, regional planning, except for general
plans of settlements; in Soviet times — these were developed
schemes of district planning of regions, areas and autonomous
republics), abroad the first such planning project was devel-
oped by English architects L.P. Abercrombie and T. Johnson
for a coal district in England.

4. In the USSR from 1917 to the 1990s — during the period of
absence of free turnover of land plots and real estate market —
the system of socialist urban planning operated as a concept
of structural rather than economic content, which corresponds
to the Western concept of “physical regional planning”.

5. As a system of knowledge in Russia, urban planning is
a sub-branch of two branches of science: architecture and
construction, and was formed in this form during the period
of active construction of new cities in the 1930s and the offi-
cial condemnation of urbanism (or rather, its two branches —
technological and social) and the ban on sociology.

6. Urban planning, which took place in the 1930s in the USSR,
gave way to the idea of urban planning, when the issues of ur-
ban infrastructure formation were subordinated to the depart-
mental system of state planning, and the ideas about the needs
of citizens were built on a normative model, based on ideo-
logical attitudes.



Model of the interrelation of participants of professional activity in urban planning

P. 77-107

In the article by M.A. Drachuk, Candidate of Legal
Sciences, Attorney-at-Law [2], in the journal “Labour
Law in Russia and Abroad” states that “the state in any
type of labour market formulated by it (administrative-
planned, self-regulated or their mixed models) should
at least implement:

* creating an education system that correlates with
the labour market and employment system;

« forming, regulating and ensuring the functioning
of the system, structure and infrastructure of the labour
market;

« information support of labour market subjects”
(from the authors of this article we would like to specify
that for the participants of professional activity the state
information system for urban planning activities of
the Russian Federation (GISOGD) and the develop-
ing portal of spatial data of the Russian Federation,
including the federal state information system of ter-
ritorial planning of the Russian Federation (FGIS TP
RF), are of particular importance within the framework
of the system of support for urban planning decision-
making, including with the use of.

In each of the above three, the role of professional
education and introduction of new knowledge into use
by all subjects of urban planning relations is important?,
including individuals and legal entities that are consum-
ers of the urban environment and co-participants in its
urban transformation.

In accordance with the current Urban Planning
Code of the Russian Federation (UPC), urban plan-
ning activities* , carried out in accordance with all
types of documents established in the UPC, including
urban planning standards and urban planning regu-
lations, both through the preparation of established
urban planning documents® at the national, regional

3 The subjects of town-planning relations are the Russian Fed-
eration, subjects of the Russian Federation, municipalities, in-
dividuals and legal entities (clause 1 of article 5 of the Town-
planning Code of the Russian Federation from 29.12.2004
No. 190-FZ (edition of 14.07.2022) — hereinafter referred to
as the Civil Code of the Russian Federation).

# Urban planning activities — activities for the development of
territories, including cities and other settlements, carried out in
the form of territorial planning, urban planning zoning, territory
planning, architectural and construction design, construction,
major repair, reconstruction, demolition of capital construction
objects, operation of buildings, structures, integrated develop-
ment of territories and their improvement (Clause 1, Article 1
of the Civil Code of the Russian Federation).

3 Territorial planning documents specified in Clause 2, Arti-
cle 9 of the Civil Code of the Russian Federation and ma-
terials for their justification, as well as the norms of town-
planning design established in Clause 3.1 of the Civil Code
of the Russian Federation; documents of town-planning
zoning (Clause 2, Article 30 RF Civil Code); documentation
on territory planning (Art. 41 of the RF Civil Code); design
documentation, working documentation in relation to capi-

and local levels, as well as directly: construction,
capital repair, reconstruction, demolition of capital
construction projects, operation of buildings, struc-
tures, integrated development of territories and their
improvement; and through research activities, as well
as communications of subjects of urban planning rela-
tions®, including the use of modern information and
communication technologies in professional activi-
ties, which covers all three areas of “Urban planning”,
“Architecture” and “Construction”, taking into ac-
count the established federal government educational
standards (FSES®) for training personnel” of various
qualifications according to training programs for sci-
entific and pedagogical personnel in graduate school,
specialty, higher education, secondary vocational
education to meet the long-term needs of sectors of
the economy and social sphere.

MATERIALS AND METHODS

The comparative analysis of normative-legal doc-
umentation, scientific and practical review of informa-
tion on the topic of urban planning direction of educa-
tion were carried out.

The International Standard Classification of Edu-
cation (ISCED), as a tool for comparing education
statistics, distinguishes two major types of coding by
country and globally:

* horizontal: by level of education (Table 1);

« vertical: by field of education and training (Ta-
ble 2).

However, in the last 30 years, despite the adop-
tion of the Federal Law of 29.12.2012 No. 273-FZ “On
Education in the Russian Federation”, the order of Ros-
standart of 17.12.2013 No. 2255-st (in the edition of

tal construction objects and parts thereof under construction,
reconstruction and engineering surveys for preparation of such
design documentation, as well as the section of the design doc-
umentation during capital repair of a capital construction object
in the established cases (Art. 48 of the RF Civil Code).

8 FSES 2022 online. URL: https://classinform.ru/fgos.html
(Accessed: 01.06.23)

" From 2022, the “Professionalism” project will be implement-
ed for secondary vocational education (Decree of the Govern-
ment of the Russian Federation No. 387 of 16 March 2022
“On conducting an experiment to develop, test and implement
a new educational technology for designing educational pro-
grammes of secondary vocational education within the frame-
work of the federal project «Professionalism»”), and from
2023 for higher education — implementation of a pilot project
(Decree of the President of the Russian Federation No. 343 of
12.05.2023 “On some issues of improving the system of higher
education”), and from 2023 for higher education — implemen-
tation of a pilot project (Decree of the President of the Russian
Federation No. 343 of 12.05.2023 “On some issues of improv-
ing the system of higher education”).
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23.06.2020) on the approval of “OK 017-2013. All-
Russian Classifier of Specialties of Higher Scientific
Qualifications”, the order of the Ministry of Labour
of Russia from 12.04.2013 No. 147n “On Approval of
the Layout of Professional Standard” for any labour
market, differentiated including by different forms of
ownership, “a special place in the mechanism of any
type takes systematization and regulation of the main
branches of economic activity” [2].

Earlier in the times of the USSR were formed and
normatively regulated branches of national economy
(All-Union Classifier “Industries of National Econo-
my” (approved by the USSR Goskomstat, Gosplan of
the USSR, Gosstandart of the USSR 01.01.1976), in-
cluding “Construction” code 60000.

In modern Russia technological processes in
accordance with the updated codes established in
the Russian Classifier of Economic Activities 029—
2014 (KDES Ed.2) “Construction” and “Professional,
Scientific and Technical Activities” (Table 3) are also
impossible as before in isolation from the use of human
labour, despite the rapidly developing information and
“end-to-end” digital technologies, including artificial
intelligence [3].

Table 1. International Standard Classification of Education
(ISCED) by Level of Education

Level ISCED-2011
Pre-school education (01 Pre-school educational
0 development)
Pre-school education (02 Pre-school education)
1 Primary education
2 Incomplete secondary education
3 Higher secondary education
4 Post-secondary non-trivial education
5 Short-cycle tertiary education
6 Bachelor’s degree or equivalent
7 Master’s degree or equivalent
8 Doctoral degree or equivalent

Economic activity takes place when resources
(equipment, labour, technology, raw materials, materi-
als, energy, information resources) are combined into
a production process with the aim of producing prod-
ucts (providing services).

Typical job descriptions, familiar from the USSR,
are replaced in professional standards by the concepts of
“labour actions” (“i.e., the beginnings of independent,
creative activity and personal responsibility of an em-
ployee are laid down” [2]), and the “necessary skills”
and “necessary knowledge” enshrined in professional
standards are a direct link to educational standards, in-
cluding the standards of additional general education
programmes and additional professional programmes

(Fig. 1).
96

Table 2. ISCED 2011 codes and names of fields and groups
of educational programmes (fragment for urban planning)

Wide areas Narrow areas Detailed areas
07 Mechanical | 073 Architecture | 0731 Architecture and
engineering, and Construction | urban planning
production and 0732 Building
construction (construction) and civil
engineering
0738 Interdisciplinary

programmes and
qualifications involving
architecture and

construction

Table 3. Russian Classifier of Economic Activities 029-2014
(KDES Ed.2) (extract for sections F and M)

Decipherment
Code

Section F Construction

41 | Construction of buildings:

1) general construction of buildings of all types
(it includes construction of new buildings,
reconstruction, major repairs, current repairs and
additional works, installation of prefabricated
structures or structures on the site, and
construction of temporary buildings);

2) construction of housing, administrative
buildings, warehouses and other public and
service buildings, farm buildings, etc.

Section M Professional, scientific and technical Activities
71.1

Activities in the field of architecture, engineering
surveys and provision of technical consultancy in
these fields:

1) provision of architectural, engineering and
technical services, drawing development services,
construction surveying services, cartography
services, etc.;

2) provision of construction project management,

construction control and supervision services

Any typical technology is a typical function, which
means that it is subject to a professional standard. The La-
bour Code of the Russian Federation (Article 195.3) stip-
ulates that professional standards are mandatory for em-
ployers, and in the private sector of the economy they are
applied by employers as a basis for determining require-
ments for the qualifications of employees, taking into ac-
count the specifics of the work functions performed by
employees due to the technologies used and the produc-
tion and labour organization adopted.

Currently there are 18 professional standards in
the field of professional activity “Architecture, engineer-
ing, geodesy, topography and design” (code 10) approved
by the Ministry of Labour of Russia (Table 4) and more
than 100 professional standards in the field of “Construc-
tion and housing and communal services” (code 16).
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Additional education

Subspecies

Additional educational programmes

Additional education
for children
and adults

» Additional developmental programmes
+ Additional pre-professional programmes

Additional professional programmes

Additional
professional
education

* Professional development programmes
* Professional retraining programmes

Fig. 1. Additional Education in the Russian Federation

In order to streamline certain types of economic ac-
tivities (especially those subject to licensing and/or permit
registration), such as “Town Planning”, “Architecture”,
“Construction” (sections F and M — Russian Classifi-
cation of Economic Activities 029-2014 and code 073
Architecture and Construction — ISCED-2011), it is
necessary to ensure uniformity of the name of works for
the purposes of description and search of vacancies, or-
ganization of employment, including young specialists, as
well as substantive and content regulation of technology.

The Russian Classification of Professions by Edu-
cation 009-2016 uses the list of enlarged groups estab-
lished by the orders of the Ministry of Education and

Science of the Russian Federation No. 1061 of Septem-
ber 12, 2013 “On Approval of the Lists of Specialties
and Training Areas of Higher Education” and No. 1199
of 29 October 2013 “On Approval of the Lists of Pro-
fessions and Specialties of Secondary Vocational Edu-
cation”.

At the same time in the field of education “Engi-
neering, technology and technical sciences” (Table 5)
among such enlarged groups as “Architecture”, “En-
gineering and technology of construction” (hereinafter
briefly “Construction”), “Technospheric safety and en-
vironmental engineering”, “Informatics and computer
science” and others, there is no enlarged group “Urban

Table 4. Register of Professional Standards in the Field of Professional Activity: 10. Architecture, Engineering, Geodesy,

Topography and Design® *

Order of the Date of
NOS Type of professional activit Narme of professional | Ministry of Labour | . S\ 000 L
code ype of professional activity standard of Russia pleme piry date
tation
number date
3 5 7 8 11 12
Activities on the development of Town planner
territories, including cities and other
10.006 | settlements, carried out in the form 27n 18.01.2023 | 01.09.2023 | 01.09.2029
of territorial planning, town-plan-
ning zoning, territory planning
10.010 OC;;:Ctg)n of landscape architecture | Landscape architect 480 129012019 | 10.03.2019 _

8 Profstandards. Ministry of Labour of Russia. URL: https:/
profstandart.rosmintrud.ru/obshchiy-informatsionnyy-blok/nat-
sionalnyy-reestr-professionalnykh-standartov/reestr-profession-
alnykh-standartov/?sort=PROPERTY_ RANGE PROFACT
&order=asc&PAGEN_1=2&SIZEN 1=20

® Examples of assessment tools. NOPRIZ Portal. URL:
https://spk.nopriz.ru/spk/nezavisimaya-otsenka-kvalifi-
katsii/primery-otsenochnykh-sredstv/index.php?sphrase
id=290612
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Continuation of the Table 4

Order of the Date of
NOS Type of professional activit Name of professional Ministry of Labour im eliein(;n— Expiry date
code ype otp vity standard of Russia f)ation piy
number date
3 5 6 7 8 11 12
Carrying out activities to determine | Specialist for determina-
the cadastral value of real estate tion of cadastral value
10.012 | objects, information about which is 562n | 02.09.2020 | 05.10.2020 -
included in the Unified State Real
Estate Register
Performance of geographical works | Geographer (Specialist in
10.013 |and services geographical works and 954n | 24.12.2020 | 15.02.2021 —
services)
Implementation of architectural and | Restoration architect
restoration activities in the field of
preservation, use and popularisation
10.016 | of cultural heritage objects — mon- 612n |31.08.2021|01.03.2022 | 01.03.2028
uments, ensembles and places of
interest, historical and cultural envi-
ronment of cities and settlements
10.01g | mplementation of acrial photo- | Specialist in acrial photo- | 0 154 3 2022 | 01.09.2022 | 01.09.2028
graphic and geodetic activities graphic geodesy
Geodetic measurements on the Specialist in geodesy
10.019 | Earth’s surface, coordinate-time and 168n | 24.03.2022 | 01.09.2022 | 01.09.2028
navigation support of territories
10,020 | Carrying out cartographic and geo- | Specialist in cartography | c0 154 03 5025 | 01.09.2022 | 01.09.2028
information activities and geoinformatics
Calculation and design of concrete | Specialist in the field of
and reinforced concrete structures | calculation and design of
10.021 concrete and reinforced 222n | 19.04.2022 | 01.09.2022 | 01.09.2028
concrete structures of
buildings and structures
Calculation and design of wooden | Specialist in calculation
10,022 | 2nd metal-wooden structures and design of wooden 220n | 19.04.2022 | 01.09.2022 | 01.09.2028
and metal-wooden
structures
Calculation and design of structures | Specialist in calculation
10,023 |made of polymer and composite | and design of structures | ) 119 04 2023 | 01.09.2022 | 01.09.2028
materials from polymer and com-
posite materials
Calculation and design of structures | Specialist in calculation
10.024 | made of piece materials and design of structures | 230n | 21.04.2022 | 01.09.2022 | 01.09.2028
made of piece materials
Design of external water supply, wa- | Specialist in the design
10.025 ter removal and sewerage networks | of external water supply, 216n | 18.04.2022 | 01.09.2022 | 01.09.2028
water removal and sewer-
age networks
Development of environmental Specialist in the field of
protection measures for the design | development of measures
10.026 | of capital construction facilities to protect the environ- 219n | 18.04.2022 | 01.09.2022 | 01.09.2028
ment of capital construc-
tion facilities
10,027 | Design of transport tunnels Specialist in the field of | o 115 4 2022 { 01.09.2022 | 01.09.2028
transport tunnel design
10.028 | Design of architectural environment | Architect-designer 538n | 14.09.2022 | 01.03.2023 | 01.03.2029
Engineering-geological surveys in | Specialist in the field of
10.029 |Vrban planning activities engineering-geological | )5 1 4 10,2022 | 01.03.2023 | 01.03.2029
surveys for urban plan-
ning activities
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End of Table 4
Order of the Date of
NOS Type of professional activit Name of professional Ministry of Labour im ?ein(::n- Expiry date
code ypeotp Y standard of Russia pe piy
tation
number date
3 5 6 7 8 11 12
Engineering-hydrometeorological Specialist in the field of
10,030 | SUrveysin urban planning activities englneer}ng-hydrome- 614n | 04102022 | 01.03.2023 | 01.03.2029
teorological surveys for
urban planning activities
Design of fire alarm systems, Specialist in designing
notification and control of evacua- | fire protection systems
10.031 | tion of people in case of fire, smoke | for capital construction |1 | 59 03 2023 | 01.09.2023 | 01.09.2029
protection, fire extinguishing, fire facilities
water supply of capital construction
facilities

planning”, it is referred to the enlarged group “Archi-
tecture” as a separate specialty).

The field of education “Mathematical and Natu-
ral Sciences” to the enlarged group “Earth Sciences”
includes the specialty “Cartography and Geoinformat-
ics”, the field of education “Social Sciences” to the en-
larged group “Economics and Management” includes

the specialty “Housing and Communal Infrastructure”,
the field of education “Art and culture” to the enlarged
group “Art Studies” includes the specialty “Socio-cul-
tural activity (by types)”, which as well as many oth-
ers related to urban planning activity are represented in
different enlarged groups and their codes are not inter-
related.

Table 5. Enlarged Groups for the Education Field “Engineering, Technology and Technical Sciences”

Code List of consolidated groups
07 Architecture
08 Construction techniques and technologies
09 Informatics and computer science
10 Information security
11 Electronics, radio engineering and communication systems
12 Photonics, instrumentation, optical and biotechnical systems and technologies
13 Electricity and heat power engineering
14 Nuclear energy and technology
15 Mechanical engineering
16 Physico-technical sciences and technologies
17 Weapons and weapon systems
18 Chemical Technologies
19 Industrial ecology and biotechnology
20 Technosphere safety and environmental engineering
21 Applied geology, mining, oil and gas engineering and geodesy
22 Material Technologies
23 Land transport engineering and technology
24 Aviation and rocket-space engineering
25 Aeronautical navigation and operation of aviation and rocket-space equipment
26 Shipbuilding and water transport engineering and technology
27 Control in technical systems
28 Nanotechnology and nanomaterials
29 Light industry technologies

Note: bold font indicates the enlarged groups in the specified field of education in the directions “Urban Planning”, “Architec-
ture”, “Construction”.
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Table 6. List of names of specialties and groups of specialties according to the educational standards of levels 2—6, 9 in
“Architecture”, “Urban Planning”, and “Construction” as prescribed by the federal state'®

Directions

Architecture

| Urban planning Construction

Assistant internships

07.00.00 Architecture (level 9)"

07.09.01 Architecture

07.09.04 Urban planning -

07.09.02 Reconstruction and
restoration of architectural
heritage

07.09.03 Design of
architectural environment

Postgraduate studies

07.00.00 Architecture (level 6)

08.00.00 Construction
Engineering and Technology
(Level 6)

07.06.01 Architecture

08.06.01 Techniques and
technologies of construction

Specialization 08.00.00 Construction Engineering
B - and Technology (Level 5)
08.05.01 construction of unique
a a a buildings and structures
08.05.02 Construction, operation,
rehabilitation and technical
- - - coverage of highways, bridges and
tunnels
Higher education
Masters 07.00.00 Architecture 07.00.00 Architecture 08.00.00 Construction
(level 4) (level 4) Engineering and Technology
(Level 4)
- 07.04.01 Architecture 07.04.04 Urban planning | 08.04.01 Construction
07.04.02 Reconstruction and
- restoration of architectural - -
heritage
07.04.03 Design of
B architectural environment B B
35.00.00 Agriculture and
a Agricultural Sciences (level 4) a a
35.04.10 Landscape
- architecture B -
Bachelors 07.00.00 Architecture 07.00.00 Architecture 08.00.00 Construction
(level 3) (level 3) Engineering and Technology
(Level 3)

07.03.01 Architecture

07.03.04 Urban planning | 08.03.01 Construction

07.03.02 Reconstruction and
restoration of architectural
heritage

07.03.03 Design of
architectural environment

19 Prepared by N.A. Samoylova and does not claim to be com-
plete, but only gives a general idea of the identified imperfec-
tions in accounting for the necessary specialities in the field
of urban planning, according to the terminology of the Civil
Code of the Russian Federation, and the lack of a single en-

larged group.

100

35.00.00 Agriculture and
Agricultural Sciences (level 3)

"For the specified specialties, organizations carrying out
educational activities implement educational programmes
until the completion of training of persons accepted for train-
ing before September 1, 2025 in accordance with the Order
of the Ministry of Education and Science of Russia dated
February 1, 2022 (as amended on August 29, 2022, effective
date November 26, 2022).
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End of Table 6
Directions Architecture Urban planning Construction
35.03.10 Landscape
B architecture B B
Secondary vocational 07.00.00 Architecture 21.00.00 Applied Geology, |08.00.00 Construction
education (level 2) Mining, Oil and Gas Engineering and Technology
Engineering and Geodesy | (Level 2)
(level 2)
07.02.01 Architecture 21.02.06 Information 08.00.00 Techniques and

systems of urban planning
activity support'?

technologies of construction

(40 specialities, including:
08.02.01 Construction and
exploitation of buildings and
structures,

08.02.02 Construction and
operation of engineering structures,
08.02.05 Construction and
operation of motorways and
aerodromes,

08.02.06 Construction and
operation of urban transport routes,
08.02.10 Railway Construction,
Track and Track Maintenance)

54.00.00 Fine and Applied Arts | 54.00.00 Fine and Applied |54.00.00 Fine and Applied Arts
a (level 2) Arts (level 2) (level 2)
(27 specialities, including: (27 specialities, including: | (27 specialities, including:
072200.04 Restorer of 54.01.20 Graphic designer, |072200.02 Construction restorer)
monuments of stone and 54.02.01 Design (by
B wooden architecture, branches),
072500.01 Performer of art 54.02.06 Fine arts and
and design works) drawing)
35.00.00 Agriculture and 09.00.00 Informatics and | 35.00.00 Agriculture and

Agricultural Sciences (level 2)

Computer Science (level 2)

Agricultural Sciences (level 2)

35.03.10 Landscape
architecture

And the only specialty “Information systems for
urban planning” existing only at the level of secondary
vocational education in the framework of the enlarged
group “Applied geology, mining, oil and gas business
and geodesy” after 2022 is lost altogether (Table 6).

Currently, in the OCSO by levels of training: 2 —
secondary vocational education, 3 — bachelor’s degree,
4 — master’s degree, 5 — specialty, 6 — postgraduate
studies, specialities in the field of urban planning, in

12 Admission to training is terminated from December 31, 2022,
and when an educational organization implements an educa-
tional programme for specialty February 21, 2019 in the condi-
tions of the experiment on the development, testing and im-
plementation of a new educational technology for the design
of educational programmes of secondary vocational education
within the framework of the federal project ‘“Professional-
ism” — from August 1 2022 (Order of the Ministry of Edu-
cation of the Russian Federation No. 339 of 18 May 2022 on
the approval of the FSES of secondary vocational education in
the specialty February 21, 2019 Land Management).

09.02.04 Information
systems (by branches)

35.02.12 Gardening and landscape
construction

the terminology of the Civil Code of the Russian Feder-
ation, are mainly represented by the directions “Archi-
tecture”, “Urban planning”, “Construction” (Table 6).

The level of general education (school) can be rep-
resented in additional general education programmes
(Fig. 1) in the field of urban planning by a set of neces-
sary interdisciplinary knowledge or knowledge of one
of the specialties of education and is not given in this
article.

Publications [4-26] have been worked out on
the topic under consideration, including: N.N. Zheblie-
nok [15, 16], K.V. Kiyanenko [17-19], A.V. Krashe-
ninnikov [20-22], N.F. Metlenkov [23], Y.M. Moi-
seev [24], M.V. Shubenkov [25, 26] and others [27-29],
as well as Collections of scientific works of RAASN for
2017-2022%, to achieve a common understanding of

13 Collections of scientific works of RAASN. Russian Academy
of Architecture and Construction Sciences. 2017-2022, Mos-
cow, ASV Publishing House. URL: www.raasn.ru/publication/
sborniki-nauchnykh-trudov-raasn
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scientific problems, tasks of management of territorial-
spatial organization and architectural-planning forma-
tion of sustainable development of the territory (includ-
ing all types of urban development transformations'*
of both individual objects and different urban types of
the territory [30]) and the formation of professional
intelligence among members of the professional com-
munity; ideas and generalized experience in the field
of development of the territory are taken into account.

RESULTS OF THE RESEARCH

As a result of scientific and practical review and
comparative analysis of regulatory and legal docu-
mentation, scientific and practical theses and proposals
were formulated.

The organization of the educational process in
the directions of “Town Planning”, “Architecture”,
“Construction” is aimed at providing training for stu-
dents in educational institutions, including postgradu-
ate (doctoral) students, training of specialists in insti-
tutions for advanced training, professional retraining,
as well as future specialists who are still in school, to
solve humanitarian and technical problems of territory
planning and architectural and construction design of
buildings and structures.

In accordance with Russian norms, all individu-
als involved in this professional activity, such as urban
planners, designers and managers, will have to undergo
a procedure for compliance with the provisions of pro-
fessional standards in qualification assessment centres
(QAC). At the same time, the educational process of
training both future participants of professional activity
and those already working should unite them on the ba-
sis of a common understanding:

* evolution of scientific problems, tasks of manage-
ment of territorial and spatial organization in the coun-
try and its regions, architectural and planning formation
of buildings and structures in settlements;

* promote the progressive formation of professional
intelligence among members of the professional com-
munity, including investors and residents of settlements.

At the same time, it should be taken into account
that social problems of territorial objects development
are only acquiring their place in the components of
the urban planner’s profession. Let us cite the words
from the article by Y.M. Moiseyev [14]: “planning has
been gaining a very significant position or settling for
some marginal role. Much in planning can be asso-

14 Types of urban transformation: development of new terri-
tories, including complex creation of new material objects;
renovation (renovation with preservation of the existing func-
tionality); revitalization (renovation with change of the exist-
ing functionality); regeneration (reconstruction, restoration or
recreation of the appearance of historical or existing material
objects and territories); reclamation of disturbed territories,
which are the accumulated “environmental damage” in previ-
ous periods of economic activity.

102

ciated with the positioning of the role of the state in
the economy. Under its dominance in the management
of socio-economic processes, the system of urban plan-
ning played a prominent role and had more power than
in the conditions of liberal reforms and in a mixed econ-
omy. In a market economy, urban planning plays a less
prominent role in the management of urban change.
These trends were evident everywhere, and the urban
planning system sought to capitalize on the moment
rather than dominate private development interests.
However, the global changes that have taken place over
the last two decades'® dictate new conditions and push
the urban planning system to take a more powerful posi-
tion and not allow the market to manipulate the process
of urban change. In political aspirations to strengthen
the balance in favour of the planner, the effects are not
so noticeable, if not simply insignificant”.

As a result, unified methodological approach to
professional education was formed, providing a sys-
temic relationship between the direction “Urban Plan-
ning” and the directions “Architecture” and “Construc-
tion”, developed on the basis of the Model of structural
organization of components and types of territorial-
spatial objects, the management system of organiza-
tion and coordination of interrelated positions of pro-
fessional activity and the methodology of assessment
and consideration of conditions, features, specifics of
interrelation of components and types of territorial-
spatial objects (I, II, III, IV) (hereinafter referred to as
the Model and Methodology of Structural Organization
of Components and Object Types or Model'¢ for short).
author Y.V. Alekseev [31]).

In a “general” form, the Model is represented as
four subsystems of the physical totality of components
and types of territorial-spatial objects (I, II, III, IV). Ob-
ject (I) — space of “closed” construction (buildings and
structures); object (II) — space of “open” construction
(territories of settlements at the level of the Earth’s sur-
face); object (II1) — natural complex of the Earth’s bio-
sphere; object (IV) — space of “semi-open” construc-
tion (above-ground territories). The Model represents
interrelationships and filling within all types of territo-
rial-spatial objects of the settlement development.

The Model contains details of all its components,
which are presented on separate fragments of the model
for each object (I, II, III, IV) and its component types
(Fig. 2). The Model also includes variants of combi-
nations of components and types of territorial-spatial

1> Decades (clarification by the authors of the article).

16 The description of the “Model” is summarized in the article
by Samoilov N.A. Urban planning “skeleton” of the territory.
The model of structural organization of components and types
of territorial-spatial objects of settlements as a kind of “skel-
eton” (supporting framework) or scientific basis, only not of
a “person”, but of a territory. ACADEMIA. Architecture and
Construction. 2022; 3:142-144. DOI: 10.22337/2077-9038-
2022-3-142-144
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objects and systems of restrictions for specific compo-
nents and types.

Such a Model gave rise to a special methodologi-
cal integrated assessment of functional-technological,
physical-technical, technical, aesthetic, environmental
“qualities” and economic indicators, as well as taking
into account the conditions and peculiarities, specificity
of the interrelation of components and types of territo-
rial-spatial objects.

In order to organize and coordinate professional
activities, the Model allows to systematize criteria in
the form of components and types of territorial-spatial
objects, their private functions and functional processes,
requirements to volume-planning solutions of the types
of components of the object and their planning factors,

=
%

as well as to establish systems of restrictions for spe-
cific components and types of territorial-spatial objects
at the level of the surface of the Earth’s biosphere, sur-
face and underground buildings and structures, above-
ground territory, and the natural complex of the Earth’s
biosphere.

The tasks of the dynamically changing system
of professional education are related to the develop-
ment of future and current participants of profession-
al activity in the ability to justify and develop socio-
economically significant, environmentally responsible
planning and architectural and construction solutions
for the components of territorial-spatial objects of de-
velopment. These are the tasks aimed at the formation
of professional intelligence.
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Fig. 2. Unified system of providing interrelation of the way of thinking and a set of actions of all participants of professional

activity on the basis of the Model
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In view of the above, it seems that the systemic im-
provement of “Urban Planning”, “Architecture”, “Con-
struction” in professional education (both horizontally
and vertically of the international standard classifica-
tion of education — ISCED), can be built on the ba-
sis of the Unified system of ensuring the relationship
between the way of thinking and a set of actions of all
participants of professional activity prepared on the ba-
sis of the Model (Fig. 2).

The unified methodological base in Fig. 2 (high-
lighted in grey) includes: scientific and educational
methodological base, methods of assessment and ac-
counting of territorial-spatial objects, information sys-
tem for indexing territorial-spatial objects and infor-
mation base for collecting and storing information on
territorial-spatial objects [31].

The unified methodological basis is based on:
the basics of planning of architectural and construc-
tion design of settlements in the region and the basics
of organisation and coordination of professional activ-
ity [31] (highlighted in blue in Fig. 2).

Professional activity covers the whole range of
participants of professional activity: urban planners,
architects, builders, teachers of institutions of various
levels of professional education, managers and special-
ists of various levels of government making decisions
on urban transformation in the territory (such users in
large blocks are presented in Fig. 2: 1 block — concepts
of development and planning of settlements, 2 block —
architectural and construction design of settlement de-
velopment; 3 block — scientific research in the areas of
urban planning, architecture, construction; 4 block —
management of organisation and coordination of pro-
fessional activity; 5 block — education in the areas of
urban planning, architecture, construction).

With such an organizational and methodological
system of education will be provided:

« for urban planners (planners) understanding of
architectural and technical (construction) peculiarities,
specifics of formation of volume-planning solutions of
buildings, structures and complexes; ability to compre-
hend them functionally and aesthetically when planning
and designing such components of the object (Il — ter-
ritories of settlements at the Earth’s surface level) as
transport system, equipment and networks, landscaping
and gardening, etc., on the territories with new and es-
tablished development in settlements and regions;

« for architects understanding of the tasks of plan-
ning and design of a new settlement in a particular re-
gion or urban transformation of the territory in a par-
ticular settlement or region, construction features and
specifics of the formation of their territories; construc-
tive solutions, equipment and networks of buildings
and structures, the ability to comprehend and translate
them into a compositional and artistic form;

« for builders the ability to solve technical prob-
lems in the planning and design of various buildings
and structures in specific settlements and regions ac-
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cording to specific architectural requirements, to be
able to support, justify and ensure the implementation
of the results of planning and design of the living envi-
ronment and architectural idea in kind.

It is important to realize that urban planners, archi-
tects, builders solve a wide range of interrelated tasks
in planning, architectural and construction design, con-
struction of settlements and regions, corresponding to
the conditions, peculiarities and specifics of managing
their territorial-spatial and architectural-planning for-
mation. Such interrelation requires a special organiza-
tion of the educational process based on the systematic
consideration of mutual influence of territorial-spatial
objects according to the Model.

CONCLUSION

It seems to be advantageous for public authorities
to build a system of support for making and regulating
urban planning decisions (including relevant and reli-
able monitoring using information and communication
technologies, spatial multidimensional analysis of in-
terdisciplinary data, including the use of modern digital
technologies, including artificial intelligence), which is
necessary at the current stage of state development.

Model covers research activities necessary both
for preparation of materials for substantiation of urban
planning documents and improvement of urban plan-
ning design norms and urban planning regulations re-
flecting the interdisciplinary nature of urban planning
direction of education.

An important aspect of such a system is the im-
provement of professional education in the field of ur-
ban planning, taking into account the need to provide
various specialists for construction, major repairs,
reconstruction, including engineering equipment of
buildings, structures and territories, demolition of capi-
tal construction objects, operation of buildings, struc-
tures, integrated development of territories and their
improvement, including landscaping, on the basis of
urban planning documents for civil, industrial, agricul-
tural and industrial sectors, as well as for the construc-
tion of new buildings and territories.

“Urban planning” as an educational direction of
personnel training in the system of urban planning ac-
tivity should take a coordinating role on the basis of
interdisciplinary interrelations of all types of territori-
al-spatial objects in the Model on the basis of modern
end-to-end technologies. This assumption is confirmed
in the studies of N.N. Zheblienok, who states, taking
into account the analysis of the domestic “educational
direction of urban planning” in the world context, that
a separate profession of “urban planner”, the focus of
whose activities is “project” (providing the documen-
tary base for spatial initiatives of the state, business, in-
vestment projects) [16], in this form in the world prac-
tice is gradually disappearing.
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Thus, the system of support for urban planning de-
cision-making on a scientific basis should be based on
professional education and introduction of new knowl-
edge into use by all participants of professional activ-
ity (subjects of urban planning relations under the Civil
Code of the Russian Federation).

Creating conditions in the educational process in
terms of the management system of coordination and
organization of interrelated positions of professional
activity requires:

« firstly, a new system of coordination and or-
ganization of educational, scientific and methodologi-
cal activities of the departments of higher education
institutions. For example, since 2015, NRU “Moscow
State University of Civil Engineering” has been par-
ticipating in the educational project “Engineering Class
in Moscow School” (about 150 schools), since 2020,
the Department of Urban Planning of NRU “MGSU”
has been working in cooperation with the Institute of
General Plan of Moscow!’, and in 2023 NRU “MGSU”
has formed the Corporate Chair of the Ministry of Con-
struction of Russia'®;

» secondly, adjusting existing and writing new
curricula, work programmes, textbooks and manuals,
corresponding to the methodology of assessment and
consideration of conditions, peculiarities, specifics of
interrelation of components and types of territorial-
spatial objects Models of development of settlements
and regions and the principles of their analysis and syn-
thesis, affecting the management of territorial-spatial
organization and architectural-planning formation of
settlements and regions, taking into account modern in-
formation and communication technologies, such text-
books and manuals should include electronic library
databases (such databases are available at the National
Research University “MGSU”), Internet technologies,
including video lessons and their recordings, interactive
whiteboards for collaboration on projects (the National
Research University “MGSU” successfully operates
a unified educational port “Construction +” and many
classrooms are equipped with interactive whiteboards
for conducting classes, including those with Internet
access and are equipped with licensed professional pro-
grammes);

* thirdly, in the organizational measures for par-
ticipation in the system of professional activity, — sci-
entific research, planning and design, development and
improvement of scientific-methodological and norma-
tive-technical documentation, a special place is taken

17Tn 2022, an independent basic department “Urban Planning”
was formed in the structure of the institutes of NRU “MGSU”".

8 In May 2022, S. Muzychenko, Deputy Minister of Con-
struction and Housing and Communal Services, announced
the decision to establish a corporate chair of the Russian Min-
istry of Construction at MGSU. URL: https://mgsu.ru/news/
Universitet/MinstroyRossiiplaniruetsozdatkorporativnuyu-
kafedruvNIUMGSU/

by the coordinating body that carries out state regula-
tion in terms of compliance of the received education
and confirmation of the level of knowledge and skills
with the necessary labour actions, which participants
of professional activity already perform (i.e. already
work). Such confirmation is carried out in qualification
assessment centres (QAC), for example, in the Central
Research and Development Institute of the Ministry of
Construction of Russia.

For future participants of professional activity
(only planning to carry out professional activity) in
terms of higher education from 2021 on the basis of
NRU “MGSU” a consortium of universities was cre-
ated, including all leading architectural and construc-
tion universities of Moscow, Kazan, Nizhny Novgorod,
Novosibirsk, Penza, St. Petersburg, Tomsk, graduating
specialists in the fields of “Urban Planning”, “Architec-
ture”, “Construction”. This Consortium was created to
form a national system of development of construction
professional education, construction science, scientific
and technological development of the construction in-
dustry, with the participation of the professional com-
munity, industry science, business structures and other
organizations. The peculiarities of the Consortium are
the presence among the founders of the profile state
academy of sciences (Russian Academy of Architec-
ture and Construction Sciences (RAASN)), as well as
sectoral (National Association of Builders (NOSTROI),
National Association of Surveyors and Designers
(NOPRIZ)) and inter-sectoral (Russian Union of
Builders (OMOR “RCC”)) associations of employers.
The Consortium co-operates with the Russian Ministry
of Construction and the Public Council under the Min-
istry.

The conducted research allowed to establish that
the creation, development of urban regulation (regula-
tion of urban planning activities under the Civil Code of
the Russian Federation) can be carried out on the basis
of the model of structural organization of components
and types of territorial-spatial objects (Model) and
the principles of analysis and synthesis of their features
and specifics of formation in the development of settle-
ments and regions.

This approach achieves a comprehensive, system-
atic training from schoolchildren (future students or just
competent users in the spatial environment of life), stu-
dents in secondary and higher professional educational
programmes (including postgraduate: graduate students,
doctoral students), working professionals providing in
their professional activities a common understanding
of planning, architectural, construction and research
tasks when fulfilling the requirements for the formation
of components and types of territorial-spatial develop-
ment objects of settlements and regions, and taking into
account the planning factors corresponding to them:
non-formalized (artistic-compositional) and formalized
(functional-technological, physical and technical, tech-
nical, economic, etc.).
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Urban planners trained on the scientific basis of
the Model, along with architects and builders, will
be able to professionally and systematically take into
account the planning requirements and factors inher-
ent in volumetric and spatial, volumetric-planning,
territorial and spatial solutions of the components
of objects, since such requirements and factors are
inherent in taking into account in the organizational
and methodological system of education the charac-
teristic, interrelated conditions, features, specifics of

professional activity (planning, design, research and
development, etc.).

Therefore, for the systemic relationship in the edu-
cation of “Urban Planning”, “Architecture”, “Construc-
tion”, corresponding to the conditions, features, specific-
ity of professional activity of its participants, organized
on a common methodological approach, it is necessary to
have a differentiated attitude to the system of knowledge
received in pre-university, university and postgraduate
training on the basis of the presented Model.
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ABSTRACT

Introduction. The modern construction site is often characterised by the application of BIM technologies as part of the tran-
sition to digital twins of the construction project. The creation of digital twins implies the participation of all specialists, whose
field of activity is included in the construction and technological process, including specialists in construction mechanization
means. The review of publications of different levels shows the relevance of the task.

Materials and methods. To solve this problem, the university should have both human and material resources to ensure
the training of such mechanical specialists who can participate in the creation of digital twins of the construction object; in
the creation of digital twins of construction machines, mechanisms and equipment; in the application of digital twin technolo-
gies in the design, construction, production, testing, operation and disposal of construction machines, mechanisms and
equipment. The paper shows the reality of solving the problem of training specialists in mechanics in the field of both digital

© E.I. MNraBenbckuii, A.FO. IyctoB, B.U. Ckeab, A.M. Arapkos, 2023
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technologies and digital twins. Examples of application of digital twins in a number of industries are given with the appropri-
ate training of specialists in such universities as, for example, SPbPU, MSUT “STANKIN”, BMSTU. Also, similar training in
construction specialties is carried out in MGSU.

Results. The discipline “Fundamentals of creating a digital twin of construction machines and equipment” was added in NRU
MGSU during the development of the project of a new basic educational programme of higher education in the specialty
23.05.01.

Conclusions. As the main provisions, it is proposed to supplement the curricula of personnel training in the specialty “Land
transport and technological means” with competencies in the field of creating digital twins; introduce the discipline “Digital
twins of handling, construction, road facilities and equipment” or another discipline that reflects the profile of the graduating
department implementing the educational programme.

KEYWORDS: building object, construction machine, digital twin, new in the training of mechanical specialists
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BBEJAEHUE

Ha coBpeMeHHOI CTpOUTENBHON MIIOIAIKE C all-
mutuBHbIMEA, TUUM/BIM TeXHOJIOTHSIMU MHOTOKPATHO
BO3pacTaeT poiib WH)KCHEpa-MEXaHWKa. JTO CBA3aHO
HE TOJIBKO C TO00POM M DKCIUTyaTaliell COOTBETCTBY-
IOIUX MAllMH U MEXaHU3MOB, BKIIOYas, HalpUMep,
3D-npuHTEpHl, HO U YYacCTUEM B CO3JJAHUU HOBBIX HH-
HOBALIMOHHBIX MAIIUH M MEXaHU3MOB COBPEMEHHBIMH
MetonaMu. Bee 310 mongpazymeBaeT npuMeHeHue -
poBbix TexHonoruii (IIT), ocoGeHHO TpU CcO3TaHUHN
uugposex apoitaukos (L[, Digital Twin — DT) 005b-
€KTa He TOJIKO IPOTPAMMHUCTAMH, HO U C IPUBIICUCHH-
€M TEXHOJIOTOB, JIOTUCTOB, YKOHOMHCTOB, CTPOMTENb-
HBIX MaTepHaJIOBEOB U T.1.

Taxum oOpa3zom, TpeOyeTcsi MOATOTOBKA CIEIH-
QINCTOB  (MH)XEHEPOB-MEXAaHHUKOB), KOTOpPBIE MOTYT
Ha HOBOM COBPEMEHHOM YPOBHE INPOBOAUTH PabOTHI
Ha Bcex dramax skmzHeHHoro mukia (OKIL) TexHukn
¢ npumenenueMm L[T. K Takum stanam oTHOCATCS TPO-
€KTHUPOBAHUE, IIPOU3BOACTBO, DKCILTyaTalllsl 1 PEMOHT
MOABEMHO-TPAHCTIOPTHBIX, CTPOUTENBHBIX, TOPOKHBIX
cpeactB u obopymoBaHus. HoBBIif ypoBeHB Kacaercs
B ToM yucie u texHonoruit L/] [1]. Mcnons3oBanue
/T nosBonsieT peliarb HAYyYHO-UCCIIENOBATEIbCKUE,
MIPOEKTHO-KOHCTPYKTOPCKUE, MPOU3BOJCTBEHHO-TEX-
HOJIOTMYECKHE U OpraHU3allMOHHO-YIPABICHYECKHE
3aJa4d B OOJACTH CTPOUTEIHHOTO MAIIMHOCTPOCHHMS
Kak yacTtu npumensiembix LT B cTpoutensHoi obnactu
C HoyueHrneM HanbombIero agdexra. Jlanaele 3agaun
HalpaBJIeHbl B KOHEUHOM CYETe Ha TOIy4YeHHE OTPOM-
HOTO 9KOHOMH4ecKoro sddekra. IMeHHO MO3TOMY MU-
POBBIE JHIephl OM3HECa BKIIA/IBIBAIOT B UCCIICAOBAHUE
u coznanue LJ[, BKirouast BIOKEHUS U B COOTBETCTBY-
1omiee oOydeHwue.

[udpoBsie ABOWHWKH, TOSBHBIINCH B Hadaye
XXI B. [2], B mocnenHee BpeMsl IPOUHO 3aHUMAIOT I1y-
6mukannonHoe mnoje [1-8], 94To mokas3spIBacT pa3BUTHE
U aKTyaJIbHOCTb PacCMaTPUBAEMON TEMBI B Pa3INYHbIX
obnacTsix, O KpaiiHel Mepe MaTrepuasibHOM AesiTelb-
HOCTH 4€JI0BEKA.

