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OIIEHKA 3APACTAHUSA CEJIbCKOXO3SMCTBEHHBIX 3EMEJIb JPEBECHBIMHA
IMOPOAAMMU IO CITY THUKOBBIM JAHHBIM LANDSAT HA ITIPUMEPE YYACTKA
BAKAJIMHCKOI'O PAUOHA PECITYBJIMKHU BAIIKOPTOCTAH

M.B. MaprtsinoBa, P.P. Cynranosa, A.K. ['abnenxakos, 3.3. Paxmarymmun, I'.E. Onunios
bamkupckuii rocyaapCTBEHHBIN arpapHblii yHUBEPCUTET

Buinonnena oyenxa 3apacmanus 3emens, 8b1ueOUUx U3 CelbCKOXO3AUCMBEHHO20 HONb308AHUSA, Opesec-
HOU pACmUumenbHOCmbsio, OnpedeieHvl eé cocmag u 2yCmoma Ha 0CHO8e NOLEeBblX UCCIeO008AHUL, a MAKiCe
C UCNONb308AHUEM PA3HOBpeMeHHbIX cHUMKo8 Landsat 5,8 nymém pacuéma eecemayuonnozo unoexca AR-
VI Obvexm uccredoganus — 3eMenbHblil y4acmox, pacnonodicenusiii @ ¢. Haeaiibaxoso baxanuncrkoeo paii-
ona Pecnybauxu Bawxopmocman. [lpu nomowu Ouckpemuou wikanwl 3uavenutl unoekca ARVI mpassinou
NOKPO8 U OpesecHAsl pacmumenbHOCms ObLIU OMOeNeHbl OM YYACKO8 ¢ OMKpbimotl nousou. Kombunayuu
cnexkmpanvhbix Kananos 5, 4, 3 ons cnumkoe co cnymuuka Landsat 8 u xananos 4, 3, 2 0 CHUMKO8 cO
cnymuuxa Landsat 5 nozgonsrom onpedenumsv Hanuuue OpedecHoli pacmumenbHOCMU Had 3eMIAX CelbCKOX0-
3aticmeennozo Hasnavenus. Ha yuacmke 3apacmanus npucymcemeyem 2ycmas mpagaHucmas pacmumeib-
Hocmb ¢ unoexkcom ARVI om 0,2 0o 0,3. Ha chumxax 2001 u 2019 22. nposgiaiomcsa y4acmku ¢ npucym-
cmsuem depesves, unoexc ARVI komopwvix naxooumcs 6 ouanazone 0,3-0,9. Omkpvimosie nougsbl ¢ UHOEK-
com ARVI om 0 0o 0,2 na chumkax Landsat umerom mémHo-KopusHesdyio oKpacky. Yemarnoeneno, wmo nio-
wWaowb 3apacmarnus OpesecHbIMU HOPOOAMU CelbCKOXO3AUCMBEHHO20 yuacmKka cocmasisem 2,5 ea. Budosoti
cocmas u 2ycmoma Uu3yuaemozo HAcCax@#cOeHus onpedenenvl KOMOUHayueu ena3zomMepHo20 U UHCHPYMEH-
MAanbHO20 Memo0o8 aecHol maxcayuu. Mcnonv3zosanue 0CeHHUX CHUMKOS8 (KOHey CeHmAOps - HaAuaio OK-
ms6ps) seisemcs Hauboaee YOauHbIM peuieHuem 0si OnpeodeieHuss HOPOOHO20 COCMABA OPeBeCHOU Pacmul-
menvHocmu. Mcnonv3yst OUCKpemuyio wKkany u noyienHulii unoexc ARVI, naxooswuiics ¢ ouanasone 0,3-
0,9 05151 X60UHBIX, NOIYHUAEM BOIMONCHOCHL NOOMBEPOUMb OAHHOE YIMBEPIHCOCHUE.

