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Ha ocnosanuu cobcmeenuvix IKCnepUMeHmdalbHblx UCCIEO0BAHUL 6bINOIHEH AHAIU3 Sd)dJeKmZJG‘HOCWlu UCNOJIb306AHUA
OQHHBIX ()quaHquHHOZO 30H()upoeaﬂu}z ons OYEHKU npodykmueﬂocmu 03UMOUL NUWEHUYbL 6 YCI1068UAX }I(MWIOMupCKOZO Tonecws.
Paspaboman  aneopumm npumenenus memooos OUCMAHYUOHHO20 30HOUPOSAHUS O NPOSHOZUPOBAHUS YPONCAUHOCIU,
npebycmampu@aromuﬁ onpede/zeyue 63AUMOCBA3U Me[)f(,‘ay OHepeemudecKumu napamvempamu MHO2OCNeKmpalbHblX CHUMKOE U
npoaykmusﬁocmbio 03UMOUL NULeHUYbL HA PA3HBLX MUNAx noye. 9Kcnepumenmaﬂbuble uccne008anus }’lpOGQ@EHbl C npumeHeHuem
NONEeBbIX U KAMEPATbHBIX MEeMOo008 ¢ Nociedyrouelti Cmamucmuieckol o6pabomkoll pe3yibmamos, uUx 2eouHpOpMayuoHHbIM
aHATU30M U NpeodcmasienueM 8 Guoe Kapm, CO30AHHBIX MemoOOM KoauuecmeeHHoz2o ¢oua. Ilomyuenvl @yHKyuoHanvHvIE
3asucumocmu ME[)!C()y ypOO{CCIﬁHOCWlb}O 3€epHa U coJIoMbl 03UMOU nweHuysvl U ompaofca}omeﬁ cnocobHoCcmvio CHEeKMpO30HAIbHbLX
PAacmposvix U300padCeHUll U 8e2eMAyUOHHbIX UHOeKco8. Ycmanosneno nanuuue evicokux (r=0,82—0,90) xoaghpuyuenmos
Koppensyuu Mexncoy GeluduHol ompasicarowjell cnocobrnocmu 0ns kawanog 11, 12, eecemayuonnozco undexca NDSI u
VDOXUCAUHOCMBIO OCHOBHOU U NOOOYHOU NPOOYKYuu 03umol nuteHuysl. [Ipakmuueckoe 3HaueHue pe3yibmamos Uccied08aHuUll
3akiarnuaemcs epas'pa60ml<e mexHoJocuu ()ucmaHquHHozo 30H@up08(l/—luﬂ npodykmueﬁocmu 03UMOUL nuweHuybl Ha meppumopuu
€ MO3AUYECKUM HEOOHOPOOHBIM HOYGEHHBIM NOKPOBOM C UCNOAb308aHUeM obuedocmyntblx becniamubix cyen Sentinel-24 MSI
L1C u oynencopcroeo npocpammuozo obecneuwerus QGIS.

Knroueevie cnosa: 0ucmaﬁuu0HHoe SOHOMPOGCIHHQ, npodykmueHocmb, o3umas nuieHuya, npocHosupoedaHue, OyeHkd,
mo4YHOCmb.

On the basis of our own experimental studies, we have conducted analysis of the effectiveness of remote sensing data use to
evaluate the productivity of winter wheat in Zhytomyr Polesia. An algorithm for applying remote sensing methods for forecasting
yields has been developed, which provides for the determination of relationship between the energy parameters of multispectral
shots and winter wheat productivity on different types of soils. Experimental studies were carried out using field and cameral
methods with subsequent statistical processing of results, their geo-information analysis and representation in the form of maps
created by the quantitative background method. We have obtained functional dependencies between the yield of grain and straw
of winter wheat and the reflective capacity of spectrozonal raster images and vegetative indices. We have established the
presence of high (r = 0.82-0.90) correlation coefficients between the reflectivity for channels 11, 12, the NDSI vegetation index
and the yield of the main and secondary production of winter wheat. The practical significance of research results is the
development of technology for remote sensing of winter wheat productivity in a territory with a mosaic heterogeneous soil cover
using the free public scenes Sentinel-2A MSI L1C and open source software QGIS.

