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AHHOTALUMNA

BBepeHue. Lindpoas TpaHchopmaLms NpOeKTHO-CTPOUTENBHOW OTpaciy npuBena K akTBHOMY Pa3BUTUIO TEXHOMOTUi
aBTOMAaTU3MPOBAHHOIO NMPOEKTUPOBAHUS, CPEAMN KOTOPbIX 0CO60e MECTO 3aHMMAET reHepaTMBHbIA AU3aiiH, MHTETPUPOBaH-
Hbln ¢ BIM-mogenvupoBaHvem. ViccnegoBaHve HanpaBneHO Ha aHanm3 TeKyLLero COCTOSIHUSI U NMePCnekTUB NpUMEHeEHNs!
reHepaTVMBHOIO AM3aHa ANns aBTOMaTU3auny apxXMTEKTYPHbIX PELLEHUIA C YH4ETOM pPasHOPOAHbIX TPeOOBaHMIN 3aKa34NKOB.
AkTyanbHoCTb paboTbl 06ycnoBneHa HeOOXOAMMOCTbIO COKpALLEHNS1 BPDEMEHM MPOEKTUPOBAHUS NPU OOHOBPEMEHHOM MO-
BbILLEHWMN KAYeCcTBa U MHOVMBMAYaNM3aUmnm NPOEKTHbIX PELLEHNIA.

Matepumansl u metoabl. ViccriegoBaHne 0OCHOBaHO Ha CUCTEMHOM aHanu3e Hay4HbIx nybnukaumin 3a 2017-2023 rr., noces-
LLIEHHbIX reHepaTMBHOMY Au3aiiHy u BIM-TexHonorusim. MNpoBeaeHo cpaBHUTENbHOE M3yYEHUE CYLLECTBYHOLLMX Mporpam-
MHbIX pelleHuin (Autodesk Revit c Dynamo, Grasshopper ans Rhino, IDEA StatiCa, Generative Components). lNpumeHeHbl
MeToAbl 3KCNEPTHbIX OLEHOK ANs onpeaeneHns addeKkTMBHOCTM BHEAPEHUSI reHepaTUBHbBIX anropuTMOB, a Takke MeTof
KeWc-CTaamn Ans aHanmnsa peannsoBaHHbIX NMPOEKTOB.

Pe3ynbraTtbl. BhisIBNeHbl YeTbipe JOMUHUPYIOLIMX NMOAX0AA K MHTerpauum reHepaTnBHoro gusarHa B BIM-npouecchl: na-
paMeTpu4eckoe MOAENUPOBaHME Ha OCHOBEe rpadhoB, 3BOMOLMOHHAS ONTUMMU3AUUS,, MALUMHHOE OOyYeHWe u areHTHoe
MOZEenupoBaHne. YCTaHOBMNEHO, YTO anropuTMbl reHepaTUBHOMO AU3aliHa NO3BOMSAT COKPATUTb BPEMSI MPOEKTUPOBaHNS
Ha 35-40 % npv ogHOBPEMEHHOM paccMoTpeHun B 5—7 pa3 bomnbLuero Konnyectsa NPOeKTHbIX BapuaHToB. PaspaboTtana
METOLONOrMsi BHEAPEHNS FTEHEPATUBHBIX anropuTMOB, OXBaTbIBaOLLAsi MOMHbIN LMK OT hopmanusaumm TpeboBaHui 3a-
Kas4uka [0 OueHku pesynsratoB. OnpeaeneHbl KoYeBble NPENSTCTBUSA AN LUMPOKOTO BHEAPEHUS: HeOCTaTouHas CTaH-
[apTu3auns TEXHOMOIMIA, CMOXHOCTb (hopManu3aummn cyobeKTUBHBIX 9CTETUHECKUX KPUTEPUEB U 3HAUUTENbHbIE BbIMUCTN-
TenbHble TPebOoBaHWSA AN KOMMMEKCHbBIX MPOEKTOB.

BbiBoabl. eHepaTvBHbIA An3aiiH B coveTaHum ¢ BIM-TexHonorusmmn npeactaBnsieT cobovt apeKTUBHBIA MHCTPYMEHT
aBToOMaTu3aLmmn apxXuTEKTYPHOrO NPOEKTUPOBaHKS, NO3BONSIOLLMIA HAXOAUTL ONTUMArbHblE PELLEHNST CITOXHbBIX MHOTOKpU-
TepuanbHbIX 3agad. MNpegnoxeHHasi METOAONOMMS fAeT BO3MOXHOCTb CUCTEMATU3NPOBaTh MPOLIECC BHEAPEHUS reHepa-
TUBHbIX anropMTMOB B cyLuecTBytoLme BIM-npouecchl. JanbHenwee pa3sutme TexHonorum TpebyeTt cosgaHus cneunanman-
POBaHHbIX BUBNMOTEK TUNOBBLIX FEHEPATUBHBIX KOMMOHEHTOB Y METOOB MHTEPNPETALIMN HEYETKMX TPEOOBaHNI 3aKa34MKOB.

KIMKOYEBBIE CJTOBA: TexHONOrMm MHopmMaLMoHHOrO MOAENMPOBaHUS, FeHepaTUBHbIA AN3aiH, napaMeTpuyeckoe npo-
eKTMpoBaHWe, aBTOMaTM3aLUns MPOEKTUPOBAHNS, apXUTEKTYPHbIE peLLeHNs
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ABSTRACT

Introduction. The digital transformation of the architectural and construction industry has led to the active development
of computer-aided design technologies, with generative design integrated into BIM modelling playing a special role. This
research aims to analyze the current state and prospects of generative design application for architectural solutions auto-
mation considering diverse client requirements. The relevance of this work is due to the need to reduce design time while
simultaneously improving quality and individuality of design solutions.

© 3.A. IpuropsiH, A.O. PeibakoBa, 2025
PacnpoctpaHsieTcs Ha ocHoBaHuu Creative Commons Attribution Non-Commercial (CC BY-NC)



[eHepaTUBHbIN AM3akiH B BIM AAS aBTOMATU3ALIMM apPXMTEKTYPHbIX PELLIEHMI

. C. 158-175
Ha ocHoBe TPeboBaHUI KAMEHTOB

Materials and methods. The study is based on a systematic analysis of scientific publications from 2017-2023 on gen-
erative design and BIM technologies. A comparative study of existing software solutions (Autodesk Revit with Dynamo,
Grasshopper for Rhino, IDEA StatiCa, Generative Components) was conducted. Expert evaluation methods were applied
to determine the effectiveness of implementing generative algorithms, and the case study method was used to analyze
implemented projects.

Results. Four dominant approaches to integrating generative design into BIM processes were identified: graph-based para-
metric modelling, evolutionary optimization, machine learning, and agent-based modelling. It was established that generative
design algorithms can reduce design time by 35-40 % while simultaneously considering 5-7 times more design variants.
A methodology for implementing generative algorithms was developed, covering the full cycle from formalizing client require-
ments to evaluating results. Key obstacles to widespread implementation were identified: insufficient standardization of technol-
ogies, complexity in formalizing subjective aesthetic criteria, and significant computational requirements for complex projects.
Conclusions. Generative design combined with BIM technologies is an effective tool for automating architectural design, al-
lowing optimal solutions for complex multi-criteria problems. The proposed methodology systematizes the process of imple-
menting generative algorithms into existing BIM workflows. Further technology development requires creating specialized
libraries of typical generative components and methods for interpreting fuzzy client requirements.

KEYWORDS: BIM technologies, generative design, parametric modelling, design automation, architectural solutions
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BBEJIEHUE

ApPXUTEKTYpHOE MPOEKTHPOBAHHE — ITO MHOTO-
TPaHHBIN MPOIECC, B KOTOPOM TPATUIIMOHHO COUYEeTa-
JIUCh TBOPYECKHUH aCIEKT M TEXHHYECKass TOUHOCTD.
OpHako HapacTaromas CI0KHOCTh COBPEMEHHBIX TIPO-
€KTOB, yBeJIIMYeHHEe 00bEeMOB MH(POPMALIUU U COKpa-
IIIEHUE CPOKOB TIPOCKTUPOBAHKS TPEOYIOT HOBBIX TIPH-
€MOB K OpraHM3alliH MPOEKTHOTO mporecca. [lepexon
OT KJIACCHYECKHUX METO/O0B K IIM(POBBIM HHCTPYMEH-
TaM MPOEKTHPOBAHMS CO3/1aJ TPEINOCHITKH s hop-
MHUPOBAHHS HOBOTO TTOJIX0/1a — T'€HEPaTUBHOTO AN3aki-
Ha B cpezie THPOPMAIMOHHOTO MOJICTTMPOBAHUS 3MaHIH
U COOPYKEHUII.

['eneparuBHBIN U3aliH pENICTaBIsET COOOW TMpo-
1iece, Mpu KOTOPOM TPOEKTHBIC PEIICHUS TeHEPUPYIOTCS
AITOPUTMUYECKH Ha OCHOBE 33/IaHHBIX ITAPaMETPOB, OTpa-
HUYCHUH 1 1eneBbIX ¢yHKnwii [1]. B omame ot Tpamu-
IIMOHHOTO TPOCKTUPOBAHNS, TJI€ PEIICHUS MOSBIISIOTCS
JMHEHHO ¥ TTOCIIEeI0BATEIbHO, TEHEPATUBHBIN ITOIXOA
IpeJonaraeT OHOBpeMEeHHOE (pOpMUpPOBaHNE MHOXKE-
CTBa BapUAHTOB C BO3MOXHOCTBIO UX JaJIbHEHIIIEN OIleH-
KM 1 0TOOpa ONTUMAITBHBIX. IHTErpanust Takux ajaropyr-
MOB C TEXHOJIOTHEH HH()OPMALIMOHHOTO MOACITUPOBAHHS
3mannii (BIM) OTKpbIBacT HOBbIE TOPH30HTHI B aBTOMATH-
3aIUH APXUTEKTYPHOTO MPOEKTHPOBAHUSL.

IlepBble dKCIEPUMEHTHI C KOMIIBIOTEPHOUN T'eHe-
pamueit apXuTeKTypHBIX GpopM oTHOCsTCS K 1960 1T,
KOT/1a BIEpBBIe ObLIa MPE/UIOXKEHA KOHIICTIIINS MaIInH-
HOTO mpoekTupoBanus. [IpakTuyeckoe mpuMeHeHue
TeHEPAaTUBHBIX METOJIOB B apXUTEKType JOIroe Bpe-
Ms OTPaHUYHBAJIOCH BHIYMCIUTEILHBIMH BO3MOXKHO-
CTSIMH M OTCYTCTBHEM HEOOXOIMUMBIX MPOTPAMMHBIX
MHCTPYMEHTOB. CHUTyaIusi KapIUHAJIbHO U3MEHMIACh
B Hayane XXI B. ¢ pa3BuTHEM NapaMeETPUUECKOTO MO-
JICTUPOBAHMS U MOSBICHUEM TAKUX HHCTPYMEHTOB,
kak Grasshopper (mnarun s Rhinoceros) n Dynamo
(mnarus st Autodesk Revit), 3Ha4MTEIFHO YIPOCTHB-
IIMX pa3pabOTKy FeHEePATHUBHBIX alrOPUTMOB [2].

[MapamnensHo ¢ 3TuM passutie BIM-Texnonoruit
TpaHCc(hOPMUPOBAIIO MPOLIECC MPOSKTUPOBAHMUS U3 MTPO-
CTOTO TIOCTPOCHUS TEOMETPUICCKUX MOJEICH B KOM-
IUIEKCHOE yIpaBiieHne nHopMalyei o 31aH1u Ha TIpo-
TSOKEHUHU BCETO €T0 YKM3HEHHOTO UK [3]. D70 co3nmano
ONATONPHSITHYIO CPEIy IS BHEAPCHHS TCHEPATHBHBIX
METOJIOB, MOCKONbLKY BIM-Mozienu yxe copepkar cTpyk-
TypUpOBaHHYIO HH(pOpMAIIO 000 BceX KOMIIOHEHTaX
3[IaHNS, UX B3aMMOCBS3IX U CBOMCTBAX.

