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AHHOTALUMUA

BBegeHue. MeHepaTviBHbIV AM3aliH — 3TO METOAONOrMSi, OCHOBAHHAs Ha WCMOMb30BaHUW anropuTMOB U MPUMOXEHWI
ANSA reHepauyn nTepaTmBHLIX U BapuaTyBHbIX AnM3aiHepckux pelleHnin. OH No3BoNseT aHanManMpoBaThb U Y4UTbIBATb MHO-
XXeCTBO (haKTOpPOB, TAKMX Kak Tornorpadus, KnmMmaTuiyeckmue ycrnoBus, NOTOKW MoAen, TPaHCMOPTHbIE CeTU 1 Apyrue napa-
MeTpbl, 4TOObI pa3paboTaTe Haunyylne peLleHust Ans KOHKPETHOro Mecta. OHTONOMMYECKUIA MHXUHUPUHE CBA3aH C CO3-
AaHnem cpopmarbHbIX ONMCaHWI U MoAene ANa NpeacTaBneHns 3HaHWn 0 NpeaMeTHoM obnactu. B rpagocTpontenscTee
OHTONOIMMYECKNIN UHKMHUPUHT MOXET ObiTb MPUMEHEH Ans co3faHna opmansbHOV MOAenu ropoaa, kotopas obbeanHsaeT
nHdopMaLmio 0 ero puranyeckon cpeae, MHPPaCTPyKType, 06LEeCTBEHHbBIX MPOCTPaHCTBaX M TPAHCMOPTHON CeTU.
Martepuanbl U Metoabl. Peanu3aums npoekta OCHOBaHa Ha MallMHHOM OOy4YeHuW, CBEPTOYHOW HerpoceTn B obnactu
reHepaTVBHOrO An3aiHa. OnuceiBaeTcst Npouecc pa3paboTkv cUcTeMbl AN onpeaeneHns 1 Bu3yanusaumm onTuMansHoro
pacnonoxeHns 06bLEKTOB CTPOUTENbLCTBA B rPaA0CTPONTENBCTBE HA NPUMEpe NapKoBbIX 30H.

Pesynbrathbl. [TpuBeaeHa oHTonornveckas mofens Cl1475.1325800.2020 «[Mapku. MNMpaBuna rpagocTponTenbHOMO NPoekK-
TMpOBaHUS 1 bnaroyctponcTeay. [peanoxeH MeToq CO3AaHNS NNaHMPOBKY NapKOBOMN 30HbI C MPYMEHEHNEM reHepaTUBHO-
ro Av3anHa. [okasaH npumep peanusauum NpearioxXeHHOro MeTofa ¢ NOMOLLBH KpoccnnaTtopMeHHON cpeabl pa3paboTku
KOMMbIOTEPHBIX NpunoxeHun Unity.

BbiBoabl. MNpy 06beanHEHNM reHepaTUBHOTO An3ariHa Y OHTONOMMYECKOTO UHXUHUPUHTA B rpafoCTPOUTENBCTBE BO3HMKAIOT
HOBble BO3MOXHOCTU AN MPOEKTUPOBAHUS MHHOBALMIOHHOW ropoAckon cpedbl. C reHepaTtuBHbIMK anroputMamm MOXHO
1CNosnb30BaTh OHTONONMYeckne Moaenu, YTobbl aBTOMaTUYECKN MPOEKTMPOBATb U OLEHVMBATL Pa3nuyHble BapuaHTbl rpaso-
CTPOMTENbHbIX PELUEHW, yUnTbIBas 3adaHHble napaMeTpbl U Lenn. 3To No3BONSET ccnefoBaTh 60sbLIOe KONMMYECTBO Ba-
PVaHTOB U HAXOAUTb ONTUMarnbHbIE PELLIEHUS C Y4EeTOM MHOXeCTBa (bakTopoB. BbINonHeH aHanv3 npuMeHeHns TEXHONorunm
reHepaTVBHOIO An3aiHa N OHTOMNOIMYECKOro UHXVHUPUHTa B cdhepe rpafocTpomTenbCTBa.
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ABSTRACT

Introduction. Generative design is a methodology based on the use of algorithms and applications to generate iterative and
variable design solutions. It allows analyzing and considering multiple factors such as topography, climatic conditions, hu-
man flows, transportation networks and other parameters to develop the best solutions for a specific location. Ontology en-
gineering is concerned with the creation of formal descriptions and models to represent knowledge about the subject area.
In urban planning, ontology engineering can be used to create a formal model of a city that integrates information about its
physical environment, infrastructure, public spaces and transportation network.
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Materials and methods. The realization of the project is based with on machine learning, convolutional neural network in
the field of generative design. We describe the process of developing a system for determining and visualizing the optimal
location of construction objects in urban planning, using park areas as an example.

Results. The ontological model of CP 475.1325800.2020 “Parks. Rules of urban planning and landscaping”. A method for
creating a park area layout using generative design is proposed. An example of the implementation of the proposed method
using the Unity cross-platform computer application development environment is given.

Conclusions. By combining generative design and ontology engineering in urban planning, new opportunities arise for
designing innovative urban environments. With generative algorithms, ontology models can be used to automatically design
and evaluate different urban design options, taking into account the given parameters and goals. This allows to explore
a large number of options and find optimal solutions considering multiple factors. The paper analyzes the use of generative
design and ontology engineering technologies in the field of urban planning.

KEYWORDS: ontologies, information modelling, construction industry, digitalization, semantic model, knowledge integra-
tion, data analysis, decision making, ontological engineering, generative design, design, data analysis, urban planning,
layout generation
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BBEJIEHUE

ABToMaru3anus npodecCHoOHAILHON JesITeIbHO-
CTH 3aTparuBaeT MHOXECTBO C(ep KU3HU COBPEMEH-
HoTro ob1iecTBa. B 061acTy rpalocTpONTENBCTBA U ApXH-
TEKTYpbI Pa3BUBAIOTCS TEXHOJIOTHH aBTOMAaTH3UPOBAH-
HOTO TPOEKTHPOBaHus. OHIM N3 BEAYIIHX U MOJIOIBIX
HaTpaBIICHUH, KOTOPOE €KETOAHO HaOMpaeT 000POTHI
U MOAEPHU3UPYET CBOM BO3MOXKHOCTH, SIBIISICTCS Te-
HEpaTUBHbIM Au3aiiH. JlaHHBIM METOA aBTOMaTU3UpPO-
BAaHHOTO TPOECKTHPOBAHUS TO3BOJISIET CIICIHATINCTAM
B KpaT4yaiIre CPOKH BBINOJIHATH TIOCTAaBJICHHBIC 3a/1a-
YH, IEMOHCTPUPOBATH KIIMEHTaM MHOTOYHCIICHHBIE CTe-
HEpHPOBAaHHBIC BAPUAHTBI PEIICHNI 1 MUHUMH3HPOBATh
pa3uuHble HHKEHEPHO-TEXHUUECKUE PUCKH B TIPOCKT-
HOH IOKyMEHTaluuu. ['eHepaTUBHBIN Ju3aiiH ynpouia-
eT paboTy MPOEKTHPOBIINKA, ACTIETUPYS 00S3aHHOCTH
nporpammHoMy obecrmedenuo (I1IO) u Tem cambiM
nmoBbImIas 3G(HEeKTUBHOCTh CIENHaNNCcTa. B TaHIe-
M€ C HEHPOCETEBBIMH TEXHOIOTUAMH ITOT METO] I10-
3BOJINT MHTEIUIEKTYyaIM3UPOBATh MPOLECC TeHEepaun
IIPOCKTOB.

Taxum 00pa3oM, HEOOXOMMO H3ydaTh BO3MOX-
HOCTH M NEPCIEKTHUBBI I'€HEPATHBHBIX TEXHOJIOTHH
U BHEJPATH UX B TPAJIOCTPOUTEIBHYIO JIESITEIBHOCTh
Jutst oOpeTeHus boJiee KaueCTBEHHOTO YPOBHSI TPOEKT-
HBIX PELIEHUM.

['eneparuBHbIN AM3alH — MOAXO/ K MPOEKTUPOBA-
HUI0, 0a3UPYIONTUICS Ha KOMIUIEKCE BBIYUCIUTETBHBIX
AJTOPUTMOB, MOJOMPAOIINX MHOXKECTBO BAPHAHTOB
peleHus TOM UM MHOM 3a/1aui, OCHOBAHHBIX Ha 3a/a-
BaeMBIX TTapaMeTpax, U OTOMPAIONINX HanOoJee ONTH-
MaJbHBIC Pe3yabTaTHl [1].

