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11. OB30P COBPEMEHHBIX PAINOJIOKAIIMOHHBIX JAHHBIX /133
N METOJUK UX OBPABOTKU C NCITIOJIb3OBAHUEM
HPOI'PAMMHOI'O KOMIIVIEKCA SARSCAPE

FO.!. Kantemupos

000 «Komnanusa CoB30HI»

AHHOTaNUsA. B doknade npusooumcs 0630p cO8PEMEHHBIX PAOUOIOKAYUOHHBIX OAHHBIX
/33, daemcs ux Kpamkas CpasHUmMenbHAas Xapakmepucmukd, paccMampuéaromcs OCHOBHble
MemoouKy  00pabomku  paouoiOKAYUOHHBIX OAHHBIX, Pealu308aHHble 8 NPOSPAMMHOM
komnaexce SARSCape, a maxoice nNpuBOOAMCA NpuMepvbl NPAKMUYECKO20 NPUMEHeHUs

00paboOMaHHbBIX PAOAPHBIX OAHHBIX.

OBb30P COBPEMEHHbBIX PAZIMOJIOKALIMOHHBIX JTAHHBIX /133

PaguonokarmonHass KOCMHYECKass ChEMKA BBIMONHICTCS B  YIBTPAKOPOTKOBOIHOBOM
(CBEpXBBICOKOYACTOTHOM) 00JIACTH PaJMOBOJIH, moapazaensemMoi Ha X-, C-, u L-muamna3oHsl
(Tabm. 1).

Tabmn. 1. JlnanazoHsl paIuoOBOIHOBOW 00JACTH 3JIEKTPOMArHUTHOTO CIIEKTPa, B KOTOPBIX

BBITIOJIHSIETCS! (MJTM BBITIOJIHSIIACH) KOCMUYECKAsi ChEMKa.

JAnanazon | Yacrorsl, I'T'n | JauHbl BOJH, cM CnyTHMKOBBIE CHCTEMBI
2.75-5.77 USGS SLAR, TerraSAR-X,
X 5.20-10.90
(2.4 -3.8) Cosmo-SkyMed 1-4
ERS-1,2; ENVISAT-ASAR,;
C 3.9-6.2 38-756
RADARSAT-1,2
19.3-76.9
L 0.39-1.55 SIR-A,B, ALOS
(15-30)

[Ilnpokoe NpHUMEHEHUE CIYTHUKOBBIX PaJMOJIOKALMOHHBIX JaHHBIX Hadajoch B 1991
rofy c 3amyckoMm crnytHuka ERS-1 (EBporeiickoe kKocMUYecKoe areHTCTBO) C PaJuoI0KaTOPOM
Ha Oopry. IlepBoHauanbHas Ledb 3allycka 3TOrO IMEPBOTO TPAXKIAHCKOIO CIYTHUKOBOIO
pasvoNoKaTopa OMpEeeIsyiach JAOBOJIBHO Y3KO M OTpaHMYMBAIach MOPCKUMHU MPHIIOKEHUSIMU
(MOHMTOPUHT JIeIOBOM OOCTAHOBKH, aiicOeproB, CyIOXOJCTBA, TEUCHWUH, HE(PTIHBIX ISTEH
u T.1.). OgHako, yKe IOCI€ MPOXOXKAECHUS CIYTHUKOM IIEPBOIO JAECITKAa IOJHBIX IMKJIOB
MOBTOPEHUSI OPOUTHI BBISICHUIIOCH, YTO KPOME MOPCKHUX MPUJIOKEHHUH y 3TOro pajanoiiokaTtopa

AMeeTcs OONIBIION MOTCHIMAII W IJIA BBIITOJIHCHHA PA3JIMYHBIX 3a1a4 Ha CYyIIC.
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Bo-nepBbIX, Ha OMBITHBIX YYacTKax OBUIM YCIEHIHO HOCTPOEHBI LU(PPOBBIE MOJENIN
penbeda 1O pe3ynbraTaM HUHTEPPEpOMETPUUYECKOW OOpabOTKM TMap pagapHbIX CHUMKOB,
BBIIIOJIHEHHBIX C BPEMEHHBIM HMHTEPBAJIOM, PaBHBIM KpPaTHOMY YHCIY TOJHBIX ITUKIOB
MOBTOpeHHUsT OpOUTHL. OmHako, s OONBIIMHCTBA THIOB JAHAMA(TOB (KpOME IYCTHIHB)
KOT€pEeHTHOCTh (Mepa Koppemsiuuu (a3 pagapHbIX CHHUMKOB) aias  noctpoeHus LIMP
OKa3bpIBajach HEJOCTATOYHOM, TIOCKOJIbKY MHHHUMAJIBHO BO3MOXKHBIM TEPHOA  MEXKIY
UHTEPPEPOMETPUUECKIMH ChbEMKaMU COCTABJISUI OJUH TOJHBINA LUKI MOBTOPEHUS OPOHTHI, TO
€CThb 35 IHeH.

[Toatomy B mapy k ERS-1 6bur 3amnanupoBan 3amyck crytHuka ERS-2, a BMecTe oHu
JIOJDKHBI OBITM COCTaBHTH TAaHAEMHYIO IMapy CIYTHHKOB, CIIOCOOHBIX BBINOJIHATH TaHICMHYIO
UHTEPPEPOMETPHUECKYIO CHEMKY OJHOW M TOW YK€ TEPPUTOPUHU C BPEMEHHBIM HHTEPBAJIOM B
1 cyrku. B TannemMHOM pexuMe mapa 3TUX CIIyTHHKOB Mpopabortana okono roga (1995-1996
IT.). 3aTeM, C BBIXOJIOM U3 CTPOs ONpe/IeIeHHOro 00opynoBanus Ha ciiyTHuke ERS-1 Tannemnas
MuccHs opuIuanbHO 3aKoHYMIach. DAaKTUYECKH K€ TaHJIEMHBIE CHEMKH IPOJIOIDKAIHNCH 0
mapra 2000 r., xorma mpekpartuiachk dkcrutyatanms ERS-1, xors B mHTEepdepomerprueckon
o0paboTke TaHAEeMHBIX mnap mnocie 1996 roma BO3HUKAIOT HEKOTOPbIE JIOMOJIHUTENIbHBIE
TpyaHoctu. Beero tangemom ERS-1 — ERS-2 otcHsaTa Gonbliiast 4acTh 3€MHOTO IlIapa, HHOT/IA
10 HECKOJIBKO pa3s.

Emre oqHIM Ba)KHBIM MPAKTUYECKUM NMPHUMEHEHHEM CITYTHUKOBBIX PaJHOIIOKATOPOB CTall
MOHUTOPUHI CMEUIEHHH 3EeMHOM MOBEPXHOCTH TO pe3ynbTaTtaMm JuddepeHaaIbHON
uHTeppepomerpuueckoit 00padotku. Ecnu yuects, uro ciytHuk ERS-2 naxonutes Ha opbute n
BBITIOJIHSAET CHEMKY JI0 CHUX TOp, TO HAa 3HAYMTENBHYIO YacTh 3€MHOTO IIapa HMEITCS
MHOTONPOXOAHbIE HHTEP(PEpOMETPUUECKHE IETOYKN CHUMKOB 3a nepuos ¢ 1991 no 2010 rogst.
Tak, HarpuMep, MHOTHE eBpOINENHCKHE TOpoia CHUMAIUCh Kax bl Mecsi ¢ 1995 roga (a ¢ 1991
no 5-10 pa3 B rox). To ects, B HacTosiiee Bpemst umerorca 100- unu 200- npoxoIHbIE LETNOYKU
palapHBIX CHUMKOB, KOTOPBIE, B CITydae IOCTaTOYHOH KOT€PEHTHOCTH, MOTYT OBITh 00paboTaHbI
BCEMH  BO3MOXHBIMH  TU(PPEpEHINATEHBIME  HHTEP(HEPOMETPHUECKUMH  METOIMKAMH,
ONHCAaHHBIMU HHXeE, C TOJIY4YEHHEM Ha BBIXOJIE KapT CMELICHHH 3€MHOM IOBEpXHOCTH U
negopmanuii 31aHU U coopyxkenuit 3a nepuon 1o 20 ner. Ha tepputoputo Poccuu u ctpan
CHI" Hepeaxo umerorcsa 30-40 nmpoxonaHsle, M mpakTU4Yecku Beceraa 15-20 mpoxomHble HENOYKH
TaKUX CHUMKOB.

B 2002 romy EBpomeidcKkuM KOCMHYECKMM areHTCTBOM ObUI 3allylleH CIyTHUK
ENVISAT, ¢ paguonokatopom ASAR Ha 60pTy, KOTOpPBIM HpeACTaBisul cOOOH ciemnyroliee
nokosieane cnyTHuKoB ERS-1 u 2. Dror crmyTHHK Xapaktepu3yeTcs OOJBIIMM KOJIHYECTBOM

JIJIOB M PEXUMOB ChEMKH, BO3MOXKHOCTBIO CHEMKH B Pa3HBIX MOJSApH3alUsAX (B T.4. B ABYX
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OJIHOBPEMEHHO) U B IIMPOKOMOJOCHOM pexume. IIpu 3TOM CHUMKH, CIETaHHBIE B pexKUME
Image Mode B monoce ceemku 1S2 u ¢ monsipusanueii VV untepdepoMeTpudecku COBMECTUMBI
co caumkamu ERS-1 u ERS-2. Dta 0ocobeHHOCTh TI03BOJIMIIA B TEYCHUE HECKOJIBKUX BPEMEHHBIX
MIEPHOJIOB OpraHn30BaTh TaHIeMHYI0 cheMKy ERS-2 — ENVISAT ¢ BpemMeHHBIM HHTEpBAJIOM B
30 munyT Ha OosblIuX 0a30BBIX JUHHUAX. ChEMKa B TaKOM pPEXKUME XapaKTepU3yeTcs KpaiiHe
BBICOKUM (ha30BBIM pa3pelieHneM UHTepPEporpaMM Mo BHICOTE U MPU ATOM JOBOJIBHO BBICOKOH
KOTePEHTHOCThI0 (a3 3TUX CHUMKOB, YTO IMO3BOJSIET CTpouTh L[MP BbICOKOW TOYHOCTH (HO
CpEIHEro MpOCTPaHCTBEHHOTrO paspeiieHus 20 m).

