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B paboTe npuBeaeHbI KCCIEAOBAHUS 10 MCIIOJIb30BAHUIO PaIMOJIOKAIIMOHHBIX JaHHBIX C cCEHCopa Sen-
tinel-1 115 onpeneneHusl TaKCallMOHHBIX IMOKa3aTeJeil CMeIlaHHbIX HacaXKAeHU. DKCIIepuMeHTalbHbIe
paboThI BHITOJHEHBI Ha TeppuTopun Koctpomckoii, Bonoroackoii, ApxaHrenbckoil obnacreit, YaMypT-
CKoIi pecrtyosimky. Ha ocHOBe pe3y/ibTaTOB 3KCIIEPUMEHTAIbHBIX UCCIEA0BAHUI ONpeae/IeHbl 3aBUCUMO-
CTU KOJIMYECTBEHHBIX M KaUECTBEHHBIX MMOKa3aTesIeil HacaXXIeHU ¢ ITapaMeTpaMy paauoOKallMOHHOM
cbeMkU. [TomyyeHHBIe pe3yIbTaThl MO3BOJISIIOT OCYIIIECTBUTh 30HUPOBAHUE UCCIIEIYeMOM TEPPUTOPUU T10
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BBEAEHWE

AKTyaTbHOCTb ITPOBEAECHHBIX MCCIETOBAHU 00Y-
cJIOBJIeHA 3agadyaMu, copMrupoBaHHEIMU B OCHOBax
roCyJapCTBEHHOMN MOJIUTUKU B 001aCTU UCIIOJIb30Ba-
HUSI, OXpaHBbl, 3allIMThl 1 BOCIIPOMU3BOACTBA JIECOB B
Poccuiickoit @enepannu Ha nepuon go 2030 roma B
YacTU Pa3BUTHUSI COBPEMEHHBIX TEXHOJIOTHM IO CO-
BEPIICHCTBOBAHUIO CUCTEMBI JIECOYCTPOIICTBA, TOCY-
JIapCTBEHHOII MHBEHTapU3alluM JIECOB, MOHUTOPUH-
ra JISCOB, a TAKXKe CO3MaHnsI MH(OPMaAIIMOHHOI 6a3hl
O COCTOSIHMM, WCIOJb30BaHMM, OXpaHe, 3alluTe U
BOCIIPOU3BOICTBE JIECOB.

MeToanl JecOoTaKCallMOHHOTO ASIIU(MPUPOBAHIS
PaIMOIOKALIMOHHBIX JaHHBIX IJI ONpeaeieHUsT KO-
JIMYECTBEHHBIX U KAaYeCTBEHHBIX IT0Ka3aTejIeil JIECOB
MMEIOT 3HAYUTENIbHYIO TIEPCIIEKTUBY, TaK KaK He 3a-
BUCST OT 00JJAYHOCTU aTMOC(EphI, TTOTOILI U OCBE-
IIEHHOCTU MECTHOCTHU.

M3BecTHO, yTO U3MepeHuii B C-nuara3oHe Hel1o-
CTaTOYHO [IJIsI OLIEHKU MapaMeTpoB NepeBbeB M3-3a
CJIaboTO TIPOHUKHOBEHMSI BOJH BINIYOb PacTUTEIh-
Hoctu (3axapoB A.H., 2012). OgHako, TeKcTypa u
MPOCTPaHCTBEHHbIE Bapuallii MOT'YT JaTh T1OTIOJIHU-
TeJIbHY10 WH(OPMaLMIO: TakK, s ONpeneseHust
KJlacca Bo3pacTa Jieca JOCTaTOUHO M3MEpPEHMUsl TeK-
CTYPHBIX MPU3HAKOB PaIMOJOKAIIMOHHBIX M300pa-
xkeHuid C-guara3oHa C BBICOKMM pa3pelieHUEM.
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B pa6ore (Lukman A. Et al., 1994) mist pelreHus
MAaHHOM 3a1a41 MCITOJIb30BAIMCH N300pakeHUsI, TT0-
JyyeHHble B C- u X-auana3zoHax caMOJIETHBIM paaa-
poM ¢ Troocoit cheMKHM 20 KM, a TakXKe CHUMKU
LANDSAT TM B xpacHoM, OmmkHeM MH@pakKpac-
HOM U cpeaHeM uHdpakpacHoM auana3oHax. Ilo
pe3yiabTaTaM paboTel Haubojiee 3(hEPEeKTUBHBIMU
TeKCTYPHBIMU XapaKTEPUCTUKaAMM OKa3ajnCh Xa-
PaKTEepUCTUKU, MOJYYEeHHBbIE Ha OCHOBE MaTPUIIbI
coBMmecTHOI BcTpeuaemMoct GLCM (Grey Level Co-
occurrence Matrix).

B pa6ote (Pulliainen et al., 1994) npoBeaeHbI U3-
MepeHud 3HadeHuid YOIIP mis HeCKOJILKMX TeCTo-
BBIX paliOHOB Jieca, MOJIYyYEeHHBIX MO JaHHBIM KOCMU-
yeckoro anmnapata ERS-1, B KOTOpEIX OCHOBHBEIMU
MopoiaMU JIEPEBBEB SIBJSIOTCS COCHA M HOPBEXCKast
eib. Mcnonb3oBaivch Ha3eMHbIe JaHHbIE O OroMacce,
BO3pacTe, BbICOTE, TUIIE JePEeBbEB, TUIIE TTOUYBHI. Mc-
clieloBaHus ToKa3aau, YTO KOppessuus 3HauyeHUui
VOIIP neca ¢ o6uomaccoil B C-muarma3oHe MOXKET
OBITh MOJIOXKUTEIbHAS, HYJIeBasl U OTpULIATe]IbHAs.

B pa6ore (MacDonald K.C., 1994) mo gaHHBIM
JPL AIRSAR, SIR C/X u ERS-1 wucciaemoBaHbI
4 necHplx MaccuBa B Kaname: 2 ¢ mpeobGnamaHueM
COCHBI, 1 ¢ nIpeobaagaHueM e 1 1 ¢ mpeobiiagaHueM
ocuHbl. C anpens 1994 1. 661 coOpaHbl Ha3eMHbIe
JaHHBIE O IUBJIEKTPUUECKUX CBOIMCTBAaX CTBOJIOB,



54 CHUJOPEHKOB u gp.

JNBVKEHUW BOMBI B JIEPEBbSIX, TEMIIEpaType IMOYBbI.
IMTosyyeHbl naHHBIE O CBsI3M 3HadYeHuit YOIIP mipu-
MEHEHHBIX pangapoB ¢ (PU3UOJOTUUECKUM COCTOSIHU-
€M pacTeHuil B mepuol Mopo3a, OTTEIeJIM U pocTa
pacTUTENbHOCTH.

PesynbTathl 3KCHEPUMEHTOB, JEMOHCTPUPYIO-
II1Me BO3MOXHOCTb MWCIIOJIb30BAaHUSI palapoB sl
OLIEHKU XapaKTepPUCTUK JIECHOU pacTUTENbHOCTH, B
TOM 4YMCIie OMOMACChI JIECOB, MPEACTABIEHbBI B MHOTO-
YHCJIEHHBIX CTAThsIX OTEYECTBEHHBIX 1 3apYOEKHBIX aB-
topoB, Takux Kak (Ulaby et al., 1987), (Le Toan T.,
etal.,, 1992), (Kuplish T.M., Curran P.J., 1999),
(Hoscilo, 2018), (Ieiaeimos b.3.,2010), (KupoOuke-
koBa M.W., 2013), (3axapoB A.HU., 2014).

