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AHHOTALUMNA

BBepeHue. Ha gaHHbIi MOMEHT B Hay4YHbIX MCCINEAOBaHMUAX TEXHOMOMMYHOCTb CTPOUTENBbHbLIX KOHCTPYKLMUIA, MPOEKTHbIX
peLueHunii, NponsBoacTBa paboT v aKcnnyaTauuy 30aHUn U COOPYXEHUIA ONPEaEnsieTcs pasnUYHbIMUA KONUMYECTBEHHbLIMY
W KayeCTBEHHbIMW MokasatensiMu. [daHHble nokasaTteny obpasyroT COBOKYMHOCTb OLEHOYHbIX KPUTEPUEB, MO3BOSSIOLLYIO
OLEHUTb YPOBEHb TEXHOINOMMYHOCTM CTPOUTENBbHBIX CUCTEM Ha pasHbix dTanax. [oaxoabl K OLEHKe TEXHOMOMMYHOCTA MOTyT
ObITb pa3HoOOpa3sHbl B 3aBMCMMOCTY OT MCXOAHbIX MOKa3aTenen TEXHONOMMYHOCTY U Lene KOHEYHOro pesynbsrara.
MaTtepuanbi u meToabl. B 0CHOBY NONoXeHo uccrnefoBaHne BapnaTUBHBLIX MOAXOL0B K OLLEHKE TEXHONMOMMYHOCTU Npu Npo-
M3BOACTBE paboT MO YCTPOMCTBY CTPOUTENbHBIX CUCTEM, DA3NPYOLLUMXCA HAa MPUMEHEHUM (DaKTOPHbIX MOogenen aerep-
MWHUPOBAHHOTO aHanusa. PaccmoTpeHbl cnepytoLme KnoveBble hakTopHble MOAENW: aaauTUBHAS, MyNbTUMNNMKaATUBHAS,
KpaTHasi 1 cMellaHHasi (KoMBMHVMpOBaHHast). YCTaHOBMEHbI M NpoaHanM3vpoBaHbl BapuaLuy pesyrnbTUpYHLLEro NokasaTe-
NSl — VMHAMKaTOpa TEXHOMOMMYHOCTM HA OCHOBAHWUM AaHHbIX MOAENEN NpU UCCNenoBaHnM hakTOPHbIX NMPU3HAKoB B abco-
TIOTHBIX U OTHOCUTESbHbIX BENMYNHAX.

Pe3ynbraTthbl. BoinonHeHHas cuctematmsaums BapyaTMBHbIX NMOAXOAOB K OLIEHKE TEXHOMOMMYHOCTM MOXET CNyXuTb 6a3omn
AN MOOENUPOBaHUST YPOBHS TEXHONOTMYHOCTU CTPOUTENBHBIX CUCTEM Ha Pa3nMYHbIX 3Tanax XXM3HEHHOTO LiKna B 3aBUCK-
MOCTHM OT (DaKTOPHbIX MPU3HAKOB NPOLLECCOB, a TaKKe OCHOBOM ANs (DOPMUPOBAHUS METOAONOMMYECKON 6asbl MO KOMMMEKC-
HOW OL|EHKEe TEXHONMOrMYHOCTU NPU NPOM3BOACTBE paboT Mo YCTPOWCTBY CTPOUTENbHBIX CUCTEM.

BbiBoAbl. [Npy paccMOTpeHHbIX BapuaTUBHbIX MOAXoAax B 6ONbLUMHCTBE CllyYaeB pacyeTbl UHAUKATOPOB TEXHONOMMYHOCTM
nokasanu, 4To bakTopHbIe NPU3HaKW NpY NPOU3BOACTBE CTPOUTENBbHBLIX CUCTEM 0BecneyrBatoT B3avMHOe BnusiHie Ha 6a3sy
HauucreHns pe3ynbTUpytoLLero nokasarens. B pamkax noaxonos, OCHOBaHHbLIX HA MPYMEHEHUN AeTEPMUHUPOBAHHOIO dhak-
TOPHOrO aHanm3a npu OLEeHKe TEXHOINOMMYHOCTM, NMOCMEAYHOLWUM STAMNOM BbICTYNAET UCCNEAOBAHNE U aHaNU3 U3MEHEHNS
MHAMKATOpa TEXHONMOMMYHOCTU NpPY NPOU3BOACTBE PabOT MO YCTPOWUCTBY CTPOUTENbHbIX CUCTEM KaK pe3yNnsTaTUBHOIO Mo-
KasaTens.
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ABSTRACT

Introduction. At present, in scientific research, manufacturability of various types: manufacturability of building structures,
manufacturability of design solutions, manufacturability of work production and manufacturability of operation of buildings
and structures — are determined by various quantitative and qualitative indicators. These indicators form a set of evaluation
criteria that allows assessing the level of manufacturability of building systems at various stages. Approaches to assessing
manufacturability can vary depending on the initial indicators of manufacturability and the goals of the final result.
Materials and methods. The paper is based on the study of variable approaches to assessing manufacturability in the con-
struction of building systems, based on the application of factor models of deterministic analysis. The following key factor
models are considered: additive, multiplicative, multiple and mixed (combined). Variations of the resulting indicator — the in-
dicator of manufacturability, based on these models when considering factor features in absolute and relative values are
established and analyzed.
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Results. The completed systematization of variable approaches to technological assessment can serve as a basis for mod-
elling the level of technological effectiveness of construction systems at various stages of the life cycle depending on the fac-
torial characteristics of the processes, as well as as a basis for the formation of a methodological base for a comprehensive
assessment of technological effectiveness in the production of work on the installation of construction systems.
Conclusions. In the considered variable approaches, in most cases, the calculations of the indicators of manufacturability
showed that the considered factor characteristics in the production of the device of building systems provide a mutual influ-
ence on the basis for calculating the resulting indicator. Within the framework of approaches based on the use of determin-
istic factor analysis in assessing manufacturability, the next stage is the study and analysis of the change in the indicator
of manufacturability in the production of works on the device of building systems, as a result indicator.
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BBEJIEHUE

