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AHHOTALUMUA

BBepeHue. B HacTosilmiA MoMeHT Bonee 3,5 MITH MOCKBUYE XXUBYT B MHOTOKBAPTUPHbIX Xunbix gomax (MK[) ¢ kanuTtanb-
HbIM peMoHTOM. B 2015 r. cTapToBana MockoBckas nporpaMma KanuTanbHoro pemoHTa. lNporpamma paccuutaHa o 2044 r.
B Hee BkntodeHbl 29 Thbic. AoMOB. KauecTBO KanuTanbHOro pemMoHTa, YCroBUSi MPOXMBAHWSA rpaxadaH B YCIOBUSIX PEMOHTa
HaxoaaATcs nof NpUcTanbHbIM BHUMaHWEM rpaxaaH 1 CpeacTB MaccoBoy MHopmaumm. OgHako, HECMOTPS Ha MPO3pavYHOCTb
npouecca opraH13aumy KanuTanbHOro PEMOHTa M BHUMaHWE OBLLECTBEHHbIX OpraHu3auuii K ero NpoBeaeHM0, KONMMYECTBO
anob xutenewn Ha cariTe Mapa MoCKBbI HE YyMeHbLUIAeTCs. ATOT hakT U BbI3Ban HEOOXOAMMOCTb NPOBEAEHMS OMnpoca.
Matepuanbi u metoAbl. BeinonHeH onpoc metogom fenbdu, oTnnyntenbHas Yepta KOTOPoro — UTepaTuBHbIA MPOoLECC:
pPeCnoHAEHTbI OTBEYAIOT Ha BOMPOCHI B HECKOSBLKO payHAOB, NMPU 3TOM KaXKAbIvi MOCHeayoLwwnii payH CTPOUTCS Ha pesynbTa-
Tax npeabiayLuero. B onpoce yyacteoBano 160 xuTtenent Mocksbl 1 6nivkaiiwwero NogmMockoBbs B Bo3pacTe o1 18 go 75 ner,
U3 HUX 47 XeHLWWH, 113 My>XUnH.

Pesynbrartbl. O6a 9Tana onpoca nokasanu, 4To BONPOC yAoOCTBa XUTenen npu BblNONHEHUN KanuTanbHoro pemoHTa MK,
ONs KuTenen He NpMopuTeTHbIN. XKnTenu Bcex BO3pacToB ¥ reHAepoB roToBbI NOTeprneTh HeyaobCcTBa B MpoLecce peMoHTa.
[MpropuTEeTHLIM ABNSETCS BONPOC NPUMEHEHNST KAYECTBEHHbIX, HETOKCUYHbIX MaTeprarnoB 1 Ka4ecTBO oTaenku. [Ons xeH-
LLIMH BCEX BO3pacTOB OKa3aricsi BaXkHbIM BONPOC CTOMMOCTM MPOBEAEHHOr0 PEMOHTA.

BbiBogbl. OcyLLeCTBNEHHbIA ONPOC NO3BOMNWIT paccymMTaTh BECOBblE KOI(PPULMEHTLI (PaKTOPOB, YTO NPUBESNO K CO3AaHNI0
MeTOAMKN 3KCNpecc-OLeHKN kanuTanbHoro pemoHTa B MK[] Ha ocHoBe cTaTucTudeckoro nogxoaa. 3yyeHve obuiecTBeH-
HOr0 MHEHUS1 Ha CriedyoLeM YpOBHE 4ACT BO3MOXHOCTb BbISIBUTb aKTyarbHbl€ BOMPOCH! MPY NPOBEAEHUUN KanUTanbHOro
peMoHTa (060CHOBaHWE 1 COoCTaBreHNe NinaHoB paboT, BeI6op ahdeKTUBHBIX U MPUEMIIEMbIX TEXHOMOMMYECKUX PeLLeHUi
1 ap.), a Takke OOMOMHUTL CYLLECTBYOLLME HOPMATUBHbIE JOKYMEHTHI.

KIMKOYEBBIE CITOBA: kanuTanbHbI PEMOHT, ONPOC, PECNOHAEHT, (PYHKLMS XKenaTenbHOCTU XappuHrtoHa, metog [denbdu,
YPOBEHb 3HAaYMMOCTU, JOBEPUTENbHAst BEPOSATHOCTb
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MaTenbHbI U JobpoxenaTenbHbIA NOAXOA K AaHHOMY UCCMefoBaHUIo.
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ABSTRACT

Introduction. Currently, more than 3.5 million Muscovites live in apartment buildings (AB) with major repairs. In 2015,
the Moscow capital repair program was launched. The program is designed until 2044. It includes: 29 thousand hous-
es. The quality of major repairs is under the close attention of citizens and the media. However, despite the transparency
of the process of organizing capital repairs the number of complaints from residents on the website of the mayor of Moscow
does not decrease. This fact caused the need for a survey.

Materials and methods. The authors conducted a survey using the Delphi method. 160 residents of Moscow and the near-
est Moscow region participated in the survey.

Results. Both stages of the survey showed that the residents are ready to suffer inconveniences during the renovation
process. And the priority is the use of high-quality, non-toxic materials and the quality of the finish.

Conclusions. The survey made it possible to calculate the weighting factors of the factors, which led to the creation
of a methodology for rapid assessment of capital repairs in the AB based on a statistical approach. The study of public
opinion at the next level will allow to identify topical issues during major repairs (justification and preparation of work plans,
selection of effective and acceptable technological solutions, etc.), as well as to supplement existing regulatory documents.

KEYWORDS: maijor repairs, survey, respondent, Harrington desirability function, Delphi method, significance level, confi-
dence probability
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BBEJIEHHUE

B nacTosmit MoMeHT 60siee 3,5 MITH MOCKBUYEH
JKHBYT B IOMax C KalmuTaJbHbIM peMoHTOM'. B 2015 .
CTapTOBaJla MOCKOBCKas IIpOrpaMMa KauTajabHOTO pe-
MOHTa — OJIMH M3 CAMBIX MacIITaOHBIX ITPOEKTOB MO-
JepHHU3anuu xuibd B Poccun u B mupe. IIporpamma
paccuutana 10 2044 r. B Hee BKitoueHsL: 29 ThIC. 1OMOB
(oOmmast mromaas 290 miH M?); 6onee 420 ThIC. HHKe-
HEPHBIX CUCTEM U KOHCTPYKTHBHBIX 2JIEMEHTOB 3/1aHHI;
3amena 115 Teic. mu¢pToB. OCHOBHBIE 3a/1a4H, KOTOpPbIE
pelIaoT MpU NPOBEACHUH KAMUTAIbHBIX PEMOHTOB JKU-
JIBIX JIOMOB, — pEIIeHHEe TPOOIEMbI HETIOITHOTO PEMOH-
Ta JJOMOB, BBIITOJTHCHHOT'O B ITPEKHHE TOJIbI; yITyUIICHHE
BHEIITHET0 BU/IA JIOMOB; TIOBBIIIEHHE KOM(OpTa; coxpa-
HEHHE MCTOPUKO-KYJIBTYPHOTO ITOPTpETa ropoaa u 6e3-
OIIACHOCTH MOCKOBCKHMX MHOrosTaxkek'. Ha ykazanHOM
caiiTe' MOAPOOHO ONHCAH aTOPUTM OCYIIECTBICHHS Ka-
MUTAJILHOTO PEMOHTA MHOTOKBAPTHPHBIX JKMJIBIX JJOMOB
(MKI) ot pa3MernieHus MPeAIoKeHNS O IIPOBEICHUH Ka-
MTUTATFHOTO PEMOHTA JI0 TIPUEMKH paboT (TTOAICaHIe
akrta). KauecTBo KampemoHTa, yCIIOBHS TPOXKHUBAHUS
Tpa’k/laH B YCIOBUSIX PEMOHTA HAXOJSITCSI IO IIPUCTAITb-
HBIM BHIMaHHEM TPaKIaH U CPEACTB MaccoBoil nHpop-
marn. B 2015 1. BBemen TOCT P 56193-20142 Cpazy
mocie 3amrycka nporpammsl Leatpa OH® «Haponnas
9KCIIEPTU3a» BBINMYIIEHO NPaKTUYECKOE 1ocobue, 1mo-
CBAILIICHHOE BOMPOCAM OPraHU3ALMU KalUTaIbHOTO

