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BUKOPUCTAHHA CYITYTHUKOBUX 3HIMKIB JIJIsA
BU3HAYEHHSA BMICTY A30TY B POCJIMHHOMY INOKPUBI

Y craTTi HaBeICHO METOANKY BU3HAYCHHS Bi/THOCHHX IOKA3HUKIB BMi-
€Ty 230Ty y POCJIHHHOMY IIOKPHBi HA OCHOBi CyITyTHUKOBHX 3HIMKIB.
IIpencraBiaeny MeTOIMKY anipo0OBAHO 3 BUKOPUCTAHHSAM TillepCIeKT-
PaNbHOrO 3HIMKY HA YacTUHY TepuTopii JIbBiBChbKOI 00J1aCTi.

Kniouogi cnosa: rinepcnekTpajbHuii 3HIMOK, BereTauiiHuii inaexc,
NDNI, NDWIL

IMocTtanoBka npodiaeMu. 3 KOXHAM POKOM 3a0pyIHEHHS HaBKOJMII-
HBOTO CEpENIOBUINA, MiHEPAJIbHUMH JOOPHBAMHU CTA€ BCE MACIITAOHIIINM.
[MpruunHOIO IFOMY € HepallioHaJIbHE YI0OPIOBAHHS CLITBCHKOTOCTIONAPCHKIX
3eMellb, B PE3yJbTaTi SKOr0 HAUIMIIOK HITPATiB IOTpAIuIsieE B IPYHTOBI
BOJIM, PIUKH, MOpSl Ta OKeaHHW. TakKoX, Ha/UIMIIOK a30TY, BUKJIMKAIOUH 3a-
TPUMKY LBITIHHS CUIBCHKOTOCIIOJAPCHKUAX KYIBTYP 3HIKYE iX ypokait-
HICTB.

OpuuM i3 3ac00iB JUI KOHTPOIIO 32 Li€I0 MTPOOJIEMOIO, MOXKYTh CIIYTY-
BaTH KapTOrpaMH PO3NOALTY 1HIEKCIB POCIMHHOCTI, OTPUMaHi Ha OCHOBI
JIAHUX JUCTAHIIHOrO 30HIyBaHHS 3eMJi. 30KpeMa, IpoaHalli3yBaBIIN
rinepcneKTpaibHi MU(PoBi 3HIMKH MiCIEBOCTI, MOJKHA BH3HAYUTH HPHUXO-
BaHi JUISl JIIOACBKOTO OKa XapaKTEPUCTUKH CLIbCHKOI'OCIIONAPCHKUX KYIlb-
TYyp, HaIIPUKJIa PiBEHb a30TYy.

AHanmi3 ocTaHHIX JocjdimKeHb Ta myOaikamiii. 3a ocraHHI pokH
3’ IBUJIACS IOCUTh 3HaYHA KUIBKICTh CTaTei, 00’ €KTOM JIOCHiUKEHb B SIKHX €
JIaHi JUCTAHIIIHOTrO 30HAYyBaHHA 3emiti. B YkpaiHi JOCHiIKeHHSIM Tirep-
CHECKTPATBHUX 3HIMKIB 3aiiMaeThes 1.T.H. CtankeBud C.A. [1], sxuif B cBOiX
poboTax po3poOHB METOIU Ta 3alpOIIOHYBAB aJITOPUTMHU VIS OLHKH iH(pO-
pPMaTUBHOCTI Ta ONTHMIi3alil TinepcrneKkTpantbHUX 300paxeHs. llupoko
JOCIIKYIOTBCSl TIMTAHHSI MOHITOPHUHTY CTaHy POCIMHHOCTI 33 CYITyTHHKO-
BHMH 3HIMKaMH, 30KpEMa METOAM MPOTHO3YBaHHS YPOXKAaWHOCTI CLIBCHKO-
rOCHOAAPCHKUX KyIbTYp [2, 3].