Key words: remote sensing, productivity, winter wheat, forecasting, estimation, accuracy.
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>bklZgpbhggh_ ihemqg_gb_ ~Zgguo h[ h[t_fZok_gede difgditay bklif\Z Igkg
dmevimpkikhevah\Zgbmfgbdh\uo kgbfdh\ y\ey Iky gzZb[he__ wdhghfb
f_lh~hfz]pfhgblhjbg]gbdez”~gh_ agZqg_gb_ hp_gdb ijkHklhywjhyxzgby
mjh Zcghklb k_eoikldhghpay dmeuwimg_gh \ jyr_ fh™magZb gZpbhgZevg
ijh]jZff13, 23]. < MdjzZzbg_ kbkl_fZ fhgblhjbg]Z khklhygby k_evkdhohay
ijhlghabjh\Zomlhlg Zcghklb gZ hkgh\_ kimlgbdh\uolu®Zglkwyo \jZ&jfdi[Zo
ijh]jzffu ©:wjhdhkfbq_&Adb_fdu_ gZ[ex”_gby \ bgl_j_kZo mklhcqgb\h
[_ahizkghklb2 *(28% nhjfbjm_fhgbxh kh\f_klgh]h azZzk_~Zgby 1j_
GZpbhgzZevghc zZdz~_fbb gZmd MdjZbgu GIpGIVgZ v ghhle e dditkiitb q_ k
Z]_glklI\Z MdjZbgu GD:M HI5]
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Bkoh”y ba Iflfhiehsz”b ihk_\h\ a_jgh\uo dmevlimyjgh Md|ztbg) b\iZzikilk
[7, hkh[mx agZgbfhklv ijbh[j_1Z_| jzZajzZ[hldZ Ze]lhjblfz dzZq_klI\_g
"bZ]lghk\Zjgby mjh Zcghhklb jgzb khehfuH”rgzZzdhzZz glhgghklv ijh\_~_gt
"bklZgpbhgthZhgbjki\Zgb\yeby p_euc jhaft_dlib\guo b km[t_dBRdido
hij " eyxomjh Zcghkhe beb bghevkdhohayckl\_gghc dmevimju g _t
ihg\_ggh]lh ihdjdZ ggb\hkléfZlly_kdbo mkephdbebgbywhn_dlib\ghklb
ijbf_gy_fud]jhl_oghel]bklejlmckljmdlmijhk_\hBkoh”y ba wdHElbl a&vgh_
dhebqg_kl\h bkke_"bNZ22 @_ocndZau\Z_| gdbfhklh[gB4ajZ[hldb dhfie_dk
ijhl]ghaguo fh”_e_ ¢ mghlbuilidxgsbob” a_ fe ih#&vmh\ jZaghh[jZab_ dme
debfZlbg_kdb_ mkedXdhemq_gb_ 1Zdbo fh~_e_c ij_"ihez]zZ_I| keh
dhjj_dlgh]lh bgl_]jbjh\Zgby jZaghdzZq_klI\_gguo "Zgghliblh dihhjuc \
ijb\_klIb d kgb _gbx Ihgghklb “bkhgdmhingoddy B h[_kp lb\Egb
diiie_dkghklb

lh gzZr_fm fg_gbx ”"ey dZq_kl\_gghc jZbkiZylghh glgh]ebr*bZ]lghklbjh
mjh Zcghklb habfhc ir_gbpu g_h[oh”bfh gq_Idh ihgbfZlv oZjzZddyj __
Zlpwdheh]bg_kdbo mkeh\bclh@khéflkjkd hl Zdbdbhjzfke ~m_| kqgblzlv Ik
ihg\_&¢hihdjhd ihkdhevdm kms_kI\m_I [hevrZy _{hk HfiljlanZikd jgndlimn j
ihk_\hYjbg_f dnhjfZzpby h kikjkhjmdImijhk_\h\ fh" | [ulv bkihevah\Zg.
"hihegbl _evgZggypxsdh \ kegndggdoh” bfhklb ihemq _gby ~Zgguo h gZdh
khehfu <uy\blv dkbgEnblv wib nadihmqtlvg_klI\_gmguxZ”_"gylkk]gha
\hafh ghilkihsvxkimlgih\uo kgbfdh\ktkdbf jZzaj_r_ghZzdh\ufb y\eyxlky kp_
Sentinel-2A.

