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M.I'. IOBPOCOLKMX, maructp (dobrmax@yandex.ru), K.B. MAKAPBIYEB, maructp

®OI'bOY BO «BopoHexkcKuil rocynapcTBeHHBIN TeXHIUYecKui yHruBepcuTeT» (394006, T. BopoHex, yi1. 20 et OKTs6ps, 84)

BimsiHue ITUCKPETHOro Xapakrepa
HECKJIAAUPYEMBIX PECYPCOB HA KOPPEKTHPOBKY
rpaduka peajan3anum CTPOUTEIbHBIX MPOEKTOB

lpoBeneH aHann3a cyLyecTBYOLNX METOAOB Ka/leH[aPHOro naaHnpoBaHusl CTPOUTENIbHOro nponssogceTaa. Onpese-
JIEHO, 4TO Ha IMpaKTUKe ONMTUMASIbHYIO peann3aunio rnpoeKkTa OCJIOXHSIIOT BHELUHNE CTOXacTUYeCKUEe BO3OENCTBUS,
BCJlIeCTBUE Yero Heobxoanma AMHaMn4YecKasi KOPPeKTUpoBKa xoda peannsauyuy npoekta. lNokasaHo, YTO TO/IbKO
rpuv cs1abom BIIMSIHUN QUCKPETHOroO Xxapaktepa rnoTpebrisieMbiX PecypcoB Ha TeMIl paboT r10 MPOEeKTY rnapameTpb! 4O-
rOHSAIOLYEro rpaghvka onpenensioTCcsa AUHaAMUKOU YCPEeaHEHHbIX MO BPEMEHN 06BLEMOB, TEMITOB U YCKOPEHWU pabor.
B npoTtnBononoxHom npegene CKopoCT! 1 YCKOPEHMS paboT UCTIbITLIBAIOT CKaYKM B MOMEHTbI USMEHEHUS KOI4e-
CTBa UCIosIb3yeMbix pecypcoB. B aTom criydae ckopocTs paboT onpenensaeTcs npogpuiem Ncrosib308aHus JOMUHM-
PYIOLMX ANCKPETHbBIX HECKaaNPYEMbIX PECYPCOB. [uHammnka 06bLeMOB paboT B OT/IMYME OT UX CKOPOCTEVN LEMOH-
CTPUPYeT crabyro HYyBCTBUTEILHOCTb KaK K AUCKPETHOMY XapaKTepy pecypcoB, Tak U K BHELLHUM CTOXaCTUYECKUM
BO3LEHUCTBUAM U HE MOXET CJ1Y)XXUTb OCHOBOW ANHAMUNYECKOW KOPPEKTUPOBKU rpaghuka. lokasaHo, 4To ycpeaHeHue
10 BPEMEHW NMPUBOAUT K MOTepe nHbopmaLmm 06 3TMX 0OCOOEHHOCTAX AUHaAMUKN CTPOUTENLCTBA. [1os1y4eH anroputm
hopmumpoBaHUs [OrOHSIOLLEro rpaghuka paboT, 6asupyroLnicsl Ha pe3yribTatax MOHUTOPUHIra Temra paboT U ycpes-
HEeHUW NnLLb MO rnepuojam rnoCTOSSHHOrO cocTaBa Ynicna OUCKPETHbLIX pecypcoB. PaspaboTaHbl Kak SMAIMpUHecKni
MeTOoL pasfesnieHnsi CTOXacTUHECKUX N ETEPMUHUPOBAHHbLIX BO3LAEUCTBU Ha X044 peanu3auymu rpoekTa, Tak u Me-
704, OCHOBAHHbIA Ha KA4€CTBEHHOM pPassinymu CrieKTpoB @ypbe CTOXaCTUHECKUX U AETEPMUHNPOBAHHbBIX (DYHKLNA.
lpoaHannaupoBaHbi npenesisl NPUMEHUMOCTH SMINPUHECKOIO U TOYHOro MeTofos. NokasaHo, 4To Dypbe-aHanms
pe3ysIbTaToB MOHUTOPUHIa NO3BOJISIET MNO/THOCTbHO BOCCTAHOBUTL AETEPMUHNPOBAHHYHO MHEOPMaLnIo Aaxe Ha ghoHe
coBnajaroLero ¢ Hevi o MHTEHCUBHOCTU CTOXacTUYECKOro curHana. [lokasaHo, 4To NPeasIoXeHHbIN anroputm Jaet
BO3MOXHOCTb CGhOPMYIMPOBaTh rnapameTpbl JOrOHSAIOLLErO rpaguka paboT, No3BOSISAILLEro n3bexarb hMHaHCOBbIE
Y UMULXKEBbLIE MOTEPU, CBA3AHHbIE C HECBOEBPEMEHHbLIM OKOHYaHNEM MPOEKTAa UM €ro OCHOBHbIX YacTeu.

Knro4eBbie cnioBa: cTponTesibHOe NPpon3BOLACTBO, KasleHaapHbIV niaH, ONTuMmn3aumnsi, AUCKPETHbIVi Hecknaaupye-
MbIVi pecypc, OroHSIIOLLMI rpaghuk pabot, Qypbe-aHann3, MOHUTOPUHS .

Onsa umtnpoBanusa: Job6pocoukux M.I"., Makapbides K.B. BnusiHne guckpeTHOro xapakrepa Hecknaampyemblx
pPecypcoB Ha KOPPEKTMPOBKY rpadmka peanmaaumm CTPOUTENbHbIX NPOEKTOB // XKununwyHoe ctpoutenscTao. 2020.
Ne 1-2. C. 3—10. DOI: https://doi.org/10.31659/0044-4472-2020-1-2-3-10

M.G. DOBROSOTSKIKH, Magister (dobrmax@yandex.ru), K.V. MAKARYCHEYV, Magister
Voronezh State Technical University (84, 20 let Oktyabrya Street, Voronezh, 394006, Russian Federation)

Influence of the Discrete Nature of Non-Stackable Resources on the Adjustment
of the Construction Projects Implementation Schedule

The analysis of existing methods of calendar planning of construction production is carried out. It is determined that in practice, the optimal implementation of the project
is complicated by external stochastic influences, which necessitates dynamic adjustment of the project implementation process. It is shown that only when the discrete
nature of resources consumed has a weak influence on the pace of work on the project, the parameters of the catch-up schedule are determined by the dynamics of
the time-averaged volumes, rates, and accelerations of work. In the opposite limit, speeds and accelerations of work experience a jump at the moment of changing
the number of used resources. In this case, the speed of work is determined by the usage profile of the dominant discrete non-stackable resources. The dynamics of
work volumes, in contrast to their speeds, demonstrates a weak sensitivity, both to the discrete nature of resources and to external stochastic influences, and can not
serve as a basis for dynamic adjustment of the schedule. It is shown that time averaging leads to loss of information about these features of construction dynamics. An
algorithm for forming a catch-up work schedule is obtained based on the results of monitoring the work rate and averaging only the number of discrete resources over
periods of constant composition. Both an empirical method for separating stochastic and deterministic effects on the course of project implementation, and a method
based on the qualitative difference between the Fourier spectra of stochastic and deterministic functions have been developed. The limits of applicability of empirical
and exact methods are analyzed. It is shown that the Fourier analysis of the monitoring results makes it possible to completely restore the deterministic information even
against the background of a stochastic signal that coincides with it in intensity. It is shown that the proposed algorithm makes it possible to formulate the parameters of
the catch-up work schedule, which allows avoiding financial and image losses associated with the untimely completion of the project or its main parts.

Keywords: construction production, calendar plan, optimization, discrete non-stackable resource, catch-up work schedule, Fourier analysis, monitoring.

For citation: Dobrosotskikh M.G., Makarychev K.V. Influence of the discrete nature of non-stackable resources on the adjustment of the construction projects imple-
mentation schedule. Zhilishchnoe Stroitel stvo [Housing Construction]. 2020. No. 1-2, pp. 3—10. (In Russian). DOI: https://doi.org/10.31659/0044-4472-2020-1-2-3-10
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TexHonorms v OpraHm3saumd
CTPOUTENIbHOIO NMPOM3BOACTBA

CTPORTETRCTR0

Hay4Ho-TexH14eckunin
1 NPON3BOACTBEHHDBIN XYypHan

MMOTOYHBIN METoA KaneHmapHoro nnaHMpoBaHUS
(MMM) xopa peanu3aumu CTPOUTESIbHbIX NMPOEKTOB 06-
napaeT psgoM NPeUMYLLECTB MO CPaBHEHWUIO C APYrMMM
MeToAaMn NAaHMPOBaHUA, YTO U Npeaonpenenuno ero
LLUMPOKOE MNPUMEHEHWE B oTeyecTBeHHoM [1] m mupo-
BOW [2] NpaKkTuke peanusaunm CTpouTeNbHbIX NPOEKTOB.

OcHoBHbIMK gocTomHcTBamu MMM aBnsa0TCA paBHO-
MEPHOCTb MOTPEONEHNS PECYPCOB N PUTMUYHOCTb Bbl-
nycka rotToBov NpoayKuuKn; BO3MOXHOCTb 3(pheKTUBHON
koonepaumm co CMeXHWKamu (cybnogpsigHbiMU CTPOU-
TeNbHbIMW OpraHM3aumsaMmn, NPeANPUATUAMM CTPONMHAY-
CTpUM, TPAHCMOPTHLIMU NpegnpuaTuamMu n ap.). OgHako
obnacTtb npakTnyeckoro npumeHenuns MMM 3Ha4mTens-
HO IMMUTMPYETCH pedKo AOCTMXKMMOW Ha NPaKTUKE He-
06X0OMMOCTbIO  OpraHM3auun pPaBHOPUTMUYHBLIX WK
KPaTHOPUTMUYHBIX COCTaBnALLMX NOTOKOB [3]. Kpome
TOro, 0651acTb NPaKTUHECKOro UCNOMb30BaHNA MOTOYHbIX
METOAOB MNfIaHUPOBAaHNS OrpaHUYMBaEeTCa Takxe U au-
HaMMYEeCKMM U3MEHEHNEM OOBLEKTOB CTPOUTENbLCTBA U
BO3HMKAOLLMMM B 3TOW CBA3WN MPOTUBOPEUUAMUN MEXAY
cneunanusaumen TpygoBbIX pecypcoB U NOCTOSAHHLIM U3-
MEHEHVEM B COOTHOLLEHUN OOGBLEMOB Pa3nM4HOro BuAaa
paboT [4]. 1 He B MocnepgHo ovepedb NpakTuyeckas
npumeHumMmocTb Ml orpaHnYnBaeTCa TakXe HeycTon-
YMBOCTbIO MOTOYHBIX MPOLIECCOB MO OTHOLLEHUIO K BHELLI-
HUM CTOXaCTMYECKMM BO3AENCTBUAM [5, 6].

Kpome BHewHunx MMl umeeT Takxe M BHYTPEHHWE
orpaHuyeHus, onpenenstoLmne NTepaLnoHHbIN XapakTep
y4eTa pecypCHbIX orpaHn4eHuin. B Takon NnocTaHOBKe Ha
nepBoM 3Tane pecypcCbl CHUTAKOTCA HEOrpaHUYEeHHbLIMU.
Ha HavyanbHOM 3Tane KaneHgapHOro naaHupoBaHWs no
KpUTEPUIO ANUTENIbHOCTU peanu3auuy npoekTa B CO-
OTBETCTBUWN C NPOEKTHON OOKYMEHTaUMEn NpoBOAUTCH
pacyeT Heob6xoaMMbIX pecypcoB. [lanee BbINOMHAETCS
KoppekTupoBka KI1 Kak no cpokam BbINOMHEHUS paboT,
Tak U No o6bemMam MPUBMAEYEHHbIX Ha KaXAoM aTane
pecypcos. [Mpu 3TOM, Kak ykasaHo B [2], BcneacTeme
60MbLLON HOMEHKNaTypbl YYUTbIBAEMbIX PECYPCOB KOp-
peKTUpOBKa MO 3TOMY KpUTEpUIO NpefcTaBfseT co6on
Yype3Bbl4aHO CMOXHYK 3apady. [MoaTomMy B peanbHOM
NPOEKTUPOBaHMM OrPaHNHYMBAIOTCA pELLEHVEM 3afad C
MUHMManbHbIM HAbOPOM OCHOBHbIX WU KPUTUHECKMX
pecypcoB. KoppekTupoBka no OTAEeNbHbIM pecypcam
NPOBOAUTCA MOCNENOBATENbHO B MOPAOKE YMEHbLLEHUS
BaXHOCTU M AeduumTHOCTM pecypca. lMpu 3agaHHbIX
PeCYpPCHbIX OrpaHNYEHUsAX CKOPOCTb CXOOAMMOCTU Utepa-
LMOHHON Mpouedypbl MOXET ObITb HeJOCTaTOYHOW Afs
npakTUYecknx npumMeHeHunn. MocnegoBatenbHbIM MOA-
XO[, NPUBOAMNT K TOMY, YTO MPU BbISBIIEHUM HEBO3MOXHO-
CTW cobnofeHns 6anaHca pecypcoB Ha Nobon ctagum
naaHMpPoBaHNA NPUXOAMTCH BO3BpaLLaTbCA K npenbiay-
LW1M waram utepauum [2].

O™ u pgpyrve Hepoctatkm MM ctumynuposanu
NMOUCK anbTepHaTUBHbIX METOAOB KaneHgapHoro nna-

HMpOBaHUA [7]. HoBble NepcneKkTnBbI COBEPLUEHCTBOBA-
HWS KaneH[apHoro NiaHMpoBaHWs NOSABUANCH B CBA3MU
C BHELPEHWEM BbIYUCAUTENBHOW TEXHUKU U OTKPbIB-
LIeica B CBAI3M C 3TUM BO3MOXHOCTbIO MPUMEHEHUS
METO[O0B MUCCNefoBaHna onepauui (NMMHeHoOe U OuHa-
MUYECKOe MporpaMmMupoBaHMe, MHOroKputepuanbHas
onTumMu3aumsa, Teopus urp n ap.). NpumeHeHve aTux
MeTOdO0B MO3BONMNO chopMynnpoBaTh U peannm3oBatb
Ha OBM npocTon anroputMm onucaHus KaneHpapHoro
nnaHa peanu3auuu NpoekTa, Nony4vBLUMN B AanbHeEn-
em HasBaHuMe meToga Kputudeckoro nyTtu (Critical
Path Method, CPM) [8]. Pa3BuTre atoro nogxoga no-
3BONUMO cO3haTh METOA aHanmaa v OLEeHKWN KaneHgap-
HbIX M1AHOB, OCHOBAHHbI HA ONTUMM3aLMM TOrMYECKOM
cxembl npouecca (Program (Project) Evaluation and
Review Technique — PERT) [9]. YueT cToxactnyeckux
BHELUHUX BO3OENCTBMA U HEONpPedeneHHOCTU U Heopn-
HO3Ha4YHOCTN AUHAMUKWN CUCTEMBbI BbIMNOSIHEH METOAOM
aHanuaa u rpagudeckon oueHku (Graphical Evaluation
and Review Technique — GERT) [10]. OgHako Bce 3Tn
MeTodbl He MO3BOSAIOT MONYYNTb ONTMMANbHbLIA MMaH.
Kpome Toro, OHM HEYyCTOMYMBBI MO OTHOLLEHMIO K CTOXa-
CTMYECKUM BHELLHUM BO3OENCTBUSAM.

HecmoTps Ha cepbe3Hble HegocTaTku, npucyLume
KnaccuyeckMMm MeToaMm KafieHOapHOro niaHupoBaHus,
OHW HaLM LUMPOKOE NMPUMEHEHUE B MUPOBOW NPaKTUKe.
Tak, Hanpumep, B CLLA kaneHgapHbIv niaH UMeeT topu-
ONYECKYI0 CUly U LWL Ha ero OCHOBE OCYLLECTBISET-
Csl B3aMMOLENCTBME 3aKkasuumka u nogpsigymka. Benega-
CTBME 3TOrO KaneHgapHOMY MNIIaHUMPOBaHUIO yaenseTcs
3Ha4MTENbHOE BHUMaHWE. KanengapHoe nnaHupoBaHue
OCYLLIeCTBNSAET OTAEeNbHbIN cneumanuct (scheduler), He-
nocpencTBEHHO MOOYMHEHHBIA PYKOBOAUTENO MPOEKTA.
Kpome Toro, B CLLUA KaneHaapHbI nnaH MMeeT HaMHo-
ro 6osiee NOApPOOGHLIN XapakTep, YeM B OTEYECTBEHHOWN
NnpakTUKe, 4TO ONpefensieT NOBCEMECTHOE BHeLApEeHUe
BbIYMCMUTENbHOM TEXHUKN KaK Ha 3Tane CoCTaBfeHus
nnaHa, Tak 1 Ha Bcex atanax ero peanuzauun [11]. OgHa-
KO MPUMEHSIEMbIE MPY 3TOM METOAbI JMLLb ONMUCLIBAIOT U
oueHmsatoT Kl 1 He No3BONAIOT HE TONbKO peLunTb, HO
M NocTaBuTb 3afja4vy onTummsauuun npoekta [12]. B oT1-
€4eCTBEHHOW MNPaKTUKE BblYUCIUTENbHAA TEXHWKa Mnpu
peLleHun 3anay KaneHgapHoro nnaHMpoBaHWUs O6bIYHO
MCnosb3yeTcs NULLb Ans BU3yanuaaunm peLLueHnin, nony-
YEeHHbIX 3MMMPUYECKUMU METO4AMU B paMKax cTaHaapT-
HbIX NporpamMMHbIx naketos [13].

Ha npakTnke onTuMasibHy0 peanuaaumio Kasnel-
OapHOro nfiaHa OCIOXHAKT CTOXaCTU4EeCKME BHELUHWe
BO3[ENCTBUS (MPUPOOHO-KNMMATUYECKME, CBSI3aHHbIE
C MONIOMKOW 060pyaoBaHus, YenoBeyeckumM hakTopom
M Op.), 4TO NPUBOANT K HEOOXOOANMMOCTU ONHAMUNYECKON
KOPPEKTUPOBKM X04a peanu3aumu npoekra n oopmmnpo-
BaHWsA ONTMMAanbHOro OOrOHSIIOLLEro nnaHa, NMOCKOSbKY
Mo COOTHOLLEHWIO 3aTpaTbl/3dEKT KOPPEKTUPOBKA Me-
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TOOOB peanu3aumm nNpoekta UMEeT NPeMMyLLECTBO MO
CPaBHEHUIO C TEXHUKO-TEXHOMOMMYECKUMU N IKOHOMMU-
YyeckMMM Mepamu. BcnefcteBme 3TOro B COBPEMEHHbIX
PbIHOYHbIX YCNOBMAX 3ajada pa3paboTky anroputmoB
OVHaMUYECKOM KOPPEKTUPOBKM KaneHOapHOro nnaHa
npuobpeTaeT ocoby BaxHOCTb. B [14] nokasaHa Bax-
HOCTb BbISIBMIEHWS HEraTuUBHbIX TEHAEHLWR, BO3HMKa-
IOWNX B MNpoLecce peanu3auum npoekTa, Ha paHHUX
aTanax ux passutus. SPEKTUBHBIA MOHUTOPUHI Xoda
peanu3auun npoekTa TpebyeT aHanMsa B pexume pe-
anbHOro BPEMEHU HE TOSIbKO COOTHOLLEHUS MN1aHOBbIX U
hakTN4eCcKnx 06LEMOB B (PU3NYECKOM UM LLEHOBOM Bbl-
paxeHun. DopMNpoBaHNE TEXHUHECKU N SKOHOMUYECKN
3(bPEKTUBHOIO OOrOHAOLLErO rpadmka paboTt Tpebyet
TakXke aHanM3a COOTHOLLUEHUS MNaHOBbIX U peasibHbIX
CKOPOCTEN U yCKOpeHWUs paboT No NpoekTy. TonbKo Ta-
KOW MOMHbIA aHanuM3 Xofa peanu3auumn npoekta Heo6xo-
OVM [nsi CBOEBPEMEHHOr0 onpeneneHns TEXHNKO-TEXHO-
NOrMYECKMX, OPraHN3aLMOHHbIX U 3KOHOMUYECKUX Mep
peanusauun OOroHstLero rpaguka padoT, no3Bons-
IOLEero MUHUMU3NPOBaTb AOMNOMHUTENbHbIE 3aTpaTtbl U
ONTMMU3UPOBATb aKTYanU3UPOBaHHbIA  KaneHOapHbIN
nnaH. Micnonb3oBaHHbIM B [14] anropnt™m OCHOBbIBAETCSA
Ha CrnaXxuBaHuu pe3ynsLTaToB AMHAMUYECKOro MOHUTO-
pvHra. Peanusaumsa anroputma BO3MOXHA TOMbKO Mpw
MeONeHHOM M3MEHEHNU CKOPOCTU peann3aumm npoekTa
Ha MHTepBanax Mexmgy Toykamum MoHuTopuHra. OgHako
€CNN CKOPOCTb paboT onpefenseTcs HebosbLUMM YuC-
NOM HecKnaguMpyembiX pecypcoB, 3TO TpeboBaHve He
BbInosHsAeTcs. [pakTnyeckn Takas cuTyauus peanuay-
eTcsl, HanpuMep, B Xo4e peannaaunm NpoekTa ¢ UCrosb-
30BaHMEM BbICOKOMPOU3BOAUTENMbHbIX (OTHOCUTENBHO
obLLero o6bema COOTBETCTBYIOLLMX paboT Mo MPOeKTY)
MallMH U MexaHu3MoB. B 3aTom crny4ae AMCKPETHbIN
XapaKkTep pecypcoB KayeCTBEHHO MEHSET Kak npouecc
nnaHmpoBaHusa [15], Tak u xof peanuaaumm nnaHa. Tak,
Hanpumep, ecnv Temn CTPoUTeNbLCTBa (MKW ero aTana) B
OCHOBHOM OnpefenseTcs NPoM3BOAMTENbHOCTbIO OfHO-
ro Buaa HecKnagmpyemoro pecypca (nepcoHana, Mawim-
Hbl, 060PYAOBaHUSA U T. M.), TO UBMEHEHME MEeXY TOYKa-
MU MOHWUTOPWHra 4mMcna MCronb3yeMbiX PEeCypCoB OT K
0o n+m npvBedeT K N3BMEHEHUIO CKOPOCTU peann3aumm
npoekta B n+m/n=1+m/n paa. MNpn 611M3KMX N0 MOZYIHO
3HAYEHUAX 1 U m CKAYKOOOPaA3HOE U3MEHEHME OKaXeT-
€A BECbMa 3Ha4YMTeNbHbIM W NPednosioXXeHne O NaBHON
3aBUCMMOCTM CKOPOCTU OT BPEMEHU HEBEPHbLIM Oaxke u
npy BbICOKOW CTENEHU AeTannsaumm NpoeKTMpoBaHusa 1
MOHUWTOpUra. BcneacTeue aToro pesynsrar pacyeTa CKo-
POCTEN U YCKOPEHUSA OKaXETCA HEBO3MOXHbIM, a ycpen-
HeHVe Mo BpemMeHu MpuBedeT K notepe MHOpMaLumu.

[WCKpeTHbIN XxapakTep Hecknagupyembix pecypcoB
(HP) n cBasaHHas ¢ HUM CKaYKOOBPa3HOCTb UCMOSb3Y-
€MbIX MOLLHOCTEN AenatoT HEBO3MOXHbIM CTaHOapTHOe
onpegeneHne CKOPOCTU Kak MPOM3BOOHOW paboTbl Mo

BpemMeHu. Ecnn onpenenutb cpeaHioln CKOpoCTb peanu-
3aUMK NpoekTa B MOMEHT Af, B MPOMEXYTKE OT £, — At/2
no ¢ + At/2 Kak:

ult)= 2R, (1)

TO NPV CrNaxuBaHWM pesybTaToB MOHUTOPUHIA UCXO4-
Has OuWckpeTHas WHopmauusa 6yneT yTepsHa U npo-
rHO3MpoBaHMe xopa paboT OKaXeTCs HEBO3MOXHbIM.
B dopmyne (1) npogomxuTensHoCTL Nepuofa Af, onpe-
0ensieTca CTeneHbio getanuaaumm MNpoekTUpoBaHUA Y
MoHuTOpUra; AR(f) ecTb npupalleHue BbIMOHEHHbIX
paboT 3a NPOMEXYTOK Af.

Mpy OMUHMPOBAHUU ONCKPETHLIX HECKaaMpyeMbix
pecypcoB (HP) Temn peanusauumn npoekTa onpegenser-
CS BNNSHMEM OBYX KIaCCOB CTOXacTU4eCKuX (pakTopos.

1. MNagkrMe n3mMeHeHUs B npouecce CTpouTeNnbCTBa
MOLLHOCTU OOMUHMPYIOLLIEro Kracca Hecknagmpyembix
pecypcoB. Tak, HanpumMep, COCTOsIHNE 300POBbA U pPado-
TOCMOCOBHOCTL NMepcoHana MoryT UCMbITbiBaTb Koneba-
HWSA B Te4YeHne nepmoaa MOHUTOPUHIA, TakXXe BO3MOXHbI
nepepbiBa B paboTe CTPOUTENbHbIX MaLLMH U MEeXaHU3-
MOB, CBfi3aHHble C MOSIOMKOW 060pyaoBaHMA Unu npe-
KpalleHvem noga4m sHepruu.

2. Bo-BTOpbIX, Pe3KO 3aBUCHLLEE OT BPEMEHWU CTO-
XacTu4eckoe BO3LENCTBME Ha MPOLECC CTpoUTENbLCTBA
(peskoe M3MeHeHWe TemnepaTypbl WM KONMYecTBa U
BMAA 0CaOKOB, HEOLHOPOOHOCTb CKNaaMpyeMbiX pecyp-
COB U T. N.).

MeTogpbl y4eTta (hpakTOpoB 3TMX OBYX KNaccoB pas-
NU4Hbl. BnvsiHne MeaneHHoO MEHSIIOLLMXCA MO BPEMEHU
haKToOpOoB OOMKHO AMHAMMUMYECKUM paccHMTbiBaTbCA MO
pe3ynsrataM MOHUTOPUHra xoda CTPoUTEeNnbLCTBa U yun-
TbIBaTbCA NPW akTyanuaauum nporHosa. BnusHue cak-
TOPOB, PE3KO 3aBUCALLMX OT BPEMEHW, [OMKHO ycpen-
HATBLCA NO NPOMEXYTKaM MOHUTOPUHIa, a Npu BbIXo4e 3a
pamKu 3TOro NPOMEXYTKa Y4UTbIBATLCHA B MOLLLHOCTU CO-
OTBETCTBYIOLLEro pecypca. Lenbio HacToswen paboThbl
SIBNSIETCA POPMYyNMpPOBaHNe anropytMa AMHaMUYECKOM
KOPPEKTUPOBKN rpadmka paboT, BbIMNOMHAOLWNXCS C UC-
Nonb30BaHMEM ONCKPETHbIX HECKNAaMpyeMbIX pecypcoB
B YCIOBMSAX CTOXaCTUHECKUX BO3OENCTBUIN 060MX TUMOB.

PaccMOoTpyM Ha KOHKPETHOM Mpumepe anroputMm
onpeneneHuss HeCTOXacTUYEeCKMX XapakTEePUCTUK rpa-
hmKa NpoM3BOACTBA U MPOrHO3MPOBaHUSA HA 3TOW OCHO-
Be xofa paboT. [lycTb 3aBUCUMOCTb CKOPOCTU paboT OT
BpeMeHu 3afaeTcs rpacmkom Ha puc. 1.

Ha rpadvke HarnsgHO BUAHbI NEpPUOAbl TPEX TUMOB.

1. MNpaKTn4eckn NOCTOSAHHOM (C TOYHOCTBIO OO CTO-
XaCTUYECKNX W3MEHEHWI) CKOPOCTM peanu3aumm npo-
eKTa — B CpefiHeM NMpoaomXuTenbHoCcTb0 10 neprnonos
MOHWUTOpPUHra.

2. Peskoro, 3Ha4MTenbHO NPEBbLILLAIOWEro Cryyamn-
Hble nyKTyaumm N3MEHEHUs CKOPOCTW, CBA3aHHbIE C
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CKOpOCTb peanunsaumm npoekTa
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Bpems

Puc. 1. 3asucumocmo ckopocmu peasusayuu npoekma om epemeHu
0as 210 npomescymrkoe MOHUMOpPUHeA

Fig 1. Dependence of the speed of project implementation on time for
210 periods of monitoring
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Puc. 2. 3asucumocmo 0bsema 6binoaHeHHbIX pabom om epemenu (6 %
om noaHoeo obsema pabom no npoekmy) ¢ wiazom At no ocu abeyucc
Fig 2. Dependence of the amount of work performed on time (in % of the
total amount of work on the project) with a step along the abscissa axis

M3MEHEeHVEeM KoM4YecTBa UCMOoMb3yeMbIX Hecknagupye-
MbIX PECYPCOB.

3. lMepuoabl (Hanpumep, Mexay ToYykaMu MOHWUTO-
pWHra c Homepamu, nexawimmm B nHtepsane ot 100 go
150 n TO4KamMM B MHTepBane), B KOTOPbIX yKTyauum
no MoAynto 65IM3KN K [ETEPMUHNPOBAHHOMY U3MEHEHMIO
ckopocTen.

Mpu aTOoM Kak nykTyaumn, Tak n N3MeHeHnss MOLL-
HOCTEWN pecypcoB NPakTU4eCKM He CKa3blBalOTCA Ha 3a-
BMCUMOCTU OT BpeMeHU O6LLEro KoNM4YecTBa BbINOSHEH-
HbIX pa6oT R(Z), onpeaensiemMoro paBeHCTBOM:

R(t;)=
j=1

M-

u(t)- At=R(t;_;) +u(t;)- At, (2)

npuv Ha4ansHOM 3HadeHnn R(#)=0. HarnagHo 06beM Bbl-
NOrHeHHbIX paboT R(#) paBeH nnowlaan nof KpMBOM Ha
puc. 1. Ha puc. 2 nso6paxeHa 3aBUCUMOCTb R(#) 3a nna-
HOBOE BpeMs peanunsaLmn NpoeKTa, rae HarnsgHo BUOHO
oTCTaBaHue paboT OT KaneHO4apHoro nnaHa K MOMEHTY
naaHoBOro 3aBepLUeHns paboT, CBA3aHHOe C HECOOTBET-
CTBMEM MoLLHOCTel HP no cpaBHeHUo ¢ nacnopTHbIMK
3HaYEHUsIMMU.

Mo o6enm ocsAM NepemMeHHbIe MPUHUMAKOT OUCKPET-
Hble 3Ha4yeHUs U rpadvk SIBRSeTcs cTyneHvyaTbiM. [pu

10

Yucno ucnonb3dyembix HP

50 100 150 200
Bpems

Puc. 3. Ilran ucnoavsoeanus domuHupyoue2o Heckaaodupyemozo pe-
cypca 6 xode peanuzayuu npoekma

Fig 3. Plan for using the dominant non-stackable resource in the course
of the project implementation

X
& 87
¥
s
1
2 86
=
s
I
z 85
o
=
2
o 84
4
Q
=}
I
= 83
50 100 150 200
Bpems

Puc. 4. 3asucumocmov unoexca ebinoAHeHUs KAAEHOAPHO20 NAAHA OM
epemenu

Fig 4. Dependence of the implementation index of the calendar schedule
on time

3TOM B peasibHOM MacwiTabe CTyneH4aTbl XxapakTep 3a-
BMCMMOCTM R(#) He cka3biBaeTcs Ha Buae rpadmka.

MnaHoBass MoLlHOCTb Bcex HP 3aBucut oT mx pac-
npefeneHvs 8o spemenn K (¢) 1 MOLLHOCTU OTAENbHOro
pecypca p,, rie UHOEKC HymepyeT Bufbl UCMONb3YeMblX
pecypcos (nepcoHarn, o6nagarLLmii COOTBETCTBYHOLLUMMU
KOMMETEHUMAMN; MalunHbl unu obopynosaHue). 3apa-
Hue pacnpefenenns K (1) onpenensiet pecypcHyto co-
CTaBMSALLYI0 KaneHJapHoro nnaHa. B cnyyae, ecnu pe-
CYpC OQHOro BNAa, HanpMMep OCHOBHOE 060pyLOBaHMe,
onpefenseT xo4 peanusauun NpoekTa, pacnpepenexHve
K.(t) onpepiensieT 1 NnaHoBYyl CKOPOCTb u(t). IMEHHO
3TOT Criy4am n bygeT paccmaTtpusartbea ganee. [Npogunb
3TOro pacnpepeneHuns, COOTBETCTBYIOLLMIA paccMaTpu-
BaeMOMY CTPOUTENIbHOMY MPOEKTY, rpadnyeckn npeg-
CcTaBreH Ha puc. 3.

KaneHpapHbI nnaH BbINOMHEHHbIX padoT ﬁ(ti) onpe-
nensietca hopmMynoin (2) ¢ 3aMeHOM peasnibHON CKOPOCTH
paboT Ha nnaHoByto: u(t)—u(t).

3aBMCUMOCTb MHAEKCA BbINOSIHEHUS rpadmka OT Bpe-
MeHU n3obpaxkeHa Ha puc. 4.

HarnagHo BMOHO MOCTOSIHHOE OTCTaBaHue OT rpadm-
Ka, CBA3aHHOE C YMeHbLleHnem molHocTn HP no cpas.-
HEHWIO C NPOEKTHLIMW 3HAYEHUSIMU HA HAYasIbHOM 3Tane

6
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WHTepBanbl HeoNpeaeneHHoCTH
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Puc. 5. 3asucumocmp cpedneco yckopenus a(t) peaausayuu npoexma
om epemenu. Haens0no euonvr anomansho 6onvuIUe 3HAUCHUS a(t) e
MOMeHmbl UsMeHeHusi cocmaea ucnoavsyemvix HP. 3ona omcenenus
wupunoli 2a,,,. CoOomeemcmeyem GayKkmyayuam cKkopocmu

Fig 5. Dependence of the average acceleration a(t) of the project
implementation on fime. Abnormally large values a(t) are clearly visible
when the composition of the HP used changes. The “width of the cut-off
zone 2a,,,, corresponds to speed fluctuations

cTpouTenbCcTBa. Ha 3akntounTenibHOM aTane oTctaBaHme
CTabnnnanpoBasocb, OOHaKO MOSIHOCTbIO JIMKBUAUNPO-
BaTb OTCTaBaHWe He yaanochb.

Kak BngHoO 13 puc. 2 n 4, NHOEKC BbINOSIHEHMSA Ha-
MHOro 6ofiee 4YyBCTBUTESNEH K OUCKPETHOMY XapaKkTtepy
ucnonb3oBaHus HP, yem 06beM BbINOMHEHHbLIX PaboT.
CkaykuM Ha puc. 4 onpenensioTcs USMEHEHNEM KONUYe-
CTBa MCMOMb3yeMoro pecypca u ero Nnpou3BoanTESbHO-
CTW. PeaynstaTbl MOHUTOPUHrA CKOPOCTU MCMOSIHEHUS
npoekTa Mo3BOoMAOT ONpeaenUTb KONMYeCcTBo j, 1 Mo-
HbIl HA6OP MOMEHTOB BPEMEHU 7; B KOTOPble NPOUNCXO-
OUT U3MeHeHMe cocTaBa ucnonbayembix HP. MNockonbky
B TO4YKax ]; NPOUCXOANT PE3KOE U3MEHEHME MOLLHOCTU
MCMOMNb3yEeMbIX PECYPCOB, TO CpeaHee YCKOPEHUE:

Auty) .
a(tj)=TJ, j=12,..

s Jmax (3)
NpUHUMAaeT aHoMasibHO 60MblUMe 3HaYeHUs. ITOT hakT
OTpakeH Ha puc. 5.

AHanua 3aBUCUMOCTM CPeOHEero YCKOpeHusi OT Bpe-
MEHU CBWAETENbCTBYET O HaNM4YUM WHTEPBANoB He-
OnpeneneHHoCTU, B KOTOPbIX MMEKTCA 3KCTPEMyMbI
CpenHero yCKOpeHusi, MexaHm3mMm o06pa3oBaHusi KOTOPbIX
He MOXET 6bITb OQHO3HAYHO ONpeaesieH: OHM MOTyT OMnK-
cbiBaTb KaK (onykTyaumm CKOpOCTU, Tak U OAeTEepMUHU-
poBaHHbIe npouecchl (puc. 5). B pamkax ucnonbayemon
Mogenu nyKTyauum He MoryT 6biTb OAHO3HAYHO OTae-
neHbl OT AeTePMMHUPOBAHHBIX MpoleccoB. PasneneHne
MOXET 6bITb BbIMNOMTHEHO KAa4€CTBEHHO MyTEM BBEAEHUS
BEPXHEN rpaHuLibl MOAYNSA YCKOPEHUs a,,,,. ONns CTOXacTu-
Yeckux npoueccos [16]. Pe3ynsrar otaeneHus Bknaga
(hNyKTYaLMOHHBIX MPOLIECCOB B CPeOHEE YCKOPEHWe Nnpu-
BefeH Ha puc. 6.

PesynkraTt ycpegHeHNs CKOPOCTU B KaXKLOM MHTEpBa-
e HyneBoro 3Ha4yeHus E(tj) npvBeneH Ha puc. 7.

CpaBHeHue puc. 1 1 7 nokasblBaeT, YTO B MHTep-
Banax HeornpeaeneHHOCTU MOHUTOPWHI He MO3BONSeT
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Puc. 6. 3aucumocms cpedneeo yckopenus 5(5.), onpedensiemozo de-
MEPMUHUPOBAHHBIMU NPOUECCAMU, OM 6PeMeHU NPU 3HAYeHUU napame-
mpa omcevenus a,,,=0,2

Fig 6. Dependence of the average E(t/) acceleration determined by
deterministic processes on time at the value of the cutoff parameter
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Puc. 7. 3asucumocmsp ycpedHeHHOl CKOpOCMU OM 8peMeHU
Fig 7. Dependence of the averaged speed on time

C [OCTaTO4HOM HaAEXHOCTbIO BbIAENNTb BAUSHUE CTO-
XaCTUYeCKUX BO3LENCTBMIA Ha npouecc peanu3auuu
npoekTa. OTOT (paKT HaknagblBaeT OrpaHuyeHus Ha
TOYHOCTb MPOrHO3a CPOKOB OKOHYaHUSA CTPOUTENbLCTBA.
YTO4YHEHMe NporHo3a BO3MOXHO 3a CYEeT UCMOoNb30Ba-
HWA anbTepHaTUBHOrO crnoco6a OTAeneHus rnagkoro
TpeHda OT CTOXaCTUYECKMX W3MEHEHWN, OCHOBaHHO-
ro Ha rno6anbHOM aHanuM3e 3MMNUPUYECKOro Maccuea.
MpuHUMN pasfeneHua nccnegyemon 3aBUCUMOCTU Ha
OeTepMUHMPOBAHHYIO U CTOXacTUYeCcKyto 4acTn 6asu-
pyeTcs Ha pasnoXeHun uccrnegyemMon yHKUuu B psag
®ypbe [17]:

(t):ibisin(nmt)+icicos (mmt). (4)

m=1 m=0

AHanma cKopoCTM CXOQUMOCTU pasfnoxeHus (4) no-
3BOMSIET peLmnTb 3afady BblOENEHUss CTOXaCTUYECKOW
KOMMOHEHTbI HdOpMaumn. ITOT anropuT™M OCHOBaH Ha
Ka4eCTBEHHO Pas3nMyHOM MOBEAEHUN pasnoxeHus Oy-
pbe AMHaMMYeCcKon 1 cToxacTnyieckomn pyHkumm [18]. OH
NO3BOSIAET HE TOMBbKO OLIEHNTb, HO U BbIAENNUTL AeTepMu-
HMPOBAHHYIO YacTb SMNUPUYECKMX AaHHbIX. PasnnyHblie
MoandmnKaLMn 3TOro anropuTma LUMPOKO UCNOMb3YTCH
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anusayuu 002oHAWe20 epauka
Fig 8. Usage profile of a non-stackable resource in the course of the
implementation of a catch-up schedule
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Puc. 9. Pezyasvmam esedenus doeonsowezo epapuxa é nepeoii Noaosu-
He naanosoeo cpoka. Haensdno eudno, umo yeeauuenue cpoka ucnonb-
306anus HP 6e3 uzmenenus ux nianogoeo obsema no3eonsiem 3aKoH-
YUmMs CIMPOUMENbCIME0 8 NAAHOBbLI CPOK 0adce NPU HAAUMUU Pecypcos
HEeHOPMaMuGHOU MOWHOCIU

Fig 9. The result of introducing a catch-up schedule in the first half of the
planned period. It is clearly seen that increasing the period of used HP
without changing their planned volume makes it possible to complete the
construction in the planned period, even if there are resources of non-
standard capacity

BO MHOIMX 061acTax Haykn u TexHuku [19]. Mpu Hanuumm
00CTaTO4HOM SMMNNPUYECKON MHGOPMaLMM OH MO3BOJISA-
€T BblAenATb 4ETEPMUHNPOBAHHYIO HYacTb UHOpMauun
Jaxe Ha (poHe coBnagaroLlen ¢ Her No NopsiaKy Benu-
YMHbI CTOXaCTUYECKOM KOMMOHeHTbI [20]. B pesynsrate
MCMNOMb30BaHMA OAHHOIO anropMTMa MOXHO MOSTHOCTbIO
BOCCTaHOBUTb [EeTEPMUHUPOBAHHYIO MHGOPMALMIO W
CBOEBPEMEHHO CKOPPEKTUPOBATL PECYPCHbIA NPOUsb.
Pes3ynbTat peanusauun goroHsoLLero rpaduka nsobpa-
XeH Ha puc. 9.

BbiBoabl

OuHamMmunyeckasn KoppekTMpoBka rpaduvka peanusa-
LMW CTPOUTENbHbLIX MPOEKTOB 06nafaeT BbICOKON 3d-
(PEKTMBHOCTBIO MO COOTHOLLUEHUIO 3aTpatbl/addeKT.
Takasi KOppeKTMpOBKa [OSMKHa OCHOBbLIBATbCA Ha MO-
HUTOPUHre paboT B U3MYECKOM WM CTOMMOCTHOM
BblpaXeHun. [pn Hann4MmM BHELLUHUX CTOXacTUYECKUX
BO3LENCTBMIA HEOOXOONUMO YCpedHEHWEe pe3yfbTaToB
MOHUTOPUHra MO BpPeMeHW. TOoNbKO CBOEBPEMEHHOoEe

onpefeneHve napameTpoB AOroHsOLWEro rpaduka pa-
60T AaeT BO3MOXHOCTb MUHUMN3NPOBATL OOMOSHUTESb-
Hble 3aTpaTtbl U ONTUMU3NPOBATbL aKTyanu3MpoBaHHbIN
KaneHgapHbIn nnax.

Ecnn gnckpeTHbIi xapakTep noTpebnsembix pecyp-
COB cnabo cKasblBaeTCs Ha Temne paboT Nno NPoeKTy, TO
napameTpbl OOroHsLero rpacduka onpefnensoTes au-
HaMWKOW yCpeaHEHHbIX N0 BpEMEHM 06LEMOB, TEMIMOB U
ycKopeHun paboT. NMpu aToM 3aBUCUMOCTb OT BPEMEHM
BCEX 3TMX NapaMeTpoB ONUCHIBAETCH MaaKUMmN OyHKLM-
AMn. B NpoTMBONONOXHOCTL 3TOMY, €CNIN CKOPOCTL pa-
60T onpefenseTca AMHaAMUKON HECKNaanpyeMbIX pecyp-
COB, TO OHa UCMbITbIBAET CKAYKN B MOMEHTbI MU3MEHEHWSA
KOMIM4YeCcTBa WCMNOMb3yEMbIX PECYpPCOB, YTO BbI3bIBAET
pe3koe U3MeHeHne NPOU3BOAHLIX B 3T MOMEHTbI Bpe-
MeHu. [uHammka o6bemMoB paboT Mo NPOEKTy AEeMOH-
CTpUpyeT cnabyto HyBCTBUTENbHOCTb Kak K AUCKPETHOMY
XapakTepy pecypcoB, Tak U K BHELLHUM CTOXaCTUYeCKUM
Bo3gencTemaM. Kpome TOro, nonHoe ycpenHeHue no
BPEMEHW NPUBOAMT K nNoTepe nHdopmMmaumm 06 3TMx oco-
6EHHOCTAX OUHaMWKN CTPOUTENLCTBA.

Ha Temn peanuaauum npoekTa okasblBalT BUSHNE
OBa BMOa CTOXacTU4Yeckux (DakTOpOB, MPUMBOAALLUX K
M3MEHEHUIO CKOPOCTWU CTpouTenbcTBa. BnuvaHune dhak-
TOPOB, 6bICTPO U3MEHSIOLIMXCA BO BPEMEHMU, AOMKHO
YCPELHATLCA MO MPOMEXyTKamM MOHUTOpuHra. B npo-
TMBOMOJIOXHOCTb 3TOMY BKag MeAfieHHO MeHSALLMXCA
(haKTOpPOB AOMXEH akKTyanu3nmpoBaTbCA MO pesynbTa-
TaM MOHWTOPWHra xopa CTPOUTENbCTBA U Y4YUTbIBATb-
cs Npy NoCcTpoeHun nporHo3a. Benepcteme aTux oco-
6eHHoCcTEeNn anroput™ OPMUPOBAHUS OOrOHAOLLEro
rpacuka paboT He MOXeT 6a3upoBaTbCA Ha MOAHOM
YyCPEeOHEHUN pe3ynbTaToB MOHWUTOPWUHIra no BPEMEHW,
a [o/mkeH 6a3mMpoBaTbCa Ha aHanMae 06bLeMOB U YCKO-
peHuM xoda BbINOSIHEHUA MNpoekTa. [MpeanoXeHHbIn B
JaHHOW paboTe anroputm 6asmpyeTca Ha peaynbraTax
MOHUTOPUHra Temna padoT 1 ycpeaHeHUM AnLLb No ne-
puogamM MOCTOSIHHOIO COCTaBa 4yucna AUCKPEeTHbIX pe-
CYpCOB.

