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B pabote npenioxkeH HOBBI MeTOO KapTorpadupoBaHUsI CEHOKOCOB B MOMMEHHLIX JIaHaIIahTaX, OCHO-
BaHHBII1 HA UCTIOJIb30BAaHNM Pa3HOBPEMEHHbBIX CIIEKTPO30HATBHBIX TAHHBIX JTUCTAHLIIMOHHOTO 30HANPOBa-
Hus 3emuiu (J133) BRICOKOIro IMpOCTpaHCTBEHHOIO pa3peleHus (Sentinel-2) ¢ MCMOJIb30BaHUEM BKCIIEPT-
Horo nopora KC{ (koahdulmeHT criekTpaabHON IPKOCTU) B KpaCHOM KaHaie (MaKCHUMaJlbHbI KOMITO-
3UT 3HAYCHU 32 BeTeTallMOHHBII IepUO) IIsI CBEXECKOIIIEHHOI paCTUTEIbHOCTH ¢ KOPPEKTUPOBKOI O
3HAaYECHMSIM MaKCUMaJIbHOTO KOMIIO3UTa 3a BereTallMoHHEIN ce30H nHaekca NDVI (anmt. Normalized Dif-
ference Vegetation Index — HopMaIM30BaHHBIN Pa3HOCTHBII BereTallMOHHBIN MHIEKC). BhIsIBIEHBI 3aK0-
HOMepHOCTH n3MeHeHus 3HadeHnit KCS Ha CKOIIeHHBIX M He CKOIIIEHHBIX TeppUTOpHUsIX B KaHaitax RGB,
NIR, a takxe 3HayeHuit unaekcoB NDVI u NDWI. I1poBeneHo kaprorpadrupoBaHue rogOBbIX CKOIIIEH-
HBIX TUTOIIAne# B npeaenax Bonro-AxTyOouHCKoOI rmoitMbl Ha TeppuTopuu Bonrorpaackoit o6iactu. 3aech
€XEeroJIHO CKaIlMBaeTcs B cpemaHeM 12 Toic. ra (8%) TeppUTOPUHU, IIPU 3TOM OOJIbIIAS YACTh ILIOIIaaeii CKa-
IIMBaeTCs B aBrycTe—ceHTsI0pe (6osee 65% mutomaneii). BOJBIIMHCTBO CKOIIEHHBIX TEPPUTOPUIT NMEIOT
rromans ot 1 go 10 ra. ITpu aToM, 3a rTocaenHue 6 JeT HaOII0AaeTCd TEHAEHIIMS YBEINYEHUS KaK OOIINX
TOJIOBBIX CKOIIEHHBIX TIOIIANe, TaK W TUIOIIAAei CEHOKOCOB. BhIsSIBJIEHO, YTO OCHOBHBIE €XKEeTOIHO CKa-
LIMBAaeMbI€ TUIOIIAAN KOHLIEHTPUPYIOTCS BOKPYT OOBEKTOB UH(PACTPYKTYPbI: OJIMKE K MOTPEOUTENSIM U

TPaHCITOPTHBIM ITYTSIM.
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BBEAEHUE

CeHOKOC — y4acTOK IMOBEPXHOCTH 3€MJIM, 3aHsI-
TBII TpaBaMM, MpeaHA3HAYEHHBIMU JISI KOCHOBI Ha
ceHo (DkoJjiornyeckuii..., 1989). Ha reppuropuu rora
Poccum, B moiiMeHHBIX JaHamIagpTax ”MEHHO CEHO-
KOILIEHUE COCTABJISIET OOJIBIIYIO YaCTh XO3SIHCTBEH-
Hoii nmesitenbHOCcTU (Kynuk u gp., 2021). Camble
KpymHble peku ora Poccum (Bonra, Jlon, KyboaHn)
3aperyJIMpoBaHbl THIAPOTEXHUUYECKUMU COOPYKEHU-
SIMHM, U3MEHMBIINMU €CTECTBEHHOE pacIpeeicHIe
PEYHOTO CTOKA, YTO HEM30€XKHO CKa3bIBAaeTCs Ha CO-
CTOSIHUM TOMMeHHBIX 3KocucteM (Kpusoreid,
2016). VI3MeHEHHbBIA TUAPOJIOTUYECKUN PEXUM HeE
obecIieuynBaeT Hy>KHOTO OOBOITHEHMS MTOWM B ITEpHUOL,
BECEHHETO TOJIOBO/IbSI, YTO MPUBOAUT K Aerpagaiuun
JJaHAIIa(TOB, B TOM YHCJIe CEHOKOCHEIX JIyroB (JIo-
ooiiko, 2018; Kuzmina et al., 2018; Solodovnikov,
Shinkarenko, 2020). B cBsi3u ¢ 3TUM BO3pacTaeT Mo-
TPEOHOCTH B AETAJILHOM aHaJIM3€ UX COCTOSIHUS, OC-
HOBAaHHOM Ha OOCTOBEPHBIX IIPOCTPAHCTBEHHBIX
naHHbIX. [IepBbIM 11aroM JiJ1st OLIEHKU COCTOSIHUS Ce-
HOKOCOB SIBJISICTCSI KapTorpapoBaHUe UX TPaHMUII,
omnpeneNeHue  IMEePUOIUYHOCTA  CEHOKOIIECHMS.
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B manpHeiileM 3TO MO3BOJUT IIpOBOAUTH aHAJIN3 CO-
CTOAHMA PAaCTUTCIBbHOCTHN Ha CCHOKOCAX KakK Ha3eM-
HBIMM, TaK 1 JUCTAHIIUOHHBIMH ME€TOAaMM.