<hijhkzZhip_gdb whnghklb bkihevah\Zgby ~Zgguo ~bklZgpbhggh]h
ijhjghaz mjh Zcghklb k_evkdhohayckl\_gguo dmevimj ihk\ys_g p_e
hl _ql\kgguo 1Zd b azjm[_"g@8d kglhdwyrgbc » gv fgh]bf blokeZéhkZ!|
jZajal[zlv kh\{kdgu_ ijh]Jghagu_ fh” _eb mjh Zcghklb dmevimj mqgblu
ehdZevgu_ mkeh\by nhjfbjh\Zgby ijh"mdlb\ghklb dhlhju_ h[_ki_qt
Ilhgghklv hi_@¢byhgzdh gb h~gzZ ba ij_"eh’_gguo fh”*_e_c g_ fh _lI
ij I _g~rh\zZlv bHXjkidgvghldeey hij_ ~ e gby mjh Zcghkbbldimevbhh)zZgb -
"NZgguo “bklZgpbhgdpihzgdbhpkihevamxl g_kdhevdh ijbgpbibZevguo
"bZ]lghklbjh\Zgb_ mjh ZcghklbvghckbgnhjfZpbb \ hij_~_e_ggu_ wlZil
\ ] IZpbb dmé&elmj hkljh_gbhlghaguo fh*_ e cghkhitz "Zgguf ihe_\uo
baf_j _gbc gZ jZaguo wlZiZzo hjliighl _lgkid2 véimeddb f f_Ih~h\ Ziijhdk
[17, 26] hp_gdm ijh"mdlb\ghklb nblhfiakklkl\k ggwukad hdmevimj k bkiheve
\ ] IZpbhggg®d dkh\ ihemqg_gguo \ oh”_ dhf[bgZpbb jZaebqguo Ki
kimlgbdh\uo[8kiD, 1§, 22 b *]

< qZklghklb bkke_~h\Z3b®@o h[gZjglj_g~ \_]_IZpbhggh]h bg”*_dkz '
highr_glzZgzZeh\ fgh]lhki_dljZevguo kgbfdh\ /DQGWRWfhEO0 irh giph z
<ZjbZpby mjh Z \ gZ mjh\g_ fZeh]h ohaycklI\Z n_jfu gZ khleZzZl
"Zgghln] 1Zpbhggtihdkz b Z]jhf_I_hjhetdpmghjidpblic ~Zggu6],>
\_ebgbg@dmfmeypbb Z[khexlgh kmmolhfAklgZkl\Z hykgykywgZq_gbyfb
bg”r_dkz 1'9, Ihijhg\dggli ih]h*gu_ nzZdlhja\éhiiddek| Zevgu_ j_]j_kkbb

>hklZlhggh bgnhjfZlb\guf hdzZazZeky ih”oh” d ihkljh_gbx dhjj_e\
fhr_e_c mjh Zcghklb a_jgh\uo dmevimj gZ hkghdh kjmighfdhXap kgdlhd
02',6 12%% $9+55 6327 k bkihevah\zZgb_f mkj_"g_gguo ~Zgguo m
hi”_evghleZkl_c b ijh\bxygbxs 12@ JZkkqgblZggu_ \_ebgbgu bg”_dkzZ
khl]eZkh\u\Zebkyv k mjh Zcghklvx k_evkdhwojhay¢kh¥ngsgkd\ _dygk
ir_gbpu habfhc q@as iBa_khkl_ib b Kl_ib4M@ zZbyu i>kljhlZ ihg\_ggh]h i
g_agZqgbl_evgz Ijb wlhf fZdkbfZevgu_ agZq_gby bg”~_dkZ [ueb ijk
NZ1Zf \_]_lzBeBbhevah\Zgb_ gZ dZrlig\ghéddriZgh\uo ihgq\Zo kj_"g_]
\_]_IZpbhgguc i_jbh” habfhg'irdlghbplildhd  h[_ki_qbeh m~h\e_I\hjbl_e
j_amevliZlu j_]j_kkbhgghc dZ0p&{dnklb 5

ljhlgha mjh Zcghklb hkgbhkZiygwah9gZgby kgbfdh\ kbgopkatzalyjib Z g
jZa\blby ir_gbpu yjh\hc gZ km]Jebgbkluo b kmi_kgZguo ihg\Zo k mc
hk®h\ ~hdzZaZe ~hklzZlhggh_ h[hkgh\ZgghRkRdhijh hgh ad ph gaikpy >
lhohbc ih*ohd**bzZ]lghklbdjh Zy habfhc ir_gbpu gZ ihg\Zahigthloh”g
ljZ\h[_j_"gh]h Ky E_khkl M@djZbdubkzZly \ jZ[h6@ KmffZjguc 1'9, a



hi* _evgu_ i_jbh~u halZg kjehrghc k_|Ib dhgdj l\gdagahajykku\ihalhet
ihemgblv j_]j_kkbhggmx *40)687. ev bekk® ~h\Zgbyo dblZck[dh@ m&d guo
bkihevakYyZdetoh” k kmffbjh\ZdkbbfZ &Zgh]h bg~_dkz 1'9, \ ij_~_eZo hij
i_jbh~rh\ jhklZ jzZzkl_jghbeomevizZl_ giffengedbg Z¢g_]j _kkbBggijh]lghagzZy
fhr _ev gZ mjh\g_ ijh\bgpbc DGJ

