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VYci siBUIIA Ta IPOIIECH, IO BiIOYBArOTHECS Ha 3€MHiH IMOBEPXHI, TICHO ITOB’s13aHi MK c0000. 3eMJIi BIIaCTHBI BHYTPIIIHI Ta 30BHIMIHI
IUIAHETapHi TeOJIOTi4HI MPOIECH, AKi YIPOJOBK BCHOI'O TE€OJIONIYHOr0 PO3BUTKY IUIaHETH MPHU3BOAATH j0 il 3MiHu. IlIBuakicTs Ta
MacIITaOu TeoNOriYHHUX MPOLECiB 3MIHIOIOTBCS B Yaci Ta MPOCTOPI Mijl BIULIMBOM, 30KpeMa, KIIMaTHYHHUX 3MiH. 3MIHH MOIUISIOTHCS
Ha TpHUBaJi Ta MHTTEBI, SAKI CIPUYMHSIOTH KaTacTpoQiuHi SBUINA, 30KpeMa 3CYBU. BaXkIIMBOIO CKIIaJJOBOI I'€OEKOJIOTIYHHX
JNOCTI[DKEHb € MOHITOPMHT 3CYBHHX IIPOLIECIB 3a JIONOMOIOI JaHUX JHCTaHIidHOro 3oHmyBaHHs 3emui  ([33).
VY cTaTTi NPOTEeCTOBAaHO Ta €KCHEPHMEHTAIBHO OOIPYHTOBAHO MOXKJIMBICTh TUCTAHIIIHOTO I€0SKOJIOT T YHOIO0 MOHITOPHHTY 3CYBHUX
MpOLEeCiB, JUIsI YOro BHUKOPHCTaHO CYIYTHHKOBY pajiofioKaliiHy iHTepdepomerpito. TecTOBUM MONIroHOM Oyino oOpaHo
npaBodepexokst KaHiBCbKOro BOIOCXOBHINA 3 BEIMKOIO KIIBKICTIO 3apeecTpOBaHKX 3CyBiB. OTPHMMaHO pe3ylibTaTH aKTUBHOCTI 3CYBIiB
3a BecHsHHH niepion 3 2015 mo 2023 poku. Y pamkax J0CHiPKEHHs 0yJI0 peTenbHO BU3HAUEHO HalOIbI aKTHUBHI 3CYBHI JIUITHKH, HA
SKHX CIIOCTEPIraroThCsl ICTOTHI aMIUIITYAHI KOJIMBaHHS. [ €0eKOIOriYHUi MOHITOPHHT aKTUBI3allil 3CYBHHX IMPOLECIB HAa JETAIBHOMY
PpiBHI MPOBeICHO 3a CyIMyTHUKOBUMH 3HIMKamu Sentinel-1, rmdposoro Monestro penbedy (DEM), TororpadgiyHUMU KapTaMu pi3HHX
MaciuTadiB Ta TeoJIONYHUMY KapTaMy YeTBEPTHHHHX Ta JIOYETBEPTHHHUX BiJkiaziB. IlepeBaroo 1ociiIKeHHs 3CyBHHUX IPOLECIB
JMCTAHIIHHUMH METOJlaMH € MOJKJIMBICTH OIEPAaTHBHO, HAa BEIMKHX IUIOLIAX, 3 JOCHTh BHCOKOIO TOYHICTIO Ta MiHIMaIbHUMH
€KOHOMIYHMMH BUTpaTaMH BUPILIYBAaTH 3aBJaHHs MPUPOJOOXOPOHHOIO HANpPAMY JUlsl 3a0e3MeUeHHS CTaJoro PO3BUTKY JOBKIJLIA Ta
CYCIIIBCTBA.

