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PacnoznaBanue HapYUICHHBIX JIECHBIX SKOCUCTEM JICCOCTEIIN HA OCHOBE CIICKTPAJIBbHO-OTPAXKAaTECIbHBIX XapaKTCPUCTUK

Pacno3HaBanmne HapPYIIECHHBIX JECHBIX IKOCUCTEM JICCOCTCITH
Ha OCHOBE€ CIICKTPAJbHO-0TPAKATCJIBHBIX XapPaKTEPUCTUK

D.A. Tepexun '

! Benzopodckuti 20cydapcmeenibiii HAYUOHANbHbL UCCIe006AMENbCKULL YHUGEPCUMEN,
DedepanvbHo-pecuoHaNbHbLIL YEHMP A9POKOCMUYECKO20 U HA3EMHO20 MOHUMOPUH2A
00bEKmMOo8 U NPUPOOHLIX PECYPCO8,

308015, Poccus, 2. beneopoo, yn. [lobeowt, 85

Annomauusn

B cratpe mpencraBieHsl pe3yabTaThl OLECHKH BO3MOKHOCTEHW NMCKPHUMHHAHTHOTO aHAJM3a UL
pacro3HaBaHUsl HApPYLIEHHBIX JIECHBIX KOCHUCTEM JIECOCTEHOM 30HBI HAa OCHOBE CIEKTPaIbHO-
OTpaXkaTeNbHBIX CBOMCTB. IpeasiokeH HOBBIH cITOCO0 aBTOMAaTH3WPOBAHHOTO BBIABIICHHUS yYaCTKOB
HapyLIEHHBIX JIECOB CPEAM MOKPBITHIX JIECOM 3€Mellb, OCHOBAHHBIM Ha AMCKPUMHHAHTOM aHAJIM3E
BEJIMYMHBI M3MEHEHUsSI KO3()(DHUIIMEHTOB CIIEKTPAIbHON SPKOCTH B Pa3IMYHBIX 30HaX crekrpa. Ha
OCHOBE JaHHBIX ¢ 1836 JeCHBIX y4acCTKOB, TUIIMYHBIX IS JIECOCTEITHON 30HBI, BHIYHUCIICHBI U BEPH-
(UIMPOBaHEI MaTEeMaTHYCCKUE 3aBUCHMOCTH, MO3BOJIIIOIINE B aBTOMATH3UPOBAHHOM PEXHAME OT-
HOCHUTh KOHKPETHBIN JICCHOW YYaCTOK K KaTeropyH HApPYLICHHBIX JIECOB WIIH JICCOB 0€3 MPH3HAKOB
HapymeHuid. ToYHOCTh pacro3HaBaHMS HAPYIIEHHBIX JIECHBIX yYacTKOB cocTaBmia okoio 90 %.
YCTaHOBJIEHO, YTO BEJIMYMHA W3MECHEHHS KOX(D(HUIMEHTOB CHEKTPAIbHOU SPKOCTH B CPEIHEH WH-
(pakpacHOl 30He BHOCHUT HAaWOOJBIIHMI BKIAJ B PACIIO3HABAHHE HAPYIICHHBIX JIECHBIX MAaCCHBOB
Cpey BEJTMYMH U3MEHEHUS KOA(P(PUIIMCHTOB OTPaKEHHS B KaHAJIaX CEHCOpoB cepun Landsat.

Karouegvle cnosa: HapylIeHHBIC JIECHBIE YKOCHCTEMBI, TOMIATOBEIA AUCKPIMHUHAHTHBIA aHa-

Tepexun D.A.

JIM3, AMCTAHIIMOHHOE 30HANpOBaHue, Landsat, K03 PHUIUEHTHI CIIEKTPAILHO SPKOCTH.

umuposanue.: Tepexun, J.A. Pacrio3HaBaHNe HapPYIICHHBIX JIECHBIX YKOCHCTEM JIECOCTEIN Ha
OCHOBE CIEKTPaJIbHO-O0TPaXKaTeJIbHbIX XapakTepucTuk / D.A. Tepexun // KommbrotepHast onruka. —
2019.—T.43. Ne3.—C. 412-418.— DOI: 10.18287/0134-2452-2019-43-3-412-418.

Beeoenue

BrisiBnenue HapYHMICHHBIX JICCHBIX OKOCHUCTEM SBJIACT-
csl OJHOM M3 KIIIOYEBBIX 3a/lad MOHUTOPHUHIA JIECOB.
HapyiieHHOCTh JIECHBIX MacCHBOB MOXET OBITh 00Y-
CJIOBJICHA BJIMSIHMEM CIUIOLIHBIX JIECOCEYHBIX PYOOK, MO-
JKapoB WJIM MHBIX (haKTOPOB.

V3meHeHNs B pacTUTENBHOM MOKPOBE, MPOHCXO.s-
IIMe BCIICACTBHE BO3ACUCTBHUS HAPYMIAIOMUX (aKTOPOB,
MOTYT IIPUBOAUTE K CMEHE CIIEKTPATHLHO-0TPaKaTeITbHBIX
CBOMCTB TEPPUTOPHIA, HA KOTOPBIX pacHojararorcs Jec-
HbIe dKOocucTeMHl [1, 2]. B cBs3M ¢ 9TUM aHaIM3 U3MEHe-
HUI OTpaKaTeIbHBIX NMPHU3HAKOB, H3MEPEHHBIX MO CITyT-
HUKOBBIM JaHHBIM, NPEACTABISACT MHTEPEC C TOUKH 3pC-
HUs JETEKTUPOBAHUA apeajloB HApYyLIEHHOCTH JIECHBIX
MaccuBoB [3].

Kak moxazanu uccnenoBanusi [4—7], aHaiu3 pa3HO-
BPEMEHHBIX CIIyTHUKOBBIX HM300paXCHUH MOXKET OBITH
JIOCTaTOYHO YCIEIIHO NPUMEHEH JUIsS BBISBICHHUS H3Me-
HEHW B JlecaX, BKIIOYAs BBIIBICHUE HAPYIICHHBIX JEC-
HBIX y9acTKOB. OCHOBHOE OTPaHHYECHUE WCIOIH30BAHUS
CIYTHUKOBBIX JAaHHBIX TIPH 3TOM CBS3aHO C BO3MOXKHO-
CTBIO BBISBIATH TOJNBKO HAPYIICHHS, 3aTPardBarOIINe
BepxHHE Apychl. OO0YCIOBICHO 3TO TEM, YTO HAPYIICHUS
HIDKHUX SIPYCOB, a TAaKXKe JIECHON MOJCTUIKH HE MPOSB-
JIAKOTCA Ha 6OJ'II)IIJI/IHCTBC TUIIOB JAaHHBIX JUCTAHIITMOHHO-
rO 30HIMPOBAHMS, 338 UCKIIOYEHUEM JHIapHbIX. Tem He
MECHEC BbISIBJICHUEC Hapymeﬂnﬁ B BCPXHHUX ApyCax U ApeC-
BOCTOE SIBJISIETCSI OJHOW M3 IEepPBOOYEPEHBIX 3a7ad MO-
HUTOPHUHTA JIECHBIX 3eMEb [8].

