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KoCcMiuyHUHA MOHITOPUHT JOBKULIA — €PEKTUBHUIN MEXAHI3M

OXOPOHH JIiCiB

B. I JIanbko, I M. 2JKonobak, A. 5. Xonoposcekuii, O. A. AnnocTosnos®, O. M. Cubipiesa, JI. O. €xicTpaTosa,

I. ®. Pomanuyk, €. M. Jopoder

AV “‘Hayxoeuii uenmp aeporxocmivnux 0ocnioncers 3emni ITH HAH Yipainu”, Kuis, Vpaina

[Mposenena xKnacudikanig ripcbKux jicis KapnaTrchbKoro HalioHaJIbHOIO NpUupogHOro napky (KHIIIT) 3 MeTOI0 yTOYHEHHS

POCTOPOBOI'O PO3IOULY IX IOPOJHOIO CKIAAY Ta (PITOCAHITAPHOI'O CTAHY. BCTaHOBIJIEHO, 1110 IUIOIIA JIMCTSAHUX JIiCiB BiITHOCHO

XBOMHMX Ha I1iti TepuTopii Kapnat nocTifHO 36i1bI1yeThes. JJOCipReHi (DaKTOPH ypasKeHHs SUIMHHUKIB KapriaT Ta BCTAHOBJIEHO,

[0 NOIIKOKEHI JUIAHKHU JIICY PO3TAIOBYIOTHCS IIEPEBAKHO HA JUIAHKAX IIOHUXKEHOTO penbedy. [Ipoananizosano

diToCaHITAPHUI CTAH OKPEMUX JIAHOK JIiCiB HA ITi/JCTABi JAHUX 3 CYIIyTHUKA Sentinel-2 Ta BUABIEHO CYTTEBY BiIMiHHICTb Y

BEJIMYMHI ITOKA3HHUKIB ACKPABOCTi T4 3HAYEHDb BereTauifiHuX ingekciB NDVI Ta MSI MK ypa)k€HUMU Ta 340POBUMU JITHKAMHU.

K1r040Bi c10Ba: J1icy, IIKiTHUKH, KOPOifl, KapIaTChKUit HAIIOHAIBHUHN IPHUPOJHUIN MAPK, AUCTAHIIIHHI METOU JOCTIPKCHHS

3emui, Landsat-8, Sentinel-2.

© B. I JIanbko, I. M. JKonobak, A. 1. Xogoposckkuit, O. A. Aioctosnos, O. M. Cubipuiesa, JI. O. €nicrpaTosa, I. ®. PomaHuyK,

€. M. lopodett. 2019

AKTYyaJdbHICTh JOCTiAKEHHA

I'mo6ayibHi KIIMATUYHI 3MiHM T4 IX BIUIMB Hd HABKO-
JIMIITHE CEPEJOBHUIIE — O/IHA 3 AKTYA/IbHUX MDKHAPOIHUX
IpOO6IIEM, IO OBTOBOPIOETHCSA HA HAUBUIITUX MIKHAPO/-
HUX HAYKOBUX i MOMITUYHUX PiBHAX. HeraTrBHi HaCIigKu
1UX 3MiH IOTPEOYIOTh HEBIIKIAHOTO NPUHHATTS BiIIIO-
Bi/IHMX 3aXO/iB. ¥ 3B'43Ky 3 IIUM B YKpPAiHi IPUITHATO 3a-
KOH “TIpO OLIiHKY BIUIUBY Ha IOBKULIA” Bift 23.05.2017 p. [4].
OCO6IMBO BKINBY POJIb Y TOAOIAH] TPAHC(POPMATLIil eKO-
CUCTEM, BUKIMKAHNX 3MiHAMU KJIiMaTy 3eMJI, BilirpaloTh
JICHL

Jlicu VKpainy, KOTpi, X04a i 3aMaioTh CYTTEBO MEH-
11y IUIONTY, HiK B iHIIMX KpaiHaX €Bpomnu (Ha 3arai
15.7%), MaIOTb 3HAYHUH BIUIUB HA TPAaHC(HOPMAIIIIO
NPUPOAHUX JaHAIADTIB. B oOcTaHHi pOKM B YKpaiHU
3HAYHO 30UIBIIMINCA IUIONI JIiCiB, IOMKO/DKEHI Pi3HU-
MM XBOPOO6AMMU T4 MIKITHUKAMU. SAKIIO YPAXKEHI IO
B 2000 p. 3armanu 4% yciei repuropii, To B 201 1p. BoHU
3pOCiH B Ba pasu [11]. 3akaiouu HA MIBUJKE [IOMIU-
PEHHA (PITONATONOTIYHUX 3MiH, /I 30€PEKEHHS iCHY-
IOYOTrO JIICOBOT'O IT'eHOMOH/Y KPAiHM BKPal NOTPi6GHO
ONEPATUBHO KOHTPOJIIOBATH PO3BUTOK LIUX IIPOIIECIB
y Jlicax. Sk BiToMO, €(PEKTUBHO GOPOTUCS 3 HAIAJJAMU
IMIKiJHUKIB Ta 30yIHUKIB XBOPOO MOMJIMBO JIUIIE Ha
[IOYATKOBHUX CTAISAX IXHBOI'O PO3BUTKY.

TakUM YMHOM, B CY4aCHHUX YMOBAX I peasnizanii
CTJIOI'O PO3BUTKY HAIIIOI IEPKABU CJIi/l BUSHATH AKTY-
AJIbHUM i BAXKJIMBUM BCEOIUHE TOCIIIPKEHHSA CTAHY JIiCO-
BUX €KOCHUCTEM YKPAIHU B INIOOAIBHOMY i PEriOHAIIb-
HOMY MacITa6ax. JoCIipKeHHs HEOOXiAHO TPOBOIU-
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TH OIIEPATUBHO, HA 3HAYHUX IIOMaxX. OCOOIUBY yBary
CJIiA, TPUAIATA BUABJIEHHIO JIAHOK 3 IIOYATKOBUMHU
cTaziasMu POPMYBAHHS HEOE3MEUYHNUX €KOJOTIYHUX
IIPOIECiB, KOHTPOJIIO 34 HAIIPABJIEHICTIO T4 iIHTEHCHB-
HICTIO X PO3BUTKY B 4aCi. /11 IbOT'O TOCIIiIPKEHHSA CJTiJT
IIPOBOJWTH B PEKMMi MOHITOPUHI'Y TAd HA 3HAYHUX IUIO-
aX, IO MOXJIMBO BUKOHATHU TIJIBKH HA ITiACTABi BUKO-
PpHUCTAaHHA KOCMiYHUX 3HIMKiB. 3apa3, 3Ti/IHO 3 YUHHU-
MU iHCTPYKIIiAMY, JTiCHUKHU I/} 9aC JIICOMATONOTIYHUX
OBCTEXEHD 3iMCHIOIOTh KOHTPOJIb TEPUTOPIT JIiCiB HA
MIPEAMET YPAKEHHA PISHOMAHITHUMH MIKiITHUKAMH HA
OKPEMHX IIJIONAX JIMIIIE OIVIAAIOYH JIiCH [3].

Cepen Ipo1eciB NATOTEHHOI'O BUHUIIEHHSA JIiCiB
IIPOBiJTHE MiCIIE 3aHMA€E ABUIE MHPOKOI'O PO3IOBCIO/ -
JKEHHA KYKiB-KOPOIJiB, IO PO3NOBCIOJXKYThCA HE
TinbKU B YKPAiHi, aj1€ i B 1icax 6ararbOX KpaiH CBiTy. 34
panumu [10] xyk Kopoix — Tunorpad Ups
typographus L.) 3aBjaB OiNbIIOI HIKOAM JIicaM €BPOIIH,
HIX YCi iHII IPUPOAHI IPOLIECHU PA3OM .