®dupma Gartner 1aBHO 3aHUMaeTcs MH(OpMAIH-
OHHBIMU TEXHOJOTHAMHU W, Hampumep, Ha 2022 T. my-

ONMKyeT MPOTHO3 HA IPOpBIBHBIE TexHoJoruu Hype
Cycle for Emerging Technologies'. MHuorue aBropsi
nyonukanuii o LIJ] npuBonsit kpusyto pupmer Gartner
(puc. 1)%. OHa JIEMOHCTPHUPYET 3TAIBl PA3BUTHS MPO-
PBIBHBIX TEXHOJIOTHI: TEXHOJOrMYecKas Wujesi, 4pes-
MEpHbIE OXHMIAHHSA Pa3BUTHA M NPUMEHEHUS HOBOH
uzen, n30aBICHHEe OT WILTIO3WH IyTeM Oojee peaiu-
CTUYHOW OIIEHKH IITFOCOB M MHUHYCOB OT BHEIPCHHMS
HOBOH HzeH, paboTa HaJl MAKCHMAaJIbHBIM YMEHBIICHNU-
€M BBIABJICHHBIX HEIOCTATKOB, JTall MONy4YeHHUs (pac-
MPOCTPAHCHHUSI) MOJOKUTEILHOTO P deKTa, B MEPBYIO
odepens SKOHOMHYECKOTo. B HamOombmieil cremeHn
9KOHOMUYECKUI S(PQEKT IMOoay4aloT Te, KTO paHble
JPYTHX OLEHWI ¥ BHEJPUII HOBYIO HJIEI0, XOTS IEPBO-
MIPOXOJIIaM Bceraa TPYAHO, OCOOCHHO C Y4ETOM IepBO-
Ha4YaJIbHOTO BIOKEHHMS KartuTaa.

MATEPHUAJIBI U METO/JBbI

DddekruBHas peanuzanus MOATOTOBKU CIICLHU-
QJIIMCTOB JTOCTOMHOTO YPOBHSI BO3MOXKHA TOJBKO B yC-
JIOBUSIX CJIEIOBAHMS JTUCIUILIMH (M UX COAEPIKAHUS)
OCHOBHOU NpoQecCHoHalIbHOI 00pa3oBaresibHON Mpo-
rpamMMbl B pyciie OOIIMUX TEHCHIMH Pa3BUTHUSI MUPO-
BOW TPOMBIIIICHHOCTH, 3aK/TIOYAIOIINXCS B CKBO3HOI
nudpoBu3aIum.

Yemeepmasi npomvluiientas pegomoyusi. B Ha-
CTOsIIIICe BPEMsI B MHPOBOW HCTOPHH Pa3BUTHUS MPO-
MBIIUICHHOCTH TIPOXOJIUT OUYE€PEHOMN YeTBEPThIN PEeBO-
JIFOIIMOHHBIN MEPUOJ, IPU KOTOPOM UAET HHTCHCHBHOE
Pa3BUTHUEC TCXHUK, TEXHOJIOTUH U T.A., IPUBOAANIICEC K3HA-
YUTEILHOMY 3KOHOMHUYECKOMY pocTy. Pa3BuBaromasics
YeTBepTasi MPOMBIIIICHHAS PEBONIOLHUS XapaKTePH3Yy-
€TCA HAYKOCMKOCTbIO, MYJIbTHAUCHUIITIMHAPHOCTBIO,

" Emerging technologies for 2022 fit into three main themes:
evolving/expanding immersive experiences, accelerated artifi-
cial intelligence automation, and optimized technologist deliv-
ery. URL: https://www.gartner.com/en/articles/what-s-new-in-
the-2022-gartner-hype-cycle-for-emerging-technologies

2 Kpusas T'apraepa. Kak OLEHHTH BO3MOKHOCTH TEXHOJIOTH-
4yeckux nHHOBauwi s 6usHeca. URL: https://blog.bitobe.ru/
article/krivaya-gartnera/
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MPOCBeLEHH!s

Puc. 1. Ilepuons! pa3BuTUs NepcreKTUBHBIX uael no Gartner

KOHBEpTeHINEH W CHHEPTHeH, MIPPOBBIMH TLIaTHOP-
Mamu u OonbimMMu naHHbIMH (Smart Big Date), U1
(MCKyCCTBEHHBIM MHTEIEKT — UHTEJIEKTYalIbHbIE 110-
MotHukH), Smart Design & Smart Manufacturing® [3].
K aToMy HY»®)HO 100aBUTH TOT 00JbINON 3 deKT, B mep-
BYIO OY€pe/ib 110 KAUYeCTBY M CKOPOCTH CO3[aHUSI HOBOH
TEXHHMKH, KOTOPBIH MOTyYaeTCsl OT COBMEICHHUS ATANIOB
UCCJICIOBAHUS, KOHCTPYHPOBAHUSI M TPOCKTHPOBAHMS
Ha OCHOBE YIOMSIHYTBIX BBIIIEC KOHBEPTECHIINU U CHHEP-
run. K mepednciieHHbIM XapaKTepUCTUKaM CIIEIYeT J10-
0aBHUTH W APYTHE COCTABIIIOMINE II(PPOBU3ANNHN, HA-
npumep HenpombinuieHHbIH (I0T) 1 npombInuIeHHBIH
untepHeT Bemei (IIoT), uto B mmaHe cTpouTenpHON
orpaciu Oonee akTyaspHO. Takke BaKHO M TO, YTO
nipu co3nanuu L/ olHOBpeMEeHHO MoTydaeTcsi 1 HeKo-
TOpPHIi 3a7en Ha Oymymiee, KaK «MOOOYHBIN» MPOTYKT
co3maHust U(POBBIX IBOHHUKOB.

CymectByet nporpamma «lludposast sxoHOMHKA
Poccuiickoit ®enepanuun», yTBepKIAeHHass Pacnops-
xkenueM [IpaBurensctBa PD 28.07.2017 Ne 1632-p,
110 KOTOPOH pa3paboTaHO CEMb JOPOKHBIX KapT B Ha-
npasinenun L[T. CormacHo 3Toil mporpamme, yHHUBEp-
CHUTETHl YYacTBYIOT B €€ OCYILIECTBIECHHU. B 3TOM Xe
pycie B MUpe pa3paboTaHbl U pa3padbaThIBAIOTCSI HOBEIE
ru1atopMbl, B TOM uucie U i coznanus L.

[MonsiTre «unpoBoit ABOMHUKY» MOIPOOHO Ompe-
neneHo B pabote [2]. IucdpoBoii 1BOWHMK mpencTas-
nsieT co0oil UQpPOBYIO MOJENb, BKIIOYAIOIIYI0O MHO-

3 Boposukos A. Jlexuust «DopmupoBanue nu(GpoBoll mpo-
MBIIJICHHOCTH Ha OCHOBE LU(POBBIX ABOMHMKOBY». URL:
https://ok.ru/video/1798025381131
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JKECTBO COCTABIIAIONINX W OTIMYAIONIYIOCS OT IPYTUX
moneneit, Harpumep TUM u BIM, teM, uto no3BosseT
YIOPaBIIATh U3EJINEM C BBICOKOH CTETIEHBIO a/IeKBAaTHO-
CTH, 3TO OYCHb BA)XHO Ha BceM MpoTsokeHHu ero KL
OT IPOEKTUPOBAHUS IO YTUIHU3ALIUH.

LudpoBsie TBOWHUKHN yXKe TPUMEHSIOTCS B BEIY-
LIUX OTPACIAX MPOMBIILIEHHOCTH: TPAHCIIOPTHOM Ma-
ITMHOCTPOCHNH, CYIOCTPOCHNH, aTOMHOIl SHEepreTHke,
A’POKOCMHUUYECKON MPOMBILUIEHHOCTH U Tak ganee [1],
BKJIFOUAsI M CTPOUTENbCTBO?. PaspaboraH mepBblii cTaH-
napt o I —T'OCT P 57700.37-2021 «KommobroTep-
HBIE MOJIeJIn ¥ MojienpoBanue. L{ndposbie MBOHHUKN
n3aenuil. OOImue MONOKEHUsD, BCTYMHMBIINM B CHITY
B 2022 1. DTOT CTaHOApPT paclpoCTpPaHACTCS Ha H3/e-
JIUS MAIIMHOCTPOEHHUS M HENOCPEACTBEHHO Kacaer-
CSl CPEICTB MEXAaHM3AIMH CTPOUTEIHCTBA, HAIIPUMED,
B YaCTH MPOBEACHUS BUPTYAIGHBIX HCITBITAHHA.

MO)XHO OTMETHUTh, UTO UJIesI BKIIIOUCHHS B 00pa3o-
BaTENBHBIN MPOIIECC IMTONTOTOBKH CIEIIHATNCTOB-MeXa-
HUKOB TI0 CTPOUTEIBHBIM MAIIMHAM M 000pPYIOBaHHIO
nqucuuiuneel o 1] mosiBuack mocie omyOIuKoBaHHS
T'OCT P 57700.37-2021, obmeHus ¢ MPOU3BOTUTEIIS-
MU CTPOHUTENBHBIX MAIIMH U MEXaHHUYECKOTo 000py0-
BaHUS Ha MpodeccHOHANBHBIX BBHICTaBKax B MoCKBe,
OOILEHNS ¢ COTPYAHUKAMH Jlaboparopuii 1o ceptudu-
KallU{ CTPOUTEIBHOI TEXHUKH, & TAK)KE MTOCIIE MOSIBIIC-
HUS B HHTEPHETE MHOXECTBA ITyOIUKAINA, CBI3aHHBIX
C YETBEPTON MPOMBIIUIEHHON peBofonneil. B pe3ynb-

4 LugpoBoii IBOMHKK 3aHKs: KAK TEXHOJIOTHS IIPUMEHSCTCSI
B crpoutensctBe. URL: https://digital-build.ru/czifrovoj-dvo-
jnik-zdaniya-kak-tehnologiya-primenyaetsya-v-stroitelstve/
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IpornosHpoBanne HA OCHOBE YHCIEHHOTO MOJETHPOBAHHSA H3/Ie/IHIl, IPOIECCOB 1 PECYPCOB,
a TaKsKe HX B3aHMO/IeHCTBHSI B BHPTYAILHOM MHpe
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OOHOB/IEHNA BCTPOEHHOTO NPOrpaMMHOro obecnedeHns

Puc. 2. Ludposuzanms mpon3BoaCTBa MOIPa3yMEBaeT CKBO3HYIO HHTETPAIIUIO BCEX YPOBHEH POU3BOJCTBA

Tare aBTOPBI BBISICHUIIN, 4TO IIpU co3nanuu L1/] cneuna-
JIUCTHI TIO CO3/TAHUI0 MATEMATUYCCKIX, UMHTAITHOHHBIX
W IPYTUX BUIOB MOJIENIEH 4aCTO HE MOTYT IPEICTaBUTh
00BEMHYI0 KapTHHY MOJICIUPYEMOT0 OOBCKTa M WM
Ha TIOMOIIb TOJDKHBI IPUNATH CIICIIHATNCTHI-MEXaHUKH,
1yOOKO 3HAOLIME U Pa30UPAIOIINECS B CTPOUTEIIbHBIX
MaIlrHAX, MEXaHU3MaX U 000pyIOBaHHH.

Cerojns cyuiecTByeT MHOTO HHpopMaruu o LT,
ckBO3HbIM LT ¥ T.1. U, KaK JOrUYECKOe MPOIOIDKEHHE,
/1. B xauecTBe mpumepa cieinaeM CCBUIKY Ha 0030p
pabot [2]. Tlo cymiectBy, nuppoBON TBOWHUK — 3TO
nudpoBasi MoeIb 00bEKTa, HO UMEIOIasi MHOTO 0CO-
6ennocreii. B ocHoBHoMm I/ memsar Ha NBOWHUK me-
Tamu (AIIEMEHTA); ABOMHMK m3nenus (cOOpKH), cOCTo-
SIIIETO M3 ABOMHMKOB JI€TalIel; NBOMHUK OOBbEKTa Kak
cUCTEeMbl (MAIIUHBI), COCTOSAIICH U3 (DYHKIIMOHAIHHO
CBSI3aHHBIX W3/ICIHI-COOPOK; MBOWHUK TIpoIecca, COo-
CTOSIIIMI U3 BCEX COCTABIIAIOUINX KOHKPETHOTO TEX-
HOJIOTMYECKOTO Tpolecca orpaciu. B omnpeneneHHom
cMBbIcie npuBeneHHoe nenenue LJ[ ycnoBHO B cBoei
TEPMUHOJIOTHH U 3]ICCh HE OXBATBHIBACT BCE MX BHUJIBI,
HO JIaeT TPEICTaBICHHEe O MHOTOOOpa3Uu BO3MOKHBIX
BapuaHToB. Ha puc. 2 maHa cxema CBsI3M M Iepexopa
oT u(POBOH MOAETH K peaTbHOMY OOBEKTY IPH CO3-
naaum LIJT°.

Conepxkanue puc. 2 B pa3sHOH HHTepHpeTanuu
MPUBOJUTCSI BO MHOTHX HMHTEPHET-ITyOIHKAIUSIXS.
Onu, ecnu kacarorcst [/, mepedncrnsaioT BO3ZMOKHBIC
TIOJIOKUTENbHBIE dPQEKTH NpH UX BHeApeHuH. lIpu-
MEHHUTENBHO K CTPOUTEIBHOM 0Tpaciu ¢ noMolbro L]
MOXKHO pelIaTh 33aJa4ll OTHOCHUTEIBHO IOCTOBEPHOTO
MIPOTHO3UPOBAHUS 00BEMOB CTPOUTEIHHOTO MTPOU3BOI-
CTBa KOHKPETHOTO O0BEKTa TPU PEATLHO UMEIOIIUXCS
MaTepHaJIbHBIX, TPYAOBHIX, (PHHAHCOBBIX U MPHPOIHBIX
pecypcax; MpOrHo3upoBaHus 3(P(HEKTUBHOCTH IIPH-

> HMudposuzanus npousoactsa. URL: https://raytec.pro/ser-
vices/tsifrovizatsiya-proizvodstva/

¢ Digitalization Changes Everything. URL: https://oneplm.
com/oneplm-industry/

MEHEHUsI (BBOJa) HOBBIX CTPOMTENILHBIX TEXHOJIOTHIA;
ONTHUMHU3AIMY HPUMEHEHUSI CPEICTB MEXaHM3aIUN
CTPOUTENHCTBA KaK 110 HOMEHKIIATYpe, TaK U 10 BCEMY
KOMITIEKCY MAIIMH W MEXaHH3MOB, HEOOXOIUMBIX UIs
OCYILIECTBJICHUSI CTPOMTEIILHON TEXHOJOTUH JAHHOTO
00beKTa; MPOTHOZMPOBAHUSI W AHAIN3a BO3MOXHOTO
TIOSIBJICHHSI OTKA30B COCTABISIIOIIMX OOBEKTa MO OT-
JIeTbHBIM SJIEMEHTaM U 0OBEKTa B IIeJIOM; ONTHMAJIb-
HOTO PELICHUs yNpPaBIEHYECKUX 3a/ad Pa3sHOro poja
u yposHsl. [lepeunciiennsle 3agauu ¢ nomoubto LI/ pe-
matoTcst 0ojee KaueCTBEHHO U B O0Jiee KOPOTKHE CPOKH
(110 pa3HBIM HHTEPHET-OLIEHKAM BBIMIPBILI I10 BPEMEHN
MOYKET OBITh B HECKOJIBKO Pas3).

CBsi3b IIUPPOBON MOJCTH C HU3NICCKHM OOBCK-
ToM mipu nepexone K LIJ] TexHuueckoil cuctembl WiIn
OT/IEIEHOMY €€ DJIEMEHTY MOXKET OBbITh Oojiee n1yOuH-
Hasl, 4eM IIPEACTABICHO Ha PUC. 2 U OIMCAHO BHIIIE.

Obpazosamenvrnas rouyenyusi 4.0. Yerepras
MIPOMBIIIICHHAs] PEBOIIOLMS BBIHYXKJACT MPHUMEHSIThH
HOBBIE TIOIXOABI K MOATOTOBKE CIICIHAINCTOB: II0-
sIBIJIACh 0Opa3oBaTebHast KoHuemnius 4.0, onucanHasi,
HampuMmep, B padote [4]. DTa KoHIEMIUSA BO MHOTOM
cBsi3aHa ¢ HU(ppoBHU3aLEel IKOHOMHUKH, IPOU3BO/ICTBA,
obpasoBanus. He ocraHaBnmBasch Ha INPeRBIAYLIHX
NepuosiaXx pa3BUTHS 0Opa30BaHUS, YTO MOXKET OBITh
OT/EJIBbHON TEeMOM, OTMETUM uepThl oOpazoBanus 4.0.
B coBpemenHoe o00pa3oBaHHE BKIIOYEHBI BOIMPOCHI
CaMOCTOSITEJIbHOTO OOy4YeHUs M BBIIOJIHEHHS HCCIIe-
JIOBaTeNILCKUX paboT. MicTouHnKOM MHpOpManny crai
HE TOJILKO IIPErojiaBareiib, HO U B OOJIBIIOW CTENEeHU
WHTEPHET, MH(OPMAIMOHHBIC TEXHOJOTHH, BKIIOYas
WU. Beictpoe BHeApeHnE B IPONU3BOACTBO HOBBIX TEX-
HOJIOTHH TpeOyeT CBOEBPEMEHHON MOATOTOBKH COOT-
BETCTBYIOIIUX crienuanucToB. B 2020 r. Ha ocHOBe aHa-
JIM3a OTKPBITBIX MCTOYHUKOB OBUIM BBIIEIEHBI TOH-15
IU(POBBIX TEXHOJIOTMH C YPOBHEM 3HAYUMOCTH
(B ckOOKax) Kak OTHOCUTEJIbHAsS BCTPEUAEMOCTh B Mac-
CHBE WCTOYHHUKOB: NPOMBIIUIEHHBIE po6oTHI (1), mc-
KyccTBeHHbIH nHTEIUEKT (0,86), MammMHHOE 00yueHHe
(0,68), mudposoe mpororunmposanue (0,56), ceHnco-
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puka (0,42), 6ecipoBognas cesisb WLAN, PAN, RFID
(0,30), Omokueitn (0,21), Gonpmue manubie (0,20),
BHUPTyallbHass ® JOTONHEHHas peanbHOCTh (0,12),
ToBap kak ycmyra (Product-as-a-Servis, 0,09), xom-
netoreproe 3penue (0,03), cmapr-konTpaktsl (0,03),
npoMbInuieHHbIH uHTepHET Bemied (0,03), mudposoit
npoitauk (0,02), ymusie ¢adbpuxu (0,01)” (MoxHO OT-
METUTB, 4T0 B 2022 1. MupoBOi#l pbiHOK LI/ B iporHose
Ha 2025-2026 rr. yxe oneHuBacs nopsiaka $50 mupn).
YTO-TO M3 TIEPEUNCIICHHOTO YK€ TPOYHO BOIILIO B MPO-
W3BOJICTBEHHYIO JKH3Hb, HAlpUMeEp IPOMBIIUICHHbIC
poOoTel U MammHHOE (UK(ppPOBOE) 3pEeHUE, HO U OHH
TOXKE€ MEHSIIOTCS TI0 CBOMM BO3MOXHOCTSIM M 00Ja-
CTAM TNPHMEHEHUs; JPYroe WHTEHCHBHO BHEIPSETCS
Ha TpaHcIopTe, B JOOBIBAIOLIEH MPOMBIIUICHHOCTH
n T.1. EcrecTBeHHO, 4TO Takas KapTHHA MPUMEHCHHMS
HoBbIX LIT M mHCTpyMeHTOB moTpeGoBasia BBEICHHMS
B y4eOHBIH ITPOLIECC COOTBETCTBYIOMINX TEM U HAIpPaB-
JICHUH 110 BceM 00pa3oBaTesibHbIM ITPOrpaMmam.

OpHo u3 ompeneneHuit ynusepcutera 4.0 mpu-
BomuT A.U. bopoBkoB: «4.0 — YHUBEPCHUTET, CIIOCO0-
HBI pemath MpoOJIEMbBI-BBI30BBI COBPEMEHHOH Mpo-
MBIIIJIEHHOCTH 34 CYET M3MEHEHMs KOHIIETITa CaMOu
NPOMBIIIICHHOCTH, TPHU TOMOILIM CMELICHHs IEHTpa
TSDKECTH B CTOPOHY IPOEKTUPOBAHUS, TJEe Ha JTare
MIPOEKTUPOBAHMS 3aKJIabIBAIOTCSI BCE MapaMeTpsl Oy-
nyuieit KoHCTpyKin»®. IMEIoTCs 1 IpyTHe ompeere-
HUSI, HO CMBICJI KOHIIETIIINN yHUBepcuTeTa 4.0 cBomuTCes
k npumenenuio [T B obpasoBanuu, B nepeaade ooy-
YaloUMMCsl OM3HEC-HaBBIKOB, MEPEX0/l K WHIMBHIya-
mu3anuu o0ydeHus. Bee 3To nMeeT 1enbio BOOPYKUTh
OyIyIIMX CIEUATNCTOB TAKUMU 3HAHUAMH, YMECHUSIMA
1 HaBBIKAMH, KOTOPBIE ITO3BOJIUIN ObI UM BIUTHCS B CO-
BPEMEHHBII IIPOU3BOJACTBEHHBIN IPOLIECC IPAKTUYE-
CKH 0e3 JIOTOJIHUTENBHOTO KOPIIOPATHBHOTO O0yUEeHHMsI
WIN TIPY MUHUMAJIBHOW afanTalii HOBOTO CIeIIHalIU-
CTa K YCJIOBHSIM KOHKPETHOI KOpIIOpanum.

Pa3pabotky 00pa3oBaTeNpHBIX MPOTPaMM BEIyT
HE TOJIBKO MperojaBaTe W oOydaeMble, HO M MpO-
(eccroHanbHOE COOOIECTBO Uepe3 MpodeccHoHaIb-
HBIE CTaHIAPTHI, IPAKTUKHN U obecrieueHue. [1pu sTom
JOJDKHO OBITH COBPEMEHHOE M JJOCTYITHOE ITPOTPaMM-
Hoe obecriedeHHe B BHJE 4Yalle BCEro CHEHHAU3H-
POBaHHBIX TMPOrPaMMHBIX IUIATHOPM Uil CO3AAHUS
IUQpOBOro MpoayKkTa. MHBIMH CIIOBaMH, BY3 JIOJDKCH
HUMETH PECYPCHI U JIIOACKNE, U MaTepralibHbIe JUIst 00ec-
TICYCHNS TIOJITOTOBKN TAaKHWX CIIEIMAINCTOB, KOTOpPBIE
MOTYT y4acTBoBaTb B cosfanuu LI/] crpoutenbHOro
00bexTa; B coznanuy L[] crponTenbHBIX MallluH, Mexa-
HU3MOB M 00O0pPY/IOBaHUS; B IPUMEHEHUH TEXHOJIOTHI
/I mpu mpoeKTHpOBaHNH, KOHCTPYHUPOBAHHH, TTPOH3-
BOJICTBE, HCIBITAHUH, SKCIUTyaTallid W YTUIA3ALUN
CTPOUTEJBHBIX MAlIMH, MEXaHH3MOB M 000PYIOBaHHSI.

7 Ton-15 upoBbIX TexHOMOTHH B ipombinuieHHOCTH. URL:
https://issek.hse.ru/news/494926896.html

8 boposkos A.M. Yro raxkoe yuusepcuretr 4.0. URL: https://
www.youtube.com/watch?v=31kIW4WqCDw
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Tako# moaxon npexronaraeT onpeesieHHy0 THOKOCTh
B (OpMHPOBAaHMM pPAOOYMX MPOTPAMM AWUCIMIUINH,
OIIPEAEIAIONINX OCHOBHYIO 00pPa30BaTEIbHYIO MPO-
rpammMy. Bce 310 TpeOyeT HOBOTO MBIIUICHHS OT BCeX
YYaCTHHKOB 00pa30BaTebHOTO Mpolecca: CTYICHTa,
IIPenoiaBaTesi, pyKoBOIUTENEH By3a.

IIporpeccuBHOe HOBOE HE MOXKET ObICTPO (OTHO-
CHUTEJIFHO) 3aBJIQJIETh YMaMH BCEX YYAaCTHHKOB MpO-
1ecca MPOMBIIUIEHHOH peBomtonnu. OnHAaKo B Hau-
OOJIbILICH CTEIIEHU BBIUTPAET TOT, KTO CMOXKET paHbIIIe
JPYTHX HE TOJBKO BOCIPHHSATH 3TO HOBOE, HO M NpH-
CTyNIUTh K aKTUBHOMY €r0 BHEIPEHMIO. DTO, KaK I0-
BOPAIT, TpeOyeT KOMIUIEKCHOTO IOJX0/d, B KOTODPBIN
BXOJIMT HE TOJIBKO HOBOE MaTepHAIbHOE, B YACTHOCTH
MIPOTPaMMHOE 00ecIedeHHe, HO 1, KaK CKa3aHO BBIIIE,
HOBBIC IIOAXOABI B 06paSOBaHI/II/I. HpI/I‘IeM HOBBIC MECTO-
JIbI 00yUEeHHMST HEOOXOANMBI KaK ISl IOITOTOBKH CIIEIIU-
QJINCTOB, TaK W JUIA TIOJIOTOBKHU TIPEIIOAaBaTeseii, Ha-
CTaBHUKOB, TpeHepoB [5]. [locnennee nuTEpECHO eIiie
U TEM, YTO HCTOYHHKOM OOpa3oBaTEIILHOIO KOHTEHTA
1 JUIS CTYJICHTA, ¥ JUIS IIPETo/IaBaTeNsl 3a4acTyio MOTYT
OBITh OZIHM W Te ke UH(OPMAIOHHBIE Pecypchl (UH-
TepHeT-pecypchl). MaccoBast 1iesieBasi HepernoAroToBKa
mperoaBaresieif m 001eodpa3oBaTeIbHON, W BBICIICH
LIKOJIbI, KaK IOKAa3bIBAaeT OMbIT, HE BCErJa YCIeBaeT
32 HOBBIMH TPEOOBAHUSIMU.

B mocrmennee BpeMss MHOTO IHCKycCHil 00 wc-
KyCCTBEHHOM MHTEJUIEKTE B 00pa30BaHUU, €ro J0CTO-
WHCTBaX M HenocTarkax. Ecim orOpocuts KpaiiHue
MHEHHS, TO MOXXHO KOHCTaTHpoBaTh, uTo MU B 006pa-
30BaHMHU yXK€ CYLIECTBYEeT M MTHOPUPOBATh ITOT (pakT
KOHTPHPOAYKTHBHO. MOXHO TIPOBECTH aHAJIOTHIO
C IPOMBIIIICHHBIMA POOOTaMH, KOTOPBIX MHOTHE BHa-
Yaji¢ BCTpCUaIn B INTHIKH. O}lHaKO B IIOJIHOM COOTBECT-
CTBHU C KPUBBIMH Pa3BUTHUS HOBBIX WJIeH (TEXHOIOTHI)
¢upmer Gartner (puc. 1) mepBsie pagy KHBIC TIPEAIIONO-
YKEHUsI CMEHWJINCh PEalbHOCTBIO: POOOTHI HE BCECHITh-
HBl U Y HUX MMEETCSI MHOTO OIpaHWYEHHH, 0COOCHHO
C y4eTOM SKOHOMHYECKON COCTABIISIOMIEH NX CO3/IaHMs
1 9KCILTyaTaIlH.

Hckyccmeennviii  unmeniekm 6 00pa3o8aHuu.
MoxkHo cka3arh, uTo MU B 00pa3oBaHWHM TIOKa eIIe
umer cebe onTuManpHoe Mecto. K peanbHbIM 10CTO-
WHCTBaM €ro MO)KHO OTHECTH OCBOOOJK/ICHHE CTY/ICHTa
1 TIperiofiaBaTes oT pyTHHHOW padoTsl. Harpumep, muist
CTYAEHTA CErofiHs 3T0 0(hopMIICHNE YepTekKel 1Mo Tpe-
OOBaHUSIM COOTBETCTBYIOIIMX CTAaHAAPTOB, CO3/IaHHE
THUIIOBOM MaTeMaTHYeCKOW MOJENH JeTaln; Ul Ipe-
ToiaBaresisi — IMPOBEPKA OMPENEICHHOTO THIA y4eo-
HBIX PaboOT M KOHTPOJIBHBIX TecToB. llpakTnueckui,
HO OOJIbIIE JIMIIb TEOPETHYECKUH, UTOT MPUMEHEHHS
texHonoruit MM — 3710 0cBOOOXKIEHHE OT MTA0IOHHOM
paboThI: OCBOOOKIACTCS BpPEeMs JIJIsl TBOPUCCKOM, Ha-
IIpUMep NPOEKTHOH, paboThl U CTyAEHTA, W Mperoja-
Batens. Baxuoit oco6ennoctrio U, Hanpumep B Buze
HEHPOHHBIX CETeH, SIBISIETCS BOBMOXKHOCTh UX 00yue-
HUSI M CaMOOOYYEHUsI, ¥, COOTBETCTBEHHO, HAXOXK/ICHHE
Oonee COBPEMEHHBIX BO3MOXKHBIX IPOEKTHBIX pelle-
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Hui. OJHAKO B IAaHHOM CIJTy4ae MO>KHO OTMETUTh BaxK-
HEHIIYI0 pojib MperojgaBaresis B OOyYCHUU CTYICHTA
BapUaHTHOMY (DOPMYJIMPOBAHMIO 3aja4d, TPEOyromen
peueHysl, ¢ y4eToM OIPaHUYEHMM, UMEIOILUXCS B pe-
aJBHBIX YCIOBUSX; B OIICHKE aJIeKBaTHOCTH TIpeiarae-
MBIX CETBIO PEIICHUH U IPU HE0OXOIUMOCTH KOPPEKTH-
POBKe TepBOHAYAIBHBIX (OPMYIHPOBOK. DTO yMEHHE
(dopmymupoBaTe 3amady W OICHWBATh MOTy4aeMbIe
peleHyst BaxXHo npu cozaanuu L[ mammH uinm mMexa-
HU3MOB CITCIIHATUCTAMH-MEXaHUKAMH B KOMITJICKCHOM
Oopurage [T-cnennanncTOB W CIICIIUATUCTOB JIPYTOTO
PO, YIaCTBYIOIINX B MPOCKTE.

Eme onna obmacts mpumenenus M B obpa3oa-
HUU — UCTIOJIb30BaHHEe CUMYIATOPOB. [1o Ha3HAYCHMIO
pa3IMYaroT pa3HbIe CUMYISATOpEL. Hampumep, cumys-
nust (PU3UYECKHUX TPOIECCOB MPU Pa3paboOTKe HOBBIX
W3JICNUI, CUMYISIUS Ha OCHOBE IU(PPOBOW MOJICITH
Pa3HBIX BUJIOB UCTIBITAHUN TIPOIYKIIUHU, UTPOBAsI CHMY-
nsEst B o0pazoBanuu u Ap. [9]. MHorue oOydyaromue
CUMYJISITOPBI OCHOBaHbI Ha BUPTYAJIILHON U JIOMOJTHEH-
HOH peaybHOCTH. Takue CUMYISTOphI MOTYT paboTarh
B BUPTYaJIbHOM U PEAJbHOM MPOCTPAHCTBE U B peaiib-
HOM BPEMEHH, YTO IUPOKO MPUMEHSIETCS] B TAKUX 00-
JIACTSIX, B KOTOPBIX OOyYEHHE CBSI3aHO C OONBIIUMHU
MaTepHAIBHBIMH 3aTPAaTaMH, C PUCKOM TPABMUPOBAHHS
WIN Jake THOeNH oreparopa U T.11. B xagecTBe mpume-
pa MO)KHO TIPHUBECTH NMPUMEHEHHE TAaKUX TPEHAKEPOB
B TPAHCIIOPTHOH OTpaciH, OCOOCHHO AaBHALMOHHOWM;
B aTOMHOM U XMMHUYECKON NMPOMBILIEHHOCTH; B MEJIU-
ouHE U Ip. B o0macTi cTpOUTEIhHOTO MAITMHOCTPOE-
HUS CUMYJIATOPBI-TPEHAKEPHI UCTIONB3YIOT B O0yUCHUH
VIpaBICHUEM TEXHOJIOTUYCCKHMHU IIPOLIECCAMHU, IHa-
THOCTHUPOBAHUU MAIlIWH U MEXaHU3MOB, IPUOOPETCHIH
HABBIKOB pabOTHI OIEpaTOpOB MAIIWH, MEXaHHU3MOB
u obopymoBanus. Ha xadenpe MexaHu3auy U aBTOMa-
TU3anuu crpoutenbHbix Mama HUY MI'CY npume-
HSIOT UMUTATOPBI’ [Tl OOyYEeHHsl CIICIMAIUCTOB pea-
TUPOBAHUIO Ha BOSHUKHOBEHUE PA3HOTO POJia OTKA30B,
BO3ZHUKAIOIIUX TIPU HaJaJKe M JKCIUTyaTalluu Tacca-
YKHPCKHX U TPY30BBIX JIU(PTOB.

B COBPEMEHHOM MUPE MHOTHEC NEPBOHAYAIBLHBIC
(poBbIE «KMHCTPYMEHTBD) MEHSIIOT WM PACUIUPSIOT
CBOIO OO0JIACTh Ha3HAYEHUs, HapuMep OJOKYeHH —
pacripeneneHHbIi peecTp. TexHomorus OoK4YeiHa yxe
MIPUMEHSETCS B IIKOJIFHOM M BY30BCKOM 0Opa30BaHUM,
U TIEPCTIEKTUBHI e¢ JabHEHUIIeT0 HCIIOIb30BaHUS YBe-
muuuBarorest. [Io cBoell CTpykType pacrpeneneHHast
peaNbHOCTh CTAHOBUTCS BCe Oonee 0OBEMHON U JI0-
CTYITHOH TIPH OIPEICIICHHBIX YCIOBUSIX MPAKTHUCCKU
Be3Jle, JIUIIE OBl OBLTO COOTBETCTBYIOIIEE 000pYyIOBa-
HHUE (KOMITbIOTEp, HOYTOYK, rajpkeT). OCHOBHBIMH Xa-
PaKTepUCTHKAMU OJOKYCHHA SIBIISTIOTCS JICIICHTPAIHU-
3anus U 0e30MaCHOCTh, OTKPHITOCTh U MPO3PAYHOCTD,
HEW3MEHHOCTh U JoBepue U Ap. Kak cnenctBue 3Tux
CBOWCTB, OJIOKYCHH ynoOeH /sl XpaHESHUS MOAJTUHHBIX
JIOKyMEHTOB: JIUIIJIOMOB, TEPCOHAIBHBIX JIOKYMEHTOB

% JlaGoparopuslii crenn «Mmurais audra ¢ yCTPOHCTBOM
ynpasnenus cepun YJI (YKII) UJI-YII u cepuu LLIYIIM».

U JIOCTIKCHUH OOydaromuxcs M COTPYJHHUKOB (mpe-
oJIaBaTelicii), Hay9YHBbIX JTOCTIDKCHUA W ITyOITMKAIHA
7 T.I.; [UIS HACHTU(GUKAIMHA CTYICHTa W IPYTUX CO-
TPYIHUKOB B pa3HBIX MOIPA3ICICHUSIX CBOCTO U IPYTUX
BY30B; Il [IOBCEMECTHOM JOCTYIHOCTH OHJIAHH-KYp-
COB, 0COOEHHO HOBBIX aBTOPCKHX; M MHOTOE JIPYyTOE.
B xadectBe mpumepa NPUMEHEHHUS U MEPCIEKTUB pas-
BUTHS TEXHOJIOTMHU OJIOKYeHiHAa B 0Opa3oBaHWU IpUBeE-
JIEM CCBUIKH Ha aBe padots [10, 11].

Eme onHOl BO3MOXXHOCTBIO MpPOpHIBA B 00pa-
30BaHUH SIBJSIFOTCS TEXHOJOTHH OONBIINX TaHHBIX
(Big Data). Texaomoruu OOJIBIINX JaHHBIX MO3BOJISIOT
OIIEPUPOBATh MEPCOHAIBHBIMH JIAHHBIMU B YacTH COO-
CTBEHHO NMCPCOHAJIBHBIX JTaHHBIX CTYACHTOB W IIPCIIO-
JlaBaTelieH, yCIeX0B B Pa3HbIX 00IACTSIX NS TeIbHOCTH,
MIPEANIOYTEHHSIX B BBHIOOpE y4eOHOTO KOHTEHTa W T.II.,
BKIIFOYAsi TPOTHO3MPOBAHUC IaBHCHINCH IesTelh-
HOCTH OOyYalomMXcs M WX HACTaBHUKOB, HAIIPUMED
B paMKaxX MHTEPECOB By3a; BOZMOXXHOCTH 0€30macHO-
CTH U aIMHHHCTPHUPOBAHU B By3e [12].

Kak u3BecTHO, 60JbIIINE JaHHBIE XapAKTEPU3YIOT-
Csl HECKOJIBKUMH TIPH3HAKaMHU, HAPUMEpP «ISTBIO V»
(puc. 3'%): oovem (Volume) — Ttepabaiitel u Gomnee;
ckopocth (Velocity) — yBenndenue oObema HHPOP-
MaIliA B TEOMETPUYECKOH TPOTPECCHH, 4TO Tpedyer
mporpamMM OBICTPOH 00paOOTKM W aHalW3a JAaHHBIX;
pasuoobpasue (Variety) — maHHBIE MOTYT OBITH IIpE-
CTaBJICHBI B Pa3HOOOpa3HOW (GopMe u (popmarax; 10-
cToBepHOCTH (Veracity) — TOYHOCTh M TOCTOBEPHOCTh
MOJTy4eHHsl JaHHbIX; HeHHOCTh (Value) — BaxxHOCTB
WHGOPMALIUH JUTSL TOW WITA HHOW OTPACIH U T.II.

IlennocTh

bonsinmue
JTaHHBIE

Jocto-
BEPHOCTH

Puc. 3. [Ipusnaku bonbiine nanxbie

MoxHO H00aBHTB: OBICTPO pacTymwii 00BeM
JAHHBIX CBsi3aH C TpaduUKOM OOJAYHBIX BBIYHCIC-
uuii, 10T/IIoT (Internet of Things/Industrial Internet
of Things — uHTEpHET BeIIEH/ITPOMBIIICHHBIA WH-
TEpHET Beliei), MOOMJIBHBIM TPapUKOM U T.JI.; BBICO-

10 Data Science: The 5 V’s of Big Data. URL: https://medium.
com/analytics-vidhya/the-5-vs-of-big-data-2758bfcc51d
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CTpoMTenbeTB
HayKa v 06pa3oBaH

E.I. lNMnaeensckut, 4.F0. N'ycmoes, B.U. Ckenb, A.M. Aeapkoe

Puc. 4. IIporeccs! ¥ HHCTPYMEHTHI aHAIIN3a OOJBIINX JAHHBIX

Kasi CKOpPOCTb, C KOTOPOH JJaHHBIC HaKaIUIUBAIOTCS,
B OCHOBHOM CBsI3aHa C MHTEPHETOM BelIeH, MOOHIIb-
HBIMH JaHHBIMH, COLMATIBHBIMU CETAMH U T.JI.; Pa3HO-
oOpa3ue OaHHBIX CBA3aHO CO CTPYKTYPHUPOBAHHBIMHU,
TIOJTY-CTPYKTYPUPOBAaHHBIMH U HECTPYKTYPHUPOBaHHbI-
MH JJAHHBIM H3-3a Pa3HBIX UCTOYHHKOB JAHHBIX, F€HE-
PUPYEMBIX JIIOIBMH WM MallMHAMH; JOCTOBEPHOCTD
OTHOCUTCS K OOECIIEUeHHIO KavyecTBa/[eI0CTHOCTH/
JIOCTOBEPHOCTH/TOUYHOCTH JIAHHBIX, TaK KaK OHH COOH-
paroTcsi U3 HECKOJBKMX MCTOYHUKOB, TO HEOOXOIMMO
MIPOBEPSITH TOYHOCTH WH(OPMALNH, MPEXKIEC YeM HC-
MI0JIb30BATh €€ JaJblle; IEHHOCTh OTHOCHTCS K TOMY,
HACKOJIBKO TIOJIC3HBI CBE/ICHHS JIUISI IPUHATHS PELICHUN
(Hy’>XKHO M3BJICYb IIEHHOCTh M3 OOJBIINX JaHHBIX, HC-
TI0JTB3Ys HaUISKAIILYI0 aHATUTHKY ).

Baxneiiiast uwacte Big Data B TexHMueckoMm
BY3€ — BO3MOKHOCTH Ha OCHOBE aHaJIn3a OOJBIINX JaH-
HBIX BBIOPATh, CO3AaTh WM YTOUYHUTH MPOCKTUPYEMYIO
TEXHUYECKYI0 KOHCTPYKIIMIO; 9TO MOTEHIHAN MpeJcKa-
3aHMs TTOBEJICHUS, HAIIPUMEDP, MEXaHUUECKOI CHCTEMBI,
CO37IaHHOW HPH KypCOBOM IPOCKTHPOBAHMU HWIIH TIPU
pa3paboTKe BBIMTYCKHON KBAU(UKAIMOHHOW pabOTHI.
Kax m3BecTHO, 11000€ TPOEKTUPOBAHIE MHOTOBAPUAHT-
HO ¥ BO3MOJKHOCTb YBHIETh OTJAJICHHbIC HOCIEICTBHS
MPUHATBIX KOHCTPYKTHBHBIX PELICHUH, M0 KpaiHei
Mepe, BecbMa 3aMaHuKBa. TakuM oOpa3oM, Oe3 aHasmsa
OOJIBIINX JaHHBIX PELICHNE YHOMSIHYTBHIX 3a1a4 3aTpy/-
HUTEJILHO WM TpeOyeT MHOTo BpeMeHH. Pazinuaror
YeThIPEe BHA aHAJM3a: OIMCATENBHBIHN, (YUKCHPYFOIIIA
CITyYMBIIYIOCSI CUTYallUIO; JUArHOCTUYECKUH, OIpesie-
JISIFOLMI TIPUYMHBI CITYYUBIIETOCS; PEUKTHBHBIH, T.€.
MpeICKa3aTeIbHbI WM MPOTHO3HBIN, BBITOIHSIEMBbII
Ha OCHOBE MaTe€MaTU4ecKON CTAaTUCTHKU, MOAEIUPOBA-
HUsI, MaMHHOTO 00yuenus, U n t.x.

Jns ananm3a OONBIINX JaHHBIX, OCOOCHHO TpHU
MOBTOPSIOIINXCS 33/1auaX, XapaKTepHbIX, HaIpumep,
JUIsL BBICIIEH (JTF000M) IIKOJIBI, BEPOSTHO NMPUMEHEHHE
Data Mining ¢ BO3MOXHOCTBIO MAITHHHOTO O0yYEHHS,
nmrybokoro oOyuenust u M. Nmerotcs u apyrue Bo3-
MOXHOCTH (TIpOTpaMMbl) MAIIMHU3UPOBATh aHAIIN3
OONMBIINX NaHHBIX AJISI PEHICHHs PAa3HOTO pofa 3aaad
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OT ONHCATEeNIbHBIX 10 NMPOrHO3HBIX. HekoTtopoe mpen-
cTaBieHue 00 aHanu3e OOJNBIIMX JAHHBIX MPHBEIACHO
B pabore'!, Ha puc. 4 TOKa3aHBIl TCXHUKHA U METOIbI
aHanu3a, npuMeHsiemMbie K Big Data'?.