Ceromast HaOMIOMACTCSI HHTEHCUBHOE Pa3BUTHE HO-
BOTO HAIPABICHUSI — BBIYMCIUTEIBHOTO MPOEKTHPO-
BaHUs (computational design), 0ObeINHSIONIETO TEHE-
paTUBHBIC METOJBI, TTAPAMETPUICCKOEC MOACTHPOBAHHE
1 aJTOPUTMHYECKUE TIOAXOBI K apXUTEKTYPHBIM 3a/a-
yaM. Ho unTerpauus reneparuBHoro ausaiina B BIM-
MIPOLIECCHI CTATIKUBAETCA C PSIIOM BbI30BOB. Tak, TelTuH
U COABTOPBHI OTMEYAIOT OTCYTCTBHE CIUHBIX IPHEMOB
K (popMasTU3aIiy MPOCKTHBIX TPCOOBAHHUN U OTPaHHUC-
HHH, 4TO 3aTPYAHSICT YHU(PUKALUIO TeHEPATHBHBIX aJIro-
put™MOB. SHT 1 Jlu [4] yKa3pIBalOT Ha CIOXKHOCTb Nepe-
BOJIa CYOBEKTUBHBIX ICTCTHYECKUX KPUTEPUEB, BAKHBIX
JUTS 3aKa39MKOB, B I3MEPHMBIE TTapaMeTPhl TeHEPaTHBHBIX
MopieNeH.

Hecmotps Ha 3TH TpyaHOCTH, HHTEpPEC K TeHEepa-
THBHBIM METOJIaM B apXHUTECKTYpPEe HEYKIOHHO pPacTeT.
B uccnenosanuun Mronnepa u JleliTina npoanaau3upo-
BaHO 126 apXUTEKTypHBIX 010pO, N3 KOTOPBIX 67 % nc-
MOJIB3YIOT 3JIEMEHTHI T€HepaTUBHOTO MPOESKTHPOBAHMS,
a 89 % mIaHUPYIOT PacIIMPHUTH €T0 IPUMEHEHHE B ONTH-
skaiue 3—5 jeT. DT0 CBUIETENILCTBYET O BBICOKOM MO~
TEHI[MAJIe TaHHOTO HAIMPABJICHUS U €r0 BO3PACTAIOICH
3HAYUMOCTH JIJIsl OTPACITH.

CymiecTByeT HECKOJIBKO MOIX0/I0B K peaan3aliiu
reHeparuBHOro au3aiiHa B konrekcre BIM. Ha ceron-
HSITHUA MOMCHT BBIJICJISIOT YETHIPE OCHOBHBIC KaTe-
TOPHH: TapaMeTPHUECKOe MOJCINPOBAHNE, YBOIIOIH-
OHHBIC aJTOPUTMBI, MAITUHHOE O0YYCHHUE H areHTHOE
MozenupoBanue. Kaxp1it 13 3THX METOIOB UMEET CBOU
0COOCHHOCTH, IPCUMYIICCTBA U OTPAaHUYCHHUS, KOTO-
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pBIe HEOOXOIMMO YUUTHIBATh P BHEIPEHUH B MPaK-
THKY apXUTEKTYPHOTO ITPOCKTHPOBAHUSL.

Jly m YeH [5] oTMedaroT, 9To BEIOOp MOIX0a K Te-
HEpPAaTUBHOMY JAU3aHY JOJIKEH ONPENeNsAThCs CIeLH-
(uKkoii pemaemsIx 3a1a4. [is mpoexTupoBanus dacan-
HBIX CHCTEM HanbOouee 3 (eKTHBHBI TapaMeTPUICCKIe
MOJICJIU, YYUTBIBAIOUINE MTCOMECTPUICCKUC U KOHCTPYK-
THBHBIC OrpaHUYCHHS. B cBOIO ouepenb, MpH ONTH-
MHU3aIUH BHYTPEHHUX MPOCTPAHCTB MPEUMYIIECTBO
HUMCIOT ar€HTHBIC MOJAC/IN, CUMYJIMPYIOUINE ITOBCICHUC
JIoziel B cpene.

Kacnepsrok u coast. [6] mpogeMOHCTPUPOBAITH BO3-
MOXXHOCTD HMCIIOJIb30BaHNA IN'CHEPATUBHBIX aJITOPUTMOB
JUISL ONITUMU3ALINH aKyCTHYECKUX XapaKTePHCTHK TIOMe-
meHni. [IpeioxkeHHBINH NMH CITOCO0 TIO3BOIISIET aBTOMA-
THUYECKH I'€HEPUPOBATh U OLIEHUBATh BAPUAHTHI (DOPMBI
W OTJIEJIKH TIOBEPXHOCTEH, 00eCIeunBaloIIne 3a1aHHbIe
aKyCTHUYECKHE TTapaMeTphI.

XoTs Teopus TEHEPATUBHOIO AU3aiiHa aKTUBHO pas-
BHUBAETCS, PAKTUYECKOE IPHIMEHEHHE STHX METO/IOB B ap-
XUTEKTYPHOM TIPOCKTHPOBAHUH CTATKUBACTCS C PSIOM
GapbepoB. CrienaiucThl OTPACcIH OTMEUAOT, YTO BHEpe-
HHE I'eHepaTHBHBIX METOI0B TPeOyeT MepecMoTpa TpaIu-
IIHOHHBIX TIPOIECCOB TPOSKTUPOBAHMUS U (POPMHUPOBAHIIS
HOBBIX KOMIIETEHLIUH y apXUTeKTopoB. [1o MHEHUIO aBTO-
POB, Oymy11iee apXUTEKTYPbI JISKUT Ha CTBIKE TBOPYECKOTO
MBIIDICHAS U BEIYHCIUTEIFHBIX METOIOB.

Hryen u Tpan [7] uccienoBanu posib TeHEpaTHB-
HOTO /M3aiiHa B ONITUMH3ALUH dHEProdh(HEeKTHBHOCTH
3MaHUH W TMPHUILIA K BRIBOLY, YTO MHTETPUPOBAHHBIN
¢ BIM noaxon nmo3Bosisiet Ha 15-23 % CHU3UTH SHEPTO-
norpeOIeHne 3a cYeT ONTHMU3AINU TCOMETPHH 371a-
HUS, OPHCHTAIINH W XapaKTEPUCTUK CBETOMPO3PATHBIX
KOHCTPYKIIUH. ABTOPHI HOAYEPKHUBAIOT BAYKHOCTH KOM-
MJIEKCHOTO MO/X0/1a, YUYUTBIBAIOLIETO HE TOJIBKO dHEP-
TeTUYECKHEe, HO M SKOHOMHYECKHE aCTIEKTHI MTPOSKTHBIX
pELICHUHN.

Lenbro HacTOAIIETO UCCIIENOBAHUS ABISAETCS pa3-
paboTKa METOMOIOTHYECKIX OCHOB M NMPAKTHUECKUX
pEKOMEHJaluil 10 UHTErpaluy N'€HEPATUBHOIO AU3ai-
Ha B BIM-npoueccel /s aBTOMaTu3aiuy co3JAaHust
APXHUTEKTYPHBIX PEIICHWH Ha OCHOBE Pa3HOPOIHBIX
TpeOoBaHMI 3aKka34MKOB. [[J1s1 JOCTHXKEHUS ITOHN 1IEeTn
OBLTH ITOCTABIICHBI CIIEYOIIHE 3a/1a9H:

1. ITpoaHanu3upoBaTh CyLIECTBYIOIINE MOIXOAbI
M TEXHOJOTHUU T'€HEPATHUBHOI'O 111/13a171Ha, IMIPUMCHUMBIC
B koHTekcTe BIM.

2. Pa3pabotars MeTOHOMOTHIO (hOpMAITU3AINHN TPE-
60OBaHMII 3aKAa3YMKOB JJISI UX MUHTErPallui B TeHEPATHB-
HBIC aJITOPUTMBI.

3. Coznatp 1 anpoOMpOBaTh Ha MPAKTUIECKUX TIPHU-
Mepax KOMIUIEKCHYIO MOJIeJIb OLICHKU U 0TOOpa reHepu-
PYEMBIX IPOCKTHBIX PELICHHH.

4. OnpenenuTs MepCreKTHBHBIC HAIPABICHHS 1ajTb-
HEHIIEro pa3BUTUSl UHTEIPUPOBAHHBIX IT'€HEPATUBHO-
MH()OPMAITMOHHBIX TEXHOIOTHH.

Hayunast HOBHM3HA WCClIeJOBAaHUS 3aKITIOUaeTCs
B CUCTCMHOM IIOAXOAC K MHTETpalli T'CHCPATHBHBIX
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MeTonoB B BIM-mporieccsl 1 pa3paboTKe METOIOIOTHH,
y‘-lHTI:-IBaIOHleﬁ KaK TCXHUYCCKHUEC, TaK U Cy6’beKTI/IBHI>Ie
(pcTeTnueckue, SMOIMOHANBHEIE) aCIIeKTHl apXUTEK-
TYPHOTO MPOCKTUPOBAHUSI.

MATEPHUAJIBI U METO/bI

MeTonmonorus uccieoBaHus CTPOMIach Ha KOM-
TJIEKCHOM aHAJIM3€ CYIIECTBYIOUINX MOJAXOA0B U TEX-
HOJIOTHI IeHEepaTHBHOTO AM3aliHa, UX MOTEHIIMAa
u orpaHudeHuil B koHrekcre BIM-npoueccos. beuia
pa3paboTaHa MHOTOSTAITHAsL CTPYKTYpa UCCIECAOBAHUS,
BKJTIOYAIOIAs KaK TEOPETHYECKUE, TaK U IPAKTHUECKHE
KOMITOHEHTBI.

Ha nepBoM »Tarne npoBedeH cUCTEMaTUUYECKUM
0030p JNHUTEpaTyphl, OXBAaTHIBAIOMINI MyOINKAIUN
3a mepuon 2013-2023 rr. [Ins orGopa pereBaHTHBIX
HCTOYHMKOB MCIOJIB30BAINCH HAyKOMETPHUECKHE 0a3bl
nanHbix Web of Science u Scopus, a Takxke creiu-
anusupoBanubie pecypcbl Cumincad u IAARC. Ilo-
HCKOBBIE 3aIIPOCHI BKIIFOUAJIN KOMOMHAIINY KITFOYEBBIX
TepMUHOB: generative design, computational design,
BIM, architectural automation, parametric modeling.
B pesynbrare nepuyHOTO 0TOOpa HASHTU(HHUINPOBAHO
456 myOnmuKaIyii, 13 KOTOPBIX MOCIIE OIIEHKH PEJICBAHT-
HOCTH B (pMHANBHBII aHamu3 Bouuin 183 paboTsl.

JUis CTpYKTYypHUpPOBAaHHOTO aHAIHW3a COOpaHHBIN
MaccHB IyOJIMKaIMi KI1acCU(UIIMPOBAH 110 HECKOJb-
KUM Tapamerpam:

1) mogxon K reHEpaTHUBHOMY NMU3aiHy (mapame-
TPUUECKUI, IBONIOLIMOHHBIN, OCHOBAHHBINA HA MalllUH-
HOM O0y4YeHHH, areHTHbIN) [§—12];

2) cdepa apXUTEKTypHOTO IpUMEHEHHS (00beMHO-
TUTAHUPOBOYHBIE PEIIeHUs, (hacaHble CUCTEMBI, KOH-
CTPYKTHUBHBIC 3JIEMEHTHI U 1ip.) [13, 14];

3) crenens uHTerpanuu ¢ BIM (momnnas, yactuy-
Hasi, 000co0eHHast);

4) cramust MPaKTUUECKOTO BHEAPEHUS (KOHIICITYalIb-
Hasl pa3paboTKa, IPOTOTHII, KOMMEPUYECKOE PEIICHNE).

Ha BTOpOM 3Tamne ocymecTBIEHO CPaBHUTEIBHOE
UCCIIEIOBAHKUE POTPAMMHBIX IATGOPM M HHCTPY-
MEHTOB, MOJJEPKUBAIOIINX I'€HEPATUBHBIN NU3alH
B KoHTekcTe BIM [15-19]. Ananu3 oxBaTbIBajl Kak cIie-
nuanuszupoBanubie pemenus (Dynamo nmus Revit,
Grasshopper mms Rhino, Generative Components
st Bentley Systems), Tak u yHHBepcanbHble T1aTop-
MBI, QIAITUPYEMBbIE JIJIs apXUTEKTYpHBIX 3a/1a4 (Project
Refinery, Galapagos, Optimo). OtieHKa HHCTPYMEHTOB
MTPOBOIMIIACH TIO CIIEAYIOIINM KPHUTEPHUSIM:

* (YHKIMOHAIbHBIE BO3BMOKHOCTH;

* pHTEeporepadensHocTh ¢ BIM-cucremamu;

* JOCTYIHOCTb U IPOCTOTA OCBOEHUS;

* rHOKOCTh M MacIITaOUPyeMOCTb;

* IIPOM3BOJUTEIBHOCTh M BBIUNCIUTEIbHAS (-
(heKTUBHOCTE;

* MOJ/EP’KKA M JJOKYMEHTAIHS.