Kpome Toro, cmyrHuk ENVISAT Takke Bel THOBTOPHYIO CBEMKY 3HAYUTEIBHBIX
tepputopuii, B TOM uwucie, Poccum wu crtpan CHI, 4To 1O03BONSET BBICTPAUBATh
UHTEPPEPOMETPHUECKHIE [IETTOYKH CHUMKOB JIJIsl MOHUTOPUHTA CMEIICHNH 3€MHOM ITOBEPXHOCTH.

Komnanus MDA (Kanaga) B 1995 roay 3amycTuna paauoNIOKAllMOHHBINA CIYTHUK
Radarsat-1 Heckonbko uHOW KOHIENIUH. CIYTHUK MOT BECTH ChEMKY C MPOCTPAHCTBEHHBIM
paspemennem ot 100 10 7 M, MOJ MHOTHMH YIJIaMU Chb€MKH M C Pa3HBIMH ILIOMIA/IIMU KaJIpa.
Hanuume ©obmoro KoimmyecTBa PEKUMOB CHEMKH ITO3BOJISIIO BBIOJIHSITH MOHUTOPHHTOBEIC
3aJ]a4M, MOCKOJIbKY OJIHA M Ta K€ TEPPUTOPHSI MOTJIa CHUMATHCS HE TOJIBKO Yepe3 MOJIHBIN ITUKIT
op6utsl (kak B cmydae ERS-1 u ERS-2), Ho u uepe3 xaxnpie 2-3 qHs (HO MOJ pa3HBIMU YIilaMu
CbeMKH). J[pyruM NPUHIUIUAIGHBIM OTJIUYHMEM OT CIYTHUKOB EBpOMENHCKOro KOCMHUYECKOTO
areHTCTBA SBJUIACh OPUEHTANNS Ha CheMKY Ha 3aka3 (B otnumune oT ERS m ENVISAT, Bemymmx
Oonee WM MEHee pEry/sipHYI0 ChEMKy Bcero 3emHoro miapa). Ilostomy mns Radarsat-1
apXUBHbIE CHUMKHU KaK MPaBHJIO €CTh TOJIBKO Ha T€ TEPPUTOPHUH, I/I€ BBINOJIHAIACH ChEMKA Ha
3aKas.

Jlornueckum mnpojomkenneM crnytHuka Radarsat-1 cranm 3amymiennsii B 2007 romy
cnytHuk Radarsat-2 (MDA, Kanaga). DTOT CIyTHHK XapaKTepU3yeTcsi MPOCTPAHCTBEHHBIM
paspemienueM ot 100 M 10 3 M, BO3MOXHOCTBIO Ch€MKH BO BCEX BO3MOKHBIX MOJIIPU3ALIMOHHBIX
peXHUMax, MUPOKUM HAITa30HOM TUIOMIAIeH KaJlpOB U OYSHb BHICOKOW MPOHM3BOIUTEIHHOCTHIO,
a TaK)K€ BO3MOYKHOCTbIO MOHUTOPUHIOBOM CheMKH 4epe3 2-3 nHs. Ha qaHHbI MOMEHT, TaHHBIE
C ATOrO CHYTHHMKAa MPEACTaBISIOTCA aBTOPY HauOojee aKTyaJllbHBIMH W TOAXOJSAIIUMH IS
pelIeHusT MPaKTUYEeCKH JIOOBIX 3a7ay, KOTOpble BOOOIIE MOTYT OBITh PELIEHBI ¢ MOMOILBIO
CITYTHHKOBBIX pannoIOKaToOpOB (3a UCKITFOUEHUEM YBEPEHHOTO MIOCTPOCHHUS
unteppepomerpuueckux [IMP — merton pabGotaer [uisi MyCTBIHM WM CTENH, HO HE BCerja
paboTaeT /Ui TYHAPHI, TAUTH WIM JHKYHIJIEH, TOCKOJIBbKY HE MPEIyCMOTPEH PEXUM TaHIEMHOM
CBEMKH).

ChyTHHKH CBEPXBBICOKOIO TpOCTpaHCTBeHHOTro paspemenus TerraSAR-X (Infoterra

GmbH, T'epmanus) u CosmoSkyMed-1 — 4 (E-GEOS, Uranmst) Takxke MpeaiaraioT BCe
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BO3MOXXHBIE PEXKHUMbl CHEMKH M KOMOMHAIMM MOJSpH3alUil CHUTHalla, a TakkKe OO0NbIIoi
JIMAIa3oH IUIOIIAJCH KaapoB M ymioB cheMkd. OmHako manHeie CoSmoSkyMed na naHHBIH
MOMEHT TNIPEJICTABIISAIOTCS HE OYE€Hb MOIXOAALINMHU IS TPAKIAHCKUX TOTPEOUTENeH, TOCKOJIBKY
HE BCETJIa COOTIOAIOTCS CPOKU U TIEPHOTUIHOCTh CheMOK. CriyTHHK TerraSAR-X 3HauuTebHO
HaJIeKHEH B IJIaHE TOCTAaBOK M COONO/eHUsl CpoKoB. Cpelnu BaKHBIX OCOOCHHOCTEH 3TOro
CIyTHHKA CIEAyeT OTMETUTh KpalHe BBICOKYIO TOYHOCTh OIpENEeJICHUs OpOUTHL, a
CJIEZIOBATENIbHO W KpailHe HU3KYI0 (CyONHMKCEeNbHYI0) OINMOKY T'€O0JOKallMd CHHUMKOB
(ecrecTBeHHO, 3TO coOimrogaercs TOJAbKO TMpu wucnonb3oBanuun L[[MP B mpormecce
reokogupoBanusi). Jlns MOHHUTOpPHHra CMEIICHHH 3eMHOW MOBEpPXHOCTH U Jedopmanuit
coopyxxenuit nanubie TerraSAR-X Moryt ObITh HCHOJB30BAHBI TOJBKO B YCIOBUSX IYCTBHIHD,
CTeTell ¥ 3aCTPOSHHBIX TEPPUTOPUH, TIIOCKOJIBKY TMpH CheMKe B X-IUama3oHe Jaxe
HE3HAYUTeNbHAsl PACTUTENBHOCTh PE3KO YXYIIIAeT KOTEPEHTHOCTh JaKe MEXKY COCEIHHMH 10
BPEMEHH CbeMKaMH (TMONHBIA [UKI opoutel — 11  gHeil). OueHb NEPCIEKTHBHBIM
npeicTaBisieTcss 3amyck B mapy K TerraSAR-X cmyrHuka Tandem-X s BbITOJHEHHS
OJTHOBPEMEHHOM TaHAEMHOW ChEMKH. DTOT BapUaHT MPEICTABIIACTCS HANOOJIee MepCIeKTHBHBIM
B Hacrtosimee  Bpems  jans nonydenus — LUMP  cBepxBeIcOKOTO — paspelieHus
UHTEp(PEpOMETPUUECKHM METOJOM, B TOM 4HCIE, W Ha TEPPUTOPUU C HAIUYUEM
pPacTUTEILHOCTH.

Pamunomokatop PALSAR, pacnonoxkenneiii  Ha  crmyrHuke  ALOS,  sBisercs
€/IMHCTBEHHBIM B JaHHBIH MOMEHT pajuojiokatopoM L-auanazona. OH BBINOJHSET ChEMKY Beel
MOBEPXHOCTH 3€MJIM €KEro/IHO 0 HECKOJIBKY pa3, I03TOMY Ha JIF00YyI0 TOUKY Ha 3emiie, cKkopee
BCEro, HalJIeTcsl apXuB B 5-7 MpoXoA0B (2 Ha HEKOTOpbIe y4acTkH U 1o 20 npoxoaos). [lanHbie
ALOS PALSAR mpuromnel Ui TOCTpOSHHUS penbeda W MOHHUTOPHUHTA CMEIICHHA
UHTEPPEPOMETPUUECKUM METOJOM, JUII MOHHMTOPUHIOBBIX 33Jay JIECHOTO U CEJIbCKOIo
X03sicTBa U T.J. L-Tmama3oH mo3BosseT J0JbIIe COXpPaHATh KOT€PEHTHOCThb, U, B HEKOTOPOU
CTETIeHU, KOMIIEHCHPOBATH €€ TaJIHHE, BRI3BAHHOE BIIMSIHUEM PacTUTENbHOCTH. [IOTHBIH ec u
JDKYHIJIH, BCE K€ SBIAIOTCS OTPaHWYCHHEM Uil WHTepdepoMeTpuu, nake B L-amamazoHe.
3naunrtensHbIM HegoctaTkoM ALOS PALSAR sBiseTcst OTCYTCTBHE BO3MOXKHOCTH CHEMKH Ha
3aKas.

