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AHHOTALUMUA

BBeaeHue. KanutanbHbli pEMOHT 34aHUI NpeacTaBnsieT coboi KOMMMEKCHbLIN NPOLLECC, OXBaTbIBAOLLMIA LUMPOKMIA CNIEKTP
PEMOHTHO-CTPOUTENbBHbBIX NMPOLECCOoB. [N AOCTWKEHNSA MakCcuManbHON adeKTUBHOCTY BaXKHO NPaBWIbHO MnaHnpoBaTh
1 ynpaBnsiTb pecypcamu, yunTbiBaTb cneumdurky oObekToB, YCroBUS U OCOBEHHOCTM BbIMOMHsieMbIX pabdot. Heobxoanmo
nccnegosaTtb U BHEAPUTL METOAbI COBMeELLEHUS paboT, NO3BONSAOLLIME COKPATUTL NPOAOIKUTENBHOCTL KanuTanbHOro pe-
MOHTa, CHU3UTb 3aTpaTbl HA PEMOHTHO-CTPOUTENBHOE MPON3BOACTBO.

Matepuanbl n metoAbl. [pMMeHeHbl COBPEMEHHbIE MOAXOAb! K MPOEKTUPOBAaHNIO OPraHN3aLMOHHO-TEXHOMOMMYECKNX MO-
fAenevi Npou3BOACTBA KanUTanbHOrO pemoHTa. PaspaboTaHbl anropuTMbl pacyeTa napaMeTpoB, BKMOYas onpeeneHne
WHTEHCUBHOCTW NOTPebneHns pecypcoB, NPOAOIMKUTENBHOCTY BbINOMHEHNS paboT U yCrnoBWid B3avMOCBA3U NPOLIECCOB.
Ocoboe BHMMaHWe yaeneHo MeToamkam OLeHKN OpraHU3aLVOHHbIX NepepbiBOB M MOAyren, No3Bonsiowmx ahdHeKTUBHO
pacnpenenaTb TPyAoBble U MaTepuanbHble Pecypcebl.

Pesynbrathl. [NpeanoxeHHble METOAUKN MO3BOMSIOT ONTMMU3MPOBATb MPOLECChI KanuTanbHOrO PeMOHTa NyTem paumo-
HanbHOro pacnpeaeneHns pecypcoB 1 CoBMeLLIeHUS paboT. Vicnonb3oBaHne COBMELLIEHHbIX MOTOKOB A5 yCTPOWCTBA KPOB-
nun, hacaga N UHXEHepPHbIX CUCTEM MHOMOKBapTUPHOIO AoMa NPOAEMOHCTPUPOBANO 3HaYMTENbHOE CoKpalleHne obLuero
BpPEeMeHM peMoHTa 6e3 CHXEHNSA KadecTBa Npon3BeaeHHbIX paboT. PazpaboTaHHble anropuTMbl obecneymBatoT pacieTHoe
obocHoBaHMe BbIbopa onTUMarnbHOro Metoda BbInonHeHus paboT.

BbiBopbl. [TpoBegeHHoe nccneaoBaHne NOATBEPANIO 3HAYMMOCTb BApMaTUBHOCTM COBMELLIEHMS paboT B nmpouecce Kanm-
TanbHOro peMOoHTa 34aHui. [peanoxeHHble anropuTMbl U METOAMKN AAKOT BO3MOXHOCTb CYLLEECTBEHHO COKPaTUTb CPOKM
BbINOMHEHNS paboT 1 CHU3UTL CTOMMOCTb PaboT.
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TenbHOCTb paboT
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ABSTRACT

Introduction. Capital repair of buildings is a comprehensive process that encompasses a wide range of building mainte-
nance and construction processes. To achieve maximum efficiency, it is crucial to properly plan and manage resources,
taking into account the specifics of objects, conditions, and characteristics of work performed. It is necessary to study and
implement methods for combining operations that allow reducing the duration of capital repairs and lowering costs in con-
struction and maintenance production.