PaHee mpoBeneHHbIE B JlaOopaTOpUy TaKCcalluu U
JnecoycTpoiictBa Becepoccuiickoro HaydHO-MCCIenoBa-
TEJIbCKOTO WHCTUTYTa JIECOBOACTBA W MEXaHU3AIUU
necHoro xossiictBa (PBY BHUMJIM) uccinenoBaHust
0 pa3padOTKE METOHOB JIECOTAKCAITMOHHOTO eI -
PUPOBaHUS TakKkKe MoKa3ajid BO3MOXHOCTh OIIpelie-
JIeHUs 3araca, MoJTHOThl, COMKHYTOCTH HaCaXKIeHU I
MO PaIuOJOKAIIMOHHBIM CIYTHUKOBBIM CHUMKAaM.
ITpu ogHOBO3pACTHOM CTPYKTYype HacaxkAeHUM, KO-
Topasi (bopMUpYyeTCS] MPU UHTEHCUBHOM aHTPOIIO-
reHHOM (pyOKM jieca) WIM €CTECTBEHHOM (IIOXKaphl)
BO3JICMICTBMM Ha Jieca, BO3MOXHO OIIpeaeJICHE BO3-
pacTta 1 60HUTeTa HacaXIEeHUI, TaK KaK MO TeKCTyp-
HBIM ITpU3HaKaM MOXHO OIPEAeTUTh KJ1acc Bo3pacTa
HacaxkaeHUii. B KOHTeKCcTe BBICOKOTO pa3HooOOpa3usi
JIECOB MPU OTPabOTKE aJITOPUTMOB JIECOTAKCALIMOH -
HoTo AemndprupoBaHus TpedyeTcs 3aKIaaka 3HaYu -
TEJILHOTO KOJIMYECTBA MPOOHBIX IJIOLIAAEH C yUETOM
permoHajbHON crneluuUuKU JECHBIX HaCaXKIeHU U
JIECOTUMOJOTMYECKUX  YCJIOBUM  TMpOM3pacTaHUsl.
CeTb NpOOHBIX TUIOLIAACH SIBJISIETCS BaKHBIM 3Jie-
MEHTOM Mpu BepubUKAIUU Pa3IUYHBIX METOMO0B
TaKcaluu JIECOB MO JaHHBIM CIIYTHUKOBOM ChEMKHU.
IIpuBeneHHbIe B cTaTbe MCCACAOBAHUS BHITTOJIHEHBI
Ha TeppUTOPUM TaexkKHOI 30HbBI EBporeiickoii yacTu
Poccum u 3ammagnoit Cubupu. I1pu pa3padoTtke ajiro-
PUTMOB  JIECOTAaKCAallMOHHOIO el pupoOBaHUS
JMaHHBIX PaAvOJOKAIIMOHHON ChEMKM MCIIOJIb30Ba-
Jlach CeTh ITPOOHBIX IUIoLanei nu3 360 y4acTKoB, pa3-
JIMYAIOIIUXCS T10 TIOPOAHOMY COCTaBy, BO3pacTy, 3a-
nmacam HacaxneHuii. OCHOBHas 10J1s1 TPOOHBIX TIJ10-
maneit 3ajoxeHa Ha Tepputopur KocTpoMcKoid,
Bonoroackoii, ApxaHreibckoii, Hukeropoackoii
obiacrteit, YnmMypTckoit pecmyOosuku, TroMeHCKOM
obJracTu.

Ha ocHose nannbIx /133 pa3zpaboTaHbI COBpEeMEH-
HbI€ IUCTAHIIMOHHBIE METOIBI TAKCAIIUM JIECOB, KO-
TOpbIe UMEIOT BaxkKHOE 3HAaUeHNE B CTpaTeruu njiaHu-
pOBaHUS M BEICHUS JIECHOTO XO3SMCTBA, a TAKXKE B
COBEPIIIEHCTBOBAHUY PA3JIMYHBIX TEXHOJIOTUIA JIeCo-
ycTpoiictBa (MomceeB u ap., 2017, Padauios, 2016).

HCJ’IB]O ncciacaoBaHus sABJiAj1aChb pa3pa60TKa ME-
TOOOB JIECOTAKCAIMOHHOTO ,I[CH_[I/I(l)pI/IPOBaHI/IH JaH-
HBbIX paﬂHOHOKaHHOHHOﬁ cbeMKU. Takue MeToabl

NCCIEOOBAHUME 3EMJINM 3 KOCMOCA  Ne 1

MMO3BOJISIOT CO3IATh OCHOBY IIJISI pA3BUTHUS AaBTOMATU -
3MUPOBAHHBIX CEPBMCOB 00PA0OTKM PaIrOJOKAIIMOH-
HOIi CIYTHUKOBOM CheMKMU JIJIs TTOJTYyYEHUS TaKCallu-
OHHBIX ITOKa3aTeJieil JeCHBIX HacaxaeHuii. Ha ocHo-
B€ pa3pabOTaHHBIX TEXHOJOTUN BO3MOXKHO OyaeT
OCYILIECTBUTD Tepexon K HU(GPOBbIM, UHTEIEKTY-
aJIbHBIM TIPOU3BOIACTBEHHBIM TEXHOJOTUSIM B 00-
JIACTU TIOJIyYE€HUS aKTyaabHO MH(MOPMAIIUHU O Jie-
cax.

OBBEKTbI U METO/1bl UCCJTENOBAHUI

DKcIepuMeHTaIbHEBIE pabOTHl BKIIIOYAIN 3aKJIAIKy
MPOOHBIX IUIOLIAACH C YIETOM IIPU3HAKOB Pa3INIusI
HaCaXICHUWI MO JaHHBIM ONTUYECKOMN 1 paiuoJioKa-
LIMOHHOM CIIYTHUKOBOM cheMKU. MccienoBaHus IIpo-
BeneHbl Ha Tepputopuu Koctpomckoii, Booroackoii,
ApxaHresnbckoii, TromeHckoil, Himkeroponckoii ooia-
cTeil, AnTaiickoro Kpast U YIMypTCKOI pecITyOJIMKU B
CMEIIAHHBIX HACaXKACHMSIX, Pa3IddYarolINXCcs IT0 IO-
POIHOMY COCTaBy, BO3pacTy, 3ariacy, noixHore. B o0-
IeM 3aJ103keHO 360 MpOOHBIX TIOIIANEHA.