BaxHO#l TeHIEHIMel B Pa3BUTHH CITYTHHKOBBIX PaJHOJIOKAI[MOHHBIX CHCTEM (TIOMHUMO
TIOBBIIIIEHUS IPOCTPAHCTBEHHOTO Pa3pPEIICHHS U YBEITMUEHHS YNCIIa PEKIMOB CHbEMKH) SIBIISIETCS
pacupeHe MOoIsIpU3aMOHHBIX BO3MOXKHOCTEH, U, B OCOOEHHOCTH, MOSBICHHE BO3MOXHOCTU
OJTHOBPEMEHHOM ChEMKH B YeThIpeX BO3MOXKHBIX MOJSApU3aLUAX (Takas CheMKa MO3BOJIIET B

JaJTbHEUIIEM TEHEPUPOBaTh TaK HA3bIBAEMYIO TMOJIHYIO MOJAPU3ALMOHHYIO MAaTpHUlly, O
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MIPEUMYIIEeCTBaX KOTOPOH OyAeT MmoapoOHO cka3zaHO HIDKe). B Tabmuiie 2 mpuBeaeHbI JaHHBIE O

HaJIMYUH TaKOH BO3MOKHOCTH Y BCEX BBIHICIICPCUYUCIICHHBIX PAAWOJIOKAIMOHHBIX CITYTHHUKOB.

Ta6n. 2. TlosiBieHWE peXMMa CHEMKH B TOJHOM TOJSAPU3AIMOHHONW MaTpHUIle Ha

CIIYTHHUKOBBIX PaaAHOJOKAIMOHHBIX CUCTCMAX.

CIIYTHHUK roa BO3MOXKHOCTbD
CBEMKU B
3AIIYCKA MOJIHOM
HO.JIHPI/BAIIHOHHOﬁ
MATPULIE
ERS-1 1991 HET
ERS-2 1995 HET
Radarsat-1 1995 HET
ENVISAT 2002 HET
ALOS
2006 eCcTh
(PALSAR)
TerraSAR-X 2007 ecTh
Radarsat-2 2007 ecTh
Cosmo-Sky-
2007-2008 ecTh
Med-1,2,3

Komnanuss «CoB30HI» TOCTaBisieT JaHHbIE CO  BCEX  BBIIIENIEPEUNCICHHBIX
pPaZMOJIOKALIMOHHBIX CIIyTHUKOB, a TakXKe IPEIOCTaBIIIEeT IMpOTpaMMHOE oOecreueHue s
o0paboTku pamapubix maHHbBIX “SARscape” (SARMAP, Illseiiapusi) u oKa3pIBaeT yCIyrd IO
TeMaTH4ecKol 00pabOTKe MaHHBIX paZapHBIX ChEMOK, a TaKkKe M0 OO0y4deHHI0 paboTe B
“Sarscape”. Hmke mpUBOIATCS OCHOBHBIE METOJWKH OOPaOOTKH JAAHHBIX PaJHOIOKAIIMOHHBIX
ChEMOK, UX peayu3aiys B MporpaMMHOM Komruiekce “SARSCape” m mpumepsl MpaKTHYECKOTO

MPUMCHCHUA OTUX MCTO/IUK.
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UMITOPT JAHHBIX
[Iporpammusblii kommieke “SARScape” B Hacrosimiee Bpemsl MOJACPKHUBACT HUMIOPT
JAHHBIX MPAKTUYECKU CO BCEX PaJIMOJIOKALMOHHBIX CITyTHUKOB, BKJIIOUAsi BCE PEKUMBI ChEMKHU U
BCE BO3MOXHbIE (hopMaThl mocTaBku. MHTepdeiic uMmnopra CIyTHUKOBBIX pPaJapHbIX JaHHBIX

IIPUBEJIEH HAa PUCYHKE 1.

& ENVI 4.7
':'-F'.F!.-_:-:ape Basic Tools  Classification  Transform Filker  Spectral Map  MWector Topographic  Radar  ‘indow  Help

ENYI
Multilookin Generic Binary
Coreqgistration Generic Binary Geocoded
Garmma and Gaussian Filkering Filkering SAR Airborne
Feature Extraction Shape
Geacoding Special Formats
ScansdR Interferametry Post Calibration
Mosaicing
Segrnentakion

Focusing

Interferometry

Polarimetry and PollnSar

Persistent Scatterers

Tonls

Default Values

Clean Working Directory
Execute Batch

Save Error Report

Yiew Files

Help
About SARscape

=

4| Standard Formats

Sensor TermaSaR-= -1

Data Tupe - 50 Single Polarization
- 5k Single Polarization
- Sk Dual Polarization
- H5 Single Polarization
] - HS Diual Polanization

- 5L Single Polarization
] - 5L Dual Polarization

Yerzion

- 5h Single Polarization
- SM Dual Polanization
- H5 Single Polarization
- H5 Dual Polarization
- 5L Single Polarization
Start ] [ Stare Batg - 5L Dwal Polarization
-5C

- 50 Single Polarization
- 54 Dual Polarization

- H5 Single Polarization
- H5 Dual Polarization

- 5L Single Polarization
- 5L Dual Polarization
-5C

- SM Single Polanization
- 54 Dual Polarization

- H5 Single Polarization
- H5 Dual Polarization

- 5L Single Polarization
- 5L Dual Polarization
-5C

Parameter file

Output file

Puc. 1. Mento umnopma cnymuuxogulx paouoniokayuorHulx oannsix 6 SARscape.
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[ToMuMO BBIIEIPUBEACHHOTO CTAaHAAPTHOIO MEHI0O uMmmopra, B SARscape umeercs
BO3MOXKHOCTh UMIIOPTa U HEKOTOPHIX MEHEE pacrlpocTpaHeHHbIX (popmaToB. Tak, A JaHHBIX
ERS-1, ERS-2, ENVISAT u ALOS umeercs BO3MOXHOCTh KaK HMIIOpPTa M3 CTaHIAPTHBIX
dbopmaroB, Tak 1 POKYCHPOBKH TOJIOTPaMM HYJIEBOTO YpOBHS. J1Jisi MEPBBIX TPEX CITyTHHKOB ATa
BO3MOXHOCTh ~ aKTyalbHa,  IOCKOJBKY  HEPEIKO  CHHUMKH,  COCTaBIAIONIUE  OJHY
UHTEPPEPOMETPUUECKYIO IIETOYKY, IPUHUMAIUCH U (POKYCHPOBAIHMCH HA PA3TUYHbIE CTAHIIUU C
Pa3IMYHBIMHU TIpoIieccopaMu (POKYCHPOBKH, YTO MPUBOJHUT K JOMOJHUTEIBHBIM IpoOIeMaM Ipu
uHTephepomerpuueckori obOpadorke. Ecmu ke chokycupoBaTh Bce 3TH JAHHBIE B OIHOM
nporeccope dokycupoBku SARSCape — 1o w3 mHTepdeporpamMm OyayT H3HAYATBHO yOpaHBI
cootBercTBytomme nmomexu. Yro kacaercs manaeix ALOS PALSAR, to cranmaptHsiii ¢opmar
SLC, mocraBisieMblii SIMOHCKUM a3pOKOCMHUYECKHM areHTCTBOM, MPEACTABISIET COOOH JaHHBIC,
HE NIPUBEJICHHBIC B Ipoliecce POKYCHPOBKH K HYJICBOHM JOIJICPOBCKOM 4acTOTE, B TO BpeMs Kak
nporeccop (okycupoBkun SARSCape — TPHBOIUT 3TH JaHHBIE K HYJIEBOH JOIJIEPOBCKOMN
gactore. JTO TO3BONsIEeT H30exaTh B wHHTepdeporpaMmax (a3oBBIX TOMEX, BBI3BAHHBIX
BpalIeHHEeM 3eMITH.

Kpome Toro, SARSCape mo3BojsieT UMIIOPTHUPOBATh JJAHHBIC C HEKOTOPBHIX aBUAIIMOHHBIX

panapHbIx cucrem, Takux kak TELAER, OrbiSAR, E-SAR, RAMSES.

BA30BbBIE ®YHKIIMN

Menro 06a3oBbix (Qynkmuii SARScape, mpuBeneHHOE Ha pPHCYHKE 2, TMO3BOJSET
BBHIMIOJIHATh ~ HEKOTEPEHTHOE  HAKOIUIEHWE  KOMIUIEKCHBIX  JaHHBIX C  3a/1aBaéMbIMHU
Kod(ppUIIMEeHTaMH, T'€OKOJAWPOBAaHUE AaMIUTUTYAHbIX JaHHBIX, HMX (uiabTpanuioo (ecTh Kak
6a30BbIif HAOOp (DUIBTPOB, TaK U JONMOJHHUTENbHBIM Habop ['amma-I'ayccmaHckux (GUIBTPOB),
MOJTy4eHHE MO3auK H300pakeHUH, CErMEeHTAIINI0, KOPETUCTPAIIHIO, BEIYUCIIEHHE (paiiina cpeTHIx
3HAYEHWH TMPOW3BOJILHOTO Tapamerpa (Hampumep, CpelHssl aMIUIUTylda MO0 CEpUU CHUMKOB),
daiina cTaHIapTHBIX OTKJIOHEHUH, (ailla MaKCUMaIbHBIX U MUHHMAJbHBIX 3HAUYE€HUH U T..I.
K ynoGHbIM ocoOeHHOCTSIM 0a30BbIXx (QyHKIMH SARSCape MOXHO OTHECTH BO3MOXKHOCTB
NepeBo/ia T€OKOAMPOBAHHBIX PACTPOBBIX M BEKTOPHBIX (HaIOB (WM KOOpOMHAT TOYEK) B
KOOPJAWHATHI PSII-KOJIOHKA (a3MMyT-HaKJIOHHAs JajlbHOCTh) KOHKPETHOTO CHHMKA, YTO OYEHBb
yno6Ho nipu uHTEpepomeTpudeckoii oopadboTKe.

