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ABSTRACT
Orlenko T.ARemote geoecological monitoringchniqiefor landslide processes:
an exampleof the right bank of the Kaniv Reservoir.Qualifying scientific work on

manuscript rights.

Thesis for obtaining the scientific degree of Doctor of Philosophy in speciality 1C
I Earth Sciences, field of knowledg® 1. Natural Sciences. State institution "Scientific
Center for Aerospace Research of the Earth of the Institute of Geological Sciences of

National Academy of Sciences of Ukraine", Kyiv, 202

The constant denudation of slopes, a natural process ingdandslide, shifting,
collapse, and erosion, is a pressing issue. The active development of landslides
Ukraine's territory results from various factors, including geological, geographice
geomorphological, tectonic, and neotectonic. Monitoring obgexous geological
processes based on remote sensing data is a source of obtaining reliable data about o
on Earth's surface with a wide range of coverage of territories in short time intervals.

Landslides, mudslides, and crumbling are dangerous giealgphenomena that
can be observed in any region with ravines, steep banks, hills, and mountains. Landsl|
form in various rocks due to their imbalance and weakening of strength caused by nat
and anthropogenic factors.

The natural causes ta#ndslides include an increase in the steepness of slopes a
their washing away, weathering processes and earthquakes, and anthropogenic c:
include construction and blasting works, destruction of slopes by excessive remova
soil, felling of forests, destruction of vegetation on slopes or their ploughing, increas
irrigation of agricultural lands located on slopes, clogging of groundwater outlets, e
Landslides can rise at a steepness of
with their high moisture, they can also ocatia steepness of the slope b7 5A .

Landslides on the banks of reservoirs can be caused by overwetting of the soil
rain and snow, slope wash, climate change and ovedntigopogenic influence. The

activatin of landslides depends on the intensity of the destruction of soil cove
10



Landslides are often caused by the lack of vegetation and changes in the reqgi
topography. The volume of saihas in a landslide can range from several hundred t
thousands of duic meters, and the speed varies from several meters per year to sev
meters per second. The rigtdink slopes of the Dnipro River valley and the slopes of the
right-hand tributaries, sides of streams and ravines are the most prone to landslides.
adivation of gravity processes, which began in the second half of the 20th century in-
Kaniv region (now the territory of the Rzhyshchiv United Territorial Community of the
Kyiv Region), was caused, among other things, by an artificial change in tleédgydal
regime of the Dnipro River, intensive slopes development and the construction of relev
communications.

The thesisaims to increase the efficiency and reliability of forecasting the
occurrence of new or intensified stabilised coastal landstigekeveloping a technique
for remote geoecological monitoring of landshol®ne areas. It creates a forecasting
algorithm based on a comprehensive analysis of radar interferometry data, optical ime
of the Earth, and terrestrial climatological, lithgical, and landscape data.

This thesis analyzes scientifically based conclusions on the influence of geologi
and geophysical factors on landslide activation, biophysical factors, and the influence
climatic change. Highevel soil moisture on landskdprocesses was carried out; it is
shown how it is possible to fix areas of increased susceptibility to landslides. T
technique of remote geoecological monitoring of landslide processes is based on ti
theoretical and practical results.

Remote sensingata plays a crucial role in our study of exogenous processe
particularly in understanding the processes of landslide formation. In this thesis,
propose a methodology with a direct practical implementation of comprehensi
landslide hazard assessmarialysis. These methodologies are based on selectir
optimal remote sensing data and their processing methods.

Remote sensing data should possess both high spatial and temporal resolutic
order to delineate areas of landslide process activation. gagiliveys allow timely
monitoring of landslides in the optical and radar ranges to detect changes in the relie

territory and the state of the soil cover. However, the use of optical data has signific
11



limitations compared to radar data. In conttastptical imaging systems, radar systems
provide imaging of the Earth's surface during periods of substantial cloudiness anc
night.

Sentinell radar data with a spatial resolution of 10 m were used to calculate t
Earth's surface displacements andielssh the region's landslide susceptibility. Radar
images containing discrete integer value (DNSAR) data were processed in the Sen
Application Platform (SNAP) opesource software environment. Multispectral data
from the SentineR satellite, with aspatial resolution of 10 m, were used to study the
region's vegetation and soil moisture state. The remote geoecological monitor
technique, developed within this study's framework, considers the influence of the are
topographic features using SRT30 m DEM, geological, geographical, and historical
maps.

Monitoring vertical displacements of the Earth's surface on the right bank of tl
Kaniv Reservoir in the Vytachi$tajky region, conducted using the differential radar
interferometry (DinSAR)Yechnique has yielded significant results. Over the spring of
2015 to 2023, we successfully mapped active landglidee areas. Importantly, our
findings have shown a high level of correlation with the data obtained by previo
researchers, further validating thesults of this study. This confirms the presence of
active displacement zones on the right bank of the Kaniv Reservoir, a crucial discov
in landslide processes.

The spread and intensity of landslide manifestations are intricately linked to t
geologcal and geomorphological structure of the territory, its tectonic, neotectonic al
seismic activity andhydrologicalandclimatic conditions The method's limitations, such
as temporal decorrelation of the radar signal in areas with a large amount tativege
have been carefully considered. A comprehensive technique was developed to overc
the significant correlation between the obtained results in forested and watered areas.
methodology combines the DinSAR method, the analysis of a digitdinmeleel (DEM),
the study of base surface maps, and the results of calculating spectral indices.

approach has proven effective in remote geoecological monitoring of landslide proces:
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particularly in identifying areas of active landslides causedhbyowverwetting of rock
complexes on the Dnieper slopes.

One of the study's results is the creation of a susceptibility landslide map of t
territory at the regional level for the Rzhyshchiv United Territorial Community of the
Kyiv Region. Eight factors it affect the development of landslides or can be defined &
indicators of landslide processes were selected for this analysis.

In the Kyiv region, landslides manifest in various characteristics and stages
development. The severity of landslide develepiintensifies under conditions of high
relief energy, steep and high slopes, fluctuating reservoir levels, and proximity-to st
parallel faults. The hydrometeorological factor significantly triggered the heightene
landslide activity in 2013, particulgrlexcessive precipitation and soil oversaturation.
Vegetation, notably trees, conceals a substantial portion of the right bank of the Ka
Reservoir, rendering stabilised landslide bodies invisible on optical images. Vertical weé
of landslides with outops are only visible from lower terraces or floodplains. Our study
leveraged remote sensing data to depart from conventional landslide research metr
This data offers a unique advantage regarding remote accessibility, observation visibi
and the attity to monitor geological processes with high periodicity, thereby enhancin
our understanding of landslide activity.

The dissertation developed an algorithm and described the technique for creatir
landslide susceptibility map using the hierarchy gsialmethod, which is the final stage
of the developed methodology for remote geoecological monitoring of landslides, appl
to the right bank of the Kaniv Reservoir in the VytaeBtayka region. In general, the
technique is based on algorithms for obitag data, the main one being the algorithm for
creating a mapping scheme of vertical displacements of the earth's surface using r
interferometry.