K Hacrosmemy BpeMeHHM IO NHpOOJIEeME BBISBICHUS
HapyIIeHWA B JiecaX HpPEANIOKEHa Cephsl MOIXOIOB, OC-
HOBAaHHBIX Ha KOJHMYECTBEHHOM aHAIN3€ CHEKTPAIbHBIX
xapaktepucTk [9—11]. Tem He MeHee 0CcTalOTCS OTKPHI-

TBIMHU PSAJl BOIPOCOB, B MEPBYIO OYEpEb, CBI3AHHBIX C
pemieHueM MpobieMbl BapuabeIbHOCTH OTpaKaTeIbHBIX
CBOWCTB JIECHBIX MAacCHBOB, a TaKke pa3pabOTKH MeTo-
JIOB, YUHTHIBAIOIINX pPETHOHAIBHBIE OCOOCHHOCTH JIECOB
[12-13].

B cBsi3u ¢ Tem, 9TO MpH NMPOBEICHUH CIUIOUTHBIX PY-
OOK WJIM BIUSHUU BEPXOBBIX IMOXKAPOB MPOMCXOMAT W3-
MCHCHUS HEC B OJIHOﬁ, a B HCCKOJIBKUX pa3IMYHbIX 30HaX
CIIEKTpa, M3yueHUE BO3MOXKHOCTEH MHOTOMEPHOTO aHa-
Jin3a JOOJDKHO BBICTYIIATb OAHUM U3 MNEPCHEKTUBHBIX
HaIlpaBJICHUH aBTOMATHU3WPOBAHHOTO BBLISBJICHUSI Hapy-
1IeHui B ecax [14].

Ha Ttepputopun necocrenHoi 3oHbl LleHTpanbHOrO
UepHO3eMbsl JTOMHHHPYIOT IIUPOKOJMCTBEHHBIE Jieca,
OCHOBY IIOPOJIHOTO COCTaBa KOTOPBIX COCTABIISIET OyO U
siceHb. Jleca pernoHa, HECMOTPSl Ha TO, UYTO HE SBJISIOTCS
peobIafalomyM M0 IUIOMAAN THIIOM YTOIWH, WIPaoT
KITFOYEBYIO 9KOJIOTUYECKYIO POJIb, BEIIOJIHSIS BOJOOXPAH-
HbI€, 3aIUTHBIC U ApYTrHe QpyHKLIUH.

B oTnmuue necoB TaeXHOW 30HBI, Tlie MPOBOISATCS
MPOMBIIIJIEHHBIE JIECO3arOTOBKH, JIJISl JIECOB JIECOCTEIH
XapaKTepHbl HApYyIIEHUS MPEUMYIIECTBEHHO MeHee
KkpymHOro Macirada. CIDionHble pyOKH, BBICTYIAIOIINAC
OJTHUM W3 OCHOBHBIX HApyIIAIOIMUX (aKTOPOB, XapaKTe-
PHU3YIOTCS MEHBIIUMHE pa3MepaMH, YeM B TaeKHOW 30HE,
9TO 00yCIaBIMBaeT HEOOXOAUMOCTh MIPUMEHEHUS CHIM-
KOB OTHOCHTEIIFHO BBICOKOTO IMPOCTPAHCTBEHHOTO pa3-
pemeHus A UX BBIABIICHHUS, @ TAKXKE YCIOXKHSIET pa3pa-
60TKy crtocoO0B X 0OHAPYKEHUS.

JIMCKpUMUHAHTHBIN aHaIU3 SABJISIETCS OJHUM M3 Me-
TO/JIOB MHOTOMEPHOTO CTaTHCTUYECKOTO aHalu3a, CYII-
HOCTh KOTOPOTO 3aKJI0YaeTcs B IOHCKE IMEPEMEHHBIX,
3¢ (GEKTUBHO pa3CIIIOIINX HCCIIEAYEeMbIE KIACChHl 00b-
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eKTOB, M pacyeTe KJIacCH()PUKAIMOHHBIX (YHKLHH, BBI-
YUCIISAIONINX KJIACCH(HUKAIMOHHBIA Bec 00BEKTa, Ha OC-
HOBE KOTOPOTO OH OTHOCHTCS K OIpEIEJICHHOH Karero-
pun. [IpuMeHHTENBHO K IIpoOIeMe BBIABICHHS HapylLleH-
HBIX JIECOB HE3aBUCHMBIMU NEPEMEHHBIMH B (QYHKLHAX
KIacCU(UKAIIMM MOTYT BBICTYNaTh 3HAYEHHS OTpaxa-
TCJIBHBIX XapaKTCPUCTHUK, HN3MEPCHHLIX B PA3JINMYHBIX
Juara3zoHax CIEKTpa WK BEJIUYUHbI UX U3MCHCHU.

Lens Hacrosimiero uccieoBaHUs 3aKiioyaliach B
OLIEHKE BO3MOXKHOCTEH aBTOMAaTH3MPOBAHHOI'O pacHo-
3HABaHUS HAPYIIEHHBIX JIECHBIX 9KOCHUCTEM JIECOCTEITHOM
30HBI C NMPUMEHEHHEM JWMCKPHUMHHAHTHOIO aHajin3a Ha
OCHOBE BEJIMYMHBI W3MEHEHUS KOI(PPHUINEHTOB CIICK-
TPAIBHOH SIPKOCTH, U3MEPEHHBIX B Pa3IMYHBIX AWAINa30-
Hax 3JIEKTPOMarHUTHOTO M3JTyYEeHHUS.

1. Mamepuanvl u memoowl

OOBEKTOM HCCIIEOBaHHUS BBICTYIAIH 3IKOCHUCTEMBI
IIMPOKOJIMCTBEHHBIX JIECOB, PACIIOJIOKEHHBIE HAa TEPpH-
topuu benropozackoit, Boporexckoit u Kypckoit ob6ma-
creil. Bee ucciienyemsele Jieca pacrnonaraiuch B IpUPOL-
HO-KJINMAaTHYECKHUX YCIOBHUSIX JIECOCTEITHON 30HBI.

