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Bb10op orpaxaaronmieil KOHCTPYKIMHU IS 5KUJIBIX 31aHUI
B YCJIOBHUSAX CYPOBOI0 KJIUMATA
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AHHOTALUMNA

BBepeHue. AkTyanbHOCTb MCCedoBaHWA MO BbIOOPY orpaxaatoLeit KOHCTPYKUMW AN YBENMYEHUs TENOBOW 3alumnThbl 30a-
HVS B YCIIOBMSIX CypOBOTO KNMMaTa CBsidaHa CoO CHUXKEHWEM 3aTpaT Ha oTonneHne. 3To, B CBOK O4epe/b, BIMSAET Ha yryYlleHne
9KOMOrM4eckolri 06CTaHOBKM B PETVIOHAX, Pa3BUTUE CTPOUTENbHOW UHAYCTPYMN NPY PE3KOM YBENUYEHWM LIEH Ha SHEepropecypchbl
1 HeobxoauMOoCTK cobntofeHns TpeboBaHNI aHepreTuyeckor aPeKTBHOCTH, CMOCOOCTBYET MOBLILLEHUIO NHTEpEeca K TeX-
HonornsimM, Kotopble MoryT obecneunTts 6onee achMEKTUBHYIO TEMMOBYHO 3aLUUTY 30aHWNA.

MaTepuanbl 1 MeToAbl. VI3y4yeHbl NpUMeEHSeMble NPUEMbI HAPY>KHbIX OrpaXAatoLLMX KOHCTPYKLMIA MOHOMUTHO-KapKaCHbIX
XUNbIX 30aHWN 1 BblIOpaHbl Havbornee paunoHarbHble C TOYKM 3peHUs TEMMOBOW 3alMThl PELLeHNs AN NPOEeKTUPOBaHNS
B YCIOBWSIX CypOBOrO KnvMmara.

PesynbraThl. VccnenoBaHbl Cnonb3yemMble orpaxaatoLiye KOHCTPYKUUM B 34aHUSX C KapKacHOW KOHCTPYKTUBHOW CUCTe-
MO, paccMoTpeHa HeobXoAMMOCTb MOBbILLEHWS TENNOBOW 3alumThl 30aHui B Pecnybnuke Caxa (SAKyTus), nsyveHa cbipbe-
Bas 6asa Ans cTpouTenbCcTBa Ha Tepputopumn AKYyTUW. BbINONHEHbI aHanusa KNMMaTuyecknx ycroBun, pacyeT Tennodusm-
YeCKNX CBOMCTB KOHCTPYKLMIA, SKOHOMUYECKU aHanu3 CTOMMOCTU CTPOUTENbHBIX MaTepuarnoB U 3aTpaTr Ha BO3BefdeHve
orpaxgatoLLmx KOHCTPYKLUNA.

BbiBoabl. Vicxoaa n3 pesynbratoB MCCNefoBaHWs, COCTaBlIEH MepeyveHb paccMaTpuBaeMblX KOHCTPYKLMIA, paccuuTaHbl
Tennousnyeckne 1 TEXHUKO-3KOHOMUYECKME MokasaTeny ANs OrpaxaatoLnx KOHCTPYKUMIA UMbl 3gaHuin. Onvpasich
Ha norny4eHHble pesynbraTbl, BblbpaH HaunyyLLni BapMaHT HapyXHOW OrpaxaatoLert KOHCTPYKLMM C TOYKW 3peHuns Tenso-
BOW 3aLUUTbl 30aHUN.

KINOYEBBIE CIIOBA: Tennosas 3alimTa 3aaHuin, 3HeproadMeKTMBHOCTb, HapyXHble orpaxkaaroLne KOHCTPYKLMKM, Cypo-
Bble KNMMaTn4eckue YCroBusi, TENMOTEXHUYECKUI pacyeT, MeCTHbIE CbipbEBbIE PECYPChI

Ana ULUTUPOBAHWUA: MHeduHa J1.FO. Bbibop orpaxaatoLlert KOHCTPYKLMU ANS KUIbIX 30aHUA B YCNOBUSIX CYPOBOTO Ku-
mata // CTponTenbCcTBO: Hayka n obpasoBaHue. 2025. T. 15. Bein. 3. Ct. 1. URL: http://nso-journal.ru. DOI: 10.22227/2305-
5502.2025.3.1

Aemop, omeemcmeeHHbIl 3a nepenucky: Jllob6oeb FOpbeBHa MHeanHa, GnedinaLYu@mgsu.ru.

Choice of enclosing structures for residential buildings
in harsh climates

Lyubov’ Yu. Gnedina
Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation

ABSTRACT

Introduction. The relevance of research on the choice of enclosing structures to increase the thermal protection of the build-
ing in harsh climates is associated with the reduction of heating costs. However, that affects the improvement of the envi-
ronmental situation in the regions, the development of the construction industry in conditions of a sharp increase in energy
prices and the need to comply with the requirements of energy efficiency, contributes to increased interest in technologies
that can provide a more effective thermal protection of buildings.
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Materials and methods. Types of enclosing structures of monolithic frame residential buildings are studied and the most
rational solutions in terms of thermal protection for designing in harsh climate conditions are selected.

Results. Enclosing structures in buildings with frame structural system were studied, the necessity of increasing thermal
protection of buildings in the Republic of Sakha was considered, the resource base for construction in Yakutia was studied.
The climatic conditions were analyzed, calculation of thermophysical properties of structures, economic analysis of the cost
of construction materials and the cost of building envelopes were made.

Conclusions. Based on the results of the study, a list of considered structures is compiled, thermophysical and technical
and economic indicators for the enclosing structures of residential buildings are calculated. Obtained results led to the selec-
tion of the best type of enclosing structure with thermal protection.

KEYWORDS: thermal protection of buildings, energy efficiency, external enclosing structures, harsh climatic conditions,
thermal calculation, local raw materials
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BBEJIEHUE

BonbmMHCTBO UCTOIB3YEMBIX IHEPTETUUECKUX
pecypcoB — HEBO300HOBIsIEMbIE, CIIEIOBATEIbHO,
HEOOXOIMMO MPUMEHSITh TEIUIOBYIO YHEPTHIO Palno-
HAJIGHO W MIPUHUMATHh MEPBHI 110 YMEHBIICHUIO SHEPro-
noTpediaeHuss 0e3 yXyALIeHUs JKCIUTyaTalMOHHBIX
rokaszaTesiell BO3BOAMMBIX 3JaHUM U COOPYKEHUU.
Ha suepromorpebneHue B MepHoj dKCIUTyaTallly 37a-
Hust puxoautest 90 % ot ob1ero sHepronoTpeOIeHNs
CTPOUTENBHON OTpacibpio, OONbIIAs YacTh U3 3TOTO
o0beMa YXOIUT Ha Kuible 3nanus — 50-55 % [1].

OmHUM 13 crTOCOOOB COKpAIICHUS PAcXo/1a TETUIo-
BOM DHEPIrHU SIBJISIETCS UCTIONb30BaHUE d(D(HEKTHUBHBIX
OrpaKJaIINX KOHCTpYKUU. [Ipyu npoexkrupoBanuu
9HEpro3GpPEKTUBHOIN HAPYKHOW OTrpa)Iarolield KOH-
CTPYKIUH IPUMEHSIOT KOHCTPYKIIUH C BBIPAXKEHHBIM
TEIUIOU30JISIMOHHBIM ciioeM. [Tomumo 3toro, TpeOye-
MBI YPOBEHb TETIOBOH 3((PEKTUBHOCTH JOCTUTACTCS
HCXOJS U3 PAlMOHAIBHOTO pa3MEIleHus TEeII0U30sI-
IIMOHHBIX CJIOEB B COCTaBE KOHCTPYKIMH U YBEITUUCHHUS
OTHOPOIHOCTH KOHCTPYKIHUH [2].

B paborax [3—11] nmpoaHaim3upOBaHbl IPEUMY-
IIECTBAa U HEJOCTATKNU COBPEMEHHBIX OI'PaXAa0LINX
KOHCTPYKIUI, UIMEIOLINX B CBOEM COCTaBE Pa3IUUHbIE
CTPOUTEIbHBIE MAaTEPHAIIbI.

B Hacrosmiee BpeMsi HanOoublIee pacnpocTpaHe-
HUE TOJYYHIIH JIBE KOHCTPYKTHBHBIE CHCTEMBI MHOTO-
CIOMHBIX OrpakJaloIMX KOHCTPYKIUII — cucreMa
C BEHTUJIMPYEMOW BO3YIIHON IPOCIONKON U cuctemMa
HITYKaTypHOTO yTeruieHHoro ¢acana. biaronaps Bo3-
JIYLTHOMY 3a30py TOSIBIISIETCS BO3MOKHOCTD YaJICHHS
BJIaTW, KOHJICHCUPYIOIIEHCS B CIOE yTEeIUTUTENs U He-
cyei crensl. HeoOxoammas mMprHa poCcIONKH 3aBH-
CHUT OT PAcCTOSTHUSA MEXIY BEHTHJIAIIMOHHBIMHU OTBEp-
CTHSIMH, UX JJIUHBI, PA3HULBI TEMIIEPATYP U INIOTHOCTH
Bo3ayxa. CoracHO TeOpuM TEPMOAMHAMHUKH MHUHH-
MajbHas BeJIWYMHA BO3AYLIHOTO 3a30pa JIOJXKHA CO-
craBiaTh 40 mm [12].

MATEPHUAJIBI U METO/bI

PaccMoTpuM 0OMUIIOBOYHYIO CHCTEMY C HaBeC-
HBIM BEHTHIIMpYeMbIM (acagom. Crcrema IpeacTaBis-

eT co00# KOHCTPYKIHNIO, COCTOSIIYIO U3 KPOHIITEHHOB,
BEPTUKAJIBHBIX /WM TOPU3OHTAIBHBIX NMPOQIIICH,
TEIJIOU30JISIIIUOHHOTO CJIOSl U OOJUIIOBOYHOTO CIIOA
U3 pa3UYHBIX MaTepuanoB. B GompmmHCTBE Ciryda-
€B IIPUMEHSEeTCS Hecylasi HOACUCTEMA U3 aIFOMUHUS
n cranu. HemocraTok cucteMbl — HU3KOE 3HAYCHUE
KO3 PULHEeHTa TETUIOTEXHMYECKOW OXHOPOIHOCTH
3a CUET MCIOJIb30BAHUS OOJBIIOTO KOJIMYECTBA METa-
JUYECKUX BKIIOUYEHUH. [JIsT yMEHBIICHUS TEMIOBBIX
MOTEPh Yepe3 METAUINYECKUE BKIIIOUCHHS B CHCTEME
BEHTHJIMPYEMOTO HaBECHOTO (hacaa IPUMEHSIOT JIBOI-
HOH CJION yTEIUICHNS, TaKasi KOHCTPYKIHUS yBEINYNBACT
TEIUIOTEXHUYECKYIO OHOPOJHOCTH BCIICACTBHUE TIEpe-
KpBIBaHMsI IIBOB BEPXHUM ClI0eM yTerurens [13].

[IpenMyiecTBaMM BEHTHIIPYEMBIX (DAacagoB MOXK-
HO Ha3BaThb!

* CIIOCOOHOCTH 0OECIIeUNBaTh 3AIIUTY CTPOUTEIb-
HBIX KOHCTPYKIMH OT MOBPEKACHNH U aTMOC(HEpHBIX
BO3/ICHCTBHI NP COXPAHEHUH XOPOIIEH BEHTHIISIIUN
thacana;

* MOHT@XX KOHCTPYKIIMM MOYXHO IIPOBOJANTH BHE
3aBUCHMOCTH OT CE30Ha;

* BO3MOXXHOCTB 3aMEHbI OOJIMIIOBOYHOTO M TEIIO-
M30JIILIMOHHOTO MaTEepPHaoB,;

* BO3MOXKHOCTB BBIOOpa pasziIMYHBIX OOIHMIIOBOY-
HBIX MaTepHajoB.

CucreMmsl (pacagHbie TENJIOU30IAIUOHHbIE
kommno3utHbie (CPTK)

HMeroT MHOTOCIONHHYIO CTPYKTYPY, K OCHOBAHUIO
CTEHBI CJIOH YTETIUTEIISI KPETTUTCS C TOMOIIBIO KJICEBOTO-
MITYKaTypHOTO PacTBOpa COBMECTHO C TapelbyaThl-
MU aHKepaMH, Jajiee Ha TEeIIOU3ONIAIIUOHHOE M3/IeIHe
HAHOCHUTCS 0a30BBIA CIIOW IITYKaTypKH C apMHPOBa-
HUEM CETKOW, OTICIIOYHBIM CIIOEM CIYXKHT JCKOPATHB-
Has IITyKaTypKa PasiWYHBIX BHIOB C ITOCIETYIOIINM
OKpamnBaHueM min 0e3 Hero. IIpenMyriecTBO KOH-
CTPYKIIMH 3aKJIIOYAETCs B €€ OJHOPOIHOCTH, 3HAYCHHE
KOJIMYECTBA TEIUIONMPOBOAHBIX BKIIOYCHUH — OFHO
W3 CaMBIX HaWMEHBIIUX CPEIUd MHOTOCIOWHBIX KOH-
CTpyKUMH. BbICOKNI noka3arenab OXHOPOAHOCTH MOKHO
OTHECTH M K HEJOCTATKy KOHCTPYKIIHH, TaK KaK B CITy-
yae BBIXOZA W3 CTPOSI MM HEOOXOAMMOCTH 3aMEHBI

7
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J1.K0. MHeduHa

cucreMsbl pazpymarTrcs Bce cion COTK. TIpoBoauth
paboTtsl o yerpoiictey COTK tpebyercs npu Temmepa-
Type He MeHee +5 °C MHaue MOHMKACTCS are3nOHHAs
U yIapHas MPOYHOCTh MITYKaTypHBIX COCTAaBOB. [1pu He-
00XOIMMOCTH CO3/IaHMs INTYKaTYPHOTO CJIOS B YCIIOBUSIX
¢ Oosree HU3KMMH HAPYKHBIMH TEMIIEPaTypaMH ClIeyeT
MPUMCHATh CIICHHUAJIN3UPOBAHHBIC HITYKAaTYPHBIEC Ma-
TepHasl ¢ MOIU(PHUINPYIOIUMHE T00aBKaMH, TTOHIKA-
IOIIHE BO3MOXKHYIO TEMIIEPaTypy MPOBEACHUS padoT
mo —10 °C [14].

OO0UIOBKA U3 KUPIUYHON KJIAIKH

[IpumeHeHNE OOTUIIOBKH KHUPITAIOM B MHOTOITaXK-
HBIX 3JIaHUSIX C OMUPAHUEM HA MEXKITAKHOE NEPEKPHI-
THE HE JI0MycKaeTcs P BeIcOTe dTaxa 3,6 M. [1pu uc-
MOJIb30BAHUU JIMIIEBOTO KUpIIN4Ya CTOUT YyCTpauBaTh
BEPTUKAJIbHBIE M TOPU3OHTAIbHBIE Te(OopMalliOHHbIE
IIBBI, a0Bl M30eXKaTh aBapUHHON CUTYaIlH TPU BO3-
HUKHOBEHHH TEMIIEPaTYpPHO-BIAXHOCTHBIX YCHINAN
M3-3a TeMIIEpaTypHBIX MEPEnaoB, a TAKKE MPUMEHSITh
AHTHKOPPO3UIHBIC THOKKE CBSI3U JUTsl 00CCIICUCHHUS T1C-
JIOCTHOCTU KOHCTPYKIUU. [t coOroneH st Heo0Xoau-
MOTO BIaKHOCTHOTO COCTOSIHUSI KOHCTPYKIIUH CIIEAYET
YCTpanBaTh BO3AYIIHYIO MPOCIONKY MEXKITY JINIIEBBIM
KUPIIAYOM W TCIUIOU3OIAIHOHHBIM CIIOEM, TTIOMHMO
9TOTO MOJAraeTCs MPeAyCcMaTpuBaTh MPOAYXH B KIIaJKe
JUTSL IAPKYJSIUK Bo3ayxa. K mpenMyiiecTBaM JaHHOTO
BUIa 06.HI/II_[OBKI/I MOXXHO OTHECTH:

* JIOCTYITHOCTh CTPOUTEIHHBIX MaTEPHUAIIOB,;

* BBICOKUI YPOBEHb OTHECTOMKOCTH;

* YCTOWYHMBOCTH K aTMOC(EPHBIM BO3ICHCTBUAM;

* JKOJIOTUYHOCTb.

Henocrarku cuctemsi:

¢ TPYAOEMKOCTL BO3BCIACHHUA U HeO6X0[[I/IMOCTI>
B BBICOKOKBaTH(DUIIMPOBAHHBIX CIICIIHATNCTAX;

* OTpaHHYCHHUE aPXUTEKTYPHOTO pa3HOOOpa3us;

* HU3KUH KOAPPHUINCHT TEIUIOTEXHIYECKOM OHO-
POIHOCTH BCICCTBUC IPUMEHECHUS Pa3IMIHBIX THOKUX
CBsI3eH M OETOHHBIX BKJIIOUEHUI;

* Oomblast Harpy3Ka Ha (yH/IaMEHT;

* WCIIOJIb30BaHUE MAaTEPHANOB JJIs BHYTPEHHE-
TO CJI0S1 KOHCTPYKITMH, OTIUYHBIX OT KHPIHYa, MOXKET
MIOBIICYh HE3aBUCHUMBIC NIe(hOPMAIIHH MEXKTY JINIEBBIM
CJIO€M U BHYTPEHHEH KOHCTPYKLHUEH.

Hcxonst U3 mupoKoro BIOOpa MaTepHasioB U 3aBH-
CUMOCTH TETIJIOTEXHUYECKUX XapaKTePUCTHK OTpak/a-
FOIINX KOHCTPYKIAH OT PACHONOKEHHUS CIIOEB B MACCHBE
CTCH, BO3HUKAET MHO)KECTBO PA3NMUYHBIX KOHCTPYKIIHN
C YHHUKAJIBHBIMH TETUIOTEXHUYSCKUMH ITapaMeTpaMu.
Knumarnyeckue yciaoBusi, a TakyKe JIOKALIMOHHAs J10-
CTYITHOCTH CHIPBSI BIIMSIIOT HA BBIOOpP MaTepHaia, COCTaB
U TOJIIMHY OrpakJarouiell KOHCTPYKIuU. [l HaXxox-
JleHus1 HanboJiee palMoOHAIBHOTO BUAA OTPpaXkIatonei
KOHCTPYKIINH, COOTBETCTBYIOIICH TPEOOBAHUSAM TEILIO-
BOM 3aIIUTHI 3AaHUS, IIeTIECO00Pa3HO IMPOBECTH UCCIIC-
JIOBaHHUE LEJIOr0 KOMILIEKCa KOHCTPYKLUI U ONPENIeNIUTh
HauboJiee ONTUMANIEHBIC BAPUAHTHI UCXOMS U3 TCILIO-
(hU3UYCCKUX CBOMCTB M SKOHOMHUYECKHX ITOKa3aTeseH.
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Heo0xonnmMocTh NOBbILICHUS
Hepro3(¢eKTHBHOCTH OrPaskAaoIei
KOHCTPYKIMHU Ha TeppuTopun CeBepa

U, B YaCTHOCTH, B Pecnybiinke Caxa (SIkyTus)

Onupasich Ha CXeMaTHYECKyl KapTy paloHH-
POBaHUS CEBEPHOW CTPOUTENBHOM KIMMATUYECKOU
30ubI Poccnn, mpencrasnennoit B CIT 131.13330.2020
«CtpouTenpHas KIIMMAaToIOTHsi»', Tepputopuu Pecry6-
mukn Caxa HaXoAsTCsl B HanOOJIee CypOBBIX KINMATH-
YECKUX YCIOBHUSAX.

SIKyTHsl CTOUT Ha MEPBOM MecCTe IO KOJUYECTBY
00X 3a11acoB NPUPOIHBIX pecypcoB B Poccun, Ha ee
TeppUTOpHHU pactionoxkero 2959 yurennbix [ocbanan-
COM MecTopokaeHHH 1o 59 Bunam ceipbs Ha 2020 T
JIns ymyunieHus 5KOHOMUKH Halllel cTpaHbl Pa3BUTHE
CTPATETUYECKN 3HAYMMBIX CYOBEKTOB SIBISICTCS NPH-
opuTeTHOM 3anadeil. HecMoTps Ha CyllieCTBEHHBIN
SKOHOMMYECKHUN MOTEeHIHAaJ, TUIOTHOCTh HAaceJIeHUs
HeBenuka 1 cocrasiser Ha 2021 1. 0,32 uen/xkm? — 310
OJIMH U3 CaMbIX HU3KHX MMOKa3zarenen no Bcer Poccun.
SIxyTus pacnosnaraercs B eHTpe Bocrounoit Cubupw,
JUIUTEIBHOCTh 3UMHEr0 Mepuoja B pasbl MPEBbIIIAET
netHui. Knumar ominyaeTcsi 3HaYUTENbHON pa3HULEel
TEMIIEpaTyp B XOJIOAHOE ¥ TETLIOE BPEMsI T0/1a, HEOOIIb-
IIMM KOJIWYECTBOM OCAJIKOB U CIAOBIMH BETPaMHU.

C nenbio 3aMHTEPECOBAHHOCTH HACEJICHUS U YITyY-
IICHUS] SKOHOMHUYECKOM cHTyannu HeoOXOIUMO Co3/a-
BaTh OJATONPHUATHBIC YCIOBUS JUIS SKCIUTyaTallly 31a-
HUH M COOPY)KEHHUIA, & TAKXKE CICAUTH 32 3PPEKTUBHBIM
HCIOJIb30BAaHUEM TEMJIOBON HEPTHH U MOBBIIICHUEM
sHepro3dpexruBHOCTH 3naHui. CornacHo [locTanos-
nenuto [IpaBurensctBa Pecrybmmkn Caxa (SIxyTws)
«O mpoexte CTpaTernu COLMATBHO-3KOHOMUYECKOTO
paszButust Pecnyonuku Caxa (SIxytus) mo 2030 roga
¢ ompeneneHueM uenesoro BuaeHus ao 2050 roma»
JUTSL COLMATIBHO-9KOHOMHYECKOTO PAa3BUTHSI pecITyOuu-
KW ¥ TIOBBIIICHUS YPOBHS KU3HU OJHUM U3 CTPaTerH-
YECKHMX MMPHOPHUTETOB SIBISIETCS CO3/1aHHe KoM(OpTHON
1 0e30macHO cpelibl MPOKUBAHUS JUIS YETIOBEKA.

Ha 2019 r. xommgecTBO aBapuiiHOTO XMIbs B Pe-
ciyosrke Caxa cocTaBuiio 3629 MHOTOKBAPTHPHBIX J10-
MOB, BCJIEJICTBUE YEro CYIIECTBYET OCTpasi HEOOXO/H-
MOCTb B IIPOEKTHPOBAHUU M CTPOUTEIBCTBE OOJIBIIOTO
KOJIMYECTBA JKWIIBIX 3JaHUMH.

B xmMaTHuecKuX yCcIoBUSAX ¢ HU3KUMHU TeMIIepa-
Typamu (OTOMUTEIBHBIN IEPHON B I. SIKyTcke — 252 1Hs
JUTS KWJTBIX 311QHMIH) yBEITMYMBAETCS ITOTPEOJICHIE SHEPTO-
pecypcoB, MO3TOMY U3YUEHHUE, aHATIN3 U pa3padoTKa Me-
PONPUATHI IO COXPAHEHHUIO U PALOHATIBHOMY HCTIOJb-
30BAHUIO MOCTYMAIOIIETO TEIIa B 31aHNs — aKTyaJbHas
3a/1a4a.

Bce BbIIecka3aHHOE yKa3bIBAET HA HEOOXOIMMOCTh
HCCIIETIOBAHUS BOIIPOCOB PALMOHATIBHOTO MPOSKTHPOBA-
HUS DHEProd(PPEKTUBHBIX OrPAXKIAIOIINX KOHCTPYKIIHHA

"' CIT 131.13330.2020. CrpoutenbHas kiumaroiorus. M. :
Crannmaptuagopm, 2021. 153 c.
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3[aHUI1, B YaCTHOCTH, HA TEPPUTOPUH C CYPOBBIM KIIUMa-
TOM, a IMeHHO B PecryOnmnke Caxa.

CrIpbeBasi 6a3a 1J151 CTPOMTEIbCTBA
Ha TeppuTopuu Pecydiaukn Caxa (SIkyTns)

B cBs31 ¢ CypOBBIMH KIIMMAaTHYECKHUMH yCIOBHSI-
MH TPAHCTIOPTUPOBKA MAaTEPUAIOB UMEET PsiJL CIOKHO-
CTeﬁ, TaKUX Kak OOJIbIIast eHa U JJIMTCJIbHBIC CPOKU
MEPEeBO3KHU, UYTO BEJAET K YBEIMUYEHUIO CPOKOB CTPOU-
TEIHCTBA M TOBBIIIEHUIO CE0ECTOMMOCTH OOBEKTOB.
Hcnonp3oBanue CTPOUTECJIbHBIX MaT€pUajloB MECTHOI'O
MPOU3BOACTBA MOXKET PEIIUTh BO3ZHUKHOBEHHE HTHUX
IpOOJIEM M TTOBBICUTH SKOHOMHYECKYIO () (EKTHUBHOCTh
CTPOUTEIHCTBA.

Ha teppurtopuu pecrnyOiIuKud HaXOIUTCS CyIIe-
CTBEHHOE KOJINYECTBO CHIPhsl, KOTOPOE MOXKET OBITh HC-
MIOJTB30BAHO JUIS IPOU3BOICTBA CTPOUTEIBHBIX MaTEPH-
asnoB. Tepputopus SIkyTun 6orara IIIUHSHBIM CBIPHEM,
KOTOPOE BO3MOYKHO MPUMEHSTH JUIsl IPOU3BOACTBA U3-
nenui u3 kepamsura. M3sectHo 43 MecTOpOXIAEHUS
KEPaM3HUTOBOTO CBHIPhsI HA TEPPUTOPUHN pecITyOnuKu, 24
U3 KOTOPBIX HE YYTEHBI CBOJHBIM OaJIaHCOM 3aIlacoB.
Ha naHHbIIl MOMEHT 3KCILTyaTHUPYIOTCS TOJIbKO 4 Me-
cropokaenus. CormacHo uccienoBanmsiM [15], Ha Tep-
puTOpUM SIKyTUM €CTh MECTOPOXKIEHUS [VIMH, KOTOPbIE
MOYKHO UCHOJIb30BaTh sl IPOU3BOACTBA JIETKOTO U BbI-
COKOTIPOYHOTO KepaM3UTOOETOHA Il CTPOUTEIHCTBA
37aHUN Pa3IUYHON BBICOTHI. 3aJI€KU TITUHSHOTO ChI-
PBbsl, PACHIOJIOKEHHBIE B SIKyTUH, BO3ZMOXKHO IPUMEHSTh
HE TOJIGKO JUUIsI IPOU3BOICTBA M3/ICIHH N3 KepaM3uTa,
a TaxKe JUIsl MOJyYSHHUS JINIIEBOTO KUPITHYa, OTBEYar0-
miero TpedoBanusm 'OCT 530-2012 [16-18].

Taodu. 1. Tums! orpaxxIaromux KOHCTPYKIHN

Ha ocHoBe aHanmi3a HayYHO-TEXHHYECKUX UCCIIe-
JIOBaHWM YCTAHOBJIEHA BO3MOKHOCTbH HMPOU3BOACTBA
neHobetroHa npoekTHoi Mapku D600 ¢ ncnoab3oBa-
HUeM nopTiananemMenTHoro kiaumakepa AO T10 «SkyT-
LEMEHT» ¥ MUHEPAJILHOTO ChIpbsl SIKyTHH. B kauecTBe
MHHEPAIbHBIX 100aBOK JUIS M3TOTOBICHNUS IEHOOETOHA
MOXHO MIPUMEHSTH PUPOAHBII 1eonnT CyHTapcKOro
palioHa u KBapIeBbli mecok Jlenckoro 6accelina. bio-
K1 13 IeHOOEeTOHa, MPOM3BEAECHHOTO C UCTIOIb30BAHNEM
MECTHOTI'O CBhIPbA, TOAXOIAT JJI1 BO3BCACHUA HAPYKHBIX
CaMOHECYIIMX CTEH MOHOJMTHO-KapKAaCHBIX 3/1aHUN
[19, 20].

Wnarnmuackoe Mectopoxenne B Hepronrpunckom
paiione PecriyOninku Caxa (SIkyTHsi) — eAMHCTBEHHAs
ceIpbeBas 0a3a BepMukynuTa Ha JlampHeMm Bocrtoke
Poccun. BenydyeHHbIH BEpMUKYIUT — 3KOJIOTMUYECKU
0e30MacHbII MaTepual, KOTOPHIH 3a CIET CBOUX TETLIO-
W30JISIIIMOHHBIX CBOWCTB M CPAaBHHUTEIIFHO HEOOIBIIIOTO
BECa MOXKET IMPUMEHATHCS Ul TPOU3BOACTBA MITyKa-
TYPHBIX CMECEeH JUIsl Hapy»KHOW 1 BHYTPEHHEH OT/IEIIKH.

bnaronmapst Takoit 6oraroit ceIpheBoOi 0aze Ha Tep-
PUTOPUU PECIyOINKH MMEETCSI BOBMOKHOCTD CTPOH-
TCJIbCTBA U3 PA3JIMYHBIX CTPOUTECIbHBIX MAaTCPHUATIOB:
KEepaMHUYECKUH KUPITHY, TeIUION30JSIIMOHHbIE H3IEITHs
Ha OCHOBE KE€paM3HTa U sIMEHUCTOro OETOHA, BEPMHKYIIHU-
TOBBIE MaTePHAbI JUIS OIITyKaTypuBaHus cTeH [21, 22].
Jaist nanbHeHIero neeieioBaHus IPUHUMAIOTCSI HAPY K-
HBIEC OTPAKAAIOIINE KOHCTPYKIIUH, TIOA00paHHbBIE HCXOAS
U3 KOHCTPYKTUBHOM CHCTEMBI paCCMaTpUBAEMBbIX 3/[aHUN
(xapkacHas), ¢ y4eTOM HanOoiIee pacipoCTPaHEHHBIX
KOHCTPYKTHBHBIX pELIEHUH Hapy>KHBIX cTeH (Taom. 1).

ILtoTHOCTH

HanmenoBanue marepuana 5
Py KI/M

Tonmmua
3, MM

TermonpoBOIHOCTb
A, B1/(M-°C)

TTaponpoHHIIaeMOCTh
w, mr/(m-g-I1a)

Tpexcrounasn koncmpyrkyusi cmenvt no COTK ¢ ucnonvzosanuem 6epmuKyiumoso wmykamypku

1.1 Tun KoHCTpYKIMU

ITykarypka BEpMUKYIUTOBAS 1000 30 0.15 0.07
IUTSL Hapy>KHBIX padoT F50
IInuTel MUHEpasiOBaTHBIE 120 150 0,042 0,32
IITykartypHO-KIIeeBasi CMeCh
JUISL MUHEPAJIBHBIX TUTUT, IPUMEHEHHE 5 0,76 0,035
B XOJIOJTHBIX YCIIOBHSIX
Kepam3urobeToHHble 610KU ¢ 3-psHOM
nycteiHHOCTRIO D600; B2,5; F35 600 390 0,2 0,26
LlemeHTHO-TIECUaHAasT IITyKaTypKa 1800 20 0.76 0.09
IS BHYTPEHHHUX PadoT

1.2 Tun xoHCTpyKIHUU
ITykarypka BEpMUKYIUTOBAS 1000 30 0.15 0.12
JUISL Hapy>XHBIX paboT F50
[TuThl MUHEpaIOBAaTHBIE 120 130 0,042 0,32
ItykarypHO-KieeBas cMeCh 5 076 0.035
JUIS. MUHEPAJIbHBIX TUTUT
ITenobeTonusie O0:110ku D600 Ha KiIeeBOM
pactBope, 400 x 200 mm B2,5; F25 600 300 0,14 0,17
IlemeHTHO-TIeCUaHast INTyKaTypKa 1800 20 0.76 0,09
IUTS BHYTPEHHHX PaboT
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Oxonvanue maon. 1

IInotHOCTH

Hammenosanme marepuana ;
Py KI/M

Tommuaa
o, MM

TeHJ’IOHpOBOZ[HO CThb
A, Br/(M-°C)

[Taporiponunaemoctsb
W, mr/(m-4-Ila)

Tpexcnotinas KOHCMPYKYUs ¢ 6EHMUTUPYEMBIM 3A30POM € 0ONUYOBKOU KUPNUYOM

2.1 Tun KoHCTpyKIUU

Kepamuueckuit kupnuy JuneBon
IyCTOTENbIA YTOJIIEHHBIN

T'OCT 530-2012 M100; F75; 1600 120 0,58 014

Ha IIeMeHTHOM pactBope M 100

Boznyunsiii 3a30p - 40 - -

[lnuTer MEHEpaTOBaTHBIE 120 200 0,042 0,32

Kepam3zurobeToHHbIe OJI0KH ¢ 3-psiaHON

nycThiHHOCTRIO D600; B2,5 600 390 0.2 0,26

IlemenTHO-TIeCyaHas MTyKaTypka

U BHYTPEHHHX PaboT 1800 20 0,76 0,09
2.2 Tun KOHCTPYKIMU

Kepamuueckuii kuprnuy J1uneBoi

IyCTOTENBINA YTOJIIIEHHBIN

T'OCT 530-2012 M100; F75; 1600 120 0,58 0,14

Ha IIeMeHTHOM pactBope M 100

Bo3nymisslii 3a30p — 40 —

IInuTel MUHEpasiOBaTHBIE 120 180 0,042 0,32

ITenoGeronHbIe Oioku D600 Ha Ki1eeBoM

pactBope, 400 x 200 mm B2,5; F25 600 300 0,14 0,17

IlemenTHO-TIeCYaHas MTyKaTypka 1800 20 0.76 0,09

JUISL BHYTPEHHUX paboT

Tpexcnotinas KOHCMPYKYUsi CMeHbL ¢ GeHMUTUPYEMbLM 3A30POM HO CUCeMe HABeCHOU eermunupyembiil pacad (HBD)

3.1 Tum KoHCTpyKLUU

Komrmo3utHbie muThl 1o cucteme HBD 7000 2 48
Boszmymnstit 3a30p - 60 -
IInuTel MUHEpasIOBaTHBIE 120 200 0,042 0,32
KepamzutobeTonnsie 6:10ku ¢ 3-psaHOM
nycrhiHHOCTRIO D600; B2,5 600 390 0.2 0,26
IleMeHTHO-TIeCUaHasl IITyKaTypKa 1800 20 0.76 0.09
VIS BHYTPEHHHX PaboT

3.2 Tum KOHCTPYKIHH
Kommo3utHele muTh 1o cucteme HBD 7000 2 48 -
Bozaymnstit 3a30p - 60 -
[TnuTel MUHEpATIOBATHBIE 120 200 0,042 0,32
[Teno6eronnsie 610k D600 Ha KileeBOM
pactBope, 400 x 200 mm B2,5; F25 600 300 0,14 0,17
IlemeHTHO-TIECYaHAasT MITYKaTypKa 1800 20 0.76 0,09

JUISL BHYTPEHHUX paboT

TeniorexHu4yeckuii pacuer

IIpu BBINOJHEHUHU TEIIOTEXHUYECKOTO pacuera
OBLIH YYTCHBI MaTEPHAIIBI, H3JIOXKCHHBIC B cTaThe [23].

TennoTexHUYECKUi pacyeT NpPOU3BOAUTCS ISl KU~
JIOTO MHOTO3TA)KHOTO 3[JaHUSl HA TEPPUTOPUH T. SKyT-
cka. It mpoBeIeHUs pacueToOB Ha COOIIONCHUE TTO-
aeMeHTHOTO TpeboBanms cormacHo CIT 50.13330.2012
«TerutoBas 3aIUTa 3MaHUI»? PACCMATPUBACTCS TIIyXas

2 CII 50.13330.2012. Tennosas 3amura 31aauid. M. : Mun-
peruon Poccun, 2012. 100 c.

10

YaCTh CTEHbI KAPKACHO-MOHOJIUTHOTO 3[aHUsI Pa3MEPOM
1000 x 1000 mM. B xauecTBe TOYCUHBIX BKIIIOYCHHNA
paccMaTpUBarOTCA TETUIO3ALIUTHBIC JIEMEHTHI, PEKO-
MEHIOBaHHbIE JJIs1 COOTBETCTBYIOIINX BH/IOB CTEHOBBIX
korCcTpykiuit CIT 230.1325800.2015 «KoucTpykunn
OorpakJarouine 3AaHUNH. XapaKTepUCTUKN TEIUIOTEXHU-
YECKHUX HEOMHOPOIHOCTEH .

3 CIT 230.1325800.2015. KOHCTPYKIMH OrpakIarolye 3/1a-
HHMI. XapaKTepUCTHUKU TEIUIOTEXHUYECKUX HEOJHOPOJHO-
ctei. M. : Munctpoit Pocenn, 2015. 72 c.
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VicxonHble maHHBIE U pacueTa MpeAcTaBICHBI
B Ta0JI. 2, HAa UX OCHOBE MOJIyYCHbI PaCUETHBIE MTOKa3a-
TEeJH AJ1s pailoHa CTPOUTEIbCTBa (Tab. 3).

J1st TpeXCIOMHBIX KOHCTPYKITHIA CTEH ¢ OOTUIIOB-
kol mo COTK ¢ HapyKHBIMU INITYKaTypPHBIMH CIIOSIMU
B Ka4€CTBE TOYCYHBIX HEOIHOPOTHOCTEH MPUHUMAIOT-
sl TapebuaThle aHKEPHI C 3arIyIIKOH, 00ecneunBaro-
el TuApo- U TEIUIOU30JSLHUI0 U3 MOPO30CTOMKOro
[OJIM3TUIIEHA, CTAJIbHON PAaCHOPHBIA 3JIEMEHT UMEET
AHTUKOPpO3UiiHOE NOKpbITHE. [Ipy BO3BENEHUH TpEX-
CJIOMHOM CTEHBI ¢ OOJNIIOBOYHBIM CIOEM M3 JIUIIEBOTO
KHPIIMYa UCIOJIB3YIOTCS THOKUE CBSI3H METAITMUECKHE
13 KOPPO3HOHHOCTOWKOW CTaJH C TapelsdaThiM TF00e-
jeM, obecIrieunBalonie Co3aHne BeHTHISIIIHOHHOTO
3a30pa TonmuHou 40 MM. JIJ1s KpemieHus: CHCTEMBbI Ha-
BECHOTO BEHTIJIMPYEMOTO (hacazia NCIONIb3YIOTCSl KPOH-
HITEHHBI AIIOMUHHUEBBIE, YCUIIEHHBIE BEICOTON 150 MM

u mupuHoi 55 mM. Kpennenue kpoHIITEHHOB TPOU3-
BOJMTCS K MEKAITAXKHBIM MEPEKPBITUSIM.

YnenpHbIe TOTEPH TEIIIOTHI Yepe3 TOUECUHBIE BKITIO-
uenus x,, Br/°C, u ux konuuectso Ha 1 M* n,, mm/m?,
JUISL PA3JIMYHBIX TUIIOB KOHCTPYKIIMN YKa3aHbI B Ta0I. 4,
JIaHHBIC OBLIM OIPEJIeNICHBI, ONUPAsICh Ha TEXHUYECKYIO
JOKyMEHTAIMIO TIPON3BOANTENCH M HOPMATHBHYIO J10-
kymenranuio CIT 230.1325800.2015 «Konctpykunu
OrpakJarouiue 3AaHUNH. XapaKTepUCTUKU TEIUIOTEXHU-
YECKUX HEOAHOPOIHOCTENN.

Jast coOmnroneHust HOAJIEeMEHTHOTO TPeOOBaHUS He-
00X0MMO, YTOOBI BETMUMHA MPUBECHHOTO COTPOTHB-
JICHUS Teruionepenade pparMenTa TeIIo3aluTHOH 000-
nouku R ', (M*-°C)/Br, Gbi1a 60s1bIe HOPMHPYEMOTO
3Hayenus R "™, (m*-°C)/Br (CII 50).

[prBeneHHOE CONPOTUBIICHHUE TerIonepenaye (par-
MEHTa TETUIO3AIUTHOW 000JI04KN 03 yueTa JIMHEHHBIX

Taou. 2. VicxonHble aHHBIC IS IPOBEICHUS TEIUIOTEXHUUECKOTO pacueTa

PacuerHslii napameTp

PacueTHOe 3HaueHUE
mo CIT 50.13330.2012

BnaxxnocTHbI pexxum HopmaiibHblii*
OtHocuTeNbHAs BIKHOCTL BO3AyXa BHYTPH 31aHUA @, Y0 55 (o CII 50)
YenoBus 3KCIUTyaTalluyl KOHCTPYKLIUH A (mmo CIT 50)

Temneparypa Bo3ayxa Hanbosee X0JI0AHON MATHAHEBKH obecniedeHHoCcThI0 0,92 ¢ , °C
H

52 (no CII 131)

TIpomomKUTEIFHOCTE OTOITUTENIFHOTO NEPHO/Ia CO CPEAHEH CyTOUHOI TeMmepaTypoit

HapyXHOTO BO3Tyxa He bonee 8 °C Z , cyT

252 (mo CIT 131)

CpeZ[HHSI TEMIIEpaTypa HApYyKHOI'0 BO3AyXa Jisd repuoaa co cpez[Heﬁ CyTO‘{HOfI

TeMIepaTypoi Hapy»KHOTo Bo3ayxa He 6omee 8 °C ¢, °C

—20,6 (mo CIT 131)

Pacuernas Cpe€aHss TeMIIEpaTypa BHYTPEHHEIO BO3LyXa l'[OMeIJ.[eHI/Iﬁ 3AaHUA

IJTSL TEMO3aIUThI £, °C

21

KoaddunmenTs! Teruootnaun:
* BHYTPEHHEH MOBEPXHOCTH KOHCTPYKIWii o, Br/(m?*-°C);

* HapY’)KHOH MOBEPXHOCTH KOHCTPYKIUH C BO3YIIHBIM 3a30poM o, , B/(m*-°C);
* Hapy’)KHOH MOBEPXHOCTH KOHCTPYKIMi 6e3 BO3aynIHOTO 3a30pa o, , B/(M*-°C)

Tab.1. 3. PacueTHble noka3aresu Uil paiioHa CTPOUTENILCTBA

8,7 (o CII 50)
12 (o CII 50)
23 (nio CII 50)

PacueTHblii mapameTp PacuetHoe 3HaueHUE
I'pamgyco-cytku oronurensHoro nepuoaa (I'COIN), °C-cyt/rox 10 483,2
Hopmupyemoe 3HaueHNE TPHBEACHHOTO COMPOTHUBIICHHUS TETIONEPEIady Orpaxaromeit
KOHCTpYKIH R "™, m*-°C/Bt 3,069
BazoBoe 3HaueHne TpeOyeMOoro CONPOTHBIICHHUS TEIIONEepeiade Orpaxaomeit

KOHCTpyKuuH R ™, M*-°C/Bt 3,069

Taou. 4. PacueTHble OKa3aTeIn A7 palioHa CTPOUTEIBCTBA
Tun xoHCTpyKIMU Tun ToYeyHbIX BKIIIOUCHUH n,, mr/m? X, B1/°C

1.1 TapenbuaTble aHKEPbI 6,7 0,001

1.2 TapenbsuaTble aHKEPHI 6,7 0,001

2.1 T'ubkwue cBsizu 9,0 0,006

2.2 T'ubkwue cBsi3u 7,0 0,006

Kponurreitnst 0,56 0,079

31 TapenbuaTble aHKEPbI 6,94 0,001

30 Kponurreitas 0,56 0,080

TapenbsuaTbie aHKEPHI 6,94 0,001

11
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Taba. 5. CpaBHUTENBHBIN aHAIN3 KOHCTPYKIUH

Tun R;]f R;g R [1nocKkoCTh yBIaXKHEHUS
KOHCTPYKIIUH "
1.1 0,671 2,446 2,334
1.2 0,666 2,869 2,536
Croii yrerumrens (IUTUTHl MUHEPAJIOBaTHBIC)
2.2 2,160 1,752 2,549
32 0,000 1,600 2,612

anemenToB R ", (m*-°C)/Bt onpenensercs mo dopmysie
(CIT 50):

RIP 1 :
1/Rgcn + anXk

(1

rjie R’ — oCpesHEHHOE MO TUIOIAN YCIOBHOE CO-
MIPOTHUBIICHNE TEIUIoNepeade (hparMeHTa orpakaaro-
et koHeTpykimu, (mM?-°C)/BT.

KoadduimenTt oqHopoaHoCTH paccuuTat 1o ¢pop-
myie (CIT 50):

r= RIP/RY". @)

Pacuer KOHCTPYKIUH HA 3aIUTY
OT TMepeyBJIaKHEHHST

Heo0xoauMo poBepHuTh KOHCTPYKIIMIO Ha 3allly-
Ty OT IIEPEYBIAKHCHUS, YTOOBI ONPECIUTH, OYIET JIH
BEITNIA/IaTh KOHACHCAT B Toiie koHcTpykiwmu (CIT 50).
J1yist oGecrieueHus 3TOro TpeOOBaHMs HEOOXOAUMO, YTO-
OBl KOHCTPYKIHS ObLIa 3aIPOCKTUPOBAHA C COMPOTHB-
JICHUEM ITapOIPOHUIIAHHIO BHYTPEHHHX CJIOEB (OT BHY-
TPEHHEH MOBEPXHOCTH JI0 IJIOCKOCTH MaKCUMaJIbHOTO
yBiaxHenus) R , (M*-u-Tla)/mr, He MeHee HauboIbIIEro
u3 TpeOyeMbIX 3HaUCHUH maponpoHunanuto R P, R,
(M?-g-Tla)/mr, T.e. cmemyeT 00ecnednTh COOMIOICHIE
tpedoBanuii (CII 50):

R,>R';

nl >
Tp
R, >R,

T
rie R P — tpebyeMoe ConpoTHBIICHHE NapONPOHHIIA-
HUIO U3 YCJIOBHSI HEJIOMYCTUMOCTH HAKOIIJICHUS BIIArU
B OTPaXK/IAIOIIEH KOHCTPYKIIUH 3a TOJJOBOM MEPUOJT IKC-
. T

jyaranuu; R5 — tpebyemoe conpoTusieHne napo-
MPOHUIIAHUIO U3 YCIIOBHSI OTPAHUUYCHUS BIIATU B OIPaXK-
JIArOIEeil KOHCTPYKIIUH 3a TIEPUOJL C OTPHUIIATEIbHBIME
CPEIHUMHU MECSUYHBIMU TEMIIEPATypaMu HAPYKHOTO
Bo3ayxa (CIT 50).

Pacyer 3xoHOMHUYECKHX NTOKa3aTenei
OrpaKIAIMINX KOHCTPYKIM

Tpebyercst paccyuTarh ce0ECTOMMOCTE U OOIIYTO
CMETHYIO CTOMMOCTH BO3BEACHUS OrPaskAAIONINX KOH-
CTPYKIHIA.

12

Vcronb3yem aisi: OnpeieeHus pacieHOK Ha Ma-
tepuansl uaeke K = 10,994 pacienok Ha sKcrutyara-
MO MAIWH U MEXaHU3MOB K| = 18,34%; ycranoBieHus
pacueHok Ha omnary Tpyaa K, = 65,38°.

ITonnas cMeTHas CTOMMOCTb CKJIa/IbIBAETCS U3 IPS-
MBIX 3aTpart, HaKJIaJHBIX PACXOIOB ¥ CMETHOM MPUOBLIH.
CremyeT y4ecTb 3aTpaThl OT yIUIaThl Hajora Ha J00aB-
nernyio crommocts (HIC). Pasmep H/IC cocraBmser
20 % OT CMETHOW CTOUMOCTH.

Bo16op nHau6oJiee 3ppexTUBHOI orpaxaaronei
KOHCTPYKLMH /IS 00ecriedeHHs1 TeNJIOBOM 3alUThI
30aHMSA B YCJIOBHUSIX CYPOBOI0 KJIMMATA

Jnst mpoBeeHUsT OKOHYATEIbHOTO CPAaBHUTEIb-
HOTO aHaju3a OblUIa paccunuTaHa Harpyska ot 1 mor. M
CTEHOBOM KOHCTPYKLIUU HA IUIUTY IepeKpbITus. Pesynb-
TaTHI MPOBEACHHBIX PACYETOB YKa3aHBI B Ta0I. 5.

Koncrpyknunu 3.2 ymoBieTBopsieT 00g3aTenbHOE
MO3JIEMEHTHOE TPeOOBaHIE, MPOXOAUT IIPOBEPKY HA 3a-
IIUTY OT MEPEyBIAXHEHUs, TOJIIIMHA KOHCTPYKIUU
SBIIIETCS] HIDKE CpeHEel B CpaBHEHUHU C paccMaTpH-
BaeMbIMH B paboTre THUIaMH KOHCTpyKuuii. Harpyska
Ha NEPEKPBITHSL, OKa3blBacMasi HAPYKHOW CTEHOU, IOY-
TH BJBOC MEHBIIIEC B CPABHEHUH C KOHCTPYKITHSIMHA C 00-
JIMOBOYHBIM CJIOEM U3 KEPAMHUYECKOTO KUPIUYA.

PE3VYJIBTATHI HCCJIEJOBAHUA

PesynbraThl TEIIOTEXHIYECKOTO pacueTa paccma-
TPUBAEMBIX KOHCTPYKIIUII TPECTABICHBI B TA0. 6.

Ha ocHOBaHMM pacdyeTOB MOYHO ClIejaTh BBIBOI,
YTO KOHCTPYKIHUS 2.1 ¢ KOHCTPYKTHUBHO-TETUION30JIs-
IIMOHHBIM CJIOEM H3 KepaM3UTOOCTOHA W OOJUIIOBKON
U3 JIMIEBOr0 KUPIHUYa UMEET HAUOOIBIIYIO TOJIHHY
KOHCTPYKIIMH ¥ BEJIMYUHY YTCILTUTEIS BEIIIE CPETHETO

4 00 yTBepkaeHNH METOAMKH ONpPEe/eNeHHsI CMETHBIX L[eH Ha
MaTepHaJIbl, H3/IeHs, KOHCTPYKINH, 000pPYIOBAHNE U IIeH YCIyT
Ha MepeBO3Ky I'py30B Julsi cTpouTtenseTsa : [Ipukaz Munucrep-
CTBA CTPOMTEIHCTBA U KIIHITHO-KOMMYHAIILHOTO X035 CTBa
Poccuiickoit deneparmn ot 20.12.2016 Ne 1001/mp.

5 PacCLieHKH Ha 9KCIUTYaTalMI0 CTPOUTENIBHBIX MAIIMH U aBTO-
TpaHCTIOPTHBIX cpencTB : [Ipukaz MunucTepcTBa CTpOUTEND-
CTBA M JKUJIMIIHO-KOMMYHaJIBHOTO X03sicTBa Poccuiickoit
Denepannu ot 26.12.2019 Ne 876/mp.

% O6 yTBepkaAeHUH METOIMKH ONPEAEICHHs CMETHBIX LICH
Ha 3aTpaThl TPyla paOOTHUKOB B CTPOUTENLCTBE : [Ipmka3
MuHHCTEpCTBA CTPOUTENBCTBA M KHUIHAIIHO-KOMMYHAIEHOTO
xo3siictBa Poccuiickoit @enepannu ot 01.07.2022 Ne 534/mp.



Bbl60p OI'pa)KAaiOLLLeﬁ KOHCTPYKLUMNUN ANA XKUABIX 3AaHUN B YCAOBUSX CYPOBOIro KAmmara

C. 6-23

Taou. 6. Pe3yabTarhl TEIUIOTEXHUYECKOTO pacyeTa

Tonmuna Tonuuna Koadpunnent onqaoponHocty,
Tun R, M2-°C/Bt o
KOHCTPYKIIHH 8 , MM | YTCTUIHTENs 8, MM o> YUUTBIBAIOLIMI TOUCYHbIE BKIFOUCHUS

1.1 595 150 5,687 0,96

1.2 485 130 5,425 0,96

2.1 730 200 5,225 0,72

2.2 640 180 5,424 0,78

3.1 592 200 5,105 0,73

32 522 200 5,323 0,74

3HaueHus B 1,23 u 1,13 pa3 cOOTBETCTBEHHO, TIPU 3TOM
MIPUBEACHHOE 3HAYCHUE COMPOTHUBIICHHUS TETUIONIEepe/a-
YU C YIETOM TOYCYHBIX BKITFOUCHHH SBIISCTCS HANMCHB-
muM. Konetpyknus 3.1 Takske UMeeT TONIMIUHY YTElI -
TeJlsl BbIlIe CpeaHero 3HaueHus B 1,13 pas, npu sTom
MPUBEICHHOE 3HAYEHUE COMPOTUBICHUS TEIIomnepe-
Jladyu HauMEHbIIIee U3 pacCMaTPUBAEMBIX KOHCTPYK-
1uii. Ha 0a3e nmpoBeICHHOIO aHalin3a MOKHO CKa3arh,
YTO CTCHOBBIE KOHCTPYKIIMH U3 KePaM3UTOOCTOHHBIX
OJIOKOB C BO3AYIIHBIM 33a30POM M OOIUITOBKOW JIHIIE-
BBIM KHPITMYOM, a TaKXKe OOIHMIIOBKOW IO HABECHOW
(acamHOI cuCTeMEe KOMIO3UTHBIMH ILUTUTAMU HE pe-
KOMEH]TyeTCsl IPUMEHSTh B PACCMOTPEHHBIX YCIOBUSIX
¢ cypoBbIM KiimMaroM. Onupasich Ha JJaHHbIE Ta0l. S,
MOXHO yOeauThcs, uto KoHCTpykuuu no COTK umeror
HanMeHbIIIee KOJTMYECTBO TOYSUHBIX TEIIOMPOBOIHBIX
BKITIOUEHUH, KOHCTPYKIIMK HANOO0JIee OTHOPOIHEI.

JI5st BBITIOTHEHUS JalIbHEUIIIEr0 MCCIIeIOBaHUS
KOHCTpYKUMH TUN 2.1 1 3.1 crenyer UCKIIIOUUTh U3 CITU-
CKa paccMaTpuBaeMbIX. Pe3ynbraTsl pacueTra Ha 3alIuTy
OT TICPEYBIIAXHCHUS TIPUBCIICHBI B Ta0I. 7.

Koncrpyxkiuu ¢ ortaenkoii mo COTK ne npoxoast
MPOBEPKY Ha 3aIUTy OT MEPEeyBIKHEHUS U HE yIOB-

Tab.. 7. Pe3ynbrarsl pacyeTa Ha 3alIUTy OT NEpeyBIaKHEHUS

JETBOPSAIOT TPeOOBAHUSAM I10 MApPONPOHHUIIAEMOCTH,
CJIE/IOBATEIBHO, B ATUX KOHCTPYKIMAX OyIeT HaKaruTu-
BaThCs Bilara. 30Ha MaKCUMaJIbHOTO YBJIaKHEHUS Ha-
XOIUTCA B CJIO€ yTEIUINTENs: MuHepanabHast Bata IDK,
3a CYET IepeyBIaKHEHNS 3KCIUTyaTal[HOHHBIE U TEILIO-
M30JSIIMOHHBIC CBOMCTBA YyTEIUTUTENSI M IITYKAaTyPHOU
OOJUIIOBKY OyIyT 3HAYUTEIHEHO CHIDKCHBI, YTO MOXKET
MPHUBECTH K CO3JaHHUIO HEOJIaroNmpHUsTHBIX yCIOBUU
JUIs TIpeObIBaHUS YEJIOBEKA U MOBBIIICHUIO TEIIOBBIX
MOTEph Uepe3 KOHCTPYKIIUIO. Y UUTHIBAs PE3yNbTaTHl,
KOHCTPYKIIMH HE MOTYT OBITh HCIIOJIb30BAHBI ISl IKC-
IUTyaTalluy B 3@HUAX M COOPYKeHHsX. [ nanpHei-
IIETO UCCIeJOBaHNs KOHCTpyKuuu thmna 1.1, 1.2 e Oy-
JyT UCTIOJIb30BAHBL.

Pe3synbrarel 110 pacyeTy CMETHOM CTOMMOCTH CTPOU-
TENIBCTBA PACCMATPUBAEMBIX KOHCTPYKIIHI CTE€H YKa3aHbI
B TaOm. 8.

VYeTpoMCTBO €l10d OTIAENKU U3 KEPAMUUECKOIrO
kuprnya Ha 21,7 % s dexTuBHee, 4eM yCTpOWCTBO CH-
CTEMbI HABECHOT'O BEHTHJINpyeMOro (acaaa coriacHo
JIOKaJIbHOM CMETe.

Tun RP R R TIIOCKOCTh YBIAKHEHHUS
KOHCTPYKIIUH
1.1 0,671 2,446 2,334
12 0,666 2,869 2,536 Croit yreruutens (TUIMThl MUHEPAIOBATHBIC)
2.2 2,160 1,752 2,549
32 0,000 1,600 2,612

Tadu. 8. Pe3ynbrarsl cMETHOTO pacuera Ha | m?

HanmenoBanue 3arpar CuerHas cTonmocTs B basncrom CMeTHasi CTOMMOCTb B TEKYIIIEM YPOBHE LieH, pyO.
YPOBHE IICH, pYO.

Hroro mpsMele 3aTparsl 16 504 66 021
HWroro donx orarsr Tpyna (OPOT) 388,62 25408
Wtoro HakmaHble pacxobl 436,86 28 562
Htoro cmetHast npulObLUIb 245,02 16 019

Hroro nmo xoHcTpykuu Trmna 3.2 ¢ yuerom H/IC 132 724
HWToro mpsiMere 3aTpatsl 17 227,43 53 143,85
Hroro ®OT 517,14 33 811
Wroro HakiaHbie pacxo/sl 555,26 36 303
Htoro cmetHast npubbUIb 275,69 18 024

Hroro no xoHcTpykiuu trmna 4.2 ¢ yuerom H/IC 169 541
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J1.K0. MHeduHa

3AKJTIOYEHHUE U OBCYXJIEHHUE

B xo1e HayuHO-HCCIIEI0BATENECKOW paObOTHI BbI-
SIBJICHO, YTO HAWJIYYIIUM BAPUAHTOM KOHCTPYKIIHH
IUIST IPOCKTUPOBAHUS C TOYKHM 3PEHUS TEIIOBOU 3a-
IIUTHI 3]JaHAS B YCIOBHUSAX CYPOBOTO KIIFIMaTa SBIISCTCS
KOHCTPYKITUS M3 IEHOOETOHHBIX 0710k0B D600 TOMITH-
HO¥ 300 MM C TEIUIOMU3OIAIMOHHBIM CIIOEM M3 MHHE-
panoBarroro yremnutens [DK120 tommuaoi 200 Mmm
C IPUMEHEHUEM HaBECHOMU (acaHOM CHCTEMBI C OTHEC-
KOW KOMITO3UTHBIMH MAHEIIIMU U CUCTEMOU KPETIJICHUS
K MEXKITaXKHOMY ITEPEKPBITHIO.

KoHCTpyKIUs ¢ 0OIUIIOBOYHBIM CIIOEM U3 JIHIIC-
BOTO KHpITUYa UMeeT OONBIINi Bec U TonmuHy. KoH-
CTPYKIHUS U3 TIEHOOETOHHBIX 0110K0B D600 TommuHON’
300 MM ¢ TETTOM3OJSIIMOHHBIM CIIOEM W3 MHHEPAIO-
BatHoro yreruutenst [DK120 tommunaoin 180 MM 1 mu-
I[EBBIM CJIO€M M3 KEPaMUYCCKOTO KUPIHYA C YCTPOW-

CTBOM BEHTHJIMPYEMOTO 3a30pa Ha 22 % sddexTuBHee
KOHCTPYKIUH 3.2 TI0 5KOHOMHUYIECKHUM TTOKA3aTeIsIM, UC-
XOJISI U3 ATOTO PEKOMEHIOBAHO IPOIODKUTE H3yUCHUE
BO3MOYKHOCTH HCIIONB30BAHMS JAHHOTO TUITa KOHCTPYK-
IIUH JIUTSE MaJIODTAXKHBIX JKHIIBIX 3aHUH B YCIOBHUSX CY-
POBOTO KJIMMaTa.

KoHcTpyKImu ¢ mpruMeHeHHeM ITeHOOETOHHBIX 0J10-
KOB M KEpaMHUUECKHX M3/IENTHI BOZMOYKHO HCIIOIb30BaTh
JUISL CTPOMUTENILCTBA d(PEKTUBHBIX OrPaXKIAI0MINX KOH-
CTPYKIIMH, TAKMUM 00pa30oM PEKOMEHI0BaHO POJIOIKUTh
N3YUYCHUC MPUMEHCHUA MCCTHBIX pECYPCOB IJIA IMPOU3-
BOJICTBA yKa3aHHBIX MAaTE€PHAJOB C LEJIBIO yBeIHye-
HUS SKOHOMHYECKOH 3(()EKTUBHOCTH KOHCTPYKIIHMA.
CrepxuBaromuM (pakTOpoM CITy’KUT HU3Kas KyJIbTypa
NPOM3BOACTBA MEHOOCTOHHBIX OJIOKOB U, KaK CIIel-
CTBHE, HEYCTOIUHMBBIC TEIUIOTEXHUUECKUE U IIPOYHOCT-
HBIC XapaKTEPUCTUKH OJIOKOB J1aXke B Mpezesax OXHOU
HapTHH.
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INTRODUCTION

Most of the energy resources used are non-renewable,
therefore, it is necessary to use thermal energy rationally
and take measures to reduce energy consumption without
deteriorating the performance of the buildings and struc-
tures constructed. Energy consumption during the building
operation period accounts for 90 % of the total energy con-
sumption by the construction industry, most of this amount
is spent on residential buildings — 50-55 % [1].

One of the ways to reduce heat energy consump-
tion is the use of efficient building envelopes. When de-
signing an energy-efficient exterior envelope, structures
with a pronounced thermal insulation layer are used.
In addition, the required level of thermal efficiency is
achieved based on the rational placement of thermal
insulation layers in the structure and increasing the ho-
mogeneity of the structure [2].

The works [3—11] analyze the advantages and dis-
advantages of modern building envelopes with different
building materials.

Currently, two structural systems of multilayer
building envelopes are the most widespread: the system
with a ventilated air gap and the system of plaster insu-
lated facade. Thanks to the air gap, moisture condens-
ing in the insulation layer and the load-bearing wall can
be removed. The required width of the air gap depends
on the distance between the ventilation openings, their
length, temperature difference and air density. Accord-
ing to the theory of thermodynamics, the minimum
value of the air gap should be 40 mm [12].

MATERIALS AND METHODS

Consider a cladding system with a curtain-type
ventilated facade. The system is a structure consisting
of brackets, vertical and/or horizontal profiles, a ther-
mal insulation layer and a cladding layer made of vari-
ous materials. In most cases, a supporting sub-system
made of aluminium and steel is used. The disadvan-
tage of the system is the low value of the coefficient
of thermal homogeneity due to the use of a large num-
ber of metal inclusions. In order to reduce heat losses
through metal inclusions in the ventilated curtain facade
system, a double layer of insulation is used; this design
increases the thermal homogeneity due to the overlap-
ping of joints with the upper layer of insulation [13].

The advantages of ventilated facades are:

* the ability to provide protection of building struc-
tures from damage and weathering while maintaining
good ventilation of the facade;

* installation of the structure can be carried out re-
gardless of the season;

* the possibility of replacing cladding and thermal
insulation materials;

* the possibility of choosing different cladding
materials.

Facade thermal insulation composite
systems (FTCS)

They have a multilayer structure, the insulation
layer is fixed to the wall base with the help of adhe-
sive-plastering mortar together with disc anchors, then
the base layer of plaster with mesh reinforcement is ap-
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plied to the heat-insulating product, the finishing layer
is decorative plaster of various types with or without
subsequent painting. The advantage of the construction
lies in its homogeneity, the value of the number of ther-
mal conductive inclusions is one of the lowest among
multilayer constructions. The high homogeneity index
can also be attributed to the disadvantage of the con-
struction, because in case of failure or the need to re-
place the system, all layers of FTCS are destroyed.
It is necessary to carry out works on the device FTCS
at a temperature of at least +5 © C otherwise the adhe-
sion and impact strength of plaster compositions de-
creases. If it is necessary to create a plaster layer in con-
ditions with lower outside temperatures, it is necessary
to use specialized plastering materials with modifying
additives that reduce the possible temperature of works
down to —10 °C [14].

Brickwork cladding

The use of brick cladding in multi-storey build-
ings resting on the floor slab is not permitted at a storey
height of 3.6 m. When using face bricks, it is necessary
to make vertical horizontal expansion joints in order to
avoid an emergency situation in case of temperature and
humidity forces due to temperature fluctuations, and to
use anti-corrosion flexible bonds to ensure the integ-
rity of the structure. In order to maintain the required
humidity state of the structure, an air gap should be
created between the face brick and the thermal insula-
tion layer, in addition to this it is necessary to provide
vents in the masonry for air circulation. The advantages
of this type of cladding include:

* availability of construction materials;

* high level of fire resistance;

* resistance to atmospheric influences;

* environmental friendliness.

Disadvantages of the system:

* labour-intensive erection and the need for highly
qualified specialists;

* limitation of architectural diversity;

* low coefficient of thermal homogeneity due to
the use of various flexible links and concrete inclusions;

* high load on the foundation;

* the use of materials for the inner layer of the struc-
ture other than bricks may entail independent deforma-
tions between the face layer and the inner structure.

Based on the wide choice of materials and the de-
pendence of the thermal performance of the envelope
on the arrangement of layers in the wall mass, many dif-
ferent structures with unique thermal performance pa-
rameters arise. Climatic conditions as well as the local
availability of raw materials influence the choice of mate-
rial, composition and thickness of the envelope. In order
to find the most rational type of envelope structure that
meets the requirements of thermal protection of the build-
ing, it is advisable to conduct a study of a whole complex
of structures and determine the most optimal options based
on thermophysical properties and economic indicators.
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The need to improve the energy efficiency
of the building envelope in the North and,
in particular, in the Republic of Sakha (Yakutia)

Based on the schematic map of zoning of the north-
ern construction climatic zone of Russia, presented
in CP 131.13330.2020 “Construction Climatology”’,
the territory of the Republic of Sakha is located in
the most severe climatic conditions. The territories
of the Republic of Sakha are located in the most severe
climatic conditions.

Yakutia ranks first in the number of total reserves
of natural resources in Russia, with 2959 deposits of
59 types of raw materials accounted for by the State
Balance for 2020. To improve the economy of our
country, the development of strategically important sub-
jects is a priority task. Despite its significant economic
potential, the population density is low and amounts
to 0.32 people/km? in 2021, one of the lowest figures
in the whole of Russia. Yakutia is located in the centre
of Eastern Siberia, and the winter period is many times
longer than the summer period. The climate is charac-
terized by a significant temperature difference between
cold and warm seasons, low precipitation and weak
winds.

In order to keep the population interested and im-
prove the economic situation, it is necessary to cre-
ate favourable conditions for the operation of build-
ings and structures, as well as to monitor the efficient
use of heat energy and increase the energy efficiency
of buildings. According to the Resolution of the Gov-
ernment of the Republic of Sakha (Yakutia) “The Draft
Strategy of Socio-Economic Development of the Re-
public of Sakha (Yakutia) until 2030 with the definition
of the target vision until 2050, one of the strategic pri-
orities for socio-economic development of the Republic
and improvement of living standards is to create a com-
fortable and safe living environment for people.

As of 2019, the number of emergency housing in
the Republic of Sakha totaled 3,629 apartment buildings,
as a result of which there is an urgent need to design and
construct a large number of residential buildings.

In climatic conditions with low temperatures
(the heating period in Yakutsk is 252 days for residen-
tial buildings), the consumption of energy resources in-
creases, so the study, analysis and development of mea-
sures to preserve and rationally use the incoming heat in
buildings is an urgent task.

All of the above points to the need to study the is-
sues of rational design of energy-efficient building en-
velopes, in particular, in the territory with a harsh cli-
mate, namely, in the Republic of Sakha.

Raw material base for construction in the Republic
of Sakha (Yakutia)

Due to harsh climatic conditions, transportation
of materials has a number of difficulties, such as high

' CP 131.13330.2020. Construction climatology. Moscow,
Standardinform, 2021; 153.
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price and long transport times, which leads to longer
construction periods and higher costs of construction
projects. The use of locally produced construction ma-
terials can solve these problems and increase the eco-
nomic efficiency of construction.

There is a significant amount of raw materials on
the territory of the Republic that can be used for the pro-
duction of construction materials. The territory of Yakutia
is rich in clay raw materials that can be used for the pro-
duction of expanded clay products. There are 43 known
deposits of expanded clay raw materials on the territory
of the republic, 24 of which are not included in the con-
solidated balance of reserves. At the moment only 4 de-
posits are exploited. According to studies [15], there are
clay deposits on the territory of Yakutia, which can be used
for the production of light and high-strength expanded
clay concrete for the construction of buildings of various
heights. Deposits of clay raw materials located in Yakutia
can be used not only for the production of expanded clay
products, but also for the production of face bricks that
meet the requirements of GOST 530-2012 [16-18].

Based on the analysis of scientific and technical
research, the possibility of producing foam concrete
of the design grade D600 using Portland cement clinker

Table 1. Types of envelope structures

of JSC PO “Yakutcement” and mineral raw materials
of Yakutia has been established. Natural zeolite from
Suntar district and quartz sand from Lena basin can
be used as mineral additives for foamed concrete pro-
duction. Blocks made of foam concrete produced with
the use of local raw materials are suitable for the con-
struction of external self-supporting walls of monolithic
frame buildings [19, 20].

Inaglinskoye deposit in Neryungri district of the Re-
public of Sakha (Yakutia) is the only raw material base
of vermiculite in the Far East of Russia. Uplifted vermic-
ulite is an environmentally safe material, which due to its
thermal insulation properties and relatively low weight
can be used for the production of plaster mixtures for ex-
terior and interior finishing.

Due to such a rich raw material base on the territory
of the republic there is a possibility of construction from
various building materials: ceramic bricks, heat insulating
products based on expanded clay and cellular concrete,
vermiculite materials for wall plastering [21, 22]. For
further research, the external envelope structures selected
on the basis of the structural system of the buildings under
consideration (frame), taking into account the most com-
mon design solutions of external walls (Table 1).

. Density Thickness Thermal conductivity Vapour permeability
Name of material p,» ke/m® 8, mm A, W/(m-°C) w, mg/(m-h-Pa)
Three-layer wall construction on FTCS using vermiculite plaster

1.1 Type of construction
Vermiculite plaster for exterior works 1,000 30 0.15 0.07
F50
Mineral wool boards 120 150 0.042 0.32
Plastering and adhesive mix for
mineral boards, application in cold 5 5 0.76 0.035
conditions
Clay concrete blocks with 3-row
desert D600; B2.5; F35 600 390 0.2 0.26
Cement-sand plaster for interior 1,800 20 0.76 0.09
works

1.2 Type of construction
Vermiculite plaster for exterior works 1,000 30 015 0.12
F50
Mineral wool boards 120 130 0.042 0.32
Plgstermg and adhesive mix for 5 5 0.76 0.035
mineral boards
Foam concrete blocks D600 on glue
mortar, 400 x 200 mm B2.5; F25 600 300 0.14 0.17
Cement-sand plaster for interior 1,800 20 076 0.09
works

Three-layer construction with ventilated gap with brick cladding

2.1 Type of construction
Ceramic brick face hollow thickened
GOST 530-2012 M100; F75; 1,600 120 0.58 0.14
on cement mortar M100
Air gap - 40 -
Mineral wool boards 120 200 0.042 0.32
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End of the Table 1
. Density Thickness Thermal conductivity Vapour permeability
Name of material P,y kg/m’ 8, mm A, W/(m-°C) w, mg/(m-h-Pa)
Three-layer construction with ventilated gap with brick cladding

2.1 Type of construction
Clay concrete blocks with 3-row
desert D600; B2.5 600 390 0.2 0.26
Cement-sand plaster for interior 1,800 20 076 0.09
works

2.2 Type of construction
Ceramic brick face hollow thickened
GOST 530-2012 M100; F75; 1,600 120 0.58 0.14
on cement mortar M100
Air gap - 40 - -
Mineral wool boards 120 180 0.042 0.32
Foam concrete blocks D600 on glue
mortar, 400 x 200 mm B2.5; F25 600 300 0.14 0.17
Cement-sand plaster for interior 1,800 20 0.76 0.09
works

Three-layer wall construction with a ventilated gap using a curtain-type ventilated facade (CVF) system

3.1 Type of construction

Composite slabs using the CVF 7,000 5 48 B
system
Air gap - 60 - -
Mineral wool boards 120 200 0.042 0.32
Clay concrete blocks with 3-row
desert D600: B2.5 600 390 0.2 0.26
Cement-sand plaster for interior 1,800 20 076 0.09
works

3.2 Type of construction
Composite slabs using the CVF 7,000 ) 48 3
system
Air gap - 60 - -
Mineral wool boards 120 200 0.042 0.32
Foam concrete blocks D600 on glue
mortar, 400 x 200 mm B2.5; F25 600 300 0.14 0.17
Cement-sand plaster for interior 1,800 20 076 0.09
works

Thermal calculation

When performing the thermal calculation, the ma-
terials described in the article [23] were taken into ac-
count.

Thermal calculation is performed for a residential
multi-storey building in Yakutsk. To perform calcula-
tions for compliance with the element-by-element re-
quirement according to CP 50.13330.2012 “Thermal
Protection of Buildings™ the blind part of the wall
of a frame-monolithic building with the size of 1,000 x
x 1,000 mm is considered. As point inclusions we
consider thermal protection elements recommend-
ed for the corresponding types of wall structures CP

2 CP 50.13330.2012. Thermal protection of buildings. Mos-
cow, Ministry of Regional Development of Russia, 2012; 100.
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230.1325800.2015 “Building envelope structures. Char-
acteristics of thermal inhomogeneities™.

The initial data for the calculation are presented
in Table 2, and on their basis the design indicators for
the construction area are obtained (Table 3).

For three-layer wall constructions with FTCS
cladding with external plaster layers as point heteroge-
neities, disc anchors with a plug providing hydro- and
thermal insulation made of frost-resistant polyethyl-
ene are accepted, the steel spacer element has an anti-
corrosion coating. When erecting a three-layer wall
with a facing layer of face brick, flexible metal links

3 CP 230.1325800.2015. Building envelope structures. Char-
acteristics of thermal inhomogeneities. Moscow, Ministry
of Construction of Russia, 2015; 72.
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Table 2. Initial data for heat engineering calculation

Calculation parameter Estimated value by
CP 50.13330.2012
Humidity regime Normal?
Relative humidity of air inside the building ¢,, % 55 (according to CP 50)
Operating conditions of the structure A (according to CP 50)

Air temperature of the coldest five-day period with a probability

0f0.92 ¢, °C

—52 (according to CP 131)

Duration of the heating period with average daily outside air temperature

not exceeding 8 °C ¢,, days

252 (according to CP 131)

Average outdoor air temperature for the period with average daily

outdoor air temperature not exceeding 8§ °C ¢ , °C

out®

—20.6 (according to CP 131)

Estimated average indoor air temperature of the building premises

for thermal protection ¢, , °C

21

Heat transfer coefficients:

« internal surface of structures o, , W/(m*-°C);

» external surface of structures with air gap a, , W/(m?-°C);

« external surface of structures without air gap o, . W/(m?-°C)

out®

Table 3. Estimates for the construction area

8.7 (according to CP 50)
12 (according to CP 50)
23 (according to CP 50)

Calculation parameter Estimated value
Heating period degree-days (HPDD), °C-days/year 10,483.2
Normative value of the reduced heat transfer resistance of the enclosing structure R ", m*-°C/W 5.069
Basic value of the required heat transfer resistance of the envelope R ¢, m*-°C/W 5.069

made of corrosion-resistant steel with a disc dowel are
used to create a 40 mm thick ventilation gap. Alumini-
um reinforced brackets 150 mm high and 55 mm wide
are used for fixing the curtain-type ventilated facade
system. The brackets are fastened to the floor slabs.

Specific heat losses through point inclusions y,,
W/°C, and their number per 1 m* n,, pcs/m?, for differ-
ent types of construction are shown in Table 4, the data
were determined based on the manufacturers’ tech-
nical documentation and normative documentation
CP 230.1325800.2015 “Building envelope structures.
Characteristics of thermal inhomogeneities”.

To comply with the itemized requirement, the re-
duced heat transfer resistance of the heat shield frag-
ment R "¢, (m*-°C)/W, must be greater than the standard
value R "™, (m*-°C)/W (CP 50).

The reduced heat transfer resistance of a frag-
ment of the heat-shielding shell without taking into ac-

Table 4. Estimated values for the construction area

count linear elements R ¢, (m*-°C)/W is determined by
the formula (CP 50):

1
R'ed — -
¢ I/Rgel+znkxk (1)
where R ' is the average conditional heat transfer resis-
tance of a fragment of the enclosing structure, (m?-°C)/W.
The uniformity coefficient is calculated using
the formula (CP 50):

r=RIYRT ©)
Calculation of the structure for protection against
overwatering

It is necessary to test the structure against over-
watering to determine whether condensation will occur
within the structure (CP 50). To ensure this requirement,
the structure must be designed with a vapour permeabil-

Type of construction Type of point inclusions n,, pcs/m? X W/°C

1.1 Disc anchors 6.7 0.001

1.2 Disc anchors 6.7 0.001

2.1 Flexible links 9.0 0.006

2.2 Flexible links 7.0 0.006
Brackets 0.56 0.079

31 Disc anchors 6.94 0.001

3 Brackets 0.56 0.080

Disc anchors 6.94 0.001
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ity resistance of the internal layers (from the internal sur-
face to the plane of maximum wetting) R , (m’-h-Pa)/mg,
not less than the highest of the required vapour perme-
ability values R){?, R,57, (m?-h-Pa)/mg, i.e. the require-
ments of (CP 50) must be met:

req .
R, >R ",

req
R, > an s

where R{? — the required resistance to vapour perme-
ability from the condition of inadmissibility of moisture
accumulation in the building envelope for the annual pe-
riod of operation; R 5" — the required resistance to va-
pour permeability from the condition of moisture limita-
tion in the building envelope for the period with negative

average monthly outdoor temperatures (CP 50).

Calculation of economic indicators of building
envelopes

It is required to calculate the cost of production
and total estimated cost of building envelopes.

We use for: determining the rates for materials in-
dex K =10,99% rates for the operation of machines and
mechanisms K == 18,34%; establishing rates for labour
costs K = 65,38°.

4 Approval of the Methodology for Determination of Estimated
Prices for Materials, Products, Structures, Equipment and Ser-
vice Prices for Cargo Transportation for Construction : Order
of the Ministry of Construction and Housing and Communal
Services of the Russian Federation of 20.12.2016 No. 1001/pr.
5 Cost rates for the operation of construction machinery and
motor vehicles : Order of the Ministry of Construction and Hou-
sing and Communal Services of the Russian Federation from
26.12.2019 No. 876/pr.

¢ Approval of the Methodology for Determination of Estimated
Prices for Labour Costs of Employees in Construction : Order
of the Ministry of Construction and Housing and Communal
Services of the Russian Federation from 01.07.2022 Ne 534/pr.

Table 5. Comparative analysis of designs

The total estimated cost consists of direct costs,
overheads and estimated profit. It is necessary to take into
account expenses from payment of the value added tax
(VAT). The amount of VAT is 20 % of the estimated cost.

Selection of the most efficient building envelope
to ensure thermal protection of the building
in a harsh climate condition
For the final comparative analysis, the load from
1 r. m. of the wall structure on the floor slab was calculat-
ed. The results of the calculations are shown in Table 5.
Structure 3.2 fulfils the mandatory element-by-
element requirement, passes the test for protection
against overwatering, the thickness of the structure is
below average compared to the types of structures con-
sidered in this work. The load on the floor slabs exerted
by the external wall is almost halved compared to struc-
tures with a ceramic brick facing layer.

RESEARCH RESULTS

The results of the thermal calculation of the con-
sidered structures are presented in Table 6.

Based on the calculations, it can be concluded that
construction 2.1 with a structural and thermal insulation
layer of expanded clay concrete and face brick cladding
has the greatest thickness of the structure and the value
of insulation above the average value by a factor of 1.23
and 1.13, respectively, with the present value of heat
transfer resistance taking into account point inclusions
being the smallest. Construction 3.1 also has a thickness
of insulation above the average value of 1.13 times,
and the reduced value of heat transfer resistance is
the smallest of the considered constructions. On the ba-
sis of the analysis we can say that wall constructions
made of expanded clay concrete blocks with air gap and
facing with face brick, as well as facing with compos-
ite slabs on the curtain facade system are not recom-
mended to be used in the considered conditions with

Type of req req . .
construction R, R R Moistening plane
1.1 0.671 2.446 2.334
1.2 0.666 2.869 2.536
Insulation layer (mineral wool slabs)
22 2.160 1.752 2.549
32 0.000 1.600 2.612

Table 6. Results of thermal calculation

Thickness of Insulation
Type | the structure §,, | thickness 3, R, (m*°C)/W Homogeneity coefficient for point inclusions r
mm mm
1.1 595 150 5.687 0.96
1.2 485 130 5.425 0.96
2.1 730 200 5.225 0.72
2.2 640 180 5.424 0.78
3.1 592 200 5.105 0.73
32 522 200 5.323 0.74
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Table 7. Calculation results for overwatering protection

Type of req req —
construction R, R,> R, Moistening plane
1.1 0.671 2.446 2.334
1.2 0.666 2.869 2.536
Insulation layer (mineral wool slabs)
22 2.160 1.752 2.549
32 0.000 1.600 2.612

Table 8. Results of estimated calculation per 1 m?

Name of expenditure Estimated cost in base price level, rub. | Estimated cost at current price level, rub.
Total direct costs 16,504 66,021
glf;zl(llajgcgr compensation 388.62 25408
Total overheads 436.86 28,562
Total estimated profit 245.02 16,019
Total for construction type 3.2 including VAT 132,724
Total direct costs 17,227.43 53,143.85
Total LCF 517.14 33,811
Total overheads 555.26 36,303
Total estimated profit 275.69 18,024
Total for construction type 4.2 including VAT 169,541

severe climate. Based on the data in Table 5, it can be
seen that the FTCS structures have the smallest number
of point thermal conductive inclusions, the structures
are the most homogeneous.

In order to carry out further research, the construc-
tions of type 2.1 and 3.1 should be excluded from the list
of considered constructions. The results of the calculation
for protection against overmoistening are given in Table 7.

Structures with FTCS finishes are not tested for
protection against overwatering and do not fulfil the re-
quirements for vapour permeability, therefore, moisture
will accumulate in these structures. The zone of maxi-
mum wetting is in the layer of insulation: mineral wool
HR, due to over-wetting the performance and thermal
insulation properties of the insulation and plaster lin-
ing will be significantly reduced, which can lead to
unfavourable conditions for human occupancy and
increased heat losses through the structure. Consider-
ing the results, the structures cannot be used for opera-
tion in buildings and structures. For further research
the constructions of type 1.1, 1.2 will not be used.

The results of calculation of the estimated cost
of construction of the considered wall constructions are
shown in Table 8.

The installation of a ceramic brick finishing layer
is 21.7 % more efficient than the installation of a cur-
tain-type ventilated facade system according to the lo-
cal estimate.

CONCLUSION AND DISCUSSION

In the course of research work it was revealed
that the best variant of construction for design from
the point of view of thermal protection of the building in
the conditions of severe climate is the construction from
foam concrete blocks D600 with thickness of 300 mm
with heat-insulating layer from mineral wool insula-
tion HR120 with thickness of 200 mm with application
of hinged facade system with finishing with composite
panels and system of fastening to the inter-floor ceiling.

The construction with a facing layer of facing bricks
has a higher weight and thickness. The construction from
foam concrete blocks D600 with thickness of 300 mm
with a thermal insulation layer of mineral wool insula-
tion HR120 with thickness of 180 mm and a facing layer
of ceramic bricks with a ventilated gap is 22 % more ef-
ficient than the construction 3.2 in terms of economic
indicators, on this basis it is recommended to continue
studying the possibility of using this type of construction
for low-rise residential buildings in harsh climates.

Structures with foam concrete blocks and ceramic
products can be used for construction of efficient build-
ing envelopes, thus it is recommended to continue
studying the use of local resources for the production
of these materials in order to increase the economic
efficiency of structures. The limiting factor is the low
culture of production of foam concrete blocks and, as
a consequence, unstable thermal and strength character-
istics of blocks even within one batch.
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AHHOTAUNA

BBeaeHune. PaccmaTpuBaloTca METOAMKM ONpefeneHns pacyeTHbIX 3HaYeHWI Hecyllel CrocoBHOCTU TOHKOCTEHHOro
CTEePXHS, NCMbITbIBAIOLLEro AedopMaLyio cxaTus, C y4eTOM BEPOATHON NOTEPU MECTHOW YCTOMYMBOCTY MO OTEYECTBEHHbLIM
1 eBPONENCKUM HOPMATMBHBIM JOKYMEHTaM 1 no Hopmam CesepHol AMepuKK.

MaTepuansl U MeToAbl. PacyeTbl BbINOMHEHbI s TOHKOCTEHHbIX XONOAHOrHYThIX C-06pa3HbIX cTanbHbIX npodunen. Mc-
nosib3oBaHbl COOp ¥ cucTemaTnsaums MHPOPMALIMOHHBIX AaHHbIX, TeopeTudeckoe 06o0LLeHe MaTepranos, NoMy4YeHHbIX
Npy aHanmuse OTeYeCTBEHHbIX U 3apyDeXHbIX HOPMATUBHO-TEXHUYECKUX AOKYMEHTOB, CPaBHUTESbHBIA U CONMOCTaBUTENb-
HbIVi aHanu3bl.

Pe3ynbraThl. [1poBeaeHO CpaBHeHWE METOAO0B OnpedeneHns HecyLlen CnoCcoBHOCTU TOHKOCTEHHbIX CTEPXHEN C Y4eToM
NX MECTHOW NoTepun yCTONYMBOCTU. ANOPUTMbI Pac4HeTOB NpeAcTaBneHbl B TabnuyHon hopme; pesynbTaTbl Takke CBEAEHbI
B Tabnuupbl.

BriBoabl. B xoae aHanusa pesynbratoB, MPUHSB B Ka4ecTBe dTanoHa ANsi CPaBHEHWS HECYyLLylo CrocoBHOCTb, onpene-
neHHyto B cootBetctBum ¢ CI1 260.1325800.2016, nonyyeHo pacxoxaenve ¢ EN 1993-1-3 5 n 12 % — c AISI S100-16.
[MocTpoeHbl rpadhvkv 3aBUCUMOCTM HeCyLLe COCOBHOCTN OT reOMETPUYECKNX XapaKTEPUCTUK CEYEHUS (BbICOTbI, LUMPUHBI
1 TONLWMHBI NPOUNS), YTO AaeT HarnaAHOe NpeAcTaBrieHe B Pa3HOCTM NOAXOA0B K pa3paboTke HOPMaTUBHO-TEXHUYECKMX
[OKYMEHTOB B pa3HbIX CTpaHax.

KIMKOYEBBIE CITOBA: cpaBHUTEMNbHbIV aHann3, TOHKOCTEHHbIE CTEPXXHMW, MECTHas NOTEPS YCTONYMBOCTU, METOAUKM pac-
yeTa, cxatue, acbdekTnBHasA nnoLianb, HOPMATUBHbIE OKYMEHThI
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ABSTRACT

Introduction. The article deals with methods of determining the design values of the bearing capacity of a thin-walled rod
experiencing compression deformation (taking into account the probable local buckling) according to domestic and Euro-
pean normative documents and the design standards of North America.

Materials and methods. Calculations for thin-walled cold-formed C-shaped steel sections were carried out. Methods such
as collection and systematization of information data, theoretical generalization of materials obtained in the analysis of do-
mestic and foreign normative and technical documents, comparative analysis were used.

Results. The comparison of methods for determining the load-bearing capacity of thin-walled rods under local buckling was
made. The calculation algorithms are presented in tables. The results are summarized in unified tables.

Conclusions. Based on the analysis of results (taking as a reference for comparison the load-bearing capacity determined
in accordance with SP 260.1325800.2016) a difference of 5 with EN 1993-1-3 and 12 % with AISI S100-16 was obtained.
Graphs of correspondence between the load-bearing capacity and geometric characteristics of the cross-section (height,
width and thickness) are shown. They give a visual representation of the difference in approaches to the development of nor-
mative and technical documents in different countries.

KEYWORDS: comparative analysis, thin-walled rods, local buckling, calculation methods, compression, effective area,
normative documents
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BBEJIEHUE

Hcnosnb30BaHre TOHKOCTEHHBIX KOHCTPYKIIMH B CTPO-
UTENBCTBE 0OYCIIOBIICHO MX YHUBEPCAIBHOCTBIO, OBICTPO-
BO3BOZMMOCTBIO, 3()(PEKTHBHOCTBIO ¥ SKOHOMUYHOCTBIO.

Brenpenue HOBBIX KOHCTPYKIMI M TEXHOIOTUMN
mpeJrnosiaraeT pa3paboTKy M yCOBEPIICHCTBOBAHHE
CTPOUTENBHBIX HOPM, PErIIAMEHTHPYIOIUX TpeOoBa-
HUSI K JaHHBIM KOHCTPYKIMSAM, MaTepraiam, K pacieTy
U METOJIaM MPOEKTUPOBAHMSI.