CymiecTByIolIie CUCTEMbl MOHUTOPUHIA JIAH]I-
ma¢TOB, B TOM YMCJIE IIOMMEHHBIX, OCHOBBIBAIOTCS
Ha aBTOMaTUYECKOI M IMOJlyaBTOMaTU4YeCcKou (¢ uc-
MMOJIb30BaHMEM HeiipoceTeil) KiacCupuKanuy JTaH-
HBIX TUCTAaHIIMOHHOIrO 30HaupoBaHus 3emun ([33)
CpEIHEro U HU3KOTo MPOCTPAHCTBEHHOTO pa3pelle-
Hus. K takum npomykram MoxHO otHectn GLC30
(GlobeLand30 dataset) mpocTpaHCTBEHHOIO pa3pe-
meHusa 30 m (Chen et al., 2014), ESRI (anm1. Envi-
ronmental Systems Research Institute) paspereHus
10 m (Karra et al., 2021), a Takke MaTepuaabl Vega-
Science (Loupian et al., 2022). 3emau, Ha KOTOPBIX
IIPOMU3BOAUTCS CEHOKOIIIEHNE, OTHOCSITCS OOJIbIITH-
CTBOM MNPOIYKTOB IO TUITY 3€MHOIO IOKpOBa K JIy-
ram, Mo3TOMY UX BblAEJCHUE U JabHEHIINI aHaIn3
C HCIIOJIb30BaHMEM JaHHBIX BBICOKOTO MPOCTpaH-
CTBEHHOIO pa3pelleHMs ITOMOXET PeIlIUTh 3amadud
OLICHKY 3KOJOTMYECKOr0 COCTOSIHUSI U MOHUTOPUH-
ra MoiMeHHbIX 3eMellb. TeKylliue UCCleTOoBaHUsl B
obnactn KaptorpaupoBaHUSI CEHOKOCOB OTpaHM-
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Taomuna 1. JlaTel CbeMKM MCXOMHBIX MaTeprasioB Sentinel-2
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yuBaloTCs KaprorpadupoBaHUeM TAcTOUII B Cpel-
HeM M Hu3KoM Macintabax (JIazapeBa u mp., 2017;
Omnaes u 1p., 2018), a Takke peTPOCIIEKTUBHOM aHa-
Jm3e gaHHbIX /133, e CeHOKOCHBIE MJIoIaad OTHO-
cat K Kateropuu “nyra” (bamouHa, Tpomko, 2016).

3oHanbHEIE JaHamadgTh Iora eBporeiickoii Poc-
cuM OOJIbIIIeHi YaCThIO paciiaxaHbl, a B 30HE ITOJIYIY-
CTBIHBb U IMYCTBIHb PACTUTEILHOCTh UMEET OYSHb HU3-
KyI0 IIPOAYKTUBHOCTb, HE CIIOCOOHYIO OOECIEeUYUTh
noroyioBbe ckora nuieii (Illmakapenko, bapranes,
2020a, 20200). ITo 31Ol IpHUYMHE MOTPEOHOCTH B Ce-
He, IToJIy9aeMOM B ITOMMEHHBIX JIaHAIIa(Tax IIposiB-
JISIETCSI TIOCTOSIHHO, @ OCHOBHBIMM 3aMHTEPECOBAaHHbI-
MU JIMLIAMU U TIOTPEOUTEIIMU JAHHOI TPOIYKIIVY SIB-
JISTIOTCST  XKUBOTHOBOIBI. CHTyalldsI C 3aroTOBKOM
KOpMa Ha 3UMY Bcerna He CTaOmjIbHA M 3aBUCHUT OT
MHOXeCcTBa (haKTOPOB: ITOTOJIOBbE CKOTa, IIeHbI Ha
aJIbTEepHATUBHEIE KOpMa, METEOYCJIOBHS 3a roi, KO-
TOpPBIE OIPEACIISIIOT YPOXKAMHOCTh TpaB Ha MacTOM-
1max. AKTUBHas (pa3za CEHOKOIIIEHUS TP 3TOM TIpH-
XOJIUTCSI Ha KOHEIl aBrycTa—Ha4vajo CEeHTSIOPSI, Koraa
XKMBOTHOBOIIbI KOPPEKTUPYIOT 3MMHHE 3aIlachl.
B HeGyaronpusiTHbIe TOAbI >KMBOTHOBOJAM IMPUXO-
JIUTCSI 9KCTPEHHO KOPPEKTUPOBATh 3arOTOBKY M3-3a
puCKa MCTOIIEHHUSI PAacCTUTEILHOCTU Ha €CTECTBEH-
HbIX nactoumax. 3acyxa 2020 r. akryaausupoBaja
LIEHHOCTb CEHO3aroTOBKHU: M3-3a HEOJaronpusITHBIX
ycJIoBUI 1 TIepeBbInaca ckota B KaaMmbikuu u Actpa-
XaHCKOI 00J1acTH yXKe K Hadajly UIOJISl Ha ITacTOMIax
HE OCTaJIOCh PACTUTEILHOCTH, YTO IIPUBEJIO K YCUJIe-
HUIO MBUIBHBIX OYpPh W POCTY IUIOIIANEH OITyCThIHM-
BaHus (IllunkapeHko, bapranes, 2020a, 2021). ®ep-
Mepbl ObUIM BBIHYXICHBI 3aKyNaTh CEHO YXKe JIETOM
2020 1., HECMOTPS HaA 3TO M3-3a HeJZOCTaTKa KopMma
TIOTOJIOBbE OBELl COKPATUJIOCHh MMPUMEPHO Ha 1 MJTH ro-
J0B. TakuMm 006pa3oM, JaHHBIE O ITUIOIIAISIX CEHOKO-
COB M MX COCTOSIHUY UTPAIOT BaXKHYIO POJIb IJIsI XKI-
BOTHOBOIYECKOM OTPACJIU.

Llenbio naHHO paboTHI sIBIsIETCSA KapTorpadupo-
BaHME €XETOIHbIX CKUIIIMBAEMbIX IUIOIAIEI B IIpe-
nenax Bonro-AXTyOMHCKOM MOMBI HA TEPPUTOPUH
Boutrorpanckoii 06;1acTy ¢ HOMOIIBIO pa3HOBPEMEH -
HBIX KOMIIO3UTHBIX M300paxkeHMii Sentinel-2.