['eneparnyst OrpOMHOTO MHOXKECTBA PEIIEHHUH (BbI-
OOPOK) BBIMOIHSIETCS] KOMITBIOTEPOM ITOCPEJICTBOM Ma-
TEMaTH4YEeCKHX AJTOPUTMOB M MALIMHHOTO OOy4eHHUS.
PesynsraT 3TOTO IMpoIriecca — HE OIHO UM HECKOJIBKO

MTOJIXOISAIINX PEIIeHUH, a MHOKECTBO BBIOOPOK. B cBs-
3W C 3TUM TIPOCKTUPOBAHHE MIPEBPAIIACTCS B U3yUCHHE
MIPUYHHHO-CIIEJCTBEHHBIX CBSA3EH.

OTe4eCcTBCHHBIC MCCIIECIOBAHNS T€HEPATHBHOTO
nIu3aifHa U ero TeXHOJIOTHUH C TOYKHU 3PEHHS Tpajo-
CTPOUTENIHOM MPAaKTUKU HEMHOTOYUCIIEHHEL. JlaHHOE
HaIpaBJICHUE TOIBKO PAa3BUBACTCS, OAHAKO TPYIBI Te-
OpeTHYECKON HAIPaBICHHOCTH OTBEYAIOT HA MHOTHE
BOMPOCHI, CBSI3aHHBIE ¢ MpeuMyliecTBamMu [1] u Bo3-
MOKHOCTSIMU MPUMEHEHUS TeHEPaTUBHOTO AHM3aiiHa.
B nayunoii craree A.A. Jlaymkunoit [2] paccMOTpeHbl
CYIIECTBYIOIME METOABl U aJITOPUTMBI F€HEPaTUB-
HOTO MU3aiiHa IPH TOPOACKOM IIAHUPOBAHUU C yde-
TOM H3MCHCHUS XapaKTEPUCTUK OKPYKAFOIICH CPEIIbI.
Ha ocHoBe aHanu3a cymiecTBYIONIMX pPEIICHUH ObUIN
BBISABJICHBI Pa3lINYHBIC OTPAaHUYCHHS, C KOTOPBHIMH
CTAJIKMBAIOTCS Pa3paOdOTUYNKH, TIIABHOE U3 KOTOPHIX —
HEOOXOIMMOCTb BHECEHHMSI N3MEHEHHH B ITOJIb30BATEIb-
CKOM pEeXHME.

[IpakTHdeckue UCCIeqOBaHUS TaKXKE UMEIOT Me-
CTO OBITH B HAyYHBIX TPYJaX OTEUCCTBEHHBIX YUCHBIX.
Hanpumep, B mpoekre A.S. TlaxraeBoii u 1O.B. Po-
IMOHOBOH [3] pa3paboTaH MeTOJ reHEPATUBHOTO JTH-
3aiiHa JuIsd JaHIa@THOTO MPOEKTHPOBAHMUS, KOTOPBIN
(hopMupyeT TEXHHYECKOE 3a/JaHue pa3paboTINKaM CH-
CTeM HCKYCCTBEHHOTO MHTEIUICKTa. M mes 3akirouaercs
B TOM, YTO Ha 0ase onpee/eHHbIX (aKTOPOB, BIIHSIO-
IIMX Ha TeHEPaTUBHBIC PEIICHHUS, CHCTEMa MOJICIPYET
3aKOHOMEPHEIC ¥ €CTECTBEHHBIE ITPOIECCHI C IIOMOIIBI0
UX ONHMCAHUS C UCIOJIb30BaHUEM Habopa MpaBuil B CH-
CTeMe aBTOMaTH3MPOBAHHOTO MMPOCKTUPOBAHUA. MeTon
MO3BOJISIET (POPMHUPOBATH MEIIEXOTHO-TPOIMTHHOTHYIO
CeTh IapKka Ha OCHOBE OIIPE/IENICHUs TOUEK MPUTSHKEHUS
JKUTEJIEN U TOCTPOEHUS IPEICKA3yeMOI TPOEKLINH BU-
JKCHUS TEIIEX0/I0B, a TAKXKE C MMOMOIIBI0 MAITMHHOTO
00y4eHUs IPOBOJIUTH ICTETUYECKYIO BEIOOPKY 00BEK-
TOB. [IpUHITMIIEI ”HHOBAIIMOHHOTO MTOX0a B MPOIIEC-
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cax IMpeIIpoeKTHOTO ATana PacKphIBAlOTCS B CTaThe
H.I'. Aiipanersina u A.A. 3aiiuesa [4], a UMEHHO aHa-
3 Hamboree Y3PPEKTHBHOTO HCIIONB30BAHUS 36MEITh-
HOTO y4YacTKa MoJ OyIylIyI0 3aCTPOHKY MPH OMOIIH
TeHEPaTUBHOTO Jn3aiiHa. YKa3aHHBIH MOAXO0M JaeT BO3-
MOYKHOCTD TIOJTy9UTh MaKCUMAaJbHBIA SKOHOMHYECKAN
MOTEHI[UAJl TEePPUTOPHUH, TTOBBICUTH 3(P(PEKTUBHOCTD
npoliecca pa3padOTKH MPEABAPUTENHHON IOpUITUECKON
SKCIePTH3Hl HA PAHHUX CTAIUAX MIPOCKTA.

B pa6ote B.B. T'apsieoii u A.H. T'apsiea [5]
MIPECTABIICHBI PE3YJIBTAaThl aHAN3A U MPAKTHIECKON
peanm3auy MOAX0A0B K 00paboTke WHPOpPMAIUH
NP aBTOMATU3aLUKU CTPOUTEIBHOIO IPOEKTUPOBAHUS
C IPUMEHEHHUEM TEXHOJIOTMH TeHEePaTHBHOTO AU3aiiHa.
PazpaboTanHBIif METO/ TIO3BOIIMII C TIOMOIITHIO OTIpEe-
JICHHBIX IIPOIrPAMMHBIX IPOAYKTOB aBTOMaTUYECKHU CO3-
JlaTh MHOYKECTBO PEILICHUH JJIsl 33/1a41 MOJICIINPOBAHHS
KOHLIENTYyaJIbHON 3aCTPOMKH, TEM CAMBIM COKpaTHUB
BpPEMEHHBIE 3aTPaThl CHIEUAINCTA Ha pa3paboTKy Ipo-
EKTHOW JIOKYMEHTALUH.

3apy0OexHble ydeHbIe BHECIH OTPOMHBIA BKJIAL
B MHHOBAIIMOHHOE Pa3BUTHE OTPACIIA T€HEPATHBHOTO
JU3aiiHa C TOYKU 3PCHUSI BHEAPCHUS €ro B MPaKTH-
YECKyI0 TPaJOCTPOUTEIBHYIO NeSITEIHbHOCTh. MOXK-
HO OTMETHUTb TPYAbI CIEIYIOIIMUX HCCIeA0BaTeeH:
O. Mocxkou, lleitnu bapar [6], 103 Cyns [ 7], 1. Kyma-
macapu [8], Hdynmze Ban [9], Peitaxapaa Kernra [10, 11],
Ceiiku Koma, FOuumpo SIma6s [12].

E.W. Peii30ux B cBoeii crarbe [13] mpemaraer uc-
MTOJTb30BaTh TEHEPATUBHBINA TU3AHH AJIS TECTHPOBAHUS
KaKI/IX-J'[I/I6O IIPOCKTOB J10 UX pcajr3alnnn, a UMEHHO,
KaKoe BJIMSIHHE OHU OKaXYT Ha OKPYXKaloIlylo Cpe-
Iy M C KaKUMH MpoOIeMaMid MOXHO CTOJIKHYTHCS
npu peanusanuu. B 3Toif pabore aBTOp pacckas3biBa-
eT 00 MCITOIb30BaHNN WHCTPYMEHTOB T€HEPAaTHBHOTO
Iu3aiiHa B POTPaMMe ¢ OTKPBITBIM HCXOTHBIM KOJIOM
Grasshopper [14]. D.b. Okcy3 npeiaraet NpUMEHSThH
TeHEePaTUBHBIN TM3aliH U aJUIOMETPHIO Ul CO3JaHMs
Oomnee appexkTuBHBIX GopM B MacmTadbe ropoma [15].
A. Ex u K. JIu nogauMarot TeMy 00beTUHEHHUS METOJIOB
HelpoceTell ¥ TeHepaTUBHOTO JIN3aiiHa, KaK Ipe/nosia-
raemoe Oymytiee pa3BUTHE TEXHOIOTHH [ 16].

