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AHHOTaLuA

HacTosuiaa paboTta NnocssALLeHa UCCNef0BaHNIO NMPUMEHEHWNSA reHepaTUBHOTO MOZEIMPOBaHNSA B
MPOEKTUPOBAHUW:  3TO UTEPaLMOHHBIV NPOLIECC, NPU KOTOPOM MPOUCXOAUT reHepaLus
HECKO/bKMX BbIXOAHbIX AaHHbIX C YYETOM OMpeseNieHHbIX OrpaHWYeHNin BXOAHbIX NapameTpoB.
"eHepaTVBHbIV AU3aliH MOXET MPeANoXUTbL NPenMyLLecTBa TPaLULMOHHOMY MPOEKTUPOBaHNIO,
MOCKO/MIbKY eWé Ha CTafuy KOHUEeNTyalbHOM pa3paboTKM  YUMTbIBAKOTCA  CreumanbHO
YCTaHOB/IEHHbIE KpUTepuu. Llenb paboTbl cocTosna B UCCEA0BaHUN CYLLECTBYHOLLMX METOLO0B U
aNropuTMOB TeHepaTVBHOIO Au3aiiHa MpW rOpPOLACKOM M1IAaHMPOBAHWU C YYETOM W3MeHeHUs
XapaKTepUCTUK OKpY>KatoLLein cpefbl. MepBbiM LWaroM 6bis10 onpeaeneHne BXOAHbIX AaHHbIX /15
MPOEKTUPOBAaHUA TOPOACKOM CTPYKTYpbl. BTOpbIM 3TarnoM BbICTYNan aHaIn3 CyLLECTBYHOLLUX
peweHnii. B 3aknoyeHUn 6bl CAenaH BbIBOL O PasiMYHbIX OrpaHUYeHusX, € KOTOPbIMU
CTa/IKUBAIOTCA  pa3paboTuvKM, a WMEHHO: HEeoOXOAMMOCTb BHECEHWS W3MEHEHW B
MO/Ib30BATE/IbCKOM PEXUME HaK/IaAbIBAET OrpaHUYeHus Mo MPYMEHEHUIO MOAO06HLIX CUCTEM.
TakKe YCTaHOB/EHO, 4YTO HAa [aHHbIA MOMEHT OTCYTCTBYeT YeTkas Jiorumka, no KoTopoi
reHepaTviBHble CUCTEMbl MOrM Obl BbIABAATL NPOTMBOPEUMS B Habope MyNbTUMOAABbHbLIX
JAaHHbIX W TMPUHUMATL peLleHVe O COOTBETCTBMM MOMYYEHHOro pesynbTaTa AUHaMUYECKU
N3MEHSAIOLLIMMCA NapaMeTpam.

KntoueBble coBa: reHepaTvBHBbINA A13aliH, MPOEKTUPOBaHNE, aHaIM3 AaHHbIX, CUCTEMA,
apXMTEKTypa, MalLMHHOEe 06yYeHue.
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Abstract

This paper is devoted to the study of generative modeling in design used: this is an iterative
process that generates several output data with consideration to certain restrictions of the input
parameters. Generative design can offer advantages to traditional design as specifically defined
criteria are taken into account early as the conceptual design stage. The purpose of the work was
to study the existing methods and algorithms of generative design in urban planning, taking into
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account changes in environmental characteristics. The first step was to determine the input data
for the design of the urban structure. The second stage was the analysis of existing solutions. In
conclusion, it was The conclusion was made about the various constraints faced by developers,
namely: the requirement to make changes in the user mode imposes restrictions on the use of such
systems. It is also established that at the moment there is no clear logic by which generative
systems can identify contradictions in a set of multimodal data and make a decision on the
correspondence of the obtained result to dynamically changing parameters.