VYparanu Ta cuironaay B €spormni ta IliBHivHiN AMe-
puLi IpU3BEIN JO 3arubeni 3HA4YHOI KiJIbKOCT] JIEPEB,
sIKi OyJIU 32CEJICHI KOPOIIaMU Ta CIIPUSIIN IXHBOMY PO3-
NOBCIO/PKEHHIO. Harigacrine Kopoigy 3aCenaioTh JIiCH,
AKi TIOTEPIAIOTD Bifj TOCYXHW, YPArAaHHOI'O BiTPY, MiABU-
LIEHHS 2460 3HIDKCHHS PiBHA I'PYHTOBUX BO/I, ITOXKEXI,
IIOCWJIEHOI'O PEKPEALIMHOTO HABAHTAKEHHS, ITOIIKO/ -
JKEHHS KOMAaXaMU-XBOEIUCTOT PU3AMU, YPAKEHHA XBO-
po6amu, a TAKOXK OCIA6JIEH] B PE3YIBIaTi IPOBEJACHHS
I'OCIHOJAPCHKUX 3aXO/IiB.

[lixBUIEHHA TEMIIEPATYPU HABKOJMIIHLBOIO CEPE-
JOBUIIIA IIPU3BOAATH A0 34CyX, AKi 30in1pmyloTh
MacIITabu 3apaKeHOCTi Kopoinamu. ITpu iboMy 3po-
CTAIOTh 34 PO3MipaMU IOMYJIALLI )KYKiB, IPUCKOPIOETH-

Online ISSN 2313-2132



B. 1. JIansko ma iH. /' YKPainCoKutl acypra Oucmaniyitino2o 30H0ysarua 3emni 20 (2019) 4—12 5

Cs BUXiJl r'yceHu1i 3 Arnd [10]. 3 MeToro KOHTPOIIIO 34
PO3NOBCIO/PKEHHAM KYKiB T4 X 3HUIIIEHHIM HEOOXi/I-
Ha OIlePAaTHUBHA iH(pOPMAallid IPO MOYATKOBI CTaAil 3a-
PaXEHHA J1iCiB ITMMU MKiIZHUKAMA. Ha MO4YaTKOBIN
CTaAil 3apakeHHA (TaK 3BaHA “3€JI€HA” A4TAKA) I'YCiHb
JKYKa PO3BUBAETHCS Y BHYTPIIIHBOMY JIYOi IEPEBA, SIKE
¢i3i0Nn0TiYHO 3€71€HE Ta KUBE, XO4Ua MEPIIi O3HAKU
crpecy PiKCyroThCs y OJIMKHBOMY iH(PPAYEPBOHOMY
(BIY) giamma3zoHii HE CIOCTEPIraIoThCA TIOACHKUM OKOM.
3anob6ixHi 3aX011 TOTPIGHO NPUHMATHU JIO TOI'O, SIK KO-
MaXU [IOYHYTb MiI'PYBATH.

BigyasipHrMM O3HAKAMM YPAXKEHHA JIICIB KOPOiZIOM
€ HAABHICTb JEPEBUHHOI TPYXH, PO3PI/PKEHHA KPOHU
JIEPEB, NOUIKO/PKEHHS CTOBOYPIB; JKOBTYBATUU KOJip
XBO1; 3ACOXJIi T'JIKM; TEMHO-0ypi puzomopdu, 6ina
IUIiBKA MIIIEJIiIo Ta TaKe iHme [8].

KOHTpPOJNb 32 PO3NOBCIOJKEHHAM KOPOIiNiB
TPASULINHUMA METOJAMH Ha 3HAYHIN 32 pO3MipaMu
Ionli noTpedye 6araTo yacy Ta 3ycuib. IJoo6u npose-
CTH TaKi pO60TH, OCOOIHBO Y BAXKKO JOCTYITHHUX Paio-
HAaX, JIO AKUX B YKPAiHi BiAHOCATHCA KAPIIATCHKI JIiCH,
CJIiJ] OOMEXUTH IUIONTY IPOBEACHHS [TUX 3aXO/[iB IS -
XOM IIONEPEAHBOI'O BUABJIEHHS ITOMIKO/KEHUX JIiCiB,
BUKOPHUCTOBYIOYHN ONEPATUBHI METOAN JTOCHII/KEHHS.
J1O TaKMX METOIB BiTHOCATBHCS JUCTAHIIMHI JOCTiI-
JKEHHA 32 MaTEPiaslaMu KOCMIYHOI 3MOMKU. JIiCHUKN
B3K€ JIABHO 34CTOCOBYIOTh MaTepPianu a€popoTO31OM-
KM Ta KOCMiYHO1 3MOMKH, 4JI€ MOKJIMBOCTI JUCTAHIIi k-
HUX MATEPiasiB BOHU BUKOPUCTOBYIOTb HE B IIOBHIN
Mipi.

SIK BiZlOMO, B HAlI 4aC Bi/IOyBA€TbCSA CTPIMKHUH PiCT
SIKOCTi KOCMIYHOI 3HIMaJIbHOI TEXHIKU — 301/IbIIYETh-
Cs KUJIBKICTD T4 3MEHIIYETHCA MHUPUHA CIIEKTPAJIbHUX
KAaHAJIiB, B IKMX BUKOHYETbCS 3IOMKA, 301/IbIITyEThCS Ya-
CTOTA ii IPOBEAEHHS, PO3MINPIOIOTHCSA TiAIIA30HU €JIEK-
TPOMATHITHUX XBUJIb, IO 3ACTOCOBYIOTHCA [T 3HIMAH-
HA. Bce 11€ 3HAYHO PO3MINPIOE MOXIINBOCTI BUKOPUC-
TAHHA JUCTAHLINHUX MAaTEPialiB JId JOCTIKEHHA
JIiCiB T4 HABKOJIMIIIHBOTO cepenoBuIna. g peanisartii
UX MOKJIMBOCTEN HEOOXi/IHA pO3POOKA BiJIIIOBITHUX
METOAHK OOPOOKU KOCMiYHUX 3HIMKIB [1].

VY OpaKTUIli J1iCOBOTO TOCIIOAAPIOBAHHA CIIOCTEPE-
JKEHHA 34 CTAHOM JIiCiB IIPOBOJAATHCA IEPEBAXKHO HA-
3EMHHUMU MeTOJaMu. Ha gaHuM yac BJOCKOHAJIEHHS
CIIOCTEPEKHOI CUCTEMU /1€ B HANPAMKY OCBOEHHSA
HOBUX TEXHOJIOTIN iIHBEHTAPU3ALLil JIiCiB (BUKOPHUCTAH-
HA TAKUX iHCTPYMEHTIB, AK JIA3€PHIi JAJIEKOMIPH, €JIEK-
TPOHHI BUCOTOMipPH, EIEKTPOMATrHITHI KOMITACH, CYITyT-
HUKOBI HABIiralifiHi CUCTEMH, EJIEKTPOHHI MipHi BUJI-
KU, TTOJIbOBi KOMITIOTEPN ). I tuIie HACTYITHUM KPOKOM
CJIi1 OUiKyBATHU BIIPOBA/KEHHA JTUCTAHILIMHUX TEXHO-
JIOTiM, OCKiIJIbKM BOHH 320€3I1€UYYIOTh CIIPOLEHHS
iHBEHTAPU3AL[ITHUX POOIT, 3/ICIIEBIIOIOTH IX, IPAKTUY-
HO YHEMOKJIHUBIIIOIOTH BIUINB Cy®’€KTUBHUX (PAKTOPIB
Ta JO3BOJISIIOTh OXONUTU MOHITOPHUHI'OM OUIBIIII IIOII
32 KOPOTIINI IPOMDKOK 4acy. /11 BIPOBA/PKEHHS TN-
CTAaHLiMHUX TEXHOJIOTiH NOTPiOHO BUPIMIUTH MIUPO-
KW KOMIUIEKC METOJUYHUX NMUTAHb. Ha »Kanb, B YKpaiHi

JIO0Ci HE pO3POOJIEHO EPKABHOI IPOI'PAMHU A€PO-
KOCMiYHOI'O MOHITOPHHI'Y JIiCiB.

