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AHHOTALUMNA

BBepeHue. LindpoBnsaumns cTpontenbHOM oTpacny n BHEAPEHNE TEXHOMNOMMI MHpopMaLMoHHoro moaenuposanus (TUM)
TpebytoT pa3paboTkM HOBbIX MOAXOAOB K OLieHke paboyent gokymeHTauum (PL). TpaauLMOHHbIE METOABI PY4HOI NMPOBEPKM
TPYAOEMKM, CyOBEKTUBHBI 1 He obecrneyrBaloT BOCNPON3BOAMMOCTU pesynbraToB. [peanaraeTcs meToanka UHTENNeEKTY-
anbHon oueHkn P[], nogroToBneHHOW C MCNonb30BaHWEM CPeACTB MH(OPMaLMOHHOIO MOAENPOBaHUS, Ha OCHOoBe (hopma-
NM30BaHHbIX JTIOTMYECKMX NPaBuU U HEVPOCETEBOIO aHan1aa.

MaTepuanbl u MeToabl. MeToanka peanuayeT AByXKaHanbHbI NOAX0A;: NapanmenbHyo OLEeHKY LiMdpoBON MOAENN U TeK-
CTOBO-rpadhmyeckon fokymeHTaumum. B ee ocHoBe — MHOroypoBHeBasi CTPyKTypa rnokasaTenen, norudeckas Gynesa mo-
Oenb, a Takke apxuTekTypa HelpoceTu, Bknovatowas rpadosyto noacetb (GNN), TekctoByto noacets (BERT) n cBep-
ToyHyto noacetb (CNN), obbeanHeHHbIe B MHOTOCMOWMHBIN KnaccudukaTtop. Ha Bbixoae — YeTbipe ANCKPETHBIX PeLLeHUs:
NPUHATO, MPUHATO C AOPabOTKON, HanpaBneHo Ha fopaboTKy, 0TKa3s B NpMeMKe. YYTeHa BO3MOXXHOCTb paboTbl C HEMOMHbIM
KOMMMEKTOM JOKyMeHTaumun. Bepudwmkaumsa metoankm ocyLecTBnAnach C NOMOLLbIO 3KCNIEPTHOrO onpoca.

Pesynbratbl. PaspaboraHa matemartnyeckas Mogernb, ONMCbIBatoLWasi NIOTUKY OLIEHKM AOKYMEHTaLMKU MO KPUTEPUSM Bbl-
MOSIHEHWUS, NPOLIEHTHOTO COOTBETCTBUS M KONMMYECTBEHHBIX METPUK. DKCMepTHasa Banuaauus nokasana BbICOKYI COrnaco-
BaHHOCTb oueHok (W = 0,52), ocobeHHO No forvke CTPYKTYpbl, Pa3AeneHunio Ha KpUTUYeCcKre rpynnbl U AByXKaHanbHOCTH.
Hanbonee npobnemMHbIMK acnekTaMmu NpM3HaHbl apxXMTEKTypa HelpoceTu 1 obpaTHas CBA3b.

BbiBoabl. MeToavka Agokasana npMMEHUMMOCTb AN 3a4ay BHYTPEHHEro ayauTta, aBToMaTvu3auuy KOHTPONs NpuemMKu Oo-
KyMeHTaLuu, NoaroToBKM K 3KCNEPTU3e N OLEHKN cTeneHu rotoBHocTu PL. Pa3Butue mogeny BO3MOXHO Yepes YyTOYHeHne
apXMTEKTYpbl U paclumpeHne Habopa nokasarenem.
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ABSTRACT

Introduction. The digitalization of the construction industry and the introduction of information modelling (TIM) technologies
require the development of new approaches to the evaluation of working documentation. Traditional methods of manual
verification are time-consuming, subjective and do not provide reproducible results. This paper proposes a method for intel-
ligent evaluation of working documentation prepared using information modelling tools, based on formalized logical rules
and neural network analysis.

Materials and methods. The methodology implements a two-channel approach: parallel assessment of the digital model
and textual and graphic documentation. It is based on a multi-level structure of indicators, a logical Boolean model, as well
as a neural network architecture that includes a graph subnet (GNN), a text subnet (BERT) and a convolutional subnet
(CNN), combined into a multilayer classifier. As a result, there are four discrete decisions: adopted, adopted with revision,
sent for revision, refusal to accept. The possibility of working with an incomplete set of documentation is taken into account.
Verification of the methodology was carried out using an expert survey.

Results. Amathematical model has been developed thatdescribes the logic of evaluating documentation by performance crite-
ria, percentage compliance and quantitative metrics. Expert validation showed a high consistency of assessments (W = 0.52),
especially in the logic of the structure, division into critical groups and two-channel. The most problematic aspects are the ar-
chitecture of the neural network and feedback.
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Conclusions. The methodology proved its applicability for the tasks of internal audit, automation of control over the acceptance
of documentation, preparation for examination and assessment of the degree of readiness of working products. The development of
the model is possible through the clarification of the architecture and the expansion of the set of indicators.

KEYWORDS: working documentation, information modelling, neural network classification, digital model of the building,
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BBEJIEHUE

CoBpeMeHHbIEC MTPOIECChI TUPPOBU3AIMH B CTPO-
UTENBHON chepe CIOCOOCTBYIOT aKTUBHOMY BHEIpE-
HUIO TEXHOJIOTHH MH(GOPMAIIMOHHOTO MOJICIHPOBAHHMS
(TUM), xoTopBie TpaHCHOPMHUPYIOT MOAXOM K apXUTEK-
TypHO-CTPOHUTEIHFHOMY IPOCSKTUPOBaHUIO. biaromaps
THUM o0OecrieunBaeTcs MOBBIIEHNE COITIACOBAHHOCTH,
TOYHOCTH W TPO3PAYHOCTH MpH (HOPMHUPOBAHUH MPO-
eKTHOH u paboueii nokymenrauuu [1-4]. Tem He MmeHee
IO Mepe PACHPOCTPAHEHUS ITUX TEXHOIOTUHN yCUIIUBaA-
€TCsl HEOOXOMMOCTh KPUTUIECKON OIICHKH BBIITyCKac-
Mot paboueit noxymenTtanuu (P/I), oT KoTopoii 3aBUCST
CPOKH, CTOUMOCTH ¥ YCTOHYHUBOCTH BBIITOJTHEHHS CTPOH-
TENbHBIX TIPOEKTOB |5, 6].

TpaauumonHblil oxoa k otieHke P/I B Buze pyuHoi
MIPOBEPKHU IKCIIEPTAMH OCTAETCS TPYAOEMKNM, CyOBeK-
TUBHBIM W TIO/IBEPKEH YeIIOBeYeCKoMy (akTopy. B aToi
CBSI3U aKTyaJIbHOH 3amaveil sBisercs pa3paboTka aBToO-
MaTHU3UPOBAHHBIX METOJIOB OIEHKH JOKYMEHTAINH, T10-
3BOJISIIOIIMX BBISIBISITH OIIMOKH, HETTOJIHOTY U HECOOTBET-
CTBUSI HOPMATUBHBIM TpeOoBaHusM [7, 8].

OnHUM U3 NEPCHEeKTUBHBIX HAlpaBJIeHUI B 3TOM
KOHTEKCTE BBICTYIIAET UCIIONIF30BAHUE HCKYCCTBEHHOTO
naTemekra (M), B 9acTHOCTH — HEWPOCETEBBIX ajl-
ropuTMoB. HelipoceTn aroT BO3MOXKHOCTh 00y4aThCs
Ha OOJBIINX 00bEMax NAHHBIX U BBISBISTH THUIIOBBIC
OLIMOKHM B IIPOEKTHOM M pabouei JOKyMEHTaIUH!, B TOM
YHCJIe MOATOTOBICHHON ¢ momompio THM. Onnako,
9TOOBI 00CCIICUNTh MPUMEHIUMOCTh TaKOH METOIUKH
B peabHOM MPaKTHKe, TPeOyeTCs He TONBKO pa3paboTka
AJITOPHUTMA, HO U ero BepuduKaius ¢ yuactueM mpodec-
CHOHAJIBHBIX KCIEpTOB oTpaciu [9-12].

Takum 00pa3oM, BO3HUKAET HAyYHO-TIPAKTHUECKast
npobiemMa: Kak HHTETPUPOBaTh BO3MOXKHOCTH HEHpO-
ceTel M PKCTIEPTHOTO MOAXO0a Il OOBEKTUBHOMN M BOC-
npou3BoaAMMOi orieHku PJI, copmupoBaHHOi cpencTBa-
mu THUM.

Lexnb nccnenoBanust — pa3padoTKa METOAUKH OLCH-
KU paboueid TOKyMEHTAIMH, OJITOTOBJICHHON C HCIOJIb-
30BaHUEM TEXHOJIOTHI HHPOPMAITMOHHOTO MOJICIIHPOBA-
HUS C IPUMEHEHNEM HEHPOCETEBBIX aJlTOPHTMOB.

3amaun UCClemOBaHMUS:

* 000CHOBaTh KpuTepHH OICHKH PJI, co3manHOU
cpencreamu TUM;

* pa3paboTarh CTPYKTYpY METOIHMKH, BKIIOYArOIEH
HEHUpPOCETEBON MOYIIb aHATIN3A;
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* IPOBECTH 3KCHEPTHBIN ONPOC I YTOUHEHHS
3HAUUMOCTH KPUTEPUEB U BAIMAAIINH PE3YJIbTAaTOB ABTO-
MaTH3MPOBAHHOHN OLCHKH.

MATEPHAJIBI U METOJAbI

[Iporece apXUTEKTYpPHO-CTPOUTEIBHOTO MTPOCKTH-
POBaHMS MOYKHO MIPEICTABUTH KaK MTOCIIEIOBATEIIFHOCTD
9TanoB (KU3HEHHBIN UK mpoekta — JK1I) ot 3aporkie-
HUS 3aMbIciia A0 Beimycka P/l u nocnenyroiero ctpou-
TenbeTBa. Ha pric. 1 mprBeneHa cxema OCHOBHBIX 3TaIoB
9TOTO IHKJIA.

Ha xonmenTyanbsHOM dTare hopMUPYIOTCS HCXOIHBIE
TpeOOBAHUS M APXUTCKTYPHO-TUITAHUPOBOYHBIC PEIIICHUS
B 001Iei popme (ICKHI3HBIN POEKT, TEXHUKO-3KOHOMHUYE-
ckoe obocHoBanue). [lanee pa3padaTbiBacTCs MPOCKTHAS
nmokymeHTarust (I1/1) — KOMIUICKT TOKYMEHTOB CTa K
«II», tocTaTouHbIi AJIS1 OLEHKHU MPOEKTa YIIOJIHOMOYEH-
HBIMU OopraHamu. [IpoekTHas TOKyMEHTALUS COIACPIKHUT
OCHOBHBIC apXHTCKTYyPHO-KOHCTPYKTUBHBIC H HH)KEHEP-
HBIC PCIICHUSA, TOACHUTEIIBHBIC 3allMCKHU U paCcy€Thl, HE-
00XOIFIMBIE ISl POBEPKH COOTBETCTBHSI HOPMATHBHBIM

Konuenus/naes

HpOCKTHaS{ JAOKYMCHTalus

OKcnepTru3a IpOEKTHOM
JIOKyMEHTaLU1

Pabouas nokymeHTaIus

CTpOHTENBCTBO 0OBEKTA

Puc. 1. DTansl )KU3HEHHOTO IUKIIA APXUTEKTYPHO-CTPOHUTEIb-
HOTO MPOEKTHPOBAHHS
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TpeboBaHuaM. [locne 3aBepuieHUS MPOEKTUPOBAHUS
9Ta AOKyMEHTalUs NepefaeTcs Ha rocyJapCTBEHHYIO
WM HETOCY/IapCTBEHHYIO 3KCIIEPTU3Y, KOTOpasi IpoBepsi-
€T TPOEKT 110 KPUTEPHSIM 0e30I1aCHOCTH, HAJEKHOCTH,
COOMIONICHNST HOPM M NPaBHJI. YCIIEIITHOE MTPOXOXKICHHUE
9KCHEPTHU3HI 3aBEPILACTCS MOMYIEHUEM MOJIOKUTEITEHOTO
3aKJTFOYEHUS], CBU/ICTEIIbCTBYIOIIETO O COOTBETCTBHH IPO-
€KTa YyCTAaHOBJIEHHBIM TPEOOBAHUSAM.

Crnenyromnii stan — paspadborka PJ[. Ha stoit
CTa/InU TPOEKT AOBOAMUTCS A0 TOJHOW AeTalu3aluu:
BBIITYCKalOTCsI pabovre 4epTek 1 BCEX PasiesioB, CICIH-
(mkanuy MaTepuaioB U 00OpPYTOBaHUS U APYTHE J10-
KyMEHTBI, KOTOpbIe TpeOyIOTCS ISl BBITOJTHEHUS CTPO-
UTEIBHO-MOHT@XHBIX padoT. Pabouas moxymeHTanms
OCHOBBIBAETCSl HAa PELICHUSIX, ONOOPEHHBIX JKCIEp-
TU30M, ¥ HE TOKHA UM NMPOTUBOpeuuTh. OHA CIYXKUT
HETIOCPECTBEHHBIM PYKOBOACTBOM ISl CTPOUTENIBHBIX
paboT U CoepIKUT BCIO MHPOPMALINIO, HY)KHYIO CTPO-
utenbHbIM opranuzauusm. [locne Beimycka PII u ee
MIPOBEPKH (BHYTPEHHEH MJIM BHEIIHEI) MOXKHO TIepEXo-
JIITH K CTPOUTENLCTBY 00bekTa. Takum odpazom, XKL
MIPOEKTHPOBAHUSI OXBATBIBAET ITyTh OT MIEPBOHAYATIBHON
U7IeU JI0 TOTOBOTO KOMIUIEKTA JOKYMEHTOB, MPOLIE/IINX
9KCTIEPTHYIO OIEHKY M MPUTOTHBIX JUIS MPAKTHIECKO-
ro BormonieHus. Kaxxaplif 3Tanm JOrH4ecKu BBITEKAeT
W3 TPEeJbIIyIIero, MOBBIIAas CTEHeHb JeTalu3annn
1 000CHOBaHHOCTH perennii [13].

Ha Bcex nmepeunicieHHbIX 3Tanax B HACTOSIIUA MO-
MEHT MapajuIeTbHO CO3AI0TCs IU(pPOBBIE HHPOpPMa-
ruoHHble Mozenu (LIIM) cooTBETCTBYIOLIETO YPOBHS
neranm3ayi. Tak, Ha CTaauy KOHIENIUH MO MMe-
eT YKpYNHEHHbIH XapakTep (HampuMep, COOTBETCTBYET
yposHio LOD ~ 100-200, coneprkarieMy o0IIre Macchl
U OCHOBHBIE NTapaMeTpBl 3[aHMs), TOIa KaK Ha CTaJun
P/1 undpopmanmonnas monens (M) oboramaercs aera-
JSIMH KOHCTPYKIMH, HH)KEHEPHBIX CHCTEM 1 aTpuOyTaMu,
nocrurast yposaa LOD ~ 400-500 (netanu3upoBaHHbIE
3TIEMEHTHI BILIOTH /10 Pa3MEPOB H3TOTOBIISIEMBIX H3/IEITHIA)
[14-17].