Tpetuit sTam BKIOYan pa3paboOTKy METOIUKH
(dopmanmzanuu TpeOOBaHMI 3aKa3YMKOB JUIS X MHTE-
rpalliy B TeHepaTUBHBIC anroputmsl [20]. s storo
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MPOAHAM3UPOBAHBI TUTIOBBIE TPEOOBaHMS U3 25 TeX-
HUYECKHX 3a/JaHUH HAa POEKTUPOBAaHHE OOBEKTOB pa3-
JUYHOTO Ha3HA4YCHUS (KWJIbIE 3MaHUs, OOIIECTBEHHBIC
3/1aHUA, TPOMBIIUICHHBIE 00beKThl). Ha ocHOBe KOH-
TEHT-aHaJlInu3a 3TH TPeOOBaHUS KIACCU(PUIIUPOBAHBI
IO CIIEAYIOIIAM KaTeTOPHsIM:

* HOPMAaTHUBHBIE (COOTBETCTBHE CTPOUTEIIbHBIM
HOpMaM U MpaBUIaM);

* (hyHKIHMOHATBHEIEC (COOTBETCTBHE IIETICBOMY Ha-
3HAYEHHUIO O0BEKTA);

* DKOHOMHYECKHE (CTOMMOCTH CTPOMTEJIHCTBA
1 DKCIUTyaTaIlin);

* sKojornueckue (3HeprodhHeKTUBHOCTD, IKOJIO-
THYHOCTH MaTepPHajoB);

* ACTeTHYECKHE (BU3yalbHBIC XapaKTEPUCTUKH,
CTHIIUCTHKA);

* COLMAIBHO-KYJIBTYPHBIE (COOTBETCTBHE COLIU-
ATBHOMY KOHTEKCTY).

Jas Kaxao#i KaTeropuu pa3padoTaHbl METO-
Il KBaHTH(QUKAMK U GopManu3anuu TpeOOBaHUN
JUTS X UHTETPAIH B TeHEPAaTHBHEIE anropuTMBL. Oco-
00e BHUMaHUE YIJSIOCHh TPeoOpa30BaHUIO KaueCTBEH-
HBIX ¥ CyObEKTHBHBIX KPUTEPHEB (TAKMX KaK SCTETHYE-
CKH€ TIPEIOYTEHNS) B U3MEPUMBIE TTapaMeTphI.

YeTBepThlii 3TAl MOCBAILEH YKCIIEPUMEHTAIBHOMY
MOJZICIIMPOBAHUIO ¥ TIPAKTUYECKOH arpobannu pazpado-
TaHHBIX TOIX0A0B. C 3TOM [ENbI0 CO3AaHBI YETHIPE IKC-
NEepUMEHTAIbHBIC MOJIENIH, PeaH3YIOIINe Pa3InHbIe
MOJIX0/Ibl K TeHEPAaTUBHOMY Iu3aiiHy B cpene BIM:

1) mapameTpudeckas MOIENb GpacaTHOW CHCTEMBI
C aJIaNTUBHBIMH AJIEMEHTAMH 3aTCHEHHUSI;

2) 9BOIIIOLIMOHHAS] MOJIC)Tb ONTUMH3AIIMN 00BEMHO-
ITAHUPOBOYHBIX PEIICHUI MHOTOKBAPTHPHOTO JKHIIOTO
3[aHUS;

3) Mozenb Ha OCHOBE MAIIMHHOTO OOy4YeHHsI JIs TIPO-
THO3WPOBAHUS M ONITHMI3AIAHN YHEPTETHUCCKUX XapaKTe-
PHUCTHK 3/1aHHS;

4) areHTHast MOJIEJIb ISl ONTHMU3AINH TIEHIEX0-
HBIX TTOTOKOB BHYTPH MHOTO(QYHKIIHOHATHFHOTO KOM-
TUIeKca.

Kaxxnast Mmonenp paspabarbiBanach Ha 0asze pe-
AJBHBIX MPOCKTHHIX JaHHBIX, MMPEAOCTABICHHBIX ap-
XUTEKTYPHO-IIPOEKTHBIMU OIOpPO, C Y4ETOM THIIOBBIX
TpeboBaHuil 3aKka3unKoB. J[i1s oneHKH S PEeKTHUBHOCTH
MOJIeIe MCTIONB30BAINCH KOMMYECTBEHHBIE METPUKH
(BpeMsi IPOEKTUPOBAHHUS, KOJIMYECTBO PACCMOTPEH-
HBIX BapHaHTOB, COOTBETCTBUE 3a/IaHHBIM KPHUTEPHUSIM)
7 DKCTIEPTHBIE OIEHKH MPAKTHKYIOMINX apXUTEKTOPOB.

C 1enbio BepuduKauy pa3padoTaHHBIX MOIX0I0B
1 METO/IMK TPOBEJCHO TECTHPOBAHUE HA TPEX peajb-
HBIX TIPOEKTaX:

1) MHOrOQYHKIIMOHAIBHBIN KHIOH KOMILJIEKC
(mnomaas 45 000 m?);

2) oOuIecTBEHHO-EIOBOM LEeHTp (MIomams
28 000 m?);

3) uentp 06padoTku JaHHbIX (muromiaas 18 000 m2).

Just xaxporo mpoexkrta 0wl pa3paboTaH KOM-
MJICKCHBIA TeHEPATUBHBIN alTOPUTM, YUUTHIBAIOIIHHA

cnenuduyeckre TpedOBaHMs 3aKa3dyrKa U 0COOCHHO-
cTH 00bexTa. Pe3ynbTaTsl MpUMEHEHHS alTOPUTMOB
CPaBHHMBAJINCH C TPAJUIIMOHHBIM ITPOIECCOM IPOEKTH-
pOBaHUSA MO TaKUM IMapaMeTpam, Kak BpeMs pa3paboT-
KM, KQUeCTBO PEIICHHH, COOTBETCTBHE TPEOOBAHUSAM
1 YJIOBJICTBOPEHHOCTH 3aKa34yHKa.

Ha 3axmounTenbHOM dTare UCCIeI0BaHus Ha OC-
HOBE ITOJTYYECHHBIX PE3yNIbTaTOB pa3paboTaHa METOJ0-
JIOTUSI UHTETpali TeHepaTuBHOro nu3aiina B BIM-
MMpOoUCCChI, OXBAThIBAIKOI[ass BECh JKU3HEHHBIN U KIJI
MpOeKTa OT (opMaIu3aIii TpeOOBaHUH 10 OICHKH
pe3ynbTaTtoB. METOOMOTUS BKIIIOYAET MPAKTHYECKHE
PEKOMEHIAIUU, AJITOPUTMBI JCHCTBUMN, IIAOIOHBI
Ut (hopMaTH3aui TpeOOBaHMH U KPUTEPHUH OICHKH
TeHEPUPYEMBIX PEIICHUH.

PE3YJIBTATBI HCCJEJOBAHUA

IIpoBeneHHBIN aHANU3 HAYYHOW JUTEPATYPHI
U TIPOTPaMMHBIX PEIICHUH BBISBHI YETHIPE TOMUHUPY-
IOIIMX MTpHeMa K MHTEerpalii FeHepaTuBHOTO Tu3aiiHa
B BIM-miporiecchl, KaKIbIii U3 KOTOPBIX 00JIa1aeT CIIeIH-
(hrIecKIMA IPEUMYIIIECTBAMH U OTPaHUICHUSIMH.

[Tapamerpudeckoe MOJETHPOBAHUE HA OCHOBE TPa-
(hoB sBIsIETCST HANOOJIEe PacIPOCTPAHEHHBIM ITOIXOZIOM,
peaM30BaHHBIM B TAKUX MHCTPYMEHTaX, kKak Dynamo
quist Revit u Grasshopper s Rhino. Otn nncrpymen-
TBI TIO3BOJIAIOT CO3/1aBaTh CIIOKHBIC aJTOPUTMUYECKHUE
KOHCTPYKIIUHU Yepe3 BH3YaJIbHOE MPOrpaMMHUpPOBAHHE,
YTO JIeNIaeT UX JIOCTYITHBIMHU JUIsl apXUTEKTOPOB 0€3 ITy-
OOKHX 3HAHH B MPOrPAaMMHUPOBAHNHU. AHAIHM3 TIOKa3all,
4yT0 76 % WCCIIEAOBaHHBIX aPXUTEKTYpPHBIX OOpPO HC-
TOJIB3YIOT MIMEHHO 9TOT METOI.

KnroueBoe mpemmyImecTBO mapaMeTpHIecKOTro
MOTX0/1a 3aKITF0YAeTCS B BHICOKOW CTETICHH KOHTPOIIS
HaJl TeHEPaTUBHBIM MTPOIECCOM U TPO3PAYHOCTH AJIrO-
puTMOB. OTHAKO BBISABICHBI U CYIIECTBEHHBIE OTPAaHU-
YEHUS: CIOKHOCTh MacCIITAaOMPOBAHUS IS PEIICHUS
MHOTO()AKTOPHBIX 3a/a4 ¥ OrpaHNYEHHAsi CIOCOOHOCTh
K CaMOOOYYCHHUIO U aJarTaIliH.

Ha ocHOBe momrydeHHOTO aHaIM3a MOCTPOCH Ipa-
(UK, TEeMOHCTPUPYIOMINH COOTHOLIEHUE BPEMEHH,
3aTpavynBaeMOTO Ha Pa3JIMYHBIE JTalbl pa3paboTKH
mapaMeTPUIeCKO MOJICITH, W TTOKA3hIBAIOIIN, YTO Ha-
CTpOHKa 3aBUCUMOCTEH ¥ OrpaHMYCHUH 3aHUMAET Hau-
GompIIyio 100 BpeMeHH (puc. 1).

DBONOIIMOHHAS ONTHMU3ANHS TPEACTABISET CO-
0011 BTOpOIi pacrpocTpaHEeHHbIH 1OX0/, OCHOBAHHBIN
Ha IPUHIUNAX TCHETHYECKUX aJTOPUTMOB. Takue mH-
cTpyMeHTHI, kak Galapagos n Octopus s Grasshopper,
a Taoke Project Refinery ams Dynamo, mo3BosisitoT Ha-
XOAUTh ONTHMAJIBHBIC PEIICHHS ITyTeM HTEPATHBHON
SBOJTIOIIMYA MHO’KECTBA BapHaHTOB. DTOT crmocob oco-
6eHHO 2(h(heKTUBEH /ISl PELICHUS] MHOTOKPUTEPHAIb-
HBIX 33/1a9 ONITHUMHU3AINH, TIe HEOOXOANMO HAaXOINUTh
OamaHc MEXITy TPOTHBOPEUYNBEIMA TPEOOBAHISIMH.

DKCIIepUMEHTBI aBTOPOB MOKA3aJI1, YTO IBOJIOIH-
OHHBIE AJITOPUTMBI JaI0T BO3MOKHOCTH PacCMOTPETh
B 5—7 pa3 Oouble MPOSKTHRIX BAPHAHTOB IO CpPaBHE-
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15 %

20 %

ZS%J

= Hacrpoiika 3aBUCUMOCTEN U OrpaHUUYEHUN
TecTupoBanue u oTinanka

40 %

= Pa3zpaboTKka anropuTMHYECKOH CTPYKTYPbI
= Uurerpauus ¢ BIM-monenbio

Puc. 1. I'paduk pacnpeneneHns BpeMeHH pa3pabOTKH MapaMeTPHIeCKOW MOIEH

HUIO C PYyYHBIM I1€pe0OpOM, YTO 3HAUYUTEIIBHO ITOBBIILIA-
€T BEPOSTHOCTh HAXOXK/ACHHS ONTHMAIBLHOTO PELICHHUSL.
OJiHaKO CyIIECTBEHHBIM HEIOCTATKOM SIBIISIETCS BBICO-
Kasi BBIYMCIUTENIbHAS CIIOKHOCTh U BPEMsl, HEOOXO0 M-
MO€ JUIsl JIOCTHIXKCHHUs] KOHBEpPreHuuu. J{Jisi KoMIuieKc-
HBIX TIPOEKTOB 3TO MOXET COCTABJISTH OT HECKOJIbKHX
4acoOB JI0 HECKOJIbKUX JIHEH, YTO HE BCEraa PUEeMIIEMO
B YCJIOBHSIX C)KaThIX CPOKOB ITPOEKTHPOBAHHUSL.