Keywords: generative design, planning, data analysis, system, architecture, machine learning.
For citation: Laushkina A.A., Basov O.0O. Application of generative design methods using
multimodal data in the field of architecture and urban planning // Research result. Information
technologies. - T.6, Ne3, 2021. - P. 3-10. DOI: 10.18413/2518-1092-2021-6-3-0-1

BBEAEHWE

MpoekTMpoBaHWe Ha OCHOBE anropuTMMYeckoro nogxoga (computational design, CD) 6epeT cBoe
Hayano B 70-x rogax 20 Beka. CRAFT [7] ©Obina Of4HOW U3 nepBbIX CUCTEM, aBTOMATU3UPYHOLLMX
npouesypbl MPOEKTUPOBaHUA C  WCMOMb30BaHMEM METOAOB onTuMusauuuM. C  pasBUTMEM  TEXHONOT WA
OblM  BBEAEHbl MOHATMA, ONUCLIBAKOLLME pPa3/IMYHble MNOAXOAbl K MPOEKTUPOBaHWK Ha ocHoBe CD

(puc. 1):

Puc. 1. KoHuenTyaslbHOe NpeAcTaBfieHne NOHATWI, ONUCbIBAKOLLME Pa3/INYHbIE MOAXO0Ab! K MPOEKTUPOBAHNIO,
OTHOCUTENbHO Napagurmsl CD
Fig. 1. A conceptual representation of definitions describing various approaches to design relative
to the CD paradigm

1. Generative Design (GD) - 3To noaxof K MPOEKTUPOBaHWIO, KOTOPbIA WCMOb3YeT anropuTMbl
A1 cOo3h4aHnA NpoekToB. [1oAX04 OCHOBaH Ha MpaBW/ax pPasIMYHbIX TMPOLECCOB, KOTOPble TEHepupyroT
MHOXECTBEHHbIe PeLLIeHNS;

2. Algorithmic design (AD) - 310 nogxos GD, xapakTepusylowuiica WAEHTUDULMPYEMOI
Koppensumel Mexay anropuTMoM U ero pesy/bTaTtoM.
3. Parametric Design (PD) - 3T0 nogxoq K NPOEKTUPOBAHWIO, OCHOBaHHbIA  Ha

aITOPUTMUYECKOM  MbILLSIEHUW,  KOTOPbIA  MO3BOMISIET  YNPaBAATb WM U3MEHATb  MapameTpbl  ”
nepeMeHHble,  KOTOpble  OMNpedenstoT 1 (OPMUPYIOT  B3aMMOCBS3b  MeXAYy  W3HAYa/IbHOW  Lefblo
MPOEKTMPOBaHUA N KOHEYHbIM pe3y/ibTaToM npoekTa [14].

B3anmocBasb MeXay TepMuHamu, YyKasaHHbIMM Ha puc. 1, nogpasymesaet, 4to AD aBnfetcs
nogmHoxectsom GD, TO0 ectb nogxop AD Bcerga ssnsetcd redHepatvsHbiM. [logxogst GD wim AD
MOTyT ObITb MapaMeTpuyecKUMn WAN UCMOoMb3oBaTb MeTofAbl PD, HO ecTb npumepbl PD, KoTOpble He
rosiaratoTcs Ha reHepaTuBHbIE MOAXOAbI.