OBBEKT, MATEPUAJIbI 1 METObI

Tepputopueil ucciegoBaHusl OBLIO BBIOpPAHO
Mexnypeube Bonrm m AxTyOBI B mipeneiax Bomaro-
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rpaackoii obimactu. DTo Tepputopust Bonro-Axrty-
OMHCKOI MmoiMBbI, Bxomdias B coctaB CpemHeaxTy-
ouHckoro u JleHuHckoro paiioHoB Bosrorpanckoii
obyactu (puc. 1). O61as 1womagb TOMMEHHOM Ya-
ctu 1780 xm?. Iloiima mpencraBiieHa TUIIAYHBIMU
MOWMEHHBIMU JIaHALIaApTaMU: O3epaMM, €pUKaMHu,
nporokamu, ctapuiamu (bpeuieB, OB4aposa, 2011).
OcobeHHOCTH peibeda MOMMEBI IIO3BOJISTIOT BOJIE 3a-
JIEP>XKUBATbCS B IOHWXKEHUSIX IMOCJIE MOJI0BObS, Oyia-
rogapsi 3ToMy 3Aech (HOPMUPYIOTCS TUIOAOPOIHBIE
3aJIUBHBIE JIyTa, 00J1aarole OrpOMHOI LIEHHOCTHIO
B YCJIOBHUSX 3aCyllUIMBOrO KJjuWMara 30HbI MOJIYMy-
CTBIHU U MYyCTHIHU. M3-3a AUHAMUYECKOI TUAPOJIO-
TAYECKOW CUTyalluM B MoOWMe HUXHEW Bonarum BbI-
SIBUTb IPOCTPAHCTBEHHbIE 3aKOHOMEPHOCTH B pacripe-
JIEJIeHUM CEHOKOCOB [OCTAaTOYHO IIPOOJIEeMaTUYHO.
IIpu stoMm, 3anuBaemble Jyra Bojro-AxTyOMHCKOM
noiiMel (BAIT) sIBisIIOTCSI €IMHCTBEHHBIM MCTOYHM-
KOM JIJIsI 3aTOTOBKM CEHa JJIs1 IEeBOOEepeXbst AXTYOBI 1
npaBoOepexbs Bonru.

Ha tepputopuu uccienoBaHusi, Ha OCHOBE 3KC-
IIEPTHOTO AemndprpoBaHus ObLUIO BBISIBJICHO Oojee
80 xmBoTHOBOmUeckmx ¢depM. B OydepHoit 30HE
20 KM HMKe TI0 TeueHUI0 BoJiru BBISIBJICHO elle 00-
nee 140 dbepM, pacIiooXeHHBIX IIPEUMYIIECTBEHHO
Ha KOpeHHbIX 0eperax. McTouHnKoM ceHa 11t 00J1b-
IIMHCTBA XWBOTHOBomueckux ¢depMm Kaambikuu,
AcTpaxaHckoii o0Jjiactu 1 1ora Bonrorpanckoii siBisi-
fotrcst mMeHHo ayra BATI.

Tak Kak ceHOKOCHI B Tipenesiax rnmoiimMbel Bosiru u
AXTyObl MMEIOT JUCKPETHOE pachpocTpaHeHue, U’
Mopoii, MUHMMAaJIbHbIE pa3Mephl, IS UX KapTorpa-
¢dupoBaHus TpebyoTcs JaHHbIe /133 BBICOKOTO Mpo-
CTPaHCTBEHHOTO paspelieHus. cxomHbIMU JaHHBIMU
JNUCTAaHIIMOHHOTO 30HIUPOBaHUS sl KapTtorpadu-
pOBaHMSI CEHOKOCOB SIBJISIFOTCSI CHIEKTPO30HAJIbHbBIE
CITlyTHUKOBBIE CHUMKM Sentinel-2A/2B mpocTtpaH-
ctBeHHOTO paspemeHus 10 m. Tepputopus ucciaeno-
BaHMsS JIeXKUT B Ipeneinax 4 TaiiyioB Sentinel-2:
T38UNU, T38UMU, T38UNYV, T38UMYV (puc. 1).
basy naHHBIX KOCMUYECKUX CHUMKOB (hopMUpyiot 17
0e3001a4HBIX KOMITO3UTHBIX M300pakeHUN TITyou-
Hoit apxuBa 6 ner. o 3amycka Sentinel-2B B 2017 1.
KOJIMYECTBO 0€30071a4HBIX CHUMKOB HEJOCTATOUHOE,
mo 3toit mpuumHe 2015—2016 IT. He OXBaTHIBAIOTCS
JMaHHbIM HcciaenoBaHueM. Ce3oHHas nuHamuka ND-
VI ceHOKOCOB onpenesnsiiach Mo HeleJbHbIM KOMIIO-
3utam NDVI, mosyd4eHHBIM C TIOMOIBIO CEpBUCA
“Bera-Science” (Loupian et al., 2022) u HKII
“UKU-Monutopunr” (JIynsH u ap., 2015).

M cTouyHKOM TSI TOJTy4eHUS CIIEKTPO30HAIbHBIX
ITaHHBIX ciyxkui1 cepBuc Earthexplorer reomormue-
ckoil cinyx6b1 CIHIA (USGS). ¥poBeHb 00pabOTKMU
noiaydyaeMbix gaHHBIX — L1C. Pammomerpuyeckast
KaanOpoOBKAa M KOPPEKIIMS aTMOC(HEpPHBIX MCKaxKe-
HUIi IpOU3BOAMIIACH B TeOMH(pOPMALIMOHHO CUCTE-
Me QGIS ¢ momombo Monyiss SCP (Semi-automatic
classification plugin), MmeTong o6padotku — DOSI.

2023
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Puc. 1. Paiion nccnenoBanuii (I — rpanuibl . Bonrorpan, 11 — rpaHuiibl MyHULIMITAJBHBIX 00pa30BaHUil HA TEPPUTOPUM UC-
cnenoBanuit, I11 — Bogabie 00bekThI, [V — rpanuiisl Taitios Sentinel-2).

Ha xoMmOuHanmm KaHaioB “ecTecTBeHHBIC IIBeTa”,
B IIepuOa aKTUBHOTO CEHOKOIIIEHUSI, CEHOKOCHI J10-
CTaTOYHO YETKO Pa3IMYaloTCs MO MPSIMBIM Jelind-
poBouHbIM nipu3HakaM (bapranes u ap., 2016). [1pu
3TOM KapTorpadupoBaHUE CEHOKOCOB, CKOIIIEHHBIX
B HayaJjle Ce30Ha, 110 OMHOMOMEHTHOMY CHUMKY, I10-
JIy4eHHOMY 4epe3 HECKOIbKO HeleJIb ITI0Ce CEHOKO-
ca, SIBJIsIeTCsl MpobyieMaTUYHOM 3a1adeii, Tpedyrolei
3HAHUS KOCBEHHBIX ACIMM(PPOBOYHEBIX ITPU3HAKOB.
B ycnoBusIX 3acylJIMBOro KiuMaTa I0ro-BOCTOYHOM
yacTu Bosrorpanackoit o6ysacTi pacTUTEbHOCTh Ha
CKOIIIEHHBIX yYaCTKaX B OCTABIINIACS IIEPUOJI BEreTa-
MM 9acTO OTpacTaTh He ycrieBaeT. JlaHHBIN (dakT
MOATBEPANJICS B XOJIe CE30HHOTO MOHUTOPUHTA IO -
MEHHBIX JJaHAIadToB B ntose—ceHTs1ope 2021 1 2022 1T.
ITosToMy, 3a O0IIYIO TOTOBYIO CKOIIIEHHYIO TUIOIIAIb
cleayeT MOHUMAaTh OOBEAWHEHHYIO TUIOLIAAb CKO-
IIEHHBIX Y9aCTKOB, IIOJIyYeHHBIX HAa pa3HbIe JaThl.