Omuoit n3 3amayd mpoekra mepecmotpal CIT 260.
1325800.2016 «KoHCTpyKIINH CTaIbHBIE TOHKOCTCHHBIC
U3 XOJIOJHOTHYTHIX OIIMHKOBaHHBIX MPOQuiei u rod-
PHPOBaHHBIX JTHCTOB. [IpaBuia MPOCKTHPOBAHUM,
COIIaCHO KOTOpoMy B Poccuu mpom3BOIUTCS MPOEK-
TUPOBaHHE DJIEMEHTOB TOHKOCTEHHBIX KOHCTPYKIIHU,
SIBJISIETCSI «TIOBBIIICHUE YPOBHSI rapMOHHM3AI[A HOpMa-
TUBHBIX TPEOOBAHMI C MEXKyHAPOAHBIMA HOPMATHBHBI-
MH JOKYMEeHTaMm». JJ11 3Toro HeoOXoAnMO MpoBecTH
CpPaBHUTEJBHBIN aHAIU3 NOJOXKEHUN JoKyMeHToB EN
1993-1-3: Eurocode 3: Design of steel structures —
Part 1-3: General rules — Supplementary rules for cold-
formed members and sheeting® u AISI S100-16 «North
American Specification for the Design of Cold-Formed
Steel Structural Members»*. [IpencraBisiercst meneco-
00pa3HbIM MO/IBEPTHYTH TIHIATEILHOMY aHAIIU3Y pa3iel
pacuera Ha HECYIIYIO CIOCOOHOCTh M MECTHYIO yCTOMH-
YHUBOCTH CTAJIBHBIX TOHKOCTEHHBIX KOHCTPYKIHH.

B pesynbrare cxaTHs TOHKOCTEHHOTO CTEPXKHS
Habmronaercs morepsi MecTHOl ycrouusoctu (local
buckling), koTopast BO3HHKAeT M3-3a MECTHBIX 1eop-
Malui OT/IEIBHBIX YYaCTKOB ¥ MOXKET IIPE/IIIECTBOBAT
motepu odmieit ycroitunBoctu (global buckling) [1].
[Tpu 5TOM y310BBIE IEPEMELIEHHST OTHOCHTEIILHO MAJIBL.

IIpu Takoii moTepe yCTOMYMBOCTH MPOAOIbHAS OCh
alIeMeHTa ocTaeTcs HeaehopmupoBanHoil. epopma-
LUsI HONEPEYHOTO CEUEHMs TIPOUCXOINT 3a CUET U3rnda

! TlosicuuTenpHast 3amucka K mpoekry nepecmorpa CIT 260.
1325800.2016 «KoHcTpyKumu cTaibHbIE TOHKOCTECHHBIC
U3 XOJIOJHOTHYTHIX ONMHKOBAHHBIX Mpoduiei u roppupo-
BaHHBIX JUCTOB. [IpaBuia nmpoexTupoBanus» (mepBast pexn.).
M. : Munctpoii Poccun, 2022. 7 c.

2 CI1260.1325800.2016. KoHCTpyKIMHU CTabHBIE TOHKOCTEH-
HBIE 13 XOJIIOAHOTHYTHIX OIMHKOBAHHBIX Mpoduie u rodpu-
poBaHHbIX JucToB. IIpaBuna npoexkrupoBanus. M. : Mun-
ctpoii Poccun, 2016. 114 c.

3EN 1993-1-3: Eurocode 3: Design of steel structures — Part 1-3:
General rules — Supplementary rules for cold-formed mem-
bers and sheeting. CEN, 2006. 130 p.

4 AISI S100-16. North American Specification for the De-
sign of Cold-Formed Steel Structural Members. Washington :
American Iron and Steel Institute, 2020. 505 p.

BHYTPEHHHX CTCHOK JJIeMEeHTa. BHelIHue CTeHKH nMe-
10T CMelIeHust. MecTHas MoTepsl yCTOHYUBOCTH CTEPXK-
HSI 3aBUCHT OT TOTO, KaKOW M3 JIEMEHTOB CEUCHNUS HaH-
0oJee CKIOHEH K CMATHIO [2-5].

Eurocode omnpenernsier npeneabHyro IPOYHOCTb dJ1e-
MEHTa IyTeM pacdeTa d(PeKTUBHOI IMPHHBI SIEMEHTOB
cedyeHusl (CTEHKH, TTOJIKK U pedpa jKeCTKOCTH/KPOMKH ).
[Janee adpdexTrBHAS MIMPUHA YMEHBIIAETCS HA OCHOBE
CMATHS/TIOTEPH YCTOMINBOCTH pedpa )KECTKOCTH.

AHanuTudeckas MoJieib JeaTn3UPOBAaHHOM CKATOM
TIOJIKM QHAJIOTUYHA MOJIENH OaJIKH-KOJIOHHBI Ha YIIPYyTOM
tdyamamente [6-10].

AISI — cranmapThl IPOEKTUPOBAHUSA AT AMepHU-
ku, Kanager 1 Mekcuku.

[TprHONT TPOEKTUPOBAHHUS, HCTIONIB3YS METO (-
¢exruBnoii mmpunsl (Effective Width Method), npen-
noxxeHHslit Teoopom don Kapmanowm [11] n mo3xe mo-
mudunrpoBaHHE J[xopmkem Burtepom [12], cryxur
OCHOBHBIM H JIOCTaTOYHBIM JUIsl YCTAHOBJICHUSI HECY-
IIed CrIocOOHOCTH TOHKOCTEHHBIX CTEPIKHEH ¢ ydyeToM
[IOTEPU MECTHOM YCTOMUMBOCTH.

JIOTIOJHUTENBHO /ISl IPOSKTHPOBAHUSI XOJIOIHO-
(hOpMOBaHHBIX AIEMEHTOB, HCITBITHIBAIONIMX Jie(hOopMa-
LUIO CXKaTusl, COIVIACHO TEKYIIEH ceBEpOaMEPUKAHCKON
crenuduranuu AIST S100-16, npumensercs: Direct
Strength Method (MeTox mpsiMoit mpoyHOCTH), pa3pa-
6orannbrit benom Hledpepom [13, 14].

MATEPHWAJIBI U METO/JAbI

[TepBeIif 3Tan pacyera TOHKOCTEHHBIX INpodu-
JIell — MPOBEPKA OTHOLIEHUM IIUPUHBI U BBICOTHI JJIe-
MCHTOB CCUYCHHUS K TOJIIINHEC. HeﬁCTBHTeﬂbeIe 3HAYCHUA
HE JOJDKHBI TIPEBHIIIATh MAaKCUMAJIbHBIC, YCTAaHOBIICH-
HBIe HOpMamH (Tadm. 1).

Ha puc. 1 u3o0paxeno nonepeynoe ceuenue C-
00pa3HO CTATbHON OaJIKH.

Habmromarorcst pacXxoxkJI€HHUS B TIPE/IEIBbHBIX 3Ha-
YEHUSAX TEOMETPHUUECKUX Pa3MepoB U AUANa30HaX TOJ-
IIMH, YCTaHOBJICHHBIX B OTEYECTBEHHBIX U 3apyOeKHBIX
HOPMaXx, BO3MOYKHOH MTPUIHHON Yero SBISIETCS TO (aKT,
4TO JaHHBIC MapaMETpPOB ONPEACIIAIOTCA ONBITHBIM
CrocoooM.

Ha pesynbrarsl 35KCIIEpHMEHTOB BIIHSIOT:

* CBOIcTBa Marepuaina (pa3Hble IPOU3BOAUTENH,
pasHOe KauecTBO);

* reorpadus — ceiicMuYecKasi akTUBHOCTD, CHe-
roBas ¥ BETPOBasi HarPy3KH,

* TIPUMCHEHHE PA3INYHBIX BHIYUCIUTEIBHBIX KOM-
TUIEKCOB.

Tak xax kaxIblid U3 PaKTOPOB MEHSETCS B 3aBH-
CUMOCTH OT MECTa IPOBEJECHUSI UCCIEA0BAHUI, OTHO-
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(E—

Puc. 1. XapakrepHsle pasMepbl TOHKOCTCHHOI'O CTEPXKHS
OTKPBITOTO TIPOQHIIS

IICHUS Pa3MEepOB MPOQHIICH IMEIOT Pa3HbIe TPAHUIHBIC
3HAUCHMUS.

BTtopoii aTam — momnpaBka TeOMETPHUCCKIX Xa-
PAKTEPUCTUK CEUCHUS HA 3aKPYIVICHUS B YITIaX KOHTYpPa
(puc. 2).

CunuTaercs, 4TO MECTHOH MOTEpPe YCTOWIHUBOCTH
MTOJIBEPIKEHBI MPSMOJIMHEHHBIC YIaCTKH CEUCHHUS, 3a-
KITIOUEHHBIE MEXTy YTJIaMH Cruoa.

OmnpenensieTcss panuyc u3ruda r, =R+ t/2, tne
R — pammnyc 3akpyrmieHus; ¢ — tonmHa npodust. [a-
Jlee — YMEHBUIEHHBIH paauyc u3ruba g = r, - (tgp/2 —
— sin@/2) WK PACCTOSIHUE OT TOUKU MEPECCUCHHUSI IBYX
CPEIMHHBIX JIMHUIA CTCHKH U TOJIKKA OaJIKu X 710 peajib-
HOM TOYKHM repeceueHus P.

/2 \

¢/2

Puc. 2. 3akpyrieHHbIH yrojl TOHKOCTEHHOIO CTaJIbHOTO IIPO-
¢uist n cpepHsist TouKa cruba

Bo Bcex MeToaukax pacuera BO3MOMKHAsI OTEPs
MECTHOW YCTOHYMBOCTH YYHTBIBACTCS HCKIFOYCHUEM
13 pabOThI YaCTH MOJIKHU U (MJIM) CTCHKH 4yepe3 0e3pas-
MepHbIi Ko duieHT peayuupoanus p [15-20].

Crenymoouiie 3Tanbl pacdyera MpeACTaBICHbBI
B TaOII. 2.

Taba. 1. MakcumanbHbIC 3HAYCHUS! OTHOIICHHIA HIWPUHBI U BBICOTBI SJIEMEHTOB CCUCHUS K TOJIIIUHE

CII 260.1325800.2016 EN 1993-1-3: 2006

AISI S100-16

KoHcTpykuuu cranpHble
TOHKOCTCHHBIE
13 XOJOJHOTHYTBIX
OLIMHKOBAHHBIX Mpoduiieit
U TOpUPOBAHHBIX JIUCTOB.

Eurocode 3: Design
of steel structures —
Part 1-3: General rules —
Supplementary rules for
cold-formed members and

North American Specification for the Design of Cold-Formed

Steel Structural Members

[IpaBuia npoeKkTHpOBaHUS sheeting
b/it<90 (mpu [ >1);
b/it<60 (mpu [ <1),
rie [, — HepeaylMpoBaHHBIH MOMEHT HHEPIHMH SJIEMEHTA HKECT-
b/t <100; b/t <60; KOCTH (KPOMKH) OTHOCHTEIIFHO COOCTBEHHOH LIEHTPaIbHOM OCH,
c/t<40 ¢/t <50 HapaJiIebHOH YCHIIMBAEMOMY 3JIEMEHTY; [, — MOMEHT HHEPIHH

KPOMKH (JIOCTaTOYHBIH, YTOOBI Ka)KAbIH KOMIIOHEHT Bel cebs
KaK 2JIEMEHT JKECTKOCTH)
c/t<60

HJ’IS{ obecrieueHus HEO6X0,HI/IM0171 JKCCTKOCTH U UCKITFOYCHU A HpemueBpeMeHHoﬁ rnorepu yCTOfI‘IPIBOCTPI DJICMCHTa
JKCCTKOCTH:

02<c¢/b<0,5

02<c¢/b<0,6

¢/b<0,7

PacueTHast TONIMHA cTadK (IPUHUMAETCS PABHOIT CKOPPEKTUPOBAHHON — 3 BBIYETOM TOJIIMHBI IIMHKOBOTO WJIM JIPYTOrO
TTOKPBITHSA):

0,5mMm<t <4wmm
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0,45mMm <t <15mm

He 6omnee 2,997 mm
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PE3YJUBbBTATBI HCCJEJOBAHUSA

Puc. 3. PacnipenierieHre HarpsnpKeHUsI, IPH KOTOPOM ¥ = 1 (1mo-

JIOXKHUTEIIBHOC C)KaTI/Ie)

Pacripenienenue HanpspKeHUs,, IPH KOTOPOM = 1
(monoXxuTenBpHOE CXKATUE), MOKa3aHoO Ha puc. 3.

p J1J1s1 BBITIOJTHEHHSI PACUCTOB BBIOPAHBI ITPOQHIIH COT-
aacao TY 112000-001-12586100-2009 «IIpodwim
CTaTbHBIE THYTBIC JTSI JIETKUX CTATBHBIX KOHCTPYKITHID.

3HageHns dQPEKTUBHBIX MIIOMAACH W HECYIIHX
CrocoOHOCTEH TS pa3THIHBIX THITIOPA3MEPOB CEUCHHHA
npezcTaBieHsl B Tadn. 3—5. OTcneauTs 3aBUCUMOCTD

HGCYH.[Cﬁ CIOCOOHOCTU OT BBICOTHI TOHKOCTEHHOIO

S TY 112000-001-12586100-2009. ITpodunu cranbHbe

THYTBIC JUIS JIETKUX CTAJTbHBIX KOHCTPYKIUi. YensOuHCK :
Yensa6IlICK, 2009. 37 c.

Tao6ua. 2. Pacuet Hecyell cnocoOHOCTH € yUYE€TOM MECTHOM MOTEPH YCTOHUMBOCTH 110 HOPMATUBHBIM JOKYMEHTAM Pa3HbIX

CTpaH

CIT 260.1325800.2016

EN 1993-1-3: 2006

AISI S100-16

KoHcTpykinu cransHbIe
TOHKOCTEHHBIE
13 XOJIOIHOTHYTBIX
OLMHKOBAHHBIX Mpoduieit
¥ TOPUPOBAHHBIX JIHCTOB.
[paBua mpoeKTHPOBAHUS

Eurocode 3: Design of steel
structures — Part 1-3: General
rules — Supplementary rules for
cold-formed members and sheeting

North American Specification for the Design
of Cold-Formed Steel Structural Members

Tpemuii sman — onpedenenue 3¢ghexmusnoli n1owaou ceveHus

D¢ dexTrBHAS MUPUHA PACCUUTHIBACTCS I BCEX YacTel CEUSHUs, B KOTOPBIX ACHCTBYIOT HAIIPSHKEHUS CHKATHS OT ICHCTBHS
OCEBOH CHIIBI, MyT€M YMHOKCHHS T€OMETPHUYECKON MIMPUHBI Ha TOHIKAOmMi kodddunuent p. IDtor kodddunment
HNPUHIMACT BO BHUMAHHE THOKOCTh IUIACTHHEI, €¢ PACUCTHYIO CXeMy M PacIpefeIeHHe HAPsHKSHNI B CEUCHUN

1.1. T'mbkocts mnactunsl (buckling slenderness)

= 1L
b F,’
p i I N il L/ T )
P No., 28,4-1-6Jky P No, 28,46k, Foog. " E (LJ
. 12~(l—},t2) w
rae F — HanpsoKeHWe MOTEPH YCTOWYMBOCTH,

e R = fy — mpexmen Tekydectd, H/Mm% o

KPUTHYECKOE

cr

HaNpsUKEHHE MOTEPU YCTOWYMBOCTH IUIACTMHBI B YIPYTOH CTajuu,
H/MM?; b — COOTBETCTBYOIIAsK IMPUHA CHKATOM YaCTH CEUCHHUS, MM,
{ — TOJILIMHA CTAJBLHOIO JINCTA, MM

H/mm?, E — wmonyns HOura, Hmm?, p = 0,3 —
ko3 purment Ilyaccona; ¢ — TOJIIMHA CTATBHOTO
JIMCTA, MM; W — COOTBETCTBYIOINAs IIMpHHA
CKATOU YaCTH CEYEHHMs

235
Ry

Koadppuument € =

235

Iy

Koadpunment € =

JlaHHas METOIMKA HOBBIA KOA((HUIIEHT HE BBOIUT

k, =k — x0d())HUIHEHT, yUNTHIBAIONINH XapaKTeP MOTEPH yCTONYNBOCTH B 3aBUCHMOCTH OT OTHONICHUS HATIPSDKEHHI

y =0,/c, (cM. puc. 3)

1.2. Tlonwmxkaroumit koadduuunent (reduction factor)

A= 0,673 — npenenpHOE 3HAYCHHE THOKOCTH, HIKE KOTOPOTO MECTHAS IOTEPs yCTONINBOCTH HE IPOMCXOAUT U OITOMY
HE BIIMSIET Ha HECYIIYIO CIIOCOOHOCTD CEUCHHUS.
Takum o6pasom, pu A < 0,673, p=1

IIpu A > 0,673

A, —0,055-(3+y)
—2

p

JUISL CTEHKH W TIOJIKH TIPH k(s =4,

A,—0,188
—2

*p

JUIST KDOMKH/YKECTKOTO 3JIEMEHTa
npu k_= 0,43
o

p:

Ipu A > 0,673

A, —0,055-(3+y)
—2

hp

JUISL CTEHKH U TIOJIKU TIPH k(S =4,

A, —0,188
—2

p

JUTSE KPOMKH/5KECTKOTO BJIEMEHTA
npu k= 0,43

p:

IIpu A > 0,673
_(1-0,22)/)
P A

JJIs1 BCEX DJICMCHTOB CCUCHUS
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Okonuanue maon. 2

CIT 260.1325800.2016 EN 1993-1-3: 2006 | AISI S100-16

1.3. Dddexrusnsie pazmepsi (effective widths)
VMHOXEHHE TIOHIKAIOIIETr0 K03 HIHEeHTa Ha COOTBETCTBYIOILYIO TEOMETPHUUYCCKYIO IUPHHY

hy=p-h; hy=ph,; hy=p-h,;
bef: pe bp; beff: p- bp; beﬁ’: P bp;
Ce/:p'byc' Cef/:p'byc' Ceff:p.byc'
1.4. Dddexrusnas mromans ceuenus (effective area)
Ae/n=(hef'+2 .be/+2 'Cd) ol | Aeﬂ:(heﬂ+2 .beﬁ"+2 .CEﬁ). 4 | Aeﬁ": (heﬁ"+2 .bEﬁ'+2 .ceﬁ) ol
Yemeepmoiil 3man — Hecywjas CHOCOOHOCMb
Hanpsxenue npu norepe ycToMuuBOCTH
(B ympyroii cragun):
_ - E
ce — 9>
- - (KL/r)
rae K = 1 — xoaddunuent 3¢ HeKTUBHON ATHHBI
(effective length factor); L — nnuna snemeHra,
MM; 7 — paJuyC HHEPLUH, MM
A= |2
c >
B o F, cre
rae F, — npesen Tekydectd, H/mm?
Ecmu }\.C < 1,5, cxxumaroiiee HarpspkeHue:
— — A2
F,=(0,658")-F,
HomunansHoe conporusnenue (nominal
_ _ resistance):
Pnl - Aeﬂ" ’ F‘n
Aeff f
_eff " Jyb o
Aeﬂn ’ Ry ’ Yc Nc’Rd - Pne - (pc' Pn/
T™Mo
THE Yy = 1,00 — vacTHbIIT
k03¢ GUIHEHT 6€30IMacCHOCTH
IIPY OIPEACIICHUN COPOTUBIICHUS
MOIIEPEYHBIX CCYCHUIT HE3aBUCHMO
rae v = 0,95 — xoadpunuent OT KJIacca.
ACY s b . rae ¢ = 0,85 — ko3hGHUIHEHT HATPY3KH
ycroBus paboThI A OaJIOK ¥\, IPEICTABISIET cOOOM ¢
Mo u conporusienus (merox LRFD — Load
U3 OJJMHOYHBIX THYTHIX COIPOTHBIICHUE TTOTIEPEUHBIX . .
. N o . and Resistance Factor Design)
npoduieit C-00pa3HbIX CCYCHUI CEUeHHH Ype3MepHOU
nedopManyu u B 001IeH peaakuuu
HOPMAaTHUBHOTI'O JIOKYMEHTA
P IPOCKTUPOBAHHUH 3aHHMiT
MIPUHUMAETCS] paBHBIM |
CEYEHNsI MOXHO Ha puC. 4, OT MIUPUHBI CEYCHUI — COOHOCTH OAMHAKOBBEIX Mpoduiueii coctasuger 5 %.
Ha pHUC. 5, OT TOJIIIUHBI CCUCHHSI — Ha pucC. 0. Omna obycnosnena kodppunuentamu: v, = 0,95 —
1. Meron pacuera npouHOCTHBIX Xapakrepuctuk 1o Clluy, =1 —mno EN.
o CIT 260.1325800.2016 u EN 1993-1-3: 2006 siBiist- 2. Nnotit cnoco®, mpencrasnennsiii B AISI S100-16,

eTcs UACHTUYHBIM. Pa3HuIla 3HaYeHUI HEeCyllel Cllo-  AaeT CIECAYIOIINE PACXOXKICHUS:

Tabu. 3. Pe3ynbrars! BerauciaeHui 2 GeKTHBHOI II0Ia i H HeCyIel cIoCOOHOCTH HECKOIBKHUX THIOpa3MepoB C-00pa3HbIX
npoduieii ¢ pa3Hoi BEICOTON CEUCHUSI

DddexruBHas mwiomams 4 , Mm> Hecymas cnocobnocts, H
Homep | A, MM | b, MM | ¢, MM | £, MM &
crn | EN AISI CIl EN AISI
1 150 50 14 202,02 200,94 53 738,16 56 566,48 47 011,08
2 200 80 20 231,15 227,72 61 487,13 64 723,30 53 706,29
3 300 80 20 1,2 235,20 229,47 62 563,09 65 855,88 54 370,66
4 350 | 100 | 25 239,06 238,10 63 589,71 66 936,54 56 487,10
5 400 | 100 | 25 241,71 238,47 64 293,99 67 677,88 56 603,87
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Puc. 4. I'padux 3aBUCHMOCTH HeCyIel CIOCOOHOCTH TOHKOCTEHHOTO CTEPIKHSI OT BBICOTBI CEUCHHS

Taéu1. 4. Pesysabrarsl BeraucaeHuid 3 GeKTHBHOI MU0 1 HECYIeH ClI0COOHOCTH HECKOIbKHUX TuopazmMepoB C-00pa3HbIxX
npodusieii ¢ pa3HOil MIUPUHON TTOJIKH

h, b, c, DddexruBras miomans 4 » MM? Hecymas ciocodnocts, H
Homep f, MM <
MM MM MM CIT | EN AISI CI1 EN AISI
1 60 15 736,24 804,38 214 815,81 226 121,90 190 594,27
2 300 80 20 3 856,24 954,38 254 715,81 268 121,90 226 116,31
3 100 25 976,24 1104,38 294 615,81 310 121,90 261 742,29
320
.o
300 -
A 280 e
Q N
g -0
g 260 P "
2 -7 _—
S 240 L -
2 - _
= 220 o A
= ——
jan) T
200 A—-"’f--f
180
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[upuna ceuenusi, MM
& CIT O-- EN AN— AISI

Puc. 5. I'paduk 3aBUCHMOCTH HECYIIEH CITOCOOHOCTH TOHKOCTCHHOTO CTEPXKHS OT IIMPHHBI CCUCHUS

Tabu1. 5. Pesynbrarsl BrauciaeHui 2 eKTHBHOI III0IaIH 1 HeCyIeH ClIoCOOHOCTH HECKOIbKHUX THIopa3sMepoB C-00pa3HbIX

npoduiiel pa3HbIX TOJIIUH

h, b, c, Oddextnsnas miomans 4, Mm® Hecymas cnocobnocts, H
Homep t, MM <
MM | MM | MM ci | BN AISI cn EN AISI
1 1,2 235,20 229,47 62 563,09 65 855,88 54 370,66
2 300 %0 20 2 551,46 548,44 146 688,26 154 408,70 128 233,41
3 3 856,24 954,38 254 715,81 268 121,90 226 116,31
4 4 1370,79 1392,38 364 629,07 383 820,07 328 300,90
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Puc. 6. ['paduk 3aBHCUMOCTH HECYIIIECH CITOCOOHOCTH TOHKOCTCHHOTO CTEPIKHSI OT TOJIINHBI CCUCHUS

1) 3nauennii s dexrnBaoi ormanu: 0,54-1,49 %;

2) 3HaYeHMI Hecylel CTOCOOHOCTH:

» ¢ CII: 11,96-12,65 %; ¢ EN: 16,36-17,02 % —
P UBMEHCHHHU BBICOTHI CCUCHU A,

» ¢ CII: 11,15-11,28 %; ¢ EN: 15,60-15,71 % —
IIpU UBMECHCHUU IIUPUHBI CCUCHUA,

* ¢ CII: 9,96-13,09 %; c EN: 14,46-17,44 % —
IPY U3MEHEHHUHU TOJIIUHBI CCUCHHUSI.

Takue cymiecTBeHHbBIE PacXOXkKICHUS 00yCIIOBIIe-
HBI IPUMEHEHUEM KOX(P(OHUIIMEHTA COPOTUBIIEHHUS ¢,
(resistance factor), KOTOPBIi IPUMEHSIETCS B METOAHUKE
AISI S100-16.

SJAKJIIOYEHUE U OBCYXJAEHUE

B Xxopme n3y4yeHust HOpMaTUBHBIX JOKyMeHTOB Poc-
cun, EBponsl u CeBepHOIl AMEpHKH, perIaMEHTUPYIO-
KX TIPaBHIIa IPOSKTHPOBAHUS M METO/IBI pacyeTa TOH-
KOCTEHHBIX CTEPKHEH, TTOJTyYEHBI CIIC/TYIOIINE BEIBOBI.

CII 260.1325800.2016, yacTUYHO TAPMOHUBHPO-
BaHHBII C €BPONEHCKUMY HOPMATUBHBIMU JOKyMEHTa-
Mmu (EN 1993-1-3: 2006), nMmeeT CyIIeCTBEHHbIE OTIH-
qust oT AISI S100—-16: B TepMUHOIOTHH, CTHIUCTHKE,
oopMIICHNH, U3II0KEHUHN U TT0Jja49€ TEXHUYECKOTO TeK-
cTa, B BEIOOpE TEOPETHUECKUX (POPMYIT B TTapaMEeTPOB.

BricoTa cedueHHsT TOHKOCTEHHOTO CTEpPIKHS He-
CYIIECTBEHHO BIMSET HAa €r0 HECYIIYIO0 CIIOCOOHOCTD,
TaK KakK 3HaYMTENbHAs ee JacTh BeIpe3aeTcs. [1pu yBe-
JUYEHUH NIMPUHBI (BBICOTHI) CTEHKH B 2 paza (¢ 200
10 400 mm) Hecymast ciocodHocTh npoduis no CII
u EN yBennuuBaercs Ha 4,4 %, no AISI — na 5,1 %.

IIpu yBenuuenuu mupuHsl nosiku B 1,7 pas (c 60
0 100 MM), UCcXons U3 COPTAMEHTA TEXHUYECKHX yC-
ToBHIA’, Hecyast crocobHocTh mpoduiisa mo CIT u EN
yBenuuuBaercs Ha 32,7 %, no AISI — na 37,2 %. 3aBu-
CHUMOCTb MEX/1y HEeCyIei cToCOOHOCThIO TOHKOCTEH-

30

HOTO CTEP>KHSI M TOJIIMHON €ro ce4eHus] — JMHEeHHas
(cMm. puc. 5).

VBemrdeHne TOMIMHBI cedeHns (Hanpumep, B 2 pasa)
MPHUBOJIUT K OYEBHIHOMY PE3KOMY TTOBBIIICHHIO HECYIIIEH
cniocoonoctu (1o CIT u EN yBenuumBaetcs Ha 148,30 %,
o AIST — na 156,25 %). 3aBUCMMOCTb MEXTy HECyILei
CIIOCOOHOCTBIO TOHKOCTEHHOTO CTEPIKHSI M TOJIIIMHON €ro
CCUCHHS CTPEMUTCS K JIMHESHHOM (CM. pHC. 6).

PacueTsl TOHKOCTEHHBIX CTEPKHEH MpPU CHKATUU
no CIT 260.1325800.2016 u EN 1993-1-3 ananornd-
HBI pacyeTaM JJIEMEHTOB OOBIYHBIX CTAJIbHBIX KOH-
cTpykuuit, npeacrasiennsiM B CIT 16.13330.2017°
u EN 1993-1-17. EAMHCTBEHHBIM OTJIMYMEM SBIISET-
Cs MCIIONBb30BaHNE YPPEKTUBHON TIOMALN CEUCHHUS
(mJ1sT TOHKOCTEHHBIX MpOQuIIeii) BMECTO IO
CeYeHMs HEeTTO. MeToJIuKa pacuera CXKaTbIX TOHKO-
CTEHHBIX cTepxHell no HopmaMm CeBepHOM AMepuKU
AISI S100-16 na yerBepTom 3tane (cM. Tadi. 2) yuu-
THIBAC€T PacUETHYIO JUIMHY M MPEAEIbHYI0 THOKOCTh
CTEPXKHSI, 4TO JJaeT OoJyiee TOCTOBEPHBIE PE3YNIbTATHI.
[MTokazarenu Hecyeit ciocodHoct npoduis no AISI
S100-16 Bcerna mmxe, uem 1o CII 260.1325800.2016
u EN 1993-1-3, T.e. Ha 2Tane NpoeKTUPOBaHUS 3aKIa-
JBIBacTCst OOIbINAs MeXaHHYecKast 0€30MacHOCTh KOH-
crpykunu. TakuMm 00pa3oM, ¢ LENbI0 AKTyaJIn3aluu
OTEUECTBECHHOI HOPMATHBHO-TEXHUIECKOM 0a3bl HMEeT
MECTO 00palleHUE K ONbITY KOHCTPYHPOBAHUSI U pacue-
Ta B IPYTHX CTPaHaX.

6 CII 16.13330.2017. CranbHble KOHCTpYKIHU. M. : MuH-
crpoit Poccun, 2017. 140 c.

7 EN 1993-1-1: Eurocode 3: Design of steel structures —
Part 1-1: General rules and rules for buildings. CEN, 2005.
91 p.
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INTRODUCTION

The use of thin-walled structures in construction is
due to their versatility, quick assembly, efficiency and
cost-effectiveness.

The introduction of new structures and technologies
requires the development and improvement of building
codes that regulate the requirements for these structures,
materials, calculations, and design methods.

One of the tasks of the project to revise! CP 260.
1325800.2016 “Thin-walled steel structures made
of cold-formed galvanized profiles and corrugated sheets.
Design rules™, according to which the design of thin-
walled structural elements is carried out in Russia, is “to
increase the level of harmonization of regulatory require-
ments with international regulatory documents”. To this
end, it is necessary to conduct a comparative analysis
of the provisions of EN 1993-1-3: Eurocode 3: Design
of steel structures — Part 1-3: General rules — Supple-
mentary rules for cold-formed members and sheeting?
and AISI S100-16 “North American Specification for
the Design of Cold-Formed Steel Structural Members™.
It seems appropriate to carefully analyze the section
on the calculation of the load-bearing capacity and local
stability of thin-walled steel structures.

Compression of a thin-walled rod results in local
buckling, which occurs due to local deformations of in-
dividual sections and may precede global buckling [1].
In this case, the nodal displacements are relatively small.

With such a loss of stability, the longitudinal axis of
the element remains undeformed. The deformation
of the cross-section occurs due to the bending of the in-
ner walls of the element. The outer walls have displace-

! Explanatory note to the draft revision of CP 260.1325800.2016
“Thin-walled steel structures made of cold-formed galvanized
profiles and corrugated sheets. Design rules” (first edition).
Moscow, Ministry of Construction of Russia, 2022; 7.

2 CP 260.1325800.2016. Thin-walled steel structures made
of cold-formed galvanized profiles and corrugated sheets.
Design rules. Moscow, Ministry of Construction of Russia,
2016; 114.

3 EN 1993-1-3: Eurocode 3: Design of steel structures —
Part 1-3: General rules — Supplementary rules for cold-
formed members and sheeting. CEN, 2006; 130.

4 AISI S100-16. North American Specification for the De-
sign of Cold-Formed Steel Structural Members. Washington,
American Iron and Steel Institute, 2020; 505.
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ments. The local loss of stability of the rod depends
on which of the cross-section elements is most prone
to crushing [2-5].

Eurocode determines the ultimate strength of
an element by calculating the effective width of
the cross-section elements (walls, shelves and stiffen-
ers/edges). The effective width is then reduced based
on the buckling/loss of stability of the stiffener.

The analytical model of an idealized compressed
flange is similar to the model of a beam-column on
an elastic foundation [6—10].

AISI — design standards for America, Canada and
Mexico.

The design principle using the Effective Width
Method, proposed by Theodore von Karmén [11] and
later modified by George Winter [12], serves as the ba-
sis and is sufficient for establishing the load-bearing ca-
pacity of thin-walled rods, taking into account the loss
of local stability.

Additionally, for the design of cold-formed mem-
bers experiencing compression deformation, the Direct
Strength Method developed by Ben Schaefer [13, 14]
is used in accordance with the current North American
specification AISI S100-16.

MATERIALS AND METHODS

The first stage of calculating thin-walled profiles is
to check the ratio of the width and height of the cross-
section elements to the thickness. The actual values
must not exceed the maximum values established by
the standards (Table 1).

Fig. 1 shows a cross-section of a C-shaped steel
beam.

b

DLF

L

Fig. 1. Characteristic dimensions of a thin-walled open profile
rod



Calculation of compressed thin-walled rods in accordance with current normative

and technical documents of different countries P.24-38
Table 1. Maximum values of the width and height of cross-section elements in relation to thickness
CP 260.1325800.2016 EN 1993-1-3: 2006 AISI S100-16
Thin-walled steel structures Eurocode 3: Design of
made of cold-formed steel structures — Part
. 1-3: General rules — North American Specification for the Design of Cold-Formed
galvanized profiles and
. Supplementary rules for Steel Structural Members
corrugated sheets. Design
cold-formed members and
rules .
sheeting
b/t<90 (if I > 1);
b/t<60 (if I <1),
bit < 100; bt < 60 where [ is the unre@uced m.oment of inertia of .the stiffening
o/t < 40 /i< 50 member (edge) relative to its own central axis parallel to
- - the member being stiffened; 7, is the moment of inertia of the edge
(sufficient for each component to behave as a stiffening member)
c/t<60
To ensure the necessary stiffness and prevent premature loss of stability of the stiffening element
02<c/bh<0.5 | 02<c/bh<0.6 | c/b<0.7
Calculated steel thickness (taken to be equal to the adjusted thickness minus the thickness of the zinc or other coating)
0.5mm<¢ <4mm | 045mm<¢ <15mm | No more than 2.997 mm
bﬂ 8.
GI GZ
= TP b
P
r \ Fig. 3. Stress distribution at which y = 1 (positive compres-
) \ sion)
0/2 the fact that these parameters are determined experi-
O mentally.
|, The results of the experiments are influenced by:
» material properties (different manufacturers,
different quality);
» geography — seismic activity, snow and wind
loads;
Fig. 2. Rounded corner of a thin-walled steel profile and the mid- ° .the use of different computing Sy§tems. '
point of the bend Since each of these factors varies depending

on the location of the research, the profile size ratios have
different boundary values.

The second stage is the correction of the geomet-
ric characteristics of the cross-section for rounding at
domestic and foreign standards, which may be due to  the corners of the contour (Fig. 2).

There are discrepancies in the limit values of geo-

metric dimensions and thickness ranges established in

Table 2. Calculation of bearing capacity taking into account local loss of stability according to regulatory documents of different
countries

CP 260.1325800.2016 EN 1993-1-3: 2006 AISI S100-16
Thin-walled steel structures Eurocode 3: Design of steel
made of cold-formed galvanized structures — Part 1-3: General North American Specification for the Design of
profiles and corrugated sheets. rules — Supplementary rules for Cold-Formed Steel Structural Members
Design rules cold-formed members and sheeting

Stage three — determining the effective cross-sectional area

The effective width is calculated for all parts of the cross-section in which compressive stresses from the axial force are
present by multiplying the geometric width by a reduction factor p. This factor takes into account the flexibility of the plate,
its design scheme and the distribution of stresses in the cross-section

1.1. Plate flexibility (buckling slenderness)
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Continuation of the Table 2

CP 260.1325800.2016 EN 1993-1-3: 2006 AISI S100-16

_ Y

PO LT o EA R for

P No, 28416k, P Nog, 284-5Jky Foogp -[ijz

¢ 12-(1—&) w

where F_is the stress at loss of stability, N/mm?;

E is Young’s modulus, N/mm?; p = 0.3 is Poisson’s
ratio; ¢ is the thickness of the steel sheet, mm;
w is the corresponding width of the compressed
part of the cross-section

where R = Jj — yield strength, N/mm?; 6 — critical stress of plate
instability in the elastic stage, N/mm?; b — corresponding width
of the compressed part of the section, mm;
t — thickness of steel sheet, mm

Coefficient Coefficient

6= ﬁ e= ﬁ This method does not introduce a new coefficient
R, / y

k_ =k — coefficient that takes into account the nature of stability loss depending on the stress ratio y = 6./, (see Fig. 3)

1.2. Reduction factor
A =0.673 — the limit value of flexibility below which local loss of stability does not occur and therefore does not affect
the load-bearing capacity of the section. Thus, when A < 0.673, p =1

When A > 0.673 When 1> 0.673
p=lp 2008 B1Y) %, - 0.055-3+y)
X, p= 2 When &> 0.673
for the wall and shelf at k_= 4; for the wall and sphel Fath —d: . (1-0.22)/1
2, = 0188 nooiss -
P=7""= p=—~8 — for all cross-section elements
Ap rz
P
for the edge/rigid element .. _
atk, - 0.43 for edge/rigid element at k_= 0.43
1.3. Effective widths
Multiply the reduction factor by the corresponding geometric width
hef= p-h,; he,y: p-h,; heﬁF p-h,;
bff:p.bp; be/f:p.bp; bEﬂip.bp;
cefzp'bpyc. Ceﬁr:P'bp,g Ce,y:P'bp,c'
1.4. Effective cross-sectional area
A, =, +2:b +2c)-t A=, +2:b +2-c )t Ay=(h, +2b +2-c )1
Stage four — load-bearing capacity
Stress at loss of stability (in the elastic stage):
_ n*-E
- - (kL)Y
where K = 1 — effective length factor; L —
element length, mm; » — radius of inertia, mm
F,
Ae =, =,
B Fcre
where F, — yield strength, N/mm?
If , < 1.5, compressive stress:
— 2
F,=(0.658")-F,
3 Nominal resistance:
Prll - Acﬁ' ) Fn
Aer - Fyp
Ae/,ﬂ ' RV ’ Yc‘ NC’Rd = e{MOy Pne = (pc ’ Pnl
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End of the Table 2

CP 260.1325800.2016

EN 1993-1-3: 2006

AISI S100-16

where y_ = 0.95 — operating
condition coefficient for beams
made of single bent profiles with
C-shaped cross-sections

where y,,, = 1.00 — partial
safety factor when determining
the resistance of cross-sections
regardless of class.
Yo TEDTESENLS the resistance
of cross-sections to excessive
deformation and, in the general
version of the regulatory document,
is taken to be equal to 1 when

where ¢ = 0.85 — load and resistance factor
(LRFD method — Load and Resistance Factor

Design)

It is believed that straight sections of the cross-
section enclosed between the bending corners are sus-
ceptible to local loss of stability.

The bending radius is determined as », = R + #/2,
where R is the radius of curvature and ¢ is the thickness
of the profile. Next, the reduced bending radius is deter-
mined as g = r, - (tggp/2 — sing/2), or the distance from
the point of intersection of the two centre lines of the wall
and the beam flange X to the actual point of intersection P.

In all calculation methods, the possible loss
of local stability is taken into account by excluding part
of the shelf and/or wall from the calculation using a di-
mensionless reduction coefficient p [15-20].

designing buildings

The following calculation steps are presented in
Table 2.

The stress distribution at which y = 1 (positive
compression) is shown in Fig. 3.

RESEARCH RESULTS

For the calculations, profiles were selected in ac-
cordance with TS 112000-001-12586100-2009 “Bent
steel profiles for light steel structures™.

STS 112000-001-12586100-2009. Bent steel profiles for light
steel structures. Chelyabinsk, ChelyabPSK, 2009; 37.

Table 3. Results of calculations of the effective area and load-bearing capacity of several standard sizes of C-shaped profiles

with different section heights

b c ¢ Effective area 4 , mm> Load capacity, N
Number | 42, mm ’ > i =
mm | mm | mm CP EN AISI CP EN AISI
1 150 50 14 202.02 200.94 53,738.16 56,566.48 47,011.08
2 200 80 20 231.15 227.72 61,487.13 64,723.30 53,706.29
3 300 80 20 1.2 235.20 229.47 62,563.09 65,855.88 54,370.66
4 350 100 | 25 239.06 238.10 63,589.71 66,936.54 56,487.10
5 400 100 | 25 241.71 238.47 64,293.99 67,677.88 56,603.87
70
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Fig. 4. Graph showing the dependence of the load-bearing capacity of a thin-walled rod on the height of the cross-section
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Table 4. Results of calculations of the effective area and load-bearing capacity of several standard sizes of C-shaped profiles
with different shelf widths

c t Effective area 4 ,, mm? Load capacity, N
Number |/, mm | b, mm > > oA
mm | mm CP EN AISI CP EN AISI
1 60 15 736.24 804.38 214,815.81 226,121.90 190,594.27
2 300 80 20 3 856.24 954.38 254,715.81 268,121.90 226,116.31
3 100 | 25 976.24 1,104.38 294,615.81 310,121.90 261,742.29
320
.o
300 T
= 280 — e e
é R - A
s 260 - = o _—
g e _—
=240 = —
2 | o
g 220 o — -
| -
200 A—-"’f-f-
180
50 60 70 80 90 100 110
Cross-section width, mm
o CP O-- EN A— AISI

Fig. 5. Graph showing the dependence of the load-bearing capacity of a thin-walled rod on the width of the cross-section

Table 5. Results of calculations of the effective area and load-bearing capacity of several standard sizes of C-shaped profiles
of different thicknesses

scionco o ruction: o] 15, Issue 3 (57)

Effective area 4 , mm? Load capacity, N
Number |4, mm | b, mm | ¢, mm | f, mm i
CP EN AISI CP EN AISI
1 1.2 235.20 229.47 62,563.09 65,855.88 54,370.66
2 300 %0 20 2 551.46 548.44 146,688.26 154,408.70 128,233.41
3 3 856.24 954.38 254,715.81 268,121.90 226,116.31
4 4 1,370.79 1,392.38 364,629.07 383,820.07 328,300.90
400
3
350 L
E - /f ‘ //A
= 300 P
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Fig. 6. Graph showing the dependence of the load-bearing capacity of a thin-walled rod on the thickness of the cross-section
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The values of effective areas and load-bearing
capacities for various section sizes are presented in
Table 3—5. The dependence of the load-bearing capacity
on the height of the thin-walled section can be traced
in Fig. 4, on the width of the section — in Fig. 5, and
on the thickness of the section — in Fig. 6.

1. The method for calculating strength charac-
teristics according to CP 260.1325800.2016 and EN
1993-1-3: 2006 is identical. The difference in the load-
bearing capacity values of identical profiles is 5 %. It is
due to the coefficients: y, = 0.95 — according to CP and
Yyo = 1 — according to EN.

2. Another method, presented in AISI S100-16,
gives the following discrepancies:

1) effective area values: 0.54—1.49 %;

2) bearing capacity values:

 according to CP: 11.96-12.65 %; according
to EN: 16.36—-17.02 % — when changing the section
height;

e with CP: 11.15-11.28 %; with EN:
15.60-15.71 % — when changing the section width;

 with CP: 9.96-13.09 %; with EN:
14.46—17.44 % — when changing the section thickness.

Such significant discrepancies are due to the use
of the resistance factor jc (resistance factor), which is
used in the AIST S100—16 method.

CONCLUSION AND DISCUSSION

The following conclusions were drawn from
a study of Russian, European and North American regu-
latory documents governing the design rules and calcu-
lation methods for thin-walled bars.

CP 260.1325800.2016, partially harmonized with
European regulatory documents (EN 1993-1-3: 2006), has
significant differences from AISI S100-16: in terminology,
style, layout, presentation and delivery of technical text,
and in the choice of theoretical formulas and parameters.

The height of the cross-section of a thin-walled rod
does not significantly affect its load-bearing capacity,
since a significant part of it is cut out. When the width
(height) of the wall is doubled (from 200 to 400 mm),

the load-bearing capacity of the profile according to CP
and EN increases by 4.4 %, and according to AIST — by
5.1 %.

When the shelf width is increased by 1.7 times
(from 60 to 100 mm), based on the range of technical
conditions®, the load-bearing capacity of the profile
according to CP and EN increases by 32.7 %, and ac-
cording to AISI — by 37.2 %. The relationship between
the load-bearing capacity of a thin-walled rod and
the thickness of its cross-section is linear (see Fig. 5).

An increase in the thickness of the cross-section
(for example, by 2 times) leads to an obvious sharp
increase in the load-bearing capacity (according to CP
and EN, it increases by 148.30 %, according to AISI —
by 156.25 %). The relationship between the load-bear-
ing capacity of a thin-walled rod and its cross-sectional
thickness tends to be linear (see Fig. 6).

Calculations of thin-walled bars under compression
according to CP 260.1325800.2016 and EN 1993-1-3
are similar to the calculations of elements of conven-
tional steel structures presented in CP 16.13330.2017¢
and EN 1993-1-17. The only difference is the use of ef-
fective cross-sectional area (for thin-walled profiles) in-
stead of net cross-sectional area. The method for calcu-
lating compressed thin-walled bars according to North
American standards AISI S100-16 in the fourth stage
(see Table 2) takes into account the calculated length
and ultimate flexibility of the bar, which gives more
reliable results. ‘s load-bearing capacity indicators for
profiles according to AISI S100-16 are always lower
than those according to CP 260.1325800.2016 and EN
1993-1-3, i.e. greater mechanical safety of the structure
is assumed at the design stage. Thus, in order to update
the domestic regulatory and technical framework, refer-
ence is made to the design and calculation experience
of other countries.

¢ CP 16.13330.2017. Steel structures. Moscow, Ministry
of Construction of Russia, 2017; 140.

7 EN 1993-1-1: Eurocode 3: Design of steel structures —
Part 1-1: General rules and rules for buildings. CEN, 2005; 91.
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IIpoaoKUTEIbHOCTH KOHCOJMAAIMY IPYHTA AAPA
KAMEHHO-3eMJISTHOH IJIOTUHBI
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AHHOTALUMUA

BBepeHue. B rmyHNCTOM rpyHTe NpOoTMBOMUNLTPALIMOHHOTO SApa BbICOKON KaMEHHO-3EMITSHOM NIOTVHbBI BCErAa BO3HMKaeT
n36bITOYHOE NOPOBOE AaBreHne Boabl. OHO MOXET AOCTUraTh BbICOKMX 3HAYEHWI 1 NPpeCcTaBnsaTb yrpo3y Ans 6e3onacHocTy
nnoTuHbl. CoBpeMeHeMNopoBOeAaBNEeHNE YMEHbLLAETCS, HOKOHCONUAALMATPyHTaMOXeT ObITb ANUTENBHOM, NPOAOIIKUTESNb-
HOCTb NpoLiecca KOHCONMAaLUM MOXXHO ONPEAENUTb aHANMUTUYECKUMM U YUCTIEHHBIMU MeTodamu. [NpeabiayLive nccnefosa-
HWS1 aBTOPOB MOKa3anu, YT0 TONbKO YMCNEHHOe MOAENUPOBaHNe HanpsXkeHHo-AedopMmpoBaHHoro coctosHusa (HOC) nHecta-
LiOHapHOro (oUnbTPaLIMOHHOTO PEXMMa COOPYXKEHMS MOXET afieKBaTHO BOCMPOM3BECTU NMPoLEeCcC (OPMUPOBAHNS U pacceu-
BaHWS MOPOBOr0 AaBrieHusi. B aToi CBA3WM WMHTepec NpeacTaBrsieT MPUMEHEHUE YUCIIEHHOTO MOAENMPOBAaHUS Takke
W AN OLeHKN ANUTENBHOCTU NpoLiecca KOHCONMuAaunmn rpyHTa B SApe KaMeHHO-3eMISTHON MIOTUHBI.

MaTtepuanbl u meToAbl. ViccnenoBaHue NpOAOIMKUTENBHOCTY paccerBaHNs U30bITOYHOTO MOPOBOIO AABMNEHUS BbINOMHEHO
nyTem yvcrieHHoro mogenuposanusa HOC 1 unsTpaumnoHHOro pexuma Ha npumepe CBEPXBbLICOKON KaMEHHO-3eMIAHOM
NMOTUHBI C LLeHTpanbHbIM SApoM. PacyeT npoBoauncs Ans HECKOMNbKMX BapnaHToB koadduumeHTa dunbTpauum rmHUCTo-
ro rpyHTa sigpa.

Pe3ynbraTbl. Pe3ynsraTtbl YuCneHHOro MoAenvMpoBaHmns nokasanu, YTo NopoBoe AaBfeHne B Ape 0Ka3blBaeT CYLLEeCTBEH-
Hoe BnusiHMe Ha HOC Bcel NnoTuHbI, Ha ee nepemMeLleHnst 1 HanpskeHusl. YCTaHOBMEHO, YTO Npu koddduumneHTe husb-
Tpaumn 6onee 1 - 107 cm/c KOHCONMMAaUMS TPyHTa 3aBepLUaEeTCs elle B Nepuoa CTPOUTENbLCTBA, a Npu koadhduumeHTe
uneTpaumm MeHee 1 - 1078 cm/c koHconMAaaums npodomkaeTcs AecsaTkM neT. 1o cpaBHEHWIO C NPOCTbIM aHaNUTUYECKUM
MeTOAO0M Teopun UMLTPALMOHHOW KOHCONMAALIMI ANUTENBHOCTL NpoLiecca KoHconuaaumm okasanacb NpUMepHO B 2 pa3a
Kopoye. OTO CBA3aHO C TEM, YTO YMCIEHHOE MOAENUPOBAHUE YYUTBLIBAET, YTO ABMXKEHWE (DUNLTPALMOHHOIO MOTOKa OCy-
LLLECTBMSIETCS HE TOMNbKO B APEHAaX, HO U B 30HbI C MEHbLLLUM NMOPOBbLIM AaBNEHUEM.

BbiBoabl. [0 pesynstatam YMCNEHHOrO MOAENVPOBaHMSA KOHCONMUAaUWs rpyHTa sapa 3aBepluaeTcd NpuMepHoO B 2 pasa
GbicTpee, Yem no pesynsrataMm pacyeta NPoCTbIM aHaNUTUYECKUM METOAOM.

KNKOYEBBIE CITOBA: kameHHO-3eMIsiHas NNoTUHa C SAPOM, MOPOBOE AaBMNeHWe BOAbI, KOHCONUAALUMS rPYHTa, HanpsKeHHO-
nedopMrpoBaHHOE COCTOSIHME, MOAENMPOBAHNE METOAOM KOHEYHbIX 3IEMEHTOB, hunsrpaums, KoadduumeHT dunstpa-
unn

ana UWMTUPOBAHUA: CauHos M.[1., bornduH A.A. TIpoOQOMmKXUTENBHOCTb KOHCONMMAAUUW FPyHTa sigpa KaMeHHO-3eM-
NsHON NnoTuHbl // CTpouTenbcTBO: Hayka M obpasoaHue. 2025. T. 15. Buin. 3. C1. 3. URL: http://nso-journal.ru. DOI:
10.22227/2305-5502.2025.3.3

Aemop, omeemcmeeHHbIl 3a nepenucky: Muxavn MNetposuy CanHoB, SainovMP@mpei.ru.

Duration of core soil consolidation of earth core rockfill dam

Mikhail P. Sainov!, Aleksandr A. Boldin*
! National Research University “Moscow Power Engineering Institute” (MPEI); Moscow, Russian Federation,
2 Moscow State University of Civil Engineering (National Research University) (MGSU),
Moscow, Russian Federation

ABSTRACT

Introduction. Surplus water pore pressure always appears in a clayey soil of the seepage control core of a high earth
core rockfill dam. It may reach high values and present threat the dam safety. With time the pore pressure decreases but
the soil consolidation may be durable; duration of consolidation process can be determined by the analytical and numerical
methods. Our previous studies showed that only numerical modeling of the structure stress-strain state (SSS) and unsteady
regime may adequately simulate the process of pore pressure formation and dissipation. Therefore, of interest is the use
of numerical modeling also for estimation of soil consolidation process duration in the core of a rockfill dam.

Materials and methods. Study of duration of surplus core pressure dissipation was conducted with the aid of numerical
modeling of SSS and seepage regime on the example of an ultra-high rockfill dam with a central core. Analysis was carried
out for several options of core clayey soil permeability.
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Results. The results of numerical modeling showed that pore pressure in the core considerably affects the SSS of the whole
dam, its displacements and stresses. It was established that at permeability exceeding 1 - 10~" cm/s the soil consolidation
completes even during construction period, and at permeability less than 1 - 108 cm/s the consolidation continues for doz-
ens of years. As compared to a simple analytical method of the seepage consolidation theory the duration of consolidation
process turned to be approximately two times as less. This is related to the fact that numerical modeling takes into account
that movement of the seepage flow is realized not only into a drainage facility but also penetrates in the zones with less
pore pressure.

Conclusions. By the results of numerical modeling the core soil consolidation is completed two times as fast as compared
with the analysis results obtained by a simple analytical method.

KEYWORDS: earth core rockfill dam, pore water pressure, soil consolidation, stress-strain state, FEM analysis, seepage,
filtration coefficient
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BBEJIEHUE

N36pITOYHOE TOPOBOE JABICHUE B TPYHTE sIpa
KaMEHHO-3eMJITHOW TUTOTHHBI BO3HUKAET BCIEICTBHE
€ro yIJIOTHEHWSI TIPY BOCHIPHUATHN BHEITHUX HATPY30K
(Tpexxe Bcero oT coOCTBEHHOTO Beca). C TedeHneM Bpe-
MEHH TIOPOBOE JIaBJICHHUE «PAaCCEUBACTCS, T.C. YMCHb-
mraeTcst 10 YPOBHS, COOTBETCTBYIOIIECTO JAaBICHUIO
(hUIBTPAIIMOHHEIX BOJ, ATOT MPOIIECC HA3BIBAIOT KOH-
conudayueti TpyHTa. Hanmgre n30bITOYHOTO TTOPOBOTO
JIABJICHUS CO3/IACT YIpo3y sl 0€301MaCHOCTH IUIOTHHBI,
MOCKOJIBKY CHUXAET CABUTOBYIO MPOYHOCTH IPYHTA,
MIPOBOIMPYET TUIPABINYECKUI Pa3phbIB sIpa. DTOT -
(hekT IEMOHCTPHUPYIOT pacueTHBIC UcciienoBanus [ 1, 2],
KOTOpBIE IOCBSILIEHBl 00pPa30BaHHUIO HANPSIKEHHO-
nepopmupopanHoro cocrosiaust (HIC) kameHHO-3eMIIs-
HBIX IJIOTHH. [Ipy MpOoeKTHPOBaHUY KAMEHHO-3EMIITHBIX
IUTOTUH Ba)KHO CIIPOTHO3UPOBATH MPOIOJKUTEIEHOCTh
mpolecca KOHCOMMJAIUH TPYHTA sIipa, B TEUEHUE KO-
TOPOTO MJIOTHHA MOXET UMETh MTOHWKEHHBII YPOBEHb
0€301acHOCTH.

IIpomeccsl popmMupoBaHusS U pacceUBaHUS IO-
POBOTO JABICHUA B AApe KaMCHHO-3EMIISTHBIX TUIOTHH
crajnu u3ydaTrh ¢ cepenrHbl XX B., TAK KaK UMEHHO
B 9TOT NEPUOJ TUIOTHHBI TAHHOTO THUITA HAYaJH aKTHB-
HO TIPUMEHSTH IS CTPOUTEIHCTBA BEICOKOHATOPHBIX
TUAPOY3JI0B. Taknue WCCIeT0BaHAS OCYIIECTBISUIACH
C TIOMOIIBI0 HATYPHBIX W3MEPEHUI U TEOPETHUECKUX
pacyeTosB.

B pabote [3] omyOnuKkoBaHbEI CBEICHHUS HATYPHBIX
M3MEPEHUH TTOPOBOTO JABJICHHUS B HECKONBKIX TUIOTH-
Hax, NocTpoeHHbIX B XX B. OnucaHbl pe3yabTarhl Ha-
TYpPHBIX HAOJIOMCHUN 32 CBEPXBBICOKOH IIOTHHOM Hy-
pekckoit 'DC [4]. B mybnukarusx [1, 5, 6] npuBeneHs
pe3yapTaTbl MOHUTOPUHTA MMOPOBOTO AABJIEHUS B CO-
BPEMEHHBIX BBICOKHX KaMEHHO-3EMJISTHBIX TUIOTHHAX.
Crarps [1] mocsieHa H3y4eHUIO OPOBOTO JaBJICHUS
B ruiotTnHe Masjed-e-Soleyman (Beicota H = 177 M,
Upan, 2002 1), [S]— B tuioture Nuozhadu (H=261,5 m,
Kuraii, 2012 r.), [6] — B mnotune Bidvaz (H = 66 M,
Upan).

AHanu3 pe3ynbTaToB HATYPHBIX M3MepeHui [3]
MOKa3bIBACT, UTO MPOLECC KOHCOMUIAINY IPyHTa A1pa
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B Pa3HBIX INIOTHHAX MPOUCXO/III C Pa3HOH CKOPOCTBIO.
Bo muorux miotuHax (Aswan, Pachkamar, Charvak,
Eyvashan) xoHcomumanus rpyHTa mpoTeKaza OBICTPO
W TIOPOBOE JIaBJICHUE K Hayally NMepro/ia SKCIUTyaTaliu
OBIJIO COTIOCTAaBUMO C THAPOCTATHYECKUM JIaBIICHHU-
em [3, 7]. Hanporus, B sinpe utotunsl Talbingo (H =
=162 m, Asctpus, 1971 r.) mopoBoe naBieHHEe JOCTH-
TaJIo 3HAYNTENFHBIX BETMYNH U PACCEUBAIOCh MEIUICH-
HO [3]. DTO CBA3BIBAIOT C TEM, UTO SIAPO ITOU MIOTUHBI
BBITIOJIHEHO M3 TJIMHBI.

[IporHo3 MPOIOIHKUTEIEHOCTH KOHCOMAIAITIH OCO-
OEHHO aKTyaJIeH JJIsl CTPOUTENLCTBA HOBBIX KAMEHHO-
3eMIAHBIX TIIOTHH. CTAaTHCTHKA CBUJIETEIHCTBYET,
4yT0 B XXI B. MOCTPOCHO HECKOIHKO HOBBIX CBEPXBHICO-
KHUX U BBICOKUX KAMEHHO-3EMJISIHBIX TIOTUH. CBEPXBBI-
COKHMH SIBIIIOTCA TIOTHHBL San Roque (H =210 m, ®u-
marusbl, 2003 1), Tehri (H = 260,5 m, Uamust, 2006 1),
Nuozhadu (H = 261,5 m, Kuraii, 2012 1) [8, 9, 5],
Changheba (H = 240 m, Kuraii, 2017 r.), ux BbICOTa
npesbimaet 200 M. K BBICOKMM OTHOCSITCS TJIOTHHBI
Karkheh (H =127 m, Upan, 2001 ) [10-12], Masjed-e-
Soleyman (H = 177 m, Upan, 2002 r.) [1, 13], Qiaoqi
(H=125,5wm, Kuraii, 2006 1) [ 14], Pubugou (H =186 m,
Kwuraii, 2010 r.) [15], Maoergai (H = 147 m, Kuraii,
2011 r.) [14], Upper Gotvand (H = 180 m, Upan,
2012 r.), Madani (H = 91 m, Upan, 2014 r.) [16]. Pe-
3yIIBTATHl HATYPHBIX W3MEPEHUN TOPOBOTO TaBICHUS
B HEKOTOPBIX M3 yKa3aHHBIX IUIOTHH OIyOJIMKOBAHBI
B Tpy#ax [1, 5].

WzyueHne mopoBOTo JaBJICHHUS OCYIIECTBISECTCS
TaKKe ¥ PacueTHHIMU METOJIaMU, OCHOBAHHBIMHU Ha Te-
oprn KoHconuaanui. OCHOBOIIONOKHUKOM TEOPHH KOH-
comunarmu sieisiercs: K. Tepiaru, oH mepBbIM Ipeio-
JKHJT ypaBHEHHS, ONKCHIBaronye 3ToT nporecc. B CCCP
A.A. Huanmnoposwaem u T.W. Ipi6ynpauK [ 17] 6511 pa3-
paboTaH aHATMTUYECKHH METO]] pacueTa KOHCOIHMIalliN
TPYHTA B SIIpe KAMEHHO-3€MIITHOH TIOTHHEI.

B Hacrosimiee Bpems 3a1a4M KOHCOJIMIAIMH pe-
HIAFOTCSI C MOMOIIBIO YUCICHHOTO MOJCIUPOBAHUS.
Hanpumep, nmyonukanuu [1, 5, 7, 18-21] mocsimeHs
yuciaeHHsM uccnegosanusim HJAC u mopoBoro naene-
HUS B SIpax KaMEHHO-3EMIISIHBIX TIOTHH. B GObIInH-
CTBE CIIy4acB PAacUCTHHIC MCCICAOBAHUS MOKA3BIBAIOT,
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YTO KOHCOJIMALUS TPYHTA SIIpa 3aBEPLIACTCS JOBOJIb-
HO OBICTpO.

ToYyHOCTH pPacYEeTHHIX MPOTHO30B 3aBUCHUT OT Ka-
YecTBa MCXOIHBIX JaHHBEIX pacdyera. B pabote [5] pac-
CMaTpPUBAETCS MOPOBOE NABIICHHUE B SAPE ILIOTHHBI
Nuozhadu, Ob110 MTOKa3aHO, YTO aJEKBAaTHBIE PE3YIIbTa-
TBI pacueTa 00ecIIeYrBarOTCs P 3HAUYCHNH KO3 DHLIU-
enra ¢unsrparmu (1,5 —5) - 10~ em/c, koTopoe ropasio
MCHBIIC U3BMCPEHHOI'O B HATYPC. BI)I)IBI/IHyTO IIpearoI0-
KCHHUEC, YTO CHMKCHUE IIPOHUITACMOCTHU I'PYHTA CBA3aHO
C €ro YIUTOTHEHHEM IO[] IeHCTBHEM HArpy3ok [5]. AHa-
JIOTHYHBINA AP PEKT ONMMCcaH TaKkKe B UCCICAOBAHUH [4]
MIPUMEHUTEIHHO K s1ipy Hypekckoii mIoTHHEL.

Ho atot 3¢dhekr mumb onHO U3 MpOSIBICHUH B3a-
MMOCBSI3H IIPOLIECCOB KOHCOIMUIALUH TPYHTa U (POPMHU-
posanust HJIC coopyxenus. Ilo pesynsraram uccie-
)IOBaHI/Iﬁ CAcJIaH BBIBOJ] O TOM, YTO H3-3a B3aUMOCBI3U
C HAINpPSHKCHHBIM U Je()OPMUPOBAHHBIM COCTOSIHHEM
TPYHTa MPOIECCH €r0 KOHCOTUAAIUN HOCAT CIOKHBINA
XapakTep BO BPEMEHHU M MpocTpaHcTBe [5]. DTOT BHI-
BOJI TIOATBEPKAACTCS TAKKE Pe3yabTaTaMH UCCIIEI0BA-
HU aBTOpOB [22, 23]. BbII0 MOKa3aHO, YTO XapakTep
Je(OPMUPOBAHHS COOPY)KEHHS T10]] HArpy3Kol UMeeT
omnpenessonee 3HaYeHUe IS BEJIMYNUHBI TOPOBO-
ro JaBJIEHUSA B SA1pE, pacueThl IPOJEMOHCTPUPOBAIIH,
4yTo Onarofaps nedopManusM paciiupeHus: 06binas
9acTh H30BITOYHOTO TOPOBOTO JAABJICHHUS YCIIEBACT pac-
CeATHCS eIIle 10 HAMOJTHEHHUS BOJOXPAHMIHIIA. TOIBKO
YUCIICHHOE MOJICITUPOBAHNE TACT BO3SMOKHOCTD YIECTh
BIMSHUE Xapakrepa Ae(OpMUPOBAHUS COOPYKEHUS
Ha (hOpPMUPOBAHUE IOPOBOTO JAABJICHHSI.

OnHako B MpeAbLIynX padoTax aBTOpPOB HACTO-
SIEr0 MCCIICAOBaHUsI pacCMaTPUBAJICS TOJIBKO ATarl
CTPOUTEJIBCTBA INIOTUHBI, KOTa IMMOJ I[eﬁCTBPIeM BHCII-
HUX Harpy30K IMPOUCXOAUT (OPMHPOBAHHIE TOPOBOTO
TABJICHIS B SApE, a dTall SKCIUTyaTallid, Ha KOTOPOM
OCYIIECTBIISICTCS pACCEHBAHUE MOPOBOTO NABICHUSA,
HE paccMaTpHuBajICs.

B 9T0i1 CBSI3M MHTEPECHO € MOMOIIBIO YUCICHHO-
T'O MOJICTIMPOBAHMUS U3YYUTh U TPOLIECC KOHCOIUAAINN
IPYHTa, @ TAK)KE CPAaBHUTH IPOTHO3 TPOAOIKUTEIBHO-
CTH KOHCOJIMJIALIMY 110 Pe3yNibTaTaM pacuyera aHaJIuTH-
YECKUM U YHCICHHBIM METOIaMH.

B anammTHueckoM MeTOIe, OCHOBAHHOM Ha T€O-
puu QUIBTPANMOHHONW KOHCONUIAINH, YIUTHIBACTCS,
YTO paccerBaHHE MOPOBOTO JABJICHHS MPOMCXOAMUT

TOJIBKO 32 CYET OTTOKA XUIKOCTH ((pruteTpanun). U3 pe-
IICHUS 337249l O KOHCOJIUJAIUU CIIOSI MaJIOBOJOIPO-
HUIIaeMoro rpyHTa, nonydenHoro K. Tepraru, MoxHO
MOJTYYUTh (POPMYITY ISl BBISBJICHUSI POJAOJIKUTEIHHO-
CTH KOHCOJHUIAIMU. JTO BpeMs, KOTOPOE HEOOXOIUMO
JUIsl CHU)KEHHUS TIOPOBOTO JIABJICHHSI OT MAKCUMAIILHOTO
P, 10 jaBjieHust QUIBTPAUOHHBIX BOA p,. st Touku,
PacIoNIOKEHHON Ha MAKCUMAJILHOM YJAJICHHU OT Jpe-
Haxka (TocepeauHe CII0s), MOTyJaeTCs CIeIyomas
npubnmkeHHas Gpopmyiia sl ONpeesIeHUs MPO0I-
JKATETBHOCTH At KOHCOJIH QI :

PVRNLI . SN TN

n’ K-k, ) (M

e p — IUIOTHOCTh BOJIBI; K — MOJYJIb 0ObEMHBIX Jie-
(hopmaruii TpyHTa; kq) — KO3 GUIUEHT PUITBTPALINH;
h — nnuHa yTH QUIBTPAIIUH (TTOTYTONIIINHA CI0s);
D,> P, — TIOPOBOE JIaBJIEHHE COOTBETCTBEHHO B HaJase
Y KOHIIE MHTEPBaJIa BPEMEHH.

Orta npubnkenHas popmyJia BEIpakaeT BIUSHHUE
OCHOBHBIX (haKTOPOB Ha JUIUTEIBHOCTh KOHCOJIMIAIIH
u ynoOHa 11 moHnMaHus. Kak BUIHO U3 GOPMYIIHL,
Oonee JUTUTENIbHAS KOHCOJIUAALMI XapaKTepHa IS BbI-
COKMX KAMEHHO-3eMJISIHBIX TUIOTHH, B KOTOPBIX IIUPHHA
sapa 2k Gonpliasi, a HAYAIBHOE TIOPOBOE JIABJICHUE MO-
JKET OCTHUTaTh O0JbIMX 3HaUYeHui. 3 Gpopmyrsr ode-
BHUJIHO, YTO B pa3HbIX 30HAX S/Ipa MPOJOIIKUTEILHOCTh
(unpTpanuy OyaeT pa3nuyarhkCs, B BEpXHEH JacTH OHa
OyzeT 3aBepmiaThCs OBICTpee, YeM B HIDKHEH. OmHaKo
olpezeIsIonee 3HaYCHNE Ha CPOK KOHCOJTUIAIINN UMe-
€T BOJOIPOHUIAEMOCTh IPyHTa — OH OOPaTHO IIpPO-
MOpLUUOHANIEH KOAQPUIMEHTY (uibTpannu.

MATEPHWAJIBI U METO/JAbI

OrieHKa IPOIOIKUTENFHOCTH KOHCONUIAIAN TPYH-
Ta si7Ipa BHITIOJTHEHA TaK)Ke ITyTeM YUCICHHOTO MOJICITH-
poBanus. [Ipomeccol GopMHUPOBAHUS M PAacCEHBAHUS
MOPOBOI'O JAABJIEHHS MOJEIHUPOBAINUCH COBMECTHO C IIPO-
neccamu popmuposanus HJIC u GpuiibTpaiioHHOTO pe-
JKHMa TIJIOTHHBL.

Pacyer ObI1 mpoBeIeH HAa MPUMEPE CBEPXBBICOKOM
KaMEHHO-3€MIISTHON TTOTHHBI C IIEHTPATBHBIM SIIPOM
cpeaHell UPUHBL. DTUM XapaKTepUCTUKAM OTBEUaeT
koHcTpykius mioTuel Hypekckoit 'DC. Bricora mito-
TuHbI cocTaiseT 300 M. MakcuManbHBIN HAMoOp, KO-

Puc. 1. Koneuno-sneMeHTHasS MOJICJIb PACUYECTHOTO CEYCHUS TINIOTUHBI
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Tabu. 1. PacuetHble HH3MKO-MEXaHHUECKHE XapaKTEPUCTUKH IPYHTOB

[InorHOCTH IInotHOCTH Monynb
B CyXOM B BOJIOHACKHIIICHHOM | JmHEHHOW | Koaddumment
Martepuain
COCTOSIHUH P, COCTOSIHUM P, nedopmarmu | Ilyaccona v

/™3 /™3 E, MIla
Cynecb 2,10 2,28 40 0,32
I'pyHTBI IEpEeXOaHBIX 30H 2,10 2,20 55 0,3
I"'paBUiiHO-raICUHUKOBBIN I'PYHT YIIOPHBIX IIPU3M 2,16 2,35 150 0,27
Topnas macca 1,96 2,22 150 0,27

TOPBIN BOCIIPHHAMAET AP0, — 263,5 M, mupuHa siapa
noHu3y — 143,5 m.

Pacuer mpou3BoaMIICS METOJOM KOHEUHBIX 3Je-
MEHTOB C [TOMOUIBIO BBIYUCIUTEIBHOTO IPOrPAMMHOTO
komruiekca MIDAS.

Hcnionb3oBaHHast JUTsl pac4eToB KOHEYHO-3JIEMEHT-
Hasi MOJIEJIb CEUYEHUsI TUIOTHHBI HacuuThiBaeT 6975 y3-
70B 11 6906 KOHEUHBIX 3JIEMEHTOB (puc. 1).

PacueThl BBIMOIHSINCH C YUETOM MOCIEA0BATEIb-
HOCTH BO3BEJICHUS IUIOTUHBI M HAMIOJIHEHUS BOJIOXPa-
Huiia. [IpuHUManoce, 4To COOpyKeHHE BO3BOIUTCS
B TeucHHE 9 JIET, a HAIIOJIHEHUE BOJIOXPAHIIIHUINA OCY-
IECTBISICTCS MAPAJLISIIHLHO C OTCHINKON IPYHTA.

[Ipu pacuere paccMaTpuBaIuCh HArpy3KH OT COO-
CTBEHHOTO Beca TPYHTa, a JACHCTBHE BOJHON Cpeibl

YYUTBIBAIOCH TOJIBKO B ()OpPME TTOPOBOTO JTABIICHUS
1 CO371aBaEMBIX UM (DMIIBTPAIIHOHHBIX CHIL.

[Ipu MomenupoBaHHWM MOBEACHUS TPYHTOB WC-
moJib30Basiack Mozels Kymona — Mopa, npeaycmarpu-
BaIOIIast JINHEIHOE neopMUupoBaHue rpyHTa. OuUsnko-
MEXaHUYeCKHEe CBOMCTBA IPYHTOB, IPHHSTHIC B pacye-
Te, IPUBEJCHBI B TA0M. 1.

PE3VJIBbBTATHBI HCCIEJOBAHUA

PacueTsl BBITOTHSAINCH U HECKOIBKHX BapraH-
TOB ITPOHUIIAEMOCTH TPyHTa sipa. Koapduiment dub-
Tpaluu IPUHUMAJICS PaBHBIM: B BapuaHte Ne 1 — 1 X
x 1076 cm/c, B BapuanTe Ne 2 — 1 - 107 cm/c, B BapuaHTe
Ne3 —1-10%cm/c, B Bapuarre Ne 4 — 5 - 107 em/c.

IlIxana BepTUKATIBbHBIX IEPEMELIEHUH, CM

-360 330 -300 270 240 210

—-180

-150  -120 90 60 30 0

Puc. 2. Ocankn MIOTHHBI HA MOMEHT OKOHYAHUS CTPOMTEIHCTBA JUIS PA3MUYHBIX BAPHAHTOB MPOHUIIAEMOCTH TPYHTOB!

a — BapuanT Ne 1; b — Bapuant Ne 2; ¢ — BapuanT Ne 3
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[IIxana ropu30HTANBHBIX CMEILEHUH, CM
0 25 50 75 100 125 150 175 200 225 250 275 300

Puc. 3. T'opuzoHTanbHble CMELICHUS IUIOTUHBI HA MOMEHT OKOHYAHUS CTPOUTEILCTBA AJIS Pa3IMYHbIX BAPUAHTOB IIPOHUIAC-
MOCTH TPYHTOB: @ — BapuaHT Ne 1; b — Bapuant Ne 2; ¢ — BapuanT Ne 3

[lxana BepTuKaIbHbIX Hanpsokenuid, MIla

-60 55 50 45 40 35 30 -25 20 -1,5 -1,0 05 0

Puc. 4. BepTHKalibHbIC TOTaJIbHbIC HAMPSDKEHHS B IIIOTHHE HA MOMEHT OKOHYAHHMS CTPOUTENBCTBA VIS PA3IMYHBIX BAPHAHTOB
MIPOHUIIAEMOCTHU TPyHTOB: @ — BapuaHT Ne 1; b — Bapuant Ne 2; ¢ — BapuanT Ne 3

(LG) € HIAUITG 'GL WO Jisauenaqteuken
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Hanpsi:kenHo-1eopMupoBaHHOE COCTOSTHHE
HA MOMEHT OKOHYAHHs CTPOUTEJIHLCTBA

Jlis KaXk10T0 M3 BapHaHTOB OBIIHM OIMpEesICHBI
U TIPOaHAIM3UPOBAHBI TIEPEMEIICHS, HAPSDKEHUS, T10-
poBoe aaBiienue B iiotnHe. OHM MOKa3aHbl Ha puc. 2—8.
[lepemenienus: MPUBEICHBI C YYETOM IOCIIEIOBATEIb-
HOCTH BO3BEIEHHS U HATPYKEHUS COOPYKECHUS, OHH
MIPEACTABISIOT cO00M CyMMy TepEeMEIIeHHUH, IOy eH-
HBIX COOPY)KCHHEM Ha KaXIOM U3 STalloB BO3BEICHHS/
HarpykeHuns. HanpspkeHns: aHam3npoBaiiich Kak d¢-
(hexTUBHBIE (TOJBKO /TSI TBEPAOTO CKEJIETa IPYHTa), TaK
U TOTaJIbHBIE (CyMMapHEIE 110 TBEP/OH 1 KUAKOH (hasam
TpyHTA).

HJIC rutoTnHbI BO BceX BapHaHTaxX CXOXK M HA MO-
MEHT 3aBEpIIEHHS CTPOUTEILCTBA UMEET CIIEeAYIOIHe
o01re XxapaKkTepHbIe TPU3HAKH:

* CTPOMTENbHBIC 0CaIKH U MIIOTHHBI J0CTHIAI0T
MaKCHMyMa B LEHTPaJIbHOW YacTH spa U COCTABIISIOT
oxosio 1 % ot ee BBICOTHI (puc. 2);

* TOPU30HTaJbHBIE cMelenns U TIIOTHHBI Ha-
MIpaBJICHBl B CTOPOHY HI)KHEro Obeda M JTOCTUTaIOT
MaKCHUMyMa B siJIpe, B TO BpeMs Kak OoJbIIoi 00beM
BEPXOBOW YIIOPHOI PU3MBI HIMEET CMEIICHUSI, OJTM3KHE
k 0 (puc. 3);

* B PacIpeleIeHUN TOTAJIbHBIX BEPTHKAIBHBIX Ha-
NPSUKCHAUIA O IIPOSBIIACTCS apOYHBIii saddekr (T.e. 3¢-
(heKT «3aBHUCAHISD» SIpA HA YHOPHBIX MPU3MaxX) — B SAPE
HaOmroqaeTcs ACPUIUT CKUMAIOMINX HAMPSDKEHUH,

B TO BpeMs KaK B YNOPHBIX MPU3MaxX BO3HHKAIOT 30HBI
KOHIICHTPAIMH CKUMATIOIINX HANpsDKEHUH (prc. 4);

* JUIS pacHpeneICHNUS TOTAJIbHBIX TOPU30HTAIb-
HBIX HANPSOKEHUH G XapakTepeH MEHbUINH ypOBEHb
CKaTusl B HU30BOW YNOPHOM NMpHU3ME 10 CPABHEHUIO
¢ siapoMm (puc. 5). Ha rpanniie Mexmy siipoM 1 BEepxo-
BOM YNMOPHOW MPU3MOIl OTCYTCTBYET CKAauOK B BEJIH-
YUHAaX TOPU3OHTAIBHBIX HANpPsDKEHUH, TaK Kak siApo
CUUTAETCs MPOHUIIAEMBIM U JIaBJICHNE BepXHero obeda
JIeUCTBYeT B (hOpMe pacrpeieieHHbIX 0 00beMy (HHITh-
TPAlMOHHBIX CHJI, a HE B (JOPME THAPOCTATHIECKOTO
JIaBJICHUS HAa TPaHb SApPa;

* 3 eKTUBHbIC HaNpsDKEHUS B siape (puc. 6, 7)
CYIIECTBEHHO MEHBIIIE TOTANBHBIX (pHC. 4, 5) 13-3a BbI-
COKHX BEIIMYMH IIOPOBOTO ABJICHUS B siipe (puc. 8).

Onnako HJIC nioTHHBI B pacCMOTPEHHBIX BapHaH-
Tax UMeeT U CyIIeCTBEHHbIE pa3nuuus. OHU BBI3BAaHBI
Pa3IMYMAMU B YCIOBHAX (DOPMHUPOBAHUS U BEJIMYMHAX
TIOPOBOTO JABJICHUS B SIAPE.

B BapuanTe Ne 1, B KoTOpOM IpyHT siipa obnagaer
BBICOKOH IPOHUIIAEMOCTBIO (kq) =110 cm/c), KoHCO-
JUAIMS TPYHTA 3aBEPIIAETCS yXKe K Havyaly Mepruoaa
skcrutyatanuu. Ha puc. 8, @ BuiHO, YTO HA MOMEHT Ha-
yaJia epuoja 3KCIUTyaTally B siipe He HaOIonaeTcs
M30BITOYHOTO TIOPOBOTO JABJIEHUSI — IIOPOBOE JIaBie-
HUE COOTBETCTBYET YCTaHOBUBLIEMYCS (HIIBTpAIIH-
OHHOMY pEKUMY. MaKkCHUMallbHOE TIOPOBOE AaBICHUE
2,6 MIla oTmMedaeTcs B JIEBOM HIDKHEM yTity (puc. 8, a)

c

[Ixana ropu3oHTaIBHBIX HanpsbkeHuid, MIla

-4,5 4,0 35 3,0 2,5 -2,0

-1,8

-1,5

Puc. 5. rOpI/I3OHTaJ'H>HBIe TOTAJIbHBIC HAIIPSAKCHUA B INIOTUHE HA MOMCHT OKOHYAaHUS CTPOUTEIIBCTBA U1 Pa3JIMYHBIX BAPUAHTOB

MPOHUIIAEMOCTH TPYHTOB: @ — BapuaHT Ne 1; b — Bapuant Ne 2; ¢ — BapuanT Ne 3
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a b

[IIkana BepTUKaIbHBIX HanpspkeHuid, MIla

-3,0 2,75 2,5 225 20 -1,75

Puc. 6. Beprukanbsusie 3 exTHBHbIC HAPSDKEHUS B Ape IIOTUHBI HA MOMEHT OKOHYAHHMS CTPOUTENIBCTBA TS PA3THIHBIX

-1,5

-1,25 -10 -0,75 0,5 025 0

BapHAHTOB IIPOHHUIIAEMOCTH TPYHTOB: @ — BapuaHT Ne 1; b — Bapuant Ne 2; ¢ — BapuanT Ne 3; d — Bapuant Ne 4

b

[Ikana ropu3oHTanbHbIX HanpskeHuil, MIla

-3,0 2,75 =25 225 20 1,75

-1,5

-1,25 -1,0 0,75 -0,5 -0,25 0

Puc. 7. T'opuzonranbhble 3QQEKTUBHBIC HAIPSHKSHUS B S1PE INIOTHHBI HA MOMEHT OKOHYaHHUs CTPOUTEIIBCTBA I Pa3INYHbIX
BapHaHTOB POHHULIAEMOCTH IPYHTOB: @ — BapuaHT Ne 1; b — Bapuant Ne 2; ¢ — BapuanTt Ne 3; d — Bapuant Ne 4

U OHO YMEHBIIAETCS B HaIpaBICHUH CHHU3Y BBEPX
1 OT BEpXOBOIl IpaHU K HU30BOH.

braropapst HU3KOMY ITOPOBOMY JIaBJICHHIO SIAPO Ha-
XOIUTCS B OJaronpUsITHOM HaNpsHKEHHOM COCTOSHHU.
DddexTrBHBIC HANPSHKCHUSI (HAMPSKCHUS B CKEJICTE)
B sIIp€ BE3JIC CXKMMAIOIIUE, IPUYEM B OOJBIIECH dacTh
sJ[pa OHM JOBOJILHO Belauku U mpesbimaror 0,5 Mlla.
Db dekTrBHBIC HAIPSHKESHUS G, B BEPTHKAILHOM HAIPAB-
JICHUM MHOTO OOJIbIlle, YeM B TOPU3OHTaIbHOM. Bepru-
KaJIbHbIC HATPAKCHHS G, IOCTUTAI0T 3 MIla (puc. 7, a),
a Topru30oHTaNIBHBIE — He npebimator 2 MITa (puc. 8, a).

ToranbHbIe HANPSUKCHHS O B SPE HE TIPEBBIIIAIOT
5,0 MIla (puc. 4, a).

o pacueTy MakcuMaJibHasE CTPOUTEIbHAS 0CA/IKa
sapa B BapuanTe Ne 1 cocraBuia 360 cum (puc. 2, a),
a MakcHMajbHOe cMmenieHne — 234 cM (puc. 3, a). 3oHa
MaKCHMAaJIbHBIX 110 BEJTMIMHE CMEIICHUI pacIioaraeT-
csl B IIGHTPE s11Ipa.

s npyrux BapuanToB Ne 2—4 ¢ MeHbIIICH IPOHHU-
[IAaEMOCTBIO TPYHTA sI/Ipa XapaKTepHO BO3HUKHOBCHHE
B s/Ipe U30BITOYHOTO TOPOBOTO JaBieHusl. OHO BHOCHT
3HauuTeNbHBIe KoppekTuBel B HJIC sapa u Bceit mio-
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a b

c d

[Ixana noposoro aasiaenus, MIla
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Puc. 8. HOpOBOC JaBJICHUC B AAPC MJIOTUHBI HA MOMCHT OKOHYAaHUA CTPOUTEIbCTBA NJI PA3JIMYHBIX BAPUAHTOB IPOHUIIAEMOCTHU

TpyHTOB: @ — BapuaHT Ne 1; b — BapuanT Ne 2; ¢ — BapmanTt Ne 3; d — Bapuant Ne 4

TUHBI. BiusiHMe M30BITOYHOTO TOPOBOTO JABICHUS BbI-
pakaeTcsi B CJI/IyOLIEeM:

* ueM MeHbIle Ko UIMeHT GpuIbTpanum rpyHra
S7pa, TeM BBIIIE TIOPOBOE JIABJICHUE W MEHBIIE CKUMa-
to1ue Y3PPEKTUBHBIC HATIPSDKEHUS B SPE;

* YeM MeHbIIe KOd(pPUINEHT QUIbTpauy rpyH-
Ta siipa, TEM MEHbIIEC CMEUICHHUS U OCaJIKH TUIOTHHBI
Ha MOMEHT OKOHYaHHUS CTPOUTEINIBCTBA.

B Bapuante Ne 2 (k, =1 - 107 cm/c) u30BITOUHOE
MIOPOBOE JABIICHUE B SIIPE HEBEIUKO IO CPABHEHUIO
¢ ¢uibTpauMoHHBIM. Ha MOMEHT OKOHYaHUS CTPOH-
TEJILCTBA MAKCUMAJIbHOE 3HAYEHHE ITOPOBOTO AABJICHHS
coctaBmio 2,87 MIla (puc. 9, b), T.e. Ha 10 % BoImIE,
yeMm B BapuanTe Ne 1. Pacnipenencuue 3pheKkTHBHBIX Ha-
npsbKeHuH B BapuanTe Ne 2 OJIM3K0 K TOMY, KOTOpOE Xa-
pakTepHo a1 Bapuanta Ne 1. Onnako Ha puc. 6, b; 7, b
3aMETHO CYIIECTBEHHOE CHI)KEHHE CKMMAIONINX Ha-
NPSKCHUN G 1 o, B AIpe.

Hedopmaruu ioTuHb! B Baprante Ne 2 oTauya-
10Tcs oT nedopmanuii B Bapuante Ne 1. CrpouTenbHbie
ocaaky U, TIOTHHBI HECKOIBKO MCHBIIIE, YeM B BapHaH-
Te Ne 1. MakcumarbHast oca/ika INIOTUHBI B BapuaHTe Ne 2
cocraisieT 3,28 M (puc. 2, b), uro Ha 9 % MeHble,
uyeM B BapuanTe Ne 1. HanpoTus, ropH30HTalIbHBIE CME-
menus U mnotunel B Bapuante Ne 2 GoIbIie, 4eM B Ba-
puante Ne 1 (puc. 3, b). MakcumanbHOE CMEILICHHE
B Bapuante Ne 2 cocraBmiio 2,48 M, T.e. Ha 6 % BbIIIIE,
geM B BapuaHTe Ne 1. 30Ha MaKCHMabHBIX 110 BETTHYH-
HE CMELICHUH pacroyiaraeTcsi B HH30BOW YacTy sipa.

B BapuanTax ¢ MaJoli IPOHULIAEMOCTbIO TPYHTA
spa (BapuaHT Ne 3, kq) =1-10%cm/cu Ne 4 kq) =5x
% 107 em/c) HIC mIIOTHHBI OY4EHb CHIIBHO OTIMYAETCS
ot HJIC nnotunsl B Bapuante Ne 1.

B sTrx BapranTax n30bITOYHOE IIOPOBOE 1aBICHHUE
MHOTro OoJbiIe, 4eM ¢unsrpannonHoe. OcoOeHHO BbI-
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COKHM TIOPOBOE JIaBJICHUE ABISIETCS B HUD)KHEH 4acTu
sanpa. B Bapuante Ne 3 mopoBoe AaBiIeHHE AOCTUTAET
4,2 MIla (puc. 9, ¢), a B Bapuaare Ne 4 — 4,3 MIla
(puc. 9, d). IlpakTiuecky Bcs BepTUKAJIbHAsL HAarpy3Ka
BOCIIPUHUMAETCS TIOPOBBIM J1aBJICHHUEM.

W3-3a MeUIeHHOM KOHCOIHMIANU TPYHT A1pa 00-
JajaeT MEHbIIEH CKMMaeMOCThI0 U Oombliel nedop-
MHPYEMOCTBIO NTPH U3MEHEHUH (POPMBI (IIPH CIABUTE).
H3-3a MeHbIIEH CKUMAEMOCTH OCAJIKHU TUIOTHUHBI CYyILIe-
CTBEHHO MEHBIIIe, YeM B BapruaHTe Ne 1. MakcumanbpHas
ocazka B BapuanTe Ne 3 cocrasuia 2,79 M (puc. 2, ¢),
a B Bapuanrte Ne 4 — 2,72 m. Ona npumepHo Ha 22 %
MeHbllle ocaaku B Bapuante Ne 1. BeiencrBue 60i1b-
e CKIIOHHOCTH K AeopMarnisimM (popMOn3MEeHEeHUS
IUIOTHHA NpruoOperaer OosbIIMe cMemeHus. Makcu-
MalbHOE cMenieHne B BapuanTe Ne 3 coctaBuio 2,76 M
(puc. 3, ¢), a B Bapuante Ne 4 — 2,83 M. OHO IprMEpHO
Ha 20 % Ooubiie, yeMm B Bapuante Ne 1.

