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ITPYHTIB METOJAMM IUCTAHIIIMHOTO 30HAYBAHHSA 3EMJII
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Y npotieci aHanizy cydacHOT CUCTEMU TTPOBEACHHSI MOHITOPUHIY Ha 3eMJISIX CIJIbChbKOTOCIIOAAPCHKOIO MPU3HAUYESHHS
BHU3HAYEHO OCHOBHI YMHHMKH, 110 BIUJIMBAIOTb HA 3HMXKEHHS POMIOUOCTi I'pyHTiB. OOrpyHTOBAHO MOLJIBHICTH
3aCTOCYBaHHSI METO/iB TUCTAaHLIHHOTO 30HAYBaHHS 3eMJIi JJIsSi BABHAYEHHsI Ta OLiHIOBaHHSI TTOKA3HUKIB POIIOYOCTI
rpyHTy. JocaimkeHo piBeHb HAasIBHOCTI 3B’SI3KY MiX CIEKTPaJbHOIO €HEPreTUYHOIO SICKPaBICTIO IPYHTY i BMiCTOM
TYMYCY Ha OCHOBi CTaTMCTMYHOI 3aJIeXKHOCTi, BU3HAYEHO 3HAYYIIICTh TaKOTO 3B’S13Ky. PO3IJIsIHYyTO YMHHUKU,
1[0 BIUIMBAIOTh Ha CIEKTPATbHY SICKPABICTh IPYHTY y Pi3HUX Mialla30HaX eJeKTPOMArHiTHOTO BUIIPOMiHIOBAaHHSI.
BusiBiieHO CTAaTUCTUYHUI JHIHHWI perpeciiiHMil 3B'SI30K MiX CIEKTPaTbHOIO SICKPaBIiCTIO TPYHTY Ta BMIiCTOM
ryMycy, BU3HAYEHUM Ha3zeMHUMU MeTonaMu. Ha miactaBi oOepHEHMX JIIHIHHMX 3aJIeXXHOCTEH OLIIHEHO TOYHIiCTh
MOJIETThbOBAHOTO BMICTY TyMYyCy. 3alipOTIOHOBAHO HOBi MOJIeJli BU3HAYEHHSI Ta OLIIHIOBAaHHSI BMICTY TYMYyCy Ha OCHOBI
CIIEKTPATbHUX SICKPABOCTEl Ta CIIEKTPATIbHUX iHAEKCIB BUIMMOTO Ta iH(payepBOHOTO [Iialla30HiB €JIeKTPOMArHiTHOTO
BUIIPOMiHIOBaHHS. B pesynabTaTi 00YMCIeHHST cepeaHbOKBAAPATUIHOTO BiIXUIEHHST (DaKTUYHOTO BMICTY TYMYCY Bil
MOJIeJIbOBAHOTO BU3HAYEHO HAMTOYHIILII MOJEJI, 1110 XapaKTePU3YIOThCsl MiHIMAJIbBHUMU MTOXUOKaMU.

KirouoBi ciioBa: aepokocMiuyHi MeTOMW, MUCTAHIliITHE 30HIYBAaHHS 3eMJTi, CIEKTPabHI XapaKTePUCTUKU, MYJIbTH-

CIIEKTPaJIbHI 3HIMKU, IPYHTHU, TYMYyC, KOPEJIsLisi, JiHiliHI 3a71€XHOCTI.

AKTyaJbHICTh | MOCTAHOBKA NPOOJIEMH TOCTiIKEHHS.
OxopoHa Ta BiATBOPEHHS POAIOYOCTi IPYHTIB, 3aXUCT iX
BiI nerpananii — ¢pyHIaMeHTaJIbHA MPiOPUTETHA TIPO-
O67eMa 3eMeIbHOI TIONITUKM YKpaiHW, PO3B’s3aHHS
SIKOI € HEOJAMIHHOIO YMOBOIO CTaJIOTO i BUCOKOIPOIYK-
TUBHOTO PO3BUTKY HE JIMIIE CiIbCHKOTOCIIOAAPCHKOTO
BUPOOHMIITBA, a i BUXKMBAHHS JIIOAVMHU Ta 30€peXKeHHS
npupoaHoro cepenopuila [4, 10]. Cinbcbkorocrnoaap-
CbKE€ BUMKOPUCTAHHS 3eMeIbHOro (hoHay YKpaiHu Io-
TpeOy€e MOCTIHHOrO KOHTPOJIIO 32 CTAHOM MOTO pOIo-
YOCTi, CTYIEHEM €pOJ0BAHOCTI, PeaKili€l0 IPYHTOBOTO
CepeloBUIIA, a TAKOX PiBHEM 3a0pYAHEHHS BaXKKWMU
MeTajlaMH, TIeCTUIIIaMU Ta pagioHykiaizaMu. [1ig gac
BUBYEHHSI CyYaCHUX MpoOJjieM MPOBEAECHHS MOHITO-
PUHTY TPYHTOBOTO MOKPUBY B YKpaiHi [8] Ta B oKpemMmx
il perioHax, 3okpeMa Ha 3akapmnatTi [4], BUSIBJICHO,
1110 3aCTOCYBaHHSI iHO36MHOIO JOCBily 3 METOI0 yI0-
CKOHAJICHHS BX€ iCHYIOUOi CUCTEMU € OJHUM 3 METO-
NIiB TIOJIIMIIEHHSI HAsIBHOTO CTaHY I'PYHTIB Ha 3EMJISIX
CUJILCBKOTOCIOJApChKOro Mpu3HadyeHHs1. HaliBaxkauBi-
111010 SIKICHOIO Ta KiJIbKiCHOIO BJIACTUBICTIO 3a3HAUYEHUX
3eMeJIb € CaM€ POJMIOYICTh I'PYHTIB, a BMICT TyMyCy B
IPYHTI — OAWH 3 OCHOBHMX ii TTOKA3HUKIB, TOMY KiJlb-
KiCHE Ta SIKiCHE OLIHIOBaHHS I'PYHTY HEOOXiIHi M5
MPOBEAEHHSI TPYHTOBOTO MOHITOPUHIY Ta arpOTE€XHiu-
HUX 3aXO0JiB 110A0 30epekeHHSs i BiAHOBJIEHHSI IPyH-
TOBOI POIIOYOCTi [7].