IMocranoBka 3aBaanns. Ha ceorozHi o/Hi€l0 3 OCHOBHHUX XapaKTepHc-
THK, 5IKa OIMCY€ 3arajlbHUi CTaH POCIMHHOCTI HA INIEBHIN TEpUTOpii, € HOp-
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Mai30BaHMi BigHOCHMM BereTaiiinuii iHgekc NDWI [4] — kinbkicHuii
MOKa3HUK (POTOCHHTETHYHO-aKTUBHOI Oiomacu pociuH. [3 BuHaNneHHIM
TiepcreKTpaIbHUX CKaHEepiB Ta OTPUMAHHIM JaHUX Y BY3bKHX CIEKTPajb-
HUX Jiana3oHax, 3’ SBHIACh MOXKJIMBICT BU3HAYATH OKPEMI SKICHI XapakTe-
PHUCTHKH POCIMHHOTO IOKPHUBY (BMICT a30Ty, JIITHIHY, alleTaTiB Ta KapoTH-
HOIAiB, Tomlo). /Iyl BU3HAYEHHsS BMICTY a30Ty BHKOPHCTOBYETHCS 1HIIEKC
NDNI [5] — HopMauTi3oBaHMH BiTHOCHHUH 1HAEKC HITPOTE€HY HAa OCHOBI SIKOTO
MOXHa INMOOYAyBaTH KapTH YIOOpIOBaHHS CLIbCHKOIOCIIONAPCHKUX YTijb.
BukopucToByloun Taki KapTH MOXXHA CYTTEBO 3HHU3UTH BUTPATy a30THHX
JIOOpPUB, TiIBUIIATH YPOXKAWHICTB.

Busnaunty meit iHZEKC MOXXKHA 3 BHKOPUCTAHHSM TillEpCIIEKTPAIBHUX
CYIyTHUKOBHX 3HIMKIB. JIJI1 OTpUMaHHS TOYHUX PE3yJbTaTiB, BAXKIUBUM €
BHUKOHAHHS paJioMETpUYHOI Ta aTMOC(epHOi KOpEKIii JaHuX.

MeTo10 1aHoi po6oTH € anpobarliss METOIUKH MOOYAOBH KapTOrpamu
posmoxiny ingekcy NDNI, 3 BUKOpUCTaHHSM TillepCIIEKTPAIBHOIO 3HIMKY
Ha yacTUHY TepuTopii JIbBiBCbKOi 00acTi.

Metoauka nocaimkxenHs. OCTaHHIMU pOKaMH BCe OUIBIY yBary Npu-
BEPTAIOTh JIOCIIDKEHHS 3 BHKOPUCTAaHHSAM MYJIBTHCIIEKTPAIEHUX (abo Oa-
raTO30HAIBHUX) Ta TIEPCIEKTPAIbHUX 3HIMKIB, 3aBASKU SIKUM OTPUMYIOTh
YHCIJICHHI SKICHI XapaKTEPUCTUKH 00’ €KTIB Ha 3eMHIH ITOBEPXHI.

MynbTHCHEKTPaIIbHI CHCTEMH (OPMYIOTH JEKIJIbKa OKPEMHX 300pakeHb
JUISl IIMPOKHX CIIEKTPAIbHUX 30H B Jiarla3oHi €JIEKTPOMarHiTHOrO BHUIIPO-
MiHIOBaHHS BiJl BUIUMOTO 110 iH(pauepBoHOro. Ha BimMiHy BiJl MyIIbTHCIIC-
KTPaJbHUX, TiNEPCHEeKTPabHI 3HIMAIBHI CUCTEMH OIHOYACHO (OpMyIOTh
300pa)XeHHS ISl By3bKHX CIIEKTPAIGHHUX 30H Ha BCIX AUISHKAaX CHEKTPajb-
HOro giara3ony. J{Js rinepcreKTpabHOTrO 3HIMAaHHS BayKJIMBa HE KUIBKICTh
CHEKTpaJbHUX 30H (KaHaJiB), a MIMPHUHA 30HHU Ta ITOCITIJIOBHICTH BHMIpIO-
BaHb. [HOPMATHBHICTh TiNEPCHEKTPATIBHUX Ta MYJIbTHCHEKTPAIBHUX 3Hi-
MKiB MO)KHA OLIHUTH 3a CHEKTPaJIbHUMU KPUBUMH (pHcC. 1).