B macrosme#l pabore mox HapyIIEHHBIMH JIECHBIMHU
MacCMBaMU MbI TIOHMMAJU Jieca, BEPXHHE SIPYChl KOTO-
pbIx ObutM HapyuieHnsl B mepuon 2000—2018 rr. Beiea-
CTBHE CIUIOUIHBIX PyOOK, I10YKapoB, yChIXaHUH MM HHBIX
(hakTopoB.

OcHoBHasi pabouyasi THIOTE3a COCTOSUIA B TOM, YTO
CHEKTPAJIBbHO-OTPAKaTeIbHbIE MpPU3HAKK HApyIICHHBIX
JIECOB, U3MEPEHHBIE B PA3IMYHBIX 30HAX CIEKTPa, MOTYT
OBITH MCIOJIB30BAHBI Ul UX aBTOMAaTH3UPOBAHHOTO BBI-
SIBJICHUSI CPE/N JIECHBIX MaccuBOB. Hamu ObLIO BBICKa3a-
HO MPEAIONI0KEHNE, YTO AJIS BBIIBICHUS apeaioB Hapy-
IICHHBIX JIECOB PETMOHA MOTYT OBITh 3()(EKTUBHO NpHU-
MEHCHBI BEJIIMYMHBI PAa3HOCTH KOI(PPHIIMEHTOB CIICK-
TPaJbHOW SIPKOCTH, PACCUUTAHHBIE HA OCHOBE CHHMKOB
3a Ha4YaJbHYIO0 U KOHEYHYIO aHAJIM3UPYEMYIO JaThl.

DKcnepUMEeHTaIbHasl YacTh MCCIIECAOBaHUS BKIIOYaJa
CJIEYIOIIHE KITIOYEBbIE ATAIIbI:

O Ton0OpKa Pa3sHOBPEMEHHBIX CITYyTHHKOBBIX JaHHBIX,
noxy4eHHsIx B 2000 r. 1 2018 r;

O pazuoMeTpudecKas KaIuOpOBKa M TeOMEeTpHYecKas
KOpPEKINs CHUMKOB;

o (opmupoBaHHE BBIOOPKH JIECHBIX MAaCCHBOB, Hapy-
meHHbIX ¢ Havyana XXI B. 1o Hacrosiiee Bpemsi, U Jie-
coB 0€3 NMpPHU3HAKOB HapyLIEHHH BEPXHHUX SIPYCOB 3a
aHAJIOTHYHBIN ITPOMEKYTOK BPEMEHH;

O CO3/IaHME Ha OCHOBE CITyTHUKOBBIX CHUMKOB BEKTOp-
Horo cimos (moapoOHOe KaprorpadupoBaHUE) BCEX
0TOOpaHHBIX JIECHBIX apeasioB C pa3/iesIeHUEM JIECOB Ha
KaTeropuu: HapyueHHblx B nepuox 2000-2018 rr. u
siecoB 0e3 MPU3HAKOB HAapyIICHHH;

O BBIYMCIICHHE Ha OCHOBE CHUMKOB, MPOILIEIINX Pafo-
METPHUYECKYI0 KaIMOPOBKY, PAacTPOB PasHOCTH KOA(]-
¢unmeHToB ciekTpanbHOH siprocTH (reflectance);

O pacdeT 3HaYCHUH OTPAKATETBbHBIX XaPAKTEPUCTUK LIS
Ka)KIIO0T0 HCCIIEyEMOr0 JIECHOTO apeaa;

HOU SIPKOCTH, KOA(P(PHUIIMECHTOB OTPAKEHH) VIS HAPY-

LIEHHBIX 1 HEHapYIICHHBIX JIECHBIX MAaCCHBOB;

O HCCIeNOBaHWE TONyYCHHOW aHAIUTHYECKOW BBIOOPKH
METOJOM JUCKPUMUHAHTHOTO aHAJIM3a, BBIIBICHUE U
aHAIN3 CIHEKTPAIbHBIX XapaKTEPUCTHK, BHOCSIIHX
HanOOBIINI BKJIaA B Pa3ACCHNE HAPYIICHHBIX U He-
HAapYIIEHHBIX JIECHBIX apeasoB;

O BbluMciIeHHE (YHKIMH KiIaccU(HUKAIMK, O3BOJISIO-
oux B aBTOMAaTHU3UPOBAHHOM PEKUME OTHOCHUTHL KOH-
KPETHBIH JIECHOM apeall K KaTeropuy HapyIIeHHBIX U
HEHapYIICHHBIX JIECOB M OLIEHKA UX 3((QEKTHBHOCTH.
st u3ydeHuss BO3MOXKHOCTEN pacro3HaBaHUs Hapy-

IIEHHBIX JIECHBIX MAacCHBOB HaMM OBUIM HCIIOIb30BaHbI

pa3sHOBpEMEHHbIE CHUMKH C CeHCcopoB cepum Landsat

(uctounuk  JaHHbIX:  https://earthexplorer.usgs.gov/),

HMMEIOIIME MTPOCTPAHCTBEHHOE paspenieHue 30 M/ImUKceNb

U TIO3BOJIAIOUINE BBUIIBISITH M3MEHEHUS CHEKTPAJIbHBIX

IIPU3HAKOB Ha uiomaau ot 0,4 ra.

Jannble Landsat Oblii BEIOpaHbI JUIsl MCCIIEAOBAHUS B
CBsA3U C TEM, YTO K HACTOAIIEMY BPEMCHH apXHBbI 3TUX
CHHMKOB SIBJIIIOTCS OJHUMH W3 HauOojiee IpOJOJDKHU-
TEJILHBIX TI0 BPEMEHHU U OJHOBPEMEHHO XapaKTEepPH3yIOT-
Csl JIOCTaTOYHO BBICOKMM HPOCTPAHCTBEHHBIM pazperiie-
HueM. [lns pemieHuns 3aqad aHaan3a MHOTOJICTHUX H3Me-
HEHHH B Jiecax (HECKOJBKO IECATHIICTHH) pa3HOBPEMEH-
HbIe CHUMKH Landsat Bo MHOTOM SIBIISTIOTCS Oe3aIbTepHa-
TUBHBIM BapuaHToM [15]. IlpemBapuTenbHbIN aHAMHM3
HapyUIEHHBIX JIECHBIX apeajioB IOKa3all, YTO OHM J0CTa-
TOYHO 3(P(HEKTUBHO BBIABIAIOTCS 0 PA3HOBPEMEHHBIM
n3obpaxenusm Landsat npu BusyansHOM nemudpupo-
BaHUU.