B crpoutenbHON OTpaciau NOHATHE TEXHOJIOTWY-
HOCTHU JETAJIM3UPOBAHO IO PA3IUYHBIM dTallaM KH3-
HexHoro nukia (OKLI) cTpouTenbHBIX CHCTEM H OIpe-
JIeIsIeTCsl CAeyIOIMMU BUAAMH: TEXHOJIOTHUYHOCTD
CTPOUTENBHBIX KOHCTPYKIHH, TEXHOJIOTHIHOCTD MPO-
SKTHBIX PCIICHUH, TEeXHOJIOTHYHOCTh IPOU3BOJICTBA
paboT ¥ TEXHOJIOTUYHOCTh IKCIUTyaTaIluH 31aHui U CO-
opyxeHu# [1]. TeXHONOrMYHOCTh CTPOUTEIBHBIX KOH-
CTPYKIMH 00yCJIOBIMBAETCSI COOTBETCTBHEM JAHHBIX
KOHCTPYKIHMH yCTaHOBJICHHBIM TPEOOBaHUSAM TEXHOJIO-
THYCCKUX MPOLECCOB Ha 3Tallax U3rOTOBJICHUSA, TPAaHC-
MTOPTUPOBKH, MOHTaKa U SKCIuTyararwu [2]. [IpoekTHas
TEXHOJOTMYHOCTh 000OCHOBaHA BHIOOPOM Hambolee pa-
IIMOHAJIHOTO BapuaHTa COBOKYITHOCTH OOBEMHO-IIIA-
HUPOBOYHBIX, KOHCTPYKTHBHBIX M OPTraHU3alMOHHO-
TEXHOJIOTUYECKUX PEIICHUN CTPOUTEIBLHONW CUCTEMBI
no 3agaHHeIM napametrpam [3]. Ilog crpoutensbHOU
TEXHOJOTUYHOCTHIO IMOHUMACTCA COBOKYITHOCTH TCX-
HOJIOTHYECKHX TPOLECCOB, UCTIONb3YEMBIX TIPH MTPOH3-
BOJICTBE pabOT IO YCTPOWCTBY CTPOUTENILHBIX CHCTEM
1 XapaKTePU3YIOIINXCS PA3TNIHBIMHA TEXHOJIOTHIECKH-
MU TapaMeTpaMu. ITomumo 9TOI0, BBIACIACTCA IMOHATUC
«KOMIUIEKCHAsI TEXHOIIOTHYHOCTEY, KOTOPOE OObEIUHSIET
B ce0Oe pa3IMYHbIe BUJIBI TEXHOJIOTUYHOCTH, OXBATHIBAS
HeckoJbKo 3TanoB XKL cTpouTeNbHBIX CUCTEM, HAIIPU-
Mep, OT U3TOTOBIICHUS JI0 KCIUTyaTaluu o0bekTa [4, 5].

Kasxap1ii BUIT TEXHOJIIOTHYHOCTY yCTAHABINBAET CH-
CTEMy OLICHOYHBIX [T0Ka3aTelIeH, II03BOJISIOIINX BEISIBUTh
YPOBEHb TEXHOJIOTUYHOCTH TOW WJIM HHOUW CTPOUTETHHOM
CHCTEMBI, BEIPOKCHHBIN OIPE/ICIIEHHBIM 0000IEHHBIM
nokasarenem [6]. B kauecTBe MaTeMaTH4eCcKoro amma-
para BO3MOKHO HCIIOJIb30BAHUE PAa3JIMUYHBIX METOJOB,
TMO3BOJIAIONIUX YCTAHOBUTH 3aBUCUMOCTH OLCHOYHBIX
ToKazaresneil Ipu MPOU3BOACTBE padoT MO yCTPOHCTBY
CTPOUTCIIbHBIX CUCTEM OT PE3YJIbTATUBHOI'O 3HAYCHUA
YPOBHS TEXHOJIOTHYHOCTH. Cpeay TaKUX KOINYECTBEH-
HBIX U Ka4eCTBEHHBIX METOJIOB OLIEHKH MOXKHO BBIJIe-
JUTH: PETPECCUBHBIN, KOPPEIAIMOHHBINA, (haKTOPHBIHA
aHaJIM3, a TAaKKe METOJI IKCIIEPTHBIX OIIEHOK [7-9].