Llenbto  reHepaTMBHOIO [u3aiiHa SBNAETCA  CO34aHWe HOBOro  pesy/nbTata.  [nsa  yBennyeHus
9PMEKTUBHOCTN TEHEPATMBHOIO MNPOEKTUPOBAHWUSA UCMOMb3YHTCA METOAbl WCKYCCTBEHHOTO WHTE/IEKTa,
Takue KaK MeTa3BpUCTUYECKME anropuTMmBbl roucka, 4TObHI "06HapyXuTb" HOBbIE n
BbICOKO3()PEKTVBHbIE pe3y/bTaTbl. Bcneactsve 3TOr0 MeTOAbl TFEHEPaTMBHONO [Au3aiiHa HaLIN  LLIMPOKOe
MPYIMEHEHWE B Pa3/INYHBIX OTPAC/AX: CTPOUTENLCTBO, POOOTOTEXHMKA, MEAULIMHA U Np.
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CKYCCTBEHHbIN WHTENNIEKT B TeHepaTVBHOM AW3aiiHe WrpaeT MepBOCTENEHHYK PO/ib, @ WMEHHO
MEeTOfbl  MalWHHOIMO  06y4yeHus. [aHHble  MeTOofAbl  MPUMEHUMbl K 6OMbLIOMY  CMeKTpy — 3afau
Knaccutukaumm 1 MnporHo3MpoBaHWA Ha OCHOBe MokasaTeneil NpeaMETHOM 0071acTU € Yy4eTOM W3MEHeHUs
(haKTOpPOB OKpYXatoleid cpefbl W 3afaHHbIX ycnosuit. [pu  [OCTaTOYHO 60MbLIOM U KaYeCTBEHHOM
o6beMe [aHHbIX, MCNOMb3yeMbIX AnA 00y4YeHWs MOAeNN, MOXET OblTb [LOCTUrHyTa BbICOKAs TOYHOCTb
MPOrHO308B W Pean30BaHO MHOXECTBO 0OLEKTOB.

B obwem cnyyae npu  reHepaTMBHOM  apXWUTEKTYPHOM  MPOEKTMpPOBaHUM  paboumii  npoLecc
BK/OYAET CiefytoLLmne noc/eoBaTe/lbHble 3Tarnbl:

- Otan pa3paboTKW: BapuaHTbl TEHEPUPYOTCH CUCTEMON C WCMONb30BaHWEM anropuTMOB W
napameTpoB, 3afjaHHbIX NPOEKTUPOBLLMKOM;

- OTan aHa/iM3a: BapuaHTbl, CO3f4aHHble Ha MpedbloylleM 3Tane, U3MepsATea  U/unm
aHa/IM3MNpyOTCA B COOTBETCTBUM C LieNSMU, OnpeseNieHHbIMU pa3paboTumKoMm;

- 3Tan KnaccugmKalmm: BapuaHTbl COPTUPYHOTCS Ha OCHOBE pe3y/ibTaToB aHaIn3a;

- OTan paHXMpOoBaHUA: MPOLECC pPaHXMPOBaHUA BapuaHTOB [Au3aiiHa Ana  onpefenieHus
HanpasneHVs NocnefyoLLein pa3paboTKN NPOeKTa;

- JTan wuccnefoBaHWA: aBTOP CpPaBHMBAET M aHAIM3MPYET CO3AaHHble MPOeKTbl, MPOBEPsAs Kak
reoMeTputo, Tak 1 BbiBeEeHHbIE CUCTEMON Pe3y bTaTbl OLEHKN.

- OTan wuHTerpauuu: BbIGUpPaeTCA MPeAnoYTUTE IbHbIA BapuaHT [u3aiiHa W UHTerpupyetcs B
6onee KpynHbIA NpoekT nnu cpegy (puc. 2) [6].

Puc. 2. KoHuenTyanbHas CTPYKTypa Npouecca apxXMTeKTypHOro NpoekTupoBaHus [14]
Fig. 2. The conceptual structure of the architectural design process [14]

B ob6nactm  TpagWUMOHHOIO  FPajoCTPOMTENbHOTO  NOAXO4a  MPOEKTUPOBLUMKM  UCMOMb3YHOT
HaKOMMEeHHbI  MPaKTUYECKUA OMbIT WM TEOPUD  TOPOACKOr0  MNaHMPOBaHWA  [NS  MPOEKTUPOBaHUS
00bEKTOB ropofckoii cpedbl [11]. OpHako, 3TOT MPOLECC COMPOBOXAAETCA HEKOTOPbIM YWCNOM OLIMBOK
B OLEHKE TeppuTtopuMM 3acTpPOVKM MK3-3a OTCYTCTBUA WAM  HEMOMHOTbl  BXOAHOW  WMH(oOpMaumMn o
XapaKTepucTUKax MpOeKTUPYeMOil 30Hbl. JJ0 CcMX NOp 6OMbLUMHCTBO FEHEPaTUBHLIX WCCNeA0BaHUA B
06nacTM  apxXWTeKTypbl W [Au3aiiHa COCPeAoTOYEHbl, B  OCHOBHOM, Ha (hopmoob6pasoBaHum  [15],
onTuMmM3aumMK (acaga, a Takke yHKLMOHa/IbHOM 30HUPOBaHUM OrpaHUYeHHoN Tepputopun [1 1].

