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1. Y nuceprauiiiHiil pob0Ti BUPIilIEHO aKTyaJbHY HAyKOBY 33[1a4y PO3POOKM METOMOJIOTII OL[iHIOBAaHHS IIJIaHYBaHHS
nig3emMHOi iHPPaCTPYKTypy BEJIMKUX MiCT HA OCHOBI KOTHITUBHOTO MOJIE/IIOBAHHS B YMOBaX HEBU3HAYEHOCTI.
KoHLeHTpallist HaceseHHs y BEJIMKUX MiCTaxX BUMarae akTUBHOTO OCBOEHHS ITiA3€MHOTO MTPOCTOPY JIs1 PO3Milll€HHS
TPaHCIIOPTHOI, KOMyHaJIbHOI Ta iHXeHepHOi iHppacTpyKkTypu. CKIaHICTh I€0JIOTiYHUX YMOB, MHOKHUHHICTh
(paKTOpiB PU3UKY TA HASIBHICTb Pi3HUX THUIIiB HEBU3HAYEHOCT] YCKJIANHIOIOTh IPUIAHATTS OOIPYHTOBAHUX PillleHb.
[Ipo6sema e 0co6JIMBO aKTyasibHOM AJ14 M. KueBa, fie CKafHi iHKeHepHO-Te0JIOTiuHI yMOBY IPaBOOEPEKHOI
YaCTHHY, 3CYBOHEOe3I1e4Hi TEPUTOPIi Ta pUBUKU BOEHHOT'O XapaKTePy CTBOPIOIOTh NOJATKOBI BUKJIMKY. ICHYIOUI
METOJIY aHaJIi3y He JO3BOJISIIOTh y MOBHINM Mipi BpaxyBaTy 6araTo(pakTOPHICTh Ta B3a€MO3aJIEXKHICTh PU3UKIB
nigzeMHoro 6yniBHALITBA. METOI0 LOCITKEHHS € PO3POO6Ka METOL0JIOTI] OL[iHIOBAaHHS IJIaHyBaHHS MiJI3€MHOI

iHppaCTPYKTYpH BEJIMKUX MiCT HA OCHOBI KOTHITUBHOTO MOJIe/IIOBaHHSI. [I71s1 HOCSTHEHHSI METH BUPILIEHO TaKi



3aBJIAHHS: [IPOBEJIEHO aHalli3 CBITOBOTO OCBiNly MJIaHYBAHHS MiI3EMHOTO TPOCTOPY; PO3POOIEHO TEOPETUYH]
OCHOBU KOTHITMBHOTO MOJI€JIIOBaHHS CKJIaHUX CUCTEM; 3alIpOIIOHOBAHO METOY CTPYKTYPHOTO aHaJi3y
KOTHITMBHMX KapT Ha OCHOBI CUMILIILIa/JIbBHOTO aHajli3y Ta aHaJli3y CIIiJIbHOT; 34iICHEHO IPaKTUYHE 3aCTOCYBAaHHS
MeTogoorii Ha npukiazi M. Kruesa, BKIIIOYHO 3i CLIEHAaPDHUM MOJEOBAaHHAM. CHUCTEMATU30BaHO CBITOBUN JTOCBI],
IJIaHYBaHHS MiI3€MHOTO0 ITpOCTOpPYy Ha npukiani Kurato, Himeyunnn, Qinnsaupii ta [Haii. JocaigkeHo npupony Ta
I)KepeJsia HeBU3HAUYEHOCTI: [IapaMeTPUYHY, CTPYKTYPHY Ta HEBU3HAYEHICTb, [TOB'S13aHY 3 HEIIOBHOTOIO 3HaHb IIPO
reoJioriuHe cepefosuile. OOIPyHTOBaHO JBOETANTHUI MifIXi[, 110 BKJIIOYAE I1epefbadeHHs Ta KOTHITUBHE
MoJesoBaHHs. HaBeneHo ¢popmasibHE BUBHAYEHHS KOTHITUBHOI KapTH SIK 3HAKOBO-OPiEHTOBAHOrO rpaga.