ATpOXiMiYHMIT METOJ OL[iIHIOBAHHS TTPOCTOPOBOTO
PO3MIlLEHHSI TYMYCy — JOBOJIi TPUBAJIUI, 3aTpaTHUI
i TPYIOMICTKMIA TIpoliec. 3 METOI0 PO3B’SI3aHHS i€l
Mpo0IeMHU 3aTIPOIIOHOBAHO BUKOPUCTOBYBATU PE3YJIb-
TaTU aePOKOCMIYHUX AOCTIIKEHb Y NMOEIHAHHI 3 BUOip-
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KOBHMM BiIOOPOM I'PYHTOBHMX 3pa3KiB JJisl BUBHAYEHHS
BM™micty rymycey [1, 9, 13].

BuBueHHsI CTyrneHsl HasIBHOCTI CTaTMCTUYHOI 3a-
JIEXKHOCTI MiX CHEKTpajbHOIO €HEPreTUYHOlO SICKpa-
BICTIO TPYHTY i BMiCTOM I'yMYCy, a TaKOX OLIiHIOBaHHSI
3HAYYIIOCTI IIHOTO 3B’SI3Ky MAalOTh 3MOTY IIiATBEpAUTH
rirnore3y Mpo 3B 130K BMICTY T'YMYCY SIK BiICOTKOBOTO
MOKa3HMKA i3 CMEKTPaTbHOIO SICKPABICTIO KaHaiB [9].

AHani3 ocraHHix Aociuimkenp i myoaikamiii. Ha teit
yac BiJOMO KiJbKa METOJiB MOJEIIOBAHHSI BMICTY Ty-
MYCY B I'PYHTIi Ha MiACTaBi JiHIMHUX, HEJIHIHHUX, MHO-
KUHHMX perpeciit [6]. 3okpema, B. Auacos i 1. bino-
Jax, sKi JOCiIXKYBaIu 3B’S130K MiXK BMiCTOM T'yMycy Ta
SICKPaBICTIO TIOBEPXHEBOTO 1IAPY TPYHTY 32 KOCMiYHUMU
3HIMKaMM, BU3HAYWIN CTIAKY KOPEJSLII0 Yy YEPBOHIN
yacTuHi cnekTpa 3HiMKa (R = 0,74) [1]. A. IlaroxiH
i M. JIuHaiH, 9Ki JOCTiaXKyBaad YOPHO3EMM TUIIOBI,
BCTAHOBWJIM TiCHY 3ajieXHicThb (R = 0,94) MixX BMicTOM
TYMYCY Ta SICKpPaBiCTIO B OJIMZKHBOMY iH(ppauyepBOHOMY
kaHani [13]. O. Caxaupkuii 3a JAaHUMM KOCMiUHOIO
3HiMaHHs Landsat 7 y Mexax TecTOBUX AUTSTHOK y Yep-
HIriBChbKilt Ta XMEJIbHUIIBKiI 00J1aCTSIX BUSIBUB JiHIIHY
KOpeJsUiitHy 3aJ1e3KHICTh MiXK CIIEKTpaJbHUMU JAaHUMU
mikcesiB y uepBoHomy (R = 0,95), omxaboMy iHbD-
payepBoHOMY (R = 0,85) Ta roayoomy KaHajgax (R =
=0,81) 3 ycepenHEeHUM 3HAYEHHSIM BMICTy rymycy [9].
C. TpyckaBelbKuii, TOCTIKYIOUN TPYHTOBUI TTOKPUB
Ha nosisix 2Kutomupcbkoro Ilomicest 3 BUKOpuUCTaH-
HSIM 0araToCIeKTpPaJbHOIO KOCMIYHOTO CKaHYBaHHS
cynytHukoM SPOT, ycTaHOBUB 3HAUHUIT 3B’SI30K MixX
BMICTOM TYMYCY Y IPYHTI Ta CIIEKTPaJIbHOIO SICKPaBiCTIO
y 3eneHomy (R = —0,88), yuepBoHomy (R = —0,88) Ta
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y OonmxHbOMY iH(pauepBoHOMY KaHaiax (R = —0,90)
[11]. Hocaimnuku rpyHTiB KpacHomapchbKoro kparo
(Pocist) mpomnoHyoTh 3aCTOCOBYBAaTM MHOXWHHI JTi-
Hil{HI MoJiesli 3 BUKOPUCTAHHSIM BUAMMOTO Ta OJIMXK-
HBOTO iH(pauyepBoHOro Aiana3oHiB (R = 0,74) [6]. L1lo-
JI0 TEMHO-KAllITAHOBUX IPYHTIB MMKOJIaiBCbKOI O0JI.
C.T'. YopHuit 3anponoHyBaB BUKOPHUCTOBYBATH Iapa-
0OoiYHY MOJEJb, sIKa TPYHTYEThCS Ha CITiBBiAHOLIEHHI
JJAaHUX YePBOHOTIO Ta OJMXKHBLOIO iH(ppauyepBOHOrO Ka-
HaiB (R = 0,63), a TakoX OJIM3bKUX 3HAYeHb Koedi-
LIEHTIB KOpEJsILii Mixk BMiCTOM TYMyCY i SICKpaBiCTIO
3€JICHOr0, YePBOHOIO Ta OJIMXHBOTO iH(pauepBOHOTO
criekTpasbHux KaHaitis (R = 0,53) [12].