Materials and methods. In this research, modern approaches to designing organizational and technological models for
capital repair production were utilized. Algorithms for calculating parameters such as resource consumption intensity, task
execution duration, and interprocess connection conditions were developed. Special attention was given to methodologies
for assessing organizational downtimes and modules enabling efficient distribution of labour and material resources.
Results. The proposed methodologies enable optimization of capital repair processes through rational allocation of re-
sources and overlapping of works. The use of combined flows for roofing, facade renovation, and engineering systems
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installation in multi-apartment residential buildings demonstrated significant reduction in total repair time without compromis-
ing the quality of executed works. Developed algorithms provide computational justification for selecting an optimal method

of performing tasks.

Conclusions. The conducted research confirmed the significance of variability in overlapping works during the capital repair
of buildings. Proposed algorithms and techniques make it possible to significantly reduce both the time required for comple-

tion and the cost of the works.

KEYWORDS: repair and construction work, labour intensity, cost, duration, sequence of works

FOR CITATION: Korol E.A., Gudkova A.G., Petrosyan R.S., Antoniadi D.D. Variability of work overlap during capital re-
pair of buildings. Construction: Science and Education. 2026; 16(1):8. URL: http://nso-journal.ru. DOI: 10.22227/2305-

5502.2026.1.8

Corresponding author: Rima S. Petrosyan, PetrosyanRS@mgsu.ru.

BBEJIEHUE

KanmuTtaabHBIH PEMOHT SIBISIETCSI HEOTHEMIIEMOH
COCTaBIISIIOIIEH J)KU3HEHHOTO LMKJIA 3/1aHui, obecie-
YUBAOLIEH MX paboTOCIIOCOOHOCTh U JJOITOBEYHOCTD
[1-5]. CtpoutensHas OTpaciib CTaIKUBACTCS C PacTy-
MU TPeOOBAaHUAMH K COKPAIIICHUIO CPOKOB BEITIOTHE-
HUsE paboT, yMEHBIICHHIO 3aTPaT U 00ECIIEYEHHIO BBICO-
KOTO ypPOBHSI KauecTBa KalUTaJIbHOTO PEMOHTA 3/JaHui,
B CBSI3U C YEM CIJIEyeT BHEIPSATh HOBBIC MMOAXOIBI B
PEMOHTHO-CTPOUTEITHHOM MTPOU3BOACTBE TSI COKpaIle-
HHsI CTOUMOCTH, CPOKOB U TPYLOEMKOCTH IIPOBEIACHUS
KanmuTajlbHOTO peMoHTa [6, 7]. Meromuecs uccieno-
BaHMS YacTO COCPEIOTOUYCHBI HA OT/IEIBHBIX acleKTax
KaIlMTaJIbHOTO PEMOHTA, HE OXBATHIBAS BOIIPOCKHI BapHa-
TUBHOCTH COBMEIICHHUS padOoT M ONTHMH3ALUN BPEeMEH-
HBIX U TPYAOBBIX pecypcoB [8—10].

OnHa W3 NMPUOPHUTETHBIX 3a7a4 B COOTBETCTBUU
co Crparerueii pa3BUTHS CTPOUTEIHHONW OTPACIH U JKH-
JIMIIHO-KOMMYHaJIbHOTO X034iicTBa Poccuiickoit ®ene-
parmu Ha niepro 10 2030 Toga — MOBBIIIEHNAE TPOU3BO-
JUTCJIbHOCTHU TPpYyJa, YTO AOCTUTACTCA MPEUMYIICCTBCH-
HO 3a CYET YJIyYIICHUS] TapaMeTPOB TEXHOJIOTHUECKUX

nporeccoB [11-14]. Heobxonnmo pa3pabarsiBaTh YHH-
BEpPCANIbHBIE ANTOPUTMBI, TOJX0bl U METOANKH, KOTO-
pbI€ YUUTBIBAIOT MHOTOOOpa3ne YCIOBUN U OTrpaHHUe-
HUH, BO3HUKAIOIIUX MIPU IPOU3BOACTBE KAITUTAIBHOTO
pPEMOHTa 3/1aHUH.