NHTEPOEPOMETPUA
B03MOXXHOCTH ~ pa/IMOIOKaMOHHOM ~ WHTepdepoMeTpur  TIpencTaBiieHbl B SARScape

MaKCHUMAJIbHO IIMPOKO U Pean30BaHbl B UEThIPEX OTAEIbHBIX MOAYJISIX. PaccMOTpHM X MO MOPSIIIKY.

109



30HAMPOBAHUE 3EMHBIX TOKPOBOB pajiapaMy C CHHTE3UPOBAHHOM arepTypoit

& ENVI 4.7

Basic Tools  Classification  Transform  Filker  Spectral Map  Yector Topographic  Radar  Window  Help

Irmport Daka
Multilooking
Coregiskration

Facusing

Gamma and Gaussian Filkering Filkering

Feature Extraction
Geocoding
ScansaR Inkerferometry Post Calibration
[Masaicing
Segmentation

Interferometry

Polarimetry and PollnSAR

Petsistent Scatterers

Tools

Default Yalues

Clean Working Directory
Execute Batch

Save Error Report

Wiew Files

Help
About SARscape

Puc. 2. Menio b6azosvix ¢pynxyuii SARScape.

Monynp “Interferometry”, MeHIO KOTOpOro NpeACTaBICHO Ha PUCYHKE 3, MO3BOJISET
BBITIOJIHATH MHTEPPEPOMETPUIECKYI0 00paOdOTKy paJlapHBIX JaHHBIX C TOJYYEHHEM Ha BBIXOJIE
MP 1160 xapThl cMeleHUI 3eMHOM MOBEPXHOCTU. MO/ysIb MO3BOJISIET BBIIIOJIHATD:

—  aBTOMATHYECKYIO TPEXITAMHYI0 KOPETHCTPALNIO PalapHBIX CHUMKOB C TOYHOCTBIO 10 1/10
nuKcens (BO3MOXKHA OOBIYHAST KOPETUCTPAIUS M KOPETHCTPalUsl C UCIOJIh30BAHUEM OMOPHOMH
LIMP);

—  JIBYXIIpOXOAHYIO MHTep(hepoMeTpuio (Ha BXoJe MHTepdepoMeTpuyecKas mapa pajapHbIX
CHHUMKOB; Ha Bbixojie [IMP);

—  JIBYXIIpOXOAHYI AuddepeHunanbHyr0 HHTeppepoMeTprro (Ha BXOJE MCIOJIb3YeTCs
uHTEephepomMeTpuUecKas napa paJapHbIX CHUMKOB M omnopHas [IMP; Ha BeIxoje — cMmeleHus,
IPOM30LIEIIINE 32 TIEPUOJ] MEXKY ChEMKaMH IIEPBOr0 U BTOPOTO CHUMKOB Iaphbl);

—  TPeXIpOoXOAHYIO Iu(depeHIHaIbHyl0 HHTephepoMeTpuio (10 MEepBOMY U BTOPOMY
CHHUMKaM TPEXMPOXOTHON HHTEPHEPOMETPUUECKON IIETIOYKH CTPOUTCS HHTEPPEpOMETPHUIECCKUI
penbed, daza KOTOPOTro 3aTeM BBIYUTACTCS M3 HHTEp(EepOorpaMMbl, TOCTPOCHHOM IO TIEPBOMY U
TPETbEMY CHHMKAaM LIEMOYKH; HA BBIXOJE — CMEILEHUS 3a MEPUOJ MEXKIY MEPBBIM U TPETHUM
CHUMKaMM; CMEILEHUSIMA MEXy IEPBbIM U BTOPBIM CHUMKaMU MpeHeOperaror);

—  4eThlpexnpoxonHas auddepenunanbHas nHTephepoMeTpus (CTposTCs HHTEp(eporpaMmbl

o mepBoMy M BTOPOMY, a TAKXKC IO TPETBEMY M YCTBCPTOMY CHHUMKAM I-ICTI)IpeXl'IpOXOI[HOI\;I
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LENOYKH; 3aT€M OLIEHHWBAIOTCA CMEIICHUS Ui NEPBOM M BTOPOW Mapbl U BBIUUCISIETCS CPEIHSS
CKOpPOCTb CMENICHUN;
- KOMITeHcarusi Habera ¢as3pl MO BBICOTE C HCIOJb30BaHMEeM omopHo [IMP, mMoxenn
AILTUTICOUIA WM QIAITUBHOTO aJITOPUTMa, OCHOBAHHOTO HA BBIYUCIICHUU CPEIHEH 1O TUIOIIAIN
CHUMKa 4aCTOThl HHTEP(PEPEHIIMOHHBIX ITUKJIIOB;
—  ¢wibTpanus wuHTepdeporpaMM U pacueT KOTEPEeHTHOCTH MEXAy ¢a3zaMu CHUMKOB
uHTepPepoMeTpuUecKor Mmapbl TpeMsl pa3IU4HbIMH (QUIbTpaMH Ha BBIOOp (YCpETHSIOLIUM,
aganTuBHBIN U GUIbTp [onacTeiina);
—  pasBepTKa (a3l ABYMs pazIMYHBIMU MeTOJaMU (METOJ pacTyiieil o0JacTh M MeTOon
MOTOKa MUHUMAJIBHON CTOMMOCTH);
—  KOppEKIHs OpOUTHI MO TOYKAM C U3BECTHOM BBICOTOM, JTHMOO C MCIIOJIB30BAHUEM OTMOPHOMN
LIMP;
—  BO3MOXHOCTh BTOpPOM HTEepallud KOoMIeHcanuu Habera (aspl Mo BhICOTE (MOXKET OBITh
BBITIOJTHEHA ITOCJIC KOPPEKIIMHA OPOUTHI);
—  mepecueT (a30BbIX 3HAYCHUI B BBHICOTHI € MOJTyuyeHHueM Ha Bbixoae [IMP;
—  mepecueT (pa3oBBIX 3HAUEHUN B cMelIeHHs] U JedopMalvd, ¢ MOTyYEeHHEM Ha BBIXOJIE

KapThl CMEIICHUH 1 Jeopmariuii;

& ENVI4.T

File BEEEREN Basic Tools  Classification  Transform  Filter  Spectral Map  Wector  Topographic  Radar  Window  Help

Basic g _- :

Focusing

Gamma and Saussian Filkering

Interferometiy

Baseline Estimation

ScansAR Interferometry

Interferogram to Phase Unwrapping

Polarimetry and PolInSAR

Interferogram Stacking

Persistent Scatkterers

Tools

Default Yalues

Interferogram Generation
Adaptive Filker and Coherence Generation
Phase Urwwrapping

Clean Working Directory
Execute Batch

Sawve Error Repork

Wieww Files

Orbital Refinement

Phase to Height Cornversion and Geocoding

DEM [ Ellipsoid Re-Flattening
Phase to Displacement Conversion and Geocoding

Help

About SARscape

Tools

Puc. 3. Mento mooyna “Interferometry” SARscape.

Takke oTMeTHM cepur0 yIOOHBIX g HHTEpPEepoMeTpHUIecKol  00paboTKH
WHCTPYMEHTOB, TIO3BOJISIFOIIINX, HATIPUMEP, PACCUMTHIBATh 0A30BBIC JIMHUH JIJISI BCEX BO3MOKHBIX
MapHBIX KOMOWHAIUN CHUMKOB IIEMOYKH; BBIPE3aTh OJHY M Ty K€ 00NacTh, 3aJaBacMyl0 Ha

OJHOM H3 CHHUMKOB IICIIOYKH (C BBITIOJTHCHUCM KOPCT I/ICTpaI_II/II/I); PCAAKTUPOBATL Pa3BCPHYTYIO
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30HIMpPOBaHUE 3EMHBIX TOKPOBOB pajiapaMy C CHHTE3UPOBAHHOMN anepTypoit
da3zy u ynanate apredakTbl pa3BepTKH; BBIMONHATH ciuBKy LIMP pasnuunoro paspemenus
MEXly COOOM C IOMOIIBIO BEUBIIET-AITOPUTMOB U JP.

JIONOJHUTENbHbIE  BO3MOXKHOCTH — NPEJCTAaBICHBI B  MoOAyjde HHTepdepoMeTpun
HIMPOKOMOJIOCHOTO peXHMa. DTOT MOAYJb IMO3BOJISIET UMHTepdepomerpuuecku 00padbaThiBaTh
JAHHBIE IMUpOKomosocHoro pexuma cbeMkd ENVISAT ASAR WideSwath. Beixoanbim
IPOJYKTOM JAHHOTO MOAyJs sBisieTcs auddepenunanbuas uatepdeporpaMma, pacCyMTaHHas
no uHTephepomerprueckoir nape mupokomnonocHeix cHuMKoB ENVISAT ASAR WideSwath.
Hanee, oOpaboTka »To HWHTEpPEpPOrpaMMbl MOXKET OBITh MPOJODKEHA B  MOJIYJIC
“Interferometry”. TlpeumyiectBo MHTEP(HEPOMETPUHU IHIHPOKOMOJIOCHOIO PEKHMa COCTOUT B
TOM, YTO MOXXHO PacCUMTHIBaTh MHTEpdeporpammsl 1mo cHUMKaM Iwiomanpio 400x400 kM ¢
IIPOCTPAHCTBEHHBIM pa3peuieHueM 75 M.