Kniouosi cnosa: 3cyBu, panapHi 300pakeHHs, Au(epeHIianbHa pajapHa iHTephepoMeTpis, BEpTHKANbHI 3MilleHHs, ImppoBa
Mozenb penbedy.
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v JIOCHIOKEHH] PO3TIISTHYTO MOKJIMBOCTI
Beryn KOMIUIEKCHOTO T'€0€KOJIOTYHOr0 MOHITOPUHTY 3CYBHHUX
' . ' MpOLECiB 32  KOCMIYHMMH  3HIMKaMH  paJlapHOro
MoniTopuHr 3MilleHb 3eMHOI TOBEPXHi 32 JAHAMH CYNyTHMKa 13 CHHTE30BaHOW ameptypoto Sentinel-1,
leCTaHHiﬁHOFf) ?OHHYBaHH’I.?eMHi (I[33) Ta 3HiﬁCHe}fH’1 npocTopoBoto pozpizHenictio 10 m (Ferretti et al., 2000;
iX TEMaTH4HO!I 1HTepIperanii 3 IeoNOriyHNuX MO3HIIH € Hererra et al., 2013). KoxHe pamaphe 300paeHHs
OtHAM i3 meroxis ﬂoc_ﬂiﬂmeHHﬂ 3CYBi?s mo (SAR) micTuth ZBi OCHOBHI XapaKTepUCTUKU — (pa3zy Ta
BUIPISHAECTHCA OIICpaTUBHICTIO, TEpUTOP1aJIbHAM amrutiTyny. ®aza MictuTh 1HQOpMALIiFO PO BiJICTAHb Bij
9X0HﬂeHHfIM 1, 3a HOHOMO'TOIO ?Y‘laCHOT CYIyTHUKOBOI JaTduKa 0 [T, SKa BUKOPHCTOBYETHCS IS
iH(opMallii, BUCOKOIO PO3PI3HEHICTIO. BHMIPIOBaHHS PyXy IOBEpXHI 3eMJi B 4aci. AMILTITyIa
AKTHBi3aIlis 3CYBHHX IpoleciB y Mexax Kueso- OB’ s13aHA 3 €HEPTi€r0 BIZOUTOTr0 PO3CiSHOTO CUTHATY Ta
C_TaﬁKiBCBKOFO 3CYBHOTO paifony (Jlemummmn, 1981) BHUKOPHUCTOBYETHCS [T BUSBJICHHS 3MIIICHB IPYHTY.
BiI0YBA€THCS YHACIIIOK ITEPE3BOIOKEHHS PO3UICHOBAHOT MeToziKa 3aCTOCYBaHHs pafapHoi iHTepdhepoMeTpii
JMIeCOBOi  BHCOYMHH i3  CIpHMH Ta TeMHO-CIpHMH noysirae B 00poOLll Mapu paaioioKamiiHuX 300pakeHb
OIiI30JIEHUMH TPYHTaMH (HimegKo, 2014). I[MpuauHowo Ha OCHOBI JaHmX X korepentHocti (Bejar-Pizarro et al.,
@OPM}fBaHH’I 3CYBHHX TIpoleciB y Mexax Kueso- 2017). 3acrocyBaHHs 1€l METOAMKH Ma€e OOMEKEHHS,
CTalKiBCBKOro 3CYBHOTO DAlOHY € 3asiraHHs JBOX SIKi BIUTMBAIOTh HA TOYHICTH BUMIpIOBaHHs nedopmariit
[JIMHACTAX TOPH3OHTIB, BEPXHIil — TiHPQCPiHBHi Oypi Ta (Casagli et al., 2016). Yacoa, reoMeTpryHa JEKOPEIISIIis
CTpOKATI [JIMHA HIDKHBOTO HﬂeﬁCTOLFeHY'MloueHYs HIDKHIH Ta BIUIMB atMoc(epHuX 30ypeHb 3MEHIIYIOTh SKiCTh
— OJITOLEHEOLEHOB] IJIMHM XapKIBCbKOI Ta KHIBCHKOL MPOCTOPOBOI TAa HYACOBOI KOTEPEHTHOCTi, HETaTHBHO
cit (Becmamosa, 2001; Jlimenko Ta in., 2017). Tomy BIUTHBAIOUM Ha MOXKITHBICTB JOCHikeHHs 3cyBiB (Hein,
JUIA 3CyBiB B MEXaxX PXUIIBCHKOI TEPHUTOPiaTBHOL 2004; Stankevich et al., 2017).
TPOMaJI XapaKTepHOI € CKJagHa 0ynoBa 3 MOBTOPHOKO MeToro JOCTi ke S € JMCTAHIIHI
aKTHBI3aIli€I0 HA NICBHUX JIISHKAX. TEOCKOJIOTIYHIH MOHITOPHHI BEPTUKAIBHUX 3MilICHb
3€MHOI TIOBEPXHI 3 BH3HAYCHHSAM aKTHBHHX 3CYBHUX
* E-mail: tetianaorlenko@ukr.net JIISTHOK. Jnst JIOCSATHEHH I 3a3Ha4YEHOI METHU

MPEACTABICHO METOOUKY, sgKa 3aCHOBaHa Ha
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BUKOPDHCTaHHI JaHUX paaioiOKaliiHOro 3HIMaHHS.
BukopucranHs pagioXBWwiIb J1a€  3MOTY paJlapHUM
cHCTeMaM TPOBOJINTH MOHITOPHHI, HE3Ba)KalO4d Ha
BIJICOTOK HAasiBHOI XMapHOCTI Ta dac moou. [Hpopmarris,
OTpHIMaHa B PE3yJIBbTATI OMPAIFOBAHHS PaJliOIOKAIliHHIX
JaHUX, € OCHOBOIO JJIsI Oprasizamii JeTaJbHOro
JIOCITI/DKEHHSI TEPUTOpIi Ta MPOrHO3YBaHHS T'€OIMHAMITHOL
CHUTYaIIii.