KaptorpadupoBaHue ceHOKOCOB OCHOBaHO Ha
JIBYX TTIOKa3aTeNIsIX, OMPeAeAIeMbIX IO CITyTHUKOBBIM
n3obpaxkeHusM. Ilpu ckammBaHUM TpaBbI, B YCJIO-
BUSIX 3acCylUIMBOro kKimmara iora Poccuu, crek-
TpaJIbHbIE XapaKTEPUCTUKU CKOILIEHHBIX yJaCTKOB
U3MEHSIOTCS 0 KOHIIA BeTeTallMOHHOTO TIepuoja 1o
CpPaBHCHUIO C HETPOHYTHIMU Jyramu. HauoOoiblme
U3MEHEHUSI TIPU 3TOM HAOIIONAIOTCS B 3HAYEHUSX
KCA (ko3ddumeHT CrieKTpaIbHON SPKOCTH) U MH-
nekca NDVI (puc. 2).

B nunamazone criektpa RGB, cpenHue 3HayeHUs
Ko3(hdUIIMeHTa CHEeKTPaJbHOM SPKOCTHU CKOIIEH-
HBIX YY4aCTKOB OOJIbIIIE, YeM Ha CKOIIICHHBIX ITI03HEE
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(B romyoom Ha 80%, B 3e1eHOM Ha 60%, B KpaCHOM Ha
115%). 1o xomy ce3ona 3HaueHuss KCS crabunmsu-
PYIOTCSI, HO BCE TaK K€ OTJIMYAIOTCS OT HaJaJIbHBIX (B
roryoom Ha 30%, 3enenom Ha 20%, KpacHOM Ha
15%). B 6mkHeM mHMpaKpacHOM KaHalle pa3ImIust
MEXIY CKOIIEHHBIMA 1 He CKOIIeHHBIMU TIIOIIAIST-
MU He TIpeBhIaT 20% 1 TakKe CTabMIN3UPYIOTCI K
KOHILY BeTeTallnH.

3HaueHus1 NDVI Ha cBeXeCKOIIIEeHHBIX yJacTKax
B MIOJIC-aBryCTe HMKe B 2 pas3a, IO CPaBHEHUIO C
y4acTKaMM, CKOIIIEHHBIMM Io3xXe. B ceHTs10pe Ha-
OJIroIaeTCsI OTHOCUTEbHAS CTa0OMIN3alvsI 3HAYSHU I
NDVI, npu 3ToM aMIuidTyaa 3Ha4YeHUA He MpeBbI-
mraeT 30%. 3nHayeHus nHaekca NDWI B uiojie-aBry-
CTe, paccuuMTaHHbIe ¢ momollpio KaHama SWIR2
CITyTHHMKa Sentinel 2 Ha CKOIIIEHHBIX y9acTKaXx BHIIIE,
YyeM Ha CKOIICHHBIX paHee. DTO CBSI3aHO C OoJjee
CWIBHBIM UCITAPEHUEM COXHYIIEH CKOIIIEHHOI TPaBBbI.
3nadyenust NDWI ceHTSI0psT HECKOJILKO HITKE, YEM B
aBrycre. 9TO CBSI3aHO C OoJjiee HU3KMMMU 3allacaMu
BJaru B pacTUTEJILHOCTU K KOHIIy BEreTallMOHHOIO
ce3oHa. YeM 1mo3:ke gaTa cKoca TpaBbl, TEM MEHbIIINE
paznnyus HaOMoJarTCs B cpeaHuX 3HadyeHUsIXx NDWI:
B utojie — 10 220%, aBrycte — 10 110%, B ceHTsI0pe —
g0 70%. HauGonplive auana3soHbl OTKJIOHEHMIA
KC4I Ha cKollIeHHBIX YYaCTKaX BBISIBJIEHBI B KDACHOM
kaHaje. [lepenanbl 3HaUEHU Ha CBEXKECKOIIEHHBIX
yuacTtkax gocturaiot 30—120%. I1pu aToM, HanGOIb-
IIMe aMIUIMTYAbl HaOJIIOMAal0TCS B MIOJIe-aBrycTe, B
MOMEHT HauOOIbIIET0 KOHTPACTUPOBAHUS C BETETH -
pyIolI€eil paCTUTEABHOCTBIO.

2023
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Puc. 2. [Toxazarenu KCS B romyoom (a), 3eeHoM (6), KpacHoM (8), OimkHeM nHdpakpacHOM (2) kKaHamax, NDVI (d) u NDWI
(e), 1 — cenokomenue 10 08.07.2020 1., 2 — ceHokomeHnue B repron 08.07.2020—01.09.2020 r., 3 — ceHOKOIIIEHUE B TIEPHOL

02—21.09.2020 r.