BHelLHWe cToxacTu4yeckue BO3OENCTBUA MNpUBOAAT
K BO3HUMKHOBEHWIO MEPUOAdOB KakK pPe3koro M3MeHEeHUs
Temna, CBA3aHHbIX C U3MEHEHNEM KONWYECTBa UCMOSb-
3yeMbIX PECYPCOB, Tak U NEPUOOB, B KOTOPbIX MOOYNM
dnyKTYyaLuumn MMeroT TOT Xe NopsiAoK, HYTo U AeTepMUHK-
poBaHHOE W3MeHeHMe ckopocTenh. MeTon pasgeneHus
CTOXaCTUYECKNX MU AEeTEPMUMHMPOBAHHbLIX BO3LENCTBUM
OCHOBaH Ha aHanuae cpefHux (3a Bpems Mexny Tou-
KamMu MOHWUTOPUHra) yCKOpPeHUn. ANroput™m BblOeneHus
0ETEPMUHMPOBAHHOW KOMMOHEHTbI MOXET OCHOBbIBATbL-
Cs Kak Ha 3MNUPUYEeCKOM npaBuiie 30Hbl OTCEYEHUS,
Tak M Ha KA4eCTBEHHOM pasnuynm cnektpa dypbe CTo-
XacTU4eckux 1 OeTepMUHUPOBaHHbIX OYHKUMA. B nep-
BOM nogxofe TepsieTcs 4YacTb MCXOAHOW MHopMaLumu.
®ypbe-aHanu3 pesynsTatoB MOHUTOPWMHIa MO3BONAET
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NOSTHOCTBIO BOCCTAHOBUTL AETEPMUHUPOBAHHYIO MHGOP-
Maumio gaxe Ha ¢poHe coBnagatoLLero ¢ HEM Mo UHTEH-
CMBHOCTWN CTOXacTudeckoro curHana. B nio6om cnydvae
NPEANOXEHHbIA anropuTM faeT BO3MOXHOCTb Chopmy-
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PanuonanbHoe npuMeHeHune
JIOMOCTPOHUTEIbHBIX TEXHOJIOTUHI

CTpounTteribHbIe TEXHOIOMMM MMEIOT OCOOEHHOCTN, KOTOPbIE B 3aBUCUMOCTU OT MECTA M 384a4 CTPOUTESILCTBA BbICTYNaloT
KaK rpeumyLLeCcTBa U1 Kak HeJOCTaTKU apXUTEKTYPHO-CTPOUTESTbHOV CUCTEMbI. OKOHOMMYECKas 60pbba CTPOUTESIbHbIX
OUPM Ha PbIHKE XWUITNLLHOIO CTPOUTENILCTBA MOXET NPUBOAUTL K HEPALMOHATbHOMY MPUMEHEHUIO [OMOCTPOUTESIbHBIX
TEXHOOMWV 1PU PELLIEHUN FOPOACKUX apPXUTEKTYPHO-CTPOUTESIbHBIX 3a4a4. OTO MOCAYXUI0 MPUHNHOM KOMITIIEKCHOM
OLIEHKM paLOHaIbHOCTY MPUMEHEHUST JOMOCTPOUTESTbHBIX TEXHOSIOMMU B Pas/inyHbIX YC/I0BUSIX FOPOLCKOro CTPOUTESTb-
cTBa. ABTopamMu paccMaTpuBaEeTcs npobriemMa He CTOSIbKO CO CTOPOHbI MHTEPECOB 3aCTPOULLMKA M NOAPA[YNKA, CKOSTIbKO
CO CTOPOHbI FOPOACKUX apXUTEKTYPHO-CTPOUTESTbHbBIX 38484 U MHTEPECOB MOTPEOUTESISI CTPOUTESTbHOM npodyKkuymm. [pm
rpoBeAeHnnN nCccreoBaHVsl BHa4asne peLuanack 3agada Bbloopa KpUTepueB CpaBHEeHNs JOMOCTPOUTEIbHBIX TEXHOSO-
v, 3aTeM OLEHNBAJINCH 110 BbIOPaHHbIM KPUTEPUSIM TEXHOSIOMN COBPEMEHHBIX aPXUTEKTYPHO-CTPOUTESIbHbLIX CUCTEM.
g Konm4ecTBEHHOV OLEHKU CpaBHUBAEMbIX JOMOCTPOUTESIbHbLIX TEXHOIOMMY MPUMEHEH METOL 3KCNEPTHOM OLEHKU.
o pesynsratam uccrefoBaHus caesnaH BbiBO4 O paunoHasibHOM 0671aCTy MPUMEHEHUST OCHOBHBIX JOMOCTPOUTESIbHBIX
TexHosoruv. MoHonMTHas JOMOCTPONTESIbHAs TEXHOSI0MMs1 0671a[aET 60JbLLEN YHUBEPCASIbHOCTbBIO, TOTOMY YTO fpyMe-
HUMa B YCII0BUSIX UCTOPUYHECKOIO LUEHTPA, OCOBEHHO B COHETAHUMN C MOHOSIUTHBLIMU TEXHOSIOMNSIMIN OCBOEHMS 0A3EMHOIo
rpOCTPaHCTBa, TaKUMU Kak CTeHa B rpyHTe, 6ypoHabnBHbIe cBau, «top-down» MeTo[. B To e BpeMs 4515 coumasribHoro
XKW/TbS1 HA HOBbIX TEPPUTOPUSIX PaLMOHAITEHO MPUMEHSITb, OCOBEHHO B YCII0BUSIX MACCOBOIO CTPOUTE/IbCTBA, TEXHOTOMMIO
COOPHOro KpyrHonaHesIbHoro JOMoCTPOeHUs. KpoMme Toro, B CTarbe pacCMOTPEHbI YCII0BUSI PaLMNOHAIIbHOIrO NpuMeHe-
HUS1 TPAANLMOHHOV KIaf04YHOM 1 COOPHO-MOHOSIUTHOM JOMOCTPOUTESIbHOM TEXHOSIOMM.

Knro4eBbie c10Ba: JOMOCTPOUTENIbHAS TEXHOMOMMS, PALMOHATIBHOE NPUMEHEHUE, KDUTEPUI CpaBHEHMS, IKCIepT-
Hasl oLeHKa, MOHOITHOE JOMOCTPOEHUe, C60PHOE JOMOCTPOEHHE, C60PHO-MOHOIMTHOE JOMOCTPOSHUE, KUPIUY-
Hoe JOMOCTpOeHMe.
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Rational Application of House-Building Technologies

Construction technologies have features that, depending on the location and tasks of construction, act as advantages or disadvantages of the architectural
and construction system. The economic struggle of construction companies at the housing construction market can lead to irrational use of house-building
technologies when solving urban architectural and construction problems. This was the reason for a comprehensive assessment of the rationality of the use of
house-building technologies in various conditions of urban construction. The authors consider the problem is not so much from the interests of the developer and
the contractor, but the city’s architectural-construction tasks and interests of consumers of construction products. When conducting the study, the task of selecting
criteria for comparing house-building technologies was first solved, then the technologies of modern architectural and construction systems were evaluated
according to the selected criteria. The method of expert evaluation is used for quantitative evaluation of the compared house-building technologies. According to
the results of the study, a conclusion is made about the rational application field of the main house-building technologies. Monolithic house-building technology
has more versatility, because it is applicable in the conditions of the historical center, especially in combination with monolithic technologies for the development
of underground space, such as a wall in the ground, bored piles, and the «top-down» method. At the same time, for social housing in new territories, it is rational
to use, especially in conditions of mass construction, the technology of prefabricated large-panel housing construction. In addition, the article considers the
conditions for the rational use of traditional masonry and prefabricated monolithic house-building technology.

Keywords: house-building technology, rational application, comparison criterion expert assessment, monolithic housing construction, precast housingconstruction,
precast-monolithic housing construction, brick housing construction.

For citation: Diachkova O.N., Tilinin Yu.l., Ratushin V.A. Rational application of house-building technologies. Zhilishchnoe Stroitel'stvo [Housing Construction].
2020. No. 1-2, pp. 11-15. (In Russian). DOI: https://doi.org/10.31659/0044-4472-2020-1-2-11-15

1-2'2020 11




TexHonorms v OpraHm3saumd
CTPOUTENIbHOIO NMPOM3BOACTBA

CTPORTETRCTR0

Hay4Ho-TexH14eckunin
1 NPON3BOACTBEHHDBIN XYypHan

O6nacTtb NPUMEHEHUS [OMOCTPOUTENbHbIX TEXHOSO-
rMiA B YCIOBUSIX FOPOACKOrO CTPOUTENbCTBA UMEET CBOU
npennocbiNkK, CBA3aHHbIE B MEPBYIO ovepenb C 3agaqa-
MU rOPOOCKOro CTPOUTENLCTBA, MECTOM CTPOUTENBLCTBA,
XapakTepuayembIM CrOXMBLLENCA 3aCTPONKOW, Hanu-
YMEeM UHXEHEPHOro obecneyeHns, reorormM4eckumMm yc-
nosuamu. bonblloe 3HayYeHne nmeet ANa NpUMeHeHus
OOMOCTPOUTENbHBLIX TEXHOMOMMIA NPU MacCOBOM CTPOU-
TENbCTBE HanM4yne Heo6XOAUMBIX MPOU3BOLACTBEHHbLIX
MOLLIHOCTEN CTPOUTENBbHOIO KoMrsekca [1].

B >xununwHom ctpoutensctBe CaHkT-lNeTepbypra
Hanbonee 4acToe nMpPUMEHEHVE UMEeIoT cregyoLlime
OOMOCTPOUTENbHbIE TEXHOMOrMU: TpaauMUMOHHAA Kna-
OOYHasA, KpyrnHonaHesibHas, MOHONMUTHAA U COOPHO-
MOHONMUTHasA TexHonorus. lccnegoBaHue TEXHOMOMMN
KUPMWYHbIX OOXOOHbIX OOMOB WCTOPUYECKOrO LIEHTpa
CaHkT-leTepbypra BbIABMMNO MPOYHOCTHbIE OCOBEHHO-
CTV TpaguvUMOHHOW KNafo4HOW TEXHOMOrMu 3a c4eT Xa-
pakTepa COBMECTHOM paboTbl maTtepuana cTeH [2]. Kup-
NMUYHbIE CTEHbI MHOMMX O6BEKTOB KYNBTYPHOMO Hacneams
COXPaHAT 3KCMyaTauMoHHble CBOMCTBA MPOYHOCTHOrO
N 9CTETUHECKOro XxapakTepa yxe 6onee 150 net. Cospe-
MEHHbIe KNafo4Hble TEXHONOMUN Pa3BMBAKOTCS HA MHO-
rofieTHEM TEXHONOMMYECKOM OnNbITE KUPMMYHOM Knagku
C Y4ETOM HOBbIX KJ1aAO4HbIX MaTtepuarnos U3 NnopucTbixX
6ETOHOB 1 NMYCTOTHbIX KepaMn4ecknx kamHen [3]. Tpagu-
LMOHHas KNnagoyHasa TEXHONOrs NpUMeHsieTcs Ansa CTpo-
UTENbCTBA HAPYXXHbIX U BHYTPEHHUX CTEH U MEPEropoaokK
30aHWI, BbINOIHEHHbIX U3 KMPMMYa U MENKMUX 6/10KoB, a
TakXe B 30aHUSAX C MOHOSIUTHbLIM XXeS1e306€TOHHbLIM OCTO-
BOM [4, 5]. Pa3BuTne 1 coBepLLUEHCTBOBaHNE CTPOUTENb-
HbIX KpaHOB CNOCO6CTBOBAN CKOpeNLLEMY BHEOPEHMIO B
NPaKTUKY XWUULLHOrO CTPOUTENLCTBA AOMOCTPOMUTENb-
HbIX CUCTEM, COCTOSILLMX U3 KPYMHbIX COOPHbIX Xeneso-
6ETOHHbIX NaHenen 3aBoACKOro U3roToBeHus [6].

CTpouTtenbCTBO KpynHOMaHenNbHbIX 34aHUA BedeTcs
METOAOM MOHTa)a COOPHbIX XeNe306€TOHHbIX 3M1eMeH-
TOB: KPYMHbIX CTEHOBbIX MaHenemn, CaHUTapHbIX, BEHTU-
JIAUMOHHBIX N NNPTOBBLIX 06BEMHBLIX GIOKOB, NECTHUY-
HbIX MapLUer, NIoLwanokK, NAUT NepeKpbITUS N NOKPbLITUS,
W3roTOBMIEHHbIX Ha [OMOCTPOUTESIbHLIX KOMOMHATaXx.
TexHonorma maclwTabHoO passueanachb B nepuog ¢ 1950
no 1980 r. n cnoco6¢cTBOBana B Nepvof MHaycTpuanm-
3auUnn peLLEeHNIo XUULLHOK nNpobnemsbl. B aToT nepuop,
BHEOPANCA MNOTOYHbIA METOL CTPOUTENLCTBA HA OCHOBE
TMNU3auum, yHudmkaumm, nHaycTpmanm3aunm u KOHLEH-
Tpauum CTpouTesIbHOro Npon3BoAcTBea [7].

BHegpeHve TexHonormm CcO60pHOro OOMOCTPOEHMUS
YMEHbLUUIIO 3aBUCUMOCTb CTPOUTENIbCTBA OOBLEKTOB OT
KMMMaTU4eCKUX U MOrogHbIX YCIOBUIA MO CPaBHEHMUIO C
KaMEeHHbIMU 1 6ETOHHbIMK paboTamu, NOBLICUIO NPON3-
BOAMTENBHOCTb TpyAa 1 3P PeKTUBHOCTb UCMOSIb30BaHUS
OCHOBHbIX MPON3BOACTBEHHbLIX MOLLHOCTEN B CBA3U C MO-
TOYHOW opraHu3auuen crtpouTenscTea. KpynHonaHenb-

Has gomMocTpouTenbHas cuctema Ha 20-25% peluesrne
KapKaCHOM 1 MOHOJTMTHOM CTPOUTESIbHbIX CUCTEM [8].

B npouecce mogepHU3aumm oOMOCTPOUTESIbHbIX KOM-
6MHaTOB KEPaM3NTOOETOHHbIE HAPYXHblE CTEHOBbIE Na-
Henu 3aMeHeHbl HOBbIMU TPEXCIOMHLIMU, COCTOALLUMMU
N3 Hapy>XHOro M BHYTPEHHEro 6ETOHHBIX CIOEB, 3aKSo-
YalLLMX B cepemHe naHenu Tension3onsaumoHHbIN Clown,
npyv 3TOM MPUMEHSAIOTCA NETNEBblE Y3/bl COeANHEHUS
naHenen [9].

C nosiBNeEHNEM Ha CTPOUTENBHOM PbIHKE MMMOPTHOM
KPYMNHOLLMTOBOWM onanybku ¢ nasybon n3 BraroCTONKON
haHepbl, 3aKpenneHHOW Ha MeTanfIM4ecKoM Kapkace,
B 1990-e rr. HabupaeT TemMn MOHOSIMTHOE OOMOCTpPO-
eHve [10]. Mpn MOHOAUTHOM TEXHOIOrMK BO3BEAEHMS
30aHnin Bce paboyne ornepaunn BbINOSHAKTCA Ha CTPO-
UTENbHOM OObEKTe C WCMONb30BaHWEM MEXaHU3upo-
BaHHOro crnocoba nofga4m 6eToHHOM CMecKn B onanyoky.
OpHMM 13 NpPenMyLLeCTB MOHOMUTHOMO AOMOCTPOEHMUS
Ha cnabbix U HaMblBHbIX FpyHTax B CaHkT-leTepbypre
ABNAETCA BbIFOAHOE KOMOUHNPOBAHNE MOHOMUTHbIX TEX-
HOMMOrM OCBOEHMUSA MOA3EMHOro NPOCTPaHCTBa C MOHO-
JINTHBIMWN TEXHONOMUAMU CTPOUTENBLCTBA HAA3EMHOM Ya-
CTW MOHOSNNTHbIX 3gaHun [11-13].

HoBbIM HanpasneHnem pasBUTUA TEXHONOMMN Macco-
BOMO >XWSIULLHOrO CTPOUTESNIbCTBA ABMAETCA COYETaHME
COOPHbIX KOHCTPYKLUMIA C MOHONUTHBIMK y4acTkamu. Og-
HOWM N3 TakKnxX TEXHOSOMMn ABNseTcs COOPHO-MOHONUTHAS
cTpouTensHasa cuctema KYB, npeacrasnsiowlas cobom
coyeTaHne COOPHbIX Xee306eTOHHbIX KOMOHH pasme-
pomM ce4eHus 400X400 MM, NAUT NEPEKPbITUA TOMNLLM-
HOM 160 MM M MOHONNTHBIX Yy4aCTKOB, COEOUHAIOLLNX B
LLeNIOCTHYIO KOHCTPYKLMIO COOPHbIE 3M1EMEHTbI 30aHUS.

Ewe po 1970 r. 8 LULHUN3I xumnuwa 6binn paspabdo-
TaHbl KOHCTPYKUMM 6€36a104HOr0 NepPeKpbITUS, He UMe-
owero Kanutenu. B pganbHenwem 6biin paspaboTaHbl
MOANMPMLUMPOBAHHbIE BapuaHTbl CUCTEM COOPHO-MOHO-
nntHoro 6e3purensHoro kapkaca KYbB-2,5, KYB-3V [14].

OCO6EHHOCTLIO CTPOUTENBLCTBA TaKMX TUMOB 30AHUN
ABNSETCA NPUMEHeHe COOPHOro 6e3puUrenlbHOro kapka-
ca, COCTOSILLIero U3 creaytoLmnx aNemMeHToB:

1. CocTaBHbIX COOpPHbIX XENe306ETOHHbLIX KOJSIOHH
400x400 mm gnvHon o 15 M (B MecTax npuMbIKaHus
NepeKpbITUSA K KONMOHHE B KOJTOHHE OTCYTCTBYET GETOH).

2. XKene306eToHHOWN NAWTbI NepeKpbITUS 3X3 M, Ton-
wimHom 160 Mm.

3. XKene306eToHHbIX cBa3er ceveHnem 200X250 mm,
obecneynmBaroLLMX MPOCTPAHCTBEHHYID >KECTKOCTb U
YCTOMYMBOCTb Kapkaca.

4. Onadparm XecTkocTy TonwmHon 160 mm.

Mogndmkauusa KYB-2,5 nmeet cnegytoLime apxurek-
TYPHO-CTPOUTESIbHbIE XapaKTEPUCTUKM:

— 3TaXHOCTb B CEMCMOOMACHbIX parioHax cTpouTesb-
ctBa fo 15 ataxen, B HeCEMCMOOMNACHbIX panoHax Ao
25 ataxen;
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Ta6nuua 1
Table 1

PaHXupoBaHue KpuTepueB OLIEHKN TEXHONOrUU
AOMOCTPOEHMSA MO 3HAYMMOCTHN
Ranking of criteria for evaluating housing construction
technology by significance

Ta6bnuua 2
Table 2

Pe3ynbTaTbl 9KCNEPTHOW OLIEHKN OCHOBHbIX AOMOCTPOMUTESIbHbIX TEXHONOI MM
CTPOMUTENbHbIX CUCTEM XUNbIX 3AaHUN, BO3BOAUMbIX B CaHKT-MeTepbypre

Results of expert evaluation of the main house-building technologies of building

systems of residential buildings being built in St. Petersburg

No Kputepuun oueHkn 3Ha4MMOCTb Kputepus 3Ha4eHve No AecaTbansibHoON LKane Kputepus
n/ﬁ TexHonorum no gecaTnbéansbHow ’\}9 Hecatb KpMTEPUEB OLIEHKN OLIEHKM [JOMOCTPOUTENbHbIX TEXHOSOMUI
MOCTDOEHUSI LKan n/n | [OMOCTPOUTENLHON TEXHOMOMMK
AomocTpoe ane Knapgka MaHenb MoHonut KYB
1. ApxutekTypa, Tenno- 1 3ByKonsonauus ) DaCaTHbIE APXATEKTYPHBIE 0 R . .
11 ®dacafHble 8 peLueHns
" | apxuTekTypHble peLueHus
2 [MnaHVpoBOYHbIE apXUTEKTYpPHbIE 7 3 9 10
MnaHMpoBoYHbIE peLueHns
1.2 | @pXUTEKTYPHbIE peLueHks 7 3ByKkom3onaums (MUHUManbHas
(cBo6opa NNaHNpPOBKM) 3 i u 9 3 5 4
1 6ann)
MpvBeneHHas obLuas .
1.3 | nnowane 6 MeHee 6,93 WToro: apxutekTypa v 3ByKOU3onsauus 26 9 20 20
(MakcmanbHoe 3HadveHve 30 6annoB)
Ha 1 KBapTmpy
TennonzonaLus 4 ?gaa)ﬁ;t))cm (MUHMManbHas 7 8 10 9
1.4 | (Nnpn6an3nTEnLHO paBHas 5 meHee 6,93
3a CYeT yTennuTens) 5 MpoYHOCTbL 1 CEACMOCTONKOCTb 4 7 10 8
(MMHMManbHas 1 6ann)
1.5 | 3Bykousonsums 9
ONrOBEYHOCTb (MUHUMAanbHas
2. OTaXHOCTb, MPOYHOCTb, AONTOBEYHOCTb 6 1116ann) ( 10 7 10 8
2.1 | SraxHocTe 8 MTOro: 3TaXHOCTb, MPO4HOCTb,
MpO4HOCTb 1 AONroBE4HOCTb (MakcuMarbHoe 21 22 30 25
22 CeliCMOCTONMKOCTb 10 3HadeHue 30 6annos)
23 ONrOBEYHOCTL 9 KanutanoemkocTb (MUHUMarbHas
A 7 10 6annos.) 5 4 8 5
3. DKOHOMWMYHOCTb U MaccoBOCTb
8 Ce6ecTonMoCTb (MUHUMAarbHast 5 10 7 9
3.1 | KanutanoemkocTtb 8 10 6annos.)
3.2 | CebectoumocTb 9 TpynoemKkocTb (MakcumarnbHas
9 4 9 7 8
1 6ann
3.3 | TpypoemkocTb 9 )
MaccoBocTb (MUHUManbHas
3.4 | MaccoBocTb 7 10 | 6ann) 4 10 8 9
3.5 | MarepuanoemkocTe 5 meHee 6,93 MNTOro: 3KOHOMUYHOCTb ¥ MaccoBOCTb 18 a3 30 31
3.6 | VinpycTpuansHocTs 4 Menee 6,93 (MakcumanbHoe 3HadeHve 40 6annos)
MTOro: TexHonorms cTpouTesnisHon
Cymma 6anos 104
y cucTeMbl (MakcMmanbHoe 3HadYeHne 65 64 80 76
CpepnHui 6ann 6,93 100 6annos)

— CEeNCMOCTOMKOCTb A0 9 6annos;

— HecyLas CnocoBHOCTb MEXAYITaXKHOro Nepekpbl-
Tna no 1300 kr/ms;

— BblcOTa 3Taxa 2,8; 3; 3,3 m;

— OCHOBHas CeTKa KOJIOHH 6 M;

— OOMNONHUTENbHbIA Lar KOMOHH WAuM nponeT 3 wm;
12 m.

TexHNKO-9KOHOMUYECKME nokasaTenu pacxoa 6eTo-
Ha Ha 1 M2 nepekpbITMA No aaHHbIM «HIMO KYB» cneay-
toLme: COOpHbI Xene3o6eToH — 19 m3; 6eToHHas cMech
ONs MOHOMUTHBIX Y4acTKOB U y3nioB — 0,016 M2,

HapyXHble CTeHbl B TakOM 34aHuu MOryT ObiTb B
BUOE Tenno3aeKTUBHbIX MaHenem Wnu yTennaeHHOW
KNagkn nu3 Menkmx 6510KOB 1 KMpnuya ¢ y4eTom Tpebo-
BaHWU Tenno3awmTbl AN KOHKPETHOro pernoHa. Ysen
coeguHeHUs1 COOPHbIX XXene306eTOHHbIX KOMOHH BbIMOS-
HAETCA Ha ypoBHEe nepekpbiTua. Ona coBnageHus ocewn
KOSIOHH MpefyCcMOTPEH CTalbHOW CTEPXEHb, BbICTynato-
LW U3 TOPLIEBOW rPaHn B HUXXHEN YacTN MOHTUPYEMOM
KOSIOHHbI, KOTOPbLIA BCTaBMAETCA NPW MOHTaxe B naTpy-
60K, pacronoXeHHbI B BEPXHEN TOPLIEBOW MpaHu Koro-

Hbl HVMXenexallero aTaxa. B y3ne BbinonHseTcs anek-
TpoCBapHOEe COeAMHEHWE BbICTYNAaKLMX U3 TOPLEBbIX
rpaHer apMaTypHbIX CTEPXXHEN KapKacoB COeAMHAEMbIX
KONOHH [14].

B pesynbrate, cpaBHMBas ygenbHble 3aTpaThl TpyAa
Ha CTPOUTENbLHOM NMoLLaAKe MO TEXHONOMMAM COOPHOrO,
MOHOJIMTHOrO U COHOPHO-MOHOMAUTHOIO OOMOCTPOEHWUS,
aBToOpbl MOAY4YMAM nokasaTtenu cooTBeTcTBeHHO 0,09;
0,26; 0,11 4yen.-aeHb Ha 1 M.

[omMocTpouTENnbHbIE TEXHOMNOTMU MMEKT CBOM OCO-
6EHHOCTK, KOTOpble B 3aBUCMMOCTM OT MecTa W 3apad
CTPOUTENBLCTBA BbLICTYNAOT Kak NpeuMyLLecTBa Unn He-
OocTaTku paccMmaTpuBaeMon apXMTEKTYPHO-CTPOUTESb-
HOWM cUCTEMbI. DTO aKTyasnbHO AN KOMMIEKCHON OLEHKM
NPYMEHUMOCTN apXUTEKTYPHO-CTPOUTESbHBIX CUCTEM U
TEXHOMOMMM B Pas3fivyHbIX YCOBUSAX FOPOACKOro CTpou-
TenbcTBa. [NpoBoaMMble CpaBHEHWS MO pacxody mare-
puana, 3atpatam Tpyaa B 3aBOACKUX U MOCTPOEYHbIX
YCNOBUSAX AAOT OOHOCTOPOHHIOD, CyObEKTUBHYIO OLIEHKY
TEXHOMNormm, TeM 60nee ecnu CpaBHEHVE He CBA3AHO C
MECTOM W YCNOBUAMWU CTPOUTENLCTBA, NO3TOMY aBTOpbI
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NPUMEHWUNN MeTo[ SKCNEPTHBIX OLLEHOK MpWU nccnefosa-
HUX paumoHanbHOW 061acTU NPUMEHEHUS TEeXHOMOrnN
pasnn4HbIX apXUTEKTYPHO-CTPOUTENBHBIX CUCTEM.

Ha npenBaputensHOM 3Tane nposoauncs BblI6Op
KpUTEPUEB CpPaBHEHWUS CTPOUTESIbHbIX TexHonorui. Ha
BTOPOM 3Tane MccnegoBaHusi OLEeHMBanuUCb Metogamu
3KCMEePTHOro onpoca crneuyvannucTos No 3apaHee pas-
paboTaHHOM aHKeTe: apXUTEKTYpPHble, MPOYHOCTHbIE U
3KOHOMUYECKNE XapaKTEPUCTUKU COBPEMEHHLIX apXu-
TEKTYPHO-CTPOUTENBHBLIX CUCTEM C Pa3NNYHbLIMU TEXHO-
NOrMsIMU CTPOUTENBCTBA HECYLLIMX N OrPaX[atoLLmnX KOH-
CTPYKUmin. Ins Bblibopa KpUTEPUEB N CPABHEHUS MO HUM
OOMOCTPOUTENBHBIX TEXHOMOIMA MNPUMEHSAETCA MeTof
9KCMNEPTHbIX OLEHOK.

3a ocHoBY 6blna MpuHATa Cnegylowas nocrnenosa-
TENbHOCTb BbIPabOTKN 3KCMEPTHOrO peLueHus: popmu-
poBaHWe KBanMMOUUMPOBAHHOW 3KCMEPTHOM rpynmbl;
paccMmoTpeHue Npobrembl; MOAroTOBKa aHKEeTbI; pacCcMOo-
TpeHne BO3MOXHbIX BapuaHTOB OTBETOB 4fieHaMW 3KC-
NepTHOW rpynnbl; aHKETUPOBaHWE; MaTemaTnyeckasa o0b-
paboTka BapuaHTOB OTBETOB; OBCYXAeHWe pe3ynsLTaToB
aHKeTMPOBaHUA U NPUHATUE peLleHns 06 UX JoCToBep-
HOCTW; OrfalleHve pes3ynbTaTtoB 3KCNEepPTHOM OLEHKWN B
crnyyae ux JOCTOBEPHOCTU UKW MNOArOTOBKA MOBTOPHOMO
3KCMNepTHOro ornpoca.

B akcnepTHOM OLIeHKe NpUHUManu y4actue KaHanaatbl
M [OKTOpa TEXHNYECKMX HayK no cneumansHoctn 05.23.08
«TexHONnorma u opraHnadauus ctpovtensctea». [ns Boi6o-
pa 3Ha4YMMbIX KpUTEPUEB OLIEHKU TEXHOMOMMN [JOMOCTPOe-
HWS BbIMOSIHEHO UX PaHXMPOBaHME MO 3HA4YMMOCTU (BECO-
MocTH). Pesynetathl npeactasneHsl B Taén. 1.

[nsa npoBefeHns cpaBHUTESNIbHON 9KCNEPTHOM OLEH-
KW TEXHOSOrMM [OMOCTPOEHUs BblGpaHbl cregyioLline
3Ha4YMMble KpUTEpUmn:

— hacafgHble apXUTEKTYpPHbIE peLLeHns;

— MNaHMPOBOYHbIE aPXUTEKTYPHbIE PELLIEHNS;

Cnucok nutepaTypbl

1. Pwi6HOB E.WN., Eropos A.H., Xangyukuii 3., rgumum-
aH H.I". OpraHusauus 1 nnaHMpoBaHue paboTbl Npo-
W3BOACTBEHHbIX CTPYKTYP NpU KPYMHOMAacCLUTa6HOM
XKUIULLHOM CTPOUTENLCTBE // BECTHUK rpaxgaHCcKkux
nHxeHepos. 2018. Ne 3 (68). C. 98—-102. DOI: https://
doi.org/10.23968/1999-5571-2018-15-3-98-102

2. TonoeuHa C.I'., Cokon K0.B. K Bonpocy uccnepno-
BaHWsl COBMECTHOW paboTbl CTPOUTENbHBIX MaTepu-
anoB B HApY>HbIX OrpaxparwLnx KOHCTPYKUMAX B
ObIBLLUMX [OXOOHbIX AOMax MCTOPUYECKOro LieHTpa
CankT-lNeTepbypra // BeCTHUK rpaXaaHCKuX UHxXe-
Hepos. 2018. Ne 3 (68). C. 112—-117. DOI: https://doi.
org/10.23968/1999-5571-2018-15-3-112-117

3. KoHpgpatbeBa JI1.H., CemeHuos C.B., [lyxapeh-
ko K0.B. KOHCTpYKTMBHbIE CUCTEMbI U MaTepuarbl

— 3BYKOM30NALMA MEXKBAPTUPHBLIX KOHCTPYKLNA;

— AoNycTMMas 3TaXHOCTb 30aHus;

— MPOYHOCTb N CEMCMOCTONKOCTb 30aHUS;

— [ONFOBEYHOCTb HECYLLMX 3/1IEMEHTOB 3[aHus;

— KanuTanoeMKOCTb TEXHONOMY;

— ceb6ecToMMOoCTb paboT;

— TPYAOEMKOCTb paboT;

— MaccoBOCTb (MPUroO4HOCTb OJS11 MacCOBOro CTpPOu-
TENbCTBA).

ABTOpamu paspaboTaHa aHkeTa AN MNpoBefeHus
KOMIMIEKCHOW 9KCMEPTHOW OLIEHKM CTPOUTESIbHbIX Tex-
HOMOMMA, NPUMEHSIEMbIX B XXUIIULLHOM CTPOUTENbLCTBE
CaHkT-leTepbypra. 3a oCHOBY B3ATbl fIECATL Hanbonee
3HaYMMbIX KPUTEPUEB N fecATMOaNIbHas OLeHKa Kax-
noro kputepus. Kaxngbli Kputepuii oueHmnsancsa ot 1 o
10 6annoB, a KOMMMEKCHas OLEHKa U3MeEHAEeTCH B npe-
nenax ot 10 no 100 6annos..

Pe3ynbTatbl 3KCNEPTHOW OLEHKU CTPOUTENbHBIX TEX-
HOMOTMA OCHOBHLIX apPXUTEKTYPHO-CTPOUTESIbHBIX CU-
CTeM cBefieHbl B Ta6/. 2.

MoaBoas UTOrM KOMMJSIEKCHOW OLIEHKU TeXHOMOrnn
>KUMULLHOrO JOMOCTPOEHUS, aBTOPbI NPULLINN K BbIBOAY,
4yTO 60sIee YyHMBEpPCcanbHON B FOPOACKUX YCIOBUAX ABMS-
€TCHA TEXHONOrNst MOHOMUTHOrO JOMOCTPOEHUS B COYETa-
HUW C KNagKoW Hapy>XHbIX CTEH, OCOOGEHHO Mpu CTpou-
TeNbCTBE 30aHUIN B YCNOBUAX MCTOPUYECKOM 3aCTPONKM.
C60pHO-MOHONUTHAA TEXHOMOMUS HE3HAYUTENbHO YCTY-
naeT MOHOSITHOMY AOMOCTPOEHMIO, HO B UCTOPUYECKON
cpefe ee nNpuyMeHeHue HexenaTenbHo. Llenecoobpas-
HO MPUMEHEHME COOPHO-MOHOMUTHBIX TEXHOSOMM npw
CTPOUTENLCTBE XWIbSi CPeAHen CTOMMOCTU Ha HOBbIX
Tepputopusix. MeHee yHUBepcanbHbl TpaauLUMOHHAas
Krnago4YHasi U naHenbHas TexHonoruu, opgHa Havbonee
npurogHa ana CTPoUTENbCTBA B YCNOBUAX MCTOPUHECKON
3aCTpoKKM, Apyras B yCNOBUSX MACCOBOW 3aCTPONKU He-
OOpPOroro Xusbs.
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M HHOBALIMM B CTPOMUTEILHOM IPOMU3BOICTBE
KaK (PaKTOp YCTOHYHUBOIO COCTOSIHUS
CTPOUTEJIbHOIO NpeanpusIThs

Passutne n aghghekTMBHOE PYHKLUMOHNPOBAHNE CTPOUTESIbHOM OTpacsn TPyAHO NpPeacTaBuTb 6e3 BHE[PEHUS UH-
HOBAaLMOHHBIX yNpaBieHYECKUX, TEXHUHECKMX U TEXHONIOMMYECKUX peLueHud. [puMeHeHne HOBbIX Matepuasnos U
TEXHOJIOMME CrIOCOB6CTBYET CO3AaHM0 BOCTPEOOBAHHOV CTPOUTESIbHOV MPOLYKUMM B BULE 3LAHUN U COOPYXXEHW
pasIN4YHOro Ha3Ha4YeHusl, YTo0 B CBOIK O4epefb MOBbILLAET KOHKYPEHTOCMOCOBHOCTb NPEANPUATUI. VI3BECTHO, YTO
WHHOBaLuK, BHEAPSAEMbIE B CTPOUTESTbHOE MPON3BOACTBO, — 3TO KOMI/IEKCHBIE OPraHn3alynoHHbIE Y TEXHONIOrn4e-
CKWe peLLeHWs, MPUHUMAaEMbIe B AUHAMUKE (PYHKLMOHUPOBAHWS NPEANPUATAS U €ro CTPOUTESIbHOUN AEATE/TbHOCTY.
OpHako npuMeHeHne MHHOBAaLU B CTPOUTESIbHOM MPOU3BOACTBE 3a4acTyr0 CBA3aHO C OrNpeneseHHbIMU PUCKaAMMU.
Haneko He Bcerga cpefcTsa, MOTpaYeHHbIE HA HOBOBBEAEHUS, OKynatoTcs. Mexay Tem CTOUT OTMETUTb, YTO JOOUTb-
CS1 YCTOMYMBOIrO COCTOSIHNS NMPEANPUATUS 6e3 BHEAPEHWUS MHHOBaLW HEBO3MOXHO. B cTaTbe npocrexeHa B3anmMoc-
BSI3b MHHOBaLWA W YCTONYNBOCTU CTPOUTESTbHOIO NPEANPUATHS, PACCMOTPEHbBI BULbl MHHOBALMOHHBLIX MaTepuasos
W TEXHOOMUM, NMPUMEHSEMbIX B CTPOUTESIbHOM MPOU3BOACTBE, NPOaHAIN3UPOBAaHO BIIMSIHNE MHHOBAUWK HA Mpoun3-
BOANTESNIHOCTb TpyAa. [aHo roHATUE YCTOMYMBOCTU C TOYKM 3PEHUST JOCTYXKEHUS CTPOUTENbHBIM MPEeAnpUsaTUEM
10CTaBJIEHHbIX LieJIeVi, KOTOPbIE ONPefeENatoTCSa N36paHHOU cTpaTterneri yrnpasieHus. OnmncaHbl N3MEPEHUS NpPorpec-
CMBHOCTU MPUMEHSIEMOU TEXHUKMN, 06OPYLOBAaHNS, MATEPUASIOB U TEXHOIOMMM, BINSIIOLLMX HA MHHOBALMOHHBIN I10-
TeHUMas CTpOUTESTbHOrO NpeanpuUsITUS.
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TeJIbHOIro rpearipudaTvA, MHHOBALMOHHbIVI MOTEHUMAI.
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Innovations in the Construction Industry as a Factor of Stable State of a Construction Enterprise

It is difficult to imagine the development and effective functioning of the construction industry without the introduction of innovative management, technical and
technological solutions. The use of new materials and technologies contributes to the creation of popular construction products in the form of buildings and
structures for various purposes, which in turn increases the competitiveness of enterprises. It is known that the innovations introduced into the construction
industry are complex organizational and technological decisions made in the dynamics of the functioning of the enterprise and its construction activities. However,
the application of innovations in the construction industry is often associated with certain risks. It is not always the funds spent on innovations pay off. Meanwhile,
it is worth noting that it is impossible to achieve a stable state of an enterprise without introducing innovations. The article describes the relationship between
innovations and sustainability of a construction enterprise, considers the types of innovative materials and technologies used in construction, analyzes the
impact of innovations on labor productivity. The concept of sustainability is given from the point of view of the achievement of the set goals by the construction
enterprise, which are determined by the chosen management strategy. Measurements of the progressiveness of the applied machinery, equipment, materials,
and technologies that affect the innovative potential of the construction enterprise are described.
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CTtpoutenbHasa oTpacrb CUATAETCS HauMeHee MHBe-
CTULMOHHO aKTUBHOM WM CNaboBOCMPUMMYMBON K HOBO-
BBefdeHuAM. B paboTte [1] aBTOp OTHOCUT CTPOUTESIbHbIE
NPeanpuaTUS K rpynne «MmMuTatopoB» MHHOBALMOHHOIO
npotiecca, nosiy4aroLmnx nHorga oTpuuaTesibHyto otgady
OT BMOXEHWUS CPEACTB B MHHOBAaLMKN. TeM HE MeHee CTpo-
UTenbHble NPEAnPUATUS BbIHYXXAEHbI BbICTYNaTb B Kaye-
CTBe NoTpebuTenen MHHOBaAUMOHHOIO NPoaykKTa B BuAe
HOBOW TEXHVKW, MaTepuasioB 1 TEXHOMIOTUI ANs BbiMycKa
KOHKYPEHTOCMOCO6HOW NpoayKLumm [2].

B nocnepHee BpemMsi WMHHOBAaLMOHHas aKTUBHOCTb
paccMmaTpuBaeTcsl B Ka4yecTBe OOHOro U3 OCHOBHbIX YC-
N10BUI hOPMUPOBaHMA KOHKYPEHTOCNOCOBHON cTpaTeru-
YecKow nepcrnekTusbl NpeanpusaTtua [2, 3]. MNpu aTOM OT-
MeyaeTcsl, YTO «0COOEHHOCTLIO MPUMEHEHUA MHHOBAaLI
B WHBECTULMOHHO-CTPOUTESIbBHOM KOMMJEKce SBNAETCH
6onbLlas, YeM B OPYrux OTpacnsx, PUCKOBAHHOCTb MH-
BECTUPOBaHUs» [4].

MHHOBauum B chepe cTpouTenbcTaa Knaccuduumpy-
0T B 3aBMCUMOCTU OT MX LieNu, BUAa CTPOUTENLCTBA, Ma-
TepuanbHbIX PECYPCOB M MO UHbIM OCHOBaHUAM [5]. «H-
HOBaLIMOHHAs aKTUBHOCTb NPennpusaTUs 3aBUCUT OT ero
noTeHumnana — nokasaTens, oTpaxarLero cterneHb Bo3-
MOXHOCTU NPEANPUATUS NPOU3BOAUTL KOHKYPEHTOCMO-
COOBHYI0 MHHOBALMOHHYIO NpoayKumio» [6—8]. IHHoBaumu
paccmaTpuBatoTCs B KayecTBe KIYeBbIX hakTopos
NOBbLILLEHNS NPOU3BOAUTENBHOCTU Tpyaa U adeKTuB-
HOCTM NPOU3BOACTBEHHOW AEATENBHOCTU NPEaNpUATUNA.

Henb3s He cornacuTbea ¢ MHEHMEM, U3NOXEHHBLIM B [9]:
«OTCyTCTBME €eOunHON NporpamMmbl BHEOPEHUS MHHOBA-
LMOHHbIX peLUeHui i B CTPOUTENIbHOW OTpacnu NpueoauT
K TOMY, YTO JOCTUXKEHUS MUPOBON HAYKN N TEXHUKN UC-
Nonb3ylTCA B HALLEW CTpaHe NULLb 3nn3oamyecku. [ns
KapOuHanbHOro M3MeHeHus obLlen cuTyaumm HeobXo-
OMMO 3anyCTUTb KOMIMEKCHYIO MporpaMmMmy BHEOPEHUS
WHHOBALIMOHHbIX TEXHOMOMMYECKUX U OpraHu3aLMOHHbIX
pPELLEHNI B CTPOUTENBHOM OTpacim».

Mepen NpyMeHeHeM MHHOBALMOHHBIX NPenioKeHNN
B HEKOTOpPLIX Cy4asx Heo6xoanumo o6ecneynTb CTPou-
TEeNbHOMY NpeanpuUaTUIO YCTONYMBOCTb AN YBEPEHHOIO
BHEOPEHWS NPOrpeCCHBHbIX HOBOBBELEHWUI C LiESbO MO-
BbILLEHWA MHHOBALMOHHOMO NoTeHUmMana cTpouTenbHOro
npeanpuaTtus. MNMpu 9TomM JOMKHbI 6bITb COBMIOAEHLI Che-
JyloLmne yCrnoBus:

— cofepXaHue NPOU3BOACTBEHHOMO NoTeHumana Ha
paumoHasnibHOM YPOBHE;

— npoBefeHne Hay4YHO-TEXHUYECKUX NCCneaoBaHui;

— MNOBbIWEHNE KBaNMPUKaALUNOHHOIO YPOBHSA paboT-
HWKOB;

— nogaepxxaHve pMHaHCOBOro paBHOBECKS.

PaccmoTprm B3aMMOCBA3b MHHOBALMIA U YCTONYMBO-
CTW CTPOUTENBHOIO NPEANPUATUS.

YCTON4YMBOCTb HEOBXOOAMMO paccMaTpuBaTh C TOYKU
3pEHUSA NMOCTaBMEHHbIX Nepef CTPOUTENMbHBIM NPeanpu-

ATMEM Lenewn, OOCTVXKEHNE KOTOpbIX OnpeaenseTcs u3-
6paHHON cTpaTerven ynpasneHus.

[Mpon3BOACTBEHHLIN MOTEHUWan — cpeacTsa, 3ana-
Cbl, UCTOYHWKN, UMEIOLLMECS B HANMU4MU CTPOUTENbHO-
ro nNpeanpusaTus, KOTopble MOryT 6biTb MOOUIN30BAHbI,
npueBegeHbl B OeNCTBME, MCMOSb30BaHbl A1 BO3Bede-
HWSI CTPOUTESNbHBIX OOBEKTOB.

HekoTopble uccnegoBarteny nbitaloTcd AaTbh OLEHKY
WHHOBALIMOHHOMY MOTEHUMany CTPOUTENIbHOro npega-
npuaATUS MNOCPEACTBOM M3MEPEHUs MNpPOorpecCUBHOCTU
NPUMEHSAEMON TEXHUKWN, 0O60PYOOBaHUSA, MaTepuanos U
TexHonorun [10-12].

Hanpumep, No AaHHLIM NPOEKTa opraHn3auumn cTpo-
UTENbCTBA CPaBHMBAIOT COCTAB UMEIOLLIMXCA Ha CTPOU-
TENbHOM NMPeanpuaTUN TEXHUKN U 060pya0BaHUA C He-
06X04MMbIMU NPON3BOACTBEHHLIMU MOLLHOCTAMMU AN
BbINOSTHEHUS CTPOMUTENBHO-MOHTaXHbIX paboT. Takxe
Ana onpefenieHns Npov3BoAUTENIbHOCTU NPeanpuaTUs
NPOBOAAT aHaNN3 BO3PaCcTHOro coctaBa TEXHUKN 1 060-
pyaoBaHus no gopmyne:

Tcp = (ZKiXTi)/K’ (1)

roe K, — Konn4ecTso eanHuL, 060pyaoBaHMsa COOTBETCTBY-
fowlero Bospacta 1 Bupa. PaccuutbiBatoT KoahduumeHt
NPOrpPECCMBHOCTY TEXHWKM, 060PYya0BaHNA U MaTeEpPUanos:

K, = C,/Cx100 %, @)

roe CI1p — CTOMMOCTb MPOrPecCUBHON TEXHWKKU, 0B6OpY-
OOBaHMA U Matepmanos, Teic. p.; C — obLias cToMMOoCTb
TEXHWUKK, 060pYyOOBaHNS U MaTepuasnos, TbiC. p.
BcecTOpOHHIOI XapakTepuUCTUKY CTerneHu nporpec-
CMBHOCTW TaKkXe JatoT nokasaTesnu:
— YAENbHOro Beca akTUBHOM YaCTW OCHOBHbIX NPOU3-
BOOCTBEHHbIX (DOHO0B:

K, = OM®, /0N, 3)

roe OMN®_ — cTOMMOCTb aKTUBHOW Y4acTW OCHOBHbIX NPO-
M3BOACTBEHHbIX POHAOOB, ThIC. p.; OMNd — cTOMMOCTL OC-
HOBHbIX MPOM3BOACTBEHHbIX POHAOB, TbIC. P.;

— CTeneHn (pm3n4ecKoro N3Hoca akTMBHOM 4acTu oc-
HOBHbIX MPON3BOACTBEHHbIX (POHOOB:

Kmau = Vloncp/orlq)n’ (4)

roe I/Imp — cymMMa u3Hoca aktmsHom Yactu Ol®, Teic. p.

YpoBeHb NPOrpecCcMBHOCTN TEXHOMOMMA N3MepaeTcs
npyv NOMOLLUM nokasaTtens yhaenbHOro Beca CTPoUTerlb-
HOW NpOoayKuuMn, Npou3BeeHHON C NPUMEHEHNEM MNPO-
rPEeCCUBHbIX TEXHONMOMMYECKUX MPOLLeCCoB, MaTepuasnos
W TEXHONOIMMIA, BHEOPEHHbIX B AaHHOM rofy, B 06Llem
o6beMe BbInonHeHHbIX CMP no cdopmyne:
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KI‘IT = QCMp.nT/QCMp’ (5)

rae Q. — 06bEeM CTPOUTENBbHOV NPOAYKLWK, Npou3Be-
OEHHOW C NPYMEHEHMEM MNPOrpecCUBHbBIX TEXHONOrM4e-
CKMX MPOLIeCCOB, MaTepunanoB UM TEXHOMOMURA, ThIC. P;
QCMp — 06LWMIA 06beM BbINofHeHHbIX CMP.

lMoka3aTenb ygenbLHOro Beca nNpoAyKuuwn, Mnpous-
BEOEHHOM MO TEXHONOrMn, BHEAPEHHOW B AaHHOM rogy,
BblpaXaeT CcTerneHb OBHOBIIEHNS TEXHOOrMYECKMX Npo-
Lieccos.