AmHai3 TinepcrieKTpajJbHuX 300pakeHb CTaB OJHUM i3 Hale]eKTHUBHI-
IIMX Ta HaWNpPOTPECHBHIMINX HampsMKiB B OOpOL JaHUX AWCTAHLIHHOTO
30HayBaHHA 3emii. [imepcriekTpanbHi 3HIMKA Ha BiJIMIHY BiJl iIHIIAX TaHUX
33 103BONAIOTH OTPUMYBATH OIIBII TOYHY Ta JeTanbHy iH(opmanito. Ha
OCHOBI JJaHUX NPO BEIMYHMHY BiIONTOI eHeprii Bix 00’ €KTiB 3eMHOI HIOBEpX-
Hi MOKHA OTPUMATH BEJIMYE3HUI MAacCHB aHAJIITHYHUX MaTepiaiiB ISl CTBO-
PEHHS Ha X OCHOBI HOBOI BUKOHABYOI MPOYKIIii [6].

OpHUM 13 BaXJIMBHX 3aBJIaHb, SIKi MOKHA BUPIIIYBAaTH 3 BUKOPHCTaHHAM
rinepcneKTpaibHoi iHpopMalii — € 1modynoBa iHAEKCHUX 300paxkeHb. Lli
300pakeHHs OYIYIOTbCSl HAa OCHOBI «CHEKTPAJIbHUX 1HAEKCIB» OTPUMAHUX 3
BHUKOPHUCTaHHIM KOMOIHaIii 3HAaUEHb SICKPAaBOCTEN B OKpEMHX, iHHOpPMATH-
BHUX JUIS BUALIICHHS JOCIIDKYBaHOTO 00’ €KTa, KaHAJIaX.
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Ha panwmit yac icHye Onm3pko 160 BapiaHTiB BereTamiiHUX iHICKCIB,
KOXKEH 3 AKHX OyB BM3HAYCHUI €MIIpMYHO HAa OCHOBI aHAJ3y CHEKTpajb-
HUX KPUBHX BiJOMBArOuOi 34aTHOCTI POCIMHHOCTI Ta IPYHTIB. Baxusuii
IHTEpeC MPEICTaBIAIOTH 1HAEKCH pO3paxoBaHi 3a JaHUMH 3 BY3bKHX CIEKT-
palbHHX 30H, A0 sSKMX TakoX HanexuTh Normalized Difference Nitrogen
Index (NDNI) — infekc BMicTy a30Ty B pOCIMHHOMY HOKpHUBIi [7]:

log( 1 —1
NDNI — Og(/PISH)) Og(}éﬁx()) > (1)

lo, /1/ +lo /1/
g( PlSl()) g( P1680)

e Pisyg 1 Piegp — 300pakeHHS 3 TICBHOIO, BKA3aHOK0 B OCHOBI, JTOBKHHOIO
XBHIII.
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Puc. 1. CriexrpanbHi kKprBi o0y j0BaHi Ha OCHOBI BiIOMBAIOUOi 31aTHOCTI
POCIMHHOCT] 3 BUKOPHUCTAHHSM: &) MyJIbTUCIIEKTPAJIbHUX 3HIMKIB;
0) rinepcHeKTpaTbHUX 3HIMKIB
st po3paxyHKy BiJHOCHOTO BMICTY a30Ty BHKOPHCTOBYIOTBHCS 3HIMKH
3po0ieHi B cepenHpoMy iHppadepBoHOMY miamazoHi (SWIR). Bereramiiini
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IHEKCH YyTJINBi 10 XJI0podiny B 6araTbox BUIAJKax BiZoOpa’karoTh BMICT
azory. B pesynbraTi a30THOrO TOJIOAYBaHHS, JHCTKM HaOyBaioTh OJiz0-
3€JIEHOT0 KOJbOpY, 3MEHIIYIOThCS. | HaBIAakW, 3a HAUIMIIKY a30Ty IpH-
LIBHMIYETHCS PICT, YTBOPIOIOTHCS PUXJ TKAaHWHH, 3aTPUMYETHCS LIBITIHHS
[5, 8.

Buknax ocHoBHOro martepiany. Buxiqoumu qanumu Uit po3paxyHKy
ingexcy NDNI, Oynm 1 poBi 3HIMKH MicIeBOCTi 3po0JIeHi TinepcreKTpa-
aeHAM  ckaHepoM HYPERION, Bcranoenenum Ha cymnytHuky “Earth
Observing-1" (EO-1).