3adukcupoBaTh nosbilieHue 3HaueHU KCS Ha
MPOTSDKEHUN CE30HA MO3BOJISIET CO3MaHNUE CE30HHO-
ro MaKCHMMaJIbHOrO KOoMIIo3uTa. BBeneHue sKkcnepT-
HOTO ITOpOora Mpu 3TOM NO3BOJIMT BbIAEIUTH CEHOKO-
Cbl Ha 3apaHee IOATOTOBJIEHHBIX apeajiax pacnpo-
cTtpaHeHus. Takasi MeTogMKa IOAXOAUT IJIsT MOUM
HEOOJIbIINX PeK, TIe CEHOKOIIEHUE SIBISIETCS JOMU-
HUPYIOLIEN YaCTbIO XO3SMCTBEHHOUN NESATEIbHOCTHU.
Onmnako, nmoiiMeHHBIe JaHamadTel ora Poccnm or-
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JINYAIOTCS BBICOKOI aHTPOITOTeHHOI ITpeoOpa3oBaH-
HOCTBIO, TIOATOMY OTPaxkeHUEe B KpaCHOM KaHaJle I10-
BBIIIAETCSI HE TOIBLKO HAa CEHOKOCAX, HO M AEPKUTCS
Ha BBICOKOM YPOBHE Ha TEPPUTOPUSIX C OTCYTCTBUEM
pPacTUTEIILHOCTU, HAaITpUMep, 00pabdoTaHHONM MalIHu
W APYTUX aHTPOIOTeHHBIX 00bEeKTaxX, JIM00 MaJIoIpOo-
JYKTUBHBIX Y4aCTKOB MOMMBI, KOTOpBIE KpaifHe pe-
KO 3aJIMBAlOTCS B ToJioBoAbe. [1oaToMy, IIst oTCceue-
HUSI TAKUX TEPPUTOPUIL TpeOyeTCsT KOPPEKTUPOBKA C
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IMOMOIIbIO HOPMAJIM30BAHHOTO Pa3HOCTHOTO MHACK-
ca pacturenpbHoct NDVI, 3HaueHus1 koroporo Oy-
JIyT 3HAYMTEJILHO BHIIIE Y CEHOKOCHBIX JIYTOB IIO
CpaBHEHUIO C MAJIOTIPOAYKTUBHBIMU 3eMJISIMU U aH-
TPOTNIOTeHHBIMU OOBEKTAMMU.

Hcnonb3yst ce30HHbIE KOMMO3UTHI MaKCUMallb-
aeIX 3HaueHnt KCS kpacHoro kanana u NDVI mox-
HO JOOUTHCSI TOCTAaTOYHO TOYHOIO BBIACJIICHUS CKa-
IIMBaeMbIX 3a rof Iuiomianeii. Ilpu 3ToM, KaxKmblit
TOMOBOM KOMIIO3UT KJIACCU(MPUIIMPYETCSI COINIACHO
COOTBETCTBYIOIIIEMY 3KCIIEPTHOMY IIOPOTY, OIpee-
JISIEMOMY B 3aBHCHUMOCTHU OT OCOOEHHOCTEN JaHI-
madToB. B ycnoBusx ceBepHoit yactu BAIl misa
KpacHOTO KaHaJjla 3HaYeHHE SKCIEPTHOTO MOpora co-
crasmio 0.09, a mrst NDVI — 0.5. M3-3a ocobeHHO-
creii penbeda Bonrorpamckoit 4acTH MOMMBEIL, IIOCTIE
MMKa IT0JIOBOMAbsS BOJAA 3MI€Ch YXOAUT ITOCTEHEHHO:
CIIepBa B 3aMaJHOM 1 LICHTPAJIbHOI €€ 4acTsIX, CEHO-
KOIIIEHUE 3[eCh HAYMHAETCSI HAMHOTO PaHbIIIe, YeM B
CEBEpPO-BOCTOYHOI M BOCTOUHOM. PasHuiia cocraB-
qsteT 0o 3 Hen. IToaTomy, ce3o0HHBIM KOMIo3uT NDVI
M3 pa3jIMYHBIX MO JaTaM CIIyTHHKOBBIX M300pazke-
HUI MO3BOJISIET 3adMKCUPOBATh 3HAYEHMS 10 CKa-
IIIMBaHUSI, HO TIOCJI€ CXOJa BOMBI.

11 KOppeKTUPOBKU M BBIYMTAHUS apTe(aKTOB
dopmupyeTcss MaKCHMMaJIbHO pa3HooOpa3Hast 0asza
JaHHBIX TPOCTPAHCTBEHHBIX OOBEKTOB HA TEPPUTO-
pUU UCCIeA0BaHM, BKIIOUalolas B ceost mHpopMa-
LIII0 O BOJHBIX 00BbeKTax (MeXXeHHBIEe TaHHBIC), JIeC-
HBIX HACaXICHUSIX, CEIbCKOXO3SIMCTBEHHBIX ITOJISIX
(oOpabaThIBaeMbIX W HEUCIIONb3YEeMBIX), CEIUTEO-
HBIX TeppuTopusax. Habop Takux maHHBIX, HA TEPPU-
TOPUIO MCCIETOBaHUS ObLI TOATOTOBJIECH aBTOPOM B
pamkax paszpadotku web-I'MMC opolraeMbix 3emMellb
Bonro-AxryomHcKoiI1 oMbl Ha TeppuTOopun Bojro-
rpaackoii oonactu (https://ozvap.nextgis.com/). 3to
MO3BOJIUIIO WCKJIIOUUTh AAHHbIE TEPPUTOPUU TIPU
KapTtorpamupoBaHUU CEHOKOCOB.

PE3VYJIBTATbBI 1 UX OBCYXIEHHUE

Hcronb3oBaHue CE30HHOTO MaKCHUMAaJIbHOTO
komrio3uta KCA kpacHoro KkaHaia ¢ moadomupaeMbIM
JIJIST CEHOKOCOB 3KCIIEPTHBIM IIOPOrOM 3HA4YeHUIA C
KOPPEKTUPOBKOII MO MaKCHUMAaJIbHOMY KOMIIO3UTY
NDVI 3a ce30H Mo3BOJMIIO BBIIEIUTH 3a IIEPHO C
2017—2022 rr. 6051€e 20 ThIC. CCHOKOCOB OOIIIEH IJI0-
manbio 75.9 Teic. Ta. Boabillag 4acTh BBIIEJIEHHBIX
MJIOLIAEN COCPEeNOTauMBaETCsI B CEBEPO-BOCTOUYHOM
3aimBaeMoit yvactu Bosrorpanckoii nmoiimel. [Tpenno-
KEHHBIM OAXOH, ITO3BOJISIET BHIASIUTH CKOIICHHBIE
3a CE30H IUIOIIAAM, a TAaKXKE OTACIUTh TEPPUTOPUU,
CKOIIIEHHBIE TOJIOM paHee. Ha CITyTHMKOBBIX M300pa-
XKEHUSIX CBEXECKOIICHHbBIE TEPPUTOPUHU TOCTATOIHO
CUJIBHO KOHTPACTUPYIOT C OKPYKAIOIIeil HECKOIIIEeH-
Hoit MecTHOCTBIO (puc. 3). HeckammBaemasi pacTu-
TEJILHOCTb MOXET OBITh OTHEJIEHAa OT CEHOKOCOB II0
manHbpIM /133 B mepmon, korma ee mokaszarenu KCS
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HamnboJee KOHTpAaCTupyroT € CCEHOKOCaMH, T.C. B
KpaTKHUE CPpOKHU ITOCJIC CKallIMBaHMUsI.