B nybnukanuu Pelinxapna Kenura [11] onucano
yCHEIIHOE NPUMEHEHHE alrOpUTMa JBOJIIOIIMOHHON
ontumuzanuu (EMO) 11 co3nanns HeCKOIbKHX TIja-
HHUPOBOYHBIX CTPYKTYP, TAKUX KaK YIMYHAs CETh, KBap-
TaJjbl, 3eMEJIbHBIC YYaCTKU ¥ 3/1aHusl. Vcnonp3oBanue
CTPYKTYpHI TaHHBIX peanuzoBaHo B [10 Grasshopper
11t Rhino3D kak yactu ruOKoi, MOIY/IbHOM U pac-
MIMPSIEMOM CHCTEMBI ONTHUMH3AIUHU, KOTOPasi MOXKET
TMIPUMCHSTHCS IS PEIICHNS Pa3TUIHBIX 3a7ad TOPO-
CKOTO IPOEKTHPOBAHMS M CIIOCOOHA COTNIACOBHIBATH
MOTCHIMAJIBHO MPOTHBOpEYANIUE IPYT APYTY LelIn
MPOEKTHPOBAHUS B TMOJYaBTOMAaTHUECKOM DPEXUME.
Ceiikn Koma u FOuuupo fIma6s [12] B cBOeM dKcrie-
PUMEHTAIBHOM HCCIIEIOBAHUY NPEAIIOKHIN CHCTEMY
ONTHUMH3AIAA TOPOACKOTO JaHAMAPTHOTO Ir3aifHa
C UCIIOJIb30BAHUEM MHTCPAKTUBHOTO T'€HCTHUYCCKOTI'O
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anroput™a (IGA). C momomipio JaHHOTO METOAA HC-
CJIEIOBATENH ONPEEIIAIN ONTUMANIBHBIN c1oco0O BHE-
JIPEHUST MHEHHUH TOPOKaH OTHOCUTEIFHO KOM(OPTHOM
TOPOJICKOH Cpelbl B TEXHOJIOTHIO aBTOMAaTH3UPOBaH-
HOTO MPOEKTUPOBAHUS ISl OLEHKU (PPOHTA YIMUYHOM
3aCTPOMKH.

Hcnonb3yst 0OBIYHBIE HHCTPYMEHTHI, OyzeT mo-
TpayeHo OrPOMHOE KOJIMYECTBO BPEMEHHU Ha MPOEKTH-
pOBaHUE TOJBKO Ul OJHOTO BapuaHTa IJIaHWPOBKH,
KOTOPBIX 3a4acTyI0 TpeOyeTcsl HeCKOJIBKO.

B »ToM Kak pa3 u MOXKET TOMOYb T'€HEepaTUBHBII
nu3aiH. biarogapss HeMy HNPOEKTHUPOBILMK MOXET
3a Ooyiee KOPOTKHH CPOK MPEJOCTaBUThH Pa3IMUHBIC
BApHUAHTHI MJIAHUPOBOK, MOTPATUB HA 3TO TOpasjio
MeHbIIe pecypcoB 1 Bpemenu [17, 18]. [Tpu stom emy
He 00s3aTe’abHO 3HATHh BCE MPaBUiIa U OTPAaHUYCHHS,
MO KOTOPBIM (POPMUPYETCS YEPTEK, BEllb BCE ITO yKe
Oyner yuumThIBaThCs Mpu reHepanuu. Kak ckaszama
H.U. Cmeranuna: «l'eHepaTHBHBINA Ju3aiH pu pado-
T€ YYUTHIBACT M aHAIM3UPYET OOJIBIIOE KOJIUYESCTBO
JAHHBIX, IPUHUMas BO BHUMAaHNE MHOXECTBO (paKTo-
POB W BBIJCIISAS U3 HUX Hambolee BakHBIe» [19]. DtoT
METOJl yIIPOCTUT PabOTy MHOTHX apXUTEKTOPOB, MOJI-
HUMET WX NPOU3BOAUTEIBLHOCTh U Ka4€CTBO PaOOTHI
Ha HOBBIH yPOBEHb.

MATEPHUAJIBI I METO/bI

Ha srane moarotoBku mpoexra 6iaroycTpoicTaa
OTIPENEISIOTCS MPUOMU3UTEIbHBIE TPABMIIA IO PACIIO-
JIOKEHUIO Pa3IMYHBIX MapKOBBIX O0OBEKTOB, a TaKXkKe
MIPOBOJUTCS pa30MeHNe MapKOBOM TEPPUTOPUH IO 30-
HaM. Pasmelenue 5TUX 30H yCTaHABIMBAETCS MX Ha-
3HaYCHHEM, PACHOJIOKEHUEM TNIaBHOTO BXO/a, MECTO-
TMIOJIOXKEHHEM TapKa, pesibehoM TeppUTOpUH, HATNYUEM
BOJOEMOB U COCTABOM 3€JIEHBIX HACAXKICHH.

30HBI MACCOBBIX 3PEIHIIHBIX MEPOIIPUSTHH U (HU3-
KyJIBTYPHBIX COOPYKEHUI, TIPUBIEKAIOIIIE MHOTOUHC-
JIEHHBIX ITIOCETUTENEH, pa3MEIAIOTCs B palioHEe ITIABHOTO
BXOJIA.

I'maBHBIN BXOJ B MapK yCTPAauBAaETCs C y4ETOM
HNOABOAALIMX Marucrpaineil u ynun. Kpome Toro, momx-
HBI OBITH BTOPOCTENEHHBIE BXOJbI C MPHJIETalONINX
VIUI] ¥ XO35IICTBEHHBIEC Bhe3/bl. JleTckast 30Ha pacro-
JIaraeTcs B OTAAIEHUH OT 30HbI 3PEJIUIIHBIX MEPOIPUS-
THH U QU3KYIBTYPHBIX COOPYKEHUH.

30Ha THXOTO OT/(bIXa MAKCUMAJIBHO ylaJeHa OT HC-
TOYHHUKA IIIyMa ¥ HaXOAWUTCS B HanOoJee >KUBOMMCHON
YacTH T1apKa, CpPeAH HacaXJeHUH, BOJIM3H BOJOEMOB.
OHa 10/KHA BKITIOYaTh YYACTKU C TIEPECEUECHHBIM PEilb-
e(hoM 1 TI0 BO3MO>KHOCTH IMIPUMBIKATh K €CTECTBEHHBIM
MaccUBaM.

OcHOBHOM (hOH MapKa — 3eJIeHbIe HACAKICHUS,
MIO3TOMY BCE IIOCTPOUKH B TIAPKE JIOJKHBI OBITH BIHCA-
HBI B 3€JICHb ¥ TAPMOHUYHO COYETAThCsI MEXKTY CO00I0,
JIOTIONHSS KPacoTy JAPYT JIpyTa, Co3JaBasl BICUATICHHE
€IMHOTO TAPMOHUYHOTO aHCaMOIIs.

I'maBHBIE CpeACTBa XYNOKECTBEHHOW KOMIO3ULIUU
mapKa — 3eJICHbIEe HAaCaXJICHHUS, KOTOPBIE C TEUCHUEM
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BpeMeHH H3MeHsIoTCs. [loaToMy mpu apXUTEKTypHO-
TUTAHUPOBOYHON KOMIO3HUIIMU MAPKOB CIEAYET YUHUTHI-
BaTh UX PAa3BUTHE HA MPOTSHKEHUH PSAA JIET.

[Ipubnu3uTenbHbIE NaHHbBIE TT0 Pa3MELICHUIO, CO-
CTaBy ¥ O1aroycTpONCTBY 30H MHOTO(YHKIIMOHAIBHBIX
MTAapKOB NPHUBE/ICHBI B TaOMIHUIIE.

Ha ocHOBe IMpoBEIEHHOr0 aHaNn3a aBTOpaMu IPeJi-
JaraeTcst MeTosl (POpMHUPOBAHUSI TUIAHWPOBKH MapKOBOM
30HBI C IOMOILBIO AJITOPUTMOB I'€HEPATUBHOIO AU3aiiHa.
Mopens JaHHBIX TPEIMETHOH 001acTH, B KOTOPYIO BXO-
JUAIT: TIpaBUJIa, OrPaHUYEHUS, PEKOMEH AU U T.11., IpeJi-
CTaBJIEHHBIE B BUJI€ OHTOJIOIMYECKOM MOJIENH, a TaKXKe

PasmerieHue, cocTaB 1 61aroycTpoiCcTBO 30H MHOTO()YHKIIHOHAIBHBIX [APKOB!