MeToabl MAaIMHHOTO O0Y4YEHUSs MPEICTABISIOT
TPETUil MOAXOM, KOTOPbIH AKTUBHO Pa3BUBAETCs B I10-
cienHue roipl. Mcenoib3oBaHUE HEHPOHHBIX CETEH
U JIPYTHUX aJrOPUTMOB MalIMHHOTO OOYy4EHHS 1103BO-
JISIeT CUCTEMaM «00ydaThCs» Ha IPUMEpax CyIECTBY-
IOLIMX TPOCKTHBIX PELICHHH U TeHepUpOBaTh HOBbIC
BapUaHThl, COOTBETCTBYIOIIUE 331aHHBIM KPHUTEPHUSIM.

[TpoBeneHHOE UCCIie0OBaHKUE TOKA3aJI0, YTO CH-
CTEMbl Ha OCHOBE MAlIMHHOTO O00y4YeHHs 0COOEHHO
a¢GeKTUBHBI IS 3a7a4, ¢ UMEEeTCsl 0OJbIION 00b-
€M MCTOPUYECKUX JaHHBIX: IPOCKTUPOBAHHE THIIOBBIX
3JIEMEHTOB, POTHO3UPOBAHHE YHEPIETHUECKHX XapaK-
TEPHUCTHUK, ONTUMH3ALMS CTOUMOCTH CTPOUTENILCTBA.
Tak, pazpaboTaHHasi aBTOpaMy MOJIEJIb Ha OCHOBE IIIy-
60KOro 00yUYeHHS ISl IPOTHO3UPOBAHUS SHEProNOTpe-
OJICHHSI 3MAHKI TPOJAEMOHCTPHUPOBaIa TOYHOCTE 92 %,
YTO 3HAYMTENHHO NPEBOCXOAUT TPAJUIIMOHHbBIE aHAH-
THUYECKUE METOIbI.

OpnHako BHEIPEHHE METOJI0OB MAIIMHHOTO 00ydJe-
HUS B apXUTEKTYPHOE MPOEKTUPOBAHHUE CTATKHUBACTCS
C PSIOM TPENATCTBUI: HEOOXOAUMOCTh B OOJIBITUX
o0beMax KaueCTBEHHBIX JaHHBIX ISl O0OY9IEHUS, CIIOXK-
HOCTH MHTEPIIPETALINU PE3yIBTAaTOB, a TAK)KE BEICOKHE
TpeOOBaHUA K BEIYHCIHUTEIBHBIM pecypcaM. Kpome
TOTO0, KaK OTMEYatoT 87 % ONpOILIEHHBIX IKCIEPTOB, Cy-
LIECTBYET PUCK «TBOPUYECKON CTarHaIMM», KOTJIa CUCTe-
Ma o0ydaeTcs Ha CyMISCTBYIOMINX MIPUMepax U HE MO-
JKET FeHEPUPOBATH PUHIUITUATIBHO HOBBIE PELICHHUSI.

ATeHTHOE MOJIETUPOBAHNUE — YETBEPTHIN MOIXO/,
OCHOBAHHBIHM Ha CUMYJISILIUM TTOBE/ICHUSI MHOKECTBA HE3a-
BHCHMBIX areéHTOB, B3aUMOJICHCTBYIOIINX B BUPTYaJIbHOM
cpene. IToT Meto Hanbosee 3 EKTUBEH s 3a/1a4, CBSI-
3aHHBIX C ONTUMH3AIMEH TTOTOKOB JIFOICH, (PyHKIIOHAb-
HBIM 30HHPOBAHUEM U SPTOHOMHKOH TIPOCTPAHCTB.

Pazpaborannas aBTOpamMu areHTHast MOJICTb JUTS OTI-
TUMH3ALUH TUTAHIPOBOYHBIX PEIICHUH MHOTO(YHKITHO-
HaJIbHOT'O KOMIUIEKCa 1o3BoJinja Ha 18 % MmoBBICUTH
3(h(EKTUBHOCTH UCTIOIBE30BAHUS IIOMIAJICH TIPU OIHO-
BPEMEHHOM YIYUILIEHUH OKa3aTesel MerexoaHou 10-
CTYITHOCTH KJIFOYEBBIX 30H.

CpaBHHTEBHBIN aHaTU3 3()(HEKTUBHOCTH pa3iiny-
HBIX TOJIXOJ0B K T€HEPATUBHOMY AW3aiHy JJIs TUIIO-
BBIX apXUTEKTYPHBIX 3a/1a4 PEACTABJICH B Ta0. 1.

Taba. 1. CpaBHuTensHas 3pPEKTHBHOCTH OIXO0B K FEHEPATHBHOMY JH3aHHY

Tom sanaun [TapameTpuueckoe OBOIOIOHHAS MamunHoe AreHTHOE
MOI[eJ'alOBaHI/Ie OIITUMHU3ALHA OGyLICHI/le MOﬂeHHpoBaHHe
®daca/iHble CUCTEMBI Bricokas Cpenuss Huskas Huskasn
O0BEeMHO-TUITAHUPOBOYHBIE PEIICHHS Cpensss Bricokas Cpennsist Bricokas
KoncTpykTHBHBIE 7IEMEHTHI Bricokas Bricoxkast Cpenuss Huzkas
DHeproahdHekTHBHOCTH Cpennsist Bricokast Bricokas Huzkas
DyHKIMOHAILHOE 30HUPOBAHUE Huskas Cpennsist Cpennss Bricokas
Opranu3zanus mO0TOKOB Huskas Huskas Cpennsis Bricokas
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. C. 158-175
Ha ocHoBe TPeboBaHUI KAMEHTOB

OpnHOI1 U3 KJIIOYEBBIX 3a/lad HCCIEeA0BaHUs OblIa
pa3paboTKa METOI0JIOTHH NIEPEBO/Ia PA3HOPOIHBIX Tpe-
GoBaHNi1 3aKa34MKOB B (OPMAIIM30BaHHBIC ITAPAMETPBI,
MIPUTOAHBIC JUIS UCIIONb30BAHMUS B TEHEPATHBHBIX AJITO-
puTMax. AHalIU3 TEXHUYECKHUX 3a/laHUil Ha MIPOEKTH-
pOBaHME TO0Ka3all, YTO TPeOOBaHMS 3aKa34NKOB MOKHO
pa3IenuTh Ha IBHBIE (YeTKO c(hOPMYIHPOBAHHBIE KOJIU-
YECTBEHHBIE MTapaMETPbl) U HEsIBHBIE (KaueCTBEHHBIE
XapaKTEepPUCTHKH, YaCTO BBIPAKEHHBIE HEUETKUMH I10-
HATHSIMH).

Just hopmanmzanny sBHBIX TpeOOBaHMH co3JaHa
cucTeMa ImadIoOHOB U aJITOPUTMOB, ITO3BOJISIONIAS aB-
TOMAaTUYECKU U3BJIEKaTh KOJMUYECTBEHHBIC TapaMeTphbl
U3 TEKCTa TEXHUYECKOTO 3aJlaHus U peoOpa3oBbIBaTh
UX B IepeMEHHbIE TeHEPAaTHBHON MOIEIH. JTa CUcTeMa
pean30BaHa B BHJE ITPOTPAMMHOIO MOJYJIsl, HHTETPH-
pyemoro ¢ BIM-miardopmamu.

Bbonee cnoxHyto 3agady mpeacTasisiia GpopmMaiu-
3a1ust HesIBHBIX TpeOoBaHui. [ pemenns 3Toi mpo-
Omembl pazpaboTaH MeTO KBaHTH()UKAIIH KaueCTBEH-
HBIX XapaKTEPUCTUK HA OCHOBE JKCIIEPTHBIX OLIEHOK
U JMHI'BUCTUYECKOTO aHain3a. MeToJ| BKIIoYaeT cie-
JIYIOIINE STaIbI:

1. Boiienenue KIFOYEBBIX JIMHTBUCTUYECKUX Map-
KepOB, XapaKTEePU3YIOIINX KaueCTBEHHbIE TPEOOBAHUS
(HarpyMep, COBPEMEHHBIH, YKOJIOT MYHBIH, KOM(OPTHBIA).

2. Ompenenenne ai1s KaXJ10ro Mapkepa Habopa u3-
MEPHUMBIX ITapaMeTPOB, KOPPEIUPYIOIINX C JTAHHON Xa-
PaKTEpUCTUKOI.

3. YcraHOBJIEHHE BECOBBIX KOI(P(MHUIIMEHTOB JUTSI KaXK-
JIOTO ITapameTpa Ha 06a3e SKCHEePTHBIX OLCHOK.

4. TlpeoOpa3oBaHme THHTBUCTUYECKHAX BBIpaKke-
HUIl B YHCIIOBBIE 3HAYCHMS C ITOMOILBIO METOJIOB He-
YETKO! JIOTUKH.

5. MHTerpaiys Moay4eHHbIX I1apaMeTpoB B Iiese-
BYIO (DyHKIIMIO TEHEPATHBHOTO aJTOPUTMa.

90 %
80 %
70 %
60 %
50 %
40 %
30 %
20 %
10 %

0%

Hanpumep, TpeGoBaHNE «COBPEMEHHBIH KOJIO-
TUYHBIA (acam TpaHCPOPMHUPOBATIOCH B HAOOP KOJH-
YECTBEHHBIX MapaMeTpoB: KOIPPUIMEHT eCTECTBEH-
Horo ocenieHus (> 0,8), MPOICHT MCIOJIb30BaAHUS
BO300HOBIIIEMBIX MaTepuasos (> 65 %), koadpuuneHt
teronepenaun (< 0,25 Br/m? K), uHACKC OTpakeHHs
COJTHEYHOI sHepruu (> 78).

Just scTeTrdeckux TpeboBaHui cHOpMHUPOBAH
CHelMalbHbIi METOZ Ha OCHOBE KOTHUTHBHOI'O Kap-
TUPOBAHUS, TO3BOJISIONINH TPe0OPa30BBIBATh CYyOBEK-
THUBHBIC IIPEIIIOYTEHHUS B TEOMETPHUYECCKHE TTAPAMETPBHI.
Meton 0CHOBaH Ha aHAJIN3€ BU3YyaAJIbHBIX pe()ePEHCOB,
MPEIOCTABIISIEMbIX 3aKa34MKOM, U aBTOMATHYECKOM H3-
BJICYCHHUH M3 HHUX (POPMOOOPA3YIOIIHUX MapaMETPOB:
MPOTIOPINH, PUTMUYECKUX CTPYKTYP, MaTepHaIbHOCTH
U TEKCTYP.

[IpoBeneHHOE TeCTHPOBAaHUE MIOKA3aJI0, YTO Pa3-
paboTaHHast METOIOJIOTHS aeT BO3MOXXHOCTH (hopMa-
mu3upoBath 10 83 % TpeOoBaHMH M3 THUIIOBOTO TEX-
HUYECKOTO 3aJaHNus, YTO 3HAYUTEIBHO MPEBOCXOAUT
CYIIECTBYOIIUE MOAXOABI (pHC. 2).

Ha ocHoBe pe3ynbraToB aHann3a M 3KCIIEPUMEH-
TaJIFHOTO MOJEIHUPOBAaHUS ObLTa pa3zpaboTaHa KOM-
IUIEKCHAs METOAOJIOTHSI MHTErPallii TeHEPATUBHOTO
nu3aitna B BIM-niponieccel. MeTomonorus npeacTasis-
eT co0O0H MOIIATOBYIO MOCIIEA0BATCIBHOCTh ICHCTBUH,
OXBAaTHIBAIOIIYIO BECh LUK ITPOCKTUPOBAHUS OT MPE-
MPOEKTHOT'O aHAJIN3a J0 OLIEHKH PE3ybTaTOB.