CesonHasa guHamuka NDVI ckaiimBaeMbIX U He
CKalllMBa€MbIX yYaCTKOB CMJIBHO pa3jndacTcs
(puc. 4). s 3a1MBaeMbIX B IIOJIOBOAbE 3€MEIb Xa-
paktepeH MuHuMyM NDVI B KoHIe ampensi—Mmae,
BBI3BaHHEIN CTOSSHUEM BOABI Ha moiiMe. Ha ckamm-
BaeMBbIX y4acTKaX, B OOJILIIMHCTBE CIy4aeB, 3aJIMBa-
€MBIX B IepuoJ nmoJjioBoabs, 3HaueHust NDVI pesko
CHMZKAIOTCS TI0CJIE CKAllMBaHMWsSI U MO XOIy CE30Ha
MOTYT ellle HECKOJILKO pa3 U3MEHSIThCS C pa3HOM aM-
uTynoi. B ycinoBusix Boiaro-AxTtyOMHCKO MOAMBI
B IIpeneiiax ot 25 mo 35 Hed. roga 3TO MOXET OBITh
CBSI3aHO C IIOBTOPHBIM OTpPAacTaHMEM COPHBIX TPaB,
HCIIOJIb30BaHUEM TLIOIIAAeii B KauyecTBe ITacTOWIII.
Ce3onnniii xog KCS B kpacHOM auana3oHe OIS CKO-
IIIEHHBIX YYaCTKOB UMEET ONWH PE3KM1il MOABEM B I1e-
puon nocie ckamubBaHusi. OCOOEHHOCTBIO CKOIIEH-
HBIX IUIOLIAACH 31eCh MOXKHO Ha3BaTh €AMHOPa30BOE
MOBBIIIIEHNE 3HAYSHUI, a TAKXKe NX CTaOWJIbHBIC I10-
KazaTen BbILIE OIPEIEIEHHOIO IKCIIEPTHOIO Iopora
st ux pemmdpupoBanusi. KCS B kpacHoM guarna-
30HE CTAaOMJILHO BBIIIE JUISI HECKOIIEHHBIX ILIOIIA-
JIeil TOJILKO B TOM CJy4yae, eCJIM 3TO SIBJISIETCS] aHTPO-
IIOreHHO-TIPeO0Opa3oBaHHBLIM OOBEKTOM (HOPOTH,
3MaHUsI, 3aCOJIeHHBIe TeppuTopun). B aToM ciyuyae,
koHTpacT 3HaueHuit KCA u NDVI 3ameTHO BhIlIE,
YTO MO3BOJISIET MCIIONL30BaTh 3a(UKCUPOBAHHBIC
MaKCHUMYMBbI B KOMIIO3UTAaX JJISI IIPOBEACHUS NeInd -
pUpOBaHUS U KapTorpadupoBaHUsI.

K oueBUOHBIM HemoCTaTKaM JIaHHOTO MeToaa
KapTorparpoBaHUs MOXHO OTHECTH OIIMOOYHOE
BBIACICHUE PEAMH U IIPOTrajioB B JIECHBIX MAaCCUBaX HA
necyaHbIX moyBax. B nanHoM ciayyae KCA kpacHoro
KaHajla B TAKMX MECTaxX I10 MaKCUMAaJIbHOMY KOMIIO-
3UTy HAaXOOUTCS HA YPOBHE CBEXKECKOILIEHHOM pacTh-
TEJILHOCTH, a TTOJICTUJIAIONIasl TIOBEPXHOCTH IA€T CTa-
ounbHO BbICOKMe Tokaszartenau NDVI. Takue apre-
¢haKThl MOTYT YAAISITHCS C IOMOIIBIO MACKM JIECHOI
PaCTUTEILHOCTH, [Je MACCHBHI Jieca BbIACICHBI ea1-
HBIM 3aII0JIHEHHBIM ITouroHoMm. Eme omHuM Hemo-
CTaTKOM CITOCO0a MOKHO BBIICIUTH OLIMOOYHOE BbI-
JeJeHre NpuOpeKHON BOOAHO-00JOTHOM pacTUTEIb-
HOCTH, KOTOpasi UMeeT BhICOKME TOOBbIC 3HAUCHMUSI,
kak 1 KCH, rak m NDVI. Pemenuem 3Toit ripo0ire-
Mbl MOTJIa Obl CTaTh Macka Mo Oydepy OT BOMHBIX
00bekTOB. OOgHAKO, TpaHUILI MHOTMX CEHOKOCOB
IIPOXOIAT BIUIOTHYIO K BOTHBIM OOBEKTaM, a YPOBHU
BOJIbI B T€UCHHE CE30HA HAXOASITCSI B MOCTOSTHHOM
muHamuke. IlosToMy, co3maHue yHUBEpCAIbHOM
Macku 1 puabTpaliy aptedakToB OeperoBBIX
KOMILJIEKCOB 3aTPYIHEHO W He SIBJISIETCS 1IEJ1eCO00-
pa3HBIM.

CrenyeTr 3aMETUTh, YTO KOJIMYECTBO TAaKUX apTe-
¢$aKTOB HE CTOJIb BEJIUKO, O0IIIas TUIOIIAIb BPYIHYIO
yaaJIeHHBIX apTedakToB He IpeBbIaeT 5%, 4To sB-
JIIeTCSI BBICOKOII TOYHOCTBIO KapTorpadupoBaHUS
(XneonukoBa, OnpuroBa, 2017).
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Puc. 3. [Ipumep BblneaeHUs] CECHOKOCOB Ha OCHOBE NPENJIOKEHHOTO noaxona (a — ucxonHbslit RGB koMno3ut; 6 — KOMIO3UT
MaKcHMaJibHOTO ce30HHOTO NDVI: I — rpaHulibl BBIIEICHHBIX CEHOKOCOB, 11 — mHTepniperanus 3HaueHunii NDVI; ¢ — komrio-
3uT MakcumaiabHoro KCS B kpacHoM KaHasie: | — rpaHUIIBI BBIAEIEHHBIX CEHOKOCOB, 11 — nHTepnperauus 3nayeHuit KCA;

2 — BBIJICJICHHbIC IJIOIaan CCHOKOCOB).