Eme onHOlIt HOBOH TexHOJIOTHEH, MpUMEHseMOoil
B oOpa3zoBanuw, siBisieTcss BupryanbHas (VR) u mo-
nmonHenHas (DR) peamsHocTn. U Ta, n apyras TexHo-
JIOTHU HCIIOIB3YIOTCS AJIsI BCEX BHAOB 0Opa3oBaHUS.
JI1s IKOBHOTO 00pa30BaHuUs BBITYCKAETCs JIaXKe CIie-
HUaIM3UpOBaHHOE obOopynoBanue. [Ipumenenne VR
u DR B mixose uMeeT MHOTO JIOCTOMHCTB JUIsl CO3/IaHMs
y IIKOJIBHUKOB MOTHBALMU K W3YUYEHUIO T'yMaHUTap-
HBIX JUCLUIUIMH ¥ JUCHUIUIMH TOYHBIX Hayk. Ho »tn
)K€ TEXHOJIOTHH MPUMEHHMBI W B BBICIICH IIKoe',
HO Ha HECKOJIBKO JIpyroM ypoBHE. CyIIecTBYIOT CHMY-
JISITOPBI U TPEHAKEPhl HA OCHOBE BUPTYaIIbHOM pealib-
HOCTH, MO3BOJISIOIINE MOIYYHTh MPO(ECCHOHATBHBIE
HaBbIKH'*. [IpH 3TOM HCIIONIB3YIOTCS TEXHOIOTHH HHTE-
PaKTUBHOTO OOYyUYEHMSI, NTPOBOTO U IPYTUX COITYTCTBY-
tomnx 3D-e-learning KOMITBIOTEPHBIX MPOrPaMMHBIX
KOMILIeKcOB. Jlisi 3TOro, Kpome MporpaMMHOro ode-
CIIedeHus, MoTpedyercs ele, HalpuMep, UMETh KOM-
IUIEKT OYKOB BUPTYaJIbHOH PeaIbHOCTH.

Lugposvie  06otinuky. DTHM TIEPEUUCIICHUEM
HE 3aKaHYMBAETCSl XapaKTepUCTHKA YHUBEPCHTETA
4.0. OnHako yKa3zaHHbIE TEXHOJIOTMH, TPUMEHsEMbIE
B BBICILIEH IIKOJIE, B TOM MM MHOM MEpE ydacTBYIOT
B CO3MaHUU M HCMoNb30BaHuU L], AmanTupys OmeIT,
TIOJTYYEHHBIH B IPYTHX OTPACIAX, MOYKHO TIEPEUNCIUTh

' Big Data Analytics: How it works, tools, and real-life ap-
plications. URL: https://www.altexsoft.com/blog/big-data-
analytics-explained/

12 Bonbine nanubie (Big Data). URL: https://www.tadviser.
ru/index.php/Crares:bonsme _nannsie (Big Data)?amp;act
ion=edit&amp;section=6

13 Berth win He 66iTh? VR 11 AR B cdepe obpazosanmst. URL:
https://virtre.ru/articles/augmented-reality/byt-ili-ne-byt-vr-i-
ar-v-sfere-obrazovaniya.html

4 Knszeea I' B. BupryanbHasi peajbHOCTh M TPO(ECCHOHATb-
HbIC TEXHOJIOTMH BU3yAJIU3ALMH.
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OCHOBHBIC MTYHKTHI co31anust L] cTpouTenbHbIX U J10-
POKHBIX MalIMH W 00OpYAOBaHUS'S: cO3/aHUE ajieK-
BaTHBIX MATEMATHYCCKHUX MOJECICH U BICKTPOHHBIX
JIOKyMEHTOB, OIHCHIBAIONINX TOBeJeHHEe 00BheKTa (Me-
XaHHU3Ma, MAIIHHbI, 000PYIOBaHHS, TEXHOIOTHYCCKOTO
nporiecca). OcHoBHBIE TpeumytiecTBa L[/ H0mKHB
3aKJIaBIBATHCS HA JTame pa3paboTKU W3EeTus U Jajee
Ha dTamax MPOM3BOJCTBA M AKCIUTyaTanuu. 1 Ha Kax-
JIOM dTare CO3Mal0TCs HU(POBBIE MOIEIH C BBICOKOH
CTETIEHBIO COOTBETCTBUS PEajbHBIM OOBEKTaM H TIPO-
neccam. Co3maHue MoJenieil yIUTBHIBAeT CTPYKTYPHYIO
CXEMY W TEOMETPHUIO0 KOHCTPYKIIUU MAIIWHBI, €€ KHHE-
MaTHYCCKUE W TUHAMHYCCKUE 3aBUCHMOCTH; (PH3HKO-
MEXaHUYCCKHAE CBOWMCTBA MCIIOJNB3YEMBIX MaTEpPHAIOB
(KOHCTPYKIIMOHHBIX, SKCIUTyaTaIllHOHHBIX, 3AIUTHBIX);
MmapaMeTphl, XapaKTepU3YHIIe Oe30MacHOCTh IKC-
IUTyaTaliyl MaIluHBl (MIPOYHOCTH JIIEMCHTOB U KOH-
CTPYKIIMH B IICJIOM, YCTOHYMBOCTH OT OIPOKHUJIBIBA-
HUS1, BHOPOOE30IMaCHOCTh OIIEPaTOpa, IPrOHOMUYCCKIEC
U CaHWTapHbIC TPCOOBAHUS, SKOJOTMYHOCTh MAIIHHEI,
ee DKCIUlyaTallud U YTWIM3AlUU U JIp.). YUeT BCEro
MEPEUHCIIEHHOTO OMKUCHIBACTCS CUCTEMOIN HEIMHEMHBIX
nuddepeHInanbHbIX ypaBHEHHH, PEIIaeMbIX YHCIICH-
HbIMU MeTonaMH. HenmrnHeHOCTh ypaBHEHMM CBsi3aHa,
B MIEPBYIO O4Yepesb, CO MHOTUMH OTPAHWYCHUSMH, Ha-
MpUMeEp 0 CBOIICTBAM MaTepuanoB, KHHEMAaTHKE BO3-
MOYKHOTO JBIDKEHHS, pabodeli 30He MalInHBL U Ip. DTH
cucteMsl auddepeHInanbHbIX YPaBHEHUH JOJDKHBI
AyTEeHTUYHO OIHCHIBaTh TUHAMHUYECKOE ITOBEICHHE
MAIIIMHBI ¥ 00s[3aHBI COCTABIIATHCS MEXaHUKAMH U Ma-
TEMaTUKaMH B Pa0OTOCIOCOOHOM TaHAEME, UTO eIIle
pa3 000CHOBBIBaET HEOOXOAMMOCTh COOTBETCTBYIOIICH
ITOJITOTOBKH U MEXaHUKOB, 1 MATEMAaTHKOB.

311eCh MOKHO 3aMETHTh, YTO MaTEMAaTHUECKOE MO-
JCITUPOBAHUE CTPOUTEIIEHBIX MAIIMH U 000PYIOBaHHS
JMABHO TPUMEHSICTCS TPU WUCCICIOBAHUU JTUHAMHKH
CTPOMTENBHBIX MAIIUH C LENBI0 OMPEICICHHUS HArpy-
30K B JJICMCHTaX KOHCTPYKIIMU U B TIABHBIX MCXaHM3-
MaX CTPOHUTEIbHBIX MAIIUH B IMEPEXOIHBIX PEKUMAX
paboThI; HAWICHHBIC TUHAMUYCCKHE HATPY3KH TO3BO-
JISUTH BBITIOJIHUTH PACUET Ha MPOYHOCTD JJIIEMEHTOB KOH-
CTPYKIMH HJIH MEXaHH3MOB MAIIMH C YUYCTOM PEXKHMa
paboTHI (KCTaTH, OMpeiesieHue PEeaTbHOTO PeKUMa pa-
OOTHI Ha CTaJWU MPOCKTHPOBAHUS MAIIUHBI SBISCTCS
OTJICJIbHON Ba)KHOH 3ajiaueii); TakkKe MaTeMaTHdecKoe
MOJICTUPOBAHNE TO3BOJBUIO OMPEACIUTH BO BpEMe-
HU TIPOTEKaHWE NTWHAMHYECKUX TIporeccoB. [losTomy
MMEIOIIHNCS OMBIT II(PPOBOTO MOICIUPOBAHUS HEOO-
XOIUMO PACHIMPHUTH PEIICHHEM IOMOTHUTEIHFHO TeX
3a11a4, KOTOpEIe CTaBATCs Mpu coznannu 1[/] B KoHKpeT-
HBIX YCJIOBHUSX CO3IAHHS CTPOUTEIBHBIX, JOPOKHBIX,
MTOJJbEMHO-TPAHCIIOPTHBIX MAIIMH H 000pYIOBaHHS
C TOW WJIM MHOHM CTCNEHBIO JCTAIH3AIUN B 3aBHCUMO-
CTH OT TIOCTABJICHHBIX IIeJicH U 3a1a4. To ecTb B CTpO-
UTeIbHOU oTpaciu cozganue LIJ] mammH, MexaHu3MOB
U TEXHOJIOTHYCCKUX TMPOIECCOB C HUMH HAYHHACTCS

'S Ponb 11(poBOro 1BOMHUKA B COBPEMEHHOM MAalIHHOCTPO-
ennu. URL: http://rosacademtrans.ru/cifrovoi_dvoinik/

U MPOUCXOIUT HE Ha MyCTOM MECTE, a C UCIOJIb30Ba-
HHEM COOTBETCTBYIOIIECTO MUCCIICIOBATEIBLCKOTO OIIBITA.

udposoii ABOHHHUK HyXHaeTcs B WHPOPMALIUU
0 TIPOM3BOIUTEIBHOCTH, pabOTOCHOCOOHOCTH, TEX-
HUYECKOM OOCITY)KUBAHUU H T.JA., KOTOpas IMOCTyHaeT
ot natunkoB [ 13]. Eme Ha aTane co3nanus TEXHAYECKO-
ro 00beKTa ONPE/IEIISIIOTCSl MECTa YCTAaHOBKH JIaTYHKOB
IIoT cucremsl, napopMupyronmx LJ] o ¢pusmueckom
COCTOSIHUHM MAaIINHBI. BBIOOp MeCT yCTaHOBKM JaTdH-
KOB, CITIOCOOHBIX MH(OPMHUPOBATD O )KU3HEHHO BaYKHOM
COCTOSIHUH HJIEMEHTOB KOHCTPYKIIMU 1 MAIlIUHBIL, & TAK-
KE XapaKTepU3YIOINX TEKYIHe SKOHOMUYECKHE II0-
KazaTely, SIBIISICTCS BaXKHEHIIIEH M OTBETCTBCHHEHIIICH
3aja4eil Il MaTeMaTHKOB, MEXaHUKOB, SKOHOMHCTOB
1 T.J. DTO MEPEUNCICHHE MOKHO TPOIOIDKUTE C O4e-
BUIHOM HEOOXOIMMOCTHEO COBMECTHON PabOThI MaTe-
MaTHKOB U MEXaHHMKOB, a BEPOSITHO U JIPYTHX CIelna-
JIUCTOB, NpH afekBaTHOM co3aanuu L/ crpouTensHOR
TCXHUKHU. Hpﬂqu nmoa MEXaHWKaMH, MaTCMaTUKaMHu
U T.II., KaK MPAaBUIIO, CIIEAYET NOHUMATh HE OT/CIIbHbIC
MIEPCOHATINH, a COOTBETCTBYIOIIHE pPadOdne TPYIIBI
CIEeLINATHCTOB.

O>kuaeMble «IMBUACH/BD» OT pa3pabOTKU U PH-
meHenust LI/l MOryT U He ompaBIaThCsl HE TOJBKO I10-
TOMY, 4TO 1M(poBas MOJENIb HEa/IeKBaTHA PeaIbHOMY
00BEKTY, HO U 1ToTOMY, 4T0 Y M1 B ero mmpokom noHu-
MaHHH CYIIECTBYIOT OTIpeieIeHHbIe TPpoOiIeMbl. K HiM,
HampuMep, OTHOCATCS: HeHaiexHas pabora nHpopma-
LMOHHBIX JIaTYNKOB, YCTAHOBJIIEHHBIX B KPHUTHYECKUX
MecTaX MaIlliHBI; BEIOOpP HE B TE€X MECTaX yCTAHOBKH
JaTYUKOB WM HEBO3MOXHOCTH MX YCTAHOBKH B HYXK-
HOM M€CTe; HEMOJIHAasl WK UCKaXEHHAas!, MOCTYMaroas
OT JTATYMKOB, HHPOPMAITUS, U JPyTHE IPOOIEMBI, CBS-
3aHHBIE C MHTEPHETOM Belel. Takke cpeau mpodiaem
MOKHO yKa3aTh HEaJIeKBaTHBIM ajiroput™ o0paboTKu
JAHHBIX, TOCTYMAIOMUX OT JAaTYUKOB; OTPAHUYCHHYIO
WM 94PEe3MEPHYIO TIOAPOOHOCTh TIOCTPOSHHON TU(PO-
BOM MOJIENH, CBA3aHHYIO ¢ (opmanu3anuell 3a1aqw;
HEHpPOHHBIE CETH, YaCTO MCIONB3YeMbIe IS IPOTHO3a
BO BPEMEHHU IOBEJCHHUS MAIINHBI, MOTYT OIINOATHCS,
XOTs ¢ (popMaybHOW TOUKH 3pEHHsI TIPHUHSATOE HEHPOH-
HOW CeThI0 pelieHne npaBmibHOe. [Ipo0ieMbl ipume-
HSEMBIX IU(PPOBBIX HHCTPYMEHTOB MOKHO MPOIOT-
XKHUTH (IIpUMEpBl aBapuii MOJKHO HAaWTH B WHTEpHETE
JUTS BO3AYITHOTO M HA36MHOTO TPAHCIIOPTA), HO BAYKHO
MMETh O HHUX MPEACTABICHNE U YYUTHIBATh MPH CO3/a-
uuu [1J]. B HacTosiiee Bpems pa3paOaThIBAIOTCS CTaH-
JIapThl B paccMaTprBacMoi HaMHu 00JIaCTH [UIsl OTPaHu-
4eHNs NU(POBBIX Pa3pabOTOK C HENbI0 YMBIIICHHOTO
WM HEYMBINUICHHOTO TMPUYUHCHHUA BpE€Aa 4YCIIOBCKY,
€ro JIMCKPUMHHAINHU WM HEOOBEKTHBHON OIEHKH Jie-
STeTBHOCTH. K COXKaJeHHIo, IMOKa YIIOMSHYTHIE CTaH-
JapThl MaJIO 3aTParuBaloT MPOM3BOJICTBEHHYIO chepy,
XOTSI pabOTHI BEIYTCSl 1 HEKOTOPBhIE HOPMATHUBHBIE J0-
KyMEHTHI YK€ OIyOnnkoBaHBL. [7100anbHO MOXKHO OT-
METUTb, 4TO emie B 2017 . 3HAMEHUTHIH OpUTAHCKHUI
yuenblii CTuBeH XOKUHT TPEJIBUJIECI, YTO HUCKYCCTBEH-
HBI WHTEIUIEKT JUIS YeIOBEYeCTBA MOXET OBITh Kak
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CTNOMTENbCTB!
HayKa v 06pa3oBaH

E.I. lNMnaeensckut, 4.F0. N'ycmoes, B.U. Ckenb, A.M. Aeapkoe

BEJMYANIIUM JOOPOM, TaK M BEIWYaHIIeH mpooiemMoii,
BKJTIOUAst THOEINE YerroBeuecTnal®.

B psine By3oB Poccun (Hanpumep, CIIOITY, MI'TY
«CTAHKUH», MITY um. H.D. baymana, HUTY
MUCHC u ap.) MHAPOKO UCTIONH3YIOTCSI HOBBIE TTOIXO/IBI
B IIPEMNOaBaHuM JUCIUTUINH, 00€CTIEYeHHBIX HEO0OX0I1-
MBIMH [TPOTrPAMMHBIMU ITPOYKTaMH (JaIie Bcero B cde-
pe TEXHOIOTHH MAaIIMHOCTPOCHUS, SKOHOMHUKH U Me-
HemkmenTa) [1]. B cdepe crpourenscrea HUY MI'CY
pa3paboTtai mporpaMMbl ¥ BHEJPUIT TUCIUTLTHHEL, 00e-
cneunBarormie npuMeHenune  THUM/BIM-texaomoruit
Ha OCHOBE MH()OPMAIIMOHHBIX MOJICIICH, KOTOPBIC CBsI3a-
HBI ¥ IMEIOT MHOTO 001IIero ¢ Borpocamu co3nanus [1/1,
HO BCe e ommyarorcst oT Hux'” '8 [6, 7]; 8 HUY MI'CY
CYIIIECTBYET JOMOIHUTEIILHOS 00pa30BaHKe ¢ 00yUCHH-
eM TUM-TexHONOrusIM B CTPOUTEIBCTBE.

Otmetnm, gto mpumenenue 1/ B cTpoutensHOI
OTpaciy MoJApa3yMeBaeT U BKIIOUEHUE B CTPOUTEIBHO-
TEXHOJIOITMUYECKHUI MpolLIecC COOTBETCTBYIOIIEH CTpPO-
WUTENBHOW TEXHHKH, OOOPYIOBAaHUS M CPEACTB MAaJlOH
MexaHu3aiuu. Takasi CUTyanusi TpeOyeT OT CIieIraliu-
CTOB B 00JaCTH CTPOMTEIBHBIX MAIIWH U 000pyIOBa-
HHSI IMETh KoMIieTeHIuu B o0aactu LT BooOe, u 111
B 4acTHOCTH. J[eno B Tom, uto nipu coznanuu L] nei-
CTBYIOIIETO CTPOHUTEIBHOTO O0BEKTa (WM YacTH €ro)
KaK MHOTO()aKTOPHOI'O €INHOTO KOMILIEKCA HEOOXO0Iu-
MO y4YacTHe BCEX CIEIHMAINCTOB, B TOM HIJIM HHOW Mepe
YYaCTBYIOIIAX B ITOJTHOM ITHKJIC CO3TAHUS «H3ICITUS
OT 3aJlaHusl Ha TPOEKTUPOBAHUE M JI0 TIOJTHOTO HC-
yepnanus ero pecypca. Ilpu 3Tom Bce ydyacTByIolLIue
CIIEIUAINCTBI, BKJIIOYAs CIICIUATUCTOB-MEXaHUKOB,
JIOJKHBI «TOBOPUTHY» Ha OMHOM s3bIke. lHavye «1aHHbIe
HaxoJATCA B Pa3HbIX “KOJIoLAxX’’, KOTOpbIE HE CBS3aHbI
MeXIy co0oii: pa3Hble 0a3bl JaHHBIX, pa3HbIe (popMma-
ThI, pa3Hasi CTPYKTypa JaHHBIX, pa3Has METOHOIOTHSI
UX Hoxy4deHwus...» [7].

B o0macté CTpOWTENBHBIX, TOPOXKHBIX, KOMMY-
HaJbHBIX, MOIBEMHO-TPAHCIIOPTHBIX MAIUH U Me-
XaHUYECKOTO O0OPYIOBaHUS YKE BEIyTCs pa3padoT-
KA 10 CO3JaHHIO OTACNBHBIX cocTaBiommux 11/,
B YaCTHOCTH, B 00JIACTH MaTeMaTU4eCKOro, U(hpOBOro
Y1 UIMHUTAalMOHHOTO MozenupoBanus. B 2021 r. B Unctu-
TyTe MamuHoBeneHns M. A.A. braroapaBosa coznana
nabopatopusi 1HU(PPOBBIX METOIOB YIPABICHUS KH3-
HEHHBIM [UKJIOM H3JCeITNI MAIIMHOCTPOCHUS, KOTOPas
pa3BUBACT HAyYHOE HAIIPABJIICHUE, CBSI3aHHOE C TPOCK-

16 CtuBeH XOKHMHI YBHZIEN B HCKYCCTBCHHOM HHTEIUICKTE
yrpo3y rubemu uenosedectBa. URL: https://www.forbes.ru/
tehnologii/343535-stiven-hoking-uvidel-v-iskusstvennom-
intellekte-ugrozu-gibeli-chelovechestva

7 udpoBoit ABOWHMK 3MaHUSI — HOBBIA JTal B Pa3BUTHH
cTpoutenbHbIXx TexHonoruid. URL: https://bim-info.ru/arti-
cles/tsifrovoy-dvoynik-zdaniya-novyy-etap-v-razvitii-stroit-
elnykh-tekhnologiy/

18 [IudpoBoii ABOWHUK 31aHUS: KAK TEXHOJIOTHS IIPUMEHSCTCSE
B ctpoutenscrBe. URL: https://digital-build.ru/czifrovoj-dvo-
jnik-zdaniya-kak-tehnologiya-primenyaetsya-v-stroitelstve/
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TUPOBAaHMEM KOHCTPYKIIMH, pa3paOOTKON HOBBIX Mare-
pHAIOB U METOIOB JHATHOCTUPOBAHUS M HCIBITAHHS
KOHCTPYKTHBHBIX JJIEMEHTOB, y3JIOB, arperaros, Ma-
IIMH U 000py/IOBaHHUS B OOJACTH MAIIMHOCTPOCHHS;
B 00JIACTh MHTEPECOB 3TOM JIA0OPATOPHH BXOIMT H CO3-
nanue LJ] MammH cTpOUTENbHON OTpaciu.

Kaxk u3BecTHO, co3maHue Mojeieil BooOoIe u Ma-
TEMATUYCCKHUX, B YACTHOCTH, TIPECIICAYET IIeIb UCCIIe-
JIOBaHUSI CBOICTB peanbHBIX (PH3MUECKUX OOBEKTOB,
KOTOpBIE MOTYT €ellle He CYIIEeCTBOBaTh, & TOJBKO IUIa-
HUPYIOTCS K IPOU3BOJCTBY. Takast BO3MOXKHOCTB OTIpe-
JIeNIIeT OTPOMHBIA SKOHOMHYECKHN AP QEKT, moryJdae-
MBI OT MOJICITUPOBAHUS OYAYIIEro M3ICIUs: OUIHOKH
B TIPOCKTEC HAa HAYaJbHBIX CTAIMSIX MOTYT IPUBCCTH
K KOJIOCCAJIBHBIM 3aTparaM MPH UX JTHUKBUIAIIIH Ha yKe
WU3TOTOBJICHHON MaluHe. B ¢Bsi3u ¢ 3TUM 3Tan co3naa-
HUS MOJICITH SIBJISICTCS] OYCHBb BaYKHBIM.

B 3aBucuMOCTH OT IIOCTABIEHHBIX L€ U pella-
eMBIX 3aJ]ad BapHUaHThl Pa3HOOOPA3HBIX MOJEJICH, pH-
TOIHBIX YIS PEaIbHOTO MMPOCKTUPOBAHUSI, IIPOM3BOJICTBA
1 OKCIUTyaTallii OuYeHb MHOT00Opa3Hbl. Hampumep, s
CTPOUTECIIBHOTO MAlIMHOCTPOCHHA MOXKHO COCTaBUTH
OIUCATEIIFHYI0 MOIEIb, 00YJaONIyI0, UMHTAIIHOHHYIO,
ONITHMHU3AIIMOHHYI0 I KOMITIEKCHYIO; KpOME TOTO,
MOJCIN MOTYT OBITH CTATHYECKUMHU U JUHAMHUYCCKUMU
C pa3HOM CTeneHbio adbcTpakuuy. Taxke MOAENIN MOTYT
OBITH WACATHHBIMU M (OPMAITFHBIMH, C Pa3HOM CTeme-
HBIO IPUOTIKEHUS K PealibHOCTH; IETEPMHUHHUPOBAHHbI-
MH M CTOXaCTHYCCKHMU U T.JI., BKITFOUAs] KOMIUICKCHYIO
MOZIeTh CO MHOTWMH Tpu3HaKamu. [IpakTuka Momenu-
POBaHUsI MIOKA3bIBACT, YTO CO3/IAaHUE MOJICIH, OCOOCHHO
TIPUHIUITNAIGHO HOBOW (MHHOBAI[MOHHOM) MallInHBbI,
9acTO HOCHT HHTYUTUBHBIN XapaKkTep U 3aBHCHUT OT IIPO-
(hecCHOHABHBIX Ka4eCTB aBTOpPa MOJCIH. DTa mpodec-
CHOHAJIbHASI HHTYUIINS CIICIHAIHCTa-MCXaHUKA JIOJDKHA
3aKJIaJIBIBaThCS €IIe B By3e, MCIIONB3YS BCE COCTABIIS-
JOIIME CBOEBPEMEHHO AaKTyaJIM3UPOBAHHOM OCHOBHOM
poQecCHoHABLHOI 00pa30BaTeIbHON MPOrPAMMBIL.

YromsHyTas BEIIIE MHOTOBAPHAHTHOCTH TPOCKTH-
POBaHUS TEXHUYECKOTO M3/ACHS KacaeTCsl U BO3MOXKHO-
CTEH TPEINPUATHS IO N3TOTOBJICHHUIO JIEMEHTOB 3TOTO
mgemus. TexHomorust cozmanust 1J] mo3Bomser mmibo
YUUTBIBATh BOSMOKHOCTH 3TOTO MPEINPHUATHS (CTaHOU-
HBIU TIAPK, KBATU(HUKAIS PaOOTHUKOB, IPUMCHSICMBIC
TIPOHM3BOJICTBEHHBIC TEXHOJIOTHH, MaTepPHANBHBIC pe-
CypchI), TMO0 BBIOpATh MPEINPHUATHE C YUETOM BCETO
nepevrcieHHoro. YToObl MCIONB30BaTh TH BO3MOXK-
HoctH LIJ1, Hy>Ha pa3HOOOpa3Hast HH()OPMAIHS O TIPEI-
mpuATHAX TpeOyeMoro mpopuiast W B HEOOXOTUMOM
Bujie. Ilepeunicienre NCTOYHMKOB MHOTOBAPHAHTHOCTH
MOYKHO MHOTOKPATHO MPOIODKUTE C TOH JIHMIIB IEIIBIO,
na0BI TIOKa3aTh HEOOXOAMMOCTh HAYIHUTH OYIyIIETo CIie-
LUAIMCTAa-MEXaHUKa HE TOJBKO NPOPECCHOHAIBHBIM
CTCIUANIBHBIM «MCXaHUYCCKUM» 3HAHHSAM, YMCHHSIM
Y HaBBIKaM, HO ¥ BO3MO)KHOCTH MPUMEHEHHS HX TIPH
MOJIEJTMPOBAaHUU MallliH, co3aaBas B komanae LI/1.

Takum obpa3oM, no crermanbHOCTH «HazemHbIe
TPaHCIIOPTHO-TEXHOJIOTHYECKAE CPEICTBA»  CIEUH-
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anmuzauuu  «IlogbeMHO-TpaHCTIOPTHBIE, CTPOUTENb-
Hble, JIOPOXKHBIE CpEACTBA U OOOPYIOBaHHE» JaBHO
BO3HHUKJIA HEOOXOIUMOCTh B OOYYEHHH HOBEHUIINM
TEXHOJIOTHSIM TIPOSKTHPOBAHUS, ITPOU3BOJCTBA, IKC-
IDTyaTaluy U yTHIH3AAN CTPOUTEIHHBIX MAITHH U Me-
xaHn3MoB. OcHOBOM peanuzanuu Tux dtanos XK1 ma-
HIMHBI JIOJDKHBI OBITH MallMHOYMTAeMble 0e3 y4acTHs
yenoBeka SMART-cTanmapThl, B3aMMOJCHCTBYIONIHE
C MaTeMaTHIeCKON MOJIETBIO U 33JaI0IIHe BUPTYaIbHO
TpeOyemble peKUMBI UCTIBITAHUNA U KOHTPOJHPYIOIIHEC
u peructpupytouue neicteus /1, a Takxe pesynbra-
Thl BUPTYaJIbHBIX UCNIBITAHUH. 1 MOATOTOBNIEHHBII cHie-
UAJMCT-MEXaHUK JIOJKEH Pa30uparhCs B IEPEUNCIICH-
HBIX 3aJ[a9ax ¥ Ha PaBHBIX C IPYTUMH CIIEIHAINCTaMH
y4acTBOBaTh B CO3JaHUM U dKcIutyarauuu LIJ1.

Hcnonb3yst HAKOIUIEHHBIN B CTPOUTEIBHON U ApY-
TUX OTPACIIIX OMBIT CO3JaHus U npumeHenus L], He-
CMOTpS Ha CJIOXKHOCTh 3a/1a4d, MOXKHO TOJIy4yaTb Bpe-
MEHHbIE, pECYpCHBIE, TPOEKTHHIE, POU3BO/ICTBEHHBIE,
SKOJIOTWYECKHE M B UTOTE KOHKYPEHTHO IKOHOMHYE-
CKHe TIpenMymiecTBa. Harmsaaple ipuMepsl Tepedrc-
JICHHBIX CIIOKHOCTEH CO3IAHWS U JOCTOMHCTB IpUMe-
wenust L[] mpuBenenst B padore [1].

ITonroroBka cHenMaIMCTOB-MEXaHUKOB B CTPO-
UTEIBHON OTpaciy yXe BO3MOXKHA Ha 0a3e MMerolie-
rocs ¥ TOSBICHHUS HOBOTO OTEUYECTBEHHOTO codra:
Hanpumep, BeHmop OOO «Hamocodt paspaborkan
(nanoCAD) npeutaraetT MHOTO MOy e, Bkitodast 3D,
«Pactp» u «Mexanuka»'® [8].

Jlis crieruanucTa-MexaHUKa UMEeTCs MHOTO TpH-
KJIaJHbIX 3aga4 B oOmactu mpumeneHus LUJ] [14-26]
TEeMH KOMaHJIaMH, O KOTOPBIX MIIa peds BbIime. Hampu-
Mep, WCTBITaHus TpoxyKimu. ITo cranmapty? pasim-
qaroT Ooiee 40 BHIOB WCIBITAHUN TEXHHUKH, BKITFOUAsS
CepTU(HKAIMOHHBIE, YTO OYEHb BaYKHO C YUETOM TEXHH-
YeCKOro periaMeHTa TAMOXXEHHOI'O COI03a B YaCTH CTPO-
uTeNbHBIX MammuH. Kpome toro, 111 mo3BOIISIIOT TpOu3-
BOJHUTH PEMOHT MAIIUHBEI M0 MOTPEOHOCTH, UCIIONB3YS
MMAaTHOCTUYECKHE NaHHBIC, TONydaeMble OT COOTBET-
CTBYIOLIMX JaT4ukoB. EcTh u nipyrue 3agaun.

PE3VYJIBTATBI

VuureiBass ormeuenHoe, B HUY MI'CY npu pas-
paboTKe MPOCKTa HOBOM OCHOBHOW 00pa30BaTEIIBHOM
MPOrPaMMBI BBICIIIETO 00Pa30BaHUsI [0 CICIIUATBHOCTH:
23.05.01 HasemHbIe TpPaHCIOPTHO-TEXHOJIOTHUECKUE
cpenctBa (criermanm3arys «[lombeMHO-TpaHCTIOPTHEIE,
CTpOUTETBHBIC, TOPOKHBIE CPENICTBA U 00OPYIOBAHIE))
B TIOPSIIKE SKCIICPUMEHTA B «TUCHUILIHHBI (MOIYITH)
o BBIOOPY» B «4acTH, (OPMUPYEMON YYaCTHUKAMH
00pa3oBaTeIbHBIX OTHONICHHID», OblIa 100aBICHA TUC-

1 Periennst HOBOrO BpeMmeHH. OTe4ecTBEHHBIA COPT —
ot CAIIPa no mugposoro neoiinuka. URL: https://ardexpert.
ru/article/24694

2 TOCT 16504-81. Cucrema rocyapCTBEHHBIX UCIIBITAHUI
npopyKuuy. VICHBITaHUs W KOHTPOJIb KaueCTBa MPOLYKLUH.
OCHOBHBIC TEPMUHbI 1 OLPEIEIICHHUSL.

murmHa «OCHOBBI CO3/IaHMSI IIM(POBOTO JIBOMHHKA
CTPOMTENIBHBIX MAlllMH U 00OpYIOBaHHs». 3a JaHHOU
JMCIMIUTMHON OBUIM  3aKpEeIUIeHbl TPO(eCCHOHAIIb-
seie kommereHiun [IK-2 «CrocoOHOCTh pa3padarhl-
BaTb U AHAIM3UPOBATH KOHCTPYKTUBHBIC PELLICHUS Ma-
IUMH U OTACIbHBIX Y3JIOB Ha CTaAusAX IPOU3BOACTBA,
MOJEPHU3aUY U PEMOHTA IOJBEMHO-TPAHCIOPTHBIX,
CTPOMTEIBHBIX, JIOPOXKHBIX CPEICTB U 0OOPYIOBAHHUSD)
n ITK-3 «CnocobHocTh pa3pabarbiBaTh C HCIIOIb30Ba-
HUEeM UH()OPMAIMOHHBIX TEXHOJIOTUI KOHCTPYKTOPCKO-
TEXHUYECKYI0 JOKYMEHTALUIO IS IPOU3BOJCTBA HOBBIX
WIK MOJCPHU3UPYEMBIX O00pa3IOB TMOIBEMHO-TPAHC-
MIOPTHBIX, CTPOUTEIBHBIX, TOPOXKHBIX CPENICTB U 000PY-
noBanus. L{udpoBoit BEKTOp pa3BUTHS BBIICO3HAYCH-
HBIX KOMIIETCHLUH 1acT BO3MOXKHOCTH BBIITyCKHHUKAM
HUY MI'CY apantupoBarbcsi B HH)OPMAIIMOHHON Cpe-
Jie OpraHu3alyii, pa3padaThIBAOIUX U ITPOU3BOASIINX
CTPOUTETbHBIC MAIIMHBI U 000PyIOBaHHE.

3AKJIIOYEHUE

Ha ocHOBaHUYM OTMEUEHHOIO MOXKHO CHEJaTh Clie-
JIYIOII€ BBIBO/IbI ¥ IPUBECTH PEKOMEHIALINY.

AKTyaJIU3UpOBaHHbIE YYEOHbIE TUIAHBI MTOJrOTOB-
KM KaJpoB IO crenuanbHocTi «HasemHble TpaHcnop-
THO-TEXHOJIOTHUECKHE CPEJICTBA» JIOJDKHBI OBITH J0-
MTOJTHCHBI KOMITETCHIIUSIMHE B cepe cozmanus LIJ1.

B nmucnuruimuax, GopMUpYIOMINX YHUBEPCATIbHbIC
3Hanus u ymenus («Mudopmarukay, «Haueprarenbaas
TEOMETpHsI, NH)KEHEPHAs! ¥ KOMIIbIOTEpHasl rpaduKay,
«Maremaruueckoe MOIEIMPOBAHUE», «YPAaBHEHHUs
MareMaTH4eckod (U3UKM» U T.II. MO PELICHUI0 o0pa-
30BaTeNbHOM OpraHu3anun), HeoOXOAUMO BBECTH WM
YCUJIUTh pa3fenbl: «YHUCIIEHHOE pelleHHe JTUHEHHBIX
U HEeNUHEHHBIX JuddepeHInanbHbIX ypaBHEHUI»,
«OCHOBBI HCKYCCTBEHHOTO HHTEJUIEKTay», «OCHOBBI
paboTel ¢ OONBIIUMHU JaHHBIMUY», «OCHOBBI CO3/IaHUS
3D-monenu» u apyrue, GpopMHpYyIOIUe y OyayIlero
CIeNHATNCTa KOMIICTCHIIMN, HEOOXOMUMbIe I yda-
ctus B cozganuu 111 mogbeMHO-TPaHCIIOPTHBIX, CTPO-
UTEJIbHBIX, JOPOXKHBIX CPEICTB U 000PYIOBAHHS.

B npodeccronanbHbBIX TUCIUIUTHHAX HEOOXOIMMO
BBECTH WJIM OOjee MUPOKO M aKIEHTUPOBAHO HCIIONb-
30BaTh COBPEMEHHBIC MTOHATHS aJTUTUBHBIX ¥ CKBO3HBIX
TEXHOJIOTUH, IN(POBU3AIINH TIPOU3BOACTBA U P.

C 11e71pI0 TIOBBIIIICHUS Ka4eCcTBa MOATOTOBKHU CIie-
LUAIIICTOB MIEPCIIEKTUBHBIM SIBISIETCS] CO3aHHE «00b-
€IMHEHHOH IUCLUIUIMHBI», B KOTOPOHW OCYILECTBIIS-
eTcsi rpynmoBas (oObenIWHEHHAs) MPOeKTHas pabora
CTYAEHTOB, OOYJaOMIMXCS TI0 PAa3HBIM HAIlPaBICHHAM
MIOATOTOBKH, O]l PYKOBOACTBOM HECKOJBKHX Pa3HO-
npoWIBLHBIX — MperoaaBarenei  (MPenrnoYTUTEIEHO
MIPAaKTUKYIOIIUX MPEJCTaBUTENEH 0Tpacin).

B o6nactu CTpOUTENBHBIX, TTOABEMHO-TPAHCIIOPT-
HBIX, JIOPOKHBIX CPEJICTB U 000PYOBaHNUS CYIIECTBYET
MHOTO NpPHUKJIAAHBIX 3ama4d st npumenenus L1, Ha-
YHMHAas OT IPOEKTUPOBAHMS, U3TOTOBIEHUS, cepTH(hrKa-
LIUM U IO 3KCIUTyaTally ¥ yTHIN3aINN.
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Asmopbi 3as61310m 06 omcymcmeuy KOHGIUKMa UHMepecos.

INTRODUCTION

On a modern construction site with additive, TIM/
BIM technologies, the role of the mechanical engineer
increases manifold. This involves not only the selection
and operation of appropriate machines and mechanisms,
including, for example, 3D printers, but also participation
in the creation of new innovative machines and mecha-
nisms using modern methods. This implies the applica-
tion of digital technologies, especially in the creation of
digital twins of the object by not only programmers, but
also involving technologists, logisticians, economists,
construction material scientists and so on.

Thus, it is necessary to train specialists (mechanical
engineers) who can carry out work at a new modern level
at all stages of the life cycle of machinery with the use
of digital technologies. These stages include design, pro-
duction, operation and repair of lifting, transport, con-
struction, road vehicles and equipment. At the same time,
the new level concerns, among other things, digital twin
technologies [1]. The application of digital twins allows
solving research, design, production and technological,
organizational and management tasks in the field of con-
struction engineering as part of the applied digital tech-
nologies in the construction field with the greatest effect.

All these tasks are ultimately aimed at obtaining a huge
economic effect. This is why global business leaders are
investing in the research and creation of digital twins, in-
cluding investments in relevant training.

Digital doubles, having appeared at the beginning
of the 21st century [2], have recently firmly occupied
the publication field [1-8], which shows the develop-
ment and relevance of this topic in various fields, at
least in material human activities.

Gartner has long been involved in informa-
tion technology and, for example, for 2022 publishes
a forecast for breakthrough technologies Hype Cycle
for Emerging Technologies'. Many authors of publica-
tions on digital twins cite the Gartner curve (Fig. 1)% It
shows the stages of development of breakthrough tech-
nologies: technological idea, excessive expectations of

" Emerging technologies for 2022 fit into three main themes:
evolving/expanding immersive experiences, accelerated
artificial intelligence automation, and optimised technolo-
gist delivery. URL: https://www.gartner.com/en/articles/
what-s-new-in-the-2022-gartner-hype-cycle-for-emerging-
technologieswww.gartner.com/en/articles/what-s-new-in-the-
2022-gartner-hype-cycle-for-emerging-technologies

2 URL: https://blog.bitobe.ru/article/krivaya-gartnera/
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Fig. 1. Development periods of promising ideas according to Gartner

development and application of the new idea, getting
rid of illusions through a more realistic assessment of
the pros and cons of implementing the new idea, work-
ing to minimize the identified disadvantages and, fi-
nally, the stage of obtaining (spreading) a positive ef-
fect, and, first of all, economic. To the greatest extent,
the economic effect is received by those who evaluated
and implemented the new idea before others, although
it is always difficult for pioneers, especially taking into
account the initial investment of capital.

MATERIALS AND METHODS

Effective implementation of training of specialists
of a worthy level is possible only in the conditions of
following the disciplines (and their content) of the ba-
sic professional educational programme in line with
the general trends in the development of the global in-
dustry, consisting in end-to-end digitalization.

Fourth Industrial Revolution. The world’s indus-
trial history is currently undergoing another fourth
revolutionary period, with intensive development of
techniques, technologies, etc., leading to significant
economic growth. The developing fourth industrial
revolution is characterized by knowledge intensive,
multidisciplinary, convergence and synergy, digital
platforms and big data (Smart Big Date), Al (Artificial
Intelligence — intelligent assistants), Smart Design &
Smart Manufacturing® [3]. It is important to add

3 Borovikov A. Lecture “Formation of digital industry based
on digital twins ”. URL: https://ok.ru/video/1798025381131
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the great effect, first of all, on the quality and speed
of creating new technology, which is obtained from
combining the stages of research, construction and de-
sign on the basis of the above-mentioned convergence
and synergy. In addition to the above characteristics,
other components of digitalization should also be
added, such as the non-industrial (IoT) and industrial
Internet of Things (IIoT), which is more relevant in
terms of the construction industry. It is also important
that the creation of digital twins also provides some
future-proofing as a by-product of the creation of digi-
tal twins.

There is a programme ‘“Digital Economy of
the Russian Federation”, approved by the Government
of the Russian Federation on 28.07.2017 No. 1632-r,
under which seven roadmaps in the direction of digi-
tal technologies have been developed. Under this pro-
gramme, universities participate in its implementation.
In the same vein, new platforms have been and are be-
ing developed worldwide, including for the creation of
digital twins.

The concept of “digital twin” is defined in detail
in [2]. A digital twin is a digital model that includes
many components and differs from other models, such
as TIM and BIM, in that it allows the product to be
managed with a high degree of adequacy, which is very
important, throughout its life cycle from design to dis-
posal.

Digital twins (DT, Digital Twin) are already used
in leading industries: transport engineering, shipbuild-
ing, nuclear power, aerospace and so on [1], including
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already construction®. The first standard on digital twins
has been developed — GOST R 57700.37-2021 “Com-
puter models and modelling. Digital twins of products.
General provisions”, which will come into force in
2022. This standard applies to mechanical engineering
products and already directly relates to construction
mechanization equipment, for example, in terms of vir-
tual testing.

It can be noted that the idea of including the dis-
cipline on digital twins in the educational process of
training of mechanical specialists in construction ma-
chinery and equipment appeared after the publication
of GOST R 57700.37-2021, communication with
manufacturers of construction machinery and mechani-
cal equipment at professional exhibitions in Moscow,
communication with employees of laboratories for cer-
tification of construction equipment, as well as after
the appearance on the Internet of many publications re-
lated to the fourth industrial revolution. As a result, we
found out that when creating digital twins, specialists
in creating mathematical, simulation and other types of
models are often unable to present a volumetric picture
of the modelled object, and they need to be assisted by
mechanical specialists who have a deep knowledge and
understanding of construction machines, mechanisms
and equipment.

Today there is a lot of information on digital tech-
nologies, end-to-end digital technologies, etc., and, as
a logical continuation, digital twins. As an example, let
us refer to the review of works [2]. In essence, a digital
twin is a digital model of an object, but with many peculi-
arities. Basically, digital twins are divided into a part (el-
ement) twin; a product (assembly) twin consisting of part
twins; an object twin as a system (machine) consisting of
functionally related products-assemblies; a process twin
consisting of all components of a specific technological

4 Digital twin of a building: how the technology is being applied
in construction. URL: https://digital-build.ru/czifrovoj-dvojnik-
zdaniya-kak-tehnologiya-primenyaetsya-v-stroitelstve/

process of an industry. In a certain sense, the given divi-
sion of digital twins is conditional in its terminology and
here does not cover all their types, but gives an idea of
the variety of possible variants. Fig. 2 shows the scheme
of connection and transition from a digital model to a real
object when creating a digital twin®.

The contents of Fig. 2 are given in different inter-
pretations in many Internet publications®. If they refer
to digital twins, they list the possible positive effects of
implementing digital twins. As applied to the construc-
tion industry with the help of digital twins it is possible
to solve the problems of relatively reliable forecasting
of volumes of construction production of a particular
object with actually available material, labour, financial
and natural resources; forecasting of efficiency of appli-
cation (commissioning) of new construction technolo-
gies; optimization of application of construction mecha-
nization means both by nomenclature and by the whole
complex of machines and mechanisms necessary for
implementation of construction technology of a given
object; forecasting of the volume of construction pro-
duction of a particular object; forecasting of the volume
of construction production of a particular object with
actually available material, labour, financial and natural
resources. The listed tasks with the help of digital twins
are solved more qualitatively and in shorter terms (ac-
cording to different Internet estimates the time gain can
be several times).