MeTta CcTaTTi — BU3HAYEHHS Ta OLIiHIOBaHHS KiJlb-
KiCHUX MOKa3HUKIiB TYMyCy B IPYHTI 3a MaTepiajiamu
Ha3eMHMUX 1 CYNYTHUKOBHUX MOCTIIKEHb Ha 3EMIISIX
CUJILCBKOTOCITOJAPCHKOI0 MPU3HAYEHHS Pi3HUX JaH[I-
1madTHUX 30H 3aKapIrarTs.

Buknan ocHoBHoOro marepiamy. JIist 1OoCiKeHHs Ta
OLIiHIOBAHHSI KiJIbKICHOTO BMiCTy T'yMYCY B I'PYHTI 3a a€po-
KOCMIYHMMU Ta Ha3eMHUMU JaHUMU OYJI0 BUKOPUCTAHO
CTaTUCTWYHI JIiHIHI perpeciiiHi 3ajexHOCTi. Y mpoteci
aganTauil i 3aJIeXKHOCTi HaOyBaloTh BUIIALY [4, 15]

B, =aG

e B — eHepreTnyHa SCKpaBiCTb IDYHTY y BiAIIOBi[-
HOMY CHEKTpaJIbHOMY KaHaJi; 7 — CIEeKTpaJbHUI Ka-
HaJl: YepBOHUI, CUHIil, 3eJeHuid, iHppauepBOHUM; a,
b — uucnoBi mapamerpu moxeni; G, — BiICOTKOBUIA
MOKa3HUK TyMYCY.

ITig yac BUBHaUEHHS Ta OLIiIHIOBAHHS BMIiCTY TyMY-
Cy B IPYHTI 3a JaHUMHU aePOKOCMIYHMX Ta HA3eMHUX
JIOCITIKEHb CJiJl ypaxOBYBaTU NEsIKi XapaKTEepPUCTUKU
Ta 0COOJIMBI YMOBM IOCJIJKYyBaHUX IOJIiB, a caMme:
MOBITPSIHO-CyXMii cTaH TpyHTY [14, 16]; BimcyTHicTb
KipKHM, pPO3Mip YacTOUYOK IPYHTY (IIOPCTKiCTh) He
Oinblr gk 2 cM [17]; moBHa abo yacTKOBa BiACYTHICTh
3€JIEHOI UM CYXOl POCIMHHOCTI 200 il pelTOoK, BiACYT-
HiCTb 3a0apBJIECHUX YACTOYOK Y I'PYHTI (CIIOJIYK 3a1i3a)
[18, 19].

JIns BM3HAYEHHSI Ta OLIHIOBAHHS KUIBKICHUX IIO-
Ka3HUKIB TYMYyCy B IDYHTI 3a pe3yJbTaTaMM OIpallio-
BaHHSI MYJbTUCIIEKTPaIbHUX 3HIMKIB BUKOPUCTOBYIOTh
METONUKY, 110 0a3yeThCsl Ha AOCHIIKEHHI AUHAMIKU
BMICTY TYMYCY, CKJay I'PYHTIB Ta iHILIMX XapaKTepUCTUK
Ha MiIcTaBi CHMEKTpaJbHUX JaHUX BiAKPUTOIO IPYHTY.
OTXe, TPYHTH — OCHOBHUIA 00’€KT AOCTimKeHHS [9].

OuiHIOBaHHSI BMICTY TYMYCY B IPYHTI 3a JaHUMU
AePOKOCMIYHMX i HA3€MHUX MOCTIIKeHb B YMOBAaX pi3-
HOBUCOTHUX JIaHIIa(THUX 30H 3aKaprnaTchbKoi ooac-
Ti cKJIagajocs 3 Takux eramiB [15].