W3menenne xapakrepa aedopMariuii BIeUeT 3a co-
00l M M3MEHEHHEe B paclpeaesIeHHH HaNpsDKeHUH.
s BapuanTa Ne 3 XxapakTepeH OHIKEHHBIN YPOBEHb
CKaTusl B sSIpe 10 TOTAIBHBIM U 3()(DEKTUBHBIM HAIpsi-
sKeHUsIM. [1o TOTambHBIM HaNPSKEHUSIM 3TO CHUKEHHE
3ameTHO Malio (puc. 4, ¢; 5, ¢), a 10 3 PeKTUBHBIM Ha-
MPSKEHUAM — OY€Hb BEJIUKO.

Hns BapuantoB Ne 3 u 4 xapakTepHO HaJIUUYUE
B siape OONBIIOI 30HBI OTHOCHTEIHHO HU3KUX (MEHEE
0,5 MIla) cxumaromux Hanpsbkenui ¢ (puc. 6, ¢, d).
B BepxHel u HIKHEH YyacTu sifjpa UMEIOTCS 30HbI CO CHKU-
MaroMuy HanpspkeHnsimu Meree 0,25 MITa. TTo Beptu-
KaJIbHBIM HANPSUKCHUAM O B HIDKHCH YaCTH s/1pa TaKKe
CYILECTBYET 30Ha TIOHM)KECHHBIX CKMMAIOILINX HAIpsHKe-
Hui (puc. 7, ¢, d). Takoe HaNpsHKEHHOE COCTOSTHUE SI/Ipa
SABIIIETCS HEONAronpusATHBIM U HeceT B cebe OMacHOCTh
00pa3oBaHMs HAPYIICHNH CIIOIIHOCTH B sipe.
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KoHncomnanus rpyHTa siapa ¥ u3MeHeHHs
HaNPsSKeHHO-1e()OPMHPOBAHHOTO COCTOSTHHS
MJIOTHHBI BO BpeMeHHU

C 11e71b10 YCTaHOBIJICHUSI MIPOIODKUTENEHOCTH TIPO-
Iiecca KOHCOJIMIAINK TPYHTA ObUT BBITTOIHEH pacydeT u3-
mererust HJIC murotvHb! it uaTepBana Bpemenn 100 er.
Pesymerarsr aTor0 pacuera aist BapuantoB Ne 1-4 mpen-
cTaBneHsI Ha puc. 9—12. Ha puc. 9 misg psima MOMEHTOB
BPEMEHH OKa3aHO PacIIpeieNIeHle MOPOBOTO JIaBICHHS
B sizpe, Ha puc. 10, 11 — pacnpenenenue 3pdheKTHBHBIX
HanpsokeHnid. Ha puc. 12 mpuBeneH rpaduk n3MeHe-
HUS MaKCHUMAJIBHOTO 3HAYEHUSI MOPOBOTO JIABICHUS
BO BPEMEHM.

B BapuanTe Ne | aukaxmnx m3menennit HJ{C B oxc-
TUTyaTallMOHHBIN MEPHOJ] HEe IPONUCXOIUT, TaK KaK KOH-
COMIANMs IPYHTA 3aBEPIUINIIACh €IIe B IIEPHOJ] CTPO-
WTEIbCTBA.

C

W3 puc. 9—12 xopor11o BUAHO, UTO C TEUEHUEM Bpe-
MEHHM MIPOMCXOJIAT MIOCTENEHHOE PAacCenBaHUE TIOPOBO-
ro naBieHus (puc. 9) U pocT CKUMAIOMIHUX dPPCKTHB-
HBIX HanpspkeHu# (puc. 10, 11). Oxnako 3TOT nporecc
HMEET Pa3Hyl0 MPOJODKUTEIBHOCTh B 3aBUCUMOCTH
OT MPOHUIIAEMOCTH TpyHTa sifpa. B Bapuante No 2
OH 3aHMMAaeT HECKOJIBKO JIET M 3aTE€M ITOPOBOE JaBJie-
HUE CTAaHOBHTCSI COOTBETCTBYIOIIMM (DMIIBTPAIIMOHHO-
My (puc. 9, b). B Bapunanrax Ne 3 u 4 naxxe uepes 30 ner
9KCIUTyaTalluy TIOPOBOE JIABJICHHUE U3MEHSETCSI Majio
(puc. 10, b, ), a B HWKHEH YaCTH sipa OHO OCTAeTCs
BBICOKHM gaxe depe3 100 set (puc. 10, ¢, f). CoorBer-
CTBEHHO, B 9THX BapHaHTax JUIMTEIBLHOE BPEMsl COXpa-
HSIETCS OTIACHOCTD PAa3BUTHSI HAPYIICHUH CIUIOIIHOCTH
sIpa.

Mamenenue HAC simpa conmpoBoxkaaeTcs A0MOI-
HUTEJIBHBIMH NIEPEMEIICHUSMHE TUIOTHHBL. OcalKu I1o-

i\
f

[IIkana noposoro aasnenus, Mlla

0,75 1,0 1,25

1,5 1,75 20

2,25 2,50 2,75 3

Puc. 9. V3mMeHeHue BoO BpeMEHHU [OPOBOTO ABJICHHUS B sApE JUIsl IByX BAPUAHTOB IIPOHULIAEMOCTH I'PYHTA: d, b, ¢ — BapHaHT
Ne 3 (npu koappurmente Gpunsrparmu 1 - 1078 em/c); d, e, f— Bapuant Ne 4 (npu kos(dunuenrte Gpunsrpannn 5 - 10 cm/c);
a, d — B Havasne nepuosa skcrutyarauu (¢ = 0); b, e — uepe3 30 jer sKkcuryaranuu; ¢, f — depe3 100 et sxkcrryaranuu

A
/=N
-
|

[Ikana ropu3oHTaIbHBIX HanpsbkeHuid, MIla

=275 2,5 225 20 -1,75

-1,5

-125 -1,0 -0,75 0,5 0,25 0

Puc. 10. VI3MeHeHne BO BpeMEHH TOPU30HTAIbHBIX S3(Q()EKTHBHBIX HAPSHKEHUH B SApE JUIS IByX BAPUAHTOB MPOHULIAEMOCTH
rpyHra: a, b, c — Bapuant Ne 3 (mpu koadunmente duasrpamun 1 - 1078 em/c); d, e, f— Bapuant Ne 4 (1pu kodddurmeHTe
¢dunbrpanmu 5 - 107 cm/c); a, d — B Havaie niepuosa sxcrutyaraimu (¢ = 0); b, e — depes 30 sier sKcIuTyaraiuu; ¢, f — uepes

100 met skcruTyaTanum
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/

Ikana BepTukanbHbIX HanpsbxeHuit, MIla

30 275 25 225 20 1,75 15 125 -10 075 0,5 025 0

Puc. 11. V3meHeHne BO BpEMEHH BEPTHKAIBHBIX (G (OEKTHBHBIX HANPSHKCHUN B SIAPE TS AByX BapHAHTOB MPOHHULIAEMOCTH
rpyHra: a, b, ¢ — Bapuant Ne 3 (npu koapdunmnenre punsrpammu 1 - 10°* em/c); d, e, f— Bapuant Ne 4 (mpu kospdunmente
¢dunprpanmu 5 - 107 cm/c); a, d — B Havane neprosa sxcrutyaraimu (¢ = 0); b, e — vepes 30 sier skcIuTyaraiuu; ¢, f — depes

100 et skcruTyaTanum

Tab.1. 2. VI3MeHeHue ¢ TeueHueM BpEMEHN MAaKCUMAJIbHBIX TEPEMEILEHUH IIII0THHBI

Homep Koa¢pduument Makcumainbnas ocajaka, M MaxkcumanpHOE CMEILEHUE, M
BapHaHTa ¢unsTpatmm, ew/c 0 et 100 ner 0 met 100 ner
1 1-10° 3,6 3,61 2,34 2,37
2 1-107 3,28 3,69 2,48 2,49
3 1-10°* 2,79 3,44 2,76 2,60
4 5-107° 2,72 3,23 2,83 2,66

TUHBI YBEJIMYMBAIOTCS, OHU CTPEMSITCS K TEM BEJIHYH-
HaM, KOTOpbIE XapakTepHbI Jyisi BapranTa Ne 1 (Tabu. 2).
Ocanka mioTuHEI B BapuadTe Ne 2 gepe3 100 net mpu-
MEpHO COOTBETCTBYET OCaJIKE IUIOTHHBI B BapraHTe Ne 1.
B Bapuanrtax Ne 3 u 4 MakcuMmanbHbIE OCaJKH yBEIU-
YUBaOTCA MpuMepHo Ha 20 % 1o cpaBHEHHUIO ¢ IEpBO-
HavyaJlbHBIMH, HO HE YCIEBAIOT JOCTUTHYTh 3HAYCHUI,
XapaKTepHBIX A7t BapuanTa Ne 1.

T'opusonTanbuble cMmeuieHus B Bapuante Ne 2
3a 100 jeT mpakTH4yecku He M3MeHstoTcs (tadm. 2).

B BapuanTax Ne 3 u 4, HanpoTHB, B TEUCHHE KCILTya-
TAIIMOHHOTO IIEPHOAA IPOUCXOAUT HEOOIbIIOE YMCHb-
meHne (MpuMepHo Ha 5 %) MaKCHMaJIbHbBIX 3HaUE€HUH
TOPU30HTAIILHBIX CMETICHUI.

W3 puc. 12 ctaHOBUTCS SICHOM POJOIKUTEIBHOCTD
Ipoliecca KOHCOMUAALUH O pe3ynbTaTaM YHCICHHOTO
MozenupoBaHus. B BapuanTte Ne 2 koHCONMMAAIMS 3aBep-
aeTcst IPUMEpHO B TeueHue 5 yieT, B Bapuante Ne 3 oHa
umTcs okoo 80 e, a B BapuanTe Ne 4 He 3aBepriaeTcs
u uepes 100 ner.

3,5 \n\x
3,0 \JJ\‘

~—_
>~

Sullhanes:

0 20 40

60 80 100

N3 &Neqd 0= Ne2

Puc. 12. M3menenne BO BpeMEHH MAKCHMAIbHON BEIMYNHBI TOPOBOTO JABIEHHS Ul PA3HBIX BAPHAHTOB MPOHUI[AEMOCTH

TpyHTa siapa

48



[1pOAONMKUTEABHOCTb KOHCOAMAALIMM TPYHTa SAPa KaMeHHO-3eMASIHOM MAOTUHbI

C. 39-61

Taou. 3. Pe3yasTarsl pacueTa ATUTENbHOCTH KOHCOIMIALUY aHATUTUYECKUM METOA0M

Homep JUTITENbHOCTS KOHCONMUIAINH IIPH HA9aJIbHOM JTaBICHUH
Kosddunment dunsrparmu, cm/c
BapHaHTa 2,5 MIla 4,5 MIla
1 1-10° 1,0 1,9
2 1-107 9,7 19,5
3 1-10° 96,7 195
4 5-107° 193 390

Taban. 4. CpaBHeHI/Ie pacueTa AJIUTEJIbHOCTH KOHCOJIMAAUH 110 aHAJIUTUYICCKOMY U YUCJIICHHOMY METOAaM

PacueT JIHTENLHOCTH KOHCOJIU ALK JUTHTEbHOCTS KOHCOMM AL
Bgﬁ;ﬁ a (bﬁ):gg?:;e:; e 4HAJITHHCCKIM METONOM TI0 Pe3yIBTaTaM YHCIICHHOTO
’ p,MIla p,MIla £, TOZIBI MOJIETMPOBAHMSL, TOMIBI
1 1-10° 2,6 2,6 374 150
2 1-107 2,87 1,4 183 80
3 1-10% 42 1,4 12 3
4 5107 43 1,4 0,0

B 271011 cBSI3M MHTEPECHO CPABHUTH PE3YJBTaThI
YHCICHHOTO MOJEIUPOBAHUS C pe3yabTaTaMH pacdera
AQHAJIUTHYECKUM METOJIOM.

Pacuem npodonscumenvrnocmu npoyecca koncoauoa-
YUy aHaATUMUYEeCKUM Memooom

Pacuer npocThIM aHATUTHYECKUM METOJOM 3a-
KJTFOYaJICs B UCTIONb30BaHuK (hopmyisl (1), Tomy4yeHHOM
no Teopuu K. Tepriaru. OH BBIMONHSIICS 11 HUKHETO
CEUCHHS S/Ipa, sl KOTOPOTO MONYIIMPHHA COCTABISIET
npumepHo /2 = 70 M. Monynb o6seMHON e opMaryn
rpyHTa npunuMancs pasusiM K = 37 Mlla, yto coot-
BETCTBYET 3a/JlaHHBIM 3HAYEHUSM MOAYINS JIMHEHHON
nedopmanuu n kodppunuenra [lyaccona.

B tabn. 3 nmpuBesieHa nojgy4yeHHas pacueToM JUTH-
TEIBHOCTh PACCEUBAHUS MOPOBOTO JAaBICHUS I He-
CKOJIPKMX BApPHAHTOB COYCTAHUS BOIOIPOHHUIIAEMOCTH
TPYHTA s/Ipa ¥ HA4YaJIbHOTO TIOPOBOTO NaByeHus p,. B ka-
4ECTBE KOHEUHOT'0 3HA4YEHHs [IOPOBOIO JaBIECHNUS, 10 KO-
TOPOTO OHO CHHKAETCS, MPUHUMATIOCH p, = 1,4 MIla.
OT0 MakCHMaJlbHOE 3HaueHHe (PUIIBTPAIIMOHHOTO JaB-
JICHHs, KOTOpOE HAOIOAeTCs B 30HE MaKCUMyMa H3-
OBITOYHOTO IOPOBOTO JABICHHUS.

B Tabn. 4 mpencTaBieHO cpaBHEHUE JUIUTEIHHO-
CTH PacCenBaHUs MOPOBOTO IABJICHUS, MOTYyUCHHON
C TIOMOMIBIO AHAIUTHYECKOTO M YHCICHHOTO METOJIOB.
Wcxonnble qaHHbIe U1 aHAJTMTHYECKOTO pacyeTa (Ha-

YJaJIbHOE U KOHEYHOE MTOPOBOE JIaBJIEHUE) OBUIN MPH-
HATBI U3 PE3YJbTATOB YHCJICHHOIO0O MOACINPOBAHUA
HJIC motunsl. M3 cpaBHEHHS cienyeT, 9TO IO pe-
3yIbTaTaM YUCICHHOTO MOJEINPOBAHUsS pacCEUBaHHE
MIOPOBOTO JABJICHMUS MPOUCXOANT HECKOIBKO OBICTpEE,
4YeM IO PacuyeTy aHATUTUYECKUM METO/IOM.

3AKJIIOYEHUE U OBCYXJIEHHUE

o pe3yneraTaM YMCIEHHOTO MOEIUPOBAHUS TIPO-
1[ecc KOHCOIMAINH TPYHTA B SApe KaMEHHO-3€MIISTHON
IUTOTHHBI 3aBepIIaeTcsl MPUMEPHO B 2 pasa ObIcTpee,
4eM 3TO NMpeACKa3bIBaeT AIEMEHTApHBIA aHATUTHYE-
CKHUIl METOJI, OCHOBAHHEIA Ha TEOPHH (DHIIBTPAIIMOHHON
KOHCOJTMJIAIIMHU. DTO OOBSICHSAETCS TEM, YTO B aHAJIUTH-
YECKOM METOJE MPHUHSITO YNPOIIAIOIIEe JOIyIIEeHHUE,
YTO KOHCOJNMAAIMS JOCTUTAETCs TOJIBKO 3a CUET (HHIIb-
TpaIy BOABI B HAIIPABICHUH K JpeHaxy. B peansHocTH
JIBIDKEHHE BOJIBI IPOUCXOANT O0JIee CIOKHBIM 00pa3oMm,
a KOHCOIMJALUs IPOTEKAET HEPAaBHOMEPHO MO 00beMy
sapa. B BepxHel 4acTu s1pa, B KOTOPOH IOPOBOE aBIIe-
HHUE U3HAYaIbHO HIDKE, a IIMPHHA S/Ipa MEHbIIIE, KOHCO-
TMaanys 3aBepiaercs ovictpee. [loaTomy B HIDKHEH da-
CTH sizipa (pUIIBTPAIIMOHHBII MOTOK UMEET BO3MOKHOCTD
JIBUTAThCsl HE TOJIBKO B JIPEHAX, HO M B 30HBI C HU3KUM
TIOPOBBIM JIaBJICHUEM.
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Brnao asmopog: éce agmopul coenanu IKGUBALEHMHBII 6KAA0 6 HOO20MOBKY NYONUKAYUL.

A8m0pbl 3aseasiom oo omcymcemeuu KOH(jJ]lMKma unmepecoe.

INTRODUCTION

Excess pore pressure in the soil core of an earth-
rock dam occurs due to its compaction when subject-
ed to external loads (primarily from its own weight).
Over time, pore pressure “dissipates”, i.e. decreases to
a level corresponding to the pressure of filtration wa-
ter; this process is called soil consolidation. The pres-
ence of excess pore pressure poses a threat to the safety
of the dam, as it reduces the shear strength of the soil
and provokes hydraulic rupture of the core. This effect
is demonstrated by computational studies [1, 2] devoted
to the formation of the stress-strain state (SSS) of rock-
fill dams. When designing rock-fill dams, it is impor-
tant to predict the duration of the core soil consolida-
tion process, during which the dam may have a reduced
level of safety.

The processes of pore pressure formation and dis-
sipation in the core of rock-fill dams began to be studied
in the mid-20th century, as it was during this period that
dams of this type began to be actively used for the con-
struction of high-pressure hydraulic structures. Such
studies were carried out using field measurements and
theoretical calculations.

Work [3] publishes data on field measurements
of pore pressure in several dams built in the 20th cen-
tury. The results of field observations of the ultra-high
dam at the Nurek Hydroelectric Power Plant [4] are de-
scribed. Publications [1, 5, 6] present the results of pore
pressure monitoring in modern high rock-fill dams.
Paper [1] is devoted to the study of pore pressure in
the Masjed-e-Soleyman dam (height H = 177 m, Iran,
2002), [5] — in the Nuozhadu dam (H = 261.5 m, Chi-
na, 2012), [6] — in the Bidvaz dam (H = 66 m, Iran).

Analysis of the results of field measurements [3]
shows that the process of soil consolidation in the core
of different dams occurred at different rates. In many
dams (Aswan, Pachkamar, Charvak, Eyvashan), soil
consolidation proceeded rapidly and the pore pressure
at the beginning of the operational period was com-
parable to the hydrostatic pressure [3, 7]. In contrast,
in the core of the Talbingo dam (H = 162 m, Austria,
1971), the pore pressure reached significant values and
dissipated slowly [3]. This is attributed to the fact that
the core of this dam is made of clay.

The forecast for the duration of consolidation is
particularly relevant for the construction of new rock-
fill dams. Statistics show that several new ultra-high and
high rock-fill dams have been built in the 21st century.
The San Roque Dam (H = 210 m, Philippines, 2003),

Tehri Dam (H = 260.5 m, India, 2006), Nuozhadu Dam
(H=261.5 m, China, 2012) [8, 9, 5], Changheba (H =
=240 m, China, 2017), with heights exceeding 200 m.
High dams include Karkheh (A = 127 m, Iran, 2001)
[10-12], Masjed-e-Soleyman (H = 177 m, Iran, 2002)
[1, 13], Qiaoqi (H = 125.5 m, China, 2006) [14], Pubu-
gou (H = 186 m, China, 2010) [15], Maoergai (H =
=147 m, China, 2011) [14], Upper Gotvand (H =180 m,
Iran, 2012), Madani (H =91 m, Iran, 2014) [16]. The re-
sults of field measurements of pore pressure in some
of these dams are published in [1, 5].

Pore pressure is also studied using calculation
methods based on consolidation theory. The found-
er of consolidation theory is K. Terzaghi, who was
the first to propose equations describing this process. In
the USSR, A.A. Nichiporovich and T.I. Tsybulnik [17]
developed an analytical method for calculating soil con-
solidation in the core of a rock-fill dam.

Currently, consolidation problems are solved using
numerical modelling. For example, publications [1, 5,
7, 18-21] are devoted to numerical studies of stress-
strain behaviour and pore pressure in the cores of rock-
fill dams. In most cases, computational studies show
that soil consolidation in the core is completed fairly
quickly.

However, the accuracy of computational predic-
tions depends on the quality of the initial calculation
data. In [5], the pore pressure in the core of the Nuozha-
du dam is considered, and it is shown that adequate
calculation results are obtained when the filtration co-
efficient is (1.5 — 5) - 10 cm/s, which is much less
than that measured in nature. It has been suggested that
the decrease in soil permeability is associated with its
compaction under the action of loads [5]. A similar ef-
fect is also described in study [4] in relation to the core
of the Nurek dam.

However, this effect is only one manifestation
of the interconnection between soil consolidation pro-
cesses and the formation of the structure’s internal stress
state. Based on the results of research, it has been con-
cluded that due to the interconnection with the stressed
and deformed state of the soil, its consolidation pro-
cesses are complex in terms of time and space [5].
This conclusion is also confirmed by the results
of studies by the authors [22, 23]. It has been shown
that the nature of the deformation of the structure un-
der load is decisive for the magnitude of pore pressure
in the core. Calculations have demonstrated that, due
to expansion deformations, most of the excess pore
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pressure dissipates before the reservoir is filled. Only
numerical modelling makes it possible to take into ac-
count the influence of the nature of the structure’s de-
formation on the formation of pore pressure.

However, previous works by the authors of this
study only considered the dam construction stage, when
pore pressure forms in the core under the action of ex-
ternal loads, and did not consider the operation stage,
during which pore pressure dissipates.

In this regard, it is interesting to use numerical
modelling to study the process of soil consolidation and
to compare the forecast of the duration of consolidation
based on the results of analytical and numerical calcula-
tions.

The analytical method, based on the theory of fil-
tration consolidation, takes into account that pore pres-
sure dissipation occurs only due to fluid outflow (filtra-
tion). From the solution of the problem of consolidation
of a layer of low-permeability soil obtained by K. Ter-
zaghi, a formula can be derived to determine the dura-
tion of consolidation. This is the time required to reduce
the pore pressure from the maximum p, to the filtration
water pressure p,. For a point located at the maximum
distance from the drainage (in the middle of the layer),
the following approximate formula for determining
the duration Az of consolidation is obtained:

Az‘:iz. p-g .hz.ln ﬂ R (1)
© K-k, P,

where p is the density of water; K is the modulus
of volumetric deformation of soil; kfis the filtration co-
efficient; / is the filtration path length (half-thickness
of the layer); p, and p, are the pore pressures at the be-
ginning and end of the time interval, respectively.

Fig. 1. Finite element model of the calculated dam cross-section

This approximate formula expresses the influence
of the main factors on the duration of consolidation and
is easy to understand. As can be seen from the formula,
longer consolidation is characteristic of high rock-fill
dams, in which the core width 24 is large and the ini-
tial pore pressure can reach high values. It is clear from
the formula that the duration of filtration will vary in
different areas of the core, with filtration completing
faster in the upper part than in the lower part. However,
the decisive factor for the duration of consolidation is
the permeability of the soil — which is inversely pro-
portional to the filtration coefficient.

MATERIALS AND METHODS

The duration of soil consolidation in the core was
also estimated using numerical modelling. The pro-
cesses of pore pressure formation and dissipation were
modelled together with the processes of SSS formation
and the filtration regime of the dam.

The calculation was performed using the example
of an ultra-high rock-fill dam with a central core of aver-
age width. These characteristics correspond to the design
of the Nurek HPP dam. The dam is 300 m high. The max-
imum head that the core can withstand is 263.5 m,
and the width of the core at the bottom is 143.5 m.

The calculation was performed using the finite ele-
ment method with the MIDAS computer software pack-
age.

The finite element model of the dam cross-section
used for the calculations has 6,975 nodes and 6,906 fi-
nite elements (Fig. 1).

The calculations were performed taking into ac-
count the sequence of dam construction and reservoir
filling. It was assumed that the structure would be built

Table 1. Calculated physical and mechanical characteristics of soils

Density in dry Density in water- Modulus of linear Poisson’s
Material condition p, saturated state p_, deformation E, rati
t/m? t/m? MPa oV
Sandy loam 2.10 2.28 40 0.32
Soils of transition zones 2.10 2.20 55 0
Gravel-pebble soil of resistant prisms 2.16 2.35 150 0.27
Rock mass 1.96 222 150 0.27
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over a period of 9 years and that the reservoir would
be filled in parallel with the filling of the embankment.

The calculation considered loads from the soil’s
own weight, and the effect of the aquatic environment
was taken into account only in the form of pore pressure
and the filtration forces it creates.

The Coulomb-Mohr model, which provides
for linear deformation of the soil, was used to model
the behaviour of the soil. The physical and mechanical
properties of the soil used in the calculation are given
in Table 1.

RESEARCH RESULTS

Calculations were performed for several variants
of core soil permeability. The filtration coefficient was
taken to be equal to: in variant No. 1 — 1 - 107 cm/s,
in option No. 2 —1 - 10”7 cm/s, in option No. 3 — 1 x
x 107* cm/s, in option No. 4 — 5 - 10~ cm/s.

Stress-strain state at the time of completion
of construction

For each option, the displacements, stresses and
pore pressure in the dam were determined and ana-
lyzed. They are shown in Fig. 2—8. The displacements
are given taking into account the sequence of construc-
tion and loading of the structure; they represent the sum
of the displacements obtained by the structure at each

stage of construction/loading. Stresses were analyzed as
effective (only for the solid soil skeleton) and total (sum
of the solid and liquid phases of the soil).

The dam’s internal forces are similar in all vari-
ants and, at the time of completion of construction, have
the following general characteristics:

* the structural settlements U, of the dam reach
their maximum in the central part of the core and
amount to about 1 % of its height (Fig. 2);

* horizontal displacements U of the dam are di-
rected towards the lower reach and reach their maxi-
mum in the core, while the large volume of the upper
retaining prism has displacements close to 0 (Fig. 3);

+ the distribution of total vertical stresses 6 shows
an arch effect (i.e., the effect of the core “hanging”
on the resisting prisms) — there is a deficit of compres-
sive stresses in the core, while zones of compressive
stress concentration occur in the resisting prisms (Fig. 4);

« for the distribution of total horizontal stressessx
is characterized by a lower level of compression in
the lower retaining prism compared to the core (Fig. 5).
There is no jump in horizontal stress values at the bound-
ary between the core and the upper pressure prism,
since the core is considered permeable and the pressure
of the upper head acts in the form of filtration forces dis-
tributed throughout the volume, rather than in the form
of hydrostatic pressure on the core edge;

Vertical displacement scale, cm

-360 330 -300 270 240 210

—-180

-150  -120 90 60 30 0

Fig. 2. Dam settlement at the end of construction for different soil permeability options: @ — option No. 1; b — option No. 2;

¢ — option No. 3
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Scale of horizontal displacements, cm
0 25 50 75 100 125 150 175 200 225 250 275 300

Fig. 3. Horizontal displacements of the dam at the end of construction for different soil permeability options: « — option No. 1;
b — option No. 2; ¢ — option No. 3

Vertical stress scale, MPa

-60 55 50 45 40 35 30 25 20 -15 -10 -05 0

Fig. 4. Vertical total stresses in the dam at the time of completion of construction for different soil permeability options:
a — option No. 1; b — option No. 2; ¢ — option No. 3
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c

Horizontal stress scale, MPa

4.5 -40 35 30 -2.5 -20 -18 15 -12 09 06 03 0

Fig. 5. Horizontal total stresses in the dam at the end of construction for different soil permeability options: @ — option No. 1;

b — option No. 2; ¢ — option No. 3

AA

AA

Vertical stress scale, MPa

-3.0 275 25 225 20 -175 -15

-125 -10 -075 05 025 0

Fig. 6. Vertical effective stresses in the dam core at the time of completion of construction for different soil permeability

options: a — option No. 1; b — option No. 2; ¢ — option No. 3;

* the effective stresses in the core (Fig. 6, 7) are
significantly lower than the total stresses (Fig. 4, 5) due
to the high pore pressure values in the core (Fig. 8).

However, the SSS of the dam in the considered
variants also has significant differences. They are

d — option No. 4

caused by differences in the conditions of formation and
values of pore pressure in the core.

In option No. 1, in which the core soil has high
permeability (kf= 1 - 107 cm/s), soil consolidation is
completed by the start of the operational period. Fig. 8
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a b

-3.0 275 25 225 20 -1.75

Horizontal stress scale, MPa

-1.5

-125 -1.0 075 05 -0.25 0

Fig. 7. Horizontal effective stresses in the dam core at the time of completion of construction for different soil permeability
options: a — option No. 1; b — option No. 2; ¢ — option No. 3; d — option No. 4

a b

Pore pressure scale, MPa

0 025 05

0.75 1.0 1.25 1.5

1.75 2.0 2.25 2.50

Fig. 8. Pore pressure in the dam core at the end of construction for different soil permeability options: @ — option No. 1;

b — option No. 2; ¢ — option No. 3; d — option No. 4

a shows that at the start of the operational period, there
is no excess pore pressure in the core — the pore pres-
sure corresponds to the established filtration regime.
The maximum pore pressure of 2.6 MPa is observed in
the lower left corner (Fig. 8, @) and decreases from bot-
tom to top and from the upper edge to the lower edge.
Due to the low pore pressure, the core is in a fa-
vourable stress state. The effective stresses (stresses in
the skeleton) in the core are compressive everywhere,
and in most of the core they are quite large and exceed
0.5 MPa. The effective stresses o, in the vertical direc-
tion are much greater than in the horizontal direction.
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Vertical stresses o, reach 3 MPa (Fig. 7, a), while hori-
zontal stresses do not exceed 2 MPa (Fig. 8, a).

The total stresses sy in the core do not exceed
5.0 MPa (Fig. 4, a).

According to calculations, the maximum construc-
tion settlement of the core in option No. 1 was 360 cm
(Fig. 2, a), and the maximum displacement was
234 cm (Fig. 3, a). The zone of maximum displacement
is located in the centre of the core.

For other options No. 2—4 with lower soil perme-
ability of the core, excessive pore pressure occurs in
the core. This significantly affects the stress-strain state
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of the core and the entire dam. The effect of excessive
pore pressure is expressed as follows:

* the lower the filtration coefficient of the core
soil, the higher the pore pressure and the lower the ef-
fective compressive stresses in the core;

* the lower the filtration coefficient of the core
soil, the less displacement and settlement of the dam at
the time of completion of construction.

In option No. 2 (kf =1 - 107 cm/s), the excess
pore pressure in the core is small compared to the fil-
tration pressure. At the time of completion of construc-
tion, the maximum pore pressure value was 2.87 MPa
(Fig. 9, b), i.e. 10 % higher than in option No. 1.
The distribution of effective stresses in option No. 2 is
close to that characteristic of option No. 1. However, in
Fig. 6, b; 7, b, there is a noticeable decrease in compres-
sive stresses 6,_and o, in the core.

The dam deformations in option No. 2 differ from
those in option No. 1. The construction settlements U,
of the dam are slightly smaller than in option No. 1.
The maximum settlement of the dam in option No. 2
is 3.28 m (Fig. 2, b), which is 9 % less than in option
No. 1. On the contrary, the horizontal displacements U_
of the dam in option No. 2 are greater than in option
No. 1 (Fig. 3, b). The maximum displacement in op-
tion No. 2 was 2.48 m, i.e. 6 % higher than in option
No. 1. The zone of maximum displacement is located in
the lower part of the core.

In variants with low soil permeability of the core
(variant No. 3, k=1 10® ¢cm/s and No. 4 k=5 x
x 10 cm/s), the dam’s stress-strain state differs signifi-
cantly from that of the dam in variant No. 1.

In these variants, the excess pore pressure is much
greater than the filtration pressure. The pore pressure is
particularly high in the lower part of the core. In variant
No. 3, the pore pressure reaches 4.2 MPa (Fig. 9, ¢), and
in variant No. 4, it reaches 4.3 MPa (Fig. 9, d). Practically
all of the vertical load is absorbed by the pore pressure.

Due to slow consolidation, the core soil has lower
compressibility and higher deformability when chang-
ing shape (under shear). Due to lower compressibil-
ity, dam settlement is significantly lower than in op-
tion No. 1. The maximum settlement in option No. 3
was 2.79 m (Fig. 2, ¢), and in option No. 4 — 2.72 m.
It is approximately 22 % less than the settlement in
option No. 1. Due to greater tendency to deformation,
the dam acquires greater displacements. The maximum
displacement in option No. 3 was 2.76 m (Fig. 3, ¢),
and in option No. 4 — 2.83 m. It is approximately 20 %
greater than in option No. 1.

The change in the nature of the deformations also
entails a change in the stress distribution. Option No. 3
is characterized by a reduced level of compression in
the core in terms of total and effective stresses. In terms
of total stresses, this reduction is negligible (Fig. 4, ¢;
5, ¢), but in terms of effective stresses, it is very sig-
nificant.

Variants 3 and 4 are characterized by the presence
of a large zone of relatively low (less than 0.5 MPa)
compressive stresses ¢_in the core (Fig. 6, ¢, d). In
the upper and lower parts of the core, there are zones
with compressive stresses of less than 0.25 MPa. Ac-
cording to the vertical stresses o, there is also a zone
of reduced compressive stresses in the lower part
of the core (Fig. 7, ¢, d). Such a stress state of the core
is unfavourable and carries the risk of discontinuities
forming in the core.

Consolidation of the core soil and changes
in the stress-strain state of the dam over time

In order to establish the duration of the soil consol-
idation process, a calculation of the change in the stress-
strain state of the dam for a period of 100 years
was performed. The results of this calculation for op-
tions 1—4 are shown in Fig. 9-12. Fig. 9 shows the dis-
tribution of pore pressure in the core at a number of time
points, while Fig. 10 and 11 show the distribution of ef-

d

Pore pressure scale, MPa

0.75 1.0 1.25 1.5 1.75
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Fig. 9. Change in pore pressure in the core over time for two soil permeability options: a, b, ¢ — option No. 3 (with a filtra-
tion coefficient of 1 - 10* cm/s); d, e, f— option No. 4 (with a filtration coefficient of 5 - 10~ cm/s); a, d — at the beginning
of the operating period (¢ = 0); b, e — after 30 years of operation; ¢, f— after 100 years of operation
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Horizontal stress scale, MPa
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Fig. 10. Change in horizontal effective stresses in the core over time for two soil permeability options: a, b, ¢ — option
No. 3 (with a filtration coefficient of 1 - 10 cm/s); d, e, f — option No. 4 (with a filtration coefficient of 5 - 10 cm/s);
a, d — at the beginning of the operating period (z = 0); b, e — after 30 years of operation; ¢, f— after 100 years of operation
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Vertical stress scale, MPa
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Fig. 11. Change in vertical effective stresses in the core over time for two soil permeability options: a, b, ¢ — option
No. 3 (with a filtration coefficient of 1 - 10®* cm/s); d, e, f — option No. 4 (with a filtration coefficient of 5 - 10 cm/s);
a, d — at the beginning of the operating period (¢ = 0); b, e — after 30 years of operation; ¢, f— after 100 years of operation

fective stresses. Fig. 12 shows a graph of the change in
the maximum pore pressure over time.

In option 1, there are no changes in SSS during
the operational period, as soil consolidation was com-
pleted during the construction period.

Fig. 9-12 clearly show that over time, pore pres-
sure gradually dissipates (Fig. 9) and effective compres-
sive stresses increase (Fig. 10, 11). However, the dura-
tion of this process varies depending on the permeability
of the core soil. In option 2, it takes several years, after
which the pore pressure becomes equivalent to the fil-
tration pressure (Fig. 9, b). In variants 3 and 4, even
after 30 years of operation, the pore pressure changes
little (Fig. 10, b, e), and in the lower part of the core
it remains high even after 100 years (Fig. 10, c, f).
Accordingly, in these variants, the risk of developing
core discontinuities remains for a long time.
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The change in the core’s SSS is accompanied by
additional dam movements. Dam settlements increase,
tending towards the values characteristic of option
No. 1 (Table 2). The dam settlement in option No. 2
after 100 years approximately corresponds to the dam
settlement in option No. 1. In options 3 and 4, the maxi-
mum settlements increase by approximately 20 % com-
pared to the initial ones, but do not reach the values
characteristic of option 1.

Horizontal displacements in option No. 2 remain
virtually unchanged over 100 years (Table 2). In options
No. 3 and 4, on the contrary, there is a slight decrease
(approximately 5 %) in the maximum values of hori-
zontal displacements during the operational period.

Fig. 12 clearly shows the duration of the consoli-
dation process based on the results of numerical model-
ling. In option 2, consolidation is completed in approxi-
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Table 2. Change in maximum dam displacements over time

Option Filtration coefficient, Maximum settlement, m Maximum displacement, m
number cm/s 0 years 100 years 0 years 100 years
1 1-10° 3.6 3.61 2.34 2.37
2 1-107 3.28 3.69 2.48 2.49
3 1-10% 2.79 3.44 2.76 2.60
4 5-107° 2.72 3.23 2.83 2.66

4.5 1 P, MPa

BN

ol L e

=

2.0

t, years

0 20 40

60 80 100
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Fig. 12. Change in the maximum pore pressure over time for different soil permeability options in the core

Table 3. Results of calculating the consolidation period using the analytical method

Option . . . Duration of consolidation at initial pressure
Filtration coefficient, cm/s
number 2.5 MPa 4.5 MPa
1 1-10° 1.0 1.9
2 1-107 9.7 19.5
3 1-10% 96.7 195
4 5-107° 193 390

mately 5 years, in option 3 it lasts about 80 years, and in
option 4 it is not completed even after 100 years.

In this regard, it is interesting to compare the re-
sults of numerical modelling with the results of analyti-
cal calculations.

Calculation of the duration of the consolidation
process using an analytical method

The calculation using a simple analytical method
consisted of using formula (1), obtained according to
K. Terzaghi’s theory. It was performed for the lower
section of the core, for which the half-width is approxi-
mately 2 = 70 m. The modulus of volumetric deforma-
tion of the soil was taken to be equal to K = 37 MPa,

which corresponds to the specified values of the modu-
lus of linear deformation and Poisson’s ratio.

Table 3 shows the calculated duration of pore
pressure dissipation for several combinations of core
soil permeability and initial pore pressure p,. The final
value of pore pressure to which it decreases was taken
as p, = 1.4 MPa. This is the maximum value of filtration
pressure observed in the zone of maximum excess pore
pressure.

Table 4 shows a comparison of the duration of
pore pressure dissipation obtained using analytical and
numerical methods. The initial data for the analytical
calculation (initial and final pore pressure) were taken

Table 4. Comparison of consolidation duration calculations using analytical and numerical methods

Option | Filtration coefficient CalculatiOrtli)ef:r?;i]iiii?t;?;s;l;ation usine Duration (.)f consolidgtion based
number cm/s ’ on numerical modelling results,
p,» MPa p,» MPa t, years years
1 1-10° 2.6 2.6 374 150
2 1-107 2.87 1.4 183 80
3 1-10°% 4.2 1.4 12 3
4 5-107 43 1.4 0
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from the results of numerical modelling of the dam’s
stress-strain state. The comparison shows that, accord-
ing to the results of numerical modelling, pore pres-
sure dissipation occurs slightly faster than according to
the analytical calculation.

CONCLUSION AND DISCUSSION

According to the results of numerical modelling,
the soil consolidation process in the core of a rock-fill
dam is completed approximately twice as fast as predicted
by the elementary analytical method based on the theory

of filtration consolidation. This is explained by the fact
that the analytical method makes a simplifying assump-
tion that consolidation is achieved only by filtering water
in the direction of drainage. In reality, water movement
is more complex, and consolidation proceeds unevenly
throughout the core. In the upper part of the core, where
the pore pressure is initially lower and the core width is
smaller, consolidation is completed more quickly. There-
fore, in the lower part of the core, the filtration flow can
move not only towards the drainage, but also towards ar-
eas with low pore pressure.
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Hanenun CLT u MHM B npoMBIIJIEHHOM M IPAKIAHCKOM
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AHHOTALUMUA

BBepeHue. YkasaHa TeHOEHUMS pocTa CTPOUTENbCTBA AEPEBSHHbLIX KOHCTPYKLMIA NPOMBILLNIEHHOTO Y FPaXAaHCKOro Ha-
3HaveHusi. CopmynupoBaHa npobnema co3naHns AepeBsHHbIX KOHCTPYKUMIA U3 CTaHO4apTHbIX nunomMartepuanos. MNpea-
CTaBneHbl COBPEMEHHbIE TEXHOMOMMYECKNE PELLIEHUS NPOU3BOACTBA MHHOBALMOHHbBIX KOHCTPYKLUIA 30aHUA U COOPYXKEHWI
13 PEBECUHbI B MPOMBILLIEHHOM U FPaXa4aHCKOM CTPOUTENbLCTBE.

Matepuansbi u metoasl. [peagmeT nccnegoanHus — texHonornm CLT n MHM, ucnonb3syemblie 4ns U3rOTOBMEHNUS YHUKarb-
HbIX HECYLLMX KOHCTPYKLUIA B CTPOUTENBCTBE NMPOMBILLIIEHHbBIX Y FPaXAaHCKUX 30aHWUN U3 ApeBecuHbl. MNprBeaeHbl TEXHYe-
CKve XapaKTepuUCTMKM NaHenen Ans CTpoUTENbCTBA AePeBsAHHbIX 30aHUIA U COOPY>KEHWIA, MPUMEPBI Peanu3oBaHHbIX 1 pea-
nM3yembix 30aHuIn 1 cCoopyXeHuit. MNokasaHbl KMoYeBbIE PasnNnyms NPOU3BOACTBEHHbIX PELLEHWUIA TEXHOMOMMI N3roTOBNEHNS
naHenen CLT n MHM. PaccMoTpeHbl OCHOBHbIE NEPCNEKTVBbI MPUMEHEHNSI 4EPEBAHHOINO MHOTO3TaXKHOIO CTPOUTENbLCTBA.
Pesynbrathl. [lpoaHanuanpoBaHa obuias TexHudeckass ocobeHHocTb naHenen CLT n MHM, cBazaHHasa ¢ obszaTenbHbiM
NPUMEHEHNEM OTAEMNOYHbIX MaTepmaroB Nocne MoHTaXa KOHCTPYKUM. ChopmMynupoBaHbl rMaBHble NPeENMyLLECTBA U He-
[0CTaTKN NMPOU3BOACTBEHHbIX PELLEHUI TeXHONMorni nrotosnexHus nadenet CLT u MHM.

BbiBoAabl. HecmMoTpsi Ha cxoxecTb npoueccoB narotoreHus naHenen CLT n MHM oHu oTnmyatotes Tem, 4to naHenu CLT
co3fatoTcsa NyTeM CKNenBaHus namenen B npeccax, a naHenn MHM cobupatoTcst ¢ noMoLLbto antoMnHUEBbIX reo3geit. Mpu-
MeHeHwue TexHonorum CLT onTumanbHO Ans BO3Be4eHMS MHOrO3TaXHbIX 3gaHuin. OCHOBHbIM NPENATCTBMEM A1 MAacCOBOrO
ncnonb3oBaHusa MHM-naHenen B Poccun aBnsieTca HexBaTka NpOBEAEHHbIX UCMbITAHUI Taknx KOHCTPYKUuiA. [lepeBsiHHOe
MHOrO3Ta)XHOe CTPOMTENbCTBO M3 naHenen CLT 1 MHM — aTo peanbHOCTb, MOCKONbKY OHO COOTBETCTBYET COBPEMEHHbBIM
HOpMam 3HeproadEeKTUBHOrO CTPOUTENBLCTBA.

KIMKOYEBBIE CITOBA: CLT, Cross Laminated Timber, nepekpecTHo-kneeHast ApeBecuHa, NepekpecTHoe ckrnenBaHue, Gro
Thermo, MHM, Massiv-Holz-Mauer, MHOroCMnOVHbIV XBONHbLIA MacCuB, XapakTePUCTUKM NaHeNen, 4JOCTOMHCTBA U HeAOCTaTKN
CLT n MHM, nepcnekTuBbl NpYMeHeHUsi naHenemn
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ABSTRACT

Introduction. The growth trend in the construction of wooden structures for industrial and civil purposes is indicated.
The problem of creating wooden structures from standard lumber is formulated. Modern technological solutions for creating
innovative structures of buildings and structures made of wood in industrial and civil engineering are presented. The purpose
of this research paper is given.

Materials and methods. The subject of this research is the CLT and MHM technologies used for the manufacture of unique
load-bearing structures in the construction of industrial and civil buildings made of wood. The paper presents the technical
characteristics of panels for the construction of wooden buildings and structures. Examples of completed and ongoing build-
ings and structures are considered. The main differences between the production solutions of CLT and MHM panel manu-
facturing technologies are formulated. The main prospects for the use of wooden multi-storey construction are considered.
Results. The general technical feature of CLT and MHM panels related to the mandatory use of finishing materials after
the installation of structures is analyzed. The main advantages and disadvantages of manufacturing solutions for CLT and
MHM panel manufacturing technologies are formulated separately.

Conclusions. Despite the similarity of the manufacturing processes of CLT and MHM panels, they differ in that CLT panels
are created by gluing slats in presses, while MHM panels are assembled using aluminum nails. The use of CLT technology is
optimal for the construction of multi-storey buildings. The main obstacle to the mass use of MHM panels in Russia is the lack
of conducted tests of such structures. Wooden multi — storey construction made of CLT and MHM panels is a reality, as it
meets modern standards of energy-efficient construction.
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BBEJAEHUE

TenaeHUMU MOCIEIHUX JIET B €BPONEHCKUX CTpa-
HaX MOKa3bIBAIOT POCT UCTIOIB30BaHHUs JEPEBSIHHBIX KOH-
CTPYKLUH HE TOJIBKO AJISt MaJIOATaXKHOTO CTPOUTETHCTBA,
HO ¥ AJIsl BO3BEIEHHS MHOTOITAKHBIX 31aHUH IPOMBIII-
JIEHHOT'O U TpaXkJlaHCKoro HazHadenus [ 1, 2]. IIpu cTpo-
UTEIBCTBE MHOTOA3TAXHBIX 3[aHUN W3 TPEBECHHBI
CTAJIKMBAIOTCS C MPOOJIEMON CO3MaHNsI KOHCTPYKIIMH
C YHUKAQJIbHBIMH T€OMETPHUUYECKIMH M KOHCTPYKLIUOH-
HBIMH XapaKTE€PUCTHKAMH, KOTOPbIE HEBO3MOKHO H3-
TOTOBUTH U3 CTAHJAPTHBIX nmuiomarepuanos. Cospe-
MEHHOE CTPOMUTENBCTBO MOCTOSTHHO HAXOAUTCA B IO-
WCKE MHHOBAI[MOHHBIX PEIICHUH, CIIOCOOHBIX COYeTaTh
MPOYHOCTH, 3CTETUKY U IHEProd(h(HEeKTUBHOCTH 3/1a-
HUHI U COOPYKEHUI U3 APEBECHUHBI B MPOMBIIUIEHHOM
U TPaKIAaHCKOM CTPOUTENbCTBE. ISl pelleHns JaHHOH
MpoOIeMBI, a TaKKe MHOTHX APYTHUX pa3padaThIBaroT-
Cs1 pa3JIMUHbIE TEXHOIOTUU U3TOTOBICHUS JEPEBSIHHBIX
KOHCTPYKLUH.

B HacTosmmii MOMEHT HanboJIbIIee pacupocTpa-
HEHME TMOJy4HJIa TEeXHOJIOTHS HU3TOTOBJICHHUS Iepe-
KpecTHBIX cTeHOBBIX maHeneir — CLT. Hapsmy ¢ sToi
TEXHOJOTHEH CyHIeCTBYeT ellle OJHa, KOTOpas UMeeT
OYeHb CXOXKYI0 KOHCTpyKunio — MHM [3-5].

Lenpto nanHON pabOTHI SBISETCS! HCCIICAOBAHHE
npumenenus naneneit CLT 1 MHM B npomsinuies-
HOM U TpaKJaHCKOM CTPOMTEIBCTBE NS BO3BEACHUS
MHOTOATAKHBIX 3/IJaHUH U COOPYKEHUH, H3yUEHUE BO3-
MOJKHBIX KOHCTPYKTHUBHBIX PELICHHH, pAaCCMOTpPEHUE
TEXHUYECKHUX XapaKTEPUCTUK KOHCTPYKIIHH.

MATEPHAJIBI U METO/JAbI

CLT (Cross Laminated Timber miu nepexpecTHO
KJeeHas JapeBecuHa), Apyrue Hazpanus: KLH, BSP,
X-LAM, CROSS-LAM — TexXHOIOTHST U3TOTOBICHMS
naHeJsed, B OCHOBY KOTOPOH MOJIOXKEHO NEPEKPECTHOE
CKIJIEMBAaHUE MEXTy COOO0H CIIOEB JIaMesel U3 XBOMHBIX
mopox nepesweB (puc. 1) [6, 7].

OTa TeXHOJIOrHsl M3TOTOBIICHUSI TaHelel Oblia pas-
paborana B xoHIe 1980-x IT. ¥ BIepBbIC MCIIOIH30Ba-
Ha B ['epmanuu u ABctpun B Hauane 1990-x rr. bonee
MINPOKKE MCCIIEIOBAHUS TEXHOIOTUU OBbLIN MPOBEIECHBI
TOJIBKO BO BTOpoii noioBuHe 1990-x rt. [8, 9].

K 2000-M rT. mpou3BOACTBO MHOTOCIOMHBIX KJle-
€HBIX JICPEBSHHBIX MMaHelIeld HaOpaxo OONBIIYIO TOITY-
JSIPHOCTB B €BPONEHCKHX cTpaHax. [lanem npuMeHsim
JUISL PA3IIMYHBIX CHCTEM CTPOUTEIHCTBA OHOITAKHBIX
Y MHOTO3Ta)HbIX 31anuii [10, 11].

Jnst n3rorosnenus nanenet CLT npumensercs
JTIOCKA XBOWHBIX MMOPOJ APEBECHHBI KAMEPHOU CYIIKH
¢ BIaxHOCTBIO 12 %. OHa packpamBaeTcs Ha JlaMe-
JM HEOOXOJMMOTO CEUeHUs, KOTOPBIE CPaIlUBaIOTCs
o JuinHe. Jlamee mamMenu KamOpyroTess U COOUPArOTCs
B IIUTHI C TIOCTIOWHBIM MEPEKPECTHBIM CKICHBAHUEM.
ITocrne yero mMuUTHI 3aIIPECCOBBIBAIOTCS ISl Oy UCHHUS
SIMHOM TaHeNu, KOTopas B MalbHEHUIIEM IMPOXOIUT
nporiecc KaTuOpoBKH, NUTHGOBKHA U packpos Ha YITY
cranke [12].

Ot omepanuu TPeOYOTCS IS IMOyICeHUS MaHe-
el ¢ HeO0OXOIMMBIMU T€OMETPHUCCKIUMH ITapaMeTPaMH,
c(hOpMHUPOBAHHBIMH NIPOEMaMH, & TAKXKE TEXHOJIOTH-
YECKAMHU OTBEPCTHSIMH. 32 CUET MEPEKPECTHOTO CKJIe-
nBaHUA (HOPMHUPYETCS MAHETh C XOPOIIUMH (DU3UKO-
MEXaHUYECKUMHU U TEIUION30ISIIIMOHHBIMU CBOHCTBAMU
B OTVIMYHE OT TPAJUIIUOHHON JIPCBECHHEI.

l'abapurtasie pazmeps CLT-manenei BapsupyroTcs
B JIMana3zoHe: mupuHa — 110 4 M, JyInHa — 24 M, TOJI-
muHa — ot 0,06 o 0,4 m [13].

Kak roBopunocs panee, COBpeMEHHOE CTPOUTEIb-
CTBO IOCTOSIHHO HaXO/IUTCS B MMOMCKE HHHOBAIIMOHHBIX
pewenuii. [Tomumo crangaprabix nanenei CLT paspa-
6otans! yremienasie nTel GrO Thermo, mpumensie-
MBI€ ISl HAPYXKHBIX CTEH.

GrO Thermo — sto yrennennas CLT-mmTa, 9acts
BHYTPEHHHUX JIaMeJI€l KOTOPOH 3aMelleHa JPEBECHBIM
yreruuTeneM. Croil yTenaurens BKIEUBAeTCs U 3ampec-
COBBIBAETCS B IUIUTY aHAJIOIMYHO JiamelsiM [ 14].

YTennuTens, NCIOIB3yeMbIil B TaHeIX, Ha 94 %
COCTOHUT U3 APEBECHUHBI, a TAK)KE U3 HKOJOTHUECKOTO
KIitest v mapauHa, KOTOpBIe TOOABISIOT TSI COXpaHe-
HUsT GOPMBI ITUTHI (pHC. 2).

OCHOBHBIE TEXHUYECKHE XapaKTEPUCTUKH MaHe-
neit CLT npuBenenst B Tabm. 1 [15].

Puc. 1. Ilepekpectroe ckinenBanue naHeneir CLT
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JexoputuHas otaenka CLT-uintsl

Puc. 2. Cocras mur GrO Thermo

Vremnurenan

Taou. 1. OcHOBHBIE TEXHUYECKUE XapaKTepucTUku naxnesneil CLT

TTokazarenu

3HaueHUs MoKas3aresiei

BrnaxxHocTtb nanesnei

12 % (+/-2 %)

HapOl'lpOHI/IL[aeMOCTL TONEPEK BOJIOKOH

0,05 mr/(m-u-Tla)

Hlymoun3somnsiuns R> 60 nb
Knacc npounoctu C24 (I'OCT 33080-2014)
TernnonpoBoaHOCTD A=0,13 Br/m'K (EN 12524)
TermnoeMkoCTh c=1,6 kJIx/(xr-K) (EN 12524)
BonocroiikocTs pn=20-50 (EN 12524)
IIpouHOCTh Ha cxKaTHE BIOJIb BOJIOKOH 13—15 H/mm?
[IpouHocTs Ha cxxaTHE MONEPEK BOJIOKOH 1,8 H/mm?
[MpounocTs Ha U3rud 10 H/mm?
PacueTHas Harpyska Ha CTeHY 60 xH/m?
PacueTHas Harpyska Ha IepeKpbITHE 5 kH/m?

[ToxapoycToitunBocTth

D-s2, d0 (2003/43/EC)

OrHECTONKOCTE

REI 60-120 (EN 1995-1-2-2004)

CKkopocTh 00yIIIHBaHHS

0,65 mm/mus (EN 1995-1-2)

Macca u3aenust

[Ipumepamu Hambosiee N3BECTHRIX 3IaHUI U CO-

opyxernit n3 CLT-maneneii snstores [16]:

* 100-merposas 6ammusa Rocket&Tigerli B I1IBeii-
[apuy, MO IUIaHY €€ CTPOUTEIBCTBO JOJDKHO 3aBep-

muthes B 2026 1

» xoMIuiekc Mjostarnet B Hoperuu, HacauThIBa-

fortwii 85,4 M B BEIcOTY 1 18-20 aTaxei;
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470-480 xr/m>

e B Poccun 510 KK «Coxomrkm» B I. Cokou, 4-3Tax-
HBII KOMIDIEKC BBICOTOM 15 M 1 mmomanero 3013 m2.

Haimee paccmorpum Texuonoruro MHM (Massiv-
Holz-Mauer uiim MHOTOCTIOWHBIA XBOWHBIH MacCHB) —
9TO MMAHEJH, H3TOTABIUBAIOIIUECS TIOCIOWHO C TIepexIre-
CTOM M3 OOPE3HBIX JOCOK XBOHHBIX MOPOA TOIIIUHON
20-24 mm (puc. 3) [17].
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Paspabotka maneneit MHM npuHAIICKUT HEMITY
Xancy Xynnenerrepy. B 2001 r. on 3amyctun npous-
BOJICTBO M3 HEJEIOBOW NpeBEeCHHBI 3—4 copTa. Yke
B ceHTss0pe 2002 r. ObUT OCTPOCH TEPBBIN JJOM C HC-
noJyib3oBanueM naneneii MHM.

B nepuon ¢ 2003 mo 2019 . B I'epmanum u3 ape-
BECHBIX INTUT BO3BeJeHO okojo 300 oObekToB. DTa
TEXHOJIOTHS Hadaia MIIPOKO MPUMEHSThCS B EBpore
JUISL CTPOUTENIBCTBA KaK MAJOITaXXHBIX, TaK M BBICOT-
HBIX 37IaHUH.

B Poccnn MHM -rexnomorust nossunacsk B 2007 1.,
HO U3-3a HeJIoCTaTka MH(POPMAIMOHHO# 0a3bl OHa HE T10-
nyuuia Takoi nomyssipHoctd kak CLT, 4uro 3amerHO
u B Hame Bpems [ 18].

Jl1st mpou3BoCcTBa cTeHOBBIX naneneit MHM wuc-
MOJIB3YeTCsI I0CKa KaMEPHOW CYIIKU C BIIAYXXHOCTBIO
12 %, He TpeOyroas 00pabOTKU aHTUCETITUKOM U IIPO-
MTUTKAMU.

Kaxmas mocka mpoxoaut oOpabOTKy Ha YeThIpeX-
cTopoHHeM cranke komnanuu Hundegger, rie Bbimuiu-
BAIOTCS 11a3bl, KOTOPBIE MTPU COSTMHEHHHN JTIOCOK MEXIY
c000i1 00pa3yIoT BO3AYIIHYIO MPOCIOUKY JIsl BLICOKOH
3BYKOM3OJISILIMK U TEIIONPOBOAHOCTH. Takke Ha CTaH-
K€ BBIMIINBACTCS OOKOBOHM MPOQMIB ISl COCTMHCHHUS
JIOCOK MKy co00ii BO M30exkaHne 00pa3oBaHUs «MO-
CTHKOB X0JIO/Ia». 3aTeM JOCKH IOCIOWHO C MepeKpecT-
HOW YKJIaJKOW COOMPAIOTCS B IIUTH ¢ HEOOXOANMBIMHA
pa3MepaMu, KOTOpbIE CHIMBAIOTCS HA aJIOMHUHHUEBBIC
TBO3IIU B CTaHKaX.

Br16op antoMuHHEBbIX TBO3jeH (IITU(TOB) 00Y-
CJIOBJICH CHM)KEHHEM TOBPEXKJICHHS U H3HOCA PEXKYILe-
TO MHCTPYMEHTA IIPH MEXaHUIECKOH 00paboTKe.

Hanee B nporpammy UITY BHOCSTCS TpeOyembie
TEOMETPUYECKUE Pa3MepBl, POEMBI, a TAKXKE TEXHOJIO-
THYECKUE OTBEPCTHS I TPYO OTOTUICHUS, KaHaJH3a-
LM ¥ DJIEKTPUUECTBA JUIsl PACKPOSI TTAHEITH.

ITo TexXHONIOTHH M3TOTOBICHUS MAHEIN SBISIOTCS
9KOJIOTUYECKH YHCTHIMH, 06€3 MPUMEHEHHS KIIes U py-
I'MX XUMHUYECKUX MTPOIHUTOK.

IIpon3BoACTBEHHAsT TUHUS pacCUWTaHa Ha BBI-
MyCK MaHenel pasMepamu: Bbicota — 3,25 M; [uinHa —
J10 6 M; TONILMHA HApYXKHBIX MaHenel creH — ot 340 MM
(15 cnoes mocok) mo 160 MM (7 coeB), BHYTpEHHAX —
160 nmm 115 mm [19].

OCHOBHBIC TEXHUYCCKUE XaPAKTCPUCTUKH TaHE-
neit MHM npuenens B Tadi. 2 [20].

Puc. 3. Ceuenne manenu MHM

[Iprmeps! Hanboee M3BECTHBIX 3IaHUI B COOPY-
skeHuit 13 MHM-naneneii [21]:

 SporX B Hopeernu — 40-meTpoBoe orcHOE 311a-
HUE, IIPU €0 CTPOUTEINBCTBE UCTIONB30BaHo 2000 M 1iesb-
HO#t peBecunbl 1 500 M Kieenoro Opyca;

 orens Waldeck Spa Kur B ban-/lropxaiime.

PE3YJIBbTATBI

IManenmu MHM rak xe, kak u CLT, umeror o0yt
TEXHUYECKYI0 0COOCHHOCTD, CBA3aHHYIO C 00s3aTelhb-
HBIM IPUMEHEHHEM OTJEJIOUHBIX MaTepUaIoB MOCIe
MOHTaKa KOHCTPYKIIUH:

* BHYTPEHHSIS OTAEINKA (Harpumep, IepeBo, TUIICO-
KapTOH, IITyKaTypka) MOHTHPYETCSl HEITOCPEICTBEHHO
Ha TaHEeJIb;

* BHEIIHAS OTHEJKAa CIYXUT 4acThlo (acana
Y PACCUMTHIBACTCS UCXOJS U3 HEOOXOAMMOT0 3HAUCHHUS
TEeIUIONIepeiaull HapyKHOM KOHCTPYKUUH 34aHus. OT-
Jenka (hacaga MOXKET UCIIONIb30BATHCS KaK C BEHTHIINPYe-
MbIM (hacagoM (puc. 4, @), Tak U mTykarypHas (puc. 4, b);

* MEPETOPONKU 3/1aHHs UMEIOT BHYTPEHHIOI 00-
IIMBKY ¢ 00€UX CTOPOH (Harpumep, 1epeBo, TUICOKap-
TOH, IITYKaTypKa), 00pa3yroLIyto TOTOBYIO TIOBEPXHOCTh
cteHbl. CI0M OOIIMBKY PACIIONAraroTCsl HeTIOCPEICTBEH-
HO Ha CTE€HE 0e3 MOHTaXXHOTO 3a30pa (puc. 5).

W3y4nB 0CHOBHBIE KOHCTPYKTHUBHBIC PEIICHHS TEX-
nonorun CLT, cneayer paccMOTpeTh €€ IOCTOMHCTBA
1 HEJIOCTATKH.

K npenmymectBam maneneit CLT MmoxxHO OTHECTH:

* BBICOKYIO 3aBOJICKYIO FOTOBHOCTBH JOMOKOM-
TUIEKTA 33 CYET IIPUMEHEHUS] MOAYJICH;

Taou. 2. OCHOBHBIEC TEXHUYECKUE XapaKTEPUCTHKH aneneii MHM

Iloxazarenn

3HaYeHUs TOKa3aTelei

Brnaxnocts nanenei

12 % (+/-2 %)

HapOHpOHI/IL[aeMOCTL TMONEPEK BOJIOKOH

0,1-0,32 mr/(m-u-I1a)

ymonzonsmus R=48 nb
TermnonpoBogHOCTH A=0,094 Br/m'K
Bonocroiikoctb u=065
OrHecToiKkocTh F90B
Macca uznenus 480 xr/m3

65

(LS) € HOAUI9G ‘GL WOL Sosetareaty



rarITOnLCTRe: Ty 15, BhInyck 3 (57)

H.I. CepezauH, A.C. Kypdrokoe

Puc. 4. IIpuMeps! oTAENKN HApYKHBIX TTAHENeH: ¢ — BEeHTHIMPYEMBIH dacan; b — mTykaTypHBIi dacazg

_/““‘-/N

Puc. 5. Ilpumeps! oTaenKy NaHeaeH Ieperopojok

* CKOpPOCTBH BBITIOJTHEHUS pabO0T IT0 MOHTAXKY JOMO-
KOMILIEKTA;

* BBICOKYIO HECYIIIYIO CITIOCOOHOCTH M JKECTKOCTh
MaHesel 3a cHeT NePeKPEeCTHOM CKIICHKH JIaMellel;

* BBICOKYIO CEHCMOYCTOMYMBOCTH 31aHUN U CO-
opyxenuit n3 CLT-manernei;

* BBICOKYIO OTHECTOMKOCTb KOHCTPYKIIUH;

* HU3KYIO TEIUIOTIPOBOTHOCTH TTaHEIEH.

K menocrarkam naneneit CLT MOXKHO OTHECTH:

 Oospmroit Bec u radapursl CLT-mmanenei, tpe-
OyIoNUX CIEeNHAIbHOTO TPAHCIOPTA ISl TIEPEBO3KU
U MOHTa)ka KOHCTPYKLUH;

* YMEHBIIEHHE Ta0apuTOB MaHEIEeH MPUBOIUT
K YBEJIMYEHUIO CTHIKOBBIX COCIUHEHUMN, KOTOPBIE SBIISI-
FOTCS TOTCHIUATEHBIMA «MOCTHKAMU XOJIOJIa, a TAKKe
YCIIOXKHSIOT MOHTAX KOHCTPYKITHH;

* B CBA3H C HU3KOM CTOMKOCTBIO IPEBECUHBI K BO3-
JIEHCTBHIO ynbTpaduoiIeTa U APYyTUX NPUPOTHBIX (ak-
TOpPOB, KOTOpPBIE MOTYT €€ pa3pylIuTh, HEOOXOIUMO
TIPOBOANTE AOTOTHUTEIEHBIC 3aIIUTHRIC MEPOTIPHATHS
JUISL COXPAHEHHUS IIeIOCTHOCTH KOHCTPYKIIHU.

Takke paccMOTPHM OCHOBHBIC JOCTOMHCTBA U He-
nocrarku Texnojgornu MHM.

[peumymectsa MHM:

* OTCYTCTBHE yCAJK{ M3-3a HCIIOJIB30BAHUS J10-
CKH, 00pabOTaHHOW B CYNIMJIBHBIX KaMepax JI0 Biax-
Hoctu 12—-14 %;

* 3a CYET MEePEeKPECTHOr0 COCANHEHHUS JlaMesei
obecrieunBaeTCs BBICOKAs KECTKOCTh MaHeIeH;
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* IpU IPOU3BOJACTBE IMaHENEH MCIOIb3YIOTCS
TOJIBKO HaTypaJbHBIC MAaTEPHAIIBI;

* CKOpPOCTH BBITIOJIHEHHUSI COOPKH JIOMOKOMIIJIEKTA
13-3a BBICOKOM FOTOBHOCTH KOHCTPYKIUI;

* cpasy nociue cOOpPKH 31aHHSI MOXXHO PUCTYIIATh
K OT/IenKe Onaroziaps TiaIkuM JepEeBSIHHBIM MaHEIsIM;

» manenn MHM nmeroT 60iee HU3KYIO CTOMMOCTD
U MeHbIINH Bec 1o cpaBHeHuto ¢ CLT BcnencTeue oco-
OEHHOCTEH MPOU3BOJICTBA.

Henocrarku MHM:

* HEJOCTATOYHOCTb MCCIICJOBaHMUS JaHHOM TEXHO-
noruu B Poccun;

* HEOOXOIMMOCTh HMCIIOIb30BAHUS TOJIBKO KaJlu-
OpOBaHHBIX MMIOMATEPHAIIOB.

3AKJIIOYEHUE

HecmoTps Ha BBICOKYIO CXOKECTh MPOLECCOB U3-
roroienns nadenedn CLT u MHM, oHu uM€EIOT O1HO
MPUHINNHAIBHO BakHOe oTiuume: manexn CLT cos-
JAI0TCs MyTeM CKJICHMBAaHU JIaMelIel B Ipeccax, a ma-
Hear MHM coOuparoTcsi ¢ OMOIIBIO0 aTFOMHUHUEBBIX
reozaed. Croumocts naneneit CLT Bblie cToUMOCTH
naneneit MHM na 3040 %.

[Mpumenenne texHomoruu CLT omrmmanpHO
JUISl BO3BEACHUSI MHOTOATAXKHBIX 3[aHUM, B Cilyyasx,
KOrJia HecyIasi CiocoOHOCTh MaHelNel ¥ UX BhICOKas 3a-
BOJICKasi TOTOBHOCTh UCTIONB3ytoTCs Ha 100 %, a BeIcOKast
ce0eCcTOMMOCTh MTPOU3BOJICTBA KOMIICHCUPYETCS 00JIb-
M 00bEMOM BO3BOJIIMOTO CTPOCHHSI.

B eBpomnelickux cTpaHax LIMPOKO HCHOJb3YIOT
u TexHosorud MHM 17151 cTpouTenscTBa 30aHUN.

OCHOBHBIM npeuATCTBUEM IJIsI MaCCOBOI'O HUC-
noas3oBanuss MHM-naneneit B Poccuu siBnsiercs He-
XBaTKa MPOBEJACHHBIX UCIBITAHUN TaKUX KOHCTPYKIUI
C YYETOM MacCOBOCTHU MX NPUMEHEHUS U, KaK CIeJ-
CTBHE, HEAOCTATOK IOJIHOLIEHHOM, a IIIaBHOE COBpe-
MEHHOH JOKYMEHTAITMOHHOH 0a3bl, a TAK)Ke OTCYTCTBHE
YHU(DUKAIIUHN U CTAaHAAPTH3AINN TaKHX KOHCTPYKLIUH.

JlepeBsiHHOE€ MHOTOITAXKHOE CTPOUTEILCTBO U3 Ta-
Heneit CLT u MHM — 310 peanbHOCTh, HOCKOJIBKY OHO
COOTBETCTBYET COBPEMEHHBIM HOPMaM HEPTrod(PPeKTHB-
HOTO CTpouTeNnseTBa. COOPYKEHHUS MO TaHHBIM TEXHOJIO-
THSIM MOT'YT BO3BOZIUTBCS HA TEPPUTOPUSIX CO CIIOKHBIMU
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HMHXCHEPHO-ICOJI0rMYECKUMU YCIIOBUAMH, B CECMUUE-
CKU aKTUBHBIX, TOPHBIX WJIM BEYHOMEP3JIbIX PalioHaX.

MoHTax IepeBSHHbIX KOHCTPYKLMI OTJIMYAETCs
BBICOKOM TEXHOJIOTUYHOCTBIO U CKOPOCTBIO BBUY TOIO,
YTO UCIIOJIB3YIOTCSI MOLYIIH 3aBOJICKON COOPKH.

TCXHOJ'[OFI/IH CTpOI/ITeHBCTBa }IepeBHHHI)IX 3ﬂaHHﬁ
Massiv-Holz-Mauer 6ojee onTuMaibHa 10 TEXHUKO-3KO-
HOMUYCCKHM, (I)I/ISI/I'-ICCKI/IM u 3KCHHyaTaI_II/IOHHBIM xapaK-
TEPUCTHKaM J1jIs1 POCCHH TIpH YCIIOBHUH OOIIMPHOTO M3yde-
HUA U HpOBe}ICHI/Iﬂ HCHBITaHHﬁ )IaHHOﬁ TEXHOJIOTUHU.
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INTRODUCTION

Recent European trends show an increase in
the application of wooden structures not only in low-
rise construction, but also in construction of multi-
storey industrial and civil buildings [1, 2]. The con-
struction of multi-storey wooden buildings is chal-
lenged by unique geometric and structural character-
istics of elements that cannot be made from standard
lumber. Research efforts focus on innovative solutions
capable of combining strength, aesthetics and energy
efficiency of industrial and civil engineering buildings
and structures made of wood. To solve this and many
other problems, various technologies are developed to
advance wooden construction.

Now cross-laminated, or CLT, panels are the most
widespread technology employed to solve this prob-
lem. However, another technology, or MHM (Massiv-
Holz-Mauer) is used along with the CLT technology.
The MHM technology has a similar design [3-5].

The mission of this research work is to study
the application of CLT and MHM panels in industrial
and civil engineering for the construction of multi-
storey buildings and structures, to research potential de-
sign solutions, and to review technical characteristics
of structures.

MATERIALS AND METHODS

CLT (cross laminated timber), also known as KLH,
BSP, X-LAM, CROSS-LAM, is a panel manufacturing
technology based on the cross-gluing of lamella layers
made of coniferous trees (Fig. 1) [6, 7].

This panel manufacturing technology was devel-
oped in the late 1980s and first used in Germany and

68

Austria in the early 1990s. More extensive research into
this technology was conducted in the late 1990s [8, 9].

By the year 2000, the production of multilayered
laminated wooden panels was popular in European
countries. Panels were used to make various structural
systems of single- and multi-storey buildings [10, 11].

Oven-dry coniferous wood boards with a humidity
of 12 % are used to make CLT panels. They are split
into lamellas with pre-set cross-section dimensions.
Further, lamellas are spliced along the length. Then la-
mellas are calibrated and assembled into board panels;
this process is accompanied by layered cross-gluing.
After that, board panels are pressed into panels, cali-
brated, grinded and cut by CNC machines [12].

These operations are necessary to manufacture
panels with pre-set geometric parameters, apertures and
openings. Cross-lamination gluing ensures the produc-
tion of panels with excellent physical, mechanical and
thermal insulation properties, unlike traditional wood.

Fig. 1. Cross-gluing of CLT panels
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Decorative finishing of the CLT plate

100 % natural wood

Insulation

Fig. 2. Composition of GrO Thermo plates

Overall dimensions of CLT panels vary in the fol-
lowing range: width — up to 4 m, length — 24 m, and
thickness — from 0.06 to 0.4 m [13].

It was mentioned earlier that modern construc-
tion science keeps searching for innovative solutions.
Hence, along with standard CLT panels, insulated GrO
Thermo plates were developed for exterior walls.

GrO Thermo is an insulated CLT plate; part of its
inner lamellae is replaced by the insulant made of wood.
The insulation layer is glued and pressed into the plate
in the same way as lamellas [14].

The panel insulant has 94 % of wood, eco-friendly
glue and paraffin, added to maintain the plate shape
(Fig. 2).

Principal technical characteristics of CLT panels
are provided in Table 1 [15].

The most famous buildings and structures made
of CLT panels are [16]:

* a 100-meter Rocket&Tigerli tower in Switzer-
land; its construction should be completed in 2026, ac-
cording to the construction schedule;

* Mjostarnet facility in Norway; it is 85.4 m high
and has 18-20 floors;

 Sokoliki residential facility in Sokol, Russia; it
is a four-storey building; it is 15 m high, and its floor
area is 3,013 m>.

Now let’s consider the MHM (Massiv-Holz-Mau-
er or multi-layered solid coniferous wood) technology.
These panels are made layer-by-layer with an overlap
of edged coniferous boards that are 20-24 mm thick
(Fig. 3) [17].

MHM panels were developed by Hans Hunde-
degger. In 2001, he launched their production from non-
merchantable wood, grades 3—4. As early as in Septem-
ber 2002, the first house was built from MHM panels.

In 2003-2019, about 300 facilities were built from
wooden plates in Germany. This technology became
a mainstream for the construction of low-rise and high-
rise buildings in Europe.

The MHM technology arrived in Russia in 2007, but
due to the lack of awareness, it failed to gain as much pop-
ularity as CLT, which is also true for the pre-sent time [18].

Oven-dry boards with a moisture content of 12 %
are used to make MHM wall panels. They do not re-
quire any preservative treatment or impregnation.

Each board is processed by a four-sided Hun-
degger machine to cut grooves, which, make a layer
of air for reliable sound insulation and thermal conduc-
tivity when boards are spliced. Side profiles are also cut
by this machine to connect boards and to prevent ther-
mal bypasses. Then, layer-by-layer, boards are cross-
assembled into board panels, which are spliced by alu-
minum nails. Board panels have pre-set dimensions.
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Table 1. Principal technical characteristics of CLT panels

Characteristics

Values

Moisture content

12 % (+/-2 %)

Vapor permeability across fibers

0.05 mg/(m-h-Pa)

Sound insulation

R>60dB

Strength class

C24 (All-Russian State Standard 33080-2014)

Thermal conductivity

A=0.13 Wt/m K (EN 12524)

Heat capacity

¢ = 1.6 kl/(kg'K) (EN 12524)

Water resistance

1 =20-50 (EN 12524)

Compressive strength along fibers 13-15 N/mm?

Compressive strength across fibers 1.8 N/mm?
Flexural strength 10 N/mm?
Design wall load 60 kN/m?
Design floor load 5 kN/m?

Fire stability

D-s2, d0 (2003/43/EC)

Fire resistance

REI 60-120 (EN 1995-1-2-2004)

Charring rate

0.65 mm/min (EN 1995-1-2)

Product weight

Fig. 3. The cross section of an MHM panel

Aluminum nails (pins) are chosen to reduce dam-
age to and wear and tear of cutting tools during me-
chanical tooling.

Further, pre-set geometric dimensions, apertures
and openings needed for heating, sewage and electricity
pipes are entered into the CNC software program to have
the panel duly cut.

The manufacturing technology ensures environ-
ment-friendly panels that have neither glue, nor any
other chemical impregnation agents.

The production line is designed to make panels with
the following dimensions: height — 3.25 m; length — up

Table 2. Principal technical characteristics of CLT panels

470480 kg/m*

to 6 m; thickness of external wall panels — from 340
(15 layers) to 160 mm (7 layers), and thickness of interior
wall panels — 160 or 115 mm [19].

Principal technical characteristics of MHM panels
are provided in Table 2 [20].

The most famous buildings and structures made
of MHM panels are [21]:

* SporX building in Norway; it is a 40-meter
office building; 2,000 m? of solid wood and 500 m?
of laminated timber were used to construct this facility;

» Waldeck Spa Kur Hotel in Bad Durkheim.

RESULTS

MHM panels and CLT panels have common tech-
nical features related to the mandatory use of finishing
materials after the installation of construction facilities:

* interior decoration (wood, gypsum cardboard,
plaster) is mounted directly on panels;

« exterior finish is part of the facade; the finish
calculation is based on the pre-set heat transfer value
which is part of the building’s envelope structure. This
finish can be combined with ventilated (Fig. 4, @) and
plaster facades (Fig. 4, b);

* both sides of partitions have cladding (for ex-
ample, wood, gypsum cardboard, plaster) that serves
as the surface of a finished wall. Cladding layers are at-
tached directly to the wall without any installation clear-
ance (Fig. 5).

Characteristics

Values

Moisture content

12 % (+/-2 %)

Vapor permeability across fibers

0.1-0.32 mg/(m-h-Pa)

Sound insulation R=48 dB
Thermal conductivity A=0.094 Wt/m-K
Water resistance pn=265
Fire resistance Fo0B
Product weight 480 kg/m®

70



CLT and MHM Panels in Industrial and Civil Engineering

P. 62-73

a

Fig. 4. Exterior panel finishes: « — ventilated facade; b — plastered facade

A study on the main design solutions for the CLT
technology should be followed by the analysis of its
strengths and weaknesses.

CLT panels have the following strengths:

* high level of prefabrication due to the modular
structure;

« fast installation of prefabricated houses;

* high load-bearing capacity and stiffness of pan-
els, due to cross-lamination gluing of lamellas;

* high earthquake resistance of buildings and
structures made of CLT panels;

* high fire resistance;

* low thermal conductivity of panels.

CLT panels have the following weaknesses:

* large weight and dimensions require specialized
vehicles for transportation and installation;

» smaller-size panels end in larger butt joints,
which are potential thermal bypasses; they also make
installation more complicated;

* low resistance of wood to UV radiation and other
natural factors can damage panel structures; supplemen-
tary protection will maintain structural integrity.

Let’s consider the main strengths and weaknesses
of the MHM technology.

The MHM technology has the following strengths:

* no shrinkage which is prevented by oven-dry
boards with a moisture content of 12—14 %,

* high panel stiffness due to the crossover connec-
tion of lamellas;

* only natural materials are used to make panels;

* fast assembly of prefab houses due to high pre-
fabrication level,

* finishing work can be initiated immediately after
the house assembly because wooden panels are smooth;

* MHM panels are cheaper and lighter than CLT
panels.

The MHM technology has the following weak-
nesses:

« this technology is understudied in Russia;

* only calibrated lumber is applicable.

CONCLUSIONS

Although processes of manufacturing of CLT and
MHM panels are similar, they have one fundamentally
important difference: CLT panels are made by gluing

U ““-/ B
Fig. 5. Partition panel finishing options

lamellas in press machines, while MHM panels are as-
sembled using aluminum nails. The cost of CLT panels
is higher than the cost of MHM panels by 3040 %.

The CLT technology is optimal for multi-storey
buildings, where high bearing capacity and prefabrica-
tion of panels are 100 % necessary, and high manufac-
turing costs are compensated by the large size of a con-
struction facility.

In European countries, MHM technologies are
widespread in building construction.

The main obstacle, preventing the dissemination
of MHM panels in Russia, is the fact that no tests were
conducted to examine these structures and to authorize
their widespread use, and as a result, there is no com-
plete and, most importantly, advanced set of documents.
Besides, such structures were not subjected to unifica-
tion and standardization.

Multi — storey wooden structures made of CLT
and MHM panels is a reality, because they meet ad-
vanced standards of energy-efficient construction.
These technologies can be applied in areas featuring
problematic engineering and geological conditions, in
earthquake prone, mountainous or permafrost areas.

The installation of wooden structures is fast and
efficient, because prefab modules are used.

For Russia, the Massiv-Holz-Mauer technology is
more optimal in terms of technical, economic, physi-
cal and operational characteristics, given that extensive
research and testing are conducted.
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AHHOTALUMUA

BeepeHnune. ObecneyeHre HaAeXHOCTU peLLeT4aTbiX KOHCTPYKLMIA OMop BO3AYLUHbIX NWHWN anekTponepedayn (BJ1) sB-
NSeTcs NepBOOYEPEenHON 3adadvelt NMPoeKTUpOoBLUMKa. ECrn pacyeT n npoeKkTMpoBaHne TUMOBbIX KOHCTPYKLMUA MacCOBOTO
CTpOWTENbLCTBA BEAETCA B COOTBETCTBUM C AENCTBYIOLLUMIN HOPMATUBHBIMU JOKYMEHTaMM, TO BOMPOC obecrnevyeHns rapaH-
TUPYEMOrO MUHUMarbHO Tpebyemoro ypoBHsi HagexxHocTu onop BJ1 ocyllecTBnsieTcs ¢ NpUMEHEHWEM pasnNYHOrO poaa
KoadpmumeHToB HagexHocTu. o cyTu, octarotcss FORM-meToabl (MeTodbl onpegeneHns HageXXHoCTU CTPOUTENbHbBIX KOH-
CTPYyKUMI nepBoro nopsigka), Tak kak SORM-meToabl (MeToabl BTOPOro nopsigka) KpanHe CrnoxHsl B peanu3aumu. MNpu aTom
OHO3HAYHbIA anropuTM OMnpefeneHns XxapakTepUCTUK HaAEeXHOCTU KOHCTPyKUmiA onop BJ1 geiictBytollye HopMaTuBHblE
[OKYMEHTbI HE [aloT.
Matepuanbl u Metoabl. lNpeanaraetcs meToauka ONPEeAEneHust CKMOHHOCTU CTanbHbIX KOHCTPYKUMIA FUHWIA 3MeKTpo-
nepegayu k naBuHoobpasHomy obpyLueHuto Ha 6a3e YncrneHHoro 060CHOBaHHOIO YCTaHOBIEHWUS UCKMOYaEeMbIX 3NeMEHTOB
cucTeMbl Anst (GOPMUMPOBaHUS BTOPUYHOM pacyeTHOW cxembl. B ocHoBe nexuTt pacyeT Ha 6a3e mMeToga KOHEYHbIX are-
meHTOB (MK3) B reomeTpuyecku 1 KOHCTPYKTUBHO-HENMHENHON nocTaHoBKe. [laHHas MmeToauka No3BONsieT YETKO BbISBUTb
Hanbornee OTBETCTBEHHbIE CTEPXKHN KOHCTPYKLIMK, @ HE Ha3Ha4YaTb UX HAa OCHOBE MHXXEHEPHOrOo OMnbiTa UMW pekoMeHaaLmnin.
Pesynbratbl. [MpuBoanTCA MeToauka onpeaeneHnss YNCNEHHbIX XapakTepUCTUK HaOEeXHOCTU CTanbHbIX KOHCTPYKUWUIA Nn-
HWUIA anekTponepenayn Ha 6ase MK3 B cToxacTuyeckon nocTaHOBKe. B kauecTBe KM4EeBOW XapaKTePUCTUKM BbICTynaeT
[anbHOCTb OTKasa . Mickomast HaaeXHOCTb CUCTEMbI HAXOANTCA MeXOY HWKHUM 3HadeHneMm B . (
Hanboriee OTBETCTBEHHOIO 3rIeMeHTa CUCTEMbI) 1 BEPXHWM 3Ha4YeHueM B (xapakTepucTuka Ans rpynnbl Hanbonee ot-
BETCTBEHHbIX 31TEMEHTOB CUCTEMbI), YCTAHOBIEHHBIX NPW aHanm3e KOHCTPYKLMWN Ha CKMOHHOCTb K NaBnHooGpa3HoMy obpy-
weHuto. C Lenbio anpobauum NpeanoXeHHbIX METOAMK BbIMOMHEH aHann3 HaaeXHOCTW aHKEPHO-YINOBOM onopbl Y220-2+9.
Mo pe3ynsTraTtam pac4eToB BbisiBIieHa HeJOCTaTOYHAas HAQEXHOCTb KOHCTPYKLUUM ANsi pacYeTHON CUTyauun ¢ MakcumMarb-
HbIMW U3 paccMaTpMBaEMbIX Harpy3ok.
BbiBoabl. PazpaboTaHa MeToauka aHanmaa CKNMOHHOCTU CTarnbHbIX CTEPXXHEBbIX KOHCTPYKLMIA ONOP NUHUIA ANieKTponepeaayv
K naBUMHOOOPa3HOMy O6pYyLLIEHWIO, NO3BOMSAOLLAA ONPeAensTb Hanbonee onacHble aNeMeHTbl CUCTEMbI A1 KOHKPETHO 3a-
[aHHOro Buaa 3arpy>KeHus.

KINMKOYEBBLIE CITOBA: Bo3gyliHas NnHUS anekTponepeaayn, HaaeXxHoCTb, balleHHas peluetyaTtas ornopa, HanpspkeHHO-
nedopmrpoBaHHOE COCTOsIHWE, pacyeTHast MOAenb, YNCNEHHbIE UCCNEAOBaHUS
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Design of steel lattice structures of power transmission lines using
reliability parameters on the example of anchor-angle
support U220-2+9
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BBEJIEHUE

ABSTRACT

Introduction. Ensuring the reliability of lattice structures of overhead line (OL) supports is the primary task of the designer. If
the calculation and design of typical structures of mass construction is carried out in accordance with the current regulatory
documents, then the issue of ensuring the guaranteed minimum required level of reliability of OL supports is carried out by
using various types of reliability factors. In fact, FORM methods (first-order methods for determining the reliability of building
structures) remain, since SORM methods (second-order methods) are extremely difficult to implement. At the same time,
current regulatory documents do not provide an unambiguous algorithm for determining the reliability characteristics of OL
support structures.

Materials and methods. The paper proposes a method for determining the susceptibility of steel structures of power
transmission lines to avalanche-like collapse based on a numerically reasonable determination of the excluded elements
of the system for forming a secondary calculation scheme. It is based on the calculation based on the finite element method
in a geometrically and structurally nonlinear formulation. This method allows for a clear determination of the most critical
structural rods, rather than assigning them based on engineering experience or recommendations.

Results. A method for determining the numerical reliability characteristics of steel structures of power transmission lines is
proposed based on the finite element method in a stochastic formulation. The failure range 8 serves as the main character-
istic. The sought reliability of the system is between the lower value of B, (the characteristic of one of the most critical ele-
ments of the system) and the upper value of B, (the characteristic for a group of the most critical elements of the system),
determined during the analysis of the structure for the tendency to avalanche-like collapse. In order to test the proposed
methods, the reliability of the anchor-angle support U220-2+9 was analysed. Based on the calculation results, insufficient
reliability of the structure for the design situation with the maximum of the considered loads was revealed.

Conclusions. A technique was developed for analyzing the tendency of steel rod structures of power transmission line
supports to avalanche-like collapse, which makes it possible to determine the most dangerous elements of the system for
a specific type of loading.

KEYWORDS: overhead power line, reliability, tower lattice support, stress-strain state, calculation model, numerical studies
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TpeOyeMOro ypoBHsI Ha/I)KHOCTH CUCTEMbI OIpe/es-
eTcsl IyTeM IPUBE/ICHNS YNCIICHHbIX XapaKTePHCTHK Ha-

ObGecneuenue HAaACKHOCTU CTPOUTCIIbHBIX KOH-
JC)KHOCTH K MUHUMAJIBHO Tp€6yeMLIM HOPMAaTUBHBIMU

CTPYKIUH SIBIsIETCA MepBOOYEepeHON 3amadeil mpo-
extupoBuyka [1, 2]. Ecau pacuer u npoexTupoBaHue
TUIIOBBIX KOHCTPYKIIMI MaccOBOTO CTPOUTENILCTBA Be-
JIyTCSl B COOTBETCTBUU C IEHCTBYIOIIMMH HOPMaTHB-
HbIMU fokymeHTamu, Takumu kak CII, TOCT u 1.1.,
TO BOTIPOC OOECIEUEHHUS TapaHTHPYEMOTO MUHUMAJIb-
HO TpeOyeMOTo YPOBHS HaJEKHOCTH OCYIIECTBISIETCS
C IIOMOIIBIO Pa3IMYHOrO PoAa KOIPPUIIMEHTOB HalleK-
HOCTH [3, 4].

