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Ilepenik CKOpPO4YEHb
Ta YMOBHMX IIO3HA4Y€Hb

I'IC — reorpadiuna ingopmaniitHa cucrema
133 — pucranuiiHe 30HyBaHHA 3eMi

IOKAY/ — HarjionanbHe KocMivuHe areHTCTBO Ykpainu (o 2010 p.),
HKAY  [lep>xaBHe KocMidHe areHTCTBO Ykpainm (micms 2010 p.)

ETTI — ex3orenHi reosyoriuti npouecu
EOM — enekTpOHHO-004YMCITIOBa/IbHA MaIlITHA
€KA — €Bponericbke KOCMiYHe ar€HTCTBO
KA — xocMivyHmit anapar
MAH — Maja akageMis HayK
MKC — MixHapojHa KOCMiYHa CTaHIIiA
MOH — MiHicTepcTBO OCBIiTH i HayKu
HAAHY — HamnioHanpHa akafieMis arpapHIX HayK YKpaiHu
HAHY — HanjionanbHa akajemis HayK YKpaiHu

HACA — HanjionanbHe ynpaB/IiHHA 3 a€pOHAaBTUKNI
(NASA) i mocnimxenHa kocmivnoro mpoctopy (CIIA)

IIC3 — wTyyHmit CynyTHUK 3emiii

IEPEJIIK CKOPO4YEHD TA YMOBHUX IIO3HAYEHDb




IIEPEIMOBA

SAxnit BUITIAL Ma€ 3eMHa IMOBEPXHA 3 BUCOTY NTALIMHOTO MONbOTY —
IIUTAHHS, fIKe JaBHO L[iKaBUTh JIIOACTBO. 3 MOABOI0 IEPIINX JITaTbHUX
arapaTiB HaI3eMHa 31I0MKa Ha/la/a MOXIIVMBICTb 3HAYHO MigBUIIVTH TOY-
HICTb KapT, a po6oTa kaprorpagis HabyIa HOBIX, TPOIPECUBHIUX PIC.

CrpaBXHbOIO PEBOJIOLE€I0 Yy MUTAaHHI aepOCIIOCTEPEKEHHA CTaB
3aIyCK IITYYHOTO CyImyTHUKA 3emi. JlucTaniiiine 30HjyBaHHA 3eMi
DO3BONMWIO MiZHATY Ha HOBUI PiBeHb NOCIJP)KEHHA 3€MHOI IIOBEPXHI.
Jucuuniinm nuKIy «HayKu Ipo 3eM/I0» BUKOPUCTOBYIOTD JaHi Jyc-
TAHLIHOTO 30HJYBaHHA 3eMJIi [ 3[iliCHeHHA TOYHUX Ha3eMHUX
TOCTiIKEHb.

TounicTp Ta iHdOpMaIiiliHa HATOBHEHICTh KOCMIYHUX 3HIMKIB 3pO-
CTa€ 3 KOXKHMM POKOM. YIOCKOHA/TIOETbCA MeXaHi3M KOCMiYHOI 3110M-
KI1: 30i/1bIIyeTbCS PO3JiIbHA 3[aTHICTb KOCMIYHOIO 3HIMKY, CIEKTP
3/IOMKM MO>XKe II0Ka3aTy feTanbHy iHdopMalliio mpo piBeHb Berera-
il POC/IMH Ha NeBHill [iNAHI, piBeHb 3BONIOXKE€HOCTI/TIOCYMIIMBOCTI
TepuTOpii, pyx arMocepHux GpoHTIB TOLIO.

IToegHaHHA AMCTAHLINHOTO 30HAYBaHHA 3eMili 3 reoingopmariii-
HUMM CUCTEMAMU [O3BONIWIO IIO-HOBOMY HOCIIKYBaTy Hally IUIa-
HeTy: 6a4nMTy 3aKpUTi /IS IIOACHKOIO OKa TePUTOPII, leTaIbHO [JOCTi-
IKYBaTy AULAHKY, Ha AKMX HaYKOBeIlb Mil HiKO/IN I He CTYIIaT! HOT'OIO.

IlepeBaramMu CynyTHMKOBOIO MOHiTOPMHIY €:

e 00’€KTUBHICTD i JOCTOBIpHICTH (CYImyTHUKOBI 3HIMKM [JO3BOJIAIOTH
BioOpakaTn paxTuay indopmanimo);

e OIVIAJOBICTD i JleTa/IbHICTD (MOY/IVIBE CIIOCTEPEXKeHH: Oy/Ib-sKOl Tepu-
Topii Ha 3emy1i 3 leTanpHicTIO 10 30 cM);

e AKTYa/IbHIiCTb, BUCOKA NEPIOANYHICTD, OIIEPATUBHICTD (3710MKa 3 KOC-
MOCY 3 MiHIMaJIbHMM YacOM OTPMMAHHA JJaHNX KOPUCTYBaueM);

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



o 0araTOCIeKTpaabHUII XapaKTep CHOCTepeXXeHb (Habip creKTpaib-
HUX KaHAJIiB B OHOMY 3HIMKY);

o GararorasyseBiCTb (€KOJIOTiYHUII MOHITOPMHI, Ci/IbCbKe, JiCOBe,
BOJjHE TOCIIOAAPCTBO, IPOrHO3 i KOHTPO/Ib HaA3BUYAMHIAX CUTYAILill,
YIPaBIiHHA TEPUTOPiAMM Ta IUIAHYBaHHA IX PO3BUTKY, iHBEHTa-
pusalisg Ta KOHTPO/Ib BUKOPUCTAHH: 3€MEIbHNX pecypciB, KapTo-
rpadis, 6yiBHUIITBO, TPAHCIIOPT, 3B 30K TOIIO).

HaBuanpHuit HOCiOHMK CTaHe B HAaroJji METOAUCTAaM Ta KepiBHUKaM
CeKLii cucteMu Majoi akajiemil HayK YKpaiHu, yYHAM Ta BYUTENAM
3aKJIaJjiB 3arajJIbHOI CEpefHbOI OCBiTH, AKi MAalOTh Ha METi OIAHYBaTU
OCHOBM [MICTAHILiNIHOTO 30HAyBaHHA 3eMii. Kypc HaB4YaHHA MOXXe BI-
K/TaIaTUCA Y 3aK/IajlaxX 3arajIbHOI cepeHbOI OCBITY Oy/b-sKOTO Ipodi-
JIO TTiC/IS1 OCHOB iH(GOpMaTUKM Ta Kypcy reorpadii 7-ro Kiacy.
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Pospgin 1.

ICTOPIA OUCTAHIINHOI'O
SOHOYBAHHSA 3EMIJII

Hucranniitne songyBannA 3emi (mani [133) — ue opepskaHHA iH-
¢dopmarii mpo Oymp-sKmit 06’€KT 4M mporec 6e3 IPsIMOTO KOHTAKTY
3 HUMU. Y cydacHOMY po3yMiHHi [I33 mossrae B TeMaTMYHOMY aHasli3i AK
BJIACHOTO, TaK i INTY4HO CTBOPEHOI'O BUIIPOMiHIOBaHHA 3€MHOI ITOBEPX-
Hi B MeXax Bif ynpTpadioneToBoro [0 pafioXBIIBOBOrO Hialla30HiB.
Y Toit e 4ac, pO3BUTOK Teofie3VYHMX Ta KapTorpadidyHmx 3HaHb 3pO-
OV MO>K/IIBUM IIPUB’SI3aTU KOCMIYHMIT 3HIMOK /{0 KOHKPETHOTO MiCIIst
3eMHOI IIOBEPXHi, SIKY BiH BifoOpakae. be3 HazeMHMX reofie3NYHIX CIIO-
CTepeXKeHb, reorpadivHux IMPoeKIIill Ta KOOpAMHAT 6yI0 6 HEMOXKIVBO
[IOYaTVl BUKOPMCTOBYBATV KOCMI4Hi 3HIMKI K IPKEPeIo reoflaHMX.

3arovyaTtkyBaHHA MPakTNYHOro /133 moB’sA3aHe 3 BMHAX0HOM (OTO-
rpadii B mepiuiit monoBuHi XIX cTopivys, Konu cTano MOXINBUM (ik-
cyBaty 300paKeHH: Ta ix 3MiHM Y 4aci i mpocrtopi. [IpoTsarom 1poro >x
cropiuuss Oy po3pobeHi TeopeTHYHi OCHOBYU €/IeKTPOMArHiTHOTO
BUIIPOMIHIOBAaHHS 32 MeXXaMU BUAMMOI YaCTUHU CHeKTpa: iHdpadep-
BOHOTO BUIIPOMiHIOBaHH:A — lepiuenewm, ynpTpadionetroBoro — Pitte-
powm, pagioxBunboBoro — lepiem, a B 1863 porui Makcsernn po3apo6us
3arajibHy €/IeKTPOMAarHiTHy TeOpilo, fIKa [JO3BOJIAE BUKOHYBATU Ki/lb-
KiCHY iHTepIIpeTalilo pisHOXBUIbOBOI CIIeKTpaIbHOI iHpopMaii, 1mo
HaIXOANTB Bif pisHUX 00 ekTiB (Jodamox 1).

1.1. AepocnocTepeskeHHsA 3€MHOI ITIOBEPXHi

AepocdoTositoMka IovYanma 3aCTOCOBYBATUCh MaibDKe Ofpasy Iic-
1 BUHaxo#y ¢ortorpadivnoro mMerony. Ilepumit aeposHiMOk 3po6uB
®enikc Typuamon (Hapap), chororpadysas Bin cenuine mixg [Tapiokem
3 MOBIiTPAHOI Ky/1i Ha BUCOTi 80 M.

PO3AIN 1. ICTOPISI AUCTAHUINHOIO 30HAYBAHHSA 3EMIII




Puc. 1.1. Tlepmmii
aepodOTO3HIMOK

3 oBiTpsa Perikca
Typnarona (1858) [1]

-

3 xinua XIX cT., BHACIiOK TOTO, 110 BJOCKOHAIIOBAINCA METOIN
¢doTorpadyBaHHs, 3HAXOAMIOCH 6AraTo eKCIePUMEHTATOPiB, AKi HoYa-
JIV TIPUKPIITIOBATY KaMep 10 0e3Ii/IOTHYX JiTa/IbHUX allapaTis.

B 1907 poui antekap 0. HoiiOpOHHep BUHAMLLIOB TeXHiKy aepodpOTO3Hi-
MaHH$, 1Ky Ha31BalOTb ronybuHa ¢potosiiomka. Cnoyatky BiH BAKOPUCTOBY-
BaB MOLUTOBMX ro/y6iB A5 AOCTABKM /KB, @ MOTiM BUPILLIMB NOEKCNepUMEH-
TYBaTW i CKOHCTPYIOBAB /151 roN1y06a antOMiHIEBY HarpyaHy ynpsxKy, 40 sKoi
KpinMTbCA MiHiaTiopHa GoTOKaMepa, Lo aBTOMATM4HO pobuaa 3HIMKM Yepe3
neBHi NPoMiXkK yacy [2]. Misniwe, B 1909 poui HoliOpoHHep HaBiTb NpofiaB
Aesiki 3 Takux ronyonnux potorpadiii y Gopmari nowToBmx INCTIBOK.
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Puc. 1.2. CBitnunu, 3po6yeni ronybamu Hoitbponuepa [3]
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B 1909 poui 6y oTprMaHi aepo3HiMKM 3 JiTakiB. AepooTositoMka
BIUKOPJCTOBYBaIach NpotAroM Ilepmioi cBiTOBOI BiliHU /1711 BilICBKOBOL
posBifgku. B nepion Mi>x iBoMa cBiTOBMMM BiltHaMu Oy/u pO3BUHYTI Me-
Top 1i HVBIIBHOTO 3aCTOCYBAHHS, B IIEpIIy Yepry B KapTorpadii, reoo-
ril, CiZIbCBKOMY Ta JTiICOBOMY TOCIIORApCTBi. BrockoHamoBammch ¢poro-
amapary, IUIiBKY i /T1iTaky, 3HAYHO PO3BUHYBCS CTepeorpadiuHmii MeTox
kapTorpadysanns. [lepira dpororpadis 3 kocmocy 6yra 3pobieHa 3 60p-
Ty pakeTu V-224 >xoBTHA 1946 poky [1].

PeBomroniiinyuM eTanoM y po3BUTKY AMCTAHIIIIHMX METOMIB 30HAY-
BaHHA CTa/I0 OCBOEHHA KOCMIYHOTO IIPOCTOPY. 3 MiTOTOBAHMX KOCMiY-
HIIX aIlapartiB, ITYYHUX CYIYTHMUKIB 3eMJIi, opOiTalbHUX CTAHIIi IO-
Ya/Ii HaIXOAUTY Y BEIMKIill KiZIbKOCTi KocMiuHi 3HiMKu. [lepii 3HiMKM
3eMHOI IIOBepXHi OYy/I0 OTPUMMAHO 3 METEOPOJIOTiYHOrO CYIyTHMKA

Puc. 1.3. Tlepmmii 3HIMOK 3 KocMocy 1946 p.
Ha snimKy 306paskena Mekcuka [1]

PO3AIN 1. ICTOPISI AUCTAHUINHOIO 30HAYBAHHSA 3EMIII

b}
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«Tartpoc» i kocMiuHMX KOpa6IiB cepil «Mepkypiit 1-4» y 1960-1962 pp.
3a KOJIbOPOBMMM BiIOMTKaMy OTPUMaHMX 300pakeHb periony Kapn6-
cbkoro 6aceitny i repuropii I[liBHiuHO-3axigHoi yacTuHM Adpuku Oyno
fennipoBaHO Ta 3aKapTOBAHO 6AraTo HOBYX TeKTOHIYHMX ITOPYIIEHb,
BUABJIEHO paHillle He BifloMi BUXOAM PiSHOBIKOBMX KOPiHHMX IIOPif,
BU3Ha4YeHO QopMy ix samAraHH:A. Ilepini kocMivHi poTO306paskeHHA
teputopii CPCP y BupimMoMy fliania3oHi €1eKTPOMAarHiTHOTO CIEeKTpa
6y 3po6neni kocmonasToM I. C. TitoBum y 1962 p. 3 KocMiuHOro Cy-
IyTHMKA «BOCTOK».

1.2. KocmiuHa epa: eTany pO3BUTKY

Jlpyra cBiToBa BiliHa BHeC/Ia peasibHi JJOCATHEHHA B NUCTAHIiIHE
30HAYBaHHA. ABianjiiHa ¢ororpagiuHa posBifka JOCAIIA BUCOKOTO
PiBHA PO3BUTKY: HiMellbke BTOPTHEHH: B AHIVIiIO, ke OyJI0 3aIIaHo-
BaHe Ha BepeceHb 1940 poky, 6y/10 BifiMiHEHO BHAC/IiIOK OTPUMaHHA
JlaHMX CIOCTEPEXeHb IPO KOHILIEHTpallilo Kopabmis B3gosx Jla-Man-
ry. Pospo6rsanucs npuiagy, 4yTmsi 1o iHdpauepBoHOrO BUIPOMIiHIO-
BaHHA, PaflapHi CUCTEMU.

KonpopoBa indpadepBona miBka mepuioyeproBo 6yna pospobieHa
IJIA BilICbKOBOTO BMKOPMCTaHHA, a B 1950-X pp. mmo4asna 3acTocoByBa-
TICB JIs1 CKTalaHHs KapT pocanHHOoCTL. Topi >k 6y pospobrieHi Bi3y-
aJIbHi paflapy BUCOKOTO PO3pi3HEHHA.

ITponmoBXeHHAM IMX po3pobok B 1960-x pokax Oy/Io BCTaHOBJIEH-
HA JJaTYMKiB Ha KocMiuHux anmaparax (KA). Crnodarky e 6ymno yacTu-
HOIO IIPOTpaMy CIIOCTepeXeHHsA 3a Micsuem, B mopanpiioMy Oynm
OLliHEHI IlepeBary 3acTOCYBaHHA TUX CAMMX METOJIB JJIA CIOCTEpe-
KeHHA 3a 3emero. Ilepmri 6aratocrexTpanbHi 306paskeHHA 3emii
3 KOCMOCY Oy/nu BUKOHAHHI 3 6OPTy Ii/IOTOBAHOrO JITa/IbHOTO ama-
para Anonnon-6. Xoda TOAi BXKe IpaIioBaay 0e3MiTOTHI CyIy THUKY
AMCTAHLITHOTO 30H/lyBaHH:A, BiIKpUTTA cydacHoi epu JI33 3 kocMo-
CY B pPeXUMi MOHITOPUHIY HaTyeTbCA YepBHeM 1972 poKy y 3B’A3Ky
3 ModaTKoM ycmimHoi ekcrtyaranii ERTS — Texnonorigysoro cy-
IIyTHUKA 3 BUBYEHHSA 3eMHMX pecypciB HanioHanbHOro yrpasaiHHA
CIIIA 3 aepoHaBTUKM i foCIiKeHHS KocMiuHOTO npocTopy (NASA).

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



CynyTauk ERTS 6yB sromoM nepeiiMeHoBaHmit B Landsat-1, i mporpa-

Mma Landsat TpuBae 10 cborogHi.

Y nepiox 3 1960 o 2010 poxu Binbynmcs 3HaYHI 3MiHM B raymysi yc-

TaHIiIHOro 30HyBaHHA. HipKue nepepaxoBaHi fesKi 3 uX 3MiH.

o Ilo-mepire, TepMiH «AMCTaHIiHE 30HAYBaHHA» OYB CIIOYAaTKy BBe-
pennit B 1960 poui. [To 1960 poxy TepMiH, 1[0 BUKOPUCTOBYBaBCH,
3a3BMYail IPeACTaB/AB 00010 aepodoTo3iioMKy. OfHaK HOBi MeTO-
IM i TeXHOJIOTII J/I1 BUAB/IEHHA MOBEPXHi 3eMJIi BUXOIUIN 3a paM-
K 4YOPHO-6i101 aepoOTO3/10MKM, BUMAralouy CTBOPEHHS HOBOTO,
611 BCEOCSKHOTO TePMiHa.

o Ilo-pgpyre, B 1960-x i 1970-X poKkax mmoyaay IepeHOCUTH JUCTaHIiN-
HO-YyT/IVMBi IpWIafy 3 JIiTaKiB Ha CynmyTHUKU. CyIyTHUKY MOXXYTb
HOKpMBATK HabaraTo Oiblie MpOCTOPY Ha 3eMHill HOBepXHi, HDK Ji-
TaKU, i MOXKYTb PEryIApHO KOHTPOJIIOBATI 30HM 31IOMOK.

o Ilo-Tpere, 306paskeHHs cTanm unuppoBUMH, a He aHamorosumMu. Lnd-
poBuit popmaT [O3BOMUB BioOpaxkaTy i aHami3yBaTy 300paXkeHHs
3 BUKOPUCTAaHHAM KOMIT I0T€piB, TEXHOJIOTIEI0, AKa TaKOX IifjiaBa-
Jacst MBUAKMM 3MiHaM IIPOTATOM 1IbOTO Inepiopy. Komm'rorepHi Tex-
HOJIOTII ITepeMilanncs BijJj BeTMKUX eTeKTPOHHUX 0OYNCTIOBaTIbHAX
mauH (EOM) no HeBenMKMX MiKpOKOMIT I0TepiB i HagaBamm iHpop-
Matifo 6inbine B rpadivHiit Gpopmi, a He Ha YNCTOBOMY BUXOf].

o Ilo-yeTBepTe, 3’IBUINCS BATUNKIY, SKi peECTPYBa/IU IIOBEPXHIO 3eM-
Ji OFHOYACHO B [I€Ki/IbKOX Pi3HMX 4YacTMHAX €IeKTPOMArHiTHOTO
CIIEKTPA, 1O JO3BONNWIO JeTajbHillle BUBYATV TEPUTOPIIO, IIE€PETIA-
HYBIIY KilbKa pi3HMUX 300pakeHb, B TOMY YNCIIi 32 MeXXaMy BUJY-
Moro criektpa. Lst TexHOMOrist H03BO/IsIE MTOOAYNTY TIPOLIECH, MO,
SBYILA TOIO, 110 BifOyBalOTbCA Ha IMOBepXHi 3eMli, HeBUAMMI I/1s
JIIOJICBKOTO OKa.

 Hapemri, 6ypxmBsi conjianpHo-exonoriqni pyxu 1960-x i 1970-x pokis
IpoOyAMIN HOBY i MOCTiiIHY CTYpOOBaHicTh 3MiHaMM y isudHOMY
cepemoBuii 3eMii. [IuMcTaHIiliHi 1aHi 3 CYIIy THUKIB, IpOaHaTi30BaHi
Ta TIOKpAIleHi 3a JOIOMOTOK KOMII'I0TepiB, HO3BOMVIN BUABIATH
Ta MOHiTOpUTH 11i 3MiHM. TakuM 4MHOM, collia/sbHa HiATpUMKa Oyna
i 3a/IMIIA€THCA CUIBHOIO /1A IIi€l TEXHOJIOTI, X04a Iy>Ke MaJIo JIIofiel
3HAJOMI 3 TEpDMIHOM «IUCTAHIIi/iHE 30HYBaHHA».

Po3gpin 1. ICTOPIA OAUCTAHIINHOI'O

SOHOYBAHHSA 3EMIJII
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Humni 6arato cymyTHUKIB 3 pisHMMM iHCTpyMeHTaMM AVMCTaHILIiN-
HOTO 30H/IYBaHHS KOHTPOIOKTh NoBepxHIo 3emti. Hanpukan, micia
CORONA 6ynma ceKpeTHOI0 IIPOrpaMol0 BilICBKOBOI PO3BifiKim, sKa
TPUBAE [0 TENEPIIHHOTO Yacy 3a JJOIOMOIOI0 IIEPEIOBUX CYIy THUKIB
Keyhole, a Landsat — 1je nporpama BifkpuTux pecypcis 3emii, sika Ta-
KO)X TPUBA€E 3aBJIAKM OiIBII BAOCKOHAJIEHVM IpOrpaMaM CyIyTHUKO-
BOTI'O MOHITOPVHTY.

TonmoBHMMY Cy4acHMMY TeHAEHLiAMY po3BUTKY 133 y cBiTi € (Ha OCHOBI
JIanvxo B. 1., ITonos M.O, 2017) [4]:

m 3arajibHa CyMa, Ha AKYy 3apa3 BUKOHYIOTbCA nocayru 3 133 y cBiri,
cknapae 6mmspko 2 mupn USD/pik. IloctynoBo 36inbiryerses cy-
MapHa KiJbKicTb Aitounx Miciit KA pia oTpuMaHHA TeMaTU4HOI iH-
¢dopmariil. 36inpinenHio cymapHoi KinbkocTi KA Ha opbitax cripusie
TaKOX TOM (PaKT, IO Cy4yacHi TEXHOJOTII HO3BOIAIOTh CTBOPIOBATH
KOHCTPYKIII KA i 60pTOBi ceHcopu 3 6iIBbIIMIMY, HIK paHie, cTpo-
KaM1 QyHKIIOHYBaHHA B KocMoci (mo 10-Tu i 6imbire pokis). OpHo-
YacCHO PO3MIMPIOETHCA KOO KpaiH, AKi 3allyCKAlOTh BJIACHI CYNyT-
HVIKY JUIs1 OTPMMAHHA TeMaTUYHOI KocMiuHOI iHpopMariii Bucokoro
IIPOCTOPOBOTO PO3Pi3HEHHH.

m [letanpHIiCTh Ha MiCLEBOCTI, SIKy 3a0e3IedyloTh KOCMIi4Hi 3HIMKI
B ONITMYHOMY /lialla30Hi, CbOTOHI BXKe HaO/MIVbKeHa 0 MeXi, fIKa BU-
3HavYaeTbcA QisyyHMMy 3akoHamy. Hampukmaz, komnania GeoEye
(CIIA) posnouana y 2008 poui ctBopenHsa KA GeoEye-2 Tperboro
IIOKOJIiHHA 3 60PTOBYM ONTHKO-e/IEKTPOHHUM CEHCOPOM 3 IIPOCTO-
poBuM pospisHeHHAM 30 cM. BigsHaummo, 10 CyTTEBUIT IIPOPUB
B OCTaHHI POKU JOCATHYTO Y HiJBUILEHHI IPOCTOPOBOI PO3pi3HEHO-
CTi KOCMIYHUX pafionoKaIitHUX 3HIMKIB (70 1 M).

m Ogna 3 BuMor 10 133 — mocriiiHe BifgcTexxeHHA 06’ €KTiB B MeXax
BCiX JJOCT/KYBaHMX TEPUTOPIiii, AKi iHOAI posTamioBaHi B pi3HUX
reorpadiyHuX perioHax. 3aJJOBOILHUTH III0 BUMOTY Ha OCHOBi Ma-
TepiasiiB 3HIMAaHHA 3a JIOIIOMOTOI0 JIiTaKiB a60 OHOTO OpOiTaTbHOTO
amapaTa HeMOXXI1BO. ToMy IIpOBifHI KpaiHM CBiTY JiyTh Ha CTBO-
PEeHHA KOCMIYHMX YTPYIOBaHb, fKi [JO3BONAIOTb 3HIMaTH Oymb-
AKY [IHKY TepUTOpil 3eMHOI KY/Ii 3 HeOOXifIHOI IepiOANYHICTIO,
710 Ki/IbKOX pasiB Ha 100Y.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



® VYCHiIIHO pO3BUBAIOTHCSA Ta 3aCTOCOBYIOTHCS 0AraToCIeKTpajbHi, Ti-
HepCIeKTPaIbHi CEHCOPY IS BUPILIIEHHS TaTy3eBUX 3a/5a4 (IIPUpPOo-
PeCypCHIX, eKOJIOTIYHIIX, CIIbCbKOTOCIIONAPChKIX Ta iH.). [Ipote Tpe-
0a KOHCTaTyBaTy, 1O SAKIIO Ha JAHUI 9ac 6araTocreKTpanbHi 3HIMKI
IIMPOKO i pe3y/IbTaTUBHO 3aCTOCOBYIOTHCA B /133, TO rinepcrieKTpanbHi
3HIMKJ BUKOPJMCTOBYIOTbCS 3HAaYHO MeHIle. [Ipianna y Tomy, 1o npo-
CTOPOBA PO3Pi3HEHICTD TiNePCIEKTPAIBHIX CEHCOPIB CYTTEBO BifiCTaE
BiJ] IPOCTOPOBOI PO3Pi3HEHOCTI HaraTOCeKTPaTbHIX CEHCOPIB.

m [I[o6 peanisyBaTu MO>X/IMBOCTi KOCMIYHMX METOJiB, KOCMiuHa BUJIO-

Ba iH(dOpMaIlis TOBMHHA 3a/[0BOIbHATHU IIEBHUM BUMOTraM, a caMe:

o IIPOCTOPOBA PO3Pi3HEHICTD;

e OIIEPATMBHICTb OTPUMAHHA iHPOpMAIil;

 BUIMOTH IIOJ10 TIOBHOTY (KOMITIEKCHOCTI) BU0BOI iHpopMaii;

o MOXIMBICTD CHOCTEPEKEHH: BU3HAYEHNX reorpadiyHmx TepuTopiit;

e IEpiOAVMYHICTD AUCTAHLIIHOTO 30HAYBaHHA.

Bumory 1o mapameTpiB KocMivHOI iHpOpMaIiii, 10 BICYBAIOTbCA B Pi3-
HVIX TaJIy35X HayKU, IIPOMYCIOBOCTI Ta Ci/TbCbKOTO TOCIIOfIapCTBa, CBijYarh,
1[0 //Is1 BUPIIIIEHHSI 3HAYHOI YaCTUHM TeMaTnIHX 3aia4 [133 HeoOxinHi Ma-
Tepiamu KOCMIYHOI 3IOMKY 3 IIPOCTOPOBOIO PO3Pi3HEHICTIO 110 5.0 M, a 6i1b-
ricTh (65%) 3apad noTpedye BUKOpYUCTaHHA AaHux [133 3 pospisHeHicTIo
MeH1e 15 M. Po3pinbHa 3[aTHICTD MaTepialiB KOCMIUYHIX 31I0MOK IIOMITHO
BIUIVBAE HA eKOHOMIYHY epeKTUBHICTb iX BUKOPUCTAHHI.

1.3. CranoBneHHua [I33 B YKpaiHi

[133 6yrno i 3annuIaeTbcsa OXHUM 3 TPHOX IPIOPUTETHNUX HANPAMIB
HAayKOBO-IIPAKTVYHUX JOCIKEHDb (IOpAJ 3 TeNeKOMYHIKalisiMyu Ta
HaBiramiero), o 3i/ICHIOITbCA B KOCMivHIi ranysi Ykpainu. B Ykpaini
3aBXKAM IPUAUIAIN yBary po3BUTKy J133, 3aBAKkM 4oMy BOHO chop-
MYBa/lOCh Yy Ba)X/IMBY HAayKOBO-TE€XHIYHY CK/IaJJOBY 3arajbHOHaIioO-
HaJIbHOTO KOMIUIEKCY, 31 CBOIMM HAyKOBO-[JOCHIJHVMMM YCTaHOBaMU,
IIeHTpaMJt IpUIioMy, 06pOOIeHHs Ta PO3MOBCIOMKEHHS KOCMIYHOI iH-
¢dopmaliii, 06’ efHaHNMI Y IIeBHY iHQPACTPYKTYPY.

Hocnimxenns B ranysi 133 MaoTh B Ykpaini 6ibin HiX MiBCTOMIT-
HIO icTopito. 3i cTBOpeHHAM y mioTomy 1992 poky HamionanbHoro
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KOCMIYHOIO areHTCTBa YKPAIHU 1ii JOCTiKEHHA OTPUMAJIN HOBUIL iM-
nynbc. Y cepnHi 1995 poky yKpaiHcbKa pakeTa-HOCIN «[uknoH-3» Bu-
Besa Ha op6ity nmeprmit BitunsHsauuit KA «Ciu-1», npusHaueHnit gis
J33. Yenimnmit 3amyck yKpaiHCbKOTO CyIyTHMKA IPOJEMOHCTPYBAB
BMCOKi MOK/IMBOCTI, AKi [JO3BOJIVM/IV 3aMKHYTY Ha HallilOHaJIbHOMY piBHi
BeChb BUPOOHMYMIT IIVIK/T KOCMIYHOI CCTeMU — Bifj po3poOKu 71 BUTO-
TOBJIEHHA [0 €KCIUTyaTallil 1 IOIIMPEHHA OTPUMMAHOI CYIIyTHUKOBOI
inpopmanii. 11 posuIMpeHHA HayKOBUX i NPUKIATHUX JOCTiIKEHb
3emni pimenHsAMu KepiBHuKiB Kocmiunoro arenrcTsa i1 Harnjionann-
HOI akageMil Hayk YkpaiHm Oy/no BXNUTO HeOOXifIHUX OpraHizalliifHuX
3aXO0[liB, 30KpeMa CTBOPEHO Ki/IbKa BiflOMYMX OpraHi3aliil A/ Be[EeHH:
HayKOBO-TIPMK/IATHUX JOCTimKeHb v cdepi [133: LlenTp aepokocmivHmx
nocmimxensb 3emni HAH Ykpainn i HaykoBo-Bupo6umuanit nentp «IIpu-
poma» (Kuis), Llentp pagmiodismunoro sonnyBanna 3emi (Xapkis), min-
npreMcTBO «JIHimpokocMoc» ([JHimponeTpoBcbk — HuHi [JHINpo).

YxBaseHa HemonaBHO BepxosHoto Paporo koHnennia 1linboBoi Ha-
YKOBO-T€XHIYHOI KOCMiI4HOI mporpamm YKpainm Ha 2018-2022 poxu
nepenbavae BIPOBA/PKEHHS K NEePIIOYePTrOBUX IIPOEKTIB MOAA/IBIIO-
T'O PO3BUTKY JOCTi[[)KEHb, TaK i CTBOpEHHA HOBUX TeXHororii [133 ma
BUPILIEHHA aKTya/JbHUX 3a/la4 IIPOMICIOBOCTI, Ci/IbCHKOTO rOCIOfap-
CTBa, HayK!, Hal[iOHa/IbHOI 6e31eK i 060pOoHML.

HoBa koH1en1is kocMivHOI Tporpamy repef6adae CTBOPEHH Mpo-
TATOM JIeCATY POKiB BJIACHOTO yIpyNoOBaHHA amapatis [I33 y ckmapi
6-8 CYNyTHUKIB pi3HOI PO3Zi/NIbHOI 3MATHOCTI, AKi IPOJITAIOTh Ha
TEPUTOPI€I0 B Pi3HMII Yac 00U 3 TaKUM PO3PAXYHKOM, 0O MOXKHA
Oy/10 OTpUMAaTI OIEepaTUBHY, AKICHY Ta Heylepe/pKeHy iHopMariiio.
Ho 2022 p. nnanyerbca sanyctuty nepui yotupu KA. lani mo rpymy
IIOTIOBHUTD OJIMH CYITyTHUK Ha PiK.

3apadi 133 B KpaiHi BUPILIYIOTHCA Li/IUM PALOM YCTAaHOB Ta OpraHi-
3allill, meTanbHillle O3HATOMUTUCS 3 OiS/JIbHICTIO JeIKNUX 3 HUX MOKHA
B HaCTYIIHOMY IigIyHKTi 1.4.

IIpn migroroBui cneniamictiB 3 133 BUKIAAIOTbCA HaBYa/lbHi
Kypcu Y HU3LI 3aK/MajiB BUILOI OCBiTM YKpainm: KmiBcbkomy Haljio-
HajbHOMY YyHiBepcureTi iMeHi Tapaca IlleByenka, KuiBcbkoMy Hamio-
HaJIbHOMY yHiBepcuTeTi OyfiBHMLITBA i apxiTekTypy, HanionampHOMY

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



TEXHIYHOMY YyHiBepcuTeTi YKpainu «KuiBcbkmii mosiTexHiyHMI iHC-
TUTYT iMeHi Iropsa Cikopcbkoro», HaimioHanbHOMY aepOKOCMiYHOMY
yHiBepcuTerti imeHi M. €. JKykoBcbkoro «XapKiBCbKuil aBialliiiHmii iH-
ctutyT», Hanjionanbnomy ynisepcurerti «Kneso-MorunsHcbKa akaje-
Mis», HamionasbHoMy aBianiiiHoMy yHiBepcuteti, HamioHambHOMY
yHiBepcuteTi 6iopecypciB i mpupopokopucTyBaHHa Ykpainy, [Jep>xas-
Hill aKafieMii )KMTI0OBO-KOMYHa/IbHOTO TOCIIofilapcTBa, HanionaibHOMy
yHiBepcurerTi «/IbBiBCbKa MOMITEXHIKa» TOLLO.

B ocranHi poxu mnpupisiaca ysara po3poO/IeHHIO HOPMaTMBHOI
Ta HAyKOBO-MeTOMVYHOI 6a3nu [I33, mpoBefieHHIO HAaYKOBMX HOCIIiPKEHb.
Y 2002-2003 pp. HKAY cninbro 3 JJKb «IliBgenne», LIAKII3 ta III
«[THIIPOKOCMOC» pO3pOO/IeHNIT TIepInii YKPaIHCbKUIT HAI[iOHATbHII
cranjapt 3 /133 «/Jucranuiiine soniyBanHa 3eMili 3 KocMocy. TepMinn
Ta BU3HAYEHHA IOHATD», AKUI 3aTBEPIPKEHNI i YMHHICTD AKOMY HaJlaHO
HakasoM Ne 155 JlepskciokmuBcranapry Ykpainu Bifi 15.09.2003 p. Crso-
peHo Takox Hamionanmpamit cranpapt 3 133 «[IucTaHiiiiHe 30HAyBaHHA
3emrti 3 KocMocy. O6po6IeHH: Ta iHTepIpeTyBaHH JaHUX». [HCTUTYTOM
arpoekosorii i mpupopokopucryBanua HAAH pospobneHo cranpmapt
«JIucraniiiiHe 30H4yBaHHA 3eMii 3 KocMocy. HasemHi fjani o0 KOH-
TPOJIIO CTaHy IIOCIBIB i NMPORYKTUBHOCTI CiTbCHBKOTOCIOIAPCHKUX KY/Ib-
Typ», 3aTBepKeHnii MiHeKOHOMpO3BUTKY YKpainu Bif 01.01.2014 p.

Y 2004 poui Bugano «CnoBHUK 3 [133», AKnit MiCTUTb CUCTEMY Tep-
MiHiB Ta ITOHATb, 1[0 BUKOPUCTOBYIOThCA Y ramysi 133, Ta ix TAyMa4eH-
Ha. [IpoTsarom 2004-2010 poxkiB B YkpaiHi BUKOHaHO BelMKMit 00 €M Ha-
YKOBUX Ta HAyKOBO-IIPAKTUYHMX JOCTI/PKEHb 3 PisHUX HanpAMKiB J133,
cepeq, AKNX €KOJIOTiYHMIT MOHITOPUHT JOBKi/I/IsA; ONlepaTMBHUI MOHITO-
PVIHT IIOBEHEI, MiITOIUIEHD, TiCOBUX MOXKEX Ta IHIINX IPUPONHMX Ka-
TacTpo(; OLiHKA CTaHy TPYOOIPOBOJIB; ITOLUIYKM KOPUCHUX KOIIAJIVH;
OLIiHKA CTaHY Ci/IbCbKOTOCIOAAPCHKIX YTiflb Ta IIPOTHO3YBaHHA BPOXKaI0;
IIPOTHO3yBaHHA 3MiH 3€MHMX CUCTEM Ta K/IIMaTy 3 BUKOPUCTAHHAM KOC-
miyHoi iHopmaril Tomo. YactuHa po3pobok ykpaiHChbKkUX (axiBiiB
3 JI33 samartenToBaHa B [lep>)kaBHOMY JiellapTaMeHTi iHTeIeKTyanbHOI
B/IacHOCTI Ykpainn. YacTuHa 1ux MaTepianiB ony6/ikoBaHa B XXypHaI
«Kocmiuni Hayku i TexHosmorii» Ta GpaxoBOMY eIeKTPOHHOMY >KypHasi
«YKpalHCbKMIT )KypHAJI AYICTAHLIIITHOTO 30HyBaHHA 3eMIi» [4].
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1.4. IlipnpuemcTBa Ta YCTaHOBM YV cdepi
OMCTAHLIMHOIO 30HAYBAaHHA 3eMIIi
B YKpaiHi

& Uentp =HayioHanonmi
Sl IIMI! uewrp
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Puc 1.4. CrpykTypa HifIpueEMCTS,
yCTaHOB Ta opraHisariit y cdepi 133 B Ykpaini

Hamnjionanpae kocMiuHe areHTCTBO YKpainu (3 2011 poxy — [ep-
’KaBHe KOCMiuHe areHTCTBO YKpainm — [IKAY) ctBopene y 1992
poui 3 MeTOow peanisanii flep>KaBHOI MOMITUKA
B ranmysi kocmiuHoi gisnpHOCTL. [lo cdepn
ynpasninaa JKAY BxopgATb moHaj TpUALATDH
IIPOMUC/IOBUX IiJNPUEMCTB, HAayKOBO-JOCIif-
HUX I{HCTUTYTIB 1 KOHCTPYKTOPCBKMX OIOpO,
3aBIAKM AKMM YKpaiHa BiZloOMa Ha CBITOBOMY PMHKY CBOEI KOCMid-
HOI0 TPOAYKIi€w: paKeTaMu-HociAMU «3eHiT-2», «luknon-3»,
«JIninpo», amaparyporo cTukyBaHHA «Kypc» mnsa MikHapogHOI Koc-
MiuHOI CTaHIii; yHiIKaIbHMMMU 00 €KTaMy Ha3eMHOI iHPpPacTPyKTypu
Ta iH.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



Jep:kaBHUI HAYKOBO-BHPOOHUYMIA LIEHTP
aepokocMiuHoOI iHpopmanii, ucTanuiiHOrO
30HAYBaHHA 3eMJIi TAa MOHITOPUHIY HABKOJIHMIIHBLOIO
cepenosuma «IIpupona» (AHBI «IIpupoxa»)

JHBII «ITpupopma» — 1e nep>kaBHa yCTaHOBA, AKa IPOTATOM IIOHAJ,
25 pokiB 3abesmnedye apxiBaiiio, 00poOKy i mepemady sarjikaBIeHUM
MiHicTepcTBaM, BifOMCTBaM, ycTaHOBaM (cepern
akux — Papa HarjioHampHOI 6esneky i 060poHM m
Ykpainu, Mino6oponu, Minekonorii, Minarpono- FpUp&@ aa
mituky YKpainu, obmacHi fep>KaBHi afMiHicTparii)
TaHNX KOCMIYHOTO 3HIMaHHS Ta BXOAUTH IO Ha3eM-
HOro iHdopMaIiliHOro KoMIIeKkcy Jlep>kaBHOTO KOCMIi4HOTO areHTCTBa
Ykpainn. Ha 3aMOB/IeHHS KOPUCTYBayiB IIeHTP BUKOHYE poOOTH Ta Ha-
mae mocmyru 3 06po6xu Matepianis 133, 3 po3po6xu Ta miaTpuMku 6a3
maHux, 3i crBopeHHs TemarmuyHux [IC, mpodinpHuUX reonopTtasnis
Ta CIlellia/lisoBaHuX iHpopMaIiiiHuX cepBiciB TOIO.

IcTopis cTBOpeHHA LeHTPY cArae 1992 poky, Komm y cknafi Ykpain-
CbKOT'O Iep>KaBHOTO IHCTUTYTY iH)KEHEPHO-T€0Ie3NYHIX BUITYKYBaHb
Ta 31ioMoK (Ykp/IIII'BI3) 6yB cTBOpeHmit HayKoBO-OCIiHNIT i BUPOO-
HUYMIT HeHTp KocMivHOi iHdopmanii «[Ipupomar.

OcnosHi Hanpsamku pisanbHOCcTi JTHBII «IIpupopar:

» OyHKIiOHYBaHHA apXiBy AaHux /133 (apxiByBaHHsA, KaTajorisaiis
Ta po3noBcoomKeHHs gaunx [133; 06pobka gannx /133 Ha 3aMOB/IeH-
Hs KOPUCTYBadiB).

= OyHKIIIOHYBaHHA Ta PO3BUTOK BilOMYOro reomoprany [lep>KaBHO-
ro KocMiyHoro areHtctBa Ykpainm ([JKA) mmsa posnoBcromkeHHS
CYIIyTHUKOBMX i T€ONIPOCTOPOBUX JAHUX.

» CTBOpeHHs MIJIOTHNUX IPOEKTIB rajy3eBuX reoiHpopMaliiiHuX cep-
BiCiB 3 peK/JIaMHMMU Ta MapKeTUHIOBMMU Li/IAMU B iHTepecax Jep-
>KaBHUX Ta KOMEPLIiTHNX 3aMOBHMKIB.

= BrpoBa/>)KeHHA TEXHOJIOTIN NVCTAHLIMIHOTO 30HIYBAaHHA Ta I'€OiH-
dbopMarLiiHNX cUCTeM IJIA 3/i/ICHEHHS eKOJIOTiYHOTO MOHITOPMHTY.
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Icayroounit apxiB gaHMX AKUCTaHLiHOTO 30HAYyBaHHA JHBII «IIpu-
ponma» € HaybinpuMM B YKpaini. Bin MicTuTb maHi aepo- Ta KOcMO3Hi-
MaHHsA 1 CKIAaJa€TbCs 3 JIBOX YACTVH: apXiBy AaHMX Ha (OTOHOCIAX
Ta apXiBy UMQPOBUX TAHUX.

Y nudposomy Burnazni séepiraerbca iHdopmaia, orpumana 3 cy-
nyTHUKIB «Cid-1», «Ciu-2», «Oxean-O», «Meteop-3 M», «Pecypc-D»,
TERRA/MODIS, IKONOS, SPOT-4, 5, NOAA, ERS-1, Landsat-4,
Landsat-5, Landsat-7, IRS, Quick Bird, ALOS, EROS, Sentinel-1,
Sentinel-2, Landsat 8, Dove (Planet).

ApxiB Ha OTOHOCIAX MICTUTH JaHi KOCMIYHOTO 3HIMaHHS, OTPU-
maHi poroxkamepamu KATE-200, MK-4, KOA-1000, KOA-3000, Ta gaHi
aepodoTo3HIMaHHS.

Odiuitinuii catim: www.pryroda.gov.ua

LenTp aepoxkocMidyHUX AOCaiTKeHb 3eMi

Pozsumox 133 6 Incmumymi zeonoziunux Hayx HAH Ykpainu

Y Biggin TensiomaconepeHocy B 3€MHIiNl KOpi
Incturyty reonoriunnx Hayk (IF'H) AH YPCP mo-
4yHa04YY 3 1974 p. 3a09aTKOBaHO PO6OTH 3 BIIPO-
BaJDKEHH: (i3MKO-MaTeMaTUYHUX METOJiB B aepo-
KOCMi4yHi focmifpkeHHA 3emai Opyu BUpilIeHHi
TEOPETUYHNUX i IPUK/ITaJJHUX reonoro-reodisnyHux 3aBIanb [5].

LlenTp 6yno crBopeno B 1992 p. Ha 6asi uporo Binginy ta Kuiscp-
KOTO HayKOBO-/IOC/Ii/IHOTO iHCTUTY Ty KOCMOQE€POMETOJIiB KOJTMIIHbOTO
Minictepcrpa HadToBOI i razoBoi mpommcnosocti CPCP ra AH CPCP.

ITpn HJAKJI3 ITH HAH Ykpainu npamoe LleHTp KOIeKTUBHOTO KO-
PUCTYBaHHA CIEKTPOMETPUYHOIO anlaparyporw. A B 2014 p. 3acHOBaHO
HayKoBe (DaXoBe e/IeKTPOHHEe BUIAHHA « YKPAIHCbKUI )KypHAI JUCTaH-
L[i/IHOTO 30H/yBaHHA 3eMIIi».

Y IlenTpi po3BMBa€ThCs HaykoBa ILikona «EHepromacoo6MmiH y reo-
cucreMax». JIoCTIKYIOTbCA IPOLIECH €HeproMacooOMiHy B reocucTeMax
Ta IX BIUIUB Ha (isVKo-XiMiuHi Ta 6io/oriyni MexaHi3Muy, SKi BiiIIOBiIAI0Th
3a OpMyBaHHsA CIEKTPAJIbHOTO BIiATYKY NPUPORHUX 00’eKTiB. [locmia-
YKEHHS MAIOTh (PyH/JAMEHTa/IbHIII Ta IPYK/IAIHNI XapaKTep.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



TonosHe 3asdanus Llenmpy — mnpoBeneHHs (PyHZaMeHTaTbHMUX Ta
NPUK/IATHUX HAYKOBUX JIOCTI/KEHb 3eM/i AMCTAaHLiIHMMU MeTofa-
MM 3 METOIO OfIep>KaHHA HOBMX HAYKOBMX 3HAHb i IPaKTUYHOTO BIIPO-
Ba/KEHHA LMX 3HaHb B iHTepecax iHHOBALiIHOTO PO3BUTKY YKpaiHM
Ta 3a/I0BOJICHHS €KOHOMIUHIX, COIlia/IbHUX Ta 00OPOHHMX ITOTpeO.

Llenmp po3pob6rse i npononye edpexmueHi memoou i mexHosnoeii O
e MCTAHII{ITHOTO ITOIIYKY Ha)TOra30BMX MOK/IA/IiB HA CYXOO/Ii Ta LIe/bi;
e arpoayjuTy, OLjiHIOBAaHHA CTaHY Ta BPOXKaMHOCTI Ci/TbChKOTOCIIOAP-
CbKMX KYJbTYpP Ha OCHOBi KOMIUIEKCHOTO aHaji3y aepOKOCMi4HMX
1 TOJIbOBUX TAHUX;
e [MCTAHLIITHOIO OL[iHIOBaHHSA €KOJIOTTYHOIO CTaHy TEPUTOPI i aKBaTOPilL;
¢ AePOKOCMIYHOTO MOHITOPMHTIY TEIUIOBTpAT Ha ypOaHi30OBaHUX Te-
pUTOPiAX;
¢ KOCMIYHOTO MOHITOPMHTY i ayAuTy 6aIaHCY TAPHMKOBUX I'a3iB TOLIO.
Pospob6rneni B I]eHTpi aepoKocMivHi MeTOIM i TEXHOMOTIT BUPIIIIEHHS
HIPUPONOPECYPCHIIX 3a/jad 3aXMIeHO NOHaL, 70 maTeHTamMu YKpainu.
Odiuitinuii caiim: www.casre.kiev.ua

Mauna akagemisa Hayk YKpaiHu

Mara akagemis Hayk Ykpaiau (MAH Ykpaiun) — ocBiTHA cucTeMa,
AKa 3abe3ledye oprasisanio i koopauHauilo Ha-
Lii

YKOBO-IOCTIHUIIBKOI, KOHCTPYKTOPCBKOI, BU- N\ VY
HaxiIHMIIBKOL Ta IIOLIYKOBOL [ISZIBHOCTI YYHIB ‘E’“‘i

Hamioi Kpainu, ¢popmye ymMOBU I iX iHTENEKTY-
/IbHOTO, JTyXOBHOTO, TBOPYOTO PO3BUTKY, MPO- __
¢eciitHOro caMOBM3HaYeHHs, cupusAe GOpMyBaH- A\

HIO HayKOBOTO IIOTEHLia/Ty Jep>KaBM.

MAH VYkpainu y cBoiil BisiTbHOCTI iHTerpye HallKpalli JOCATHEH-
HA MeJaroriyHol NpaKTUKYU 3aKjIafiB 3arajbHOI, CepeJHbOI Ta BUIOI
OCBiTU i (yHEaMEeHTa/NTbHUX HAyKOBUX JOCIiKeHb ycTaHOB Harjo-
HaJIbHOI aKajeMil HayK YKpaiHm Ta HamioHasnbHOI akajmeMii Ilemaro-
TiYHNX HayK YKpaiHu. BusHani HaykoBui i ¢axiBLi Ha rpoMajcbKux
3acajjax MpalolTh 3 OHMMI JOCTiIHMKaMY, Ha[Jal0Th MOXX/IMBIiCTb BU-
xoBaHIsAM MAH Vkpaiun xopuctysarucs crenianisopanumu 6i6smio-
TeKaMM, poHIaMIU, apXiBaMM Ta TabOpaTOpiAMIL.

—_—
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B ocBiTHPOMY IIPOCTOpPI HAlIOi JIepXKaBM Ha CbOTONHI aKTya/JbHOIO
€ pobemMa MiIBUIIEHHS SKOCTI MO3aIIKi/IbHOI OCBITI. 30KpeMa, OfHIM
3 iIHHOBaI/HMX BEKTOPIB AisAnbHOCTI KOMyHa/IbHOTO MO3aIIKi/IBHOTO Ha-
BYa/IbHOTO 3aKIafly «KniBcbka Mara akajieMis HayK y4HiBCbKOI MOTIOTi» —
TepuTopianbHoro BiffinenHa MAH Vkpainm — e BopoBapkeHHsa IT,
a came Bukopucranua ['IC ta JI33 mpy mifgroToBLi y4HAMM HAayKOBO-
TOCTITHUIIBKIX po6iT. OckinpKu Liefl HaNpsIMOK B HAIIil KpaiHi po3Bu-
BA€TbCs JIMIIe Ha piBHI BuIoi ocBity, To 3m00yTKM KuiBcbkoi MAH
MOJKHA BBKATU IUIALIapMOM IpakTiyHoro suposamkerHs [1C ta 133
Y CUCTEMY SIK IIKi/IbHOI, TaK i IO3aILIKiZIbHOI OCBITH.

Y 2013 poui y BigginenHi Hayk npo 3emno KITH3 «Kniscbka Mana
aKajieMisl HayK y4HiBCbKOI MO/IOfi» BifKpuTO HOBY ceKlii — «['IC y reo-
rpaii». 3a yac gisnpHOCTI cexuii «I'IC y reorpadii» 3aHsATTS BigBigamm
6m3bko 200 y4HiB cTo/muLi, moHay 30 3 HUX Opasy y4acTb y pailoHHO-
My Ta MiCbKOMY eTamax BceyKpaiHChKOTO KOHKYPCY-3aXMCTy HayKOBO-
JOCTTiIHUIIBKIX POOIT Y4HiB — wiIeHiB Masioi akafiemil HayK YKpaiHu.

basoBumy meropmannmuy pecypcamu sactocysannsa ['1C y mocmip-
HULKI AisinbHOCTI yuHiB KniBcbkoi MAH € mporpama 3 nosaukinb-
HOI OCBITM JOCTiJHULIBKO-eKCIIepuMeHTanbHOoro Hanpamy «['IC y reo-
rpadii», HaBYanbHi MOCIOHUKM «OCHOBM CTBOpPEHHS €TeKTPOHHUX
KapT Ha 6a3i nporpamHoro 3abesnedenna ArcGIS 10.1», «Bigobpaken-
HA KY/IBTYPHOI CHAfliVHM YKpaiHM 3 BUKOPUCTAHHAM €I€KTPOHHUX
Kaprt y cepepoBuii I'IC «MAH VYkpainm».

Odiuiiinuii caiim: www.man.gov.ua

KuiBcbkuii HanioHaAbHUIl YHiBepcuTeT
imeni Tapaca IllleBuenka

I'IC Ta 133 € ogHUM i3 IPiOPUTETHUX HANPAMKIB BUIOI IPUPOJ-
HIMYOI OCBiTM OiNBIIOCTI BMCOKOPO3BMHEHMX KpaiH
CBiTy. AKTya/IbHMII MOHITOPMHT i BOJIOJiHHA Cydac-
HuMu IT y mpupopgamnyiit ocBiti y>ke MpaKTMYHO HEPO3-
puBHI mponecu. B VYkpaini icHye 6arato 3axmapis
BUIIIOI OCBIiTH, AKi TOTYIOTb CIELaJICTiB y LbOMY
HanpAaMmKy — 1e i KHY imeni Tapaca IlleByenka, Ha-
L[iOHa/IbHMII aBiauiriHuit yHiBepcureT, KuiBcbkuii
HalliOHaJIbHMII YHIBepcUTeT Oy/iBHUILITBA i apXiTeKTypy TOLIO.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



Posrnanemo pgeranphime susyenHs ['1C ta 133 B ogHOMY 3 HaliKpa-
mux yHiBepcureTiB Ykpainu — KHY imeni Tapaca IlleBuenka [6]. Tyt
CTYHEeHT) MAlOTb MOXXIMBICTb onmaHyBaTy crenianpHicts I'IC Ta [133
Ha reorpadiyHoMy ¢axynbTeTi Ta y HaBYa/JIbHO-HAYKOBOMY iHCTH-
TyTi «[HCTUTYT reonorii». BunyckHukm micnsd sakiH4eHHS HaBYaHHA
€ ¢daxiBusAMIY, AKi BONTOAIIOTE METOAAMM 3aCTOCYBAHHA CYJacHMX T'eo-
indopmaniitHux TexHoMOriN, Fanux /133, HeOOXiTHMX IpU IPOBEICHHI
poO6iT i3 3eM/IeyCTpOIo, B MYHIIIUIIATbHUX iHPOPMAIITHUX CUCTeMaX,
BMitoTh 3anposapkyBaty I'IC B ynpasmiHHA Tepuropiamu [7].

Odiuitinuii caiim: www.geol.univ.kiev.ua/depts/geoinf

HJocaigHuubko-ocBiTHA 1abdoparTopis OSGeo KHY

[lepiua B YkpaiHi HOCTiIHUIIBKO-OCBITHSA 1a00paTOpist BUIBHOTO Teo-
IIPOCTOPOBOr0  IporpamHoro 3abesnedenHs (Open
Source Geospatial — OSGeo). 3acHoBana B 2014 p. Ha Ka-
¢enpi disvranoi reorpadii Ta reoexornorii reorpagivHoro
dakynvrery KHY im. T. IlleBuenka [8]. TonoBHO0 Mici€to
il € pO3BUTOK CHiBIIpali MK aKafeMiYHIMI, BUPOOHN-
YMMM, YPAROBUMM Ta TPOMAJICBKMMM OpraHisalisamm
B raytysi BuibHUX I'IC Ta BifKpUTHX reofaHmx.

Jlaboparopia mpauioe Haj 6ararbMa IMpOeKTaMy, AJIs peasnisa-
il AKux 3acrocoBye Marepiamu 133, a TakoXX po3po0iisie HaBYaIbHi
Kypcu. KpiM mpaktuyHoi peaisauii mpoekTiB, TakoxX B ynaboparopii
PO3pOONIAIOTD TepeKIafy JOKYMEHTallii Ta IPUKIIa/iB 3aCTOCYBaHHSI
QGIS, SAGA. Hanpuxiaj, BOHU HepekIany NOCiIOHMK KOpMUCTyBada
Mmopynsa HamiBaBTomaTnyHoi Kimacudikamii, SKmit 3aCTOCOBYETbCS IS
meundpyBaHHA KOCMIYHMX 3HIMKIB.

Odiuitinuii caiim: www.lab.osgeo.org

TOB «TBIC»

ToBapuctBo 3 o6MexeHow0 BifmosimanpHicTI0O «IBIC» — 1e mpu-
BaTHA KOMIIaHif, sIKa 3’ sIBUIACA Ha pUHKY nocyr [133
Ha 1104atKy 2010-X pp., HO3MIIOHYI0uM cebe K IepIit e e
YKPAiHCBKMIT CYIIEpPMapKeT CYIyTHMKOBUX 3HIMKIB. T V I S
3aBAAKYM IPAMMM KOHTPAKTaM 3 KOMITAHiAMM OIlepaTo-
pamu, «I'BIC» 3piiicHIOE poiask KOMEPLIHIX paJJApHIX Ta ONTUYHMX Ja-
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HJIX 3 BUCOKJIM IIPOCTOPOBMM PO3PisHeHHAM (Biz 30 cM 10 3 M), HAPHK/Iaz
Takux 5K Pleiades 1 A/B, WorldView-1-4. GeoEYE, Spot 6/7, Kompsat 3/3 A,
Deimos-2, Planet, a Takox moperneit penpedy JiHiNKM TpopyKTiB Airbus
Defence and Space. Takoyx koMmaHist IPOIOHYe NOCTYTH i3 AermdpyBaHHs
aepoOTO3HIMKIB, CTBOPEHHs Ta OHOBJICHHs TOHOrpadiyHNX KapT i opTo-
(OTOIIIaHIB, @ TAKOX 31I0MKY O€3ITITOTHIKAMIL.

[Mounnaroun 3 2010-ro poky, TOB «TBIC» € opranizaropom mopid-
HOI MbkHaponHOi KoHdepeHil Ta 6isHec-popymy GISTECH.UA, wjo
BiiOyBaeTbcs 3a3Bmyaii y TpasHi y Kuesi. Ila nopisa 36upae pasom
¢axiBuiB Ta 3a1ikaBreHNx Kopucrysauis TexHosorii [133/I'1C, mo npa-
mIoloTh B Ykpaini. Tak, y 2018 poui ¢opy™m BigBigamu mpencTaBHUKM
160 ykpaiHChKUX OpraHi3alliil.

Odiyitinuii catim: www.tvis.com.ua

1.4. CtaH Ta NepCneKTNBY PO3BUTKY
AUCTAHIIMHNX METOAIB JOCHimKeHHA
3emii B YKRpaiHi

Beepmennst manux [I33 y rmobanbHuit iHpOpMariiiHuii mpocTip fajo
6e31i4 mepeBar: T03BOJISE iICTOTHO MOIIIIITI METEOPOIOTIYHI IIPOTHO3Y;
3a0e3Ie4nTy MOHITOPVHI HaBKOJIMIITHBOTO CEPEOBUIIA 3 YHIKaTbHUMM
XapaKTepUCTMKAMU 33 MaCIITaOHICTIO, TOBTOPIOBAHICTIO i1 OIepaTUBHi-
CTIO; BiIKPWIO JOMATKOBI MOXX/IMBOCTI IIPY BUpIIIEHH] 3aBIaHb IIPUPO-
JIOKOPYCTYBaHHs1, KOHTPOJIIO 3a0py/{HEHb, 3a1106iraHHsI pO3BUTKY KaTacT-
podivynyx mporjeciB Tomo. JOCATHYTI yCHIXy JIAITIM B OCHOBY BMCHOBKY
BcecBiTHBOI KOH(epeHIil 3 MUTaHb CTaJIoTO PO3BUTKY (I7[oraHHec6ypr,
2002 p.) PO HEMOX/IMBICTb CTA/IOTO PO3BUTKY CBiTOBOI €KOHOMIKM 0e3
BUKOPVCTAHH:A a€POKOCMIYHMX CUCTEM CIIOCTEPEKEHHA 3eMIIi.

Cepsicu, 1m0 NOB’sA3aHi 3 BUPIIIEHHSAM 3aBIAaHb CIIOCTEPEXKEHHS
3emiti, pO3BUBAIOTHCS HAMOIIBII JUHAMIYHO i1 TOCTIZOBHO. B ocTaHHi
I'ATh POKIiB CyMapHi JoXoau y 1iit ramysi spocratots Ha 4-5% 3a pik,
a piuHuMI npupict goxopis y cdepi cepici criocTepexxeHHA 3eMiTi cTa-
HOBUTD 8-10%. fxmo 2010 poxy moxigHWit Ol0pKeT cepBiciB crocTe-
pexenHsa 3emini cranoBus 1,0 mipp. fos., To 2016-To BiH CK/IaB Bxe
mo 2,0 mapp, a go 2020-ro, 3a IporHo3aMy aHAMITUKIB €BpOKOMicii,

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



Lell pMHOK JocArHe cymu 5,3 mipg gon. Cepen, IpUMYMH TaKOTO UIBUJ-
KOTO 3pOCTaHHA BUMIIAITL TaKi: KOO IMOTEHLIMHUX KOPUCTYBayiB
inpopmaniitHux nmpopykTiB poborn cucteMm JI33 myke IIMpOKe, TYT
€ Jy>Ke BeMKa JIiHiMKa MOCIIYT, i BOHMU JIETKO MaCIHTa6YIOTbCH, a cami
IOC/TYTY MOXKYTb HajaBaTUCS B 4aci, O/M3BKOMY IO peabHOTro, ax
no online. Baxxnmso, mjo cepen kopucrysadis J|33-ponyKTiB € Ak fep-
KaBHI CTPYKTypH (peanbHuil CeKTOp eKOHOMIKY, CITy>K6a reokafacTpy,
CHUJIOBi BiJOMCTBa, HayKa TOINO), TaK i IPUBATHMII CEKTOp (arpoxo-
nuHrY, $pepmepu, pecypcoBunoOyBHI kommaHii Tomo). Yee 1e pazom
B3s5Te poOuTh pUHOK J]33 eKOHOMIUHO Jiy>Ke IpUBaOIVMBIIM.

Buknagene nokasye, mo pisenb 133 y kpaiHi 3a/1MIIa€TbCA JOCUTD
BUCOKMM i BiTUM3HAHI BueHi 1 ¢axiBii ycmilmHO BMpIIIyIOTH HAaii-
CK/IaJHIilIi HAyKOBO-IIPUK/IA/IHI 3aBIaHHA.

OpnHaxk pasoM i3 TMM HeoOXiJHO 3a3HAYNTH, IO HOCII/PKEHH Y cdepi
[133 Mormu 6 po3BMBaTICA 3HAYHO iHTEHCHBHIlIlE, 4 Pe3y/IbTATH MBI -
111e BIPOBA/PKYBATUCA B peaIbHUI CEKTOP €KOHOMIKM 1 CITY>KUTU CIIPaBi
000pOHM KpaiHM, SIKOM BHANOCA IOROTATV HU3KY iCHYIOUMX HeTaTUB-
HMX (pakTOpiB i 06cTaBMH. 30KpeMa, y IIaHax Jlep>KaBHOrO KOCMiYHO-
O areHTCTBa YKpaiHyM — po3poOKa i BUBeIeHHs Ha OpOiTy KOCMIYHMX
cucreM cepii «Cid» Iy JUCTAHLIIHOTO MOHITOPMHTY A0BKinIA. OpHak
ycHilHmit BUXip i3 npopykuiero cucteM «Cid» Ha MDKHApOZHMII PUHOK
3eMHMX TeCTOBMX IIOJIIrOHAX 32 CTAaHJAPTU30BAHVMM IIpaBUIaMy, PO3-
pobnenumy MiKHapogHuM KomiTeToM i3 CYIyTHMKOBOrO cCrioctepe-
xenHs 3emni CEOS (Committee on Earth Observation Satellites). Tomy
OfiHe 3 aKTYya/IbHUX 3aBJJaHb — Y3TOIKeHH: (TapMOHi3allif) yKpalHChKOI
HOPMAaTVBHO-TE€PMiHOJIOTiYHOI 6a3y 3 M>KHAPOLHVIMM CTAaHZAPTAMIL.

3arajioM, IeplIo4eproByM BOAYAIOTbCSA HACTYIHI 3ajjadi, CIpsAMO-
BaHi Ha po3BuToK 133 B YKpaiHi:

1. Po3po6reHHs Ta CTBOpeHH: AepxaBHoi cuctemu JI33 i Bipmpa-
LIOBAaHHA II B3aEMOJil 3 Iep>KaBHUMM Ta MIKHAPOJHUMM CUCTEMAMU
MOHITOPMHTIY HaBKOTUIIHBOTO IIPYPOSHOTO CEPENOBUILA.

2. BUKOHaHHA HayKOBO-TIPUK/IAJHMX 3afiad 3 00poOIeHHs i BUKO-
PUICTaHHA a€POKOCMIYHMX [IaHMX B iHTepecax BUPILIEHHA IPUPOLO-
PeCypCHMX Ta MpMPOJOOXOPOHHMX 3afiad (eKO/MOTiuyHMII MOHITOPMHT
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KpaiHM i OKpeMMX perioHiB; IPOrHO3YBaHHA BPOXKAMHOCTI CilIbChKO-
TOCIIOJAPCHKIX KY/IBTYP i MO’Ke>KOHeOe3eyHOCTi JIiciB; momryk HagTo-
ra3oBUX ITOKJIAZIiB; OLIIHIOBAHHA CTaHY MICBKMX arJoMepaliiil (scyBM,
Hi/ITOIUIEHHS TOIIO) Ta SIKOCTi 3eMeIb; BBYEHHS CYYacHUX I'eOAVHA-
MiYHUX NIPOLeCiB TPy peCTPYKTYpuU3alil ByTi/IbHMX IIAXT Ta iH.).

3. Po3po6eHHA METOAMYHOTO Ta IPOrPaMHOTO 3a0e3MedeHH I
MiJTPUMKM [ep>KaBHUX i Taly3eBUX IPOrpaM 3 MOHITOPMHIY HaBKO-
JIUIIHbOTO IPUPOJHOTO CEPENOBMILA.

4. TIpoBeqieHHs Ha3eMHVIX Ta Mi/ICYITy THUKOBUX (aBialliiiHNX) Kamiopy-
BaJIbHO-3aBipKOBMX POOIT Ha YKPaiHChKIX Ha3eMHMX Ta MOPCBHKMX IOTTi-
TOHAX, Pe3y/IbTaTH AKIX MOXKYTb CTAHOBUTM iHTepec TAaKOX /A Kaliopy-
BaHH: MaTepiaIiB 3/10MOK 3 3apyObKHYX Ta MbKHapomHux KA.

5. HajmaromkeHHs B3a€EMOKOPUCHOTO e(eKTUBHOTO CIiBPOOITHM-
LITBA 3 MDKHApOJHNMY OpraHi3allisiMu i MporpaMamIL.

6. IToxpamjaHHa HayKOBO-METOAMYHOI, iH(opMaliitHOI Ta HaykKo-
BO-BUJJaBHIYOI poOOTH: TPOBeNieHHs KOH(epeHIiil, ceMiHapiB i BucTa-
BOK, BUJJaHHA HayKOBO-TEXHIYHMX, HABYa/IbHO-METOAMYHUX Ta JOBiJI-
KOBO-iH(pOpMaliliHNX MaTepiayiB, CIpUAHHA KOMepliiamisauii faHNUX
i migroroBku Kazpis 3 [133.

1.6. Mi>kHapozaHi opraHizaii

MixHaponne ToBapucTBo ¢otorpammerpii (HmHi MixHapopHe
TOBapUCTBO (HOTOrpaMMeTpii Ta AMUCTAHLIHOTO 30HAYBaHHA (aHIL
International Society of Photogrammetry and Remote Sensing (ISPRS))

sacHyBaB 4 munHa 1910 poxy mnpocdecop Enmyapn
—<] Honexanb 3 BijeHCPKOTO TEXHOIOTIYHOIO YHiBE€pCUTeE-
isprs Ty. € HaliCTapilllO M>KHAPOJHO OPraHi3alli€l0 y CBOii

(S cepi [10]. ISPRS — HeypsmoBa opraHisariis, ClipsIMOBaHa
Ha pO3BUTOK MDKHApOJHOI criBIpali y ramysi pororpam-
Mmetpii Ta JI33, iX IpUK/IaZHOrO 3aCTOCYBaHHA HIIAXOM
3A0XOYEHHS Ta IOJIETIICHHSA HAYKOBVX JIOCTI/PKEHb Ta po3poboK, a Ta-
KOXX CTBOPEHHSA HAyKOBMX MEPEX Ta IPOBENEHHA MDKAVICUUIIIIHAPHNIX
3axXOfiB.

HayxkoBi iHTepecy ToBapyucTBa OXOIUTIOIOTH (POTOTpaMMeTpilo, Avic-
TaHI[i/{He 30H/yBaHH:, TeOIPOCTOPOBY iH(pOpMAIil0 i CTOCYIOTbhCA

Infoematlon from Imagery
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TaKUX JVCLUIULIH, 1K KapTorpadis, reomesis, focmimkeHHs 3emi i 3a-
XUCT TOBKIisIA.
Odgiuiiinuii caiim: www.isprs.org

€Bponeiicbke KocMiuHe areHTCTBO, EKA (anrn. ESA) — e mix-
HapOJ[IHA OpraHisalis, 10 3alIMa€TbCA 3/1/ICHEHHAM CIIIbHUX KOCMid-
HIUX [OCTiJKeHb, 3 TAKOXX IIPAaKTUYHUM BU-
KOPUCTAaHHAM IITYYHUX CYNYTHMKiB. DByma
yTBOpeHa B 1975 poui Ha KoHdpepennii y I1a-
PYXi €BPOIENICBKUMMU [ep>KaBaMM-4/IeHaMU
€Bpomneiicbkoi KoHdpepeHnii 3 kocmocy (benbrisa, Bemmkobpuranis,
Hanis, Icnania, Itania, Higepnanpgu, ®pannia, ®PH, Hlseiinapis,
[IBemnis). IlITa6-kBapTupa EKA snaxomgutbcs B [Tapioki (Opaniiis).

HisnpHiCTb oOpraHisalii opieHTOBaHAa Ha CHPUAHHS 1 PO3BUTOK
CIiBpoOiTHMIITBA KpaiH y ramysi KOCMIYHMX JIOCTi/[KEeHb, CTBOPEHHA
Ta IpaKTUYHE 3aCTOCYBaHHA KOCMIYHOI TeXHIKM i TEXHOJIOTIN B MUP-
Hux ninax [11]. HemopasHo, BecHoIo 2018 poky, YkpaiHa migmmcaina
YTOfy PO CIIiBPOOITHMIITBO 3 EBPOIEICHKIMM KOCMIiYHIM areHTCTBOM.

B pisanbHOCTi €KA HaykoBi [OCTiIPKEHH:A BiflirpaloTb K/IIOYOBY
po7b, a POKYCYIOTbCS BOHM HA:

o TEXHOJIOTiAX JyIs eKCIUTyaTalil KOCMOCY B ranyssx Hasirauii (mmpo-
exT «[anineo»), 7106aIbHOrO MOHITOPMHTY 32 HAaBKO/IUIIHIM cepeso-
BuieM i Oesmexor (cucrema Copernicus, 10 paHiiie Mana Ha3By
GMES — Global Monitoring for Environment and Security) i cymyT-
HUKOBMX T€TEKOMYHIKaIiil;

e TEXHOJIOTifAX KOCMiYHOIO TPaHCIOPTY, AKi JKUTTEBO BAXKIINBI [/14 3a-
6e3redyeHHs He3aIe)KHOTO JJOCTYIY B KOCMOC Jyist EBpony;

e PO3BUTOK HayKOBMX HANPAMKIB [ifA/TbHOCTI B KOCMOCI, HAIIpUKIIA[,
B paMKax BMKOPMUCTaHHS MDKHApOAHOI KOCMIYHOI cTaHIii a6o
IIOB’sI3aHUX 3 OCBOEHHIM KOCMOCY.

Creopenna €KA pano moxmusictb €C Bxe B 70-X pokax cTartu
Tperbolo, micia CPCP i CIIA, KocMiYHOIO «[iep>KaBOIo», 10 BOJIOJIE
HOTY>KHOIO iHQPaCTPYKTYpOIO, 34aTHOI0 CTBOPIOBATY BCi BUY Bjac-
Hux KA (kpim ninoroBanux) i BUBoguTH ix Ha Op6iTV BIACHMMU HOCiA-
MU 3 BJIACHUX KOCMOJIpOMiB (HOCII cepil «Apian») [12].

Odiuiiinuii caiim: www.esa.int/ESA
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HanionanbHe ynpaBniHHA 3 aepOHABTUKM i JOCTiPKEHHA KOC-
MiuHoro npocropy, HACA (anrn. National Aeronautics and Space
Administration (NASA)) — arenrctBo ypsapgy CIIA, sacHoBane
1958 poky mid JOCHIKEHb Yy Taly3i aepOHABTUKU
1 KocMiuHMX onboTiB. lITab-kBapTHpa posramiosa-
Ha y BammHrroHi.

INepma xocmiuna nporpama HACA novasnacs 3 3a-
nycky KA «ITionep» y 1958-my, sikuit 36upas indop-
MalIlifo JjIs1 MOHA/IbIINX Mi/IOTOBAHUX IT0/IbOTIB, HAMBIJOMIIIINM 3 SIKUX
cTaB normit Ha Micanb «Anonnona-11» 16-24 nmunus 1969 poky [13].

3 MoMeHTY cBoro 3acHyBaHHA HACA mpoBeio 6i/IbIIiCTb JOCTII/PKEHb
3 kocmocy B CIIIA, BKIH0OYar0uM MiCito «AIO/UIOH-11», KOCMiIYHY CTaHIIiIO
«Ckaitrab», a misHime kocmivnmit matr. HACA nigrpumye Mixnapop-
HY KOCMIYHY CTaHIi0 Ta 3[{/iCHIOE HAITIAL 33 PO3POOKOI0 6araToliIboBo-
ro eKinaxy «OpioH», cucTeMy KOCMiYHOTO 3aITyCKY TOLLO.

Hayxosi gocnimxenns HACA cnpssMoBaHi Ha BMBYEHHA 3eMJTi 9epes
CUCTEMY CIIOCTepPEXXeHHs 3eMJIi, IPOBefieHHsA Ie/io(isNIHIX JOCTiPKEeHb
3a JIONOMOTOI0 3YCWIb HAyKOBO-HOCTifHOI mporpammu «lemiogismxar.
Takox ATeHTCTBO IOCTIIXKy€e KOCMIYHI Tijla 1o BCiit COHAYHIN cucTeMi,

b}

Pozpin 1. ICTOPIA OJUCTAHIIMHOI'O

SOHIOYBAHHSA 3EMIII

1 JOURNEYTO

Puc. 1.5. Tpadika HACA «ITogopoxx Ha Mape» [13]
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BUKOPVCTOBYIOYM II€PEIOBI TEXHOJIOTII, Ta 3aJIMA€TbCA BUBYEHHAM TEM
3 actpodisuku, TakuX sIK «Bemukuit BuUOyx», depes OB’ s13aHi IPOrpaMIiL.

ITorouni gocnimxenns HACA: micil, mos’sa3aHi 3 BuB4eHHAM Mics-
14, Mepkypis, Mapca ta CarypHa, a TaKoXX criocrepe>xeHHs 3a CoH-
ueM. Inmymuy aktupHuMu Mmicisimu KA € IOnona pna IOmnirepa, Hosi
eopusonmu (mnsa IOmitepa, ITnyTona ta inmnx) i Ceimanox pua acte-
poinHoro nosica [13].

32017 poxy HACA odinirtHo oromocuio, 1o nparoe Hafi Bigmpas-
KO0 mrofieil Ha Mapc mo 2033 poky.

AMepuKaHcbke KocMiyHe areHTCcTBO NASA BUMYCKAE KHUTY KOCMIYHMX
3HIMKIB, SIKi EMOHCTPYIOTb CYNyTHUKOBI 300pa)KeHHs K YHiKabHi BUTBOPU
MuUCTeLTBa. [laHe BUOAHHA HA3MBAETbCA «3eMis K MUCTELTBO», i B HbO-
My 3i6paHi KpaLi 3HIMKM i3 Pi3HMX AiNsHOK 3emni. O3HANOMUTUCA 3 Helo
MOXHa 3a afipecoto: www.nasa.gov/connect/ebooks/earth_art_detail.html.

Odiyitinuii caiim: www.nasa.gov

I'no6anbHa cucrema criocrepexxeHH: 3a mwiaHeroro 3emsa (TEOCC)
(anrt. The Global Earth Observing System of Systems (GEOSS)).

[Ticna nposemenHa nepmoro Camirty cro-
cTepexxeHb 3a 3emnero y 2003 poui BemeTbcs
poboTa 3i CTBOpEHHsI CKOOPAMHOBAHOI CUCTe- SS
MI CIIOCTEPEKEHb 32 HAIIIOK ITAHETOI0 Ha 6a3i e
icHylounx cucteM crocrepexxeHb [14]. A Bxe
Ha TpetboMy Cawmiti B 2005 poui B bprocceni 6ys npuitaaTnit Jecs-
tupiunmit wiax 3airicienss TEOCC (GEOSS).

Cucremu crocTepexxeHHs 3eM/i CKIQ[AlOTbCA 3 NpUIAfiiB, IO
IpU3HAYeHi /11 BUMipIOBaHHS, KOHTPOJIO Ta IPOTHO3yBaHHA (isnd-
HUIX, XiMiYHUX Ta 0i0/TOriYHNX IOKa3HMKiB. MeTeoCTaHIIil 3aNICYI0Th
CTaH NOBITPAHUX Mac, TEMIIEPATYPY Ta TEHAEHIil KIiMaTUYHUX 3MiH;
Oyi, AKi I/IaBalOTh B OKeaHaX, Bif[CTeXYIOTb TeMIEPATYPY i CONOHICTD
BOJM; TiIPOJIOKALIiNIHI Ta pafioNOKaLiiiHi CUCTeMH OL[iHIOIOTD ITOITy/IA-
1o pub Ta nraxis; CTaHIIi CEICMIYHOI Ta IT0OATBHOI CUCTEMM TTO3U-
nionysanHaA (GPS) 3anmcyloTh pyxm 3eMHOI KOopu Ta 3MiHU penbedy
IJIAaHETV; BUCOKOTEXHOJIOTIYHI CYIIyTHMKM CKAaHYIOTh IUIAHETY 3 KOC-
MOCY; TIOTY>KHi KOMITIOTepM30BaHi MOJeNIi TeHepyIoTb CUMY/IALL

PO3AIN 1. ICTOPISI AUCTAHUINHOIO 30HAYBAHHSA 3EMIII
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Ta IIPOTHO3M; & CUCTEMM PAaHHbBOTO IONEPENKEHH BUITYCKAIOTh IIO-
HepeKeHHsI 1I07J0 MOXX/IMBOCT] BUHMKHEHHS HeOe3MeuHX CUTYaIliil.

Bci ni cucremu, AK NpaBUIO, NPALOIOTh OKPEMO OJHA Bifi OFHOL
ITpoTe ocTaHHIMM pOKaMu 3aIylieHO B poOOTY CKIaJHi TeXHOJIOTi
ISl 300py BeMMKOI KiJIbKOCTi HaHUX CIOCTEPEXXeHHs 3eMyIi BUCOKOI
PO3JiIIbHOI 3/JaTHOCTI B PEXXMMi PeaIbHOTO 4acy. Y TO Ke Yac BJOCKO-
HaJjIeHi MOJIe/li IPOTHO3YBaHHA Ta iIHCTPYMEHTY IiATPUMKI IPUTHAT-
Ts pillleHb Aefasti Oinblie 03BOMAIOTH TOBHOI MipOI0 BUKOPUCTOBY-
BaTM Iieil OTiK iHdopMariii.

OckinpKy BUTpaTH Ha MarepiabHO-TeXHiuHe 3abe3levYeHHs PO3-
HMIMPEHHs CIIOCTepeXXeHb 3eMITi € y>Ke BEIMKMMU 1 He Hifi cumy gep-
JKaBaM CaMOTYXXKM, caMe 00’€HaHHs Pi3HUX CUCTEM CIIOCTEPEXXeHb
Yyepe3 MDKHapoAHe CHiBpPOOITHMIITBO 3abe3leyye CYyTTEBY €KOHOMIIO
KOIITIB Ta JJa€ 3MOT'Y OTPMMAaTH ITIOBHY KapTUHY CTaHy 3eMIIi.

GEOSS mnigTpumMye NpuHIMION CHiIBHOTO BUKOPUCTAHHA NAHMUX,
sKi MalOTh Ha MeTi 3a0e3meYnTyt MOBHMIT Ta BiJKPUTHIT OOMIH JaHM-
My, Meraganumu Tta npopykramu. GEOSS mnoumproe indopmariio
Ta aHasi3 6esnocepentpo KopuctyBadam. GEOPortal € engyanm inTep-
HeT-IITI030M 10 JaHuXx, Bupobnenux GEOSS.

Y GEOSS BupinaoTb ocHOBHI [1eB’sTh cdep, B SIKUX BUKOPUCTO-
BYIOTb iXHi JaHi: KaracTpodu, OXOpOHa 3JOpPOB’S, €HepreTnka, Kii-
Mart, BOJIa, IOTO/ja, €KOCUCTEMH, CiIbChKe TOCIIOAaPCTBO Ta 6iopisHO-
MaHITTA.

Odiyitinuii caiim: www.earthobservations.org
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Pos3nin 2.

PI3NYTHI OCHOBM
OUCTAHIIMHOI'O 3OHNYBAHHA
HABKOJIMIOIHBOT' O
CEPEJOBHUIIIA

2.1. EnekTpoMarHiTHe BUIIPOMiHIOBaAHHA

Citno — e enekTpomarsitHa papianisa (EMP) y neBHomy piama-
30Hi €/IeKTPOMAarHiTHOTO CIeKTpa. SIKIjo 306pasuTyl CBiT/IO B CXeMa-
TUYHOMY BUITIAAL — TO BOHO BUITIAfATUMe K Tpadik eIeKTPUIHOrO
1 Mar"iTHOro MO, AKi KOIMBAIOTbCA NEPHEHAMKY/LAPHO OLHE Of-
HOMY. EneKkTpoMarHiTHMIT ClieKTp — Iie «CHCTeMa, 1o Kmacudikye
3a JIOBXKVHOIO XBIJIi BCIO €HEpriio (Bif KOPOTKOXBMIbOBOI KOCMi4HOI
IO JOBTOXBIM/IBOBOI pajio), 10 TapMOHIYHO PYXa€TbCA 3 MOCTINTHOIO
mBuaKicTio cBitna» (NASA, 2013).