Marepianu i MmeToan

TouHICTh BHW3HAYEHHS IMPOCTOPOBOI'O PO3MILIEHHS
KOXKHOI TOYKH MOBEPXHi a0o0 Liji 3aJIe)KUTh BiJl IIYMIB,
IO BIUIMBAIOTh Ha CIIOCTEPEXYBaHI ITOKa3HUKH, Ta BiJ
JOCTOBIpHOCTI iH(pOpMalii mpo napamerpy 3HIMaTbHOL
CHCTEMHM, IO BHU3HAYalOTL  3MiHHI.  Haibinem
YYTIIMBUMH € TapaMeTpud 0a30BOi JIiHII, OCKIJIBKH
He3HayHa 3MiHa (a30BOro IEHTpa CYTTEBO BILIMBAE Ha
intepdepomerpuuny ¢dasy (Wang, 2021). Ha 3BopoTHuii
CHTHaJ PO3CIIOBAHHS BIUIMBAIOTH: BHJ PO34JICHYBaHHS
penbedy, HOro CTymiHb, THII POCIMHHOCTI, CTYIiHb
3BOJIOKCHHSI TIOBEPXHi, XapakTep IyXKHX BiJKJIa/iB
(Kril, Shekhunova, 2019).

ITokpokoBHil aNrOpUTM CTBOPEHHS KapTOCXEMH
BEPTUKAJIBHUX 3MilllEHb 3€MHOI ITOBEPXHi 300pa)KeHo Ha
Puc. 1.

IHTepdepoMeTpHIEA T'esepaniq iHTepdeporpayH e
napa sHIMEE —— nporpaMEoOMy cepetosHmi SNAP
CYIyTHEKA Sentinel-1 U

P03paxyHOK BepTHKATLHHX 3MIIIEEE

J

$iTBTpaNi JiTAHOK 3 HHIBKOK
KOTEpEHTHICTIO
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‘ Kapro-cxeMa BepTHKATBEHX 3MINEHE ‘

Puc. 1. biok-cxema anropuTMmy CTBOpPEHHS KapTOCXEMH
BEPTHUKAJIBHUX 3MIiIlICHb

st 00poOKH JaHUX CYMYyTHHUKOBOI PajiioNOKaIiiHOl
inTepdepoMeTpii  BHUKOPHUCTOBYBAIIOCS  HpOrpamHe
3abesneuennsn Sentinel Application Platform (SNAP) 3
BiZIKpUTHM BHXigHMM KomoMm, HamaHe ESA (Engdahl et
al., 2017).

Paniomokariiiini  3HiMku cymyTHEKa Sentinel, o
BHKOPHCTaHI B JIOCIIKEHHI, MiAiOpaHo 3 ypaxyBaHHIM
napameTpiB OpOITH, HANPSAMKY 3HIMAHHS CYIyTHHKa,
JacOBUX XapaKTEPHUCTUK Ta 3Ha4eHb 0a30Boi mimii. s
3MEHILEHHS pHU3HUKY THMYaCOBOI JIeKOpeIsii
iHTepdepomMeTpruHOi  dasm HYac MK OTPUMAHHIM
MepIIoro Ta APYroro KOCMIYHOTO 3HIMKAa Mae OyTH
HaKoOpOTIUM. BifcTaHp MiX IONOKEHHSAM CYITyTHHKA
Ha MOMEHT OTPHUMAaHHS 300payKeHHSI Ma€ CTAaHOBHUTH Bif
300 mo 500 merpiB. 3 MeTOrO CTBOpEHH! iHTEpdeporpamu,
BHUKOPHCTOBYBAINCS  IHTEP(PEPOMETPUYHI  HPOAYKTH
Single Look Complex (SLC) 3 d9acoBoio pi3HHLEIO
12 gmiB, y HEBXigHIH reomerpii, I BH3HAYCHHI

Online ISSN 2313-2132

BEPTUKAJIBHUX 3MiH 3€MHOi ITOBEpXHI, 3a BECHSHHI
mrepion 3 2015 o 2023 poxkwu.

lonoBHuM eramoMm renepanii iHTepdeporpamu €
CIIUTEHA KOPEECTpaIllisi KOCMIYHUX 300paxkeHs (Puc. 2).

Puc. 2. IIpoBeneHHs KopeecTpallii BUXiTHUX 300pakeHb:
a — aNropuTM™ KopeecTpallii, 6 — oTpuMaHui po3noain
IHTEHCHBHOCTI CUTHAITY

300pakeHHs CKOMIIUIbOBaHI B CIUIBHHHA CTEK, B
SKOMY KOXXHA TOYKA 3E€MHOI MOBEpPXHI Ma€ OJHAKOBi
KOOpIMHATA. HacTymHHM KpOKOM € 3acTOCYBaHHS
onepatopa Deburst 3 mento naneni incrpymentisB SNAP
JUISl KOMIUTALT BCIX JaHuX B onHe 300paxkeHHs (Rott and
Nagler, 2006). ITicnst 1poro copmoBaHo iHTEpdEeporpamy
Ta BuzasneHo tomorpadiuny dasy (Puc. 3).