! KanmuraabHbId peMOHT *Kuibix 70oMoB. URL: https://www.
mos.ru/city/projects/kapremont/#

2TOCT P 56193-2014. Yenyru sKUIUIHO-KOMMYHAJIBHOTO
XO3SIHCTBA M YIPABJICHHS MHOTOKBAPTHPHBIMU JOMaMH. Yc-
JYTH KaluTaJbHOTO PEMOHTA O0ILIEro MMYyIIECTBa MHOTO-
KBapTUPHBIX JOMOB. O0mIre TpeOboBaHus.

pemoHnTa obirero nmymiectsa’. Hecmotps Ha mpo3pad-
HOCTB IPOIECCa OPTaHU3aNN KaTUTAIFHOTO PEMOHTA
1 BHUMaHHUE OOIIECTBEHHBIX OpTaHHU3aIlid K ero Mpo-
BEJICHHUIO, KOJTMYCCTBO JKAI00 JKUTEICH Ha caiiTe MIpa
Mockssl He ymeHbaeTcs’. CneaoBaTelibHO, U3yUCHHUE
00ILIECTBEHHOTO MHEHHSI 110 3TOMY BOIIPOCY M ITPUHSTHE
pelIeHnii o yCTPaHeHNIO BO3HUKAIOIINX ITPOOIeM B Ha-
CTOSIIIIMH MOMEHT SIBJISIETCS aKTyaIbHOH 3a1aueil.

OnuH u3 3QPEKTUBHBIX CITOCOOOB OICHKU Kade-
CTBa BBIITOJHEHUSI PEMOHTOB — OITPOC OOIECTBEHHOTO
MHeHwus1. MccnenoBansi, 0CylIeCTBICHHBIC paHee, pac-
CMaTpHUBAIOT BOMPOCHI 001Iero xapakrepa (MHGOpMH-
POBAHHOCTH, Y4acTHe B COOpaHMIX IO BOIPOCAM Ka-
MUTAJIBHOTO peMOHTa, cOop cpencts) [1]. Otmeuaercs,
4TO COOCTBEHHHMKH YKHJIbsI TOPOH TIPAKTUYECKH HE MO-
T'YT (MM HE XOTSAT) MOBIHATH HA XOA peMoHTa [2, 3]
WA UX KaJI0OBI HTHOPUPYIOTCS MCIIOMHUTEIAMH [4].
IIpu »TOM (hemepanbHBI 3aKOH pErIIaMEHTHPYET IPO-
LeaAypy BO3MEIIEHUs Bpea, MPUYMHEHHOTO XH3HU
WJIN 3710pOBBI0 (PU3NYECKUX JIMI] IIPU BBITIOJIHEHUH Ka-
[UTaJIBHOIO PEMOHTA’.

0030p 3apyOeIKHBIX HCTOYHUKOB 10 BOIIPOCY Karlu-
TaIBHOTO PEMOHTA MHOTOKBAPTHPHBIX JJOMOB B Ka4€CTBE

3 KOHTpOJIB 3a MPOIIECCOM KAMHUTAIBHOTO PEMOHTa 0OIIero
MMYIIECTBA: TPaBa ! BO3MOXKHOCTH TPAKAAH-COOCTBEHHHKOB !
paktuueckoe mocobue. URL: https://fondkrl0.ru/assets/
dokumenty/Informaciya-sobstvennikam/Publikacii-broshyury-
pamyatki/Prakticheskoe-posobie-Kontrol-za-processom-
kapitalnogo-remonta-obshego-imushestva.pdf

* Juunbtit 6mor Cepress Cobstumaa. URL: https://www.
sobyanin.ru/program/ticket/512

5 I'pamocTpouTtenbHblil Kogeke Poccuiickoit denepanun
ot 29.12.2004 Ne 190-@3, cr. 60.
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OCHOBHOTO HAaIPaBJICHUS MCCIECIOBAHUI BBISIBIII TEMY
9HEProdP(HEKTHBHOCTH ITPOBOIMMBIX MEPOIIPHATHH [ S5—7].
Berpeuarores Tpyasl, HOCBSIIEHHBIE MHOTOKPUTEPH-
AJBHO OILIEHKE TOAPSIINKOB [8], a Tarkke pa3padboTke
Mozieneli OLIEHKH BPEMEHN PEMOHTA 3[JaHusI Ha OCHOBE
MaIIMHHOTO 00yueHwus [9].

ABTOpaM JTJaHHOTO HCCIIE0BAHUS NIPECTaBIsAEeTCS,
YTO B COBPEMEHHBIX POCCHHCKHX yCIIOBHSX Hamboiee
00BEKTUBHYIO OIIEHKY KaueCTBa KalTUTAILHOTO PEMOHTA
U pa3paboTKy MyTeH €ro yaydIleHHs MOXKET AaTh TOIb-
KO OIPOC OOIIECTBEHHOTO MHEHHUSI C PENPE3eHTaTUBHOM
BBIOOPKOH pecroH/IeHToB. B pabore mocrasiieHa menb
B3IJISIHYTh Ha MPOOJIEMY BBIITOJIHEHUS KallnTaJIbHOTO
pemonta MK/ ¢ Touky 3peHrss KOHEUHOTO TOTpeduTe-
nst — xwureneid MK]] B meproj] KanmuTaabHOTO PEMOHTA
0e3 orcesnenus U nocie pemoHTa. [IpoBeaeHHbIN onpoc
BBISIBWJI, YTO IIPHOPUTETHBIM (PAKTOPOM IS JKUTEIEH
MK/I Bcex BO3pacTOB M TeHAEPOB IPH OIIEHKE KaITUTaIb-
HOTO PEMOHTA SIBJISETCSI IPUMEHEHHE Ka9eCTBECHHBIX, HE-
TOKCHYHBIX MaTepHajiOB M KaueCTBO OTACIKH. J{JIsT xKeH-
IIMH BCEX BO3PAcTOB OKAa3ajics aKTyallbHBIM BOIPOC
CTOMMOCTHU PeMOHTA. Ero BaXKHOCTb AJISL 9TOU IPYIIIBI
PECIIOH/ICHTOB OKa3aJlach IPAKTHUECKH Ha YPOBHE 3Ha-
YeHUs! KauecTBa MarepranoB. C 1eNblo NPaKTHIeCKOTo
MIPUMEHEHHS TTOyYeHHBIX Pe3yJIbTaToB OBIIIM paccUnTa-
HBI 110 001IeH BEIOOPKE PECIIOHACHTOB BECOBBIE KOA(-
(UIMEHTHI KQKIO0TO UCCIEeAYeMOoro (paKkTopa, 4To Aajo
BO3MOJKHOCTb CO3/1aTh METOAMKY 3KCHPECC-OIECHKH
KauecTBa IPOBOANMBIX KAIUTAIBHBIX PEMOHTOB C TOY-
KU 3pEHHsI KOHEUHOTO ToTpedurtens — sxuteneid MKJ]
Ha OCHOBE BepOalIbHO-UMCIIOBBIX LIKal XappUHITOHA.

