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Cuoop I11.0. Metonu mporHO3yBaHHS MPUPOAHHUX KaTracTpod Ha OCHOBI
TEXHOJIOT1H IITy4HOro iHTenekTy. — KBamidikaiiiina HaykoBa Ipails Ha mpaBax
PYKOIIHCY.

Huceprariss Ha 3100yTTS HAyKOBOTO CTymeHs JokTopa (imocodii 3a
crietianbHICTIO 121 — «IHXEeHepis mporpaMHOTro 3a0e3neueHHs» — UepHiBebKUii
HallloHAJIbHUH yHiBepcuteT iMeH1 FOpis deapkoBuua, YepHirii, 2024.

VY cywacHux ymoBax moOamizalii Ta 3pocTardoi MOOUIBHOCTI, TypU3M
CTa€ OAHIEI0 3 HAUOIBII MOMYIAPHUX chep TISUIBHOCTI, 110 BUMArae miJBUIIECHOT
yBaru A0 NUTaHb O€3MEeKH TYpUCTIB. 3 ONIALYy Ha 30UIbIIEHHS YacTOTU
MPUPOJHUX KATacTpod, TaKuUX SK JIICOBI MOXKEXKI, yparaHu, 3eMJIETPYCH Ta
MOBEHI, CTa€ OYEBMUJIHOK HEOOXIJHICTh PO3POOKH HOBHUX 1H(MOpPMAIIHHUX
TEXHOJIOT1H, K1 JO3BOJSTH TYpHCTaM 1 OpraHizaropaM Mojopoxkeil e(heKTUBHO
IJIaHyBaTH MAapHIPyTH 3 ypaxXyBaHHSAM NOTEHIIMHUX pU3UKIB. OcoOnuBy
aKTYaJbHICTh Y I[bOMY KOHTEKCTI Ma€ CTBOPEHHS MaTeMaTH4YHUX Mojelied Ta
METO/IB TPOTHO3YBaHHS KPU30BUX SIBUII, IO 37aTHI mepeadadatd pO3BUTOK
HeOe3MeYHNX CUTYallll Ta iX BIJIUB HAa TYPUCTUYHI HAIPSIMKHU.

HITy4yHuil IHTENAEKT Ta IHCTPYMEHTH aHaJi3y BEIMKUX JAHUX BIIKPUBAIOTh
HOBI MOXJIMBOCTI JJis1 MOOYIOBH TakuX Mojeied. BukopucTaHHs 1CTOPUYHUX
JaHUX MPO KIIMaTHU4YHI 3MIHM Ta pEaJbHUX IOKA3HUKIB MPUPOJHUX SBUIIL
JI03BOJISIE 3HAYHO TOKPAIIUTH TOYHICTH MPOTHO3IB 1 3a0€3MEUYUTH CBO€YACHE
NOMEPE/HKEHHST PO MOXJIMBI 3arpo3u. TakuMm 4YMHOM, CydacHi iHpopMalliiiHi
TEXHOJIOT1i Ha OCHOBI CHCTEM IITYYHOTO I1HTEJNEKTY, METOAIB MAIIUHHOTO
HAaBYaHHA Ta MAareMaTHYHOTO MOJICNIOBAHHS MOXYTh CTaTh BaXJIMBUM
IHCTPYMEHTOM JJIsl MIJBUILEHHSA pIBHS O€3MEKU TYPUCTIB, CHPUSIIOUU OLIbII
parioHaIbHOMY Ta 0€3MeYHOMY TIJIaHYyBaHHIO MTOOPOXKEH Y PI3HI PETIOHU CBITY.