Puc. 3. a — inTepdeporpama micist 06’ enHanHs, 6 — haza
inTepdeporpamu micis BUIaICHHs Tornorpadivnoi ¢asu,
B — 3aBaHTA)KEHA aBTOMAaTH4YHO Mozesb DEM s
JIOCITIJDKYBAaHOI TepUTOpii, r) — Tonorpadiuxa dasa
KaHiBCcbKOTro BOJOCXOBHIIA

Ieit kpok maB 3Mory OTpuUMAaTH BindinbTpoBaHi
3HAYCHHSI, 3 BUIAJICHUMHY IOMUIKOBHUMH CIIaJaXaMH, IS
KOPEKTHOTO BiJJOOPaYKEHHS BIJHOIICHHS CHIHAJ/IIYM.
HactynHuM  eramoM €  po3roprka  IOMEPEAHBO
cdopmoBanoi (asu 3a gomomororo (Bamler et al., 1998,
Costantini, 1998) moxyns SNAPHU (Puc. 4).

File Help
1/O Parameters Processing Parameters

Display execution output

Output folder: D:\TetianaWME\exp\S1A_Orb_Stack_ifg_deb_dinsar_ML_fit

B snaphu-unwrapping X
Starting tool execution

| 0%

Unwrapping tile at row 0, column 2 (pid 815)

ol [ErED
Puc. 4. Posroprka intepdepomerpudHoi hazu
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Meroauka moOya0BH KapTH BEPTHKAIBHUX 3MiIICHb
IPYHTYETBCS Ha 3aCTOCYBaHHI JaHUX PO3TOPHYTOI
iHTepdepomeTpruHOi (a3 iX mepeBeneHHS i3 pafiaH y
METpH.

3nauenHs ¢asu inTepdeporpamu (Peltzer, Rosen,
1995) 1m0 BepTHKAIBHUX 3MIlIEHh MEPEBOAUTHCS 32
JIOTIOMOT' OO0 TAKOTO PiBHSHHS:

A

d=—"Aq,,
. Py Q)

e A — e nosxuna xsuiai SAR Sentinel-1 B niamasoni C,
a Aqqg — pizauns ¢as mixk 1Boma SLC 300pakeHnsiMu 6e3
PO3TOPTKH.

3  ypaxyBaHHAM  OCOOJHMBOCTEN  JIOCIHIKYBaHOI
JUISHKY aOCONIOTHI 3HAYEHHS BEPTUKAIBHHUX 3MIIEHb
OTpUMaHi aBTOPOM 3a (HOPMYJIOKO:

0.056 * UnWPhaseifg

O]

—4% Pi *cos(rad (incidentangle) )’

ae Unw_Phase_ifg — orpumani 3Ha4eHHS pO3rOPHYTOI
daswu, incident angle — kyr Haxuny cymythuka, 0.056 —
3HAYCHHS JOBXUHM XBUIi Sentinel-1 y metpax.

Jst Toro, mo6 aHai3 CUTHATYp OTPUMaHUX 3HA4YEHb
BEPTHKAJIBHUX 3MillleHb iHTepdeporpaMu MoxkHa Oyi10
OLIHUTH HAJEKHUM YHHOM, BIJHOLICHHS CUTHAJI/IIyM
aBTOpoM 30imbmeHo 1o 0,5 Ta BIAKMHYTO 3HA4YEHHS
korepeHTHocti  Menme  0,3. OCKIIbKM ~ BOHH
BIJIMOBIJAIOTh 32 BIiJOWTTS POCIMHHOCTI Ha 3HIMKY,
YaCTKOBO BOJAY Ta HeBepH(iKOBaHI MIKCENH, 10 TOrO X
TEeCTOBa JIsSHKA — We JIOCHTh 3allicHeHui Oeper
KaniBcbkoro BojmocxoBuia. Takox BHOpaHO TOYKH 3a
METOIOM IIOCTIHHMX BiAOMBAYiB, IS SKUX 3MIIIEHHS
JOpiBHIOIOTH Hymo. Lle mons, 1mo He oOpoOIsIOThCs 3
2013 poky Ta MarTh CTaIWH PIBEHb POCIMHHOCTI i
Yyac BECHSHOrO Iepiofy. Y Takuil crocid orpumaHo
Bi(IIbTPOBaHI 3HAYEHHS KOI€PEHTHOCTI 300pa’KeHHS,
0e3 BIUTUBY POCIMHHOCTI Ha JOCII/DKYBaHIN TepUTOPIi.
[IpoBeneHO TOBTOPHY KOPEKIIIO pe3yNbTaTiB BXE 3
ypaxyBaHHSIM 3HAa4eHb Ha IMX JUISHKax. Bixcrani Ha
pamapHuX  300paKEHHSAX  CIHOTBOPIOIOTBCS — Uepes
TororpadiuHi Bapiaiii 300pakeHb Ta HAXWJI OCI OISy
Jatyrka cymyTHUKa. Kopekiis penbedy KOMIEHCYeE Iii
cnotBopeHHA. OTpuMaHe TeOMETpUYHE 300parkeHHS
MaKCHMAJIbHO HAOKEHE JI0 peasibHOT MOBEPXHI 3EMIIL.