MATEPHUAJIBI U METO/bI

ABTOpaMHU OCYIIECTBICH OIpoc MeTomoMm Jlenb-
(b1 — 3TO METO/ IPOrHO3UPOBAHHUS U IIPUHSTHUS pellie-
HUH, OCHOBaHHBI Ha aHOHUMHOM cOOpe MHEHHUH rpyn-
TIBI DKCIIEPTOB (pecnoH/IeHTOB). OTIMYNTENbHAS YepTa
MeTona Jlenp(pu — UTEepaTUBHBIN MPOLECC: SKCIIEPTHI
(peCTOHICHTHI) OTBEYAIOT Ha BOIIPOCHI B HECKOJIBKO pa-
YHJIOB, TIPH 3TOM KayKIbIH MOCTIETYIONNH payHT CTpo-
UTCs Ha pesynbrarax npeapiymero. Meron Jensdu
B CTPOMTENLCTBE MPUMEHSETCSI, HAIIpUMEp, I OLICHKU
KPUTHYECKUX (PAKTOPOB, BIUSIONINX HA YEITIOBEUCCKIE
OMMOKH, CBSI3aHHBIE C MMPOCKTHBIMU perteHusMu [10];
OIIGHKH CHUCTEeMBbI 3Hepronorpebnenus [11]; BbisBie-
HUSI OCHOBHBIX IPUYUH HECUACTHBIX CIIy4aeB HA CTPOU-
TEJIbHBIX IIoMaKkax [12]; OUEeHKH pUCKOB HECYACTHBIX
CIy4aeB Ha CTPOUTEIHHBIX IJIOMATKAX, BEI3BAHHBIX
ycTanocThio padounx [13]; uccienoBanus nMepCreKTHB
CTPOUTENBCTBA AEPEBIHHBIX MHOTO3TaKHBIX JOMOB [ 14];
U3y4YeHUs polIieM obecrieucHrs: Oe30IMacHOCTH Ha Ma-
JIBIX U CPEAHUX CTPOUTEIBbHBIX peaAnpusTusix [15].

O0ocHOBaHHE BHIOOPA KOIHYECTBA PECIIOHACHTOB
B onpoce yuactBoBano 160 xureneit MoCKBBI
n Omkaiimero [TomMockoBes B Bo3pacte oT 18 1o 75 e,
n3 HuX 47 xeHuwH, 113 Myxunn. [{nns permrenns Bompoca
0 JTOCTATOYHOCTH JJIs TOCTABICHHON 3a/1a491 KOJIMYeCTBa
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PECIIOH/ICHTOB OBUT PHBJICYEH alIapaT MaTeMaTHueCcKoi
CTaTUCTUKU. B nuteparype [16] npuBoauTCs MpaBUIIO
pacyeTa MUHUMAJIBHOTO KOJTMYECTBA PECITOH/ICHTOB (9KC-
TIEPTOB) /M. B 3aBUCMMOCTH OT JIOIyCTHMOMH BEJTMYHMHBI
OIIMOKH, COIIACHO KOTOPOMY CIPABE/UIMBO BBIPAKECHHE:

m.. =0,5- §+5 , (D)
a
TJIe 0. — ONIMOKA pe3yJIbTaTa MPOBOMMOT0 aHAJIH3A, IPH-
HUMarommas 3Ha49eHus ot 0 1o 1 (ypoBeHb 3HAUMMOCTH).
B cooTBercTBUY ¢ qaHHBIME ITyOnHKaIwH [16] BeIpake-
uue (1) Hanboee MPIMEHUMO TIPH TIPOBEICHUHN OPOCa
metonoM Jensdu. [ns yposus 3Haunmoctr o = 0,05
(moBepurenpHO BeposTHOCTH 0,95) o hopmyre (1) mu-
HUMAaJIBHOE KOJIMYECTBO PECTIOHICHTOB 33; I YPOBHS
s3HaunMoctu 0,01 (moBepurensHoi BepostHocTH 0,99)
MUHUMAJILHOE KOJIMYECTBO PECTIOHIEHTOB 152.
OueBU/IHO, YTO KOJIMUYECTBO IKCIIEPTOB, Y4aCTBO-
BaBIIKMX B IPOBEJIEHHOM ONPOCE, JIOCTATOIHO (11 > m, . )
Ha CaMOM BBICOKOM YPOBHE JIOBEPUTECIBHON BEPOST-
HOCTH.

Bb10op ouennBaeMbix (pakTOpoB

C 1enpio MepBUYHOTO ONPOCa BHIOPAHBI CIEAY-
romue GaKTopsl, KOTOPhIC TPEOOBAIOCH PAHKUPOBATH
PECIOHIEHTaMU:

* COONIONICHUE CPOKOB BBIITOTHCHHUS PEMOHTHBIX pa-
oor;

* CTOMMOCTBH BBITIOJTHEHHBIX PaloT;

* KaueCTBO OT/EIOYHBIX padoT;

* ymoOHas IS KUTENEeH OpraHu3amnus MecT Bpe-
MEHHOTO CKJIAIUPOBaHUs MaTEpPHAJIOB;

* HCIIOJIB30BAHUE DKOJIOTMUECKH YUCThIX, HETOK-
CHUYHBIX MaTEPUAIIOB,;

* Ka4yeCTBO 3aMeHBI JIN()TOBOTO 00OPYIOBAHUS.

®dakTophl BRIOPaHbI U3 COOOpaXKEHHIT 3aTpar Bpe-
MEHHU U CPEJICTB, a TaKXKe obecredeHust 0e30MacHOCTH
MIPY BBITTOJTHEHUH KAUTAILHOTO PEMOHTA.

PE3YJIBTATHI UHCCJIEJOBAHUA

IlepBuuHas 06padoTKa pe3yJbTATOB OMpPOCa

[Ipu 3anoMHEHNH OMPOCHOM TaOIHITBHI UCTIONH30Ba-
T CIIETYIOIINE PaBMIIa: HanOoJiee 3HAYNMOMY (haKTopy
TPUCBaMBAJICS paHT |, HanmeHee 3HaunMoMy — 6. Ecim
PECHOHACHT HE YUYMTBIBAJI OAWH (baKTOp, TO B KaU€CTBEC
OLICHKHN IMMpUHUMAJIaCb MaKCUMaJlbHas BEJIWYHMHA paHra,
€CITM PECTIOH/IEHTOM HE YYTECHBI HECKOJIBKO XapaKTepH-
CTHK, TO UM MPHCBAUBAIIICH OJIMHAKOBBIC PAHTH, PaBHbIE
cpeaHeMy apu(METHIECKOMY OCTABIIUXCSI HEHUCIIONB30-
BaHHBIX OIICHOK. J[JIs1 OIIEHKN COITacOBaHHOCTH MHEHHH
PECIIOHJICHTOB HCIIONIb30BAJICS AJIGTEPHATHBHBIN KOG du-
IFCHT cormtacoBaHHOCTH [ 17, 18], mpencrapmsronii coboit
MoanduKaIo kodddunmenta konkopaammy Kenmamna
KaK MHOKECTBEHHOTO BAPUAHTA PAHTOBOM KOPPEISLIIN:

S
—mz(n3— n) - 3m(2m(n + 1) - 1) . 6(n, m)

W= ; (@
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KauecTBO 3aMeHBI JTNGTOBOTO
000pynoBaHU

Hcnonbp30BaHne SKOJIOTHYCCKHI
YUCTBIX, HETOKCUYHBIX MAaTCPUAJIOB

YnoGHast opraHu3aiusi MeCT
CKJIaIUPOBAHUsI MATCPHAIIOB

KauecTBO 0TIe109HBIX paboT

CTOUMOCTB BBITIOJTHEHHBIX pa60T

Co0uroieHre CpOKOB PEMOHTHEIX PaboT

Vnobuas HWcnons3oBanue
Cobmroznenne KauectBo
CronmMocTh KauectBo OpraHu3ausi | SKOJOTHYECKU
CPOKOB 3aMEHBI
Bsi6opka BBIMOJHEHHBIX | OTAEIOYHBIX MecT YHCTBIX,
PEMOHTHBIX nudroBoro
pabor pabot CKJIAJIMPOBAHMS | HETOKCHYHBIX
pabot 0obopyaoBaHus
MaTepHaioB MaTepHaIoB
" PecrongeHTs! ot 45 10 75 ner 84 94 52 116 74 66
® Pecronentsi or 18 jio 15 ner 415,5 435.5 248 534.5 421.5 441
" My>X4YHMHBI BCEX BO3PACTOB 3855 409.5 252 514.5 399.5 412
" )KeHIMHBI BCEX BO3PACTOB 185 198 80 227 147 150
®  OOGmas BEIOOPKA PECIIOHICHTOB 571,5 608,5 336 737,5 547,5 559

Puc. 1. Pacnipenenienrie cyMMBI paHTOB 10 (hakTopam

S=30 [0 - 0smln+1)];

5 0, npu m(n+ 1) YETHOE YUCIIO
(n, m) T npu m(n+ 1) HEYETHOE HHCIIO

TJIe 7 — KOJIMYECTBO (haKTOPOB.