The analytic hierarchy process (AHP), a wedtablished approach introduced by
Saaty in 1980, was used determine the factors' relative weight. This method allowec
us to establish the priority of factors and subfactors that cause landslides on the right &
of the Kaniv Reservoir. The factors found to be significant for assessing landslide haze

as indcators grouped according to the genesis or the method of obtaining informati
13



Our team of experts, whousedanm® i nt or di nal crelatiwv
out the pairwise comparisons, which were crucial in this process.

The AHPtool in our stidy enables us to construct an objective function anc
evaluate the influence of each system characteristic. The analysis of factors affec
landslides is a stelpy-step process involving the development of a hierarchical structur
binary comparisons ofriteria, establishment of a comparative matrix, calculation of
priority vectors, evaluation of the consistency index, creation of a table of importanc
and final decision making based on a generalised criterion.

Using the AHP, we determined two potensaknarios for the study area: stable
and unstable. We also created maps of the area's susceptibility to landslides under 1
conditions. Our findings revealed that vertical displacements, slope steepness, litholc
and soil moisture are the most influral factors in landslide activation. Using maps of
base surfaces and lineament density, we also identified the zones at the highest ris
new landslide formation. Interestingly, the biophysical parameters of the study at
allowed us to identify regits unaffected by landslides, underscoring the practical valu
of our research.

The result is significant as it clearly explains the varying susceptibility of differer
areas in the studied region to developing landslide processes. This understandin
crucial as it helps us identify the areas with the greatest threats, thereby paving the
for the rational adoption of management decisions.

One of the meticulous stages in the method of remote geoecological monitori
involves conducting field researchrahe carefully selected test sites. Here, we observe
manifestations of exogenous geological processes, such as landslides and erosion, v
significantly impact the topography of the slopes. We also study the influence of natu
factors, such as preciption, water flows, and wind, which are common in the study aree
To ensure the accuracy of our findings, we chose control plots that serve as ideal exan
for measuring the stable level of the Earth's surface. These plots are untouchec
agriculture, emain unprocessed, and are free from anthropogenic influence, ensur

their relief remains unchanged.
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The thesis delves into the region's current geoecological issues, investigating
factors that trigger the formation or stabilisation of landslidegtibduces a novel
technique for remote geoecological monitoring of landslides, enabling the analysis of
present state and prediction of landslide development in a specific area. This innova
approach is founded on using remote sensing data andf@eaation systems. The
application of upo-date remote sensing data processing and analysis technologi
facilitates the efficient identification of potential landslide risk regions and thei
environmental impact.

The author meticulously analyzed andbstantiated the factors that trigger
landslide activity. This comprehensive study led to constructing a susceptibility map
the region to landslides and subsequently dividing the area into classes based or
degree of susceptibility to landslide proses.

Remote geoecological monitoring technique of landslides consists of the followil
stages:

- determination of the potential risk of dangar dent i fi cat i on
susceptible to landslides;

- determination of the structural features ofshely area the main characteristics
of the structure, including geological formations and natural landscape complexes;

- determination of the topographic features of the study atba relief of the
territory, including the difference in heights, thegence of reservoirs, valleys, ravines
and streams;

- creating a map of the territory's susceptibility to landslides, analysing tf
geological structure of the study area and its topographic and biophysical propertie:
determine the degree of suscepitipito landslides; analysing the reliability of the
constructed susceptibility map using the available information of the study region.

Scientific novelty

Remote geoecological monitoring technique for landslide processes was develo
for the first time based on radar interferometry data and the analysis of geologic:

geomorphological, and biophysical factors. This technique differs from the known on
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by a new quantitative ranking of landslide hazard factors and provides more reliable
prompt detecon and mapping of landslide processes.

For the first time, a landslide susceptibility map of the territory of the right bank
of the Kaniv Reservoir within the boundaries of the Rzhyshchiv United Territorie
Community of the Kyiv Region in the Vytachbtgky region was created, which is based
on the determination of the localisation of active landslide regions based on the result
a complex analysis of radar interferometry data, optical remote sensing data, geologi
geomorphological and biophysicadtures of the landscape, which allowed to identify
and confirm additional, previously unmapped landspdene areas by field research.

The local landslide hazard prediction techniques further developed which
made it possible to consider additioagns of these processes, identify potentially active
landslide areas within the study area based on modern remote sensing data method:
propose preventive measures.

According to thesis materials 13 works were published, in particulenapter in
a nonograph (indexed in the Web of Science database); articles in scientific publicatic
included on the date of publication in the List of scientific specialized publications «
Ukraine 5 (of which 2 are indexed in the Web of Science and Scopus dataldases);
collections and abstracts of reports of domestic and international conferences, of whic
are international, indexed in the Scopus database. In addition, 5 materials from
Ukrainian and international conferences (in Ukraine) are presented asatadtarthe
approbation of the results obtained in the dissertation work.

Keywords: landslides, remote sensing data, radar interferometry, landslic

susceptibility mapping.
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o | i 3HTPONOTEHOBUX BigKNanax HaasannaeHux Tepac i
] i sy ] < & 3annae. MMicku, YacTo 3 rpasieM i ranskow, 2
& \ 'S N npoLLapKamn Cynickis, CyrnuHKIas | muH. B odnacTi
2 4 KapnaT nepesaxaTs raneyHnKy 2 JOMILLKO0

G {8y & nilaHo-rMUHKCTOL. MaTepiany.

B Y ansiankH1X | 03epHO-antoBianbHUX
| aHTPONOreH0BMX BiAKNanax HaazannasHux Tepac i
B g 3annae pi4oK i CepeHbLO-aHTPONOreHoBMX

= & 4 = .fﬁ hriosiornAUiansHKX sigknaaeHHAX. Micku 3
N b B> M NPOLLapKamMK CYNICKIB, CYIMWMHKIB | IMWH, B HWKHIA
( YaCTWHI 3 rancKor | rpasiem.
S Y MOPEHHMX | DNKEBIOrMAUIaNEHNX CepeaHs0-
HTPONOTeHOBWX Bigknagax. MIiCKW, CYTMMHKM, CynicKu
3 rPaBiEM | ransKor, MICLAMM 3 NPOLUaPKaMM FMKH.

Il Y sinknaneHHAx Tpiacy i opK. BanHAKK, NiCKOBMKK,
KOHIMOMEPATH, MICKY, apriniTi, AOMOMIT.

tdf). 2.7. AtcOcEjdls ¢ HEGBGE | Sdzsd ' yYdes'
csdLcdsd SOsEEGEd LidesHO VSO’

1 OdzW ¢ Odzdz? L ftso j ten dz fJtcj o Oydets ' N
tesL d&3d 9 O Is+ Mmw | dz' Istsdzse ' ydzO© dzjsts{ro dias[t@ " Higls |
L Mz o dzd n ftesyjim' o, hts odCdzd € O IsH i dzts
ficOoatsB jtoj YW otHBMAatsodh O IsO fftesOdzt 9 O
fslssCORd dz2O Isjtedlsste’ ™ txdh" e €57 Juy .
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| cOn o k¥ YddEgtsctcOW ' ydaj 602 sdzz o O dzdz?
Htsfydz' HY j deda?Y tosL SO ts9a OdzO o Bj Y O dz' s
tc s dzd dzdz' M ls LBjtejedzdmMw E o' HisC toj d3dzj dac
LOdzdh ddzdfmw dzj L OB LkHtso Oded dzd dsdoe I B ‘tcfij Selxizd
" ys¢d 1 dz ftets, Hy ©® HLdOYyO' s v odMmiCd
Hjtodztso' SO dzetse' ~“tobkdzsd dz®@ Odzs o' Odz' dac