IIpuMeHsiemMblil HHCTPYMEHTAPUIl OPUEHTUPOBAH
Ha MHTETPAIUI0 TEXHOJOTHYECKUX U OPraHU3aI[HOH-
HBIX PEIIeHUH, MO3BOJIAIONINX BIUATh HA COBMEIICHHE
padoT mpH KanmuTaJIbHOM PEMOHTE 3JIaHUH, BKIIOYas
OTpejiesieHne MHTEHCUBHOCTHU MOTPEOJICHUs pecyp-
COB, ITPOJIOJDKUTEIILHOCTH BBITIOIHEHNUS pa0oT, a Takxke
BPEMEHHOM U IPOCTPAHCTBEHHOM CTPYKTYPHPOBAHUU
npouieccoB [15-19]. Takoii moaxo/ MO3BOJIUT PACCMO-
TpeTh 0COOEHHOCTH COBMEIIEHHUS paldoT, YTO 1acT BO3-
MOXHOCTb CYIIECTBEHHO YMECHBIIUTH CPOKH PEMOHTA,
CHH3HTH 3aTPaThl HA PEMOHTHO-CTPOUTEIBHOE TIPOH3-
BOJICTBO C COKpAIlIeHHEM Tpyzno3arpar 0e3 MoTepH Ka-
YeCTBa MPOBEIEHHBIX padoT [20-22].

MATEPHAJIBI U METO/JAbI

AJTOPUTM TOCTPOCHUS OPTaHU3ALNOHHO-TEXHO-
JIOTUYECKOM MOZEIHU KalUTAJIbHOIO PEMOHTA BKIIIOYAET

Ilar 1. OnpeneneHue o6beMa H TPYA0EMKOCTH paboT:
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IIar 2. ®opMHPOBaHUE TEXHOIOTHICCKONH MOIEIH.
DOpMUPOBAHKE NEPEUHS TEXHOIOTUYECKHX ONEparyii, BXOJSIIINX
B KaIUTAIbHEIH PEMOHT, KajKOMy BHY pabOT NPUCBAHBAIOTCS
HMHIMBHIYyanbHbIE HOMepa (=1, 2, ..., m)

v

Eciy HHTEeHCHBHOCTb MOTPEOICHHS PECYPCOB IEPEMEHHA,
TO mpUMeHsteTcst hopmya:
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Ilar 3. YcTaHOBIICHHE TEXHOIOTHYECKHX CBsA3eil MEXITy paboTaMH.
OnpezieneHne NOpsKa BEIIOIHEHHs paboT
C Y4ETOM TEXHOJIOTMYECKOTO MPOLECca:

IIar 5. BeI6Op ONTHMAIBHOIO BApHAHTA HHTCHCUBHOCTH.
BuﬁnpaeTc;{ ONTUMAJIIBHOC 3HAYCHUE UHTCHCUBHOCTH,
066CH5‘{I/IBE}OHJCC MHUHHUMAJIbBHYIO IIPOAOJDKUTEIBHOCTD

¢ co0oieHNeM He0OXOANMBIX TPeOOBAHMIT TEXHUUECKOTO 3a1aHuUs.

v

Ilar 4. PaccMOTpeHne BapHAHTOB HHTEHCUBHOCTH IIOTPEOICHHUS PECYPCOB:
1. <I <I

min = “pj = “max’

re /.,

— MUHHUMaJIbHas1 JOIyCTUMAasi UHTEHCUBHOCTD,
— MaxKCHMalbHas JOITyCTHMasi HHTCHCHBHOCTh