Ha puc. | moka3aHo pacmpeneneHie CyMM PaHroB
0 BCEM pacCMaTpHUBAaEMbIM BapraHTaM BbIOOpOK. Oue-
BHUJTHO, YTO B 3TOM OIPOCE MUHHMMaJIbHasi CyMMa PaHIOB
(Hauboee 3HAYMMEBIN (PAKTOP) COOTBETCBYET (hakTopy
«KagecTBo OTIEIOUHBIX padoT», MaKCUMaJIbHOE — (haK-
TOpy «YIOOHAs 1T )KUTEIEH OpraHu3aIis MECT BpeMeH-
HOT'O CKJIQIMPOBAHUS MAaTEPHAIIOB) (HANMEHEEe 3HATUMBIN
(akTop). Tem He MeHee Jenarh BBIBOJBI 110 pe3yJibTa-
TaM ATOW YacTH MCCIIEN0BaHMS ObIIO OB HEKOPPEKTHO
0e3 OIeHKH 3HAYMMOCTH PACUCTHBIX 3HAUCHUH K03 (hu-
IIIEHTOB KOHKOPIAIIHH.

PacueTHble 3HaueHUS KO3(DPHUIIMCHTa KOHKOPAA-
MU TI0 BCEM BHIOOPKAM PECIIOH/ICHTOB HPHUBEICHBI
B Tabxn. 1 (cronbern 4). OueBuHO, 4TO ¢ PopMaIBEHON
TOYKH 3PEHUS TOIBKO OIWH U3 K03(P(PUITMEHTOB KOHKOP-
nmaruu (BeIOOpKa «KeHIIIMHBY) COOTBETCTBYET YAOB-
JIETBOPUTEIBHON COTIACOBAHHOCTH MHEHHMI PECIIOH-
nentoB (0,5). Ho st onpocoB ¢ GONbIINMM KOJIHYECTBO
PECIIOHACHTOB TAKOH IMOAXOJ SIBISIETCS HETOJIHBIM
(aTOT BOMpOC paccMoTpeH manee). [losTomy mpoBo-
JIUTCSI OLEHKA 3HAYMMOCTHU TOJYYCHHBIX 3HAYCHUN
KO3 PUIMEHTOB KOHKOP/IALIUH T10 IBYM KPHUTEPUSIM —
y* Tlupcona u Z-xputepuit Ouiepa.

CornacHo pabore [16], sMmuprudeckoe 3HAUCHHE
kputepust [TupcoHa orpenenseTcs no BRIPAKEHHUIO:
v=m-m-1)-W. 3)
Yuciio creneneit cBoooas! v =n — 1. JIjst Bcex BbI-
0OOpOK 3HaUEHHE CTENeHU CBOOOIBI 5. DMIIMpUYECKHe
3Ha4YeHus x> B cTonbie 5 Taom. 1.
M Z-xputepus Ouirepa, COrIacHO MyOTHKAINH

[16], B xkaduecTBe KPUTHUUECKON CTAaTUCTUKU UCIIOJIB3Y-
eTcs BeIMYNHA!

Z=0,5In[(n+ D)W/(1 - W)]. @)
Crenenn cBoOObI cTaTucTuky (4) o padote [16]

PaACUYUTHIBAIOTCS M 3a1a9H OTIPEICICHUS 3HAYUMOCTH
Kak:
vi=an-Lv,=(m-1) v, (5)
PacueTHble naHHbIC BHECEHBI B Ta0. 1, cTomnoup 7-9.
Tak kak 1o maHHBIM Tad. 1 A7t BceX BHIOOPOK M-
MUPUYECKOE 3HAYCHHE ¥ OOJIBIIIE KPUTEPUATHHOTO 3HA-
yeHus Jaxe ais ypoBHs 3HauumocTH 0,01, To MHEHUS
9KCIIEPTOB HA 9TOM YPOBHE 3HAYMMOCTH MOXKHO CUH-
TaTh COMTACOBAaHHBIMHU BO BCEX PACCMOTPEHHBIX BEIOOP-
Kax. AHaJOTHYHBIN pe3ysbTaT MoKaszaa aHaJlu3 JaHHBIX
1o kpurepuro duiepa.

Bropoii Typ uccaegosanus. I'pynnupoBanue
(axTopos

Janee coriacHO HIEOI0THHU HCIIOIb3yeMOr0 METOIa
oTIpoca TPOBEICHO TPYIIHpOBaHue (akTopoB (Tadm. 2)
IO TPEM TpyIIIaM, YCIOBHO 0003HaYeHHBIM Kak «Opra-
HU3aLHs IPOBEICHUS KallUTaJIbHOTO peMOHTa», «CTou-
MOCTB ITPOBEICHHS KAIINTAIBLHOTO PEMOHTa» U «KadecTBo
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Tabu. 1. K pacuery 3HauuMocTd K03GOUINEHTOB KOHKOPIALIUH

] @ 8 ] vy Vv, ¥
S Y Z o S Z o
5] = = 5] 2 g2 =
Bribopka &ﬁf\l\ N><§ NXEE Nﬁ@ ; NSE
op m n a< & & g a [She 5 g
3 2 2= 2 ge 2 £
: 2 £ : : &
1 2 3 4 5 6 7 8 9 10
Obmaz Beibopka | 5 | 0,19 152,00 0,25 5 | 795
PECIIOH/ICHTOB
IKEHIMHEL BCeX 47 | 6 0,51 119,85 11,07 0,99 5| 230 22
BO3pacToB (YypoBeHb (ypoBeHb
My)K‘{l/IHI)I BCEX 3HAYUMOCTHU 3HAYUMOCTHU
BO3pACTOB 113 ] 6 0,16 90,40 0.05) 0,14 5 560 0.05)
Pecnionnientsl 15,07 28
ot 18 10 25 ner 119 | 6 0,17 101,15 (yposenb 0,18 5 590 (yposeHb
BKJTIOUHTEILHO 3HAYUMOCTH 3HAYUMOCTH
PecnionieHTHI 0,01) 0,01)
ot 45 no 75 ner 23 | 6 0,27 31,05 0,48 5 110
BKJIIOYMTEIHHO
Taou. 2. I'pynnupoBanue GakTopoB
dakTopbl OObeMHEeHHBIE TPYIITEI (aKTOPOB

Co0urofieHre CPOKOB BBINTOJIHEHHSI PEMOHTHBIX padoT

OpraHmaum{ IMIPOBCACHUS KAIIUTAJIbHOI'O pEMOHTA

Vaobuas Ju1s JKuTeNeH OpraHu3alus MecT (IPOIOIKUTEIILHOCTD, CPOKH, CKJIA[HPOBAHUE MATCPHAIIOB)

BPEMECHHOI'O CKJIaIMPOBAaHUs MaT€prajioB

CTonMOCTh BBIIONHEHHBIX PabOT CTOMMOCTb POBEJEHNS KAalTUTAIbHOTO PEMOHTA (BKITIOUAs 3aTPaThl
KadecTBo 3aMeHBI JIN(GTOBOTO 000PYIOBaHUS Ha MaTepuabl ¥ TMQTOBOE 000pY/I0BaHHE)

KadecTBO OTIEIIOUHBIX pa60T

Hcrmonp30BaHUE DKOJIOTNYECKHA YUCTBIX, KauectBo OTACIIOYHBIX pa60T U IPUMEHACMBIX MaT€pUaJioB
HETOKCUYHBIX MaT€praioB

OTACTIOYHBIX Pa0OT M MPUMEHSICMBIX MaTCPHAIOBY, Ma- lIpakTHyeckoe NpUMeHeHHE MOJTYYeHHBIX
nee «Opranuzanus», «CTouMocTby, «KadecTBoy. Pe3yJIbTATOB /ISl OHCHKHU Ka4€CTBA KAlIUTAJIBHOT'0
pemonTa B MK/I

B kadecTBe HEOOIBIIOTO MPUMEPa PACCMOTPUM
onpoc B MK/l r. MOCKBBI 1OCI€ OCYLIECTBICHHUS KaIlu-

Pesynbrarsl cTaTHCTHYECKOH 00pabOTKH BTOPOTO
Typa IpUBE/CHBI B Ta01. 3 ¥ Ha puC. 2.