3a pe3yiIbTaTaMu iHTepdepoMeTprHIHOro
00pOOTICHHS PETPOCHEKTUBHUX pPAJapHUX MaHHUX Yciel
30HM  JOCTI[DKEHHS  OTPUMAaHO  XapaKTepPHCTUKH
nedopmaniii  3eMHOI TMOBEpXHi, a came 3HAa4YeHHS
BEPTUKAJBHUX 3CYBiB 3eMHOi moBepxHi (Pmc. 5). Hns
3pYyYHOCTI TOHAHHS Ta aHam3y naHux aedopmarii
3eMHOi TIOBEpXHi KiHIEBiI iH(OpMAaIiiiHi TPOTYKTH
mogaHo y BektopHux ¢popmartax “SHP” mns ['IC cucrem
ta “KMZ” anmsa mporpamHoro 3abesmedeHHs “Google
Earth”.

Pe3yabTraTn

TecroBuM moniroHoM Oyno oOpaHO TpaBOOEPENOKS
KaHiBcbKOro BogoCX0oBHINA Ha IiasHII Butauis-Craiiku,
a came, kap’ep miBHiuHimE c. Craifiku 3 BEIMKOIO
KUTBKiCTIO 3apeecTpoBanux 3cyBiB (Puc. 6).

3a pesynbTaraMy aHai3y BEPTHUKAJIBHUX 3MIiIICHb
BH3HAYEHO MISIHKA  MICHEBOCTI 3  TOMIMPEHHIM
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BEPTHKAJIBHUX 3MiIIEHb 3eMHOI TOBEPXHI, SIKi 300pakeHi
Ha Puc. 7.

e

Puc. 5. 300paskeHHST KapTOCXEMH 3MIIIIEHb 13 3aMacKOBaHUMH
00J1aCTSIMH HU3BKOI KOTEPEHTHOCTI ISl TEPUTOPIH,
110 3HAXOJSATHCS 111 BIUTHBOM KaHiBCHKOTO BOIOCXOBHIIIA

Puc. 6. bararocniekrpanbHuii 3HIMOK Kap’epy MiBHIYHiIIe
c. Craiiku. [IpaBobepexokst KaHiBChKOTo BOIOCXOBHINA

Puc. 7. BepTukanbHi 3MillieHHs 3MHOI TIOBEPXHi B MEKax
TECTOBHUX JAUISIHOK y Kap’epi miBHiuHime ¢. Craiiku
3a 6epesenn 2015 ta 2023 pokis

OTpuMaHi pe3yabTaTH MOKa3ylOTh, IO BEPTHKAIHHE
3MiIIEHHs 3¢MHOI TIOBepXHi € cTamuM K y 2015, tak i B
2023 pokax y MexXax JOCIIIKyBaHOTO Kap epy (TOUKH O,
7, 8, 9 ma Puc. 7). Kapra 3Mmimens 3eMHOi MOBEpxXHI,
CTBOpPECHA 3a METOIWMKOI0 pagapHOi iHTepdepomeTpii B
Mexax nuistHkH BuragiB-Craiikm  (30kpema, Kap’ep
miBHiyHImEe c. CTaifkn) 3a0e3nedye MOXKIUBICTE (ikcarii
IUQepeHIIIHOBAaHOTO XapaKTepy CYJacHUX JedopMarlii.
3 ormsamy Ha aHami3 JOCIHiIPKyBaHOI MIJISTHKH MOXKHA
KOHCTaTyBaTH, III0 BEPTHKAJIbHE 3MIIIEHHS ITOBEPXHI €
CTaJIMM TS TIeBHHUX AUBTHOK. CriocTepiraiach aKTHBi3amis
BU3HAUYCHWX 3CYBIB y TEBHI pOKH, 0o ¥ Oyno
3aikcoBaHO Ha TOOYIOBAaHMX KapTax BEPTUKAIBHHUX
3MilIeHb 3eMHOI TOBEPXHI MO pOKax y Mepiof 3 KBIiTHS
o Tpasens 13 2015 mo 2023 poku (Puc. 8).
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Puc. 8. 3Benena kapTocxema 3MileHb 3eMHOI TOBEPXHi
B MeXax Kap’epy miBHiuHime c. CTalKu.
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BucnoBxku