< jZ[hl22]>jb ijh]ghabjh\ZngjthbZy gZ mjh\g_ jZchgh\ bkihevah\Ze
\_]_IBpggu_ bg”_idkamqg_ggu_ dhf[bgzZplaykb jbg_dhkfbg_kdbo kgbfdh\
12$$ $9+55 1hkljh_ggZy gZ hkgh\_ dhfie_dkzZ ~Zgguo fh”_ev f_ | _|
kiZIbklkdb_ ~Zggu_ \ |j_afmhdviZ gghc\@ghkkZpbb h[_ki_gbeZ hlghkb!
ihlj_rghklv baf_j _gbclhoh bc ih”oh” [ue j_Zebah\zZg ijb jZajz[hld_
hij_~_e_gby aghtklb \ Mdjzbg_ BB, 15@GIBkihevah\Zgb_ jZaebqguo \_]_
bg”"_dkhXkkgblzggummkgh\_ 5HG ,QIUD 5HG b 6:,5 "bZiZahgh\ h[_ki_
mjh Zy ir_gbpu gZ mjhYakhbZy Ihqghklv ijh]ghabyh\Zgdygg&Z]h g_"_ev
"h ml[hjdmevIimijudZazeZ p_e_khh[jZaghklv ijbf_g_gby [10]d H HFglh]h i
dhdj lgzZy ijbmjhg_gghklgbijyhihe \uo dafihl~ e fggWwlznhj]l]Zgh] g _aZz
jZkl_gbc k\b” | _evkl\m_| ebrv h kha”rZgbb khhl\_IklI\mxsbo mkeh\bc
\_ebgb@giZlthchdZazZezZkv ijhihjpbhgZevghkilhjzred|bhghhlglZ xthf_ghjkg
mjh Zy

Mgblu\Zy \ur_kdZavihely_gtbkke "~h&ZgpZijZz\e_gguo gZ kha”zZgb_ ijt
fh_e mjh Zcghklb habfhc krbgbpawvah\Zgb_f "Zgguo “bklZgpbhggh]h
nmke h\byo keh ghc kljmdImju ihqg\_@ythlhfbijikadljlh\iZ 1hig_%kkhZ\ey | kh[hc
\Zgmx gZmqggmx jaZ*dlgxmdhlhjhc b ihk\ys gZ.~"ZggZy jZ[hlZ

>ey'hklb  _gby Ipkledo ~h\Zgbc [ueb ihklZ\e_gu ke mgbtebZyaiZ}Zfiblju
kp_gzZjbih\g\_go Zj_ZemklZgh\blv o0zZjzdl_j azZ\bkbfhklb yjdhklguo
dzZgeh\ kpSengtimel-2A hl ihe_\hc mjh Zcghklb a_jgZ b khehfuzZegi{ihtziv_g
fh” whij_ ~ e _gby mjh Zcghklb habfhdkrhgbphiZzgb f "Zgguo ~bklZg
ahg”bjh\Zzgbmkeh\byo keh ' ghc kljmdimju ihq\ @lylh]ftbjlhdjiM&_kvy
MdjZbgu

OcHoBHasl 4acTh

Bkke_"h\Zgby \uihegyebkv gZ |I|_jjblhjbb ;jmkbeh\kdh]h jZchgZz
MdpgZgZ a_feyo HHH]ER 12Z Hkh\pu kK b f \N gZ iehs23
12 >ZggzZyjjblhjbyZkiheh \gg_"~_eZo @blhfbjilheh]kvy gz ]jZgbp_ k a
E _khkl_ib MdjZbgu b hlebgZ |kyibhkdegght¢ @vighghjhflghkklvx
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< 1Z[e ijb\_"~_&4_"_gby h dhebq_kI\_ lhq_d gZ[ex”_gbc jZkiheh"
Zj_Zeh\ jzZkijhkljzg_gby Ibih\ ihg\ \u”_e_ggWNaOibitd&HAkk\bnkidhxtsi f
Zljhijoh~kI\_gguf ]jmiizZf ipmdyluf MdjZbogh \j_fy dhhj*bgbjh\Zgby II



hi[hjz jBlklevguo h[jZaph\ bkihevah\Zeky ijb[hj, #dhéhjudLPEOH 5
gZ\b]Zpbhgghc kt_fdb\zh[ "binrgbj gpbZevgmx Ilhgghklv :$3$6 (*126
]_hljznbg_kdhc kbkl_f_ dhhj*bgzl :*6 mgb\_jkZevgZy ijh_dpby F_