OnepaTUBHE BUPIMIEHHA 33/1a9 MOHITOPHUHIY CTAHY
JIiCiB VKpaiHU MOIIMBE 34 MaTEPialaMu 0araTO30HAIb-
HHX KOCMIYHUX 3HMOMOK. fIK BigoMO, 6araTo30oHaabHA
KOCMi4H4 3MOMKa 3 CYIIyTHHUKA Landsat BUKOHyBas1acs
6e3nepepBHO 3 70-X pokKiB XX CT. i MOKpHBaia 6i1biry
YACTUHY TEPUTOPII IVTAHETH. YCi 11i MATEPiaIN PO3IIOB-
CIO/IKYIOTBCSl OE3KOIITOBHO i JOCTYITHI BCiM 3alliKaBJIe-
HUM CITOKUBA4YaM. [X BUKOPUCTAHHS JIO3BOJISIE TPOBO-
JUTHU JOCIJPKEHHA €KOJIOT{YHOTO CTAHY JIiCiB B PEXUMI
MOHITOPHHIY.

3HAYHUH IPOI'PEC B 3ACTOCYBAHHI MaTepiajiB 6ara-
TO30HAJbHOI KOCMidyHOI 3MOMKU JJISI JOCJIiIKEHHS
JIICOBUX MACHBiB YKPAaiHN PO3IIOYABCA B HAIIIN AEPIKABi
3 cepeaunHu 1990-X pp., KOJIU BiIOYBCS CTPIMKHUH 11O-
CTYII B PO3BUTKY I'cOiH(POPMALITHUX CUCTEM 3 ITOSIBOIO
IIEPCOHATIBHUX KOMITIOTEPIB. PO3BUTOK KOMITIOTEPHUX
TEXHOJIOTI, sIKi JO3BOJIWIHN IIPOBOIMTU OOPOOKY JAHUX
JUCTAHILIMHOIO 30HAYBAHHA 3emii (133), mo npena-
cTaBJicHi B 1UPPOBiil PopMi, OOYMOBUB ITOSIBY HOBOI'O
i myxe e(peKTUBHOIO METOJY MPOBEAEHHA IIPOCTOPO-
BOI'O AHAJIi3y INIOBEPXHI 3EMIJII.

OJIHUMH 3 IEPIIMX OAraTO30HAIbHI 3HIMKU Pi3HOL
IIPOCTOPOBOI PO3PI3HEHHOCTI /11 BUBYEHHA €KOJIOTi-
YHOI'O CTAHY JICiB T4 iHIMMUX JaHAMA@TIB 3ACTOCYBAIN
¢axisui HaykoBoro LleHTpy a€pOKOCMiIYHUX JOCIIiJ-
skerb 3ewti ITH HAH Vipainu (HAK3) [16].

Pe3yasTaTH JOCAiIKE€EHb

PaxiBui LlenTpy, BUBYAIOYM 3HIMKU CYIIYTHHKIB
Landsat-5 ta Spot-4 y MeKaxX 30HH Biluy>KeHHs1 HOpHO-
OnbcpkOi AEC, po3po6min KIacH(iKaIiio Iicis 3a ixHimM
CKJIAJIOM, JOCJIIVIN BCTAHOBUTH BIUIUB PAJiOHYKIIIJ-
HOI'O 320pY/IHECHHS HA CTAH XBOMHUX JIiCiB. Byno BCcTa-
HOBJICHO 3HA4Hi PO36LKHOCT] y CIIEKTPAIBHUX XAPaK-
TEPUCTHUKAX COCHOBUX JIiCiB JJO Ta MiCJIA HAA3BUIANHNUX
noairt Ha YopHoO6unbCpKitt AEC, a TakOx (PyHKIIiOHAIb-
Ha 3aJIEKHICTb MK BMICTOM PaJiOHYKIZIB Y I'PYHTI T
CIIEKTPAJIBHUMHU XAPAKTEPUCTUKAMU COCHOBUX JIiCiB.
BHUKOPUCTOBYIOUH BCTAHOBJICHY 3AJICKHICTh, OyJ1a IIPO-
BEJICHA OLIiHKA CTYIIEHs 3a0pYyAHEHHS JIiCiB 30HU Bifjuy-
JKEHHS PAJiOHYKIIJAMHU i CKIaZIeHA BiZIlIOBiAHA KapTa.
CniBpo6iTHuku LHAK/I3 BCTAaHOBWIIY, IO JIiCH 30HU
YAEC, siKi BpaXE€Hi COCHOBUM HIOBKOIIPS/IOM, KOPEHE-
BOIO I'YOKOIO, 3a3HAJIN BIUIMBY ITOXKEX T4 IiATOIUVIEHHSA
(110 OYJ10 BUSIBJICHO JIICHUKAMM ), 34 CIIEKTPAJIBHUMU XA~
PAKTEPUCTUKAMMU BiZIPi3HAIOTHCA BiJl 3OPOBUX JIiCiB. Bu-
KOPUCTOBYIOUM BCTAHOBJICH] 3JI€KHOCT], OyJIH BUSIBJICHI
IUIOI|, TTOMKO/PKEHI COCHOBUM IIOBKOIIPAIOM, AKi pa-
Hime 6ynu HeBijoMmi JicHUKaM. OTpUMAaHi pPE3y/IBraTH
Oy/I1 MiATBEP/PKEHI HACTYITHUMH HA3€MHHMU CIIOCTEPE-
JKEHHSIMH [6)].

V noganpmioMy criBpobitHuky HHAK3 nnpoBoanan
perioHanbHi oCipKeHHs 1iciB CepeHboro Cubipy. by
CKJIQ/IEHI KAPTH BHUJIOBOI'O CKJIAZY JIiCiB, BCTAHOBIEHO
BIUIMB TEIIOBOTI'O NOJIs1 3€MJIL Ha JIicH [5].
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V 2005 poui ¢axisui HAK/3 po3noyanu JOCIifg-
JKEHHA Y MeXaxX KaprmaTcbKOro HaIioOHaJIbHOT'O IIPH-
poanoro napky (KHIIIT). BUKOpHCTOBYIOUM 3HAYHUI
06’eM HaABHUX HA3€EMHUX CITIOCTEPEKEHD TA TUCTAH-
HiHUX MatepianiB y mexxax KHIIII, 6ynu 3po6eHi
METOJHUYHI PO3POOKU [IJIsI BUPIIEHHS €KOJOTiYHUX
npo6aeM aiciB. Pozpobneno cucreMHuil niaxia go
BHU3HAYEHHS BUJOBOT'O CKIAY, (PITOCAHITAPHOI'O CTA-
HY, 326€31€4eHHS 30271aHCOBAHOTI'O PO3BUTKY J1iCOBO-
'O rOCHOJAPCTBA KPATHH, CIIPAMOBAHOIO HA MOCH-
JIEHHSI €KOJOTiYHUX Ta COIiaJIbHO-EKOHOMIYHUX
dyHKLiM giciB Ha npukiaagi KHIIIL Jng 1poro 6yau
BHKOPUCTAHi KOCMiUHi 3HIMKM CyIIyTHHKiB Landsat,
Sentinel-2 Ta inmi. Ha 3arasi, BUpinyBaaucs HACTYIHi
3aB/IAHHS: BIOCKOHAJIEHHS METO/IiB OOPOOKU KOCMi-
4HO{ iH(pOopMaLii I/11 BUSBJIECHHS 3MiH JOBKIJJISL; IPO-
BeJICHHS KIacu@ikawii jiciB 32 BUJOBUM CKJI4/IOM B
Mesxax KHITIT; Bu3HayeHHA (PiTOCAHITAPHOIO CTAHY
JIiCiB; pO3PAXYHOK IIEPBUHHOI HETTO-IIPOAYKTUB-
Hocti NPP (Net Primary Production) jiciB 32 1aHu-
MM KOCMi4HOI 3MOMKH; IiATOTOBKA PEKOMEHIAILIN
JUIA TTOJIIIIIIEHHA OXOPOHU, yTPUMAHHSA, 30€PEXKEHHA
Ta BiJJTHOBJICHHS JIICOBUX €EKOCHUCTEM Td BUKOPUCTAH-
H JIICOBHUX PECYPCiB.