% o0reit
Bunpr 308* TUTOIAIN Pasmemenne B cocraBe mapka OpUEHTHPOBOYHBIN cOCTaB**
napka
[TyHKT OXpaHbl, TeaTpabHbIC, TAHIICBAIBHBIC,
KHHO-3CTPAJHbIC TUIOIIAIK!, ATTPAKIIUOHBI,
1. 30Ha MaccoBBIX MYHKTHI IIpOoKaTa, IpeanpHusITUs
. 5-15 BOnu3u miaBHOTO BXOAA Y P » IpeArp .
MEPOTIPUSATHIA OOIIIECTBCHHOTO MUTAHUS W POZHUYHOMN
TOPTOBJIH, TyaJIeThl, MTOJIS IS (eCTUBAIICH,
MacCOBBIX U U T.II.
Pa3meraercs B HauMeHee
MOCEIIaeMbIX MECTaX.
Jlo/kHa OBITH OT/ICIIeHA
JIEKOPATUBHELIMU 3€JICHBIMH Pasmernienre coopykeHuit He 0y CKaeTCsl.
2. 30Ha THXOTrO OTJbIXa 75-40 P Py y
HACaXICHUSIMHU OT 30H ITomanku Iyist OTABIXA
MaCCOBBIX, PH3KYIBTYPHO-
03/I0POBUTEIBHBIX, KYJIBTYPHO-
MIPOCBETUTEIBHBIX MEPOIPUSITHI
Brigenenue B oTaenbHOM
BricTaBoYHbIC TABHIIBOHBI, MPEAIPUSATHS
30HE WU CBOOOIHOE .
3. 30Ha KyJIBTYpHO- OOIIECTBCHHOTO MUTAHUS H POZHHYHOMN
pa3MeleHne Ha TEPPUTOPUH
MPOCBETUTEIIBHBIX 3-8 TOPTOBJIH, TABUIIbOHBI JIJIsl YTCHUS,
N 00BEKTOB KalMTaIbHOIO .
MEPOTPHSTHIA [IOMEILEHMS JIJISl JIFOOUTENILCKUX 3aHSATHI,
W HEKAMTaIbHOIO
JICKTOPHUH, TyaJCThI
CTPOMUTENBCTBA
DU3KYIBTYPHO-03I0POBUTEIILHBIC
Y CIIOPTHBHBIC COOPYKCHUS: TUIOMIAKH
1151 BoJieliboia, 6ackerboia,
0aJIMUHTOHA, HACTOJILHOTO TEHHHKCA,
4. OU3KYIBTYpPHO- 10-20 Pexomenayercst 00beIMHEHIE MHOTO(YHKIIMOHAIBHBIC CIIOPTUBHBIC
03I0POBUTEIIbHAS 30HA B €JIMHbIN KOMITJIEKC IUIOIIA/IKU, CIIOPTUBHBIC TUIOIIAIKA
JUTSE DKCTPEMAITbHBIX BUJIOB CIIOPTA, KATOK,
IUTOIAJIKY JIJIsl OT/IbIXA, IYHKT MpOKaTa,
MPEANPUATHSI OOIIECTBCHHOTO MUTAHUS
Y PO3HUYHOM TOPTOBIIH, TyaJICThI
0O060c00eHHO,
. JleTckue UrpoBbIC TUTONIAIKH, IUTOIAAKA
5. 30Ha 1715 OTIbIXa JIeTel 5-10 HA HE3HAYMTEIILHOM yIalIeHUU
JUTSL OTJIBIXA, aTTPAKIIMOHBI (IETCKHE)
OT BXOJIOB B ITapK
XO34MCTBEHHBIE TIJIONIAJIKH,
aJIMHHUCTPATUBHBIE COOPYIKEHUS,
ABTOHOMHBIH BBI€3/] Ha TPHUIICTAIOILYI0
YIHILY, TAPKOBKH JUTsl aBTOTPAHCIIOpTa
6. AIMMUHHUCTPATHBHO- MaJIOMOOMIBHBIX TIIT HACEJICHHUS, TYHKT
. p 2-7 0060c006eHHO Py 1Y
XO3sCTBEHHAsI 30HA OXpaHbl, KaCChI, TYHKT MPOKaTa UTPOBOTO
U CIIOPTHBHOTO HHBEHTAPSI, ITyHKT MPOKaTa
MUKHAKOBOTO MHBEHTAPS, HHPOPMAIIMOHHbIC
CTeH/Ibl, MecTa ISl yOOPOUHOU TeXHHKH,
TyaJleThl, TUIOIA KK ISl BBITYNA cO0aK

Ipumeuanue: * — B 3aBUCUMOCTHU OT MECTHBIX YCJIOBHH B IapKe JOIyCKaeTcs npeobiananie Kakoi-In0o oHOM Min IBYX

30H IIPpU COKpAlICHUU IUI0Ma i JPYTUX (HpH COXpaHCHUHN MHUHUMAaJIbHON iom@aaun 30HbI TUXOT'O OT}:[I)IXB.); *k pasMECUICHUE

OGBeKTOB, H€06XOHI/IMI>IX JUIs O6CJ'Iy)KI/IBaHI/I$[ OTAbIXAKOIIHUX U CBA3AHHBIX C HpPIpOZ[HOfI CHeHPI(l)PIKOfI HapKOBOﬁ CpE€abl [IpU MaKCHU-

MaJIbHOM COXPaHCHUH IPUPOIHOI'O naHz[mad)Ta.

' CIT 475.1325800.2020. ITapkwu. [TpaBuiia rpaioCTpOUTEILHOTO IPOSKTHPOBAHMUS U OnaroycTpoiicTsa. 2020.
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BBISIBJICHHBIE HEMPOCETEBBIMU aJITOPUTMAMHU MATTEPHBI
Y TIOIXO/TBI K PACTIONIOKEHHIO OOBEKTOB.

Memoo ecenepayuu ungpacmpykmypol napka

Oran 1. Urenue pailioB HACTPOCK.

Ilepen HawamoM reHepanuu 3TOT aITOPUTM JIOJI-
JKEH CUMTATh (ailll HaCTPOEK, €CIIM TAKOBOH MMeeTCH,
W/ BBEJICHHBIC IOJIB30BATENIEM JTOTIOJHUTEIbHBIC
napameTpbl: HaJu4Hue JETCKUX IUIOLIaJ0K, pa3sMep
JIOPOT, PAacCTOSHUE MEXKIY JIaBOUKaMHU (MJIH IPYTHUMH
oOBbexTamMm) U T.1. B 00s13aTeIbHOM TTOpsiIKE HEOOXOTH-
MO 3arpy3uThb Qaiin, comepxkanuii OWL-oHTOMOTHIO,
C 3aMMCaHHBIMU MIPaBUIIAMH U HOpMaMH, KOTOPBIE pe-
TIIAMEHTHPYIOT MPAaBIIBHOC pa3MEIleHHe 00BEKTOB
B napke [20-22]. Ha puc. 1 npuBeseHa OHTOJIOTHYE-
ckas monenb CIT 475.1325800.2020 «ITapxu. ITpaBuna
I'PaJIOCTPOUTEIHEHOTO MPOSKTHPOBAHUS U OJIAT0yCTPOii-
CTBay, Ha PUC. 2 — JCTaTN3NPOBAHHBINA (PparMeHT.

Oran 2. [locTpoeHue ceTku.

Hcxons u3 mapaMeTpoB CTPOUTCS CETKa COOT-
BETCTBYOIIEH pazmepHOocTH. CeTKa JJOIKHA COCTOSITh
U3 sYeeK, Kax1asi U3 KOTOPhIX XpaHHT B cebe orpee-
JICHHYIO0 UH(OPMAIIHIO: BO3MOKHOCTh CTPOUTEIHCTBA
Ha Hel, 00BEKT HaJl TOH SYEHKOW M THMII 30HBI, K KO-
TOpOI ATa suelika oTHOCHUTCA. [l paboThI anropuT™Ma
PaBHOMEPHOTO 3aITOHCHHS CETKH 3aJJaHHON TUTOINAIH
ObuTH pa3paboTaHbl CIEAYIONINE KIACCHI:

1. Kmace Ground, ¢ momMouis0 JaHHOTO Kiacca
MOKHO CO37IaTh AK3EMILUISPHI TICHKHU 3eMITH. DTOT 00h-
eKT CMOYKET XpaHHUTh B ceOe CICAYIONIe JaHHBIC:

* JOCTYIICH JIM OH JUTA TIOCTPOHKH;

* KaKOW THIT 00bEKTa HAXOIUTCS HAJl HUM;

* K Kakoll 30He OH IPUHAJICIKHT;

* KakoWd Marepuaj HY»KeH AJd OKpalluBaHUS
30HBI, K KOTOPOH OTHOCHUTCS 00BEKT. B Oymymiem Oyner
MCTIONB30BAThCS /111 HAHECEHHS TEKCTYP.

2. Kitace GronudBuilder — ocHOBHOI Ki1acc JaH-
Horo Moxayisi. C ero moMomIIbi0 MOXKHO 3aIyCTHTh ajl-
TOPUTM MOCTPOCHHS STYEEK 3EMJIH, a TAK)KE OH XPaHUT
CEeTKY 3eMIJIH.

