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Pedepar:

1. EXcIrioHeH1iaIbHU BIIJIMB aHTPOIIOI€HHOI Jisi7IbHOCT] Ha reocdepy IPU3BiB [0 3HAYHOTO AUCOAJIaHCY B
HaBKOJIMIIHBOMY CE€PeAOBULIi Ta TpaHChOpMaLlii IPUPOSHUX EKOCUCTEM, 110 32 HEKOHTPOJIbOBAHOI B3a€MOJII 3
€HJIOT€HHMMU IIpoL,ecaMy 3eMJli 4aCTO CIIPUYMHSIE €KOJIOTIUHI Ta TEXHOT€HHi KaTacTpodu. Cepell aHTPOIIOr€HHUX
Tpancdopmalliii TpUPOIHUX EKOCUCTEM BUAISIIOTh TiPHUYOIIPOMUCIIOBI JaHAmad Ty, Ae reoMopdosoriyHi 3MiHU €
IiKOBMMHU. Y 30Hax BUJI0O0YTKY KOPUCHUX KONIIMH CIIOCTEPIraloTh MaclTabHi 3cyBU, 06BaIy, IPOCiTaHHS 3€MHOI
[IOBEPXHi, CEJIEBi NOTOKH, 5IKi iCTOTHO 3MiHIOIOTh MOP(OJIOTIYHY CTPYKTYPY TEPUTOPIi Ta 4aCTO IPU3BOISATD J0
JIIOJICbKUX KEPTB i EKOHOMIYHUX BTpaT. YncieHH] HeraTuBHi HacHinKu neopmariiii 3eMHOI IIOBEPXHi 3yMOBUIIN
3pocTarpuy norpedy y reomop@osoriyHoOMy MOHITOPUHTY IiJISHOK, IO € 30HaMU TiJIBUIIEHOTO0 PU3UKY BUHUKHEHHS
HAaJ3BUYaMHUX cUTyaliil. O6’'eKTOM NMOTEHLIMHOI HEOe3MeKHU riPpHUYOIIPOMUCIIOBOTO CEKTOPY Y JIBBIBCBKil 00J1aCTi €
ponoBulIe KaJiHUX cosnel y M. CTEOHUK, Jie IPOTATOM AEeCSITUIIITh 3IiCHIOBANIY iHTEHCUBHUI MiA3€MHNAN

BUJI00YTOK KOPUCHUX KOIAJIMH. 32 HEJOCTaTHbOI BUBYEHOCT] re0JIOTiYHUX Ta TIiIporeosoriyHuX YMOB POJOBUILA,