Ilhe_\u_ bkke_"hdZydgyebkmZagZklmie _idleyghc ki_elh&bbhiac_gbpu
khjl®;h]rz¢z¢ ~_dz~"Z Z\Imkldij_~mmkfZljb\Zldbj jZklbl_evguo H[jZapl
khhI\1\kb k j_dhf_g~ZllbydbZ>hc lhgd[ex” gbdehsZ”b? \ tdjZlghc
ih\lhjghkkbaZe2kyyZa_fgzZy fZkkzZ ir lgkhduyZzgguo h[jZapZo k \e& ghklyv
hij_ ~ eyebkv fZkkzZ a_j#2Z]b khehfu >

L Z [ e b i.ZHomenk1aTypa Mo4YB B Npeaeax ucciaegyeMoil TEPPUTOPUH U KOJIMYECTBO TOUEK HAGTIONeHUIT

GZa\Zgb_ b rbnj ihg\u Dhebq_k

GZzalzZgb_ b rbnj Z]jhijhba\h~kI\_gghc Jjmiiu ih dezkkbnbdZpbb )$2 lhq d
K\_lek_ju_ b k_ju_ hih*ahe_ggu_ kmi_kqgZg¢ Eutric podzoluvisols (Pde) 15
K\_lek_ju_ b k_ju_ e_]Jdhkm]ebgbklu_ hih”at Gleic Greyzems (GRg) 4
ihg\u ] Yy g
L_fgk_ju_ e_]Jdhkm]ebgbklu_ hih~ahe_ggu .
hih~atgu ih\ joghklgh \Zlu_ ] Haplic Greyzems (GRh) 4
L_fgk_ju_ e_]Jdhkm]ebgbklu_ hih~ahe_ggu .
hih~atlggu ih\ joghllelgmu ] Haplic Greyzems (GRh) 6
K\_lek_ju_ b k_ju_ hih\"ahe_ggu]_egmiZ_Iqu_Zigm Gleic Greyzems (GRg) f
>-johimranebkiu_ b iRSANGBRLL kmi_KaZou ] yic podzoluvisols () #
> _jghlithrahebklu_ b ih®ahjgthRuh kiyakodZ gu | . .
ih\ gghklgle \Zlu ihg\u [ Eutric podzoluvisols (Pde) f
> _jghiitn*ahebklu_ b ih2ahjghRlh kmi_kqZd . .
ih\ jogllghle \Zlu_ ihq\u \ Eutric podzoluvisols (Pde) =
Em]hYhehlgu_ be&hhgu_ b lhjnalherhgu_ .
g hknggu ihg\u Mollic Gleysols (GLm) =
> _jgh\u_ e_Jldhkm]édmgbkdb__ Je__\u_ ihg\y Eutric Planosols (PLe) #

hih~alggu_ jZaghklb ]
gZ[ex”_gby \uihegyebkv Ihevdh \ ij_~_eZo Zj_Zeh\ gZb[he__ jZkijhkljZg_gguo ihqg\
Fmevibki_dljZevgZgentipl- gZMSI LIC k jZ~bhf_ljbgq_kdbf jzZaj_r_gb_
[bl ibdk_ev b ijhkljZgkI\_gguf jzaj fripbk fev bkihevam_fZy \ dZq_k
"bklZgpbhggh]h ahglfbhpgidZhleynqg gHjioBaimlgbdh\uo *Zgguo 86*6 (526
&HQWHU =kchayhkegm [Z ¢kRah”ys_Jhky \ k\h[hAghZ[®hkImi_

L Z [ e b p.ZXapakrepucTinka MyJbTHCIEKTPAILHO# cuensl Sentinel-2A MSI L1C

GZa\Zgb_ kp_gu S2A_OPER_MSI_LIC_TL _MPS_ 20170804T111320_A011058_T35UPR
>ZI1Z b \] fy kt_fdb ]
JZ"bhf _ljbq jKdh r _gb_ [bl ibdk ev 12