YMoBHI NO3HATeHHSA:

Tunu rpynmis na mepumopii 00cidNcenna

YopHo3eMH HerTHOOKI JicocTenoBi HA J1eCOBHX MOPOIAX
YopHo3eMH Her:THOOKI ¢1a00ryMyCOBAHI TA MAJOryMYCHI

YopHo3eMH ITHOOKI HA J1€COBHX MOPOAAX
YopHo3eMH IIHOOKI c1adorymycoBani
YopHo3eMH ITHOOKI MagorymycHi
~ YopHo3eMH I\THOOKI MATOryMycHi BRAYroBani
" YopHo3eMH I\IHOOKI MAJOIYMYCHI KApOOHATHI
YopHo3eMHi rITHHHECTO-HiMAHI Ta cynimaHi IpyHTH
I YopHo3eMHi INIHHHCTO-NIIAHI TA CymilIAHI IPYHTH
JIyMHO-10pPHO3€eMHi IPYHTH NepPeBAKHO HA J1€COBHIHHX
TOpoaax
o JIyaHO-10pHO3eMHi MOBEepPXHeB0-COT0HIIOBATI IDYHTH
JIy9HO-90pHO3eMHi I\THO0K0-COTOHIIOBATI IPDYHTH

% Meoci Pucumiecskoi OTID

| Haceneni nynkmu Kuiscexoi odnacmi

tdfm. 2.8. AtcOcdi dzls € Otclsd (} "stctisdlsl?z o 1 ldcjd tix
LSO’ dzd €)

[ dzv  Isjtedlstste’ ’ txdh"  afm! Cts° [ U] n OtsC
dzj fsedr BtSHOR, L 'a " HlsdfOdkd. Aj2 |
tcsfmdzd dedets s , "  HIsdid o  Htc' LdgwslIss Mw 3" N
sO o 3 Missd3 ARz Mzkz dzld © Azeudzd B d dz0 G 2 sz mts e
od3 Mls ckzd3dzmkz6 %nls Oldasste ‘'ddsdzw d8s L yd ds, ® H
Cedzzmtsotsets h Ok BBjdzh§ 50 B, O o d Mls ¢
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v tOL ZOH BB todatsets L otsdztsy j dadz? IsOC
s 2¢C " Mls' , "t d&syj Mitedwisd tsLodlsSl
s 2¢ " Mls! HE LMkzeo's LOsHWESd Mot 2 oow
osHdzd2 BEBE' € dzdL dlsd Mls' 2¢° fls! &0 ' s ¢
YOMmisd dzsC s O i€ fipde @iy, dzdzv9 8l te

LOCtY o00yddoddd WOSCkswO®kd ‘° od M
[tecOdz Yydzd?2 &*Oljtc' Oz o dzdo O 2O o dzOMls
" 26¢ ' Mls! . 1 OHG ttdd Lotdsyjd Mis: * Gt
olst®B Y Mot " ydz' Mis!, "t &syj Mftedwis(d

2.5 odzOdz’ L ofddolk Cd BOsdudedn ko
ftesyd md

vjtedlstste’ W HBMdz HY J dzdz$ teiddsi] lsiL) hdidseO@z@lz' 2
L sdz' Hy GCdz BOIsd ydz Edisod o' H' gtcOs Is!
ftesyjm" ©. vyvyddz d&j dz" MmMisOB "' dz' dzd 2 Mmn d dz, t
]l sSHdzsyOfm dzO Is§ tedusiisde” M ls "WACAs &, & jdEOdnss 'H (s ¢
Cdz' &3OIsd ydzd = L o3 dz, O ted & ZzOH f s ' dz! datsc
tlz2 dzzo Odzdz ¢ ' M Sd8 Ys' H, LB' d hbkz‘ Isi f

s dz' &3OIs d ydz Edztse d, LsCtej BO €' dzr € Mls
MlsOB ' dz dz' MIs! ~“twckdalsk IsO fYslsjdzy' 2dzz M- g
[ soceBlstcdo Odzd?2 f jto' sSH OldismMW jtcdzedr s OH
o BdztsE 58 LB dzr Pkt yd o906k ~“twckdilstsotsets
it odescl todzd 2 tetsd T sHES fdDH Ods d3teffi) WHjotaldz I *
Ttokzdzssotsets ftsCtedo lz, o btz ydmdz , L O
cdzdBtsCdd3 h Otetsdyz ~ tokzdzls Iz.

i sLteORkzdZSd o jtelsdS Odzt dgdrn L 3 h j dz o d
HOdzdr Slenadhdzd ydes L O -4 g tcls2B0B2 082j3tc j to t§ ©Z' o
f " Hodh jdzad?2 t' 9 jdzz tSHYOH' @8 © HOded2 f jtc' Tt

wdzls j dzlfdo dz'@ G OHd &y kzls! sOC sy o d¢ dzc
o jtornds 2 hOte “tkdzskz IsO Mmlsotstes 8 Is! ff jto] !
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C"dzr €' MmlsH o sH(d, hts  fijlsH d§d' Ols fff = d diiafgidls |
fstesydeddzed, s ISOCtYy Mftedw® Wistocdikzo Odzdz®
9 § Mdav dz s©O dz' Isdz Hish ‘ yddzdzd s sdz OF
o sHtSMa O N .

ydmdzse " L dzOyd dedgv €' dz' S sfils’® fhy@ed ~o HE
ECMWEF (European Centre for MediuRange Weather Forecasts) L. o d ¢ tste
~ (B3O tc dzts ¢ SGER(GagleEarthEnging ( ted M. 2. 9)

CHEPEJTHE SHAYEHHSA OITAJIIR, MM

tdm. 2.9 J1tOW' ¢ tLitH' &z sSTOHEHpdL O #$
Hisfjdz' HY | ded2ECMWEF H Odzd di3d

[ 2 Hisfydz' HY j dedeY BB Odets M tsH j dadze i 2023
tsCd. Aj fowihds k! Mw ksdd, "t &O20CIsdse
sOdz of' S5t oHBMEBSOdh O yj ©f' ddd O ddipr
Ba3. 1 Ofmis 2 ded B35 BfUBdR S dgtely M j toj H dz' L dz0yd
Ho OdzOH YV ldsigdetzdgtselts MS ' d €d sy’ d€ 0 od{
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BdzO Ctstcj dzé 9 Olsd L G tc OWSehtitsely , § tetskalr! BIS dz! fi
oL dg@yjtedsdz 3 to* © 9 jtolsdS Odzt degdr L 3" h jdzr L
l dSstedMlsOdzdzy t©OHOdzd = H Odads-f SEBOM PS5 dz
fJto' sHdydz Mmisks ® HMisjy ko Olsd L fftsH' dz =t
f s jtondzj @B o sdzce sMmis” Ttekdzlskz (S S M},
o' HBBtOY O o' Hdetsdzd 2 ' Ro 3§ Mlz' CastmH d ) Olzls
Hj 3sdzmistelze yd dzOME " dz2 € oBdzsedd3 yd Mk
o Oy O Is! mMw Ek o' (Hitmtek édal., 2649, iy ugdediats dt) #020)
Il dd3' tct 9 Odzdzy Y! st f OtOR] stclz Mkzf zlsdzP§ s
Bsy &zd o * Mis LieLEZd s dtsC Odz' dz of dzd o d
(Entekhabi et al., 2010; Mondal and McDermid, 2021)

