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Pedepar/anoTanis:

1. Incepraliiio pucBsiYeHO PO3pOOJIEHHIO METOY KOMIIJIEKCHOTO OLiHIOBaHHS PUBUKIB XUTTEBOTO Lukiy 111~
MoJeJiell reolpOCTOPOBOrO CIIPUMHATTS 17151 iHpOopMaLlifiHUX HificUCTeM POiB 0€3MiJIOTHUX JIiTaJIbHUX anaparis.
Taki MmoJies1i BUKOPUCTOBYIOTH [J1s1 pO3ITi3HaBaHHS 00'€KTiB, aHAJIi3y IPOCTOPOBUX BifJHOMIEHb, 1I00Y0BU KapT
CepeloBUIIA, TUIAaHYBAHHS MAapUIPYTIB i MiATPUMKYM KOJIEKTHMBHOI IOBEIiHKYU. BOIIHOYAC MOMMIIKAa CIPUMHSTTS
OKPEMOTO areHTa MO>Xe IOMKPIOBATHCS Yepe3 CIIiIbHI KapTH, 0OMIH JaHMMH, MEXaHI3MU KOHCEHCYCY Ta IIpaBuia
KOOpAMHaLii, BIVINBAaTU HA KOJIEKTUBHI PillleHHS 1 CTBOPIOBATU CUCTEMHUN PU3MK [JIs1 POI0. MeTOI0 OCTIiIKEHHS €
OOI'PYHTOBaHE BU3HAYEHHSI IPIOPUTETHUX PU3MKIB HA Pi3HUX CTAZisIX XUTTeBOro uukiy Ill-monenei