ljhkljZzgkl\_ggh_jZaj_r_gb_ f ibdk_ev 10
P_gljzevgZy "ebgZ \hegu fdf

DZgZe 0,490
DZgZe 0,560
DZgZe 0,665
DZgZe 0,842

ljhkljzgkl\_ggh_ jZaj_r_gb_ f ibdk_ev 20
P_gljZevgZy "ebgZ \hegu fdf

DZgZe 0,705
DZgH&e 0,740
DZgZe 0,783
DZgZe Z 0,865
DZgZe 0,1610
DZgZe 0,2190

ljhkljZzgkl\_ggh_jZaj_r_gb_ f ibdk_ev 60
P _gljZzevgZy "ebgZ \hegu fdf

DZgZe 0,443
DZgZe 0,940
DZgZe 0,1375

DZgZeu kpg gugm ~Zebkv \ jZz~bhf_Iljbg_kdhc b ] _hf Ijbg_kdhc dI
ibdk_e_c b hjlhljZgknhtbjlbhZgjpZeb bgnhjfdppXx &l_evghc kihkh[ghkl
TOA (Top of Atmosphere Reflectance) ih\_joghklIBah[jZz _gb_ 1]jZgbp Zj_Zeh\



bgl ]jbjhhizve kmevikib dljZelvakp _gh& idhemq_ggmx hkgh\m gZghkbebkyv
h[jZzaph\ b bgl_]jbjh\Zebkv NanmbgmxijhkljZgkl\_gguo "Zgguo
]_hijhkljZgkl\_ggufb ~Zggufb \uihegyeZkv k ihfhsvx hmi_gkhjkghc
kbkl_fRuantum GIS \ _jklR.18.

Ih h[s_ba\_klguf nhjfmezf ZzZ~Zilbjh\Zgguf d khhl\_Ikl\mxsbf dZg:z
k pguSentinel-2: MSI L1C [ueb jZkkgblZgu ke _"mxsb_ \_ ] I1Zpbhggu_: b ihc
ghjzebah\Zgguc hlghkbl_evguc bg”_dk jZklbl_evghklb c&\ZgetalidR UP D O
Index) [20 @ ghjfZebah\Zgguc “~bnn_j gpbjh\Zgguc ihg\_gguc bg”_d
Difference Soil Index) [25@ \ ] IZpbhgguc bg”"_dk k mqg_Ilhf ihg\u 6%39, 6RL(
Index) [16 @ fimbpbjh\Zgguc ihghjgdhjh\Zgguc bg"rSAM (Blodified Soil
Adjusted Vegetation Index) [9, 27@ ghjfZebah\Zgguc bgnjzZzdjZzkguc bg”~_dk 1°
Difference Infrared Index) [14@ jdhebah\Zgguc bg” _dk kh” _jiZghhg\NDa]b
(Normalized Difference Water Index) [12@ jdhebah\Zghggeé _dk m\iy~r_c jZklbl_ev
NDSVI (Normalized Difference Senescent Vegetation Index) [19].

lhemq _ggu_ bg” _dku [ueb \dexq_gu \ bkoh”gmx dhjj_eypbhggmx
dhj_eypbhggolh_kkbhgghlh ZgZebaz™eywh]jgZktbg_kdhc h[jaiftickdd0.6 W
Klidabklbg_kdZy h[jZZlglgpiZo \uihegyedkkdhevdh wlZih\ ®&ZZii_j\iinfl_f
jZkq _ iHj _rghklb Z[khexlghc ZiijhdkibfZpHh hldehg gby jZkq_lguo ag
nzdlbq_kdbo 0$3( b kj_"g_d\Z"jZlbg_kdh]h hldehgbgbhl jzkdl blg uloc
(RMSE) [uehhpg_lkgdZq_KklYhemqg_goud\g_gbc j_]1j22k®bbG2 \lhjhf [weéZi_
ijh\_~ _gZ hp_gtZjdhklb ihemqg_ggweypbhjggll _kkbhgguo fhdhkhjZy
ij_"mkfzljb\Z¢@ntgpbx kzZfhc fh"_eb\Zeéjd¥XplZz 1Zd _ kjZ\g_gb_ ijh]ghzs
\_ebgbg ihemqg_ggto j@gajhKgZgighc etk j_Zevgh baffb agdzw _gbyfb
MdZazZggu_ f_Ih”u ijbf_gyebkv "ey hp_gdb fh*_e_c ihemqg_gguo "ey
ihg\Wk\_lekh_jhc b k_jhaehiggbc ihg\lu