Taxoxe JJIsL MPAKTUIECKOT0 NMPUMEHECHUS TIOJTYy-
TaJIBHOI'O PEMOHTA. PCCHOHI[GHT&MI/I SIBIIAIOTCA JKUTCITA

YEHHBIX PE3yJIbTATOB OBLIN PACCYUTAHBI IO OOIICH BHI-
pesy p i JIOMa BCEX BO3PACTOB U TeH 1epoB. OLeHUBAIUCh (aKTOpPbI

0OpKe PECIOHAECHTOB BeCOBbIE KOID(UIIMEHTHI KaxI0- «OpraHu3awys POBEIEHNs KAIUTATBHOIO PEMOHTA (Ipo-
ro ucenepyemoro axropa: «Oprannzauus» — 0,165, jomkutensHOCTS, CPOKH, CKIaTMPOBAHUE MATEPHAIIOB),

«Croumocts» — 0,335, «KauectBo» — 0,500. «KadecTBo OTIEIOUHBIX PadOT U IPUMEHSIEMbIX MaTepH-

Taou. 3. Pe3yasTarsl COMacOBaHHOCTH 3KCIEPTOB BO BTOPOM Type

w JloBeputenbHast
Bribopka m n 10 BBIPAXKCHUIO BEPOSITHOCTh YpoBeHb 3HAYUMOCTH
2) o [Tupcony
OOuaz BeiGopra 160 3 0,77 0,99 0,01
PEeCIIOHICHTOB
JKeHuuHbl Bcex BO3pacToB 47 3 0,66 0,99 0,01
MyK4nHBI BCEX BO3PACTOB 113 3 0,71 0,99 0,01
Pecnionientsl ot 18 119 3 0.73 0.99 0.01
710 25 JIeT BKJIFOUUTEIBHO
PecnionaenTs! ot 45 23 3 0.80 0.99 0.01
710 75 JIeT BKJIIOUUTEIBHO
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Oo6was KeHmmubl My K4nHBI PecrnioHieHTHI PecrnioHieHTHI
BBIOOpKA BCEX BCEX or 18 no 15 ner ot 45 1o 75 ner
PECIOH/ICHTOB BO3pacToB BO3pacToB

B Opranmzanus

Puc. 2. PacueTHple 3HAYCHUSI CyMM PaHIOB

aJIoB», «CTONMOCTb TIPOBE/ICHHS KAIIUTAILHOTO PEMOHTa
(BKITFOUAsE 3aTpaThl HA MaTepPHAbl U TNPTOBOE 000PYHO-
Banue)». OreHka Benach o 10-0aIbHOM MIKaje, Camblii
BbICOKHIT Oarut — 10, cambrit Hi3kuit — 1. Cpeganii O6amn
BBITIOJIHEHHOTO onpoca 1o (akropy «OpraHuszanusd —
3,2, no axropy «KauectBo» — 4,8, 1o daxropy «Crou-
MocTh» — 9,5. HeoOXomiMo 1aTh KOMILUTEKCHYIO OIICHKY
MPOM3BEJICHHOTO KAIIUTAIBLHOTO PEMOHTA.

C menpio pemeHns 3aJaqy HCIoIb3yeM 0000IIeH-
HYI0 (DYHKIIHIO JKeNaTreIbHOCTH XappHHITOHA, TpUMe-
HsIeMY0 1U1s popmanuzaiuu cyObeKTUBHBIX HEOIpeie-
JICHHOCTCH B MHOTOKPUTECPHATIBHBIX 33aa4aX, HallpuMep
JUIsl OLIEHKH 3()(EKTUBHOCTH MEPOTIPHUATHH 110 OXpaHe

B CrouMocCTh

m KagecTtBo

Tpyna [19, 20]. [Tokazatens xKenaTeabHOCTH U3MEHSIET-
cs B mipeaenax ot 0 (Hauxymammwmit) g0 1 (Hammydmai).
YacTHble 1MoKa3aTeild MOTYT U3MEHSATHCS B Ipeeliax
ot 2 10 5 (puc. 3). ®opmMyna, ONUCHIBAIOINIAS KKPUBYIO
JKEJaTeIbHOCTH» XappUHITOHA:

d = exp[-exp(-Y)], (6)
onpezenser GyHKIHUIO C IBYMs y4yacTKaMH HacbIIle-
HUs (Bd — 0 1 d — 1) 1 AMHEHHBIM y4aCTKOM MEXTY
HUMH. Y — HeKkoTopas Oe3pa3MepHas BEJINYUHA, CBS-
3aHHAas CO 3HAUYCHHEM HaTypaJIbHOTO (hakTopa JInHEeH-
HBIM 3aKOHOM:

)

Y=a,+a 7Y,

0.9 d il et L e, —_— gt SLAGIRSE S
: ;i N e
0,5 s e

0,7k aas Ao R [ Ui fencoood e (R R T [
i [} ] i i i i

0,6 f=rmmdmmm b m e e e e b S b b

0,68 nmm LIRS L e R e T JERS, (RSN
(] (] [ [ i i i 1

0,4 b Misbouad aB o gt contlisy tauss
i i i i i i i i

RS R R e e el 1 il e S e e T
0’2 . ] ] [ ' ' ' '

0,1 ez I useahoren gfibe e e bovataros TR
on Ak -
0 i i I L il } 4 il

-5 4 -3 -2 -1 0 1 2 3 4 y 5

Puc. 3. I'papuueckoe n3o00paskeHUE JICBOIT BETBU (DYHKIIMH XKENATEILHOCTH XappUHITOHA IIPH OAHOCTOPOHHEM OTPaHUYCHUH
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Taou. 4. YacTHbIe KeNnaTeIbHOCTH 0 XapPUHITOHY

Cpennuii 0ann Becosbie d Bep6an1/13a£11/1;1
3HAYCHUH
dakrop 0 OIPOCy KO3 HUIHUCHTBI Y 0 BBIPAXKCHHUIO
YACTHBIX
Y k ®) N
i i JKeJIaTebHOCTe!
CTOMMOCTh 9,5 0,335 4,630 0,99 OyeHb X0poILIo
KauecTtBo 4.8 0,500 0,963 0,68 Xopoto
Opranuszanus 3,2 0,165 -0,284 0,26 IInoxo

riae Y, — HarypasibHble (JakTOphl, B pacCMaTpUBAEMOM
ciaydae CpenHue Oaylibl, MOJYyYCHHBIC B PE3yjIbTare
ompoca.

Ocb KoopauHaT Y SBISIETCS IIKaJOW YaCTHBIX MO-
Kasarenei, och d — ImKanou kenarenbpHocTH. [Ikana
JKENaTeIbHOCTH JIeNUTCs B 1uanazone ot 0 1o 1 Ha maTh
nonranazonos: [0; 0,20]— «ouens mioxox; [0,20; 0,37] —
«moxo»; [0,37; 0,63] — «ymoBneTBopuTenabHOY; [0,63;
0,80] — «xoporo»; [0,8; 1,00] — «oueHb XOpOIIOY.