SOHOYBAHHSA HABKOJIMIIHBOT'O CEPENOBUIIIA

EJIEKTPOMATHITHI XBWUJII

Puc. 2.1. EnexTpoMarHiTHi XBumi
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SIBue posknaganHs 6ioro cBiT/Ia Ha CeKTp Oy/I0 BijoMe TOCUTD
naBHO (exapt me B 1629 polii BUACHMB Xifi IPOMEHIB y IpU3Mi Ta CKIIi
pisHoi popmu), ane moscuus itoro I. HproToH B 1666 pomi, Konu ycmin-
HO TIPOBIB IOCTIiJ] PO3KIajjeHHs IPOMeHIo cBiTna npusmomw [1]. bine
CBITJIO CK/IAJJA€ETbCA i3 CyMM MPOCTUX KONbOPOBUX IIPOMEHIB, 3 AKUX
Hali0ibIIe 3a7T0M/IIOI0ThCA (PioneToBi, a HaliMeHIIe — 4epBoHi. KoxeH
KOJIIp CIIeKTpa € MOHOXPOMATUYHMM, TOOTO OJHOKOTBOPOBUM, i KOXK-
HOMY BiJITIOBifla€ CBOSI IOBXMHA i 4acToTa XBuIi. CaMe BOHI CTBOPIO-
I0TDb €/IEKTPOMATHITHUI CIIEKTP.

Josexuna xeuni — BifcTaHb MK ABOMa CycifHiMM TpebOHAMMU,
a0 3amafiMHaMM, XBWIb. 32 CBOEI0 CYTTIO 1ie BiJICTaHb, Ky IIPOXO-
IVUTD XBUIA 3a IPOMIKOK 4Yacy, AKUI JOPiBHIOE OJHOMY KONMMBAHHIO.
JIoBXVHU XBWU/Ib ly>Ke Pi3HOMaHITHI (Bify HAHOMIKpPOHIB [10 JecATKiB
KiZToMeTpiB).

Yacmoma xeuni — 1ie KiJIbKiCTh MOBHMX KOJIMBaHb, SAKi 3]IiMICHIOE
XBUIA 3a 1 ceKyHpy. To6T0, YynM KOpOTUIi XBUI, TUM 6i/IbIlIa B HUX
YacToTa.

CaMme 4epe3 3MiHY CBOIX JJOBXMH i 9acTOT XBM/Ii HaOyBalOTb CIie-
QIYHNX BIACTUBOCTEN Ta AIMATHCA HA raMMa-, 6eTa-, ajibda-, peHT-
reHiBChbKe BUIIPOMIHIOBAaHHS, yIbTpadioneToBe, BUAMMI IpOMeHi, iHd-
padepBOHE Ta paJiOXBIIIL.

Posmnopin eneKTpoMaraiTHUX XBU/Ib 3a PiSHMMM 9aCTOTaMM Ha3MBa-
IOTb CHEeKMPOM.

Bci BMacTMBOCTI €1€KTPOMATHITHMX XBW/Ib TaKi caMmi, AK i XBUJIb iH-
1101 IPUPOJIA:

1) mommproTbcA piBHOMIPHO i MPAMOJIHIHO B OfHOPiAHOMY Ce-
penoBuILi;

2) BimOMBAIOTHCS [i€/IEKTPUKAMM Ta MPOBITHMKAMHU 32 3aKOHAMMU
BigOVBaHHA XBUJIb;

3) 3a7I0MJTIOIOTHCS;

4) dpoxycyoTbcs;

5) maroTh ABUIA Audpakiii Ta iHTepdepenuii;

6) OAPU3YIOTCA.
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Puc. 2.2. llIkana eneKTpOMarHiTHUX XBU/Ib

Jnsa orpuManHA faHux JI33 BUKOPUCTOBYIOTD TaKi [lialla30HM e/leK-
TPOMATHITHOTO BUIIPOMIHIOBAaHHS, AK Y/IbTpadioneToBuil, BULUMMIL,
indpadepBoHMIT, MiKpOXBUIBOBMIL i pafiiofiaTa3oH.

Vinerpadionerosmii giamason (0,1-0,38 MKM) 3aCTOCOBYIOTH IS
OLIiHIOBAHH:A CTAHY POC/IVH i BOJOMM, a TAKOX [I1 BUSHA4E€HHA IO -
PEHHSA MaJIiX /103 Fa30BYX IOMIIIIOK Ta 030HY B aTMocdepi.

Bupumnit (0,38-0,74 mkMm) pianason ta indgpadyepsonmit (0,75-
1000 MKM), AIKUI1 Yepe3 CBill LIMPOKMIL Aialla30H JiIMTHCSA HA TPU dac-
tuHu: 6mokHe (0,75-1,5 MKM), cepenHe (1,5-3 MKM) Ta ZOBrOXBU/IBO-
Be (3-1000 MKxM) BUITpOMiHIOBaHHA (0us. puc. 2.3).
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HEBUAWMWIA CNEKTP BUOANMMWIA CNEKTP HEBUANMWIA CNEKTP
ramma | peutre | ynetpa | iHdpa : : . :
npomeHi | HiBcbki I dioner yepBoHi Mikpoxsuil ‘ papioxsuni
10 0,2 0.4 T 1 [ 1000 .  [OBMWHA XBUNb
! e MIKPOH . (MKM)
i _
BnmKHE | CeEpefHe AOBroxeunbose iHgpauepsoHe BUNPOMIHIOBaAHHA
0,75 1.5 3,0 1000

Puc. 2.3. Cxema noginy criekrpa indpadepBOHOr0 BUIIPOMiHIOBaHHSA

bmokHil iHppadepBOHUIT Ta BUAVMUIN Jialla30HM MIMPOKO BUKO-
PUCTOBYIOTb /I 3HIMaHHA NiCOBMX MacuBiB. IIpMHIMI OTpuMaHHA
indopmarii monArae B ToMy, 10 Iij fji€l0 pisHUX YMOB BifOyBa€eTh-
cs 3MiHA CIIeKTPa/JbHMUX XapaKTepPUCTUK 00 €KTiB Ha 3eMHIiil TTOBepX-
Hi. Hanpuknaz, x1opodin, mo MicCTUTbCA B JIUCTI, IOIIMHAE YePBOHI
¥ CYHI IIPOMeHi, TOfI 5K 3e/IeHi B OCHOBHOMY BifjouBae. Y cuHiii i gep-
BOHIJ 30HaX BUJVMOI JUISHKY CIIEKTpa 3[aTHICTb BiIOMBaHHS HpPO-
MeHIB pOC/IMHaMI Iy>ke HU3bKa. 3aTe B OMDKHbOMY iH(padepBOHOMY
niamas3oHi QiKCYOTbCS MaKCMMajIbHI 3HaueHHs KoeQillieHTiB BifOuT-
1. ToMy TIpy BUBYEHHi cTaHy JIicCiB e(eKTMBHO BUKOPUCTOBYIOTHCA
3HIMKU B «KpailHill 4epBOHil» 30Hi (qomxmHa xBuwi — 0,7-0,75 MKM)
BU/IVIMOI [I/ITHKY CIIEKTpa Ta B 6/VOKHbOMY iH(dpadepBOHOMY fianasoHi
(0,78-0,88 Ta 0,9-1,05 MKM BifnOBigHO).

Konip — cy0’ekTMBHA XapaKTepUCTWKA CBITN], fKa BiloOpaXae 30aTHiCTb
JIOACbKOrO 30PY PO3PI3HATH YACTOTY €EKTPOMArHITHUX KOJIMBAHb Y AINSHLL
BMAVMOrO CBIT/1A. Y CNEeKTPi BUAIIAOTb 7 KOJIbOPIB: YePBOHWIA, OPaHXXEBUI,
)KOBTUI, 3eN1eHNiA, ONAKUTHWIA, CUHIN, GioNeTOBUIA, a BXKe NpK iX HAKNALAHHI
YTBOPIOIOTHCS iHLLI KOAbOPW. [IN1S1 HALLIOTO 30pYy HANOINbLUE 3HAYEHHS MAIOTb
YepPBOHWI, 3e/IEHNI Ta CMHIN KOMbOPW. | came 3aBAAKM TOMY, WO Pi3Hi Tina
no-pisHOMY BiAOMBAIOTb, 3a/IOMAIOIOTb Ta MOMMHAKTDL CBITNO0, MU Baunmo
BCE HABKOJ10 KOJIbOPOBUM.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



Binomo, WO eNeKTPOMArHiTHi XBWUi, Ki BUMPOMIHIOIOTb NMpeaMeTy, Ma-
I0Tb Pi3HY JOBXWHY. [JOBri XBU/i HAMMW CMIPUAMAIOTLCA AK YEPBOHO-OPaHKe-
Bi, KOPOTKi — sIK 3e/1eHi Ta ronyoi.

CiTKiBKa OKa CKNAJAETbCA 3 AEKINIbKOX MPOLIAPKIB, Cepef, AKMX € Luap Kii-
TUH, YYTIMBMX O CBiT/1a N KOMbOPY. Y CITKiBLi MICTATbCA ABA BUAN KNITUH:
NaNYKK, YYTAMBI A0 IHTEHCMBHOCTI CBITAQ, i KONDOYKM, LLO € YYTAUBUMMU
A0 KOnbopy. Konboyku MOXyTb CIPUIAMATK KOABOPW Tibkn Npu fobpomy
OCBIT/IEHHI, TOMY BHOYi HaM BCi NPeAMETM 34AI0TbCA CIPUMM.

KoxHa »k1Ba ICTOTA Ha NAAHETI CMPUMMAE Ta IHTEPMPETYE CBIT MO-CBOE-
my. Te, o 6aumnTb MoaMHA — Lie MiHIMaNbHA YacTka Toro, Lo MoXHa noba-
4nTU. CBIT 30BCIM iHLIMIA, He TaKWIA, IKUM MW AOT0 cCnpuiiMaemo. Obmexe-
HICTb IOCbKOr0 30py He AA€ HaM N0OAYNTY Te, LU0 HACMPABLi HABKOJIO HAC.
HatomicTb meToaym [133 103BOASHOTH HaM N0baunTK Binblue, BOHW BiAKpMBa-
t0Tb JIOAMHI PEAbHUIA CBIT, KW MU He MOXeMO OaunTH Yepe3 oOMexeHi
MO>X/IMBOCTI HALLIOTO 30pyY.

Po3zgin 2. PISUYHI OCHOBU NUCTAHIINHOI'O

TennmoBmit fgiamason (2,5 MkM — 1 MM) Hajae iHopMalio 1Ipo
TeIIoBe 1oje. by/mo BcTaHOBIEHO, O B PiSHUX TUIIAX POCIMHHOCTI,
B Haca/PKeHHAX pi3HOI IIJIBHOCTI, CK/IA[ly I BiKy IIOPif, Y IPU3EMHOMY
1Iapi, Ha piBHi IMIOBEPXHIi i B IPYHTI Ilepenaf; TeMIIepaTyp JOCATAE Kilb-
KOX rpapyciB. ToOTO 3acTOCYBaHHs TEIUIOBOTO 3HIMAHHS HAJIa€ JOfAT-
KOBY iH(pOpMallilo IIpo JIicu, yMOBM MicIib iX 3pOCTaHHS TOLLO.

TennmoBa 37il0MKa MO>Xe€ BUKOPMCTOBYBATHCA [ BUABIEHHA XBO-
PYX, YIIKOIDKEHNX i CYXOCTITHUX JAepPeB, OCKI/IbKI 3a TeMIIEPAaTypPHOIO
ACKPaBICTIO BOHM Pi3KO BiIpI3HAIOTHCA Bifl 3MOPOBOI POCIMHHOCTI.
Kpim nporo, TennoBa 3/I0MKa € OJHMM 3 HaMKpallXX METO[iB BUSIB-
JIEHHSI JTiICOBMX i TOP’ THUX MOXKEX.
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9K BiZom0o, 65-70% Nt0OCbKOrO Tifla CKAAOAETLCA 3 BOAM, A AKTWB-
Ha pe30HaHCHAa 4acToTa BoAM NpUOAM3HO cKNadae Big 8 g0 10 MKM
i HAZIeXWTb [0 AOBIOXBW/bOBOrO BUMPOMIHIOBAHHA. Came JOBroXBuabo-
Ba YaCTMHA 3 [OBXMHOIO XBWAb Bif, 4 [0 14 MKM [i€ HA OpPraHiam io-
OVMHN 3 YHIKa/TIbHOIO KOPUCTIO. XBUI 3 JOBXMHOI 10 MKM MOXYTb NpoO-
HUKATW 00 2-3 CM B rANOWHY OpraHiamy, 3irpiBatoyuv TKaHUHW, OpraHu,
M's131, KIiCTKW i cyrnobu. Came Ha Lt BNacTUBOCTI iHpayepBOHOro BU-
NPOMIiHIOBAHHS 3aCHOBaHWIt eeKT TennoBOro NikyBaHHs. 3a TakUM e
NPUHLMNOM NpaLooTb iHppayepBoHi 06irpiBayi, HarpiBaabHUI eNemMeHT
AKNX Nepefae eHepriio y AianasoHi 3 4actoTo XBWb Bif 3 A0 10 MKM.

PO3[LNI 2. $I3MYHI OCHOBY AUCTAHIIAHOrO 30HAYBAHHA HABKOJIMIIHEOTO CEPEJOBUIIA
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Lla yacTMHa BUNPOMIHIOBAHHS BiANOBIAAE BUMNPOMIHIOBAHHIO JIIOACBKOrO
Tina, ToMy 6yb-ike 30BHILIHE BUNPOMIHIOBAHHS 3 TakKUMW AOBXMUHAMM
XBWJIb CMPUATINBO BIIMBAE HA IOACBKWUI OPraHi3Mm.

Mikpoxsunbosuit, CBY (1 mm — 1 M) — piama3oH pae indopma-
1ifo mpo TomnorpadivuHi XapaKTEPUCTUKN TEPUTOPIil Ta aKBATOPIit, 3a-
Iacy BOJIOTY B IPYHTI i JIMCTKAaX POCINH, PO BIUVIMBM Ha POC/IVHU
IIPOMVCTIOBUX BUKUJIB.

Pagiogianmason (1 M — > 10 kM) Hafjae iHdopMarito po migcTuna-
104y IOBepXHI0. [1/11 paflapHOro 3HiMaHHS XapaKTepHi IO oKi TiHi, AKi
BUKOPMCTOBYIOTCSA /ISl BUABJIEHHS 00 €KTIB 3i 3HAYHMMIU Ieperajia-
MU BUCOT. Paftiofiania3on Hajae MO>K/IMBICTb aHasIi3yBaTy penbed Te-
putopii, BusAB/IATH Hebe3IeuHi IPUPOAHI poliecH, TaKi sK Certi, 3CYBU
tomjo. PamionokauiiiHe 3HIMaHHA MOXe IPOBOAUTUCS 32 OYIb-AKNX
HOTOHUX YMOB i B Oy/Ib-AKMIt 4ac JOOM.

IIpouecu po3cirvoBaHHS, NOTJIMHAHHSA
Ta ABULIE Aucnepcii B atMmocgepi

ConsyHa eneprisa npoxoauts Bif COHIA 0 3eMITi Ta BIOBIIOETbCA

ceHCOpoM. B3nowx 1poro mrsaxy conssuHa eneprisg (NASA, 2013) [2]:

» [IpoHuK/Ia — eHeprisi IpoXoauTh dYepe3 aTMocdepy i3 3MmiHOIO
y IIBUJIKOCTI BiiTIOBiJHO 10 iHAEKCY 3a/IOM/IIOBAHHS Pi3HUX Cepefio-
BMILL.

» [lornHeHa — eHepris HmepefaeTbcs 00’ €EKTY Yepe3 eeKTPOHHI abo
MOJIEKY/IAPHI peaKiiil.

» Binburta — eHeprisi moBepTAETHCS HE3MIHEHOIO 3 KyTOM BifjOMBaH-
Hf, 11O JOPIBHIOE KYTY HaIXO/KeHH:A. BinbuBanbHa 3maTHiCTD — Iie
BiTHOILIIEHHA Bif6uTOi eHepril 1o Ti€l, mo Hapiria go tina. JoBxu-
Ha XBWIi BiffouTol (a He MOT/IMHEHOT) eHeprii Bu3Havae Koip 06’ exTa.

= Po3cifgHa — HaNPAMOK IOV PIOBAHHSA €HEPril SMiHIOETHCA BUIIA/IKO-
Bo. PoscitoBanus Perini Ta Mi — pBa Hayi6inbII BayK/IMBi THIIN pO3-
citoBaHHs B aTMOcdepi.

= BunpomineHa — B JiJICHOCTI, eHepris CIIOYaTKy IOITIMHAEThCS, A T10-
TiM BUIIPOMiHIOETHCA 3HOBY, 3a3BMYall HA JOBIINX JTOB)KIHAX XBUJIb.
O6’exT posirpiBaerbcsi.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



[lucnepcis céimna — 3aleXXHICTh WIBUAKOCTI IOIIMPEHHA ITy4YKa
CBiT/Ia B TIEBHOMY CepefOBUIIi Bifj KONbOPY IyuKa (3a/exHicTh abco-
JIIOTHOTO IIOKa3HMKA 3a/OMJIEHHS BiJ JOBXKMHM CBIiT/JIOBOI XBWIIL).
Le nocriiiHe ABMILE B HAILIOMY >KWTTI, ajie MI1 He 3aBXX/I/ JI0T0 IIOMi4aEMO.

YiTKO 3p0o3yMiTH i mobGaymMTy AUCHEPCil0 MOXHA, IOAVBMBIINCH
Ha BecesiKy. Cama Becesika — Jy»Ke CK/IajIHe OIITMYHe ABUILeE i moTpe-
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oOye, 11106 Bigbymocs 6araro disnunmx npoiecis. Bona BUHMKaEe BHACTI-
IOK pO3K/IaJjaHHA [OLIOBMMY KpaIlUIIMU COHAYHMX IIPOMEHIB Ha CiM
KOJIbOPiB, TOOTO AMCIIEPCis CIOCTEPIiraeTbcs B KpaleabKax JOILY.

Hayxkose nmoscnenns Becenku Brepiue gas P. Jlekapt B 1637 poui,
a yepes 30 pokiB [. HploTOH [IONOBHUB JIOTO TEOPil0 MTOSCHEHHM, SIK
3a/IOM/IIOIOTHCSA KOJIbOPOBi IPOMEHI B KpaIl/IAX JOILY.

SOHOYBAHHSA HABKOJIMIIHBOT'O CEPENOBUIIIA

Puc. 2.4. YMOBU BUHUKHEHHS BeCENKN [3]

VYMOBY BUHMKHEHHS BECETKU:

1. 3’ ABNAETHCA TiMBKY TOMI, KOV BUITISIIA€ COHIIE 3-3a XMap, i Tinb-
KI B CTOPOHI, IIPOTMJIEKHIN COHLJIO.

2. Bunukae, Konu COHIie OCBITIIIOE 3aBiCy HOILY.

3. O60B’sI3KOBOI0 YMOBOIO € Te, 11[00 KyTOBa BICOTA COHIIS HaJl IO-
PM30HTOM He IepeBMIyBasa 42°.

PO3IN 2. $I3MYHI OCHOBY ONUCTAHUIVHOI'O 30HIYBAHHA HABKOJIMIIHHOI'O CEPE[JOBUIIA
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ITpoxopsaunm yepes HeuiTkumit 6ap’ep Mi>K BaKyyMOM Ta aTMOC(epoIo,
COHSYHE BUITPOMIHIOBAaHHS 4aCTKOBO PO3CiI0ETbCS aTMOCEPHUMI Ta-
3aMM i1 aepO30/IbHMMU JOMIlIKaMM, YaCTKOBO ITOIJIMHAETHCA i Iepexo-
[UTH y TEIUIOTY, 1o HarpiBae atmocdepy. Heposcidna i HenmormmuyTa
B aTMocdepi IpsiMa COHAYHA pajiallisa focATae 3eMHOI TOBEPXHi, YacT-
KOBO BiJIOMBAa€ThCs HElo, a Oi/blIIa YacTUHA TOITIMHAETHCA 1 HarpiBae i

CoHsiuHe BUIIPOMIHIOBaHHS 3 Hai10O1/IbIIIOI0 /J03BO/IEHOO IBI/KIC-
TIO JIOJIA€ MiNBIIOHU KilOMeTpiB, mo6 micratucs 3emii. Ane morpa-
IIAIYM B ra3oBMil WuT 3emmi — aTtMocdepy, BeIMKa KiabKiCTb
papianii, cepep Kol 6araTo IIKiIMBOI, IOITIMHAETbCA. BoxsiHa mapa,
KJCEHD i 030H, BYIJIEKMC/INIA Ta3 3HIDKYIOTD Ilepefjady Y IIEBHUX JIOB-
JKIHAX XBWIb, CTBOPIOIOYM CMYTM HOITIMHAHHA B atMocdepi. Yac-
TYHY e/IeKTPOMArHiTHOTO CIIeKTpa, JIA AKUX aTMocdepa Iposopa,
Ha3UBAITbCA ammocPepuumu eiknamu. Hanpuknazn, ogHe 3 HMX
3HaXOAMTBbCA y Aiamaszoni 300-750 nm i mpomyckae yabrpadioner
Ta BUAuMe cBitio [4].

ITornuuannsa

binpimia KinpKicTh MIKifgIMBOi iOHi3yI04YOl papialnil IOINMMHAETH-
¢ aTMOC(eporo, CTBOPIOIYN /I TIOAMHN KOMPOPTHI YMOBU KUTTA
Ha mraHeTi. [Ipu6mmsHo 70% ycboro IOIIMHAHHS COHSAYHOI pajialiii
B aTMOoc(epi BitbyBaeTbcs 3aBJAKM BOJ.

Hanpuknan, yrempagionem MOINMMHAETHCA Y BEPXHIX IIapax aTMO-
cpepu. Emnepris ¢orona ynprpadioneTy BMKOPHUCTOBYETHCA, OO
posginutu eguny monexkyny O, Ha gBa aToMu. BiibHi aTomu miciis 1bo-
IO IIOETHYIOTbCS 3 MOJIEKY/IOIO KICHIO, 100 YTBOPUTU MOJIEKY/TY O30HY
[4]. OcraHH: € He 30BciM cTabibHOIO i mify BIIMBOM ynbTpadioneTy
TaKOXX PO3JiIAETHCA Ha aTOM KUCHIO Ta MOJIEKYITY KUCHIO.

[TornmmHaHHA BifOyBaeTbcs dYepe3 B3aeMofilo (OTOHIB 3 More-
Kynamu B arMocdepi. Monekynu MOIMMHAIOTDH juiie GpOTOHU 3 IIeB-
HUM KBAaHTOM eHeprii. BiH Mae cmiBnmagary 3 KiZbKiCTIO eHeprii, AKy
notpebye eneKTpPoH, 100 IepeiiTu O iHIIOTO eHepreTUYHOr0 CTaHy
9 MZHATU YCI0 MOJIEKYITY I[i/IKOM Ha iHIIWII BiOpariftanit pieHs [4].

Po3scitoBaHHsA

PoscitoBaHHA CBiTIa — Ipolec NepeHapaB/IeHHs COHAYHOL eHepril
4epe3 B3aEMOJII0 3 MOJIEKY/IAMM Ta 9aCTKaMI, 110 3HAXOOATHCA Y aTMO-
cdepi. BuminaroTh Kibka TUIIB PO3Cil0BaHHS — i€ 3a/Ie)KUTb Bifl BITHOCHOTO

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



PO3Mipy YaCTMHOK, 110 6epyTh Y HbOMY Y4acTh, Y HOPiBHAHHI 3 TOBXN-
HOI0 COHAYHOI pafiamil.

Po3citoBaHHs Peiini cnpuuvHeHe Moaekyn1amMu KIUCHIO, a30Ty Ta ApibHNM
MUIOM.

PO3CitOBaHHSA 3POCTAE 3i 3MEHLUEHHAM [OBXUHU XBUJI, TOX € 3AEXHNM
Bif Hei. Lle 03Hauag, Wwo dioneToBi Ta CUHI fianasoHu cnekTpa binblue pos-
CilOI0TbCA, HiX, HAaNpUKNag, 4epBoHi (y 4 pasu). Came Lie Hafa€e HebY CMHBOTO
KONbOpY BAeHb. MMif, 4ac 3axo/y COHLA CBITN0 Ma€ NPONATY BiNbLL JOBIWiA LASX
y atmocdepi i binblue po3ciloeTbCs. CUHI «BUYEPNYETLCS», | TOMY HebO BU-
[IA0AE YEPBOHMM.

Po3ciloBaHHA Mi CipyyiHeHe AMMOM, MUIOM, MUIKOM Ta KpanavHKaMu BOIW.

Lle po3cCitoBaHHA TakOX MA€E 3aNeXHICTb Bif, AOBXWHW XBWII, NpoTe
He TaKy BMCOKY, Ik pO3CiloBaHHs Peini. YncTe po3citoBaHHS Mi Hafgae Heby
GinyBaToro BiATiHKY.

HeBuGipkoBe po3cCiloBaHHA CrpyynHeHe OiNbLIMMKM KpanaMHamu Ta
MUIOM.

Ha BigMiHY Bif, monepegHix TUMIB, Lie PO3CIIOBAHHA HE 3a1eXMUTb Bif,
AOBXWHW XBWAi BUNPOMIHIOBAHHS. Y HbOMY OepyTb yyacTb AOBOAI BEUKi
YACTWMHKM 3 PO3MipPaMM 3HAYHO OiNbLIMMM 33 JOBXMHY XBWI. YaCTKOBO 3a-
BASKM LibOMY TUMY PO3CilOBaHHSA XMapW MaloTb Oinnii Konip [4]1.

YacTUHK €leKTPOMATHITHOTO CIIEKTpa, Ky OAYuTh TIOHA, HA3N-
BalOTh BujuMe cBito (400-700 nm). Y nmabopatopHMX yMOBax Jifo-
AMHa MOXe 6aunTy B iH(ppayepBOHOMY AiamaszoHi o 1050 nm, a Mo-
JIOfL JIIOAM Ta JiTH CIpUIIMAIOTh .

MOBXVHM XBU B ynbTpadioneri CeiTno
npu6musHo o 310-313 nm.

[TIpoTe pmesAki mTaxm Ta ccaB-
i 6avaTh CBIT «mMpIIe», HiX

TMOC Ja
MOAM — Y YacTuHi ynbrpadio- 55) C; :;P%? ‘—3 %
JIETOBOTO CIIEKTpa, a 3Mil HaBiTh R
MOXYTb CHPUIAMATH Y iHpadep- Puc. 2.5. Cxema npouecy
BOHOMY (0us. mabn. 2.1). poscitopanHs cBiTna [5]

PO3IN 2. $I3MYHI OCHOBY ONUCTAHUIVHOI'O 30HIYBAHHA HABKOJIMIIHHOI'O CEPE[JOBUIIA
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SOHAOYBAHHS HABKOJIMIITHBOI'O CEPEJJOBUIIIA
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Ta6muus 2.1. Ak 6auamv meapunu (Ha ocHosi [6] 3 donosHeHHAMU)

Po3zgin 2. PISUYHI OCHOBU NUCTAHIINHOI'O

KBiTka y Busimomy
miamasoHi (a)
Ta B ynpTpadioneri (6)

Ksitn B indppauepsoHOMYy
miarmasoHi ¢pororpada
Kpeiira byposca [7]
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Tony6 spmaTHWit pO3pisHATK
6ib1I TOHKI Tpafanii KOIbopY,
HXK IIepeioBi KOMIT I0TEpHi
nporpamu. Vloro BBaxarTh
BJIACHMKOM HaMIIOT Y KHIIINX
ouert. Ii mraxu 3maTHi 6a4nT
B IUSITU CIIEKTPAIbHIX
miamasoHax. KapTuHka a
IIOKa3ye, K 6a4NTh TIOAVHA, a 6
a 6 — MOX/IUBICTD 30py romyoa.

3Mig MoyKe 6aunTH B JBOX
pexxumax. B mepmomy pexxumi
BOHA 0auNTh AK JIIOUHA, IPK-
4OMY ZOCUTD JOOpe po3pisHsie
Bci Konmbopu (a). B apyromy
pexnmMi 6aInTh CBIT HEMOB

B iHpadepBoHOMY CrIeKTpi (6),
PO3pisHAIOYN TENJIO, AKE a 0
BUIIPOMIHIOIOTD JKMBi iCTOTH.

PO3[LNI 2. $I3MYHI OCHOBY AUCTAHIIAHOrO 30HAYBAHHA HABKOJIMIIHEOTO CEPEJOBUIIA



ITamyra (6) moxe cpuitMaTn
BeCb BUAVMMUIL TIONVHOIO
KOJIipHMIt crieKTp (a)

i ynerpadioner, npuyomy
OCTaHHIJl — HalBaXK/IMBiIINi
T7151 IXHBOTO XKUTTSL.

-

Po3zpin 2. $I3UYHI OCHOBU AUCTAHIINHOI'O

Pu6a mae po3BuHeHe KoTipHe
CIPUITHATTS, PO3Pi3HAE BeCh
BUIMMMUI JIIONVMHOIO CIIeKTP (a)
witoc ynbrpacgionet (zeski BUAK
pu6 6avaTs i B indpavepBoHOMY
niamasoni) (6).

Muia Ma€e IMXpOMaTUYIHMIA
KonipHuit sip. Pospisnse
3€JIeHN 1 YaCTKOBO
ynbrpagionet. [Torano pospisHse
BifTiHKM, ae gobOpe sAcKpaBicTh.
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a 6 nisee mnpase oxo

Baxoma 6aunTh 611 IIMPOKMIT
KOJIipHMII CIIEKTP, 110 BK/TIOYAE

B cebe ynpTpadioneToBe CBITIO
(6). Lle mo3Bose iit 1IerKo 3HAXO-
IVUTU IWJIOK Ha KBiTax. Komaxu
6avaTh Ha KBiTaX «IIOCAIKOBi
CMYTU», SIKi € HeBUAVIMYMU IS
JIIOZICBKOTO OKa (a). B 6inpmocti
BUIIA/IKiB I]¢ KOHIIEHTPUYH]
KOJIbOPOBi KojTa a60 TOYKM,

AIKi IO3HAYAIOTh, JIe B KBiTaX

€ HeKTap. [IUBHUM € Te, 1[0 a 6
YepBOHMUX TPOSHJI KOMaXy

MPAaKTUYHO He IOMivYaloTh,

OCKinpKy B ynprpacgioneri BoHU

He MaloTb Pi3KOi 3MiHM KOIbOPY.
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Co6aka He Bifjpi3Hs€ YepBOHMIT
KOJIip Bif 3e/1eHOro0, a 061Ba
LMX KOIbOPU — BiJl JKOBTOTO

i momapanuesoro (6). barato
mofeit (a) i He MiO3PIOIOTD,

1110, AMBJLTYUCDH Ha CBiTI0dOD,
cobaka He po3pi3Hse, sIKe CBiTIIO.

Y kon6oykax kora (K i y 6imb-
LIOCTi iHINUX CCaBliB, KpiM
IIpUMaTiB (a)) BiACYTHII mir-
MEHT, YyT/IMBUIL IO YePBOHOTO
KObopy (6). Y HesKuX ccaBLiB
(rO7IOBHMM 4MHOM, Y IPUMATIB)

€ TpY BUJY KOMOOYOK: OFHI 3 HUX
4y T/IUBi O GIAKUTHOTO KOIbOPY,
APYTi — JI0 3€7IEHOTO KOJIbOPY,

a TpeTi — JI0 )KOBTO-3€J7IEHOTO a 0
Ta YEPBOHOTO KOJIbOPIB.

2.2. 3arajnpHa cxeMa AMCTAHIIMHOTO
30HAVBaHHA 3eMIi

Harn cBiT offHOUacHO nepexxnBae Macosi 1m-
pOBi IepeTBOpeHHA. MM aBTOMATU3yeEMO Bce,
BJMMIPIOEMO BC€, ILI0 PYXA€TbCA 1 3MIHIOETbCH,
3 CYNYTHUKIB Ta 0e3niToTHNKIB. Po3BMUTOK Tex-
HiYHMX 3ac00iB, BJCOKA IIepiOIIYHICTD, Olepa-
TUBHICTh 1 JOCTYIHICTh MaTepiasiB JUCTAHIIii-
HOTO 30H/JyBaHHA JO3BO/IAIOTh HNHI PeasisyBaTn
Taki 3ajiayi, sKi paHile Mo>kHa 6y/l10 BUKOHATH
JIUIIe Ha JOPOroMy npodeciiiHoMy 06/1aiHaHHi.

3aBAAKM IO€[HAHHIO HazeMHOI iHpopManii 3 iHpopmamieo muc-
TAHILIITHOI 31I0OMKV TepUTOPii, BUKOPUCTAHHIO CY9aCHOI 00UNCTIOBA/Ib-
HOI TEXHIKM i pi3HOMaHITHMX MaTeMaTUYHUX MOJeIell MOYKHA OTpUMa-
TV KOMIUIEKCHE BYBYEHHS IPoO/IeMM 3a JOIOMOTOK AVCTAHLIHOTO
TOCTi>KeHHS.
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B 3anexxHocti Bim Toro, Aki iHdopmauiiiHi mOTOKM (OTPUMYIOTH
3 pisHMX 3a Qi3MYHMM 3MiCTOM 3HIMA/IbHMUX CUCTEM) BUKOPUCTOBYEMO,
cucremy /133 MO)KHa IOJIIATY Ha:
* 3HiMaJIbHI cucTeMy NOBITpsiHOTO 6asyBaHHsA (Hudposa aepodoTo-
rpameTpis);
* 3HIMa/IbHI CHCTeMM KOCMIYHOTO 6asyBaHHs (KocMiuHa oTorpameTpis);
o JIiTapHi Ta Ta3epHi cucTeMu OBITPAHOTO 6a3yBaHHA (Jigap-rpaMeTpis);
e pajjapHi Ta paionoKaliiiHi cucTeMy KOCMi4HOTO 6a3yBaHH: (pajap-
rpameTpis).

-

Po3zpin 2. $I3UYHI OCHOBU AUCTAHIINHOI'O

IMacuBHe Ta akTUBHE /(33

Cucrema [I33, fka mpoOBOAUTH BMMIPIOBAaHHS IPUPOJHOTO BM-
IIpOMiHIOBaHHs, Npall€e 3a cxemMow macusBHoro [133. BignosinHo,
LIs1 CUCTeMa MOXKe IIPOBOAVTY 3HIMAaHHs TiIbKU TOJi, KOV NPUPONHE
BUIIPOMiHIOBAHHA JJOCTYIIHE!
 BJIEHb — Y BIUJVMOMY Jialla30Hi;

e BJIeHb i BHOUI — B TEIIOBOMY iH()padepBOHOMY Ta MiKPOXBI/IbOBOMY.

Icnye Takox mpyra cxema JI33 — akTuBHe. BoHO flie TakuM 4MHOM,
110 IpMIaf, AKUI PO3MILIEHNI] Ha CYIIyTHUKY, MA€ JIPKEPeIo BUIIPOMi-
HIOBAHHS, SIKe HAIIPABJIAETHCA Ha 00’€KT JOCIIKEHHS, @ IIOTIM BXXe
Bifi6uTe BUNIPOMiHIOBaHHA QIKCYETbCSA CYIYTHUKOM.

[lepesaru:

* 3JI0OMKa MOXKe IIPOBOAMUTUCS B OyIb-AKWIL 9ac [o0u;
o MOXXJIBMII KOHTPO/Ib HaJ| IOTOKOM BUIIPOMIHIOBAHHS, AKWUII € Bif
CYIIYTHUKA;
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¢ MOXXHAa BUKOPMCTOBYBATH JOBXIHUI
XBWUJIb, KOTPIi 3aHAJTO CIabKO Tpe-
CTaB/leHi B CIEKTpax HIpUPOJHUX

N
BUIIPOMiHIOBAYiB.
\\ // IIpuknagom aktusHOro 133 € mi-

map (anrn. Light Identification Detec-
tion and Ranging (LIDAR) — «BusB-
neHHs, imeHTHikalifa i BU3HaYeHHA
IAIbHOCTI 3a IOIIOMOTO0 CBiT/Ia»). []g
Puc. 2.7. Cxema macusroro /133 TE€XHOJIOTiA BUKOPUCTOBYETHCA [iIA
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OTpMMaHHA Ta 06po6Ky iHpopMalil mpo BigganeHi 06’exTu i mparoe
4yepes ABUILA ITOITIMHAHHA i PO3CiIOBaHHA CBIT/IA B ONTUYHO IIPO30-
pUX cepefoBUIIAX, PO fAKi BM BXe [isHanmucaA B mignmyHKTi 2.1. e
MeTOJl 3/IOMKM BUMIPIOE BificTaHb [0 1imi (00’€KT, AKMIt MM TOCITi-
IDKYEMO) LUIAXOM TifCBiYyBaHHA Ii/li iIMIYIbCHUM JIa3epHUM CBiT-
JIOM i BUMIipIOBaHHAM BifjoOpa)KeHMX iIMITy/nbCciB maTumMkoM. PisHnuns
Jacy IOBEPHEHHs CUTHAIy ja3epa i JOBXWHU XBUIb MOXYTb OyTU
BMKOPUCTaHI JiIs1 CTBOpeHHs undpoBux 3D-moperneit wini [48].
Jligap 3asBu4aly BUKOPUCTOBYETH-
CA4 I CTBOPEHHA KapT BUCOKOI \‘E\
po3ninbHOI 3gaTHOCTI. [laHa TexHOIO- /

Iisl 3aCTOCOBYETbCA B Pi3HUX ranyssx,
HanpuKiazg B reopesii i kaprorpadii,

apxeororii, reorpadii, reosnorii, mico-

BOMY TOCHOJAPCTBi, MeTEeOpOOrii o

TOIIIO, a TAKOX /ISl KEpyBaHHA Ta Ha-

Biramii [mesgKMX aBTOHOMHUX aBTO-

Mob6irnis [48]. Puc. 2.8. Cxema aktuBHOTO J133

Cucmemu Oucmanyiiinozo 30H0y6aAHHS:
aepoxocmiute ma HazemHe

[133 mopinfgerpca Ha Ha3eMHe Ta aepOKOCMiuHe (3a 6a3yBaHHAM
HOCif, 3a JOIIOMOTOI0 AKOTO OTPMMYIOTb MaTepiann). AepoKocMidHe
133 (anrn. remote sensing) — 37e6i/1bIIOr0 Ma€eTbcA Ha yBasi, Komu
HOCIiT 6a3yeTbCsI B KOCMIYHOMY IIPOCTOPI.

EdextuBHicTh cucremn 133 Bennkow Mipoo 3aneXnTh Bif edek-
TUBHOCTI Ha3eMHOI iHQPacTPyKTypu KepyBaHHA CYIYTHUKOM,
npuiioMy, o6poOKu Ta pO3NMOBCIOMKEHHA HaHux (HasemHe J133).
CynyTHukoBa iHdopMalia aid nmorped KOPUCTYBadiB NMPUITMA€ETHCA
Ha pO3IOfi/IeHy MepeXXy MpMitMaaIbHMX ITYHKTIB [8]. B Ykpaini me:

o IleHTp nmpuitMaHHA Ta 06poOKM cnenjiHpopMaii i KOHTPOIIO HaBira-
nirtHoro nons (M. JyHaisii);

o Ientp papiodisnunoro sounyBanss 3emni HAHY-HKAY (m. XapkiB)
Ta iHIINMX OpraHisamiil.
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CynyTHHE MpHiMay BHNPOMIHIOBAHHA] |
Nonepeaxa o6pobra;
36epiranHa Inchopmani

yl’-:

CrHpaHHA iHchopmaii,
PEECTPALLIA Ha HOCIKA,
PO3NAKOBYBAHHA

Nepernap.
Ouinka akocti. Mpreaska.
BHbip dparmenTa.

MNonepepts o6pobxa:
1. Tpauedhopmauia
B NPoeKLilo KapTH
2. PapioMeTpHuHa Kopekuin
3. MNpHBAZKA OO KapTH

Gra (umdy obpobka ]
106 ]

Ti obpobiku J

Puc. 2.9. Cucremu nyCTaHIIMHOTO 30HAYBaHHA:
aepoKocMivYHe Ta HazeMHe [9]

2.3. ABianinui Hocil

IIna sabesnedeHHs MOKIMBOCTI 3filicHeHHs 31ioMku B J133, 3Hi-
MaJIbHa allapaTypa BCTAHOBIIOETHCA Ha HOCIN, AKMI MiHIMAE i Ha 110-
TpibHY BMCOTY, HepeMillye BiTHOCHO 3eMHOI IOBepxHi i 3abesmeuye
II€BHE OPIEHTYBAHHA B IIPOCTOPI.

3a TUIIOM HOCIiB, 110 BUKOPUCTOBYIOTbCA 1A cucreM J133, iX mo-
[iNA0TH Ha AB1 OCHOBHI rpymu (puc. 2.10):

o aBiamiiHi — 7iTaKy, reylikonTepy, IIAHEPY, MOTOAE/IBTAIUIAHMN, Oe3Ii-
JIOTHI JIiTa/IbHi anapaty, aepoctary (FupyokabIi Ta MOBITpsHI Kyiii);

e KOCMiYHi — IITYYHi CymyTHMKM 3eMJIi Ta iHIIMX I/IaHeT, 0p6iTa}IbHi
CTaHIIiI, MDKIIAHETH] altapaTil.

[l aepo3HiMaHb BUKOPUCTOBYIOTh a00 CIielia/IbHO IPMCTOCOBaHI
niTaku, abo reyixonTepy. 3aJIeXKHO Bifi HAIIPAMY ONTUYHOI OCi 3HIMa/Ib-

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



HOTO aIapaTa PO3pPiSHAITH IUIAHOBE i IEpCIEKTMBHE aepO3HIMaHHAL.
IIpu nnaHoBOMYy (BepTMKATbHOMY) aepO3HIMaHHI BiCh 3HIMa/TbHOTO
aIapaTa IPUBOJATD Y CTPIMKe IONOXKE€HH, IPU AKOMY 3HIMOK TOpM-
30HTa/IbHMIL. AJle Yepe3 KONMBaHHA JliTaKa B IIPOIieci O/IbOTY amapaT
HaXM/IAETbCA. Y TOPiBHAHHI 3 IVIAaHOBUM, NEPCHEKTUBHMII 3HIMOK
OXOIUTIOE BE/IUKY IUIOLLY, @ 300pakKeHHA YTBOPIOETbCA B Oi/IbII 3BUY-
HOMY I JIIOSVHU PaKypCi.

Y sHiManbHiN cuctemi noBiTpsAHOro 6asyBanHA € GPS-mpmitmadg
(peecTpanis MiHITHNX e/leMEHTiB 30BHIIIHBOTO OPiEHTYBaHHS) Ta iHep-
nirtHo-HaBiraniitHa cuctema INS (peectpanis KyTiB Haxmuny 3HiMasb-
Hoi Kamepn). 11i TexHiyHi 3acO6M MOCTINIHO BIOCKOHAIIOIOTHCSA, 0CO0-
JIMBO 1€ CTOCY€EThCA TAKOTO ITapaMeTpPa, AK TOYHICTb BMU3HAYEHHA KYTiB
HaxXMIIy KaMepu.

JpoHu — 11e MOOIIBHNI IHCTPYMEHT 3 BMCOKOIO fieTasli3alli€ro fa-
Hux. OCKiIbKM BUCOTa TO/IbOTY APOHA 3a3BMYall 3HAXOAUTHCA B paM-
Kax Bifg 100 mo 300 metpiB

HaJ IIOBEPXHEK 3eMJI, TO 100000 4
MOXXHa OTpPUMATU 3HIMKU ]
3 PO3MIMBHOI 3JaTHICTIO — Teocramionapsi 111C3
B CAaHTMMETpPAaX Ha IIiKCeb. :

6 B i Pecypesi 11IC3
IpoHu no3BonsAwTb 361U o~
paTy BeIN4Ye3Hy KilbKiCTh 3 dororpadini 111C3
inpopmanii B HailKopoT- g s o

a Minorosani xopabni

wi Tepminn. OcobmuBicTIO i o

IOPOHIB € MOX/IUBICTb BU-
n Mﬂi’mm

KOPMCTaHH:A CIIEKTPA/IbHUAX
KaMep, fAKi [03BONAIOTH ‘

orpumyBatu  ¢ororpadii 0; Hwﬂ:mmm’m@
B OmDKHBOMY iH(padep- g Bty
BOHOMY cnekTpi. Ha mig-

CTaBi TakuUxX 3HIMKIB Bif-

OyBaeTbCsi  PO3PAXYHOK Py 2.10. Hocii srimanprux cucrem 133
NDVI-ingekcis [11]. (na ocHOBi [10] 3 mOMTOBHEHHAMM)
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Po3zgin 2. ®ISUYHI OCHOBU NUCTAHIIMHOI'O

Puc. 2.11. Cxema 3710MKM 3eMHOI IIOBepXHi 3 gpoHa [12]

BukopuctaHHs [POHIB Ma€e K CUIbHI, TaK i CclabKi CTOPOHIN.
Cepen MWIOCiB — ONEPaTUBHICTb 31IOMKM, MOOINBHICTb, BUCOKA
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TOYHICTh (Bif 2 CM), MOXKIMBICTH 3/IOMKM B yMOBaX XMapHOCTI.

A cepeni MiHyCiB — BI/IMB IOTOJJHMX YMOB Ha AKiCTb P€3y/IbTaTiB,
HasIBHICTb 30H, [le He MOXXHAa IIPOBOJUTH 311OMKY (Tepuropii 6ins
aepoIopTiB, BillCbKOBUX Ta PeXXMMHNX 00’€KTIB), BICOKA BapTiCTh

AKICHOTO IpOHA.

Dronestagram — e nepla couianbHa mMepexa ans ¢oto, ki 6ynu
3pobneHi i3 ApoHiB. MoKK HabINbL po3BMHEHA KYNbTypa 3HIMKIB 3 Oe3-
ninotHukiB y CLUA, ®paHuii, Beankobputanii, bpasuaii 1a ITanii.

National Geographic wopoky pobutb nigbipky ¢otorpadiii-nepe-
MOXLiB KOHKYpcy Drone Aerial Photography Contest cepep kopucTyBa-
4yiB nopTany Ang oOMiHy ApOH-3HIMKiB Dronestagram. Bci 3HimMKu, 3po-
OneHi i3 APOHIB, — YHiKa/bHi, OCKiNbKW 3 POHA MOXHA Nob6aynTn CBIT
TakK, 9K JoguMHa He nobauymTb CBOIMM o4MMa. Lle HOBMIA NOTAAML Ha CBIT.
Y 2015 poui cepef 3HiIMKIB, fKi Bigibpann ansg y4yacTi B KOHKypci, byna
CBITANHA NoXexi Ha HadTobasi y BacunbkiBCbkOMy panoHi KWiBCbKoi
obnacri.
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Puc. 2.12. Tloxexxa Ha Harobasi mig Knesom B ceni Kpstakn
BacunpkiBcbKoro pariony (3itoMka 3 fpona, 2015 pik) [12]

Ha cporogui gpoHNM — Iie OfHA 3 HAMIKPAIINX TE€XHOJIOTIN, KA Bif-
KpUBa€ HOBi TOPU3OHTH.

2.4. KocmiuHni HoOCil

KocMmiuHMiT MOHITOPMHT BIIEBHEHO YBillIIIOB y MOBCAKIEHHE JKUT-
T4 cycninberBa. Bueni migpaxysany, mo 6inbire 18000 pykoTBOpHIUX
00’eKTiB moTpanmm Ha 3eMHy op6ity Ha 2018 pik [13]. Bci BoHu 3Hi-
MAaIOTh [TOBEPXHIO 3eMJIi Ta MOAAI0Th iHGOPMAIifo /sl TOAANBIIOL 00-
pOOKU i BUpillleHHS KOHKPETHUX 3aBJjaHb.

TexHiuHMIT TpOrpec B ramysi KOCMiYHOTO 3HIMAHHS OB I3aHUIA 3:

e IiBUILEHHAM IIPOCTOPOBOI PO3AIbHOL 3AATHOCTI 3HIMA/IbHUX CUCTEM;
o PO3IIVPEHHAM CIIEKTPAJIbHOTO Jiialla30Hy 3apeecTpOBaHUX 300pa-
JKeHb Ta OTPUMaHHIM 6araToCeKTpanTbHUX 3HIMKIB.

Knacndikanis KA € 3aBmaHHAM [JOCUTDH TPYHROMICTKUM, OCKiNlb-
K1 KOXKEH aIlapaT YHiKaJbHUI, a KOO 3aBJlaHb, 1[0 PO3B A3yI0Th KA,
HOCTiTHO po3umMproeTbesi. Haitbibin HeoOXiTHNMNU Ha CHOTOMHIIIHIN
lleHb € CYIYTHMUKM 3B 3Ky, HaBirauiitxi, [133 11 Haykoi. CymyTHUKM
BiJICbKOBOTO TIpM3HAY€HHA i1 CYNYTHUKU-PO3BiIHUKM CTAHOBIATH
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OKpeMmI1 KJIac, ajie Mo CyTi CBOIIl BOHM BUPILIYIOTH Ti K 3aBJIaHHA,
110 i IX «MUPHi» TOOPaTUMIUL.

[ITopiuHO 3amycKarTbCA B eKcIryaranilo 20-25 HOBUX CHUCTEM.
[TionepoM B HaIlpsAMi CTBOPEHHSA CUCTEM HaJJBMCOKOI PO3/Ii/IbHOI 3/5aT-
Hocti € CIIA, nepenycim ¢ipmu GeoEye ta DigitalGlobe. IIpakTiy-
HO BCi KpaiHM CBiTy € y4aCHMKaMU CIIIBHUX KOCMIYHMX MiKHapOJ-
Hux npoekrtis. CIIA, Pocisa, ®panuid, Ykpaina, Ingia, Kuraii, Ispains,
Anonis, HiMmeyunna ta ITasmig B3arani MaloTh BJIACHI CUCTEMM KOCMiY-
HOro 6as3yBaHHS.

bpuTaHcbka Komnanis Earth-i B ciudi 2018 poky 3amyctuna cynyT-
HUK VividX2. Lle nepiwmii 3 15 anaparis, fkunii L03BOASE N0OAUNTH OO'EKTM
po3mipom A0 60 cM 3i WwBKAKICTIo 0 50 KaApiB Ha CekyHAy. Liboro uinkom
BMCTAYaE, LWob 6aymTn aBToMOOINI Ha LWoce i HaBiTb Moael. | e He BiliCbKo-
BUIA MPOEKT.

VividX2 moxe cTBOpIOBaTY Bii€0 B peasbHOMY Yaci As 31iTHO-N0CaAKO-
BMX CMYT aepomnopTiB, BiACNIAKOBYBATH Pyxu KOPA0iB y raBaHi Ta BaHTAXIB
no noptax. 300paxxeHHs MOXyTb OyTW BUKOPUCTAHI A5 KOHTPOIO TOYHOI
KinbkOCTi aBTOMOGINIB Ha aBTOMAricTpansx, NigpaxyHKy KinbkocTi moaen,
WO NepeTHaOTb AEPXaBHUIA KOPAOH, 0OUMCNEHHS MOTYXHOCTI BiTPOBOI
e/IeKTPOCTAHLT Y peX1Mi peasbHOro Yacy Ta HaBiTb [/ BiLCTeXYBaHHA
mirpauii ntaxis [14].

Indopmanito 3 KOCMOCY Ofep>KyIOTb 3a JIOIIOMOTOI0 3HiMasIbHOI
amapaTypy, sIKa BCTAHOBJIOETbCA HAa KOCMIYHUX JITaJIbHUX alapa-
Tax, O MOAUIAITECA Ha: WTy4Hi cynyTHuKy 3emmi (IIIC3); minoTo-
BaHi kocmivni kopa6ni (ITKK); minoroBani op6itansui cranmii (IIOC);
aBTOMaTM4Hi MiKItaHeTHi ctanii (AMC) [15].

2.4.1. HITtyuHi cynyTHuku 3emiui (IIIC3)

IToyneMmo 3 TOTO, 1J0 AKIIO € IPUPORHi CyImTyTHMKM (/11 SeMiti — 1ie
MicAnp, AKMit My iHKO/M TPOCTO Ha3MBAEMO «CYIYTHMK» ), TO iCHYIOTb
i mryuni cynmyrankm. e 06’extn, AKi samymieni Ha opbiTy 3emi un
inmoro He6ecHoro Tina sycwuiam mopyuu. Hi cymyTHuKoBOTO Tee-
6avenHs, Hi IHTepHeTy He Oymo 6 6e3 IIIC3, iX BUKOPUCTOBYIOTH 5K
B IIPAaKTUYHMUX, TAK i B HAYKOBUX IIi/IAX.
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B 1957 poui B AMepunii 6y10 04€BUIHO, 11O JOCII/KEHHS KOCMO-
Cy B)XXe He 3a TOpaMM i CKOpO BOHM 3aIlyCTATh CynyTHMK. HaromicTb
B Pansancpkomy Corosi TpuMany iHTpUTy Ta OpraHi3OBYBalM MEPEXY
ONTWYHMX CTaHIIiil criocTepexxeHb. Bocenu 1957 poky Bxe 6yro 1mo-
OyoBaHO 66 CTaHIIiil Py YHiBepCUTETAX, MeJAarOriYHNX IHCTUTYTAX,
obcepBaTopisx.

JlbBiBCbKa CTaHUis Gyna opraHizoBaHa npu ¢isnyHomy dakynb-
TeTi JIbBiBCbKOTO YHiBepcuTeTy i mana Homep 1031. Konektus nep-
LWNX NbBIBCbKMX cnocTepirayvis LLIC3 cknagascs 3 cniBpobiTHUKIB acTpo-
HOMiuHOI 0bcepBaTopii i cTyaeHTiB disnyHoro dakynbteTy JIbBIBCbKOrO
yHiBepcuTeTy [16].

3a yac poboty cTaHuii B 1957-1968 pokax oTpumany noHag 5000 Bi3y-
aNbHUX 300pXKeHb NONOXEHDb 120-TH PI3HMX LWTYYHUX KOCMiYHUX OO'EKTIB.

B KiHLi 60-x pOKiB cnoyaTky Bi3yasbHi, a NOTiM i poTorpadiyHi cnocrepe-
KeHHs LLIC3 y J1bBoBi Oynu 3akpuTi. CTaHuis 1031 6yna nepeTBopeHa y Bifl-
Ain ACTpOHOMIYHOI 06cepBaTopii.

[Tepmnm B icTopil WTY4YHUM 06’€KTOM, KMl 3AiiiCHUB Cy6OpOi-
TanbHUI KOCMIYHUI IIOJIIT, 6y}1a HiMenpbKa pakera «®Pay-2», ycriliHe
BUIPOOYBaHHA AKOI Oyl1o ImpoBefileHe Ha modaTtky 1944 poky. Came
i3 3aIyCKy LIMX paKeT MOYMHAINCh BCi aMEPUKAHCHKI 1 pajiAHChKi KOC-
MiYHi IIpOrpamI.

B 1953 poni B CPCP mnpoBenu ycmimHe BUIpoOyBaHHA pa-
ket P-5, AKa crTajma NpMHUMIIOBMM KPOKOM BIlepe], IOPiBHAHO
3 «@ay-2». Maw4n ganpHicTh monboty 1200 kM, P-5 crana nepmoro
PaAsSHCBKOIO PAKeTOI0 3 SAepHUM 3apAfoM. B 1956 poui i npuitHa-
Y Ha 030POEHHS.

3 1954 poky modanach po3pobka pakeru P-7 — mepmoi B cBiti
MDKKOHTMHEHTa/IbHOI 6amicTiyHol pakeru. I came 3a ii momomorowo
OyB BUBefleHMII Ha OpOITy IepImii CYyNyTHUK, KOTPUIl IlepelaBaB
Ha 3eM/TI0 PafioCUTHA/IN JOCTATHBOI IOTY)XHOCTI, 1106 1X MO>KHa 6yI10
3apeecTpyBaTy 3a JJOIIOMOIOI0 JIOONUTENbChKOI pajiocTanIil. B ciuni
1958 poKy CYyNyTHUK II0YaB BiIXMIATUCDH Bifi opOiTH i, O4eBUHO, YBi-
JIIIIOBIIY B 3eMHY aTMOCdepy, 3ropiB.
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Ilepummii cynyTHUK
ITovaTox nmonpoTy — 4 »KOBTHA 1957 poKy
B 19:28:34 3a IpuHBibKUM YacoM.
3aKiH4eHH:A NONbOTY — 4 cidHA 1958 poky.
ITepion nepebyBanHsA Ha op6iTi — 92 AHI.
< 3niticauB 1440 o6epriB.
Puc. 2.13. Maca — 83,6 k.

Hepumit mrry4yHmit Maxkcumanbaui giamerp — 0,58 m.
cynyrank Semni (171 Haxur op6iti — 65,1°

B nmucromnapi 1957 poxy CPCP 3anmyctus gpyruit CynmyTHUK 3 coba-
koto Jlaiika Ha 60pTy, a B TpaBHi 1958 poky — Tpertiit. ITotim mouamucsa
OJIVH 32 OGHUM 3aITyCKM HOBVX CYIIYTHMKIB, 30HZiB f0 MicAL i B MiX-
IIJTAHETHUI IIPOCTIp.

BupinAaroTh TaKi OCHOBHI TUIIN CYIIy THUKiB:

e ACTPOHOMIYHI — BMKOPUCTOBYIOTbCA /A NOCTIPKEHHA IUIAHET, Ta-
JIAKTYK Ta {HIIMX KOCMIYHMX 00’ €KTiB;

o 0iOCYNyTHMKM — TIpU3HA4YeHi JJA IPOBeNeHHSA HAayKOBMX JOCIi-
JDKEHb Ta EKCIIEpMMEHTIB HaJ| XMBMMM OpraHi3MaMu B yMOBax
KOCMOCY;

¢ METEOPOJIOTiYHi — BMKOPUCTOBYIOTHCA JIA Iepef0aueHHs ITOTOM,
a TaKOX [l CIIOCTePeKeHb 3a KIiMaToM 3eMIli;

o opbiranbHi cranuii — KA, npusHaueHuit oy [OBrOCTPOKOBOTO Ie-
pebyBaHHA JTIofiell Ha HABKOJIO3€MHIll OpOiTi 3 MeTO0 IpOBeeHHS
HayKOBUX JNOC/Ti/KEHb B YMOBaX KOCMIYHOTO IIPOCTOPY.

2.4.2. IlinoToBaHi Kopab6ii

ITinoroBani KocmivyHi Kopabni — 1je KA, npusHayeHi 1j1s mompo-
Ty nmofeit y KocMoc. IlepmmM minoToBaHMM KOCMIYHUM Kopabnem
6yB «BocTok-1», Ha 60opty sKoro 12 kBitHA 1961 poky IOpiit larapin
3[i/ICHUB IepUINIi MOJIT MIOAMHN y KocMoc. A 16 4epBHA 1963 poky
Ha OOpTYy mioTOBaHOrO Kopabma BocTok-6 3pilicHwia momit mepira
XKiHka-kocMoHaBT BanenTnHa Teperukosa. I1if yac mompory Ha kopa6ii
«Bocxopg-2» — HACTYIIHOI cepii IiZOTOBAaHUX Kopa6HiB, 1[0 MOTJIN
BMicTUTM 3 mogvHU Ha 60pry, — 18 Gepesns 1965 poky Ajekceit
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Jleonos BIepuie B iCTOpii MIOACTBA BUIIIOB Yy BiJKPUTUII KOCMOC.
Jlo cepiit aMepMKaHCBKUX HiIOTOBAHMX KOPabIiB HanexxaTb Mercury
(1961-1963 pp.), Germini (1965-1975 pp.), Apollo (1968-1975 pp.),
Ta 6araropasosuit KA Space Shuttle (1981-2011 pp.). Apollo-8 6ys
HepuIVM IiIOTOBAaHMM KopabyeM, IO 3aiiumioB Ha opbiry Micaus,
i mip gac micii Apollo-11 amepukancbkuit actpoHaBT Hinm ApMcTpoHT
nepmumM cTynuB Ha Micane. [Jo ocranHboi cepii pafsiHCbKUX, a Te-
nep pocificbkux 6araTOMICHMX IiTOTOBaHMX KOCMIYHUX KOpabiiB
HanexaTb KA cepii «Corw3s», mo npamie 3 1967 poky i o cborop-
Hi. [lle ogHuM mpuxmafoM cepil Cy4acHUX MiIOTOBaHMX KOpabiiB
€ Shenzhou — xuraiicpki 6araromicHi misoroBaHi amaparu, o 6ynu
pospobieni y 2003 poui. ITinoroBani kocMiuHi kopabmi cborogHi 3a-
CTOCOBYIOTHCA TOJIOBHUM YMHOM IS JOCTABKY €KillaXkiB Ta BAaHTaXiB
Ha opOiTanbHi cTaHIil.

2.4.3. Opb6iransHi cTaHUiil

Op6iranbui crannii — e KA, npusnHaveHi s TpuBanoro nepe-
OyBaHHs JIOfieil Ha HaBKOIO3eMHill OpOITi [/is1 MpOBefeHHsT HayKo-
BUX JOCTIPKEHDb Y KOCMIYHOMY IIPOCTOPi, PO3BIJIKM Ta CIIOCTEPEXKEH-
HS 32 KOCMIiYHMMU 00’€KTaMI, @ TAaKOXX HOBEPXHEI0 Ta aTMOCdeporo
3emi. [lo opbitanpHux cranuiit Hamexarb KA cepii «Camor», «Koc-
Moc-557», SkyLab, «Mup», MKC (MixHapomHa KOCMiYHa CTaHIIifA),
Genesis Ta «Taabryn». Cy4acHi op6iTanbHi cTaHIii 6a3yl0TbCs Ha MO-
Ry/nbHiN apxiTekTypi. OKpemi 6710Ky 41 MOAY/Ii CTAHIIT JOCTAB/IAIOTh-
cs1 Ha OpOiTy IOCTYIIOBO BaHTXHMMM KOCMIYHMMU KOpabiaMy, y 3a-
JIOKHOCTI Biff TOTpeb Ta TeXHiYHUX 3aBJlaHb i METU JJOCTIIKeHb, SKi
MaloThb Ha Hill mpoBoauTuca. YacTuHa pafisHCbKUX cTaHMLiln «Camor»
Oynu 06’eHaHi y mporpamy «AsiMas», 110 IpOeKTYBaIacs Ji/is 3aBJjaHb
MinictepctBa oboponm Papsucpkoro Corsy. 3okpema, 18 mumHs
1987 poky BimOyBCs yCHIIIHUII 3aIlyCK aBTOMayHOTO BapiaHTa opoi-
TajbHOI CTaHINI «A/IMas», 0 MaB mo3HadeHHsa «Kocmoc-1870». Bu-
COKOSIKICHI pajionoKaniiiHi 300pakeHHs, 10 Oyl OTpUMaHi Helo,
3HANIIUIM IMIMPOKe 3aCTOCYBAaHHA AK y cdepi obopoHu, Tak i mnd
MOHITOPVMHIY IPUPOIHUX pecypciB (puc. 2.14).
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Puc. 2.14. Papionokauiitae 306paxkeHHst «AniMas-1» (y IICeBOKOIBOPL),
akBaropist Hoproro mMopst 61wt miBHiuHOTO 6€pera Kpumy,
9iTKO BUHO cyaHa (6ii TOUKN), IesKi 3 IKMX CKUJAI0Th
3a0pynHeHy HaTOIPORYKTaMy 6anacToBy BOAY (YOpHI IIAMM).
Ixepeno: apxis JHBIT «IIpupoga»

MixkHapoaHa KOCMiYHA CTaHIlis

Mixknaponua kocmivna craniis (The International Space Station) —
Ile MiJIOTOBAHNII WITYYHNUI CYIyTHUK, 110 PyXa€eTbcs 1o op6biti 3emii
3 BicoTolo Bix 330 go 435 kM (205 i 270 munb). Ha manuit vac MKC —
e Hari6inpimit IIIC3 Ha op6iti. MKC Mae MopynbHY CTPYKTYpY: pisHi
ii CerMeHTM CTBOPEHi 3yCH/IAMM KpaiH-Y4aCHUIIb IIPOEKTY i MalrTh
CBOIO IIEBHY (PYHKIIiI0: JOCTIIHY, XUTIOBY 200 BUKOPUCTOBYIOTHCA 5K
cxoBuia. [Iporpama MKC € cribHMM MPOEKTOM IT SIThOX KOCMIYHMX
areHTCTB: NASA, PockocMoc, ATeHTCTBa aepOKOCMIYHUX IOCTTiI>KEHb
Anonii, EBponencbKoro KOCMiYHOro areHTcTBa Ta Kanazcpkoro aepo-
KOCMIYHOTO areHTCTBa. 3 MOMEHTY HpMOYTTSA IepuIol eKCHemuIii
Ha cTaHIio (3 1 mo 2 mucromnaza 2000 poky) munyso 18 pokis. Lle Hait-
foBIIa Oe3nepepBHA IPUCYTHICTD MIOANHYN Ha opOiTi 3emiri, 1o mepe-
BEpIUNIA IONIepeHi peKOpA 9 pokiB i 357 IHiB, IpOBEeHNX Ha CTaHIIil
«Mup». MKC BifBigyBanyu acTpOHaBTH, KOCMOHABTY Ta KOCMi4Hi Ty-
puctu 3 17 pisHUX KpaiH.
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IcTopisi cTBOpeHHsI Ta MepCNeKTHBA

[Tepmmit xommonenT MKC (pociiicbka «3apsi») OYB BUBefeHUI
Ha op6ity B 1998 poli i BUKOPUCTOBYBaBCS Ha paHHbOMY eTati Oy/iB-
HULTBA CTaHLiI K JPKEPEeIo elIeKTPOEHEPril, a TAKOX I KepyBaHH:A
Opi€HTalli€l0 B IPOCTOPI, MiTPUMYBaB TeMIlepaTypHUI peXuM. 3apas
«3aps» BUKOPUCTOBYETbCA AK CkIaf. OCTaHHi MORY/Ib OY/I0 BCTAHOB-
neHo B 2011 poni. CiodaTky nianyBanocs, mo cranuiga MKC nosun-
Ha IpoIIpalfoBaTy Ha op6iti 7o 2010 poKy, Ha JaHMIT YaC Ha3UBAETHCS
inma gata — 2028 pik. Ha nymky excnepris, MKC He 6ynyTh TOmMTH]
B OKeaHi, a mepef6adaeTbCs BUKOPYCTOBYBATH 11 IK 6a3y [y 30MpaHHs
MDKIITaHEe THUX KOpaOIiB.

MKC — e HaitbinbIue mofcbKe TBOPIHHA, IO PYXA€ThCA 1O Opobi-
Ti HaBKO/IO 3eMJIi, sIKe YacTO MOXKHa IT00AYUTV HEO30POEHUM OKOM
i3 3emni. MKC cry»umtb 1abopaTopi€ro 3 OCTipKeHb MiKporpasitarii
Ta KOCMIYHOIO CEePefoBUIIA, B AKIN YWIEHM eKilla)Ky IIPOBOJATD eKCIIe-
puMeHTH 3 6i0710Ti1, isiosorii moguHY, Gi3uKY, ACTPOHOMII, MeETEOPO-
7I0Tii Ta IHINMX TaTy3eil.

CraHuis gimuTbcs Ha [1Bi cexuil — op6itanbuuii cerMmeHT CIIONTy4eHux
[MrariB Amepuxn (USOS) i Pociicekmit op6itanbumit cermeHT (ROS),
B AKOMY IIPOBOJATD JOC/II/PKEHHA aCTPOHABTY 3 6araTbox KpaiH.

BignosifgHo 10 moyarkoBoro MeMopaHiyMy IIpO B3a€EMOPO3YMiH-
Hs Mk NASA i Pockocmoc, MKC mana 6ytu naboparopieto, ob6cepsa-
TOpI€I0 1 3aBOZIOM Y KOCMOCi. By/io Tako)x 3amiaHOBaHO 3a0e3mednTy
TPAHCIIOPTYBaHHA, TeXHi4He 006CIyroByBaHHA i Bukopyucranua MKC
AK IPOMDKHOI 6a3y I MOXKIMBMX MailOyTHIX momboTiB Ha MicAnp,
Mapc i actepoinn. 3 2010 poKy, 3rifHO 3 Hal[iOHa/JIbHOK KOCMi4HOIO
nonitukoro CIIA, MKC 6yno HaaHO JOJaTKOBY pO/Ib — BUKOHAHHA
KOMEPLIHUX, AUIZIOMaTUYHMX Ta OCBITHIX 3aBJlaHb.

Exinaxx MKC Hajtae MOXX/IMBOCTI 3/1i/ICHIOBATY €KCIIEPUMEHTH, PO3-
pobreHi cTymeHTaMu Ha 3eMJIi, Yepes OCBIiTHI leMOHCTpallil, 110 JO3BO-
7A€ yYHAM OpaTy y4acThb y kabiHeTHill Bepcii ekcriepumenTi Ha MKC.
3a migrpumkn MKC €KA npomnonye mupokuii CieKTp 6e3KOITOBHIX
HaBYa/IbHMX MaTepiasliB, AKi MOKHA 3aBaHTXUTU [/ BUKOPUCTAHHA
B OCBiTHIX njiax. Iif yac 3aHATH y4Hi MOXYTb nepemimaruca 3D-Mo-
mertio iHTep epy Ta excrep epy MKC.
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Takoxx MKC mpononye Benuke pisHOMaHITTsA HaBYaJTbHMUX MaTe-
pianiB 1A HepOpManTbHOI OCBiTH. 30KpeMa, PO3IITHEMO JIesIKi 3 HUX:

m MixHapopHe criocTepeskeHHs 3a Micsitiem BHoui [18] — 11e Bce-
CBIiTHE CBATKYBaHH:A «MiCAYHOI» HAyKN Ta TOCITiIPKEHb, 1110 IPOBOJATh-
¢ mopivHo, mounHaw4y 3 2010 poky. OnuH pas Ha piK BUIIAJA€ MOX-
JIUBICTb Pa3oM CIIOCTepiraty Ta BuB4aTy Micsanp y BcboMy cBirti. [lopia
BiOyBa€eTbCsA Y BepecHi U >KOBTHI, Kot MicAIb 3HAXOAUTLCA B MepILiit
4yBepTi. Y Lell nepion MicAnb BUGHO Mg 9ac MOMYLHA Ta BBEYepi.

Po3zgin 2. ®ISUYHI OCHOBU NUCTAHIIMHOI'O

Haitomokui gatm s MibKHapomHOro croctepesxeHHs 3a Micsiem
BHOUI:

5 xoBTHA 2019 poKy;
26 Bepecus 2020 poxy.

m Xabn-caiT — po3pobOKa HayKOBOTO iHCTUTYTY KOCMI4HOTO Te-
neckoma (odinirtamit caiit — http://hubblesite.org/) (Space Telescope
Science Institute), ssxuit Mae Ha MeTi momMpPUTK iHPOPMaILilo PO KOc-
MOC B OCBITHIX Ii/IfX.

Xab1-caiiT [ae MOXX/INBICTh:

* 32 JJOIIOMOTOI0 BifleOPO/INKiB O3HAVIOMUTICA 3 CY3ip AMU, I/TaHe-
TaMu, 06’€KTaMy IIMOOKOTO KOCMOCY, AKi MOXKHA II06aunT Ipo-
TATOM KOXKHOI'O MicAls Ha HeOi;

o nobauntyu ¢ororpadii mraHeT Ta iHIMNX KOCMIYHUX 00 €KTiB, AKi
3po0JieHi 3 KOCMIYHOTO TeJIeCKOIIa, Ta MIPOYNTATY JJONATKOBY iH-
dbopmariiro npo HuX.
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m Takox B ocBiTHIX Hinax ¢axisui NASA migrorysamu psj o3Haii-
OMYMX Ta HAaBYAJIbHUX Bifleopo-
nuKiB «He ManeHbkuit Kpok» [is
Y4HiB, AKi JOIIOMOXXYTb O3HAIO-
MUTHUCA 3 pOOOTOI0 Ta MOX/INBO-
ctamu MKC.

Puc. 2.15. Tymannicts Jlaryna
(Bummmuit Burysy). Le 6apsucre
300pakeHHS, 3pobieHe
KOCMIYHIM TeJIeCKOIIOM «Xab07»
NASA [19]
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3arasioM OCBiTHIX MatepiaiB, siki 6asyroTbcs Ha pobori MKC, € mysxe
6araro i Tomy BoHu po36buti Ha pyopuxu [20] B 3a/meXHOCTI Bif Biky
YYIaCHUKIB: [/Is1 BUK/Ia[a4iB, A/Is CTY/eHTiB, auTsanit k1yd HACA Toro.
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2.5. IIpuxknagyu HaM6iNpLI IONYIAPHMUX CUCTEM
OMCTAHLIMHOIO 30HAYBaHHA 3eMIJIi
(Landsat, Sentinel, Terra (Modis, Aster),
RapidEye, Planet Labs)

3asHaueHi CIIOCTepe)XKeHH: 3a 3eMJIel0 CTAlTh TOJIOBHUM pyLIieM
y TaK 3BaHill YeTBeprTiil MpOMUCIOBiN peBOMIOLII — epi aHa/i3y Benu-
kux paHux (the era of Big Data analytics).

HasBHiCTb JaHMX Bifi CyNyTHUKIB, 0€3IIIOTHUKIB i JaTYMKIB 3pO-
CTa€ MWBMJIIIE, HK CTBOPIOIOTHCS MeXaHi3Mu J/ist IX 00poOKM i BUKOpU-
cranHA. Tenep gaHi ZOCTYIHI B pe>XknMi peasIbHOTO Yacy Ta y 6ararbox
pisHux dopmarax. Ieit npuTik aHUX Ta Ierka JOCTYIHICTD 0 6a3 fa-
HJVIX CTBOPIOE CIIPUATINBE CEPENOBUIIE [/ iIHHOBALIiI.

BincnigkoByBaty reonpoctoposi JaHi B pexxuMi peasibHoro 4acy MoXxHa
B IHTepHeTi 3a agpecoio — www.liveearth.com.

SOHAOYBAHHS HABKOJIMIITHBOI'O CEPEJJOBUIIIA

Puc. 2.16. Ilpuknagy CynyTHUKIB
I IPOBefleHH:A CIIOCTePeXKeHb 3 KocMocy [21]
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YHiKaNbHICTh reONpPOCTOPOBUX [JAHUX IONATAE B TOMY, L0 BOHU
€ IHCTpYMEHTOM, AKWUIl JI03BOJAE iHTETPyBaTM Ta aHai3yBaTU dYac
i mpocTip. [eonmpocTopoBi AaHi 3aCTOCOBYIOTbCA /IS TOTO, 106 PO3-
poOIATH HOBI MOJieNi Ta 3HAXOAUTK HOBI pinteHHs. CaMe reomnpocTo-
pOBa PeBOMIOLIiA JAHMX I03BOJIA€ HAM KOMIUIEKCHO IMBUTHCS Ha CBIT,
BUpinryBaTy mpo6eMu 3 6ibIo0 epeKTUBHICTIO Ta CIIPYAE KPALOMY
IpOLeCy NPUMHATTA PillleHb.

Landsat

ITporpama Landsat — HaiiTpyBaimmii IPOEKT 3 OTPUMAHHSA CYIIyT-
HMKOBMX (POTO3HIMKIB mmaHeTn 3emss. Ilepumit 3 CynyTHUKIB y pam-
Kax IIiel KocMiuHOI mporpamy 6yB 3amyiieHnit B 1972 pori; ocTaHHii,
Ha Iieit MoMeHT, Landsat — 8-11 mrororo 2013 poky. O6magHaHHS, O
Oy710 BCTaHOBJIEHe Ha CyIyTHMKaxX Landsat, 3po6mio Minbapan sHiMKiB.

3nimky, orpumani B CHIA i Ha cTaHIIifAX OTPMMAHHA JAHUX i3 CYIyT-
HIKIB II0 BCbOMY CBITY, € YHIKaJIbHIM PeCypcoM LS IIPOBefieHHs Oe3iui
HaYKOBIMX JOCIIKEHDb Y Talysi CIbCBKOTO TOCHOAApCTBa, Kaprorpadii,
reoIorii, TICIBHUIITBA, PO3BIIKM, OCBITH i HaliOHAIbHOI Oe3nexu. Hampu-
K1aji, cynyTHUK Landsat 7 Hamae 3HIMKY y 8 CIeKTpa/bHUX Jlialla3oHax
3 IIPOCTOPOBOIO PO3JIIbHOK 3[ATHICTIO Bifi 15 o 60 MeTpiB Ha TOUKY;
HepioaNYHICTb 300py HaHMX IS BCi€l IUTaHeT! CTaHOBUTD 16-18 1i6.

XpoHornoris 3amyckis [22]:

Landsat 1 Landsat 3 Landsat &

(1972-1978)  (1978-1983) (1993)
Landsat 4 Landsat 8 Landsat @
(1982-1993) (2013-) (2023-)

[ ]

1970 1975 1980 (1985 1990 1995 |2000 2005 2010 2015 2020 2025

|

Landsat 2 Landsat 5 Landsat 7
(1975-1982)  (1984-2013) (1999-)

Landsat 1 (cmouarky ERTS-1, Earth Resources Technology Satellite
1) samymennit 23 munHA 1972 p., npunHuB poborty 6 ciung 1978 p.

Landsat 2 (ERTS-B) sanymenmnit 22 ciunsa 1975 p., npunuHus po6o-
Ty 22 ciuna 1981 p.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



Landsat 3 sanymennii 5 6epesus 1978 p., mpunuuus po6oty 31 6epes-
HA 1983 p.

Landsat 4 samymiennit 16 mnasa 1982 p., npunuums po6oty B 1993 p.

Landsat 5 sarrymerwit 1 6epests 1984 p., mpurmnys po6oty 21 rpymrsa 2012 p.

Landsat 6 samycTum 5 koBTHA 1993 p., aje 10ro He BMBe/IM Ha Iii-
JIbOBY OpOiTY.

Landsat 7 3amrymennit 15 kBitHaA 1999 poky Ta ¢yHKIioHYE. Y TpaBs-
Hi 2003 p. craBcsa 36iit moayns Scan Line Corrector (SLC). 3 Bepechs
2003 p. BUKOPUCTOBYETLCA B peXXuMi 06e3 KOpeKIlii /IiHiil ckaHyBaHHS,
1[0 3MEHIIYE Ki/IbKicTh OTpUMaHoi iHdpopMaii 1o 75% Bij mo9aTKOBOI
[23]. Landsat 7 mae T1i >k 7 KaHaiiB, mo i1 Landsat 4 i 5, aje Mae gogat-
KOBMII KaHa/ 3 IMPOKNUM CIEKTPAIbHUM Jialla30HOM i pO3pisHEHHAM
15 m Ha 15 m. Kpim Toro, mpocTopoBe po3pisHeHHsI B KaHali 6 (Terio-
Buit [Y-piamason) 6yrmo 36inpuieno 3 120 go 60 M. L1i sminy nmopsp 3 Bu-
COKIMM PiBHEM TOYHOCTI JO3BOISAIOTH Kpallje BUBYATH I7I00aTbHi 3MiHI
i BemmkomacmTabHe KaprorpadysaHus [24].

[Iporpama Landsat TpuBae B pamkax Micii 3abesnedeHHs Gese-
pepBHOCTi maHux Landsat. 3apas (2018 pix) Ha opb6iTi 3HaXOEUTHCS
Landsat 8, mo 6yB 3amymenmit 11 mororo 2013 poxky.

3amyck Landsat 9 samranoBaHo Ha 2023 pik [26].

Puc. 2.17. Kocmiunmit saimok Landsat 8 — OLI
PIUKIL 3 YOPHOIO BOOIO, SIKA 3YCTPIYAETHCS 3 MOPEM
B MekcukaHCbKiit 3aroni (20 mororo 2015 p.) [25]
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The Landsat Mission Continues...

Landsat 8is coming. Planned to faunch in 2023, Landsal 9 will continue
the longest space-based record of Earth's land-—pasl the half-centuny mark.

2005 - Hurricane Katrina... - 2011 7 Athebasch Ol Sands grow... 2023 - Landsat § will be thoro

Lendsat was this.

Puc. 2.18. Ilpogosxensst micil Landsat [26]

Huni pani 133, orpumani kocmiunumu amaparamu Landsat, 3Ha-
LI CBO€ 3aCTOCYBaHHA Oinbin HDX B 100 kpainax. 3 Hux 17 kpaih,
Brmovaroun CIIIA, maroTh BracHi mpuiiManbHi craHuil. IHdopmaris,
1[0 HaJXOAMTD i3 CymyTHMKIB cuctemu Landsat, mmpoko BUKOPKCTO-
BYETbCSA NP BUpillleHH] 6e3/1idi mpo6i1eM eKOHOMIYHOTrO, HayKOBOTO,
MOJIITUYHOTO i BiliCBKOBOTO XapakTepy. 30KpeMa, faHi J[33 mmpo-
KO 3aCTOCOBYIOTbCA B HACTYHHMX cdepax: reorpadis, okeaHorpadis,
TipoJIoris, TeO0JIOTidA, BUBYEHHA NPUPONHUX PECYpPCiB OKpeMUX pe-
rioHiB, KpaiH i 3eMJIi B LJiIOMY, KapTyYBaHH:A 3€MHOI IIOBEPXHi, KOHT-
POJIb HAaBKO/IMIIHBOTO CEPEeJOBUIIA.

Sentinel

Copernicus — 1e eBporeiicbka mpodeciitHa mporpama, sika
npanoe mij KepiBHunrsom E€sponericbkoro Corwosy, a €spomneii-
cbke KocMmiyHe areHTcTBO (ESA) KOoOpAMHYe KOCMiUHY CKIAQJOBY
nporpamu. [laHa mporpama Hajiae HeoOXifHi JJaHi [/IA OlepaTuB-
HOT'O MOHITOPMHIY HaBKOJMIIHbOIO CepefoBMINA Ta LMUBiIbHOI
6esmekn. Bci naHi € 6€3KOMITOBHMMY Ta 3HAXOAATHCA Y BiIKPUTO-
MY BOCTYII.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



Micii Cenminen (anzn. Sentinel)

€KA B pmanmit yac po3po6ise ciMm miciit nmporpamu Sentinel. Micis
Sentinel 3abe3mnevye pajapHi Ta My/IBTUCIIEKTPATbHI KOCMIYHi 3HIMKY /151
CIIOCTepeXXeHHA 3a CYXOfIOIoM, OKeaHOM Ta aTMocdeporo. Koxna Micis
Sentinel 6asyeTbcs Ha JBOX CYIIyTHUKAX, 3abe3edyroun HafiiHi Habopn
JAHVX IS AKICHOrO BUKOHAHHA BCiX MOCIyT porpamu Copernicus.

sentinel-s

L

sentinel-z

sentinel-3
sentinel-sp

Puc. 2.19. Cim’s cynyTHuKiB Sentinel [27]

Micisa Sentinel mae HacTynHi nimi [28]:

Sentinel-1 3a6e3nedye meHHi Ta HiuHi cocTepeXkeHHA Npu OYAb-
AKilt moropi 3a pagapHumu ganyMu. [epmmit cynyTHuk Sentinel-1A
OyB ycnimHo 3amymenuit y 2014 poui, a gpyruit Sentinel-1B yepes nBa
poxu — 25 xBiTHA 2016 pOKY.

Sentinel-2 3abesmedye onTuyHi 3HIMKM 3 BMCOKOK pPO3MiNTbHOIO
3[ATHICTIO [I1 MOHITOPUHIY Cylni (HaIpMKiIaj, pOCIMHHOCTI, IPYH-
TOBOTO ITOKPVBY, BHYTPIIIHIX BOJHNX IUIAXIB i MpubepexxHol 30HM).
Sentinel-2 Takox Hajae akTyanbHy iHQOpMalilo A PATYBaJIbHMUX
cmy>x6. Ilepumit cynmyTauk Sentinel-2 ycnimHo posnodas cBoo po6o-
Ty 23 uepBHa 2015 poky.

PO3IN 2. $I3MYHI OCHOBY ONUCTAHUIVHOI'O 30HIYBAHHA HABKOJIMIIHHOI'O CEPE[JOBUIIA
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SOHOYBAHHA HABKOJIMIIHBOI'O CEPENOBUIIIA

Puc. 2.20. Pagapuuit sHiMOK 3 Sentinel-1A 11 munus 2014 p.
Tokircpkoi 3aToku B Amonii [29]

Sentinel-3 3a6e3neuye MOHITOPUHT OKeaHy Ta I7I06AIBHMIT MOHITO-
punr 3emi. [lepumit cynyThHuk Sentinel-3A 6yB 3anymjennit 16 ciuns
2016 p.