MeTo/ SKCTIEPTHBIX OLIEHOK MPEACTABISIET COOOM
YHHUBEPCAJIBHBIN MTOJX0/ B Pa3JIYHBIX OTPACIISX IKO-

120

HoMukH [10, 11], mo3Bonsromuii CHCTEMaTU3UPOBATH
U YNOPSIOYUTh pa3IHuHbIe JaHHBIE AJISl ONPEIEICHUs
KOHEYHOro pe3ysbTaT. Tak, JaHHBIA METOX TaKKe MO-
JKET OBITh MCMOIB30BAH /ISl OLIEHKH TEXHOJIOTHYHOCTH
MIPU MPOU3BOJICTBE PAbOT MO YCTPOUCTBY CTPOUTENb-
HBIX CHUCTEM IIyTEM PaHKUPOBAaHUSA OCHOBHBIX IOKa-
3aresneil, KOTOpble BHIPAKCHBI KaK KOJTMYECTBEHHBIMH
3HAUYCHUSIMH B a0COJIIOTHBIX BEJIMYMHAX, TAK U Kade-
CTBEHHBIMH XapaKTEepUCTUKAaMHU Tporiecca [12—14].

[Ipu uccnenoBaHnM KOMMYECTBEHHBIX MTOKa3aTeNnen
mpolrecca MPOU3BOJCTBA CTPOUTEIBHBIX CHCTEM MO-
JKeT OBITh MPUMEHEH TO/X0J], OCHOBAHHBIN Ha JIeTep-
MHUHHPOBAaHHOM (PaKTOPHOM aHajH3e, KOTOPbI aaer
BO3MOKHOCTb ITPOBECTH OLIEHKY U aHAJIN3 €r0 YPOBHS
TEXHOJIOTUYHOCTH. DTOT METO/ ITMPOKO PacIpOCTPaHEH
B SKOHOMHYECKOW MPAKTUKE BBULY CBOEH HAIIPABICHHO-
ctH [15], mpu 3TOM Takke Haien MPUMEHEHHE U B TeX-
HUYECKOH OTpaciu Uist OUeHKH [16] pe3ynbTaTuBHOCTH
pelIeHnii, OTHAKO MCIONb30BaHUE U aJanTalnus JaHHOTO
MOAX0/a K OLEHKE TEXHOJIOTHYHOCTU B CTPOUTEILCTBE
HE OTPAXCHBI B HAYYHBIX HCCIICTOBAHMUIX.

MATEPHUAJIBI U METO/bI

B xagecTBe BapHaTHBHBIX MOIXOA0B K OIIEHKE TeX-
HOJIOTHYHOCTH TIPH MTPOU3BOJICTBE pabOT MO yCTpPOii-
CTBY CTPOHUTENBbHBIX CHCTEM MOTYT HCIIOJIb30BaThCA
MIPHEMBI JIETEPMUHNPOBAHHOTO (haKTOPHOTO aHaAJIM3a,
aaNTUPOBAHHOTO IMOJ KOHEYHYIO 1] HCCIIeI0Ba-
HUS, 1 OCHOBAHHBIC HAa KOJIMYECTBEHHBIX MOKa3aTe-
JISIX TIPOLIECCOB. DTOT aHAJIN3 HANpPaBICH HA U3yUYCHHE
BIMSHUS (paKTOPOB HA PE3yIbTATUBHBIA MOKa3aTelNb
IpY HATMYUK (QyHKIIMOHAIBHOM 3aBUCHMOCTH MEXIY
¢dakropamu u mokazaresneM. DyHKIMOHANbHAS 3aBH-
CUMOCTb MOKET BBIPAKAThCSI CIENYIOIUMHU (aKTop-
HBIMU MOJICIISIMU: aJANTUBHON, MYJIBTUIUINKATHBHOM,
KpaTHOM U cMelanHoM (koMOuHupoBaHHOK) [17-19].

ITon daxropamu nau (GakTOPHBIMH NMPHU3HAKAMHA
OyZyT BBICTYIATh KIIFOYEBBIC TTAPAMETPBI, XapaKTepHU3Yy-
IOIINE U OTPEEIISIONIIE POLIecC TPOU3BOACTBA paboT
M0 YCTPONCTBY CTPOUTEIBHBIX CUCTEM KaK ONTHMAalb-
HBI{, pALlMOHAJIbHBIN U TEXHOIOTUYHBINA. Tak, Hanpumep,
Ipoliecc NPOMU3BOACTBA PadOT MO YCTPOUCTBY CTPOU-
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TCJIBbHBIX CUCTEM MOXKXHO OXapaKTCPU30BaATH OCHOBHBI-
MU TEXHOJIOTUYECKUMH MapaMeTPaMH, KaK MPOIOIKH-
TEILHOCTbD, TPYAOEMKOCTh i CTOUMOCTh pa0oT, KOTOpbIE
cTaHyT ()aKTOPHBIMH TIPH3HAKAMH PE3YJIBTATHBHOIO T10-
Kazaresnsi — U3MEHEHHUs TEeXHOJIOTHYHOCTH. B kauecTse
Pe3yJabTaTUBHOTO TTOKa3aTessi He0OX0IMMO BBECTH I10-
HATHE UHIUKATOPA TEXHOJIOTHYHOCTH, ONPEACIISIONIETO
B3aMMOCBSI3b 33/IaHHBIX (PAKTOPOB CHCTEMBI.

[Hanee Ha abcTparnpoBaHHOM IIpUMeEpe paccMma-
TPUBAIOTCA BapUAHTBI OMPCACIICHUA UHIAUKATOPOB TEX-
HOJIOTHYHOCTH TIPH MTPOU3BOJICTBE PabOT 1O YCTpPOii-
CTBY CTPOUTEIBHBIX CUCTEM Ha Pa3IUYHBIX dTamax
C IPUMEHEHUEM Pa3IMYHbIX (paKTOPHBIX Mojesel Je-
TepMUHHPOBAHHOTO aHaim3a. B Tabm. | mpencrasie-
Ha MaTpHIa ONpeaessomux (pakTopoB Ha pa3IMIHbBIX

PaccmoTrpuM niepBblil BApUAHT ONPENEICHUS UH -
KaropoB TEXHOJIOTHYHOCTH, IIPH KOTOPOM 3HaYEHHsI (hax-
TOPOB OCTAIOTCSI A0COFOTHBIMY BEJIMUUHAMHE (Ta0II. 2).