OmnpeneneHre MeCT 3aKJIaaKy MPOOHBIX TIOIIA-
JIeil OCyLIECTBISIOCH TI0 MaTepHajaM JIeCOYCTPOii-
CTBa Y TaHHBIM ONTUYECKON ChEMKU U COCTOSIO U3
HecKoJbkux maroB. CHavyajia TpoBOAWJICSI TIEpBUY-
HBII aHAJIU3 110 MaTepHajlaM JIECOYCTPOMCTBA, OIpe-
JIeJISITUCh pa3inuMsl HacaXKIeHUI 1Mo 3amacaM, MoJ-
HOTaM, BO3pacTy, MJaHUPOBAJICS MapIIPYT C yUeTOM
JOCTYIMTHOCTY HacaXIeHUii. BTopbIM 1I1aroM mpoBo-
IWICS aHaJIu3 MaTepUajioB OINTHUYECKON ChEMKU B
HeCcKoJIbKO aTarnoB. Ha mepBom aTamne npous3Boau-
Jachk auddepeHInalsg TEPPUTOPUM HA JIECHbIE U
HeJIECHBIC 3eMJIM Ha OCHOBe pasneneHus mo NDVI-
WHIEKCY B 3MUMHUI TiepuoA. 3Ha4YeHUsT TaHHOTO WUH-
JIeKca IJIs1 HEJIECHBIX TEPPUTOPUil, Ha BEIMYUHY KO-
TOPOTO TaKXe BIMSIOT OCOOSHHOCTU 3apacTaHUs
TUIoIIaAei IpeBeCHO-KYCTapHUKOBOM PacTUTEIbHO-
CThIO U HaJIUUME JIECOBO30OHOBIIEHMSI HAa BhIPYOKaX,
n3MeHsiorces B npeneiiax 0.08—0.1 enwHWI B 3aBUCH -
MOCTH OT PErMOHaIbHBIX OCOOEHHOCTE JiecoB. Pea-
JIN3aLUs JAHHOTO aJITOPUTMa OCYILECTBIISIIIACH Uepes
JIEpEeBO pEIICHWI B MporpaMMHOM Komrekce Envi
5.2 (PykoBonctBo, 2013). Ilo pe3syabTaram Kjaccu-
¢uKanmy 6bUIa CO3MaHa MacKa JIECHBIX 3eMeb (puc. 1).
IIpu 3TOM M3 JNECHBIX 3eMelb UCKIIIOYaINCh Hace-
JIEHHbIE IYHKTbI, JOPOTH, JIECO3aIUTHEIC IOJIOCHI.
I[IpuMeHeHNe MacKu MO3BOJIWIO BBIIEIUTL 3€MIIU,
3aHSTHIC JIECHOI PaCTUTEIbHOCTHIO.

Harnee mpoBOAMIICS aHAIN3 OIIPEIe/ICHNSI MECT 3a-
KJTaIKA TIPOOHBIX IUIOIIAAE Ha OCHOBE aJIlOpUTMa
HeKoHTponupyemoil kiaccudpuxkamum (IsoData) u
aHaJIM3 TEPPUTOPUHN TT0 MHAEKCY COAEPXKAHMS BIaru
B PacTUTEIbHOCTH Ha ocHOBe uHAekca MSI (Mois-
ture Stress Index) mj1st CHUMKOB B IIepUO[I UIOJISI—aB-
rycra (puc. 2, 3). UHnekc conep:kaHHs Bjaru B pac-
TUTEJIBHOCTU — ONWH M3 BaXXHBIX MTOKa3aTeseil pa3-
HOOOpa3WsT JIECHBIX JKocucTeM. Ilo maHHBIM
cryTHUKaA Sentinel-2 3TOT MHIEKC OIpenessieTcs OT-
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Puc. 1. ®opMupoBaHue MaCKM JIECHBIX 3eMeJIb Ha OCHOBe nHiIekca NDVI 3suMHero cHuMKa (cjaeBa — UCXOIHBINA 3MMHUI CHU-

MOK, CIIpaBa — MacKa JIECHBIX 3eMeJlb, YePHBII 1IBET).

Puc. 2. HekoHTponupyemasi KiraccuduKamus TaHHBIX CITyTHUKOBOM CheMKH Ha OCHOBe ajropuTtMa IsoData (cieBa — ncxom-
HbBII CHUMOK, CIIpaBa — Pe3yJIbTaThl HEKOHTPOJIMPYEMOI KIIacCUMDUKALIMH).

HolleHueM 3HauyeHusi KaHaia SWIR (cpenHuit nH-
dpakpacHslii kaHan1 — 1599 nm) K 3HaYeHUIO KaHa1a
NIR (6avxHUi nHGpaKpacHbI KaHal — 819 nm), To
ecTb KaHaJsia b1l k b8 coorBercrBeHHO (Pulliainen J.
et al., 3003). O6mwmit nuarma3oH uHIekca MSI ms
JIECHOII PacTUTEJIBHOCTU HAaXOOUTCS B TIpelesiaX OT
0.08 1o 0.4 emmHu1. PasMepHOCTh TaHHOTO MHAEKCA
3aBUCUT OT IIOPOJHOIO COCTaBa HacCaxXKASHW, CO-
CTaBJIsIsA JJIs1 CPEIHEBO3PACTHBIX, CIIENbIX U Tiepe-
CTOIHBIX XBOUHBIX ApeBocToeB 0.07—0.08 emmHwMII,
IJISI MATKOJUCTBEHHBIX — 6oJbire 0.10 emuHML.

IIpuemnembie pe3ynbTaThl OIIpEICICHUS O00beMa
SKCIEPUMEHTAJILHBIX pabOT HAOIIONAIOTCS MPU KO-
ymaecTBe KiactepoB oT 30 no 40 t. B kactep Bxogut
okosio 10 BapmMaHTOB HacaXIeHWI, HE3HAYUTEITHHO
pa3IMYaIIMXCcs 0 Pa3HOOOpa3nIo APEBECHBIX MO~
PpOII, BO3PACTHOM CTPYKTYpe, MOTHOTE HACAXKICHUIA.
Paznuuns Mexmy KiactepaMu HacaxkACHUI 1o Tepe-

NCCIEOOBAHUME 3EMJINM N3 KOCMOCA  Ne 1

YUCJICHHBIM TMOKa3aTeJIsIM CYlLIeCTBeHHbI. B mpene-
Jlax Kjactepa MpU TPOBEACHUN WCCIENOBAHUN IS
MOJIY4EHUSI CTATUCTAYECKN JOCTOBEPHBIX 3aBUCUMO -
cTeil HeoOxoarMa 3aKkjaaKa He MeHee IByX MPOOHBIX
TUIOIIAAEH.

IMonyyeHre aTpnOYyTUBHOI MHMOPMALIMU KaxkI0-
T0 KJIaCTepa BO3MOXHO Ha OCHOBE COBMEIICHUS NaH-
HBIX JISCOYCTPOMCTBA, ITPOOHBIX TUIOMIANACH WA JIeCO-
TaKCaIlMOHHOTO AeIU(PUPOBaHUS ChEMKU CPETHETO
M BBICOKOTO pa3peliieHus. Pe3yabTrarbl HEKOHTPOIU-
pyeMoil kjaccudukaluyu Takke KOCBEHHO OIpelie-
JISIIOT crneluUuKy JiecopacTUTEIbHBIX YCIOBMIA Ha
OCHOBE€ pa3jIMUYMil HaCaXXIEHWW MO MX CIIEKTPaJIb-
HBIM XapaKTePUCTUKAM.

PaccMoTpeHHBIE  MeTOAbI  TIPEIBAPUTEIHLHOTO
aHaju3a pa3HooOpa3usl JECHBIX DKOCUCTEM IMO3BO-
JISTIOT ONpPENeNUTh IIPEAIIOUYTUTENIbHEIE MecTa 3a-
KJIAIKU TTPOOHBIX IJTOIITANCH.