HepalioHaJIbHOI CUCTEMU BEIEHHS BUNOOYTKY i IEPEPOOKU Py Ta HEHAJIEXKHOI peasisalii IPOeKTy KOHCepBallii
pynHUKa N22 6ys10 CIIpOBOKOBAaHO BUHUKHEHHS IeCTPYKTUBHUX reoMop@osoriyHuX 3miH. Hacigkamu 1ux 3miH
CTaJIv YUCJIEHH] KapcToBO-CYy(o3iliHi IpoBasnu Ta ekoJioriyHa KaracTpoda perioHanbHOro pisHs y 1983 potii.
Juceprauiliny pob0Ty NIPUCBSYEHO BUBUEHHIO [IPUIIOBEPXHEBUX Ae(pOpMalLliiHUX IPOLECIB B MeKaxX IipHUYOro
BigBony pynHuKa N2 pomoBuiia KalitHuX cosiel y M. CTeOHUK, 110 BUHUKIIA BHACJIIOK TPHUBAJIOrO
AHTPONIOTr€HHOT0 HaBaHTAXXEHHS MPYU BeJeHHi TiPHUYUX POOIT i3 BUI0OYTKY KOPUCHUX KoNaluH. OCHOBHUM
aKLIEHTOM JIOCJIiIKEHHSI € BUBUEHHSI Ta aHAJIi3 KiJIbKiCHMX IIOKa3HUKIB fledopmalliil 3eMHOi IIOBEPXHI 3
BUKOPUCTaHHSIM CYy4aCHUX METOLIB AUCTAHLIIHOTO 30HAYyBaHHS 3eMJli, LU(POBOro MOJIeI0OBAaHHS penbedy Ta
reoiHopmaliiiHoro aHasnizy 17s 3abeslnedyeHHs! BUCOKOTOYHOI ITPOCTOPOBOi ineHTHPiKallii, Ta MpOrHO3yBaHHS 30H
NOTEHLiIiHO] reoMOp@OJIOriYHOi HeCTabiIbHOCTI LIJISIXOM 3aCTOCYBaHHS 6araToakTOpHOr0 aHajli3y pUsuKiB. Y
PpO6OTi BUKOHAHO aHaJIi3 HAYKOBUX JPKEPEJI I0JI0 aHTPONIOTE€HHOTO BILJIMBY Ha JIAaHAMA(TU Ta BCTAHOBJIEHO
0OME>KEHICTb TPAAMLIMHUX HiIXOZiB iX OLiHKY 1171 JOCTiIKeHHs reomop@oioridaux aedopmanii. O6rpyHTOBaHO
IOLINBHICTD iHTErparii reomop@ooriunux i reoiHdopmaniiHMX METOIB 151 KOMILIEKCHOTO BUBYEHHSI
AQHTPONOre€HHUX 3MiH. [IoCIipKeHO reosoriyHi Ta reoMop@osoriyHi yMoBu paiiony M. CTE6HUK i I0BeJIeHO
AQHTPONOreHHE NOXOPKEHHS KAPCTOBUX IpoLeciB. [IpoaHasnizoBaHO Cy4acHi METOIM MOHITOPUHLY nedopmMarlii i
BM3HAYEHO MPIOPUTETHICTh BUKOPUCTAHHS IUCTAHIIITHOrO 30HyBaHHS 3eMJii. Po3pobsieHo yIoCcKoHanieHy
KOHIIEITyaIbHY MOJI€JIb KOMILJIEKCHOTO MOHITOPMHI'Y Ha OCHOBI iHTerpallii CyIlyTHUKOBUX, a€PO3HIMaIbHUX Ta
apxiBHUX JaHUX. [IpoBeneHo eKcriepuMeHTaJbHI JOCTiIP)KeHHS 32 JaHMMU aepo3HimaHHs 3 BITJIA (2018, 2020, 2023
pPp.), nobynosano nudposi mozeni peiabedy (LIMP) Ta BUKOHAHO KisIbKiCHY OLHKY Aedopmaniii. [ po3mrpeHHs