IToncraBuMm B ypaBHeHHE (6) periepHbIe 3HAUCHUS
IIKAJTBI JKEJIATEIBHOCTU d, TIOIYYHM CJICIYIOIINE BbI-
paxenus: 1 = exp[—exp(—Y0)]; 0,80 = exp[—exp(—Y1)];
0,63 = exp[exp(-Y2)]; 0,37 = exp[—exp(— Y3)]; 0,20 =
= exp[-exp(—Y4)]. [locne nBoiiHOTO JNOrapUPMHUPO-
Banusi: YO = 5,0000; Y1 = 1,5000; Y2 = 0,7725; Y3 =
=0,0057; Y4=-0,475; Y5=-2,0000. IloncTaBuB B BbI-
paxenue (7) kpaiiHue 3HAUEHUS KaJIbI Y (MakcuMalb-
HOM M MUHHMAJIbHOM KEIaTeIbHOCTAM d), MoJIydaeM
CUCTEMY YPaBHECHUM:

a,+a-Y . =5

H max
aO+a1 : Yumin :_2'

Pemas cucremy ypaBHeHHii, 0/ICTaBUB BMeCTO ¥
MAaKCHMaJIbHOE YHCII0 OAJITIOB U3 BO3MOXKHBIX T10 YCIIOBH-
sM poBesieHns onpoca (10), Bmecto Y, . MUHAMaNbHOE
gucio 0anioB u3 BO3MOXKHBIX (1), momydaem (opmyry
JUTSL IPe0Opa30BaHusI HATypalIbHBIX APAMETPOB B HACT-

HbIE JKeJIaTeIIbHOCTH:
d = exp(—exp(—(-2,78 + 0,78 - Y ))). ()
Pesynbrarsl pacyeToB cBeACHH B Ta0II. 4.

C yueToM BECOBBEIX KOA()(PHUIIMEHTOB MOTydaeM
0000IIIeHHBIN pe3yIbTar:

D=]T.,d"= 0,99 - 0,68% - 0,26°1 = 0,66.

[Tonmy4yenHOe 3HaUEHNE OTHOCHUTCS K ITOKa3aTellio
«Xoporom.

SAK/IIOYEHUE U OBCYXJAEHUE

AHanu3 MONTy4YeHHBIX B pe3yibrare o0paboTKH
JTAaHHBIX OMPOCA BBISIBUI PSII NHTEPECHBIX TEH/ICHINH.
O6a srama mokaszamnu (puc. 1, 2), 9To Bompoc yaoocTBa
JKUTEJNEH TPHU MPOBEJCHUN KAallHUTAIBHOTO PEMOHTA
MK/ a5t camux xuTenel He IpUOpUTETHBIN. JKurenu
BCEX BO3PACTOB M T€HJEPOB TOTOBBI HOTEPIIETH HEYI00-
CTBa B IPOIIECCE PEMOHTA. A TIPHOPHUTETHBIM SIBIISCT-

132

sl BOIIPOC IIPUMEHEHHS KaueCTBEHHBIX, HETOKCHYHBIX
MaTepHajoB M KauyecTBO OTHENKU. [lJisl )KeHIMH BCeX
BO3PACTOB OKa3aJiCsl BAYKHBIM BOIIPOC CTOMMOCTHU BbI-
IIOJIHEHHOI'0 peMOHTa. Ero akTyajbHOCTb I 3TOU
IPYIIbI PECIOHJIEHTOB MPAKTHYECKH Ha yPOBHE Ka-
YeCcTBa MaTepHaioB. DTO CBSI3aHO C TE€M, YTO UMEHHO
YKEHILIUHBI KOHTPOJIIMPYIOT PACXOAbI B CEMBSIX U CIISJIST,
4TOOBI BbIJICJICHHBIC HA KAIIUTAJILHBIA PEMOHT CPE/ICTBa
PAcX0OJOBAIIMCH LIEJICHAIIPABICHHO.

OcyniecTBICHHBII ONPOC IMO3BOJIMII PACCYUTATH
BecoBbIe KOI(D(HUIMEHTH (aKTOPOB, UYTO HPHUBEIO
K CO3[IaHUI0 METOJIUKH IKCIIPECC-OLIEHKH KAl TAILHOTO
pemonTa B MK/] Ha 0CHOBE CTaTHCTUYECKOTO TTOAXO0/A.
J1J1st IpakTHYeCKOro PUMEHEHUS! TIOJTyYEHHBIX PE3YITb-
TaTOB PACCUYMUTAHBI 1O OOLIEH BHIOOPKE PECIOHIICH-
TOB BECOBbIE KO3(D(OUIIMEHTHI KaXI0TO UCCIIEAYEMOTO
(dakropa: «Opranmzamus»y — 0,165; «CtoumocTsy —
0,335; «KauectBo» — 0,5, 4TO MO3BOJIMIO CO31AaTh
METOJIMKY DKCIIPECC-OIICHKH KayeCTBa BBIITOIHIEMbIX
KallUTaJIbHBIX PEMOHTOB C TOYKH 3PEHUSI KOHEUHOTO
norpeodutens — xureneid MKJ] Ha ocHOBe BepOaibHO-
YHCIIOBBIX IIKaJl XappHHITOHA.

O6paboTka pe3yJabTaToOB OIpoca MOKa3aya, u4To
JUISL OLIGHKH JIOCTOBEPHOCTH TPOBOAMMBIX METOJIOM
Jenbdu onpocoB clienyeT OpHUEHTUPOBATHCS HA J10-
CTHKEHHE OOJIbILIEeH JOBEPUTEIBHONW BEPOSTHOCTH,
a HE TOJILKO Ha BEJIMYMHY KOA(D(DHUIIHUESHTA KOHKOP/AALIWH.

W3ydeHune oOIIECTBEHHOrO MHEHUS Ha CIEIYIO-
IIEM YPOBHE JIaCT BO3MOYKHOCTbH BBISIBUTH aKTyaJbHbIC
BOIIPOCHI TIPU OCYIECTBICHUH KalUTAIBHOTO PEMOH-
Ta (000OCHOBaHHME M COCTABJICHUE TNIAHOB MIPOBEICHMS
pabot, BEIOOP 3(P(HEKTHBHBIX U NPUEMIIEMBIX TEXHOJIO-
TMYECKHUX PELICHHH U p.), @ TAKXKE JOMOJIHUTH CYIle-
CTBYIOIIIIC HOPMATHBHBIC TOKYMEHTBI® &,

Meromooruyeckie OCHOBBI IAaHHOTO UCCIIe0Ba-
HUSI YaCTUYHO OBUIM JIOJIOKEHBI Ha MeXIyHapOJHOM
cumnosuyme «The future of the construction industry:
challenges and development prospects» [21].

¢ MJIK 2-03.2003. TTpaBuiia 1 HOPMbI TEXHUYECKO# HKCILTya-
TaIIK )KWIAIIHOTO QOH/A.

7 CII 368.1325800.2017. 3nanust xuibie. [IpaBuia mpoeKTH-
POBaHUsI KalUTAIEHOTO PEMOHTA.

8 BCH 41-85(p). MHcTpyKiust 1o pa3paboTKe IPOCKTOB Opra-
HH3aL[HU U TIPOSKTOB IPOU3BOJICTBA PA0OT 110 KAUTAIBHOMY
PEMOHTY JKWJIBIX 3/1aHHUIA.
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INTRODUCTION

Currently, more than 3.5 million Muscovites live
in buildings that have undergone major repairs'. In
2015, Moscow launched a major repair programme, one
of the most ambitious housing modernization projects in
Russia and the world. The programme is scheduled to
run until 2044. It includes: 29,000 buildings (with a to-
tal area of 290 mln m?); more than 420,000 engineering
systems and structural elements of buildings; replace-
ment of 115,000 lifts. The main objectives of the ma-
jor repairs to residential buildings are to resolve the is-
sue of incomplete repairs carried out in previous years;
improve the appearance of buildings; increase comfort;
preserve the historical and cultural image of the city and
the safety of Moscow’s high-rise buildings'. The website'
describes in detail the algorithm for carrying out major
repairs of apartment buildings (AB), from the submis-
sion of a proposal for major repairs to the acceptance
of work (signing of the act). The quality of major repairs
and the living conditions of citizens during repairs are
under close scrutiny by citizens and the media. In 2015,
GOST R 56193-2014? was introduced. Immediately af-
ter the launch of the ARF Centre’s “People’s Expertise”
programme, a practical guide was published on issues
related to the organization of major repairs to com-

! Major repairs to residential buildings. URL: https://www.
mos.ru/city/projects/kapremont/#

2GOST R 56193-2014. Housing and communal services and
management of apartment buildings. Major repair services for
common property in apartment buildings. General require-
ments.
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mon property®. Despite the transparency of the process
of organizing major repairs and the attention paid to it
by public organizations, the number of complaints from
residents on the Moscow mayor’s website is not decreas-
ing*. Consequently, studying public opinion on this issue
and making decisions to eliminate emerging problems is
currently a pressing task.