Hucepraiis  OpucBsY€HA  aKTyallbHIM  mpoOiemi  po3poOku 1

BAOCKOHAJICHHSI 1H(OpMAI[IHHUX TEXHOJOTI JUisl nepeadadyeHHs MPUPOTHUX



KaTacTpod 3 BUKOPUCTAHHSIM Cy4YaCHUX JOCATHEHbD y Tally31 IITYYHOTO IHTEICKTY
Ta MaTeMaTU4YHOTO MOJEIOBaHHA. JlOCHIPKEHHS 30CEpeKeHE Ha aHajisl,
OLIIHIII Ta MOKPAIIEHHI METO/IB MPOTHO3YBAaHHS TAaKUX SIBUILL, SIK JICOB1 MOXKEXKI,
yparaiul Ta MaBOJAKH, 3 METOIO IMiJIBUILIEHHS TOYHOCTI Ta HaAIMHOCTI 1H(popMaIii
PO MOTEHIIIHI 3arpo3u, 10 € KPUTUYHO BOKIUBUM JIs 3a0€3MeUeHHs Oe3MeKu
HacCeJIeHHS Ta €()eKTUBHOTO pearyBaHHs Ha HAa/I3BUYAiHI CUTYaIlli.

Y poOOTI pO3IISHYTO WIMPOKUN CIEKTP MaTEMaTHYHUX MOJEJIEH Ta
aNTOPUTMIB, BKJIFOYAIOYW JIHIMHI MOJENI, CHUCTEMH 3 HEYITKOI JIOTiKOO
(ANFIS), neiipomepexi, B ToMy uncii rnboke HapdaHHs 1 LSTM-mepexi, 1is
BUPIIICHHS TOCTaBlIeHUX 3aaad. OCHOBHa yBara NpUAUISETHCS PO3poOIll Ta
ajanTarii X METOIB JIsl KOHKPETHUX YMOB 1 0COOTMBOCTEH MPUPOAHHX SBHILL,
BpPaxOBYIOUYH BEJIUKI OOCSATH JIaHHMX, 1X HECTaOIbHICTh Ta CKJIQIHICTh MPOIIECIB,
10 MOJIEITIOFOTHCS.

Pesynpratu  gucepramii  BKIIOYaOTh B cebe  po3poOKy  HOBHX
MaTeMaTUYHUX MOJAENEH Ta aJIropuTMIB JJIi HPOrHO3YBaHHS NPUPOAHUX
KatacTpod, BAOCKOHAJIEHHS ICHYIOUMX METOMIB, a TakKoX pPO3pOOKy
iHOpMAIIHOT TEXHONOTil, M0 JEMOHCTPYE€ NPAKTUUYHY 3HAYUMICTh 1
e(heKTUBHICTb 3aIPONOHOBaHUX MiAXo/1B. Peanizanis 1 anmpoOalis po3podiaeHux
METO/IB MOKa3aJid X BUCOKY €()EeKTUBHICTh Ta MOTEHIIIaN AJi1 BUKOPUCTAHHS Y
peabHUX YMOBax, IO MIATBEP/UKYETHCS 3aCTOCYBaHHSIM  PE3yNbTaTiB
JOCTIHPKEHHSI y BUPIIICHH] MPAKTUYHUX 3aBJaHb 3 MPOTHO3YBAHHS MPUPOTHUX
KaracTpod.

Merta Ta 3axau4i gocaigxenHs. MeToro po6oTu € po3poOka iIHHOBAIIHHOT
iHopMaIiiHOT TEXHOJOTIi Il TUIaHyBaHHS  OE€3MEeYHUX TYPUCTUYHUX
MOJIOPOKEH, sKa 0a3y€eThCs HA MEPEIOBUX METOAAX MPOrHO3YBAaHHS MPUPOIHHUX
KaTacTpod 3 BUKOPUCTAHHIM TEXHOJIOTIM IMITY4YHOTO 1HTENEKTY. Llsi TexHomoris
Ma€ 1HTerpyBaTh MaTeMaTU4YHI MOJENI MPOTHO3YBAHHS KPU30BUX SIBUII, TAKUX
K JICOBI TOXEXI1, yparaHu Ta NaBOJAKM, B 1H(OpMaliliHI CHUCTeMH IS