4acoBOT'0 OXOIJIEHHS MOHITOPUHTY 10 aHasi3y OyJiy BKIIIOUEHi apXiBHi KapTorpadiuyHi MaTepiau, 1110 103BOJINIIO
PEKOHCTPYIOBATHU Ipouecu Jedopmaliii 3 nepiony MakCMMabHOTO aHTPOIIOI€HHOTO HaBaHTaKEHHsI. 3a IaHUMU
po pesnbed Teputopii cranoM Ha 1980 ta 2020 pp. cTBOpeHO pizHuLeBy IIMP i3 BpaxyBaHHSIM MiHIMaJIbHOTO
IIOPOTrOBOro PiBHS BUSBJIEHHS 3MiH (minLoD). BctaHOBsEHO, 110 3 3araybHOI 1o 6;113bK0 70% TepuTopii 3a3Hasna
nedopmanii 3 HUX: 54% DOCiIKYBaHOI IiNsTHKY 3a3HajI0 NPOCigaHHs; 12% 3aiiMaloTh IJI011i MPoBasliB Ta 4% 3MiH
IIOB'SI3aHi 3 aKyMyJIsiLi€lo I'PyHTY. TakoX 34iliICHEHO MOHITOPUHT Jedopmaliil 3a JaHUMU CYIIyTHUKOBOI
inTeppepometpii (SBAS) 3a 2017-2025 pp., 110 03BOINIIO BUSIBUTHA IPOCTOPOBO-YaCOBi 3aKOHOMIPHOCTi PO3BUTKY
IedopmaliiiHuX IpoleciB Ha BiTHOCHO CTabiIbHUX JiJIsTHKax XXUTJIO0BOI Ta IPOMUCIIOBOi 3a6ynoBu. OTpruMaHi
Pe3yJbTaTU BUKOPUCTAHO 151 6araTo(akTOPHOro aHaji3y Ta IpOCTOPOBOi ifeHTudiKallil 30H MiABUILEHOIO PUBUKY
nedopmali, o Mae NPAaKTUYHE 3HAYEHHS [1JIs OL[iHKM reOMOP(OJIOTiYHOI CTIMKOCTi TEPUTOPIi Ta YIIpaBJIiHHS
€KOJIOTiYHOI0 6e3neKolo. [IpoBeneHnii KOMIIJIEKC TOCiIKeHb TI03BOJIMB OTPUMATU HEOOXiTHI TPOCTOPOBI aHi Mpo
JIITOJIOTIYHUI CKJIaZ, pesbed, riAposoriyny Mepexy, KaTeropii 3emesib, JOBroTpUBaJli 3MiHU 3€MHOI IOBEPXHi 1151
OLIiHKM BPa3JIMBOCTi TepUTOPii 40 BUHUKHEHHS Iedopmaliiil B MaitbyTHeOoMY. [IpeacTaBieHnii 6araTopakTopHUN
aHaJi3 Bpa3/MBOCTi TEPUTOPIi 10 Aedopmallii 3eMHOI TOBEpXHi BUKOHAHMI1 HA OCHOBI aHAJITUYHOTO iepapXiyHOTro
IIpoliecy B II0€IHAHHI 3 MeToJaMy MalnHHOro HaByaHHA (Random Forest). Taxkuil nizxin 103B0JIMB MaKCUMaJIbHO
HaOJIMKEHO 10 PeajIbHMX YMOB BiITBOPUTHU MEPEXY B3a€MOBIUINBIB BKJIIOYEHUX [IPEIUKTOPIB Ta BCTAHOBUTHU
BiANOBiHI Baru. 3a pe3yybTaTaMy 6araTopakTOPHOIO aHaJIi3y BU3HAYEHO 30HU 3 MiJIBULIEHUM PU3UKOM
BHMHUKHEHHS Tedopmarniii. [IpocToposa sokanisalisi BUBHa4Y€HUX 30H MiATBEPISKYE ITOTEHLINHY He6e3eKy IJIst