Ctont OTMETUTb, YTO OLEHKa WHHOBALMOHHOIO Mo-
TeHumana, HecCMOTps Ha 3HauYuTeNlbHOEe BHUMaHME K
3TOMY BOMPOCY, OCTAETCA akTyanbHOW W HEQOCTATOYHO
peLLeHHon 3afadei No npuymMHe OTCYTCTBUA OENCTBEH-
HbIX METOOMK OLEHKM WHHOBALMOHHOW [OEeATENnbHOCTU
CTpOUTENbHBLIX NpeanpuaTuiA. [Jo CMx Nop HepeLLeHHbIMU
B METOOMYECKOM MilaHe OCTalTCs BOMPOChI Bbi6opa Co-
cTaBa nokasaTtenen OLEHKW WHHOBaLMK, onpepeneHuns
MX KONIN4ecTBa MU METOAOB UX OLIEHKM.

O PEKTUBHOCTL CTPOUTENBHOIO MPOU3BOACTBA Kak
OCHOBa YCTOM4YMBOrO COCTOSIHUS MPennpusaTus C TOYKU
3pEHNS OLIEHO4YHbIX MoKasaTenern B3aMmoyBa3aHa C WH-
HOBaLUUSAMUN, 3aKoYaoLWNMNCA BO BHEOPEHUU HOBbIX
CTPOUTENbHBIX Martepuanos W TexHonormn. Uameputb
ypoBeHb 3(pheKTUBHOCTY, aHANN3NPYs OAMH U3 NokKasa-
Tenew, HEBO3MOXHO, Tak Kak OH hbopMmUpyeTcsa noa Bo3-
OEencTBMEM MHOMMX (PaKTopoB, NOPOW NPOTUBOLENCTBY-
FoLLMX Apyr Opyry.

B KayecTBe HeraTuBHbIX haKTOPOB, OrpaHMynBato-
LLMX NPON3BOACTBEHHYIO OEATENbHOCTb CTPOUTENbHbIX
npeanpusaTuii, B paboTe [2] aBTop Ha3biBaeT «geduunt
KBanMMULUMpoBaHHbIX paboynx, 60sbLLYI0 CTeneHb U3-
HOCa CTPOUTENbHbIX MaLUWH, HEMOfHOe WCMOoNb30Ba-
HME MPOU3BOACTBEHHOW MOLLHOCTM NpeanpusaTus».
HeBbICOKyl0 Npon3BOAMTENBHOCTL Tpyda uccrnenosa-
Tenb O6BACHAET CUNbHLIM (PU3NYECKUM U MOpPasibHbIM
W3HOCOM OCHOBHbIX NMPOU3BOACTBEHHbIX (DOHOOB CTPO-
UTENbHbLIX MNPEAnPUATUA, HEQOCTaTOYHOW WHHOBaLMU-
OHHOWM aKTMBHOCTbIO, HEA((PEKTUBHOW OpraHu3aunemn
TpyAa.

CTOMT OTMETUTb, 4YTO MNPOU3BOAUTENLHOCTbL Tpyaa
XapakTepuayeT NNoAOTBOPHOCTb, NMPOAYKTUBHOCTL Lie-
necoobpas3Hon OeAaTeNlbHOCTM paboTHMKOB B cdiepe
NPOW3BOACTBA B TeYEHWE onpeneneHHoro npoMexyTka
BPEMEHW.

Bbl60p OCHOBHbIX nokasaTtesnien yCToM4MBOCTM CTPO-
WTENbHOr0 MpeanpuaTUa 3aBUCUT OT WMHHOBALIMOHHOW
cocTtaensowen. B anHaMmke OLEHOYHbIX nokasartenemn
YCTON4YMBOCTW OTPaxKeHbl 4OCTUTHYTbIE YPOBHU MHHOBA-
LMK cnegytoLlero xapakrepa:

1. [pon3BOACTBEHHO-TEXHOSIOrNYECKME.

2. OpraHu3aumoHHO-ynpaBieHYeCKHe.

3. KOMNneKcHble TEXHUYECKME MeponpusTUs, NoBbILLa-

toLLME OOLLYIO MPOM3BOAMTENBHOCTb TPYAA PabOTHUKOB.

K nokasaTtensam, xapakTepm3ayoLLnm NPON3BOLACTBEH-
HO-TEXHUYECKOE COCTOSIHME OCHOBHbIX (DOHAOB, OTHOCHAT
KO3 PULMEHT (PM3N4ECKOrO N3HOCA.

O6ecne4eHHOCTb CTPOUTENBbHOro NpeanpuaTusa Tex-
HUKOM XapaKTepuayloT nokasaTesn MeXaHOBOOPY>XEH-
HOCTM CTPOUTENBHOro NPOU3BOACTBA U Tpyaa.

MokasaTenammn OpraHn3aLMoHHOr0 YPOBHSA CTPOU-
TeNbHOro NPOM3BOACTBA BbICTYNAtOT YPOBHU Cneumanu-
3auumu No reHepanbHOMY Noapsay 1 no paéoTtam, BbINON-
HAE€MbIM COOCTBEHHBIMU CUNaMMU.

K nokasarensiMm OLEHKN COCTOSHUS CUCTEMbI ynpas-
NEeHNss OTHOCATCA yAenbHble Beca YUCIIEHHOCTW U 3a-
paboTHOM nnatbl aaMUHUCTPATUBHO-YNPAaBEHYECKOrO
nepcoHana B obLLen YACIIEHHOCTN PabOTHMKOB 1 dDOHAE
onnatbl Tpyda (COOTBETCTBEHHO), YPOBEHb TEKy4eCTu
Kagpos.

YCTOM4YMBOE COCTOSAHNE CTPOUTESIBHOrO NPEANPUATUSA
onpefenseTcs Hanmynem BHYTPUCUCTEMHBIX PE3epPBOB —
NPOU3BOACTBEHHOMO MOTEHUMAna u BHegpsieMbIX MHHO-
BaLMOHHBIX PELLUEeHU OPraHM3auMOHHOIO U TEXHONOMM-
YeCcKoro xapakrepa.

PauunoHanbHyl0 BenuyuHy Takux pPe3epBOB Npen-
naraeTtcs onpefenatb B COOTBETCTBUM C 3a[aHHbIMU
npegenamn gonycTMmon BapuabenbHOCTUM OLEHOYHbIX
nokasarenem, UCrnosb3ys MeTOL KOHTPOSIbHbIX KapT.

Ecnu Bce ycnoeusa cobnogeHbl, genaeTcs BbIBOL,
06 yCTOMYMBOM yNpaBfiSeMOM NoBeOeHUM rnokasaTe-
N8, 4TO, B CBOIO 0Yepenb, CBUAETENbCTBYET 06 YCTOM-
YMBOM (PYHKLMOHUPOBAHUMU CTPOUTENBHOrO Npeanpu-
ATUA. B NpoTMBHOM crny4ae OCyLLeCcTBASETCS OLeHKa
BO3MOXHOCTEN CTaTUCTUYECKU HeynpaBnAseMblX Mo-
KasaTenemn.

B npouecce MoaenupoBaHWs YCTOMYMBOCTU CTPO-
UTENbHOrO NPEeAnPUATUS BO3MOXHbI CryYan Bbixoga
nokasarvenen OLEHKM ero OefTeNnbHOCTU 3a npeaensbl,
OrpaHnYeHHble 3a4aHHbIMU KPaiHUMK FpaHuLaMmn KOH-
TposbHbIX KapT. Pe3ynstatoM MogennpoBaHus sBnsieTcs
BbIIBNIEHVE NOTEPU YCTONUMBOCTM CTPOUTENBHOIO Npea-
NpuATUS, B TOM YMCne 3a CHET BHeApeHUs HeadhhekTuB-
HbIX MHHOBAUMOHHbLIX PELUEHUI B CTPOUTESIbHOE NPOU3-
BoacTeo [13—15].

JononHutenbHbIMM NokasatensamMnm UHHOBALMOHHOMO
XapakTtepa aBnatTCs:

— OTHOLLEHWe 06bema CTPOUTESIbHO-MOHTaXHbIX pa-
60T (CMP), BbINOMHEHHbIX C NMPUMEHEHNEM MHHOBALW-
OHHbIX TEXHOMOrMI NPOU3BOACTBA, K 06LLEMY 06bLEMY
CMP, °/o;

— [ONSA pacxofoB Ha MHHOBauuMun B 06LLEM 0O6bEME
3arpart, %.

Ctout nepeuyucnntb MHHOBaAUUW, MPUMEHSIEMblE B
CTPOUTENBHOM MPOU3BOACTBE Kak (DaKTOpbl, BMMSAIO-
wne Ha 3ahpPEKTUBHOCTb CTPOUTENBHOMO NPON3BOACTBA
N YyCTON4YMBOE COCTOSIHWUE CTPOUTENBLHOrO NPEeanpUATUS.
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K HMM OTHOCATCSA: coYeTaHne COOPHbIX 3aBOACKOMO U3ro-
TOBSIEHUS KOHCTPYKLUMIA C MOHOMUTHBIM JOMOCTPOEHNEM,
OOMOKOMIMNEKTbl 6bICTPOBO3BOAUMbBIX 30aHUIA pasnuy-
HOrO0 Ha3Ha4YeHusi, CTPOUTENLCTBO U3 NErKUX CTaslbHbIX
TOHKOCTEHHbIX KOHCTPYKUWA, MPUMEHEHME CbeMHOW W
HeCbeMHOI onanybo4HbIX CUCTEM U3 PasnmyHbIX UHHO-
BaLMOHHbIX MaTepuarnos.

B npouecce Bbi6opa MHHOBaUUK cnegyeT NpUHUMaThb
BO BHMMaHWe BCe ee NACbl U MUHYCbI, MPON3BOACTBEH-
HbI W TEXHONMOMMYECKNA NoTeHuman NpeanpusaTus, Buabl
NPOV3BOANMbIX PaboT, KOHKYPEHTHYIO cpeay.

OTpenbHO CTOUT OTMETUTb WHHOBALMOHHbIE CTPOU-
TenbHble MaTtepuansl, KOTOpble BAUAIOT HA NPOrpeccuB-
HOCTb MPUMEHSAEMbIX TEXHOSIONN B CTPOUTENBHOM NPO-
W3BOACTBE: XWUAOKYI Tennou30MsALUmI0, SKCTPY3UOHHbBIN
nexononucTupon, SIP-naHenn, HaHOGETOH, cTeknomar-
He3UTOBbIN NNCT, PUOPOLEMEHT, 3KOBaTy, CTekronna-
CTUKOBYIO 1 6a3anbTONacTUKOBYIO apMaTypy v ap. [16].

BaXxHbI NpopbIB B MOBbILEHUN MPOrPECCUBHOCTU
TEXHOMOMMI CTPOUTENBHOIO NPOM3BOACTBA NPOU3OLLEN,
Korga M3 KOMMO3UTHbIX MatepuanoB Hadanu npousBo-
onTb apmatypy. KomnosutHasa apmartypa 6bina nsobpe-
TeHa 6onee 30 neT Ha3ap, OfHaKo LUMPOKOe pacnpocTpa-
HeHWe nony4ynna ToNbKO B NOCIEAHNE HECKOSIbKO NET.

B 6yayLiem Temnbl pocta 3Ha4eHU MHHOBALMOHHbIX
OLeHOYHbIX Nnokasartenen OOMKHbI yBenmymsaTecs. Tem
He MeHee Ha CerofHsLLIHUI OeHb cnegyeT OTCnexmsaTb
YCTOWN4YMBOE COCTOSIHUE CTPOUTENbHOro npeanpusaTus
NOCPefCcTBOM KOHTPONSA AOMyCTUMOW OVHaMUKK Bapua-
6€NbHOCTN OCHOBHbIX NoKasaTenen CTpoUTESNIbHOro Npo-
M3BOACTBA M BHeAPEHMA MHHOBaLMI [14—16].

BbiBOabI

MonbITKM OUEHKM WMHHOBALMA, BHEOPSEMbIX B CTPO-
UTenbHOe MNPOM3BOACTBO, BbIABWUM OTCYTCTBUE W3MeE-
pAeMbIX PM3NYECKMX NapaMeTPoOB U HEOOXOQUMbIX OJ15
nccnenoBaHns 06bLEMOB CTAaTUCTUYECKUX OaHHbIX. OTO

Cnucok nutepartypbl

1. ®epoceeB W.B. Teopuss n metoponorus addek-
TVBHOrO YNpaBneHWUs Cy6beKTamMn WMHBECTULIMOHO-
CTPOUTENbLHOMO  KOMMNEeKca B  WMHHOBAaLMOHHO
-OPUEHTUPOBAHHOW 3KOHOMUKe (Ha npuMepe CaHKT-
Metepbypra). Aucc. ... o-pa 3koH. Hayk. Cl16., 2009.
324 c.

2. Acayn A.H. AKTnBM3aLMA MHHOBALMOHHOW AedaTeslb-
HOCTM B CTPOUTENLCTBE Kak (hakTop passutus Tep-
putopun. POCCUNCKNE pernoHbl B OOKYCE NepeMEH.
C6opHuk poknagos X MexpyHapoOHon KoHdepeH-
unmn OrAQy BMO «YpdY umeHn nepeoro [Mpesu-
neHta Poccum B.H. EnbunHa». EkatepuHbypr: YML,
YT, 2016. 834 c.

3. Hypranuvesa LL.M. NMpo6nembl OLEHKM UHHOBALIMOH-

rOBOPUT O TOM, YTO OOGLLEMPUHATbIE HAay4Hble MEeTOofbl
CNOXHO NPUMEHMMBI OJ151 HACTOSALLIEr0 UCCeaoBaHMs.

CyllecTByloLiMe MeTogMYeckMe pekomeHgauum no
OLEHKE MHHOBAUMA CMOXHbI, OHN HEAOCTATOYHO YYUTbI-
BalOT crneumdnkKy MHHOBaLMI, COaepXaTr mMano MHGop-
MaLuuun n3-3a OTCYTCTBUSA COOTBETCTBYIOLLMX HOpMaTuB-
HbIX TPe6OBaHUNA.

B kavecTBe 6a30BblXx METOAOB AN WUCCRefoBaHWUs
WHHOBALMA, NPUMEHSIOLUXCA B CTPOUTESIbHOM MNpOu3-
BOACTBE WM OKa3blBalOLUMX BNUsSHME Ha 3hdeKTMBHOE
(QYHKUMOHMPOBAHME  CTPOUTENBHOIO  MpeanpuaTus,
npeanaraeTcs WMCMNonb3oBaTb aHaNUTUYECKUI WHCTPY-
MEHTapui: KOHTPOMbHbIE KapTbl U METOL SKCMepTHON
OLEHKW. YKa3aHHbI MeTOA AaeT BOSMOXHOCTb NOMY4YUTb
MHEHVE CMeLManncToB, MMELLMX MPOU3BOACTBEHHbIN
OnbIT paboTbl C MIHHOBaLUSAMU, YTO AenaeT ero Hanbonee
OOCTOBEPHbIM.

Mony4eHHbIe B NpoLecce onpoca 3KCnepToB pe3ysib-
TaTbl nogfniexar aHanuay v nocnegyoLlen MeToanyeckom
M MaremMartmyeckon obpadoTke. [aHHbIA KOMMIEKCHbIN
NoAX0A K OLEHKE MHHOBALMOHHBIX PeLUeHNIn Heo6XoanMm
ONa UCKIIOYEHNsT HEOMNPeLeNeHHOCTN Ha dTane nnaHu-
poBaHMs peanu3aumm  MHBECTULIMOHHO-CTPOUTENbHbIX
NPOEKTOB WM paumoHanbHOro BblI6Opa WMHHOBALIMOHHbIX
peLleHnn.

Ctout OTMETUTb, 4TO 6e3 BHeOpeHWs NPOU3BOA-
CTBEHHO-TEXHOSIONMYECKMX, OPraHU3auUMOHHbIX U Tex-
HNYECKMX MHHOBAUWA HEBO3MOXHO 06EeCMeYnTb KOHKY-
PEHTOCNOCOBHOE U A(PhEKTMBHOE (DYHKLMOHMPOBAHNE
CTPOUTENBHOMO NPEANPUATUS.

B manbHenwmnx nccnefosaHnax nepeq aBTopoM CTo-
UT 3afa4a pa3paboTKM KOMMIIEKCHOW METOOUKM OLIEHKU
WMHHOBaLUMI, BHEOPSiEMbIX B NPON3BOACTBO. PaspaboTtaH-
Has MeToamka 6yaeT npegHasHayveHa Aans npakTuyecko-
ro NpUMEeHeHUs NPOEKTHbIMWU OpraHu3aunsaMm 1 CcTpou-
TeNbHbIMW NPEANPUATUAMM.
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HauumoHanbHBI McClen0BaTeNbCKNA MOCKOBCKMI TOCYIApCTBEHHBIN CTPOUTEBHBI YHUBEPCUTET
(129337, r. Mocksa, SIpociaBckoe 1., 26)

OneHka BJIMSHUA U3MEHEHHUS KIMMaTa
Ha SHepronoTpedaeHue CUCTEM o0ecnedeHus
MHUKPOKJIMMATA 3IaHUI

AKTyanbHOCTb UCC/IE[0BaHNS CBA3aHa C HEOOXOANMOCTbIO yHeTa KIMMaTu4yeCKuX U3SMEeHEeHW AJ151 MPOrHo3upoBaHWUs
CTPYKTYpPbl SHEPreTu4ecKoro 6anaHca 3ganvs. lpegMeToMm uccnenoBaHns SABSETCA 3aBUCUMOCTb SHEpPrornoTped-
JIeHUs1 cucTtemMamm 06EeCreqeHns MUKPOKIMMaTa 34aHni OT OBbLILLEHNS CPEAHErO4OBOV TemnepaTypbl B parioHe
cTpouTensCTBa. Lens uccnenoBaHns COCTOUT B OLEHKE CYMMAaPHbIX S9Hepro3aTpar Ha KnmmaTtuayumio 34aHuid B yc-
JIOBUSIX 384aHHOV CTENEHW NOTEMEHUS] KuMaTa. 3aga4a nccriefoBaHus — roslyHeHne MateMaTuyecKoro onncaHusi
rof0BOro U3MEeHEHWUs1 HapPy>XHOU TeMMEPATYPbl N aHATTIUTUHECKMX BbIPAXEHUI AJ15 NPOAOIKUTE/TbHOCTH OTOMUTESTb-
HOro v OXnagnUTesIbHOro NEPUOLOB U rpadyco-CyTOK A7 9TUX NEPUOAOB. Vicrionb308aHo npefcTaBieHne rogosBoro
Xofa Temrepartypbl HAPYXHOro Bo3[yxa B BUAE rapMOHUHECKNX KOMebaHuii ¢ OnpeaesieHHbIM CPeaHUM 3Ha4YeHnem
n amnanTy[ou. VIHTerpupoBaHneM [aHHOIO BbIPAaXEHUs B HEOOXOAUMbIX MpeRenax rnosy4eHbl 3aBUCUMOCTN /1S
rpanyco-CyToK OTONMUTENTbHOIO U OXNaauTesnibHoro rnepmnonos. [poBeneHb! pacyeTbi o JaHHbIM 3aBUCUMOCTAM A715
KnumaTtudeckux ycrosuii MockBbl B ripefenax roBbiLLEeHUs CPeaHEroqoBovi TeMrnepaTypbl Ha ABa rpagyca v gaH
aHann3 rnosy4eHHbIX pe3ynbTaToB. [TokasaHo, YTO B YC/IOBUSAX UCC/IEA0BAHHOIO BapUaHTa U3MEHEHWS KITMMaTun4e-
CKUX NapamMeTpoB, CHUXEHNE SHEPrornoTpebrieHnss Ha OTOMIEHNE 3[aHWS 1 MMO[OrPEB NMPUTOKA B XONOAHbIV nepy-
04 O0ka3sbiBaeTcsi 6071ee 3HAYNTESIbHBIM, YeM POCT pacxofa xonoga Ha oxnaxpeHwe netom. [1oaTomy B ycroBusix
MockBbI notenneHne kKnumata criocoOHO NMPUBECTU K YMEHBLLEHUIO CYMMAapHbIX rO40BbIX SHEPro3aTpar Ha obecrie-
YeHNe MUKPOKIMMATa 34aHus.

Knro4eBble cnoBa: notensieHne Knumata, 3Hepro3arpartsl, TeMneparypa, rogoBovi Xo4, MPOLOIKUTENIbHOCTb, rpa-
LYCO-CYyTKU, MUKPOKINMMAT 34aHUs1, SHEProaghheKTUBHOCTb.
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Assessment of the Impact of Climate Change on the Energy Efficiency
of Climate Control Systems of Buildings

The relevance of the study is related to the need to take into account climate changes in order to predict the structure of the building’s energy balance.
The subject of the study is the dependence of energy consumption by building microclimate systems on the increase in the average annual temperature
in the construction area. The purpose of the study is to estimate the total energy consumption for building climate control under conditions of a set
degree of climate warming. The task of the study is to obtain a mathematical description of the annual change in outdoor temperature and analytical
expressions for the duration of the heating and cooling periods and the degree-days for these periods. The representation of the annual course of the
ambient air temperature in the form of harmonic oscillations with a certain average value and amplitude is used. By integrating this expression within
the necessary limits, the dependencies for the degree-days of heating and cooling periods are obtained. Calculations based on these dependencies
were made for the climatic conditions of Moscow within the limits of an increase in the average annual temperature by two degrees, and the results were
analyzed. It is shown that under the conditions of the studied variant of climate parameters change, the decrease in energy consumption for building
heating and heating of the inflow during the cold period is more significant than the increase in the consumption of cold for cooling in the summer.
Therefore, under the conditions of Moscow, climate warming can lead to a decrease in the total annual energy consumption for providing the building’s
microclimate.

Keywords: climate warming, energy consumption, temperature, annual course, duration, degree-day, building microclimate, energy efficiency.
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Mpoucxonsuiee B nocnegHwe rogbl noTensieHune
KnumaTta, 3aTparusatollee B HaubOmnblUeh CTeneHu
TEPPUTOPUM, PACMONOXKEHHbIE B CPEAHMX U BbICOKMX
LIMpoTax, K KOTOPbIM M OTHOCUTCS OCHOBHAas YacTb PO,
BbI3bIBAET ONpefeneHHble N3MEHEHUS B CTPYKTYpE ro-
OOBOro 9HEPronoTpedrieHnss 3gaHnsa U ero UHXeHep-
HbIX cuCcTeM. J1erko BMaeTb, 4YTO 3aTpartbl TENNOThl Ha
KOMMeHcaumo TenionoTepb B X004HbIA NEPUOA roaa,
T. €. Ha obecrneyeHne paboTbl CUCTEMbI OTOMSIEHMS,
npu 3TOM AOMKHbI YMEHbLIATLCS, a 3Hepro3arparbl Ha
oxnaxpaeHue 3gaHns NeToMm — HanpoTue, pactu. OgHa-
KO BOMPOC O NOBEAeHUN CYyMMapHOro pacxoja aHepruu
3a rof He fIBNAETCA 3fleMeHTapHbIM 1 TpebyeT cneum-
anbHOro peLueHus.

Bbi6op HEOOXOANMBIX UCXOAHbIX AaHHbIX AN Npo-
E€KTMPOBaHNSA KNUMaTUYECKMX CUCTEM M MOLENMpPOBa-
HUA WX 3KCniyaTauMOHHbBIX PEXUMOB MccrepoBasncs
LuenbiM psagoM aBTOPOB, Kak B Hallel CTpaHe, Tak 1
3a py6exom [1-8]. B 0CHOBHOM yKa3aHHble paboThl
OCHOBbIBAIOTCA Ha MOHATUM «TUMOBOF0» WUMN «Mpeg-
CTaBUTENBHOrO» rofa, XoTs HeEKoTopble Ny6nukaumm,
Hanpumep [3, 4, 6, 8], TaKk UM WHA4Ye yyuTbIBalOT
BNUSIHNE KITMMATUYECKUX U3MEHEHUI Ha MOLLHOCTb
obopynoBaHusa U ero aHepronotpebneHue. Cnocobbl
pacyeTa rofoBblx 3Hepro3aTpart Takxe npegnararT-
CS pas3finyHble, HO, KaK NpaBuo, OHM OPUEHTMPOBA-
Hbl HA [OCTATOYHO TOYHYIO M NOOPOOGHYIO OLIEHKY BCEX
OCHOBHbIX (paKTOpPOB, BAUSIOLWIMX Ha TennonoTepu
30aH1A N NPOLECChl B BEHTUMALMOHHOM o6opyaoBa-
Huu [2, 5, 7].

PaccmoTpum Hambonee npocTton Ons aHanusa, Ho
B TO Xe& BPeEMS HaMXYALUMIA C TOYKM 3PEHUS Lienn aB-
TOPCKOrO MCCnepoBaHus cry4ain, Korga noTensieHune
NPOUCXOAMUT paBHOMEPHO B TeyeHwe Bcero roga. Ha
camoM pene 605ee MHTEHCUBHBIM OHO SIBMSIETCHA Kak
pas B X0N0OA4HbIV Nepuog, HanpuMep ecnv ConocTaBnTb
danHble CI 131.13330.2012 «AkTyanu3aupoBaHHas
pepakuma CHull 23-01-99* «CTpoutenbHas KnMmaro-
norus»» (ganee — CI 131) ¢ ero npegbigywnmm pe-
dakumamu. CneposaTtenbHO, (hakTUHECKOe COoKpalle-
HMWE SHepros3aTpar Ha OTOMNNeHMe Toxe 6yneTr 6onee
3HaYNTENBbHbIM, @ X POCT Ha OXNaxaeHue, HaobopoT,
OKaXXEeTCs HUXE, YEM OHW MOrMM 6bl ObITb paccHUTaHbI
npu yKasaHHOM LOMYLLEHMW, MO3TOMY TaKOM YNPOLLLEH-
HbIA MOAX0A AACT HWKHUWM Npefen OLEeHKWN U3MEHEHUS
CyMMapHOro rogoBoro pacxoga aHeprum.

M3ameHeHne napamMeTpoB HapY>XHOro knMMara u ux
B3aMMOCBA3b paccMmaTpuBannCb paHee aBTOpPOM, B
nepBylo ovepenb C BEPOATHOCTHO-CTATUCTUHECKUX MO-
anuuin [9]. OgHako 3aecb 3TO NPeAcTaBNSAETCs U3NULL-
HMM, U B CamMOM MNEPBOM MPUONMXEHUMN TOLOBOM XO4
TemnepaTypbl Hapy>XHoro sosayxa ¢, °C, B 3aBUCUMO-
CTW OT BPEMEHM z, CYT, UCTEKLLENO C Ha4ana roga, MoX-
HO onucaTb cuHycoupanbHoOM PyHKuUnern B hopme (1):

ty =t

.| 2m -|
cp.rox + Ay sin %(z—z(]) ) (1)

|

rae 1., — CPeAHerofoBoe 3Ha4eHue f, B paccma-
TPMBAeMOM panoOHEe CTPOUTENBLCTBA, KOTOPOE MOXHO
onpefennTb no aaHHeiM CI 131; A — amnnuTtyna ro-
A0BOro xofa £, NPUMEPHO paBHas NosIoBUHE Pa3HOCTU
cpefdHer Temnepatypbl Hanbonee >Xapkoro n Hambo-
nee XonofHoro Mecsua, Takxe NpuHMMaeMblix MO CBe-
nenmam CIM 131 (CamapuH O.O. OcHoBblI o6ecnevye-
HUA MUKpoknumata 3gaHun. M.: ACB, 2014. 208 c.);
z, — MOMEHT BPEMEeHM, Koraa B rofloBOM Xofie Benuniu-
Ha 7, okasblBaeTcs paBHOM . . -Ha pucyHke nokasa-
HO CcOMocCTaBfeHne CpefHeMecsYHbIX YPOBHEN ¢ Ans
MockBbI (CnnoLHas nMHUA) ¢ pe3ynsTaTtamm BblHUCTE-
HUiA No BbipaxeHuto (1) ¢ napameTpamu ¢ = +5,4°, A
= (18,7 — (-7,8))/2 = 13,25° npu ycnosumn z, = 107 cyT
(T. e. 16 anpens) nogo6paHHOM A1 HAuNy4Llero co-
BNafeHns ABYX KpuBbIX. BuaHo, 4TO COOTBETCTBUE
JOCTaToO4YHO YLOBJIETBOPUTENIEHOE, MO3TOMY C YYETOM
NPOCTOTbI 3aBUCUMOCTHU (1) €e MOXHO cYuTaTb BMNOMHE
NPUrogHOM Oonsa panbHenLwero nccnegoBaHus.

PaBHOMEpHOCTb MOTENNIEHUsI B 3TOM Ccllyyae 6y-
JeT o3HayaTthb, 4TO NPU MOAENMPOBAHUM €ro xoga no-
CTaTO4HO GyAET MEeHsTb TONbKO BENINYMHY 7 . @ BCE
ocTanbHble YMCnoBble KOIMPUUMEHTBI B (1) AOMKHbI
COXpPaHATbCA MOCTOSHHBIMU. PaccmoTpym  BHadane
NPUHUMM OLUEHKN 3HepronoTpebneHus Ha npumepe
xonogHoro nepuoga. B CIM 50.13330.2012 «AkTya-
nunaupoBaHHas pegakumsa CHull 23-02-2003 «Tenno-
Bas 3aliuta 3paHuii»» (ganee — CI1 50) B kayecTBe
OCHOBHOW KNUMaTU4eCKOW XapaKTepuUCTUKK, onpepae-
NALWEN cyMMapHble TennosaTtpaTbl, NPUHATLI rpagy-
CO-CyTKun oTonuTensHoro nepuofa MCOMN = (¢, —¢ )z,
roe f vz, — COOTBETCTBEHHO CpefHsAs Temneparypa
Hapy>XHOro Bo3Qyxa B paloHe cTpouTenbcTBa, °C, u
€ro NpoAoNXUTENbHOCTb, CYT, ONpefensiemMble Takxe
no CI 131, a ¢, — cpegHss Mo 3naHu0 Temnepartypa
BHYTPEHHEro BO3ayxa Ans pacyeTa CUCTEMbI OTOMJe-
Hua no TOCT 30494-2011 «3pgaHusa Xunsle n oblie-
CTBeHHble. [MapamMeTpbl MUKpPOKIMMATa B MOMELLEHUSX. »
(nanee — FOCT 30494). ficHo, 4TO C poCTOM 7, . 3Haue-
HUAf WZ ,a3Ha4uT, n B uenom FCOl, 6ynyT MeHaTbCA.

Jlerko BugeThb, 4TO U3 BblpaxeHus (1) dopmyna ans
zon nony4aetcs B Buge (2):
tH.rp _tcp.rog (2)

Zon =365 l+l arcsin| ———— ||,
2w A

rpe f,  — rpaHN4HOe 3Ha4eHne CpefiHecyTOHHON Benn-
YMHBI £, CNyXalllee KpUTepuem Havana v OKOHYaHWs
oTonuTeneHOro nepuopa. Ecnu tenepb nopcraBuTh B
(2) cooTBeTCTBYIOWME NapaMeTpbl Ans MoCKBbI, TO Npwu
Lo = +8° nonyyaem z = 205,4 cyT, YTO NpaKTU4HECKM

Ry
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'op0BOW X0 cpefHeMecsyHo TemnepaTypbl B MOCKBE: CrOLWHAs NHNUS —
naHHble CIM 131; nyHkTMp — pacyeT no (1)

Annual course of average monthly temperatures in Moscow (solid line —
SP 131 data, dotted line - calculation with (1))

coBnapaet ¢ gaHHbimMn CI1 131. CnepoBaTenbHoO, co-
OTHOLLEHWe (2), Tak Xe, Kak 1 (1), XopoLLo onuceiBaeT
peanbHoe NoBefEeHME z_, U €r0 MOXHO NPUMEHATb ONs
OanbHENLLNX OLLEHOK.

Monb3ysicb onpegeneHnem noHatus I[COII, He-
TPYQHO HAWTK ONa Hero BbipaxkeHue B Buge (3):

on’

o)
I'CO =tz - JtH (Z}iz- (3)

WHTerpupoBaHvne B JaHHOM Criy4ae oCyLlecTBseT-
CAl MeX[y MOMEHTaMu z, N z, Ha4ana n KoHUua OoTomMu-
TenbHoro nepuopa. C yvetom (1) u (2) okoH4YaTeENLHO
nony4aem:

t —t
TCOT =365, — tgp ron)| =+ arcsin| -2 _CPIoA ||,
' 2 = Ap
4)

2
3654 Larp —1
+ H 1— H.Tp cp.roa
T Apy

Ona Mocksbl npu ¢ = +20° dopmyna (4) naet
I'COII = 4509 K-cyT, 4to BCero Ha 1 % oTnun4aetcs oT
3HayeHus 4551 K.cyT, BbIYMCISAEMOro HEMOCPEACTBEH-
HO no AaHHbIM CI1 131,

HeTpyaHo nokasaTb, YTO ANna onpegeneHns Nnpogos-
XUTENbHOCTU OXN1a[iUTENBLHOro Nepuoa z_ B Bbipaxe-
HUK (2) [OCTATOYHO 3aMEHUTL 3HAK «+» MEXAY crarae-
MbIMW B KBafpaTHbIX CKOGKax Ha «—», a B Ka4ecTBe #,
TOrAa HY>HO MCNoJb30BaTh TPebyeMmyto Temneparypy 7 ,
00 KOTOpOM OxnaxpaeTcs BO34yX B MPUTOYHOW ycTa-
HOBKe. YT0 Xe KacaeTcs rpafyco-CyTOK OxnaguTenbHo-
ro nepuopaa MCOI , To Ana HUX B COOTHOLLIEHMe (4) cre-
AyeT NOACTaBNSATL f, Kak BMECTO /, ., Tak U BMECTO 1,
a B KBagpaTHbIX CKo6Kax BmecTo 1/2 npuHumarts (—1/2).

Pesynbratbl pac4eToB Mo Mofly4eHHbIM opMynam
B npefenax noBbIUeHNs 7, Ha fiBa rpajyca cBefeHbl
B Tabnuuy. BenuunHa ¢, npu BbIYMCNEHNAX AN NETHEro
pexuma 6blna npuHATa paBHOW +16°, T. . Ha 8° HUXe

MporHo3aupyemoe U3MeHeHUe KNuMaTu4eckux xapakrepuctmk Mockebl
Npu NoTenneHun Knumarta
Projected changes in Moscow’s climate characteristics
as the climate warms

P oc | Zw rcon, | z,, | rcorl, IrCOM(k +k,,,.) +
cp.ron® cyT K-cyT cyT K-cyt rcomk,,,, Br-cyt/m®
5,4 205 4509 75 131 2610
5,9 201 4354 82 170 2540
6,4 197 4201 88 213 2472
6,9 192 4051 95 259 2407
7.4 188 3904 100 307 2345

cpefHel 13 oNTMMarnbHbIX 3HAYEHUI ¢, B TENSbIA nepu-
of no NOCT 30494.

CnepoBaTtenbHo, BenuynHa MCOT npu aTom [onx-
Ha cHM3uTbeA Ha 13,4%, a FCOM - BoapacTn B 2,34
pasa. OgHako cnegyeTr UMeTb B BuAy, 4YTO B COOT-
BeTcTBUM ¢ MeTogukor CI1 50 npu pacyeTe rogoBoro
aHepronoTpebneHns sHadeHne NCOI ymHOXaeTcsa Ha
CYyMMY YyAenbHOW Tenno3alnuTHOM U yOaeNbHON BEHTU-
NALUMOHHON XapakTepucTuK 3paHuns k, + k., B1/(m3K)
3a BblMETOM TEMNMIONOCTYMMEHUN, B TO Xe Bpems
rCOMN, o4eengHo, crnenyeT yMHOXaTb TOMbKO Ha
k... Tl03TOMy B nocriefHel KOJIOHKe Tab/uubl npu-
BeJeHa CyMma COOTBETCTBYIOLUMX MNPON3BEOEHUN,
KOTOpas B MepBOM MPUBAMXKXEHUM U NMOKa3blBaeT U3-
MeHeHVe OO6LKnX 3Hepro3aTpaT B TeyeHue ropja.
B pacuetax 6bino npuHAto k. = 0,124 BT/(M%K)
nk, . =0,442 B1/(M3K) no pesynstatam BblYMUCIIEHMIA
ONs rpynnbl 06beKTOB 06LLECTBEHHOIO Ha3Ha4YeHusa B
pa6ote [10], npuyem 6bINO BbIGPAHO 3JaHWe C Hau-
MeHbLUEN Tenno3allnTHON N HAaNBOosbLLEN BEHTUNALN-
OHHOW XapaKTepPMUCTUKOMN, YTOObI Bblsia MaKCcMasribHON
Jons pacxoga 3Heprum MMeHHO Ha 06paboTKy BEHTU-
NALWMOHHOrO BO3AyXa.

Jlerko BWMAETb, 4YTO, HECMOTPSA Ha CyLLEeCTBEHHOE
(B 3,5 pasa) npeeblwenve k. Hap k., Aaxe B 9TOM
Crnyyae CHWXEHWE 3HeprornoTpebrieHns Ha oTonneHue
34aHUs 1 NoJOrpeB NPUTOKa B XOIOAHbIA Nepuog okasbl-
BaeTca 6onee 3Ha4UTENbHLIM, YEM POCT pacxoda Xomno-
0a Ha oxnaxpgeHue netom. KoHeuHo, npu 6onee TO4YHOM
OLEHKe cnegyeT y4uTbiBaTb HEKOTOPbIE OOMOSHUTESb-
Hble (hakTopbl, HaMpumep, TEMSIONOCTYMIEHU B OTO-
NUTENbHBIV Nepuod, a TakxXe BO3MOXHOCTb OCYLLEHMWS
BO34yXxa B TENMblA Nepuog 1, Kak Cneactene, notpeod-
HOCTb B JOMONHUTENBLHOM KonnyecTBe xonofa. OgHako B
LenoM O4YEBUOHO, YTO B yCnoBusax MOCKBbI noTenneHue
KnMmMaTa Crnoco6HO MPUBECTU UMEHHO K YMEHbLLEHUIO
CyMMapHbIX rOfAOBbIX 3Hepro3aTpar Ha obecrne4veHue
MUKPOKNMMaTa 30aHusi, XOTa B CTpaHax C M3HavanbHO
6onee TensbiM KNMMaTOM BbIBOAbI MOTYT ObITb Y UHBIMMU.
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OnHa U3 pacnpoCcTPaHEHHBIX OIHMOOK NPH CTPOUTEJILCTBE
00bEKTOB B CTECHEHHBIX YCJIOBHAX

CTpounTennbCTBO O6LEKTOB B CTECHEHHbIX YC/I0BUSX TPEbyeT 0co60ro noaxoaa, CB3aHHOro ¢ He06X0QNMMOCTbLIO pas-
paboTKu M OCYLLIECTBIIEHNS] MEPOIPUSATUI 110 0becreYeHno 6e3aBapuHovi SKcrislyataymn 3faHni okpyxarowjen 3a-
CTPOVIKM B Npefesiax reOTEXHNYECKOro BINSHWUSA. 3a4acTyto CTPOUTENN MPEHEbPperaroT BNSHUEM TEXHOSI0MMN BO3-
BejeHNs HOBOro 06bEeKTa Ha BO3MOXHbIE HEraTuBHbIE AEEKTbI (MOSABUBLLUMNECS TPELUMHbLI Ha hacanax BCae[CcTeme
HepaBHOMEPHbIX 0CaA0K, KPEHOB U T. 4.) 3KCryaTnpyembix 34aHni. [Jo cnx nop Myccupyetcs NoHATUNE «MUHUMATb-
HOW L{eHbI» Py BO3BEJEHUN YacTu 3[aHns HUXXE HYJIEBOUM OTMETKM, IPpeHebperasi TEXHUYECKOU LJesiecoobpasHOCTbIO.
[pu aTom cTpouTesm ugyT Ha JIHOObIE YXULLPEHUS L4711 YMEHbLLLIEHUSI CTOUMOCTH. Takou «uppaLmoHasibHbIi» criocob
CTPOUTE/ILCTBA B KOHEYHOM UTOre MOXET MPUBECTU K CYLLECTBEHHOMY YLOPOXAaHWIO CTPOUTENILCTBA HYIEBOU HacTun
3aaHus W, Kak npasusio, K yBESIMHEHUIO CPOKOB BO3BEAEHUS (CorfiacoBaHus HOBOrO MpoeKTa B pe3ysibTate 3aMeHb|
Ha apyryto reoTeEXHUHECKYH TEXHOJIOMMIO, MPOXOXLEHUE HOBOU CTPOUTESIbHOV dKCNepTu3asl). PaccmatpuBaetcsa oguH
HeraTuBHbIV Crlyqan N3 reoTEXHUHECKOV MPaKTUKN CTPOUTENbCTBA 16-3TaXHOIo Xnaoro gomMa psfgom ¢ CyLUeCTBYIO-
LYNM MIATUITAXKHbIM XWUJ1bIM JOMOM.

KrntoueBble €nioBa: re0OTEXHUHECKOE CTPOUTETbCTBO, HEPABHOMEPHbBIE OCaf[KN, TPYHTOBbIE aHKepa, orpaxaeHue
KOTJ/IOBaHa, 3/1eKTpopaspsgHas TexHonorus, cean 9PT.

Ona untnposaHusa: Cokonos H.C. OgHa n3 pacnpocTpaHeHHbIX OLLUMGOK NpU CTPOUTENBCTBE OOBEKTOB
B CTECHEHHbIX ycnoBusx // XXumnmwHoe ctpoutesnsctBo. 2020. Ne 1-2. C. 25-30.
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One of the Common Mistakes when Building Objects in Cluttered Urban Environment

The construction of facilities in cluttered urban conditions requires a special approach related to the need to develop and implement measures to ensure accident-
free operation of buildings of the surrounding development within the geotechnical influence limits. Often, builders neglect the influence of the technology of
construction of a new object on possible negative defects (cracks appeared on the facades due to uneven settlements, tilts, etc.) of the buildings being operated.
Until now, the concept of «minimum price» is exaggerated when building the part of the building below the zero mark, ignoring the technical feasibility. At the
same time, builders go to any tricks to reduce the cost. Such «irrational» method of construction ultimately could lead to a significant cost increase in construction
of the zero part of the building and, as a rule, to an increase in the period of construction (approval of the new project as a result of replacement with another
geotechnical technology, passing the new construction expertise). A negative case from the geotechnical practice of construction of a 16-storey residential
building next to the existing five-storey residential building is considered.

Keywords: geotechnical engineering, differential settlements, ground anchors, pit enclosure, electric discharge technology, piles of ERT.

For citation: Sokolov N.S. One of the common mistakes when building objects in cluttered urban environment. Zhilishchnoe Stroitel'stvo [Housing Construc-
tion]. 2020. No. 1-2, pp. 25-30. (In Russian). DOI: https://doi.org/10.31659/0044-4472-2020-1-2-25-30

CTponTenbCTBO OOBEKTOB B CTECHEHHbIX YCNOBUSAX
ABNseTca Hanbonee NpPobrieMHbIM C TOYKN 3PEHUSA TEX-
HOJMOrMM CTPOUTENTLHOIO NPOUN3BOACTBA HUXE HYNeBOn
oTMeTKW. [py NpoekTMpoBaHUM U BO3BEOEHUM 3arny-
6MEeHHbIX KOHCTPYKLUMIA JOMKEH ObITb pa3paboTaH KOM-
nnexkc creuyanbHbIX MEPONpUATUIA No  0b6ecrneyeHmto
6e3aBapuMNHON 3KcnnyaTauum 3[aHui CyLLeCTBYOLLER
3acTponku. Heob6xogMmMoO OTMETUTb, 4YTO COBPEMEH-
Hble reoTexHU4Yeckne TEexXHONOrMu Mo3BONAT YycreLl-
HO pewatb nogobHble 3ajayn [1-13]. B gaHHoM cTtaTtbe

paccMOTpeH OTpuLATENbHbLIA NpUMEpP CTPOUTENbCTBA
MHOIO3TaXXHOr0 XWU0ro goma psSAoM C CyLLEeCTBYIOLLNM
OOMOM.

O6bLEKT HOBOIO CTPOUTENBLCTBA NPEACTaBAET COO60M
€OVHbIA MOHONUTHbIN XEeNe306eTOHHbIA 610K, UMEto-
W doopmy npsmMoyronbHuka. HagsemHas 4actb 06bek-
Ta CTPOUTENBLCTBA COCTOUT U3 TEXHMYECKOro n 16 Hag-
3eMHbIX Taxer. KOHCTPYKTUBHaA cxema npeacraBnset
COO0M MOHOSUTHBIA XeNe300ETOHHbIN  6e3pUresbHbIN
KapkKac C CaMOHECYLUMMU Hapy>XXHbIMW CTEHaMW U3 ne-
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HOGETOHHbIX 65I0KOB, OMMPAIOLLIMXCA Ha MEXAY3TaXKHble
nepekpbITUA. epekpbiTs U MNOKPbLITUS BbINOAHEHbI U3
MOHOJSIMTHOr O Xene3o6eToHa. KOHCTPYKTUBHOE peLLeHne
dyHOaMeHTa NpegycMOTPEHO B Ka4eCTBE MOHOSIUTHOM
Xenes3ob6eToHHON (hbyHAamMeHTHOW nnuTbl. [NybuHa KoT-
floBaHa Ha pasfnuyHbIX y4acTkax Konebnetcs B npegenax
oT 9,3 40 9,6 m. AbcontoTHasa OTMeTKa AHa KOTnoBaHa co-
crasnset 175,3 m Bantuiickovi cuctems! (6C). LvpuHa
KOT/IOBaHa B nnaHe pasHa 27 M, a ero grivHa— 40 m.

B cooteetcTtBuM ¢ n. 9.36 CI1 22.13330.2011 «Ak-
TyanuaupoBaHHasa pegakums CHull 2.02.01-83 «OcHo-
BaHWs 34aHWA W COOPYXXeHur» pafnyc 30Hbl BIVAHWUSA
HOBOrO CTpOWTENbLCTBa paseH r, =4-H_[na KoTnosaHa,
paspabaTbiBaEMOro C YCTPOWCTB OM OrpaxneHus u3
cTanbHbIX Tpy6. Takum o6pal3om, 30HA BAUAHWA ANS
KOHKPETHOro cny4yas coctasuna 38,4 m. B ykasaHHON
30HE PacnosfioXeH MATUITAXKHbLIA ABYXMNOOLE3OHbIN XU-
nor goM. KaTteropusa TEXHU4ECKOro COCTOSHUA npunera-
IOLLIEro XWoro 3gaHns no pesynsrataMm npoBefeHHoro
TEXHNYECKOro 06CnefoBaHns COrfnacHoO CyLLECTBYIOLLMM
HOPMaTMBHbIM AOKYMEHTaM OTHOCUTCH K yOOBREeTBOPU-
TenbHOW. [MpoCTpaHCTBEHHAA XECTKOCTb XWUSI0ro gomMa
o6ecneynBaeTCa XeCTKUMU OUCKaMU MEXAYITaKHbIX
NepeKpbITUA U MOKPbITUA, GNIOKAMU NECTHUYHBIX KIle-
TOK. B nnaHe o6beKkT nmeeT pasmepbl 54X12,75, a no
BbicoTe — 17 M. DyHOAMEHTbI NIEHTOYHblE COOPHbLIE U3
6eTOHHbIX G/10KOB CTeH nogpana tvna @b6C TOmMLKWHOM

a
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400-500 MM, YNOXEHHbIX HAa MOHOUTHbLIN >Xenesobe-
TOHHbIM NOAC, BO3BEAEHHbIN N0 (PyHOAMEHTHbBIM MAUTam
@J1. TnybuHa 3anoxeHuns yHOAMEHTOB KofiebneTcs B
npegenax 2,79-3,05 m. CTeHbl 30aHUsA BbIMOSIHEHbI U3
CUMKaTHOro KuMpnu4ya TonWwMHON 570 MM Ha UEMEHT-
HO-Mec4YaHoOM pacTBope. BHyTpeHHve Hecyline CTeHbl
TONWMHON 380 MM BbINOXEHbI TaKXe N3 CUIMKaTHOro
KMpNu4a, a MexayaTaxHble U YepaadHble NepekpbITus
CMOHTMPOBaHbI U3 XXene306eTOHHbIX MHOIOMYCTOTHbIX
NANT TOoNLWKnHOM 220 MM.