max

Ilar 6. Paspa6oTka rpaduka nIpou3BoACTBa paboT

Ilar 7. IIpoBepka COOTBETCTBUS TEXHUYECKOMY 3aJaHUIO
HAa TIPOBE/ICHHE KAIMHTAIEHOTO PEMOHTA

Her /T\ Ta

PeOOBaHUS BBIIIOIHEHbI? i

‘ Illar 8. 3aBepiieHne MOJACTHPOBAHMS ‘

Puc. 1. Anroput™ onpeseneHns HHTEHCHBHOCTH MOTPEOICHUS pecypcoB
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JIBa dTara: cHadasia (pOpMUPYIOT TEXHOIOTHYECKYIO MO-
JleJ1b, aHAJIU3UPYs. KOHCTPYKLUM 31aHUM, IPUMEHSIEMbIE
Marepualibl U TPEOOBAHUS K BBITIOJIHCHUIO Pa0OT, 1ajiee
OCYIIECTBIISIIOT TIEPEXO/l K OpraHU3alluOHHON MOAENH,
YCTaHaBJIMBask HHTCHCUBHOCTD IMOTPEOIICHUS PECYypPCOB
1 3ajJjaBasi CPOKH BBIIOJTHEHMSI KaXKJ0r0 Ipoliecca, YTo-
OBI COOTBETCTBOBATh TEXHUUCCKOMY 33JJaHUIO 3aKa34H-
Ka. [IpoqomKUTEeNbHOCTD KaKI0TO MPOILECca 3aBUCUT
OT KOJIMYECTBA TPYAOBBIX H MaTEPUATEHO-TEXHUIECKUX
PECypCOB, a TaKKe MPUPOTHO-KIIIMMATHICCKUX YCIIOBHH.
[ToTpeOHOCTE B pecypcax OINpeneNseTcsi HHTCHCUBHO-
CTBIO MX HCIIOJIb30BaHUS B TEKyIIM MOMEHT. Pacuer
MapaMeTPOB OPTaHM3AINOHHO-TEXHOIOTHYECKON MOIe-
JIM TIPOU3BOJIUTCS] B COOTBETCTBHUH C pHUC. 1. OCHOBHBI-
MU TTapaMeTpaMH, BIUSIONIIMHI Ha U3MEHEHHUE ITPOIOT-
KUTEITBHOCTH MTPOU3BOACTBA PAOOT, SIBIAIOTCS 3aTPaThl
Tpyaa 3Tp, MPOJOKUTEIBHOCTE BBITIOJHEHHS OIEpalin
Hj, WHTEHCUBHOCTD TOTPEOICHUS PECypCOB Ip; B CiIyyae,

©CJIM UHTEHCUBHOCTH MOTPEOICHHSI PECYPCOB MEHACTCS:
T,— MOMEHT OKOHYaHMs Tpouecca u Az, — HHTEpBA
BPEMEHU U3MCHCHUU MHTCHCUBHOCTHU.

Pacuer ocyecTieH Ha mpuMepe KamuTaIbHOTO pe-
MOHTA KpOBJIH, (pacasia U MHKCHEPHBIX CUCTEM | 7-3Tax-
HOTO 5-ITOJIbE3IHOT0 MHOTOKBAPTUPHOTO KHUJIOTO JI0Ma.
3a UCXOIHBIC JaHHBIC PUHATHl HATYPHBIC U3MEPCHHUS
Ha 00BEKTEe MPHU MPOBEICHUHU KAIMUTAIHHOTO PEMOHTA
0 KaKIOMY TEXHOJIOTHYCCKOMY IPOIIECCY, BKIIOYas
HAUMEHOBAHHS TEXHOJOTHICCKUX TPOIECCOB U OTIe-
panuii, Ha4ajao U OKOHYaHWE HAOMIONEHHUH, UX TIPOIOII-
JKUTENBHOCTh. Ha OCHOBE MCXOAHBIX CBEAECHUH NIOCTPO-
eHbI rpauKu MPOU3BOACTBA pabOT Ha MATH 3aXBaTKaX
(puc. 2).