Bce cnyTHHKOBBIE HaHHBIE OBUTH OTOOpAHBI HA OCHO-
BE psijia KPUTEPHEB:

O M300pakeHHs! JOJDKHBI ITOKPHIBaTh OCHOBHYIO YacCTb
HanOoJiee THUMUYHBIX JIECHBIX MAacCHBOB PETHOHA, T.€.
3HAYUTENbHBIE N0 IUIOLAAM y4acTKu benroponckoii,
Kypckoit 1 BopoHexckoit o0macteil, Ha KOTOPBIX TPH-
CYTCTBYIOT KaK HapyILCHHbIE, TaK U HEHapYIICHHBIC
JIECHBIE MaCCUBBI;

O CHHUMKH JOJKHBI OBITh TIOJy4€HbI B JIETHUI EPHO;

O CHHUMKH JIOJDKHBI OBITH CAENAHbI B OJHY U Ty ke a3y
(heHOJIOTUUECKOTO PA3BUTHS;

O CHHUMKH JIOJDKHBI XapaKTepH30BaThCsI OTCYTCTBUEM 00-
JIAYHOCTH JINOO MMETh MUHUMANBHBIH €€ ITPOLICHT.
Hcxonss m3 mepedncieHHbIX KpUTEpHeB, OBLIM TI0J0-

6panbl cHuMKkH aBrycta 2000 r. 1 2018 r. (Tabu. 1).

Tabn. 1. Xapakmepucmuku cnymHuKO8bIX OQHHYIX,
UCNONb3YEMDBIX 6 uccneoosanuu

Path/Row Cencop Jara nony4eHus
Landsat T™ 22.08.2000
177025 Landsat OLI 24.08.2018
Landsat ETM+ 22.08.2000
177024 Landsat OLI 24.08.2018
Landsat TM 08.08.2000
175025 Landsat OLI 26.08.2018

Path (xononka) u Row (psimg) xapakTepu3yrOT pacro-
JIOKeHHe CHUMKa B cucteme WRS-2, ncronszyemoit s

O CTaTUCTUYECKUM aHalIu3 3HAUMMOCTH PAa3IUYUil BEU- OTPEJCNCHNS] MECTOIOJNOKEHUSI ~ CITyTHUKOBBIX — CLICH
ynHbl u3MeHeHuss KCS (ko3 pHUIUEHTOB CHEKTpaib- Landsat-5,7,8 Ha 3eMHOM OBEPXHOCTH.
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JI1st KOppPEKTHOTO COTIOCTABICHUS! COCTOSHUS JIECHBIX
MaccuBoB B 2000 u 2018 rr. s n300pakeHuit OblIa BBI-
MIOJTHEHA TIPOBEpKa TOYHOCTH HAJIOKEHHS, M B OTIIEIBHBIX
CIIy4asix OCYIIECTBIEHA T€OMETPUIecKas KOPPEKIHs.

Bce cHMMKH TponuH pagHoOMETPHUYECKYI0 KaTHOpOB-
Ky, B pe3yibTaTe KOTOpOW OHHM OBUTM IHEpPECUUTAHBI U3
UCXOJHBIX 3HaueHui sipkoct (DN) B 3HaueHus koaddu-
LUEHTOB OTpakeHUs! (MM KOI((PHULMEHTOB CIEKTPaIb-
HoI sipkocTH, reflectance), mpeacTaBisIONMX Oe3pa3mep-
HBlE BENWYMHBI. BeIonaHeHne naHHOTrO 3Tana ObUIO Ol
HHUM M3 KJIIOYEBBIX YCJIOBHUIH CPaBHEHHUS pa3HOBPEMEHHBIX
3HAYCHUH CIIEKTPATBHBIX XaPaKTCPUCTHK.

Cunmku Landsat TM, ETM+, OLI coxepxar mo 6
OCHOBHBIX KaHAJOB, MOJYYCHHBIX B PAa3IMYHBIX 30HAX
cnektpa. Kanansr cencopoB TM, ETM+, OLI no oxBaty
JUTHH BOJIH HEMHOTO OTJIMYAIOTCS MeXAy coboit. OmHako,
KaK MOKa3aJid uccieaoBanus [16], cnekTpaibHbIe MOKa-
3aTelll, PacCUMTaHHBIE 10 3TUM CEHCOpaM, XapaKTepu-
3yIOTCSl OY€Hb TECHOW KOppEJsilieil, B CBA3M C YeM pas-
HOBPEMCHHLIC IaHHBIC C HUX MOXHO COIIOCTAaBJIATH Ha
KOJINUECTBEHHOM YPOBHE.

Ha ocnoBe cnytHnkoBbix maHHbIX Landsat 2018 ., a
TaKKe C MPUBJICYEHHEM CHHMKOB 0oJjiee BBICOKOTO IpO-
CTpaHCTBEHHOTO paspemenns Sentinel-2 (10 M/ mukcens)
Ha Teppuropun benroponckoi, Boponexckoit u Kyp-
cKoif obmacteit B mporpamme ArcGIS Oputo mpoBeneHO
reonH()OpMaIMOHHOE KapTorpadupoBaHHUE JIECHBIX Mac-
cuBOB. J[s aHanm3a moabupanvck Hanboyiee THUIMHYHBIC
JUISL PETHOHA JIECHBIE IKOCHUCTEMBI, COJEPIKAIINE apeabl
JiecoB, HapylieHHbIX B iepuo 2000—2018 rr., u apeabl
necoB 6e3 MPU3HAKOB HApYIICHUH.

B pe3synprare ObUT OJTydeH BEKTOPHBIHA CIIOH, OXBATHI-
BAIOIIMH JIECHBIE MACCHBBI B Pa3HBIX O0JACTAX JIECOCTEIl-
Holt 30HbI LlenTpansHoro YepHosembs. B obmieit crnoxxHo-
CTH I aHaim3a Obuto oToOpaHO 1944 mecHBIX ydacTka
o0mieit ruromaapio 23767,3 ra (tadi. 2).

Taba. 2. Cmamucmuueckue XapaKxmepucmuxu
NPOAHANUIUPOBAHHBIX JIECHBLX Y4ACMKO8

Ob6nacth Cpenusist Yucno Ob6mas
UTOMIA/Ib, I'a Y4aCTKOB IUIONIAIb, Ta

Bbenropoackas 15,0 672 10106,7

Boponexckas 11,9 926 11063,9

Kypckas 7,5 346 2591,7

Bcero 12,2 1944 23762,3

W3 1944 npoaHa M3MPOBAHHBIX JIECHBIX YYACTKOB
723 maccuBa OBUTH apeallaMy JIECOB, HAPYIICHHBIX B TIe-
puon 2000-2018 rr., m 1221 apeanm xapakTepu30BajCs
OTCYTCTBUEM MPU3HAKOB HAPYILICHHOCTH BEPXHUX SIPYCOB
3a aHaJIOTMYHBIA nepuos. dopMupoBaHUEe TaKOW 3HAYHU-
TEJILHON 10 00beMy BBIOOPKH, XapaKTepU3yIOLIeH Kak
HapylUIeHHbIe, TaK ¥ HEHapylICHHbIE Jeca, MO3BOJINIIO
PEOpE3CHTAaTUBHO OLICHUTH Hux CIICKTPaJIbHO-
OTpaXkaTeNIbHbIC XapaKTEPUCTUKH.