B nepBoHa4asribHOM BapuaHTE KPENIEHNE CTEHOK
KOT/IOBaHa 3arpoeKTUpPOBaHO B BUAE PACKPEr/IeHHOM
LUIMYHTOBOWV CTEHKM C UCIMOMb30BaHNEM LBYX iPYCOB IPYH-
TOBbIX aHKepoB «ATnaHT» (puc. 1, a). na aToro cnyyas
Ons LWINYHTOBOW CTEHKM MCMOMb30BaHbl CTaslbHble TPyObl
ceydeHnem 530%8 no FOCT 10704-91 «Tpy6bl cTasibHble
3/IEKTPOCBAPHbIE MPSAMOLLIOBHbIE. COPTaMEHT» C LUarom
1 M, a no ocn «X» Tpy6bl YCTPOEHbI ¢ warom 0,8 M. Kpo-
M€e TOro, B HEMOCPEACTBEHHOW GIN30CTU OT 34aHUS OHU
3anonHaTea TsxenbiM 6eToHoMm. OTMeTKa Bepxa Tpyo
LLUMYHTOBOW CTEHKM MpUHATA NepeMeHHon — oT 184,54 no
184,84 m BC. Hn3 Tpy6 orpaxkgeHusi o ocsam «1», «A» n
«12» pacnonaraetcsa Ha oTmMeTkax ot 171,54 go 171,84 m
5C npu nx gnuHe 13 M; N0 ocu «XK» HNU3 TPYO OrpadkaeHUs
pacnonaraetcs Ha oTmeTke 166,84 m BC npw gnuHe Tpy6
18 M. Mexay Tpy6amu orpaxkfieHns 3anpoeKkTmpoBaHa 3a-
6upKa U3 JOCOK TOMLLNHON 40 MM.
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Puc. 1. Bapuanmo: packpeniennbix WnyHmoeblx 0epaxcoenuii Komaoeana u3 cmanbHbix mpy6 u ¢ HOMOULbIO ePYHMOBbIX AHKEPOB: 4 — AHKEPOE

«Amaaum»; 6 — ankepog «3PT»

Fig. 1. Options for unfastened sheet-pile enclosures of the pit made of steel pipes and with help ground anchors: a — anchors «Atlant»; b — anchors

«ERT»

26

1-2'2020




Hay4Ho-TexHn4Yeckmin

1 NPOM3BOACTBEHHbIN XypHa

CTPOTEHTRO

Town planning
and architecture

MeoTexHMYeckne meponpusaTUsa NO BOCCTaAaHOBNEHUIO SKCﬂﬂyaTauMOHHOﬁ MPUrogHoOCTU CyLleCcTBYHOLLEero XXunoro goma

Geotechnical measures to restore the operational suitability of an existing residential building

H MeponpusTus,
anMeHoBaHve
Ne EOTEXHYECKOM npefycMOTPEHHbIE OcyLLecTBNEHHbIE [ononHuTenbHblE reoTeEXHUYECKNE Pesynbratbl
npoekTa TEXHONOMN ONs 3aWmThl MeponpuaTus MeponpuaTus nNpoBefeHHbIX paboT
CyLLIECTBYIOLLIEro 3aaHuns
PackpenneHHas
nognopHas cTexHa u3
1 CTanbHbIX TPY6 U Het MpoekT oTMeHeH Het
rPYHTOBbIX aHKEPOB
«ATnaHT» B ABa Apyca
PackpenneHHas 3anpoekTnpoBaHa
nognopHas cTeHa u3 CrIoLWHas cTeHa n3
2 cTanbHbIX TPY6 1 6ypokacaTtenbHbIX [MpoekT oTmMeHeH Het
rPYHTOBbIX aHKEPOB 6YPOUNHBEKLIMOHHBIX
OPT B Tpu sipyca cean OPT
PackpenneHHas 3anpoekTnpoBaHa MpoekT 1. BbINONHEHO LieMeHTaUNOHHOE 1. Oedopmaumnn gpoma
3 noanopHas cTeHa u3 3abupka un3 OCYLLIECTBNEH 3akpenneHe OCHOBaHMS. NPOJOMKATCA.
cTanbHbIX TPY6 U ABYX [epeBSIHHbIX JOCOK C paccTpenamu 2. MNpon3BeneHo ycuneHe ocHOBaHMA 2. Oedopmauum goma
MosICOB paccTpenos TONWMHON 40 MM B OAMH MNosiC byHAaMEHTOB CyLLeCTBYyOLLEero goma npekpaLLeHsbl

Mo npocbbe 3aKkaz4mKa-3acTponLLMKa crneynanuctam
OO0 Hr® «@OPCT» 6bIN0 NOpPy4eHO paspaboTtatb
asbTePHaTUBHbLIVM BapUaHT PacKpPerieHHOU LUMYyHTOBOM
CTEHKM C NPUMEHEHMEM CTalbHbIX TPYO TeX Xe pasme-
pOB NOMNEpPeYHOro Ce4eHusi, HO C UCMONb30BaHWUEM MPYH-
TOBbIX aHKEPOB B TPy fpyca, U3roTaBMBaEMbIX NO 3/1EK-
Tpopa3psigHovi TexHonoruu (aHkepa OPT) (puc. 1, 6).
Mpn aToM pacyeTHasn rnybuHa 3afenkn cTanbHbIX TPy6
okasanacb rnyéxe nepsoHavanbHoOro npoekrta. Kpome
TOro, Ha y4acTkax NMpUMbIKaHWS K CYLLLECTBYIOLLUMM [0-
Mam Hamu 6bInn 3anNpPOEKTUPOBAHbI LUMYHTOBbIE CTEHKU
n3 bypokacaTtesibHbiX 6YPOUHBLEKLMOHHbIX cBari OPT
Anametpom 350 MM C MOHOSUTHBIM XeNne306eTOHHbIM
06BA30YHLIM MOSICOM MOBEPXY CBaW. 3anpoeKTUpOBaH-
Has cTeHa NpefcTaBnsieT COO0W Cri/IOLLUHYO MOHOINT-
HYro 3arsly6/ieHHYI0 XKesle3006€TOHHYIO KOHCTPYKLMIO,
KoTOopasi NpensaATcTBoBana Obl OChINaHUIO rPyHTa N3-rog
rnoAoLLBbI hyHAAMEHTOB CYLLECTBYOLLLEr0 XMNoro goMa
B npoLiecce Npon3BOACTBa 3eMISHbIX PabOT MO OTKOMKe
KOTNnoBaHa.

3akasuuk, usydas oba BapuaHTa OrpaxKgeHusi Kot-
JsioBaHa, NpuLLEen K HEOXWMAAHHOMY W CTpaHHOMY 3a-
KITIOYEHUIO O HEOBXOAMMOCTW yAeLleBfeHs npoekTa
YCTPOWCTBa OrpaxpaeHust KoTtnosaHa. B atom cny4ae
rapaHTUpoOBaHHO NpeHebperawT TexHUYEeCKouW Lesieco-
06pa3HOCTbIO, XOTA NPU 3TOM 3KOHOMMUYecKas 3dhdek-
TUBHOCTb CYLLIECTBEHHO BO3pacTaeT. TakMm o6pas3om,
UM OblIN 3aKal3aH TPETUV BapUaHT MPOEKTa OrpaxaeHus
KoT/IoBaHa, Ho 6€3 aHKePHOIro KpersieHusi C UCNonb30Ba-
HMEM, TaK Xe Kak 1 B npegblgyLmX NpoeKTax, CTanbHbIX
TPY6 M MUCNOSb30BaHUA CTaslbHbIX PACCTPENOB Ha ABYX
YPOBHSIX B3aMEH PYyHTOBbIX aHKepoB. pu 3ToM B pas-
paboTaHHOM NPOEKTE UCKIKYEHO YCTPOMUCTBO CMOLLHOMN
LUMYHTOBOMW CTeHbl (OHa ABNSETCA OQHOM M3 OCHOBHbIX
3arny6neHHbIX KOHCTPYKLMI o6ecrneyeHust yCTON4MBO-
CTM OCHOBaHMS nop (byHOAMEHTaMU CyLLECTBYIOLLErO
XWUIOro AOMa) Ha y4YacTKe MPUMbIKaHUS K CyLLLECTBYIO-

LemMy >Xunomy gomy. Ons paBHOMEPHOro BOCMPUATUS
YCUMUIA OT FPyHTa U Nepejayn Ux Ha paccTpenbl 3anpo-
€KTUpOBaH pacnpefenuTenbHbli NOAC U3 CNapeHHbIX
weennepos 5062. Cnegyet o6patnTb BHUMaHWE Ha TOT
hakT, 4TO MNpV NPOM3BOACTBE PabOT B KAYeCTBE KOH-
CTPYKLUMOHHOIO marepuana Aisi paccTpesios Oblin uc-
10/1b30BaHbl 6bIBLLNE B YrIOTPEe6IeHUN CTalslbHble TPYObI.
Mpu4em OHW BINOMHEHbI TONBKO Ha OQHOM YpPOBHe. [Npun
OTPbIBKE KOTNOBaHa OblBLUME B ynoTpebneHun TpyObl
paccTpena nony4unu 3HadmTenbHble gecopmauynm (npo-
rMbbl, CMATUA NOMEPEYHOrO CEYEHUS, a TaKXe NpoBasbl
rpyHTa 1 acdansrta), B pe3ynbsraTe Yero LUnyHToBas cre-
Ha M3 cTasnbHbIX TPY6 Mofy4Yusia ropu3oHTasnbHble Ae-
dhopmaumm B CTOPOHY KoTnoBaHa. Npu 3ToM OTCyTCTBME
CMIOLLHbIX 3arpaguTesibHbIX LUMYHTOBbIX CTEH Ha y4YacT-
Kax NPMMbIKaHUS K CYLLECTBYIOLLEMY XMUNOMY AOMY Npu
nNpou3BoACcTBE paboT MO OTPLITUIO KOTNIOBaHa MpUBENO
K BbIBaSIMBAHUIO TPyHTa M3-NOL NOJOLLBLI DyHAAMEHTA.
B pesynbraTe 3TOro CyLLECTBYIOLLNIA XUIOW OOM MOsy-
YUIT MFHOBEHHYIO BEPTMKANbHYIO Aedhopmaumio, 0 YeMm
CBUOETENbLCTBYIOT  MOSIBUBLUMECH  AedhOopMaLMOHHbIE
TPELLMHbI Ha HapyXHbIX NMOBEPXHOCTAX hacados, Mpo-
rpeccupytoine Bo BpeMeHn. CpoYHO OpraHM30BaHHbIN
reO0TEXHUYECKUIA MOHUTOPUHI 32 BEPTUKASIbHLIMK Mepe-
MELLEHMAMMN 0Ca04HbIX Mapok (puc. 2, 3) NoATBEpPAUN
XyALne onaceHus. HacTb XMNoro goMa co CTOPOHbI HO-
BOro CTPOUTENbLCTBA Npocena u npodonmxaeT aedopmu-
poBatbCs (puc. 4). 3akasunmk CPOYHO MPUHSAN peLleHne
0 pas3paboTKe MpoeKTa LYeMEHTaLNOHHOIro 3aKpernsieHnsi
[ehopMUPOBaHHOM HacTy OCHOBAHWS N HEMELOJIEHHOIO
ero ocyuiecTteneHus (puc. 4). PesynstaTbl reotexHuye-
CKOr0 MOHWUTOPMHra CBWUOETENbCTBYIOT, YTO Oaxe no-
Ccne npoBefdeHnst reoTeXHNYeCcKnx paboT Mo LieMeHTa-
UMM OCHOBaHUS fedopMaLum OCHOBaHWSA MpogorKanv
passuBaTtbcs. lNpn 3TOM BCe npefdenbHO AOMyCTUMble
Jedhopmaummn yxe npeBbileHbl. Hanpumep, Haubonee
JedopMupoBaHHasa ocafiodHas Mapka nomnyyuna BepTu-
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Puc. 2. [Inan munosoeo 3majica NAMUIMANCHO20 HCUA020 OOMA CO CXEMOU YCMAHOBKU 0CA00HHbIX MaApoK 1-25
Fig. 2. Plan of a typical floor of a five-storey residential building with a scheme for installing settlement points 1-25
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Puc. 3. [nasHblil pacad namusmancHo20 U020 0oma ¢ yKazanuem 0eopmayuoHHbIX Mpeujun
Fig. 3. The main facade of a five-storey residential building with indication of deformation cracks
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Puc. 4. Bepmukanvras npugazka cmposiue2ocs 06seKkma u yeMeHmayuoHHoe0 3aKpenienus 0OCHO8aHUs cyuecmsyioue2o doma Ne 1 6 unscernepro-
2eonoeuteckull paspes

Fig. 4. Vertical binding of the object under construction and cementation fixing of the base of the existing house No. 1 in the engineering-geological
section
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Puc. 5. Ipaguku ocadox degpopmayuonnvix ma-

DOK, YCMQAHOBACHHbIX B0KPYe CYUleCmeyoueco

doma. 1-25 — ocadounsie mapku

Fig. 5. Graphs of the sediment of deformation

marks installed around the existing home. 1-25 —

settlement points

KanbHoe nepemetleHne 52 mm (puc. 5) npu JonycTumMom
3HavyeHun 20 Mm.

Bo nsbexxaHve ganbHenwmx gedopmMannin cyLLecTBy-
IOLLIEro XXMnoro goma 3akasudmk onsaTb o6patuncs K cre-
unanmctam (OO0 HIMN®d «dOPCT») ¢ npocb6oit pa3pado-
TaTb NPOEKT YCUNeHns 0edopMMpoOBaHHOrO OCHOBaHNA U
BbINOSTHEHUSA TEeOTEXHUYECKMX PaboT MO €ro YCUNeHuHo.
Bbina ncnonb3oBaHa pas3pagHO-UMMYNbCHAA reoTEXHUYe-
CKas TEXHONOrmsi YCTPOMCTBa OYPOUHBLEKLMOHHBIX CBan
(cBan OPT) kak Hanbonee npvemnemas ansa paspeLleHns
NPOGMEMHBIX CNy4aeB B CTECHEHHbIX YCMOBUAX. TOMbKO
YCUIEHNEe OCHOBaHMA (PyHAaMEHTOB NPOGIEMHOMO XMSO-
ro foOMa Mo 3TON reOTEXHNYECKOW TEXHOMOM MM NO3BOSNIO
npegoTBpaTuUTb danbHenve gedopmaumm OCHOBaHUS,
0 YeM CBUAETENLCTBYIOT FEOTEXHUHECKMI NPOrHO3 U pe-
3ynbTaTbl FEOTEXHNYECKOrO MOHUTOPUHIa 3a BepTMKasib-
HbIMU NepeMeLLEHNAMM 0CaO0HHbIX MapPOK.
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IIpoekTHOE (DYHKIIMOHAIbHOE 30HUPOBAHUE
PeKpealMOHHbBIX TEPPUTOPHUIA

B peaynbTate yBennYeHUsl KOIIMHeCTBa XUTEeu, NMPOXUBAIOLUMX B HACENIEHHbIX MyHKTax MPOUCXOAUT yBesm4eHue
aHTPOINOreHHbIX Harpy30K Ha PeKpeaunoHHbIe TeppuTopun. PekpeaLmoHHas Harpy3ka Bbi3blBAeT CYLLECTBEHHYHO
Jerpagauuio npupoaHoOro Kapkaca ropoga, a ee 3HadyeHne hopMupyeTcsl naaHupoBOYHON CTPYKTYPOV FOpOACKOM
cpepbl, onpenensoLLes pacrpegeneHne rnioTHOCTY HacesIeHns B rpaHuLax TPaHCMoPTHOV M NeLLEeXoHOM JOCTYIMHO-
CTV OT 06bEKTOB pekpeaLiy. ObecreynBasi COXPaHHOCTb PEKPEaLMOHHBIX TEPPUTOPUM, BOZHUKAET HEOBXOANMOCTb
pa6oTbl ¢ MOHOV U [JOCTOBEPHOU UHEOPMAaLMEri, KOTOPYIO BO3MOXHO MOJyYUTb TOJTbKO MPU MPOBELAEHUN perysisip-
HbIX MOHUTOPUHIOBbIX UCCIIEA0BaHWY, HaMpaB/IeHHbIX HA COXPaHeHWe MPUPOAHOro KOMIIeKCa roOpOLACKON cpesnbi.
MpocTpaHcTBeHHas opraHu3auus PeKpeaLuoHHbIX 30H JOJDKHA OTBeqaTb LesisM 06eCreYeHUs IKOOrM4eCcKoro
PaBHOBECHSI PEKPeaLMOHHbIX TEPPUTOPUN, a Takke (hoPMUPOBaHUIO KOMBOPTHOV apXUTEKTYPHO-MIaHUPOBOYHOM
CTPYKTYPbI Y BbIRETIEHWIO Hanbosiee 3Ha4YMMbIX PEKPeaLMoHHbIX 06pa3oBaHui Ha OCHOBE 3KOJTOMMHYECKUX 1 pekpea-
LIMOHHBIX BO3MOXHOCTEV MPUPOLHBIX TEPPUTOPMIE 1 NOTPEGHOCTEN HaceneHus. B cBA3Y ¢ 3TuUM B cTaTbe npeacTas-
JIEHO pa3paboTaHHOe Ha OCHOBE PacHETHOrO 3HaYeHUsi PEKPeaLMOHHOV Harpy3ku (hyHKLMOHAIbHOE 30HUPOBaHNE
MPUPOLAHO-aHTPOMNOreHHOIo TePPUTOPUATIBHOrO KOMIIEKCA FOPOACKOro napka KyJsbTypbl v OTAbIXa, PACOIOKEHHOro
B LieHTpasbHOM YacTu ropoga Opna, KOTopoe HanpaB/IeHHO Ha pa3BUTUE U COXpaHeHue MPUPOoAHOro Kapkaca B yc-
JI0BUSIX CIIOXUBLLIENCS rpafoCTPONTEIbHO CUTYaLMY.

KnrodeBbie csoBa: aHTPONoreHHas Harpyska, (hyHKUMOHaIbHOe 30HUPOBaHUe, NPUPOAHLIVI KapKac ropoda, pekpe-
auyMoHHas Harpyska, (hyHKLMOHAIbHOE 30HMPOBAaHNE, IKOSIOrMHEeCcKoe o6ecneqeHme.

Onsa untuposBaHus: CnenHes M.A., Bakaesa H.B. lNpoekTHoe hyHKLUMOHaNbHOE 30HMPOBaHNE PEKPEALMOHHbIX TeppU-
Topuit // XunnwHoe ctpoutensctao. 2020. Ne 1-2. C. 31-37. DOI: https://doi.org/10.31659/0044-4472-2020-1-2-31-37

M.A. SLEPNEYV, Candidate of Sciences (Engineering), (mik-slepnev@mail.ru), N.V. BAKAEVA, Doctor of Sciences(Engineering)
National Research Moscow State University of Civil Engineering (26, Yaroslavskoe Highway, Moscow, 129337, Russian Federation)

Project Functional Zoning of Recreational Territories

As a result of the increase in the number of residents living in the settlements, there is an increase in anthropogenic loads on recreational areas. Recreational
load causes significant degradation of the natural framework of the city, and its value is formed by the planning structure of the urban environment, which
determines the distribution of population density within the boundaries of transport and pedestrian accessibility from recreational facilities. Ensuring the safety of
recreational areas, there is a need to work with complete and reliable information that can only be obtained when conducting regular monitoring studies aimed
at preserving the natural complex of the urban environment. The spatial organization of recreational zones should meet the goals of ensuring the ecological
balance of recreational territories, as well as the formation of a comfortable architectural-planning structure and the allocation of the most significant recreational
formations on the basis of the environmental-recreational opportunities of natural territories and the needs of the population. In this regard, the paper presents
the functional zoning, developed on the basis of the estimated value of recreational load, of the natural-anthropogenic territorial complex of the City Park of
Culture and Leisure, located in the central part of the city of Orel, which aimed at the development and preservation of the natural frame in terms of the current
urban situation.

Keywords: load, functional zoning, natural framework of the city, recreational load, functional zoning, environmental support.

For citation: Slepnev M.A., Bakaeva N.V. Project functional zoning of recreational territories. Zhilishchnoe Stroitel'stvo [Housing Construction]. 2020. No. 1-2,
pp. 31-37. (In Russian). DOI: https://doi.org/10.31659/0044-4472-2020-1-2-31-37

fopog — 9TO TeppuTopuaribHO OrpaHuYeHHasi  Hbl Ha obecriedeHue TPYOAOBOW AEesTEeNbHOCTU Hacerne-

YyacTb reorpadnyeckor 060M04KMU, B KOTOPOW coYe-
TalTCA MPUPOAOHbIE U WCKYCCTBEHHbIE KOMMOHEHTHI,
HaceneHHble NoAbMU, U B LIENIOM, MPeAcTaBnseT co-
601 ypboaKocucTeMy, 3aadm KOTOPON OPUEHTUPOBAH-

HUS, a Takxke ero 6bITOBbIX MOTpebHocTen u gocyra [1].
B coBpeMeHHOM Mupe BbICOKME TeMnbl ypbaHu3a-
LUnKn, yBenMyeHue MAOTHOCTU HacCeneHus A[UKTYIoT
Heo6XxoAUMOCTb pa3paboTKM CUCTEMHOro nogxopa B
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Ta6bnuua 1
Table 1

AHanus pekpeaumoHHbIX 30H r.Opna
Analysis of recreational zones of the city of Orel
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peLleHnn rpafoCcTpoUTeSNbHbIX 3a4a4d, HanpasneHHbIX
Ha opMMpOBaHUE W COXpaHeHWe NPUPOJHOro Kap-
Kaca. OTO BblpaxaeTcs Kak B MHPOPMaLMOHHOM, TaK
n kaptorpacdunyeckom obecrnevyeHnn, HanpaBeHHOM
Ha oopMUpOBaHWe YCTONYMBOW Cpefbl AN Xuteneun
ropofos un nocenexHuii. OgHMM M3 PyHOAMEHTanbHbIX
NPUMHUMNOB Npeobpa3oBaHMs MOCeNeHns u ypoaHu-
3UPOBAHHbLIX TEPPUTOPUIA B BMOCHEPOCOBMECTUMbIE
U pasBuBalOLLME YefioBEKa CIYXWUT cuctema Tpow-
CTBEHHOro 6anaHca 6uoTexHocdepbl [2]. [NaBHble
YHKUNN rpafoCcTPOUTENBHON CUCTEMbI AOSKHbI ObITh
HanpaBfieHbl HA U30NAUUIO0 TEXHOIEHHbIX TePPUTOPUNA,
coxpaHeHne 3KOCUCTEeM, YIydlleHUe SKONOrmyeckomn
o6cTaHoBKM [3]. C NpaBoBOW TOYKM 3PEHUSA NpMpoa-
HbI Kapkac MMeeT AeneHWs Ha 30Hbl: pekpeauuwu,
0C060 OXpaHAeMbIX NPUPOLHbIX TEPPUTOPUINA U OXpa-
Hbl NAMATHUKOB UCTOPUU U KYNbTYpbl [4]. DopmupoBa-
HUe 1 pa3BUTUE TeppUTOpPUaNbHbIX 30H HanpaBfeHo B
TOM 4YuUCfe U Ha BOCCO3[aHWe NpUpPOOHbIX 9IEMEHTOB
TeppuTOpUA ropoa, Co3gaHne HOBbIX OOLLLECTBEHHbIX
NPOCTPaHCTB, pa3paboTKy HenpepbIBHOM NnaHawagT-
HOM CTPYKTYpbl, COXpaHEHNe N BbISBfIEHWE UCTOPU-
YeCKNX, 0CO60 OXpaHAeMbIX NPUPOAHbBIX TEPPUTOPUI
[5]. ®opmupoBaHMe XWAbIX W MNPOU3BOACTBEHHbIX
TEPPUTOPUNA, PAaCMONOXEHHbLIX B HENnocpencTBEHHOW
61M30CTU K MPUPOAHBLIM 30HaM, HeraTUBHO BNUSAET
Ha npupogHble Komnnekcobl [6]. lNMpexae Bcero 3To
CckasblBaeTCs Ha peKpeauuOHHbIX 30HaX roOpoACKMX
TEeppUTOPUNA, rae pekpeaumoHHas Harpy3ka 3a4acTyo
npesbillaeT HOPMATMBHYIO, BCNEACTBME Yero Bre4er

3a cOo60M HapyLleHWe 3KONOrM4ecKoro paBHOBECHKSA
ropoAcKomn aKkocucTemsl [7].

lMpobrema u noctaHoBKa 3ajaqyv UCCEOBaHUA.
B ycnosuax pas3sBuTus ropodoB BaXHOW ABNAeTCA
npobnema COXpaHeHMs U O3[0POBMEHUA OKpYXalo-
wen cpefbl, co3gaHue ycnosun, 6naronpuaTHbIX Ons
XunsHepesatenbHocTU. OOHOW U3 OCHOBHbIX Lienewn, no-
CTaBneHHbIX B paboTe, ABUNOCh BbIBIEHME pekpea-
LMOHHbIX Harpy3okK n pelleHne 3agady no paspaboTke
NPOEKTHOro PYHKLUMOHANIBHOr0 30HMPOBAaHMWA, Hanpae-
NEHHOr0 Ha COXpaHeHWe MpPUPOJHO-aHTPOMOreHHOro
TEPPUTOPMANBHOrO KOMMEKCa B CMOXMUBLUMXCS rpa-
LOCTPOUTESbHbBIX YCIOBUSAX.

Pesynbratel uccnegosanus. B pesynbtate aHanmaa
pekpeaunoHHbIX TeppuTtopuii ropoga Opna, 66110 Bbl-
SIBMIEHO, YTO Ha CErogHALHWA OeHb NPUPOLHbLIA Kap-
kac ropoga He ccopMMpoBaH B €OUHYIO CBA3AHHYIO
ceTb. [MpupopgHble TeppuTOpuMM ropoga HaxogsdTcs B
OKPYXEHNN OOBLEKTOB KanuTanbHOMO CTPOUTENbCTBA
npencTaBfeHHbIX XUNbIMU MaccuBaMn U pasnuyHbIMU
naHpwadTHO-peKpeaLnoHHbIMU NpOCTpaHcTBamMu [8,
9]. B Tabn. 1 npuBeneHsbl pesynbratbl aHanna3a pekpe-
aUNOHHBIX TeppuTopwmii r. Opna no PyHKUNOHANBHOMY
HanONHEHWIO 1 PaCMONOXEHNIO.

O6bekToM uccnegqosaHus 6bin onpepeneH Mopog-
CKoW napk Kynetypbl n otgbixa (IMKnO), koTopbii B
CBOIO o4Yepeb UMEEeT MakCMMarbHble XapaKTePUCTUKM
Nno PYHKUMOHANbHOMY HANOSIHEHMIO U ABMSAETCA CaMbiM
BOCTPEOOBaHHbIM MECTOM OTAbIXa A5 FOPOACKOro Ha-
CeneHusi, TaKk KakK pacnosfioXeHH B LIEHTpasibHOW ero
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B Zeppumopus I'NIKuO e.Opaa —1

.| Topodckue pexpeayuontbie 30Hb!

I  Boousie o6sexmot —
i |

Pexpeayuonnvie meppumopuu I'llKuO e.Opra
Tponunounas cemo I'lIKuO 2.Opaa
Cywecmeyrowjas Jcunas 3acmpoixa

Topodckoii nasixc

Puc. 1. Cywecmsyrouee apxumexmypro-nianupogouroe pewenue I'lIKuO e. Opaa
Fig. 1. Existing architectural-planning solution of the City Park of Culture and Leisure of Orel

yactu [10]. Ha puc. 1 nokasaHbl rOpoACKME pekpea-
LUWOHHbIE TEPPUTOPUN PACMOSIOXKEHHbIE B 30HE TPaHC-
MOPTHOW AOCTYNHOCTU OT rpaHuL paccMmaTpusaemom
TeppuTopmn. OueHuBas CyLLEeCTBYIOLLIEE apXUTEKTYp-
Ho-nnaHupoBo4Hoe pelueHne MKnO r. Opna, MOXHO
BUOETb, YTO YCTAHOBMEHHbIA PEXUM UCMONb30BaHUSA
TEPPUTOPUM He BLINOMHAETCS, a caMa TeppuTopus uUc-
nbiTbiBaeT gerpagauuto [11].

Boonb 3anagHon CTOPOHbI paccMmaTtpusaemMon Tep-
pUTOpMM MPOXOAUT MarucTpanbHas ynuua panoHHo-
ro 3HadeHus — ynuua Makcuma lopbkoro. BoctoyHas
4acTb rPaHUYNT C yNULUEN MECTHOro 3Ha4yeHus — ynu-
uen KommyHbl. Ha puc. 2 MOXHO BUAETb, YTO B 30HE
L1aroson [AOCTYNHOCTN CKOHLEHTPUPOBaHO 60nbLUoe
KOIN4eCTBO OCTAHOBOK FOPOACKOro Ha3eMHOro nacca-
Xupckoro TpaHcnopta (MCHIMT), koTopble Nonb3ytTcA
60/bLUNM CNPOCOM, TaK Kak pacrnonoXeHbl Ha TEPPUTO-
pun O06LLLECTBEHHOIO M MCTOPUYECKOrO LIeHTpa ropoga.

MeTogomM HaTypHoro HabnwogeHus 6bIn npoaHa-
NN3NPOBaHbl OCHOBHblE OBWXEHWS MOTOKOB MOCEeTU-
Tenen TIKnO. Ha cerogHAWHWA fOeHb TeppuTopus
[opoAckoro napka KyneTypbl W OTAbIXa BbIMNONHAET
YyHKLUMMK, HanpasfieHHble Ha obecneyeHne pekpeawm-
OHHbIX NOTpPebHOCTEN Xutenen ropoga [12]. Ha Teppu-
TOpPUM NPOBOAUTCS 6ONbLUOE KONMMYECTBO KYNbTYPHO-
MaccoBbIX MepPONpUATUIA AN pasfn4yHbIX BO3PaCTHbIX
KaTteropun, ogHako TeppuTopusi napka Haxogutcsa B
HeyOoBONeTBoOpUTENbHOM coTosiHMM. OTCyTCTBME 6na-

royctporictea, cChpOpMMPOBaHHOW TPOMUHOYHOW CeTH,
KOHTPONSA pexuma MUCrnonb30BaHUA TeppUTopuin Beget
K YBENUYEHUIO pPEeKpeaumMoOHHbIX Harpy3oK U nU3MeHe-
HUIO NaHgwadgTHO-pekpeaUmoHHbIX NpocTpaHcTs [13].
[nsa onpegeneHns noTeHUManbHOro Konm4yecTsa noce-
TUTENEn B YCNOBUAX CIIOXUBLUENCA rpagoCcTpouTesb-
HOW cuTyauum B paboTe y4uTbiBanacb AOCTYMNHOCTb
TEPPUTOPUN XNNbIX MUKPOPANOHOB 1 KBapTasnos, pac-
NOSNTOXXEHHbIX B 30HE LLIArOBOM U TPAHCNOPTHOM JOCTYN-
HOCTU, MPUHATOM MO NpoeKTy paBHon 500 n 1500 m
cooTBeTCTBEHHO [14, 15]. Ha puc. 3 nokasaHbl Teppu-
TOPUM XNNOW 3aCTPONKKN, paCnOSIOXEHHbIE B rpaHuLax
TPaHCMOPTHOM AOCTYMHOCTM paccmMaTpmBaemMoro obb-
eKTa uccnegoBaHus.

PacuyeT konuyecTBa Xutenemn, NpoxmueawoLmnx B pa-
aunyce pgoctynHocTn 500 M OT rpaHuy paccmaTpusae-
MO TEPPUTOPUU, NPOBOAMIICS MO KBAPTUPHOMY COHAY,
npeacTaBNneHHOMY MHOrMO3TaXXHOW, CpefHe3aTa)XKHoW,
Masio3TaXXHOW 1 MaMBUAYyanbHOM 3acTpownkon [16]. Pac-
YeTHOE 3Ha4YeHue xuTenen coctaBuno 13,6 Teic. Yen.

Mo cdopmyne (1) onpeneneHo 3Ha4deHMe pekpeauu-
OHHbIX Harpy3ok Ha 1 ra nnowagm paccmaTtpuBaemMon
Tepputopun:

P=X/S, (1)

roe P — pekpeauunoHHas Harpyska Ha 1 ra Tepputopuu;
S — nnowapb Tepputopun (10,67 ra); X — Konm4ecTBo
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Ipanuybt wazosoii docmynnocmu I'lIKuO 2. Opaa

Boouvie 06sexmol

1

naccax)cupckoeo mpaicnopma

Hanpazmeﬂuﬂ dsudIceHUss NOMOK08 Nelexo006 0m 0CMAaH080K 20p00(,‘}€020 HA3eMHO20

[‘® | Ocmanosxu THIT

Hanpaenenus dsuxcenus nocemumeneii
TTIKuO 6 2. Opae

Puc. 2. Ocnosnvte Hanpasarenus dsuicenus neutexo0os om ocmarogok FHIIT 6 30ne waeosoii docmynnocmu meppumopuu I'TIKuO e. Opaa
Fig. 2. Main directions of pedestrian traffic from urban ground passenger transport stops in the area of walking distance of the territory of City Park of Culture

and Leisure of Orel
YenoBeK, MPOXMBAKOLUX B rpaHuLax newexogHon no-
CTYMHOCTW.

PekpeaunoHHas Harpy3ka coctasuna 1275 yenosek,
YTO NPEBbLILLIAET MaKCMMasibHOEe 3Ha4YeHne, YCTaHOBEH-
Hoe B CI1 42.13330.2016 «IpagocTpouTtensctso. [na-
HUPOBKaA M 3acTpolika rOPOACKUX U CENbCKUX MOCene-
HUA. AKTyanmampoBaHHas pegakumnsa CHulM 2.07.01-89»,
015 JaHHOW KaTeropun napka 6onee, 4em B 12 pas.

[Ona onpegeneHua nocetutenenm napka w3 4mucna
BCEX XUTENen, NnpoxueawLmMx B rpaHuuax newexon-
HOWM JOCTYNHOCTW, BOCNONb3yeMcs (hOPMYon 2, No KO-
TOPOW MOXHO OMpPeaennTb, NpU Kakom NpoLeHTe noce-
TUTENEN pekpeaunoHHasa Harpyska 6yaeT octaBaTbCs
B Npefenax HopMaTUBHOIO 3HAYEHUSA:

Z=(P-100%)/X, (2)
roe Z — JOonyCTUMbIA MPOLEHT MoceTuTenen oT Yuc-
nla NpoXuBalLMX XuTenem B npegenax [OCTYMHO-
CTW OT rpaHuy napka; P — ponyctumoe Konm4ecTBo
noceTuTenen napka, obecnedmBaroLlee MakcMmarsb-
HO [OMNYCTUMOE 3Ha4YeHue peKpeaLMOHHOW HarpysKku;
X — obLlee Yncno noTeHunanbHbIX NOCETUTENEN, NPO-
XMBaKLLMX B paguyce neLexoaHon 4OCTYNHOCTH.

7Z=(1275-100%)/13602=9,3%.

Mony4eHHOE 3Ha4YeHne NoKasbiBaeT, YTO peKkpeaLim-
OHHas Harpyska 6yaeT ocTaBaTbCs B Npeaenax HopmMa-

o A

Teppumopu HKuO 2.0paa
Mnoeoamadicnaa wcunasa 3acmpoiika

HXC

Teppumopuu ObujecmeenHo-0en106020 HA3HAYEHUs
Teppumopus ucmopuueckoeo yeHmpa eopooa

Boonvie o6sexmot

Puc. 3. 2Kunvie 30n61 mpancnopmmnoo oocayxcusanus 1500 m om epa-
nHuun T'TTIKuO 6 2. Opaa

Fig. 3. Residential areas of transport services, 1500 m from the borders
of the City Park of Culture and Leisure in Orel
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Ipanuyvt I'IKuO 6 2. Opae

(Dymcuuonabnbte 30HbBL:
Pelcpeauuonnbte 30HbL:

Ilodsona P- 1: naowadku u mponuHouHas cemo

Ilodsona P-2: naowadku u mponunounas cems

[lood3ona P-3: naowadku u mponunouHas cems

[loozona P-4: meppumopus 0epanHu4eHH020 UCHOAb308AHUS

Ilodzona P-5: meppumopus 6004b HabepedicHoil peku

Ilodzona P-6: o3eaenennas meppumopus, OmKpbimas ons
nocemumenei

Tlodzona P-7: meppumopusi ocob6oeo pexcuma
UCHOAB308AHUS

Obuecmeenno-0en08as 30Ha

OxpanHas 30Ha 066eKmoe KyAbmypHO20 HacAeOus.

3ona 06sexmoe 6000cHab CeHUs

Puc. 4. [Ipoekmuoe gpynxuyuonanvhoe 3onuposanue I'lIKuO 2. Opaa
Fig. 4. Project functional zoning of the City Park of Culture and Leisure in Orel

TUBHOW NPV YCNOBUMK, €CN KONMYECTBO NoceTutenen
He 6ygeT npeBbiwaTh 9,3% OT YMcna Xutenen, NPoxu-
BalOLLMX B pafmyce LaroBon JOCTYNHOCTH.

Mo pesynbTatam pacyeTHbIX AaHHbIX 6bI10 Npeaso-
XEHO (PYHKLUMOHaNbHOEe 30HMPOBaHWEe, HanpaBfieHHoe
Ha coxpaHeHWe MNPUPOJHO-aHTPOMOreHHOro Teppu-
TopmansHoro komnnekca 'MKuO r. Opén, Ha oxpaHy

Tabnuua 2
Table 2

[lonycTumas pekpeauuoHHas Harpyska
pyHKUMOHanbHbIX 30H MKKO r.Opna
Permissible recreational load of functional
of the City Park of Culture and Leisure of Orel

) Honyctumas MakcumarnbHoe
o pekpeaum- KONM4ecTBO

®yHKUMOHanbHas 3oHa,noasoHa | 3 8 OHHas ~
9] nocetutenen,
= Harpyska, wen
c yen./ra :

P-1: 1,76 300 528

5. nnowiagku n

P2 TPOMMHOYHas CeTb 0.87 200 174

P-3: 0,35 100 35

P-4: TeppuTOopusa orpaHM4eHHoro

McnonbL3oBaHus 541 1 5

P-5: Tepputopusa Boonb

HabepexXHon pekn 029 100 29

P-6: o3eneHeHHas Tepputopus,

OTKpbITas Ana noceTutenein 1,33 200 266

P—7: Tepputopusa oco6oro

pexunma 1cnonb3oBaHus 012 300 36

€CTECTBEHHbIX NnaHAawadToB BAOMAb BOAHOIO OOGBEK-
Ta [17]. MNMpoekTHoe YHKLMOHaNbHOE 30HWPOBaHWE
npeacTaBfieHHoe Ha puc. 4, BKItOYaeT B cebs YeTbipe
OCHOBHbI€ 30HblI:

— pekpeaumoHHas;

— 6yhepHas;

— 06l ecTBEeHHO-A€eN0Bas;

— 30Ha 0CO6Oro pexuma NUcrnonb3oBaHUS.

B cBolo o4yepefb, pekpeaLMoHHaa 30Ha AennTcs Ha
noasoHbl: P1-3: nnowagkn n gopoxkn; P—4: Tepputo-
puun, HeQOCTYNHbIE AN nocelleHnn; P5—6: Tepputopumn
BLOMb HABEPEXHON, OTKPbITbIE ANa noceTutenen; P-7:
TeppuTopma 0Co60ro pexmnma Ucnosib30BaHms.

B nNpoeKkTHOM PyHKUMOHANIbHOM 30HMPOBaHUU
ObININ MPUHATBI 3HAYEHUA MakCcUManbHO AOMNYCTUMbIX
peKpeaumoHHbIX Harpy3okK, a TakxXe MakCcMMmasbHO [0-
NyCTUMOE KOSIMYECTBO NOcCeTUTENEen ¢ y4eTom noLla-
On ncnonb3yemomn Tepputopun. B Tabn. 2 npegcrasne-
Hbl 3HA4YE€HUSA AOMYCTUMbIX PEKPEALIMOHHbBIX Harpy3ok,
YCTaHOBMEHbIX AN KaXA0M U3 NOA30H.

Ha nog3oHe P-1 pacnonaratoTcs nnowagku u
OOPOXKK NMEpPBON OCHOBHOW TeppuTOpUM napka, Ko-
Topas 6yneT mcrnonb3oBaHa Kak 6GydepHas 30Ha C
MakcMMasnbHbIMU peKpeaunmoHHbIMU Harpy3kamu, He
npesbiwamowmmMmm 3HadeHnsa 300 den./ra. lMopg3oHa
P2-3 KOHUEHTpUpyeT nnowankm 1 finHenHble 06b-
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€KTbl BTOPO OCHOBHOW TEPPUTOPUM NapKa; NPoeKTU-
pyetca Kak pekpeaumoHHas Tepputopus, OTKpbiTas
Ona noceweHun C pekpeauMoHHOW Harpy3kown, He
npesbiwatwen 200 yen./ra. P-4 Tepputopusa orpa-
HWYEHHOro pexuma UCnoNb30BaHus, HanaBfieHHas
Ha COXpaHeHue cyllecTByolWero naHawadgTra. 3oHa
P5—6 npoekTupyeTcsl Kak O3esfieHeHHas TeppuTopus
BOOMb HabepexHon pekn OKu, TeppuUTopua KOTOpOW
npencrtaBngeT cob60M OTKPbITbIA A5 OTAblXa NOCeTu-
Tenen nonuroHanbHbin 06bLEKT. [Moa3oHa P-7 u aTo
TeppuTopms 0Co60ro pexuma Ucnosib3oBaHuUs C BO3-
MOXHOCTbIO nepefadyv 3eMnn B apeHay, Afa KOTOpown
TpebyeTcsa OOMOfIHUTENbHAA pa3paboTka rpagocTpo-
UTENbHbIX PEernamMeHToB MO MCNONb30BaHWUIO U 06Yy-
CTPOWCTBY JAHHOW TeppuUTOpUun.

BbiBogbi. icnonb3oBaHne NpUpOAHbIX TEPPUTOPUN
XUTENAMU FOPOAOB W MOCENEHUI, BeOEeT K yBenun4ye-
HUIO peKpeauMOHHbIX Harpy3ok, KOTOpble BbI3blBaAOT
CyLeCTBEHHYI0 ferpagauuio NpupogHOro Komnrekca
ropofa, a ee 3Ha4eHune onpepensaeTcs NNaHMPOBOYHOM
CTPYKTYpOW ropoackon 3actponku. OnpenenexHune po-
NYCTUMbIX PEKpeauuoHHbIX Harpy3oK Ha TeppuUTOpuio
napka, paspaboTka (PyHKLMOHAaNIbHOro0 30HMPOBAHUSA,

Cnucok nutepaTypbl

1. KpacHouwekoa H.C. ®opmupoBaHne NpUPOLHO-
ro Kapkaca B reHepasnbHbIX nnaHax ropogos. M.:
ApxutekTypa-C, 2010. 182 c.

2. Wnbunues B.A., EmenbsHoB C.I., KonyyHoB B.U.,
Bbakaesa H.B. MiHHOBaunoOHHasa npakTuka B ropo-
Jax U OOKTpMHa rpagoycTpoincTtea // buocgepHas
COBMECTUMOCTb: YEJIOBEK, PErvoH, TEXHOJIOInU.
2014. Ne 3. C. 3-18.

3. Llep6buHa E.B., Mapwankosuy A.C., 3otoBa E.A.
YcTonunmeoe pasBuUTUE CEeNbCKUX MOCEeNeHuN:
3HayeHne aKosnornyeckmx daktopos // 3Ikono-
s ypbaHnsupoBaHHbix Tepputopuii. 2018. Ne 2.
C. 73-83.

4. Wep6buHa E.B., CnenHeB M.A. Cucrtema rpapo-
CTPOUTESNbHBIX perfnamMeHToB ansa obecnevyeHns
YCTOMYMBOro pas3BuTusa Tepputopuin // Hay4Hoe
o603peHmne. 2016. Ne 6. C. 240-244.

5. Monoe A.B., CnenHee M.A. TloBbllLlEHNE 3KO-
NIOTMYEeCKMX MnapamMeTpoB apXMTeKTypHO-rpago-
CTPOUTENbHOW Ccpefbl NOCPEACTBOM MPUMEHEHMUSA
OUTO-MeTanMUYeCcKnX KOHCTPYKUuun // Skonorus
ypbaHusnpoBaHHbix Tepputopui. 2018. Ne 3.
C. 114-117.

6. CrtpawHosa J1.®., CtpawHosa tO.I'., BouHoBa A.B.,
Monesas O.P. Co3gaHue TypuUCTCKO-pekpeauu-
OHHbIX 30H Ha CeBepo-3anapge ctonuubl // Apxu-
TekTypa n ctpoutesibctBo MockBbi. 2009. Ne 5.
C. 10-20.

dopMMpoBaHUE TOYEK TATOTEHMUSA NOCETUTENEN N opra-
HU3auns CBA3EN Mexay HAMU U HOBbIMW MapLupyTamu
No3BoNAT o6ecneynTb YCTONYMBOE pas3BuTne TeppuTo-
puun Fopoackoro napka KynsTypbl U oTabixa B r. Opén.

lMoTeHUmManbHOE KONMMYEeCTBO NoceTuTenen, pacyer
KOTOPOro Heo6xoguMMoO MPOBOAUTL MO (hakTUHECKOMY
Xunomy poHOy peKkpeaLmoHbIX 30H, HanNpsMyo CBA3a-
HO C KONMYECTBOM MPOXMBAIOLLEr0 HaceneHus B rpa-
HULUAX LWaroBon AOCTYMHOCTU OT NPUPOAHO-aHTPOMNO-
FEHHOro TEPPUTOPUANIBHOIO KOMMMEKea.

Mpu pa3paboTke NPOEKTHOM AOKYMEHTauun no pas-
BUTUIO HOBbIX TeppuTOpwUn crnegyet hopMmpoBaTh nna-
HUPOBOYHYIO CTPYKTYpPY C y4eToMm obecrneyeHuns Tpebo-
BaHW JOMyCTUMOro peKkpeaLMoHHOro Bo3gencTaus. Ons
KOMMJIEKCHOM OLIEHKM COCTOSHUS KOMMOHEHTOB OKpY>Ka-
Iowen cpefbl HEO6XOOUMO OCYLLECTBNATbL MNepuopunye-
CKUW perynsipHbIA KOHTPOSb B NpoLEecce BCEro TEXHOJO-
rMYeCcKoro nepunoaa Xun3Hu NPUpoaHOro o6bEKTA.