BcneacTBuMe BCEro BbILLECKA3aHHOrO, [JaHHas CTaTbfl HanpaB/eHa Ha W3y4YeHWe CYLUECTBYHOLLNX
peLleHnin  reHepaTUBHOrO MOAENMPOBaHMA B Ccepe [Au3aliHA W apXUTEKTYpbl C  YYETOM U3MEHeHWs
XapaKTepuUCTUK OKpyXatoweld cpefbl. OCHOBHOM 3afiaveli SBNAETCA aHanM3 MpefanaraeMbiX MOAXOLOB K
pa3paboTKe TOMOMOrMYECKUX CTPYKTYp (BKNHOYas OCBELLEHWE), KOTOpble MpPeACTaBfieHbl B psje Hay4HbIX
NCCNeAoBaHNI U Ha AaHHbIA MOMEHT NPUMEHSIOTCA B TaKMX Cpepax pbiHKa, KaK rpajocTpouTe bHbIV
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CerMeHT, [AM3aiiH 1 apxuTeKTypa. [laHHas paboTa npeanosnaraeT  BbisBNEHWE  HEOGXOAMMOCTM
CMO/b30BaHUS TeHepPaTMBHOrO Au3aliHa B MPOEKTMPOBAHUM C BbISB/IEHNEM [OCTOMHCTB W HeA0CTaTKOB
TaKoro MeTofa, a Takxke AasibHelilune 061acTv NpUMeHeHKst MeTooB GD.

MA TEPUbI K METOAbl NCCNEAOBAHUA

AHanu3 npeAMeTHOW 06nacTM Obl MpPOBEeAeH Ha OCHOBE CTaTeil O CyLeCTBYIOLIMX MeTofax W
cpeAcTBax MPOEKTUPOBaHUA TPafOCTPOUTENIbHON CTPYKTYpbl B LIE/IOM U apXUTEKTYPHbIX OOBEKTOB B
YyaCTHOCTW. bblnv onpegeneHsl CnegytoLine KpUtepmumn TeMaTuyeckoro ncecnefoBaHms:

1) o6bnactb npumeHeHns MeToZoB GD, uYacTHble cryyan (pecTaBpauusi 3L4aHUA W COOPYXEHWH,
MPOEKTUPOBaHME YYaCTKOB TeppuTOpUK, MOLENMPOBaHWe W NpoBepka [JeTanell (PU3NYeCKUX CUCTEM B
cootseTcTBMM TpebosaHuam TOCT n CHUM n 1.4.);

2) BXO[Hble faHHble, He0OX0AUMbIE 1 peann3alum npoLecca reHepaumu;

3) anropuTMUYeckas CTpyKTypa;

4) nporpaMMHOe B3auMOAEeNCTBYe.