B ciydae ¢ HETUTIOBBIMU KOHCTPYKITHSMH M KOH-
CTPYKIMSAMH, UMEIOIINMH TTOBBIIIEHHBIN YPOBEHb OT-
BETCTBEHHOCTH, Pa3pyIICHHE KOTOPBIX MOXET IpUBE-
CTH K 3HAYUTEIIEHBIM SKOHOMHUYECKUM TOCIEICTBHAM
WM Y€JIOBEUECKUM KEPTBaM, I1€I1eCO00pa3HBIM CTAHO-
BUTCS IPUIMEHEHNE BEPOSTHOCTHO-CTATUCTUYECKUX Me-
TOZOB 0OOCHOBAHUSI PEATIbHBIX (PH3UKO-MEXaHNIECKUX
XapakTepucTuK marepuanos [5]. Torma obecrneycHme

BeMUYMHaMU, koTopsle npeactasieHsl B [OCT P UCO
2394-2016 «KoucTtpykmuu ctpontensHsie. OCHOBHBIC
TIPUHIAITBL HA/ISKHOCTHY.

B kadyecTBe YMCIIEHHBIX XapaKTEPUCTHK HaJexk-
HOCTH HCIIOIB3YIOTCS XapaKTepPHUCTHKa O€30TIacCHOCTH 3
¥ BEPOSITHOCTH OTKa3a P [6]. VX onpenenenye — Henpo-
cras 3anada s uHxkenepa. TOCT P UCO 2394-2016
JIaeT Psijl CIIOCOOOB BBIYKCIICHHUS BEPOSITHOCTH OTKa3a:

* TOYHBIMU aHAINTHICCKUMHI METOJAMH;

* METO/IaMH YHCIICHHOTO MHTEIPUPOBAHMS;

* IPUOIMIKEHHBIMU aHAIUTHYECKUMHU METOAMH
(FORM/SORM wmeTonaMn MOMEHTOB);

° METOJaMH MOJEIUPOBAHUS WIM COYCTAHUEM
ITHUX METOIOB.

J1st CIIO’KHBIX MHOTO pa3 CTaTHYECKH HEOoIpese-
JMMBIX CHCTEM IPUMEHEHHUE TOYHBIX aHAJIUTHYCCKUX
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METOZOB M METOJOB YHCIEHHOTO MHTEIPHUPOBAHUS
MPAaKTHIECKH HEOCYIIECTBUMO. Tak Kak HEBO3MOXKHO
YCT@HOBUTB 1IEJIE€BYI0 (DYHKINIO HaAEKHOCTH. MeTobI
MOJICTTHPOBAHUS TPEOYIOT 3HAUUTEIBHBIX 3aTPaT BpeMe-
HU ¥ PECypCOB, IIEPEBOAS HHKEHEPHYIO 3a/1ady MpaK-
THUYECKH B 00J1aCTh Hay4HBIX HccienoBanuil. [To cyrw,
octatorcss FORM-MeTos! (MeTOIB! OMpeIeeHns Ha-
JIS)KHOCTH CTPOMTENBHBIX KOHCTPYKIUH MEPBOTO I0-
psinka), Tak kak SORM-meToipt (METOBI OTIPEICTICHHUS
Ha/IeKHOCTH CTPOUTEIBHBIX KOHCTPYKLIUI BTOPOTO I10-
pSKa, MCIIONB3YIONINE CITydaifHbIe MPOIECCHl B OMH-
CaHMU CTOXACTUUYECKUX BEJIMUYUH) KpailHEe CII0XKHBI
B peanuzanuu [7]. IIpyu 5TOM 0JJHO3HAUHBIN aATOPUTM
OTIpE/ICNICHHsSI XapaKTePUCTHK HAJEKHOCTH KOHCTPYK-
LUH ASHCTBYIOIINE HOPMATHUBHBIE JOKYMEHTHI HE Jal0T,
OTPAHUYMBASICH OOIIIMMHU PEKOMEHAAUAMH U OTIHCAHH-
SIMH TTPEAJTIATAEMBIX METOOB.

Jlenast BBIBOJ, MOKHO OTMETUTB, UTO COBPEMEH-
HOMY MH)KEHEpY HeoOXOAMMa 4eTKas M OJHO3HAuHas
METOIKA OIPECICHNS XapaKTePHCTHK HAAEKHOCTH,
M03BOJIsIIONIAs 000CHOBaHHO 00ECIIeUnBaTh 3aJaHHBIN
YPOBEHB HAJISKHOCTH BCEX 3JIEMEHTOB CTPOUTEIBHOM
KOHCTPYKIHH. OCOOCHHO OCTPO 3TOT BOMPOC CTOUT
npu paboTe ¢ KOHCTPYKIHSIMU MTOBBIIIEHHOTO YPOBHS
orBeTcTBeHHOCTH Kiacca KC-3.

ens nccaenoBanusi — pa3paboTKa METOIUKU
AQHAJIN3a CKJIIOHHOCTH CTEP)KHEBBIX KOHCTPYKIUI OMOP
BO3AYIIHBIX JTUHUH 371ekTponepenadn (BJI) k naBuHo-
00pa3HOMy OOpYIICHHUIO.

Jnst nocTuKeHUs: MOCTABICHHOM LeN PelIeHb
CJIeIyIOLIHE 3a/1auH:

* pa3paboTaHa METOIMKA BEIYHUCICHNS XapaKTepH-
CTHK HaJIe)KHOCTU CTAJIBHBIX CTEPKHEBBIX OMOpP JTMHUN
AJIEKTpOIIepeIadyi Ha OCHOBE MCIIOIB30BAaHUS JATbHO-
CTH OTKa3a;

* BBIMOJIHEH aHAIU3 HAINpPSHKEHHO-1e(POPMHUPO-
BanHoro cocrosinust (HIC) pemreryarsix OameHHbIX
OTIOp C IEeNbI0 00ECTIeUeHHsI PEKOMEHIYEMOTO yPOBHS
HAaJISKHOCTH U1l 000CHOBAHHOTO KOJIMYECTBA KOHKPET-
HBIX CTEpPIKHEH, YTO MO3BOJIMIO COKPATUTh METAIIIO-
€MKOCTh OIIOp HpH 00ecIeYeHNH PEKOMEHIyeMOT0
YPOBHSI HQJIe)KHOCTH Ha 3TaMe NPOEKTUPOBAHNUS;

* TIpou3BejeHa anpodanus pa3padoTaHHON Me-
TOAMKHA Ha METAJNIMYECKOW aHKEPHO-YINIOBOW Orope
¥220-2+9 B pa3nuuHbIX peKUMAX PadOTHI.

[Ipenmer uccnenoBaHus — YUCIICHHBIC TIOKa3aTe-
T HAaJIS)KHOCTH AIIEMEHTOB KOHCTPYKIMH peIIeTdaThIX
Gamennsix onop BJI.

B kauecTBe 00BeKTa UCCIEIOBAHNS IPUHSITHI KOH-
CTPYKIIMH CTAIBHBIX JBYXIICITHBIX PEIIETIATHIX OallIeH-
HBIX aHKEpHO-yIoBbIX onop BJI 220 xB.

MATEPHAJIBI U METO/JbI

BbICOKOBOIIBTHBIE JIMHUH HJIEKTPOTIEPEiadl — 3TO
CJIOXHBIE COCTABHBIE CHCTEMBI, CHAOKAIOIIUE DIIEKTPO-
SHeprucii morpeduTeneii pa3Hoit MomHOCTH. B 3aBu-
CUMOCTH OT YPOBHS MOCJIEACTBHIA IIPH pa3pyLICHUH
WK BBIXOJIe 13 CcTposi BJI KOHCTpYKIMU OTTOp MOTYT OT-
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Hocuthes K kiaccam KC-3 uinu KC-2, B cooTBeTCTBUHT
¢ rpaganueit, ucnonssyemoit B 'OCT 27751-2014.

W3 ananu3a myOnukanui, MOCBSIIEHHBIX obecre-
YEHUIO TIPOYHOCTH M HA/ICKHOCTH TEXHUYECKOTO CO-
CTOSIHUS KOHCTPYKIUI cTanbHbIX onop BJI, cnenyer,
YTO 3HAUUTEIBHBIN BKJIAJ B U3yYCHNE JTAHHOTO BOIIPO-
ca Baecnu: E.B. T'opoxos, E.B. llleBuenxo, B.H. Bacsi-
neB, B.W. 3onorapes, H.A. Cenbkus [8, 9], NL.I1. Cmup-
HoB, A.B. Kosnos, H.A. CemeHnos, a taxxke J. Smith,
A. Johnson, K. Miiller, M. Garcia, H. Tanaka, L. Wei,
E. Johnson, J. Martinez u ap. B paGorax »Tux aBTo-
POB cepbe3HOE BHUMAHHUE YJCISETCsl BOIIPOCaM MOHU-
TOPUHTA TEXHUYECKOTO cOCTOsAHUA 1 u3ydenuto HJIC
KOHCTPYKIMHA. PazpaboTaHbl KOHCTPYKTHUBHBIE TIO/IXO-
JIbl YCUJICHUS SJIEMEHTOB 1 Y3JIOBBIX COSIMHEHHH.

HekoTopbie 13 BBILICTIPUBEACHHBIX aBTOPOB pac-
CMaTpPHBAIOT BOMPOCH! KackajaHoro oopymenus BJI
B MacIuTade Bcel IMHUM, HO HE 3aTParuBatoT 001acTh Jia-
BUHOOOPa3HOTO 0OpYyIIeH!Us KOHKpETHOH onopsl [ 10, 11].
[Ipu sToM obecniedeHne OTCYTCTBHSI CKIIOHHOCTH K Jia-
BHUHOOOpPa3HOMY OOpYIIEHHIO KOHCTPYKIIMH OTIOPHI
YKa3aHO B HOPMAaTUBHBIX JOKyMeHTaX. OCOOEHHO ATOT
KPHUTEpPHUil BaXKEH JUIsl aHKEPHBIX, YIVIOBBIX U KOHIIEBBIX
orop. Bonipocom obecnedeHnst yCTOMUYMBOCTH K TIPO-
rpeccupymomemMy oOpyHICHHUIO 3aHUMAETCs HE Tak
MHOTO aBTOpOB. ClieflyeT OTMETUTH PSJl 3apyOeKHBIX
uccienosareneii [12, 13], a Takxke cOOTEUECTBEHHU-
koB [14, 15]. Ho Bo Bcex aTux paboTax aHaiu3 Be-
JIeTCs C TOMOIIBIO TAKUX MPOTPAMMHBIX KOMITJIEKCOB,
kak JIMPA miu ee ananoru. CiieqoBareiibHO, BCE BBIIIIE-
OTIHMCAHHBIE CITIOPHBIC BOMPOCH! HE 3aTPAaruBaoOTCs.

HanexxHOCTh paccMaTpuBaeTcs Kak COCTOSHHE
KOHCTpYyKIHH 0e3 nedekToB u moBpexacHnit. Ecnu Ta-
KOBBIE HIMEIOTCS, TO OHH MOAJIeKAT yCTPAHEHHUIO (YCHIIe-
HUE 3JIEMEHTOB WJIH y3JI0B KOHCTpyKIHH). [Tocne aToro
OII0pa CUUTACTCS YIOBIETBOPSIOIIEH TPeOOBAHMSIM Ha-
JNEeKHOCTH. UKCIIeHHbIE XapaKTePUCTHKN HAJICKHOCTH
HE YCTaHaBJIMBAIOTCS M YPOBEHb HaJISKHOCTH KOHCTPYK-
LMY HE aHAJIM3upyeTcs. B cBoio odepenb, HOpMaTHBHbIE
JIOKyMEHTBHI ONPEACIISIOT HaCKHOCTh KaK CIOCOOHOCTh
KOHCTPYKIIMH BBITIOJNHSTH CBOM (DYHKIIMU B TEYEHHE pac-
YEeTHOTO (IIPeLyCMOTPEHHOT0) CpoKa dKcrnryaTanui. Co-
OTBETCTBEHHO, CTAHOBUTCS BOIIPOC 00 3(P(heKTUBHOCTH,
a TaKkke 000CHOBAHHOCTH IIPIMEHEHNS KOHCTPYKTHBHO-
TO PELICHHUS UCTIONB3YEMOTO yCHIICHUS.

Hapnexnocts koHCTpYyKmMu BJI Hampsimyto cBsizaHa
CO CITOCOOHOCTBIO ITPOTHBOCTOSITH TIPOTPECCUPYIOIIEMY
obpymrenuro cucremsl. B CIT 385.1325800.2018 mausr
PEKOMEHAIMHU TI0 BBIOOPY MCKIIF0YaeMOT0 AJIEMEHTA
PaMHBIX KOHCTPYKIMH U1 OpMHUPOBAHUSI BTOPHYHOM
pacueTHO# cxeMbl. BropuuHas pacueTHasl cxema Hc-
TIOJTB3YETCSI JAJIs BBIMOTHEHHS aHAIN3a CKIIOHHOCTH KOH-
CTPYKLIMH K TIporpeccupyonieMy oopymnenuro. CTout
TIOTYEPKHYTh OTCYTCTBUE YETKOTO MOHATHOTO PETIaMeH-
THPOBAHHOTO AJTOPUTMa BHIOOpA MCKIIIOYAEMOTO dJie-
MEHTa OIIOpHI NIPH aHAJIN3€ CKIOHHOCTH KOHCTPYKIHH
K MIPOTpeCcCUpyIomeMy OOpYIIeHHI0. JTO CO3aeT He-
OTIPEAETICHHOCTH B TIOJIXO/IE K pacdeTy. Takxke B HEKOTO-
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PBIX CITy4asx BbI3BIBAET HACTOPO)KEHHOCTh NPHMEHEHHUE
ko3 duIeHTa AMHAMUYHOCTH, PAaBHOTO JIBYM IIPH HC-
KJIFOUEHUH 3JIEMEHTA U3 NIEPBUYHON PACUETHON CXEMBI.
B KOHCTPYKIIMSIX, BHITTIOMHEHHBIX U3 MaJIOYTJIEPOIUCTON
CTaJH, MTHOBEHHOE (XPYMNKOE) pa3pylICeHHE dIEMEH-
Ta MasoBeposiTHO. ClieJoBareNbHO, TPEOYeTCs YeTKHA
Y TIOHSITHBIA MH)KEHEPY aJrOPUTM BbIOOpa Hanbosee oT-
BETCTBEHHBIX JIEMEHTOB KOHCTpyKLui BJI, pa3pyiienue
KOTOPBIX HEMUHYEMO MOBJIEUET 3a CO00M pa3BUTHE HPO-
IPECCUPYIOIIETO OOPYIICHHUS.

Hopwmpb! mpoekTHpoBaHus, OCHOBAaHHBIE HA TEOPUH
HAJEKHOCTH, CTaBIT CBOCH IIENBI0 JOCTHKEHUE OTIpe-
JIeIEHHOW BEPOSTHOCTH TOTO, YTO pa3pabarbiBaemast
KOHCTPYKIHMsI OyAeT MPUTOAHON IS MCIIOIb30BaHUS
B TEUCHHE KOHKPETHOTO NIEPHOAA, YIUTHIBAS €€ pacueT-
HBIN CPOK CITyKOBI:

P (T)<[P,), (1)
e [mez] — NPEIMCAHHOE 3HAYE€HNUE BEPOSITHOCTH OT-
Kasza.

W3 ananu3za HepaBEeHCTB CTAHOBUTCS SICHO, UTO OC-
HOBHBIMU 3aJ]JauaMHd HOPM HPOEKTHUPOBAHUS SIBIISETCS
o0ocHOBaHME 00eHX yacTel HepaBeHCTBAa — M PaBOii,
1 JIEBOH.

Jns nokazarenbcTBa MPaBOd CTOPOHBI HEPaBEH-
CTBa, T.C. IUIS OIpPEICICHUS HEOOXOIUMOIO YPOBHS
HaJIS)KHOCTH, TPEOYETCs BBIIOJHUTD 3a/1a9y BEPOSIT-
HOCTHO-ONTUMAJILHOTO MPOEKTUPOBAHUS, [IPU ITOM
Ba)KHO YYHUTHIBATh HE TOJIIBKO SKOHOMHUYCCKUE (haKTOPHI,
HO U COLIMAJIbHBIE KPUTEPUH.

B ynpouienHom Buje [PM] JUTS CITy4asi yCTaHOB-
JICHUS BEPOATHOCTH OTKa3a KOHCTPYKIIHH, BHI3BAHHO-
TO 000 MPUYMHON B TCUCHHUE €€ PACUSTHOTO CPOKa

CITY>KOBI [Pﬁ",[] " IPEIUIOKEHO ONPENENSITh KaK:

-4
[%J'E%, 2)

TIe CS — KOA(pPUIHMEHT conrnaIbHON 3HAUNMOCTH; 1 —
PaCcUYEeTHBII CPOK CITY>KOBI KOHCTPYKIHH; L — cpenHee
YUCIIO JTIOACH, HaXOMAMUXCS BHYTPH COOPYKCHUS
WIH B HETIOCPEACTBEHHOHN OIM30CTH OT HETO B TCUCHHE
Meproa, 3a KOTOPhI OIIEHUBACTCS PUCK.

VY4YuTHIBas, 9TO B CHITY HAJTMYUS CIyYaiHBIX OIIH-
00K, Te(heKTOB, HECOBEPIICHCTB, KOTOPHIE MOTYT UMETh
MECTO TIPH MPOCKTHPOBAHUH, MOHTa)KE M HKCILTyaTa-
IIUU COOPYKEHHS, B OYCHb YIPOIIECHHOH (hopme Tpea-
JIATaeTCs CBA3AaTh TEOPETUUECKYIO U IEHCTBUTEIBHYIO
BEPOSTHOCTH 0TKa3a COOTHOIIICHHEM [PW] =0,1 [Pml.l] "

Torma TpebyeMoe 3HaUEHHE TEOPETHIECKON BEPO-
STHOCTHU OTKa3a MPUMET BUJI:

10°¢.T
|:Pfail:| = TS 3)
Jnst BeIuMcnieHus 3HaueHuit P W(Tl.) HCIIOJIB3YIOTCS
YIPOIICHHBIC TTOIXO/bI:
* Memoowl 1-20 ypoeHs, T KOTOPBIX MTPAEMIIEMOE
3HaYCHUE HAICKHOCTU 00ECICUNBACTCS HEKOTOPBIM
KOJTMYECTBOM YaCTHBIX KOA((UIIUCHTOB HAIC)KHOCTH,

BBOJUMBIX K XapaKTEPUCTHUCCKUM (HOPMATHBHBIM)
3HAUECHUSIM NCXOHBIX BEJIHYHH;

* Memoobl 2-20 YpoeHs, I KOTOPBIX HaJeKHOCTh
MPOBEPSIETCS TOIBKO B TOYKE HA IPAHUIIEe 00IACTH OTKa-
3a, a HEPAaBEHCTBO MPOBEPSETCS] CPAaBHEHNEM HHJEKCA
Ha/ICKHOCTH.

Ha ocHoBe MeToioB 1-r0 ypoBHS B paboTe mpeuio-
JKEH aJITOPUTM pacyeTa YUCICHHBIX ITOKA3aTeNnel HaleK-
HOCTH B BUJIC XapaKTEPUCTHKH OE3011aCHOCTH 3. AJIITOpHTM
peanu3oBaH Ha s3blke nporpammuposanuss MATLAB
1 COCTOMT M3 IByX OCHOBHBIX PacUETHBIX 010K0B. B mep-
BOM OIIpeJIeIIsieTesl Tpyma Hanbojee OTBETCTBEHHBIX
AJIEMEHTOB, Pa3pylIEHUE KOTOPhIX KPUTUYHO JIsl BCEH
CHUCTEMBl U HEMHHYEMO IIOBJICYET HAyajo JIaBUHO-
obpaszHoro obpymenns. C 3TOH MENTbI0 BBIIOTHICTCS
TEOMETPUYECKH U KOHCTPYKTHBHO HEJIMHEHHBIH pacyer,
T7Ie B paMKax OJIHOTO BHJIa Harpy3KH IIPOM3BOANTCS TIO-
IIIar0BOE 3arpy’KEHHE CUCTEMBI JOTIOJTHUTENBEHOM Harpys3-
KOM ¥ (PMKCUPYIOTCS SJIEMEHTBI, BEIICTEBIINE U3 PAOOTHIL.
Crep:kHH, TIepeCTaBIINE YAOBICTBOPATD YCIOBUAM MPOU-
HOCTH, (UKCHPYIOTCSI I10 MEPE YBEINUYEHHS JIOTIOJTHUTEIb-
HOH Harpy3KH ¥ TIEPEIafOTCsI BO BTOPOH pacueTHBII OIOK.

I'pynna snemMeHTOB, BBIMIEAIINX U3 PabOTHI Mep-
BOIl odepenpro (MHOTAA MPUHUMAETCS BO BHUMaHHE
1 BTOpas o4€pe€ab, 3TO 3aBUCUT OT JKenaeMoi TOUHOCTH
aHaJIM3a CUCTEMBI M KOJIMYECTBA JJIEMEHTOB), CUUTACT-
cs1 HanboJee OTBETCTBEHHOM M TIepeIaeTcss BO BTOPOU
pacyCTHBIN OJIOK.

Bo Bropom pacueTHOM OJIOKE IS TPYIIIBI HAan0o-
JICC OTBCTCTBCHHBIX 3JICMCHTOB BBIUYUCJIAIOTCA YHUCIICH-
HBIC XapaKTEPUCTHUKHU HA/IC)KHOCTH. B KadecTBe OCHOB-
HOH BBICTYTIAET JAIbHOCTD OTKA3a WIIN XapaKTEPUCTHKA
Oe3omacHOCTH. B kauecTBe CTOXaCTHUECKHUX BEJIIMYHMH
paccMaTpUBAIOTCS TEOMETPHUECKHUE XapAKTEPUCTUKA
IUIOCKUX CEUCHMH 3JIEMCHTOB, IPOYHOCTHBIC XapaKTcC-
PUCTHKH MaTepuana (Ipeaes TeKy4ecTH MaTepuana),
BETpOBas Harpy3Ka, CHEroBasi Harpy3ka, reoMeTpude-
CKHE NapaMeTpbl KOHCTPYKIIMU B BUJI€ OTKJIOHEHHUS KO-
OpIUHAT y3710B. PacueT xapakTepucTuku 6€30macHOCTH
OCYIIECTBIISETCS HA OCHOBE METO/1a KOHEUHBIX JIEMEH-
ToB (MKD) B BepOsSTHOCTHOI ITOCTaHOBKE.

Hcnone3ys reHepaTop CIy4alHBIX YHCEI, B paM-
Kax 3apaHee ONpE/ICICHHBIX 3aKOHOB paclpeeseH s,
TEHEPUPYIOTCS ciaydalinble BenuuuHbl. Ha ocHOBE Me-
Toa MonTe-Kapiio npoBoguTCst BHIYUCICHUE XapaKTe-
PUCTHK 0€30MaCHOCTH TPYTITEI HanOoJiee OTBETCTBEH-
HBIX 3JIEMEHTOB.

PezynbraToM pacueToB B paMKax BTOPOTO pacyeT-
HOTO 6HOKa BBICTYIIAIOT ABE BEJIMYNHBI:

* B,;,, — MHHAMAJIbHOE 3HAYEHUE XAPAKTEPUCTH-
K1 0€30MacCHOCTH U3 TPYIIIBI HAaH00JIee OTBETCTBEHHBIX
JJIEMEHTOB CUCTEMBI;

* B, — XapaKTePUCTHKH OE30TACHOCTH TPYTIIIBI
Hanbosiee OTBETCTBEHHBIX AIIEMEHTOB CHCTEMBI, pabo-
TAIOIIUX MapaJIICIbHO.

OTH J1Be BEJIMYHMHBI U OYIyT ONpeNesiTh BEpXHUI
Y HIDKHUH TIPEJIeNbl HAZIEKHOCTH KOHCTPYKIINH.
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PE3YJIBTATHBI HCCIEJOBAHMUA

[IpemnoxkeHHass METOMKA aHAN3a CKIOHHOCTH
CHCTEMBI K JJABUHOOOpa3HOMY OOpYIICHHIO, a TaKXkKe
BBIYMCJICHUIO YUCJICHHBIX MMOKa3aTeJien HaACKHOCTHU
KOHCTPYKIIMH alpoOMpOBaIach Ha METAIIMYECKON aH-
KEpHO-YyIIoBo# onope ¥Y220-2+9 B pa3NIu4HbIX pexH-
Max paboTHI.

PaccmarpuBanuchy pacyeTHble CUTyaluuu IJs pe-
JKuMa paboTsl KoHCTpyKuuH I11k:

1) omopa xoHIIEBas;

2) 000pBaH MPOBOI, AAFOLIHI HAUOOBIIHIA KPYyTsi-
LI MOMEHT Ha OTIOPY;

3) Tpoc He 00OpBaH.

Marepuai KOHCTPYKLUHUNA — YIJIEPOAUCTHIE CTAIN
Juist cBapHbIX KoHcTpykiui BCt3 o T'OCT 380-71%,
coorBeTcTByOmKe C245. DieMeHThl CeKIUN coeau-
HSIOTCSI O0ITaMU HOPMAaJIbHON TOYHOCTH KJIACCOM 5.6.
[Tosica cMEXHBIX CEKIIMil COCAMHEHBI MEXIY COOOMU
(raniamu Ha GonTax Kiacca 5.6.

[Tosica mepBBIX TpeX CHU3Y CEKIUH OMOPHI BHIMOI-
HeHBI u3 yronka 200 x 16 MM, 3aTeM cedeHue mosica

L 80 %6
L50x%x5
L 63 x5
L90 x7
L70x6
L110x8
L9OX7:
L 63 x5
2} 12
L 90 x7
L 80 x6 L 80 x6
L 200 x16
L80x6
L 100 x 6,5 L125%x8

AE b

L

Puc. 1. CeueHnst OCHOBHBIX JIEMEHTOB OMOpPHI ¥Y220-2+9
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Puc. 2. Pacuernas cxema KoHIIeBOW omopsl Y220-2+9
JUIS BBITTOJTHEHUs! ToBepouHbIX pacyetoB B [IK JIMPA-CAIIP
(epBas pacueTHasi CUTyalus)

M3MEHSETCS Ha YTONMKU (BepXHss cekius) 160 x 10 MM
(puc. 1). ITogca TpococToitku — yromok 80 X 6 MM.
CeueHust pacKOCOB B TIpejeliaX OJHOM CEKIUU OJH-
HAKOBBIE: PACKOCHI TOACTABKHM BBIITOJHEHBI M3 YTOJ-
ka 125 X 8 MM, pacKkoChl IEPBBIX JIBYX CHU3Y CEKLIMI
M3TOTOBJICHBI U3 yroika 80 X 6 MM, packOChl BEpXHUX
ceKIif — yrosok 90 X 7 MM, pacKOChI TPOCOCTONKH —
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¥Y220-2+9
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Puc. 3. Pacuer onopsr ¥220-2+9 (pacueTHas cutTyanus 2): a — ucxopHas pacuetHas cxema B MATLAB; b — 4-if mar 3a-

TPY>XCHUS, SIIEMEHTHI, BBILIEANINE U3 paboTsl (3 mIT.); ¢ — S5-I mIar 3arpy»KeHusl, 3JIeMEHTHI, BeIIeanre u3 padotsl (111 mr.);

1 Harpy3Kon

d — rpaduk BBIXOJa IEMEHTOB MPH 3arpy>KEHUH KOHCTPYKIINU BPEMEHHO
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350

3001

2501

2001

150r

100-

KonunuecTBo 311eMeHTOB

50r
20

1 2
Iar HarpyxeHus

Puc. 4. Pacuer onopsr ¥220-2+9 (pacueTHas cutyanust 3): @ — 4-i mar 3arpy:KeHusl, SIeMEHTHI, BhIIIeAre 13 padoTsl (20 mT.);

b — rpaduK BEIXOA 2IEMEHTOB MPH 3aTPyKEHHN KOHCTPYKINH BPEMEHHOH Harpy3KoH

50 x 5 mm. [Tosica HIKHUX U BEPXHUX TPAaBEPC — YTOIOK
90 x 7 mm, cpenHelt TpaBepchl — yroiok 110 X 8 mm.
TAru HIKHUX U BEPXHUX TPABEPC — YTOJIOK 63 X 5 MM,
cpemneit TpaBepchl — 70 X 6 M. [Iradparmpl: HIOKHIX
ceknuit — yromok 100 x 6,5 MM, B MecTax IpHUMBIKa-
HUS TpaBepc — yromok 110 X § mm.

B kauectBe ciyyaliHBIX BEJIMUMH paccMaTpuBa-
eTCst COOCTBEHHBIN BEC KOHCTPYKIMH, TOJIOJIEAHAs Ha-
rpy3ka [16], neexTsl reoMeTpun KOHCTpyKIuu [17]
U TIPOYHOCTHBIC CBOMCTBa Marepuaina (pezes TeKyJe-

CTH WJIH yCIIOBHBIH MPe/iesl TEKyUEeCTH).

PacuetHas cxema omnopsl (paboraromieil kak KOH-
uesas), coznannas B [1IK JINPA-CATIP st npoBeneHust
MIOBEPOYHBIX PAacueTOB, NpUBeieHa Ha puc. 2. ['padu-
YecKHe JIaHHBIE TI0 IEPBOW M BTOPOH PAacUETHBIM CHUTY-
AIUSIM CXOXKH MEXKITy COOOM W JIJIsT BTOPOH pacueTHOU
CHUTyaIliH NoKa3aHsl Ha puc. 3. Mudopmarus mo tpe-
Thel pacueTHOM CUTyalluu MpeicTaBlIeHa Ha puc. 4.

Pe3ynbraThl 4HCIEHHOTO HKCIIEPUMEHTA IIpUBeie-
HBI B Ta0I. 1.

AHanu3upys MONXy4YCHHBIE TaHHbIE, MOXHO CKa-
3aTh, YTO NMPH MAKCUMAaJIbHBIX HATrpy3Kax Ha OMOPY

TabJ1. 1. Pe3ynbrarhl Y4MCISHHOTO ONpPEAeSICHUS] HAISKHOCTH Onopbl ¥Y220-2+9

80

Howme Komsectso Konuuectso
P Hanbomee T'OCT P UCO 2394-2016
pacdeTHOH 11aroB B B
e —— OTBETCTBECHHBIX sarpysxeHus B
JIIEMEHTOB

1 3 4 9,32 13,95

2 3 4 6,00 15,17 4,7

3 20 2 3,21 9,08
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Taou. 2. ITonbop ceuenus anemeHToB onopsl ¥Y220-2+9 ¢ yuetom pexomengauuii [OCT P UCO 2394-2016

Konmnuectso
Homep
. Haubomee KonmyectBo mraros
pacueTHOMH B B Macca KOHCTPYKIUH, T
OTBETCTBEHHBIX 3arpy’eHus min max
CUTYyallul
JNIEMEHTOB
3.1 20 2 3,21 9,08 16,294
32 8 3 4,75 11,05 17,02

(Tperbs pacueTHasi CUTYyallHsi) XapakTepucThka 0e3-
OIMaCHOCTU HE COOTBCTCTBYCT MUHUMAJIBHO PEKOMCH-
JlyeMOMY HOPMAaTHUBHOMY 3HAYEHUIO.

IIpu aTOM mJI TpeTbell pacueTHOM CUTyaluU Ha-
OmroaeTcst siBHas CKIIOHHOCTb KOHCTPYKIIMM K TIPO-
rpecCUpyIOIEeMy OOpameHuIo, TaK, BBIXOA 3JIEMCEH-
TOB HaYMHAETCS YK€ HAa BTOPOM IIare AOTPYKEHHUS,
a Ha TpeTheM HaOIroIaeTCs JTaBHHOOOpa3HOE pa3pyIe-
HHUE KOHCTPYKINH (puc. 4, b).

Jns obGecrieuenust TpeOyeMoro MUHUMAILHOTO
HOPMAaTHBHOTO YPOBHSI XapaKTEPUCTUKH Oe30IacHO-
CTH B . YBETHYHMM CEYEHHE DIIEMEHTOB, IPHUBENEHHBIX
Ha puc. 4, a (20 cTepxHeit), Ha OJHY HO3UIHIO COpTa-
MEHTa 1 TIPOBEJIEM ITOBTOPHBIN pacdyeT KOHCTPYKIIUH.

Pesynbrarsl pacuera npusenenst B tadu. 2 (3.1 —
WCXOJIHBIE MTapaMeTphl, 3.2 — rmapamMeTpbl OMOPHI C yBe-
JIMYCHHBIMU CCUCHUIMMU SHGMGHTOB).

AHanu3upys MoNydeHHbIE Pe3yabTaThl, CIEAYyeT
OTMETHUTh, YTO XapaKTEPUCTHUKA HAJC)KHOCTH TMOCIEe
yBenuuyeHus cedeHuii 20 HamboIee OTBETCTBEHHBIX
AIIEMEHTOB CHCTEMBI COCTaBMIA 4,75, 9TO MPeBHIIIACT
pEeKOMEHIyeMoe MIHUMabHOe 3HaueHue Ha 0,05.

YMEHpIINIACh CKIOHHOCTh paccMaTpUBAEMON
OTIOPHI K JIABUHOOOPAa3HOMY OOpPYIICHHIO, TaK KaK KO-
JIMYECTBO IIAr0B JIOTPYKEHUH /10 HadajIa BBIXO/A diie-
MEHTOB YBEJIMYMIIOCH Ha EIMHHILY.

Takum 00pa3om, 000CHOBAHHO ONPEJNENNB IPYII-
Iy HanOoJiee OTBETCTBEHHBIX AJIEMEHTOB KOHCTPYKIHH
1 YBCJIMYMB UX MNONEPCUYHBIC CCUCHUS, obecrneynBaeT-
CAa pCKOMCHI[OBaHHBIﬁ YPOBEHb HAAC)KHOCTHU CUCTEMBIL.
IIpu 3TOM Macca Onopsl yBEJIUUMUIACh HE KPUTUYHO
¢ 16,294 1o 17,02 T, uro coctaBuiio 4,46 %.

JAKJIIOYEHUE U OBCYXJIEHHUE

Pa3pabGorana MeToaMKa aHalln3a CKIOHHOCTH
CTAJIBHBIX CTEPKHEBBIX KOHCTPYKLIHH ONOp JUHUH
ANIEKTpONEepeIadn K JJaBUHOOOPa3HOMY OOpYIICHHIO,
MIO3BOJISIOLIAs OIIPENEIISATh HauboIee OIacHbIe IEMEH-
TBI CHCTEMBI ISl KOHKPETHO 3aJIAHHOTO BHJA 3arpyiKe-
Hus. COBOKYNMHOCTh TaKMX CTEpXKHEH HazHadaeTcs

Ha OCHOBAaHUHM 00OCHOBAaHHOTO YHCIEHHOTO pacyeTa.
Pacuer BrimomHseTcst Ha 6a3e MKD B reoMmerpruuecku
1 KOHCTPYKTUBHO-HEJIMHEHHON TOCTAHOBKE.

[Ipennoxena MeToIMKa BEIYUCICHNS XapaKTepH-
CTUK Ha/IeKHOCTH CTAJBHBIX CTEPKHEBBIX OIOP JIH-
HUH 3JeKTponepenadn. B kauecTBe KIO4eBOM Xapak-
TEPUCTUKHU HAJECKHOCTH MPEAJIAraeTcsl NCIOIb30BaTh
JAILHOCTh OTKa3a (XapakTepucTUKy Oe3omacHocTH) f3.
IIpu 3TOM HCKOMOE 3HAaUeHUE TAaHHON XapaKTepUCTHU-
KM OyIeT HaXOAWThCS MEXIy HW)KHEH TpaHMIeH Ha-
NeXHOCTH B . (XapaKkTepUCTHKa OJHOTrO Hamboiee
OTBETCTBEHHOTO DJIEMEHTa CUCTEMbI) M BEpXHEH Tpa-
HuuEH B (XapakTepucTHKa M TPYNNBI Hanbomee
OTBETCTBEHHBIX AJIEMEHTOB CUCTEMBI), OTPEJIEIICHHbBIX
IIPY aHaJIN3€ KOHCTPYKIMU Ha CKIOHHOCTb K JIABHHO-
00pa3HOMY OOpYIICHHUIO.

[IpensnoxeHHbIE METOAMKY arpoOUpPOBaHbI HA Me-
TaJUTMYECKO aHKepHO-YIIIOBO# omope ¥Y220-2+9 B pas-
JMYHBIX peKUMax paboThl. B pexximMe ¢ HanOoIbIuMu
Harpy3kamy 3HauYeHHe XapaKTepHUCTUKU O0€30MacHOCTH
(B,;, = 3,21) mpunsno Menbine pekomenayemoro 'OCT
(Byopw = 47). Tlocie yBemuyeHus cedeHuii rpynisl
HanboJiee OTBETCTBEHHBIX 3JIEMEHTOB (20 CTepKHEH )
U TIOBTOPHOM OIIPECIICHUH XapaKTEPUCTHKH Ha/lexk-
HOCTH OHa ITPEBbICHIIAa MUHUMAIILHO PEKOMEH/1yeMbIi
ypOBeHb U cocTaBuia B . = 4,75. Macca KOHCTPYKIMH
yBenuuuiach Bcero Ha 4,46 % ¢ 16,294 no 17,02 T.

Pa3paboTaHHBIC METOIUKH MO3BOJISIOT OIIPEACTIATh
«TOHKHE MECTa» CTEPXKHEBBIX ONOP JUHUN DIEKTPO-
nepeiaud ¥ yBEeIUYMBATh CEUCHUS HJIEMEHTOB C IEJIBI0
oOecrneueHHs] peKOMEH/yeMOTO YPOBHS HAJCKHOCTU
JUTst 0O0CHOBAHHOTO KOJIMYECTBA KOHKPETHBIX CTEP)KHEH.
OTO AaeT BO3MOXXHOCTh 3HAYUTEIIBHO COKPATUTh METa-
JIOEMKOCTB OTIOPBI TIPH 00ECTICUCHNH PEKOMEH TyeMOTO
YPOBHSI HaJSKHOCTH CUCTEMbI Ha dTare MPOEKTHUPO-
BaHUSL.
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INTRODUCTION

Ensuring the reliability of building structures is
a priority task for designers [1, 2]. If the calculation and
design of standard structures for mass construction are
carried out in accordance with current regulatory docu-
ments, such as CP, GOST, etc., then the issue of ensur-
ing a guaranteed minimum required level of reliability
is implemented using various types of reliability coef-
ficients [3, 4].

In the case of non-standard structures or structures
with an increased level of responsibility, the destruc-
tion of which can lead to significant economic conse-
quences or human casualties, it becomes expedient to
use probabilistic-statistical methods to justify the real
physical and mechanical characteristics of materials [5].
In this case, the required level of system reliability is
determined by bringing the numerical reliability char-
acteristics to the minimum values required by the stan-
dards, which are presented in GOST R ISO 2394-2016
“Building structures. Basic principles of reliability”.

The safety factor 3 and the probability of failure P,
are used as numerical reliability characteristics [6]. De-
termining these is a difficult task for an engineer. GOST R
ISO 2394-2016 provides a number of methods for cal-
culating the probability of failure:

* precise analytical methods;

» numerical integration methods;

* approximate analytical methods (FORM/SORM
moment methods);

» modelling methods or a combination of these
methods.

For complex systems that are statically indetermi-
nate in many ways, the use of precise analytical meth-
ods and numerical integration methods is practically

impossible. This is because it is impossible to establish
a target reliability function. Modelling methods require
considerable time and resources, turning the engineer-
ing task into a scientific research project. In essence,
FORM methods (methods for determining the reli-
ability of first-order building structures) remain, since
SORM methods (methods for determining the reliabil-
ity of second-order building structures using random
processes in the description of stochastic quantities) are
extremely difficult to implement [7]. At the same time,
current regulatory documents do not provide a clear al-
gorithm for determining the reliability characteristics
of a structure, limiting themselves to general recom-
mendations and descriptions of the proposed methods.

In conclusion, it can be noted that modern engi-
neers need a clear and unambiguous methodology for
determining reliability characteristics, allowing them to
reasonably ensure the specified level of reliability of all
elements of a building structure. This issue is particu-
larly acute when working with structures of increased
responsibility class KS-3.

The aim of the study is to develop a methodology
for analyzing the susceptibility of overhead line (OL)
support structures to avalanche-like collapse.

To achieve this goal, the following tasks were solved:

» amethod for calculating the reliability character-
istics of steel rod power line supports based on the use
of failure distance was developed;

« an analysis of the stress-strain state (SSS) of lat-
tice tower supports was performed in order to ensure
the recommended level of reliability for a reasonable
number of specific rods, which made it possible to re-
duce the metal capacity of the supports while ensuring
the recommended level of reliability at the design stage;
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* the developed methodology was tested on
a U220-2+9 metal anchor-angle support in various op-
erating modes.

The subject of the study is the numerical reliabil-
ity indicators of the structural elements of lattice tower
supports for overhead power lines.

The objects of the study are the structures of steel
double-circuit lattice tower anchor-corner supports for
220 kW power lines.

MATERIALS AND METHODS

High-voltage power lines are complex composite
systems that supply electricity to consumers of various
capacities. Depending on the level of consequences in
the event of destruction or failure of the power line, sup-
port structures can be classified as KS-3 or KS-2, in ac-
cordance with the gradation used in GOST 27751-2014.

An analysis of publications devoted to ensuring
the strength and reliability of the technical condition
of steel power line support structures shows that signifi-
cant contributions to the study of this issue have been
made by: E.V. Gorokhov, E.V. Shevchenko, V.N. Vasi-
lev, V.I. Zolotarev, N.A. Senkin [8, 9], I.P. Smirnov,
A.V. Kozlov, N.A. Semenov, as well as J. Smith,
A. Johnson, K. Miiller, M. Garcia, H. Tanaka, L. Wei,
E. Johnson, J. Martinez, and others. The works of these
authors pay serious attention to the issues of monitoring
the technical condition and studying the stress-strain
state of structures. Design approaches for strengthening
elements and node connections have been developed.

Some of the above authors consider issues of cas-
cading collapse of power lines on a line-wide scale, but
do not touch upon the area of avalanche-like collapse
of a specific support [10, 11]. At the same time, ensur-
ing that the support structure is not prone to avalanche-
like collapse is specified in regulatory documents. This
criterion is especially important for anchor, corner, and
end supports. Not many authors deal with the issue
of ensuring resistance to progressive collapse. A number
of foreign researchers [12, 13] and Russian researchers
[14, 15] should be noted. However, in all these works,
the analysis is carried out using software packages such
as LIRA or its analogues. Consequently, all the above-
described controversial issues are not addressed.

Reliability is considered to be the condition of
a structure without defects or damage. If any are found,
they must be eliminated (by reinforcing structural ele-
ments or assemblies). After that, the support is consid-
ered to meet reliability requirements. Numerical reliabil-
ity characteristics are not established and the reliability
level of the structure is not analyzed. In turn, regulatory
documents define reliability as the ability of a structure to
perform its functions during its design (intended) service
life. Accordingly, the question arises about the effective-
ness and validity of the structural solution used for rein-
forcement.

The reliability of a power line structure is directly
related to its ability to withstand progressive collapse
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of the system. CP 385.1325800.2018 provides recom-
mendations on selecting the excluded element of frame
structures for forming a secondary design scheme.
The secondary design scheme is used to analyze
the structure’s susceptibility to progressive collapse.
It is worth emphasizing the lack of a clear, understand-
able, regulated algorithm for selecting the excluded
support element when analyzing the structure’s suscep-
tibility to progressive collapse. This creates uncertainty
in the approach to calculation. In some cases, the use
of a dynamic coefficient equal to two when excluding
an element from the primary calculation scheme also
raises concerns. In structures made of low-carbon steel,
instantaneous (brittle) failure of an element is unlikely.
Consequently, a clear and understandable algorithm is
required for engineers to select the most critical ele-
ments of overhead line structures, the failure of which
will inevitably lead to progressive collapse.

Design standards based on reliability theory aim
to achieve a certain probability that the structure under
development will be suitable for use during a specific
period, taking into account its design life:

P T) =[P, (D

where [P, is the prescribed failure probability value.

From the analysis of inequalities, it becomes clear
that the main tasks of design standards are to justify
both parts of the inequality — the right and the left.

To prove the right side of the inequality, i.e. to de-
termine the required level of reliability, it is necessary
to perform a probabilistic optimal design task, taking
into account not only economic factors but also social
criteria.

In simplified form [Pﬁzil] for the case of establish-
ing the probability of failure of a structure caused by
any reason during its design life [P,.]1"s it is proposed
to define it as:

[ P : @)
where (_is the social significance coefficient; T is
the design life of the structure; L is the average number
of people inside the structure or in its immediate vicin-
ity during the period for which the risk is assessed.

Considering that due to the presence of random errors,
defects, and imperfections that may occur during the de-
sign, installation, and operation of a structure, it is proposed
to relate the theoretical and actual probability of failure in
a very simplified form by the ratio [P, ]=0,1[P ]".

Then the required value of the theoretical prob-
ability of failure will take the form:

[Pu]-20 ©)

Simplified approaches are used to calculate
the values of P (T):

o [st level methods, for which an acceptable reli-
ability value is ensured by a certain number of partial
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reliability coefficients introduced to the characteristic
(standard) values of the initial quantities;

* 2nd level methods, for which reliability is
checked only at the point on the boundary of the failure
region, and inequality is checked by comparing the reli-
ability index.

Based on Level 1 methods, the paper proposes
an algorithm for calculating numerical reliability indica-
tors in the form of a safety characteristic . The algorithm
is implemented in the MATLAB programming language
and consists of two main calculation blocks. The first
block identifies the group of most critical elements,
the failure of which is critical for the entire system and
will inevitably lead to an avalanche-like collapse. For
this purpose, a geometrically and structurally nonlinear
calculation is performed, where, within the framework
of one type of load, the system is gradually loaded with
an additional load and the elements that have failed are
recorded. The rods that no longer satisfy the strength
conditions are recorded as the additional load increases
and are transferred to the second calculation block.

The group of elements that failed in the first stage
(sometimes the second stage is also taken into account,
depending on the desired accuracy of the system analy-
sis and the number of elements) is considered the most
critical and is transferred to the second calculation
block.

In the second calculation block, numerical reliabil-
ity characteristics are calculated for the group of the most
critical elements. The main characteristic is the failure
range or safety characteristic. The geometric characteris-
tics of the flat cross-sections of the elements, the strength
characteristics of the material (yield strength of the ma-
terial), wind load, snow load, and geometric parameters
of the structure in the form of node coordinate deviations
are considered as stochastic variables. The safety char-
acteristic is calculated using the finite element method
(FEM) in a probabilistic setting.

Using a random number generator, random vari-
ables are generated within the framework of predefined
distribution laws. Based on the Monte Carlo method,
the safety characteristics of the group of most critical
elements are calculated.

The results of the calculations within the second
calculation block are two values:

* B, — the minimum value of the safety char-
acteristic from the group of the most critical elements
of the system;

* B,.. — safety characteristics of the group
of the most critical elements of the system operating in
parallel.

These two values will determine the upper and
lower limits of the reliability of the structure.

RESULTS OF THE RESEARCH

The proposed method for analyzing the system’s
susceptibility to avalanche-like collapse, as well as for
calculating numerical indicators of structural reliability,

was tested on a U220-2+9 metal anchor-angle support
in various operating modes.

Calculation situations for operating mode II1k
were considered:

1) end support;

2) broken wire providing the greatest torque to
the support;

3) cable not broken.

The material of the structures is carbon steel for
welded structures VSt3 according to GOST 380-71%,
corresponding to C245. The elements of the sections
are connected with bolts of normal accuracy class 5.6.
The belts of adjacent sections are connected to each
other with flanges on bolts of class 5.6.

The belts of the first three lower sections of the sup-
port are made of 200 X 16 mm angle iron, then the belt
cross-section changes to 160 X 10 mm angle iron (upper
section) (Fig. 1). The cable support belts are made of
80 x 6 mm angle iron. The cross-sections of the braces
within one section are identical: the braces of the base

L 80 X6
L50x%x5
L 63 x5
L90 x7
L70%x6
L110x8
L9OX7:~_
L 63 x5
2] 12
L 90 x 7
L80x6 L 80 x6
L 200 x16
L 80 x6
L 100 x 6.5 L125%x8

1y b

Fig. 1. Cross-sections of the main elements of the U220-2+9
support
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Fig. 2. Design diagram of the end support U220-2+9 for
verification calculations in LIRA-CAD (first design situation)

are made of 125 x 8§ mm angle iron, the braces of the first
two lower sections are made of 80 x 6 mm angle iron,
the braces of the upper sections are made of 90 x 7 mm
angle iron, and the braces of the cable stand are
made of 50 x 5 mm angle iron. The belts of the low-
er and upper crossbars are made of 90 x 7 mm angle
iron, and the middle crossbar is made of 110x 8 mm
angle iron. The rods of the lower and upper crossbars
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are made of 63 x 5 mm angle iron, and the middle
crossbar is made of 70 X 6 mm angle iron. Diaphragms:
lower sections — 100 x 6.5 mm angle bar, at the points
of connection to the crossbars — 110 x § mm angle bar.

The following are considered as random variables:
the dead weight of the structure, ice load [16], defects
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Fig. 3. Calculation of the U220-2+9 support (calculation situation 2): ¢ — initial calculation diagram in MATLAB; b — 4th loading
step, elements that have failed (3 pcs.); ¢ — 5th loading step, elements that have failed (111 pcs.); d — graph of element failure

during loading of the structure with a temporary load

in the geometry of the structure [17], and the strength
properties of the material (yield strength or conditional
yield strength).

The design diagram of the support (functioning
as an end support), created in the LIRA-CAD software
package for verification calculations, is shown in Fig. 2.
The graphical data for the first and second design situa-
tions are similar and are shown in Fig. 3 for the second
design situation. Information on the third design situa-
tion is presented in Fig. 4.

The results of the numerical experiment are shown
in Table 1.

Analyzing the data obtained, it can be said that at
maximum loads on the support (third design situation),
the safety characteristic does not correspond to the min-
imum recommended standard value.

At the same time, for the third design situation,
there is a clear tendency for the structure to undergo
progressive failure, with the failure of elements begin-
ning already at the second stage of loading, and ava-
lanche-like failure of the structure observed at the third
stage (Fig. 4, b).

To ensure the required minimum standard safety
characteristic fmin, we will increase the cross-section
of the elements shown in Fig. 4, a (20 rods) by one size
and recalculate the structure.

The calculation results are shown in Table 2 (3.1 —
initial parameters, 3.2 — parameters of the support with
increased cross-sections of elements).

Analyzing the results obtained, it should be noted
that the reliability characteristic after increasing the cross-
sections of the 20 most critical elements of the system was
4.75, which exceeds the recommended minimum value
by 0.05.

The tendency of the support under consideration
to avalanche-like collapse decreased, as the number
of reloading steps before the elements began to fail in-
creased by one.

Thus, by reasonably determining the group of
the most critical structural elements and increasing
their cross-sections, the recommended level of sys-
tem reliability is ensured. At the same time, the weight
of the support increased non-critically from 16.294 to
17.02 tonnes, which amounted to 4.46 %.
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Fig. 4. Calculation of support U220-2+9 (calculation situation 3): @ — 4th loading step, elements that have failed (20 pcs.);

b — graph of element failure during loading of the structure with a temporary load

Table 1. Results of numerical determination of the reliability of support U220-2+9

Calculation

Number of most

Number of

GOST R ISO 2394-2016

scenario number | critical elements | loading steps Buin Brax B
1 3 4 9.32 13.95
2 3 4 6.00 15.17 4.7
3 20 2 3.21 9.08

Table 2. Selection of the cross-section of support elements U220-2+9 taking into account the recommendations
of GOST R ISO 2394-2016

Calculation Number of most Number of B B Structure weight. t
scenario number | critical elements loading steps min max &1
3.1 20 2 3.21 9.08 16.294
32 8 3 4.75 11.05 17.02
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CONCLUSION AND DISCUSSION

A method has been developed for analyzing
the susceptibility of steel rod structures of power line
supports to avalanche-like collapse, which allows
the most dangerous elements of the system to be iden-
tified for a specific type of load. The set of such rods
is determined on the basis of a well-founded numerical
calculation. The calculation is performed on the basis
of FEM in a geometrically and structurally nonlinear
setting.

A method for calculating the reliability character-
istics of steel rod power line supports is proposed. It
is proposed to use the failure range (safety character-
istic) B as the key reliability characteristic. In this case,
the desired value of this characteristic will be between
the lower reliability limit B_. (characteristic of one
of the most critical elements of the system) and the up-
per limit B (characteristic for a group of the most
critical elements of the system), determined during

the analysis of the structure for susceptibility to ava-
lanche-like collapse.

The proposed methods have been tested on a metal
anchor-corner support U220-2+9 in various operating
modes. In the mode with the highest loads, the safety
characteristic value (B_, = 3.21) was less than the GOST
recommendation (B, =4.7). After increasing the cross-
sections of the group of the most critical elements (20
rods) and re-determining the reliability characteristic, it
exceeded the minimum recommended level and amount-
edto B . =4.75. The weight of the structure increased by
only 4.46 % from 16.294 to 17.02 tonnes.

The developed methods allow identifying the “weak
spots” of transmission line pole supports and increasing
the cross-sections of elements in order to ensure the rec-
ommended level of reliability for a reasonable number
of specific poles. This makes it possible to significantly
reduce the metal capacity of the support while ensuring
the recommended level of system reliability at the design
stage.
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ObocHoBaHMe PYHKIMOHAIBHOIO COCTABA
MHOIO0()YHKIMOHAJIBHBIX 00LIeCTBEHHBIX KOMILJICKCOB
HAa OCHOBE Pa3BUTHS TPEOOBAHMH K UX NPOCKTHUPOBAHUIO

Ouabra Jleonugosna banneposa, Maprapura Uropesna UBanosa
Hayuonanvnoiii uccnedosamenvcxui Mockosckuii 20Cyo0apcmeeH bl CmpoumeibHblil
yrusepcumem (HUY MI'CY); e. Mockea, Poccust

AHHOTALUMUA

BeepeHune. O60CHOBLIBAETCS BaXKHOCTb KOMMIIEKCHOTO MOAXOAA K MPOEKTUPOBAHUIO U OpraHn3aumMmn MHOroyHKLMOHa b=
HbIX ObLlecTBeHHbIX komnnekcoB (MOK), akueHTVpyeTcs BHMMaHWe Ha B3avMOCBA3N (DYHKLMOHAmNbHbLIX KOMMOHEHTOB
1 UX ponu B h0pMMPOBaHMK NONMMYHKLUMOHAMNbHbBIX 06LLECTBEHHbIX CTPYKTYP. B ycnoBusx pocTa )u3HeHHbIX noTpebHocTen
obLecTBa pornb 0OLLIECTBEHHbIX 34aHUIN MpeTepnena 3HaduTenbHble U3MEHEHUs, HauMHas C APEBHEPUMCKUX U cpeadHe-
BEKOBbIX MPOTOTMMNOB A0 coBpeMeHHbix MOK. MonyyeHHble pesynbratbl MOryT BbiTb MCMONb30BaHbI AMst AarbHENLWMX Uc-
crnepoBaHuUiA B 06nacTv apxmMTekTypbl U rpagoCcTpoMTENbCTBA, @ Takke Npu pa3paboTke HOBbIX HOPMATUBHBIX JOKYMEHTOB.
MaTepuanbi n MeToabl. [IpuMeHsieMbIi METOA CUCTEMHOIO aHanun3a, KOTOpbI BKIIOYAET N3y4eHne 3BOMIOLIMOHHBIX NPeot-
pa3oBaHWIn HOPMATUBHBIX JOKYMEHTOB, aHanu3 BIVSHUSA UCTOPUYECKUX 3TAMOB, XapaKTepPU3YHOLNX BO3HUKHOBEHVE HOBbIX
PYHKLMIA OBLLECTBEHHBIX 34aHUIA, NO3BONUI BbIBUTbL NPEANOCHINKA (hOPMUPOBaHNSA MHOrOMYHKLIMOHANbHbIX 0OLEeCTBEH-
HbIX CTPYKTYP, onpeaenuTb yHKLMOHaMNbHO-MNaHNPOBOYHbIE KOMMOHEHTbI M CPOPMYNMPOBaTh UX 3HAYUMOCTb B CTPYKTYpe
MOK.

Pe3ynbraThl. MNpoBegeH aHanma apontoumy dyHKumoHansHoro coctaBa MOK Ha oCcHOBE MCTOPUYECKOro pas3BUTUS HOP-
MaTUBHbIX JOKYMEHTOB B CTpouTenbHow cdepe Poccunckon Pegepaunn. ViccnegoBaHme oxsaTbiBaeT 3BOMOLMIO HOpMa-
TUBHbIX TpeboBaHui HaunHasa ¢ XVIII B. 1 4O HacTosALWEro BpeMeHu, oTpaxas KoyeBble 3Tanbl CTAHOBNEHUS (PyHKLMN
06LLECTBEHHbIX 34aHNIA. YCTaHOBMEHO, YTO (hOpMUpPOBaHNE HOPMaTMBHOM 6a3bl Ha4anocb ¢ BBEAEHWUS MEPBbIX CTPOUTENMb-
HbIX pernameHToB, Takux Kak «[JOImKHOCTb apXUTEKTYPHOWN 3KCMEAULIMMY», N MEPELLSIO K Co3aaHuio AnddepeHLMpOoBaHHbIX
cuctem, Takux kak CHul n coBpemeHHble cBoabl npasun. Ocoboe BHUMaHUe yaeneHo BblAeneHno MHOFOMYHKLMOHAMNbHbIX
0ObEeKTOB Kak OTAENMbHOM TUMOMOrMYECKON rPynnbl N U3yHeHWIO NX PONK B YAOBETBOPEHWN LLMPOKOrO crekTpa notpebHo-
CTell HaceneHus. ABTOpPbI KnaccuuumpyoT yHKLMOHANBHO-MNaHMPOBOYHbIe koMMnoHeHTbl MOK Ha komnnekcoobpaasy-
e (rnaBeHCTBYOLMNE, CUMBMOTUYECKE U NPEAMETHbIE) U AONONHUTENbHbIE. B Uncne knoyeBbix hyHKLUUIA BblAENEHbI
TOprosasi, aAMVHUCTPATMBHO-AEN0Bas, Xunas, pekpeaunoHHas u MeMopuasbHas.

BbiBoabl. BbisiBneHbl npeanochinkv hOpMMPOBaHNSA MHOTOMYHKLMOHAMBHBIX OOLLECTBEHHbIX CTPYKTYp, OMpedeneHbl
PYHKLMOHAMBHO-MTaHMPOBOYHbIE KOMMOHEHTBI 1 CPOPMYNMpPOBaHa MX 3Ha4MMOCTb B cTpykType MOK.
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Hoe 3faHue, KomnnekcoobpasyroLme PyHKLMOHANbHO-MMTaHUPOBOYHbIE KOMMOHEHTI, IMaBEHCTBYOLME PYHKLMOHAMNBHO-
NNaHWPOBOYHbIE KOMMOHEHTbI
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ABSTRACT

Introduction. The paper substantiates the importance of an integrated approach to the design and organization of MPC,
focusing on the interrelation of functional components and their role in the formation of multifunctional public structures. With
the growing vital needs of society, the role of public buildings has undergone significant changes from ancient Roman and me-
dieval prototypes to modern MPC. The results obtained can be used for further research in the field of architecture and
urban planning, as well as in the development of new normative documents.

Materials and methods. The applied method of system analysis, which includes the study of evolutionary transforma-
tions of normative documents, analysis of the influence of historical stages characterizing the emergence of new functions
of public buildings, allowed to identify the prerequisites for the formation of multifunctional public structures, to determine
the functional-planning components and to formulate their significance in the structure of multifunctional public complexes.
Results. The presented work provides an in-depth analysis of the evolution of the functional composition of multifunctional
public complexes (MPC) based on the historical development of normative documents in the construction sphere of the Rus-
sian Federation. The study covers the evolution of regulatory requirements from the 18th century to the present day, reflect-
ing the key stages of the formation of the functions of public buildings. It is established that the formation of the regulatory
framework began with the introduction of the first building regulations, such as the “Duty of Architectural Expedition”, and
moved on to the creation of differentiated systems, such as Construction Standards and Regulations and modern codes
of rules. Special attention is paid to distinguishing multifunctional objects as a separate typological group and studying their
role in meeting a wide range of population needs. The authors classify the functional-planning components of the MPC into
complex-forming (dominant, symbiotic and subject) and additional ones. Among the key functions are commercial, adminis-
trative and business, residential, recreational and memorial.

Conclusions. The prerequisites for the formation of multifunctional public structures are revealed, functional-planning com-
ponents are defined and their significance in the structure of a multifunctional public complex is formulated.

KEYWORDS: multifunctional public complexes, functional-planning components, functional purpose of public buildings,
evolutionary transformations, multifunctional building, complex-forming functional-planning components, predominant func-
tional-planning components
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BBEJEHHUE

B yci10BHSIX IOCTOSTHHO BO3PacTAIOUINX JKU3HEH-
HBIX IOTpeOHOCTEH JIto/Ieil B COBPEMEHHOM 00IIeCTBe
pa3BuBaeTcs cdepa yCiIyr, KOTopasi peajnsyercs de-
pe3 ceTh YUpEeKJCeHUH TOPTOBIIN, KyJIbTYpHO-TIPOCBE-
TUTEJICKOTO Ha3HAYCHUsI, OOIIECTBEHHOTO MUTAaHMUS,
OBITOBOTO OOCITYKUBaHHA, 00Pa30BAHNS U BOCITUTAHUS
JIeTel, MEUIIMHCKOTO 00CTy )KHBaHUsI, TPAHCTIOPTA.

Turer 00IIECTBCHHBIX 3IaHUH U COOPYKECHUH pa3-
BHBAJIMCh B MCTOPUYECKOM KOHTEKcTe. M3meHsmch
UX BHJOBBIC XapaKTEPUCTHUKH, (PyHKIIMOHAILHOE Ha3HA-
YEeHHUE, BO3PACTANIO UX KOIM4YecTBO. OHU BUJIBI HMEIOT
JIpE€BHME MPOTOTUITBI, KOTOPbIE 3aPOIUIIUCH €Ile BO Bpe-
MeHa [Ipesnero Puma u [Ipesneil I'penun; npyrue Bos-
HUKJIM B OoJiee MO3JHNE BPEMEHa, 0003HAUCHHBIE 3I10-
xo# CpenHeBeKOBbs, BO3pOKIeHNS; TPEThH MOSBUIUCH
B Hallle BpeMsi. DBOJIIOIMOHHbIE TpeoOpa3oBaHusi o01ie-
CTBEHHBIX 3[JaHUI MPUBOJIAT K BOSHUKHOBEHHUIO B JaJIb-
HEWIIIeM HOBBIX BUJIOB M THIIOB OOIIECTBEHHBIX 3JaHHH.

92

MATEPUAJIBI U METO/bI

B crarbe ucnonb3yrTcs HCTOPUKO-IIPABOBOM,
CpaBHI/ITeJ'IbHO-aHaHI/ITI/I‘{eCKI/Iﬁ M CUCTEMHBIN IOAXOAbI
K M3y4eHUIO nporecca GopMUPOBAHUSI HOPMATHBHBIX
JIOKyMEHTOB B 00JIaCTH CTPOUTEIILCTBA U APXUTEKTYPBHI.
WccnenoBanrne 0CHOBaHO Ha aHANIA3E MCTOPHYECKUX
HMCTOYHUKOB, HOPMATHBHO-TEXHIMYECKONH JOKYMEHTA-
UM, HAYYHBIX MyOIUKAIMIX U APYTHX HOPMaTHBHBIX
JIOKYMEHTOB Pa3JIMYHBIX UCTOPUUYECKUX NEPUOJIOB,
a TaKXKe€ CPABHUTEIBHOM aHaIM3€ CYLIECTBYIOIINX
MHOTO()YHKIIHOHAJEHBIX O0IIECTBEHHBIX KOMILICKCOB,
PAaCIIONIOKEHHBIX B KpYNHEHMX ropogax Poccuiickoi
denepanuu.

[IpumMeHsieMblil KOMITIEKC METOJOB MO3BOIMI BCE-
CTOPOHHE PacCMOTPETh MPoIecC (OPMHUPOBAHHS HOP-
MaTHUBHBIX TOKYMEHTOB B CTPOHUTEIHCTBE M aPXUTEKTY-
pe, BBIIBUTH OCHOBHBIE 3aKOHOMEPHOCTH MX PA3BUTHS
1 IPEIJIOKUTH PCKOMEH AU 110 COBEPUHICHCTBOBAHUTIO
MIPAaBOBOTO PETYJIMPOBAHMS B JJAHHOU cdepe.



Ob6ocHoBaHHWe PYHKLMOHaALHOro coctaBa MHOrOQYHKLUMOHaAbHbIX 0061LieCTBEHHbIX KOMIAEKCOB

C. 91112

Ha 0CHOBE pa3BUTUS TPeBOBaHMI K UX MPOEKTUPOBAHMIO

PE3YJIBbTATBI

CpaBHUTEIBHBIN aHANN3 MOKa3aj, YTO MHOTHE
00IIeCTBEHHBIE 3/TaHUS B NPOIECCE UCTOPUUECKOTO
Pa3BUTHUAM, COXPAHSISI IOJHOCTHIO MJIM YACTHYHO CBOE
(DyHKIMOHAIBHOC Ha3HAYCHHE, (OPMUPOBATUCH B HO-
BBIC THUIIBI, HENIPEPHIBHO NMPEoOpakaiuch KaueCTBEH-
HO U MHOTAA CTAHOBWJIMCH HETOXOXXHUMH WMJIHA Majo
MOXOKUMH Ha cBOW mpoToTunsl [1, 2]. Hampuwmep,
MOHACTBIPCKHE KOMILJICKCHI MM MeIpece MOMUMO OC-
HOBHOTO PEJIMTMO3HOTO Ha3HAYECHHUSI UTPAJIU POJIb 00-
pasoBarenbHbIX IeHTpoB. OOpa3oBanue Jetei Ha Pycu
U 3apOXKJeHHUE MIKOJBHOTO 00pa3oBaHUs HAYaJoOCh
B 859 I. mocie MpUHATHS XPUCTHAHCTBA, MIEPBhIE yueo-
HBIE 3aBe/IeHUs ObUTM NPU MOHACTHIpsiX B HoBropose,
Cysnane, Cmonencke, Kypcke. B nauane XV B. Ha cme-
HY MOHACTBIPSM MPHUIIUIN YacTHBIE KOl «MacTepa
IPaMOThI», KOTOPbIE CTAJIH HOBBIM 3TarloM B Pa3BUTHU
00pa3oBaTeNbHbIX yupexaeHuii [3—6]. [losBuUIHCh MIKo-
JIBI KaK HOBBIM THI 00IIECTBEHHOTO 31aHus. Eie onun
pUMep, KOTOPbIN KacaeTcsi TOproeiu. ToproBbie (yHK-
IIUU B CPETHEBEKOBOM TOpojie, Kak MPAaBUII0, OCYIIECT-
BJSUTHCH B JIABKAX Ha TIEPBOM ITaXKe )KUJIBIX IOMOB. DTH
APXUTEKTYPHO-IIJIAHUPOBOYHBIE CTPYKTYpPHI SBUIUCH
NepPBOHAYAJIBHBIM 00Pa3IOM COBPEMEHHBIX TOPTOBBIX
yupexxaeHuit (Mara3uHoB, yHUBepcamoB). KoHeuHo,
Ooupliasi pa3HUIA CYIIECTBYET MEXIY apXUTEKTypOi
COBPEMEHHOTO Mara3uHa M 3JJaHHeM CPeHEBEKOBOTO
TOProBIla C JJAaBKOH Ha MEpBOM ITake, )KUIbEM Ha BTO-
POM U CKJIaJJOM Ha TPEThEeM, HO U B TOM, U B JPYroM
TUTIEC 3aHUN BBIMOJHSUINCH U CeHdac peasu3yroTcs
TOProBbIe (PyHKIUH.

B T0 % Bpems MHOTHE TUIIBI OOIIECTBEHHBIX 3/1a-
HUU, TaKHE KaK COBPEMEHHBIN TeaTp, KApTUHHAs raje-
pest, LUPK, CTaMO0H, COXPAaHUIH OYeHb MHOTO O0IIEero
CO CBOMMM aHTHYHBIMU U CPEIHEBEKOBBIMH MPOTOTH-
namu. B TeaTpe Takue 3penuIlHbIe U JEMOHCTPAIMOH-
Hble 00bEMHO-TINIAHUPOBOYHBIE JIIEMEHTHI, KaK CLIeHa,
MPOCIIEHUYM, JOXKHU U PAJBI IS 3pUTEIBCKUX MECT;
B IIUPKE — apeHa COXPaHUIIHU CBOE MEepBOHAYAIBHOE
(hyHKIMOHAIbHOE Ha3HAYEHHE U OOIIMI BUJI CO BpEMEH
Jpesuero Puma (puc. 1).

[IpocnenuM BONIOLIMOHHBIE TPeoOpa3oBaHus 00-
IIECTBEHHBIX 3[[aH1I Ha IIPUMEPE aHaJIM3a UCTOPUH BO3-
HUKHOBEHUSI U COBEPLICHCTBOBAHHSI HOPMATUBHBIX J10-
KyMEHTOB B 00JIacTH CTpouTeNnbeTBa B Poccuu, a Takxke
W3Yy4YEeHUSI [IEPHOJIOB IOSIBICHUSI HOBBIX (PYHKIMI 0011ie-
CTBEHHBIX 37aHuil. PaccMoTpenn HOpMaTuBHbIE TOKY-
MEHTbI, HAYMHAs C TIEPBBIX CTPOUTEIILHBIX PEIJIAMEHTOB
u 3akaH4yuBas nocieaHumu penakuusmMu CII mo npo-
SeKTHPOBAHUIO OOIIECCTBEHHBIX 3MaHui. B pesynbrare
UCCIIeI0BaHMUs ObUTH CJICNIaHbI CIIEYIOIHE BHIBOJIBI, Xa-
paKkTepU3yIOIIUE Pa3BUTHE HOPMATUBHBIX TPEOOBAHMUIHA,
MPEAbSBISIEMbIX K TPOSKTHPOBAHUIO OOIIECTBEHHBIX
3nanuii (puc. 2, 3).

1. Mo 1737 r. B Poccuiickoii UMIIepun CTPOUTEIb-
CTBO HE pacCMaTpUBAJIOCh KaK OT/IENIbHAsI, YETKO CTPYK-
TypUpOBaHHAsl OTpacib. JIMIIb ¢ BBEJIGHUEM MEPBBIX
CTPOUTEJbHBIX HOPMAaTHBOB, TAKHX KakK «/l0JKHOCTB
APXUTEKTYPHOM IKCHEAMIMI», HAYaJ0Ch CO3/laHUe
CaMOCTOSITENILHOM C(epbl, OPUEHTUPOBAHHOW Ha YII0-
psZI0YeHHE MTPOCKTHPOBAHMS M BO3BEJICHUS 3/AHUIL.
D10 crocobcTBOBANIO (POPMUPOBAHUIO CTPOUTEIIHCTBA
Kak OTJeJIbHOM oTpaciu’>3,

2. Jlo nayana XX B. pelMruo3HbIe OObEKThI UTPATH
3HAYMUTEIIBHYIO POJIb B CTPOMTENILCTBE. B HOpMaTHBHBIX
JIOKYMEHTaX JUIsi HUX BBIJIEJISUINCH OTJENIbHbBIE IJ1aBbI,
YTO MOAYEepKUBaIO X BaxkHOCTh. OxHako B CCCP asta
(yHKIMs ObUIA MCKIIOUEHA M3 CTPOMTENBHBIX HOPM,

! Tlonaoe cobpanue 3akoHoB Poccuiickoit ummepuu. Ilep-
Boe coOpanue. T. I. 1649-1825 rr. B 45 Tomax / mox pen.
M.M. Cnepanckoro. Turm. II Otnenenus CobctBennoit Ero
Mwmmneparopckoro Benmuecrsa Kannenspun, 1830 1.

2 Apxurekrypubiii apxus 1 / mox pen. JI. Apkuna (0TB. penak-
top), H. Bpynosa, . Mana, /1. Cyxosa, A. Illycesa. M. : 13-
narenbeTBO Akanemun apxutekrypsl CCCP, 1946. 144 c.

3 VeraB CTpOMTEINBHBII, M3MEHEHHBIH 110 MPOIOJIKCHHUSIM
1876 u 1879 1T, ¢ pa3bsICHEHUSAMH TI0 PEIICHUSM YTOJIOBHOTO
KacCallMOHHOTO JernapraMenTa [IpaBurenscrByromero CeHa-
Ta U MPUIOKEHUEM UPKYIIPOB MHUHHICTEPCTBA BHY TPEHHIX
el ¥ Mo3aHeH X y3akoneHuid. Uzn. tpetse. C.-IletepOypr :
Tunorpadus npuas. kauronp. K.K. Perrepa, 1881.

b S
TR =

b

Puc. 1. Amdurearp B [Tamykkane, . Uepanonuc, Typuus, 200 r. 1o H. 3. (a); HanmoHanbHbBIH HEHTP UCTIOTHUTEIBCKUX

ucKyccTs, T. [lexun, Kuraii, 2007 r., apxutexrop [loms Aumape (b)

93

(LG) € HOALIIGY "G WO GFi5eresian v ene



T SHTUCTES: o 15 BRinycK 3 (57)

O.J1. baHuyeposea, M.U. UeaHoea

oosemarun wex empan, contaimen

JUTAGD CTPOTELRE = [

MR OCT 4487—4497]
110 IPOJOJIXEHIAMD 1876 u 1879 r.r.
T ENDWHBIE HOPMbI
PHINEEIAND JTOJOBHATO KACCALIOREATO JENAPTAMEETA i [RESEEORIRPOBA,
TPABRTEIBCTBYRMATO CEEATA I/ b . TPETHE M3AAHHE
< Perom——y O e Gopes VR LR LSS TR ™
" UMPKYAIAPOB MUHMCTEPCTBA BHYTPEHHHXb ABAT } %)
03 WA VARONBHIL H
) sueD t
H

U3TARTE TRET

Dpopsres y xssncionep sorsadin 1 enghsea
Coferseansn E10 HMITEPATOPORATO BEXIVECTBA saunsasyin
WL Tl AHUCHMOBA.

888883338588
§e5EaRLE04E

3

B3 C.Tleveptyprts: By Mockst:
Pagoxs o5 Munoparopeaoh IiyGams- | Ha Himorscsoft yauuh v X, Sawsor
0? Buiioreon, ‘wocuaceRaro xomacTHDA.

1881

a b

KOMATET COBET ccep o aEnam

CTPOUTEBHBIE HOPMB! Y MPABVTIA

FOCCTPOA CCCP

(o, 13N CTPOMUTENbHLIE
|S1¥iy#E HOPMbI U MPABUNA

OBLUECTBEHHbIE
H

AAS
W COOPYXXEHUS

CHurl 2.08.02-89*

LIS Pazpen N

LEECIA O6uectseHbie

3AAHUS U COOPYXEHUS
Hopmsi npoekTuposanus
O6was YacTs

Mockaa 2006

- o i

e /
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Cicrewa nopwaTuBx A0KENTOR 8 CrpOTensCTOS
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"POCGHACKOR GEREPALIN

cBox nraBn sz

OBUIECTBEHHBIE 3AHMS!
" COOPY)XEHMS

CHuI 31-06-2009 OBUECTBEHHBIE 3/IAHHSI H COOPYKEHUS

CHul 31062009
Axryanusuposannas penaxuus
‘CHun 2.08.02-89*

[—
VATAWYE OOMLHATIHOE

T [o—
Pl

g h

Puc. 2. TutynpHbIe CTPAHUIBI HOPMATUBHBIX TOKYMEHTOB: ¢ — YCTaB CTPOHUTEIbHBINA, M3MEHEHHBIH MO MPOIOIKCHUAM

1876 n 1879 rr.; b — 1933 OCT 4488 «Ennnbie HOPMBI CTPOUTEIBHOTO MPOCKTUPOBaHHL. OOIIECTBEHHBIE COOPYKEHUS;
¢ — CHull. Yacrts I «Hopwmsl crpoutenbHoro mpoektupoBanust 1954 r.y; d — CHull 11-J1.2—-62 «O011ecTBeHHbIE 3MaHUsI H CO-

opyxeHust. OCHOBHBIC MOJOKEHUS TpoeKTHpoBanus»; e — CHull 11-J1.2-72 «O0mecTBeHHbIE 30aHUS U cOOpYy)eHus. Hopmbl
npoektupoBanus; f— CHull 2.08.02-89* «O6iecTBenHbIe 31aHus U coopyxenus»; g — CHull 31-06-2009 «Crpoutennb-
HbIe HOpMBI U nipaBuia Poccuiickoit deneparun. OOmecTBeHHbIE 31aHU U coopykeHns; 1 — CIT 118.13330.2022 «O06m1e-

CTBEHHBIC 3JaHUS U COOPYIKEHUI

YTO OTPaXKaJo U3MEHEHHUS B TOCYIapPCTBEHHOM TOJIUTH-
ke. C Bo3BpatieHneM K 3tomy Borpocy B 1989 r. 8 CHull
2.08.02—-89* «OOmIeCTBEHHBIC 3MaHUS H COOPYKCHUS»
MOMEIIEHHS JJIsI PEITMTHO3HBIX 00PSAI0B ObLIN BKIIIOUE-
HBI B COCTaB OOBEKTOB KYJIBTYPHO-OCYTOBOH JIEATEIb-
HOCTH, HO 0€3 BBIJICJICHHS B CAMOCTOSITENBHBIN pasie*,

3. B «YpouHBIX ynoXeHUAX», U3AaHHBIX Hu-
kojaeM I, kiaccuukaius 3JaHuil 0CyIECTBIsIIACh
HE M0 UX (PyHKIMOHAIBLHOMY Ha3HAUEHHIO, a IO CIIO0-
co0y nx ¢unancupoBanus. OOBEKTH Pa3ACIAIUCH
Ha Ka3eHHbIE, PETUTHO3HbIC W OONIECTBEHHBIC 3aHUs
B 3aBUCHMOCTH OT UCTOYHUKOB MX COJICPIKAHUSL, YTO OT-
paxkallo 0COOCHHOCTH YNPABJICHHUS CTPOUTEIbHBIMU
MIPOECKTAaMH B TOT MEPUO.

4. o cepenmubl XX B. BCE aCIEKTHI, KACAIOIIN-
€Csl CTPOUTENBCTBA, — OT CTPOUTENBHBIX MAaTEPHAIOB
U TPOCKTUPOBAHUS 10 CMET W NPAaBHI MPUEMKH pa-
00T — PEeryJMpoBaJINCh B paMKaxX OJHOTO JOKyMEHTAa.
Beenenne B CCCP CHull B 1954 . monoxuiio Havaso
coznanuio donee muddepeHnpoBaHHON CHCTEMBI HOP-

4 CHulI 2.08.02—89*. OG1iecTBEHHbIE 30aHHUsI X COOPYIKECHHSL.
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MaTHUBHBIX aKTOB, Pa3/ICJICHHBIX 110 KIIFOUCBHIM HAIIPaB-
nerusam’ >4,

5. lo 1972 r. nepeveHp OOMICCTBEHHBIX 3MaHUI
B HOPMATHUBHBIX JOKYMEHTAaX MPEICTABISII COOOU CITH-
COK KOHKPCTHBIX 00BCKTOB, TAKUX KaK IIKOJBI, OOJIb-
HUIIBI WK Tearpbl. JIuip nmodxe ObuIa BBEJCHA Kilac-
cudukanus 3MaHUN Ha (QYHKIUOHAIBHBIC TPYIIIIHL,
YTO MO3BOJIMIIO YIOPSIOYUTH TOAXOA K TPOSKTHPOBA-
HUIO M CTPOUTEIBCTBY C YIETOM MX HasHadeHus> & 78,

6. Tlossnenune B CHulI 2.08.02—-85 «OO01ecTBeH-
HBIC 3/1aHUS U COOPYKEHHUD» 00HEKTOB MHOTO(YHKITHO-
HAJIBHOTO HA3HAYCHUS KaK CaAMOCTOSTEIbHON TPYIIIBI
CTaJI0 Ba)KHOI BeXOW B pa3BUTHH OOIIECTBEHHBIX 37a-

> CHull. Yacts I1. HOpMBI CTPOUTETBHOTO MPOSKTHPOBAHHS
1954 1.

¢ CHull [I-B.11-58. Hacrs II. Paznen B. T'nasa 11. O6muiectseH-
HBIE 371aHUA.

7 CHuII I1-JI1.2—-62. O0muiecTBEHHBIC 31aHUS U COOPYIKCHUSL.
OCHOBHBIE TOJIOKEHUST TPOSKTHPOBAHHS.

8 CHulI I1-J1.2-72. O6IuecTBeHHBIE 30aHUSI 1 COOPYKCHHSI.
Hopwmsl npoektupoBanust.
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CHulT 2.08.02—89.

Toprosass  JleueOnas OOpa3oBarenbHast

3pemumiHas Pa3BiiekarenpHast

ATMIUHUCTPATUBHO- BritoBoe OO0mecTBeHHOE MHpopmanmoHHO-
OO1mecTBeHHBIE 6
s JIeNI0Bast 00CITy’KUBaHHE MUTaHHE KOMMYHHUKaTHBHAs
VII, VIII
o - . .
MewmopuanbHas Tpancropraass  Pexpeanmonnas ~ CnoprtuBHas — JKwmmas

KynsrypHO-TIpocBeTHTETbCKAS

Puc. 3. 3TaHI>I, XapaKTePpU3yrouue BOSHUKHOBECHUE HOBBIX (1)yHKIII/II71 06H_ICCTBCHHI>IX 3I[aHHﬁ, OTPAKCHHBIC B HOPMATUBHBIX

JIOKyMCHTaXI’ 2,3,4,5,6,7,8,9,10,11,12, 13, 14

HU’. DTH 3MaHUs, COBMEIIAIOIIHE B ceOe pa3inyHbIe
(hYyHKIMHU, CETOIHS BBIJACICHBI B OTACIbHYIO (DYHKIIHO-
HaJIbHO-THIIOJOTUYECKYIO TPYIIY, YTO CBUAETEIIb-
CTBYET O pacTyuiei moTpeOHOCTH B YHHBEPCAIbHBIX
00BeKTax, yAOBIECTBOPSIONINX ITUPOKUIH CHEKTP TO-
TpebHocTeil Hacenenus [7—18].

Ha ocHOBaHMM paccCMOTPEHHS HMCTOPHYECKOTO
Pa3BUTHSI HOPMATUBHBIX JOKYMEHTOB B OOJIACTH CTPO-
UTeNbCTBA B POCCHU MOXXHO BBIJCITUTH HECKOJBKO
9TaNoB, XapaKTePU3YIOMNX BO3HUKHOBEHHE HOBBIX
(yHKIMIA O0IIECTBEHHBIX 3[JaHUH B MPOIECCE NCTOPH-
4EeCKOro pa3Butus (puc. 3):

I.  Coznanue nepBoil CTpyKTypH3anuu (yHK-
Ui 0OIIeCTBeHHBIX 3aHUI: TOProBas, JedcOHas, pe-
JUTHO3HASA, aIMUHUCTPATUBHO-/IEIOBAsL.

II. TlonmomHeHwue criucka 0Opa3oBaTeNbHOM, 3pe-
JIMIITHOW M pa3BieKaTeIbHON (QYHKINSMH.

III. TlomonHeHue crUCKa (YHKIMSIMH OOIIECT-
BEHHOTO MMUATAHUS U OOCITYKIUBAHUS.

IV. Briaenenne mHGOPMAITHOHHO-KOMMYHHUKA-
TUBHOM (DYHKI[MH B OTIEJIbHBIH THIT; ONOJIHEHUE CITU-
CKa CIIOPTUBHOW (YHKIIHEH.

V.  Knaccudukanus oOmecTBeHHBIX QyHKIIHN;
BKIIFOYCHUE HHPOPMAIHOHHO-KOMMYHUKATHBHOU
(hyHKIIMH B COCTaB OOIIECTBEHHBIX 3JJaHHIA; TIOMOTHE-
HUE CITUCKA JKWIOH (BPEMEHHOTO TPeObIBAHUS), KYJIb-

? CHull 2.08.02-85. O61iecTBEHHBIE 30aHASI H COOPY/KEHHSL.
19 CIT 160.1325800.2014. 3nasust # KOMIUTEKCHI MHOTO(YHK-
LMOHAJIHBIE.

' CHulI 31-06-2009. CrpoutenbHble HOpMBI 1 ipaBuiia Poc-
cuiickoit @eneparin. OOIIECTBEHHBIE 3aHUS U COOPYKEHHSI.
12 CHulI 1I-E.2—-62. Ilepenaromye 1 IpUeMHbIE PaIHOLCH-
Tpbl. HOpMBI TPOEKTHPOBAHMSI.

13 CIT 118.13330.2012. OG1iecTBEHHbIE 3TaHUSI K COOPYIKESHHS.
14 CIT 118.13330.2022. OG1iecTBEHHbIE 3TAHUSI K COOPYIKESHHS.
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TYPHO-IIPOCBETUTEIBCKON, TPAHCIIOPTHON U peKpeanu-
OHHOM (DYHKIHSMHU.

VI. Beinenenne MHOTO(YHKIIHOHAIBHBIX 00BEK-
TOB B OT/ICIIBHBIN THII.

VII. PaspgeneHue Ki1accoB 00IECTBEHHBIX 00BEK-
TOB TIO TPYTIIaM, TIOTIOJIHEHHNE CIIHCKa 0OIIECTBEHHBIX
(yHKIMH MeMOpHaNbHON (QyHKIHEH.

VIII. Beienenre MHOTO(YHKIIMOHAIBHBIX 00IIIe-
cTBeHHBIX KoMIIekcoB (MOK) B caMOCTOATENBHYIO
rpymmy'°.

B pesynprate paccmorpenus 60 o6pekTroB MOK
MPEJICTABIICHO «IPEBO» JIMHAMHUKH 00bEANHEHUS (DYHK-
[IMOHAILHBIX KOMITOHEHTOB « DBOJIOIIMOHHBIE TTpeodpa-
30BaHUS (YHKIIMOHAITFHOTO Ha3HAYCHHS OOIIIeCTBEHHBIX
3nanuit» (puc. 3, 4). Ha ocHOBaHMM 3THX CXeM MOKHO
BBIZICIUTD (DYHKIIMOHAJIBHO-TIAHUPOBOYHBIC KOMIIOHEH-
ThI, BIHstOIHE Ha popmupoBanre MOK (tadm. 1).

Tak xak MHOTO(YHKITHOHAITFHOE 3TAHHE — 3TO 3/a-
HIE, BKITFOYAOIIEe B CBOM COCTaB JiBa M OoJiee (hyHKITHO-
HaJIbHO-TIIAHUPOBOYHOTO KOMITOHEHTA, B3aHMOCBSI3aHHbIC
JIpYT € JPYTOM C TIOMOIIIBIO TJIAHWPOBOYHBIX IPHEMOB,
TIpe/IaraeTcs BBIACTHTE KOMNIeKcooopasyouue QyHK-
IMOHAJIEHO-TIAHUPOBOYHbIE KOMITOHEHTBI, 3aHIMAIOIINe
IO TUIOMIAIN ¥ apXUTEKTYPHO-TUIAHUPOBOYHOW OpraHu-
3aLUM JJOMUHHPYIOILEE MOJOKECHUE, U 0ONONIHUMENbHbIE
(hyHKIIMOHATHHO-TNIAHUPOBOYHBIC KOMITOHECHTHI, 3aHH-
MaIOIIUE 1O TUIOMIAAN U apXUTEKTYPHO-TUITAHUPOBOYHON
OpraHH3alliy MapriHaJIbHOE MTOJI0KEHHE.

Takum 00pa3oM, BBIIICIICPCUUCICHHBIC (PYHKIIHO-
HaJIbHO-TJTAHUPOBOYHBIE KOMIIOHEHTHI pPa3aelICHBI
Ha JIBE TPYIIIBI: KOMITJIEKCOOOPA3yIOIINe U JIOTIOTHH-
TeabHble. K KOMIUIEKCO0Opa3yIomuM KOMIOHEHTaM
OTHOCSITCSI: TOProBasi, JedeOHasi, peluruo3Hasi, aMu-
HUCTPATUBHO-JIEIOBAsI, 00pa3oBaTeIbHAS, 3PEIUIITHAS,
pa3BiekaTenbHas, HHPOPMAITMOHHO-KOMMYHHKATHB-
Hasi, CIIOPTUBHAS, KUJIasl, KYJIBTYPHO-TIPOCBETHTEb-
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C. 91112

CKasi, TPAHCIIOPTHAs, PeKpeaI[HOHHAs, MEMOPHUAJIbHAS.
K nononHuTebHBIM — 0OIIECTBEHHOE 00CITY)KMBAHHE
# OOIIIECTBEHHOE TTUTAHHE.

B TO ke BpeMs cpeiin KOMILIEKCOOOPa3yonx
(DYHKIIMOHAIBHO-TJIAHUPOBOYHBIX KOMIIOHEHTOB BbI-
JIEJISIIOTCS OATUIIBI — [JIABEHCTBYIOIINE, CUMOUOTH-
4yeckue u npeameTHeie (Tadu. 2). [lox cumOuoTHye-

CKHMH TI0/IPa3yMEBaIOTCS KOMIOHEHTHI, SIBISIOIINECS
KOMIUIEKCOOOPA3YIOIIMMHI MIPH COYETAHUH C APYTHMH.
IToxg mpenMeTHBIME — KOMIIOHEHTHI, 00pa3yoInne
MOK c npenmyiecTBeHHOH J101eif MOHO(YHKIIUH.