1. OTprMaHHS CTaTUCTUYHUX AAHUX, sIKi Xapak-
TEPU3YIOTh MOKA3HUKU POMIOYOCTI IPYHTIB 001aCTi, Ta
TorepeHiil aHajli3 KOXHOro 1moJjs. byjao BukopucraHo
JaHi 1010 KiJIbKOCTi rymycy B IpyHTax (G, ) v pospisi
MOHiTOpuHTOBUX nifstHOK (M/I), arpoximMiuHy macrmop-
TU3aLIi10 3eMeJIb CLTbChKOIOCIOIapChKOro MPU3HaYeH-
Hsl, paiioHiB i JanmmadTHUX 30H 3a 2013 p. [2].
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2. CkauyBaHHSI HaSBHUX KOCMIYHMX 3HIMKIB 3a BilIl-
MOBIAHUI Mepioa NOCTIIKEHHS 3 MiHIMaJIbHUM BillCOT-
KOM XMapHOCTi. Byj0o oTpuMaHO 5 MyJIbTUCHEKTpab-
HUX KOCMIYHMX 3HIMKiB cymyTHuKa 8 OLI (5 cuen)
Ha TEPUTOPilI0 00JaCTi, 3 BiACOTKOM XMapHOCTi Big 0
10 5 %, 3a BecHsaHMi1 (Oepe3eHb, KBITEHb) Ta OCIHHIA
(BepeceHb, XOBTEHb, JucTOMan) nepiogu 2013 p., 1o
MOBHICTIO 3aI0BOJILHSIE Mpoliec JociakeHHs. CymyT-
HUKOBI 3HIMKM CKauyBaJIu 3 oiliifHoTOo caitty http://
glovis.usgs.gov.

3. IonepenHe oOpoOOAEHHS 3HIMKIB. 3a AOMOMO-
roto cnenianizoBaHoi nporpamu Erdas Imagine 2013
Oys10 cchopMOBAHO BIiMOBiTHE MYJIBTUCTIEKTPAIbHE 30-
OpaxkeHHsI, TIPOBEACHO PaJiOMETPUUHY Ta aTMOC(EPHY
KOPEKIIil0 3HIMKIiB CYMyTHMKIB, SIKi MOTpeOyBaJIM 00-
pobnenns [3].

4. Po3paxyHok BereTaliiiiHoro ingekcy NDVI 3rin-
HO 3 TMOKa3HWKaMM SICKPaBOCTEil BiAIOBITIHUX CITEK-
TpaIbHUX KaHaTIB [4]:

~ NIR-RED
NIR+RED’

ne NIR i RED — BinnoBiaHi 3Ha4eHHs1 Ha 300paXkKeHHI,
sKi orpuMaHo y yepBoHiii (RED) Buanmiii Ta OnvkHii
iHdpavepBoHiii (NIR) miigHKax cnekTpa. YcepeaHeHi
3HaueHHs iHaekcy NDVI pospaxoByBanu 3a maHumMu
KiJIBKOX ITiKCeJIiB, SIKi BXOAWJIM A0 BUOIPKU Yy pe3yJib-
TaTi MOOYIOBU MOJiroHa, TOMY IO TJIOLIA TiJSTHKU
nopiBHIoE 2500 M2

5. OTpuMaHHS$ ycepeIHEHUX 3HaYeHb CIIeKTPaIbHUX
SICKpaBOCTel y BUOpaHUX KaHajax 3TiIHO 3 JUISTHKaMUu
BiIOOPY 3pas3KiB IPYHTY. BinMoBigHO 10 KOOpAUHAT Aijis-
HOK KiJIbKICTb MiKCEJIiB Mia0Mpaau y TaKuii criocio, 106
YTBOpEHa B pe3yJIbTaTi IJIOIIA MOJiroHa HabauXaaach
IO IUIOLLI JOCIKYBaHOI IUIIHKM, TOOTO mo 2500 m?,
i MOXHa Oy/JI0 BU3HAUUTU YCepEOHEHi 3HAUEHHS eHep-
TeTUYHOI CIIEKTPAIbHOI SICKPABOCTI BUOpaHUX KaHaJIiB
(Blue, Green, Red, NIR, SWIR1, SWIR2).

6. YCTaHOBJICHHS JIiHIMHOI CTaTMCTMYHOI 3ajIexX-
HOCTI MiX (DaKTUYHUM BMiCTOM TYMYCy B IpyHTi G Ta
yCepemHEHUMHM 3HAUCHHSIMU CIIEKTPaJIbHOI SICKPaBOCTi
Mo BUOpaHMX KaHajax y BU3HaUYeHill BUOipLli MmiKceJiB,
3HaXO/KeHHS KoedillieHTiB KopeJsilil R Ta nerepMiHa-
wii R 2, 004YMCIEHHS TOBIpYMX iHTEpBaJliB 3HAUYILOCTI
KoedilieHTa Kopesliii 3a noBipyoi imMoBipHocTi 0,95
Ta piBHiB 3Hauywocti 0,05 [5].