Eme onun BapuaHT uHTEp(EepOMETpUH IMpPEACTaBICH B MOJIyJe HHTEpPepoMeTpuu
MOCTOSIHHBIX pacceuBarenieil. BXOOHBIMM JaHHBIMH A8 3TOro Moaynsa sBisitotes 20-40
IIPOXO/IHBIE CEpUU CHUMKOB. Ha BBIXO/1€ — HE TOJIBKO KapTa CMEIIEHHIA, HO U TPapUKH pa3BUTHUS
CMEIIEHNUN BO BPEMEHM Ul KaXKIOW TOUYKU 3TOM KapThl (T.€. aHAJIU3 AUHAMUKH MPOUCXOISIINX
cMmerieHuit). Jlyig MeToza XxapakTepHa MOBBIIIEHHAs YyBCTBUTEILHOCTD K MaJIbIM CMEIICHUSAM, K
BBISIBJICHUIO TPEHIIOB cMenleHuil. K mpeumyinecTBaM JaHHOTO METOJAa TaKKe€ MOXKHO OTHECTH
MEHBIIYI0 3aBUCUMOCTb OT BEIMYMHBI 0a30BON JIMHUU (CMEIIEHUS JOCTOBEPHO BBISBIISIFOTCS
Jaxe Mpu OOJbIIMX 0a30BBIX JIMHUAX) U OTCYTCTBHUE CIIOKHOCTEW, CBSI3aHHBIX C Pa3BEPTKOMN
¢a3pl. K orpanuueHusiM MeToJa MOXHO OTHECTH HEOOXOJUMOCTb HAJIMUYUS 3HAYUTEIHbHOTO
KOJINYECTBA BBICOKOKOTepeHTHbIX Todek (He meHee 100-200 nHa miomians 50x50 mukceneil).
Takasi MJIOTHOCTh MOCTOSIHHBIX OTpa)kaTelei JOCTUraeTcsl Ha 3aCTPOCHHBIX TEPPUTOPUSIX U Ha
TEPPUTOPUSX 0e3 pacTHTENbHOCTH. MeTos Ooree oTiakeH JUisl JaHHbIX C-amMama3zoHa, 4em JUist

maHHbIX L- u X-guamna3soHos.

[MOJIAPUMETPUA U ITOJIAPUMETPUYECKASA UHTEPOEPOMETPU A

OTnenbHO ~ pacCMOTPUM  MOAYNb  TMOJSPUMETPHM M TOJSPUMETPHUYECKOM
unrepdpepomerpun.  JlaHHBI ~ MOIydbh  CIENHAIbHO  TpENHA3HAYeH Uil 0OpabOTKH
PaIMOIOKAIIMOHHBIX ~ CHUMKOB,  CICTAHHBIX B  YETBIPEXMOJISAPU3ALUOHHOM  PEXHME,
MIO3BOJISIOIINM T€HEPUPOBATH MOJTHYIO MOJSPU3AIMOHHYI0 MAaTPHUIly. Y HUKaJIbHass OCOOCHHOCTh
TIOJTHOCTBIO MOJSIPUMETPUYECKUX JaHHBIX COCTOMT B BO3MOKHOCTH KJIacCU(UKAIMU OOBEKTOB
Ha CHHMKE 10 (pu3nveckoMy THITy oTpaxkeHus. MeHto moayins “Polarimetry” npencrasieno Ha
pucynke 4. OcHoBHOW (yHKIMe#H 3Toro moxayns sBusercs “Polarimetric entropy alpha

anisotropy classification”, koropast ¥ TO3BOJSIET BBHIMOJHATH KiIacCH(UKAIUIO OOBEKTOB Ha
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30HAMPOBAHUE 3EMHBIX TOKPOBOB pajiapaMy C CHHTE3UPOBAHHOM arepTypoit
MOBEPXHOCTH TIO THUMY OTpakeHus. DPU3NUECKHl CMBICT TaKOW KIacCU(UKAIUA MOKHO
HNOSCHUTH  CJICIYIOUMM 00pa3oM: U3 YeTHIPEXIOJIIPU3ALMOHHOTO PaJapHOTO CHUMKA
TeHEePHUPYETCs TOJIHAS TOJSIPU3alMOHHasl MaTpyula (PUCYHOK 5), U B 3aBUCHMOCTH OT TOTO B
KaKyto 00JacTh 3TOW MaTpPHULbI MOMAIaeT KaXK/blii KOHKPEHTHBIN MUKCENlb PaJJapHOT0 CHUMKA —
eMy IIpHCBanuBaeTCs onpeaesieHHbIN kiace. B SARScape B Hacrosiiee BpeMst peali30BaH METO/T
HOJSIPUMETPUYECKON  Kilaccu(puKanuu, TO3BOJISIONIMA  BBIIEIATH 9 KJIacCoB  0OBEKTOB
(pucynoxk 6). Ects u qpyrue MeToap! MO3BOJISIONINE BBIICIATH Apyroe (OoJbliee Uil MEeHbIIee)

YHCJIO KJIaCCOB.

& ENVI4.T
Sl Te= Bacic Tools  Classification  Transform  Filker  Spectral Map  Wector Topographic  Radar

EBasic

Focusing

Gamma and Gaussian Filkering

Interferometry

ScanSAR Interferomekry

Polarimetry and PollnSaR Polarimetry Polarimetric calibration makrix
Polarimetric Inkerferometry Polarimetric signature
Polarimetric Features
Tools Polarisation synthesis
. FPauli decomposition
Polarimetric entropy alpha anisotropy decomposition
Clean Working Directary i e Polarimetric entropy alpha anisotropy classification

Persiskent Scatkerers

Default values

Execute Batch
Sawve Error Repork
Wiew Files

Help
About SARscape

Puc. 4. Mento mooyns “Polarimetry” SARscape

5 10" |
;]
1
0 0
0 02 _04 06 08 1
Entropy (H)

Puc. 5. Ilonnas nonsapuzayuonnaa mampuya.
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Puc. 6. Knaccer 06vexmos, paznuuarowuecsi no usuueckomy muny ompaxiceHus, vloeisiemvle

SARscape.

Eme onna BO3MOXHOCTB, mpencTaBieHHas B SARSCape, Mo3BONSIET BBIMOIHSATH
uHTepdepomMeTpuueckyro 00paboTKy MOIHOCTHIO MOJSIPU3ALMOHHBIX JAHHBIX (TaK Ha3bIBAEMBbII

PolINSAR). Men1o 3T0ro MoyJist PEACTABICHO Ha PUCYHKE 7.

&£ ENVI 4.7
SARscape

Easic

Basic Tools  Classification  Transform  Filker  Spectral Map  Vector Topographic Radar  Window  Help

Facusing

Garmma and Gaussian Filkering

Interferametry

Scanaar, Interferometry

Palarimekry and PallnSaR, Palarimetry

] Palarimetric Inkerf
Persistent Scatterers

Tools

Default Yalues

Clean Waorking Directory
Execute Bakch

Save Errar Repart

Wiew Files

Help
About SARscape

SLC Coreqistration

Synthetic Phase Generation
Coherence Optimization

PPD [ Intetferogram Generation
Synthetic Phase Flattening
Polarimetric Coherence

Puc. 7. Mento mooyns “Polarimetric Interferometry” SARscape.

KOHKpCTHO 9TOT MOAYJIb IIO3BOJIACT HOJIYYNUTDh ONTUMU3HUPOBAHHYIO

muddepeHIManbHYI0 HHTEpPeporpaMmMmy U ONTUMH3UPOBAHHYIO KOTEPEHTHOCTbD, €CJIM Ha BXOJIE
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UCTIONBb3YyeTCs  MHTeppepoMeTpHUYecKasl TIapa YeThIPEXIOJIIPU3AlMOHHBIX CHHUMKOB. B
JaNbHEWIeM, 3TH UHTepdeporpaMMa U KOTepeHTHOCTh MOTYT ObITh MCIOJIb30BaHbl B KAUECTBE
BXOJIHBIX JIaHHBIX B Mojxyie “Interferometry” mns mocnenyromero pacuera nmo HuM L[MP wnm
KapThl CMEIICHUI.

Takasi TEXHOJIOTHS IIO3BOJISIET, B YACTHOCTH, TP MOHUTOPUHI€ CMEILIEHUI CHATh BOIPOC
00 M3MEHEHHH OTpa)karollleld MOBEPXHOCTH (3eMJisl BIaXKHas — 3eMJIsl cyXas, rosas 3eMis —
nojpocuiasi TpaBa, rojible BETKM — PACIyCTUBILUECS JIUCThS U JPYrMe€ BapUaHThl U3MEHEHUH,
MPOU3OUISIIINX MEXIYy ChbeMKaMH CHHUMKOB HHTEep(EepOMETPUUECKON Maphl, KOTOPbIE MOTIIIU
BbI3BAaTh <UIOYKHBIE CMEILEHUSA», OOYCIOBJIEHHBIE PA3HBIMM OTPAXAIOIIMMHU IOBEPXHOCTSIMHU.
Tenepp, mNOpH  HCHOIB30BAHMM  IOJHOCTHIO  IMOJSIPUMETPUYECKHX  CHHUMKOB,  MOYKHO
KJIaccu(pUIUpoBaTh OOBEKTHI MO TUIY OTPAKEHHS HA MEPBOM CHHMKE Iapbl, 3aT€M Ha BTOPOM
CHUMKE Maphl, U NPOCIEIUTh — MPOSIBIAIOTCS JIU CUCTEMATHUYECKUE WIH JOKAIbHbIE U3MEHEHUS
KJIACCOB OTPa)KaAIOIUX OOBEKTOB (HE MEPEXOAUT JIU IJ1aJKas OBEPXHOCTh HA IEPBOM CHUMKE B
HIEpPOXOBAaTyld IMOBEPXHOCTh HAa BTOPOM, IIEPOXOBATAasl MOBEPXHOCTb B PACTUTEIBHOCTD,
PacTUTENBHOCTh B KYCTApHHMK, PEIKHM Jiec B IUIOTHBIM jec u T.h.). Eciu Takue n3MeHeHus
KJIACCOB MPOCTPAHCTBEHHO COBIAJIAIOT CO CMEILLEHUAMM Ha KapTe CMELIEHUN, paCCUUTAHHOM 110
ATON K€ Mape CHUMKOB, TO 3TO — JIOXKHbIE CMELICHMSI, BbI3BAHHBIE U3MEHEHHEM OTpa’kKarolleil
NOBEepXHOCTU. ECiM ke Ki1acchl HE U3BMEHSIOTCS, a Ha KapTe CMEIICHHUI €CTh CMEIICHUS, TO 3TO —
JIEUCTBUTEIBHO MPOU3OIIEIIINE CMEIIEHUS OJJHOM U TOM K€ OTPakarolleil MOBEPXHOCTH.