JOCBiI BHKOPUCTAHHA MATEPiaIiB KOCMIYHUX 3MOMOK
JUISL BUPIIIEHHS NOAIOHUX 337144 BiJOOPAKEHO B IyOJIi-
KallifgX CriBpo6iTHUKIB LlenTpy [3, 5-7].

MaTepiaiu Ta METOTHUKA JOCHiKEHb

s nocnippkenHsa KHITIT Oyiy BUKOPUCTaHi MaTepi-
4711 KOCMIYHOI 3MOMKH 3 cyrryrHUKa Landsat. Pospis-
HIOBA4JIbHA 3/IATHICTb 3HIMKiB 30 METPiB, IO JO3BOJIAE
BECTHU JOCHIJ)KEHHA HA PiBHI AepeBOCTaHiB. Kpim
3HIMKiB OyJIM BUKOPUCTAHi TonnorpagiuHi kapTu Mac-
mrrady 1:100000, Tonnorpacdiuna kapra KHITIT macurra-
6y 1:150000, tndposa mozaens penvedy (LIMP), nani
snicoTakcaninnoi 3iomku Teputopii KHIII Ta moabosi
cnocrepexeHHsa criBpob6iTHukiB IIAKI3 Bocenn 2017
POKy. [li1s1 06p0o6Ku 3i6paHoi iHpopmaliii 6ys10 3aCTO-
COBAaHO NpOrpamHe 3abesnedenns Evdas Imagine Ta
I'C-MaplInjfo Professional.

3i6paHa HaMu IIepBUHHA iH(pOpMalis 6y1a OTpu-
MaHa B Pi3HUX CUCTEMAX KOOPAUHAT: KOCMidHi
3HiMKHu B cucreMi UTM/WGS84 B MmeTpax, TOIIOT-
padiuni kapTHu cTBOpEHi B cucteMi laycca—Kprorepa/
I[IynkoBo 1942 B merpax Ta LIMP B cucremi
Geographic B rpaaycax. Tomy HACTyIIHUM KPOKOM
CTaB BUOIp CUCTEMH KOOPJUHAT, 10 SIKOI Tpeba nIpu-
BECTH BCi HasIBHi MaTepian Ta B AKiNA 6yayTh BUKO-
HYBATUCHh YCi po3paxyHKU. TakowO cucremoro 6ysa
obpana cucreMma koopauHar UTM/WGS84 30Ha 35.
Lle 06yMOBIEHO TUM, IIIO MAMKE BCSI KOCMiuHAa iH(OP-
Mallig OTPUMYETHCA B TAKIN CUCTEMI KOOPAMHAT, KPiM
TOTO, BCi IPOr'paMu O poOOTi 3 KOCMiYHUMU JAHU-
MU 33BK/I1 9iTKO “PO3YMIIOTH” ITIO CUCTEMY i ITPABUJIb-
HO 11 BiJOOpaKal0Th, HA Bi/IMiHY BiJl cucTemu I'aycca-
Kprorepa/Ilynkoso, 1942. 1106 BCi aHi MPpUBECTU O
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€IMHOI CUCTEMHU KOOPJHUHAT, MU 34CTOCYBAJIN T'€O-
METPHUYHY KOPEKIIIIO O TUX JAHUX, AKi IPOCTOPOBO
HE 306iraroTbCs OJHI 3 OJHUMH. 32 6A30Bi 3HIMKH, 1O
AKX IIPOBOAMIACE TEOMETPUYHA KOPEKILid, MU 6Pa-
1 KOCMivHi 3HiMKHN Landsat, OCKiTbKM BOHHU MAIOTh
4iTKy 36DKHICTh MiXK COOOIO Ta 3 TONOIPA(PiYHUMU
KAPTAMH.

Kirnacudikanisa HABKOJIHUITHHOTO
cepemgosuina KHIIII

3 METOIO K1acudiKallil HAIBKOJIUIITHBOI'O CEPEIOBHUIIA
OKPIiM AACKPABOCTi €JIEMEHTIB JJOBKI/UIAY 9 CTIEKTPAIbHUX
KaHaIaX cynyTHHKA Landsat-8, IKi BCTAHOBIIIOBAINCS 34
3HIMKAMH, MU BUKOPUCTOBYBAJIM BiIOMi BET€TAIliNHi
ingexcu NDVI (normalized difference vegetation index)
[17] Ta NWI (normalized water index) [9].

InTEerpanbHNI MOKA3HUK, AKUI XAPAKTEPU3YE CTAH
POCIMHHOTO IMOKPUBY i NiZiBUIIy€ €(DEKTHUBHICTb BCTA-
HOBJIEHHS Horo cxiagy NDVI:

NDVI = (NIR(5)-RED(4))/(NIR(5)+RED(4)). (1)

BopHuit iHAEKC, AIKUI XapaKTepUu3ye 3a6€311€YEHICTb
BOJ0OI0 pocnH NWI:

NWI=(GREEN(3) — SWIR1(6))/(GREEN(3) + SWIR1(6)).
(2)

1 BpaxyBaHHA BUCOTHOI IIOACHOCTi B pO3TaNly-
BAHHi POCIMHHOCTI OyJIa BUKOPHUCTAHA HU(PPOBA MO-
JIEJIb PENILEQY, IO XAPAKTEPUIYE BUCOTHE PO3TAIITYBAH-
Hs POCJIMHHOCTI.

TakuM YMHOM IS Kinacudikaiii JOBKiIA 32 Aa-
HHUMHU 3 CyIIyTHHKIB Landsat-8 6yn0 cpOpMOBaHO
JBAHAALSATUKAHAJIBHE 300paXEHHS, J¢: 1-9 KaHa-
JI BiITTIOBiAIOTh CHEKTPAJIBHUM ACKPABOCTAM VY
UX KaHaJIaX CynyrHUKa Landsat-8, 10 kaHan —
3Ha4yeHH ingekcy NDVI (3a ¢popmysiowo 1), 11 ka-
Hajl — 3HadeHHsA iHpekcy NWI (3a popmynomwo 2),
12 xaHayn — BUCOTA pesbedy 32 LUPPOBOIO MOJEI-
10 penbedy (LIMP).

st npoBeieHHA KIacu@iKallii Ta OLiHKH JOCTOBip-
HOCTi OTPUMAHHNX PE3YIBTATIB JOCIPKEHb MU BUKOPHU-
CTOBYBIN jicoTakcaninny kapry KHIIII ta matepianu
IIOJILOBUX CHOCTEPEKEHD CHiBpOO6iTHUKIB [TAK/I3, 1110
Oy 3po6iieH] y Mexkax KapraTCbKOro NapKy B IEpiof
IIOJILOBUX POOIT.

Kinacu@ikariito JOBKUIISL B MEXAX TEPUTOPII HaAPKy
MM BUKOHYBAJIH 3 JJOIIOMOT'OIO IIPOI'PAMHOTO MPOJYK-
Ty ERDAS Imagine, 1o 103B0JIs€ IPOBOANUTH KiI1aCU]i-
KaIliIo Pi3HUMU METOLAMHU 3 BUKOPUCTAHHAM iHTEPAK-
THUBHOT'O 31CO6Y «HABYAHHS». [HTEpaKTHUBHUH 34Ci6 “Ha-
BYaHHA" KOHTPOJJIOETHCH 6e310CcepeSHbBO
pocnigHukoM. IIpu pOMy MU OPOBOJAUIN BUOIp
HiKCeniB, IKi XapaKTepU3yIoTh COO0I0 IIEBHUI KJIAC JOB-
K/l 3 BAKOPUCTAHHAM JIiICOTAKCAILIMTHUX T4 TOIIOrPa-
pivyHUX KAPT.