s dz' izZOIs d ydz' Fdisod of dzde Ot Is! dzO@ tetsL 9 d
shMsedzdots ftcd OdesBZOdzr dzd - GBBEHEMBEO-tsSH @ Oa '’
fjtc'" sH, hts ftodLotsHdIS! Hts LB ' dz' M j dzgdzv 1
ts f) dzts o dzd ~ G dzd dzd MiIs d ~ Hy Wtstedsze yd =~ ctsted L
folskzydzs’ Istsohh THHEz] MBSotfBsff swmcOdedzy , ' dzlsj dafr
LOdzj 9dlB! ftecsMOHBYydzdr o dzOMIsdotsMmisj 2 9" HE
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ldmdeseo € d HtS Httkzetsets totsL H' d

1. 1tes0dzOdz' L t59 Qs cotdf @i oy daefjrts dssds =€ dz' o3
L Mz o dzg' ftesyjMd ftcOQoatBjtej YY" sOdz oM Cts
mMilsls' 8 d2 affafde tedsdzflasdz' IsO "= OCIsde Oy’ °
JSLtejdedzedr fotsyim'ea £ yYy! Bz tjc' tsdz' .

2 . s dzts€ Odzr dzd = GJj Bdzse ' ydzd n WOCIst
s dzd o smis tesL f sH' dz L OdzV ¢ Odzdzv Mist
HsMdz' HY g @odlEze ssmsB dzd o sisw dsd § jtoj M Otclzo O
mMO®d, " ME" o, Medzdds o, cddd ' d3dj G J
o' Ldetsets o' CLz.

3. ltetso jHJdes 0OdzOdz" L CjBBsteW sdzse ' yd
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Mftedwisdzde® fjtejHEzdsod Hdv ttsLeoadlsCk L ME

4. vtedcjtodzd dizd toWs@ ®leftstE &ddzd fHzdzdzd = § te sy,
sOdz oaf! Csets otHBSMAtsoadh O dBsy dzO dzOL 9 Ols
C'dzt CtsMls SO " delsj dzfid o desmls”’ s OH " o . 1t
fjto' sH (Ceoj tdsjjldg’de’ L O twtsCd, L O dgw¢ ' Is jftdafdse
odSstcdMisOdzdg?" d@3 HOdedm» HIMIsOdzy' 2 desE s L tsdzt

5. 1ltecOdzOdz' L 59 0dz0 dBsy dzd o ' Mils! o doe yJ dz
B ssH O Ldz2dr H' Of OL sdzgOr j dzj S stesBOC dz' Is
" n hifdzsels e j toH Y 2 a @isiazdgly Isizddywdz ¢ Missted ydzd -
MisOlIs d mis ddafdade. &30 f Is'te d d30 dz' ftoeslswesds HBMd
odStstcdMisOdets W &f tstijdfslollz & dipGigPokts o d h
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slsyJJls hcgstetsH .
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tdrrwf 3

fruvfrrg®Ruovoy Awsy 4L 1cdresdf 1wy 10 S
YHUURM 1t [Adggdd [2ptrrrc soywle?s [
Ifr{iaeam{lRrRz¢

[jlssHdSO HMsOdzy 2dzgsets G jts5j S tsdsE"
oS stedMisOdzdz HOd] R Bt S d -6t dis @R C g
ftcts H HARVIPHE H X J dzdzy . f B 8 lg dz¥ tzdzv  GHJ o) IS OtirmfEss?
Bsdz' SlisHoteIdasts dzvy © o dwedzwisd deO©2B " dz b Ctod Isc
ZiBjLfjSk O fsfjtejHyOld tsLodlssS L f
d $sMdMmisj o3

) OfistsMize Odzdz? ¢ 5 BY aiy delg O ¥ dyiidls sta O 1o O te dzlz
CibhRsY sdse ydd?2 O0dod L, &jlstsH ¢ &zomdy"
My jClsteOdRd o Hedlslsw o sflkdydeds H' Of
Mfted2d sdzdo sfls’ kjtedltte’ ’ HE LMkze' &,
WOCIststed Hddzw B dz' b ssydtsets OdzOdz' L & Mmls'
LMzodedr fHtotsyjm' o.

)jehdds jOftsd wsLtessCd &jlssHdS(d
Bsd tsteddze 2 B y(didjjdery Laj jdisisd ¢ Ofdr edgdts
C OtefigAsj 5 ' 5 ool s@OF B jtedlstste’ © Hisfjd HY
dzj sBr '  Hdzz ' dsW sted3sOy' ¥ ftots tsff jtcOyY' ° tsilstec
LIkze ' & dz0 Ghdss' MkifbklsddStssds: HOM]-:
6jOd Lksls' toLttBdj dz &jlssHdS 2.

3l oz tstedlsd3 oL jla@ndCdmdr dzd 5 L gt Mo dz L

BBj ssHSd OHOWLdzs™ ' delsj oW jiotsdsjlste’
[itsH t©OHOWLds ' dlsjteWjtetsdgilste’ ™ L HJ
(DinNSAR)  * Mitcmsetsd OCIdodtsets HJMIlsOdzy" 2

Hsfdz' HY o Olsd weodh O HEREWUAStcdOyIlstsydz'jfigsizts ™ |
(Hansen 2001, Stankevich et al., 2020)
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1 5Ctoj 3O, 9 HBMdz HY J dedz OQolsstesds o d¢
SAR-L 5B tcOY j dzdzgv s dzO tsMmdzse LGjdzj totse Odzats”’
Mz zlsded ¢ @ S ealistjiteriigltctsc tc Od3d .

v sydz Mmls! odL dzOyj dzdz?y oMo se s fot
y ' dz' L Odzj ¥ dIs! o' H hEzd o, hts of dzd e Ot Is
HsMistse ' tcdesfils® * deW sted3Oy' =~ tots (Golotee®d 1995) tc d

1 028" dz h ykbdded dEFOL N cOEPasz* , dzO0 ¢
M 2s&HEOdz € d dzj L dzOydzO L(ds dg@ ¥ O LHgo tsic@s
MdedzOdzz tsBO6' Clskz dBBO' ©HABOS 59 jikzlsdsO 1pjtdzdaf,
Mlso stej dzlz ' dzls j oW (Wartgd29A4)ic @y debistsidfs QL Hnd ¢ dzO dz
off dzd o O¥ Is : ' dzls § dzfnd 9 dz' Mls ¢ tetsL yYdzj dzkz 9 O dz
(Yelistratoveetal., 2023) IstsBlsts M ' dz' dz' fMls! EZteOy j dadgv |
Isd{f tcts ddghakdhindids,'2023) Miskzti " dz@ L o ts @kiopfgouskypi
etal.,,2023) R OtcOCIsj to { KA SHeRhurova2Q1®OH * o

[ dzw sBtetsB ¢ d H Odzd M Elsded ¢ s 5° t
oS tcdmMssokzo OdzsmMw HtescteOddzy L OB LY JYjc
9 " HCtedIlsdd3 o drnr ' Hdzd d3 (hfips:Hstepipsa.indatain/@odwjloadESEap
download/).

t OH' sdztsC Oy ' 2 dz' SenizhetsS d N fislz o ZI€ dedfel@ Is O dz'
f " H' BtcOdzts L kRtcOrkzoOdzdz" &3 § OtcOd3j Iste’ © tStcB
~nOtOCIsjtedmisd ¢ Isd de' dzQ y JpdezdzsL CiggfnpptsCoAs ©  H j S
‘delsj oW jlotsd3 Isted ydats® WoLd yom o 3 tlstedo
Ldz B3¢k ° &O2¢tsteslsh d k.