Meronuka nudepeHiianbHOT pagapHoi
inTepdepomerpii mae 3Mory 3AiHCHIOBATH MOHITOPHHT
3MillleHb 3EeMHOI TOBEpXHI B pealbHOMY Yaci Ta
OIEPaTHBHO OTPUMYBATH aKTyalbHI JaHi. Y pe3ynbrari
MIPOBEACHUX JIOCHIPKEHb IPOaHaIi30BaHO T'€0SKOIOT YHI

YMOBH  JIOCHIJDKYBaHOI  TepuTopii Ta  Qakropu
iHTeHcudikalii 3CyBHHX IPOLECIB, IPOaHAII30BaHO
MOXIIUBOCTI ~ 3aCTOCYBaHHS JIaHMX  JIMCTaHIIHHOrO

30HAYBAaHHA 3eMii U BHSBJICHHS 3CYyBOHEOE3NEYHUX
JUISTHOK Ta METOAM 1X TeMaTH4YHOi 00poOku. Po3pobiieHo
METOJIKY JIUCTaHIIIHHOTO re0eKOJIOTIHHOTr0
MOHITOPUHTY 3CyBIB Ha OCHOBI JIJAHUX PaJIi0JIOKAIIIHOTO
3HIMaHHS 3 OIIHEHHSIM BEPTUKAJIBHUX 3MIIICHb.

[IpoBeneHi Ha3zeMHI CIIOCTEPEXKEHHs 3CyBIB Ha
npaBobepexcki KaHIBCHbKOro BOJOCXOBHINA TOKA3aJIH,
0 3CYBHI JISHKM B MeXaX JOCHIIHOI JiISHKH
AKTHBI3YIOTHCSl B TICBHI POKHM 3aJIeXKHO BiJ| KUIBKOCTI i
xapakrepy omnaniB. [liaTBepmxkeHo  e(eKTHBHICTBH
3aCTOCYBaHHS CYIIYTHHKOBUX DPaIiONOKAIiMHAX ITaHUX
JUIA KapTyBaHHS TOTEHIIMHUX 3CYyBHHX [IUISHOK. Y
TMOEHAHHI 3 Te0NIOro-reo(iznIHIME, TeOMOP(OIOrTIHUMHI
Ta CTPYKTYPHO-TEKTOHIYHUMH JaHUMH IudepeHiiaapaa
pamaphHa iHtepdepoMeTpist Jae 3MOry OTPUMATH
JNOCTOBIpHI ~ pe3yapTaTH IIOAO PO3BHUTKY 3CYBHHX
MpOIeciB Ta HAagaTH pPEKOMEHAAIlil MIomo MiHiMizamil
iIXHPOTO HEraTWUBHOI'O BIUIMBY HAa CTaJUMHd PO3BUTOK
TPUPOTHOTO CEPEAOBHILA.

Jliteparypa

becnanoBa, O.M. (2001). Tumm 3cyBHHX 3MillleHb
mpaBobepexokst Cepenuporo JlHimpa sK BigoOpakeHHS
MIKPOCTPYKTYPH TJIMHUCTHX IPYHTIB. 30IpHUK HAYKOGUX
npays Inemumymy ceonociunux nayk HAH Ykpainu, 82-90.

Hemuumn, M. I, (1991). 'eonoruyeckas cpena Kuesa. [eon.
orcypH., 2(257), 14-24.

Jlimenko, JI. I1, TTasunu4, H. B., Tepemenko, O. M. (2014).
JlocimipKeHHsT 3CYBHUX MporieciB Ha Teputopii M. Kuesa B
PEeXUMI AUCTAHIIHHOrO MOHITOPUHTY. VKpaiHcokuil dHcypHan
Jucmanyiinoeo sondyeanns 3emni, 2, 2014, 29-34.

Online ISSN 2313-2132

19

Jlimenko, JI. I1., [Mazuamy, H. B., ®iminosuu, B. €. (2017).
CynyTHUKOBUH MOHITOPHHT PO3BHUTKY 3CYBHHX IIPOLECIB B
IpunninpoBcekiit 3081 M. Kuea. Vrpainucoxuii owcypnan
Jucmanyiiinoco  30HOyeawuss  3emni, 15,  11-22.
https://doi.org/10.36023/ujrs.2017.15.111.

Bamler, R., Adam, N., Davidson, G.W., Just, D. (1998).
Noise-induced slope distortion in 2-D phase unwrapping by
linear estimators with application to SAR interferometry.
IEEE Transactions on Geoscience and Remote Sensing,
36(3), 913-921. https://doi: 10.1109/36.673682.

Bejar-Pizarro, M., Notti, D., Mateos, R. M., Ezquerro, P.,
Centolanza, G., Herrera, G. ... Fernandez, J. (2017).
Mapping vulnerable urban areas afected by slow-moving
landslides using Sentinel-1 INSAR Data. Remote Sensing,
9, 876-893. https://doi.org/10.3390/rs9090876/.