MonyyeHHble pe3ynbTaTbl BO3MOXHO UCMOSb30BaTh
npu paspaboTke MPOEKTOB MSIAHUPOBKU TeppuUTOpUn
XUNbIX MUKPOPaNOHOB KBapTanoB, rpaHnyallmx ¢ Tep-
pUTOPUAMU NPUPOAHO-AHTPOMNOreHHbLIX TeppUTOpUanb-
HbIX KOMMJIEKCOB.
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llaeay Hukonaesuuy Ymusarxogy

B aneape 2020 e. ucnoanunoce 90 sem 0okmopy mexHuueckux Hayk, npogheccopy
Ilasny Hukonaesuuy Ymusxosy.

Pabomas 6 HUH cmpoumenvroii pusuxu Toccmpos CCCP (1956—1977 22.), o npo-
wen nymos om HAay4Ho2o compyonuxka do pykogsodumens Llenmpanvroii aabopamopuu menioguuveckux ucciedo-
BaHUIL. Y4acmeosan 60 8HeOpeHUlU HOBbIX KOHCMPYKUYuUll cmel 6 Anadvipe, Hpkymcke, Hopuavcke, Muprom u Ha
nobepexcve Yyxkomru.

Hayunviii asmopumem u ysasicerue cpedu npogeccuoHanos no3eoauiu emy 000CHo8ams npuMeHeHue OnMmumManb-
HbIX nOKa3zameneil menaosoil 3auumyl U psi0a HO8bIX CMPOUMEAbHbIX MAMEPUAN08.

B meuenue 40 aem Ilasea Hukonaesuu 6o3enasasnn kagedpy «Dxonoeuu, npomsnepeemuku u 6e30nacHOCMU JCU3He-
desimenvrocmu» 8 Poccuiickom 3a0unom uncmumyme mexcmuabHoll u aeekoil npomviuinenHocmu (Mockea). On asmop
bonee 250 HayuHbix pabom, namu MOHoepaguii, paoa y4eOHUKoe u y4eoHvix nocoouil. Emy 6aaeooapubr comnu cmyoden-
MO6 U ACNUPAHMOo8, KOMOPbIM OH 0as NYMEBKY 8 NPOPECCUOHANBHYIO JHCU3Hb U HAYKY.

Bocnumannuku Ilaéra Hukosaesuua umam e2o hampuomusm, WUpokyio s3pyouyuro, nedazosuieckoe macmep-
CMB0, YMeHUe coYemamp HaAy4Hyo NPUHUURUAALHOCID U 4eA08eHeCKY0 000poiceramenbHOCMb.

Pedaxyus u pedaxyuonnsiit coeem nozopasastom ysaxcaemoeo Ilaeara Hukonraeeuua co crasHvim obuneem u dce-
JAQIOM HOBBIX MBOPHECKUX YCNex08 U uoeil, 00a2ux a1em ucu3nu — cuacmos Bam u eawium 6auzxum!

YIOK 7.04
DOI: https://doi.org/10.31659/0044-4472-2020-1-2-39-43

I1.H. YMHAKOB, n-p TexH. Hayk

WucrutyT uckyccrsa pecraBpauuu (105037, r. MockBa, roponok uM. baymana, 1. 3, kopr. 4)

KOHCTPYKTHBHOE pelieHune AJisi COXPAHEeHHS UKOH
Ha JIepeBSIHHOI 0CHOBeE B xpamax /IpeBHeil Pycu

VeTporicTBO coBpemeHHOU cucteMbl OToreHus B xpame Cesatutens Hukonas Yyporsopuya B Ctapom BaraHbkose
(MockBa) npuBeno K TOMy, YTO HEKOTOPbIE WKOHbI OKa3aiMChb PAaCIOSIOKEHHbIMW HA CTEHaxX Hayf OTOMUTESbHbIMU
npmnbopamu. B pesynbtate BO34eVCTBUS BOCXOLALUMX HEUIOTEPMUHECKMX TEMsbiX CTPYV BO3gyXa OT OTOMUTESb-
HbIX IPUOOpPOB TeMrepaTypa noBEepPXHOCTU UKOHbI MOBLILLAETCS. Takxe B 3aBUCUMOCTU OT KOIMHECTBA MPUXOXaH
rnponcxoanT N3MEHEHUE TeMrepaTypbl N OTHOCUTESIbHOW BIIAXHOCTY BO3AyXa B Xpame, HYTO MpuBOAUT K Koreba-
HWUIO paBHOBECHOV BIIaXXHOCTU [PEBECUHbI. B pe3ynbrate nepuoan4eckmx U3MeHeHuwi echopMupyeTcs [epeBsiH-
Hasi OCHOBAa WKOH, Ha WX JINLEBOV MOBEPXHOCTU MOSB/ISIOTCS TPELUMHBI U MPOUCXOLAUT paspyLLEHNE XUBOMUCHOIO
crosi. [nsi ob6ecriedeHnsi COXpaHHOCTU [PEBHUX WKOH MPEL/IOXEHO KOHCTPYKTUBHOE PELLEHNE MOANKOHHUKA, I10-
3BOJIANOLLEro NMOHU3UTL TEMMEPATYPY Ha MOBEPXHOCTU UKOH U 0OECNeYnTb UX COXPaHHOCTb. [lpennaraemMoe KoH-
CTPYKTUBHOE PeLLEeHUEe Lies1ecoobpasHo UCOoIb30BaTh HE TOMIbKO B xpamax. OHO HaligeT MPUMEHEHNE B KapTUHHbIX
ranepesix, BbICTaABOYHbIX 3a51aX U My3€sIX, €C/v MOJIOTHA KaPTUH PACIONIOXEHb! Hall OTOMUTENIbHLIMU IprUbopamm.

Knto4yeBble c/10Ba: TeMrieparypHO-BIaXHOCTHbIN PEXUM, YCYLLIKA, HAOYyXaHWe, OTHOCUTESIbHAs BA&XHOCTb, Aepe-
BSIHHasl OCHOBA, MKOHA, OTOMUTESbHbLIV Mpubop, AeghopmaLius.

Ona untnposaHusa: YMHAKOB N.H. KOHCTPYKT1BHOE peLleHue Ans CoOXpaHeH s MKOH Ha AepeBSHHON OCHOBE
B xpamax apeBHer Pycu // XunuiyHoe ctpoutensctBo. 2020. Ne 1-2. C. 39-43.
DOI: https://doi.org/10.31659/0044-4472-2020-1-2-39-43

P.N. UMNYAKOV, Doctor of Sciences (Engineering)
Restoration Art Institute (3, block 4, Gorodok imeni Baumana, Moscow, 105037, Russian Federation)

A Constructive Solution for Preserving Icons on a Wooden Base in the Temples of Ancient Russia

The installation of a modern heating system in the Church of St. Nicholas the Wonderworker in Old Vagankovo (Moscow) led to the fact that some of the icons
were located on the walls above the radiators. As a result of exposure to ascending non-isothermal warm air streams from radiators, the temperature of the

1-2'2020 39




CoxpaHeHue
APXUTEKTYPHOIO Hacneams

m
CTP“"TEJ")CTBH Hay4HO-TexHUYeckmit

1 MPOM3BOACTBEHHbIV XXypHan
surface of the icons, facing the interior of the church, rises significantly. This causes deformation of the wooden base of the icons, its shrinkage due to the
absence of parishioners in the church and the swelling of wood during church services. As a result of periodic changes in the size of the wooden base of the icons,
cracks appear on their front surface and the pictorial layer of icons is destroyed. To ensure the safety of ancient icons, a constructive solution is proposed for the

podikonnik (protective horizontal board (wooden, plastic, or stone) under icon over heater), which makes it possible to lower the temperature on the surface of the
icons and ensure their safety. It is advisable to use the proposed design solution not only in temples. It will be used in art galleries, exhibition halls and museums

if the paintings are located above the heating devices.

Keywords: temperature-humidity conditions, shrinkage, expansion (swelling) of wood, relative humidity, wooden base, icon, radiator, deformation.

For citation: Umnyakov P.N. A constructive solution for preserving icons on a wooden base in the temples of ancient Russia. Zhilishchnoe Stroitel stvo [Hous-
ing Construction]. 2020. No. 1-2, pp. 39—43. (In Russian). DOI: https://doi.org/10.31659/0044-4472-2020-1-2-39-43

OpHVM M3 NCTOPUHECKUX MaMSATHUKOB KYNBTYPHOrO
Hacnegma B MockBe siBnsetca xpam Ceatutens Huko-
nas Yypgoteopua B Ctapom BaraHbkoBe. OH NOCTPOEH B
1531 r. kHA3eMm Bacunuewm lll, npanpasHykom Omutpus
HoHckoro, Hepaneko ot Mockosckoro Kpemns. Ha npo-
TSXKEHNM HECKOSNbKMX BEKOB B HEM HEOOHOKpaTHO Mpo-
WCXOONNN NEPECTPOEYHbIE U pecTaBpaLUMOHHbIE padoThbl.
Tak, B 1782 r. 6biyia NOCTPOEHa KaMeHHasi KONOKOSbHS,
B 1792 . U3 N3BECTKOBbIX KPYMHbIX 6SIOKOB BOKPYr Xpa-
Ma 6bina ycTaHoBMNeHa orpafa, CoxpaHuBLIascsa OO Ha-
wmx gHen. CuctemMa NevyHoro OTOMMEHUS B MOAKIETE B
3UMHUIA Nepuog oborpesana NoBEPXHOCTb Mona u co3-
JaBana 6naronpusiTHble TemnepaTypHble YCIoBuUs OJs
npuxoxaH. lNpuxoxaHamn xpama B CBOe Bpems Oblin
nucatenu H.B. lMNoronb n M.I. MoroguH [1].

B 1924 r. xpam 3akpbinv 1 B 1926 r. n3 Hero BbIBE3-
JIN LLEPKOBHOE NMYLLIECTBO, KONOKOSa ObIfiv COPOLLEHbI U
paso6uThbl. [lomeLeHne xpama cHavana 6b110 NpUcnoco6-
NEeHo nop cknaf, a NnoToM B HEM pa3mecTunu Gymarope-
3aTenbHble CTaHKM.

B 1992 r. xpam Ceatutena Hukonas Tpygoamu He-
60NbLUOro KonmmM4yectBa ntofen, 0cobeHHO CBSALLEHHUKA
Bukropa (WunwkmHa) n otua EBreHns (CemeHoBa) 6bin
BoccTaHoBneH. B 1993 r. sosspaweH Pycckor lNMpaBo-
CNaBHOW LIepKBU 1 OCBsLLieH Ha Benukyto Cy660Ty [1].

B nHTepbepe xpama Ceatutens Hukonas Yygoteopua
B Ctapom BaraHbkoBe Ha CEBEPHON CTEHE MexXay AByMS
OKHamu B CTEHHOM MPOeMe PacrnofioXeHbl MKOHA CBATU-
Tens npopoka nbu (puc. 1) n HECKOMBbKO BbILLE UKOHA C
obpasamu cBaTbIX — Lenutens MNMaHtenenmona, MyyeHu-
Lbl uapeBHbl BapBapbl 1 BenukomMmy4eHuka 'eoprus. Ha
coTorpadun BULHO, YTO NOL MKOHAMWM HaxXoOUTCHA OTO-
nuTenbHbIN Npnbop. Mpu TakoM pPacnonoXeHUU MKOHbI
yepe3 HEKOTOPOE BpPeEMSs MOCHe ee pecTaBpaumn Ha nu-
LLleBOV MOBEPXHOCTU MOSBUSIMCL TPELLMHbI, CBUAETENb-
CTBYIOLLIME O TOM, H4TO MpomncxoauT aedpopmaLims nemMeH-
TOB [OEPEBSHHOro0 OCHOBaHMA (puc. 2, 3), COCTOSALLLEro U3
CKJIEEHHbIX MeXAY CO60M AepeBSAHHbIX AOCOK (6PYCKOB).
OT0 BbI3BAHO TEM, YTO MOAHMMAIOLLIAACA OT OTONMUTENb-
HOro npubopa Tennas HemsoTepMmMyeckass BOCXoAsLLas
CTPYS OMbIBaET OEPEBSAHHYIO MOBEPXHOCTb MKOHbI M OHAa
nop, genvctemem 6oree BbICOKOW TeMnepaTypbl Harpesa-
€TCA U HeMHOro gegopmupyetcs. [Npn aToM nponcxoauT
ncnapeHue Bnarv u3 NoOBEPXHOCTHOrO CNos MKOHBI, B pe-
3yneTaTe 4Yero oHa gedopmMupyeTcs elle 60orbLue.

M BaXXHO OTMETUTb, YTO ITOT TEMOPUINYECKNIA NPO-
Lecc NpoucxoauT B TeYEeHUe BCEro OTOMUTENbHOro ne-
pvoga. Takve gedopmaunn gepeBAHHON OCHOBbI WUKOH

W paspyLleHve NMUeBOoro, pacnucaHHOro MachnsiHbIMU
Kpackamu crnosi MoryT HabnogaTbCa 1 B Opyrux xpamax.

BosHuKwasa npobnema B COBpeMEHHbIX Xpamax Mo-
TpeboBana npoBegeHua psiga Tennoguanyeckmux uc-
CrnegoBaHuin, NO3BOMSOLLMX HA UX OCHOBE paspaboTaTb
NpakTUYeckue UHXEeHEePHO-KOHCTPYKTUBHbIE peLLeHNs,
obecneynBaroLne COXpaHHOCTb MKOH [2, 3].

Onpepenvm TemMnepatypy HEM30TEPMUYECKOW CTPyM
BOOJIb NOBEPXHOCTU MKOHbI MO dhopmyre [4]

Tory = Tt 0,3 (T

cTpy B.OTI‘I_TB.VIK) (y/h)—0,145’ (1 )

roe T, — Temnepartypa Ha NOBEPXHOCTU WKOHbI, °C;
T_,.,—CPeaHssa Temneparypa oTonuTenbHoro npusopa, °C;
Yy — paccTosiHMe OT cepefvHbl OTONUTENLHOro nNpuéopa
[0 NOBEPXHOCTW UKOHBbI, M; h — BbICOTa UKOHbI, M.

Bocnonbdyemcsi  pesynsratamy  SKCNepyMeHTambHbIX
uccnegoBaHWin TemnepaTypbl, Mony4eHHON Ha MOBEPXHO-
CTW UKOHBI. Tak, Npu cpeaHen TemnepaType OTONUTENLHOro
npubopa 55,6 °C hukcmpoBanmnch CreaytoLLme nokasaTesnm:

— MO UEeHTpanbHOW HUXHEN 4acTu MKOHbI Npu TeMre-
paTtype B BO3ayLUHOW cTpye 37,9°C TemnepaTypa Ha no-
BepxHocTu coctasuna 30,8°C;

— MO LeHTpanbHOW cpefHer 4acTu MKOHbI NpWU TeMm-
nepaTtype B BO3pgyLlHOM cTpye 36,9°C Temnepatypa Ha
noBepxHocTK coctaeuna 30°C;

— NO LEeHTpanbHOW BEpXHEeW 4acTU MKOHbI NpuU TeMm-
nepaTtype B BO3gyLUHOM cTpye 36,08°C Temnepatypa Ha
NoBepxHOCTM cocTaBuna 29,2°C.

TemnepaTypa B N1€BOW 4YaCTW UKOHbI MO BbICOTE CO-
oTBeTcTBEHHO 30,4; 29,7; 28,9°C 1 B npaBoi 4actu —
32; 30,8; 30,8°C.

OmMonumenbHbIMU NPUGOPAMU
Fig. 1. The Northern wall of the Temple with heating devices located
under the icons
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Puc. 2. Urxona Lleaumens Ilanmeneiimona c oOe-
hopmayuamu depegsaHHol 0CHOBbL

Fig. 2. Icon of Saint Panteleimon the Healer with
deformations of the wooden base

Takum 06pa3oM, NpoBefdeHHbIe UCCnefoBaHna nog-
TBEPAWNMW, YTO XapakTep pacnpegeneHus TemnepaTypsbl
Ha NOBEPXHOCTU MKOHbI 3aBUCUT OT TEMNepaTypbl BOCXO-
JsLLen HeM30TepMUYECKON TEMNSION CTPYW OT OTOMNUTENb-
Horo npuéopa, Bbi3biBas NpU 3TOM €e HepaBHOMEPHOe
pacnpegeneHune no NULEBON NOBEPXHOCTU. B pesynbraTe
NPOUCXOAUT UCNapeHue Bnarn U yMeHbLLeHe BNaroco-
Jep>XXaHusa OpeBEeCHON OCHOBbI MKOHbI 4O ee paBHOBEC-
HOro coctosiHMsA. CHMXEHMe pPaBHOBECHOW BMaXHOCTU
OpEeBECUHbI NPMBOAMT K €€ YCYLLKe, NOBbILLEHNE — K pas-
ByxaHuio. 3T NPoLEeCChl YCYLLKN — pa3byxaHus B yCIo-
BMAX HaxXOXAEHUsi MKOH B MOMELLEHUN Xpama Mpouncxo-
[AT NOCTOSIHHO.

CocTosHMe paBHOBECHOM BNaXKHOCTW APEBECUHbI MKOH
®, 3aBMCUT OT TemnepaTypbl BHyTPEHHero Bosayxa t, 1
OTHOCUTENBbHON BNI2XXHOCTM OKPY>KaOLLIEN UKOHY BO3YLL-
HOW cpefibl @, KOTOPOE MOXHO 3anucaTh 3aBKUCUMOCTLIO
Q= f(t,, ¢,). Ee BENM4MHY MOXHO HanTV Mo avarpaMme
PaBHOBECHOW BIaXXHOCTU ApeBeECUHbI [5], KOTOpas No3Bo-
nsieT onpefenuTb PaBHOBECHYIO BNaXHOCTb (puc. 4). 31oT
npoLecc ConpoBOXAaeTcs yaaneHVem BoAbl U3 Mpome-
XKYTKOB MeXAy LeflbHbIMU MOMEeKynamu Lensonosbl U Te-
MULIENNI0N03bl, KOTOPOE NPUBOAUT K CXaTUO APEBECUHbI
nonepek BOSIOKOH.

BenuunHy ycyLikun, oTHeceHHyo K 1% yMeHbLUueHus
BNaru, xapakTepusyloT KOI(PMULMEHTOM TaHreHumanb-
HoM K, pagunarnbHoi Kp YCYLIKN ppeBecuHbl. 1o Hum
MOXHO ONnpefenuTb YCyLIKy 06pasLoB AepeBAHHbIX ane-
MEHTOB, BbIMOSIHEHHbIX N3 €M1 U COCHbI (Tabn.1) [5].

Ha ocHoBe pmarpamMmbl pPaBHOBECHOW BRaXXHOCTU
(puc. 4) ona onpepeneHns BRAXHOCTHOMO COCTOSHUSA
OEepEeBSAHHON WKOHbI NMPUMEM, 4TO B COOTBETCTBUMM CO
ctaipaptom ABOK (Ctangapt ABOK 2-2004 «Xpambl
MpaBocnaeHble. OTONMIEHNE, BEHTUNALUMSA W KOHAWULM-
OHupoBaHue». M.: ABOK, 2004. 68 c.) B nomeLieHun
xpama npu t, =16°C oTHOCWUTENbHas BIAXHOCTb BO3AY-
Xa OomxHa konebatbces B npegenax oT 30 go 55%. Mpwm

e 4 T

Puc. 3. Uxona Myuenuupt yapesrvt Anexcanoput u Beauxomyuenuka I'eopeus ¢ deghopmayu-
AMU 0epesAHHOIL OCHO8bL U PA3PYUEHUEM AULeE020 CA0S

Fig. 3. Icon of the Martyr Princess Alexandra and the Great Martyr George with deformations
of the wooden base and destruction of the facial layer

3TOM paBHOBECHAaA BMaXHOCTb APEBECUHbI B 3aBMCUMOCTU
OT KOSIM4ECTBa NPMXOXaH GYAeT noBbIwatses 4o o, = 11%
W MOHUXaTbCA A0 ® . = 7% .

Kak nokasanu npoBefeHHble uccnefoBaHusa, npu
6OMbLLLOM KOMMYECTBE MPUXOXaH Temnepartypa Bo3dy-
xa B xpame nosbiwaetcs ¢ 20 go 25°C 1 oTHocuTesbHas
BnaxHoctb ¢ 30 0o 70%, ¢ 30 o 75% unn ¢ 50 o 75%.
CoOOTBETCTBEHHO MakcvMMasibHasi paBHOBECHAas BRax-
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Fig. 4. Chart of equilibrium moisture content of wood
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Table 1
KoachchnumeHT ycyLuku apeBecuHbl
The coefficient of shrinkage of wood

MAOTHOCT KoathdunumeHT yeyuikun, %, Ha 1%
Mopopa B 26CONMIOTHO BNaXHOCTW [iPEBECHHbI
ApeBeCUHbI
CYXOM COCTORHM | panmanbHbiii K, | TaHreHumanshbii K.
Cocha 480 0,16 0,28
En 440 0,13 0,22
430 0,15 0,27

HoCTb cocTaenset ® = 13,5% n o = 14,9% 1 MHK-
MasibHasi paBHOBECHasi BNaXHOCTb ® . = 6,8% n w_ =
9,7%.

Kone6aHusi TeMnepatypbl t, 1 OTHOCUTENIbHOWN BiaX-
HOCTM (, BO3OyXa B MOMELLEHUN Xpama B OTONUTESb-
HbI Nepuof NPOUCXOAAT EXECYTOYHO — OHEM U HOYbIO.
OcobeHHO pe3kue amnnnTyabl KonebaHus HabmogaTes
B NpasgHnYHbIe OHKU, NPU KOTOPbIX PaBHOBECHAs BRax-
HOCTb [PEBECUHbI UKOH M, MOXET AOCTUYb CBOEro MakK-
CUMasIbHOro W, 3HaveHus. Tak npu yCnosuax o . >,
NPOUCXOAMUT HabyxaHue [OPEeBEeCUHbl U MPU  YCIOBUAX
o __ >0 __ NPONUCXoauT ee ycyluka. lNpouecc ycyLikun ape-

max min

BEeCKHbl MOXXHO NpeacTaBUTh Kak

(Dyc = K (wmax_ wmin)’ (2)

a rnpovecc HabyxaHua OpeBeCUHbl,
('OHaﬁ = K (wmin_ wmax)’ (3)
roe K — KoahuumeHT yeyLkm nnm HabyxaHuns apesecu-

Hbl (Tabn. 1).

Pesynstatbl pacyeToB M3MEHEHUs pa3mepoB Aepe-
BAHHOW MKOHbI B 3aBUCMMOCTU OT PaBHOBECHOWN BIaXHO-
CTW JepeBsiHHOW OCHOBbl padMmepoM 1000X600X20 mMm
npvBefeHs! B Tabn. 2.

lMpoBefeHHbIe ccnefoBaHNa Nokasanu, 4To pasmep
WKOHbI NPU YCYLLKE AepeBAHHON OCHOBbI B TAHreHumanb-
HOM HanpasneHun U3MeHsIeTcs B npegenax ot 6,72 go
13,26 MM 1 hakTUyecKas LMpUHa MKOHbI KonebneTcs oT
593,28 0o 586,74 mm. B pagmnanbHOM HanpasrneHuu ot
YCYLUKN OpeBecuHbl pasmepbl nameHsatotcs ot 3,84 oo
7,56 MM 1 hakTnyeckas LunpuHa Konebnetcs ot 596,16
0o 592,44 mm.

_’_'_'___.---"""\

f_.__'_.__.-—""’f o Puc. 5. Koncmpykmuseroe peuie-
_— i HUe ycmaHo8Ku NOOUKOHHUKA Y
\\_‘f HAPYICHOU CMeHbl HAO Omonu-

menvHbiM npubopom: 1 — ukona;
.
—— 2 — noduxkonHuk, 3 — omonu-
menvHblil npubop
Fig. 5. Design solution for
installing a podikonnik at the
| outer wall above the heating
] s device: 1 — icon; 2 — podikonnik;
}L;,;;;:" e J 3 — heating device

in

Mpu Takux KonebaHuAX PaBHOBECHOW BMAXHOCTU B
OepeBSIHHOM OCHOBE UKOHbI, KOTOPbIE MPOUCXOOSAT B Teye-
HWe BCero OTONUTENbHOMo nepuoda B AHEBHOE U HOYHOE
BpeMsi, MPOM30OMIET YyCyLUKa OPEeBECVHbl MKOHbI. B pe-
3ynbraTe YCyLLKM CTaHOBUTCS BUAHO, YTO AepeBsiHHas oc-
HOBA MKOHbl COCTOUT U3 CKMEeeHHbIX 6PYCKOB WM JOCOK.

OnHUM 13 KOHCTPYKTMBHBIX PELLEHUIA, MO3BOSSAIOLLNX
NMOHU3UTL TemnepaTypy Ha NMLEBOM NOBEPXHOCTU Aepe-
BSAAHHOM WKOHbI, MO MPEANOXEHNIO aBTopa MOXET OblITb
YCTPOMCTBO MeXAy MOBEPXHOCTbIO OTOMUTESIbHOro Mnpu-
6opa M HWXKHEW YacTU MKOHbl — rOAUKOHHMKA (pyc. 5).
Kak nokasanu npoBefeHHble UCCNedoBaHusa C LUMPUHON
noankoHHuka 50, 100 n 120 mm 3a onTumarsnbHbI pasmep
KOHCTPYKTUBHOM LLUMPUHbI NOAMKOHHWMKA Lienecoobpas-
HO npyvHuMaTb 50-70 mMMm. [N NOAMKOHHMKA MOXHO MC-
nonb3oBaTb AePeBsHHbIE U NIaCTUKOBbIE AOCKU, a Takxe
HaTypasnbHbIN N UCKYCCTBEHHbIN KameHb. Mpu ero ycra-
HOBKEe BOCXOfsLLIas Heu3oTepMuyeckas Tennas CcTpys
OT OTOMUTENIBHOro npuéopa He 6yaeT obTekaTb NOBEPX-
HOCTb WMKOHbI, a 6ydeT HanpasfieHa BHYTPb MOMELLEHUs.
OTO KOHCTPYKTMBHOE pELLEHNEe CO3[acT 6naronpusTHble
TennoBble YCNoBUS Y MOBEPXHOCTU MKOHbI N COXPaHUT B
WHTepbepe Xpama NpousBedeHs APEBHNX MKOHOMUCLIEB.

Mpn 3TOM HAgQoO OTMETUTb, YTO CNOBa MOAUKOHHUK B
JNIEKCUKOHE PYCCKOro A3blka He 6bino. Takxe paHee He
paccmaTpmBanocb Takoe KOHCTPYKTUBHOE peLleHve [6, 7].
Mpn noprotoBke cTaTbW, 0OCYXAas psg BOSHUKLLMX

Ta6bnuua 2
Table 2

BenuuuHa ycywku, %, u pa3amepoB UKOHbI
The amount of shrinkage, %, and the size of the icon

PaBHOBecHas BNaxHOCTb, %
Hanpagnenue ycywiku -~ CreneHb yoyluku, % Wamenenne Wikl | PAKTMHECKaR Lvpuka
MakcumarnbHas MUHMMasbHas nocne ycyuwku, MM
11 7 0,28(11-7)=1,12 600(1,12/100)=6,72 600-6,72=593,28
13,5 6,8 0,28(13,5-6,8)=1,87 600(1,87/100)=11,22 600-11,22=588,78
TaHreHumansHoe
14,9 9,7 0,28(14,9-9,7)=1,45 600(1,45/100)=8,7 600-8,7=591,1
14,9 7 0,28(14,9-7)=2,21 600(2,21/100)=13,26 600-13,26=586,74
11 7 0,16(11-7)=0,64 600(0,64/100)=3,84 600-3,84=596,16
13,5 6,8 0,16(13,5-6,8)=1,07 600(1,07/100)=6,42 600-6,42=593,58
PagnanbHoe
14,9 9,7 0,16(14,9-9,7)=0,83 600(0,83/100)=4,98 600—4,98=595,02
14,9 7 0,16(14,9-7)=1,26 600(1,26/100)=7,56 600-7,56=592,44
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TEXHUNYECKMX BOMPOCOB C HacTosTenemMm xpama Hukonas
Yynoteopua B Ctapom BaraHbkoBe otuom Bopucom
(daHnneHko), nocunTanu, YTo JaHHOe KOHCTPYKTMBHOE
peLLeHne COOTBETCTBYET HA3BAHWUIO MOAUKOHHUK.

B TONKOBOM cfioBape >XMBOMO pPYyCCKOro f3blka
(B.N. Oanb. TonkoBbIV crioBapb XMBOIO BENIMKOPYCCKOrO
asblka. T. 3. M.: Pycckuii a3bik, 1989. 555 c.) cnosa rno-
[AVKOHHMK HET, MPUBOAATCA CNoBa MO4OKHO — KpacHbIf
yron B n36e, rge CToAT MKOHbI, U MOJOKOHHUK, MOLOKO-
HOK, NOJOKOHbE, NMOJOKHULLE — AO0CKA, NAUTA, HaIOXeH-
Has CBEPXY HUXXHEro Kocska (Kosioabl, 3aKnagHowm pambl)
OKHa C BbICTYMOM Hapy>Xy U BHYTPb.

B cnoBape pycckoro s3bika Akagemun Hayk CCCP
(CnoBapb pycckoro si3bika. AH CCCP. UHcTUTyT pyc-
ckoro f3blka. M.: [oc. u3g-BO WMHOCTpPaHHLIX W Ha-
LUMoHanbHbIX crnosapen. 1959. 991 c.) cnoBo mog-
MKOHHUK Takxe OTcyTcTByeT. ECTb CnOBO rMOJOKOHHUK
— LUMpOKas gocka unv KameHHas nnurta, 3agenaHHas B
HWXKHIOIO 4aCTb OKOHHOMO NpoemMa, U MoJOKOHbE — YacTb
CTEHbl N0 OKHOM, UMW TO Xe, YTO U NOJOKOHHUK.

lMpoBefeHHbIE TEMIOTEXHUYECKNE UCCnefoBaHUs
nNpyv HanNM4Yuwn rMOAMKOHHMKA WpUHON 50 MM MO3BONU-
1 NONYYUTb Ha NMLEBOW MOBEPXHOCTU MKOHbI CBATOrO
npopoka Wnbu npu cpegHen Temnepartype NoBepXHOCTU
oTonuTenbHOro npuéopa 65,2°C cnefyoLime 3Ha4eHUs
Temnepartypbl:

— MO LIEHTPANbHOM HUXXHEN HacTh UKOHbI 24,4°C;

— MO LeHTpanbHon cpegHen Yactn 23,7°C;

— MO LeHTpanbLHOn BepxHen Yyactun 22,8°C.

Temnepatypa B NeBOM 4acTU MKOHbI MO BbICOTE CO-
OTBETCTBEHHO cocTasuna 23,6, 22,8 1 22,1°C; B npasoi
yactn — 25,5, 24,7 n 23,9°C.

Cnegyetr OTMETUTb, YTO MPU OTCYTCTBUWM MOOWKOH-
HMKa 3amMepbl MPOBOAMMUCH MpU CpedHen Temneparype
oTonuTenbHoro nmpuéopa T, =55,6°C 1 npu Hann4un
noavKoHHuka T, = 65,2°C. lNpn aTOM Temnepartypa Ha
NOBEPXHOCTU MKOHbI MPU HanMynm nognKoHHUKa okasa-
JINCb HWXe NpMbnnanTesnbHo Ha 6,3—6,4°C.

BbiBOabI

1. YCTpONCTBO NMOAMKOHHWKA MEXAY OTONUTESIbHbIM
NPUOOPOM U HUXXHEN YaCTbiO UKOHbI NO3BOMSIET OTBECTU
OT NULEBON MOBEPXHOCTU MKOHbLI BOCXOAALLYIO HEeWn3o-
TEPMUYECKYIO TEMNYIO CTPYIO OT OTOMUTENBHOro NpU60-
pa BHYTPb NOMELLEHUs, MOHN3UTL TeMnepaTypy NoBepx-
HOCTM MKOHbI, MPefoTBpaTUTL YCYLUKY U KOpo6neHue
ApeBeCcuHbl, NCKMIOYNTL paspyLUeHue NULIEBOro XMBO-
MNCHOrO Cosi M 06eCcrne4nTb COXPaHHOCTb APEBHUX UKOH.

2. NpepnaraeMoe KOHCTPYKTUBHOE peLleHue Lene-
CO06pas3HO UCMoNbL30BaTh B KAPTUHHBLIX ranepesx, Bbl-
CTaBOYHbIX 3anax 1 My3sesix, korga nonotHa KapTuH pac-
MONOXeHb! Haf, OTOMUTENbHBLIMU NpUGopamMu.
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HccaenoBanue HANPSZKEHHO-1e(OPMHUPOBAHHOIO
COCTOSIHMS KOHCTPYKIIMM 3IaHMS C 3aIMTHBIMH
MEepONPUATUSIMH B 30HE BJIMSAHMS ITy0OOKOro KOTJIOBaHA

B ycrioBusix nog3eMHOro CTPOUTENLCTBA B MIOTHOM FOPOACKOV 3aCTpolike, B TOM YUCTIE NP BO3BEAEHUMN [T1y6OKUX
KOT/10BaHOB, HEOOXOAMMO OBECrIEYEHNE MPOYHOCTY, HALAEXHOCTU Y [OSITOBEYHOCTU CYLLECTBYIOLUMX COOPYXKEHW.
3TOMYy COCO6GCTBYET OCYLLECTBIEHNE FEOTEXHUYECKOIO MPOrHo3a C UCMONb30BAHUEM CUCTEMbI «OCHOBaHNE—QYH-
JaMEHTbI—Ha[3EMHbIe KOHCTPYKLMU» 110 OTHOLLIEHUIO K OKpYXXaroLLevi 3acTpovike. [pusoasTcsi pe3ysbtaTbl UCCeo-
BaHWs1 HanpsKeHHO-AeOPMUPOBAHHOIO COCTOSIHUS KOHCTPYKLMI NPpyU pacyeTe ¢ nOMOLLbIO TaKoW CUCTEMbI OKpPY-
XKaroLLevi 3aCTPOViKu B 30HE BIINSIHUS IT1Y60KOro KOT/I0BaHa, B TOM YUCTIE MPU YCTPOKUCTBE 3aLUUTHBIX MEePOnpUsTUi
(yewnenune yHAaMEHTOB 6YPOUHBEKLMNOHHBIMU CBAsIMU, 3aKPErIeHNe UX OCHOBAHUS MPYHTOLEMEHTHBIMU 3/1EMEH-
Tamu, yCTPOKMCTBO rEOTEXHUYECKOrO OTCEYHOIrO 3KpaHa, NoABEeAEHNE MANTHOro (hyHAaameHTa). [1ns AByxX TUMOB rpyH-
TOBbIX YC/I0BUI (MECKYN OT MESIKUX [0 rpaBe/CTbIX, CPEAHEN MIOTHOCTYU U MIIOTHBIE; CYITINHKYN W ITIMHBI OT MSIrKomnia-
CTUYHbIX [0 TEKYYMX) MPOBEAEHBI YUCTIEHHbIE SKCMEPUMEHTbI B nporpamme Plaxis 2D Ha reoTexHn4eckori mogen,
COCTOSILLEV U3 [TTYOO0KOro KOT/I0BaHa, MaccuBa rpyHTa 1 34aHusi OKpyxaroLet 3acTporiku. PaccMoTpeHbl 0CO6eHHO-
cTv 3a[aHus B iporpamme Plaxis 2D Harpy3ku OT 34aHus rpy JaHHOM pacHeTHOM ciiydae. [pou3BeneH aHanm3 nosy-
YEHHbIX MepemMeLLeHui 1 [JOMOMHUTENbHBIX YCUINK B KOHCTPYKUMSIX 30aHnsi OKpyXaroLLes 3acTporiku. C MOMOLLbO
MPOBEAEHHbIX YUCTIEHHbIX CCIIEA0BAHUI YAaN0Ch YCTaHOBUTL, KAKME U3 PACCMOTPEHHBIX 3aLUUTHBIX MEePOrpUsTUiA
03BOAIAT Hanboree 3GhEKTUBHO CHUXATb [OMNOSIHUTENbHBIE YCUITUS B KOHCTPYKLMSIX 30aHMs.

KnroueBbie cnoBa: riiy60Knvi KOT/IOBaH, OKPYXXaroLLasi 3aCTpokiKa, 30Ha BIIMSIHUS, KOHCTPYKUUY 34aHWK, YUCTIEH-
Hble UCCe[0BaHNs, HarnpPsXXeHHO-4E(OPMUPOBAHHOE COCTOSIHME.

Ona untnposaHus: KoHHoB A.B. ViccnepoBaHue Hanps)XeHHO-0ehopMMPOBaHHOIO COCTOSAHUA KOHCTPYKLNIA
3[aHuA C 3aLUUTHBIMU MEPONPUATUSAMU B 30HE BNUSAHUS FNy60KOro KoTnoBaHa // XunuyHoe ctpoutensctso. 2020.
Ne 1-2. C. 44-50. DOI: https://doi.org/10.31659/0044-4472-2020-1-2-44-50

A.V. KONNOV, Engineer, (artem.konnov@gmail.com)
Research Institute of Building Physics of RAACS
(21, Lokomotivniy Driveway, Moscow, 127238, Russian Federation)

Study of Structures Stress-Strain State of a Building with Protective Measures
in the Zone of Deep Excavation Impact

In conditions of underground construction in dense urban development, including the construction of deep pits, it is necessary to ensure the strength, reliability
and durability of existing structures. This is facilitated by the implementation of a geotechnical forecast using the «base-foundations-aboveground structures»
system in relation to the surrounding development. The results of the study of the stress-strain state of structures when calculating the surrounding development
using such a system in the zone of influence of a deep pit are presented, including the construction of protective measures (strengthening of foundations with
bored-injection piles, fixing their base with soil-cement elements, the arrangement of a geotechnical cut-off screen, underpinning of the slab foundation). For two
types of ground conditions (Sands from shallow to gravelly, medium density and dense; loams and clays from soft-plastic to fluid), numerical experiments were
performed in the Plaxis 2D program on a geotechnical model consisting of a deep pit, an array of soil and a building of the surrounding construction site. The
features of setting the Plaxis 2D load from a building in this case are considered. The analysis of the received displacements and additional forces in the building
structures of the surrounding development is made. With the help of numerical studies, it was possible to determine which of the considered protective measures
made it possible to the most effectively reduce additional efforts in the building structures.

Keywords: deep pit, surrounding development, zone of influence, building structures, numerical studies, stress-strain state.

For citation: Konnov A.V. Study of structures stress-strain state of a building with protective measures in the zone of deep excavation impact. Zhilishchnoe
Stroitel'stvo [Housing Construction]. 2020. No. 1-2, pp. 44-50. (In Russian). DOI: https://doi.org/10.31659/0044-4472-2020-1-2-44-50

MpakTuka CcTpoMTENbCTBA B MMOTHOW FOPOACKOW  MPOrHO3UPOBAHMIO BIIMSIHUSI HA HEE HOBOIO CTPOUTEb-
3acTpoiike rMokasblBaeT, 4YTO OTCYTCTBME [OOSDKHOrO  CTBa MOXET NMPUBOAMTL K MOSIBIIEHWMIO B CTEHAaX paHee
BHUMaHUS K COXPaHEHMIO OKpY>XatoLlel 3aCTPOMKWM M MOCTPOEHHbIX 3[4aHWiA TpewuH, K COBWUrYy nnuT nepe-
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CTPOTEHTRO

Underground
construction

KPbITUA, NepekocaMm NPOEMOB N NECTHUYHBLIX MapLUen,
paspyLUeHMIO CTPOUTENbHBIX KOHCTPYKLUMI U, Kak cneg-
CTBME, K HapyLLIEeHUI0O HOpPManbHOW 3KcnnyataumMm sga-
HUW UK Jaxe K aBapusm.

CornacHo n. 9.9 CIl 22.13330.2016 «OcHoBaHus
30aHUI U COOPYXEHWI» NMpU NPOEKTUPOBAHMM OCHOBAa-
HUM MOA3EMHbIX YacTel COOPYXeHUN, pas3mMeLlaeMblX
BON3N OKpY>XaloLLen 3acTPOWMKW, cnegyeTt BbIMOSHATh
pacyeTbl M MPOBEPKU AN o6ecneyvyeHWss NPOYHOCTH,
HaOeXHOCTU W [OONroBeYHOCTM CYLLECTBYIOLMX CO-
opyxeHuii. C 3TOM uesnbio NPOBOAUTCA re0TEXHUYECKUI
NporHo3, ogHa M3 3agady KoToporo — onpegeneHve Be-
JNINYMHBI JONOSMHUTESBbHBIX AedopmaLmii OCHOBaHUA U
OyHOaMEHTOB COOPYXEHUN OKpYy>XKaloLlen 3acTPOMKMU,
a Takxe Heob6XoOMMOCTU YCTPOWCTBA 3aLUMTHbIX Me-
ponpusaTUin. JKeCTKOCTb KOHCTPYKUUIM OKpY>XatoLlen
3aCTPOVKN [OMyCKaeTCsl He y4uTbIBaTb TOSbKO B npefn-
BapuTENbHbIX pacyeTax, KpoMe Toro? Anga 3gaHun, Ha-
XOOsALMXCA B 30HE WMHTEHCUBHbIX Aedhopmauun, npwu
NpoBefeHNn MaTeMaTnyeckoro MoAennMpoBaHns cneay-
€T yunTbiBaTb €ro KOHCTPYKTUBHYIO CXemy, AedeKTbl 1
NOBPEXOEHUs ero KOHCTPYKLUMIA 1 apyrue Heo6xoamMble
napameTpbl 3gaHua (n. 9.35 CI1 22.13330.2016 «Oc-
HOBaHUSA 30aHUA N COOPYXEHUN. AKTyannaumpoBaHHas
penakumns CHull 2.02.01-83*»). BbinonHeHne gaHHOro
TpeboBaHUA BO3MOXHO TOMbKO MpU pacyeTe 3haHus
COBMECTHO C €ro OCHOBaHMEM, T. €. pacyeTe CUCTEMbI
«OCHOBaHNe—(yHOAMEHTbI—HaA3eMHbIE KOHCTPYKLUUN»
NPUMEHUTENTbHO K OKPYXXatoLLen 3aCTpPonKe.

O Heo6Xo0OMMOCTN COBMECTHOro pacdeTa OCHOBa-
HUS U COOPYXEHWUs B POCCUMIACKMX HOpMax roBOPUTCS
¢ 1980-x rr. [1]. MNyHkT 5.6.3 CI1 22.13330.2016 ycTa-
HaBMMBAET, YTO pacyeT OCHOBaHWI MO Aedopmaumam
cnegyeTr nNpoBOAUTb MCXOOA M3 YCNOBUS COBMECTHOM
paboTbl COOPY>XEHUSA M OCHOBaHWUA. Ha AaHHbIA MOMEHT
YPOBEHb PA3BUTUSA BbIYUCIIUTENBHBIX MOLLHOCTEN NO3BO-
naeT UCMONb30BaHME YUCIEHHbIX METOOOB ANs peLue-
HUS OAaHHOM NPOo6nemMbl NPUMEHUTENBHO K PasfnyHbIM
KOHCTPYKTUBHbIM peLUeHUsAM MoA3eMHOM YacTu 3faHus,
yHOAMEHTHBIX W HaA3eMHbIX KOHCTPYKLUMA. O Heobxo-
OVMOCTW y4eTa B3aMMOAEeNCTBUA HaA3eMHOM U Noa3eMm-
HOWM YacTen COOpPYXeHUs YTBEPXKAAETCA B psge Hay4HbIX
craten [2—4].

[aHHaa cTaTbsl NOCBALLEHa MUCCNeaoBaHWO Hanps-
XXEeHHO-AeOPMUPOBAHHOIO COCTOAHUS CUCTEMbI «OC-
HOBaHWe—(yHAAMEHTbI—HaA3EeMHbIE KOHCTPYKLMW» O1S
OKpY>XaloLlen 3acTponkM B 30HE BAUAHWUS Ty6OKOro
KOTNoBaHa, B TOM 4uUCrie MpU YCTPOMCTBE 3alUUTHBIX
MeponpuaTuin (ycuneHne yHOamMeHToB 6ypPOUHBEKLU-
OHHbIMW CBasiMW, 3aKpensieHMe NX OCHOBaHUSA rpyHTOLe-
MEHTHbIMW 3fIeMeHTaMu, YCTPONCTBO reoTEXHUYECKOro
OTCEYHOro 3KpaHa, NoaBefeHne NMANTHOro oyHoaMeH-
Ta). Npes ctatby npuHagnexuT O-py TEXH. HayK npo-
eccopy 3.I. Tep-MapTupocsiHy.
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Puc. 1. Cxema 30anus c 6ypo-unseKyUOHHbIMU CBAIMU 8 30He 6AUAHUS
enybokoeo komaoeaua c ykasanuem Hk; L; q; x

Fig. 1. Diagram of a building with bored-injection piles in the zone of
influence of a deep pit indicating Hk; L, q; x

YucneHHble nccnepoBaHus

YucneHHble nccnenoBaHNa NPOBOAUSINCE C FreoTex-
HU4YeCKOM Mofenblo, n3obpaxeHHon Ha puc. 1. Mogenb
BK/IOYaET B ce65 MaccuB rpyHTa, BMeLarLwmn dyHaa-
MEHTbI 34aHNA C 3alMTHBIMU MEPONPUATUSMUA B 30HE
BIUSHMA YyO6OKOro KOTNOBAaHa, KOHCTPYKLMW cCamoro
3[4aHna 1 KpenneHne 60pTOB KOTNoBaHa. 34aHune cylle-
CTBYIOLLIEN 3aCTPONKM KUPMMYHOE, UMEET B BbICOTY NATb
3Taxen, PyHAAMEHTLI IEHTOYHbIE C AaBneHueM nog no-
powson g = 200 KlMa, cornacHo TEXHNYECKUM XapakTe-
pucTMKaMm 3haHun, codepxawmumcs B PekomeHpaumsax
MockomapxutekTypbl (PekomeHgaumm no npoekTMposa-
HWIO U YCTPOMCTBY OCHOBAHUM U OYHAAMEHTOB Mpu BO3-
BeeHUn 3aaHui BO6MM3WN CYLLIECTBYIOLLMX B YCNOBUAX
naoTHOM 3acTponku B r. Mockee. M.: MockomMapXxuTekTy-
pa, 1999. 55 c.). KpenneHnne kotnosaHa riny6éuHorn 18 m
BbIMOSIHEHO B BUAE OrpaxKgaroLlent KOHCTPYKLUUKN ¢ pac-
NMOpHOM cUCTEeMON. YAaneHHOCTb 3[aHuna OT KOTNoBaHa
L cocrasnsiet 0,5Hk, roe H, — rny6uHa kotnosaHa. Pac-
CTOSIHWE NO AfIMHE 3[aHUA B HanpasneHnn OT KOT/IoBaHa
0603Ha4anoch Kak Xx.