Knrouesvle cnosa: nec, cenvckoxo3saiicmeeHHnble 3emMiu, opesechas pacmumenbHocms, Landsat, un-

oexc ARV, ][33, ArcGIS

ASSESSMENT OF REFORESTATION ON ABANDONED AGRICULTURAL LANDS
USING LANDSAT DATA ON THE EXAMPLE OF A SITE IN THE BAKALINSKY
REGION OF THE REPUBLIC BASHKORTOSTAN
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The paper assesses the lands excluded from agricultural use in terms of woody vegetation, composition
and density determined based on field studies, as well as using Landsat 5,8 multi-time images by calculat-
ing the vegetation index ARVI. The area under study is located near the village of Nagaybakovo in the Ba-
kalinsky district of the Republic of Bashkortostan. Grass cover and woody vegetation were differentiated
from open soil areas using a discrete scale of ARVI values. The combinations of spectral channels 5, 4, 3
for Landsat 8 satellite images and channels 4, 3, 2 for Landsat 5 satellite images make it possible to detect
woody vegetation on agricultural lands. The overgrown area has dense grassy vegetation with an ARVI
index from 0.2 to 0.3. In the images obtained in 2001 and 2019 there are spots with the presence of trees,
and the ARVI index ranges between 0.3 and 0.9. Open soil area with an ARVI index ranging from 0 to 0.2
in Landsat images is characterized by dark brown color. In the course of research it has been found out
that the agricultural area overgrown with tree species accounts to 2.5 hectares. The species composition
and the density of the area under study are determined by a combination of visual and instrumental meth-
ods of forest inventory. Using the autumn images (late September - early October) is best for determining
species composition of woody vegetation. Using a discrete scale and the resulting ARVI index ranging from
0.3 to 0.9 for conifers proves this assumption.

Keywords: forest, agricultural land, woody vegetation, Landsat, ARVI index, remote sensing, ArcGIS

BBenenue. Jlyis BTOpOi moaoBuHBI XX B. OBIJIO XapaKTEPHO TO, 4YTO MOYTH B 80 cTpaHax
MHUpa HaOIr01a710Ch CTA0MIBHOE YMEHBILIEHHE 3eMeNb CelNbCKOX03AHCTBEHHOTO Ha3HayeHus. [lo-
YTH 32 COPOK JIET U3 000poTa ObUIO BHIBEACHO 223 MITH ra CEIbCKOXO035MCTBEHHBIX yroauii. Beuny
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COLMATIbHO-P)KOHOMHUYECKUX MPeoOpa3oBaHmii, KOTOpPhIE MPUILTKUCEH Ha Tiepuoa 1990-x ronos, Poc-
CHsl TAKXKe MOTEpsuIa OKOJIO 58,3 MIIH ra CelbCKOXO03IUCTBEHHBIX yroauil. Takxke CylecTBEeHHbIE
MOTEPH CEINbCKOXO3HCTBEHHBIX 3eMelb HaOmonamich B Apcrpanmu (40,8 mua ra), CIHA (35,6
MJH Ta) 1 3anagroi EBpone (25,1 M ra) (ATposKoiIorudeckoe coctosiHue. .., 2008).

Ecnu sxe oOpaTuThes K cOBpeMeHHON uctopuu, To B nepuona ¢ 2010 mo 2018 r. obmas mio-
ab 3eMelb CEebCKOXO03SHUCTBEHHOro HasHaueHUs B Poccuiickoit @enepalyiyi cOKpaTHIIach Ha
17,5 man ra. CornacHo aaHHbIM Pocpeectpa, Tosibko B 2018 roay opranamu rocyaapCTBEHHOM
Bractu Poccuiickoit deneparuu, cyobekToB Poccuiickoit denepanyu U1 opraHaMyd MECTHOTO ca-
MOYIIPABIICHUSI U3 3€MEIb CEIbCKOXO03SMCTBEHHOTO Ha3HaueHust 770,3 Teic. ra, B ToM uucie 647,8
TBIC. Ta OBUIO TIEpEeBEEHO B 3eMJIH JiecHOTO (oHaa ({okimam o COCTOSIHUM U MCITIOJIb30BAaHUH 3€-
MeTb..., 2020).