HccnenyeMbpIMH  CHIEKTPAIBHBIMHM  TIOKA3aTEIIMH B
HACTOSIIEM HCCIIEOBaHUU BBICTYNAla BEIWYMHA H3Me-
HeHus K03()(HINCHTOB OTPa)KCHHUS JIECHBIX MacCHBOB B
IIECTH Iuama3oHax crekrpa 3a nepuox 2000—2018 rr.

ITosToMy Ha ciemyromeM 3Tane ObBUIM PacCUNUTAHBI
pacTphl pa3sHOCTH 3HaueHHH KoddduimeHToB oTpaxe-

Hus 2000 1 2018 rogos. OHM OBUTH BBIYUCIIEHBI IS CH-
Hel, 3elleHOW, KpacHOH, ONmxHeW WHPpaKpacHOW U
IBYX CpEAHMX WH(QPAKPACHBIX CHEKTPAIbHBIX 30H
(1,55-1,75 mxm u 2,09—2,35 mxm). BenuunHbl m3Me-
HEHUH KOI(PPHUIMEHTOB CHCKTPAIbHOW SPKOCTH BIIO-
CJIEZICTBUU OBLTH MCIOJIb30BAHBI KaK MEPEMEHHBIC JUIS
KOJIMYECTBCHHOI'0 CPAaBHCHUA HAPYIICHHBIX W HEHApy-
II€HHBbIX JIECHbBIX MACCUBOB.

Hanee B mporpamme ERDAS Imagine meromom 30-
HaJIPHOHM CTAaTHCTHKH Ha OCHOBE IMOJITOTOBJIEHHOT'O BEK-
TOPHOTO CJIOS JIECOB OBIIIM pacCUUTaHbl BEJIMYMHBI H3Me-
HEHUsI KOA(PPHUIUEHTOB OTPAKCHHUS IJIs1 KAXKIOTO JIECHO-
ro apeana ¢ 2000 . mo 2018 r. DTH 3HAYEHUS COOTBET-
CTBEHHO OBIIM BBIYMCIICHBI JUI KOKIOH aHAIM3UPYEMOM
CIIEKTPAJIbHOW 30HBI.

Hcxons u3 toro, 4ro Kocmuyeckue cHUMKHM Landsat
HMEIOT TMPOCTPAHCTBEHHOE paspemieHre 30 M/ IHKCEIb
('-ITO HaKJIaAbIBACT OIPCACICHHBIC OrpaHUYCHUA JIA
aHanM3a HeOOJbIIMX OOBEKTOB), IUISi CTaTHCTHYECKOTO
aHaJIM3a CIIEKTPAIbHO-OTPAXKATENIBHBIX XapaKTePHCTHK
HamH ObIIM OTOOpaHBI apeajibl JIECOB IUIOMIAIbI0 Ooee
0,4ra. B wnrore oOmiee 4YMCIIO TPOAHAIM3HPOBAHHBIX
JIECHBIX apeanoB cocTaBuio 1836.

Takum o0pazom, OblTa chopMHEpOBaHaA BEIOOPKA, 03~
BOJIUBILIAsT CPaBHHUTH BennuuHBl m3MeHeHuss KCS mms
HapyLICHHBIX M HEHapyIICHHBIX JIECHBIX MAacCHBOB, a
TaK)K€ HCCIEJOBaTh BO3MOXHOCTb HX DPACHO3HABAHUS
METO/IOM AUCKPUMHMHAHTHOTO aHAJN3a.

Crenyromuii 3Tan cocTosn B CTATUCTHYECKOM aHAJIHU-
3€ JaHHbBIX, KOTOpbIH ObLI BbInosHeH B nakere STATIS-
TICA. Cratuctrueckas OlleHKa BKIII0Uaia BEIYUCIEHUE U
aHAJIM3 OCHOBHBIX CTAaTHCTHMYECKUX IapaMeTpoB JUIA
CIIEKTPAIbHO-OTPAKATEIBHBIX ~ XapaKTEPUCTHK  JIECOB,
HapyuieHHbIX B iepuox 2000—2018 rr., u necos 6e3 npu-
3HAKOB HAPYIICHWH, aHamN3 3HaYUMocTH paszmuanii KCA
HapyLICHHBIX W HEHApYIICHHBIX JIECHBIX 3KOCHCTEM Ha
ocHoBe T-kputepus CtpromeHTa. KimroueBoii »Tam cTatu-
CTUYECKON OLEHKH COCTOSUI B BBIIIOJIHCHUH IIOIIArOBOTO
JUCKPUMHHAHTHOTO aHanm3a [17] moxy4eHHON BBIOOPKH
3HAYEHUH, T.€. B UCCIENOBAHUU BO3MOXKHOCTEH aBTOMa-
TU3UPOBAHHOT'O PACIIO3HABAHUA HAPYIICHHBIX JICCHBIX
9KOCUCTEM CPEJ/IU JIECHBIX MAaCCHBOB Ha OCHOBE UX CIIEK-
TPabHO-OTPAXKATEIbHBIX XapaKTEPUCTHUK.

Jnist ero BBINOTHEHUS BCsI BBIOOpKA Oblla paszierneHa
Ha 7Be yacTu: oOydvaronryro M TecroByro. [lepBas yacth
HCIIOJIB30BAJIACh HEIOCPEICTBEHHO JUIA pacueTa (yHK-
U K1accu(MKaKy, BEMUCIAIOMNX KIacCH(UKaINOH-
HBIE Beca ISl HAPYIICHHBIX M HEHAPYIICHHBIX JICCHBIX
apeanoB. He3aBHCHMBIMH TEpEMEHHBIMU B 3THX (YHK-
LUAX BBICTYNAIN BEIMYMHBI Pa3HOCTH 30HAIBHBIX KOA(-
¢urmentoB orpakenust B 20002018 rr. TecroBast BbI-
0opka MpHUMeHsUIach Uil OuLeHKH 3(dexkTHBHOCTH pac-
CUMTaHHBIX (PYHKLIMI U aHaJIM3€e TOUYHOCTH paclio3HaBa-
HHUS HapyUICHHBIX JIECHBIX apeaynoB. J((EeKTUBHOCTD
pacIio3HaBaHus OLICHUBAJIM Ha OCHOBE MAaTPHIIBI KIACCH-
(uKanmy, XapakTepusylolieil TOYHOCTh JemudpupoBa-
HUSI (B IPOLIEHTAX) HAPYILICHHBIX JIECHBIX MacCHBOB.