Ki1r0ueBbIM 37IEMEHTOM METOOJIOTHH CITYXKUT KOH-
nernys rdposoro aBolHKMKa TpedoBanuii (Digital Re-
quirements Twin — DRT) — cTpyKTypHpOBaHHOTO Ha-
60pa JaHHBIX, BKITIOYAIONIETO (hOpMaIn30BaHHBIE TPEOo-
BaHUS 3aKa34nKa, HOPMATHBHBIE OrPaHUYCHHSI, KOHTEK-
CTyaJbHBIC YCIIOBHSI M METPUKH JUIS OLIEHKH PEIICHUH.
DRT BBIIOJHSET POJib CBSA3YIOLIETO 3BEHA MEKIY Tpa-
JUIMOHHBIM IIPOLeccoM (OPMUPOBAHHS TEXHHIECKOTO

VYeneurHo Gpopmai3oBaHHble TpeOOBaHMs

B Py4Holi MeTOL

B Cymecrsytomue CAITP

B PazpaboraHHas METOIOJIOTHS

Puc. 2. CpaBanTensHas auarpamMma 3 exTuBHOCTH (hopMamH3aIiy TpedoBaHmH
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3aJaHuAa U MapaMETpUICCKUMHN ICHEPATUBHBIMU MOJIC-
JISIMUA.

MeTon00THst BKITIOYAET CIIELYIOIINE OCHOBHBIE 3Ta-
TIBL:

1. [peanpoexTHsIN aHamu3 U cOop maHHBIX. [Ipo-
M3BOUTCS cOOp M CTPYKTYPHPOBAaHWE WHPOPMANU
0 KOHTEKCTE TIPOEKTHPOBAHNS, BKIIIOYAsl aHAJIN3 Y4acT-
Ka, KJINMaTHYeCKUE CBEICHHs, TPaJ0CTPOUTEIbHBIE
orpannuenus. Coznaercst ppoBast MOAEIb CYIIECTBY-
Io1Iero KoHTekcra B popmare BIM.

2. ®opmanuzanus Tpebosanuii. TpeboBanus 3a-
Ka34rKa U HOPMATHBHBIC OTPAHUUCHUS (POPMATTU3YIOTCS
C MCIIOJIb30BaHNEM Pa3paOdOTaHHBIX METOJIOB U MIA0I0-
HOB. ®opmupyercst DRT, copeprxkaimuii cTpyKTypHupo-
BaHHbIE JIAHHBIC O TPEOOBAHUSX U OTPAHUUCHUSX.

3. Br106op renepatuBHOTO mMoaxona. B 3aBucumo-
CTH OT cenU(HKH 3aJa9H BEIOUPAETCS ONTHMATbHBIN
TIO/IXO/] K TeHEPaTUBHOMY JIN3aiHy (TTapaMeTpudecKui,
9BOJIFOIIMOHHBIM, HA OCHOBE MAIIMHHOTO OOydYeHHS
WA areHTHBIN) WK UX KOMOUHAIINS.

4. Pa3zpabotka reHepatuBHO# Monenu. Co3mgaercs
AITOPUTMHUYECKast MOJIEIb, CIIOCOOHAsI TeHEePUPOBATh
MPOEKTHBIE PEIIECHUs] Ha OCHOBE 3aJJaHHBIX Mapame-
TpOB U orpaHudeHuil. Monens unrerpupyercs ¢ BIM-
ruatopmoii 1u1st obecrieueH s AByHAIPaBICHHOTO 00-
MEHa JaHHbBIMHU.

5. T'enepanus v orieHKa BapuaHToB. Mojienb rete-
pHpYET MHOXKECTBO BAPHAHTOB NMPOEKTHBIX PEIICHUH,
KKIBIH M3 KOTOPHIX aBTOMAaTHYECKH OIICHHBACTCS
o Habopy MeTpHK, onpeneneHHbIX B DRT. Pe3ymbrarst
BU3YaJIU3UPYIOTCS C TOMOIIBIO0 HHTEPAKTHBHBIX Tpadu-
KOB M JTMarpamM JUIsl OOJIerdeHuns aHaaIu3a ¥ CpaBHEHHS
BapUaHTOB.

6. Otbop u mopaborka pemenuid. Haubomnee nep-
CIIEKTUBHbIC BapUaHTBI OTOMPAIOTCS LISl AajbHeHen
popabOTKH. DTOT MPOIIECC MOKET OBITh KaK aBTOMATH-
3MPOBAHHBIM (Ha OCHOBE 11eJIEBBIX (DYHKIIMIA), TAK 1 BKIIFO-
YaTh SKCIIEPTHYIO OIIEHKY apXUTEKTOPOB U 3aKa3UMKOB.

7. Hderanuzauus u unterpanus B BIM-mozens.
BriOpanHOE pelenne IeTanu3npyercs U HHTErpupy-
ercsl B mojHoLeHHy0 BIM-mozens, cogepxaliyto BCO
HEoOXoauMy0 MH(OpMAanuIo I AadbHEHIIeH paspa-
OOTKH MPOEKTA.

8. Omenka u Bepupukanus pe3yapraroB. [lomy-
YEHHOE pelIeHUEe OI[EHUBAETCS Ha COOTBETCTBUE HC-
XOIHBIM TPEOOBAHUSAM W OrpaHHYCHUAM. [Ipu HEOOX0-
JUMOCTH TIPOBOJUTCS KOPPEKTHPOBKA.

Cxema mpeiyIoKEeHHOTO Mpoliecca HHTETPAIUH Te-
HepaTtuBHOro nu3aiiHa B BIM npencrasiiena Ha puc. 3.

Baxnast 0coOEHHOCTh pa3pabOTaHHON METOI0II0-
THU — ee THOKOCTh M aJanTHUBHOCTH. [Ipomecc mpo-
SKTUPOBAHHUS HE SIBIISICTCS JTMHECHHBIM, OH JIOIYCKaeT
BO3BPATHI K MPEIBIAYIIIAM dTaraM U UTCPATUBHOC YIyd-
meHne penreHnii. Kpome Toro, MeTomororus mpemxycma-
TPUBAET Pa3IMYHbIC YPOBHU aBTOMATH3ALUU: OT TOJI-
HOCTBIO aBTOMAaTHYECKOTO TeHEPHPOBAHUS PEIICHHUN
JIO MHTCPAKTHBHOTO PEKUMA, TIE€ APXUTEKTOP aKTUBHO
y4acTByeT B JOPMHUPOBAHUH U OTOOPE BAPHAHTOB.

Juist npoBepku 3 (HEKTUBHOCTH pa3padOTaHHON
METOIOJIOT MU BBIMTOIHEHO €€ TECTUPOBAHKE Ha TPEX pe-
ANBHBIX MMPOEKTaX Pa3IUIHOTO MacIITada U (PyHKIHO-
HAJIBHOTO Ha3HaYCHUs. Pe3ynbTarhl anpodanuu npej-
CTaBJICHHI B Ta0IIL. 2.

Haubonee 3HaunTENBHBIC PE3YIIBTAThl JOCTUTHY-
THI B MPOEKTE€ MHOTO(MYHKIIMOHATHLHOTO JKUIIOTO KOM-
IIIeKca, TIe MPUMEHeHHE KOMOMHUPOBAHHOTO MOIX0/1a
(mapameTpuuecKoe MOAECIUPOBAHUE + IBOJIIOIIMOHHAS
OTITUMU3AIIHS) TIO3BOJIMIIO HE TONBEKO COKPATHTh BPEMs
npoektupoBanus Ha 38 %, HO ¥ 3HAUUTENIHHO MOBbI-
CUTb KayeCTBO pelieHuil. B yactHocTH:

° ONTHMH3AINSI HHCOJISAIUN KBAPTHP YBEIHYMIA
JIOJTI0 TIOMENIEHU ¢ ONMTHUMAaTbHBIM YPOBHEM ecTe-
CTBEHHOTO OocBeleHus ¢ 64 1o 87 %;

°* aBTOMATU3UPOBAHHBII MOIOOP MPOMOPIIUI U PHUT-
MHUKH (hacaTHBIX IEMEHTOB Jall BO3MOKHOCTh CO3/1aTh
Y3HaBAEMYI0 3CTETHKY KOMIUIEKCA MPU OJHOBPEMEHHOM
CHIDKCHUH KOJIMYECTBA YHUKAJIBHBIX JIEMEHTOB Ha 38 %o,
YTO TPHUBEIIO K YKOHOMHH Ha TIPOU3BOICTBE 1 MOHTAXKE;

° ONTHUMH3AIKSA BHYTPEHHHUX IJIAHUPOBOK II0O-
BBIcHIIA 3O (PEKTUBHOCTH MCIOJIB30BAHUS TUIOIIANCH
Ha 8,5 %, 4TO SKBHBAJICHTHO JIOIIOJIHUTEILHEIM 1470 M?
MpOo/IaBaeMOM IIJIOIIA/IN.

Jlitst 001IeCTBEHHO-IENTOBOTO TICHTpa OCHOBHOH (po-
Kyc OBUI c/ieTaH Ha ONTUMH3AIIH SHEPTETHUECKUX XapaK-
TEPHUCTHK 3IaHUS.

Puc. 3. BPMN cxema nHTerpamuy reHepaTiBHOTO anu3aitHa B BIM-mporecchbt
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Taou. 2. Pe3ynbraTel NpUMEHEHHS TEHEPATUBHOTO AW3aiiHA HAa PEaIbHBIX MPOEKTaxX
MuorodyHKIHOHATBHBIH KHIIOH OO0m1ecTBEHHO- Lentp o6paboTku
[Toxazarens o
KOMIIITEKC JIeTIOBOI IIEHTP JTAHHBIX
CokpallieHle BpeMeHU
o 38 42 35
MIPOEKTHPOBAHUA, %o
KonuuecTBo paccMOTpEHHBIX BapUaHTOB 32 25 19
CooTBeTcTBHE TPEOOBAHUAM
neTp 92 89 94
3aka3uuka, %
Viyuamenue sHeprosGhekTUBHOCTH, %o 24 31 18
OnTuMu3anust CTONMOCTH 12 3 15
CTPOHUTENLCTBA, %
YIOBIETBOPEHHOCTH 3aKa3UNKa
PEHHo 8,7 8,2 9,1
(o 10-6annpHOI mIKame)

I'enepaTuBHBINA aNropuTM Ha OCHOBE MAIIMHHOTO
00yJeHNs aHATTM3UPOBANT BIMSHUE Pa3INIHBIX TEOMETPH-
YECKHX TapaMeTpOB, OPUCHTANU U CBETONPO3PAaYHBIX
KOHCTPYKLMI Ha SHepronorpebnenue. B pesynsrare:

* BHepromnorpedIeHue 31aHus CHU3WIOCh Ha 31 %
10 CPaBHEHHIO C NEPBOHAYAIILHBIM IPOCKTOM;

* YPOBEHb €CTECTBEHHOI'O OCBELICHHSI OCHOBHBIX
pabounx 30H yBenuuuiics Ha 22 %;

* onrumu3anus HopMbl 31aHUS MPHUBETa K CHU-
KCHHUIO BETPOBBIX HArpy3ok Ha 18 %, 4To mo3Bosimio
ONTHMU3UPOBATh HECYIIHE KOHCTPYKIINH.

B mpoexre mieHTpa 00pabOTKH JaHHBIX KITFOYEBOIH
3ajadeil crajla ONTUMHU3ALNS PACIIOIOKEHHUS ITOMe-
IIEHUS JUIs 00ECTIEYCHNsI YCOBEPIICHCTBOBAHMS TIPO-
KJIaJIKH HH)KEHEPHBIX cucteM. [IpuMenenne areHTHOTo
MOJIEITMPOBAHUS IO3BOJIMIIO 3TO CBIMUTHPOBATh M OII-
TUMM3HMPOBATh TIAHNPOBOYHBIE pelIeHNUs. Pe3yabrars
BKJIIOYAIOT!

* COKpallleHUE€ CPeJHUX JAUCTAHLUMUI MEXAYy OcC-
HOBHBIMH (D)YHKIIHOHAJIBHBIMH 30HaMH Ha 24 %;

¢ YMCHBUICHHUE MOTCHIHAIBHBIX TOYCK CKOIIJICHUA
WH)KEHEpHBIX ceTei Ha 47 %;

* ONTHMM3ALHNIO PACIOJIOKECHHUS TEXHUYECKUX
¥ BCIIOMOTATEIbHBIX MOMEIICHNH, IPUBEALIYIO K BbI-
cBOOOXKIeHMI0 280 M? TOJIC3HOM TLTOTIATH.