The connection of a digital model with a physical
object when moving to a digital twin of a technical sys-
tem or even a separate element of it may be even more
profound than is presented in Fig. 2 and described above.

Educational Concept 4.0. The fourth industrial
revolution forces to apply new approaches to the train-
ing of specialists: the educational concept 4.0, de-

* Digitalization of production. URL: https://raytec.pro/ser-
vices/tsifrovizatsiya-proizvodstva/

¢ Digitalization Changes Everything. URL: https://oneplm.
com/oneplm-industry/
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scribed, for example, in [4], has appeared. This concept
is largely associated with the digitalization of the econ-
omy, production, and education. Without dwelling on
the previous periods of education development, which
can be a separate topic, let us note the features of educa-
tion 4.0. The issues of independent learning and research
work are included in modern education. The source of
information is not only the teacher, but also, to a large
extent, the Internet, information technologies, includ-
ing artificial intelligence. The rapid introduction of new
technologies into production requires timely training
of relevant specialists. In 2020, based on the analysis
of open sources, the top 15 digital technologies were
identified with the level of significance (in brackets) as
the relative occurrence in the array of sources: industrial
robots (1), artificial intelligence (0.86), machine learn-
ing (0.68), digital prototyping (0.56), sensorics (0.42),
WLAN, PAN, RFID (0.30), blockchain (0.21), big data
(0.20), virtual and augmented reality (0.12), product-as-
a-service (Product-as-a-Service; 0.09), computer vi-
sion (0.03), smart contracts (0.03), industrial internet of
things (0.03), digital twin (0.02), smart factories (0.01)’
(it may be noted that as early as 2022. the global mar-
ket for digital twins in the forecast for 2025-2026 was
already estimated at around $50bn). Some of the above
have already entered the production life, for example,
industrial robots and machine (digital) vision, but they
are also changing in their capabilities and areas of ap-
plication; others are already being intensively imple-
mented in transport, mining and so on. Naturally, such
a picture of the application of new digital technologies
and tools required the introduction of relevant topics
and directions in the educational process in all educa-
tional programmes.

One of the definitions of University 4.0 is given by
A.1L. Borovkov: “4.0 is a university capable of solving
the challenges of modern industry by changing the con-
cept of industry itself, by shifting the centre of gravity
towards design, where all the parameters of the future
design are laid down at the design stage™®. There are
other definitions, but the meaning of the University
4.0 concept comes down to the application of digital
technologies in education, the transfer of business skills
to students, and the transition to individualization of
learning. All this is aimed at equipping future special-
ists with such knowledge, skills and abilities that would
allow them to enter the modern production process
practically without additional corporate training or with
minimal adaptation of a new specialist to the conditions
of a particular corporation.

The development of educational programmes
is not only led by teachers and learners, but also by
the professional community through professional

"Top 15 digital technologies in industry. URL: https:/issek.
hse.ru/news/494926896.html

$ Borovkov A.l. What is University 4.0. URL: https://www.
youtube.com/watch?v=31kIW4WqCDw
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standards, practices and provision. At the same time,
there should be modern and accessible software in
the form of, most often, specialized software platforms
for creating digital products. In other words, the univer-
sity should have both human and material resources to
ensure the training of such specialists who can partici-
pate in the creation of digital twins of the construction
object; in the creation of digital twins of construc-
tion machines, mechanisms and equipment; in the ap-
plication of digital twin technologies in the design, con-
struction, production, testing, operation and disposal
of construction machines, mechanisms and equipment.
This approach requires a certain flexibility in the for-
mation of work programmes of disciplines that define
the basic educational programme. All this requires new
thinking from all participants of the educational pro-
cess: student, teacher, university managers.

The progressive new cannot quickly (relatively)
capture the minds of all participants in the industrial
revolution process. However, the one who will benefit
the most is the one who can first not only perceive this
new thing, but also start to actively implement it. This,
as they say, requires an integrated approach, which in-
cludes not only new material, in particular software, but
also, as mentioned above, new approaches in education.
In addition, new methods of education are required both
for training specialists and for training teachers, men-
tors, coaches [S]. The latter is also interesting because
the source of educational content for both students and
teachers can often be the same information resources (In-
ternet resources). Mass targeted retraining of teachers of
both general and higher education, as experience shows,
does not always keep up with the new requirements.

Recently there has been a lot of discussion about
artificial intelligence in education, its advantages and
disadvantages. If we put aside extreme opinions, we can
state that artificial intelligence in education already ex-
ists and it is counterproductive to ignore this fact. One
can draw an analogy with industrial robots, which many
people initially met in a flinch. However, in full accord-
ance with Gartner’s curves of new ideas (technologies)
(Fig. 1), the first happy assumptions have been replaced
by reality: robots are not omnipotent and have many
limitations, especially considering the economic com-
ponent of their creation and operation.

Artificial intelligence in education. It can be said
that artificial intelligence in education is still looking
for its optimal place. Its real advantages include freeing
students and teachers from routine work. For example,
for a student today it is the execution of drawings ac-
cording to the requirements of the relevant standards,
the creation of a typical mathematical model of a part;
for a teacher it is the verification of a certain type of
educational work and control tests. The practical, but
more only theoretical, result of the application of ar-
tificial intelligence technologies is the liberation from
template work: time is freed up for creative, for exam-
ple, project work of both the student and the teacher.
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An important feature of artificial intelligence, for ex-
ample, in the form of neural networks is the possibil-
ity of their training and self-learning, and, accordingly,
finding more modern possible design solutions. How-
ever, in this case we can note the crucial role of the in-
structor in teaching the student to formulate the prob-
lem requiring solution in a variant way, taking into
account the constraints available in real-life conditions;
in assessing the adequacy of the solutions proposed by
the network and, if necessary, adjusting the initial for-
mulations. This ability to formulate the problem and
evaluate the resulting solutions is very important when
creating digital twins of machines or mechanisms by
mechanical specialists in an integrated team of IT and
other specialists involved in the project.

Another area of application of artificial intelligence
in education is the use of simulators. Different simula-
tors are distinguished by their purpose. For example,
simulation of physical processes in the development of
new products, simulation based on a digital model of
different types of product testing, game simulation in
education and others [9]. Many training simulators are
based on virtual and augmented reality. Such simulators
can operate in virtual and real space and in real time,
which is widely used in such areas in which training
is associated with large material costs, with the risk of
injury or even death of the operator and so on. Exam-
ples include the use of such simulators in the transport
industry, especially aviation; in the nuclear and chemi-
cal industries; in medicine and others. In the field of
construction, engineering simulators-trainers are used
in training in technological processes management, in
diagnostics of machines and mechanisms, in acquisi-
tion of skills of operators of machines, mechanisms and
equipment. At the Department of Mechanization and
Automation of Construction Machinery of the National
Research University MGSU, simulators’ are used to
train specialists to respond to various types of failures
occurring during the adjustment and operation of pas-
senger and freight lifts.

In today’s world, many of the original digital
“tools” are changing or expanding their purpose, such
as blockchain, a distributed ledger. Blockchain tech-
nology is already used in school and university edu-
cation and the prospects for its further application are
only increasing. By its structure, distributed reality is
becoming more and more voluminous and is available
under certain conditions almost everywhere, as long as
there is the appropriate equipment (computer, laptop,
gadget). The main characteristics of blockchain are de-
centralization and security, openness and transparency,
immutability and trust, and others. As a consequence of
these properties, blockchain is convenient for storing
authentic documents: diplomas, personal documents
and achievements of students and staff (teachers), sci-
entific achievements and publications and the like; con-

° Laboratory stand “Simulation of a lift with control device of
UL (UKL) series IL-UL and SHULM series”.

venient for student and other staff identification in dif-
ferent departments of their own and other universities;
ubiquitous availability of online courses, especially
new author’s courses; and much more. As an example
of the application and prospects of blockchain technol-
ogy development in education, we refer to two papers
[10, 11].

Another opportunity for breakthrough in education
is Big Data technologies. Big Data technologies allow
to operate with personal data in terms of personal data
of students and teachers, as well as about successes in
different areas of activity, preferences in the choice of
educational content and so on, including prediction of
future activities of students and their tutors, for exam-
ple, within the interests of the university; security and
administration capabilities in the university [12].

As is known, big data is characterized by several
attributes, for example, the “five V” (Fig. 3'°): Vol-
ume — terabytes and more; Velocity — the volume
of information increases exponentially, which requires
programs for fast data processing and analysis; Vari-
ety — data can be presented in a variety of forms and
formats; Veracity — the accuracy and reliability of data
acquisition; Value — the importance of information for
a particular industry and the like.

Veracity

Fig. 3. Big Data attributes

We can add: the rapidly growing amount of data
is related to cloud computing traffic, IoT/IIoT (Internet
of Things/Industrial Internet of Things), mobile traf-
fic, etc.; the high speed at which data is accumulated
is mainly related to Internet of Things, mobile data, so-
cial media, etc.; data diversity is related to structured,
semi-structured and unstructured data due to different
data sources generated by humans or machines; trust-
worthiness refers to ensuring quality/integrity/validity/
accuracy/precision. Data diversity is related to struc-
tured, semi-structured and unstructured data due to

10 Data Science: The 5 V's of Big Data. URL: https://medium.
com/analytics-vidhya/the-5-vs-of-big-data-2758bfcc51d
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Fig. 4. Big Data analysis processes and tools

different sources of data generated by humans or ma-
chines; validity refers to ensuring the quality/integrity/
validity/accuracy of data, since data is collected from
multiple sources, it is necessary to check the accuracy
of the data before using it further; value refers to how
useful the data is for decision making (we need to ex-
tract value from big data using proper analytics).

The most important part of Big Data in a techni-
cal university is the possibility to select, create or refine
a projected technical design on the basis of Big Data
analysis; it is the potential to predict the behaviour of,
for example, a mechanical system created during course
design or during the development of a final qualifica-
tion work. As we know, any design is multivariate and
the ability to see the remote consequences of the design
decisions made is at least very tempting. Thus, without
analyzing big data the solution of the mentioned tasks
is difficult or time-consuming. There are four types of
analysis: descriptive type, which fixes the situation that
happened; diagnostic type, which determines the caus-
es of what happened; predictive type, i.e. predictive or
forecasting, performed on the basis of mathematical
statistics, modelling, machine learning, artificial intel-
ligence and so on.

To analyse big data, especially for repetitive tasks,
typical, for example, for higher (any) school, it is likely
to apply Data Mining with the possibility of machine
learning, deep learning and artificial intelligence. There
are other possibilities (programmes) to machine ana-
lyse big data to solve different kinds of problems from
descriptive to predictive. Some insight into big data
analysis is given in'' and Fig. 4 shows the analysis tech-
niques and methods applied to Big Data'?.

Another new technology used in education is virtual
reality (VR) and augmented reality (AR). Both technolo-

' Big Data Analytics: How It Works, Tools, and Real-Life
Applications. URL: https://www.altexsoft.com/blog/big-data-
analytics-explained/

12Big Data. URL: https://www.tadviser.ru/index.php/Crarbs:
Bombime mannbie (Big Data)?amp;action=edit&amp;section=6
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gies are used for all types of education. Even special-
ized equipment is being produced for school education.
The use of VR and AR in school has many advantages
for motivating students to study humanities and science
disciplines. But the same technologies are also applica-
ble in higher education'®, but on a slightly different level.
There are simulators and simulators based on virtual re-
ality, allowing to obtain professional skills'*. This uses
technologies of interactive learning, gaming and other
related 3D e-learning computer software systems. For
this, in addition to software, it will be necessary to have,
for example, a set of virtual reality glasses.

Digital twins. The characterization of Universi-
ty 4.0 does not end with this enumeration. However,
the listed technologies used in higher education are in-
volved to some extent in the creation and use of digital
twins. Adapting the experience gained in other indus-
tries, it is possible, for example, to list the main points of
creating digital twins of construction and road machin-
ery and equipment': creation of adequate mathemati-
cal models and electronic documents describing the be-
haviour of the object (mechanism, machine, equipment,
technological process). The main advantages of the dig-
ital twin should be laid down already at the stage of
product development and further at the stages of pro-
duction and operation. In addition, at each stage digital
models with a high degree of correspondence to real
objects and processes are created. Creation of models
takes into account the structural scheme and geom-
etry of the machine design, its kinematic and dynamic
dependencies; physical and mechanical properties of
the materials used (structural, operational, protective);
parameters characterizing the safety of machine opera-

13 To be or not to be? VR and AR in education. URL: https://
virtre.ru/articles/augmented-reality/byt-ili-ne-byt-vr-i-ar-v-
sfere-obrazovaniya.html

4 Knyazeva G.V. Virtual Reality and Professional Visualiza-
tion Technologies.

15 The role of the digital twin in modern engineering. URL:
http://rosacademtrans.ru/cifrovoi_dvoinik/
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tion (strength of elements and the structure as a whole,
stability against tipping, vibration safety of the opera-
tor, ergonomic and sanitary requirements, environmen-
tal friendliness of the machine itself, its operation and
disposal, etc.). Taking into account all of the above is
described by a system of nonlinear differential equa-
tions solved by numerical methods. Nonlinearity of
the equations is connected, first of all, with many re-
strictions, for example, on the properties of materials,
on the kinematics of possible motion, on the working
area of the machine and others. These systems of dif-
ferential equations must authentically describe the dy-
namic behaviour of the machine and must be prepared
by mechanics and mathematicians in a workable tan-
dem, which once again justifies the need for appropriate
training of both mechanics and mathematicians.

It can be noted here that mathematical modelling of
construction machines and equipment has long been used
in the study of the dynamics of construction machines in
order to determine the loads in the structural elements
and in the main mechanisms of construction machines in
transient modes of operation; the found dynamic loads
allowed to perform strength calculations of structural el-
ements or mechanisms of machines taking into account
the mode of operation (by the way, the determination of
the real mode of operation at the stage of machine design
is a separate important task); also mathematical model-
ling of construction machines and equipment is used in
the study of the dynamics of construction machines in
order to determine the loads in the structural elements
and in the main mechanisms of construction machines
in transient modes of operation. Therefore, the available
experience of digital modelling should be extended by
solving additionally those tasks that are set when cre-
ating a digital twin in specific conditions of creation of
construction, road, lifting and transport machines and
equipment with this or that degree of detail depending
on the goals and objectives. That is, in the construction
industry, the creation of digital twins of machines, mech-
anisms and technological processes with them does not
start and takes place from scratch, but with the use of
relevant research experience.

The digital twin needs information about per-
formance, operability, maintenance and so on, which
comes from sensors [13]. Even at the stage of technical
object creation, the installation locations of IIoT system
sensors that inform the digital twin about the physical
state of the machine are determined. The choice of in-
stallation locations for sensors capable of informing
about the vital state of structural elements and the ma-
chine itself, as well as characterizing the current eco-
nomic indicators is the most important and responsible
task for mathematicians, mechanics, economists and so
on. This enumeration can be continued with the obvious
need for mathematicians and mechanics, and probably
other specialists as well, to work together in the ade-
quate creation of a digital twin of construction machin-
ery. Moreover, mechanics, mathematicians and so on,

as a rule, should be understood not as individual per-
sons, but as appropriate working groups of specialists.

The expected “dividends” from the develop-
ment and application of digital twins may not be justi-
fied not only because the digital model is inadequate to
the real object, but also because artificial intelligence in
its broadest sense has certain problems. These include,
for example: unreliable operation of information sensors
installed in critical areas of the machine; wrong sensor
locations or inability to install sensors in the right place;
incomplete or distorted information coming from sen-
sors, and other problems associated with the Internet of
Things. Other problems include inadequate algorithms
for processing sensor data; limited or excessive detail
of the digital model built, related to the formalization
of the problem; neural networks often used to predict
the behaviour of the machine over time may be wrong,
although from a formal point of view the decision made
by the neural network is correct. The problems of the dig-
ital tools used can be continued (examples of accidents
can be found on the internet for air and ground transport),
but it is important to be aware of them and take them
into account when creating digital twins. Standards are
currently being developed in the field we are considering
to limit digital designs to intentionally or unintentionally
harm, discriminate against, or bias human performance.
Unfortunately, so far the mentioned standards have little
impact on the production sphere, although work is under-
way and some normative documents have already been
published. Globally, it can be noted that back in 2017,
the famous British scientist Stephen Hawking foresaw
that artificial intelligence for humanity could be both
the greatest good and the greatest problem, including
the demise of humanity'®.

A number of Russian universities (e.g., SPbPU,
MSUT “STANKIN”, Bauman Moscow State Techni-
cal University, NUST MISIS and others) widely use
new approaches in teaching disciplines provided with
the necessary software products (most often in the field
of mechanical engineering technology, economics and
management) [1]. In the field of construction, NRU
MGSU has developed programmes and introduced dis-
ciplines providing the application of TIM/BIM technol-
ogies based on information models, which are related
and have much in common with the issues of creat-
ing digital twins, but still differ from them!'” 8 [6, 7];

16 Stephen Hawking saw artificial intelligence as a threat to hu-
manity's demise. URL: https://www.forbes.ru/tehnologii/343535-
stiven-hoking-uvidel-v-iskusstvennom-intellekte-ugrozu-gibeli-
chelovechestva

7 Digital twin of a building — a new stage in the develop-
ment of building technologies. URL: https://bim-info.ru/arti-
cles/tsifrovoy-dvoynik-zdaniya-novyy-etap-v-razvitii-stroit-
elnykh-tekhnologiy/

18 Digital twin of a building: how the technology is being applied
in construction. URL: https://digital-build.ru/czifrovoj-dvojnik-
zdaniya-kak-tehnologiya-primenyaetsya-v-stroitelstve/
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in NRU MGSU there is additional education with train-
ing in TIM technologies in construction.

It should be noted that the application of digital
twins in the construction industry also implies the in-
clusion of appropriate construction machinery, equip-
ment and small mechanization tools in the construction
process. This situation requires specialists in the field of
construction machinery and equipment to have compe-
tences in the field of digital technologies in general and
in the field of digital twins in particular. The point is that
when creating a digital twin of an existing construction
object (or a part of it) as a multifactor unified complex,
it is necessary to involve all specialists in one way or
another involved in the full cycle of creating the “prod-
uct” from the design task to the complete exhaustion of
its resource. In this case, all participating specialists, in-
cluding mechanical specialists, must “speak” the same
language. Otherwise, “Data are in different «wells» that
are not connected with each other: different databases,
different formats, different data structure, different
methodology of their obtaining...” [7].

In the field of construction, road, municipal, lift-
ing, transport machines, and mechanical equipment, de-
velopments are already underway to create individual
components of digital twins, in particular in the field
of mathematical, digital and simulation modelling. In
2021 at the Blagonravov Institute of Machine Building
Science, FSBI of Science. A.A. Blagonravov Institute
of Mechanical Engineering named after A.A. Blagonra-
vov established the laboratory “Digital methods of life
cycle management of mechanical engineering prod-
ucts”, which develops the scientific direction related to
the design of structures, development of new materials
and methods of diagnostics and testing of structural el-
ements, units, assemblies, machines and equipment in
the field of mechanical engineering; the area of interest
of this laboratory includes the creation of digital twins
of machines in the construction industry.

As is known, the creation of models in general and
mathematical models, in particular, pursues the goal of
studying the properties of real physical objects, which
may not even exist yet, but are only planned for produc-
tion. This possibility determines a huge economic effect
obtained from modelling of the future product: errors
in the design at the initial stages can lead to huge costs
when they are eliminated on the already manufactured
machine. In this regard, the stage of model creation is
very important.

Depending on the goals and tasks to be solved,
the options of various models suitable for actual design,
production and operation are very diverse. For exam-
ple, a descriptive, training, simulation, optimization or
complex model can be created for construction engi-
neering; in addition, models can be static and dynamic
with different degrees of abstraction. In addition, mod-
els can be ideal and formal, with different degrees of ap-
proximation to reality; deterministic and stochastic and
so on, including a complex model with many features.
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The practice of modelling shows that the creation of
a model, especially a fundamentally new (innovative)
machine, is often intuitive and depends on the profes-
sional qualities of the author of the model. This pro-
fessional intuition of a specialist-mechanic should be
laid down in the university using all components of
the timely updated basic professional educational pro-
gramme.

The above-mentioned multivariate design of
a technical product also concerns the capabilities of
the enterprise for manufacturing the elements of this
product. The technology of digital twins creation al-
lows either to take into account the capabilities of this
enterprise (machine park, qualification of employees,
applied production technologies, material resources), or
to choose an enterprise taking into account all the above
mentioned. In order to use these possibilities of digital
twins, you need a variety of information about enter-
prises of the required profile and in the required form.
The enumeration of sources of multivariability can be
continued many times with the only purpose to show
the necessity to teach the future specialist-mechanic
not only professional special “mechanical” knowledge,
skills and abilities, but also the possibility of their ap-
plication in the modelling of machines, creating digital
twins in a team.

Thus, in the specialty “Land transport and tech-
nological means” of specialization “Lifting and trans-
port, construction, road vehicles and equipment” there
has long been a need for training in the latest tech-
nologies of design, production, operation and disposal
of construction machines and mechanisms. The basis
for the implementation of these stages of the machine
life cycle should be machine-readable without human
participation (SMART) standards that interact with
the mathematical model and set virtually required test
modes and control and record the actions of the digital
twin, as well as the results of virtual tests. Moreover,
a trained specialist-mechanic should understand these
tasks and participate equally with other specialists in
the creation and operation of digital twins.

Using the experience accumulated in the construc-
tion and other industries in the creation and application
of digital twins, despite the complexity of the task, it
is possible to obtain time, resource, design, production,
environmental and, ultimately, competitive and eco-
nomic advantages. Clear examples of the listed difficul-
ties of creation and advantages of digital twins applica-
tion are given in [1].

Training of mechanical specialists in the construc-
tion industry is already possible on the basis of existing
and new domestic software: for example, the vendor
LLC “Nanosoft Development” (nanoCAD) offers many
modules including 3D, “Raster” and “Mechanics™" [8].

For the mechanical engineer, there are many ap-
plications in the field of digital twin [14-26] by those

19 Solutions of the new time. Domestic software — from CAD
to digital twin. URL: https://ardexpert.ru/article/24694
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commands discussed above. For example, product test-
ing. According to the standard® distinguish more than
40 types of tests of machinery, including certification
tests, which is very important in view of the technical
regulations of the Customs Union in terms of construc-
tion machinery. In addition, digital twins allow the ma-
chine to be repaired on demand, using diagnostic data
obtained from the relevant sensors. There are other
tasks as well.

RESULTS

Taking into account the above-mentioned, in NRU
MGSU during the development of the project of the new
basic educational programme of higher education in
the specialty: 23.05.01 Land transport and technological
vehicles (specialization: Lifting and transporting, con-
struction, road vehicles and equipment) in the order of
experiment in the “disciplines (modules) of choice” in
the “part formed by the participants of educational rela-
tions”, the discipline “Basics of creating a digital twin
of construction machinery and equipment” was added.
This discipline was assigned professional competences
PC-2 “Ability to develop and analyse design solutions of
machines and individual units at the stages of production,
modernization and repair of lifting-transport, construc-
tion, road vehicles and equipment” and PC-3 “Ability to
develop with the use of information technologies design
and technical documentation for the production of new or
upgraded samples of lifting-transport, construction, road
vehicles and equipment”. The digital vector of develop-
ment of the above competences will allow graduates of
NRU MGSU to adapt in the information environment of
organizations that develop and produce construction ma-
chinery and equipment.

2 GOST 16504-81. System of state testing of products. Test-
ing and quality control of products. Basic terms and definitions.

CONCLUSIONS

Conclusions and recommendations can be made
on the basis of what has been noted.

The updated curricula of training in the specialty
“Land transport and technological vehicles” should be
supplemented with competences in the sphere of digital
twin creation.

In the disciplines that form universal knowledge
and skills (“Informatics”, “Descriptive geometry, en-
gineering and computer graphics”, “Mathematical
modelling” “Equations of mathematical physics”, etc.
by the decision of the educational organization), it is
necessary to introduce or strengthen the sections: “Nu-
merical solution of linear and non-linear differential
equations”, “Fundamentals of artificial intelligence”,
“Fundamentals of working with big data”, “Fundamen-
tals of 3D model creation”, etc., forming in the future
specialist the competences necessary for participation
in the creation of digital twins of lifting, transport, con-
struction, road vehicles and equipment.

Modern concepts of additive and end-to-end tech-
nologies, digitalization of production, etc. should be
introduced or more widely and accentuated in profes-
sional disciplines.

In order to improve the quality of specialist
training, it is promising to create a “united disci-
pline” in which group (united) project work of stu-
dents studying in different areas of training is carried
out under the guidance of several multidisciplinary
teachers (preferably practicing representatives of
the industry).

In the field of construction, material handling,
road vehicles and equipment, there are many ap-
plications for the use of digital twins, ranging from
design, manufacturing, certification to operation and
disposal.

REFERENCES

1. Prokhorov A., Lysachev M. Digital twin. Analy-
sis, trends, world experience / scientific ed. Professor
A. Borovkov. First edition, revised and enlarged. Mos-
cow, AlliancePrint, 2020; 401. (rus.).

2. Tsarev M.V., Andreev Yu.S. Digital twins in
industry: development history, classification, technolo-
gies, use cases. Journal of Instrument Engineering.
2021; 64(7):517-531. DOI: 10.17586/0021-3454-2021-
64-7-517-531 EDN QOKQIJW. (rus.).

3. Borovkov A.IL, Ryabov Yu.A., Kukushkin K.V.,
Maruseva V.M., Kulemin V.Yu. Digital twins and digi-
tal transformation of defense industry enterprises. Bul-
letin of the East Siberian Open Academy. 2019; 32:2.
EDN ZAXCOT.

4. Golitsyna I.N. Education 4.0 in the training of
modern specialists. Educational Technologies and Soci-
ety. 2020; 23(1):12-19. EDN DWTHHS. (rus.).

5. Volkov A. Unsolvable problems as a basis of
higher education. Interview with A. Volkov. Educational
Studies Moscow. 2013; 1:273-277. DOI: 10.17323/1814-
9545-2013-1-273-277. EDN QAJGNZ. (rus.).

6. Ezhkina L.V., Kurbatov V.L. Application of
digital twin technology in construction. University Sci-
ence. 2022; 2(14):51-53. EDN TLBWDE. (tus.).

7. lzryadnova A.l., Tselishcheva P.A., Beguno-
va N.V. Digital doubles in modern construction: appli-
cation practice and prospects of use. Fedin readings —
2022 (spring meeting) : materials of the IX International
Scientific and Practical Conference. 2022; 102-111.
EDN FKLQSP. (rus.).

127

(6] € ONSS]"CL JON leonuapuc sauoiog



scionce nt somea: Wol. 13. Issue 3 (49)

Evgeny P. Plavelsky, Dmitriu Yu. Gustov, Vladimir I. Skel, Alexander M. Agarkov

8. Fuller A., Fan Z., Day C., Barlow C. Digi-
tal twin: Enabling technologies, challenges and open
research. I[EEE Access. 2020; 8:108952-108971.
DOI: 10.1109/ACCESS.2020.2998358

9. Lipkin E. Industry 4.0: smart technologies
are a key element in industrial competition. Moscow,
Ostek-SMT, 2017; 223. (rus.).

10. Kirilova D.A., Maslov N.S., Astakhova T.N.
Prospects for the introduction of blockchain technology
in the modern education system. International Journal
of Open Information Technologies. 2018; 6(8). (rus.).

11. Uvarov A.Yu., Gable E., Dvoretskaya [.V.,
Zaslavsky I.M., Karlov I.A., Mertsalova T.A. et al.
Difficulties and prospects of digital transformation of
education / Edited by A.Yu. Uvarova, [.D. Frumin.
Moscow, Higher School of Economics, 2019; 344,
DOI: 10.17323/978-5-7598-1990-5. EDN ANYGHO.
(rus.).

12. Utemov V.V., Gorev P.M. Development of
educational systems based on Big Data technology.
Scientific and methodical electronic journal “Concept”.
2018; 6:104-116. DOI: 10.24422/MCIT0O.2018.6.14501.
EDN OUTAGP. (rus.).

13. Khitrykh D. Digital doubles in Industry: ori-
gins, concepts, current level of development and exam-
ples. CAD and Graphics. 2020; 7(285):8-12. (rus.).

14. Sharapov R., Agarkov A. Determination
of the aerodynamic characteristics of a concentra-
tor with adjustable parameters. MATEC Web of Con-
ferences. 2018; 251:03014. DOI: 10.1051/matecco-
nf/201825103014

15. Ishkov A.D., Stepanov A.V., Miloradov S.V.,
Voronina I.V. Energy-efficient vibratory feeder of bulk
construction materials. Applied Mechanics and Materi-
als.2014; 670-671:458-461. DOI: 10.4028/www.scien-
tific.net/ AMM.670-671.458

16. Gustov Y.I., Gadolina I.V., Yushkov A.A.
The deformation-topographic method for the study
of the tribotechnical indicators of the working bodies
of rotary excavators. [OP Conference Series: Materi-
als Science and Engineering. 2020; 786(1):012031.
DOI: 10.1088/1757-899X/786/1/012031

Received September 21, 2023.
Adopted in revised form on September 21, 2023.
Approved for publication on September 27, 2023.

17. Drozdov A. Automation of vibration modes of
soil compaction machines. /OP Conference Series: Ma-
terials Science and Engineering. 2020; 869(7):072022.
DOI: 10.1088/1757-899x/869/7/072022

18. Kaitukov B., Stepanov M., Kapyrin P.
The choice of concrete mixers for the concrete prepara-
tion. MATEC Web of Conferences. 2018; 178:06016.
DOI: 10.1051/matecconf/201817806016

19. Sevryugina N., Kapyrin P. Triad model: sim-
ulation — functional tensometry — information data-
base in the assessment of the reliability of technological
machines. E3S Web of Conferences. 2021; 263:04063.
DOI: 10.1051/e3sconf/202126304063

20. Kudryavtsev E.M. Automation of optimiza-
tion of discrete technological processes. MATEC Web
of Conferences. 2018; 196:04067. DOI: 10.1051/matec-
conf/201819604067

21. Plavelsky E.P., Sharapov R.R., Plavelsky A.E.
The traffic performance of the wheeled carrying lig-
uid materials study. IOP Conference Series: Materi-
als Science and Engineering. 2020; 744(1):012024.
DOI: 10.1088/1757-899X/744/1/012024

22. Skel V. Oscillation of gear mechanisms of
construction machines. E3S Web of Conferences. 2021;
263:04061. DOI: 10.1051/e3sconf/202126304061

23. Stepanov M.A., Gridchin A.M. Perspectives
of construction robots. IOP Conference Series : ma-
terials Science and Engineering. 2018; 327:042126.
DOI: 10.1088/1757-899X/327/4/042126

24. Stepanov M.A., Korolev A.A. Mathematical
modeling of a process the rolling delivery. IOP Confer-
ence Series : materials Science and Engineering. 2018;
317:012019. DOI: 10.1088/1757-899X/317/1/012019

25. Kaytukov B., Stepanov M. Current issues
of mobile cranes unification. MATEC Web of Con-
ferences. 2018; 251:03011. DOI: 10.1051/matecco-
nf/201825103011

26. Sharapov R.R., Kharlamov E.V., Yadyki-
na V.V. The fluidized bed separator. [OP Conference
Series . materials Science and Engineering. 2018;
324:012052. DOI: 10.1088/1757-899X/324/1/012052

BronNnoTEs: Evgeny P. Plavelsky — Doctor of Technical Sciences Professor of the Department of Me-

chanization, Automation and Robotization of Construction; Moscow State University of Civil Engineering (National
Research University) (MGSU); 26 Yaroslavskoe shosse, Moscow, 129337, Russian Federation; head of the certifi-
cation body; Central Scientific Testing Site for Construction and Road Machines; 1 Sanatorny proezd, Moscow
Region, Ivanteevka, Russian Federation; ID RSCI: 409359, ORCID: 0000-0002-6593-1100, Scopus: 57197824485,
ResearcherID: AFN-4654-2022; eplavelsky@gmail.com;

128



New training of mechanical specialists for the construction industry P. 108-129

Dmitriu Yu. Gustov — Candidate of Technical Sciences, Associate Professor, Head of the Department of Me-
chanization, Automation and Robotization of Construction; Moscow State University of Civil Engineering (National
Research University) (MGSU); 26 Yaroslavskoe shosse, Moscow, 129337, Russian Federation; ID RSCI: 306937,
ORCID: 0000-0002-1866-7327, Scopus: 6504605458, ResearcherID: AFM-2496-2022; GustovDU@gic.mgsu.ru;

Vladimir I. Skel — Candidate of Technical Sciences, Associate Professor, Associate Professor of the Department
of Mechanization, Automation and Robotization of Construction; Moscow State University of Civil Engineering
(National Research University) (MGSU); 26 Yaroslavskoe shosse, Moscow, 129337, Russian Federation; ID RSCI:
801889, ORCID: 0000-0002-8888-3500, Scopus: 57192374114, ResearcherID: ACY-2907-2022; skelvi@mgsu.ru;

Alexander M. Agarkov — Candidate of Technical Sciences, Associate Professor of the Department of Me-
chanization, Automation and Robotization of Construction; Moscow State University of Civil Engineering (National
Research University) (MGSU); 26 Yaroslavskoe shosse, Moscow, 129337, Russian Federation; ID RSCI: 713145,
ORCID: 0000-0002-4818-7949, Scopus: 55863123000, ResearcherID: U-5430-2018; AgarkovAM@mgsu.ru.

All authors made an equivalent contribution to the preparation of the publication.
The authors declare no conflict of interest.

129

[6%) & 3NSSI "L ION opannamcy - F



“a“acl:g%:;g::gm: Tom 13. Bbinyck 3 (49)

WN.B. KyweHko, B.I1. Koponée

OB30PHAS CTATbHSA / REVIEW PAPER
YK 378.14.015.62:69.007
DOI: 10.22227/2305-5502.2023.3.7

Tpaguuuu u MHHOBAUMM B 00pa30BaTeIbLHOM HpoLecce
U YHUBEPCUTETCKON HAyKe JJI Pa3BUTUSA KOMIIETCHIUMI
B cpepe CTPOUTEIBCTBA

HUrops Baagumuposuu Kymenko, Biagumup Ilerposuy Koposés
Ipuaszosckuii cocyoapcmeenuwiti mexuuyeckuil ynugepcumem (III'TY); 2. Mapuynons, Poccus

AHHOTALMUA

BBepeHue. PaccmartpuBaloTcst akTyarnbHble BOMPOCHI MPUMEHEHUS TPaAVLMOHHBIX Y MHHOBALMOHHBIX TEXHOMOTMIA Mpwu
MOAroToBKE CTYAEHTOB CTPOUTENbHbIX CreuunansHocTel B CTpykType [prasoBCKOro rocyAapCTBEHHOMO TEXHUYECKOTO YHU-
BepcuTeta (MITY). BbinonHeH aHanM3 oco6eHHOCTeN NHTerpaummn npotrnbHOro CTPOUTENBHOIO M LUMPOKOTO CrekTpa Ha-
npaeneHnin yHneepcuteTckoro obpasosanus. MNpeanoxeHa NHMpacTpykTypa obecneveHnss KOMNETEHTHOCTHOTO MoAxoaAa
C Lenblo MOTUBaLUM NpodeccroHanbHOro, Hay4yHOro M KapbepHOro pocTa CTPOUTENbHbIX Kafapos. [NokasaHa Heobxoau-
MOCTb pacLUMpeHNst B3arMOAENCTBUSI 0Opa3oBaTenbHbIX, OTPACNeBbIX, HAaY4HbIX, OOLLECTBEHHbIX OpraHu3auuin n usHeca
Ons ycrewHow peanv3auum 3agad TEXHONOrMYeCKoro pasB1TUs CTPOUTENBHOW NHOYCTPUN.

MaTtepuanbl u Metoabl. [TpoaHanuanpoBaHa rHoCeonornyeckasi CyLHOCTb COBPEMEHHOTO TEXHONOMMYECKOrO pPa3BUTUSE
B YCMOBUAX MOCTUHAYCTpUanbLHOro obuiectsa. Ha ocHOBe MCTOPUKO-CUCTEMHOTO MeToda paccMOTpeHa B3aMmo3aBUCK-
MOCTb TPaauLMn U UHHOBAaLWI B chepe TEXHUKO-3KOHOMUYECKOro B3anMOLENCTBIUSI 06pa3oBaHmnsl, apXMTeKTypbl U CTPOU-
Tenbctea. [peacTaBneHbl NPOCTPAHCTBEHHO-BPEMEHHbBIE XapaKTEPUCTUKN YCNOBUI NPEEeMCTBEHHOCTY MMMYHOCTHO OpUEH-
TUPOBAHHOIO CTpOUTENbHOrO 06pasoBaHns. ChopMynmMpoBaHbl 3a4a4n NPOrpaMMHO-LIENEBOrO yrNpaBneHns TBOPYECKUM
1N MHHOBALIMOHHBIM MOTEHLMANoM B MHTepecax BOCCTaHOBMEHWUS, TEXHOMOrMYeckoro OGHOBNEHNSA U PEKOHCTPYKLMK Mpo-
MbILLIEHHOrO Komnnekca [JoHbacca.

Pe3ynkTathl. CvicTemMaTusnpoBaHbl NpakTUieckve pesynbraTbl UCCeAoBaHUiA M pa3paboTok, BbIMOMHEHHbIX HA OCHOBE Ha-
y4HO-06pa3oBaTenbHOM 1 NPOU3BOACTBEHHON KOooMnepaLuum no npobrneme TeXHONorm4yeckon 6e3onacHOCTV U KOPPO3MOHHOM
3aLUMLLEHHOCTY NPOMBbILLNEHHBIX 0OBbEKTOB. BbIsSIBNEHbI NPUOPUTETLI B3aMMOAENCTBIUSA 3NEMEHTOB MHAPACTPYKTYPHOWM MO-
Aenun «Hayka — obpasoBaHue — 6usHec», TpaHchopMaLMM KOPNopaTUBHbLIX 3HaHWI B 06pa3oBaTesibHble NporpamMmMbl U Mo-
CcneavnnomMHoe HenpepbiBHOe obpasoBaHne. ObocHoBaHa NepcrnekTBa AeATENbHOCTU Hay4YHO-06pa3oBaTenbLHOro LieHTpa
«TexHopecypcy» M TY npu oTpaboTke NUMOTHBIX MPOEKTOB NPOABKEHNSA LMMDPOBBLIX TEXHOMOMNIA YNpaBneHns TeXHONorn-
Yyeckon 6e30MacHOCTbIO MPOMbILLMIEHHBIX OObLEKTOB.

BbiBoabl. lNpeanaraetca BbINONHATE peanuaaumio obpasoBaTeribHbIX NPOrpamMM U HayYHbIX UCCNefoBaHWA B obnacTu
CTpPOUTENbCTBA Ha MNPUHUMMAX nporpaMMHo-LeneBoro ynpaeneHus. [pobnema pecypca, HagexHocTn u 6esonacHo-
CTV CTpoUTENbHbIX 0OBLEKTOB TPebyeT aHanMaa permoHanbHbIX YCIIOBUIA MPOMBbILLIIEHHO-TEXHOMOMMYECKOro pa3BuTus [JoH-
6acca. CbanaHcMpoBaHHasi HA OCHOBE B3aMMOCBSI3N TPaAMLMIA U MHHOBALMI MHAppaCTPyKTypHas Mogenb obecnedvBaet
KOMMETEHTHOCTHBIN NMOAXOA M NMIMYHOCTHO OPUEHTUPOBAHHOE HemnpepbiBHOE CTpouTenbHoe obpasoBaHue. OB60CHOBaHbI
HanpasneHns yrnybneHnst 3HaHWi CTPOUTENBLHOIO Aena CTyAeHTaMmn NonmMTexHn4eckunx cneuunansHocten MITY ¢ yyetom
CyLLECTBYIOLLEV NPAKTMKN yNpaBneHnst TEXHONOorm4yeckon 6e3onacHOCTbI0 MPOMBILLNIEHHbIX OOBbEKTOB.

KINMOYEBDBIE CITOBA: cTpouTenbCTBO U apXUTEKTypa, YHUBEPCUTETbI U Hayka, Hay4HO-06pa3oBaTenbHbIV LIEHTP, WH-
hbpacTpyKTypa MHHOBALWI, TeXHoNornyeckas 6e3onacHoCTb, KOPPO3NOHHASA 3aALLMLLEHHOCTb, YpaBreHne, LudpoBble Tex-
Homnorun
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Traditions and innovations in the educational process and university science
for development of competences in the construction sector

Igor V. Kushchenko, Vladimir P. Korolov
Priazovsk State Technical University (PSTU); Mariupol, Russian Federation

ABSTRACT

Introduction. The article deals with the actual issues of application of traditional and innovative technologies in teaching
students of construction specialities in Priazovsk State Technical University (PSTU). The peculiarities of integration of spe-
cialized civil engineering education and a wide range of directions of university education are analyzed. The infrastructure
of competence-based approach to motivate professional, scientific and career development of construction personnel is
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proposed. The necessity of expanding the interaction of educational, industry, scientific and public organizations and busi-
ness for successful implementation of the tasks of technological development of the building industry is shown.

Materials and methods. The epistemological essence of modern technological development in the conditions of post-
industrial society is analyzed. On the basis of the historical-systemic method, the interdependence of traditions and innova-
tions in the sphere of technical and economic interaction between education, architecture and construction is considered.
Spatial and temporal characteristics of continuity conditions in the process of personally oriented education in the field
of construction are presented. The tasks of programme-targeted management of creative and innovative potential in the in-
terests of restoration, technological modernization and reconstruction of the industrial complex of Donbass are formulated.
Results. Practical results of the research and development carried out on the basis of scientific, educational and indus-
trial cooperation on the problem of technological safety and corrosion protection of industrial facilities are systematized.
The priorities of interaction between the elements of the “science — education — business” infrastructure model, as well as
transformation of corporate knowledge into educational programmes and postgraduate continuing education are revealed.
The prospect of activity of “Tekhnoresurs” Scientific and Educational Centre in the development of pilot projects to promote
of digital technologies of technological safety management of industrial facilities is substantiated.

Conclusions. It is proposed to implement educational programmes and scientific research in the field of construction based
on the principles of programme-targeted management. The problem of resource, reliability and safety of construction facili-
ties requires the analysis of regional conditions of industrial and technological development of Donbass. The infrastructure
model, balanced on the basis of interrelation of traditions and innovations, provides the competence approach of personality-
oriented continuing education in the field of construction. The directions of deepening the knowledge of PSTU students in
the field of construction, with account for the existing practice of managing technological safety of industrial facilities.

KEYWORDS: building and architecture, universities and science, scientific and educational centre, infrastructure of inno-
vation, technological safety, corrosion protection, management, digital technologies
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BBEJAEHHUE

KopHH COBpPEMEHHOTO CTPOUTEIHCTBA CBSI3aHBI
¢ (yHIaMCHTATBHBIMH OCHOBAMH AaCTPOHOMHH, T'€O-
METPHUH, MEXAHUKUA U apXUTEKTYpPbl aHTUYHOIO IIEPHU-
oma. Kak M3BeCTHO, CMEHa TEXHOJOTMUYECKHX CITO-
COOOB TIPOM3BOJICTBA COMPOBOXKIACTCSI M3MEHEHUEM
U Pa3BUTHEM TEXHHKO-DKOHOMHUUYECKUX OTHOLICHHUH.
B yc1oBHsIX I7100aTbHBIX T€OMOTUTHYSCKIX U3MEHEHHN
peanu3anus 3a1ad HAyYHO-TEXHOJIOTHYCCKOTO H TPO-
HN3BOACTBCHHOI'O paSBI/ITl/Iﬂ CTpOI/lTeHbHOFO KOMIIJICKCA
oOecrieynBaeTCsl Ha OCHOBE MPHUHIHUIIOB (utocodun
MO3HAHMS TyTeM CHHEpPreTHYeCKON B3aHMMOCBSI3U Tpa-
murid 1 uHHOBarmi [1-6]. IIpm 3TOM cooTHOIIEHHE
WH)KCHEPHBIX 3HAHUU M MPAKTHKA B CTPOUTENILCTBE
MMECT KOHKPETHO UCTOPUYECKOC M3MEPCHHUE OT JIPCB-
HOCTH 10 HACTOSIIETO JTHS.

