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1. Incepraujiiine 0OCiIyKeHHs IPUCBSIYEHE BUPiLIEHHIO HAYKOBO-TIPUKJIaAHOI IIPOGIEMU MiIBULLIEHHS

e EeKTUBHOCTI YIIPaBJIiHHS €KOCUCTEMOIO YPOaHi30BaHUX TEPUTOPIiN MIJIIXOM iHTeJIeKTyali3alii mpouecis
MigTPUMKU IPUUHATTS PilleHb HA OCHOBI CEMAaHTUYHOTO MOJEJIIOBAHHS, aIANITUBHOI ONTUMI3allil Ta TPOAKTUBHOTO
CLieHapHoro aHasizy. O6’eKTOM JOCiKEHHS € Ipolecy iHpopMaLlifiHOI NiTTPUMKU IPUNHATTS pillleHb IPU
YIIPaBJliHHI €KOJIOTTYHUM CTaHOM MiCBKOTO CEPELOBUILA, A IPEIMETOM — MOZEJ, METOU Ta apXiTEKTYPHI pilleHH
iHTeJIeKTyali30BaHUX IIPOTPAMHUX CUCTEM [IJI aHai3y i onTumisanii po3milieHHS JpKepell TEXHOTEHHOTO
HaBaHTa)KeHHsI. MeTOo0 TOCIIiIKeHHs € MiABuIeHHs e(PeKTUBHOCTI yIIPaBJliHHS ypOaHi30BaHUMU €KOCUCTEMaMU
IJISIXOM PO3POOKHM OHTOJIOTIYHUX MOJesiel, METOIiB aflalITUBHOI OITUMI3allii Ta mporpamMHoi cUCTeMH,

OpiGHTOBaHOi Ha HpoaKTI/IBHI/Iﬁ CU,eHapHI/IIu/I aHaJi3. MeTO,U,OJIOI"i‘-IHy OCHOBY pO6OTI/I CTaHOBJIAATb METOOU



CHCTEMHOTO aHaJsi3y, MaTeMaTUYHOrO Ta iMiTalilHOrO MOZE/I0BaHH, TEOPii ONTUMI3allii, 30KpeMa MeTaeBpUCTUYHI
aJITOPUTMHU, a TAKOX IIPUHLUINY 00’ €KTHO-OPiEHTOBAHOIO aHaJi3y i IPOeKTyBaHHs 3 BUkopuctanusm UML ta
Cy4acHi Nigxoau iHXeHepii nporpamMHoro 3abesnevyeHHs. Y JOCiI)KeHHi BAKOPUCTAaHO PETyJISITOPHi raycoBi Mozeri
po3citoBaHHS 3a6pyHIOIOUNX pedoBUH B atMocdepi (AERMOD) sk 30BHilIHE OOYNCIOBANIbHE AP0, OHTOJIOTIUHI
3acobu 1J1s1 CEMaHTUYHOI iHTerpallii reTeporeHHUX JaHMUX MiChbKOi €KOCUCTEMU (METEOPOJIOTIYHUX, IPOCTOPOBHUX,
iH(paCTPYKTYpHUX), @ TAKOXX CEPBiC-Opi€HTOBaHY apXiTeKTypy NporpamHoi cuctemu. [IporpamHe 3a6e3neyeHHs
BKJIOYA€ MOJyJIb OPKeCTpalii 0641CII0BaJIbHOTO S1Ipa, aJallTUBHMAM ONTUMI3aLiHUI MOyJIb, KEDOBAaHUI
OHTOJIOTIEI0, Ta BeO-iHTepdeNic IJ1s1 iIHTepaKTUBHOTO CLIEHAPHOT'O aHaJIi3y i Bidyasizalii pe3yJbTaTiB MOJEII0BAHHSL.
HaykoBa HOBM3HA Ofl€p>KaHUX PE3YyJIbTATIB MOJIAra€e Y PO3BUTKY KOMIJIEKCHOTO MiAXOAY 10 YIIPaBJliHHS MiCbKUMU
€KOCHCTEMAMH, 11O MOEIHYE €KOJIOTIYHE MOIEJIIOBAHHS, OHTOJIOTYHI TEXHOJIOTII Ta alallTUBHI METOIX OINTHAMI3allii.
Ynepuie po3po6eHO JOMEHHY OHTOJIOTIYHY MOJIE/Ib MiCbKOI €KOCHCTEMU SIK (POPMaJIi30BaHE «EIVHE JIKEPEJIO
icTrHMY, o 3abe3nedye CeMaHTUYHY Y3rO/IKEHiCTh JAaHMX Ta aBTOMaTu3ye GOpPMYyBaHHS CLieHapiiB MOJIE€/IIOBaHHSL.
3arporioHOBaHO aIAIITUBHUI METOJ, OITUMI3allii, IKUH 3[IifICHIOE KEPOBAaHU OHTOJIOTi€I0 BUGIP METaeBPUCTUYHOI
crparerii Ta yHi(ikalilo eBOJIOLiIIHMX OIIEPaTOPIB, 110 AO3BOJISIE CKOPOTATH 06UYUCIIOBAJIbHI BUTPATH IPU
BUKOPUCTAHHI YMCEJIbHUX MOJeJiell po3citoBaHHs. Habysa noganbIuioro po3BUTKyMaTeMaTuyHa MOZeslb BUOOPY
JIOKallifl po3MillleHHSs [IKepeJl TersioreHepallii, SKa, Ha BiMiHY Bifi iCHylI0UMX Ha OCHOBI reOMETPUYHUX OOMEKEHD Y
BUIJISAAI PIKCOBAHUX CaHITAPHO-3aXMCHUX 30H, 6a3yeTbcsl HAa popMarizallii 3a7adi sIK AUCKPEeTHOI KOMOiHATOPHOI
onTUMi3allii 3 LiIbOBOIO (PYHKLIEIO, 110 33[JaHA aJITOPUTMIUYHO Ha OCHOBI YMCEJIbHOI MOJIeJli PO3CiIOBaHHS.
[TpakTH4Ha 3HAYyLIiCTh POOOTU MOJISITa€e y CTBOPEHHI iHTEIeKTYyas1i30BaHOi CUCTEMMU MiATPUMKU IPUIHATTS pillleHb,
Opi€eHTOBaHOI Ha BUKOPUCTAHHS CIlelliajlicTaMy MICbKUX CIIyK0 6€3 He0OXiTHOCTI IMIMOOKUX 3HAHb Y rauysi
€KOJIOTIYHOTr0 MofiesI0BaHHs1. Po3pobiieHa cuctemMa 4,03BoJIsie OO PYHTOBYBATH BUOIp 6€31€YHUX JIOKALI [1J1s
PO3MillleHHSI HOBUX TEIJIOT€HEePYI0YnX 06’ €KTIB, OIIEPAaTUBHO OLiHIOBATH €KOJIOTiYHI HACTIIKY cLieHapiiB
MoJepHizauii iHdpacTpyKTypy Ta MiBUIILYBATH SIKICTh YIIPaBIiHCbKUX pilleHb. EQeKTUBHICTb BIIPOBAI>)KEHHS
niATBEpAKEHA arpooballielo IPOrpamMHOro 3a0e3MeyYeHHs] Ha peajlbHUX JaHMX MePEesXi TeIJIONOCTaYaHHs M.