Bompockl nepeBoia 3emMenb CEeNbCKOXO3SIIICTBEHHOIO Ha3HAYEHUS IMOJ JIPYrHe BUABI 3eMile-
MI0JI30BAHUS TaK)K€ HAXOJAT CBOE OTpaK€HHE B 3apyOexHBIX HccienaoBaHusx. B pernone Tpen-
THUHO, KOTOPBII PacIoyIOKeH B BOCTOUHOM YacTH AJbIl Ha Tepputopuu MTtanuu, Takoe uccienoBa-
HHe OBLJIO TIPOBEJICHO B JIBa 3Tara ¢ MCMojb30BaHueM opTodorocHUMKOB 1973 1 1999 rogos (De
Natale et al., 2007). Ha ux ocHOBe Oblia mpoBeZieHa OIIEHKA IJIOMAJAN HOBBIX JIECHBIX MaCCHBOB,
MPOaHATM3UPOBAHBI UX KOJOTHYEcKHe U JaHamadTHeie ocooeHHOCTH. Bo @panuuu JOMUHUPY-
FOLIEN IPEBECHOM MTOPOJION, 3apacTarolIed Ha 3eMIISIX CEIbCKOX035MCTBEHHOIO Ha3HAYEHUS, SIBIIS-
ercs sicenb (Sheeren et al., 2011). TouHOCTB €ro pacro3HaBaHUs HA CIYTHUKOBBIX H300paKEHUSX
Ha OCHOBE METOJa OMOPHBIX BEKTOPOB coctaBuia 6osiee 90 % . B BoctouHoit yactu bantuiickoit
TEPPUTOPUHN COCTAB JAPEBOCTOEB, 3apaCTAIOUINX HA CEJIbCKOXO3SIMCTBEHHBIX MOJSAX, U3MEHMIICS C
JMCTBEHHBIX MOPOJI HA €llb eBporelcKyro (Picea abies), 9To 00BSICHACTCS ONAarONpUATHONW BIIaX-
HOCTBIO IOYBBI U Pa3BUTHEM IIJIOTHOTO TpaBsHOro nokposa (Risina et al., 2020).

B Hacrosiee Bpems B Pecnybnuke bamkoprocran HaOmromaercst Takas xke cutyarus. OKoino
JIECATKOB ThICSY FeKTap 3a0pOIIEHHBIX CEIbCKOXO035IMCTBEHHBIX YTOANUN, KOTOPbIE HAa MPOTSHKEHUU
6onee 10 ser He MoOJBEprajuch pacralike, CCHOKOICHHUIO U BBIIIACY CKOTA, 3apacTatoT JIPEBECHOM
pactutensHocThIO (['ocynapcTBeHHbIH foKaaf. .., 2020). [IppunHamMu Takol TEHACHIUH SBJISETCS
HEHCIIOJIb30BaHUE CEJIbCKOXO3AHCTBEHHBIX 3€MEJb 110 HAa3HAYEHUIO U Oe37eHCTBUE CO CTOPOHBI
npaBoobagaresneil 3eMeabHbIX yYaCTKOB, CONPSDKEHHOE C HECOOIIIOIEHUEM 00sI3aTeNIbHBIX TPedo-
BaHUU M MEPONPUATHIA 1O 3alIUTE 3eMeNb OT 3apacTaHus. Mexay Tem B Pecnybnuke bamkopro-
CTaH, B OTJIMYUE OT IPYIMX PETHOHOB, IPAKTUYECKH OTCYTCTBYIOT UCCIIEIOBaHUS, pacCMaTpUBalo-
uMe fanHyo npobsieMy. B PecriyOnuke Mapuii O pe3ynbTaThl UCCIIEOBAHUS HA 3Ty TEMY ITOKa-
3aly, 4TO Ha 3eMJIIX OBIBIIUX CEJIbCKOXO3SMCTBEHHBIX YrOJUN MPOUCXOTUT POCT U (POpMHUpPOBa-
HUE BBICOKOMPOIYKTUBHBIX 0epE30BBIX M cOCHOBBIX HacaxaeHuii (Kypbanos u np., 2010a, Kypoa-
HOB U JIp., 20106). DddexT oT nepeBosia TaKUX 3eMeNb B JIECHOH, OJTHO3HAYHO, OyJeT UMETh TO-
TOXKUTENbHBIN 3(PQEeKT, YTO TakkKe peraaMeHTHPYeTCs HOPMAaTHUBHO-TpaBoBbIMH akTamu (OO
o0ecreyeHnu IIoAopoans 3emenb..., 2014; OO0 yrBepxkaenun [IpaBun obecriedeHust coxpase-
Hus..., 2018). Tem He MeHee, Be/ieHNE JIECHOTO XO35MICTBA HA TAKMX YYaCTKaX BBI3BIBACT OMpEJIe-
néunbie TpyaHoctu (Mopo3os, Hukomnaesa, 2013). 9To 000CHOBaHHO TE€M, UTO 3apacTaHUE MPOWC-
XOJUT MOCTENEHHO, a €r0 CKOPOCTh 3aBUCHUT OT IUIOIIAIU 3a0pOIIEHHOT0 YYacTKa.