B HACTOSILICC BpeMﬂ HeHTpaMI/I )IOJ'IFOCpO‘-IHI)IX
TPEH/IOB II00ATBHOTO MPOMBIIICHHOTO Pa3BUTHUS SIB-
JSIFOTCSI TEXHUYECKHE YHUBEPCHUTETHI, KOTOPBIE B COOT-
BETCTBUH C YCTABHBIMU MPHHIIUIIAME KOHIEHTPUPYIOT
BHUMaHHE Ha 00pa30BaTCIBHON COCTABISIOIICH Ha-
YUHBIX M TEXHOJIOTHYECKMX 3HAHUU'. 3HAYUTETBHBIN
MOOHIIN3AIMOHHBINA Pecypc B 00JIACTH COBEPIICHCTBO-
BaHUS TEXHUKO-TEXHOJIIOTHIECKUX CHCTEM, (DOPM U Me-
TOJIOB MHHOBAIIMOHHOM [ESITENbHOCTH MPEACTABISIOT
BBIMyCKAaIoOIIUe Kadeapsl, KOOPIUHUPYOLIHE TpeOoBa-
HUS K ITOJITOTOBKE CTPOUTEIBHBIX KaJIpoB. B mporecce
pa3pabOTKU M aKTyau3alld YYCOHBIX MPOrpamMM JUIst

' O HauMoOHAIBHBIX LENsIX pa3BuTHs Poccuiickoit denepannu
Ha nmepuon 1o 2030 roma : Yka3 [Ipesunenta Poccuiickoii
®enepauun ot 21.07.2020 Ne 474. Omy6n. 21.07.20. URL:
http://www.kremlin.ru/acts/bank/45726

OakanaBpuara, CIEIUaINTETa M MarucTparypbl ¢Gop-
MHpYETCs HOPMaTHBHAsI COCTABIISIONIAs TOCYIapCTBEH-
HBIX CTaHJIApTOB 0Opa3oBaHus. Takum obpas3om, repe-
JIOBBbIE TEXHUYECKUE UJIEH B 00JIACTH TEXHOIOTHUECKUX
WHHOBALMA M TPAKTUK PEATbHOrO YIIPABJICHHS IPO-
W3BOJICTBOM CO3JAIOT OCHOBY ISt 3()(EKTHBHOTO HC-
TI0JIb30BAHUSl MaTE€pPHAIbHO-TEXHUYECKUX, TPYIOBBIX,
(MHAHCOBBIX, MHTEIIEKTYalbHbIX, HHPOPMALMOHHBIX
pecypcoB B ctpoutenberse? [7-10].

Ucropus passutus Ilprna3oBckoro rocyaapcTBeH-
Horo TexHuueckoro yausepcurera (II'TY) nepaspois-
HO CBSI3aHa C MEPHOIOM MHIYCTPHAIM3ALNHN U BOCCTa-
HOBJICHUSI HAPOJTHOTO X03HCTBa cTpaHbl. OCHOBAaHHBIN
18 mexabpst 1928 r. xak MapHuynonbCcKuil BEYEpHHHA
pabounii MeTauTypru4eckuii TeXHUKYM, OH CTall Ky3-
HULEH HMHKEHEPHBIX KaJpOB Ul METAJLTypruuecKoil
1 MAIIMHOCTPOUTEIBHON OTpacieil MPOMBIIIICHHOCTH.
B 1993 1. mocne oOpeTeHns cTaTyca yHUBEPCUTETA pac-
LIMPSIIOTCST BOBMOXKHOCTH TIOJITOTOBKU CIELUAIMCTOB
B YCIOBHAX (POPMHPOBAHMS PHIHOUYHON SKOHOMHKH.
OTKpBIBAIOTCS HOBBIE CIIEIMATIBHOCTH Ha (pakyibTeTax:
METAJUTyPTHUECKOM,  MEXaHMKO-MAIINHOCTPOUTEIh-
HOM, CBapOYHOM, TPAHCIIOPTHBIX TEXHOJIOTHH, SKOHO-
MHYECKOM, SHEPTETUIECKOM, HH()OPMAIIOHHBIX TEXHO-
JIOTHH, WHXKCHEPHO-TIEJaroTHYeCKOM, I'YMaHUTapHOM.
YHUBEPCUTET MOATBEPKIAET BBICILIMN YETBEPTHIN ypo-
BEHb aKKpEIUTAIMK By3a, MOJy4aeT MEXITyHapOIHbIC

2 Akumos I1.A. YKpensieHne KaJpoBOro MOTCHIHANA: O pas-
paborke KoHIenuun noaroToBKM KaJpoB JUIsi CTPOUTEIbHOM
orpaciu 10 2035 roma. URL: https:/stroygaz.ru/publication/
kadry/ukreplenie-kadrovogo-potentsiala-o-razrabotke-kon-
tseptsii-podgotovki-kadrov-dlya-stroitelnoy-otrasli/

131

(6¥) € #ORI9gE '€} WOL Saisaiualy



Tom 13. Boinyck 3 (49)

CTNOMTENbCTB!
HayKa v 06pa3oBaH

WN.B. KyweHko, B.I1. Koponée

ceprudukarsr UCO-9000, UCO-14000. B 2014 r. 00-
pasoBaresbHasl MOATOTOBKa Beaercst mo 50 marucrep-
CKUM U 35 OakaJlaBPCKUM CIEUAIBLHOCTSIM.

B coserckuii nepron Mapuynons, SIBIAACh KpyII-
HBIM LEHTPOM METAJTypPrudecKol, MAaIIMHOCTPOH-
TENIBHOM N XUMUYECKOH NMPOMBIIIICHHOCTH, TPOU3BO/I-
CTBa CTPOMTEIBHBIX MATEPHATIOB U MHIYCTPHAIHLHOTO
CTPOUTEJBbCTBA, HEe 00J1a/1a)1 He0OXOAMMON Hay4YHOM Oa-
301 ISl CO3/1aHMs CTIEHAIM3UPOBAHHOTO HH)KEHEPHO-
cTpouTesbHOro uHcTUTyTa. IlodTOMY OOpa3zoBaHue
B 2010 1. kaespbl CTPOUTEIHCTBA, TEXHUIECKOH IKC-
mryaraun u pekoHcTpykuuu (CTOP) (3aB. xadenpoit
1. T. H., ipod. B.IT. Koponés) cTano BaKHBIM COOBITH-
€M B Pa3BUTHU MHOTOIIPO(MMIEHON CHCTEMBI 00pa3oBa-
TenbHbIX nporpamm III'TY. BMecte ¢ 3TUM OTKPBLIUCH
JONOJIHUTEIbHBIE BOSMOXKHOCTH JUISL YJIOBJICTBOPEHHMS
PErHOHAJBHOW TOTPEOHOCTH B CHELHUAIUCTAX CTPOH-
TeNbHOTO Npoduiis Onarogapst CTPYKType IOTUTEXHH-
YeCKOro 00pa3oBaHMUA.

Lenb cTarbu — aHamu3 TpajuLIMA U WHHOBAILIMA
ApXUTEKTYpPHO-CTPOUTEILHOM HAaykl M 0Opa3oBaHMS
JUISL TIPOIPaMMHO-11EJIEBOT0 (hOPMHUPOBAHUST KOMIIETEH-
LU ¥ JIMYHOCTHO OPHUEHTHPOBAHHOTO IOAX0/a C yde-
TOM PETHOHAIBHBIX NPUOPUTETOB YHHBEPCHUTETCKON
MIOATOTOBKH CTY/IEHTOB CTPOUTEIBHBIX CIEHAIBHO-
CTEH.

CyLHOCTh HOBOBBEJICHHUI, Pa3BUTHIX B IIpolecce
(dhopmupoanus kapenpsr CTOP, Brimtowana Tpancdop-
MalMI0 HayYHO-METOJMUYECKHX pPa3paboToK mpodec-
COPCKO-TIPETIOAABATEIECKOTO COCTaBa B BAPHATHBHYIO
COCTaBJISIONIYI0 00pa30BaTENbHO-TIPOGECCHOHATEHON
MIPOrpaMMBbI TIOJITOTOBKU CTY/ACHTOB 10 HAIPABICHUIO
«CtpoutenscTBOY». BapnarnBHas 4acTh OCHOBHOM IPO-
(eccroHanbHON 00pa3oBaTEIbHON MPOrpaMMbl MPe-
ToJIaraeT peleHne 3ajad MOATOTOBKH CIELHACTOB
10 YCIIOBHSM:

* TIEJICBOTO pacrpeesicHus (3ampoca padboTomares);

* KOMIIETEHIIMI B 00JIaCTH TEXHOJOTMYECKON O€e3-
OIIACHOCTH U KOPPO3MOHHOM 3aIINIIIEHHOCTH ITPOMBIIII-
JICHHBIX 00BEKTOB (BBIOOD Kadenpsl);

* JIOIIOJHUTEIbHOM JMYHOCTHO OPUEHTUPOBAHHOU
TIporpamMMbl (MHMBHAYaJIbHBIA BIOOP CTY/ICHTOB).

Peanusanus ycTaHOBIEHHBIX MOJENEH BapuaTUB-
HOM MTOATOTOBKH CTYJICHTOB COTIPSDKEHA C MOOMIIM3AIIH-
el 00pa30BaTeNBHBIX PECYPCOB, KOTOPBIE OTPAaHUICHBI
BO3MO)KHOCTSIMHU OJIHOH Kadenpbl, TpeOYIOT MpUBicye-
HUSI TIEPEIOBOTO OIIBITA B 0OJIACTH CTPOUTEIBHBIX Ma-
TEpUAJIOB ¥ TEXHOJIOTHH, Pe3yJIbTaTOB HAYYHBIX UCCIIE-
JIOBaHWH NPO(MUIBHBIX HHCTUTYTOB, YHUBEPCUTETCKUX
CTPYKTyp, HaydHBIX OpraHm3anuii, 6usHeca u oOIIe-
CTBEHHBIX OpraHU3alNi.

ConeprkarenbHasl W OpPraHU3allMOHHAs COCTaB-
JISIIOIME  TpejylaraeMoil  MH(PPacTPyKTypHOH Mojie-
JTH «HAayKa — oOpa3oBaHHME — OW3HEC» ampoOupoBa-
HBl Ha IIpUMepax IMpOrpaMM pa3BUTHUSI CTPYKTYpPHBIX
noapasnenennii  HaydHo-oOpa3oBaresbHOTO  LEHTpa
(HOH) «Texnopecypc» (Hay49HBIA pPyKOBOAWUTENH
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npod. B.I1. Koponér) u Llenrpa kapweps! [II'TY (Ha-
qanpHUK K. T. H. .B. Kymenko).

Hentp xapbepsr III'TY, obpa3oBanusrii B 2012 1.
KaK COIMAJLHBIA M OOIIECTBEHHBIH IMPOEKT, HAIlpaB-
JICH Ha COBEPILICHCTBOBaHNE MPodecCHoHaIbHON 110/-
TOTOBKH, PEAJH3alMI0 JUYHOCTHO OPHEHTHUPOBAHHON
1 IETIEBOH MOATOTOBKH C Y4E€TOM IOTpeOHOCTEH pado-
toxareneii. HOL| «Texunopecype» co3nan Ha Oa3e Ka-
¢enpsr CTOP B cocTaBe HaydIHO-HCCIIETOBATEIHECKON
yactu [II'TY B 2014 1. ¢ nenpo paclMpeHus KoMIe-
TEHTHOCTHOH ITOITOTOBKM CTY/AECHTOB Ha OCHOBE B3a-
umoneincTBust ¢ Jloneukum HayuHbM 1HeHTpoM HAH
VYxkpannsl, OO0 «YkpuncranskoHn uMm. B.H. llumanos-
ckoro», ITAO «JloHeUKCTalb-MeTaTypTUICCKIA 3a-
Bom», HIT «/loneuxuit ITpomctpoitnuunpoekty, OOO
«KoHcTpykims» u zip.

Hestensnocts HOL «Texnopecype» u Llentpa
kapeepsl III'TY ocymecTsisnach Npu NOAAEPKKE pe-
THOHAJIBHOTO OnarotBopuresibHOrO (onma «Ob6pazo-
BaHME M HayKa JAJIs Mporpecca CTPOUTENBCTBA», JeH-
CTByIOLEro Ha tepputopuu JloHeukoil u Jlyranckoi
obnacrei.

MATEPHAJIBI U METOJbI

dunocodus Mo3HaHUA OCHOBaHA Ha IPHHIUIAX
JIMAJICKTUKH, MCTOPU3MA, MPAKTHKH, MTO3HABAEMOCTH,
O6’beKTI/IBHOCTI/I U KOHKPETHOCTHU, YTO IMO3BOJIACT HaAH-
Oornee TOJHO PacKpbIBaTh CTPYKTYPY W OCOOECHHOCTH
(YHKIIMOHUPOBaHUsT  00pa30BaTEIbHBIX  IPOLIECCOB
[11-16]. Tpaguiuyn W WHHOBALMH B apXHUTEKTYPHO-
CTPOUTEIBHOW HayKe M O0Opa3oBaHMH, KaK IpeIMeT
HCCIIEI0OBaHMs U aHalu3a YCJIOBUM YCTOMUYMBOIO pas-
BUTHS CTPOMTEILHOTO KOMIUIEKCA, BKIIIOYAIOT IPHMe-
HEHHE UCTOPUKO-CHCTEMHOTO METOMA JUISI LIEJIOCTHOTO
paccMOTpeHHsl JeHcTByromed (Gopmbl 00IIECTBEHHO-
HKOHOMUYECKOI hopmaruu.

B ucropuyeckoil peTpocnekuuy TpaguLluu U UH-
HOBAIMM B3aUMOCBSI3aHBI C TBOPYECKUM TTOTECHIINAIOM
U Hay4YHO-NIEJarorn4eCKuM HACJIEIUEM BbIJAFOLINXCS
TIPE/ICTAaBUTENCH apXUTEKTYphl, CTPOUTEIBHON HayKh
u obpazoBanus [17, 18]. Cpenu mpesiiecTBEHHUKOB,
OIIPEACIMBIINX PACTIONOKEHHE KpPAeyroJIbHOTO KaM-
HS B OCHOBaHHE TOJITOTOBKH CTPOMTENBHBIX KaJpOB
B III'TY, cnenyer BBIIEIUTH TBOPYECKUM BKJIa] Ha-
YUHBIX IIKOJ U TBOPUYECKHX OOBEIMHEHMH, oOecredn-
BAIOIIUX MPEEMCTBEHHOCTh PAa3BUTUSI CTPOUTEIBHON
OTpaciii Ha pa3IMYHBIX ATalax ToOCYJapCTBEHHOTO
yCTpOMCTBA.

HNupycrpuanuszanus B Poccuiickoili umnepun

Pa3BuTre MpOMBINUIEHHOCTH, TPAHCIIOPTA U CBSI-
3M BO BTOpoi monoBuHe XIX B. criocoOcTBOBaio 00-
pa3oBaHMIO MPO(MIBHBIX YYEOHBIX 3aBEJCHUH IS
MIOJITOTOBKHM apXUTEKTOPOB M cTpouTeneil. B 1876 1.
mo peckpunty Anekcanapa Il obpazoano LlenTpans-
HOe yumiuiie Texandeckoro pucosanus (L[YTP) 6apo-
Ha AJI. Hlturmwma. [epsemv qupekropom LIV TP cran



TpaauLMM M MHHOBaLIMKU B 06pa30BaTeAbHOM MPOLIECCE U YHUBEPCUTETCKOM HayKe
AAS pa3BUTUS KOMIMETEHLMI B Chepe CTPOMTEALCTBA

C. 130-146

onecrsumii apxurektop M.E. Mecmaxep. C yunmnuiiem
CBSI3aHBl UMEHA TAJAHTIUBBIX XYJO’KHUKOB U aPXUTEK-
TopoB. IlpencraBurenem crwisi meTepOyprckoro Mo-
JiepHa sBisics akajnemuk Mmmeparopckoil Axanemuu
Xy/IOXKECTB, MPOoeccop YUMIHIIA TEXHUIECKOTO PHCO-
BaHusa uM. A.JI. lturmuua u KceHMHCKOro HHCTUTYTa
JI.X. Mapmizep. BbInyCKHUK MHCTUTYTa rPaJIaHCKUX
umkeHepoB uMm. Mmneparopa Hukonas I B.A. Hunb-
ceH ObuT mpumTamieH B 1901 1. Ha TOMHKHOCTH TIIaBHO-
ro apxutekropa Mapuynons. Paspemenue Ha cTpou-
TEJIBCTBO TOPOJCKOTO BOAOMPOBOAA M BOJOHAIOPHOM
GamrHM (BeICOTa 33 M) MO apXHUTEKTypHOMY IIPOEKTY
B.A. Hunscena nognucan npeMmbep-mMunucTp Poccuii-
ckoit umnepun II.A. Ctoneimus. B HacTosmee Bpems
TBopeHne B.A. Humbcena ocraercs apXWTEKTypHO-
HCTOPUYECKON JOMUHAHTON Mapuymnoss.

HNupycrpuanuszanus B Coerckom Coroze

B 30-x romax Ha 6a3e MHIKEHEPHBIX (AKYIBTETOB
TEXHUYECKUX BY30B CO3/1AI0TCS HHKEHEPHO-CTPOH-
tenbHble HHCTUTYTHI (ICU). ®opmupoBanne HayuHBIX
IIKOJI OTpa’kaeT 3aJjadl CTPOUTENIHCTBA MO CO3AAHUIO
MIPOMBIIIJICHHON 0a3bl OCHOBHBIX OTpacieil YKOHOMH-
KM ¥ BOCCTAHOBJICHHSI HApOAHOTO Xo3stiicTBa. Haywno-
METOAMYECKOH OCHOBOW ISl CTAHOBIICHHsI Kadeapsl
CTOP [I'TY cramn mpuMeps! JeSITEIHHOCTH HAYIHBIX
LIKOT 1. T. H., pod. M.M. XKepouna (Kuesckuit UCH)
U A T. H., npod. .M. JluxrapuukoBa (MakeeBCKHIA
NCN) B nepuox 1960-1990 rr. O6mmmM 3HaMeHaTeIeM
Uit popMHUpOBaHMS TPEOOBAHMH TOATOTOBKH KaapoOB
SIBJSLIACH TECHAsI CBsI3b HAyKH U ITPOM3BOJICTBA.

Brmmyckuuk Jlennnrpanckoro MCU M.M. Kep-
OWH Havas TPyHAOBYIO AESTEIBHOCTh B HHCTUTYTE «[ H-
npomaxty. ITocie BOWHBI OpraHU30BaN AESTEIHHOCTD
IleHTpanbHOTO OFOPO KOIPOB M IIAXTHOTO 000pPYIOBa-
Hus (UBKO) mo BoccTaHOBIEHHIO YTIIETOOBIBAFOIIIX
npeanpusituii Jlonbacca. 3a Beigaronecs u3o0pere-
HUS U KOPEHHBIE YCOBEPILIEHCTBOBAHUSI METO/IOB IPO-
W3BOJICTBEHHOH paboTsl M.M. XKepOun ObLT ymocTOCH
Cramunckoit npemun (1948). C 1948 . M.M. XKepbun
PYKOBOJMT JICSITEIBHOCTBIO 3alajIIaxTIpoeKTa, 3aTeM
Vkprunpomaxra u YkpHUHUnpoexra B Kuese. Ha-
yuHast ¢ 1967 1. 3aBenyeT kKadeapol MeTaJIM4ecKuX
U JIePEBSHHBIX KOHCTPYKIMH KHeBcKoro mHxeHepHO-
CTPOUTETBHOTO HMHCTUTyTa. OCHOBHBIE HAIpPABICHMS
HAyYHBIX pa3paboToK 1. T. H., mpod. M.M. Kepbuna
CBSI3aHBI C BHEJIPEHUEM CBApPKH MPU BO3BEICHHUU KO-
IIPOB, CO3JAaHMEM YHHMBEPCAJIBHBIX LHJIMHIPUYIECKUX
Ha/IaXTHBIX W OameHHBIX KompoB. Ilomyumnn BHe-
JPEHHE BBICOKOIIPOYHBIE CTAJIM U TOHKOCTEHHBIE 000-
JIOYKH, pa3zpaboTaHbl TPAaHCHOPTHO-OTBAIbHBIE MOCTBI
B TOPHOM NPOMBIIUICHHOCTH, TIPEIIOKEHBI METO/IBI pe-
KOHCTPYKIIMH JKWJIBIX 3/IaHUH C MCIIOJIb30BAaHUEM JIET-
KUX METAJNIOKOHCTPYKIIH.

Bremyckauk HoBocubupckoro UICU AM. Jlux-
TapHUKOB Hadasl TPYJOBYIO JesTesIbHOCTh Ha HoBocu-
OupckoM 3aBojie «CTanbKOHCTPYKIHS» B AOJDKHOCTSIX
KOHCTPYKTOpa, HadaJbHWKA OTJENa MOATOTOBKH IpO-

U3BOJICTBA, IIaBHOTO MHXKeHepa. B 1948 1. nanpasnen
IVIaBHBIM HHXeHepoM OpCKOro 3aBozia METAJUINYECKUX
koHCTpykuui Muntskerpod. C 1954 nmo 1956 . —
IIaBHBIM MHXKeHep Ha JloHemkoMm 3aBoje MeTasulo-
KoHCTpyKIui. B 1956 1. mepexonut Ha padoty B Jlo-
HEIKHUH TOJUTEXHUYECKUH HHCTUTYT PYKOBOAWTEIEM
CO3IaHHOM MM Ka(eIpbl CTPOUTEILHBIX KOHCTPYKIHH.
OOnacTh HayYHBIX HHTEPECOB . T. H., ipod. .M. JIux-
TapHUKOBA CBS3aHA C PA3BUTHEM TEOPHH NPOEKTHUPO-
BaHUSl HSKOHOMHUYHBIX KOHCTPYKIHI, HCCIEJOBaHUEM
CBsI3el KOHCTPYKTUBHOM (DOPMBI, TEXHOJIOTHH ¥ TPYIO-
€MKOCTH M3TOTOBJICHUS METAIIIMIECKUX KOHCTPYKIUH,
pa3paboTKOM METOJIOB HMX TEXHUKO-IKOHOMHUYECKOTO
aHaIu3a Ha CTAIUSIX NMPOEKTUPOBAHMSA, U3TOTOBJICHUS
1 9KCIUTyaTallui CTPOUTENILHBIX OOBEKTOB.

OO0pa3oBarenbHbIE  MPOLECCHl  TPAAWUIMOHHON
BBICIICH IIKOJIBI MpEANoJarail COBEpIICHCTBOBAHHE
¢$opM M METOZOB MOTHMBALUM KayecTBa 3HAHUH CTy-
JICHTOB, OPTaHU3allMH CAMOCTOSITEIBHOW M HAy4YHOU
paboThI, IPAaKTUYECKON MOATOTOBKH Ha MPEANIPUSTHSIX
CTPOMTENBHOM OTPACiH, LIEIEBYI0O MOATOTOBKY M pac-
TIPE/ICIIEHNE BBIITYCKHHUKOB.

Jennaycrpuanuzanust

Kpusuchsle sBI€HHs, BbI3BaHHbIE paclajoM CO-
BETCKOM CHUCTEMBI XO35HCTBOBAHMS, IIPUBEIHN K 3HAYU-
TeJILHOMY y1iepOy B IIPOMBIIUICHHOM chepe 1 BBI3BAIH
HEeraTUBHbIE MOCIECTBUS JUIsSl PAa3BUTHUS CTPOUTENBHOM
HayKM W TEXHHKH. 3HAYUTEIbHBIH H3HOC OCHOBHBIX
CPEIICTB MPUBEN K MOTPEOHOCTH B TEXHOJIOTHYECKOM
OOHOBJICHUM W MHHOBAIIMOHHOM DPa3BUTHU OCHOBHBIX
oTpaciei 3kKoHOMUKH [19]. MeTomonorust mocTaHOBKH
U peajM3aliy 3ajad JaHHOTO HCCIIEOBaHMS CBS3aHA
¢ pesynbratamMu pabot [20], BEIOJIHEHHBIX B paMKax
rOCyJapCTBEHHOM LIEJIEBOM KOMIUIEKCHOM IIPOIpaMMBbL
(I'LIKIT) HAH VYxpannsr «I[Ipobiemsr pecypca u 6e3-
OINAaCHOCTH 3KCILTyaTall¥ KOHCTPYKLUH, COOpYyKEHUI
U MallMH» T0J HAyYHBIM PYKOBOJCTBOM aKaJeMHKa
B.E. Ilarona. DT0 MO3BONMIO pPa3BUTh HOBBIE MOJ-
XOZBI K PEIICHHWIO MpPOOJIeMBI pecypcocOepesKeHusl,
oOecrieyeHns KOPPO3MOHHOW 3alUIIEHHOCTH ITyTeM
PECTPYKTYpHUpPOBaHHUSA  TEXHOJOTUH  0E30MacHOCTH
1 (OPMHUPOBAHMS KOT€PEHTHBIX TPeOOBAHMH, IPHEMOB
U TpOLEIyp TEXHHYECKOTO OOCITYKUBaHUS 1O (aKTH-
YECKOMY COCTOSIHHIO MPOMBIIIICHHBIX 00BeKTOB [21].
Takum 0Opazom, MOSBMIIACH TIOTPEOHOCTH B CTAHOBIIC-
HUM 00pa30BaTelIbHOI COCTABISIIONIEH TEXHOJIOTHYe-
CKOM 0€30MacHOCTH, HAIpPABJICHHOW Ha OOCCICUYCHUE
YCTOWYMBOTO pa3BUTHS TPEANPHUATHH, HMpeIoTBpalle-
HUE aBapUIHBIX CUTyaIMil KOHCTPYKLUH 3JaHU U CO-
OPY>KEHHH ITPU MOJCPHU3AIINH, PEKOHCTPYKIIUH 1 TIPOA-
JICHUH CPOKA HKCILTyaTaIUH.

Ilepexon OT MHAYCTPUAIBHOW «PECYPCHOI» MO-
JIeNT K TIOCTHUHIYCTPHAILHOMY Pa3BUTHIO OITIPEICIUI
MIPUOPHUTETHI 337a4 MHHOBAIIMOHHOTO MpeoOpa3oBa-
HUSI BO BCEX c(epax SKOHOMHKH, MPOMBIILICHHOCTH,
HayKH, 00pa30BaHus, KyJIbTypbl U HCKyccTBa. B ycio-
BUSIX OTPAHUUYCHHBIX PECYPCOB IrOCYIapCTBEHHOM 1O1-
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CTNOMTENbCTB!
HayKa v 06pa3oBaH

WN.B. KyweHko, B.I1. Koponée

JICP’)KKU BY30B OCHOBHBIM HHCTPYMEHTOM JJIS CO3/IaHMsI
MPO(GUIEHOTO CTPOUTEIHHOTO 0Opa30BaHUS B CTPYK-
type III'TY cran nporpaMMHO-1I€JI€eBOM METOA, yCTa-
HABJIMBAIONINN TPHHIUIBI YIIPABICHUS UHPPACTPYK-
TYpHOH Cpemoil «Hayka — oOpa3oBaHHE — OW3HEC».
VKperieHuio B3auMOCBSI3U TpaJWLUUNA U HMHHOBAIMI
croco0cTBOBaIO O0BENMHEHNE YCHINH B cdepe obec-
HEeYCHUsI TEXHOJIOIMYECKOH 0e3011acHOCTH Ha 00bEeKTax
METAJITYPTUICCKON, MAIITIHOCTPOUTEIHHOM,
XUMUYECKON U TOPHOPYAHON IPOMBILUIEHHOCTH JlOH-
Oacca. YBsi3bIBaHHE BOEIMHO LIEJIEH U PECYpPCOB HayKH,
00pa3oBaHMS U MPOM3BOICTBA BHITTOJTHEHO HA COBMECT-
HOM pAacCIIMPEHHOM 3acelaHuu J{OHEeIKOro Hay4HOTro
neaTpa HAH u MOH Vkpaunusr «CocTossHUAE U METO-
JIBI 110 00ECIIEYEHUI0 TEXHOJIOINYECKOW 0e30I1acHOCTH
B OCHOBHBIX OTpaciisiX 3KOHOMHKH J[oHOacca» ¢ yda-
CTUEM 3aMHTEPCCOBAHHBIX CIICHHUAIIMCTOB TMPOU3BOMI-
cTBa u OusHeca (r. Jonenk, 19 mas 2009 r.).

[To pesympraraM OOCYXACHHSA MPOOIEMBI TpeN-
JIOKEH KOMIUJIEKC Mep, HamlpaBICHHBIX Ha COBEp-
OICHCTBOBAaHUE YNPABICHUYCCKUX TEXHOJIOTUN IS
peuIicHus 3aga4 NMoAACpKaHuA U BOCCTAHOBJICHUA pa-
00TOCIIOCOOHOCTH, TEXHOJIOTHYECKOTO OOHOBICHUS
U PEKOHCTPYKIUH MPOMBIIIICHHBIX 00BeKTOB JloH-
6acca. [lepexon OoT (yHKIIMOHAJIEHOTO K MPOIECCHO-
My YTPaBICHHUIO BOIPOCAMH OOCCIeUeHUsI KauecTBa,
HaJI)KHOCTH M 0€30MaCHOCTH KOHCTPYKILHMH M CO-
OpY)KCHHH CTall BO3MOXKHBIM Onaromapsi pa3paboTke
¥ BHEJIPEHUIO TEXHUYECKUX perJaMeHTOB (CTaHaap-
TOB MPEANPHUITHI).

B crpoutenbHON Hayke BBICOKUN YPOBEHb Oac-
HOCTH TIPOM3BOJICTBEHHBIX IIPOLIECCOB MPHU IPOEK-
THPOBAaHWU YYHUTHIBAETCS MEpaMU KOHCTPYKTHBHOM
0€30MacHOCTH C YYeTOM TMOJIOKECHUH KOHLEHIIUU
MPEIeTbHBIX COCTOSHUN H 0TOOpA PACUETHBIX CHTY-
anui ¢ Hambosiee HEOIAroNMpUATHBIMUA BO3JIEHCTBH-
SIMH Ha TIPOTSDKEHHHM IPOEKTHOTO CpPOKa CIIy»KOBI
KOHCTpyKUui. Kak BakKHEHIIMHI NPUOPUTET TEOPUHU
MO3HAHUS M yIIPaBICHHS B 00JIACTH TEXHOJIIOTHIECKON
0e301TacCHOCTH CIIEeIyeT PacCMaTPHUBATh CIIOBA AHTIIHIA-
ckoro mosta u aApamarypra Y. Illekcmupa: «3amor
YCIIEIIHOTO PYKOBOJCTBA — BHJICTh MHOTOBapHaHT-
HOCTH Oymymiero, yMeHHE IMperycMaTpuBaTh CaMbIe
MpavHBIE CIICHAPHI.

OCHOBHOW Hay4HBIA PE3yJabTaT MPOTPaMMHO-IIC-
JIEBOrO 00OCHOBAHHUS PECYPCOB TEXHOJIIOTHYECKON Oe3-
OITACHOCTH CBSI3aH C OTPaOOTKOW MH(PACTPYKTypHOU
MOJICIM  B3aMMOJICHCTBUSL  «HayKa — 00pa3oBaHHe —
OuszHec» M (OPMHPOBAHMEM KPUTEPHUEB IPEeIIbHBIX
COCTOSIHUHM [UIsl PE3epBUPOBAHUS KOPPO3UOHHOHM 3a-
LIMIIEHHOCTH CTAJIBHBIX KOHCTPYKIMH U COOPYKEHUIA.
CyIIHOCTs MTHHOBAIIMOHHOTO MOTEHITHAIa KOPPO3UOH-
HOHM 3alUIIEHHOCTH OIPEACISIOT BO3MOKHOCTH CH-
CTEMBI MPOTHBOKOPPO3UOHHON 3aIIUTHl KOHCTPYKIIHA
(CII3K) ynoBieTBOpSATH TpeOOBaHUSAM TEXHOJIOTHYE-
CKOHM 0€30MacHOCTH C y4YeTOM IPHUEMIIEMOrO pHCKa
[22, 23].

KOKCO-

134

PE3YJIBTATBI HCCJIEJOBAHNA

[IporpamMMHO-IIEIIEBOH TOIXO/ B YIIPABICHUH TEX-
HOJIOTHYECKOH 0€30ITacHOCTBI0 B OCHOBHBIX OTPACIIsX
skoHOMUKH JloHOAcca CBs3aH ¢ 3aJeiiCTBOBaHUEM pe-
CYpCOB HayKH, 00pa30BaHUs, IIPOU3BOICTBA U OM3HEcCa
JUIA TIOSTAITHOM peanu3aniy 3a1ad WH(OOPMAIMOHHO-
T0, METOIMYECKOTO, HOPMATHBHO-TEXHHYECKOTO, Op-
TaHW3aMOHHOTO, KBaJTH(PHUKAIMOHHOTO 00eCTeUeHHS
0e3aBapHifHOM SKCIUTyaTallud ¥ BBISBICHUS PHUCKOB
TEXHUKO-DKOHOMHYECKOH 3aIUIEHHOCTH OCHOBHBIX
CpE/ICTB MPEANPUATHHN.

[Tparmarusm mpeaiaraeMoil MHOPACTPYKTYPHOU
MOJIEITH B3aMMOJICHCTBHS «HayKa — 00pa3oBaHue — OM3-
HEC» COCTOUT B JIOCTHIKEHHH KOHEUHOTO Pe3yJIbTara;

* HayKa — HAyYHO-TEXHHUYECKOE COIPOBOXK/IE-
HHE, MOHUTOPHHT M PUCK-THAarHOCTHKA, 000CHOBaHHE
pecypcocOeperaroIux MaTepuaioB U pa3paboTka HH-
(hOpMaIIMOHHBIX TEXHOJIOTHIA;

* 00pazoBaHNe — aKTyaJln3alus y4eOHBIX IIpo-
rpamMM, MOBBINICHUC KBATU(PHUKAIMK TPU BHEIAPCHUH
MHHOBAI[MOHHBIX TEXHOJIOTUI;

* OM3HEeC — oOecreueHne pecypca U CHIKCHHE
WHBECTHIIMOHHBIX PUCKOB IMPOMBIIIICHHBIX 00BEKTOB
HAa OCHOBE TEXHOJIOTUI HHKCHEPHOH 3allUTHI U yIIPaB-
JICHUS! TEXHOJIOTHYECKOH OE3011acHOCTHIO.

Pemtenuto npobnemvl  mexHuKo-sKkoHOMUUECKO2O
000CHO8aHUS TIAPAMETPOB PAOOTOCIIOCOOHOCTH CTPOU-
TEIBHBIX O0BEKTOB, HCXOMS U3 YCIIOBUH IKCILTyaTallnH,
HAJCKHOCTH W JIONTOBEYHOCTH, MOCBAIICHBI PaOOTHI
Hay9HOM Kok 1pod. .M. JIuxrapHUKOBa, CTAHOBIIC-
HHUe KoTopoii B [lonbacce cBszano ¢ 60—70 romamu mpo-
nutoro cronetus [24, 25]. Kanangarckas auccepranys
Ha TeMy «TpyZoeMKOCTh M3TOTOBJICHHS METAJUIOKOH-
CTPYKLHMH IIPOM3JaHUM M METOIMKA €€ ONpPEACICHUS»
OblTa mOAroTOBJICHA WHXeHepoM .M. JlumxTapHuUKO-
BbIM mox pykoBoactBoMm mpod. H.C. Crpenerkoro.
B 1968 r. k. T. H. SI.M. JIuXTapHUKOBLIM 3allIHIIeHA
JOKTOPCKasl Juccepranus 1mo teme «BmwsiHue KoH-
CTPYKTHBHOW (pOPMBI U TEXHOJIOTHH Ha TPYJOEMKOCTh
U3TOTOBJICHUS CTAJIbHBIX CTEPKHEBBIX KOHCTPYKLIUW».
CymHocTb chOpMUPOBAHHOTO METOMYECKOTO ITOIX0/1A
OTpaXkaroT 0a30BbIE MOKA3ATEN Ka4eCTBA METAIJIOKOH-
cTpykuuid. IlpoBeseHHbIE HCCIEOBaHUSI CTPOUTEIb-
HBIX KO3 uireHToB no3poywin npod. .M. Jluxrap-
HUKOBY pa3paboTaTh HHTETPATIbHYIO CTPYKTYPY PAHIOB
IoKa3areeil kKadecTBa (MX BECOBBIX KO3(D(HUIIUCHTOB).

Ha npobneme mexnuko-sxonomuueckoti 3auuuyen-
HOCMU TIPOMBINIUICHHBIX 00BEKTOB CKOHIICHTPHPOBAHO
BHHMaHHe B pabortax JloHOAcCKoro IieHTpa TEXHO-
nmorudeckorr Oe3omacHoctr (HonLITH, . MakeeBka)
00O «YKkpanHCKHH HHCTUTYT CTaJIbHBIX KOHCTPYKIIMI
uM. B.H. Illumanosckoro» [21, 26]. Ilpu atom ouen-
Ky paboTOCTIOCOOHOCTH CTPOUTEIHHBIX METAJUIOKOH-
CTPYKIMH MPeIIaraeTcs BHIOIHITE HA OCHOBE COBpE-
MEHHOH KBaJUTOJOIMHM C MCIOJIb30BAHUEM MOJEIEH
1 aJITOPUTMOB PUCK-JAUATHOCTHKH KOHCTPYKITHHA U CO-
opyxeHnuii [27].
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Vcnonb3oBaHue KBAaTMMETPUUECKUX — XapakTe-
PUCTHK ISl YIIPaBJIEHHUS TEXHHKO-?KOHOMHYECKOH
3alIUIIEHHOCTRIO, commacHo mpouenype HAZOP
(HAZARD & OPERABILITY) u HopMaM MEHEIKMEH-
ta puckoB IEC/ISO 31010, cHmxaeT BIusSHAE YeI0Be-
4yeckoro (pakropa M MO3BOJSIET MPUHUMATh PEIICHMS
Ha OCHOBE MpPOLEAYp, ONPEAETICHHBIX PEerIaMeHTOM
0€3011acCHOCTH TPOMBIIUICHHBIX 00BEKTOB. MeToanka
PETHCTPAIIMOHHON OIIEHKH YpPOBHS PHCKa IO IOKa3a-
TENAM TEXHHUKO-I)KOHOMHUYECKON 3allUIEHHOCTH HC-
TI0JTb30BaHa TIPH pa3paboTKe WHPOPMAaMOHHO-aHAIH-
THUYECKOH 0a3bl JaHHBIX «Pecypey», coctaB n GyHKIMN
KOTOPOH peraMeHTHpPOBaHbl monokeHusaMu «MHTe-
TPUPOBAHHON CHCTEMBI YIPABICHHUS Ka4eCTBOM, DKO-
JIOTMEN M OXpaHOW Tpyna» CTaHIApTa IMPENNPHUSITHS
CTII 101C-6.3-05-2007 «OGecneyeHne TeXHOIOTHYE-
CKOM 0€30IaCHOCTH ITPH AKCILTYaTalliH CTPOUTEIIBHBIX
KOHCTPYKUMH 3JaHUil U coopyxeHui» YacTtHoro ax-
nmonepHoro obmiectBa (HAO) «JloHerkcTanb-MeTai-
JOyprudeckuil 3aBoa». Peamusanusi mpoueccHOro moj-
X0JIa K yNPABJIEHHUIO TEXHOJIOTHIECKOIT O€30MacHOCTHIO
IpoHU3BeIeHa Ha OOBEKTHOM YPOBHE JJIs1 KOHCTPYKIIUI
3naHuil M coopykeHni [TyOiaudHOro akIMoOHEpHOTOo
obomectBa (I[TAO) «Mertammyprudeckuii KoMOWHAT
“A3o0BcTanp’». YOpaBleHYEeCKas TEXHOJIOTHA Npea-
YOPEXICHUS aBapUIHBIX CUTyallUil MOCTPOEHA Ha OC-
HOBE OILIEHKH PHCKOB C Y4€TOM YPOBHEH YS3BUMOCTH
U yrpo3, )KUBYYECTH U PEMOHTOIPUTOAHOCTH MPH 00-
CITy)XMBaHHN OOBEKTOB MO (PaKTHYECKOMY COCTOSTHHIO.
Taxum 06pa3oM, 00eCTICINBAIOTCST HEOOXOIUMBIE YCITO-
BUS UIA TOCTPOCHUS BEPTUKAIBHO-MHTETPHPOBAHHON
CHCTEMBI YIpaBJeHUS! OE30MaCHOCTBIO KOHCTPYKIMN
1 COOPY)KCHHH TPOMBIIUICHHBIX OOBEKTOB Ha OCHOBE
npuHIUIOB MeHemkMeHTa [SO 9001.

VIHHOBaIIMOHHBIN XapakTep MNOJOKEHHUH, ompe-
JEISIIONIMX ~ MEHEUKMEHT — TEeXHOJIOTHYECKOH — 0e3-
OIIaCHOCTH, MO3BOJSIET AaKTyaJIM3UPOBaTh 00pa3oBa-
TENIBHO-TTPO()ECCHOHANIBHBIE TPOTrPaMMbI  CTYJCHTOB
CTPOUTENBHBIX cnenuanbHocTel. [Iporpammuo-mene-
BOE YNpPABICHUE CO3JAET JOMOIHUTEIbHBIE CTUMYIIbI
JUIS pacIIUPEHUs] KOMIETEHIUH U JTMYHOCTHO OpUEH-
TUPOBAHHOW TOATOTOBKM M HEPENOATOTOBKH KaapoB
C y4eTOM y4eOHO-METOIUIECKON, HaydHOU 0a3bl M TIPO-
u3BojIcTBeHHBIX KOHTakTOB HOLL «Texnopecype».

WudpactpykrypHass Mozesb  B3aUMOJCHCTBHS
«HayKka — oOpa3oBaHue — OM3HeC) Oblia 3aeiicTBOBaHa
B siesitenbHoCTH Kadenpsl CTOP npu noeieHny KBa-
midUKanny B BOIIPOCaAx:

* HAyYHO-TEXHUYECKOTO  COMPOBOXKJICHUS IPO-
O1eM pecypca KOHCTPYKLIMH M COOpYKEHHH, pa3pa-
OOTKM M BHEAPCHUS CTAHAAPTOB TPEANPHATHS, pe-
IIAMEHTHUPYIOMNX TEXHOJOTMYECKYI0 O€30MacHOCTb,
MOHMUTOPHUHIA CTPOUTEIIBHBIX KOHCTPYKUUM 34aHUU
U COOpYXKEHUM;

* THOPMALMOHHBIX TEXHOJIOTHH aHAIN3a TEXHH-
YECKOTO COCTOSIHUS M MPUHATHS PELICHUH MO0 MepaMm
TE€XHUKO-KOHOMUYECKOH 3all[UIIEHHOCTH MPOMBIII-
JICHHBIX OOBEKTOB.

HeoueHnUMBIME  SIBISIOTCSL pOJIb M 3HAYMMOCTH
Bkiaga HactaBHIKOB HOLL «TexHopecypce», cpean Ko-
TOPBIX:

IOpuit BopucoBuu Beicoukuii — crnenuaiuct
B 0o0nacT (PU3NUECKON XUMHHN, KBAHTOBO-XHUMUYECKUX
pacuetoB. Jloktop xuMmudeckux Hayk (1985), mpodec-
cop (1989). ObmacTeh Hay4YHBIX HHTEPECOB CBS3aHA
C pa3BUTHEM HOBBIX KBAHTOBO-MEXAaHHMUECKHUX MOJE-
Jei B TEOPETHYECKOH XMMHH, PAcueTOM TEPMOJHMHA-
MHYECKHX XapaKTEPUCTUK KJIACTEPOB HA MOBEPXHOCTH
pasnena ¢a3. IlpukianHoe HanpaBieHHE — 3aIInTa
OT KOPPO3UH CTPOHTENBHBIX KOHCTPYKIHH, OXpaHa
OKpY KaroIle cpe/ibl U yTHIN3AIHsI OTXO/0B.