HYPERION ckaHye moBepxHIO 3eMii B 242 CHEKTpaJbHHUX 30HaX BH-
muMoi Ta iHdpauepBoHOI obmacti (puc. 2) 3 PO3IUIBHOIO 3JAaTHICTIO 10
30 m. Lundposi 300paskeHHs MICLUEBOCTI OTpHMaHi B pe3yabTaTi poOOTH
CKaHepa MaroTh IHUpHHY 7,65 kM, noBxuHy — 185 kM [9].
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Puc. 2. Crnexrpansre nokpurtst Moxynst HYPERION

3 BpaxyBaHHsM clieKTpajbHOro MokputTs Moyt HYPERION dopmy-
ay (1) MOXKHa 3armcaTH y TAKOMY BHTJISL

o = 2 B30~ 1oe 59 )

log( V51 30) + o2 Vg 59
ne B136, B153 — 136 ta 153 xa”anu 3 goBxuHamu XBWiIb 1507,73 HM i
1679,2 aM BiAIOBIAHO.

I3 cepepa I'eomoriunoi cmyx6u CIHA (USGS - United States
Geological Survey) [10] 3aBaHTaXEHO 3HIMOK
EO1H1820242009118110PX, na teputopito JIbBiBChKOi oOnacTi, a came
gactuHu [ opomonbkoro, CamOipcekoro, Jlporoourskoro, SIBOpiBCBKOTO
paiioHiB.

Iepen TUM SIK MIPUCTYNUTH O TOOYIOBU KapTOTPaMH, TIOTPIOHO BHKO-
HaTH TONEPEAHI0 00pOOKY 3HIMKIB, a came:
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- BUJTAJIUTH [TyMH (AHOMAJTIi);

- BUKOHATH aTMocdepHy Kopekitito [11].

OO0poOka naHnX BHKOHYBajlacsi B NMporpaMHuX Komiuiekcax: ENVI 5.1
ta IDRISI SELVA. Kopekmii mipisrany JTuire Ti KaHaau 300pakeHHs, SKi
BHUKOPHCTAHO /sl TOOYIOBH 1HAEKCHOrO 300pakeHHs, a came: Band136
(puc. 3, a), Band153 (puc. 3, B).

dinbprpanist aHoMamii (1eeKTiB, sSKi BUHUKAIOTh Yepe3 OMHIKH poOo-
TH CKaHepa Ta MepemKoy| y atMocdepi), 3AiHCHIOBANACH 3 BUKOPUCTAHHAM
METOAY aHaJi3y TOJOBHUX KOMITOHEHT [12].

ATtmocdepHa Kopekuis (BUIaJICHHS TOMHJIOK BUKIMKAaHUX aTMOC(EPOI0
Ta COHSYHMM BHUIPOMIHIOBAHHSM) BHUKOHYBQJIACh 3a JOIIOMOTOI0 MOIYJIS
FLAASH [13, 14, 15].

PesynpraTn KOpekuii npenacrasieHi Ha puc. 3, 0, 3, T.

Ha macrynmHomy erami, 3a JONOMOTOI0 KaJIBKYJsITOpa 300pakeHb, 3a
¢dopmynoro (2) modynoBaHo kaptorpamy posnoziny inaekcy NDNI. Ocki-
JIBKH, OTPUMAaHi 3HAYCHHS 1HIEKCIB IS KO)KHOTO MIKCEJsl 3HaXOIWINCh B
nmiama3oHi Bif -1 mo 1, BUKOHAHO HOpMAaJi3aIliio TicTorpaMu Ta ii MaciiTa-
OyBanns [11]. 3aBasky bOMY: CYTTEBO NOKPALIMIACh KOHTPACTHICTD, 3HA-
YeHHS 1HIEKCiB Oyny pUBEIeHi 10 BiACOTKOBOI mikanu (puc. 4, a, 0).

BizyanbHa imeHTH(]IKanis TUIIB POCIMHHOTO MOKPUBY 3AIHCHIOBANIACH
Ha OCHOBI KOMMNO3UTY KaHaiiB 2, 4, 6 moxyns ALI [16] cymyrnuka EO-1
(puc. 4, B), sIKuii ABIIIE COO0I0 300pa’KEHHS Y 3BUUHMX IS JIFOACHKOIO OKa
KOJIbOPAX.