[Ipormecc paboTe! anroputma:

* TONyYeHHUE Pa3MEpPHOCTH — JUITMHA U ITUPHUHA
CeTKH;

* CO3/1aHHE BUPTYaJIbHOM CETKH — CO3/IaeTCs CeT-
Ka MOJIy4YeHHON pa3MEepHOCTH, KaKJJON S4eHKHU KOTOpOo
COOTBETCTBYET K3eMILLsIp Kinacca Ground;

* MOCTPOCHHUE MOJEIH — CTPOUTCS MOJIENb 3eM-
JI 711 TIapKa, OTMPAsiCh Ha TaHHBIC, KOTOPBIE XPAHATCS
B BUPTYyaJbHOH CeTKe.

Oran 3. BoluncieHnue 30H.

[Tocne mocTpoeHust CETKU BBIYUCIISIOTCSI CBOOOI-
Hble A-KBaJIpaThl U pa3/ieisiOTCs Ha 30HBI.

AJITOpUTM pacyeTa IMIomaau KaxJ 101 30HbI, MO-
CTPOCHHUS ITHX 30H M pa3MeIIeHus 00bEKTOB BHYTPHU
HUX TIPEICTABISCT COOO0I CIEAYIONIYIO MOCIEeIOBATEITh-
HOCTb JI€UCTBUM:

1. ANropuTm nojyyaeT CIHCOK 30H JJIs TeHepa-
IUHU.
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2. Tlpoucxoaut pacyeT MmiIowaaei B 3aBUCUMOCTH
oT obmieit tromany. [Imomans 30HBI pacCUUTHIBACTCS
o opmyme:

p - 100
s 0

rae S, — IUIOIAAb 30HbL; p — €€ TPOLEHT OT O0IIeH
romay; S — o0ras mIoIaab 3aCTPOHKH.

3. Hcxonst u3 mopsiika TeHepaluu, HaunHaeTcs
reHepanus KaxJI0W U3 30H C COOIOEHNEM TPaBUI,
3a/laHHBIX TIoJh30BateneM (puc. 3). [enepamnus omHOM
30HBI TPOMCXOANT CIEAYIOIIM 00pa3oM:

3.1. PaccuuTsiBaeTCs IEHTpaNbHAs TOYKA 30HBI
OTHOCHUTEJIFHO TOYKH OpHEHTHpaA. TO eCTh 30HA JTOMIK-
Ha BXOAMTH B IPAHUIIBI TApKa BCEH CBOEH ILIOIA bI0
(mepecedenue ¢ IpyruMH 30Ha pasperraercs). Toukoi
OpPHEHTHPA MOXET OBITh SBHBIH OOBEKT, KaK B CIydae
C 30HOH MacCOBBIX MEPOIPUATUH, I]I€ TOUKOH OpUEH-
THpa MOXET CIYXHUTh TJIABHBIM BXOJ B MapK, €CIH Ta-
KOBOW UMEETCSL.

3.2. Ilocne HaxoXkAEHUS LIEHTPATILHON TOUKHU pac-
CUMTBIBAIOTCSI KOOPAMHATBI KpaliHEH JIeBOW HMKHEH
W KpallHell BepXHEH MpaBOW siY€EK AJi1 MOCTPOEHUS
MPSIMOYTOJIbHUKA 30HBI.

3.3. Ilo xoopAMHATAM CTPOUTCS MPSAMOYTOIbHAS
30Ha.

3.4. B a10i1 30He pacnonararorcst 00bekThI. 1o cire-
JYIOIEeMy NPUHIMITY: HAaHOOIBIINN TIPUOPUTET — HaH-
OorpImii pazmep.

3.5. Tlepexon k cieayromie 30He U Hadaso padboThl
¢ myHkTa 3.1.

JlaHHBIE 30HBI MOXKHO OyZET 3alOJIHUTH pa3iny-
HBIMU OOBEKTaMH OJJHOTO THIA U OKPYXHUTh UX IPO-
TyJIOYHBIMHU JOpokKkaMu. Hampumep, MOXKHO crenarb
KOMMEPYECKYIO0 30HY, B KOTOPOH OyayT NMpoaaBaThCs
€/1a WM CTOSATh ATTPAKIMOHBI; 3€JICHYIO 30HY C Aepe-
BBSIMH, KIIyMOaMH 1 ()OHTAHAMU H T.1I.

Oran 4. UTeHne Touek BXoJa.

AJTOpUTM CUUTBIBAET BBEJCHHBIE M10JIb30BATEIIEM
BXOJIbI B MTApPK U F€HEPUPYET MEKIY HUMU MapIIpyThl
OIIHUM 13 HECKOJIBKHX CIIOCOOO0B:

1. Yacbl — re"epauuu JOPOru OT OJHOIO BXOJa
K ClelyIonieMy ONMKailleMy Mo 4acoBOW CTpEIKe,
MOJIy4yasi B UTOTE JOPOTY MPAKTHUYECKH T0 MEPUMETPY
napka.

2. INaytuHa — reHepanust AOPOTH OT KaXJ0ro BXO-
Jla B Kbl Bxon. Jlomyctum, mMeercs 4 Bxoaa B Oymy-
Uil MapK, COOTBETCTBEHHO KaK/bIi BXOJ OyJeT NMeTh
JIOPOTY B KaX/IbIi 13 BXOJI0B. Bcero B KaXJ10M U3 TakuX
BXOJIOB JIOJDKHO OBITh IO TPU JJOPOTH B OCTAJIbHBIE.

3. KoMOMHUPOBaHHBI — KOMOWHALUS U3 JABYX
TPEABITYIINAX CIIOCOOO0B.

AJNTOPUTM MOCTPOCHUS MAPIIPYTOB MTPEACTABISIET
CO0OH CITEAYIONIYIO ITOCIEAOBATEIbHOCTD JCHCTBHIL:

1. HauanpHoli siuelikoii 3aaeTcss OJUH U3 BXOI0B
B MapK, a KOHEYHOU JTFOO0H APYTOH.

2. ANropuTM HoJy4aeT CHHCOK AOCTYIMHBIX siue-
€K JJIs IepeMeleHus AueeK. JloOCTymHBIMU SABISIOTCS

S, =
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Puc. 2. [lerammzuposannslii pparment OWL-onronorun CIT 475.1325800.2020

Hauano
Ha Her
MNmeercs nmu
l aitn HacTpoek? l
Urenwue ¢aiina BBon mapameTpos
HAaCTPOEK MIONTB30BaTeNIeM

3arpy3ka owl-oHTONIOrHI

Co3naHne BUPTYaJIbHOM CETKH

Pacyer nmomanu 308

T'enepanust 30u
¢ coOmoieHNEeM TPaByI
OHTOJIOTUHU

i=l.n
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Ja

——

Omnpenenenue TuIa 00bEKTa
B siYeHKe BbIILIE

l

Onpeznenenye NpUHAUICKHOCTH
K 30HE

l

OHpeI{CHCHI/Ie Marepuajia
JUIS1 HAHECCHUS TCKCTYPhI

A

JocrtynHa nu siueiika Ne i
CeTKHU ISl TOCTPOUKHU

l

JlobaBneHue sUeHKN Ha CETKY

Konerng

Puc. 3. I'enepanns 30H ¢ 100aBIEHHEM sUEEK HA CETKY

T€ STYCHKH, KOTOPBIC MTPUMBIKAIOT K TEKYIIeH 1 Ha HUX
€CTb BO3BMOXHOCTbH CTpOI/ITB O6’BCKTI)I.

3. Jlns Bcex HaWJEHHBIX SiYEEK TEKyIlasl 3alucChl-
BaeTCsI KaK MPeIbIAyIIas.

4. Jlampmre mpoXOIUT pacdeT CTOMMOCTH KasKIOH
H‘ICﬁKI/I, HUCXOOs N3 €€ CTOUMOCTHU U JUCTAHIIMN 1O KOHCY-
HOU TOuKH. [IMCTaHIuMs paccuuThIBacTCs 1o popmyrre:

D=4 -B|+|4 -B), @)

e A — Tekylas suyeiika; B — koHeuHasl.
Ecnu ecTh BO3MOXKHOCTB NEPEABIKEHUS TT0 JIHa-
TOHAJIH, TO OOJIBIIIE TOJOUIET hopMyIa:

3)

CTOMMOCTB pacCYUTHIBACTCS 110 CICAYIOIEH pop-
MyJe:

D=/(4,-B,) +(4,~B,).

Z=D-(4_+B), “

rae D — qucraHiys OT TeKyIIed STYelKH 10 KOHEYHOM;
A — Tekymiast siueiika; B — coceHsist CBOOO/IHAs siueliKa.
5. IIpocMaTpuBaeTcst CTOUMOCTb BCEX BBIUHUCIIsE-
MBIX SYEEK, JJaKe €CIIM 3Ta A4eiKa HaXOIUIach B CITH-
CKE HCCIIEJOBAaHHBIX.
6. Ecnau ctoumMocTh paccMaTpuBaeMoil BHITOJIHEE
JIPYyTUX, TO OHAa CTAHOBUTCS TEKYILEH, 1aXke ecIi oHa

OBLTa yXKe HCClIeoBaHa, HO TOTAA €€ MpPEIbIAyIast
siueiika repe3arnuchbiBaeTCsl.