Buxrop Muxainosuy KiblkoB — HHKEHEP-CTPO-
UTeINb, CHEIHAINCT B O0JACTH CTPOUTEIBHBIX MeETaj-
JIMYECKUX KOHCTPYKIMi. Kanmunar TexHnyecknx Hayk
(1960), nouent (1962). Ilog pyKOBOACTBOM M. T. H.
npodeccopa A.M. Kuknna, mpu KOHCYIBTaIMsX M. T. H.
mpogeccopa E.H. Jleccura n unen-kop. AH, n. T. H.
npogeccopa H.C. Crpenernkoro BeiroiHeHa 1 B 1960 T
3amuIIeHa Kanauaarckas auccepranust «Vccnenosa-
HUE PabOThI OMOPHBIX KOJIEL TPYOOIIPOBOIOB OOJIBIINX
auameTpoBy. OOnmacTe HAaydHBIX HHTEPECOB CBS3aHA
C HCCIEIOBAaHUEM JEHCTBUTEIHLHONW paOOThI CTEpIKHE-
BBIX KOHCTPYKLUH U3 THYTBIX 3aMKHYTBIX ITPOQHICH.

Anexcannp AHApeeBUY PBEDKEHKOB — HHIKEHEp-
CTPOMTENb, CHELHATUCT B OOJACTH CTPOHUTEIBHBIX
METAJUTMYECKUX KOHCTpykumil. Kangumar texHuue-
ckux Hayk (2009). TpymoBas Ouorpadus Hayamsach
¢ BambroBmmka (1970) Ha JloHenKoM 3aBOmE MeTal-
noxoHcTpyKiui (HptHE [TAO «KoHCTpykumsa»). B me-
puon ¢ 1980 mo 2014 rr. — macTep, HaYAIBHUK 11€Xa,
TJIaBHBII TEXHOJIOT, ITIaBHBIN HHXeHep, mupekrop [TAO
«Koncrpykius». OOGnacTh HaydHBIX HHTEPECOB CBS-
3aHa C COBEPIICHCTBOBAHWEM TEXHOJIOTMYECKOW ITO[-
TOTOBKH ITPOM3BOJICTBA, OLICHKOH COOTBETCTBHS IOKa-
3aresiell KOPPO3UOHHON CTOMKOCTU M JIOJTOBEYHOCTH,
BHEJ[PEHHEM HOBBIX CPEICTB U METOOB IPOTHBOKOP-
PO3UOHHOM 3aILUTHI.

HOpwuit Bacunpenry OumaToB — CIeIHAINCT B 00-
JIACTU CTPOMTENBHBIX METAJUIMYECKHX KOHCTPYKLIHUH.
3aciyKeHHBIH PaOOTHUK MPOMBIIUIEHHOCTH YKpPauHBI
(2005), xaraunar Texauuecknx Hayk (2008), Jlaypear
TOCYJapCTBEHHOW NPEeMUH YKpauHbI B 00JaCTH HayKd
u Texaukn (2013). Oxorunn MakeeBCKUI CTPOUTEIh-
HBIH TEXHUKYM II0 CHEIHMaIbHOCTH «CTPOUTENHCTBO
1 9KCIUTyaTalws 30aHui U coopykeHuin» (1974). Haxo-
JIUIICS B PYKOBOZSILIEM COCTaBE OJHOM U3 KPyIHEHIINX
MIPOMBIIIJIEHHBIX TPYII CTPaHbl — KOHIEpHA «DHEep-
TO», BO3MIABISUI B MOCIIEJHNE TO/bI HAOIIOAATEIbHBIN
COBET KOMIIAaHMM «JlOHEIKCTaab», BHEC OrPOMHBIN
BKJIaJl B CTPOWUTEILCTBO M MOJCPHU3AIMIO OOBEKTOB
METaJULypru4eCcKoi, KOKCOXUMHUYECKOW U TOPHOPYI-
HOH mpoMbIiieHHOCTH. O0IacTh HAYYHBIX HHTEPECOB
BKJIFOYaJIa aHTUKPU3UCHOE YIIPABJICHNE MEPAMU TEXHO-
JIOTHYEeCKON 0e30MacHOCTH U MPOUICHHE OCTaTOYHOTO
pecypca COOpYKEHUM, OLEHKY PHUCKOB IOKazaTesiel
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CTNOMTENbCTB!
HayKa v 06pa3oBaH

WN.B. KyweHko, B.I1. Koponée

PEMOHTONPUTOTHOCTH M TOCIEPEMOHTHOI Hecylel
CIOCOOHOCTH.

ITporpamMMHO-1I€TIEBOE PA3BUTHE MEP TEXHOJIOTH-
4yecKoil 6e30MacHOCTH BBIMOJIHSIOCh HA OCHOBE BBISB-
JICHUSI IPUOPUTETOB B3aUMOJICHCTBHUS YIaCTHUKOB, Ha-
YUHO-TEXHHUYECKOTO COMPOBOXK/ICHNS IPOOIIEM pecypca
HNPOMBIIIICHHBIX 00beKTOB. B Teuenne 2009-2015 rr.
C ydactHeM MpodeccopcKo-TIPEnoaaBaTeIbCckoro co-
craBa kagenpsr CTOP mpoBeneHsl HAyYHO-TEXHHUYE-
CKHE MEPOIPUSITHS:

* KOOp/IMHALIMOHHOE coBemanne «TexHnueckoe
pEryIMpOBaHUEe KaduecTBa M OE30IMacHOCTH IPH H3ro-
TOBJICHMH, MOHTa)K€, IKCILUTyaTallid U PEKOHCTPYKIHU
COOPY)KCHHH, KOHCTPYKIMH, 0OOpYIOBaHUS W WHXKe-
HepHBIX cetei» (11-12 Hosbps 2009 r., . Mapuymos,
rry);

* KOOPAUHALMOHHO-METOIUYECKOE  COBEILAHHE
«DopMUpOBaHUE EIUHOMN CUCTEMBI OATOTOBKU CHELH-
QIMCTOB B O0JIACTH TEXHOJOTMYECKOH 0e30MacHOCTH
3[aHUI U COOpPYKEHHH B OCHOBHBIX OTPACisIX AKOHO-
mukn YipauasD (1 utons 2010 1, . Kues, KI'VCA);

* 3acelaHNe PEerHOHAIFHOTO KOMHUTETA [0 SKOHOMH-
yeckuM pedopmam rpu JloHenkoit obnrocaaiMuHICTpa-
mun  «O0ecrieueHne TEXHOJIOTMYECKON Oe30IacHOCTH
U 3aIlUTa OT KOPPO3MM B TPAaXTAHCKOH M TPOW3BOA-
CTBEHHOH cdepax sxoHomuKH JloHOacca» (2 ceHTIOps
2011 ., . HoHenK, o0IrocaaMAHUCTPALIH);

* MEX/yHapoIHas Hay4HO-TIpaKTHYecKas KoH]e-
penusi-BeicTaBka «Jlondacc—Pecypc—2011. KauectBo
n 0e30MacHOCTb B CTPOUTEIBCTBE», ITOCBAIICHHAS
100-1eTuio co AHSA POXKICHUS 3aCTYKEHHOTO JCATEeNs
HayKH M TEXHMKHM YKpauHbl npo¢. Muxamna Muxaii-
nosnya XKep6una (19-23 centsdps 2011 r., . Mapuy-
noiib, [II'TY);

* coBMecTHOe 3acenanue Cosera JloHenkoro Ha-
YYHOTO IEHTpa M 3amajHoro Hay4Horo mentpa «llep-
CIIEKTHBBI YCTOMYMBOTO pa3BUTHUs peruoHoB: [lpe-
OZIOJICHHE DSKOHOMHMYECKHX M TEXHOTEHHBIX YIpo3»
(11 oxtsa6ps 2012 1., . CeBepOAOHEIIK);

* MEXJAYHAPOJIHbIA HAyYHO-NPAKTUUYECKUH  ce-
MuHap «VHTErprpoBaHHBIA MOAXON K 0OECIEueHHIO
TEXHOJIOTHYECKOW O€30MacHOCTH W KadecTBa 3allly-
TBI OT KOPPO3HU OCHOBHBIX (DOHIOB NPOMBIIIIIEHHBIX
MIPEANIPUSTUI: HAllMOHAJILHBIE CTaHJAPThl U MHPOBOU
orbIT» (24 centsops 2013 1., MexxayHapOIHBIH HHCTH-
TYyT HpealpUHUMaTelbeTBa JlOHEHKOH TOProBo-Ipo-
MBIIIJICHHOH TajaThl).

B 2015 r xadempa CTOP peopranuzoBana
B Kadenpy apXuTeKTypslI (3aB. kadeapoii a. T. H., Ipod.
A.H. T'mbanenko). OOpa3oBaTeibHBIC BO3MOKHOCTH
Kagenpsl 3HAUUTEIBHO PACHIMPHINCH 3a CUET JIMILCH-
3UPOBAHUS U AKKPEAWTALUH HOBBIX aPXUTEKTYpPHBIX
CIELUAJIBHOCTEM.

JHesrensHocts HOLL «Texnopecype» obecrieun-
JIa IOATOTOBKY M 3aIIUTY ABYX KaHAWAATCKUX U OTHOU
JIOKTOpCcKOi mucceprauuu. I[IpemnogaBarenu kadenapsr
u Hayussle cotpyauuku HOLL «Texnopecypcy npuns-
JM y4acTHe B MEXIYHapOAHBIX KOH(PEPEHIHAX 1 KOH-

136

rpeccax, KOTopble cocrosuiich B Benrpum, Benuko-
Oputanuu, [epmanun, Wcmanuu, Wramum, [lomermre,
Hopryrammm, Poccuiickoii ®epepannu, CroBakum,
Typuuu, Yxkpaune, @unisiaaunu, Opannuu, Yexuu.

[IpenmymiecTBa MPOTrpaMMHO-IIENIEBOTO TIOAXOA
TIO3BOJIMITM Pean30BaTh UH(PACTPYKTYPHYIO MOJENb
B3aUMOJICHCTBHSI «HayKa — OOpa3oBaHHME — OM3HECH»
C y4ETOM BO3MOKHOCTEH YIPaBICHUS U IUTAHUPOBAHUS
Bcex ywyactHHKoB HOLL «Texnopecypc». CoxpaHeHue
TpaauIMii ¥ BHEAPCHHE MHHOBALMK B 0Opa3oBaTelb-
HBIE TPOrpaMMbI OOECIIEUMIIM COBEPIICHCTBOBAHHE
Y4eOHO-METOANYECKNX pa3paboTOK U TIOJI'OTOBKY JIBYX
Y4eOHBIX TTOCOOMH MO KypCy CTalbHBIX KOHCTPYKLHH
[28, 29].

VYreepxknenue Ilpesunenrom Poccun denepansb-
Horo 3axoHa oT 17.02.2023 Ne 19-®3 npenycMarpuBaet
MEXaHU3Mbl UHTETPAH 00pa30BaHMsI M HAyKH HOBBIX
cyOBEKTOB B 00pa3zoBaTeIbHOE MpOoCcTpaHcTBO Poccuii-
ckoit @eneparmn. OOHOBieHHaAs crpykTypa IIT'TY
nocne peructpanun B MOH [lonenkoit Hapoanoii Pe-
cryOJMKM BKJIIOYaeT Kadeapy CTpOUTENIbCTBA, apXH-
TEKTypbl W JIu3aiiHa (3aBexyromas kadeapod K. T. H.,
nou. E.H. CopouaHn), KOTOpO#l PENACTOUT MPOIOIKUTH
TPaJUIIH CTPOUTEIHHON Hayku U oOpazoBanus [II'TY
B HOBBIX pCaIniX.

3AK/IIOYEHUE U OBCYXJIEHUE

Anann3 o0pa3oBaTelIbHBIX TPAIWINNA M WHHOBA-
LIMOHHOTO XapaKTepa pa3BUTHsI HAyKH U CTPOUTEIbHBIX
TEXHOJIOTMM Ha MPHUHIUMNAX HCTOPUKO-CUCTEMHOTO
MIOIXO/]a CBHJIECTEIILCTBYET O HEOOXOAMMOCTH (HOPMHU-
POBaHUS LEIOCTHOCTH YHUBEPCUTETCKUX 3HAHMN JUIS
oOecrieueHnsl yCTOHYMBOTO Pa3BUTHSI PErHOHAIBHOU
CTPYKTYpHI ympaBieHHs U mpousBoxacTBa. IIpuopure-
Thl Hay4HBIX HCCIICIOBAaHMH B c(epe CTPOUTEIbCTBA
HEPa3pBIBHO CBA3AHBI ¢ DKOHOMHUYECKUMH TEHIEHIU-
SIMA IIPOMBIIIJIEHHOTO POCTa PETHMOHOB. BEIsgBIEHHE
MOTpeOHOCTEH W HaNMPaBIEHHOCTH pa3paboOTOK B MPO-
1[eCCe HAy4YHO-TEXHUUECKOTO COTPYIHUUYECTBA CO3/AET
CTUMYIIBI JUII MOTHBALIMM M PaCIIMpEHHs oOpa3oBa-
TEJIbHBIX KOMIIETEHIIMN M JIMYHOCTHO OPHEHTHPOBAH-
HOM IOJArOTOBKM KaJpOB B CTPOUTENBHOM OTpPACIH.
BakHBIM yCIOBHEM IOCTYHATEIBHOTO PAa3BUTHSA Iie-
JIEBBIX OPHUEHTUPOB IMPOrpaMM apXHUTEKTYPHO-CTPOU-
TEJILHOTO 00pa30BaHUsl CIY)XKUT JOCTH)KCHHE OanaHca
HMHTEPECOB, OCHOBAHHOTO HA MPEEMCTBEHHOCTH Tpa-
JULHANA ¥ aJanTaluy WHHOBALUil, C YYETOM PEallbHBIX
TpeOOBaHUN KOHKYPEHTHOW CpeJbl B CTPOUTEIHHOM
KOMILIEKCE.

Jist aktyanuzanuu 00pa3oBaTeIbHBIX IPOrpaMM
U TIPOBENICHMSI HAyYHBIX HCCIEIOBaHWI Ha Kadenpe
CTPOMTENBCTBA, TEXHUYECKON DKCIIITyaTallud U PEKOH-
crpykuuu [II'TY npumeHeHs! IPUHLIMIIBI IPOIPAMMHO-
LIEJICBOTO YIPABJICHUS, OTpayKaroLHe ClIeUUPUKY T10/-
TOTOBKU CTYAEHTOB CTPOMTENIBHBIX CHEIHAIbHOCTEH,
a TaKk)Ke HEeTIPEPBIBHOTO 00pa30BaHuUs B MHOTOITPO(HITb-
HOM TOJUTEXHUYECKOM yHHBepcuTeTe. OOOCHOBAaHBI
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(OpPMBI ¥ METOABI CTPYKTYPHOTO U (DyHKIIMOHAIILHOTO
B3anmoneiicteust kadenpst CTOP, kak TpaauIMOHHOTO
YHHUBEPCUTETCKOTO TO/PA3/eTICHHUs,, MHHOBAIMOHHBIX
mentpoB HOL[ «Texuopecypc» u LleHTpa Kapwepa
IIT'TY, ¢ npuBiiedUeHUEM TEXHOJIOTMI HACTAaBHUYECTBA
B Hayke W TexHHKe. D(GEKTHBHOCTh peann3anuu
NpPE/ICTaBICHHON HWH(PACTPYKTYpHOH MOJENN «Ha-
yka — 00pa3zoBaHue — OM3HEC» C yueToM Iiejed U 3aaad
OTPAcIEeBOr0 U PETHOHAIBHOIO PA3BUTHUSI HOATBEPKIC-
Ha pe3yNbTaTaMy BHEPEHHS B YUEOHBIN MpoIecc, 1o-
CJICIUTIIIOMHOE 00pa30BaHNE U P MOATOTOBKE KaJApPOB
BBICIIICH KBaJTHU(UKALIHNH.

Kak npumep TBOpUECKOTO B3anMojeicTBUS 00pa-
30BaHMsl, HAYKH U MPOU3BOJCTBA PACCMOTPEHBI YCIIO-
BHS MOCTAHOBKH U pealln3alliy 3ajad, ONpeeIeHHbBIX
OTpaciieBOM M PErHOHAJbHOW COCTABISIIOIIEH rocy-
JMapCTBEHHOW mporpaMMmel «Pecypcy», paspaboTaHHOM
no uHunuaruse axkagemuka b.E. ITatona. Temarnka
NpoOJIEeMHBIX BOINPOCOB C(OKYCHpOBaHA HAa OCOOEH-
HOCTSIX TOCTHHIYCTPHAJIBHOIO PA3BUTUS B MEPHOJ
2010-2020 rr., cBA3aHHBIX C OIPaHMYEHHOCTHIO Ma-
TEpUATbHBIX U WHBECTHLHUOHHBIX PECYPCOB IPOMBIII-
JICHHBIX NpenpusITuii. B Takux ycnoBusx Bo3pacraror
yTPO3bl TEXHOTEHHBIX PHCKOB, TPEOyeTCsl peann3amms
AHTUKPHU3UCHBIX MEpP B 00JACTH pecypcocOepekeHUs
U TEXHOJIOTHYECKOH 0e301acHOCTH, KaJIpoBoro obec-
MEUEHUs YTPABICHUECKUX U CTPOUTENBHBIX IPOIEC-
COB IIPU MOJIEPHU3ALIUU, PEKOHCTPYKIUU U MPOATICHUN
CpOKa CIyXOBI JIEHCTBYIOIIMX ITPOM3BOJICTBEHHBIX
KOMILJIEKCOB.

VeraHoBieHo, YTO oOecreyeHne TEXHOIOTHYECKOM
0€30TMacHOCTH Ha OOBEKTHOM YPOBHE CBSI3aHO C peryia-

MEHTaIell MEeTOJI0B MPOrpaMMHO-IIETIEBOTO  YIpaB-
JIEHUsSI HAJC)KHOCTBIO KOHCTPYKUMM U COOPY>KEHHH.
OOOCHOBaH METOIMYECKHH MOJIXOA K OLEHKE PUCKOB
TEXHUKO-9KOHOMHYECKOH  3alMIIEHHOCTH OOBEKTOB
C y4YeTOM KBAJMMETPUUECKUX IOKa3aTelel HaaekKHO-
cru. Ilpu 3TOM pelieHne MPakTHYECKUX 3a7ad pecyp-
cocOepexeHust 1 KOPPO3MOHHOHN 3aIUIIEHHOCTH CBsI3a-
HO C IPUMEHEHNEM TEXHUYECKUX PENIaMEHTOB OLEHKH
Ka4yecTBa, HAZIEKHOCTH 1 0E30ITaCHOCTH Ha MPOTSHKEHUN
YKM3HEHHOTO [IMKJIA IPOMBIIUICHHBIX 0OBEKTOB.

B 3akmrouerne He0OXOANMO OTMETHUTH, YTO YCTOM-
YHBOE PA3BUTHE NPEANPUATUIN B COBPEMEHHBIX YCIIOBH-
SIX HEpa3pBhIBHO CBA3aHO C MHHOBAIIMOHHOH JEATEIBHO-
CTBIO B 00JIACTH pecypcocOepekeHust u Oe3aBapuiiHON
SKCIUTyaTallly 30aHui U coopykeHuit. [Ipodmema Tex-
HOJIOTMYECKOI 0€3011aCHOCTH U JIOJITOBEYHOCTH OCHOB-
HBIX CPEJICTB UMEET 3HAYMMOCTh JJIS TIO/ITOTOBKH CIIEIIU-
aJIMCTOB METAJUIypPrHU€CKOW, MalIMHOCTPOUTEIbHOM,
XMUMHYECKOM M JIPYyTrHX OTpaciieil MPOMBIILIICHHOTO
mpou3BoacTBa. Ocoboe 3HauCHWE BHEAPEHWE MHHOBA-
WA MMeeT Ui IporpamMm IH(pPOBOr0 MOJEIHPOBa-
HUSL ¥ MIaTGOPM HPOEKTHOTO YMPABICHUS TEXHUKO-
SKOHOMHUYECKOW 3aIUIIEHHOCTBIO C UCHOJIb30BaHUEM
WH(POPMALMOHHBIX pecypcoB. Takmm obOpa3om, o0e-
CIIeYeHHE KaueCTBa, Ha/IS)KHOCTH U OE30I1aCHOCTH KOH-
CTPYKIIMHA W COOPYKCHHUH TPOMBINUICHHBIX OOBEKTOB
ClIe/lyeT paccMaTpuBaTh Kak 0a30BbIi AJIEMEHT CHCTe-
MBI MEHE/DKMEHTA, BKJIIOYAIOMINN OpraHU3alHOHHO-
TCXHUYCCKNUC MHHOBAIIUU B O6paSOBaHI/II/I " )XKHU3HCIC-
SITEJIFHOCTH TIPEIIPHUSITHI C HCIIOIB30BAHIEM METOJI0B
1H(pPOBON IKOHOMHKH.
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INTRODUCTION

The roots of modern construction are connected
with the fundamental foundations of astronomy, geom-
etry, mechanics and architecture of the ancient period.
As is known, the change of technological modes of
production is accompanied by the change and develop-
ment of technical and economic relations. In the con-
ditions of global geopolitical changes, the realization
of the tasks of scientific, technological and production
development of the construction complex is provided
on the basis of the principles of the philosophy of cog-
nition, by means of synergetic interrelation of traditions
and innovations [1-6]. In this case, the correlation of
engineering knowledge and practice in construction
has a specifically historical dimension from antiquity
to the present time.

Currently, the centres of long-term trends in
global industrial development are technical universi-
ties, which, in accordance with the statutory principles,
focus on the educational component of scientific and
technological knowledge'. A significant mobilization
resource in the field of improvement of technical and
technological systems, forms and methods of innova-
tion activity is represented by graduate departments that
coordinate the requirements for training of construction
personnel. In the process of development and updating
of curricula for bachelor’s, specialist’s and master’s
degrees, the normative component of state educational
standards is formed. Thus, advanced technical ideas in
the field of technological innovation and real production
management practices create the basis for the effective
use of material and technical, labour, financial, intel-
lectual, information resources in construction® [7—10].

The history of development of Priazovsk State
Technical University (PSTU) is inextricably linked with
the period of industrialization and restoration of the na-
tional economy of the country. Founded on 18 Decem-
ber 1928, as Mariupol evening working metallurgical
technical school, it became a forge of engineering per-

" On the National Development Goals of the Russian Fed-
eration for the period up to 2030 : Decree of the President of
the Russian Federation No. 474 0f 21.07.2020. Publ. 21.07.20.
URL: http://www.kremlin.ru/acts/bank/45726 (rus.).

2 Akimov P.A. Strengthening human resources: on the devel-
opment of the Concept of personnel training for the construc-
tion industry until 2035. URL: https://stroygaz.ru/publication/
kadry/ukreplenie-kadrovogo-potentsiala-o-razrabotke-kont-
septsii-podgotovki-kadrov-dlya-stroitelnoy-otrasli/ (rus.).

sonnel for metallurgical and machine-building indus-
tries. In 1993, after acquiring the status of a university,
the possibilities of training specialists in the conditions
of market economy formation were expanded. New
specialities were opened at the following faculties: met-
allurgical, mechanical and machine-building, welding,
transport technologies, economic, energy, information
technologies, engineering and pedagogical, humanitar-
ian. The University confirms the highest fourth level of
accreditation of HEI, receives international certificates
ISO-9000, ISO-14000. In 2014, educational training is
conducted in 50 Master’s and 35 Bachelor’s speciali-
ties.

In the Soviet period Mariupol, being a large cen-
tre of metallurgical, machine-building and chemical
industries, production of building materials and indus-
trial construction, did not have the necessary scientific
base for the creation of a specialized engineering and
construction institute. Therefore, the formation in 2010
of the Department of “Construction, Technical Exploi-
tation and Reconstruction” (Head of the Department,
Doctor of Technical Sciences, Prof. V.P. Korolev), was
an important event in the formation of a multi-disci-
plinary system of educational programmes PSTU. At
the same time, additional opportunities were opened to
meet the regional demand for construction specialists
due to the structure of polytechnic education.

The aim of the article is to analyze the traditions
and innovations of architectural and construction sci-
ence and education for programme-targeted formation
of competences and personality-oriented approach tak-
ing into account the regional priorities of university
training of students of construction specialties.

The essence of innovations, developed in the pro-
cess of formation of the STER department, included
the transformation of scientific and methodological
developments of the teaching staff in the variable com-
ponent of the educational and professional training pro-
gramme for students in the direction of “Construction”.
The variable part of the basic professional educational
programme involves the solution of problems of train-
ing specialists in the conditions:

« target allocation (employer’s request);

« competences in the field of technological safety
and corrosion protection of industrial facilities (choice
of department);

* additional personally oriented programme (indi-
vidual choice of students).
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The implementation of the established models of
variable training of students is associated with the mo-
bilization of educational resources, which are limited
by the capabilities of a single department, require
the involvement of advanced experience in the field of
construction materials and technologies, the results of
scientific research of specialized institutes, university
structures, scientific organizations, business and public
organizations.

Content and organizational components of the pro-
posed infrastructural model “science — education —
business” are tested on the examples of development
programmes of structural units of the Scientific and Ed-
ucational Centre (SEC) “Technoresurs™ (scientific su-
pervisor Prof. V.P. Korolev) and “Career Centre” (head
of Ph.D. I.V. Kushchenko) PSTU.

“PSTU Career Centre”, established in 2012 as
a social and public project, is aimed at improving
professional training, implementation of personality-
oriented and targeted training taking into account
the needs of employers. REC “Technoresurs” was es-
tablished on the basis of STER department as part of
the research part of PSTU in 2014 to expand the com-
petence training of students on the basis of cooperation
with Donetsk Scientific Centre of the National Acad-
emy of Sciences of Ukraine, “Ukrinstalkon named after
V.N. Shimanovsky”, PAO “Donetskstal-metallurgical
plant”, DP “Donetsk Promstroyniiproekt”, LLC “Con-
struktsiya” and others.

The activities of SEC “Technoresurs” and “Career
Centre” PSTU were supported by the regional charita-
ble foundation “Education and Science for Construction
Progress” operating in Donetsk and Lugansk regions.

MATERIALS AND METHODS

The philosophy of cognition is based on the prin-
ciples of dialectics, historicism, practice, cognisability,
objectivity and concreteness, which allows to reveal
the structure and peculiarities of the functioning of edu-
cational processes most fully [11-16]. Traditions and
innovations in architectural and construction science
and education, as a subject of research and analysis of
conditions for sustainable development of the construc-
tion complex, include the use of historical and systemic
method for holistic consideration of the current form of
socio-economic formation.

In historical retrospection, traditions and innova-
tions are interrelated with the creative potential and
scientific and pedagogical heritage of outstanding rep-
resentatives of architecture, construction science and
education [17, 18]. Among the predecessors that deter-
mined the location of the cornerstone in the foundation
of construction personnel training in PSTU, it is neces-
sary to highlight the creative contribution of scientific
schools and creative associations that ensure the conti-
nuity of the development of the construction industry at
different stages of the state structure.
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Industrialization in the Russian Empire

The development of industry, transport and com-
munications in the second half of the XIX century con-
tributed to the formation of specialized educational in-
stitutions for training architects and builders. In 1876,
the Central School of Technical Drawing (TSUTR) of
Baron A.L. Stieglitz was established by the rescript
of Alexander II. The first director of the TSUTR was
the brilliant architect M.E. Mesmacher. The names
of talented artists and architects are connected with
the School. The representative of the St. Petersburg
Art Nouveau style was an academician of the Imperial
Academy of Arts, professor of the A.L. Stieglitz School
of Technical Drawing. A.L. Stieglitz Technical Draw-
ing School and Kseniinsky Institute L.H. Marschner.
V.A. Nielsen, a graduate of the Institute of Civil Engi-
neers named after Emperor Nicholas I, was invited in
1901 to be the chief architect of Mariupol. The permit
for the construction of the city water supply system and
water tower (33 m high) according to the architectural
project of V.A. Nielsen was signed by the Prime Min-
ister of the Russian Empire P.A. Stolypin. At present,
V.A. Nielsen’s creation remains an architectural and
historical dominant of Mariupol.

Industrialization in the Soviet Union

In the 30s, institutes of civil engineering (ICE)
were established on the basis of engineering facul-
ties of technical universities. The formation of scien-
tific schools reflects the tasks of construction to create
an industrial base for the main branches of the econ-
omy and the restoration of the national economy. Sci-
entific and methodological basis for the formation of
the Department of STER of HEI PSTU became the ex-
amples of activity of scientific schools of Dr. M.M.
Zherbin (Kiev ICE) and Dr. M.M. Likhtarnikov (Ma-
keev ICE) in the period 1960-1990. The common de-
nominator for the formation of training requirements
was the close connection between science and produc-
tion.

M.M. Zherbin, a graduate of the Leningrad ICE,
started his labour activity at the Giproshakht Institute.
After the war, he organized the activities of the Cen-
tral Bureau of Shafts and Mine Equipment (CBSE) for
the restoration of coal mining enterprises in Donbass.
M.M. Zherbin was awarded the Stalin Prize (1948) for
his outstanding inventions and fundamental improve-
ments in production methods. Since 1948, M.M. Zher-
bin has been in charge of the activities of Zapadshakht-
proekt, then Ukrgiproshakht and UkrNIIproekt in Kiev.
Since 1967, he has been the Head of the Department of
Metal and Wooden Structures at the Kiev Engineering
and Construction Institute. The main directions of sci-
entific developments of Dr.Sc. Prof. M.M. Zherbin are
connected with the introduction of welding in the con-
struction of shafts, creation of universal cylindrical
over-mine and tower shafts. High-strength steels and
thin-walled shells were introduced, transport and dump
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bridges in mining industry were developed, methods of
reconstruction of residential buildings using light metal
structures were proposed.

Y.M. Likhtarnikov, a graduate of the Novosibirsk
ICE, started his career at the Novosibirsk Steel Con-
struction Plant as a designer, head of the production
preparation department, and chief engineer. In 1948,
he was appointed Chief Engineer of the Orsk Metal
Structures Plant of the Ministry of Heavy Construction.
From 1954 to 1956 — Chief Engineer at the Donetsk
Plant of Metal Structures. In 1956, he went to work in
Donetsk Polytechnic Institute as the head of the depart-
ment “Building Structures” created by him. The field
of scientific interests of Dr. Y.M. Likhtarnikov is con-
nected with the development of the theory of design of
economic structures, research of relations of structural
form, technology and labour intensity of metal struc-
tures manufacturing, development of methods of their
technical and economic analysis at the stages of design,
manufacturing and operation of construction objects.

The educational processes of traditional higher
school implied the improvement of forms and methods
of motivation of students’ knowledge quality, organiza-
tion of independent and scientific work, practical train-
ing at the enterprises of construction industry, targeted
training and distribution of graduates.

Deindustrialization

The crisis phenomena caused by the collapse of
the Soviet economic system led to significant damage
in the industrial sphere and caused negative conse-
quences for the development of construction science
and technology. Significant depreciation of fixed assets
caused the need for technological renewal and innova-
tive development of the main sectors of the economy
[19]. The methodology of setting and implementation
of the tasks of this study is related to the results of works
[20], carried out within the framework of the State Tar-
get Complex Programme (STCP) of the National Acad-
emy of Sciences of Ukraine “Problems of resource and
operational safety of structures, facilities and machines”
under the scientific leadership of Academician B.E. Pa-
ton. This allowed to develop new approaches to solving
the problem of resource saving, corrosion protection
by restructuring of safety technologies and formation
of coherent requirements, techniques and maintenance
procedures according to the actual state of industrial
facilities [21]. Thus, there is a need for the formation
of the educational component of technological safety,
aimed at ensuring sustainable development of enter-
prises, prevention of accidents of building structures
and facilities during modernization, reconstruction and
extension of service life.

Transition from the industrial “resource” model
to post-industrial development has defined as priorities
the tasks of innovative transformation in all spheres of
economy, industry, science, education, culture and art.
In the conditions of limited resources of state support

of universities, the main tool for the creation of profile
construction education in the structure of PSTU became
the programme-target method, establishing the princi-
ples of management of the infrastructural environment
“science — education — business”. Strengthening of in-
terrelation of traditions and innovations was promoted
by joining efforts in the sphere of ensuring technological
safety at the objects of metallurgical, machine-building,
coke-chemical and mining-ore industries of Donbass.
Linking together the goals and resources of science,
education and production was carried out at the joint
extended meeting of the Donetsk Scientific Centre of
the National Academy of Sciences and the Ministry of
Education and Science of Ukraine “Status and meth-
ods to ensure technological safety in the main sectors
of the economy of Donbass” with the participation
of interested specialists of production and business
(Donetsk, 19 May 2009).

Based on the results of the problem discussion,
a set of measures aimed at improving management
technologies for solving the problems of maintaining
and restoring the serviceability, technological renewal
and reconstruction of industrial facilities in Donbass
was proposed. The transition from functional to pro-
cess management of the issues of quality assurance,
reliability and safety of structures and facilities became
possible due to the development and implementation of
technical regulations (enterprise standards).

In construction science, the high level of hazard
of production processes in design is taken into ac-
count by structural safety measures, taking into account
the provisions of the concept of limit states and selec-
tion of design situations with the most unfavourable ef-
fects during the design life of structures. The words of
English poet and playwright W. Shakespeare should be
considered as the most important priority of the theory
of cognition and management in the field of technologi-
cal safety: “The key to successful leadership is to see
the multivariability of the future, the ability to envisage
the darkest scenarios”.

The main scientific result of the programme-tar-
geted justification of technological safety resources is
associated with the development of the infrastructural
model of interaction “science — education — business”
and the formation of limit state criteria for reserving
corrosion protection of steel structures and facilities.
The essence of the innovative potential of corrosion
protection is determined by the capabilities of the sys-
tem of corrosion protection of structures to meet the re-
quirements of technological safety taking into account
the acceptable risk [22, 23].

RESEARCH RESULTS

The programme-targeted approach in the manage-
ment of technological safety in the main branches of
Donbass economy is connected with the involvement
of resources of science, education, production and
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business for the step-by-step implementation of tasks
of information, methodological, normative-technical,
organizational, qualification support of accident-free
operation and identification of risks of technical and
economic protection of fixed assets of enterprises.

The pragmatism of the proposed infrastructural
model of interaction “science — education — business”
consists in achieving the final result:

* science — scientific and technical support, mon-
itoring and risk diagnostics, justification of resource-
saving materials and development of information tech-
nologies;

* education — updating of curricula, professional
development in the introduction of innovative technol-
ogies;

* business — resource provision and reduction of
investment risks of industrial facilities on the basis of
engineering protection technologies and technological
safety management.

The works of the scientific school of Prof.
Y.M. Likhtarnikov, the formation of which in Donbass
is connected with the 60-70 years of the last century
[24, 25], are devoted to the solution of the problem of
technical and economic substantiation of parameters of
serviceability of construction objects, based on the con-
ditions of operation, reliability and durability. Candi-
date’s thesis on the topic “Labour intensity of manu-
facturing of steel structures of industrial buildings and
the methodology of its determination” was prepared
by engineer Y.M. Likhtarnikov under the guidance of
Prof. N.S. Streletsky. In 1968, Y.M. Likhtarnikov de-
fended his doctoral dissertation on the topic “Influence
of structural form and technology on the labour input
of steel rod structures manufacturing”. The essence
of the formed methodical approach reflects the basic
quality indicators of steel structures. The conducted re-
search of construction coefficients allowed Prof. Y.M.
Likhtarnikov to develop an integral structure of quality
indicators ranks (their weight coefficients).

The problem of technical and economic security
of industrial facilities is focused on in the works of
the Donbas Centre for Technological Safety (DonTsTB,
Makeyevka) of the Ukrainian Institute of Steel Struc-
tures named after V.N. Shimanovsky [21, 26]. At
the same time, it is proposed to assess the serviceability
of building steel structures on the basis of modern qual-
itology using models and algorithms of risk-diagnostics
of structures and facilities [27].

The use of qualimetric characteristics to man-
age technical and economic security, according to
the HAZOP (HAZARD & OPERABILITY) procedure
and IEC/ISO 31010 risk management norms, reduces
the influence of the “human factor” and allows making
decisions based on the procedures defined by the safety
regulations of industrial facilities. The methodology
of registration estimation of risk level by indicators of
technical and economic security is used at development
of information-analytical database “Resource”, which
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composition and functions are regulated by provisions
of “Integrated system of quality management, ecology
and labour protection” of enterprise standard 101C-6.3-
05-2007 “Provision of technological safety at operation
of building structures of buildings and constructions” of
Private Joint Stock Company (PAO) “Donetskstal-met-
allurgical plant”. Realization of the process approach
to technological safety management is made at the ob-
ject level for structures of buildings and constructions
of Public Joint Stock Company (PAO) “Azovstal Iron
and Steel Works”. Management technology of emer-
gency situations prevention is built on the basis of risk
assessment taking into account the levels of vulner-
ability and threats, survivability and maintainability at
maintenance of facilities according to the actual state.
Thus, the necessary conditions for building a vertically
integrated safety management system for structures and
facilities of industrial facilities based on ISO 9001 man-
agement principles are provided.

The innovative nature of the provisions defin-
ing the management of technological safety allows to
actualize educational and professional programmes
for students of construction specialties. Programme-
targeted management creates additional incentives for
the expansion of competences and personality-oriented
training and retraining of personnel, taking into account
the educational and methodological, scientific base and
production contacts of SEC “Technoresurs”.

The infrastructural model of interaction “science —
education — business” has been involved in the activi-
ties of the STER department in professional develop-
ment in the issues:

» scientific and technical support of structural and
building resource problems, development and imple-
mentation of enterprise standards regulating technolog-
ical safety, monitoring of building structures of build-
ings and structures;

« information technologies for analyzing the tech-
nical condition and decision-making on measures of
technical and economic protection of industrial facili-
ties.

The role and significance of the contribution of
the mentors of SEC “Technoresurs” are invaluable, in-
cluding:

Yuri Borisovich Vysotsky — specialist in the field
of physical chemistry, quantum-chemical calculations,
Doctor of chemical sciences (1985), Professor (1989).
The field of scientific interests is connected with
the development of new quantum-mechanical models
in theoretical chemistry, calculation of thermodynam-
ic characteristics of clusters on the interface. Applied
area — corrosion protection of building structures, en-
vironmental protection and waste utilisation.

Viktor Mikhailovich Klykov — civil engineer, spe-
cialist in the field of building metal structures, Candi-
date of Technical Sciences (1960), Associate Professor
(1962). Under the supervision of Dr. Sc. of Engineer-
ing Sciences, Professor A.l. Kikin, with consultations
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of Dr. Sc. of Engineering Sciences, Professor E.N.
Lessig and Corresponding Member of the Academy of
Sciences, Dr. Sc. of Engineering Sciences, in 1960 he
defended his PhD thesis “Investigation of the work of
support rings of large diameter pipelines”. The field of
scientific interests is related to the study of the actual
work of rod structures made of bent closed profiles.

Alexander Andreevich Ryzhenkov — civil engi-
neer, specialist in the field of building metal structures.
Candidate of Technical Sciences (2009). His labour bi-
ography began as a roller (1970) at the Donetsk Plant
of Metal Structures (now PAO “Construktsiya”). In
the period from 1980 to 2014 — foreman, shop man-
ager, chief technologist, chief engineer, director of PAO
“Construktsiya”. Area of scientific interests is related
to the improvement of technological preparation of
production, assessment of compliance of corrosion re-
sistance and durability indicators, introduction of new
means and methods of corrosion protection.

Yuriy Vasilyevich Filatov is a specialist in the field
of building metal structures. Honoured Industrial
Worker of Ukraine (2005), Candidate of Technical Sci-
ences (2008), Laureate of the State Prize of Ukraine in
the field of science and technology (2013). Graduated
from Makeyevka Construction College, specializing in
Construction and Operation of Buildings and Structures
(1974). He was in the management of one of the largest
industrial groups of the country — the concern “En-
ergo”, headed in recent years the supervisory board of
the company “Donetskstal”, made a huge contribution
to the construction and modernization of objects of
metallurgical, coke and chemical and mining industries.
His area of scientific interests included anti-crisis man-
agement of technological safety measures and exten-
sion of residual life of structures, risk assessment of re-
pairability indicators and post-repair bearing capacity.

Programme-targeted development of technologi-
cal safety measures was carried out on the basis of iden-
tifying priorities of interaction of participants, scientific
and technical support of the problems of the resource
of industrial facilities. During 2009-2015 with the par-
ticipation of the teaching staff of the STER department,
scientific and technical activities were carried out:

* coordination meeting “Technical regulation of
quality and safety in manufacturing, installation, op-
eration and reconstruction of structures, constructions,
equipment and engineering networks” (11-12 Novem-
ber 2009, Mariupol, PSTU);

* coordination and methodological meeting “For-
mation of a unified system of training of specialists in
the field of technological safety of buildings and struc-
tures in the main sectors of the economy of Ukraine”
(01 June 2010, Kiev, KNUCA);

 meeting of the Regional Committee on Economic
Reforms under the Donetsk Regional State Administra-
tion “Ensuring technological safety and corrosion pro-
tection in civil and industrial spheres of the economy

of Donbass” (02 September 2011, Donetsk, Regional
State Administration);

« international Scientific and Practical Confer-
ence-Exhibition “Donbass—Resources—2011. Quality
and Safety in Construction”, dedicated to the 100th an-
niversary of the Honoured Worker of Science and Tech-
nology of Ukraine Prof. Mikhail Mikhailovich Zherbin
(19-23 September 2011, Mariupol, PSTU);

* joint meeting of the Council of Donetsk Sci-
ence Centre and Western Science Centre “Prospects
for Sustainable Regional Development: Overcoming
Economic and Technogenic Threats” (11 October 2012,
Severodonetsk);

« international scientific-practical seminar “Inte-
grated approach to ensuring technological safety and
quality of corrosion protection of fixed assets of indus-
trial enterprises: national standards and world experi-
ence” (24 September 2013, International Institute of
Entrepreneurship of Donetsk Chamber of Commerce
and Industry).

In 2015, the Chair of STER was reorganized into
the Chair of Architecture (Head of the Chair, Doctor of
Technical Sciences, Prof. A.N. Gibalenko). The educa-
tional opportunities of the department have been signif-
icantly expanded due to the licensing and accreditation
of new architectural specialities.

The activity of SEC “Technoresurs” provided
preparation and defence of two candidate and one doc-
toral thesis. Teachers of the department and researchers
of the SEC “Technoresurs” took part in international
conferences and congresses, which were held in Hun-
gary, Great Britain, Germany, Spain, Italy, Poland, Por-
tugal, Russian Federation, Slovakia, Turkey, Ukraine,
Finland, France, Czech Republic.

The advantages of the programme-targeted ap-
proach made it possible to implement the infrastructural
model of interaction “science — education — business”
taking into account the management and planning ca-
pabilities of all participants of the SEC “Technoresurs”.
The preservation of traditions and introduction of in-
novations in educational programmes ensured the im-
provement of teaching and methodological develop-
ments and preparation of two textbooks on the course
of steel structures [28, 29].

Approval by the President of Russia of the Federal
Law of 17.02.2023 No. 19-FZ provides mechanisms for
the integration of education and science of new sub-
jects in the educational space of the Russian Federation.
The renewed structure of PSTU after registration with
the Ministry of Education and Science of the Donetsk
People’s Republic includes the Department of “Con-
struction, Architecture and Design” (Head of the De-
partment, Candidate of Technical Sciences, Associate
Professor E.N. Sorochan), which will continue the tra-
ditions of construction science and education of PSTU
in the new realities.
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CONCLUSION AND DISCUSSION

The analysis of educational traditions and innova-
tive nature of science and construction technology de-
velopment on the principles of historical and systemic
approach indicates the need to form the integrity of
university knowledge to ensure sustainable develop-
ment of regional management and production structure.
The priorities of scientific research in the field of con-
struction are inextricably linked to the economic trends
of industrial growth of the regions. Identification of
the needs and focus of developments in the process of
scientific and technical cooperation creates incentives
for motivation and expansion of educational compe-
tences and personality-oriented training of personnel
in the construction industry. An important condition for
the progressive development of the target orientations
of architectural and construction education programmes
is to achieve a balance of interests based on the continu-
ity of traditions and adaptation of innovations, taking
into account the real requirements of the competitive
environment in the construction complex.