BusHaueHo eTany po3poOKy KOTHITHBHOI MOJIeJli: T00yI0Ba KapTH, OOIPYHTYBAHHS CTPYKTYPHOI Ta YMCEJIbHOI
CTIMKOCTI, CUMILIiLia/IbHMI aHaJli3 Ta aHasi3 MOLYIIPHOCTI. ONMCaHO MOAENb IMITYJILCHOTO IIPOLLECY Ta
METOJI0JIOTiI0 CLIEHapPHOTO aHasizy. PO3p0o6yieHO MEeTOIM CTPYKTYPHOT'O aHali3y KOTHITUBHUX KapT Ha OCHOBI
CUMILIILiaJIbHOTO aHaJIi3y Ta aHaJi3y CIHiNILHOT. [IpeCcTaBlIeHO MOHATTS CUMILIEKCIB, CUMILIILiaIbHUX KOMILJIEKCIB,
g-3B'SI3HOCTI Ta eKkcueHTpucuTeTy. ONnrMcaHo aaropuTMu BusiBjieHHs crinbHOT: Greedy Modularity, Walktrap,
Louvain, Leiden Ta Leiden CPM. O6rpyHTOBaHO 3aCTOCYBaHHS aHaJIi3y CIIJILHOT [J11 BUSBJIEHHS (PYHKIIOHAIBHUX
MiICMCTEM Ta NOCITHEHHS CTPYKTYPHOI CTilIKOCTi Mogesi. [IpoBeleHO IpaKTU4HE 3aCTOCYBaHHSI METOMOJIOTII 1151
OLIiHIOBAaHHS IIJIaHYBaHHS Mif3eMHOi iHPpacTpyKkTypu M. KueBa Ha OCHOBI reHepasIbHOTO IJIaHy PO3BUTKY MicTa.
CucreMaTu30BaHO iHXKE€HEPHO-T€0JIOTIYHI Ta CTPYKTYPHO-(PYHKLIOHAJIbHI PAaKTOPH, KiIacuPiKoBaHO NPUPOLIHI,
TE€XHOT€HHI pU3MKU Ta PU3UKU BOEHHOTO Xapakrepy. [106yj0BaHO KOTHITUBHI KapTH ABOX TyHEJIiB: TyHeJO 1 (110
npoxonuTs min boraniunnm cagom HAH Vkpainm Bin HapnHinpoBcekoro moce 1o Byauni CanepHo-Crno6incbkoi) Ta
TYHeJIIo 5 (10 NpoXoAuTh yepes p. JHinpo Big miowi [Tepemoru o BpoBapchKoro mpocneKTy). 3aCTOCOBaHO
METOJIY CUMILIILiaJbHOTO aHali3y: 100Y4OBAaHO MPUMAaJIbHI Ta AyasbHi CUMILIILiaNbHi KOMIIEKCH, IPOBEIEHO (-
aHaJli3, OOYMCIIEHO CTPYKTYPHI Q-BEKTOPHU Ta €KCLIEHTPUCUTETH BEPIIMH. BUSABJIEHO, 110 BUXiHI KAPTH MAIOTh
BEpIIVHU 3 HECKIHYEHHNUM €KCLeHTPHUCUTETOM, L0 CBiTYUTD [IPO CTPYKTYPHY HelinicHicTh. MeTog Leiden CPM
II03BOJIUB ieHTU(IKyBaTU BEPLUIMHY, BUIAJIEHHS SIKUX MiBUILY€E BHYTPIIIHIO WiJIbHICTb CHiIbHOT. Ha OCHOBI 1juX
Pe3yJbTaTiB MPOBELEHO N€PEOYI0BY KOTHITUBHUX KAPT, IiCJIs SIKOI yCi BEPIIMHY MAIOTh CKiHUE€HH] 3HaY€HHS
eKcueHTpucurery. [IpoBeieHO CLieHapHe MOJEJIIOBAaHHS 1711 YOTUPbOX THUIIIB 3arp0O3: TEPOPUCTUYHA aTaKa,
TEeXHOT€HHI 3arpo3y, 3CyBU NOPif Ta cericMivHi 3arpo3u. TyHesb 5 € 6iybll CTIHKKUM [0 BCiX 3arpo3, OKpim
TEPOPUCTUYHUX, TOA] SIK TyHeJIb 1 € OiJIbIll Bpa3/IMBUM [0 TEXHOT€HHUX i IPUPOAHUX 3arpo3. Pezynbratu
CLIEHapHOTO MOZEJIIOBAHHS HAaJAlTh iHPOPMALiHY HiATPUMKY [JIs IPUIAHATTS pillleHb IOA0 AOLiIbHOCTI
no0yJ0BY TyHEJIbHOI KOHCTPYKLii. HaykoBa HOBU3HA MOJISITae y TOMY, IO BIIEPIIe 3aCTOCOBAaHO METOAU
CHAMILIILiaZIbHOTO aHajli3y Ta aHaji3y CIiJIbHOT 10 KOTHITUBHUX KapT Mi3eMHOI iHPPacTPyKTypH, 110 LO3BOJIUIO
BUSIBUTU CTPYKTYPHI HEJIOJIKM Ta OOIPYHTYBATH ix nepedynoBy. Habyso noaanbmoro po3BUTKY 3aCTOCYBaHHS
metony Leiden CPM nns inentudikauii BepmnH, 1m0 noTpebyioTs 0IaTKOBUX 3B'A3KiB. [I[pakTryHa LiHHICTb
IIOJISITa€ Y MO>KJIMBOCTI 3aCTOCYBaHHSI METOOJIOTII J71s1 OLliHIOBaHHSI IJIaHYBaHHS KOHKPETHUX 00'eKTiB Mifi3eMHO]
iH(pacTpyKTypH, NOPiBHSIHHS aJIbTEPHATUBHUX BapiaHTiB OyAiBHULITBA Ta (GOPMYyBaHHS PEKOMEHIallil 100
3HIDKEHHS PU3UKIB.