Pabowast ToKyMeHTausI 10 TPOEKTY BKJIIOYAET JBa
KJTIOYEBBIX B3aMMOCBSI3aHHBIX kKommoHeHTa: LI1IM 31a-
HUS U KJIACCUYECKYIO TEKCTOBO-IPa)UUECKyIO 4acTh.
Hudposas moxens (LIM) ra cragmm PII comep:xut Bech
00BbEM reoMeTpHUYeCcKOl 1 aTpuOyTUBHOM HH(DOpMAIH
0 IIPOEKTE (apXUTEKTYPE, KOHCTPYKIHSAX, HHKEHEPHBIX
cucTeMax) B aKkTyaJbHOH Bepcuu. TekcToBo-rpaduye-
CKasl 4acTh BKJIIOYAET YepTexH (IU1aHsbl, (acasl, pas-
Ppe3Bbl, Y3IIbI), 0pOPMIICHHBIE B COOTBETCTBHH ¢ EnnHoi
CHUCTEMOW KOHCTPYKTOpPCKOW nokymeHTanuu/Cucre-
MOW NMPOEKTHON JOKYMEHTAIMH ISl CTPOUTENIHCTBA
(ECKJI/CITAC); cnemudukanuu MaTepuaioB U 000-
PYIIOBaHUS; TOSICHUTEIBHYIO 3aIHCKY, & TAK)KE MHBIC
JIOKyMEHTBHI (HalpuMep, pe3ysabTaThl pacieToB, TEXHO-
JIOTHYECKUE KapThl).

B cOBpeMEHHBIX NMPOEKTaX ATH /IBa KOMIIOHEHTA
JIOTIOJIHAIOT APYT JIPyra: MOAENb CIY>KUT HCTOYHUKOM
JUISl TEHEpaIu| YepTeKel 1 Crenu(uKaIiii, a TeKCTO-

Bbl€ JJOKYMEHTBHI yTOYHSIOT MH(OPMaINI0, KOTOpas
HE oTpakeHa HerocpeacTBeHHo B BIM-monenu.

C y4eToM Takoi CTPYKTYpPBI B METOIUKE Peai30-
BaHa BO3MOYKHOCTH TPOBEACHNUS MapajIebHON ABYX-
KaHaJIbHOH (KOrJa OJHOBPEMEHHO olleHuBaercs [[M
U TIPEICTaBICHHAS JOKYMCHTAILNS) WU ABYXOTAITHOW
nposepku PJI. TlepBblil BapuaHT — OLIEHKAa B OJUH
JTall, Korja oleHuBaercs coBmecTHo LIM u mpegocras-
JIeHHAs JOKyMEHTauus. BTopoil BapumaHT — OIleHKa
PJI B nBa stamna. Ilepssrit aTanm — nposepka [IM: ana-
JU3UPYETCS COOTBETCTBHE MOJIENIU yCTAHOBICHHBIM
TpeboBaHUAM (CTPYKTYpE, MPABIIIBHOCTH TE€OMETPHH,
nH(pOPMAIMOHHOMY HaNOJIHEeHUIo U T.1.). [Tocrne corna-
coBanus [IM 3amyckaeTcst BTOpoil 3Tanm — IpoBepKa
0OpMIICHHOI JOKYMEHTAITIH: OI[CHUBACTCST KOMILICKT-
HOCTH M 0(pOpPMIICHHE YePTEKEH, MOSICHUTEIBHBIX Ma-
TEpPHUAJIOB U UX coriacoBaHHOCTH ¢ M. JIByxaTanHbIit
moaXox 000CHOBAH TEM, YTO BBISBIICHHUE U YCTPaHCHHE
OImMuOOK Ha YPOBHE MOAETH YIPOINAET IOCIEAYIONIYIO
MIPOBEPKY uepTexkeil u Texcra. Eciu Moaens He cooT-
BETCTBYET KIFOYEBEIM TPeOOBaHUSAM, NaTbHEHUIIAS Jc-
TaJbHAas MPOBEPKA YEPTEKEH TePSET CMBICH, TIOATOMY
cHaJasa JIOJDKHA OBITh JIOCTHTHYTA MpHUEMIIeMasi CTe-
neHs oueHku BIM-mozmenu. JInme mmociie 3Toro cucre-
Ma MepexXoInT K aHAIH3y TeKCTOBOH M TpadpuyecKoi 10-
KyMEHTAallUH, UCIONb3Ys HH(POPMAILHIO, N3BICYCHHYIO
U3 IIPOBEPCHHON MOJICITH.

Ha puc. 2 npeacrasnena Ook-cxema IMocCiIe0Ba-
TENBHOCTH OIICHKH B ABa dTana. Ha mepBom srtamne Mo-
Iy ananm3a BIM-Mozenn BBISBISICT HECOOTBETCTBHS
o opMaIM30BaHHBIM IOKa3aTelsaM. [locie mcmpasie-
HUSI KPUTUYECKUX OLIHMOOK B MOJIENH (TIPU UX HAJTMYUH)
CHUCTEMa MEePEeXOAUT KO BTOPOMY 3Tally, Ha KOTOPOM
MIPOBEPSIIOTCS COCTAaB U COACpPIKAaHWE BBIAAHHOHU I0-
KyMEHTAIlUU: HAJINYHE BCEX 00s3aTENbHBIX YepTexKen
W Pa3zelioB, COOTBETCTBUE YepTexel MoueiH, ohopm-
JIeHWe 10 cTaHmapTaMm. Takum oOpa3oM, TOCTHUTaeTCA
KOMIIJIEKCHBII Pe3yJIbTaT OLEHKU: OT HU(PPOBOTO Mpe/-
CTaBJICHUSI [IPOCKTA JI0 TPAJUIIMOHHBIX JOKYMEHTOB.

s obocHOBaHMS pa3paboTKN METOIHMKH OBLIT TIPO-
BeZieH 0030p CYIIECTBYIOIINX METOMOB KOHTPOJIS H SKC-
MepPTU3bI IPOSKTHON 1 pabouyel TOKYMEHTAIMN B OTeYe-
CTBEHHOM 1 3apyOekHOI1 mpakTuke. B Tabm. | mpuBeneHa
CPaBHUTEIIbHAS XapaKTEPUCTHKA KIFOUEBBIX MOIXOM0B
B Poccun u 3a pyoexom [18].

B Poccun kiaroueBbIM MEXaHU3MOM OLIEHKH OCTa-
©TCsI DKCIIEPTU3a MPOCKTHOHN TOKYMEHTAIINH, HAICTICH-
Hasl TIOJIHOMOYHSIMHU HE JIOITyCTUTh NPOEKT K peaju3a-
IIUU TIPH HECOOTBETCTBUH TPeOOBaHUIM. 3a pyOekoM
6oIbIe OTBETCTBEHHOCTH BO3JIOKEHO HA MPOCKTHPOB-
IIMKOB U MEXAHU3MBI CTPAXOBAaHUS OTBETCTBEHHOCTH,
a KOHTPOJIb TOCYIapCTBa COCPEIOTOUCH Ha OTACITHHBIX
acrekTax (Tpexe Bcero, 6€30MacHOCTH U TPajoCcTpo-
UTEJIBHOM COOTBETCTBHH).

O0BeM, HEOTHOPOTHOCTH M MHOTOYPOBHEBOCTH CO-
BpEeMEHHOU pabouell TOKyMEHTAIUN YPEe3BBIYaitHO 3a-
TPYAHSIOT €€ CUCTEMHYIO NMPOBEPKY BpyuHYyt0. [Ipoext
BKITIOYACT JACCSITKH MOJCICH U YepTeKeH, COTHH CTpa-
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1-i1 atan. OneHka 1UdPOBOH MOAETH

OT4er 0 HECOOTBETCTBUIX

Pexomenmanum

2-1t oTan. OueHka JOKyMEHTaI|H

OT4eT 0 HECOOTBETCTBUSIX
U PEKOMCHIAIHSX

Pexomengarmmn

Pesynprar

OT4YeT 0 HECOOTBETCTBHSIX
1 PEKOMEHAAINAX

ABTOMaTH3UPOBAHHOE PELICHHUE
(mpuHsATHE/KOPabOTKA/OTKIOHEHHUE)

Puc. 2. Biiok-cxema TOCIIEA0BAaTCIIbHOCTH OUCHKHU pa60t1e171 JOKYMEHTallunu

HHI[ TEKCTOB M THICSYH IIAPAMETPOB, KOTOPbIE JAOKHBI
OJJTHOBPEMEHHO COOTBETCTBOBATh MHOXKECTBY TpeOOBa-
uuii — HopMaruHbIM (CI1, I'OCT), opranusaiioHHO-
METOANYECKUM, a TAKKe TPeOOBaHHUSIM KOHKPETHOTO 3a-
JIaHUS1 Ha IPOEKTHpOBaHue. [layke Mpu MCIONb30BaHUH
YaCTHYHBIX aBTOMATH3UPOBAHHBIX CPEACTB MPOBEPKH
(HarpuMep, TOJIBKO KOJIJTM3UH WIIM TOJBKO 3alloJIHEH-
HOCTBH MapaMEeTPOB) OCTASTCS 3HAYMTEIbHBIN IIacT
HECOOTBETCTBHH, BBISIBICHUE KOTOPBIX TPEOyeT MHTEI-
JIEKTYaJIbHOTO aHanm3a. K TakuM cl1oxHbIM 17151 (hopma-
JHM3aLH 3aJa4aM OTHOCSTCS, B YaCTHOCTH: NIPOBEPKa

COOTBETCTBHS IPHHSATHIX MPOCKTHBIX PEIICHUI HOpMaM
0e30macHOCTH (aHAN3 TEKCTa MOSICHUTEIILHOM 3aru-
CKH Ha Hannuue TpeGyeMBIX pasIelioB 10 MOXKapHOM
Oe3omacHOCTH, 3HEProdh(HEKTUBHOCTH, OI[CHKE PUCKA
M T.JI.), COMOCTABJICHUE YUCIIOBBIX TIOKA3aTeeH B MOJIe-
JIM ¥ B TIOSICHUTENBHOM 3aITiCKe (HApUMep, CPaBHEHHUE
o01Ie#l MIoIaan Mo IKCINTUKALNKE ¢ CYMMOM IIIOIIa-
JIcii TIOMEIIEHUH B MOJICITH), BBISBICHUE JTOTHIECKUX
MPOTHBOPEYHI MEKIY pasjeiamMu (HarpuMep, HECo-
[JIACOBAHHOCTH MapOK 000OPYIOBAHHS MEX/Y CXeMaMU
HHXKECHEPHBIX CHCTEM U CIICIIM(DUKAIHAMI).

Taou. 1. CpaBHEHHE METOIOB OLICHKH MTPOEKTHOW M paboueii rokymeHTanuu B Poccun u 3a pyoesxom

ACTIEKT OIIEHKH OredecTBEHHAs HpaKTHUKa

MesxayHaponHas IpaKkTHKa

Perynsaropnas
IpoBepKa
opras (3kcnepru3a [1]]) mposepsier
COOTBETCTBUE NIPOEKTa HOPMATUBHBIM

HNPUHATHIX pelieHuit B P/ kocBeHHO
KOHTPOJIMPYETCsI 4YePE3 COOTBETCTBHE

HaJ30p

Oo0si3aresbHast roCy1apCTB€HHAas SKCIIEPTHU3a
HpOGKTHOﬁ JOKYMEHTallUM: HE3aBHUCUMBII

JIOKyMEHTaM M BbLIAeT 3akiroueHue. Pabouas
JIOKyMEHTaLWst (pOpPMaJIbHO B IKCIIEPTU3E
HE paccMaTpUBaeTCs, HO IPaBUIBHOCTh

HpOGKTHOﬁ JOKYMEHTalluu U CTpOPITCJ'H:HI:IfI

OTCYTCTBYET €ANHBIM HHCTUTYT FOCOKCIIEPTH3BL.
KoHTponbs cooTBeTCTBUSI HOpMaM
OCYIIECTBIISIETCS Yepe3 MPOLETy Pl BbIIAUN
paspernieHuii Ha cTpoutesbcTBo (building
permit) MecTHbIMH opraHamu BiacTu. [Ipoekr
HPOBEPSIETCS] MyHHIUITAILHBIMYI IKCIIEPTAMU
WM QKKPEIUTOBAHHBIMH HHXEHEPAMH

Ha COOTBETCTBHE CTPOUTEIIBHBIM KOIEKCAM.
OTBETCTBEHHOCTH 33 Ka4eCTBO JJOKYMEHTALMN
BO MHOTOM JISXKHT Ha CePTUGHULIMPOBAHHBIX
APXUTEKTOpax U MH)KEHEepax, YbH MOAIHCH
YZLOCTOBEPSIOT COOITOZICHUE HOPM
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MOAEAEH 1 HEHPOCETEBOM KAACCUPUKALIMU

Oxkonuanue maén. 1

ACIIEKT OLIEHKH

OTedecTBeHHAs MPAKTHKA

MexyHapoaHas IpaKkTHKa

Buyrpennuit
KOHTPOITb

[MpunsiTa cucTeMa HOPMOKOHTPOJISI

B IIPOSKTHBIX OPraHU3aLHsIX — IPOBEpKa
JOKYMEHTAIUH CIICIAATbHBIMI

otaenamu Ha coorBeTcTBrEe ['OCT,
CIIAC, Texanyeckomy 3amanuro. Takxe
MIPOBOAUTCS ABTOPCKHI HA/130P [IABHBIMU
CIEIHATNCTAMHU TIPOCKTA

B kpymHBIX MEXTyHAPOAHBIX KOMIAHHAX

pHUHATH BHyTpeHHue npoueaypsl QA/QC (quality
assurance/quality control): mpoBepka yepTexeit
JIPYTUM OT/EJIOM, BHEIIHUI TEXHUYECKUH aylInuT
MpoeKTa (peer review) 1o HHUIMATHBE 3aKa3unKa.
WmkeHepsl, HMEIOIIHe TPO(eCCHOHANBHYIO
JMIEH3UIO0, HECYT MEPCOHANBHYIO OTBETCTBEHHOCTD
3a Ka4eCTBO Pa3/IeNioB

Hcnons3zoBarne TUM
JIJISL OLICHKH

[upoko mpuMeHsIeTCs TPOBEpKa

MOJISNIN Ha KOJUTU3HH U IPYTHE OIIHOKI
cpeacrBamu [10 (Navisworks, Revit

U JIp.) Ha dTarax MpOeKTHPOBAHUS.
[MosBISIIOTCS HOPMATUBHBIE PEKOMEHAAINN
TI0 TIPOBEPKE HHPOPMAITHOHHBIX MOJIEIei
(Munctpoit PO BeimycTnn crangapt
MH()OPMAITMOHHOTO MOAEINPOBAHNS,
SKCHEPTU3BI pa3padaThIBAIOT KPUTEPUT
npoBepku BIM-moneneit). BIM-monens

B psifie CITydaeB IepelacTCs Ha SKCIEePTH3Y
JUTSL TONOJTHUTEIIBHON aBTOMATH3UPOBAHHON
MIPOBEPKU

ABTOMaTH3UPOBAHHBIN KOHTPOJIb ¢ TToMolbI0 BIM
Pa3BUT: UCIIONB3YIOTCS IPOTPAMMHBIE HHCTPYMEHTEI
qutst mpoBepku npasui (Solibri Model Checker,
Autodesk Model Checker u n1p.), HacTpauBaroTcs
KaCTOMHBIE CKPHUIITHI AJIsI BAJIMJAIlIH MOJETeH.