B. 1. JIansko ma iH. /' YKPainCoKutl acypra Oucmaniyitino2o 30H0ysarua 3emni 20 (2019) 4—12 7

Buxiaajg marepiany

SIK OBENEHO 6araToOpivyHOIO NPAKTHUKOIO, HE iCHYE
HAMKpAaI[Oro yHiBEPCaILHOI'O METOAY 460 METOAUKU
wiacu@ikaitii. KoxkeH KOHKpETHHUH BUITA/IOK, AK IIPABU-
JIO, HOTPEOYE BAACHOTO IAXOAY, AKUH BCTAHOBIIIOETH-
Cs B PE3Y/IBTATI IPOBEACHHS JOC/IJPKEHD. Y OUIBIIOCTI
BUIIA/IKiB 32/1a9y MOJIMBO BUPIIIUTU HABITh KiJIbKOMA
CIIOCO6AMU, SIKi OYAYTH MAJIO HOCTYIATHUCS OJUH OTHO-
MYy 33 TOYHICTIO.

Cepeg MeTOZiB KIacHU(iKallii JOCUTh BiJlOMUMHU €
METOJ MiHiMaIbHOI BiicTaHi (Minimum Distance), me-
TOJ BifcraHi MaxanoHnobica (Mahalanobis Distance),
METOJ, MAaKCUMaJIbHOI BiporigHocri (Maximum
likelihood). ITpoBeseHe HaAMU 3iCTABICHHs PE3Y/IBTATIB
KIacudikauii pocimaHoro nokpusy KHIII 3 BUKOpH-
CTAHHAM Pi3HUX METO/IB KJIaCU(iKallii, BAKOPHUCTOBY-
10YM 3HIMOK 32 16 x0BTHs1 2017 POKY, ITOKA3a710, 1O
HAMKpPAIli pe3yJIsraTi MA OTPHUMAJIH IIPH 3ACTOCYBAHHI
METOAY MiHiMaJIBHOI BificTaHi (puc. 1).

AHaJII3 pe3ynbraTiB K1acuikaii 3aCBi/I4UB, 110:

1) POC/IMHHICTE paiOHY PO3TAIIOBAHA Yy BUTJIAAL
CMYT, AKi BUTAI'HYTi B IIiBHIYHOI'O-3aXiTHOMY HAIIPSM-
KY 3TiJHO 3 IPOCTATAHHAM I'€OJIOIYHUX CTPYKTYD Ta
ripcekoro penbedy Kapmar.

2) Cepep XBOMHUX JIiCiB palfiOHy IIEPEBAKAIOTD AJIU-
HOBIi T4 COCHOBI JIiCU. AJIMHOBI JIiCU CKJIaJaI0Th 3HAYHI
34 pO3MipaMM MAaCUBM JIiCiB, TO/li AK COCHOBI JIiCH IPpE -
CTaBJIEH] IEPEBAKHO OKPEMUMM JIiICOBUMU MACUBAMH,
BiJIHOCHO HEBEJIMKHUMU 34 IUIOLICIO. SIU1IEeBi J1iCH 3yCT-
PpivaroThCA IO BCiM JTOCTIKYBAHIN TEPUTOPII.

3) XBOWHI T4 IMCTAHI JIICU HEPIBHOMIPHO PO3MillleHi
Ha JOCIPKyBaHilN TepuTopil. IIIMPOKO PO3NOBCIOKEHI
H4 NiBHIYHOMY CXO/li paliOHy OYKOBi JIiCH B LIEHTPAJIbHII
Ta MiBAEHHO-3AXi/IHI YaCTUHAX TEPUTOPIT 3MiHIOIOTh-
€ XBOHHUMU JIiCAMH, IO OOYMOBJIEHO 30i/IbIICHHAM
A0COMIOTHUX BiIMITOK peibedy. 3 MiBHOYI Ha MiBJIEHDb T
HiBAEHHUIN 3aXiJl cepej JiCOBOI POCIMHHOCTI
30UIBITYETHCS KUIBKICTD STTMHOBUX J1iciB. COCHOBI J1icu
OLIBII MOMMPEH] HA TIBHOYI T4 B IEHTPA/IbHIIN YaCTUHI
parioHy i 3aMMalOTh MEHIILY IUIOILY Ha ITiBHi PAafOHYy.

4) ByKOBi Jlic pO3MIIlYIOTbCsl Ha [iBHOYi TEPUTOPIT,
Ji€ CK/IAZIAI0Th IBi CMYT'H ITiIBHIYHO—3aXiJJHOI'O IIPOCTATAH-
Hsl, 1€ BOHU PO3TAIIOBAHI IIEPEBAKHO 32 Mexamu KHITIT
Ha pemwrri Tepuropii 6yKOBi JIiCH 3aMiMaIOTh HEBEJIMKI
VIO HA BiJHOCHO OHWKEHUX JUIAHKAX PEIbedYy.

5) JIyKd 3 TPAB’sTHUCTOIO POCIUHHICTIO (JIYKU 30HU
JIiCiB Ta HEpeArip’s) pO3MilyIOThCS IIEPEBAKHO Y3JOBX
JIOJIMH pivoK. BHEBHEHO BUJIUIAIOTHCS HA KiIacH@iKaliil
i TIOI, i€ BiICYTHA AEPEBUHHA POCIHHHICTD, II0JIO-
HMHHU (JIyKH JIbIIIFICBKOTI'O T4 CYyOAIBIIHCHKOIO NOACIB),
IO PO3TAMIOBAHI HA MAKCUMAIIbHUX BUCOTAX PENbEPDY.

6) s wiacudikariii J1iciB y ripChbKUX pafioHaX CITijL
BUKOPUCTOBYBATH 3HIMKH, KOTPi 3pO6JIEH]I IPU MAKCH-
MaJIbHOMY KyTi ITaJ{iHHA COHAYHUX IIPOMEHI (B HAUD).
[HaKIIEe 3HAYHY YACTUHY TEPUTOPIi OYAyTh 3aiMaTH
TEMHI TiHi BiJl 'ipCBPKUX BEPIINH, SIKi IPU KIacu@ikariii
BiJHOCATBHCA [0 KIacy “Boja”.

KOHTPOJIb 32 NOABOIO i MOIIHMPEHHAM
IIKiTHUKiB Ta XBOPOO Jicy

3a ganumu JIep>KaBHOTI'O AI'€HTCTBA JIICOBUX PECYPCIB
YKpaiHU OCTAHHIM 4aCOM CIIOCTEPIra€TbCsl PO3MHO-
JKEHHSI KOMaX-KCUI0()aris, Mo MKOAUTb COCHOBUM
HACA/PKEHHAM HA 3HAYHUX IUIOIAX [2].

Ha puc.2 HaBeIEHO PO3IIOALT BUALIIB 3 Pi3HUMU (DAK-
TOPAMH ITOIIKO/DKEHHST: KOPOiZIOM, KOPEHEBOIO I'YOKOIO,
PaKoOM syuLi Ta BiTpoBanamu y Mexxax KHITIT 32 2015—
2017 poxu.

AHaII3 pO3NOoAiNy BUILIB 32 PAKTOPAMU IIOLIKO/ -
JKEHHS, CYMIIIIEHUN 3 IH(MPOBOIO MOJEIUTIO PENbedY,
JIO3BOJIUB 3pOOUTHU BUCHOBOK, IO JIiCH, 3aCEIEH]
MIKiZHUKAMU, PO3TAIIOBYIOTHCS IIEPEBAXKHO B MiCLIAX 3
IOHIDKEHUMHU 3HA4YEHHAMU BUCOT. Kpim TOrO, HA pu-
CYHKY YiTKO IIPOCTEXYETbCA PO3TAIIYBAHHSA IIOMIKO/ -
JKEHUX BUJINIB Y BUIJIALL CMYT, AKi IIPOCTATAIOTHCA
3riflHO 3 MIPOCTATraHHAM Iip. [JUIAHKY JIiCiB 3 Pi3HUMU
IMOMIKO/KCHHAMU PO3TAIOBYIOThCA HEAAJIEKO OJIHA BiJl
OJIHOL.