2. The dissertation solves the relevant scientific problem of developing a methodology for evaluating the planning
of underground infrastructure in large cities based on cognitive modeling under uncertainty. Population
concentration in large cities requires active development of underground space for transportation, utility, and
engineering infrastructure. The complexity of geological conditions, multiplicity of risk factors, and various types
of uncertainty complicate informed decision-making. The problem is particularly relevant for the city of Kyiv,
where complex engineering-geological conditions of the right-bank area, landslide-prone territories, and military-
related risks create additional challenges. Existing analysis methods do not fully account for the multifactorial
nature and interdependence of underground construction risks. The aim of the research is to develop a
methodology for evaluating the planning of underground infrastructure in large cities based on cognitive
modeling. The following tasks were solved: analysis of international experience in underground space planning;
development of theoretical foundations for cognitive modeling of complex systems; proposal of methods for
structural analysis of cognitive maps based on simplicial analysis and community detection; practical application of



the methodology using Kyiv as a case study, including scenario modeling. International experience in underground
space planning is systematized using examples from China, Germany, Finland, and India. The nature and sources of
uncertainty are investigated: parametric, structural, and uncertainty related to incomplete knowledge of the
geological environment. A two-stage approach comprising foresight and cognitive modeling is substantiated. A
formal definition of cognitive map as a signed directed graph is provided. The stages of cognitive model
development are defined: construction of the map, justification of structural and numerical stability, simplicial
analysis, and modularity analysis. The impulse process model and scenario analysis methodology are described.
Methods for structural analysis of cognitive maps based on simplicial analysis and community detection are
developed. Concepts of simplices, simplicial complexes, q-connectivity, and eccentricity are presented.
Community detection algorithms are described: Greedy Modularity, Walktrap, Louvain, Leiden, and Leiden CPM.
The application of community analysis for identifying functional subsystems and achieving structural stability is
substantiated. Practical application of the methodology for evaluating underground infrastructure planning in Kyiv
is carried out based on the Kyiv General Development Plan. Engineering-geological and structural-functional
factors are systematized, and natural, technogenic, and military-related risks are classified. Cognitive maps are
constructed for two tunnels: tunnel 1 (passing under the Botanical Garden of the National Academy of Sciences of
Ukraine from Naddniprianske Highway to Saperno-Slobidska Street) and tunnel 5 (crossing the Dnipro River from
Peremohy Square to Brovarskyi Avenue). Simplicial analysis methods are applied: primal and dual simplicial
complexes are constructed, g-analysis is performed, and structural Q-vectors and vertex eccentricities are
computed. The original maps contain vertices with infinite eccentricity, indicating structural non-integrity. The
Leiden CPM method enables identification of vertices whose removal increases the internal density of
communities. Based on these results, reconstruction of the cognitive maps is performed, after which all vertices
have finite eccentricity values. Scenario modeling is conducted for four threat types: terrorist attack, technogenic
threats, rock displacement, and seismic threats. Tunnel 5 is more resilient to all threats except terrorist attacks,
while tunnel 1 is more vulnerable to technogenic and natural threats. The results of scenario modeling provide
information support for decision-making regarding the feasibility of tunnel construction. The scientific novelty lies
in the first-time application of simplicial analysis and community detection methods to cognitive maps of
underground infrastructure, which enabled identification of structural deficiencies and justified their
reconstruction. The application of the Leiden CPM method for identifying vertices that require additional
connections has been further developed. The practical value lies in the possibility of applying the methodology for
evaluating the planning of specific underground infrastructure objects, comparing alternative construction
options, and formulating recommendations for risk reduction.
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