B HEKOTOpBIX cTpaHax peasn30BaHbI MMIOTHEIC
TIPOEKTHI aBTOMATHYECKOH MPOBEPKH COOTBETCTBHUS
HOpMarHuBaM: HanpumMep, CHHrarmyp BHEAPHIT
cucremy CORENET 1t aBTOMaTHueCcKoOTO aHam3a
MoOJIeNeH Ha COOTBETCTBHE CTPOUTEILHBIM HOPMAM.
OTH CHCTEMBI CHIKAIOT TPYAOEMKOCTh PYTHON
MIPOBEPKH M TOBHIMIAIOT €€ 0OBEKTUBHOCTH

®DoKyC OLEHKH

OCHOBHOI1 ynop — COOTBETCTBUE
HOPMAaTHBHBIM TPeOOBaHUSIM
(rexpermamentsl, CHull, CIT). [Ipoext
OLICHUBACTCS TIPEXKJIE BCETO C TOUKU 3PCHUS
0€3011aCHOCTH ¥ COOMIONICHNUST 00s13aTeIIbHBIX
HOpM. BTopmuno paccMarpuBaroTcs
HKOHOMHYECKHE U OpraHU3aIMOHHEIE

3a pyOeskoM KpUTEpUH OLIeHKH Ooliee
pa3sHOOOpa3HBI: KPOME COONIOICHHS 00sI3aTENIbHBIX
HOpM (0€3011acHOCTb, JOCTYITHOCTD U T.1I.),
OLICHUBAIOTCS APXUTEKTYpa (ICTETHKA,
BITMCAaHHOCTH B OKPYXKEHHE), YyCTOHINBOCTD
(3HeproahHeKTHBHOCTH, SKOJIOTUIHOCTh —

4acTo Yepe3 J0OPOBOIBHBIE CePTUHUKAIINT

ACTIeKTHI (CMeTHI, rpadukm)

Cy1ecTByromHe CpeacTBa aBTOMaTH3aluu He o0ec-
MEeYNBAIOT MOJHOLEHHOTO O0XBaTa TUX BOMPOCOB,
4TO 00yCJIOBIMBAET HEOOXOANMOCTh ITPUMEHEHUS Me-
tonoB MM. HelipoceTeBple aITOPUTMBI U CMEXHBIE
TEXHOJIOTUH CIIOCOOHBI 00yuaThcs Ha OOJIBIINX Mac-
CHBaxX JaHHBIX MIPOEKTOB, OOHAPYKHUBAsl CIOXKHBIE 3a-
KOHOMEPHOCTH M HECOOTBETCTBHSI, KOTOPBIE TPYIHO
3aJI0KUTh SBHBIMU TTpaBuiaMi. COBpeMEHHBIE METO/IBI
WU, BxirOUast HEHpPOCETEeBBIC apXUTEKTYPHI IITyOOKOTO
o0ydeHms, 00paboTKy ecTecTBeHHOTO s3bika (NLP)
1 rpad)OBbIC MOJIEIIH, OTKPBIBAIOT HOBBIE BO3MOXXHOCTH
JUISl MHTENJIEKTYaIbHOM MPOBEPKU TEXHUUECKON JIOKY-
MeHTaruu Ha ocHoBe TUM [19-21].

B psize uccnenoBanuii npoJeMOHCTpUPOBaHa d(-
(heKTHBHOCTH TAKUX TOJIXOJIOB JIJIsl OLIEHKH MPOEKTHBIX
pewiennid. HelipoceTn MOI'yT OTHOBPEMEHHO aHAIU3U-
poBaTh pa3HOPOIHYIO HH(popMaIiio — 3D-reomeTpuro,
TaONMYHBIC TaHHbIE, TEKCTOBBIC OMMCAHNS U BBISBISTH
CKpBITBIE B3anMocBsi3u. Harmpumep, o0yueHHast Mozenb
MOXKET BBISIBUTb, YTO OTCYTCTBHE OIPE/ICIICHHBIX ITapa-

LEED, BREEAM), cTOUMOCTB ¥ CPOKH.
®dopmann3oBaHHbIE HHIEKCH KadeCcTBa AU3aiiHa
BcTpewatoTest (Hanmpumep, Design Quality Indicator)
B BenmkoOpurannyu — onpocHast METOTMKA
OLICHKHU BOCIIPUSITHS KadecTBa IpoekTa. OIHako
TaKHe OIEHKH, KaK IPaBUIIO, 10OPOBOIEHEIE

1 HCTIONIB3YIOTCSI 3aKa34MKaMH JUIsl BEIOOpa
OINITHMAJIBHOTO MPOEKTa, a He SIBIISIOTCS
00s13aTeIFHOM TOCOKCIIEPTU30M

merpoB B I[M wyacto kxoppenupyer ¢ omnOKamu
B odopmiieHNH criennuKanuii, 1 CUTHAIU3UPOBATh
0 Takux cutyanusx. Takum oOpa3oM, BHEAPEHHE HEHPO-
CETEBOTr0 MOJYJIsl B CUCTEMY OLICHKU TI03BOJISCT 3HAUU-
TCJIBHO MMOBBICUTH NOJTHOTY U TOYHOCTDH aBTOMATHYECKOM
MIPOBEPKH, CHI3UTH HATPY3Ky HA HKCIIEPTOB M YCKOPHUTH
TIPOIIECC BBISBICHMUS OMIMOOK Ha PAHHHX 3Tarax MpoeK-
THUpoBaHuA [22-27].

JlonoTHAUTENBPHO TIPIMEHEHIE HEHPOCETEBOTO MO/~
X0/1a 00ecreYnBaeT aJalTHBHOCTh CUCTEMBI OICHKH.
AJITOPUTM MOXKHO OOY4YHTh Ha MPUMEPax peabHbIX TPO-
€KTOB U JKCIEepTH3, Oarofapsi 4eMy KpUTEpHH MPOBEPKU
ABTOMATUYECKH I0JICTPANBAIOTCSI TIOJ] PACIIPOCTPAHEHHbIE
111a0JIOHBI IPOSKTHPOBAHMS M THIIOBBIE OIMOKK. B mep-
CIIEKTUBE ITO JIACT BO3MOXKHOCTh CHCTEME «yUUTHCS»
Y DKCIEPTOB, NIEPEHUMAs UX OIBIT, U ITOCTOAHHO YIIyd-
II1aTh Ka4eCTBO OLICHKH.

Juns peanm3anun metoaukn orieHkn PJI pazpabora-
Ha CIeIHaIbHas apXUTEKTypa Ha OCHOBE MCKYCCTBEH-
HBIX HEHPOHHBIX CeTeil, MO3BOJIAIONas 00padaTeIBaTh

51

(6G) | HOALIGG G WOJ fyi5eneeaqs eusen



rarIMTONLCTBS: Ty 16, BhINYCK 1(59)

A.P. HukumuH, C.A. CuHeHKo

Hudposas
MOJIeTb 3MaHus

(=N

JoxymeHnTauus

Ortkas
B IIPUEMKE

IIpunsto
¢ topaboTKOH

IIpunsto

BxonHoii cioit Y

V3Bnedenue mokasareneit

BrixogHoit cnoit

Puc. 3. Cxema apXUTEKTYpbI METOJMKH OILIEHKH pabodeil JOKyMEHTAINH

kak gaHHble VIM, Tak U TEKCTOBBIE TOKyMeHTHL. Cxema
ApXUTEKTYpPBI MIPE/ICTaBICHA HA PHC. 3.

BxozaHoli ci10il conepkKUT 1Ba MCTOYHHUKA JaHHbBIX:

1. Indposas moxens 3nanust. @opmarsr: [FC, RVT.
[IpencraBnsger UM 00beKTa KamUTaIBLHOTO CTPOUTEIH-
ctBa. CoZlepsKUT TOMOJIOTHIECKHUE, TEOMETPHUIECKHE, T1a-
paMeTprudecKre U aTpuOyTUBHBIC JaHHbIC.

2. Joxymenranus. @opmats: PDF, DOCX, XLS
u Jp. Bkimouaer TEKCTOBbIE TTOSICHUTEIIBHBIE 3aMTUCKH,
YEPTEKH, CHEM(DUKALINHN, ITAMIIBI, TAOINIBI U JPYTYIO
PJ1, nonrorosnenHyo Ha ocHoe LIM.

OTH JaHHBIE MOCTYNAIOT B HEHPOCETh KaK BXOJ-
HOW CHTHAJI, pa3[eJICHHbIN Ha TIOTOKH 00pabOTKH.

M3Bneuenne nokasarenei — 3T0 CKPbIThIE U BHY-
TPEHHHE CJIOH, OHU HE BUJTHBI IT0JIb30BATEII0, B METOINKE
UCIIONB3YETCs IBA CKPBITHIX CIIOSL.

D10t O110K 0003HaueH Kak «V3BeueHne nokasare-
JIeii», 9TO OTpakaeT KIFOYEBYI0 OCOOEHHOCTh METOIH-
KH: (OPMUPOBAHHE MPU3ZHAKOB X, X,, ..., X, Hd OCHOBE
CTPYKTYpBI N0Kazaresen oueHku PII.

BHYTpH CKPBITBIX CIIOEB IPOUCXOANT pa3/ieieHHE
00pabotku nHOpMaIH 1Mo THIaM Bxona. Ha mepBom
CJIOE OCYIIECTBIISIETCS U3BICUEHHE PU3HAKOB C TIOMO-
IIBIO TIOICETEN.

I'paghosas noocems. Vicnons3yercs momxon rpado-
BBIX HefipoHHbIX cereif (Graph Neural Network — GNN)
JUTS aHAJIK3a CTPYKTYpHI 3nanus. BIM-monens npeobpa-
3yercst B rpad: y37sl rpada COOTBETCTBYIOT MEMEHTaM
(KOHCTPYKITHH, TOMETIICHHUS, 000pyIoBaHKE), a pedbpa —
Pa3IMYHBIM OTHOIICHHUSAM (CMEKHOCTD, HEPAPXHUST «ITAXK —
MIOMEIIEHNE — 30Ha», CBSI3M WHKCHEPHBIX CETeH U T.IL.).
Kaxmprit y3enm mmeet Habop MprU3HAKoB (aTpHOyTOB AJe-
MEHTa: TUII, pa3Mepbl, MaTepuai u 1p.).
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Texcmosas noocems. sl aHAIN3a TEKCTOBBIX JIaH-
HBIX TIPUMEHSACTCS apXUTEeKTypa Il 00paboTku ecTe-
crBerHor0 s3bIKa (Natural Language Processing — NLP).
Lenb — momyduTh CeMaHTHUECKHE TIPU3HAKH U3 TI0SIC-
HHUTENBHBIX 3aITHCOK, OMMcaHuii i TpeboBanuii. [lomcets
MPEBPAIIACT TEKCT KKIOTO pa3ziesia B BEKTOP, OTpaXka-
ol conepkanue. Hanpumep, oHa MOXET yJIOBUTb,
YIIOMUHAOTCS JIM B TIOSICHUTEIBHON 3aIMCKE BaXKHBIE
aCTIeKTHI (HOPMBI, PacueThl), TOTHOTA ONMCAHMUS, HAJH-
YHe OIpe/IeNICHHBIX KITFOUEeBBIX CJIOB (KaK «IoyKapHast 6e3-
OTIACHOCTEY, «IHEPTOCOSPEIKEHIIE) H TIPOUee).

C 1espio CONOCTAaBICHUS MOJEIH U JOKYMEHTA-
IIUH UCTIONB3YeTCs ceepmounasn noocems (Convolutional
Neural Network — CNN), o6pabatsiBaromiast m300paxe-
HUS JINCTOB YEPTEXkKEH 1 CBEPSIOLIAs YEPTEXK C MOZIEIIBIO.

Ha BTOpOM CKpBITOM CII0€ IIPOUCXOANUT O0BEINHE-
HUE THPOPMALIUHU OT MOJCETeH 1 POPMHUPOBAHNE BEK-
Topa [, ... X,] — yHU(HIMPOBAHHOTO HAGOpa IPU3HA-
KOB JUUIs1 (PUHAIBHOTO PEIICHUS.

s mpeoOpazoBaHus TOKa3aTele OEHKHU B TIPH-
3HAKH KaXKABIA IMoKa3areinb nMeeT 4 arpulyTa, yKazaH-
HBIC B Ta0I. 2.

CxeMa m3BIIeUEHUS MIPH3HAKA TOKa3aHa Ha pucC. 4.