K mraBeHCTBYIOMINM (hYHKIIMOHATBHO-TIAHUPOBOY-
HBIM KOMIIOHEHTaM OTHOCSITCSI TOPTOBBIN, aJIMUHUCTpA-
TUBHO-JIEJIOBOM, KUJION, PEKPEAITMOHHBIN 1 MEMOpPHUAIIb-

I’ICTOPH‘IQCKHC TNEPUOAbI Pa3BUTUA MHOFO(l)yHKL[HOHLU'H)HOCTH 00IIIECTBEHHBIX 3}.'[21HHﬁ

IepBas tpers XIX Beka — Bropas nonosuna XX Beka —

nepBas 4eTBEpPTh XX BeKa 1970-e rr.

1970-e rr. — Haie BpeMs

HES

5]
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Puc. 4. «/IpeBo» 1ruHaMUKH 00beANHEHHS (YyHKIHOHATEHBIX KOMIIOHEHTOB

Taba. 1. DBomronMOHHEIE TPe0Opa30BaHMs (YHKIOHAIEHOTO COCTaBa MHOTO(YHKIIHOHAIBHBIX O0IECTBCHHBIX 3/[aHUH

DyHKIHOHAIBHOE
Ha3HAYEeHUE
0OIIECCTBEHHBIX 3aHH

Pe3ynbrarsl 9BOJIIOIMOHHBIX MTpeobpa3oBaHuil GyHKIIMOHATBHBEIX KoMIToHeHToB MOK

Toprosas

Crana xoMIuiekcooOpasytomel gpynkimeit, 0obext Ne 40 (puc. 5).
Bomua B cocraB MOK kak comyTctByromiast GpyHkims, 00bextsr Ne 45, 48, 52 (puc. 5).
Bouura B coctaB MOK kak komruiekcooOpasytomas GpyHkius, o0bexTsl Ne 49, 55 (puc. 5)
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Oxkonuanue maén. 1

DYHKIIMOHAIBHOE
Ha3HAYCHHE
00I1IECTBEHHBIX 3MaHMI

PesynbTaTsl 5BONIOIMOHHBIX MTPeo0pa3oBaHuil HYHKIIMOHATBHBIX KoMToHeHTOB MOK

Crana xoMIuiekcooOpasyromeid pyHkuei, 00bekTsl Ne 49, 54 (puc. 5).

Jleactuan Bomrna B coctaB MOK kak kommekcooOpasyromas GpyHkuus, 00bekt Ne 55 (puc. 5)
PenriosHas CoxpaHuiach B Ka4eCTBE MOHOOOBEKTOB, 00BeKT Ne 59 (puc. 5).
Bouma B cocraB MOK kak koMiuiekcoobpasytomiast GpyHkius, 00bekt Ne 60 (puc. 5)
CraJia KoMIuIekcooOpasyroiiei GpyHkimei, 00bekT Ne 52 (puc. 5).
AJIMMHHUCTPaTHBHO-
eroBas Bormuta B coctaB MOK kak comyTcTByrolias GyHKIms, 00bekTsl Ne 41, 49, 50 (puc. 5).
A Borwia B coctaB MOK kak komruiekcooOpasyromiast GpyHkiust, 00bekThl Ne 51, 54, 55, 57 (puc. 5)
Crana xoMIuiekcooOpasyromiei GpyHkImei, 00bekThl Ne 41, 42 (puc. 5).
Obpasosarensnas Bormmra B coctaB MOK kak komiuiekcoodOpasyromast GyHKIws, 00bekThl Ne 51, 55, 57 (puc. 5)
SpesimHas Bomura B cocraB MOK kak comyTerByromast GyHkimst, 00sekT Ne 49 (puc. 5).
e Bommwra B coctaB MOK kak komruiekcooOpasyromiast pyHkust, 00bekThl Ne 40, 43, 50, 55 (puc. 5)
Crana xoMIuiekcooOpasytomet gynkimeit, 0obexT Ne 47 (puc. 5).
Pa3pnexarenbHas Bomra B cocraB MOK kak comyTcTByromiast Gpynkims, 00beKTsl Ne 44, 46, 48, 49, 50 (puc. 5).
Bommna B cocraB MOK kak koMmrutekcooOpa3ytomas GpyHkims, o00bekTsl Ne 40, 43, 55 (puc. 5)
OOmecTBeHHOE
Y T——— Bomta B coctaB MOK kak conytctyroias GpyHKIms, 00bekThl Ne 40, 41, 49, 52 (puc. 5)

OO1LIeCTBEHHOE ITUTAHUE

Crana xoMIuiekcooOpasyromeid pyHkiuei, o00bexT Ne 48 (puc. 5).
Bomuia B cocraB MOK kak comyTcTByromast ¢pyHkuus, o0bektsl Ne 40, 41, 45, 49, 52, 55 (puc. 5)

NudopmarmonHo-
KOMMY HHKATHBHAS! Bommra B cocraB MOK kak koMmruiekcooOpa3ytomast GyHKIus, o0bekTsl Ne 57, 58 (puc. 5)
CraJa koMIuIekcooOpasyroiiei GpyHkimei, 00bekt Ne 50 (puc. 5).
CrioptuBHas Bormna B coctaB MOK kak conyTtetByromiast GyHKIws, 006ekThl Ne 40, 41, 46, 47, 49 (puc. 5).
Bormta B coctaB MOK kak komruiekcoo0Opasyromiast GyHKIwst, 00bekThl Ne 43, 55 (puc. 5)
CraJa koMIuIekcooOpasyromiei pyHkimei, 00bekT Ne 49 (puc. 5).
Kunas Bommna B coctaB MOK kak conytcTByromast GyHKIwst, 00bekThl Ne 41,42, 51 (puc. 5).
Bomna B cocta MOK kak komriekcooOpasytommas GpyHkiusi, 00bekt Ne 53 (puc. 5)
Kynerypho- Bomura B cocraB MOK kak comyTcrByroniast pyHkimst, 00beKxTsr Ne 41, 50, 53 (puc. 5).
TIPOCBETUTEIBCKAS Bomwra B coctaB MOK kak xomiuiekcooOpasyromast GyHKIwst, 00beKThl Ne 43, 55 (puc. 5)
ToancHopTHas Craua koMIutekcooOpasyromieid pyHkimei, 00bekT Ne 45 (puc. 5).
p P Bomwra B coctaB MOK kak conyTcrByromas ¢pyHKIus, 00bekT Ne 55 (puc. 5)
PexpealonHas Crana xoMIuiekcooOpasyromiei pyHKuei, 00bekTsl Ne 46, 53 (puc. 5).
peatt Bomra B coctaB MOK kak conmyTcTByromias GyHKIus, 00beKThI Ne 47, 49, 55 (puc. 5)
MewmopuanbHas Crana xoMiuiekcoobpasyromiet gpyukimeit, oobext Ne 44 (puc. 5)

Taoum. 2. Tursr (l)yHKLIPIOHaJ'ILHO-HJ'IaHI/IpOBO'-IHLIX KOMITOHECHTOB MHOFO(byHKHI/IOHaJ'IBHBIX 06IL[eCTBeHHI>IX KOMIIJIEKCOB

JlomonHUTENbHBIE Kommexkcoobpa3syromue GpyHKIIHOHATEHO-TNIAHUPOBOYHBIE KOMIIOHEHTBI
(hyHKIMOHAIBHO-
TJIAHUPOBOYHBIE I'maBencTByrOIMTE Cumbuotuueckue
IIpenmernsie
KOMITOHEHTBI
OOmecTBeHHOE N . o
Toprossiii Penurnosusiit JleueOHbIit
o0cITy)KuBaHUE
OO1ecTBeHHOE TUTAHHE A IMMHUCTPaTUBHO-JEI0BOM 3penuHbIil O06pazoBaTenbHbII
. HudopmannonHo- o
Kunoit (bop . PazBrnekarenbHbIit
- KOMMYHHUKaTHBHBIN
o Kynerypho-
Pexpearnonnsiit YIBTYP . .
IIPOCBETUTEIBCKUN CHopTHBHBII
MemopuanbHbli - TpaHcnopTHbIH
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HbIi. OZIHAKO peKpealoHHast 1 MeMopHalibHast (DYHKLIHN
3a CYeT CIeNU(PHUKN TPEOOBAHHUI TePPUTOPHATEHOTO Pas-
MEIIEHHs B TOPOJICKOH apXUTEKTYpHOU cpesie 1 0COOeH-
HOCTel (DYHKIMOHAJIBHOW HAIPABICHHOCTHU SIBISIFOTCS
TIPETEH/IYIOIIMH Ha CAMOCTOSTEIFHOE CYIIIECTBOBaHHUE,
YTO MOKa3bIBACT PAKTUKA POCKTUPOBAHMS ¥ CTPOHTEIb-
crBa MOK. Dra TeHaeHIuUs IPOCICKUBACTCS TIPH 00b-
eKTHOM m3ydeHnH cymiectBytomux MOK mo ¢yHKmmo-
HaJIbHO-TJIAHUPOBOYHBIM KOMIIOHEHTaM (pHC. 5).

i

Tepronst gyesng

100

3AKJTIOYEHUE

CpaBHUTEIBHBIN aHAM3 ITOKA3aJl, YTO MHOTHE 00-
IIECTBEHHBIE 3[]aHNS B TIPOLIECCE NCTOPUIECKOTO PA3BH-
THS, COXPaHSs HOJTHOCTBIO WM YaCTHYHO CBOE (hyHKIHO-
HaJlbHOE Ha3Ha4YeHHUe, (POPMUPOBAINCH B HOBBIE THIIbI,
HETIPEPBIBHO NMPEe0Opakanch KadeCTBEHHO M MHOT/A
CTQHOBUJIMCH HETIOXOKMMH MIJIH MaJIO TIOXOKMMH Ha CBOU
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0O6ocHoBaHne PQYHKLMOHaABHOIo coctaBa MHOMOQYHKLMOHaAbHbIX 061LEeCTBEHHbIX KOMIAEKCOB
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Ha 0CHOBE pa3BUTUS TPebBOBaHMI K UX MPOEKTUPOBAHMIO

i

Puc. 5. Anamus cymectsyrorrx MOK 1o ¢yHKIHOHATBHO-ITAHUPOBOYHBIM KOMIIOHEHTaM: ¢ — ToproBo-pasBiiekaTeNbHbIN LIEHTP
«ABuamnapk», . Mocksa, Poccus, 2014 r., apxurektop Callison; b — Onmmmuiickuii mapk, . Coun, Poccusi, 2014 1., apxutekTop
Populous, Mocnpoext-4, Botta Management Group, 3A0 «O6beannenne Mureoxom», HITO «MoctoBuky; ¢ — TITY «Hixkeropoa-
cKas», T. Mockaa, Poccus, 2020 r., apxurektop ABTh, KHWuIIU I'ennmana Mocksbl, OAO «MKXK]», «Mocnpoexr-3», ARTEZA;
d — Tlapk pa3snedenuii «OcTpoB MeuTh», I. Mocksa, Poccust 2020 ., apxurektop Cunningham Architects, Chapman Taylor, Land
Milano; e — ®yamort «lermo. Mocksay, . Mocksa, Poccnst, 2019 1., apxurekrop Muxawn [eiinnnr, Hukonaii JKyxoB; f— VHHOBa-
LIMOHHBIN Hay4qHO-TexHonorn4deckuii neHtp «Cupuycy (MHTLI), r. Coun, Poccnst; g — Mriya Resort & Spa, . Slnra, Pocens, 2014 r,
apxutextop Hopman ®ocrep; i — Jlaxra uentp, . Cankr-ITerepOypr, Poccust, 2021 1., apxutextop Tonn Kert, RMIM, Topripoexr;
i — MockoBckuii HTHHOBAlMOHHBIHN Ki1actep «JIoMmoHOCOBY, I. MockBa, Poccus, 2023 1., apxurektop KAMEN; j — LleHTpanbHblii
Boenno-narpuornyeckuii [IKuO BC PO «Ilarpuor», r. Kybunka, Poccus, 2014 1.

Ha ocHoBaHMM paccMOTpEHMsI HCTOPUYECKOTO Pa3BH-
THS HOPMATHBHBIX JJOKYMEHTOB B OOJIACTH CTPOUTEIIBCTBA
B Poccun BBIJIEIICHBI HECKOJIBKO 3TAIOB, XapaKTepHU3YIO-
IIMX BO3HHUKHOBEHHE HOBBIX (PYHKIMH OOLIECTBEHHBIX
3IaHMH B POLIECCEe UCTOPUYECKOTO pa3BuTHsL. OTMedaeTcs,
YTO BBIJIEIICHUE MHOTO(YHKIMOHAIBHBIX OOIIECTBEHHBIX
xoMmrIutekcoB u mosieienre B CHull 2.08.02-85 «Oo6rie-
CTBEHHBIC 37IaHUSI U COOPYKEHHSD) 0OBEKTOB MHOTO(YHK-
[IMOHAJIBHOTO HA3HAYECHHUS KAK CAaMOCTOSITEIIBHOM TPYIITIbI
CTaJI0 BOYKHON BEXOW B Pa3BUTHH OOIMICCTBCHHBIX 3MaHMUI.
OTu 31aHWs1, COBMEILAIONIHE B ce0e pasinyHble (yHKIHH,
CETOHS BBIJICIICHBI B OTACIBHYIO (BYHKIIMOHAIBHO-THIIO-
JIOTUYECKYIO TPYIIITY, YTO CBUJICTEIILCTBYET O PACTYIICH
MOTPEOHOCTH B YHUBEPCAIBHBIX 00BEKTaX, YJOBIECTBOPSI-
JOIMX IIUPOKUH CIEKTP MOTPEOHOCTEH HACEIEHHSL.

YcraHOBIIEHO, UTO (DYHKIMOHAIBHO-TUIAHUPOBOY-
HbIE KOMIIOHEHTbI B MHOTO(YHKI[MOHAIBHOM 3/[aHUU
JEJSATCS. Ha KOMILTIeKcooOpasyromue (Cpenyd HUX BEI-
JIEIISIFOTCS [VIaBEHCTBYIOIINE, CHMOMOTHYECKHE U TIPE/I-
METHBIC) U JIOTIOJHUTEIIbHBIE.

B pesynbrare paccMorpenus 6onee 60 00beKTOB
MOK mnpencTaBiieHO «IPeBO» TUHAMUKHA OObEINHCHHS
(hyHKIIMOHATHHBIX KOMIIOHEHTOB. K KoMITIIekcooOpasy-
FOIUM (PYHKIIMOHAIBHO-TUIAHUPOBOYHBIM KOMITOHECH-
TaM OTHOCSTCSI KOMIIOHEHTBI, 3aHUMAIOIIKE T10 T1I0-
Maad U apXUTEKTYPHO-IIAHHPOBOYHON OpraHU3aIliH
JOMHUHUpYlolee nojiokeHue. K riaBeHCTBYOIUM
(YHKIIMOHAIBLHO-TUTAHUPOBOYHBIM KOMIIOHEHTAM OTHO-
CSITCSI TOPTOBBIN, aIMAHUCTPATUBHO-ICIIOBOM U JKUIIOM.
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INTRODUCTION

In the context of constantly growing human needs
in modern society, the service sector is developing,
which is implemented through a network of commer-
cial, cultural and educational institutions, public cater-
ing, consumer services, education and childcare, medi-
cal services, and transport.

The types of public buildings and structures have
developed in a historical context. Their appearance
and functional purpose have changed, and their num-
ber has increased. Some types have ancient prototypes
that originated in Ancient Rome and Ancient Greece;
others emerged in later times, marked by the Middle
Ages and the Renaissance; still others appeared in our
time. The evolutionary transformation of public build-
ings leads to the emergence of new types and forms
of public buildings in the future.

MATERIALS AND METHODS

The article uses historical-legal, comparative-
analytical, and systematic approaches to study the pro-
cess of forming regulatory documents in the field
of construction and architecture. The study is based on
an analysis of historical sources, regulatory and tech-
nical documentation, scientific publications and other
regulatory documents from various historical periods,
as well as a comparative analysis of existing multifunc-
tional public complexes located in the largest cities
of the Russian Federation.

The set of methods used made it possible to com-
prehensively examine the process of developing regula-
tory documents in construction and architecture, identify
the main patterns of their development, and offer recom-
mendations for improving legal regulation in this area.

RESULTS

A comparative analysis has shown that many public
buildings, in the course of historical development, while
retaining all or part of their functional purpose, have been
transformed into new types, undergoing continuous quali-

tative changes and sometimes becoming dissimilar or only
slightly similar to their prototypes [1, 2]. For example,
monastery complexes or madrasas, in addition to their
main religious purpose, played the role of educational
centres. The education of children in Rus and the emer-
gence of school education began in 859 after the adoption
of Christianity. The first educational institutions were lo-
cated at monasteries in Novgorod, Suzdal, Smolensk, and
Kursk. At the beginning of the 15th century, monasteries
were replaced by private schools called “Masters of Liter-
acy”, which marked a new stage in the development of ed-
ucational institutions [3—6]. Schools appeared as a new
type of public building. Another example concerns trade.
In medieval cities, trade was usually carried out in shops
on the ground floor of residential buildings. These archi-
tectural and planning structures were the original model
for modern commercial establishments (shops, supermar-
kets). Of course, there is a big difference between the ar-
chitecture of a modern shop and a medieval merchant’s
building with a shop on the ground floor, living quarters
on the first floor and a warehouse on the second floor, but
both types of buildings performed and still perform com-
mercial functions.

At the same time, many types of public buildings,
such as modern theatres, art galleries, circuses and sta-
diums, have retained much in common with their an-
cient and medieval prototypes. In the theatre, such spec-
tacular and demonstrative spatial planning elements
as the stage, proscenium, boxes and rows of seats; in
the circus, the arena have retained their original func-
tional purpose and general appearance since the days
of Ancient Rome (Fig. 1).

Let us trace the evolutionary transformations of pu-
blic buildings by analyzing the history of the emergence
and improvement of regulatory documents in the field
of construction in Russia, as well as studying the periods
when new functions of public buildings appeared. We exa-
mined regulatory documents, starting with the first
building regulations and ending with the latest editions
of the CP for the design of public buildings. As a result
of the study, the following conclusions were made, char-

b

Fig. 1. Amphitheatre in Pamukkale, Hierapolis, Turkey, 200 BC (a); National Centre for the Performing Arts, Beijing, China,

2007, architect Paul Andreu ()
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acterizing the development of regulatory requirements
for the design of public buildings (Fig. 2, 3).

1. Until 1737, construction was not considered
a separate, clearly structured industry in the Russian
Empire. It was only with the introduction of the first
building regulations, such as the “Position of Architec-
tural Expedition”, that an independent sphere began to
emerge, focused on streamlining the design and con-
struction of buildings. This contributed to the formation
of construction as a separate industries'>3.

! Complete Collection of Laws of the Russian Empire. First
Collection. Vol. I. 1649-1825. In 45 volumes, edited by
M.M. Speransky. Printed by the Second Department of His
Imperial Majesty's Own Chancellery, 1830.

2 Architectural Archive 1, edited by D. Arkin (editor-in-chief),
N. Brunov, I. Mats, D. Sukhov, A. Shchusev. Moscow, Publish-
ing House of the Academy of Architecture of the USSR, 1946;
144.

3 Building Regulations, amended in 1876 and 1879, with expla-
nations of the decisions of the Criminal Cassation Department
of the Governing Senate and an appendix of circulars from
the Ministry of Internal Affairs and subsequent legal acts. Third
edition. St. Petersburg, Printing House of K.K. Retger, 1881.
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2. Until the beginning of the 20th century, reli-
gious buildings played a significant role in construction.
Separate chapters were devoted to them in regulatory
documents, emphasizing their importance. However,
in the USSR, this function was excluded from build-
ing regulations, reflecting changes in state policy. With
the return to this issue in 1989, in SNiP 2.08.02—-89*
“Public Buildings and Structures”, premises for reli-
gious ceremonies were included in the list of cultural
and leisure facilities, but without being singled out in
a separate section>*.

3. In the “Urochnaya Ulozheniya” (Code of Laws)
published by Nicholas I, buildings were classified not
according to their functional purpose, but according to
how they were financed. Facilities were divided into
state, religious and public buildings depending on their
sources of funding, reflecting the peculiarities of con-
struction project management at that time.

4. Until the mid-20th century, all aspects of con-
struction, from building materials and design to esti-
mates and acceptance rules, were regulated within a sin-
gle document. The introduction of SNiP in the USSR in

4 SNiP 2.08.02-89*. Public buildings and structures.
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Fig. 2. Title pages of regulatory documents: « — Building Regulations, amended in 1876 and 1879; b — 1933 OST 4488 “Uni-
form Standards for Building Design. Public Buildings”; ¢ — SNiP. Part II “Construction Design Standards 1954”; d — SNiP
II-L.2—-62 “Public Buildings and Structures. Basic Design Provisions™; e — SNiP II-L.2—72 “Public Buildings and Structures.
Design Standards”; f— SNiP 2.08.02—89* “Public Buildings and Structures”; g — SNiP 31-06-2009 “Building Standards and
Rules of the Russian Federation. Public buildings and structures”; # — CP 118.13330.2022 “Public buildings and structures”
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1954 marked the beginning of the creation of a more
differentiated system of regulatory acts, divided into
key areas’ 4.

5. Until 1972, the list of public buildings in regula-
tory documents was a list of specific facilities, such as
schools, hospitals, or theatres. Only later was a classi-
fication of buildings into functional groups introduced,
which made it possible to streamline the approach to
design and construction, taking into account their pur-
pose’6:7:8,

6. The appearance of multifunctional facilities as
a separate group in SNiP 2.08.02-85 “Public Build-
ings and Structures” was an important milestone in
the development of public buildings’. These buildings,
which combine various functions, are now classified as
a separate functional-typological group, which indicates

5 SNiP. Part II. Building design standards, 1954.

¢ SNiP II-B.11-58. Part II. Section B. Chapter 11. Public
buildings.

7 SNiP II-L.2-62. Public buildings and structures. Basic de-
sign provisions.

8 SNiP II-L.2—72. Public buildings and structures. Design
standards.

Regulatory
document

Stages

Building Code
of the Russian
[ Empire,
1832

Commercial Therapeutic

a growing need for universal facilities that meet a wide
range of public needs [7-18].

Based on a review of the historical development
of regulatory documents in the field of construction in
Russia, several stages can be identified that characterize
the emergence of new functions of public buildings in
the course of historical development (Fig. 3):

1. The creation of the first structuring of public
building functions: commercial, medical, religious, ad-
ministrative and business.

II.  Addition of educational, entertainment and
recreational functions to the list.

III.  Addition of public catering and service func-
tions to the list.

IV.  Separation of the information and communi-
cation function into a separate type; addition of the sports
function to the list.

V.  Classification of public functions; inclusion
of the information and communication function in
the composition of public buildings; addition of residential
(temporary stay), cultural and educational, transport and
recreational functions to the list.

VI. Separation of multifunctional facilities into
a separate type.

Functional purpose

Administrative and business

Religious

HiEN NSNS N

Uniform
II Standards
for Construction
Design,
1930

Commercial Therapeutic

SNiP. Part II.
I11 Building Design
Standards
of 1954

Administrative and business

SNiP II-E.2—-62.
Transmitting
and receiving
radio centres

Spectacular ~ Entertainment

Educational

Consumer services Public catering
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SNiP II-L.2-62.
Public buildings
and structures

Administrative
and business

SNiP II-L.2-72.
Public
buildings
and structures

||

VII, VIII

Memorial

Commercial Therapeutic

Educational Spectacular  Entertainment
Consumer Public Sports
services catering

HEN SN
LB L DL

HE N

Commercial Therapeutic ~ Educational Spectacular  Entertainment
S}gﬁégﬁfi}gg Administrative Consumer Public Information
g and business services catering and communication
and structures

Transport

Recreational Residential

Cultural and educational

Sports

Fig. 3. Stages characterizing the emergence of new functions of public buildings, as reflected in regulatory documents!- 343

6,7,8,9,10, 11,12, 13, 14

2 SNiP 2.08.02-85. Public buildings and structures.

10CP 160.1325800.2014. Multifunctional buildings and com-
plexes.

1" SNiP 31-06-2009. Building codes and regulations of
the Russian Federation. Public buildings and structures.

12 SNiP II-E.2—-62. Transmitting and receiving radio centres.
Design standards.

13 CP 118.13330.2012. Public buildings and structures.

14 CP 118.13330.2022. Public buildings and structures.
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VII. Division of public facilities into groups, addi-
tion of memorial function to the list of public functions.

VIII. Identification of multifunctional public com-
plexes (MPC) as a separate group'®.

As aresult of examining 60 MPC facilities,
a “tree” of the dynamics of combining functional com-
ponents, “Evolutionary transformations of the function-
al purpose of public buildings” (Fig. 3, 4), is present-
ed. Based on these diagrams, it is possible to identify
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the functional and planning components that influence  in terms of area and architectural planning organization,

the formation of MPC (Table 1). and additional functional planning components that oc-
Since a multifunctional building is a building that cupy a marginal position in terms of area and architec-

includes two or more functional planning components tural planning organization.

interconnected by means of planning techniques, it is Thus, the above-mentioned functional and plan-

proposed to identify the complex-forming functional ning components are divided into two groups: complex-

planning components that occupy a dominant position forming and additional. Complex-forming components

Historical periods of development of the multifunctionality of public buildings

First third of the 19th century — Second half
first quarter of the 20th century of the 20th century — 1970s

1970s — present day

=
M
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Fig. 4. “Tree” of the dynamics of combining functional components

Table 1. Evolutionary transformations in the functional composition of multifunctional public buildings

Functional purpose
of public buildings

Results of evolutionary transformations of the functional components of public buildings

Commercial

Became a complex-forming function, object No. 40 (Fig. 5).
Included in the MPC as an accompanying function, objects No. 45, 48, 52 (Fig. 5).
It became part of the MPC as a complex-forming function, objects No. 49, 55 (Fig. 5)
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End of the Table 1

Functional purpose

Results of evolutionary transformations of the functional components of public buildings

of public buildings
Medical Became a complex-forming function, objects No. 49, 54 (Fig. 5).
Included in the MPC as a complex-forming function, object No. 55 (Fig. 5)
Religious Preserved as a single object, object No. 59 (Fig. 5).

Included in the MPC as a complex-forming function, object No. 60 (Fig. 5)

Administrative and

It became a complex-forming function, object No. 52 (Fig. 5).
It became part of the MPC as an accompanying function, objects No. 41, 49, 50 (Fig. 5).

business It became part of the MPC as a complex-forming function, objects No. 51, 54, 55, 57 (Fig. 5)
Educational Became a complex-forming fupction, objects No. 41, 42 (Fig. 5). .
Included in the MPC as a complex-forming function, objects No. 51, 55, 57 (Fig. 5)
Spectacular Ingluded in the MPC as an accompanying functiop, object No. 49 (Fig. 5). ‘
Included in the MPC as a complex-forming function, objects No. 40, 43, 50, 55 (Fig. 5)
Became a complex-forming function, object No. 47 (Fig. 5).
Entertainment Included in the MPC as an accompanying function, objects No. 44, 46, 48, 49, 50 (Fig. 5).

Included in the MPC as a complex-forming function, objects No. 40, 43, 55 (Fig. 5)

Public services

Included in the MPC as an ancillary function, objects No. 40, 41, 49, 52 (Fig. 5)

Public catering

Became a complex-forming function, object No. 48 (Fig. 5).
Included in the MPC as an ancillary function, objects No. 40, 41, 45, 49, 52, 55 (Fig. 5)

Information and

Included in the MPC as a complex-forming function, objects No. 57, 58 (Fig. 5)

communication
Became a complex-forming function, object No. 50 (Fig. 5).
Sports Included in the MPC as an accompanying function, objects No. 40, 41, 46, 47, 49 (Fig. 5).
Included in the MPC as a complex-forming function, objects No. 43, 55 (Fig. 5)
Became a complex-forming function, object No. 49 (Fig. 5).
Residential Included in the MPC as an accompanying function, objects No. 41, 42, 51 (Fig. 5).

Included in the MPC as a complex-forming function, object No. 53 (Fig. 5)

Cultural and educational

Included in the MPC as an accompanying function, objects No. 41, 50, 53 (Fig. 5).
Included in the MPC as a complex-forming function, objects No. 43, 55 (Fig. 5)

Became a complex-forming function, object No. 45 (Fig. 5).

Transport Included in the MPC as an accompanying function, object No. 55 (Fig. 5)
Recreational Bec?me a complex—formi.ng functioq, objec.ts No. 46, 53 (Fig. 5)..
Included in the MPC as an ancillary function, objects No. 47, 49, 55 (Fig. 5)
Memorial Became a complex-forming function, object No. 44 (Fig. 5)

include: commercial, medical, religious, administrative
and business, educational, entertainment, recreational, in-
formation and communication, sports, residential, cultural
and educational, transport, recreational, and memorial.
Additional components include public services and public
catering.

At the same time, among the complex-forming
functional and planning components, subtypes are dis-
tinguished: dominant, symbiotic, and subject-specific
(Table 2). Symbiotic components are those that form

a complex when combined with others. Subject-specific
components are those that form a complex with a predom-
inant share of monofunction.

The main functional and planning components in-
clude commercial, administrative and business, residen-
tial, recreational and memorial. However, due to the spe-
cific requirements of territorial placement in the urban
architectural environment and the peculiarities of func-
tional orientation, the recreational and memorial func-
tions claim to exist independently, as demonstrated by

Table 2. Types of functional and planning components of multifunctional public complexes

Additional functional
and planning components

Complex-forming functional and planning components

Predominant Symbiosis Subject-specific
Public services Commercial Religious Medical
Public catering Administrative and business Spectacular Educational
- Residential Information and communication Entertainment
- Recreational Cultural and educational Sports
- Memorial Transport
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the practice of designing and constructing MOC. This
trend can be traced in a case study of existing MPC in
terms of functional and planning components (Fig. 5).

CONCLUSION

A comparative analysis has shown that many pub-
lic buildings, while retaining all or part of their func-
tional purpose, have evolved into new types, undergone
continuous qualitative transformation, and sometimes

o o

5

110

become dissimilar or only slightly similar to their pro-
totypes.

Based on a review of the historical development
of regulatory documents in the field of construction in
Russia, several stages have been identified that charac-
terize the emergence of new functions of public build-
ings in the course of historical development. It is noted
that the identification of multifunctional public com-
plexes and the appearance in SNiP 2.08.02—85 “Public
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Fig. 5. Analysis of existing MPC by functional and planning components: a — Aviapark Shopping and Entertainment Centre,
Moscow, Russia, 2014, architect Callison; » — Olympic Park, Sochi, Russia, 2014, architect Populous, Mosproekt-4, Botta
Management Group, Ingeokom Association CJSC, Mostovik NGO; ¢ — Nizhegorodskaya Transport Hub, Moscow, Russia,
2020, architects: ABTB, KNIIPI Moscow Master Plan, OJSC MKZD, Mosproekt-3, ARTEZA; d — Dream Island Amusement
Park, Moscow, Russia, 2020, architects: Cunningham Architects, Chapman Taylor, Land Milano; e — Depo. Moscow Food
Mall, Moscow, Russia, 2019, architects: Mikhail Gleynig, Nikolai Zhukov; f— Sirius Innovation Science and Technology
Centre (INSC), Sochi, Russia; g — Mriya Resort & Spa, Yalta, Russia, 2014, architects Norman Foster; # — Lakhta Centre,
Saint Petersburg, Russia, 2021, architects Tony Kettle, RMJM, Gorproekt; i — Lomonosov Moscow Innovation Cluster,
Moscow, Russia, 2023, architect KAMEN; j — Patriot Central Military-Patriotic Park of the Armed Forces of the Russian

Federation, Kubinka, Russia, 2014

Buildings and Structures” of multifunctional facilities
as an independent group became an important mile-
stone in the development of public buildings. These
buildings, which combine various functions, are now
classified as a separate functional-typological group,
which indicates a growing need for universal facilities
that meet a wide range of public needs.

It has been established that the functional and
planning components in a multifunctional building are
divided into complex-forming (among which the domi-

nant, symbiotic and subject-specific components stand
out) and additional components.

As a result of examining more than 60 MPC facili-
ties, a “tree” of the dynamics of combining functional
components is presented. Complex-forming functional
and planning components include components that oc-
cupy a dominant position in terms of area and archi-
tectural and planning organization. The dominant func-
tional and planning components include commercial,
administrative and business, and residential.
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APXUTEKTYpa NAJUIMATHUBHBIX YUPEKIAeHUH cTPaH AQpuku
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AHHOTALUMNA

BBeaeHue. NMpeanpuHaTa nonbiTka oXxapakTepm3oBaTb TeKyLLee COCTOsIHME NannMaTMBHON NOMOLLN, BbISIBUTb OCOBEHHO-
CTU U XapaKTepHbIe YePTbl B apXUTEKTYPHOM NPOEKTUPOBAHMU NannMaTnBHbIX yYpexxaeHun ctpaH Adpuku. AKTyanbHOCTb
NCccrnefoBaHusi CBsidaHa C HEOOXOAMMOCTLIO U3YYEeHWUsT MEXOYHapPO4HOro OnbiTa B 06MacTn apXUTEKTYPHOW OpraHusaumnm
nannMaTMBHOW MOMOLLM B CITOXXHOW COLManibHOM, 3KOHOMUYECKOW, NMOTMCTUYECKOW U SNUAEMUNONOMMYECKON CUTYaLMNN.
MaTtepuanbi u meToabl. [lpoaHanM3npoBaHbl Hay4YHble CTaTbW HA TEMY apXUTEKTYPHOIO NPOEKTMPOBAHUS NannaTmBHbIX
yupexaeHu B ctpaHax AdpuKN, NMOTMCTUYECKNX B3aUMOCBS3EN, COLManbHO-3KOHOMUYECKUX M SNNAEMUONIOTMYECKMX YC-
NOBUI AN pa3BUTUSI NanMaTMBHOM NOMoLLM, onybnukoBaHHble B 2008—2024 rr., npeacTaBneHHble Ha noptanax eLibrary,
Scopus, PubMed, Web of Science.

Pesynbrathl. [peacraBneHa KpaTkas UICTOPUST Pa3BUTUSA NannaTMBHON NOMOLLM Ha APUKAHCKOM KOHTUHEHTe. BbisiBre-
Hbl OCHOBHbIE CIIOXXHOCTM Ha NyTW pa3BuUTUs 3Tow cdpepbl. MNprBeaAeHbl XapakTepHble YepTbl U 0COBEHHOCTU hopMUpoBa-
HWUSI apXMTEKTYPHOW cpeapbl NaniMaTuBHbIX yupexaeHun ctpaH Adpukun, cpegn HUX yHKUMOHamMbHbIE, CTUITMCTUYECKUE,
KnMaTuyeckue, KynbTypHble, PenuMrnosHble, coumanbHble, aNMAEMUONornyeckne n akoHommveckne. OCobeHHOCTH npo-
€eKTMPOBaHUS NannMaTUBHbIX YYPEXAEeHUI B cTpaHax Apukn 4EMOHCTPUPYIOT, KaK apXUTEKTYPHbIE peLleHUsi CTaHOBSITCA
MHCTPYMEHTOM aJanTaLun K YHUKamnbHbIM YCITOBUSIM, COXpaHsisi 6anaHc mexay yHKLUMOHANbHOCTLIO, KyNbTYPHbLIMW Tpaau-
UMMM, 3CTETUKOW U TYMaHHOCTbIO.

BbiBogbl. OCHOBHbIE apXUTEKTYPHbIE OTNINYMSI OT MUPOBBLIX AHANOrOB COCTOSIT B TOM, YTO ad)puKaHCKME yupexaeHusi
yalle CTPOoSITCS C y4eTOM NpeaenbHON MUHUMM3aLMKM 3aTpaT Ha CTPOUTENBLCTBO M 3KCMTyaTaumio 1 MakCMMarbHbIM YNIOpOM
Ha (PYHKUMOHaNbHOCTb, TMOKOCTb U YCTOMYMBOCTL 3aaHusA. OrpaHMYeHHble pecypcbl CMELLAIOT akLEHT C BbICOKOTEXHOIO-
TMYHBIX PELUEeHWI 1 Hanuuus cneLmanu3mpoBaHHbIX MEAULMHCKUX MOMELLEHWUIA, MPUHATBLIX B Pa3BUTbIX CTpaHax, Ha NpoOCTo-
TY M YCTOMUMBOCTb apXUTEKTYPHBIX peLleHnii, obecneymBatoLLmxX X aKCnyaTaLuoHHyH 3KOHOMUYHOCTb U JAONTOBEYHOCTb.

KIMKOYEBBIE CITOBA: xocnucbkl Adpukn, nannMatueHble LeHTpbl ApUKK, apxuTtekTypa XoCnucoB, apxmuTekTypa adpu-
KaHCKMX CTpaH, MPOEKTUpOBaHMe XOCInca, apxXTekTypa nannmuaTuBHbIX yYpexaeHuii

EHHEOOGPHOC”IU. ABTOp BbIpaxaeT I'J'Iy60KyI-O NPU3HATENBHOCTb PeAaKLMOHHOW Konnermm XypHarna n aHOHUMHbIM peleH-
3eHTaM 3a yaerneHHoe BpeMA U OKa3aHHOe BHUMaHue.

AnAa UMTUPOBAHUA: Krouko A.P. ApxuTekTypa nannuaTuBHbIX yupexaeHun ctpad Adpuiku // CTponTensCcTBO: Hayka
n obpasosarune. 2025. T. 15. Bein. 3. Ct. 7. URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2025.3.7

Asmop, omeemcmeeHHbIl 3a nepenucky: Acmuk PybeHoBHa Knouko, KlochkoAR@mgsu.ru.

Architecture of palliative care institutions in Africa

Asmik R. Klochko
Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation

ABSTRACT

Introduction. This study attempts to characterize the current state of palliative care, to identify the features and characteris-
tics in the architectural design of palliative institutions in African countries. The relevance of this paper is related to the need
to study international experience in the field of architectural organization of palliative care in a complex social, economic,
logistical and epidemiological situation.

Materials and methods. Scientific papers on the architectural design of palliative care facilities in African countries, lo-
gistical relationships, socio-economic and epidemiological conditions for the development of palliative care, published in
2008-2024, presented on the portals eLibrary, Scopus, PubMed, Web of Science, were analyzed.

Results. A brief history of the development of palliative care on the African continent is presented. The main difficulties in
the development of this area have been identified. The paper presents the characteristic features and peculiarities of the ar-
chitectural environment of palliative institutions in Africa, including functional, stylistic, climatic, cultural, religious, social,
epidemiological and economic. The design features of palliative care facilities in African countries demonstrate how archi-
tectural solutions become a tool for adapting to unique conditions, while maintaining a balance between functionality, cultural
traditions, aesthetics and humanity.

Conclusions. The main architectural differences from world analogues are that African institutions are more often built
with the utmost minimization of construction and operation costs and maximum emphasis on the functionality, flexibility and
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sustainability of the building. Limited resources shift the focus from high-tech solutions and the availability of specialized
medical facilities, adopted in developed countries, to simplicity and sustainability of architectural solutions that ensure their

operational efficiency and durability.

KEYWORDS: hospices of Africa, palliative centres of Africa, hospice architecture, architecture of African countries, hospice

design, architecture of palliative institutions
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BBEJIEHUE

[ManauaTuBHAs MOMOINb B Pa3BUTHIX CTpaHax
CTPEMHUTEIBHO BOJIIOIIMOHHUPYET, HO B cTpaHax Ad-
PHKH, TJIe OTOT BHJ TIOMOIIN KaTacTpo(pUuecKu HeoO-
XOJIIM, OH BCE €Il[¢ HAaXOANUTCS B 3a4aTOYHOM COCTOSI-
Huu [1]. ConmanpHbie YCIOBUS B chepe OpraHU3aIiu
MaJUTMATUBHOM MOMOIIN B cTpaHax AQPUKH OTpaXKaroT
MHOTOYHCIICHHBIE MTPOOJIEMBI, CBSI3aHHBIC C OTPaHH-
YCHHBIMHU PECYpPCaMU; KyJIbTYPHBIMU OCOOCHHOCTSIMU
pErHoHa; OTCYTCTBHEM 3aKOHOB, PEryupyIomux chepy
NaJuIMaTuBa; OTCYTCTBUEM HEOOXOIUMOH HHppacTpyK-
TYpBI BILIOTH JIO MJIOXOW JIOTUCTUKH JIOCTYTA K CEJb-
CKUM OTJAJICHHBIM paiioHaM; MpoOiIeMaMHu ¢ AIIEKTPO-
CHAOXXCHHEM M CBS3BIO; PacIpOCTPAHEHUEM BUpYycCa
UMMYHOJe(HIINTA YeJIOBeKa U T.11. [2].

31ech CyMIECTBYET KYJIBTYPHBII 0aphep B 00CYyxK-
JICHUN TEM CMEPTH U yMUPAHUS, YTO JejaeT najina-
THUBHYIO ITOMOIIb YyBCTBUTEIBHOIN TEMOMH Il 00Cy k-
JieHns1. B yactu TpaMImoHHbBIX COOOIIECTB CTpa aHus
1 00JIb BOCIIPUHUMAIOTCSI KaK 4acTh )KU3HEHHOTO MY TH,
KOTOPYIO HY>KHO IPOHTH CaMOCTOSITEIBHO, U 3TO OYSHb
C/ICPXKMBAET JIFOJIel B 00palieHuy 3a nomoliso. Oo1ie-
MIPUHSTO, YTO B a)PUKAHCKHUX KYJIBTypax yXoJ 3a 00JIb-
HBIMH ¥ YMHUPAIOIIUMH OKa3bIBa€T CEMbs, HO 9TO CTa-
HOBHTCSI JIOBOJILHO 3HaYMMOH TPOOJIEMOI B YCIIOBUSIX
OexHoOCTH.

Celiyac nmanauaTuBHAs OMOIIb HHTETPUPOBaHA
B HaI[MOHAJILHYIO CUCTEMY 3/IpaBOOXPAHEHUST HEKOTO-
peIx adpukaHCKUX cTpaH (Hampumep, Yrauabl, FOAP,

Kenuwn), 1 370 MOXKET CTaTh 00pa3IOM AJIs APYTUX Pe-
THOHOB, B KOTOPBIX CETh MAJUTHATHBHON ITOMOIIHU OT-
CyTCTBYeT. B psne appukaHCKHX CTpaH CYIIECTBYET
OTPaHMYCHHOE KOJIMYECTBO MAJUTMATHUBHBIX IIEHTPOB,
CTAJIKUBAIOIINXCS € Ae(PUIIMTOM KBAIU(PHUIIUPOBAHHOTO
nepconana. Tak, Jaxe B OTHOCHUTEIIEHO Pa3BUTOH B BO-
[IpOCax OKa3aHus NAJUIMATUBHOM IOMOILM YTraHJI€ C Ha-
cenerareM okoito 50 MITH yer. Ha nepuoj Hadana 2024 1.
paboTaso BCEro HECKOJIBKO COTEH CepTU(HIIMPOBaH-
HBIX CIEIHAINCTOB.

[IpaBuTEeTHCTBa MHOTHUX aPUKAHCKUX CTPAH BBI-
JIJISIOT OTPAaHUYCHHBIE CPEICTBA HA MaJUTHATHBHYIO
CI1y’k0y, TO3TOMY OCHOBHBIMHU OpPraHH3aTOPaMU Pa3BH-
THUS AJUTHATABHOM MTOMOIIY OKa3bIBAIOTCSI HEKOMMeEP-
YeCKHe OpPTaHM3alNH, HeCTAOUIHHO (UHAHCHPYEMBIC
13 MEXAYHApOIHBIX accormannii. Ho 6e3 ckoopauHu-
POBaHHBIX YCHJIMI 110 Pa3BUTHIO U (PUHAHCHPOBAHUIO
MAJUTHATUBHOMN ITOMOIIM B paMKaX CHCTEM 3[[paBOOXpa-
HEHHMSI OXBaT OCTAECTCSI HU3KUM.

Hmeromuecs pasHodopMaTHbIe NMaIHATHBHBIC
YUpEXKJIEHHUSI HE MOTYT BMECTHTH OOJIBIIOE KOJIMYe-
CTBO Itoziell omHOBpeMeHHO. COTPYIHUKH MMaTHATHB-
HOW cITy»OBI BBIHYKICHBI OPTaHU30BBIBATh BHIC3THBIC
CITyOBbI, BO3IIIABIISIEMbIE MEICECTPAMU MIPH TOACPK-
K€ COLMAIbHBIX PAOOTHUKOB, Bpayel U JyXOBHBIX Ha-
CTaBHUKOB, 4acCTO paboTaromuXx Ha JOOpPOBOIBHBIX
Hadanax. [Ipy 3TOM majmnaTHBHAs TOMOIIb OCTAeTCs
MaJIoJ0CTYITHOM, 0COOEHHO /ISl KUTENeH OTIaICHHBIX
TEPPUTOPUIL.

Puc. 1. Otnen namummatuBHO# oMoy B 6onbHUIE «Mathk Munocepausi» B ['unene (CynaH) — enuHCTBEHHAs OOJBHUIIA B pa-

nmuyce 500 kM oOcmykuBaeT 6osiee MIJUTHOHA YEIIOBEK
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ITomereHus, B KOTOPBIX OKA3bIBAETCS MMAJUIHATHB-
Has TOMOII[b, YaIlle BCETO HE MpPEeAHA3HAUYEHBI CIICIIH-
AJIBHO JUIS 9TOH (DYHKIINH, PacIioiaraloTcst B CTPYKType
OonbHUIL (puc. 1), IEPKBSX, YACTHBIX JAOMAax U B JIpy-
THX OfHO(YHKIIHOHATIBHBIX IEPe00OPyIOBAHHBIX MTPO-
CTPAHCTBAX, CTATUYHBIX 110 CBOEH CTPYKType U HE CIIOo-
COOHBIX aJ[aNTHPOBATHCS K KAKMM-TO U3MEHEHUsM [3].

MATEPHAJIBI U METO/JbI

Martepuanbl ¥ METOIBI JaHHOTO HCCIICOBaHUS
NpeyCMaTpUBAIOT aHAJIM3 ITyOIMKALMI [0 TEMaTHKE ap-
XUTEKTYPHOTO MPOSKTHPOBAHMS XOCIIHCOB HA TEPPUTO-
puu AQpuUKH, JIOTHCTHYECKUX B3aUMOCBSI3EH, COLMATBHO-
9KOHOMUYECKUX M SMHJIEMUOJIOTHYECKUX YCIOBHI
JUTSE Pa3BUTHS NAJTHATHBHON ITOMOIIH, OITyOINKOBaH-
HbeIX B 2008-2024 rr., npencTaBIeHHBIX Ha MOpTalax
eLibrary, Scopus, PubMed, Web of Science. Takxe rpu-
MEHSIETCS] MeKAUCIUTUTMHAPHBIN MTOX0]], YIUTHIBAIO-
IIUH BIUSHAC KYJIBTYPHBIX, METUIIMHCKIX, IEMOTpadu-
YECKHUX, COIIMOJIOTUYECKHX, YIIPABICHUECKHX aCIIEKTOB
Ha apXUTEKTYPHOE MPOCKTHPOBAHNE XOCIIHCOB Ha Tep-
putoprn appPUKAHCKIX CTPaH.

HWcropus pa3BUTHS MaUTHATUBHOM TIOMOIIH B Ad-
puxke 6epet cBoe Hadao ¢ 3um6adBe, Tae B 1979 1. 6b11
ocHoBaH rnepBeIid xoctue «OctpoBy (Island) (puc. 2).
[TepBoHa4YaMbHBIMU LENSIMHU CTAJIM OKa3aHHUE MPSMOU
MAJTHATUBHOM TTOMOIIH Ha IOMY TE€M, y KOTO BBISIBIIC-
HBI OOJIC3HU, YTPOXKAIOIIHE KU3HH, a TAKIKE 0OCITYKH-
BaHUE WICHOB CEMEi B CBA3H C TSKEIOM yTpaTou.

Puc. 2. Xocouc «Octpos» B Xapape, 3umbaose!

Xocmue «OcTtpoB» ocHoBana MopuH batrtep-
(hum, 9bst JOYB YMeEpIia OT paka IMIeHKku MaTku B 1977 T.
B 1979 . Bo Bpems noesaku B A0 Mopus y3Hana
0 3apOXKIArONIeMCs XOCITUCHOM JBH)KCHNH, TOCETHIIA
cumnosuyM B Yausepcurere WITS B Moxauuec6yp-
re, 4To0bl ociymars Beictyienne Cecunu Conpepe
[4-11], B 1967 1. ocHOBaBILIEH NEPBBIA COBPEMEHHBII
xocnuc B JIoHJIOHE, Iie OKa3blBalach BBICOKOKade-
CTBEHHasl MaJlJIMaTHBHAsI TIOMOILb. BepHyBIINCH oMo
B 3uMm0abBe, MopuH opraHu30Baia HOBYIO CIYXKOy
B Xapape. Island — 3To abOpeBuaTypa ¢ aHIIUHCKOTO,
pacudpoBBIBaETCS ¥ MEPEBOIUTCS KaK «HHTETPUPO-
BaHHasl, 3HaUMMast )KU3Hb U cMepTh». B 2014 1. komna-
HUS pacIiipuiia HOMEHKJIATYPy YCIyTr U CMEHHIIA Ha-
3Banue Ha Island Hospice & Healthcare. Ceromust ator
XOCIIHC yIpaBIIsieT YeThIPbMs (QHUIMAIaMH 110 CTPaHe,
cOTpyaHHUYaeT ¢ MUHUCTEPCTBOM 3APaBOOXPaHEHUS
U COLIMAJBHOTIO 00eCHeYeHust AeTell, 4TOObl HHTErpH-
pOBaTh MaJUIMATUBHYIO IIOMOIIL B CUCTEMY 3/paBO-
OXpaHEHUS U 00ECIeUUTh €€ MOTyIEHHE BCEMH JKNTE-
nsmu 3uMOadBe, KOTOphIe HYKIAIOTCS B Helt [12].

B IOsxHoi#t Adprke yCITyTH MaTIHaTHBHON TIOMOIIN
MOSIBIJIACH B HETOCYIapCTBEHHOM ceKTope B 1980-x IT.,
Kora OBIIH CO3JJaHbl IEPBBIC XOCTIMCHI JUTS MAMEHTOB
¢ oHKoJorH4YecKkuMu 3aboneBanusmu 1 BUY. Ho atn
YUPEKJICHHUS OKA3aJINCh JOCTYITHBI TOIBKO COCTOSTEIb-
HBbIM rpakaanam [13].

3HauMMOH B cepe naumaTuBa st apUKaHCKIX
crpan siBisieTcst komnanust Hospice Africa, ocHoBaH-

)

! Island Hospice & Healthcare. URL: https://www.findhealthclinics.com/ZW/Harare/261496887279618/Island-Hospice-%26-
Healthcare#:~:text=Island%20Hospice%20Service%20Zimbabwe%s20was,and%20a%20comprehensive%20bereavement’o20service
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Hast B 1992 1. B JIuBepnyne (BenukoOpuranust), mozxe
pacIMpuBILIAs CBOU KIIMHUYECKUE M BCIIOMOTaTeIIbHbIC
omepanuu Mo BceMy Mupy. OTKPBIB IITa0-KBapTUPY
B YraHse, oHa pa3padoraa JOCTyIHYIO U COOTBETCTBY-
IOIIYIO KYJIBTYPHBIM TpaguiusaM AQpUKH MOJIEIb Taj-
JIMAaTUBHOHN MOMOILHY, KOTOpask THPAKUPYETCS BO Beer
Adpuke. Kiimnndeckne Opurazpl eXeIHEBHO OKa3blBa-
0T MallMeHTaM KOMIUIEKCHYIO MajNIMaTUBHYIO MOMOIIb
B KJIMHHKE WM Ha JoMy. Taioke okas3siBaeTcs pabora
C MapTHEPCKUMHU OPTaHU3alMIMHU BO MHOTHX CTpaHax
Adpuxu, 9T0OBI IPOABUTATh MAJTHATUBHYIO TOMOIIIb
Ha KOHTHHEHTE.

C 2000 r. namMaTUBHAsl OMOILb cTajla pa3BH-
BarbCst 110 BceMy KoHTHHEHTY. K 2016 1. B BocbMu ad-
PHKaHCKHX CTpaHax pa3padoTaHbl HALIMOHAJIBHBIE ITPO-
rpaMMbl ajnmatuBHoi momoutu [14]. K2017 . 8 50 %
apUKaHCKUX YUPEXKJCHUH 37paBOOXpaHEHUS] ObUIN
IITAaTHBIE COTPYAHUKH, OTBEYAIOIINE 3 MAJIMATUBHYIO
momorip’. K 2020 1. B0 MHOTHX GOJIBHHIAX W YIEOHBIX
3aBeleHUAX AQPUKH CO3/1aHBI OTIEIICHUSI XOCIHCOB
Y HaJUTHaTUBHOW MOMOIIHM, B 00mIeh ciaokHocTH 1085
CiTy0 MaJUTMaTUBHON ITOMOIIN, HECMOTPSI HA YKOHOMH-
uyeckue TpyaHocty 1 nanjgemuro COVID-19 [15].

PE3YJIBTATHBI HCCIEJOBAHUSA

MOXHO YTBEpIK/IaTh, YTO Ha CETOAHSIIHUI JICHb
B apUKAHCKUX CTpaHaX CUCTEMA MAJUTMATUBHOM CITyX-
OBl AKTUBHO Pa3BUBACTCA, B CBOUX MPOABJICHUAX OHA
pasHogopmaTHa, 3aBUCUMa OT MHOTOYHCIICHHBIX (aK-
TOPOB, MMOCKOJIBKY aJalTUPYETCs K YCIIOBUSIM PETHOHA,
COLIMAIEHO-YKOHOMHYECKUM PealnsiM, OrpaHHYCHHBIM
pecypcaM, ypOBHIO pa3BUTHS HHYPACTPYKTYPBI H KyJIb-
TYPHBIM 0COOCHHOCTSIM.

[IpuBenem xapakTepHbIE YEPThl U 0COOEHHOCTH
(hopMHUPOBaHHUS APXUTEKTYPHOU CPEbl MaTHaTHBHBIX
yupexJIeHui ctpad AQpHUKH.

DYHKYUOHATIbHBIE 0COOCHHOCMU APXUMEKMYPHBIX
pewenui

HecmoTpst Ha TO 4TO B HacTOsIIEe BpeMs ITpeoda-
JTaeT TTOIXO0 K JICUCHHIO, OPHEHTHPOBAHHBII Ha IPEObI-
BaHWH B MEAWIIMHCKUX YUPEKICHUIX, O0ee TTOmyIsip-
HBIM BapHaHTOM B A(pHKe SBIICTCS JICUCHUE Ha IOMY.
ITauuenTs! ¢ onkonorueit, BUY, tepmunanbHOl craau-
el MoYeyHON HEeI0CTATOYHOCTH, MPOTPECCUPYIOIUMHU
HEBPOJIOTHYCCKUMHU PACCTPOMCTBAMH U TYOCPKYIIC30M,
0COOEHHO JIEKapCTBEHHO-YCTOWYUBBIM, TIPEATIOUUTAIOT
MOJTy4aTh NAJJTHATUBHYIO ITOMOIIb BBIE3THBIMU OpHUTa-
Jamu Ha 1oMy. [loaToMy GONBITHHCTBO COBPEMEHHBIX
YUpEeKICHUN MaTTHATUBHON moMomn B A¢puke code-
TafT CTAI[MOHAPHOE JICUYCHHUE, 30HBI JHEBHOTO yXO/Ia
U OTACIICHUE YXOAa Ha JOMY, 9YTO Ba)KHO B CIIOJKHBIX
JIOTHCTUYECKHX YCIIOBHIX M 00CCIICUUBACT OMICPKKY
MAIMEeHTaM C Pa3HbIM YPOBHEM MOTPEOHOCTEH.

2 APCA Atlas of Palliative Care in Africa / African Palliative
Care Association. 2017. URL: https://africanpalliativecare.
org/resource-center/apca-atlas-palliative-care-africa
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B cTpyKType namImaTuBHOTO YUPEXKICHUS aKLEH-
THpyeTCsl BHUMaHHE Ha HAJIMYUU CHELUAJIbHBIX 30H
U TIOMEIEHUIl COIMATBbHOM U MCUXOIOTUYECKON MOJ-
JICPAKKHU HACEJIECHUSI.

Baxnoit hyHKIIHOHATEHOM 0COOCHHOCTRIO TTAJITH-
aTUBHBIX YUPEKACHUN 1 XOCTINCOB a)pUKAHCKHUX CTPaH
CIIy’)KMT BHEIPCHHE IOMEIICHUH, 00eCIeunBaOLIINX
00pazoBaTeNbHYO (DyHKIINIO, TTIe OPraHU30BBIBACTCS 00Y-
YeHHE MEJCECTEP, BOJIOHTEPOB U UJICHOB CEMbU 0a3o-
BBIM HaBBIKaM yX07a 3a Tspkesio0onbpHbIME. Harpumep,
xocnuc «Adpuka Yranga» [16, 17], nmnonep u auaep
B 00JIaCTH MAJUTHATUBHOM oMot B AdprKe ¢ MOMEH-
Ta cBoero ocHoBaHus B 1993 r., coueTaeT MEIUIIMHCKUE
YCIIYTH C IMIUPOKOH MporpaMMoi 00ydeHusi MECTHOTO
MepCcoHasIa, YTO MOMOTAeT PacIIUPATh AOCTYI K TOMO-
1M 110 BCEH CTpaHe.

[TpocTpaHCcTBa COBPEMEHHBIX MAJUIMATUBHBIX Y4-
pekaeHnit ahpuKaHCKUX CTPaH MPOEKTHPYIOTCS C yde-
TOM BO3MOKHOCTH MX TpaHC(HOpPMALMKM U afanTaluu
noxn apyrue ¢pyHkuun. Hanprmep, 3a1b1 MOTYT UCTIONb-
30BaThCsI KaK JUIsl TEpaIiu, Tak 1 Juisi 00pa3oBaTeIbHbIX
WU Pa3BIEKATENbHBIX MEPONPUATHI. DTO cO cBOei
CTOPOHBI TTO3BOJISIET MUHUMHU3MPOBATH 3aTPaThl Ha CTPO-
WTENBCTBO M YKCIUTYaTallnIo 3/1aHNS B yCIOBUSX OTPaHU-
YEHHBIX PECYPCOB.

Ocoboe BHUMaHUE yjelnsieTcs: PyHKIIMOHAIbHOU
MIPOCTOTE CAHUTAPHOT'O U XO3SIHCTBEHHOT'O 00CITY)KHBa-
Hus. [ToMerienus U1t IPUTOTOBIICHUSI TUILU, CAHUTAP-
HOM 00pabOTKH, HOCTUPOYHBIE U JIPYTHE MPOEKTUPY-
FOTCSI KOMIIAKTHO, 110 YIPOIIEHHBIM (DYHKIIHOHATBHBIM
CBSI3M 0€3 CJIOKHBIX JIOTHCTUYECKHUX MyTEeH M OTBET-
BJICHUU.

31aHUs MaJVIMATUBHBIX YUPEXKACHUN CTPOATCS
B OCHOBHOM OJIHOITaKHBIMH, 0€3 CIO)KHBIX KOMMYHH-
Kanuii (puc. 3).

Cmunucmuyeckue 0coOeHHOCU APXUMEKMYpPHbIX
peutenuti

ApPXHUTEKTYypHBIC TIPOCKTHI TPATUIIHOHHO BBITIOJ-
HSIFOTCS] U3 MECTHBIX CTPOUTEIBHBIX MATEPUATIOB, TAKUX
KaK [JIMHSHBIH KUPIHY, CHIPLOBBIA KUPIUY, COIOMA,
JPEBECHHA, YTOJIb, MEJI, YTO B YCIOBHUSX OIPaHUUEHHO-
ro (UHAHCHPOBAHUS JEIaCT 37aHMsI SKOHOMHYHBIMH,
a TaK)Xe SKOJIOTHYHBIMU U TAPMOHUYHO HHTETPUPO-
BaHHBIMHU B OKPYKAIOIIYIO cpeny. B3anMocBssp 31a-
HUSI ¢ IPUPOJIOH, YKpAIIEHHE dTHUYSCKUMU MOTHBAMHU
Y y30paMu MpHIAeT eMy KOMIIO3UIIMOHHOE pa3HooOpa-
3M€ M UIPAeT KYJIbTYPHYIO U TEPANEBTUYECKYIO POJIb,
MO3BOJISIIOIIYIO MAIMCHTAM M UX OJU3KUM HaXOIUTh
YTELICHUE B €CTCCTBECHHOM MPHUBBIYHOM cpefe (puc. 4).

Knumamuueckue ocobennocmu, snusiowue Ha ap-
XumekmypHble peuleHus.

B apXuTeKTypHBIX NPOEKTaX MaUIMATUBHBIX yd-
pexxaeHuit crpad AQpHUKN aKTHBHO HCIOJIB3YIOTCS ap-
XUTEKTYpHBIC pemieHus, o0ecrneqnBaionme Kompopt
0e3 UCIOJIb30BaHUsI IOPOTOCTOSIIUX TeXHOMoruil. Ha-
MIPUMEDP, PEIICHHUs YIUTHIBAIOT CIOXKHbBIE KIMMaTHUe-
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Puc. 3. Ilpumep QyHKIIMOHAIBHON CXEMbI aJUTHATHBHOTO YUPEXkKIeHNUS aQpUKAHCKUX CTPaH

CKHE YCIIOBHSI BHEAPEHUEM B CTPYKTYPY ITPOEKTA IIH-
POKHX HAaBECOB, CO3IAHNEM 3€JICHBIX TePareBTHYCCKUX
30H, OTKPBITBIX 3aTEHEHHBIX TPOCTPAHCTB (TEppac, BHY-
TPEHHHX JIBOPOB, rajepeil), yimyqaromux MUKPOKIH-
Mar BHYTpH 31aHus. TeruroBas Macca yTpaMOOBaHHON

3EMJIM, IPUMEHEHHOM B KOHCTPYKLMYU HApYKHbBIX CTEH,

MO3BOJISIET PETYINPOBATh MUKPOKIMMAT TIOMEIICHUH;
METO/Ibl €CTECTBEHHOI BEHTWISIIMY MHUHUMH3UPYIOT
ux neperpes. EcTrecTBeHHOE OCBElLIEHNE HHTEHCUBHO
UCTIONB3YETCS JUIs COKPAIIEHHs SHepro3arpar. B 3onax
JKApKOTO M CyXOTrO KIIMMaTa pa3Mepbl IPOEMOB MUHH-
MU3UPYIOT, ¢ MAKCUMaJIbHO OCBEIIAEMON CTOPOHBI BbI-
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Puc. 4. [IpuMeHEHHE MECTHBIX MaTepPUaIOB M STHHYECKHX MOTHBOB B apXHTeKType ctpaH Appukn’: a — Hy6us; b — YOxHo-
Adpukanckas Pecriyonuka; ¢ — Hurepusi; d — INana; e — Mapokko; f— Yranaa

CTPAnUBArOT ITTYXHUEC CTCHBI. B 30Hax BaaxxHBIX TPOIIUKOB
PpacmupsrOT IMIPOEMBI IJI YCHUIICHUA ITIPOBETPUBAHUA.

Kynomyprvie u penueuosnvle ocobennocmu,
GIUSIOWIUE HA aPXUMEKMYPHble PeuleHusl

Bo MHOTHX appUKaHCKHX CTpaHax MajInaTHB-
Hasl IOMOIIb pabOTaeT B CBSI3KE C KYJIBTYPHBIMH OObI-
YasiMA U PEIIUTUO3HBIME TPAJUIIUSMH, YTO TOMOTACT
Jierde alaliTHPOBaTh HACEICHHEe K Takod (opMe oMo-
M ¥ OPUHATH JedeHne. OOnecTBEHHBIE 30HBI U I0-
MEILEHHsI POCKTUPYIOTCS JOCTATOUHO OOIIMPHBIMH,
MO3BOJISIIOLMMH BMEIIATh MHOTOJIFOAHEIE KOJIIEKTUBBL,
MOJIJIEP/KUBAsT KOJUIEKTUBHBINA JTyX a()pUKaHCKUX CO-
obmect. O0s3aTeIbHOC HANMYKIE KOMHAT JIJIs coOpa-

HUH, BHYTPEHHUX JBOPHUKOB, 3aJI0B I NPOBEACHUS
MEpONPHATHI 00eCIIEUNBAIOT YCIIOBUS B3aUMOICHCTBHS
nanueHToB ¢ Onm3knmu. O0s3aTebHbIE 30HBI IS Me-
JUTAIMHA ¥ MOJIUTB OOBIYHO OCHAIIAIOTCS 3JIEMEHTaMU
TPaIUIHOHHON appUKAHCKON CHMBOIIKH.

CoyuanvHble 1 INUOEMUONOSUYECKIUE OCODEHHOCTI,
saUAIOWUe HA APXUMEKNTYPHbIE PeueHUs

I'mo6Ganeras smunemus BUY mist agpukanckux
CTpaH HAaXOMUTCS B KaTacTPO(UIECKOM COCTOSHHH —
npuMepHo 1/5 4acTh B3pOCIIOro HACEJICHHUS 3apakeHa
9TUM BHpycoM. IMeHHO mosToMy MHOTHE adpHKaH-
CKH€ TAJUTMATUBHBIC YUPEKACHUS aJaliTUPOBAHBI IMEH-
HO K Oopnbe ¢ BUU/CIIN/] n ommnuarorcs 1o coei

Puc. 5. MonynbHbIe pelicHUs HA IPUMEPE MEIUIIMHCKOTO IIeHTpa, T. Jleo, Bypkuna-daco, apxutekrop [duebdeno dpancuc
Kepe, 2017 .

3 Surgical and Health Center, Léo. URL: https:/arquitecturaviva.com/works/surgical-and-health-center-in-leo#
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(DYHKIIMOHAIBHOM OpraHU3alul M apXUTEKTypPHBIM pe-
mieHusM. Yare BCero OHM MPENCTaBISIIOT cO00M TpyT-
MIOBBIE PE3WJCHINHU WIN KWIBIE JIOMa Ha HECKOJIBKO
MH(QUINPOBAHHBIX YEIIOBEK, NMPEJOCTABISIONNX OT 4
110 50 KOMKO-MECT ¢ pacUIMPEHHBIM yXOJOM, KPYyIJO-
CYTOUHOH HOAAEPKKOIN ¥ KOHCYJIbTalUsAMU. B KpymHbIX
ropoJiax CyIIECTBYET TakyKe Psijl XOCHHCOB ¢ Oolee Tpa-
JIMIIMOHHOM mporpamMmoii. Ho Bce ke B adpukaHCKuX
CTpaHax MOHITHE «XOCIHC» B CHJIy IUIA4€BHOM CUTyallH
C pacIpoCTpaHEHUEM BHPYCa MIMMYHOAE(UIIUTA YeTI0Be-
Ka ompezessieTcs 0osee MHMPOKO, OTPaxasi BCIO Cephe3-
HOCTb KPHU3HCA.

Okonomuueckue ocobennocmu, erusOujue
HA apxumeKmypHble peulenus

IIpakTruecku BCS apXUTEKTypHAs NEATEIbHOCTD
B a)pMKaHCKHX CTpaHax CTAJKUBACTCS C KpaiHel He-
XBAaTKOW CPEACTB U CIOKHOCTAMHU (PUHAHCHUPOBAHMS,
YTO HPUBOJUT K HEOOXOAUMOCTH CTaBUTh BOIIPOCHI MH-
HUMM3aIMH 3aTpaT BO IVIaBy yria. Beimre Oblm mepe-
YHUCIICHBI 0COOCHHOCTH, TaK WJIM MHAa4Ye Kacaroluecs
BOIPOCOB SKOHOMHHU CPEJCTB. DTO CO3IaHUE MPOCTHIX
(YHKIIMOHAIBHBIX CBA3EH M CTPYKTYp, MPOCKTHPOBA-
HUE KOMIAKTHBIX OJHOATAXHBIX 31aHUN, IPUMEHEHUE
MECTHBIX MaTepuajioB, BCECTOPOHHUI ydeT KJIMMa-

THYECKUX 0COOCHHOCTEeH U apyroe. Takke ¢ TOUKH
3pPEHNS 3KOHOMHYHOCTH CTaHOBSITCS MOMYJISPHBIMH
MOIYITBHBIE KOHCTPYKIHH [20], KOTOpBIE Jaf0T BOZMOXK-
HOCTh TIO3TAITHO CTPOUTDH NMAJUTHATUBHBIE YUPEXKICHUS
o0 Mepe yBenmueHus (puHaHCHpOBaHUA (puC. 5).

3AKJIIOYEHHUE U OBCYXJIEHHUE

OCco00eHHOCTH TPOCKTHPOBAHUS MaNTHaTUBHBIX
yupexJIeHU B cTpaHaX AQpUKH IEeMOHCTPUPYIOT,
KaK apXHUTCKTYPHBIC PEILCHUS CTAHOBSITCS HHCTPYMEH-
TOM aJanTalud K YHUKAJIBHBIM YCIOBHUIM, COXPaHSIs
OanmaHc Mexay QyHKIHOHAIBHOCTBIO, KYJIBTYpPHBIMH
TPaJULUSIMHA, 3CTETHKON M TYMaHHOCTBIO.

MoXHO pe3loMUpOBaTh, YTO OCHOBHBIE APXH-
TEKTYypHBIE OTJIIMYUSI OT MHPOBBIX aHAJIOTOB COCTOSIT
B TOM, YTO a)pUKAHCKHE YUPEXKCHHUS Yalle CTPOSITCS
C Y4eTOM NpeJiesIbHOI MUHUMH3ALUK 3aTpar Ha CTPOU-
TEJICTBO M AKCIUTyaTallui0 U MAaKCUMaJIbHBIM YIIOPOM
Ha (QYHKIIMOHAJIBHOCTb, TMOKOCTh U YCTOWYHMBOCTH
31aHus. OFpaHI/l‘leHHI)Ie PECYpChl CMCIIAIOT AKIEHT
C BBICOKOTCXHOJIOTUYHBIX peHIeHI/Iﬁ 1 HaJIn4yus Crieu-
AJIM3UPOBAHHBIX MEAUITUHCKUX HOMCHICHHﬁ, HpHHHTBIfI
B Pa3BUTBIX CTPaHaX, Ha IPOCTOTY U YCTOWYUBOCTb ap-
XUTEKTYPHBIX PeIIeHHU, 00eCTIEIMBAIOLINX UX IKCILTY-
ATalIMOHHYIO DKOHOMUYHOCTD U JOJIITOBCYHOCTD.
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INTRODUCTION

Palliative care in developed countries is evolving
rapidly, but in African countries, where this type of care
is desperately needed, it is still in its infancy [1]. The so-
cial conditions surrounding the organization of palliative
care in African countries reflect numerous problems related
to limited resources; cultural characteristics of the region;
the absence of laws regulating the field of palliative
care; the lack of necessary infrastructure, including poor
logistics for accessing remote rural areas; problems with
electricity supply and communications; the spread of hu-
man immunodeficiency virus, etc. [2].

There is a cultural barrier to discussing death and
dying, which makes palliative care a sensitive topic. In
some traditional communities, suffering and pain are
seen as part of the journey of life that must be travelled
alone, and this greatly discourages people from seeking
help. It is generally accepted that in African cultures,
care for the sick and dying is provided by the family,
but this becomes quite a significant problem in condi-
tions of poverty.

Palliative care is now integrated into the national
health systems of some African countries (e.g. Uganda,
South Africa, Kenya), and this could serve as a model
for other regions where there is no palliative care net-
work. A number of African countries have a limited
number of palliative care centres, which face a shortage
of qualified personnel. For example, even in Uganda,
which is relatively well developed in terms of pallia-
tive care, with a population of about 50 million, there
were only a few hundred certified specialists working
at the beginning of 2024.

The governments of many African countries allo-
cate limited funds to palliative care services, so the main
organizers of palliative care development are non-profit

120

organizations that receive unstable funding from interna-
tional associations. However, without coordinated efforts
to develop and finance palliative care within health care
systems, coverage remains low.

The existing palliative care facilities, which vary
in format, cannot accommodate large numbers of peo-
ple at the same time. Palliative care staff are forced to
organize outreach services led by nurses with the sup-
port of social workers, doctors and spiritual mentors,
often working on a voluntary basis. At the same time,
palliative care remains inaccessible, especially for resi-
dents of remote areas.

The premises where palliative care is provided are
most often not specifically designed for this function, but
are located within hospitals (Fig. 1), churches, private
homes and other single-purpose converted spaces that
are static in structure and unable to adapt to change [3].

MATERIALS AND METHODS

The materials and methods of this study involve
the analysis of publications on the topics of architectur-
al design of hospices within African territories, logisti-
cal relationships, socio-economic and epidemiological
conditions for the development of palliative care pub-
lished between 2008 and 2024, submitted to eLibrary,
Scopus, PubMed, Web of Science portals. An interdis-
ciplinary approach is also applied, taking into account
the influence of cultural, medical, demographic, socio-
logical, managerial aspects on the architectural design
of hospices within African countries.

The history of palliative care in Africa dates back
to Zimbabwe, where the first Island hospice was estab-
lished in 1979 (Fig. 2). The initial aims were to provide
direct palliative care in the home for those diagnosed
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Fig. 1. Palliative care unit at Mother of Mercy Hospital in Gidel, Sudan — the only hospital within a 500 km radius serving

more than one million people

with life-threatening illnesses and to provide bereave-
ment services for family members.

The Island Hospice was founded by Maureen But-
terfield, whose daughter died of cervical cancer in 1977.
In 1979, during a trip to England, Maureen learned
about the emerging hospice movement and attended
a symposium at WITS University in Johannesburg to
hear a presentation by Cecily Saunders [4—11], who
founded the first modern hospice in London in 1967,
where high-quality palliative care was provided. Re-

N 7
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Fig. 2. The “Island” Hospice in Harare, Zimbabwe'

turning home to Zimbabwe, Maureen organized a new
service in Harare. Island is an acronym that stands
for ‘integrated, meaningful life and death’. In 2014,
the company expanded its range of services and changed
its name to Island Hospice & Healthcare. Today, this
hospice operates four branches across the country and
works with the Ministry of Health and Child Welfare to
integrate palliative care into the healthcare system and
ensure that all Zimbabweans who need it receive it [12].

! Island Hospice & Healthcare. URL: https://www.findhealthclinics.com/ZW/Harare/261496887279618/Island-Hospice-%26-
Healthcaret#:~:text=Island%20Hospice%20Service%20Zimbabwe%20was,and%20a%20comprehensive%20bereavement%20

service
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In South Africa, palliative care services appeared
in the non-governmental sector in the 1980s, when
the first hospices for patients with cancer and HIV were
established. However, these facilities were only acces-
sible to wealthy citizens [13].

Hospice Africa, founded in 1992 in Liverpool
(United Kingdom) and later expanding its clinical and
support operations worldwide, is a significant player in
the field of palliative care for African countries. Open-
ing its headquarters in Uganda, it developed an afford-
able and culturally appropriate model of palliative care
for Africa, which is being replicated throughout the con-
tinent. Clinical teams provide comprehensive palliative
care to patients on a daily basis in clinics or at home. It
also works with partner organizations in many African
countries to promote palliative care on the continent.

Since 2000, palliative care has been developing
across the continent. By 2016, eight African countries
had developed national palliative care programmes [14].
By 2017, 50 % of African health care facilities had staff
responsible for palliative care’. By 2020, hospice and
palliative care units had been established in many hos-
pitals and educational institutions in Africa, with a total
of 1,085 palliative care services, despite economic dif-
ficulties and the COVID-19 pandemic [15].

RESEARCH RESULTS

It can be argued that today, palliative care services
are actively developing in African countries. These ser-
vices take many forms and depend on numerous factors,
as they adapt to regional conditions, socio-economic
realities, limited resources, infrastructure development
levels, and cultural characteristics.

Below are the characteristic features and peculiari-
ties of the architectural environment of palliative care
facilities in African countries.

Functional features of architectural solutions

Although the current approach to treatment is fo-
cused on hospitalization, home care is a more popular op-
tion in Africa. Patients with cancer, HIV, end-stage renal
failure, progressive neurological disorders and tuberculo-
sis, especially drug-resistant tuberculosis, prefer to receive
palliative care from visiting teams at home. Therefore,
most modern palliative care facilities in Africa combine in-
patient treatment, day care areas, and home care services,
which is important in complex logistical conditions and
provides support to patients with varying levels of needs.

The structure of palliative care facilities emphasiz-
es the availability of special areas and rooms for social
and psychological support for the population.

An important functional feature of palliative care
facilities and hospices in African countries is the intro-
duction of educational facilities where nurses, volunteers
and family members are trained in basic skills for caring

2 APCA Atlas of Palliative Care in Africa. African Palliative
Care Association. 2017. URL: https://africanpalliativecare.
org/resource-center/apca-atlas-palliative-care-africa
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for the seriously ill. For example, Africa Uganda Hospice
[16, 17], a pioneer and leader in palliative care in Africa
since its founding in 1993, combines medical services with
a comprehensive training programme for local staff, which
helps to expand access to care throughout the country.

The spaces of modern palliative care facilities in Af-
rican countries are designed with the possibility of trans-
formation and adaptation to other functions in mind. For
example, rooms can be used for therapy as well as for edu-
cational or recreational activities. This, in turn, minimizes
the costs of construction and operation of the building in
conditions of limited resources.

Particular attention is paid to the functional sim-
plicity of sanitary and utility services. Rooms for food
preparation, sanitation, laundry and other purposes are
designed to be compact, with simplified functional con-
nections without complex logistics routes and branches.

Palliative care facilities are mainly built as single-sto-
rey buildings without complex communications (Fig. 3).

Stylistic features of architectural solutions

Architectural designs are traditionally made of lo-
cal building materials such as clay bricks, raw bricks,
straw, wood, coal, chalk, which in conditions of lim-
ited funding makes the buildings economical, as well
as ecological and harmoniously integrated into the en-
vironment. The building’s relationship with nature,
decoration with ethnic motifs and patterns gives it com-
positional diversity and plays a cultural and therapeu-
tic role, allowing patients and their loved ones to find
solace in a natural familiar environment (Fig. 4).

Climatic features influencing architectural
solutions

Architectural designs for palliative care facilities
in African countries actively use architectural solutions
that provide comfort without the use of expensive tech-
nologies. For example, solutions take into account com-
plex climatic conditions by incorporating wide canopies
into the project structure and creating green therapeutic
areas and open shaded spaces (terraces, courtyards, gal-
leries) that improve the microclimate inside the build-
ing. The thermal mass of compacted earth used in
the construction of exterior walls allows the microcli-
mate of rooms to be regulated, while natural ventilation
methods minimize overheating. Natural lighting is used
extensively to reduce energy consumption. In hot and
dry climates, the size of openings is minimized, and sol-
id walls are built on the side with maximum exposure to
sunlight. In humid tropical areas, openings are enlarged
to improve ventilation.

Cultural and religious characteristics influencing
architectural solutions

In many African countries, palliative care works in
conjunction with cultural customs and religious tradi-
tions, which helps the population to adapt more easily
to this form of care and accept treatment. Public areas
and rooms are designed to be spacious enough to ac-
commodate large groups of people, supporting the col-
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[ |
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Fig. 3. Example of a functional diagram of an African palliative care facility

lective spirit of African communities. The mandatory
presence of meeting rooms, courtyards, and event halls
provides conditions for patients to interact with their
loved ones. Mandatory areas for meditation and prayer
are usually equipped with elements of traditional Afri-
can symbolism.

Social and epidemiological characteristics
influencing architectural solutions

The global HIV epidemic is catastrophic for Afri-
can countries, with approximately one-fifth of the adult
population infected with the virus. This is why many
African palliative care facilities are specifically adapted
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Fig. 4. Use of local materials and ethnic motifs in African architecture®: ¢ — Nubia; 5 — Republic of South Africa;

¢ — Nigeria; d — Ghana; e — Morocco; f— Uganda

Fig. 5. Modular solutions as an example of a medical centre, Leo, Burkina Faso, architect Diébédo Francis Kér¢, 2017

to combat HIV/AIDS and differ in their functional or-
ganization and architectural solutions. Most often, they
are group residences or residential homes for several
infected people, providing 4 to 50 beds with extended
care, round-the-clock support and counselling. In large
cities, there are also a number of hospices with more tra-
ditional programmes. However, in African countries, due
to the dire situation with the spread of the human immu-
nodeficiency virus, the concept of a ‘hospice’ is defined
more broadly, reflecting the seriousness of the crisis.

Economic features affecting architectural solutions
Virtually all architectural activities in African
countries are faced with extreme scarcity of funds and

3 Surgical and Health Centre, Léo. URL: https://arquitectur-
aviva.com/works/surgical-and-health-center-in-leo#
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difficulties in financing, resulting in the need to put cost
minimization issues at the forefront. Above have been
listed the features that in one way or the other relate to
cost-saving issues. These include creating simple func-
tional links and structures, designing compact single-
storey buildings, using local materials, taking full ac-
count of climatic conditions and more. Modular designs
are also becoming popular in terms of cost-effectiveness
[20], which enable palliative care facilities to be built in
phases as funding increases (Fig. 5).

CONCLUSION AND DISCUSSION

The design features of palliative care facilities in
African countries demonstrate how architectural solu-
tions become a tool for adapting to unique contexts
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while maintaining a balance between functionality, cul-
tural traditions, aesthetics and humanity.

It can be summarized that the main architectural
differences from their global counterparts are that Af-
rican institutions are more often built with the utmost
minimization of construction and operating costs and

maximum emphasis on building functionality, flexibili-
ty and sustainability. Limited resources shift the empha-
sis from the high-tech solutions and availability of spe-
cialized medical spaces adopted in developed countries
to simplicity and sustainability of architectural solutions
that ensure their operational economy and longevity.
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AHHOTALUMUA

BBepeHue. B HacTosilmiA MoMeHT Bonee 3,5 MITH MOCKBUYE XXUBYT B MHOTOKBAPTUPHbIX Xunbix gomax (MK[) ¢ kanuTtanb-
HbIM peMoHTOM. B 2015 r. cTapToBana MockoBckas nporpaMma KanuTanbHoro pemoHTa. lNporpamma paccuutaHa o 2044 r.
B Hee BkntodeHbl 29 Thbic. AoMOB. KauecTBO KanuTanbHOro pemMoHTa, YCroBUSi MPOXMBAHWSA rpaxadaH B YCIOBUSIX PEMOHTa
HaxoaaATcs nof NpUcTanbHbIM BHUMaHWEM rpaxaaH 1 CpeacTB MaccoBoy MHopmaumm. OgHako, HECMOTPS Ha MPO3pavYHOCTb
npouecca opraH13aumy KanuTanbHOro PEMOHTa M BHUMaHWE OBLLECTBEHHbIX OpraHu3auuii K ero NpoBeaeHM0, KONMMYECTBO
anob xutenewn Ha cariTe Mapa MoCKBbI HE YyMeHbLUIAeTCs. ATOT hakT U BbI3Ban HEOOXOAMMOCTb NPOBEAEHMS OMnpoca.
Matepuanbi u metoAbl. BeinonHeH onpoc metogom fenbdu, oTnnyntenbHas Yepta KOTOPoro — UTepaTuBHbIA MPOoLECC:
pPeCnoHAEHTbI OTBEYAIOT Ha BOMPOCHI B HECKOSBLKO payHAOB, NMPU 3TOM KaXKAbIvi MOCHeayoLwwnii payH CTPOUTCS Ha pesynbTa-
Tax npeabiayLuero. B onpoce yyacteoBano 160 xuTtenent Mocksbl 1 6nivkaiiwwero NogmMockoBbs B Bo3pacTe o1 18 go 75 ner,
U3 HUX 47 XeHLWWH, 113 My>XUnH.

Pesynbrartbl. O6a 9Tana onpoca nokasanu, 4To BONPOC yAoOCTBa XUTenen npu BblNONHEHUN KanuTanbHoro pemoHTa MK,
ONs KuTenen He NpMopuTeTHbIN. XKnTenu Bcex BO3pacToB ¥ reHAepoB roToBbI NOTeprneTh HeyaobCcTBa B MpoLecce peMoHTa.
[MpropuTEeTHLIM ABNSETCS BONPOC NPUMEHEHNST KAYECTBEHHbIX, HETOKCUYHbIX MaTeprarnoB 1 Ka4ecTBO oTaenku. [Ons xeH-
LLIMH BCEX BO3pacTOB OKa3aricsi BaXkHbIM BONPOC CTOMMOCTM MPOBEAEHHOr0 PEMOHTA.

BbiBogbl. OcyLLeCTBNEHHbIA ONPOC NO3BOMNWIT paccymMTaTh BECOBblE KOI(PPULMEHTLI (PaKTOPOB, YTO NPUBESNO K CO3AaHNI0
MeTOAMKN 3KCNpecc-OLeHKN kanuTanbHoro pemoHTa B MK[] Ha ocHoBe cTaTucTudeckoro nogxoaa. 3yyeHve obuiecTBeH-
HOr0 MHEHUS1 Ha CriedyoLeM YpOBHE 4ACT BO3MOXHOCTb BbISIBUTb aKTyarbHbl€ BOMPOCH! MPY NPOBEAEHUUN KanUTanbHOro
peMoHTa (060CHOBaHWE 1 COoCTaBreHNe NinaHoB paboT, BeI6op ahdeKTUBHBIX U MPUEMIIEMbIX TEXHOMOMMYECKUX PeLLeHUi
1 ap.), a Takke OOMOMHUTL CYLLECTBYOLLME HOPMATUBHbIE JOKYMEHTHI.

KIMKOYEBBIE CITOBA: kanuTanbHbI PEMOHT, ONPOC, PECNOHAEHT, (PYHKLMS XKenaTenbHOCTU XappuHrtoHa, metog [denbdu,
YPOBEHb 3HAaYMMOCTU, JOBEPUTENbHAst BEPOSATHOCTb

BnazodapHocmu. ABTopbl bnarogapsTt Becex xutenen MK, npyHABLUMX y4acTue B ONpoce, U PeLeH3eHTOB CTaTby 3a BHU-
MaTenbHbI U JobpoxenaTenbHbIA NOAXOA K AaHHOMY UCCMefoBaHUIo.

Onsa UMUTUPOBAHWUA: KopHunosa A.B., Epmakos B.A., baynuH A.B. Onpoc xutenei MHOroKBapTUPHbIX XWIbIX JOMOB
0 KayecTBe KanuTanbHoro pemoHTa // CTpouTenbCcTBO: Hayka n obpasosaHune. 2025. T. 15. Bein. 3. Ct. 8. URL: http://nso-
journal.ru. DOI: 10.22227/2305-5502.2025.3.8

Asmop, omeemcmeeHHbIl 3a nepenucky: BaneHTuH Anekceesny Epmakos, Ermakov@mgsu.ru.
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ABSTRACT

Introduction. Currently, more than 3.5 million Muscovites live in apartment buildings (AB) with major repairs. In 2015,
the Moscow capital repair program was launched. The program is designed until 2044. It includes: 29 thousand hous-
es. The quality of major repairs is under the close attention of citizens and the media. However, despite the transparency
of the process of organizing capital repairs the number of complaints from residents on the website of the mayor of Moscow
does not decrease. This fact caused the need for a survey.

Materials and methods. The authors conducted a survey using the Delphi method. 160 residents of Moscow and the near-
est Moscow region participated in the survey.

Results. Both stages of the survey showed that the residents are ready to suffer inconveniences during the renovation
process. And the priority is the use of high-quality, non-toxic materials and the quality of the finish.

Conclusions. The survey made it possible to calculate the weighting factors of the factors, which led to the creation
of a methodology for rapid assessment of capital repairs in the AB based on a statistical approach. The study of public
opinion at the next level will allow to identify topical issues during major repairs (justification and preparation of work plans,
selection of effective and acceptable technological solutions, etc.), as well as to supplement existing regulatory documents.