Sentinel-4 6yne sanymennii y 2023 poui. Bin HagaBaTume fani s
MOHiTOpMHTY aTMocdepy Ta Oyme IpalioBaT pasoM 3 CYHYTHUKOM
TPeThOro MoKoniHHA Meteosat.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



Puc. 2.21. 3nimok tepuropii IliBgennoro Cymany

3 cynyTHuKa Sentinel-2B [30]

Sentinel-5 Precursor micTuth Habip marumkiB Sentinel-5. Bin 6ys
sanymennii 13 >xoBTHA 2017 p. OCHOBHOIO JI0TO METOI0 € YHUKHEHHA
PO3PUBY JaHMX CLOCTEPEXeHb, 0cobmuBo arMocdepuux SCCAMACHY,
Mbk mpunuHeHHAM pobotu ENVISAT y 2012 poui Ta 3amyckom
Sentinel-5 y 2021 pori.

Sentinel-5 6yne HagaBaTy fani g1 MoHiTOpuHTY armMocdepu. Bin
Oyne samymennit pasom 3 KA post-EUMETSAT Polar System (EPS)
i moune cBor po6ory 3 2021 poky.

Sentinel-6 mae Ha MeTi i TPUMyBaTyU BUCOKOTOYHI Micii anbpTumer-
pii (BUMiprOBaHHsA BMCOTY HaJ| piBHEM MOps), BUKOHAHI CYITyTHUKOM
Jason-3. Sentinel-6A, takox Bigomuit sk Jason Continuity of Service
(Jason-CS), nnanyerbcs 3amycTuty B muctonazi 2020 poxy.

Sentinel-7 — 1e micia Carbonsat (BumiproBanuA BMicTy Kap6ony).

Sentinel-8 — e TepmivyHa iHppauepBOHa Micis.

Sentinel-9 — ne indpauepBoHa Micis BUMipIOBaHb IbOMY Ta CHIrY.

Sentinel-10 — e rinepcriekTpanbHa Micis.

PO3IN 2. $I3MYHI OCHOBY ONUCTAHUIVHOI'O 30HIYBAHHA HABKOJIMIIHHOI'O CEPE[JOBUIIA
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Takoxx B pamkax nporpamu Copernicus 3 BUKOPUCTAaHHAM JaHUX
cynyTHuKiB Sentinel Ha TepuTopii EBpomnericbkoro Cow3y CTBOPIOIOTh-
cs crenianpHi cryxom [31]:

1) Cny>k6a MOHITOPMHTY 3eMeb Hajjae reorpadiuny iHdopmariio
PO IPYHTOBO-POCTMHHMIT IIOKPUB, sIKa MOYKe Oy TV BUKOPYCTaHA JIs
IIPOCTOPOBOTO IVIAHYBAaHHA, BEJEHHA JIiICOBOTO TOCIIONAPCTBA, YIIPaB-
JIiHHA BOJIHVMMM peCypcaM, CilIbCbKOTO TOCIIOfAPCTBa i T. 1.

2) Cy>x6a MOPCHKOTO MOHITOPUHIY 3a0e3Ievye perysipHe i cucre-
MaTiYHe OHOBJEHHs iH(dOpMaIllii PO CTaH OKeaHIiB i MOpIB, a TaKOX,
y IpiopuTeTi, — JlaHi Ipo Teuil, BiTpM i IepeMillleHHsa IbOAY Ha MOPAX
Ta oKeaHax. La iHdopmalia moKpammTh HOCTYT MapLIpyTH3aliii Kopa-
671iB, IIOLITYKOBO- PATYBA/IbHIX OIepaliiii, 3a0esmeuyroun 6esreKy Ha MOpi.
A Takox ciry>x6a CIIpATHME 3aXVCTY i CTa/IOMY YIIPaB/IiHHIO MOPChKVIMIU
pecypcamu, 30KpeMa Jjist prbanbCTBa, HAYKOBMX AOCTI/KEHb TOLLO.

3) Cry:x6a MoHiTOpUHTY aTMOchepn 3abe3nedye OesnepepBHi faHi
Ta iHpopMmarlio npo ckiaan atMmocdepu. lllonHa HamaeTbes rmobanpHa
inpopmanis npo ckmag arMocdepi, CTBOPIOIOTHC KapTy IMOUIVPEHHS
IIAPHMKOBMX TasiB (BYIIEKMC/IOTO ra3y i MeTaHy), XiMiYHO aKTVBHMX
rasis (HaIIpUKJ/IaJ], OKUCY BYIJIEII0, OKMC/ICHNX CIIONTYK a30TY, JiOKCUIY
Cipku), 030HY i aepo307IiB.

4) Cnyx6a ynpaBIiHHA B HA3BUYANHUX CUTYallifAX Hajjae HeoO-
XifIHy CBO€YACHY i TOYHY reonpoCcTOpOBY iHpoOpMaIioo M miKBima-
il HACMiAKIB CTUXITHUX UX, TEXHOTEHHUX HAJ3BUYANHUX CUTYaIlil,
a TaKOXK TYMaHiTapHUX KPUS.

5) Cny>k6a 3MiH KIiMaTy BifillOBiJjae 3a BUPILIEHHS €KOMOTTYHMUX
i conjampHMx mpo6meM, MOB’s3aHMX 31 3MiHaMu KIiMaTy, BUKIMKa-
HUX AisibHicTIO mopmuu. Cnyx6a Hajjae focTyn fo indopmanii mis
MOHITOPMHIY i NPOrHO3YBaHHA 3MiHM KIIMATy i, OTXe, CIpuUAE Iifi-
TpUMIi affanTanii i oM AKIIEeHHIO HAaCTiKiB.

6) Cnyx6a 6e3leKky 3aliMa€eTbCs MOHITOPMHIOM INPUKOPOHHNX
TEPUTOPill, MOPCHKMM CIIOCTEPeXEHHAM, 30KpeMa y cdepi mpukop-
JOHHOTO KOHTPO/IIO, OCHOBHMMM 3aBJAHHAMM fAKOI € CKOPOYEHHHA
Ki/ZIbKOCTI HejlerajIbHUX MIrpaHTiB. 3araqbHOI0 MeTOI EBPOIEeiCbKOro
Coro3y B chepi MOPCHKOTO CITOCTEPEXEHHS € 3abe3IedeHHs 6e3IeqHO-
TO BUKOPUCTAHH:A MOPA i MOPCbKUX KOP/IOHIB €BpOMN.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA
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Puc. 2.22. TlopiBHsinHs KaHamiB Sentinel-2 Ta Landsat 7 i 8 [32]

Posmimtenns kanasiB Sentinel-2A B nopiBHAHHI 3 kaHajamu Landsat 8
i Landsat 7 MmoxxHa no6aunty Ha puc. 2.22. CynytHuk Sentinel-2A mae
CIIeKTpa/IbHI KaHamy, ofi6Hi 1o Landsat 8 (3a BUHATKOM TeIIoBOro Ka-
HaJly TepMiuHOro iHdpauepBoHOro AaT4mka Landsat 8). Ceper 11 piama-
30HiB Landsat 8 Tinpky kopoTkoxBmiboBi (1-4 i 8) BifmoBifar0Th BUIIMO-
MY CIIEKTPY, iHII — 9y T/IMBi 10 THX 06/1acTeil CIIeKTPa, SIKi JIIOfICbKe OKO
He pospisHsae. CynyTHuk Sentinel-2 Beze 37ioMKy B 12 CIieKTpalbHUX Ka-
Hanax, kKaHam RGB i NIR matotp 10-M IpoCcTOPOBY pO3[Ii/IbHY 3[JaTHIiCTb.

Terra

Y rpynni 1999 poxy NASA sanyctuno cynytHuk Terra 3 miciero cu-
creMHoOro crocrepeskeHHA 3emii. CynyTamk Terra MiCTUTD ITATH iHC-
TPYMEHTIB, AKi 3[i/ICHIOIOTb CIIOCTEpEeXEHH:A 3a aTMocdeporo e,
OKeaHOM, 3eMJIeI0, CHIrOM Ta JIbOJIOM, @ TAKOXX eHepreTUYHIM OIo/pKe-
ToM (puc. 2.23). B3arari, 11i cnocTepe>keHHA HAIOTh YHIKaIbHY iHpOP-
Malilo TIPO Te, SIK ITpalloe ccTeMa 3eMJIi Ta sIK BOHa 3MiHI0eThcA. Li cro-
CTepEXXEeHHA MTOKA3YIOTh BIUIVB JIIO/ICTBA Ha IJIAHETY Ta HA/IAX0Th BaK/IMBi
IaHi Ipo IpUpoHi Hebesneky, Taki AK MoXKexXi Ta By/KaHu [33].
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EHepreTuuHuii Glopket 3emni, abo pagiauiiHnii 6anaHc 3eMHoi
MOBEPXHi, — PI3HNLA MiX CyMApHOIO (MPAMOIO i PO3CIIHOI0) COHAYHOIO
pafialli€lo, MOIJIMHEHOI 3eMHOI0 MOBepXHel, Ta e(eKTUBHUM ONpoMi-
HEHHSIM Li€i NOBEPXHi; MOXe ByTW NO3UTUBHMM (yAeHb, BAITKY) i HeraTue-
HUM (YHOui, B3UMKY) [34].

Terra Mae Ha 60PTY I'ATb HACTYIHMX JUCTAHLIHUX 30HMIB JIs

CIIOCTEPEXKEHHA 32 HABKOIMILHIM cepeloBAILEeM i 3MiHaMM K/TiMaTy:

ASTER (Advanced Spaceborne Thermal Emission and Reflection
Radiometer) BUKOpUCTOBY€ETBCS J/IsI CTBOPEHHS KapT TeMIIepaTypu
HOBepxHi 3eMyti, BUIIPOMiHIOBa/IbHOI 3[JaTHOCTI, BiffOMBHOI 31aTHO-
CTi i BUCOTH;

CERES (Clouds and Earth’s Radiant Energy System) Bumiproe 3aranb-
HIIT 06cAT papianiitHoro ¢pony 3emi Ta 3abe3medye OIiHKY B/IaCcTH-
BOCTell XMap, IO NO3BOJIA€ BUYCHNM BU3HAYATU PO/Ib XMap B pajia-
L[iTHOMY ITOTOLli BiJi HOBEPXHi /1O BEPLIMHYU aTMOChep;

MISR (Multi-angle Imaging Spectroradiometer) nmpucrocoBanmit s
BJMIipIOBaHHS COHAYHOTO BUIIPOMiHIOBaHHS, 110 BifOMBAETHCA 3eM-
Jer0 (SIK TOBEpXHeI, TaK i aTMoc(eporo) B pisHUX HAIIPAMKaX i Aia-
IIa30HaX CIEKTPa;

MODIS (Moderate-resolution Imaging Spectroradiometer) npusna-
YeHUIl IS CIIOCTEPEXEHHS 3a [T00aTbHOI0 IMHAMIKO IUIAaHEeTH
3emsis (3MiHM XMapHOCTI, pafiariiianit 6anaHc i mporecy, o Bigoy-
BAIOTbCS B OKeaHaX, Ha CyIIi i B HIDKHIX Iapax aTMocdepn);
MOPITT (Measurements of Pollution in the Troposphere), 3niiictioe
CIIOCTepeXXEeHHS 3a XapaKTepoM 3a0pynHeHHs aTMocdepu [35].

Puc. 2.23.
Eckis KA Terra
3 MiTKamMu
IHCTPYMEHTIB,
BUKOHAHUI

B NASA [33]

m OCHOBM [JYICTAHIIHOI'O 30HIYBAHHSA 3EMIIL: ICTOPIS TA IPAKTUYHE 3ACTOCYBAHHA



Ckanep MODIS (Moderate Resolution Imaging Spectroradiometer)
€ OJJHVM 3 K/IIOYOBMX IHCTPYMEHTIB Ha 60PTY aMepPUKaHCBKUX CYIyT-
HukiB Terra i Aqua cepii EOS Ta 3HiMae 3eMHYy ITOBEpXHIO 32 TPa€K-
TOPI€I0 MOIbOTY CMYTOI0 3aBMPIIKY 2300 KM, IPaKTUYHO 3 I[OJEH-
HVIM I7I006a/IbHUM IIOBTOPEHHSM, IIPALIOE B 36 CIIEKTPa/JbHIX KaHaJIaX
(rimepcniekTpanbHa 3110MKa) B Aialla30Hi €IeKTPOMArHiTHUX XBW/Ib Bif
0,4 no 14,4 MxM. Y 1BOX KaHaJIax BUAMMOTO Ta OMDKHBOTO iHppayep-
BOHOTO CIIEKTpa OTPUMYIOTh 3HIMKM 3 DPO3pisHeHHAM 250 MeTpiB,
y IUSTU KaHaJIaX BUMMOTO, OJIV>KHBOTO Ta CEPeHbOTO iHppauyepBOHO-
ro crnekTpa — 3 pospisHeHHAM 500 metpis, y pemti — 1000 meTpis.
Becp Habip 3nimanbHyx kananiB MODIS nae 3amory 3aminnTu aHi 3Hi-
manbHuX cucreM SeaWIFS, AVHRR/NOAA 3 gormoBHEHHSIM HOBUX Ka-
Ha/liB y TelnoBoMy fianas3oHi. CkaHep NpuU3HauYeHUN I CIOCTepe-
YKEHHSI 3a I7I06a/IbHOIO JVTHAMIKOI0 IIaHe TV 3eMJIA, 1110 BK/TI0Ya€ 3MiHN
B XMapHOCTI, TeIUIoBMit O6amaHc 3emyi i mporecy, o BigOyBarOThCs
B OKeaHax, Ha CYIII i B HVDKHIX mapax arMocdepu (puc. 2.24).
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Tennosuit 6anaHc 3emni — Le 6anaHc eHeprii npoLieciB Tenaonepeaaui
i BANPOMiHIOBaHHS B aTMocdepi i Ha noBepxHi 3emni [36].

SOHAOYBAHHS HABKOJIMIITHBOI'O CEPEJJOBUIIIA

a 6

Puc. 2.24. TIpuxiagy KOCMiYHUX 3HIMKiB crieKTpopagiomerpy MODIS
Ha cynyTHuUKY Terra: a — 306pa)keHHs ABOX LIMK/IOHIB, sIKi yTBOPUINCS
B TaHgeMi (20 mucromaga 2006 poky); 6 — 300paskeHHs BUBEPXKEHHs BY/IKaHa
ropu Benrinza Ha ocTpoBi MoOHTarIo, sike 6y/10 BUSB/IEHO CUCTEMOIO0 TePMiYHOTO
omnosimenns MODIS Ha 0CHOBI TelIOBUX aHOMaJIiit 460 «rapsTINX TOYOK»
y xoBTHi 2001 poky [38]
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Otpumarn Matepiamu 3itomok 3 Terra-MODIS moxxna 6eskorr-
TOBHO. [7106anbHuMII Karasor MmarepialiB posMillleHMiT 3a ajpecoro:
https://modis.gsfc.nasa.gov/data/. B Ykpaiuni npuitmanus ganux MODIS
3piiicHI0eThCA B M. JlyHaiBIsx (XMenbHMIIbKA 00/1aCTD).

HMucranniinui sani MODIS Mo>xyTb 6y TH BUKOpYICTaHi /1 BUpilIeH-
HA Pi3HOMAaHITHUX 3aBJaHb 3 PEryIAPHOTO MOHITOPMHIY NPUPOJHUX
SBUIL B MeXaX BEJIMKOTO PerioHy (KOHTPO/b TbOJOBOI 06CTaHOBKI,
CIIOCTEPEXEHHS JUHAMIKM CHIKHOTO IIOKPMBY, MOHITOPMHI TiCOBUX
HIOYKeX, ITABOJIKOBOI CUTYallii, CTaHy ITOCiBiB Ha ¢/T moyAx i T.11.) [37].

JlbopoBa 06CTaHOBKA — CTaH /1bOIOBOTO MOKPUBY HA MOPSX, piukax,
03epax, BOAOCXOBULLAX B KOHKPETHWI MOMEHT yacy abo po3nofin Nbomy
3a PI3HUMM XapaKTepUCTUKAMM Y PavioHi MIaBaAHHA.

Ha 6opry cynytHuka Terra mpaiioe e ofuH 6araTo30HaIbHUI
(rimepcnexrpanbuuit) ckanep — ASTER (Advanced Spaceborne Thermal
Emission and Reflection Radiometer). Lleit ckanep mMae 14 cnekTpanb-
HUIX KaHAJTiB: TPM KaHA/IU Y BUJUMOMY i O/IVDKHbOMY iHppadepBOHOMY
lialra3oHax 3 MPOCTOPOBYUM PO3Pi3HEHHAM 15 M (/11 CTepeo3ioMKN),
IIiCTDb KaHAJIB Y cepefHbOMY iH(pauepBOHOMY flialla30Hi 3 PO3pi3HEH-
HAM 30 M Ta I'ATh KaHAJIiB y TEIUVIOBOMY Jialla30Hi 3 pO3pi3sHEHHAM
90 m. Cmyra ornapy ASTER cranoButs 60 x 60 KM.

Bigxunennsa oci 3iioMku Bif Hagupa +/- 106 KM A4 TeIIOBUX
Ta CepefHiX iH(ppauepBOHUX KaHAIB i 10 +/- 314 KM — /11 BUAVMO-
ro i 6/KHBOTO iH(pauepBOHOrO Hiamas3oHIB He Jae 3Moru 3abesie-
9YITY 3HIMAHHA Oy/b-sKOI TepuTOopii acTinie HiX OAMH pas Ha 16 HIB
y Bcix 14 xaHamax i ofyH pa3 Ha IT'SATb [JHIB Y TPhOX KaHa/IaX BUAVMOTO
i 6mxHbOTO iHPpadepBoOHOrO AiamasoHiB. 3itoMka ckanepoM ASTER
€ IIOPiBHAHO HEJOPOTIOIO.

Hapgup (3 apab. — npotunex-
HUM) — yABHA TOYKA MEpeTUHY
MPAMOBUCHOI JiHii O NMOBEPXHi
3eMHOro eincoiga 3 HebecHo
cdepoto; Touka HebecHoi chepw,
NPOTUNEXHA 3eHiTy. [HWKMK
CNOBaMU, HAAUP NEXUTb Y Ha-
NPSIMKY NPSIMO BHW3 Bif, CrocTe-
piraua, fo uextpa 3emni [39].

ACTROHOMIMHIE FOPUIoHT
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MoykHa TakOXX OTpUMAaTy 3HIMKM 4Yepe3 IHTepHeT 3a IPOTOKOIOM
FTP (sx mpaBwIo, JaHi TOTOBI /IS lepeKadyyBaHHA yepes JleKi/IbKa ro-
nuH, iHopmi yepes 1-2 pHi). Benukmnit o6car 3HimMKiB (61mm3pko 120 M6
JUIsI TIOBHOTO 3HIMKA) i 0OMeXeHMiT Yac JocTyny (Tpu JHi 3 MOMEHTY
3aMOBJIEHHS, 24 TOAMHY 3 MOMEHTY IepIIOro JOCTYIly) HoTpebye Bu-
COKOIIBV/IKICHOTO 3’ €lHaHHS, 6a)KaHO MaTy IpOrpaMHe 3a0e3ledeHHs
3 MOXK/IMBICTIO CKauyBaHHA IIpY IlepepuBaHHi [37].

-

Po3gin 2. ®ISUYHI OCHOBU NUCTAHIINHOTIO

RapidEye

YrpynoBaHHA 3 I'ATH MiHi-cyrTyTHMKIB RapidEye 6yro samymieno 3 koc-
MozipoMy bBailkoHyp PpOCilicbKOI0 pakeTor-HocieM «[IHinpo» 29 cepi-
HsA 2008 p. Bracankom KA e xommanisa BlackBridge AG (kommmna HasBa
RapidEye AG) (Himeuunna). KoxkeH 3 CyIyTHMKIB, CTBOPEHIX KOMIIAHI€IO
MDA (Kanapma) crinbro i3 SSTL (BermkoOpuraHis), OCHaIleHMIT MY/Ib-
THUCIIEKTPAJIbHOIO OITMKO-€/IEKTPOHHOI0 KaMepol BMPOOHMIITBA Jena
Optronics GmbH (Himewunsa) i1 3110MKM 3 IPOCTOPOBUM PO3Pi3HEHHAM
6,5 M. Bara ogHoro cymytHyka RapidEye ctanoButs 150 kr (puc. 2.25).
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Puc. 2.25. Cxema cynytHuka RapidEye [40]
(image credit: SSTL, MDA, BlackBridge)
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3710MKa 3€MHOI IIOBEPXHi LIMM CYIyTHUKOM BMCOKOI pO3/Ii/IbHOI
3[JaTHOCTi BelleThCA B IUSITU CIIEKTPalbHMX AiamasoHax. IIpu mbo-
MY Hal0inbIl YHIKaIbHUM € KaHaJl «KpaiiHill 4epBOHMII», IKMIT OII-
TUMAAbHO MiIXOJUTH /I CIOCTEPEXEHHA 3a 3MiHAMIU CTaHy POC-
JINHHOTO MTOKPMBY. 3al/IaHOBaHWI TePMiH lepeOyBaHHA CYIy THUKIB
Ha op6iTi cTaHOBUTD 7 poKiB. KoXXeH 3 CynyTHMKIB Ha3BaHUII Ipelb-
kuM im’sam — Tachys, Mati, Choma, Choros, Trochia (B nmepexnani,
Bignosigno — IlIBupkuii, Oxo, 3emis, Kocmoc, Opbira) (puc. 2.26).

CynyTHUKM piBHOMIPHO pO3IOfiNeHi Ha Op6iTi 3aBBUIIKM 6/IM3BKO
630 xM. O6mitaroun 3eM/mI0 B HAIPAMKY 3 IiBHOYI Ha IiBIeHb, BOHM
HepeTHHAIOTb eKBAaTOp 06 11 rof1Hi 3a MiCLIeBMM YacoM 3 IUCTAHIII€I0
6/1m3bK0 660 KM i iHTepBanoM 6113bKo 20 XBUINH. 3110MKa BUKOHYETb-
CA CeaHCaMM 3 MAaKCUMAJIbHOK HOBXMHOK cMyru 3000 kM. B mexxax
OJJHOTO CEaHCy CYNYTHUK MOYKe 3HATH JJi/IAHKY IIOBEPXHi 3eM/Ii Impu-
HOI0 77 KM i JOBXMHOIO 710 1500 kM (puc. 2.27).

Puc. 2.26. Burnap At KOCMidHUX
amaparti RapidEye nepep 3ammyckom [41]
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Puc. 2.27.
CeaHc 3110MKI
RapidEye [40]

Takum umnoM, cymytHuku RapidEye spatni sabesmeuyBaru mio-
JleHHe TIOKPUTTSA 3iioMKamu Tiouty B 4 myiH km?. [lapameTpu cucremu
cynytHukiB RapidEye onTumisoBani iy BupileHH: 3aBaHb 3abe3Iie-
4eHHsA JJaHMMU 6araTboX Traiyseli, aje, B IepUIy 4Yepry, Iie Cimbcbke
Ta 71iCOBE TOCTIOIAPCTBO; HAPTOra30BMIT KOMIITIEKC, eHepreTHKa, Tene-
KOMYHiKallii; TeMaTW4yHe i CIeljia/ibHe KapTorpadyBaHH:A; €KOJIOTifA
Ta OXOPOHA HABKOJIMIIHbOIO CEPEOBNUIIA; YIIPAB/IiHHA HaJ3BUYaiTHN-
mu cutyauismu [40] (puc. 2.28).

Puc. 2.28.
IIpmxmap
KOCMIYHOTO 3HIMKY : ' o
RapidEye, Oaxy, [ Sk . RapidEye
TaBai [42] e e
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Planet Labs

Planet Labs — 1me craprar, cTBOpeHMIiI KOMUIIHIMY IpalliBHUKAMN
NASA, sxi Ha caMOMYy II0YaTKy ITO3HAIOMIINCSA Ha OfiHil 3 KOH(pepeH-
Il 71T MOJIOAMX BYEHUX, SIKi I[IKaBIATHCS KocMocoM. OCHOBHA ifes
KOMIIaHil — pO3pOOUTH CepBicC, sIKMit 32 AOOHEHTCHKY IUIATy HO3BO-
Jisle IOAMBUTICA, SIK BUTIANAE IPAMO 3apa3 Oyfb-fAKa AiIAHKa 3eMIi.
Ha Bigminy Big kapT Google, nani 6ynyTb OHOBITIOBAaTHCA MIOAHA i O-
3BOJIATH IPAKTUYHO B NPAMOMY e(ipi CTeXUTH, AK i 1[0 3MiHIOETbCA
Ha IIiKaBili I K/Ti€HTa Oi/ITHIL I7IaHEeTI.

Planet 3aiiMa€Tbcsi IMPOEKTYBAHHAM 1 BUPOOHMIITBOM MiHiaTIOp-
HUX CYNYTHMKIB I JUCTaHLIHOTO 30HJYBAaHHA, fAKi HasMBaIOTh
Doves (romy6mu). Cysip’s romy6is-cynythuxis Flock («3rpas») 3abes-
nevye rio6anbHe MOKPUTTSA 3HIMKaMU PO3/iIbHOI 3HaTHOCTI 3-5 M, AKi
JaCcTKOBO 3HAXOJATBCA Y BikpuToMy pgocTymi. Planet Haromnomrye, 1o,
Ha BiMiHY Bifj 6araTbox KOMIaHil1, sAKi 3aiiMaroTbesa 133, cama mpoBo-
IUTD IIOCTIiITHY pOo3poOKY Ta BOCKOHAJ/IEHHS CYIIyTHUKIB (Hapasiy Bu-
pobHMITBI 14-Te OKOMiHHA rony6iB) [43].

Doves — 1ie HeBenMKi UWIIHAPUYHI amapaTu 3 KaMepomw i co-
HAYHUMU OaTapesMi, sIKi MOXXHA BUBOJUTY Ha opbOITY Bimpasy
necsatkamu. OfVH CYDYyTHMK He Oinbuinii 3a KOpoOKY sl B3yTTA
(10x10x30 cM) Ta Mae Bary 61mm3bko 5 kr, e — CubeSat. Hese-
nMMKi 7erki 06’eKTM mpocTille Ta fAelleBIle ZOCTABUTU Ha OpoOiTy.
Jfo Toro x y pasi HeBJa/OTo CTApTy BTpaTa HELOPOTMX amaparTiB
He KatacTpodivyHa. JKUTTEBNII UK OLHOTO CYIIyTHMUKA PO3paxoBa-
HO Ha 3 POKM, IiC/Is 3aKiHYeHHs pOOOTY BiH IOBEPTAETHCS B aTMO-
cdepy, e Ma€e MOBHICTIO 3TOPiTY, He 3a/INIIAI0YY ITicA cebe cMIiTTA
Ha opOiTi.

CynyTHUKM OONalITOBaHi CeHCOpaMM, L0 3HIMAIOTh Y YOTMPbOX
CIIeKTPa/IbHYX KaHa/IaX (CMHbOMY, 3€/IeHOMY, Y4€PBOHOMY Ta O/IVKHbBO-
My iHppadepBOHOMY) Ta 3a0e3Neuy0Th IPOCTOPOBY PO3JiNIbHY 34aT-
HiCTh Y 3-5 M, 3a/IeXKHO BiJj BUCOTH ITONBOTY. Bucora op6iT — 6/1uspko
400 Ta 475 KM.

CynyTHUKY 3HaXORAThCA Ha ABOX opbitax: MiKHapopHOI KocMid-
HOI CTaHIIil Ta COHAYHO-CMHXPOHHIN. Ha COHAYHO-CMHXPOHHII antapaT

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



IPOXOANUTD OfMH 00epT npu6mM3HO 3a 90 XBU/INH, 110 fae 16 0b6epTiB
HaBKOJIO 3eMJIi Ha JIeHb.

A 11e KoXeH «romy6» IpuKpalieHnit rpadikoro xygoxHuka Popec-
ta CrepHsa (puc. 2.29).
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Flocks

Merta Planet Labs — mjozieHHa 3itoMmka 3eMJIi, TOMY BOHU IVIaHYIOTbh
CTBOPUTH JIAHIIIOT 3 CYITy THMKIB, 1110 OJVIH 34 OHM 3HiMaIOTh IMOBEPX-
HIO IUTAaHeTH, HiOM CKaHep; BiAIOBIfHO, [/ JOCATHEHHS TaKOl MeTH,
ZiiicHO, HeoOXi/jHa Be/MKa KiZIbKiCTb amapartis Ha op6iti (puc. 2.30).

3a OCTaHHi pOKM KOMIIaHiA 3amycTuia 233 CyIy THUKY, BUKOPUCTO-
BYIOUM pi3Hi aMepPUKAHCBKi, iHJIVIChKi, ATIOHCBKI Ta POCINICbKi paKeTH.
CynyTHUKM KOMIIaHil 4acTO NMpAMYIOTb Ha OpOITy fK JIOBATKOBE Ha-
BaHTKEHHs [0 BEMMKMX OINbLI BaYK/IMBUX BaHTAXIB, 1[0 TPAHCIIOP-
TYBa/IUCS Ha pakeTax [43].

CrBoproBary «3rpao ntaxis» y Planet posmoyamm y 2014 poi, komm
oyno 3amymeno cysip’sa Flock-1. Jani y 2015-2017 pokax 3amyuieHO

SOHAOYBAHHS HABKOJIMIITHBOI'O CEPEJJOBUIIIA

Flock-2, a y moTomy 2017-ro KOMIIaHiA 3amycTuIa HaitbinbIe cysip’s

cynyTHuKiB B icropii — Flock-3 — BoHO ckmamaeTnes 3 88 CubeSat-is.

Puc. 2.29. Cynyrauk Dove, poto Planet Labs [43]

PO3IN 2. $I3MYHI OCHOBY ONUCTAHUIVHOI'O 30HIYBAHHA HABKOJIMIIHHOI'O CEPE[JOBUIIA



-

Po3zpin 2. $I3UYHI OCHOBU AUCTAHIINHOI'O

K
=
s
]
o
=
]
Ry
[
3]
o
=
o
0
i
=
=
=
o
]
-]
K
=]
xR
i
i
K
/m
>
S8
=]
o
0

Puc. 2.30. Dotorpadis cepii cynyraukis Planet Labs [43]

Jlo Toro 5K y )KOBTHi KOMIIaHiA 3aIyCTI/IA WICTh CymyTHUKIB SkySat
i3 cyOMeTpaIbHOIO pO3/IiIbHOIO 3HATHICTIO, JORAI0UM iX /1O CeMM arapa-
TiB, 1110 BXXe Oy/u Ha OpOiTi.

Jlna ympaBliHHA yciMa CynyTHMKaMyu B KOMIIAHII po3poO/IAoTH
BJIaCHe IporpaMHe 3abesmnedeHHs s aBroMaTtusanii. Ileit copr mo-
3BOJIA€ HEBE/MKII KiIbKOCTI JIIOfIeN 3aJIMaTICA IIJITaHYyBaHHAM 3/I0MOK,
OHOBJIIOBATYI IIPOTPaMI Ha allapaTax Ta 3aBaHTaKyBaTy jaHi [43].

3HIMKM, OTpUMaHi i3 CYyNyTHUKIB, JOCTYIIHi OHJIAMIH i MOXYTb BU-
KOPVCTOBYBATUCSA IS CTeXKEHHA 3a IIOTOJI010, 3aII00iraHHsA CTUXITHIM
JMXaM, IPOTHO3YBaHHA ypoxKaitHoCTi (puc. 2.31). Ilicna mornuHaHHA
BlackBridge B mumni 2015 poky cymyTHMKOBe yrpynoBaHH:A Planet Labs
cknmafaerbes 3 87 cynytHukiB Doves i 5 RapidEye. Y 2017 poui Planet
samycruna me 88 Doves. Y CyKymHOCTI BOHUM CK/IafIaloTh HaibinbIme
YIPYIOBaHHA CYNyTHMKIB, sIKi KOMM-HeOyb iCHyBanu Ha opOiTi.

BinpuiicTh TpaguUifiHMX CYNYTHUKOBMX 3HIMKIB IIOKa3yIOThb IIO-
BEPXHIO 3eMJIi 3 BEe/IMKOIO fleTai3alli€lo, ajie 3 OJHOr0 paKypcy — CTpo-
rO IepIeHANKY/IAPHO. Y I[bOMY BUIAAKY 00’€MHi 00’€KTI I'y0mATbCA
Ha T/ BCOTO iHIIOTrO, TOMy KoMaHpa Planet Bupimmia nepenamamry-
BaT! JesAKi CymyTHMKM, BKIIOYatoun 13 cymyTHukiB SkySats, mo 3Ha-
XOIATbCA Ha BUcoTi 450 kM Hap 3eMiero, i sHiMaTu B MaciuTabi 80 cm
Ha nikcenb. [Tic/ [bOTo CYIyTHUKY IIOYa/IM 3aXOIUTIOBATH 300paXKeH-
HA 3 IEBHOTO KyTa. PisHnia BusaBunaca cyrresoio (puc. 2.31, 6).
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2.6. KocmiuHe cMmiTTa

JI'omCcTBO BXXKe He B CUJII BiIMOBUTMCH BiJl KOCMIYHUX TEXHOJIOTIIL.
Tomy o4eBUHNM € 30i/IbIIEHHA CYNyTHUKIB Ta KOCMiYHOTO CMiTTSI.

Tepmin «kocmivne cmitTs» (aHI. Space debris) 6ykBanbHO O3Ha-
Ya€ 3aCMiveHicTb KOCMIYHOro IIpocTopy. Beenn iioro mie B 80-X pokax
XX cronitra. O¢iniiiHo Ha MibKHapopHOMY piBHI Ii1 mpo6ema Oyna
BM3HaHa IiC/IA HOIOBimi «BIIMB KOCMIYHOI JiA/IbHOCTI Ha HaBKOJINIII-
He cepepoBuine» (1993) lenepanbHoro cekperapss OOH.

3a odiuiitHMMy gaHNMH, Y KOCMOCi 3apas 3ibpanocs Bxe 7500 TOHH
kocmiyHoro cmitts (BBC News, 2018). A Bcboro 06epTa€eThCsi HABKO-
0 Hamol mwraneTy npu6mmsHo 70-150 tuc. 06’exTiB po3MipoM Bif
1 mo 10 cM, 9acTMHOK MeH1Ie 1 cM B giameTpi — Minblionn. Ha HM3bKmx
opbiTax, npu6m3Ho Ko 400 KM, CMITTS TaIbMy€eTbCs BepXHIMU ITapa-
MM aTMOocdepH i 3 4acoM Iafae Ha 3eMJ/II0, OffHAK Ha re0CTalliOHapHIX
opbiTax BOHO MOXe IepeOyBaTu He0OMeXeHY KilbKiCTb Jacy.

Curyaniis 3 KOCMiYHMM CMITTAM 3 KOXKHUM POKOM BC€ IIOTipUIYEThCA.
Y nepury yepry O6yab-sAKi 4aCTVHYU KOCMIYHOTO cMiTTA (ApiOHi 4 Bemuki)
BIUIVBAIOTDb Ha 00 €KTH, SAKi po3MillleHi Ha op6iTi. A TaKoX iCHYe moTeH-
1iiiHa He6e3Meka MaJ{iHHA YIaMKiB KOocMigHOro cMiTTs Ha 3emio. Cra-
HOM Ha 2018 pik B KOCMOCI J1iTa€ 11ie it ocobucTuit enekrpomobinp Tesla
Roadster Imona Macka, AK1it BiH 3aIIyCTUB y IIOTOMY.

a 6

Puc. 2.31. Ilpuxnan kocMiuHyx sHiMKiB Planet Labs:
a — TiBHiuHa yacTuHa Kpumy, HacudeHuit pisHoMaHiTHMIT KOTip 03ep
IIOB’sI3aHMII 3 XKUTTERISIBHICTIO MiKpoopraHismis [44]; 6 — TpuBuMipHe
KocMiuHe 306pakenHs Joxu, Katap [44]
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B ocHOBHOMY BCe CMITTA 30CcepeKeHe y IBOX AiLIHKax. [ lepira — Husb-
Ki op6itnt Ha Bucoti 850-1200 kM Bix noBepxHi 3emsti. Came TaM pyXa€eTbcst
Be/M4e3Ha KUIBKICTh METEOPOJIOTIYHIIX, BilICPKOBMX, HAyKOBUX CYIIYT-
HUKIiB. A [Ipyra AUIAHKa 3aCMideHHS JIKUTb B paliOHi TeocTallioHapHMX
op6it (Buie 30000 kM), Tam 3HaXOAUTHCS 61t 800 06’EKTIB Pi3HUX KpaiH.
Ko>XHOTO pOKY 111 KiIbKICTb 361/1b111yeThCs Ha 20—30 HOBMX CTAHIiIL.

bnuspko 85% KOCMIYHOro CMITTS — Ille BeIMKiI 4acCTMHU pakKeT
i 6nokiB, 3 momomoromw skux IIC3 BuBOAATBCS Ha OpOITY, a TAKOX
HeIpanoyi CymmyTHUKI. A 67113bKo 12% CK/TafaloTh eleMeHTV KOHCT-
PYKLlL, SKi BiI €HYIOTbCS B IIPOIIeCi 3aITyCKy Ta MiITOTOBKY KO po6o-
n HIC3.

|B.E HE
0.0

Puc. 2.32. Kocmiune cmiTTa (Ha 0CHOBI [45] 3 TONIOBHEHH M)
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Puc. 2.33. ImtocTpanis cuieHapito,
3a AkuM RemoveDEBRIS 3710B1B MeTaneBuit ymaMok
KOCMIYHOTO cMiTTH [47]

Ha panwnit yac BYeHi IPOBOAATH €KCIEPUMEHTH, 06 BU3HAYM-
TU TEXHOJIOTiI0 1A 360py KocMiuHoro cMmirra. B 2018 poui 6pu-
TaHCbKUil cynyTHUK RemoveDEBRIS ycnimHo BUKMHYB CiTKY [1d
jioro 360py. A 16 BepecHs 3a JOIIOMOTrOIO rapIyHa BiH BIepie 3/10-
BJB METAJIeBUII y/IaMOK, BUNIYIeHMil Jyis iMiTanii cmitta [46]. 3a-
pa3 MPOBOAATHCS MOJA/bINI BUIPOOYBaHHS JaHOI TeXHOJOTII, are
icHye pea/pHUII LIAHC [ JTIOACTBA M030aBUTHCA X04a O YaCTUHMU
00’eKTiB, sKi He QYHKLIOHYIOTb, a TI/IBKM 3aCMI4yIOTb KOCMi4HMI
IpOCTip.

Cnucoxk BUKOPUCTAHHUX J7KEpPeEJa

1. Muxann ®umunnos. Vicaak Hproron. Ero >xsHb 1 Hay4yHas fiesATesb-
HOCTb. — Litres, 2017.— 157 c.

2. oxymenTanis Semi-Automatic Classification Plugin [Emextponnuii
pecypc] — Pexxum goctymy no pecypcy: https://semiautomaticclassificationm
anual-uk-ua.readthedocs.io/uk_UA/latest/index.html.
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3. Ndin sateenkaari muodostuu [EnexrponHuit pecypc].— 2010.— Pe-
XMM jocTyny jgo pecypcy: https://tieku.fi/fysiikka/fysiikan-ilmiot/nain-
sateenkaari-muodostuu.

4. Hosropoposa I. IIpo  cBitno. OcuoBu 133 [EnektponHuit pecypcl/
I. Hosroponosa//50north. — 2015.— Pexum pmoctymy [0 pecypcy:
http://www.50northspatial.org/ua/concerning-the-light/.

-

Po3zpin 2. $I3UYHI OCHOBU AUCTAHIINHOI'O

5. Scattering of Light [EnexTponHmit pecypc] — Pexxumpoctymy nopecypcy:
http://ww2010.atmos.uiuc.edu/%28Gh%29/guides/mtr/opt/mch/sct.rxml.

6. Kax >xuBoTHbIe BupaT Mup [Enekrponuuit pecypc]. — 2017. — Pexum
[IOCTYTIY 10 pecypcy: www.youtube.com/watch?v=X7paKogNfEc.

7. Craig P. Burrows Photography [Enextponnuit pecypc].— 2017.— Pe-
XKVM JIOCTYIIY JIO Pecypcy: Www.cpburrows.com/.

8. Koxan C.C., Boctokos A.b. [lucTtanuiiiHe 30HAyBaHHA 3eMIIi : Teope-
TUYHI 0CHOBU : mifipy4. — K. : Buia mkona, 2009. — C. 16.

9. Cxema nojy4enus 1 06paborku gaHHbIx [133 [Enekrponuuit pecypec] —
Pexxum poctymny fo pecypcy: http://files.school-collection.edu.ru/dlrstore/b82
2b11£-492¢-4270-b01e-377de68b3f1d/files/9.htm.

10. Knacncikanis crnoco6iB orpumanHa 300pakeHb [EnexTpoHHMIt pe-
cypc] — Pexxum goctyny fo pecypcy: https://helpiks.org/6-22680.html.

11.Ipoun i CYOyTHMKM: MOHITOPMHI CTaHy IIOCiBiB BIIPOJOBX
cesony [Emexrponnmit pecypc].— 2017.— Pexum mocTymy f[o pecyp-
cy: https://smartfarming.ua/ua-blog/monitoring-sostoyaniya-posevov-v-
techenie-sezona.
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12. Mup rmasamu mruist. Jlydme ¢otorpadun ¢ gpoHos [EnexTpoH-
Huit pecypc]. — 2015. — Pexxum gocrymy o pecypcy: https://korrespondent.
net/lifestyle/travel/3591066-myr-hlazamy-ptytsy-luchshye-fotohrafyy-
s-dronov#14.

13. BuyeHi po3moOBiIN, CKibKM TOHH KOCMIYHOTO CMITTsI Ha op6iti 3emi
[EnextponHuii pecypc] — 2018. — Pexxum octymy o pecypcey: http://uagolos.
com/vcheni-rozpovili-skilki-tonn-kosmichnogo-smittia-na-orbiti-zemli/.

14. Crapran Earth-i nokasas MaliOyTHE CYIIyTHUKOBOTO CIIOCTEPEXKEHHS
[EnextponHuuit pecypc] — 2018. — Pexxum gocTyIy o pecypcy: https://tehnot.
com/ua/startap-earth-i-pokazal-budushhee-sputnikovogo-nablyudeniya/.

15. Aepoxocmiuni Merony [Enexkrponuuit pecypc] — Pexum poctymy
1o pecypcy: http://ecology.udau.edu.ua/assets/files/024.pdf.

16. Bouuk E.B. IIlo take IIC3 i sik ix ciocrepirators [EmekTponHMit pe-
cypc] / E.B. BoBuuk. — 2015. — Pexxum focryny go pecypcy: http://astro.Inu.
edu.ua/wp-content/uploads/2015/04/vstup-do-praktyky.pdf.
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17. Tepumit mry4nuit cynyTHuk 3emi [Enexrpornuit pecypc] — Pexnm
HOCTYIY 10 pecypcy: www.jnsm.com.ua/h/1004M/.

18. Observe the Moon [EnexTponumnit pecypc] — Pexxum goctymy mo pe-
cypcy: https://moon.nasa.gov/observe-the-moon/annual-event/overview/.

19. Lagoon Nebula (Visible-light View) [Enexrponnnii pecypc] — Pexum
mocrymy o pecypcy: http://hubblesite.org/image/4150/gallery.

20. For Educators [EnextponHuii pecypc] — Pexxum goctymy o pecypcey:
https://www.nasa.gov/audience/foreducators/stem_on_station/index.html.

21. Earth Satelite 2016 [Enextpomnmit pecypc] — Pexum pgoctymy
mo pecypcy:  https://svs.gstc.nasa.gov/hyperwall/index/download/a010000/
a011600/a011616/EarthSat_HD_2016.jpg.

22.Landsat [EnextponHmit pecypc] — Pexum pmocTymy mo pecypcy:
https://uk.wikipedia.org/wiki/Landsat.

23. Landsat Then and Now [Enmexrponunii pecypc] — Pexxum gocrtymy
o pecypcy: https://landsat.gsfc.nasa.gov/about/.

24. Bauman P.R. Remote Sensing History. Part II. GEO/SAT2. New York
State University. Department of Geography. Oneonte. — New York, 13820. —
2009.

25. A Blackwater River Meets the Sea [EnexTponumit pecypc] — Pexxum fo-
cTyny jio pecypey: https://landsat.visibleearth.nasa.gov/view.php?id=144147.

26. Landsat 9 Is Coming [Enexrpoxumit pecypc] — Pexxum foctymy fjo pe-
cypcy:  https://landsat.gsfc.nasa.gov/nasa-usgs-begin-work-on-landsat-9-to-
continue-land-imaging-legacy/.

27. Sentinel family [Enextponumit pecypc] — Pexxum goctymy [o pecyp-
cy: www.esa.int/spaceinimages/Images/2014/04/Sentinel_family.

28. Copernicus [EnexkrponHuit pecypc] — Pexum pgocryny po
pecypcy: www.esa.int/Our_Activities/Observing_the_Earth/Copernicus/
Overview4.

29. Tokyo Bay, Japan [Enexrponnuit pecypc]. — 2014. — Pexxum foctyny
o pecypcy: www.esa.int/spaceinimages/Images/2014/11/Tokyo_Bay_Japan.

30. South Sudan [Enextponnmii pecypc]. — 2018. — Pexxum pgocrymy
[0 pecypcy: www.esa.int/spaceinimages/Images/2018/10/South_Sudan.

31.Focus on Copernicus applications [EnexrponHmit pecypc] —
Pexxum moctymy po pecypcy: www.esa.int/Our_Activities/Observing_the_
Earth/Copernicus/Focus_on_Copernicus_applications.

32. Assessing the Accuracy of Automatically Extracted Shorelines
on Microtidal Beaches from Landsat 7, Landsat 8 and Sentinel-2
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Imagery [Enexrponnmit pecypc] / [J. Pardo-Pascual, E.Sanchez-Garcia,
J. Almonacid-Caballer Ta in.] // Remote Sensing. — 2018. — Pe>xxum goctymy
mo pecypcy: https://www.researchgate.net/publication/323346267_Assessing_
the_Accuracy_of_ Automatically_Extracted_Shorelines_on_Microtidal
Beaches_from_Landsat_7_Landsat_8 and_Sentinel-2_Imagery.

33. Teppa (cythuk) [Enexrpomnmit pecypc] // Marepuan us Buxu-
nefuy — cBOOOJHOIN SHLUK/IONEANY. — PeXUM IOCTyIy [0 pecypcy:
https://ru.wikipedia.org/wiki/Teppa_ (cnyTHUK).

34. Papjaninnuit 6amanc [EmexTponHmit pecypc] — Pexum poctymy
1o pecypcy: https://uk.wikipedia.org/wiki/Papianiitauii_6anaHc.

35. Terra Spacecraft [Enexrponnmit pecypc] // NASA — Pexum no-
cTymy gmo pecypcy: https://www.nasa.gov/mission_pages/terra/spacecraft/
index.html.

36. TennoBuit 6amanc 3emni [Enekrponnnit pecypc] — Pexxum goctymy
o pecypcy: https://uk.wikipedia.org/Terosuii_6ananc_3emii.

37. AepOKOCMIYHi IOCTIi/I)KeHHA I'e0/IOTiYHOTO cepeloBMIA: HAaYK.-METO.
noci6. / A.T. Muyax, B. €. ®ininosuy, B.JI. IIpuxoppko ta in. — K. : Minmpu-
porn Ykpaiunu, [lepxxreonciyx6a, 2010. — C. 30-31.

38. Terra Image Gallery [Enexkrponuuit pecypc] — Pexxum gocrymny 1o pe-
cypcy: https://www.nasa.gov/mission_pages/terra/images/index.html.

39. Hagup [EnexrponHmit pecypc] — Pexum pocTymy po pecypcey:
https://uk.wikipedia.org/Hanup.

40. Cnythuxu Rapideye [Enexkrponnuit pecypc] — Pexxum foctymy no pe-
cypcy: http://www.rapideye-satellite.ru/satellites.html.

41. RapidEye Earth Observation Constellation [Emexrponumit pecypc] —
Pexxum poctymy po pecypcey: https://earth.esa.int/web/eoportal/satellite-
missions/r/rapideye.

42. RapidEye Satellite Images [Enexrponnuit pecypc] — Pexxum goctymy
o pecypcy: https://www.satimagingcorp.com/gallery/rapideye/.

43. Planet Labs cTBOprotoTh CckaHep mns yciei maanetn [EmexTpoHHmit

pecypc] — Pexxum poctynmy mo pecypcey: http://www.50northspatial.org/ua/
planet-labs/.

44. Planet monitoring Daily cadence, global coverage [Enexrpon-
Huit pecypc] — Pexum pocrymy po pecypcy: https://www.planet.
com/products/monitoring/.
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45. KocMi4ecKuit Mycop MOXKeT CHe/laTh KOCMOC HEeJOCTYIIHBIM /IS YeJIo-
Beka : nHorpaduka [Enexrponnnii pecypc] — 2014. — Pexxum gocrymy po pe-
cypcy: https://habr.com/post/230199/.

46. Grush L. Satellite uses giant net to practice capturing space junk [Enek-
tpouHmit pecypc] / Loren Grush.— 2018.— Pexxum goctymny [0 pecypcy:
www.theverge.com/2018/9/19/17878218/space-junk-remove-debris-net-
harpoon-collision.

47. SpaceX will launch CRS-14 today with RemoveDEBRIS to clear space
junk [EnextponHmit pecypc] — Pexxum poctymy mo pecypcy: https://goo.
gl/wv8Ru9.

48.Jones B. Vision Of The Future [Enmextpomnmit pecypc] / Brad

Jones // Futurism. — 2018.— Pexxum goctymy fo pecypcy: https://futurism.
com/elon-musk-lidar-tech-autonomous-vehicles/.
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Po3pgin 3.

OCHOBU NEIINSPYBAHHSA
TA IHTEPIIPETAIII 3HIMKIB

3.1. CyThe Ta o3HaKM gemndpyBaHHA

TA IHTEPIIPETAILII 3HIMKIB

HemmdpyBanHsa MarepialiB AMCTaHLIIHOTO 30HAYBAaHHA 3eMyi —
Ile Ipolec, 3a JOIOMOIOK fAKOTO PO3KPMBAETbCA 3MICT 3HIMKiB. Ta-
KUM YVHOM, Iif OewudpyeéanHam po3yMilOTb IIPOIleC BUSBICHHS,
posmisHaBaHHA Ta iHTeprperanii pisHoi iHpopmarii 3a 306pakeHHAM
3eMHOI IoBepxHi. IIpy 11bOMy CIIOYaTKy BUABIIAIOTD, IIOTIM PO3IIi3Ha-
10Tb Teorpadiyni 06’ekTy, BU3HAYAIOTD IX SKICHI Ta KinbKicHi Xapax-
TEPUCTUKM Ta BifOOpa’KaloTh pe3yabTaTy ix BUBYEHHS Ha 3HIMKY UM
KapTi YMOBHMMU 3HaKaMu. PesynbraTu memmdpyBaHHSA 3a/1eXatThb Bifl
ONTUYHNUX i FTeOMETPUYHMX BIACTUBOCTEN 3HIMKiB, METOJiB, fIKi 3aCTO-
CyBa/li, Ta piBHA 3HaHb Ta JNOCBily KOPUCTYBa4a, AKUI BUKOHYE Jie-
mndpyBaHHA 3HIMKIB [1].

[Tpn pemmmdpysanHi 3HIMKIB aHamisyioth ¢ororpadivni obpa-
31 00’€KTa, 1[0 MAIOTb HU3KY po3nizHasanvHux (Oewudpysanvrux)
03HaK, TOOTO XapaKTePHUX OCOOIMBOCTEI, 3a AKUMM 00 €KTY Bifipis-
HAIOTbCA OfUH Bif opHoro. Lli o3Haku MOXyTb OyTy mpsammumu abo
HenpAMUMM (OIIOCepeKOBAaHVIMI).

[Ipami dewsugpysanvHi 03HaKy — 1ie BIACTUBOCTI caMMX 00 €KTIB i Ix
300pakeHb, fAKi [03BOAIOTH 0E3MOCEPENHbO BUSHAYUTI OCOOMMBOCTI
i XapakTepucTuKM 00’ €KTiB 3eMHOI ToBepxHi. Jlo TakMX 03HAK HajleXXaTb:
m Po3mip — OflHa 3 OCHOBHMX IIPAMMUX O3HAK, IO JJO3BOJIAE 32 JIOB-

KVMHOIO, IIVPUHOIO i BICOTOI0 BUAIIATY 00’€KT 3 PAAY OFHOPITHUX

i ciiBcTaBuTH 3 pO3MipoM iHIIMX 00’eKTiB. BiH 3amexxnTh Bif Mac-

Taby 3HiMKa.
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m Qopma — XapaKTepU3YeTbCsA 3arajibHNM OKpPECTeHHAM 00 €KTa-
Ha 3HIMKY. BUminAaooTh reoMeTpnyHy, mTiHilHY, KOMIIAKTHY i 06’€M-
HY popmu 06’exTiB. AHTpOIOreHHI 06’ €KTH (CIIOpYAN) HatyacTile
MalOTh NPAMOJIHIHY popMy, i 3a ITi€l0 03HAKOIO T€TKO BifIpisHUTH,
HaIlpUK/Iaf, T0/Ie 3 CiIbCbKOTOCIIOAAPChKUMI KYIBTYPaMy Bif 1Ty-
KiB 3 TpaB’siHOIO pocnuHHicTIo. [Tonme 6yae Maty IpsIMOKYTHY dop-
MY, a JIYKU 371e0iIbIIOT0 3HAXOAAThCA y OaKax 4y B3TOBX pycia
piukM Ta MaIOTh CKJIAHY POpMY.

m Ton — 03HaKa, AKa J03BOJIAE BUIIEHHSA 300pa>keHOro 00 €KTa Ha 3a-
ra/ibHOMY (OHi 3HiIMKa, 111 O3HaKa HaNOiIbII Ba>K/IMBa JIA YOPHO-
6iux 3HiMKiB. BoHa MiH/IMBa Ta HemoCTilHA, OCKiIbKY 300pakeHHs
OJTHOTO ¥1 TOTO K 00’€KTa MOYKe MaTy Pi3HUI TOH 3aJIe>KHO Bif OCBIT-
JIeHHS, BULYy aepO3HiMKa, IOPU POKY, IIOTOJHUX YMOB TOLLO.
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m Kozmip — BaxumBa feummdpyBarbHa O3HAaKa [yIA KOITbOPOBUX
i CIeKTpO30OHA/IBHUX aepO3HIMKiB. 300pa>keHHS 00’€KTIB Y KONIbO-
pi fae mmpini MOXIIMBOCTI i feumndpyBaHHA, aHDK YOpHO-6ie
300paxkeHHs. Tak, Ha KOJIbOPOBUX 3HIMKaX JIITHBOTO IEPiOfly MOX-
Ha po3Mi3HaTy Habarato Oinblie eleMeHTiB MiCIIeBOCTI Ta X fleTa-
JIeVl, HK B3MMKY, OCKIIBKM BIIITKY MicIieBicTh Ma€ OibIIy KOIbO-
pOBY ramy.

m Tini — BifirpaloTb BaX</IMBY po/b NpK pO3Mi3HaBaHHI 00’ €MHUX
00’€KTiB Ma/Ioro po3Mipy i KOHTpacTy (XMapo4ocu, KpOHU Jepes,
¢babpuani Tpy6m Ta iH.). BoHN MOXYTb Oy TV BTacCHUMM, TOOTO Ha ca-
MoMy 06’eKTi (CIliBIIafiaTyt 3 HUM 3a KOHTYPOM), 260 majaodi, To6To
TiHi, IO BifjKMAa0TbCA 00’€KTaMM Ha iHIIi 06’€KTM ab0 Ha 3eMHY
nosepxHio. Ha xocMmiuHuX 3HIMKax TiHi Bino6pa>1<a10Tbc;1 cnabko,
9iTKO BUJJHO Ti/IBKM TiHi Biff XMap i mpeaMeTiB, 110 0COOMMBO BUTi-
JIIOTBCS HaZ TOBepxHero. [ledaki 00’ekTy, HaIpUKIay omopu JiHiit
efleKTpoIepesiayi Ta 3B’ A3Ky, aHTeHHI IOI/IV, PaKeT! Ha CTapTOBUX
MO3UIiAX, CIIOCTEPEXXHI BUIIKYM Ta JPOTAHI 3aropoxi, Hal4yacTile
PpO3Ii3HAIOTHCA TiIbKU 32 TIHHIO.
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Barato 00’ekTiB MicIieBOCTi 6e3mocepeHbO He BiOOPaKaITbCs
Ha 3HIMKaX, a00 pi3Hi 00’€KTI MOXXYTb MaTy OfHAKOBI IIPsIMi O3HAKM Jie-
mm1dpyBaHHA i TOMy He MOXYTb OyTH BinmermmdpoBaHi 6esnocepenHbo.
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Y Takmx BUIIQIKaX BUKOPUCTOBYIOTbCS HENpsAMi O3Haky pmenmdpy-
BaHHs [1].

Henpsami o3naxu deuiudpysarts IPYHTYIOTbCS Ha Pi3HUX B3aeEMO-
3aJIOKHOCTAX MK 06’€KTaMu i eleMeHTaMy 3eMHOI moBepxHi. HacTto
HeIpsAMi O3HaKM BKa3yIOTb Ha HAABHICTb OKPEMMX BIaCTUBOCTEN
00’€KTiB, AKi Oynu He oTpMMaHi Ipy 3iOMIIi 3 OITIAAY Ha reorpadiu-
Hi, pororpacdiuHi Ta reomeTpuydHi ocobmmBocti. Hempsami o3nakuy, Axi
JIOTIOMAral0Th BCTAHOBUTY NPUPOAIHi 3aKOHOMIPHOCTI i B3a€EMO3B A3-
KU1, HA3MBAIOTh HENPAMMMI JAaHAMA(GTHUMI. [IpyTy IpyIly HepsAMUX
O3HaK CKJIAJIAI0Th HeNpsMi coljiaibHO-TeorpadiyHi 03Hakm, AKi rpyH-
TYIOTbCA Ha 3B A3Ky aHTPOIOI€HHVX i IPUPORZHMX SABUIL i 00’€KTiB.

TA IHTEPIIPETAILII 3HIMKIB

Tak, HanpuK/Iaz, 32 PUCYHKOM CTENOBOi JOPOTY MOXKHA 3pOONUTY BU-
CHOBKM IIPO IPYHTY MiCIIEBOCTi: Ha BOJIOTUX JIi/ITHKAX JJOPOra CUIbHO
posmmta, Mae 6arato o6’i3fliB; Ha milaHOMY I'PYHTI — MeXi Joporn
PO3MMUTi; Ha IIMHUCTOMY IPYHTI KOHTYpPU HOPOTM Pi3KO BUPaXKeHi,
HiOu BpisaHi [1].

Po3gin 3. OCHOBMU NEIIVNSPYBAHHA

IIpuxnadou oewudpysanus oxkpemux enemenmis

[Ipu posnisHaBaHHI MiCIIeBOCTI Ha KOCMIYHOMY 300pa’keHHi Haii-

vacTime po6nATh femndpyBaHHA HaCeTeHNX IYHKTIB, MIJIAXIB CIIOY-
YeHHs, BOJHIX 00’€KTiB, penbedy 3eMHOI TOBEPXHi, POCTMHHOCTI.

Haceneni nynxkmu 49iTKO BUIIIAIOTBCA cepefl IHIINX €IE€MEHTIB
MICIIeBOCTi 3a CTPYKTYpow (OTO300pa>keHHs, HASABHICTIO BEJIVIKOI
KiZIBKOCTi reoMeTpMYHO MpaBMIbHMX (iryp. 3a IIiIbHICTIO 3abymo-
Bl Ta PO3MipOM BIIi3HAIOTb TUII HAaCEJIEHOTO IYHKTY (MicCTO, cenuiie
MICBKOTO TUIy, CiTbCbKMIT HAaceJIeHMI IYHKT), XapakTep IUTAHYBaH-
HA (IpaBUIbHUI, HENIPAaBUIbHUI, KOMIIAKTHMIT Ta iH.). MicTa MaloTh
KOMIIAKTHY 3a0yfoBy, IpaBWIbHe IUIAHYBaHH#A, 0ararornoBepxoBi
OyAVMHKM, IIPOMMCIIOBI HiTPMEMCTBA, JO HUX IIAXOAATH KaIliTaib-
Hi aBToMOOinbHI mursxu (puc. 3.1). CinbcbKi HacemeHi MyHKTM 4acTo
PO3TAIOBYIOTh TOO/IN3Y PiYOK, CTPYMKIiB, 6aoK. [J/1s1 HuX XapakTepHa
HasIBHICTb XXUTIOBMX, TOCIIOAAPCHKIX OyHiBenb, MpucagnbHuX Ains-
HOK 3 cajjaMi Ta ropopiamy. BoHu, AK IpaBuiIo, OTOYeHi CiIbCbKOTO-
criofiapcbKuMu yriggsamu [1].
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Puc. 3.1. Ilpuknan femnpyBaHHA 3a0yL0BU
(1 — 6araroroBepxoBa MiCbKa 3a0y/0Ba;
2 — ORHO-ABOIIOBEPXOBA MPUMIchKa 3a6y10Ba;
3 — rapaxi, mpomM3oHy; 4 — He3aOymoBaHi 1yKn)

Tpancnopmna mepexa BUIIIAETbCA 3a POPMOIO Ta MiCIieM po3Ta-
IIYBaHHSI, @ TAKOX 3a CBIT/IMM TOHOM iX (poTo300paskeHHs. []yis 3ai3-
HUIIb XapaKTepHa IPAMOJIHIHICTD, IJIAaBHI 3aKPYI/IeH] IIepexXoan Bif,
OJHOTO Bifipi3ka 10 iHIIOro, CHIro3axucHi mocagkm OinsA HOPpir, Ha-
SIBHICTh HACUIIIB Ta BUIMOK, CTaHIIil1 i po3’i3fiB. ABTOMOOINBHI HIIIXNU
Ha 3HIMKax 300pa)XYIOTbCs CBIT/IMMM JIiHIsIMM Pi3HOI TOBIIMHMY Ta Pi3-
HOI 3BMBMCTOCTI B 3a7IeKHOCTI BiJj iX TUITy. ABTOLUIAX!M 3 ITOKPUTTAM
BUJIIIAIOTHCA MPAMOJTiHIHICTIO, IJITABHYMM 3a0KPYITIEHMMM II0OBOPOTa-
MU, HasIBHICTIO HACUIIIB Ta BUIMOK, TiCOCMYT, MOCTIB. [pyHTOBI O7IbOBI
JIOpOTH BiffOOPaXKAIOTHCST CBITAMMM, MOMIPHO 3BUBUCTUMU JTiHISMU
3 HaABHUMM 06’13mamu [1].

[l npupopHUX 06’€KTiB XapaKTepHi HellpaBuIbHA KOHpirypauis,
6araToMaHiTHICTb GOPM Ta KOBOPIB, SHAYHMII [{ialTa30H PO3MipiB.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



Enemenmu penvedy 3eMHOI IOBEPXHi HaOi/NbII YiTKO BUABJIAIOTH-
Cs TIpY CTePEOCKOIIIYHOMY pO3ITIAilaHHi aepodoTosHiMKiB. [Ipy nbomy
memnpyBanTbHIMY O3HaKaMu € 06’eMHa ¢popMa, IITaHOoBa KOHIrypa-
1151, TiHb, CTPYKTypa (POTO300paXKEHHS, @ TAKOXK CKJIAJ] POCTMHHOTO
HOKPUBY. 3a aepoOTO3HIMKaMM MO>KHA OKOHTYPUTH (OpPMIU Ta efle-
MEHTI Me30penbedy — Tepacu Ta MOVIMY PidoK, Oa/IKu, ApM, JTOLIVHY,
KOT/IOBVHM, CXV/II, OOpVBM Ta iHIIe.

Booni nosepxti y 6M>KHbOMY Ta CepeIHbOMY iH(padyepBOHUX Hia-
IIa30HAaX iIHTEHCUBHO IIOIVIMHAIOTH €HEPTil0, 3aBIAKN YOMY 3HUKYEThCSA
iXHsI BijOVBHA CIIPOMO>KHICTD i BOHM BUITISIIAI0Th HAa KOCMIYHUX 3HIM-
Kax AK TeMHi (parMeHTH Ta foOpe po3pi3HAITbCA NpK feldpyBaH-
Hi. Hampsim Teuii piuku Bu3HavaeThbcs 3a POPMOIO OCTPOBIB, HANPsI-
MOM JIO TMpJia Ta iHIMM o3HaKamu [1].

Bonommui Oinsinku BioOpaXkaloTbCst HA 3HIMKAX 3ara/ibHUM CipUM TO-
HOM, SIK/VI CWJTBHO 3MiHIOETHCSA BiIITTOBI/THO 1O HASIBHOCTI TPaB sIHOL, MOXO-
BOI 41 iHIIIOT POC/IMHHOCTI Ta CTYyIIeHs BOlorocTi 6osota. MoxoBi (BepxoBi
60710Ta) MAIOTh HENPABWIbHI KOHTYPM 3 POSIUIMBYACTVIMI KOHTYPaMIL
HwusnnHi (Tpap’sHi) 6010Ta posTalIoBaHi YacTille BCbOTO Y3[0BX PidoK
3 HU3bKMMU Oeperami Ta B 3HIDKEHMX MICIIIX cepef yicy. Uepes cuibHe
3BOJIOKEHHS BOHI MAIOTh TEMHO-Cipil TOH 300payKeHHS.

Pocnunnuti noxpus pemmdpyroTh 3a TOHOM i CTPYKTYporo ¢oTo-
300paxeHHs, POPMOI0 IMaJAOYNX TiHel, a TAKOXX XapaKTepoM IIpOC-
TOPOBOTO PO3MillleHHA POCTIMHHOCTI i 3B’A3KOM 3 penbedoM Ta rigpo-
rpadiunoro Mepexxero. JIicoBi HacaykeHHS BIII3HAIOTDb 32 CTPYKTYPOIO
i ToHOM 300pa’keHHs, IPUYPOUYEHOCTI iX A0 BU3HaueHOro Micus. Jlic
Ha 3HIMKax Ma€ BiTHOCHO TeMHUII TOH Ta 3ePHUCTY CTPYKTYpy 300pa-
JKEHHS, fIKa 3aJIeKUTh Bif Gopmu, posmipy Ta sICKpaBOCTi KPOH Jie-
peB, cknapy nicoBux nopif. ITopomoBuit ckmaj /micy MOXKHa BU3HA4M-
T 32 Pi3HMMM CIIEKTPa/IbHMMU BiITIHKaMM JINCTAHOI OBepXHi. [HOA1
CKJIaJl HacaJKeHb MO)KHA BUABUTHU 3aBJAKM IAJAI0OYMM TiHAM Ha y3-
JTiCCsX, SIKIO JOBXKMHA TiHi piBHa un 6inbure Bucotu fepes. OKpyria
KpoHa bepesy, 1yba, OCUKY, COCHM BiIpi3HAETHCA Bifi KOHYCOIIORI6HOI
KpoHu AnvHN. Ky/IbTypHi Haca/PKeHHA JIepeB Ta YarapHMKIB XapaKTe-
PU3YIOTbCA HA 3HIMKAX PEryAApHOI0 CTPYKTYPOK Ta IPUYPOYEHICTIO
JI0 HAaCe/IeHMX IYHKTIB (puc. 3.2).

Po3gin 3. OCHOBMU NEIIVNSPYBAHHA
TA IHTEPIIPETAILII 3HIMKIB

PO3[IJI 3. OCHOBYM [NEIIMSPYBAHHSA TA IHTEPIIPETAIII 3HIMKIB
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no.. Puc. 3.2. Tlpuxnap genmndpyBaHHA pOCTUHHOCTI

(1 — mic; 2 — pigkomicest Ta YarapHUKM;
3 — nyku; 4 — 3a607104eH] TiMSHKN)

Tpas’sni ma 4azapHuKosi yepyno6axHs Ha CYIMyTHUKOBUX 300pa-
JKEHHAX BUIIANAIOTh 0€3CTPYKTYPHUMN AiIAHKAMMU i3 CipOI0 TOHAJIb-
HicT0. OHAK y pA/i BUTIAJKiB Ha BEIMKOMACIITAOHUX 3HIMKaxX MOKHA
po3mi3HaTy AesAKki TpaB sAHI eKocucTeMn TYHApY, 6omit. Jlyku npuypo-
YeHi TOJIOBHUM YMHOM JIO IONVH PiYOK Ta CTPYMKIB, raJiiBUH Y JIiCi.
Cyxi 1yku Bifipi3HAIOTbCA OJHOMAHITHMM PiBHMM CBIiT/IO-CIpUM TO-
HOM. Borori nyku, AKi 3HaXOGATbCA Y 3HUDKEHUX MiCIAX, MalOTh TEM-
HIJA TOH i iHOJi XapaKTepHi BUTATHYTI KOHTYpu. JlyuHa pOCIMHHICTD
Yy Jlicax 4acTo mpuypodeHa Ho 0asokK Ta JIOUVH, i ToMy ¢popMa TaKux
JIyYHMX J/ITHOK Ma€ XapaKTepHy KoHpirypaiito.

3o6panenus pinis ma iHWUX CilbCbK02OCN00aPCOHKUX 3eMeNb Mae
Pi3KO BUpaXeHMII TeOMETPUYHUI BUJ KOHTYPiB, Pi3HOTOHHICTbH
Ta 4acTo cneumbitmm?[ CMYTACTO-IiHIIHMII PUCYHOK, AKMUIA Binoépa—
»Kae HaCTiIky 06poOKY I'PYHTIB UM IMocafiky pociuH [1].

m OCHOBM [JYICTAHIIHOI'O 30HIYBAHHSA 3EMIIL: ICTOPIS TA IPAKTUYHE 3ACTOCYBAHHA



Ilocnidoenicmv npouedypu
oewmupysanus (06pobxu) KocmiuHux 3HIMKi6:

1. BusHaueHHs iHQOPMATUBHUX CIIEKTPATbHUX KaHAIIB CyNyTHU-
KOBMIX 3HIMKIiB.

2. Kopexuis 306pakeHHs (CIeKTpaIbHA, TeOMETPUYHA, pajiioMeT-
pUYHa).

3. MackyBaHHA XMap i BTpaueHNX JJaHUX Ha 3HIMKaxX y BUSHAYeHUX
KaHajIaX, arMocepHa KOpeKIis.

4. BusHaueHHs JIOKaJIbHUX CIEKTPAIbHMUX 0COOIMBOCTEN OBEPXHi,
BidyasipHe femngpyBaHHs.

5. HaniBaBTOMaTM4He 41 aBTOMATHYHE eI pyBaHHS.

6. YTOUHEeHHS pe3y/NbTaTiB lelppyBaHHA 3 ypaXyBaHHAM JIOKa/Ib-
HVIX 0COONMBOCTEI, @ TAKOXK 3aCTOCYBAaHHA KOMIUIEKCHVIX IIPaBUII fie-
mnppyBaHHA.

7. Ouinka TOYHOCTi e pyBaHHs.

8. OTpuMaHHs pe3ynbTaTiB JOCTiI)KeHHA.

TA IHTEPIIPETAILII 3HIMKIB

3a3HaueHi Buile etany 06po6ku ganux 133 MoxxyTh Oy TH po3pineHi

Ha JIBi OCHOBHI IpyTIu:

o nonepeoHst 06pobka KOCMiUHUX 3HIMKI6 — Ile KOMIUIEKC OIlepariiii
3i 3HIMKaMH, CIPAMOBAHNII Ha yCYHEHHs Pi3HUX CIIOTBOPEHb 300pa-
keHHs. CIIOTBOpPEHHS MOXYTb OyTV 0OYMOBJIEHI: HeJOCKOHATICTIO
peecTpylodoi amaparypy; BIUIMBOM aTMOcCdepy; IepelIKOfaMIL,
OB sI3aHMMI 3 TIepefjadyeio 300pakeHb 110 KaHajaX 3B sA3KY; reoMe-
TPUYHVMM CIIOTBOPEHHAMIU, IOB’SI3aHUMM 3 METOJAOM KOCMiyHOI
3JIOMKM; YMOBAaMM OCBiT/IEHHA MiICTU/IPHOI IIOBEPXHIi; Ipoleca-
Mu GoTOXiMi4HOI 06pOOKM Ta aHAIOro-1MGPOBOro MePEeTBOPEHHS
306paxkeHp (mpyu po6oTi 3 Marepianmamy QororpadiyHoi 3110MKM)
Ta iHmmmu ¢akropamu. Ilonepenusa o6pobxa manux /133 BKIIOYaE
B cebe reoOMeTpUYHY, PafioMeTPIYHY, aTMOCpepHY KOpeKIiito 300pa-
JKEeHHS, TeorpadiyHy Ipus A3Ky 3HiMKa [1];

o memamuuHa 00poOKA KOCMIYHUX 3HIMKiI6 — Il pO3Ii3HaBaHHS
06’eKTiB i ABUII Ha KOCMiYHMX 3HIMKax Ha OCHOBI JleI_LII/I(l)pYBa}II)—
HUX O3HAK.

Po3gin 3. OCHOBMU NEIIVNSPYBAHHA

PO3[IJI 3. OCHOBYM [NEIIMSPYBAHHSA TA IHTEPIIPETAIII 3HIMKIB
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3.2. llonepepHa o6pob6bKa
KOCMIiYHMX 3HIMKIB

XapakTepusywun Iepury rpymny MeTofiB 00poOKy 3HIMKiB, MO>KHA
BiI3HAUMTH, 110 BOHU € ITePEeBaXHO IMPOOIEMHO OpieHTOBaHMMMU. TakK,
METOJ, ITOKPaIlleHHs], 10 € KOPUCHUM [JIsI OJHOTO 3HiMKa, He 060B’s13-
KOBO BUABUTBHCSA eeKTUBHMM Jyis iHmoro [2]. Takum unHOM, 3aranb-
HOTO MiIXOAy O MOJNIIeHHA 300pakeHHs He icnye. [Tin6ip meroxis
3aJIOKUTH B MEPIIY YePry Bifj XapakTepy JaHMX, MeTu 0OpoOKy, 3HaH-
HA IpeJCTaB/IeHol Ha 300pakeHHi TepuTopii Ta MiAroTOBIeHOCTI (110-
HepefHbOTO JOCBiY B IPOBENeHHI POOIT 3 MOMIIIIEHHA 300pakeHb).
IIpoTe B 0cHOBI Ipoliecy MOKpalleHH:A MaTepianis [133 Mo>xHa BUOKpe-
MUTH TP OCHOBHMX HAIIPSIMKY KOPEKIil 300pakeHb, 110 BKIIIOYAIOTh
reOMeTpUYHi, pafioMeTpIyHi Ta AcKpaBicHi nepeTBopeHHA (puc. 3.3).

[
Hepsanna odpodra — [
KOPEryBaHHA i NOKPAIIaHHA CYTIYTHHKOBHX 300pakeHs :

____________________ TR T S

( N g v

| Teomerpuune 1: Pagiomerpnune : Amvochepna | | KoHTpacTyBaHES, :

: KOperysanus : 1 KOperyBaHHsA :1 Kopexuia : : dinpTpania :
1 LY

\ A i T s e i Sl i - N - - -

Puc. 3.3. Cxema MeTOfIB ToIepeHbOI 06pOOKM KOCMIUHIX 306paXKeHb

TeoMeTpHyHe KOperyBaHHSA — Ii¢ YCYHEHHs Ha 300paKeHHi reoMe-
TPUYHUX BUKPUBIEHDb (opropekTndikanisa) i reompus’sasky. Lleit Bug
KOpeKIJii Ha IepIIOMY eTalli MO)Ke BUKOHYBATICh aBTOMaTUYHO 34 iH-
¢dbopmariero mpo nmapamerpu opbiTM cymyTHMKa. Binbin TouyHe TpaHc-
(dbopMyBaHHA I IPUB’A3Ka 3HIMKa [0 MEBHOI KOOPAMHATHOI CUCTEMM
3a3BMYail BMKOHYETbCA 3 BUKOPUCTAaHHAM IHTEPAKTUBHO 3aJJaHUX
OIIOPHUX TOYOK. Y mporeci TpaHcHOpMyBaHHA BifiOyBaeTbcs Iepe-
paxyBaHHs 3Ha4YeHb ITIKCETiB Ha HOBY CiTKY pacTpa, Ipu IboMy ¢op-
MU 00’€KTiB Ha 300pakeHHi B Oi/bIIIilt a00 MeHIIiN Mipi 3MiHIOIOThCS,
a paMKa 3HiMKa 3i 3BMYaliHOI IIPAMOKYTHOI IIEPETBOPIOETHCA B Iapa-
nenertiney ab6o B 6inbII ckaagHy Girypy 3 KpMBOMIHIMHMMY MeKaMIu.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



IIpn reomerpuuHit Kopekuii ¢ororpadivanx 306pa)keHb BUCOKOI
PO3pi3HEHOCTi YCYBaIOTbCA NEPEKPYYEHHH, AKI BUHUKAIOTD 3a paxy-
HOK penbedy MiceBocTi [3].

PapiomeTpuyHe KoperyBaHHA a60 KaniOpyBaHHA 3HIMKIiB — IIe Ka-
NiOpyBaHHA 3HAUYeHb BUXITHOTO CUTHA/Ty 3HIMAJIbHOTO NPUIALY i iX Ime-
peBefieHHs B aOCOMIOTHI 3Ha4YeHHsI anbOefo i pajialiitHol TeMIlepaTypu.
3HIMKM, 10 NEPBICHO OTPUMYIOTHCA i3 CYIIyTHMKIB, 3allMiCaHi Y BUIJLALL
TaK 3BaHNX «CUPKX 3Ha4eHb» sickpaBocTi DN (Digital Number). [Tani B Ta-
KoMy (hopMarti He MOXKHA aJIeKBAaTHO ITOPIiBHATY 3 JAHMMM iHIINX 3/IOMOK.

3ajjava pajiioMeTpUYHOrO KaiOpyBaHHS IOJIATAE Y NPUBEEHHI 1IUX
3HadeHb y ¢isnuHi opyHmi. KanibpyBaHHA 31iICHIOETbCA 3 BUKOPUCTAH-
HAM JaHUX TeeMEeTPil, 110 HaIXOAATh 3 CYIYTHUKA Pas3oM i3 300pakeH-
HAM, 1 KamiOpyBabHUX Koe(illieHTiB, AKi pO3paXOBYIOTbCA LA KOXKHOTO
3HIMaJIbHOTO IPWIAAy 3a pe3y/IbTaTaMyl Ha3eMHUX i IbOTHMX BUIIPOOY-
BaHb. Ka/mibpyBaHHA NOJArae B nepeTBOpeHHi 6e3p0o3MipHIX JaHMX, IO
OTPUMYIOTBCA 3 JATYMKIB OKPEMMX CIIEKTPa/JIbHUX 30H, B iCTMHHI HOP-
Masti3oBaHi 3Ha4YeHHsI BiOUToi a00 BUIPOMiHIOBaHOI eHepril [3].

Qinbrpanis — lie IepeTBOPEHH, sIKe J03BOJIsIE MiJCYINTH BiiTBO-
peHHs TUX ab0 iHIMX 06’€KTiB, 3MEHIINTY HeOakaHe Bya/lTIOBaHHI,
YCYHYTH iHIII BUIIQJKOBI IIepemKoay (Irym).

Opuu 3 HailmpocTimmx crnocobiB dinprparii — mepeTBOpPeHHs
B KOB3HOMY BikHi. IIpy TakoMy mepeTBOpeHHi IlepepaxOBYIOTbCs 3Ha-
YeHH:I ICKPaBOCTi BCixX miKcertiB 3006pakeHHs1. [lepepaxyHOK 371iliCHIOETD-
CA JUIA KOXKHOTO INKCE/A TaK: KONMU JIAaHWUI IKCeIb CTa€ LeHTPaTbHUM
Y BiKHI, 1[0 «PyXa€TbCs» 110 3HIMKY, /IOMY JA€TbCA HOBE 3HAYEHHSH, AKE
€ QYHKIIi€l0 Biji 3HaYeHb MiKCeITiB, 1110 J10r0 OTOYYIOTH [3].

Po3gin 3. OCHOBMU NEIIVNSPYBAHHA
TA IHTEPIIPETAILII 3HIMKIB

3.3. TemaTniHa o6pobKa
CYNYTHUKOBMX 3HIMKiB

Ipyra rpyma mertoniB o6po6ku marepianis JI33 06’egHye mporie-
Aypu oTpuMaHHs iHpopMarii 3 06pobnennx matepianis. Lleit mpouec
3[iJICHIOETBCS LUIAXOM JIOTiYHMX i apudMeTMYHUX ollepaliil, Kia-
cucikaniit Ta iHIINX METOAMYHMX IIPUITOMIB, Y TOMY 4YMCIIi Bi3yalbHO-
ro femnpyBaHHA 300pa>keHHA.

PO3[IJI 3. OCHOBYM [NEIIMSPYBAHHSA TA IHTEPIIPETAIII 3HIMKIB
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J10 OCHOBHUX MeTO/IiB TeMaTIYHOI 0OPOOKY HaIeXaTh:
+ KOMOiHyBaHHS KaHaIiB;
o iHJIeKCHI 306paXkeHHS;
e AHAJIi3 TOJIOBHMX KOMIIOHEHT;
¢ METOJ| CIIeKTPa/JIbHOTO IOJi/Y;
o xmacuikarili.

Merton KoMOiHyBaHHA KaHaXiB CYNyTHMKOBMX 3HIMKiB IonArae
y BU3HAYEHHI CIEKTpaNbHUX [ialla30HiB, BaXX/INBUX 1A Bi,uo6pa>1<eH—
HS TUX 9M iHIIMX 00’ €KTIB Ta CMHTe3Y BiIIOBiHUX CIIEKTPaIbHMX Ka-
HaJIiB CYITyTHUKOBYX 3HIMKIiB y KOIbOpOBe 300pakeHHs. Tak, CMHTe3
KaHAJIiB BUIMMOI YacTMHM CIeKTpa (popMmye 300pa>keHHs, Onu3bke
1o 3BmM4aitHol gororpadii abo Toro, 1[0 MOXKHA HOOAYUTN TTFOACHKUM
okoM. O6’extn fenmmppyBaHHA OyAyTb MAaTV 3BUYHUI Ta 3pO3yMiINii
KOmip i, BifIIOBiJHO, BUIJIAM, IO MOXK€ CYTTEBO IOJIETIINUTH IPOLEC
imenTudikanii 06’exTiB Ha 3HiMKax. Taka KOoMOiHallisg KaHa/MiB Ha3U-
BAETHCS NPupooHi konvopu. OpHAK 3HAYHA YacTHHA iHpopMamii Oyzne
3a/IMIIATUCS TIPMXOBAHOIO 32 TaKOI KOMOiHAIil kKaHasIiB, TOMY I/ BU-
SIBJICHHSI TaKUX 00’€KTIB 4y iX BIaCTMBOCTEN BapTO BUKOPUCTOBYBATHU
KoMOiHallifo KaHa/B i3 3aCTOCYBaHHAM ONVDKHIX, CepefHiX uu Jjanb-
HiX iH}pauepBOHMX Aiama3oHiB. Sk mpaBwWiIO, IIi KaHAIM MOETHYIOTH
3 O[JHMM 4 JIeKi/IbKOMa KaHa/laMI BUJVIMOTO Jlialla3oHy. Y pe3ynbTari
¢dbopmyerbca ncesdokonvoposuii 3Himox. Hanpukian, 3gopoBa pocinH-
HICTb, Y SIKill iHTEHCUBHO IIPOTiKae Mpolec GOTOCHHTE3Y, MAE BUCOKE
3Ha4YeHH: BifIONTTA y 3e/IeHOMY CIIeKTPaTbHOMY Jianla3oHi, Ha BiffMiHy
Bifl MpUTrHiYeHOI Y XBOPOI POCIMHHOCTI, 1[0 Ma€ MiHiMa/IbHi 3HaY€H-
HA BifOUTTA y 3e/eHiil Ta iHpadepBoHiil yacTuHi cnekrpa. Tomy s
TOTO, 1100 PO3Pi3HUTU 3[JOPOBY Ta XBOPY POCIMHHICTD, BAPTO BUKO-
pucTaTy KOMOiHallifo KaHa/lIiB — cepenHil iHdpadepBoHMIt, OMIVDKHIN
inbpayepBOHMII i 3€/IeHNIT CIIEKTPAJIbHI [iara3oHn.