Hcnonbs3oBaHue aiJuTUBHON MOJEIH, [IPEICTAB-
Jsitole co0oil anredpandeckyro CyMMy HECKOJIbKUX
(hakTOpoB, HelenecooOpa3Ho B CBS3H C TEM, YTO pa3-
MEPHOCTBb KaXKJ0TO IMoKasaTeJisl HC UACHTUYHA. MyJ'H)TI/I-
IJIMKaTUBHAA MOACIIb ONIPEACIICHUS HHAUKATOpa TEXHO-
JIOTUYHOCTHU OTpaXa€T B3aUMOYBA3aHHOC BJIMAHHEC
Ha 3HAYEHHE MHAMKATOPa TEXHOJOTMYHOCTH, 00pasys
KOMOMHHMPOBaHHYIO Pa3MepHOCTb Ioka3zareis. Kpat-
HYIO MOJIeJIb BO3MOXKHO HCIIOJIb30BaTh IpHU JIBYX(pak-
TOPHOCTH aHaJIN3a, KOTOPasi MO3BOJISIET ONPEACINUTh
pe3yIbTaTUBHBIIN MOKa3aTeNb KaK YaCTHOE OT ACTICHUS
JBYX (hakTopoB. B cBsi3u ¢ 3TUM U1l paccMaTpuBaeMo-
ro MpuMepa HEBO3MOYKHO HCIIOJIb30BaTh TaHHYIO MO-

aranax MpOU3BOJCTBA CTPOUTEIBHBIX CUCTEM. nenb. KoMOMHUpOBaHHAS MONIEJIb — 3TO COBOKYII-
Taou. 1. Marpuia GpakTopoB B aOCOIFOTHBIX BETHMYHHAX
. basosbie IIpoexrHbie dakTHUeCKHe
DaxTOpHBIN NpU3HAK
3HAYCHHS 3HAYCHHS 3HAYCHUS

IponomxurensHocTs padot I, gHu 100 95 93

Tpynozatparsl 3Tp., 4el.-IH. 110 103 99

Crommocts C, THIC. pyO. 20 19 18

TabJ. 2. PacueT MHANKATOPOB TEXHOJIOTHYHOCTH MPH AOCOIIOTHBIX 3HAUCHUSX (PAaKTOPOB

MOZ[eJ'IL MaremMaTtuueckasi 3aBUCUMOCTh

I/IH}:[I/IKaTOpLI TEXHOJOTHYHOCTHU

ba3oBbrit
UT

B

Ipoexrnpiii UT, | Paxruueckuin UT

O0u1ee npeacTaBiIeHUE:
Y=YX =X +X,+..+X,
AnauTuBHAs i1

YacTHoe npescTaBieHue:
UT =11+ 3tp. + C

230 217 210

Ob1iee mpecTaBICHNUE:
n
y=[]x =X X,-...X,.
MyHbTI/IHJ'II/IKaTl/IBHaﬂ i=1

YacTHoe npencTaBiIeHue:
HUT=1II"-31p. - C

220 000 185915 165 726

OO01iee npeacTaBIeHUe:
Kparnas Y = X,

2

Jlnst nanHo# Tpex(aKTOPHON CUCTEMBbI HE IPUMEHUMA

OO01iee npeacTaBiIeHUE:
Y=(X,+ X)X,
Wi
yo XX

CwmenianHas X,
(KOMOMHHpPOBaHHas) YacTHoe npencTaBieHne:
UT={1+3tp.) - C

Wi
_ II-3p.
- C

uT

4200 3762 3456

550 515 512
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HOCTh MaTeMaTHYeCKUX KOMOMHAIMK U3 TpeX paHee
pPaccMOTPEHHBIX MOZIETIEH U MOXKET UMETh pa3jInvHbIe
(hOpMBI TIpE/ICTABIICHS, B CBSI3H C YeM 3HAUCHUE WH]U-
Karopa TeXHOJOTUYHOCTH Oy/eT BApbUPOBATHCS.
[anee paccMOTpUM BTOPOI BapUaHT ONPEAETEHUS
MHMKATOPOB TEXHOJOTHYHOCTH, IIPU KOTOPOM 3Haue-
HUs (DaKTOPOB MPEJCTABISAIOT CO00I OTHOCHUTEIIbHBIC
BeMYHMHBL. [10CKOIBKY 3TH (pakTOpBI UMEIOT pa3ind-
HBIC €JIMHUIBI U3MEPEHHMS, 11€JIeCO00pa3HO MPUBECTH
UX K OTHOCHUTEIBHOMY HJIH JOJICBOMY ITOKA3aTeIN0
C U3MCHEHUEM B JMAIla30HE OT SIMHUIIBI 10 YCTAHOB-
JICHHOTO MUHMMYyMa WM Makcumyma. [Ipu mepesone