BHABJIEHHA OCEPEIKiIB YpaKeHHA
nepeBocraniB KHIIII 3a 3HiMKOM 3
cynyrHuka Sentinel-2

HaaBHIiCTD XKyKa-KOPOiAa y JIiCi JIErko igeHTudi-
KYBATH NIPU HA3EMHUX OOCTEXKEHHAX 34 HAABHICTIO
CMYT BUJIJIEHHA CMOJHN 460 BUCUMNAHHS OypOBOI1
MyKHU. PO3Mipu 11uX Ci1ifiiB HEJOCTATHI 11t 6e31noce-
PEAHBOTIO BUABJIEHHS X HA KOCMiYHUX 3HiMKaX. Asie
BXKE€ HA IIOYATKOBUX CTAJifAX YPAKEHHA OKPEMHUX
JepeB 3MIHIOETBCA KOJIiP JIUCTKIB Ta XBO1. [Ipore, [1d
BUSBJICHHS 3aXBOPIOBAHHA OKPEMUX JE€PEB 3HIMKU
3 cynyTHHKA Landsat HEJOCTATHBO AETaNbHi. ToMy
JULS IONIYKY OC/TA6JIEHUX KOPOifaMU AepeEB 6N 3a-
JIyd€eHi 3HIMKHU 3 CyITyTHHKA Sentinel-2 3 mpocTopo-
BOIO pO3pi3HeHHICcTIO 10 M;, 10 BigOBiKae po3Mipy
OKpEMOTO JepeBa. TakuM 4YMHOM, BUKOPUCTAHHSA
3HIMKIiB 3 CynyTHUKa Sentinel-2 g03BoJIsi€ nepenTu
Bify JOCIi/PKEHDb HA PiBHI JEPEBOCTAHY O PiBHS OK-
pEMOTO JepeBa. Aje Ha3zeMHa iHdopMalisa uboro
PiBHA JOC/IiIXKEHD BiJICyTHS.

SIK BiIOMO, IPU CKJIAJAHHI JTiCOTAKCALIMHUX KapT
IOUIKO/PKEHUM BBAXKAETHCA YBECHh BUJII IIPYU HAAB-
HOCTI TiJIbKU OKPEMUX YPAXKEHUX [JEPEB Y MEXKAX BU-
Jimy. Ane TaM, HOPsJ 3 HOMKOKEHUMU JEPEBAMU €
T4 YU {HIA KiJIBKICTh 3J0POBUX AepeB. TOMy 11 BU3-
HAYEHHS 3HA4YE€Hb BEreTAllilHUX iHAEKCiB AEPEB,
YPAKEHUX MIKIJHUKAMH, IEPIUI 34 BCE NOTPiIOHO
BiIOKPEMHTH IX BiJl 3JOPOBUX JEPEB.

Buxopsa4u 3 HaBENCHUX BUIIE JAHUX IIPO YMOBH,
CHPUATINUBI I PO3BUTKY LIKiTHUKIB, Y AKOCTi BErera-
LiMHUX iHAEKCIB, IO XapaKTEPU3YIOTh 11i YMOBH, OY/IH
BUKOpHUCTaHi HacTynHi ingexkcu: NDVI, REP (red edge
position) [13] Ta MSI (moisture stress index) [14, 15].

[ IUCTAaHIIIMTHOTO BUABIEHHS OCEPEKIB AJTMHO-
BUX JiepeBocTaHiB KHIIII ypakeHHuX KOpoifoM, 6y1o
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BykoBijicu 3 JOMIMIKaMU TEMHOXBOMHUX IOPiJl BIKOM
crapie 32 90 poKiB.

nopifABiKOM Bij13 5 10 90 pOKiB.
Bykosinmparicu.

SITMHOBIJIE CH 3 JIOM IIIKAMM TE€M HO XBO MHU X Ta
JIMCTAHUX O Pii BIKOM cTapii 70 pokKiBs.

SITMHOBIJIE CH 3 JIOM IIIKAMM T€M HO XBO MHU X,
CBITJIOXBOMHUX TAJIMCTIHUX IOPiz BiKOM Bif 50 10 70
POKiB.

SIIMHOBI I CU 3 JOMIIIIKAMM TEM HOXBO MHUX,
CBITJIOXBOMHHUX TAIUCTAHUX MOPiJ1 BIKOM Bij 30 10 50
POKiB.

SIIMHOBI I CU 3 JOMIIIIKAMM TEM HOXBO MHUX,
CBITJIOXBOMHHUX Ta TUCTIHUX TOPif BikoM Bif 10 1o 30
POKiB.

COCHOBI JIMCH 3 JOMIIll KaM ¥ TEMHOX BOMHUX I10 Piff
BiKOM cTapii 32 60 pOKiB

COCHOBI JiCH 3 1OMi KA MU TEMHOXBOHHHUX MO Pift
Moutozti 32 60 POKiB.

BykoBii i 3 JOMIMKaMU TEMHOXBOMHUX TA INCTIHUX

b

sSlnmuriesi Jlick 3 AOMIIIKAMU TEMHO XBO MIHUX Ta
JIUCTSIHAX TOPit BiKOM cTapimi 32 60 pOKiB

BojnanosepxHs

TTno1mi 3 HAT TEPEBAKHO JTIyKAMU 3
TPaB’AHUCTOIO POCUHHICTIO (JIyKH 30HH JIiCiB Ta

nepearip’s).
Buxou cKeJIbHUX TOPijl, KaM'sIHi pO3BaJIn.

Tlno1, fe BifCcyTHs JepeBHA POCIMHHICTD,
IIOJIOHUHU (JTyKH aJIbIIIFCBKOTO Ta
CyOIBITIHCHKOr O MOACIB), #OPOTi T4 iHIIm.
Haceneni mynkru.

Bupy6ky, iHOJi 110111, /e Bi/ICYTHA POCIMHHICTB.

Xmapu

Tini Bix xMap

Puc. 1. 3icTaBaeHHs pe3ynbraTiB K1acudikariii JOBKLLI Ha 6231 KocMivHOTO 3HIMKY Landsat 16.10.2017 poKy 3 BAKOPHUCTAHHSIM PI3HHUX METO/IiB:
A — pesynsraty Kiacudikariii MeTooM MiHiManbHOI BifcTani (Minimum Distance); B— pesyasratu kiacudikariii METOZIOM MAaKCHUMaTbHOL

BiporigHocTi (Maximum likelihood)

IIPOAHAJI30BAHO PO3NOJiJT 3HAYEHD BETETAIMHUX
ingexciB NDVI Ta REP B Mmexkax Buainis, fe 6ys1o 3adik-
COBAaHO IBOT'0 MIKiJHUKA JIICHUKAMHU. [HIEKC POCINH-
HOCTi NDVI XapakTepusye NOTJTMHAHHSA CBiT/IA MOJIEKY-
JIAaMU XJI0PODITY Ta BiffOUTTA HOT'O KIITUHAMU ME30(]i-
a1y, a ingexc REP 3anexurp BiJl CyMapHOI'O BMIiCTY
XJIOPODiNy, AKAH € TOKA3HUKOM (PYHKI[iIOHAJIBHOTO CTa-
HY pociuH. ITigBuiiena KOHIEeHTpallisa Xaopodiny ne-
pemilrye MO3ULI0 YEPBOHOI'O KPAIO y 6iK 3011bIICHHS
JIOBKHH XBHJIb.