IMocne obpaborkn UM n mokymMeHTanuu Ha BBI-
XOIHOM cJi0€ (POPMHUPYETCS OTUET, BKJIIOUAIOIINI Clie-
JYIOIINE OCHOBHBIE KOMITOHEHTBI:

* IEpEeUYEeHb BBIABICHHBIX HECOOTBETCTBU. [0 3a-
BEPIIEHUH IIPOBEPKU aBTOMATHYECKH (popMupyeTcs
CBOZIHAsI BEZIOMOCTb BCEX OOHAPYKEHHBIX HAapyIICHUH
1 OTKJIOHEHWH OT TpeboBanuii. HecooTBeTCTBHA TpyTI-
MIUPYFOTCS T10 TTOKA3aTeNsIM 1 CHA0KEHbI YKa3aHHEM KOH-
KPETHBIX 2JIEMEHTOB MOJIENN MJIN (PPAarMEHTOB JOKYMEH-
Talny, KOTOPBIX OHH KaCaArOTCSI;
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MOAEA€l M HelpoceTeBok KAacCupuKaLmm
Taou. 2. ATpuOyThl MOKa3aresis OLEHKH paboueil JOKyMEeHTaIuH
AtpubyT Omnucanne
Wnentudukarop YHHKaJIbHOE Ha3BaHHE MU KOJI TTIOKA3aTelIst
Ennnanna m3mepenns %, KONM4ecTBO, OMHAPHBIH (7]a/HET), TEKCTOBAst METKa
Mertpuka UYTo cunTaeTCsi COOTBETCTBHEM
Merton n3BnedeHus Kax OyzeT u3BnedeHo 3HaueHue U3 u(poBoil MoIeTH/ JOKYMEHTALUN
Hudposas IMokazarennb
MOJIeNb
O6pabotka
JIaHHBIX Hopwma > 90 %
> CpaBHeHue
Ennnnna m3amepenus: % o
" o PK.01 ¢ HOpMOH
entudukarop: PK-
Pa6ouas A P
JOKYMEHTAIHs
OTKIOHEHUE HpI/I3HaK X.
1

Puc. 4. Cxema usBiieueHus Ipu3HaKa

* PEKOMEHJAIMH TI0 YCTPAHEHUIO HEOCTATKOB.
JIJ1st KaXKJI0T0 BBISIBICHHOTO HECOOTBETCTBUSI MHTEILICK-
TyaJibHasi CHCTeMa TeHEPUPYET PEKOMEH/IAINH, OCHOBAH-
HBIC Ha 3aJI0KCHHBIX MIPABIJIAX W HAKOTUICHHBIX TAHHBIX
0 THUTIOBBIX PEIICHUSIX. PEKOMEHIAINH MOTYT BKJIFOYATh
YKa3aHHUs 10 HCIPABICHHUIO MOJICIHY HIIH TT0 TOTIOTHEHHTO
JIOKyMeHTanuu. Ecim onpenencHHOe HECOOTBETCTBUE
BCTPEYAJIOCh B paHee OOYUYCHHBIX MPUMEpax, CUCTEMa
MPEIUIOKUAT KOHKPETHOE peIIeHIe, KOTopoe ObUT0 dhek-
THUBHO B MOIOOHBIX CITy4YasX;

* CHCTEMHOE PEIICHHUE 110 JoKyMeHTaM. KiroueBoii
UTOT PabOThI METOUKH — 3TO TIOMOIIIH B BEIPAOOTKE pe-
HICHUsI 0 aybHEelIel cyapoe mposepsiemoit PII. Ha oc-
HOBE COBOKYITHOM OILIEHKHU BCEX MOKa3aTeNel U ¢ y4eToM
KPUTHYHOCTH OOHApyKEHHBIX MpOOJIeM cHCTEMa BbI-
HOCHT IIpEJBApPUTEIbHOE 3aKJIIOYCHUE B BUJIC OJHOTO
13 CLIEHAPHEB, YKa3aHHBIX B Ta0M. 3.

Taou. 3. CrueHapuy MPUHATHS PEIICHHN

Metonuka onenku PJ] ocHOBaHa Ha JIOTMYECKUX
MpaBwWJIaX U HeHpoceTeBol Kiraccupukanuu 0e3 mpu-
MEHEHHMSI BECOB WJIM UHTErPAJIbHBIX MTOKa3aresne. Takoi
TI0/1X0/1 0OECTICUNBAET OTKa3 OT BECOB M arperupoBaHus,
YIIPOIIAET AYUT, TIOBBIIIACT TPO3PAYHOCTD JOTHKH IIPH-
HSTHUS PELICHUH, TTO3BOJISIET 100aBIATh MIIM UCKIIFOYaTh
W3 MOJIENN TTOKA3aTelIH, He BBITTOIHSS JOTIOTHUTEIEHBIX
MCCIT €I0BaHUH IO OIPE/ICJICHHIO Beca BBEICHHOTO I10-
kazarens [28, 29]. B ocHOBe Mozienu I€KUT MHOTOYPOB-
HEBasi CTPYKTypa IoKa3aresneid, IpecTaBJIeHHbIX B BUIE
BJIOYKEHHBIX TPYIII:

1) rpynma — 0000OLICHHBII KpUTEpPHii;

2) moarpymna 1-ro ypoBHsI — YTOUHEHHBIH acleKT
BHYTPU TPYIIIbI;

3) moxarpymnmna 2 — KOHKPETHBI acClIeKT BHYTpH
TpYIIIbI;

4) mokazareiab — KOHKPETHBIN acTeKT OIICHKH.

Pemenue VYenoBust

JlanpHelmme 1eicTBus

IIpunsto

KpUTUYCCKUE 3aMEUaHUs

TTonnbrii KOMIIJICKT, BCC IMOKa3aTcin
B IIpeeiax A0IyCTUMOro, OTCYTCTBYIOT

JlokyMeHTalus nepeaeTcst Ha CIeLy oIuit
9Tan (3KCIEPTU3a, pean3aLus)

I TIpunsrto ¢ 1opaboTKOH

HapymIeHus opOpMIICHUS

Menkue OTKJIOHCHH, HC BIMAIONINC
Ha MPUMEHUMOCTD, HeOoIbIINe

JlonmycTHTB YCIIOBHO, 00513aTh pa3padoTynKa
YCTPaHHUTh 3aMEYaHHUs B CPOK

x OTKa3 B IpueMKe

" TCKCTaMH

Kpurnueckne HapymeHUst CTPYKTYpEI,
OTCYTCTBHE 00513aTEIILHBIX PA3/ICIIOB,
[IPOTUBOPEYHS MEKAY MOJCIIBIO

BosBpar nokymeHTanuu Ha 10paboOTKY,
3aIrpeT Ha UCIOJIb30BaHUE

B HarnpasiieHo Ha 10paboTKy

Brisipiien psA CyHIECTBEHHBIX,
HO YCTPAaHUMBIX HEIOCTATKOB

(I)OpMPIpyeTCH OTYET I10 TEKYIIUM
3aMCUaHUAM U HAMPaBJIACTC NOAPAAINKY
JUISL yCTPpaHCHU S 3aMeYaHMIt
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®parMeHT TPYNIHPOBKHU MOKa3aTesel A pasje-
7a «ABTOMATH3aNNs MHXCHEPHBIX CHCTEM) MPE/ICTaB-
JIeH B Ta0. 4.

ITycts S — MHOXECTBO BCEX TPYIII MOKazaTeleH,
rae kaxkzaad rpynna G cogepKUT NOATPYMIIEI IEPBOTO
ypoBHS P, KakJasi HOATPYTIIa IEPBOTO YPOBHS cofep-
JKUT TOATPYIIIBI BTOPOTO YPOBHSA F, a KaKaasi HOATPYyIIa
BTOPOI'0 YPOBHS — KOHEUHOE MHOXKECTBO MOKa3aTenei x.
dopmalbHO:

§=1G, G, .G} )
G,={P,P,.P}; 2)
Py={Fy Fip F s (3)
Fy=10,1,,1},1€{0,1}. 4)

Kax it moka3zarenr — OyJieBa epeMeHHasi, KO-
TOPOW COTOCTABIAETCS OMHAPHAS OIICHKA:

I=1— TpeboBaHue BBIIIOIHECHO;

I=0— tpecOoBaHNE HAPYIICHO.

Jl1s Konn4ecTBEHHBIX TIOKa3aTeNel 1 nokasarenei,
3aJ]aHHBIX B MPOICHTAX, BBEICHA JIOTHUCCKAS (PYHKIIHS
peoOpa3oBaHusl, YTOOB! COXPAHUTH OMHAPHYIO CTPYKTY-
py monemnu. [Ipu orpaHHYeHUH CBEPXY:

1,xST.

[P OTPAHUYCHUH CHU3Y:
1, x>T
w0, x< T ©)

e X — (pakTHYecKoe 3HAYCHIE FITH JOJIS BEITTOTHEHHS,
T — nomycTumoe 3HauyeHue.

ITonrpyrma 2-ro ypoBHS CYUTAETCS BBITIOJTHEHHOH,
€CIIU BBITIOJIHEHBI BCE €€ NOKa3aTelu:

szk = /\r Iijkr' (7
Ilonrpymnmna 1-ro ypoBHs CYUTAETCSl BHIIIOIHEHHOM,
€CITH BBITIOJTHEHBI BCE TIOATPYIIIEI 2-TO YPOBHS:

P =/\F, :/k\(/\z,. ) )

P

['pynma cuuraercst BBINOITHEHHOMU, €CITH BBITIOIHE-
HBI BCE TTOATPYIIIH 1:

G=NE =AML O

Taxum 00pazom, oTMedaeTcs BBIOIHEHHUE TPYIIIIbI
G, "epe3 JIOTMIECKYI0 KOHBIOHKIIUIO BCEX BXOISIINX
B Hee Mokasaresel.

B pamkax pa3paOarbiBaeMOil METOJUKH OLIEHKH
PJ1 mpumensieTcst KiracCUpUKAIHS TPYII ITOKa3aTele
M0 CTENEHN MX 3HAaYMMOCTH W BIMSHUS Ha JIOCTOBEP-
HOCTb MPOEKTHBIX PELICHUI.

Bcee rpynmst pasnensrores G, € S Ha JiBa nojkacca:

= &)
ijkr T H
0,x>T G.cSG, =8G . (10)
crit noncrit crit
Taodu. 4. DparMeHT MHOT'OYpPOBHEBOH CTPYKTYpBI TOKa3aTeei
P [oarpymma 1 F [oarpymnma 2 1 [Toxazarenn Mertpuka
I'pynna 1 — noxazamenu oyenxu L{AM na cmaouu « Pabouas 0okymenmayusi»
2 | OyHKUUOHAIBHOCTL | 29 | OYHKIHOHAIBHOCTD 36 [Nonnotra peanu3zanun GpyHKIHNH %
o
CHCTEMBI B cooTBeTCcTBUM ¢ T3
g7 % (yHKINH, peaTn30BaHHBIX COMTACHO %
(4
crienupUKauu
OTcyTcTBHE OLIMOOK
88 | mpu TeCTHPOBaHUU TUIOBBIX Ha/uer
U TPaHUYHBIX CIIEHApUEB
CooTBeTcTBHE (QYHKINI Ha3HAYCHUIO
89 by Ja/uer
CHCTEMBI
Hannune GyHKINUI IHAarHOCTUKA
90 by Ja/uer
COCTOSTHHSI CHCTEMBI
Hannuue QyHKIMNA ynpaBieHus
91 by yrip Ia/vet
W PyYHOTO BMEIIATEeIILCTBA
Hanuuune 1 1ocTynmHOCTH pyYHBIX
92 | peryysiTopoB, KHOIIOK aBapUHHOMN Ha/vet
OCTaHOBKHU
30 |I'mOxocThb Bo3MoxHOCTE aganTanun
93 K U3MEHEHUIO BXOAHBIX Ja/vet
JIAHHBIX/YCIIOBUH
CoOTBETCTBHE KOJIMYECTBA
94 | He3aBHCHMBIX (DYHKIHOHAIBHBIX Ha/ner
MOJTyJIeli/610K0B
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Tabu. 5. Cuctemuas kiaccH()UKALMS UTOTOBBIX PELICHU

3HaueHme Pemenne
D=1 IIpunsto
D=2 [punsTo ¢ nopaboTkoit
D=3 Hanpagneno Ha 10paboTKy
D=4 OTKa3 B IpueMKe

D10 pa3bueHne MPUMEHSIETCA MPU MOCTPOCHUHN
JIOTHYECKUX BBIPAXKEHUH HECOOTBETCTBHSI:

F = G¥ =G (1m)
noncrit = G,E>7/ _‘Gi' (12)

Janee pe3ynbTarhl aHaIU3a UHTEPIPETUPYIOTCS
KJ1acCU()UKATOPOM U BBIHOCHUTCSI HTOTOBOE PEIICHHE:

LF, =0AF =0

crit noncrit
2’ F;rit = O A F;zoncrit = 13
D =
3, F,, =1 (JIOKangyeMLIe); (13)
4, F,, =1 (KpHTqucme)_

Pesynprar D npuHUMaeT OHO U3 YETHIPEX 3Haye-
HUH, yKa3aHHBIX B Ta0M. 5.

C 1enpro BauIaliy KITFOYEBBIX KOMITOHEHTOB METO-
Jiku orieHku PJ] mpoBenieH sxenepTHbI onpoc. [jist onpo-
ca IKCIIEPTOB ITOATOTOBJIEHA aHKETA.

K yuacTuio B orpoce ObIIH NPUIIAIIEHBI SKCIIEPTHI,
00I1a1afoIIne TOCTAaTOYHBIM OITBITOM F KOMIIETCHITUSIMHA
B 00JIACTH apXUTEKTYPHO-CTPOUTEIBHOTO IIPOSKTUPOBA-
Hust. Kputepun 11 BRIOOpa SKCIIEPTOB BKITFOYAITH:

1. OmbIT pabOTHI HE MEHEE IISITH JIET B TIPOCKTUPO-
BaHUU WIIN SKCIEPTH3E MPOSKTHO-CMETHOH U pabodeid
JIOKYMEHTAITUH.

2. Crenmanuctsl, cocrosmue B HOITPI3.

3. CnenuaiucTsl, IMEIOINe TPAKTHUECKHA OTIBIT
HOPMOKOHTPOJIS, TPOBEAECHUS KCIIEPTU3HI MU TEXHH-
YECKOTO ayIuTa JOKYMEHTAIIHH.

4. CrnennayucTel, 00Jaatolue HaBbIKaMH | T10-
HUMAFOIIHE TTPUHIINATIEI HH(POPMAITHOHHOTO MOICITHPO-
BaHMsI OOBEKTOB KalMTaJIbHOTO CTPOUTENILCTBA.

B ankeTe mpencTaBieHbl 6 TEMaTHIECKUX OJIOKOB,
OXBAaTBIBAIOIIHX!

1. CTpyKTypy CHUCTEMBI ITOKa3aTENEH.

2. JleneHue Ha KPUTHYIECKHE U HEKPUTHUECKUE TPYTI-
TIBL.

3. Knaccugukanuio HTOTOBBIX PEIIeHUH.

4. Jloruky nByXKaHaJIBbHOU U JBYX3TAIHOM NpOBEp-
KH.

5. IlpuMeHUMOCTb HEHPOCETEBOM apXUTEKTYPHI.

6. MexaHn3M 0OpaTHOM CBA3M.

Kaaplit 0110k BONPOCOB COAEPIKUT MIKAIBHEIC,
aJBTepHATUBHBIC U OTKPHITHIE BOTIPOCKHI. Takoi popmar
MO3BOJIMJI OLICHUTh YPOBEHB COIVIACUS IKCIIEPTOB U CO-
OpaTh peKOMEHAAINH [T JOPAOOTKH METOIUKH.