Kpome Toro, Takue ecrecTBEHHBIE IPOLECCHl HA OBIBIIMX CEIbCKOXO3IMCTBEHHBIX 3€MIISIX MO-
I'YT NPUBECTH K TOMY, YTO U 4Yepe3 HECKOJbKO JECATKOB JIET y4acTOK He OyAeT MOIHOCTBIO IO-
KPBIT JIPEBECHOM pPacTUTENBHOCTHIO. B 3TOM cityuae He 000iTHCh 6€3 MPUMEHEHHs] TEXHOJIOTUU
HCKYCCTBEHHOT'O JIECOBO30OHOBIIEHUS, YTO B pe3yJIbTaTe MPUBEIET K CO3AAHUIO Pa3HOBO3PACTHOTO
HacaxaeHus. Bc€ 3To cBUaETENBCTBYET 00 aKTyaJbHOCTH PacCMaTpUBAEMOro BOIIpoOca JJIsl pec-
ny6snku bamkopTocTas.
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Heabio padoThl sSBIsETCS OLICHKA 3apacTaHUs CEIbCKOXO35MCTBEHHBIX 3€MENb JpEBeEC-
HOM pacTUTENBbHOCTHIO, OIIPEEIEHNE €€ TIOPOIHOTO COCTaBa C UCIOIb30BAaHUEM PAa3HOBPEMEHHBIX
canMkoB Landsat 1 HaTypHBIX 00cinenoBanuit. [ mocTikeHus e ObLUTH TTOCTABICHBI CIIEAYIO-
LIUe 3a1a4u:

e T0700paTh Y4acTOK C MCIIOJIb30BaHHEM Oa3bl AJaHHBIX Landsat;

e TPOBECTM HATypHbIE 0OCJEIOBaHHUA HAa BBIOPAHHOM Yy4YacTKe MYTEM TIJIAa30MEPHO-
U3MEPUTEIIBHOMN TaKCallWH;

e OLICHUTH CTENIECHb 3apacTaHUs UCCIENYEMOrO y4acTKa JPEBECHOM PaCTUTEIBbHOCTBIO 10 pas3-
HOBPEMEHHBIM n300pakeHusM Landsat B mporpammuoii cpene ArcGIS;

e CPaBHUTbH PE3YJbTAThI TOJIyUEHHBIX HA3€MHBIX U CIIyTHUKOBBIX JAHHBIX, CAEIATh BHIBOBIL.

XapakTepucTuka 00beKkTa ucciaenoBanusa. OObEKT HCCIEHOBAHHS PACIIOIOXKEH Ha 3e-
MeITBpHOM y4dacTke, npuHapiexkameM OO0 «HuBay, bakanuackoro paiona (ceno HaraitbakoBo)
Pecniy6nuku bamkoproctan (puc. 1).