One effective way to assess the quality of repairs
is to conduct a public opinion poll. Previous studies
have addressed general issues (awareness, participa-
tion in meetings on major repairs, fundraising) [1]. It
has been noted that homeowners are sometimes unable
(or unwilling) to influence the course of repairs [2, 3]
or that their complaints are ignored by contractors [4].
At the same time, federal law regulates the procedure
for compensating for harm caused to the life or health
of individuals during major repairs°.

A review of foreign sources on the issue of major re-
pairs to apartment buildings as the main focus of research
revealed the topic of energy efficiency of the measures
taken [5—7]. There are works devoted to the multi-criteria
evaluation of contractors [8], as well as the development

3 Control over the process of major repairs of common
property: rights and opportunities of citizen-owners:
practical guide. URL: https://fondkr10.ru/assets/dokumenty/
Informaciya-sobstvennikam/Publikacii-broshyury-pamyatki/
Prakticheskoe-posobie-Kontrol-za-processom-kapitalnogo-
remonta-obshego-imushestva.pdf

4 Sergey Sobyanin's personal blog. URL: https://www.
sobyanin.ru/program/ticket/512

5 Urban Planning Code of the Russian Federation dated 29 De-
cember 2004 No. 190-FZ, Art. 60.
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of models for estimating the time required for building
repairs based on machine learning [9].

The authors of this study believe that in the current
Russian context, the most objective assessment of the qual-
ity of major repairs and the development of ways to im-
prove them can only be provided by a public opinion poll
with a representative specimen of respondents. The aim
of this study is to look at the problem of major repairs
to multi-apartment buildings from the point of view
of the end user — the residents of multi-apartment build-
ings during major repairs without relocation and after re-
pairs. The survey revealed that the priority factor for resi-
dents of multi-apartment buildings of all ages and genders
when assessing major repairs is the use of high-quality,
non-toxic materials and the quality of finishing. For wom-
en of all ages, the cost of repairs was an important issue.
Its importance for this group of respondents was almost
on a par with the importance of the quality of materials.
For the purpose of practical application of the results ob-
tained, weighting coefficients for each factor studied were
calculated for the total specimen of respondents, which
made it possible to create a method for rapid assessment
of the quality of major repairs from the point of view
of the end user — residents of multi-apartment buildings —
based on Harrington’s verbal-numerical scales.

MATERIALS AND METHODS

The authors conducted a survey using the Delphi
method, which is a method of forecasting and decision-
making based on the anonymous collection of opinions
from a group of experts (respondents). A distinctive
feature of the Delphi method is its iterative process: ex-
perts (respondents) answer questions in several rounds,
with each subsequent round building on the results
of the previous one. The Delphi method is used in con-
struction, for example, to assess critical factors influ-
encing human errors related to design decisions [10]; to
evaluate energy consumption systems [11]; to identify
the main causes of accidents on construction sites [12];
assessing the risks of accidents on construction sites
caused by worker fatigue [13]; researching the pros-
pects for the construction of multi-storey wooden
buildings [14]; and studying safety issues in small and
medium-sized construction companies [15].

Justification for the number of respondents

The survey involved 160 residents of Moscow and
the surrounding area aged between 18 and 75, including 47
women and 113 men. Mathematical statistics were used
to determine whether the number of respondents was
sufficient for the task at hand. The literature [16] pro-
vides a rule for calculating the minimum number of re-
spondents (experts) m,_, depending on the permissible
error value, according to which the following expres-
sion is valid:

m,, =05- (3 + 5), (1)

o

where a is the error of the analysis result, taking values
from 0 to 1 (significance level). According to the data
published in [16], expression (1) is most applicable
when conducting a survey using the Delphi method. For
a significance level of a = 0.05 (confidence probability
of 0.95) according to formula (1), the minimum num-
ber of respondents is 33; for a significance level of 0.01
(confidence probability of 0.99), the minimum number
of respondents is 152.

It is clear that the number of experts who partici-
pated in the survey is sufficient (m > m__ ) at the highest
confidence level.

Selection of factors to be evaluated

For the purpose of the initial survey, the following
factors were selected, which respondents were asked to
rank:

» compliance with repair work deadlines;

* cost of work performed;

* quality of finishing works;

+ convenient organization of temporary storage
of materials for residents;

* use of environmentally friendly, non-toxic ma-
terials;

* quality of lift equipment replacement.

The factors were selected based on considerations
of time and cost, as well as ensuring safety during
the overhaul.

RESEARCH RESULTS

Initial processing of survey results

The following rules were used when filling out
the survey table: the most significant factor was as-
signed a rank of 1, and the least significant factor was
assigned a rank of 6. If a respondent did not take one
factor into account, the maximum rank value was taken
as the assessment; if the respondent did not take several
characteristics into account, they were assigned the same
ranks, equal to the arithmetic mean of the remain-
ing unused assessments. To assess the consistency of
respondents’ opinions, an alternative consistency coef-
ficient was used [17, 18], which is a modification
of Kendall’s concordance coefficient as a multiple vari-
ant of rank correlation:

W= T 5 ; (2)
Em (n - n) —3m(2m(n + l) —1) -6(n, m)

S= Z;[Z:erik - O.Sm(n + I)T;

o, m)— { 0, where m(n+1)is even

where 7 is the number of factors.

Fig. 1 shows the distribution of rank sums across
all specimen options considered. It is clear that in this
survey, the minimum rank sum (the most significant

1, where m(n + 1) is an odd number,
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" Men of all ages 385.5 409.5 252 514.5 399.5 412
®  Women of all ages 185 198 80 227 147 150
= General sample 571.5 608.5 336 737.5 547.5 559

Fig. 1. Distribution of the sum of ranks by factors

factor) corresponds to the factor “Quality of finishing
works”, and the maximum rank sum corresponds to
the factor “Convenient organisation of temporary stor-
age of materials for residents” (the least significant fac-
tor). Nevertheless, it would be incorrect to draw con-
clusions based on the results of this part of the study
without assessing the significance of the calculated con-
cordance coefficients.

The calculated values of the concordance coeffi-
cient for all respondent specimens are given in Table 1
(column 4). It is clear that, from a formal point of view,
only one of the concordance coefficients (the “Wom-
en” specimen) corresponds to a satisfactory agreement
among respondents (0.5). However, for surveys with
a large number of respondents, this approach is incom-

plete (this issue is discussed further below). Therefore,
the significance of the obtained concordance coefficient
values is assessed according to two criteria: Pearson’s
and Fisher’s Z-criterion.

According to [16], the empirical value of Pear-
son’s criterion is determined by the expression:

e=m-(n-1)-W. 3)

The number of degrees of freedom v =rn — 1. For
all specimens, the value of the degree of freedom is 5.
Empirical values ¥* in column 5 Table 1.

For Fisher’s Z-test, according to publication [16],
the following value is used as the critical statistic:

Z=0.5-In[(n+ DHW/(1 - W)]. 4)

Table 1. Calculation of the significance of concordance coefficients

w e Zz v, | v, 7
Specimen m | n according to | according b according to . criterion value
p expression | to formula | criterion value | expression e;ccordingsto
@) 3) “) ormula (3)
1 2 |3 4 5 6 7 8 9 10
Total specimen of
160 | 6 0.19 152.00 0.25 5 795
respondents 11.07 29
Women of all ages | 47 0.51 119.85 (Siglllgz;‘nce 0.99 5 | 230 | (significance
Men of all ages 113 0.16 90.40 0.05) 0.14 5 560 level 0.05)
. 2.8
Respondents aged 18 15.07 o
10 25 inclusive 119 | 6 0.17 101.15 (significance 0.18 5 590 | (significance
Respondents aged 45 level 0.01) level 0.01)
pondents ag 23 6| 027 31.05 ' 0.48 5 | 110
to 75 inclusive
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Table 2. Grouping of factors

Factors

Combined groups of factors

Compliance with repair work deadlines

Convenient organization of temporary storage
of materials for residents

Organization of major repairs (duration, deadlines, storage

of materials)

Cost of work performed

Quality of lift equipment replacement

Cost of major repairs (including costs of materials and lift

equipment)

Quality of finishing works
Use of environmentally friendly, non-toxic materials

The degrees of freedom of statistic (4) according
to [16] are calculated for the task of determining sig-
nificance as:

v, =n-1Lv, =(m-1)-v. 5)

The calculated data are entered in Table 1, colu-
mns 7-9.