€JIEMEHTIB MiCbKOi, IPOMHUCJIOBOI Ta TPAHCIIOPTHOI iIHPPACTPYKTYP.

2. The exponential growth of anthropogenic pressure on the geosphere has caused substantial environmental
imbalance and the transformation of natural ecosystems. In combination with endogenous geological processes,
such disturbances often trigger ecological and technogenic disasters. Among the various forms of landscape
anthropogenic transformations, mining landscapes are particularly significant, as they are characterized by the
most intense geomorphological alterations. In mineral extraction areas, large-scale landslides, slope failures,
surface subsidence, collapses, and mudflows are frequently observed. These processes considerably modify the
morphological structure of the terrain and may result in human casualties and major economic losses. The
increasing number of negative consequences associated with surface deformation processes has intensified the
need for systematic geomorphological monitoring in territories characterized by elevated emergency risks. A
particularly hazardous site in the mining sector of the Lviv region is the potash salt deposit located in Stebnyk,



where underground mining was conducted for several decades. Due to insufficient understanding of the geological
and hydrogeological conditions of the deposit, an irrational mining and ore-processing system, moreover
improper implementation of the conservation project for Mine No. 2, destructive geomorphological
transformations were triggered. These processes resulted in numerous karst-suffosion collapses and culminated
in a regional ecological disaster in 1983. This dissertation is devoted to the investigation of near-surface
deformation processes within the mining area of Mine No. 2 at the Stebnyk potash salt deposit, which developed
under prolonged anthropogenic loading caused by mineral extraction activities. The primary focus of the research
is the analysis and quantitative assessment of ground surface deformations using modern Earth remote sensing
methods, digital terrain modeling, and geomatics analysis. These approaches enable high-precision spatial
identification and forecasting of potential geomorphological instability zones through the application of multiple
factor risk analysis. The study includes an analysis of scientific sources on anthropogenic impacts on landscapes
and identifies the limitations of traditional approaches for assessing geomorphological deformations. The
necessity of integrating geomorphological and geoinformation methods for a comprehensive analysis of
anthropogenic changes is substantiated. The geological and geomorphological conditions of the Stebnyk area were
investigated, and the anthropogenic origin of karst processes was confirmed. Modern methods for monitoring
surface deformations were analyzed, and the priority of using remote sensing techniques was established. An
improved conceptual model of integrated monitoring based on the combination of satellite, UAV, and archival data
was developed. Experimental studies were conducted using UAV-based aerial survey data (2018, 2020, 2023).
Digital Elevation Models (DEMs) were generated, and a quantitative assessment of surface deformations was
performed. To extend the temporal scope of the analysis, archival cartographic materials were incorporated,
enabling reconstruction of deformation processes from the period of maximum anthropogenic impact. A DEM of
difference was created based on terrain data of 1980 and 2020, taking into account the minimum level of detection
(minLoD). It was determined that approximately 70% of the study area has undergone deformation, including 54%
affected by subsidence, 12% by sinkholes, and 4% associated with soil accumulation. Additionally, deformation
monitoring was carried out using satellite interferometry (SBAS) for the period 2017-2025. This made it possible to
identify spatial and temporal patterns of deformation processes within relatively stable residential and industrial
areas. The obtained results were applied in a multi-factor analysis and spatial identification of high-risk
deformation zones, which is of practical importance assessing geomorphological stability. The conducted research
provided the necessary spatial datasets on lithological composition, terrain morphology, the hydrological network,
land-use categories, and long-term ground surface changes, which form the basis for assessing future deformation
susceptibility. A multiple factor assessment of ground surface deformation stability was performed using the
Analytic Hierarchy Process (AHP) combined with machine learning methods (Random Forest). This approach
enabled reconstruction of interrelationships among the selected predictors and determination of their relative
weights under conditions close to the real system behavior. Based on the results of the multiple factor analysis,
zones of increased deformation risk were identified. Their spatial distribution confirms the potential threat to
elements of urban, industrial, and transport infrastructure.

Jep>kaBHHH peecTpaniliHuil Homep JiP:

IIpiopuTeTHHI HanpsIM PO3BUTKY HayKH i TEXHIKHU: OyHnamMeHTasbHi HAYKOBI TOCIIIPKEHHS 3 HANGIbII
Ba)KJIMBUX PO6JIEM PO3BUTKY HAaYKOBO-TEXHIYHOT0, COLiaIbHO-€KOHOMIYHOT0, CyCIiJIbHO-TIOJIITUYHOTO,
JIIOJICbKOT'O IIOTEHLiany 1715 3a6e3le4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHu y CBiTi Ta CTaJIOr0 PO3BUTKY

CYCIIiJIbCTBA i Aep>KaBy

CrpareriyHuii npiopUTETHHH HaNIPSIM iHHOBALLiHOI JisIJIBHOCTI: PO3BUTOK CydacHUX

iHdpopmaLiiiHUX, KOMyHIKaliTHUX TEXHOJIOTiA, pOOOTOTEXHIKN
I'[i,qcyMKH IOCJIII>KEHHS: TeopeTuyHe y3arajbHEHHs i BUPIlIEHHS BOXJIMBOI HAyKOBOI TPOGIeMu

Iy6sikaii:



» Hlotov V., Biala M. Spatial-temporal geodynamics monitoring of land use and land cover changes in Stebnyk,
Ukraine based on Earth remote sensing data // Geodynamics = I'eogunamika. 2022. N2 1(32). P. 5-15. (WoS
ISSN 2519-2663)

« Hlotov V., Biala M. Analysis and classification of actual geodetic methods for studying the quantitative
parameters of earth surface deformations // Modern Achievements of Geodetic Science and Industry =
Cy4yacHi JocsirHeHHS reofle3nYHoi HayKy Ta BUpoOHuLTBa. 2023. Bur. 1(45). P. 106-111.

 Hlotov V., Biala M., Shylo Y. Analysis of the residual distortion and forward motion influence on the accuracy
of spatial coordinates determination based on UAV survey // Geodesy, Cartography and Aerial Photography
= l'eopgesis, kaprorpadis i aepodorosnimanns. 2023. Bum. 97. C. 56-63.

e bana M. C., Yersepikos b. B., lllnyo €. O. 3acTocyBaHHA JaHuX acpo3HiMaHH 3 BITJIA niig BUusBI€HHS Ta
MOHITOPUHTY IPUIIOBEPXHEBUX Ie(dOopMallill TEXHOT€HHO JecTabinizoBaHux Teputopiit // CyuacHi

IOCSITHEHHS Te0e3UYHOi HayKu Ta BUpooHuTBa. 2025. Burn. 1 (49). C. 165-176.

