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Pedepar:

1. Incepraniiina po60Ta IpUCBsIYeHa PO3POOJIEHHIO aJITOPUTMIYHOTO Ta IIPOrPaMHOTO 3a6e3eyeHHs 115l
BUSBJIEHHSI Ta IPOTHO3yBaHHS €KOJIOTIYHUX 3arp03 HAa OCHOBI aHAJIi3y reTePOreHHUX TOTOKOBUX JAHHUX.
O6pob6IEHHS TaKUX JAHUX € CKJIaIHOIO 33a4€l0 Yepe3 pisHOPiAHICTh GOpMaTiB, aCUHXPOHHICTb HAIXO/I>KEHHS,
0araTOMOBHICTb TEKCTiB, HEBIAMOBITHICTh YaCcOBUX 0a3, Pi3Hi OgMHNUL BUMIDPY, IPOIYCKU Ta IIYMHU B CEHCOPHUX
PsLlax, a TaKOX KOPCTKi BUMOI'M [I0 yacy Biaryky. CTaHIapTHi IporpaMHi KOHBeepu 6e3 €JMHOI IPOCTOPOBO-
4acOBOi OCHOBM He 3a0€3I1€4yI0Th CTabiJIbHOTO reolNpyB'sI3yBaHHs Ta Y3rOIPKEHUX arperaris, 1o NPU3BOJIUTE 10
IOMWJIOK Yy JIOKaJli3allii oAiil Ta HecTabibHOI MBUAKOAIL. Y po6OTi IPOBEAEHO aHali3 HassBHUX IPOrPAMHUX
CHCTEM MOHITOPHMHIY €KOJIOTIYHUX 3arpo3 — siKk MbkHapogHux (ACLED, GDELT, Liveuamap, Copernicus EMS,



Safecast), Tak i HauioHanbHUX (EcoZagroza, Ecodozor, SaveEcoBot). BusiBieHo ix oomexeHHs y cepi inTerpauii
MyabTUMOpanbHuX OSINT-mKeper, onepaTUBHOTO F€OKOyBaHHS Ta IPOTHO3HOI aHaiTUKY. Ha 0CHOBI aHani3y
copmMyibOoBaHO PYHKIiOHA/BHI Ta HE(PYHKIiOHAIbHI BUMOTY JO PO3POOJIIOBAHOTO IIPOrPaMHOro 3a6€31e4eHHSI.
Po3po6seHo0 MeToA reoKoIyBaHHsI 3i 30€pEe>KEHHSIM KOPEKTHOCTI /114 pi3HUX c10BopopM b6araTomoBHUX OSINT-
IIOBiIOMJIEHB, IO NTOeIHYE MOP(OJIOTIUHY HOpMaJIi3allilo, Kackaj, TOYHOT0, HEYiTKOro Ta GPOHETUYHOTO 3iCTaBIeHHS
3 peecTpoM reorpadidyHuX Ha3B Ta YCYHEHHSI KOHTEKCTYaJIbHOI HEOJJHO3HAYHOCTI B JIOKaJIbHOMY OTOY€HHI
IECTUMKYTHOI ciTku H3. [TIOpiBHAHO 3 iCHYI0YMMHU METOJAMU, OPIEHTOBAHUMU II€PEBAYKHO HA aHIJIOMOBHI TEKCTH,
3aIMIPONIOHOBAHUM MiAXiA MiIBUIY€E YACTKy KOPEKTHUX IIPMB'A3yBaHb TOMIOHIMIB y cepegHbOMY Ha 21% Ta CKOpodye
cepenHiii yac Momyky KoopauHat Ha 51%. 3anpornoHOBaHO MMOBIpPHiICHY r€OIPOCTOPOBY MOJEJIb IPUNHSTTS
pileHs, siKa iHTerpye pe3ysbTaTy reOKOyBaHHsI, 6araTopyKepesibHOi epeBipKU Ta JOMEHHO] arperauii Ha citui H3 3
HiATPUMKOIO CLieHapHUX OOMeXeHb. Moziesib 103BOJIS€ OLiHIOBATH HEOE3IeYHi 30HU Ta (POPMYBATU PEKOMEHTAILL
1[0/10 MJIAHYBAHHSI €BaKyallii i po3MillieHHs1 yKPUTTIB 3 Kopersuieto 0,78 3 oQiliiiHIMK NOBITPSIHUMYU TPHUBOTAMHU.
Po3pobseHo apxiTekTypy yHipikoBaHOTr0O MiKpOIIakKeTHOTO KOHBeepa rapMoHi3allii reTeporeHHUX [I0TOKIB aHUX i3
IleTepMiHOBaHUM MePETBOPEHHSIM IOJIiN 10 €AMHOI YacOBOi 6a3u, HopMasizalli€lo OIMHUIb BUMipIOBaHHS Ta
yHidikalie cxeMm y Mexxax ofHoro npouecy. Ha BinMiHy Bif cTaHnapTHUx 6aratoetanHux ETL-KoHBeepiB,
3aIIPOIIOHOBAHA apXiTeKTypa CKOPOYye 3aTpUMKY yHidikauii B cepegHbomy Ha 80%. 3anpoBampkeHo apXiTeKTypPHUI
ma6sioH H3-DSMV (Dual Scale Materialized Views), 1o 3a6e3nedye ¢ikcallito noaii Ha ApiOHiiN ciTui
po3ninbHOCTI 110 3 aBBTOMaTUYHOIO [10OYI0BOIO MaTePiali30BaHUX NOJaHb Ha PiBHI I'7/, CKOPOUYIOUU CepeIHill yac
BiNOBiZi cucTemMU y 5 pasiB NOPIBHSIHO 3 PO3MOAiIEHMMU APXiTEKTYpaMu 3 OKPEMUMHU KOMIIOHEHTAMU arperatii.
[TporpamHa peasizallisi BKJItoyae MOyl 06po6I€HHS MOBHUX KOMIIOHEHT, F'e0IIPOCTOPOBO] MifIcCUCTEMU 3
HiATPUMKOI0 MOP(OJIOTiYHO KOPEKTHOTO F€OKOAYBaHHS, aHasli3y IIOTOKOBUX JaHUX IIPO CTaH JOBKIJJIS, a TAKOX
iHTerpoBanui Mmoayiab LSTM-pOorao3yBaHH [J1s1 aHaJi3y YaCOBUX 3aJIEXKHOCTEN €KOJIOTIYHUX MTOKa3HMKIB, 110
3abe3reyvye nepexiy BiJl peaKTUBHOI'O 0 ITPOAKTUBHOTO PESKUMY IMiITPUMKU pilleHb. EKcriepuMeHTabHi
IOCJIiI)KEeHHS MigTBEPIUIIN, 110 po3pobJieHe IporpaMHe 3abe3leueHHs y IOTOKOBOMY peXXuMi 3abesnedye 85%
KOPEKTHUX r€OIIPOCTOPOBUX IIPUB'I3yBaHb IIPU CEPEHbOMY YacCi OTPUMAaHHS Pe3yJbTaTy OJIN3bKO 6 XBUJIMH.
BukopucTaHnHs 6aratofiKepesbHOi IepeBipKy Ta HMOBIpHICHOI MOJieIi 03BOJISIE 3HU3UTH ITOXMOKY arperoBaHoi
OLIiHKM pU3UKY 110 8% Ta 4YaCTOTy XMOHUX CIIpaLloBaHb 10 4% HaBiTh 32 YMOB HEIIOBHUX a00 3alllyMJIEHUX JaHUX. 3a
iHTerpasbHUM [1I0Ka3HUKOM, 110 [I0€HYE TOYHICTb Ta ONIEPAaTUBHICTb, PO3PO6JIEHA CUCTEMA [1IepEBEPIIYE