a0COJTIOTHBIX BEJIMYMH K OTHOCHTEIBHBIM 3HAYCHHSIM
1e71eco00Pa3sHO OCHOBBIBATHCA HA KPATHOCTHU NOCIIE-
JIYIOIIEro MoKa3ares WM GpakTopa IpH MPOU3BOJICTBE
paboT Mo yCTPOWCTBY CTPOMTEIBHBIX CHCTEM BCETAa
K TIEPBUYHOMY 0a30BOMY HJIM HOPMAaTHBHOMY 3Haue-
HHIO [TapaMeTpa TEXHOJIOTNYHOCTH, KOTOPBIA MPUHNMA-
eTCsl paBHBIM einHUIe. JlaHHBIH NPUHIKIT TPUMEHUM
B T€X Cliy4asx, eciii (hopmupyemas Marpuna pakropos
OXBaThIBAaET HECKOJIBKO 3TaroB nporecca. [Ipu paccmo-
TPEHUH U CPABHEHHUHU (PAKTOPOB T10 IBYM BBIOOPOUHBIM
JTalaM npolecca BO3MOXKHO NMPHCBOCHHE 3HAYCHUS
SIMHHUIIBI JTI000MY (DaKTOPY Ul yCTAHOBIICHHS Jallb-

Taba. 3. [IpeobpasoBanHast MaTpuIa (akKTOPOB B OTHOCUTENIBHBIC BETHINHEI

. DakTHyeCcKue
@DaxTOpHEIN MIPU3HAK basoBrle 3HaueHUS [IpoexTHbIE 3HAYEHUS
3HAYEHUs]
0,95 0,93

IIponomxurensHocTs pador I1, nomu ex.

(ITpumep pacuera: (ITpumep pacuera:
95/100 = 0,95) 93/100 = 0,93)

Tpynosatparst 3Tp., TOIH €.

0,94 0,90
(ITprmep pacuera: (ITprmep pacuera:
103/110=10,94) 99/110 = 0,90)

Croumocts C, 10H €]1.

0,95 0,90
(ITpumep pacuera: (ITpumep pacuera:
19/20 = 0,95) 19/20 = 0,95)

Tabn. 4. Pacuer HWHAUKATOPOB TEXHOJOI'MYHOCTU IPU OTHOCUTEJIbHBIX 3HAYCHUAX (1)aKTOpOB

WHauKaTOpbl TEXHOJIOTHYHOCTH
Monenb Maremartnyeckas 3aBUCUMOCTh Bba3zoBsrit [IpoexTHbIi DakTuueckuit
UT, UT, UT,
Oouiee npencTaBicHue:
Y=Y2X =X +X,+..+X,
AnuTuBHAS -1 1 2,84 2,73
YacTHoe rpeicTaBlIEHUE:
WUT =11+ 3tp. + C
Oomiee npencTaBicHUe:
y=[[x,=%-Xx,-..-X,
i=1
I
MynbTUTIIIMKAaTUBHAS Y=1-(1-X) (I1-X)..(1-X).
YacTHoe npecTaBlIeHUE:
UT=II-31p. - C 1 0,84835 0,7533
I
UT=1-1-I)-(1-3tp.)- (1-0) 1 0,99985 0,9993
OO01ee npeacraBiIeHUe: . .
Kparwas v X, Jlns naHHOM Tpex(haKTOPHON CHCTEMBI
HE IPHIMEHNMA
2
Oouiee npencTaBicHUE:
Y= +X) X,
WITH
y=X%
CMelaHHas X,
(KOoMOUHUPOBAHHAST) YacTHOE IIpeacTaBICHUE:
UT={I1+31p.) - C 2 1,7955 1,647
W
pt = 13 1 0.94 0,93
C
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C.119-130
CTPOUTENbHbIX CUCTEM
OT160p mMapamMeTpoB, ONPEAEISAIONINX TEXHOIOTHIHOCTD, TP MTPON3BOACTBE
paboT MO yCTPOKCTBY CTPOUTEIBHBIX CHCTEM
Cucremarusainus 1 kiaaccudurarms GakTOpHbIX MOKA3aTeNeH Ui OLEHKH
TEXHOJIOTUIHOCTH
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Pacyer nnaMKaTOpa TEXHONOTMYHOCTH MPH MPOU3BOJICTBE
paboT MO yCTPOHUCTBY CTPOUTEIBHBIX CHCTEM

brnok-cxema mocneoBaTenbHOCTH BBIOOPA MOAXO0I0B OLEHKN TEXHOIOTHIHOCTH MPH IPOM3BOACTBE PabOT MO yCTPOHCTBY CTPO-

UTENBHBIX CHCTEM Ha OCHOBE (haKTOPHBIX MOJIENEH JeTePMUHNPOBAHHOTO aHAIN3a

HEHIIero COOTHOIICHUS Beu4rH. B Tabi. 3 npusese-
Ha mpeoOpa3oBaHHAs MaTpUIA MPUHATHIX (aKTOPOB
JIJISL OLIEHKH TEXHOJOTHMYHOCTH COINIacHO Tabi. 1 B OT-
HOCHTEJIbHBIC BEJTUYNHBI.

AHaIOTHYHO TIEPBOMY BAPHAHTY PACCMOTPHM BTO-
pOii BapMaHT ONpeeIeHHs] MHANKATOPOB TEXHOJIOTHY-
HOCTH TI0 3Tamam, pu KOTOPOM 3HaueHHUs (HaKTopoB
peoOpa3oBaHbl B OTHOCHTENILHbIC BETMIHUHBI (Ta0. 4).