Casagli, N., Cigna, F., Bianchini, S., Holbling, D., Fireder, P.,
Righini, G. ... Bianchi, M. (2016). Landslide mapping and
monitoring by using radar and optical remote sensing:
examples from the EC-FP7 project SAFER. Remote Sens.
Appl.  Soc.  Environ, 4, 92-108.  https://doi.
0rg/10.1016/j.rsase.2016.07.001.

Costantini, M. (1998). A novel phase unwrapping method
based on network programming. IEEE Transactions on
Geoscience and Remote Sensing, 36(3), 813-821.
https://doi: 10.1109/36.673674.

Engdahl, M., Veci, L., Lu, J., Fomferra, N., Pratts-lraola, P.,
Foumelis, M. (2017) ‘SNAP and the Sentinel-1 Toolbox
for TOPS Interferometry’ In Abstract Book of 10th
International Workshop on Advances in the Science and
Applications of SAR Interferometry and Sentinel-1 INSAR
(Fringe 2017), Helsinki: ESA.

Ferretti, A., Prati, C., Rocca, F. (2000). Nonlinear subsidence
rate estimation using permanent scatterers in differential
SAR interferometry, IEEE Transactions on Geoscience
and Remote Sensing, 38(5), 2202-2212. https:/doi:
10.1109/36.868878.

Herrera, G., Gutiérrez, F., Garcia-Davalillo, J. C., Guerrero, J.,
Notti, D., Galve, J. P., Cooksley, G. (2013). Multi-sensor
advanced DInSAR monitoring of very slow landslides:
The Tena Valley Case Study (central spanish pyrenees).
Remote  Sensing of Environment, 128, 31-43.
https://d0i:10.1016/ j.rse.2012.09.020.

Hein, A. (2004). Processing of SAR Data Fundamentals,
Signal Processing, interferometry. Berlin: Springer.

Kril, T., Shekhunova, S. (2019). Terrain elevation changes by
radar satellite images interpretation as a component of geo-
environmental monitoring. 13th International Conference
on Monitoring of Geological Processes and Ecological
Condition of the Environment. https://doi 10.3997/2214-
4609.201903176.

Peltzer, G., Rosen, P. A. (1995) Surface displacement of the 17
May 1993 Eureka Valley, California, earthquake observed
by SAR interferometry. Science, 268, 1333-1336.

Rott, H., Nagler, T. (2006). The contribution of radar
interferometry to the assessment of landslide hazards.
Advances in Space Research, 37(4), 710-719.
https://doi:10.1016/j.asr.2005.06.059.

Stankevich, S., Piestova, I., Titarenko, O., Filipovych, V.,
Samberg, A., Dudar, T.; Svideniuk, M. (2018). Urban area
geodynamic risk mapping using long-term time series of
sentinel-1 satellite radar interferometry. Information
Security:  An International Journal, 40(1), 39-50.
https://doi:10.11610/isij.4003.

Wang, Y., Zhang, K., Gong, F., Mu, J., Liu, S. (2021).
Interferometric phase reconstruction based on probability
generative model: Toward efficient analysis of high-
dimensional SAR stacks. Remote Sensing, 13(12), 2369.
https://d0i:10.3390/rs13122369.


https://doi.org/10.36023/ujrs.2017.15.111
https://doi:10.11610/isij.4003

T. A. Opaenxo. Yrpaincoxuil socypran oucmanyitinoeo 3ondyeanns 3emnai, 2023, 10 (3), 16-20

References

Bamler, R., Adam, N., Davidson G. W., Just, D. (1998). Noise-
induced slope distortion in 2-D phase unwrapping by linear
estimators with application to SAR interferometry. IEEE
Transactions on Geoscience and Remote Sensing, 36(3),
913-921. https://doi: 10.1109/36.673682.

Bejar-Pizarro, M., Notti, D., Mateos, R. M., Ezquerro, P.,
Centolanza, G., Herrera, G. Fernandez, J. (2017)
Mapping vulnerable urban areas afected by slow-moving
landslides using Sentinel-1 INSAR Data. Remote Sensing,
9, 876-893. https://doi.org/10.3390/rs9090876/.

Bespalova, O. M. (2001). Types of landslide displacements of
the right bank of the Middle Dnieper as a reflection of the
microstructure of clayey soils. Collection of scientific
papers of the Institute of Geological Sciences of the
National Academy of Sciences of Ukraine, 82—90.

Casagli, N., Cigna, F., Bianchini, S., Holbling, D., Fureder, P.,
Righini G., ... Bianchi, M. (2016) Landslide mapping and
monitoring by using radar and optical remote sensing:
examples from the EC-FP7 project SAFER. Remote
Sensing Appl. Soc. Environ, 4, 92-108.
https://doi.org/10.1016/ j.rsase.2016.07.001.

Costantini, M. (1998). A novel phase unwrapping method
based on network programming. IEEE Transactions on
Geoscience and Remote Sensing, 36(3), 813-821.
https://doi: 10.1109/36.673674.

Demchyshyn, M. G. (1991). Geological environment of Kyiv.
Geologichnjj zhurnal, 2(257), 14-24.