Kpome npoBeeHns HaTypHBIX HAaOMIOAEHUH, HC-
CJIeZIOBAaHHME OCHOBBIBAIIOCH TAKXKE HAa PACUETHO-aHAIIH-
THUYCCKUX MCTOJaX, BKIIHOYAsa B aHaJIUTUYECKON YacTHu
ompeiesieHNe PallMOHAIBHBIX YCIOBUN TPy/Ia, KOMITIEK-
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Puc. 2. I'paduku mpon3BoacTBa padboT MO KAMUTaILHOMY PEMOHTY MHOTOKBAPTHPHOTO IoMa: @ — Ha 1-1 3axBarke; b — Ha 2-if o
—

3aXBaTKe; ¢ — Ha 3-i 3axBarke; d — Ha 4-i 3axBarke; ¢ — Ha S5-I 3aXBaTKe

129



rarIMTONLCTBS: Ty 16, BhINYCK 1(59)

E.A. Koponb, A.l. F'ydkoea, P.C. [lempocsiH, 4.[]. AHmoHuadu

TP N T — Anmeisocn Ofien  pus 05 Ane
el

Ho@ s

1

W Anp 0 i
ol

@l inln

. 28 1
LN oW X Ml m e

r. Mockna, Hayspyanas ya., o 11 65 i r

62 aneii f
20 ek 13760 M2

Pesiont dcann
TTpoasnes oRIHUO BN
ROBEPRIEGETER cTEn dacaios

AV2E M2

30 gt

..
Cup

13759 a2

TlpocTykunanme nopepruocred dacana, 32 qici
OGN0 HHOTO AAOCKIA

KCPIMHHCCKHMH IWIHTRANH 1pH pabore:

e mniek W Boccranonicine

nonepiosti, rapopofinamg

CIHECHOBeR DuyiLcHe (2 coa)

OIGHED QITYRITYPEN 00 KHPHITY W 32anchi 2061 m2
Gerony creil, wiouan Goaee 5 M2 n

Chrpynronxa nosepxnocTei

Yaywenr PEa no 3dancit 2061 M2
Bes yorpoficina kapkaca
HEMEIE TG I BOC TROIAN PACTIOPOM
s E s
auepTIMHR wINTEN 0 Okpacks dacaon
© HOATGTOBKOR NOBCPRNOSTH
Pesiont kpoman
Paybopra noxputni Kpomin
PYNCHHLK MaTcpHaton B 1-3 cnon
Fasfopka qesen Tin-neciaiioi crsman
OTGORNMN MONOTRON

Paafopra TCIICHIOARINN 113 KPOIKE 1)
BaT sunepaaLof Toaapemod 10w
VTCIUICHIG BORETHE ANTAMIG W1
MHMEPATRIGR BaTI
APMHPORINAE IOCTHATKNIG CIOTH W
wabetonok i YerpoHcrne
BLPIMIHBIGIENY CTOROK
HeMCITHO=Hecanse Tonunmod 15 us
YErpoRcTne npHMUKIIHE PYRONILE W
MOCTHUNMY KPOBLIE K CTCHIM W
napancras ucotodt Sonee 600 M ¢
opes dhaprysoy B Yeipoierna
PYNCHIOND HOKPRITHA 0 U CA0R HI

B

2061 m2

A it

34 e

20 ancit 1938 n2

17 ancii 1958 u2

20 meit 1958 M2

23 el 1958 m2

A2 el
1 nens

Posiont HMACHE I CHETOM
JesonTaoe Gaokon yIPaWICcIHg
PASHPCATINTILILY AyNETOn
yopaicius IIIF’P‘NIB HEROANSIHR WIW
PACHpEnETHTEILIAR nyiIKT (sad),
FCTANWTNBACMBIR 113 STCHC, BUISOTE W
umapsiea g0 1200 1000 My
PasBapya wpyGonpososon u
EOAOTASONPOBOIMIK Tpy0 1 [lemotiman
kaleny
Tlpokaanks mpySonpooaon i Moo
Kalenn
Mo Gnokon yipawionns u
DACHBEACIN RIS HVHETOD