7. MobynoBa rpadikiB 3aJ1eXHOCTI MiX ycepemaHe-
HUMU 3HAYEHHSIMU CIIEKTpaJIbHOI SICKpaBOCTI BUOpa-
HUX KaHaJliB y BUOpaHiii BUOipili mikcemiB i (akTuy-
HUM BMIiCTOM TyMyCy B IpyHTi G .

8. Bu3HaueHHST HAUTiICHILIMX JiHIMHMX 3aJ1€XKHOC-
Tel, 1110 XapaKTePU3YIOThCsl BUILUMMU KoedillieHTaMu
Kopensanii R Ta OOMyCTUMUMHU JOBIPUMMHU iHTEpBa-
JlaMM, a TaKOX 3HAuylLIicTIO KoedilieHTa KOpeJsilii.
3MonenboBaHUN BMicTy Tymycy G = 0O0YMCIEHO Ha

pn
OCHOBI OOEpHEHOTO PiBHSHHS JIiHIIHOI perpecii

s {32
r a a
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Puc. 1. JliHiliHi CTaTUCTUYHI 3aJIEXHOCTI MiX BMICTOM rymycy G Ta CIEKTPaJIbHOIO SICKPABICTIO 32 TaHUMU

yepsoHoro (Red) xanany (08.03.2013) Landsat § OLI

act

Fig. 1. Linear statistical dependence between G, and spectrum of brightness in Red channel

9. O1iHIOBaHHS TOYHOCTI OTPUMAHUX PE3YJIbTATIB
Ta OOYMCIEHHS CepeHbOKBAIPATUYHOTO BiIXWICHHS
G MOJEJIBOBAHOTO BMICTY Tymycy G, Bin pakTHIHOTO

G, :
(G =G,)
n-2 '

s yaiOoCKOHaJleHHS MiAXOomy 10 BU3HAYEHHS
KiJIbKICHUX MOKa3HUKIiB TyMyCy B IDYHTiI 3a JHaHUMU
crnexkTpodoToMeTpii JaHAIadTHUX 30H OyJI0 3ampo-
IMOHOBAHO HOBi MOJEJI 3aJI€XHOCTI BMICTY TyMYCY Bill
SICKpaBOCTel KaHaJliB i CieKTpaJbHUX iHAEKCIB BUIU-
MOro Ta iH(ppauepBOHOTO [Aiara3oHiB eJeKTPOMAarHiT-
HOTO BUIpOMiHIOBaHHSI. OCHOBHUI KpUTEPiil OLIIHKU
TOYHOCTI — CepeAHbOKBaApaTUUHE BiIXWJIECHHS 00-
‘II/ICJ‘[CH(?FO BMICTy rylxt.ycy (Gpn) BiI (I)aKT.I/I‘IHOFO (Gac t)%
3HAYYIIICTh KOPEJISLii MK HUMM TIEpeBipeHO Ha PiBHI
sHauyocti a = 0,05 (p = 0,95).

OcHOBHI pe3yabTaTH. 3TiIHO 3 BUSIBJICHHSIM CTa-
TUCTUYHOTO JIiHIHHOTO 3B’S3KYy MiX CIEKTPaJbHOIO
SICKpPaBICTIO TKCeJiB Ha JiIIHKaX JOCJiIXKEHHS Ta
BiAMOBITHUMU MOKAa3HUKAMU TYMYCy B TPYHTi, Haii-
TicHilIa OOepHEHa JiHillHA 3aJIeXHICTh CIIOCTepira-
€Tbcs y uepBoHOMY (Red) ciekTpajibHOMY KaHauli BU-
IUMOTO Jianma3oHy (puc. 1) 3 TaKUMU yCepeaAHEHUMU
3HAYeHHSIMU: KoedilieHT Kopensuii R = -0,65, no-
Bipyi intepBamu: r, = —0,85; r,= -0,34; 3Ha4ywIiCTH
koediuienra Kopemsawii ¢ = |4,13 > 2,0,5,,05 32 1O-
Bipuoi itmMoBipHOCcTi p = 0,95 Ta piBHSA 3HAYYIIOCTI
o = 0,05; cepenHe KBagpaTU4YHE BiIXUJIEHHS OOYMC-
JIEHOTO BMICTy TYyMYCY (Gpn) Bin akruynoro (G, )
c = 1,53 (puc. 2).

JIiHiliHy 3aJIeXKHICTh BUSIBJIEHO MiX JAaHUMU TO-
ay6oro (Blue) (R = -0,51; r,= -0,77; r,= -0,14;
t = 12,931>2,0,,,5; o = 3,89) Ta senenoro (Green)
(R =-0,51; r,=-0,77; r,= -0,14; t = [2,83]>2,0

9

73;0,05°
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o = 2,49) crexrpanpHuX KaHaimiB npu p = 0,95 ta
a = 0,05.