ITpu mnocrpoenun I[[MP 1o mnosHOCTBIO NOJSAPUMETPUYECKHM JAHHBIM aHAJIOTMYHO
MO>KHO OTPEACNIATH MO KaKOW KOHKPETHO OTpaXkaroIieil moBepxHoctu noctpoena [IMP (BbicoTsl
4ero KOHKPETHO ONpPENEsIIoTCs).

Eme onna Bapuanus MNOISPUMETPUUECKONH HMHTEPPEPOMETPUNM — ITO TOCTPOEHHUE
HOJISIPUMETPUYECKUX (a30BbIX Pa3HOCTEH, TO €CTh UHTEPPEpOrpaMM MO pa3HbIM MOJAPU3ALUAM
OJIHOTO U TOTro k€ CHUMKA. OCOOEHHOCTh TaKUX HMHTEpPPEpOrpaMM 3aKJIIOYaeTcs B TOM, YTO
MEXIY «CHUMKaMM» (a (aKTUUeCKU KaHajJaMH OJIHOTO CHMMKa) MHTep(pepOMeTpUUIecKOl mapbl
abCONIOTHO HyJeBas 0a3oBas JIMHUA U OTCYTCTBYET BpPEMEHHOM MPOMEKYTOK MEXIY
«cHuMKammu». [TosToMy B Takoil uHTepdheporpaMme B MPUHIMIIE OTCYTCTBYET ToNorpaduueckas
KOMITOHEHTa (a3bl, a TOCKOJIBKY MEXKIy CheMKaMH HET BPEMEHHOTO MPOMEXYyTKa (B 00paboTke
Y4acTBYIOT KaHaJIbl OJHOTO U TOTO K€ CHMMKA), TO HET M peallbHbIX cMelleHnid. OnHako Ha
MPaKTHKE, OCOOEHHO MEX]y KO- M KpOCC-TIOJIIPU3alUsIMU YacTO B TakuX HMHTepdeporpamMmax
BCE K€ MPUCYTCTBYIOT (a30BbIE€ PA3HOCTH, KOTOPbIE OOYCIOBJIECHBI Pa3IMYHBIMU MEXaHU3MaMHU
OTPaXEHMUsSI OJIHOTO U TOrO K€ OO0bEeKTa B Ppa3HBIX MOJNApU3aLUAX. AHAIU3 TaKUX
UHTEpPPEPOrpaMM COBMECTHO C pe3yJbTaTaMH MOJIIPUMETPUUYECKON KJIaCCH(PHUKAIIUU TT03BOJIIET
JOTIOJTHUTEIBHO —MPOAHATU3UPOBATh OTPAXKAIOIIYI0 IOBEPXHOCThb, €€ H3MeHeHus (mpu
MOHUTOPHHIOBBIX CBEMKaX), U €€ BIMSHUE Ha TOCTpOeHHE penbeda U aHAIU3 CMEIIeHUI

UHTEP(PEPOMETPUUECKHM METO/IOM.
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JOITOJIHUTEJIBHBIE NUHCTPYMEHTDBI

Eme ogHOM MOMONHUTENFHOW — U OYCHb yIOOHOW — yacThio SARSCape siBisieTcsi MEHIO

“Tools” (puc. 8), KOTOPOE MPEAOCTABISAET BOZMOKHOCTH 00padaThIBaTh KAK PAJAPHBIC CHUMKH
9 9

TaK ¥ MPOCTO PACTPOBBIC M BEKTOPHBIE (hailiibl. PaccMoTpum 3TH QyHKINH 1TopoOHEe.

& ENVI 4.7 (=13
Radar

W Basic Tools  Classification  Transform  Filker  Spectral Map  Vector  Topographic Window  Help

Easic

Facusing

Gamma and Gaussian Filkering

Interferometry

ScansAR Interferometry 4

Polarimetry and PollnsaR: 4

-

Persistent Scatterers [

Tools Cartographic Transformation

Conwverkion Camplex: ko Phase - Maodule

Defaulk Yalues

Converkion DEM to Slope

Clean working Directary Convertion Phase - Module bo Complex

Execute Batch Zursor Location [ Yalue

Sawe Errar Repoart Data Statistics

Wi Files 3 Digital Elevvation Model Extraction

Generake Color Composite

Help Gaenerate Google Earth KML File

About SARscape

Generate Ground Control Point File
Generate TifF

Image Interpalation
Geolocalization Correction

PRF Correction
Quality Analysis 3
Sample Selections r

TransForm Raster Data
Update Orbital Data

Puc. 8. Mento mooyns “Tools” SARscape.

Kaprorpaguueckas Tpanchopmanus — (GyHKIMS TO3BOJIAIONIAS EPECUUTHIBATH
pazapHbIii CHUMOK HJIM J1I000M pacTpoBbIi MO0 BEKTOPHBIN (aiin u3 oHON KapTorpapuuecKoi
IPOEKIUH B APYryro. Takke MOXKHO NepecYUTaTh KOOPANHATH TOUKH, B TOM YHUCIIE, €€ BBICOTY.
Hns pactpoBoro ¢aiina ectb GYHKIHS BBIPE3KH OAHOTO (paiiyia (MM HECKONMBKUX (PailioB) 1O
npyromy Qaiiiy, mpudyeM BbIXOIHOU (ailn (BbIXOAHBIE (hailinbl) OyAyT TOUHO 0Ope3aHbl IO AITOMY
nepBoMy Gailily U MpHUBEIEHBI K €ro MPOCTPAHCTBEHHOMY Pa3pelICHUI0, TaK)Ke BCE BBIXOHBIE

(aiier OyAyT IMETh OJIMHAKOBOE YHCIIO PSAZOB M KOJIOHOK C OTIOPHBIM (haitiom.
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Bo3moxHO Takke pa3feniaTh KOMIUIEKCHBIE TJaHHbIEe (HalpUMep, paJapHbIii CHUMOK WIIN
uHTEepdeporpaMmy) Ha (Ha3oByI0 U AMIUTMUTYIHYIO COCTABIISIIOIIYIO. A MOXHO M3 aMIUIUTYTHON
u (a3oBoil cocraBiAOMMX, HA000pPOT, CO37aTh KOMIUICKCHBIM (hai. DTO NpPUMEHUMO,
Hanpumep, A auddepeHnuanbHON UHTEpPEeporpaMMbl M aMIUTUTYAHOTO PaapHOTO CHUMKA,
KOTOpBIE BMECTE€ — B BUJE KOMIUIEKCHOTO (pailia — MpencTaBiIstoT cO00N MHTEPECHBI 00BEKT
JUIS aHATTU3a.

EcTb BO3MOKHOCTB pacuera yKJIOHOB 110 umeromerncs LIMP.

Taxke mpuCyTCTBYeT oueHb ynoOHas ¢yHkuus 3arpy3ku LIMP u3 maTepHera. B 3TOM
MCHIO JOCTYIHBI Ui 3arpy3ku cieayromue rinobansueie IIMP: ACE, GLAS/ICESat,
GTOPO30, RAMP, SRTM. ®yHkuus MO3BOJSET BBECTH HWMEIOIIMECS paJapHble CHUMKH Ha
HYXXHYIO TEppPHUTOPHIO, 3aTeM BBIOpaTh HYXHYI0 TiobOanbHyro [[MP, ycTtaHOBUTH BBIXOZHOE
pazpemuienue 3toil [IMP u ee BbIxoaHyI0 reorpaguueckyro MpoeKINio, a TAKKe BBIYECTh U3 ITOU
[IMP reoun (ansa wuHTepdepoMeTprUr HEOOXOAMMO HCIONb30BaTh BO3BBIIICHHUS  HAJ
ammuncousiom WGS-84), paccuntarh ykioHbl. Beixomuoit ¢aitn [IMP Oyxer oOpes3an Tak,
YTOOBI MMOKPBIBATH BCIO TEPPUTOPHUIO BBEIACHHBIX CHUMKOB. BMECTO BXOJHBIX CHUMKOB MOYHO
MPOCTO 3a/1aTh KBaJpaT KOOPUHAT.