Puc. 1. O0bekT ucciaenopanus (kapra SAujaexc)

MeTtoauka uccjef0BaHMI COCTOSUIA U3 JBYX 3TaIlOB: MOJEBbIE U KamepaiabHble paboThl. [lo-
JIEBbI€ MCCIIE0OBAHUS Ha pPaccMaTpUBAa€MOM YYacTKE MPOBOAMIIUCH B MEPUOJ C Masl MO OKTIOpb
2018 roxa. Ilpu rmazoMepHO-U3MEPUTEIBHON TaKCAllMU ObUIO HMCHOJIB30BAHO KOMOMHMPOBAaHUE
I7Ia30MEPHBIX U MHCTPYMEHTAJIbHBIX MeT010B. Ha mpoOHoil muiomaau Obu1 onpeaenéH NopoHbIH
COCTaB, y CPEIHUX YUETHBIX JI€PEBHEB 3aMEPEHBI BBICOTHI M IUAMETPhI Ha 1,3 M BBICOTBHI.

Bo Bpems kamepasbHbIX paboT momoOpanbl mzobpaxenus 3a 2001 (Landsat 5) u 2019 rr.
(Landsat 8), cienanHpie B CEHTSIOpEe—OKTAOpPE COOTBETCTBYIOIIETO rofa. Bce cHUMKHM ObLIM aTMO-
chepno ckoppektupoBanbl B makere ArcGIS 10.5. Ilpm pacu€re wunHmekca ARVI
(ATMochepoycTOMUMBBINM BEreTallMOHHBIA HHACKC — anen. Atmospherically Resistant Vegetation
Index) na uccnenyemyro miomaab ObUI UCHOJB30BAaH IIMPOKUNA HMHCTPYMEHTApHM MPOrpaMMbl
ArcMap. 3HaueHusi JaHHBIX MHIEKCOB BapbHUpylOT OT -1 1o 1. OnpexneneHue BUIOBOIO COCTaBa
MIPOBEJICHO MOJIEBBIM METOJOM BBUIY HEJOCTATOYHOI'O pa3pelIeHHs] CHUMKOB CO CIIYTHHUKOB
Landsat.

Pesynbratsl uccnenoBanuii. IlepBeiii aTan 00pabOTKM JaHHBIX CHUMKOB 3aKJII0YAJICS B UCIIOb-
30BaHMU KOMOMHANWU crieKTpainbHbIX KaHanoB NIR, Red u Green st onpeneneHus Haau4dus Ha
HCCIIEIyeMOM YYacTKe JIpeBECHON pacTUTeNbHOCTH. B Tabn. 1 mpuBenena uHdopmaius o HazeM-
HOM MOKpPOBE, KOTOPYIO BO3MOXKHO M3BJI€Yb U3 KOMOMHAIIMK CHEKTpalbHbIX KaHamoB Landsat.
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Tabmuua 1
HNudopmanus, noxydaemasi npu komonHanum kanajaos (Kocrukosa, 2005)

KomOunamms crek- KomOuuanus
TpabHBIX KaHAJIOB CHEKTPaIbHBIX
INorenuunanbaas nHGOPMAIHS O HA3EMHOM MTOKPOBE
Landsat KaHaJIOB
5 Landsat 8

CraHgapTHas KOMOHMHAIMSl «HCKYCCTBEHHBIE LBETa». PacTHTENBHOCTH
oTOoOpakaeTcsi B OTTEHKAaX KPacHOTrO, IOPOJCKasl 3aCTpOHKa — 3eJIeHO-
royOBIX, a IIBET MOYBBI BAPBUPYETCS] OT TEMHO- 0 CBETIIO- KOPUIHEBOTO.
JI€n, cHer 1 obnaka BHITIALAT OCIBIMHU WM CBETIIO-TONYOBIMU (JIEX M 00-
Jaka 1O KpasM). XBOWHBIE Jieca OyAyT BBHIVIAACTH Oojiee TEMHO-
KPACHBIMH WJIH Ja)K€ KOPUYHEBBIMH 110 CPAaBHEHHUIO C JMCTBEHHBIMH. JTa
4,3,2 5,4,3 KOMOHMHAIMSl OY€Hb IOIMYJSIpHA M HCIIOJIL3yeTCs TJIaBHBIM 00pasoM Juis
M3y4YEHUS] COCTOSIHUSI PACTUTEIBHOIO MOKPOBA, MOHUTOPHHIA JIpEHAXa U
MOYBEHHON MO3aWKH, a TakXKe JUlsl W3y4eHHUs arpokyinbTyp. B memom
HACBILICHHBIE OTTEHKH KPAacHOIO SIBJISIIOTCS WHIMKATOPaMu 310pOBOI U
(MTH) MHUPOKOJIMCTBECHHOW PacTUTEIHHOCTH, B TO BpeMs Kak Ooliee cBeT-
Jble  OTTCHKH  XapaKTepU3yIOT  TPaBSHUCTYI0O WM  pPEAKoJiechs/
KyCTapHHKOBYIO PaCTUTEIBHOCTb.