Bo Bcex Tpex ciydasx IpUMEHEHNE TeHePaTHBHO-
TO Iu3aifHa a0 BO3MOXHOCTb HE TOJBKO YIy4YIIHThH
KOJIMIECTBEHHBIC TIOKA3aTEeNIN, HO M JOOUTHCS BEICOKO-
TO YPOBHS YOBJIETBOPEHHOCTH 3aKa34YHUKOB, YTO IMOJ-
TBEPKAAETCS PE3YJIbTaTaMH IPOBEICHHBIX HHTEPBBIO
U OIPOCOB.

OnHako, HECMOTPSI Ha 3HAYUTEIbHBIC YCIIEXH,
IpU BHEAPEHUU TeHepaTUBHOro ausaiiHa B BIM-
MIPOLIECCHI BBISIBJICHBI U ONIPE/ICICHHBIE OTPaHHYCHUS:

1. Texnonoruyeckue 6apbepnl. CyliecTBYIONINE
BIM-nnardopmbl He Bcerna odecnevyuBarT HE0O-
XOAUMBIH YPOBEHb NPOIPAMMHOIO B3aUMOIEHCTBHUS
C HHCTPYMEHTaMM IeHepaTUBHOIOo Au3aiiHa. Yacto
TpeOyeTcst pa3paboTKa TOTIOIHUTETHHBIX HHTEp(dEicoB
1 KOHBEPTEPOB JIAHHBIX.

2. BoluncnurenbHas CI0XHOCTb. JlJisl KOMIUIEKC-
HBIX MIPOCKTOB reHEepanus 1 OLEeHKa OOJIBIIOr0o KOJIH-
YeCTBA BAPHAHTOB MOXKET TPeOOBATH 3HAYUTEIHHBIX
BBIYUCIUTEIBHBIX pecypcoB. Tak, 3BOJOIMOHHAS OI-

TUMH3AIUS] MHOTO(YHKIIHOHAIBHOTO KOMILJIEKCa I10-
TpeboBana 38 4 HEPEPHIBHBIX BEIUUCICHAN Ha pado-
yel ctaHmuu ¢ 24-saepHsiM nporeccopom u 128 T'b
OnepaTuBHON MaMsTH.

3. KomrmereHiuu crienuanuctoB. Pa3padorka s¢-
(heKTHBHBIX TCHEPATUBHBIX MOJEIeH TpeOyeT CIeIH-
(hUIEeCKIX HABBIKOB Ha CTBIKE apXUTEKTYPHI, TPOTPaM-
MHPOBAaHUS U MaTeMaruuecko ontumuzauuu. [1o pe-
3ynIbTaTaM ornpoca Juib 12 % apXUTEeKTypHBIX 010po
UMEIOT B IITaTe CHEIHMAINCTOB, 00IaJal0MINX BCEMHU
HEOOXOTUMBIMHU KOMITCTCHIIASIMHU.

4. CnoxHOCTh (PopMaNTH3aIUN CyOBEKTUBHBIX
kputepueB. HecMoTps Ha paspaboTaHHBIE METOJIbI,
MEpeBOA 3CTECTUUCCKUX U DMOLIMOHAJIBHBIX aCIICKTOB
MIPOCKTHPOBAHUS B U3MEPHUMBIE TTapaMeTphl OCTAaeTCs
CIIOKHOM 3aja4ueii, TpeOyromel JaTbHEHIITIX UCCIIeIO0-
BaHUH.

5. Ilcuxonoruueckue 6apbepbl. MHOTHE apXUTEK-
TOPBI BOCITPUHUMAIOT TeHEPATHBHBIN IM3aiH KaK yrpo-
3y TBOpYECKOMY acrekrty npodeccuu. VHTEpBBIO
mokasaiu, 9to 43 % apXUTEKTOPOB OTACAIOTCS, UTO aB-
TOMATH3aLUS POCKTUPOBAHNS TPUBENIET K CTAaHIAPTH-
3alUU U MMOTEPEC MHANBUAYAJIBHOCTH apXUTCKTYPHBIX
peIeHHi.

Jnist mpeoionenust STHX OrpaHnYeHui pazpadoTa-
HBl PEKOMEH/IAINH, BKIIOYAIONINE TEXHOIOTHICCKHE
acCIeKThI (pa3BUTHE MHTEPOIIEPaAOEITHHOCTH, ONITHMH-
3aIysl aJTOPUTMOB) M OpTaHU3AI[MOHHBIE MepHI (TIpo-
rpaMMbl 00yueHHs, METOJMKH BHEAPEHHUS, U3MEHEHHE
paboYmXx MPOIIECCOoB).

3AKJIIOYEHUE U OBCYXJIEHHUE

IIpoBeneHHOE HCCIIENOBAHUE IEMOHCTPHUPYET,
YTO HMHTErpalus reHepaTUBHOro au3aitHa B BIM-
MPOIECCHl MPEACTABIsIET COO0W TMEepPCHEKTHBHOE
HalpaBJICHHE Pa3BUTHSI APXHUTEKTYPHOTO IPOCK-
THPOBAHUS, CTIOCOOHOE 3HAYUTEIHHO MOBBICUTH 3~
(DEeKTHBHOCTH M Ka4eCTBO MPOCKTHBIX PEIICHUH.
PazpaboranHast MeTO10JI0THsI 00ECIICUUBAET CTPYKTY-
PUPOBAHHBIN ITOIXO]] K BHEIPCHUIO TCHEPATUBHBIX TEX-
HOJIOTHI B TIPAKTHKY apXUTEKTYPHBIX OIOpO.

KnroueBoli pe3ynbraT UCCIELOBAaHUS — IMOJ-
TBep)KI[eHI/Ie THUIIOTC3bI O TOM, YTO FeHepaTHBHLIﬁ
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3.A. MNpuzopsiH, A.O. Pbi6akosa

JIN3aifH MO3BOJISIET HE TOJIBKO aBTOMATH3MPOBATH Y-
THHHBIE aCMEeKThl IPOCKTHUPOBAHUS, HO M PACIIUPHUTD
TBOPYECKHE BO3MOKHOCTH apXUTEKTOPOB, MPEIOCTAB-
79 UM MHCTPYMEHTHI ISl HCCIIEJOBaHUSA OOJBIIETO
KOJINYECTBA BapHAHTOB M BBIABICHUS HEOUYEBUJIHBIX
pemeHnii. ApXUTEKTOp B 3TOW MapaaurmMe BHICTyHaeT
HE TOJIbKO KaK co3zarelib (hopM, HO U KaK CTparer, ompe-
JIEJISIFOLIMIM [TpaBWJIa U KPUTEPUU TEHEPALIUY PELLIECHUM.

DKkcriepuMeHTalIbHas anpoOalys MpoJeMOHCTPH-
poBaja, uto Hanbosee 3pHEKTUBHO HE H30JUPOBAHHOEC
MpUMEHEHHE OJHOTO U3 MOIXOM0B K FeHEPAaTUBHOMY
Ju3aiiHy, a UX KOMOMHAIMS, aJaTHPOBAHHAS K CIIELH-
(uke KOHKpeTHOTro TpoekTa. Tak, i ONTUMH3AINH
00bEMHO-TIJIAHUPOBOUHBIX PEIICHUI HAWIY4IIHe pe-
3yJIbTAThl MOKA3aJI0 COYETAaHHE MapaMETPUUECKOTO
MOJIeNIUpOBaHus ()i omnpezesieHus: 6a30BOH reome-
TPUHU) C HBOJIOLHUOHHON ONTHMHU3AIMEH (AJI1 TOHKOH
HaCTPOWKH MapaMeTpPoB).

Pesynbrars! HcceJOBaHU COIIACyIOTCS ¢ paboTa-
mu Mana n HryeHa, KOTOpbIe TaKye OTMeUasi BBICOKMIA
MOTEHITMAJ TeHEPAaTUBHBIX METOIOB AJIS ONTUMH3AINU
ApXUTEKTYPHBbIX peuieHui. BMecTe ¢ TeM Hacrosiiee
HCCJIEZI0BAHUE JOIOIHAET CYLIECTBYIOILYIO JIUTEPATypy
JIeTaIbHON METOAONOTHel MHTErpalliil ATHX METOJOB
B BIM-nipotiecchl 1 mpakTHYECKUMU PEKOMEHAALUSAMU
10 TIPEOONECHUIO TEXHOIOTHYECKUX U OPTaHU3alnOH-
HBIX OapbepoB.

ITomy4eHHbIE pe3yabTaThl IMEIOT BaKHOE IPAKTHIC-
CKO€ 3HAYCHHUE IS apXUTEKTYPHO-CTPOUTENIFHOM OTpac-
nu. Pa3paboTaHHasi METOJIONIOTUSI MOXKET ObITh BHEJpEHA
B IIPAKTUKY apXUTEKTYPHBIX OFOPO Pa3IMYHOIO MaciiTada,
TIO3BOJISISL UM TTOBBICUTH 3()PEKTUBHOCTH MPOSKTHPOBAHHS
W Ka4eCTBO MpesiaraeMpIx pereHuit. OcoOeHHO 1ieHHa
BO3MOYKHOCTb OBICTPOTO MCCIIESI0BAHMS OOJIBIIOTO KOJIHU-
YeCTBa BAPUAHTOB HA PAaHHUX CTaIUSIX MPOSKTUPOBAHUS,
KOI7Ia CTOMMOCTh M3MEHEHHI MUHUMAIIBHA, 4 X BIHSIHIE
Ha UTOTOBBIE XapPAKTEPUCTUKH MPOEKTa MAKCHMAITBHO.

C TOUYKM 3pEHMsI HAyYHO! HOBH3HBI, KIIFOUYEBHIM
BKJIAJIOM SIBIIIETCSI CHCTEMAaTU3alMsI IMOAXOA0B K MH-
Terpaluy reHepaTuBHOro ausaiina B BIM-npouecchl

1 pa3paboTka MeToA0J0TUU (HOopMaTU3aUK CyOBheK-
TUBHBIX TPEOOBAaHHUH 3aKa34MKOB. DTO CO3AE€T OCHOBY
JUlsl JajbHEHIINX MCCIIe0BaHuil B 00nacTu udpoBoii
TpaHchopMaIMy apXUTEKTYPHOTO TPOCKTHPOBAHUSI.

IlepcriekTBHBIE HaAIpaBJIEHUS AaIbHEUIINX HC-
CJIEIOBaHMI:

* pa3paboOTKa METOI0B MAIIMHHOTO OOydYCHHS
JUIsl aBTOMAaTHYECKON MHTepHpeTanuy HeopMmaiu-
30BaHHBIX TPeOOBaHUI 3aKa3YMKOB, BKIIIOYAs aHAIN3
€CTECTBEHHOTO S3bIKa M KOMIIBIOTEPHOE 3pEHNE ISl 00-
paboOTKK BU3YyalIbHBIX peepeHCOB;

° CO3/IaHUE CIIEIHAIN3UPOBAHHBIX OUOINOTEK TH-
MOBBIX T€HEPATUBHBIX KOMIIOHEHTOB, aJalITUPOBAHHBIX
JUTSI pEeTlIeHUs] KOHKPETHBIX ApXUTEKTYPHBIX 3a/1a4 ¥ UH-
TErpUPYEMBIX C cyliecTByomumMu BIM-iardopmamu;

* U3y4YEHUE METOJOB PACIPEICIICHHBIX BbIUUCIIE-
HUH JJI1 yCKOPEHUs IIPOLIECCOB IeHEpaLuu U OLECHKU
BapHUAHTOB MPOCKTHBIX PELICHUU, YTO 0COOCHHO aKTy-
aJIbHO JJI KPYITHBIX U CJIOKHBIX IIPOEKTOB;

* pa3paboTKa CHUCTEM CMEIIAHHOI PeaJbHOCTH
JUUI. MHTEPAKTUBHOTO B3aUMOJAECHCTBUSL apXUTEKTOPOB
Y 3aKa34YHUKOB C T€HEPATUBHBIMU MOJICIISIMU, TTO3BOJIS-
IOIIMX B peajlbHOM BPEMEHHU BUJIETh U OIIEHUBATh BIIU-
SIHU€ U3MEHEHUs IapaMeTPOB Ha IIPOEKTHOE PELICHMUE;

* MHTErpauus TeHEepaTUBHOrO JIM3aifHa C TEXHO-
JIOTUSIMU U(PPOBOTO TMPOU3BOJICTBA, CO3/IaHUE 3aM-
KHYTOTO I[UKJIa OT MPOEKTUPOBAHUS A0 U3TOTOBICHUS
KOMIIOHEHTOB 3/1aHMUSI.