C Tex nop, kKak B Hayane 2000-x 6blIM BbIMYLIEHbl WHCTPYMEHTbI 3D  MOAENMpoBaHus U
MPOeKTMpoBaHusA, OblfI0 OTHOCWUTENbHO HeOO/bLLIOE, HO aKTUBHO PAa3BMBAIOLLEECH YMCNO  MPOEKTOB,
NCMONb3YIOWMX FEHEPaTUBHbLIA AW3aiiH Kak WHCTPYMEHT WUCCMefOBaHUA W PEKOHCTPYKUWUW  3[4aHUA 1
coopyxeHuin. K npumepy, asTopbl [18] wu3yvanu npouecc reHepauum reomeTpuyM CBOJOB Ha OCHOBe
npasui C nomolbio Grasshopper: € MOMOLLBIO fla3epHOro ckaHepa Faro Focus 6bi1 npou3segeH c6op
MH(OpMaLMK, KoTopas Jana K/IYeBYH MH(opMauuio O mnapametpax cobopa. J[laHHble O [BYMEPHbIX
nnaHax, paguycax OTAeflbHbIX pebep CBOAOB C0O60pa, BbICOTE BEPLUMH W PaCCTOAHUAX MEXAy LeHTpamu
Oyr OT YPOBHA WMMoOCTa 6blIM OO6bEAMHEHbI B E€AWMHYH TOMOreHW3VPOBAHHYK MOJENb C MOC/eAyHLWUM
akcrnopTMpoBaHmeM B Rhinoceros 3D  ans  reHepauvin - pelweHwii.  [laHHas  Mogenb  UMUTMpOBana
CpefHeBEKOBble ~ METOAbl MNPOEKTUPOBaHWA. lcxofHad TpaccupoBka cobopa Obina  corocTaeneHa C
reHepaTuUBHbIMA  MOAENAMW  ANA  BbIABMEHWUS  TEOMETPUYECKUX Mponopumii  cobopa C  MOC/MeAyHoLUM
BbISIB/IEH/EM HECOOTBETCTBUIA MPU  MPOEKTUPOBAaHWM peasibHOro 06bekTa. [laHHbIn  NoAxof MO3BONSET
yBE/IMYUTL CKOPOCTb MOAENMPOBaHNA W MPOCNeAuUTb MPOLECC W3MEHEeHWA MpasBun B MPOEKTUPOBaHUMK,
OCTaBNAsA NMPY 3TOM UCC/Ief0BaTeNsM 60/IbLUE BPEMEHW L1 NMPOBEeAEHNS aHaIn3a 06beKTa N3YUeHUS.

B 6O/bLUMHCTBE CYLLECTBYIOLWMX UCCELOBAHUA MPUMEHSOTCA  TEXHOMOMMU  UH(OPMaLMOHHOIO
MoJenvpoBaHus 3gaHuii (BIMI) ¢ ucnonb3oBaHMeM f3blka NporpaMmupoBaHvs Python u onpefeneHHbIX
aIrOpUTMOB reHepaLuy B 3aBMCUMOCTW OT MOCTaB/IeHHbIX 334auy [6, 7, 11].

Hanpumvep, coBcem HegaBHo GD  6bi1 npumeHeH B 06/1aCTM MeXaHWKW  Ans  pas3paboTkuy,
OPVEHTVMPOBAHHOTO Ha MOBbILLEHNE MNPOU3BOAUTENIBHOCTA W YNydLIeHWe XapakTepucTuk usgenuid [1, 5,
16]. B 3toM cnyyae wuccnefoBaHWA OblnM COCPELOTOYEHbl Ha pa3paboTKe WMHCTPYMEHTOB WCKYCCTBEHHOMO
VHTENNEeKTa AN peLleHns 3a4a4 CTPYKTYPHOR onTUMm3aLmu.

B cratbe [9] paccmaTpuBaeTcd BOMPOC  (PYHKUMOHMPOBAHWA MpoOrpaMMHOro obecrneveHus, a
TaKKe ero XapakTepucTWMKW, MpW CO3[4aHWM 4YacTU  3axBaTHOrO YCTPOCTBa. ABTOpPbl  WCMONb30BA/IN
nnaTopmy A1 TPexMepHOro npoektupoBaHus Autodesk Fusion 360. AHannM3 COOTBETCTBUA YCTPOMCTBA
3aflaHHbIM  TpeboBaHWAM  MPOBOAUACA C  MOMOLLBKO  BCTPOEHHbIX WHCTPYMEHTOB. [aHHbIi  NOAXof,
FIBNSETCA OMpasfaHHbIM B TOM C/fiyyae, Korfja Yy MNPOEKTMPOBLLMKA HEAOCTaTOYHO HAaBbIKOB A/ Yy4yeTa
BCEX OrpaHW4eHWin npu UHTErpupoBaHUM pa3pabaTbiBaeMoi 4acTU B OOLYK CTPYKTYpy MNpOeKTa.
HeobxoaMmMo OTMeTUTb, 4YTO paboTa C [aHHbIM MPOrpaMMHbIM  OGecrneyeHneM SBMISETCA  LOCTATOYHO
TPYLOEMKOR,  MOCKONbKY — TpeGyeT  OT  MPOEKTUMPOBLUMKA  CMeuManbHbIX  HaBblkOB B 061acTm
nporpamMmmu1poBaHus.