Mertop cTBOpeHHs iHeKCHUX 300pakeHb — OIVMH i3 HailIIpo-
CTIMINX Ta HAWMOMMPEHIINX MeTOAiB AemnppyBaHHA CYIyTHUKO-
BUX 3HIMKIB, II0 TaKO)X 0a3yeTbCs Ha CHEKTPAIbHUX OCOOMMBOCTSAX
00’eKTiB HOCTIHKeHHSI Ta (DAKTUIHO € MATEMATUYHOK OIEepAIiEr0
3 KiZTbKOMa CIIeKTpanbHMMM KaHagaMu. OIHaK, Ha BiIMiHY BiJi MeTOZy

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



KOMOiHYBaHHsA KaHAJIB, y pe3ynbTaTi ¢popMyeTbcs iHIEKCHe 300pa-
YKEHHS, MiKCelb AKOro MO)ke HaOyBaTV 3HAYEHHS Y IIeBHOMY BM3Ha-
4eHOMY Jianas3oHi sHaueHb. lle 03BOJIsE MOPIBHIOBATH MK 0000
OTpMMaHi y pe3ynbTaTi iHfjeKCcHI 300pa>keHHs Ha pisHi Tepuropii um
3po6reHi y pi3Hi yacosi nepiogy. OfHNM 3 HaOMMPEHIINX iHAeKCiB
€ Hopmanizosanuti sezemauiiinuti inoexc NDVI, a Takox Hopmanizoea-
Huti 600Hutl indexc NDWI. Ilpukmagm 3acTOCyBaHHS LIX iHIEKCIB PO3-
I7IAAI0ThCA y posfinax 4.1 Ta 4.2.

ITpn 3acTocyBaHHI MeTORY Bi3yanbHOro gemmppyBaHHS Iepef-
6avaeTbcs, WO emppyBaHHA BUKOHYE €KCIepT, JoOpe o6i3HaHMII
3 0COOIMBOCTSIMY TEPUTOPII i BIACTUBOCTAMU 00 €KTIB, BioOpaXkeHUX
Ha 3HIMKY. Ileif MeToz € TPYJOMICTKMM i JOCUTD BUTPATHUM 32 9acOM,
TOMY aKTya/IbH/M € BUKOPUCTAHHA CIIOCO0iB aBTOMAaTUYHOTO AeInd-
pyBaHH: (aBTOMaTM4HOI Knacudikarii).

TA IHTEPIIPETAILII 3HIMKIB

JetanpHime 3ynuHuMMoch Ha Knacupikanii — sk croco6i gemmg-
pPYBaHHs KOCMIYHMX 3HIMKiB, TOOTO pO3Ii3HaHHS Ta BUOKPEM/IEHHS
Ha KOCMIYHMX 3HIMKax Oymb-sakux o6’extiB [3]. Knacudikauis name-
JKUTD 0 aBTOMATM30BaHMX CIIOCO0iB HemndpyBanHs. Y pasi ix 3acTo-
CYBaHHsA KOPUCTYBady He NOTPiOHO BPyuHY 06BOAUTI MeXi 00 €KTiB,
3a HBOTO Ije POOKTDH KOMIT IOT€PHA ITporpama.

AsmomamuuHoro Knacugixayiero Ha3uBaIOTh IPOLeC PO3OUTTS MiK-
CeJliB HellepepBHOTO pacTPOBOro 300paKeHHs Ha KaTeropii Ha OCHOBI
IX CIIEKTPA/IbHUX 3HA4YE€Hb, B PE3y/IbTATi YOr0 KOXKHOMY ITiKCEI0 IIPu-
CBOIOETHCSI HOBE 3HAYEHHA. 3a CTYIEHeM y4yacTi KOpUCTyBada B Ipo-
Ieci aBTOMAaTM30BaHOIO JelmnpyBaHHA aaropuTMm Kaacuikarii
HOAINAITh Ha JiBi rpymu: knacudikanis 6e3 HaBYaHHS (aBTOHOMHA
Kracudikamis, HekepoBaHa Kmacudikaliisf, KracTepmsalis) Ta Kia-
cucikariia 3 HaB4aHHAM (kepoBaHa Kinacudikanis) [3] (puc. 3.4).

Skuio nepen movarkoM Kiacudikariii HeBiIOMO, CKiIbKM Ta sIKi 00’€K-
T € Ha 3HIMKY, 3aCTOCOBYIOTb K/dcuikauyito 6e3 HasuanHs (HeKepoBaHy
knacudikanio). Ileit npolec 03HaYa€ aBTOMATUYHMUI PO3IIOAT MIiKCeiB
300paKeHH: Ha IiJICTaBi aHAJIi3y CTATMCTIYHOTO PO3IOATY iX sicKpa-
BocTi. Heponmikom niel xmacudikanii € Te, 1m0 moTpibHO BUKOHYBATH
meunpyBaHHA OTPUMAHMX KJIaciB, 1100 BUSHAUUTH, SAKUM 00 €KTaM

Po3gin 3. OCHOBMU NEIIVNSPYBAHHA

PO3[IJI 3. OCHOBYM [NEIIMSPYBAHHSA TA IHTEPIIPETAIII 3HIMKIB
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300pa>keHH: BOHMU BifnoBifaoTh. HekepoBaHy k1acnikaliiro 4acTo Bu-
KOPVICTOBYIOTb fAK IIOTIepeHiil eTarn Kr1acudikaliil 3 HABYaHHAM.

Hari6inpi nommpennmm Metogamu Kracuikanii 6e3s HaB4aHHA € Taki:

1. ISODATA (Iterative Self-Organizing Data Analysis Technique) —
irepaniiiHa METOAVKA aHAJIi3y LAHUX, IO CAMOOPraHi3yeTbcs, KA 3a-
CHOBaHa Ha KJIaCTepHOMY aHasi3i. OCHOBHMII ITapaMeTp, 1110 3aa€ThCA
nepeq MpOBefeHHAM 004NCIeHb, — Ki/IbKICTh K1acTepiB, sKi HeoOXif-
HO OTPMMATH.

2. K-cepennix BigpisHaerbca Bif metopy ISODATA tuMm, mo mno-
TpeOye IMOYATKOBOTO 3a/JaHH: II€BHOI Ki/TbKOCTI CepelHiX 3Ha4YeHb JIs
(dbopMyBaHHS BUXIHMX KJIaciB, OT)XKe, Iiell MeTOJ, BUKOPMCTOBYIOTb,
KO/ 06’€KTU Ha 3HIMKY B0Ope po3pi3HATbCA [3].

Knacugixauiro 3 nasuanusim (kepoBaHy Knacudikaiiiro) 3acTOCOBY-
I0Tb, KO/IM Hallepe] BijoMa KilbKicThb K1aciB 00’ €KTIiB Ta IX TMIIONOTiuHi
ocobmuBocTi. Y mpotieci miei kmacudikaiii po3mozisn mkceriB Ha Kacu
3[iJICHIOIOTb HA OCHOBI NOPiBHAHHA 3HaYeHb XapaKTePUCTUK KOXKHOTO
mikcena 3 eTamoHaMy (HaBYaJIbHUMM BUOipkaMn), AKi GopMyIOTh Iyt
KOXXHOTO KJIaCy LIIIXOM BiffOOpY MiKCeNliB 3 MEeBHMUM JIialla30HOM Xa-
PaKTepUCTHUK BiATIOBITHO [10 peaIbHMX 00 €KTIiB MiCI[eBOCTI Ha 3HIMKY.

ABTOMaTHYHA
Kmacuikaris
Keposana HexepoBana
Knacuikaris 3 HABYAHHAM xnacudikaris 6e3 HaBYAHHS
MaxkcumanpHa ISODATA
[paBONOAi6HICTD (irepaniitHa

CaMOOpI‘aHiSOBaHa

MiniMmanbHa BifcTaHb %
. . MEeTOJVIKa aHaTi3y AaHMX)
Bigcranp Maxanmanobica
K-means
MeTop ClIeKTpasbHOTO KyTa . .

KnacrepHuit aHami3

Merop naparnesneninesis

binapne komyBanHa

Puc. 3.4. OcHoBHI MeTOfM aBTOMAaTUYHOI K1acuikaii

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



Krnacudikaris 3 HaBYaHHAM BUKOHYETLCS B [IeKiNbKa eTalliB:
e BU3HAYEHHA KiJIbKOCTI KJIaCiB Ta IXHbOTO 3MiCTY;

o CTBOPEHH: HaBYaJIbHUX BUOIPOK (KOPUCTYBAIIbKVIX €Ta/IOHIB);
o IepeBipKa IKOCTi HaBYa/IbHUX BUOIPOK;

o BuOip anropurmy (croco6y) knacudikanii 3 HABYaHHAM;
 BMKOHAHHA KIacudikarii;

o micsiknacugikaniitia 06pobka KapTyu kaacudikarii;

o OIiHKAa TOYHOCTI pe3y/nbTatiB Knacudikaryi.

Merop MaKkcMMaaIbHOI MPaBAONOKIOHOCTI — pO3paxoBye IMOBip-
HICTb, 3 IKOIO JAHUII MiKCeTb HAJEeXUTh 10 AKOTOCh Kaacy. KinbKicTb
i mapaMeTpy K/IaciB 3a/Jal0TbCA KOPUCTYBAa4yeM IJIAXOM YKa3iBKM Ha-
BYa/TbHMX BOipok. KodkeH mikcenb BifHOCUTbBCA 10 TOTO KITacy, JO AKO-
ro BiH MOXKe HaJIeXXaTy 3 HaitbimbuIow iMoBipHicTio. [Ipu pospaxyHKy
iMOBIpHOCTI BPaXOBY€ETbCA ACKPaBiCTh IiKCeNA i ACKPaBOCTI MiKceliB,
IIJ0 JIOTO OTOYYIOTH [3].

TA IHTEPIIPETAILII 3HIMKIB

Merop MiHiManbHOI BiJCTaHi — BMKOPUCTOBYIOTb, KON CIIEKT-
paJIbHi O3HAKM Pi3HUX K/IAciB CXO0Xi i Aialta30HM 3HaYEHb iX ACKPABOCTI
NePEKPUBAIOTHCA.

Po3gin 3. OCHOBMU NEIIVNSPYBAHHA

Merop, pucrannii Maxamanobica — weit croci6 kmacudikarii
CXOXUII Ha croci6 MiHiMaabpHOI BificTaHi, ane Bipi3HAETHCS TUM, 1O
B mporeci kmacudikarii BUMIPIOETbCS He eBKIIifioBa (K y croco6i
MiHiMaabHOI BifcTaHi), a Bimcranb Maxamanobica. Ie osHauvae, 110 11ei1
CIIoci6 ypaxoBye poO3IOfiT (AMCIepCilo) 3HaYeHb SCKPABOCTI MiKcesiB
B €TAaJIOHHMX JiNAHKaX. ToMy AKIO eBK/IijoBa BiflCTaHb Bifi BEKTOpPa
SAICKPaBOCTi JAHOTO MiKceNA [0 OBOX €TAJIOHHUX BEKTOPIB OJHAKOBA,
TO 1€l miKcenb Oy/ie BilHeCeHMI 1O TOTO K/Iacy, AUCIIePCis eTalOHHO]
BUOIPKY SIKOTO OifblIIe.

Merop clieKTpaIbHOTO KyTa — JIa€ FapHi pe3y/IbTaTy, KOy oTpio-
HO IpoBecTy Kaacudikaiio st 06’€KTiB, AKi MAIOTh CXOXi 3HaUEHHS
ACKPAaBOCTI Y BCiX CIIEKTpa/IbHMX fliantazoHax. Kpim Toro, ockinbku mei
crioci6 He BpaXxOBYe 3HAUEHH:A ACKPABOCTI MIKCETiB, TO Ha pe3y/IbTaTh
He BIUIMBAIOTD i epeKTN 3acBiuyBaHHA 3HIMKIB.

Merop mapaneneninegiB 3acTOCOBYIOTb, KO O0NACTi 3HAYEHHS
ACKPaBOCTi 00’ €KTIiB He IIePeTHHAIOThCA.

PO3[IJI 3. OCHOBYM [NEIIMSPYBAHHSA TA IHTEPIIPETAIII 3HIMKIB



binapne KomyBaHHA — BUKOPUCTOBYIOTb, AKIIO Ha 3HIMKY BCi IIiK-
ceti MOTPIOHO PO3AUINTY Ha [BA K/IAcK, HAIIPUKIIAJ, «BOa — Cyla». [1pn
6iHapHOMY KOZyBaHHI BCiM IiKCe/LAM IIPUBIIACHIOETHCS OfHE 3 IBOX 3Ha-
YeHb Ha OCHOBI IIOPIBHAHHSA 31 3HAYeHHAMY eTa/IOHHMX Br6ipok. ITix yac
Kmacudikarlii 3Ha4eHHs KOYKHOTO ITiKCeIsI IIOPiBHIOETHC i3 cepeHiM eTa-
JIOHHOI BUOipKu. B pesynbrati yTBopoeTbcs 6iHapHe 300paskeHHA [3].

B ocHoOBI Bcix MeTofiB memndpyBaHHA 3HIMKIB /IeXKaTh HACTYIIHI
NIPVHIIVIIN:

1) aHaJIi3 pO3MOAUTY CUTHAJTY B MEYKaX BU3HAYEHVIX CIIEKTPA/IbHIX KaHaJIiB;

2) mpaBuIIO BifHECEHHs [AiISTHKM 300pakeHHs abo MiKcesst 10 Bifi-
IIOBiJJHOTO KJIaCY;

3) CTaTUCTUYHMIT aHAJTI3 PO3MOAITY CIEKTPATbHUX XapaKTePUCTUK
OKpeMIX IiSTHOK 300pakeHHsI ab0 MiKcetiB;

4) aHasmi3 [OCTOBIPHOCTI BifHECEHHA 3apeeCcTPOBAHOTO CHUTHATY
IO BifIIOBiTHOTO KJIACY.
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3.4. IIporpamMmHe 3ab6e3ne4YeHHA Ana pob6oTn
3 CYIYTHMKOBMMM 3HiMKaM#u
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Teoingpopmauitina cucmema (I'IC, anrn. GIS) — 1je CyKynHICTb efex-
TPOHHMX KapT 3 YMOBHUMU ITO3HAYeHHAMY 00 €KTIB Ha HUX, 6a3 JaHMX
3 iHdopmariiero mpo 1i 00’€KTM Ta MPOrPaMHOrO 3abe3medeHHs s
3py4HOi po60TH 3 KapTamM i 6a3aMi AK 3 €VHUM LUTNM. 3a JOIIOMOTOIO
I'IC icHye MOXIMBiCTb iHTErpyBaT! BCi [jaHi, a IIOTiM BisyaisyBaru ix
Ta IIPOAHA/TI3yBaTH B3a€MO3B A3KI MDK HIMU, PO3pOOMTY MOJieri, ITpo-
THO3HY aHA/ITUKY Ta IVIAHYBAaHH:A, TPYHTYIOUMCh Ha LIbOMY MacCUBi Ja-
HUX. AJle HalIBaX/IMBIIMM € MOXX/IMBIiCTb IPUIIMATy PillleHHA Ha OCHOBI
JIaHMX, [0 POOUTD Oi/IBII IMOBIpHMM NIPUITHATTS IIPABUIBHOTO PillleHHA
3 ypaxyBaHHAM pi3HMX BapiaHTiB po3BUTKY MOAii (puc. 3.5).

Teoingopmaniitni Texnonorii (I'IC-texHomorii) — TexHomoriuHa
OCHOBAa CTBOpeHHA reorpadivHmx iHpoOpMamiifHuX cucreM, fKi f10-
3BOJIAIOTh peanidyBatu ¢yHKIioHanbHi MoxmmBocTi [IC. ITC-rex-
HOJIOTiA — Ile TeXHOJIOrid, AKa MOXKe 3aCTOCOBYBATUCh 32 HAsABHOCTI
YOTUPHOX CK/IAIOBVIX: JIIOIM, KapTorpadiuHe 3abesnedeHHs, inpopma-
1jiliHe 3abe31e4eHHs (faHi, CyIyTHMKOBI 3HIMKM) Ta IporpaMHe 3a6es-
nevenss (IF'IC-nmakeTn) [4].

m OCHOBM [JYICTAHIIHOI'O 30HIYBAHHSA 3EMIIL: ICTOPIS TA IPAKTUYHE 3ACTOCYBAHHA



3E6MpaHHA daHux Biayanizayla ta |
Ta iXHA IHTerpauin ManyBaHHA

AHania Ta
MOaenoBaHHA

MhatysaHHa Ta
AWaanH

Puc. 3.5. Cxema pobotu «Bif gauux o gii» B I'IC-mporpamax

Ha cpboropni 3aranpHa KinbkicTb KoMmepuiitHux I'IC-makeTiB y cBiti
BUMIpIO€ThCs 6araTbMa gecsiTkamu. [IpoTe SKIO TOBOPUTY PO HaIBi-
moMmili i mupoko 3actocoByBaHi komepuirini I'TC-nmakeTn, To iX Kinb-
KicTb MOXe OyTy o6MexeHa JiecATbMa-II ATHaALATbMA. CBITOBMMM JTi-
fiepaMy IporpaMHoro 3abesnedeHHs € nakeru ¢pipmu ESRI (mpogykru
niniiikn ArcGIS Desktop), maket Maplnfo Professional i maker Idrisi
(pospobnenuit B yniBepcureri Kmapka, CIIIA), AutoCad ta ERDAS
IMAGINE, ENVI ra Digitals [5].

[Tporpamui npoxyktu komnanii ESRI (CIIIA), HaiicTapimoro y cBiTi
Bupo6HMKa nporpamuux 3aco6is ['1C (dipma s3acHo-

BaHa B 1969 p.), y HalI yac IpecTaB/IeHi, HacaMIle-
pen, CiMeCTBOM cIeljia/li3oBaHMUX IIPOTPaMHUX I1a-
KeTiB, AKi 00’ eqHaHi mig HasBow ArcGIS.

Io cknapy ArcGIS BxopuTh 6araro iHTErpoBaHUX
IPOrpaMHUX HPOAYKTIB, MPU3HAYEHUX AK I PO- ArCGIS
3poOKM i ekcruryaTtalil reoiHpopManiiiHUX CUCTEM
pisHOTO piBHA CKMAiHOCTI, TaK i m1s reoindopMa- p.. 34 Joromum
L[i/iHOTO 3a0e3IeYeHHsI pO3B A3aHHS 3aBJlaHb, OB’ S-  kommanii ESRI
3aHUX 3 BUKOPUCTAHHIM IPOCTOPOBOI iH(popMaliii,

PO3[IJI 3. OCHOBY AEMMNU$PYBAHHSA TA IHTEPIIPETAILI 3HIMKIB
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BKJIIOYAI04) IIOIOBY 3MIOMKY i POOOTY B KOMITIOTEPHUX MepeXax,

y Tomy 4ucni i B Inteprer. Crifi 3a3Ha4UTH, [0 OCTAaHHIMM POKaMM

B komiaHii ESRI pobutbcs akijeHT came Ha po3po01ii Mepe>KHOro mpo-

rpamHoro ['IC-3a6esnedyeHHs, a TAKOXK Ha BifIOBITHOMY pO3IIMpeHH]

¢dyHKUiIOHANBHUX MOX/MBOCTe Tpaamuiiiaux [1C-naxeris, sxe mo-

3BOJIsIE€ IM TpaIlOBAaTV B KOMIT IOTEPHIX Mepexax [5].

OcHoBauMM KoMnioHeHTamu ArcGIS e:

o Hacminvui incmpymenmanvri I'IC (ArcGIS Desktop), y Tomy uucri
I'IC-nmaketn ArcInfo, ArcEditor i Arc View 3 HabBopoM HOaTKOBUX
MOJIYJIiB;

o cepsepre npozpamue I'IC-3a6e3neuenns (Server GIS), 1o cKnany sKoro
BxopATh makeTu ArcIMS, ArcSDE i ArcGIS Server;

o mobinvHi incmpymenmanvui I'IC (Mobile GIS), npencrasieni make-
ToM ArcPad;

o npoepamu-e’roepu (viewers, Web-viewers), Taki, Ak ArcReader
i ArcExplorer (puc. 3.7).

Cepsepne nporpamHe I'IC-3a6e3nevenns (Server GIS) Bukopucro-
BYETBCA JyIA CTBOPEHHA i ympapniHHA cepBepHumu I'IC-momatkamuy,
axi mommproooTth ¢yHKLiI 'IC i mpocTopoBo-posnopineny inpopmariio
BCepeinHi i MK oprasisaljifiMyu o KOMITIOTEPHUX MepeXXax, y TOMY
4yuci i ro6anpHii Mepexi [HTepHeT.

Hacrinbhi  incTpymenrtanbHi TIC-cimeiictBa ArcGIS (ArcGIS
Desktop) maroTh mupoknit Habip iHCTpyMeHTIB 1 KapTorpadyBaH-
Hf, TEOCTATUCTUKY Ta IPOCTOPOBOTO MOJETIOBaHHA, CHOPMOBaHMX
Y BUIVIAL1 OKpeMMX MORYIIB, Takux Ak Spatial Analyst (ms mpocropo-
BOT'O MOJIe/TIOBaHHA, 30KpeMa iHTepnonAuii), 3d Analyst (z1s1 pobotn
3 penbedom), Geostatistical Analyst (g mpocTOpoOBOI CTATUCTUKY),
Network Analyst (511 po6oTu 3 ZOpo>KHBOIO Mepexero). Mopyni mpo-
JAIOTHCS JOZATKOBO, i KOPUCTYBad Ma€ MOXK/IMBICTD pUAOaT OKpeMi
NOTPiOHi 411 HPOTO MOAYIIL.

Ilna pobotn 3 manuMu 133 3aCTOCOBYIOTbCA iHCTPYMEHTH, CTBO-
peHi a1 pobotu 3 pactpoBuMy faHumu. 1i iHCTpyMeHTV 3HAXOfATD-
ca y meHo ArcToolbox — Bxmagka Data Management Tools/Raster

(puc. 3.8).

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



HacTinbHi iHcTpymenTn MNC

1 ]
! Arcinfo !
Web-g'tosepu 1 i
1 1
i| ArcEditor E '
MobBinsHi ’ g !
iHCTpyMeHTanbHi ; : A
ArcView 3 p
ric i 3 i
| a L
e e g e I I
1 !'| ArcReader |
1

MobinbHi

. Komn'torepHi MC-dyHruji
npUCTPOI

. mepexi : i
""""""" ——~|| ArcGIS Engine l :
Cepsepre | _____ . s e L

nporpamHe
3abesneyeHHs

TA IHTEPIIPETAILII 3HIMKIB

El ArcIMS | l ArcSDE || ArcGIS Server |E
I 1

Puc. 3.7. Cimeiicto mporpamunx I'IC-makeriB ArcGIS [5]

Po3gin 3. OCHOBMU NEIIVNSPYBAHHA

@ Uniited - ArcMap - o ¥

File Edit ‘iew Bookmarks Insert Selection Geoprocessing Customize Windows Heip
De@a& s - | BEEE I 5000 Seappng-§ 1 Spatial Adustment-
L TS : x 0 Rl Qs Labeling = 42 s «§ uff ahh A At

o

i Classitication- § ! -9
Editar * * 2 g . F LR AR B

ikl S & Al B
Table Of Contents % ~ Brelcolbox s
IEEE L | % Raster
+ & Mosaic Datase
& Onthe Mapping
t# & Raster Catalog
& Raster Dataset
1 & Raster Frogessing
| . Clip
| “, Composite Bands
#, Compute Pansharpen Weights
., Create Ortho Comecied Raster Dataset
“, Create Pan-sharpened Raster Dataset
“, Extract Subdataset
“ Raster To DTED
“, Resample
v ., Spiit Raster
|JEie|am< 3 # & Raster Properties v

296,386 745,181 Unknown Units

o

>

Puc. 3.8. Intepdeiic Bubopy inctpymentis ArcToolbox

I po6OTH 3 PAaCTPOBVMMU JAHUMU
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Harimommpenimi iHcTpyMeHTH /11 06pOOKM CYIyTHUKOBMX 3HIM-
kiB — 1je Clip (o6piska), Composite Bands (kom6iHyBaHHs KaHaiB),
Mosaic (cTBOpeHHA MO3aiku 300paxkeHHs 3 pisHux 3HiMkiB). LIi iHCT-
PYMEHTH Ha/IeXXaTh 10 6a3oBoro Habopy incTpymenTiB ArcGIS desktop,
OfIHAaK psJi IHCTPYMEHTIB, 30KpeMa IpU3HAUYeHUX /11 00pOOKM 3HIM-
KiB, BXOATb [0 Mopmynsa Spatial Analyst; Takum 4ymHOM, 1 edex-
TUBHOI pOOOTM 3 CYyHyTHMKOBMMU jgaHuMu B ArcGIS Heo6xifHO 10-
IaTKOBO J1o 6a3oBoi Bepcii ArcGIS mpunbatn moxynp Spatial Analyst.
3HaxXOmATbCA IHCTPYMeHTM TakoX y MeHI0 ArcGIS toolbox/Spatial
Analyst Tools. Hait6inpur kopucHuMM cepen HUX € Habip iHCTpy-
MEHTIB I aBTOMaTu30BaHOI kimacugikanil (Bkmaska Segmentation
and Classification), a TakoXX pacTpoBuil KalbKyIATOp (BK/Iagka Map
Algebra), mo 703BO/IsA€ 3aCTOCOBYBATI MaTeMaTU4Hi Ollepallii 3 HaK/Ia-
JIAHHAM pi3HUX IIapiB CYIYTHUKOBUX 3HIMKIB (puc. 3.9).

Q Untitled - Archap = {3 | kY
File Edit View Bookmaris Insert Selection Geoprocessing Customize Windows Help
Oeds i & - [EEERREN =y © L Snapping-© | Spatial Adjustment- 2
RN - - k@ SRR By Labeling= & oh +8 ol #h [ Clossification~ | t ]
B - |El§ 1| P E L = Editors! » * B ! = b B
| el - e i S T E &
Table 0 Contents ox ~Bmlootber it
o &8 = @ Spatial Analyst Tools ~
& 1 i1 % Conditional
% Deensity
1 & Distance
7 W Extraction
131 & Generadization
151 & Groundwater
i & Hydrology
1@ & Interpolation
0% Local
1= Map Algebra
“\ Raster Calculator
[ % Math
141 & Muitiarizte
i e Neighbarhood
418 Overlay
[ % Raster Creation
i & Reclass
= & Segmentation and Classification
" Classify Raster
“, Compute Contusion Matrix
#, Compule Segment Alribises
., Create Accuracy Assessment Points
*.. Remave Raster Segment Tiling Artifacts
., Segmant Mean Shift
#\ Train 150 Cluster Classifier
., Train Maximum Likelinood Classitier
., Train Random Trees Classifiar
., Traén Suppart Vectar Machine Classifier
“\ Update Accuracy Assessment Poirts
[ % Solar Rackation
- i & Surlace
|[min| =u & 3 i & Zonal w

Puc. 3.9. Bubip iHcTpyMeHTiB
1151 aBTOMATI30BaHoi Knacudikariii 306paxeHpb
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Ille omuH KopuCHWUIT Habip IHCTPYMEHTIB [JIA WIBUAKOI 0OpOOKM
1 KOpeKIIil CyITyTHMKOBUX 3HIMKIB 3Ha-

Image Analysis. L
1 |
xopuTbcss 'y MeHio Windows/Image Son =
Analyst. I1i incTpyMeHTH BiIKpMBaIOTh- I(ﬁiii -
cs1 B OKpeMoMy BikHi (puc. 3.10) Ta mi- o
CTATH IHCTPYMeHTH 1 QinbTpanii 30- . : | J
Opa)keHH:, Ha/IallITyBaHHA ACKPaBOCTi, © i L ol
. . . ¥ | 1,00
KOHTPACTHOCTI, IIOKPALIleHHs Pi3KOCTi, Cloas Clropn
. . . [ Bockground
06pi3KM y Me>kax KapTorpadiqHoro Bik- S 5l i
Ha, a TAKOXK PO3PaxXyHKY iHJIEKCYy BeTe- e -
PPYYH Y @ ® o3
tanii NDVI un iHImmx mMaTreMaTMYHUX Processing E
.o . . Lo | * kTSR
oreparii 3i sSHiMKaMu. =
OkpiM KOMepIiiHMX IIPOrpaMHMUX el
Alwat g
IPOJYKTiB OCTaHHIMM POKaMy HaJ/I3BU- = »
YaliHO iHTEHCUBHO PO3SBUBAETHCSA Ta/Ty3b Henmumton
. e s BB RO ENE NE
PO3pOOKI GE3KOLITOBHMX Ta BITKPUTHX
IPOTPaMHUX NPORYKTIB A1 06pOOKY
i aHa/Ti3y TPOCTOPOBYX JIAHNX, 30Kpe-  Puc. 3.10. Bikuo st 06po6Ki
ma QGIS, GRASS GIS, R Ta in. pacTpoBuX X & ArcGlS

QGIS (Quantum GIS) — BinbHe Kpoc-mmatdopmoBe reoindopma-
LifiHe TporpaMHe 3abe3medeHHs 3

BigkputuM kogoM. Cepen, BiIbHMX
nporpamuux npopykris I'IC e naii- v
6inpin QYHKI[IOHATBHUM Ta 3PYYHNM, \

II0 TaKOX MifTpMMYyE IHTErpaimo

3 IHIMMU BiTBHUMU IPOTPAMHUMMU Puc. 3.11. Jlororun

npopykramy, Takumu Ak PostGIS, Quantum GIS (QGIS)

GRASS ta MapServer, a TakoX BelM4e3HOro HabOpy IUIAriHiB, CTBOpe-
HVIX KOPUCTYBayaMJ Ta PO3pOOHMKAMM JyIsl BUPILIEHHS Ha IPOrpaM-
Hux MoBax C++ a6o Python.

Jlna momyky i Bu6bopy iHcTpymeHTiB Ta mmarinis B QGIS, 30xpema
i poOOTY 3 PAaCTPOBUMY HAaHUMM (HajoMmVpeHinmit popmart cymryT-
HIKOBVX 3HIMKIiB), 3aCTOCOBYIOTb MEHIO J/I1 BCTAHOB/IEHHA Ta YIIPaB-
nineA wiarinamu (Meno Plugins\Manage and Install Plagins) (puc. 3.12).

PO3[IJI 3. OCHOBM [NEIIMSPYBAHHSA TA IHTEPIIPETAIII 3HIMKIB
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& Biugin § Ml (576} ? x

E Sapweh |
3¢ AciTabn ~ | |Al Plugins
g Asmessmerk

A 4 tha kot of al phgin o QEEE, both inatallad and v,
P —— dewnhad S phiging coma with peur G615 it whda rnet of ham a1a e ssisble
e Aiharoed Linw tdins the plugn fepostoees,
o Aveutboi *ou can tenparanly enable o disable a phagn, To nable or dsable 3 piugn, cick its chackbax

or doubleclick 1E5 name.

T W aformatecd Dhuging showing in rec 3 N0¢ oadaed hecauss thers is 3 problem, Thay ars alis Eta on the
e AGRE Giescading Toclbox ‘a2 CUck on tha phigin nams ta aga mars detads, o ta rEASTAl or LNSEaR e PG
e AT - Acchmniogeal Gasptiyscs

i Ansthar DF leperter | EXFIShaps
i AucheaCan:

S Ares Blang Vector

o A

e Attty Bases distaring

- At paintar

e AT arstar

e ke « | [pgredet et g | e g

Clse Help

Puc. 3.12. BikHO 114 TIONIYKY i BCTAaHOB/IEHHA IUIATiHIB Ta iHCTPYMEHTIB
o751 poboTn 3 ganumu y QGIS

Ilicna nipKao4YeHHs yepe3 BIKHO BCTAaHOB/IEHH IUIATiHIB BOHM CTa-
I0Tb JOCTYMHMMM Yy MeHI0 Raster. Takoxx Benuka KibKicTb iHTerpoBa-
HUX iHCTpyMeHTiB 3 mporpaMuux npopaykriB SAGA ta GRASS GIS po-
cTynHi yepes MeHIo Processing\Toolbox. ITicis Bu6opy 1boro myHkry
MEHIO yBeCh Habip JOCTYIHUX iHTeTPOBAHMX IHCTPYMEHTIB BiJKpMETH-
ca y BurnAfi okpemoi maseni (puc. 3.13). Ha Hiit, 30kpeMa, y BKmai
GRASS GIS\Imagery posTamoBaHi KOPUCHi iHCTPYMEHTH [/ IIOIe-
penHboi 06po6KY Ta KOpeKIii 3HIMKIB.

Cepep inmmx koprucHux QyHKLi i pobotn 3 ganumu [133 y QGIS
BapTO OKPEMO BifJ3HAYMTV MOZY/Ib J/I HAalliBABTOMATHMYHOI KIacudika-
uii (puc. 3.14), mo [03BONIsAE CTBOpIOBATH Habip eTaOHHMX 00’€KTiB
(curHaTyp) Ta 3aCTOCOBYBAaTM METOAY aBTOMAaTMYHOI Kiacyikaiii
300pa’keHHs 3a HAOOPOM CUTHATYP /i1 BUJIEHHsI HOTPiOHMX 06 €KTIB
Ha 3HIMKY (meTasbHime Ipo MeTomy Kinacudikanii y migmyHkTi 3.3).

Mporpama Google Earth

Google MNnanera 3emasn (aH2n. Google Earth) — ue 6Ge3kowToB-
Ha mporpama komnawii Google, wWwo BigoOpaxae BipTyanbHuin rnobyc.
B pamkax JaHOro npoekTy B Mepexy |HTepHeT Oyno BMKNaAeHO KOC-
MiYHi 3HIMKM GinbWwOoi YacTMHU 3eMni. s AesKkuX PerioHiB Li 3HIMKK
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Puc. 3.14. Bixao Mopysist Ajist HamiBaBTOMAaTHIHOL KIacuikarii
CynyTHUKOBYMX 3HIMKiB y QGIS.

MaloTb Jy)e BMCOKY aKiCTb (80 15 cm). TOWyK KOHKPETHOro Micua
B MpOrpami 34i/iCHIOETLCA 3a JONOMOrOK0 BBOAY reorpadiuHnx KOOPAMHAT,
abo NpocTo Yepe3 HaBiraLlito Ha KapTi. 15 npuknagy HaBegemMo 300paxeH-
HS leTaNbHOI 3OMKM MicLeBOCTI 3 wapy «XKypHan “National Geographic™»
B Nifpo3aini «Monit Hag Appukoio» (puc. 3.15).
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Puc. 3.15. Npuknaay 306paxeHb
3 TeMaTuyHoro wapy «Monit Hag AppuKoto»
y nporpami Google Earth (a — po6oue BikHO nporpamu Google Earth;
6 — aepodoTo rpynu COHIB Yy AdpHL)
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Kpim 3emni, TakoX JOCTYMHi 300paxeHHs iHLWNX HEDECHNX Tifl, TaknX SK
Mapc i Micsaub. A npu B1bopi BapiaHTy «Heb60» KOpUCTyBayi OTPUMYIOTb
JOCTYN 0 TOYHWUX 30PAHMX KapT.

Odiuiinnii caiit: www.google.com/intl/uk/earth/index.html
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Pos3nin 4.

C®EPU 3ACTOCYBAHHA 133

4.1. Hayxku npo 3eMJro

Tepmin «Hayku mpo 3emo» 06’€IHYe yci IpUPOFHNYI HAYKY, TIPef-
METOM BUBYCHHA AKVX € IUTaHeTa 3eMJIs, 30KpeMa (i3iyHi XapaKTepu-
cTuky Hamoi mwiaHeT. OCHOBHMMU cdepaMi OCTi/KeHb HayK IIpO
3emio €: nitocdepa, rifpocdepa, armocdepa Ta biocdepa.

Sk mpaBuno, BueHi, AKi AOCHPKYIOTh Hally 3eMII0 KOPUCTYIOTbCA
iHcTpymMeHTaMy Ta MeTofamu 3 reorpadii, icropii, ¢isuku, ximii, 6Giomorii
Ta MaTeMaTUKU I TTOOYIOBM Ki/IbKic-
HOT'O PO3YMiHHA TOTO, K 3eMJIA «KUBE»
i posBuBaerbca. Haykn nmpo 3emiio BUB-
YalOTh Halle MOBCAKAeHHe XuTTd. Ha-
IIPUK/IAJ, METEOPOJIOTN BUBYAIOTH II0-
TOZLY 1 CIIOCTepiraroTh 3a Hebe3MeYHVIMU
K1iMatygHuMy sABuamn (6ypi, TopHa-
110, TTOCYXM To1wo). ['inposorn BuB4YaoTh
BOJIHI 00’€KTM i IOIIepePKAITh PO MOBeHi Ta maBoakn. CelicMoorn
BUBYAIOTb 3eM/IETPYCH i HAMAraloThCsA Iepen6adnTy ix eninentpu. [eomo-
TV BUBYAIOTb IIOPOJIM i JOIIOMAraroTh 3HAXOIMUTY KOPUCHI KOIIa/IHA.

Y upomy pospini «Cdepn 3acrocyBanHa [133» po3IIAHYTO Taki
OVICUMIULIHM 3 LUKy HayK Ipo 3eMII0, SIK Tif[posIoris, KaiMaTosorisa
Ta METEOPOJIOTis, Te0Ioris, MaHAIadTO3HABCTBO Ta YpOaHiCTHKA.

4.1.1. KnimaTonoria Ta meTeopoJorisa

«Imo6anbHe moTeITiHEA Ha 1,5 Tpafycu» — TakKa Ha3Ba CIIelliab-
HOro 3BiTy MiXypA/m0OBOI Ipyny €KCIepTiB 3 NUTaHb 3MiH KIiMary,
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omny6ikoBaHoro 7 »oBTHs 2018 p. EkciepTyt Haromomy:ors, 1110 3poc-
TaHHA AHTPOIOTE€HHMX BUKN/IB ITAPHMKOBUX TIa3iB B)Ke IIPU3BETIO
no notermiHHA Ha 0,8-1,2 °C. [locarnennsa metu Ilapuspkoi yrogu rnpo
yTpUMaHH:A NOTEIUTiHHA Ha piBHi 1,5 °C 1le MOX/uUBe, ajie 1ie BUMarae
3HAYHVX CKOPOYEHb BUKU/IB i MIBUIKNX, JalIeKOCSHKHIX Ta Oe3Iperte-
JIeHTHMX 3MiH Y BCiX cdepax JTIOAChKOI AismbHOCTI [1].

Hucranniine 3oHAyBaHHA 3eM/li 3 KOCMOCY Yy TIO€[IHAHHI 3 MaTe-
MaTUYHMM MOJIE/TIOBAHHAM MAae€ BUPpilllabHe 3HAY€HH:A [/ PO3yMiH-
HA Cy4YaCHMX KIIMAaTMYHMX IPOILECIB, a TaKOXX HAKONMYEHHS JaHUX
i foxa3oBoI 6asy AJIs1 IPOrHO3YBAaHHA IT00ANTPHNUX KIIMAaTUYHUX 3MiH
y MaiftOyTHbOMY Ta po3poOKM epeKTUBHOI HMOMITUKM 331 Oe3neKku
Ta 36a7TaHCOBAHOTO PO3BUTKY JIIOfICTBA.

3a/lIeXXHO BiJj NOBXMHM XBWII Ta IPUPOAY €I€KTPOMAarHiTHOro
BUIIPOMIHIOBaHHS, sKe (PIKCye CEHCOp CYNyTHUKOBOI CUCTEMMU, HUC-
TaHI[i/iHe 30H/yBaHHA HAaKONNMYYe MaHi Ipo mporecu B arMmocdepi,
B OKeaHi, Ha MOBEpXHi 3eMJli, a TaKOX IPO TipChKi MOPOAM, IPYHT,
POC/IMHHICTD, BOJGHI 00’€KTH, NbOJOBUKM, CHITOBUII IOKPUB TOILO.
InTepnperania ganux 133 y MoefHaHHI 3 MaTeMaTUYHUMU PiBHAH-
HAMMY, ITOPUTMAMM Ta MOJAEIAMU 3abe3leuye NepeTBOPEHHA JJaHNX
y iHopmariito, mOTpiOHY M1 NMPUITHATTSA pillleHb Ha Pi3HUX PiBHAX
yIIpaBJIiHHA.

OOHUM i3 BaXNMBUX NOKA3HWUKIB B KOHTEKCTI KAIMAaTUYHUX OOCHI-
IXeHb € anbbefo — BifHOLWEHHs MOTOKY BigbMTOro (po3cisHoro) no-
BEPXHEID 3em/i BUMPOMIHEHHA [0 MOTOKY COHAYHOTO BUMPOMIHEHHS,
WO HaAXoaMTb A0 Hei. 3a NeBHUMM po3paxyHkamu, ikbu 3emns byna
MOBHICTIO BKpUTA 1b0AOM, ii anbbeno ctaHoBmno 6 6au3bko 0,84, T00-
TO BigbMBanoca 6 84% COHAYHOrO BMMPOMIHIOBAHHS. 3 iHWOrO OOKY,
IKOM 3emns Gyna NOBHICTIO BKPUTA TEMHO-3€/1EHNUM JTICOBUM MOKPUBOM,
ii anbbeno Oyno 6 6an3bkum go 0,14 (Beanka YaCTMHA COHAYHOTO CBIT-
na 6yae nornnHaTmcs). Ha OCHOBI CynmyTHUKOBMX BUMipPIOBAHb, HAKOMM-
YeHWX 3 KiHusg 1970-X poKiB, CepefHE 3HaueHHs anbbeno 3emni ouiHio-
t0Tb K 0,30. SIKLLO NOTiK COHAYHOI EHEPTIi, WO HAAXOANTb A0 MOBEPXHI
Ta BigOMBAETHCA Bif Hei, 3aAMLIAETbCA HE3MiIHHWUM, Tena0BUii banaHc
3emni 30epiraeTbcs y piBHOBA3i, a rnobasbHa TemnepaTypa 30epiraetb-
csl BigHOCHO CTabinbHO0.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



Ockinbky BUCXifjHe BUIIPOMiHIOBaHHA Bifl MIOBepXHi 3eMJIi, Ipoxo-
A4y yepes aTMocdepy, BifOMBA€EThCA B yCiX HAIPsAIMKAX, [IeBHA YaCTH-
Ha BUIIPOMiHIOBaHHA MOXKe IOBEPTATUCA Ha3aj O MOBEpXHi 3emi,
TOMY Oyfb-sIKi 3MiHM €HepreTMYHOro 6ajaHCy MOXXYTb IPU3BOAUTH
IO 30iTbLIEHHA 4M 3MEHIIEHHA IT00aIbHOI TeMIIepaTypy, a TaKOX
BIUIMBATY Ha BUIIAPOBYBaHHsI, ONAZIM, BITPYU, MOPCHKI Teuil, OB s13aHi
3 TeIIoBUM 6anaHcoM 3eMi. 3MiHU IbOJOBOTO IMOKPUBY, XMapHICTB,
arMocdepHe 3a6pyHEHH:, TApPHMKOBI rasy, a TaKOX 3MiHUM I'PYHTO-
BO-POC/ITHHOTO TIOKPUBY (HaIpUK/Iaf, BUPYOKM JiciB i cimbrocm-
yrigb 4y 3abymoBM) MaoTb BIUIMB Ha ITIOOAbHE 3HAUYeHHA anbbe-
mo. TakuM 4MHOM, I/IA OLIIHKM 3MiH K/IiMaTy Ba>K/IMBOIO € KOCMiyHa
3JI0MKa fAK Ha IJITAaHETapHOMY PiBHI [iI BifICTE)KEHHSA 3MiH Y IIOTOKaX
BUIIPOMIHIOBaHHs Ta AVHaMIiKM I7I06a1bHOTO anbbefo, Tak i Ha Jo-
KaJIbHOMY PiBHi [JI1 MOHITOPMHIY 3MiH)M Ha3€MHOIO IIOKPUBY, CTaHY
POCIMHHOCTI i BOGHNUX 00’€KTiB, 30i/IbIIEHHA IIONIi TEPUTOPIt MiCT,
10 TaKOX POPMYE CBill BIUIVB Ha KTIMaTH4Hi Ta eHepreTUYHI IpoLiech
3emti.

[mo6anpHOI0 Tporpamoro crocrepexxeHb 3a kiaimarom (Global
Climate Observing System, GCOS) y 2010 porii 6y10 po3po6neHo 1m'sT-
mecAT mapaMeTpiB 6iocdepu 3emii, 1[0 BBAXKAIOTHCS BOYKINBUMU IS
BUSIB/ICHHA 1 KiZIbKICHOTO BI3HAa4YeHHsI [TOB 13aHVX 3 K/IIMAaTOM 3MiH, Bi-
DOMUX K 0cHOo8HI knimamuuni nokasnuxu (Essential Climate Variables,
ECVs) [2]. 3 Hux 61M3bKO HOTOBMHYU MOXXYTb OyTHU BU3HA4YeHi mie
3a gorioMororn Metoxis 133 (mabn. 4.1).

Hapasi 613bK0 TPUALATY CYIYTHUKOBYX CHCTEM CHOCTEPEKEHHS
3a 3eMJIel0 3 HU3BKUM Ta CepefiHIM NMPOCTOPOBUM pO3pisHEHHAM (Bif
30 metpiB i Gimblle) IMpaIfO0Th Y HABKOTIO3€MHOMY IIPOCTOpi, 3a6e3-
MeYyIo4M KOCMIYHY 3/IOMKY y PiSHMX CIEKTPa/JbHUX JiallasoHax A
[I0OATPHMX Ta perioHaIbHMX JOCHifKeHb. Ilepemik Takmx cucreMm,
Ha3BJ CEHCOPiB Ta IXHE OCHOBHE IIPM3HAaYeHHA HaBefleHi y JlomaTky 2.
Maitxe yci 1ji ZaHi pO3HOBCIOKYIOThCA 0€3KOIITOBHO JIsI HAYKOBUX
TOCTTiKeHb.

3HayYHO MEHIIA KibKiCTh JJaHMX 3 BUCOKUM IIPOCTOPOBUM PO3pi3-
HeHHAM (Bif 1 mo 30 MeTpiB) 3HAXOAATHCA Y BIUIBHOMY JOCTYII IS
HayKoBUX jocnimkeHb ([lomatox 3). I3 mpencrasrenoro y [JomaTky 3

PO3[II 4. C&EPU 3ACTOCYBAHHSA 133

Pozpin 4. COEPU 3ACTOCYBAHHSA 133

111




(]
%)
=i
=
i
=
K
/@
B>
O
o
B
O
b
)
=
A
%]
ey
)
<
=
H
0
(o]
A

112

NepeiKy CymyTHUKOBUX CUCTEM BMCOKOTO IIPOCTOPOBOTO PO3Pi3HEH-
H4, ga”i SPOT nmommprooTbcsa Ha KOMepIiliHill OCHOBI, a CYITy THMKOBI
cuctemu ERS ra ENVISAT napasi saBepiunn Micito, ogHax ix faHi fo-
CTYIIHI I7IA peTPOCIEKTUBHUX NOCTi/I>KEHb.

Ta6muus 4.1. [epenix ocHosHux knimamuunux noxasnuxie (ECVs),
AKI BUBHAYAIOMBCS MemModamu OUCMAanUilinozo 30H0yeanHs Semni (3a [2])

Cdepa

R OcnosHi KnimaTnuni sminni (ECVs)
MOHITOPUHIY

ArmocdepHi | YV 6esnocepenHilt 61m13bKOCTI Bifi HOBEpXHi: TeMIeparypa
nmpouecu MOBITPA, MBUKICTD i HAIIPAM BIiTPY, BOfIsAHA IAPa, TUCK,
omajiyt, MOBEpPXHEBE BUIPOMiHIOBaHHS.

Y BepXHbOMY MOBITPsAHOMY IIPOCTOPi (TO cTparomaysm):
TeMIIepaTypa, IBUAKICTb i HAIIPAM BiTPY, BOfsHA IIapa,
B/IACTMBOCTI XMap, pagianiriHmii 6amanc 3emi (BK/I0Ya04n
COHSYHE BUIIPOMIHIOBAaHHS).

3arajioM: IiOKCH[, BYIJIELI0, METaH Ta iHIIi

JOBTOXMBYYi MapHUKOBI rasu, y Tomy ymcni N,O, SF,
XI0pPTOPBYI/IEBOAHI, IiApOXIOp(TOPBYIIEBOSHI, 8 TAKOX
030H i aepo3sori, 30kpema, NO,, SO,, CO i popmanbperigu

Oxeaniyni | TemnepaTypa IoBepxHi MOPs, COTIOHICTb, piBeHb MOPS, Jif,
npoiecu IIOBEPXHEBI Tedil, KoJlip OKeaHy, K/ICEHb, IapliaTbHMUI TUCK
IBOOKICY BYITIEL0, KUCTOTHICTD, (PiTOIIAaHKTOH

Haszemni PiukoBuii cTiK, BUKOPUCTAHHA BOAMY, MiI3€MHI BOZIN, 03€pa,
npoiecu CHIrOBMII TOKPUB, TbOJOBYKH 1 KpY KaHI IIANKH, TbOJIOBI
H[UTH, MEP3TIOTa, a/Ib0EN0, POCTMHHNUI TOKPUB
(BK/TIOYAIOYY TUII POCTIMHHOCTI), 9aCTKa MOITMHEHO]
doTocunTeTHUHO aKTUBHOI pagianil (FAPAR), ingexc
wroii muctkoBol noBepxHi (LAT), HazemHa 6iomaca,
I'PYHTOBUII BYTTIEl[b, OXKeXi, BOTOTICTb IPYHTY

Y mmcromapi 2014 poxy €spomneiicbka Kowmicia migmmcama yrogy
3 €BpOIENCHKUM LIEHTPOM CEpPeJHbOCTPOKOBMX IIPOTHO3iB IOrOAM
(ECMWF) npo BpoBa/pKeHH: CepBiCy 3 MOHITOPMHIY KITiMaTUYHNUX
3MiH y pamkax nporpamu Copernicus. Cepsic 6a3yeTbcs Ha JaHUX CY-
Iy THUKOBMUX CIIOCTEPEXKEHD Y IIOE€JHAHHI 3 HA3€MH/IMY BYUMipIOBAHHA-
MM, Ta HaJJa€ BIIbHUI JOCTYII 1O K/IIMAaTUYHKX ITOKa3HMKIB Ta iHIEKCiB,
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TaKMX AK PiCT TeMIIepaTypu, PiCT PiBHA BOAYM B OKeaHi, TAHEHHS JIbOJO-
BJIKiB, HaIrpiBaHHs BOAU B OK€aHi, Ta iH.

TaxyM 4MHOM, HasABHA Be/MMKA KiZIbKICTb JAHUX Pi3HUX CYIYTHUKO-
BVIX CMICTEM JJ03BOJIsI€ OTPUMYBaTH iHpopMarito mpo 6iocdepHi Ta K-
MaTUYHi IpoLlecy IPaKTUIHO Oe3repepBHO. Taka KiIbKiCTh JaHMX 3 Off-
HOTro OOKY € IepeBaroo, a 3 iHIIIOro — HeJOTiKOM, a00 BUKINKOM I
TOCTOBIpPHOI iHTepnpeTalnil JaHUX JUCTAHIIHOTO 30HLYBaHHA. AJITO-
put™Mu 06poOKM laHMX, OCOONMMBO HOBMX CYIIYTHUKOBMX CUCTEM, IIO-
TPeOYIOTh YJOCKOHA/IEHHsI Ta IIePeBipKM Ha TeCTOBUX TEPUTOPIAX Yy pis-
HVIX K/IIMaTMYHUX 30HAX Ta OKPEMUX BM3HAYEHUX IPUPORHUX 00 €KTax
3 BUKOPMCTAHHAM Ha3eMHIX CIIOCTEPEXEeHb Ta BUICOKOTOYHMX BUMIipIO-
BaHb Y IO/IbOBUX YMOBaxX. OKpiM TOro, MOXXYTb BMHMKATV CKJ/IQJHOILI
3 OHOYACHVM BMKOPUCTAHHAM JAaHNX, OTPUMAHNUX PiSHUMM CeHCOpa-
MM, OCKIZIbKM HaBiTh HE3Ha4Ha PiSHMIA y CIEKTPaJbHOMY Mialla3oHi,
AKY QiKCye ceHCop, MOXKe 3HAYHO BIUIMBATHU Ha AKICTb CUTHATY i TOMY
HeoOXi/[HO IoIepeHbO BUKOHYBaTK Bepudikamito ganux. llle ognum
3HAYHVMM OOMEXEHHSAM BUKOPVICTAHHA JJAHMX [VICTAHLINTHOTO 30HAY-
BaHHA € N0Tpeba B ePeKTMBHUX aIrOPUTMAX aTMOCQEpHOI KOpeKIii
[aHVX 3 YpaxXyBaHHAM 00 €KTa JOCTI/KEeHH, OCKIIbKY HaBiTh He3HauHi
3MiHN B KOHLIEHTpallil rasis, ae€po30jiell Ta M1y Yy MOBITpi BIVINBAIOTh
Ha piBeHb BIIOUTTA €eKTPOMArHITHOrO BUIIPOMIHIOBaHHS 00 €KTOM
CIIOCTEPEXXEHHS, CTBOPIOIOUY ITOXMOKY y 3HA4eHH:X. TakoX BapTo Bifi-
3HAYUTY, IO 3a3BMYAMl JaHi KOCMIYHOI 3/IOMKM MAIOTh BEIUKUII 00-
cAr i mst X o6pobKu Ta iHTeprperanii HeOOXiHO BUKOPUCTOBYBATH
crienjianisoBaHi MporpaMHi 3aco0M Ta CyyacHe anaparHe 3a0e3IedeHHs.

CyuacHi MeTeoposIOriuHi Ta CMHONITUYHI C/Ty>XOM ITOTOAM BUKOPIC-
TOBYIOTb TaKi pKepena [JaHUX, 3HAYHA YACTMHA SKUX OTPUMYETHCA
METOflaMM AVICTAHIIIIHOTO 30HYBAaHHA: JaHi METEOPOIOriYHNUX CTAH-
LiiT; JaHi MepexXi palio30HyBaHHA; JaHI MepeXXi aBialliflHMX CTaHIIil;
llaHi aepoJpOMHIX MeTeOpOJIOTiYHNX CTaHIii; iHpopMaLia 3 Mepexi
METeOPOJIOTIYHMX pajionoKaTopiB; iHdOpMalis BCeCBiTHIX IPOTHO-
CTUYHUX IeHTPiB; iHpOpMAallif LEeHTpPIiB CTeKEHHA 3a XMapaMM BYJI-
kaHiuHoro nomeny (VAACs) Ta iHpopmallia HeHTpiB cTeXXeHHA 3a TPO-
nivaumy nyknonamu (TCACs); maHi miTakoBOro 30HyBaHHA (crucTeMa
AMDAR); naHi MeTeOpoIOriYHNX CyNyTHUKIB [3].
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MoHIiTOPpHHT cTaHy MOBITPS

Y xoBTHi 2017 poxy €KA spilicHumo ycmilmHmii 3amyck CyIyTHHU-
ka Sentinel-5P, mpyusHavyeHoro 11 MOHiTOpUMHTY arMocdepu, BMICTY 3a-
Opy[HIOIOUMX PEYOBMH Y IOBITpi Ta KOHIIEHTpALlill MApHUKOBUX Ta3iB.
Ha cynytHmky BcTaHOB/IEHO criektpoMmeTp Tropomi, mo c¢ikcye emek-
TPOMarHiTHe BUIPOMIHIOBaHHS B Y/IbTPadioneTOBOMY, BUIVIMOMY,
OMDKHBOMY Ta CepeflHbOMY iH(payepBOHMX Aialla30HaX, IO TO3BOJAE
BV3HAYATV BMIiCT 030HY, MeTaHy, popMasbJerifiiB, aepo3oseit, OKCUAY BY-
IJIEIo, TIOKCYY a30Ty Ta fiokcupy cipku B arMocdepi. Cencop Tropomi
€ BJIOCKOHAJIEHOI0 Bepcieto ceHcopa OMI, iKuit BCTaHOB/IEHO Ha IiI0YOMY
CYIyTHUKY Aura, a TakoX ceHcopa SCIAMACHY, 1o npaiosas Ha Cy-
myTHUKY Envisat y 2003-2012 pokax. IonoBre ynockonanennsa Tropomi —
1ie MTOKpallleHe IPOCTOPOBE PO3Pi3HEHHS, 1O NO3BOJIAE OTPUMYBATH 30-
OpaxeHHA 3 po3MipoM Hikcero 7 X 3,5 KM, Ta aHaJI3yBaTy 3a0pyIHEHH
y Me>Kax BeMKVX MICT i BUABJIATY [Kepera 3a0pyIHEeHH .

Ilani Sentinel-5P goctymnHi /s 3aBanTaXkeHH 3 caiity EO Browser
(https://apps.sentinel-hub.com/eo-browser). Ha puc. 4.1 mpepcras-
JIEHO KapTy cepefHiX 3HaueHb KoHUeHTpauii NO, 3a micTHaguATu-
penHuit nepiog 3 10 mo 25 nmunuA 2018 poky Ha Tepuropii YKpaiHu
ta LlenTpanpHoi €Bponu. Takuit aHani3 ycepeHeHNX 3a IeBHNII Yaco-
BUII II€Piof] 3HAYEHb JO3BOJIA€ BUABUTHU IIOCTIiNIHI [Kepesia BUKUIB 3a-
OpYIHIOIYMX PEYOBMH. 3 BeMMKUX MicT YKpaiHy Hari3abpyHeHImmumMm
3a Bmicrom NO, y noBitpi € 3anopixoks, Kuis Ta [lninpo. 3 perionis —
vyacTnHa [loHenbKoi Ta JlyraHcbkoi o6macTeit.

Y mexax micra KuiBa nHaiBumi kxonuentpauii NO, y mosiTpi
y et xxe mepion Oynu 3adikcoBani y IonociiBcbkomy ta Conom siH-
CBKOMY palioHax, Jie [PKepelnaMyl BUKIIIB Y aTMochepy MOXYTb OyTu
TPAHCIIOPT, 0COOMMBO Ha KinbieBiit moposi ta TELI, sokpema [apuu-
ubka TEL (puc. 4.2).

Y Kpuomy Posi Bmict NO, y noBiTpi 04ikyBaHO € BUIIIVIM Y paiioHi
IIPOMMC/IOBYIX 30H Ta NOO/IN3Y XBOCTOCXOBNUI (puc. 4.3).

BimnosinHo 1o 3BiTy «[T06ambHe noTertiHAEA Ha 1,5 rpagycy» st o-
CATHEHHA LiiJIi yTpMMaHHA NOTeIVIiHHA Ha piBHi 1,5 °C, 1o 2030 poky BUKI-
mu CO, noByHHI 3HM3NTUCA Ha 45% (y opiBHAHHI 3 piBHAMM 2010 poKy).
Bukupy iHIIVX ITAPHMKOBUX TasiB (TaKMX AK OKCUJ a30Ty Ta MeETaHY),
TaKOK HEOOXiZTHO OOMEXMTH /IS HOCATHEHHS MeTH. AJie HaBiTb 3a Takoi
YMOBU, BC€ OfJHO OYiKY€TbCA NMOTEIITiHAA Ha 3,1-3,7 °C o 2100 poky.
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Hitrogen Dioxide Wmhﬂle wohim

Sentinel BP L2 - 18-day composile {2018-07-10 to 2018-07-26)
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Puc. 4.2. Kapra nommpenHs konueHTpauii NO, y nosiTpi y micti Kuesi
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Sentinel 5P L2 - 16-day composite (2018-07-10 to 2018-07-25)
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3a cynyrtHukoBuMmy ganmmu AIRS/Aqua (orpuMaHuMu 3 mopra-
my HACA https://giovanni.gsfc.nasa.gov/giovanni) BcTaHOB/IEHO, IO
koHneHTpanisa CO, B arMocdepi B Mexxax Teputopii Ykpainm 36imb-
LIYETbCA JOCUTh BUCOKMMN TeMIIaMu — 3a nepiof 3 2002 go 2017 poky
Ha 35 ppm (puc. 4.4), mo 36iraeTbcsa 3 IIOOATBHUMY TeHIEHIiAMU
Ha 3eMIi.

400
395
390
385
380
375

370

KoHueHTpauis CO; (ppm)

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Pokn

Puc. 4.4. Innamixa Bmicty CO, B atmMocdepi Ykpainu
3a cynytHuKoBumy ganumu AIRS/Aqua

AHajai3 THHAMIKHU JbOJ0BOT0 MOKPUBY

OcrpiB laninze3 — 1e ogyH i3 AHTapPKTUYHUX OCTPOBIB, 110 Ha-
TIeXXUTD J10 Tpynu APreHTUHChKMX OCTPOBiB Apxinenary Binbrenbma.
Ha niBnHiuHO-3axigHOMy Muci Mapuna octposa [aninjes posramosa-
Ha YKpaiHCbKa aHTapKTU4Ha CTaHILid AKajieMik Bepnagcbknii. Cran-
1[if0 3acHyBano AHIJIilicbke AHTapKTM4YHe ToBapucTBO Mij Ha3BOIO
«®Dapapeii», Ta 'y 1996 poui ii npopmany YKpaini 3a CMMBOJIIYHY LIiHY
OfMH QYHT cTepriHriB. [JOC/Ti)KeHHA Ta CIIOCTEPeXXEHHs, AKi BUKO-
HYIOTb Ha CTaHIii yIPOJOBX YChOTO POKY, € Ha[I3BUYAIHO BaXK/IN-
BYIMH JI/I1 pO3YMiHHA IVIAHETAPHUX KIIMaTUYHMX IPOLECIB, OCKi/Ib-
KM JIal0Th 3MOTY OLIiHMTM BIUIMB Ta HAC/HiJKM €KCTpPeMa/JbHUX 3MiH
Ta yMOB [4].
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HAHII cninbro 3 mipnpumemcrtBom «ECOMM Co» Ta THBI]
«IIpnpopa», pospobaoun reoindopMaLiiiHy cUCTEMY «AHTApPKTUK
BepHancpkuit», ctBopun tonorpadiuny kapry o. [aminpges Ta 3a cy-
nytHuKoBuM 3HiMKOM QuickBird BexTopmsyBamum Oeperoy iHiio
i Mexi TbOJOBOrO MOKPUBY. 3a JaHUMU METEOPOJIOTIYHUX CIIOCTepe-
JKeHb 3a 4ac icHyBaHH cTaH1ii @apageii/BepHancbkuit cepegHbOpidHA
TeMIlepaTypa y boMy parioHi spocna Ha 2,5 °C [5]. O4eBupHoO, 110 Lie
MaJIo BIUIMHYTH Ha CTPYKTYPY TbOLOBOr0 IOKPUBY OCTpOBa. JIj1d Toro,
06 BU3HAYUTH i{HTEHCUBHICTb TaKUX 3MiH, JOCTITHUKA IOPIBHSIN
maHi cynytHuka QuickBird 3a 2003 pik Ta aepodoTO3HIMKM OCTpOBa,
3po6eHi OpuranusiMu y 1956 pori (puc. 4.5).

Puc. 4.5. 3o6paskenHs o. [aninges: a — aepodoTosHiMOK 1956 poKy;
6 — cymyrankosuit 3HiMoK QuickBird 2003 poxy
(cuHIM KOTBOPOM BUfiIEHO GeperoBy iHio 1956 poky,
4epBOHMM KOHTYpOM — 3a 2003 pik)

«IIpoxxuBIIM B yMOBax AHTapKTUAU MaibkKe 2,5 pOKM, s I06a4nB
Ha BJIacHI O4Yi peasbHi KJIiMaTM4Hi 3MiHM Ta IXHi HacHIifKM BIPO-
MOBX PisHMX Iip POKYy i ce30HiB, — muiue Irop [Imxmii, ydacHUK
TPbOX aHTAPKTUYHUX €KCIeINIill, — TaHEHH:A IbOJOBUKIB Ta CHIro-
BOTO IOKPUBY AHTAapKTUKM CIpPaBji BiOyBaeTbCs HOCUTD IIBUMKO,
i e HesamepeuyHmit paxkT. AHTApKTUIa — YHIKaJIbHMII KOHTVMHEHT,
posTamoBanuit Ha [liBreHHOMY MoOMI0Ci aHeTn. Bin yBech BKpUTHIi
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CHITOM i KPUTOIO Ta, Ha4de TaKMYCOBUII Nallipelb, € iIHAMKATOPOM CTa-
HY 3emti» [6].

MOHITOpUHT 3MiHUM JIbONOBMKIB HAaOYHO MifATBEPIIKY€E 3arajb-
HY TeHJeHIli€lo I7100aNpHOTO MOTeIUIiHHA Ha IvtaHeTi. [Jocri-
IPKEHHSA JIbOJOBOTO IOKPUBY PO3INIAHYTO Ha NPUKIIAJl JTbOJOBU-
ka Komymb6isa (Ansacka, CIIIA), mo € TbOZOBUKOM IpUOEPEKHOTO
tuny B npotoni ITpnuna BinbaMa Ha niBgeHHOMY y36epexcoki miTa-
Ty Anacka (CIIA). BiH € ogHMM 3 HalIIBUALINX PYXOMUX TbOHO-
BUKIB Yy CBiTi, AKMI1 ITIOYaB TaHYTU ¥ BifCTymaTy Ha mo4aTky 1980-x
poxkiB. Ha Toit yac npogoBuk Konym6bis MaB foBX1uHy 64 KM i TOB-
mwyHy 600 M. BiH 6yB 1[ikaBUM TYPUCTUYHUM OO’€KTOM Ha LUIAXY
MiX Mictamy Bangis i Yirriep. 3asBuyaii, mopoMu 3yIMHAINCA MiX
rpynamnu ayicbepris, mo6 mogaBaTy I'ygKM B Hafii, IO Yyepes BIICO-
KIII piBeHb I'YYHOCTI Bijj IbOOBMKA BifKONeThCs Opua. Aje yepes
IesKMIT Jac ILieil IbOJOBUK [I0YaB TAaHYTU il BigcTymaTu. Aricbepru
CTany WBUAIIE BifIKOMOBaTUCA B 3aTOKy IIpunuma Binbama, tomy
YIIiIbHEHHA CHII'y He BCTUTAjO 3allOBHIOBATU Li BTpaTu. Pesyib-
TaTOM WIBUJKOTO BiIKOTIOBaHHA CTAjO0 Te, O 3 IIOYaTKy CIOCTe-
peXeHb 3a TbOMOBMKOM BiH BTpaTtuB 400 M TOBIIMHM i BiJCTYIUB
Ha 16,9 xm [8].

HIBMpKicTb BifCTYNy /bOJOBMKA JOCAI/IA MAKCUMYMy, Maii-
xe 30 M Ha 7100y, B 2001 p. CepenHs MBUAKICTb CTAaHOBMIA O/IM3BKO
0,6 xm (0,37 mwi) Ha pik, mounHarouy 3 1982 p. ¥ Haibmokyi Kibpka
TECATUIITD OYiKYETbCA, 110 IbOMOBYK BifICTYIINTD I1ie Ha 15 KM, 0 TOY-
K11, Jie JIOXKe JIbOLOBMKA ITiTHOCUTBCA HAJl piBHEM MOPHI.

3aBgaku gorosnimMkam National Geographic, 3po6mennm y 11iit mic-
IIeBOCTi, MOYKHa HAOYHO BM3HAYUTH MacIITabu MpoleciB, o BigOyBa-
10TbCA (puc. 4.6).

Jl71s1 BUSHAYeHHS MeXX JIbOJIOBJKA BUKOPUCTOBYIOTD Pi3Hi CIIOCOOM.
OpnuH 3 HUX NOJIATAE y Py4Hiil onndpoBIi 10ro MexX, et croci6d Bu-
Marae I0CBifly Bisya/nbHOro femmnpyBaHHA TbOSOBUKIB. [HIIMII cIIO-
ci6 6a3yeTbcs Ha BM3HAueHHi iHfekcy cHiry NDSI 3 BukopucranHAM
aBTOMATM30BaHOI NOpPOroBoi Kiaacuikarii, meit croci6é rpyHTyeTbes
Ha pi3HUIIL CIIEKTPaZbHUX XapaKTEPUCTUK CHITY i TbOAY Bifi KOPiHHMX

nopir [8].
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a 1]

Puc. 4.6. Dotorpadis npogosuxa Komym6is:
a — 2006 p. (Ixeitmc bamor); 6 — 2012 p. (Metpto Kennepi)

Normalized-Difference Snow Index (NDSI) — HopMoBaHa pisHMLA
JIBOX KaHaJIiB (110 OHOMY Y BUAMMIIL I/IAHII CIIeKTpa i OfMH B O/IVK-
Hil1 iHppauepBOHill AIIAHLI crleKTpa ab0 KOPOTKOXBMIbOBIN iHppa-
YepBOHIJl YaCTVMHI CHEeKTpa) BUKOPUCTOBYETHCS IS BimoOpakeHHs
CHIroBOrO Ta JIbOJZOBOTO MOKPUBY. Taka MeTOAMKA JO3BOUIA PO3PO-
OUTY KapTOCXeMY 3MiH JIbOJOBOTO IIOKPUBY JIbOJOBMUKA AJIACKA IPO-
JOBXX COPOKa POKiB Ta MPOCTiAKYBaT! IMHAMIKY BiICTyIIaHHA JIbOJ0-
BUKAQ i 3MiHM JIOTO MeX.

Mouitopunr ssuu Eab-Hinbiio Ta Jla-Hinbs

fBunuie Enb-HiHbo Bigome 3naBHa. Cnepiuy Moro onvcyBanu avie bing
OeperiB EkBagopy i Mepy. Tak, y XV cTonitti pubankm MisaeHHoi AMepyku
NoMiTUAN, WO Ha Pi3fBO B3A0BX OeperiB okeaHy nepiofnyHO 3'sBASETH-
Cl HEe3BMYANHO Tenna Teuis, ska NPUHOCUTD i3 coboto Garato capanHu.
Ha uectb XpucTa Teuilo, ik NoAApPYHOK npupoau, byno HasBaHo El Nino
(icnaH. «xnonuuHa, auTA»). Ane cnif 3a3HaunTy, Wo Lei GeHOMEH icHye
He MeHW K 100 TMCAY POKiB (L& 3aCBiAYMAN TEONOTIYHI i maseokniMa-
TWUYHI JOCNIOXKEHHS). CUCTEMHI XK KOJIMBAHHS BiJ, TEMINX LO HENTPANbHMX
ab0 x0n0HMX YMOB BiAOYBatoTbCH KOXHI 3-5 pokiB. Tak, 3a OCTaHHi CTO
pokiB Ha 3emsi cTtanoca 23 Bunagkn Enb-HiHbo Ta 15 BUMagkis asuwia
Jla Hinbo [9].
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CromiTTsAMM Y IJIaHe TApHOMY MaciuTabi OiybIie Tera akyMy/TI0€Th-
Cs1'y TPOIIYHIil 30Hi, @ MEHIIIA JI0TO Ki/IbKicTh — 61714 Mo/TI0CiB, i OKeaH
Ta arMocdepa 3abe3nedyoTh epeposIO/il I[bOro TeIla Ha IJIAHeTi,
¢dbopmyroun 36aTaHCOBAHY KIIMaTUYHY CUCTEMY i3 Ce30HHMMU KO-
BaHHAMM TeMIeparypu Ta onafiB. OfHaK KOXHI IT'ITb — JeCATb POKiB
BUHIIKA€E ABUILE NEePEPOSIOAiINTY TeIUIa ¥ 30HI TPOMIKiB, IO MA€ IIO-
TY>KHUI BIUIMB Ha ycro maaHety. 1li apuija HasuBarotbca Enb-Hinbo
ta Jla-Hinba — npoTunexni eKcTpeMasnbHi 3HAY€HHs TeMIEpaTypu
BOAM i1 aTMOC(EpHOTrOo TUCKY B €KBaTOpiasbHiil 30HI Tuxoro okeaHy.
Y mnepiop Enb-Hinbo Temmeparypa nosepxHi Tuxoro okeany y Tpo-
miuHilt i meHTpanmpHil YacTMHax 36inblIyeTbcss Ha 5-10 rpapgycis,
a Ha NpOTUIEXHICTh 1bomy Jla-Hania nposABnsgerbca AK 3HUDKEHHSA
TeMIIepaTypu BOJHOI IIOBEPXHi Ha cXOfi TpomniyHoi 30HK Tuxoro okea-
Hy. lle ABuIe TpUBaE Bifl 1IECTH MICALB 10 POKY.

lllomeHHa CynyTHMKOBAa 31IOMKa y IUIAHETAPHOMY MacIuTabi 3a
nepion 3 1992 poky fo3Bonuaa HAKONMYUTH BEIMKUIL IIIACT JAHUX
UL PO3YMiHHA KIIMaTUYHIX IIPOLECiB, 30KpeMa TaKUX AK TeMIlepaTy-
pa HoBepxHi OkeaHiB Ta aTMocdepy, BUCOTa PiBHA MOPs Ta OKeaHiyHi
Tedii, 10 3apa3 JO3BOJIAE BiICTEKYBAaTV O3HAKM HAOMVDKEHHA Ta IPO-
rHo3yBaTy ABuia Enp-Hinbo ta Jla-Hinba (puc. 4.8).
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Sea Surface Temperature Anomaly (*C

Puc. 4.8. fIpyma Enp-Hinbo Ta JIa-Hinbs 3a JaHMMM CyITy THUKOBOI
3JIOMKM TeMIlepaTypy IIOBepXHi okeany [10]
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Buacnigok toro, mo nif yac Enp-Hinbo BinOyBaeTbcs iHTeHCUB-
Hillle IPOrpiBaHHA BOJAY, YTBOPIOETbCA aHOMAaJIbHA 30HA KOHBEKIIl,
1[0 IPU3BOAUTDH 10 30i/IbIIEHHS KiIBKOCTI yparauis, 3/1MB Ta iHIINX
eKCTpeMa/IbHUX INOTOJHMX SABMUIL, BIUIMB AKUX IPOABIAETbCA TAKOXK
i B Ykpaini. CaMe TOMy Ba>K/IMBMM € CBO€YACHE BUAB/ICHHS Ta IPOTHO3
HaO/MV>KeHHS, IHTeHCUBHOCTI Ta TpuBanocti gii Enp-Hinbo y TMXOMy
OKeaHi, 3a0e3ne4YnTy Ke MOXYTb JOCII/KEHHS OKeaHy 3 KOCMOCY.
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gov/cgi-bin/details.cgi?aid=30747.

4.1.2. Tipgponorisa

KocmiuHa rigponoris — rany3b 3eMne3HaBumnx Hayk, Nigpo3ain rigpono-
rii, WO 3aNMAETLCA KOCMIYHMUM JoChifKeHHaM rigpocdepy 3emni. CyTHICTb
L€l HayKu nonsrae y 6e3nepepBHOMY MOHITOPUHTY Ta JOCAIIXEHHSX OKpe-
MUX e1eMeHTiB abo CyKYNHOCTi FiApONOriyHNX 06’ EXTIB.

BognHzi 06’exTr m06pe po3pisHAITbCA Ha KOCMIYHUX 3HIMKaX, IIO
lla€ MOX/IMBICTh eeKTMBHO 3pilicCHIOBAaTH IX AMCTaHIiHE KapTo-
rpadyBaHHs Ta MOHiITOpUHT. KocMiyHi 3HIMKM JJO3BOJIAIOTH CTEXKNUTHU
3a PO3BUTKOM Pi3HOMaHITHMX IIPOILECIB y PiKaX, 03epaX, BOJOCXOBM-
IaX, BYSB/IATH iX HAC/TiIKY, 00YMOBJIEH] K TPUPOJHIMH, TaK i aHTpPO-
HOTeHHUMM PaKTOPaAMIL.

OcHOBHUMIU IlepeBaraMi KOCMiYHIX 3HIMKIB €: OJHOYaCHICTb OXOII-
JIeHHA 3HAa4YHOI IUIomi akBaropii, 6e3nepepBHicTb iH(OpMaliitHOrO
3MicTy 3HIMKa /11 KOXKHOI TOUKM 300paykeHHs, BICOKA MepioANYHICTh
peecTpalii cTaHy BOHUX Mac i IpubepeXKHUX TepUTOPIit.

3a gonomoromo gauux /133 Ta mporpaMHuX KOMIUIEKCIB 1070 iX 00-
pOOKYM MOKHa BUPIINTY 6araTo BaXKIMBMX TiIPOMOTiYHUX 3A60aHD,
8 momy uucni makux ax [1, 2]:

e OTPUMYBATH pisHOMacIITabHI KapTy naHAumadrie Bogo3abopis Ta
OLIiHIOBATU CTYIIiHb IX aHTPOIIOT€HHOTO MTOPYLIEHHS;

e BMKOHYBAaTM KOHTPOJIb TifporpadiuyHoi Mepexi Ta CHOPYH Ha 3aIlIaB-
HUX i IpM3aIIaBHMX Ji/IIHKaX, 0COOMMBO B palioHaX BEMMKMUX MiCT
Ta B 30HaX BEIMKOMACIITAOHOTO TiIpOTEXHIYHOTO 6YI[iBHI/IuTBa;

 3MIiJICHIOBATM iHBEHTapuU3allilo BOLOVIM Ta BOJOTOKIB;

e 3JII/ICHIOBATY MOHITOPMHI i IPOTHO3YBaHHA IIPOILECIB 3apOCTaHHA
TUP/IOBMX 30H, 3a00/I04yBaHHS INpPWIEIINX TEPUTOPili Ta TpaHC-
¢dopmariito maHAmMATIB (Y T. 4. ICTOPUYHY PEKOHCTPYKIIIO);

e BM3HAuyaTy OiO/NOriYHY NPOAYKTUBHICTD BOROIM, OIiiHIOBaTH 6io-
pecypcu (3amacu ¢iTomacy Buioi BOZHOI POCIMHHOCTI, CTYNiHb

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



PO3BUTKY YIPYIOBaHb 300- i (iTONTAHKTOHY, IJIOLI HepeCTU/INIIL,
MicIp Harymy pu6 Ta KOpMiBjIi BOJOIUIABHOI IITUIIi TOIIO);

BUABJIATYL aHTPOIIOT€HHO CIPOBOKOBAHI i MpMPOJHI 3MiHM BOJHOI
Macy (IpUpoOJHe Ta AaHTPOIIOTeHHe eBTPO(yBaHH:, 3MiHY IIPO30PO-
CTi BOAM, 3arajibHOI MiHepai3allii, HasABHICTb CyCIIeH3ill TOIIO);
BUABJIATY JpKepena 3a0pyJHEHHA BOJHOTO cepefioBMIIa (TOYKOBYUX
i pndysitanx), ix iHrpenieHTiB, y TOMYy 4McIi opraHidyHoi i MiHe-
panbHOI cycIieHsii, MOBepXHEeBYX IIIBOK HAQTONPOAYKTIB, po3unHe-
HOI OpPTraHiYHOI PeYOBVMHY, BUABIEHHA 30H «1BiTiHHA» BOAY, TEIIO-
BUX 3a0pyJHEHb i BUSHAYeHH: IUIAXIB Mirparii 3a0pynHeHb;
3IiIICHIOBATH €KOMOTiYHMIT MOHITOpUHT Ha 6a3i I'IC-TexHoMmOTiIT;
BM3HAYATM IHTEHCUBHICTh 1 MacuiTabu mpoileciB eposii i abpasii
6eperiB, 3CYBHUX ABUII, CEIEBUX IE€peMillleHb i OCiJlaHHA IPYyHTY
(cydosii), rpaHUIb KApCTOBMX 30H, PEECTPYBATH IepedOpMyBaHHA
pycen pidoK i BigMinuH;

BifIC/IiIKOBYBATM LIKif/IMBWIT BIUIMB BOJ (IiATOIUIEHHS, 3aCO/IEHHA,
KaTacTpOQivHi MaBOAKM);

3[i/ICHIOBaTY MOHITOPMHI Ta MOJENIOBaHHSA IIPOLECIB 3aTOIUIEHHSA
TEePUTOPII Mifl Yac MOBEeHeN 3a cepi€lo KOCMiYHMX 3HIMKIB Ta TpUBU-
MipHUMY MOZIe/IAMU penbedy;

BM3HAYaTM MaclITaby aHTPOIOreHHOTO HaBaHTAKeHHs (MiChKUX
aryioMepalilf, IPOMICIOBOCTI i Ci/IbCHKOTO TOCIIOAAPCTBA) HA IIPU-
JIeT/Ii O BOJHOI CUCTeMY AUISHKY cyi (Y T.4. i pekpearii);
3[IiJICHIOBaTY MOHITOPMHI BOJHOTO i TbOJOBOTO PEXMMIiB BOMONM,
CIIoCTepiraTy 3a IpolecaMy CHirOTaHEHH:A B I[i/IX IIPOrHO3YBaHHA
CTOKY, BUKOHYBAT¥ KOHTPOJ/Ib JIbOJOBOI OOCTAaHOBKM IPYU IPOXOJ-
JKE€HHI IIaBOJKY Ha piyKax;

BUABJIATU SiIAHKA IOPYIIEHHA CaHITApHUX 30H B PaliOHAX BOZJO3a-
60piB;

OLIIHIOBATM CTaH BOJOOXOPOHHUX TEPUTOPIil, NPUPOLOOXOPOH-
HUX 00 €KTiB Ta JJOTPMMAHHS ITOJIO)KEHb YMHHOTO 3aKOHOJaBCTBA,
PEryIonYoro B3aEMOBITHOCHHN JIOVHY 1 IPUPOAMN.
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Ha npakTuii po3pisHAOTb Taki 6udu docioxneHs [3]:
o JOCIIJ>)KEHH:A PivOK;
o JOCIIJ>)XKeHH: BOLOCXOBHIL, O3€p;
o NOCTiIKeHHA 6OIiT;
e JTOCTiMKeHHs TbOJOBUKIB;
e JOCTiKeHH:A Bofi MOpiB, CBITOBOTO OKeaHYy;
e TigpoaepooriuHi JocIipKeHHsA (KOCMiYHa METEOPOJIOTif);
e CIIELiaJIbHI IipOJIOTiYHi JOCTiKEHHS;
e IDOCITiMKEeHH MiT3eMHIUX BO[I,.

Monimopune npouecié 3apocmaHHsI 2UPIOBUX 30H PiUOK,
8epxi6’st 6000cx08UNY Ma 3a007104YE8AHHS NPUIe2IUX mepumopiti

HocnipxeHHA OyAb-AKNX 3MiH, 10 BilOYBAIOTbCA B €KOCUCTEMAX,
6asyeTbcs Ha pisHOYACOBOMY HOpiBHs/IbHOMY aHaisi. Cepep cyvac-
HUX MeTOHiB HOOYHOBM PAMiB PeTPOCIEKTMBHUX NOPiBHAHDb Hail-
6inpIn eeKTUBHVMMIM € Ti, AKi IPYHTYIOTbCA Ha BUKOPUCTAHHI JaHUX
AUCTaHLiiHOTO 30HAYBaHHA 3emyi. Oco6MMBO aKTyanbHe BUKOPMU-
CTAaHHA Pe3y/IbTaTiB AUCTAHIIIHOIO MOHITOPMHTY B pasi JOCIiKeHb
3MiH JTaHAMA(THOI CTPYKTYpU BEIMKUX NPUPOJHUX O0’€KTiB, A
AKUX TPOBOJUTY PEryHAApPHi MOMbOBI MOCHIIPKEHHA CKIAJHO 1 BU-
TPAaTHO.