BU3HAYEHHS PIBHS 3arpo3d Ta OINOBIIIEHHS KOPUCTYBayiB MpPO MOTEHLIIHI



PU3MKH B KOHKPETHUX TeorpadiuyHuX JIOKalisX 3 METOI0 MiJBULICHHS PiBHS
Oe3nexku Ta 1HPOPMOBAHOCTI TYPHUCTIB, 3a0e3MeUeHHs MOXKJIMBOCTI CBOEYACHOI
ajanTtainii Ta KOPUTYBaHHS TYPUCTHUYHUX MAapIIPYTIB BIAMOBIIHO IO
MPOTHO30BAHUX YMOB HABKOJHIIHBOTO CEPEAOBHUINA, TUM CaMUM 3MEHUIYIOUU
PU3HUK HEraTUBHOTO BIUIMBY MPUPOJIHUX KaTacTpod HA TYPUCTUUHHM TOCBI/I.

B ocHOBy mmceprariiiitHoi poOOTH MOKIIAEHI METOAM: JIIHINHI MOIeT —

JUISL aHaJl3y TPOCTUX 3ICKHOCTEHM MDK METEOPOJOTIYHMMHU (aKTopaMH Ta

1HIHMAeHTamMu JicoBux moxkex; ANFIS — st mporHo3yBaHHS JTICOBUX MOXKEXK, 3

BpaxyBaHHSM PI3HOMaHITHUX YMHHHUKIB, TAKHX SIK IOTOJH1 YMOBH Ta JaHAIAQT;

HEUPOHHI Mepexki — JIJI1 MOJICJIIOBAHHSI Ta MPOTHO3YBAaHHS JIICOBUX MOXKEX Ha

OCHOBI BEJIMKUX JaHHUX MPO MOTOAHI YMOBH Ta 1HIII BIUMBOBI (haktopu; LSTM —

MIPOTHO3YBAaHHS JIICOBUX MOXEK, HA OCHOBI YaCOBUX PSAIIB IaHUX MPO MOTO1y Ta

1HIIIl €KOJIOTIYHI MapaMeTpy; KOPEJSAIIMHUN aHall3 — JJi1 BUSIBJICHHS 3B’ SI3KIB

MDK TOTOAHMMH YMOBAaMHM Ta BHHHMKHEHHSM YyparaHiB, a TakKOX aHamli3

B3a€MO3B’ 13Ky MK PI3HMMHU IMapaMeTpaMHu, 110 BIUTUBAIOTh HA MTABOKH Ta JI1COBI

nokexi; R/S anani3 — i mocmiKeHHs] JOBTOTPUBAIMX 3aJIEKHOCTEH y JaHUX

TIPO JIICOB1 TIOKEXK1; IEPEBO PIIIeHb — KJacu(iKallisi Ta MpOTHO3YBaHHS MTABOJIKIB;

aHcamOJIb MOJICJIeH — JIJIs TTOJIIMIIIEHHS! TOYHOCTI MPOTHO31B MaBOJIKIB Ta JIICOBUX

MOXKEXK, 3a0e3Meuyoun OUTBIN HaJiHEe Ta TOUHE BUSHAYCHHS PU3HKIB.

OTpuMaHO HACTYIIHI HAYKOB1 PEe3ylIbTATH:

1. BoockoHalleHO MaTeMaTH4HI MOJENl MPOTHO3YBAHHS JIICOBHX IOXKEX Ha
ocHoBi ANFIS, ANN ta LSTM mnuisixoMm 3acTOCyBaHHSI KOPEJSIIHHOTO Ta
JIaroBOTO aHaji3y 3 BUKOPUCTAHHSIM CIUIAWH-IHTEPHOJIAII s BHUSIBICHHS
YaCOBUX 3aTPUMOK MIDK TKaMH COHSYHOI aKTUBHOCTI Ta BUHHKHEHHSIM
MOXKEXK, 110 JO3BOJIWIO IMJABUIIUTA TOYHICTH MPOTHO3YBaHHS 110 93% st
BEJIMKHUX Ta 92% 11 MauXx IMOXKEXK.