B cratbe [8] paccmaTtpuBaeTcsi  CUCTeMa  MCKYCCTBEHHOIO  WHTE/INIEKTA, OCHOBaHHas  Ha
MHOroareHTHoMm ajroputme. Cuctema BOCMPOM3BOAMT  MPOLECC  aHaiM3a, KOTOPbIA  UCMOMb3yeTcs
VIHXXEHepaMu Nnpw NpoeKTUpoBaHUY ropofoB. B 3TOM npoLiecce yunTbIBaOTCA 0COOEHHOCTM JaHHbIX

BIM - npoviecc, 0CHOBaHHbIV Ha UCNOb30BaHUN UHTENNEKTYabHbIX 3B-Mofenel
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OKpY>KaloLLlei cpefbl M HacTpavBalOTCA NapameTpbl MOAENW B  COOTBETCTBUM C  (DYHKLMOHA/bHBIM
30HMPOBaHNEM W UCMOJL3YIOTCA CNeAYIOLLIME METObI:

1. Co3gaHve TOMONIOTMYECKOW CETKM TOPOACKON TeppuTOpuUM C  Y4eTOM ee  0COBGEeHHOCTel
(pened);

2. TlpucBoeHMe Beca KaxJOW TOYKe Yy4yacTKa [A/11  KOMMYECTBEHHOW OLEHKM XapaKTepucTuK
TeppuTopuN  (BbICOTHbIE TOYKW, MPUBPEXHbIE TEPPUTOPUM U  BOLOEMbI, YK/IOH MECTHOCTW, WHCOMALUNS,
BVJ0BbIE TOYKW, PYHKLMOHA/IbHOE 30HUPOBaHNE).

Ona  pelweHns  MOCTaB/IEHHbIX  3afady  aBTOpPbl  UCMOMb30BaIM  AWHAMUYECKWUIA  airOpuTM
ontummsaumn MAS (Multy-agent System, puc. 3). Kaxpgas Touka CETKM SABMISIETCA areHToM, B TO BpPeMs
KakK KaTeropus (YHKLMOHaNbHOTO 30HMPOBaHUA SABMSETCA ee COCTOsiHWEM. [1pu onpefeneHHbIX YCoBMAX
areHTbl BOCMPUHUMAKOT M3MEHEHWS B OKpYXalolleid cpefe W NPUHAMAKOT — peleHns o  Byayliem
MOBEfEHUN MOLeNM Ha OCHOBE 3TUX W3MeHeHuiA. [lpy  peanusaumm  UCMOMb30BAIUCL — CrefytoLme
NHCTPYMEHTBI:

1. Formit nna 6a30BOro NPOEKTVPOBaHMS;

2. Revit gns mogenvposaHus B cpefe BIM;

3. Dynamo gng agantauum TabiuL, ¢ JaHHbIMY O BepLUMHAX, rpadrkax u KacTomu3auum ang
Python;

4. Refinery pgana peaivsauym  ONTUMU3aUMM  C  MOMOLLUBKO  METa3BPUCTUYECKOTO  anroputma
NSGA-II.

Puc. 3. Anroputm ontuMmsaummn MAS [12]
Fig. 3. Multi-agent System optimization algorithm [12]