Ornenka 3(()eKTUBHOCTH KOHKPETHBIX CIIEKTPAIBHBIX
JMana30HOB NPOBOJMIIACE ITyTEM AHAIHM33a MX BEIWYHMH
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JUIS HapyIICHHBIX JIECHBIX 3KOCHCTEM M IIOCIIEIOBATEIb-
HOTO BKJIIOYECHUSI B MOJICNIb B 3aBHCHMOCTH OT BKJIaja B
paszesnieHne HapyIIEHHbIX ¥ HEHAapYIICHHBIX JIECHBIX
apeaos.

2. Pesynvmamut

[To pe3ynpTaTramM CTaTUCTUYECKOTO aHAIN3a YCTAHOB-
JICHO, YTO CpeIHHE 3HAUYCHMS BEJMYMHBI M3MEHEHHus (A)
kodpdunreHToB oTpaxkeHus B mepmon 2000—2018 rr.
JUISl JIECOB, HAPYIIEHHBIX 32 3TO BPEMs, U JIECOB Oe3 MpH-
3HAaKOB HapyIICHWI BO BCEX AaHAIM3UPYEMBIX 30HAX
cnektpa (Blue, Green, Red, NIR, SWIR1, SWIR2) cra-
TUCTUYECKH 3HAUYUMO paznuuHbl (Tadi. 3). T-kpurepuit
CThlOofIeHTa OKa3aJCsl BBIIIE KPUTHYECKOTO 3HAYEHUS
1,967 Ha ypoBHe 3HauumocTH MeHbie 0,05 mpu uucie
crernieHelt cBobo b1 1834.

C npyroii cTopoHbl, U3 TadJ. 3 BUIHO, YTO B CHHEM
(Blue), 3enenom (Green) m xpacaoMm (Red) amamazonax
BEJIMYMHA W3MEHEHUs K0d((HUItenTa oTpaxeHus 1o ab-
COJIFOTHOM BEIWYMHE Ui HEHapyLICHHBIX JIECOB OKa3a-
Jlach 3aMETHO BBIIIE, YEM JUIS HapyIICHHBIX JIECHBIX Mac-
CHBOB, M3 Y€ro MOXKHO 3aKIJIIOYUTh, YTO 3TH AUANA30HEI
HE NH(QOPMATUBHBI JUIS BBIBICHHUS HAPYIICHHBIX JIECHBIX
apeasos.

B cBs3u ¢ 3TUM CHUHUH, 3€JIE€HBIIM U KPACHBIM KaHAJIbI
OBUIM MCKITIOYEHBI U3 JAIbHEHILIEro aHaIu3a.

Tabn. 3. Cpeonue 3nauenus seaununst usmenenus KCH

u éenuyuna T-kpumepus Cmviooenma 0711 AHATUZUPYEMBIX
Kameeopm? JIECHbIX MACCUBOB

CriexTpanbHbIi Hapymennsie Jleca 6e3 t-

TIOKa3aTeNb jeca HapyIIeHWH | 3Hau.
ABlue —-0,009 -0,015 19,9
AGreen 0,001 -0,010 36,5
ARed —0,001 -0,014 31,9

ANIR 0,073 0,064 6,2
ASWIRI 0,063 0,011 65,2
ASWIR2 0,039 0,005 50,2

Bennunna T-kputepust st cpeaneil mHppakpacHoit
obmactu SWIR2 (1,55-1,75) HarnsagHo oTOOpakeHa Ha
rpaduke (puc. 1).

Benuuuna usmenenus KCA 6 ouanasone
1,55-1,75 mxm 6 2000-2018 2.

0.10 _I_ « Cpeonee A
0,08 [ Cpeonee+Cm.ouw.

’ T Cpeonee+Cm.omxn.
0’ 06 ——
0,04 L

T
0,00
) Kamezopuu napywennocmu
1 2
Puc. 1. Cmamucmuueckue napamempul 6eauyunbl UsMeHeHUs
SWIR-rkoa¢ppuyuenmos ompasicenus 6 2000—2018 ze.
ona Hapywennwix (1) u Henapywennuvix n1ecog (2)

B cnyuyae OTCyTCTBUS HapyLIEHUH BEPXHHUX SPYCOB
KO3 (OUIIMEHTBI OTPAKEHUS JIECHBIX MAaCCHBOB CTapIlie
60—80 neT (COCTaBIAIOMINX OCHOBY aHAJUTUYECKOH BBHI-
0OpKHM) MpaKkTHUECKH He M3MeHsoTcs. 3a nepuog 2000 —

2018 r. mpu OTCYTCTBHH CIDIOIIHBIX PyOOK BO3pAacT Je-
COB yBenmumicsa Ha 18 jer, 9ro Morio OBl MOBIHSTH Ha
UX OTpakaTeJbHbIe CBOHCTBA. OIHAKO, KAK YCTAaHOBJICHO
panee [11], Ans JIECHBIX MAcCCHBOB 3THX BO3PaCTHBIX
TPYIII IPH yBETHMYEHUH BO3pacTa HE MIPOUCXOIUT 3HAUH-
TEJIBHBIX U3MCHEHUH KOA((DHUIIMEHTOB OTPAKEHHMS.

JlononHuTeNnbHOE CpaBHEHHE CPEIHUX 3HAYeHUH Be-
muunsabl u3mMenenus KCS B nepuon 2000—2018 rr. most
HAapYHICHHBIX W HEHAPYUICHHBLIX JICCHBIX MAaCCHUBOB II0
KpUTEepHI0 MaHHa —YWUTHH MOJIHOCTHIO MOJATBEPAMIIO Pe-
3yJBTaThl, TIONyYECHHBIC B pe3yidbTaTe OLCHKH T-
kputepust CTBIOICHTA.

Takum 00pazoM, Ha JaHHOM JTalle CTATUCTHYECKOTO
aHaJlM3a YCTaHOBIICHO, YTO CPEAHME 3HAYCHUS BEIHMYMHEI
W3MEHEHHUS KOY(PPUIMEHTOB OTpaXeHUS B KaHalax
Landsat SWIR1 u SWIR2 ¢ 2000 mo 2018 rr. o4ens cy-
IIECTBEHHO Pa3IWYaloTCsA Al HapyMIEHHBIX M HEHapy-
LIEHHbIX JiecHbIX 3kocucteM. s NIR-kanana sto pas-
JIMYUC TaKXKE CTATUCTUYCCKU 3HAYUMO, HO BBIPAKECHO
crnabee.