YTunura CTaTUCTUKH MO3BOJISIET BBECTH PAJAApPHBIA CHUMOK (MJIM CHUMKH, WM Y4aCTOK
CHUMKa JMOO CHHUMKOB) W pPAacCYUTATh JJS BXOJHBIX [AHHBIX CICIYIOIIAE IapaMeTPhI:
KOJIMYECTBO MHKCENIeH, MHHUMAIbHOC W MAaKCUMAJIbHOE 3HAYCHHE AaMIUTMTY/IBl OTPaKCHUS,
MOJly, CTaHIApTHOE OTKJIOHEHHE, (aKkTOp HOpMaNM3allHh, MeIUaHy, CpeJHee 3HaueHue,
paguomeTpuyeckoe pazpemieHue (B 1b), SKBUBAICHTHBINH KOd()(PUIMEHT HEKOTepPeHTHOTO
HAKOTUICHUS.

NmeeTcss BO3MOXKHOCTH CO3JIaHUS Pa3IMYHBIX BHJIOB IBeTHBIX RGB kommo3uTos.
Hanpumep, nBeTHOe pagapHoe wH300pakeHHE, TIe B IIBETOBBIX KaHajgaX — pa3ld4yHbIe
HOJISIPU3AIMN OJTHOTO pajapHoOro cHuMka. Wi nsetoByro komounanuio “multi-difference”, rae
B KpAaCHOM KaHaJie — pa3HUIA aMIUTUTY/]] OTPaKEHUN TIEPBOTO U BTOPOTO CHUMKOB, a B 3€JICHOM U
CHHEM KaHajlaX — COOTBETCTBCHHO, aMILIUTyJa BTOPOTO M aMIUIMTy/Aa TEepBOro CHMMKa. Ha
pesyneTupytomieM RGB-u3obpakeHun, KpacHbIM IIBETOM OyAyT BHIHBI TPOU3OIICIIINE
W3MEHEHUs, 3elIEHBIM — MPeoOaaHie aMIUIUTYIbl BTOPOTO CHUMKA HaJl MEPBBIM, U CHUHUM —
Hao000pOT.

Emte onmua Bapuant RGB-kommno3uTa, pacCYuThIBAEMOTO 110 Pa3HOBPEMEHHBIM PalapHBIM
canmkam — 31o ILU (Interferometric Land Use Image). 3nech B KpaCHOM KaHajie KOTE€PEHTHOCTb,
B 3€JICHOM — CpEIHsS aMIUIUTyJa U B CHHEM — pa3HHUIAa aMIUTUTYJ JBYX CHUMKOB. B Takom
ciaydae, 3eneHble ydyacTku Ha LU kommosuTe mpenctaBisioT co0oil  Jieca, TUIOTHYIO

PaCTUTCIIBHOCTh U YYACTKH «IICPCHAJIOKCHUA), CUHHUE YUAaCTKH COOTBCTCTBYIOT IOBCPXHOCTHU
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BOJIbI; KPAacCHbIE YYaCTKH COOTBETCTBYIOT MOYBE 0€3 PpacTUTENbHOCTH, OTOJCHHBIM TOPHBIM
nopojam, JH0O CEIbCKOXO3SMCTBEHHBIM MOJSM, HAa KOTOPBIX HE IMPOU3OLLIM H3MEHEHUS B
PacCTUTEIHLHOM IOKPOBE 3a IMEPUOJ MEXKIY CheMKaMu; *elaTbiM 1BeToM Ha |ILU kxommosute
OyIoyT BBIIVISIAETh 3aCTPOCHHBIE Y4YacTKH, 4YTO OOYyCIOBJIEHO coueraHueM sddexra
MepeHANOKEHUs (3€JICHBIM KaHall) W CTaOWJIBHBIX OTpakaTenei (kKpacHbli kaHaim). Takum
o0pa3oM, 3TOT OuYeHb pachpocTpaHeHHbli RGB-KOMIO3UT B Kakoi-TO CTENEHH BU3YaJIbHO
HAIIOMUHAET ONTHYECKUI CHUMOK B BUJMMOM JIMAa30He.

Creayroiasi BO3MOXHOCTb MO3BOJIsIET co3nath *Kml daiin asst BUu3yanuszanuu CHUMKOB U
pe3yibTaTtoB ux oopadorku B Google Earth.

Oynk1us cozganus (aiiina Ha3eMHBIX KOHTPOJIBHBIX TOYEK pealn30BaHa TaKUM 00pazom,
YTO TOYKM MOXXHO BBOAMTH KaK BPYYHYIO, TaK U HMHTEPAKTHUBHO — U3 npocMoTpuinka ENVI.
Takske TOYKH MOTYT OBITH HIMIIOPTUPOBAHBI U3 UMeroIerocs *shp wiu *evf BekTopHBIX (aitiios.

Oyukuus  “Generate tiff” mosBossier creHepupoBaTh u3  HHTEP(HEPOrpaMMbl  HITH
muddepeHmanbHOi uHTEpeporpaMmmbl nBeTHOM RGB-koMIIo3uT, mpudeM OH reHepupyercs
TaKUM 00pa3oM, YTO KaXKIblii TMOJHBIA CHIEKTp NBETOB (1BeTOBOM mmki) Ha 3ToM RGB-
KOMITO3UTE COOTBETCTBYET mepenany (a3oBBIX 3HAYCHHWH Ha WHTEpPeporpaMme, paBHOMY 2T.
Hpyrue Ttumbl AJaHHBIX (pajiapHble CHUMKH, KOT€PEHTHOCTh, pa3BepHyTas ¢daza u T.1.) C
IOMOIIIBIO 3TOH (PYHKIIMK MOTYT ObITH COXpaHEeHbI B Buje 8-outHoro *tiff ¢aiina, uro mo3sonser
COCTaBIISITh U3 HUX MPon3BoJbHBIe RGB-kommo3ummm.

“Image interpolation”  mo3BoisIET  BBIOJHWTH  YCPEOHSIOMIYIO  (DHIBTpAIHIO
MPOU3BOJILHOTO PACTPOBOTO (hailyia MU HMHTEPIONSIUI0O €ro 3HAauYeHWH B 007acTH (HOHOBBIX
3HAYEHUU.

“Geolocalization correction” u “PRF correction” no3BoJsifoT CKOPPEKTHPOBATH MapamMeTp
YacTOTHl TOBTOPEHUS WMITYJIbCa, HEMpaBHIIbHAS 3alMCh KOTOPOTO, HAlPUMEpP, Ha CITYyTHUKE
Radarsat-1, BbI3bIBaeT 3HAUMTENbHBIC OMIMOKHM Teojokanu3anuu. C TMOMOINBI HA3BaHHBIX
UHCTPYMEHTOB MOXHO, ONpEAEIMB Ha CHUMKE KaK MHUHMMYM JIB€ KOHTPOJIbHBIE TOYKH C
U3BECTHBIMM KOOPJIMHATAMHU U BBICOTOM M MAaKCUMAaJIbHO BO3MOXHO pa3/ieleHHbIe MEX1y COO0i
[0 HaMpaBJICHUIO a3UMYyTa, CKOPPEKTHUPOBATh 3HAYEHHE YaCTOTHI TOBTOPEHUS UMITYJIbCa. 3aTeM,
C TIOMOIIBIO ATHX € KOHTPOJIBHBIX TOYEK MOKHO BBINTOJIHUTH KOPPEKTHOE TE€OKOAMPOBAHUE
CHHUMKA.

“Quality analysis” mo3Bonser BbIMOAHATH Banumanuto [[MP, mocrpoeHHOM
UHTEPPEPOMETPHUECKIM METOJIOM. Bammpanus MokeT OBITh BBIOJHEHA OTHOCHUTEIHHO
umeronieiicss omopHoit [[MP nub0 OTHOCUTENBHO CEpUM OMOPHBIX KOHTPOJBHBIX TOYEK.
Pesynprar Banmupanuu oTHOcUTENbHO omopHoM LIMP — @aiin craTucTukM OTKIOHEHMH B

dopmarax *txt m *XIs. Pe3aynprar BadMganuu OTHOCHTEIBHO OMOPHBIX TOYEK C HM3BECTHBHIMU
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BBICOTAMH — BEKTOPHBIM (haiiil C OTKJIOHEHHSIMH BBICOT I KaXKJOW OMOPHOW TOYKH. Takxke
CYIIECTBYET BO3MOXKHOCTh HCIIOJIb30BaTh Ha BXoje (ailn kiaccuukanuy TUNOB JaHamadra
(mosyueHHBIN 1O pe3yiabTaTaM OLU(POBKH COOTBETCTBYIOIIMX KapT WJIHM, HANpuUMep, II0
pe3ysibTaTaM MOJSIPUMETPHUECKON KIIaCCU(UKALMU MOJHOCTHIO MOJISPU3ALMOHHOTO PaJapHOTO
cauMKka). Ecim Takoit daiin ucnons3yercs — Gaii CTaTUCTUKUA BEJTMYUH OTKJIOHEHUU BBICOT OT
OTIOPHBIX 3HAUCHHH BBIUUCIICTCS OTIEIBHO JUIS PA3IMYHBIX THIIOB JIaHAIA(TA.