1 e,

26 it 2806 u

35 et 2806 u

Lasme | mr

Puc. 3. CkoppeKTHPOBaHHBIN C YY€TOM METOAMKH rpaduK Mpor3BOACTBa pabOT M0 KAlTUTAIBHOMY PEMOHTY

ca HCO6XOI[I/IMI)IX MalllnuH, THCTPYMEHTOB U IMPUCIIOCO-
OJIeHNMI, BOSMOXXHOCTH COBMEIIICHHS BO BPEMCHH 3a-
Tpar pabo4yero U MalIMHHOTO BPEMEHH, YCTAHOBJICHHE
YCTOWYMBBIX (DYHKIIMOHAJIBHBIX 3aBUCUMOCTEH MEXKIY
HCCIIETyeMbIM DJIEMEHTOM 3aTpaT M KOHKPETHBIMH
(hakTOpamMu WK MapaMeTpaMu, BIHUSIONUMH Ha TPO-
JOJIKUTCIBHOCTDb €I'0 BBIIIOJIHCHHSA, a4 B pacquHoi/'I —
BBISIBIICHUE 3aBUCHMOCTEH, CBI3aHHBIX C H3MECHEHUSIMHU
BBIOPAHHBIX TEXHOJIOTHYECKUX MTAPAMETPOB.

[lo pe3ynpTaraM pacyeToB W OPTaHU3AIHOHHO-
TEXHOJIOTHYECKOTO MOJICIMPOBAHUS pa3paboTan rpa-
(UK TIPON3BOICTBA PAOOT MO KATUTAILHOMY PEMOHTY
00BEKTA C YUETOM BBISBICHHBIX PE3€PBOB U BHITOJIHEH-
HBIX PacueToOB MO COBMEMICHUIO paboT u mpodeccuii
pu GOPMHUPOBAHUH KOMIUIEKCHON OpHTab st IPo-
M3BOJICTBA KOMILIEKCa padoT (puc. 3).

PE3YJIBTATHBI HCCIEJOBAHMUSA

IIpencraBieHHbIN adTOPUTM POPMHUPOBAHUS Opra-
HHU3aIMOHHO-TEXHOJIOTUIECKOM MOJICITH KaluTalIbHOTO
pEMOHTA 37[aHUi 00eCIIeunBACT KOMILICKCHBIN MOAXO/
K MPOBEICHUIO KaUTAIBHOIO PEMOHTA, B TOM YHCIIE
TEOPETHYECKOE 0OOCHOBAHHUE 1 MPAKTHIECKYIO pealu-
3anuto. [Ipumenenne Metosa 000CHOBaHO BO3MOXKHO-
CTBIO TOYHOTO paciyeTa OCHOBHBIX IOKAa3aTeNeH Mpoek-
Ta, BKIIIOYAs TOTPEOHOCTHU B TPYIOBBIX PECYypCax, CPOKH
BBITIOJTHEHHS paboT M X cTOMMOCTb. LlenecoodpasHocTb
3TOTO MOJXOJA 3aKII0YACTCsI B CIIOCOOHOCTH CBOEBpE-
MEHHO a/IalITHPOBATHCS K N3MEHEHUSIM BHETITHEH Cpeipl,
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obecriednBaTh KOHTPOJIb HaJl KAY€CTBOM BBITIOTHEHHBIX
paboT ¥ MUHIMH3UPOBATh PUCKH HEBBIIIOTHEHUS CPOKOB
peann3aiyy MpoeKTa.

B npoBeieHHBIX pacyeTax BbISBICHA BO3MOKHOCTh
COKpAIICHUS TPOIOIKUTENIEHOCTH TIPOU3BOICTBA PaboT
1o peMoHTy (hacana ot 72 1o 62 (ua 13,9 %), kpoBam —
ot 40 o 34 (na 15,0 %), nHXeHepHBIX cucTeM OT 44
10 42 nueit (Ha 4,5 %) npu coBMmeneHUU npodeccuii
pabovrx OTAENBHBIX Ipodeccuii B Opurase.