Il " HMlsOdzr iy (odztsy jdede" 3 MEf Elsded € O
MisOkzsodIlsd ©°"H 300 HB 500 d3) Istig’ @9 d G t=imwyc
tcOHOffctdzdSHIZCIsd Single Look Complex (SLC
dzdLr " Hdg 2 ¢GJjBdgjlste’ HdzZw o dL dzOyj dadaw
o jfMmdwdzd?2 fjte' sH L 2015 5 2023 "' 9.
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sty dzgj t©OHOtdz] L s5BtcOy j dzdzvn QSOXERs)j gt
sO O dz' skHLk. AOLO & Misdls! e ste 3Oy " ¢
odStstcdmissolz’ Is! Mw Hdzw odd3 to¥ 9 Odzgdz? tolkzr |
ftsodwL OdzO L J dzj o' B ® HBdltet L M
o dWw o dzj tizfiziz' L Ustc Iz dzls [z .

1 OMissmMikz g BzEzO H Qe dzts "dzlsj oW j totsd3d Iste”
cOH BdztC Oy 2ddr L tsBGOY j dz dZBejatPigalzts et ‘al., H
2017).1 OfMmilstsmize Odzdzy y*' * ° B ssHdEd BO' SB (

o d B tor 9 Odedz” (Caspdli stalBEE)' 2y OMtseo O, 6 jtsd3j Isted
ot dzd o Ols 3ts MW j to dad n L Blztcj dz L d3j dzh z¥ Is!
(5G] o dzgsdets s L H'" 2 Mmde sdapd dslzpdlod endsd 2 Her
(Hein 2004, Stankevich et a2017)

¢ dzc stodlisudg 0 Istcj dzddm EBiElsas] tolsd € Odzr dedm L 3

stesCl dlB ' o t6OH' ' tdZtC Oy 2dd- -1.,dz B3SOl
f OcOd3j ste* © tsteB ' Isd, ZOf W BO I 7 L dOdz@d&dzY
LdzOyjdz BOLBOdr dz' dz 2.

SstesC)] RS s dzOdzdzy S tsted Sy’ Ldz2 &3¢ & 9" HY
(Grayetal.,,2000) O IsOSC By oddzzyj dzgdz?" Hdzv ff SH Odz' b
Ldz &3Sk, hts &3 Misdls! B dZOMIs! HBMdz' HY j dade"

st ] S sdzOdzdzy CBtej " MlsteOyY "' L SBiOY J
Csyjdz ' €SMMjdzr BO' HRZOCS' CtsteH OIS .

stetsCl 'dHo dh jdzdzw M J CIstcOdz! dets™ vwiCtcOo 5
slsted B3O dzdzw Ctstoj SIsdets’™ ' dzlsj oW j tetsGtcOA3( .

s o5 CA e BBz © O dzdzr ' dfBavirdtJl. [ RBOEMc@ezg sd3 o d L d
e’ L dzdy’ W oL L dz2 o3¢ " 9. AOL O, fsobdwL OdzO
tesLtcORlZdzS " 98 HdzW tslsted B3Odzdzy ' dzlsj oW j tetsE
W OL 58,

stesC 1 OMmMistsMizo Odzdz? OdzestcdIlsdzz TOPS De
' dzls j ot Q dgds G

stesCl /HOdzj dzdz" I SEtOW " ydes™ W OLd.

89



stes§) BMlssMmMise zo Odedzy 3@ artetdz200Mu 1WtSidl20 o0okS
bfjtej Hdzj dedz? L dzOyjdz o fkfMm' ndz' 7 ° €M
oS stcdMmMisOdets HdzW HBMdz' HY j dadgw o J dzb QY-
esLEeBelsCd WOLd O " dhdms ttsLtcORkdS " 9. |
dzj o jdzd €' 2 fdztsh ', Ists LOMlssmMsolzeo Olsd dBsHL

stesC 1 DOMissMmMize Odzdzy W' dz' IsteOyY' 2 dzse 5 dZd
HsLotdzde Gisted 30OIsd Y p dzd@bldstn dtt Werr@dz 1998) dz®
odHOdz] dzed B ftsdi3ddzt so dd&3d M OdzO- O3], H dzW
Mdce dzOdz/ " k2 d3.

stesC EMY stcls ' dzlsjteW jtetsdzj Isted ydes®™ W OL
dBBts H z dWARHUS

stesl (lslL.ctstelsC O ° dzlsj teW j(@endgpdiseldkey @92) 4
odStstcdmMssolkze yd mMjtejHtsoadh | ftosetcOdRd SN/
stetsC wikf stels HOdzdr L dBsHEzdzY SNAPHU.
stetsC vID.dMY stcdBOYy' v Gistorf a3® dzd & oL dafydy d@
Lduds o jdzdydded (o &jbted). [JibBHJLO
Ttokzdzloz ' 2O L OMistsiz o Odzdz HOdzd m tofsL G tstcdz
fitcjojHjddz" "L t©OH' Odz 9 3d Isted.

1 jtodojH]dedgw W OLdEsojeW | tRelizeed Bpifen, 1995H s
94JtelsdCOdzt degdm L3 M jdzr (3.1) LH"2Mmdzs ' Is! f

Q —we (3.1)

HJT89] HBeoYddO =~ 9o dldz's SHARO S@iwd dz dzgq),v &
HoBB®RBO SLC LBBKGOYjdzdz" d3d BJjL L eBLIsCd.