WHxxeHepHo-reonoruyveckue ycnosuss (UMY) 6binm
NPWHATBLI COMNacHo TUNM3auun, npearoxeHHon ansa Moc-
KBbl [5, 6]. [Ina cpaBHeHWs 6b1510 BibpaHo asa Tuna Ur'y:
Tun | (HacbinHbIe FPYHTLI (2-5 M), MECKM OT MENKUX A0
rpaBenuCTbIX, CPeOHer NNOTHOCTU M NNoTHbIe) u Tun 6
(HacbInHbIE FPYHTLI (2—5 M), CYrMIMHKU U FWHBI OT MSAFKO-
NNacTUYHbIX OO0 TeKY4MX, BO3MOXHO C OpraHukown). du-
3MKO-MexaHM4YecKne XapakKTepucTUKM FPYHTOB [OaHHbIX
TMNOB cofepxarcs B Tabn. 1. YpoBeHb rPyHTOBLIX BOA
6bIn1 3aaH Ha rnyéuHe 2 M OT NMOBEPXHOCTH.

B kayecTBe 3alUTHLIX MEPOMPUATUIA OT BbI3BAHHbIX
OTKOMKOW KOTNOBaHa [AONONHUTENbHbIX Aedopmalmi
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Puc. 2. Hzonons éepmukanvHbix nepemeujeHuil Maccuea epyHma npu ycuieHuu (GyHoamenmoe OypouHseKyUOHHbIMU CE8AAMU NPU 3A0aHUU 015

MoOeau Haepy3Ku: a — no cnocoby 1; 6 — no cnocoby 2

Fig. 2. Isofields of vertical displacements of the soil mass when strengthening the foundations with boredinjection piles when setting the load model:

a — according to method 1; b — according to method 2

OCHOBaHMA 30aHWs MOAENUPOBANoCh ycunexHue dyHaa-
MEHTOB 6YPOMHBLEKLNOHHLIMK cBasmun (BUC), 3akpen-
fleHne OCHOBaHWSA (MYHOAMEHTOB FPYHTOLEMEHTHbIMU
aneMeHTamu (MU3), yCTPOMCTBO MeXAy KOTNOBaHOM U
30aHMeM OTCEYHOro reoTeXHUYecKoro aKkpaHa us N3,
nepeycTpoOMCTBO SIEHTO4YHbIX (PYHOAMEHTOB B MIUTHbIN
(nopBeaeHne NIMTHOro pyHaameHTa).

Ons npoBegeHns YMCNEHHbIX WUCCNEeaoBaHWA pac-
CMOTPEHHAs Bbllle reoTexHuyeckas mMopenb 6biia no-
cTpoeHa B nporpamme Plaxis 2D n pa3éuta Ha KOHeu-
Hble anemeHTbl. PacyeT gedhopMmpoBaHns rpyHTOBOrO
MaccuBa BesfiCid C UCMONb30BaHWEM YMPOYHAOLLENCS
mopenu rpyHta Hardening soil (HS). MaBHol oco6eH-
HOCTbO JaHHOW MOAEeNu rpyHTa ABNSeTCs 3aBUCUMOCTb
XKECTKOCTM rPyHTa OT HanpsxeHun [7].

Harpyska oT 3gaHusi, nepegaBaemasi Ha OCHOBaHWMe,
3afjaBanacb B BMAe pacnpefenieHHon Harpy3ku, npuno-
>KEHHOW K BEPXHEN YacTn MOAENu 3aHus, npu aTom Ans
3aneMeHToB plate, MogenupyoLLnX NepPeKpPbITUSA U CTEHBI,
3aaBaninCb TOMbKO 3HAYEHU OCEBOW 1 N3TMOHOM XXECT-
KOCTM (ganee — cnocob 1).

Bbin paccMoTpeH ansTepHaTUMBHBIN cnocob 3agaHus
Harpy3ku gns mMopenu 3gaHusi, mpu KOTOpoM Ans ane-
MEHTOB plate, KpOMe XEeCTKOCTHbIX NapameTpoB, 3aga-
eTCsl TaKXe UX BEC, NpW 9TOM pacrnpefeneHHas Harpy3ska
K BEPXY MOAENV He NpuKnagbisaeTcs (qanee cnocob 2).

OnemeHThl plate B nporpamme Plaxis 2D cocToaT u3
6an04HbIX 3N1IEMEHTOB, UMEIOLLMX MO TPW CTEMNEHU CBOGO-
Obl Ha y3en. bano4Hble aneMeHTbl OCHOBaHbI Ha TEopUM
6anok MuHpgnuHa [8]. OaHHaa Teopus gonyckaet nog
OelicTBMeM CABUraloLLen Harpy3ku npormé 6anku u ee
n3rnb. dnmHa anemeHTa MOXeT MeHATbLCA Nof AeCTBuU-
€M OCeBOW Harpy3ku. Mpu JOCTUXEHUU MaKCUManbHON
OCEBOW Harpys3ku UM 3afaHHOro MakCMMasnbHOro us-
rméarLLero MoMeHTa 6anoyHble SNeMeHTbl MOryT CTaTb
NNacTUYHbIMMN.

CpaBHeHVe nonyYeHHbIX BEPTUKambHbIX NepemMeLLie-
HUA NpWU 3agaHuM Harpys3ku 3TMMm OBymMsi cnocotamu
nokasasno, 4TO 3Ha4eHus, NoslydYeHHble npu crnocobe 2,
OTNINYATCA OT MOSYYEHHbIX Npu crnocobe 1 Ha Benu4un-
Hy 0o 10% ( puc. 2). CnegosatensHo, o6a cnocoba npu-
MEeHUMbI A8 3a0aHns B MOGENN Harpy3ku oT 3gaHus.

HeobxogumMo OTMETUTb, YTO TONMBKO MpU 3agaHuu
Harpyskm no crnocoby 2 MOXHO W3 pe3ynkLTaTtoB pac-
yeTa BbIBECTU 3HAYEHUS1 OOMNOSIHUTENbHbIX YCUMUN B
KOHCTPYKUMAX 30aHus. [MoaTomy Ans AaHHbIX Uccnepo-
BaHWI 3TOT CNOCO6 3aJaHus Harpy3ku Obil NPUHAT 3a
OCHOBHO.

Pe3ynbTaTtbl MCCnepoBaHus
Bbinv npoaHannanpoBaHbl NOAYYeHHbIE NepemeLLie-
HWUS1 OCHOBaHWSA 30aHUS U ero KOHCTpyKumi (puc. 3, 4). B
pesynstaTe OTKOMKW KOTMoBaHa 3haHue rnonyynsno Mak-
CUMarbHyt0 [OMONHUTESIbHYIO ocafky S™  pasHyio 3,7
c™m (I Tun Ur'Y) n 8 ewm (16 Tun UI'Y). 3HadeHuns nony4e-
Hbl Ha 6nMXXanLleM K KOTnosaHy yHaameHTe. YCTpon-
CTBO 3alUnTHbIX Meponpusatun B | Tune UMY nossonusno
Ta6nuua 1
Table 1
du3nKo-mexaHu4eckue XapaKTepUuCTUKN rpyHTOB,
BXOASALLUX B MHXXEHepHo-reonornyeckue ycnosus | u ll16 Tuna

Physical and mechanical characteristics of soils included
in type | and type lll engineering and geological conditions

DU3NKO-MEXaHUYECKME XapaKTEPUCTUKN
Tun HavmeHoBaHve Vron Moayns
nry rpyHTOB C”:”;ﬁ:”e BHyTpeHHero | aechopmauym
! TpeHus @, ° E, MMa
Hacbinb 15 15 10
| Mecok
Cp. KpynHocTy, 0-4 25-39 23-47
Cp. nnoTHOCTU
Hacbine 15 15 10
6 | CyrnnHKM 1 ranHbl OT
MAFKONNACTUYHbIX [0 11-30 6-19 2-12
TEKYYnX
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Fig. 3. General movements in building structures with foundations
reinforced with bored-injection piles in the zone of influence of a deep pit

CHU3UTb MakCUMarbHY0 OOMOMHUTENbHYI0 OCagKy Ao
1,2 cm (BUC); 1,9 cm (3akpenneHune ocHosaHusa MLUDJ);
3,2 cm (sKkpaH u3 'U3); 2,7 cm (nnuta). Ons 16 Tnna
'Y npy noMoLLM 3aLLMUTHBIX MEPONPUSATUIA MaKcuMarb-
Has [onoNnHUTeNnbHas ocafka bblna CHXeHa Ao 2,7 cM
(BUC); 3,3 cm (3akpenneHne ocHoBaHus MLUJ); 7,3 cm
(akpaH n3 rud); 4,6 cm (nnura).

CornacHo n. 9.37 CIN 22.13330.2016 pacyeT ocHoBa-
HUI No gedhopmaumsam Ans COOPYXEHUI OKpyXatoLLen
3aCTPOVKW, PaCMONOXEHHbIX B 30HE BMUAHUSA HOBOMO
CTpouUTENbCTBA, NPOBOAAT U3 YCNOBUS:

Sad < Sad,uf (1 )

lMOCKOMbKY KaTteropysa TEXHUYECKOro COCTOSHUSA
30aHusa Npy MOOENUPOBaHUM He Yy4uTbiBanacb, Ang
npoeepkn ycnoeus (1) nmpumem amana3oH 3Ha4YeHuMn
npenenbHOM OOMOSHUTESNbHON MaKCUMarbHOW OCafKu
ONs1 MHOMO3TaXHOro 3[4aHWs C HECyLUMMU CTeHaMu U3
Kupnu4Hou knapkn 0,5 cm < S, <4 cm (taén. K.1 Mpu-
noxenus K ClN 22.13330.2016). Ana | Tuna UMY ykasax-
Hoe ycnosue BbinonHaetcda. Ong lll6 Tuna BbinonHeHve
OaHHOrO yCNOBUSI BO3MOXHO TOSIbKO MPWU YCTPOMCTBE
3aLUMTHBIX MEpPONPUATUIA, MPUYeM B OaHHOM chyvae
YCTPOWCTBO OTCEYHOrO 3KpaHa W nepecagka 3OaHus
Ha (pyHOAMEHTHYIO NAUTY OKasblBalTCA HedhEKTMB-
Hbl, TaK KaK He obecne4ymBaloT BbINOSIHEHWNS YCNOBUS
n. 9.37 CI1 22.13330.2016. MNpwn ganbHerwemM aHanu-
3e ana Tmna UI'Y 1lI6 6ygyTt paccmatpuBatbCs pe3ynb-
TaTbl TONbKO AN 3paHua ¢ yeunennem BAC nnn MUD.
Heob6xoanmo OTMETUTb, YTO A TOYHOro MPOrHO3Upo-
BaHVA OCafKu, HEO6XO0OUMO Y4UTbIBaTb €€ TeXHONOoru-
YeCKY COCTaBNALWY. YKasaHme Ha 3TO COLAepXMUTCS
B CI1 22.13330.2016, CI1 24.13330.2011 «CaliHble
yHOaMeHTbl. AKTyanuaupoBaHHas pepakums CHull
2.02.03-85», CI145.13330.2017 «3emnsHble coopyxe-
HUS, OCHOBaHWA M yHOAMEHTbl. AKTyannanpoBaHHas
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110,000

0,000

H0.000

TO000

60,000

50.000

40.000

30,000
20,000
10,000

0,000

Puc. 4. Dniopyt eepmukanvhbix nepemeujeHuil KOHCmpyKyui 30aHus ¢
VCUACHHbIMU OYPO-UHBEKUUOHHBIMU CEAIMU (YYHOAMEHMAMU 6 30He 6AU-
AHUSA 21Y00K020 KOMA0BAHA

Fig. 4. Plots of vertical movements of building structures with foundations
reinforced with bored-injection piles ( BIP) in the zone of influence of a deep pit

penakumnsa CHwull 3.02.01-87», CIT 248.1325800.2016
«CoopyxxeHus noa3emMHble. [paBuna NpoekTMpoBaHusa»
M OpYyrnx HopmaTuBHbIX OOKymeHTax. OnpepgeneHuio
OOMOMHUTENBbHON OCadKM 30aHUNM C 3alUTHBIMU Mepo-
NPUATUAMW C YH4ETOM TEXHONOMMM NPON3BOACTBA paboT
nocesiLeHbl nccnegoaHms B.A. nbnyea, H.C. Huku-
thoposon, P.A. Manrywesa, A.B. KoHHosa n gp. [9-13].

Ons NPOTAXEHHbIX Mano3TaXHbIX 34aHNUIA OCHOBHbIM
KpuTepmem no Il rpynne npegenbHbIX COCTOAHUN ABASA-
eTcsl OTHOCUTENbHAas Pa3HOCTb OOMOSHUTENbHBLIX Oca-
0ok [4]. Hanpumep, 3g0aHnsa Ha BacunbeBCKOM OCTPO-
Be B CaHkT-lNeTepbypre, nonyymnsLumMe ocagky ao 1 m,
00 CMX MOp 3KCMyaTUPYHTCH, B TO BPEMS KakK MHOrme
30aHus, NoslyumBlLINE MeHbLUME MO abCONTHON BENU-
YMHe 0CaaKu, UMEIOT 6onee CyLLecTBEHHbIE aedeKkTbl [1].
B asngoLwenca npegMeToM JaHHOrO uccnepnoBaHns re-
OTEXHMYECKOWN CUTyaumm 4Yem 6O0nblLLEe MPOTAXKEHHOCTb
30aHu1s B HanpasfieHMM OT KOTSIOBaHa, TeM 60sIbLLE PUCK
BO3HMKHOBEHMSA CBEPXHOPMATUBHOM pPas3HOCTM AOMosi-
HUTENbHbLIX 0CafoK. B JaHHOM cnyyae y4eT XecTKoCTU
HaO3eMHbIX KOHCTPYKLUWA 3aKOHOMEPHO BblpaBHMBAET
pPasHOCTb OCafoK.

OTHOCUTENbHAs pPa3HOCTb [OMOJSIHUTENbHbIX Oca-
noK As/L cdyHpameHToB 3gaHus ans | Tuna Y paesHa
0,0011, gna llI6 Tna — 0,0017. MNpwn ycTporcTee paccma-
TPMBaAEMbIX 3aLUUTHLIX MEPONPUATUI OTHOCUTENbHAS
pasHocTb As/L B Tvne UI'Y pocturaeT cnepyowmx 3Ha-
yeHui: 0,0004 (BUC); 0,0006 (3akpenneHne oCHOBaHUSA
rU3). Ons 6 TMna oTHocUTENbHAA pa3HOCTb AOMNOSHU-
TeNbHbIX 0CAf0K CHWXaeTCs 00 CreayoWwmnin 3Ha4YeHUI:
0,0009 (BUC); 0,0010 (3akpenneHne ocHoBaHua MLJ);
0,0013 (skpaH 13 'L3); 0,0011 (nnuTa). AnanasoH 3Ha-
YeHUn npefenbHOM OONOSIHUTENbHON OTHOCUTENBbHON
pasHOCTU 0CafoK, COOTBETCTBYIOLLMIA BbILLEOOO3HAYEH-
HOMY Ananas3oHy npeaenbHON OOMNONHUTENBLHOM 0caiKu,
cocTasnseT 0,0004 < (As/L), < 0,002 (ta6n. K.1 Mpu-

1-2'2020

47




Mop3emHoe
CTPOUTENBCTBO

(TPOTETHOTBO

Hay4Ho-TexH14eckunin
1 NPON3BOACTBEHHDBIN XYypHan

[kMm/m|
11040.00¢

Q00,000
R00.000

TO0.000

GO0.000

300,000

0,000

300,000

T o 200,000
100,000

0.000

Puc. 5. Jlonoanumenvrvie uzeubaroujue MomMeHmyvl 8 KOHCMPYKUUAX
30aHUS 8 30He BAUSHUSA 2/1_)/6016020 KomaoeaHa

Fig. 5. Additional bending moments in building structures in the zone of
influence of a deep pit

noxenusa K CIM 22.13330.2016). YCTPOMCTBO 3aLLUTHbIX
MeponpuaTUN Heo6XoauMO, eCnNn 34aHne B 30He BNUS-
HUS UMEET KaTeropmio TexHn4eckoro coctosaHus lll (cta-
poe, coBpemeHHoe), Il n lll (nctopnyeckoe, NAMATHUK).

MomMuMO BepTUKanbHbIX NepemMeLleHnin pyHoameH-
Tbl 30aHNS B 30HE BAINSAHUSA rNy60KOro KOTI0BaHa MUChbI-
TbIBAOT FOPU3OHTAasIbHbIE MepeMeLLeHnsl, HanpaBneH-
Hble B CTOPOHY KOT/I0BaHa, KpoOMe TOro, BOSHUKHOBEHUE
HepaBHOMEPHbLIX 0CaAoK, BbI3BaHHbLIX OTKOMKOW KOTSO-
BaHa, Bne4veT 3a co60M NosSBNEHMNE KPEHa 34aHusa B ero
CTOPOHY. OTU ABa NepeyvUCneHHbIX napameTpa, nomu-
MO AOMNOSIHUTESIbHBIX 0CafoK U UX Pa3HOCTU, COrnacHoO
Ta6n. J1.5 CI1 22.13330.2016 KOHTpONMpYOTCA Npu OCy-
LLLECTBIEHUUN FEOTEXHNHECKOrO MOHUTOPUHIA OKpPYXalto-
LLier 3acTpoviku (KpeH npu H, >10 m). Yo kacaetca pac-
YeTHbIX BESINYMH, TO B NpuMed. 2 K . 9.37 Toro xe CI1
rOBOPUTCSA, YTO MPU pacyeTe OCHOBAHWUN COOPYXXEHWUN
OKpY>KatoLLen 3aCTponkn no gedopmaunam ycnosue (1)
crnegyeT BbINOMHATL B TOM YMCne Ans napameTpoB, K KO-
TOPbIM TaK >XX€ OTHOCATCH rOpU3OHTaslbHOE MepemMeLLe-
HWe dyHaameHTa (CoopyXeHus) u, 1 KpeH dyHaameHTa
(coopyxeHus) i (n. 5.6.4 Toro xe CIT), yem 3a4acTyto
npeHebperatoT. [NpoaHannampyem noslyHeHHbIe YACNEH-
HbIM pac4eToOM 3HaYEHUS 3TUX ABYX BENNYMH.

Bes ycTponcTea 3almTHBLIX MeponpusaTui ans tuna |
UIY ropusoHTanbHble nepemMeLLeHns pyHaamMmeHToB Jo-
cturatot 1,6 cm, ansa 16 Tuna 'Y — 4,6 cm.

YunTbiBag COBMECTHYIO paboTy OCHOBaHUA U Haf-
3eMHbIX KOHCTPYKLMI, BblLLENepe4vmcrneHHble nepeme-
LLEHNS OTHOCATCA U K HAA3eMHbIM KOHCTPYKLUMAM.

HopMbl He pernameHTUpYT ropu3OHTaslbHbIE Me-
pemelleHns (PyHOAMEHTOB OKpY>XXaloLlen 3acTPOnKu
(tabn. K1 CIT22.13330).

CornacHo PekomeHpauusiM no NPOEKTUPOBAHMIO Y
YCTPOMCTBY OCHOBaHWM U byHOAMEHTOB Mpu Bo3Befe-
HUW 30aHUA B6IM3M CYLLIECTBYIOLLMX B YCIIOBUSX MIIOT-
How 3acTponku B r. Mockee (M.: MockomapxuTekTypa,
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Fig. 6. Additional axial forces in building structures in the zone of
influence of a deep pit

1999. 55 c.), npegenbHble BENMYUHBbI FOPUIOHTaNbHbIX
nepemMeLLeHnin pyHOaMeHToOB OOS/MKHbI Ha3Ha4aTbCsa B
3aBNCMMOCTUN OT KOHCTPYKTMBHbIX OCOBEHHOCTEN Y30B
NPUMbIKAHNA NEPEKPLITUA K HaPY>XHbIM HECYLUUM CTe-
HaM unNKn anemeHTam Kapkaca. lNpenenbHble BENUYUHbI
OTHOCUTENBHOM Pa3HOCTU rOPU30HTaSIbHbIX NEPEMELLEe-
HU cocedHux PyHOAMEHTOB AOSMKHbI Ha3Ha4vaTbCa B
3aBMCMMOCTM OT AOMYCTUMOIO YPOBHS [OMONTHUTENbHbIX
pacTArMBaloLLMX Harps>KeHUn B KOHCTPYKLMAX nepe-
KPbITUA U HECYLUMX CTEH, BbI3BaHHbIX HEpPaBHOMEPHO-
CTbtO FOPU3OHTATbHbIX NEPEMELLEHNN.

AHanM3 Nony4YeHHbIX NMpU MOAENMPOBaHMM AONOJ-
HUTENbHbLIX MEepeMeLLEHNA OCHOBaHUSA BAOMb 34aHUS
nepneHanKynapHO K KOTIOBaHy nokasas, 4YTo ropu-
30HTaNbHble NepeMeLleHns (yHOAMEHTOB MO Mepe
yAaneHus oT KOT/loBaHa He3HAYUTESNIbHO YMEHbLLAKTCA
Nno CpaBHEHUIO C BEpPTUKaNbHbIMU. Pa3HOCTb rOpuU30H-
TaNbHbIX MEPEMELLEHMA cOocedHUX (PyHOaMEHTOB He
npesbiaet 1 Mm.

lopusoHTanbHble MepemMeLleHns Bepxa 34aHus
6e3 3alWuTHbIX MeponpuaTuin gocturarTt 3,2 cm gns |
Tmna 'Y n 7,3 cm gn4a llI6 Tvna. MakcumansHoe 3Ha-
YeHne kpeHa B LY | Tuna pgocturaet 0,001, B 'Y 1II6
™ina — 0,002. lNMpepnenbHoe 3Ha4YeHWe KpeHa i, COoOoT-
BETCTBYIOLLIEE MPUHATbIM B PACCMOTPEHNE KaTEropusam
TEXHNUYECKOro COCTOSIHUA M cTaTyca 34aHusa OKpyXXato-
Len 3acTpoiku, coctaensaet ot 0,0004 go 0,0020 (TCH
50-304-2001 r. Mockebl (MCH 2.07-01) «OcHoBaHus,
PyHOAMEHTbI 1 NOA3EMHbIE COOPYXEHUSI»). YCTPONCTBO
3aLUMTHBIX MEPOMPUATUIA, CHUXAKOLMX HepaBHOMEp-
HOCTb 0CafoK, HEO6XOAMMO, €CN 30aHNE B 30HE BNUSA-
HUS UMeEeT KaTeropumio TexHn4eckoro coctosHus lll (cta-
poe, coBpemeHHoe), Il n lll (ncTopuyeckoe, NaMATHUK), a
Takxe Il (ctapoe, coBpeMeHHoe) ang 6 Tnna Y.

OcHoBaHve 3[aHns OKpYXatoLLen 3aCTPONKU B 30HE
BNNSHUS ry6OKOro KoTioBaHa nosy4aeT npu ero pas-
paboTKke HepaBHOMEpPHble AedopMaLuK, YTo Bbi3biBaeT
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Ta6nuua 2
Table 2
[lononHUTenbHbIe YCUNNS B KOHCTPYKLUUAX 3AaHus
B 30He BNUAHMA rNy60KOro KoTnosaHa
Additional efforts in building structures in the zone
of influence of a deep pit
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Bes ycTpoiicta -9/-40 71/-20
BUC -8/-10 64/-10
| -91/-216 122/-1190 rus 16/1 43/30
OkpaH -2/-26 55/-10
Mnuta -26/-20 39/-24
Bes ycTpoiicTBa -34/-42 70/-40
BNC 10/0 62/-20
6 | -101/-280 | 174/-1150 rua -29/66 16/20
OKpaH -40/-35 60/-40
Mnuta -8/-4 5/-11

Mpumeyanve: [Ipo6HOM YepTon pas3fnenstoTcs 3HaYEeHNs yCUnui B

nepeKkpbITUAX/CTEHaX.

BO3HWKHOBEHWE [OOMOSMHUTENBHBIX YCUIUA B KOHCTPYK-
umnsax 3gaHus (cMm. puc. 5,6). MNpu ycTponcTee 3amnTHbIX
meponpuatuin HOC mMaccuBa rpyHTa nameHsieTcsi, Tem
CcaMbIM OHW OMOCPefOBaHHO BUAIOT HA BENMWUYMHbLI BO3-
HUKaOLLMX JOMOSHUTENbHBLIX YCUIUIA.

B pesynbraTe npoBeAeHHbIX YUCMAEHHbIX UCCReno-
BaHMM Nosfy4eHbl AOMOMHUTENbHbIE YCUNNS B HAA3eM-
HbIX KOHCTPYKUMSAX 30aHUSA NPU YCTPOMUCTBE 3aLUMTHBIX
MeponpuATNA n 6e3 HMX. Peaynetatbl Ana YeTbipex Tu-
NnoB 3aLlMTHbIX MeponpuaTun u asyx tunos UIY npu-
BefeHbl B Ta61. 2. JonofHUTENbHbIMY Ha3BaHbl yCUns
W MOMEHTbLI, BO3HMKalOLME B MpoLecce OTKOMKU KOT-
noeaHa.

3akno4yeHue

B ycnoBusix NOA3EMHOro CTpPOUTENLCTBA B MSIOTHOM
rOpOACKOM 3acCTpowke, B TOM 4uCrie Npyv BO3BELEHUM
ry6oKMX KOTIOBAHOB, HEO6X0OUMO 0becrneYveHne npoy-
HOCTW, HaJEXHOCTU U OOSIFOBEYHOCTU CYLLIECTBYHOLLIUX
COOPY>XEHUIA. ITOMY COCOBCTBYET OCYLLECTBEHME Te-
OTEXHUYECKOr0 NPOrHO3a C MCMofb30BaHWEM CUCTEMBI
«OCHOBaHNe—(yHOAMEHTbI—HAaA3EMHbIE  KOHCTPYKLUN»
MO OTHOLLEHMIO K OKPY>KaloLLEen 3acTponKe.

Cnucok nutepartypbl

1. WawkuH A.T., WawkunH K.I'. OcHOBHbIE 3aKOHOMEP-
HOCTU B3aMMOOENCTBMS OCHOBaHWSA M HaO3eMHbIX

YyeT BAUAHMSA HAA3eMHbIX KOHCTPYKLUMA nNpu npose-
OEeHUN YncneHHoro pacyeta B nporpamme Plaxis 2D no-
3BONAET YTOYHUTL NMOSYyYeHHble AedopMaLumnm OCHOBAHMS.

Mpn mopenupoBaHun B nporpamme Plaxis 2D Hag-
3eMHbIX KOHCTPYKLMIA CYLLECTBYIOLLEro 30aHns B 30He
BNNSAHUA rMy6OKOro KOTfoBaHa Harpy3ky OT HEero MOX-
HO 3apaBaTtb ABYMsl cnocob6amu: Kak pacnpepesieHHyto,
NPUSIOXKEHHYIO K BEPXHEN YacTWU MOAENU 3gaHus, nméo
nyTem 3agaHuns Beca MOLENUPYIOLLNX KOHCTPYKLIMK ane-
MEHTOB. AHanua nony4eHHbIX MO ABYM crnocobam fe-
chopmaumin nokasasn He3HaYUTENbHOE UX pacxoxXgeHue.

Mpy MOOenMpoBaHUU KOHCTPYKLUWMA 3fieMeHTamu
plate n 3agaHnm gnsa HUX CO6CTBEHHOIO Beca, C NoMo-
b0 CcpedcTB nporpaMMbl MOXHO MEPBUYHO OLEHUTb
BO34encTBMe gedopmMaLMii OCHOBaHUSA Ha KOHCTPYK-
UUK 302HUSA U NONY4YMTb B TOM YMUCIE 3HAYEHWs [O-
NMOMHUTENBHOrO KpeHa 1 yCUnuii, BO3HUKAIOLLNX B KOH-
CTPYKUMUSX.

lMpoBedeHHbIe YNCNEHHbIE UCCcregoBaHWsa nokasanu,
YTO YCTPOMCTBO 3aLUMTHbIX MEPOMNPUATUIA MO3BONSET
CHWXaTb JOMOMHUTESIbHbIE YCUNSA B KOHCTPYKLMAX 30a-
HUS B 30HE BNUSAHMA MNy6okoro koTnosaHa. Ons | Tmna
UMY 13 yeTblpex pacCMOTPEHHbIX BUOOB NaCcCUBHbIX 3a-
LWMTHBLIX MEPONPUATUIA OOMNONHUTENbHbLIA U3rMbaroLnmn
MOMEHT B HaubosbLUen CTeNeHN CHUXAETCA: B CTeHaxX
npu 3akpenneHnnm ocHoBaHui dyHgameHToB MLUO (Ha
103%); B MEX3TaXKHbIX MEPEKPbITUAX — MPU YCTPONCTBE
OTCEYHOro akKpaHa (Ha 78%); LONONHUTENbHOE OCEBOE
ycunue B cTeHax — npu 3akpennexnuu MU wnu ycune-
HUM BUC (Ha 50%); B MEX3TaXHbIX NEPEKPLITUAX — NpU
noABedeHUN NAUTHOro dyHaameHTa (Ha 45%). Ons 16
Tvna UI'Y (CyrnyvHKM U MyHbI OT MAMKONNACTUYHbIX OO
TEKYUMNX) — NoABeaeHne NINTHOro oyHaameHTa adpdek-
TUBHO AN CHMXXEHUA LOMNOSIHUTENbHOro n3rnbaroLlero
MOMEHTa B MEX3TaXHbIX MEPEKPbITUAX (Ha 76%), a Tak-
Xe ANA CHWXEHWUst 0CeBbIX yCcunui (B cTeHax Ha 73%,
B MEX3TaXHbIX nepekpbITnax Ha 93%), ycuneHne BUC —
OOMONHUTENbHOrO MOMeHTa B cTeHax (Ha 100%). MNpwu
YCTPOWCTBE 3aLUUTHBIX MEPOMPUATUIA AOMNONHUTENbHbIE
YCUMNA B KOHCTPYKLUMSAX MOMYT MEHATb 3HaK. Heobxoau-
MO OTMETUTb, YTO U3MEHEHME U3rMBalLUX MOMEHTOB
B HaA3eMHbIX KOHCTPYKLMAX OKpyXarwoLllen 3acTpom-
KM 6€3 3alMTHbIX MeponpuUAaTUA BCNEeACTBUE OTKOMKMK
koTnoeaHa coctasnsget 10-20% (I tun UT'Y), 15-35%
(6 TMn UI'Y). YBenuyeHne 3Ha4eHUI OCEBbIX YCUNNIA
B HECYLUMX CTEHAaX ABMSAETCS He3Ha4MTeNbHbIM (<10%).
PaspaboTka KoTnoBaHa B 60MbLLEN CTENEHN BNUSET HA
YBENNYEHNE OCEBbIX YCUIUIA B MEXITaXKHbIX NEepeKpbI-
Tmax (40-60%).
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KocTsiHOE XKIJINIIE JpeBHEHIIEro 4eJ10BeKa

PackpbiTel 0COGEHHOCTU UCIIONIb30BAHUST KPYIHBIX KOCTEVN XUBOTHbIX B KA4E€CTBE OCHOBHOIMO HECYLUEro 06bEMHO-
MPOCTPAHCTBEHHOIO KapKkaca Xwaulja OPEBHEULLIEro YesioBeka. BepxHuvi rninevictoyeH — reosriorn4eckuii nepuos
(200-10 TbiC. NIET Ha3apg), XapakKTepmn3yemMbivi HaNbOIbLLMM PACPOCTPAHEHNEM MaMOHTOBOU ¢bayHbl. B 06LLUMPHBLIX
€CTEeCTBEHHbIX MPOCTPaHCTBax AaHHOro nepuoaa rnpeobnanany TPaBsHNCTbIE CTeNHbIe NaHAWAaTsI C KpariHe He3Ha-
YUTEITbHbIMU KDarNMHKaMu peaKkosnecuii. Vicxoas ns atmnx ycrioBuv UCroSb30BaHNE CKETETHbIX KOCTEV KPYIHbIX XUBOT-
HbIX, TAKUX K&K MaMOHT, LLUePCTUCTbIN HOCOPOr, 3y6p, OBLEObIK, rraHTCKUi 60/1bLLEPOrUi OJIEHb B KA4eCTBE CTPOU-
TesIbHOro mMarepvana A5 BO3BEAEHWs NepBOObITHOO Xnania ObisiO BrIOSIHE 3aKOHOMEPHBIM U XU3HEHHO BaXXHbIM
saBreHveM. B ctatbe nposefeH aHanm3 rabapuTHbIX NapamMeTpoB KPYIHbIX CKEJIETHbIX KOCTEN XUBOTHBIX, KOTOPbIE B
HaunbonbLLIEVI CTENMEHN NOAXOANIN 151 BO3BEAEHNS KOHCTPYKTUBHO-TEKTOHUHECKOV CUCTEMbI [PEBHEVILLIErO XUNLLA.
Ha aHanntunydeckoli oCHOBE BbiiBUHYTbI CTPOUTESIbHbIE METOLbI U CrIOCObbI, KOTOPbIMM 00/1a[a710 ApeBHeVLLee Co-
06LecTBO JIIofeH. PacKpbiTbl XapaKTepHble y3/10Bble COeANHEHNST KDYIHbIX KOCTEV MEXAY COO6OM U C rPyHTOBbLIM OC-
HoBaHueM. Takxe rnokasaHbl Criocobbl yCTPONCTBA MOKPbITUS XNNLLA U3 LLKYD XUBOTHbIX. Hay4Hoe noBecTBoBaHue
B 10JIHOV Mepe MpOoNINIIOCTPUPOBAHO L7151 HAMbOoee MNOSIHOro MOHUMAaHUSI U BOCIPUATUS MPeaMETa UCCen0BaHWA.

Knro4eBble crioBa: KOCTAHOE XUnLLe, reosiorn4eCcKui nepuoL, SPeBHUI Yes10BEK, BEPXHWU NIECTOLEH, MaMOH-
TOBasi (hayHa, CKesieTHbIe KOCTU XXUBOTHbIX.
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Bone Dwelling of the Oldest Man

The features of using large animal bones as the main bearing volumetric-space frame of the dwelling of the oldest man are revealed. The upper Pleistocene
is a geological period (200—10 thousand years ago) characterized by the greatest distribution of mammoth fauna. The vast natural areas of this period were
dominated by grassy steppe landscapes with very small specks of woodlands. Based on these conditions, the use of skeletal bones of large animals such
as mammoth, woolly rhinoceros, bison, musk oxen, giant bighorn deer as building material for the construction of primitive homes was quite natural and vital
phenomenon. The article analyzes the overall parameters of large animal skeletal bones, which were most suitable for the construction of the structural-tectonic
system of the oldest dwelling. On an analytical basis, the construction methods and methods that the ancient community of people possessed are put forward.
The characteristic nodal connections of large bones with each other and with the ground base are revealed. Also shown are methods for covering the dwelling
with animal skins. The scientific narrative is fully illustrated for the most complete understanding and perception of the subject of research.

Keywords: bone dwelling, geological period, ancient man, upper Pleistocene, mammoth fauna, animal skeletal bones.

For citation: Lytkin K.A. Bone dwelling of the oldest man. Zhilishchnoe Stroitel'stvo [Housing Construction]. 2020. No. 1-2, pp. 51-55. (In Russian).
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B Halw BeK BbICOKMX TEXHOSIOMMIM HACTOSMbKO SIN WH-
TEepecHO W LenecoobpasHo n3y4vaTb KOCTAHOE XUNULLIE
apesHenwero yenoseka? OTBET — UHTEPECHO U Liene-
Ccoo6pasHo. AprymeHTaumsi NosIoXKUTENbHOro OTBETa Ha
NOCTaBMEHHbIA BONPOC COCTOUT U3 CNEAYIOLLMNX 3aKto-
YEHUI.

Bo-nepB.ebIx, NoMbITKa packpbITysi CBOE06Pa3HbIX CTO-
POH TEKTOHMYECKOW CUCTEMbI OPEBHENLLEro 4enoseve-
CKOrO XMWu1LLA, COOPYXEHHOrO U3 KPYMHbIX CKENeTHbIX
KOCTEN >XMBOTHbIX, MMEEeT OCHOBoOMosfarawLuiee UCTo-
pvyeckoe 3HadeHue ANs U3yYeHUs ajanTaumOHHbIX U
NPUCNOCO6IEHYECKMX CNOCOBHOCTEN [OUCTOPUHECKOTO

YesrioBeKa — U3YYEHUsT ero XU3HMU U 6biTa B OKPY>XEHUN
nepBoO34aHHbIX 3KONOMMYECKMX CUCTEM JNIEOHUKOBOIO W
MEeXJ1eAHUKOBOrO NEPUOLOB.

Bo-BTOpbIX, WMCCNepoBaHWe [OPEBHEWMLUNX CTOSHOK
NepBOObITHLIX JIIOAEN, COCTOSALLNX U3 HECKOSbKUX KOCTS-
HbIX XML, CNOCOBCTBYET 060raLleHN0 COBPEMEHHbIX
Hay4HbIX 3HaHWI MO rno6anbHbIM NpobrieMam B3auMooT-
HOLLEHMS YenoBeKa U Npupoabl — o6LLecTsa v NpMpoabl
B peaynbrarte Nno3HaHusi 0CO6EeHHOCTEN BO3HUKHOBEHMS
OaHHbIX NPo6IeM B NPOCTPAHCTBE N BPEMEHM.

B-TpeTbux, MakcMmanbHO LOCTOBEPHOE BOCCO3[a-
HWE KOCTAHOro XUnuila OpeBHENLLEro YenoBeka CTaHo-
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Puc. 1. OcrosHble KOHCMPYKMUBHO-MEKMOHUYECKUEe IAeMeHMbl KO-
CMAHO20 HCUAUUA
Fig. 1. Main structural and tectonic elements of a bone dwelling

BUTCS CBOEOOPA3HbIM Hay4YHO-NO3HaBaTesbHbIM 06pas-
LLIOM 015 BCEOOLLEro N3yHeHUs, aHanm3a n 0603peHus, B
TOM YUCIE BbIABNEHUS YTUNUTAPHbIX BO3MOXHOCTEN ero
NPUMEHEHNs B Ka4eCcTBe 3K30TUHECKOro Xunuua B pe-
KpeawuMOHHbIX U TYPUCTUHECKUX LiensX.

PaccmaTprBaembliii LOMCTOPUYECKMIA NEPUOT BPEMEHM
OTHOCUTCA K BepxHemy nnenctoueHy — 200—10 Tbic. neT
Hasag. MNepwvofd, Korga NpomnsoLUsIo nocregHee onepeHe-
HWe, — Nepuoa LUMPOKOro pacnpoCcTpaHeHUsi MaMOHTO-
BOW chayHbl. BepxHuin nnenctoueH NnpeacTtaBniseT arnoxy
KaMeHHOro Beka — nasneonura.

M3yyeHne xun3Hn 1 6biTa QpeBHENLLErO YesioBeka — ero
HepaspbIBHOM CBSA3M C OKPY>XatoLLen nepBo3faHHON cpe-
Oon obuTaHus NpeacTaBnifeT CHOXHYIO U MHOIOrpaHHyo
nccnepgoBatenbckyto 3agady. OoHM yHeHble YTBEPXKAAIOT,
YTO B BbDKMBAHWUW YeslOBEKA B CYPOBbIX YCIIOBUSAX BEPX-
HEero NnencToueHa peLlarLLyo posb urpana cama ooLu-
HOCTb Y€esIoBEKa — ero 06LLEeCTBEHHbIE B3aMMOOTHOLLEHUS
[4]. V ppyrux wuccnepoBaTtenen npesanupyeT BbiBOA: B
npoLecce 9BOMIOLMN aHTPOMOUAHBLIX 06€3bsH OrPOMHYIO
ponb Cbirpanin eCTeCTBEHHbIE rf06anbHble W3MEHEHUSs
OKpy>xaroLLien cpedbl. [1ofo6HbIV BbIBOL, 3aK/HOHEH B TPY-
Jax BblOAlOLLErocs MCTOpUKa, apxeonora u aTHorpada
Anekces MNMaenoeunya OknagHukosa (1908-1981) [5].

B TeuyeHue COTHU TbICAY NET 4enoBek ymenbli npu-
crnocabnueanci K MW3MEH4YMBbIM CypOBbIM YCNOBUAM
NIEQHUKOBBLIX M MEXNeOHWKOBbLIX nepuogos. [Mpucno-
cabnueancs, Bnages OrHem, MU3rotaBnvMBas KameHHble
(kBapLeBble) opyamsa Tpyaa M OXOTbl — Brafes LUMTbEM
nepBO6LITHON OAEXAbl U3 3BEPUHBIX LUKYp, ocBavBas

Puc. 2. ObsemHo-npocmpancmeenHblil KapKac KOCMAHO20 HCUAUULA
Fig. 2. Volume-space frame of a bone dwelling

neLLepHble reosiormyeckmne 1 reomopgonornyeckmne no-
noctn. I HakoHewl, OpeBHENLUMIA YenoBeK Havan CTpo-
UTb MEPBOOLITHOE XUNULLIE B KadyecTBe HEeOOXO4MMOMN
dyHOaMeHTanbHOW 3aLlMTbl OT BO3AENCTBUMA BHELLHEN
cpefbl 06UTaHUS.

Kak oTmMeyeHO, B BepxHeM MMENCTOLEHe B CBOEM
Hauny4llem paccBeTe cyllecTBOBana MaMoHToBas a-
yHa. CyulectBoBana CO 3HaYUTENIbHbIMU MUTLEBbLIMMU,
nutTaTesibHbIMM U KOPMOBbLIMU pecypcamMm Ha rpomMagHbIX
€eBpoas3naTCKux Tepputopusx u tepputopusix CesepHoi
Amepurkn. O6LIMpPHbIE MPOCTPaHCTBA 3NOXM MaMOHTOBOW
hayHbl Hay4HO OOCTOBEPHO M3BECTHbI NpeobnagaHuemM
TPaBAHUCTbLIX CTEMHbIX NaHAWadTOB C KpaHe He3Hauu-
TenbHbIMK KpanuHkamu pegkonecuii. Otcroga chopmMupy-
eTCs KoHCTaTaums, YTo UCMNOMb30BaHNe KOCTEN KPYMHbIX
>KMBOTHbIX B Ka4eCcTBe CTPOUTENbHOrO mMatepuana ans
XUnvLla BO3HUKIIO B YCNOBUSX Aedumumuta OpeBECHOro
Marepuana, KOTopbli, B CBOK o4epefb, SBNAACA Heob-
XOOUMbIM SHEPreTUYECKUM U TOMSIMBHBIM PECYPCOM.

JKMBOTHBIN MUP, BKNOYaa KPynHbLIX NpeactaButenen
hayHbl, TaKNX KakK MamoHT, LLEPCTUCTbIN HOCOopOr, 3y6p,
0BLEObIK, TMraHTCKWI 60MbLLEPOrUA ONEHb, BXOAUN B He-
NPeMEHHbIN MSACHOM pPauVoH NUTaHUS NaneosIMTUHeCKOro
OXOTHMKa M ero copoamyen. cxons ns BceobLLHOCTH Ta-
KOW OcHOBOMoOararoLet peCypcHom OCHOBbI BbDKMBaHUSA
YenoBeKka B CYPOBbIX JIEAHUKOBbLIX W MEXeAHNKOBbIX
KNMMaTUYECKMX YCNOBUAX KOHCTPYKTUBHO-TEKTOHNYECKOE
NPUMEHEHME KPYTHbIX KOCTEN XXMBOTHbIX A1 hopMMpoBa-
HWA OpeBHENLLIEro Xunmiia 661110 BNOSHE 3aKOHOMEPHbIM,
OCYLLIECTBUMBIM U XXM3HEHHO BaXXHBIM ABMEHNEM.
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Kaknum 06pa3omM 1 Kaknmn MeTogammn CTpOUIun KoCTs-
Hoe xunuwe? OTBeyas Ha NOCTaBMEHHLIA BOMPOC, He-
06X0AUMO MOAYEPKHYTL CreaytoLee.

OnucbiBaeMble HXe METOAbI M CNOCO6bLI BO3BEAEHMSA
KOCTSIHOIO XXWMULLA PacKpbIBatOTCS Ha aHaNUTUYECKOM 1
B HEKOTOPbIX MOMEHTaxX Ha NPeAnonoXUTENbHOM OCHOBE.

OCHOBHbIM KOHCTPYKTUBHO-TEKTOHUYECKUM 3fIEMEH-
TOM 6GECCMOPHO CAY>XMWUNN MaMOHTOBblE GUBHU. BKBHK
jocturanv 4 M B OJiHY Npv gnamMmeTpe ocHoBaHus 0o 18
cm. Bec o 100 kr (puc. 1).

B ocHoBaHMM XunuiLla B Ka4ecTBe «CTakaHa» onupa-
HWUS GUBHS NOYTW BO BCEX CNy4asix NPUMEHSANCS LefbHbIN
YyeperHom ckenet MaMoHTa, rabapuTHble pasmepbl KO-
TOPOro nokasartesnbHbl B rpaduyeckon hopme (puc. 1).

YepenHow ckeneT B NMOSIOXEHNN 3aTbINIOYHOW HacTbio
BHM3 1 4YacCTblo, OTKyJa BblpacTanu BHyLUUTENbHbIE OUB-
HW, BBEPX OCHOBATENbHO 3aKPEenssnu rpyHTOBOM Maccomn
no BceMy nepumeTpy xunuwia. MNpn 3Tom B 3uatoLmne
npoponroeaTble OTBEPCTUS BCTaBNANIM OUBEHb, KOMU-
pys ero ectecTBeHHOe MosioxeHue. [lonyyYeHHbIA KOH-
CTPYKTUBHO-TEKTOHUYECKUIA 3fIEMEHT, COCTOALUMA U3
OBYX KPYMHbIX KOCTEA MaMOHTa, CTaHOBMUIICH OCHOBHOM
HecyLlen COCTaBNsoLEN BCEN KOHCTPYKTUBHOM CUCTe-
Mbl KOCTAHOrO >Xwunuiia. NonyyeHHas Hecyllas apoy-
Has KOHCTPYKLMS Npu COOTBETCTBYIOLLEN packragke no
OKpYrnoMy NepuMeTpy Xunuila o6pa3oBbiBana 06bLeM-
HO-NPOCTPaHCTBEHHbIV KapKac OPEeBHENLLEro Xunuiia B
BMAe Kyrnonoo6pasHOW HecyLlel CUCTEMbI BCEro COOpY-
XeHusa (puc. 2).

O6LLEeN3BECTHO TO, YTO KOCTSIHOE XXWMULLE MOKPbIBa-
N0Cb LUKYpaMu KPYMHbIX XWBOTHbIX, Hanpumep LUKYpPOW
MamoHTa. Mpexae 4em ynoxuTb NOKPbITUE Ha Kynon Kap-
Kaca, AaHHbIN KapKac OOMOMHUTENBHO YCUAMBANcs pasHo-
BUOHOCTAMW KOCTEN, NMPENUMYLLIECTBEHHO MNOCKUMM KOCTS-
MM CKeneTa 1 BHELLIHUX POroBbIx o6pa3oBaHuin. Ocob6eHHO
ONs 3TUX Uenen Nogxoamno MOLLHOe pa3BeTBIIEHNE POroB
FMraHTCKOro OfeHs1 U OpYrnx, MeHee KpynHbIX npeacTaBn-
Tenen oneHen. [laHHOE KOHCTPYKTUBHOE OOMOSIHEHWE WUIl-
nocTpupyeTcsa B rpadhmyeckon dopme (puc. 3).