HaykoBa (HayKOBO-TEeXHiYHa) HPOIYKILisl: TEXHOJIOTI(; METOIM, TEOPIl, FiNOTE3M; MPOrpamMHi NPOIYKTH,

[IPOrpaMHO-TEXHOJIOTIYHA JOKYMEHTALlisl

ConiaJibHO-€EKOHOMIYHA CHpﬂMOBaHiCTb: MOJIMNIIEHHS CTaHy HAaBKOJIMIIHBOTO CEPEIOBUILE;

3a0€e311e4eHHs [IPOMHUCIIOBOCT] Y1 HACEeJI€HHS HOBUM BUJIOM iHOPMaLiiHO-KOMYHIKaLiHUAX [TOCIIYT

OxopoHHi gJokymeHTH Ha OIIIB:

BrnpoBaZyKeHHS pe3yJIbTaTiB AHCEPTaIii: [liaHyeTbCst 10 BIPOBAIKEHHS

3B'A30K 3 HAYKOBHMH TeMaMH: 0118U001548 0123U101021

VI. BizomocCTi Ipo HayKOBOr0 KepPiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. YerBepikos bopuc Bononumuposud

2. Borys V. Chetverikov

KBasigikamis: 1. 1. u., nou., 05.24.04

Inentudgikarop ORCID ID: 0000-0001-8677-1735

JoparkoBa inHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBIBCbKA OIITEXHIKA"
Kopg 3a €IPIIOY: 02071010

MicueSHaxo,q)KeHHﬂ: ByJ. Crenana banpepu, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odimiiHuX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OIOHEHTH

BaacHe IlpizBume Im'st I10-6aTbKOBI:



1. Koxan Csitsiana CraHicjaBiBHA

2. Svitlana S. Kokhan

KBasigikamis: 1. 1. u., npodecop, r.u.c, 05.07.12
InenTudgikarop ORCID ID: 0000-0002-6009-7591
JoparkoBa indopmamnist:

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: [lepkaBHa ycTaHoBa "HayKOBUI LIEHTP a€POKOCMIYHMX

JociigkeHb 3emii IHCTUTYTyY reosioriyHuX HayK HarjionanpHOi akagemii Hayk Ykpainn"
Kopg 3a €IPIIOY: 04778363

Micue3HaxoaKeHHS: Bynuus Onecs ['onvyapa, Kuis, 01054, Vkpaina

dopma BracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YkpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. lopom JIt060B IropiBHa

2. Liubov 1. Dorosh

KBasigikamis: . . 1., 05.24.01
InenTudgikarop ORCID ID: 0000-0003-2971-4034
HoparkoBa indopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: [BaHO-PpaHKIBCHKMIA HALOHAJIBHUI TEXHIYHUI YHIBEPCUTET

Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3Haxoa KeHHS: By. KapnaTchbka, [Bano-®pankiBebk, 76019, Vkpaina
dopma BiracHoOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Penensentu

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. 3asup Onekcanap CrenaHoBUY

2. Alexandr S. Zayats

KBasigikamis: . . 1., gou., 05.24.01

ImenTudikarop ORCID ID: 0000-0002-5482-0413

JoparkoBa iHdpopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuteT "JIbBiBCbKA MOTITEXHIKA"

Kopg 3a €IPIIOY: 02071010



Micue3HaxoaKeHHS: ByJ. Crenana banpepu, JIbBiB, 79013, Ykpaina
dopma BracHOCTI: JlepxaBHa
Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bpycax IBaH BiraniioBuy

2. Ivan V. Brusak
KBasigikanis: 1.dpinocod, 103
InenTudgikarop ORCID ID: 0000-0001-5434-4931

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBIBCbKA OJIITEXHIKA"

Kopg 3a €IPIIOY: 02071010

Micueanaxo,u;meunﬂ: ByJ. Crenana banpepu, JIbBiB, 79013, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoOMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH paju

ByiacHe IIpizBuie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUMH 3a HiATOTOBKY

00JI1iKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAyKOBOi

OisIJIbHOCTI

Tperak KopHuiiin PomanoBuY

Tpetsak KopHumniii PomaHoBUY

Corop Auppiii PomanoBuy

Opuenko TersiHa AHaToJIiBHA

Opuenko Tetsana AHaTosiiBHa