To update educational programmes and conduct
scientific research at the Department of “Construc-
tion, Technical Exploitation and Reconstruction” of
PSTU the principles of programme-targeted manage-
ment reflecting the specifics of training students of
construction specialties, as well as continuing educa-
tion in a multidisciplinary polytechnic university have
been applied. The forms and methods of structural and
functional interaction between the STER department
as a traditional university unit, innovation centres of
the “Technoresurs” and “Career Centre” of PSTU with
the involvement of mentoring technologies in science
and technology are substantiated. The effectiveness
of the presented infrastructural model “science — edu-
cation — business”, taking into account the goals and
objectives of sectoral and regional development, is
confirmed by the results of implementation in the edu-
cational process, postgraduate education and training of
higher qualification personnel.

As an example of creative interaction between
education, science and production, the conditions of
setting and implementation of tasks defined by the sec-

toral and regional component of the state programme
“Resource”, developed on the initiative of Academician
B.E. Paton, are considered. The theme of problematic
issues is focused on the peculiarities of post-industrial
development in the period 2010-2020, associated with
the limited material and investment resources of indus-
trial enterprises. In such conditions the threats of man-
made risks increase, it is necessary to implement anti-
crisis measures in the field of resource conservation and
technological safety, personnel support of management
and construction processes in the modernization, recon-
struction and extension of the service life of existing
production complexes.

It is established that ensuring technological safety
at the object level is associated with the regulation of
methods of programme-targeted management of the re-
liability of structures and facilities. The methodological
approach to risk assessment of technical and economic
protection of objects taking into account qualimetric re-
liability indicators is substantiated. At the same time,
the solution of practical problems of resource saving
and corrosion protection is associated with the applica-
tion of technical regulations for assessing quality, reli-
ability and safety throughout the life cycle of industrial
facilities.

In conclusion, it should be noted that the sustain-
able development of enterprises in modern conditions is
inextricably linked with innovative activities in the field
of resource conservation and accident-free operation of
buildings and structures. The problem of technological
safety and durability of fixed assets is significant for
training specialists of metallurgical, machine-building,
chemical and other branches of industrial production.
The introduction of innovations is of particular impor-
tance for digital modelling programmes and platforms
for project management of technical and economic
security using information resources. Thus, ensuring
the quality, reliability and safety of structures and fa-
cilities of industrial facilities should be considered as
a basic element of the management system, including
organizational and technical innovations in education
and life activities of enterprises using the methods of
digital economy.
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OnsIT (POPMUPOBAHUA HAYYHOI'0 ANMAPATA U CTPYKTYPbI
KAHIUIATCKOU JUCCePTALMH

AHreqnna BaaaummuposHna 3aropckas, Asapuii AOpamosny Jlanuayc
Hayuonansnwiii uccnedosamenvcxuit Mocko8ckuil 20¢y0apcmeentslil Cmpoumebtblil YHUGepcumen
(HAY MI'CY),; 2. Mockea, Poccus

AHHOTALMUA

BBeneHue. PaccmatpuBatotcsi TpeboBaHWs K KaHAUAATCKON AVccepTaumum B COOTBETCTBUM ¢ MNocTaHoBneHnem Mpasutens-
ctBa P® v rocyaapcTBeHHbIM CTaHAAPTOM, B YHaCTHOCTM BOMPOCHI B YacTy (hOPMUPOBaHMS Hay4HOro annapara, ¢ KOTopbIMU
CTanKvBalTCA acrnupaHTbl Ha Pas3nu4HbIX dTanax HanucaHus aucceptauun. ObpallaeTca BHUMaHWe Ha HeobXxoanMocTb
NCXOANUTb M3 0COBEHHOCTEN Hay4HON LUKOIbl U TpeboBaHM AuccepTaumoHHoro coBeTa. OnucbiBaeTCst onbIT (hopMUpoBa-
HMS Hay4YHOro annapaTa KaHaugaTckow AuccepTauum no cneymnansHocTn 05.02.22 «OpraHusaums nponssoacTsa (CTpou-
TenbCTBa)», OCHOBAHHBIV Ha NMPUHLMMNAX U NOAXo4ax Hay4YHOro pykoBOAUTENS, npodyeccopa, JOKTOpa TEXHUYECKUX HayK
A.A. Ilannpyca, npMBOAATCA MPUMEPbI B YacTW Hay4HbIX crneunanbHocTen 2.1.14 «YnpaBneHnne X1U3HEeHHbIM LMKIIOM 06b-
€KTOB cTpouTenbCcTBay, 2.1.7 « TeXHONOorns U opraHvM3aunsi CTpoMTENbCTBay.

Matepuanbl U mMeToAabl. [Ans hopMynMpoBaHWsA pPeKkOMeHAaLUWi BbIMOMHAIOTCA 0630p nmuTepaTypbl, cucTemaTmaauuns
1 0606LeHNe onbiTa NPOBEAEHNS HAYYHOTO NCCNeA0oBaHNS Y MOATOTOBKY AMCcepTaLmm, ANs HArMSAHOCTY U AeMOHCTpaLm
npeanoXeHHbIX NOAX0A0B PeKOMeHAALMM CONPOBOXAAIOTCS MPUMEPOM (DOPMUPOBAHWS HAyYHOro annapara Ans BbIMblLL-
TNIeHHOW 1, BEPOATHO, HEBO3MOXHOW KaHAWMAATCKON AnccepTauum.

Pe3ynkTathl. [pnBoaaTcs pekomeHaaumm no hopMypoBaHMio Hay4YHOro annapara, BKMoYaloLme nocneaoBaTeribHoCTb pa-
00TbI, BLIGOP TeMbI UCCNEAOBaHMS, MOCTAHOBKY Hay4YHOW 3aJadqu, onpedeneHue Luenu u 3agad nccnefoBaHus, nnaHmpo-
BaHWe pe3ynbTaToB MCCIedOoBaHUS U UX HayYHOW HOBU3HbI, TEOPETUYECKOW U NPaKTUYECKON 3HAYUMOCTW pe3ynbTaToB
nccnenoBaHusi, oOpMUpoBaHMe CTPYKTYPbl HayYHO-KBannduKaumoHHoOM paboThbl.

BbiBoAbl. PaccMOTpeHHBIN OnbIT co3A4aHns Hay4HOro annapara KaHaAMAaTCKoW AnccepTaumn MOXET NPUMEHSTLCS NPy Npo-
BeJEeHVN Hay4YHOro NCCrefoBaHust n OPMMPOBaHNN HAYyYHO-KBanNmnMUKaLIMOHHOW paboTbl MO pasfnyHbIM HAaY4YHbIM CreLm-
anbHOCTSM.

KNMOYEBBIE CINIOBA: kaHoupaTtckas AuccepTaumsi, HayYHbl annapat, TemMa MccrnegoBaHusl, NocTaHOBKA 3adad uc-
crnefoBaHusl, HaydHasi HOBM3HA, TeopeTnYecKas 1 npakTuyeckasi 3Ha4MMOCTb, TEXHOMOMMU 1 OpraHu3aLms CTPOUTENbHOMO
NpOon3BOACTBa

OnA UMATUPOBAHWUA: 3azopckas A.B., Jlanudyc A.A. OnbiT hopMUPOBaHNS Hay4yHOro annapaTta U CTPYKTYpbl KaH-
ounpatckon gucceptaumm // CTponTenbCTBO: Hayka M obpasosanue. 2023. T. 13. Bein. 3. Ct. 8. URL: http://nso-journal.ru.
DOI: 10.22227/2305-5502.2023.3.8

Asmop, omeemcmeeHHbIl 3a repenucky: AHrenvHa BnagumvposHa 3aropckas, lina.zagorskaya@gmail.com.

Experience in forming the scientific apparatus and structure of PhD thesis

Angelina V. Zagorskaya, Azariy A. Lapidys
Moscow State University of Civil Engineering (National Research University) (MGSU),
Moscow, Russian Federation

ABSTRACT

Introduction. The article discusses the requirements for PhD thesis in accordance with the Decree of the Government
of the Russian Federation and the state standard. The authors consider the issues regarding the formation of the scientific
apparatus, which graduate students face at different stages of the dissertation writing, and draw attention to the need to
proceed from the peculiarities of the scientific school and the requirements of the dissertation council. It also describes
the experience of formation of the scientific apparatus of the PhD thesis on speciality 05.02.22 “Organization of production
(construction)”, based on the principles and approaches of the scientific supervisor, professor, Doctor of Technical Sciences
Lapidus Azari Abramovich, examples are given in the scientific specialities 2.1.14 “Management of the life cycle of construc-
tion objects”, 2.1.7 “Technology and organization of construction”.

Materials and methods. To form recommendations, a literature review, systematization and generalization of experience
in conducting scientific research and preparing a dissertation are performed; for clarity and demonstration of the proposed
approaches, the recommendations are accompanied by an example of the formation of a scientific apparatus for a fictional
and probably impossible PhD thesis.

Results. Recommendations on the formation of the scientific apparatus are given, including the sequence of work, the choice
of the research topic, the statement of a scientific problem, the definition of the purpose and objectives of the research,
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the planning of the research results and their scientific novelty, the theoretical and practical significance of the research
results, the formation of the structure of the scientific qualification work.

Conclusions. the experience of formation of the scientific apparatus of PhD thesis considered in the article can be used in
conducting scientific research and the formation of scientific qualification work in various scientific specialties.

KEYWORDS: PhD thesis, scientific apparatus, research topic, statement of the research task, scientific novelty, theoretical
and practical significance, technologies and organization of construction production
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BBEJIEHUE

OcCHOBHBIC TPeOOBaHUS K KaHIUIATCKOH AHCCepTa-
1 nipuBeieHsl B [locranosnennu [Ipasurensctea PO!,
B KOTOPOM YCTAQHOBIICHO, UTO «QUCCepmayus Ha COUCKA-
HUe YYeHOU CMeneHu KaHOUOama HAyK OONNCHA Oblmb
HAYYHO-K8ATUDUKAYUOHHOU pabomot, 8 KOmopoll co-
0epoicumcst pewienue HayyHou 3a0aqu, umeroueli 3Ha-
yeHue O pA3BUMUS COOMBEMcmeyoujeli ompaciu
3HAHUL, TUOO U3NONCEHbl HOBblE HAYYHO 0DOCHOBAHHbLE
mexHuuecKue, MmexHono2udecKue Ul uHbvle peuleHus
U paspabomku, umerowue cyueCcmseerntoe 3Havenue 0is
passumus. cmpansly. [Ipu 9TOM Jwiccepranyst JOJDKHA
OBITH HamMcaHa aBTOPOM CaMOCTOSTENBHO, 00NanaTh
BHYTPCHHUM CIITHCTBOM, COJICPKATh HOBBIC HAy4YHEIC
pe3yJIbTaThl U MOJIOKEHUSI, BBIABUIACMbBIC JJIsI ITyOJIIY-
HOW 3aIllUTHI, U CBUACTEILCTBOBATH O JIMYHOM BKIIAJIC
aBTOpa IUccepranuu B HayKy. Kpome Toro, B muccepra-
LMY, UMEIOUIeH NPUKIAJHON XapakTep, JOJKHBI IpHU-
BOJUTHCSI CBENICHHUS O MPAKTHYCCKOM HCIONB30BaHUM
MOJIYYCHHBIX aBTOPOM AMCCEPTAIMH HAYYHBIX PE3YIlb-
TaroB. [IpemioKeHHbIE aBTOPOM JUCCEPTAIIH PEIICHHS
JIOJDKHBI OBITh apIyMEHTHPOBAHBI U OIICHCHBI IO CpPaB-
HEHHUIO C IPYTUMHU U3BECTHBIMU perieHusIMA. OCHOBHEIC
HAyYHBIC PE3yJIbTaThl AUCCEPTAIMH JIOJDKHBI OBITH OITy-
OJMKOBAHEI B PEIICH3NPYEMBIX HAYIHBIX H3IAHUIX.

TpeboBaHuUs K CTPYKTYpE U IpaBuiIa 0hOpMIICHUS
JUCCEepPTaluu ¥ aBropedepara MPUBEACHBI B TOCyIap-
CTBEHHOM CTaHIapTe?, KOTOPBII COMEPIKUT B TOM YHCIIE
TpeOOBaHUS K CONCPIKAHUIO U TICPEUHIO CTPYKTYPHBIX
QIIEMEHTOB JHICCEPTAIINH, TAKIX KaK: BBEICHNE, OCHOB-
Hasl 9acCTh, 3aKIIFOUCHHE, a TAKXKE JCTATU3UPYET Tpedo-
BaHUS K COJICPKAHUIO BBEACHUS TUCCEPTAIINN B YACTH:
AKTYaJIbHOCTH TEMBI HCCIICAOBaHMSA, CTEIICHH e¢ pa3pa-
OOTaHHOCTH, 1ICJISIM, 33]a9aM, HAyYHOH HOBU3HE U T.1I.

BrrmmeykasanHble TOKyMEHTHI HE COAEpIKaT OTBe-
TOB Ha BOIIPOCHI, C KOTOPBIMHU CTAJIKUBAFOTCS ACITUPAHTHI
Ha Pa3NUYHBIX dTanax HaHUCAHUs HAydHOH KBawpuka-
LIMOHHOM paboTsl [1-5]: TpeGoBanmii K cTpyKType (KO-
JIMYECTBY IVIaB) ITUCCEPTAIUH, COCTABY U COICPIKAHHIO

! O mopsizike MpHCYKIEHHUsI yUeHbIX cTerereii : [locranoBneHne
[paButensctBa PO ot 24.09.2013 Ne 842 (pex. ot 11.09.2021).
URL: www.pravo.gov.ru

2TOCT P 7.0.11-2011. ducceprauus u aBropedepar auccep-
tauun. CTpykTypa u npasmia opopmienus : Been.01.09.2012.
M. : U3n-Bo crangaptos, 2012. 16 c.
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IIaB, TIOJTHOTE U (POPMYIIMPOBKAM OCHOBHBIX JIEMEHTOB
HAy9YHOTO amrapara AucCepTaru. OTo 00yCIOBICHO
TEM, 4TO JaHHBIC TPEOOBAHUSI HE PEIIAMEHTHPYIOTCS
Ha 3aKOHOJATENIbHOM YypoBHE. IIpu moxaroroBke auc-
cepTainyy IeJIeco00pa3sHo MUCXOAUTh M3 0COOEHHOCTEH
Hay4YHOHW IIKOJBI [6, 7], TpeOoBaHMI IHCCEPTAIMOHHO-
ro coera. Kpome Toro, momornp B (pOpMHpPOBaHUN Ha-
YUYHOTO arnrapara AUCCcepTalii MOTYT OKa3arh yueOHbIe
mocoOus u myonukamuu [8—19], a Takke HHTEpPHET-
pecypebr’, pa3paboTaHHbIC CIICIUATHCTAMHE U yYCHBIMH
C BBICOKOI1 KBann(uKaimei’.

[Mon nayunvim annapamom ouccepmayuu B CTaThe
MIOHUMAeTCsd IepedeHb I0CNIEeA0BaTeIbHO COBEpIlIae-
MBIX JIOTMKO-IIO3HABATENbHBIX JCUCTBUHN (omeparuil),
o0ecIieurBalOIIMX BBITIOJIHEHHE HccienoBanms. Hayu-
HBI amnmapar OpraHu3yeT IOUCKOBYIO AEATENbHOCTb
1 ynopsiounBaeT ee. OH BKJIIOYAEeT: MOUCK IIPOTHBOpPE-
YHs, BBIIBICHHE HAYYHOH 3a7a4d, ONpeesieHHe LeIH
HCCIIe/IOBaHMUsI; ONpe/iesieHne O0ObeKTa W TpeMeTa,
(bopMupOBaHe HAYYHO-TEXHHUYECKOW THIOTE3bl U 3a-
Jla4d MCCIEOBaHUs, ONPEAEICHHE METONOB UCCIIENO-
BaHUs1, HAYYHOU HOBU3HBI, TEOPETUYECKON U IPAKTUYE-
CKOHM 3HAYMMOCTH MOTYYEHHBIX PE3YIIBTATOB.

MATEPHWAJIBI U METO/JbI

PaccmotpeH ombIT (hopMHUPOBAaHUSI HAYYHOTO arl-
rapara KaHJUJaTCKOH JUCCepTaluy M0 CHEeHUAIbHO-
ctu 05.02.22 «Opranuzanyst Tpou3BOACTBA (CTPOH-
TEJIhCTBA)», OCHOBAHHBIA HA MPHUHIIMIIAX M IOIXO0/aX
HAay4YHOTO PYKOBOIMTENS, Ipodeccopa, IOKTOpa Tex-
Hudecknx Hayk A.A. Jlanmnyca. [IpuBeneHs mpuMeps
B YacTH HAy4HBIX CHEIHAIBHOCTEH, YTBEP)KICHHBIX
[Tpukazom MunooOpuayku Poccun® 2.1.14 «Ynpasne-

* Boponyosa H.C. Hayunast HoBH3HaA B juccepraiui. URL:
https://dzen.ru/a/Yu5V8aSqXWmK66pb

4 TTuieM KaHIUAATCKYFO UCCEPTaIIo ¢ ipodeccopom Jlarmmy-
com. URL: https://www.youtube.com/watch?v=k0oTW4Y Op08

* O0 yTBepIK/ICHUH HOMEHKJIATYPbI HAy4YHbIX CIICLHAIBHOCTEH,
M0 KOTOPBIM MPHCYKAAIOTCS y4€HbIe CTENEHH, U BHECCHHU
n3MeHeHnus B Ilonoxenue o coBere Mo 3aluTe AUCCEPTALUM
Ha COMCKaHHE YYeHOU CTEeNeHH KaHAWAaTa HayK, Ha COMCKa-
HHE YUeHOH CTeTeHN JOKTOpa HayK, YTBEPXKICHHOE PUKa30M
MunucrepctBa o0pasoBanus u Hayku Poccuiickoit denepa-
un ot 10 HostOps 2017 . Ne 1093 : Ilpuxa3 MunucrepcTBa
HayKl W BBICIIETO oOpasoBanust Poccuiickoit denepamim
ot 24.02.2021 Ne 118 (3aper: 06.04.2021 Ne 62998).
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HUE XM3HEHHBIM IHKJIOM OOBEKTOB CTPOUTEIHCTBAY,
2.1.7 «TexHonmorust U OpraHU3aLUsl CTPOUTEIHCTBAY,
KOTOPBIC TAKIKE MOT'YT 6bITI: MOJIC3HBI IPH MTOJATOTOBKE
pa60T 10 UHBIM HAaYy4YHBIM CIICIIUAJILHOCTAM.

Bce u3noxeHHBIC B CTaThe nmoaxoAbl U NpUHION-
IIbI IPUMCHECHBI ITPU MOATOTOBKE Hay‘{HO-KBaHI/I(bI/IKa-
HHOHHOM padoThl [20], HO A TOro 4yToOBI HamboJCe
HAIAIHO IPONEMOHCTPHPOBATh IMOAXOABI K (opmu-
POBAHHMIO HAyYHOrO armapara IUCCepTallMd U CKOH-
LEHTPUPOBATh BHUMAHHE Ha MPUHIMIIAX MTOCTPOCHUS
u popMynrpoBKax, He YIITyONIsasich B HIOAHCHI TIpodec-
CHOHAQJIHOW JIESTENFHOCTH, ONUCHIBACTCS IPOLECe
CO3/IaHUsI HAYYHOT'O ammapara JUisi BBIMBILUICHHOH H,
BEPOSITHO, HEBO3MO)KHOW KaHIMIATCKOH THCCEepTalUy
Ha TeMy «Pa3paboTka METOIOIOTHYECKUX PUHLIMIIOB
YBEIMYCHUSI CPOKOB CTPOUTEIBCTBA JKMIIBIX 3TaHHI.
Ji1st 5TOTr0 OBIIIM UCIOJIB30BAaHBI BBIMBIIIIICHHBIE (DAKTHI
W apryMeHTHl. BaKHO OTMETHTB, YTO MPU NPOBEACHUN
HCCIIeJOBaHUH HEOOXOANMO ONHPAThCsl Ha OOBEKTHB-
HBIC JJAaHHBIC M HayYHBIE (DaKTBI.

PE3VYJIBTATHBI HCCIEJOBAHMUA

Tema uccjie10BaHUSI M1 000CHOBAHHE
€€ AaKTYaJIbHOCTH

Kangmnarckas muccepranys B HEpPBYIO OYepenhb
HauMHAETCsl C MOMCKAa HAy4dHOH 3a7a4yu, UMEIOLIEH Cy-
IICCTBEHHOE 3HAYCHHUE /IS Pa3BUTHUS CTPAHBI, KOTOPAs
Oy#er pemarbcs aBTOPOM B paboTe, W OmpeneicHUs
TeMBI uccnenoBanus. s BeIOopa 1 000CHOBaHUSA aK-
TYaJbHOCTH TEMBI HCCIICIOBAHUS HEOOXOMUMO Chop-
MyJUPOBaTh OTBETHI Ha BOMPOCHI: YTO HCCIEAOBATH?

Tab6.1. 1. Boripocs! [u1st morcka TeMbl UCCIIET0BAHUS

[Touemy 3TO HYyKHO HcciienoBarh? 3adeM 3TO HCClie-
noBaTh? OTBETHI HA BOMPOCH MOTYT OBITH CHOPMYITH-
POBaHbI aBTOPOM KCXOJIsl U3 €ro npoh)eCCuOHAIBLHOIO
OIIbITa WJIX Ha OCHOBAHUHN NPEABAPUTEIILHO ITPOBCIACH-
HOTO JIUTEpaTypHOTO 0030pa. B Tabn. 1 mpexcraBieHs
BO3MOKHEIC (DOPMYIIMPOBKU OTBETA Ha MOCTABICHHEIC
BOIIPOCHI U IPUMEPHI OTBETOB.

W3 0TBETOB Ha MOCTABJICHHBIC BOMPOCHI (HOPMY-
JMpyeTcsi OOBEKT W MpEeIMET HCCIIEI0BaHus, I1e 00b-
eKTOM OyzeT Oosee o0Ilee U MIMPOKOE MOHATHE (TIPO-
LIECC WITH SIBJICHHE), & IPEIMETOM — OJIUH U3 aCIIeKTOB
paccMaTpuBacMoro o0bekTa. B cirydae BEIMBIIICHHOM
JCCePTalui 00BbEKTOM HMCCIISIOBAHMSI CITYIKAT HKUJIbIC
3[aHUs, & MPEIMETOM — YBEIHUYCHHUE CPOKOB CTpPO-
UTENbCTBA JKWIBIX 31aHuid. [locne onpeneneHust o0b-
eKTa M MpeAMeTa ucclieoBanus Gopmyaupyercs: Tema
uccnenoBanusi. [Ipu GOpMyIUPOBKE TEMbI MOXKHO PY-
KOBOJICTBOBAaThCS CIICAYIOIICH (hOPMYIION:

Tema = nponecc — npeaMer — 00bEKT — (METOJ).

Meton He sBISCTCS OOSI3aTCIBHBIM aTPHOYTOM
TEMBl HCCJICIOBAHUS, HO MOXKET OBITh YyKa3aH, CCJIH
OKa3bIBAaET CYIICCTBEHHOE BIUSIHUE HA CYTh BBITOJHSI-
emMoii pabotsl. [Ipu popMHUpPOBaHMH TEMBI UCCIICIOBA-
HUSI CJIEAYeT PYKOBOICTBOBATHCS MACIIOPTOM HAy4HOU
CIEIUATbHOCTH, HA OCHOBAHHH KOTOPOTO BBIMOIHSET-
sl mUccepTanuonHas pabora. B Ta0n. 2 mpuBeneHbI pe-
KOMEH/IAIIUH 110 BEIOOPY (hOPMYITHUPOBKH TEMBI HCCIIC-
IoBaHUs 1o cnenuanpHocTaMm 05.02.22, 2.1.14, 2.1.7.
[Ipu 3TOM HCCenoBaTesaeM JODKHA OBITh BBITOJHECHA
MPOBEPKA COOTBETCTBUSI BHIOPAHHON TeMbI MACHOPTY
HAYYHOW CICIIHATBHOCTH.

Bomnpoc DopMynupoBKa 0OTBETa

IIpumep orBera

Uro uccnenosars? | [lpouecc nium sBneHne

JKuiiele 3nanus

Hoquy 9TO HYXKHO

[MpuurHa HEOOXOMUMOCTH ero cymiectBoBaHus (0e3

B COBPEMEHHBIX YCJIOBHUAX JKWILIC 3IaHUsL

HCCIIeI0BaTh? npoiiecca A He OyZeT BO3MOXKEH nporiecc b) uin uame- | CTpOsTCS CIUIIKOM OBICTPO, 3aCTPOUIINKA
HEHHUE YCJIOBHH ero CyIIeCTBOBaHU (Ipoliecc A paHb- | HE YCIEBAIOT MPOJATh BCe KBAPTUPHI JIO 3a-
mre padoran 3(p(EeKTUBHO, HO YCIOBHS W3MEHHINCH | BEPIICHUS CPOKOB CTPOUTEIHCTBA
U IIPOLIECC HY’KIAETCSI B COBEPIICHCTBOBAHUH)

3a4em 310 ObocHOBaHHE HEOOXOOUMOCTH TpeoOpa3oBaHusa (4To | HeOOXOMMMO YBENIWYHTH COKPATUTh CPOKU

HCCIeoBaTh? HYXXHO CJ/IeNaTh, YTOOBI Iporiecc A CHOBa padboTai 3¢- | CTPOUTENbCTBA KHUJIBIX 3AaHUHA

(hexTHBHO)

Ta6a. 2. Pexomenganuu 1o BEIOOpY GOPMYIHPOBKH TEMBI HCCIIEI0BAHUS

KuroueBrie cioBa

ITouck TeMbl HCCIIETOBAHMS

Iacnopm cneyuansnocmu 05.02.22 « Opeanuszayus npou3eoocmea (Cmpoumenbcmea)»

[Ipouece [Ipunararensusie | CyliecTBUTENbHbBIE [Ipenmer OOBeKT Merton
Paspabomxa Hayunbix Ilpunyunos Veenuuenue Kunvle Ha ocnoge ... monenu
M Memoo OcHoB CpoKoe 30anus MeTozioM ...

OZIeNNPOBAHNE emooonocuYecKux
p OpraHu3auu Cmpoumenbemea MOJICTTUPOBAHHS
Cucremorexunyue- | [Ipon3BoacTBEHHBIX Ha ocHoBe BHenpeHns ...
OnrumMusanus
CKUX MIPOLIECCOB METOIOB
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Ipoooncenue mabn.

Kurouesrle cioBa

TTouck Tembl HUCCIIC/I0OBaHUsI

Tacnopm cneyuanvrocmu 05.02.22 « Opeanusayus npouzeoocmed (Cmpoumenscmea)»

[Ipouecc IIpunararensubie | CyuiecTBUTEIbHbBIC [Ipenmer OO0BeKT Meton
Hayuno- .
Crannapruszanus Mertoznos 3a cuer ... peleHui
OpTaHM3aMOHHBIX
VYandukanms [IpakTuueckux Pemenuii Ha 6aze ... meTona
OpraHu3anoOHHO-
Tunmzamnus OpraHu3alMOHHbBIX | TEXHOTOTHYECKHX -
petiennit
Crparerust
Texnonorndyeckux | Cpencts -
pa3BHUTHS
[loBbiIeHNE TexHuueckux - -
CoBepILeHCTBO-
BaHHE
Cuntes - - -
PazButue - — _

Ilacnopm cneyuanvrocmu 2.1.

14 «anasﬂenue HCUZHEHHBIM YUKTIOM 00veKkmos cmpoumenbemeda )

C ucrmonb30BaHHEM

TEXHOJIOTUH
Dopmanuzanus Teopernueckux ITonxonos
UH(POPMALIMOHHOTO
MOZEIUPOBAHUS
C ucnosiab30BaHUEM
TEXHOJIOTUH
ITocTanoBka Merononoruyeckux | 3agad
MaTeMaTH4eCKOro
MOJIEITUPOBAHUS
C UCroIb30BaHUEM
TEXHOJIOTUI
Cucremo- Metonos
Hccnenopanue ABTOMATH3AINN
TEXHUYECKUX pa3paboTKu
1 ONTHMH3ALUU
MPUHATHUS PELIEHUN
Ha ocHoBe nm¢poBoit
[IpoGnemHO- Buios HMHTEJUIEKTYaIbHOMN
dopmupoBaHue
OpPUCHTHPOBAHHBIX | 00ECTICUEHSI TTOJICPKKH TPUHSTAS
3¢ eKTHBHBIX penreHuit
Pazpabotka - Kpurepues
MopnenupoBanue - Mogeneit
ACTp A Ha ocnose ontumuszanuu
OnTumu3zanus - ANropuT™MOB (yHKIHOHMPOBAHHS
Cpencts 00BEKTOB KallUTaIbHOTO
N - OpraHusanuu CTPOUTEIILCTBA HA BCEX
JTanax ux ;KU3HEHHOTO
OpraHu3aioHHBIX
- - LUKITa
opm
- - Texnonoruit
IHacnopm cneyuanvnocmu 2.1.7 « Texnonoeus u opeanusayus cmpoumenscmear
Ha ocnoBe npumenenus
BBICOKOTIPOU3BOAUTEb-
IIpornosupoBanue | Texnonorumueckux |Ilapamerpos
HBIX CPEICTB MEXaHu3a-
WY U aBTOMATH3alu|
C npuMeHeHneM
Konkypenrtocno- MH(POPMALIHOHHOTO
Onrumusanus yP CucreMm tbop
COOHBIX MOZEIUPOBAHUS
1 ONTHMH3ALUU
[ToBbimenue .
HoBbix Texnonoruit —
3P PEKTUBHOCTH
Pazpabotka OpranuzaioHHbIX | MeTonoB -
CoOBepILEeHCTBO-
p [IporpeccuBHbIX Dopm —
BaHME
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Kurouesrle cioBa

[Touck TeMbl HUCCIICI0BaHUsI

Iacnopm cneyuanvnocmu 05.02.22 « Opeanusayus npouzsoocmed (Cmpoumenbcmea)»

[Ipouecc IIpunararensubie | CyuiecTBUTEIbHbBIE [Ipenmer O0BeKT Meton
Teopernueckoe
P Hayunbix IIponeccon -
HCCIIeIOBaHHE
DKCIepUMEHTAb-
Mertononornueckux | [Ipunnunos -
HOE HCCIIeIOBAHHE
CucreMoTexHuYe-
Ob6ocHoBaHKE HayunbIx ocHOB -
CKUX
- - CpencTB KOHTPOIIA -
- - Cnoco6oB _

Baxno ormerHTh, YTO BBIOOP (QOPMYIHPOBKU
TEMBbI HCCIICHOBAHNS IPEJOIPENEIACT €r0 Pe3yIbTaThl.
Ecin mpu BEIOOpE TEMbI HCCISIOBaHHS aBTOP 3aIlIaHHU-
poBasl pa3paboTKy «METOOJIOTHYECKUX TPHHIUIIOBY,
3HA4YUT IO pe3yJibTaTaM HCCJICAO0BAHUA JOJIKHbI 6I)ITb
pa3paboTaHbl UMEHHO METOOJIOTHYECKHE PHHIMIBL.
[Mostomy 1u1si HOPMYITHPOBAHHS TEMbI HCCIICIOBAHUS
PEKOMEH/TyeTCsl POAHATM3UPOBATh ONPEJIEIICHNS KaXkK-
J0T0 TOHATUA, NPUBCACHHOIO B IACIIOPTC Haquoﬁ
CIICIIMAIIBHOCTH, YTOOBI KOPPEKTHO YCTAaHOBHUTH BEKTOP
Oymyuielt padoTsl. OnpenesieHns: NOHATHH PEKOMEH/Ty-
€Tcd U3y4darb, PYKOBOACTBYSCH CIELUAIU3UPOBAHHON
Hay4HOU JuTepatypoit [21].

ABTOpOM JHCCEPTALUH B PACCMATPUBACMOM IIPH-
Mepe 10 pe3y/braTaM JaHHOTO aHalu3a ObLIO IPUHATO
pelIeHne o cieayromel (GopMyIHpPOBKE TEMBI HCCIIe-
noBaHus: «Pa3paboTka METOTOIOrNYSCKHX IIPUHLIUIIOB
YBEIMYCHUS CPOKOB CTPOUTEIIHCTBA KHJIIBIX 3MaHUNY.

[Mocie ompesieneHust TeMbl HEOOXOMUMO MEpEHTH
K 00OCHOBaHHIO €€ aKTyaJIbHOCTU IyTeM IPOBEICHHUS
JUTEpaTypHOro o63opa. [1o pe3ynbraraM JTuTeparypHo-
ro 0030pa TeMa MOXKET ObITh YTOUHEHA, OTHAKO OTIpe/Ie-
JICHUE TEMbI HCCIICIOBAHUS JIO TIPOBE/ICHHS JIUTEPATY -
HOTO 0030pa 11eJIeco00pa3Ho, TaK KakK MO3BOJISIET Oojice
3¢ PeKTHBHO paboTaTh ¢ UCTOYHIUKAMHU HH()OPMAIIHH.

Hcxonst u3 tpeboBanumii', TeMa UCCIEIOBAHUS aK-
TyasbHa, eCI:

* 00J1a/IaeT HOBHM3HOW (B HACTOSIIMNA MOMEHT
He pa3paboTaHa u He pa3pabaTbiBaeTcs);

* UMeeT 3HaueHHE JUIst O0IIECTBA UIH OTPACIIH;

* 3aTparMBaeT Ha3PEBIINE B IPAKTUKE MPOTHBOPE-
YHs, KOTOPbIE HE PEIIAlTCs 0€3 HAYKH.

PexoMeHauu 1Mo MPOBEACHUIO JTUTEPATYPHOTO
0030pa 1 BBIIBICHUIO «OEJBIX ISTEH» B CYIIECTBYIO-
[IUX HAYYHBIX MMOJXO/[aX MPEICTABICHBI B TA0I. 3.

Ta6a. 3. PexomMeHaIuy 1mo nNopsAKy MpOBEICHUS INTEPAaTypHOTO 0030pa

ITocranoBka BoOIIpoca

IIpumep pesynsrara
(Ut BBIMBIIIJICHHOH TEMBI JUCCEPTAIIAH)

Ulae 1. O630p numepamypsi Ha npeomen NOOMEEPHCOEHUS HOBUZHBL NeMbl UCCe008AHUS

AHanu3 UCTOYHHUKOB, B KOTOPBIX IIPEAMET
HCCIIEI0BaH YaCTUYHO WX GpparMeHTapHO

WBanoB paccmompen cmamucmuxy — 39 u3 39 3aCTpONIIMKOB HE YCIIEIH ITPO-
JIaTh KBAPTHUPHI B KUJIBIX 3[AHUAX JI0 3aBEPIICHUS CTPOUTEIBCTBA, HO He AHA-
JUBUPOBAT NPUHUHDL.

[leTpoB moKa3an, 4ToO U3MEHEHUE CPOKOB CTPOUTEIBCTBA JKMIIBIX 3[JAHUI OKa-
3bIBaeT BIMSHHE Ha BOSMOXKHOCTB MPOJAXU KBAapTHP, HO He pazpaboman me-
mooonoeutecKue NPUHYUNLL YBEITNICHNS CPOKOB

AHanu3 UCTOYHUKOB, B KOTOPBIX
TIPOBOJMIINCH CXOXKHE NCCICTOBAHMS
JIPYTOTo MpeaMera

CI/II[OPOB TIPOBEJI KOMIIUICKCHBIC UCCICAOBAHUA B YaCTH BO3MOXKXHOCTHU YBEJIN-
YEHU CPOKOB CTPOUTECIBCTBA MMPOU3BOACTBEHHBIX CKJIaA0B, OIHAKO HA UX OC-
HOBAaHHWHU HCJIB34 CACIAaTh BBIBOJbI O XKHMIIBIX 3JaHUAX

BrIBoz: (Kakue aclieKThl HE HAILIN
OTpaKCHUSI)

Takum obpasom, 00 Hacmosiyeco MOMEeHMA He NPOBOOUNUCH COOTBETCTBYIO-
IIMe WCCIIEAOBAHMS U He pazpabamvlédniucb METONOIOTHYECKHE TPHHIIMIIBI
YBEJIIMYEHUS CPOKOB CTPOUTENHCTBA KUIIBIX 3AaHUN

Llae 2. O630p aumepamypel Ha npeoment HeoOX0OUMOCIIU U 8AHXCHOCHIU THeMbL

ITouck oTBeTa Ha BOIIPOC «KOMY 3TO
HYKHO?»

B cooTBeTcTBUH C [ | Gomee 200 3acTpoiimukoB B Poccuu perynspHo craikuba-
FOTCSI C TPOOIEMOI TIPOTAKH KBAPTHP

ITonck OTBETa Ha BOIPOC «3a4eM ITO
HYXHO?»

B COOTBETCTBHH C [ ] IpoAaka KBapTHUP IMOCJIE 3aBECPUICHUSA CTPOUTCIILCTBA

MPUBOAUT K 3HAYUTCIIbHBIM y6I)ITKaM
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[TocTanoBka Bonpoca

IIpumep pesynsrara
(U1 BBIMBIIIJICHHOH TEMBI JUCCEPTALIH)

BsiBOJ 3aCTpONILMKH 3aUHMEPECOBaHbL B YBEITNUCHHH MIPOIOIKUTEIBHOCTH CTPO-
UTEIIBCTBA KUIIBIX 3[aHUI, Ymo no36oaum MAHIMH3UPOBATh YOBITKH IIPH
poJiaXke KBapTUP

Llae 3. Onpedenenue npomugopeyuil u NOCMAHOBKA HAYYHOU 3A0a4U
[IporuBopeune Heobxo0umocme yBeTHMIEHHS TIPOJOJKATEIEHOCTH CTPOUTEIBCTBA JKHIIBIX

«IIOTPEOHOCTD Ha NMPAKTHKE U OTCYTCTBHE
B HayKe» (TIpH HEOOXOIXUMOCTH, MOXKET
OBITH BBISIBIIEHO HECKOJIBKO IIPOTUBOPEUHIA)

3IaHAN U omcymcemeue COOTBETCTBYIOIINX METOAOJIOI'MYCCKUX IMTPUHITUIIOB

Hayunas 3anaua:
(comepKUT J1BE COCTABIISIONIHE!

TEOPETHYECKYIO M TIPAKTHYECKYIO)

Taxum 00pa3om, chopMHPOBAHBI TIEPBHIE IIEMEH-
TBI HAYYHOTO aIlliapaTa BEIMBIIUICHHON KaHIMAATCKOH
JMCCepTaluy: OOBEKT, IPeaMeT, TeMa HCCIEI0BaHNUS,
000CHOBaHHE aKTyaJbHOCTH BBIOpAaHHON TEMBI W Ha-
y4Has 3aJa4a, KOTopast MOKeT MPSIMO HE YIOMHUHATHCS
10 TEKCTY paboTHI, HO HEOOXOAMMa ISl ONPEIeTICHHS
LIeTH ¥ 33/1a4 UCCIICIOBaHUSL.

].leJ'll), rumnorTe3a u 3agavyu uccjaeaoBaHus

Jist Toro 4toOBI TEpelTH OT Hay4yHOH 3ajaun
K LIeTM U 3a/auaM HCCIEJ0BaHUs, HyKHO MOCJIEA0Ba-
TENBHO C(HOPMYIIMPOBATH OTBETHI Ha CIIEIYIOIINE BO-
MIPOCHI JJISL ONPEENICHHS LENIN UCCIEeJOBAHUS:

1. Kak nmeHHo Oyziet perieHa Hay4Has 3aa4a?

2. Yto HEoOXOAMMO cJenarb, YTOObl pa3perTh
BBISIBIICHHBIE IPOTUBOPEUHS?

Ha ocHoBaHuM 1iesu uccnenoBanus chopMyinmpo-
BaTb OTBETHI Ha CIEAYIOLIME BOMPOCHI AJS OIperese-
HUS 33/1a4 UCCIEIOBAHUS:

1. Uto nMeHHO OyJeT clieslaHo B TeOpuu?

2. YTo nMeHHO OyJIeT C/IeNIaHo JUIsl TIPAKTUKHU?

Pexomennanuu 1j1st OTBETOB Ha JTaHHBIE BONPOCHI
TIPUBEJICHBI B Ta0J. 4, TPUMEPBI OTBETOB JUISI BEIMBIIII-
JICHHOH JTUCccepTanyy — B TaoI. 5.

Taou. 4. PexoMeHIanuu 1Mo MIaHUPOBAHUIO TEOPETUICCKUX
1 PaKTHYECKHUX PE3yJIbTaTOB

MOoHO clienarb
IUTSE IPAKTHKH

MOoXHO clienarb
IUTSL TEOPUH

* BBecTu HOBOE TTOHSTHE ° Pa3pa60TaTL METOAUKY

* YTOUHHTH CyILECTBYIOLICE
MIOHSITHE

» OnpenenuTh CTPYKTypy

* Co31aTh/OTIOTHUTH
KJIaCCU(PUKALIUIO

* BbISIBUTB YCIIOBUSE

* BoisiBUTH hakTophl

* Pazpaborark 1 000CHOBATH
MOJICIIB/CUCTEMY/METOANKY
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U [IPaKTHYCCKHE
PEKOMEH/IAINH

110 €¢ NPUMEHEHHIO

* Pazpaborarb
MPaKTHYCCKHI MEXaHU3M/
HHCTPYKLHN/METONYECKIEC
PEKOMEH/IAINH

* Pazpaborars Mozies,
TOTOBYIO K pean3anin

Hayunas 3aoaua uccnedosanus 3axniodaemcs é pa3zpaboTKe METO0NOTHYe-
CKHUX MPUHIIUIIOB yBEIUUEHUS MPOAOKUTEILHOCTH CTPOUTENBCTBA HKUIBIX
37aHUH, Komopble no3601AM Pa3PelIUTh yKa3aHHbIE TPOTHBOPEUHS

Taou. 5. Pexomennanuu u npumep GopMUpOBaHHS LETH
uccneoBaHus (JUIsl BBIMBIIIUICHHOM TUCCEPTAIMH)

Haywnast 3amaga Hayunas 3adaua uccnedosanus
3akaouaemcs 6 pa3padoTke
METOIOJIOTNYECKHX MPUHIUIIOB
YBEIMYEHHUS TPOJOIDKUTEIFHOCTI
CTPOUTENILCTBA XKIIIBIX 31aHUH,
Komopbie no380/15m Pa3pelInuTh

YKa3aHHbIC TPOTUBOPCUUA

Uro mnanupyercs
[OJIyYUTh B TEOPUU

MeTOI[OJ'IOI‘I/I'-IeCKI/Ie TIPUHIUIIBI
YBEIIMYCHUSA ITPOAOJKUTCIIBHOCTH
CTPOUTEJILCTBA KUJIBIX 3):[aHPII>i

Yo nnanupyercs
MOy YHUTh Ha MPAKTUKE

Pexomennanmu a1t 3aCTpONIIMKOB,
KaK MIPUMEHSTh 3TU TPUHIHIIEI

3a cuer uero
[UIAHUPYETCS ITO
MOy YHTh

1. AHanu3 BHEIIHUX W BHYTPECH-
HHX ()aKTOPOB, OKa3BIBAIOIINX
BIIUSTHUE HA TIPOJIOIKUTETBHOCTD
CTPOHUTENLCTBA JKUIIBIX 31aHMUI.

2. Pa3paboTka MaTeMaTn4eckon
MOJIENTH 3aBUCUMOCTH MPOAOIKH-
TETbHOCTH CTPOUTENBCTBA HKUIIBIX
3[aHUH OT BHEHIHUX U BHYTPEH-
HUX (aKTOPOB.