C 1enbro 3KCIEPTHON BaMIAI[MA METOAUKH BaK-
HO 00€CIIEUYNTH TOCTATOYHBIM, HO HE M30BITOYHBIA CO-
CTaB rpymnibl. PacueT KoimuecTBa SKCIEPTOB BBIIOIHEH
o hopmyre:

(14)

rae t — ko3 uunent nosepus (1,96 mwist 95 % nose-
PHUTEIBHOTO HHTEPBAJA); G — IMPE/IoIaraeMoe CTaH-
JapTHOE OTKJIOHEHWe = 1; A — momycTumas ommuoKa
(0,6 6amra);

2 2
S L
0.6

st npoBeneHus onpoca npusiedeHo 11 skcnep-
ToB. OCyIIeCTBIICH 3a09HBIN WHIUBHUIyaIbHBIH OTIPOC
SKCHEPTOB. PaccunTaHbl A5 KONUYECTBEHHBIX IIKAIIb-
HBIX OIIEHOK (1—5) omucarenbHble CTATHCTHKU: CPEIHEe
3HauYEHHe, MEeINaHa, MOJIa U TUANa30H OLIEHOK JUIs KaXK-
JIOTO BOIIPOCA, YTO ITO3BOJIHIIO ONPEICIUTH 00IIee MHE-
HUE I'pyNIbl U BAPUATUBHOCTb CyxkAcHUM. [{1st Bompo-
COB C BHIOOPOM BapHAHTOB BBIUMCIICHBI IPOICHTHBIE
JIOJM 110 Ka)KAOMY BapuaHTy OTBETa — 3TO I0Ka3alo,
Kakue MHEHHs 1Tpeo0iaatoT. OTKPBITbIE KOMMEHTAPUN
9KCTIEPTOB MO/IBEPrHYTHI KAYECTBEHHOMY aHaim3y. OT-
BETHI CIPYNITUPOBAHbI IO CXOIHBIM TEMaM MU MpPe-
noxeHusM. KirtoueBple 3aMeqaHus U peKOMEH/IAINH,
4acTO YIIOMUHAEMBbIE PA3HBIMU YKCIEPTAMU, BBIIEIEHBI
B OTUETHOCTU. Ha 0CHOBE NOJTy4€HHBIX JaHHBIX ONpOca
Oyzner nopaboTana MeTonuKa oreHku P/I.

C 1emnbio OIEHKH COITIACOBAHHOCTU MHEHUH JKC-
MIEPTOB JUISL BOIIPOCOB, IJI€ €CTh PAHKUPOBAHUE MU CO-
r1acue/Hecoracue, paccuuTal Ko3PPHUIIMEHT KOHKOP-
nmanmu Kennamma W:

(15)

12-§
7 .\ b
m - (n3 - n)
rae S — cyMMa KBaJpaToB OTKJIIOHCHHUI PaHTOB OT CPE-

HETO; 7 — YHUCJI0 SKCIIEPTOB; /1 — YKCIIO OLICHUBAEMbIX
00OBEKTOB.

W= (16)

Crarucriueckas IpoBepKa 3HAYNMOCTH W:

xX2=m-(n—-1)-W. (17)

CpaBHUBACTCSI C KDUTHYESCKUM 3Ha4YeHUEM Xx° (Ypo-
BeHb 3HaUMMOCTH o = 0,05).

Nurepnperanus 3Hauumoct W:

W < 0,3 — Hu3Kast COIIIacOBaHHOCTE;

0,3 < W <0,7 — ymepeHHas COIJIaCOBAHHOCTb;

W > (0,7 — BBICOKas COTJIACOBAHHOCTb.
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PE3YJIbTATBI

B sxenepraOM onpoce npuHsio yaactre 11 sxcmep-
TOB, OLICHMBIINX Pa3pabOTaHHYIO METONUKY 10 IIECTH
TEeMaTHYECKUM OJIOKaM. AHKeTa BKITIOYaJia [IKaJIbHbIC BO-
npockl (oneHka 1o S-6amieHoi Likert-mkane), ansrepHa-
THBHBIE BOIPOCHI (JMXOTOMUYECKHE «[1a/HET» WU BHIOOD
13 BYX BapHAHTOB) U OTKPBITHIE BOIPOCHI JJIsI KOMMEHTa-
pueB. Temariaeckre OI0KH OTpoca OB CICTYIOIMH:

* CTPYKTypa IOoKa3aTeiell (JIOTHKa MOCTPOCHHUS,
TPYNIHMPOBKa, MOJHOTa HAbO0pa MoKazareei);

* pazzieNieHne Ha KPUTHYECKUE/HEKPUTHIECKUE TPyTI-
bl (0OOCHOBAaHHOCTD BBICJICHUS] KDUTHYECKUX TTOKa3a-
Tenen);

* UTOrOBas KiaccuuKarms (Ha 4 UCX01a MOJICITH);

* JIByXKaHAJIFHOCTh METOIUKH (COBMeIeHHE pabo-
TBI MOJIEJIN 1 JIOKYMEHTAILHOTO KOHTPOJIS);

* apXHUTEKTypa HeHpoceTH (OHATHOCTh M 1IeI1eco-
00pa3HOCTh BHIOPAHHOM apXUTEKTYPbI);

* oOparHas CBS3b CHCTEMBI (CIIMCOK BBIABISICMBIX
HECOOTBETCTBHH 1 BbIIaBacMble PEKOMEH/IALIH).

KosimyecTBeHHBbIE pe3yJIbTaThl OIPOCa

J1715 Ka»KI0T0 IIKITFHOTO BOTIPOCA PACCINTAHBI CBOJI-
HbIE [TOKA3aTel N — MeJIHaHa OLCHKH M MEKKBapTHIIGHbIN
pazmax (IQR). B Tabn. 6 npuBeneHbI pe3ysTarhl 10 BceM
1recty Onokam. Beicokue 3HaueHus Me/IMaHbl CBHIETEb-
CTBYIOT O TIOJIOKHUTEIHHOM OIIEHKE COOTBETCTBYIOIIETO
ACTIeKTa METOIUKH OOJIBIIMHCTBOM 3KCHEPTOB, TOTAA
Kak Oojiee HU3KME MEIMaHbl YKa3blBAIOT HA HAJIHYHE
KPUTHYECKUX 3aMeUaHuil. MeKKBapTUIIBHBIN pa3Max Xa-
pakTepusyer pa3opoc MueHuit: y3kuit IQR roBopur o co-
IJTACOBAHHOCTHU OLIEHOK, IMIMPOKUN — O PacXOKICHUU
MHEHH TPYIIIBI SKCTIEPTOB.

Kak BunmHO 13 Tabn. 6, HANBBICIIHE OIICHKH IOy~
g Ooku 1, 2 u 4. B 9acTHOCTH, JIOTHYHOCTH CTPYK-
Typbl U TPYNIUPOBKA MOKa3aTeNIe OLlEHEHbI IPaKTHU-
YEeCKM MaKCUMaJIbHO (MeluaHa 5) Ipu MUHUMaJIbHOM
pa3bpoce MHEHU, T.€. SKCIEePTHI eANHOAYIIIHO IPU3HA-
JIM CTPYKTYpY TOKa3aTeneil MOHATHON U 000CHOBaHHOM.
AHAJIOTUYHO BBIJIEICHUE KPUTHUYECKUX MOKa3aTeNen
CUYHTaeTCsI HEOOXOMUMBIM (MEAMaHa 5) — TIOYTH BCe

AKCIIEPTHI COTIACHIIMCH C BAYKHOCTBIO Pa3elIeHUs Me-
TPUK Ha KPUTUYCCKUE U HeKpuTHUeckue. Kpome Toro,
JIByXKaHaJIbHBINA MOJXO0J] TIOJYUHJI BBICOKYIO OLICHKY:
SKCIIEPTHI MMO3UTUBHO OLICHUIIHN UACIO MapaslIeIbHOTO
aHaJU3a MOJEIHU U JOKyMeHTanuu. Pa3dpoc oneHok
B 3THX OJ0OKax He MpeBbImaeT 4—5, 94TO yKa3bIBaeT
Ha BBICOKYIO COTJIACOBAHHOCTD ITOJIOKUTEITHHBIX MHE-
Huil. B To jxe BpeMs apXuTeKTypa HeilpoceTH BbI3Baia
HanOOIBIINE pa3HOITIaCHs M HU3KHE OlleHKH. Memnana
paBHa 3 KaK I10 MOHATHOCTH, TaK U 10 IIeJIeCO00pa3HO-
CTH apXUTEKTYPBI, TPH ITOM YETBEPTh IKCIIEPTOB Jlaja
OIICHKY 2 (HIKE YIOBICTBOPHUTEIHEHOMN) IO MOHATHOCTH.
DTO 03HAUAET, YTO 3HAUNTENbHAS YaCTh YKCIIEPTOB COY-
Jla apXUTEKTYpPy III0XO MOHATHON JJIS TTOB30BATEIS.
Paszbpoc MHeHWMIT B OJTOKE 5 Ha HU3KOM YPOBHE, T.€. dKC-
MIEPTHI 37I€Ch €MHBI BO MHEHHH 0 HefocTatkax. [1o Gmo-
Ky 6 (oOpaTHast CBsI3b) MHCHUS Pa3ICIIAINCh: TOTHOTY
BBISIBJICHUSI HECOOTBETCTBUI CHUCTEMON OLIEHUBAIOT
B IIEJIOM ITOJIOKHATENBHO (MeauaHa 4), Toraa Kak 1moJes-
HOCTh PEKOMCHIATEIBHON YacTH HIDKE (MenuaHa 3).
DTO MOKAa3bIBAET, YTO IKCIEPTHI CYUTAIOT MEepeUeHb 00-
HApYKUBAaEMBIX CHCTEMOW MPOOIeM TOCTATOYHO TTOJ-
HBIM, HO IIEHHOCTh aBTOMAaTHYECKH CT€HEPUPOBAHHBIX
pEKOMEHIANNi BbI3Balla COMHECHHS Y 9aCTH PECIIOH-
neHToB. biiok 3 (utoroBasi kimaccuduKaius MOJCITH
Ha 4 MCxXona) MONYYIUI MPOMEKYTOUHBIE OLIEHKH —
Menunana 4 mo oboumM Bompocam. B 1enom 3kcmepTs
COTJIaCHBI, UTO 4 Kjacca UCXOAO0B SBISIOTCS pasyM-
HBIM BEIOOPOM, OTHAKO HECKOJBKO IKCIIEPTOB yKa3an
Ha BO3MOXHOCTb YIYUIICHUMN.

Pacrmipenenenne oeHOK SKCIEPTOB 110 MIECTH Te-
MaTUYECCKUM OJIOKaM TTOKa3aHO Ha puc. S.

JI71s1 KOMUYEeCTBEHHOM OIEHKH COTVIACOBAHHOCTH
MHCHHI SKCTIIEPTOB OBLT BEIYUCICH KOAPPHUIIUEHT KOH-
xopaauuu Kennanna W. PaccuntaHHoe 3Ha4€HHE CO-
craBmiio W= 0,52, 94T0 CBUAETEIBCTBYET O JOCTATOYHO
BBICOKOM CTENEHHU coryacusi Mexay skcrnepramu. Cra-
THCTHYECKUN KPUTEPHUH ¥ MOKa3al 3HAYMMOCTh KOH-
kopaanuu (p < 0,001), T.e. corTacOBAaHHOCTh MHCHHI
HE HOCHUT CIIy4allHbIi XapakKTep.

Tab. 6. OrieHKH SKCIIEPTOB MO MIKATEHBIM BompocaM (Mexuana u IQR)

biok 1 acnekT oleHkn Menuana (IQR)
brox 1. Jlorn4HOCTB CTPYKTYpBI OKa3aTeIen 5(4-5)
Brnok 1. KoppekTHOCTb rpyIIMPOBKY TTOKa3aTeseit 5(4-5)
Brnok 1. [TomHoTa Habopa mokasaremnei 4 (3-5)
Brox 2. Heo6xonnMoCTh pa3feneHus nokas3aTeneil Ha KpUTHIeCKue 5(5-5)
Brok 2. IToHATHOCT KpUTEPUEB KPUTHUHOCTH IIOKa3aTeIeh 4 (3-5)
biok 3. KoppekTHOCTb KiIaccudukaim Ha 4 ucxona 4 (4-5)
brnok 3. [TonHoTa 0XBaTa BO3MOXKHBIX UCXOJI0B 4 (3-5)
Brnok 4. LlenecooOpa3HOCTh ABYXKaHATBHON METOIUKH 5(4-5)
Bbrok 4. Yno06cTBO HCNONB30BaHUS IBYX KaHAJIOB 4 (3-5)
brnok 5. IToHATHOCTE apXUTEKTYpBI HellpoceTu 3(2-3)
Brox 5. O60cHOBaHHOCTE BEIOOPA ApXUTEKTYPBI HEHPOCETH 3(3-4)
bnok 6. [ToiHoTa 0OHApYKEHHST HECOOTBETCTBHI CHCTEMBI 4 (4-5)
brox 6. [lone3HocTh peKOMEHIaMi CHCTEMBI 3(3-4)
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JIByxKaHaJIbHOCTD

Kpurnueckue
TPYIIIBI

Crpyxrypa
IoKa3areiiei

Hrorosas
KJIaccupUKanus

OobparHasi CBsI3b

Hetipocets

4,73

4,64

4,55

1 2

3 4 5

Cpenusist orieHKa dKcreptoB (1-5)

Puc. 5. Ouenku skcrepros

JlomomHUTENTbHO MPOAHAIM3UPOBAHBI OTBETHI HA b~
TEpPHATUBHBIE BOIPOCHI (THIT «/1a/HET» ), CONPOBOK/IABIIINE
Ka)KbIH OJIOK. DTH BOIPOCHI BBISBILSUTH JOJIO SKCIIEPTOB,
COIIACHBIX WJIM HECOIIACHBIX C KITFOUEBBIMH IMOJIOKEHHUS-
MU METOJIMKH. Pe3ysbrarsl pacnpesenieHus OTBETOB MpH-
BEZICHBI HIDKE:

brox 1: 8 axcnieproB (= 73 %) cunrarot HabOp TO-
KaszareJsiel MoJHbIM, He TPeOyIOIMM JOMOJIHEeHH; 3 dKC-
nepTa ykasalii, 4To HeoOX0qHMO JI00aBHUTh ITOKa3aTen
JUTSI TIOJTHOTBI OLICHKH.

Brnok 2: 9 sxcrieproB (82 %) momnepKUBaroT HEMo-
CTaTOYHO 0OOCHOBAHO.

Brnok 3: 8 akcrieproB (73 %) cOmacHbI, YTO KIIaCCH-
(ukarys Ha 4 MCXOa OXBATHIBAET BCE KITIOUEBBIE CHUTY-
armu; 3 HKCIIEpTa MONIATAl0T, 9TO CIIEAYET IePeCMOTPETh
YHUCIIO KJIACCOB (OOBEANHUTH KaTErOPUH «OTKa3 B IPH-
€MKe», «HaITPaBJIeHO Ha JIOPabOoTKY).