Ipu 3Ha9eHUsIX (PaKTOPOB, BHIPAKCHHBIX OTHOCH-
TEJIbHBIMU €IMHULAMH, [IPEJINOIAraeTcsl, YTO aJIUTUB-
Has MOJICNTb pacueTa WHIUKATOPOB TEXHOIOTHUYHOCTH
MOAAPa3yMeBacT, YTO (haKTOPHI BIUAIOT HE3aBUCHMO JAPYT
OT Jpyra Ha MHAUKATOP TEXHOJIOTHIYHOCTH, TEM CAMBIM
COBOKYTTHO TIOBBIIIAs WU TOHUXas ero. [Ipu nan-
HOW MOJIENTM WHIUKATOPHI TEXHOJIOTHYHOCTH PaBHBI
Wik OOJIBIIEC eIUHUIBI. MYJIBTUILUIMKATUBHAS MOJICIIb
pacuera UHAMKATOPOB TEXHOJIOTUUHOCTH MPEIONAraeT,

YTO KXl (hakTop oOecrieunBaeT B3aMMHOE BIIHSHHE
Ha 06a3y HAYMCIICHUSI APYT JpyTa.

PE3YJIBTATHI UCCIEJOBAHUA

Ha ocHOBaHMM pacCMOTPEHHBIX BaApUATUBHBIX IO/
XOJIOB K OLIEHKE TEXHOJOTHYHOCTH HPH ITPOU3BOJICTBE
padoT 10 YCTPOUCTBY CTPOUTETBHBIX CUCTEM CPOPMHPO-
BaHa 001as OJIOK-CXeMa MOCIeI0BaTeIbHOCTH BRIOOpA
TIOJIXO0/10B OLIEHKH TEXHOJIOTMYHOCTH TIPH TIPOM3BOJICTBE
paboT MO YCTPOICTBY CTPOUTEIBHBIX CUCTEM Ha OCHO-
BE MOZIENIEH IeTePMUHUPOBAHHOTO (JaKTOPHOTO AaHAIIH3A,
NpeJICTaBJICHHAs! HA PUCYHKE.

SAKJIIOYEHUE U OBCYXJAEHUE

I'naBHO# HeompeneNeHHOCTHIO MPUMEHEHUS MO-
Jierneid (pakTOpHOTO aHaM3a NPU PacCMOTPEHUH TOKa-
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E.A. Koponb, A.I. lyouHa, P.C. [lempocsiH

3areyiell TEXHOIOTUYHOCTH B a0CONIOTHBIX 3HAUEHUSX
SIBJISIETCSI HEYCTAHOBJICHHAS! Pa3MEPHOCTD Pe3yJbTara —
MHJIMKATOpa TeXHONOTMYHOCTH. [Ipu HMcnonbp3oBaHUM
aOCOJIOTHBIX 3HAYEHHUH (PAKTOPOB P OIIEHKE TEXHOJIO-
TMYHOCTH CTPOUTENIBHBIX CHCTEM Ha Pa3IMYHBIX Tarax
K1 HeoOx0aMMO 000OIIUTE OOJIBIIION 00BEM PA3TUUHBIX
nokasareneid 1 yHU(HIUPOBaTh Pa3MEPHOCTh KaXKIOTO
MHIUKATOPa TEXHOJIOTHYHOCTH 110 BHaM U THIIAM CTPOU-
TEJTBHBIX CHCTEM ISl BO3MOKHOCTH TIPOBEICHUS TaJTbHEH-
IIIEr0 aHAJIM3a U YCTAHOBJICHHUS! CTETICHH BIIMSTHUSI KaX/10-
ro (axropa. [Ipyu OTHOCUTENIBHBIX 3HAYCHHSIX 33/IAHHBIX
TMOKa3aTessIX TEXHOJIOTMYHOCTH ITPU POM3BOJICTBE paboT
[0 YCTPOMCTBY CTPOHMTENILHBIX CUCTEM J[BE MOJEIU —
aJTATUBHAS W MYJbTUIUIMKATUBHAS — B MOJHON Mepe

TMO3BOJIAIOT OMPEACIUTE MHAUKATOP TEXHOJIOTHUIHOCTH
¢ yueToM (haKTOPHBIX MPU3HAKOB U CTEIICHU MX BIMSHHUS.

W3menenne HWHAUKaTOpa TEXHOJIOIMYHOCTH IIPU IIPO-
M3BOJICTBE pabOT 110 YCTPOHCTBY CTPOUTENBHBIX CHCTEM,
KaK pe3yJbTaTHBHOIO ITOKa3arels, OyleT oTpaxkarb H3Me-
HEHHE XOTS OBl OJHOTO U3 TapaMETPOB, BHICTYMAIONIINX
(baKTOpHI)IMI/I IMprU3HaKaMu, 4TO IpPHU Pa3BUTHU JaHHBIX
TOAXO0I0B K OHEHKE TEXHOJIOTUYHOCTH IMO3BOJIMT YCTAaHAB-
JIMBaTb U UBMECPUTH BJIIMAHUEC NTAPAMETPOB TEXHOJIOTIMY-
HOCTH Ha Pe3yNbTupyonmi nokasarens [20-22]. bonee
TEXHOJIOTUYHBIM OyAeT IPUHUMAThCS BAPHAHT, B KOTOPOM
YITydIIeH XOTs Obl OJIMH U3 IapaMeTpOB-(haKTOPOB B CPaB-
HEHUU C APYTMM pacCMaTpUBAEMBIM BApHAHTOM I DTa-
niom JKI] mpou3BOCTBa CTPOUTENHLHBIX CHCTEM.
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INTRODUCTION