Exeromno, B mipemenax Bonrorpagckoit yactu
Bonro-AxryomHCKOI MOMMBI, CKallIMBAETCSI B Cpell-
HeM 12 TrIC. Ta (8 %) TeppuTOPUH, TIPH TOM OOJTBIIAsT
YacTh IUIOIIANEH CKAlllMBAeTCsl B aBryCTe-CEHTSIOpe
(6onee 65% mnnomaneit). JlMHaMUKa TOOOBBIX ILJIO-
1Ianeii CCHOKOCOB MaJio 3aBUCUT HAIPSIMYIO OT KJIU-
MATUYECKHUX U TUAPOJIOTNYeCcKUX (pakTopoB. Boib-
1lIee BJIMSIHHME Ha TTOKOC UMEeT CIIPOC Ha CEHO B TOT
VIV WHOM TOM, KOTOPBIA 3aBUCUT OT ITOTOJIOBbSI CKO-
Ta U TPOAYKTUBHOCTU 30HAJIBHBIX MACTOUIL, KOTO-
pasi cBsI3aHa C KOJIMYEeCTBOM OCaaKoB. [umpoioruye-
cKue (pakTophl Ke BIUSIOT OOJbIIIe HA TAaTy CEHOKO-
meHus. Takum o6pa3om, oOIIre TOAOBbIE TUIOIIAAN
ceHokocoB B iepuoz ¢ 2017 mo 2019 r. He npeBbIIAIN
cpennme 3HadeHus (7.6 Twic. Ta; 8.3 THIC. Ta; 7.0 ra.
cooTBeTCTBeHHO). 3acyxa 2020 r. (IIlmHkapeHKo.,
bapranes, 2020a), mangemuss COVID-19, orcyt-
CTBHE HOBBIX IUJIOLIANOK IJisI TOPTOBIM W 3aKYIKU
KOPMOBOi1 6a3bl CUJILHO MOBBICUJIU 3aTPOCHI XKUBOT-
HOBOIOB B ceHo3arotoBke. B 2020 r. muromaas ceHO-
KOCOB CTaJla cCaMO¥ OOJIBIIION 3a BeCh MepUo/, HabI10-
IeHWsT B JaHHOM wucciiemoBanum (19.3 Twic. ra).
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B 2021 n 2022 1T. TaKXe OTIIMYAINCH 3HAYNTEITLHBI-
MU CKOIIIEHHBIMU TuIommansam (16.3 Teic. Ta; 15.4 ThIC. Ta
COOTBEeTCTBEHHO). OCHOBHBIE TUIONIAAN JOKAIIMBA-
IOTCS B aBTyCTe—CEHTIOpe, a KOHLIEHTPALIUS HOBBIX
cKoleHHBIX Tutommaneii B 2020—2022 rr., TeppuTOpH-
aJTbHO TIpUypOYeHa K ILIEHTPaJbHOI YacTU ITOMMBEL.
Takke 3TOT (PaKT MOXHO CBSI3aTh C CTPOUTEIHLCTBOM
I'TC na Bonmotokax (IlaBioBa, 2022) u peryiaupoBa-
HHMU CTOKAa M PACYMCTKU TaKMX €pUKOB Kak: CTaphlii
Kammpun, Cymomoiika, Bepomon, ITpopan, dymapes.
JrHaMuKa MOBTOPSIEMOCTH CKAIlIMBaHUS 3a 6 JieT
moKasbIBaeT (puc. 5, 6), 4To yallle BCEro IUIOIaan
CKallMBaIOTCa earHOXAbl (13 TeIC. Ta.). DTO TOI-
TBEPKIACT TMPEAINOJoXKeHNe O TOM, UTO HEOOXOaU-
MOCTb B 3amacax CeHa IIpOTHO3UPOBAThCSI HE MOXET U
3aBHUCHUT OT (paKTOPOB Ha MPOTSKEHUU Ce30HA.

OO6i11asg KocuMasl IUIolaab 3a 6 JIET cocTaBuUja
33.8 trIC. Ta. I1pu 3TOM, IUIOIIAAL €AMHOXKIBI CKO-
IIEHHBIX yJacTKoB coctaBmia 13.2 teic. ra. Ilpo-
CTPAHCTBEHHOE PaCIOJIOXKEHME €IUHOXKIBI CKOIIICH-
HBIX YYaCTKOB IIPU 3TOM KOHIIEHTPUPYETCS B 3aItaj-
HBIX W IOTO-3amagHBbIX paiioHax TOWMBI, BOJW3H
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Puc. 4. Ce3onnas nunamuka NDVI (a) u KC4 B kpacHoMm nuamnasone (6) mist ckamBaeMbix (I—111) u He ckammmBaeMbIX y9acT-

KoB (IV-VI).

HaceJIeHHBIX IMyHKTOB. Hanbomnee yacrast moBTopsie-
MOCTh CKaIlllUBaHUSI TeppUTOpuii (0T 4 1o 6 JeT) J1o-
KaJIM3yeTCsl Ha TEPPUTOPUSIX, HAXOMISIIIIUXCS B CTOPO-
HE OT CEJIbCKOXO3SMCTBEHHBIX MOJEH, U TIPU 3TOM,
BOJIM3M K HACEJIeHHBIM MTyHKTaM U TOCTYITHbBIM TOPO-
ram U rneperpasaM dyepe3 p. Axtyda. Takue Tepputo-
pun HabmomaloTces B paiioHe 1oc. Kyitosmmes (10 km
OT aBTOMOOUJIBHOTO MOCTa uyepe3 AXTyOy), IoXHee T.
JlenuHck (7 KM OT aBTOMOOMJILHOTO MOCTa yepe3 AX-
TyOy), B paitoHe noc. LlapeB (3 XM OT ITapoMHOI1 T1e-
perpasbl), a Takxke B Mexaypeube Bonaru u Crapoii
AXTyOBI (10 3 KM OT TpaBUIHO-TIECUYaHOIi 1aMOBbI Jle-
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HuHCK-Kapiiesutoe). Takke Ha pacripeaeieHue ce-
HOKOCOB MOTYT BJIUSITh PEryJsipHble JaHAIahTHHIE
noxapsl (Illuakapenko u ap., 2022), 4Tto TpedyeT
MMPOBEIEHMS JOMTOTHUTEIBHBIX MCCIICTOBAHMIA.