Brox 4: 10 skcneptoB (91 %) cuuraror 1eneco-
00pa3HBIM HCTIONB30BATh JIBa KaHaa (HeHpoceTs U JI0-
KyMEHTAIIMIO) COBMECTHO; JIMIIIH | 3KCHEepT BBICKa3ajcs
3a YHPOLICHUE TI0JIX0/a JI0 OJTHOI'0 OCHOBHOI'O KaHaja
aHanm3a.

brox 5: 4 skcnepra (36 %) 3a8BUIM, YTO apXHUTEK-
Typa HEMPOCETU UM IIOJHOCTBIO IIOHATHA; OCTaJIbHbIE 7
(64 %) OTMETIIIH HEJAOCTATOUHYIO SICHOCTh YCTPONCTBA
MOJIETIH U HOTPEOHOCTH B JOTIOIHHUTEIBHBIX TTOSCHCHUSIX.

brox 6: 7 skcriepToB (64 %) cuuTalot, 4TO MOJIE3HA
BbIIa4a PEKOMEHJAINH M0 YCTPAHEHHUIO BBISBICHHBIX
HECOOTBETCTBU; 4 skcnepTa (36 %) olleHMBaIOT IEH-
HOCTh PEKOMEH/IAINi KaKk HU3KYIO, YKa3bIBasi Ha UX 00-
IIMI XapakTep.

OTKPBITBIC BOIPOCKHI B @HKETE ITO3BOJIHIIN IKCIICP-
TaM MOAPOOHO KOMMEHTHPOBATh HEOCTATKUA METOIUKH
W IpeJuiararh yiydiieHus. AHaIn3 OTBETOB BBISIBUII ST
MOBTOPSIOIIMXCS HEIOUETOB U peKoMeHanuii. Muorue
9KCIIEPTHI JOMOJHUIM OIEHKA KOHKPETHBIMU TIPHMeEpa-
MH HECOOTBETCTBHU U COBETaMU 10 mopabotke. Jlanee
MPUBE/ICHBI KJIIOYEBbIC 3aMeUaHHsl SKCIIEPTOB (C yKa3a-
HHEM COOTBETCTBYIOIIETO TEMaTHYECKOro 0JI0Ka):

Brnok 1 (cTpykTypa moka3sarenei): HeCKOJIBKO dKC-
MEePTOB YKa3ajiK Ha HEJOCTAIOIINE MTOKA3aTeNH, [pe/iia-
rast pacIIMpUTh HA0OP TSl OMHOTHL. Takue KOMMEHTapUH
CBHJICTEIILCTBYIOT O TOM, YTO, XOTS B LIEJIOM CTPYKTYpa
ObuIa 0100pEHa, HEKOTOPHIM CIICIIHATIMCTAM HE XBATHIIO
OTIENTBHBIX METPHK TSl BCECTOPOHHETO OXBaTa.

Brnoxk 2 (kpuTrdeckre moka3aTes): B OT36IBaX MO/~
YepKUBAJIACh BAXKHOCTh YETKOTO ONpEJeNICHHs KPUTe-
pHEB KPUTUYHOCTH. Hampumep, OMH SKCIIEPT yKa3ai:
«Kpumepuu ommuecenus noxazameneti k “Kpumuue-
cKuM” 00NHCHBI ObIMb OOJIee YemKo NPONUCAHbL, YNOObl
¥ 8cex Obl10 eOUHOoe NOHUMAHUEY .

biok 5 (HeiipoceTs): Hanbosee OOMIMPHYO 00par-
HYIO CBSI3b DKCIICPTHI AU TI0 ApPXHUTCKType HEHPOCETH.
HemnousitHOCTS MOZIEINTH CTasa OOIIUM MECTOM B KOMMEH-
TapusiX. «Apxumexkmypa Heupocemu CIUUKOM CLOJICHA
0/ NOL306AMEISL; HEOOXOOUMbL OONOIHUMENbHBLE NO-
ACHenus. u odyualowue Mamepuaibl», — OTMETHI OJUH
W3 DKCHEPTOB. JIpyroit pekoMeH0Ba yIIPOCTUTH MOJIENb:
«Hmeem cmbic ucnonb3o6ams 60iee npocmyio apxumex-
mypy — mak pe3ynomamul Oy0ym iez2ue uHmepnpemu-
posamvy. I1on0OHBIE PEKOMCHIAINH OOBSICHSFOT HU3KUC
0asuTbl, BEICTABICHHBIC M0 3TOMY OJIOKY, M YKa3bIBatOT
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HaIrpasJICHUC I YIIYUIICHUA — YIPOIECHUEC U JIYyUIICC
JOKYMEHTHPOBaHHE MOJIEIH, & TAKKE IIPEIOCTABICHUE
OoJtee TOAPOOHBIX ONMCAHNS METOIMKH ¥ HHCTPYKIIMH.

brnok 6 (oOparHas CBs3b): B KOMMEHTAPHSIX 110 MO-
JIyJI0 OOpaTHOW CBSI3HM 3KCIIEPTHI MOJUYEPKHYIN HEO0O-
XOAMMOCTH 0oJiee MeTalbHBIX peKoMeHJarui. XoTs
CHHCOK OOHapy)XHBaeMBIX HECOOTBETCTBHUI OLCHEH
MOJIOKHUTEIBHO, PSIl DKCIIEPTOB CYMTAET, YTO COBETHI
HEJI0OCTaTOYHO KOHKpeTHHI. [Ipo3Byuano moxxenanue
oboraarb peKOMEHIAIMH IIPEMEpPaMK PeIeHHH: «Xo-
Menocs Obl NOLYHAMb He MOALKO PaKmuvl 0 NpodIEMax,
HO U KOHKpemHuble wazau, Kaxk ux ucnpasumsy. Eme onxa
qacTasi PEKOMEHIalisl — PacIIUPUTD IIepeueHb CIeHa-
pHEB, IPU KOTOPBIX JAIOTCSA PEKOMEHAINH, YTOOBI OX-
BAaTHTh OOJIBIIE IPAKTHYCCKUX CUTYaIMIL.

Pe3yabraTel SKCIIEPTHOTO OIpOca JEMOHCTPUPY-
10T, YTO METO/IUKA ITOTyYHIa O00PEHHUE TIO KITIOUEBBIM
napamMeTpam, MpH ATOM DKCIIEPTHI €AMHBI BO MHEHHUU
0 Haubosee MPOOJIEMHBIX 30HAX, TPEOYIOIIUX I0pa-
0oTku. Beicokas cortacoBaHHOCTH onieHoK (W = 0,52)
MOJTBEPKJACT HAJC)KHOCTH IMOJYyUYEHHBIX BBIBOJIOB!
9KCHEPTHI CXOIATCS B IOJOKUTEIBHON OLIEHKE JIOTHKH
CTPYKTYPbI NIOKa3aTeNeil, KpUTePHUaIbHOTO Pa3IeCHUs
1 UHTETpallu MOJCIINU C }IOKyMeHTaHHeﬁ, " OHOBpE-
MEHHO KOJUICKTHBHO YKa3bIBAaIOT Ha HEJOCTATOYHYIO
SICHOCTh HEHPOCETEBOI YacTH M PEeKOMEHAATEIBHOTO
MOy, DTH AaHHBIE MTOCITYKaT OCHOBOI /TS IIeNieHa-
MPABJICHHOTO YIYYIICHNUs METOIUKH B COOTBETCTBUH
C PEKOMEHJIAIUSIMH DKCIIEPTOB.

3JAKJIIOYEHUE U OBCYXJIEHHUE

Pa3paboranHas MeTonMKa aBTOMATU3HPOBAHHON
onieHkH PJ/I, mOATOTOBIEHHOM C MCIOIB30BAHUEM TEX-
HOJIOTHI MH(POPMAMOHHOTO MOICIHPOBAHUSA, MPO-
JeMOHCTpUpoBaia 3(H(HEKTUBHOCTh U IPUMEHUMOCTD
B COBPEMEHHBIX YCIOBUAX MU(PPOBOTO CTPOUTETHLHOTO
npoekTupoBanusd. Ee apxurektypa 6a3upyercs Ha Jo-
THYCCKU CTPYKTYPUPOBAHHBIX TIOKA3aTeIsIX, (hopMaTH-
30BaHHBIX MTPAaBMIIAX U HEHPOCETEBOM KilaccH(pHKaTope,
9TO 00ECIIEYNBACT CTPOTOE M BOCIIPOU3BOAUMOE TIPHHSI-

THE peuIeHui 0e3 MPUMEHEHHs BECOB WJIM HUHTETPallb-
HBIX 00001meHN. B MeToanke peannzoBaHa BO3MOXK-
HOCTb KaK MapaJlyIeNIbHOM, TaK U ABYXSTAlHOM OLICHKH,
yuuThIBamOLel crnenuduky ananmmsa LIM u TekcToBo-
rpaduyecKoil TOKyMEHTaIH. BCTpoeHHbIH MexaHu3M
00pabOTKM HEMOTHOTO KOMILTEKTAa TI03BOJIAET COXPAHSITh
rHOKOCTH ¥ (POPMHUPOBATH KOPPEKTHBIE 3aMEUAHHUs JJaXKe
IIPY YaCTUYHOW JIOCTYITHOCTH MCXOAHBIX JIAaHHBIX. Ma-
TeMaTH4eckas MOJIeJIb UCIIONb3yeT OysaeBy (opmaimsa-
L[UI0, JJOTUYECKUE ONEPATOPHI U MOPOTOBbIE 3HAUCHMUS,
obecrnieunBast MpO3pavHOCTb U HHTEPIPETUPYEMOCTD pe-
3ynprata. CucreMa KiacCuPUIMpPyeT pe3ysIbTaT aHaau3a
T0 YETHIPEM MCXOJIaM: IIPHHSTO, PUHSITO C JT0PA0OTKOMH,
HaIlpaBJIeHO Ha Opa0OTKY, OTKa3 B IIPHEMKE.

IIpoBeneHHBII SKCIIEPTHBIN ONIPOC OATBEPIUII IIPU-
MEHUMOCTb IPEJUIOKEHHOTO TTOX0/1a: IO OOJIBILIMHCTBY
OJTOKOB METOIWKH 3a(UKCHPOBAHBI BHICOKHE OIEHKH
Y BBICOKHMH YPOBEHb COIIACOBAHHOCTH MHEHUH (KO3(-
durment Kernama W= 0,52). B To e BpeMst OTMEYCHBI
HAaIpaBJIeHNsl, TPEOYIOLIE TaIbHEHIIEro pa3BUTHS —
B YaCTHOCTH, apXUTEKTypa HEHPOCETH U MOAYIb 00paT-
HOM CBSI3M, BBIIAIOIINNA PEKOMEH/IAIINH.

IlonyueHHblEe pe3ynbTaThl AEMOHCTPUPYIOT Ha-
YUHYIO U MPAKTUYECKYIO0 3HAaUUMOCTh MeToauku. OHa
MOXeET OBITh MCIOJIB30BaHA KaK OCHOBA JUISl CHCTEM
HMHTEJUICKTYaJIbHOT'O KOHTPOJIA HpOCKTHOﬁ JOKYMCHTa-
LU Ha JTare MNOArOTOBKHU K HKCIEPTHU3E, BHYTPEHHETO
MIPOEKTHOTO ayUTa WIN aHAJIHN3a CTETIEHH TOTOBHOCTH
JIOKYMEHTAIlUd B paMKaX JOTOBOPHBIX MPOILECCOB.
B nanmpHelnem rraHupyeTcst pacumpenne Hadbopa 1mo-
Kazareneil m o0ydeHne HEeHPOCeTH Ha PacIIMPEHHBIX
KOpITycaX MPOEKTHBIX JaHHBIX.

Oco0yro MpakTHYECKYI0 IEHHOCTh METOANKA IIPEa-
CTaBIISIET MPH paboTe C TOTOBOPHBIMHU 00sI3aTEIbCTBAMH
MOJPATYUKOB Ha NMPOEKTUpoBaHKe. B ciyuae nocpou-
HOTO pacTOP)KEHHsI KOHTPAKTa OHa MO3BOJIIET OOBEK-
THUBHO OLCHUTH (DAaKTHICCKUN 00BbEeM BhINOTHEHHOM [1]]
Ha OCHOBE aBTOMATH3MPOBAHHOM MPOBEPKU, UTO JIENIAET
BO3MOKHBIMH OOOCHOBaHHYIO (DHKCAIIMIO CTENICHH TO-
TOBHOCTH pPe3yJibTaTa U yperyaupoBaHue (HUHAHCOBBIX
pacyeToB MEXy CTOPOHAMU.
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INTRODUCTION

Current digitalization trends in the construction sec-
tor are driving the widespread adoption of information
modelling technologies (TIM), which are transform-
ing the approach to architectural and structural design.
IMT enhances consistency, accuracy and transparency
in the preparation of design and working documentation
[1-4]. Nevertheless, as these technologies become more
widespread, there is a growing need for a critical assess-
ment of the working documentation (WD) produced,
upon which the timelines, costs and sustainability of con-
struction projects depend [5, 6].

The traditional approach to assessing WD, involv-
ing manual checks by experts, remains labour-intensive,
subjective and prone to human error. In this regard,
a pressing task is the development of automated methods
for assessing documentation, enabling the identification
of errors, omissions and non-compliance with regulatory
requirements [7, 8].

One promising area in this context is the use of arti-
ficial intelligence (Al), particularly neural network algo-
rithms. Neural networks make it possible to learn from
large volumes of data and identify typical errors in de-
sign and working documentation, including that prepared
using TIM. However, to ensure the applicability of such
a methodology in real-world practice, it is necessary not
only to develop the algorithm but also to verify it with
the involvement of professional industry experts [9—12].

Thus, a scientific and practical problem arises:
how to integrate the capabilities of neural networks and
the expert approach for an objective and reproducible as-
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sessment of design documentation generated by informa-
tion modelling tools.

The aim of the research is to develop a methodol-
ogy for assessing working documentation prepared using
information modelling technologies with the application
of neural network algorithms.

Research objectives:

* to establish evaluation criteria for the WD created
using TIM tools;

* to develop a methodology framework incorporat-
ing a neural network analysis module;

* to conduct an expert survey to clarify the signifi-
cance of the criteria and validate the results of the auto-
mated evaluation.

MATERIALS AND METHODS

The architectural and structural design process
can be viewed as a sequence of stages (the project life
cycle) from the initial concept through to the production
of design documents and subsequent construction. Fig. 1
shows a diagram of the main stages of this cycle.

During the conceptual phase, the initial require-
ments and architectural and planning solutions are for-
mulated in general terms (preliminary design, feasibil-
ity study). Next, the design documentation (DD) is
developed — a set of “P” stage documents sufficient
for the project to be assessed by the relevant authorities.
The design documentation contains the main architec-
tural, structural and engineering solutions, explanatory
notes and calculations necessary to verify compliance
with regulatory requirements. Once the design work
is complete, this documentation is submitted for state
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Concept/idea

Project documentation

Examination of project
documentation

Working documentation

Construction of the facility

Fig. 1. Stages of the architectural and structural design life
cycle

or non-state expert review, which assesses the proj-
ect against criteria of safety, reliability and compliance
with standards and regulations. Successful completion
of the review results in the issuance of a positive conclu-
sion, certifying that the project complies with the estab-
lished requirements.