7. Ecnm 970 ObLI1a KOHEYHAs TOUKA, TO aJTOPHTM 3a-
KaHYUBACT PadOTY, €CIIM HET, TO IIOBTOPSIET ITyHKTHI 2—5.

8. Ilo urory momyyaercst, 9T0 OT KOHEUHOH sTUeHKH
y Hac eCTh MyTh U3 IPEIBIAYIINX SUSeK O HauaIbHOM,
0 KOTOPBIM H CTPOUTCS JIOpOTa.

Hcxons u3 BEIOPaHHOTO METO/IA, CTPOUTCS TOPOTa,
OJIHOBPEMEHHO T'€HEPHUPYIOTCS U (IIPOCTHIE» OOBEKTHI,
HaTIpUMep, JTaBOYKH C MYCOPHBIMH OakaMHd, KOTOpBIC
JTOJDKHBI CTOSITH OKOJIO Jlopor (puc. 4). Takke 3To MOTYT
OBbITh 00BEKTHI 3€JICHOI 30HBI, HAIIPUMED JAEPEBbSI, KITyM-
051 i poHTaHEL [Ipenmonaraercs, 9To Ka)IbIid TeHe-
PUpPYEMBIii 00BEKT 3aHMMAET JINOO Il A-KBaapar,
100 KaKyl0-TO €ro 4acTh, TaK YTOOBI JIpyroid 0OBEKT
MOT 3aHSTH CBOOOTHOE MECTO.

Oram 5. [TocTpoeHue orpassl.

[Tocne 3aBepiueHus reHepali HY)KHO BEPHYTh-
¢ X F-kBagparaMm, a UMEHHO TeM, B KOTOPBIX €CTh
YaCTH TUIOCKOCTH MONHUTroHa. VcXoas W3 MX JaHHBIX,
0 TPaHUIIAM IUIOCKOCTH ITOJIMTOHA HY)KHO CT€HEpUpO-
BaTh OTPaay, KpOMe TOUCK BXOAA (OHH TOXKE SBISTFOTCS
F-xBaaparaMu) B HUX JIOJDKHBI OBITH BopoTa. [Ipenmomna-
raeTCsl, YTO JOJDKHBI ObITh Pa3JIMYHBIC BAPHALIUH OIPaK-
JICHUH, KOTOPBIE TaK)Ke MOXKET BHIOPATH MOTB30BATEIb.
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Hauano

HonyquI/Ie CIIMCKa
TOYCK BXOJa

Bri6op MeTozia renepanim
MapIIpyToB

MeTton «Jacei»?

Tenepamust qopor ot Bxona
KO BXOJY TI0 YaCOBOH CTpEJIKe

T'enepanus nopor
OT KaXJI0TO BXOJa
K Ka’kKIOMY BXOTY

Her
Meron «mayTuHKa»?

T'enepanus nopor
KOMOMHAIIMEH METOI0B
«4achl» U «IayTHHA»

T'enepanus u pacnonoxenue
00BEKTOB BJI0JIb MapIIPYTOB

ITocTpoenue orpanbt

Komnerr

Puc. 4. ITocTpoeHne MapIpyTOB IOPOT U PACIOIOKEHHE 0OBEKTOB

PE3YJIBTATHBI UCCJIEJOBAHUA

Peanusanus merona nokasaHa ¢ MOMOIIBIO Kpocc-
m1aTGOPMEHHOM cpebl pa3pabOTKU KOMITbIOTEPHBIX
urp Unity. JlanHOE pemieHne Ha TEKYIIeM dTare mMe-
€T HECKOJIbKO OCHOBHBIX MOJYJIEH, KOTOpbIE OTBEYa-
0T 3a T€ WK UHble yactu anropurma: GroundBuilder,
AreaBuilder 1 RoadBuilder. B xauecTBe BXOIHBIX JaH-
HBIX IT0JIB30BATEIb 331aeT NapaMeTpbl BHYTPH 00BEK-
TOB, KOTOpBIE ObLIM PACCMOTPEHBI BbIlle. BBIXOIHBIMU
JTAHHBIMH CITY>KUT CTEHEPHPOBaHHAs TUIAHUPOBKA BHY-
Tpu uHTepdeiica Unity.

[ar 1. ITporpamMma CIUTHIBAET TAHHBIE CO BCEX MO-
Iyneit u 3amyckaet Moayinb GroundBuilder. Otot Momynb
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TEHEPUPYET IIIOCKOCTD «3EMIII», PA3IEIECHHYIO Ha sTaeH-
ku. Kaxkmas siaeiika mmeet cBon napameTpbl. OCHOBHBI-
MU SIBIISIIOTCS: pa3pelIeHne Ha CTPOUTENBCTBO, THIT 30HBI
1 HH(POPMAIHS O THUIIE 00BEKTa HaJl COOOH.

[ar 2. [Toce co3ganus miockoct GroundBuilder
nepenaeT curaan RoadBuilder, koTopsrit B cBOtO 0Ye-
penb paccTaBisieT BXOAbI B ipeAnonaraeMblii napk. I1o-
cie gero nepenaet curHan AreaBuilder.

[Tar 3. Ha texymiem 3tame pa3paboTKHd MOIYIb
AreaBuilder cTpouT TOJBKO 1BE 30HBI: 30HY MaCCOBBIX
MEPOIPUSATHI U 30HY THIIMHBI HIIH OT/ABIXA.

[ar 3.1. l'eneparus HaYMHACTCSA C 30HBI MACCO-
BBIX MEPOIPUATUI OT I1aBHOro Bxona. Mexons us no-
ITyCTUMOTO HPOIEHTA, KOTOPBIH MOXKET JaHHas 30HA
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Puc. 5. ITocTpoeHue 30H U 3aM0THEHUE UX O0BEKTaMHU

3aHSITh, BBICUMTBIBACTCS €€ IJIOMIAAb U PaJHyC, Ha KO-
TOPBI OHA MOXET PacIpOCTPAHUTHCSI.

[ar 3.2. Slueiku 3eMJIN U3MEHSIOT CBOM THII HA CO-
OTBETCTBYIOLIUH.

lar 3.3. TenepupyroTcst 0ObEKTHI, XapaKTepHbIC
JUIS 3TOM 30HBI.

Iar 3.4. 3oHa TUIIUHBI TEHEPUPYETCS B CaMOil
JTalIbHEN TOYKE OT 30HBI MACCOBBIX MEPONPUTHIL. JlaTb-
III€ TIOBTOPSIFOTCS ITyHKTHI 3.2-3.3 (puc. 5).

[ar 4. RoadBuilder renepupyet TPONMUHKH MEXTY
BXOZIaMH, N30erasi NpersiTCTBHUS C TOMOIIBIO allrOpUT™Ma
KparJaiIero myTH, a TakKe CTPOUT JONOJIHUTEIbHBIC
00BEKTHI, TAKUE KAaK JJABOUYKH U MYyCOPHEIC OaKH.

[ar 5. [Tomp30BaTeNs MosTyyaeT 3-MepHBIi CreHe-
pUPOBaHHBIN Mapk (puc. 6).

Puc. 6. [Ipumep creHepupoOBaHHOTO MapKa ¢ OTMEYCHHBIMU
30HAMH

3AKJTIOYEHHUE U OBCYXJAEHHUE

[puBenen 0030p CylIECTBYIOIMX HOOXOA0B K re-
HEPaTUBHOMY JM3aiiHy B 00JIaCTH IpaJOCTPOUTEIHCTBA.
Ipemnoxen Meron (OpMUPOBAHHS TTAHUPOBKH MTAPKOBOM
TEPPUTOPUH HA OCHOBE TEXHOJIOTUI T€HEPATUBHOTO JH-
3aiiHa, a TAaKXKe OHTOJIOMMYECKOIO MH)KUHUPUHTaA. JlaHHBII
TMOZIXO], TTIO3BOJIUT COKPATHTh BPEMsI Ha MPOCKTUPOBAHUE
HOBBIX TEPPUTOPHIA 1 OLIEHKY CYILECTBYIOIIIX IIPOEKTOB.