1 ktcOokoOdd &5 Shseddotmisj?2 HEMd HY
94JtelsdCOdz dzgdrm L3 M jdz tSlsted d30Odz Oolststesd3

y 8 z
QX (3.2)

z z

==

H JUNW praseiig | BIs 6 B30 dz' L dzOyj dzdzvincidet angles tEdizAds
©ROR d ek ik kile dad@Eu, dzdBy. OnStBentietlzd of edgf dz'te O 7

o d¢ sdzOdzdzy @ fzt8dizj &%) ,0d2s0 2 3
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stetsC [10MnC ko Odzdzy tsB dzOMiIsj 2 dedL ! C t5° ¢ t
BB dz' O dzgd 3 Hdzv L OfMlssmikzeo Odzdzy W' dz' St O
oBHddd®B tBO SISO o d3d y On d3y Sfgdz’ HOKi IEAMR i
tsistc d di30 dzd - L dzOyJ dz oJtelsdC Odzr dzd m L &3, N §
' Hdztsh j ddbialr/ hfgdisc dDo sstetsd3 L 58 Odz & ' j iikisdzints dz
Ctse j toj dzls dets (f tc dzgzglzbizs)y QMR 3 dzr € otsdzd o' HY
tesmozd dzgdzsmls® dz2O0 L dz' 3¢ 2, yYydmEing efs dstsels |
H' &Vidg§ O HtsMdls! L Odz" mMdgd dzed? Bjt6j G s Odz o My

stetsC I HBH ‘todzW dgmiGlzv wCdA L d3 N jdzdgy HESte' ¢
dzf tsBtotsBdwelIls! v L 2013 stk SO &GO Iss
fjte' sHEZ. ltwtsojHjdd" f§ooltsteds (st Sy’

yde H v &COZ. 1 HfmlsOd &0 t©OHOwdd:n
s 5EteOy ' ydz' ) pdRtc' OF ' dzOT G te®f)' SedvHE
Cjd Wk Sodifjdhk Yy @ Myske tstj dGEskj Gl

L SBOY j dzdg" RBOS g BOdz dats dz@B cdzd > j dzj HE 16
S iI6djsedyudd CtjSy' v iLbkzd sOkL
SttsC  JIq7L. dzOuj dzdzy  dp jidpdiald damf Ty dz 2 H B

Hsf sBsetss jChHYskbEkcu@BEE W sttd@O' HE | U
seEC[EHMItEls jLbd sk ysets L sewOY j dad
) 5CtesCso 2 Odze t€u0dcdyd j igdsfo ®igzjtededf® L d5' h

fso dtehdalz’ Is! g0 fricadfjfiyists &3
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TonoBue 3anexHe

300paKeHHs 300paKeHHs
(Sentinel-1A) (Sentinel-1A)
Kopeectparisn
dopMyBaHHA 1HTepdeporpaMu
Bunanenns tonorpadigsol dasn
daszopa ¢irrpamis Iompamreiina
Posroprka dasu
TeoMeTpIIHA KOPEKITIS PE3yIbTaTIB
) !
Kapro-cxema BepTHKaTbHEX
3MilIeHb

t d Ml ux~3j.@OzG ts tohif dsaddiztc | dzdp'h | Wt oty tols d € O dz! «
L J dsdes’ (E®zpdbil;s, 2023

10 tjLbdr EOO®R] ' dals el j tetsd3j Isted ydzts’

HOdedEn Ef' ' Lidd Hefd Hyj ddy sltddkod
fse jtends , O MOd) L dzOyj dzdz® o j tels d C CAA3 dz(
B¢ d.

32 020 dz' L arjj tsdisde¥ sdzsc ' ydedE W OS kst o
ftesyd ' o

[Mdeso dzd iz W OC Iststc O3], hts tsBlkzdtse dz¥ ¥ Is
ftotsyj M' o dzO siOE sotdp jCtsics] ‘o sHEsMAtsea dh O ¢ |
dzj slsjClstsdzg’ CO tje' sk, & tsktsec' W MOHT:
Mftedwsls! woLoadlsCk jCLtsGjddzdrn jtetsL ' 2 dzd.
o dftsls, CtokzlsdL dz®@ Moddd " @tc' & SO Bjtej " ¢
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1 O f sdz' s9 d d&3q H Odzd A3 , o dfMmo " Isdzj dad d:
(WdzW StedBOY"' 2 dzd 2 h tste) ydigi€o S OkBBY KO 2 EED

sd edlstste” L iz o dz g3 " dlfdic s iplDePEiReR]. dzdat ~ J WO te
0o Odzls Oy j dzdzv ' Miststed Ydzdd ISl el dptzgn ' 2
ftos bwOyjd Mis! kjedsst' ~ (4}, L&6SEKj B0

1 Cgj ts d3j IsdfdioufdsD@iztsidz B B to O yoff Hataeaj ‘dalzv dzC d H i)
9 d¢ sdO3t s dzkz 9 O dzdzViz tclO@) Is tdsBotef AL SOHMNBdzd] zd o3
fiso stels IsfizO 6 & Ode  {f teto JJTdg th judpdzodiztsB J L f § wdzd -

1 Oc Odigrdglaizslz Mis o tstdnrdgddyd Sty dzts M ls Is §
ftetsyj GO@aRIHQ ditsd igz 3. 2.

Teorpadiuna . OmdpoByBaHH TeoMeTpH4YHA .
p.lb i CTBOpeHHS q’? - i p KapTo-cxema
IpHB’A3Ka s oOmacreit KOpeKIs > "
> TereH/IH U1 YPaKeHOCTI TePHTOPIl
PACTPOBHX VpaKeHIx OTPHMAaHHX M
KapTo-CXeMH . 3CYBHHMH IpoliecaMH
JaHHX 3CYBaMH Pe3yIETaTIB -

t dM2) BE.Odz' dzO@ Mmn j BOMEB s 6366 to jp tz@ey j O Isj
ftesyj MOBd

| J cdisteW sdzts e ' ydzls j tedslinsits 'y | dedetzs Yy OF s
GJ BdEsiGEsiBsteW Bdzse " yYydz2' -3 @W ts dpisldctizch Updz'te.dzts |
ftcOoattB jto Y YW sOdz afm! CtsEts o HBMaodN O
BsteW sd3] stcdyde' dEjlssHd HEZY OdzOdz' L E Isj S Ist
fcsako Olsd:Mrn GRIsS tclzlsd L dzdhr- A3 dzh 9 dz' ORI
COtefigads] d@zz B OL dMmdzed = § tso j ton Sdz' .

l Oydzdoaddz W OS Isstetsds, hts of dzdo O zO 1
L Mz e dzd n ftotsyd " o ‘ d&z' ssdztse ' ydzad 2 ¢ d
Ud so j esafddiidisc 8O0 R OtOSCIsjtedmisdSd MmMEkzyomdzts
tsils te d &30 dz' L COtBOO G3QEHIs@umsi Okis®O 0 )9 7 3, dzw2
sydWtctso o OdzdfW O tefiplg 830 dzb Is ts dzts ¢ ' wfigkHRts o tis™” L
sjtcdlstste’ ° HESMdz HY j d& .