2023



56 CUOOPEHKOB u np.

Puc. 3. Pe3ynbTaThl aHaIM3a TEPPUTOPUHU TIO COIEPKAHMIO BJIArM B PAaCTUTEIBHOCTU Ha ocHOBe nHAekca MSI (cneBa — ucxon-
HBII1 CHUMOK, CIlpaBa — uHaekc MSI).

KonnyecTBo MpOOHBIX MJIOIIAAECH 3aBUCUT OT pa3-
HOOOpa3usi JeCHBIX HACaXIEHWIl W HPUPOIHBIX
yCJIOBUI UX IIpon3pacTaHus. Mcxonst u3 pe3yabTaToB
paHee TPOBEACHHBIX HMCCIEIOBaHUM, YCTaHOBJIEHO
HeoOxoauMoe IJisT OOJIBIIMHCTBA CJydaeB MMHM-
MaJIbHO€ KOJIWYECTBO IIPOOHBIX Iuiomaneii — 30 mT.
Ha TEepPUTOPHUIO YYaCTKOBOIO JiecCHUYecTBa. JlaHHOE
KOJIMYECTBO TapaHTUPYET yYeT KaxKIOil IpymnIbl Ha-
caxXAeHWI IIpY IIPOBEASHNY aHAJIN3a, HO He OTpaka-
€T TOBTOPHOCTh HAOJIOACHWI B KaXXIOM TpyIllie
(kyactepe). YuuThiBasi HEOOXOIMMYIO MTOBTOPHOCTh
He MeHee 3 BApMaHTOB B KaxKIOi TPYIIIIEe, OITUMAJIb-
HO€ KOJIMYECTBO MPOOHBIX IJIOILIAAEH MOXET TOCTH-
ratb oT 120 mo 200 1mIT. HA UCCIAEAYEMYIO TEPPUTO-
puto. IIpoOHBIE TUTOIIANM IJIsl y4eTa pa3HOOOpas3us
HacaxXIeHUI HeoOXOMMMO 3aKjIaablBaTh B Mpeleaax
BBIICJICHHBIX TPYIIII.

st arpobanyy pa3dpaboTaHHBIX METOOOB ITOJIY-
YeHUs XapaKTepUCTUK CMEIIaHHBIX HacaXXAECHUM 10
OOIIEIOCTYITHBIM paJapHbLIM CITYTHUKOBBLIM JTaHHBIM
B paboTe MCIIOJIb30BAINCh JaHHBIE PATNOJIOKAIIOH-
HbIX n3o06paxeHuii (PJIN) cbeMouHoOIi cUcTeMBbI Sen-
tinel-1 co cpokoM akKTyaJlbHOCTM CHUMKOB MEHEe
TpeX JIeT ¢ MOMEHTA 3aKJIaIKW IIPOOHBIX IUIOIIANCH.

PE3VYJIBTATDI

B pesynbTaTe anpobainy MeToa0B MOJyYeHUs Xa-
PaKTEPUCTUK JIECOB MO MTaHHBIM C PAIUOJIOKAI[MOH-
HBIX CIIyTHUKOB 3a Ilepuoi SIHBapb—QeBpaib Ha
TEpPUTOPUM TaexXHOoU 30HBI 3amagHoit Cubupu
JUTSI YMCTBIX HACaX/IE€HUU COCHBI ObLJIU YCTAHOBJIEHbI
KOppEJSILIMOHHBIE 3aBUCMMOCTHU 3ariaca M MOJHOTHI
HacaxJeHUM ¢ TMoKa3aTelas MU PaauoJOKallMOHHOM
CheMKM co cmnyTHUKOB Sentinel-1: YOIIP B 3HaueHnn
ramMma-Hoib Ha VH-nomsipuzaumm (GammaVH),
VYOIIP B 3HaueHMM TaMMa-HOJIb Ha VV-IIOJISI-
puzanuu (GammaVV), cymmoii YOIIP o6beKkTOB B

NCCIEOOBAHUME 3EMJINM 3 KOCMOCA  Ne 1

3HAaYeHUU TaMMa-Hoab Ha VV- u VH-nonsipuzanusax
(Sum), TEeKCTYpHBI  TpPU3HAK  “CyMMapHOe
cpentee” (GLCMMean). HanGoiee BeicOK1E KO3 (-
GUIMEHTHl KOPPEISILMU MEXIy HaOMIogaeMbIMUA W
MPOTHO3HBIMU 3HAYEHUSIMM, YCTAHOBJICHHBIC IS
3UMHUX MECSIeB — sTHBaps W (eBpalisi, COCTaBUIN
0.4—0.5. ITo paHee mpoBeAeHHBIM MCCJICIOBAHUSIM B
JISTHUM Tiepuon 3HaueHus He rpeBbicuiin 0.2 (Cugo-
peHKOB U 1p., 20210).

YuureiBasg paHee IIPOBEICHHBIE MCCICIOBaHMS,
JIJTsl TIOBBIIIIEHUS TOYHOCTU OMpeAeeHUsT TaKCallu-
OHHBIX XapaKTEePUCTUK ObLJIa MPOBEACHA 3HAYNTEb-
Hasl DKCIIepUMEHTaJIbHas padoTa 110 YTOYHEHMIO Me-
TOJOB aHaJIN3a, KOTopas pa3feisiach Ha IBa 3Tara:

1) UccnengoBaHue BIMSIHUSL (aKTOPOB, 3aBUCS-
X oT xapakrepuctuk PJIM u MmeTonoB nx 06padoTKu,
KOTOpBIE MOTYT MPUBOIUTH K CHUKEHUIO KO3 hu-
IIMEHTOB KOpPEJsIlMM Ha BCceM Mepuoae HabJroae-
HHS B pe3yJIbTaTe:

— HEeIOCTaTOYHOIO IPOCTPAHCTBEHHOTO pa3pe-
weHus PJIN;

— TIIPUCYTCTBUA criekiu-1yma Ha PJIN, yxynmaro-
IIETO €r0 pagOMETPUIECKOE pa3pelleHIE.

2) UccnengoBanue BIMSIHUSI METEOYCJIOBUM B MO-
MEHT MPOBEACHUS PaIUOJIOKALIMOHHON CheMKH, KO-
TOpPBIE MOTYT IIPUBOINTH K CHIDKEHUIO KO3 dUIIeH-
TOB KOPPEJISIUN, OCOOEHHO B IEPUOIBI, LIS KOTOPBIX
XapakTepHa BbICOKasI IOTOAHAS U3BMEHYNBOCTD.