B 3akiioueHue cieayer OTMETUTh, 4To Hudpo-
Basi TpaHC(OpMALHsI APXUTEKTYPHOTO MPOCKTHPOBA-
HUSI HAXOAUTCS B HAYAJIbHOM CTaJuu, MOXKHO OXKHJATh
JIaJIbHENIIEro pa3BUTHUS T€HEPATUBHBIX TEXHOJOTUU
10 M€pe COBEPILUCHCTBOBAHUS AJITOPUTMOB, YBEJIU-
YEHUsl BBIYMCIUTEIbHBIX MOIIHOCTEH U HAKOILJICHUS
OIIbITA UX NIPAKTUYECKOIO IPUMEHEHHUS. | eHepaTuBHBI
JIU3aiiH HE 3aMEHSIET TBOPUECKYIO POJIb apXUTEKTOPa,
HO PACLIMPSIET €0 BO3MOKHOCTH, [103BOJISASL COCPENOTO-
YUTHCS HA CTPATETHYECKUX aCNEeKTaX NMPOEKTUPOBAHUS
Y MHHOBAlIMOHHBIX PELIEHUSIX, OCTABIISIS PyTUHHBIE 3a-
Jlauy aJITOPUTMAM.
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INTRODUCTION

Architectural design is a multifaceted process that
traditionally combines creativity and technical preci-
sion. However, the increasing complexity of modern
projects, the growing volume of information, and short-
er design deadlines require new approaches to organiz-
ing the design process. The transition from classical
methods to digital design tools has created the condi-
tions for the formation of a new approach — generative
design in the environment of information modelling
of buildings and structures.

Generative design is a process in which design
solutions are generated algorithmically based on speci-
fied parameters, constraints, and target functions [1].
Unlike traditional design, where solutions appear lin-
early and sequentially, the generative approach involves
the simultaneous formation of multiple options with
the possibility of their further evaluation and selection
of the optimal ones. The integration of such algorithms
with building information modelling (BIM) technology
opens up new horizons in the automation of architec-
tural design.

The first experiments with computer-generated ar-
chitectural forms date back to the 1960s, when the con-
cept of machine design was first proposed. For a long
time, the practical application of generative methods
in architecture was limited by computing capabilities
and the lack of necessary software tools. The situation
changed dramatically at the beginning of the 21st cen-
tury with the development of parametric modelling and
the emergence of tools such as Grasshopper (a plug-in
for Rhinoceros) and Dynamo (a plug-in for Autodesk
Revit), which greatly simplified the development
of generative algorithms [2].

At the same time, the development of BIM tech-
nologies transformed the design process from the sim-
ple construction of geometric models to the compre-
hensive management of information about a building
throughout its entire life cycle [3]. This has created
a favourable environment for the introduction of gen-
erative methods, as BIM models already contain struc-
tured information about all building components, their
interrelationships and properties.

Today, there is intensive development of a new
direction — computational design, which combines
generative methods, parametric modelling, and algo-
rithmic approaches to architectural tasks. However,
the integration of generative design into BIM processes
faces a number of challenges. For example, Teytin and
co-authors note the lack of uniform methods for formal-
izing design requirements and constraints, which makes
it difficult to unify generative algorithms. Yang and Lee
[4] point to the complexity of translating subjective aes-
thetic criteria, which are important to customers, into
measurable parameters of generative models.

Despite these difficulties, interest in generative
methods in architecture is growing steadily. A study
by Miiller and Deitel analyzed 126 architectural firms,
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of which 67 % use elements of generative design and
89 % plan to expand its use in the next 3—5 years. This
indicates the high potential of this direction and its
growing importance for the industry.

There are several approaches to implementing
generative design in the context of BIM. Currently,
there are four main categories: parametric modelling,
evolutionary algorithms, machine learning, and agent-
based modelling. Each of these methods has its own
characteristics, advantages, and limitations that must be
taken into account when implementing them in archi-
tectural design practice.

Lu and Chen [5] note that the choice of approach
to generative design should be determined by the spe-
cifics of the tasks being solved. For the design of fa-
cade systems, parametric models that take into account
geometric and structural constraints are most effective.
In turn, when optimizing interior spaces, agent-based
models that simulate human behaviour in the environ-
ment have an advantage.

Kasperzyuk et al. [6] demonstrated the possibility
of using generative algorithms to optimize the acoustic
characteristics of rooms. The method they proposed al-
lows for the automatic generation and evaluation of op-
tions for the shape and finish of surfaces that provide
the specified acoustic parameters.

Although the theory of generative design is active-
ly developing, the practical application of these meth-
ods in architectural design faces a number of barriers.
Industry experts note that the introduction of genera-
tive methods requires a rethinking of traditional design
processes and the development of new skills among
architects. According to the authors, the future of archi-
tecture lies at the intersection of creative thinking and
computational methods.

Nguyen and Tran [7] investigated the role of ge-
nerative design in optimizing the energy efficiency
of buildings and concluded that an approach integrated
with BIM can reduce energy consumption by 15-23 %
by optimizing the geometry of the building, its orien-
tation and the characteristics of translucent structures.
The authors emphasize the importance of a comprehen-
sive approach that takes into account not only energy
but also economic aspects of design solutions.

The aim of this study is to develop methodologi-
cal foundations and practical recommendations for
integrating generative design into BIM processes to
automate the creation of architectural solutions based
on diverse customer requirements. To achieve this goal,
the following tasks were set:

1. Analyze existing approaches and technologies
of generative design applicable in the context of BIM.

2. Develop a methodology for formalizing cus-
tomer requirements for their integration into generative
algorithms.

3. Create and test a comprehensive model for eval-
uating and selecting generated design solutions using
practical examples.
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4. Identify promising areas for further develop-
ment of integrated generative information technologies.

The scientific novelty of the research lies in a sys-
tematic approach to the integration of generative meth-
ods into BIM processes and the development of a meth-
odology that takes into account both technical and sub-
jective (aesthetic, emotional) aspects of architectural
design.

MATERIALS AND METHODS

The research methodology was based on a com-
prehensive analysis of existing generative design ap-
proaches and technologies, their potential and limita-
tions in the context of BIM processes. A multi-stage
research structure was developed, including both theo-
retical and practical components.

The first stage involved a systematic review of
the literature covering publications from 2013 to 2023.
The Web of Science and Scopus scientific databases,
as well as the specialized resources Cumincad and
IAARC, were used to select relevant sources. Search
queries included combinations of key terms: generative
design, computational design, BIM, architectural auto-
mation, parametric modelling. As a result of the initial
selection, 456 publications were identified, of which
183 were included in the final analysis after assessing
their relevance.

For structured analysis, the collected array of pub-
lications was classified according to several parameters:

1) approach to generative design (parametric, evo-
lutionary, machine learning-based, agent-based) [8—12];

2) area of architectural application (spatial plan-
ning solutions, facade systems, structural elements,
etc.) [13, 14];

3) degree of integration with BIM (full, partial,
separate);

4) stage of practical implementation (conceptual
development, prototype, commercial solution).

The second stage involved a comparative study
of software platforms and tools that support generative
design in the context of BIM [15-19]. The analysis cov-
ered both specialized solutions (Dynamo for Revit, Grass-
hopper for Rhino, Generative Components for Bentley
Systems) and universal platforms adaptable for archi-
tectural tasks (Project Refinery, Galapagos, Optimo).
The tools were evaluated according to the following
criteria:

* functional capabilities;

* interoperability with BIM systems;

* accessibility and ease of use;

« flexibility and scalability;

* performance and computational efficiency;

* support and documentation.

The third stage involved developing a methodol-
ogy for formalizing customer requirements for their in-
tegration into generative algorithms [20]. To this end,
typical requirements from 25 technical specifications
for the design of various types of facilities (residential

buildings, public buildings, industrial facilities) were
analyzed. Based on content analysis, these requirements
were classified into the following categories:

* regulatory (compliance with building codes and
regulations);

* functional (compliance with the intended pur-
pose of the facility);

 economic (construction and operating costs);

 environmental (energy efficiency, environmental
friendliness of materials);

* aesthetic (visual characteristics, style);

* socio-cultural (compliance with the social con-
text).

For each category, methods have been developed
to quantify and formalize requirements for their inte-
gration into generative algorithms. Particular attention
was paid to converting qualitative and subjective cri-
teria (such as aesthetic preferences) into measurable
parameters.

The fourth stage is devoted to experimental model-
ling and practical testing of the developed approaches.
For this purpose, four experimental models have been
created, implementing different approaches to genera-
tive design in the BIM environment:

1) a parametric model of a facade system with
adaptive shading elements;

2) an evolutionary model for optimizing the spa-
tial planning solutions of a multi-apartment residential
building;

3) a machine learning-based model for predicting
and optimizing the energy performance of a building;

4) an agent-based model for optimizing pedestrian
flows within a multifunctional complex.

Each model was developed based on real project
data provided by architectural design bureaus, taking
into account typical customer requirements. Quantita-
tive metrics (design time, number of options consid-
ered, compliance with specified criteria) and expert as-
sessments by practicing architects were used to evaluate
the effectiveness of the models.

In order to verify the developed approaches and
methodologies, testing was carried out on three real
projects:

1) a multifunctional residential complex (area
45,000 m?);

2) a public and business centre (area 28,000 m?);

3) a data processing centre (area 18,000 m?).

For each project, a comprehensive generative al-
gorithm was developed, taking into account the specific
requirements of the customer and the characteristics
of the object. The results of applying the algorithms
were compared with the traditional design process in
terms of parameters such as development time, quality
of solutions, compliance with requirements, and cus-
tomer satisfaction.

At the final stage of the research, based on the re-
sults obtained, a methodology for integrating generative
design into BIM processes was developed, covering
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the entire project life cycle from formalization of re-
quirements to evaluation of results. The methodology
includes practical recommendations, action algorithms,
templates for formalizing requirements, and criteria for
evaluating generated solutions.

RESEARCH RESULTS

An analysis of scientific literature and software so-
lutions revealed four dominant approaches to integrat-
ing generative design into BIM processes, each with
specific advantages and limitations.

Graph-based parametric modelling is the most
common approach, implemented in tools such as Dy-
namo for Revit and Grasshopper for Rhino. These
tools allow complex algorithmic designs to be created
through visual programming, making them accessible
to architects without in-depth programming knowledge.
Analysis showed that 76 % of the architectural firms
surveyed use this method.

The key advantage of the parametric approach is
the high degree of control over the generative process
and the transparency of the algorithms. However, sig-
nificant limitations have also been identified: the com-
plexity of scaling for solving multi-factor problems and
the limited ability to self-learn and adapt.

Based on the analysis, a graph was constructed
showing the ratio of time spent on different stages
of parametric model development, which indicates that
setting dependencies and constraints takes the largest
share of time (Fig. 1).

Evolutionary optimization is the second common
approach, based on the principles of genetic algorithms.
Tools such as Galapagos and Octopus for Grasshop-
per, as well as Project Refinery for Dynamo, allow you
to find optimal solutions through iterative evolution
of multiple variants. This method is particularly effec-

15%

20 %

25%

= Configuring dependencies and restrictions
Testing and debugging

tive for solving multi-criteria optimization problems,
where it is necessary to find a balance between conflict-
ing requirements.

The authors’ experiments have shown that evolu-
tionary algorithms make it possible to consider 5-7 times
more design options compared to manual search, which
significantly increases the probability of finding the opti-
mal solution. However, a significant drawback is the high
computational complexity and time required to achieve
convergence. For complex projects, this can take from
several hours to several days, which is not always accept-
able given tight design deadlines.

Machine learning methods represent a third ap-
proach that has been actively developed in recent years.
The use of neural networks and other machine learning
algorithms allows systems to “learn” from examples
of existing design solutions and generate new options
that meet the specified criteria.

The study showed that machine learning-based
systems are particularly effective for tasks where there
is a large amount of historical data: designing standard
elements, predicting energy characteristics, and opti-
mizing construction costs. For example, the deep learn-
ing-based model developed by the authors for predict-
ing the energy consumption of buildings demonstrated
92 % accuracy, which significantly exceeds traditional
analytical methods.