KEYWORDS: maijor repairs, survey, respondent, Harrington desirability function, Delphi method, significance level, confi-
dence probability
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BBEJIEHHUE

B nacTosmit MoMeHT 60siee 3,5 MITH MOCKBUYEH
JKHBYT B IOMax C KalmuTaJbHbIM peMoHTOM'. B 2015 .
CTapTOBaJla MOCKOBCKas IIpOrpaMMa KauTajabHOTO pe-
MOHTa — OJIMH M3 CAMBIX MacIITaOHBIX ITPOEKTOB MO-
JepHHU3anuu xuibd B Poccun u B mupe. IIporpamma
paccuutana 10 2044 r. B Hee BKitoueHsL: 29 ThIC. 1OMOB
(oOmmast mromaas 290 miH M?); 6onee 420 ThIC. HHKe-
HEPHBIX CUCTEM U KOHCTPYKTHBHBIX 2JIEMEHTOB 3/1aHHI;
3amena 115 Teic. mu¢pToB. OCHOBHBIE 3a/1a4H, KOTOpPbIE
pelIaoT MpU NPOBEACHUH KAMUTAIbHBIX PEMOHTOB JKU-
JIBIX JIOMOB, — pEIIeHHEe TPOOIEMbI HETIOITHOTO PEMOH-
Ta JJOMOB, BBIITOJTHCHHOT'O B ITPEKHHE TOJIbI; yITyUIICHHE
BHEIITHET0 BU/IA JIOMOB; TIOBBIIIEHHE KOM(OpTa; coxpa-
HEHHE MCTOPUKO-KYJIBTYPHOTO ITOPTpETa ropoaa u 6e3-
OIIACHOCTH MOCKOBCKHMX MHOrosTaxkek'. Ha ykazanHOM
caiiTe' MOAPOOHO ONHCAH aTOPUTM OCYIIECTBICHHS Ka-
MUTAJILHOTO PEMOHTA MHOTOKBAPTHPHBIX JKMJIBIX JJOMOB
(MKI) ot pa3MernieHus MPeAIoKeHNS O IIPOBEICHUH Ka-
MTUTATFHOTO PEMOHTA JI0 TIPUEMKH paboT (TTOAICaHIe
akrta). KauecTBo KampemoHTa, yCIIOBHS TPOXKHUBAHUS
Tpa’k/laH B YCIOBUSIX PEMOHTA HAXOJSITCSI IO IIPUCTAITb-
HBIM BHIMaHHEM TPaKIaH U CPEACTB MaccoBoil nHpop-
marn. B 2015 1. BBemen TOCT P 56193-20142 Cpazy
mocie 3amrycka nporpammsl Leatpa OH® «Haponnas
9KCIIEPTU3a» BBINMYIIEHO NPaKTUYECKOE 1ocobue, 1mo-
CBAILIICHHOE BOMPOCAM OPraHU3ALMU KalUTaIbHOTO

! KanmuraabHbId peMOHT *Kuibix 70oMoB. URL: https://www.
mos.ru/city/projects/kapremont/#

2TOCT P 56193-2014. Yenyru sKUIUIHO-KOMMYHAJIBHOTO
XO3SIHCTBA M YIPABJICHHS MHOTOKBAPTHPHBIMU JOMaMH. Yc-
JYTH KaluTaJbHOTO PEMOHTA O0ILIEro MMYyIIECTBa MHOTO-
KBapTUPHBIX JOMOB. O0mIre TpeOboBaHus.

pemoHnTa obirero nmymiectsa’. Hecmotps Ha mpo3pad-
HOCTB IPOIECCa OPTaHU3aNN KaTUTAIFHOTO PEMOHTA
1 BHUMaHHUE OOIIECTBEHHBIX OpTaHHU3aIlid K ero Mpo-
BEJICHHUIO, KOJTMYCCTBO JKAI00 JKUTEICH Ha caiiTe MIpa
Mockssl He ymeHbaeTcs’. CneaoBaTelibHO, U3yUCHHUE
00ILIECTBEHHOTO MHEHHSI 110 3TOMY BOIIPOCY M ITPUHSTHE
pelIeHnii o yCTPaHeHNIO BO3HUKAIOIINX ITPOOIeM B Ha-
CTOSIIIIMH MOMEHT SIBJISIETCS aKTyaIbHOH 3a1aueil.

OnuH u3 3QPEKTUBHBIX CITOCOOOB OICHKU Kade-
CTBa BBIITOJHEHUSI PEMOHTOB — OITPOC OOIECTBEHHOTO
MHeHwus1. MccnenoBansi, 0CylIeCTBICHHBIC paHee, pac-
CMaTpHUBAIOT BOMPOCHI 001Iero xapakrepa (MHGOpMH-
POBAHHOCTH, Y4acTHe B COOpaHMIX IO BOIPOCAM Ka-
MUTAJIBHOTO peMOHTa, cOop cpencts) [1]. Otmeuaercs,
4TO COOCTBEHHHMKH YKHJIbsI TOPOH TIPAKTUYECKH HE MO-
T'YT (MM HE XOTSAT) MOBIHATH HA XOA peMoHTa [2, 3]
WA UX KaJI0OBI HTHOPUPYIOTCS MCIIOMHUTEIAMH [4].
IIpu »TOM (hemepanbHBI 3aKOH pErIIaMEHTHPYET IPO-
LeaAypy BO3MEIIEHUs Bpea, MPUYMHEHHOTO XH3HU
WJIN 3710pOBBI0 (PU3NYECKUX JIMI] IIPU BBITIOJIHEHUH Ka-
[UTaJIBHOIO PEMOHTA’.

0030p 3apyOeIKHBIX HCTOYHUKOB 10 BOIIPOCY Karlu-
TaIBHOTO PEMOHTA MHOTOKBAPTHPHBIX JJOMOB B Ka4€CTBE

3 KOHTpOJIB 3a MPOIIECCOM KAMHUTAIBHOTO PEMOHTa 0OIIero
MMYIIECTBA: TPaBa ! BO3MOXKHOCTH TPAKAAH-COOCTBEHHHKOB !
paktuueckoe mocobue. URL: https://fondkrl0.ru/assets/
dokumenty/Informaciya-sobstvennikam/Publikacii-broshyury-
pamyatki/Prakticheskoe-posobie-Kontrol-za-processom-
kapitalnogo-remonta-obshego-imushestva.pdf

* Juunbtit 6mor Cepress Cobstumaa. URL: https://www.
sobyanin.ru/program/ticket/512

5 I'pamocTpouTtenbHblil Kogeke Poccuiickoit denepanun
ot 29.12.2004 Ne 190-@3, cr. 60.
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OCHOBHOTO HAaIPaBJICHUS MCCIECIOBAHUI BBISIBIII TEMY
9HEProdP(HEKTHBHOCTH ITPOBOIMMBIX MEPOIIPHATHH [ S5—7].
Berpeuarores Tpyasl, HOCBSIIEHHBIE MHOTOKPUTEPH-
AJBHO OILIEHKE TOAPSIINKOB [8], a Tarkke pa3padboTke
Mozieneli OLIEHKH BPEMEHN PEMOHTA 3[JaHusI Ha OCHOBE
MaIIMHHOTO 00yueHwus [9].

ABTOpaM JTJaHHOTO HCCIIE0BAHUS NIPECTaBIsAEeTCS,
YTO B COBPEMEHHBIX POCCHHCKHX yCIIOBHSX Hamboiee
00BEKTUBHYIO OIIEHKY KaueCTBa KalTUTAILHOTO PEMOHTA
U pa3paboTKy MyTeH €ro yaydIleHHs MOXKET AaTh TOIb-
KO OIPOC OOIIECTBEHHOTO MHEHHUSI C PENPE3eHTaTUBHOM
BBIOOPKOH pecroH/IeHToB. B pabore mocrasiieHa menb
B3IJISIHYTh Ha MPOOJIEMY BBIITOJIHEHUS KallnTaJIbHOTO
pemonta MK/ ¢ Touky 3peHrss KOHEUHOTO TOTpeduTe-
nst — xwureneid MK]] B meproj] KanmuTaabHOTO PEMOHTA
0e3 orcesnenus U nocie pemoHTa. [IpoBeaeHHbIN onpoc
BBISIBWJI, YTO IIPHOPUTETHBIM (PAKTOPOM IS JKUTEIEH
MK/I Bcex BO3pacTOB M TeHAEPOB IPH OIIEHKE KaITUTaIb-
HOTO PEMOHTA SIBJISETCSI IPUMEHEHHE Ka9eCTBECHHBIX, HE-
TOKCHYHBIX MaTepHajiOB M KaueCTBO OTACIKH. J{JIsT xKeH-
IIMH BCEX BO3PAcTOB OKAa3ajics aKTyallbHBIM BOIPOC
CTOMMOCTHU PeMOHTA. Ero BaXKHOCTb AJISL 9TOU IPYIIIBI
PECIIOH/ICHTOB OKa3aJlach IPAKTHUECKH Ha YPOBHE 3Ha-
YeHUs! KauecTBa MarepranoB. C 1eNblo NPaKTHIeCKOTo
MIPUMEHEHHS TTOyYeHHBIX Pe3yJIbTaToB OBIIIM paccUnTa-
HBI 110 001IeH BEIOOPKE PECIIOHACHTOB BECOBBIE KOA(-
(UIMEHTHI KQKIO0TO UCCIEeAYeMOoro (paKkTopa, 4To Aajo
BO3MOJKHOCTb CO3/1aTh METOAMKY 3KCHPECC-OIECHKH
KauecTBa IPOBOANMBIX KAIUTAIBHBIX PEMOHTOB C TOY-
KU 3pEHHsI KOHEUHOTO ToTpedurtens — sxuteneid MKJ]
Ha OCHOBE BepOalIbHO-UMCIIOBBIX LIKal XappUHITOHA.

MATEPHUAJIBI U METO/bI

ABTOpaMHU OCYIIECTBICH OIpoc MeTomoMm Jlenb-
(b1 — 3TO METO/ IPOrHO3UPOBAHHUS U IIPUHSTHUS pellie-
HUH, OCHOBaHHBI Ha aHOHUMHOM cOOpe MHEHHUH rpyn-
TIBI DKCIIEPTOB (pecnoH/IeHTOB). OTIMYNTENbHAS YepTa
MeTona Jlenp(pu — UTEepaTUBHBIN MPOLECC: SKCIIEPTHI
(peCTOHICHTHI) OTBEYAIOT Ha BOIIPOCHI B HECKOJIBKO pa-
YHJIOB, TIPH 3TOM KayKIbIH MOCTIETYIONNH payHT CTpo-
UTCs Ha pesynbrarax npeapiymero. Meron Jensdu
B CTPOMTENLCTBE MPUMEHSETCSI, HAIIpUMEp, I OLICHKU
KPUTHYECKUX (PAKTOPOB, BIUSIONINX HA YEITIOBEUCCKIE
OMMOKH, CBSI3aHHBIE C MMPOCKTHBIMU perteHusMu [10];
OIIGHKH CHUCTEeMBbI 3Hepronorpebnenus [11]; BbisBie-
HUSI OCHOBHBIX IPUYUH HECUACTHBIX CIIy4aeB HA CTPOU-
TEJIbHBIX IIoMaKkax [12]; OUEeHKH pUCKOB HECYACTHBIX
CIy4aeB Ha CTPOUTEIHHBIX IJIOMATKAX, BEI3BAHHBIX
ycTanocThio padounx [13]; uccienoBanus nMepCreKTHB
CTPOUTENBCTBA AEPEBIHHBIX MHOTO3TaKHBIX JOMOB [ 14];
U3y4YeHUs polIieM obecrieucHrs: Oe30IMacHOCTH Ha Ma-
JIBIX U CPEAHUX CTPOUTEIBbHBIX peaAnpusTusix [15].

O0ocHOBaHHE BHIOOPA KOIHYECTBA PECIIOHACHTOB
B onpoce yuactBoBano 160 xureneit MoCKBBI
n Omkaiimero [TomMockoBes B Bo3pacte oT 18 1o 75 e,
n3 HuX 47 xeHuwH, 113 Myxunn. [{nns permrenns Bompoca
0 JTOCTATOYHOCTH JJIs TOCTABICHHON 3a/1a491 KOJIMYeCTBa
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PECIIOH/ICHTOB OBUT PHBJICYEH alIapaT MaTeMaTHueCcKoi
CTaTUCTUKU. B nuteparype [16] npuBoauTCs MpaBUIIO
pacyeTa MUHUMAJIBHOTO KOJTMYECTBA PECITOH/ICHTOB (9KC-
TIEPTOB) /M. B 3aBUCMMOCTH OT JIOIyCTHMOMH BEJTMYHMHBI
OIIMOKH, COIIACHO KOTOPOMY CIPABE/UIMBO BBIPAKECHHE:

m.. =0,5- §+5 , (D)
a
TJIe 0. — ONIMOKA pe3yJIbTaTa MPOBOMMOT0 aHAJIH3A, IPH-
HUMarommas 3Ha49eHus ot 0 1o 1 (ypoBeHb 3HAUMMOCTH).
B cooTBercTBUY ¢ qaHHBIME ITyOnHKaIwH [16] BeIpake-
uue (1) Hanboee MPIMEHUMO TIPH TIPOBEICHUHN OPOCa
metonoM Jensdu. [ns yposus 3Haunmoctr o = 0,05
(moBepurenpHO BeposTHOCTH 0,95) o hopmyre (1) mu-
HUMAaJIBHOE KOJIMYECTBO PECTIOHICHTOB 33; I YPOBHS
s3HaunMoctu 0,01 (moBepurensHoi BepostHocTH 0,99)
MUHUMAJILHOE KOJIMYECTBO PECTIOHIEHTOB 152.
OueBU/IHO, YTO KOJIMUYECTBO IKCIIEPTOB, Y4aCTBO-
BaBIIKMX B IPOBEJIEHHOM ONPOCE, JIOCTATOIHO (11 > m, . )
Ha CaMOM BBICOKOM YPOBHE JIOBEPUTECIBHON BEPOST-
HOCTH.

Bb10op ouennBaeMbix (pakTOpoB

C 1enpio MepBUYHOTO ONPOCa BHIOPAHBI CIEAY-
romue GaKTopsl, KOTOPhIC TPEOOBAIOCH PAHKUPOBATH
PECIOHIEHTaMU:

* COONIONICHUE CPOKOB BBIITOTHCHHUS PEMOHTHBIX pa-
oor;

* CTOMMOCTBH BBITIOJTHEHHBIX PaloT;

* KaueCTBO OT/EIOYHBIX padoT;

* ymoOHas IS KUTENEeH OpraHu3amnus MecT Bpe-
MEHHOTO CKJIAIUPOBaHUs MaTEpPHAJIOB;

* HCIIOJIB30BAHUE DKOJIOTMUECKH YUCThIX, HETOK-
CHUYHBIX MaTEPUAIIOB,;

* Ka4yeCTBO 3aMeHBI JIN()TOBOTO 00OPYIOBAHUS.

®dakTophl BRIOPaHbI U3 COOOpaXKEHHIT 3aTpar Bpe-
MEHHU U CPEJICTB, a TaKXKe obecredeHust 0e30MacHOCTH
MIPY BBITTOJTHEHUH KAUTAILHOTO PEMOHTA.

PE3YJIBTATHI UHCCJIEJOBAHUA

IlepBuuHas 06padoTKa pe3yJbTATOB OMpPOCa

[Ipu 3anoMHEHNH OMPOCHOM TaOIHITBHI UCTIONH30Ba-
T CIIETYIOIINE PaBMIIa: HanOoJiee 3HAYNMOMY (haKTopy
TPUCBaMBAJICS paHT |, HanmeHee 3HaunMoMy — 6. Ecim
PECHOHACHT HE YUYMTBIBAJI OAWH (baKTOp, TO B KaU€CTBEC
OLICHKHN IMMpUHUMAJIaCb MaKCUMaJlbHas BEJIWYHMHA paHra,
€CITM PECTIOH/IEHTOM HE YYTECHBI HECKOJIBKO XapaKTepH-
CTHK, TO UM MPHCBAUBAIIICH OJIMHAKOBBIC PAHTH, PaBHbIE
cpeaHeMy apu(METHIECKOMY OCTABIIUXCSI HEHUCIIONB30-
BaHHBIX OIICHOK. J[JIs1 OIIEHKN COITacOBaHHOCTH MHEHHH
PECIIOHJICHTOB HCIIONIb30BAJICS AJIGTEPHATHBHBIN KOG du-
IFCHT cormtacoBaHHOCTH [ 17, 18], mpencrapmsronii coboit
MoanduKaIo kodddunmenta konkopaammy Kenmamna
KaK MHOKECTBEHHOTO BAPUAHTA PAHTOBOM KOPPEISLIIN:

S
—mz(n3— n) - 3m(2m(n + 1) - 1) . 6(n, m)

W= ; (@
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KauecTBO 3aMeHBI JTNGTOBOTO
000pynoBaHU

Hcnonbp30BaHne SKOJIOTHYCCKHI
YUCTBIX, HETOKCUYHBIX MAaTCPUAJIOB

YnoGHast opraHu3aiusi MeCT
CKJIaIUPOBAHUsI MATCPHAIIOB

KauecTBO 0TIe109HBIX paboT

CTOUMOCTB BBITIOJTHEHHBIX pa60T

Co0uroieHre CpOKOB PEMOHTHEIX PaboT

Vnobuas HWcnons3oBanue
Cobmroznenne KauectBo
CronmMocTh KauectBo OpraHu3ausi | SKOJOTHYECKU
CPOKOB 3aMEHBI
Bsi6opka BBIMOJHEHHBIX | OTAEIOYHBIX MecT YHCTBIX,
PEMOHTHBIX nudroBoro
pabor pabot CKJIAJIMPOBAHMS | HETOKCHYHBIX
pabot 0obopyaoBaHus
MaTepHaioB MaTepHaIoB
" PecrongeHTs! ot 45 10 75 ner 84 94 52 116 74 66
® Pecronentsi or 18 jio 15 ner 415,5 435.5 248 534.5 421.5 441
" My>X4YHMHBI BCEX BO3PACTOB 3855 409.5 252 514.5 399.5 412
" )KeHIMHBI BCEX BO3PACTOB 185 198 80 227 147 150
®  OOGmas BEIOOPKA PECIIOHICHTOB 571,5 608,5 336 737,5 547,5 559

Puc. 1. Pacnipenenienrie cyMMBI paHTOB 10 (hakTopam

S=30 [0 - 0smln+1)];

5 0, npu m(n+ 1) YETHOE YUCIIO
(n, m) T npu m(n+ 1) HEYETHOE HHCIIO

TJIe 7 — KOJIMYECTBO (haKTOPOB.

Ha puc. | moka3aHo pacmpeneneHie CyMM PaHroB
0 BCEM pacCMaTpHUBAaEMbIM BapraHTaM BbIOOpOK. Oue-
BHUJTHO, YTO B 3TOM OIPOCE MUHHMMaJIbHasi CyMMa PaHIOB
(Hauboee 3HAYMMEBIN (PAKTOP) COOTBETCBYET (hakTopy
«KagecTBo OTIEIOUHBIX padoT», MaKCUMaJIbHOE — (haK-
TOpy «YIOOHAs 1T )KUTEIEH OpraHu3aIis MECT BpeMeH-
HOT'O CKJIQIMPOBAHUS MAaTEPHAIIOB) (HANMEHEEe 3HATUMBIN
(akTop). Tem He MeHee Jenarh BBIBOJBI 110 pe3yJibTa-
TaM ATOW YacTH MCCIIEN0BaHMS ObIIO OB HEKOPPEKTHO
0e3 OIeHKH 3HAYMMOCTH PACUCTHBIX 3HAUCHUH K03 (hu-
IIIEHTOB KOHKOPIAIIHH.

PacueTHble 3HaueHUS KO3(DPHUIIMCHTa KOHKOPAA-
MU TI0 BCEM BHIOOPKAM PECIIOH/ICHTOB HPHUBEICHBI
B Tabxn. 1 (cronbern 4). OueBuHO, 4TO ¢ PopMaIBEHON
TOYKH 3PEHUS TOIBKO OIWH U3 K03(P(PUITMEHTOB KOHKOP-
nmaruu (BeIOOpKa «KeHIIIMHBY) COOTBETCTBYET YAOB-
JIETBOPUTEIBHON COTIACOBAHHOCTH MHEHHMI PECIIOH-
nentoB (0,5). Ho st onpocoB ¢ GONbIINMM KOJIHYECTBO
PECIIOHACHTOB TAKOH IMOAXOJ SIBISIETCS HETOJIHBIM
(aTOT BOMpOC paccMoTpeH manee). [losTomy mpoBo-
JIUTCSI OLEHKA 3HAYMMOCTHU TOJYYCHHBIX 3HAYCHUN
KO3 PUIMEHTOB KOHKOP/IALIUH T10 IBYM KPHUTEPUSIM —
y* Tlupcona u Z-xputepuit Ouiepa.

CornacHo pabore [16], sMmuprudeckoe 3HAUCHHE
kputepust [TupcoHa orpenenseTcs no BRIPAKEHHUIO:
v=m-m-1)-W. 3)
Yuciio creneneit cBoooas! v =n — 1. JIjst Bcex BbI-
0OOpOK 3HaUEHHE CTENeHU CBOOOIBI 5. DMIIMpUYECKHe
3Ha4YeHus x> B cTonbie 5 Taom. 1.
M Z-xputepus Ouirepa, COrIacHO MyOTHKAINH

[16], B xkaduecTBe KPUTHUUECKON CTAaTUCTUKU UCIIOJIB3Y-
eTcs BeIMYNHA!

Z=0,5In[(n+ D)W/(1 - W)]. @)
Crenenn cBoOObI cTaTucTuky (4) o padote [16]

PaACUYUTHIBAIOTCS M 3a1a9H OTIPEICICHUS 3HAYUMOCTH
Kak:
vi=an-Lv,=(m-1) v, (5)
PacueTHble naHHbIC BHECEHBI B Ta0. 1, cTomnoup 7-9.
Tak kak 1o maHHBIM Tad. 1 A7t BceX BHIOOPOK M-
MUPUYECKOE 3HAYCHHE ¥ OOJIBIIIE KPUTEPUATHHOTO 3HA-
yeHus Jaxe ais ypoBHs 3HauumocTH 0,01, To MHEHUS
9KCIIEPTOB HA 9TOM YPOBHE 3HAYMMOCTH MOXKHO CUH-
TaTh COMTACOBAaHHBIMHU BO BCEX PACCMOTPEHHBIX BEIOOP-
Kax. AHaJOTHYHBIN pe3ysbTaT MoKaszaa aHaJlu3 JaHHBIX
1o kpurepuro duiepa.

Bropoii Typ uccaegosanus. I'pynnupoBanue
(axTopos

Janee coriacHO HIEOI0THHU HCIIOIb3yeMOr0 METOIa
oTIpoca TPOBEICHO TPYIIHpOBaHue (akTopoB (Tadm. 2)
IO TPEM TpyIIIaM, YCIOBHO 0003HaYeHHBIM Kak «Opra-
HU3aLHs IPOBEICHUS KallUTaJIbHOTO peMOHTa», «CTou-
MOCTB ITPOBEICHHS KAIINTAIBLHOTO PEMOHTa» U «KadecTBo
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T SHTUCTES: o 15 BRinycK 3 (57)
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Tabu. 1. K pacuery 3HauuMocTd K03GOUINEHTOB KOHKOPIALIUH

] @ 8 ] vy Vv, ¥
S Y Z o S Z o
5] = = 5] 2 g2 =
Bribopka &ﬁf\l\ N><§ NXEE Nﬁ@ ; NSE
op m n a< & & g a [She 5 g
3 2 2= 2 ge 2 £
: 2 £ : : &
1 2 3 4 5 6 7 8 9 10
Obmaz Beibopka | 5 | 0,19 152,00 0,25 5 | 795
PECIIOH/ICHTOB
IKEHIMHEL BCeX 47 | 6 0,51 119,85 11,07 0,99 5| 230 22
BO3pacToB (YypoBeHb (ypoBeHb
My)K‘{l/IHI)I BCEX 3HAYUMOCTHU 3HAYUMOCTHU
BO3pACTOB 113 ] 6 0,16 90,40 0.05) 0,14 5 560 0.05)
Pecnionnientsl 15,07 28
ot 18 10 25 ner 119 | 6 0,17 101,15 (yposenb 0,18 5 590 (yposeHb
BKJTIOUHTEILHO 3HAYUMOCTH 3HAYUMOCTH
PecnionieHTHI 0,01) 0,01)
ot 45 no 75 ner 23 | 6 0,27 31,05 0,48 5 110
BKJIIOYMTEIHHO
Taou. 2. I'pynnupoBanue GakTopoB
dakTopbl OObeMHEeHHBIE TPYIITEI (aKTOPOB

Co0urofieHre CPOKOB BBINTOJIHEHHSI PEMOHTHBIX padoT

OpraHmaum{ IMIPOBCACHUS KAIIUTAJIbHOI'O pEMOHTA

Vaobuas Ju1s JKuTeNeH OpraHu3alus MecT (IPOIOIKUTEIILHOCTD, CPOKH, CKJIA[HPOBAHUE MATCPHAIIOB)

BPEMECHHOI'O CKJIaIMPOBAaHUs MaT€prajioB

CTonMOCTh BBIIONHEHHBIX PabOT CTOMMOCTb POBEJEHNS KAalTUTAIbHOTO PEMOHTA (BKITIOUAs 3aTPaThl
KadecTBo 3aMeHBI JIN(GTOBOTO 000PYIOBaHUS Ha MaTepuabl ¥ TMQTOBOE 000pY/I0BaHHE)

KadecTBO OTIEIIOUHBIX pa60T

Hcrmonp30BaHUE DKOJIOTNYECKHA YUCTBIX, KauectBo OTACIIOYHBIX pa60T U IPUMEHACMBIX MaT€pUaJioB
HETOKCUYHBIX MaT€praioB

OTACTIOYHBIX Pa0OT M MPUMEHSICMBIX MaTCPHAIOBY, Ma- lIpakTHyeckoe NpUMeHeHHE MOJTYYeHHBIX
nee «Opranuzanus», «CTouMocTby, «KadecTBoy. Pe3yJIbTATOB /ISl OHCHKHU Ka4€CTBA KAlIUTAJIBHOT'0
pemonTa B MK/I

B kadecTBe HEOOIBIIOTO MPUMEPa PACCMOTPUM
onpoc B MK/l r. MOCKBBI 1OCI€ OCYLIECTBICHHUS KaIlu-

Pesynbrarsl cTaTHCTHYECKOH 00pabOTKH BTOPOTO
Typa IpUBE/CHBI B Ta01. 3 ¥ Ha puC. 2.

Taxoxe JJIsL MPAKTUIECKOT0 NMPUMEHECHUS TIOJTYy-
TaJIBHOI'O PEMOHTA. PCCHOHI[GHT&MI/I SIBIIAIOTCA JKUTCITA

YEHHBIX PE3yJIbTATOB OBLIN PACCYUTAHBI IO OOIICH BHI-
pesy p i JIOMa BCEX BO3PACTOB U TeH 1epoB. OLeHUBAIUCh (aKTOpPbI

0OpKe PECIOHAECHTOB BeCOBbIE KOID(UIIMEHTHI KaxI0- «OpraHu3awys POBEIEHNs KAIUTATBHOIO PEMOHTA (Ipo-
ro ucenepyemoro axropa: «Oprannzauus» — 0,165, jomkutensHOCTS, CPOKH, CKIaTMPOBAHUE MATEPHAIIOB),

«Croumocts» — 0,335, «KauectBo» — 0,500. «KadecTBo OTIEIOUHBIX PadOT U IPUMEHSIEMbIX MaTepH-

Taou. 3. Pe3yasTarsl COMacOBaHHOCTH 3KCIEPTOB BO BTOPOM Type

w JloBeputenbHast
Bribopka m n 10 BBIPAXKCHUIO BEPOSITHOCTh YpoBeHb 3HAYUMOCTH
2) o [Tupcony
OOuaz BeiGopra 160 3 0,77 0,99 0,01
PEeCIIOHICHTOB
JKeHuuHbl Bcex BO3pacToB 47 3 0,66 0,99 0,01
MyK4nHBI BCEX BO3PACTOB 113 3 0,71 0,99 0,01
Pecnionientsl ot 18 119 3 0.73 0.99 0.01
710 25 JIeT BKJIFOUUTEIBHO
PecnionaenTs! ot 45 23 3 0.80 0.99 0.01
710 75 JIeT BKJIIOUUTEIBHO
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Oo6was KeHmmubl My K4nHBI PecrnioHieHTHI PecrnioHieHTHI
BBIOOpKA BCEX BCEX or 18 no 15 ner ot 45 1o 75 ner
PECIOH/ICHTOB BO3pacToB BO3pacToB

B Opranmzanus

Puc. 2. PacueTHple 3HAYCHUSI CyMM PaHIOB

aJIoB», «CTONMOCTb TIPOBE/ICHHS KAIIUTAILHOTO PEMOHTa
(BKITFOUAsE 3aTpaThl HA MaTepPHAbl U TNPTOBOE 000PYHO-
Banue)». OreHka Benach o 10-0aIbHOM MIKaje, Camblii
BbICOKHIT Oarut — 10, cambrit Hi3kuit — 1. Cpeganii O6amn
BBITIOJIHEHHOTO onpoca 1o (akropy «OpraHuszanusd —
3,2, no axropy «KauectBo» — 4,8, 1o daxropy «Crou-
MocTh» — 9,5. HeoOXomiMo 1aTh KOMILUTEKCHYIO OIICHKY
MPOM3BEJICHHOTO KAIIUTAIBLHOTO PEMOHTA.

C menpio pemeHns 3aJaqy HCIoIb3yeM 0000IIeH-
HYI0 (DYHKIIHIO JKeNaTreIbHOCTH XappHHITOHA, TpUMe-
HsIeMY0 1U1s popmanuzaiuu cyObeKTUBHBIX HEOIpeie-
JICHHOCTCH B MHOTOKPUTECPHATIBHBIX 33aa4aX, HallpuMep
JUIsl OLIEHKH 3()(EKTUBHOCTH MEPOTIPHUATHH 110 OXpaHe

B CrouMocCTh

m KagecTtBo

Tpyna [19, 20]. [Tokazatens xKenaTeabHOCTH U3MEHSIET-
cs B mipeaenax ot 0 (Hauxymammwmit) g0 1 (Hammydmai).
YacTHble 1MoKa3aTeild MOTYT U3MEHSATHCS B Ipeeliax
ot 2 10 5 (puc. 3). ®opmMyna, ONUCHIBAIOINIAS KKPUBYIO
JKEJaTeIbHOCTH» XappUHITOHA:

d = exp[-exp(-Y)], (6)
onpezenser GyHKIHUIO C IBYMs y4yacTKaMH HacbIIle-
HUs (Bd — 0 1 d — 1) 1 AMHEHHBIM y4aCTKOM MEXTY
HUMH. Y — HeKkoTopas Oe3pa3MepHas BEJINYUHA, CBS-
3aHHAas CO 3HAUYCHHEM HaTypaJIbHOTO (hakTopa JInHEeH-
HBIM 3aKOHOM:

)

Y=a,+a 7Y,

0.9 d il et L e, —_— gt SLAGIRSE S
: ;i N e
0,5 s e

0,7k aas Ao R [ Ui fencoood e (R R T [
i [} ] i i i i

0,6 f=rmmdmmm b m e e e e b S b b

0,68 nmm LIRS L e R e T JERS, (RSN
(] (] [ [ i i i 1

0,4 b Misbouad aB o gt contlisy tauss
i i i i i i i i

RS R R e e el 1 il e S e e T
0’2 . ] ] [ ' ' ' '

0,1 ez I useahoren gfibe e e bovataros TR
on Ak -
0 i i I L il } 4 il

-5 4 -3 -2 -1 0 1 2 3 4 y 5

Puc. 3. I'papuueckoe n3o00paskeHUE JICBOIT BETBU (DYHKIIMH XKENATEILHOCTH XappUHITOHA IIPH OAHOCTOPOHHEM OTPaHUYCHUH
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rarITOnLCTRe: Ty 15, BhInyck 3 (57)

A.B. KopHuinosa, B.A. Epmakos, A.B. baynuH

Taou. 4. YacTHbIe KeNnaTeIbHOCTH 0 XapPUHITOHY

Cpennuii 0ann Becosbie d Bep6an1/13a£11/1;1
3HAYCHUH
dakrop 0 OIPOCy KO3 HUIHUCHTBI Y 0 BBIPAXKCHHUIO
YACTHBIX
Y k ®) N
i i JKeJIaTebHOCTe!
CTOMMOCTh 9,5 0,335 4,630 0,99 OyeHb X0poILIo
KauecTtBo 4.8 0,500 0,963 0,68 Xopoto
Opranuszanus 3,2 0,165 -0,284 0,26 IInoxo

riae Y, — HarypasibHble (JakTOphl, B pacCMaTpUBAEMOM
ciaydae CpenHue Oaylibl, MOJYyYCHHBIC B PE3yjIbTare
ompoca.

Ocb KoopauHaT Y SBISIETCS IIKaJOW YaCTHBIX MO-
Kasarenei, och d — ImKanou kenarenbpHocTH. [Ikana
JKENaTeIbHOCTH JIeNUTCs B 1uanazone ot 0 1o 1 Ha maTh
nonranazonos: [0; 0,20]— «ouens mioxox; [0,20; 0,37] —
«moxo»; [0,37; 0,63] — «ymoBneTBopuTenabHOY; [0,63;
0,80] — «xoporo»; [0,8; 1,00] — «oueHb XOpOIIOY.

IToncraBuMm B ypaBHeHHE (6) periepHbIe 3HAUCHUS
IIKAJTBI JKEJIATEIBHOCTU d, TIOIYYHM CJICIYIOIINE BbI-
paxenus: 1 = exp[—exp(—Y0)]; 0,80 = exp[—exp(—Y1)];
0,63 = exp[exp(-Y2)]; 0,37 = exp[—exp(— Y3)]; 0,20 =
= exp[-exp(—Y4)]. [locne nBoiiHOTO JNOrapUPMHUPO-
Banusi: YO = 5,0000; Y1 = 1,5000; Y2 = 0,7725; Y3 =
=0,0057; Y4=-0,475; Y5=-2,0000. IloncTaBuB B BbI-
paxenue (7) kpaiiHue 3HAUEHUS KaJIbI Y (MakcuMalb-
HOM M MUHHMAJIbHOM KEIaTeIbHOCTAM d), MoJIydaeM
CUCTEMY YPaBHECHUM:

a,+a-Y . =5

H max
aO+a1 : Yumin :_2'

Pemas cucremy ypaBHeHHii, 0/ICTaBUB BMeCTO ¥
MAaKCHMaJIbHOE YHCII0 OAJITIOB U3 BO3MOXKHBIX T10 YCIIOBH-
sM poBesieHns onpoca (10), Bmecto Y, . MUHAMaNbHOE
gucio 0anioB u3 BO3MOXKHBIX (1), momydaem (opmyry
JUTSL IPe0Opa30BaHusI HATypalIbHBIX APAMETPOB B HACT-

HbIE JKeJIaTeIIbHOCTH:
d = exp(—exp(—(-2,78 + 0,78 - Y ))). ()
Pesynbrarsl pacyeToB cBeACHH B Ta0II. 4.

C yueToM BECOBBEIX KOA()(PHUIIMEHTOB MOTydaeM
0000IIIeHHBIN pe3yIbTar:

D=]T.,d"= 0,99 - 0,68% - 0,26°1 = 0,66.

[Tonmy4yenHOe 3HaUEHNE OTHOCHUTCS K ITOKa3aTellio
«Xoporom.

SAK/IIOYEHUE U OBCYXJAEHUE

AHanu3 MONTy4YeHHBIX B pe3yibrare o0paboTKH
JTAaHHBIX OMPOCA BBISIBUI PSII NHTEPECHBIX TEH/ICHINH.
O6a srama mokaszamnu (puc. 1, 2), 9To Bompoc yaoocTBa
JKUTEJNEH TPHU MPOBEJCHUN KAallHUTAIBHOTO PEMOHTA
MK/ a5t camux xuTenel He IpUOpUTETHBIN. JKurenu
BCEX BO3PACTOB M T€HJEPOB TOTOBBI HOTEPIIETH HEYI00-
CTBa B IPOIIECCE PEMOHTA. A TIPHOPHUTETHBIM SIBIISCT-
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sl BOIIPOC IIPUMEHEHHS KaueCTBEHHBIX, HETOKCHYHBIX
MaTepHajoB M KauyecTBO OTHENKU. [lJisl )KeHIMH BCeX
BO3PACTOB OKa3aJiCsl BAYKHBIM BOIIPOC CTOMMOCTHU BbI-
IIOJIHEHHOI'0 peMOHTa. Ero akTyajbHOCTb I 3TOU
IPYIIbI PECIOHJIEHTOB MPAKTHYECKH Ha yPOBHE Ka-
YeCcTBa MaTepHaioB. DTO CBSI3aHO C TE€M, YTO UMEHHO
YKEHILIUHBI KOHTPOJIIMPYIOT PACXOAbI B CEMBSIX U CIISJIST,
4TOOBI BbIJICJICHHBIC HA KAIIUTAJILHBIA PEMOHT CPE/ICTBa
PAcX0OJOBAIIMCH LIEJICHAIIPABICHHO.

OcyniecTBICHHBII ONPOC IMO3BOJIMII PACCYUTATH
BecoBbIe KOI(D(HUIMEHTH (aKTOPOB, UYTO HPHUBEIO
K CO3[IaHUI0 METOJIUKH IKCIIPECC-OLIEHKH KAl TAILHOTO
pemonTa B MK/] Ha 0CHOBE CTaTHCTUYECKOTO TTOAXO0/A.
J1J1st IpakTHYeCKOro PUMEHEHUS! TIOJTyYEHHBIX PE3YITb-
TaTOB PACCUYMUTAHBI 1O OOLIEH BHIOOPKE PECIOHIICH-
TOB BECOBbIE KO3(D(OUIIMEHTHI KaXI0TO UCCIIEAYEMOTO
(dakropa: «Opranmzamus»y — 0,165; «CtoumocTsy —
0,335; «KauectBo» — 0,5, 4TO MO3BOJIMIO CO31AaTh
METOJIMKY DKCIIPECC-OIICHKH KayeCTBa BBIITOIHIEMbIX
KallUTaJIbHBIX PEMOHTOB C TOYKH 3PEHUSI KOHEUHOTO
norpeodutens — xureneid MKJ] Ha ocHOBe BepOaibHO-
YHCIIOBBIX IIKaJl XappHHITOHA.

O6paboTka pe3yJabTaToOB OIpoca MOKa3aya, u4To
JUISL OLIGHKH JIOCTOBEPHOCTH TPOBOAMMBIX METOJIOM
Jenbdu onpocoB clienyeT OpHUEHTUPOBATHCS HA J10-
CTHKEHHE OOJIbILIEeH JOBEPUTEIBHONW BEPOSTHOCTH,
a HE TOJILKO Ha BEJIMYMHY KOA(D(DHUIIHUESHTA KOHKOP/AALIWH.

W3ydeHune oOIIECTBEHHOrO MHEHUS Ha CIEIYIO-
IIEM YPOBHE JIaCT BO3MOYKHOCTbH BBISIBUTH aKTyaJbHbIC
BOIIPOCHI TIPU OCYIECTBICHUH KalUTAIBHOTO PEMOH-
Ta (000OCHOBaHHME M COCTABJICHUE TNIAHOB MIPOBEICHMS
pabot, BEIOOP 3(P(HEKTHBHBIX U NPUEMIIEMBIX TEXHOJIO-
TMYECKHUX PELICHHH U p.), @ TAKXKE JOMOJIHUTH CYIle-
CTBYIOIIIIC HOPMATHBHBIC TOKYMEHTBI® &,

Meromooruyeckie OCHOBBI IAaHHOTO UCCIIe0Ba-
HUSI YaCTUYHO OBUIM JIOJIOKEHBI Ha MeXIyHapOJHOM
cumnosuyme «The future of the construction industry:
challenges and development prospects» [21].

¢ MJIK 2-03.2003. TTpaBuiia 1 HOPMbI TEXHUYECKO# HKCILTya-
TaIIK )KWIAIIHOTO QOH/A.

7 CII 368.1325800.2017. 3nanust xuibie. [IpaBuia mpoeKTH-
POBaHUsI KalUTAIEHOTO PEMOHTA.

8 BCH 41-85(p). MHcTpyKiust 1o pa3paboTKe IPOCKTOB Opra-
HH3aL[HU U TIPOSKTOB IPOU3BOJICTBA PA0OT 110 KAUTAIBHOMY
PEMOHTY JKWJIBIX 3/1aHHUIA.
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INTRODUCTION

Currently, more than 3.5 million Muscovites live
in buildings that have undergone major repairs'. In
2015, Moscow launched a major repair programme, one
of the most ambitious housing modernization projects in
Russia and the world. The programme is scheduled to
run until 2044. It includes: 29,000 buildings (with a to-
tal area of 290 mln m?); more than 420,000 engineering
systems and structural elements of buildings; replace-
ment of 115,000 lifts. The main objectives of the ma-
jor repairs to residential buildings are to resolve the is-
sue of incomplete repairs carried out in previous years;
improve the appearance of buildings; increase comfort;
preserve the historical and cultural image of the city and
the safety of Moscow’s high-rise buildings'. The website'
describes in detail the algorithm for carrying out major
repairs of apartment buildings (AB), from the submis-
sion of a proposal for major repairs to the acceptance
of work (signing of the act). The quality of major repairs
and the living conditions of citizens during repairs are
under close scrutiny by citizens and the media. In 2015,
GOST R 56193-2014? was introduced. Immediately af-
ter the launch of the ARF Centre’s “People’s Expertise”
programme, a practical guide was published on issues
related to the organization of major repairs to com-

! Major repairs to residential buildings. URL: https://www.
mos.ru/city/projects/kapremont/#

2GOST R 56193-2014. Housing and communal services and
management of apartment buildings. Major repair services for
common property in apartment buildings. General require-
ments.
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mon property®. Despite the transparency of the process
of organizing major repairs and the attention paid to it
by public organizations, the number of complaints from
residents on the Moscow mayor’s website is not decreas-
ing*. Consequently, studying public opinion on this issue
and making decisions to eliminate emerging problems is
currently a pressing task.

One effective way to assess the quality of repairs
is to conduct a public opinion poll. Previous studies
have addressed general issues (awareness, participa-
tion in meetings on major repairs, fundraising) [1]. It
has been noted that homeowners are sometimes unable
(or unwilling) to influence the course of repairs [2, 3]
or that their complaints are ignored by contractors [4].
At the same time, federal law regulates the procedure
for compensating for harm caused to the life or health
of individuals during major repairs°.

A review of foreign sources on the issue of major re-
pairs to apartment buildings as the main focus of research
revealed the topic of energy efficiency of the measures
taken [5—7]. There are works devoted to the multi-criteria
evaluation of contractors [8], as well as the development

3 Control over the process of major repairs of common
property: rights and opportunities of citizen-owners:
practical guide. URL: https://fondkr10.ru/assets/dokumenty/
Informaciya-sobstvennikam/Publikacii-broshyury-pamyatki/
Prakticheskoe-posobie-Kontrol-za-processom-kapitalnogo-
remonta-obshego-imushestva.pdf

4 Sergey Sobyanin's personal blog. URL: https://www.
sobyanin.ru/program/ticket/512

5 Urban Planning Code of the Russian Federation dated 29 De-
cember 2004 No. 190-FZ, Art. 60.
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of models for estimating the time required for building
repairs based on machine learning [9].

The authors of this study believe that in the current
Russian context, the most objective assessment of the qual-
ity of major repairs and the development of ways to im-
prove them can only be provided by a public opinion poll
with a representative specimen of respondents. The aim
of this study is to look at the problem of major repairs
to multi-apartment buildings from the point of view
of the end user — the residents of multi-apartment build-
ings during major repairs without relocation and after re-
pairs. The survey revealed that the priority factor for resi-
dents of multi-apartment buildings of all ages and genders
when assessing major repairs is the use of high-quality,
non-toxic materials and the quality of finishing. For wom-
en of all ages, the cost of repairs was an important issue.
Its importance for this group of respondents was almost
on a par with the importance of the quality of materials.
For the purpose of practical application of the results ob-
tained, weighting coefficients for each factor studied were
calculated for the total specimen of respondents, which
made it possible to create a method for rapid assessment
of the quality of major repairs from the point of view
of the end user — residents of multi-apartment buildings —
based on Harrington’s verbal-numerical scales.

MATERIALS AND METHODS

The authors conducted a survey using the Delphi
method, which is a method of forecasting and decision-
making based on the anonymous collection of opinions
from a group of experts (respondents). A distinctive
feature of the Delphi method is its iterative process: ex-
perts (respondents) answer questions in several rounds,
with each subsequent round building on the results
of the previous one. The Delphi method is used in con-
struction, for example, to assess critical factors influ-
encing human errors related to design decisions [10]; to
evaluate energy consumption systems [11]; to identify
the main causes of accidents on construction sites [12];
assessing the risks of accidents on construction sites
caused by worker fatigue [13]; researching the pros-
pects for the construction of multi-storey wooden
buildings [14]; and studying safety issues in small and
medium-sized construction companies [15].

Justification for the number of respondents

The survey involved 160 residents of Moscow and
the surrounding area aged between 18 and 75, including 47
women and 113 men. Mathematical statistics were used
to determine whether the number of respondents was
sufficient for the task at hand. The literature [16] pro-
vides a rule for calculating the minimum number of re-
spondents (experts) m,_, depending on the permissible
error value, according to which the following expres-
sion is valid:

m,, =05- (3 + 5), (1)

o

where a is the error of the analysis result, taking values
from 0 to 1 (significance level). According to the data
published in [16], expression (1) is most applicable
when conducting a survey using the Delphi method. For
a significance level of a = 0.05 (confidence probability
of 0.95) according to formula (1), the minimum num-
ber of respondents is 33; for a significance level of 0.01
(confidence probability of 0.99), the minimum number
of respondents is 152.

It is clear that the number of experts who partici-
pated in the survey is sufficient (m > m__ ) at the highest
confidence level.

Selection of factors to be evaluated

For the purpose of the initial survey, the following
factors were selected, which respondents were asked to
rank:

» compliance with repair work deadlines;

* cost of work performed;

* quality of finishing works;

+ convenient organization of temporary storage
of materials for residents;

* use of environmentally friendly, non-toxic ma-
terials;

* quality of lift equipment replacement.

The factors were selected based on considerations
of time and cost, as well as ensuring safety during
the overhaul.

RESEARCH RESULTS

Initial processing of survey results

The following rules were used when filling out
the survey table: the most significant factor was as-
signed a rank of 1, and the least significant factor was
assigned a rank of 6. If a respondent did not take one
factor into account, the maximum rank value was taken
as the assessment; if the respondent did not take several
characteristics into account, they were assigned the same
ranks, equal to the arithmetic mean of the remain-
ing unused assessments. To assess the consistency of
respondents’ opinions, an alternative consistency coef-
ficient was used [17, 18], which is a modification
of Kendall’s concordance coefficient as a multiple vari-
ant of rank correlation:

W= T 5 ; (2)
Em (n - n) —3m(2m(n + l) —1) -6(n, m)

S= Z;[Z:erik - O.Sm(n + I)T;

o, m)— { 0, where m(n+1)is even

where 7 is the number of factors.

Fig. 1 shows the distribution of rank sums across
all specimen options considered. It is clear that in this
survey, the minimum rank sum (the most significant

1, where m(n + 1) is an odd number,
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of materials materials
" Respondents aged 45 to 75 84 94 52 116 74 66
® Respondents aged 18 to 25 415.5 435.5 248 534.5 421.5 441
" Men of all ages 385.5 409.5 252 514.5 399.5 412
®  Women of all ages 185 198 80 227 147 150
= General sample 571.5 608.5 336 737.5 547.5 559

Fig. 1. Distribution of the sum of ranks by factors

factor) corresponds to the factor “Quality of finishing
works”, and the maximum rank sum corresponds to
the factor “Convenient organisation of temporary stor-
age of materials for residents” (the least significant fac-
tor). Nevertheless, it would be incorrect to draw con-
clusions based on the results of this part of the study
without assessing the significance of the calculated con-
cordance coefficients.

The calculated values of the concordance coeffi-
cient for all respondent specimens are given in Table 1
(column 4). It is clear that, from a formal point of view,
only one of the concordance coefficients (the “Wom-
en” specimen) corresponds to a satisfactory agreement
among respondents (0.5). However, for surveys with
a large number of respondents, this approach is incom-

plete (this issue is discussed further below). Therefore,
the significance of the obtained concordance coefficient
values is assessed according to two criteria: Pearson’s
and Fisher’s Z-criterion.

According to [16], the empirical value of Pear-
son’s criterion is determined by the expression:

e=m-(n-1)-W. 3)

The number of degrees of freedom v =rn — 1. For
all specimens, the value of the degree of freedom is 5.
Empirical values ¥* in column 5 Table 1.

For Fisher’s Z-test, according to publication [16],
the following value is used as the critical statistic:

Z=0.5-In[(n+ DHW/(1 - W)]. 4)

Table 1. Calculation of the significance of concordance coefficients

w e Zz v, | v, 7
Specimen m | n according to | according b according to . criterion value
p expression | to formula | criterion value | expression e;ccordingsto
@) 3) “) ormula (3)
1 2 |3 4 5 6 7 8 9 10
Total specimen of
160 | 6 0.19 152.00 0.25 5 795
respondents 11.07 29
Women of all ages | 47 0.51 119.85 (Siglllgz;‘nce 0.99 5 | 230 | (significance
Men of all ages 113 0.16 90.40 0.05) 0.14 5 560 level 0.05)
. 2.8
Respondents aged 18 15.07 o
10 25 inclusive 119 | 6 0.17 101.15 (significance 0.18 5 590 | (significance
Respondents aged 45 level 0.01) level 0.01)
pondents ag 23 6| 027 31.05 ' 0.48 5 | 110
to 75 inclusive
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Table 2. Grouping of factors

Factors

Combined groups of factors

Compliance with repair work deadlines

Convenient organization of temporary storage
of materials for residents

Organization of major repairs (duration, deadlines, storage

of materials)

Cost of work performed

Quality of lift equipment replacement

Cost of major repairs (including costs of materials and lift

equipment)

Quality of finishing works
Use of environmentally friendly, non-toxic materials

The degrees of freedom of statistic (4) according
to [16] are calculated for the task of determining sig-
nificance as:

v, =n-1Lv, =(m-1)-v. 5)

The calculated data are entered in Table 1, colu-
mns 7-9.

Since, according to Table 1, for all specimens,
the empirical value of % is greater than the criterion value
even for a significance level of 0.01, the opinions of ex-
perts at this significance level can be considered consis-
tent in all specimens considered. A similar result was
shown by the analysis of data using Fisher’s criterion.

Second round of research. Grouping of factors

Next, in accordance with the ideology of the survey
method used, the factors were grouped (Table 2) into
three groups, conditionally designated as “Organization
of major repairs”, “Cost of major repairs” and “Quality
of finishing works and materials used”, hereinafter re-
ferred to as “Organization”, “Cost,” and “Quality.”

The results of the statistical processing of the sec-
ond round are shown in Table 3 and Fig. 2.

For practical application of the results obtained,
weight coefficients for each factor studied were calcu-
lated for the total specimen of respondents: “Organiza-
tion” — 0.165, “Cost” — 0.335, “Quality” — 0.500.

Practical application of the results obtained
to assess the quality of major repairs in
multi-apartment buildings

As asmall example, let us consider a survey in
a multi-apartment building in Moscow after major re-
pairs were carried out. The respondents are residents
of the building of all ages and genders. The following

Table 3. Results of expert agreement in the second round

Quality of finishing works and materials used

factors were assessed: “Organization of major repairs (du-
ration, deadlines, storage of materials)”, “Quality of fin-
ishing works and materials used”, and “Cost of major re-
pairs (including the cost of materials and lift equipment)”.
The assessment was carried out on a 10-point scale, with
the highest score being 10 and the lowest being 1. The av-
erage score for the completed survey for the “Organiza-
tion” factor was 3.2, for the “Quality” factor was 4.8, and
for the “Cost” factor was 9.5. A comprehensive assessment
of the major repairs carried out is required.

To solve the problem, we use Harrington’s gener-
alized preference function, which is used to formalize
subjective uncertainties in multi-criteria problems, for
example, to evaluate the effectiveness of occupational
safety measures [19, 20]. The desirability index rang-
es from 0 (worst) to 1 (best). Individual indices can
range from 2 to 5 (Fig. 3). The formula describing Har-
rington’s “desirability curve” is:

d = exp[-exp(-1)], (6)

defines a function with two saturation regions (at d — 0
and d — 1) and a linear region between them. Y is a di-
mensionless quantity related to the value of the natural
factor by a linear law:

Y=a,+a Y, (7)

where Y are natural factors, in this case the average
scores obtained from the survey.

The Y-axis is a scale of individual indicators, and
the d-axis is a desirability scale. The desirability scale is
divided into five sub-ranges from 0 to 1: [0; 0.20] — “very
poor”; [0.20; 0.37] — “poor”; [0.37; 0.63] — “satisfac-
tory”; [0.63; 0.80] — “good”; [0.8; 1.00] — “very good”.

. v . Pearson’s confidence .
Specimen m n by expression - Significance level
) probability

Total specimen 160 3 0.77 0.99 0.01
of respondents

Women of all ages 47 3 0.66 0.99 0.01

Men of all ages 113 3 0.71 0.99 0.01

Respondents aged 18 119 3 0.73 0.99 0.01
to 25 inclusive

Respondents aged 45 23 3 0.80 0.99 0.01
to 75 inclusive

137

(G) € BNSS] ‘G JON Ieneanrapuc eauajag



scionco o ruction: o] 15, Issue 3 (57)

Anna V. Kornilova, Valentin A. Ermakov, Aleksei V. Baulin

General Women Men Respondents Respondents
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Fig. 2. Calculated values of rank sums

Substituting the reference values of the preference  tions of the survey (10) for ¥, and the minimum num-
scale d into equation (6), we obtain the following ex-  ber of points possible (1) for Y, . we obtain the formula
pressions: 1 = exp[—exp(—Y0)]; 0.80 = exp[—exp(—Y1)];
0.63 = exp[exp(-Y2)]; 0.37 = exp[—exp(— Y3)]; 0.20 =
= exp[-exp(-Y4)]. After double logarithmation: d = exp(-exp(~(-2.78 + 0.78 - 1 ))). ®)
Y0=15.0000; ¥1=1.5000; ¥2=0.7725; ¥Y3=0.0057; Y4 = The results of the calculations are summarized in
=-0.475; ¥5=-2.0000. Substituting the extreme values  T,pie 4.
of the Y scale (maximum and minimum desirability )
into expression (7), we obtain a system of equations:

{ao—i—al.YHmax:S;

for converting natural parameters into partial desirability:

Taking into account the weight coefficients, we ob-
tain the following generalized result:
ay+a Y =2 D=]T. d"=0.990%5 - 0.68"3 - 0.26"1% = 0.66.

Solving the system of equations, substituting The value obtained corresponds to the “Good” in-
the maximum number of points possible under the condi-  dicator.

1
7 ' ' ' | | ] :
L T T e e e i
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Fig. 3. Graphical representation of the left branch of the Harrington preference function with a one-sided restriction
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Table 4. Particular preferences according to Harrington

d Verbalization
Average score Weighting . of the values
Factor . . Y according .
in the survey Y coefficients k. . of particular
n / to expression (8)
preferences
Cost 9.5 0.335 4.630 0.99 Very good
Quality 4.8 0.500 0.963 0.68 Good
Organization 32 0.165 -0.284 0.26 Poor

CONCLUSION AND DISCUSSION

Analysis of the survey data revealed a number
of interesting trends. Both stages showed (Fig. 1, 2)
that the issue of convenience for residents during ma-
jor repairs to multi-family buildings is not a priority for
the residents themselves. Residents of all ages and gen-
ders are willing to put up with inconveniences during
the repair process. The priority is the use of high-quali-
ty, non-toxic materials and the quality of the finish. For
women of all ages, the cost of the repairs was an impor-
tant issue. Its relevance for this group of respondents is
practically on a par with the quality of materials. This
is because it is women who control household expenses
and ensure that the funds allocated for major repairs are
spent in a targeted manner.

The survey allowed us to calculate the weighting
coefficients of the factors, which led to the creation
of a methodology for the rapid assessment of major re-
pairs in multi-apartment buildings based on a statistical
approach. For the practical application of the results ob-
tained , the weighting coefficients of each factor studied
were calculated for the total specimen of respondents:
“Organization” — 0.165; “Cost” — 0.335; “Qual-
ity” — 0.5, which made it possible to create a method
for rapid assessment of the quality of capital repairs

from the point of view of the end user — residents
of multi-apartment buildings — based on Harrington’s
verbal-numerical scales.

Processing of the survey results showed that in or-
der to assess the reliability of surveys conducted using
the Delphi method, it is necessary to focus on achieving
greater confidence probability, and not just on the value
of the concordance coefficient.

Studying public opinion at the next level will make
it possible to identify current issues in the implemen-
tation of major repairs (justification and preparation
of work plans, selection of effective and acceptable
technological solutions, etc.), as well as to supplement
existing regulatory documents® -8,

The methodological foundations of this study
were partially reported at the international symposium
“The future of the construction industry: challenges and
development prospects” [21].

¢ MDK 2-03.2003. Rules and standards for the technical
operation of the housing stock.

7 CP 368.1325800.2017. Residential buildings. Rules for
the design of major repairs.

8 VSN 41-85(r). Instructions for the development of projects
for the organization and production of major repairs
of residential buildings.
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OueHka MOBPEXIAeMOCTH U 3aKJIMHUBAIOIIEH CIIOCOOHOCTH
WHHOBAIMOHHOM 3D-reopemeTkn HA rpaHuIle pasaena
CJIOEB «IECOK — IeOeHb

Adnexceii Anexcannposuu UrnarseB’, Uinbs AnexcanapoBuy Unmxknkon?
I Mockosckuil asmomoouibHo-00pONCHbIL 20CYOAPCIMEEHHbLI MEXHUYECKUTl YHUSEPCUmen
(MA/IA), e. Mockesa, Poccus;

? Hayuonanvhulil ucciedosamensckuil Mockogckutl 20cy0apcmeeHHblil CIpOUumeibhblil
yrusepcumem (HUY MI'CY); . Mockea, Poccus

AHHOTALUMNA

BBepeHue. lNpencraBneHbl pesynsTaTbl 3KCNepUMeEHTalbHbIX UCCNEA0BaHNA MHHOBALMOHHON 3D-reopelueTkn B cpaBHe-
HVN C TPaAMLMOHHO BbiNyCcKkaeMbIMU nrockumu reopetuetkammn Cnaspoc C1-40 n Apmocet b, npyMeHseMbiMu ANst apMu-
pOBaHWsA rPYHTOBbLIX OCHOBaHWIA. B xofe akcnepuMeHTanbHbIX CCNefoBaHWi OLEHUBANMCh NMOBPEXAAEMOCTb reopeLLeTok
npv BO3AEVCTBUN YNIOTHSOLLEN Harpy3ku, pasaenstowas qyHKLMS reopeLleTok U 3akMHMBatoLWwas crnocobHOCTb.
MaTtepuanbl u MeToabl. 3aknMHuBaoLas cnocobHOCTb, pasaenstoLas MYHKLMSA U YCTONYMBOCTb K Pa3pyLLIEHUIO FOTOBbIX
06pas3LioB reopeLleTok OLeHUBanucb B N1abopaTopHbIX YCMOBUAX C MPUMEHEeHNEM pa3paboTaHHON KOHCTPYKLMW UCTbITa-
TEMbHOIO KOHTENHEPa, KOTOPbIN NpeAcTaBnseT cobov MeTannmyeckyto Kopobky pasmepamu 20 x 20 x 20 cm 1 meTannu-
YecKyto KpbllwKy pa3mepamu 19,5 x 19,5 x 10,5 cm ¢ TonwmHoM cTeHok 5 MM. B kauecTBe npecca Ansi MOAENMPOBaHMS
YMNOTHSAOLLEN YCTaHOBKM MCMONb30oBanack ruapaenuyeckast ycraHoska 3VIM [1-10.

PesynbraTbl. Pe3ynstaTbl UCMbITAHWIA HA NOBPEXA4aeMoCTb nokasanu, 4To obpasubl reopeluetkn Apmocet b n Cnaspoc
C[-40 nony4nnm MHOrouMCreHHbIE MOBPEXAEHUS B BUAE paspyLueHusi pebep, BMSTUH U NepernboB oTaernbHbIX CTpeHTr. Vc-
xofs 13 obLuero konuyecTsa NOBPEXAEHUIA U XxapakTepa NOBPEXAEHUS YOXEHHOro crosi Bymary B kKavyecTse mHavkaTopa
3aKIMHUBAHVE KaMEeHHOro MaTepuana MUHUMansLHoO, HabnAalTCs XxapakTepHble Pa3pbiBbl HA NINCTE U 3aMETHO NMPOHMKHO-
BEHWEe KaMEHHOro MmaTepuana yepes apmmpyemyto reopeluetky. [ina 3D-reopeluetku, MCXoAa U3 KonNnyecTsa NoBPeXAEHNN
Ha crioe Bymaru, MOXXHO roBOpUTb O JOCTAaTOYHOM 1 BbICOKOM NPOLIEHTE 3aKMMHUBaHUS KaMeHHOro matepuana. leopelueTtka
OTIUYHO CnpaBunack C PyHKUMEN pasgeneHns CrioeB pbIXoro necka v webHs. 3aknMHuBaHWe KaMeHHOro matepuana
NMPOVCXOAUT BbILLE CMOSi apMMPOBAaHMWSA, YTO OYEHb BAXHO ANA apMUPYOLLMX MPOCMOEK U MOBbIEHWSA 3P eKTUBHOCTU
apMM1pOBaHUS CroeB.

BbiBogbl. Pe3ynbrathl 3KCNepuMeEHTarnbHbIX MCCeaoBaHWin ¢ pa3paboTaHHOW KOHCTPYKUMEN WHHOBaUMOHHOW 3D-reo-
peLleTkn NPOAEMOHCTPMPOBANN, YTO reopeLleTka UMeeT 3HauuTernbHble NepcrnekTuBbl Ans NMPUMEHEHUst ee B KayecTBe
apMupytoLLei NPOCIOoNK/ B rpaXaaHcKoM cTpouTenbcTBe. TpebyeTcs npoBefeHne 6omnee MaclTabHbIX 9KCNepuMeHTanb-
HbIX UCCrefoBaHU Aa OLEHKN 3KCnyaTaumoHHON apdMEKTUBHOCT.

KINKOYEBBIE CINOBA: reopelueTka, 3akinMHMBatoLLas cnocoBHOCTb, LebeHb, Necok, pa3aeneHue Croes, NoBpPeXaaeMoCTb
reopeLueToK, ynrnoTHeHne

brnazodapHocmu. ABTOpbI BblpaxatoT OnarogapHOCTb 3a MOMOLLb B MPOBEAEHUN IKCMEPUMEHTarbHbIX UCCreaoBaHWUi
Ockangepy Anuwweposudy PyctamoBy n KpuctnHe AngpeesHe KynnkoBow, a Takke peLeH3eHTaMm.
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HoBauvoHHON 3D-reopelueTky Ha rpaHuLe pasgena crioeB «necok — webeHby // CTponTenbCcTBO: Hayka u obpasoBaHue.
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ABSTRACT

Introduction. The paper presents comparative results of experimental studies of innovative 3D geogrids in comparison with
traditionally produced flat geogrids Slavros SD-40 and Armoset B, used for reinforcement of soil foundations. Damageability
of geogrids under compaction load, separating function of geogrids and wedging ability were evaluated during experimental
studies.

Materials and methods. The wedging ability, separating function and resistance to failure of ready-made geogrids samples
were evaluated in laboratory conditions using the developed design of a test container, which is a metal box with dimensions
20 x 20 x 20 cm and a metal lid with dimensions 19.5 x 19.5 x 10.5 cm with a wall thickness of 5 mm. A ZIM P-10 hydraulic
machine was used as a press to simulate the sealing unit.

Results. Damage test results showed that the Armoset B and Slavros SD-40 geogrid specimen sustained numerous dam-
ages in the form of rib failures, indentations and kinking of individual strands. Based on the total amount of damage and
the nature of damage to the laid paper layer, as an indicator, the jamming of the stone material is minimal, characteristic
tears on the sheet are observed and the penetration of the stone material through the reinforced geogrid is noticeable. For
3D geogrid, based on the number of damages on the paper layer, we can speak about a sufficient and high percentage
of stone material jamming. The geogrid perfectly coped with the function of separation of loose sand and crushed stone lay-
ers. The jamming of stone material occurs above the reinforcement layer, which is very important for reinforcing interlayers
and increasing the efficiency of reinforcement layers.

Conclusions. The results of experimental studies with the developed design of innovative 3D geogrid showed that this
geogrid has significant prospects for its application as a reinforcing interlayer in civil engineering. More extensive experimen-
tal studies are required to assess the operational efficiency.

KEYWORDS: geogrid, jamming capacity, crushed stone, sand, layer separation, geogrid damage, compaction
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BBEJAEHUE

B COBPEMCHHBIX YCJIOBUAX CTPOUTECIBCTBA IIH-
pOKOE MPUMEHEHHE HAXOIAT TaKHe T€OCHHTETHYe-
CKHE MaTepHalibl, Kak reopemerku. OHU aKTUBHO HC-
MOJIB3YIOTCS IPH YKPEIUICHWH TPYHTOBBIX OCHOBAHHN
oJ| pa3nuyHble (PyHIaMEHTHI, IS TIOBBIIICHUS HECY-
e CIOCOOHOCTH CJIA0BIX TPYHTOB, Pa3ICiICHHUSI CIIO-
eB. B TOpOXHOM CTPOUTENBCTBE TEOPEIIETKHA AKTUBHO
MIPUMEHSIOTCS JIISl BEITMYCHISI HECYIIEH CITIOCOOHOCTH
OCHOBAHMH JOPOKHBIX OJEK]l U KOJIEEyCTOMYHUBOCTH
JIOPOXKHBIX OfeXk A [1], a TakKe A yMEHBIIICHHS TOJI-
IIMHBI KOHCTPYKTUBHBIX ciioeB. Kpome Toro, apmupo-
BaHME TPYHTOBBIX OCHOBAHMI HAIPABICHO Ha TOBBIIIIE-
HHUE TOJITOBEYHOCTH KOHCTPYKITHH.

CeFO[lH)I Ha PBIHKE TCOCUHTECTUYCCKUX MAaTCPHaiOB
MIPEICTaBICHO OONBIIOe pasHOOOpa3ue KOHCTPYKIUN
reopenieTok. B OCHOBHOM WX OTIUYHE 3aKIHOYAeTCS
B (hopMme u pasMepax sSUeHKH, TEXHOJIOTHH U Crocobax
MIPOM3BOACTBA (TJICTEHBIE WIIN CBapHBIE), B HCIIOIb3Ye-
MbIX MarepuasiaXx. OCHOBHas (popMa siYeeK KBaJIpaTHas
U TpeyroyibHasi, pa3meps! koieomoTest oT 20 1o 50 M.
Ecte u gpyrue yHuKaIbHBIC perneHus. [Ipu aTom s 1o-
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PO’XKHOTO CTPOMTEINILCTBA LIMPOKOE NPUMEHEHHE HAIIIH
TEOPEIIETKH, HCTIOIb3YEMbIE C IIEIbI0 aPMHUPOBAHUS ac-
(hasTbTOOETOHHBIX CIIOEB, BHIIIOTHEHHBIE U3 0a3aI6TOBO-
TO WJIM CTEKJIOBOJIOKHA. OHHM YKIIaJbIBAIOTCSI MEXTY CIIO-
MU acanprodeToHa pH TemMneparypax sbimie 120 °C,
YTO 00eCHeYrBaeT UX YCTOWYMBOCTh B XOJ€ YKIIAJKU
U TIOCJIETYIOIIEeH SKCIITyaTalHH.

CTOUT OTMETHTbh, YTO B OCHOBHOM T'€OPEIIETKH
BBIITyCKAIOTCSI IPOU3BOAUTEISIMA TNIOCKHMH, TPOIHK-
TOBAHO 3TO HEOOXOJMMOCTBIO YMEHBIICHUS TOJIINHBI
MIPOCIIONKN 1 CHWKCHHEM MaTepHaToeMKOCTH. DTO
UMEeT U CBOM HEOCTaTKU. B wacTHOCTH, 3a cueT maoi
TOJIIMHBI YMEHBINAETCS MIyOWHA HOTPY)KEHHS B CIIOU
Y HECKOJIBKO CHIDKAETCS aJire3ust MEeXIy CJIOSIMH, a TaK-
K€ COKpAIIAeTCsl apMHUpPYIoIas crnocoOHOCTh. Bo3mo-
JKEH CIIBUT MEKJLy CIIOSIMH, TIPH KOTOPOM MOBPEKIACHHS
TeOPeLIeTKA MPUBOAIT K 3HAYUTEIHHOMY CHIIKCHHUIO
ee MPOYHOCTH [2], TeM caMbIM Hapymiaercs Tpedyemas
MOHOJIUTHOCTH U, KaK CJIEACTBHE, HACTyMaeT ObIcTpoe
paspy1enne mokpoITusi. [oBopst o pazaenstroreit GpyHk-
IIMY TeOPEUICTOK, KOT/Ia MX IPHUMEHSIIOT JUTs pa3eIeHHs
CIIOEB (HaIIpUMep, «IIeCOK — IIeOSHbY), TO paCCUNUTHIBA-
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10T Ha BO3MOXXHOCTb 3aKJIMHUBAHUSI KAMEHHOT'O MaTepH-
aja ¥ CTaOMITH3aINI0 €0 CBOWCTB B IPOIIECCE TOCIIEIY-
IOIIEeH SKCIUTyaTal ¥ Ha MHHIMH3AINI0 BO3MOKHOTO
B3aMMHOI'0 IPOHUKHOBEHUS CII0€B APYT B ipyra. BaxHo,
4yTOOBI KAMEHHBIN MaTepHajl He MPOHUKAJI B ITECYaHbIe
CJIOW ¥ COXPAHSUTICH MPOEKTHBIC TOIIMHBI CIIOEB, a TaK-
K€ TIOPUCTOCTh KAMEHHOTO MarepHaa He KOMIEHCHPO-
BaJlach Obl MPOHMKAIOIIUM B TIOPBI IECYAHBIM TPYHTOM.
J10OUTBCST 3TOr0 MOXHO TOJBKO B TOM CITydae, €CIIM T€0-
perieTka o0ecrieqrBaeT JOCTaTOUHYIO 3aKIIMHUBAIOIILY O
CIOCOOHOCTH KAMEHHOTO Marepuara, Py KOTOpOH Iiie-
OeHb HEe TPOCAYMBACTCS CKBO3b SUYCHKH U 00eCTIeInBaeT
HaJIOKHOE Y/IepyKaHHe KAMEHHOTO MarepHaia B HIKHUX
ciosix. IMeHHO 371ech TPOSBIISIIOTCSI OCHOBHBIC HEJIO0-
CTaTKM INIOCKHUX TeopemnieTok. [lmockas moBepxHOCTH
HE MO3BOJISIET HAJISKHO YIePKUBATh KOJIOTHIH KaMeHb
(11e6eHb), 4TO CIIOCOOCTBYET CPBIBY €TI0 C TOBEPXHOCTH.
Taxoke 1 ob6ecriedeHust 3aKIMHUBAHAS TPEOYeTCsI, 4TO-
OBl pa3mep siYeHKU COOTBETCTBOBAJ pa3Mepy KAMEHHOTO
Mmarepuaina. EcTb pekoMeHaaIum, o KOTOpsIM pa3Mep
SIMEMKM HE JOJDKEH MPEBBIIIATH JIByX pa3MEpOB caMoOil
OOJIBIIION (hpaKIKHK IICOHS.

B nocnennee BpeMsi B OTEUECTBEHHOH 1 3apyOexk-
HOMW TIpaKTHKE aKTHBHO CTaJIM 00CYX/IaTh MOBPEKIa-
€MOCTb I€OpEIETOK, YIOKEHHBIX MEXK/Y CIOSIMHU Ka-
MEHHOTO MaTepualia WiIH CJIOSMH IecKa U KaMEHHOTO
Marepuaina. Pe3yasTarsl B psijie CIydacB HEYTEIINTEIb-
HbI [3-5]. IIpryem moBpekAaeMOCTh HAMIPSIMYIO 3aBH-
CHUT OT Marepuaa, U3 KOTOpPOro U3roTaBINBACTCS I'e0-
pemretka [6]. ['eoperneTku, TOTyYeHHBIE SKCTPY3HOH-
HBIM METOJIOM, 00JIee YCTONYMBBI K YIapPHBIM HArpy3KaM
1 UCTUPAHMIO, HO 32 CUET CTPEMIICHHUS TPONU3BOANTEIICH
COKOHOMHUTH MaTepHai MpH MPOU3BOACTBE TOIIINHBI
pebep CHIIbHO YMEHBIIAKTCS, YTO NPUBOAUT K UX 00-
Jiee BBICOKOW MOBPEX/IaeMOCTH, O YEM TOBOPSIT HCCIIe-
JIOBaHUsI, HAIIPABJICHHBIC HA YHCICHHOE MOJIEINPOBa-
HUe paspyieHus: pedep reopemerok [7-9]. [Topoii [3]
nu3Hoc MoxeT gocturarb 90 % OoT mepBOHaYaJIbHOU
MIPOYHOCTH, YTO MPAKTUIECKH CBOJHUT HA HET BCE BO3-
JIO)KEHHBIC HA TEOpEIIeTKY 00s53aTeNbCTBa 10 YKpEell-
JICHUIO U apMUpPOBaHHUIO cioeB. He mMeHee akTyanb-
HBIM aCIIEKTOM SBIISIETCS U CTOMKOCTB K BO3EHCTBHUIO
npUpoOAHBIX (hakTopoB. B psne pabor aTomy yaeneHo
ocoboe BHuManue. Tak, Bo3neiicTBue ynprpaduoiera
u temnepatypsl [10—12] Moxer emne 10 yKIaIKu reo-
PELIETKH YMEHBIINUTh €€ MPOYHOCTH Ooee uem Ha 50 %.
BesycioBHO, 1 KyabTypa NPON3BOACTBA pabOT OKa3bIBa-
©T 3HAUNTEIHHOE BIMSIHUE Ha TIOCIIEIYIOIIHE YKCIUTyaTa-
IIUOHHBIE XapaKTEePUCTHKHN 00bekTa. Ilpn ykmaake reo-
PELIETOK JII00bIE TEPEKOCHI, YMBIIUIEHHOE U3MEHEHHE
TEOMETPHUH IPUBOIAT K TOMY, YTO T€OPEIIETKA H3MEHSI-
€T CBOM XapaKTEPUCTHKH U OoJiee aKTUBHO MOJBEPIKe-
Ha MOBPEX/1AeMOCTH M CHWKEHHIO HKCILTYaTallMOHHBIX
mapameTpoB [2]. KpoMe Toro, Ha reopernieTky, yInoKeH-
HYIO Ha TO/IFOTOBJIICHHYIO IIOBEPXHOCTh, U3 CAMOCBa-
Jla BBITpYXaercs mebdeHb, YTo npu BbicoTe Oonee 1 M
BBI3BIBACT CYIIECTBEHHBIC MOBPEXKICHUS M AaXKe Pas-
pyuienue. M3zyuennto aToMmy 3 QeKTy mocBsiieHo uc-

cnenosanue [13], B KOTOpOM pacCMOTPEHO MOBPEkKIE-
HUE TeOpeIIeTOK NMPH MaJeHUH KaMEHHOI0 MaTepHaa
¢ BBICOTHI | 1 2 M. Pe3ynbraTsl HccnenoBannii moxasa-
JIY, YTO OIHOPOJHOCTH pa3Mepa KaMEHHOTO MaTepuana
OKa3bIBa€T HaMOOJIbIlIEe BIMSHUE HA TIOBPEKIAEMOCTh
TEOpemeTOK. A B NMPAKTHKE CTPOUTEIHECTBA MMEHHO
OJTHOPOIHOCTHh KAMEHHOTO MaTepHaja Halia Han0o-
Jee mMpokoe npumeHeHue. CMecu U3 KaMEHHBIX Ma-
TEPHAJIOB UCTIOIB3YIOTCS 3HAYUTENBHO pexe. Bee aTo
CO3JIa€T ONPEAEICHHBIE CI0KHOCTH JUIs IPOU3BOJCTBA
pabort. [Ipu 3TOM Ba)KHO U TO, YTO IICOCHb UMEET PBa-
HYIO IOBEPXHOCTH, KOTOPast JOCTATOYHO JIETKO Tepe-
pesaeT Wi nepepyoaet oTJeNbHbIEe pedpa reopenieTKy.

Hecmotpst Ha 6oITbIIIOE KOIMYECTBO PadoT, MOCBs-
IICHHBIX U3yYCHHUIO 0COOEHHOCTEH apMUPOBAHUS KOH-
CTPYKTHBHBIX CJI0€B U 0OcHOBaHUi [ 14—18] u onieHke mo-
BPEXKJIAEMOCTH T€OPELICTOK, PACIOIOKECHHBIX MEKIY
CIOSIMH KaMEHHOTO MaTepuajia HJIH CIOSIMHU MecKa
1 11eOHs1, NCCIIE0BAHM, HAITPABICHHBIX Ha OIICHKY 3a-
KJIMHUBAIOIIEH CIOCOOHOCTH, NPAKTUYECKH HET. A 3TOT
(hakTOp ABMACTCS OJHUM M3 BAXHEHIIUX C TOUKH 3pe-
HUSI TIOBBIIICHNSI HECYIIeH CIIOCOOHOCTH M YMEHBbIIIe-
HUS TOJIUHBI KOHCTPYKTUBHOI'O CJIOs, @ TAKKE CHHUXKE-
HUA 3P (PexTa B3aNMHOTO TPOHUKHOBEHHSI CIIOEB IPYT
B JpyTa.

Ha nporskenuu psga jaeT KOJIIEKTUBOM aBTOPOB
MPOBOAATCS HMCCIEAOBAHUS IO M3YyUYCHHUIO OCOOCH-
HOCTEW apMHUpPOBaHUS OCHOBAHUN MHHOBAIIMOHHOMU
3D-reopemeTkoii [19, 20]. Pe3ynprarsl yHUKaIbHBI
KaK B YaCTH apMHPYIOMIeil CIOCOOHOCTH, TaK M 3a-
KIIMHUBAIONIEH CTOCOOHOCTH KaMEHHOTO MaTrepuala.
VccnenoBaHus MPOAOIIKAIOTCS B 3TOM HallpaBICHUU.
B pamkax manHO# myOnmKamuy OyqyT MpeACcTaBICHBI
Pe3yJbTaThl SKCIIEPUMEHTAIBHBIX MCCIIeIOBaHNH, Ha-
MIpaBJICHHBIC HA CPAaBHEHUE T€OPEIIETOK MO MOBPEKIa-
€MOCTH ¥ 3aKIMHUBAIONIEH CIIOCOOHOCTH TIPH YKIIAIKe
MX MEXJy CIIOSIMH MIeCKa M KAMEHHOTO MarepHara.

IIpensnoxen HOBBIN crOCOO OLIEHKU 3aKJIMHUBA-
IOIIei CIOCOOHOCTH KAMEHHOTO MaTepuaia, KOTOPBIA
IpeoaraeT yKJIaJKy Jiucta OyMaru B Ka4eCTBE WH/TU-
Karopa. YHUKaJIBbHOCTh 3TOTO CIIOCO0a COCTOUT B TOM,
YTO OH TO3BOJISICT HATJIATHO YBUICTH PA3HUILY IPH
CpPaBHEHHH HECKOJBKHX T€OpEIIETOK Ha 3aKJIMHHMBa-
IOIIYI0 CIIOCOOHOCTh M HACKOJIBKO 3()(HEKTHBHO reo-
peIeTKa yaepKuBaeT KaMeHHBI MaTepral OT €ro Mmpo-
HUKHOBEHUS B I1€CUYAHBIE CIIOH.

MATEPHUAJIBI I METO/bI

3aKkIMHHUBAIONIAS CIIOCOOHOCTH, pa3aeisionias
(GYHKIHS U YCTOMYMBOCTH K Pa3pyIICHHIO TOTOBBIX
00pa3IoB reopemeTok, BKI0Yasi HHHOBAIIMOHHYIO
3D-reopemuieTky, OleHUBAINCEH B Ta0OPaTOPHBIX yCIIO-
BUSIX.

Lenp skcreprMeHTa 3aKiodaiach B He0OX0H-
MOCTH OIICHKH T€OPEIIETOK Pa3IMYHON KOHCTPYKIHH
1 MaTepHualia B IPOIecCce YINIOTHEHNS Ha TPaHUIIe CII0-
€B «IEeCOK — Ie0eHb» C MOCIEAYIOINM CPaBHEHHEM
WX MEXaHMYECKON YyCTOWYUBOCTH K pa3pylICHHUIO
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Puc. 1. DxcrpynuposanHas reopemierka Cinaspoc C/1-40

IO TTOBTOPSIEMO CTAaTUYECKOH HArpy3Koi M 3aKIMHU-
BArOIIEN CITOCOOHOCTH.

g sxcriepuMenTa ObITH 0TOOpaHBI CIEAYIONINE
00pasIibl FeOpeNIeToK:

1. OxcrpynupoBanHas reoperetka Crnaspoc CI-40
¢ siueiikoit 40 x 40 MM (puc. 1).

B Tabin. | nmpencrasieHs! (U3NKO-MEXaHNIECKHE
mokazarenu reopemetku CI-40.

2. Tkanas reopenretka Apmocet b ¢ saeiikoit 30 x
x 30 MM (puc. 2).

B tabn. 2 npuBeseHb! HU3MKO-MEXaHUIECKHUE T10-
Kazarenu reopemeTrku Apmocer b.

3. nnoBaunonHas 3D-reopererka st apMHpO-
BaHUSI IOPOXKHOHM OZEKABI C Pa3MEpOM IO JUaroHaJIn
70 MM (puc. 3).

Puc. 2. Tkanas reopemerka Apmocer b

XapaKkTepuCTHKN TeOpeIIeTKH: MaTepran — Petg;
JIUaMeTp OTBepCTHS — 63 MM; BBICOTa pebpa — 8 MM;
muprHa pedpa — 10 mm.

leoperieTka Jyist apMUPOBAHHMST JIOPOIKHON OZIEK/IbI
MPENICTABILIET COO0M KOH(PHUTYPAIIUIO STICCK TPEYTOIHHON
(hopmbl, 00pa3oBaHHBIX TepecedenreM pedep. Kondury-
panst s'aeek 00pasyeT MPaBHIIbHBIN MIECTHYTOIbHIK.

CyTb HCHBITAHUS 3aKIFOYAIach B MOJCITUPOBAHUN
TEXHOJIOTUH YKJIAJKH T€OPEIIETKH U MEXaHUIECKOM I10-
BPEK/ICHUH €€ BCIIEICTBHE KOHTAKTa C KAMEHHBIM Ma-
TEpUaJIOM B MIPOLIECCE YIUIOTHEHUSI.

JUist McTIbITaHUI MCIOJIB30BAJIACH THJIPABINYECKast
ycranoBka 31IM I1-10, kotopas cocTosiia U3 Harpy3ou-
HOH IJIUTHI, UCIIBITATEILHOIO KOHTEHHEpPa U CUIIOBOM
YCTaHOBKH, co3/1atomniel Tpedyemoe nasnerne (puc. 4).

Tab.. 1. dusuxo-mMexanuueckue rnokaszarenau reopemerku Ciaspoc CI-40

ITokazarenn 3HaueHue
Harpy3ka npu pactsbkennu, KH/m, He MeHee:

* IIpU HOPMHUPYEMOIl Harpy3Kke BJIOJIb/TIONEPEK; 40/40
MPH OTHOCHUTEIBHOM YATMHEHHH: 13/13

* 2 % BrOJB/MIONEPEK;

* 5 % BHoOMIB/TIONIEPEK 26/26
Pasmep sueiiky, anuHa/mmpruHa, MM 40/40
IIepexoc stueek, rpaaycsl +3
[Iupuna pynona, M, He Gonee 4
Jlnuna pynona =1 %, m 50

Taou. 2. Texuudeckue xapakrepucTiuku Apmocer b
Ioka3zarens 3Hauenue
Harpyska npu pactspkennn, kH/m, He MeHee:

* TIpH HOPMHPYEMOil Harpy3Ke BIOIB/TIONEPEK; 50/50
TIPU OTHOCHUTEIILHOM Y/ITHHEHUH: 12.5/12.5

* 3 % Bmodb/monepex
Pazmep staeiixu, MuHHA/MMPUHA, MM 42+£2/42+£2
Tepexoc stueek, rpaxycst He nopmupoBano
[upuna pynona, m, He Oosee 52+0,1
Jnuna pynona =1 %, m 100
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Puc. 3. uaoBaunonHas 3D-reopermeTka A1 apMUPOBAHUS
JIOPOXKHOMN OJEMKIBI

IKCNEepUMEHT

Jlist mpoBeIeHUs! NCTIBITaHUH OBLIT U3TOTOBJICH HC-
IIBITATEIbHBIA KOHTEHHEP, KOTOPBIH MPEACTaBISET CO-
00l MeTaITNYeCKyI0 KOpoOKy pasmepamu 20 X 20 x
% 20 cM B METAIUTMYECKYTO KPBIIIKY pa3Mepamu 19,5 x
x 19,5 x 10,5 cM (puc. 5) ¢ TONIMHON CTEHOK 5 MM.

C uenplo U3y4eHHst 0COOCHHOCTEH apMHUPOBAHHMS,
OLICHKH 3aKJIMHUBAIONICH CIIOCOOHOCTH, a TaKKe OLICH-
KM (QYHKIMN pasJelieHus CII0EeB MTPOU3BOIMIOCH TPU
BU/Ia HCIIBITAHUH:

1) Ha rpaHMIIE CII0EB «PBIXJIBIN IIECOK (HE YIUIOTHEH-
HBII — €CTeCTBEHHOTO HACKHINAHK ) — Oymara — IeOeHb;

Puc. 5. lcnbITaTenbHBII KOHTEHHEP (MeTayuTmuecKas Ko-
poOka): / — MeTaTmyecKas KpbIKa; 2 — CJIOH OCHOBaHHS
(rparuTHbI meders M1000 ¢ppakuuu 20-40 Mmm); 3 — pas-
JISNSIOIINH CIIOH M3 TEOPEIETKH U JTUCTa Oenoil Oymaru B Ka-
4eCTBE MHAWKATOPA JUIA OLCHKH 3aKIMHUBAIOMIEH CIIOCO0-
HOCTM KaMEHHOI'0 MarepHuaiia; 4 — JOTOJIHUTENbHbIN CI0i
OCHOBAHUS — IMECOK CPEAHEH KPYIMHOCTH

Puc. 4. I'mnpasnudeckas ycranoska 3VIM I1-10

2) Ha TPaHUIIE CIIOEB «YIUIOTHEHHBIH MTeCOK (K03 (-
¢unpuent yrnoraenus 0,93-0,95) — Oymara — mie6eHb»;

3) Ha TpaHMUIIE CTI0EB YIUIOTHEHHBIH TIECOK (KO-
¢unpent yrutorHenus 0,98) — Oymara — meOGeHby.

Jlis xaXkaoro BUAa MCIBITAHANA OTOOpaHO Mo TpH
o0pasiia ucciaeayeMbIX reopemeToK.

Puc. 6. [ToaroroBneHHOE OCHOBAHUE U3 MECKa CPETHEH KPyTI-
HOCTH
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Puc. 7. YiaoxxeHHBIN clOH meOHS HA ITECYaHbIH CII0H, clioll OyMaru U HCIBITHIBAEMYIO T€OPEIIETKY

Ha mrO ncmsITaTensHOTO KOHTEHHepa (prc. 6) yKia-
JIBIBAJICS CJIOH IpaHyIMPOBaHHOTO Marepuaa (IIeCOK Cpeji-
Hel kpynHocTH) TommuHoN ot 30 10 40 MMm. B mepBom
WCITBITAaHWH CJION TTecka He YIUTOTHSIICS. Bo BropoM ncibI-
TaHUH MIECOK YIUIOTHSIICS HArPY304HOM IUTUTOM J10 KO3(-
(urmenta yriotaenust 0,93-0,95. B TperbeM uctibITaHUH
JUTS YTUIOTHEHWS, TOMHAMO BO3ICHCTBUSI HATPY30YHOH TITH-
ThI, ObLIH 00ECIeUeHbl ONTUMANIbHAS BIAXHOCTh 89 %
u foBeneHne ko duimenTa yrutoTHenus 10 0,98.

3areM Ha ITOATOTOBICHHOM OCHOBAHHH PacIojia-
raJjicst IUCT Oenoi Oymaru, KOTOPBIi B mpoiecce mpo-
BEJICHUS MCIIBITAHUH MTO3BOJISIT ONPEACTUTH MPOIECHT
3aKIUHUBAHUA IMEOHS U YPPEKTUBHOCTH 3aKIMHKH.
Takum 00pa3oM, OH BBICTYIIAJT B POJIA HHIUKATOPA.

l'eopemeTka pa3Menianack Ha MOATOTOBICHHOM
OCHOBAHHH B IICHTPE KOHTCHHEpa U 3aCHINANach CIIOeM
meons M1000 ¢paxiuu 20—40 MM TonmuHOK oT 60
1o 70 MM (puc. 7).

B npomecce ogHOTO MCTIBITAHHUS Yepe3 Harpy304-
HYIO IUTUTY TPHU pa3a IMpuKiIaeiBaiack Harpyska 80 kH
1 BbIIEepKHUBasiach B TeueHue 30 c.

Harmee oOpa3er U3BICKAJICS M BBITTOIHSIIACH BU3Y-
aJyibHasl OLICHKA U (DPUKCAIIUS TIOBPCIKICHUH.

PE3YJIBTATHBI HCCIEJOBAHMUSA

Pe3ynbrarThl HCIIBITAaHUH HAa IPAHUIE CIOCB «PBIX-
JIBIH TIecOK — Oymara — medeHby.

1. Teopemerka Apmocer b.

Ha nHo ucnbITarenbHOro KOHTEHEpPa yKJIaablBal-
cs cJ0# phIxJioro necka ToiamuHon ot 30 1o 40 MM.
Janee ykmansiBaiics cioit u3 Oymaru, reopemerka Ap-
mocet b u cBepxy 3acwinaincs meders M 1000 ppaximn
20—40 mm TommuHON 60-70 MM.

Ha puc. 8 mpeacTaBieHs! pe3yiabsTaThl HCIBITAHUH.

ITo pesynpTaTaM HEpBOTrO UCIHBITAHUS BHUAHO,
4yT0 00pasen reopemetkn Apmocet b momyunn MHOTO-
YHCIIEHHbBIE TOBPEX/ICHNS B BU/IC BMATHH M IIEPETHOOB
OT/ICJIBHBIX CTPEHT. Pa3pyIieHus y310BOTo COeMHEHHS
OTCYTCTBYIOT, €CTh TOJIBKO JIe()OpMaIny.