2. BpockonaneHo mMaTeMaTHuHI MOJEJI MPOTHO3YBaHHsS yparaHiB Ha OCHOBI
LSTM, wneiiponnux wmepex (ANN) Ta JiHIHHUX MOJeNedl IUIIXOM

3aCTOCYBaHHS JIArOBOT'O aHAJI3y JIJIsl BUSBJICHHS B3a€EMO3B 3Ky MK IKaMu



COHAYHOI aKTUBHOCTI Ta IHTEHCUBHICTIO YparaHiB, II0 JO3BOJIMJIO JOCSTTH
BHUCOKOI TOYHOCTI MPOTHO3yBaHHA A0 92% 1 MOMINIIMTH BiATBOPEHHS
auHamiky yparadis (R* = 0,99 ans LSTM).

3. Baockonaneno ancaM0O:i kiacudikamiifHuX MoJeneil Ta Mojelli Ha OCHOBI
JIEpEeB pIllIeHb [JIsi TPOTHO3YBaHHS NABOJAKIB IIJISXOM BCTaHOBJICHHS
B3a€MO3B’A3Ky MDK IMIKaMH COHSYHOI aKTHMBHOCTI Ta MaBOJKAMH, IO
JTIO3BOJIMJIO T1IBUIIIUTH TOYHICTh IPOTHO3YBaHHS 110 97% (Ha 1 neHp Bepen)
192% (una 9 nHiB Boepen).

4. Po3pobierno MLOps TeXHOJOTIIO JUIsi CUCTEM 3 MaJllM 1 CepelHIM 00CcAaroM
BXIJJHUX JAHUX IUISIXOM BIIPOBAKEHHS IMIIEPaTUBHOI MOJIEJI, 110 JO3BOJIUIIO
3HU3UTU CKJIQJIHICTh BUKOHAHHSA TPOTPaMHUX TOTOKIB, HE3BKAIOYM Ha
BIIXUJICHHS BiJ] TPAIUIIIHUX NpUHIHITIB iporpamyBanHs (DRY).

5. Bnockonameno UML wmopens uepe3 1HTErpaiir0 KOOpAWHATOpA, IO
3a0e3Meymsio CTBOPEHHS YyHiBepcalibHOI miiaTgopMu “Bce B OIHOMY
0Cco0JIMBO €(heKTUBHOI JJIs1 pOOOTH 3 MAJIUMH Ta CEPEAHIMU 00CSITaMH JTaHUX.

[IpakTruHe 3HaYEHHS OTPUMAHUX PE3YJIBTATIB MOJIATAE Y TOMY, ITI0:

1. Po3pobsieni  MeTromu  TPOTHO3YBaHHS  MPUPOJHHX  KaTacTpod
1HTErpoBaHo B iH(pOpMAIliiiHI TEXHOJOTI, 0 COPUATUME TUIAHYBAHHIO
Oe3neyHnx TypuCTHUYHUX MapuipyTiB. Lle mo3Bomsie kopucTyBadam
YHUKATH TOTEHIIITHO HeOe3NeyHuXx paioHiB, 3a0e3Meuyrour BHUILIUN
pIBEHBb OE€3MEKH 111 Yac MOJ0POKEH.

2. OmnepatuBHE OTPUMAHHS MPOTHO31B PO PU3UKHU MPUPOIHUX KATACTPOP
MOJKE CITPUSITH CBOEYACHOMY B)KMBAHHIO 3aXOJIiB IIUBLIBHUM 3aXHCTOM
Ta CIIyK0amMu MOPSATYHKY JJIsi MiHIMI3allii HACIIKIB JIJisi HACEJICHHS Ta
1H(DpacTpyKTypH.

3. Po3pobnieni  MeTOoaM  MPOTHO3YBaHHS  3a0€3MeuyloTh  LIHHHUM
IHCTpYMEHTapid i1 OpraHiB JEpXaBHOI BJIAJH, EKOJOTTYHHUX
opraHizaimiii Ta O13HEC-CTPYKTYp Yy MHUTaHHSAX MPUPOJIOOXOPOHHOT

JUSTIBHOCTI Ta YIPaBIiHHS pU3MKaMU NPUPOJIHUX KATacTpod.