TepHormisb.

2. The dissertation research is devoted to solving a scientific and applied problem of improving the efficiency of
managing urbanized ecosystems through the intellectualization of decision support processes based on semantic
modeling, adaptive optimization, and proactive scenario analysis. The object of the research is the processes of
information support for decision-making in managing the environmental condition of the urban environment,
while the subject of the research comprises models, methods, and architectural solutions of intelligent software
systems for the analysis and optimization of the placement of technogenic load sources.The aim of the research is
to improve the efficiency of urban ecosystem management by developing ontological models, adaptive
optimization methods, and a software system oriented toward proactive scenario analysis. The methodological
basis of the study includes methods of systems analysis, mathematical and simulation modeling, optimization
theory—particularly metaheuristic algorithms—as well as principles of object-oriented analysis and design using
UML and modern approaches to software engineering.The study employs regulatory Gaussian models of
atmospheric pollutant dispersion (AERMOD) as an external computational core, ontological tools for the semantic
integration of heterogeneous urban ecosystem data (meteorological, spatial, and infrastructural), and a service-
oriented software architecture. The software includes a computational core orchestration module, an ontology-
driven adaptive optimization module, and a web interface for interactive scenario analysis and visualization of
modeling results.The scientific novelty of the obtained results lies in the development of a comprehensive
approach to urban ecosystem management that integrates environmental modeling, ontological technologies, and
adaptive optimization methods. For the first time, a domain-specific ontological model of the urban ecosystem has
been developed as a formalized “single source of truth,” ensuring semantic consistency of data and automating the
generation of modeling scenarios. An adaptive optimization method is proposed that performs ontology-guided
selection of a metaheuristic strategy and unification of evolutionary operators, which reduces computational costs
when using numerical dispersion models.The mathematical model for selecting locations of heat generation
sources has been further developed. Unlike existing approaches based on geometric constraints in the form of



fixed sanitary protection zones, the proposed model formulates the problem as a discrete combinatorial
optimization task with an objective function defined algorithmically based on a numerical dispersion model.The
practical significance of the research lies in the creation of an intelligent decision support system intended for use
by municipal service specialists without requiring deep expertise in environmental modeling. The developed
system enables substantiated selection of safe locations for new heat-generating facilities, rapid assessment of the
environmental impacts of infrastructure modernization scenarios, and improvement of the quality of managerial
decision-making. The effectiveness of implementation is confirmed by the approbation of the software using real
data from the district heating network of the city of Ternopil.
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