The next stage is the preparation of the working
documentation. At this stage, the design is developed in
full detail: working drawings for all sections, specifica-
tions for materials and equipment, and other documents
required for the execution of construction and installa-
tion works are produced. The working documentation
is based on the solutions approved by the expert review
and must not contradict them. It serves as a direct guide
for construction works and contains all the information
required by construction organizations. Once the work-
ing documentation has been produced and checked (ei-
ther internally or externally), construction of the facil-
ity can begin. Thus, the design lifecycle covers the path
from the initial idea to a complete set of documents
that have passed expert evaluation and are suitable for
practical implementation. Each stage logically follows
on from the previous one, increasing the level of detail
and soundness of the solutions [13].

At all the stages listed, digital information models
(DIM) of the appropriate level of detail are currently
being created in parallel. Thus, at the concept stage,
the model is of a generalized nature (for example, cor-
responding to a LOD of ~100-200, containing the build-
ing’s overall dimensions and key parameters), whereas at
the design stage, the information model (IM) is enriched
with details of structures, engineering systems and attri-
butes, reaching a level of detail (LOD) of ~400-500 (de-

tailed elements down to the dimensions of manufactured
components) [14-17].

The project’s working documentation comprises
two key interrelated components: the building’s digi-
tal model and the traditional text-and-graphics section.
At the design stage, the digital model (DM) contains
the full scope of geometric and attribute information
about the project (architecture, structures, and engineer-
ing systems) in its current version. The text and graphic
section include drawings (plans, elevations, sections,
details) prepared in accordance with the Unified System
of Design Documentation/Construction Project Docu-
mentation System (USDD/CPDS); specifications for
materials and equipment; an explanatory note; and other
documents (e.g. calculation results, process flow charts).

In modern projects, these two components comple-
ment each other: the model serves as a source for gen-
erating drawings and specifications, whilst text docu-
ments clarify information that is not directly reflected in
the BIM model.

Given this structure, the methodology allows for
either a parallel two-channel review (where the DM and
the submitted documentation are assessed simultaneous-
ly) or a two-stage review of the WD. The first option is
a single-stage assessment, in which the DM and the sub-
mitted documentation are assessed together. The second
option is a two-stage assessment of the design documen-
tation. The first stage is the review of the 3D model: com-
pliance of the model with the established requirements
(structure, geometric accuracy, information content, etc.)
is analyzed. Once the DM was approved, the second
stage begins — the review of the formalized documen-
tation: the completeness and presentation of the draw-
ings and explanatory materials are assessed, along with
their consistency with the IM. The two-stage approach
is justified by the fact that identifying and rectifying er-
rors at the model level simplifies the subsequent review
of drawings and text. If the model does not meet key re-
quirements, further detailed verification of the drawings
becomes pointless; therefore, an acceptable level of BIM
model assessment must first be achieved. Only then does
the system proceed to analyze the textual and graphi-
cal documentation, using information extracted from
the verified model.

Fig. 2 shows a flowchart of the two-stage assess-
ment process. In the first stage, the BIM model analy-
sis module identifies discrepancies based on formalized
criteria. Once any critical errors in the model have been
corrected (if present), the system proceeds to the sec-
ond stage, during which the composition and content of
the documentation produced are checked: the presence
of all mandatory drawings and sections, the conformity of
the drawings with the model, and compliance with stan-
dards. In this way, a comprehensive assessment result is
achieved: from the digital representation of the project to
traditional documents.

To justify the development of the methodology,
a review was conducted of existing methods for the con-
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Stage 1. Evaluation of the digital model

Report on inconsistencies

Recommendations

Stage 2. Evaluation of documentation

Report on inconsistencies
and recommendation

Recommendations

Report on inconsistencies
and recommendation

Automated Decision making
(acceptance/modification/deviation)

Fig. 2. Flowchart of the working documentation assessment process

trol and examination of design and working documenta-
tion in both domestic and international practice. Table 1
presents a comparative analysis of key approaches in
Russia and abroad [18].

In Russia, the key mechanism for assessment re-
mains the review of project documentation, which has
the authority to prevent a project from proceeding if it
fails to meet the requirements. Abroad, greater respon-
sibility is placed on designers and liability insurance
schemes, whilst state oversight focuses on specific as-
pects (primarily safety and compliance with urban plan-
ning regulations).

The sheer volume, heterogeneity and multi-lay-
ered nature of modern working documentation make
it extremely difficult to check systematically by hand.
A project comprises dozens of models and drawings,
hundreds of pages of text and thousands of parameters,
all of which must simultaneously meet a multitude
of requirements — regulatory (CP, GOST), organiza-
tional and methodological, as well as the requirements
of the specific design brief. Even when using partially
automated verification tools (for example, checking only
for clashes or only for parameter completeness), a signifi-
cant number of inconsistencies remain, the identification
of which requires intellectual analysis. Such tasks, which
are difficult to formalize, include, in particular: verifying
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the compliance of adopted design decisions with safety
standards (analyzing the text of the explanatory note for
the presence of required sections on fire safety, energy
efficiency, risk assessment, etc.), comparing numerical
indicators in the model and in the explanatory note (for
example, comparing the total area as per the explanatory
note with the sum of the areas of rooms in the model),
and identifying logical inconsistencies between sections
(for example, discrepancies in equipment brands between
engineering system diagrams and specifications).

Existing automation tools do not provide compre-
hensive coverage of these issues, which necessitates
the use of Al methods. Neural network algorithms and
related technologies are capable of learning from large
datasets of projects, identifying complex patterns and
inconsistencies that are difficult to capture through ex-
plicit rules. Modern Al methods, including deep learning
neural network architectures, natural language process-
ing (NLP) and graph models, open up new possibilities
for the intelligent verification of technical documentation
based on TIM [19-21].

A number of studies demonstrated the effectiveness
of such approaches for evaluating design solutions. Neu-
ral networks can simultaneously analyze diverse infor-
mation — 3D geometry, tabular data, and textual descrip-
tions — and identify hidden correlations. For example,
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Table 1. Comparison of methods for assessing design and working documentation in Russia and abroad

Evaluation Domestic practice International practice
aspect
Regulatory audit | Mandatory state review of project There is no single body responsible for state technical

documentation: an independent body (project
documentation review) verifies the project’s
compliance with regulatory documents and
issues a report. Working documentation is

not formally reviewed during this process,

but the correctness of the decisions made

in the working documentation is indirectly
monitored through compliance with the project
documentation and construction supervision

inspection. Compliance with standards is monitored
through the building permit process administered by
local authorities. The design is checked by municipal
experts or accredited engineers to ensure it complies
with building codes. Responsibility for the quality of
the documentation lies largely with certified architects
and engineers, whose signatures certify compliance
with the standards

Internal control

A system of regulatory compliance checks has
been implemented in design organizations,
whereby specialized departments review
documentation to ensure it complies with GOST
standards, design specifications and the technical
brief. In addition, the project’s lead specialists
carry out design supervision

Large international companies have established
internal QA/QC (quality assurance/quality control)
procedures: the review of drawings by another
department, and an external technical audit of

the project (peer review) at the client’s request.
Engineers who hold a professional licence bear
personal responsibility for the quality of their sections

Using TIM
for assessment

Software tools (such as Navisworks, Revit, etc.)
are widely used to check models for clashes and
other errors during the design stages. Regulatory
guidelines for checking information models are
emerging (the Russian Ministry of Construction
has issued a standard for information modelling,
and expert bodies are developing criteria for
checking BIM models). In some cases, the BIM
model is submitted for expert review to undergo

Automated control using BIM is developed: software
tools are used to check rules (Solibri Model Checker,
Autodesk Model Checker, etc.), and custom scripts

are configured to validate models. In some countries,
pilot projects have been implemented to automatically
check compliance with regulations: for example,
Singapore has implemented the CORENET system

to automatically analyze models for compliance with
building codes. These systems reduce the time required

additional automated checks

for manual verification and increase its objectivity

Focus ratings The primary focus is on compliance with

SNiP, SP). The project is assessed first and
foremost in terms of safety and compliance

with mandatory standards. Economic and

are considered secondarily

a trained model can identify that the absence of certain
parameters in the DM often correlates with errors in
the drafting of specifications, and flag such situations.
Thus, the integration of a neural network module into
the evaluation system significantly improves the compre-
hensiveness and accuracy of automated checks, reduces
the workload on experts, and accelerates the process
of identifying errors at early design stages [22—27].

Furthermore, the use of a neural network approach en-
sures the adaptability of the assessment system. The algo-
rithm can be trained using examples from real-world proj-
ects and expert reviews, enabling the verification criteria to
automatically adapt to common design patterns and typi-
cal errors. In the long term, this will enable the system to
“learn” from experts, drawing on their experience, and
to continuously improve the quality of the assessment.

regulatory requirements (technical regulations,

organizational aspects (cost estimates, schedules)

Abroad, the evaluation criteria are more varied:

in addition to compliance with mandatory

standards (safety, accessibility, etc.), assessments
cover architecture (aesthetics, integration into

the surroundings), sustainability (energy efficiency,
environmental friendliness — often through voluntary
certifications such as LEED and BREEAM)), cost
and timelines. Formalized design quality indices do
exist (for example, the Design Quality Indicator)

in the UK — a survey-based method for assessing
perceptions of a project’s quality. However, such
assessments are generally voluntary and are used by
clients to select the best project, rather than being

a mandatory state-mandated review

To implement the WD assessment methodology,
a specialized architecture based on artificial neural net-
works has been developed, enabling the processing
of both IM data and text documents. The architecture
diagram is shown in Fig. 3.

The input layer contains two data sources:

1. Building Information Model (BIM). Formats:
IFC, RVT. Represents the IM of a capital construction
project. Contains topological, geometric, parametric and
attribute data.

2. Documentation. Formats: PDF, DOCX, XLS,
etc. Includes explanatory notes, drawings, specifications,
stamps, tables and other design documentation prepared
on the basis of the digital model.

This data is fed into the neural network as an input
signal, divided into processing streams.
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Fig. 3. Architecture diagram of the methodology for evaluating working documents

Feature extraction involves hidden or internal lay-
ers; these are not visible to the user. The methodology
utilises two hidden layers.

This section is labelled “Extraction of indicators”,
which reflects a key feature of the methodology: the gen-
eration of features x, x,, ..., x_based on the structure
of the WD evaluation indicators.

Within the hidden layers, information processing is
divided according to input type. In the first layer, features
are extracted using subnetworks.

Graph subnetwork. A graph neural network (GNN)
approach is used to analyze the building’s structure.
The BIM model is converted into a graph: the graph’s
nodes correspond to elements (structures, rooms, equip-
ment), whilst the edges represent various relationships
(adjacency, the “floor — room — zone” hierarchy, connec-
tions between engineering networks, etc.). Each node has
a set of features (element attributes: type, dimensions,
material, etc.).

Text sub-network. A natural language processing
(NLP) architecture is used to analyze text data. The aim
is to extract semantic features from explanatory notes,
descriptions and requirements. The subnet converts
the text of each section into a vector that reflects its

content. For example, it can detect whether important
aspects (standards, calculations) are mentioned in the ex-
planatory note, the completeness of the description, and
the presence of certain keywords (such as “fire safety”,
“energy saving” and so on).

To compare the model with the documentation,
a convolutional neural network (CNN) is used to process
images of drawing sheets and verify the drawing against
the model.

In the second hidden layer, information from the sub-
networks is combined to form the vector [x, ... x,] —
a unified set of features for the final decision.

To convert evaluation indicators into features, each
indicator has four attributes, as shown in Table 2.

The feature extraction diagram is shown in Fig. 4.

Once the IM and documentation have been pro-
cessed, a report is generated on the output layer, compris-
ing the following main components:

+ a list of identified non-conformities. Upon com-
pletion of the check, a summary of all detected violations
and deviations from requirements is automatically gen-
erated. Non-conformities are grouped by indicators and
accompanied by references to the specific model elements
or documentation sections to which they relate;

Table 2. Attributes of the working documentation assessment indicator

Attribute

Description

ID Unique name or indicator code

Unit of measurement

%, count, binary (yes/no), text label

Metrics What constitutes compliance

Extraction method
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How will the information be extracted from the digital model/documentation?
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Fig. 4. Feature extraction diagram

» recommendations for rectifying deficiencies. For
each identified non-conformity, the intelligent system
generates recommendations based on predefined rules
and accumulated data on typical solutions. Recommenda-
tions may include instructions on how to correct the model
or supplement the documentation. If a particular non-con-
formity has been encountered in previously trained ex-
amples, the system will suggest a specific solution that has
been effective in similar cases;

* asystematic approach to documentation. The key
outcome of this methodology is to assist in determining
the future course of action for the documentation under
review. Based on a comprehensive assessment of all in-
dicators and taking into account the severity of the issues
identified, the system produces a preliminary conclusion
in the form of one of the scenarios listed in Table 3.

The method for evaluating WD is based on logical
rules and neural network classification, without the use
of weights or aggregate indicators. This approach elimi-
nates the need for weights and aggregation, simplifies au-
diting, increases the transparency of the decision-making
logic, and allows indicators to be added to or excluded
from the model without the need for additional research to
determine the weight of the indicator in question [28, 29].
The model is based on a multi-level structure of indica-
tors, presented as nested groups:

1) group — a general criterion;

Table 3. Decision-making scenarios

Indicator

Norm > 90 %
Unit %
ID: RK-01

Comparison
with the norm

Deviation Sign x,
1

2) first-level subgroup — a specific aspect within
the group;

3) second-level subgroup — a specific aspect within
the group;

4) indicator — a specific aspect of the assessment.

An example of the grouping of indicators for
the “Automation of Engineering Systems” section is pre-
sented in Table 4.

Let S be the set of all indicator groups, where each
group G contains first-level subgroups P, each first-level
subgroup contains second-level subgroups F, and each
second-level subgroup contains a finite set of indicators x.
Formally:

§=1G,, G, .G,}; Q)
G, =P, Py, P} @
P = {F) Fpp F 3)
Fo={.1,,1},1< {01}, @)

Each indicator is a Boolean variable to which a bi-
nary value is assigned:

I=1— requirement met;

1= 0 — requirement not met.