“Sample selection” mo3Bonsier BbIpe3aTh W3 CEPUM CHUMKOB, XapaKTEPU3YHOLIHXCS
HEMOJHBIM TEPEeKPHITHEM, MAaKCHUMaJbHO BO3MOXKHYIO OOIIYI0 00JIaCTh, KOTOpPAas IMOJHOCTHIO
MOKPBIBAETCSI BCEMU BBEJACHHBIMU CHHMKAaMH, JIMOO BbIpe3aTh M3 CEPUH BBEICHHBIX
TeOKOIMPOBAHHBIX CHUMKOB OJIHY U TY K€ 00JIaCTh, ONPEACIIsIeMYIO KBaApaTOM KOOPIUHAT JIHO0
BEeKTOpHBIM  (paiiioMm. MOXHO BMECTO TEOKOJUPOBAHHBIX CHHUMKOB  HCIOJB30BaTh
KOPETUCTPUPOBAHHBIE CHUMKH B KOOpJIMHATAaX a3WMYT-HAKIOHHAs AalbHOCTh (TOrAa KBajpaT
KOOPJMHAT WJIM BEKTOPHBIN (haidil Takke JOJHKHBI OBITh B 3TOM cHcTeMe KOOPAMHAT).

“Update orbital data” mo3BossieT 3HaYUTENBHO YTOYHUTH OPOUTHI 1Sl ciyTHUKOB ERS-1,
ERS-2 u ENVISAT ¢ nomoIipio mocTaBisieMbIX 4epe3 MHTEPHET (aiioB KOPPEKIIMH OPOUTEHI.
OnHa u3 KOJUIEKIUi (hailyioB KOPPEKIUK OpOUTHI BEACTCSA ToUIaHACKUM HHCTHTyTOM Delft
Institute for Earth-Oriented Space Research (DEOS orbits) [1,2]. Bropas komiekius BemeTcs
TepMAHCKUM a3pOKOCMHYeCKHM areHTcTBoM DLR. YTouneHnne opOUT ¢ moMoIbpio 3Tux (aiiaos
KOppeKIMHu Haulosiee aKkTyaldbHO s 3a7ad HMHTepPEpPOMETpUH, IOCKOJIbKY MUKCEIbHas
TOYHOCTh T€OJIOKAI[MM JJIsl BBIIICHA3BaHHBIX CIYTHUKOB MPHUCYTCTBYeT M 0€3 KOpPpEeKLUHU
opbutsl. B ciyuae xe uHTEppepomeTpuyeckoil 0OpabOTKM BaXKHO YTOUHEHHE Te0JIOKAllUU Ha
cyOnukceabHOM ypoBHe. Takas koppekuuss OpOWUTHI KakK [MpaBWJIO Ccpa3zy Ke YEeTKO
BU3YaJIM3UPYETCsl MPHU IMOCTPOCHUM HHTepdeporpamMmM, MOCKOIbKY W3 HUX B ciydae Oolee

KOppeKTHOﬁ 3aliucu Op6I/ITaJ'ILHI>IX MMapaMeTpoOB YAAIACTCA AUarOHaJIbHAasA (basoBa;I moMcExa.

[MPUMEPBI OBPABOTKIN

Huxe mnpencraBineHa cepusi THUIOBBIX pe3ylbTaTOB OOpPaOOTKM paJapHbIX JAaHHBIX,
BBITTOJIHEHHOH B IporpaMMHOM KoMmiuiekce SARScape.

Ha pucynke 9 mpejacraBieHa amIUIUTy/a HUCXOAHOTO M (PUIBTPOBAHHOTO PaJapHOTO
u3obpaxenus. Ha pucynke 10 — reokoaupoBannbiii RGB-kommosur tumna Interferometric Land
Use.

Ha pucynke 11 nmpencraBinena IIMP Ha Bcro Tepputoputo llIBeiinapuu, moctpoeHHas
cnenpanuctamu  SARMAP 1o naHHbIM TaHJIEMHOH HHTep(EpPOMETPHUECKON ChEMKH CO
cnytHukoB ERS-1 u ERS-2 B xonme 1990-x romos [3]. Tounocts LIMP Bapeupyercs ot 7 1o 15

METpPOB 10 BbicoTe. [IpocTpaHcTBEHHOE pa3pelieHue — 25 METPOB.
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Ha pucynke 12 npuBeneHbl CMEIIEHUs, paCCUUTAHHBIC IO TaHHBIM AU depeHITnaIbHON
uHTephepomerpuueckor 00paboTku cepun cHUMKOB TerraSAR-X [4], a Ha pucynke 13 —
cnonzanue B CeBepHbIN JIEAOBUTHIN OKEaH JIEAHUKOB 3a nepuoj Bcero B 30 MUHYT (TaHAEMHAs
unreppepomerpus ERS-2 — ENVISAT) [5]. Ha pucynke 14 mokaszaHpl ocemaHUs 3€MHOU
IIOBEPXHOCTHU HaJl Y PEHroMCKUM He(Tera3oBbIM MECTOpOXkAeHUEM (ceBep TroMeHcKol o6siacTh)
[6-8].

Ha pucynke 15 noka3zansl pe3ylbTaThl HOISIPUMETPUUECKON KIIACCH(PHUKAIUN TOTHOCTHIO

noaspumeTpudeckux qaHabix ALOS PALSAR (JAXA).

Puc. 9. Hcxoounas (ceepxy) u uibmposannas myiomuepemMeHHbiM Quibmpom (CHu3y)
amnaumyoa padapnozo chumka TerraSAR-X (Infoterra GmbH). Hcnonvzosansr pynxyuu
UMNOPMA, HEKO2EPEeHMHO20 HAKONLEHUs, KOPecUCmpayuu u MyIbmuepemMerHou guibmpayuu

(Cos3zono, 2010).
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Puc. 10. T'eoxoouposanuwiti RGB-xomnosum muna Interferometric Land Use, paccuumannwiti no oeym crumrxam TerraSAR-X
(Infoterra GmbH). Pacmumenvnocme — 3enenas, 600a — MeMHO CUHss, 30AHUSL — JCelmble U KPACHble, 00pO2U U NOBEPXHOCMU 0e3
pacmumenvHocmu — Kpachvie. Mcnonv306ansvl QyHKYUU UMNOPMA, pAciema KO2epeHMHOCMU, HEeKO2EPEHMHO20 HAKONIEHUs, 2e0KOOUPOBAHUS U

pacuema RGB-xomnoszuma ILU (Coszono, 2010).
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Puc. 11. [[MP, nocmpoennas cneyuarucmamu SARMAP (pazpabomuurxamu SARSCape) no oanuvim manoemHoll unmepgepomempuieckoli
cvemku co cnymuuxkos ERS-1 u ERS-2 6 xonye 1990-x 20008. Hcnonvzosannvie @ynxkyuu: HoxKycuposka paouoioKayuoOHHbIX 20J102PAMM,
unmepgepomempudeckas obpabomka ¢ noayyeHuem Ha 6vixooe LIMP, cozdanue mozauku 6vixoouwvix LIMP, evipeska no eexmopHomy aiiny

2ocyoapcmeennot epanuysl Lllgetiyapuu [3].
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Puc. 12. Ocaoka 6 30ne cmpoumenvcmea 30anusl, paccyumanuas no OauHuvIM OuggepenyuanvHol uHmepgepomempuieckou oopabomru
cepuu chumxos TerraSAR-X [4]. I1o0 kadicooti unmepghepoepammort yKazan peMeHHOU UHMepeal mexcoy chumxkamu napul. Kaoscowll yeemosoii
YUK HQ UHMePHepoSpamMmax cooOmeemcmeayen 0CeOanusm, PASHbIM NOA0SUHEe OAunbl 80aHbL (Mm.e. 1,5 cm). Ucnonvzosansl (hynkyuu mooyneu Basic

u Interferometry
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Puc. 13. Cnonzanue neonurxos ¢ Cesephblil 1€008umblil okean no 0anuvim maroemuou unmepgepomempuu ERS-2 — ENVISAT 3a nepuoo
6ceco 6 30 munym. Ononzanue 1€0HUKO8 NOKA3AHO CUHUMU CIMPENKAMU, AMAIUMYOA ONOJ3AHUA — 0eCAMKU CAHMUMempOo8 (KaxCOblil Yeemogol
yukn — 2,75 cm). Benvimu cmpenkamu noxazanvl epanuysbl 1€008biX maccusos 8 oyxme bapun, dsudsxcywuxca omuocumenvro opye opyea [].
Cnpasa — uzobpaxcenue uz Google Earth. Hcnonvzosanvl pynxyuu mooynei Basic u Interferometry, a maxowce ymuruma cozoanus *kml ¢ghatina onn

Google Earth.
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- W

r. HoBbIn
YpeHrou

Puc. 14. Jupgepenyuanvnas unmepgepocpamma, nokazwléawowas cmewerus 3eMHOU
nogepxHocmu Ha Ypeueotickom Heghmezazoeom mecmoposxicoenuu 3a nepuood 2007-2008 20006
no pesyromamam obpabomku oannvix Radarsat-1 (usorunuu nokaseiéaiom ocedauus 8 cm).
Hcnonvzosanvr @ynxkyuu mooynen Basic u Interferometry, a maxoice ymunuma xoppexyuu

SHAYEHUsI «4acmombl NO8MopeHusi umnyavcay [6-8].
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Puc. 15. Pezynomamul noaspumempuyeckou kiaccuguxayuu yemsvipexnonapuzayuonrnozo chumxa ALOS PALSAR (JAXA). 1 — amnaumyoa
noaspuzayuu I'T; 2 — gvloenenue 8600bl U 21A0KOL NoGepxXHOCMU,; 3 — @blOeieHue pacmumenbHocmu, 4 — gvloenenue ounoaeti (cmon6os, onop JIOII u
m.o.); 5 — evloenenue yuacmkos cyuu 6e3 pacmumenbHOCmu Ul ¢ HedblCOKoU pacmumenvhocmoio. Mcnonvsosanst ¢hynxyuu mooyns Polarimetry u

Polarimetric Interferometry. Cos3ou1,2010
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