Engdahl, M., Veci, L., Lu, J., Fomferra, N., Pratts-lraola, P.,
Foumelis, M. (2017) ‘SNAP and the Sentinel-1 Toolbox
for TOPS Interferometry’ In Abstract Book of 10th
International Workshop on Advances in the Science and
Applications of SAR Interferometry and Sentinel-1 INSAR
(Fringe 2017), Helsinki: ESA.

Ferretti, A., Prati, C., Rocca, F. (2000). Nonlinear subsidence
rate estimation using permanent scatterers in differential
SAR interferometry. IEEETransactions on Geoscience and
Remote Sensing, 38(5), 2202-2212. https://doi: 10.1109/
36.868878.

Herrera, G., Gutiérrez, F., Garcia-Davalillo, J. C., Guerrero, J.,
Notti, D., Galve, J. P., Cooksley, G. (2013). Multi-sensor
advanced DINSAR monitoring of very slow landslides:
The Tena Valley Case Study (central spanish pyrenees).
Remote  Sensing of Environment, 128, 31-43.
https://doi:10.1016/j.rse.2012.09.020.

Hein, A. (2004). Processing of SAR Data Fundamentals,
Signal Processing, interferometry. Berlin: Springer.

Kril, T., Shekhunova, S. (2019). Terrain elevation changes by
radar satellite images interpretation as a component of geo-
environmental monitoring. 13th International Conference
on Monitoring of Geological Processes and Ecological
Condition of the Environmen. https://doi 10.3997/2214-
4609.201903176.

Lishchenko, L. P., Pazynych, N. V., Filipovych, V. E. (2017).
Satellite monitoring of the development of landslide
processes in the Dnieper zone of Kyiv. Ukrainian Journal
of Remote Sensing, 15, 11-22. https://doi.org/10.36023/
ujrs.2017.15.111

Lishchenko, L. P., Pazynych, N. V., Teremenko, O. M. (2014).
Study of landslide processes on Kyiv's territory in remote
monitoring mode. Ukrainian Journal of Remote Sensing, 2,
2014, 29-34.

Peltzer, G., Rosen, P. A. (1995) Surface displacement of the 17
May 1993 Eureka Valley, California, earthquake observed
by SAR interferometry. Science, 268, 1333-1336.

Rott, H., Nagler, T. (2006). The contribution of radar
interferometry to the assessment of landslide hazards.
Advances in Space Research, 37(4), 710-719.
https://doi:10.1016/j.asr.2005.06.059.

Stankevich, S., Piestova, I., Titarenko, O., Filipovych, V.,
Samberg, A., Dudar, T.; Svideniuk, M. (2018). Urban area
geodynamic risk mapping using long-term time series of
Sentinel-1 satellite radar interferometry. Information
Security:  An International Journal, 40(1), 39-50.
https://d0i:10.11610/isij.4003.

Wang, Y., Zhang, K., Gong, F., Mu, J., Liu, S. (2021).
Interferometric phase reconstruction based on probability
generative model: Toward efficient analysis of high-
dimensional SAR stacks. Remote Sensing, 13(12), 2369.
https://d0i:10.3390/rs13122369.

VERTICAL DISPLACEMENT MONITORING TECHNIQUE USING RADAR INTERFEROMETRY DATA

Tetiana Orlenko

Scientific Centre for Aerospace Research of the Earth of the Institute of Geological Sciences of the National Academy of Sciences of
Ukraine, Olesia Honchara Str., 55-b, Kyiv, 01054, Ukraine

All phenomena and processes occurring on the Earth's surface are closely related. Earth is characterized by internal and external
planetary geological processes, which, throughout the entire geological development of the Earth, lead to its change. The speed and
scale of geological processes change in time and space due to climatic changes. Changes are divided into long-term and momentary
ones, which cause catastrophic phenomena, including landslides. An essential component of geoecological research is monitoring
landslide processes using data from remote sensing of the Earth. The possibility of remote geoecological monitoring of landslide
processes using satellite radar interferometry has been investigated, tested and experimentally substantiated. The right bank of the
Kaniv Reservoir, with many registered landslides, was chosen as the test site. The results of the activity of vertical displacements of
landslides for the spring period from 2015 to 2023 were obtained. Nine test sites and five control, stable areas affected by active
surface deformations were investigated using 45 Sentinel-1A images. Geoecological monitoring of the activation of landslide
processes at a detailed level was carried out using Sentinel-1 satellite images, a digital terrain model (DEM), topographic maps of
various scales, and geological maps of Quaternary and pre-Quaternary structures. The advantage of the study of landslide processes
by remote methods is the ability to quickly, on large areas, with relatively high accuracy and minimal economic costs, solve the
problems of environmental protection to ensure the sustainable development of the environment and society.

Key words: displacements, radar images, differential radar interferometry, vertical displacements, digital terrain model.
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