3. Pa3paboTka METOAOIOTHYECKIX
MPHUHIUIIOB YBEITHMYECHHS TIPO-
JOJKATENBHOCTH CTPOUTENBCTBA
JKWJIBIX 30aHUNA

Ha ocHoBe ananm3a BHEITHAX

¥ BHYTPEHHUX (PaKTOPOB, OKa-
3BIBAIOIIVX BIIMSHAC HA MPO-
JIOJDKUTEIEHOCTD CTPOUTEIHCTBA
JKHJIBIX 3[JaHUH, pa3paboTaTh

# 000CHOBAaTh MaTeMaTHUIECKYTO
MOJIEIb 3aBUCHMOCTH TIPOJIOJIKH-
TEILHOCTH CTPOUTENIBCTBA HKUIIBIX
3[aHUH OT BHEIIHUX U BHYTPEH-
HUX (paKkTOpOB, pazpaborarh
METOIOJIOTNIECKHE TIPUHIIUIIEI
YBEJIMYEHHUS TPOJOIDKUTEIFHOCTI
CTPOUTEIILCTBA JKIIIBIX 3/1aHAIT

W COOTBETCTBYIOIINE MPaKTHYC-
CKHE PeKOMEHIAINN JUIS 3aCTPOii-
IIUKOB

Llens uccnenoBanus
(croBa B menu
COOTBETCTBYIOT TEME)




OnbIT pOPMMPOBAHUS HAYUHOrO annapara 1 CTPYKTYpbl KaHAMAATCKOH AuccepTaLmm

C. 147-164

[Tocie Toro kak ompesesieHa 1eib HCCIIET0BaHMs,
MOXKHO TepeiTH K (OPMHPOBAHMIO THUIOTE3bl (Hayd-
HO-TEeXHUYECKON THIOTE3bl) HMCCleoBaHUA. [umoresa
UCCIIEI0BaHUSI — DTO TpeOyloliee MPOBEPKU U J0Ka3a-
TEJILCTBA HAYYHOE MTPEAIOIOKEHUE, BBIIIBUTAEMOE ISt
OOBSICHEHHsI KaKuX-JIMOO IMPOIIECCOB, SBICHUH, pelie-
HUI Hay4yHBIX 33/1a4 ¥ rpoliem. Jlisi okazaTenbeTna
THIIOTE3bI ¥ [OJIyYEeHHs] Hay9HOTO 3HaHHs HEOOXOIUMO
MIPUBECTH TOCTOBEPHBIE (DAKTHI, HAYIHOE 0O0CHOBAHHE
1 9KCTIEPUMEHTAIIbHOE TOTBEPKACHHE THIIOTE3bI. Pe-
KOMEHJALUH 10 (JOPMUPOBAHHUIO THIIOTE3BI U TIPUMEP
MIPUBEICHEI B TA0M. 6.

Taou. 6. Pexomennanuu u npuMep GopMHUPOBAHUS
THIIOTE3bI HCCICA0BAHUS

I'nmoresa: IIpoodonsicumenvrocms  cmpoumens-

LIeJTb FICCIICAOBAHUS | CTNBA JHCUNBIX 30aHUll Oyoem ygenute-
(Yka3arsb 11eib) Ha, ecau OymyT BBISBICHBI (DaKTOPHI,
OyJleT JOCTUIHYTa, | OKa3bIBAIOLIME BIMSHUE HA IPOIOI-
ecu ... JKUTEIBHOCTh CTPOUTENBCTBA HKUIIBIX
3MaHni, pa3paboraHa M 00OCHOBaHa
MaTeMaTHyeckas MOJelb  3aBHUCH-
MOCTH HPOJIOJDKUTEIBHOCTH CTPOH-
TEbCTBA KUIIBIX 3AaHUIT OT BHEIIHUX
U BHYTPEHHUX (aKTOpPOB, pazpabdo-
TaHbl METOJOJIOTUYECKUE TIPUHIIUITBI
YBEJIMYCHHUSI  MPOAOIDKUTEIBHOCTH
CTPOMTENBCTBA JKHJIBIX 31aHUH U CO-
OTBETCTBYIOIHE MPAKTHYECKHE PEKO-

MEHJIAIAH JUTS 3aCTPOUIINKOB

Ha ocHoBaHumM cQoOpMyTHpOBAaHHONW T'MIIOTE3bI
MOYKHO OTIPEAETUTH TOCIEeI0BAaTeIbHBIC IITark K JOCTH-
YKCHUIO [IEJIA — 33]]a9H HCCIIeHOBaHMS. DOPMYIHPOBKY
KaXI0HM 3a/jauil MCCIIEOBaHMs PEKOMEHIYeTCs Mpe-
CTaBHUTD B BUJIC «UTO — KaK — 3a4eM», TaK KaK OAPOOHO
c(hopMyITUPOBaHHBIC 3a7a4H CYIIECTBEHHO OOJErYaroT
JAJIbHEHIIYI0 paboTy HaJ AUCCEpTAIlMeld W HE MO3BO-
JIIIOT OTKJIOHUTBCS OT OCTaBJIEHHOM 1enu. i mocra-
HOBKH 33J1a4 PCKOMCH]TyeTCsl OTBETUTh Ha CJICIYIOIIHEC
BOIPOCHI:

* Uro nccrenyro?

* KaxoBo coBpeMeHHOe cocTossHuEe?

» Kaknmu metomamu Oyny mccienoBars?

* UTO MOTy NpenoxKuTh?

* [Touemy 5TO MO3BOJMT YIYYIIHTH COBPEMEHHOE
cocrosiHue?

* KaxoBa pe3ynbTaTHBHOCTH?

o [Ipn kakux yCJIOBHSIX 3TO Oyaer paborarh
Ha TIpaKTHKe?

* Kro, T/1e ¥ KaK MOXKET IPUMEHSITH PE3YIBTaThI?

* YT0 MOYKHO TIOPEKOMEH/I0BATh MPAKTHKAM?

3amaun WCCIeIOBaHMUs PEKOMEHAyeTcs (hopMynn-
pOBaTh B COOTBETCTBUHU C THIIOTE30i HCCICIOBAHUS.
ITpu HEOOXOAMMOCTH Ha STOM dTare MOTYT OBITh YTOY-
HEHBI BCce paHee c(hOPMHUPOBAHHBIC IIEMEHTHI HAyIHO-
ro anmnapara auccepranuu. [Ipumep nepexona oT rumno-
Te3bI K 3a/1a4aM HCCIIEIOBAHMS ITPUBEICH B Ta0I. 7.

Takum 00pa3oM, B COOTBETCTBHU C TEMOU W Ha-
YUYHOH 3a1aueii chopMyIIMpOBaHbI LeJb, THTIOTE3a U 3a-
JTa9YH UCCIICTOBAHNS.

Tabu. 7. PeKOMeHZ{aHI/II/I U [pumep (I)OpMI/IpOBaHI/ISI 3aJa4 UCCJICJ0OBaHHs HAa OCHOBAHWH I'MIIOTE3bI JJIsA BBIMBIIILICHHOM

Aucceprauuu

l'unoresa

3amaun

TIpoooncumensHocms cmpoumeis-
Ccmea HCUNbIX 30aHull Oyoem yeenuuend,
ecau

3aoaua 1 (06was). [IpoBecTn aHAIM3 COBPEMEHHOW MPOIOKUTEIBHOCTH CTPOU-
TEJILCTBA JKUIIBIX 3AHUM, OTIPEIENIUTh IPOTHBOPEYHS U 000CHOBATH AKTYaIbHOCTh
TEMBbI UCCIIEI0BAHUS

Oy/yT BBISIBJICHBI (BHCIIIHUE U BHYTPCH-
HUE) GaKTOPHI, OKA3BIBAIOIINC BIUSHHIC
Ha IPOJIOJDKUTEIIBHOCTH CTPOUTENILCTBA
JKHJIBIX 3JJaHUH

3aoaua 2 (u3z ecunomeswvr). BpIsIBUTH BHENIHNE (DAKTOPBI, OKA3BIBAIOIINE BIMSHHE
Ha MPOIODKUTENIBHOCTh CTPOUTENILCTBA XKUIIBIX 31aHHH.
3aoaua 3 (uz cunomeswvt). BoIsBUTH BHYTpEHHUE (HAKTOPBI, OKa3bIBAKOIIIEC BIHSHUAC
Ha MPOJODKUTENILHOCTh CTPOUTENBCTBA KHIIBIX 3aHUN

3aoaua 4 (06was). Pazpaborarb 1 000CHOBATH METOIOTOTHIO HCCIICTOBAHUS

paspaboTaHa 1 000CHOBaHa MaTeMaTH-
YecKasi MOJIeIIb 3aBUCHMOCTH TIPOIOI-
JKUTEJIBHOCTH CTPOUTEIBCTBA JKUIIBIX
3[aHUii OT BHEIIHUX U BHYTPEHHUX
(axropos

3a0aua 5 (uz eunomeswt). OGOCHOBATH MaTEMAaTHYCCKYIO MOJCIb (COCTABIISO-
IIMe MOJICIIH) 3aBUCUMOCTH MPOJOKUTEILHOCTH CTPOUTEILCTBA JKUIIBIX 3aHUH
OT BHEIIIHHUX M BHYTPEHHHX (aKTOPOB.

3a0aua 6 (uz eunomeswv). Pa3zpaborarh MaTeMaTHYECKyH MOJCTbh 3aBUCHMOCTHU
MPOAOJIKHUTEIIBHOCTU CTPOUTEILCTBA KUIIBIX 3}131—114171 OT BHCIIHUX W BHYTPEHHHUX
(baxropos

paszpaboTaHbl METOIOJOIHIECKHUE TIPHH-
MBI YBETMYEHUS TIPOIODKUTEIBHO-
CTH CTPOMTEBCTBA JKHJIBIX 3MaHHUI

3a0aua 7 (uz eunomeswor). Ha 0OCHOBaHUH MOJEIH pa3paboTaTh METOMOIOTMICCKIE
NPUHIUIIBI yBeJ’II/I‘IeHPlﬂ POAOJIKHUTEIBHOCTU CTPOUTEILCTBA KUJIBIX 3JIaHHﬁ

U COOTBETCTBYIOIIUE MPAKTHUECKHE
peKOMEHIalU JUTsl 3aCTPOUIIKOB

3a0aua 8 (uz cunomeswvt). Pazpaborarh NpakTHUECKUE PEKOMCHIAIIUH IS 3aCTPO¥-
IIMKOB

3aoaua 9 (06was). OcymecTBUTH IPAKTHYECKOE BHEAPEHHE PE3YJIBTATOB UCCIIEI0-
BaHMUs (IOATBEPAUTH TUIIOTE3Y)
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CTpyKTypa OCHOBHO# 4aCTH JHCCEPTANMH

TpeboBaHusi K CTPYKTYpe U COJCPIKAHUIO BBE-
JCHHUS NTUCCEpPTAIlMU, a TaKXKe MPHJIOKCHUH K JUC-
cepTauuy MOAPOOHO M3JIMKEHBI B TOCYJapCTBEHHOM
crangapre’. Bo BBeleHUM JUCCEPTAILIMHA B TOM YHCIIE
HEOOXOAMMO TIOCIIE/IOBATEIbHO MPUBECTH BCE paHee
c(hopMHpOBaHHBIC AIEMEHTHI HAy4YHOTO ammapara.
CTpyKTypa OCHOBHOU 4acTH (POPMHUPYETCS C YUETOM
TpeOOBaHUI1 HAYYHOM IKOJIBI, B KOTOPOH BBIMOIHSACTCS
MOATOTOBKA AMCCEPTAIMH, B COOTBETCTBHH C 3a]adaMu
uccnenoBanus. B Tabn. 8 npuBeneH npuMep CTPYKTY-
PBI OCHOBHOM YaCTH JUCCEPTAIHH.

Kak BumHO M3 Tabn. 8§, comepkaHue IiaB, mapa-
rpad)oB M pe3yIBTaThl HCCIEIOBAHUS COOTBETCTBYIOT
MOCTaBJICHHBIM 33/1auaM. Camble BXKHbIC U3 MOJTyYeH-
HBIX PE3yJIBTaTOB JIOXKATCS B OCHOBY ITOJIOXKCHUH, BBI-
HOCHMBIX Ha 3armuTty. [locinemoBarensHoe GopMupoBa-
HHUE HAYYHOTO aIlapara «IIpeaonpeersieTy;: CTPYKTypy
JUCCEPTALMU U MO3BOJISICT UCCIICAOBATEIIIO HA paHHEM
JTare MOArOTOBKH JUCCepTaliu chOpMUPOBATH Ielie-
HATIPaBJICHHBIH IUIaH JalibHEHIIeH paboThI.

Taou. 8. [IpumMep CTPYKTYpbl OCHOBHOM YacTH JuccepTalun

TeopeaneCKaﬂ U NMPpaKTUHYe€CKad 3SHAYUMOCTDb
Pe3yabTaToB UCCIACT0BAHUS. Hay-masl HOBHU3HA

B TCOPECTUUYCCKYIO 3BHAUMMOCTD UCCIICAOBAHUS MO-
I'yT OBITh BKJIIOYCHBI BCE PE3YJbTAThl HCCIIEIOBAHUS,
KOTOpbIE BHOCSIT BKJIaJ B HayKy, B TOM YHCIIC PE3Yiib-
TaThl, KOTOPbIC HE BOILIM B IOJOKEHUS, BBIHOCHMBIC
Ha 3amuTy. Hanpumep, cieayroniye pe3ynbraThl: BbI-
SIBJICHBI (haKTOPBI, OKAa3bIBAIOILIME BIUSHUE; pa3pado-
TaHa METOJOJIOTHS; MOJTYyYCHBI MapamMeTpsl; pa3pabo-
TaHa U 00OCHOBaHa MareMaTH4ecKasi MOJieJib U HHbIC
PpE3yIIBTaTHL.

B nmpakTuueckyo 3HaUMMOCTb HCCIIEIOBAHHST MO-
I'yT OBITh BKJIIOYCHBI BCE PE3YJBTAThl HCCIIEIOBAHUS,
KOTOpBIE MOTYT OBITh ITOJIE3HBI JJIS TPAKTHYECKON J1esi-
TENILHOCTH, B TOM YHCJIC PE3YJIbTaThl, KOTOPbIE HE BOLI-
JIM B TIOJIOKEHHMSI, BEIHOCHMBIE Ha 3amuTy. Hampumep,
CIEIYIOIME PEe3yIbTaTsl: pa3pabOTaHbl PEILECHUs,
MPAKTUYECKHE PEKOMEHIALMH, aJlTOPUTM IPUMECHECHUS
W UHBIE PE3YNIBTATHI.

Hay4nast HOBH3Ha nccienoBaHus GopMyIpyeTcst
10 Ka)XXJJOMY M3 TOJIO)KEHHH, BHIHOCHMBIX Ha 3aIlUTY.

Homep [lonoxenus, BBIHOCUMBIE
CTpyKTypa JuccepTanuu Pesynbrarst
3a7a4n Ha 3aLIUTy
Tasa 1. Teopus u npakmuka npeomema uccineoogarnus. CospemenHoe cocmosiHue
Pesynbrar Ne 1 (o6ocHOBaHa
1 1.1. AHanu3 cocTosHUs Y
AKTyaJIbHOCTb TEMBI)
TTonoxenue Ne 1
Pesynbrar Ne 2 (BBISIBIEHO 5 BHELIHUX
2 1.2. BHemaue GakTtopbl (camoe BaKHOE U3 PE3YJIbTaTOB

(axTopoB)

IJIaBBI)

3 1.3. BHyTpeHHHE (aKTOpBI (axtopos)

Pesynbrar Ne 3 (BbIsiBIIeHO 7 BHYTPEHHHX

- 1.4. BeiBonp! 110 171aBe 1

BrIsiBIIeHBI IPOTHBOPEUNS, BHISIBICHO 12 (hakTOpOB, KOTOpHIE paHee
HE UCCJII0BATINCh C HAyYHOH TOUKU 3pEeHUs

Thasa 2. Memooonoaus u memoosl ucciedo8anus

2.1. O6ocHOBaHKME METOIOJIOI MK

HCCIICA0BaHUSA

4 2.2 Meton 1 Pezymnbrar Ne 4

2.3. Metox 2

[onmoxenne Ne 2
(camoe BakHOE U3 Pe3yJIBTATOB
TJIaBbI)

— 2.4. BeIBOKI 110 IIaBe 2

O6ocHoBaHa METOAOJIOTUS U OIIPEACICHBI METOAbI UCCIICAOBAHU

Iasa 3. Teopemuueckue uccredosanus u pe3ynomanl

3.1. ObocHOBaHKE MOzETH/

5 Pesynbrar Ne 5 (060cHOBaHA MOJIEIB)

DJIEMCHTOB MOJIC/IN

[Monoxxenne Ne 3

6 3.2. Pa3zpaborka Mozesnu Pesynbrar Ne 6 (pazpaborana Mo/esb) (camoe Ba)KHOE U3 PE3YJIbTaTOB
7 3.3. Pa3pabotka merogmiyeckux | Pesymbrar Ne 7 (pa3zpaboTaHsl MeTO, TJIaBbI)
MIPUHIIUIIOB TIPHUHIIHIIBI)
Pazpaborana n 000cHOBaHa MOJIETIb, Pa3pabOTaHbl METOJOIOTHYECKIE
- 3.4. BoiBozibI 110 1aBE 3
HPUHIHIIBL
Iasa 4. [Ipakmuueckue pesyromamol
4.1. IlpakTudeckue
8 P Pesynbrar Ne §

PEeKOMEH AN

TTonoxxenue Ne 4

4.2. Buenpenue. O0bekT 1
9 Pesynbsrar Ne 9
4.3. Brenpenue. O0bekT 2

(camoe Ba)kHOE U3 PE3YIILTATOB)

— 4.4. BeiBojbI 110 I1aBe 4
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B nanHOM ciydae (OpMYIHpPOBKAa HAyYHOUW HOBU3HBI
OyZeT UMETh CIICAYIOIIYIO CTPYKTYPY: «4TO CICIIAHO —
YeM 3TO OTIIMYACTCS OT W3BECTHOTO — 3a4eM 3TO HYX-
HOY». [IpuMep HOpPMyYTUPOBKHU MOJIOKECHHUS U €r0 Hayd-
HOW HOBH3HEI NIPHUBEJICH B Ta0II. 9.

Tao6.. 9. [Ipumep HayuHON HOBU3HBI TIOJIOKEHUS,
BBIHOCHMOTO Ha 3aIlIUTy

TTonoxxenue Hayunast HoBu3Ha

[IponomKuTeNLHOCTD BriepBebie omnpeneseHo ..., 94To

CTPOMTENILCTBA KUJIBIX | TO3BOJISCT ...
3JIaHUH 3aBUCUT OT TsiTH | MccnieoBaHo ..., 4TO paHblie
BHELIHUX U CEMH HE PacCMaTPUBAIIOCH C HAYYHOU
BHYTPCHHHX (DAKTOPOB, | TOYKH 3PEHHUS ..., YTO JACT
a UIMCHHO. .. BO3MOXKHOCT ...

B nomnonHeHne K M3BECTHLIM
(haxTopam BBISBICHO ...

(haKTOpOB ..., YTO MOXKET OBITh

IIPUMEHEHO ...

Taknm 00pa3oM, Ha OCHOBAHWMH paHee cHOpMHPO-
BaHHOU CTPYKTYpbl OCHOBHOM YacTH JUCCEPTaLMK U IL1a-
HHUPYEMBIX PE3yJIBTaTOB UCCIICIOBAHUS OIpeIeNsieTCs Mia-
HHUpyeMasl TEOPETUYECKasi U IpPaKTHYecKas 3Ha4MMOCTb
TIOJTy4EHHBIX PE3yIbTaTOB M HAydHas HOBU3HA IIOJIOXKE-
HUI, BBIHOCUMBIX Ha 3auurty. [1o pesynsraram Teopetnye-
CKHX UCCIIE0BAHUH U MPOBEPKU THIIOTE3bI UCCIEIOBAHMS
HA TIPAaKTUKE HAyYHBIN armapar MOKET OBITh JopaboTaH
B COOTBCTCTBUU C NNOTYYCHHBIMU PE3YJIbTaTAMU.

3AKJIIOYEHUE U OBCYXIAEHHUE

Hayunplii anmapar kaHAUIATCKOW AuUCCEpPTalUU
1enecooopaszHo (OPMUPOBATH B CIIEAYIONIEH MOCIEN0-
BaTEJIbHOCTH: TOMCK TEMbI HCCIIEI0BaHUS, 00OCHOBA-
HHUE aKTyaJIbHOCTH BBIOPAHHOW TEMbI, IPOBCICHHUE JTH-
TeparypHoro 063opa, GopMHUpOBaHUE HAYYHOW 3a/la4u
HCCIIEIOBaHMSA, TUNTAHUPOBAHUE TEOPETUICCKIX H MPaK-
TUYECKUX PE3YIbTaToB, (POPMHUPOBAHHE IIEITH HCCIIe-
JOBaHUS, THITOTE3bI (HAyYHO-TEXHHYCCKOM THITOTE3HI),
3aJ1a4 UCCIICIOBAHUS, CTPYKTYPbl OCHOBHOM YacTH JTUC-
cepTalyy, TUIAHUPOBAHUE PE3yJIbTATOB U pa3paboTka
MIPOEKTOB TMOJIOKEHUH, BHIHOCUMBIX Ha 3alllUTYy, IIPe-
II0JIO’KEHUE HAyYHON HOBU3HBI, TEOPETUUECKOM U ITPAK-
THYECKOW 3HAYUMOCTH HCCIICIOBAHUS.

[TocnenoBarensHOE (HOPMHUPOBAHHE OCHOBHBIX
QJIEMEHTOB HAy4YHOTO ammapara KaHIUAaTCKOW IicC-
CepTaluy MO3BOIIACT UCCICIOBATEIIO HA PAHHEM 3Ta-
IIe TIOATOTOBKU PAOOTHI ONPEICITUTh CTPYKTYPY U CO-
Jep)KaHUE UCCEPTalluU, IUIAHUPYEMBIC PEe3yJIbTaTh
U TOJIOKCHUS, BBIHOCHMBIC HA 3allUTy, UX HAYYHYIO
HOBU3HY, TEOPETUYECKYI0 U MPAKTUYECKYIO 3HAYH-
MOCTSb.

Hayunblii anmapar auccepranMu MOXET YTOY-
HATBCS TI0 Mepe TPOABIKCHUS HCCICIOBAHUA, B TOM
YHcIie Ha JTale JIMTeparypHoro 0030pa, Tocie MOITy-
YCHHS PE3YIBTaTOB TEOPETUYECKOTO HCCIICHOBAHUS
Y TIPAKTHYECKOHN MPOBEPKH THITOTE3bI, OTHAKO HATHYIHE
c(hOpPMHPOBAHHOTO HAYYHOTO alapara CIOCOOCTBYET
oosee 3phekTUBHON U IeTICHANIPABICHHON UCCIICIOBA-
TEJIbCKOU paboTe.
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INTRODUCTION

The main requirements for a candidate’s thesis are
given in the Resolution of the Government of the Rus-
sian Federation'!, which establishes that “a thesis for
the degree of candidate of sciences should be a scien-
tific qualification work, which contains a solution to
a scientific problem that is important for the develop-

" On the procedure for awarding academic degrees : Decree
of the Government of the Russian Federation No. 842 dated
09.24.2013 (ed. dated 09.11.2021). URL: www.pravo.gov.ru
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ment of the relevant branch of knowledge, or outlines
new scientifically sound technical, technological or
other solutions and developments that are essential
for the development of the country”. At the same time,
the dissertation must be written by the author indepen-
dently, have internal unity, contain new scientific results
and provisions put forward for public defence, and tes-
tify to the personal contribution of the author of the dis-
sertation to science. In addition, a dissertation of ap-
plied nature should contain information on the practical
use of the scientific results obtained by the author of
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the dissertation. The solutions proposed by the author
of the thesis should be argued and evaluated in compar-
ison with other known solutions. The main scientific re-
sults of the thesis should be published in peer-reviewed
scientific publications.

In addition, the requirements to the structure and
rules of execution of the thesis and abstract are given in
the state standard?, which contains, among other things,
the requirements to the content and the list of struc-
tural elements of the thesis such as: introduction, main
part, conclusion, and also details the requirements to
the content of the introduction of the thesis in terms of:
the relevance of the topic of research, the degree of its
development, goals, objectives, scientific novelty, etc.

At the same time, the above-mentioned docu-
ments do not contain answers to the questions that PhD
students face at various stages of writing a scientific
qualification work [1-5]: requirements to the structure
(number of chapters) of the thesis, composition and
content of chapters, requirements to the completeness
and wording of the main elements of the scientific ap-
paratus of the thesis. This is due to the fact that these
requirements are not regulated at the legislative level.
When preparing a dissertation, it is advisable to proceed
from the peculiarities of the scientific school [6, 7],
the requirements of the dissertation council. In addition,
textbooks [8-19], and Internet resources® developed
by specialists and scientists with high qualifications
can help in the formation of the scientific apparatus of
the thesis®.

The scientific apparatus of the dissertation in
the article is understood as a list of consistently per-
formed logical and cognitive actions (operations) that
ensure the fulfilment of the research itself. The scientific
apparatus organizes the search activity and streamlines
it. The scientific apparatus of the research includes:
search for the contradiction, identification of the scien-
tific problem, definition of the research goal; definition
of the object and subject, formation of the scientific
and technical hypothesis and research task, definition
of research methods, scientific novelty, theoretical and
practical significance of the obtained results.

MATERIALS AND METHODS

In the article the experience of formation of
the scientific apparatus of the candidate dissertation
on speciality 05.02.22 “Production (construction) or-
ganization”, based on principles and approaches of
the scientific supervisor, professor, doctor of technical

2GOST R 7.0.11-2011. Dissertation and abstract of the disserta-
tion. Structure and rules of registration : introduction.01.09.2012.
Moscow : Publishing House of Standards, 2012; 16.

3 Vorontsova N.S. Scientific novelty in the dissertation. URL:
https://dzen.ru/a/Yu5V8aSqXWmKo66pb

* We are writing a PhD thesis with Professor Lapidus. URL:
https://www.youtube.com/watch?v=k0oTW4YOp08

sciences Azarii Abramovich Lapidus, is considered, as
well as examples in the part of scientific specialities
approved by the Order of the Ministry of Education
and Science of Russia® 2.1.14 “Management of the life
cycle of construction objects”, 2.1.7 “Technology and
organization of construction”, which can also be use-
ful in the preparation of works on other scientific spe-
cialties.

All approaches and principles outlined in the ar-
ticle are applied in the preparation of scientific qualifi-
cation work [20], but in order to most clearly demon-
strate the approaches to the formation of the scientific
apparatus of the thesis and to focus on the principles
of construction and formulations, without delving
into the nuances of professional activity, the article
describes the process of creating the scientific appa-
ratus for a fictitious and probably impossible PhD the-
sis on “Development of methodological principles for
increasing the construction time of residential build-
ings”. For this purpose, examples of fictional facts and
arguments were used. It is important to note that re-
search should be based on objective data and scientific
facts.

RESEARCH RESULTS

Research topic and justification of its relevance

Candidate dissertation first of all begins with
the search for a scientific problem of significant impor-
tance for the development of the country, which will be
solved by the author in the work and the definition of
the research topic. To select and justify the relevance of
the research topic, it is first of all necessary to formulate
answers to the questions: what to research? Why does
this need to be researched? Why research this? The an-
swers to the questions can be formulated by the author
based on his professional experience or on the basis of
a preliminary literature review. Table 1 presents possi-
ble formulations of answers to the questions posed and
examples of answers.

From the answers to the questions posed, the ob-
ject and subject of the research are formulated, where
the object is a more general and broader concept (pro-
cess or phenomenon), and the subject is one of the as-
pects of the object under consideration. In the case of
a fictional thesis, the object of the research is residential
buildings, and the subject is the increase in the con-
struction time of residential buildings. After determin-

>On approval of the nomenclature of scientific specialties
for which academic degrees are awarded and amendments to
the Regulations on the Council for the Defense of Disserta-
tions for the Degree of Candidate of Sciences, for the degree
of Doctor of Sciences, approved by Order of the Ministry of
Education and Science of the Russian Federation dated No-
vember 10, 2017 No. 1093 : Order of the Ministry of Sci-
ence and Higher Education of the Russian Federation dated
24.02.2021 No. 118 (dated 06.04.2021 No. 62998).
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ing the object and subject of the research, the research
topic is formulated. When formulating the topic, one
can be guided by the following formula:

Subject = process — subject — object — (method).

The method is not a mandatory attribute of the re-
search topic, but can be specified if it has a significant
impact on the essence of the work performed. When

Table 1. Questions for finding a research topic

forming the research topic, it is necessary to be guided
by the passport of the scientific speciality on the basis
of which the dissertation work is performed. Table 2
presents recommendations for choosing the wording of
the research topic for the specialities 05.02.22, 2.1.14,
2.1.7. At the same time, the researcher should check
the compliance of the chosen topic with the passport of
the scientific speciality.

Question

Answer formulation

Example of an answer

What to investigate? Process or phenomenon

Residential buildings

Why does this need to

The reason for the need for its existence (without process A,

In today’s environment, residential

be researched?

process B will not be possible) or a change in the condi-
tions for its existence (process A used to work effectively,
but conditions have changed and the process needs to be
improved)

buildings are built too fast, develop-
ers do not have time to sell all flats
before the completion of the con-
struction period

Why research this?

Justification for the need for change (what needs to be done
to make process A work effectively again)

It is necessary to shorten the con-
struction time of residential build-
ings

Table 2. Recommendations for choosing the wording of the research topic

Keywords Finding a research topic
Passport of speciality 05.02.22 “Production organization (construction)”

Process Adjectives Nouns Subject Object Method
Elaboration Scientific Principles Increased Residential | Based on the ... model
Modelling Methodological | Basis of construction | buildings By the method of ...

organization time modelling
Optimization Systems Production Based on the implementation
engineering processes of ... methods
Standardization | Scientific and Methods At the expense of ... solutions
organizational
Unification Practical Decisions Based on ... method
Typing Organizational Organizational -
and technological
solutions
Development Technological Means -
strategy
Enhancement Technical - -
Improvement - - -
Synthesis - - -
Development - - -
Passport of speciality 2.1.14 “Management of life cycle of construction objects”
Formalization Theoretical Approaches Using information modelling
technologies
Staging Methodological Tasks Using mathematical
modelling techniques
Research Systems Development Using technology to automate
engineering methods and optimize decision-making
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End of Table 2
Keywords Finding a research topic
Passport of speciality 05.02.22 “Production organization (construction)”
Process Adjectives Nouns Subject Object Method

Formation Problem-oriented | Types of collateral Based on digital intelligent
support for effective decision-
making

Elaboration - Criteria On the basis of optimizing

Modelling _ Models the functioning of capital

Optimization _ Algorithms construction .ob_.iects at all

— stages of their life cycle
- - Organization’s
funds
- - Organizational
forms
- - Technologies
Passport of speciality 2.1.7 “Technology and organization of construction”

Forecasting Technological Parameters Based on the use of high-
performance mechanization
and automation tools

Optimization Competitive System Using information modelling
and optimization

Improving New ones Technologies -

efficiency

Elaboration Organisational Methods -

Improvement Progressive Form -

Theoretical study | Scientific Processes -

Experimental Methodological Principles -

study

Rationale Systems Scientific -

engineering foundations
- - Controls -
- - Ways -

It is important to note that the choice of the re-
search topic formulation predetermines its results. If
the author has planned the development of “methodo-
logical principles” when choosing a research topic, it
means that the results of the research should be based
on methodological principles. Therefore, for the forma-
tion of the research topic it is recommended to analyze
the definitions of each concept given in the passport of
scientific specialty to correctly determine the vector of
future work. It is recommended to study the definitions
of concepts, guided by specialized scientific literature,
for example [21].

The author of the dissertation in the case study un-
der consideration, based on the results of this analysis,
decided on the following formulation of the research
topic: “Development of methodological principles for in-
creasing the construction time of residential buildings”.

After defining the topic, it is necessary to proceed
to the substantiation of its relevance by conducting a lit-
erature review. According to the results of the literature

review, the topic can be refined, but the definition of
the research topic before the literature review is advis-
able, because it allows you to work more effectively
with sources of information.

Based on the requirements of', the research topic
is relevant if:

* has novelty (not currently developed or under
development);

« is of importance to society or industry;

* addresses practical contradictions that cannot be
resolved without science.

Recommendations for conducting a literature re-
view and identifying “white spots” in existing scientific
approaches are presented in Table 3.

Thus, the first elements of the scientific apparatus
of a fictitious PhD thesis are formed: object, subject,
research topic, justification of the relevance of the cho-
sen topic and scientific task, which may not be directly
mentioned in the text of the work, but is necessary to
determine the purpose and objectives of the research.
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Table 3. Recommendations on the procedure for conducting a literary review

Posing the question

Example result (for a fictional thesis topic)

Step 1. Literature review to confirm the novelty of the research topic

1. Analyzing sources where the subject matter is
partially or fragmentarily researched

Ivanov reviewed the statistics — 39 out of 39 developers failed to sell
flats in residential buildings before completion — but did not analyze
the reasons.

Petrov proved that changing the construction time of residential
buildings has an impact on the possibility of selling flats, but he did
not develop methodological principles for increasing the timeframe

2. Analyzing sources that have conducted similar
research on a different subject matter

Sidorov has carried out comprehensive research into the possibility of
extending the construction period for manufacturing warehouses, but
no conclusions about residential buildings can be drawn from it

Conclusion: (what aspects are not reflected)

Thus, to date, there have been no relevant studies and methodological
principles for increasing the construction time of residential buildings
have not been developed

Step 2. Review the literature for the need and importance of the topic

3. Finding an answer to the question “who needs
it?”

In accordance with [ ] — more than 200 property developers in Russia
regularly face the problem of selling flats

4. Finding an answer to the question “why is this
necessary?”’

In accordance with [ ] the sale of flats after construction is completed
results in significant losses

Conclusion

Developers are interested in increasing the duration of construction of
residential buildings, which will minimize losses when selling flats

Step 3. Identify contradictions and set a scientific problem

5. Contradiction 1

“the need in practice and the lack of it in science”
(more than one contradiction may be identified if
necessary)

The need to increase the duration of construction of residential build-
ings and the lack of appropriate methodological principles

Research Objective:
(contains two components: theoretical and practical)

Purpose, hypothesis and objectives of the study

In order to move from the research problem to
the purpose and objectives of the study, the answers to

The scientific objective of the study is to develop methodological
principles for increasing the duration of construction of residential
buildings, which will resolve these contradictions

esis and obtain scientific knowledge, it is necessary
to provide reliable facts, scientific substantiation and

experimental confirmation of the hypothesis. Recom-

the following questions need to be consistently formu-

lated to determine the purpose of the study:

1. How exactly will the scientific problem be

solved?

mendations for forming a hypothesis and an example

are given in Table 6.

2. What should be done to resolve the identified

contradictions?

Based on the purpose of the study, formulate an-

Table 4. Recommendations for planning theoretical and

practical results

swers to the following questions to determine the objec-
tives of the study:

1. What exactly will be done in theory?

2. What exactly will be done for the practice?

Recommendations for answering these questions
are given in Table 4, and examples of answers for
the fictional thesis are given in Table 5.

After the purpose of the research has been de-
termined, it is possible to proceed to the formation of
the hypothesis (scientific and technical hypothesis) of
the research. Research hypothesis is a scientific as-
sumption requiring verification and proof, put forward
to explain any processes, phenomena, solutions to sci-
entific problems and challenges. To prove the hypoth-
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Can be done for theory

Can be done for practice

* Introduce a new concept
* Clarify the existing concept
* Determine the structure

* Create/complete
the classification

* Identify the conditions
« Identify factors

* Develop and justify
a model/system/methodology

* Develop a methodology
and practical
recommendations for its
application

* Develop a practical
mechanism/instructions/
methodological
recommendations

* Develop a model ready for
implementation
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Table 5. Recommendations and an example of how to formulate a research objective

Research Objective

The scientific objective of the study is to develop methodological principles
for increasing the duration of construction of residential buildings, which will
resolve these contradictions

What is planned to be obtained in theory

Methodological principles for increasing the duration of construction of
residential buildings

What is planned to be gained in practice

Recommendations for property developers on how to apply these principles

At the expense of which it is planned to
obtain this

1. Analyzing the external and internal factors affecting the construction
duration of residential buildings.

2. Development of a mathematical model of dependence of duration of
construction of residential buildings on external and internal factors.

3. Development of methodological principles for increasing the duration of
construction of residential buildings

Purpose of the study
(words in the objective match the theme)

On the basis of the analysis of external and internal factors influencing

the duration of construction of residential buildings, to develop and
substantiate the mathematical model of the dependence of the duration of
construction of residential buildings on external and internal factors, to develop
methodological principles to increase the duration of construction of residential
buildings and relevant practical recommendations for developers

Table 6. Recommendations and an example of the formation of a research hypothesis

Hypothesis:
the research objective (specify objective)
will be achieved i ....

are developed

Based on the formulated hypothesis, it is possible
to define successive steps to achieve the goal — research
objectives. It is recommended to present the formulation
of each research task in the form of “what — how — why”,
because the detailed formulated tasks significantly facili-
tate further work on the thesis and do not allow deviating
from the set goal. To set the objectives, it is recommend-
ed to answer the following questions:

* Researching what?

* What is the current state?

* What methods will I use to investigate?

* What can I offer?

* Why would it improve the current state?

* What are the results?

 Under what conditions will this work in practice?

* Who, where and how can apply the results?

* What can be recommended to practitioners?

It is recommended to formulate the research ob-
jectives in accordance with the research hypothesis. If
necessary, at this stage all previously formed elements
of the scientific apparatus of the thesis can be specified.
An example of transition from hypothesis to research
objectives is presented in Table 7.

Thus, in accordance with the topic and scientific
task, the aim, hypothesis and objectives of the study are
formulated.

Duration of construction of residential buildings will be increased if, factors
influencing the duration of construction of residential buildings are identified,
a mathematical model of dependence of duration of construction of residential
buildings on external and internal factors is developed and substantiated,
methodological principles of increasing the duration of construction of
residential buildings and relevant practical recommendations for developers

Structure of the main body of the thesis

The requirements for the structure and content
of the thesis introduction and the thesis appendices
are detailed in?. In the introduction of the dissertation,
among other things, all previously formed elements of
the scientific apparatus should be consistently cited.
The structure of the main part is formed taking into ac-
count the requirements of the scientific school in which
the dissertation is being prepared, in accordance with
the objectives of the research. Table 8 gives an example
of the structure of the main part of the thesis.

As can be seen from Table 8, the content of
the chapters, paragraphs and results of the research
correspond to the set objectives. The most important
of the results obtained form the basis of the defence.
Thus, the consistent formation of the scientific appara-
tus “predetermines” the structure of the thesis and al-
lows the researcher to form a purposeful plan for further
work at an early stage of the thesis preparation.

Theoretical and practical significance
of the research results. Scientific novelty

The theoretical significance of the research can
include all the results of the research that contribute
to science, including results that were not included in
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Table 7. Recommendations and an example of how to formulate research objectives based on the hypothesis

Hypothesis

Objectives

The duration of residential construction will
be extended if

Task 1 (general). To analyze the current duration of construction
of residential buildings, to determine the contradictions and justify
the relevance of the research topic

The (external and internal) factors influencing

the construction duration of residential
buildings will be identified

Task 2 (from the hypothesis). 1dentify external factors that influence
the duration of construction of residential buildings.

Task 3 (from the hypothesis). 1dentify the internal factors that influence
the duration of construction of residential buildings

Task 4 (general). Develop and justify the research methodology

a mathematical model of dependence of

duration of residential buildings construction

on external and internal factors has been

developed and substantiated

Task 5 (from the hypothesis). To substantiate the mathematical model
(model components) of dependence of duration of construction of
residential buildings on external and internal factors.

Task 6 (from the hypothesis). To develop a mathematical model of
dependence of duration of construction of residential buildings on external
and internal factors

methodological principles for increasing
the duration of construction of residential
buildings have been developed

Task 7 (from the hypothesis). On the basis of the model to develop
methodological principles to increase the duration of construction of
residential buildings

and relevant practical recommendations for
property developers

Task 8 (from the hypothesis). Develop practical recommendations for
property developers

Task 9 (general). To carry out practical implementation of the research

results (to confirm the hypothesis)

Table 8. Example of the structure of the main body of the thesis

Objectives The structure of the thesis | Results | Provisions for defence
Chapter 1. Theory and practice of the subject of the study. Current state
Task No. 1 | 1.1. Status Analysis Result No. 1 (Relevance of Regulation No. 1
the topic is justified) (the most important of the chapter’s
Task No. 2 | 1.2. External factors Result No. 2 (5 external factors findings)
identified)
Task No. 3 | 1.3. Internal factors Result No. 3 (7 internal factors
identified)
- 1.4. Conclusions to Chapter 1 | Contradictions identified, 12 factors identified that have not been scientifically
investigated before
Chapter 2. Research Methodology and Methods
Task No. 4 |2.1. Rationale for the research | Result No. 4 Regulation No. 2
methodology (the most important of the chapter’s
2.2. Method 1 findings)
2.3. Method 2
- 2.4. Conclusions to Chapter 2 | The methodology and methods of the study were substantiated and defined
Chapter 3. Theoretical research and results
Task No. 5 |3.1. Rationale for the model/ | Result No. 5 (model justified) Regulation No. 3
model elements (the most important of the chapter’s
Task No. 6 | 3.2. Model Development Result No. 6 (model developed) | findings)
Task No. 7 | 3.3. Development of Result No. 7 (methodological
methodological principles principles developed)
- 3.4. Conclusions to Chapter 3 | Model developed and justified, methodological principles developed
Chapter 4. Practical results
Task No. 8 |4.1. Practical recommendations | Result No. 8 Regulation No. 4
Task No. 9 |4.2. Implementation. Facility 1 | Result No. 9 (the most important of the results)

4.3. Implementation. Facility 2
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4.4. Conclusions to Chapter 4

Based on the results of implementation, the hypothesis of the study was
confirmed
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Table 9. Example of scientific novelty of a defence
statement

Provision Scientific novelty

First defined ..., which allows
construction of residential | for ....

buildings will depend on | Investigated ... that has not

5 external and 7 internal | been scientifically considered
factors, namely ... before ..., which provides an
opportunity to ....

In addition to the known
factors identified ... factors ...
that can be applied ....

The duration of

the provisions put forward for defence. For exam-
ple, the following results: influencing factors are iden-
tified; methodology is developed; parameters are ob-
tained; mathematical model is developed and justified
and other results.

The practical significance of the research can in-
clude all the results of the research that may be useful
for practical activities, including the results that were
not included in the provisions put forward for defence.
For example, the following results: developed solu-
tions; developed practical recommendations; developed
an algorithm of application and other results.

Scientific novelty of the study can be formulated
for each of the provisions put forward for defence.
In this case, the formulation of scientific novelty will
have the following structure: “what has been done —
how it differs from the known — why it is necessary”.
An example of the formulation of the position and its
scientific novelty is given in Table 9.

Thus, based on the previously formed structure
of the main part of the thesis and the planned results

of the research, the planned theoretical and practical
significance of the obtained results and scientific nov-
elty of the provisions put forward for defence are deter-
mined. According to the results of theoretical research
and testing of the research hypothesis in practice,
the scientific apparatus can be finalized, in accordance
with the obtained results.

CONCLUSION AND DISCUSSION

It is advisable to form the scientific apparatus of
the PhD thesis in the following sequence: search for
aresearch topic, justification of the relevance of the cho-
sen topic, conducting a literature review, formation of
the scientific task of the research, planning of theo-
retical and practical results, formation of the research
goal, hypothesis (scientific and technical hypothesis),
research tasks, structure of the main part of the thesis,
planning of the results and development of draft pro-
visions to be put forward for defence, assumption of
scientific novelty, theoretical and practical results, de-
velopment of the thesis, development of the thesis, and
development of the thesis structure.

The consistent formation of the main elements of
the scientific apparatus of the PhD thesis allows the re-
searcher at an early stage of preparation of the work
to determine the structure and content of the thesis,
the planned results and provisions to be defended,
their scientific novelty, theoretical and practical sig-
nificance.

The scientific apparatus of the thesis can be refined
as the research progresses, including at the stage of lit-
erature review, after obtaining the results of theoreti-
cal research and practical testing of the hypothesis, but
the presence of a formed scientific apparatus contrib-
utes to a more effective and focused research work.
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