B pesynbsrarti nposeeHNX AOCTIKEHD BCTAHOBJIEHO,
IO POCJIMHU Ha JUIAHKAX, 3ACEJIEHNX KOPOIIOM, BiZI3HA-
YaI0ThCA TOHWKEHUM piBHEM 3Ha4eHb NDVI e nop’s-
3aHO 3 Pi3HMUM CTYIEHEM BiZICYyTHOCT] 3€JIEHUX OPI'dHiB,
IO MiCTATB XJIOPODI, AKUH MOTJIMHAE IIPOMEH] 4YEPBO-
HOI fAinaHku cnekrpy. Konmusanndg 3Hadens NDVI Big 0.4
7110 0.57 yMOBHUX OJIMHUILIG (Y. O.) BiATIOBiZJAIOTh Ai/ISIH-
KaM SJIMHOBHX JIiCiB, IO BPAXKEHI KOPOIJOM-TUIIOI'DA-
¢dom. Binbim HU3bKi 3HaYeHHA NDVI (Hroxdge 0.3 y.0.) Bia-

Online ISSN 2313-2132

CTUBi KAM’STHUCTHUM PO3CHUIAM, JIITHKAM BiIKPUTOI'O
I'PYHTY i TOMY HiKCeJIi 3 TAKUMU 3HAYEHHAMMU iHAEKCY
BUKJIIOYAJIMCD 3 IIOAAJIBLIOTO aHaNi3y. 1 310pOoBUX
JticiB xapaxrepHi 3uauenns NDVI suire 0.6 y. 0.

Ha Ttux e TOoCIiIHNX AUIAHKAX Bapialii 3Ha4eHHA
REP nnepe6yBaroTh B MeXax Bift 718 10 724 nm. Cepenni
3HauyeHHd REP, 1m0 KOMMUBAIOTHCS 61 MOKA3HUKA
720 1m, 3aCBiTYYIOTh HEKPUTUYHUI CTAH OOPAHUX
JUIAHOK, IPOTE TAKUH, IO BiATIOBiIA€ HAABHOCTI IIE€B-
HUX HIKOJIOYMHHMX are€HTiB. HAABHICTh IMOIIKO/PKEHUX
Ta CYXOCTIMHUX JIEPEB MOXKE OYTH PE3YJIBTATOM JIislIb-
HOCTI He JIMIIE XXYKiB-KOPOIIiB, aji€ 1 iHINX HECIIPU-
SITJIMBUX BIUIMBiB. TOOGTO MM HE OTPUMYEMO OJTHO3HAY-
HOTrO pesyasrarty. I[IporTe, 3icTaBieHHa JBOX iHJIEKCIB
H4/IA€ BiAIIOBib HA IMTAHHS, YU BiIIUIAETHCA 3J0PO-
Ba YaCTHHA IOJIOTY JIiCY BiJj yPaKEHOI.

Anani3 3HiMKy Sentinel-2 Big 01 Bepecusa 2017 p.
JO3BOJIMB BCTAHOBUTU BIUIMB MIKiTHUKIB JUCTAHIil-
HO 4depe3 NoegHaHHA JB0oX inaekciB NDVI ta REP, sxki
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Puc. 2. Posnogin Buziiis KHIIII 32 hakTOpaMu HOMKOPKEHHST: 4) 32 2015 pik, 6) 32 2016 pik, B) 32 2017 pik

Y3TO/PKEHO 3MiHIOBAINCA IIPU HAABHOCTI HA JOCIIIKY-
BaHIN TEPUTOPIil (PAKTOPIB YPAKEHHA. V MNOAATBIIOMY
JUIA TABUIEHHA JOCTOBIPHOCTI Ta HAAIMHOCTiI OTPH-
MaHUX PE3Y/BTATiB BUABJICHHA OCEPEAKIB YIIKOKEH-
HSI IEPEBOCTAHIB BAPTO OyJIO 6 BUKOPUCTATH KiJIbKa
Pi3HOYACOBUX 3HIMKIB I1i€i TEPUTOPII.

Buxoaun 3 ymOB, 10 CIIPUATIINBI /11 PO3BUTKY KO-
PpOoifiB, 6yna cipo6a BUSBUTH IPOOIEMHI JUITHKU 3 BU-
KOPHUCTAHHAM iHzeKCy NDVI y KOMIIIEKCi 3 iHIEKCOM
BOJIHOTI'O CTpecy MSI, 1m0 BKa3y€ HA HECTAYY BOJIOT'U B
POCIMHHOMY ITOKPHUBI. L]€ ITOKA3HUK pO3PAXOBYETHCA
32 (pOpMyJIOI0 HNPOCTOIO CHiBBiJHOWIEHHS KO-
e(inieHTiB BiIONUTTS HA JOBXUHAX XBHUJIb CEPEAHBOI'O
Ta OJWXHBOIO iH(PPAYEPBOHOI'O [1ialla30HIB
(1 600 #m /820 Hm). IHaEKC BigHOMEHH MSI BUKOpH-
CTOBYBABCs B pO60TaX [12, 15], AKi JOCAIIPKYBAIU CTAH
3I0POB’A XBOWMHOT'O JIiCY 34 IOIIOMOT'OIO JMCTAHILTHO-
I'o 30H/1yBaHHs. 1711 ceHcopa Sentinel-2 1ie Bigniosijgae
CHiBBi/JHONIEHHIO PiBHiB BinouTTs 11 T2 8 KaHAIiB. BU-
COKi 3Ha4Y€HHA iHJIEKCY MSI BKa3y10Tb Ha TIOHWKEHUN
BMICT BOJIOTM B POCJIMHHOMY ITOKPUBI. JJOCITiIPKEHHA
B MEXAX IUIAHOK PO3BUTKY KYKiB-KOPOI/IiB 3ACBiTUN-
JIA, IO CEPENHI 3HAYEHHA BETETALIMHOIO iHAEKCY
NDVI 3Hax0AsITBCA B TPOMiKKyY 0.55-0.60 v.0., a ce-
peaHi 3HadeHHa ingexcy MSI — B mpomixky 0.82—
1.19y. 0. (puc.3, Tabs. 1). OTprMaHi JaHi JOIIyCKAIOTh
MOJKJIMBICTb iCHYBAHHA HA IIUX JUIAHKAX OCEPEKIB 3a-
CEJIEHHA JE€PEB )KYKAMU-KOPOIIAMU HA PiBHI TaK 3Ba-
HOI “3€JIEHO1” ATAKMU.

V nopanbmomy Jist 6ibll DOTJIHUOJIEHOTO PO3y-
MiHHA BIJIMBiB YMHHUKIB IOMIKOJ)KEHHA HA JIEpe-
BOCTAaHH T4 IX BiJOOPAKEHHS HA CyIyTHHUKOBHUX

3HiMKaX HEOOXiZIHO BJOCKOHAJINTH IiJ16ip 3aBipKO-
BUX JJAHUX CTOCOBHO OCEPEJIKIB YPAKEHHS JIiICOBO1
JIEPEBUHU, KADTYBAHHA TA 3AKPIIJIEHHA B HATYPI iX
KOHTYPiB Ta BUKOPUCTOBYBATH JJIA JUCTAHI[iNHO-
I'o AaHaJIi3y pi3HOYACOBi 3HIMKHU IPOOBIEMHOIL TEPHU-
TOPIi.

BHCHOBKH

1. I3 3ay4eHHAM MaTEpPialiB KOCMiYHUX 3MMOMOK
JOCHIPKEHO JIicCOBi MacuBM KapnaTCchKOro Haliio-
HAJIBHOT'O HNPUPOAHOro napky. Ha migcrasi anamnizy
KOCMiYHHUX 3HiIMKiB Landsat 3a nepioa 3 1979 no
2000 pp. BCTAHOBJIEHO, IO MJIOIA JUCTAHUX JIiCiB
BiJHOCHO XBOMHHUX Ha AOCJIi/PKEHIN TepuTopii Kap-
14T IIOCTiINHO 30iIbITYETHCSL.