4. Tnterpariist po3poOIeHNX METO/IB Y 1H(OPMAIIiifHI CUCTEMHU Ta MOOLIbHI
JOJIaTKM  COpPUSITUME TOLIMPEHHIO BaXJIUBOI 1H(opMmamii cepen
HACeJICHHs, 3a0e3Meuyoyn Kpale po3yMIHHs PU3UKIB Ta HEOOX1THOCTI
MITOTOBKH 10 MOKJIMBUX HAI3BUYAWHUX CUTYAIlil.

5. PesynbTaty poOOTH BIPOBAKEHO B YTpaBJIiHHI 1HBECTUIIIMHOI MOITUKA
Ta Typu3My JCMapTaMEHTy PETiOHATBHOTO PO3BUTKY UepHiBEIbKO1

obmacHoi aepxkaBHoi aaminicTpatli, ['C «PTO «l'octunHa bykoBuHa» Ta
iHCcTUTYTI reorpadii CepOCbkoi akaieMii HAyK Ta MUCTEILITB.

KuarwuoBi ciaoBa: MeTogu MalIMHHOTO HaBYaHHS, [HTeNEKTyajabHa
cuctema, [IpuitHsattsa pimenb, ['amy3eBa reoindopmariiiiina cuctema, Cucrema
HIATPUMKH NPUUHATTSA pilieHb, MeToau ontuMizaiiii, Heliponni mepexi, AHami3
nanux, [ eonpocTopoBa cumyrisiiitHa Moesb, AHCaMOJIb MAaITMHHOTO HAaBYaHHS,
MaremaruuHne MojentoBaHHs, Exonoriudi Ta TexHoreHHi pusuku, CKiaaHi

Mepexi, Heminiitai 3agaui.

ABSTRACT

Sydor P.O. Methods of predicting natural disasters based on artificial
intelligence technologies. — Qualifying scientific work on manuscript rights.

Dissertation for the Doctor of Philosophy degree in specialty 121 — "Software
Engineering" — Yuri Fedkovich Chernivtsi National University, Chernivtsi, 2024.

In today’s globalized world with increasing mobility, tourism has become
one of the most popular industries, requiring heightened attention to the safety of
travelers. Given the rising frequency of natural disasters such as wildfires,
hurricanes, earthquakes, and floods, the need for the development of new
information technologies that allow tourists and travel organizers to effectively
plan routes with potential risks in mind has become evident. Particularly relevant
in this context is the creation of mathematical models and forecasting methods
for crisis events, capable of predicting the development of dangerous situations

and their impact on tourist destinations.



Artificial intelligence and big data analysis tools open new opportunities
for building such models. Using historical data on climate change and real-time
indicators of natural phenomena significantly improves the accuracy of
predictions and ensures timely warnings about potential threats. Thus, modern
information technologies based on artificial intelligence, machine learning and
mathematical modeling can become vital tools for enhancing tourist safety,
contributing to more rational and secure travel planning across different regions
of the world.

The dissertation is devoted to the actual problem of developing and
improving information technologies for predicting natural disasters using modern
achievements in the field of artificial intelligence and mathematical modeling.
Research focuses on analyzing, evaluating, and improving forecasting methods
for events such as wildfires, hurricanes, and floods to improve the accuracy and
reliability of information about potential threats, which is critical to public safety
and effective emergency response.

The paper considers a wide range of mathematical models and algorithms,
including linear models, fuzzy logic systems (ANFIS), and neural networks,
including deep learning and LSTM networks, for solving the given problems. The
main attention is paid to the development and adaptation of these methods for
specific conditions and features of natural phenomena, taking into account large
volumes of data, their instability, and the complexity of the simulated processes.

The results of the dissertation include the development of new
mathematical models and algorithms for predicting natural disasters, the
improvement of existing methods, as well as the development of information
technology that demonstrates the practical significance and effectiveness of the
proposed approaches. The implementation and testing of the developed methods
showed their high efficiency and potential for use in real conditions, which is
confirmed by the application of the research results in solving practical problems

of forecasting natural disasters.