IH(ppayepBoHUIl Aianma3oH BKJIIOYAE TPU CIIEK-
TpasbHi KaHamm (6mxHii (NIR): R=-0,29; r, = -0,63;
r,=0,15;1=11,72/ < 2,0.,, s 6 =9,75, i 1Ba KOPOTKO-
xBIboBi — SWIR 1: R= ;0,18; r,= -0,56; r,= 0,26;
t=10,89 < 2,055,055 © = 11,99, i SWIR 2: R= -0,19;
r,=-0,57; r,=0,25; t = 1,05/ < 2,0., , ,s; o = 10,89 npu
p =095Ta a=0,05)i XapaKTepI/iéyeTbc;I cJ1abKo10
3aJIeXKHICTIO.

byno mepeBipeHo 13 pi3HUX HOBMX MojeJieil 3a-
JIEXKHOCTI BMICTY TyMYCYy Bif SICKpaBOCTell KaHaJjiB i
CHEeKTpaJIbHUX iHIEKCiB:

1) G, —aBlue, NR, SWIRI SWIR2 -
r Red Red Red Red
2)G,, = aGreen +b%+c;
’ Red Red
3) G,, = aRed +b Green .,
e
G NIR
4)G, =aRed+b——t i c——1d;
! Red Red
Green Green
G, = +c;
3) Gy =a Red Blue ¢

6) G,, = G,Blue’Green’Red NIR‘SWIRI"SWIR2 ;

7) G, =G,Green’Red”;

8) - Green Y
’ Red
Bl
9 G, =a——+b;
Green
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V pesynbTaTi MaTeMaTUYHOI OOPOOKM MOKA3HUKIB
BUSIBJICHO, III0 HANJIIIIIIe BUKOPUCTOBYBATH IJII BH-
3HAYEHHS Ta OLIIHKM KiJIbKICHUX MMOKAa3HUKIB TyMyCy B
IPYHTI 3a JaHUMU HA3eMHMX i CYIMyTHUKOBUX JOCJi-
JKEHb CTEIIEHEBY 3a/IEXHICTh HAa OCHOBI Mozei 6 (puc. 3),
OCKIJIbKM ycepeaHeHe 3a BUOIpKOIO cepeaHbOKBaIpa-
TUYHE BiIXWJIEHHSI OOYUCIEHOTO BMICTy TyMYycCy (Gpn)
Bin (akTuuHoro (G ) craHoButh ¢ = 0,52, TOMi K Yy

pasi 3aCTOCYBaHHS IHIIMX MojeJiedl el MOKa3HUK €
OibLIMM (OUB. TAOJULIIO).

3anpornoHoBaHa MOJETb 6 BUKOPUCTOBYE IIICTh
crnieKTpaJlbHUX KaHamiB Landsat, ajge 3a MEHIIOI KiJib-
KOCTi KaHaJliB MOXJIMBE 3aCTOCYBaHHS iHIIMX MOJEEI
3 HallMEHIIMMHU CEPEIHBbOKBAAPATUIYHUMM BiIXWUIICH-
HSIMM, HalpUKIan: Moneab 1, y sIKiii BUKOPUCTAHO
CHiBBiAHOILIEHHS YCiX KaHaJiB 10 yepBoHOro (c = 0,57)
(puc. 4); monenb 4, y SIKiii BUKOPUCTAHO JINIIIe KaHAJN
Green, Red Ta NIR (¢ = 0,57) (puc. 5); creneHeBa
Monenb 7, 1o 0a3yeThbcsa Ha KaHajiax Green Ta Red
(o = 0,58).

OmnpauoBaHHs 3alIpONOHOBAHOI METOAMKHU JIaJI0
3MOTY BUSIBUTH, 1110 HAMiMIIE BAKOPUCTOBYBATH 15T
BU3HAYEHHS KiJIbKiICHUX MOKA3HUKIB TyMYyCY B IPYHTI
3a JaHUMU CYNYTHUKOBMX i HA36MHUX CIIOCTEPEKECHb
CTEIEeHEeBY 3aJIeXKHICTh SICKPABOCTI B Pi3HUX Jiana3o-
HaX CIeKTpa, OCKIJIbKU ycepelIHeHe cepeHbOKBaApa-
TUYHE BiIXWJIIEHHSI OOYMCIEHOTO BMICTY TYMYCY BiJ
¢dakTUYHOrOo B Wil Moaesi € MiHiMalbHuUM — 0,52,
ITpoTe 3a HasIBHOCTI MEHILOI KiJIbKOCTi KaHa/IiB MOX-
JIMBE 3aCTOCYBAHHS iHIIIMX 3aIIPOIIOHOBAHUX MOJEIeH

3modeavosati cepednvoreadpamunni gioxuienns oouucaeno2o emicmy ymycy ( Gp,. ) 6i0 ¢hakxmuunozo (G )