B nanpHelmux ucciaenoBaHUSIX MPEAINONAraeTces
pacIIMpeHne OHTOJIOTMYECKOH MOJEH 3a cueT 00aB-
JICHHs HOBBIX CBOJIOB IIPABMJI, yCOBEPILICHCTBOBAHUE aJl-
TOPUTMOB I'€HepaluHy, 100aBjIeHe HHTEPAaKTHBHOCTH,
a TaKoKe paBuiI GOPMHUPOBAHMS TOPOJICKUX TEPPUTOPHIA,
peanu3anys MpeyIoKeHHBIX MOIXO0/I0B U METOJIOB B HaH-
0oJ1ee IOMYISPHBIX IPOrPAMMHBIX IIPOAYKTaX.
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INTRODUCTION

Automation of professional activity affects many
spheres of life in modern society. In the field of urban
planning and architecture, automated design technolo-
gies are developing. One of the leading and young
trends, which annually gains momentum and modern-
izes its capabilities, is generative design. This method
of computer-aided design allows specialists to perform
tasks in the shortest possible time, demonstrate numer-
ous generated solution options to clients and minimize
various engineering risks in project documentation.
Generative design simplifies the designer’s work by
delegating responsibilities to software (SW), thereby in-
creasing the efficiency of the specialist. In tandem with
neural network technologies, this method will intellec-
tualize the process of project generation.

Thus, it is necessary to explore the possibilities
and prospects of generative technologies and introduce
them into urban planning activities to acquire a better
level of design solutions.

Generative design is an approach to design based
on a set of computational algorithms that select many
variants of solving a given problem based on given pa-
rameters and select the most optimal results [1].

The generation of a huge set of solutions (speci-
mens) is performed by a computer through mathemati-
cal algorithms and machine learning. The result of this
process is not one or a few suitable solutions, but many
specimens. In this regard, design becomes a study
of cause and effect relationships.

There are few domestic studies of generative de-
sign and its technologies from the point of view of ur-
ban planning practice. This direction is only developing,
but theoretical works answer many questions related to
the advantages [1] and possibilities of generative design
application. In the scientific paper by A.A. Laushkina [2]
the existing methods and algorithms of generative de-
sign in urban planning taking into account changes in
the characteristics of the environment are considered.
Based on the analysis of existing solutions, various limi-
tations faced by developers were identified, the main
of which is the need to make changes in user mode.

Practical research also takes place in the scientific
works of domestic scientists. For example, the project

of A.Y. Pakhtaeva and Y.V. Rodionova [3] developed
a generative design method for landscape design, which
forms a technical task for developers of artificial intelli-
gence systems. The idea is that based on certain factors
influencing generative decisions, the system models
regular and natural processes by describing them using
a set of rules in the computer-aided design system.
The method makes it possible to form a pedestrian-
trail network of the park on the basis of determining
the points of attraction of residents and building a pre-
dictable projection of pedestrian movement, as well
as using machine learning to carry out aesthetic selec-
tion of objects. The principles of innovative approach
in the processes of the pre-project stage are revealed
in the article by N.G. Hayrapetyan and A.A. Zait-
sev [4], namely, the analysis of the most effective use
of the land plot for future development with the help
of generative design. The mentioned approach makes
it possible to obtain the maximum economic potential
of territories, to increase the efficiency of the process
of development of preliminary due diligence at the ear-
ly stages of the project.

In the work of V.V. Garyaeva and A.N. Garya-
ev [5] present the results of analysis and practical im-
plementation of approaches to information processing
when automating construction design using generative
design technology. The developed method allowed using
certain software products to automatically create a set
of solutions for the task of conceptual building mod-
elling, thereby reducing the time spent by a specialist
on the development of design documentation.

Foreign scientists have made a huge contribution
to the innovative development of the generative design
industry in terms of its implementation in practical
urban planning activities. We can mention the works
of the following researchers: O. Moskovitz, Sheini
Barat [6], Yue Sun [7], D. Kumalasari [8], Dongjie
Wang [9], Reinhard Koenig [10, 11], Seiki Koma,
Yuichiro Yamabe [12].

E.L. Reisbich in his article [13] suggests using
generative design to test any projects before their
implementation, namely, what impact they will have
on the environment and what problems can be encoun-
tered during implementation. In this paper, the author
talks about the use of generative design tools in the open
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source programme Grasshopper [14]. E.B. Oxuse pro-
poses to apply generative design and allometry to cre-
ate more efficient forms at the city scale [15]. A. Yeh
and K. Lee raise the topic of combining neural network
methods and generative design as a proposed future de-
velopment of technology [16].

Reinhard Koenig [11] described the successful ap-
plication of the Evolutionary Optimization Algorithm
(EMO) to create multiple planning structures such as
street networks, neighbourhoods, land parcels and
buildings. The use of the data structure is implemented
in Grasshopper software for Rhino3D as part of a flex-
ible, modular and extensible optimization system that
can be applied to a variety of urban design problems
and is able to reconcile potentially conflicting design
goals in a semi-automatic manner. Seiki Koma and
Yuichiro Yamabe [12], in their experimental study, pro-
posed an urban landscape design optimization system
using interactive genetic algorithm (IGA). Using this
method, the researchers determined the optimal way to
incorporate citizens’ opinions of comfortable urban en-
vironment into computer-aided design technology for
street frontage evaluation.

Using conventional tools, a huge amount of time
will be spent designing for just one layout option,
of which there are often several required.

This is exactly where generative design can help.
Thanks to it, the designer can provide different vari-
ants of layouts in a shorter period of time, spending
much less resources and time [17, 18]. At the same
time, he does not need to know all the rules and con-
straints by which the drawing is formed, because all
this will already be taken into account during genera-
tion. As N.I. Smetanina said: “Generative design takes
into account and analyses a large amount of data when
working, taking into account many factors and selecting
the most important ones” [19]. This method will simpli-

fy the work of many architects, raise their productivity
and quality of work to a new level.

MATERIALS AND METHODS

At the stage of preparation of the landscaping
project, rough rules for the location of the various park
facilities are defined and the park area is divided into
zones. The placement of these zones is determined
by their purpose, the location of the main entrance,
the location of the park, the topography of the terri-
tory, the presence of water bodies and the composition
of green spaces.

The areas of mass spectator events and physical
fitness facilities, which attract many visitors, are placed
in the area of the main entrance.

The main entrance to the park shall be designed
with regard to the supplying thoroughfares and streets.
In addition, there should be secondary entrances from
adjacent streets and utility entrances. The children’s
area is located away from the entertainment area and
physical education facilities.

The quiet recreation zone is as far as possible from
the source of noise and is located in the most pictur-
esque part of the park, among plantations, near water
bodies. It should include areas with rugged terrain and,
if possible, be adjacent to natural massifs.

The main background of the park is green spaces,
so all the buildings in the park should be integrated
into the greenery and harmoniously combine with each
other, complementing the beauty of each other, creating
the impression of a single harmonious ensemble.

The main means of artistic composition of the park
are green spaces, which change over time. Therefore,
the architectural and planning composition of parks
should take into account their development over a num-
ber of years.

Location, composition and landscaping of multifunctional park areas'

% of total Accommodation as part . .
Types of zones* ’ p Indicative composition**
park area of the park
Security point, theatre, dance, film and variety
. . venues, amusement rides, rental facilities, caterin
1. Public events zone 5-15 Near the main entrance >, . ’ . &
and retail outlets, toilets, fields for festivals, mass
games, etc.
It shall be located in the least
frequented places. It should
. . b ted by d ti .
2. Quiet recreation © sepatated by cecorative Placement of structures shall not be permitted.
75-40 green plantings from the areas .
area . Recreational areas
of mass, physical culture,
recreational, cultural and
educational events
Allocation in a separate zone o e . .
3. Cultural and . Exhibition pavilions, catering and retail
. or free placement of capital and . ; i ..
educational events 3-8 . . . establishments, reading pavilions, amateur activity
non-capital construction objects f
zone . rooms, lecture halls, toilets
on the territory
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End of the Table

% of total Accommodation as part of L .
Types of zones* ’ p Indicative composition**
park area the park
Sports and recreational facilities: volleyball,
. . . basketball, badminton, table tennis courts,
4. Fitness and It is recommended to combine . .
. 10-20 . . multifunctional sports grounds, sports grounds for

recreational area into a single complex Lo .
extreme sports, skating rink, recreation grounds,
rentals, catering and retail outlets, toilets

5. Children’s 510 Detached, at a slight distance | Children’s playgrounds, recreation grounds,

recreation area from the park entrances amusement rides (children’s)
Service areas, administrative buildings,
autonomous exit to the adjacent street, car parks

. . fi hicles of 1 ili i i
6. Administrative pr vehicles of low mobility groups, secgrlty point,
. 2-7 Separately ticket office, playground and sports equipment

and economic zone . : . .
rental, picnic equipment rental, information
boards, places for cleaning equipment, toilets, dog
walking areas

Note: * — depending on local conditions in the park it is allowed to dominate one or two zones while reducing the area of other
zones (while maintaining the minimum area of the quiet recreation zone); ** — placement of objects necessary for servicing
holidaymakers and related to the natural specifics of the park environment with maximum preservation of the natural landscape.