Hcxons u3 o0miero KoJM4ecTBa MOBPEXKACHUN
U XapakTepa MOBPEXKJICHHUS YIOKEHHOTO Cllosi Oymary,
3aKJIMHUBAaHNE KAaMEHHOTO MaTepuaja MUHHUMAJIbHO,
HaOIIOAAI0TCsl XapaKTepHbIE Pa3pbIBbl HA JHCTE U 3a-
METHO NMPOHMKHOBEHHE KAaMEHHOI'O MaTepualia de-
pe3 apMHPYEeMyI0 T€OpEIIeTKY. DTO MOXET 03HauaTh,
4TO reopemerka Apmocer b HeocTaTOUHO CrIpaBiIseT-
csi ¢ QyHKIMEH pasereHust CI0eB JOPOKHOM OIEKIbI.

KonnuecTBo MOBpex/IeHUH B 1IeJIoM HEOOJIbIIOE
(otmeueHo a0 10 xapakTepHBIX BH3yaJIbHBIX MOBPEXK-
neHuit). MoxkHO oTMeTHTh, 4To (pakius 20-40 MM
MHHEPAJILHOTO 3aIIOJIHUTENSI OKa3bIBACT CYIIECTBEHHOE
BIIMSTHHE HA MOBPEXJAEMOCTh reopemeTku. YeM MeHb-
me (paxkuns MHUHEPAIBHOTO 3aMOTHUTENS M YeM TIIa-
TeJIbHEE TOI00paH TPaHyIOMETPUIECKUI COCTaB, TEM

Puc. 8. Pe3ybTarsl SKCIIepUMEHTAIBHBIX UcCiIeoBanuid ApMoceT b: a — of1iee cocTosiHue apMHPyeMOl TeOpeIIeTKH Ha ClIoe
PBIXJIOTO TTeCKa; b — COCTOSIHUE WHANKATOpa 3aKIMHKH (Oymara); ¢ — MOBpEKICHUE N3BIEUEHHOI reopemmeTkn ApmoceT b
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Puc. 9. Pesynsrarsl sKcriepuMeHTaNbHbIX nccaeqoannii Cnaspoc CH-40

MEHBIIE MOBPEKAAEMOCTh reoperieTk. OeHnBast 3a-
KJIMHHUBAIOIIYIO CIIOCOOHOCTh T€OPEIISTKH, 3aMETHM,
YTO TOCJE YIUIOTHEHUS] KAMEHHBI Marepuai J0cTa-
TOYHO JIETKO U3BIIEKAJICS O3 MPUKIIAAbIBAHKS YCUIHH,
YTO FOBOPHUT O HEBBICOKOW 3aKJIMHUBAIOIIEH CIIOCOOHO-
CTH JTAaHHOH T€OPEIIEeTKH.

2. Cnaspoc C/I.

Ha y1HO mcnbITarebHOro KOHTEHHEepa yKIIa (bIBaJIcs!
PBIXJIBIIA ecok TonmuHoi oT 30 1o 40 MM, qanee men
cioii u3 oenoit 6ymaru, reopemerka Ciaspoc CJ1 u mie-
oeup M 1000 dpakipm 20—40 MM TomuHOR 60—70 MM.

Ha puc. 9 npencraBneHs! pe3yasTaTsl UCTIBITAHUN
reopemetku Cnaspoc CII-40.

ITo pesynbTaTaM MEpPBOTrO HCIBITAHUS BUIHO,
gTo oOpasen reopemetkn CraBpoc CJ[-40 momyumn
MHOT'OYHCIICHHBIE TOBPEKICHUS B BUJIC Pa3pyLICHUS
OT/ICNIbHBIX CTPEHT U Y3JIOBBIX coequHenuid. Mcxomus
13 KOJIMYECTBA MOBPEX/ICHNH Ha cJioe OyMar MpoeHT
3aKJIMHUBAaHHS KaMEHHOTO MaTepuaja TeOpCeHIeTKOM
HU3KUH 1 HEAOCTATOUHbIH. Xapakrep pa3pbIBOB Ha Oy-
Mare mokasbiBaet, yTo reopemierka Cnaspoc CJI Heno-
CTaTOYHO CIpaBisieTcs ¢ GYHKUUEH pasJesieHust Clio-
€B JIOPOKHOU oxaexbl. HaGmronaercs: 3HaUUTENbHOE
MPOHMKHOBEHHE KAMEHHOI'0 Marepuala B CIIOW mecka
MIPH TOM, 49TO pa3Mmep sueiiku — 40 MM, a camasi Maas
(hpaxmms kamMeHHOTO Mareprana — 20 MM, camast 00JTb-
mrasg — 40 M.

Ha reopenrerke CnaBpoc CJ] nprcyTCTBYIOT 110-
BPEXK/ICHUS B BHJIC pPa3laBlIUBaHusi pedpa, KOTOpbIE
CKOHIICHTPHPOBAaHBI BOJIU3H Y3JIOBBIX COCIMHEHHH.
Pacmieruiennst y37oBbIX COCMHEHUI HE OTMeYaeTcs.
PeOpa nonyuniu cyniecTBeHHbIE TOBPEXCHUS, KOTO-
pBIE OINpENEeNICHHO CKa3aJINCh Ha UX IMpodHoCcTH. Ore-
HUBAsl 3aKJIMHHMBAIOIIYIO CIIOCOOHOCTh IreOpeIIeTKH,

a b

CTOUT 3aMETHUTh, YTO IOCJIE YIUIOTHEHUS] KaMEHHBIN
Marepua JI0CTaTOYHO JIETKO M3BJIeKajcs 0e3 mpuKia-
JIBIBAHUS YCHJIMI, YTO TOBOPHUT O HEBBICOKOW 3aKIMHU-
BAIOILEH CIIOCOOHOCTH JJAaHHOW reOpPeIeTKH.

3. NunoBanuonHas 3D-reopemieTka.

Ha nHo ucnbiTarenbHOTO KOHTEHHEpa yKiaiblBall-
Csl CIOH phIXJIOTO Tecka ToamuHol oT 30 g0 40 MM,
Jajee men cioi u3 Oemoit Oymaru, HHHOBAITHOHHAS
3D-reopemierka u medenb M 1000 ppakmun 2040 MM
TommuHOK 60—70 MM.

Ha puc. 10 mpuBeneHs! pe3yiabsTaThl HCIIBITAHUH.

Hcxons U3 KoimdecTBa MOBPEKIACHUH Ha Cloe
Oymaru, MOXHO TOBOPHUTh O JJOCTATOYHOM M BBICOKOM
MIPOIIEHTE 3aKJIMHUBAHM KAMEHHOTO Marepuaia. JTo
nokasbIBaeT, 4to 3D-reopemnierka OTIMYHO CIIpaBHIIACh
¢ (yHKIMEH pa3aeeHus CIOEB PHIXJIOro Mecka U 1eo-
Hs. 3aKJIMHWBaHNE KaMEHHOTO Marepuaia MPOUCXOANT
BBILIC CJIOS apMUPOBAaHHWA, YTO OYC€Hb BAXKHO JI apMU-
PYIOILUX MPOCIIOEK U MOBBILICHHS Y(PPEKTUBHOCTH ap-
MupoBaHus cioeB. [Ipu TakoM ¢ dekre MOKHO CMeo
TOBOPHTH O BO3MOKHOCTH YMEHBIIICHUSI TOJIIUHBI CIIOS
KaMEHHOTO MaTepHaia 3a CYeT BBICOKOW 3aKIIMHUBAIO-
11eii crrocoOHOCTH TeOPEIIETKH.

Ha nnnoBaumonHo# 3D-reoperierke npucyTCTBYIOT
MHUHHMAJIbHBIE TOBPEK/ICHHUSI B BUIE HEOONBIINX YITyO-
nennid. [lepern6oB n nedopmari KOHCTPYKIIMH Teope-
IICTKU HeT. Pacieriennst y3i10BbIX COeJMHEHUH He TIPO-
n301LI0. B 1esioM MoBpekAeHHUs XapaKTepHU3YIOTCs
KaK He3HAYMTEIIbHBIC U HE OKA3bIBAIOT BIIMSHHS Ha TIPOY-
HOCTb T€OCHHTETHYECKOT0 MaTepuaa. Taroke B rporecce
H3BJICYCHHA CJI0d OCHOBAHUSA U3 TPAHUTHOI'O H_[e6H$[ Ipo-
M30IIJI0 HAJCKHOE 3aKIMHUBAHKE IICOHS B STUCHKaX, KO-
TOpBIE UMEIOT pa3Mepbl Oojiee YeM B 3 pas3a MpeBbIIIao-
e MUHAMAJIBHYTO (pakipo medHs (60 mm) (puc. 11).

Puc. 10. Pe3ynsraThl SKCTIIepUMEHTATBHBIX UCCIIEIOBaHI HHHOBAIMOHHOH 3D-reopeneTkn
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a

C

Puc. 12. Pe3ynprars! 3aKJIMHKY MIeOHS Ha YIUIOTHEHHOM MECYaHOM OCHOBaHMU ¢ Kod(ddunuentom ymiorHerus 0,93-0,95:

a — reopemerka Crnaspoc C/1-40; b — reopemerka Apmocet b; ¢ — nHHOBanmonHas 3D-reoperierka

B xoze u3BiIeUeHUsI KAMEHHOTO MaTepralia u3 apMupy-
IolIel TeOpelIeTKH IPUIUIOCH BHIOMBATh €ro U3 KOH-
CTPYKUUH C IIPUBJICYEHHEM MOJIOTKA. DTOT (haKT MOKa-
3aJ1, YTO HAJIC)KHAS 3aKJIMHKA BO3MOXKHA Ha TIOOOHBIX
KOHCTPYKLYSIX, U JaHHOE KOHCTPYKTHBHOE pELIeHHe
MMeeT 3HAYHUTEIbHBIC IEPCIICKTUBBI IS JalbHEHIIero
Pa3BUTHS B CTPOUTEIBHBIX KOHCTPYKIIUSX.
AHAJIOTMYHBIC PE3yJIBTaThl HOTYYeHBI U IIPH IBYX T10-
CJICIYIOIMX MCIIBITAHUAX HA YIUIOTHEHHOM CIIO€ TEeCKa.
Amnanornaso y reoperierok Crnaspoc C/I-40 u Apmocer b
(hyHKIMS pa3nenenys Obuta HapyIIeHa U 3aKJIMHKA HE [PO-
HCXOJIJIA B JIOJDKHOM BHJIE, HAOMONAI0Ch IPOHUKHOBCHHE
11eOHs BITyOb TIECUYaHOTO OCHOBAHUS Yepe3 TPEACTaBIICH-
Hble reopereTky. MlHHOBanmonHas 3D-reopemerka, Ha-
IPOTHB, YIIY4IIMJIa CBOM [OKAa3aTeld B YaCTH 3aKJIMHU-
BaHUSI KAMEHHOTO MarepHaia W BBITOJHEHHS (yHKIMN
pazeneHus, 9To XOPOIo BUAHO Ha puc. 12, c.

3AKJIIOYEHHUE U OBCYXJIEHHUE

[ToxBons oO1IHMEe BBIBOBI IPOBEICHHBIX HCCIIEI0-
BaHM, MOXKHO TOBOPUTH O CIEAYIOIINX JOCTUTHYTHIX
pesyabrarax.

CpaBHUTENbHBIC HCIIBITAHUS Ha TIOBPEXKIAEMOCTh
reopemerok Cnaspoc C/1-40, Apmocer b 1 nHHOBaIM-
oHHOM 3D-reopemeTky nokasaiu, 4To rudkas reope-
meTka Apmocet b rozBepikeHa 3HaYUTEIIBHO OOJIBIINM
MPOOJIBHBIM U IONIEPEYHBIM Ae(pOopManusiM B X0Je
MIPUIIOKEHUS] CTaTUYECKOW HATrPy3KH Ha YJIOKECHHBIM
CJIOH KaMEHHOTO MarepHuana TONmuHOH 60—70 MM.
IIpu atom y xectkoit reopemerku Crnaspoc CI-40
OTCYTCTBOBAJIM IPOJOJIbHBIE AchopManun, HO Ha-
Omroganuck Oonee cepbe3Hble Pa3pyIIEHHUs OTAEIb-
HBIX CTPEHT U Y3JIOBBIX COeIMHEHHH. IHHOBaI[OHHAS

148

3D-reopereTka NpakTUYECKU HE MOIyUYHIIa HOBPEXKIe-
HUH, JINIIb HAa OTJEIBHBIX TPAHAX OBUIM 3aMETHBI He-
3HAUUTENbHBIE YIIIYOJICHUs HA TOBEPXHOCTHOM CJIOE.

VcnibiTanus Ha OIEHKY (DYHKITMH pa3/IeNIeHns CII0-
€B IPOJICMOHCTPUPOBAIIH, YTO Y IUIOCKOI TMOKOM Treo-
pemeTku ApmoceT b 1 KecTKoH MI0CKOH TeopereTKH
CnaBpoc C/1-40 dynkums pasnenenus: paboraet Hedd-
(hexTBHO. BRIOpaHHBII B KauecTBE HHIMKATOPA OICH-
KM pasJesieHus CJI0eB JIUCT Oeroll Oymaru moydu
3HauYUTeIbHbIe Ae(hOpMALK, 1 KAMEHHBIH MaTepua
MPOHUK BIIyOB mecuanoro cios. [Ipu aTom pesynbra-
THI UCTIBITAHUM JJISI MHHOBAIIMOHHOUW 3D-TeopeneTku
HAIPOTHB TOKa3aJIi OTIIMYHBIC PE3YIbTAThI IO TIPEIO0T-
BPAIICHHIO MPOHUKAHUSI KAMEHHOTO MaTepralia BIilyOb
TIECYaHOTO CJIOS HECMOTPS HA TO, YTO Pa3Mep OTBEp-
CTHsI TEOPEIIETKHU MPEBbIIal B 3 pa3a pa3Mep MUHH-
MaJbHOH (ppaxiiy meoHs.

VcnipITanust Ha OLEHKY 3aKIMHUBAIOLIEH CIIOCO0-
HOCTH [10Ka3aJI1 aHAJIOTUYHBII xapakrep. s niuockoi
ruOkoil reopemeTkn ApMoceT b 1 TII0CKO# KecTkon
reopemretkn CnaBpoc C/1-40 3akarHMUBAIONIAS CTIOCO0-
HOCTbH OKa3aJlach B IeJIOM HEBBICOKOW, KAMEHHBIH Ma-
Tepua 1nocie MpoBeJCHHOTO UCIBITAHUS OCTaTOUYHO
JIETKO M3BJEKaJcs 0e3 conmpoTuBieHus. VIHHOBAIMOH-
Hasl FeopelleTKa, HalPOTUB, IPOJIEMOHCTPUpPOBAJIa pe-
3yJIBTAT, IPA KOTOPOM ISl M3BJICUEHHS MEOHS TOTpedo-
BAJIOCh €r0 BHIOMBATH C TIPUBJICYCHUEM MOJIOTKA.

OKCTIepIMEHTAIIbHBIC HCCIIEI0BAHNS C pa3padoTaH-
HOW KOHCTPYKIIMEeH MHHOBAaIMOHHON 3D-reoperieTku
TIOKA3aJIM, YTO JAHHAs TEOPEIIETKA NMEET IEPCIEKTHBBI
JUIs IPUMEHEHUs €€ B KaueCTBE apMUPYOILEeH Mpocioi-
KU B Ipa)JaHCKOM cTponTenscTBe. HeoOxomumo npose-
JeHue Oosee MacITaOHbBIX SKCIIEPHUMEHTAIIBHBIX UCCIIe-
JIOBaHHI JUIsl OLIEHKU ee d(PPEeKTUBHOCTH.
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INTRODUCTION

In modern conditions of construction such geosyn-
thetic materials as geogrids are widely used. They are
actively used to reinforce soil bases for various founda-
tions, to increase the bearing capacity of weak soils, to
separate layers. In road construction, geogrids are ac-
tively used to increase the bearing capacity of roadway
bases and rutting resistance of roadways [1], as well
as to reduce the thickness of structural layers. In addi-
tion, reinforcement of soil bases is aimed at increasing
the durability of structures.

Today on the market of geosynthetic materials
there is a great variety of geogrids designs. Basically,
their difference lies in the shape and size of the cell,
technology and production methods (woven or weld-
ed), in the materials used. The basic shape of cells is
square and triangular, the sizes vary from 20 to 50 mm.
There are other unique solutions. At the same time,
geogrids used for reinforcing asphalt concrete layers,
made of basalt or glass fibre, are widely used for road
construction. They are placed between asphalt concrete
layers at temperatures above 120 °C, which ensures
their stability during paving and subsequent operation.

It is worth noting that geogrids are mostly produced
flat by manufacturers, dictated by the need to reduce
the thickness of the layer and reduce material intensity.
This has its own disadvantages. In particular, due to
the small thickness the depth of immersion in layers is re-
duced and adhesion between layers is somewhat reduced,
as well as the reinforcing capacity is reduced. Shear be-
tween the layers is possible, where damage to the geogrid
leads to a significant reduction in its strength [2],
thus violating the required monolithicity and, as a con-
sequence, the rapid destruction of the pavement. Speak-
ing about the separating function of geogrids, when
they are used to separate layers (e.g. “sand — crushed
stone”), it is expected that the stone material can be
wedged and its properties stabilized during subsequent
operation and that the possible mutual penetration
of layers into each other is minimized. It is important
that the stone material does not penetrate into the sand
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layers and that the design thicknesses of the layers
are maintained and that the porosity of the stone ma-
terial is not compensated by the sandy soil penetrating
into the pores. This can only be achieved if the geogrid
provides sufficient wedging capacity of the stone mate-
rial, whereby the crushed stone does not seep through
the cells and ensures a reliable retention of the stone
material in the lower layers. This is where the main
disadvantages of flat geogrids become apparent.
The flat surface does not allow for reliable retention
of chipped stone (crushed stone), which contributes to
its dislodging from the surface. It also requires the mesh
size to match the size of the stone material to ensure
wedging. There are recommendations that the mesh
size should not exceed two sizes of the largest fraction of
crushed stone.

Recently, in domestic and foreign practice, the dam-
ageability of geogrids placed between layers of stone
material or layers of sand and stone material has been
actively discussed. The results in some cases are disap-
pointing [3—5]. Moreover, the damageability directly
depends on the material from which the geogrid is
made [6]. Geogrids produced by extrusion method are
more resistant to impact loads and abrasion, but due to
the desire of manufacturers to save material during pro-
duction, the thickness of ribs is greatly reduced, which
leads to their higher damageability, as evidenced by stud-
ies aimed at numerical modelling of geogrid rib failure
[7-9]. At times [3], the wear can reach 90 % of the origi-
nal strength, which practically nullifies all the obliga-
tions imposed on the geogrid to strengthen and reinforce
the layers. No less relevant aspect is the resistance to
the impact of natural factors. In a number of works this
is given special attention. Thus, the impact of ultraviolet
and temperature [10—12] can reduce its strength by more
than 50 % even before laying the geogrid. Undoubt-
edly, and the culture of workmanship has a significant
impact on the subsequent performance of the object.
When laying geogrids any distortions, deliberate change
of geometry lead to the fact that the geogrid changes its
characteristics and is more actively exposed to damage
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and reduction of operational parameters [2]. In addi-
tion, on the geogrid laid on the prepared surface, crushed
stone is unloaded from a dump truck, which at a height
of more than 1 m causes significant damage and even
destruction. A study [13] is devoted to the study of this
effect, in which the damage of geogrids during the fall
of stone material from a height of 1 and 2 m was con-
sidered. The results of the study showed that the ho-
mogeneity of the size of stone material has the great-
est influence on the damageability of geogrids. And in
the practice of construction it is the homogeneity of stone
material that has found the widest application. Mixtures
of stone materials are used much less frequently. All this
creates certain difficulties for the production of works.
It is also important that crushed stone has a jagged sur-
face, which quite easily cuts or chops the individual ribs
of the geogrid.

Despite the large number of works devoted to
the study of the peculiarities of reinforcement of struc-
tural layers and foundations [14—18] and assessment
of damageability of geogrids located between layers of
stone material or layers of sand and crushed stone, there
are practically no studies aimed at assessing the wedg-
ing capacity. And this factor is one of the most impor-
tant from the point of view of increasing the bearing
capacity and reducing the thickness of the structural
layer, as well as reducing the effect of mutual penetra-
tion of layers into each other.

For a number of years, a team of authors has been
conducting research on studying the peculiarities of re-
inforcing foundations with innovative 3D geogrid [19,
20]. The results are unique both in terms of reinforcing
capacity and wedging ability of the stone material. Re-
search continues in this direction. Within the framework
of this publication, the results of experimental studies
aimed at comparing geogrids in terms of damage and
wedging capacity when placed between sand and stone
material layers will be presented.

A new method of assessing the jamming ability
of rock material is proposed, which involves laying

a sheet of paper as an indicator. The uniqueness of this
method is that it allows to clearly see the difference
when comparing several geogrids for wedging capacity
and how effectively the geogrid keeps the stone mate-
rial from penetrating into the sand layers.

MATERIALS AND METHODS

The consolidation capacity, separation function
and fracture resistance of prefabricated geogrid speci-
mens, including the innovative 3D geogrid, were evalu-
ated under laboratory conditions.

The aim of the experiment was to evaluate geogrids
of different design and material during the compaction
process at the sand — crushed stone interface and then
compare their mechanical resistance to failure under re-
peated static load and wedging capacity.

The following geogrid specimens were selected
for the experiment:

1. Extruded geogrid Slavros SD-40 with 40 x 40 mm
cell (Fig. 1).

Table 1 presents physical and mechanical proper-
ties of SD-40 geogrid.

2. Woven geogrid Armoset B with 30 x 30 mm
mesh (Fig. 2).

Table 2 shows physical and mechanical properties
of Armoset B geogrid.

3. Innovative 3D geogrid for pavement reinforce-
ment with a diagonal dimension of 70 mm (Fig. 3).

Geogrid characteristics: material — Petg; hole diam-
eter — 63 mm; rib height — 8§ mm; rib width — 10 mm.

Geogrid for pavement reinforcement is a configu-
ration of triangular cells formed by intersection of edg-
es. The configuration of cells forms a regular hexagon.

The essence of the test was to simulate the tech-
nology of geogrid laying and mechanical damage due
to its contact with stone material during compaction.

For the tests we used a hydraulic unit ZIM P-10,
which consisted of a load plate, a test container and
a power unit creating the required pressure (Fig. 4).

Fig. 1. Extruded geogrid Slavros SD-40

Fig. 2. Woven geogrid Armoset B
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Table 1. Physical and mechanical properties of Slavros SD-40 geogrids

Indicator Value

Tensile load, kN/m, not less:

« at standardized load al ;
at relati\i‘e S<’3londgat(iione:d o slongacross 40740

* 2 9% along/across; éégé

* 5% along/across
Cell size, length/width, mm 40/40
Cell skew, degrees +3
Roll width, m, no more than 4
Roll length £1 %, m 50
Table 2. Technical characteristics of Armoset B

Indicator Value

Tensile load, kKN/m, not less:

« at standardized load along/across;
at relative elongation: 125(5);?(2) 5

* 3 9% along/across ’ ’
Cell size, length/width, mm 42 +2/42+2
Cell skew, degrees Not standardized
Roll width, m, no more than 52+0.1
Roll length £1 %, m 100

Fig. 3. Innovative 3D geogrid for pavement reinforcement

Experiment

Atest container, which is a metal box with dimensions
20 x 20 x 20 x 20 cm and a metal lid with dimensi-
ons 19.5 X 19.5 x 19.5 x 10.5 cm (Fig. 5) with a wall
thickness of 5 mm, was fabricated for testing.

In order to study the peculiarities of reinforce-
ment, to assess the jamming ability, as well as to evalu-
ate the function of layer separation, three types of tests
were performed:

1) at the boundary of layers “loose sand (not com-
pacted — natural filling) — paper — crushed stone”;

2) at the boundary of layers “compacted sand (com-
paction factor 0.93—0.95) — paper — crushed stone”;
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Fig. 4. Hydraulic installation of ZIM P-10

3) at the boundary of layers “compacted sand
(compaction factor 0.98) — paper — crushed stone”.

For each type of tests three specimens of investi-
gated geogrids were selected.

At the bottom of the test container (Fig. 6) a layer
of granular material (medium coarse sand) with a thick-
ness of 30 to 40 mm was placed. In the first test, the sand
layer was not compacted. In the second test, the sand was
compacted with a load plate to a compaction factor
of 0.93-0.95. In the third test, in addition to the im-
pact of the load plate, an optimum moisture content
of 8-9 % and a compaction factor of 0.98 were ensured
for compaction.
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Fig. 5. Test container (metal box): / — metal lid; 2 — base
layer (granite crushed stone M1000 fraction 20—40 mm);
3 — separating layer of geogrid and white paper sheet as
an indicator to assess the jamming ability of the stone mate-
rial; 4 — additional base layer — medium coarse sand

A sheet of white paper was then placed on the pre-
pared base to determine the percentage of crushed stone
jamming and the effectiveness of the jamming during
the tests. Thus, it acted as an indicator.

The geogrid was placed on the prepared base
in the centre of the container and filled with a layer
of crushed stone M1000 of 20—40 mm fraction with
thickness from 60 to 70 mm (Fig. 7).

During one test, a load of 80 kN was applied
through the load plate three times and held for 30 s.

The specimen was then removed and the damage
was visually assessed and recorded.

RESEARCH RESULTS

Test results at the interface of loose sand — paper —
crushed stone layers.

1. Armoset B geogrid.

At the bottom of the test container a layer of loose
sand 30 to 40 mm thick was placed. Then a layer of paper,
geogrid Armoset B was laid and crushed stone M 1000
of 2040 mm fraction with thickness of 60-70 mm
was poured on top.

Fig. 8 shows the test results.

Fig. 7. Placed crushed stone layer on sand layer, paper layer and geogrid under test

153

(G) € BNSS] ‘G JON Ieneanrapuc eauajag



scionco o ruction: o] 15, Issue 3 (57)

Aleksey A. Ignatyev, II’ya A. Chizhikov

s e

Fig. 8. Results of experimental studies of Armoset B: @ — general condition of reinforced geogrid on loose sand layer;

b — condition of wedging indicator (paper); ¢ — damage of removed Armoset B geogrid

The results of the first test show that the Armoset
B geogrid specimen has received numerous damages in
the form of dents and kinks of individual strands. There
is no failure of the nodal joint, only deformations.

Based on the total amount of damage and the na-
ture of the damage to the laid paper layer, the jamming
of the stone material is minimal, there are characteris-
tic tears in the sheet and there is noticeable penetration
of the stone material through the reinforced geogrid.
This may indicate that the Armoset B geogrid is not ad-
equately performing its pavement separation function.

The number of damages is generally small (up to
10 characteristic visual damages were observed). It can
be noted that the fraction of 2040 mm of mineral ag-
gregate has a significant impact on the damageability
of geogrid. The smaller the fraction of mineral aggregate
and the more carefully selected granulometric composi-
tion, the less damage to the geogrid. Evaluating the jam-

Fig. 10. Experimental results of innovative 3D geogrid
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ming ability of the geogrid, we note that after compaction
the stone material was easily extracted without effort,
which indicates a low jamming ability of this geogrid.

2. Slavros SD.

At the bottom of the test container was laid loose
sand with thickness from 30 to 40 mm, followed by
a layer of white paper, Slavros SD geogrid and crushed
stone M1000 fraction 20-40 mm with thickness of
60—70 mm.

Fig. 9 shows the test results of Slavros SD-40
geogrid.

According to the results of the first test it can
be seen that the specimen of Slavros SD-40 geogrid
received numerous damages in the form of destruc-
tion of individual strands and nodal joints. Based
on the number of damages on the paper layer, the per-
centage of rock material jamming by the geogrid is low
and insufficient. The nature of the tears on the paper
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Fig. 11. Jamming of stone material in the innovative 3D geogrid

a

Cc

Fig. 12. Results of crushed stone wedging on compacted sandy base with compaction factor 0.93-0.95: @ — Slavros SD-40

geogrid; b — Armoset B geogrid; ¢ — innovative 3D geogrid

shows that Slavros SD geogrid does not sufficiently
cope with the function of separating the pavement lay-
ers. There is a significant penetration of stone material
into the sand layer, while the mesh size is 40 mm, and
the smallest fraction of stone material is 20 mm and
the largest fraction is 40 mm.

The Slavros SD geogrid has crush damage in
the form of crushed edges, which is concentrated near
the nodal joints. No splitting of the nodal joints is
noted. The ribs have sustained significant damage that
has definitely affected their strength. When assessing
the jamming ability of the geogrid, it is worth noting
that after compaction, the stone material was easily re-
moved without effort, which indicates that the jamming
ability of this geogrid is not high.

3. Innovative 3D geogrid.

At the bottom of the test container was laid a layer
of loose sand with a thickness of 30 to 40 mm, followed
by a layer of white paper, innovative 3D geogrid and
crushed stone M1000 fraction 20-40 mm with a thick-
ness of 60—70 mm.

Fig. 10 shows the results of the tests.

Based on the amount of damage on the paper lay-
er, we can speak about a sufficient and high percentage
of jamming of the rock material. This shows that the 3D
geogrid has perfectly fulfilled the function of separating
the loose sand and crushed stone layers. The wedging
of the stone material occurs above the reinforcement
layer, which is very important for reinforcing layers
and increasing the efficiency of the reinforcement lay-
ers. With this effect we can safely say that it is possible
to reduce the thickness of the stone material layer due
to the high wedging ability of the geogrid.

The innovative 3D geogrid shows minimal dam-
age in the form of small depressions. There are no kinks
or deformation of the geogrid structure. There was no
splitting of the node connections. In general, the dam-
age is characterized as insignificant and does not affect
the strength of the geosynthetic material. Also, in the pro-
cess of extraction of the base layer of granite crushed
stone there was a reliable jamming of the crushed stone
in the cells, which have sizes more than 3 times exceed-
ing the minimum fraction of crushed stone (60 mm)
(Fig. 11). During the removal of the stone material from
the reinforcing geogrid, it was necessary to knock it out
of the structure using a hammer. This fact showed that
reliable wedging is possible on such structures, and this
design solution has significant prospects for further de-
velopment in building structures.

Similar results were obtained in two subsequent
tests on a compacted sand layer. Similarly, for Slavros
SD-40 and Armoset B geogrids, the separation func-
tion was impaired and the wedging did not take place in
a proper manner, there was a penetration of crushed stone
deep into the sand base through the presented geogrids.
In contrast, the innovative 3D geogrid improved its per-
formance in terms of wedging of stone material and sepa-
ration function, which can be clearly seen in Fig. 12, c.

CONCLUSION AND DISCUSSION

Summarising the general conclusions of the conduct-
ed research, the following achieved results can be stated.

Comparative damage tests of Slavros SD-40, Ar-
moset B and innovative 3D geogrid have shown that
flexible geogrid Armoset B is subjected to significantly
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higher longitudinal and transverse deformations during
the application of static load on the laid layer of stone
material 60—70 mm thick. At the same time, the rigid
Slavros SD-40 geogrid had no longitudinal deforma-
tions, but more serious failures of individual strands and
nodal joints were observed. The innovative 3D geogrid
was practically undamaged, with only minor depres-
sions in the surface layer on some faces.

Layer separation function evaluation tests showed
that the Armoset B flat flexible geogrid and the Slavros
SD-40 rigid flat geogrid did not have an effective sepa-
ration function. The white paper sheet chosen as an in-
dicator to evaluate the separation of the layers was sig-
nificantly deformed and the stone material penetrated
deep into the sand layer. In contrast, the test results for
the innovative 3D geogrid showed excellent results in

preventing the stone material from penetrating the sand
layer, despite the fact that the geogrid opening size was
3 times the minimum crushed stone fraction.

The jamming capacity evaluation tests showed
a similar pattern. For the flat flexible geogrid Armoset
B and flat rigid geogrid Slavros SD-40 the jamming
ability was generally low, the stone material was easily
extracted without resistance after the test. The innova-
tive geogrid, on the contrary, showed the result that in
order to extract the crushed stone it was necessary to
knock it out with a hammer.

Experimental studies with the developed design
of the innovative 3D geogrid showed that this geogrid
has prospects for its application as a reinforcing layer in
civil engineering. It is necessary to conduct larger-scale
experimental studies to evaluate its effectiveness.
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I'eneparuBHbIi qu3aiid B BIM quis apromaru3zauuu
APXUTEKTYPHbIX PEeHICHUNA HA OCHOBE TPEOOBAHUU KJIMEHTOB

JOpuk Apryposud I'puropsin, Auresinna Queropna PoioakoBa
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AHHOTALUMNA

BBepeHue. Lindpoas TpaHchopmaLms NpOeKTHO-CTPOUTENBHOW OTpaciy npuBena K akTBHOMY Pa3BUTUIO TEXHOMOTUi
aBTOMAaTU3MPOBAHHOIO NMPOEKTUPOBAHUS, CPEAMN KOTOPbIX 0CO60e MECTO 3aHMMAET reHepaTMBHbIA AU3aiiH, MHTETPUPOBaH-
Hbln ¢ BIM-mogenvupoBaHvem. ViccnegoBaHve HanpaBneHO Ha aHanm3 TeKyLLero COCTOSIHUSI U NMePCnekTUB NpUMEHeEHNs!
reHepaTVMBHOIO AM3aHa ANns aBTOMaTU3auny apxXMTEKTYPHbIX PELLEHUIA C YH4ETOM pPasHOPOAHbIX TPeOOBaHMIN 3aKa34NKOB.
AkTyanbHoCTb paboTbl 06ycnoBneHa HeOOXOAMMOCTbIO COKpALLEHNS1 BPDEMEHM MPOEKTUPOBAHUS NPU OOHOBPEMEHHOM MO-
BbILLEHWMN KAYeCcTBa U MHOVMBMAYaNM3aUmnm NPOEKTHbIX PELLEHNIA.

Matepumansl u metoabl. ViccriegoBaHne 0OCHOBaHO Ha CUCTEMHOM aHanu3e Hay4HbIx nybnukaumin 3a 2017-2023 rr., noces-
LLIEHHbIX reHepaTMBHOMY Au3aiiHy u BIM-TexHonorusim. MNpoBeaeHo cpaBHUTENbHOE M3yYEHUE CYLLECTBYHOLLMX Mporpam-
MHbIX pelleHuin (Autodesk Revit c Dynamo, Grasshopper ans Rhino, IDEA StatiCa, Generative Components). lNpumeHeHbl
MeToAbl 3KCNEPTHbIX OLEHOK ANs onpeaeneHns addeKkTMBHOCTM BHEAPEHUSI reHepaTUBHbBIX anropuTMOB, a Takke MeTof
KeWc-CTaamn Ans aHanmnsa peannsoBaHHbIX NMPOEKTOB.

Pe3ynbraTtbl. BhisIBNeHbl YeTbipe JOMUHUPYIOLIMX NMOAX0AA K MHTerpauum reHepaTnBHoro gusarHa B BIM-npouecchl: na-
paMeTpu4eckoe MOAENUPOBaHME Ha OCHOBEe rpadhoB, 3BOMOLMOHHAS ONTUMMU3AUUS,, MALUMHHOE OOyYeHWe u areHTHoe
MOZEenupoBaHne. YCTaHOBMNEHO, YTO anropuTMbl reHepaTUBHOMO AU3aliHa NO3BOMSAT COKPATUTb BPEMSI MPOEKTUPOBaHNS
Ha 35-40 % npv ogHOBPEMEHHOM paccMoTpeHun B 5—7 pa3 bomnbLuero Konnyectsa NPOeKTHbIX BapuaHToB. PaspaboTtana
METOLONOrMsi BHEAPEHNS FTEHEPATUBHBIX anropuTMOB, OXBaTbIBaOLLAsi MOMHbIN LMK OT hopmanusaumm TpeboBaHui 3a-
Kas4uka [0 OueHku pesynsratoB. OnpeaeneHbl KoYeBble NPENSTCTBUSA AN LUMPOKOTO BHEAPEHUS: HeOCTaTouHas CTaH-
[apTu3auns TEXHOMOIMIA, CMOXHOCTb (hopManu3aummn cyobeKTUBHBIX 9CTETUHECKUX KPUTEPUEB U 3HAUUTENbHbIE BbIMUCTN-
TenbHble TPebOoBaHWSA AN KOMMMEKCHbBIX MPOEKTOB.

BbiBoabl. eHepaTvBHbIA An3aiiH B coveTaHum ¢ BIM-TexHonorusmmn npeactaBnsieT cobovt apeKTUBHBIA MHCTPYMEHT
aBToOMaTu3aLmmn apxXuTEKTYPHOrO NPOEKTUPOBaHKS, NO3BONSIOLLMIA HAXOAUTL ONTUMArbHblE PELLEHNST CITOXHbBIX MHOTOKpU-
TepuanbHbIX 3agad. MNpegnoxeHHasi METOAONOMMS fAeT BO3MOXHOCTb CUCTEMATU3NPOBaTh MPOLIECC BHEAPEHUS reHepa-
TUBHbIX anropMTMOB B cyLuecTBytoLme BIM-npouecchl. JanbHenwee pa3sutme TexHonorum TpebyeTt cosgaHus cneunanman-
POBaHHbIX BUBNMOTEK TUNOBBLIX FEHEPATUBHBIX KOMMOHEHTOB Y METOOB MHTEPNPETALIMN HEYETKMX TPEOOBaHNI 3aKa34MKOB.

KIMKOYEBBIE CJTOBA: TexHONOrMm MHopmMaLMoHHOrO MOAENMPOBaHUS, FeHepaTUBHbIA AN3aiH, napaMeTpuyeckoe npo-
eKTMpoBaHWe, aBTOMaTM3aLUns MPOEKTUPOBAHNS, apXUTEKTYPHbIE peLLeHNs

OnA UWUTUPOBAHWA: puzopsH 3.A., Peibakosa A.O. NeHepaTuBHbIN An3aiiH B BIM ana aBromatusauum apxmTekTypHbIX
peLleHnn Ha ocHoBe TpeboBaHuii knnmeHToB // CTpouTenbCcTBO: Hayka n obpasosanue. 2025. T. 15. Buin. 3. Ct. 10. URL:
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ABSTRACT

Introduction. The digital transformation of the architectural and construction industry has led to the active development
of computer-aided design technologies, with generative design integrated into BIM modelling playing a special role. This
research aims to analyze the current state and prospects of generative design application for architectural solutions auto-
mation considering diverse client requirements. The relevance of this work is due to the need to reduce design time while
simultaneously improving quality and individuality of design solutions.
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Materials and methods. The study is based on a systematic analysis of scientific publications from 2017-2023 on gen-
erative design and BIM technologies. A comparative study of existing software solutions (Autodesk Revit with Dynamo,
Grasshopper for Rhino, IDEA StatiCa, Generative Components) was conducted. Expert evaluation methods were applied
to determine the effectiveness of implementing generative algorithms, and the case study method was used to analyze
implemented projects.

Results. Four dominant approaches to integrating generative design into BIM processes were identified: graph-based para-
metric modelling, evolutionary optimization, machine learning, and agent-based modelling. It was established that generative
design algorithms can reduce design time by 35-40 % while simultaneously considering 5-7 times more design variants.
A methodology for implementing generative algorithms was developed, covering the full cycle from formalizing client require-
ments to evaluating results. Key obstacles to widespread implementation were identified: insufficient standardization of technol-
ogies, complexity in formalizing subjective aesthetic criteria, and significant computational requirements for complex projects.
Conclusions. Generative design combined with BIM technologies is an effective tool for automating architectural design, al-
lowing optimal solutions for complex multi-criteria problems. The proposed methodology systematizes the process of imple-
menting generative algorithms into existing BIM workflows. Further technology development requires creating specialized
libraries of typical generative components and methods for interpreting fuzzy client requirements.
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BBEJIEHUE

ApPXUTEKTYpHOE MPOEKTHPOBAHHE — ITO MHOTO-
TPaHHBIN MPOIECC, B KOTOPOM TPATUIIMOHHO COUYEeTa-
JIUCh TBOPYECKHUH aCIEKT M TEXHHYECKass TOUHOCTD.
OpHako HapacTaromas CI0KHOCTh COBPEMEHHBIX TIPO-
€KTOB, yBeJIIMYeHHEe 00bEeMOB MH(POPMALIUU U COKpa-
IIIEHUE CPOKOB TIPOCKTUPOBAHKS TPEOYIOT HOBBIX TIPH-
€MOB K OpraHM3alliH MPOEKTHOTO mporecca. [lepexon
OT KJIACCHYECKHUX METO/O0B K IIM(POBBIM HHCTPYMEH-
TaM MPOEKTHPOBAHMS CO3/1aJ TPEINOCHITKH s hop-
MHUPOBAHHS HOBOTO TTOJIX0/1a — T'€HEPaTUBHOTO AN3aki-
Ha B cpezie THPOPMAIMOHHOTO MOJICTTMPOBAHUS 3MaHIH
U COOPYKEHUII.

['eneparuBHBIN U3aliH pENICTaBIsET COOOW TMpo-
1iece, Mpu KOTOPOM TPOEKTHBIC PEIICHUS TeHEPUPYIOTCS
AITOPUTMUYECKH Ha OCHOBE 33/IaHHBIX ITAPaMETPOB, OTpa-
HUYCHUH 1 1eneBbIX ¢yHKnwii [1]. B omame ot Tpamu-
IIMOHHOTO TPOCKTUPOBAHNS, TJI€ PEIICHUS MOSBIISIOTCS
JMHEHHO ¥ TTOCIIEeI0BATEIbHO, TEHEPATUBHBIN ITOIXOA
IpeJonaraeT OHOBpeMEeHHOE (pOpMUpPOBaHNE MHOXKE-
CTBa BapUAHTOB C BO3MOXHOCTBIO UX JaJIbHEHIIIEN OIleH-
KM 1 0TOOpa ONTUMAITBHBIX. IHTErpanust Takux ajaropyr-
MOB C TEXHOJIOTHEH HH()OPMALIMOHHOTO MOACITUPOBAHHS
3mannii (BIM) OTKpbIBacT HOBbIE TOPH30HTHI B aBTOMATH-
3aIUH APXUTEKTYPHOTO MPOEKTHPOBAHUSL.

IlepBble dKCIEPUMEHTHI C KOMIIBIOTEPHOUN T'eHe-
pamueit apXuTeKTypHBIX GpopM oTHOCsTCS K 1960 1T,
KOT/1a BIEpBBIe ObLIa MPE/UIOXKEHA KOHIICTIIINS MaIInH-
HOTO mpoekTupoBanus. [IpakTuyeckoe mpuMeHeHue
TeHEPAaTUBHBIX METOJIOB B apXUTEKType JOIroe Bpe-
Ms OTPaHUYHBAJIOCH BHIYMCIUTEILHBIMH BO3MOXKHO-
CTSIMH M OTCYTCTBHEM HEOOXOIMUMBIX MPOTPAMMHBIX
MHCTPYMEHTOB. CHUTyaIusi KapIUHAJIbHO U3MEHMIACh
B Hayane XXI B. ¢ pa3BuTHEM NapaMeETPUUECKOTO MO-
JICTUPOBAHMS U MOSBICHUEM TAKUX HHCTPYMEHTOB,
kak Grasshopper (mnarun s Rhinoceros) n Dynamo
(mnarus st Autodesk Revit), 3Ha4MTEIFHO YIPOCTHB-
IIMX pa3pabOTKy FeHEePATHUBHBIX alrOPUTMOB [2].

[MapamnensHo ¢ 3TuM passutie BIM-Texnonoruit
TpaHCc(hOPMUPOBAIIO MPOLIECC MPOSKTUPOBAHMUS U3 MTPO-
CTOTO TIOCTPOCHUS TEOMETPUICCKUX MOJEICH B KOM-
IUIEKCHOE yIpaBiieHne nHopMalyei o 31aH1u Ha TIpo-
TSOKEHUHU BCETO €T0 YKM3HEHHOTO UK [3]. D70 co3nmano
ONATONPHSITHYIO CPEIy IS BHEAPCHHS TCHEPATHBHBIX
METOJIOB, MOCKONbLKY BIM-Mozienu yxe copepkar cTpyk-
TypUpOBaHHYIO HH(pOpMAIIO 000 BceX KOMIIOHEHTaX
3[IaHNS, UX B3aMMOCBS3IX U CBOMCTBAX.

Ceromast HaOMIOMACTCSI HHTEHCUBHOE Pa3BUTHE HO-
BOTO HAIPABICHUSI — BBIYMCIUTEIBHOTO MPOEKTHPO-
BaHUs (computational design), 0ObeINHSIONIETO TEHE-
paTUBHBIC METOJBI, TTAPAMETPUICCKOEC MOACTHPOBAHHE
1 aJTOPUTMHYECKUE TIOAXOBI K apXUTEKTYPHBIM 3a/a-
yaM. Ho unTerpauus reneparuBHoro ausaiina B BIM-
MIPOLIECCHI CTATIKUBAETCA C PSIIOM BbI30BOB. Tak, TelTuH
U COABTOPBHI OTMEYAIOT OTCYTCTBHE CIUHBIX IPHEMOB
K (popMasTU3aIiy MPOCKTHBIX TPCOOBAHHUN U OTPaHHUC-
HHH, 4TO 3aTPYAHSICT YHU(PUKALUIO TeHEPATHBHBIX aJIro-
put™MOB. SHT 1 Jlu [4] yKa3pIBalOT Ha CIOXKHOCTb Nepe-
BOJIa CYOBEKTUBHBIX ICTCTHYECKUX KPUTEPUEB, BAKHBIX
JUTS 3aKa39MKOB, B I3MEPHMBIE TTapaMeTPhl TeHEPaTHBHBIX
MopieNeH.

Hecmotps Ha 3TH TpyaHOCTH, HHTEpPEC K TeHEepa-
THBHBIM METOJIaM B apXHUTECKTYpPEe HEYKIOHHO pPacTeT.
B uccnenosanuun Mronnepa u JleliTina npoanaau3upo-
BaHO 126 apXUTEKTypHBIX 010pO, N3 KOTOPBIX 67 % nc-
MOJIB3YIOT 3JIEMEHTHI T€HepaTUBHOTO MPOESKTHPOBAHMS,
a 89 % mIaHUPYIOT PacIIMPHUTH €T0 IPUMEHEHHE B ONTH-
skaiue 3—5 jeT. DT0 CBUIETENILCTBYET O BBICOKOM MO~
TEHI[MAJIe TaHHOTO HAIMPABJICHUS U €r0 BO3PACTAIOICH
3HAYUMOCTH JIJIsl OTPACITH.

CymiecTByeT HECKOJIBKO MOIX0/I0B K peaan3aliiu
reHeparuBHOro au3aiiHa B konrekcre BIM. Ha ceron-
HSITHUA MOMCHT BBIJICJISIOT YETHIPE OCHOBHBIC KaTe-
TOPHH: TapaMeTPHUECKOe MOJCINPOBAHNE, YBOIIOIH-
OHHBIC aJTOPUTMBI, MAITUHHOE O0YYCHHUE H areHTHOE
MozenupoBanue. Kaxp1it 13 3THX METOIOB UMEET CBOU
0COOCHHOCTH, IPCUMYIICCTBA U OTPAaHUYCHHUS, KOTO-
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pBIe HEOOXOIMMO YUUTHIBATh P BHEIPEHUH B MPaK-
THKY apXUTEKTYPHOTO ITPOCKTHPOBAHUSL.

Jly m YeH [5] oTMedaroT, 9To BEIOOp MOIX0a K Te-
HEpPAaTUBHOMY JAU3aHY JOJIKEH ONPENeNsAThCs CIeLH-
(uKkoii pemaemsIx 3a1a4. [is mpoexTupoBanus dacan-
HBIX CHCTEM HanbOouee 3 (eKTHBHBI TapaMeTPUICCKIe
MOJICJIU, YYUTBIBAIOUINE MTCOMECTPUICCKUC U KOHCTPYK-
THBHBIC OrpaHUYCHHS. B cBOIO ouepenb, MpH ONTH-
MHU3aIUH BHYTPEHHUX MPOCTPAHCTB MPEUMYIIECTBO
HUMCIOT ar€HTHBIC MOJAC/IN, CUMYJIMPYIOUINE ITOBCICHUC
JIoziel B cpene.

Kacnepsrok u coast. [6] mpogeMOHCTPUPOBAITH BO3-
MOXXHOCTD HMCIIOJIb30BaHNA IN'CHEPATUBHBIX aJITOPUTMOB
JUISL ONITUMU3ALINH aKyCTHYECKUX XapaKTePHCTHK TIOMe-
meHni. [IpeioxkeHHBINH NMH CITOCO0 TIO3BOIISIET aBTOMA-
THUYECKH I'€HEPUPOBATh U OLIEHUBATh BAPUAHTHI (DOPMBI
W OTJIEJIKH TIOBEPXHOCTEH, 00eCIeunBaloIIne 3a1aHHbIe
aKyCTHUYECKHE TTapaMeTphI.

XoTs Teopus TEHEPATUBHOIO AU3aiiHa aKTUBHO pas-
BHUBAETCS, PAKTUYECKOE IPHIMEHEHHE STHX METO/IOB B ap-
XUTEKTYPHOM TIPOCKTHPOBAHUH CTATKUBACTCS C PSIOM
GapbepoB. CrienaiucThl OTPACcIH OTMEUAOT, YTO BHEpe-
HHE I'eHepaTHBHBIX METOI0B TPeOyeT MepecMoTpa TpaIu-
IIHOHHBIX TIPOIECCOB TPOSKTUPOBAHMUS U (POPMHUPOBAHIIS
HOBBIX KOMIIETEHLIUH y apXUTeKTopoB. [1o MHEHUIO aBTO-
POB, Oymy11iee apXUTEKTYPbI JISKUT Ha CTBIKE TBOPYECKOTO
MBIIDICHAS U BEIYHCIUTEIFHBIX METOIOB.

Hryen u Tpan [7] uccienoBanu posib TeHEpaTHB-
HOTO /M3aiiHa B ONITUMH3ALUH dHEProdh(HEeKTHBHOCTH
3MaHUH W TMPHUILIA K BRIBOLY, YTO MHTETPUPOBAHHBIN
¢ BIM noaxon nmo3Bosisiet Ha 15-23 % CHU3UTH SHEPTO-
norpeOIeHne 3a cYeT ONTHMU3AINU TCOMETPHH 371a-
HUS, OPHCHTAIINH W XapaKTEPUCTUK CBETOMPO3PATHBIX
KOHCTPYKIIUH. ABTOPHI HOAYEPKHUBAIOT BAYKHOCTH KOM-
MJIEKCHOTO MO/X0/1a, YUYUTBIBAIOLIETO HE TOJIBKO dHEP-
TeTUYECKHEe, HO M SKOHOMHYECKHE aCTIEKTHI MTPOSKTHBIX
pELICHUHN.

Lenbro HacTOAIIETO UCCIIENOBAHUS ABISAETCS pa3-
paboTKa METOMOIOTHYECKIX OCHOB M NMPAKTHUECKUX
pEKOMEHJaluil 10 UHTErpaluy N'€HEPATUBHOIO AU3ai-
Ha B BIM-npoueccel /s aBTOMaTu3aiuy co3JAaHust
APXHUTEKTYPHBIX PEIICHWH Ha OCHOBE Pa3HOPOIHBIX
TpeOoBaHMI 3aKka34MKOB. [[J1s1 JOCTHXKEHUS ITOHN 1IEeTn
OBLTH ITOCTABIICHBI CIIEYOIIHE 3a/1a9H:

1. ITpoaHanu3upoBaTh CyLIECTBYIOIINE MOIXOAbI
M TEXHOJOTHUU T'€HEPATHUBHOI'O 111/13a171Ha, IMIPUMCHUMBIC
B koHTekcTe BIM.

2. Pa3pabotars MeTOHOMOTHIO (hOpMAITU3AINHN TPE-
60OBaHMII 3aKAa3YMKOB JJISI UX MUHTErPallui B TeHEPATHB-
HBIC aJITOPUTMBI.

3. Coznatp 1 anpoOMpOBaTh Ha MPAKTUIECKUX TIPHU-
Mepax KOMIUIEKCHYIO MOJIeJIb OLICHKU U 0TOOpa reHepu-
PYEMBIX IPOCKTHBIX PELICHHH.

4. OnpenenuTs MepCreKTHBHBIC HAIPABICHHS 1ajTb-
HEHIIEro pa3BUTUSl UHTEIPUPOBAHHBIX IT'€HEPATUBHO-
MH()OPMAITMOHHBIX TEXHOIOTHH.

Hayunast HOBHM3HA WCClIeJOBAaHUS 3aKITIOUaeTCs
B CUCTCMHOM IIOAXOAC K MHTETpalli T'CHCPATHBHBIX
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MeTonoB B BIM-mporieccsl 1 pa3paboTKe METOIOIOTHH,
y‘-lHTI:-IBaIOHleﬁ KaK TCXHUYCCKHUEC, TaK U Cy6’beKTI/IBHI>Ie
(pcTeTnueckue, SMOIMOHANBHEIE) aCIIeKTHl apXUTEK-
TYPHOTO MPOCKTUPOBAHUSI.

MATEPHUAJIBI U METO/bI

MeTonmonorus uccieoBaHus CTPOMIach Ha KOM-
TJIEKCHOM aHAJIM3€ CYIIECTBYIOUINX MOJAXOA0B U TEX-
HOJIOTHI IeHEepaTHBHOTO AM3aliHa, UX MOTEHIIMAa
u orpaHudeHuil B koHrekcre BIM-npoueccos. beuia
pa3paboTaHa MHOTOSTAITHAsL CTPYKTYpa UCCIECAOBAHUS,
BKJTIOYAIOIAs KaK TEOPETHYECKUE, TaK U IPAKTHUECKHE
KOMITOHEHTBI.

Ha nepBoM »Tarne npoBedeH cUCTEMaTUUYECKUM
0030p JNHUTEpaTyphl, OXBAaTHIBAIOMINI MyOINKAIUN
3a mepuon 2013-2023 rr. [Ins orGopa pereBaHTHBIX
HCTOYHMKOB MCIOJIB30BAINCH HAyKOMETPHUECKHE 0a3bl
nanHbix Web of Science u Scopus, a Takxke creiu-
anusupoBanubie pecypcbl Cumincad u IAARC. Ilo-
HCKOBBIE 3aIIPOCHI BKIIFOUAJIN KOMOMHAIINY KITFOYEBBIX
TepMUHOB: generative design, computational design,
BIM, architectural automation, parametric modeling.
B pesynbrare nepuyHOTO 0TOOpa HASHTU(HHUINPOBAHO
456 myOnmuKaIyii, 13 KOTOPBIX MOCIIE OIIEHKH PEJICBAHT-
HOCTH B (pMHANBHBII aHamu3 Bouuin 183 paboTsl.

JUis CTpYKTYypHUpPOBAaHHOTO aHAIHW3a COOpaHHBIN
MaccHB IyOJIMKaIMi KI1acCU(UIIMPOBAH 110 HECKOJb-
KUM Tapamerpam:

1) mogxon K reHEpaTHUBHOMY NMU3aiHy (mapame-
TPUUECKUI, IBONIOLIMOHHBIN, OCHOBAHHBINA HA MalllUH-
HOM O0y4YeHHH, areHTHbIN) [§—12];

2) cdepa apXUTEKTypHOTO IpUMEHEHHS (00beMHO-
TUTAHUPOBOYHBIE PEIIeHUs, (hacaHble CUCTEMBI, KOH-
CTPYKTHUBHBIC 3JIEMEHTHI U 1ip.) [13, 14];

3) crenens uHTerpanuu ¢ BIM (momnnas, yactuy-
Hasi, 000co0eHHast);

4) cramust MPaKTUUECKOTO BHEAPEHUS (KOHIICITYalIb-
Hasl pa3paboTKa, IPOTOTHII, KOMMEPUYECKOE PEIICHNE).

Ha BTOpOM 3Tamne ocymecTBIEHO CPaBHUTEIBHOE
UCCIIEIOBAHKUE POTPAMMHBIX IATGOPM M HHCTPY-
MEHTOB, MOJJEPKUBAIOIINX I'€HEPATUBHBIN NU3alH
B KoHTekcTe BIM [15-19]. Ananu3 oxBaTbIBajl Kak cIie-
nuanuszupoBanubie pemenus (Dynamo nmus Revit,
Grasshopper mms Rhino, Generative Components
st Bentley Systems), Tak u yHHBepcanbHble T1aTop-
MBI, QIAITUPYEMBbIE JIJIs apXUTEKTYpHBIX 3a/1a4 (Project
Refinery, Galapagos, Optimo). OtieHKa HHCTPYMEHTOB
MTPOBOIMIIACH TIO CIIEAYIOIINM KPHUTEPHUSIM:

* (YHKIMOHAIbHBIE BO3BMOKHOCTH;

* pHTEeporepadensHocTh ¢ BIM-cucremamu;

* JOCTYIHOCTb U IPOCTOTA OCBOEHUS;

* rHOKOCTh M MacIITaOUPyeMOCTb;

* IIPOM3BOJUTEIBHOCTh M BBIUNCIUTEIbHAS (-
(heKTUBHOCTE;

* MOJ/EP’KKA M JJOKYMEHTAIHS.

Tpetuit sTam BKIOYan pa3paboOTKy METOIUKH
(dopmanmzanuu TpeOOBaHMI 3aKa3YMKOB JUIS X MHTE-
rpalliy B TeHepaTUBHBIC anroputmsl [20]. s storo
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MPOAHAM3UPOBAHBI TUTIOBBIE TPEOOBaHMS U3 25 TeX-
HUYECKHX 3a/JaHUH HAa POEKTUPOBAaHHE OOBEKTOB pa3-
JUYHOTO Ha3HA4YCHUS (KWJIbIE 3MaHUs, OOIIECTBEHHBIC
3/1aHUA, TPOMBIIUICHHBIE 00beKThl). Ha ocHOBe KOH-
TEHT-aHaJlInu3a 3TH TPeOOBaHUS KIACCU(PUIIUPOBAHBI
IO CIIEAYIOIIAM KaTeTOPHsIM:

* HOPMAaTHUBHBIE (COOTBETCTBHE CTPOUTEIIbHBIM
HOpMaM U MpaBUIaM);

* (hyHKIHMOHATBHEIEC (COOTBETCTBHE IIETICBOMY Ha-
3HAYEHHUIO O0BEKTA);

* DKOHOMHYECKHE (CTOMMOCTH CTPOMTEJIHCTBA
1 DKCIUTyaTaIlin);

* sKojornueckue (3HeprodhHeKTUBHOCTD, IKOJIO-
THYHOCTH MaTepPHajoB);

* ACTeTHYECKHE (BU3yalbHBIC XapaKTEPUCTUKH,
CTHIIUCTHKA);

* COLMAIBHO-KYJIBTYPHBIE (COOTBETCTBHE COLIU-
ATBHOMY KOHTEKCTY).

Jas Kaxao#i KaTeropuu pa3padoTaHbl METO-
Il KBaHTH(QUKAMK U GopManu3anuu TpeOOBaHUN
JUTS X UHTETPAIH B TeHEPAaTHBHEIE anropuTMBL. Oco-
00e BHUMaHUE YIJSIOCHh TPeoOpa30BaHUIO KaueCTBEH-
HBIX ¥ CyObEKTHBHBIX KPUTEPHEB (TAKMX KaK SCTETHYE-
CKH€ TIPEIOYTEHNS) B U3MEPUMBIE TTapaMeTphI.

YeTBepThlii 3TAl MOCBAILEH YKCIIEPUMEHTAIBHOMY
MOJZICIIMPOBAHUIO ¥ TIPAKTUYECKOH arpobannu pazpado-
TaHHBIX TOIX0A0B. C 3TOM [ENbI0 CO3AaHBI YETHIPE IKC-
NEepUMEHTAIbHBIC MOJIENIH, PeaH3YIOIINe Pa3InHbIe
MOJIX0/Ibl K TeHEPAaTUBHOMY Iu3aiiHy B cpene BIM:

1) mapameTpudeckas MOIENb GpacaTHOW CHCTEMBI
C aJIaNTUBHBIMH AJIEMEHTAMH 3aTCHEHHUSI;

2) 9BOIIIOLIMOHHAS] MOJIC)Tb ONTUMH3AIIMN 00BEMHO-
ITAHUPOBOYHBIX PEIICHUI MHOTOKBAPTHPHOTO JKHIIOTO
3[aHUS;

3) Mozenb Ha OCHOBE MAIIMHHOTO OOy4YeHHsI JIs TIPO-
THO3WPOBAHUS M ONITHMI3AIAHN YHEPTETHUCCKUX XapaKTe-
PHUCTHK 3/1aHHS;

4) areHTHast MOJIEJIb ISl ONTHMU3AINH TIEHIEX0-
HBIX TTOTOKOB BHYTPH MHOTO(QYHKIIHOHATHFHOTO KOM-
TUIeKca.

Kaxxnast Mmonenp paspabarbiBanach Ha 0asze pe-
AJBHBIX MPOCKTHHIX JaHHBIX, MMPEAOCTABICHHBIX ap-
XUTEKTYPHO-IIPOEKTHBIMU OIOpPO, C Y4ETOM THIIOBBIX
TpeboBaHuil 3aKka3unKoB. J[i1s oneHKH S PEeKTHUBHOCTH
MOJIeIe MCTIONB30BAINCH KOMMYECTBEHHBIE METPUKH
(BpeMsi IPOEKTUPOBAHHUS, KOJIMYECTBO PACCMOTPEH-
HBIX BapHaHTOB, COOTBETCTBUE 3a/IaHHBIM KPHUTEPHUSIM)
7 DKCTIEPTHBIE OIEHKH MPAKTHKYIOMINX apXUTEKTOPOB.

C 1enbio BepuduKauy pa3padoTaHHBIX MOIX0I0B
1 METO/IMK TPOBEJCHO TECTHPOBAHUE HA TPEX peajb-
HBIX TIPOEKTaX:

1) MHOrOQYHKIIMOHAIBHBIN KHIOH KOMILJIEKC
(mnomaas 45 000 m?);

2) oOuIecTBEHHO-EIOBOM LEeHTp (MIomams
28 000 m?);

3) uentp 06padoTku JaHHbIX (muromiaas 18 000 m2).

Just xaxporo mpoexkrta 0wl pa3paboTaH KOM-
MJICKCHBIA TeHEPATUBHBIN alTOPUTM, YUUTHIBAIOIIHHA

cnenuduyeckre TpedOBaHMs 3aKa3dyrKa U 0COOCHHO-
cTH 00bexTa. Pe3ynbTaTsl MpUMEHEHHS alTOPUTMOB
CPaBHHMBAJINCH C TPAJUIIMOHHBIM ITPOIECCOM IPOEKTH-
pOBaHUSA MO TaKUM IMapaMeTpam, Kak BpeMs pa3paboT-
KM, KQUeCTBO PEIICHHH, COOTBETCTBHE TPEOOBAHUSAM
1 YJIOBJICTBOPEHHOCTH 3aKa34yHKa.

Ha 3axmounTenbHOM dTare UCCIeI0BaHus Ha OC-
HOBE ITOJTYYECHHBIX PE3yNIbTaTOB pa3paboTaHa METOJ0-
JIOTUSI UHTETpali TeHepaTuBHOro nu3aiina B BIM-
MMpOoUCCChI, OXBAThIBAIKOI[ass BECh JKU3HEHHBIN U KIJI
MpOeKTa OT (opMaIu3aIii TpeOOBaHUH 10 OICHKH
pe3ynbTaTtoB. METOOMOTUS BKIIIOYAET MPAKTHYECKHE
PEKOMEHIAIUU, AJITOPUTMBI JCHCTBUMN, IIAOIOHBI
Ut (hopMaTH3aui TpeOOBaHMH U KPUTEPHUH OICHKH
TeHEPUPYEMBIX PEIICHUH.

PE3YJIBTATBI HCCJEJOBAHUA

IIpoBeneHHBIN aHANU3 HAYYHOW JUTEPATYPHI
U TIPOTPaMMHBIX PEIICHUH BBISBHI YETHIPE TOMUHUPY-
IOIIMX MTpHeMa K MHTEerpalii FeHepaTuBHOTO Tu3aiiHa
B BIM-miporiecchl, KaKIbIii U3 KOTOPBIX 00JIa1aeT CIIeIH-
(hrIecKIMA IPEUMYIIIECTBAMH U OTPaHUICHUSIMH.

[Tapamerpudeckoe MOJETHPOBAHUE HA OCHOBE TPa-
(hoB sBIsIETCST HANOOJIEe PacIPOCTPAHEHHBIM ITOIXOZIOM,
peaM30BaHHBIM B TAKUX MHCTPYMEHTaX, kKak Dynamo
quist Revit u Grasshopper s Rhino. Otn nncrpymen-
TBI TIO3BOJIAIOT CO3/1aBaTh CIIOKHBIC aJTOPUTMUYECKHUE
KOHCTPYKIIUHU Yepe3 BH3YaJIbHOE MPOrpaMMHUpPOBAHHE,
YTO JIeNIaeT UX JIOCTYITHBIMHU JUIsl apXUTEKTOPOB 0€3 ITy-
OOKHX 3HAHH B MPOrPAaMMHUPOBAHNHU. AHAIHM3 TIOKa3all,
4yT0 76 % WCCIIEAOBaHHBIX aPXUTEKTYpPHBIX OOpPO HC-
TOJIB3YIOT MIMEHHO 9TOT METOI.

KnroueBoe mpemmyImecTBO mapaMeTpHIecKOTro
MOTX0/1a 3aKITF0YAeTCS B BHICOKOW CTETICHH KOHTPOIIS
HaJl TeHEPaTUBHBIM MTPOIECCOM U TPO3PAYHOCTH AJIrO-
puTMOB. OTHAKO BBISABICHBI U CYIIECTBEHHBIE OTPAaHU-
YEHUS: CIOKHOCTh MacCIITAaOMPOBAHUS IS PEIICHUS
MHOTO()AKTOPHBIX 3a/a4 ¥ OrpaHNYEHHAsi CIOCOOHOCTh
K CaMOOOYYCHHUIO U aJarTaIliH.

Ha ocHOBe momrydeHHOTO aHaIM3a MOCTPOCH Ipa-
(UK, TEeMOHCTPUPYIOMINH COOTHOLIEHUE BPEMEHH,
3aTpavynBaeMOTO Ha Pa3JIMYHBIE JTalbl pa3paboTKH
mapaMeTPUIeCKO MOJICITH, W TTOKA3hIBAIOIIN, YTO Ha-
CTpOHKa 3aBUCUMOCTEH ¥ OrpaHMYCHUH 3aHUMAET Hau-
GompIIyio 100 BpeMeHH (puc. 1).

DBONOIIMOHHAS ONTHMU3ANHS TPEACTABISET CO-
0011 BTOpOIi pacrpocTpaHEeHHbIH 1OX0/, OCHOBAHHBIN
Ha IPUHIUNAX TCHETHYECKUX aJTOPUTMOB. Takue mH-
cTpyMeHTHI, kak Galapagos n Octopus s Grasshopper,
a Taoke Project Refinery ams Dynamo, mo3BosisitoT Ha-
XOAUTh ONTHMAJIBHBIC PEIICHHS ITyTeM HTEPATHBHON
SBOJTIOIIMYA MHO’KECTBA BapHaHTOB. DTOT crmocob oco-
6eHHO 2(h(heKTUBEH /ISl PELICHUS] MHOTOKPUTEPHAIb-
HBIX 33/1a9 ONITHUMHU3AINH, TIe HEOOXOANMO HAaXOINUTh
OamaHc MEXITy TPOTHBOPEUYNBEIMA TPEOOBAHISIMH.

DKCIIepUMEHTBI aBTOPOB MOKA3aJI1, YTO IBOJIOIH-
OHHBIE AJITOPUTMBI JaI0T BO3MOKHOCTH PacCMOTPETh
B 5—7 pa3 Oouble MPOSKTHRIX BAPHAHTOB IO CpPaBHE-
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15 %

20 %

ZS%J

= Hacrpoiika 3aBUCUMOCTEN U OrpaHUUYEHUN
TecTupoBanue u oTinanka

40 %

= Pa3zpaboTKka anropuTMHYECKOH CTPYKTYPbI
= Uurerpauus ¢ BIM-monenbio

Puc. 1. I'paduk pacnpeneneHns BpeMeHH pa3pabOTKH MapaMeTPHIeCKOW MOIEH

HUIO C PYyYHBIM I1€pe0OpOM, YTO 3HAUYUTEIIBHO ITOBBIILIA-
€T BEPOSTHOCTh HAXOXK/ACHHS ONTHMAIBLHOTO PELICHHUSL.
OJiHaKO CyIIECTBEHHBIM HEIOCTATKOM SIBIISIETCS BBICO-
Kasi BBIYMCIUTENIbHAS CIIOKHOCTh U BPEMsl, HEOOXO0 M-
MO€ JUIsl JIOCTHIXKCHHUs] KOHBEpPreHuuu. J{Jisi KoMIuieKc-
HBIX TIPOEKTOB 3TO MOXET COCTABJISTH OT HECKOJIbKHX
4acoOB JI0 HECKOJIbKUX JIHEH, YTO HE BCEraa PUEeMIIEMO
B YCJIOBHSIX C)KaThIX CPOKOB ITPOEKTHPOBAHHUSL.

MeToabl MAaIMHHOTO O0Y4YEHUSs MPEICTABISIOT
TPETUil MOAXOM, KOTOPbIH AKTUBHO Pa3BUBAETCs B I10-
cienHue roipl. Mcenoib3oBaHUE HEHPOHHBIX CETEH
U JIPYTHUX aJrOPUTMOB MalIMHHOTO OOYy4EHHS 1103BO-
JISIeT CUCTEMaM «00ydaThCs» Ha IPUMEpax CyIECTBY-
IOLIMX TPOCKTHBIX PELICHHH U TeHepUpOBaTh HOBbIC
BapUaHThl, COOTBETCTBYIOIIUE 331aHHBIM KPHUTEPHUSIM.

[TpoBeneHHOE UCCIie0OBaHKUE TOKA3aJI0, YTO CH-
CTEMbl Ha OCHOBE MAlIMHHOTO O00y4YeHHs 0COOEHHO
a¢GeKTUBHBI IS 3a7a4, ¢ UMEEeTCsl 0OJbIION 00b-
€M MCTOPUYECKUX JaHHBIX: IPOCKTUPOBAHHE THIIOBBIX
3JIEMEHTOB, POTHO3UPOBAHHE YHEPIETHUECKHX XapaK-
TEPHUCTHUK, ONTUMH3ALMS CTOUMOCTH CTPOUTENILCTBA.
Tak, pazpaboTaHHasi aBTOpaMy MOJIEJIb Ha OCHOBE IIIy-
60KOro 00yUYeHHS ISl IPOTHO3UPOBAHUS SHEProNOTpe-
OJICHHSI 3MAHKI TPOJAEMOHCTPHUPOBaIa TOYHOCTE 92 %,
YTO 3HAYMTENHHO NPEBOCXOAUT TPAJUIIMOHHbBIE aHAH-
THUYECKUE METOIbI.

OpnHako BHEIPEHHE METOJI0OB MAIIMHHOTO 00ydJe-
HUS B apXUTEKTYPHOE MPOEKTUPOBAHHUE CTATKHUBACTCS
C PSIOM TPENATCTBUI: HEOOXOAUMOCTh B OOJIBITUX
o0beMax KaueCTBEHHBIX JaHHBIX ISl O0OY9IEHUS, CIIOXK-
HOCTH MHTEPIIPETALINU PE3yIBTAaTOB, a TAK)KE BEICOKHE
TpeOOBaHUA K BEIYHCIHUTEIBHBIM pecypcaM. Kpome
TOTO0, KaK OTMEYatoT 87 % ONpOILIEHHBIX IKCIEPTOB, Cy-
LIECTBYET PUCK «TBOPUYECKON CTarHaIMM», KOTJIa CUCTe-
Ma o0ydaeTcs Ha CyMISCTBYIOMINX MIPUMepax U HE MO-
JKET FeHEPUPOBATH PUHIUITUATIBHO HOBBIE PELICHHUSI.

ATeHTHOE MOJIETUPOBAHNUE — YETBEPTHIN MOIXO/,
OCHOBAHHBIHM Ha CUMYJISILIUM TTOBE/ICHUSI MHOKECTBA HE3a-
BHCHMBIX areéHTOB, B3aUMOJICHCTBYIOIINX B BUPTYaJIbHOM
cpene. IToT Meto Hanbosee 3 EKTUBEH s 3a/1a4, CBSI-
3aHHBIX C ONTUMH3AIMEH TTOTOKOB JIFOICH, (PyHKIIOHAb-
HBIM 30HHPOBAHUEM U SPTOHOMHKOH TIPOCTPAHCTB.

Pazpaborannas aBTOpamMu areHTHast MOJICTb JUTS OTI-
TUMH3ALUH TUTAHIPOBOYHBIX PEIICHUH MHOTO(YHKITHO-
HaJIbHOT'O KOMIUIEKCa 1o3BoJinja Ha 18 % MmoBBICUTH
3(h(EKTUBHOCTH UCTIOIBE30BAHUS IIOMIAJICH TIPU OIHO-
BPEMEHHOM YIYUILIEHUH OKa3aTesel MerexoaHou 10-
CTYITHOCTH KJIFOYEBBIX 30H.

CpaBHHTEBHBIN aHaTU3 3()(HEKTUBHOCTH pa3iiny-
HBIX TOJIXOJ0B K T€HEPATUBHOMY AW3aiHy JJIs TUIIO-
BBIX apXUTEKTYPHBIX 3a/1a4 PEACTABJICH B Ta0. 1.

Taba. 1. CpaBHuTensHas 3pPEKTHBHOCTH OIXO0B K FEHEPATHBHOMY JH3aHHY

Tom sanaun [TapameTpuueckoe OBOIOIOHHAS MamunHoe AreHTHOE
MOI[eJ'alOBaHI/Ie OIITUMHU3ALHA OGyLICHI/le MOﬂeHHpoBaHHe
®daca/iHble CUCTEMBI Bricokas Cpenuss Huskas Huskasn
O0BEeMHO-TUITAHUPOBOYHBIE PEIICHHS Cpensss Bricokas Cpennsist Bricokas
KoncTpykTHBHBIE 7IEMEHTHI Bricokas Bricoxkast Cpenuss Huzkas
DHeproahdHekTHBHOCTH Cpennsist Bricokast Bricokas Huzkas
DyHKIMOHAILHOE 30HUPOBAHUE Huskas Cpennsist Cpennss Bricokas
Opranu3zanus mO0TOKOB Huskas Huskas Cpennsis Bricokas
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OpnHOI1 U3 KJIIOYEBBIX 3a/lad HCCIEeA0BaHUs OblIa
pa3paboTKa METOI0JIOTHH NIEPEBO/Ia PA3HOPOIHBIX Tpe-
GoBaHNi1 3aKa34MKOB B (OPMAIIM30BaHHBIC ITAPAMETPBI,
MIPUTOAHBIC JUIS UCIIONb30BAHMUS B TEHEPATHBHBIX AJITO-
puTMax. AHalIU3 TEXHUYECKHUX 3a/laHUil Ha MIPOEKTH-
pOBaHME TO0Ka3all, YTO TPeOOBaHMS 3aKa34NKOB MOKHO
pa3IenuTh Ha IBHBIE (YeTKO c(hOPMYIHPOBAHHBIE KOJIU-
YECTBEHHBIE MTapaMETPbl) U HEsIBHBIE (KaueCTBEHHBIE
XapaKTEepPUCTHKH, YaCTO BBIPAKEHHBIE HEUETKUMH I10-
HATHSIMH).

Just hopmanmzanny sBHBIX TpeOOBaHMH co3JaHa
cucTeMa ImadIoOHOB U aJITOPUTMOB, ITO3BOJISIONIAS aB-
TOMAaTUYECKU U3BJIEKaTh KOJMUYECTBEHHBIC TapaMeTphbl
U3 TEKCTa TEXHUYECKOTO 3aJlaHus U peoOpa3oBbIBaTh
UX B IepeMEHHbIE TeHEPAaTHBHON MOIEIH. JTa CUcTeMa
pean30BaHa B BHJE ITPOTPAMMHOIO MOJYJIsl, HHTETPH-
pyemoro ¢ BIM-miardopmamu.

Bbonee cnoxHyto 3agady mpeacTasisiia GpopmMaiu-
3a1ust HesIBHBIX TpeOoBaHui. [ pemenns 3Toi mpo-
Omembl pazpaboTaH MeTO KBaHTH()UKAIIH KaueCTBEH-
HBIX XapaKTEPUCTUK HA OCHOBE JKCIIEPTHBIX OLIEHOK
U JMHI'BUCTUYECKOTO aHain3a. MeToJ| BKIIoYaeT cie-
JIYIOIINE STaIbI:

1. Boiienenue KIFOYEBBIX JIMHTBUCTUYECKUX Map-
KepOB, XapaKTEePU3YIOIINX KaueCTBEHHbIE TPEOOBAHUS
(HarpyMep, COBPEMEHHBIH, YKOJIOT MYHBIH, KOM(OPTHBIA).

2. Ompenenenne ai1s KaXJ10ro Mapkepa Habopa u3-
MEPHUMBIX ITapaMeTPOB, KOPPEIUPYIOIINX C JTAHHON Xa-
PaKTEpUCTUKOI.

3. YcraHOBJIEHHE BECOBBIX KOI(P(MHUIIMEHTOB JUTSI KaXK-
JIOTO ITapameTpa Ha 06a3e SKCHEePTHBIX OLCHOK.

4. TlpeoOpa3oBaHme THHTBUCTUYECKHAX BBIpaKke-
HUIl B YHCIIOBBIE 3HAYCHMS C ITOMOILBIO METOJIOB He-
YETKO! JIOTUKH.

5. MHTerpaiys Moay4eHHbIX I1apaMeTpoB B Iiese-
BYIO (DyHKIIMIO TEHEPATHBHOTO aJTOPUTMa.

90 %
80 %
70 %
60 %
50 %
40 %
30 %
20 %
10 %

0%

Hanpumep, TpeGoBaHNE «COBPEMEHHBIH KOJIO-
TUYHBIA (acam TpaHCPOPMHUPOBATIOCH B HAOOP KOJH-
YECTBEHHBIX MapaMeTpoB: KOIPPUIMEHT eCTECTBEH-
Horo ocenieHus (> 0,8), MPOICHT MCIOJIb30BaAHUS
BO300HOBIIIEMBIX MaTepuasos (> 65 %), koadpuuneHt
teronepenaun (< 0,25 Br/m? K), uHACKC OTpakeHHs
COJTHEYHOI sHepruu (> 78).

Just scTeTrdeckux TpeboBaHui cHOpMHUPOBAH
CHelMalbHbIi METOZ Ha OCHOBE KOTHUTHBHOI'O Kap-
TUPOBAHUS, TO3BOJISIONINH TPe0OPa30BBIBATh CYyOBEK-
THUBHBIC IIPEIIIOYTEHHUS B TEOMETPHUYECCKHE TTAPAMETPBHI.
Meton 0CHOBaH Ha aHAJIN3€ BU3YyaAJIbHBIX pe()ePEHCOB,
MPEIOCTABIISIEMbIX 3aKa34MKOM, U aBTOMATHYECKOM H3-
BJICYCHHUH M3 HHUX (POPMOOOPA3YIOIIHUX MapaMETPOB:
MPOTIOPINH, PUTMUYECKUX CTPYKTYP, MaTepHaIbHOCTH
U TEKCTYP.

[IpoBeneHHOE TeCTHPOBAaHUE MIOKA3aJI0, YTO Pa3-
paboTaHHast METOIOJIOTHS aeT BO3MOXXHOCTH (hopMa-
mu3upoBath 10 83 % TpeOoBaHMH M3 THUIIOBOTO TEX-
HUYECKOTO 3aJaHNus, YTO 3HAYUTEIBHO MPEBOCXOAUT
CYIIECTBYOIIUE MOAXOABI (pHC. 2).

Ha ocHoBe pe3ynbraToB aHann3a M 3KCIIEPUMEH-
TaJIFHOTO MOJEIHUPOBAaHUS ObLTa pa3zpaboTaHa KOM-
IUIEKCHAs METOAOJIOTHSI MHTErPallii TeHEPATUBHOTO
nu3aitna B BIM-niponieccel. MeTomonorus npeacTasis-
eT co0O0H MOIIATOBYIO MOCIIEA0BATCIBHOCTh ICHCTBUH,
OXBAaTHIBAIOIIYIO BECh LUK ITPOCKTUPOBAHUS OT MPE-
MPOEKTHOT'O aHAJIN3a J0 OLIEHKH PE3ybTaTOB.

Ki1r0ueBbIM 37IEMEHTOM METOOJIOTHH CITYXKUT KOH-
nernys rdposoro aBolHKMKa TpedoBanuii (Digital Re-
quirements Twin — DRT) — cTpyKTypHpOBaHHOTO Ha-
60pa JaHHBIX, BKITIOYAIONIETO (hOpMaIn30BaHHBIE TPEOo-
BaHUS 3aKa34nKa, HOPMATHBHBIE OrPaHUYCHHSI, KOHTEK-
CTyaJbHBIC YCIIOBHSI M METPUKH JUIS OLIEHKH PEIICHUH.
DRT BBIIOJHSET POJib CBSA3YIOLIETO 3BEHA MEKIY Tpa-
JUIMOHHBIM IIPOLeccoM (OPMUPOBAHHS TEXHHIECKOTO

VYeneurHo Gpopmai3oBaHHble TpeOOBaHMs

B Py4Holi MeTOL

B Cymecrsytomue CAITP

B PazpaboraHHas METOIOJIOTHS

Puc. 2. CpaBanTensHas auarpamMma 3 exTuBHOCTH (hopMamH3aIiy TpedoBaHmH
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3aJaHuAa U MapaMETpUICCKUMHN ICHEPATUBHBIMU MOJIC-
JISIMUA.

MeTon00THst BKITIOYAET CIIELYIOIINE OCHOBHBIE 3Ta-
TIBL:

1. [peanpoexTHsIN aHamu3 U cOop maHHBIX. [Ipo-
M3BOUTCS cOOp M CTPYKTYPHPOBAaHWE WHPOPMANU
0 KOHTEKCTE TIPOEKTHPOBAHNS, BKIIIOYAsl aHAJIN3 Y4acT-
Ka, KJINMaTHYeCKUE CBEICHHs, TPaJ0CTPOUTEIbHBIE
orpannuenus. Coznaercst ppoBast MOAEIb CYIIECTBY-
Io1Iero KoHTekcra B popmare BIM.

2. ®opmanuzanus Tpebosanuii. TpeboBanus 3a-
Ka34rKa U HOPMATHBHBIC OTPAHUUCHUS (POPMATTU3YIOTCS
C MCIIOJIb30BaHNEM Pa3paOdOTaHHBIX METOJIOB U MIA0I0-
HOB. ®opmupyercst DRT, copeprxkaimuii cTpyKTypHupo-
BaHHbIE JIAHHBIC O TPEOOBAHUSX U OTPAHUUCHUSX.

3. Br106op renepatuBHOTO mMoaxona. B 3aBucumo-
CTH OT cenU(HKH 3aJa9H BEIOUPAETCS ONTHMATbHBIN
TIO/IXO/] K TeHEPaTUBHOMY JIN3aiHy (TTapaMeTpudecKui,
9BOJIFOIIMOHHBIM, HA OCHOBE MAIIMHHOTO OOydYeHHS
WA areHTHBIN) WK UX KOMOUHAIINS.

4. Pa3zpabotka reHepatuBHO# Monenu. Co3mgaercs
AITOPUTMHUYECKast MOJIEIb, CIIOCOOHAsI TeHEePUPOBATh
MPOEKTHBIE PEIIECHUs] Ha OCHOBE 3aJJaHHBIX Mapame-
TpOB U orpaHudeHuil. Monens unrerpupyercs ¢ BIM-
ruatopmoii 1u1st obecrieueH s AByHAIPaBICHHOTO 00-
MEHa JaHHbBIMHU.

5. T'enepanus v orieHKa BapuaHToB. Mojienb rete-
pHpYET MHOXKECTBO BAPHAHTOB NMPOEKTHBIX PEIICHUH,
KKIBIH M3 KOTOPHIX aBTOMAaTHYECKH OIICHHBACTCS
o Habopy MeTpHK, onpeneneHHbIX B DRT. Pe3ymbrarst
BU3YaJIU3UPYIOTCS C TOMOIIBIO0 HHTEPAKTHBHBIX Tpadu-
KOB M JTMarpamM JUIsl OOJIerdeHuns aHaaIu3a ¥ CpaBHEHHS
BapUaHTOB.

6. Otbop u mopaborka pemenuid. Haubomnee nep-
CIIEKTUBHbIC BapUaHTBI OTOMPAIOTCS LISl AajbHeHen
popabOTKH. DTOT MPOIIECC MOKET OBITh KaK aBTOMATH-
3MPOBAHHBIM (Ha OCHOBE 11eJIEBBIX (DYHKIIMIA), TAK 1 BKIIFO-
YaTh SKCIIEPTHYIO OIIEHKY apXUTEKTOPOB U 3aKa3UMKOB.

7. Hderanuzauus u unterpanus B BIM-mozens.
BriOpanHOE pelenne IeTanu3npyercs U HHTErpupy-
ercsl B mojHoLeHHy0 BIM-mozens, cogepxaliyto BCO
HEoOXoauMy0 MH(OpMAanuIo I AadbHEHIIeH paspa-
OOTKH MPOEKTA.

8. Omenka u Bepupukanus pe3yapraroB. [lomy-
YEHHOE pelIeHUEe OI[EHUBAETCS Ha COOTBETCTBUE HC-
XOIHBIM TPEOOBAHUSAM W OrpaHHYCHUAM. [Ipu HEOOX0-
JUMOCTH TIPOBOJUTCS KOPPEKTHPOBKA.

Cxema mpeiyIoKEeHHOTO Mpoliecca HHTETPAIUH Te-
HepaTtuBHOro nu3aiiHa B BIM npencrasiiena Ha puc. 3.

Baxnast 0coOEHHOCTh pa3pabOTaHHON METOI0II0-
THU — ee THOKOCTh M aJanTHUBHOCTH. [Ipomecc mpo-
SKTUPOBAHHUS HE SIBIISICTCS JTMHECHHBIM, OH JIOIYCKaeT
BO3BPATHI K MPEIBIAYIIIAM dTaraM U UTCPATUBHOC YIyd-
meHne penreHnii. Kpome Toro, MeTomororus mpemxycma-
TPUBAET Pa3IMYHbIC YPOBHU aBTOMATH3ALUU: OT TOJI-
HOCTBIO aBTOMAaTHYECKOTO TeHEPHPOBAHUS PEIICHHUN
JIO MHTCPAKTHBHOTO PEKUMA, TIE€ APXUTEKTOP aKTUBHO
y4acTByeT B JOPMHUPOBAHUH U OTOOPE BAPHAHTOB.

Juist npoBepku 3 (HEKTUBHOCTH pa3padOTaHHON
METOIOJIOT MU BBIMTOIHEHO €€ TECTUPOBAHKE Ha TPEX pe-
ANBHBIX MMPOEKTaX Pa3IUIHOTO MacIITada U (PyHKIHO-
HAJIBHOTO Ha3HaYCHUs. Pe3ynbTarhl anpodanuu npej-
CTaBJICHHI B Ta0IIL. 2.

Haubonee 3HaunTENBHBIC PE3YIIBTAThl JOCTUTHY-
THI B MPOEKTE€ MHOTO(MYHKIIMOHATHLHOTO JKUIIOTO KOM-
IIIeKca, TIe MPUMEHeHHE KOMOMHUPOBAHHOTO MOIX0/1a
(mapameTpuuecKoe MOAECIUPOBAHUE + IBOJIIOIIMOHHAS
OTITUMU3AIIHS) TIO3BOJIMIIO HE TONBEKO COKPATHTh BPEMs
npoektupoBanus Ha 38 %, HO ¥ 3HAUUTENIHHO MOBbI-
CUTb KayeCTBO pelieHuil. B yactHocTH:

° ONTHMH3AINSI HHCOJISAIUN KBAPTHP YBEIHYMIA
JIOJTI0 TIOMENIEHU ¢ ONMTHUMAaTbHBIM YPOBHEM ecTe-
CTBEHHOTO OocBeleHus ¢ 64 1o 87 %;

°* aBTOMATU3UPOBAHHBII MOIOOP MPOMOPIIUI U PHUT-
MHUKH (hacaTHBIX IEMEHTOB Jall BO3MOKHOCTh CO3/1aTh
Y3HaBAEMYI0 3CTETHKY KOMIUIEKCA MPU OJHOBPEMEHHOM
CHIDKCHUH KOJIMYECTBA YHUKAJIBHBIX JIEMEHTOB Ha 38 %o,
YTO TPHUBEIIO K YKOHOMHH Ha TIPOU3BOICTBE 1 MOHTAXKE;

° ONTHUMH3AIKSA BHYTPEHHHUX IJIAHUPOBOK II0O-
BBIcHIIA 3O (PEKTUBHOCTH MCIOJIB30BAHUS TUIOIIANCH
Ha 8,5 %, 4TO SKBHBAJICHTHO JIOIIOJIHUTEILHEIM 1470 M?
MpOo/IaBaeMOM IIJIOIIA/IN.

Jlitst 001IeCTBEHHO-IENTOBOTO TICHTpa OCHOBHOH (po-
Kyc OBUI c/ieTaH Ha ONTUMH3AIIH SHEPTETHUECKUX XapaK-
TEPHUCTHK 3IaHUS.