Jnsg ynyaieHuss metogoB oopadotku PJIU c 11e-
JIBIO TIOBBIIIEHUSI KOPPEJISIIMOHHBIX 3aBUCHUMOCTEM
OBLIM BHECEHBI U3MEHEHUS B pa3paboTaHHEBIN paHee
MeToH MpeaBapuUTENbHON 00padOTKM aMITJIMTYIHBIX
PJIN Sentinel-1. B pe3yabTate BHECEHUST UBMEHEHUI
MOJYYeHBI Ba Pa3IMYHBIX YTOYHEHHBIX BapHaHTa
00paboTKN:
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Terrain-Correction

| Terrain-Flattening /

Puc 4. I'pad g popmupoBanust reonpusizanHbix PJIN B 3Hauenussx YOIIP B ITO SNAP ¢ ucrioibp3oBaHreM IIPOLIETYPhI He-

KOTCPECHTHOT'O HAKOIIJICHUA.

| Apply-Orbit-File

| Terrain-Flattening |—>| Speckle-Filter |—>| Terrain-Correction

Puc. 5. I'pad nns dopmupoBanus reonpussidadnHbix PJIW B 3HaueHusix YOIIP B [1O SNAP ¢ ncnonb3oBaHUEM IIPOLIETYPhI

undposoit punbrpauuu — buistp Frost.

1. ITpoBenenne oopadorku PJIN 6e3 rmomaBieHus
CIIEKJI-IIyMa C LEJIbI0 COXPAHEHUS UCXOOHOTO Mpo-
cTpaHcTBeHHOTro paspeuieHus PJIN (20 m);

2. Ucnmonp3oBaHue npouenypbl UMAPoBoii QUIb-
Tpaliy IS CHUXKEHUST yPOBHS ceKJI-1rymMma Ha PJIN
BMECTO MpPOLeaypPbl HEKOTePEHTHOIO HAKOIUICHUSI.

B coBOKyNHOCTU ¢ MCMOJIb30BaHHBIM paHee Me-
TOOOM 00paboTkm aMruInTyaHbeix PJIN ¢ mpumeHe-
HUEM MpOoLieAYPbl HEKOTEPEHTHOTO HAKOTIJIEHUS 151
pacyeTa KOppeasIMOHHBIX 3aBUCUMOCTEI XapaKTe-
PUCTHK JIECOB C MOKA3aTeISIMUA PAINOJIOKALIMOHHOI
ChEMKU CO CITyTHUKOB Sentinel-1 maHHble 0O6padboTa-
HEI IO TPEM BapUaHTaM:

1. IlpumeHenne GWILTPa HEKOTePEHTHOTO Ha-
KOTLJIEHUST;

2. [Ipumenenue ¢punsTpa Dpocr;
3. be3 punbTpany JaHHBIX.

Pacyer pamnonoKallMOHHBIX WHIEKCOB U TEK-
CTYPHBIX XapaKTEPUCTUK XapalruKa MPOBOIUJICS 110
KaXXJIOMYy Ha0OpY NaHHBIX, TTOJYYEHHBIX 10 TPEM Ba-
puaHTaM IIpeaBapUTEIbHOI 00PabOTKU aMILIMTY/-
HerXx PJIN. B anroput™MBl ToTydeHUS XapaKTEpUCTUK
PaInoIOKAIIMOHHBIX M300pakeHUil M3MEHEHUs He
BHOCUJINCh.

O0OpaboTKa MaHHBIX MPOU3BOAUIACH B pa3pabo-
TaHHOM EBpoOneicKkuM KOCMHMYECKHUM areHTCTBOM
OTKPBITOM nporpaMmmMHoM obecrieueHnn SNAP. [lnsa
npoBeAeHUus Npouenypbl oopadborku PJIN ucmonb-
3oBaHbl Moaysim Graph Builder u Batch Processing,
MO3BOJISIIONINE CO3aBaTh M MPUMEHSTH ITOATOTOB-
JICHHBIE aJIropuUTMBI 00padoTKu (“rpadnl”) c Ha-
cTpaMBaeMbIMM MapameTpaMu. PacueT paguonoxka-
nunoHHoro nHaekca NRVI nponszBommiics B mporpaMm-
HOM KoMIuiekce Matlab mocpencTBoM HamcaHHON
¢GYHKIIMU, B CBSI3U C OTCYTCTBUEM BO3MOXHOCTU KOP-
pexTHoro pacuera nHaekca B [TO SNAP.

NCCIEOOBAHUME 3EMJINM N3 KOCMOCA  Ne 1

g BapriaHTa MOAABIIEHUSI CITEKI-IITYMOB IPOILIe-
IypOii HEKOTePEHTHOIO HAKOIUIEHUS ObLIM MCIIOJIb-
30BaHbl MaTepuaibl U Tpadbl MpeablayIIero 3Tana
WCCIIENOBAHUIT TI0 HACAXICHUSIM TaeXHON 30HBI
(CunopenkoB u ap., 2021a). IIpumep rpacda B I10
SNAP npencrasiieH Ha puc. 4.

IMpouenypa HEKOrepeHTHOTO HAaKOILICHUSI MOJ-
pasymMeBaeT yCpeaHeHUue U300paxXeHusl B OKHE pas3-
MepoM NXM TmuKcenei ¢ MocleayoIlIuM yYKpyITHe-
HUEM 3JIeMEeHTOB n3oopaxeHusi. [1p1 3ToM ypoBeHb
CHEKJI-1IIyMa YMEHbIIIAETCs, HO YMEHBILIAETC U pa3-
Mep M300pakeHUsI B NMUKCEIsIX. BBumy HeOOJIbIINX
pa3MepoB IMPOOHEIX Iutomaneit (mo 1 ra), OBUI BbI-
OpaH pa3Mep OKHa HEKOT€pEeHTHOIO HaKOIUIeHUS
paBHBI 2 X 2, 4YTO TO3BOJMJIO CHU3UTh YPOBEHb
CHEeKJI-1IIIyMa U TOBBICUTh PaAuOMETPUUECKOe pa3-
pemtenne PJIU. Ilpu stom pasmep nmmkcens PJIU
Sentinel-1 (20 M) ocTajncst npueMIeMbIM s TIPOBe-
NIeHUsT UCCIeIOBaHMS 110 yyacTKaM TaKoro pa3Mmepa.

I[Ipy wcnonp3oBaHUM MpolEaypbl HUMPOBOIL
dunpTpanuy 1jisi CHUXKEHUST YPOBHSI CIIEKJI-IIIyMa C
dunsTpom Dpoct (Frost) ucmonb3oBajcs pasmep
OKHa 5 X 5 ¢ koa(ppunmueHTOoOM AemipupoBaHus 2
(puc. 5). JlaHHbBIe mapaMeTpbl ObLIM BbIOpPAaHBI HA OC-
HOBE aHajiu3a paHee TPOBEIEHHBIX UCCIeNOBaHMIA
(Koctbines, 2009, Frost, 1982, Salepci, 2017, Santoso,
2016, Wahyu, 2019). ®unsrp ®pocT OTHOCUTCS K
aJanTUBHBIM aJITOPUTMaM (UIbTPALIUU, YIUTHIBAIO-
MM XapaKTep pacrpeneeHUsI 3HaYCHUI ITMKCEI0B
1300pakeHUs, TO3TOMY ITO3BOJISIET CIJIaXKMBaTh OJl-
HOpOAHbIE 00JIACTU, COXpPAHSSI TIPU 3TOM TPaHUILIbI
00beKkTOB. [1pu tanHHOM MeToae UIBTPALIMU Pa3Mep
nukcens cocrapiuser 10 m.