Since, according to Table 1, for all specimens,
the empirical value of % is greater than the criterion value
even for a significance level of 0.01, the opinions of ex-
perts at this significance level can be considered consis-
tent in all specimens considered. A similar result was
shown by the analysis of data using Fisher’s criterion.

Second round of research. Grouping of factors

Next, in accordance with the ideology of the survey
method used, the factors were grouped (Table 2) into
three groups, conditionally designated as “Organization
of major repairs”, “Cost of major repairs” and “Quality
of finishing works and materials used”, hereinafter re-
ferred to as “Organization”, “Cost,” and “Quality.”

The results of the statistical processing of the sec-
ond round are shown in Table 3 and Fig. 2.

For practical application of the results obtained,
weight coefficients for each factor studied were calcu-
lated for the total specimen of respondents: “Organiza-
tion” — 0.165, “Cost” — 0.335, “Quality” — 0.500.

Practical application of the results obtained
to assess the quality of major repairs in
multi-apartment buildings

As asmall example, let us consider a survey in
a multi-apartment building in Moscow after major re-
pairs were carried out. The respondents are residents
of the building of all ages and genders. The following

Table 3. Results of expert agreement in the second round

Quality of finishing works and materials used

factors were assessed: “Organization of major repairs (du-
ration, deadlines, storage of materials)”, “Quality of fin-
ishing works and materials used”, and “Cost of major re-
pairs (including the cost of materials and lift equipment)”.
The assessment was carried out on a 10-point scale, with
the highest score being 10 and the lowest being 1. The av-
erage score for the completed survey for the “Organiza-
tion” factor was 3.2, for the “Quality” factor was 4.8, and
for the “Cost” factor was 9.5. A comprehensive assessment
of the major repairs carried out is required.

To solve the problem, we use Harrington’s gener-
alized preference function, which is used to formalize
subjective uncertainties in multi-criteria problems, for
example, to evaluate the effectiveness of occupational
safety measures [19, 20]. The desirability index rang-
es from 0 (worst) to 1 (best). Individual indices can
range from 2 to 5 (Fig. 3). The formula describing Har-
rington’s “desirability curve” is:

d = exp[-exp(-1)], (6)

defines a function with two saturation regions (at d — 0
and d — 1) and a linear region between them. Y is a di-
mensionless quantity related to the value of the natural
factor by a linear law:

Y=a,+a Y, (7)

where Y are natural factors, in this case the average
scores obtained from the survey.

The Y-axis is a scale of individual indicators, and
the d-axis is a desirability scale. The desirability scale is
divided into five sub-ranges from 0 to 1: [0; 0.20] — “very
poor”; [0.20; 0.37] — “poor”; [0.37; 0.63] — “satisfac-
tory”; [0.63; 0.80] — “good”; [0.8; 1.00] — “very good”.

. v . Pearson’s confidence .
Specimen m n by expression - Significance level
) probability

Total specimen 160 3 0.77 0.99 0.01
of respondents

Women of all ages 47 3 0.66 0.99 0.01

Men of all ages 113 3 0.71 0.99 0.01

Respondents aged 18 119 3 0.73 0.99 0.01
to 25 inclusive

Respondents aged 45 23 3 0.80 0.99 0.01
to 75 inclusive
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Fig. 2. Calculated values of rank sums

Substituting the reference values of the preference  tions of the survey (10) for ¥, and the minimum num-
scale d into equation (6), we obtain the following ex-  ber of points possible (1) for Y, . we obtain the formula
pressions: 1 = exp[—exp(—Y0)]; 0.80 = exp[—exp(—Y1)];
0.63 = exp[exp(-Y2)]; 0.37 = exp[—exp(— Y3)]; 0.20 =
= exp[-exp(-Y4)]. After double logarithmation: d = exp(-exp(~(-2.78 + 0.78 - 1 ))). ®)
Y0=15.0000; ¥1=1.5000; ¥2=0.7725; ¥Y3=0.0057; Y4 = The results of the calculations are summarized in
=-0.475; ¥5=-2.0000. Substituting the extreme values  T,pie 4.
of the Y scale (maximum and minimum desirability )
into expression (7), we obtain a system of equations:

{ao—i—al.YHmax:S;

for converting natural parameters into partial desirability:

Taking into account the weight coefficients, we ob-
tain the following generalized result:
ay+a Y =2 D=]T. d"=0.990%5 - 0.68"3 - 0.26"1% = 0.66.

Solving the system of equations, substituting The value obtained corresponds to the “Good” in-
the maximum number of points possible under the condi-  dicator.

1
7 ' ' ' | | ] :
L T T e e e i
(] [} ] [ i i 1
0.3 et e e
0.7k aas Ao R [ Ui fencoood - e [BER T S [T
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0.6 frmmdmmrmrrr e drm e b m e e e b e e e e
068 nmm LIRS L e R e T JERS, (RSN
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N R R e e el 1 il e S e e T
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Fig. 3. Graphical representation of the left branch of the Harrington preference function with a one-sided restriction
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Table 4. Particular preferences according to Harrington

d Verbalization
Average score Weighting . of the values
Factor . . Y according .
in the survey Y coefficients k. . of particular
n / to expression (8)
preferences
Cost 9.5 0.335 4.630 0.99 Very good
Quality 4.8 0.500 0.963 0.68 Good
Organization 32 0.165 -0.284 0.26 Poor

CONCLUSION AND DISCUSSION

Analysis of the survey data revealed a number
of interesting trends. Both stages showed (Fig. 1, 2)
that the issue of convenience for residents during ma-
jor repairs to multi-family buildings is not a priority for
the residents themselves. Residents of all ages and gen-
ders are willing to put up with inconveniences during
the repair process. The priority is the use of high-quali-
ty, non-toxic materials and the quality of the finish. For
women of all ages, the cost of the repairs was an impor-
tant issue. Its relevance for this group of respondents is
practically on a par with the quality of materials. This
is because it is women who control household expenses
and ensure that the funds allocated for major repairs are
spent in a targeted manner.

The survey allowed us to calculate the weighting
coefficients of the factors, which led to the creation
of a methodology for the rapid assessment of major re-
pairs in multi-apartment buildings based on a statistical
approach. For the practical application of the results ob-
tained , the weighting coefficients of each factor studied
were calculated for the total specimen of respondents:
“Organization” — 0.165; “Cost” — 0.335; “Qual-
ity” — 0.5, which made it possible to create a method
for rapid assessment of the quality of capital repairs

from the point of view of the end user — residents
of multi-apartment buildings — based on Harrington’s
verbal-numerical scales.

Processing of the survey results showed that in or-
der to assess the reliability of surveys conducted using
the Delphi method, it is necessary to focus on achieving
greater confidence probability, and not just on the value
of the concordance coefficient.

Studying public opinion at the next level will make
it possible to identify current issues in the implemen-
tation of major repairs (justification and preparation
of work plans, selection of effective and acceptable
technological solutions, etc.), as well as to supplement
existing regulatory documents® -8,

The methodological foundations of this study
were partially reported at the international symposium
“The future of the construction industry: challenges and
development prospects” [21].

¢ MDK 2-03.2003. Rules and standards for the technical
operation of the housing stock.

7 CP 368.1325800.2017. Residential buildings. Rules for
the design of major repairs.

8 VSN 41-85(r). Instructions for the development of projects
for the organization and production of major repairs
of residential buildings.
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