1 odSittdMmlsOddpsdRsE ) sdzise 5 ydzed 7 BEfisdsHGLE
dz' ssdztse ' ydzgd -~ to' L detsfls g 2.
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0 dz¢ ts to d2sudis 036 to | dzdfyn jCd@fc e st dzts @t ydzd & e
stotsC) Qa Odzls Oy j dgdz? HOded R G j sdztse ' ydats™
GsL O o Odgdz" ' LdzdR ¢ jdse' yddn Wstdor
StesC | e OW fipdf® 6W L CO L tsBicOy j dadav . 1 d ¢
CssteH ddzOd SO ktysd ¢ Etoodvidyd, 6 Wi ' O fird,
COtelsd HBs G jtateOW "' ydes'® fMmdflsj dd ¢ ttteH d dzd
stetsCl BH " dzj dgdz? H " dzw dzgC d HtsMdz' H Y § dadgv ,
HOdzdR L [ jy Oodes’ ¢jsdse' yds' §Otlsd v
stesC WlWcso o Odzdz? Ctdzsbkzte’ o L Qzg ¢ O dpdi
Mlso Stcj dzz@2z] DY Hozw Sy detsets P Ok &' tofy!
stesC | Bz zo Odgdz® o HJdz § O CtdSts] |
(20§ 6d S &ZOH c¢dzd 2O, ' MS) kO fdmotss
CsjW' ' y' " daskz, otOatsolkzy yd fMiftc diAsdzvidstiedood Iif
ftedmots' dedz" o HYtSo ' Hdzdh Ctdz tSte' o.
) 8CtesCso d2 Madzastctldigpis] isd 2 s dzse’ Y
sfdmiz’ s! g0 MeFifpss =3 .

I'pynyBanHs B oIHH
. .

‘ G
TeorpadivHa OundpoBYBAHHS MAPY Fe0TOTMHIX
1 l;lps‘?nxa( Crsopesiia ! Euliiw B I ‘p-nu i1 Ta
: ) i i1z
P — JEreHIH A P P
PacTpoBHX N ~ 3a7AraHHsA [IpHCBOKOBAHHA
) , KapTO-CXeMH S . S
[AHI TNPCbKHX MOPLL KOXKHOMY 13 KI4C1B
YHCIOBOI

3aBaHTA JKEHHS

Kapro-cxema
OJIOTIHHAX

CTATHCTHYHNX JAHHX . -
PI3HOCTEH

¥ PacTpoBOMY
thopmari

koedpitienty

{34 Bj EE cAddsds st | dedaF j WOt lsits s & dzts ¢ © Y dzq

[ dzw sBttsB € d Is© SROa] € Ric JiNB®dzgAz " Is+ M
LOBJ L ¥ QGIEdgdd»w f tsBCGIddE]j d3d € toz Is duLCiEyls tsipds «
BsHbkzdz ASIopeso, wgd2 b HsHOISCtSadn W

1 Oc Odijrdg@i3®B i SO BfigAs] A3 S kzlsdL dzd M- d d
Isj tod SiO® ' 'H § dzO dp@Otefdgdzy 3C WBlzlsdL dzad ttsL H'
RZzO2 dzd y ysets S kSO dO~rdddzk Yo jrdz HE dzO3
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v

[
: ©
. 0 BaHHA
Bruerrs pggﬂﬁy Kaprto-cxema KpyTu3HH

3aBaHTaKeHHS TepuTopii — . .

. KPYTH3HH CXHTIB CXIITIB
nmaanx SRTM JIOCIUTKEHHS . .

Ha 5 J1ama3oHIB

t d 4.1 @ dz Migo) O stcj dedgh j O l€zlsdL dzd MR d &
sjedsstt'

1 02Ct0Oh j odCttcdmistse zo Ols ciphy Misiion (SRAM)t t
tsilstcd diz0 dz' 2 (ht®pO/Mndw.usdgisgqv/centers/eros/sciencehgsgsarchive
digital-elevationshuttle-radar-topographymissionsrtm). | dzsB Odz! dzO yd
tcjdz "Wk BO' fshmiststescolz totsL to' L dzj dzdz fls-

L OBMtsdzt sdetsé Istsydz Miss o j tlsd § Bdzlj dzs’™ tcg dA
sMHdZBRTM odStstedMmlsOdzets H W Mmj tc] (FazetmIdZDATY Is C

10 tojLizdz sOsOd3d fftetso jHjdedgw ' dzlsj cOC s
toj dzv Wk z Codsf dzj € My L H Odzd d3d Istsf t5G
tesL 2h ' dz' dzj dzdzv Isj € Istsdg swddi’ ™ H He] s @@ G dizts f
COtelmB | @3z N ' dz¢ dzts m(dlag 2085, dit pt@IJ340LBISPopmvet al., 2021)
HsMdz HY ko Odzts’™ IsjtedIlstste’

dpdzc stc §.B s o tstcj dzdhyn jCd€ftc IS dz! detsfyls® dz' dzj O

stetsCl 'IHEBIss C O ¢ J sdzse ' ydejrtc qHiCdim = . H & f

stetsCl ‘2L.z20dz dgj HjN dWtclzeo Odzdzgy dz' dzj Od3j dzl
ftesctcOBded 2 M Ots.

stcsC 1 BBzHtsds@ QO dzsMmis” o KO Bds o6 bl Qdig
ZOf telzy J detsils® Oh dzHr Qdpddf “ @I zdzC 2 o kzL dz' o
Jdzj 3 dze OB izEdg L @I chodgirBztses Odzg j B tc O ydats
L tcOrkzdSE 2O 1 Co Cd3. :

Y - & -, (3.3)

HJTsT h ' dzi dz' Mis! da CdzjdDdE) dapls ‘o , dz' dzj Od3j dzls*
OBt HeMfiffjdj,Hdz?" o' HMIsOdz nid®" izt &' dgjsO d3 jdzizls
f4dodz 2 I|HHA etz dz' dzgj Odsd dzals* o .
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1 OcOdz dz0 M5 j kO A jsddz His odf! BOiEds's dz' dzj Oc

Kapta
YeTBEPTHHHHX Ta SRTM
JI09€TBEPTHHHHX (DEM)
BiIKTAMIB

OmudpoByBaHHI KOHTYPIB
TiHeaMeHTIB

3.5.

CTBOPEHHS TIHBOBOTO pelbedy

\ \
'

BisyansHe menmdpyBaHHS
TIHEAMEHTIB eKCIIePTOM

!

AHaTi3 JiHeaMeHTIB 3a
HaMpPSAMKOM

|

Po3paxyHOK CyMapHOI ILTBHOCTI
TiHeaMeHTIB

Y
Gﬂp'ro-cxema MUTEHOCTI JiHeaMeHTD

t d M. 3] B s@asdy stcj dzdph j VI8 S dz! detsmls ' d

zjJ BBHddd L ' HdssiIe Yot diy dstol] Qusdstedzts O dzO |
COtlgB j di3d B OL d ) ddyaRik efals, 2Q2W B Stz W o dzv 8 Is! Mt
fsojtends , s ftosatSHWIS! YjtejL ©Odzr 9 jc(
' ftoj HiNlsOo dzw ¥ Is)! 3z LfCwaQ dr tipjydelz ~alf W ' dz' o
Mo tstej dadzy wWC B Qo jHJjdet dzO tedfm. 3. 6.

1 sBzHtso OMr§ &g lstse OL d Mdzed f [ tafdiy odgCiday, 0@ O -
HsfMdzZ' HY ko Odzse s tj 6’ sz o dC sdzz o OdzOMYW  da
YUd o jtelstsets ff sStovw HfCdAS ¢ © @ egtzts (BR ° FncGBRrg ts owfth'
o' Hftso ' HO¥ [s! Modzy L O Wtedslzo Odzdz j tetsL
otsHBMrsoadh O.