For quantitative indicators and those expressed as
percentages, a logical conversion function has been in-

Decision Terms and Conditions Next steps
Complete set; all parameters are within The documentation is forwarded to the next
Accepted acceptable limits; no critical comments stage (review, implementation)
. . . Grant conditional approval; require
i Minor discrepancies that do not affect ’ .
I Accepted with anplicabilit 'pminor formattine errors the developer to address the comments within
amendments PP Y & the specified timeframe
Critical structural flaws, the absence of . ..
. . . . . Return of documentation for further revision;
x Rejection required sections, and inconsistencies cohibition on use
between the model and the texts P
| Anumber of significant but rectifiable A report on current issues is compiled and sent
B Sent for further revision shortcomings were identified to the contractor for rectification
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Table 4. An example of a multi-level indicator structure

P Subgroup 1 F Subgroup 2 | 1 | Indicator Metrics
Group 1 — BIM evaluation criteria at the ‘Working documentation’ stage
2 | System 29 Functionality 36 Full implementation of functions in accordance o
functionality with the technical specifications ’
% of functions implemented in accordance with
87 P %
the specification
38 No errors were founq during testing of typical Yes/no
and boundary scenarios
89 Alignment of functions with the system’s Yes/no
purpose
90 | Availability of system diagnostics functions Yes/no
9] Avallabll.lty of control functions and manual Yes/no
intervention
9 The presence and accessibility of manual Yes/no
controls and emergency stop buttons
30 Flexibility 93 Ability to .a.dapt to changes in input Yes/no
data/conditions
04 Correspondence between the number of Yes/no
independent functional modules/blocks

troduced to preserve the binary structure of the model.
When there is an upper limit:

;o {1, x<T
i 0, x>T7’ ©)
when constrained from below:
;o {1, x>T
o, x< T ©)

where x is the actual value or percentage of completion;
T'is the target value.

A second-level sub-group is considered to have
been completed if all its indicators have been met:

F;‘fk = /\r Iijkr .

(7
A first-level subgroup is considered complete if all
second-level subgroups have been completed:

B =/\F, =N\(AL,). )

ijk
A group is considered complete if all subgroups 1
have been completed:

©)

k

o= = (AAL)

Thus, the fulfilment of group G, is indicated by
the logical conjunction of all the indicators it comprises.

As part of the methodology currently being devel-
oped for assessing design solutions, a classification of
indicator groups is applied based on their degree of sig-
nificance and their impact on the reliability of design
solutions.

All groups G, € § are divided into two subclasses:

G cS§G (10)

crit

= S/Gcrit'

noncrit
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This decomposition is used when constructing logical
negation expressions:

F, :G’:é[_'Gi; (11
noncrit = G,E\G/ _‘Gi' (12)

‘noncrit

The results of the analysis are then interpreted by
the classifier, and a final decision is reached:

LF,, =0AF,.. =0;
2, F,=0AF, ... =L

b= 3,F,, =1 (localized); (13)
4, F,, =1 (critical).

The result D takes one of the four values listed in
Table 5.

An expert survey was conducted to validate the key
components of the WD assessment methodology. A ques-
tionnaire was prepared for the expert survey.

Experts with sufficient experience and expertise in
the field of architectural and structural design were in-
vited to participate in the survey. The criteria for select-
ing experts included:

1. At least five years’ experience in the design
or review of design and cost estimates and working
drawings.

2. Specialists who are members of NOPRIZ.

3. Specialists with practical experience in regula-
tory compliance, conducting reviews or technical audits
of documentation.

4. Specialists possessing the skills and understand-
ing of the principles of information modelling for capi-
tal construction projects.
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Table 5. Systematic classification of final decisions

Value Solution

D=1 Accepted

D=2 Accepted with amendments
D=3 Sent for further revision
D=4 Refusal to accept

The questionnaire comprises six thematic sections
covering:

1. The structure of the indicator system.

2. The division into critical and non-critical groups.

3. The classification of final decisions.

4. The logic behind the two-channel and two-stage
verification process.

5. The applicability of neural network architecture.

6. The feedback mechanism.

Each set of questions contains scaled, multiple-
choice and open-ended questions. This format enabled
us to assess the level of consensus among experts and
gather recommendations for refining the methodology.

To ensure the expert validation of the methodolo-
gy, it is important to ensure that the group is sufficiently
large, but not overly large. The number of experts has
been calculated using the following formula:

(14)

where ¢ — confidence coefficient (1.96 for a 95 % con-
fidence interval); c — estimated standard deviation = 1;
A — permissible error (0.6 points);

" _1.962-12~11 :
min 0.6 = (15)
Eleven experts were invited to take part in the sur-
vey. The experts were surveyed individually via a writ-
ten questionnaire. Descriptive statistics were calcu-
lated for the quantitative scale ratings (1-5): the mean,
median, mode and range of ratings for each question,
which made it possible to determine the group’s overall
opinion and the variation in views. For multiple-choice
questions, the percentage shares for each answer option
were calculated — this showed which opinions pre-
vailed. The experts’ open-ended comments were sub-
jected to qualitative analysis. Responses were grouped
by similar themes or suggestions. Key comments and
recommendations frequently mentioned by various ex-
perts were highlighted in the report. Based on the sur-
vey data obtained, the methodology for assessing WD
will be refined.

In order to assess the consistency of expert opin-
ions on questions involving ranking or agreement/dis-
agreement, Kendall’s W coefficient of concordance is
calculated:

(16)

where § — the sum of the squares of the deviations

of the ranks from the mean; m — the number of ex-

perts; n — the number of objects being evaluated.
Statistical significance test V-

xX=m-(n-1)-W. 17)

This is compared with the critical value of x* (sig-
nificance level a = 0.05).

Interpretation of significance W:

W < 0.3 — low consistency;

0.3 < W< 0.7 — moderate consistency;

W > 0.7 — high consistency.

RESULTS

Eleven experts took part in the expert survey, eval-
uating the methodology developed across six thematic
areas. The questionnaire included scaled questions (rat-
ed on a 5-point Likert scale), multiple-choice questions
(binary “yes/no” or a choice between two options) and
open-ended questions for comments. The thematic ar-
eas of the survey were as follows:

* structure of indicators (logic of construction,
grouping, completeness of the set of indicators);

* division into critical and non-critical groups (justi-
fication for identifying critical indicators);

» final classification (based on the model’s four out-
comes);

* dual-channel methodology (combination of model
operation and documentary control);

* neural network architecture (clarity and appropri-
ateness of the chosen architecture);

+ system feedback (list of identified discrepancies
and recommendations provided).

Quantitative survey results

For each scaled question, summary statistics have
been calculated: the median score and the interquartile
range (IQR). Table 6 presents the results for all six sec-
tions. High median values indicate that the majority
of experts have a positive assessment of the relevant
aspect of the methodology, whereas lower medians in-
dicate the presence of critical comments. The interquar-
tile range characterizes the spread of opinions: a nar-
row IQR indicates consistency in assessments, whilst
a wide one indicates a divergence of opinion amongst
the group of experts.

As can be seen from Table 6, blocks 1, 2 and 4 re-
ceived the highest ratings. In particular, the logical
structure and grouping of indicators were rated almost
at the maximum (median 5) with minimal variation in
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Table 6. Expert ratings for scaled items (median and IQR)

Module and assessment component Median (IQR)
Section 1. Logical structure of indicators 5(4-5)
Section 1. Correct grouping of indicators 5(4-5)
Section 1. Completeness of the set of indicators 4 (3-5)
Section 2. The need to categorise indicators as critical 5(5-5)
Section 2. Clarity of the criteria for determining the criticality of indicators 4(3-5)
Section 3. Classification accuracy for 4 outcomes 4 (4-5)
Section 3. Comprehensive coverage of possible outcomes 4 (3-5)
Section 4. The merits of the dual-channel approach 5(4-5)
Section 4. The convenience of using two channels 4 (3-5)
Section 5. Interpretability of neural network architecture 3(2-3)
Section 5. Justification for the choice of neural network architecture 3(3-4)
Section 6. Completeness of system non-conformity detection 4 (4-5)
Section 6. The usefulness of the system’s recommendations 3(34)

opinion; in other words, the experts unanimously rec-
ognized the structure of the indicators as clear and well-
founded. Similarly, the identification of critical indica-
tors is considered necessary (median 5) — almost all
experts agreed on the importance of dividing metrics
into critical and non-critical. Furthermore, the dual-track
approach was highly rated: experts responded positive-
ly to the idea of parallel analysis of the model and docu-
mentation. The spread of ratings in these sections does
not exceed 4-5, indicating a high degree of consensus
among positive opinions. At the same time, the neural
network architecture was the subject of the greatest dis-
agreement and received the lowest ratings. The median
score was 3 for both clarity and practicality of the archi-
tecture, whilst a quarter of the experts gave a score of 2
(below satisfactory) for clarity. This means that a sig-
nificant proportion of the experts considered the archi-
tecture to be difficult for users to understand. The range
of opinions in section 5 is narrow, i.e. the experts are in
agreement regarding the shortcomings. Opinions were
divided on section 6 (feedback): the system’s ability to
identify discrepancies was generally rated positively
(median 4), whilst the usefulness of the recommenda-
tions was rated lower (median 3). This shows that ex-
perts consider the list of problems detected by the sys-
tem to be sufficiently comprehensive, but the value
of the automatically generated recommendations was
questioned by some respondents. Block 3 (final clas-
sification of the model into 4 outcomes) received in-
termediate ratings — a median of 4 on both questions.
Overall, the experts agree that four outcome classes are
a reasonable choice; however, several experts pointed
to the possibility of improvements.

The distribution of the experts’ ratings across the six
thematic areas is shown in Fig. 5.

To quantitatively assess the consistency of the ex-
perts’ opinions, Kendall’s 7 coefficient of concordance
was calculated. The calculated value was W ~ 0.52,
indicating a fairly high degree of agreement among
the experts. The y? statistical test showed that the con-
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cordance was significant (p < 0.001), i.e. the consisten-
cy of opinions is not random.

In addition, the responses to the alternative ques-
tions (of the “yes/no” type) accompanying each section
were analyzed. These questions identified the propor-
tion of experts who agreed or disagreed with the key
provisions of the methodology. The distribution of re-
sponses is shown below:

Section 1: 8 experts (= 73 %) consider the set
of indicators to be complete and in no need of further
additions; 3 experts indicated that indicators should be ad-
ded to ensure the assessment is comprehensive.

Section 2: 9 experts (82 %) consider the justifica-
tion to be insufficient.

Block 3: 8 experts (73 %) agree that the classifica-
tion into 4 outcomes covers all key situations; 3 experts
believe that the number of classes should be reviewed
(merging the categories “rejected’ and “sent for revi-
sion”).

Block 4: 10 experts (91 %) consider it appropriate
to use two channels (neural network and documenta-
tion) in conjunction; only 1 expert advocated simplify-
ing the approach to a single primary analysis channel.

Block 5: 4 experts (36 %) stated that they fully un-
derstood the neural network architecture; the remain-
ing 7 (64 %) noted a lack of clarity regarding the mod-
el’s structure and a need for further explanation.

Block 6: 7 experts (64 %) consider it useful to pro-
vide recommendations for rectifying identified discrep-
ancies; 4 experts (36 %) rate the value of the recom-
mendations as low, citing their general nature.

The open-ended questions in the questionnaire
allowed experts to comment in detail on the meth-
odology’s shortcomings and suggest improvements.
An analysis of the responses revealed a number of recur-
ring shortcomings and recommendations. Many experts
supplemented their assessments with specific examples
of inconsistencies and advice on how to refine the meth-
odology. The key comments from the experts are set out
below (with reference to the relevant thematic section):
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Fig. 5. Expert assessments

Section 1 (structure of indicators): several experts
pointed out missing indicators, suggesting that the set
be expanded for completeness. Such comments indicate
that, although the structure was generally approved,
some specialists felt that certain metrics were lacking
for comprehensive coverage.

Section 2 (critical indicators): the feedback empha-
sized the importance of clearly defining the criteria for
criticality. For example, one expert noted: “The crite-
ria for classifying indicators as “critical” should be
more clearly defined so that everyone has a common
understanding”.

Block 5 (neural network): the experts provided
the most extensive feedback on the neural network ar-
chitecture. The model’s lack of clarity was a recurring
theme in the comments. “The neural network architec-
ture is too complex for the user, additional explanations
and training materials are needed”, noted one of the ex-
perts. Another recommended simplifying the model: “/t
makes sense to use a simpler architecture — that way,
the results will be easier to interpret”. Such recommen-
dations explain the low scores awarded for this block
and point the way forward for improvement — simpli-
fying and better documenting the model, as well as pro-
viding more detailed descriptions of the methodology
and instructions.

Block 6 (feedback): In their comments on the feed-
back module, the experts emphasized the need for more
detailed recommendations. Although the list of identi-
fied discrepancies was viewed positively, a number
of experts felt that the advice was not specific enough.

There was a call to supplement the recommendations
with examples of solutions: “We would like to receive
not only facts about the problems, but also specific steps
on how to rectify them”. Another frequent recommen-
dation was to expand the list of scenarios for which rec-
ommendations are provided, so as to cover more practi-
cal situations.

The results of the expert survey show that the meth-
odology has been approved in terms of key parameters,
whilst the experts are in agreement regarding the most
problematic areas requiring further refinement. The high
consistency of the assessments (W =~ 0.52) confirms
the reliability of the conclusions drawn: the experts agree
on the positive assessment of the logic of the indicator
structure, the criteria-based classification and the integra-
tion of the model with the documentation, whilst collec-
tively pointing to a lack of clarity in the neural network
component and the recommendation module. These find-
ings will serve as the basis for targeted improvements to
the methodology in accordance with the experts’ recom-
mendations.

CONCLUSION AND DISCUSSION

The methodology developed for the automated
evaluation of design documentation prepared using in-
formation modelling technologies has demonstrated its
effectiveness and applicability in the modern context
of digital construction design. Its architecture is based
on logically structured indicators, formalized rules
and a neural network classifier, which ensures rigor-
ous and reproducible decision-making without the use
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of weights or integral generalizations. The methodology
provides for both parallel and two-stage evaluation, tak-
ing into account the specific nature of DM analysis and
text-graphical documentation. The built-in mechanism
for processing incomplete data sets allows for flex-
ibility and the generation of accurate comments even
when source data is only partially available. The math-
ematical model uses Boolean formalization, logical op-
erators and threshold values, ensuring the transparency
and interpretability of the result. The system classifies
the analysis result into four outcomes: accepted, accept-
ed with revisions, sent for revision, or rejected.

An expert survey confirmed the validity of the pro-
posed approach: most sections of the methodology
received high ratings and demonstrated a high level
of consensus (Kendall’s coefficient W = 0.52). At
the same time, areas requiring further development
were identified — in particular, the neural network ar-

chitecture and the feedback module that generates rec-
ommendations.

The results demonstrate the scientific and practical
significance of the methodology. It can be used as a ba-
sis for intelligent control systems for project documen-
tation during the preparation stage for expert review,
internal project audits, or analysis of the documenta-
tion’s readiness within contractual processes. Future
plans include expanding the set of indicators and train-
ing the neural network on larger corpora of project data.

This methodology is of particular practical value
when dealing with the contractual obligations of design
contractors. In the event of early termination of a contract,
it enables an objective assessment of the actual volume
of work completed, based on an automated verification
process, thereby facilitating a well-founded determination
of the stage of completion of the deliverable and the settle-
ment of financial accounts between the parties.
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