OTpuMaHi pe3yabTaTH MOXYTh OyTH BUKOPHCTAHI, HE JIUIIE K BUXiIHI
JIaHi U1 TOAAJBIIOTO aHAIi3Y, a 3aBIIKHA KOOPJMHATHIN MPHUB’S3I1i B CHUC-
Temi WGS84, sk ToTOBHH MPOIYKT UIsI MOHITOPHHTY BMICTY HITPOTEHY Ta
IUTAaHYBaHHS BHECEHHSI a30THHX JIOOPUB.

Pe3yneTyroui 3HaUCHHS iHICKCIB SBISFOTH COOOKO BiTHOCHI MOKAa3HHUKH
BMICTY a30Ty y POCIMHHOMY IOKpHBI, SKi JO3BOJISIOTH BU3HAUYNTH 30HU i3
HU3BKMM BMICTOM HITPOTeHY, SIK Ui OKPEMHX IOJTIB Tak i IS OLIBIIMX
Tepuropiil. L{i 3HaYeHHSI MOXYTh OyTH iHTEpIpETOBaHi, Ta 3 BPaxXyBaHHIM
TIOJIBOBHX JIOCIIIKEHB, TIEPepaxoBaHi B a0COIOTHI MTOKa3HUKH.

BukopucToBylour KOMITIO3UTHE 300pakeHHs (pHc. 4, B) Ha KapTorpaMmax
posmoxiny innexkcy NDNI (puc. 4, a, 6) Baanocs i1eHTH(}IKyBaTH JUISTHKH 3
HU3BKUM 3HaueHHsM iHaekcy 0-40%, sIKUMHU BHSBHIIUCH CLIIBCBKOTOCIIONAp-
CBbKI yrizas 0e3 pocIMHHOTrO MOKpHBY, 3a0yI0BaHi 3eMJIi Ta BOJIHI 00’ €KTH.
OTke, OTpUMaHi 1HJIEKCHI 300pa)KeHHSI MOXKHAa BUKOPHCTOBYBATH HE JIMILE
JUTS OLIHKA CTaHy POCIUHHOCTI, a 1 JJI1 MOHITOPUHTY 3a CXOKECHHAM CiJTh-
CBKOTOCIIOJIAPCHKHX KYJIBTYP Ta 32 PO3IIMPEHHIM 3a0y/I0BaHUX TEPUTOPIH.
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Puc. 3. ®parmentn 300paxxenr HYPERION: a) kanan 136 no kopekuii; 6) kaHan
136 micns xopexkuil; B) kaHai 153 1o xopekuii; T) kanan 153 micns kopekiii
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Puc. 4. Pe3ynbrytoui 300paxxeHHs: a), 6) kapTorpama posnoziny innekcy NDNI ta
30ibIneHn# (parMenT; B) KOMIO3uT Kauaiis 2, 4, 6 (ALL EO-1)
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USE SATELLITE IMAGES FOR THE DETERMINATION OF
NITROGEN IN VEGETATION COVER

In article the method of using satellite images to determine the relative
indices of nitrogen in vegetation is produced. The method was tested
using hyperspectral image at a Lviv region fragment.

Keywords: hyperspectral image, vegetation index, NDNI, NDWI.
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(HanuoHasbHBIN yHUBEPCUTET BOJHOIO X035MCTBA U IPUPOIONOIB30BaHMUS,
r. PoBHO)

HNCIIOJIb30BAHUE CITYTHUKOBbBIX CHUMKOB JIJIAA
OINNPEAEJEHUA COAEPKAHUA A30TA B PACTUTEJIBHOM
IHOKPOBE

B craThe npuBeicHA METOAUKA ONPe/ieIeHUS] OTHOCUTEJIBHBIX N10KA3a-
TeJIeil coaepkaHus a30Ta B PACTUTEILHOM IIOKPOBE HA OCHOBE MCIIO/Ib-
30BaHNA CIIyTHHKOBBLIX CHUMKOB. IIpeacTaBiieHHas MeTOqUKA anpodu-
POBaHA C HCIOIb30BAHUEM I'MIIEPCIEKTPATBHOI0 CHUMKA HA YaCTh
TeppuTopun JIbBOBCKOIT 001aCTH.

Knrouegvie cnosa: runepcneKTpaibHblii CHHMOK, BereTAllMOHHBIH WH-
aexc, NDNI, NDWI.
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