reolIpOCTOPOBOrO CIIPUMHSTTS Ta HAIIPSIMIB iX 3HMKEHHS. 7151 1IbOTO pO3p006JIEHO METO, 11O ITOEIHYE



ineHTHikanio, Knacudikaliio Ta KiJbKiCHE IPiIOPUTU3YBAaHHS PU3UKIB, IEPEBIPKY CTIMKOCTI pe3yJIbTaTiB
OLIiHIOBaHHS, EKCIIEPUMEHTAJIbHE JOCIIIPKEHH [IPOSBIB PU3UKIB i BpaxyBaHHS CUCTEMHUX HACJIiIKIB IOMIMPEHHS
JIOKQJIbHMX IMOMUJIOK. BusHadeHo kiac II-Mozneneit reornpoCcTopoBOro CIIpUNHATTS, Ki ONPalbOBYIOTh
IIPOCTOPOBO NPUB'I3aHi CEHCOPHI J1aHi Ta OPMYIOTb OL[iHKM 00'€KTiB, 30H, IPOCTOPOBUX BiJHOIIEHD, IPOXiZHOCTI I
KapT cepenosuia. MeTos, OXOIUII0E YOTUPHU CTALIl SKUTTEBOTO LIMKILY: CEJIEKLLI0 3HaHb, aHAJII3 3HaHb, HABYAHHSI
mogedi Ta ii ekcrtyarauito. Pusuky knacugikoBaHO 3a CTa/li€l0 BUHUKHEHHS Ta HaJIeXHICTIO [0 JII0JChKUX abo
TeXHOJIOTYHUX PakTopiB. CHOPMOBAHO AP0 TaKCOHOMII 3 20 pU3UKIB 117151 IEPBUHHOTO KiJIbKICHOTO OLIiHIOBAaHHS Ta
PO3LIMPEHY TaKCOHOMIIO 3 71 pU3KKY [J1s1 BEIEHHS PEECTPY, [IJIaHYBaHHA T€CTYBaHHA, Bajigawii 1 MOHITOpPUHTY. JI7d
KOKHOTO PM3UKY BU3HAUY€HO MeXaHi3M BUHUKHEHHS ab0 IIPOSIBY, iHIMKAaTOPH PaHHbOI'O IIOTIEpeIyKEeHHS, 3aX001
3HIDKEHHS Ta CcIoci6 repeBipku. KisbKicHe NpiopUTU3yBaHHS BUKOHAHO METOMIOM aHasi3y iepapxiit. [
BpaxyBaHHS BapiaTMBHOCTI ITONIAPHUX MTOPIBHAHD i TEPEBIPKU CTIMKOCTI pe3yJIbTaTiB 3aCTOCOBAHO MOJEJIIOBAHHSA
MonTe-KapJio 3 KOHTPOJIEM y3roI>KEHOCTI MaTpullb. 17151 arpoballii npoueaypu Ta CLIeHapHOTO aHai3y BILIMBY
pi3HUX KOHQIrypaLiil eKClIepTHUX CYIPKeHb Ha PaHXyBaHHS PU3UKIB BUKOPUCTAHO YOTUPU MTPOQisii: OpieHTOBaHMUIA
Ha Il Ta MalIMHHE HaBYaHHS, OPiIEHTOBAaHMI Ha €KCILTyaTallilo polo, 30aJlaHCOBaHUI Ta OPi€HTOBAaHMI Ha 6e3MeKy i
Bastijauito. [Iyg KoskHoro npo@inio 3areHeposaHo 110 200 HabOPiB MaTpHllb; MCIIL KOHTPOJIIO Y3TOIKEHOCTI [0
aHaizy Baiinio 91,5-97,5 % HabopiB. 3icTaBieHHs pe3yJIbTaTiB Jajio 3MOTYy BUOKPEMUTH PUBUKH, 1110 30€epiraloTh
BHICOKUI NIPIOPUTET 3a pisHUX NPodiniB cykeHb. [IToMUIKOBA IPOCTOPOBO-TEOMETPUYHA iHTEPIIPETAallisl Ta
KacKaJHe MOLIMPEHHS TOMUJIOK YBIlIIIIM [0 I'STipKU HAaUNPiOPUTETHIIINX PUBUKIB Y BCiX YOTUPBOX NPOPINIAX.
[lepmnii pu3uK nepeBipeHo excrnepuMeHTanbHo Ha 30 aepodOTO300pKEHHSIX IT'ATH KJIACIB CLEH i3
BUKOPHUCTaHHSIM IT'SITU MyJibTUMOanbHux [I-cuctem 3arajibHOro Npu3HayeHHsl. BctaHoB/EHO, 10 Li cCUCTeMU
CTabisyIbHillle BUKOHYIOTh CEMAHTUYHE PO3Ii3HaBaHHS Ta Kjacu@ikallilo 30H, HiX IPOCTOPOBO-T€OMETPUYHUM
aHai3. OCHOBHI 0OMEKEHHSI CTOCYIOThCSI B3AEMHOTO PO3MillleHHsI 06'€KTIB, TPOXiIHOCTI, BUCOTHUX BiffHOLIEHB i
6e311eyHOro KOpuopy pyxy. Takox BUSIBJIEHO HEOOI'PYHTOBaHI KijIbKiCHI o1jiHKY, KOHQabyIs1ii, HegocTaTHe
BiZJlOKpeMJIeHHs (aKTiB BiJi IPUNYILIEHb i HEIIOBHE BUPAXXEHHSI HEBU3HAYEHOCTI. [/ OCiIKeHHS KaCKaJHOTO
MOIIMPEHHS IOMUJIOK BUKOPUCTAHO CUMYJISLIIMHY MOJieJIb B3aeMO/Iii areHTiB Ha rpadi. PosrisHyTo Tonosorii tumy
«3ipKa», CciT4acTy Ta iepapXiyHy CiT4aCTy TONOJIOTI, pi3Hi peXXMMU BUHMKHEHHS TIOMUJIOK | cueHapii gerpagarii
3B's13Ky. BCTaHOBJIEHO, 1110 KOJIEKTUBHI HACJIiKY JIOKAJIbHOI IOMUJIKY 3aJ1€3KaTh Bill KOPEJIbOBAHOCTI 30ypeHb,
II0JIOXKEHHS JKepeJsia IOMWIKM y rpadi, iHTEHCHBHOCTI OOMiHY Ta CTaHy KaHaJliB 3B’13Ky. YaCTKOBO KOPEJIbOBaHi
[IOMUJIKY CIIPUYMHSIIN OiJIbIIII KOJIEKTUBHI BiIXUJIEHHS, HK HE3aJI€XKHI; y TOIOJIOTIi «3ipKa» HalBIJIMBOBIIIOIO Oyja
[IOMUJIKA [JEHTPAJIbHOTO areHTa, a Aerpajalis 3B's13Ky IO0BXKyBaJa ii BIJIMB i CTIOBL/IbHIOBAJIA BilHOBIEHHS!.
HaykoBy HOBM3HY CTaHOBUTb METOJ, KOMIJIEKCHOTO OLIiHIOBAHHS, IKUM [TOE€JHYE CTPYKTYPYBAHHS PU3UKIB 3a
CTalisIMU >KUTTEBOTO LUKILY, iX KiJIbKiCHE IIPIOPUTU3YBaHH, aHAJIi3 CTIMKOCTI OLiHOK i BpaXyBaHHS CUCTEMHUX
HACJIiOKIB JIOKAJIbHUX TOMUJIOK CIIPUAHATTS. [IpaKTU4YHE 3HaYEHHS MOJISITa€ Y MOXJIMBOCTI 3aCTOCOBYBATH METO],
Iif, 4YacC MigroTOBKU JAHUX, [IPOEKTYBAaHH, HAaBYaHHS, TECTYBaHHS, BIIPOBAKEHHS Ta €KCIyaTallii mozesnen. Bin
Iae 3Mory (OpMYBaTH CTPYKTYPOBAaHUN PEECTp PU3UKIB, BUBHAUATHU IPIOPUTETH, [1JIaHYBaTU €KCIIEPUMEHTAJIbHI 1
CUMYJISILLiIHI IepeBipKY, OOI'PYHTOBYBATH 3aX0I1 3HM)KEHHS! PU3UKIB i ajanTyBaTy OLiHIOBAHHS 10 YMOB
KOHKpeTHOI Micii. [TporpamHa peasniszanisi, KoHQiryparii, pe3ysbTaTy MOAEII0OBAaHHS Ta IPOTOKOJIN €KCIIEPUMEHTIB
HiATPUMYIOTb BiITBOPIOBAHICTb i IOBTOPHE OLIiHIOBaHHSI MiCJIs 3MiHM TaKCOHOMIi, MoJeJIi, cLieHapito abo
apxiTeKTypu iH(popMaLifHOI NiICUCTEMHU POIO.