OcHoBHasl 4acTh

K p_evx j_r_gby iazatkZi@ggh\eg \@g@bfhk\yab*m hljZz Zl _evghc kihkh[gFl
ih\_joghklb \ bebglbbgmjh Zcghklb habfhc ifugbpwihegddjj_eypb-hggh
j_]li_kkbhgguc ZgZebalulgbmglh§h qglh IhggdKiggpbhggh]lh “"bZ]ghklbjt
ijh*mdlib\ghkhb fghc [bhfZkku ir_gbpu \ agZqbl_evghc f_j_ h[mkeh!
ihg\_ggh]lh ihdjhijZy dhj_~_ ey Iky g_ lhevdhlithéithg\klghf b \azZzbfguf
jZkiheh  _gb_f bo Zj_zZeh\I\jjplhjEikke*h\Zglrey mq_IZ ijhkljZzgkl\_g
g _h~rghjh~rghklb jZkijg&A églybyZkku habfhc [ivelgbhgajZ[hlZgh |jb kp_g:
ih~ dhlhjufb ihgbfZzeb khqg_lZgby [ebadbo ih ]_g_abkm b k\hckI\zZf
Q I\ _jluc kp_gZjbc bkihevah\g@edklyy*bygkjzhgblu\Ze ihgq\_gghc g_h~*
ihkdhevdm \ g_]h [ueb \dexq_gu Zj _Zeu \k_o gZb[he__ jZkijhkljzZzg_
ijb_f ihal\hebe dhk\_ggthkghgulv j_ "bfu nmgdpbhgbjh\Zgby ihqg\u il
| _fi_jZImjguc \eZ ghklb \ha'\mlgghZxsb \_ebqbgm mjh Zcghkdhb" _
agZgbl_evgh hbktbgfh ghklb hkms_kl\e_gby dghkhjzdkhklZIbklbg_kd|
ZgZebazZ h[_ki_qb\Zy hij_~_e_ggmx dhf[bgZlhjghddbfZagdh Ijibqggnhl
\hkijhba\h?blky kljmdImjZihhdgh\ggh]hjZdl _jgZy ~ey khhiI\_IklI\mxs_c |
j_amevijpieb mklzZgh\le edugbgu dhwnnbpb_glh\ fdhjpjme yjhtibrh g hklvx
habfhc ir_gbpu b hljz ZI_evghc kihkh[ghklvpZalgufijoggklggaZjkpf
Ney jZkljh\ dZgZeSehtikgh_gMSILIC 1Z]e

LZ[eb pKoyppumuenTsl Koppeasinuu IJs MoKa3aTeseil NPoAyKTHBHOCTH 03MMOii MIIEHUIIbI U KAYeCTBEeHHBIX
XapaKTepUCTHK KaHAJ0B cueHbl Sentinel-2A MSI L1C gas pa3au4HbIX clleHapHeB

IhdZaZl_eb ijh"mdhka\gfhiclir _gbpu
Ghf_j 1ZjZf_lju kp_gZjby  dhebqg_klth ihe \Zy fZkkZ kheh
kp Zby - - ,-'z’ﬂf_""gbb\f“’z?u mih'@hklv p| ihe_\Zy p
K\_leb_ju_ b k_ju_ hih*ahe_ggu]
ihg\u \' kiklgbh_ b k_ju_ hih”a
kmi_kgzZgu_ Je__\Zlu_ ihg\k_ju] ) y ) y
1 e _]dhkm]ebgbklu_ hih~ahe_ggu | | i 1 i 1
hih~rahe ggu_ ih\ -jjeghRig _ ] ¢ v i} !
| fghk_ju_ e Jdhkm]ebgbklu_ hih 0,41 NDsI 0,57 NDsI
gjgha_fu hih~ahe_ggu_ ihlejodh
] )$2 3GH *5J *5K lhq_d g7
K\_leb_ju_ b k_ju_ hih”~ahe_ggu] - iy - iy
2 ihg\u \ q - b - b
)$2 3GH lhg_d gZ[ex” _gbc 0,82 NDSI 0,78 NDSI




K\ _lek_ju_ b k_ju_ hih~ahe_ggu
ihg\u \

FAO Pde lhg_d gZ[ex”_gbc
K\_lek_ju_ b k_ju_ hih*ahe_ggu.
ihg\u \

)$2 3GH lhg_d gZ[ex”_gbc :

|
6
0,80 NDSI
- !