OrneHka BO3MOXKHOCTU Pa3/ICICHUST HAPYIICHHBIX H
HEHAPYIICHHBIX JICCHBIX MAaCCHBOB Ha OCHOBE BEJIHMYUHEI
U3MCHCHHS WX CIHEKTPaIbHBIX XapaKTCPHCTHK, IPOBE-
IIEHHAsT METOAOM TIOIIarOBOTO TUCKPUMHHAHTHOTO aHa-
JU3a, MO3BOJIIIIA!

O OIEHWTH BKJIAJA 30HATBHBIX KOA(P(UIMEHTOB OTpake-
HUSL B Pa3lIeTMMOCTh HapyIICHHBIX W HEHAPYIIEHHBIX
JIECHBIX SKOCHUCTEM;

o paccuutaTh QYHKIMH KiacCH(pUKALUK, TTO3BOJISIONIIE
Ha OCHOBE KJIaCCU(PMKAIIMOHHOTO BECa OTHOCHTH TOT
WIM MHOMW JIECHOM apean K KaTeropuu HapylIeHHBIX
WJIA HEHAPYIICHHBIX JICCOB;

O OIECHHUTh METOJIOM KpOCC-TIPOBEPKH Ha TECTOBOW BBI-
0OpKe TOYHOCTh PACIIO3HABAHUS HAPYIICHHBIX JICCHBIX
apea’os.

OyHKIUN KIacCU(PUKAIMHA TIPEICTABIIIOT COOOU ITH-
HelHbIe YpaBHEHUS, PaCCUUTHIBAIOIINE KIACCH(HUKAIIN-
OHHBIN Bec. Ha ero ocHOBe KOHKPETHBIN JIeCHOM apean
OTHOCHTCSl K KaT€TOpHH HAPYUICHHBIX WM HEHAPYIICH-
HBIX JiecoB. KOHKpeTHbIH JiecHOH apean Oyaer Kiaccu-
(¢ULMpOBaThCS B Ty KaTEropHIO, I KOTOPOM paccuu-
TaHHBIN KJ1acCH()UKAIMOHHBII BEC OKa3aJICsl BhILIE.

[lo pesymnbraraMm NOIIArOBOTO JUCKPUMHUHAHTHOTO
aHanmu3a (Tabi. 4) mepeMeHHbIE OBUIN IIOCIIEI0BATEIHHO
BKITIOYCHEI B MOJIC)Ib HA OCHOBE MX BKJIaJa B Pa3/iCiICHUE
HAPYIICHHBIX U HEHAPYIICHHBIX JIECHBIX apeajioB.

Tabn. 4. Pezynomamul nowaz068020 OUCKPUMUHAHMHO2O0

aHaau3a 8ejiudUurbl USMEHEHUA 30HATITbHbIX KOBd)d)ML{MGHmOG

ompaoicenus
[lepemennas [ar F-Bxu1. P-YpOB. Yucno
TEpeM.
ASWIRI (x1) 1 2395,8 0,00 1
ANIR (x2) 2 157,8 0,00 2
ASWIR2 (x3) 3 9,1 0,00 3

CremneHp BKJIaJla KOHKPETHOW MEPEMEHHOW B pasfe-
JIEHUE KJIACCOB (B HAIlIEM cllyyae — HApyIICHHBIX U HEHa-
PYIIEHHBIX JIECHBIX apeajioB) OMPEENeTCs 10 BEIMUrnHE
kputepus F-Bxmrodenue. Uem oHa BbIIe, TeM OOJIbIIE
BKJIAJl IEPEMEHHOM B pa3/ielieHne COBOKYITHOCTEH.
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Haubompmas s¢dexrnBHOCTS (TI0 BETHMYUHE KpHTE-
pust «F-BKIIFOUCHHE)) YCTaHOBIICHA UIS BETMYUHBI H3ME-
Henuss KCS B muanmazone SWIRI1 (1,55—-1,75 mxm). DTa
MepeMeHHas B MEPBYIO odepens Oblla BKIIOYEHA B MO-
nenb. CTeneHb BKJIAa OCTANBHBIX epeMeHHbIX (ANIR u
ASWIR?2) 3HaYUTENEHO HIDKE.

Tem He MeHee, BCe TpH NepeMEHHbIE ObUIN UCIIOJb30-
BaHbl Ui pacuera QyHKUMH Kiaccudukanmu, kodddu-
LUEHTHI KOTOPBIX MPECTaBIICHbI B TA0I. 5.

Tabn. 5. Koaghgpuyuenmol aunetinvix Qyuxyuil,
paccyumalearoyux maccuqbukauuonnble eeca Ons Jecoe,

Hapyuwennvix 6 nepuod 2000—2018 ee.,
U 1ecos Oe3 NPU3HAK08 HaAPYULEeHULL

CriekTpanbHBIN Hapymennsie Henapymennsie
MOKa3aTelb neca neca
ASWIRL (x1) 240,9 -63,1
ANIR (x2) 140,1 98,3
ASWIR2 (x3) 131,6 227,1
Koucranra -16,2 -4,1

Takum oOpazom, QyHKUMHU pacueTa KiaccU(pHKalu-
OHHBIX BECOB JJIsl Pa3HBIX KaTErOPHii JIECHBIX IKOCHCTEM
BBITJISLICIN CIICAYIONIMM 00pa3oM:

Hapymennasie=240,9x; + 140,1 x, + 131,6x3 — 16,2.
Henapymennbie=—63,1x; + 98,3 x> +227,1x3 — 4,1.

TouHOCTH pacno3HaBaHUs HapYHIEHHBIX JIECHBIX HKO-
CHCTEM Ha OCHOBE BBIYMCIICHHBIX (DYHKIMHA COCTaBHIIA
88,9% Hna oOyuaromielt BeIOOpKe n 89,6 % Ha TecTOBOH
BEIOOpKE (TAlII. 6).