Hait6inpr mOCTYIHOI XapaKTePUCTMKOK JTaHAMAPTY, B TOMY
9yCrIi 1 aKBaJIbHOTO, € POCIMHHICTD. Bifcrexyroun mepe6ynoBy Bu-
IOBOI i LIEHOTUYHOI CTPYKTYP POCIMHHOIO IIOKPUBY, IIE€PEPO3MOLiI
JOMiHAHT ab0 IUIONI, 3aiHATUX pisHUMU GITOIEHO3aMM, MOXKIINU-
BO OLIHUTM i cIporHosyBatu TpaHchopMallilo NMaHAAapTHUX KOM-
wiekciB. Y Oyap-AKilt maHAmadTHIN CTPYKTYpi BUAIIAIOTBCA IPO-
CTOPOBI JII/ITHKY, SIKMM BJIaCTVUBi OffHOpPiHICTh abioTyHMX aKkTOpiB
i popmyBanus xapakrepaoro Habopy dito- i 3001eH03iB. [X MpuitHATO
HasuBaTy 6ioTomamu. Bonm mipmarorbes Kmacuikanii, MOXYTb paH-
JKYBATNCA, 3alIMaTy 3HAYHi IIOLI, a IX MeXi YiTKO IPOCTEXYIOTbCA
Ha KocMiyHuX 3HiMKax. Cepe[, HUX € psAJ iIHOMKATOPHUX, IIOPIBHAHHSA
3MiH CTPYKTypyu ab0 IIOLIi AKMX JO3BOJISAE IPOCTEKUTI OCHOBHI TeH-
JeHIIil pO3BUTKY BOJHOI €KOCUCTEMIA.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



AKBaNbHWIA NAHAWAPT — aKBAIbHWIA KOMMEKC Y MeXax NaHALAGTHOI
000/10HKM 3eMAi, NOAINAETLCA 33 MOXOAKEHHSM HA MPUPOLHWIA Ta TEXHO-
reHHWA. TpUPOAHI NAHAWAGTV NOJINSIOTbCA HA  BHYTPILUHBOKOHTWUHEH-
Ta/lbHi (MOPS, 03epa piuku) Ta OKeaHiuHi (BHYTPILLHI MOPSA, OKPAiHN MOpS
Ta BNACHE OKeaHiYHi naHAwadTH). 10 TeXHOreHHUX BiAHOCATb BOAOVMM
LITYYHOTO MOXO)KEHHS — BOJOCXOBULLA, KAHANN, CTABKMK.

®iToueHo3 abo pPOCAVHHE YIPYNOBaHHS — Lie CYKYMHICTb POCIMH, 5iKi 3a-
IMAIOTb NEBHY OHOPIAHY AiNSHKY i 00'€qHaHI B3aEMOLIEO i3 CepefoBULLEM,
a yepes cepefoBULLEe — i Mid COOOHO.

bioton — ofHOPiAHMIA 32 abioTHYHUMM dakTopamMy NPOCTIp CepefoBULL,
3aiiHATIIA GioLeHo30M (TOOTO MicLie XWTTS BMAIB, OpraHiamis). B cBot uepry,
6ioLLeH03 — Lie KOHKPETHA CYKYMHICTb XMBYX OPraHi3mMiB Ha MEBHOMY NPOCTOPi
cyLwi abo akBartopii, L0 Ha3MBAETbCS BIOTONOM.

Sk mpuxaj HaBemeMO JOCTipKeHHs TpaHcdopMallil BOTHO-60I0T-
HIX YTifib Y BepXiB’1 BeMKOro piBHMHHOrO Bopocxosuia (KuiBcpkoro)
Ha 6asi aHasisy 3MiH, 1110 Biff0yBal0ThCs B IX 6I0TOMIYHIN CTPYKTYPI 32 pe-
3y/IbTaTaMy JielppyBaHHA PEeTPOCHEKTUBHNX PANiB KOCMIYHVX 3HIM-
KiB (puc. 4.9) [4].

Pesynbraty pemmdpyBaHHS KOCMiYHMX 3HIMKiB Bepxis’ss KuiBch-
KOro BopocxoBuiia 3a 30-piuamit nepioxn (1985-2015 pp.) mokasamu
3HaYHy TpaHcpopMalilo BOgHO-00m0THUX yrifb. 1i 3MiHu BifOymucs
3a paxXyHOK IIepepO3NOJ iy IUIOL] OCHOBHUX TUIIIB HA3€MHHX i aKBa/Ib-
HUX aHAmadTiB. 3 OfHOro 6OKY, CHOCTEPIraeThbCs 3pOCTaHHA IUIOL]
3a00/10YEeHNX TTePEe3BOIOXKEHNX OCeNI (TirpoToItiB), 3 iHIIOTO — TOC-
TiliHe 3MeHIIeHHA rigporomiB. Ha 11 1jporo BinbyBaerbcs mocriiiHe
3pOCTaHHA IUIOL] 3apocTeil MakpodiTiB i serpasanis 1yroBoi pocinH-
HocTi. Ie mifgTBepmKye nmofaHy paHille rinoresy Ipo MpOXO[KEHH:A
y BepxiB’sX BeJMKNX PiBHMHHMX BOJOCXOBMII IPOI[eCiB BTOPMHHOTO
IEeNbTOYTBOPEHHS, CIIPSMOBAHOIO Ha BiJITHOBJIEHHSA IIPUPOJSHOL CTPYK-
TYPU PYCIIa, 3aIUIaBY i CUCTEMU 3aI/TABHUX BOJOMM [6].

Monimopunz «ygiminns» 600u

«11BiTiHHAM» BOIY HAa3MBAaIOTb MAaCOBMI PO3BUTOK MiKPOCKOIIIYHIX
BOJOPOCTeIl (3a3BMYAll CMHbO-3€/IEHNX), 110 CYIPOBOKYEThCS 3HAU-
HIM HOTiplIeHHAM AKOCTi Bopu. lle BUKIMKAHO LiIuM KOMILIEKCOM
¢dakTOpiB, TaKuX fAK 3MiHa KIiMary, HajXO[PKEHHS y BOAY BEIMKOI
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KiZIbKOCTi pi3sHMX MiHepa/JbHUX i OPraHiYHMX PEYOBUH, Ta IIOB sA3aHE
3 iHTeHcudiKaIli€l0 TOCIIORaPChKOI [isIBHOCTI TIOANHN. 30KpeMa, HaJ-
XOIKEHHSIM Y BOJONMMM 3a0py/[HEHUX OiOT€HHUMM PEYOBMHAMMU KO-
MYHaJIBHUX YU CiIbCBKOTOCIIOJAPCHKIUX CTOKIB, MiHepalIbHUX JOOPUB,
CMHTeTMYHVX MUIOYNX 3aC00iB TOIIO.

Tunu diomonis:
| — 3annaBfi THCTAHI JTiCH;
2 — xBoiiHi cH;
3 - sannaBHi TyEH;
4 — mepesponoskeni GloTOMH;
5 Giotonwn ditani;
6 — Hesapocnl  riApoTonH
(BOIHA [IOBEPXHA).

6 1
20%

K andsat

Puc. 4.9. ocnimKeHHs AMHAMIKI 3apOCTaHH:A BepxiB'st KuiBcpkoro
BOJOCXOBHIIA 3a MaTepianamu gemndpysanns K3 Landsat [5]

«IBiTiHHs» BOAM € MOKasHUKOM pPO36aTaHCOBaHUX MIPOAYKIIiTHO-
OUCTPYKUIMHUX TIPOLECIB B €KOCKUCTeMi, ITiBUIEHHA ITOKa3HUKIB
ii TpodHOCTI B cTOpOHY eBTpodikariii, 1110, 3a3B1YalL, CYyIIPOBOIPKYETHCS
HOTipLIEHHAM AKOCTi BOIM, aX [0 rinepeBTpOdHOCTI, KO 36aradeHHsA
BOJIOVIMM OiOTeHaMV CIPUYMHSIE TOCUIEHI BUTPATU KUCHIO y BOJi, Maco-
Be BiIMupaHHsA 610TH Ta Pi3Ky 3MiHY apaMeTpiB eKOCUCTEMU.

Tpodnictp — xapaxkTepucTyka Micis nepeOyBaHHA (IPYHTY, BO-
JIOVIMM) >KUTTSA 3@ 110r0 6i0/I0TiYHOI0 MPOAYKTUBHICTIO, 3yMOBJICHOIO
BMiCTOM OiOT€HHUX eIEMEHTIB.
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EBTpodikauia — 30arayeHHs BOfoMM OiOreHHUMU enemeHTamu, Lo
CYNPOBOMXKYETbCA 3HULLEHHAM NPOAYKTMBHOCTI BOAOWMMU. EBTpodikaLis
MoXe YTV HACNiaKOM NPUPOAHOrO CTAPiHHS BOLOMMM, BHECEHHs J0OpwB
ab0 3a0pyAHeHHs CTIYHUMK BOLAMM.

linepeBTPOHICTL — CTaH BOJOMMW, SKWIA XapaKTepuU3yeTbCS HaaMip-
HicTio 30arayeHHs GioreHHUMM enemeHTaMm.

bioreHHi pe4oBUHM (enemeHTH) abo bioreHu (Bif rpew. bios — XuUTTs,
genos — HapO[KeHHs) — PevyoBMHY, LLO HAbINbL akTUBHO BepyTb y4acTb
B XXWTTELIAIHOCTI BOAHUX OPraHi3miB. [10 HUX BIGHOCATLCA MiHEpPaIbHi Cro-
nykmn azoty (NH,,, NO,_, NOs ), docdopy (H,Pq,_, HPO,_,, PO5_,), KpeMHiIIO
(HSiO5-, Si0,_5), 3ani3a (Fe,,, Fes,) i Cnonykn Aesakmx MikpoenemeHTiB.

JAndysHe abo poscisHe BiaOMTTA cBiTAA — fABMLLE BIAOUTTA CBIT/IA NO-
BEPXHEl0, MpY AKOMY CBIT/I0Bi MPOMEHI BifOMBAIOTLCA B Pi3HUX HANPSMKAX.
JAndy3He BIOUTTA NOACHIOETLCA PO3CIAHHAM CBIT/1a HA HEPIBHOCTAX MOBEPX-
Hi, i € NPOTUNEXHUM NPOLLECOM A0 [A3epPKTbHOTO BifOUTTS.
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Puc. 4.10. IntocTpariisi po3cisHOTO Ta A3epKaqbHOTO BigOMBaHHS

[TposiBnsieTbest «BiTiHHSI» B 3MiHI 3abapBlieHHs BOAM BHACHI-
OOK MacOBOTO PO3MHOXXEHHA MiKPOCKOMiYHMX BopjopocTeil. Came
TOMY MeTOgyu 0OpOOKY KOCMIUHUMX 3HIMKIB /I BUSB/ICHHS JIISTHOK
«IBITIiHHA» BOAM 3a3BUYal 6aSYIOTbCH Ha aHai3i Bapianii koedirien-
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Ta AUQy3HOro BifOMBaHHSA CBiT/Ia TOBEPXHEBUMM i MiAIOBEPXHEBUMU
mapamy BOAM Tpy 30ibllIeHH] B HUX KOHIIEHTpallii GpiTOIIaHKTOHY.
Haiibinblire migxonuTh A/ CIIOCTEpeXKeHb YepPBOHA AiIsHKA CIHEKTpa
BupyMoro piamasony 600...700 uM Ta OmoxHin [Y-gianason. s
BUSIB/IEHHsI [UISTHOK I[BITIHHS BOAY [00pe MiIXOAMUTDH BeTreTaliiiHMit
ingexc NDVI. Takox [OHAaTKOBOIO AelIM(pPyBaJbHOIO O3HAKOI IpK
imenTnikanii «UBITIHHA» BOAM MOXKe CIIYTyBaTy TEKCTypa 300pakeH-
Hs. Tak, 114 JiITHOK iIHTeHCUBHOTO «LIBiTiHHA» HallyacTillle XapakTep-
Ha crenudivyHa HUTKONOyAiOHa TeKcTypa (puc. 4.11).

a 6

Puc. 4.11. 306pakeHHs ABAIIA «I[BITIHHS BOLM»
cymytHuKoM Sentinel-2 Ha mpuknagi: a — Kpemenuyijpkoro
BOJOCXOBHUIIA, oTpuMaHe 22 ceprisa 2015 poky; 6 — KaxoBcbkoro
BOZOCXOBM1IA, oTpuMaHe 10 ceprs 2016 poxy [7]

Kocmiyamii 3HiIMOK NOKas3ye, 1[0 AiIAHKY iHTEHCMBHOTO LIBiTiHHA BU-
TATYIOTHCA Y3[OBXK TEUill i BTATYIOTbCA IO BUXPOBUX PYXiB, OKPIM LIbOTO
Ha IIepEHECEeHHSA BOJOPOCTEN Hall3HAYHIIINIA BIUIMB Mae Bitep. Y mepioau
3 TPUBAJIOIO TEIUIOK, COHSYHOIO i 0e3BITPsIHOK MOrofo 1ianobakTepii
00’€[HYIOTbCS B arperary, AKi CIUIMBAIOTD /IO IIOBEPXHi, YTBOPIOIOYM II0-
BepXHeBi a00 IifnoBepxHeBi cKymyeHHs. Ha cymyTHMKOBUX 300paskeH-
HAX IiaHOOaKTepil IPOSAB/IAIOTLCA Y BUIVIAAL ACKPABUX HUTKOMOIOHNX
cMyT a00 Li/MX cKymueHb. [IpuyoMy Kosip IMX IIAM 3a/IeKUTD Bif cTafil
PO3BUTKY BOOPOCTEIL: BiJj ACKpaBO-3€/IeHNX JI0 OypO-KOpIYHEeBNX [2].

IHTEeHCUBHE LIBITIHHA XapaKTepHO, IIepII 3a BCe, /IS BOLOVIM 3i c/1ab-
KUMH TeYifiMM, 30KpeMa TAaKUX, AK KacKaf JJHIIpOBCHKUX BOJOCXO-
Buil. HaBopgumo mpukiaj JOCHIIKeHHs IiISHOK «IIBITiHHA» BOAU
KniBcpkoro BopmocxoBmina, je OYB BUKOPUCTAHMII BereTalilTHMI
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iHIeKC, IO 1aB MOXK/IMBICTD 3[IMICHUTY YiTKY JIOKaJIi3allil0 OCepefKiB
L[BITiHHS CMHBO-3€/IeHUX BotopocTelt (puc. 4.12).

OTpuMaHi pesynbTaT HO3BOMWIM KapTorpadiuyHo Bifobpasutu
Ta MiATBEPOUTH Pe3yIbTaT!l Ha3eMHUX CIIOCTEPEKEHD TiIPOMETCITY K-
6u LITO MHC Ykpaiun y 2013 poui, sKi ZOBOAATB, 10 AKicHi Ta Kinb-
KiCHi IOKa3HUKY PO3BUTKY (piTommankToHy KNIBCbKOro BOZOCXOBUIIA
y 2013 poi gocArany MakcMMaIbHUX 3HaUeHb y cepepHii (c. CTpaxo-
miccst) Ta HkHil (¢. Hosi [leTpiBii) yacTrHax BogoimMu.

Monimopunz mennoeozo 3a0pyoHeHHs 60001im

TennoBe 3abpynHeHHs — BifOyBa€eTbCs BHACIOK HAIXO[KeH-
HA y Boporimu nipirpitux Bog Bif TEC, AEC Ta iHIINX eHepreTMYHUX
00’exTiB. Haitbinpury KinbKicTh TeIUIoi BOAY CKUAAOTH y BOJOVIMU
aTOMHI efeKTpocTaHIil. 3a0pyIHeHHA BUABIAETbCA Yy MiABUIIEHHI
Temmneparypu Boiu. Voro cynpoBoakye sMiHa XiMi9HOTO Ta ra30BOro
CKJIaJly BOIM, 3MEHILIEHHs KiTbKOCTi KMCHIO, «IIBiTiHHsA» BOAMU, 30i/b-
IIeHHA BMICTy MikpoopraHismis. Teria Boga 3miHIoe Tepmiunmii i 6io-
JIOTIYHMII PEXVMMM BOJOVIM i HIKiiJIMBO BIUIMBA€ HA IXHIX MEIIKAHIIB.
SIx mokasanmy OCTimKeHHs Tinpo6ionoriB, Boja, HarpiTa 0 TeMIepary-
pu 20-30 °C, mie npurzivyroun Ha puly Ta iHIIMX MEIIKAHIB BOLOIM,
a SIKILO TeMITepaTypa Boay IigHiMaeTbcA 1o 36 °C, puba B3arasi ruHe.

JlaHi [UCTaHLiTHOTO 30HAYBaHHA 3eMIi B [ialla30Hi JOBXIH XBUIb
8-14 MxM (OBroxBMIbOBe iHppayepBOHe BUIIPOMIHIOBAaHHS) HO3BO-
Jisie OTpUMYyBatTy iHpopMalio mpo TerwiodisnyHi BITacTMBOCTI 00 €K-
TiB Ha rmoBepxHi 3emti i maHamadTiB pisHOrO poOAY.

PacTpoBi faHi TeIIOBOro BUIIPOMiHIOBAHHA i3 cepelHIM IIPOCTO-
poBuM pospisHeHHAM (100 M i 6inblre), 0 HAZAOTHCA BITBHO BCIM
6axxarouyM, npepcTaBneHi maHmmu ceHcopa TIRS, BcraHoBnEeHOrO
Ha cynyTHMKy Landsat-8. Ii maHi Bifo6paskeHi B IBOX CIIeKTpa/IbHMX
mianmasonax (10,3-11,3 mxm i 11,5-12,5 MKM), @1 IX IepeTBOpeH-
HS B PO3IOAIT TeMIIepaTypy BUKOPUCTOBYETHCS OOepHeHe PiBHAHHSA
[InanKa [ TENIOBOrO BUIIPOMIHIOBAaHHSA «CIPOTO Ti/lla», CYyTh SIKOTO
B IIEpETBOPEHHI CIEKTPAJIbHOI LIIIBHOCTI €HEpreTM4HOL ACKPaBOCTi
TEIJIOBOTO BUIIPOMiHIOBaHHS, 110 HaflaeTbcs ceHcopoM TIRS 3 ypaxy-
BaHHsAM KoedillieHTa TEIUIOBOrO BUIIPOMIHIOBAaHHS, IIO BiZoOpakae
3/1aTHICTb Pi3HUX ITIOBEPXOHDb BUIIPOMIHIOBATH TEILNIO.
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CTaB-0X0/10/)KyBay (BOJ0MMA-0X010)KyBa4) — Lie WITy4Ha BifKpuUTa
BOAOVMA, LU0 NpW3HAYeHa 415 OXONOAKEHHS KOHAEHCATopiB TypOiHu, WO
[03BONSIE BUPOONATH €N1eKTPUUHY eHeprito. OX0NO4KEHHS BOAM Y CTaBKY
3[iNCHIOETbCA BHAC/IJOK BUNAPOBYBAHHA | KOHBEKTMBHOI TErnn0BiALaui.

Hwxue HaBenieHO pe3y/nbTaTy JOCTi/I)KEHHA IeTePOreHHOCTI IOMiB
TeMieparypu HeTimmHcbKoro Bogocxosuina (BOZoOMM-0X0IOKYBa-
ga XmenpHunpkoi AEC). Crap-oxomomkyBad (BomoiiMa-OXOMOmXKY-
Bay) — Ile IITYYHA BifjKpuTa BOHOJMA IO NpM3HAYEHA JId OXOJIO-
IKeHHs KOHJeHCAaTOpiB TypOiHy, 1110 JO3BOJISIE€ BUPOOIATY eJIEKTPUYHY
eHepriro. OXo/Io[KeHH BOJAY Y CTaBKY 3[i/ICHIOETbCA BHAC/TIJOK BUAIIA-
PpOBYBaHHA i KOHBEKTMBHOI TeIIOBifgayYi.

3a ganumu 3itomku KA Landsat 8, 18.09.2015 p. (puc. 4.13, 6) moxxHa
0aunTy, 10 KapTHHA PO3IOAITY TeMIIepaTyp IpM pisHMX yMoBax (mpu
po6ori 1 i 2-x 6710KiB Ta pi3HNUX HANIPAMKAX BiTPy) OCUTb HEOIHOPI/HA.
MoykHa BUIINTY KiNbKa TepMIYHUX 30H, X04a BifIMIHHOCTI B ITIOKa3HU-
Kax TeMIIepaTypy HeBeMMKi: 30HU MiBUILEHOI TeMIIepaTypu B CXiJHO-
MY i LEeHTpa/JIbHOMY pajloHaX BOJOVIMM-OXOJIO[)KyBada, 30HN 3HVDKEH-
HA TeMIlepaTypyu — B HiBAEHHOMY i 3axifHOMY paitoHax (puc. 4.13) [8].
OtpumaHi Teny10Bi KapTy JO3BOAIOTD OLIIHUTY AKMM YMHOM LUPKYITIOE
CKVMHYTa HarpiTa BOJA Y OXOJIOMKYBadi, Ta HaZaT! IEeBHI PeKOMeHAIi1
[OfI0 HifBUIIeHHS eeKTUBHOCTI €KCIUTyaTallil BOLOMM.

Hocnioxenns po3noodiny memnepamyp noéepxui okeany

3it0MKa 3a JOIOMOTOI0 TEIVIOBMX iH(ppadepBOHUX PaflioMeTpiB, AKN-
MU OCHalleHi Bci QyHKIIOHYIOWi MeTeOpOoIOoTiuHi CYIyTHUKY, BifKpK-
JIa MO>K/IMBICTh OTHOYACHOI I7100a/IbHOI (pikcallii TeMepaTyp moBepxHi
OKeaHy, IIJ0 HeMOXX/IMBO Oy/I0 paHillle 3HiJICHUTK 3 CyieH abo /iTakis.
[no6anpHi cynmyTHUKOBI QOTOKapTVM TeMIeparyp MOPCHKOI ITOBEpXHi
SST (Sea Surface Temperature) cknagarorbes 3i 3HiMKiB AVHRR/NOAA,
AKi 3 2001 p. CTBOPIOIOTHCS B peaJbHOMY MacIuTabi yacy Ha OCHOBI 6a-
raTOKAHAJbHOTO aJITOPUTMY BU3HAYEHHA TeMIIepaTyp i BUKOPUCTOBY-
I0TbCS B OIIePAaTUBHUX LiAX (puc. 4.14) [9]. Posnogin Temmeparyp Bogu
IpENCTaB/sA€ OCHOBHY [iarHOCTMYHY O3HAKY A IIPOTHO3Y [i/lAHOK
3 HaJIO1/IbII IMOBIpHUMM PUOHMMM CKYITYEHHAMIL.
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Dara 23.40.2043
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Puc. 4.13. Posniofiin NOKa3HMKiB TeMIIepaTypy mobepxHi HerimmnHcbkoro
BOJIOCXOBMIIIA HA TePUTOPIi I3scmaBchKoro pariony XMenbHUITbKOL
o6acri: a — cranoM Ha 23.10.2013; 6 — cranom Ha 18.09.2015 [8]
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Puc. 4.14. 3minnu TemuepaTypu 3a ocTaHHi 50 pokiB (B rpafjycax Lielbcis
3a JeCATWIITTA) 3a JaHUMU TeIUIoBol 37ioMky cymyTHuKa NOAA [9]

BcraHoBnennii 3a CynyTHUKOBMMI 3HIMKaMM XapaKTep PO3IOJiTy
TeMIIepaTyp BOAYM B OKeaHi iCTOTHO Bifgpi3sHAETbCA Bil KOMMINHIX
ysABJIeHb Ipo Hboro. Ha mporusary BimoOpakeHill kapramm Bupa-
HIX aT/]aciB OKeaHiB IUIaBHIiN 3MiHi TeMIlepaTyp Ha IIOBEPXHi OKeaHYy
CIIOCTEPIraeTbCs yXKe CKIajiHA 1 KOHTpacTHa KapTuMHA, 00yMOBJIeHa
CTPYMEHEBUMM TeUiAMY i BUXPOBUMM YTBOPEHHAMM. Y NpHOepexxHNX
paitoHax CYOTPOIIYHMX i TPOIIYHMX MMPOT PIKCYIOTbCS PPOHTY MK
TEIUIMMM OKeaHIYHUMM BOIaMM i Oi/IbII XOJIOMHMMY NIPUOEPEXKHNMIL.

Kpim BuBYeHHS BTacHe TeMIIepaTyp BOAM, TeIUIOoBa iHppadepBoHa 3110M-
Ka Jja€ Marepiasn 1A JOCTIIPKEHHA SUHAMIYHIX MIPOLIECiB B OKE€aHi, Teviil,
OKeaHIYHJX BUXOPIB i GpOHTIB, alBe/IiHTiB Ta iHIVX SBMUIL, IIPY BUBYEHHI
AKX 3a/Ty4al0Th TaKOXK MaTepiajiy IIpo piBeHb OKeaHiYHOI IOBEPXH.

Tak, Ha 3HIMKY ATTaHTMYHOTO OKeaHy (puc. 4.15) 4iTKO BMIHO
TonbdcTpim, TeMmepaTypa BOAM AKOTO iCTOTHO BUINA 3a TeMIIEPATypy
HaBKO/IMILIHIX BOJ| OKeaHy, i BUXPOBi CTPYKTYpU — PUMHIU — BUHMKA-
I0Th Ha KOPJJOHAaX TeIUIMX i XO/IOTHMX BOJ [9].

fonbcrpim (aHrn. Gulf Stream) — Tenna MopcbKa Teuist B NiBHIUHIN Yac-
TUHI ATIRHTUYHOTO OKeaHy, Aka € MOTYTHIM TeMINM OKeaHCbKUM MOTOKOM,
O TPAHCMOPTYE TEM/0 3 €eKBATOPia/IbHMX PaNOHIB A0 NiBHOYI. 3aBAAKM
lfonbCTpimy BinOYBAETHCH NOTY)XHA LMPKYAsLLS BOAW: TENNOI — Ha NiBHIY,
a XOMOLHOI — Ha MiBAeHb. Li npouecy pobpe inlOCTpyloTb TennoBi KapTy,
OTPUMAaHI Ha OCHOBI AaHux [33.
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Puc. 4.15. Teuis TonbdeTpim y moni Temuepatypu
IIOBepXHi OKeaHy 3a JaHUMM TeIJIOBOI iHppadepBOHOI 3110MKI
papiomerpom AVHRR 3 cymyTHnka NOAA [9]

JlocaigkeHHs1 pycJ0OBHX MPoOIeciB

SIK BifoMo, 3 ITIMHOM Yacy pyc/a PiK 3MiHIOIOTb CBO€E IVIAHOBE i BU-
COTHe NO/IOKeHH:. 3a nepion 61m3bko 30-50 pokiB pika MOXKe 3MicTH-
TIICb Ha Bi[ICTaHb, AKa JOPiBHIOE HABITh MIMPWHI pyc/Ia, MOXYTb 3 ABM-
TIICh HOBi IPOTOKM 260 ocTpiBHI yTBOpeHH:A. Ha choropHi koMmiekcHi
CIIOCTEPEXXEHHA 32 IMHAMIKOIO Pycel 3 BUKOPUCTAaHHAM JaHux JI33
HaOyBaOTb BCe OI/IBLIOTO MOLIMPEHHS.

IIpn pocnimKeHHI PYCIOBMX IpPOLECIB NOEJHAHHA MUCTAHLIiMN-
HUX aepOKOCMIUYHNX MeTOAiB 3 Ha3eMHMMU TIeoMOP(OIOTiYHMMMU
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i reomoro-reoi3MYHNMIN JAHUMM MOXYTb 3a0€3IeYUTV OTPUMAH-
HA AKICHIIMX I OCTOBipHIIIMX BifoMocrTeil npo ix 3sMinu. CkiajeHi
B 1980-x pokax BenmkomaciiTabHi TomorpadiyHi marepianu i3 mo-
OAaHHAM PiK 9acTO y>Ke€ He Bi[IIOBifal0Th peajbHOMY CTaHy Tifpo-
rpadivnnx o6’exriB [10].

JlMHaMika pyclIOBMX IIPOLECIB 3a3BMYail 3yMOB/IEHA IIPUPOAHUMM
¢dakTopam, B IIEpIIy Yepry, HEOTEKTOHIYHVMMU PyXaMI.

[TopiBHsANMbHe AemmdpyBaHHA pisHOYacOBMX 3HIMKIB p. Tuca mo-
Ka3aJio, 110 3a nepiof 3 1984 poky Ha 3axif Bif cMT. COTOTBMHO PyC/Io
piukyM 3MiCTMIOCH O/IVDKYE IO CAMOTO HAaCelIeHOTO IIYHKTY, a Ha 3axif-
Hill CTOPOHI JOCHIIPKYBaHOI TE€PUTOPil PO3ABOINOCH, CTBOPUBUIN,
TaKMM YMHOM, CBO€EPifHUI ocTpiBenp. [liBgeHHO-3axipHine cenn-
ma B Micui, me Bif piukm Bipxomuth nmpuroka I3a, Tuca xapakrepHo
«BUTMHAETbCA» 3HOBY Mo cMT. ComorBuHO. Ha miBfens i niBgeHHmit
CXijj Bifi Hace/IeHOro MyHKTY piuka cTae OiIbII MPAMOIO i MEHII 3BM-
BuCTOIO (puc. 4.16) [11].

Puc. 4.16. Jocnimxenns sminn pycna p. Tuca [11]
(Ymoeni nosuauenns: bepezosa ninis p.Tuca sudinena Ha ocHosi:
1 — K3 KPA-1000 3a 1984 p.; 2 — K3 Landsat-7 3a 2000 p.;

3 — K3 Spot-5 3a 2007 p.)
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Icmopuuna pexoncmpyxuis 2iopozpadiunoi mepesci
ma ouinka mpancdopmauii nanowapmie

ITopiBHAHHA iCTOPMYHUX KapT i cyyacHux maHux [/I33 pmosponse
IPOBOMUTYU PeKOHCTPYKIIio rinporpadiuyHoi Mepexxi Oyab-saKoi Tepu-
Topil un maHAmadTHUX KapT SIK OKPeMMX BOJOIM, TaK i BOTHMX 6a-
ceitHiB. IlikaBi pe3ynbTaty gae i HOpiBHAHHSA BUITIANY BOSHUX 00 €K-
TiB 10 1 mic/A aHTponoreHHMUX TpaHcdopmanii. I[Ipuknragom Moxe
CIIyIyBaTM NpOBeJeHe OljiHIoBaHHA TpaHcdopmanii piunma Jrinpa
Ta JIOrO 3aIIaByM Yy BEPXHill yacTuHi Ha npukaani Kuiscbkoro Bogo-
CXOBMIIA.

IlepBuHHa POCIMHHICTD NMOMICHKMX 3aM/IaB JIHINpa i HIDKHIX Tedin
ITpur’ati it TerepeBa mo yTBOpeHHs KmiBcbkoro Bomocxosuima 6Oyma
IpeJCTaB/lIeHa [IepeBHO-YarapHUKOBUMY, JIyYHUMY, OOTOTHUMMU
i mpubepe>xxHo-BopgHUMY (3eMHOBOmHVMMM) (iToreHo3amu. KniBcbke
BOJOCXOBIIIE, BBEEHE B €KCIUTyaTalilo B 1964 p., BHeCIO Big4yTHIi
3MiHM Yy IPMPOJHI YMOBM Kpalo: TiIpO/IOriyHi, MiAIPyHTOBO-IPYHTOBI
Ta €KOJIOT0-0i0/OTriYHI peXXUMM JTYYHUX AIIAHOK, SIKi ONMHWINCA TIiJ
BIUIBOM MiJIKOBOGHOTO 3aTOIUIEHHA i HMiJI'PYHTOBO-IPYHTOBOTO IIifi-
TOIUIEHHS.

OrpumaHi KapTu peKOHCTPYKILi cTaporo pycna JIHinpa 103Bonumm
BiITBOPUTY iCTOPUYHNIL BUITIAN PIYKK SO YTBOPEHHSA BOJZOCXOBUIIA.
[lopiBHABIIM 1LIi MaTepianyu 3 Cy4aCHUMM aKTyalbHUMU KOCMIYHUMMU
3HIMKaMu Tic/s femmpyBaHHs, 6y10 BM3HAYEHO MAcIITabu 3aTOIl-
NeHHA 1 TpaHcopMmalil 3ammaBu [IHinpa, ska Bigbymmcsa BHACIiOK
saperymoBaHHA piukn Kwuiscbkoro I'EC. Burnap npupopnoro pycna
Huinpa Ta akBatopii KuiBcbkoro BogocxoBuija B CTaHi IIOBHOTO Ha-
IIOBHEHHA BiITBOpEHO Ha puc. 4.18.

Ha pwuc. 4.17 peranbHO NpefCcTaBlI€HO IPUKIALM ITOCTYIOBOI
TpaHcdopMalii HailOiIbII [UHAMIYHOI A/ITHKY BOJOCXOBUIINA, @ CaMe
jtoro Bepxis’sa. Ha 306pakeHHAX J06pe BUHO, L0 32 JOCIIHKYBAHUI
nepiof BifOynocs 3HaYHe 3apOCTAHHS aKBATOPil BOJOCXOBNUINA BUIIOIO
BOJIHOIO POC/IMHHICTIO, i XO4Ya HMHI BOHA Yy BUIOBOMY CK/Ia/li 3HAYHO
BifIpi3HAETBCA Bif iICTOPMYHO NPUTAMAHHOI JTy4YHOI, ajie¢ IIOMITHO, IO
¢dhopma 3arTaBy IOCTYIOBO BiTHOBMIOETbCA [12].
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Puc. 4.17. BigTHOBNIEHHS IPUPOJHOTO CTAHY PYCIOBHX 1 3aIl/TaBHUX 6i0TOIIB
p. JHuinpo y Bepxip’ax Kuiscbkoro Bogocxosumia. Burnan gocmimpkysanol
HiSTHKY Ha pisHi matu: 1943 p. — 3a HiMelbKoI0 TonorpadivHo0 KapToro (a),
1985 p. — 3a kocmivynuM 3HiMKOM Landsat -5 (6),

2015 p.— 3a kocmivanM 3HiMKOM Landsat-8 (8) [12]

Puc. 4.18. Kapra
TpaHcdopmanii piunina
Ta 3allJTABHUX KOMILIEKCIB
p. JHinpo B pe3ynbTari
cTBopeHHA KuiBcbKoro
BomocxoBuina [12]

B ¢ [inpo cravau wa 1943 [
I Hudscure sagoteoeinss Sranou 8 1985 p,
Hacenewi nyrcm:
. iy
& saTonnewi Nl uaT CTEODEWHA DoODCKDmAA Y 195641968 pp.
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Momnimopunez npouecié 6UCUXAHHA 60001iM

ApasbCbKMM MOP€EM Ha3MBAKOTh KOJIVICh BE/IMKE, A 3apa3 MPAKTUYHO
BJICOXJIE COJIOHE 03€PO, sAIKE CbOTOIHI BUITIAMIAE AK BENINMKa COJIAHA ITyC-
Tenst. Vloro TepecuxaHHs BBaXKAETbCA OJHIEI0 3 HAMGIMbII TpaH/Iio3-
HUX eKOJIOTIYHMX KaTacTpod CY4acHOCTI, ajpke BCboro 50 pokiB ToMy
BOHO BXONWIO B YeTBipKy Hail6inbimx osep Hamioi mmanetu. Voro
TIoMa CTaHoBMIA 50 THC. KM, a MaKCMMabHa rnbuHa — 68 M. [Tpo-
Te Ha JAaHMII Yac BXXe PO3IOYaI0Cs JOoro KaracTpodiyHe BUCUXAHHA,
110 6e31ocepeHbO OY/I0 CIPUYMHEHO FOCIIOAAPCHKOIO JisIbHICTIO JIT0-
AVHY — OYIiBHUIITBOM MaCIITaOHUX 3POLIYBAJIbHMUX CUCTEM Y CTEHax
Kasaxcrany it Y36ekucrany, OCKibKu Apan — Iie CONIOHe 03epo-Mope,
i ToMy 7ior0 BOJA He MigXOAyIa /1A MonuBy [13].

Mope XUBWUIOCH i3 BOX OCHOBHMX pidok: Amymap’i Ta CuppapT,
caMe i3 Hux 6y/10 BUpillleHO TPOBOANTY 3a6ip BOAY I MONMUBY KOJI-
TOCIHMX YTifib. ¥ 1960-My poui o6cAr Bopy, 110 Bifoéupanacs i3 piuok
T TIONIMBY, CK/TafiaB 60 KM~ Ha pik, a 10 1990-ro poky — yxe 120 km”.
BifcyTHicTh piuKOBOTO CTOKY IOpYIINMIA BOJZHWIT 6amaHC ApPambChbKO-
ro Mopsi — 06’eM BOJM, AKIII BUIIAPOBYBABCA i3 JIOTO IIOBEPXHi, He I10-
HOBHIOBABCs HOBOM. [Iporiec itoro 3HMKHeHHs o4aBcs B 1961 porii i 6yB
Iy>Ke CTpiMKMM: 3a 100y BOJja CIIajiajia Ha KillbKa JecsITKiB MeTpiB Bix Oe-
pera. llIBuakicTb 0OMinmiHHA MOps 3pocTana y mporpecii Big 20 cMmy 1960-x
1o 90 cM 3a pik y 1980-x poxax. [Jo 1989 poky Apan BTpatuB 61M3bKO

Puc. 4.19. Apanbcbke mope [13]
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1000 kM> BofM i po3maBcsA Ha JBa o3epa: MiBHiYHe — Mamuit Aparn,
Ta nisfieHHe — Benukuit Apan. Ha nouatok 2000-X pokiB piBeHb BOAU
y Apasti 3HM3UBCA y>Ke Ha 22 M BiJf IOYaTKOBOTO, i CTAHOBUB BChOTO
31 m. ¥V 2009 poui cxigHa YacTMHA 03€pa LIJIKOM IIepecoxiIa, a 3aXifHa
HepeTBOPMUIACh Ha KilbKa ApiOHMX i30mboBaHuX 03ep [13].

Piske maginHs piBHA BOAM Y Apa/ibChKOMY MOPI CTajI0 IPaH/Ii03HOK0
€KOJIOTiYHOI0 KaTacTpo(oro Cy4acHOCTi (MOXKINMBO, HaBiTh 6i/IbIIOIO
HiK aBapis Ha YAEC), sika motsria 3a co6010 HM3KY HEraTVBHUX 3MiH.
ITepecnxaHHs KaracTpoiuHO BimoOpasmaoch Ha MiclieBoMy KiIiMaTi
Ta NMPUPOSHMUX eKocucTeMax. BomHuil 6acellH IOM SIKIIyBaB KOHTM-
HEHTA/IbHUI K/IiMaT PerioHy, a 10To IepecuxaHHA IIPU3BENIO O TOTO,
1O JIiTO Y KONMIIHIN aKkBaTopil Apajy cTano Oi/lbIl CIeKOTHUM i cy-
XVUM, a 3MIMI XOJIOJHIINMMM, MaJIOCHDKHUMN 1 TpuBamimumu. IIpore
Hail61/1bII0I0 TTPO6IEMOI0 CTa/IM MIOBI Oypi, sIKi IOYany BUHMUKATK
y CyXiil JONMMHI KOJIMIIHBOTO MOpsA. BOHM pO3HOCATDL Axydy mmio-
CONIBbOBY CyMill, sKa, Ha Jofiaudy, 30arayeHa MiHgOOpMBaMy Ta OTPYTO-
XimMiKaTamy, 1[0 pOKaMy HaKOIMYyBalINCh Y JOHHUX BifIK/Ia/JaX MOPCh-
KOTO MYJTY, KyA) IIOTPAIUISUIN i3 TOBKOIMIIHIX OB [14].

J71st Toro mo6 BpATYBaTH Bijj IOBHOTO BYCUMXAHHS X04a 0 YaCTUHU
Aparnbcbkoro mops, y 2005 pori 6yno 36ynoBano Kokapanbcbky rpe6-
mo, o posginse [liBuiunmit (Mammit) Apan ta [TiBgennnit (Bennkmit)
Apar. [IpoeKT Tako)X BK/II0YaB PEKOHCTPYKLIIO TiIpOTEXHIYHNUX CIIO-
pyx Ha piuni Cuppap’i. 3aBpsaku rpe6i, Bucoroo 45 M, piBeHb BOAU
y Manomy Apani nigHsaBca 10 42 MeTpiB, a CONOHICTh BOAY 3HMU3W/IA-
cst (puc. 4.21). e no3BOMMIO BiffHOBUTY MOIY/IALI pub, a TAKOX I10-
3UTVIBHO BIUIMHYJ/IO Ha K/IIMaT periony, AKMit CTaB M AKIINM, 30KpeMa
3MEHIIVBCS piBeHb IIMJIOBOTO 3a0pY/IHEHHS Ta IOYa/IN 3 IBIATICS J10-
I[OBi XMapy, IKMX BXKe IaBHO He 6auyin y oMy perioni [16].

[unamixa 16000601 06cmanoséxu eHympiwHix 60001im

CkpecaHHs BOJZHMX O0’€KTIB IIPOXOAUTH Yy PisHi cTpoku i 3are-
XXUTD Bifl KIIMAaTUYHMX YMOB, JPKepes >KMUBJIeHHHA, OyfoBU pycen pi-
YOK, IMHAMIKV ITOTOKY TOIO. TaHEHHSA JIbOAY HAOiNbII iHTEHCHBHO
BiftbyBa€eTbCsA KOO OeperiB AK 3a paXyHOK BOAY, 1o 36irae 3 Haceii-
HY, TaK i B pe3y/bTari TOro, U0 I'PYHT HarpiBae€Tbcs mBuame. Buacmi-
JIOK LIbOTO JIiJi KO/IO OeperiB pYyIHYEThCA i B3JLOBX HUX YTBOPHOKIOTH-
Cs1 CMYTU Bi/IBHOI Bifl 1bOAly Bofy — 3axpainu. PiBeHb BOIM HIBUIKO
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Puc. 4.21. Bino6pakeHHs mporjecy BifHOBIeHHs Maoro Apany
Ha KocMiuHMX 3HiMKax Landsat 3 2000 go 2011 p.

3pOCTaE, MbOJOBUI IIOKPUB PYMHYETHCH, i KpUra MOXKe 4acTKOBO pPy-
XaTUCA BHU3 i 3HOBY 3YNMHATUCA — i€ TIOCYBaHHA Kpuru. Takox me-
peMillleHHs KPYDKMH i TbOAAHMX IIOJIiB Ha PivKaX Ta BOZOCXOBUIAX
BiOyBa€TbCs MiJ BIVIMBOM Tedil, 1le sIBUILe HA3MBAETHCS bOJOXif.
[TpocTopu 4uCTOI BOAM Cepefl TbOJOBOTO IOKPUBY, 110 YTBOPIOITHCA
BHAC/Ii/IOK IIOCYBaHHA JIbOAY, HA3UBAKIOThCA po3BOAA [17].

Ha kocmigHOMY 3HIMKY ITpeZicTaB/IeHO IIpoliec CKpecaHHA — (a3 1bo-
TOBOTO PEXXUMY, L0 XapaKTEePU3YETbCA PYTHYBaHHAM JIbOJOBOTO IIOKPY-
By. Ha puc. 4.22 HaBefieHO NIPMK/Ia[y MOHITOPMHIY TbOfOBOI OOCTaHOB-
K1 Ha Teputopii Kpemendynpkoro Bogocxosumia y 2017 poui. Haseneni
3HIMKM CHHTEe30BaHi y «IITYYHUX KO/IbOPAX», fie KOIbOpaM 300pakeHHs
IIOCTAaBJIeH] Y BifTIOBiIHICTh HACTYIIHI CIIEKTPA/IbHI KaHA/IM CYIyTHUKO-
BOTO 300paKeHHA i3 Pi3HNMX YacTUH €IeKTPOMArHiTHOTO CIeKTpa: 1 —
SWIR Band (1610 um); 2 — NIR Band (842 um); 3 — Red Band (665 um).

Puc. 4.22. 306paxkeHHs 1bofOBYX sABUIL Ha KpemeHuynbkoMy
BOJOCXOBHUIII, OTpUMaHe CyIryTHUKOM Sentinel-2: a — cTanom
Ha 4 6epesns 2017 p.; 6 — craHoM Ha 11 6epesnst 2017 p. [18]
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4.1.3. 'eoJioria

B Vkpaini npodeciitha aepodorosiiomka Brepire Oyra BUKOHA-
Ha B 1922 p. B oxonmuiAx XapKoBa aKI[iOHEPHUM TOBapUCTBOM «YKp-
noBiTpsAmyIAx». Croyarky Ije OyamM AOCTigHI po6OTH 3 OTpPUMaHHA
AKICHMX aepodOTO3HIMKIB pi3HMX MaclITabiB y BUAVIMOMY Jiialla3oHi.
3 1924 p. aepodoT03itOMKM HaOYBAIOTh CHCTEMATUYHOTO IIAHOBOTO
xapakrepy. Ilepmmmy saMOBHMKaMM 3MIOMKM Ta 1I aKTMBHUMM KOPU-
CTyBa4aMy OY/M TeOfie3UCTH, AKi B IIPOIeci CTBOPEHHSA Ta IIOHOBJIEH-
Hs1 TONOrpaivHNX KapT [leTa/IbHUX MAcIITabiB CXiHUX i MiBIeHHUX
TepUTOPIil YKpaiHM oYanmm BUKOPUCTOBYBATH Tonorpadiune memmd-
pyBaHHA aepodoTo3HiMKiB. [eonorn a1 BUB4eHHA TepuTOpii YKpainu
iX IIoYany BUKOPUCTOBYBATH JEllO Ii3Hille. 3arajoM BIPOBa/>KEeHHA
JlaHMX JVCTAHII/HUX 3/I0MOK Yy BiTYM3HAHY TeO/IOTiYHy ramy3b Oyno
JIOCUTD TiCHO IIOB’AI3aHO 3 AaHAJIOTTYHNMY POOOTaMU, AKi BUKOHYBA/IM-
cs B Pocii (y munynomy — CPCP).

IniniaTopoM BUMKOpUCTaHHA [UCTAHLIHMX METOMIB Y TIeOJIOril
6ys akagemik O.€. ®epcman, sAKuil opraHisysas i ogomus y 1929 p.
HaykoBo-pgocnigauit iHCTUTYT aeposiiomkyu y JleHinrpapi (HuHiI —
Canxkrt-Iletep6ypr). Came 3a jioro migrTpumku y 1929-1935 pp. Ha Te-
PeHax BaXKOIOCTYIIHYX paitoHiB Cubipy Ta Asii 6ynm BukoHaHi Mac-
mTabHi JOCTiMKeHHSA 3 BMUBYEHHS INPUPOJHNUX PeCypciB MeTomaMu
aepositomkyu. OfHUM i3 HaNPAMKIB IMX KOCTIKeHb OY/I0 BUpIlIeHHs
IIeBHYUX T€OJIOTiYHMX 3aBhaHb. JlOCBif BIPOBA[ KE€HHA JaHUX aepo-
3/fOMKI B T€0JIOTOPO3BifyBa/IbHNIL IIpoLiec OY/I0 BIIEpIle y3araJlbHEHO
B 1937 p. A.B. [aBemaHOM.

ITig wac [Ipyroi cBitoBoi BiltHM 06cAru pobit 3 aepodoTosHiMaH-
Hsl 3HAYHO PO3UIMPIOIOTHCA, YAOCKOHATIOITHCA TEXHOMOTIYHI IIPOLecH
iX 37iiCHeHH, 110 OY/I0 OB s13aHO 3 HEOOXITHICTIO IIBUKOTO, 00’ €K-
TUBHOTO BUPilIEHHA PO3BilyBaNbHUX BillCbKOBMX 3aBJaHb. fKicHOro
PO3BUTKY HaOyBa€ 3110MKa He Ti/IbKV y BUAVMOMY Aialla30Hi eeKTpo-
MarHITHOTO CIIeKTPa, 3’ AB/IAIOTHCA TAKOXX MaTepia aepo3ifoMOK y pa-
JApHil Ta TEIIOBiN 30HAX €IEKTPOMATHITHOIO CIIEKTPA.

Ha rtepenax Ykpainm marepiany aepo3yiOMOK IIPU T€OTOTiYHOMY
KapTorpadysanHi Briepire Bukopuctam y 1962 p. O. O. 3BarenbcbKuit
ta B.M. @eplipyeHKo, fAKi BUBYa/MM IiBHIYHY YaCTUHY YKPaiHCHKOTO
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myTa. 3aBAAKM poboTaM IUX KOCTIHMUKIB 6yI0 OTPUMAHO HOBY T'eo-
JIOTO-TeKTOHIYHY iH(opMallilo, sika HepeKOHIMBO CBi/funIa Ipo mpax-
TUYHY MOXK/IMBICTb BUKOPUCTOBYBAT/ 4€POMETOAM B YMOBaX Ie€0/IOTi4-
HO 3aKpUTUX PaliOHiB YKpaiHM.

3aranom nepiop movarky 70-x — kiHng 80-x pokiB XXcT. 6yB Haj-
3BMYAHO aKTUBHMM i IUIITHMM y BUMKOPUCTaHHI a€pOKOCMOMETO/IIiB
y reonorii. Ha mo4arky 1nporo nepiofy 3aCTOCOByBaauCA AMCTAHIINHI
MaTepiany KOHTMHEHTAJIbHOTO i PETriOHaIbHOTO PiBHIB reHepaisalii,
misHilre — Oi/bII feTaTbHMX MACIITA6iB, 1I]0 Aa/I0 3MOTY 6araTboM J10-
CIifHVKAM 3[i/ICHIOBATY aHa/Ti3 IMMOMHHOI OyfoBM perioHiB Ykpainu
i Ha 10TO OCHOBi CTBOPIOBATH BiJIIOBiIHI KOCMOTI€OJIOTriYHi KapTu pis-
HOrO piBH:A reHepajisalii.

BaximBuM eTanoM BUKOPUCTaHHS KOCMiuHOI iHdopmanii 6ymo
cTBOpeHHA «KOCMOTEKTOHIYHOI KapTy YKpaiHChKOrO HiUTa» B Mac-
mra6i 1:1 000000, Ha sAKill 306pa’keHO OCHOBHi TEKTOHIYHi eJleMeHTH
mokemopito YIII 3a marepiamamy aepoKOCMi4HOTO 3HiMaHHs. BukoHaHO
MeTaJIOTeHIYHMI1 aHa/Ii3 OCHOBHMX KOCMOCTPYKTYPHUX €/I€MEHTIB IuTa
i HaMiY€eHO HOBI PYIONIEPCIIEKTUBHI CTPYKTYPH 1 CTPYKTYPHI BY3/IN.

3 mpyroi nmonoBuHM 80-X POKiB AMCTAHIIITHI MeTOAY fefati OinbIie
3aCTOCOBYIOTbCA B €KOJIOTO-T€0/IOTIYHNX JOCTiIPKeHHAX. BUKOHYIOTD-
sl creniani3oBaHi po6OTH — aepOKOCMIUHMIT MOHITOPUHT TeoIoriy-
HOTO cepefoBUIa. Y MeXXaxX LMX JOCTiPKeHb POo3p00/IeHO HOBi MeTo-
AMYHI coco6y MoOyLoBM IPOTHO3HUX KapT I MOUIYKIB IiA3eMHIX
BOJI, IMOBIPHOCTI IIPOSIBY €K30T€HHMX I€OTOTiYHMX IpolieciB (cpibHa
meganb BIHI CPCP), 3axuieHocCTi mig3eMHNX BOJ,.

[TossBa KOCMiYHMX amapariB NPUPOJOPECYPCHOTO IPU3HAYEHHHA
(«JTarpcat», «Coeric marm» (CHIA), «Merteop», «Kocmoc», «Comws»,
«Pecypc», «Mup» (CPCP), «Crior» (PpaHiiis)), 06/agHaHUX 60PTOBOIO
CIIEKTPO- Ta PaJioMeTPUYHOIO allapaTypolo, sKa 3abe3redye 3iOMKY
3eMHMX YTBOPEHb B yIbTpadioneToBoMy, BULUMOMY, iH(ppadepBOHO-
MY [lialla30Hax Ta B Pajlioflialla3oHi, JajJ0 3MOTY BYEHMM IIPOBiJHUX
incturyriB HAH Ykpainu oOrpyHTYyBaTu Teopilo i METOAVUKY BUKO-
PUCTaHHA AVMCTAaHLINHOL 371I0MKM 3€MHOI ITIOBEPXHi, KOMIIJIEKCHOI T€0-
JIOTiYHOI iHTepIpeTalii MaTepiatiB 371OMOK /IS IOLIYKiB HaTH, Tasy,
cynb(biuHI/Ix PYZ, BUIAHOK )XUBJIEHHSA i pO3BaHTaXKeHH ITiJJ3eMHUX BOJ
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perioHiB Ykpainu. Marepiaay HOBMX TEXHOJIOTiN Jaay MOXX/IUBICTb
BMKOHATY I'€0JIOTi4Hi JOCTI/[)KEHHA 3 YTOUHEHHAM paHillle BUABIEHUX
i kaprorpadyBaHHA HOBUX CTPYKTYPHUX €IeMEHTIB.

3 kinng 80-x go KiHUA 90-X POKiB MMUHY/IOTO CTOJITTS IOYa/IOCH
aKTUBHE BUKOPMCTAaHHA KOCMIYHUX MaTepiasliB JeTaJbHOrO PiBHA /1A
BUpillIeHHSA T€0N0ropO3BilyBaNbHMX 3aBjaHb. OKpiM TOro, pO3I0OYaB-
cA Iepexif Bif AKICHOTO MifXOAY [0 KiIbKICHOTO aHajli3y KOMIIIEKCY
DaHUX U1 OLIHKM IEepPCIIEKTMBHOCTI IIPOTHO30BAHUX a€POKOCMOreo-
JIOTiYHUX 00 €KTIB.

B ocranHni gecatupiuua Ha 3amoBneHH:A PITI «IliBHidreomorisa»
Ha 6a3i CIIeKTpOMeTpUYHOro aHai3y Marepianis [I33 Ta pocamHHOCTI
PO3pOOIAITHCA METONUYHI IPUIIOMY HOIIYKiB POZOBMIL KOTTbOPOBUX
MeTasliB Ha piBHi okpeMux pynHux Bysnis (B. €. ®ixinosny, B.JI. ITpu-
XOZIbKO Ta iH. [1]), cTBOproeTbcs pakTorpadivna Ta iHTEpIpeTaniitHa
vyacTnHu nucranniinoi ocHosu Jep>xreonkapTu-200 (B. €. ®ininosuy,
A.T. Muuak, H.B. [Tasunny, O.1. Kynpsmos, JI.II. Jlimenko), anano-
riuHi po6OTH BUKOHYIOTbCA OesmocepenHbo 3 iHiniaTuen [lepxaBHOT
reonoriuHoi cnyx6mu Ykpaiun (O. O. Sdunesny, O. T. Asumos Ta in.) [2].

KocmiuHa reonorisi BUBYa€ MaTepianbHWiA CKNaf, MNONHHY i noBepXHe-
BY CTPYKTYPY 3€MHOi KOpPW, 3aKOHOMIPHOCTi PO3MILLEHHs KOPUCHUX KOra-
JINH, BUKOPUCTOBYIOUM iHPOPMALLitO 3 KOCMIYHWMX anaparis.

KocmiuHi MeTom1 HafjaoTh HOBY iH(OpMallifo /st 6araTboX raayseit
reoJIoriil: TeOTeKTOHIKY, TreoMop¢orIorii, ceitcMornorii, iHxeHepHOI reo-
JIOTii, Ti/fpOreosIorii, MOIYKY KOPMCHMUX KOIIA/IMH Ta iH. Y Mipy TOro AK
PO3LIMPIOETHCS KOJIO HAIINX BiffloMocTelt Ipo 3eMJIio, iCTOTHe 3HaueH-
H: HaOyBalOTb 3HaHH: 3aTa/IbHOIUIAHETAPHUX 0COOMMBOCTeI! 1i 6ymoBK
i came B IIbOMY Hay1Iii JOITOMaralTh KOCMi4Hi amapatu. Ha orpumannx
3 KOCMOCY 3HIMKaX MO)XHa BUJIIUTU PayiOHU 3 Pi3HOI0 TEKTOHIYHOIO
OynoBoIO, a Bce, 10 OY/I0 BiTOMO 3a JJaHMMY Ha3eMHUX HOCTiIXKEeHb,
106a4nTH B y3araJibHEHOMY BUIJIA/Ii HA OMHOMY 300paKeHHi. 3a/Ie>XKHO
Bifi MacTaby 300pakeHHs MU MOXXeMO BMBYATV KOHTVHEHTH B 11i/10-
MY, ITaTPOpMH i FeOCHHKITIHA/NIbHI 06/1acTi (BenMKi AIAHKY, AKi Bifi-
PI3HAIOTBCA Bil CYMDKHUX TEPUTOPIil BIKOM CK/Ia9acTOCTi Ta 0CO6/IN-
BOCTAMM icTOpii pO3BUTKY), OKpeMi CK/Iafikit i po3puBIL.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



Ornsapg 3 KOCMIYHYX BUCOT JO3BOJISIE 3pOOUTY BUCHOBKY IIPO CIIO-
JIy4eHHsI OKPEMUX CTPYKTYp i 3arajibHy TeKTOHIYHY OY[JOBY periony.
[Tpu uboMy B 6araTbOX BUIIQJIKaX BAETbCA 00 €EKTUBHO ITOKA3aTy I10-
JIOKEHHS Ta YTOYHUTH OyIOBY IOBEPXHEBOI i INIMOMHHOI CTPYKTYpH,
[IOXOBAHOI IIiJ YOX/IOM Oi/bIll MOMOAMX Bimknamedb. Ile o3Hadae, 1m0
OpY aHam3i KOCMIYHMX 3HIMKIB 3’SIBISIETbCSI HOBA iHQoOpMalis mpo
CTPYKTYPHI 0COOMMBOCTI periony, sfKa JO3BOMUTb iCTOTHO YTOYHUTH
HasiBHi 00 CK/TaCTV HOBI re0JIOTivHI Ta TEeKTOHIYHI KapTH i TUM caMuM
YIEOCKOHA/IUTH i 3pOOUTH Oi/bII IIi/IeCTIPsSAMOBAaHNMM HOIIYK KOPUCHIX
KOIIA/IVH, JaT¥ OOIPYHTOBaHI IPOTHO3M CEeICMIYHOCTI, iH)KeHepHMX
reoJIOTiYHNX yMOB i T.J. KocMiuHi 3HIMKM [O3BONAIOTH BCTAHOBUTH
XapaKTep i CIpAMOBAaHICTb MOJIOAMX TEKTOHIYHUX PYXiB, XapaKTep
i IHTEHCUBHICTb CYy4aCHUX T€OJIOTiYHMX MpoIeciB. 3a 3HIMKaMM MOXX-
Ha YiTKO ITPOCTEXUTH 3B’A30K penbedy i rimpomepexi 3 reonorivyum-
MU 0COOMBOCTAMU JOCIIKYBaHOTrO 06’exTa. IHpopMalis 3 kocMocy
T03BOJIA€ OLIHUTY BIUIMB FOCIIOAAPCHKOI Jis/IbHOCTI IIOAVHA HA CTaH
IPUPORHOTO cepenoBuia [3].

3a IOIOMOrolo KOCMIiYHNMX amapariB MOXKHa BUBYATK penbed, pe-
YOBMHHUI CK/Iafl, TEKTOHIYHI CTPYKTYpM BepXHiX OOOIOHOK iHIIMX
mnaHeT. [le BaXXnMBO 1A T€0soril, OCKi/IbKY [JO3BOJIA€ IIOPiBHIOBATH
OyZIOBY I/TaHeT, 3HAXOAUTH IX CIi/IbHI Ta BifMiHHI pucn.

Cepen ocHoénux HanpAamkie BUKopucTaHHA MeToxis [JII3 B reoso-
ril MO>XHa BUJJIZIMTY HACTYIIHI:

» CTPYKTYPHMII i METaCTPYKTYPHMII aHA/Ii3 IOBEPXHi 3eMi;

» aHaJIi3 TOKA/JIbHUX i I7I00AbHIX aHOMAJTIll;

= TeO/IOTiYHe BUBYEHHS IIOL i CKIaJJaHHA FeOJIOTIYHUX KapT;

» Te0eKOIOTiYHMII MOHITOPVHT €K30TeHHMX Ie0JIOTIYHMX IpoLeciB [4]:

* IrpaBiTaliiHUX (CXUIIOBHX);

* KapcToBO-CY(O3iiTHUX i IX TEXHOTEHHUX aHAJIOTiB;

* eposiitHO-abpasiliHux;

* KpiOTeHHUX;

* IIPOTHO3YBAaHHA MiCI[€3HAXO/[)KEHH KOPUCHIX KOIIAJINH;

* perioHanbHa CTaflid — OLiHKA IIPOrHO3HUX PECYPCiB KOPUCHUX

KOII/IMH HAaTOTa30HOCHMX i PYHHUX IPOBIHI, PYZOHOCHMUX
30H i obmacTei;
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* neTasbHa (IIOIIYKOBA) CTAJisl — 30HAJIbHUII IPOTHO3 3 BYUSB/IEH-
HAM Ha(TOTa30HOCHYX i pY[JHUX 30H, PyAHUX PaJiOHiB i BY3/iB;

* JI0Ka/jbHa (pO3BifjyBa/sbHA) CTaflil MPOrHO3y — PO3BifjKa poyio-
BUIII, OL[iHKa 3aI1acis [5].

Hucmanuiiini 2eonoziuni memoou — 1je BUBYEHHS Te0/IOTiYHOI OY-
IIoBM 3eMTi, IpY IKOMY amaparypa Jiis peecTpanii inpopmanii Bifma-
JIeHa Bif 06’eKTa, AKMIT BUBYAETHCA, A JOCIIKEHHA 3M1iICHIOIThCA 6€e3
IPsSIMOTO KOHTAKTy 3 HMM. [HpopMaIlist mpo 06’eKTu BUBUEHHS Iepe-
lA€THCS Ha IIPUIIMaY 3a JOIIOMOTOI0 CBiT/IOBOTO, iHppauepBOHOTO, Y/Ib-
TpadioneToBOro, pajjioTeIVIOBOrO Ta iHIINX BY/IiB BUIIPOMiHIOBaHHA.
ITpu 11bOMY BMKOPUCTOBYETLCS BJIaCHE Ta BiijsepKasieHe 00 eKTamm
BUINIPOMiHIOBaHHA. KpiM BKasaHUX, 3aCTOCOBYIOTh raMa-31IOMKY, JIUC-
TaHLiHY I'paBiMeTpi0. AJle TOTOBHUM JI)KEPETIOM aepOKOCMIYHOI iH-
dbopmariii 6y i 3anMIIAOTHCA MaTepiany 310OMOK y BUAMMIN 1 O/1yK-
Hill iHppadyepBOHIiil YaCTMHAX CIIEKTpa.

3a JOIoMOro10 aepoKOCMiuHOI iHpopMariii B reonorii BUpilIy0Th-
Csl maxi 3a60aHHS:

e BMBYEHHs OyOBU 3€MHOI KOPI;

¢ IIPOTHO3 i IOLIYKY CUPOBMHHMX €HEPIreTUYHUX PECYPCiB;
e IIPOTHO3 CTUXIMHNX I'€ONOTiYHNX ABUILL;

¢ T€OEKOJIOriA i paljioHa/IbHe NPUPOJOKOPUCTYBAHHA.

MeTo/14 TUCTAHIIIHOIO MOMIYKY
MOKJIA/IiB KOPUCHUX KOMAJUH

1. PezionanvHuti pieeHv

MeToI0 perioHaIbHOTO T'eOJIOTiYHOTO BUBYEHHA € BUABJIEHHA Hall-
BOXIVMBIIINMX PUC TreonoriyHol (TekToHi4HOi) OymoBM, IX eeMeHTiB
1 B3a€EMOBIIHOCMH MDK HUMM: JiHIIHMX CTPYKTYpP Pi3HOTO IpPOCTA-
raHHA (MepUIiOHATBHOTO, IIONIEPEYHOTO, NiaTOHATBHOTO0), AKi MOXYTh
OyTV HaKIaJeHUMIY, HACKPiSHUMM, a TaKOXK CTPYKTYPHi 30HU, 3ama-
[VMHY, perioHa/ibHI O7I0KM, MacIiTabHi Ki/blleBi CTPYKTypM, BeMKi
BY/IKaHIYHI amapaTu (By}IKaHiTM) Ta iH. [le mae MOXIMBICTH OLIHUTH
3arajibHy CTPYKTYPHY IIO3UIIiI0 MeTa/oreHiyHol mpoBiHIil (06/macri),
Ha cybperioHa/bHOMY (B [eSKMX BUIAJKaX KOHTMHEHTAIbHOMY) piB-

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



Hi, HAMITUTY 3arajabHi CTPYKTYPHi 3aKOHOMIPHOCTI, IifiiiTK 10 BUPi-
LIeHHA JeAKUX iCHYIOYMX AMCKYCITHMX T€0/I0r0-TeKTOHIYHMX NMUTaHb
periony. Ha 3aBepiieHHA perioHanbHOI CTaii 3/iICHUTI aHaIi3 TIOLIN-
PEHHS eHIOTeHHOTO 3pY/ieHiHHA (HaABHICTD 3HAYHOI KiIbKOCTi PyIHIX
MiHepaiB) TepUTOpii TOCTi>KEeHHs, BUSHAYUTU OCHOBHI 3aKOHOMIp-
HOCTi pO3MillleHHs] KOPUCHUX KOTIa/INH [6, 7].

[IpoBenenHsa cTpyKTypHO-TeoMopdornoriyanx pocmimkenb (CITI)
Ha perioHaJIbHOMY €Talli [JO3BOJIA€ palliOHa/IbHille IIAHYBAaTH JIE€Ta/lb-
Hi nourykosi po6otn. IIpu mpoBeneHHi perioHaIbHNX POOIT OCHOBHUMM
uinamu CITl € BuB4eHHA a60 yTOYHEHH: TeKTOHIYHOI OymoByu HadTOra-
30IEPCIIEKTYBHMX PETiOHIB i KPYITHUX JTIOKa/IbHUX CTPYKTYP. Posrnsanemo
npuKTaau BuB4YeHHs [IHinpoBcbko—[lonHenbkoi samaguuy ([1[13) 3 MeToro
IIPOTHO3Y CTPYKTYP, IePCIEeKTUBHUX Ha HadTy Ta ras (puc. 4.23) [7].

YMoBHI o3HayeHH:A: 1 — gyronopi6ui enementy penvedy;
2 — jliHeaMeHTH; 3 — 30HU JliIHeaMeHTIB; 4 — TepUTOPiA JOCTiI>KEeHb.

Puc. 4.23. Bupinenns mopdorpadiuunx eneMeHTiB penbedy (a)
3a gaunmu SRTM (dpparmenT pagapraoro TomorpadiqHoro sHimMky) (6)
Ha TepuTopii [JHinpoBcbko-JJoHenbkoi sanaguum [7]
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2. JlokanvHuil pieeHs

[Tpu pemmdpyBaHHi MaTepianiB AUCTAHIITHUX 31I0MOK 3aCTOCOBY-

Ba/INCA TPY OCHOBHI IPUIOMM:

e CIIIBCTaBJI€HHA 3 KOCMO3HIMKaMy, OTPUMMaHMMU Ha TEPUTOPIIO eTa-
JIOHHUX JIi/IAHOK — POJOBUIL HAQTU Ta rasy;

e CIiBCTaBJ/ICHHS Ta IIOPiBHAHHA BUJUICHNX aHOMaTiil y 6yIOBi pernbe-
&y 3 aHOMasIiAMM HaJ| pOTOBUIIEM BYITIEBOJHIB 3 METOIO OOIPYHTY-
BaHHS T€OIHAMKALITHUX O3HAK IPOSBIECHHSA IIMOMHHUX CTPYKTYP
B e/IeMeHTaX JAaHAMADTY;

e TeOJIOriyHa iHTepmpeTaljis pesynbpraTiB jemmnppyBaHHA Ha 0Oasi
KOMIUIEKCHOTO aHaJIi3y reonoro-reodismyHmx, CTpyKTypHO-TeOMOp-
q)onoriq}mx, reoxiMiyHIX, HEOTEKTOHIYHMX MarepiajiB Ta [JaHUX
110710 HaTOra30HOCHOCTI PailoHy JOCTiIKeHb [8, 9].

3a [JaHMMM TIONEpefHiX aepOKOCMOTEOTOTiYHUX AOCTi/IKeHb, 110
nposogwncs B Mexxax [IJ13, 6yno foBefeHO, IO 3aBASAKY HEOTEK-
TOHIYHIl aKTMBHOCTi 3HaUHAa YacTMHA CTPYKTYPHUX €leMEHTIiB (/10-
KaJIbHMX CTPYKTYp, 30H PO3/IOMiB) 3HaXOHATb CBO€ BimoOpa’keHH:
B Oy10Bi penbedy, 0cOOMMBOCTAX TaHAMIAPTY.

Ha ocHoBi aHai3y reonoro-reoisyHmx Marepiamis, MaTepiamis
femndpyBaHHA KOCMO3HIMKIB, TonorpadivyHmux Kapt 6yo foBefieHO,
10 JTiHeaMEeHTM Ta iX 30HM BiJIIOBiJal0Tb OCHOBHMM CTPYKTYPHUM
enemenTaM JIJI3 — 30HaM KpailoBUX pO3JIOMiB, po3roMam, Io 06-
MEXYIOTh CTPYKTYPHI Ba/ly, po370MaM IiBHIYHO-CXiJJHOTO HaIIPAM-
Ky, B3JIOBX SKUX CIOCTepiraroTbcs 3MiHM KOHQirypaniii comsaHmx
HITOKiB.

PosrnsiHemMo mpukiagy BuBYeHHA boraroiicbKoro pojoBMINA, LIO
posramoBaHe Ha IpaBobOepexcki p. Openp Ha CXmIaXx HeOreHOBOI
HOBOXapKiBCbKOI Tepacu. 3 ypaxyBaHHAM reoMopdosorii paiioHy
pobiT Ta ocobmuBocTeit ii OyZOBM NpOBeREHO CTPYKTYpHe memmid-
pyBaHHA AiAHKYU poposuiia boraroiicbke 3a K3 cymyrHuka Landsat-7,
«Ciu-2», papapHnoi Tonorpadiunoi 3itomku (SRTM) tra TERRA (Aster)
(puc. 4.24) [10].

Pe3ynpraToM IIpOBefieHMX JOCTIKeHb CTala PO3TTOMHO-0/I0KOBa
Mmozens boraroiicpkoro pomosuina (puc. 4.25).

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



Puc. 4.24. CrpykrypHe geumnidpyBaHHA AissHKM BoraroiicbKoro
ponosuina (IliBgenna mpuboprosa 3oHa JJ[13): a — KocMiuHMIT 3HIMOK
cymytauka «Cid-2»; 6 — crpykrypHe gemndpysanus K3; 6 — izorincu

penbedy 3a gaHrMu pagapHoi Tonorpagivnoi sitomku (SRTM);

2 — pesy/IbTaTi CTPYKTYpHOro feummndpyBanHs [10]

Ha crapii mourykoBux po6iT OCHOBHMM 3aBIAaHHSIM € YTOYHEHHs
i nonmoBHeHHA iHpoOpMaii Ipo 06’ eKTH, BUABIIECH] Ha MONIePeNHil cTa-
Zii po6iT. YTOYHIOETbCA CTPYKTYPHUI KapKac, OKpeMi JTiHeaMeHTH, 1X
30HM, Ki/lbl[€Bi YTBOPEHH, I€O/IOTi4Hi MeXi BUABIEHNUX T€OOTIYHMX
Tin. OTpuMyeThCs fofgaTkoBa iHGOpMaIlis g BUBYEHHA Ta YTOYHEH-
Hs 3aKOHOMIPHOCTEI PO3MIllleHHSA KOPUCHMX KOIIa/IUH, BUMIIAIOTHCA
IIOTEeHIilfHi PYJJOHOCHI pailoHM, BY3/M, OKpeMi 00 €KTH /1A HOfab-
IIVX HOIIYKOBMX, IOIIYKOBO-OLIIHOYHUX POOIT.

Knacudikaris aucTaHIiiHNX JaHUX 3 YpaxyBaHHAM Ie€O/IOr0-Teo-
¢bisnvHOl CK/IAZOBOI Jae MOXXIMBICTD 0e3 CTBOpPEHHs CIeljia/IbHUX
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Puc. 4.25. Po3nomHo-6710K0Ba Mofiensb boraroiicbkoro pogosuina [10]

YMOBHi N03Ha4eHH:A: I — CBEPAIOBUMHY IPOAYKTUBHI; 2 — CBEPI/IOBUHMA
HENPOJYKTUBHI; 3 — MeXXi HEOTEKTOHIYHMX 6J10KiB; 4 — JTiHEaMeHTH;
mopdorekroizorimcn: 5 — 135 M, 6 — 140 M; HEOTEKTOHIYHI MITHATTSL:
7 — TIepLIOYeproBi /sl TOCTAaHOBKM JieTaIbHUX reodisnaHmx
JOCHifIKeHb; 8 — Ipyroi yepru

6i6mioTex 1A reoJoriYHNX 06’€KTiB BM3HAYaTH CTYIiHb HMOAIOHOCTI
IIPOTHO3HMX AUIAHOK 1 TUIIOBMX €TAJIOHIB Ha IIEBHMII PETiOH Ta BHU-
OKpeMJ/IIOBATH [IITHKY Pi3HOTO paHTy HepcreKTMBHOCTI [11].

l'eoexoJioriynmii MOHITOPUHT
€K30TeHHHX IreoJIOTiYHHUX npouecis

Po3BMTOK rocriofapcbKoro KOMIUIEKCY YKpaiHy BifOyBa€eTbcs B yMO-
BaX HApOLIYBaHHA TEeXHOT€HHOI Aecrabimizanii BOBKI/UIA, HacmigKoMm
SIKOI € TIofasIbIlie 301/IbIlIeHHsI KiTbKOCTi KPM30BUX SIBUIL] B €KOTIOTIYHUX
CHCTeMaX, aKTUBI3allis eK30reHHUX reoyorivnmx mporecis (EI'TI).

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



EK30reHHi npouecu — reonoriyHi npouecu, Wo BifOyBaOTLCA HA MO-
BEPXHi 3eMAi Ta B ii MPUNOBEPXHEBMX LIAPAX (BMBITPIOBAHHA, AeHyaLlis,
abpasis, epo3is, AifNbHICTb NbOAOBKKIB, NiA3EMHNX BOL), 3yMOB/IEH, [0/10B-
HUM YMHOM, EHEpTiEl0 COHAYHOI pafiaLiii, CUIOI TAXKIHHA | XKUTTERIANBHICTIO
OpraHiamib.

3a matepiaamu Jlep>xaBHOI Cry»x6m reojorii Ta Hagp Ykpainu ([lepsk-
reoHajipa) Ha TepuTopii Ykpainu noumpeni HactymnHi ETTI:
* 3CYBU;
® MiJTOIJIEHHS;
* KapcCT;
* abpasis;
* mepepobku 6eperiB BOJOCXOBMIIL;
® IpOCiFaHHA;
® eposis;
* OCiZaHHs 3¢€MHOI IOBEPXHI HaJl TIPHUYIMMI BUPOOKaMIL.

3cyB — MOpYLUEHHs NMPUPOLHOI PIBHOBArK 3aisraHHA BEpPCTB TipCbKUX
nopif, 3 po3pMBOM iX CyLIIbHOCTI i NepeMmilLleHHsIM Y FOPU30HTaIbHOMY abo
01M3bKOMY 10 HbOTO HanpsiMi. 3CyBM BUHMKAIOTb Mif, YaC rOPOTBOPEHHS,
BHAC/NIOK 3BOIOXKEHHSA TPYHTY, @ TAKOX AisIbHOCTI JIIOANHN (TEXHOreHHi —
npw ripHMumnx Ta 6yaiBenbHNUX poboTax ToLO).

Pozpin 4. COEPU 3ACTOCYBAHHSA 133

Mope um piuka

3cyBHu 3aliMaloTh IOMiHyI04e IOTOKEHHs cepef] eK30TeHHUX Teo-
JIOTiYHMX INIPOLECiB BHACTIILOK 3HAYHOIO IOIIVPEHHA MalbKe y BCiX
aMiHicTpaTMBHUX 00/IaCTAX, HacCaMIlepes y MiCIAX iHTEeHCUBHOTO
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Scysw  Apu  Bamen Migronnemns Huraosa sabyaoea
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[ 3annana pisox rOAOLENOBOTD B

oc Y = Abpasifno-eposiino -ofanie Geperu
~NEOAOBMKOBA PIBHINA 3 NOKPHEOM AECIE — Afpuifino-eposifino-ocuni Sepers
BEPIEONETBEPTHHHOTO Bixy

a 8

Puc. 4.26. JocnifKeHHsI 3CYBHUX IPOLIECIB TPaBOOEPEKIKSI
KaniBcpkoro Bogocxosuia y KuiBcekiit o6macti
Ha npuknagi gingaku Burauis — Craitkn: a — ¢pparMeHT KapTy;
6 — BUITIAL HAa KOCMIYHOMY 3HIMKY 3CYBY, CHPMYMHEHOTO Kap €pPHOIO
pospobxoro, ¢. Craiiky, Karapaniipkoro paitoHy; 6 — BUIVLAL L€l X
HiTsHKY Ha HOTO, BiToOpajkeHO 3CyBM 10 OYPHX i CTPOKATUX [IMHAX
Y Me)KaxX BepXHbOI 3CyBHOI Tepacy, c. Craitkn [13]

TOCIIOJJAPChKOTIO OCBOEHHA. BOHM BUHUKAIOTh HA IOPiBHAHO He3HaU-
Hili IUTOMIi, IIPOTe IX aKTMBi3allisl Ma€ 3HAYHi HETaTVBHI HAC/IiIKN Yepe3
IIBUIKOIUIMHHICTD IX PO3BUTKY Ta 3HauHi gedopmaliii Ta pyiiHyBaHH:
iH)KeHepHO-TOCIIOAAPChKMX 00 €KTiB. [O7TOBHMMU NPUPOTHUMY UNH-
HMKaMM aKTMBi3allil 3CyBiB € METEOPOJIOTi4YHi, TiIpONIOriyHi, Tifporeo-
JIOTi4Hi, CeJICMiYHi TOIIO0. AKTMBi3allisl 3CYBiB 3a/IEXXKUTh BiJ| iHTEHCUB-
HOCTi IIOCTa4aHHA IPYHTY Mi[[3EMHMMM Ta IIOBEPXHEBUMMM BOJAMMU.
O6’eM IpyHTY, AKMIT 3MILIYETbCS Mif Yac 3CYBY, MO>Ke CTAHOBUTH Bif
JIeKi/IbKOX COTEHb JIO TUCSY Mi/IbJIOHIB KyOOMeTpiB, a IIBU/IKICTb KO-
BAETbCA BiJ] IEKI/IbKOX METPiB Ha piK [0 AEeKiIbKOX METPIiB Ha CEKYHJY.

3a octaHHiMK gaHuMU lep)KreoHapa, Ha TepuTopii Ykpainu sagik-
coBaHO 6mM3bko 23 THcC. 3cyBiB. Haitbinbi MacumTabHMii po3BUTOK

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



3cyBiB 3adikcoBaHmit Ha y36epexoki HopHoro Mops y Mexxax OpecbKoi,
MukonaiBcpkoi obmacreit Ta Kpumy, Ha y36epesxki A30BCbKOTO MOpst
Ta B OaceitHi piuku CiBepcokuit [loHenp ([loHerpka 06/1acTh), mpaBo-
6epesxki piuky JJHIIpo Ta it0ro mpaBUX NPUTOK, y 6aceitHax pivok YK,
Tuca, Jlatopuus, Pika, Tepe6ns, Tepecsa (3akapmartsi) Ta OGaceiiHax
pivok IHicrep, IIpyt, Yepemom, Cupert, Crpuii, Bumnsa (JIpBiBcbka,
IBano-®pankiBcbka, YepHiBenbka obmacri) [12].

3cyBHi ¢opMmn penbedy Ha KOCMIYHMX 3HIMKax AEIIMQPYIOTHCA
OiMbII CBIT/IIIIMM TOHOM, a TAKOXX 32 XapaKTePHOI0 OBa/IbHOW Gop-
MOI0, BOTHO-€PO3iiTiHi — 3a XBU/ISICTO BULOBKEHOI (GOPMOIO.

Pozpin 4. COEPU 3ACTOCYBAHHSA 133

Puc. 4.27. Axtusisanis scysis cmT Pxxumiis Karapnnibkoro paitony:
a— 2010 p; 6 — 2016 p.

Puc. 4.28. 3cyBo3axucHi HacajpKeHH: . Buradis O6yxiBCbKOro paiioHy:
a — apxiBHUIT aepoOTO3HIMOK 1945 p.; 6 — CydacHMIT KOCMO3HIMOK
3 pecypcy Google ITnanera 3ema [13]
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MigTonAeHHA — KOMMAEKCHWI NPUPOLHO-TEXHOTEHHWIA MpoLec Nigsu-
LLeHHs! PiBHA FPYHTOBMX BOA i 30iblUEHHS BOOTOCTi MOpif 30HK aepauii.
TON0OBHUMM paKTOpamy NIATONNEHHS € FrOCNOAAPCbKA HiIbHICTb IOANHM
Ta 3MiHa TiAPOKNIMATMYHMX YMOB TepuTopii. Ha pO3BMUTOK MiATOMNIEHHS
BM/IMBAIOTb 3POLLYBAHHA 3eMeflb, MiANVPAHHA PYHTOBUX BOJ, BOLOCXOBY-
LLAMM, NOTIPLUEHHs! APEHOBAHOCTI TEPUTOPIT BHACNILOK 3aMYMNOBAHHA MaIUX
pivoK, 3acunaHHs 6anok Ta piB, BTPATK BOAM 3 TEXHIYHWUX MEepex, Nopy-
LIEHHS peXKMMy BUMAPOBYBAHHS Mif3eMHUX BOJ, TOLLO.

[Tpouec MigTOIIEHHA € HAOUIbII IOIIMPEHNM cepell CY4acHUX
ETTI, mo npoABNA€eTbCA AK Y NPUPOJHUX YMOBAX, TaK i IiJj BIVINBOM
TE€XHOT€HHMX YMHHUKIB. IIn0mi migTOmIeHHA Ha TepuTopil YKpainu,
3a anumu Jlep>kreoHapa, caraoTh 89,062 tuc. km? (14,7%. Tepuropii),
B 4747 HaceleHMX IYHKTIB CIIOCTEPIraeThbCsA MiITOIUIEHHA Pi3HOI iH-
TEHCUBHOCTI [12]. ¥ mpupopHuX yMoBax CXMIbHICTD [0 MifATOIUIEHHS
MaIOTh TepUTOPil HailOIIbII ITOHVKEH] Y reOMOP(OIOriYHOMY BiHO-
menHi. Jlo bOro TUIy BifHOCUTBCA TepUTOpid YKpaiHcbkoro Ilomic-
ca (BonmucbKa, )KMTOMI/IpCbKa, PiBHeHCbKa oOjacTi Ta MiBHiYHA 4a-
ctuHa Kniscpkoi). Tyt mip giero npupogHux ynHHNKIB chopMyBanach
00/1aCTb perioHa/IbHOTO BMCOKOTO IIOJIOKEHHS PiBHIB I'PYHTOBMX BOJ,.
PiBHi rpyHTOBUX BOJ 3a/1Ta0Th Ha I/MMOMHaX Bix 0 go 2,0 M, vacTimre
0,2-0,5 m. Y Tlomicci 30cepemxeno maibke 70% 3a060/104eHUX 3eMeITb
YkpaiHu, yTBOpeHHS AKUX Biff0yBaeTbCs BHACTITOK MOCTITHOTO Haj-
JIMIIKOBOTO 3BOJIOKEHHA.