However, the introduction of machine learning
methods into architectural design faces a number of ob-
stacles: the need for large amounts of high-quality data
for training, the complexity of interpreting results, and
high demands on computing resources. In addition, as
noted by 87 % of the experts surveyed, there is a risk
of “creative stagnation” when the system learns from
existing examples and cannot generate fundamentally
new solutions.

40 %

= Development of an algorithmic structure
= Integration with the BIM model

Fig. 1. Graph of the time distribution for the development of a parametric model
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Table 1. Comparative effectiveness of approaches to generative design

Problem type Parametric modelling | Evolutionary optimization | Machine learning | Agent-based modelling
Facade systems High Medium Low Low
Planning solutions Medium High Medium High
Structural elements High High Medium Low
Energy efficiency Medium High High Low
Functional zoning Low Medium Medium High
Flow organization Low Low Medium High

Agent-based modelling is the fourth approach,
based on simulating the behaviour of a multitude of in-
dependent agents interacting in a virtual environment.
This method is most effective for tasks related to opti-
mizing people flows, functional zoning, and space er-
gonomics.

The agent model developed by the authors to opti-
mize planning solutions for a multifunctional complex
made it possible to increase the efficiency of space utili-
zation by 18 % while improving pedestrian accessibility
to key areas.

A comparative analysis of the effectiveness of dif-
ferent approaches to generative design for typical archi-
tectural tasks is presented in Table 1.

One of the key tasks of the study was to develop
a methodology for translating diverse customer require-
ments into formalized parameters suitable for use in gen-
erative algorithms. Analysis of technical design specifica-
tions showed that customer requirements can be divided
into explicit (clearly formulated quantitative parameters)
and implicit (qualitative characteristics, often expressed
in vague terms).

To formalize explicit requirements, a system of tem-
plates and algorithms was created that allows quantitative
parameters to be automatically extracted from the text
of the technical specifications and converted into vari-
ables of the generative model. This system is implement-
ed as a software module that can be integrated with BIM
platforms.

The formalization of implicit requirements pre-
sented a more complex task. To solve this problem,
a method for quantifying qualitative characteristics
based on expert assessments and linguistic analysis was
developed. The method includes the following steps:

1. Identification of key linguistic markers charac-
terizing qualitative requirements (e.g., modern, environ-
mentally friendly, comfortable).

2. Determining a set of measurable parameters for
each marker that correlate with a given characteristic.

3. Establishing weighting coefficients for each pa-
rameter based on expert assessments.

4. Converting linguistic expressions into numeri-
cal values using fuzzy logic methods.

5. Integration of the obtained parameters into
the objective function of the generative algorithm.

For example, the requirement for a “modern, en-
vironmentally friendly facade” was transformed into
a set of quantitative parameters: natural lighting coef-

ficient (> 0.8), percentage of renewable materials used
(> 65 %), heat transfer coefficient (< 0.25 W/m?*-K), so-
lar energy reflection index (> 78).

For aesthetic requirements, a special method based
on cognitive mapping has been developed, allowing
subjective preferences to be converted into geometric
parameters. The method is based on the analysis of vi-
sual references provided by the customer and the au-
tomatic extraction of form-defining parameters from
them: proportions, rhythmic structures, materiality and
textures.

Testing has shown that the developed methodol-
ogy makes it possible to formalize up to 83 % of the re-
quirements from a typical technical assignment, which
significantly exceeds existing approaches (Fig. 2).

Based on the results of analysis and experimental
modelling, a comprehensive methodology for integrat-
ing generative design into BIM processes was devel-
oped. The methodology is a step-by-step sequence
of actions covering the entire design cycle from pre-
project analysis to evaluation of results.

A key element of the methodology is the concept
of a Digital Requirements Twin (DRT) — a structured
data set that includes formalized customer require-
ments, regulatory constraints, contextual conditions,
and metrics for evaluating solutions. The DRT acts as
a link between the traditional process of forming tech-
nical specifications and parametric generative models.

The methodology includes the following main
stages:

1. Pre-project analysis and data collection. Infor-
mation about the design context is collected and struc-
tured, including site analysis, climate data, and urban
planning restrictions. A digital model of the existing
context is created in BIM format.

2. Formalization of requirements. Customer re-
quirements and regulatory constraints are formalized
using developed methods and templates. A DRT is
formed, containing structured data on requirements and
constraints.

3. Selection of a generative approach. Depend-
ing on the specifics of the task, the optimal approach to
generative design (parametric, evolutionary, machine
learning-based, or agent-based) or a combination there-
of is selected.

4. Development of a generative model. An algorith-
mic model is created that can generate design solutions
based on specified parameters and constraints. The model
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Fig. 2. Comparative diagram of the effectiveness of requirements formalization

is integrated with the BIM platform to ensure bidirectional
data exchange.

5. Generation and evaluation of options. The mod-
el generates a set of design solutions, each of which is
automatically evaluated according to a set of metrics
defined in the DRT. The results are visualized using in-
teractive graphs and diagrams to facilitate analysis and
comparison of options.

6. Selection and refinement of solutions. The most
promising options are selected for further development.
This process can be automated (based on target func-
tions) or include expert evaluation by architects and
customers.

7. Detailing and integration into the BIM model.
The selected solution is detailed and integrated into
a complete BIM model containing all the information
necessary for further project development.

8. Evaluation and verification of results. The re-
sulting solution is evaluated for compliance with the ini-
tial requirements and constraints. Adjustments are made
if necessary.

The proposed process for integrating generative
design into BIM is shown in Fig. 3.

An important feature of the developed methodol-
ogy is its flexibility and adaptability. The design pro-
cess is not linear; it allows for returns to previous stages
and iterative improvement of solutions. In addition,
the methodology provides for various levels of auto-
mation: from fully automatic generation of solutions to
an interactive mode where the architect actively partici-
pates in the formation and selection of options.

To verify the effectiveness of the developed meth-
odology, it was tested on three real projects of various
scales and functional purposes. The results of the test-
ing are presented in Table 2.

The most significant results were achieved in the de-
sign of a multifunctional residential complex, where
the use of a combined approach (parametric modelling +
+ evolutionary optimization) not only reduced design
time by 38 %, but also significantly improved the quality
of solutions. In particular:

 optimization of apartment insolation increased
the proportion of rooms with optimal natural lighting
from 64 to 87 %;

* automated selection of the proportions and rhythm
of facade elements made it possible to create a recogniz-

Fig. 3. BPMN scheme for integrating generative design into BIM processes
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Table 2. Results of generative design application on real projects

. Multifunctional residential Public and business Data processing
Indicator
complex centre centre

Reduced design time, % 38 42 35
Number of options considered 32 25 19
Compllance with customer 9 29 94
requirements, %

Improved energy efficiency, % 24 31 18
Optimization of construction cost, % 12 8 15
Customer satisfaction (on a 10-point scale) 8.7 8.2 9.1

able aesthetic for the complex while reducing the number
of unique elements by 38 %, which led to savings in pro-
duction and installation;

* optimization of internal layouts increased space
utilization efficiency by 8.5 %, which is equivalent to
an additional 1,470 m? of saleable space.

For the public and business centre, the main focus
was on optimizing the building’s energy performance.

A generative algorithm based on machine learning
analyzed the impact of various geometric parameters,
orientation and translucent structures on energy con-
sumption. As a result:

+ the building’s energy consumption was reduced
by 31 % compared to the initial design;

* the level of natural lighting in the main work ar-
eas increased by 22 %;

» optimization of the building’s shape led to
an 18 % reduction in wind loads, which made it pos-
sible to optimize the load-bearing structures.

In the data centre project, the key task was to opti-
mize the layout of the premises to improve the routing
of engineering systems. The use of agent-based model-
ling made it possible to simulate and optimize planning
solutions. The results include:

 reduction of average distances between main
functional areas by 24 %;

* reduction of potential points of concentration
of engineering networks by 47 %;

» optimization of the location of technical and
auxiliary rooms, resulting in the release of 280 m?
of usable space.

In all three cases, the use of generative design made
it possible not only to improve quantitative indicators,
but also to achieve a high level of customer satisfaction,
as confirmed by the results of interviews and surveys.

However, despite significant successes, certain limi-
tations have been identified in the implementation of ge-
nerative design in BIM processes:

1. Technological barriers. Existing BIM platforms
do not always provide the necessary level of software in-
teraction with generative design tools. Often, additional
interfaces and data converters need to be developed.

2. Computational complexity. For complex proj-
ects, generating and evaluating a large number of op-
tions can require significant computational resources.
For example, the evolutionary optimization of a mul-

tifunctional complex required 38 hours of continuous
computation on a workstation with a 24-core processor
and 128 GB of RAM.

3. Specialist competencies. Developing effective
generative models requires specific skills at the intersec-
tion of architecture, programming, and mathematical
optimization. According to the survey results, only 12 %
of architectural firms have specialists on staff who possess
all the necessary competencies.

4. The complexity of formalizing subjective crite-
ria. Despite the methods developed, translating the aes-
thetic and emotional aspects of design into measurable
parameters remains a difficult task that requires further
research.

5. Psychological barriers. Many architects perceive
generative design as a threat to the creative aspect of their
profession. Interviews showed that 43 % of architects
fear that design automation will lead to standardization
and a loss of individuality in architectural solutions.

To overcome these limitations, recommendations
have been developed that include technological aspects
(development of interoperability, optimization of al-
gorithms) and organizational measures (training pro-
grammes, implementation methodologies, changes in
work processes).

CONCLUSION AND DISCUSSION

The study demonstrates that the integration of gen-
erative design into BIM processes is a promising di-
rection for the development of architectural design,
capable of significantly improving the efficiency and
quality of design solutions. The developed methodol-
ogy provides a structured approach to the implementa-
tion of generative technologies in the practice of archi-
tectural firms.

The key result of the study is the confirmation
of the hypothesis that generative design not only auto-
mates routine aspects of design, but also expands the cre-
ative possibilities of architects by providing them with
tools to explore more options and identify non-obvious
solutions. In this paradigm, the architect acts not only as
a creator of forms, but also as a strategist who defines
the rules and criteria for generating solutions.

Experimental testing has shown that the most ef-
fective approach is not the isolated application of one
of the approaches to generative design, but rather a com-
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bination of them, adapted to the specifics of a particular
project. Thus, to optimize spatial planning solutions,
the best results were achieved by combining parametric
modelling (to determine the basic geometry) with evo-
lutionary optimization (to fine-tune the parameters).

The results of the study are consistent with the work
of Jan and Nguyen, who also noted the high potential of
generative methods for optimizing architectural solu-
tions. At the same time, this study complements the ex-
isting literature with a detailed methodology for inte-
grating these methods into BIM processes and practical
recommendations for overcoming technological and or-
ganizational barriers.

The results obtained are of great practical impor-
tance for the architectural and construction industry.
The developed methodology can be implemented in
the practice of architectural firms of various sizes, al-
lowing them to increase the efficiency of design and
the quality of the proposed solutions. Particularly valu-
able is the ability to quickly explore a large number
of options in the early stages of design, when the cost
of changes is minimal and their impact on the final
characteristics of the project is maximized.

From the point of view of scientific novelty, the key
contribution is the systematization of approaches to inte-
grating generative design into BIM processes and the de-
velopment of a methodology for formalizing subjective
customer requirements. This creates a basis for further
research in the field of digital transformation of architec-
tural design.

Promising areas for further research:

 development of machine learning methods for
automatic interpretation of informal customer require-
ments, including natural language analysis and com-
puter vision for processing visual references;

» creation of specialized libraries of typical gener-
ative components adapted to solve specific architectural
tasks and integrated with existing BIM platforms;

* studying distributed computing methods to ac-
celerate the generation and evaluation of design op-
tions, which is particularly relevant for large and com-
plex projects;

* development of mixed reality systems for inter-
active interaction between architects and customers with
generative models, allowing them to see and evaluate
the impact of parameter changes on the design solution
in real time;

* integration of generative design with digital man-
ufacturing technologies, creating a closed cycle from de-
sign to manufacture of building components.

In conclusion, it should be noted that the digital
transformation of architectural design is in its early stag-
es, and further development of generative technologies
can be expected as algorithms are refined, computing
power increases, and experience in their practical appli-
cation accumulates. Generative design does not replace
the creative role of the architect, but expands their capa-
bilities, allowing them to focus on the strategic aspects
of design and innovative solutions, leaving routine tasks
to algorithms.
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