[To pe3ynpTaTam CHHTE3WPOBaHUS KaHATOB Landsat MOJIyduIuCh CIIEHBI HA UCCIISAYyEeMbIi yda-
CTOK 3a pa3Hble ToJIbI (puc. 2).

[To pe3ynmpTaTam mpoBeaEHHOM 00PaOOTKH MOKHO OTMETHTH clieayromee: Ha cauMke 2001 ro-
Jla TpeBeCHasi paCTUTEILHOCTh HAa UCCIIElyeMOM ydacTke He oOHapykeHa. Ha caumkax 2019 roga
JpEeBECHasl paCTUTEIBbHOCTh Ha UCCIIEyEMOM Y4aCTKe, COCTOSIIAs U3 XBOMHBIX U JINCTBEHHBIX IO-
pon, otrobpaxkaetcst 6osee 4€Tko. OO0 3TOM CBUAETENBCTBYET O0JIee TEMHBIN [IBET paCTUTEIBHOCTH,
PAacIoyIoKEHHOM MO KpasM 3apacTarollero yJactka (puc. 2).

[Tpu momou AucKpeTHOM 1mKanbl 3HaueHui nujaekca ARVI (puc. 3) Bo3MokHO u€TKoe BbIjIE-
JICHHE PACTUTEIHHOIO IIOKPOBA OT MPOYUX HPUPOAHBIX OOHEKTOB.

40 0 0.1 02 03 04 05 06 07 08 09 10
Puc. 3. Juckpernas mkaja unaekca ARVI

Kak BugHO M3 pucyHka 4, Ha y4acTKe 3apacTaHus MPUCYTCTBYET T'ycTas TpaBSHUCTAas PacTu-
TenbHOCTh ¢ uHJIekcoM ARVI ot 0,2 1o 0,3; Ha caumkax 2001 u 2019 rogoB nposiBIAIOTCS ydacT-
KM C IPUCYTCTBHEM JIEPEBLEB, Y€l MHIEKC HaxoauTcs B npoMexyTkax 0,3-0,9. OTKpbIThIE TOYBbBI
c uaaexkcoM ARVI ot 0 10 0,2 nmMeroT TEMHO-KOPHUYHEBYIO OKPACKY.

[To pesynpraram pacuéra mnaekca ARVI MOXHO cienaTh BBIBOJ, YTO 3apacTaIOIIMKA YIaCTOK
(moseToBBIN TPEYTOJBHUK) UMEET MPSIMOE MPOUCXOXKIECHNE OT CTEHHI Jieca (KpacHasi TUHUS), KO-
TOpasi TPaHUYHT C U3Y9a€MbIM YIaCTKOM.
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Puc. 4. Cuensl nuzyyaemoii Teppuropun no uagexkcy ARVI: a) 2001 r., 6) 2019 r.

Bropoii 3tanm 00paboOTKH COCTOSIT B ONPEISIICHUH TTOPOTHOTO COCTaBa JPEBECHOM PACTHTEIb-
HOCTH, 3apacTamolieil Ha o0cieayeMoM ydacTke. [l 3Toro Obuia KCIOIb30BaHA KOMOMHAIIMS Ka-
HanoB Red, Green u Blue (Tabm. 2).