MoKpbITME U3 LLKYP, TLATENBHO YIOXKEHHOE Ha Kymo-
noo6pas3Hoe COOpYXEHWEe, HEMPEMEHHO 3aKpennsanocb
nyTem ero npuaasnmMeaHna NOAXoOALLIMM 18 3TUX Lenewn
KOCTSHbIM MaTtepuanom. K npvmepy, MeHee Menkumu
obpasuamun GUBHEN.

Heo6xoamMmMo 0Cco6eHHbIM 06pPa30M MOAYEPKHYTb, YTO
OPEBHENLLEE XNIKLLE YEeNoBEKa CaMblM 3aKOHOMEPHbIM
06pa3om BO3BOAWNCA BOKPYr o4ara — eOuHCTBEHHOrO
3HEpPreTMYecKoro UCToYHUKa Tenna, ceeta, B HaMbornb-
el CTENeHM HeobXoOMMOro M BadKHEWLIero atpuéyTta
0N BbDKMBaHWUA NaneosiMTMyeckoro coobLuectsa nogen
B OKPY>XEHMW NepBO3[0aHHON NPUPOLHON cpenpbl U Cypo-
BOro knumarta. Takxe Heo6XOAMMO MOO4YEPKHYTh: B MO-
crnefytoLime anoxm o4ar cbirpan rmaBHenLyo 1 peLuato-
LLIyt0 POMb B BbDKMBAHUK YenoBeka U B hOpMUpOBaHUA

D = 5.200

Puc. 3. I[lnan KocmaH020 HCUAUWA U YCMPOLICMBO NOKPbIMUS
Fig.3. Plan of the bone dwelling and arrangement of covering

XapakTepHOro OKPYriioro KOHycoo6pasHoro Xunuvwia B
CeBepHbIX reorpauyecknx LMpoTax 3eMHOM CYLLIW.

Mpadhmnyeckasn nnacTpaums nnaHa n paspesa KocTs-
HOro Xunuiia onpepenset ero rabapuTHble pasmepbl No
OnameTpy, coctasnstoLemy 5 unm 4yTe 6onee 5 MeTpoB.
30ecb xapakTepHO TO, YTO BCA HWDKHAS MOBEPXHOCTb
xunuia yrnyénanace B 3emsto Ha 50-70 cm (puc. 3, 4).

[anee, BepoaTHee BCEro, KOCTAHOW CTPOUTENbHbIN
MaTepuan Kak OpraHn4eckui BO30OHOBMISEMbIA MaTe-
pvan y OpeBHenLLnX CTpouTenen uMenca B gocraroy-
HOM Komnun4yecTBe. Bo3MOXHbI onpefeneHHble Bapyauum
NPUMEHEHNST Pa3HOBUOHOCTEN CKENETOB >XMBOTHbIX. B
OCHOBaHUWN XWUIULL, Hepedko npumeHsanacs, Hanpumep,
YyepenHas KOCTb LLEPCTUCTOro Hocopora.

Takum o6pas3oM, B pesynstaTe BbllLENpPUBEOEHHbIX
nccnenoBaHn CTaHOBUTCA BO3MOXHbLIM rpaduyeckunii
NnoKa3 KOCTAHOI0 XUNuLLa B Ka4eCTBE OCHOBHOIO «nna-
HUPOBOYHOrO» 3NeMEHTa B OpraHnsaumm n yHKLNOHU-
poBaHUM NaneonMTUYecKnx 6a3oBbiX CTOAHOK. B yacTHo-
CTW, NoKasaH o6LMI BUA, peBHeNLen CTosHKU bypeTb
B Cnéupu (puc. 5).

MepBO6LITHOE COOOLLECTBO — 3TO KOSUIEKTUB KO4e-
BbIX M MONYKO4EBbIX OXOTHMKOB, CTOALLUX BO rnase apy-
FMX 4YrIEHOB COOOLLECTBA: XKEHLUWH, OETEN, CTapuKOB.
KonnekTns, XOpOLUO OCHALLEHHbIA OpyausaMu Tpyga wu
oxoTbl. Konmnektus, cambiM €CTECTBEHHbIM 06pa30oM
CTposiLUMIA 6a30Bble MOCENEHUs C He3aypsagHo aHanu-
TUYECKN LienecoobpasHbiM BbIGOPOM reorpadmyeckoro,
naHawagTHOro OKpYXeHus Mecta BO3HUKHOBEHUA 6a-
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Puc. 4. Paspes kocmsHoeo xcuruuia
Fig. 4. Section of the bone dwelling

30BOW CTOSIHKN U C AOCKOHASIbHbIMU 3HAHUAMUW MECTHbIX
KITMMaTU4ECKNX YCNOBUMN.

BbiweynomsaHyTas ctosaHka BypeTb amoxu nosgHero
naneonuta Haxogutcs B 112 KM OT VIpKyTCcKa Ha npaBoMm
6epery AHrapbl. Bo3Hukna ctosiHka 24—25 TbIC. IeT Ha3ag.
O6HapyxeHa cTosiHka B 1936 r. A.l. OknagHu1koBbIM [6].

CrosiHka ManksTa To e 3MoXu HaxoaUTCS OT CTOSIHKM
BypeTb B 7—8 KM NO NpsMON — pacnosioXeHa Ha JIeBOM
6epery pekn Benown, snapgatowen B AHrapy. [pesHen-
Las CTosfiHKa, BO3HMKLUAA Takxe 24—25 TbIC. neT Hasag,
Oblnia obHapy>XXeHa M packonaHa rpynnon apxeosnoros
noA PyKkoBOACTBOM BbI4AIOLLErOCH aHTpOnosiora, apxeo-
nora, ckynentopa Mwuxanna Muxannosuya 'epacumosa
(1907-1970) B 1927 r. [9].

OTKpbITME ABYX CTOSIHOK no3pHero naneonura B Cu-
6MpU cTano MNOAMUHHLIM apXeosIorM4YEeCKUM COBbITUEM
B MMPOBOM MacwiTabe. Hay4yHoe 3HayeHne CUOUPCKMX
CTOSIHOK aKTyasibHO W B Halle BpewMms.

BbiBOabl.

KocTaHoe >xunuuwe f[pesHeKwero coobuiectsa
nogen PyHKUMOHMPOBANO B TeYEHME OEecATU U gaxe
COTHM ThiCAY NeT. YCTOMYMBOCTb M MNpsiMble 3aLimT-
Hble CBOWCTBA OT BO3AEWCTBUS BHELUHEN cpefdbl OaH-
HOMO XUNULLa, ero SpPKO BblpaXeHHble OpraHnYeckue
CBOWCTBA OAHO3HA4YHO O0KAa3bIBAOT YHUKANbLHOCTb O0-
McTOpnyeckoro obbekTa. NoHnmMaHne CyLHOCTM OpeB-
Henwero ob6bLekTa MMeeT rMNy6oKO HayyYHOe 3Ha4eHue
B Npob6nemax B3aMmMoOOencTBMs obLLecTBa 1 npmpoabl,
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Puc. 5. Obwuii 6ud cmosxu bypems, cocmosiueil u3 KOCMAHbIX JHCUAULY
Fig. 5. General view of the «Buret> man site, consisting of bone dwellings

a Takke B WU3YYEeHUU CErofHsILLIHEr0 HeyCTOW4YMBOro
COCTOSIHMSA rNno6asnbHbIX 3KONMOrMYyeckux npobnem. Te-
opeTuyeckoe BOCCO3aHue XUnuiia KaMeHHOro Beka
packpbiBaeT He3aypsigHble co3uaaTesibHble COCO6HO-
CTW OpPEBHENLLErO YenoBeka — ero HernpeB3oNaeHHbIE
afjanTaunoHHble W MPUCMNOCOBNEHYECKMEe KadvecTBa
K 3HA4YMTEeNbHbIM KNUMaTU4eCKMM MepemMeHaM OKpy-
Xawowen cpefbl. MiccnegoBaHms KOCTAHOMO Xunuiia
OpeBHENLLEero 4YenoBekKa packpbiBalOT NOTAEHHbIE Me-
XaHN3Mbl 1 OCHOBbI CO3MAaTEeNbHbIX NPEanoCchbISIOK BO3-
HUKHOBEHWS UCKYCCTBEHHOW cpefbl OOUTaHUS YenoBe-
Ka, KOTopble ObINN 3afI0XKeHbl B MHTENNEKTYaNbHOM U
HP13NYECKOM pa3BUTUM OOMCTOPUYECKOrO YenoBeKa.

EcTb ewe BbiBOO O TOM, 4YTO BO3BELEHME KOCTHA-
HOrO Xunuuia ApeBHUMU CTPOUTENSAMU, 6e3YCNOBHO,
6b1N10 ocyLlecTBMMO 6narogapsa o6nagaHuio Teics4e-
NeTUsIMU OTTOYEHHbIX 3HAHUW, HABbIKOB U CMOCO6OB,
KOTOpble OblM MPUCYLLM TONBKO [OUCTOPUHECKOMY
YenoBEKY.
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HTerpanys T€XHoJ10ruii "HpopMauuoOHHOI0
moaempoBanud 3aanmii (BIM) u BUpTyaabHoOIM
peajibHOCTH JJIsl MOBbIIIEeHUS 3(P(PEKTUBHOCTH
3KCILTyaTaluM 00bEKTOB CTPOUTEILCTBA

lpy Ha3Ha4YeHUN TEXHUHECKMX XapaKTEPUCTUK 3L4aHUsi HEOOXOAMMO Y4YnTbIBATL BCE dTarlbl €ro XU3HEHHOro LMK-
sia. OTOT MpoLecc COMnpsiXXeH ¢ HeOOXO[MMOCTLIO OMNpPeAeseHUs KIloYeBbIX rokasartesner ageKTMBHOCTH 06b-
ekTa (KPI), ocobeHHO ansi ctagum ero akcrnyataumn. Hanbonee aghgpexkTuBHble noaxonbl onpeneneHns gaHHbIX
riokasaresies cBsi3aHbl C MPUMEHEHNEM TEXHONIOMMNA MHOPMALMOHHOrO MOLENINPOBAHUST 34aHUV U BUPTYasibHOM
peanbHocTn. B pabote npoaHann3anpoBaHbl BOZMOXHOCTHA COBMECTHOIO UCIMOSb30BaHNS [aHHbIX TEXHOMOMMIA Ha
ctagum aKcnnyaraymmn 3ganus. [peanoxeHbl METOAb! MOBLILLEHNST K/TIOYEBbIX rokasartesen 3¢hheKTMBHOCTU 00b-
€KTa, a TaKkxe rnoaxon K AMHaMmn4eCKoMy aHanm3y XapakTepucTuK 34aHns HernocpeaCcTBEHHO €ro XUTENSIMN B Xo4e
€ero akcnsyaraymm.

Knroyesble cnosa: BIM, nHgpopmamoHHoe MogenvupoBaHne 34aHuM, BUPTYalsibHas peasibHOCTb, K/To4YeBble MoKa-
3areniv aghheKTUBHOCTU, KNIHEHHbIV LINKJIT 34aHNS.

Ansa umtnposaHua: Moxammepq A.B. IHTerpaumsa TexHonornn MHpopmaLMoHHOro MogenMposaHms 3gaHun (BIM)
W BMPTYanbHOW peanbHOCTM AN NOBbILLEHUA 3(PeKTUBHOCTM 3KCNyaTaumMm 06beKTOB cTpouTenscTea // XXummiy-
Hoe ctpountenbeTso. 2020. Ne 1-2. C. 56-64. DOI: https://doi.org/10.31659/0044-4472-2020-1-2-56-64
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Integration between BIM and Virtual Reality for Enhancing the Building
and Occupants During the Operational Phase

The performance level of a building is a measure of its success and failure throughout its life cycle. That leads the study to investigate key performance indicators
(KPIs) to be measured, evaluated, and improved, especially during the operational phase. Consequently, the research adopts BIM technology and Immersive
Virtual Reality (IVR) to model and represent an actual building in a virtual model for conducting the studies and alternatives to save time, effort, and cost, also
to increase confidence in the expected results. Moreover, the example of a building used IVR and examples used BIM were analyzed to demonstrate that KPIs
need to integrate BIM platforms with IVR technology. Therefore, increasing the efficiency of dealing with all indicators to measure and evaluate the responses and
interactions of occupants with alternatives and solutions of this virtual model to develop and improve KPIs. Eventually, deducing and formulating a framework for
dynamic interaction between a building and its occupants by integrating BIM and IVR to deal with KPlIs.

Keywords: BIM, Immersive Virtual Reality (IVR), Key Performance Indicators (KPIs), Operational; Integration.

For citation: Mohammed A.B. Integration between BIM and virtual reality for enhancing the building and occupants during the operational phase. Zhilishchnoe
Stroitel'stvo [Housing Construction]. 2020. No. 1-2, pp. 56—64. DOI: https://doi.org/10.31659/0044-4472-2020-1-2-56-64

Success and failure of a building are measured by
what it has achieved from the required performance at
the design phase during the operation phase. The built
environment has a critical impact on the operation and
efficiency of a building. By controlling, optimizing, and
modifying the built environment; it can meet the required
efficiency of performance [1, 2]. Therefore, to measure
the effectiveness of operating a building and achieve the
highest level of required performance. It is necessary to

evaluate the actual performance of a building and meas-
ure the changes in the productivity and motivations of
occupants. Here, the need for indicators appears that
can through to measure and evaluate the performance
of a building and occupants. It is vital to identify KPIs that
should not aim at reducing the operating costs, but also
improving the operational efficiency [3]. These indicators
need tools and means that help to measure them by rep-
resenting and modeling to can present proposals and al-
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ternatives in a virtual reality that is really like the actual
building. This interaction depends on developments in
the sensor technologies and biometric sensors that of-
fer opportunities to gather information in a synchronized
time of both the activities of the building and the behav-
ior patterns of the occupants. This information provides
the confirmed reasons behind the particular behaviors of
occupants [4]. It has to be provided a framework of the
dynamic interaction between a building and its occupants
because there is not a correlation between information
sets reflect dynamic changes inside a building and spa-
tial behavior states of occupants. Besides, BIM studies
present an environment to building managers and what
can experiment of an automatic natural interaction of oc-
cupants with their building to efficiently access their re-
quired performance using the information from BIM with
minimum costs [5].

Research problem
Problems of buildings have emerged in the opera-
tional phase and impacted performance and produc-
tivity. As well, they may affect a building life period for
several reasons:

e Lack of clarity, identifying, and describing KPIs that
control in operating a building and occupants’ pro-
ductivity;

e KPIs are not reviewed or monitored periodically to
identify the causes of problems and obstacles affect-
ing a building and its occupants;

¢ Lack of employing technical tools and means to mon-
itor, control, measure, and evaluate performance pe-
riodically;

e These tools and techniques do not use to propose
solutions and alternatives to raise the performance of
a building and occupants and review KPIs after im-
proving and addressing problems that emerged in re-
ality with minimum costs;

e Lack of controlling in interactions between a building
and occupants, which harm performance and produc-
tivity and absenting a framework of these interactions.

Research aim and objectives
The study aim is to evaluate and improve KPIs of the
built environment in the operational phase by a compre-
hensive framework of the dynamic interaction between

a building and occupants to control and enhance those

indicators by integrating BIM with IVR. The objectives of

this study:

e To collect and define the KPIs of a building and its
occupants;

e To profit from BIM potentials through representing,
modeling buildings, and helping to measure and ap-
ply KPIs on a virtual model to save time, effort, and
money. Therefore, it can be developed the actual

building by solutions and proposals are provided in
this virtual model;

¢ To profit from IVR potentials by linking and integrating
with BIM, which helps users to interact with this virtual
model and evaluate it;

¢ To formulate a framework to control the dynamic in-
teraction between a building and its occupants that
controls in KPIs through measuring, evaluating, and
improving by BIM linked to IVR.

Research methodology

The theoretical approach depended on summariz-
ing, identifying, and classifying KPIs based on the lit-
erature survey. The analytical approach addressed the
applying challenges of KPIs. Moreover, which means
will be used to review and observe periodically to recog-
nize problems and obstacles affecting the performance
of a building and occupants. The practical-analytical ap-
proach to utilizing and employing BIM as a technical tool
and a mean for modeling a building to control, measure,
and evaluate KPIs periodically and the synchronized
way after linking to IVR as an immersive interactive en-
vironment. Besides an applied example of using IVR
was analyzed and how to employ and benefit from it
to measure and evaluate built environment components
and humanitarian aspects. Then the paper will study
and analyze case studies have applied BIM to evalu-
ate their buildings after operating to determine any KPIs
was evaluated and can in which degree to enhance and
raise the efficiency of KPIs. The inductive approach
proposed a dynamic interaction framework between the
building performance and its occupants, which controls
in KPIs to be measured, evaluated, and improved by
BIM linked to IVR.

Key performance indicators (KPls)

The performance measurements have not to focus
primarily on financial issues, current measurement prac-
tices and emphasize aspects like the commercial, work
goals, motivate, comfort, and satisfaction [6]. The mu-
tual metrics reveal the performance level of a building
like those are correlating to aspects of financial and the
built space, but do not indicate presented contribution to
strategic results of an enterprise [7, 8]. The performance
indicators always need to deal with and control that rep-
resent core requirements and limitations in operating a
building like communication; emergencies preparedness
and business continuity; environmental management
and sustainability finance and business; human factors;
leadership and strategy operations and maintenance
project management; quality; real estate and property
management; and, technology [9]. KPIs are as a type of
metrics to measure the degree of performance of sys-
tems, processes, or services inside a building. The pur-
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pose of gathering information and calculating KPIs is to

analyze the effectiveness and efficiency of measures,

which have been taken to improve planning and service
processes [10, 11]. Therefore, those KPIs need to meet
basic requirements and needs:

* The experimental and operational goal: KPIs must re-
flect the overall project’s aims and be able to measure
meeting occupants’ needs, also all costs and effort;

* Precision and inclusive: Describing and estimating of
KPIs must not neglect any scope for argument or ma-
nipulation;

* Controllability: KPIs should be the cause of intelligent
decisions as new variables can be controlled by these
adequate decisions. Therefore, KPls demand to be
recognized as external variables for planning the per-
formance and services; and

* Measurability: KPIs should be identified clearly and
measured quantitatively without any extreme costs. In
addition, it should provide the required data.

Hence, the study has followed the classification of
indicators in four categories as physical, financial, func-
tional, and survey-based, which depended on the pre-
vious studies in Table 1. It should emphasize that the
indicators were improved through other studies and are
introduced to use in most cases [2, 10]. These KPIs
have been classified as unquantifiable or depend on
subjective, inherent opinions or self-estimation as “sur-
vey-based” KPIs [8]. Major thirty-five indicators were de-
fined by the previous studies to establish sets of KPIs.
The introduced list of indicators reflects researchers’
views and perception. In a survey study was conducted
on the industry representatives’ opinions were obtained
by the brief of eleven the building management profes-
sionals who were involved in the building management
services and consultancy [1].

* Physical Indicators: the appropriateness and effi-
ciency have been required to achieve functions, space
quality, accessibility, and resource consumption.

* Financial Indicators: Those all correlate to cost are
collected to show costs and payment. They provide
an immediate evaluation can be utilized to make deci-
sions.

* Functional Indicators: organizational or business
mission, employees, and other support aspects in
terms of adequacy of occupants and productivity.
Hence, they will reveal the state of spaces, produc-
tivity, and change rates, which measure occupants’
satisfaction.

e Survey-Based Indicators: They cannot quantify or
are collected by meeting occupants. Surveys use a
questionnaire typically in which the questions depend
on the type of study like permanent or temporary oc-
cupants, and any other that the study needs. They can
be useful to measure the environmental and psycho-

logical aspects where the highest importance is given
based on reactions and opinions.

Challenges and obestacls in measuring KPls

Through the previous presentation of the key perfor-
mance indicators and their classification. The study has
taken into consideration the challenges to apply and uti-
lize KPIs [2, 13]: choosing the related KPIs; documenting
KPIs clearly and accurately; collecting data on KPIs; ana-
lyzing the origin causes of low performance and coming
up with recommendations; making decisions based on
KPIs results; dealing with indicators by: A — periodic fol-
low-up, B — make decisions continuous of improvement
(Resources), and C — engage stakeholders.

BIM as a technical tool for dealing with KPIs

Needing for Building Information Modeling (BIM) has
lately increased as much international company and gov-
ernment taking the initiative to support BIM in a building
life cycle. Moreover, BIM ensures to benefit from efficient
information in building management [14]. There will be
an improvement of the life quality in the workplace be-
cause BIM encompasses multiple disciplines to ensure
the highest functionality and productivity of the built en-
vironment by integrating occupants, place, processes,
and technology [9, 15]. The BIM application platforms
like (Revit-ArchiCAD-Bentley); BIM project management
and coordinating like (Tekla-Vico-Bentley-ProjectWise);
and, BIM energy study tools like (Green Building Studio —
Energy Plus — Integrated Environmental Solutions) [16].
Therefore, employing BIM for building management at
the occupancy and operational phase can benefit from
BIM not only for 3D visualization purposes, but also for
controlling, measuring, and evaluating KPIs, space plan-
ning, renovation, or maintenance by modeling and rep-
resenting a building, elements, and systems that always
contributes in operating to support KPIs synchronized
periodically [5, 17]. An integrated BIM system is capa-
ble of supporting operations of the building management
comprehensively. Motivating possibilities for partners
to adopt BIM during operating the building in cases of
evaluating the design, The potentialities of partners are
being motivated to adopt BIM during operating a building
and evaluating design cases, infrastructure complexity,
sustainability, cost, reliability, and management [18]. In
addition to BIM will help: to efficiently perform a build-
ing permit; to use visual and intelligent metrics to rapidly
evaluate the retrofit impact and maintenance; to quickly
gather and edit building operations databases; and, to
manage built environment from Mechanical, Electrical,
and Plumbing (MEP) systems with BIM asset operating
tools. The advantages of integrating BIM at the opera-
tional phase: the cost of effective operation; shorter time
for making decisions; resource for making decisions;
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Fig. 1. Shows the non-immersive environment (left) and the immersive environment (right) [21]

better way for documentation systems; flexible collabo-
ration and work; updated information; and, conflicts dis-
covery [9]. Building management practices contribute
5-10% of the gross national product of some countries,
and the full costs during the building life cycle may be
seven times higher than the initial costs [19]. A key set of
activities during operation related to maintenance and re-
pair and some unnecessary costs happen while perform-
ing them. In another study, BIM could be implemented
and benefited for different application areas of the build-
ing operations such as: locating building elements; facil-
itating real-time data access; 3D visualization; checking;
maintainability; marketing; creating and updating digital
data; space supervision; risk management; planning and
feasibility studies for non-capital construction; managing
and monitoring energy; and, self-education and improve-
ment [14, 17]. Five main challenges must be overcome
to promote suitable BIM models for managing sustain-
able operational: identifying critical required information
to inform operational decisions; the high level of effort to
create new or modified existing BIM models for the build-
ings; information transfer is managing between actual
time operations, control systems, and BIM model; deal-
ing with uncertainty based on incomplete documents of
a building; and, the behavior of dealing with spaces, the
building elements, and occupants’ productivity [18, 20].

Integration immersive virtual reality (IVR) with BIM

Automatic natural interactions between the occu-
pants, an environment, and a building can be controlled
and monitored to observe reactions [21]. Therefore,
evaluating those reactions and the spatial perception
of a user for doing efficient procedures to access their
required performance by linking BIM with IVR as the im-
mersive environment to represent occupants’ behaviors
within an environment was built by BIM. Thus, it will help

to save time and costs, also access to decisions that
help to develop performance as soon as possible. Virtu-
al Reality (VR) is described as a reality and immersive
simulation of a 3D environment that was created using
interactive software and hardware experienced and con-
trolled by body movement [22, 23]. Adopting the building
representation is near to the human experiment in the
reality that will promote the development of buildings
correspond with actual users. The differences between
non-immersive and immersive virtual reality is accurate-
ly the degree of presence or engagement where the
immersive sample strives to improve by utilizing stere-
oscopic visualization and other means as Fig. 1. As the
perception process continues to enter via various senso-
ry stations, so the immersive preparation gives the more
interfaces, the more likely it is to facilitate extraordinary
levels of attendance [21, 24].

In immersive environments; stereoscopes; widely
view fields; and, high interaction that are critical elements
for reaching the highest presence levels. The presence
affected by environmental factors and personal tenden-
cies. For example, one’s ability to do selective attention
(concentrating on virtual motives and ignoring motives
from the physical environment) be relevant to experi-
ence powerful presence degrees [24]. Due to the level
of spatial perception solely; it cannot forecast the degree
of attendance and the quality of design proposals [22].
Thus, the lack of attendance is the reason for low spatial
perception [25].

Investigating and analyzing an applied example
of IVR to evaluate KPIs
Explaining how to use and benefit from IVR to measure
and evaluate built environment components and human-
itarian aspects. Another study executed an experiment
at the entrance hall of the architecture school building
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in Brazil was selected as a physical environment can be
modeled as in Fig. 2 by these procedures [21].

First, the choice guidelines were to obtain the required
data for making the two 3D models; the physical space;
the adequate level of complexity; the variety (Propor-
tions-Structure elements-Shapes); and, physical near-
ness to the laboratory for the immersive environment
to be established. Second, the two virtual models opti-
mized concerning each platform. The first virtual model
produced by AutoCAD utilizing Sketch Up platform is
non-stereo to experiments in a non-IVR environment. The
second model using the Unity platform that allowed for
converting the regular 3D model into a stereoscopic mod-
el to examine inside the immersive environment. Conse-
quently, the second model is a stereoscopic version of the
first: the same design of the floor surface, material, and
illumination. Both simulations could be categorized as a
modest exploratory virtual reality (Revit as a BIM platform
could use to represent or model that model). The explor-
atory virtual reality is where a user able to investigate the
environment by identifying a person’s path, pausing at
aimed locations, and concentrating on specific elements.
The term modesty is relevant to the level of reality of a
3D model that has low-resolution render influences like
(Ilumination-Shade-Shadow-Material). Both models op-
erate on the same workstation and utilize the same in-
teraction devices. Third, preparing the three-difierent
questionnaires for each environment: (the non-immer-

_ |
Puc. 2. [Ipedcmasaenue u modeawv IVR xoana lllkons: apxumexmypor u
duzaina, UFMG, bpasuaus [21]

Fig. 2. Shows the representation and model of IVR of the Entrance Hall
of Architecture and Design School, UFMG, Brazil [2]].

I\ i

sive; immersive; and, physical). Required questions are
arranged to motivate the respondent perception of space
elements. Fourth, a preliminary experiment was conduct-
ed to test the equipment and perform final adjustments.
From fifth to eighth are procedures for gathering data
and were executed in this order, with one respondent at
a time. Respondents interacted with the non-immersive,
immersive, and physical environment. In the ninth step,
the responses in three environments were compared. The

Ta6bnuua 1
Table 1

Yertoipe kateropum KPI [1-3, 6-8, 10-12]
Shows the four categories of KPIs [1-3, 6-8, 10-12]

plumbing; mechanical services; lighting;
electrical

Physical Financial Functional Survey-based
The building state (quantitative): Building ) . — . . .
Performance Index (BP) Operating costs. Productivity Users’ satisfaction with services
The building state (qualitative):
maintenance; physical state; sanitary; Occupancy costs Parking Community satisfaction and participation

Property and real estate

Capital costs

Employee or occupant’s turnover rate

The learning environment, its
appropriateness (building-functions)

Mission Dependency Index (MDI) and

Waste Utility costs vision Appearance
Safety and health Building maintenance cost Occupant's satlsfact!on with function or
service
Indoor environmental quality (IEQ) Grounds-keeping costs Adequacy of space
Accessibility for handicapped Guarding Cost The learning environment and functional
suitability
Energy resource consumption: use net . . . -
annual energy; natural gas; electric Current replacement value (CRV) Community satisfaction and participation
. Deferred maintenance, and deferred
Resource consumption — water maintenance backlog Appearance
Resource consumption — materials Capital renewal Space utilization
Security Maintenance efficiency Indicators (MEI)
Site and location Building condition index (FCI)
Movement costs
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respondent was not expected to be accurate in perceiv-
ing the immersive environment exactly as the physical
environment, despite the perception decreased inside the
non-immersive environment. Finally, these comparisons
will show the perception of maintenance indexes, which
will serve for all subsequent analysis and enhancements
from KPlIs as in Table 1.

Therefore, from the mentioned case study; these mo-
tivating alternatives and application fields will play a very
significant role during using BIM in a building. BIM will
integrate with new programs to capture information as
IVR through it can operate a building in an easy way.
Hence, IVR will support interaction with the required BIM
information in a studied building and take into account
human aspects and productivity. BIM and IVR are used,
employed and integrated into the building management
operations are still new, and there is little practical data
on these issues. The studies have used ways like on-
line-surveys and scenarios to examine the use and in-
tegration of BIM and IVR for operating and occupying
a building ideally and efficiently. IVR as apart from the
mixed intelligent reality is a progression of conventional
virtual reality environments and the most hopeful expres-
sion of ambient intelligence. IVR provides a user to see
the real world, with virtual objects overlapped or com-
posited with the real world. Therefore, IVR adds reality,
rather than completely replacing it. That makes IVR is a
good choice to manage a building and traditional tasks
based on the live show of spaces that can integrate into
databases and they need all in one interface. The study
of IVR helps to solve real-world problems because there
is no need for a distracting switch domain. Furthermore,
since building managers are continually moving through
spaces, having a portable to a computer or a mobile de-
vice will be beneficial if they were to employ IVR in their
responsibilities [22]. Having a sophisticated and compre-
hensive BIM model includes the required information. Be-
sides a 3D model of all elements and systems in a build-
ing can be used as a database that can be integrated
with IVR to provide an intelligent environment for building
managers to examine the level of processes of operating
and maintenance [26].

Analyzing the applied examples of BIM
to evaluate KPIs

In this section, the study will investigate and analyze
case studies have applied BIM to evaluate their buildings
after operating to determine any KPIs were evaluated to
can develop, enhance, and increase the efficiency their
KPIs as in Table 2, these cases:
1. The first: a parking garage project its structure made

of the precast concrete [27].
2. The second: a sports complex, including a baseball

stadium and clubhouse [27].

Ta6bnuua 2
Table 2
KoHTponbHbii cnncok KPI, koTopbie 6b1i1 U3MepeHbl U OLieHEHbI
ANs KaXAoro cnyvas
Shows the checklist of KPIs that each case had been measured and evaluated

The case
KPIs
1123|415
A physical building state (quantitative): Building vl V2 W Va2 W
Performance Index (BPI)
A physical building state (qualitative): maintenance;
physical state; sanitary; plumbing; mechanical VivIvIVLY
services; lighting; electrical
Property and real estate v
Waste VIv]Y
| Safety and health viiviv]v
-g Indoor environmental quality (IEQ) ViV
& Accessibility for handicapped VIivi|Y
Resource consumption energy: use net annual energy; v
consumption; natural gas; electrical
Resource consumption — water v
Resource consumption — materials: material W
consumption
Security vV
Site and location v
Operating costs viiviv]v
Occupancy costs vI|v v
Utility costs viviviv]v
Capital costs v
Building maintenance cost Vv v
__ | Groundskeeping cost
'é Guarding Cost v
i Current replacement value (CRV) ViviIv]Y
ll;);f:ilr(r)zd maintenance, and deferred maintenance v V2 V2 WV
Capital renewal VIV
Maintenance efficiency Indicators (MEI) vV v
Building condition index (FCI) ViviIv]Y
Movement costs Vv v
Productivity Vv
Parking v
Employee or occupant’s turnover rate v
Mission Dependency Index (MDI) and vision Vv
g OCru:;?’\r/T;ceégbuilding occupant satisfaction with products | | .| ,| /|
L:'é Adequacy of space VIV]Y
The learning environment, educational suitability, and
functional suitability 1Y
Community satisfaction and participation VIiv]Y
Appearance 2 4
Space utilization vV
Customer or buiI_ding occupants’ satisfaction with 2w
3 products or services
,§ Community satisfaction and participation VIV
:‘;" Learn environment, educational suitability, and VW
& | appropriateness
Appearance v vi]v
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3. The third: a municipal Centre with commercial build-
ings and the new Vilnius County building, in Lithuania,
north-eastern Europe [28].

4. The fourth: Kerr hall east at Ryerson University in To-
ronto, Ontario, Canada [20].

5. The fifth: the case using IVR that previously mentioned
to measure and evaluate the components of the built
environment and humanitarian aspects [21].

After KPIs have been reviewed and collected as a
checklist in the above table from the previous study cas-
es was addressed in other researches. The study found
the four cases focused on physical environment aspects
more than behavior and performance aspects of users like
productivity, users’ comfort, and positive interaction with
built environment elements. In addition to the study found
that the fifth case used IVR technology, which focused
on users’ interaction with components and elements of
the built environment and indicators need to be a practi-
cal survey from occupants even if only at the expense of
financial indicators. Consequently, the research aim is to
deal with these indicators and consider them at the oper-
ational and occupancy phase through integrating BIM and
IVR for treating deficiencies and obstacles them to evalu-
ate and improve the performance of a building and occu-
pants. Thus, the need has emerged for a framework for
dynamic interaction between a building and its occupants,
which controls in KPIs to evaluate and improve them by
BIM based on IVR.

A proposed framework of a dynamic interaction
between its occupants through integrating BIM
with IVR

As an inductive approach; the study proposes this new
comprehensive framework and modeling system sup-
ports the dynamic interaction of the building spaces and
occupants to collaborate towards improving productivity
(the performance of the building spaces and occupants)
and the sustainability of the built environment. The pro-
posed framework steps are: to check the building spaces
and occupant conditions; to perform feedback: presenting
information about each part about own condition; trans-
parency principle: providing information about the state
of a building and occupants; to represent and model the
building with all components and systems using BIM; to
link the BIM model with IVR; to study and analyze a build-
ing by IVR was discussed in this paper and all other avail-
able methods (questionnaires and surveys) of gathering
and analyzing information to deal with all them; to estab-
lish the common working field: defining KPIs of balancing
the goals and constraints of a building and occupants; to
make mutual decisions by analyzing procedural alterna-
tives of a building and occupants to achieve the common
purpose; to develop the BIM model; to repeat the sixth
step; to take procedure (based on KPIs by measuring and

evaluating); and, to offer the proposals, solutions, and
recommendations to enhance and support KPIs at the
operational phase (or return to the tenth step). The frame-
work steps represent periodic cycles of the dynamically
interactive dialog between a building and its occupants
to achieve the balancing sustainability of the building
performance and its occupants. Supporting more holistic
related data set and analytics focused on spatial, tempo-
ral, and psychophysiological states, the framework uses
qualitative and quantitative tools to collect the required
information types and the appropriate metrics through a
virtual model of the actual building.

Discussion

The KPIs that were studied as in Table 2 according to
the individual conditions and the purpose of each project.
The KPIs that were not included in the previous studies
(at the first, second, third, and fourth cases) were ad-
dressed in the fifth case of IVR because either the build-
ing didn’'t provide other means and systems to serve all
KPIs or the BIM models of those cases were not linked
with IVR or another technology. In the case study of IVR
was analyzed and motivated occupants’ spatial percep-
tion of the following: vertical distance; area; quantifying;
horizontal distance and between elements, shape; and,
positioning. In addition to the BIM model can provide them
to measure and evaluate, but the occupants’ reaction re-
mains the influential factor within objective questions with
equivalent choices; the questions were taken to motivate
the occupant’s perception to evaluate the occupation ef-
ficiency. Therefore, the case study of the IVR could use
the BIM platforms rather than the used software where it
can benefit Interferences between different disciplines in
the modeling stage, which hinder unifying the team’s goal
and working to make it more successful that needs much
effort to resolve. The difference in results between the
studied BIM model and actual reality in nature in most cas-
es because of potentials. Researchers and users of this
new method accepted and understood for measuring and
evaluating performance by minimum costs throughout all
phases. Methods of data gathering and survey are used to
analyze, measure, evaluate occupants’ interactions in the
built environment, also develop interaction between them
to be more positive that may impact on the result.

Conclusions

The research has demonstrated the importance link-
ing BIM to IVR and confirmed that through a proposed
framework of interaction between a building and its oc-
cupants to measure and evaluate KPIs at the operational
phase; also, controlling in the required productivity lev-
el by those KPIs. The research has addressed the KPIs
were collected from previous studies and reviewed them
in the cases addressed KPIs to check and evaluate in
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the buildings at the operational phase. Besides, there
were deficiencies and obstacles at measuring and ap-
plying KPIs because of the limited BIM model can deal
with human aspects and measure KPIs associated with
it. Hence, the fifth case study that based on IVR enabled
from measuring, evaluating, developing, and dealing with
KPIs related to the humanitarian aspects and productiv-
ity after using IVR technology as was presented in the
paper. In addition to reducing differences often occurs
between what specialists hoped; what is actual; and the
minimum cost, effort, and time. All of these push at the
end of the study to formulate a framework for manag-
ing the dynamic interaction between a building and its
occupants to can apply a BIM model linking to IVR at
the building in the operational and occupancy phase to
deal with all KPIs. The research has presented a pro-
posal for dealing with KPIs through technological tools to
measure, evaluate all types of indicators, then support,
and improve them with the maximum accuracy in the
operational phase and their relationship with occupants’
performance. Furthermore, there may be other methods
will be presented by researches and other studies that
need to be investigated and evaluated in the future. Be-
sides, future projects can benefit from this study to apply
BIM linked to IVR in their life cycle phases and introduce
proposals for evaluating and improving their KPIs as the
initiative to promote BIM in building life cycles.
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ABTOpPCKas mapaaurmMa CTpouTeibHO# cucTeMbl Poccun

o psgy HopmaTuBHbBIX JOKYMEHTOB P® CTponuTesibHOro cogepxxaHuns 6osee nosioBuHbI OrpoMHo Tepputopumn Poc-
CUUN MOXET ObITb 104BEPXXEHAa BO3[EVICTBUSIM ONAaCHbIX MPUPOLHBIX ABIEHWNI, MOITOMY [T1aBHOU L{€/1bi0 CTPOUTESIbHOV
cuctembl Poccumn Ha aTux TeppuTopusax AO/MKHA ObiTh 3aLLMTa HACE/IEHHbIX MYHKTOB Py BEPOSITHBIX ONACHbIX Mpy-
poaHbix Bo3gevicTBusix. CTpoutesnibHas cuctema Poccum 06513aHa yYnTbIBaTh M BbIBOL YHEHBIX O TOM, YTO MECTO, Bpe-
MS1 U UHTEHCUBHOCTb OYEPEAHOIr0 ONacHOro NMPUPOJHOIo AB/IEHNS CErofHs npeackasarb HEBO3MOXHO. s 3aLymTel
HacesIeHHbIX MyHKTOB OT ONacHbIX MPUPOAHbIX BO3AEVICTBAN CTpoUTEbHAas cuctema Poccun o6si3aHa npusHaTb nx
O6beKTaMU KanutasbHOro cTpoutenbcTea. Ho coBpemeHHas napagurma CTpoUTENIbHOM cucTembl Poccun He npu-
3HAET HACEJIEHHbIE MYHKTbl OObEKTAMU KaruTasibHOro CTPOUTELCTBA. VIMEHHO Mo3aToMy henepasibHble 3aKOHbI U
HOPMAaTUBHbIE AOKYMEHTbI P® CTPOUTESNIbHOrO COAEPXXaHUs NpeayCcMaTpuBaKoT pacqeT Hanboee MaccoBbIX XUIbIX
M 0OLLECTBEHHbIX 34aHWUV TOJIbKO Ha caMble MUHUMASIbHbIE ONacHbIe NMpupoaHsIe BosaeicTaus. bonee toro, gaxe
Ha NoBTOPSIIOLYMNECS B 10CTIEAHUE rOfbl KATACTPOUHECKME 3aTOMTIEHNST HEKOTOPbIX HACEIEHHbIX MYHKTOB B Poccun
OTCYTCTBYET npogeccroHarnbHas peakuyms lNpasutenbctea Poccuvickor ®enepauymum B Buge, HarnpumMep, 3aK/Iio4eHus
06 OCHOBHbIX UHXEHEPHBIX NMPUYNHAX UX 3aTOMSIEHNS N KOHKPETHBIX MED MO UX YCTpaHeHwuto. B ctatbe 060CHOBbI-
BaeTcs aBTopcKas napagurma 4ssi CTpoUTeNIbHOM cucTtemMbl Poccun, riiaBHOV LiesTbro KOTOPOU ABJISIETCS MPU3HaHWe
HacesneHHbIX MyHKTOB Poccun camMbiMy KPYHbIMU OObEKTaMM KanuTaibHOro CTPOUTEIbCTBA C pacHeToM X Ha BO3-
LeiCTBUS MaKCUMAJTbHbIX ONAaCHbIX MPUPOAHBIX ABIEHN.

KntoyeBble cnioBa: 3eMneTpsiceHne, ornacHble npupoaHble BO3AENCTBUSA, 34aHne, CesicMoornacHasi Tepputopus,
HacesneHHbIV MyHKT, 3aLUnTa XU3HW JItofed, heaeparbHbIvi 3aKOH, HOPMAaTUBHbBIV JOKYMEHT.

Ansa umtnpoBaHusa: Macnses A.B. ABTopckas napagurma CTpoutesisHoln cuctemsl Poceun // XKunuiyHoe ctpou-
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Author's Paradigm of the Russian Construction System

According to a number of regulatory documents of the Russian Federation of construction content, more than half of the vast territory of Russia may be exposed
to the effects of natural hazards, so the main goal of the Russian construction system in these territories should be the protection of settlements in the event
of possible natural hazards. The construction system of Russia must take into account the conclusion of scientists that the place, time and intensity of the next
dangerous natural phenomenon cannot be predicted today. To protect settlements against dangerous natural influences, the construction system of Russia is
obliged to recognize them as objects of capital construction. But the modern paradigm of the Russian building system does not recognize settlements as objects
of capi-tal construction. That is why the federal laws and regulations of the Russian Federation of construction content provide for the calculation of the most mass
residential and public buildings only for the most minimal dangerous environmental impacts. Moreover, even to the catastrophic flooding of many settlements that
have recurred in recent years in Russia, there is no professional reaction of the government of the Russian Federation in the form, for example, of a conclusion
on the main engineering causes of their flooding and specific measures to eliminate them. The article substantiates the author’s paradigm for the construction
system of Russia, the main purpose of which is to recognize the settlements of Russia as the largest objects of capital construction with their calculation on the
impact of the maximum dangerous natural phenomena.

Keywords: earthquake, hazardous natural exposures, building, earthquake-prone territory, settlement, protection of peoples life, federal law, regulatory
document.
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PasHasi npocheccroHanbHas OedATenbHOCTb filofdeit  npepnensieTcsi B OCHOBHOM COAEpXaHWeM  HopMaTuB-
B CTpaHe OCYLLECTBSIETCA, KaK MpaBuio, Mo CTPOrMM  HbIX JOKYMEHTOB, KOTOpble YTBEPXAAeT NPaBUTENbCTBO
HOpMaTMBHbIM npasunamM. COBOKYMHOCTb 3TMX MPaBWil  CTpaHbl. VIMEHHO NoaToMy B cny4vae oTpuLaTesibHon ae-
hOPMUPYET TY WIM UHYIO cuUCTeMy. [103TOMY pesynbTaTt  ATENbHOCTU «CUCTEMbI CTPaHbl» OCHOBHYHO MPUYMHY Che-
[AeaTeNlbHOCTUM KaKOWM-NIMBO «CUCTEeMbl CTpaHbl» MPefo-  AyeT UCKaTb B HOPMAaTMBHbIX MpaBuniax paboTbl KaX4oro
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oTAeNnbHOro anemeHta. OnpegeneHne NOHATUSA «CTPOU-
TenbHaa cuctema Poccumn» npueegeHo B [1].

O6BLEKTMBHBIM KpUTEPUEM OLIEHKM NPOgheccroHanb-
HOW [esTenbHOCTU CTPOUTENBHOM cucTembl Poccumn
OOmkHa ObiTb 3aLUMLLIEHHOCTb WU He3alMLLEHHOCTb
HaceneHHbIX MYHKTOB Mpu NPou3oLLeiLLnX BO34eNCTBI-
X OMacHbIX MPUPOAHbIX fBNeHui. OgHako, HecMoTps
Ha TOT (paKT, 4TO Ha TEPPUTOPUN HACENIEHHbIX MyH-
kToB Poccum ¢ onpeneneHHbIM MOCTOSHCTBOM BO3HU-
KalT KatacTpodmyeckne MOCNeacTsua (paspyLueHus,
3aTonneHns 3aaHuin ¢ rnbenblo niogen) npu BO3gew-
CTBMW ONaCHbIX NPUPOAHbLIX ABNEHUN, HA CEerofHALUHWIA
OeHb B hegepasibHbIX 3aKOHaX MU HOPMAaTUBHbBIX OOKY-
MeHTax P® cTpouTenbHOro copepxXaHusi OTCyTCTBYeT
TpeboBaHWe aHanM3a y4YeHbIMU OCHOBHbIX UHXEHEPHbIX
MPUYMH HE3aLLMLLEHHOCTU CTPOUTESNIbHBIX OOLEKTOB OT
3TUX BO3OENCTBUNA.

O6a3aTenbHOCTb aHanu3a KatacTpoUHecKmx Mo-
CNedcTBUA Ha TEPPUTOPUM HACENIEHHOro MyHKTa npwu
BO3[ENCTBUN OMAaCHOro MNPUPOAHOro SIBNEHUs npeno-
npegenseTc HeCKOMbKUMU OCHOBHbIMWU  MPUYMHaAMMU.
MepBoe — hbaKT kaTacTpoUYECKMX MNOCMEACTBMIA Ha
TEpPUTOPUN HACENEHHOro MyHKTa 3TO yXe nokasaTtenb
TOro, 4To B dheepasibHbIX 3aKOHax M HOPMaTUBHbIX AO-
KyMeHTax P® cTpouTenbHOro cogepxaHus npegycmo-
TPEHbI 3aHWXXEHHbIE pacyeTHble 3Ha4YeHUs BO3AENCTBUS
OonacHbIX NPUPOOHbIX SBIEHUI HA XWSble U 06LLECTBEH-
Hble 34aHus. BTopoe — TONbKO BbISIBNEHHbIE YHYEHBIMU
OCHOBHbIE WHXEHEPHbIE MNPUYUHBI  KaTacTpoudecnx
nocneacTBUN Ha TEPPUTOPUN HACENEHHOro MyHKTa oT
BO30ENCTBUSA OMacHOro npuMpogHOro SBMEHUS MOryT
CNYXWUTb OCHOBAHWEM A1 KOPPEKTUPOBKN OCHOBHbIX
NonoXeHnn hepepanbHbIX 3aKOHOB U HOPMATUBHbIX O0-
KYMeHTOB P® cTpounTeNnbHOro CopepXaHuns ¢ Lienbio uc-
KMIOYEHMSA MOBTOPHbIX KATACTPOUHECKNX NOCNEACTBUNA.
MoaToMy oTcyTCTBME B (hefeparbHbIX 3aKoHax 1 HopMa-
TUBHbIX MOMIOXEHUAX P® cTpouTenbHOro cogepxaHus
TpeboBaHusa No 06a3aTeNlbHOMY aHanM3y y4eHbIMU KaTta-
CTpodu4ecknx NOCNeacTsnii OT BO3AENCTBUA ONACHOMo
NPUPOLHOrO SABMEHUS MOXHO KraccuuumpoBaTtb Kak
HexenaHue lMpaeuTtensctea Poccun npepsatb, Hanpu-
Mep, 06pa3oBaBLLYOCA B NOCAeHMe rofpl Lenoyky no-
BTOPHbIX 3aTOMNSIEHUI HACENEeHHbIX NyHKTOB Poccuu.