Puc. 3. BPMN cxema nHTerpamuy reHepaTiBHOTO anu3aitHa B BIM-mporecchbt
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Taou. 2. Pe3ynbraTel NpUMEHEHHS TEHEPATUBHOTO AW3aiiHA HAa PEaIbHBIX MPOEKTaxX
MuorodyHKIHOHATBHBIH KHIIOH OO0m1ecTBEHHO- Lentp o6paboTku
[Toxazarens o
KOMIIITEKC JIeTIOBOI IIEHTP JTAHHBIX
CokpallieHle BpeMeHU
o 38 42 35
MIPOEKTHPOBAHUA, %o
KonuuecTBo paccMOTpEHHBIX BapUaHTOB 32 25 19
CooTBeTcTBHE TPEOOBAHUAM
neTp 92 89 94
3aka3uuka, %
Viyuamenue sHeprosGhekTUBHOCTH, %o 24 31 18
OnTuMu3anust CTONMOCTH 12 3 15
CTPOHUTENLCTBA, %
YIOBIETBOPEHHOCTH 3aKa3UNKa
PEHHo 8,7 8,2 9,1
(o 10-6annpHOI mIKame)

I'enepaTuBHBINA aNropuTM Ha OCHOBE MAIIMHHOTO
00yJeHNs aHATTM3UPOBANT BIMSHUE Pa3INIHBIX TEOMETPH-
YECKHX TapaMeTpOB, OPUCHTANU U CBETONPO3PAaYHBIX
KOHCTPYKLMI Ha SHepronorpebnenue. B pesynsrare:

* BHepromnorpedIeHue 31aHus CHU3WIOCh Ha 31 %
10 CPaBHEHHIO C NEPBOHAYAIILHBIM IPOCKTOM;

* YPOBEHb €CTECTBEHHOI'O OCBELICHHSI OCHOBHBIX
pabounx 30H yBenuuuiics Ha 22 %;

* onrumu3anus HopMbl 31aHUS MPHUBETa K CHU-
KCHHUIO BETPOBBIX HArpy3ok Ha 18 %, 4To mo3Bosimio
ONTHMU3UPOBATh HECYIIHE KOHCTPYKIINH.

B mpoexre mieHTpa 00pabOTKH JaHHBIX KITFOYEBOIH
3ajadeil crajla ONTUMHU3ALNS PACIIOIOKEHHUS ITOMe-
IIEHUS JUIs 00ECTIEYCHNsI YCOBEPIICHCTBOBAHMS TIPO-
KJIaJIKH HH)KEHEPHBIX cucteM. [IpuMenenne areHTHOTo
MOJIEITMPOBAHUS IO3BOJIMIIO 3TO CBIMUTHPOBATh M OII-
TUMM3HMPOBATh TIAHNPOBOYHBIE pelIeHNUs. Pe3yabrars
BKJIIOYAIOT!

* COKpallleHUE€ CPeJHUX JAUCTAHLUMUI MEXAYy OcC-
HOBHBIMH (D)YHKIIHOHAJIBHBIMH 30HaMH Ha 24 %;

¢ YMCHBUICHHUE MOTCHIHAIBHBIX TOYCK CKOIIJICHUA
WH)KEHEpHBIX ceTei Ha 47 %;

* ONTHMM3ALHNIO PACIOJIOKECHHUS TEXHUYECKUX
¥ BCIIOMOTATEIbHBIX MOMEIICHNH, IPUBEALIYIO K BbI-
cBOOOXKIeHMI0 280 M? TOJIC3HOM TLTOTIATH.

Bo Bcex Tpex ciydasx IpUMEHEHNE TeHePaTHBHO-
TO Iu3aifHa a0 BO3MOXHOCTb HE TOJBKO YIy4YIIHThH
KOJIMIECTBEHHBIC TIOKA3aTEeNIN, HO M JOOUTHCS BEICOKO-
TO YPOBHS YOBJIETBOPEHHOCTH 3aKa34YHUKOB, YTO IMOJ-
TBEPKAAETCS PE3YJIbTaTaMH IPOBEICHHBIX HHTEPBBIO
U OIPOCOB.

OnHako, HECMOTPSI Ha 3HAYUTEIbHBIC YCIIEXH,
IpU BHEAPEHUU TeHepaTUBHOro ausaiiHa B BIM-
MIPOLIECCHI BBISIBJICHBI U ONIPE/ICICHHBIE OTPaHHYCHUS:

1. Texnonoruyeckue 6apbepnl. CyliecTBYIONINE
BIM-nnardopmbl He Bcerna odecnevyuBarT HE0O-
XOAUMBIH YPOBEHb NPOIPAMMHOIO B3aUMOIEHCTBHUS
C HHCTPYMEHTaMM IeHepaTUBHOIOo Au3aiiHa. Yacto
TpeOyeTcst pa3paboTKa TOTIOIHUTETHHBIX HHTEp(dEicoB
1 KOHBEPTEPOB JIAHHBIX.

2. BoluncnurenbHas CI0XHOCTb. JlJisl KOMIUIEKC-
HBIX MIPOCKTOB reHEepanus 1 OLEeHKa OOJIBIIOr0o KOJIH-
YeCTBA BAPHAHTOB MOXKET TPeOOBATH 3HAYUTEIHHBIX
BBIYUCIUTEIBHBIX pecypcoB. Tak, 3BOJOIMOHHAS OI-

TUMH3AIUS] MHOTO(YHKIIHOHAIBHOTO KOMILJIEKCa I10-
TpeboBana 38 4 HEPEPHIBHBIX BEIUUCICHAN Ha pado-
yel ctaHmuu ¢ 24-saepHsiM nporeccopom u 128 T'b
OnepaTuBHON MaMsTH.

3. KomrmereHiuu crienuanuctoB. Pa3padorka s¢-
(heKTHBHBIX TCHEPATUBHBIX MOJEIeH TpeOyeT CIeIH-
(hUIEeCKIX HABBIKOB Ha CTBIKE apXUTEKTYPHI, TPOTPaM-
MHPOBAaHUS U MaTeMaruuecko ontumuzauuu. [1o pe-
3ynIbTaTaM ornpoca Juib 12 % apXUTEeKTypHBIX 010po
UMEIOT B IITaTe CHEIHMAINCTOB, 00IaJal0MINX BCEMHU
HEOOXOTUMBIMHU KOMITCTCHIIASIMHU.

4. CnoxHOCTh (PopMaNTH3aIUN CyOBEKTUBHBIX
kputepueB. HecMoTps Ha paspaboTaHHBIE METOJIbI,
MEpeBOA 3CTECTUUCCKUX U DMOLIMOHAJIBHBIX aCIICKTOB
MIPOCKTHPOBAHUS B U3MEPHUMBIE TTapaMeTphl OCTAaeTCs
CIIOKHOM 3aja4ueii, TpeOyromel JaTbHEHIITIX UCCIIeIO0-
BaHUH.

5. Ilcuxonoruueckue 6apbepbl. MHOTHE apXUTEK-
TOPBI BOCITPUHUMAIOT TeHEPATHBHBIN IM3aiH KaK yrpo-
3y TBOpYECKOMY acrekrty npodeccuu. VHTEpBBIO
mokasaiu, 9to 43 % apXUTEKTOPOB OTACAIOTCS, UTO aB-
TOMATH3aLUS POCKTUPOBAHNS TPUBENIET K CTAaHIAPTH-
3alUU U MMOTEPEC MHANBUAYAJIBHOCTH apXUTCKTYPHBIX
peIeHHi.

Jnist mpeoionenust STHX OrpaHnYeHui pazpadoTa-
HBl PEKOMEH/IAINH, BKIIOYAIONINE TEXHOIOTHICCKHE
acCIeKThI (pa3BUTHE MHTEPOIIEPaAOEITHHOCTH, ONITHMH-
3aIysl aJTOPUTMOB) M OpTaHU3AI[MOHHBIE MepHI (TIpo-
rpaMMbl 00yueHHs, METOJMKH BHEAPEHHUS, U3MEHEHHE
paboYmXx MPOIIECCOoB).

3AKJIIOYEHUE U OBCYXJIEHHUE

IIpoBeneHHOE HCCIIENOBAHUE IEMOHCTPHUPYET,
YTO HMHTErpalus reHepaTUBHOro au3aitHa B BIM-
MPOIECCHl MPEACTABIsIET COO0W TMEepPCHEKTHBHOE
HalpaBJICHHE Pa3BUTHSI APXHUTEKTYPHOTO IPOCK-
THPOBAHUS, CTIOCOOHOE 3HAYUTEIHHO MOBBICUTH 3~
(DEeKTHBHOCTH M Ka4eCTBO MPOCKTHBIX PEIICHUH.
PazpaboranHast MeTO10JI0THsI 00ECIICUUBAET CTPYKTY-
PUPOBAHHBIN ITOIXO]] K BHEIPCHUIO TCHEPATUBHBIX TEX-
HOJIOTHI B TIPAKTHKY apXUTEKTYPHBIX OIOpO.

KnroueBoli pe3ynbraT UCCIELOBAaHUS — IMOJ-
TBep)KI[eHI/Ie THUIIOTC3bI O TOM, YTO FeHepaTHBHLIﬁ
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JIN3aifH MO3BOJISIET HE TOJIBKO aBTOMATH3MPOBATH Y-
THHHBIE aCMEeKThl IPOCKTHUPOBAHUS, HO M PACIIUPHUTD
TBOPYECKHE BO3MOKHOCTH apXUTEKTOPOB, MPEIOCTAB-
79 UM MHCTPYMEHTHI ISl HCCIIEJOBaHUSA OOJBIIETO
KOJINYECTBA BapHAHTOB M BBIABICHUS HEOUYEBUJIHBIX
pemeHnii. ApXUTEKTOp B 3TOW MapaaurmMe BHICTyHaeT
HE TOJIbKO KaK co3zarelib (hopM, HO U KaK CTparer, ompe-
JIEJISIFOLIMIM [TpaBWJIa U KPUTEPUU TEHEPALIUY PELLIECHUM.

DKkcriepuMeHTalIbHas anpoOalys MpoJeMOHCTPH-
poBaja, uto Hanbosee 3pHEKTUBHO HE H30JUPOBAHHOEC
MpUMEHEHHE OJHOTO U3 MOIXOM0B K FeHEPAaTUBHOMY
Ju3aiiHy, a UX KOMOMHAIMS, aJaTHPOBAHHAS K CIIELH-
(uke KOHKpeTHOTro TpoekTa. Tak, i ONTUMH3AINH
00bEMHO-TIJIAHUPOBOUHBIX PEIICHUI HAWIY4IIHe pe-
3yJIbTAThl MOKA3aJI0 COYETAaHHE MapaMETPUUECKOTO
MOJIeNIUpOBaHus ()i omnpezesieHus: 6a30BOH reome-
TPUHU) C HBOJIOLHUOHHON ONTHMHU3AIMEH (AJI1 TOHKOH
HaCTPOWKH MapaMeTpPoB).

Pesynbrars! HcceJOBaHU COIIACyIOTCS ¢ paboTa-
mu Mana n HryeHa, KOTOpbIe TaKye OTMeUasi BBICOKMIA
MOTEHITMAJ TeHEPAaTUBHBIX METOIOB AJIS ONTUMH3AINU
ApXUTEKTYPHBbIX peuieHui. BMecTe ¢ TeM Hacrosiiee
HCCJIEZI0BAHUE JOIOIHAET CYLIECTBYIOILYIO JIUTEPATypy
JIeTaIbHON METOAONOTHel MHTErpalliil ATHX METOJOB
B BIM-nipotiecchl 1 mpakTHYECKUMU PEKOMEHAALUSAMU
10 TIPEOONECHUIO TEXHOIOTHYECKUX U OPTaHU3alnOH-
HBIX OapbepoB.

ITomy4eHHbIE pe3yabTaThl IMEIOT BaKHOE IPAKTHIC-
CKO€ 3HAYCHHUE IS apXUTEKTYPHO-CTPOUTENIFHOM OTpac-
nu. Pa3paboTaHHasi METOJIONIOTUSI MOXKET ObITh BHEJpEHA
B IIPAKTUKY apXUTEKTYPHBIX OFOPO Pa3IMYHOIO MaciiTada,
TIO3BOJISISL UM TTOBBICUTH 3()PEKTUBHOCTH MPOSKTHPOBAHHS
W Ka4eCTBO MpesiaraeMpIx pereHuit. OcoOeHHO 1ieHHa
BO3MOYKHOCTb OBICTPOTO MCCIIESI0BAHMS OOJIBIIOTO KOJIHU-
YeCTBa BAPUAHTOB HA PAaHHUX CTaIUSIX MPOSKTUPOBAHUS,
KOI7Ia CTOMMOCTh M3MEHEHHI MUHUMAIIBHA, 4 X BIHSIHIE
Ha UTOTOBBIE XapPAKTEPUCTUKH MPOEKTa MAKCHMAITBHO.

C TOUYKM 3pEHMsI HAyYHO! HOBH3HBI, KIIFOUYEBHIM
BKJIAJIOM SIBIIIETCSI CHCTEMAaTU3alMsI IMOAXOA0B K MH-
Terpaluy reHepaTuBHOro ausaiina B BIM-npouecchl

1 pa3paboTka MeToA0J0TUU (HOopMaTU3aUK CyOBheK-
TUBHBIX TPEOOBAaHHUH 3aKa34MKOB. DTO CO3AE€T OCHOBY
JUlsl JajbHEHIINX MCCIIe0BaHuil B 00nacTu udpoBoii
TpaHchopMaIMy apXUTEKTYPHOTO TPOCKTHPOBAHUSI.

IlepcriekTBHBIE HaAIpaBJIEHUS AaIbHEUIINX HC-
CJIEIOBaHMI:

* pa3paboOTKa METOI0B MAIIMHHOTO OOydYCHHS
JUIsl aBTOMAaTHYECKON MHTepHpeTanuy HeopMmaiu-
30BaHHBIX TPeOOBaHUI 3aKa3YMKOB, BKIIIOYAs aHAIN3
€CTECTBEHHOTO S3bIKa M KOMIIBIOTEPHOE 3pEHNE ISl 00-
paboOTKK BU3YyalIbHBIX peepeHCOB;

° CO3/IaHUE CIIEIHAIN3UPOBAHHBIX OUOINOTEK TH-
MOBBIX T€HEPATUBHBIX KOMIIOHEHTOB, aJalITUPOBAHHBIX
JUTSI pEeTlIeHUs] KOHKPETHBIX ApXUTEKTYPHBIX 3a/1a4 ¥ UH-
TErpUPYEMBIX C cyliecTByomumMu BIM-iardopmamu;

* U3y4YEHUE METOJOB PACIPEICIICHHBIX BbIUUCIIE-
HUH JJI1 yCKOPEHUs IIPOLIECCOB IeHEpaLuu U OLECHKU
BapHUAHTOB MPOCKTHBIX PELICHUU, YTO 0COOCHHO aKTy-
aJIbHO JJI KPYITHBIX U CJIOKHBIX IIPOEKTOB;

* pa3paboTKa CHUCTEM CMEIIAHHOI PeaJbHOCTH
JUUI. MHTEPAKTUBHOTO B3aUMOJAECHCTBUSL apXUTEKTOPOB
Y 3aKa34YHUKOB C T€HEPATUBHBIMU MOJICIISIMU, TTO3BOJIS-
IOIIMX B peajlbHOM BPEMEHHU BUJIETh U OIIEHUBATh BIIU-
SIHU€ U3MEHEHUs IapaMeTPOB Ha IIPOEKTHOE PELICHMUE;

* MHTErpauus TeHEepaTUBHOrO JIM3aifHa C TEXHO-
JIOTUSIMU U(PPOBOTO TMPOU3BOJICTBA, CO3/IaHUE 3aM-
KHYTOTO I[UKJIa OT MPOEKTUPOBAHUS A0 U3TOTOBICHUS
KOMIIOHEHTOB 3/1aHMUSI.

B 3akiioueHue cieayer OTMETUTh, 4To Hudpo-
Basi TpaHC(OpMALHsI APXUTEKTYPHOTO MPOCKTHPOBA-
HUSI HAXOAUTCS B HAYAJIbHOM CTaJuu, MOXKHO OXKHJATh
JIaJIbHENIIEro pa3BUTHUS T€HEPATUBHBIX TEXHOJOTUU
10 M€pe COBEPILUCHCTBOBAHUS AJITOPUTMOB, YBEJIU-
YEHUsl BBIYMCIUTEIbHBIX MOIIHOCTEH U HAKOILJICHUS
OIIbITA UX NIPAKTUYECKOIO IPUMEHEHHUS. | eHepaTuBHBI
JIU3aiiH HE 3aMEHSIET TBOPUECKYIO POJIb apXUTEKTOPa,
HO PACLIMPSIET €0 BO3MOKHOCTH, [103BOJISASL COCPENOTO-
YUTHCS HA CTPATETHYECKUX aCNEeKTaX NMPOEKTUPOBAHUS
Y MHHOBAlIMOHHBIX PELIEHUSIX, OCTABIISIS PyTUHHBIE 3a-
Jlauy aJITOPUTMAM.
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INTRODUCTION

Architectural design is a multifaceted process that
traditionally combines creativity and technical preci-
sion. However, the increasing complexity of modern
projects, the growing volume of information, and short-
er design deadlines require new approaches to organiz-
ing the design process. The transition from classical
methods to digital design tools has created the condi-
tions for the formation of a new approach — generative
design in the environment of information modelling
of buildings and structures.

Generative design is a process in which design
solutions are generated algorithmically based on speci-
fied parameters, constraints, and target functions [1].
Unlike traditional design, where solutions appear lin-
early and sequentially, the generative approach involves
the simultaneous formation of multiple options with
the possibility of their further evaluation and selection
of the optimal ones. The integration of such algorithms
with building information modelling (BIM) technology
opens up new horizons in the automation of architec-
tural design.

The first experiments with computer-generated ar-
chitectural forms date back to the 1960s, when the con-
cept of machine design was first proposed. For a long
time, the practical application of generative methods
in architecture was limited by computing capabilities
and the lack of necessary software tools. The situation
changed dramatically at the beginning of the 21st cen-
tury with the development of parametric modelling and
the emergence of tools such as Grasshopper (a plug-in
for Rhinoceros) and Dynamo (a plug-in for Autodesk
Revit), which greatly simplified the development
of generative algorithms [2].

At the same time, the development of BIM tech-
nologies transformed the design process from the sim-
ple construction of geometric models to the compre-
hensive management of information about a building
throughout its entire life cycle [3]. This has created
a favourable environment for the introduction of gen-
erative methods, as BIM models already contain struc-
tured information about all building components, their
interrelationships and properties.

Today, there is intensive development of a new
direction — computational design, which combines
generative methods, parametric modelling, and algo-
rithmic approaches to architectural tasks. However,
the integration of generative design into BIM processes
faces a number of challenges. For example, Teytin and
co-authors note the lack of uniform methods for formal-
izing design requirements and constraints, which makes
it difficult to unify generative algorithms. Yang and Lee
[4] point to the complexity of translating subjective aes-
thetic criteria, which are important to customers, into
measurable parameters of generative models.

Despite these difficulties, interest in generative
methods in architecture is growing steadily. A study
by Miiller and Deitel analyzed 126 architectural firms,
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of which 67 % use elements of generative design and
89 % plan to expand its use in the next 3—5 years. This
indicates the high potential of this direction and its
growing importance for the industry.

There are several approaches to implementing
generative design in the context of BIM. Currently,
there are four main categories: parametric modelling,
evolutionary algorithms, machine learning, and agent-
based modelling. Each of these methods has its own
characteristics, advantages, and limitations that must be
taken into account when implementing them in archi-
tectural design practice.

Lu and Chen [5] note that the choice of approach
to generative design should be determined by the spe-
cifics of the tasks being solved. For the design of fa-
cade systems, parametric models that take into account
geometric and structural constraints are most effective.
In turn, when optimizing interior spaces, agent-based
models that simulate human behaviour in the environ-
ment have an advantage.

Kasperzyuk et al. [6] demonstrated the possibility
of using generative algorithms to optimize the acoustic
characteristics of rooms. The method they proposed al-
lows for the automatic generation and evaluation of op-
tions for the shape and finish of surfaces that provide
the specified acoustic parameters.

Although the theory of generative design is active-
ly developing, the practical application of these meth-
ods in architectural design faces a number of barriers.
Industry experts note that the introduction of genera-
tive methods requires a rethinking of traditional design
processes and the development of new skills among
architects. According to the authors, the future of archi-
tecture lies at the intersection of creative thinking and
computational methods.

Nguyen and Tran [7] investigated the role of ge-
nerative design in optimizing the energy efficiency
of buildings and concluded that an approach integrated
with BIM can reduce energy consumption by 15-23 %
by optimizing the geometry of the building, its orien-
tation and the characteristics of translucent structures.
The authors emphasize the importance of a comprehen-
sive approach that takes into account not only energy
but also economic aspects of design solutions.

The aim of this study is to develop methodologi-
cal foundations and practical recommendations for
integrating generative design into BIM processes to
automate the creation of architectural solutions based
on diverse customer requirements. To achieve this goal,
the following tasks were set:

1. Analyze existing approaches and technologies
of generative design applicable in the context of BIM.

2. Develop a methodology for formalizing cus-
tomer requirements for their integration into generative
algorithms.

3. Create and test a comprehensive model for eval-
uating and selecting generated design solutions using
practical examples.
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4. Identify promising areas for further develop-
ment of integrated generative information technologies.

The scientific novelty of the research lies in a sys-
tematic approach to the integration of generative meth-
ods into BIM processes and the development of a meth-
odology that takes into account both technical and sub-
jective (aesthetic, emotional) aspects of architectural
design.

MATERIALS AND METHODS

The research methodology was based on a com-
prehensive analysis of existing generative design ap-
proaches and technologies, their potential and limita-
tions in the context of BIM processes. A multi-stage
research structure was developed, including both theo-
retical and practical components.

The first stage involved a systematic review of
the literature covering publications from 2013 to 2023.
The Web of Science and Scopus scientific databases,
as well as the specialized resources Cumincad and
IAARC, were used to select relevant sources. Search
queries included combinations of key terms: generative
design, computational design, BIM, architectural auto-
mation, parametric modelling. As a result of the initial
selection, 456 publications were identified, of which
183 were included in the final analysis after assessing
their relevance.

For structured analysis, the collected array of pub-
lications was classified according to several parameters:

1) approach to generative design (parametric, evo-
lutionary, machine learning-based, agent-based) [8—12];

2) area of architectural application (spatial plan-
ning solutions, facade systems, structural elements,
etc.) [13, 14];

3) degree of integration with BIM (full, partial,
separate);

4) stage of practical implementation (conceptual
development, prototype, commercial solution).

The second stage involved a comparative study
of software platforms and tools that support generative
design in the context of BIM [15-19]. The analysis cov-
ered both specialized solutions (Dynamo for Revit, Grass-
hopper for Rhino, Generative Components for Bentley
Systems) and universal platforms adaptable for archi-
tectural tasks (Project Refinery, Galapagos, Optimo).
The tools were evaluated according to the following
criteria:

* functional capabilities;

* interoperability with BIM systems;

* accessibility and ease of use;

« flexibility and scalability;

* performance and computational efficiency;

* support and documentation.

The third stage involved developing a methodol-
ogy for formalizing customer requirements for their in-
tegration into generative algorithms [20]. To this end,
typical requirements from 25 technical specifications
for the design of various types of facilities (residential

buildings, public buildings, industrial facilities) were
analyzed. Based on content analysis, these requirements
were classified into the following categories:

* regulatory (compliance with building codes and
regulations);

* functional (compliance with the intended pur-
pose of the facility);

 economic (construction and operating costs);

 environmental (energy efficiency, environmental
friendliness of materials);

* aesthetic (visual characteristics, style);

* socio-cultural (compliance with the social con-
text).

For each category, methods have been developed
to quantify and formalize requirements for their inte-
gration into generative algorithms. Particular attention
was paid to converting qualitative and subjective cri-
teria (such as aesthetic preferences) into measurable
parameters.

The fourth stage is devoted to experimental model-
ling and practical testing of the developed approaches.
For this purpose, four experimental models have been
created, implementing different approaches to genera-
tive design in the BIM environment:

1) a parametric model of a facade system with
adaptive shading elements;

2) an evolutionary model for optimizing the spa-
tial planning solutions of a multi-apartment residential
building;

3) a machine learning-based model for predicting
and optimizing the energy performance of a building;

4) an agent-based model for optimizing pedestrian
flows within a multifunctional complex.

Each model was developed based on real project
data provided by architectural design bureaus, taking
into account typical customer requirements. Quantita-
tive metrics (design time, number of options consid-
ered, compliance with specified criteria) and expert as-
sessments by practicing architects were used to evaluate
the effectiveness of the models.

In order to verify the developed approaches and
methodologies, testing was carried out on three real
projects:

1) a multifunctional residential complex (area
45,000 m?);

2) a public and business centre (area 28,000 m?);

3) a data processing centre (area 18,000 m?).

For each project, a comprehensive generative al-
gorithm was developed, taking into account the specific
requirements of the customer and the characteristics
of the object. The results of applying the algorithms
were compared with the traditional design process in
terms of parameters such as development time, quality
of solutions, compliance with requirements, and cus-
tomer satisfaction.

At the final stage of the research, based on the re-
sults obtained, a methodology for integrating generative
design into BIM processes was developed, covering
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the entire project life cycle from formalization of re-
quirements to evaluation of results. The methodology
includes practical recommendations, action algorithms,
templates for formalizing requirements, and criteria for
evaluating generated solutions.

RESEARCH RESULTS

An analysis of scientific literature and software so-
lutions revealed four dominant approaches to integrat-
ing generative design into BIM processes, each with
specific advantages and limitations.

Graph-based parametric modelling is the most
common approach, implemented in tools such as Dy-
namo for Revit and Grasshopper for Rhino. These
tools allow complex algorithmic designs to be created
through visual programming, making them accessible
to architects without in-depth programming knowledge.
Analysis showed that 76 % of the architectural firms
surveyed use this method.

The key advantage of the parametric approach is
the high degree of control over the generative process
and the transparency of the algorithms. However, sig-
nificant limitations have also been identified: the com-
plexity of scaling for solving multi-factor problems and
the limited ability to self-learn and adapt.

Based on the analysis, a graph was constructed
showing the ratio of time spent on different stages
of parametric model development, which indicates that
setting dependencies and constraints takes the largest
share of time (Fig. 1).

Evolutionary optimization is the second common
approach, based on the principles of genetic algorithms.
Tools such as Galapagos and Octopus for Grasshop-
per, as well as Project Refinery for Dynamo, allow you
to find optimal solutions through iterative evolution
of multiple variants. This method is particularly effec-

15%

20 %

25%

= Configuring dependencies and restrictions
Testing and debugging

tive for solving multi-criteria optimization problems,
where it is necessary to find a balance between conflict-
ing requirements.

The authors’ experiments have shown that evolu-
tionary algorithms make it possible to consider 5-7 times
more design options compared to manual search, which
significantly increases the probability of finding the opti-
mal solution. However, a significant drawback is the high
computational complexity and time required to achieve
convergence. For complex projects, this can take from
several hours to several days, which is not always accept-
able given tight design deadlines.

Machine learning methods represent a third ap-
proach that has been actively developed in recent years.
The use of neural networks and other machine learning
algorithms allows systems to “learn” from examples
of existing design solutions and generate new options
that meet the specified criteria.

The study showed that machine learning-based
systems are particularly effective for tasks where there
is a large amount of historical data: designing standard
elements, predicting energy characteristics, and opti-
mizing construction costs. For example, the deep learn-
ing-based model developed by the authors for predict-
ing the energy consumption of buildings demonstrated
92 % accuracy, which significantly exceeds traditional
analytical methods.

However, the introduction of machine learning
methods into architectural design faces a number of ob-
stacles: the need for large amounts of high-quality data
for training, the complexity of interpreting results, and
high demands on computing resources. In addition, as
noted by 87 % of the experts surveyed, there is a risk
of “creative stagnation” when the system learns from
existing examples and cannot generate fundamentally
new solutions.

40 %

= Development of an algorithmic structure
= Integration with the BIM model

Fig. 1. Graph of the time distribution for the development of a parametric model
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Table 1. Comparative effectiveness of approaches to generative design

Problem type Parametric modelling | Evolutionary optimization | Machine learning | Agent-based modelling
Facade systems High Medium Low Low
Planning solutions Medium High Medium High
Structural elements High High Medium Low
Energy efficiency Medium High High Low
Functional zoning Low Medium Medium High
Flow organization Low Low Medium High

Agent-based modelling is the fourth approach,
based on simulating the behaviour of a multitude of in-
dependent agents interacting in a virtual environment.
This method is most effective for tasks related to opti-
mizing people flows, functional zoning, and space er-
gonomics.

The agent model developed by the authors to opti-
mize planning solutions for a multifunctional complex
made it possible to increase the efficiency of space utili-
zation by 18 % while improving pedestrian accessibility
to key areas.

A comparative analysis of the effectiveness of dif-
ferent approaches to generative design for typical archi-
tectural tasks is presented in Table 1.

One of the key tasks of the study was to develop
a methodology for translating diverse customer require-
ments into formalized parameters suitable for use in gen-
erative algorithms. Analysis of technical design specifica-
tions showed that customer requirements can be divided
into explicit (clearly formulated quantitative parameters)
and implicit (qualitative characteristics, often expressed
in vague terms).

To formalize explicit requirements, a system of tem-
plates and algorithms was created that allows quantitative
parameters to be automatically extracted from the text
of the technical specifications and converted into vari-
ables of the generative model. This system is implement-
ed as a software module that can be integrated with BIM
platforms.

The formalization of implicit requirements pre-
sented a more complex task. To solve this problem,
a method for quantifying qualitative characteristics
based on expert assessments and linguistic analysis was
developed. The method includes the following steps:

1. Identification of key linguistic markers charac-
terizing qualitative requirements (e.g., modern, environ-
mentally friendly, comfortable).

2. Determining a set of measurable parameters for
each marker that correlate with a given characteristic.

3. Establishing weighting coefficients for each pa-
rameter based on expert assessments.

4. Converting linguistic expressions into numeri-
cal values using fuzzy logic methods.

5. Integration of the obtained parameters into
the objective function of the generative algorithm.

For example, the requirement for a “modern, en-
vironmentally friendly facade” was transformed into
a set of quantitative parameters: natural lighting coef-

ficient (> 0.8), percentage of renewable materials used
(> 65 %), heat transfer coefficient (< 0.25 W/m?*-K), so-
lar energy reflection index (> 78).

For aesthetic requirements, a special method based
on cognitive mapping has been developed, allowing
subjective preferences to be converted into geometric
parameters. The method is based on the analysis of vi-
sual references provided by the customer and the au-
tomatic extraction of form-defining parameters from
them: proportions, rhythmic structures, materiality and
textures.

Testing has shown that the developed methodol-
ogy makes it possible to formalize up to 83 % of the re-
quirements from a typical technical assignment, which
significantly exceeds existing approaches (Fig. 2).

Based on the results of analysis and experimental
modelling, a comprehensive methodology for integrat-
ing generative design into BIM processes was devel-
oped. The methodology is a step-by-step sequence
of actions covering the entire design cycle from pre-
project analysis to evaluation of results.

A key element of the methodology is the concept
of a Digital Requirements Twin (DRT) — a structured
data set that includes formalized customer require-
ments, regulatory constraints, contextual conditions,
and metrics for evaluating solutions. The DRT acts as
a link between the traditional process of forming tech-
nical specifications and parametric generative models.

The methodology includes the following main
stages:

1. Pre-project analysis and data collection. Infor-
mation about the design context is collected and struc-
tured, including site analysis, climate data, and urban
planning restrictions. A digital model of the existing
context is created in BIM format.

2. Formalization of requirements. Customer re-
quirements and regulatory constraints are formalized
using developed methods and templates. A DRT is
formed, containing structured data on requirements and
constraints.

3. Selection of a generative approach. Depend-
ing on the specifics of the task, the optimal approach to
generative design (parametric, evolutionary, machine
learning-based, or agent-based) or a combination there-
of is selected.

4. Development of a generative model. An algorith-
mic model is created that can generate design solutions
based on specified parameters and constraints. The model
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Fig. 2. Comparative diagram of the effectiveness of requirements formalization

is integrated with the BIM platform to ensure bidirectional
data exchange.

5. Generation and evaluation of options. The mod-
el generates a set of design solutions, each of which is
automatically evaluated according to a set of metrics
defined in the DRT. The results are visualized using in-
teractive graphs and diagrams to facilitate analysis and
comparison of options.

6. Selection and refinement of solutions. The most
promising options are selected for further development.
This process can be automated (based on target func-
tions) or include expert evaluation by architects and
customers.

7. Detailing and integration into the BIM model.
The selected solution is detailed and integrated into
a complete BIM model containing all the information
necessary for further project development.

8. Evaluation and verification of results. The re-
sulting solution is evaluated for compliance with the ini-
tial requirements and constraints. Adjustments are made
if necessary.

The proposed process for integrating generative
design into BIM is shown in Fig. 3.

An important feature of the developed methodol-
ogy is its flexibility and adaptability. The design pro-
cess is not linear; it allows for returns to previous stages
and iterative improvement of solutions. In addition,
the methodology provides for various levels of auto-
mation: from fully automatic generation of solutions to
an interactive mode where the architect actively partici-
pates in the formation and selection of options.

To verify the effectiveness of the developed meth-
odology, it was tested on three real projects of various
scales and functional purposes. The results of the test-
ing are presented in Table 2.

The most significant results were achieved in the de-
sign of a multifunctional residential complex, where
the use of a combined approach (parametric modelling +
+ evolutionary optimization) not only reduced design
time by 38 %, but also significantly improved the quality
of solutions. In particular:

 optimization of apartment insolation increased
the proportion of rooms with optimal natural lighting
from 64 to 87 %;

* automated selection of the proportions and rhythm
of facade elements made it possible to create a recogniz-

Fig. 3. BPMN scheme for integrating generative design into BIM processes
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Table 2. Results of generative design application on real projects

. Multifunctional residential Public and business Data processing
Indicator
complex centre centre

Reduced design time, % 38 42 35
Number of options considered 32 25 19
Compllance with customer 9 29 94
requirements, %

Improved energy efficiency, % 24 31 18
Optimization of construction cost, % 12 8 15
Customer satisfaction (on a 10-point scale) 8.7 8.2 9.1

able aesthetic for the complex while reducing the number
of unique elements by 38 %, which led to savings in pro-
duction and installation;

* optimization of internal layouts increased space
utilization efficiency by 8.5 %, which is equivalent to
an additional 1,470 m? of saleable space.

For the public and business centre, the main focus
was on optimizing the building’s energy performance.

A generative algorithm based on machine learning
analyzed the impact of various geometric parameters,
orientation and translucent structures on energy con-
sumption. As a result:

+ the building’s energy consumption was reduced
by 31 % compared to the initial design;

* the level of natural lighting in the main work ar-
eas increased by 22 %;

» optimization of the building’s shape led to
an 18 % reduction in wind loads, which made it pos-
sible to optimize the load-bearing structures.

In the data centre project, the key task was to opti-
mize the layout of the premises to improve the routing
of engineering systems. The use of agent-based model-
ling made it possible to simulate and optimize planning
solutions. The results include:

 reduction of average distances between main
functional areas by 24 %;

* reduction of potential points of concentration
of engineering networks by 47 %;

» optimization of the location of technical and
auxiliary rooms, resulting in the release of 280 m?
of usable space.

In all three cases, the use of generative design made
it possible not only to improve quantitative indicators,
but also to achieve a high level of customer satisfaction,
as confirmed by the results of interviews and surveys.

However, despite significant successes, certain limi-
tations have been identified in the implementation of ge-
nerative design in BIM processes:

1. Technological barriers. Existing BIM platforms
do not always provide the necessary level of software in-
teraction with generative design tools. Often, additional
interfaces and data converters need to be developed.

2. Computational complexity. For complex proj-
ects, generating and evaluating a large number of op-
tions can require significant computational resources.
For example, the evolutionary optimization of a mul-

tifunctional complex required 38 hours of continuous
computation on a workstation with a 24-core processor
and 128 GB of RAM.

3. Specialist competencies. Developing effective
generative models requires specific skills at the intersec-
tion of architecture, programming, and mathematical
optimization. According to the survey results, only 12 %
of architectural firms have specialists on staff who possess
all the necessary competencies.

4. The complexity of formalizing subjective crite-
ria. Despite the methods developed, translating the aes-
thetic and emotional aspects of design into measurable
parameters remains a difficult task that requires further
research.

5. Psychological barriers. Many architects perceive
generative design as a threat to the creative aspect of their
profession. Interviews showed that 43 % of architects
fear that design automation will lead to standardization
and a loss of individuality in architectural solutions.

To overcome these limitations, recommendations
have been developed that include technological aspects
(development of interoperability, optimization of al-
gorithms) and organizational measures (training pro-
grammes, implementation methodologies, changes in
work processes).

CONCLUSION AND DISCUSSION

The study demonstrates that the integration of gen-
erative design into BIM processes is a promising di-
rection for the development of architectural design,
capable of significantly improving the efficiency and
quality of design solutions. The developed methodol-
ogy provides a structured approach to the implementa-
tion of generative technologies in the practice of archi-
tectural firms.

The key result of the study is the confirmation
of the hypothesis that generative design not only auto-
mates routine aspects of design, but also expands the cre-
ative possibilities of architects by providing them with
tools to explore more options and identify non-obvious
solutions. In this paradigm, the architect acts not only as
a creator of forms, but also as a strategist who defines
the rules and criteria for generating solutions.

Experimental testing has shown that the most ef-
fective approach is not the isolated application of one
of the approaches to generative design, but rather a com-
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bination of them, adapted to the specifics of a particular
project. Thus, to optimize spatial planning solutions,
the best results were achieved by combining parametric
modelling (to determine the basic geometry) with evo-
lutionary optimization (to fine-tune the parameters).

The results of the study are consistent with the work
of Jan and Nguyen, who also noted the high potential of
generative methods for optimizing architectural solu-
tions. At the same time, this study complements the ex-
isting literature with a detailed methodology for inte-
grating these methods into BIM processes and practical
recommendations for overcoming technological and or-
ganizational barriers.

The results obtained are of great practical impor-
tance for the architectural and construction industry.
The developed methodology can be implemented in
the practice of architectural firms of various sizes, al-
lowing them to increase the efficiency of design and
the quality of the proposed solutions. Particularly valu-
able is the ability to quickly explore a large number
of options in the early stages of design, when the cost
of changes is minimal and their impact on the final
characteristics of the project is maximized.

From the point of view of scientific novelty, the key
contribution is the systematization of approaches to inte-
grating generative design into BIM processes and the de-
velopment of a methodology for formalizing subjective
customer requirements. This creates a basis for further
research in the field of digital transformation of architec-
tural design.

Promising areas for further research:

 development of machine learning methods for
automatic interpretation of informal customer require-
ments, including natural language analysis and com-
puter vision for processing visual references;

» creation of specialized libraries of typical gener-
ative components adapted to solve specific architectural
tasks and integrated with existing BIM platforms;

* studying distributed computing methods to ac-
celerate the generation and evaluation of design op-
tions, which is particularly relevant for large and com-
plex projects;

* development of mixed reality systems for inter-
active interaction between architects and customers with
generative models, allowing them to see and evaluate
the impact of parameter changes on the design solution
in real time;

* integration of generative design with digital man-
ufacturing technologies, creating a closed cycle from de-
sign to manufacture of building components.

In conclusion, it should be noted that the digital
transformation of architectural design is in its early stag-
es, and further development of generative technologies
can be expected as algorithms are refined, computing
power increases, and experience in their practical appli-
cation accumulates. Generative design does not replace
the creative role of the architect, but expands their capa-
bilities, allowing them to focus on the strategic aspects
of design and innovative solutions, leaving routine tasks
to algorithms.
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Oprann3ainuoHHO-TEXHOJIOTNYeCKe PellleHUsl TP yIPaBJIeHU U

KM3HEHHBIM HMKJIOM 00beKTOB CTPOUTEILCTBA B IPOEKTAX
KOMILJIEKCHOTO Pa3BUTHUSI TEPPUTOPHUIi

JI10oBb AHIpeeBHA AqaMueBuY, Azapuii AopamoBuy Jlanuayc
Hayuonansnuii uccnedosamenvcxuii Mocko8ckuti 20Cyoapcmeentbiti CmpoumenbHbill
yuusepcumem (HUY MI'CY); . Mockea, Poccus

AHHOTAUMA

BBepeHune. OpdheKTMBHOCTb peanu3aumy MpOeKTOB KOMMIEKCHOro passuTus Tepputopuid (KPT) Hanpsmyto 3aBucut
OT NPUMEHSAEMbIX METOAOB yrnpaBsfieHns. B cBA3N ¢ 3TMM akTyanbHbIM CTAHOBUTCH BOMPOC Nepexofa OT TpaauLMOHHOTO
0OBEKTHO-OPUEHTUPOBAHHOIO YNPABMEHUS K KOMMNIIEKCHOMY YrpaBreHuio Xn3HeHHbIM Liuknom (XKL|) Bcero npoekTa B Le-
nom. 3T0 NpUBOAUT K HEOBXoAMMOCTM pa3paboTkM HOBbIX CUCTEMHbIX KpUTEpUEB ANs knaccudukaumm un Beibopa opra-
HM3aLMOoHHO-TexHonornyecknx pewenun (OTP) ana kaxgoro atana XKL, o6bekToB cTpouTenscTBa. Llenb nccnenoBaHus
cBoawunack K paspabotke cuctemHon knaccudpukaumm OTP ang ynpaenexus XKL| o6bekToB cTponTenscTea B npoektax KPT
Ha OCHOBe BBEEHHOIO aBTOpaMu CUCTEMHOIO CBOWCTBA — aBTOHOMHOCTMW.

Matepumansi u metoabl. MeTtogonoruyeckoi 6a3oi nccnefoBaHus SBRsSOTCS obLlas Teopus CUCTEM, MPUHLMMbBI U UHCTPY-
MEHTbl CUCTEMOTEXHMKM CTPOUTENbBCTBA, CUCTEMHBIV aHan13, MOAenupoBaHue 1 ynpasneHue puckamv. OGbekTbl CTpou-
TenbcTBa B npoektax KPT paccmaTpuBaloTcs Kak CroxHble CUCTEMbI, B3aUMOAENCTBYIOLLME C BHELLHEW CpeAon 1 AEeKOMMO-
31pyemMble Ha NOACUCTEMbI, KOMMOHEHTbI 1 3NIEMEHTBI.

PesynbraTbl. CchopMmynmnpoBaHa CyLLHOCTb MOHSITUSI aBBTOHOMHOCTM OObEKTa CTPOMTENLCTBA Kak SMEPKEHTHOMO CBOMCTBA, Xa-
paKTepM3YIOLLIETO ero CrocoBHOCTb (PYHKLMOHMPOBATL B YCIOBUSIX HEOMNPeAEneHHOCTV BHeLLHeW cpeabl. [peanoxeHa YeTbipex-
ypoBHeBas knaccudmkaums OTP ansa obbektoB KPT, paspabotaHa MHOrokputepuasibHas CTpyKTypa Afisi Bbibopa 1 hopmMmnpoBa-
Hus OTP, uHTerpypytoLLas Takme napameTpbl, Kak Maclutab cvctemsl, atan XKL, ypoBeHb yrnpaBneHus 1 ypoBeHb aBTOHOMHOCTY.
BbiBoabl. [NpeanoxeHHas knaccudukaums gaet KOMMMAEKCHbIA MHCTPYMEHTapuin AN NPUHATUS YNpaBieHYecknx peLle-
HWIA, NO3BONSISA LierieHanpaBieHHO BO34EeNCTBOBaTb Ha NapamMeTpbl 0ObekTa CTPOUTENBCTBA A JOCTUXEHUS Tpebyemoro
YPOBHSI @aBTOHOMHOCTU Ha npoTsixkeHun Bcero XKLI. MonyyeHHble pe3ynbtaThl AalOT OCHOBbI ANs pa3BUTUS METOLOB Mpo-
rHO3HO-MOHUTOPWHIOBOTO yrnpaerneHus obbektamu KPT. [anbHelwme nccrnegoBaHust aBTopos OyayT NOCBALLEHbI BONpocam
yrpaBreHusi napameTpaMmu obbekTa CTpouTENbCTBA Afsi 0b6ecrneyeHnss ero aBTOHOMHOCTU B 3a[aHHbIe CPOKM C YYETOM
UMEIOLLIMXCS OrPaHNYEHUA 1 ONpeaeneHnst rpaHuL, aBTOHOMHOCTH.

KINOYEBBIE CITOBA: komnnekcHoe pa3BuTe TePPUTOPUN, CUCTEMOTEXHMKA CTPOUTENBCTBA, OPraHN3aLVOHHO-TEXHOMO-
rmyeckue pelueHus, cuctematnsaumns OTP, ynpaBneHne XU3HeHHbIM LUKIOM, LndpoBm3aLmns CTpOUTENbHOM oTpacnu

Ana UNTUPOBAHUA: Adamuesuy J1.A., Jlanudyc A.A. OpraHn3aLMOHHO-TEXHOMOrMYECKNe peLUeHVs Mpy ynpasBneHnm
XKM3HEHHbIM LIMKIIOM OOBbEKTOB CTPOUTENbCTBA B MPOEKTAX KOMMIIEKCHOrO pa3BuTust Tepputopuii // CTpouTenbCTBO: Hayka
n obpaszosaHue. 2025. T. 15. Boin. 3. Ct1. 11. URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2025.3.11

Aesmop, omeemcmeeHHbIl 3a nepenucky: Jllo6osb AngpeesHa Agamuesud, AdamtsevichLA@mgsu.ru.

Organizational and technological solutions for managing
the life cycle of construction projects in integrated
territorial development projects

Liubov A. Adamtsevich, Azariy A. Lapidus
Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation

176

ABSTRACT

Introduction. The efficiency ofimplementation of integrated territorial development projects (ITDP) directly depends on the ap-
plied management methods. In this regard, the issue of transition from traditional object-oriented management to integrated
management of the life cycle of the entire project becomes relevant. This leads to the need to develop new system criteria for
classification and selection of organizational and technological solutions (OTS) for each stage of the life cycle of construction
projects. The purpose of the study was to develop a system classification of OTS for life cycle management of constru-
ction projects in ITD projects based on the system property introduced by the authors — autonomy.

Materials and methods. The methodological basis of the study is the general theory of systems, principles and tools of sys-
tem engineering of construction, systems analysis, modeling and risk management. Construction objects in ITD projects are
considered as complex systems interacting with the external environment and decomposed into subsystems, components
and elements.
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Results. As a result, the authors formulated the essence of the concept of autonomy of a construction object as an emer-
gent property characterizing its ability to function in conditions of uncertainty of the external environment. A four-level classi-
fication of OTS for ITD objects is proposed, a multi-criteria structure for selecting and forming OTS is developed, integrating
such parameters as the scale of the system, the stage of the life cycle, the level of management and the level of autonomy.
Conclusions. The proposed classification provides a comprehensive toolkit for making management decisions, allowing for
a targeted impact on the parameters of the construction object to achieve the required level of autonomy throughout the life
cycle. The results obtained provide the basis for developing methods for predictive and monitoring management of ITD
objects. Further research by the authors will be devoted to issues of managing the parameters of construction objects to
ensure their autonomy within the specified time frame, considering the existing restrictions and determining the boundaries
of autonomy.

KEYWORDS: integrated development of territories, construction systems engineering, organizational and technological
solutions (OTS), systematization of OTS, life cycle management, digitalization of the construction industry
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BBEJEHUE

Peanu3zanusi mpoeKTOB KOMIUIEKCHOTO Pa3BHTHS
tepputopuii (KPT) monpasymeBaeT Bo3BeeHNE 00BEK-
TOB CTPOUTEJHCTBA C PA3HBIM HA3HAYEHHEM Ha eTMHOM
TeppuTopun. TpaaunnoHHbIE METOIBI YIIpaBIeHus, (o-
KyC BHUMaHHsI KOTOPBIX COCPEIOTOYEH Ha OTAEIbHBIX
00BEKTax, TePAIOT CBOIO 3(h(HEKTUBHOCTH, M BO3HUKAET
HEOOXOIUMOCTh B MCIOJIb30BAaHUN WHTETPUPOBAHHBIX
MTOJIXOIOB K YIPaBIEHUIO KN3HEHHBIM nukiiom (JKII)
HE TOJIBKO KaXkJIOTO OTJIENILHOTO 00BEKTa, HO BCETO KOM-
IUIEKCA B IIEJIOM C yYETOM KOOPANHALUY AEATEIbHOCTH
BCEX yYaCTHHKOB IpoOliecca: 3aCTPOUIINKOB, IIPOEKTH-
POBIIMKOB, MOAPSITINKOB, TOCTABIINKOB, OPTaHOB BIla-
CTH U Apyrux Ha Bcex 3ranax JKLI.

B cBsI3M ¢ 3TUM aKTyaJIbHBIM CTAHOBHUTCS BOTIPOC
NPUMEHECHHSI YHUBEPCAIBHON MEpPbl WIM KPUTEPHS,
MO3BOJIAIONIETO MPOBECTH KIACCU(PHUKALNIO OPTaHU3a-
uoHHO-TexHosornueckux pemennid (OTP) oobexToB
crpourenbscTBa B poekTax KPT Ha pasnuuHbIX ypoB-
HSIX yrpaBiieHus. TakuM mapameTpoM MOXKET BBICTY-
MUTH MPEUIOKEHHOE aBTOPAMH CHCTEMHOE CBOWCTBO
ABTOHOMHOCTH OOBEKTOB CTPOUTEILCTBA B IPOEKTAX
KPT.

B o6iem ciydae 1oy aBTOHOMHOCTBIO CHCTEMBI
MIPUMEM €€ CITIOCOOHOCTh COXPAHATH (PyHKIIHOHATIBHYIO
LEJIOCTHOCTD U aJIalITUPOBATHCS K M3MEHSFOLIMMCS Y C-
JIOBUSIM BHEUIHEH cpesibl (IPUPOIHOTO U TEXHOTEHHOTO
XapakTepa) ¢ MUHUMaJIbHBIM BMEIIATEeILCTBOM, OCHO-
BaHHYIO Ha CHHTE3€ €€ Ha/Ie)KHOCTH — BEPOSTHOCTHON
Mepe 0e30TKa3HOCTH, YCTOWYMBOCTH — COXPAaHEHHH
XapaKTepUCTUK B AOMYCTHMBIX IIpeesax MpH BO3MY-
IIEHUSX ¥ 0E30MaCHOCTH — 3alUIIEHHOCTH OT KOM-
TUIEKCHBIX yTPO3.

Lenbro uccnenoBanus sBisgeTcs: pa3paboTka cH-
cremHoi knaccupukammu OTP nmpu ynpasnennn XK1
00BbeKTOB cTpouTenbeTBa s mpoekroB KPT ¢ yuerom
HOBOTO CHCTEMHOTO CBOMCTBA — aBTOHOMHOCTH 00B-
€KTa CTPOUTEIBCTBA, a TAKXKE OIPEAETICHNE TI0/IX010B
K YIPaBJICHHUIO TTapaMeTpaMu AJIsi 00ECIIeUeHHs 1ieTie-
BOTO YPOBHSI aBTOHOMHOCTH.

MATEPHUAJIBI U METO/bI

B kauecTBe TeOpeTHUECKON OCHOBBI HCCIIEI0BA-
HUS BBICTYTIAIOT 00IIasi TEOPHsI CUCTEM, HHCTPYMEHTHI
W METOJIBI, @ TAK)KE OCHOBHBIE MTPUHIINIIBI CHCTEMOTEX-
HUKHU CTPOUTENILCTBA, K KOTOPBIM OTHOCSTCS:

* CHCTEMHBIH MOJIX0]], PACCMAaTPHUBAIOLINH CTPOU-
TEJIbHBII O0BEKT KaK eIMHOE 11eJI0€, COCTOSIIEE U3 B3a-
MMOCBSI3aHHBIX JIEMEHTOB;

* KOMIIJICKCHOCTB, T.€. y4eT BceX (DakTopoB, OKa-
3BIBAIOLIMX BIMSHHUE HA ()YHKIIMOHUPOBAHHE CHCTEMBI;

* UEPAPXUYHOCTh — JCJICHHE CTPOUTEIBHOTO
00BbeKTa, KaK CHCTEMbI, Ha TIOICHCTEMBI PAa3HBIX YPOB-
HEW;

* yHIpaBJ€HHE PUCKAMU 3a CUET UX CBOEBPEMEH-
HOW UACHTH()UKAIIUH,

 ymnpasnenne XK1 ctpoutensHOr0 00BEKTa, YTO
03HAYaeT PacCMOTPEHHE €Tr0 Ha MPOTSHDKEHUH BCETO
JKU3HEHHOT'O IIUKJIA OT MPOEKTUPOBAHUS U CTPOUTEIb-
CTBa JI0 AKCILTyaTalliH, PEKOHCTPYKIMH U CHOCA.

K 0CHOBHBIM HHCTPYMEHTAM U METO/IaM CHCTEMO-
TEXHUKH CTPOUTEIHCTBA MOKHO OTHECTH CHCTEMHBIN
aHaJIU3 U CUCTEMHOE NMPOEKTUPOBAHUE, MaTeMaTHye-
CKO€ M MMHTALMOHHOE MOJIeJNpoBanue, nuHdopma-
IIMOHHOE MOJICIMPOBAHUE M METOIbl YIPABICHUS PH-
CKaMH, BKIIOYAIONIUMHU HUICHTH(QHUKAIUIO W OLEHKY
PHCKOB, a TakXe pa3pabOTKy Mep MO WX CHUKEHHUIO
MIPU peau3alii CTPOUTENILCTBA.

HpI/I 9TOM CTOUT OTMECTUTH, UYTO LCJIb CUCTEMOTCX -
HUKH CTPOUTEIHCTBA — HE TOJIBKO CHIKEHHE 3aTpar
U CPOKOB CTPOUTENBCTBA, HO M 00ECIICUCHNE YCTOHIH-
BOT'O CTPOMTENBCTBA U PA3BUTHUS TOPOAOB.

YprHHeHHaﬂ CcXeMa MPUMEHCHHUSA CUCTEMOTEXHHU-
KI B CTPOUTENBCTBE MPEACTaBICHA Ha pucC. 1.

OOBEKT JaHHOTO MCCIIEI0BAHMS — CTPOUTEIIBHBIC
00BEKTHI B MPOEKTaX KOMILJIEKCHOTO Pa3BUTHUSI TEPPH-
topuii. IIpu stom 06wexTsl KPT paccmarpuBatorces
HE TOJIBKO KaK CHCTEMa, B KOTOPOIl BBIJEISIOT ITOJICH-
CTEMBbl, KOMIIOHEHTBI U 3JIEMEHTBI, HO KaK 3JIE€MEHTBI
CUCTEMBI, HAXOASIINECS BO B3aUMOJCHCTBUU C OKpY-
Karomel BHemHel cpenoii. [lox moacucremoii Oynem
MPUHUMATh YaCTH CHCTEMBI, KOTOPBIM MPHUCYIIA OTHO-
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Puc. 1. Anroputm paboThI ¢ CHCTEMOI B paMKax CUCTEMOTEX-
HHUKH CTPOUTENBCTBA

CHUTEJIbHAs CAMOCTOSITENILHOCTb, OTpe/eiisieMast CTere-
HBIO CBOOOJIBI, a MOJ] DIIEMEHTOM CHCTEMBI — HEJICTH-
MYIO 9acTh CUCTEMBI C OJTHO3HAYHO OIPEACICHHBIMA
byHKIUsIME. B TO e Bpemsi, OIUpasCh Ha OOIILYO TEO-
PHIO CHCTEM, ITOJT KOMITOHEHTOM TIPHMEM JIFO0YIO 4acTh
CHUCTEMBI, HAXOISAMIYIOCS BO B3aMMOCBS3U C JPYTHMH
YaCcTSMHU CUCTEMBI (IIOJCHCTEMAMH WIIN JIEMCHTAMH).
Puc. 2 unmocTpupyeT 00IIyI0 CTPYKTYPY CHCTEMBI
1 B3aUMOJICHCTBHE €€ DIIEMEHTOB.

Kak ykazano B padote [1], mpu peanu3amuu mnpo-
ekToB KPT Ba)XHBIMHU SIBISIIOTCSI TAKWE HAIPABIICHMUS,
Kak oOecIieueHrne HaceIeHUs KITbeM, paOOINMA Me-
CTaMH, COIMAJIBHOM, TOPOKHOMN U MHKECHEPHOU HH(Dpa-
CTPYKTYpPOH, pacCMOTpPEHHE KOTOPBIX IIEIECO00Pa3HO
B paspese:

* KOMIUICKCHOTO Pa3BUTHsI TCPPUTOPUH KON 3a-
CTpOIKY;

* KOMIUTEKCHOTO Pa3BUTHS HEKUIOH 3aCTPOHKH;

* KOMIUIEKCHOTO Pa3BUTHS HE3aCTPOESHHON TeppH-
TOPUH.

OpraHnu3anMoOHHO-TEXHOJOTUYECKUE PEIICHHS
Takke OynyT 3aBuceTh oT 3rana )KL 00bekToB cTpo-
urenbeTBa B rpoektax KPT, B 3To# cBSI3M MOXKHO BbI-
JICITUTH!

1. OTP Ha 3Tame TeXHUKO-IKOHOMHYECKOTO 000-
cHoBanus naBectunnii (TO0) — komrieke Mep, onpe-
JIEJISIONINA CIToco0 peanu3aniyl MpoeKTa, BKI0YAr0-
MUK BBIOOP KITIOUEBBIX TEXHOJIOTHH, 000pYyIOBaHUs
1 MeToz10B BhImoHeHus: CMP; opsigok opranm3amnun
CTPOUTENILHOTO MpPOIecca BO BPEMEHHU U B IPOCTPaH-
CTBE; TIOTPEOHOCTh B OCHOBHEIX pecypcax; B3amMo-
CBsI3b MEXJY yuacTHHKaMH npoekta. OCHOBHas 3aj1a4a
OTP Ha sTame 000CHOBAaHUS WHBECTULIHNA CBOJUTCS
K CO3/IaHUI0 TEXHOJIOTUYECKH U OPTaHU3aI[MOHHO BbI-
MOJIHUMOM MOJIEIIH ITPOEKTa, JIOCTATOYHON ISl Halexk-
HOTO pacuera 3aTpar, CpoKoB, 3P(HEKTUBHOCTH U 000-
CHOBAHUS 11eJIECO00PA3HOCTH HHBECTHIIUH.

2. OTP na 3Tamne npoeKTUPOBaHMUI 0OBEKTOB CTPO-
UTENIbCTBA — KOMIUIEKC MEPOTIPHUSITHH, 3aKiajbIBac-
MBIX B TIPOEKT 00BEKTa CTPOUTENHCTBA, HAPABICHHBIX
Ha obecrieueHue dPHeKTUBHOrO QyHKIIMOHUPOBAHMUS
00BEKTa CTPOUTENBCTBA B OyaymieM [2, 3], BKiIrodas
METO/Ibl OpTaHu3anuu pabot, BEIOOP 000pynOBaHus,
TEXHOJIOTHYECKUE TPOIIECCHI, a TAK)KE B3aUMOJICHCTBHUEC
YYaCTHHKOB TipoekTa. Kpome Toro, 10mkHO ObITh 00ec-
MIEYCHO YMPABICHUE PUCKAMH 32 CUET UX BBISIBICHHUS
1 pa3pabOTKN MEPOTIPHUATHH 110 NX MAUHUMH3AIIHN.

3. OTP Ha sTane cTpOUTETHCTBA — ITO KOMILIEKC
MEpOTIPUATHI, HAITPaBICHHBIX Ha 3(h(eKTHBHYIO opra-
HU3ALUI0 ¥ ONTUMU3ALMIO CTPOUTENBHOIO Mpolecca,
BKJTIOYAst pa3pabOTKy TEXHOJOTHUECKUX KapT, CXEM
MPOM3BOJICTBA PadOT, ONpe/ielieHue MOTPeOHOCTH pe-
CypCOB, BEIOOP METOOB CTPOUTEIHCTBA U KOOPIMHA-
IUI0 Pa3JInYHBIX 3TAnoB pador. OcHoBHas neab OTP
Ha JTare CTPOUTEIhCTBA — 00ECIICUCHHE BHITOTHCHMUS
CTPOUTEIHLHO-MOHTQ)XXHBIX pA0OT B MOJHOM COOTBET-

Okpykarolias cpera

BemectBo

DHeprus

Puc. 2. CtpykTypa cHCTEeMBI B 0O0IIEM BHIE
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CTBHUU C MMPOCKTOM, B YCTAHOBJICHHBIC CPOKH U C TpE-
OyeMBIM KadeCTBOM, HE TOJIFKO B paMKaxX OOIKeTa,
HO ¥ C COOJIOZICHHEM HOPM 0e30MacHOCTH M OXPaHbI
OKpykarorieii cpensr [4, 5].

4. OTP Ha »Tarme dKCIuTyaTaluid — 3TO KOMIIIEKC
MEPONPHUITHH, TPOLEAYDP, HHCTPYMEHTOB U CUCTEM,
HaIpaBJICHHBIX Ha 3G deKTHBHOE U Oe30macHoe (HyHK-
IIMOHUPOBaHNE 00BEKTA MOCJIE ET0 BBOAA B IKCILTya-
tanuto. IIpu paccmorpennn OTP nHa sTane skcrutyara-
IUU CJICAYET OTMETUTh, YTO PEUICHUS (DOKYCHUPYIOTCS
Ha TTofiep>KaHuH paboTOCTIOCOOHOCTH 0OBEKTa CTPOH-
tesberBa, OTP Ha sTane npoekTHpOBaHMS HAPaBIICHBI
Ha [PEAOIPENEICHUE XapaKTEePUCTUK U yCIOBUN 3TOU
paborocmocobHOCTH [5, 6].

5. OTP na srame cHOca M YyTHIM3aUU 00BEK-
TOB CTPOUTENIBCTBA BKJIIOUAIOT pa3paboTKy MpPOEKTa,
obecmeunBatomero 6e3omnacHoe u dHHEKTHBHOE BBI-
MOJIHEHHE PadOT MPH JIEMOHTaXe 00bEKTa CTPOUTEIb-
CTBa, YYUTBIBAsE METO/BI PA3JeIILHOTO cOOpa OTXO0B
U UX yTHIU3amio [7].

B TO ke BpeMs IpOBECHHbBIC paHee UCCIIeI0Ba-
HUS TTO3BOJIMJIM BBISIBUTH KJIIOUEBBIE TeXHOJOTHU MH-
nmyctpud 4.0, IprIMEHEeHNEe KOTOPHIX MOBBICHT 3] dek-
TUBHOCTH peanuzanuu npoekros KPT, cpeny koTopbix
Kiro4eBbie — 1udpossie nBoriHukH (11/1), TexHOoMOrMM
MH()OPMAIMOHHOTO MOJICTUPOBAHSI, MHTEPHET BEIeH
U rpouee.

HpI/I 9TOM OOJIBIIMHCTBO CJIOXKHBIX TEXHHYECKHUX
CHUCTEeM, JUII KOTOPBIX cozmarores L1J], obmamaror ¢ppak-
TaJILHBIMH CBOWCTBAMH, K KOTOPBIM OTHOCSITCSI CAMOIIO-
nobue, MaciitabHasi ”HBAPUAHTHOCTb, PEKYPCHBHOCTb.

HudpoBoit nBOIHUK, TOCTPOCHHEIH C yU4eTOM
(pakTaJbHONW HMPUPOABI, SBISETCS HEepapXHUECKOU
CCTHhIO B3aMMOCBA3aHHBIX I[BOf/'IHI/IKOB, YTO IIO3BOJIACT
MOBBICUTDH 3(PPEKTUBHOCTh MPUMEHEHHS TEXHOJIOTHA
B npoekTax KPT.

MOKHO TOBOPHTB O TOM, YTO KaKIbIii YPOBECHB OY-
JeT (ppakTanbHBIM YIPOIIEHHEM HITH YCIOXKHEHNEM CO-
CEeITHUX YPOBHEH, IIPH 3TOM JIaHHbIE C HI)KHUX yPOBHEH
arperupyroTCsl U UCMONIB3YIOTCS JIJIsl KATHOPOBKH MO-
Jieneil Ha BEpXHUX YPOBHSIX, & KOMaH/Ibl, TIOJyUYCHHBIE
C BEpXHHUX YPOBHEH, ICTATM3UPYIOTCS M HCIIOJIHSIOTCS
Ha HIWKHHX [8-20].

Kpome Toro, B koHIIeTINY TH(POBEIX TBOWHUKOB
JIaTYNKU HHTEPHETA BElIel reHepUpYIOT OOJIbIINE 00b-
eMbl HH(OpMAIIMH, KOTOPbIC TaKke 001a1a0T (hpak-
TAIBHBIMH CBOHCTBaMH.

[IpupoaHble M TEXHOTCHHBIE MPOLECCHI, OKa3bl-
BAIOIIME BIMSHUE HA SKCIUTyaTalMi0 00bEKTOB CTPOH-
TEJILCTBA, TAKKe (PPAKTANBHBI ITO CBOEH CYTH, UTO JaeT
BO3MOXXHOCTB OCYIIECTBIIST MPOTHO3 HArPY30K, MOJIe-
JMPOBaHKE U3HOCA U CTAPEHUS, U IEPEUTH K IPOrHO3-
HO-MOHHUTOPUHTOBON MOJEIH YTPABICHHUS OOBEKTAMH.

PE3VYJIBTATBI

IIpoBenenHoe ucciaeqoBaHUE MO3BOIUIO CHop-
MHUPOBaTh CyTh CHCTEMHOCTH CBOIMCTBa aBTOHOMHOCTH
00BEKTOB CTPOUTEIHCTBA B pa3pese mpoektoB KPT.

Takum 00pa3oM, aBTOHOMHOCTb 00BEKTa CTPOUTEIb-
CTBa — HMEPKEHTHOE CBONMCTBO CUCTEMBI, SBISIOIEE-
Csl Pe3yAbTaTOM LEJIEHANIPABIEHHOIO MPOEKTUPOBAHMS,
MHTETPALUH U YIPABICHNUS MHO)KECTBOM B3aUMOCBSA3aH-
HBIX KOMIIOHEHTOB: MHXKCHEPHBIX, TEXHOJIOTHYECKUX,
OpraHM3alMOHHBIX. JlJaHHOE CBOMCTBO XapaKTepU3yeT
00BEKT CTPOUTENHCTBA KaK aKTHBHYIO, YCTOMYHBYIO
W aJalTHBHYIO CUCTEMY, OPUEHTHPOBAHHYIO Ha o0ec-
neyeHne ee (PyHKIMOHMPOBAHUS B YCIOBUSIX HEOIpE-
JICIIGHHOCTH BHEUTHEH CPeJibl, YTO KPUTHUECKH BasKHO
npu peanusanuu npoektos KPT, rae ycroiunBocTs,
Ha/Ie)KHOCTh M 0€3011aCHOCTh CHCTEM HalpsIMyIO OKa-
3BIBAIOT BIMSHUE HAa KAYECTBO JKU3HEIEATSILHOCTH Ha-
CeJIEHMsI U YCTOMUYMBOE pa3BUTHE TOPOJIOB.

Omnwupasicb Ha CUCTEMOTEXHUKY CTPOHUTENIBCTBA,
1o MaciuTaly BBIIENSIOT CIIEIYIONINE YPOBHU: CUCTEM-
HBIW, TIOJICUCTEMHBINH, KOMIIOHEHTHBIHN, DJIEMECHTHBIN.
Konnenryansras monens npuaatus OTP npu ympasie-
Huu XK1 06bekToB cTpouTenscTBa B mpoekTax KPT mo-
JKeT OBITh CTPYKTYPHPOBAHA T10 CIIEAYIONIHM YPOBHSIM:

I.  CucrtemHBIIf ypOBEHB:

I.I mpoexT KOMIJIEKCHOTO Pa3BUTUS TEPPUTOPUU
JKUIION 3aCTpoiKy;

LIl mpoeKT KOMIUIEKCHOTO pa3BUTHS HEXUIION 3a-
CTPOMKH;

LIIT mpoeKT KOMIUIEKCHOTO pa3BUTHS HE3ACTPOEH-
HOM TeppUTOpHUH.

II. TlogcucTeMHBIN YypOBEHbB:

IL.I conmanbaas nHPPACTPYKTYpa;

ILII TparcniopTHas HHPPACTPYKTYPA;

ILIIT umxenepHast uH(GpacTpyKTypa;

ILIV xwunas 3actpoiika.

III. KoMnoHEHTHBIH YPOBEHD:

1.1 006BeKTHI colManbHON HHPPACTPYKTYPHI;

IILI. I momikoibHEIE 00pa30BaTEIBHBIC YUPEKIC-
HUS;

IT1.I.IT o6mieoOpa3zoBaTenbHbIe OpraHU3aInH;

H1.IIII GosmpHMIIBI (B TOM YHCIIE TETCKHUE);

11TV nonmuknuHuKy;

II1.I.V nponoBosibCTBEHHBIE U HENTPOLOBOJIBCTBEH-
HBIE€ Mara3uHbl;

IIL.IT 06BeKTHI TPaHCTIOPTHOW MH(PPACTPYKTYPHL;

HILILI nopoxHas ceTb, BKIOYast aBTOMOOMIIbHbIE
JIOPOTH, MOCTBI, 3CTAaKaAbl, TOHHEIIU, Pa3BsA3KHU;

IILILII xesne3HONOPOKHBINA TPAHCIIOPT, BKIIOUAs
KEJe3HOAOPOXKHBIC MMyTH U TMOJIOTHO, BOK3aJIbl, CTaH-
I[UH, OCTAHOBOUYHBIE MYHKTHI, JIEMIO U MIPOUEE;

IILILIII asponopThl, a3pOapOMBIL;

IILIL.IV Mopckue u pedHble MOPThl, BOK3aJIbl, Ka-
HaJIbI,

III.II.V obmecTBeHHBIN TPAHCIIOPT: OCTaHOBOY-
HBIE KOMIUICKCHI, CTAHIIUN METPOIIOIUTEHBI, ICTO, aBTO-
CTaHIIUU U [IPOUEE;

IILIL.VI comytctBytomme 00bekThl: A3C, cTaHINN
TEXHUYECKOTO OOCITYKUBAHUS U ITPOUEE;

IILIII uHXKeHepHbIe CeTH U KOMMYHUKAIUY;

II1.III.I 06BeKTHI BOGOCHAOKEHUS W BOLOOTBEE-
HUS;
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OpraH13aLMOHHO-TEXHOAOMMYECKME PELLEHUS MPU YIPaBAEHUN XUSHEHHbBIM LIMKAOM 06bEKTOB

C. 176-188

CTPOUTEALCTBA B MPOEKTAX KOMIAEKCHOIO Pa3BUTUSI TePPUTOPMI

HILIIL.II 0ObeKTHI MEKTPOCHAOKEHHUS;

IILIILIII 0OBEKTHI TEMI0CHAOKEHMS

IILIIL.IV 00beKThI Ta30CHAOKEHHS;

HI.IV 00BbeKTHI XKUIIOH 3aCTPONKH;

III.IV.I. MHOrOKBapTHpHBIE KUIIbIE JOMA;

[ILIV.II nHauBuAYyanbHbIE )KUIIbIE JOMA;

[II.IV.III rOCTHHUIEI U aHAJIOTHYHBIE 0OBHEKTHI
pa3MereHus 1 rmpodee.

IV. DnemeHTHBII ypOBEHb:

IV.I KOHCTpYKTUBHBIE 3JEMEHTHI IPaKJAaHCKUX
1 IPOMBILUIEHHBIX 3aHUI U COOPYKEHU;

IV.LI pyrnamenTsr;

IV.LII crensr;

IV.LIII xonoHHEI;

IV.I.IV nepexpsiTus;

IV.L.V Ganku u purenu;

IV.I.VI depmsr;

IV.L.VII nectautp! u 1 TOBHIC ITaXTHI;

IV.I.VIII neperopoaku;

IV.LIX xpsimra (KpoBis);

IV.1.X nonsr;

IV.I.XI orpaxkmarornie KOHCTPYKINH (OKHA);

IV.II KOHCTPYKTHBHBIE 3JIEMEHTHI MHKEHEPHBIX
COOPYKEHUI;

IV.ILI onopsr;

IV.ILII nponeTHble CTpOEHUS;

IV.ILIII 3emiistHOE TIOJIOTHO;

IVILIV nopoxHast onexna.

IIpu aToM cuctema ympasneHus B mpoekrax KPT
SBIISIETCSl TUHAMHYECKUM 00BhekToM, riae OTP Tpeby-
tores Ha kaxaom arane XKL 1o nepapxuu ynpasienus
MIPUMEM: CTpaTeTHYeCKUi ypOBEHb yIpaBieHus (Tpe-
obmanarot monrocpounsie OTP Ha ropu30HT MIAHUPO-
BaHUsA 5 U OoJjiee JIeT); TAKTUYCCKUH (CpeHEeCPOUHbIe
OTP na 1-3 roma); onepanoOHHBINA (KpaTKOCPOUHBIE
nporeccabie OTP) u moxanpHeI (cpounsie OTP).

ITo sramam XKI[ nmpumem OTP Ha sTame o0o-
cHOBaHMsI nHBecTHLMI (Hanbomnee apdexrnusl OTP
CTpaTeruyeckue), Ha dTarne NpoeKTHpOBaHUs (Haubo-
nee s dexruBabie OTP cTparerudyeckue U TaKTHYe-
ckue), crpoutenseTBa (peodmagaror OTP TakTiueckme
U OTIepaIoOHHEIC), dKCILTyaTaruu (mpeodnanaror OTP
OlepalioHHbIe U JIOKAJbHBIE) U cHOca (IpeodianaroT
TakTuyeckue u JokanbHele OTP). OqHako CTOUT oT™Me-
TUTh, uT0 OTP pazpabareiBatoTcs Aiis Beex dtamoB XK1
1 yPOBHEH yIpaBIICHUSL.

ITo ypoBHIO aBTOHOMHOCTH BBLAEINM IOJHYIO aB-
ToHOMHOCTS (I1), OrpaHIYeHHYIO (YaCTHIHYO0) aBTOHOM-
HOCTh (O) B KPUTHUYECKYIO aBTOHOMHOCTB crucTeMsl (K).

Crpykrypa mabnoHna pazpadorkn OTP 1o yposHio
npuHATHAA pemeHnit mo stanam JKII 00bexToB cTpon-
TEJIbCTBA B 3aBUCUMOCTH OT WX Macuitada U ypoBHs
ABTOHOMHOCTH B 00IIIeM BHJIE IIPE/ICTaBIIeHa Ha PUC. 3.

3AKJIIOYEHUE

B pamKkax 1mpoBeieHHOT0 UCCIIeIOBaHusI pa3padoTa-
Ha CTPYKTypa cucteMHoi knaccudukanuu OTP Ha sTa-
nax JXKI[ o6vexkroB KPT, koTopast oObequHsACT Takue
KJTFOYEBBIE TIOHATHS, Kak MacimTad cucremsl, atan KL,
YPOBEHb YIPaBIECHUS M YPOBEHb aBTOHOMHOCTH. Takum
00pazoM, MOSIBIISIETCST BOBMOXKHOCTH YIIPABJICHUs Mapa-
MeTpaMH 00BEKTa CTPOUTEIHCTBA JUIsl 00ECTICUSHNUS eT0
ABTOHOMHOCTH B 3a/IaHHBIC CPOKH.

IIpu >TOM mpocnexuBaeTcst YeTKasi B3auMOCBS3b
Mexxay stamamu JKL, roe sTam 000CHOBaHMS WHBE-
CTUIIUH U TPOEKTUPOBAHUE OMPEICIISIOT HadaJbHbIC
ycnoBust st 00bektoB KPT, 3HaueHne ypoBHS UX aB-
TOHOMHOCTU. Ha maHHOM 3Tarne 3aKkiaabIBaloTCs TaKue
MapaMeTphl, Kak MaTepUaIbl, KOHCTPYKTUBHBIE PEIICHUS,
CHCTEMBI 0€30ITaCHOCTH 1 Tpodee. DTall CTPOUTEIbCTBA
BIIMSIET HA CKOPOCTh M3MEHEHUS TapaMeTpoB OOBEKTOB
U YPOBEHb X aBTOHOMHOCTH, TIOCKOJIBKY B 3TOT NEPUOJ
TEOPETHUECKHE MTapaMeTpBbI, 3aJI0KCHHbIE Ha JTaIe Ipo-
CKTUPOBaHUA, IEPEXOAAT B PEAJIBHBIC, a X OTKIIOHCHHUE
OT TIPOEKTHBIX MEHSIET IMHAMUKY JIeTPafalliii OObEKTa
Y U3MEHEHHE YPOBHS aBTOHOMHOCTH 32 CUET HAPYIICHHS
MPUMEHSIEMON TEeXHOJOTUU CTPOUTENBCTBA, KauecTBa
MOHT@)Xa M T.J. DTall SKCIUTyaTallii OTBEJaeT 32 MHTEH-
CHUBHOCTh U3MEHEHUI WJIM KOMIIEHCUPYIOIINX BO3JIEH-
ctBuid. Ha srare cHOca coOMparoTcs JaHHbIE JUIsl KOp-
PEKTUPOBKH NMPOEKTHBIX HOPMATHBOB JJISI TIOBBIICHHS
ABTOHOMHOCTH OyIyIHX OOBEKTOB.

VY4er ¢pakTaabHBIX CBOWCTB IIPH CO3MAHUU LIU]-
POBBIX TBOHHHUKOB MO3BOJSIET 3()(DEKTUBHO IPUMEHSTh
MPEIOKEHHYI0 UePapXUUYecKyIo KilacCH(HUKaIHUIO,
YTO MPEACTABISAET OTACIbHBIN HHTEPEC IS JaibHeH-
IINX UCCIIEN0BAHUM B paMKax yIpaBJIeHHUs aBTOHOMHO-
CTBIO.

Kpowme toro, nanbHeiue uccieaoBaHusl aBTOPOB
OyIayT HOCBAILICHBI BOIIPOCaM yIIpaBlIeHHs TapaMeTpa-
MH 00BEKTa CTPOUTENIHCTBA JJIsI 00ECIIEUEHHS €ro aB-
TOHOMHOCTH B 33/IaHHbIE CPOKH C yIETOM MMEIOIIUXCS
OTpaHUYEHUI U OTIpe/eNIeHHs] IPaHUIl AaBTOHOMHOCTH.
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Aemopul 3a561510m 06 OMCYMCmMeUU KOHGYIUKMA UHMEPeCcos.

INTRODUCTION

The implementation of integrated territorial devel-
opment (ITD) projects implies the construction of con-
struction objects with different purposes on a single
territory. Traditional management methods that focus
on individual objects are losing their effectiveness, and
there is a need to use integrated approaches to life cycle
management (LCM) not only for each individual object,
but for the entire complex as a whole, taking into ac-
count the coordination of activities of all participants
in the process: developers, designers, contractors, sup-
pliers, authorities and others at all stages of the LCM.

In this connection, the issue of applying a universal
measure or criterion that would allow the classification
of organizational and technological solutions (OTS)
of construction objects in ITD projects at various man-
agement levels becomes relevant. Such a parameter can
be the system property of the autonomy of construction
objects in ITD projects proposed by the authors.

In general, the autonomy of the system is under-
stood as its ability to preserve its functional integrity
and adapt to changing environmental conditions (natu-
ral and man-made) with minimal intervention, based
on the synthesis of its reliability — a probabilistic mea-
sure of failure-free operation, stability — preservation
of characteristics within acceptable limits under pertur-
bations, and safety — protection from complex threats.

The aim of the research is to develop a system
classification of OTS in managing the life cycle of con-
struction objects for ITD projects taking into account
a new system property — the autonomy of the con-
struction object, as well as to determine approaches to
parameter management to ensure the target level of au-
tonomy.

MATERIALS AND METHODS

The theoretical basis of the study is the general
systems theory, tools and methods, as well as the ba-
sic principles of systems engineering of construction,
which include:

* system approach, which considers the construc-
tion object as a single whole consisting of interrelated
elements;

» complexity, i.e. taking into account all factors
that influence the functioning of the system;

* hierarchy — division of the construction object
as a system into subsystems of different levels;

* risk management due to their timely identifica-
tion;

* life cycle management of a construction object,
which means considering it throughout its life cycle
from design and construction to operation, reconstruc-
tion and demolition.

The main tools and methods of construction sys-
tem engineering include system analysis and system
design, mathematical and simulation modelling, in-
formation modelling and risk management methods,
including risk identification and assessment, as well
as the development of risk mitigation measures during
construction.

It should be noted that the goal of construction
system engineering is not only to reduce costs and con-
struction time, but also to ensure sustainable construc-
tion and urban development.

An enlarged scheme of system engineering appli-
cation in construction is presented in Fig. 1.

The object of this study is construction objects
in projects of integrated territorial development. At
the same time, ITD objects are considered not only
as a system, in which subsystems, components and
elements are distinguished, but also as elements
of the system that are in interaction with the surround-
ing environment. Under a subsystem we will take parts
of the system, which have relative independence deter-
mined by the degree of freedom, and under an element
of the system — an indivisible part of the system with
unambiguously defined functions. At the same time,

Defining goals and objectives

System analysis

Development of a system model

Optimization of the system model

Construction management

System operation and monitoring

]
J
J
]
System design )
}
}
J

Analyzing results and modernizing the system

XXX

Fig. 1. Algorithm of working with the system within
the framework of construction system engineering
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Fig. 2. System structure in general form

based on the general theory of systems, under a com-
ponent we will take any part of the system that is in
interrelation with other parts of the system (subsystems
or elements). Fig. 2 illustrates the general structure
of the system and the interaction of its elements.

As stated in [1], when implementing ITD proj-
ects, it is important to consider areas such as provid-
ing the population with housing, jobs, social, road and
engineering infrastructure, which should be considered
in terms of:

» comprehensive development of residential areas;

» comprehensive development of non-residential
construction;

» comprehensive development of undeveloped ter-
ritory.

Organizational and technological solutions will
also depend on the stage of the life cycle of construc-
tion objects in ITD projects. In this regard, the follow-
ing can be distinguished:

1. OTS at the stage of technical and economic
justification of investments (TEJ) — a set of measures
determining the method of project implementation, in-
cluding the selection of key technologies, equipment
and methods of construction and installation works;
the order of organization of the construction process
in time and space; the need for basic resources; the re-
lationship between project participants. The main task
of OTR at the investment justification stage is to create
a technologically and organizationally feasible project
model that is sufficient for reliable calculation of costs,
deadlines, efficiency and justification of the feasibility
of investments.

2. OTS at the construction design stage is a set
of measures included in the construction project design
aimed at ensuring the effective functioning of the con-
struction project in the future [2, 3], including methods
of organizing work, selection of equipment, technological
processes, and interaction between project participants. In
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addition, risk management must be ensured by identifying
risks and developing measures to minimize them.

3. OTS at the construction stage is a set of mea-
sures aimed at the effective organization and optimi-
zation of the construction process, including the de-
velopment of technological maps, work schedules,
determination of resource requirements, selection
of construction methods and coordination of various
stages of work. The main objective of OTS at the con-
struction stage is to ensure that construction and instal-
lation works are carried out in full compliance with
the project, within the established deadlines and with
the required quality, not only within the budget, but also
in compliance with safety and environmental protection
standards [4, 5].

4. OTS at the operational stage is a set of measures,
procedures, tools and systems aimed at the effective and
safe operation of the facility after it is put into opera-
tion. When considering OTS at the operational stage,
it should be noted that decisions focus on maintaining
the operability of the construction facility, while OTS at
the design stage is aimed at predetermining the charac-
teristics and conditions of this operability [5, 6].

5. OTS at the demolition and disposal stage of con-
struction facilities includes the development of a project
that ensures the safe and effective performance of work
during the dismantling of the construction facility, tak-
ing into account methods of separate waste collection
and disposal [7].

At the same time, previous studies have identified
key Industry 4.0 technologies whose application will
increase the efficiency of ITD projects, among which
the key ones are digital twins (DT), information mod-
elling technologies, the Internet of Things, and others.

At the same time, most complex technical systems
for which DT are created have fractal properties, which
include self-similarity, scale invariance, and recursive-
ness.
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A digital twin built with fractal nature in mind is
a hierarchical network of interconnected twins, which
allows for more effective application of the technology
in ITD projects.

It can be said that each level will be a fractal sim-
plification or complication of neighbouring levels, with
data from lower levels being aggregated and used to
calibrate models at higher levels, and commands re-
ceived from higher levels being detailed and executed
at lower levels [8-20].

In addition, in the concept of digital twins, Internet
of Things sensors generate large amounts of informa-
tion that also have fractal properties.

Natural and man-made processes that affect the op-
eration of construction objects are also fractal in nature,
which makes it possible to forecast loads, model wear
and ageing, and move to a predictive and monitoring
model of object management.

RESULTS

The study allowed us to form the essence of
the systematic nature of the autonomy of construction
objects in the context of ITD projects. Thus, the au-
tonomy of a construction object is an emergent prop-
erty of the system, which is the result of purposeful
design, integration, and management of a multitude
of interrelated components: engineering, technological,
and organizational. This property characterizes a con-
struction object as an active, stable and adaptive sys-
tem focused on ensuring its functioning in conditions
of external uncertainty, which is critically important in
the implementation of ITD projects, where the stability,
reliability and safety of systems directly affect the qual-
ity of life of the population and the sustainable develop-
ment of cities.

Based on construction systems engineering,
the following levels are distinguished in terms of scale:
system, subsystem, component, and element. The con-
ceptual model for adopting OTS in the management
of the life cycle of construction objects in ITD projects
can be structured according to the following levels:

I. System level:

L.I comprehensive development project for resi-
dential construction;

L.II comprehensive development project for non-
residential construction;

LIIT comprehensive development project for unde-
veloped territory.

II. Subsystem level:

IL.I social infrastructure;

ILII transport infrastructure;

ILIIT engineering infrastructure;

ILIV residential development.

III. Component level:

II1.T social infrastructure facilities;

II1.I.I preschool educational institutions;

IIL.LIT general education organizations;

II.IIT hospitals (including children’s hospitals);

HILIIV polyclinics;

II1.1.V food and non-food stores;

IILIT transport infrastructure facilities;

MLILI road network, including motorways, bridges,
flyovers, tunnels, interchanges;

ILILII rail transport, including railway tracks and
lines, stations, stops, depots, etc.;

ILILIII airports, aecrodromes;

III.IL.IV sea and river ports, railway stations, ca-
nals;

ILILV public transport: bus stops, metro stations,
depots, bus stations, etc.;

IILIL. VI related facilities: petrol stations, service
stations, etc.;

IILIII engineering networks and communications;

HILIIL.I water supply and sewage facilities;

HLIILIT power supply facilities;

ILIILII heat supply facilities;

HLIILIV gas supply facilities;

IILIV residential buildings;

HLIV.I. multi-apartment residential buildings;

HIIVII individual residential buildings;

HI.IV.III hotels and similar accommodation facili-
ties, etc.

IV. Element level:

IV.I structural elements of civil and industrial
buildings and structures;

IV.LI foundations;

IV.LII walls;

IV.LIII columns;

IV.LIV floors;

IV.I.V beams and girders;

IV.L.VI trusses;

IV.I.VII staircases and lift shafts;

IV.L.VIII partitions;

IV.LIX roof (roofing);

IV.1.X floors;

IV.I.XI enclosing structures (windows);

IV.II structural elements of engineering structures;

IV.ILI supports;

IV.ILII span structures;

IV.ILII subgrade;

IV.ILIV road surface.

At the same time, the management system in ITD
projects is a dynamic object, where OTRs are required
at every stage of the life cycle. According to the man-
agement hierarchy, we will accept: strategic manage-
ment level (long-term OTS prevail for a planning hori-
zon of 5 years or more); tactical (medium-term OTS for
1-3 years); operational (short-term process OTS) and
local (urgent OTS).

By life cycle stages, we will accept OTS at the in-
vestment justification stage (strategic OTS are most ef-
fective), at the design stage (strategic and tactical OTS
are most effective), construction (tactical and operation-
al OTS prevail), operation (operational and local OTS
prevail) and demolition (tactical and local OTS prevail).
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However, it should be noted that OTS are developed for
all stages of the life cycle and levels of management.

In terms of autonomy, we distinguish between full
autonomy (F), limited (partial) autonomy (L) and criti-
cal system autonomy (C).

The structure of the OTS development template by
decision-making level for the stages of the construction
project life cycle, depending on their scale and level
of autonomy, is presented in general terms in Fig. 3.

CONCLUSION

Within the framework of the conducted research
the structure of system classification of OTS at the stag-
es of the life cycle of ITD objects has been developed,
which combines such key concepts as system scale, life
cycle stage, control level and autonomy level. Thus, it
becomes possible to control the parameters of the con-
struction object to ensure its autonomy within a given
time frame.

There is a clear relationship between the stages
of the life cycle, where the stage of investment feasi-
bility and design determine the initial conditions for
the ITD objects, the value of their autonomy level. At

this stage, such parameters as materials, design solu-
tions, safety systems, etc. are laid down. The construc-
tion stage affects the rate of change in the parameters
of the objects and the level of their autonomy, since
during this period the theoretical parameters laid down
at the design stage turn into real ones, and their de-
viation from the design ones changes the dynamics
of the object degradation and the change in the level of
autonomy due to the violation of the applied construc-
tion technology, the quality of installation, etc. The op-
eration stage is responsible for the intensity of changes
or compensatory impacts. The demolition stage collects
data to adjust design standards to improve the autono-
my of future facilities.

At the same time, the consideration of fractal prop-
erties in the creation of digital twins allows us to ef-
fectively apply the proposed hierarchical classification,
which is of particular interest for further research in
the framework of autonomy management.

In addition, the authors’ further research will
be devoted to the issues of managing the parameters
of the construction object to ensure its autonomy in
a given time frame, taking into account the available
constraints and defining the boundaries of autonomy.
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