¢ dzc s to dalsudls 93ts tc j dzdh)m jCd§ftc IBOL d Mdzed = ff s j ton

StetsCl tdise J H § dadzy O e2Q dz'd3tshc W dsjdatscdEts qutslzd = O
HsMdz HY ko Odzets™ Isjtedlstste’

stetsC) Qo.Odzls O j dzdzv SO s jtoj HdzY tSBlotSB ¢
11 -
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SstetsCl BL dz2Oyj dkizv o i stedzdidz SO f stGWHE &8 o
G' HeSGOW ' ydzBe &8 St dzclabtlceEd3j RIs der ™ OBt " H
fsStcWHCE otHBISBE 9.

s tots Cu ISte. tstcQ @dfigrds) i3d B OL dMded m ff 59 j torn s dz
365 fSWHSCE oHBIBS 9.

10 tthff.cCHDL Odets Mrnr | @320 B daclts tefflistdiz € Is Iz to dzc
ftcOQotsB jtoj ! C&B@®r oBHBMA S &G, j d3dnls eBtOE j
ftse jton tdz .

AHami3 Teoioro-
reoizHIHHX,
reoMopQOTOTTIHHX TAaHHX
PeTioHy JTOCTiKeHb

v

3aBa"TtaxkeHHsa B I 1C- IloGymoBa
CePEeIOBHINE Ta TOpPU3OHTaleH

IPHB’ I3Ka peasedy Ha
TonmorpaivHAX KapT OCHOBI JTAHHX

BIANOBIIHOIO Macmrady, SRTM

Jannx SRTM
A 4
BusHaueHHA BusHaueHHA
TTOPSIKIB MMOPIIKIB
J10JIUH BOJTOJILTIR

Kaprto-cxema 6&3[»ICHI»IX\
Ta BEPIIHHHHX <
IIOBEPXOHB /

T'eomop@oiorigga Ta reoIorigyHa
IHTepIpeTaIrisa
CTPYKTYPHO-MOPGOMETPHIHIX MOJIeIei

t dM6.u 3j dify sQdahisdy stc | dzdph jUels®©L d Mdad =

[ sdzdded  jtehtséts SO Hikzetsdts fsteWHCE
dzj o jdzd S HBoyddzze ' twsLodbsBYn § Jisf wc@p @t
MdzOBSCd2 Loo6wWLISS L IjCltsdg ydets® Iste' h o dziz e
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l1jtwehdds JIsOf sd3 s ted d3Oteiizizls i O tetisaf H @ dsdi&s «
sjtedIlststc’ Hisfdz' HY J dadzv . [ dzw  H" dzvdeCd
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HOdzd R, L& te ' CMj dzO '10asdg s sctsB NE] 9
o sdzg ] .tc .M . dz@oLj Gig] QbEt §iAEr o s €] Q' o © detedidsfiyls

3aBaHTaKECHHA [HTepnoIALia DaHHX, 31

OIYKTY CEPBIC 3HAYEHHAM IIPOCTOPOBOI .
TIPOLLYKTY CEPBICY . TIPOCTOPOBO Kapto-cxema
Copernicus Global pospisHeHHOCTI 10 M, 31 .

. — ——»| BOJIOTOCTI IPYHTOBOIO
Land Service, 30epekeHHIM 3Ha9eHb HOKDIE
CTBOPEHOIO Ha OCHOBI BIZICOTKOBOTO CITIBBITHOIIEHHS pHBY

naunx Sentinel-1 BOJIOTH

t dM7.) Gc Odz! dAPIs amts tg jog2dzw ¢ O tdddzgdzlsolzts dzts G s
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1 O Odz' dzO Mr jSdEbe-Figls odigfte jSde@® M d W * ¢ Oy "' L
9dSted MsOdatzy &' IsOC" JIsOf d:
-lH' 2Mdgj dedz" BBttsBSd HOdzdr Séenfined? yezd m B30
mMd e M’ Google Earth Engine L djlstss f°
-od L dzgOyj dzgdzg? ¢ j st OW ' ydets®™ B dZOMIS® Hdzw C
My zls dzd ¢ (bubskyietdd:, 2822)
-od CBstedMlsOdzdzy ¢ j oo Odzse s Oz sted Isdzz € dzOf
Gttty sdzse' Yydedm SO ¢ Hicds'e ' A dapt dzg @ .ts
-tOdey o Odedzy toj L Ezdzt sOIs' 9 CdZzOMdW ' €Oy |
L d@Bdes’™ B jterndz dO tetsLodlstsE L Mmkze ' 9.

1 © tdBigzOo 3 H OO @F dzllsz Mis o s dedyd € @Ol
L jddscts fsCtedlslsw L O od¢ tsted mls O©dadzy d3.

Bu6ip miamasoHy aat
Bu6ip 306pakenb 11
L JUIAHKH J0CTIUKeHHST
CopTyBaHH CyIy THHKOBHX
3HIMKIB 3a CTyTIEHEM
XMapHOCTI

BinoGpaskeHHT
> BUOPAHOTO 300pAKEHHA
cymyTHHKa Sentinel-2

Bu6ip xomekuii Sentinel-2
3 XMapHOTO CepBicy
Google Earth Engine

A
CTBOpEHHS HAGOPY TOYOK
KTaciB 7 HaBYaHHS
KIacHIKAITi

3aCTOCYBAHHA METO/TY JepeBa
YXBaTEHHS DIleHp Ta
KIacH(IKamis 3eMeTbHHX JUITHOK

Bisyamizalis OTPHMAHHX pe3yIbTaTiB

Kapro-cxema K1acHikarmii
3eMETBHHX JUIAHOK 32 iX
BHKOPHCTAHHAM

t d M8 GBe Odz' ddiPls entE tg jogRdrp'F j Wytc € szOfMd W * € Oy
fsCtedlslsw L O od¢ tsted Mmils Odzdzv d3
1 0cOd dBolsEf@AEE | i L § NOVI e &zO dz@ ' &
i O] " o:
-lH" 2fdgj dedz?y BB S d HOddr Séenfindyl yozd m B3O
mMjtco' M Googl edzfElatet hf Emagd Mpdzedz? ;Hisflstse
s L e OR 2dzts ¢ dermpalizedDiffeeBoeMegetationindeX);
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odStstedmlsOdzdzr Mmjtco ' Mk - BOdiPcd®m8 tct88 & d

Buoip nmiamazoHy gat
. . . Buoip 300paens 111 -
Bubip komexmii Sentinel-2 . . BinobpaxeHHs
P 1 . L, IOUISHKH 0 CTUTKEHHS P i
3 XMapHOTO CepBicy CopTyBaHIA Cy Ty THHKOBIX BHOPaHOTO 300pakeHHs
Google Earth Engine e CYNYyTHHKA Sentinel-2
& g 3HIMKIB 32 CTyIICHeM Yy
XMapHOCTL

A4

Po3paxyHok iznekcy NDVI

l

NDVI = Puir"PRed

Pi1r PRed

Bisyanizaiis OTpHMaHHX Pe3yThTaTIB

KapTo-cxema npocTopOBOro pO3MOILTY
3HadeHs iHmekey NDVI

t fM9.1 B¢ Odz' diPls S tg jxdaT | Wtclctis L § SH ' &z ' dz
o CtedMsOdzdzy fjteo' Mk 5 BOtedes’ ftsB
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