- d
0,77 NDSI
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Jbk AZ\bkbfhklv f_""m mjh Zcghklvx a_jgZ habfhc ir_gbNDSIB Jj2bgbad 364" _d

Ki_?gyy ih]j_rghklv ZiijhdkbfZ pbjih iheghkikb a_jgZ khkJZilbe®h -
(RMSE, ;5947 p 1Z KhhI\_Ikl\mxsb_ \_ebgbgu ~ey mjh Zcghkkhn&hehfu
15,3% (RMSE, jo7 11,79 p ]1Z Dhwnnbpb_glu ~_I_jfbgZpbb ey mjh Zcghklb
khk1Z\beb khhl\_IkI\_lggh

140,0 r, y =-1670,9x + 397,09
120,0 + 50

100,0
80,0 +
60,0 +
40,0 + 4
20,0 +
0,0 : :

0,17 0,19 0,21

Mjh Zcghklv kheh

agzZq_gp

Jbk AZ\bkbfhklv f_"~m mjh Zcghklvx khehfu habfhc ir_gbiDSIb\\|jZghpdbc3iEgh _d

J_amevlZlu ijbf_g_gby f_-Nzeab”~dpiolok b |_klh\uo mqgzZkldh\ k\b”_1I.
Ahikbfhf mjh\g_ ih]j_rghkdjZ[hlZgdjgghaguo déhtqlhmdzau\z_| gz
"hklZlhggmx dilghklv ijh\_~_gguo ihe_\uo b klZlbklbg_kdbo bkke_"h\z

K p_evx \bamZebaZpbb j _ameviZIiha hkgb\*h)ZgpZ[hlZgguo ijh]c
fh~r_e kcbkihevah\Zgb_f nmgdpbhgZevguo QGEfH_ghkif od kd8iKg_kI\_ggh
nhgZ [uletbarZgu udiZhikljZgkl\_ggh]h jZkij_~_e_gby mjh Zcghklb a_jgZz
ir gbpu gZ \kx bkke_ _"m_fmx Ilj_jtklB)exggZy gZ dZjlZzo ]_hijhkljZ
bgnhjfZzpby \Anhlglhc f_j_ kh]ezZkm_Iky k hkjhbligjgphkdygh]h jZzkijhkljzZg.
Zj_Zeh\ ihg\ Z4jbd_jgjb \uiheg_gbb ihe_\uo bkke_"~h\ZgbZebhdbihg\Zc
ijhnbele_ Mn]lhjbahglz *51J \ ] \' mjh ZcghkieZirggbmuh
ih~M\_j"~rZ_bkyamevIzZIZfb bklbkgzZzkdh]hebhjh\Zgblyb ihibdk_evghf ih~kq_
h[szy fzkkzZ a_jgz \lijjhlhgBbkke ~h\Zgby khklzZ\beZz p Z khhl
fZkkZ khehfu p

3aka0ueHue

J_amevlZlu \uiheg_gguo bkke_"h\Zgbc ~Zx| hkgh\Zgby "“ey ke_"n
"kiZzgbhggh]h ahg”bjh\Zgby ihemqg_ggu_-khOlimigb dkzZijhk Q) XMgkP\HQg u
jZa_r_gb_f b f ijblh~gu ~ey ~“bZ]lghklbjh\Zgby mjh Zcghklb a_
ir_gbpu mklZgh\e_gh glh dZgZeu [eb'g_]h bgnjzZzdjZzkgh]h ~bz
\_ ] IZpbhgoytcdk 1'69, jZkkgblZgguc k bo bkihevah\zZgb_f fh]ml
"bzZ]lghklbjh\Zgbyl bi\¢6\hkib habfhc ir_gbpu \ nZa_ iheghc ki_ehkll
g_h~rghjh~rghklb ihg\_ggh]lh ihdjh\z ijhlghagu_ fh”_eb mjh Zcg
kha”gwg_  k bkihevah\Zgb_f "Zdggghltbkdhgpbjh\Zgby h[_ki_qgb\zZxl ~|
mjh\_gv ih]j_rghklb Z-\iZke bdjhkkkndbpb_ gl dhjj_eypbb f_""m baf_j_
ijhlghagufb \_ebgbgzfb khklzZ\ey_lijb mkeh\bb fhazbqghklb ihg\_ggt
"bZ]lghklbjh\Zgb_ijh~mdlib\ghklb ir uglheugyke \"m_1 ¥Zo ihg\_gguo Z
kohrguo ih ] _g_abkm b k\hcklI\zf ihkdhevdm ij_g [j_ _gb_ "~Zgguf
Ihgghklb ijh]Jghaghc fh”_eb dhlhjzZy \ Z[khkkigez\_pbfdy 20 jlgZ b



p ]Z "ey khemig_Ihf ihl_jb Ihqgqghklb kj_~gyy ih]j_rghklv Ziijhdk
mjh Zcghklm @2 khkIRMBE.Z;,n p1Z ey RMBHfuni p 1z
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