BapuaHnt anroputma oopadotku PJIM Sentinel-1
0e3 momaBICHUSI CIIEKJI-IIyMa IIPEACTaBIIsII cOOOit
UCKJIIoYeHue OJioka Tpouleaypbl HEKOTepeHTHOIO
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Apply-Orbit-File

Read Calibration

Terrain- Flattening Write

Terrain-Correction

Puc. 6. I'pad nis popmupoBanus reonpuszaHHbix PJIN B 3HaueHusix YOIIP B I[TO SNAP 6e3 npolieaypbl IogaBieHuUs CIie-

KJI-1IIyMa.

Puc. 7. [Ipumep naHHbIx MeTeonoisi ocaakon 03.01.2019 1.

HakorieHus (multilook) ¢ pazamepom okHa 2 X 2 u3
rpacpa ammuTygHO o6Opadotkm PJIW. Biamshue
CHEKJI-1IIyMa YYUTHIBAJIOCh HA 3Talle CTATUCTUYECKO-
ro aHaju3a. B jaHHOM ciyyae paspelieHue muKcesst
octaercd paBHbIM 10 M. IIpumep rpacda B ITO SNAP
npeacTaBieH Ha puc. 6.

BtopbiM 3Tanom pa3paboTKu yTOUHEHHBIX METO-
JIOB TOJIyYeHUSI XapaKTEePUCTUK JIECOB IO AaHHBIM
PaIVOIOKAIIMOHHOW CITyTHUKOBON CHEMKU SIBJISIETCSI
U3y4YeHUEe BIMSHUS METEOYCIOBUN B MOMEHT ChEM-
KW, KOTOPbIE MOTYT IMPUBOJIUTH K CHUXEHUIO KO-
(GULIMEHTOB KOPPEJISILIMU.

B pamMkax mocTaHOBKM 3KCHEpUMEHTa Mpearoa-
rajoch, 4YTO Ha 3HAYCHUS KO3 (PPUIIMEHTOB KOpPEsI-
UM XapaKTePUCTUK JIECOB C TTOKA3aTeJISIMU aMILI-
TYIHBIX PaAMOJOKALIMOHHBIX TaHHBIX MOTYT OKa3bl-
BaTh BIUSHUE CICIYIOIINE MeTeOoITapaMeTpHhI:

— TeMIiepaTypa Bo3ayxa B MPU3EMHOM CJI0€ aTMO-
cepsl;

— OCaJIKM U IPyTye MEeTCOSIBIICHUS

— CKOPOCTb BETpa B MPU3EMHOM CJI0€ aTMOCGhEPHI.

N3-3a BaussHUs YKazaHHbIX METE€oImapaMETpoOB
COCTOSTHUE JIECHBIX HACAXIEHUU B MOMEHT IIpoBCIC-
HUA pa}lHOJ’[OKaL{HOHHOﬁ CbEMKU MOXET UBMCHUTDH-
Csd, 4YTO B CBOIO O4YE€pE€Ab NMPMUBOIUT K M3MECHCHUAM
HMHTCHCHUBHOCTU paCCENBACMOI'0 9TUMHU HaCaKACHM -
AMHU paAMOJIOKAIITMOHHOT'O CHMIHaJ1a.

Ha BTropoMm ararie skcrnepruMeHTaabHbBIX UCCISI0-
BaHMI UCIIOJIb30BAJINCh NIO0AJIBHBIC TaHHBIE peaHa-
mm3a NCEP GFS (National Centers for Environmen-
tal Prediction's Global Forecast System) ¢ pa3pelie-
HueM 0.25 rpagyca (25 KM), UMEIOIIeCs B OTKPHITOM
noctyrie (CISL RDA, 2022). Ha ocHoBaHMU 3THX
JaHHBIX IJIs1 Kaxaoro aHaausupyemoro PJIN mony-
YeHbl KOJMYECTBEHHBIE IT0Ka3aTeau TeMIepaTyphl,
0CaJKOB 1 CKOPOCTU BeTpa (IIpuMephl MOJTyIeHHBIX
rnmokasareJieit B (popmaTe MeTeor1oJieil peacTaBaeHbl
Ha puc. 7, 8, 9), a Takxe chopMuUpoBaHa Macka co
3HageHusIMHU 0 1 1, toe 0 o3HavaeT HeOJIaroNpUITHBIC
MeTeoycsioBus, a 1 — 6inaronpusitHeie. I[TpumMep mac-
KU mipeAcTaniieH Ha puc. 10.

Ha ocHoBaHWM 3HaY€HUIA MaCKU TTPOBOAUTCS OT-
6op PJIN, Bo BpeMsi CbeMKH KOTOPBIX METEOYCIOBUS

Puc. 8. [Ipumep naHHbix MeTeonosst Temnepatypst 03.01.2019 r.

NCCIEOOBAHUME 3EMJINM 3 KOCMOCA  Ne 1
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Puc. 10. [Tpumep Macku, ucnoiibayemoii mpu otoope PJIM mist aHanmM3a npy OLiEHKE JIeCOTaKCAIlMOHHBIX XapaKTePUCTUK (d4ep-
HBII [IBET — HEOJIAarONpUSITHBIE METEOYCI0BUSsI, O€JIblii — OJIarONPUSITHHIE).

OBbLIU TIpU3HAHBI OJaronpusiTHbIMU. Ha ocHOBe 0TO-
OpanHbix PJIM paccuuThIiBalOTCS KOPPEISIIIMOHHBIE
3aBUCMMOCTH TIOKa3aTelell paaroOKaAlMOHHOM
CbEMKM C JIECOTAKCALIMOHHBIMU XapaKTEPUCTUKAMU
HacaxaeHuil. Pe3yiabTaThl, IIOJIyYeHHBIE IIO OTO-
opanaeiM PJIM, cpaBHMBaloTcg ¢ pe3yiabTaTaMM,
pa3paboranHbeiMU 110 BceM PJIU 3a Beck mepuonm Ha-
omoneHus1. ITo oKoOHYaHMM UCCAEOOBAHUS IPOU3BO-
IUTCS OlIEHKAa BIMSHUS MCKIIIOUEHUS W3 aHaIm3a
PJIN ¢ HeOGnmaronpus THHIMU YCIOBUSIMU Ha MTOBBIIIIE-
HUE KO3 dUleHTa KOppeIsini.

CoznaHue aJiropuTMOB (MofeJieii) cBsi3eiil Takca-
UOHHBIX XapaKTepUCTUK HaCaXIEHUI ¢ TaHHBIMU
pPaaroIOKallMK OCYIIECTBIISIIOCh HA OCHOBE pas3jiny-
HBIX METOJOB CTaTUCTUYECKOrO aHajn3a, SKCIIepr-
MEHTAJILHBIX MCCIeIOBAHMI U JAaHHBIX pagroIOKa-
LIMOHHOM ChEMKHMU.