a.T[bTepHaTI/IBHi piU.IeHHH Ta € HalOiabII 36a1aHCOBAHOIO [J14 3a1a4 OII€paTNuBHOT'O €KOJIOTiYHOT'O MOHiTOpI/IHFy.

2. The dissertation focuses on the development of algorithmic and software solutions for the detection and
forecasting of environmental threats based on heterogeneous streaming data analysis. Processing such data
presents significant challenges due to format diversity, asynchronous data ingestion, multilingual text content,
misaligned time bases, varying units of measurement, gaps and noise in sensor streams, and strict latency
requirements. Conventional software pipelines lacking a unified spatiotemporal foundation fail to provide stable
georeferencing and consistent aggregates, resulting in event localization errors and unstable performance. The
work includes a comprehensive analysis of existing environmental threat monitoring systems, both international
(ACLED, GDELT, Liveuamap, Copernicus EMS, Safecast) and national (EcoZagroza, Ecodozor, SaveEcoBot). Their
limitations in multimodal OSINT source integration, real-time geocoding, and predictive analytics were identified.
Based on this analysis, functional and non-functional requirements for the developed software were formulated. A
geocoding method preserving correctness across inflected word forms in multilingual OSINT messages was
developed. It combines morphological normalization, a cascade of exact, fuzzy, and phonetic matching against a
geographic name registry, and contextual disambiguation within the local H3 hexagonal grid neighborhood.
Compared to existing methods primarily targeting English-language texts, the proposed approach increases the
share of correct toponym bindings by an average of 21% and reduces the mean coordinate lookup time by 51%. A
probabilistic geospatial decision-making model was proposed, integrating geocoding results, multi-source
verification, and domain aggregation on the H3 grid with support for scenario-based constraints. The model
enables assessment of hazardous zones and generation of recommendations for evacuation planning and shelter
placement, achieving a correlation of 0.78 with official air raid alerts. A unified microbatch harmonization pipeline



architecture was developed for heterogeneous data streams, featuring deterministic event transformation to a
unified time base, unit-of-measurement normalization, and schema unification within a single processing stage.
Unlike conventional multi-stage ETL pipelines, the proposed architecture reduces harmonization latency by an
average of 80%. The H3-DSMV (Dual Scale Materialized Views) architectural pattern was introduced, capturing
events at the finer resolution grid r10 with automatic construction and maintenance of materialized views at the
coarser r7 level, reducing mean system response time by a factor of 5 compared to distributed architectures with
separate aggregation components. The software implementation comprises modules for natural language
processing, a geospatial subsystem with morphologically correct geocoding support, an environmental streaming
data analysis module, and an integrated LSTM forecasting module for temporal dependency analysis of
environmental indicators, enabling a transition from reactive to proactive decision support. Experimental
evaluation confirmed that the developed software achieves 85% correct geospatial event bindings in streaming
mode with a mean result delivery time of approximately 6 minutes. Multi-source verification combined with the
probabilistic decision model reduces aggregated risk assessment error to 8% and the false positive rate to 4%,
even under incomplete or noisy data conditions. By a composite metric combining accuracy and timeliness, the
developed system outperforms alternative solutions and represents the most balanced approach for operational
environmental monitoring tasks.
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