Approximate data on the location, composition
and landscaping of mixed-use park areas are shown in
the table below.

Based on the analysis, the authors propose a meth-
od of forming the layout of a park area using generative
design algorithms. The data model of the subject area,
which includes: rules, constraints, recommendations,
etc., presented in the form of an ontological model, as
well as patterns and approaches to the location of ob-
jects identified by neural network algorithms.

Method of generating park infrastructure

Step 1: Read the settings files.

Before starting the generation, this algorithm must
read the settings file, if any, and/or additional param-
eters entered by the user: the presence of playgrounds,
the size of roads, the distance between benches (or other
objects), etc. It is mandatory to load a file contain-
ing an OWL ontology with recorded rules and regula-
tions that govern the correct placement of objects in
the park [20-22]. Fig. 1 shows the ontological model
of CP 475.1325800.2020 “Parks. Rules of urban planning
design and landscaping”, Fig. 2 shows a detailed fragment.

Step 2: Grid construction.

Based on the parameters, a grid of appropriate dimen-
sionality is constructed. The grid should consist of cells,
each of which stores certain information: the possibility
of building on it, the object above this cell and the type
of zone to which this cell belongs. The following classes
have been developed for the operation of the algorithm
of uniform filling of the grid of a given area:

1. Ground class, with this class you can create in-
stances of a ground cell. This object will be able to store
the following data in it:

« if it’s available for construction;

» what type of object is above it;

» which zone it belongs to;

» what material is needed to colour the area to which
the object belongs. In the future it will be used to apply
textures.

2. The GronudBuilder class is the main class of this
module. It can be used to run the algorithm for building
ground cells, and it also stores the ground mesh.

Algorithm process:

* obtaining dimensionality — length and width
of the grid;

« virtual grid creation — a grid of the obtained di-
mensionality is created, each cell of which corresponds
to an instance of the Ground class;

* model building — a model of the land for the park
is built, based on data that is stored in a virtual grid.

Step 3: Calculating the zones.

After grid construction, the free A-squares are cal-
culated and divided into zones.

The algorithm for calculating the area of each
zone, constructing these zones and placing objects with-
in them is the following sequence of actions:

1. The algorithm receives a list of zones to generate.

2. Area calculation takes place depending on the total
area. The area of the zone is calculated according to
the formula:

p - 100
S, = (1)
where S, is the area of the zone; p is its percentage
of the total area; S is the total built-up area.

3. Based on the generation order, the genera-
tion of each zone starts, following the rules defined by
the user (Fig. 3). Generation of one zone is performed
as follows:

3.1. The centre point of the zone is calculated rela-
tive to the point of reference. That is, the zone must be
within the park boundaries with its entire area (intersec-
tion with other zones is allowed). The point of refer-
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Fig. 2. Detailed fragment of OWL-ontology CP 475.1325800.2020
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Yes

——

Determining the object
type in the cell above

l

Determining zone affiliation

l

Determining the material
for applying the textures

A

Is cell Ne j available
for construction?

l

Adding a cell to the grid

Fig. 3. Zone generation with adding cells to the grid

ence can be an obvious object, as in the case of the mass
event zone, where the point of reference can be the main
entrance to the park, if there is one.

3.2. After finding the centre point, the coordinates
of the leftmost lower and rightmost upper cells are cal-
culated to build the zone rectangle.

3.3. A rectangular zone is constructed from the co-
ordinates.

3.4. Objects are placed in this zone. According to
the following principle: highest priority — largest size.

3.5. Move to the next zone and start from point 3.1.

These zones can be filled with different objects
of the same type and surrounded by walkways. For
example, there could be a commercial zone with food
sales or amusement rides; a green zone with trees, flow-
erbeds and fountains, etc.

Step 4: Reading the entry points.

The algorithm reads the park entrances entered
by the user and generates routes between them in one
of several ways:

1. Clockwise — generating a road from one en-
trance to the next nearest clockwise, ending up with
a road almost around the perimeter of the park.

2. Web — generation of a road from each en-
trance to each entrance. Suppose there are 4 entrances
to the future park, respectively each entrance will have
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End

aroad to each of the entrances. In total, each of these
entrances should have three roads to the other entrances.

3. Combined — a combination of the two previous
methods.

The algorithm of route construction is the follow-
ing sequence of actions:

1. The start cell is defined as one of the entrances
to the park, and the end cell as any other.

2. The algorithm receives a list of available cells for
moving cells. The available cells are those that are adja-
cent to the current cell and on which it is possible to build
objects.

3. For all cells found, the current cell is written as
the previous cell.

4. Next, the cost of each cell is calculated based
on its cost and the distance to the end point. The dis-
tance is calculated according to the formula:

D=4 -B|+|4 -B), (2)
where A4 is the current cell; B is the destination cell.

If there is a possibility of travelling diagonally,
the formula is more suitable:

D=(4,-B,)" +(4,-B,)". (3)



Generative design and ontological engineering in urban planning

P. 158-178

Start

Getting list
of entry points

Choosing route
generation method

“Clock” method?

Generating roads
from entry to entry clockwise

Generating roads
from each entry
to every other entry

“Spider web” method?

Generating roads
by combining “clock”
and “spider web” methods

Generating and placing
objects along routes

Building fence

End
Fig. 4. Construction of road routes and location of objects

The cost is calculated using the following formula:
Z=D—(A,+B), 4

where D is the distance from the current cell to the des-
tination cell; 4 is current cell; B is the neighbouring free
cell.

5. The value of all calculated cells is viewed, even
if that cell was in the list of investigated cells.

6. If the cost of the one under consideration is
more favourable than others, it becomes the current
one, even if it has already been investigated, but then its
previous cell is overwritten.

7. If this was the endpoint, the algorithm termi-
nates, if not, it repeats steps 2-5.

8. As a result, we have a path from the final cell
from the previous cells to the initial cell, along which
the road is built.

Based on the selected method, a road is built, and
at the same time “simple” objects are generated, such as
benches with bins, which should stand near the road (Fig. 4).
They can also be green space objects, such as trees, flow-
erbeds or fountains. Each generated object is assumed to
occupy either the whole 4-square or some part of it, so
that another object can occupy the free space.

Step 5: Building a fence.

After the generation is complete, we need to return
to F-squares, namely those that contain parts of the poly-
gon plane. Based on their data, a fence should be gener-
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Fig. 6. Example of generated park with marked zones

ated along the boundaries of the polygon plane, except for
the entry points (they are also F-squares) there should be
gates in them. It is assumed that there should be different
variations of fences, which can also be chosen by the user.

RESEARCH RESULTS

The implementation of the method is shown using
the Unity cross-platform computer game development
environment. This solution at the current stage has
several main modules that are responsible for certain
parts of the algorithm: GroundBuilder, AreaBuilder and

RoadBuilder. As input data, the user sets parameters in-
side the objects that were discussed above. The output
data is the generated layout inside the Unity interface.

Step 1: The programme reads data from all mod-
ules and starts the GroundBuilder module. This module
generates a ground plane divided into cells. Each cell
has its own parameters. The main ones are: building
permit, zone type and information about the type of ob-
ject above it.

Step 2: After creating the plane, GroundBuilder
sends a signal to RoadBuilder, which in turn places
the entrances to the proposed park. After that it sends
a signal to the AreaBuilder.

Step 3: At the current stage of development,
the AreaBuilder module builds only two zones: Mass
Event Zone and the Quiet or Rest Zone.

Step 3.1. Generation starts with the mass event
zone from the main entrance. Based on the allowable
percentage that this zone can occupy, its area and the ra-
dius to which it can extend are calculated.

Step 3.2. The ground cells change their type to
the appropriate one.

Step 3.3. Objects characteristic for this zone are
generated.

Step 3.4. The silence zone is generated at the fur-
thest point from the mass events zone. Steps 3.2-3.3 are
repeated (Fig. 5).

Step 4: RoadBuilder generates paths between en-
trances, avoiding obstacles using a shortest path algo-
rithm, and builds additional objects such as benches and
rubbish bins.

Step 5: The user gets the 3-dimensional generated
park (Fig. 6).

CONCLUSION AND DISCUSSION

A review of existing approaches to generative de-
sign in the field of urban planning is given. The method
of park area layout formation based on generative de-
sign technologies and ontological engineering is pro-
posed. This approach will reduce the time for designing
new territories and evaluating existing projects.

In further research it is supposed to expand the on-
tological model by adding new sets of rules, improve
the generation algorithms, add interactivity, as well as
rules for the formation of urban areas, and implement
the proposed approaches and methods in the most pop-
ular software products.
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