ITepBBIM 3B€HOM B CCTEME CTAaTUCTUIECKOIT oOpa-
OOTKU HAHHBIX SIBISICTCSI KOPPEISILMOHHBIN aHalIu3
CBSI3€l KOJIMYECTBEHHBIX M KAYeCTBEHHBIX XapaKTe-
PUCTUK HacCaXXICHMS C TI0Ka3aTeJsIMU pamgapHOM
cbeMKU. [IpenBapuTebHbBIM aHAIU3 JaHHBIX MO3BO-
JINJI OIIPENCIUTh MPU3HAKY, MMEIOIINe KOppPeIsi-
OHHBIE CBSI3U, KOTOPBIEC B TATbHEUIIIEM OBLIN UCITOIb-
30BaHbl AJj1s1 MOCTPOECHUS MOEJIE B3aMMOCBSI3€i 3a-
maca ¥ IIOJHOTBHI HacaXIEeHUl ¢ IMoKa3aTelsIMUu
pPagroIOKALMOHHOM ChEeMKM Ha OCHOBE MOJeseil
MHOXECTBEHHOI perpeccuu. Pe3ynbTaThl KOppes-
MOHHOTO aHaJI13a IIOKa3bIBalOT CJIa0ble 3aBUCUMO-
CTH 3arraca, ITOJHOTHI, KOJWYECTBa IePEBhEB, BO3-
pacTa, cocTaBa HacaxKJIeHUI OT IoKa3aTrejeit CbeMKU
TOJIBKO IJI1 3UMHMX MECSIIIEB C YCTOMYMBBIM CHEX-
HBIM ITOKPOBOM.

NCCIEOOBAHUE 3EMJIN U3 KOCMOCA  Ne 1

Ilpu aHamu3e pasaUYHBIX METOAOB MpeaBapu-
TeJIbHOM 0O0pabOTKM MAaHHBIX PaaMOJOKALIMOHHOM
CbEMKM C 11€JIbIO0 MOJTYYEHHUS KOJTMUECTBEHHbBIX U Ka-
YECTBEHHBIX XapaKTEPUCTUK JIECOB TPUMEHSJICS
€AWHbBINA aJITOPUTM MHOXECTBEHHOU (DaKTOPHOM pe-
IPECCUM TaKCALIMOHHBIX XapaKTEPUCTUK Hacaxnie-
HUil ¢ nokaszarensmu YOIIP B 3HaueHuM ramma-
Hosib Ha VV-nonsipuzanuu (GammaVV); pagapHbIM
WHIEKCOM, TPENCTABIAIOIIUM OTHOLIEHUE YEThIPEX
VYBIIP-00beKTOB B 3HAUEHUY raMMa-HOJIb Ha MOJsI-
puzanuu VH k cymme YOIIP-00beKTOB B 3HaUeHUU
ramMa-Honb Ha VV u VH nonsipuzanumsax (RVI); Tex-
CTYpHBIMM TIpM3HAaKaMU “cymMMapHoe cpenaHee”
(GLCMMean); Mepoii pazdbpoca 3HaU€HU BOKPYT
CpeHero 3HaueHus KOMOMHALIMIA OTIOPHBIX U COCeN-
Hux mukcesneit (GLCM Variance); n Mmepoii IMHeHOM
CBs13U ypoBHeii sipkocTu nap nukceseit (GLCMCCor-
relation). JIaHHBII OAXOM MTO3BOJISIET BHIACINTD HAMI-
0oJiee MoAXOASIIMI METOM U3 PACCMOTPEHHBIX Bapu-
aHTOB T10 TIpeIBapUTEIbHON 00paboTKe NaHHBIX pa-
JIMOJIOKALIMOHHON CheMKH Pa3IMYHBIMU CIOCO0aMU
GUIBTpaINU CIEKI-1ITyMa.

Pesynbrarsl aHanuza apheKTUBHOCTY onpeaese-
HUS TaKCAlIMOHHBIX MMOKa3aTtesieit Ha OCHOBE JaHHBIX
PaaroJIOKAIIMOHHOU CheMKHU MPU PA3TUYHBIX METO-
Jlax ee MpeaBapuTeIbHONW 00pabOTKU TMOKa3bIBAIOT
O0nm3kue 3HaYeHus (Tadi. 1). HecMoTpst Ha BhICOKME
KO3(hOUIUEHTHI KOPPESILIAN HAOII0JaeMbIX U ITPO-
THO3HBIX TIPU3HAKOB, YPOBEHb 3HAYUMOCTHU LISl
OOJIBIIMHCTBA BAPUAHTOB aHAIM3a HE3HAYUTEIbHbII
(p > 0.05), 4TO MOXKET MPUBECTH K OIIIMOKAM MPOTHO-
3a 3a mpelejiaMyd aHATM3UPYEMOI CTaTUCTUYECKOM
BBEIOODKM.
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Taomna 1. DddekTuBHOCTH OnpeeieHUs TAKCAIIMOHHBIX TToKa3aTeseid HacaKIeHUs (XapaKTepUCTUK JIECOB) TIPU UC-
MOJIb30BAaHUM PA3IMYHBIX METOIOB MPENBAPUTENbHON 0O0PA0OTKM JAHHBIX PAIMOJIOKAIIMOHHON CheMKHU

KOC-)(l)(l)I/IL[I/IeHT KOppeJIaIUn MEXDY SKCIICPUMECHTAIbHBIMU U ITIPOTHO3HBIMU 3HAYCHUAMMN

TaKCAallTMOHHBIC ITOKa3aTeJIN

Merton ¢puETparm 3arrac OTHOCUTEJIbHAS BO3pacT, KOJIMYECTBO
M>/ra (M) noaHoTta (P) et (A) nmepeBbeB, T (N)
Frost 0.74 0.7 0.83 0.71
be3 rmomasieHus crieKiI-1rymMa ¢ CoxpaHeHUEM 0.78 0.86 0.72 0.71
KWCXOIHOTO IMPOCTPAHCTBEHHOTO pa3pelieHUst
C nmpuMeHeHneM IIPoLeaypPhl HEKOTSPEeHT - 0.8 0.8 0.8 0.8
HOTO HaKOTUICHUS

Pe3ynbraThl MOpOBEACHHBIX WCCICIOBAHUN HE
MO3BOJIWIN BBISIBUTH BIMSIHHME MeTeOo(haKTOpOB Ha
TOYHOCTh MOJIyY€HHSI TaKCALIMOHHBIX ITOKa3aTejeit
HacaXXaeHUM Mo JaHHBIM PaauOJI0KALIMOHHOM CITyT-
HUKOBOM CHEMKH.

IMoyyeHHBIE CBSI3U OBUIM aIlpOOMPOBAHBI JJIst
Tepputopuu OKTSIO0pbCKOro JiecHn4ecTBa KocTtpom-
cKoit obomactu (puc. 11, 12).

OnpeneneHre MOPOTHOIO COCTaBa HacaxKIeHWit
MO TaHHBIM PAgUOJIOKALIMOHHON CheMKM OCYIIIECTB-
JISITIOCh C UCITOJIb30BaHUEM HEMPOHHOIT ceTH Ha oc-
HoBe MeToga MLPClassifier, KoTopslii peaau3yer ai-
TOpUTM MHOTOCJIOMiHOTO mnepuentpoHa (multilayer
perceptron, MLP), o6yyaeMOro ¢ MCIIOJIb30BaHUEM
oOpaTHOro pacrpeaeneHusi. 3a OCHOBY HEMPOHHOI
cetu B3sT MmeTtoad BFGS (akpoHUM MMEH ero aBTOpOB:
Broyden, Fletcher, Goldfarb, Shanno), mpencrasisi-

OTHOCUTENIbHAS MOJIHOTA

[ 10.6-0.7
N 0.11-0.2 [70.7-0.8
N 0.2—0.3 M 0.8-0.9
0.3-0.4 I 0.9—1.0
[7704-05 I 1.1-1.1
[]0.5-0.6 I 1.11-1.2

Puc. 11. [lemmdpupoBaHme IMOJHOTHI HACAXKACHUI 110 JAHHBIM PaJINOJI0KAIIIOHHON CheMKH.