In the construction industry, the concept of manu-
facturability is detailed for different stages of the life
cycle (LC) of building systems and is defined by the fol-
lowing types: manufacturability of building structures,
manufacturability of design solutions, manufactur-
ability of works and manufacturability of operation
of buildings and structures [1]. The manufacturability
of building structures is conditioned by the conformi-
ty of these structures to the established requirements
of technological processes at the stages of manufactur-
ing, transport, installation and operation [2]. Design
manufacturability is justified by the choice of the most
rational variant of a set of volume-planning, structural,
organizational and technological solutions of a building
system according to the given parameters [3]. Construc-
tion manufacturability is understood as a set of techno-
logical processes used in the construction of building

systems and characterized by various technological
parameters. In addition, there is the concept of “com-
plex manufacturability”, which combines various types
of manufacturability, covering several stages of the life
cycle of building systems, for example, from manufac-
turing to operation of the object [4, 5].

Each type of manufacturability establishes a sys-
tem of evaluation indicators that allow to identify
the level of manufacturability of a particular building
system, expressed by a certain generalized indicator [6].
As a mathematical apparatus it is possible to use vari-
ous methods that allow to establish the dependence
of evaluation indicators in the production of works
on the construction of building systems on the resultant
value of the level of manufacturability. Among such
quantitative and qualitative methods of assessment we
can highlight: regression, correlation, factor analysis, as
well as the method of expert judgement [7-9].
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The method of expert judgement is a universal ap-
proach in various branches of economy [10, 11], which al-
lows systematizing and ordering various data to determine
the final result. Thus, this method can also be used to assess
manufacturability in the production of works on the con-
struction of building systems by ranking the main indica-
tors, which are expressed as quantitative values in absolute
values and qualitative characteristics of the process [12—14].

In the study of quantitative indicators of the produc-
tion process of construction systems, an approach based
on deterministic factor analysis can be applied, which
makes it possible to assess and analyze its level of manu-
facturability. This method is widespread in economic
practice due to its focus [15], while it has also found ap-
plication in the technical industry to assess [16] the per-
formance of solutions, but the use and adaptation of this
approach to the assessment of manufacturability in con-
struction is not reflected in scientific research.

Table 1. Matrix of factors in absolute values

MATERIALS AND METHODS

Deterministic factor analysis techniques, adapted to
the final goal of the study and based on quantitative indi-
cators of processes, can be used as variable approaches to
assessing manufacturability in the production of works
on the construction of building systems. This analysis is
aimed at studying the influence of factors on the resultant
indicator in the presence of functional dependence be-
tween the factors and the indicator. Functional dependence
can be expressed by the following factor models: additive,
multiplicative, multiple and mixed (combined) [17-19].

The factors or factor attributes will be the key
parameters that characterize and define the process
of work production on the construction of building sys-
tems as optimal, rational and technological. Thus, for
example, the process of work production on the con-
struction of building systems can be characterized by
the main technological parameters, such as duration,

Factor attribute Base values Projected values Actual values
Duration of works P, days 100 95 93
Labour costs Lc, man-days 110 103 99
Cost C, thousand rubles 20 19 18
Table 2. Calculation of manufacturability indicators at absolute values of factors
Indicators of manufacturability
Model Mathematical dependence Basic Project Actual
IM,, M, IM,
General Introduction:
. Y=YX =X +X,+...+X,.
Additive = 230 217 210
Private view:
IM=P+Lc+C
General Introduction:
o y=[[x.=%-Xx,-....x,.
Multiplicative il 220,000 185,915 165,726
Private view:
IM=P-Lc-C
General Introduction:
Multiple Y = X Is not applicable for this three-factor system
X2
General Introduction:
Y=(X+X,) X,
or
y=5%
X}
Mixed (combined) Private view:
IM=(P+Lc) - C 4,200 3,762 3.456
or
P-Lc
M=—= 550 515 512
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Table 3. Transformed matrix of factors into relative values

Factor attribute Base values Projected values Actual values
0.95 0.93
Duration of works P, fractions of units 1 (Example calculation: (Example calculation:
95/100 = 0.95) 93/100 = 0.93)
0.94 0.90
Labour costs Lc, fractions of units 1 (Example calculation: (Calculation example:
103/110=0.94) 99/110 = 0.90)
0.95 0.90
Cost C, fraction of units 1 (Example calculation: (Example calculation:
19/20 = 0.95) 19/20 = 0.95)

labour intensity and cost of works, which will be factor
attributes of the resultant indicator — changes in manu-
facturability. As a resultant indicator, it is necessary to
introduce the concept of manufacturability indicator,
which determines the relationship between the given
factors of the system.

Further on the abstract example, the variants of de-
termining the indicators of manufacturability in the pro-
duction of works on the construction of building sys-

tems at different stages with the use of different factor
models of deterministic analysis are considered. Table 1
presents the matrix of determining factors at different
stages of construction systems production.

Let us consider the first variant of determining
the indicators of manufacturability, in which the values
of factors remain absolute values (Table 2).