2. The dissertation develops a comprehensive method for assessing lifecycle risks of geospatial perception Al
models used in information subsystems of unmanned aerial vehicle swarms. Such models support object
recognition, analysis of spatial relationships, environment mapping, route planning, and collective swarm
behaviour. However, a perception error made by one agent may propagate through shared maps, data exchange,
consensus mechanisms, and coordination rules, affect collective decisions, and create a systemic risk for the
swarm. The research aims to provide a sound basis for identifying priority risks at different lifecycle stages of
geospatial perception Al models and determining appropriate mitigation directions. The developed method
combines risk identification, classification, and quantitative prioritisation with robustness analysis, experimental
investigation of risk manifestations, and consideration of the systemic consequences of local error propagation.



The study defines geospatial perception Al models as models that process spatially referenced sensor data and
estimate objects, zones, spatial relationships, traversability, and environment maps. The method covers four
lifecycle stages: knowledge selection, knowledge analysis, model training, and model operation. Risks are classified
by their stage of origin and by human or technological factors. A core taxonomy of 20 risks was developed for
initial quantitative assessment, along with an extended taxonomy of 71 risks for maintaining a detailed register and
planning testing, validation, and monitoring. For each risk, the taxonomy specifies its mechanism, early warning
indicators, mitigation measures, and an experimental, simulation-based, or analytical verification method. Risks
were quantitatively prioritised using the Analytic Hierarchy Process. Monte Carlo simulation with pairwise-
comparison consistency control was applied to account for judgment variability and assess the robustness of the
results. Four profiles of simulated expert judgments—Al and machine learning, swarm operations, balanced, and
safety and validation-were used to evaluate the procedure and analyse how different judgment configurations
affect risk ranking. Two hundred sets of matrices were generated for each profile, of which 91.5-97.5% passed the
consistency checks and were included in the analysis. Comparison of the results identified risks that retained high
priority across different judgment profiles. Incorrect spatial-geometric interpretation and cascading error
propagation ranked among the five highest-priority risks in all four profiles. Incorrect spatial-geometric
interpretation was experimentally investigated using 30 aerial images representing five scene classes and five
general-purpose multimodal Al systems. The systems performed semantic scene recognition and zone
classification more consistently than spatial-geometric analysis. Their main limitations concerned relative object
positions, traversability, vertical relationships, and safe movement corridors. Unsupported quantitative estimates,
confabulations, insufficient separation of facts from assumptions, and incomplete expression of uncertainty were
also observed. A graph-based agent interaction model was used to investigate cascading error propagation. Star,
mesh, and hierarchical mesh topologies, different error occurrence modes, and communication degradation
scenarios were examined. The collective effects of a local error depended on perturbation correlation, the location
of the error source in the interaction graph, information exchange intensity, and communication channel state.
Partially correlated errors caused greater collective deviations than independent perturbations. In the star
topology, an error originating from the central agent had the greatest effect, while communication degradation
prolonged the error’s influence and slowed system recovery. The scientific contribution is a comprehensive
assessment method that combines lifecycle-based risk structuring, quantitative prioritisation, robustness analysis,
and consideration of the systemic consequences of local perception errors. The method can be applied during data
preparation, design, training, testing, deployment, and operation of geospatial perception Al models. It supports
structured risk registration, priority setting, planning of experimental and simulation-based verification,
justification of mitigation measures, and adaptation of assessment to a specific mission. The software
implementation, configurations, simulation results, and experimental protocols support reproducibility and
reassessment after changes to the taxonomy, model, scenario, or architecture of the swarm information
subsystem.
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