2.Ha OCHOBI IBAHAIIATUKAHAJIbHOT'O 3HIMKY, CTBO-
peHoro Ha 6a3i KocMmiyHOrO 3HiMKy Landsat Bix
16.10.2017 p., mpoBeaeHa KepOBaHA KiacudiKaIiis
ripcpkux sicis KHIIIT 3 METOIO YTOYHEHHA IPOCTO-
POBOI'O PO3NOATY X HOPOAHOTO CKIaLy Ta diToCca-
HITAPHOI'O CTAHY. BUABJIIEHO, N0 Y MEXAX I'ipChKUX
J1iciB HAaM GBI BAAJIO BU3HAYAOTHCSI JHUCTIHI JTicH 3
rnepesaroo 6yka (83%), XBOIHI J1icu HaZ[ilHO BiJIOK-
PEMITIOIOTBHCA Bifi TUCTAHUX (TTOHAJ 80% BUIIAJKIB),
JIETKO ileHTUIKYETHCA POCIUHHICTD HA JIYKAX T4
BUPYOKH Pi3HOTIO BiKY, 4 TAKOK HACEJICHI IYHKTH, TEX-
HOTE€HHi OO’€KTHU y MEKAX HACCJIICHUX ITYHKTiB, XMa-
pu (100%).

3. JinAHKY JIiCiB, AKi ITOMKO/KEHI PI3HOMAHITHUMU
HIKiTHUKAMU (KOPOIZ, PaK sUIMIli, KOpEHEBA I'yOKa) Ta
BiTPOBAJIOM CKJIAJAI0Th OKpeMi CMyr'u. ITOMKOmpKEH
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Puc. 3. Jinauku sujinis KHIIII, ypaxkeHi kopoigom y 2017 p., 1e
3icTaBasuiuch 3HaueHHs: NDVI Ta MSI

Taoauuog 1.

Cepeani 3navenns ingekcis NDVI (y.0.) Ta MSI (y.0.) aus JinssHOK
BuytiztiB KHITII 3 pakropamu ypaskeHHst (Ne1-6) Ta AT HKH 3/[0POBOrO
SUIMHOBOTO J1icy (Ne7)y 2017 p.

Ne fisTHKH NDVI MSI

1 0.585 = 0.06 1052+0.11
2 0.568 £ 0.02 1191+0.18
3 0.543+0.027 0883 £0.026
4 0.590 + 0.06 0822+0.2

5 0.602 £ 0.07 0881 +0.04
6 0.548 £0.07 0986+0.12
7 0.742+0.007 0609 £0.02

JUIAHKM PO3TALIOBYIOTHCA IIEPEBAKHO B MICIAX 3 I10-
HIDKEHUMHU 3HAYEHHSAMH BUCOT.

4. 32 1OIOMOT'OIO 3iCTABJIEHHA JBOX BETECTAI[iMHUX
iHpekciB NDVI Ta MSI 114 1OC/TiIKEHHS TiKCENiB 3 10-
BiZIbHO BUOPAHUX YPAKEHUX AiNAHOK BUAiniB KHIIIT
Ta IiKCEJIiB 3J0POBOI'O ATIMHOBOTO JIICY HA OCHOBI J1a-
HUX CYNyTHUKA Sentinel-2 npoaHanizoBaHo ¢iroca-
HiTApHUI CTAH UX JUIAHOK JiCiB JUCTAHLIMHUMHU
METOJIAMHU i BUABJIIEHO CYyTTEBY BiJIMiHHICTb Y BEJIN-
YHHI TOKA3HUKIiB ACKPABOCTI MK YPAXKEHUMU T4 3/10-
POBUMU AITAHKAMHA .

3 IO3uUlill 36€PEKEHHS IPUPOAHOTO H6iopizHOMA-
HITTA PETIOHY € AKTYaJIbHUM JUCTAHIIIFIHE BUBYEHHA
OCOOJIMBOCTEN JUHAMIKN 3MiHH HOPOJHOI'O CKIALY
JiciB T2 iX (piTOCAHITAPHOTIO CTAHY 4K Yy Mexax Kap-
natcbkoro HIII, Tak i Ha iHIIUX TEPUTOPIAX Y MEXKAX
VKpainu.

A8mopu 8UCI0BII010OMB NOOAKY CHIBPOOIMHUKAM
Kapnamcorxozo Hayionabr020 BPUpooHo20 napry 3a
HAOAHMHA MOMTUBOCHIE NPOBEOEHMHA NONILOBUX OOC/LO-
HCCHb 8 MEINCAX NAPIK).
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KOCMHWYECKHUI MOHUTOPUHT OKPYKATIOIIENM CPE/IbI — DPDPEKTUBHbBIN MEXAHN3M OXPAHBI JIECOB

B. U. JIaneko, I M. J)Konobaxk, A. S. Xogoposckuit, A. A. Annocronos, O. H. Cubupuesa, JI. A. Enucrparosa, Y. @. PomaHuyk,
E. H. lopogen

IIpoBeneHa K1acCU(pUKAIUA TOPHBIX JIECOB KapnaTCKOro HallMOHAJIbHOTO NPHUPOAHOTO napka (KHITIT) ¢ 11e/1b10 yTOYHEHHSs
pacnpezesneHus UX NOPOAHOIO COCTABA U (PUTOCAHUTAPHOTO COCTOSIHUA. YCTAHOBJIEHO, YTO IUIOIAb JTHCTBEHHBIX JIECOB,
OTHOCHUTENBHO XBOHHBIX , HA 3TOH TeppUTOPHUH KapnaT MOCTOSIHHO yBEIU4YuBaeTCs. Mccne oBaHbl (hAKTOPHI MOPAKEHUS
€/IbHUKOB KapnaT u 060CHOBAHO YTBEPKACHUE, YTO MOBPEXIECHHBIE YIACTKH JIECA PACHONATAIOTCA IPEUMYIIECTBEHHO HA
IMOHIDKEHHBIX y4aCTKaX penbeda. [IpoaHaM3upOBaHO (PUTOCAHUTAPHOE COCTOSHHUE OTAEIbHBIX Y4aCTKOB JIECOB HA OCHOBAHUM
JIAHHBIX CIIYTHUKA Sentinel-2 1 yCTaHOBJIEHHBI CYIECTBEHHBIE PA3/IUYMs B BETUYHUHAX ITOKA3aTENEN IPKOCTU U 3HAYECHU
BETCTAIMOHHBIX MHEKCOB BEJIMYMH NOKazaTenerd NDVI u MSI Mexay NOpa’k€HHBIMA U 3[JOPOBBIMH YYaCTKAMU.

KirogeBsbie CI0Ba: JIEC, BPEAUTENN, KOpoe, KapnmaTCKuil HAITMOHAJIBHBIA IIPUPOJHBIN MAPK, JTUCTAHIITMOHHBIE METO/IbI
ucciegoBanusa 3emid, Landsat-8, Sentinel-2

SPACE MONITORING OF THE ENVIRONMENT — AN EFFECTIVE MECHANISM OF FOREST PROTECTION

V. I Lyalko, G. M. Zholobak, A. Ya. Hodorovsky, A. A. Apostolov, O. M. Sybirtseva, L. O. Elistratova, I. E Romanciuc, Ye. M. Dorofey
The supervised classification of mountain forests in Carpathian National Nature Park was carried out in order to clarify the
spatial distribution of their species composition and phytosanitary conditions. The area of deciduous forests in territory of the
Carpathians is constantly increasing comparing with coniferous forests. The investigation of affection factors for Carpathian
spruce forests established that the damaged forest areas are mainly located in relief depressions. On the basis of Sentinel-2
satellite data the phytosanitary condition of individual forest areas was analyzed. The significant differences in brightness values
and vegetation indices NDVI and MSI between diseased and healthy areas were determined.

Keywords: forest, vermin, beetle, Carpathian National Nature Park, remote sensing of the Earth, Landsat-8, Sentinel-214
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