Tabmuma 2
HNudpopmanus, nosryyaemas npu komouHanuu kaHajaos Landsat (KocTukosa, 2005)
Komb6una KomGra-
LU KaHa-
s KaHAJIOB Wupopmanus 0 Ha3eMHOM ITOKPOBE
noB Land-
sat 5 Landsat 8

KomOuHaIus «eCTECTBCHHBIC LBETa». B 3TOM KOMOHMHAIIMHM KCIOJB3YIOTCS KaHAJIBI
BUAWMOTO Aualra3oHa, rnmo3TomMy O6’I)CKTI>I 3eMHON TOBEPXHOCTU BBITJIAAAT MOXOKUMHA
Ha TO, KaK OHH BOCIPUHUMAIOTCS YEJIOBEYECCKHM IJIa30M. 310pOBasi PaCTUTEILHOCTD
301 432 BBITIISATHT 3en'e'._HOI71,vy6paHHHe TOJIsl — CBETIIBIMH, HE3J0POBAs PACTHTENBHOCTh — KO-

> > PUYHEBOH M XKENTOM, JOPOTH — CepbIMHU, OEperoBble TMHUN — OenéchiMu. DTa KOMOu-
Halus KaHAJOB JaeT BO3MOXKHOCTh aHAJIM3HPOBATH COCTOSHUE BOAHBIX OOBEKTOB H
IPOLECCH] CEAUMEHTAINH, OL[CHNBATh TIyOHHBI. Takke UCTIONB3yeTcs I M3ydeHHs
AHTPOIIOTCHHBIX 0OBEKTOB.

[To pe3ynbraraM Takoro CMHTE3a KaHaJIOB MOJIYYHIINChH CIENYIOIINE CHUMKH (puc. 5):

N ¥

Puc. 5. Komounaunu kanajaoB Red, Green u Blue caumkoB Landsat: a) 2001 r., 6) 2019 r.

A, T e e, |
Ha pucynke 5 BuagHO, 4TO CT€Ha Jieca, KOTopasd rpa- | o W%‘ i [
&_ h ot ) - . c . - ”lv‘

HUYUT C HAIIUM MCXOJHBIM y4aCTKOM, UMEET CMEIIaH- |
HBIA COCTaB, TO €CTh BCTPEYAIOTCH KAK JIMCTBEHHBIE, | b s ¢
TaK ¥ XBOWHBIE MOPOJBl. ITO MOKHO OTMETUTH IO TO- f §
JKEJITEBIIEH JIMCTBE U 3€JIEHOM XBOE, UTO COOTHOCI/ITCH_'
C HaTYPHBIMHM HCCIEIOBAHUAMM. JId NOATBEpKAECHUA
HaJIMYKS XBOWHOM PACTUTENILHOCTH Ha MPHJICTAIOIIEM | :
JIECHOM MAacCCHUBE K 3apacTaloIEMy Y4acTKY OBbLT TAKKe ]

00paboTaH CHUMOK, C/IeJIaHHbIN B stHBape (puc. 6).

Y . 1 =
Puc. 6. Unnexc ARVI Ha cHuMKe
Landsat (auBaps 2019)
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s onipeenieHnst XBOMHOM pacTUTENBHOCTH ObUIa Mcoib3oBaHa mkaia ARVI mis cHumkoB,
CHIeNIaHHBIX B 3UMHHUE MecAlbl (puc. 7) (Bereranuonusie nHaeKChl. OCHOBBI, (POPMYIIHL. .. ).