The use of an additive model, which is an alge-
braic sum of several factors, is inappropriate due to

Table 4. Calculation of manufacturability indicators at relative values of factors

Indicators of manufacturability
Model Mathematical dependence Basic Project Actual
IM,, IM, M,
General Introduction:
N V=YX =X +X,+..+X,
Additive pa 1 2.84 2.73
Private view:
IM=P+Lc+C
General Introduction:
y=[[x.=%-x,-..-X,
i=1
or
Multiplicative r=1-(1-X) (1-X).(1-X).
Private view:
IM=P-Lc-C 1 0.84835 0.7533
or
IM=1-(1-P)-(1-Le)-(1-0) 1 0.99985 0.9993
General Introduction:
Multiple Y = X Is not applicable for this three-factor system
XZ
General Introduction:
Y= +X) X
or
y=2%
X3
Mixed Private view:
(combined)
IM=(P+Lc)- C 2 1.7955 1.647
or
P-Lc
M =—2 1 0.94 0.93
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the fact that the dimensionality of each indicator is not
identical. Multiplicative model of determining the indi-
cator of manufacturability reflects the interrelated influ-
ence on the value of the indicator of manufacturability,
forming a combined dimensionality of the indicator.
The multiple model can be used in the case of two-fac-
tor analysis, which allows us to determine the resultant
indicator as the quotient of the division of two factors.
In this regard, it is impossible to use this model for
the example under consideration. The combined model
is a set of mathematical combinations of the three pre-
viously considered models and can have different forms
of representation, in connection with which the value
of the manufacturability indicator will vary.

Next, let us consider the second variant of defining
the indicators of manufacturability, in which the values
of factors are relative values. Since these factors have

different units of measurement, it is advisable to bring
them to a relative or fractional indicator with a change in
the range from one to the established minimum or maxi-
mum. When translating absolute values to relative values
it is advisable to be based on the multiplicity of the sub-
sequent indicator or factor in the production of works
on the device construction systems always to the prima-
ry basic or normative value of the parameter of manu-
facturability, which is assumed to be equal to one. This
principle is applicable in cases where the formed matrix
of factors covers several stages of the process. When con-
sidering and comparing the factors for two sample stages
of the process, it is possible to assign a value of one to
any factor to establish further correlation of values. Ta-
ble 3 shows the transformed matrix of accepted factors
for evaluation of manufacturability according to Table 1
into relative values.

Selection of parameters determining processability, when carrying out works
on construction systems

v

Systematization and classification of factor indicators for assessing
manufacturability

v

Formation of the matrix of factors in absolute values

In absolute
values

Selection

of'a modelling option
for the relationships between
the manufacturability indicator and factor
indicators of manufactura-

Selection In relative

values

bility

Conversion of absolute
values to relative values
by the principle of multiple
dependence

v

Formation of the matrix
of factors in relative values

Selection

More More
of a model for cal- of a model for cal-
Two culating manufacturability indi- than two Two culating manufacturability indi- than two
cators depending cators depending
on the number on the number
of factors
rr——-—----- -\ - - - 7T — — — — — —/— —/ —/ al
| Multiplicative |, .| Multiplicative ¢ |
| model A model |
: ! Additive model [«—— - Additive model [¢—— :
| —>| Multiple model | 4>| Multiple model | |
I |
Combined (mixed) | Combined (mixed) |¢
| model ) model |
- - . _I

Calculation of the processability indicator for the construction
of building systems

Flowchart of the sequence of selection of approaches for assessing manufacturability in the production of works on the con-
struction of building systems on the basis of factor models of deterministic analysis
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Similarly, to the first variant, let us consider the sec-
ond variant of determining the indicators of manufactur-
ability by stages, in which the values of factors are trans-
formed into relative values (Table 4).

For factor values expressed in relative units, it is as-
sumed that the additive model for calculating manufactur-
ability indicators implies that factors influence indepen-
dently of each other on the manufacturability indicator,
thereby cumulatively increasing or decreasing it. In this
model, the technology indicators are equal to or greater
than one. Multiplicative model of calculation of manufac-
turability indicators assumes that each factor provides mu-
tual influence on the base of accrual of each other.

RESEARCH RESULTS

On the basis of the considered variant approaches
to the assessment of manufacturability in the produc-
tion of works on the construction of building systems,
a general flowchart of the sequence of selection of ap-
proaches to assess the manufacturability in the produc-
tion of works on the construction of building systems
on the basis of deterministic factor analysis models,
presented in the figure.

CONCLUSION AND DISCUSSION

The main uncertainty in the application of factor
analysis models when considering manufacturability

indicators in absolute values is the unspecified dimen-
sionality of the result — manufacturability indicator.
When using absolute values of factors in assessing
the manufacturability of building systems at various
stages of the life cycle, it is necessary to generalize
a large volume of various indicators and unify the di-
mensionality of each indicator of manufacturability for
types and kinds of building systems to enable further
analysis and determination of the degree of influence
of each factor. At relative values of the given indica-
tors of manufacturability in the production of works
on the construction of building systems, two models —
additive and multiplicative — fully allow to determine
the indicator of manufacturability taking into account
the factor attributes and the degree of their influence.
The change in the indicator of manufacturability in
the production of works on the construction of building
systems, as a resultant indicator, will reflect the change
in at least one of the parameters acting as factor attri-
butes, which in the development of these approaches
to assessing manufacturability will allow to establish
and measure the impact of manufacturability param-
eters on the resulting indicator [20—22]. The variant in
which at least one of the parameters-factors is improved
in comparison with another variant or stage of the life
cycle of production of construction systems under con-
sideration will be considered more technological.
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