B pesynbrate aHanmsa cratbu [8] Obino BbIABMNEHO, 4TO pa3paboTaHHad CUCTEMa He SAB/AETCA
JoctatoyHo “obuieii”. Takum 06pa3oM, Korfja cuctema MpUMEHSieTCs K ApYromy ropogy Wau y4yacTky,
0CTaeTcs HeoOXOAMMOCTb PYYHOM HACTPOMKM BXOLHbIX W BbIXOAHbIX MapaMeTpoB Ha BCex 3Tanax
paboTbl, TakMX KakK (YHKUMOHA/bHOE 30HVMPOBaHWEe WM [PYruxX MpoLeccax TrOPOACKOro M/1aHUpPOBaHUS,
KOTOpble 3aBWUCAT OT OCOGeHHOCTe Tepputopun. Kpome TOro, CTOUT OTMETWUTb, YTO OTCYTCTBYET YeTKas
NOrnKa, Mo KOTOPOM cucTemMa Morna Obl CyAuTb O COOTBETCTBUWM CreHEpUPOBaHHOIO peLleHWUs KOHEYHOM
Lenm.

PE3 ¥/1b TATbl NCCNEOAOBAHUA

HecmoTpa Ha pocT uHTepeca K nogxogam GD, ata obnacte Bce eule mano umsyyeHa [12, 17]. B
CYLLECTBYIOLLUMX WCCMEf0BaHUAX B 06/1aCTU  apXMUTEKTYpbl MpeLCcTaB/ieHbl pPaboThbl, KOTOPble Harpas/eHbI
Ha  peLueHue BOMPOCOB  3HepPro3adeKTMBHOCTA [10], pa3paboTky MpoTOTUMNOB (aHanoros
CylLecTBytoLlero o6bekta B 3D npencrtasnieHnn) [3] unm npouecc npoekTuposaHus [4].

CnefoBatefibHO,  CyLlecTByeT — MNOTPe6HOCTb B CO3J4aHWM  (hpelimMBOpKa U NPOrpaMMHbIX
WHCTPYMEHTOB, OPMEHTMPOBAHHbIX Ha MPOLLECC CO3AaHNsA reHepaTUBHON CUCTEMbI /11 KOMMIEKCHOTO
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apXMTEKTYPHOrO MNPOeKTMpOBaHMs. B Xxoae aHaimsa crTateil Obli0  OnpedeneHo, 4TO B OOMbLUMHCTBE
CYLLeCTBYIOLUMX  UCCMEeLOBaHWA  NPUMEHsOTCS  TexHomorum  BIM ¢ ucno/nb3oBaHWeM  fi3blka
nporpaMmmnpoBaHns Python, a Takke L-CMCTEMbl, K/IETOYHblE aBTOMATbl, TEHETUYECKWNE aNITOPUTMb,
METO[, «POeBO UHTENNEKT» 1 shape grammars («rpaMmaTunka opmbl») [13].

HecMOoTps Ha CyllecTBOBaHWE pa3MYHbIX METOZOB, MOXHO Takxke yTBepXpaaTb, 4TO WX
NCMONb30BaHME B HEKOTOPbIX  C/ly4yasX  OrpaHu4yeHo  TpeGOBaHWMAMM K 3HaHWAM  MO/b30BaTeNs,
BbIYMC/IMTENIbHOM MOLLHOCTbIO WM OrpaHUYeHUsMU MO BPEMEeHM - BCe 3TU (PaKTopbl CrefyeT NpUHUMATh
BO BHMMaHve. HeobxogyMo OTMeTWUTb, 4TO 60fiee MPOCTble MeTOAbl, TakMe Kak C/yyailHas BblGOpKa,
apheKTMBHLI  AN9  334ay  KOHUENTya/bHOro  NpPOeKTMpoBaHWA.  [Mogxod CO  C/yyailHOW  BblIGOPKOM,
6asupytowminca Ha reHepatopax MCEBAOCNYYaMHbIX 4uncen, (QOpMUpYeT CryyaiHblii Habop pelleHnid K3
ymcna MNpes/ioKeHHbIX W OCTaBNAET MPUHATME pelleHns 3a 4YefloBeKOM. VIcnonb3oBaHWe  CyYainHol
BbIOOPKM  HakNadblBaeT  HECKO/bKO ~ OrpaHMYeHWid,  MOCKONbKY  OHa  He  06ycnoBfieHa  YeTKO
onpejeneHHbIMU  M3MEPUMbIMU  LieNIiMKU. TO eCTb OTBETCTBEHHOCTb 32 MpPeACTaB/eHVWe MPOeKTa JNEXWT Ha
nonb3oBaTesie, UYTO O3HAYaeT BK/IHOYEHME KAYeCTBEHHbIX OLEHOK W BO3MOXHOE WCKaXEHWe [O0CTOBEpPHOW
MHpopmaLumn. ITO 03Ha4vaeT, 4TO Heobxoauma pa3paboTka MeTOAOB BbISB/IEHUS MNPOTUBOPeYMiA B Habope
MYNbTUMOAA/IbHBIX AaHHBIX C UCMO/b30BaHWEM UHCTPYMEHTOB reHepaTUBHOMO Aun3aliHa.