3nauenne uHaexkca ARVI mis storo yuyactka cocrasnser 0,3— 3“ M A
0,9, uto sBngeTCSs MOATBEpKACHHEM (aKTa HATUYHs IPEBECHO-
KYCTapHHUKOBOM pPaCTUTEIbHOCTH. 1.00

Onpenenenye mIomaay MPOBEAECHO € IIOMOIIBIO MHCTPYMEH- () 90

- 100 %
ToB «Ilepexnaccuduxamusa» u «Tabnuua atpubyroB». CHUMOK, (.80 .90%
MoJy4YeHHBIM mpu pacuére uHaekca ARVI, noszBonun oraenuts 0.70 .80 %

IMKCENH, COAEPIKAIIHME IPEBECHYI0 PACTHTEILHOCTh, OT ocTaib- 0.60 -70% MMNOTHOCTL
HBIX BHJIOB 3eMellb. 3Has IUIOMIA/b OXHOIO TAKOro mukcens, mo- 0-50 -60% [TOKPbITHA

0.45 ., XBOWHbLIMH
JTy4YUIIM JaHHBIE 110 IJIOMIAAN 3apacTaroIlero yJ4acTKa. _ 0.40 - 50 :‘ NECAMU

Ilpu onpeneneHuu BUIOBOTO COCTABA M IYCTOTHI JAPEBECHOH o'ag ;z .//'
pacTUTENLHOCTH, BBUAY HU3KOTO Pa3pelIeHUs] CHUMKOB CO CITYT- ¥
HuKOB Landsat, ObuUIH MCITOJIB30BaHBl YCTOSIBIINUECS METO/bI, IIPH- :z:'

MEHsIEMbIE B JIECHOM TaKCalUH.

[To utoram BBINONHEHHBIX PA0OT OBLIO YCTAHOBJIEHO, YTO ILIO- oi‘;&‘ifgﬂs
1a]b 3apaCTaHUsl APEBECHBIMH MOPOJAMH CEJIbCKOXO03HCTBEHHO- PACTUTENBHOCTH
ro yuactka cocrasiser 2,5 ra. U3 aux 60 % cocraBiser cocHa nifchEBrE gﬁ'gls

0 g
0OBIKHOBEHHASL, @ 40 % — IIMCTBEHHBIC TIOPOJIBI (B OCHOBHOM Oepe- 0.05 NIECA)

3a nosucnad). [lonHora cocrasuna 0,6. .0.10

BeiBoabl. KomiuiekcHoe ucnonb3oBanue aanubix J[33 u THC Puc. 7. Huaexe ARVI Ha cnumke
TEXHOJIOTUI II03BOJISIET TIPOBECTH OLICHKY 3apacTaHHs 3EMelb Landsat (spapr 2020)
CEJIbCKOXO35ICTBEHHOTO HA3HAYEHUS JPEBECHON paCTUTENIBHO-
cTbio. KoMOnHaMM crekTpanbHbIX KaHajioB 5, 4, 3 17 CHUMKOB
co cnyTHuka Landsat 8 u xaHanos 4, 3, 2 17151 CHUMKOB CO CITyTHH-
ka Landsat 5 naroT BO3MOXXHOCTb ONPEIENUTh HAJTMUNE IPEBECHOM
PacCTUTENBFHOCTH Ha 3€MJISIX CEJIbCKOXO035HCTBEHHOIO Ha3HAYEHUSI.

AHaIM3 KOCMHYECKUX CHHMKOB IT0OKa3ajl, YTO HA MCCIEAYEMOM Y4acTKE MPUCYTCTBYET I'ycTast
TpaBSHHUCTAs pacTUTENBLHOCTH ¢ HAeKcOM ARVI ot 0,2 10 0,3, /u1st y4aCTKOB ¢ HaTUYUEM JIpEBEC-
HOM pacTUTENbHOCTH WHAEKC HaxomutTcss B npomexyrtkax 0,3-0,9. Bosmoxnoctu ITUC-
TEXHOJIOTHI TIO3BOJIMIIM OTNIPEACIIUTD IUIOMIAIb 3apacTaHus, KOTopas coctaBmia 2,5 ra. Bumooi
COCTaB U I'yCTOTa OBbLJIM YCTAHOBJIEHBI C TOMOIIBIO HATYPHBIX UCCIIETOBAHUM.

The European Commission support for the production of this publication does not constitute an en-
dorsement of the contents which reflects the views only of the authors, and the Commission cannot be
held responsible for any use which may be made of the information contained therein.
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