The mean square deviation — between built humus content G, and actual humus content G,

act

of the model and data of researches

act

Nara Mogenb
HOCILOKCHHT 1 2 3 4 5 6 7 8 9 10 1 2 | 13
08.03.2013 0,51 | 0,62 | 0,51 | 0,51 | 0,48 | 0,48 | 0,51 | 0,72 | 0,75 | 0,49 | 0,63 | 0,70 | 0,71
24.03.2013 0,60 | 0,72 | 0,60 | 0,59 | 0,68 | 0,51 | 0,61 | 0,82 | 0,78 | 0,69 | 0,71 | 0,66 | 0,67
09.04.2013 0,65 0,71 | 0,60 | 0,58 | 0,64 | 0,53 | 0,58 | 0,74 | 0,80 | 0,64 | 0,74 | 0,77 | 0,70
02.10.2013 0,49 | 0,69 | 0,64 | 0,62 | 0,78 | 0,59 | 0,65 | 0,78 | 0,86 | 0,79 | 0,71 | 0,84 | 0,75
03.11.2013 0,63 0,62 | 1,12 | 0,55 1| 0,75 | 0,50 | 0,57 | 0,75 | 0,84 | 0,77 | 0,67 | 0,67 | 0,62
CepenHe 6 0,576 | 0,672 | 0,694 | 0,57 | 0,666 | 0,522 | 0,584 | 0,762 | 0,806 | 0,676 | 0,692 | 0,728 | 0,69
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3 HAUMEHIIMMH CePeIHhOKBAIPATUIHUMU BiIXWICH-
Hamu. Takuil miaxig gae 3mMory ornepaTMBHO i JOCTO-
BipHO OTpMMYyBaTH iHMOpPMAaIlil0 MPO KiJIbKiCHI MTOKa3-
HUKW TYMYCY B TPYHTI IS TIPUMHSTTS pallioHaJIbHUX
VIPaBJIiHCHKUX PillIeHb 1I0A0 3aCTOCYBAHHS TOLITbHUX
arpoTeXHiYHUX 3aX0/IiB 3 METOIO 3ar00iraHHsI 3HUXKEeH-
HIO POMIOYOCTI TPYHTIB BIiIMOBITHO M0 JAHAIIA(DTHUX
30H 3akapnarTs.

BuchoBku. Y pe3ynbTaTi 3aCTOCYBaHHS 3aMporio-
HOBaHOI METOAMKM 1100 BU3HAYEHHS Ta OLIIHIOBAHHS
KiIbKiCHUX TOKa3HUMKiB TYMYCY B I'DYHTI 3a JaHUMU
AePOKOCMIUHHMX i Ha3eMHUX MOCJiXKEHb B YMOBaX Pi3-
HUX JaHamad@THUX 30H 3akaprarts 3poOJeHO Taki
BUCHOBKH.

1. JocnimxkeHo, 110 95 % orpuMaHuX KOedilli€HTIB
KOpeJIAIlil € Bil’€MHUMU, a 1€ CBITYUTH PO OOEPHEHY
3aJIeKHICTh MiX (DaKTUYHUM BMiCTOM TYMYCY B TPYHTI
Ta CIEKTPaJIbHOIO SICKPaBICTIO TKCES.

2. BuzHaueHO KIiJIbKiCHI TMOKAa3HUKU TyMyCy B
IPYHTI Ha MiACTaBi CTaTUCTUYHUX JiHIMHUX perpe-
CiliHUX 3aJIeXXHOCTE MiX (DaKTUUHUM BMiCTOM TyMY-
Cy Ta JaHWMU SICKPABOCTEH BUOpPAaHUX CIIEKTPATHHUX
KaHaJiB.

3. 3anpornoHOBaHO HOBi MOJIEJIi 3aJ€KHOCTI BMiC-
Ty TYMYCY Bill SICKPABOCTE KaHAJIIB i CHEKTPAIbHUX
iHAEKCiB BUAMMOrO Ta iH(ppauepBOHOro mianma3oHiB
€JIEKTPOMATrHITHOTO BUITPOMiHIOBaHHS.

4. BusiBneHo, 110 JIJIsI BU3HAYEHHSI Ta OLIiIHIOBAaHHS
KiUJIbKICHUX TTOKA3HUKIB T'yMYCYy B IDYHTI Haljinuie 3a-
CTOCOBYBATH CTEIICHEBY 3aJI€3KHICTh Ha OCHOBI MOJIEi 6,
sIKa XapaKTepU3Y€EThCST HAMMEHIINM CepPeIHbOKBaIpa-
TUYHUM BiIXWUJIEHHSIM 3a BUOIpKOIO.
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OIPEJEJIEHUE U OIIEHKA KOJJMYECTBEHHBIX ITOKA3ATEJIEHN IJIOA0OPOINA
ITOYB METOJAMMU IJTUCTAHIIMOHHOT O 30HANPOBAHUA 3EMJIN

JI.B. Tebpun-batiou

Hayuonanvuosiii asuayuonnsili ynusepcumem, npocn. Kocmonaema Komaposa, 1, e. Kues, 03058, Ykpauna,
e-mail: liliya.gebrinbaydi@gmail.com