NCCIEOOBAHUME 3EMJIM N3 KOCMOCA  Nel 2023
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3amac m>
[ ]200.1-250
[ Jo0-50 [71250.1-300
50.1-100 [ 300.1-350
[ 100.1-150 I 350.1-400
[ 150.1-200 I 400.1-450

Puc. 12. JemmdpupoBaHue 3araca HaCaXXIEHU MO JaHHBIM PaJANO0JIOKALIMOHHON ChEMKHU.

oIyt 13 ceds UTepallMOHHBIM METON YMCICHHOM
ontumusauuu. I1pu nmpoBeneHUN UCCaeI0BaHUII HC-
MoJb30BaJIaCh OMOIMOTEKAa MAIIMHHOTO OOy4YeHUS
Scikit-learn.

HeiiponHasa cetb obOy4aeTcss Ha OBYX MacCHUBax:
MaccuB (X) pa3mepa, KOTOPBI CONEPKUT 0oOydaro-
e oopas3ubl, IMpeacTaBIeHHbIe KaK BEKTOPHI IIPU-
3HAKOB C IUIaBaoleii 3amsToit; u Mmaccus (Y) pa3zMme-
pa, KOTOPBII CONEPKUT LeJIeBble 3HaYeHUs (METKU
KJIaCCOB) 1JIs1 oOy4aromux BEIOOpoK. Ilpemmyie-
CTBOM MHOTOCJIOMHOTIO MepLEITPOHA SIBISIETCS BO3-
MOXHOCTb MMUTHUPOBATh CJIOXHbBIE HEJIMHEMHBIE
mognenu. Cerb Tunna MLP gyyBcTBUTEIbHA K MACIIITA-
oupoBaHMIO (PYHKIIMI, TaK KaK OHA UMEeT Hellapa-
0OJIMYECKYIO0 (PYHKIIUIO OTEPh, KOIIa CYILIECTBYET
0oJjiee ODHOIrO JIOKAJBHOTO MWHUMyMa. Pa3Hble
MHULMaJIN3allnn Cﬂy‘{aﬁHbIX BECOB MOT'YT ITPUBECTU
K pa3HOil TOYHOCTU IIPOBEPKU. AHAJIN3 MCCIeI0BA-
HUI TOKA3BIBAET, YTO JIYUIINA Pe3yJIbTaT II0 OIpee-
JIEHUIO IIpeo0iagaroeii Mopoabl B COCTaBe JIECHBIX
HacaxXIeHUI1 IT0 JaHHBIM pagyoIOKAIIMOHHOM CheM-
KM C UCIOJIb30BaHUEM HEMPOHHBIX CeTeil HabJoaa-
eTcs Ha OCHOBE HeoOpabOTaHHBIX HAaHHBIX, Oe3
¢unprpanuu (puc. 13, 14, 15).

NCCIEOOBAHUME 3EMJINM N3 KOCMOCA  Ne 1

BbIBO1bI

ITo utoram paGboThl MOXHO CAEJIaTh BBIBOM, UTO
JIy4llIMe pelIeHusT HaOMIogaoTCsl MPpU MCIOIb30Ba-
HHMU METOJIa IpeaBapUTeIbHOM 00pabOTKM JaHHBIX C
IIPUMEHEHUEM MTPOLENYPHI HEKOTEPEHTHOIO HAKOII-
JieHusl. Pe3ynbTaThl UCCAEIOBAaHUM TakKKe MTOoKa3aju,
YTO HanOoJIee JOCTOBEPHbIE 3HAYEHHS 3aI1aca v oJ-
HOTBI HACAXIEHUI MTO3BOJISIIOT MOJYYUTh MOJIEIN Ha
OCHOBE MHOXECTBEHHOI (haKTOpHOI perpeccum.

HaunGonee TouHble moKa3aTeIn ONpeaeIeHrs o-
POIHOTO COCTaBa HaCaXKICHUIA TIpU aHAJIU3e pagruo-
JIOKALIMOHHBIX TaHHBIX METOOAMU KBa3WHBLIOTOHOB-
cKkmnx HelpoHHBIX ceteif Tmna BFGS nabmonarorcs
MpU CheMKe 0oJjiee BHICOKOTO paspelleHus (C mpo-
CTpaHCTBEHHBIM paspeineHueM 20 m). OunbTpanus
JTaHHBIX MeTomaMM Frost 1 HEKOTepeHTHOTO HAKOM-
JICHUsI CHUXKaeT paspellleHue CheMKU U, KaK CJIe-
CTBUE, TOYHOCTHh MPOTHO3a ITOPOJHOIO COCTaBa Ha-
caxneHuii. OTITUMaNbHbIC PE3YJIbTATHI IIPOTHO3a Xa-
pakTepHbI i1 HEHPOHHBIX CeTeil ¢ HEeOOJBbIIUM
KOJIMYECTBOM CKPBIThIX HEIPOHOB (0 5 IIT.).

ITo pes3ynbraTaM IIPOBEACHHOTO MCCJIeIOBaHUS
BIUSTHUE METeo(aKTOPOB Ha TOYHOCTH ITOJYYCHUS
TaKCAallMOHHBIX ITOKa3aTesieil HacaXXIeHUil Mo JaH-
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Puc. 13. Pesynbrarhl onpeaejieHus TpeobJiagaloiero nNopoaHoro cocraBa JecoB Ha OCHOBE JaHHBIX PaauoJIOKAlLIMOHHOM
CheMKHU 0e3 (prIbTpalnu.
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Puc. 14. Pe3synbrathl onpeaesieHusl peodiafalonero nNopoaHoro cocraBa JeCoB Ha OCHOBE NaHHBIX PaauoJIOKallMOHHON
cpeMKu ¢ huibTpaumeit Frost.
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Puc. 15. Pesynbratel omnpeaeneHusl MpeodJiagaolero IMopoaHOro cocTaBa JeCOB Ha OCHOBE JaHHBIX paaMOJIOKAIIMOHHOI
CBEMKH C UCITOIb30BaHUEM JaHHBIX HEKOT€PEHTHOTO HAKOTLICHUSI.
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Possibilities of Determining Quantitative and Qualitative Characteristics of Mixed
Forest Stands Using Sentinel-1 Imagery
V. M. Sidorenkov', V. N. Kositsyn?, L. A. Badak?, D. O. Astapov!, and 1. S. Achikolova!

' All-Russian Research Institute for Silviculture and Mechanization of Forestry, Pushkino, Russia
2Federal Forestry Agency, Moscow, Russia
JRussian Space Systems, Moscow, Russia

The paper presents studies on using Sentinel-1 imagery data to determine attributes of mixed forest stands.
The fieldwork was carried out on the territory of the Kostroma, Vologda, Arkhangelsk regions, the Udmurt
Republic. The study revealed that quantitative and qualitative forest characteristics correlate with radar survey
parameters; the value of this correlation was identified. The obtained results enabled to make study area zon-
ing the according to the standing volume and forest density.

Keywords: radar survey, Sentinel-1, forest attributes, forest density, standing volume, remote sensing
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