[To pe3ynpraTam MpoBEpKH pabOTOCIOCOOHOCTH BHI-
YHUCIIEHHBIX (QyHKUIMI Ha TecToBOW BhIOOpKe n3 280 ape-
OB HAPYUICHHBIX JiecoB 251 apeanm ObLT pacmo3HaH
MPaBWIbHO U 29 apeayioB ObUIM OMIMOOYHO OTHECEHBI K
KaTeropuu HeHapylleHHBIX JiecoB. [Ipu aTom u3 556 ape-
aJI0OB HEHApYIIEHHBIX JIECOB TOJBKO 3 apeaia ObLIM OILIU-
0O0YHO OTHECEHBI K KaTerOpuH HapyIICHHBIX JIECHBIX KO-
cucreM. TakuMm o00pa3oM, TOYHOCTb pPAacCHO3HABAHUS
HapyLIEHHBIX JIECHBIX 3KOCHCTEM Ha OCHOBE BBIYHCIICH-
HBIX QYHKIHMH K1accu(ukanny coctaBmuiaa okoso 90 %.

Tabn. 6. Tounocms pacnosnasanus HapyuleHHIX
U HeHAPYUIeHHBIX JIECHBIX IKOCUCTHEM

Jleca TouHocTh pacnio3naBanus, %

OO0yuaroias Bbl- TecroBas

Oopka BBIOOpKa
Hapymennele 88,9 89,6
HenapymieHHbIC 99,4 99,5
Bcero 95,6 96,2

Ha mam B3risim, ocHOBHasi mpoOiieMa pacro3HaBaHUS
HapyHICHHBIX JIECOB CBsA3aHa C BBICOKMM CTaHAAPTHBIM OT-
KJIOHCHHEM BEJIMYMHBI UX CIIEKTPAITBHBIX XapaKTEPUCTHUK.
OHO 00YCJIOBJICHO TEM, YTO B 3Ty KaTEropHio MONaJaloT
apearsl JIeCOB, HA KOTOPHIX BBIPYOKU IPOW3BOIIINCH HE-
JTABHO, W apeajbl, Ha KOTOPHIX HPHUCYTCTBYIOT BBIPYOKH
18-nernelt naBHOocTH. HO OAHOBpEMEHHBIM MOUCK TaKHX
apeasoB HEOOXOUM C TIO3HIIMH JIECHOTO XO3SCTBA U Jie-
COBEICHMs], T.K. 9TH Jieca NONAJal0T B OAHY KaTETOPHUIO:
BBIPYOOK M MOJIOIHSKOB Bo3pacToM 110 20 JeT.

Paccunrannple (QyHKIMHM KiIacCU(UKAIUU MOXKHO
TMIPUMEHSTH IJI1 aBTOMATH3UPOBAHHOTO BEISABIICHUS apea-
JIOB HApYIIEHHBIX JECHBIX YKOCHCTEM JIMCTBEHHOTO IIO-
POIHOTO COCTaBa, THIIMYHBIX JJIS IECOCTETIH.

Buoieoowr

1. TIpennoxeH cnoco® aBTOMaTH3UPOBAHHOTO BBISIB-
JICHUS! HapyIISHHBIX JIMCTBEHHBIX JIECHBIX DKOCHCTEM,
TUIWYHBIX 1711 30HBI Jecocteny. Croco0 BKIIOYAeT reo-
MHQOPMALMOHYI0O M CTaTUCTUYECKYl0 00paboTKy IaH-
HBIX. B ocHOBe cmocoba — wucroib3oBaHue (GyHKIMi
KIIACCU(HKAINH, PACCIUTAHHBIX C OMOIIBIO AUCKPUMH-
HAHTHOTO aHaJM3a ¥ MO3BOJISIONINX Paclo3HABaTh JIECOB
HapyLIEHHBIX JIECOB.

2. B kadecTBe HE3aBUCHMBIX NIEPEMEHHBIX I (QyHK-
I K1acCH(UKALMN PEIOKEHO UCII0JIB30BaTh BEIUYH-
Hy M3MeHEeHHUs! KO3((HULUEHTOB OTPaXEHUSI B TPEX 30HAX
criekTpa: OymmKHeH MH(paKpacHOW W JBYX CPEAHHX HH-
(bpakpacubix. OHH COOTBETCTBYIOT 4, 5, 7 KaHaaM CEHCO-
poB Landsat TM, ETM+ u 5, 6 ,7 xaHamam ceHcopa
Landsat OLIL

3. TodHOCTH pacriO3HaBaHWSl HAPYIIEHHBIX JIECHBIX
9KOCHCTEM Ha TECTOBOI BBIOOpKE cocTaBmia okoio 90 %.
Bornee BBICOKOM TOUHOCTH BBISIBICHUSI JOCTHYb HE YAAIOCH
BCJIC/ICTBHE HAJIMYMS OYEHb HEOONBIIMX IO IUIOIIAIN
Y4JaCTKOB HapyIICHHBIX JIECOB.

4. V3  ucclemoBaHHBIX  JAWANa30HOB  CIEKTpa
HanOONBIINI BKJIAJ B aBTOMATH3MPOBAHHOE DPa3ZCIICHHE
HapyLIECHHBIX U HEHAPYILIEHHBIX JIECHBIX JKOCHUCTEM BHO-
CHUT BeJIMYMHA M3MEHEHHs1 KOI((PHUIMEHTOB OTpaXKEHHs B
nmuamazone SWIRT1 (1,55—1,75 mxm).

5. TpemnoxeHHBII cTOcO0 MOXKET OBITh HCIOJIBE30BaH
JUISL CO3/IaHMsI KapT HApYLICHHBIX JIECHBIX SKOCHCTEM, TH-
MTMYHBIX JUIS JIECOCTETHOM 30HBI. K TakuM jiecam OTHOCST-
Csl JIMCTBEHHBIC JICCHBIC MACCHBBI, B BEPXHHUX SIpycax KO-
TOPBIX JOMUHHPYET AyO U SICEHB.

bnazooapuocmu

UccnenoBanue BBINOJIHEHO 3a cyeT rpaHTa Poccuii-
ckoro Hay4yHoro ¢onza (mpoekt Ne 18-77-00049).
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Detection of disturbed forest ecosystems in the forest-steppe zone using
reflectance values

E.A. Terekhin '
! Belgorod State University, Belgorod, Russia

Abstract

This paper presents results of the assessment of discriminant analysis potentialities for detecting
disturbed forest ecosystems in the forest-steppe zone using their reflectance spectrum properties. A
new method is proposed for the automated detection of disturbed forest stands among forest-covered
lands, based on the discriminant analysis of the magnitude of changes in the reflectance in various
spectral ranges. Using experimental data from 1836 forest areas typical of the forest-steppe zone of
the Central Chernozem region, we propose equations that allow a specific forest area to be classified
as disturbed or undisturbed forests in an automated mode. The accuracy of disturbed forest detection
is about 90%. It is found that variations in the short-wave infrared reflectance are most informative
for disturbed forest land detection when compared with the reflectance variations detected by the

Landsat sensors in the other spectral ranges.
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