JlaHHast METO/IMKA ITO3BOJISIT CIELMAIIMCTAM ILIAHH-
POBaTh JIESTENIBHOCTB 110 KAITUTAIEHOMY PEMOHTY 3/IaHHH,
ofecrieunBast SKOHOMHUIO PECYPCOB, COKpAIL[asi CPOKH IPO-
BEJICHHS] PEMOHTHO-CTPOUTEIIBHBIX Pa0OT, IPH TOM TIpH-
BJIEKast HEOOXOIMMOE KOJIMYECTBO UCIIOJIHHUTENEH.

3AKJIIOYEHUE U OBCYXJIEHHUE

Onpenenenue NpoAOKUTENBHOCTH KOMILIEKCa pa-
00T MpH MPOBEICHNH KAITUTAILHOTO PEMOHTA 0a3UpyeTCst
Ha YCTaHOBIICHWH CBSI3¢H M YIIOPAIOYCHNH Ha MX OCHOBE
PEMOHTHO-CTPOUTEIBHBIX IIPOIIECCOB, YTO CIIOCOOCTBYET
MOBBIIIEHUIO MPOU3BOIUTEIHLHOCTH TPY/Aa U CHIKEHUIO
3aTpar pecypcoB U CIYKHT OIHAM U3 KIIFOYEBBIX (haKTo-
OB COBPEMEHHOTO BHITIOTHEHUS KaTIUTAJIbHOTO PEMOHTA
3MIaHKI. DTO 1aeT BO3MOKHOCTh MCIIOJIb30BaTh B HAYUYHO-
HCCIIE/IOBATEIILCKOM M MPAKTUYECKOM AEATeIbHOCTH pa3pa-
0OOTaHHYIO METOUKY TSI OTIPEICIICHNS 33/TaHHBIX CPOKOB
MPOU3BOJICTBA PA0OT IO KAMUTAIEHOMY PEMOHTY 3[aHHiA
MyTeM PaIMOHAJIBHOTO COBMEIEHHS pabOT BO BPEMEHH
1 TIPOCTPAHCTBE.
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INTRODUCTION

Major refurbishment is an integral part of a build-
ing’s life cycle, ensuring its functionality and longev-
ity [1-5]. The construction industry faces growing
demands to reduce project durations, lower costs and
ensure a high standard of building refurbishment; conse-
quently, new approaches must be introduced into the re-
furbishment and construction sector to reduce the cost,
duration and labour intensity of refurbishment works [6, 7].
Existing studies often focus on individual aspects of
major repairs, without addressing issues of flexibility in
the coordination of works and the optimization of time
and labour resources [8—10].

One of the priority tasks in accordance with
the Strategy for the Development of the Construction
Industry and Housing and Ultilities Sector of the Rus-
sian Federation for the period up to 2030 is to increase
labour productivity, which is achieved primarily by
improving the parameters of technological processes
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[11-14]. It is necessary to develop universal algorithms,
approaches and methodologies that take into account
the diversity of conditions and constraints arising dur-
ing the major refurbishment of buildings.

The tools employed are designed to integrate
technological and organizational solutions that enable
the coordination of works during major building refur-
bishments, including the assessment of resource con-
sumption, the duration of works, and the temporal and
spatial structuring of processes [15—19]. This approach
will enable the specific features of work coordination to
be examined, thereby making it possible to significantly
reduce repair times, lower the costs of repair and con-
struction work, and reduce labour costs without com-
promising the quality of the work carried out [20-22].

MATERIALS AND METHODS

The algorithm for constructing an organizational
and technological model for major repairs comprises
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2

Step 1. Determining the scope and labor input of the work: Step 2. Forming the process model.
m —> Compiling the list of process operations included in the overhaul;
Cy= ZC,,,J each type of work is assigned an individual number (j =1, 2, ..., m)
=1
If the resource consumption rate is variable Step 3. Establishing process relationships between the works.
the following formula is used: Determining the sequence of work execution
with due regard for the process flow:
d
D= C[b 7z,z|1mAt, +1, D = Cm,/
1,40 S
.
. X X Step 4. Considering resource consumption rate options:
Step 5. Selecting the optimal rate option. I <I <I
The optimal rate value is selected to ensure the minimum min =/ max
duration while meeting the necessary requirements ¢ a3 X
. . where / . — minimum allowable rate;
of the technical assignment T 7
I .. — maximum allowable rate