AHaJM3 pa3sMEePHBIX KJIACCOB CEHOKOCOB MOKa3all,
YTO OOJBIIMHCTBO CKOIIEHHBIX ILIONIaneil (0KOoJIo
40% rogoBOro ckoca) MMEIOT momanb ot 1 go 10 ra.
DTO CBSI3aHO KaK C MPUPOIHBIMHU YCIIOBUSMU (pac-
YJIeHEeHHOCTBh ITPOTOKAMMU U TPUBAMU, JICCHBIMU Mac-
CUBaMU 1 BOAOEMaMM ), a TaKXKe C BOSMOXHBIM pa3ou-
€HUEM eIUHBIX CEHOKOCHBIX YJACTKOB IIPU BBIICJICHUI
Ha Oojiee MeJKUE BPEMEHHBIMM WM TOCTOSTHHBIMU
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Puc. 5. I[ToBropsiemocTh ceHokoleHuit B nepuon 2017—2022 rr: I — nmoBTropsieMmocTh ckoca (ot I 1o 6 pa3); I — agmMuHucTpa-

TUBHBIe rpaHulibl; 11 — mamrHm; IV — Tepputopry HaceJleHHBIX TYHKTOB; V — JiecHbIe HacaxneHus; VI — BogHbIe 0OBEKTHI
(MeXXeHHbIEC JaHHBbIE).
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CKalllMBaHUsI TEPPUTOPUIA.
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79



80 BACUJIIBYEHKO

TPYHTOBBIMU HoporaMu. KonmdecTBo CEHOKOCOB 00-
Jiee BICOKOM TUTOIaau (pUKCUpyeTcs B TOIbI C 60JIb-
IIXMU OOIIMMU IIoIIAaAsIMuU cKoca. Hanbonee Kpym-
HBIE TIPY 3TOM CEHOKOCHI 3apMKcUpoBaHbl B 2022 T.
(6onee 100 ra, 30% romoBoii rtoianu). CBs3aHO 3TO
C HEMOJHOTOM CITYTHMKOBBIX JAHHBIX (BBICOKAsI 00-
JIAYHOCTh B CEHTSIOpPEe—OKTSIOpe), YTO HE MO3BOJIUIO
BBIAEIUTH OOJBIIMHCTBO CEHOKOCHBIX TOPOT.

SAKJIIOYEHHME

INpemyioxxeH HOBBIA METOI KapTorpadupoBaHUs
CEHOKOCOB Ha OCHOBE KOMIIO3MTa MaKCHUMAaJIbHBIX
3HAYCHU N KOPPUIINECHTA CITIEKTPAILHOMN IPKOCTHU B
KpaCcHOM KaHaJle 3a BereTallMOHHBIN CE30H C KOPPEeK-
TUPOBKOI1 10 MakKcuMaJbHBIM 3HaueHussiM NDVI 3a
ce30H. BhIsIBIeHBI 3aKOHOMEPHOCTH U3MEHEHUSI T10-
kazateneit KCS B kpacHoMm kaHasie 1 NDVI Ha cko-
IIIEHHBIX 1 HE CKOIIEHHBIX Y4acTKaX, Ieperambl KO-
TOPBIX MOrYT gocturarb no 120% ot 3HadyeHui
HECKOIIIEHHbBIX TUIOIIAICIH.

B pesynpraTe nccienoBaHuii OBIJIO YCTAHOBICHO,
4yTO B Ipenenax Boiro-AXTyOMHCKOI TOWMBI Ha Tep-
putopuu Bosrorpaackoii o6jacTu €XerogHo cKa-
HIBaeTcst okosio 8% Teppuropuu. [1pu 3ToMm, 3a mo-
caemHUe 6 JIeT HabIoaaeTCs TeHISHIINS YBETMIeHUS
KakK OOIIMX TOJOBBIX CKOILIEHHBIX IUIOIIAAEH, TaK 1
ionaaein ceHokocoB. [Ipu 3ToM, 3aKOHOMEPHOCTH
MOBBIIIIEHUSI CKOCA 3aBUCST, B OCHOBHOM, OT 3aMpo-
COB XXMBOTHOBOJIOB. BbISIBJIEHO, YTO OCHOBHBIE €Xe-
TOJHO CKalllMBaeMble IUIOLIANU KOHILIEHTPUPYIOTCH
BOKPYT 00BEKTOB UH(PPACTPYKTYPhI: OJMXKE K OTpe-
OUTEJISIM U TPAHCHIOPTHBIM ITYTSIM.

NCTOYHUK OMHAHCUPOBAHUSA

Pa6ora BeinonHeHa B pamkax [oczaganus @HII arpo-
skojjorun PAH NeNe 122020100311-3, 122020100405-9 u
122020100406-6
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Hayfields Mapping in the Floodplain Landscapes of Southern Russia
Based on Multi-Temporal Sentinel-2 Data

A. A. Vasilchenko

Federal scientific center of agroecology, complex meliorations and agroforestry of RAS, Volgograd, Russia

The paper proposes a new method for mapping hayfields in floodplain landscapes based on the use of multi-
temporal spectral-zonal data of remote sensing of the Earth (ERS) of high spatial resolution (Sentinel-2) us-
ing an expert threshold of SBC (spectral brightness coefficient) in the red channel (the maximum composite
of values for the vegetation period). period) for freshly cut vegetation adjusted for the values of the maximum
composite for the growing season of the NDVI index (Normalized Difference Vegetation Index). The regu-
larities of changes in the values of SBC in the sloping and non-sloped territories in the RGB, NIR channels,
as well as the values of the NDVI and NDWI indices were revealed. The mapping of annual sloping areas
within the Volga-Akhtuba floodplain in the territory of the Volgograd region was carried out. Here, an aver-
age of 12 thousand hectares (8%) of the territory is mowed annually, while most of the area is mowed in Au-
gust-September (more than 65% of the area). Most sloping areas have an area of 1 to 10 ha. At the same time,
over the past 6 years, there has been a tendency to increase both the total annual mowed areas and the areas
of hayfields. It was revealed that the main annually mowed areas are concentrated around infrastructure fa-
cilities: closer to consumers and transport routes.

Keywords: haymaking, spectral brightness coefficient, Volga-Akhtuba floodplain, remote sensing, Sentinel-2,

NDVI
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