IIprpopHO-TeXHOT€HHE MiATOIVIEHHA MAa€ MiClie B II€HTPaJIbHUX
Ta IMiBJJEHHUX perioHax YKpaiHu: y [IHimponeTpoBChbKill, 3amopisbKili,
XapkiBcpkiit, JIyrancbkiii, [loHenpkiit Ta Ha niBHo4i Opecbkoi, Muko-
naiBcbKoi Ta XepCcOHCHKOI 00macTAX. bamanc IpyHTOBMX BOJ, Ha TaKMX
TEPUTOPIAX c/1abo mopyuIeHuit abo MOpyIIeHNT BHACIIIOK 30i/IbIIeH-
HA X JKMBJIEHHS, IO TIOB’s3aHe 3i 3HVDKEHHAM IPUPOJHOTO JPEHY-
BaHHs Tepuropil. Haii6inpin iHTeHCMBHO mifTOIIeHi TepuTOpii, 110
NIPUJIATAIOTD 10 3aIIaB PidOK, AUIAHKM B 30HAX BIUIMBY BOJOCXOBMUIL]
Ta KaHaJIiB, Nifpo6/eHi ripanyumMu BUpoOKaMy TOLLO.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA
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Puc. 4.29. [locnifiykeHHA NPOIIECIB MiJTONIEHHA Ha TEPUTOPIl
JKosTHeBoro p-uy MuxoaiBcbkoi 0671: @ — TomnorpacgiiHa 0CHOBa;

6 — TpuBuMmipHa (3D) Moziens penbedy; 6 — KapTa yMOB 3a/IsITaHHS
IPYHTOBUX BOJI; 2 — reoMopooriuHa KapTa; 0 — CIiBCTaB/ICHHS 3HIMKY
LANDSAT-7 ta iudposoi kaprorpadiuHoi OCHOBY; e — KapTa
IIOCTIMHYX Ta MePiOfMYHNUX HiATONIeHb Y XepCOHChKIiT 06/macTi;

o — minsHka nigrorienHs Ha K3 QuickBird; 3 — mpuknann
3aconeHHA IpyHTiB Ha K3 QuickBird [14]
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Kapct — reonoriyHa Qopmallisi, gka yTBOPIOETbCA B MPOLECI po3ym-
HEHHA YN BUIYTOBYBAHHA FPCbKMX MOPIA NOBEPXHEBUMM UM NiA3EMHUMM
Bojamu i popmyBaHHS creuudiyHoro (MOBepXHEBOro Ta MiA3eMHOr0) pe-
nbedy. TepMiH NOXOAMTD Bif, HA3BM BANMHAKOBOro naato Kapct (abo Kpac)
6ins TpiectaB CnoBeHii. KapcTyBaHHIO N1erko niffaloTbes Taki Nopoau: Cinb,
rinc, BarnHAKM, AONOMITH, Kpenaa, Mepresib. BHac1igoK KapcToBMX NPOLLECiB
YTBOPIOIOTLCS Taki popMu penbedy, ik Kappu, KApCTOBI BUPBU (NifiKu), yno-
FOBMHW, MOHOPW, LWAXTH, NeYepu, Mia3eMHi piukn 1a mxepena [15].

KapCTOBa A0NAHE YTEOREHa
3 0B'EHaHNX BOPOHTK

BOpOHKa
— IHUKAKHKR =
rapcTose e — niASeMHIAR natlk = .

: BOpaHKA =R~
PORYMHEHHA
— g

(aBTOpchke mpaBo pucyHky The McGraw-hill companies
3 [TOTTOBHEHHAMN)

Kapcr € 0co6mBo Heb6e3meqHM eK30TeHHUM POLIeCOM, KWL PO-
3BMBAETDHCA NIPY B3a€MOJII BOAY 3 pO3YMHHVIMMY IipChbKMMU IOPOAAMI,
10 IPU3BOAUTD [0 IOPYIIEHHA CTIiIKOCTI TepuTopil — II 3JaTHOCTI
36epiraTi (yHKIIiOHa/IbHI Hecydi BTaCTMBOCTI Mifi BIVIMBOM iH)XXeHep-
HUX cropyp. PanToBa akTmBisanisg KapcTy MO)Ke IPU3BOANUTH 10 BHU-
HUKHEHHsI MUTTEBUX IIPOBaJIiB 00 OCiTaHHs 3 MHOI IOBEPXHI.

Ha 74,2% tepuropii Ykpainu 3a ganumu Jlep)KreoHajpa IOLIMpPeHi
HIOPOZY, B SIKUX, 32 IIEBHVX YMOB (JJOCTaTHBOI Ki/IbKOCTi OMafjiB Ta HasAB-
HOCTi TIOpif], IO KapCTYIOTbCS), MOXe BiIOyBaTUCA KapCTOYTBOPEHHS.
Po3BMTOK Mifj3eMHMX i TOBEPXHEBUX KapCTOIPOABIB BiIMi4aeThbCA MalbKe
HOBCIOJJHO, [JO YNC/Ta HAOIbII MONIMPEHNX TIOBEPXHEBUX GOPM BiffHO-
CATHCS BOPOHKI, 3aIla/iVIHY, Hillli. Beka KiIbKicTh KapCTOBMX BOPOHOK
CIIOCTEPIra€ThCA Ha AUIAHKAX MOIIVPEHHA KapCTy BiIKPUTOIO THUILY, 1O
3ariMae 1,9% Bip yciei Teputopii Ykpainm, Ta moxpuroro — 14,5% [12].

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



3a yTOUYHEHMMU JJaHVMM 3arajbHa KiJIbKiCTh 00/TiKOBaHMUX KapCToO-
IPOsIBIB CKJIaJja€ MaiKe 22 TUCSIYi OfMHUILb, ajle B IPUPOI iX Habara-
TO GinbIre.

Ha xocmiyHMx 3HiMKax femm@pyerbcs 4MMano KapcTOBUX (OPM.
Ceper HUX — Kappy, 3anajyiHu, iKY (y TOMY YMCT 3aiiHATI 03epamn),
momHu crerudivnoi Mopdororii Tomo. KpiM 11p0ro, SIKI0 BUSHAYNTI
Ha KOCMIYHOMY 3HIMKY IJTaHOBE PO3TAlllyBaHHA Ta/bBEriB Ta BOJO/IIIB,
TO ITIOMITHO, HACKI/IbKM iCTOTHO LIl TEPUTOPIA BipisHAETHCA Bifl pallOHiB
6e3 kapcry. TyT BUAIIAIOTBCA 3aMKHEHI Y/IOTOBVMHY, eposiitHi popmmu
iHOJi 3aMMKAOTHCA Ha IIOHOPY, a He BIIAJAI0OTh Y PiUKY, CIIOCTEPIraeThCA
XapaKTepHMIT IUVITAHOBUI MaJIIOHOK epo3iitHoI Mepexi [16].

a 6

Puc. 4.30. Ilpuknap mpouecis kapcroyroperns Ha K3 QuickBird
3 pecypcy Google ITnanera 3ems, HajlxapaKTepHIIINMU
€ OmropenTofi6bHi MKy, TEMHUIT KOTip (GOTOHY AKUX CUMBOJI3ye
PO 3aMY/II0OBAaHHA BOJIOI0: @ — KapPCTOYTBOPEHHS B MEXKaX CeluIla
Ipyruit JInuman JIBopivaHcbkoro paitony XapkiBcbkoi 06macTi;
6 — xapcToBi nijiku Ha 3axip Bif c. HoBoceniBka
TopopenkiBcpkoro paitony TepHominbcbkoi 0611, [17]

AGpasisa — npouec pyiHyBaHHs Geperis (okeaHiB, MopiB, 03ep uu Be-
JIMKMX BOLOCXOBWLL) i 3HECEHHs FipCbKux nopif y Geperosiit 30Hi BogoiM
XBUNSIMW | NpnO0EM. B pe3ynbTarti abpasii cTBopiotoTbes cneundiyuni popmm
penbedy: abpasiiiHi yctynu (knidu), xBunenpuOiiiHi Hili, NigBogHi abpasiiini
Tepacu abo naatrdopmm (benui) Ta iHwi. Konw BinbyBaeTbcs abpasis beperis
LITYYHMX BOJOCXOBHLL, ii HA3MBalOTb Nepepo6Kkoto Geperis, Mif, Ko po3y-
MiloTb npouecy ix GopmyBaHHs i pyiiHyBaHHs Ge3nocepefHbo nicas 3ano-
BHeHHs BogocxosuLy, [18].
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dmmmmm BincTynanna Gepera

Puc. 4.31. Cxema pyliHyBaHHs Oepera
BHACTIIIOK XBU/IEO 010

3a pmaHuMu [lepxreoHazipa pO3BUTOK abpasii IPOmOBKYETHCA
Ha y36epexoki AsoBcbkoro Ta Yopaoro MopiB (y Mexxax [loHerbkoi, 3a-
nopispkoi, MukomnaiBcpkoi, Ogecpkoi obmacreit Ta AP Kpum), a Takox
Ha BHYTPIIIHIX BofioJiMaX — 03€pax Ta IMMaHax. AKTUBi3alisa mpole-
Cy IOB’s13aHa 3 IHTEHCUBHOIO TOCIIOAAPCHKOIO [is/IbHICTIO (3aperyio-
BaHHA PiYKOBOIO CTOKY, HepalliOHa/JIbHe OCBOEHH:A IUISXKHOI CMYTH,
HaJMipHe BUJOOYBaHHA ICKY 3 MpUOEPEeXXHNUX TEPUTOPIil, HOPYIIEH-
HA IPUPOJHOTO PeXXMMY Mirpalii HaHOCiB). AGpa3sid BUCTYIIae YMHHN-
KOM, 110 MiJICU/II0E€ PO3BUTOK IIPOLIECY 3CYBOYTBOPEHHSA Yepe3 PO3MIB
Ta 3aMOYYBaHHS HECTIMIKMX IipChKUX ITOPif] y30epesroKs.

OCHOBHVMM YMHHUKAMI, sIKi 00YMOBJTIOIOTh PO3BUTOK abpasii € reo-
noro-reomopdororiuni (iTonoris MOpix, HEOTEKTOHiKa, celicMiKa,
Mopdororia Oepery i IULAXKY), TiIpoMeTeOposOrivyHi (XBM/IbOBMIL,
BITpOBMIT Ta piBHEBUIT P&KUM MOPS) YMOBM Ta TOCIIOAPCHKA Hif/b-
HicTp mopuHu. JloBX1Ha 6eperoBoi iHii 3 po3BUTKOM abpasii ckraae
1415 kM. 3 Hux akTuBi3anis 3adikcoBaHa Ha iIAHKaX B 973,7 KM, Ipu
boMy 253 kM Oepera yCKIafiHeHi 3cyBaMu. 3arajbHa JOBXIHA Oepera
Ha 3a0ypoBaHiit TepuTopii cTaHOBUTH 730,5 KM, a MiAKA€TbCs abpasii
501 kM [12].

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA
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[Tporec mepepo6ku GeperiB BOMOCXOBUII Ma€ Ti caMi YMHHMKU
Ta YMOBU PO3BUTKY, 1110 it abpasis. CTBOpEeHHs BOJOCXOBUIL] IOPYIIYE
IPUPORHMIA Xift GOPMYBaHHSA CXMITIB PIYKOBMX JOMUH — HA 3MiHY piy-
KOBIIl epo3il IpUXOAUTb XBUIbOBA abpasid. [HTeHCHBHICTD IepepoOKm
OeperiB 3a/1eXXUTh Biff iX reoyorivHoi Oy0BM Ta pO3MipiB BOZOCXOBU-
113, AKe BU3HAYAE [TapaMeTPU XBUJIb.

Ha1716inbmy B YKpaiHi cuCTEMY BOJOCXOBUII, 3 JOBXIHOIO Oepe-
roBoi 7iHii 3529 kM yTBOpIO€ IHINMpOBCHKMIT KacKaf. TyT mpoTarom
1329 kM Gepera mepepobka BifOyBa€eTbcsl MOCTiNTHO, i BOHM HOTpe-
OyI0Tb iHXeHepHOro 3axucTy. Pemta — 611 kM Gepera 3axmiieHi iH-
JKEHEpHIVMMU CIIOPYHaMIy, a 1589 KM € «HelTpanbHUMI», ie PO3BUTOK
npollecy MiHIMa/IbHMII 3a PaXyHOK HO/IOTroCTi 6eperiB. MakcumainbHi
HIBUAIKOCTI Tepepo6ku GeperiB kackany JHIIPOBCHKMX BOZOCXOBMIIL
Bifmivamuce y neprui 5-10 pokiB iX icHyBaHHsA, Koy 6epery, CKIaeHi
IMyXKUMU IopofaMu, Bifictymanyu Ha 50-100 M/pik. 3rofoM, cepens
IIBUIKICTh He IepeBuinyBana 5,0 M/pik, MakcuManbHa (Ha OKpeMuX
ninsakax) — 20,0-30,0 m/pik [12].

OCiaaHHe FPYHTY — OMYCKAHHA MACWBY IPYHTY Mif, BIIMBOM AOCTATHbO-
r0 3BOJIOXKEHHS, MPY AKOMY B 3HAUYHIN Mipi 3HMKYETLCA MOTO MiLHICTb. Mpo-
ABAAIOTLCA NPOCIAAHHSA B MEXAX M/I0LL, 3a/19raHHs 1eCOBUX IPYHTiB, 0C06/1M-
BOI0 B/IACTMUBICTIO AKNX € 30ATHICTb MPOCIAATH NPV 3aMOYYBaHHI.

a 6

Puc. 4.33. Tlpuknapu abpasiituux 6eperis y KuiBcbkiit o6macti
Ha KOCMIYHMX 3HIMKaX 3 pecypcy Google ITnanera 3ems:
a — Ha niBHO4i cMT Pyxymiis Karapmbkoro paitony;
6 — Ha 3axopi Bif ¢. Burauis O6yxiBcbKOro patony

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



TonoBuumnu mxepenamu gaHux 133, MmO [O3BONATb OTPUMATH
inpopmarito po ek30reHHi IpolLecH, € CyJacHi, apxiBHi Ta ictopny-
Hi Matepianu aepodoTo- Ta KocMmositomku. Ha sHiMKax ek3oreHHi
IpoIleCcy BUABJIAITL 3a pARoM npsAmux (dpopma, Komip, CTPYKTy-
pa, TeKCTypa 300pakeHH:) i HenpAMMUX (0COONMMBOCTI POCTMHHOTO
HOKpUBY) iHpopMauiitHux o3Hak. JlecoBi Ta meconofibHi rpyHTH mIO-
mypeHi Ha maowmi 363,77 Tuc. KM?2, mo cTaHoBUTDH 60,3% Tepuropii
YkpaiHnu, 3 HUX Ti, 1[0 MalOTh 3[JaTHICTb JO MpoOcifaHHA, — 44,25%
wromti. [le moposu oco6nmmMBOro cTany, siKi MarTh MOPUCTICTH Oiblile
45%, Majy BOJIOTiCTb, (I)ianpauiﬁ[Hy aHi30TpoOIi0 (BO,‘[IOHPOHI/IKHiCTI)
HMiBUIIEHY Y BEPTUKAJIbHOMY HaIllPAMKY IO BiJHOLIIEHHIO O TOpU-
30HTAJIBHOTO), 3HAYHMIT BMICT JIETKOPO3YMHHOI COJi, IepeBa)KaHHs
NMIYyBaTUX YaCTOK HaJl ITIMHMUCTOKI CKIAJOBOK B I'PaHYJIOMETPUY-
HOMY cknapi. IIpyn 3aMo4yBaHHI BOHM MAIOTb 3[aTHICTb ZaBaTu JO-
JATKOBe YILIiIbHEHHA AK BiJj BJIACHOI Bary, TaK i IpM JOJATKOBOMY
HaBaHTA)XE€HHI 3 OJJHOYACHOIO 3MiHOI CTPYKTypu IPyHTy. Lla Bmac-
TUBICTh Ha3MBAETHCS NMPOCiTaHHAM [12].

Pozpin 4. COEPU 3ACTOCYBAHHSA 133

Epo3if — npoLec pyiHyBaHHSA IPYHTY BOAHVMM MOTOKOM (BOAHA epo3if),
BiTPOM (BiTpPOBa epo3is, abo fednauis), NboAOM. B pe3ynbTtaTi BoAHOT eposii
YTBOPIOKTbCS Apyu, 6aNKK, piukosi 4oanHM Towwo [19].

Puc. 4.34. Ilpuknagyu nposABy cydosiitHUX mpocaok
y KuiBcbkiit o6macti Ha KOCMIYHMX 3HIMKaX B paitoHi c. Craiku
Karapmuupkoro paitony (a) ta c. Burauis
O6yxiBcbKOro parony (6)
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Puc. 4.35. ETanu po3MuBY i 3pOCTaHHA APy
BHAC/IiIOK BOJHOI epo3ii

Eposis — ofguH 3 rO/IOBHUX 30BHIIIHIX (€K30T€HHMX) IMHHUKIB
¢dopmyBanHA penbedy 3emHOi moBepxHi. lle mporec pyliHyBaHHA
BEpPXHIX HailOi/IbII pOAIOYNX MIAPiB IPYHTIB.

Ha reputopii Ykpainy mmpoknii pO3BUTOK Ma€: PycI0Ba epo3is 1no-
CTi/THMX BOZOTOKIB (piuok) — 6iyHa Ta IMMONMHHA; epO3isi TMMYACOBUX
BOJOTOKIB — JIiHiJIHA Ta APY>KHA; CXMIOBA €p03i — IUIOLIVIHHNI 3MUB
(BMHOC TYMYyCY 3 IpyHTY) [12]. Ha puc. 4.35 cBiTii minaHku — 3muti
I'PYHTH, B AKMX BEPXHill [yMyCOBaHMII AP IPYHTY BUHECEHUI BOJOIO,
a Ha [IOBEPXHIO BUXOMATD [1a/IeBO-0ypi cTaboryMycoBaHi apy IpyHTY.
OTxe, YMM CBITIiINII IPYHT, TUM MEHIIIE B HbOMY TYMYCY.
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Puc. 4.36. Ilpuxnany BifoO6paskeHH: IIOLVHHOL epo3il
B XapkiBchKilt 06macti bansHiokiBcpkoro paitony Ha K3 QuickBird;
cBiTimmit GOTOTOH 300pakeHHs BKa3ye Ha NUIAHKY IVIOLIMHHOTO 3MIBY
TPYHTY: a — [UIAHKA PO3BUTKY IUTOIIMHHOI eposii c. Bomonaspke;
6 — mpoMmBMHa T06MU3Y ¢. Mukinbepke [17]

166 OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



Puc. 4.37. Tlpuknazgu BifoOpajkeHHs TiHITHOI Ta APy>KHOI eposil:
a — TIposB JiHilHOI epo3ii Ha HoTO; 6 — BUIIAL NiHINTHOI epo3il
Ha KOCMiuyHOMY 3HIMKY 3 pecypcy Google ITnanera 3emns (c. Kamauese
BepesneryBarcbkoro paitoHy MukomaiBcbKoi 0671.); 6 — BUITISIA SIPY>KHOI
eposii Ha HOTO; 2 — MPOSIB APYIKHOI €po3il Ha KOCMIYHOMY 3HIMKY
(cmt Pxnmis Karaprmigpkoro paitony Kniscskoi obmacri) [20]

Po3gin 4. CPEPU 3ACTOCYBAHHA 133

Puc. 4.38. Tlpuknagyu IpoTHepo3iitHIX Haca/pKeHb MOOMN3Y cMT PrxuiniB
Karapmiupkoro paitony KuiBcpkoi obmacti: a — 1945 p.; 6 — 2016 p.
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ITpociganHs 3eMHOI OBEPXHi HaJ FipHMYNMU BUPOOKaMM € Of-
HVUM 3 HailOiIbll 3HAYHMX TEXHOTEHHUX IPOsABIB BIUIMBY TipHMYMX
pobiT Ha reonoriune cepepmosuite. HeraTuBHi 3MiHM Yy reonoriuHo-
My cepefoBuIi 6arato B 4OMYy 3aJieXaThb SK Bifi Cloco0y po3poOkm
Ta JiKBifaLiil IIaXT, TaK i BijJ T€0IOr0O-TifpPOre€oIOTiYHNX i CTPYKTYP-
HO-TEKTOHIYHUX IPUPOJSHMUX YMOB, fAIKi B KO)KHOMY BMIIQJIKy MalOTb
cBolo crrenudixy [12].

3 PO3BUTKOM IIbOTO IIPOLIECY IIOB’A3aHO 3HVDKEHHS iH)XKeHEepPHO-Te0-
JIOTiYHOI CTiMIKOCTI IIOPifi, PO3YLi/IbHEHHA MaCUBIB, 1110 3a/IATAIOTh Ha,
Hif3eMHUMM BUPOOKaMI, ITepepOos3Ofi/l HAPYTY HaBKOJIO BUPOO/IEHO-
ro Npocropy. Buimka 1nacTiB ByTiiA Ta iHIIMX ITOK/IA/[iB KOPUCHUX KO-
TIaJIMH BUK/IMKAE YTBOPEHHA B HaJpaxX 3€MJIi ITyCTOT 3HAYHUX PO3MipiB.
[Topopnu, 110 3a/1AraloTh B IOKPIiB/Ii NipHNYMX BUPOOOK, IIifL [i€0 cumn
TSDKIHHA Ta TipCbKOTO TUCKY IPUXOAATD B PYX, 00YMOBIIIOI0YN PO3BUTOK
IIPOLIeCy 3PYLIEHH BCi€l TOBII, BK/IIOYAI04YN 36MHY IIOBEPXHIO, IIPY AKO-
My BUHMKAE MOPYIIEHHA IX CYILIIbHOCTI 3 YTBOPEHHAM HOBMX 30H Tpi-
myHYyBaTOoCTi. [IoTY>XHICTD 1ji€l 30HM, AK IPaBIUJIO, CTAHOBUTH 40-60 M.
ToBuia ripcpkux mopip, mo 3amsrae suie (300-400 M), IIaBHO OcCifae
6e3 TopyIIeHHA CYIinbHOCTI MacuBy. ToBIIa, 1110 3HAXOANUTHCA IIiJ HEo,
IIPOTMHAETHCHA, YTBOPIOIYM MY/IbAM OCilaHHA moBepxHi. IIpu npomy
BUHMKAIOTh M aKTVBI3yIOTbCs Hebe3meuHi reoyoriuti mpomecu (migro-
IUIeHH: Ta 3a00/I04eHHs 3eMeJIb, iHTeHcudiKallia KapcToByX i cydo3iit-
HIUX TPOILIECIB TOIIO, MOTIPIIYETHCA AKICTh IiI3eMHUX Ta IOBEPXHEBUX
BOJ). 3arajbHa IVIOIa IMifipO6IeHNX TepUTOpiit IlepeBHIILye 5,5 THC. KMZ.

Haii6inbin HeraTuBHI HaCTiKY MPOCiaHHA 3eMHOI IOBEPXHI Bifi-
MideHi B MeXaX IIPOMMCIOBO-MiChKIX aI7ioMepalliil, IIepeBaXkHo y Mic-
X TIPOXO/PKEHHS LIaXTHUX BUPOOOK Iij| 3a0yJOBaHUMIY TePUTOPis-
MHU. Y TaKUX 30HAX 3HaXofATbcA MicTa JloHenbK, MakiiBka, JopriBKa,
€nakiese, binosepcoke, Kanym, Cokanb, Yepsonorpan, Kpusuit Pir,
[TaBnorpap ta inmi [12].

3okpeMa y parioHi cenvia ColoTBMHO Ha Pi3HMX IIMOVHAX YTBOPU-
JIVICA IOPOXKHEeYi BWJIYTOBYBAHHA, 110 IIPU3BE/IN O IOPYIIEHHA Ha/ICO-
JIbOBOI TOBII, IPOBAJIiB Ta BUHVKHEHH Ha IIOBEPXHI 3eMJIi KApCTOBUX
JIJIOK i MY/IbJ] IIPOCIIAaHHA, 30KPEMA Y CXi[JHil YaCTUHI COIIAHOTO IITO-
ka B CoJIoTBMHO Ha Iutoi 43 ra BigOyBanocs iHTeHCUBHE KapCTOYTBO-
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PEeHHs, BUK/IMKaHe po3pobxorio comi. CymapHa kinbkicts NaCl y posco-
Max, AKi MOPIYHO BilKa4yIOThCA TYT, CTAHOBUTDH 28 THC. M°.

KapcroBa niiika, TakoXX KapcToBa BMPBA — KAapCTOBA 3aMafyHa, Aka
YyTBOpUACA B pe3y/ibTari NPoBajy CKAEMiHHA MNiA3eMHOI MOPOXHWUHM, L0
BMHMK/IA NPU BUYTOBYBAHHI ripCbKMX Nopig,.

Mynbja 3CyBaHHsA (3pyLIeHHs) 3eMHOi NOBEPXHI — AiNfHKA 3eMHOI NO-
BEPXHi, fie BiOyn0cs 3pyLueHHs ripCbKux Nopig Mif BNAMBOM TipHUUMX Po3-
pobOoK. BHACNAOK NOPYLUEHHS NPUPOAHOI PIBHOBArY B TOBLLi MOPIA, BUKIN-
KaHOI BMIMKOIO, NepeMilLleHHs TiPCbKUX MOPiA B HaApax 3AINCHIOETbCA B bik
BMPOONEHOTO NPOCTOPY. YTBOPIOETHCS 30HA 3PYLUEHHS, BEPXHS YACTUHA SIKOi
i iBNsiE cOO0I0 MY/IbY NPOCifAHHS.

CONfIHNIA WITOK — BEPTUKAIbHE LIMNIHAPUYHE TiO, AKe CKnafeHe Cinio
i NPOTWKAE BULLE3aNeNTi BiAKAAN.

Kommnexcunit ananis matepianis /133, nudposoi Moperni penbedy,
Pi3SHOMaHITHMX T€OJIOTIYHMUX KapT Ta PE3yNbTaTiB IOINEpefHiX moci-
JDKEeHb, MO3BOIMB BCTAHOBUTU OCOONMBOCTI KapCTOBUX IIPOIeCiB
Ta BULUIATU B Me€XaxX TEPUTOPil pOJOBUIL JiIAHKM MOXK/IUBOIO pO3-
BUTKY B IIOJAJIbIIIOMY HOBVX KapCTOBMX IIPOCafoK [21].

Pozpin 4. COEPU 3ACTOCYBAHHSA 133

f BN\ Sy

PO3[I1 4. CEPY 3ACTOCYBAHHS /133 169



()
o]
=
=
==
o
=+
/M
[
(&)
o
=
(8]
K
(o)
b
A
(%]
e
(&)
Ay
5

=

[

o
(%

i K
Puc. 4.39. locnifi>keHHA OCilaHHA 3eMHOI TIOBEPXHi Hal TipHUYMMUI
BupoOKamu y paitoHi cemuia ConorBuHo TA4iBCbKOTO pajioHy
3axapnarcbkoi o6macTi [21]: @ — Tonorpadiyna ocHOBa; 6 — KapTa
KOPUCHMX KOIIa/IMH YeTBEPTUHHOIO KOMIIJIEKCY 3 €/leMEHTaMM
reoMopdoIorii; 8 — TiApOreoorivHa KapTa; 2 — KapTa Mex
3a/IATaHHA COIAHOrO Tila 3 eIeMEHTaMM CK/IaZi4acTO-PO3PUBHOI
TEKTOHIKI; 0 — CXeMa JTiHEMEHTIB 3 30HaMM HailOUIbII iHTEHCUBHOTO
PO3SBUTKY KapCTOBMX IIPOLECIB; € — Te0/IOorivyHa KapTa; # — KapCTOBi
IpoBasIsA/o3epa Ha KOCMIYHNX 3HIMKaX 3 pecypcy Google [Tnanera
3emyst (2012 pik); 3 — mpoBaist/o3epa Ha KOCMIYHUX 3HIMKAX 3 pecypcy
Google ITmanera 3emss (2017 pik); i — MOKMHYTA LIAXTa HA TEPUTOPII
CoIOTBMHCBKOTO popioBuIna coni [22]; Kk — KapcTOBa BOPOHKA,
SIKa YTBOPWIACA IiJ] 3a/Ti3HUYHUM IIOJIOTHOM [23]
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4.1.4. JlIaugmiadTO3HABCTBO Ta YpO6aHicTHKa

Brponowx cBo€l icTopii mofyHa 36i1b1ye CBiif HeraTMBHMIL BIUIVB
Ha reorpadiuny o6o0monky 3emi. JIrofcbka Ais/IbHICTD 3MiHIOE BUITIAN
3eMHOI IIOBEpXHi, 3MEHIIYE Bif[COTOK NMPUPOJHNX Ta IOCTIIIHO 30i/b-
1Y€ KiNbKiCTb aHTPOIIOTeHHNX JIAHAIA(TIB.

133 — 1ie ofiMH 3 HallllepCIeKTYBHIIINX METO/iB IOCTi[[KeHb, KNI
IIOCTiITHO €BOMIOLIIOHYE Pa30M 3 PO3BUTKOM TexHOoIoriit. L1i meTonu 3a-
CTOCOBYIOTb Y HalIpi3HOMaHITHIIMX cepax, ceper AKX HANIONYIIAp-
HIlIMM HampsIMKOM € KaprorpadiyHi ZOCTiI>KeHHS B IPUPOTHUYNX
Haykax. O6po6ka MaTepiamiB My/IbTHUCIEKTPATbHOI KOCMIYHOI 37IOMKI
MICIIeBOCTi JO3BOJIsIE€ IPOBOANTY €KOJIOTIYHI JOCTIZI>KeHHs B 6araTbox
MmacmTabax. [IpibHoMacmTabHi 3HIMKM 3 HM3BKOKI PO3Ii3HABAIbHOIO
3JaTHICTIO (B COTHI MeTpiB) BUKOPUCTOBYIOTbCA IIPU JOCIIi/KEHHI [y~
HaMiKyil PO3BUTKY MICBKMX arjioMepariit, 0co6/mmBocTeil po3MilljeHHsA
nmaHgmadTHO-QYHKIIIOHATBHUX 30H, HANIPSAMKIB BIUIMBY TeXHOT€HHIX
¢dakTOpiB Ha HpUpoOAHe cepenoBuile. BennkomaciTabHi 3HIMKY 3 BI-
COKOIO PO3ITi3HaBaJIbHOO 3[JaTHICTIO (IO Ki/IbKOX CAHTUMETPiB) BUKO-
PYICTOBYIOTBCA JI/IA BUBYEHH: OKPEMUX €/IEMEHTIB MiCbKOI CTPYKTYpH,
XapaKTepy BIUIMBY Ha HAaBKOJMIIHE CepPeNOBUINE eKOIOTiYHO Hebes-
IeYHMX TEXHOTeHHUX 00 eKTiB [1].

Y npuknagHux cdepax JUCTAHLINIHOTO 30HAYBaHHS 3aCTOCOBYIOTh
TilepcrneKTpasbHi 3HIMa/lbHI CUCTEMH, AKi PEECTPYIOTH IPAKTUYIHO
HOBHUII CIIEKTP BiOMTOTrO B IIeBHiiT TOYI]i €/IeKTPOMAarHiTHOrO BUIIPO-
MiHIOBaHHA. Ile gomomarae B aBTOMaTMYHOMY pO3IIi3HABaHHI TUIIIB
3eMJIEKOPUCTYBAaHHA Ta iX Pi3HOBUJIB.
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IIpocTopoBuit pO3SBUTOK € ONHMUM i3 NPIOPUTETHUX HAIPAMIB
IJISL CTPATErivHOro IUVIAHYBAHH:A PO3BUTKY MICT Ta JIep)KaB, B ILIi/O-
My. MeToiu IMCTaHIIIHOTO 30HyBaHHA 3eMli BiJKpMBAIOTh BEIMKi
MOXXIMBOCTI B cdepi cycninbHO-reorpadivHux ROCTIKeHb, 30Kpe-
Ma B MMTAaHHAX BUBYEHHS 0COOMMBOCTEN NPOCTOPOBOTO PO3BUTKY.
CaMe KocMiuHi 3HIMKM IOKa3ylOTb CYYacHMil CTaH 3abymoBu, po-
3BUTKY TPAaHCIIOPTHOI iHpPaCcTPYKTYpH, pOCIMHHOIO NTOKPUBY, 3€M-
JIEKOPUCTYBAaHHA Ta iH.

Taxky nonynsapHicTb BUKOPUCTAHHA MEeTO/iB AVCTAHIITHOTO 30H/Y-
BaHHA B JOC/i/PKEHHAX MOYKHA ITOACHUTY JIETKUM JJOCTYIIOM JI0 JaHMX,
OCKIJIBKY € PAJ, CAlTiB, 3 AKUX 6e3 0COOMMBYUX TPYAHOILIB MOXKHA CKa-
YaTy KOCMO3HIMKI T€PUTOPIl, sIKa BacC [iKaBUTbh.

B yp6anictiunux gocnifykeHHAX faHi /133 BUKOPUCTOBYIOTD JIS:
 OHOBJIEHHS KapTorpadiyHOoi OCHOBU I KapTorpadyBaHHS TEPUTO-

pint micr;

e IIPOEKTYBaHHA Ta IVIAHYBAaHHA PO3BUTKY T€PUTOPIl;

o iHBEHTapM3allid 3e/eHUX HacaJyKeHb, OLiHKa IX 3arajabHOI IUIOLIj,
BU3HAYEHH IEePCIEKTUB O3€/IEHEHHS 4l O4UIIEHHs TepUTOpil Bif
3a0py/JHeHb Pi3HOTO XapaKTepy;

e MOHITOPMHT JOPOXXHO-TPAaHCIOPTHOI iHQPACTPYKTypH, 30Kpe-
Ma 1o0yJ0Ba HOBUX, PeKOHCTPYKIis a00 MofepHi3alis icHyo4nx
TPaHCIIOPTHUX MaricTpaJsieil, CIUPaYiCh Ha JaHi PO IXHIO 3aBaH-
Ta>XeHiCTh;

 MOHITOPUMHT OyIiBHUIITBA, BUSHAUYEHHS TOYHNX MeX 3a0y/0BY;

e CTBOPEHHS KapT €KOJIOTiYHOIO CTaHy MiCT, Y TOMY YMC/Ii KapT TeII0-
BUX aHOMaJIill TOIIO.

Hait6inpur akTyanpbHUM Ta HeOOXifHUM € BUKopuctaHHs [133 B pe-
rioHax, AKi IBUAKO po3bynoByoThcsa. Hacamiiepen, 1ie cTOCyeTbcs CTO-
JIMYHOTO PETiOHY Ta IePeAMiCTb BEeMMKUX OO/MACHUX IIEHTPIB, HAIPU-
K1af, JIbBiB, [IHinpo, Oneca, XapkiB, a TAKOXX TYpUCTUYHO IPUBAO/IVBIX,
mia Ykpainn — e Mopins, bykosens, Tpyckasenp, yabepexoxs Yop-
HOTO Ta A30BCBKOTO MOpiB TOLIO.

ITpyu BMBYEHHI MiCBKUX aIZIOMepalliil i3 3aCTOCYBaHHAM KOCMiYHMX
3HIMKiB MO>KHa JemndpyBaTu TaKi IpoLjecy Ta ABMIIA, AKi BaXKKO JI0-
KaJIi3yBaTy PV Ha3eMHUX JOCTI/KEHHAX.
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Tpancgopmauis ocmpienux nanowagdmie sannaeu [Ininpa

beperosa ninia Knesa nmoyana iHTeHCMBHO 3MiHIOBAaTMCA OCTaHHI
100 pokiB 4yepe3 cTpiMKe PO3POCTaHHA MiCTa Ta JIOTO IepeIaaHy-
BaHH:A. KapTorpadyBaHHsA iCTOPUYHOI peKOHCTPYKIIi pycra cTapo-
ro [lxinpa 6y/10 BMKOHAaHO 3a HiMELbKMMM TOIOrpadiyHMMM Kap-
tamu (http://www.wwii-photos-maps.com) Ta aepodoTo3itoMKOI0
vaciB Benmkoi Birumsuanoi Biitnu (http://warfly.ru), mo mossomuno
BimoOpasutu icropmuHmit BurAg pycna JHimpa g0 yTBOpeHHS BO-
pocxosumia. ITopiBHABIINM 11i MaTepiany 3 Cy4aCHUMM, OTPUMAHUMMU
Ha OCHOBI flelnppyBaHHA aKTya/IbHIX KOCMIYHMX 3HIMKIB 3 pecypcy
Google Earth (puc. 4.40), 6yno BusHaueHno tpanchopmanii sammasn
Iuinpa, ski BifgbyImcs BHACIIOK 3aperymoBaHHS piuky rpebiero
Kwuiscokoi I'EC [2].

Puc. 4.40. IyHamika 3MiHM II7I0Li KUIBCHKUX OCTPOBIB 32 75 POKiB:

a — aepodoTositoMka 1942 p.; 6 — cydacHUIT KOCMiYHMIT 3HIMOK
Sentinel-22017 p. [2]
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Takum unHOM, 3a fonomoroto I'IC/[133-rexnororiit 6ymm cTBopeHi
BEKTOPHI IIapy — KOHTYpM Oeperosoi /iHil KMiBCbKUX OCTPOBIB CTa-
HOM Ha 1942 ta 2017 pik Ta BUSHa4eHO 110wl ocTpoBiB (puc. 4.40, 4.41).
ITopiBHAHHA iCTOPMYHMX KapT Ta Cy4acHUX gaHux /133 mo3Bomno 06-
YVICIUTY 3MiHM B IUIOIL KMIBChKMX OCTPOBIB 3a 75 POKiB.

3a ponomororw ['TC/J]33-TexHOomOoriil BCTAHOBIEHO CYTTEBi 3MiHM
IIOLi OCTPOBiB KMiBCHKOTO apXimnenary B nepiog 3 1942 p. mo 2017 p.
BusHaueHo, 1110 OCTPOBM IOYa/IM 3MEHIIYBATUCh BHAC/IJOK aHTPOIIO-
TeHHUX 3MiH (HaMMBaHHA ITiCKY), 10 HETaTVBHO BIUIMHYJIO HA CTaH ixX
6ioromis.
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Puc. 4.41. Bisyanisanis icToOpu4HOI peKOHCTPYKLI TpaHchopmaril
samnaBy [lHinpa B Mexxax Knesa. Bextop rpymu KuiBcbkux ocTpoBiB
HaKJIafieHuit Ha penbed y mporpami ArcGis: a — mpuknaj 3aMiHU
octpoBa TpyxaniB; 6 — npuksaj 3MiHM MiBIEHHUX OCTPOBIB [3]
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MOHITOPUHT HE3AKOHHOT0 BUI00YTKY OypPIITUHY

B ocranHi poku B Ykpaini kaTacTpoidHO BMpic He3aKOHHMIT BU-
no6yTok 6yprmtiHy. Haii6inbIa akTMBHICTD CIIOCTEpiraeTbcs B MeXKax
Onescpkoro i OBpyubkoro parionis JKutommpcpkoi obnmacti, Poknrt-
HiBCcbKOTO, [lyOpoBuIbKOro, BonoguMmmperbkoro, 3apidyHEHCHKOTO
i CapHeHcbkoro paiioHiB PiBHeHcbKOI 06macTi Ta PaTHiBCbKOTO i JTTO-
6emriBcbkoro paiioHiB Bonuucpkoi o6macti [4]. To6T0, 6ypIITMHOBOIO

JIVIXOMAaHKOIO OXOIlJIEHa IIPAKTUYHO BCA HiBHi‘{HO—SaXiHHa YJacTHa
2

Ykpainu ntomero nouazg 14,6 tuc. Km~.
bypwTuH, abo sHTap, —
MpMpogHa OpraHiyHa Cro-
NyKa, LWinbHa Ta B'A3Ka
(ckam’siHina) BMKOMHA CMO-
Na XBOMHMX [epeB. Buko-
PUCTOBYETLCA AN BUTOTOB-
JIEHHS t0BENIPHUX MPUKPAC,
y napdymepii, HapoaHi
MEeAVLVHI Ta eNeKTpuLi.

Pozpin 4. COEPU 3ACTOCYBAHHSA 133

Puc. 4.42. Hacminky He/erajqbHOTO BUFOOYTKY OYpIITHHY
Ha 3aJIiCHeHili TepuTopil
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HesaxoHHui1 Bu00yTOK OYPLUITUHY 37i/ICHIOETHCS ITePeBaXKHO II0-
MIIOBMM METOMIOM, KM IOJIATAa€ B PO3SMUBAHHI BOFOIO MiJi BETMKNM
TICKOM LIApy I'PYHTY Ha 6—10 MeTpiB y mmbuHy. MeToavKa BUABIEH-
HA MiCIIb HeJIeraJIbHOTO BUAO0OYTKY OYpLITHMHY 0a3yeTbCs Ha CIIEKT-
pa/lbHUX Ta TEeKCTYPHMX BiIMIHHOCTAX LUMX MicUb Bifi OTOYYIOYUX,
HETTOLIKOKEHNX JIICOBUX i TiCOBO-00/10THUX MaHAmadTiB.

CniBcTaBeHHsA JaHUX, OTPMMAHUX IIPU PO3PaxXyHKY 4aCOBOTO PANY
TEeMIIepaTyPHNUX 300pakeHb, Ta (iIbTpalia 300paskeHb 3a CIIEKTPasIb-
HJMM XapaKTePUCTUKAMM JO3BOJIAIOTH 3 BUCOKOIO BipOTiJHICTIO BUABU-
I 1porecy (GOpMyBaHHS BiiBa/IiB ITiCKY, IO € iHMKaTOPOM BUAOOYTKY
O6ypurTrHy. YacToTa OHOBJIEHHs [AaHUX, OTPUMAHUX CYITyTHUKaMU
Landsat, cknagae 16 mi6, mo y pasi BifcyTHOCTi XMapHOCTi Ha 300pa-
JKEHHSAX [03BOJIAE IOCTATHHO ONEPATUBHO BUAB/ATU TEPUTOPII 3 O3HA-
KaMI HeJIeTa/IbHOrO BUROOYTKY Oypiutuny (puc. 4.43). Ha geranbHOMY
PiBHi peKOMeH/IyETbCA 3aCTOCOBYBATH 300payKeHHA 3 BICOKOIO PO3JIi/b-
HOIO 3[JaTHICTIO Ha MicueBOCTi Bif 0,5 10 2 M, IPUK/Iafy AKUX HaBEIEHO
Ha puc. 4.44. Po3noBCIO/pKeHHS «OiMX IUIsAM» 4iTKO BKa3ye Ha iHTEH-
CUBHI IPOTU3aKOHHi Jiii 3 BUZOOYTKY OypLITUHY, AKi CTBOPIOIOTD 3arp0O3-
JIMBY €KOJIOTiYHY cuTYyalito 1y ¢ropu i paynn periony (puc. 4.45).

Puc. 4.43. MOHITOPMHT TepUTOPili HeJleraTbHOTO BUOOYTKY
OypLITMHY Ha perioHanbHOMY piBHi. PiBHeHCbKa 06/1acTb.
binum Konmbopom oxpecneHa JinsgHKa IPUpPOCTY IUIOL]
HEe3aKOHHOT'O BULOOYTKY IpoTsaroM 1992-2015 pp. [5]
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Puc. 4.44. BusiB/ieHHs MiCIb HE3aKOHHOTO BUFOOYTKY OypIuTUHHY
Ha JIOKa/IbHOMY piBHi: @ — (piKcallist JiISTHOK HeJleraIbHOro BUXOOYTKY
6ypuITHHY Yy TiCOBMX MacyBax Oi/st HacemeHNX MyHKTiB JKOBKMHI —
Ily6iBka (Bomogumupennbkuit paiton PiBHeHcbKa 06/1acTh);
6 — B partoni cMT Bomogumupens — c. [ly6iska
(dy6posuiipkuit paitoH, PiBHeHCbKa 06/1aCTh)

3ampononosana ['IC Ha feranbHOMY piBHI (MacurTabu po6it Bif
1:2500 mo 1:10000) mo3BossA€ He TiMbKM KapTyBaTy B HaIliBaBTOMa-
TUYHOMY PeXUMIi MOPYIIEeHi 3eMIi, a 11 BUSHAYaTH Y KiJIbKiCHOMY Bifi-
HOIIIEHHI HaHeceHi iepxaBi 36Utk [6].

& : 4 o ' ‘; o ¥ (* | Puc. 4.45. Kapra

J T 0 MOPYIIEHOTO IPYHTOBO-
POC/IVHHOTO IIOKPUBY
OJ1eBChKOro paitoHy
Kurommpcokoi obmacti
Ha pinaan «O6uie —
[le6enuxa». CknameHo
Ha 0CHOBI 1M ¢poBoi
00POOKI CYITy THUKOBUX
manyx Spot 6, 7 (Opanuin).
Macmirab opurinany
M 1:10000. ITnomi
KOHLIEHTpALlii Hejlerab-
HOTrO BUOOYTKY OypLITHHY
i IIOpyLIEHHSA 3eMeNb CTa-
HOM Ha 28 6epesnst 2016 p.

YMOBHI ITO3HAYeHHS:

Hoporu: 1 — 3 TBepAUM MOKPUTTAM, 2 — IPYHTOBI,
3 — Hace/leHi IyHKTH, 4 — TeCTOBA JIi/IIHKA BU3HAYEHHSA
3aI0/iAHOI IIKOAM, 5 — IOpPYLIEeH]i 3eMIIi
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Anmponozenna 3mina 6epe2060i niHii 60001im

Puc. 4.46. ®oTo rifpoHaMIBY HOBOTO OCTpOBa [7]

Iy6ait Bitommit 6ararbma pedam, 3pobieHnMy Briepiie y cBiti. Onuu
i3 YyJleCHMX IIPUKIA[IIiB — i€ CepisA ITYYHMX apXille/lariB y CMaparfoBUX
BofIax ApabcpKoi 3aTOKI. PykoTBOpHI apximesnaru cram BisSUTHOIO KapT-
koo OAE. ByniBHMIITBO OCTpPOBiB KOIITYBa/lO MYHIIJMIAJITETy MicTa
Ily>Ke IOpOro, aje IpaH/lio3Hi KalliTa/IOBK/IaJeHHA OKYIIM/INUCA 3 JIALI-
koM. beperosa ninist [ly6ao 36inpimacs Ha 1immx 520 KiToMeTpis.

Ilepmum mTYy4YHMM OCTpOBOM B akBaTopil Ilepchbkoi 3aTokM cTaB
octpiB Birpuno B [ly6ai. OnHuM 3 HailBifOMIIINX IITYYHUX OCTPOBIB
craimm Octposu ITanbm Takox nmo6musy yséepexoks [lybaro — ne Tpu
octpoBu y ¢opmi ¢inikoBoi mampmu: IMambma [Ixymeiipa, ITanbma
Ixebenp Ani, [Tampma [eitpa.

Opnuum 3 Haibinpumx npoektiB OAE crano 6yaiBanirso B [ly6ai
apxinernary «Csit» (The World) — 61m3bko TppoXcOT OCTpOBIB, sKi 10-
BTOPIOIOTb KOHTMHEHTY 3eMli. B mopanpioMy manyerbes 30i1bmmTy
apxinenar «CBiT» IIJIIXOM CTBOPEHHA HOBMX OCTPOBIB 3a IPOEKTOM
«Bcecsit» (The Universe).

[TpoekT HaMMBY PYKOTBOPHOTO apxirenary 6yB CIpaB)XHIM BUK/IN-
KOM JIIOf[MHM CU/IaM Hpupopyu. MaTepukoBmil MicOK, SKOTo Tak 6ara-
t0 B O6’eHanux Apabcpkux Emiparax, He roguscs. Y Hboro He 6yno
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noTpibHOI B’A3kocTi. ToMy crienianbHi fparu-uepman — IIaBydi Tex-
HOJIOTi4Hi YCTaHOBKM 3 BUOOYBHUM Ta 36aradyBanbHUM YCTaTKyBaH-
HAM, 32 JOIIOMOTOI0 AKMX 3-I1ifl TPy BOAM HA JHI 3aTOKM BUIOOyBamm
MOPCBHKUII TiCOK, YK/Ia[a/M Jioro y BUIIALL Ta/IbMM, a MisHilre Bi6po-
MaIlVHA yTPaMOOBYBaIN JIOTO 10 CTaHY TBEPHOTO I'PYHTY, 106 MTOP-
MM He 3pyiiHyBa/Iu i He MigMMWIN HacUITHI 6epern.

Pospin 4. CSEPU 3ACTOCYBAHHA 133

Puc. 4.47. lllTy4yni ocTpOBHU y306epexOKs
O6’epnannx Apabepknx EMipaTiB Ha KocMiuHuX 3HiMKax Landsat
(a — cranom Ha 2001 p., 6 — cranom Ha 2012 p.) [8] Ta mait6yTHi

imei 6yniBHMIITBA, IPOEKTHWIT OrIAROBMIL BUE (8) [9]
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Anmponozennuii 6nnue Ha npumicoki nanowadmu

ITicox, mo6yTwmit i3 FHIIPOBCHKMX OCTPOBIB, HATYACTilIe BUKOPU-
CTOBYIOTb /I HAMUBAHHsI XUTIOBMUX MacKBiB. s mpakTuka 3’siBunma-
cs1 B KiHIi 70-X pokiB 20 CTOMITTSA, KoMK OY/I0 PO3IIOYAaTO HAMVBAHHSA
XUTNOBUX MacuBiB «O60m0Hb» Ta «TpoemmHar». Y 1970-x pokax 6yno
posnoyaro Hamyus O60/IOHI, 1A 1jbOro Oy/I0 MiHATK piBeHb IPYHTY
IIAXOM HaMUBY, a 3 1981 poky — iH)XKeHepHa IATOTOBKa 3a0ymOBM
TpoemyHy — rifpoHaMMUB Ta CHOPYHKEHHA IIEepIIOl Yepru MacUBY.
e npoiec My MOXKEMO HAOYHO IIPOJEMOHCTPYBATY Ha apXiBHMX KOC-
MiuHux sHiMKax Landsat (puc. 4.48). [Iis1 3a6yRoBY >KUTIOBUX MacKBiB
«O60m0HB» Ta « TpoemyHa» 6Y/10 BUKOPUCTAHO MiCOK 3 MiBHIYHOI Ipynn
ocTtposis (Bemuknit [TiBHiunwmii, TpyxaHis Ta iH.). [linAHky HaMUBaHHA
HiCKy Iepeq >KUTIOBUM OYAiBHMIITBOM Y BUNIAAL O1IMX IUIAM MOXHA
YiTKO MPOCTEXXUTY Ha apXiBHUX KOCMIYHMX 3HIMKaX (puc. 4.48, a).

TakoX Ha KOCMiYHMX 3HIMKaX MO>KHA IIPOCTEXUTH IVHAMIKY yTBO-
PEeHH:A BOJOVIMY IITYYHOTO TOXO[PKEHH — AJIMasHOTO 03epa — OfIHO-
ro 3 Haitbinpm 3abpyaHeHux B M. Kuesi. Bono posramoBaHe Ha IiBHIY
Bix JlicoBoro macmBy i Ha cxif Bif MacuBy Burypismuna-Tpoeuinna
y Hecusancpkomy paitoni Kuesa. Opue 3 HaitOinblumx i Haramommx
o3ep M. Kuesa. Ilmnbuna gocsirae 35 meTpis.

Osepo BMHMK/IO y Iepiiii monoBuHi 1980-x pokiB Ha MicIi HeBe-
NMKOTo TOpd’AHOTrO 60/I0Ta Y 3B’A3KY i3 HAMMBOM HicKy A/ OymiB-
HUITBA >XUTIOBOTO MacuBy BurypiBmuHna-Tpoemmna. B cydacHux
posmipax 3 1993 poky. BigTak 03epo € KOMUIIHIM Kap’€poM, 3aToIlIe-
HMM BOJ0I0.
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Puc. 4.48. ByniBHMIITBO XUTIOBOTO MacKBY TpoeniHa Ha KOCMiYHIX
suimkax Landsat: a — 1985 p.; 6 — 2000 p.; 6 — 2017 p. [3]

Bizyanizanis aHTponoreHHoro
HAaBaHTa’KeHHsI MeramoJica

I'TC-MopenoBaHHA — Iie CyYaCHMIl Te€PMiH, MifJj AKMM PO3yMilOTb
MoJie/IbHe BifoOpa’keHHs ITeBHOI TepuTopii y BUITIAAL KapT, CXeM, KOC-
MO- Ta aepO3HIMKIB Y IIO€JHaHH] 3 Oyfb-AKOI0 iH(popMaliero Tabmy-
HOTO TUITY, BMKOPMCTOBYIOUM KapTorpadiuHmil MeTOX HOCIiIKeH-
HA — BUBYEHHS B3a€MO3B A3KiB (aHa/Ii3 ABMII K cucTeMn). Bukonaru
TaKWI1 aHa/Ii3 IIPOCTillle, AKIIO X0 OM OHY 3 XapaKTePUCTHUK, IO 3Mi-
HIOIOTHCS B IIPOCTOPI, BBXKATU PiBHOMIPHO pO3MofiieHoo i Ha ii poHi
aHa/i3yBaTy yci iHIIi 3 Heto B3aeMo3B’A3aHi. [ 1iei MeTn MoXKHa BI-
KOPMCTOBYBaTH TpaHcopMmalio 306pakenHs. I1ig TepMiHOM TpaHC-
¢dopmaliis posymiTMMeMO IHepexifi Bif kaprorpadiqHoro sobpakeH-
Hf, B OCHOBY AKOTO, K IIPaBWIO, IOK/Ia/ileHa TororpadiyHa MeTpyuKa
3eMHOI ITOBEPXHi, O iHIIOrO 300pa’keHHs, B OCHOBi IKOTO — MeTpH-
Ka fABUIIA, 1o Kaprorpadyerbcs. Taki TpaHchopMoBaHi 306paskeHHA
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HasuBaTb — aHamopdosu. IHmumu crosamm anamopdosa — e
TpaHchopMOBaHe 300paXkeHHs, B OCHOBY TpaHC(OpMaIliil SIKOTO I0-
KJIa[IeHO IIeBHMII IIOKa3HUK 4u KoedinieHT [10].

Ax npuxnapn sacrocysanns ['1C-monenoBaHHA aHTPOIIOT€HHOT O Ha-
BAaHTA)XEHHA Ha MiCbKi arjioMepanii posI/iaHeMO eKOJIOTi4Hi 3MiHM, 1[0
Bif6yBaoThcs B M. Kuesi 3a 30-piunHnit nepios 3 BUKOPUCTAHHAM Jja-
Hux /133 i HaseMHUX criocTepeXeHb. Tako)X HIKYe HaBefleHO IIPUKIaf
KapTorpadivHoro BimoOpakeHHs MoegHaHHs iH(oOpMaril HazeMHUX
CTaTUCTUYHMX JOCTI/IKeHb CTaHy JJOBKinaA M. Kuesa Ta pesynbraris
femnpyBaHHA KOCMiYHUX 3HIMKIB [/I1 BU3HaYEeHHA IJIOLL CKTaZOBUX
ypbonanpmadty (puc. 4.49).

Puc. 4.49. BukopucTaHHA JaHUX JUCTaHIIiTHOTO
30HAYBaHHA 3eMIi /151 BURITEHHS CKIafoBux ypbomanaurapry m.Kuesa:
a — K3 Landsat 8 (zata 24.05.2015); 6 — xapra ypbonauguiadry
(1 — xBOJIHI HacaJKeHHs; 2 — MTUCTAHI HACA/PKEHHsT; 3 — IepeB IHUCTO-
JarapHMKOBI HACAJKEHHsT; 4 — TPaB sIHMCTA POCIMHHICTS i CIIbCBKO-
TOCIIOAAPChKI yrifms; 5 — cemite6Ha Tepuropis (Oyaismi Ta goporn);

6 — milani MacuBy i kap’epy; 7 — BopHi 06’exTy) [10].

Ha puc. 4.50 HaBeieHO OfVH 3 BapiaHTIiB BioOpa)keHHs TeMaTU4-
Hoil iHpopmaii mpo HacenenicTh Micta Kuepa Ta ctan skocTi moBiTps,
AKUIT B TIOEHAHHI 3 AiarpamaMm BifjoOpaka€ CTPYKTYPY CKIaJOBUX
ypbonanpmadTamu 3a parioHamm. Takox Ha puc. 4.50 HaOYHO Ipef-
CTaBJIEHO KOPENALIHY 3a7eXXHICTh MK IIIOIIEI0 3€/IEHMX Haca/PKeHb
3a paitoHamu i KinbkicTio BukupiB NO, (miokcmpy asory) B moBiTpi
(cepenni mokasHukm 3a ceprenb 2015), koedillieHT KopensALii cTaHo-
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BuTh 0,73, O MATBEpHXKYeE IX 0OEpHEHO HMPOIOPILIHY 3aIeXKHICTD.
TakyM 4MHOM, HAOYHO MO>KHA KOHCTATYBAaTH, IO HAOiIbII 3e/IeHNM
€ TonociiBcpkuii paiioH MicTa, B AKOMY CIIOCTEPIira€TbCcs HaliMeHIa 3a-
OpYZHEHICTb IOBITpPs i HeBe/MMKa KiNbKiCTb HaCe/IeHHS.

‘ Fpathikn nokaswEin cTaHy
aruocthepn

[ J—

I e satipyanisnn arictiopn
a fiarpamn cxnanoans
ypBonaHuadry (k)

| BT

—P————
[ T ———

T oot rapuropes

12777 ansoatn

I 1mm001 0 - 8005,0

[[1]]] zsmes.e - szes050

] 3M0E - BT

EE sz - 30080

WineHicTE HaceneHiR (son k)
B
G0 - B0

DAmAs TR I s2umn - sacen
(A |

Puc. 4.50. KapTa TexHoreHHOro HaBaHTaxeHH:s M. Kuesa [11]

Jl/11 NOpiBHAHHA aHTPOIIOTEHHOTO HABAHTKEHHs MeETaIloicy CIio-
9aTKy Oy/I0 CTBOpPEHO KIacuuHi KapTu (puc. 4.51, a i 6), 1110 BigoOpaxkaroTh
3a0yoBaHy TepUTOPIIO Ta IUIOLIY 3e/IeHNX HacafpkeHb MicTa Kuesa (y Bif-
COTKax BiJi 3arajibHOI IJIOMLi pailoHy) Ha OCHOBI MaTepiais [133.

Jalyaesann tepurepla, x Infiyaonana TepeTopks,
] <8 \;{ [ <
B 1w [ =

V]
B s L3 % | R @
| B 1250004 R -+ 1:250000

Puc. 4.51. Kaptu posnoziny 3a6ynosu M. Kuesa 3a paitonamu
cTaHOM Ha: a — 11.07.1989; 6 — 06.08.2013
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Puc. 4.52. Kaptu-anamop¢osu posnoginy 3abynosu M. Kuesa
3a paitoHamy cTaHoM Ha: a — 11.07.1989; 6 — 06.08.2013

Hani B xoni po6OTH OTpUMMAHO ABa TUIM KapT-aHaMop(osis, 110
HaBefleHi Ha puc. 4.52 ta 4.54. Tak, Ha puc. 4.52 npefcTaBIeHO aH-
amop¢oBaHi 300pakeHHs, B AKUX /11 aHAMOP(]YBaHHA BUKOPUCTAHO
noKasHNK KoHIeHTparii CO y noBiTpi Mr/ky6. M (TOKa3HUK — po3Mip
06’exTa) Ta BifIcOTOK 3abymoBy Teputopil micta Knesa (mokasumk —
rpajieHT Kombopy). A Ha puc. 4.54 HaBefeHO aHaMopdoBaHi 306pa-
JKEHHSI, B IKMX JJIs1 aHaMOp(QYBaHHA BMKOPUCTAHO IUIOLLY 3a0y/oBa-
HOI TepuTopil y BificoTKax (IOKasHUK — po3Mip 00’€KTa) Ta IUIOILY
3elleHNX HacakeHb MicTa Kmesa y BifcoTKax Bijj 3araabHOI IJIOMI
paitony (IIOKa3HUK — IPaJIiEHT KObOPY).
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Puc. 4.53. KapTu posmopiny seneHux HacagkeHb M. Kuesa
3a palloHaMM CTaHOM Ha: a — 11.07.1989, 6 — 06.08.2013
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Puc. 4.54. Kapru-anamop¢o3u posnopiny 3eneHux Hacamkenb M. Kuesa
3a palfoHaMM cTaHOM Ha: a — 11.07.1989; 6 — 06.08.2013

TenuaoBi anomauaii micra Kuena
3a CyNYTHUKOBHMH TaHUMH

Kocmiuni 3HiIMKEM (iKCYIOTh MiZBMINEHHA TEeMIIEPATYpU IOBITpPA
B MicTi Knesi 3a ocranni 80 pokis. Ha puc. 4.55 nokasana temmepa-
TypHa KapTa KieBa 3a manmmu Landsat-8 Ha 31 mumnsa 2014 p. (Cran-
KeBMY Ta iH., 2015), AKa JIeMOHCTpYe, 110 Oinblia TepuTopia MicTa
Mae temmepatypy sumie 30 °C. 3a manumu IleHTpy aepokocMivHMX
TOCTipKeHb 3eMJTi, 3HIMKM JITHIX MicALiB, a camMe JTUIHA — CEepIHA
3 1985 mo 2014 p. MOKa3yTh, 0 KOXKHOTO POKY B LIEHTPA/JIbHUX pa-
JIOHaX MicTa TeMIlepaTypa IiIBUIYETbCA Ha 0,08° [12].

Ipomazcbka oprasisanis «YKpaiHCbKUII €KOMOTiYHMIT KIIy6 «3e/leHa
XBusA» Ta HayKoBIi Kueso-Mornnsancbkoi akagemii i HaykoBoro njeHTpy
AePOKOCMIYHUX JOCTIIKEHb 3eMli, BUKOPUCTOBYIOUM 3HIMKI CYITyTHU-
ka Landsat 3a 2013-2015 poxku, gocrnignm nanpuiadt Knuesa Ha npenmer
TEIUIOBOTO 3a0py[fHEHHS Ta IIOB’A3a/M pPe3y/IbTaTH CBOTO JIOCH/PKEeH-
Hs 3 O3€/ICHEHHAM TepuTopii. 3a Aep>KaBHUMM OYAiBebHUMM HOPMaMMu
B KUT/IOBUX PalflOHaX 3e/leHa YaCTMHA Ma€ CKIaiaTy He MeHue 25% [12].

PesynbraTyt mokasanu, 10 HaiOIbII «rapsuuMmu» € PaioHM >KUT-
JIOBMX MacKBiB Ta IpOMUCIOBI 30HU. HailbinbIui mMOKasHMKM TeIUia
manu Tpoemmna (10-15% o3enenenssi) ta [losusku (0,10% o3eneHeH-
H:), B TOJI Yac AK HalIMeHII — palloHM 3 HallOiIbIIMM piBHEM O3ere-
HEeHHs Ta BOfHMUMU 00 ekTamy — Taki sik [omociiBcbkmit, Bopiariska,
Cupernp Ta inmi (Big 20 1o 40% o3e/meHeHH:).
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Puc. 4.55. TemniepaTypa okpeMux paiioHis Knuesa
3a gaHumy Landsat-8 na 31 nunusa 2014 p. (CraHkeBnd Ta iH., 2015)
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31tomka KueBa i3 npoHiB nokasaa, 1o lepeBa Halikpaile 3abesie-
9IYIOTh IIPOXOJIOAY B MiCTi, 3HaYHO Kpallle, HK Ta30HMU Ta KIIyMou (0us.
puc. 4.56). Ix moBepxHs He TporpiBaeThca Ginmbme Hix Ha 25 °C [12].
I e BapTO BpaxoByBaTM NPy MiCbKOMY II/TAHYBaHHi.
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Puc. 4.56. B3aemo3ajie)XHICTb MDK CepeHbOI0 TiTHbOK TEMIIEPATYPOIO (a)
Ta BiZICOTOK ITOKPUTTS HacamKeHHsmu (6) [12]

188 OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



Ockinpku came MicTa € HanbinpIMMK 3a0pyRHIOBaYaMu aTMocge-
P¥, BifTIOBila/IbHICTD 3a 3MiHY KIIIMaTy, B IIEPIIy YEPIy, IOK/IAJa€ThCA
Ha HuX. [cHye BenyKa KiZIbKicTh KJIIMaTMYHUX OpraHisaniiit Ta ¢poHAIB,
AKI TiATPUMYIOTh MiCTa B IX IIPaTHEHH] alallTyBaTUCh [JO 3MiH K/IIMaTy,
asie KniB He BUKOPMCTOBYE 1110 MOXK/IMBICTb.

JocaixmxeHHs: BILIUBY MiCbKUX HACA/I’KEHD
Ha KJiMaT B MicTax YKpaiHu

Bynp-axuit HaceneHnii MyHKT MO>KHA IIOPIBHATH 3 KMBMM OpraHi3-
MOM, SKUII pocTe i posBuBaerbcA. OcobnmmBo HaitbinbLI TeMIu pos3-
BUTKY IIPOCITiIIKOBYIOTbCA B MiCTaxX 4Yepes IOCTIIHUI NPUTOK JIIOfEN
3 obracri, a y Bumazky micta Kuesa — 3 yciei Ykpainn. Yepes nocriiine
30i/bIIeHHs KiZTBKOCTI HaceleHHs BUHMKae motpeba B 3MiHi iHbpa-
CTPYKTYpH, ajie K IpyU TOMY 30epiraTy 6ajaHC BIUIMBY 3€I€HUX 30H
MicCTa Ha JI0T0 eKOJIOTiYHMIT CTaH?

B 2018 poui koMaH/a yKpaiHChbKuX BYeHUX 3 KneBo-Morunancbkoi
akazieMii, LleHTpy aepokocMiuHUX mocmimkeHb, IHCTUTYTY 60TaHiKM
ta IHcTuryTy 6ioximii HAH Vkpainm Ta daxiBii kommnasnii DroneUA
orpuMaiy rpaHT Bifg National Geographic mna mposemeHHS mocmif-
JKEHb BIIIMBY MiCbKUX 3€/IEeHMX HAcaJpKeHb Ha K/IiMarT B MicTax Ykpai-
HU (puc. 4.57) [13]. National Geographic nmigTpumas npoexT ykpaiHiis
3 METOI0 PO3POOUTH HAYKOBY OCHOBY JUISI CTPATETiYHOTO ITAHYBaHHSA
aflanTalil MiCbKUX 3€/IeHUX 30H JI0 3MiHM K/IiMaTy B MicTax YKpaiHu,
a TakoX iHmux Kpain CxigHoi €Bponu.

Jlane mOCTigKeHHA € NPOJOBXEHHAM IIONEePeNHbOrO, OMMCAHOTO
B LbOMY 6s1o11i MPOEKTY IO JOCTIJPKEHHIO TENJIOBUX aHOMaJIiil MicTa
Kuesa 3a cynytHukoBumu gaHumu. Tofii BAasocs BUKOHATU PAf Ha-
3eMHUX JJOCTiIKeHb, 3i0patn iHdopmaliifo 3a JOMOMOroK0 JPOHIB
i cynyTHMKOBMX KapT. Ajle pe3ynbTaTy Oyam OTPUMAHI TiIbKM i
HEBE/IMKOI TEPUTOPII, IeHTPATbHUX APKOBMUX 30H. HUHIIIHIA IpOeKT
3 National Geographic — 1e IpoOBXXeHH JOCiKeHD i3 36ibIIeH-
HAM MacIITabiB — Terep e Tepuropis Bcboro Knesa..
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Puc. 4.57. Em6rema nipoexry Bix National Geographic
3 MOCTifI>)XeHHA BIUIMBY MiCbKUX Hacafl)kKeHb Ha K/IiMaT B MicTax YKpaiHu

Hacenenna micT YkpaiHum Mano 3aJyMye€TbCA HaJ, HETaTMBHMMU
HaclifKaMu 3MiHM KIiMaTy, AKi IPOABAAIOTBCA B XKUTIOBUX 30HAX.
B ninomy B YkpaiHi € mpo6rneMa BiICyTHOCTI CUCTeMHUX JaHUX IIPO
pyx CO, y BenMKMX MiCTax i mepefMicTsaX, AKi MOXYTb OyTU KOPUCHI
npu oninni Bukuiis. Konnennia Smart City, sika ycmimHo 3acToco-
BYETBHCSI B PI3HMX MiCTaxX CBIiTY, epefbadae BUKOPUCTAHHS iHHOBAILil-
HUX TEXHOJIOTIN, [/I ONIePaTUBHOIO NPUITHATTA ONTUMAaJIbHUX PillleHb
Ha OCHOBI BeqMKoi KibKkocTi maHux. B YkpaiHi x He icHye Hiskoi 6a3n
JAHVX IS IPUTHATTA PillleHb MiCLI€BUMM OpraHaMy BJIafIN.

MeTor0 pOEKTy € TOYHO BUSHAYNUTH, K PO3MIp i IrycToTa pOCINH
BIUIMBAIOTh Ha 3HVDKEHHSA «XBUJ/Ib TEI/Ia» B PI3HUX HACENIEHNUX ITYHKTaX
i micTax. Y4acHUKM npoeKkTy 6ymyTh BMBYATH CHCTEMHMUI BIIMB MiCh-
KIX 3e/IeHMX Haca>KeHb Ha pOpMyBaHHs MiKpOK/IiMaTy, a camMe 3MiHK
TeMIIePATyPHUX ITOKA3HMKIB, BONOrocTi, KonneHnrtpanii CO, B Xutio-
BIX pajioHax KueBa 3 BUKOpucTaHHAM MeTofiB []33: TernnoBoro kapro-
rpadyBaHHA 3 JpoHiB, 00poOKM i Kmacugikaril JaHNX ONTUYHYX i Tel-
JIOBMX 3HIMKiB, OTPMMAaHMX i3 CymyTHMKIB Tomio [13].

OuikyBaHMM pe3y/IbTaTOM JOCTi/I)KEHDb € BU3HAYE€HHA KOHKPETHIX
BUJIIB JepeB, KOTpPi HaitbinbuI edeKTUBHI J/IsI BUKOPUCTAHHS B 03eIe-
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HEeHHI MICT, a TaKOXX pO3pOO/IeHHs peKOMEeHJallili 10 IJIAaHYBaHHIO
IIOCaloK BB, IiIbHOCTI HAaca/PKeHb, TUIIiB 03e/eHeHHA i T. . OTpu-
MaHi pe3y/lbTaTy B MailOyTHbOMY MOXXYTb TaKOXX OYyTM 3aCTOCOBaHi
Ha Teputopil iHmmx mict CxigHoi €Bpornu.

MOHITOPHHI ITY4YHOrO OCBiTJICHHS 3eM.Ii
3 KOCMOCY

[pymna BueHuUX feTanbHO BUBYMIIA LIy KYIly 3HIMKiB Hi4HOI 3emii,
3po6nenux y nepiop 3 2012 1o 2016 poxkn. Ix 6ymo 3po6neHo i3 cymyT-
Huka HACA, o6rmaiHaHOTO Crieljia/IbHNM puOopoM — pazioMeTpoMm.
Leit npucTpiil BUMIPIOE ACKPaBiCTb HIYHOIO OCBiT/IeHHA. Pesymbrat
IXHBOTO MOCHi/PKEHHA II0Ka3aB: LITYYHO OCBiT/IeHa IIJIOLjA IIJIAaHETU
36inpuryBamacsa Ha 2% LIOPOKY Ta Ii TeMIN IIPOJOBXKYIOTb 3pOCTATIL.
JIve B BOX KpaiHaxX KiZIbKICTb OCBITJIeHHA 3MEHIIN/IACh — 1€ OXOII-
neHi BiliHOI0 €meH Ta Cupis.

Pospin 4. CSEPU 3ACTOCYBAHHA 133

NORTH KOREA

Puc. 4.58. Cynytaukose ¢oTo mrygnoro ocsitneHus B KHJIP
ta IliBnenniit Kopei, sike imocTpye 3B’130K MDXX HiYHUM OCBIT/IEHHAM
Ta eKOHOMIYHOI0 akTVBHIcTIO KpaiH (NASA/The Washington Post) [14]

PO3/IUI 4. CHEPY 3ACTOCYBAHHA 133 191



)
0
=
=
i
e
%
/@
>
O
(©)
B
O
b
)
=
A
%]
A
)
<
=
H
0
(o]
A

192

JKypnan «Nature» B 2017 po1ii onpuIrOgHUB CTATTIO, [ie CTBEPIKY-
BaJIOCh, 1O IUTY4YHE OCBIT/IEHHA CTAaHOBUTDH 3arpo3y /A ONNUIEHHS
BpoXkaro HiuHumu Komaxamu [15]. [locnimkeHHs, npoBeneHe y Benukiit
Bpuranii, nmokasano, mo B MiCIX 3i IITYYHUM OCBITJIEHHAM JiepeBa
BUITYCKAIOTh OPYHBKM Ha TYDKZEHDb paHillle, aHDK TaM, fie 100 HeMaE.
A TaKOX HITY4HE OCBIT/IEHHS CUIbHO 3MiHIO€ IIOBEMIIHKY ITaXiB, fAKi
3BUK/IM MirpyBatu BHoOui [16].

. Fractional radiance change 2012/2016
Milan, Italy
o & sk B |
a.s 1.0 2.0
L1 1 | Decreased No change Increased

Puc. 4.59. 3minn y BynmaaoMy ocBitiienHi B Minani (Itais)
3a kocMivyHmMy 3HiMKamu 3 2012 (A) Ta 2015 (B) [17]

Hokrop K’106a 3ayBaxkye, 1110 SIKiCTb OCBiT/IEHHS 3a/IeKUTh He CTi/lb-
KM BiJl 1OTO KiJIBKOCTi, CKi/IbKM BiJi KOHTPACTy. 3MEHIIYIOYM KOHTPACT
HaZIBOPi Ta YHMKAOYY 3aC/IIUIIOYMX JIAMII, MOXXK/IMBO ITIOKPALITY BA-
IVMMICTb ITpM MEHIIOMY OCBiT/IIeHHi. KpiM Toro, Takmit migxing Moxe 3a-
OIIA/DKYBAT! eHeprito. Ajle, 3a JaHNMY BUCHNX, Y CBITOBOMY MacIITabi
He IIPOC/IiAKOBYIOTbCA TaKi 3MiHIL.

Ha YouTube-kaHani NASA MOXHa MOOMBUTUCA Bigeo — www.youtube.
com/watch?v=8dc58ZrOuck CsisiHHs CBiTNA NOACHKOI AiSNBHOCTI HA KOCMiY-
HUX 3HIMKAX HALLOI NIAHETW BHOUI.

Takuit HiYHMIT TOI/IAJ Ha HALIY IUIAHETY JIO3BOJIE BUEHMM JO-
CIJPKYBATH, AK PO3IIUPIOIOTHCA MiCTa, KOHTPOIIOBATH iHTEHCUBHICTD
CBiT/Ia, OO OLIHIOBATY €HEPrOCIIOKMBAHHSA Ta eHeproeeKTUBHICTh
OCBIiT/IEHHS TOIIIO.
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Omninka yp6anisanii B MicTax 3 BUKOPUCTAaHHAM 300pakeHb
HiYHOTO KOCMiYHOTO 3HiMaHHA

Hapopgumo mpuknaag MOXIMBOCTI BUKOPUCTAHHS CYIyTHUKOBUX
300pa>kKeHb 1A OL[iHKM PO3BUTKY MicT Ykpainu. besnocepenHbo 06’ek-
TOM JOCTipKeHb Oy TepuTopii MicT 06/1aCHOTO MiAMOPAKYBaHHA.
Y AKOCTi MOKa3HMKA IHTEHCMBHOCTI PO3BUTKY MICT 6y/Ia BUKOPUCTaHA
CyMapHa iHTEHCUBHICTb OCBIT/IEHHA TEPUTOPIi Y HIYHMIT Jac.

MeTonvKka BU3HAYeHHA IHTEHCMBHOCTI PO3BUTKY MicT Ta ix gude-
peHIjialid MpoBOAWIACh HACTYIHUM 4YMHOM. KinbKicHMM KpuTepiem,
10 XapaKTepU3ye IPOCTOPOBY KOHIIEHTPAILIil0 HACETIeHH, a BiflTIOBifI-
HO €KOHOMIYHY aKTMBHICTb TepUTOpil OyB 3aIpOIIOHOBAHMIT Ki/lbKic-
HUJI TTOKa3HMK CyMapHOI iHTeHcuBHOCTI ocBitTneHHsa (CIO) [18-20].
CIO — 1e cyMa 3HaueHb OCBIT/IEHOCT] BCiX MiKCeIiB 110 TePUTOPIi KOXK-
Horo micta. Bukopucrannsa CIO 103Bonmnno npoaHanisyBaTy po3Hnofiin
HIYHOTO OCBiT/IEHHA TEPUTOPiNl MICT Ta 3iCTaBUTU 3 IOKAa3HUKAMMU
LIiIBHOCTi Hace/IeHHA Ta I EKOHOMIYHOTO PO3BUTKY.

Cynytauk DMSP/OLS nosBonse oTpumyBaTy HiuHi 300pakeH-
Hs 3€MHOI IIOBEPXHi Y BUAMMOMY Jlialla30Hi CIIEKTPa 3 IIPOCTOPOBOIO
pospisHenictio 900 metpis [21]. [l gocmimpkeHHs 6y10 BUKOPUCTAHO
apxiB gaHux 3 1992 no 2012 pp. JaHi gocnimKeHHA JO3BOIWIN B YMO-
BaxX YKpaiHM BUIIUTU MiCTa-«IOMiHAaHT!», BHECOK fIKUMX B CyMapHe
HiuHe OCBIT/IEHH: 00/1acTi € ZOCUTb BeTMKUM (puc. 4.60, mabn. 4.2).

)AWJ.\\‘}
Hogutwis.
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Puc. 4.60.
3MiHa MmoKas-
HIKa HiYHO1
OCBIT/IEHOCTI
CIO 3a 1992
Ta 2012 pix
Ha TepUTOpii
Kuiscpkoi
obmacrTi:

— 1992 p.;
BN __EES ? P
" D 3 18 n i 60— 2012 p.
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Tabmuusa 4.2. Xapaxmepucmuka micm
30 NOKA3ZHUKOM CyMAPHOT iHmeHcusHocmi Hiunozo oceimnenns CIO

PanxyBaHHSI 00JIaCHUX LHEHTPIB
3a piBHeM iHTEHCHBHOCTI po3BUTKY npotsirom 1992-2012 pp.

Homep Cepenne

Hassu mict
rpynn | 3Haue”Hs CIO

I >20%10° Knis, Juinpo, Xapkis, Opneca, [loHe1bK,
3anopixoksa, Mukonais, /IbBis

II Bizg 10*10° Jlyrancpk, Cim¢epomnons, [Tonrasa, YepHisii,
0o 20103 Binnuis, Cymu, PiBHe, KponuBHMIIbKMIL,
JKuromup, Xepcon

111 <10%10° Yepkacu, IBano-®OpaHKiBCbK, JIybK,
XmenpHULbKNUI, YepHiris, Tepromninb, Yxropop,

Micra «gomMiHaHTI» Oy/M BUSAB/IEH], HA IACTaBi pAaH)KyBaHHs [1OKas3-
HIKa BHECKY MiCTa B CyMapHY OCBiT/IEHiCTb TepuTOpii 06/1acTi Ha OCHOBI
faHuX OcCBiT/IIeHOCTi 3a 2012 p. OTpuMaHi pe3ynbTaTu MoKasaay, IO
B YkpaiHi Taki MicTa He 0060B’13KOBO MAlOTh OyTM ar/IOMepaTMBHUMM
LIEHTPaMy, a JOCUTD IM OyTU €IVHUM HNPORYKTUBHMUM MICTOM B MeXax
afMiHicCTpaTMBHOI 067acTi, 10 XapaKTepusye HeTraTMBHY €KOHOMiY-
HY TeHJeHII0. YKpaiHchki MicTa «gomiHanTi»: Kuis (53,46%), Opeca
(47,06%), Mukonais (42,30%), PiHe (42,14%), UepHiswi (39,14%), Xap-
KiB (38,02%), JIyubk (37,46%), XepcoH (36,75%), /IbBiB (36,27%).

Takum 4mMHOM, CymyTHuKOBa iH(pOpMallif PO HiYHE OCBITIEHHA
MOKe OyT! BUKOPUCTaHA B AKOCTi He3a/Ie)KHOTO JKepeia JaHNUX IIPO
IHTeHCMBHICTDb COLIiIOEKOHOMIYHOrO cTaHy MicT. Ta mo3Bossge npocre-
JKUTU 3MiHY HiYHOTO OCBIT/IIEHHA TEPUTOPIN Ta BUSHAYNUTH PEUTHUHT
MICT 3a piBHEM PO3BUTKY.

basyrouncp Ha aHamisi MatepianiB HiuHOI iHdpadepBOHOI 3710M-
kn 3a 2014-2016 pp., Ky Oy/n10 NpOBefEeHO 3a JOINOMOTOKI CEHCO-
pa Visible Infrared Imaging Radiometer Suite (VIIRS), BcTanOBNEHOTO
Ha cynyTHUKY Suomi NPP, orpuMaHO o1LliHKM 3MiH €KOHOMiYHOI CUTY-
allil Ha TMMYaCcOBO HEMiIKOHTPONbHMUX TepuTopiax JloHenpkoi Ta Jly-
TaHCbKOI o0JacTell, o nepebyBaoTb y 30HI 30pOITHOrO KOH(IIIKTY.
11i oninky 6a3y0Tbcsi Ha TOMY BijoMOMYy ¢aKxTi, 1[0 OFHUM 3 ITOKa3-
HIKIB €KOHOMIYHOI aKTMBHOCTI € PiBEHb CIIOXKMBAHOI €/IEKTPOEHEPTii,
AKUIL, Y CBOIO 4epry, MOXKHa OLIiHUTY 4epe3 CBiTHICTb Teputopil [22].
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TleGankues ﬁm24n Bepesers-20156 Bepeses: 201 6
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Apmiexa - bepesens- 2014 ] Eiesem,-mlﬁﬁ bepesens: 20162

Map'uma--ﬁepcacl{b-ZUHé Aepesens- 20152 Gepezern-20162

i 2 5 1 0 (nanoWatts/cm?/sr)

Puc. 4.61. Hiuni snimxn 3 cynytHuka NPP/VIIRS mict JJoHerbkoi o6macTi
3a 6epesenp 2014, 2015, 2016 poxis [23]

Amnari3 3a3HauYeHUX MaTepialiB JO3BOIUB 3pOOUTU BUCHOBOK IIPO
Te, [0 €KOHOMiYHa aKTUBHICTh Ha Cxofli YKpaiHM I OKYIIOBaHMX
vacTuH [loHenbKoi Ta Jlyrancpkoi obmacTeit HaBecHi 2016 poky cTa-
HOBIUIa 54% Bix piBHA 6epesHs 2014-ro. OTpuMaHi OLIIHKY T03BOJIA-
I0Tb CK/IACTY YABJIEHH:A PO 30MTKY, IO iX 3a3Ha/Ia €KOHOMiKa perio-
HY B pe3y/lIbTaTi BOEHHOTO KOH(IIKTY, a TAKOXX MOXYTb CIyTyBaTu
OpieHTVMpamu Ipy IUTAHYBaHHI Mali0yTHIX 3aXOfiB IOKO BiTHOBI/IEH-
HA PerioHy.