JlaH aHanM3 COBPEMEHHOI CUCTEMbI TIPOBEIEHMSI MOHUTOPUHTA Ha 3eMJISIX CeJIbCKOXO3SMCTBEHHOTO Ha3HAYEHUsT U
orpe/esieHbl OCHOBHBIE MTapaMeTpPbl, BIUSIONINE HAa CHUXKEHME Tuiogopoaus noyB. OG0CHOBaHa 11eJ1eco000pa3HOCTh
MPUMEHEHUST METOJI0B TMCTAHLIMOHHOTO 30HAMPOBAHMS 3eMJIU [UTsl OTIpeieSIeHUsT U OLIEHKU TloKa3aTeseid TIo0pOaus
nouBbl. MccnenoBaHa cTeneHb HATMUMSI CBSI3W CIEKTPATIbHON SHEPreTUYECKOM SIPKOCTH MTOYBBI U COAEPXKAHUS FyMyca
Ha OCHOBAaHWM CTaTHCTUYECKOU 3aBMCHMOCTH, OIpelesieHa 3HAYMMOCTh TaKOW CBsSI3U. PaccMOTpeHBI mapaMeTphl,
BIUSTIONINE Ha CTIEKTPAJIBHYIO SIPKOCTD ITOYBBI B Pa3IMYHBIX AMAria30HaX 3JIEKTPOMarHUTHOTO m3nydyeHus. M3ydeHa
cTaTUCTUYeCKast JIMHeHasT perpeCCUOHHAsT CBSI3b MEXKIIy CIIEKTPATbHOU SIPKOCTBHIO TIOYBBI M CONlepKaHUEM Tymyca,
TOJTyYeHHBIM Ha3eMHBIMM MeToaMu. Ha ocHOBaHMM 06paTHBIX JIMHEWHBIX 3aBUCMOCTE CMOIETMPOBAHBI 3HAYCHUST
conepkaHus TyMyca M MPOM3BE/IeHa OlleHKa WX TOYHOCTU. [IpemtoskeHbl HOBbIE MONEIN OTpENeIeHNs] U OLEHKU
conepkaHUs TyMyca Ha OCHOBE CIIEKTPATbHBIX SIPKOCTEH M CTIeKTPaTbHBIX WHAEKCOB BUAUMOTO U MH(PaKpacHOTO
QMANa30HOB 2JMIEKTPOMArHUTHOTO WM3JTyuyeHUsl. B pesynbTare BBIYMCIEHMSI CPeIHEKBAAPATUUYECKOTO OTKJIOHEHWS
¢dakTuueckoro conepxkaHusi TyMmyca oOT MOAEIMPYEMOTO Ofpe/esieHbl Hanbosiee TOUHbIe MOEIH, XapaKTepU3yIOLIUeCs
MUHUMAJIbHBIMUA TOTPELIHOCTSIMU.

Kiouessbie ciioBa: A3POKOCMUNYECKUE METOAbI, TUCTAHIIMOHHOC 30HAUPOBAHUEC 3CMJ'[I/I, CIICKTPA/JIbHbIC XapaKTCPUCTUKU,
MYJbTUCIICKTPAJIbHBIE CHUMKMU, IMOYBbI, T'YMYC, KOPPEJIALA, JIMHEWHbBIC 3aBUCUMOCTH.

IDENTIFICATION AND EVALUATION OF QUANTITATIVE SOIL FERTILITY
INDICATORS USING METHODS OF REMOTE SENSING

L.V. Gebrin-Baydi

National Aviation University, 1, Kosmonavta Komarova Ave., Kiev, 03058, Ukraine, e-mail: liliya.gebrinbaydi@gmail.com

Purpose. The aim of the research is to identify and evaluate the quantitative soil fertility indicators, based on the on-
ground and satellite research of the agricultural lands of different landscape zones in Zakarpattia.
Design/methodology/approach. The proposed methodology is founded on the usage of linear mathematical regression
dependence of the actual humus level in the soil indicator and spectral energetic brightness of pixels of multi-spectral
space images. New models were built which correlate the humus level on brightness of channels and spectral indices
of visible and infrared spectrum of electromagnetic emission, ratios of correlation were identified, confidence intervals
and mean square deviation of the calculated humus level in soil indicator from the actual humus level indicator.
Findings. In establishing statistical linear relation of the spectral brightness of pixels on the sections under study and the
relevant humus level indicators, it was found out that there is the tightest reverse linecar dependence in the red spectral
channel of the visible spectrum. To improve the methodology of identifying quantitative indicators of humus level in
soil based on the data of spectrophotometric analysis of landscape zones, we propose new models of dependence of
humus level on brightness channels and spectral indicators of visible and infrared electromagnetic spectrum.
Practical value/implications. We have tested 13 different new models of the dependence of the humus level on bright-
ness channels and spectral indicators. It was revealed that the most efficient way in determining quantitative indica-
tors of the humus level in soil, based on the data of satellite and on-the-ground observations, is to use the power
dependence of brightness in different spectral ranges (Blue, Green, Red, NIR, SWIRI, SWIR2), since the mean
square deviation of the calculated humus level indicator from the actual humus level indicator in the given model is
minimal and equals 0,52. This approach allows us to obtain operational and reliable information on the quantitative
indicator of the humus level in soil for rational managerial decision-making aimed at applying agrotechnical measures
to prevent soil fertility decrease in landscape zones in Zakarpattia.

Keywords: acrospace methods, remote sensing of the Earth, spectral characteristics, multispectral images, soils, humus
content, correlation, linear dependence.
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