OpHako Takme KatacTpogumyeckue MocnefcTsmsa Ha
Tepputopun Poccun, Kak 3emnetpsiceHne B 1952 r. Ha
KamyaTke 1 B 1995 r. Ha CaxanvHe ¢ rubesnbio Hacene-
HWA B [BYX HaceneHHbIx nyHkTax (r. CeBepo-Kypunbck n
noc. Hedbreropck), unn 3aronnexHve B noHe—umione 2019
. COTEH HacefleHHbIX MYHKTOB B VIPKyTCKOM 1 AMypCKoW
06nacTsx, Npu KOTopbIX NOrMéno 25 4enosek, unn 3a-
TOMSIEHNE BPEMEHHOIO nocesieHns pabo4mx 19 okTabps
2019 r. B KpacHosipckom kpae ¢ rubernbio 18 yenosek no
NpUYnHE pas3pyLLEHNs cpa3y HECKOMbKUX «KYCTapHbIX»
3eMnsHbIX JamM6b CBUOETENbCTBYIOT TONMBKO O He3aluu-

LLIEHHOCTW HacesleHHbIX MYHKTOB (MoceneHuin) npu onac-
HbIX NPUPOOHbLIX BO3OENCTBUSX [2].

Moatomy Ans obLlero aHanM3a AesTeslbHOCTU CTPOu-
TenbHOM cuctemMbl Poccmn paccMoTpuM cogepXxaHue oc-
HOBHbIX MONOXeHUN pepepanbHbiX 3akoHOB P® Ne 384—
D3 «TexHn4eckum pernameHT o 6€30MacHOCTU 34aHUNA U
coopy>xxeHui», Ne 190-O3 «[pagoCcTpoUTENbHBIN KOLEKC
Poccuiickon ®depepaumm» U OCHOBHbIX HOPMAaTUBHbIX
nokymeHtoB PO CI1 42.13330.2016 «[pagocTpouTesb-
cTBO. [MnaHMpoBKa 1 3acTporika ropoacKuX U CenbCKUX
nocenexunn», CI 14. 13330.2018 «CTpouTenscTeo B
cencmuyeckmx panonax», MOCT 27751-2014 «Hapex-
HOCTb CTPOUTESNbHbIX KOHCTPYKLMIA 1 OCHOBaHWIA».

CornacHo NonoXeHusM BbllLeyka3aHHbIX hefepanb-
HbIX 32KOHOB WU HOPMAaTUBHbIX AOKYMEHTOB P® cTeneHb
3aLUMThI XXU3HW 1 300POBbSA NI0AEN 3aBUCUT OT NPUHATOrO
YPOBHSI OTBETCTBEHHOCTU MpexXae BCero Haméonee mac-
COBbIX XWNbIX U 06LLEeCTBEHHbIX 3aaHnA. OCOBEHHOCTb
3TOM Knaccuumkaumm CTpouTesbHbIX OOGBEKTOB 3aKIlio-
YaeTcs B TOM, YTO 30aHUS N COOPYXEHMUSA C MOBbILLEH-
HbIM YPOBHEM OTBETCTBEHHOCTU COrMacHO TpeboBaHUAM
defepanbHbIX 32KOHOB M HOPMaTUBHbIX fOKYMEHTOB P®
CTPOUTENBHOIO COAEPXaHUS [OOIDKHbI PaCCHUTLIBATL-
CA Ha MakcuMMmasbHble BO3OENCTBMSA OMacHbIX Npupoa-
HbIX SIBMIEHWUIA, a 30aHUSA U COOPYXEHUS C HOPMasibHbIM
YPOBHEM OTBETCTBEHHOCTU — TOMbKO HA MWHUMarbHbIE
BO3LENCTBMA 3TUX OMacHbIX ABMEHUN. Tak, pacyeT no
topmyne 1 CI 14.13330.2018 nokasbiBaeT yBenu4yeHue
pacHeTHOM CEeCMUYECKON Harpys3ku Ha Xunoe 3faHue
C MOBbILLIEHHOW OTBETCTBEHHOCTbIO MO CPaBHEHMIO C
Harpy3kon Ha Takoe XXe XWoe 34aHue C HOpMasibHOM
OTBETCTBEHHOCTbIO MpUMEpPHO B Tpu pasa [3]. ImeHHO
NO3TOMY MOXHO YTBEPXAATb, YTO onpefesieHne ypoBHSA
OTBETCTBEHHOCTWN 34aHUN N COOPYXEHUIN SABNSETCA ca-
MbIM FflaBHbIM BOMPOCOM MpPU UX NPOEKTUPOBaHUK, OT
KOTOPOro B OCHOBHOM W 3aBUCUT CTEMEHb 3aLLUTbI XUN3-
HW 1 300POBbSA NI0AEN OT BO3AENCTBNA ONacCHbIX MPUPOA-
HbIX ABMIEHUNA.

O60cHOBaHUue anemMeHTa
cTpoutenbHomn cuctembl Poccum
Ans onpeaeneHus ypoBHs OTBETCTBEHHOCTU
CTPOUTESNbHbIX 06BHEKTOB
Mpexae 4em oueHMBaTb Ha3Ha4YeHue CTPOUTENbHOM
cuctemon Poccum KOHKpeTHOro 3afieMeHTa nns onpe-
OeneHnsl YypOBHA OTBETCTBEHHOCTM CTPOUTESNbHBLIX O0b-
€KTOB, BHayasie nepeyvmcniuM NPUMEPHBLIN  NepeyeHb
OCHOBHbIX TEOPETUHECKUX TMOSIOXKEHUA CTPOUTESNBHON
HayKn, KOTOPbI 0683aHbl yuMTbIBATL CMELNanmCcTbl nNpu
peLLeHnn 3TON cTpouTesibHoON 3afayn. Kak n3secTtHo, Ha
OrpoMHOM TeppuTopmn Poccumn pacnonoxeHbl COTHU Ha-
CeNneHHbIX MYHKTOB C UHAMBMAYaNbHbIMU NMPUPOLHO-KIN-
MaTU4eCKUMM YCNOBUAMM, YUUTbIBATbL KOTOpblE TpebytoT
HOpMaTuBHbIE OOKYMEHTbI PD npu BO3BELEHUN CTPOU-
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TenbHbIX 06LEKTOB. [laxe pasnuyHasa npodheccroHasb-
Hasa OefATeNlbHOCTb Ntoder B KaXOOM HaceNlieHHOM NyHKTe
npeponpenensieT N pasHyto YNCNIEHHOCTb HaceneHus, Y4To
B 0653aTENbHOM MOPSAKE TaKXe OTPaXKaeTcs Ha CTporo
WHAMBUAYaNbHOW CTPYKTYpPE UX KanuTanbHOW 3aCTPOVKM.

B Poccun nmeeTtcs Hemano npuMepoB, Korga Ha Cemnc-
MOOMAaCHbIX OKpanHHbIX TeppuTopusax dansHero BocTtoka
BO MHOMMX HacCeseHHbIX NYHKTaX OCHOBHOW 3TaXHOCTbIO
ABNSAOTCA OBYX-TPEX3ITaXHbIE XWMble U 06LECTBEHHbIe
30aHuA. [1o3TOMy MOXHO rOBOPWUTb, YTO KaxKAblA Hace-
NIEHHBIN NYHKT, OCOGEHHO Ha OKpauHHbIX cercmoonac-
HbIX TeppuTopusax Poccun, sBnsaetca O6bekToM Kanu-
TanbHOro CTpPoUTENbLCTBA CO CTPOro MHAMBMAYaNbHbIMU
rpagocTpouTenbHbIMKN XapakTepuctukamu. Bonee Ttoro,
Ha cencMoonacHbIX Tepputopusix Poccum B pasHbIx rpyH-
TOBbIX TOMLLAX NPW 3eMETPACEHUN, Kak Npasuso, 3Ha-
YATESIBHO Pa3nNnyatoTCs 3aTyXxaHUs CEMCMUYECKUX BOSH
W COOTBETCTBEHHO CaMW XapaKTEPUCTUKN CENCMNYECKNX
BO3OENCTBUI Ha 30aHns N coopy>eHus. IMeHHO noaTo-
My CENCMONOrM BbIHYXXAEHbI co3haBaTb PervoHasnbHble
KaTanoru 3emneTpsaceHuin [4] n 6aHKM pervoHasibHbIX
CYHTETUYECKMX akceneporpamm [5].

Ho npu aToM cneumanuctamMm M3BecTHa eLle 1 Takas
OCOGEHHOCTb NMpWU ornpefeneHnn OCHOBHbIX XapakKTepu-
CTUK CTPOUTENbHbIX OOBLEKTOB, KaK 3anpeT BO3BOAUTL Ha
CeriCMOONNacHbIX TEPPUTOPUAX 3OAHUA U COOPYXKEHUS C
OVHaMUYeCKUMU NapamMeTpamMu, 3Ha4eHUs KOTOpPbIX MO-
ryT coBnagaTtb C napamMeTpamMum CENCMUYECKUX BO3OEN-
CTBUN, TaK Kak B X KOHCTPYKLMSAX MOTyT BO3HUKATbL pas-
pyLUNTENbHbIE ABNEHUS PE30HAHCa, YTO MOXET MOoBJieYb
rméenb nogen B 3gaHnsax. B CBA3M C 3TMM MOXHO Aaxke
NPMBECTU NPUMEP Tparnyeckux nocneacTsmMm ns-3a He-
NPaBUbHOMO BbIGOPA KOHCTPYKTUBHBIX PELLEHNIA XXMSIbIX
3[aHuI Npu 3acTporike ropogos CesepHort ApmMeHuu [6].

Kak n3BecTHo, AMHaMmn4eckue napameTpbl 3aaHui un
COOPYXEHWIN 3aBUCAT N OT MUX 3TAXHOCTU, NOITOMY Bbl-
60p OCHOBHOWN 9TaXXHOCTW XWUIbIX 1 06LLECTBEHHbIX 34a-
HWA HA TEPPUTOPUAX Pa3HbIX HAceNEeHHbIX NYHKTOB Tak-
Xe clefyeT cuuTatb CTPOro MHAMBUAYaNbHOM paboTomn
pernoHarnbHbIX cneunanmcToB. K TomMy e npu pa3paboT-
Ke reHeparbHbIX MaHOB HaceneHHbIX MyHKToB Poccum
B n. 4.7 CI1 42.13330.2016 Takxe yka3blBaeTca 0653a-
TENbHbIV Y4ET BCEX BbILLENEPEUYNCIIEHHbIX UHAMBUAYASb-
HbIX rpagoobpasylowmx XapakTepuctmk. Ho npu atom
B CIl 42.13330.2016 oTcyTcTBYeT OOHO M3 OCHOBHbIX
TpeboBaHWU K pa3paboTymMKam reHnIaHoB HacesleHHbIX
NyHKTOB — OOOCHOBbIBATb MepeyeHb OMacHbIX Npupog-
HbIX SIBNIEHUA Ha WX TEPPUTOPUAX C Lenblo npodeccu-
OHaslbHOM ONTUMM3AUUN CTPYKTYPbl €ro KanurasibHOW
3acTporikn. K ToMy e yKa3aHHbIM B JOKYMEHTaLUuUu reH-
nnaHoB HaceneHHbIX NyHKTOB Poccun NpoekTHbIN nepe-
YeHb BEPOSATHBLIX OMACHbIX NPUPOLHbLIX BO3AENCTBUIA NO-
CNYXUT 0693aTeNbHbIM AOKYMEHTOM A1 permMoHasibHbIX
BflacTen pasmellaTb ero B pernoHanbHbIX 3akoHax Mo

3aLumTe XU3HW U 300PO0BbA rpaXkaaH B 30aHUsAX Npu 3TUX
Bo3gencTemax. 160 Ha cerogHsLWHWIA AeHb B Poccum
UMEETCA YXXe HeMano NpMMepoB, Koraa ans Tepputopun
psga HaceneHHbIX MYHKTOB HOPMaTUBHbIM OOKYMEHTOM
CIT 14.13330.2018 onpepeneHa HopmaTMBHas CeWc-
MUYecKasi ONacHOCTb, OOHaKO pervoHasnbHble BNacTu B
uenax 3KOHOMUM OEHEeXHbIX CPeACcTB WUrHOPUPYIOT 3Ty
HOPMAaTUBHYIO NPUPOLHYIO OMAaCHOCTb B PErvoHasbHbIX
3aKoHax (Hanpumep, Ha Tepputopusix Bonrorpagckon,
Kemeposckon v apyrux oénacten) [7].

Kak n3BecTHO, 3alimMta HaceneHHoro nyHKra — 3To,
B OCHOBHOM 3allmTa XW3HW U 300POBbA Ntoden B Mac-
COBbIX XWJbIX U OBLLUECTBEHHbIX 30aHUAX NMpU BO3Oen-
CTBUSIX OMaCHbIX NPUPOAHbLIX ABMeHWA. Ho 3Ta sawmrta
nofen TpebyeT Npexae BCEro mMaTteMaTU4ecKoro pac-
yeTa cneumanucTamum ONTUMAasnbHOM 3TAXHOCTU U KO-
nMYecTBa XunbiX 30aHWA, B KOTOPbIX C HaubOrnbLUEn
BEPOATHOCTLIO 6yAeT HaxOAMTbCA OCHOBHAas YacTb Ha-
CeneHnsa npy BO3AENCTBUN ONAacHOro NPUPOAHOro ABfe-
Hus. Micxoas 3 BbilenepeyncneHHblX MHAMBUAYanbHbIX
0CO6EeHHOCTEeWN BO3BEAEHNS Hanbonee MacCcoBbIX XUIbIX
N 06LECTBEHHbIX 30aHUI B HaceneHHbIX nyHkTax Poc-
Cuu crnefyeT BbIBOA, YTO AaXe OnTuMasibHas STaXHOCTb
[OJDKHA OnpefensTbCa ¢ y4eTOM MHOXecTBa MHAMBUAY-
anbHbIX rPagoCTPOUTESNbHBIX TpeboBaHUn. Tak Kak Bce
HaceneHHble NyHKTbl Poccun BO3BedEHbI HA TeppuUTopu-
SIX CBOMX PErmoHOB, TO OCHOBHbIM 3NIEMEHTOM B CTpPO-
UTENbLHON cucteme Poccun, KOTOpbIA TOMBKO U MOXET
HAMBUAYanbHbIM NPodeccMoHasibHbIM Cnoco6oM onpe-
OensiTb YpOBEHb OTBETCTBEHHOCTU OCHOBHbLIX XWIIbIX Y
O6LLIECTBEHHbIX 3[aHWiA, OOMKHa ObITb padoyas rpyn-
na pervoHasnbHbIX CreunanucToB. ITO noaTeepxaaet
n TpebosaHune n. 1 c1. 72 KoHcTuTyummn P®, B KOTOpOM
roBopuTCcs, 41O 60pLba C Karactpodamm 1 CTUXNAHLIMU
6e0CTBUAMU — 06A3aHHOCTb (hefepanbHON U peroHasb-
HoWn BnacTtu. [NoatoMy npu KatacTporuyeckmnx nocneg-
CTBUSIX NPUYMHY cnegyeT HaxoAuTb TOMbKO B KOHKPET-
HbIX peLUeHnaX (MM Mx OTCYTCTBUM) depdepasnibHOM U
pervoHanbHoOM BnacTn. Tak, Hanpumep, OCHOBHOW Mpu-
YUMHOW rMbenu OeTen Ha YeTBEepPTOM 3Taxe B TOProBOM
LeHTpe «3UMHAS BULLHSA» Npu noxape B mapTte 2018 r.
cnepgyeT nNpu3HaTb TOT hakT, YTO pernoHanbHas BracTb
He BHecCna BepOATHOCTb 3eMSIETPACEHUA Ha TeppuTo-
pvm r. Kemeposo. Ecnun 6kl pervoHansHas Bnactb 3Ty
CeNCMUYECKYI0 OMacHOCTb B YKa3aHHOM 3akoHe rpef-
ycMoTpena, TO 9TUM peLLeHneM OHa obszana 6bl CTPo-
uTenen BO3BOAUTbL 34aHUA TOJIbKO CEeNCMOCTONKMMMU
W cornacHo TpeboBaHuAM npumedaHusa B Tabnuue 6.1
CI114.13330.2018 He ponycTuna 6bl pacnonararb 3asb-
Hble OETCKME MOMELLEHNS Ha YeTBEPTOM aTaxe. A, Ha-
npvmMep, B [8] 060CHOBAHO, YTO C LEMbI0 YMEHbLUEHUS
peakuuu fogen npu 3emMneTpsiceHun BCe 3albHble Mno-
MeLLeHus ¢ ymcnom nogen 100 n 6onee Yenosek cneny-
eT pacnonaratb TOSIbKO Ha NepBbIX 3TaXxax 3gaHui.
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OCHOBHble XapaKTepuCTUKKN
AEUCTBYIOLLIEA Napaanrvbl
cTpouTenbHon cuctembl Poccum

Camoi rmaBHoOV oTpuLaTeNbHOW TEXHNYECKOM Xapak-
TEPUCTUKON COBPEMEHHOM MapagurMbl CTPOUTENBHOW
cuctembl Poccnn cnepyet cumrtatb OTCYTCTBUE MPU3HA-
HWA HaceneHHbIX MYHKTOB Poccum KpynHbIMn 06bekTamm
KanutanbHOro CTpouTeNibCTBa. Tak, BO BCEX BblLLENe-
pevncrieHHbIX efepasnbHbIX 3aKOHaX M HOPMaTUBHbIX
OokymeHTax P® oTcyTCTBYeT npu3HaHWe HacerieHHOro
NyHKTa 06bLEKTOM KanutanbHOro cTtpoutenscTea. bonee
Toro, B ®epepansHom 3akoHe PO Ne 384-D3, HopmaTmB-
HbIx gokymeHTax FOCT 27751-2014, CI1 14.13330.2018
Oaxe He roBOpUTCH, YTO MacCoBble Xusble 1 obLie-
CTBEHHble 30aHusa npegHa3Ha4eHbl (He npegHa3HayYeHbl)
NS BO3BEAEHUS HA TEPPUTOPUSX HACENEHHbIX MYHKTOB.
A B n. 4.3 CIN 14.13330.2018 yka3sbiBaeTcs, YTO BEPO-
ATHOCTb NPEBbILLEHNA (HENPEBLILLEHNS) MHTEHCUBHOCTMU
CENCMUNYECKNX BO3OENCTBUIN paccynuTaHa ToSbKO B TeYe-
Hue 50 neT, T. €. TONbKO AN CTPOUTENbHBIX OOBLEKTOB
C HOpMalbHbIM YPOBHEM OTBETCTBEHHOCTU. [lpu yBe-
TIMHMEHNN >XXM3HEHHOrO LMKMa 30aHWN BEPOSATHOCTb, Ha-
npumMep, CENCMNYECKNX BO3OEMUCTBMA C MakCMMasibHON
MHTEHCUBHOCTbIO BO3pacTaeT B pasbl [9].

Takum 06pa3om CcOBpeMeHHas napagurma cTpou-
TeNbHON cMcTeMbl Poccun He 3almLLaeT Xn3Hb 1 300po-
Bbe N0AeN B OCHOBHbIX MaCCOBbIX XMUJbIX 1 0OLLIECTBEH-
HbIX 30aHUAX MPW OMacCHbIX MPUPOAHLIX BO3OENCTBUSAX.
Tak, B [10—13] nokasaHo, 4To B hefepasnbHbIX 3aKOHaX
M HOpPMaTWUBHbIX AOKYMeHTax P® cTpouTenbHoro co-
JepXaHusi npegycMOTPEHO MPUMEPHO MATb OCHOBHbIX
TEXHUYECKMX XapaKTEPUCTUK AN XMUNbIX U OOLLECTBEH-
HbIX 30aHWIA, KOHCTPYKLMM KOTOPbIX HE MOrYT 3alUMTUTb
>XXMU3Hb 1 300POBbLE NoAern Npyu MakcMMarnbHbIX BO3Aen-
CTBMAX OMacHbIX MPUPOAHBIX ABIEHWIA.

Mpu3HaHWE PacnonoXeHNss OCHOBHbIX MACCOBbIX XW-
JbIX 1 O6LLECTBEHHbIX 30aHWI Ha TEPPUTOPUSAX HACENEH-
HbIX MYHKTOB C XXW3HEHHbIM UMKMOM B 1 TbiC. U 6onee
NIET NOTpebdyeT OT CTpPoMTENEN B pacyeTax Ha Cercmu-
YeCKue BO3LENCTBUSA UCMONb30BaTh TONbKO MakCcUMarb-
HYI0 MHTEHCUBHOCTb MO KapTe «B», koTopas BO3MOXHa
npv NOBTOPSAEMOCTU 3eMNETPSACEHUS OaMH pas B 1 ThIC.
net [12]. Ho Tak kak npu 3acTporike HaCeneHHoro nyH-
KTa OEeNCTBYET XEeCTKOe rpafoCTpPOUTENbHOE MPaBuIio,
YTO BMECTO CHECEHHOrO XMWIOoro 34aHus paspeluaeTcs
BO3BOAMUTb TOMbLKO XWUS0e 3aaHue, No3ToMy TpeboBaHme
K CTPOUTENSAM BO3BOAUTbL XWUSble 34aHUS TONbKO C Mak-
CvManbHbIM CPOKOM 3KCrnyataumu cnepgyeTt npusHaTtb
Hanbonee 060CHOBAHHbIM.

OpHako B edepanbHbix 3akoHax Ne 190-03,
Ne 384-03 1 OCHOBHbIX HOPMATMBHbIX AOKyMeHTax PO
FOCT 27751-2014, CIN 14.13330.2018 TONbKO BbLICOT-
Hble XWMble U O6LECTBEHHbIE 30aHUs MPU3HaKTCA C
MOBbILLEHHbIM YPOBHEM OTBETCTBEHHOCTU M MOryT pac-

CUYMTbIBATLCA HA MaKC/MarsbHble BO3OENCTBUSA ONacHbIX
npupoaHbIX siBneHun. MNMpuaHaHne denepanbHbIMU 3aKo-
HaMu 1 HopMaTUBHbLIMW OOKyMeHTamun P® cTpontenibHOro
CcofiepXXaHWsl TOMbKO BbICOTHbBIX XWIbIX U O6LLECTBEHHbIX
3[aHWI C NOBbILLEHHBIM YPOBHEM OTBETCTBEHHOCTW OOHO-
BPEMEHHO 03Ha4aeT, YTO UX PACHETHbIE NOMOXEHUS He ra-
PaHTUPYIOT COXPaHEHUS XXU3HW U 300POBbS HaceneHus B
30aHUAX C MEHbLUEN STAXHOCTBLIO NPY BO3OENCTBUSAX BE-
POATHBIX MaKCUMasibHbIX OMaCHbIX NPUPOAHbLIX ABMEHWINA.
OTO HOPMAaTMBHOE MOSIOXKEHNE MPOTUBOPEUNUT PELLIEHUIO
paboyen rpynnbl Focctpos P®D, koTopas nNpu yTOYHEHUN
MCNONb30BaHUs KOMMeKTa cercMmyecknx kapt OCP-97
Bblpa3una ceoe MHeHue: «Kapta OCP-97-B—pekomeHao-
BaHa AN UCMONb30BaHNs B MAacCOBOM rpaXKAaHCKOM U
NPOMbILLSIEHHOM CTPOUTENLCTBE...» [14].

B nonoxeHuax depepasnbHbIX 3aKOHOB WM HOpMa-
TUBHbIX OOKyMeHTax P® cTpouTenbHoOro copgepxaHus
OTCYTCTBYeT TpeboBaHuWe paccyuTbiBaTb KOHCTPYKLMU
CEeNCMOCTOMKNX XXWUIbIX M OOLLECTBEHHbIX 30aHUA Ha
BO3eMCTBUSA NePBbIX MOBTOPHbLIX CUMbHbIX TOMYKOB Mpu
3emnetpsiceHun. OCo6eHHO 3TO KacaeTca pacyeTa KOH-
CTPYKUMIA BbICOTHBIX XWSbIX U 06LLECTBEHHbIX 30aHUN,
13 KOTOpPbIX, HANpMMep, ManomMobusibHasa rpynna nogen
(60nbHbIE, CTAPUKM) NOCNE BO3AENCTBUS MNAaBHOMO TONY-
Ka 3emneTpsaceHns 6yaeT BbIXOAUTb Ha OTKPbITOe 6e30-
nacHoe NPOCTPaHCTBO He MeHee 20 MUHYT. 3a 3TO BpeMs
3Ha4MTENbLHO BO3pacTaeT BEpPOATHOCTL BO3OENCTBUSA Ha
30aHus 1 Nigen eLle NpUMMEPHO ABYX CUSIbHBLIX NOA3EM-
HbIX TOSTYKOB, KOTOpblE MOryT paspyLuuTb 3T 3[4aHUS.
MIMEHHO TaKoW CUNbHbIN NOBTOPHbIN NOA3EMHbIN TONMYOK
npowusoLuen Yyeped 18 MuH 56 ¢ Npu 3emneTpsceHn Ha
Mantn B 2010 r., KOTOPbIA MPUBEN K OKOH4YaTENbHOMY
paspyLleHuio XusblX 3gaHun  un  rubenun nogen [15].
[Mo3aToMy MOXHO CKasaTb, YTO pacyeTHble MONOXEHMUS
defepanbHbIX 3aKOHOB M HOPMATMBHbLIX OOKYMEHTOB
P® cTtpouTenbHOro copgepxxaHus He obecrneymsatoT 3a-
LLUTY XXM3HW 1 300POBbSA NtoAer Npy 3eMneTpsaceHum n B
XXUMbIX BbICOTHBLIX 3aaHusax. K Tomy xe B doegepasibHbIX
3aKoHax U HoOpMaTMBHbIX AOKYyMeHTax P® cTpoutenbHo-
ro cofiep>XaHusi OTCYTCTBYeT rnepeyeHb «OObEKTOB 3a-
LWNTbI», KOTOPbIE CedyeT 0653aTenbHo 3almaTb npu
BO3[ENCTBUSAX ONacHbIX NPUPOAHbLIX aBneHun [13-21].

N3 npuBedeHHbIX COAepXaHWin OCHOBHBIX MOSoXe-
HUA pepepasibHbIX 3aKOHOB M HOPMaTUBHbLIX AOKYMEH-
TOB P® cTpouTENbHOrO COAep>XXaHUsi MOXHO BblAENUTb
OCHOBHbIE TEXHNYECKMNE XapaKTepUCTUKN COBPEMEHHOM
napagurmbl CTPOUTENBHON cuctemsbl Poccuu.

1. «Cuctema» He yunTbiBaeT hakT peasibHOro pas-
MeLLEeHNsa Hanbonee MacCoBbIX XUMbIX N 0OLLECTBEH-
HbIX 30aHUK (Nogen) Ha TeppuUTOPUAX HaCeNeHHbIX
NYHKTOB.

2. B «cucteme» OTCyTCTBYEeT TpeboBaHWe K pas-
paboTyMKam reHnnaHoB HaceneHHbIX NyHKTOB Poccuu
060CHOBLIBaTb NepeyeHb OnacHbIX NPUPOAHLIX BO3AEN-
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CTBUI C LEeNbio ONTUMMU3aLMM CTPYKTYPbl KanuTasbHOM
3aCTPOWKM.

3. «Cuctema» nopy4umna onpegensTb ypoBeHb OTBET-
CTBEHHOCTM 3[aHUA U COOPYXEHUI TONMbKO dhefeparsib-
HbIM YMHOBHMKaM M aBTopam hefeparnbHbIX 3aKOHOB U
HOPMAaTUBHbIX [OKYMEHTOB P® cTpouTenbHOro copep-
XaHus. 1o3TOMy OHM U HECYT OCHOBHYIO OTBETCTBEH-
HOCTb 3a KaTacTpoduyeckne nocneacTBusa Ha TeppuUTo-
pyM HaceneHHbIX MyHKTOB NPV BO3OEWCTBUAX OMaCHbIX
NPVPOAHbIX ABMEHWN, YTO MOMHOCTBLIO NOATBEPXAAEeTCH
n. 1 ct. 72 KoHctutyumm Poccunckon depepaumm.

4. «Cuctema» npv onpefeneHnm ypoBHs OTBETCTBEH-
HOCTM Hambonee MacCOBbIX XMWIbIX U OOLLECTBEHHbIX
302HUA HE Y4YUTbIBAET «CTPOruMiA WHAMBUOYyann3m» B
CTPYKTYpe KanuTtasnibHON 3aCTPOVMKW HacCeneHHbIX MyH-
KTOB Ha TeppuTopumn Poccun.

5. B «cucteme» OTCYyTCTBYET NepeyeHb «0ObeKTOB 3a-
LWNTbI» NPY BO3AENCTBUM ONACHbIX MPUPOAHBIX ABIEHWIA.

6. «Cnctema» Ha TeppUTOPUN HACENMEHHbIX MYHKTOB
M3-3a 4acToro cHoca yCTapeBLUMX 1N BO3BEAEHUSA HOBbIX
XXUbIX U 06LLECTBEHHBIX 30aHWI 06pasoBarna OrpoMHYyHo
COLMAnbHYIO U SKOHOMUYECKYIO MPO6nemMy, B TOM YuChe
1 4nsa 6yayLmx noKOsIeHNn POCCUSIH.

7. «Cuctema» He 3alLMLLAET XM3Hb U 300POBLE NoAeN
B XWIbIX U OBLLECTBEHHbIX 30aHUSAX MPU BEPOSATHBIX Mak-
CMMarnbHbIX BO3AENCTBUAX ONACHbIX MPUPOAHbLIX ABNIEHWI.

8. «Cuctema» He npegycMaTpuBaeT pacHeT XnsbiX U
06LLeCTBEHHbIX CEMCMOCTONKMNX 3aHUN Ha BO3OENCTBUSA
nepBbIX NOBTOPHbLIX CUbHBIX TOMYKOB MPU 3eMneTpsice-
HUW.

9. «Cuctema» He NpenoCcTaBnsieT CXeMy pacHeTHbIX
BEPOATHbIX MOCNEACTBUN B KanuTanbHOW 3aCTPonke
HaceneHHbIX MYHKTOB OT BO3OEWUCTBUA MaKCMMasbHbIX
onacHbIX NPUPOAHbIX ABMEHWI 3a Bpems 1 TbIC. neT pe-
rMoHanbHbIM Cnyx6amM no 3aLuuTe XWU3HW U 300POBbA
nogen npu 3TMxX BO3OENCTBUAX, YTO HE MO3BONSAET UM
ObITb MOArOTOBMAEHHLIMU K NOCNEACTBUSAM.

10. B «cucteme» OTCYTCTBYET OOHO M3 MMaBHbIX MO-
JIOKEHUA O TOM, YTO MOCMIe KaXOoro kKatactpoduye-
CKOro NposiBfieHNs Ha TEPPUTOPUM HACENEHHOrO MyHKTa
Poccun oT BO3AenCTBMA ONAacHOro NPUPOLHOro Uin Tex-
HOreHHOro ABMeHMsa B 06A3aTeNlbHOM MopsAKe OomKHa
NPUCTYNUTb K paboTe rpynna y4eHblX U3 CTPOUTENBLHON
o6nacTtu (6e3 YAHOBHMKOB) C LiENbIO BbIABMEHNST OCHOB-
HbIX WHXEHEPHbIX MNPUYMH, KOTOpble B 0653aTeNlbHOM
nopsgke OOMKHblI ObITb OMy6NMKOBaHbl B CPeAcTBax
MaccoBOW MHopMaLmm 1 NpyY HEOOXOAUMOCTU UCMOSb-
30BaTbCs NPU KOPPEKTUPOBKE hefeparbHbIX 3aKOHOB Y
HOpPMaTMBHbIX AOKYyMeHTOB P® cTpouTtensHoro cogep-
XaHus.

C uenbto obecneveHns 3almUTbl XXU3HU U 300POBbA
nofen B HaceneHHbIX NyHKTax Poccun npy BO3aencTanm
onacHbIX NPUPOAHbLIX siBfieHuin B [16—20] o60cHOBbLIBA-
nacb aBToOpcKas napagurma CTPOUTENIbHOW CUCTEMbI

Poccun, OCHOBHblE MNOMOXEHUS KOTOPOW MPUBELEHDI
HWXe B cTaTbe.

OCHOBHble XapaKTepucTukun aBTOpCKOﬁ napagurvbl
CTpOMTe.ﬂbHOﬁ cuctembl Poccumn

1. HaceneHHble nyHKTbl Poccuun aBRsioTcs cambiMu
KPYMHbIMW 06bEKTaMM  KanutanbHOro CTPOUTENbCTBA
Poccun ¢ anuTenbHOCTBIO XXM3HEHHOrO umkna B 1 ThbiC.
n 6onee ner.

2. Tonbko pas3paboTHMKU TEHMMaHOB HaceseHHbIX
NYHKTOB [OOMKHbI O6GOCHOBLIBATbL MEpPeYeHb OMacCHbIX
NPUPOLHBIX ABAEHWI C LUenbio ONTUMN3aLmMK CTPYKTYpbI
WX KanutanbHOW 3aCTPOMKN.

3. Onpepenatb ypoOBEHb OTBETCTBEHHOCTM MaccCo-
BbIX XWJbIX U O6LLECTBEHHbIX 3AaHUA ANA HaCeneHHbIX
NYyHKTOB AOMMKHA TOMbKO paboyas rpynna permoHanbHbIX
crneumanuncTos.

4. 30aHns N COOPYXEHWUSI C NOBLILLEHHbIM YPOBHEM
OTBETCTBEHHOCTU JOIDKHbI pa3MeLLiaTbCs TONbKO Ha Tep-
pPUTOPMM HACENEHHOIO MYHKTAa C CaMbIMM 61aronpuUsATHbI-
MU reofiorm4eckMMmn, rmaporeosiornyeckumMmm, cencmmye-
CKUMU, TEKTOHUHECKMMU YCITOBUSIMMU.

5. CelicMOCTOMKME XUMble N 0OLLIECTBEHHbIE 3[aHUs
OOMKHbI pacCYMTbIBaATLCA U Ha BO3OENCTBUSA NEPBbIX MO-
BTOPHbIX CUSIbHBIX TOMYKOB NPY 3eMSIETPACEHUN.

6. Bo Bcex 30aHusIX 1 COOPYXEHUAX C MOBbILLEHHOM
OTBETCTBEHHOCTbIO CrnedyeT NpoBOAWUTb HEMNpPEpPbIBHbIV
TEXHUNYECKUIA MOHUTOPUHT.

7. Ha reHnnaHax HaceneHHbIX NyHKTOB Poccun ponx-
Ha oTobpaxaTbCsi (HenpepbIBHO KOPPEKTUPOBATLCA)
cxemMa MnpOrHo3MpyeMbIX MOCNEACTBUM (pa3pyLUeHWi,
NOBPEXAEHUI, 3aTOMNEHMIA) ONA KanuTanbHON 3acTPon-
K1 (Nogen) NnpyM MakcumarsibHbIX BO3OENCTBMAX OMaCHbIX
NPUPOAHbIX SIBMEeHW 3a BpeMs 1 TbiC. neT. PacyeTHble
CXEMbl BEPOATHbIX MOCNEACTBUA AN CTPOUTESIbHbLIX
06BLEKTOB (Ntofen) AOMKHbI [OBOAUTBLCA OO0 BCEX peru-
OHasbHbIX CNYyX6, OTBETCTBEHHbIX 3a 3aLUUTY XU3HU U
300pOBbS HaceneHus, C LEenbo Ux NpodeccnoHanbHon
NOArOTOBKU K 3TUM BEPOSATHBIM COLMANbHbIM Y1 SKOHOMMU-
YeCKUM MOCNEACTBUAM.

8. depepanbHbit 3akoH Ne 68-O3 «O 3awmTte Ha-
ceneHus n TeppuToOpuUn OT Ype3BblHarHbIX CUTyauun
NPUPOLAHOr0 N TEXHOMEHHOro XapakTepa» crnegyeT Oo-
NOMHUTbL MONOXEeHNeM 06 ob6s3aTeflbHOM paboTe y4ye-
HbIX (6€3 YMHOBHMKOB) MOCNE KaXKOoW KaTtacTpodbl Ha
TEppPUTOPUN HACENEHHOro MyHKTa (nocenexHus) ¢ uenblo
onpefeneHns OCHOBHbIX MHXEHEPHbIX NpuynH. BeiBogbl
YHEHbIX OOMKHbI Ny6NMKOBaTbCA B CPEACTBaX MacCOBOM
WHbopMauum n Npu HEO6XOOUMOCTM UCMOSIb30BaTHLCA
Npy KOPPEKTUPOBKE NONMOXEHUI (hefeparibHbIX 3aKOHOB
N HOPMAaTMBHbIX OOKYMEHTOB CTPOUTENBLHOIO comdepa-
Hua. lepeyeHb OCHOBHbLIX WMHXEHEPHbIX MPUYUH KaTa-
CTpodhmnH4eckmx MOCNeAcTBUI Npu BO3OEWCTBUKM oOnac-
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HOrO NPMPOJHOIO ABMIEHUS HA TEPPUTOPUN HACENEHHOIO
nyHKTa o6si3aHa aHanuaupoBaTb cryx6a [eHepanbHon
npokypatypbl Poccum Ha npegmeT BbISIBIEHUS OTBET-
CTBEHHbIX NuL, ¢ NybnvKkauven BbIBOLOB B cpencTsax
MacCcoBOW MHGOPMaLIMK.

9. B YronosHom kKopekce Poccuinckoni depepa-
umm Ne 63-O3 gna cnydas KaTtacTpoduUYecKmx no-
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o CTPORTETHCTRO ot A
KaK NoAroToBTL K NYGNMKALUA HAY4HO-TEXHHYBCKYID CTATDID

JKypHanbHaa Hay4HO-TEXHWYECKAs CTaTbsl — 3TO COMMHEHWE HEBO0MbLIOT0 pa3Mepa (40 56 KypHaIbHbIX CTpaHWL),

4TO Camo 1o Ce6e ONpesenseT rpaHnLbl M3NOXEHUS TEMbI CTATbU.

Heo6XoanMbIMK 3fIEMEHTaMI Hay4YHO-TEXHUYECKOW CTaTbi ABNAOTCS:

- 10CTaHOBKA NPO6EMbl B 06LLEM BUJE U €€ CBA3b C BAXHBIMY HAY4YHbIMI UNW NPAKTUYECKMMU 3afja4amu;

—  aHanu3 NoCnesHUX JOCTUKEHWIA W Ny6NNKaLui, B KOTOPbIX HAYATO PeLLeHne AaHHOA NPOBAEMbI 1 HA KOTOpbIe Onupa-
€TCS aBTOP, BbleNeHNe PaHee He PELLEHHbIX YacTeil 06LLei Npo6IeMbl, KOTOPbIM NOCBSALLEHA CTaTbs;

—  (hbopmynupoBaHue Lienei cTaTbi (NOCTAHOBKA 3afa4n);

—  VU3/0XEHWe 0CHOBHOIO Matepuana uccnefioBaHia ¢ NoHbIM 060CHOBAHMEM NONYYEHHbIX PE3YNbTATOB;

—  BbIBOAbI 3 JAHHOrO UCCNE0BaAHNS W NEPCMeKTUBbI JaNbHEALIEro noucka B U36PaHHOM HanpasneHuu.

Hay4Hble cTaTby peLeH3npyoTCs cneymnanucTamu. Y4uTbieas OTKpbITOCTb XYpHana « KUnnwHoe CTpouTensCTeo»
ONs Y4eHbIX W Uccneaosateneil MHOMUX JECATKOB HayyHbIX yupexaeHuit u By3oB Poccum u CHI, npegcrasutenn
KOTOPbIX He BCE MOTYT 6bITb NPEACTaB/EHbI B PEAAKLNOHHOM COBETE M3[aHMS, XXenaTeNbHO NpeacTaBnATb OAHOBPE-
MEHHO CO CTaTbel OTHOLLEHME Y4EHOr0 COBETA OPraHn3aumu, rae nposefeHa paboTa, K NpeAcTaBnseMoOMy K nyo6nu-
Kauun matepuany B BuAe CONPOBOAMTENBHOMO NUCbMA UK PEKOMEHLALMN.

bubnuorpadiuyeckue cNUCKK LMTUPYEMONA, MCMONb30BAHHON NUTEPATYPbI LOMXKHBI MOATBEPXAATb CNeJOBaHNE aBTO-
pa Tpe6OBaAHNAM K COAEPXAHMI0 HAY4HO CTaTbyi W BKNKOYATh He MeHee 1520 nosuuui.

HE PEKOMEHZIVETCS:

1. BKNto4aTh CCbINKN HA (heaepanbHble 3aKOHbI, N0A3aKOHHbIe akTbl, FOCTbl, CGHUlbI 1 Ap. HOPMATUBHYIO NUTEPATYPY.
YNoMWHAHWe HOPMATUBHbIX LOKYMEHTOB, HA KOTOpbIE ONMPAaeTcs aBTOP B UCMbITAHWAX, pacyeTax unu aprymeHTaumu,
nyyLUe fenatb HenocpesCTBEHHO MO TEKCTY CTaTby.

2. CcbinatbCs Ha y4ebHble U y4e6HO-METOANYeCKMe NOCO6US; cTaTbit B MaTepuanax KoHMepeHunin n cOHopHUKax
TPyAoB, KOTOPbIM He NpucBoeH ISBN 1 koTOpble He MonajatoT B Bedylume 6UONMOTEKM CTPaHbl U HE MHAEKCUPYHOTCA
B COOTBETCTBYHOLUMX 6a3ax.

3. Ccbinatbes Ha guccepraumm v asTopeddeparbl aucceptaumi.

4. CamouMTUPOBAHNE, T. €. CCbIMIKN TOMbKO HA COBCTBEHHbIE Ny6ANKALMW aBTOpa. Takas NpakTUKa He TONIbKO Hapy-
LUAET 3TUYECKIUE HOPMbI, HO 11 MPUBOAMT K CHUKEHMIO KONMYECTBEHHbIX NYBNMKALMOHHBIX NOKa3aTenei aBTopa.

OBA3ATEJIbHO cnepyer:

1. CcbinatbCs Ha CTatbl, ONy6ANKOBaHHbIE 3a NOCNeaHWe 2-3 rofa B BeAyLLMX OTPACMEBbIX HAY4YHO-TEXHUYECKUX
11 Hay4YHbIX U3JaHUAX, HA KOTOPbIE ONUPAETCA aBTOP B MOCTPOEHMM apryMeHTaLmMmM UK NOCTAHOBKE 33241 UCCNeS0BaHMS.

2. Ccbinatbes Ha MOHOrpachui, ony6NnKoBaHHbIe 3a nocneaHne 5 net. bonee 4aBHWE MCTOYHWUKI TaKXKe HEraTUBHO
BIIMAIOT HA NOKa3aTeny ny6nnkaLMoHHON akTUBHOCTYW aBTopa.

HecoMHEHHO, 4TO BO3MOXHbI CCbIKWM W HA Knaccuyeckue paboTbl, OAHAKO He CreflyeT 3abblBaTb, YTO Hayka Bcerga
Pa3BUBAETCA NOCTYNATENbHO BNEPES U HE3HaHWe aBTOPaMU NOCNeAHUX JOCTVKEHMIA B 06,1aCTV UCCIIELOBAHMIA MOXET NPUBECTY
K Ay6nupoBaHNIo pesynbTatos, OLLIMOKaM B NOCTAHOBKE 3aJa4y UCCIELOBAHUA W UHTEPNPETAUMMA AaHHBIX.

BHUMAHUE! Mpu noaroToBKe pyKOmMCH CTaTbM K OTNPaBKe B pefakuui0 06s3aTenbHo 03HaKOMbTECH C TpeboBa-
HMAMM Ha caiiTe U3[aTenbCcTBa B pasfene «AsTopam»!

Cratbi, Hanpasnsiemble s Ony6aMKOBaHMS, AOMKHbI OQOOPMIATLCA B COOTBETCTBUIN C TEXHUYECKUMI TPEOOBAHMAMU U3JAHMIA:
—  TEeKCT CcTaTby JOSDKEH 6bITb HabpaH B pefakTope Microsoft Word u coxpareH B chopmate *.doc unm *.rtf u He JosxeH

COJepXatb UITICTpauui;

- rpadhuyeckuii Matepuan (rpacouki, CXeMbl, YePTEXU, AuarpamMmmbl, IOTOTUMbI U T. N.) LOSDKEH ObITb BbINOSHEH B rpachnye-
ckux pepakTopax: GorelDraw, Adobe lllustrator 1 coxpaHeH B hopmarax *.cdr, *.ai, *.epS COOTBETCTBEHHO. CKaHUpOBaHue
rpadnyeckoro marepuana i UMNoPTMPOBAHME €ro B NEPEYUCTIEHHbIE BbILLE PEAAKTOPbI HEAOMYCTUMO;

—  WNNKOCTPATUBHbLIA MaTepuan (hoTorpacuu, Konnaxu 1 1. n.) HEO6XoAMMO COXpaHATb B dhopmare *.tif, *.psd, *.jpg
(KayecTBO «8 — MakcumanbHoe») unm *.eps ¢ paspeLueHrem He mexee 300 dpi, pasmepom He MeHee 115 MM no Wwnpu-
He, uBeToBas mogenb CMYK unu Grayscale.

Marepuan, nepesjaBaemblii B PELAKLMIO B 3NIEKTPOHHOM BIE, [ODKEH COMPOBOXAATLCS: PEKOMEHAATENbHBIM MCHMOM
PYKOBOAMTENSA NPEANPUATUA (MHCTUTYTA); MMLEH3MOHHLIM AOrOBOPOM O fepedade npasa Ha Ny6nmkaunto; pacnevyaTkoi, IMYHO
NOANUCAHHOI aBTOpamK; pedpepatom 06beMOM He MeHee 150 OB Ha PyCCKOM U aHIIMIACKOM A3bIKaX; NOATBEPKAEHUEM, YTO
CTaTbsl NPeHa3Ha4eHa Ans ny6nuKkawuum B XypHane «KWnnLLHOe CTPOUTENbCTBO>, PAHEE HUTLE He Ny6IMKoBanach W B HaCTO-
filLiee BPEMs He NepefjaHa B Apyrie u3faHus; ceeeHnsiMy 06 aBTopax ¢ ykazaHueM NonHOCTbI0 (haMunnm, UMEHK, OTHECTBa,
Y4EHON CTENeHN, OMKHOCTU, KOHTAKTHbIX TeNedhoHOB, NOYTOBOO W 3NEKTPOHHOTO afipecoB. nntocTpaTuBHbIin Matepuan fon-
XeH ObITb NepefiaH B BULE OPUrHANoB (hoTorpachuil, HeraTMBOB UM CNAnA0B, pacneyatku arinos.

B xypHane «CTponTensHble matepuansi>® 6bin ony6aukosan pag cTateit «HaunHaiowemy aBTopy», 03HaKOMUThCS
C KOTOPbIMI MOXHO Ha caiiTe xypHana www.rifsm.ru/files/avtoru.pdf

IToapoOHee ¢ TpeOOBaHMSAMH MOXKHO O3HAKOMHUTbCSA Ha caiite https://journal-hc.ru/index.php/ru/avtoram
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