BpaxoBytoun, 1m0 BOEHHMIT (aKTOp 3HAYHOI MipOI0 OOMexye
MO>X/IMBOCTiI Ha3€MHOI'O MOHITOPMHIY CTaHY HaBKOIMIIHHOTO CEpefo-
BIIIA, BUHMKAE HEOOXIHICTh BUKOPUCTAHHS MOXKJIMBOCTEN TEXHO-
noriit /133 i 3aco6iB MaTeMaTMYHOTO MOJIE/TIOBAHHS IIPU BUPIlIEHHS
IIPOTHO3HMX 3aBJaHb Ta OOIPYHTYBaHHi IepIIOYEProBMUX 3aXMCHUX
3aXO0[IiB.
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18. Jlanpko B. 1., Emictparosall. O., Anocronos O. A., Xogoposcbkuii A. .
OniHka cTaHy Ta 3MiH 3aTa/IbHOTO COIIiaTbHO-€KOHOMIYHOTO PO3BUTKY YKpai-
HI 3a nepiog 1992-2012 poku Ha OCHOBI BUKOPUCTaHHSA MaTepialiB 3110MOK
kocMmiuHoro amapaty DMSP / OLS (CIIIA) mpo HiuHY OCBiT/IeHIiCTb Tepu-
topii // Jonosini HAH Ykpaiun. — 2018 (B gpyni).

19. Jlanpko B.1., Anocronos O.A., €nicrparosa JI.O., Xomoposcbkuit A. .
OmuiHKa COIjaTbHO-eKOHOMIYHOTO PO3BUTKY oOOnacTeil YKpaiHu 3a pOKu
He3aJIeXHOCTI Ha mifcTasi gaHux cynytauka DMSP/OLS (CHIA) mpo HiuHe
OCBiT/IeHHA TepuTOpii // YKpaiHChKUI ypHal OMCTAHIIiTHOTO 30H/yBaHHs
3emi, Ne 16.2018. — C. 4-12. — Pexxum goctymy go pecypcy: http://ujrs.org.
ua/ujrs/article/view/121/138.

20. JIanbko B.1., €micrpatoBa JI.O., Anocronos O.A., Caxaupxuit O.L.
Buxopucranna kocmiuaux 3HiMKiB NPP/VIIRS y niunmit 4ac s oninku eko-

HOMIYHOI Kpysu Ha cxofi Ykpainu (JJoHerpka Ta JIyrancbka obmacti) // BicH.
HAH VYkpainn. — 2017. — Ne 2. — C. 48-53.

21. NOAA: National Centers for Environmental Information. Data Download.
[Enextponnuit pecypc]. — Enexkrpon. gani — Pexxum moctymy: https://ngdc.
noaa.gov/eog/index.html.

22. JIansko B.1.,, Tlomo M. O. Jocmimxyroun 3eMio: mepemMorn i 6imu
yKpaincbkoro kocmocy. — K. : JIsepkasno TvxHA, Ne 34, 2017.

23. OrjiHKa 3MiH 3araJIbHOTO COIlia/TbHO-€KOHOMIUHOTO PO3BUTKY YKpaiHM
3a pOKI He3aJIeXKHOCTI Ha OCHOBI MaTepialiB KOCMiYHMX 3110MOK [EneKTpoH-
Huit pecypc] / B.L. Jlanbko, JI.O. €nicrpatoBa, O.A. Anocronos, O.A. Xo-
mopoBcbkuit // HAH VYkpainnm. — 2018.— Pexxum pmocTymy Jo pecypcy:
http://www.casre.kiev.ua/images/articles/general-meeting-nasu-april-2018/
presentation.pdf.

4.2. ExRoJoria Ta arpapHi Hayku

Exornorisa — Hayka, 110 BUBYa€ 3aKOHOMiPHOCTi B3a€EMOBiJTHOCUH
OpraHi3MiB 3 JOBKi/IfAIM, a TaKOXX OpraHisaniio i GpyHKIjiOHyBaHHA
HalOPTaHi3MOBUX CUCTEM (Honynﬂuiﬁ[, BUAiB, 6i01[€HO3iB, 6i0ccbe—
pu). HaykoBi po3Bigkm, ki mpeacTaBIAnTDh iHTepec AaA eKoJorii,
BK/IIOYAIOTh OiOpi3HOMAHITTS, NOMMpPEeHHS OpraHisMis, 6iomacu
Ta MOMY/ALIl OpraHi3MiB, a TAaKOX CIiBIpalio, cMM0io3 Ta KOHKY-
peHllilo B MeXXax Ta MDX Bujamu. EKonoris BUBYae eKOCUCTEMU —
OVIHAMIYHO B3a€MOJIiI0Yi CCTeMM OpraHi3MiB i He)KMBi KOMIIOHEHTU
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cepefoBulla iXHbOTO iCHYBaHHA. ATpapHi HayKu BUJINAITH de-
pe3 03HaKy 0co0nMBoOi 3aliKaB/IeHOCTi B HUX 3 OOKy moguHu. Tak,
B)KKO YABUTH >KUTTS CydacHOI MoAuHM 6e3 TaKol BaKJIMBOI ramy-
31 IPOMMCIOBOCTI SIK arpoNpoOMUCIIOBUII KOMIIIEKC (3 yciMa 1oro
komnoHeHtamn). Ilpore gmisnpHicTh 1iei ramysi y XXI cromitTi
YK€ HEMOXKXIMBO PO3I/IALATHI 6e3 eKoJIoriyHoro aCIleKTY, OCKiIbKU
BIUIMB JIIOVIHM Ha €KOCUCTEMM B JesIKMX BMUIIaJKaX Mae 0e3I0BO-
PpOTHI, PyliHiBHI HaCIiIKN.

4.2.1. JIico3HaBCTBO

Jlico3HaBCTBO — Lie CyKYMHICTb 3HaHb NP0 BUOOBMIA CKNAL, JliCY, NiICOBI POC-
JHHI YTpyrnoBaHHs Ta CepeoBuLLE, B AKOMY 3pOCTaKOTb POC/IMHK B fici [1].

Ynitky 2017 poKy Ha TepuTOpil IPMPOJHOTO 3aNoBifHNKaA «[IpeB-
JIAHCBKUIT» Ha niBHOYi YKnrommpcbkol o6macri, sik i y Bcbomy Iomicci,
KaTacTpodivHO 30i7bUINIACS KiTBKICTh OCepeNKiB YCMXaHHs [IepeB,
YPaXEHIUX JKYKOM BepXiBKOBUM Kopoimom. Haspa samosifHMuKa I110-
XOIMTD BiJl Ha3BM CXiIHO-CIOB AHCBKOTO IUIEMEHI «peBJIAHY, AepeB-
TIAHW», 1110 IPOXKMBA/IM Ha L1l TEPUTOPII, i AKMX Mi3HilIe CTaay Ha3uBa-
Ty nonimykn. ETuMororis 060x HasB — pepeBo, nic. Leit 3anoBigHuk
CTBOpWM/IN I/is1 30epe>KeHHsI VHIKaJIbHUX JIICOBMX 1 BOZHO-OOMOTHMX
yrifb Ykpaincbkoro Ilomiccs, a Tako)X BMBYEHHSA 3MiH €KOCKUCTEM IIiJ
BIUIMBOM IIPYPOJHUX Ta aHTPOIOTeHHNX (PaKTOpiB. 3HaUHA YacTMHA
7iciB 3anoBigHMKa OyMa cMIbHO 3a0pyIHeHa paflioHyKIizaMy yHaCi-
mok apapii Ha YOpHOOMIbCHKUIT ATOMHIN €IeKTPOCTAHIIl Ta MoTpa-
nyIa 10 30HM 0e3yMOBHOTO BifiCe/IeHHsI, TOMY BIUIUB JIIOAVHY 3 4acy
KaTacTpodu OyB MiHiMampHUI [2]. 3arasoM KinbKicTb ocepenkis
COCHM, Ypa)keHOI BEPXiBKOBMM KOPOIJOM Ha TE€PUTOpIi 3aIllOBiJHMKA,
cATaja TUCAY].

HasBy «BepxiBKOBUil» fanm LbOMY JXXYKy caMe 4Yepe3 Te, L0
BiH 3acende fepeBO 3 BEPXiBKM KPOHM Ta 3a 6-8 TIWOKHIB 3aBjae
TAKOI IIKOAM HepeBy, 1o BOHO Bigmupae. HasemHi meTopm obcTe-
JKeHHsI Hee(eKTMBHi, OCKi/NIbKM CKIaZHO O0OCTeXyBaTu BEPXiBKY
KPOHM 3HM3Y, a TAaKOXX TOMY, 1[0 perylspHe Ha3eMHe 0OCTeXeH-
HA BMMarae 3Ha4HMX BUTpaAT. Y TAaKOMY BUIIQJIKy CYIIyTHUKOBA
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4y aepooTO3iI0MKa MAIOTh 6araTto mepeBar, OCKiJIbKY JO3BOJISAIOThH
OXOIIJIIOBATY BEIMKY TEPUTOPIIO O/Ipa3y 3 yciMa Ba)KKOJOCTYIIHIUMM,
60/IOTUCTMMN MICIIIMM Ta aHAJII3yBaTH CTAH JiepeB 3 IEBHUM iHTep-
BaJIOM 4acy.

OpHyMM 3 mepmIMX JOCTiIGHUKIB, AKi movamm y 1930-x pokax 3a-
cTocoByBaTu aepodororpadii mnsa BuBdYeHHsA jiciB, 6y S.H. Spurr,
S.T.B. Losee, H.E. Seely, mjo npamosanu y CIIIA ta Kanapi. Tak, Ha-
npukiaf, y 1942 poui H.E. Seely HagpykyBaB cTaTTio 3 METOLVKOIO
BM3HAYEHHs BUCOTH JiepeB 3a TiHHIO Ha aepodoTo3HiMKax [3]. «Kopen
i3 mpupomHMX pecypciB (3-MOMIX AKNX IPYHT, JTiC, KOPUCHI KOIIa/JIMHI
Ta BOZIOIIOCTAYaHHS) He MPUCTOCOBAHMIL O METOJIB aepodOTO3iToM-
KJ Kpallle, HDXK JTiC... 00CTe)XeHH JIiCOBMX MacVBiB HiKO/IV He IOBMHHI
BUKOHYBAaTUCA 6€3 3aCTOCYBaHHA IIepeBar aepodoTO3iIOMKI», IINCAB
Seely [4]. Tak, pmani JI33 moyanm IIMPOKO BMKOPUCTOBYBATUCS [JIS
YIpaB/IiHHSA JTICOBMMM pecypcamy, IO OFHAK 3/1e0Oi/IbIIOro Iossrae
B OIIiHIIi /1iCO3aroTiBIi, TOOTO IIOLL Ta 0OCATIB JIlepeBUHM 3 YpaXyBaH-
HSM BUJJOBOTO CKJIafly fepes [5].

I3 pO3BUTKOM CYIIyTHMKOBOI MY/IBTUCHEKTPATbHOI 311OMKM (3/10MKa
Y Pi3HUX CIIeKTpa/IbHUX [ia30HaX) IIOCTA/IV HOBi METO iHBeHTapy3alil
71iciB i3 BKIIOUEHHAM iH(popMallii ITpo 3H0pOB’sl pOCIMHHOCTI, 6iopisHo-
MaHITT, TOILIKO/KEHHS [epeBOCTaHy Ta BIUIMB 3MiH Kiaimary. A fio-
CTYIIHICTD 3HIMKIB 3 J{y>Ke BICOKUM IIPOCTOPOBUM PO3Pi3HEHHAM (MeH-
e 1 M) JO3BOJIMIIA 3 BICOKOIO TOYHICTIO KAPTYBATy AUIAHKM, OFHOPIAHI
3a CTPYKTYpOIO IepeBOCTaHy (BiK, po3Mip, YyacTKa JIiCOBUX HAcaJKeHb
optHoro tumy i T.7.). HoBi TexHOOrii 1a3epHOr0 CKaHyBaHH:A CYTTEBO
3MIHIOIOTD Ii/IXOMV IO aHAJIi3y CTPYKTYpU Ta (PYHKIIiN TiCOBUX €KOCKC-
Te€M 3aBJAKM TOYHILIIN Ta AeTaJbHIlIN TPUBMMIPHINI aBTOMaTM30Ba-
Hill oninni ckmany micy. Hasemuuit masepHnit ckanep, Hapasi, HIMPOKO
BUKOPUCTOBYIOTb /I aHa/Ii3y MIKpoOcemuiy Ha fepeBax (puc. 4.62).
BBa)kaeTbcs, 0 UMM piSHOMAHITHIIIIOI € CTPYKTYpa JepeBa, TUM Oi/lb-
e Mikpoocenuiy Oyfe Ha HbOMY, TUM BUIIUMMK Oyzie 6iopisHOMaHITTA
Ta NPOAYKTUBHICTH TICOBOTO MaCUBY 3arajiOM.
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Puc. 4.62. 3D-mopeni nepeBa (6YK €BpOIENCHKNIL),

OTpMMaHi Ha3eMHMM JIa3€PHUM CKaHEPOM yJaCHMKAMM TiTHbOI
IIKO/N 3 JOCTIi/KeHHs 6YKOBUX IparticiB, siky npoBopus IlIBeitnapcpkumit
denepanbHMI IHCTUTYT i3 OCTiIKeHD JTicy, cHIry Ta maHpmadTis (WSL)
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2-8 BepecHs 2018 p. Ha 6a3i Kapmarcbkoro 6iocdeproro

3anoBigHMKa, MacuB Yronbka — HIupoxmuit JIyr

3arajoM MOKHA BUAUIUTU TPY Ba>K/IMBi HANpAMU 3aCTOCYBaHHS
1133 y micosiit cdepi [6]:
» IllnpoxomacmiTabHMIT MOHITOPUHT CTaHY JIiCiB Ta 3TOPOB’ S JepeB-
HUX Haca>KeHb
o BISBJIEHHS JIICOBUX [AUISHOK, IPUTHiYEHVUX BHACTIOK XBOPOO 4
IIKiTHMKIB — 0COO/IMBa yBara TyT IPUAUIIETCS CaMe PAHHbOMY BU-
SIBTICHHIO OCEPEeJIKiB ypaXKeHH: /I TOT0, 00 BYACHO BXXITY 3aXOfiB;
e BUABJICHHA JIepeB MOUIKOKEHNX BHACTIIIOK JIil IPUPOIHOTO YM AHT-
POIIOT€HHOTO HECHIPYUAT/IVBOTO BIUIVBY, HAIIPYUKIIAJ, IOXKEX, OypeBi-
iB, BUKIM/IIB BiJj IIPOMMC/IOBOTO BUPOOHMIITBA MOPS], 3 JTICOBUM Ma-
CUBOM;
e MOHITOPMHI METEOPONIOriYHMX i KIIMaTUYHUX YMOB, 1O BIINBA-
IOTb Ha CTaH JIiCiB, TAKMX AK YMOBU 3BOJIOKEHHS Ta TeMIIEpaTypa.
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» JleranpHa micoBa iHBeHTapm3amis (XapaKTepUCTHKA epeBOCTaHY)
VIS OLIiHKY 00CATy Ta 3amacy iepeBUHI
* BiK JIiCOBUX HacaJl)KeHb, BUCOTA, jiaMeTp CTOBOYpa;
* IIJIbHICTb [IEPEBHMUX HACAIPKEHDb, 3IMKHEHICTb KPOH 4M IPOEK-
TUBHE IIOKPUTTS;
* MeXi KBapTa/IbHUX BUJIIJIIB 3 OMHOPITHMMY HaCaIPKEHHAMI.

» AHali3 CTPYKTYpH Jicy A/ 36aTaHCOBAaHOTO BUKOPVICTAHHS TicO-

BOTI'O pecypcy

* pPeTPOCHEeKTVMBHMII aHali3 TepuTopii — Komu BimbyBammcsa BU-
PYOKH, SKOTO po3Mipy, 4u OY/Iy MOPYLIEHHS AepeBUHY BHACTIIOK
HeCHpUATINBUX PaKTOPiB — BCe Ije BaXKINBO, 30KpeMa, I/Ii BU-
ABJIEHHA CTAPOBIKOBUX Ji/IAHOK Ta L[IHHMX €KOCUCTEM;

* MopemoBaHHA cTOKy CO, K O[HOTO 3 MAPHMKOBMUX Ia3iB 3a pis-
HMUX CILIEHapIiiB iCOBOTO yIpaBIiHH;

* OIiHKa €KOCUMCTEMHMX ITOCTTYT — IIPSMOI Ta HENPAMOI BUTO[I, AAKY
HaJaI0Th JIiCOBI MAaCMBY, TaKi SIK epeBUHA, TPUOM, ATOIM, PETyIis-
i K7iMaTy, BOJZHOTO PeXNUMY i T. 1.

BusiBiieHHs1 1epeB, NOMIKOIKEHUX MOMKEKEI0

19 ceprina 2007 poKy cTamocs 3aliMaHHsA TiCOBOrO IIOKPUBY Ha XepCOH-
IIVHI, 1110 IBUAKO MOIIMPUIOCA B YMOBaX CYXOTO CTEIly i OXOIMIIO JIiCK
ropynmucbKoro Ta TomonprcTaHchbKoro pajoHiB. Y raciHHi moXexi, 1o
tpuBaina 10 gHiB, 6y 3apisni MHC Ykpaiun, [JepykaBHnit KOMITeT JTico-
BOTO IOCIIOfIapCTBa Ta iHIIi BifoMcTBa, 3aranoM 1341 mopuHa 7). L mo-
JKeXKa CTajla OffHIEI0 3 HaliMacITaOHimyx y perioHi. [Ticys 1i 3aBeplieHHs
Be/Mue3Hi TepuTopii Oym BKpUTI IOIeZIOM, i BaXKKO 6yI10 3p03yMiTH, sKi
JiepeBa Oy/1v SHMILEHI TOXKeXKelo, a SIKi 11ie He BiMepIIi.

Topi Jlep>kaBHUIT KOMITeT /1iCOBOTO IOCHOAAPCTBA BUPIIINB BUKO-
pucTaTV MYIbTUCIIEKTPA/IbHY CYIyTHUKOBY 3MOMKY. [l BuUABIIEH-
HA BifMep/1ux JiepeB 3aCTOCYyBaIy MeTOR KOMOiHanii KaHaIiB 3HIM-
ka Landsat 5, 3po6neHoro HanpukiHii ceprus. Kombinauiss kaHamiB
3, 2, 1, w0 € 300pakeHHAM Yy BUMMOMY Aiala3oHi, 6y1a 6113bKo0
JI0 TOTO, 110 MOXKHA 0Y/10 06a4nTy Ha MicIi Ha B/IacHi odi, ajie po3mi3-
HaT¥ )XIBI Ta BigMepIii epeBa Oy1o BaxXko (puc. 4.63, a).
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JlepeBa, y SIKUX IIPOIOBXKYETHCS MPOoIieC GOTOCUHTESY, MAIOTh BUCOKE
3HaYeHHs BiJONTTA y 3€/IeHOMY CIIEKTPa/IbHOMY JiiaIla3oHi, Ha BiiMiHy Bif
BiIMep/ux fiepeB, sIKi MAlOThb MiHIMa/IbHi 3HAYeHHsI BiOUTTA y 3eneHiit
Ta iH(padepBoHil yacTyHi criekTpa. OKpiM TOro, OIIKO/PKEH] lepeBa Ma-
I0Tb Oi/Iblile 3HAYEHHS BiIONTTA y cepeHbOMY iH(padyepBOHOMY KaHal,
110 [IOB’$I3aHO 3i 3HVDKEHHAM BMICTYy Bojiorn y mucTi. Tomy s Toro, 106
PO3pisHUTY MOUIKO[KEH] Ta HEMIOLIKO/KEH] JlepeBa, BApTO BUKOPUCTATI
KOMOiHaIlil0 KaHa/IB — cepefHilt indpadepBoHMIt, 6MDKHIN iHPpadep-
BOHMII 1 3eenmit. [l cymytHukoBoro 3HivMka Landsat 5 1ie, BigmosingHo,
KOMOiHaIis KaHaTiB 7, 4, 2 (puc. 4.63, 6). TakyM 4MHOM, BEA/IOCS BUJIN-
TV MAaCVBY BiIMEP/IVIX JiepeB Ta OLIHUTY 30MTKI Biff TOXKEXKi.
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Puc. 4.63. 3nimok Landsat 5 i3 pisHoI0 KoMObiHaIji€0
KaHaJIiB I OLiHKM HAC/TiJKiB Moxexi y cepnHi 2007 poky:

a — KoMO6iHa1is KaHaniB 3, 2, 1 y BUAMMOMY [Jiaria3oHi — JIiCOBUIT MacuB
BiOOPaXKA€THCS TEMHO-3€IEHNMM KOZIbOPOM, PYC/IO PiuKM YOPHUM, LIBITIHHS
BOJOPOCTEN Ha BOJIHII ITOBEPXHI Ta IIO/IA 3€JIEHMM KOJIbOPOM, BiIKPUTNI IPYHT
cipwit, mirmaHi groHy — 6i/MM KombopoM; 6 — KoMOiHalis KaHaIB 7, 4, 2 cepefHiit
indpayepBonmit, OMYDKHIN iHppadepBOHMII i 3eeHMI Aialla30HM — >KMBA TiCOBa
IepeBHa POCIMHHICTD BioOpaXkaeTbCsA TeMHO-3€/IeHUM KOIbOPOM, a BimMepti
fepeBa IMOMiK HUX — ACKPaBO-KOPUYHEBOTO KONbOPY

MoHiTOpUHT ocepelKiB ypasKeHHS
IKiJTHUKaMHM JicOBHX MaCHBIiB

151 BUABIEHHS IOIIKOMKEHNX IIKITHMKAMI JTiCOBUX MaCUBIB Ta Oce-
PEenKiB BCMXaHHA COCHY, 30KpeMa BHAC/II/IOK YPayKeHH: BEPXiBKOBUM KO-
POITOM, TaKOXK MOXKHA JOCUTb ePpeKTVBHO 3aCTOCYBATV METOMV AVCTaH-
1iitHoro 3oHAyBaHHA 3emii. Llymu Metomamy MOXYTb OyTH: aBiamiiiHa
i KOCMO3110MKa, aepoBidyanbHe 00CTeXeHHS, TifjapHa 3itoMKa (puc. 4.64).
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Puc. 4.64. IIposB ypa>keHIX COCHOBMX Haca/pPKeHb Ha aépOKOCMIYHMX
300paXKeHHAX: @ — 31I0MKa KBa/IpOKOITEPOM, 6 — CYIyTHUKOBA 3/IOMKa
Sentinel-2 (cocHu, 1110 BCUXAIOTh, BUALIAIOTHCS Y BUMISAZL YePBOHMX
IULSIM; 9MM HOBIIINIT OCEPefoK, TUM SCKpaBimmit Kosip)

Ilis1 micotakcalil Hajt9acTille 3aCTOCOBYIOTh aepoBisyaibHe o6cTe-
>KeHHA. [lepeBaror BisyanbHOro METOMy € BiJHOCHO HM3bKa BapTiCTh
i MOXIMBICTD BUAB/IATH HaBiTh OKpeMi ypaxkeHi mepesa [8, 9]. Heno-
JIIKOM € BYICOKA TPYJOEMHICTD i IMOBIPHICTh IIPOIYCKY ITOMIKO/>KEHNX
ISTHOK 32 HEOOXiTHOCTI 00CTe)KEeHHSI BETMKOL TEPUTOPII.

3acTOCyBaHHA 00CTEXXEHHS 3a JOIIOMOTOI0 0e3II/TOTHMX JIiTa/IbHUX
amapariB (puc. 4.65) [O3BOJAE CYTTEBO 3HM3UTH BUTPATV poOOYOro
4acy, OXOIUIIOBATY BENIVKI TEPUTOPII Ta 3MEHIUNTU MOXK/IMBICTD IIPO-
ITyCKY IT€BHMX MAcUBiB icy. OfHaK 9aCcTO BMHMKAIOTh CK/IaIHOLIi 3 BM-
3HAYeHHAM TOYHMX IUIOL] YPa’KeHMX JIiCOBMX MAacCHBiB uyepes3 CKIaf-
HicTb reorpa¢ivHoi MpUB A3KM Ta FeOMETPUIHOI KOpeKIil MarepiasiB
31IOMKM, AKIIO TEPUTOPIisA JOCIIIPKEHH € BENKOIO.
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Puc. 4.65. Pesynbratu aepo0oTO3IOMKI
0e3MiIOTHMM JTiTa/IbHUM aniaparoM, auneHs 2018 p.
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InTepnperaria marepianiB aepodOTO3/IOMKM, Y TOMY YUCII Tigap-
HOI, 3a0e3I1eyye BUCOKY TOUHICTb Ta fieTasisauio. OgHaK depe3 BUCOKY
BapTiCTh TAKOTO METO/Y HU3BKOIO € OIIEPATUBHICTD Ta YaCTOTa 00CTe-
YKEHHS, 1J0 He N03BOJIsIE eeKTUBHO BiCTEXXYBaTU BMHUKHEHHA HO-
BJX OCEpeMIKiB NIKiJHNKIB BIIPOJJOBX CE30HY BereTallii.

3acTOCYBaHHA CYNYTHUKOBOI 3MIOMKM 3 HaJBUCOKMM IIPOCTOPO-
BIUM DPO3pi3HEHHsAM (MeHIIle OJHOTO MeTpa) TAKOX HO3BOJISIE OTPU-
MaTy pe3yJIbTaTi 3 BUCOKOIO TOYHicTIO femmdpysBanHs. Hanpukman,
White (2005), BUKOPUCTOBYIOYM 3HIMKM CYIyTHUKA Ikonos, orpumas
TOYHICTD OLIiHKM IIOLL BCUXaHH:A XBOJMHMX JiepeB Ha piBHi 71% y Bu-
IaJIKy HU3bKOTO PiBHA ypa)KeHHA TepUTOpil IIKifgHuKamu, ta 92%
Y BUIIAJKy BICOKOTO CTYIIEHA YPa)K€HHA IIKiTHUKaMU JIiICOBOTO Macu-
By [10]. OpHak paHi /133 3 HaZBMCOKUM IIPOCTOPOBUM PO3Pi3sHEHHAM
TaKOXX He MOXYTb 3abe3nedntyt HeoOXiHY ONepaTUBHICTD i 4acTOTy
31I0MKY 4Yepes IXHi TeXHiYHi 0cOOMMBOCTI Ta BUCOKY BapTicTh. 1lle on-
HIUM CYTTEBMM HEJIOMIKOM IJMX JIaHUX € HU3bKe CIIEeKTpajibHe pO3pi3-
HEHH, 110 YCK/IAJHIOE aBTOMATN30BaHy 00pOOKY 3HIMKiB.

Tomy HalOi/IbII ONTUMATbHUI METOJ, MOHITOPUHIY MOUIKOKEHNUX
HIKiJHMKAMM TiCOBMX MacUBiB BIIPOIOBXX CE30HY Bereraliii — Iie 3a-
CTOCYBAaHHA JAaHUX CYIyTHUKOBOI 3JIOMKI 3 CepegHiM Ta BICOKUM
npocropoBuM po3pisHeHHAM (10-30 metpiB). [Jo Takux BuUpiB 3710M-
KI HajJeXaTb 3HIMKM cynyTHMkiB Landsat-8 (15-30 M) ta Sentinel-2
(10m).ITi CYITy THUKOBI CHCTEMI 3/Ii/ICHIOIOTD BETIVKII o6cAr MY/IbTUCIIEK-
Tpa/IbHOI 3JIOMKU YIIPOFOBX POKY, popMytoun H6araropasoBe MOKPUTTS
Teputopil focmifkenHs. EdekTuBHICTb 3acTOCYBaHHA IMX 3HIMKIB I
BUSABJIEHHS TOIIKOKEHNUX ITKiITHMKaMM XBOHIUX JiCOBUX MaCUBIB IIif-
TBEPHKYETHCS YMCTTeHHVIMY HayKOBYIMY IOCTHKeHHsAMY [11].

ITpy BUMKOPUCTaHHI MYIBTUCIEKTPAJbHUX CYNYyTHUKOBUX JIaHUX
BJMICOKOTO Ta C€PEJHbOrO IMPOCTOPOBOTO PO3Pi3HEHHA, 30KpeMa A
MOHITOPUHIY Ypa’KeHUX IKiTHUKAMU JiAHOK JICY, HeoOXiZTHO Bpaxo-
BYBATH, 110 KPOHA OKPEMOTO JiepeBa 3aiiMa€ Ha TAKMUX 3HIMKaxX MEH-
1le OFHOrO IIKCe/IA, IO CYTTEBO YCKIANHIOE BNJIIEHHA OKPEMMUX
BiIMep/NX fiepeB. 3HaYeHHS CIEKTPATbHOrO BUIIPOMiHIOBaHHA Y IIiK-
cemi 300pakeHHsI € CK/IAJHOI0 KOMOiHaIli€ BiOUTOr0 BUIPOMIHIO-
BaHHA Bifl KPOH [iepeB, KPOH 2-TO APYCY, MiIPOCTY, MijjlicKa, XKUBOTO
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HaJIPYHTOBOTO ITIOKPUBY, IPYHTY, a TAKOX TiHi cycinHix nepes [8]. IIpn
HOIIKOKEHH] JlepeB, 0COOMNBO y BUIIA/IKY YPa>KeHHs BepXiBKOBUM
KOPOIIOM, 3MiHIOEThCS Bif0MBaroya 3[aTHICTb KPOHU COCHM, BHACII-
oK 3MiHU 6i0(i3NIHMX IPOLIECiB y AepeBax, [0 NPU3BOAUTD 4O 3MiHM
KOJIbOPY KPOHU Ha CYIIyTHUKOBOMY 3HIMKY.

OpHak BapTo BiiI3HAYMTH, 1[0, OKPiM BigMMUpaHHA JepeB, 3MiHU
y CIeKTpasIbHiil BijOMBar04iil 3laTHOCTI AiNAHOK JICY BIIPOJIOBX Be-
TeTalil{HOTO Iepiofy Cipr4MHA€e 3MiHa (eHomorivyHNX ¢as, BOIOTiCTb
I'PYHTY, BMICT BOJNOIM y pocnuHax Ta iH. IIpoanamisyBaBmm cepiro
CYIIyTHUKOBUX JaHUX 3a OfMH PiK, BUYEHi BUABWIN, IO YIIKOIDKEHi
fiepeBa Ha TepUTOPil JOCIiPKeHHA iieHTU]IKYI0TbCA HAKpallle 3a Iie-
pion 3 MMUIIHA 10 CEPIIHA Ta NPOABIAITHCA Ha 3HIMKAax [0 IIOYaTKY
rpynHA. Ha 3HiMKax, 3po6/ieHux y mepiofi 3 CidHA O IUIHA, BUABUTA
TIOLIKOJKEHI fiepeBa MalikKe HEMOXK/IUBO.

[l BUAiIEHHA ocepenKiB IIKiTHNKIB XBOWHNUX LEpeB 3a NOIIOMO-
rOI0 KOCMiYHMX 3HIMKIB 3aCTOCOBYIOTb K Bi3ya/lIbHUIA, TaK i aBTOMATH-
30BaHNI MeTof, e pyBaHHA 3HIMKiB, TOOTO OTPUMAaHHA MOTPi6-
HOI iH(bopMaui'l' 3a CyIIy THUKOBUM 306pa>I<eHHHM. VY megkux BUmagkax
BisyanbHe AemmpyBaHH:A 3a0esnedye UIBUIKNUI Pe3ylIbTaT i BUMa-
ra€ MeHIIOI Ki/TbKOCTi Ha3eMHMX 006cTeXxxeHb st GopMyBaHHs HabOpy
eranoHiB. OflHaK 3HAaYHMM HEJOMiKOM TaKOTO METOJY € Be/IMKa JIMOBIip-
HICTb IIOMWJIOK YHACIIIIOK IIPOITYCKY AiISTHOK, 0COOMMBO ApiOHUX, 110
OXOIUTIOIOTD /IMIIE OAVH 4M JeKinbKa mikcenis. Takox y Bumazgxy fe-
mppyBaHHA PiSHUMM eKCIlepTaMi MOXKe BUHYMKATH IpobieMa HecTa-
6inbHOTO pesynbraTy. ToMy /I MOHITOPUHTY TepUTOPil 3aIOBifHMKA
«/IpeBIAHCHKMIT» TOCTITHUKNA 3aCTOCYBa/lIN METOJ, ABTOMATI30BaHOL
Kmacudikanii 300pakeHHs.

[Ipu aBTOMaTM30BaHOMY HAeIIN(PYBaHHI CYNYTHMKOBUX 300pa-
JKeHb BUKOPYICTOBYIOTH Pi3Hi a/IrOpUTMM KOMIT I0TepHOI Kiacugikanii,
30KpeMa Knacudikaliiro 3a MakcuMaabpHol nofioHocTi. Leit MeTop 1o-
JIAATa€ y TOMY, IO CIOYATKY IOTPiOHO B1OpaTy eTaoHHi 06 €KTH, T0O-
TO BUIIINTY MiCLd, ie TOYHO BiJOMO, IO TaM 3HaXO[ATbCA ypakeHi
IIKiTHUKaMM JiepeBa, i [jami, BUKOPUCTOBYIOUN Iieil Habip eTaynoHiB,
ABTOMATMYHO BUJIIUTH CXOXIi 3 CIEKTPaIbHUMU XapaKTePUCTUKAMU
BiTAHKY JIiCYy Ha CYIIyTHUKOBOMY 3HIMKY.
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Jnst Toro 106 cTBOpUTK 6a3y JAHMX €TATOHIB OCepefKiB BCUXaH-
HS COCHI, TOCTITHUKY BUKOPUCTAIN MaTepiany 31IOMKM 6e3mimoTHUM
NiTaJIbHUM amapaToM, 3pobneHoi y ymumHi 2018 p. AepodoTosiiomka
0e3MiIOTHUM JTiTa/IbHUM anlapaToM IIPOBOANUTHCA 3a CIPUATINBUX 110-
TOJHVX YMOB: MaJlOXMapHe He60, XopoIlla BUAVMICTb. [I/11 BCTaHOB-
JIEHHA MEX [IIAHOK ypakeHHs 3IiJICHU/IN Cepilo IOJbOTIB Ha BUCOTI
20 M B31OBX KBapTasny 3 mpomikkamu 30 M (puc. 4.65).

I wracudikanil Bukopucramm Mopynb HamiBaBromaTmuna Kira-
cudikanis B QGIS (Semi-Automatic Clssification Plugin for QGIS). I B pe-
3yJIBTaTi OTPUMAIN PacCTPOBe 300paXKEHH: 3 BUIICHNIMIY 3aCOX/TNIMM Jie-
peBaMy, IKi aBTOMAaTIYHO KOHBEPTYBA/IV Y BEKTOPHMIT popMaT IjIs TOTO,
106 71eTKO MOXKHA OyJ10 IIOpaxyBaTH IUIOLI Ta KiIbKICTb Ypa>keHb y Me-
YKaX JIiCOBMX KBapTaJIiB i INIAHYBaTy CaHiTapHi 3axomy (puc. 4.66).

Puc. 4.66. Knacndikanis cynyTHUKOBOro 3HIMKY Sentinel-2
17151 BUAB/IEHHSA OCEPENIKiB BCMXaHHA COCHM BHACTIZOK ypaXKeHHs
KOpOIfoM: a — BUXifHMIT 3HIMOK Sentinel-2 3a 30 nmumus 2017 p.;

6 — pactpoBuit ¢aiin 3 pedyabraroM Kracudikaiii METOZOM HaOiMbIIOL
HOAi0HOCTI; 6 — CYIYTHUKOBMII 3HIMOK Sentinel-2 3 BekTOpHUM
IIApOM BUITIEHNX OCePeKiB BCUXaHHSA COCHY (YepBOHMIL KOTIIp)

Ta KBapPTA/IbHOIO CITKOI (YKOBTMII KOTIIp)

YTo4HEeHHHA MeXK KBapTaJbHUX BHIIIIB
3 OAHOPIAHMMH JIiCOBUMH HACATKEHHAMH
JIna iHBeHTapusalil CTPYKTYypM /TiCOBMX MacHUBIB Ta YTOYHEHHH
MeX KBapTa/JbHUX BUMITIB C/IiJi BUKOPUCTOBYBATU CYIIyTHUKOBI 4K
aepo(OTO3HIMKM 3 BUCOKUM IPOCTOPOBUM PO3Pi3HEHHAM — MEHIIe
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OJHOTO MeTpa. Y TaKOMY aHasli3i aKTya/IbHIiCTb 3JIOMKM Ta CIIEKTpaJ/ibHe
PO3pi3sHEHHA He € Ha[[3BMYAIHO BaK/IMBUMM. OCKIIbKI Y TPOMUCTIOBUX
NCOBYX MacuBax BUPYOYIOTb i HACA/PKYIOTh JiepeBa OHOYACHO Y MeXax
BCbOTO BUJIiY, TO CTPYKTYpa, BiK, BUCOTa Ta JliaMeTp CTOB6ypa i, Bigmo-
BiJJHO, KPOHU MAIOTh Oy TV Oi/IbIII-MEHIIT OHAKOBYIMY Y MeXKaX OJHOT'O BY-
niny. Tomy niameTp KpoHM JiepeB MO>Ke Oy MOKa3HUKOM JJIsI TOTO, 1j00
OLI{HWUTHY, UM MICTUTD BUJ/I Of{VH K/Iac epeB, UM JieKinbKa (puc. 4.67).

Buain — Le Y4acTuHa iCOBOro KBapTany i HaMeHLLa OAMHULS, A0 AKOI,
IK NPaBWI0, NPUB'A3YIOTb YCi CTATUCTUYHI AAHi, TOMY BaXMBO, W00 Taki Ai-
NIHKW OyNM OAHOPIAHUMN.
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Puc. 4.67. PegaryBaHHa MeXX KBapTaAbHUX BUJIITB Ha OCHOBI:
@ — CYIIyTHUKOBOTO 3HIMKa 3 BMCOK/M IIPOCTOPOBYMM PO3Pi3HEHHAM;
6 — aepooTO3HIMKY
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JucTaHuiiHUi MOHITOPHHT
BUPYOOK Jicy

IvHaMiky py6ok y Mexkax micoBux MacusiB bospcbkoi micogocmif-
Hol crannii (JIJC) BifcTeXyIOTb 3a HOIOMOrOI PETPOCIEKTUBHOTO
aHas3y CynyTHMKOBUX 3HiIMKiB Landsat 4, 5, 8. ITporpama Landsat —
1Lle HaiTpMBaJIillla Micisl AUCTAHIIIHOTO 30HAYBAaHHSA 3eMJIi 3 KOCMO-
CY, IO ITOCTAYa€ MY/IbTUCIIEKTPAAbHI 300pa>keHHsI 3eMHOI IOBepXHi
3 IPOCTOPOBMM pO3Pi3sHEHHAM Bif 15 MeTpiB. [I/11 HOCIiKeHHA 3 Bif-
KPUTOTO KaTaJoTy CYIyTHUKOBUX 3HIMKiB Landsat [12] saBanTa)xmnmm
20 306pa>kens 3a nepiox 3 1985 no 2015 pp., 3pobneHi mix yac Berera-
nirtHOTrO Nepiony (TpaBeHb — BepeceHs) [13].

Konboposi 306paxeHHs, 6MM3bKi O IPUPOFHUX KOMbOPIB, chop-
MYBa/IJ IIAXOM KOMOiHaIIil cieKTpabHMX KaHaIiB: iHppauepBOHOTO,
6mvKHBOTO iHpadepBoHOTro i 3enmeHoro. Ha 306pakeHHX 370poBa
POCIVHHICTD BioOpaXkaeTbCs SCKPaBO-3€/IEHNM KOTTbOPOM, TPaB sIHi
YIPYIIOBaHHA — 3€/ICHUM, BifKpUTUIL IPYHT (BUPYOKM) — SICKpaBO poO-
JKeBJIM KOJIbOPOM; KOPMYHEBI Ta OpaHKeBi TOHY, XapaKTepHi AJis po3-
PimKeHoi pOCIMHHOCTI, CYXOCTiiHa POCIMHHICTD BUITIA/IA€ TIOMapaH-
4eBOI0, Bojia — OmakuTHOO (puc. 4.68) [13].

Y pesynbrariB fgemndpyBaHHA CYIYTHUKOBUX 300paKeHb JIi/IAH-
KU BUPYOOK, HOCTIZHMKM BEKTOPM3YBamyu Ta obOpaxyBamm ixHi Ivmo-
i mo pokax. /ImHaMika pyOOK y MeXax JTiCOBUX MacKBiB TepuUTOpii
Bospcekoi nmicogocnigroi crtanHnii nporsarom 1985-2015 pp. nokasana
Ha puc. 4.69 [13].

JocnmimpkeHHa MoKasano piske 30i/lbIIeHHA IUIOL] BUPYOOK, MOYN-
Hawouu 3 2000-x pokis, Bif 1-2% mo 5% Bif 3aranbHOIL IUIOII JIiICOBUX
MmacuBiB. OkpiM Toro, fiedki okpeMi HiIAHKM BUPYOOK MAIOTh IUIOLLY
Biz 10 po 25 ra, 3okpema no6msy c. ITnecenpke. OTpuMani faHi cBin-
YaTb PO Te, [0 BHACIIJOK TaKOI aHTPOIIOTeHHOI AifA/IbHOCTI, 5K 3a0Y-
moBa Ta pybOka jicoBux MacuBiB B Mexax bospcrkoi JIJJC, npuponni
RUTAHKM, 10 POPMYIOTb €KOMEpEeXYy, MiClid iCHYBaHHA PifKiCHUX BU-
IiB POCNVH i TBApMH, a TAKOX HAMPiAKiCHIII BUAM POCINH i TBapUH
3HAXO[ATHCA MiJ 3arp03010 3HMIIEeHHA [13].
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8, 2005 pik 2, 2015 pix
Puc. 4.68. lnnamixa py6ok micoBux MacuBiB HaBKo7o c. [Tnecerpke
(micust py6ox BupineHi 4epBOHIM KOIbopoM) [13]
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Puc. 4.69. [unamika py6ox y mexxax Bosipcbxoi JIJIC
3a 1985-2015 poku: a — mroma BUpy6ok (ra);
6 — 4JacTKa Bif 3aranpHoil o (%) [13]
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I'mo6anbHuii MOHITOPUHT JiciB
3a JonoMororw onjaiiH-niaargopmu Forest Watch

J17141 TI06a/IbHOTO MOHITOPUHTY 3a/1iCHEHHA Ta 3HETiCHeHHA [HCTUTY T
ceitoBux pecypcis (World Resources Institute) y cmiBmpari 3 6ararbma
HayKOBVIMI Ta TPOMaJICbKIMI OpraHisarismu, 3okpema Google, USAID,
Mepinenpcokuii yHiBepcuterT i ESRI, cTBOopuB BigKpuTy OHIaliH-II/IaT-
dopmy Global Forest Watch [14], o 6a3yerbcs Ha JaHUX CYITy THUKOBMX
3HiMKkiB Modis i Landsat Ta gosBosse y pexxumi, HaOMDKEHOMY 1O pe-
aJIbHOTO 4Yacy, BiZICTeXXyBaTy 3MiHM JIiCOBOTO IIOKPYBY.

3a ponomoroio KaprorpagiuHoro iHTepdericy cucremu (puc. 4.70)
MOYKHA BUITUTY TEPUTOPIIO, YaCOBUIT IPOMDKOK i oTpumaTy indpopma-
L[if0 TIPO IUIOLY BTPA4YeHOrO JiCOBOrO IIOKPMBY Ta IUIOLIY 3a/liCHEHMX
TepUTOpiii. 3riflHO 3 JAHMMM CUCTEMI y MeXKax JIiCOBUX MacuBiB bosp-
cokoi JIJIC 3a mepiop 3 2001 o 2017 Brpatuau 2917 ra jnicoBoro mo-
KkpuBy i 1007 ra micy BigHOBWmM. ITic/sa Bu6Opy TepuTopii Ha Kapri, sAKa
L[iKaBUTb, KO)KEH KOPUCTYBa4 MO>XKe IIiIIIMCATICA HA OHOBJIEHHA TaHUX
Ha I[I0 TEPUTOpilo, Y pasi AKIo 6yayTh BifOyBarucs sminu. Takum um-
HOM, CHCTeMa JI03BOJIAAE, 3 OfHOTO OOKY, OLIiHIOBAaTY piBeHb 3HE/TICHEHH A
y cBiToBOMY MacmITa6i, a 3 iHIIOro — Hafjae€ IPOMAaZICbKOCTi iHCTPYMeHT
IUTsI KOHTPOJIIO 32 HeJleralbHbIMI pyOKamu jicis [15].

“ %

Puc. 4.70. Intepdeiic onnaitH-mmaTdopmu fst MoOHiTOpKHTY miciB Global
Forest Watch, Ha KapTi crHIM KOTbOPOM TO3HAYEH] MICIISI 3aTiCHEHHS,
a 4YepBOHUM — 3HeNTiCHeHi JiITHKY (YHACTIZOK BUPYOOK, IIOXKeX Ta iH.)
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https://earthexplorer.usgs.gov.
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4.2.2. ArpoHOMin

Sxwo yaBuTy, mo 3ema — Lie A6/1yKo, TO JVIe OffHA JIOTO TPEeTHHA
Oype mpuIajaTy Ha MoBepxHio cyuri. [Tpy 11boMy YacTKa CilIbCbKOroCIIo-
TAPCHKIUX YTifIb Bifl 3arajIbHOI IO Cy1i cTa-
HOBIUTD 37%, a YacTKa OPHUX 3€Me/Ib, Ha AKMX
BUPOLIYIOTHCA CilTbCbKOIOCIIONAPChKI KY/IbTY-
pu,— 6musbko 11%. TobTO, SKIO HOmIMMTH
A6TyKO Ha TPUALATD YaCTUH, TO JIMIIE OffHA
3 HIX OyJie Ti€lo 9acTKOIO, 110 Ma€ 3ab6e3nednT
yce Hace/leHHA IJTAHETY POCTIVIHHVIMU IIPOYK-
TaMM Xap4yyBaHH:. | 3a ocTanHi 15 poKiB 11 4acTKa MalbKe He 3MiHmIacA
(y 2003 pori Bona cranosua 10,8%). Ha BinMiHy Bif Hace/ieHHs I1aHeTH,
110 301/IBIIMIIOCS 32 Liel XKe MPOMDKOK Yacy Ha 1 Mibspp 250 Mi/bitoHIB
oci6 [1]. OTKe, TeXHO/MOTII BUPOIIYBaHHS CiTbCHKOTOCHIOAAPCHKOI MIPO-
IYKLil MalOTb PO3BUBATIICS TAKUM YMHOM, 1100 OTpUMYBaTy OijIbliie Bpo-
>Karo Ha Till >Ke IJIOMI].

AepoCcynyTHMKOBI CHCTeMM, IO 3[IaTHi 3[ifICHIOBaTU IIOCTiliHe
CIIOCTepeXXeHHA 3a 6iodismyHMMUN mpolecaMy, MOXYTb CHPUATH
30i/IbIIEHHI0 TIPOJYKTUBHOCTI arpapHux 3eMmenb. | y BIpoBajKeHi
TaKMX CHUCTeM 3alfiKaBeHi K dbepMepu [Uisi OTPUMAHHs OiTbLUIOTO
npuOyTKy, TaK i Hal[iOHa/lbHI YpAAU 1A 3MilTHEHHA IPOJIOBO/IBYO]
6esmexn.
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YuM, HacaMIIepe[, JaHi AUCTAaHLITHOTO 30H/YBAaHHA MOXXYTb IOIO-
Mortyu Qepmepy, BIACHUKY IIOJISI YU arpOXOJIAMHIY? 3arasoM Iie mifi-
TPUMKa YXBaJIeHHA PillleHb IIiJ] Yac BUPOIIYBAHHSA CiTbChKOTOCIIOAAP-
CBKMX KY/IBTYP, HaJJalouyl aKTya/IbHy iH(opMaliio npo:
 CTaH IPYHTOBOI'O IIOKPUBY [l IVIAHYBaHHA CTPYKTYPM IIOCIBiB — Ha-

IPUKIAJ], HAa YaCTVHI NMotA 31 36ifHEHMM UM [ieTpajjloBaHNM IPYHTOM
Kpallle IocisATy 6araTopiuHi 4y IKapchKi TpaBl, a He IIPOCAIIHI Ky/IbTy-
pu, 3 SIKMX BCE OffHO He MOYKHa OyJie 3i10paTy XOpOLINit BpOXKait, a JIuiie
IapeMHO 6y7ie BUTpadaTics IajibHe Ta oOpuBa Ha IXHIO 06pOOKY;

e CTaH NOCIBiB — 41t HOPMa/IbHO BiTOYBAIOTHCS CXOAM IIOCIB, BilHOB-
JIeHHS BereTalii O3MMIHM IIiC/AsA 3MMIiB/i, HaKOIMMYEHHs 6ioMacu
Ta I03piBaHHSA, YV He IIOMiTHe IPUTHIYeHHA POC/IVH, 110 MOXe OyTu
HAC/TiIKOM IOLIVPEHHsS XBOPOO 4M IIKigHMKIB, a0 HecTavero eye-
MEHTIB >KMBJIEHH, 41 IIOTPiOHO 3aCTOCOBYBATY CUCTEMM IIO/IMBY YU
3aco0M 3aXMCTY i T. /1.5

e arpOEKONOTiYHi YMOBHU Ha IO/IAX — CIIOCTEPEKEHHA 32 METEOPOJIO-
TIYHUMY, KAIMaTUYHUMY Ta arpoXiMiYHMMM YMOBaMM, HallpUKIaf,
BMICTOM BOJIOTM y IPYHTI 4M OIliHKa BTPAT YPOXKal0 4epes eKCTpe-
MaJIbHi Y HeCTIPUATIMBI IIOTOJHI YMOBU, TaKi AK 37UBMU, Tpaj, Ta iH.;

 e(eKTUBHICTh TEXHOTOTIYHMX IMPOI[eCiB — KO i Jie Kpalje BHOCK-
TY OOPUBA, Y SIKill KiZIbKOCTI, 4y AKICHO 0y/10 3p06/IeHO MiTOTOBKY
I'PYHTY [0 IOCIiBY, IK MOXKHA IIOM AKIINTY [if0 HECIIPUATINBYX II0-
TOJHIX YMOB;
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o icTopii mons — 36ip gaHUX IpO Te, LIO Cis/IM HA MO Y ONepenHi
POK, KU OyB ypoxKait;

« BU3HAYEHH: Micp Bifbopy npo6 — BUABIECHHA HA MO OJHOPIf-
HUX Ta HEOJHOPIHUX 30H 33 CTAHOM IPYHTOBOTO IOKPMBY Ta IO-
CiBiB /I TOTO, 106 3MEHIINTY KiJIbKiCTh MicIlb Bitbopy mpob pis
TeTaJbHOTO aHa/li3y cUTYallil Ha MO/,

Ha naumionanpbHOMYy piBHI IS OpraHiB [ep>KaBHOIO YIPABIiHHA
BAOXK/IMBYMY HANIPAMKaMI a€POCYITYy THUKOBOTO MOHITOPUHTY €:
 iHBeHTapM3aliA NOCIBiB — BU3HAYEHHA CTPYKTYPU Ta IIJIOL] II0Ci-

BiB /1A Iep>KaBHOI CTaTUCTUKY;
e IPOTHO3 YPOXKar0 — /i IJITaHyBaHHA iMIIOPTHO-EKCIIOPTHUX OIIe-
palliii, IPOrHO3y pUHKOBMX IIiH Ha MPOAYKTY Xap4yyBaHHA Ta iH.;
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¢ CTaH CiTbCHKOTOCNOJAPCHKIUX 3€MeNIb — BUABIEHHSA HEJIEraJbHOrO
BMKOPVCTAaHHA 3€MeJIb Y/l HEBUKOPUCTAHMX Ci/IbCbKOTOCIIONAPChKUX
YTifib, 3apOCTaHHA OPHMX 3€Me€JIb [IePEeBO-4YarapHMKOBOIO POC/INH-
HICTIO, IOPYILIE€HHA CiBO3MiH;

 arpoKIiMaTHYHi YMOBHM Y MeKaX paiioHiB Ta o6macTeif — IpOrHo3
CTPEeCOBMX fABMIN B arpoyaHpuIadTax, IporHo3 BIUIMBY 3MiH KiIiMa-
TY, INTAHYBAHHA 3aXO/IiB 3 a[jallTallil O 3MiH KJIiMarTy.

HocnimkeHHs, OB sA3aHi 13 3aCTOCYBaHHAM CYNYTHUKOBMX JAaHUX
I TOTped CibCbKOTO TOCIIOAPCTBA, PO3MOYAIINCS i3 3AITyCKOM CY-
nyTtHrka Landsat-1y 1972 poui. ¥ 1974 poui MiHicTepcTBO CilbcbKOTO
rocofapcra CIHIA cminbHo 3 NASA Ta NOAA posnoyany NnpoexT,
mo MaB Ha3By «LACIE» (Large Area Crop Inventory Experiment — Exc-
nepumenm 3 iHeeHmMapu3ayii Nocisié Ha BenUKUX NIIOU4AX), METOIO KO-
ro 6yna TEMOHCTpAlliA eKOHOMIYHOI KOPUCTI Bifl 3aCTOCYBaHHSA 3110M-
KU 3 KOCMOCY. TecTOBOIO Ci/TbCbKOTOCIIONAPCHKOIO KYIBTYPOI0 00panm
MIIEHNIO, 11 IPOAYKTUBHICTD OL[iHIOBa/IN 3a CYIIy THUKOBMMM JAHVMMA
Landsat, mopiBHIoBanu 3 JaHUMM BigOopy Mpo6 Ha MONAX Ta MOETHY-
Ba/IM 3 MeTeoposIoriuHo iHdopmauieto cynyTHuKiB NOAA Ta HazeM-
HUX MeTeocTaHIill. lle mamo 3Mory po6uTy mporHos3m BpOXaitHOCTI
NIIeHNIi 32 Pi3HNUX IOTOJHMX YMOB [2].

Y 1975 poui ®PAO (IIpomoBonbya Ta CiTbCbKOTOCHOAAPChKA OPraHi-
sanin OOH) sanouarkysana nporpamy GIEWS (Global Information
and Early Warning System — InobanvHy ingopmauitiny cucmemy pa-
Hb020 nonepeodieHHs) N1 MOHITOPVMHTY IIPOZOBOIBYMX IIOTPe6 Y CBiTi.
3a CyyTHMKOBMMM JIaHUMU CTBOPIOIOTH KapT! HAa3eMHOTO NOKPUBY
Ta BUKOPUCTaHHS 3€MeJIb, NMOENHYIOTh iX 3 Ha3eMHMMM arpapHUMMU
CTATVCTUYHMMIU JAHVMM Ta iHOpMaIli€lo Ipo CUTYyaIlilo Ha arpapHo-
My PMHKY Ta IIOTO[JHi yMOBM JI/I IIBU/IKOTO pearyBaHH:A Ha PerioHab-
Hi IIPOIOBOJIbYI KpU3UL.

Y 1980-x pokax IIOCTYIIOBO BifOyBcs 3amyck cepii cymyTHukis NOAA
3 ceHcopom AVHRR (Advanced very-high-resolution radiometer —
YIEOCKOHAJICHUII CEHCOP 3 BVUICOKVM PafliOMETPUYHMM PO3Pi3sHEHHIM)
3aBJAKM YOMY CTaji0 MOXX/IMBMM OTPMMYBATy LIOfIEHHI CyITyTHUKOBi
3HiMKM 3emiti. He3Bakaroun Ha iX JOCUTb HU3bKe TPOCTOPOBE PO3Pi3HEH-
HA (Bif 1,1 1o 4 kM) Ha iX 0cHOBI Oy/M po3po0iieHi I106asIbHi OepaTyBHi
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CUCTEMM CYITyTHMKOBOrO arpomoHiTopuury. Hacammepen, mi cucremu

CIIPSIMOBaHi Ha JIBa BK/IMBI HAIIPSAMKUL: IIPOJIOBO/IbYA OesIleKa i moypo-

JIaHHA TOJIOAY Y KpaiHaX, 1110 PO3BMBAIOTHCH, Ta IIPOTHO3 YPOXKAIO Ta I7I0-

6a/IbHOTO PUHKY Ci/TbCHKOTOCTIOAPCHKMX KymbTyp. o Takmx cucreM

I7I00a/IBHOTO CYITy THUKOBOTO arPOMOHITOPVHTY, 30KpeMa, Ha/Ie)KaTb:

« FAS (USDA Foreign Agricultural Service — Ilporpama ArpapHoro
perapramenty CIIA);

« GLAM (Global Agriculture Monitoring program — ITporpama rio-
6a/IbHOTO arpOMOHITOPUHIY);

o FEWS (USAID Famine Early Warning System — Cucrema nonepe-
mxeHHs ronopy Arenrcrsa CIIIA 3 MbkHapOZHOTO PO3BUTKY);

« MARS (EU DG-JRC Monitoring Agriculture with Remote Sensing —
ITporpama EBpOIEIICHKOrO COI03y 3 MOHITOPUHTIY Ci/TbCHKOTO TOCIIO-
[lapCTBa 3a JaHMMIU JUCTAHIITHOTO 30HYBaHHM);

« GMES (EU Global Monitoring of Food Security — IIporpama €spo-
TeJICbKOTO COI03Y 3 MOHITOPUHTY IIPOJOBOIbYOL Oe3IIeKN);

« Copernicus (EU Earth Observation Programme — IIporpama €spo-
Ie/ICHKOTO COI03Y 3i CIIoCTepe)keHHA 3a 3eMJIel0).
Bix Ykpainu y nporpami MARS 6epe yuacTb YkpaiHCbkmit Hay-
KOBO-JOCTIJHNUI IHCTUTYT IIPOTHO3YBAaHHA 1 BI/IHpO6YBaHH}I TexXHi-
K1 i Texnonorin im. JI. I[Toropinoro, axkuit 3a Hakasom MinicTrepcTBa
arpapHoI MOMITUKY i IPOJOBOIbCTBA YKPAalHM Ma€ JOCTYII 1O P€3YyIlb-
TaTiB IpOrpaMy, Ha OCHOBI AKMX pOOUTD OI0/IETEHi PO arpoeKoso-
riYHi YMOBM Ta IPOTHO3 YPOXKAMHOCTI PI3HUX CITbCHKOTOCIIOAPCh-
KX KYJIBTYP.
Jlo iHIIMX HayKOBUX YCTAHOB, sIKi B YKpaiHi 3aiIMalOTbCs PO3po0-
KOIO METOJIiB aepOKOCMIYHOTO arpOMOHITOPMHTIY, Ha/IeXKaTh:
 y cTpyKTypi HanjionanpHol arpapHoi akajiemii HayK: IHCTUTYT IpyH-
TO3HaBCTBA i arpoximii iM. A. H. Cokonoscpkoro, J/Iabopatopis Bog-
HUX PeCypCiB i MOHITOpUHTIY IHCTUTYTY TifpOoTeXHiKu i1 Memiopanii
ta Jlaboparopist aepoKOCMiYHOTO 30HAYBaHHA arpocdepu IHcTUTY-
TY arpO€KOJIOTii i MPUPOJOKOPUCTYBAHHS;

 y cTpyKTypi HanionasbHoro kocmignoro arenrcrsa: LlenTp npuiio-
My i1 06poOKy crienianbHOI iHpOpMAILil it KOHTPOJIIO HaBiraIiitHOTo
10714 Ta Jlep>kaBHMIT HAYKOBO-BUPOOHMYMit LieHTp «[Ipuponar;
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e y crpykTypi Hamionanpnoi akagemii Hayk Ykpainu — Haykosuit
LIeHTPp aepoKOoCMiuyHuX pocnifmxenb 3emti II'H Ta InctutyT KocMmiy-
HUX JOCTiIKeHb;

e Cepell arpoIpoOMUCIOBUX MifnpueMctB — «JIpy>x6a-Hosa», «YKP-
[TPOMIHBECT-ATPO» Ta in.

MoHiTOpHHI cTaHy NOCiBiB

Cninbaum pesynbrarom nporpam FAS Ta GLAM e nonynsapHa oH-
maitH mwiardopma Crop Explorer [3], me Mo)kHa mopmMBMTHCS CTaH
HOCiBiB Ha KapTi 3a 6yab-AKy maty 3 2002 poky (puc. 4.71), Bubpatn
Ha KapTi IIEBHUI PETiOH Ta IpOaHajIi3yBaTu JVMHAMIKY CTaHY IIOCiBiB
3a BECh Iepiof] Bererallii i HOPiBHATY 3 JaHMMM 3a ITOIIEPEIHI POKM UK
3 cepefHiM 6araTopidyHNUM 3HaYeHHAM (puc. 4.72).

@ RN UCDRNI | kb, K ]
OO i gl el g " o
| Global Agricultural Monitoring & & R G & @+

g © 5SS

8
| Sysbam Status i
» Hond

| Setext Layers
Satette.
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Puc. 4.71. Intepderic mrardopmu Crop Explorer:

KapTa CTaHy POC/IMHHOCTI 3a nepiof 3—10 munnHa 2018 poky y Mexkax
Ci/IbCHKOTOCIONAPCHKUX YTiZlb — BiITIHKM 3€/IEHOTO BKa3yIOTh
Ha POC/IMHHICTD Y XopomoMmy cTaHi (YepHiriBcbka, ITonTaBcbka,
KuiBcpka, Yepkacbka 00671.); BIITIHKY JKOBTO-4€PBOHOTO —

Ha POC/IMHHICTD Y IpurHiveHomy cTaHi ([loHenbka,
3amnopisbka, XepcoHcbka 0071 Ta Kpum)
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Puc. 4.72. Tntepdeiic mmatdopmu Crop Explorer:
rpadik fUHAMIKY OKa3HMKA CTAHY POCTIMHHOCT y MeXax
06paHOro perioHy 3a MOTOYHMII BereTaliltHuil epiof (YepBOHa KpUBa),
3a morepenHiil pik ()KOBTa KpuBa) Ta cepelHE GaraTopiuHe sHaUEHHs
(qopna kpuBa). Ha rpaciky BugHO 3HaUHE 3HIDKEHHsI IPOJYKTUBHOCTI
y 4epBHI — uiHi (4ac 103piBaHHs 3epHOBUX KyIbTyp) 2018 poky,
OpiBHsHO 3 2017 poKOM Ta cepefHiM 6araTopiYHNM 3HAUEHHSIM,
1110 MOYKe Oy TV IIPUYNHO0 MOCYLUIINBUX SIBUIL ¥ PerioHi

Yomy nncTs 3eeHe? BUKOPUCTAHHA MybTUCNEKTPATbHUX CYMYTHUKO-
BWX 3HIMKIB /151 BUBUEHHSI POCAMHHOCTI 6a3yeTbCs HA aHanisi Binbutoro
POCANHAMMW COHAYHOTO BUMPOMIHIOBAHHA Y Pi3HMX [ianasoHax crektpa
e/1eKTPOMATHITHNX XBW/b. POCNIMHHICTb y XOPOLIOMY CTaHi (3 BENMKOIO
KinbkicTio xnopodiny y MMCTKax, B SKUX iHTEHCMBHO BiA0OYBAETHCA NpoLLeC
(pOTOCKHTE3Y) MAE BUCOKE 3HAUEHHS BIOMTTA Y 3e/eHi YaCTUHI CrekT-
pa (came TOMy MU DAUMMO ANCTS 3€1EHNM), BUCOKE MOMIMHAHHSA Y Yep-
BOHI YaCTWHI CNeKTpa Ta Ayxe BUCOKY BifOMBalOuy 3AaTHICTb y Omxk-
HbOMY iHppayepBOHOMY [iana3oHi (puc. 4.73). 3 NOriplweHHIM CTaHy
POCAMHHOCTI ix BifOMBatoua 30aTHICTb Y 3en1eHOMY Ta BMKHBOMY iHO-
payepBOHOMY Aiana3oHax 3HMXKYETHCA, WO BiLOOPAXKAETLCA HA CMeKT-
panbHin KpuBIn.
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Puc. 4.73. Bsaemopis

CBIT/IOBOI €Hepril y pisHMUX
JaCTMHAX CIEKTPa 3 POCIMHAMHI
(B — enexTpoMmarHiTHe
BUIIPOMIiHIOBaHHA y CUHIN
JaCTUHI CIIEKTPa,

G — seneniit, R — yepBoniii,

IR — indpauepsoniit) [4]

[ |

(v2]

Orxe, CIHiBBiJHOLIEHH:A IOIMMHYTOI, BimbuTol Ta MIPOIYIIEeHOI
pocnuHaMM CBIiT/IOBOI €HEpril y pi3HUX CIIEKTpaAbHUX [ialasoHax
3JIOKNUTD Bifj BMICTy B HMX X710podiny, BONOrocTi, Bifj KIiTMHHOI
CTPYKTYpHM, TOOTO cTaHy pocauuu. Taki cniBBigHOmIeHHS, sAKi dak-
TUYHO € KOMOiHaLliAMU Pi3HMUX CIIEKTPa/IbHUX KaHAJIB CYIyTHMKOBIX
3HIMKiB, Ha3MBalOThCS 1HAEKCAMU, 1 BiITIOBITHO, SKIIIO BOHU 3aCTOCO-
BYIOTbCA JI/I1 aHa/i3y POCIMHHOCTI — BereTalijiHMMM iHJEKCaMIL.
OTpuMaHi TaKMM YMHOM YUC/IOBi 3HaU€HHA BUKOPUCTOBYIOTD JI/IS aHa-
ni3y 6i0¢isMyHNX mapaMeTpiB POCIVHHOIO IOKpUBY. IcHye 6/1M3bKO
200 BapiaHTiB BeTeTaLiifHMX iHEKCIB, 10 Kpallle MigXOAATD I OGHUX
YU iHIIMX TUIIB POCIMHHOCTI Ta IPYHTY.

OpHuM 3 HaBiZOMIIIMX BereTaliiHMX iHJEKCiB € HOpMali3oBa-
Huii Beretaniitamit iHgekc NDVI (Normalised Difference Vegeta-
tion Index) — HOpMmasnisoBaHa pisHMIA Biff6uTOI eHeprii B yepBOHi
Ta O/MVDKHIN iHppayepBOHil 30HAX €IeKTPOMATHITHOTO CIIEKTpa, AKa
06’eHye iHpopMaliiio npo BMIcT x10podiny (YepBOHa YaCTIHA CIIEKTpPa)
Ta CTPYKTYpY KritvH yctka (BIY-30Ha criektpa). Bukopucranusa He mpo-
CTOTO BiJJHOILIEHH:, @ HOPMa/li30BaHOI Pi3HNUIIi 3MEHIIye BIUIMB aTMOC(e-
Py, PiBHA OCBIT/IEHOCTI Ta Yacy 3MIOMKM Ha 3HAYEHHA iHJEKCY, 1110 T03BO-
JIA€ GBI TOYHO BifICTEXXyBaTy 3MiHYy CTaHY POC/IMHHOCTI y Yaci.

[Tnarpopma Crop Explorer BUKOPMCTOBYE CYIYTHUKOBI JaHi
TERRA/AQUA MODIS, 1o 3a6e3nedyioTh LIOAEHHY 3/IOMKY 3 IPO-
cTOpoBMM po3pisHeHHAM 500 MeTpiB. Taka TOYHICTb 3arazaoM J0O3BO-
Jisl€e BYUSBIIATY PETriOHA/bHI IPOSBY IOTipIIEHHA CTaHY IOCiBiB a6o
BifiCTEeXXyBaTy, HAIIPUKJIAJ], BiTHOB/IIEHHA BECHAHOI BereTalil 03MMMX
Ky/IbTYp micna sumu. OfHaK Jyid OTpUMaHHA Oinbl getanbHOI iHdOp-
Mallii 3 TOYHICTIO JI0 TOJISl UM TePUTOPIii arpOroCcrofapcTBa, HOTPiOGHO
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BMKOPMCTOBYBATY 3HIMKM 3 KpalllM IPOCTOPOBUM PO3Pi3HEHHAM, Ha-
npukiaf, Landsat un Sentinel. Ha puic. 4.74-75 nOpiBHIOIOTbCS 3HIMKI
MODIS ra Landsat Ha TepuTopito TpbOX paitoHiB 3anopispKoi 06/1acTi,
y Akiit 3a ganuMu Crop Explorer criocrepiramacsa Husbka IpOgyKTUB-
HIiCTb ITOCiBiB ymiTKy 2018 poKy, IOPiBHAHO 3 IIOIIEpENHIMI POKAMMA.

Ha pucynkax 4.74 6 ta 4.75 6 mokasaHi 3HiMKM, 3po6eHi pi3Hu-
MM CEHCOPHMMU CUCTeMaMI B OJUH i Toil e JieHb. IlomiTHO, 110 i3 3a-
cTocyBaHHAM ceHcopa MODIS orpumanu Bumi sHadyenusa NDVI, ox-
HaK 3arajoM IPOCIiJKOBYETbCA CXOXa NMPpocTopoBa cxema. Ha maHnx
MODIS no6pe BURINAIOTHCA 30HY 3 BUCOKUM 3HaueHHAM NDVIy nen-
TpasbHIill Ta MiBIEHHIN YaCTMHAX TepuTopil gocnimkenH:a. Ha gaHnx
Landsat 9iTko BUjHO, 110 Ile TEPUTOPisA 3pOLIYBa/JIbHUX IIOJIB, 110 Ma-
I0Tb KpyI/y pOpMY BifIIOBIZHO 1O pOOOTHU CUCTEM IIOUBY.
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Puc. 4.74. 3nimxku MODIS: a — para sitomku — 18 yepsua 2018 p.;
6 — para 3itomKu — 28 gepBHs 2018 p.

a 0

Puc. 4.75. 3uimkn Landsat-8: a — mata sitomku — 27 TpaBHs 2018 p.;
6 — mata 3itoMky — 28 yepBH: 2018 p.

220 OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



3uimMkn MODIS 3po6rieHi 3 pisHuIero y 4daci jecATb [HIB, a 3HIMKU
Landsat — oy Micsiip. 3a mecsTHEHHNIT TIepioy] 3MiHM MaibKe He Bifi-
Oy/nucsi, OffHAK 3a MICALb CUTYallis CyTTeBO 3MiHwmcs. Ha kinerp yeps-
HA JIMIIE IIOJIA, Ha SAKVX BUKOPMCTOBYIOTb CHCTEMMU IO/VBY, 3HAXOATHCA
y By>Ke XOopomoMy cTasi (To6To noys 3 BucokyuM 3HadeHHAM NDVI). Opnaax
IUIA1 TOTO, {00 BY3HAYNTIA, IO CTAJIO IIPYYMHOIO MOTiPIIEHHS CTaHY, 1 KO
caMe Iie Bifi0y/10csi BOXXIMBO OTPUMYBATH 3HIMKY TEPUTOPII 3 HEBEMKIM
IIPOMDKKOM 4acy, TOMY y A€AK/X BUIIA[JKaX 4aCTOTA 3IIOMKI, 9/ HaBiTb
MOYX/IBICTb OTPUMYBATV HOBWII 3HIMOK IIOJHA € BOX/IMBILIVMI 32 IIPO-
CTOpOBe pO3pisHeHH: 300pakeHHA. OTXKe, 1A aHAJI3y AVHaMIKM 6iodi-
3VYHVX IIPOLIECiB BOKINMBO ITOENHYBATY [JaHi 3 piSHMM PO3PisHEHHAM, IIPO-
CTOPOBUM Ta TEMIIOPA/IBHVUM (IO BKA3y€e Ha YaCTOTY 3MIOMKI).

OpHMM 3 HAMIMPOCTIMINX Ta IO PEHNX METO/[iB BU3HAUY€HHA TOTO,
Zie caMe Bifi6ynucs 3MiHM y 4aci, — € npocTa apupMeTnIHa pisHULA
MK 3HiIMKaMu 3a pisHi fatu. To6To, Bify pacTpoBoro mapy 3i 3HadeH-
Havy NDVI 3a 28.06.2018 moTpi6bHO BigHATH pacTposuit mrap NDVI
3a27.05.2018. Big’eMHi 3HaUeHHA OTpUMaHOTO mapy OyAyTh Ha MOJAX,
Jie CTaH MMOCiBiB MOTipIINBCS, a JOZATHI 3HaUYeHHsI — Ha IOJIAX, e 6io-
Maca 36ipumacs (puc. 4.76).
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Puc. 4.76. Ananis sminu NDVI
3a nepiog 3 27 TpaBHA fo 28 yepsHa 2018 p.
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[Topi6bHMM 4MHOM MO>KHA BMIKOHYBATH iHII MaTeMaTW4Hi orepa-
11il 3 HAOOPOM pacTpiB 3a MEBHMIT YACOBMIT IIPOMIXKOK, JI/IsI TOTO {00
BU3HAYaTV CepelHi, MiHIMaJIbHi, MAaKCUMAJIbHI YU CyMapHi 3Ha4YeHH:A
HeBHOro 6i0(i3NYHOrO NMOKA3HUKA.

Pesynbrar 360py Bpokaio y 3amnopisbkiit o6macti BuABuB, mo y 2018
polli ypoXaitHiCTh, 30KpeMa, IIIeHNIi 03UMoi Oy/a Ha piBHi 25,2 LIeHT-
HEpIB 3 TeKTapa, 110 Ha 27% HypK4e, HK y 2017 poui [5]. Takuit pesynb-
TaT MOXKHa Oy/I0 IPOTHO3yBaTH, aHaIi3yloun rpadik AMHAMIKM Ipo-
IYKTUBHOCTI TIOCIBiB (puc. 4.72).

MoHIiTOPpHHT arpokJiMaTHYHUX YMOB —
OLiHKA BMICTY BOJIOTH y IPYHTI

Yu cripaBpi mocyxa y 3anopisbkuit 0671acTi ctana NpUYNHO0 3HU-
JK€HHA TPOAYKTMBHOCTI MOCiBiB ymiTKy 2018 poky? BmicT Bomorm
y IPYHTi HacCTiIbKM BOKIMBUIL ITOKA3HUK IS CIIBCBKOTO TOCIIOAAp-
CTBA, IJ0 Hapa3i IeKiNbka CYyIyTHUKIB, IKi 3HaXOAATHCSA Ha op6iTi, 6y/u
CKOHCTPYJIOBaHi caMe Ji/I1 MOHITOPMHIY YMOB 3BOJIOXKEHOCTi IPYHTY,
3okpema ne cynytHuku SMOS, SMAP, METOP. Cepen Hux Harikpa-
Ile IPOCTOpoBe po3pisHeHHA (10 KM) MaOTh faHi cymyTHuka SMAP
(Soil Moisture Active Passive), axuit 6yno samymeno HACA 31 ciuna
2015 poxky. Cmyra nokputts mupnuHow 1000 KM J03BO/IAE OHOBIIOBA-
TV KapTV BOJIOTOCTi IPYHTY KOXXHi 2-3 JIHi.

SMAP mnoepnye papiomeTp (IacMBHMII CEHCOp) Ta pajgap 3 CHUH-
Te30BaHOIO0 aNlepTYPOI0 (AKTUBHUII CEHCOP), IO Mepefa€ IMOCiJOBHI
iMITy/IbcM paflioXBUIIb O I/TBOBOTO 00’ €KTA Ta PEECTPYE BiTOUTY XBU-
mro. Takmit MeToz 3IOMKM [JO3BOJIA€ aHA/i3yBaT! CTPYKTYpPY IOBepX-
Hi, Ta MOEHYIOUM 3 JaHUMMU TiPOTOriYHOTO MOJENIOBAHHSA, OTPUMY-
BaT! 3HAYEHHSA BMICTy BOJIOTM Y BEpXHbOMY ILIapi IPYHTY (IIMOUHOIO
10 5 cM), a He JMIlle Ha IOBEPXHi, 1[0 BaXX/IMBO /IS OLIIHKY MOX/INU-
BOCTi 3aCBO€HHS BOJIOTY KOPEHEBO CUCTEMOI0 POC/INH.

Ha kapri BMicTy BOJIOrM y BEpXHbOMY LIapi I'PYHTY 3a 26 TpaBHA
2018 poky, ctBopeHoo 3a jaHumMyu SMAP Ha Bcro Tepuropito Ykpai-
HU (puc. 4.77), noMiTHO, mo y 6imbuiiit yacTuHi 3anopisbkoi obmacTi
€ gediunt Bomorn y rpyHri (<5 Mm), ki i Ha TepuTopii yciei Binnuib-
Kol Ta yacTuHi [lHinponerposcbkoi, XMenbHUIbKOI, KipoBorpaschkoi,
Kurommpcnbkoi Ta Opecpkoi obmacreit.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



3anac Ecnork y BepxH. wapi rpyHTy (0-5 cm)

26 wepaun, 2018

I <. cnivy o 1-5 ww)

[ 01 - 0.2 comeys o (5100w
[ 2 - 0.3 ooy cms (1015 wo)
[ 0.3 - 0. canteyts ean (15-20 we}
I - o iyt e 20 )

Puc. 4.77. BmMicT BOnoru y BepXHbOMY LIapi IPYHTY Ha TepuTOpil YKpainu
3a 24-26 yepBHA 2018 poky

OTmxe, HM3bKa NPONYKTUBHICTD NOCiBiB ymiTKy 2018 poky moxe
Oy Ty ITOB’sI3aHa 3 HOCYLIMBUMM SABMUIIAMM Y peTioHi. 3aranom, iHpop-
Mallis IIPO BMICT BOJIOTM Y IPYHTi € BaXK/IMBOIO JI/IA PAaHHBOTO IIOIIE-
pPePKeHHA MOCYUIMBMAX ABUIL Ta CBOE€YACHOTO IUIAHYBAHHSA 3aXOJliB
3 IIOM sIKIIIeHH: X HaciakiB. Hanpuknaz, 3a HU3bKUX 3HaYeHb BOJIO-
TOBMICTY y I'PYHTi Ha IIOYaTOK IIOCiBHOI KaMIIaHil, peKOMEHIYETbCA
3I1IICHIOBATY TIPAMMIT NOCiB, TOOTO 6e3 mepennociBHOI KyabTuBaIii,
OCKIZIbKM PO3ITyIIyBaHHA IPYHTY Oyfie IIPU3BOANTY [0 BTPATy Ta BU-
IapOBYBaHHA i 6€3 Toro gediunTHOI BOTOTY Y I'PYHTI.

OuiHka cTaHy IPYHTOBOI0 NOKPHUBY —
BHSIBJIEHHS BOJHOI epo3ii IPyHTY

BopHa eposis — 1ie mpoiec 3MuBaHHsi 260 BUMMBAHHS 4YacTOK
I'PYHTY Ta/IMMU i 311BOBMMY Bogamu. I1ify BIVIMBOM CTOKY BOAM, 0C06-
JMBO Ha IONOTMUX CXWUIaX, PIBHOMIPHO 3HIMa€TbCA BEPXHIll 1Iap IPyH-
TY, AKUit 6aratuii rymycoM. Ls eposisa HebGe3neuHa Tum, 1110 Ha IOYAT-
KOBMX CTafiifIX BOHA MaJjIO IIOMiTHA i IPOAB/IAETHCA NNILIE B HESHAYHIX
3MiHaX KOIbOPY I'PYHTY.
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OpHuM i3 MeTOJIiB 3aCTOCYBaHHsA CYNyTHUMKOBMX JIAHUX /1A TaKUX
TOCTI/KEHb AK aHajli3 MOIIMPEHHA arpOXiMiYHUX €/IEMEHTIB y I'PyHTi
€ TIONIYK 3aJIeXKHOCTI MK 3HAYeHHAMM BiIONTTA y Pi3HUX CHEKTpasb-
HJX KaHaJIaX Ta KOHLIEHTPALi€l0 PEeYOBUH Yy IEBHMX TOYKAX, Ae OyIn
Biziibpani mpobu. [TokasHMKOM piBHs eposiiiHOI Aerpaparii rpyHTY
Ta J10ro pofrovoCTi € BMicT rymycy (abo opraniynoi pevoBuHnm). Taki
TOCITIPKEHHS BaXK/IMBO IIPOBOANTH Y 9ac, KOMIM I'PYHT He BKPUTUI poc-
JIVHHICTIO Y¥ CHITOBMM IIOKPVMBOM.

Hocnimpxyloun 3actocyBanHsa [I33 [ OLIHKM BMICTy TyMmycy,
Ha ImecTy nonAx y lomoscbkoMy paitoHi PiBHeHCbKOI 06macTi, BueHi
3pobuan Binbip mpo6 Ta B 1a6OPaTOPHMX YMOBAX BM3HAUMIN BMICT
rymycy (puc. 4.78) [6]. 3 apxiBy maHMX €BpONENCbKOTO KOCMiYHOTO
areHTCTBA 3aBaHTAXIIN 3HIMOK Sentinel-2 3a 4 xBiTHA 2018 p. Y K0oX-
Hil1 Tou1i Bifbopy mpo6 BU3HAUNMIN 3HAYEHHS CIIeKTPaTbHOTO BifOuT-
TS y KaHanax 2, 4, 5, 6, 8, 8a, 11, 12 (To6T0 KaHa/max 3 IPOCTOPOBUM
pospisHerHaM 10-30 m).

7k 5 £
r A,:‘"L,‘

Puc. 4.78. CynyrHuxoBuit 3HiMok Sentinel-2 3a 4 xBiTHa 2018 p.
3 MeXXaMI TTOMTiB (BUJiIeHi CMHIM KOJIbOPOM) Ta TOYKaMu Bigbopy mpo6
(BMpineHi >KOBTUM KOIbOPOM)
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Takum 4nHOM, 6y710 CPOPMOBAHO TAONNINIO, Y AKIN HIA KOKHOTO
3HA4YeHH: BMICTy rymycy Oynu 306epexKeHi BillIOBifIHI 3HaYeHHS CIIEKT-
paJIbHMX KaHAJIiB y To4Lli Bifbopy mpoo.

3a/leXHICTh MK 3HAYEHHAMM BMICTY TYMYCY Ta CHEKTPaJlbHUMU
3HAYEHHAMM KaHaJIiB BM3HA4Ya/lIM METOMOM JIiHiIHOI MHOXXWHHOI pe-
rpecii 3a JOIOMOTOK0 CTaTMCTUYHOI mporpamu SPSS i Takum 4mHOM
OTpMMamyu piBHAHHA MHOXIHHOI perpecii, o ABIfA€ co600 Cymy
CIIEKTPa/bHUX KaHATB 3 BIJIOBifHMM BU3Ha4eHUM KoedilieHTOM
I KOXKHOTO KaHamy. 3a PiBHAHHAM MHOXXWHHOI perpecii 3 BUKO-
PUCTaHHAM YCiX 3a3HaY€HUX KaHa/liB CYIyTHMKOBOIO 3HIMKa, KO-
XKeH 3 SKUX BUKOPMCTOBYETbCA fAK OKpeMmmit pactposuii map (b2,
b3, b4 i T.1.), po3paxoByeTbcs HOBUII PacTPOBUII LIAp, Y AKOMY KO-
KeH MiKcenb 300pakeHHA MiCTUTb iH(OpMalio Ipo piBeHb rymycy
(puc. 4.79). Ha 306pa’keHi MOMiTHa CTPOKATICTD IOJIiB 3a BMIiCTOM Ty-
MYCY Ta [Ji/IAHKN 3 IPOsABOM epo3iitHoi Aerpaganil (cBiTamit BifTiHOK),
30KpeMa Ha Io/IAX 656 Ta 653.

Puc. 4.79. KapTa BMicTy TymMycy Ha TepuTopii nonis
(Bupineno cuHiM Konbopom) 3a gaHuMu Sentinel-2 [6]
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OTxe, MU pO3IJIAHYIN NIPUKIAAY 3ACTOCYBAaHHA JaHUX AMCTAHIIiM-
HOTO 30HJyBaHHA 3eMJIi B arpOHOMII Ha OCHOBI aHa/Ii3y 4YacOBUX PA/iB
CYIyTHUKOBUX 3HIMKIB Ta BereTalilHUX iHJEKCiB, a TAaKOXX IIOLIYKY
3a/IE)KHOCTI MK KOHIJEHTPALi€l0 arpOXiMiYHNX €IEMEHTIB Ta MY/IbTH-
CIEKTPATIbHUMM JAHVUMM CYIIy THUKOBOI 3T1IOMKHA.
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3. Crop Explorer [EnexrponHnuit pecypc] — Pexxum goctyny mo pecypey:
https://glam1.gsfc.nasa.gov.
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Pexxtm pmoctymy mo pecypcey: https://www.nrcan.ge.ca/earth-sciences/geomatics/
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resources/9309  https://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/earthsciences/
pdf/resource/tutor/fundam/pdf/f undamentals_e.pdf.