Takum 06pa3oM, HeoOXoAuMbl [anbHellunMe WUCCMefoBaHUA, B KOTOPbIX M3y4yaroTCs  MeTojbl
reHepaTUBHOrO MPOEKTUPOBAHUA B KOHTEKCTe apXWUTEKTypbl W CTPOWUTENbCTBA, KOTOpble MpefoCTaBnAoT
[OMNONHUTENbHbIE pe3ybTaTbl AN POPMMPOBaHMA 6a3bl 3HAHWI FeHepaTUBHOIO Aun3aliHa.

3AKTIOYEHWE

HecmoTps Ha HenpepbiBHOE pa3BUTME MNPOrpaMMHbIX CPeACTB  CTPYKTYPHOM  ONTUMM3aLWK,
HaBblKM  NO/Mb30BaTeNs  Bcerga OyAyT  ABNATbCA  K/KOYEBbIM — 3/IEMEHTOM  MPW  MPOEKTUPOBAHUM.
Cnoco6HOCTb BbIABAATL MPO6MEMbl B MPOLECCE MPOEKTMPOBAHUA W OMNPefensTb KPUTEPUW, UrparoLme
MepBOCTEMEHHYKD PONb B AOCTUXKEHWE KayeCTBEHHOro pe3ynbTaTa, OCTalOTCA MNPeporatuBOi  YesoBeka,
KOTOPYtHD  HEBO3MOXHO  3aMeHWUTb  WMHCTPYMEHTaMW  WUCKYCCTBEHHOrO WHTennekra. T.e.  Heob6Xxoaumo
paccMaTpmBaTb BbIXOf4Hble AaHHble MNPU WCMOMb30BaHNM MeToAoB GD KakK MCXOAHble [aHHble, KOTOpble
TpebytoT fanbHeNLero aHanmsa, BCAKNUIA pas, Korga:

1) Habopa HaBblKOB MPOEKTUPOBLUMKA/AM3aliHepa HeLOCTaTOYHO, 4TOObl Ha 3Tane KOHLenuum
onpezennTb ONTUMaNbHOE NPeLCTaB/eHe 00bEKTa;

2) 0OBEKT/KOMMOHEHT CUCTEMbI [O/MKEH ObITb WHTErpUpOBaH B CUCTEMY, MMENOLLYI Apyrue
OrpaHnyeHus.

O6nacTb ~ reHepaTMBHOTO  Au3aliHa M ero  MPUMEHEHWe B apXUTEKType  SIBNsieTCs
MHOrOOGelaloWmMM M MOTEHUMaNbHO  MOXET  CTaTb  YacTb0  MHCTPyMeHTapusi  GyayLuero
NPOEKTUPOBLUMKA. OAHAKO HeOOXOAMMbI AaNbHeLIne UCCnefoBaHMs, YTOObl pPaclUMpWUTb 3HaHWS O TOM,
KaK M Korfja reHepaTuBHbIA Au3aliH fBNSETCS Hambonee NMPUMEHVMbIM, KOTAa pedb MAET O TOM NS KaKUX
TWNOB 33724 OH MOAXOAMT, a TaKXKe 0 TOM, Kakye TUMbl METOA0B 1CMO/b30BaTh (MPUMEHSTS).
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