Step 6. Developing the work schedule

Step 7. Verifying compliance with the technical
assignment for the overhaul

S S
o A €S

re the requirements met? i

Step 8. Completion of modelling ‘

Fig. 1. Algorithm for determining resource consumption intensity

two stages: first, a technological model is formed by
analyzing building structures, the materials used and
the requirements for carrying out the work; subsequent-
ly, a transition is made to the organizational model by
establishing the intensity of resource consumption and
setting deadlines for each process to meet the client’s
technical specifications. The duration of each process
depends on the quantity of labour and material-techni-
cal resources, as well as natural and climatic conditions.
Resource requirements are determined by the intensity
of their use at the present moment. The parameters of
the organizational and technological model are calcu-
lated in accordance with Fig. 1. The main parameters

influencing changes in the duration of work are labour
costs C,,, the duration of an operation Dj, and the in-
tensity of resource consumption / ; in the event that the
intensity of resource consumption changes: T, — the end
time of the process and A7, — the time interval of changes
in intensity.

The calculation is based on the example of a major
refurbishment of the roof, fagade and building services
of a 17-storey, five-block apartment block. The initial
data consists of on-site measurements taken during
the major refurbishment for each technological process,
including the names of the technological processes and
operations, the start and end dates of the observations,
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e

Fig. 2. Progress charts for the major refurbishment of a block of flats: « — phase 1; b — phase 2; ¢ — phase 3; d — phase 4;

e — phase 5

and their duration. Based on this initial data, work sched-
ules were drawn up for five construction phases (Fig. 2).

In addition to field observations, the study was also
based on computational and analytical methods, includ-
ing, in the analytical section, the determination of opti-

mal working conditions, the set of necessary machin-
ery, tools and fixtures, the possibility of synchronizing
labour and machine time, the establishment of stable
functional relationships between the cost element under
investigation and specific factors or parameters affect-
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ing the duration of its execution, and in the computa-
tional part — the identification of relationships associ-
ated with changes in selected technological parameters.

Based on the results of the calculations and orga-
nizational and technological modelling, a schedule for
the overhaul of the facility has been drawn up, taking
into account the identified reserves and the calculations
performed on the coordination of tasks and trades when
forming a comprehensive team to carry out the set
of works (Fig. 3).

RESEARCH RESULTS

The proposed algorithm for developing an orga-
nizational and technical model for the major refurbish-
ment of buildings provides a comprehensive approach
to carrying out such refurbishments, including both
theoretical justification and practical implementation.
The application of the method is justified by the ability
to accurately calculate key project indicators, includ-
ing labour requirements, completion times and costs.
The advantage of this approach lies in its ability to
adapt promptly to changes in the external environment,
ensure quality control of the work carried out and mini-
mize the risks of missing project deadlines.

The calculations carried out have revealed the po-
tential to reduce the duration of facade repair works
from 72 to 62 days (by 13.9 %), roofing works — from
40 to 34 days (by 15.0 %), and for engineering systems
from 44 to 42 days (by 4.5 %) by combining the roles
of workers from different trades within a single team.

This methodology will enable specialists to plan
major building refurbishment projects, ensuring re-
source savings and reducing the duration of repair and
construction works, whilst engaging the necessary
number of contractors.

CONCLUSION AND DISCUSSION

Determining the duration of a set of works during
major refurbishment is based on establishing interrela-
tionships and, on this basis, organizing the refurbish-
ment and construction processes; this helps to increase
labour productivity and reduce resource costs, and
serves as one of the key factors in the modern execution
of major building refurbishments. This makes it pos-
sible to apply the developed methodology in research
and practical work to determine the specified deadlines
for building overhaul works by rationally coordinating
tasks in terms of time and space.
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