The main goal of the dissertation is to develop an innovative information
technology for planning safe tourist trips based on advanced forecasting methods
for natural disasters, utilizing artificial intelligence technologies. This technology
integrates mathematical models for forecasting crisis events, such as wildfires,
hurricanes, and floods, into information systems to assess threat levels and alert
users of potential risks in specific geographic locations. The objective is to
enhance the safety and awareness of tourists, allowing timely adaptation and
adjustment of travel routes according to forecasted environmental conditions,
thereby reducing the risk of adverse impacts from natural disasters on the tourism
experience.

The dissertation work is based on the following methods: linear models —
for the analysis of simple dependencies between meteorological factors and forest
fire incidents; ANFIS — for forecasting forest fires, taking into account various
factors, such as weather conditions and landscape; neural networks — for
modeling and forecasting forest fires based on big data about weather conditions
and other influencing factors; LSTM — prediction of forest fires, based on time
series of weather data and other environmental parameters; correlational analysis
— to 1dentify the relationship between weather conditions and the occurrence of
hurricanes, as well as the analysis of the relationship between various parameters
affecting floods and forest fires; R/S analysis — for investigating long-term
dependencies in forest fire data; decision tree — flood classification and
forecasting; an ensemble of models — to improve the accuracy of flood and forest
fire forecasts, providing more reliable and accurate risk identification.

The following scientific results were obtained:

— forest fire forecasting methods were developed for the first time, based on
the heliocentric hypothesis, integrating machine learning and deep learning
technologies to analyze large data on weather conditions, topography, and
other environmental factors, to significantly increase the accuracy and

speed of forecasting.



— for the first time, hurricane forecasting methods were developed within the
framework of the heliocentric hypothesis, which combines atmospheric
and oceanic data into one comprehensive model, allowing more accurate
estimation of the potential timing of hurricanes.

— for the first time, forecasting methods were developed for forecasting floods
within the framework of the heliocentric hypothesis, which includes the
integration of data from various sources (meteorological stations, satellite
observations, hydrological models) and their analysis using machine learning
algorithms to improve the accuracy and efficiency of forecasts.

— information technology was developed for the first time, which combines
geo-information systems and intelligent data analysis, which makes it
possible to form dynamic recommendations for the safety of tourists.

— the methods of pre-processing distributed heterogeneous big data, which is
the basis of forming data sets and choosing optimal models for parallel
calculations, have gained further development.

— the reliability of the results is determined by the evaluation of the
effectiveness of the developed methods on real data, which includes a
comparative analysis with existing approaches for forecasting natural
disasters, demonstrating improvements in the accuracy, reliability, and
promptness of forecasts.

The practical significance of the obtained results is that:

1. The developed methods of forecasting natural disasters are integrated into
information technologies, which will contribute to the planning of safe
tourist routes. This allows users to avoid potentially dangerous areas,
providing a higher level of safety when traveling.

2. Promptly obtaining forecasts about the risks of natural disasters can
contribute to the timely implementation of measures by civil protection and
rescue services to minimize the consequences for the population and

infrastructure.



3. The developed forecasting methods provide a valuable toolkit for state
authorities, environmental organizations, and business structures in matters
of environmental protection and natural disaster risk management.

4. Integration of the developed methods into information systems and mobile
applications will contribute to the dissemination of important information
among the population, providing a better understanding of risks and the
need to prepare for possible emergencies.

5. The results of the work have been implemented in the Department of
Investment Policy and Tourism of the Department of Regional
Development of the Chernivtsi Regional State Administration, the GS
"RTO "Hostynna Bukovyna" and the Institute of Geography of the Serbian
Academy of Sciences and Arts.

Keywords: Machine learning methods, Intelligent System, Decision-
making, Industry Geographic Information System, Decision Support System,
Optimization Methods, Neural Networks, Data Mining, Geo-spatial Simulation
Model, ML-ensemble, Mathematical Modelling, Ecological and Technogenic

Risks, Complex Networks, Nonlinear Problems.
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