5. Latifundist, 2018. Cucrtema «Ypoxxaii onmaiit». [ EnexTponumit pecypc] —
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«GEO-UA», AepokocMiuHi crocTepe)XeHHsI B iHTepecaX CTajoro po3BUTKY
ta 6esnmexn. — K. — 2018.— C. 99-101.

4.2.3. Oxopona AOBKiNIA Ta pallioHaJIbHe
NPUPOJOKOPMUCTYBAHHA

Hani 133 BigKpuBaroTh HOBi MIJIAXM IOIIYKiB METOMIIB pallioHa/IbHOTO
3eMJIEKOPUCTYBaHHA. fIK Ha MaJIeHbKill TEpUTOPIi, TaK i Ha piBHI KpaiHW,
CBIiTY 3arajioM icHye HeOOXiIHICTb ITaHYBaHH: OYIb-sKOTO FOCIIOfAPCh-
KOTO OCBOEHHSI TEPUTOPIli B IIOEHAHHI i3 30a/laHCOBaHNM BUKOPUCTAH-
HSAM IIPYPOJHMX PeCYPCiB Ta 30epeXkKeHHA TepUTOPilt, BOXK/INBYX IS TTifi-
TPUMKM €KOJIOTiYHOI piBHOBAIM, HacamIlepes IIPUPOFOOXOPOHHMIX.

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



BuxopucranHa KOCMiYHMX 3HIMKIB /11 MOHITOPUHIY i OLIIHKM CTa-
HY IPVPORZOOXOPOHHNX TePUTOPIiIT pi3HOrO paHT'y OXOPOHM (3araabHoO-
IepXKaBHOTO YU MICL[eBOro) € eQeKTUBHIUM i 00’€EKTMBHMM METOLOM,
AKUI JO3BONIAE OTPUMATY PE3YIbTAT B MAKCUMAIBHO CTUC/I TEPMiHIL.
3 ornAmy Ha c1abKy TPAHCIOPTHY HOCTYIHICTD 3allOBiIHNKIB, HaIlio-
HJIbHUX IIAPKiB 1 3aKa3HUKIB caMe QUCTAHLIHI METOAY NO3BONAITH
BUPIMIUTH Li/INI KOMIUIEKC 3aBIaHb, CKIASHNUX 1A TPagULIiIHUX Ha-
3€MHIX METOMIB CIIOCTEPEXEHb.

3a donomozoro memoodis 133 moxcra 30ilicHro8amu:

* MOHITOPMHT CTaHY iCHYIOUMX IPUPOJOOXOPOHHUX TEPUTOPIIL, a came
BUABJIATU NOPYIIEHHA PEXUMY OXOpOHU (pyOKM Jlicy, 3acMiueHHS,
He3aKOHHe OyIiBHMIITBO, 3MiHM B TaHANIAdTAX TOLIO);

* KaprorpadyBaHHA pi3HUX TUIIIB OCEINII Ta IPUPOTHNX KOMIUIEKCIB
B MeXKaX IPUPOIOOXOPOHHIX TEPUTOPIL;

* MOHITOPMHI IMHAMIK) IPUPOJOOXOPOHHMX Ta AHTPOIIOTEHHMX 3MiH,
IO BimOYyBalOTbCSA B MeXKaxX HPUPOZOOXOPOHHMX Tepurtopint (mpu-
pOnHa 3MiHa POCIMHHOCTI, HAIIPUKIIAJ — 3apPOCTAaHHA YarapHMKa-
MU, Jerpajalisd MeBHUX TUIIB PUPOSHUX OCEINIL BHACIITOK OIIO-
CepeKOBAHOTO BIUIVBY CYMDKHMX TeXHOT€HHNX T€PUTOPIll TOIIO);

* ¢$opMyBaHHA i yTOUHEHHA MeX iCHYI0UMX i IPOEKTOBAHUX IIPUPOLO-
OXOPOHHUX TEPUTOPIIL.

Kaprorpadysanusa nanmmadris
B Me)XaxX NPUPOJ00XOPOHHIX TEPUTOPili

KocmivHi 3HIMKM 3aCTOCOBYIOTHCS [ 31iliCHEHHS (POHOBOTO MOHITO-
PVHTY — iHBEHTapy3allii Ta OllepaTUBHOrO KapTorpadyBaHH:; IPUPOTHIX
pecypciB, peHOIOriYHOrO i ;MHAMIYHOTO MOHITOPMHTIB — CIIOCTEPEKEH-
HsI 32 CE30HHMMMU Ta 6AraTOpiYHMMY 3MiHaMM IPUPOIHOTO CepeIOBNUIL,
a TaKOXX NI OLHKM BIUIMBY aHTPOIIOTEHHOI JiA/IbHOCTI Ha IPUPOJHE
cepenoBuIle, KOHTPOIb 32 po3MipoM, GOPMOI0, INTMOVMHOO i HAaC/TiIKaMM
BIUIVBY TOCIIOAAPCHKOI miAnbHOCTI (puc. 4.80) [1].

CrBopeHi Ha OCHOBI JUCTAHIIHMX JAHMX aKTya/JbHi TeMaTU4-
Hi KapTu [[OTIOMAaraioTh OLiHIOBATY MICIIsl HaitOiNbIIOrO peKpeartiii-
HOTO HABAaHTA)XEHHA, KOHTPOJIOBATY BIUIMB AHTPOIOTeHHMX (ak-
TOpIiB Ha /TicOBi pecypcu (30kpema BuUpyOKM HaBefieHOI Ha puc. 4.81).
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HesBaxaroun Ha (HopManbHO BUCOKUI IPUPOLOOXOPOHHMII CTATyC
HaHOI TEepUTOPpil, Ha [eAKMX Ii YacTMHAX JO3BOJAETbCA PeKpealiliHa
DiANIbHICTD, KA YacTO NpUIIMAaE CTUXIVHMI XapaKTep, 30KpeMa, Lie
150 M GeperoBoi iHii Ha cXifHOMY Ta IIBHIYHOMY y30epeXxiKAX o3epa
bine, a Takox cmyra i10ro akBaTopii IMpuHOI 50 M.

Puc. 4.80. Kaprorpadysanus manpamadTiB Ta AUCTAHIIHIIT MOHITOPUHT
6ioromis binoosepcbKoi AinsAHKM PiIBHEHCHKOTO IIPUPOFHOTO 3aIIOBITHMKA:

a — MeXi 3aIlOBiIHMKa BHECEHI HA KOCMiYHOMY 3HIMKY;

6 — kapra 6i0TOIiB OTpMMaHa B pe3y/nbTaTi Kracudikariil KOCMIYHMX 3HIMKIB
Landsat 8 (tumm 6ioTomiB: I — XBOHUIA Tic; 2 — MUCTAHMI JTic; 3 — pimKomicest
Ta IIOPOCIIb JIiCcy; 4 — JIy4Ha POCAMHHICTD; 5 — YarapHUKOBa POC/IVHHICTD;

6 — Bojtorono6Ha Ta 3a6071049eHa POCTIMHHICTD; 7 — MITKOBOAIST; 8 — BOJia;
9 — Bupy6Ka nicy; 10 — BiAKpUTHIL IPYHT, 3a6y0Ba); 6 — CXeMa PO3MilljeHHs
YPOUMILL 32 KaTeTOPisAMY; 2 — KapTa JTaHAMAGTHUX KOMIUIEKCIB [1]

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA



a 6
Puc. 4.81. Ilpuxnan Bupy6xu teputopii binoosepcpkoi RinsgHku
PiBHeHCBKOTO NpupoaHoro 3anosigumka (a — 2007 p;. 6 — 2011 p.)

[IpakTuyHe BTiIEHHS OTPUMAHUX Pe3y/IbTAaTiB MOXXe OyTU BMKO-
pucCTaHe IIpy po3poOIli ekoMepexxi, OCHOBHA MeTa SIKOI IOJIATAE Y 3a-
OesnevyeHHi 36epexxeHHs 6i0- Ta IAHAMIA(THOTO Pi3HOMAHITTA, 3[il-
CHeHHi ()OHOBOTO MOHITOPUMHIY JOBKi/IA, cTabimisanii ekomorivHoi
piBHOBary, IiiBUINEHHS NPORYKTUBHOCTI MaHANIA(TIB, TOKpaIleHH
CTaHy MOBKi/IA Ta 3a0e3le4eHHs eKOJOTiYHOI Oe3leKy TepuTopiit
IPUPOJHO-3anoBigHOrO GoHAY [2].

3ooreorpadiyne kaprorpadyBaHHs
apeaJiB nomMpeHHs pivKkoBoro 6o0o6pa

Y 6araTbox KpaiHax CBiTy B yMOBaX 3MiHM K/IiMaTy, AeTpajallii TpaHc-
($bopMOBaHMX BOJHMX €KOCVICTEM, 3MEHILIeHHs OiOpi3HOMAHITTS yBara
mocnmigHuKiB cokycoBana Ha 606pax. IIpucyTHicts 600piB Ta cTBO-
PEHHA HUMMU BOJOVM 36inbmy€ Ki/IbKiCTh NITaxiB, 3¢ MHOBOJHUX, p]/[6,
3bepirae Ta oumlllye NPICHY BOAY, CIIPUAE MiTHATTIO PiBHA IPYHTOBYX
Bof. Taxi Buay, sAKi 30aTHI aKTMBHO 3MiHIOBaTV IPMPOJHI KOMIUIEKCH,
HA3MBaIOTh €KOCUCTEMHMMY iHXKeHepamy. Cy4acHi TeXHOJOTiI J03BO/IA-
I0Th TIOITIAHY TY Ha po60TY 600PiB 3 KOCMOCY, OLIHUTY MacCIITaOM BIUIN-
BY Ta 3pOOUTU IPOTHO3M 3MiH. PO3I/IIHEMO Ije MMTaHHA Ha NPUKIIafi
HauionanpHoro npupopHoro mapky «Crno6oxaHcbKuii» [3].

ITonboBi maHi, sAKi Oy 3i6paHi g gac 06/iKiB YMCeTbHOCTI, 30MPatOTh
B 6a3y TaHMX CIMEJHNX I/ITHOK, OHOBJIIOIOTh BEKTOPHUI IIIap IIPOCTOPO-
BOTO po3MilljeHHs1 606pOBUX CIIOPYA Ta iX BUKopuctaHHs (puc. 4.82, a).
Jlnsa opieHTalii Ha MiCIIEBOCTI Ta 3aHOTOBYBaHHA BUMIpiB 06iKoBIIi

PO3[II 4. C&EPU 3ACTOCYBAHHSA 133

Pozpin 4. COEPU 3ACTOCYBAHHSA 133

229




BUKOPMCTOBYIOTb MOOiMbHI mpuctpoi ta gopmatku (NextGIS mobile,
ArcGIS Mobile) 3 Habopom miAroTOBIEHNX KAPT MiCII€BOCTI, CIIeIfiaib-
Hi onboBi mwopeHHNKN. Bigo6paxenHs y I'IC jaHux no po3MHOXKeH-
HIO y poAyHax 600piB Ta BUHMKHEHHIO HOBUX 3MMYBA/IbHUX [Ii/ISTHOK
HaJae ikaBy iHopMallilo Ipo po3ceneHHsA TBAPUH Ta YCHILTHICTb BU-
KOPMCTaHHA TepuTopiit (puc. 4.82, 6).

@ mmnor  EEGEGw e s [E000] pe o e seprepeatess Gofpme iaey.
- IR Ui e pacasssen § 2001

a 6

Puc. 4.82. TIC-npoexrt pocmimkenna 606pis y HITIT «Crno6osxaHcbKuii»:
a — pO3TalllyBaHHs 3MIMYBa/IbHUX [/ITHOK 606pa €BpOIEIICbKOrO
y 2016 porii; 6 — guHaMiKa KiTbKOX IoceneHb 606piB
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B ymoBax nepecnuxaodmx n1icoBux o3ep 606pam JOBOAUTHCS TaKOX
JOK/IQZIaTV 3YCWIb, 0O BiHOBUTY BOGHMIT pe>kuM. BoHM puioTh Ka-
HaJIy, SIKi ;oOpe BUHO IIif 4ac 3/1OMKM 3 0e3IiIOTHUX JIiTaIbHMX ara-
paris (BIIJIA) Ta Ha BUCOKOZIeTa/IbHMX KOCMIUHUX 3HIMKaX (puc. 4.83).
AKTMBHAa pHUIOYA JifIZIBHICTH [JO3BOJAE 3aTPUMYBaTHU [OLIOBY BOAY
Ta MigHIMATy piBeHb I'PYHTOBUX BOZ [4].

a 6

Puc. 4.83. BuBueHHs1 606poBoi AisIbHOCTI 3a Joromororo BITIA:
a — 606poBi kaHany; 6 — 606poBa xaTka
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Ouinka Bpa3JHMBOCTi IPUPOAOOXOPOHHUX TEPUTOPIH
10 peKpeaniiiHOro HaBaHTaKEeHHS

Puc. 4.84. ®oro BifgmmounBanbHMUKIB Ha 03. CBIiTA3b

KoxxHa ekocmcremMa MOKe BiJHOB/IIOBATMCA IIC/IA HETaTMBHUX
BruBiB. Ile HasMBawTh il MOTEHIIA/IOM O CAMOOUYMILLEHHS ab0 CTili-
KicTio. ITpoTe TakoX BOHa Ma€ CBOIO MeXY CTiIKOCTi 10 BIUIMBY 3i CTO-
POHM JIIOAVHY — L€ Ti 3MiHU, HiC/IA AKNX IOBEPHEHHS [0 IPUPOJSHO-
ro cTaHy He MoxuBe. I Ije He 060B’A3K0BO Mae OyTu 6Ge3nocepenHe
MeXaHiYHe BTPYYaHHSA 4M PYVHYBAaHHSA, HACHIJKM AKOTO INPOABIIA-
I0TbCS1 MUTTEBO. ICHYE LjiNa HU3Ka ONOCEPeNKOBAaHUX aHTPOIIOT€HHUX
BII/IMBiB, HETaTUBHI Pe3y/lIbTaTU AKUX NPOABIATHCA JNIIE 3 YACOM.
Cepep Takux BIUIMBiB — peKpealijiHe HaBaHTa)XeHH:A. Brms Hagmip-
HOI Ki/IbKOCTI BiZIlIOYMBa/IbHMKIB Ha IPUPOJHI €KOCUCTEMY MOXe Oy TH
TaKVUM >Ke 3HAYHUM, SIK i poO0Ta eKCcKaBaTopa, IPOCTO 10T0 MU He H0-
6aunmo oppasy. JIuiie 3 pokamu CTaHe IOMITHO, CKibKM JJOPIKOK
BUTOIITA/IN JIONU, CKI/IBKM 3a/IMIIVIN ITicas cebe CMITTA 4M 3HUIIIN
OCeJINII PifKiCHUX BUJIB.

Oco611MBO HeTaTMBHMMIU € BIUIVMBY HafMipHOI peKpeallii Ha BOJHI
€KOCICTEMI 1 IIPOSIBIIIIOTHCS BOHM, 3a3BIUYAll, HA aKBaTOPIsX, sIKi 3 Oe-
pera BifcmigKyBaTy BaXKo. [IpoTe Taki sMiHM JIETKO ITOMITUTH 32 JI0-
nomoro /133, mo MoXHa IPOITIOCTPYBATH HA NPUKIIAJi pe3ynbTaTiB
meundpyBaHHA KOCMIYHMX 3HIMKIB 03. CBiTA3b.
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Osepo Csirsa3p — Haiibinble Ta HailrmoIIe 03epo MPUPOFHOTO
HOXOKEeHHs B YKpaiHi. 3aBJsaky 30epe>XeHUM TYT YHIKaJIbHUM POC-
JIVHHYUM Ta TBAPVMHHUM KOMIIIEKCAM, JIOTO €KOCHCTEMA OXOPOHAETbCA
B Mexxax [llanbKoro HallioHaIbHOTO IPMPOJHOrO MAPKY. 3HAUYHE MiXKHa-
ponae 3HavenHs [llanpkoro HIIIT gemoncTpye TOM (hakT, o y 1995 p.
JIOTO Yrifja B paMKax PamMcapcbKol KOHBEHIII BiffHECEH] O TEPUTOPIA,
10 MAIOTh MDKHApOJIHE 3HAYEHH:, TOJIOBHMM YMHOM, SIK CEpelOBUIIIE
icHyBaHHA BOJOIIaBHMX ITaxiB, a y 2002 poni pimennam 17-i cecii
Bropo xoopaunaniitnoro Komirery FOHECKO MAB napky 6yno Ha-
naHo cratyc 6iochepHoro pesepsary «Ilaubknit». Y 2012 pori 3a mpo-
rpamoro FOHECKO cTtBOpeno Mmixnapopuuit 6iocdepunit pesepsar
«3axigne IMomiccs», fo ckaany sikoro yBiruumm 6iocdepHi pesepBaru
«IManpkuit» (Ykpaina), «3axigue Ilomiccs» (ITonpma) Ta «[Ipnbyspke
[Monicca» (binopycs).

Yepes BurigHe reorpadivune posmilleHHA Ta 6araTuil IpUpoORO-
pecypcHMIT IOTEHIIial 03€pO Ma€ IOTY>KHMIA IIOTEHLiA/ /I pO3BUTKY
TYPUCTUYHOI Ta peKpeawniitHoi cep.

Osepo CBits3p — 6e3cTiuHa BOJOIIMa, eKOCUCTEMa SKOI 6yna Bif-
HOCHO He3MiHHOIO IIPOTATOM TPUBAIOTO 4acy, YOMY CIpusiia 36epe-
JKEHICTb MIPMPOAHNUX JTaHAMA(PTIB TPUIEITINX TEPUTOPIN Ta TPagMLiii-
Hi MeTOAY rocrofapoBaHHA Ha Bofio360pi. [onoBHMM ckapbom o3epa
€ IIpO30pa BOAA Ny>Ke BUCOKOI IKOCTI, IO IiATPUMYETBCA 32 PAXyHOK
HOIIMPEHNX TYT 3apOCTeil BOAAHNX POCINH — Makpodiris [5]. Came
BOHIU I1ePEXOIIIIOIOTH, 1epepoO/IAI0Th, HAKONMIYIOTh Ta 3aXOPOHIOITh
SK MOXVBHI, TaK i 3a0pyIHIOIYi PeYOBIH, 1[0 MOTPAIUISIOTh B 03€PO
i3 Boo36opy, He IyckaouM iX gajai B eKOCUCTeMY I10 JIAHITIOraX XKUB-
JIeHHA. fIK pesynbTaT — HU3bKNIL PO3BUTOK MiKPOCKOIIIYHMX BOJOPO-
CTeil Ta TBApMH i BUCOKa IIPO30PiCTh BOJML.

ITpore ocTaHHIM YacoM, 3aBAAKY CBOINl TYPUCTUYHIN IpuBabIN-
BOCTI, 03ep0 CTpaXKIa€ Bifj peKkpealiiiHOro HaBaHTaXeHHs (puc. 4.84),
1110 IIPM3BOAUTD JIO 3HVDKEHHSA CTIMIKOCTiI 03epHOI eKocucTeMu. Buss-
JIEHO, IO BifiIOYMBAIOYi, 3aXO[A4M Y BOAY Ta KyIal4NCh, IHTEHCUB-
HO BUTOINTYIOTh 3apOCTi BOOHMX POCIVH Ha MiTKOBOAAAX [6]. besmo-
CepefHil MeXaHiYHMI BIUIMB, BUKIMKAHMI BiJIIOYMBAIOYMMIU, Befe
fo merpapjanil (po3pipkeHHA 3apocTeil) 41 3HMINEHHs YIPYIOBaHb
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BOJHIUX POC/INH, HacaMIlepes 6e3locepeHbO Ha MiIKOBOAAX Mif Oe-
peroM (puc. 4.85). A came BOHU i BUKOHYIOTb POJIb IIPUPOIHOTO bap’epy
i ¢inbTpa Ha MUIAXY BIVIMBY CTiYHMX BOJ i3 CyXOfony i BU3HA4YaIOTh
CaMOOYJCHMII TIOTEHIIial 03epa.

Ekocuctema — Le CyKYMHICTb XMBMX OPraHi3mis, AKi NMpUCToCyBanncs
[0 CMiIbHOTO NPOXXMBAHHA B NEBHOMY CEPEAOBYLLi ICHYBAHHA, YTBOPIOOYY
3 HUM EUHE Line.

Ocennie — JiNsgHKA NPOCTOPY, Ha kil nocenseTbes Brg abo neBHa rpy-
na BUMiB.

OcHoBHa MeTa JJOCTi/PKeHH TO/ATana y BUABJIEHHI Ta aHasli3i me-
pPeTBOPEHD CaMe LMX ypasIMBUX MiTKOBOJHUX ocenul o3epa CBiTA3b
Ta BUBYEHH] e()eKTMBHOCTI BUKOPUCTAHHSA CYITy THUKOBMX 3HIMKIB JU/Is
OLI{HKV BIUIVMBY peKpeaHTiB Ha NpubepexHy pOCIMHHICTH 03epa [7]
Ta MOXX/IMBICTb IIPOTHO3Y JIOT0 HACTiJKiB.

Amnanis apxiBiB kocmiuHmx 3HimkiB Landsat TM ta ETM+ (nu-
IIeHb — cepIleHb) 3a 30-pivnmit nepioy (1985-2015 pp.) Ta ce30HHUX
cepiit kocMiuHMX 3HiMKiB Sentinel-2 3a 2016-2017 pp. 03BOIUB OLi-
HUTH BIUIMB peKpealil Ha IMpubepexxHi MiTKOBOZHI ocenmuima osepa
CsiTa3b. byno BusABneHO, 10 3pOCTaHHA KiMbKOCTi BiJIIOYMBasIb-
HUKIB NIPU3BEJIO IO lerpajjalii Ta 3HMUILEHH 3apOCTell BOGHNUX POC-
nMH MinkoBoas. Haitbinbuoi Tpanchopmarii 3a3Hal0Th MiTKOBOJAS
B PO3IIaJI TITHbOTO CE30HY, IPOTE 32 HACTYIIHI OCiHb — BECHY CTPYK-
Typa MinKoBOb BigHOBMIOETbCA. CaMOOYNMCHI MeXaHi3sMM o3epa
IIOKM 1O CIIPAB/IAKTHCA i3 iCHYyI0UMM HaBaHTaXeHHAM. [IpoTe mpo-
THO3HI OlliHKM, 0OY/i0BaHi Ha pe3ynbraTax aHamisy J133, nossonmmm
TAaKOXX IPUITYCTUTH, 11O 3a YMOBY IIOfIAJIBIIOTO 3POCTAHHA KiIbKOCTI
pPeKpeaHTiB IUIOLli 3pYIHOBAaHUX 3apocTeil MaKpodiTiB 36inbuIaTh-
ca noHap, 50%, i ekocucTteMa BOJOVIMM MOXKe BTPAaTUTU CBOKO CTili-
KicTb (puc. 4.85).

Makpoditn — KpynHi BOAHI pocinHK (BOLOPOCTi Ta BULLi BOAHI POC-
JHK), WO BMAHO He030POEHNM OKOM. MakpodiT € NpoayLeHTamu opra-
HIYHOI peYOBMHW, CepeoBULLEM ICHYBAHHSA Ta MiCLIeM HepecTy g 6araTbox
BW/IB BOAHMX TBAPUH.
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Puc. 4.85. Oninka ferpaganii MikoBogHuX ocennly o3epa CBiTA3b

BHAC/II/IOK PEKpealilfiHOro HaBaHTa)KE€HH: 3a JOIIOMOIO0 CYIIy THUKOBMX
3HIMKIiB: @ — KOCMi4YHMII 3HIMOK 3 HAHECEHVMM €Ta/IOHaMM YIPYIIOBaHb

MakpodiTiB; 6 — BpaXyBaHHs Ce30HHUX 3MiH BereTalliiiHOTro iHAeKCY i

yTOuHeHH: Knacuikanii; 6 — kapra IIMOMH; ¢ — KapTa TUIIIB OCeIINI

oTpMMaHa B pe3y/nbTaTi Knacudikanii kocMivamux sHiMKiB Landsat.

(1 — BOIHO-00IOTHI KOMITIEKCH; 2 — BOJIHI 04epeTn; 3 — JrerpajjoBaHi
MiTTKOBOZJAI; 4 — HeNOpyIIeHi MiTKOBOA/A; 5 — IIeco; 6 — pecToBi
YTPYIIOBaHHS; 7 — YarapHUKOBe 60710TO)
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Puc. 4.86.
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Ha MiJTKOBOJJ X,

AKi BUTONTYIOTbCA
BiJITOYMBaIbHUKAMMU
(pexpeanTtamn)
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OuniHka eKoCMCTEMHUX MOCJYT JIiCOBUX MacUBIB

3a BM3HAYEHHAM KOHBeHLii npo GionoriyHe pi3HOMAHITTS, eKocucTe-
Ma — Le AMHAMIYHUIN KOMMIEKC YrpynoBaHb POC/IWH, TBAPUH i MIKpOOp-
raHi3MiB, & TaKOX IX HEXXMBOIrO HABKONMLLHbOTO CEPEOBMLLA, B3AEMOAIIOUMNX
K €auMHe QyHKUioHanbHe uine [8]. OTxe, ekocuctemu € GaraTtopyHk-
LiOHAIbHUMK cucTeMamu, fiki 30aTHi 3abe3neyyBaTi psag KOPUCHUX Ans
JIIOACTBA MPAMUX T HENpsAMMUX MOCAYr. EKOCUCTEMHI MOCAYrK € NpAMUM
Ta HempsMMUM BHECKOM eKocMCTeM y 6aaronosnyyus moguHu. KoHuenuis
€KOCMCTEMHMX Nocayr Habyna po3BuUTKY 3 noyaTtky 2000-x pokiB 3aBas-
KM MDKHApPOAHin nporpami «OLiHKa eKOCUCTEM Ha MOPO3i TUCAYOMITTS»
(Millennium Ecosystem Assessment), 3a pe3ynbTatamMmu poboTh sKoi Hapasi
onybnikoBaHO psiA 3BITiB 3 OLIHKM HACNIAKIB 3MiH B eKocucTemMax Ta npw-
POLHUX pecypcax s XuUTTS, 3A0poB’sa Ta A0OPobyTy TenepiHix Ta Maii-
OyTHix nokoniHb [9].

Ha mowarky 2017 poky Micnesi opranu Brmaau TadiBcbkoro
Ta PaxiBCcbKOro paiioHiB opraHisyBaayu rpoMajChKi CTyXaHHs, Ha AKUX
IPeNCTaBIIN IUIAH OyNiBHMI[TBA TipCbKOMIDKHOTO KYPOPTY Ha Te-
putopii cenmumuux pap Acuni, Yopuoi Tucu ta Jlonyxosoro. 3rifHo
i3 3ampOIOHOBaHMM IUTAHOM Iepenbadyaerbcs OymiBHMLITBO 60 ro-
TeniB, 120 pecTopaHis, 33 MDKHUX MiAIOMHMKIB Ta 230 KM JIVDKHIX
Tpac, a TAKO)X HM3KY TOPrOBUX LIEHTPiB, MEeAVYHUX i piTHeC-1IeHTpiB,
0aHKiB, 6araTONOBEpXOBUX CTOSHOK i HaBiTh 31iTHOI cMyrn [10]. ITpn-
K/IaJloOM 3aCTOCYBaHHA KOHIIENIII €KOCUMCTeMHMX IIOCAYI € aHaji3
Ta MOPiBHAHHA PIiSHUX CIIEHapiiB TepUTOpPiasbHOI OpraHisalii Tepu-
topii. Tak, Ha TpuUKIafi NpoeKTy OYAIBHMUITBA IipCHKOVKHOTO KY-
popry «CBuUIOBElb» I'Pylla €KOJIOTiB IpOaHalisyBaly [jBa ClieHapil
TepUTOPianbHOI OpraHisamii Tepuropil: mepumii cueHapii — 3abe3-
IeYEHHA €KOCUCTEMHHUX ITOCIYT JIICOBUMM €KOCKCTEMAMM Y IIOTOYHI
CHUTYaLil; ApYTUii ClieHapili — 3abe3neyeHHA eKOCUCTEMHMX ITOCTTYT Te-
puTopi€to micnA BUPYOKM micy mnA OyaiBHUIITBA IipChbKOMVKHOTO KY-
popry. Takum 4MHOM, MOXXHA PO3IIAHYTH, SIKi €KOCUCTEMHI IOCTYTH
3MEHIIATbCA Ta Y AKiN KiTbKOCTI IiC/IA BTpATy IiCOBUX MACUBiB Ha 3a-
IIaHOBAHUX OYiBHUIITBOM AinsHKax [11].

Ha puc. 4.87 a npepicraBnena KapTa Ha3eMHOTO ITIOKPUBY T€PUTOPII
TOCII[)KEHHs, Ha AKill 3€JIeHNM KOJIbOPOM ITO3HAdeHi MeXi J1icOBUX
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MacuBiB. Ili MeXxi BM3HAyanyM 3a TeMaTUYHMMMU KapTOCXeMaMM Jli-
COBMX TOCIIOJAPCTB Ta YTOYHIOBAIM 3a CYNYTHUKOBUMM 3HIMKaMM
Sentinel-2a, craHoM Ha ymmenb 2017 poky. Ha ocHOBi kaprocxemn
IpOeKTy OYAiBHMI[TBA KYpPOPTY TAaKOX OLM(PyBamm Mexi 3aIaHo-
BaHOI iHPpPaCTPYKTypy KypOpTy Ta HAaKJIaaM iX Ha KapTy Ha3eMHOTO
HOKPMBY TepuTopii gocmimkenna (puc. 4.87, 6). Y pesymbrati Oymo
BU3HAYEHO, 10 /I OYAiBHUIITBA TYPUCTUYHMX 00 €KTIB HEOOXigHO
Bupy6aru 830 ra icy [10].

Puc. 4.87. KapTu 3eM/1eKOpUCTYBaHHA TePUTOPIi:
a — ToTOoYHa cuTyais (ceHapiit 1); 6 — Bupy0Ka Jicy BHaCTiIOK
3aIIaHOBAHOTO OyAiBHUIITBA (CLeHapiit 2) [11]

[l71s1 Toro, 106 BUSHAYUTU IEPeTiK BaXXIMBUX eKOCUCTEMHUX IIO-
CIIYT JIICOBMX €KOCKUCTEM y HaHOMY peTiOHi, y mepiry depry Oymu mpo-
AQHAJIi30BaHi PM3UKM Bifi BTpaTy jicoBux Macusis. [Id ripcbkoro pe-
rioHy 1je, 30kpema [11]:

* 30i/1blIeHHA PU3UKY BYHUKHEHHSA HA/I3BUYANIHUX CUTYalliil, 30Kpe-
Ma, IOBeHell Ta JTaBUH;

* NOpPYIIEHHA BOMOIOCTAa4aHHsA, YHACTIIOK SHIDKEHHA BOO3aTPUMY-
1040i QyHKIIii ticamMu, a TAKOXK CYTTEBO 30i/IbIIIeHHA BOTK03a0b0py /1A
noTpe6 roTeNiB Ha TYPUCTUYHNUX KOMIIIEKCIB;

* JIOKaJIbHUI BIUIMB Ha MiKPOK/IiMaT, 3MiHa TeMIIepaTyPHOTO PEXUMY;

* BTpara JOfIaTKOBOTO IPMOYTKY MICIIeBUM Hace/leHHAM Bif 360py
Arig ta rpubis.
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Ha ocHOBi BU3HaueHMX PU3MKIB Bifi BTpaTU JIiCOBOTO IOKPUBY
OYEBUJHUM CTaB IEPENTiK OCHOBHMX €KOCUCTEMHMX IIOCTYI JTiCOBUX
eKOCUCTeM Y IIbOMY perTioHi, a caMe: TOAATKOBUIT PUOYTOK Bif 360py
rpubiB, ATif Ta BUIACy Xy[o6u, MifTPMMKa BOJOIOCTAYaHHS, Perys-
i K1iMaTy Ta IOM AKIIeHHA il CTUXITHNX TuX.

Jna xaprorpadyBaHHA €KOCHCTEMHOI MOCTYrM (pOpPMyBaHHA JO-
IaTKOBOTO MPUOYTKY y pe3ynbrati 300py Arif Ta rpubis, a TAKOX BUIIA-
Cy Xyf06M Ha IIOTIOHNHAX, Oy/10 IepekTacudikoBaHO KapTy Ha3eMHOTO
IIOKPUBY IOTOYHOI cuTyanil (creHapiit 1) Ta kapTu i3 3amIaHOBaHUM
OyziBHMLITBOM (CLieHapili 2) TAKMM YMHOM, IO JIiCOBi MacyBM Ta MO/IO-
HVYHI OTpMMasy 3Ha4eHHA 1 (ToOTO eKoCKucTeMHa IIOCTyTa HaJJa€ThCsA
y Mexxax Ijiei Tepuropii), a yci iHIIi K/Tacy Ha3eMHOTO TOKPYUBY OTPIMa-
7 3HaueHH: 0, TOOTO IOC/TyTa He HaTAETbCsA. TaKMM YMHOM OTpPUMATIN
IBi KapTy 3abe3nedeHHs MOCTyru GOPMYyBaHHSA JOJATKOBOTO IIPUOYT-
Ky 1A creHapiio 1 ta 2 (puc. 4.88) [11].

Puc. 4.88. 3abesnedenHs mocmyry GOPMYBaHHsI JOFATKOBOTO
npubyTKy — 36MpaHHs ATif, rpubis, BUMac Xxyfobu: a — MoToIHa

curyaris (crenapiit 1); 6 — Bupy6Ka yIicy BHACTIOK 3aII/TAHOBAHOTO
OyniBHuiTBA (cueHapii 2) [11]

AHaIoriYyHNM 4MHOM OYy/I0 CTBOPEHO KapTH 3abe3ledeHHs IIOCTYTH
BOJIONIOCTAYaHHS, TiIbKI OCKI/IbKM JIICOBI MacHBM HiATPUMYIOTb QYHKIIi0
YTPUMaHHA BOJIOT, KJIac JIICOBMX MAcKBiB Ta K/IaC BOIHMX 00 €KTiB OTpH-
MaIu 3Ha4eHHA 1, a yci iHmi kacu HazemHoro nokpusy — 0 (puc. 4.89, a).
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Jlna ouwiHky perynanii xmiMaTy BpaxyBaayu TOM (akT, IO JepeBa
3 6171b111010 6i0MaCOI0 Ta 61/TBIIO KPOHO Oy YT MaTH Oi/bIlle 3HAYeHHSA
I perynanii knimary, akymynanii CO, Ta 0X0mIomKeHHA. Y pesynbraTi
3a CYNyTHUKOBMM 3HIMKOM Sentinel-2a, 3po6menum ymitky 2017 poky,
Oyno pospaxoBaHo BereTaniituuit ingexc NDVI, sikuit Bifo6paxae 6io-
Macy Ta iHTeHCUBHICTb Npo1iecy POTOCUHTE3y Y POCIMHHUX YIPYIIOBaH-
H:AX. TakuM 9MHOM, /1iCOBi MacuBy 3 BUCOKMM 3HaueHHAM iHfiekcy NDVI
OTpMMay 3Ha4eHHs 3, 10 BijoOpakae piBeHDb 3abe3NeueHHs MOCITYTU
perynauii K1iMary, MacuBu 3 cepefHiM sHadeHHAM NDVI — 2, a micosi
MmacyBy 3 HusbkuM NDVI — snavenns 1 (puc. 4.89 6) [11].

i BGIEACTAUE RIEIYTH e Iy ot arens cmimoss vvmast grmirrre ([ 0 O ' "

a 6

Puc. 4.89. 3abesnedeHHs peryo04nX HOCTyT (CLeHapiit 1):
d — BOJJOIIOCTAYaHHsL; 0 — pery/ALisa KiiMary

JI/1s1 OLiHKY ITOCTYTY TIOM AKIIEHHA Aii CTMXIMHUX /INX, TAaKUX AK
IIOBEHI, Ta JIABMHM, PUSKK AKUX € IMiJBUINEHNM Y TipCbKUX perioHaXx,
IO SIKMX HAJIOKUTb TEPUTOPIA JOCTI/PKEHHs, BPaXxOByBajl TO (axT,
1[0 HaOiIbIINM YMHOM Ba>K/IVBI JIsI IPOTU/Il CTUXITHUM JIMXax Jii-
coBi MacuBM Ha BucoTi Buie 1000 M Haz piBHEM MOps, @ TAKOX J1iCOBi
MacHBY Ha CXMJIaX Ta y MeXXaX BOJOOXOPOHHMX 30H. TaKMM 4MHOM, JJIA
JIAHOTO aHAJIi3y CIOYaTKy Oy/I0 CTBOpeHO IM(pPOBYy Mozmendb penbedy
TEPUTOPII JOCTIIPKeHHS Ha OCHOBI TOpU30HTaIel TOnorpadivHmnx KapT
Mmacmrady 1 : 50000, Ta cTBOpeHO KapTy KpyTusHu cxwiiB. Ha ocHOBi
KapTy KPYTU3HM CXWIB Oy1M BM3HAYeHi BOJOOXOPOHI 30HM — Bif
50 M o 100 M Big Mexi piukn (puc. 4.90, a).
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BigmoBigHO, jicy, IO 3HAXOOWINCA Y MeXaX BOJOOXOPOHHOI
30HM Ta Ha BucoTi Bume 1000 M, oTpuManyu 3sHa4Ye€HHA 3, AK HalBU-
il piBeHb 3a0e3ledeHHs MOCTYIM IOM AKIIEHHs [il CTUXIHMX
JINX; 7TicK, IO 3HaXOAWIMcA Ha Bucoti Buime 1000 M abo y Mexax
BOJJOOXOPOHHOI 30HM, — 3HAa4€HHA 2, Ta yCi iHIII TiCOBI MacuBU —
3HadeHHA 1. Yci iHmi Kacu Ha3eMHOro MOKPUBY OTPUMAJIN 3HAYEH-
Ha 0 (puc. 4.90, 6) [11].

Hetws Tera

& s

s o e amres cnis o pimee svwinre (0 0 O ©

a 0

Puc. 4.90. 3abe3redeHHA OCTYTH IIOM AKIIEHHA Ail
CTUXIVHUX /X (IOBEHI, TaBMHY): @ — KapTa KyTiB HAXWIY CXUITY
Ta BOJIOOXOPOHHMX 30H; 6 — KapTa 3a0e3IeyeHHs NOC/TYT Y IPOTH I
CTUXIVIHUM nyxaM (cueHapii 1)

Ha ocranHbOMY eTalli MeToZoM KapTorpadidyHOro Hak/IaJaHHs ycix
KapT 3a0e3NeyeHHs Pi3HMX eKOCUCTEMHUX IOCIYT, OY/I0 OTPUMAHO Cy-
MapHYy iHTeIrpoBaHy KapTy €KOCUCTEMHMX IIOC/IYT L0 BPaXOBy€e pO3Ta-
IIYBaHHA K/IaciB Ha3eMHOTO IIOKPUBY, a TaKOX iX 6ioQismunmii cTaH,
30KkpeMa penbed Ta b6iomacy. Ile [03BOMMIO BUABUTY IPUPOAHI Tepu-
TOpil Y MeXXaX TepuTopil JOCTIIKeHHs, 110 HaJAI0Th HAOUIbIIY Ki/lb-
KiCTb Ta HaMBUINY AKICTb BaXKIMBUX JIIA PETIOHY €KOCUCTEMHUX IIO0-
cnyr (puc. 4.91, a). Ha xapTi 1i Teputopii mokasaHi BifiTiHKaMy CMHbOTO
Ta TEMHO-CMHBOTO KO/MbopiB. HakmaBum cxemy po36ymoBu TipcbKo-
JIVDKHOTO KYpOpTy, 6y/10 BUsAB/IEHO, 1o 6inbiue 50% Teputopii samma-
HOBAHUX /IS OYAiBHUIITBA KypOPTY BUPYOOK IIPUIIAJAIOTh HA 0COO/N-
BO IIiHHi 3 TOYKM 30PY HiATPUMKY €KOCUCTEMHHIX IIOCTYT JIiCOBI MacKBM.
Taxi 30HU BuJii/IeHi YOpHUM KObOPOM Ha puc. 4.91 6 [11].

PO3[II 4. C&EPU 3ACTOCYBAHHSA 133

Pozpin 4. COEPU 3ACTOCYBAHHSA 133

239




)
0
=
=
i
e
%
/@
>
O
(©)
B
O
b
)
=
A
%]
A
)
<
=

H

0

(o]
A

240

wconpvmes wavics negpty (100 1 D 3 N 4 D 5 o I O .

a 6

feopcsms Sreeigrect B et men s o % serw s B e v e e S aricon

Puc. 4.91. BusBneHHs 0c00MMBO LiHHKX Ai/ITHOK, 10 TOTPeOYIOTH
OXOPOHM: @ — TIOTOYHA CUTYAIlisl; 6 — PO3TAIIYBAHHI 3aIUIAHOBAHOL
BUPYOKM Ha Ji/ITHKAX, 110 ITOTPeOYITh OXOPOHU

OT>ke, 3aCTOCYBaHHS iHTEIpPOBAHOI METOAVKY OIIiHKY €KOCUCTEM-
HUX IIOC/TYT Ha OCHOBI IIpefiCTaBIeHOro MeToAy 6iodisndyHoro xapro-
rpadyBaHHS [03BOJISE aHAII3yBaTy Ta IIOPiBHIOBATY pisHi creHapii
PO3BUTKY TepUTOPil, a TAKOX Oi/IbII e(heKTVBHO 3[i/ICHIOBATY OLI{HKY
BIUIUBY Ha joBKiA (OB]I) pisHux iHpacTpyKTypHUX IPOEKTIB.
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4.2.4. MoHiTOpPMHI HaA3BMYaMHNUX CUTYyallil
Ta OLliHKa CTaHy AOBKiNNaA

Icnanpia — ocTpiBHa KpaiHa, 1110 YTBOpU/IACA BHACTIIOK ByIKaHi4-
HUX BUBepKeHb. COTHI ByJIKaHiB pO3TallIOBAaHO Ha OCTPOBI i TpUALATD
3 HUX BBO)KAIOTbCA aKTUBHMUMI. [Ipanop Icnanpii —
4epBOHMII XpecT y 6i10My 0OpaM/IeHHi Ha CUHbOMY
¢doHi cuMBOIi3y€e po3nedeHy aBy BY/IKaHiB, BKpU-
Ty IbOJOBMKAaMM T2 OTOYEeHY OKeaHOM. KpaiHa 1o-
CTIMIHO 3HAXOAUTHCA Y 30HI PUSUKY IPUPOJHUX
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CTUXIiI: BY/IKaHiB, yparaHis, 3/1efIeHiHb, 3€M/IETPYCiB — OJIHAK i€ 30BCIM
He 3YIUHAE COTHI TUCAY TYPUCTIB, AKi OPOKY BifgBinyoTh Icnanio,
Ta 300 THCAY iCMAHALIB, AKi MOCTITHO XXMBYTb Ha OCTPOBIi. AKINO Hiro
CTUXIiITHOTO JIMXa He MOXKHA BilBepHYTH, TO 3a eeKTUBHOI crcTeMNU
MOHITOPMHIY 3a HaZ3BUYallHMMU CUTYalLliAMM MOXKHA afalTyBaTUCA
Ta 3MEHINYBaTy HeraTMBHi Hacmipky ix gii. [lna 36inbureHHs 06i3Ha-
HOCTI PO HeoOXiHi 3aX0Ay /I 3HIDKeHHA Hebe3Ieky nux [eHepab-
Ha Acamb6yess OOH BcranoBumIa BiggHavyaTy 13 >KOBTHA K MikHapop-
HUII JIeHb 3MeHIIeHH: HebOe3IIeKN NnX.

CxmagoBumy eQeKTUBHOI CCTeMM MOHITOPMHTY MaloTh Oy TH: Ipo-
THO3, CBOEYACHE BUABIEHHS, CIIOCTEPEKEHHA 3a PO3BUTKOM Ta OIjiHKa
Hacnipkis Hajg3BuyarHux curtyaninn (HC). Jani gucTaHIiitHoro 30H4y-
BaHHs 3eMJli — Of{MH 3 HAIIBUALINX CIIOCO6iB OTprMaTy iHpopMariioo
IIpO CTaH TePUTOPIi JO MOYATKY Ta Iic/IA [ii Hag3BMYAlHOI CUTYaLl,
11100 3a37a/Ierib MiATOTYBATHCS, @ TAKOXK e(heKTUBHO CIVIAHYBATV 3aXO/U
3 peabimitanii reputopii [1]. Ha koxkHOMY 3 eTarniB MOHITOPMHTY aHi fyc-
TAHIIITHOTO 30H/[YBaHHsI MOXXYTb OYTU KOPUCHMMIA, a CaMe JISL:

* BusBneHHA Ta CIOCTEpE)XEHHS 3a PO3BUTKOM il CTUXIIHUX THX,
0COONMBO TaKMUX, AKi OXOIUIIOIOTb BEIMKI TepUTOpil, HAIpPUKIIAf,
TaﬂcbyHM, LlyHaMi, By/JIKaHU, IIOCYXM Ta iH.

* MOHITOPYHI NOIIMPEHHA 3a0PYIHIOIYNX PEYOBMH BHACTIIOK
aBapill Y TeXHOTEHHMX KaTacTpo®, HAIIPUKJIAJ, BiICTeXXEHHS PyXy
IMMOBOI XMapH Biff HOXexXXi Ha HadTOBIN cTaHIIil.

» KaprorpadysanHsa Ta omiHKa HacTigKiB /il HaA3BUYANHUX CUTYa-
1iJ1, HAIIpUK/Ia/l, BUSHAYEHHA, CKIIBKM T'€KTapiB JIiCy IOMIKOKEHO
IIOXKEXKeEIO.

* OHoBNeHH:A KapTorpadivHNX JaHMX MPO paiioH [il Ha3BMYAIHO]
cuTyarji.

* Ananis mu¢poBoi Mofeni perbedy, OTPUMAHOTO 3a CYIyTHUKOBIMUI
maaymy, Takumu sk ASTERGDEM, SRTM un LIDAR, 3okpema mis
3D MopenmoBaHHs HOTEHI[ITHO Hebe3MeyHnX 06 €KTIB Ui MOMIPEHHS
CTOKY i 3a0pYIHIOI0UMX PEYOBMH Y PiuKax 4y MPOrHO3y MaBOJKIB.

* BukopucTaHHA JaHUX NPO CTaH HMPUPOJHUX 00 €KTIB AK CK/IA/JOBY
IJ1d MOfIeNiell IPOTHO3Y Ta IOIIVPEHHA [il Ha[J3BMYaliHOI CUTYyallil.
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* CTBOpEHHA KapT PM3MKYy Ta CUTYalillHMX CXeM JJid IUIaHyBaHHA
onepauii 3 nikBifanii HacTigKiB Ta peabiniranii TepuTopii.

* Busasnennsa mokanbHux HC, Takux AK MaBojgKM, IOXeXi, Cesli, OToB-
3HI, IPOCaJKU, epo3id Ta JI0OKa/IbHi aBapil.

* BusBneHHA 03HaK HAOMVDKEHHS CTMXIMHMX JIMX, MOHITOPMHT IIO-
TOJHMX YMOB, HAIIPUKJIAZL TbOJOBOI 0OCTaHOBKM, a00 BUSIB/ICHHS Jie-
dopmanii KpaTepiB By/IKaHiB, 110 ITepefiy€e BUBEP>KEHHIO.

OpHak, He 3BaXKarouy Ha 6arato MOXKIMBOCTeN, fani 133 Takox ma-
0Th 6araTo 06MeXKeHb, ITOB’ A3aHNX 3 TUM, L0 YacTO MaHi, AKi MalOTh
INOCTaTHE IIPOCTOPOBE PO3Pi3HEHH:, MAIOThb HE3a[OBiIbHY 4YacTOTY
31I0MKU, 1 HABITAKIL.

BusiBjieHHSI aAKTUBHUX MOKEK

BusBennsa noxex 3a fanyumu J133 6a3yeTbcs Ha IOITYKY TEIVIOBUX
AHOMaJIiii Ha CyITyTHUKOBMX 3HIMKaX. AJITOPUTM, AKUI 3aCTOCOBYETD-
CA A BUMIIEHHSA «TapsAYMX ITIKCEIiB», BPaXOBY€ 3HAY€HHs KaHajliB
Y BUUMOMY, OIIVDKHBOMY, CEPEIHPOMY Ta TEIIOBOMY iH(ppauepBOHO-
MY Jlialla3oHax Ta BUABJIAE MiCIid, 0 Pi3KO Bifipi3HAIOTHCA Bifi OTOYEH-
Hi. lle mosBonsae ¢ikcyBaty He yune BiIKpUTi MOXKeXKi, KOV BUITHO
Bifkpute nonym s (puc. 4.92), ane it, HAIpUK/Iaf, HU30B1 4u Iifi3eMHi
JTiCOBi OXKeXi, ITifl Yac AKMX TOPUTH JicoBa MifcTIIKa abo Topd [2, 3].

s e |

Puc. 4.92. MacmrabHa noxxexxa Ha 0. bopHeo,
3adixcosana nmpuragom MISR/Terra 14 sxoBtHs 2015 p. [4]
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OueBNIHO, IO I/IA ONIEPATUBHOTO MOHITOPMHTY IIOXKeX HeO0OXifHO
BUKOPVCTOBYBAT) 3HIMKJ 3 BUCOKOIO YACTOTOIO 3VOMKM (BMICOKUM
TEeMIIOPATbHUM PO3pPi3HEHHAM) — IOHalIMeHIIe mwofHA. JJo Takux
3HIMKiB HajexaTb JaHi ceHcopa MODIS, mo posmimennit Ha cy-
nytHukax Terra ta Aqua ta fgani cencopa VIIRS cynyrhuka Suomi-
NPP. 3nimMky TernoBux aHomaniit 3a maHumyu MODIS 36epirarorbes
y BurAAi npopykris MOD14/MYD14 3 npocTOpoBUM PO3pisHEHHAM
1 xm, a mani VIISR — 3 pospisnennam 375 m. Jlnsa nommpeHHA Ja-
HIX IIPO MOKeKHY 00CTaHOBKY y ITI00a/bHOMY MacIuTabi YHiBepcu-
teT Maryland y cniBnpani 3 NASA ra ITpogoBonbuoio opraHisaniero
OOH pospobum cucremy FIRMS (The Fire Information for Resource
Management System — Indopmanisa npo moxxexi s cucreMn ymnpas-
JTHHA TpupopHuUMU pecypcamu). Lle cailT, e MoXxHa BisyanmizyBatu
Ta BI/TbHO 3aBaHTa)XYBATH /IaHi 3 TEIJIOBYMM aHOMaJliAMM Y BEKTOPHO-
My ¢opmari (puc. 4.93) 3a ocranHi 24 ropuHY, 48 Ta 78 TOUH, 2 TAKOX
3a 7 guiB [5].

Puc. 4.93. Intepeiic onnaita-cucremu FIRMS s Bigo6paskeHHst
TEIIOBUX aHOMAIil 3a ocTaHHi 24 ropuuu [5]

OpHak, BpaxoByWO4M [OCUTb HU3bKe NIPOCTOPOBE PO3Pi3HEHHA
3HiMkiB MODIS Ta VIIRS, cTBOpeHi Ha iIX OCHOBI KapTy TeIIOBUX
AHOMaJIiil MOXXYTb BUKOPUCTOBYBATUC JIXILIE JJIA ITONEPENHbOIL OIliH-
KI TIOJKEXHOI CUTYallil, BUAB/IEHHA INOTEHLIHNX OCEPENKiB ITOXKEX
nna 3aranbHoi ouiHky BukujiB CO, 4y iHIINMX TOpPIOYMX PEYOBMH
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Ha 17100a/1bHOMY piBHi (puc. 4.95). HeBenmuki ocepenku Moxesx, siki, OKpiMm
TOTO, YaCTO NPUXOBaHI XMapaMM YU AVMOM, MOXKYTb 3a/IMIINTHACA HEBU-
ABJICHVIMI, @ TaKOX JIesIKi aHTPOIIOTeHHI 00’€KTY MOXXYTb IIOMUIKOBO
BUIIATUCA SIK TOXKexXi. 3 iHIIoro 60Ky, jaHi BMCOKOTO IIPOCTOPOBOTO
po3pisHeHHs, Taki Ak Sentinel-2, MaoTh HIDKYY HEPIOAVYHICTD 3/IOMKM,
1110 He JIO3BOJIAIE BMKOPMCTOBYBATH IX JIJI ONIEPATMBHOIO aHa/Ii3y CUTYya-
1iii, a JIMIIe 71 OL[iHKY HACTIIKIB MOXKeX, TOOTO BMU3HAYEHHS IUIOLL, 1110
sropinu (Oemanvriuie npo ye y nynkmi 4.2.1. JlicosHascmeo).

Ha pnc. 4.93 noxexxHa o6ctaHoBKa 3a 23 0oBTHA 2018 p. y LeHT-
pasIbHill YacTuHI YKpaiHM BUITIARAE KaTacTpo(ivuHOMI i my>ke BMpi3-
HAETbCs Ha QoHi yciei €Bporn. [Tpy HabMMKeHi K0 Micb ocepefKiB
IOKEXK CTA€ IIOMITHO, 1[0 MalKe YCi 11i ToXKeXi /T0Kai3oBaHi Ha I10-
JIAX, TOOTO BOHNU € HACTIIKOM IIONIMpPeHoi B YKpaiHi MpaKTUKM OCiH-
HbOTO BMIIA/JIIOBAHHA CTepHi Ha monax. lle miATBepIKYETbCA TaKOX
3HiMKOM Sentinel-2 Ha OJIHY 3 TaKUX TE€PUTOPIii, [ie mobpe BUHO JiBa
KTyOu fuMy Ha 1osi no6mmsy c. IaniBka KobensAubkoro paitony Ilon-
TaBCbKOI obmacri (puc. 4.94).

Puc. 4.94. Ocepenxu BUnamoBaHHA POCTMHHMX 3a/IMIIKIB Ha IO
Ha CYMyTHUKOBOMY 3HIMKY Sentinel-2, spo6mernomy 19 >xoBTH: 2018 p.

BuIamor0Th CTEPHIO [JIA TOTO, 06 MIBMUIKO OYMCTHUTH HOJIe Ta HiI6UTO
36araTUTI IPYHT IOXXVBHMMM MiKpO€TIeMEeHTaMy, 110 MICTATbCA Y 307Ii.
OpHak npy 1IbOMY TMHYTb KOPMCHI I'PYHTOBI MiKpOOpTraHismu, 110 AKpa3
i BiJIIOBiIAIOTh 3a 3aCBOEHHA MiKpOEIEMEHTIB POCIVHAMY, BTPaYa€ThCs
I'PYHTOBa BOJIOTA i pOJIOYICTb IPYHTY BifITOBiJHO SHIKYETbCH.
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Oxpim Toro, 3aBasaxu cepsicy GWIS (Global Wildfire Information
System — Ino6anpHa iHpoOpMaliiHa cUCTeMM HOXEX) Iporpamu
Komnepnikyc €Bpomneiicbkoro KOCMiYHOTO areHTCTBa Ta €BpOKOMicii
Ha LI IOXXeXi MO>XHA IMTOAMBUTHCA 3 TOYKM 30PY BUKU/IIB TaKUX rasis,
Ak piokeup cipku (SO,), okcup asory (NO), metaH Ta iHII mapHM-
KoBi rasu (puc. 4.95). lle 103BOIsI€ KOMIIIEKCHO OL[iHUTY HeTraTMBHUI
BIUIUB BiJ 11i€i mommpeHoi Ta 3a60pOHEeHOi 3aKOHOAABCTBOM IIPAKTHUKM
BUIA/TIOBAHHA 3a/IMIIKIB POC/IMH Ha HNOMAX.

Puc. 4.95. Kapra emiciit SO,, cipyunHeHNX NMOXKeXXaMM 3a Iepiof
16-23 >xoBTHA 2018 p. 3a garnumu GWIS (Global Wildfire Information
System — Ilto6anpHol iHdopManiiiHol cucTeMu moxex [6]

MOHITOPUHT BUBEP:KeHHS BYJKAHIB

Y xBiTHi 2010 poky Ha miBaHi Icmanpii cTanocsa MoTy>KHe BUBEP)KEH-
Hi BynKaHy Eitad’arnariokioris (Eitaditoris), mo Tpusano misropa Mi-
cAul, BUKUJAI04M Y TIOBITpA BENMKY Macy moneny. Lle Ha TpuBammit 4ac
MIOBHICTIO 3YyIVHM/IO aBiacIONMy4eHHsA Haj €Bponow. [l1d pearyBaHHA
Ha TaKi CTVXilTHi JIXa, IK BYJIKaHY, HAZI3BIYAlTHO BYK/IVBYIM € IIOCTITHNIA
MOHITOPVHI pO3BUTKY HaJI3BUYaiTHOI cUTYalii y I/106abHOMY MaciiTabi,
3a0e3MeunTy AKUI MOYKE BlIaCHE CYITy THUKOBMII MOHITOPMHT.

1 MOHITOPMHIY HOIIMPEHHA XMapy BYIKaHiYHOIO IMIy MO-
XKYTb 3aCTOCOBYBATHCS JaHi BUIIMOTO Jjialla3oHy, HOAiOHO J10 TOTO, SIK
MOJKE BifICTEXXYBATUCA PYX UMY IIPU MOXKEXI ( puc. 4.96, 4.97 ), 37loMKa
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B ynbTadioneToBOMY Hialla3oHi, 30KpeMa TaKUMM CYIyTHUKaMMU, SK
OMI, GOME-2A, GOME-2B, OMPS, a Takox B iHdppadepBoHOMY fiia-
nasoHi cynytTHukamu AIRS, IASI-A, IASI-B, S-NPP/VIIRS ra in.

Puc. 4.96. dotorpadis BuBepxeHHs Bynkany Eitagitorns,
3po6nena 17 kBitasa 2010 p. Asrop Arni Fridriksson [7]
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Puc. 4.97. BuepxxenHs BynkaHa Eitaditornb Ha 3niMky MODIS,
3HsATOoro 17 xsitHsa 2010 p. [8]

Falconieri Ta cniBaBropm (2018), mpauroroun Haj yHLOCKOHAJIeH-
HAM CUCTEMM MOHITOPUHIY BYIKaHIYHOTO MY, Ha IPUK/IA/i BUBEP-
JKeHHA BynkaHa EitaditoTnp mopiBHAMM [1Ba BCTAHOBJIEHI aTOPUTMU
knacugikanii 3o6paxens: DDA AIRS (BusABIeHHS muIy 3a TaHUMMU
ceHcopa AIRS) Ta 3a manumu cercopa SEVIRI cynmytHuka Meteosat
Second Generation. [locnmimkeHHsa Moka3aso, 10 Ha AESKUX CTaflifAxX
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aKTMBHOCTi BYJIKaHa pe3y/JIbTaT [BOX AITOPUTMIB OyB MOAiOHMI
(2010/05/07), a y meAKuX BUIAIKaX pe3yAbTaTH CYTTEBO PiSHUINCA Ye-
pes Te, O pisHi anropuT™My BUABIAMN pisHi crenudiuni atMocdepHi
ymoBu. ToMy BaXMBO HOENHYBATU Pi3Hi JOCTYIHI METO[M CYITy THUKO-
BOI 3/IOMKM J/Is1 OTPUMaHHs Oi/IbIII TOYHOTO pe3ynbrary (puc. 4.98) [9].
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Puc. 4.98. IlopiBHAHHA Pi3HUX METOJIB MOHITOPUHTY
MIOLIMPEHHS BYIKaHIYHOTO VT BHACTIJOK BUBEP)KEHHS By/IKaHa
Eita¢itor/p: mutoBa XMapa BUAB/ICHA IBOMa MeTOZaMy (SKOBTUIL KOJIip),
maHi orpuMani 3a goromorolo cencopa SEVIRI (uepBonuit konip)
ta gani DDA AIRS (3enenuit xomip) [9]
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Cencop TROPOMI cynytHuka Sentinel-5P, Bumipioroun koHIeHTparyii
aepo3oJIell Ta TiOKCUAY CIpKI, TaKOXK JO3BOJLAE BiICTEXXYBAaTU TPUBAIICTh
BUBEP>KEHHsI By/IKaHa Ta IOIIVIPEHHs BY/IKaHIYHOI XMapu (puc. 4.99).

Puc. 4.99. IlomypeHHs ByTKaHIYHOTO ITY
BHACJIiIOK BUBEP)KEeHH: By/IKaHa Ha 0. basi 3a fanumm
cynyTHuka Sentinel-5P, 1 rpynus 2017 p. [10]
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€Bporteiicbka cmy6a HmiaTpyMKy asianiitHoro koHTpomo (SACS —
European Support Aviation Control Service) Bukopucrosye Cucremy
croBimmeHH:A 1po Bynkanu (Volcanic Alert System), o fie y pesxumi, Ha-
O/IVDKEHOMY JI0 pea/IbHOro Yacy Ha ocHOBI ganux 1133 (puc. 5) [11]. Takox
nie pospobmena NASA/NOAA ta Mi>KHapOHOK OpraHi3alli€io IuBiib-
Hoi aBia1ii Cucrema crioimeHHs npo Bynkanu NOAA/NESDIS [12].

_“

rer—— Rofal Beian tceunn fo Space Asonamy
[ [omones] [

i — — . =N
[- - @u.mm;.umr..m nbes. of [ ﬁa,hmm Anh { AR |rkvm|

subscribtion SACS notif

it - s
Time of observations

04 January 2019

Selact g date

today| (2016« |[Jan « 0d v

Puc. 4.100. InTepdeiic CrcTeMy CHOBIlIeHHS IIPO BY/IKaHU
(Volcanic Alert System) [11]

Y 6a3i ganux Imo6anpHoi mporpamu 3 Bynkanismy (Global Volcanism
Program) mictutbca iHpopmanis mpo 1434 BynkaHW, BUBEp)KEHHS
AKX Bifbynocs y nepion [ononeny (ocranHi gecsitb THCSY pokiB). Io-
POKy BifiOyBaeTbcst 61m3bKo 50 BUBEp>KeHb, TOMY, OKPiM MOHITOPUHTY
MOIIVPEHHA BY/IKaHIYHMUX BUKUJIB, BOK/IVB/M € MOHITOPMHI O3HaK
akTMBalil BynkaHa [13]. Takumy o3HaKaMy MOXKYTb OyTu CmabKi 3eM-
JIETPYCU YU PYX 3€MHOI IIOBEPXHi, CHPUYNHEHI 3MiHOIO TUCKY MarMIu.
SIx mpaBwIIO, Iie TMPOSB/AETLCA 3a JleKi/ibKa [HIB a0 TVDKHIB [0 TI0-
YaTKy BUBep)KeHH:A. Busasutu taki medopmanii 3eMHOT Kopy MO>KHA
3a JOIIOMOTOI0 MeTOofly iHTepdepoMeTpii pagapHUX CyImyTHUKOBMX
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manux (InSAR TtexHomorii). Ile reogeswunmit Meron, mo 6asyeTbcs
Ha HaK/JIAlaHHi IBOX 4y Oinblne 3HIMKIB, 3p00IeHNX pajjlapoM 3 CUH-
Te30BaHOI alepTypolo [y BUAB/IEHHA BiMiHHOCTeN y ¢asi XBUIIb.
TexHoMOTis1 MOTEHIITHO MOXKe BUMipoBaTi MiiMeTpoBi Aedopmarrii
MIOBEPXHi y IPOMDKKY 4Yacy BiJi IEKi/IbKOX JJHIB /IO POKiB, Y 3a/I€XKHOCTI
BiJl 4acOBOTO IMPOMDKKY MK 300pakeHHAMN. BoHa 3acTOCOBYeTHCA
JUIsI MOHITOPMHIY i IPOTHO3y reodisYHMX NPUPOJZHUX KaTacTpod,
TaKUX SIK 3eM/IETPYCH, 3CYBU, BYJIKaHM, @ TAKOX TPy OYiBHULITBI [/
MOHITOPVHTY IIPOCAIOK YUY ITOPYIIEHHS CTa0iIbHOCTi KOHCTPYKITL.

3actocoBytoun Metof InSAR, IOH Ta cniBaBTopu (2007) mocmignan
BYJIKaHiuHy fedopmariio 3a 12 fHIB 10 TOYaTKy BUBEP)KEHHS BY/IKa-
Ha Canrto-Tomac B ExBagopi, mo Bigbynocs y 2005 poui (puc. 4.101).
3a TpM TOAMHY 10 TIOYATKY BUBEP)KeHHs 0yI10 3adiKCOBaHO 3eMIETPYC,
110 BUK/IMKAB Mirpanito marmMu. OTke, 1ie IPUK/IAJ, TOTO, SIK HA PaHHIl
CTajii MOXXHA BUAB/IATU aKTUBALiI0 BYJTKaHa, IEePIIi O3HAKU AKOI 6y}11/1
HIOMITHI e 3a 8 [HIB [J0 IIOYATKY BUBEp>KeHHS [14].

MoniTopuHr HapTOBMX PO3JIUBIB Yy MOpi

Posnmus HadTM y MOpe HaifyacTillle BUHMKAE I Yac TPAHCIOPTY-
BaHHA a60 BU00yTKYy HadTn. HesBakatoun Ha Te, 110 IIijj yac aBapiit
Ha HaTOBNX TaHKepaxX, OypoBMX ITaTPOpMax 4M MifIBOTHNUX TPYy6O-
IPOBOJAX y MOpe Ofpasy BWIVBAETHCSA BeMMKA KiMbKiCTh HadTH,
1le CK/Iafia€ e 25% Bifj 3araabHOI KiTbKOCTI HaTOBOTO 3a0pyAHEeH-
Hs MODIB, B TOJI Yac AK 75% mnpuiajgae Ha 3BMYANHUI IIPOLIEC TPaHC-
HOPTYBaHHA — HEeCAHKIIIOHOBaHi BUKV/Y KOpab/IaMu 6aacTOBUX BOK,
NpOTiKaHHS MAIIMHHOTO Bifminenus Tta iH. [15, 16]. Hadra, norpa-
IIJIAI0YM Y MOPE, YTBOPIOE Ha ITOBEPXHi MOPs IUIIBKY Pi3HOI TOBILWHI,
i 3a BiicyTHOCTI BiTpY, XBU/b Ta Tewit 1 M> cupoi HadTH posTikaeThcs
y wiaMy papgiycom 50 M 3a miBropu ropmuu [17]. JlikBiganis takoro
3a0pyqHEHHs MOXKe TPUBATH JeKilbKa MicAIiB, a TO I POKiB.

Crry61 MOHITOPUMHTY NIpUOEpeXHNX 30H Ta BOJOMMMIL IIPU JI0-
CHIi[)KE€HHI IapaMeTpiB HaBKOJIMIIHBOIO CEPEJOBMUINA, AK IIPaBHU-
710, BUKOPUCTOBYIOTb MOPCBKi ab0 aBialiliHi 3acobm criocTepexeH-
HA, AKi He 3aBXIY MOXYTb OXOINTH BCIO TEPUTOPil, HaBiTh y MexXax

OCHOBM IUCTAHIIHOIO 30HAYBAHHSA 3EMIIIL: ICTOPIA TA IPAKTUYHE 3ACTOCYBAHHSA
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TepPUTOPia/IbHNUX BO, i, KpiM TOT0, 00MeKeHi CBIT/IOBIM IHEM Ta IIOTpe-
Oy!oTb BifmoBifHNX morogHux ymoB. EdexTuBHMM 3aco60M MOHIiTO-
puHTy HaTOBOTO 3a6pyHEHHA Y MOpi € pafiionoKaliliHe 30HAyBaHH,
AK€ 3/laTHE PEECTPyBaTy Bapiallil MOBEPXHEBOTO XBWIIOBAHHA MOp:
(puc. 4.102). Ockinbky HadTOBaA IUTiBKA HA IIOBEPXHi MOPSA IPUTTYLIYE
XBWI, TO Il BiffOOpa)KaeTbCs Ha pajionoKaliiiHuX 3HiIMKax Ha GoHi
He3abpy/HeHOI IOBepXHi MOPs, Y BUITISAA1 YOpHUX IULAM [16].

* *

Mope HadTa

a 6

Puc. 4.102. BusiBneHHs HaQTOBKX IIAM
Ha PaJioNOKALiiHIX CYITy THUKAX

Opnnak nopi6HMIT eheKT «TeMHUX 30H» Ha PafioNOKAI[iiHIX 3HIM-
KaX MOXKe CIPUYMHIOBATYM PsAJ IHIIMX OKEAHIYHMX Ta MOPCHKUX
sy aTMocdepHnit GpoHT, BiTpoBa TiHb, Tedil, IITMUIEBI 30HM, [OIL,
nigBozHa Tonorpadis, KaHaji3amiitHi CTOKM, KpUra, BHYTPIilllHi XBWI
Ta iH. (puc. 4.103).
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Puc. 4.103. Ilpyxmagy IiAM IPUPOJHOTo TeHe3Ncy Ha 3HiMkax ERS-2:
CTPYKTYPH, YTBOPEHI HEOTHOPITHOCTAMM IO/ BiTPY,
Teyiil Ta TeMIepaTypy BOJU MOPCHKOI oBepxHi [16]
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Tomy npu aHasisi TeMHMX 30H Ha 3HIMKY HOTpPiOHO GpaTi 10 yBaru

TaKy iHpopmamiio [16]:

* mepiof poky (JIMOBipHICTb YTBOpeHHS KpUTN);

* IIBUAKICTD BiTPY (IIpM MIBMAKOCTI BiTPYy MeHIIe 2—-3 M/C XBU/TIOBaH-
Hs BiICYTHE, a mpym mBUAKOCTI 6inbine 10-15 M/c HadTOBA IIsAMa
3MUBA€ETDHCA 3 MOPCHKOI IIOBEPXHI);

* ¢opmy iiMOBipHOTO po31MMBY (HadTOBUII PO3/INB, AK IPABUIIO, MAE
giTknit Kpait (puc. 4.104, a-6);

* po3Mip JIMOBipHOTrO HaTOBOTO PO3IMBY (BENMKi AiNAHKK € abO 30-
HaMU 3 HU3BKVM BiTPOM, a60 prpoxHOI0 HaTOM0);

* reorpadiyHe posTaimryBaHHA (HAaABHICTb Oepera 4m cymHa HOOM-
3y (puc. 3, 8), rmubuHa Ta iH.).

Puc. 4.104. Ilpuknany HadpTOBUX PO3NUBIB
Ha papionokanitHux sHimMkax ERS-2 [16]

BukoHyroun crinbHe JOCTIIPKEHHS 3 aHaIi3y HapTOBOrO 3a0pyx-
HeHHsA YopHoro mops, llenTp cninbHMX focnifkeHb €BponericbKoi
Kowicii (Joint Research Center), JHBL] «IIpupopma» Ta Ogecbkuii Ha-
L[iOHAJIbHMI YHIBEPCUTET IIPOaHAIi3yBalIM pajioNoKalliliHi CyIly THH-
koBi 3HiMKU ERS-2 Ta ENVISAT 3a nepiop 2000-2004 pp. i ctBopunn
KapTy BUAB/IeHNX HapTOBUX po3nuBiB y YopHoMy mopi (puc. 4.105).
Ha 1i ocHoBi 3acobamu mpocroposoro mopentoBanus B [IC 6yno
CTBOPEHO KapTy IIibHOCTI HadToBOro 3abpynHeHHs y YopHomy
Mopi (puc. 4.106).

Pesynbrar gocnifkeHHA TAaKOX 3aCBiluMB, 10 IEPEBAXKHO yCi pO3-
JIMBY 3HAXOMATHCA Yy MeXKaX TPAHCHOPTHMX Ta Ha(TOTPAHCIOPTHMX
mraxis. Kapra minpHOCTi HahTOBUX pO3NMNBIB BifoOpaxkae 30HM pu-
31Ky HaTOBOrO 3a0pynHeHHA y YopHOMY Mopi. 3apas [yisg Takux 10-
CITiPKeHb MOXKHA BYKOPMCTOBYBATH pajjionoKaliitHi gani Sentinel-1
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3 po3pisHeHHAM 10-20 M, AKi mOMNpPIOE 6€3KOMTOBHO EBpOIEIChKe
KOCMiYHe areHTCTBO, Ta KOMEPILiliHi 1aHi 3 pO3pisHEHHAM 3 M i MeH-
e, HarpuKazj 3 cynyTHukis Radarsat i TerraSAR.

Puc. 4.105. Kapra HapTOBMX pO3NMBIB, BUSBIEHUX
Ha pajlioNoKaLiiHUX CynyTHUKOBUX 3HiMKaxX ERS-2 ra ENVISAT
3a mepiog 2000-2004 pp. [18]

(]
%)
=i
=
i
=
K
/@
B>
O
o
B
O
b
)
=
A
%]
ey
)
<
=
H
0
(o]
A

Puc. 4.106. Kapra minpsHocTi HaQTOBMX PO3/IUBIB, BUSBIEHNUX
Ha pafiiofoKaliltHuX cynyTHUKoBuX 3HiMKax ERS-2 ta ENVISAT
3a nepiog 2000-2004 pp. [18]
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MoHiTOPpHHT NaBOJAKOBOI cuTyaii

NoBiHb (BoAoNiNAA) — BifHOCHO TpMBane i 3HauHe 36iNbLUeHHs BOGHOCTI
PIYKK, O BUKAMKAE NiAMAOM ii PiBHA Ta CYNpPOBOXKYETbCA BUXOAOM BOJ, 3 Me-
YKEHI pyc/ia i 3aTonneHHaM 3anasu. 3a3Bryan, NOBTOPIOETbCA LLIOPOKY B OAMH
i TOM CaMuii ce30H (Bif, Gepe3Hs 40 YepBHS)

MexxeHb — HaViHMKUMIA piBEHb BOAM B PitLli 3a NEBHUIA NEPIoA, (NiTHIN un
31IMOBWI), KOJIN PiYKM B OCHOBHOMY >XMB/IATLCA MiA3EMHUMM BOSAMM.

MaBopoK — NiAHATTA PiBHA BOAM B PiyLli B pe3y/bTarTi LWBMAKOrO TAHEHHS
CHIry, Bifl CUIbHUX AOLLIB. Ha BiAMiHY Bif MOBEHI, NAaBOLKM BUHMKAIOTb Hepe-
IYNSPHO Ta XapaKTepu3yloTbCs iIHTEHCUBHUM KOPOTKOYACHWUM 30i/bLIEHHAM
piBHA BOAW.

B Ykpaini HarixapakrepHime ma pivok Ilomices, [JHinpa. ITik Bogo-
mi/UiA B YKpaiHi npumnazgae Ha 6epe3eHb — I10YaTOK KBiTHA.

Y Bunasixy MOHITOPMHIY TAaKMX Ha/I3BUYAMHUX CUTYaLill, IK IaBOJI -
KU, BOX/IMBO Bi[ICTEXYBaTI IPOLeC iIXHBOTO PO3BUTKY /I e(eKTNB-
HOI OLIiHKV 3arpO3y Ta BU3HAYEeHHs HeOOXiIHOI KiTbKOCTi 3ac06iB [ist
eBaKyalil uu npoTuzail (Hanpukiag, cKinbku moTpibHo aBTOOYCIB Is
eBaKyallii /ofieit 3 YaCTMHM MICTa, AKa 3HAXOAUTBHCA Y 30HI PUSKKY).
ToMy BaXIMBO BUKOPUCTOBYBATU MAaKCUMAJIbHO MOX/IMBY Ki/IbKiCTb
OOCTYIIHUX 3HIMKIB 3 BMCOKMM 4l CE€pPeNHIM IIPOCTOPOBMM pPO3pi3-
HEeHHM, SIK paJlapHMX, TaK i ONTUYHNX, HAIIPUKIAJ, 3HIMKM Sentinel-1
(papionmokaniitni) Ta Sentinel-2 (onTuysi, MynbTHcIeKTpanbHi). OgHaK
TOCHUTD YaCTO IMaBOAKMU CYIIPOBOKYIOTHCA TPUBAIUMUI LOLIAMI, TOMY
OTpMMaTy ONTUYHI 3HIMKM Iifi 4ac il maBojgKa MalbKe HEMOXK/INBO,
i B TakoMy Bunanky epekTuBHUMM OyAyTh pajiionoKaliliyi faHi, Aki
MO>KHa «0aunTn» Kpisb xMapiu. SIKIIo X € pajjapHi Ta ONTUYHI 3HIMKH,
3po0reHi B OfMH i TOJI Xe IeHb, NOLIbHO BMKOHATY OIlepaliilo 3/IUT-
TA 300pa>keHb Iepe]; IOYaTKOM ix pemmdpyBanHHA. Ockinbku pajio-
JoKallifiHa 3loMKa BifoOpakae Bapialii CTPyKTypy IHOBepXHi, Take
MOEHAHHA JAHMX JO3BOJIAE YiTKillle MiIKPECTUTI MEXY MK BOJHOIO
IIOBEPXHEI0 Ta 3€MJIEI0, @ TAKOXK BUMINTY IMigTOIUIEHI, ajle He BKPUTI
MMOBHICTIO BOJIOIO 30HU, 1[0 JOCUTb BXKKO BUABUTHU JIAIIIE 32 ONTUYHU-
MU 3HIMKaMIU.
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Ilpuxnman 3acTocyBaHHA CynyTHUMKOBMX 3HiMKiB RapidEye mna

MOHITOpPMHTIY naBofika Ha piuni [IpyT mo6musy micra YepHisui y mumnxi
2008 poky noxasaHo Ha puc. 4.107.
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Puc. 4.107. 3nimox RapidEye,
3po6nenuit 27 munus 2008 poky Ha yac 3aBepIleHHs TaBoAKa Ha p. [IpyT
(6rakMTHMIT KOHTYP — MaKCUMaJIbHUII PO3TIUB Piuky; Oinuii KOHTYp —
PYCIIo piuky O IIOYATKY NaBOJKA Ha IIOYATKY JIMITHA).
Ixeperno: apxiB TOB «lentp I'IC AnamiTnk»

)11 MOHITOPYMHTY BOZOMI/UIA HEeOOXiZTHO BUKOHATY HACTYIIHI 3aXOM:

* migroryBaru nmdpoBy KapTy abo reompus’sA3aHy Mo3aiKy CYIyT-
HVKOBYVX 3HIMKIiB Ha PerioH IOBeHi /yiA 3abe3NeueHHs OlepaTUBHOL
IpUB’A3KM HOBMX 3HIMKIB, AemndpyBaHHs Ta ifeHTHdiKanii 06’ex-
TiB Ha HUX;

* MiATOTyBaTM BEKTOPHY KapTy pycra pidKM B MEXKEHHUI Iepion,
YTOYHEHY 3a JIaHMMM aKTYaJIbHUX CYIIyTHUMKOBUX 3JIOMOK; KapTa
pycna piuky HeoOXifjHa /I OIepaTHBHOI OL[iHKM TePUTOPIil i IIomi
HiITONIeHH .
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Puc. 4.108. Mouitopusr nosereit p. [Tpur’sits (1iBopyy)
ta p. JHinpo (mpaBopy4): a — 3itomka 14.04.2005;
6 — 3J10MKa B Me>XeHb; 8 — 3ifoMKa 23.04.2013

Ha kocmiunnx 3HiMKax puc. 4.108 Bifo6pakeHO Ipoliec HATIOBHEH-
HA BOfloI0 pidok [Txinpo Ta IIpunATs y nepioj BECHAHOTO BOMOMIIIA
(Bopma imeHTUQIKYETbCA 3a HACMYEHUM CUHIM Konbopom). A Toro
1106 Biff0OpasUTV HACTIZKY MOBEHI Ta MIBUKO OL[iHUTU IUIOLIi pO3-
JMBiB Ha KOCMO3HIMKaX, HeOOXifHO po3paxyBaTy iH/IEKC 3BOJIOXKe-
HocTi Teputopii (NWI). Hiykde HaBefjeHO IPUK/IAL pe3ynbTaTy TaKUX
po3paxyHkiB i p. [lecHa (puc. 4.109).

Pozpin 4. COEPU 3ACTOCYBAHHSA 133
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Puc. 4.109. IlokputTa Teputopii samnasu p. JlecHa BOfI010 Tij] yac TOBEHi:
a — ¢parment K3 Landsat cranom Ha 18.05.2013;

6 — KapToCxeMa pO3/MBY HOBEHi CTBOpeHa Ha OCHOBI KOCMIYHVX 3HIMKIB;
8 — ¢parment K3 Landsat cranom Ha 06.06.2014
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BusiBjieHHsI TAa MOHITOPMHT CMIiTTE3BAJIMIIL

3a ganumu MiHicTepcTBa eKosorii Ta NpUPORHMX pecypciB Ykpai-
HYI, LIOPiYHO 3arajbHMil 0O6CAT MOOYTOBMX BiAXOAiB 30iIbLIYETHCS
Ha 50 MH M> a60 14 M T (300-400 kr 32 pik Ha 1 0co6y), a mpomumc-
JIOBUX BiIXOJIiB — Ha 175 MJIH M°, 3 AKUX I1epepOOb/IAIOTh Ta Haex-
HJMM YVHOM YTUJIi3yIOTh He Oinmbire 2-3%. binblma 5k 4acTMHA IIbOTO
00’emy, sIKa He MOTpAIUIsA€ Ha epepoOKy abo He MijIArae 3HUIEHHIO,
BMBO3UTbCA Ha MICIIEBi ITOJIITOHM Ta 3BA/IMIIA TBEPAUX IIPOMIUCIOBUX
BigxopniB (TIIB). Croromui B YkpaiHi icHye 6/mmspko 4500 mosiroHis
TIIB, 6i/1bIIiCTD 3 AKMX € HECAHKIIIOHOBaHUMH [19].

HpoeKm «Inmepakmueua mana czm'mmeseaﬂum»

BaxnmBoro 3HaueHHs B YKpaiHi OCTaHHIM 9acoM HabyBae mpobie-
Ma MOHITOPMHIY Ta BUPIlIEHHSA NUTAaHHA CTUXIHUX CMITTE3BAINILI,
ajie CUCTEMATUYHUII IOIIYK iX pO3TAallyBaHHs:A, NOCTIIKEHHA CTaHy
Ta CKJIaZy BiXOAiB He IPOBOAVBCA >KOIHOIO 3 BIANOBIZHMX CITYXO.
IToxu y BepecHi 2016 poky MiHicTepCTBO €KOMOrii Ta IPUPOJHUX pe-
CypciB YKpaiHM He 3aIlyCTIU/IO IIPOEKT «|HTEepaKTUBHY Malla CMiTTE3Ba-
iy [20], AKa Hajjae MOXK/IMBICTh TPOMa/IAHAM HaJiC/TaTy 3BePHEHHS
3 TeOIIpMB’ A3KOI0 Ta pOoTOMATEpiaaMy LIO/I0 BYSB/ICHNX MiCIIb CTHXIil-
Hux cmirrespanuiy. Lli 3BepHenHss Minnpuponu 30608’ s13aHe orepa-
TUBHO IlepeflaBaTy O MICLEBUX OPraHiB BIafV, AKi BiIIOBiaTUMYTh
3a CBO€YACHY JiKBifanio BusaBreHnx cmirressamuiy [20]. Indopma-
LiA IIO0 CTAaTyCy ONpalOBaHH:A 3BEPHEHHA Ta BiJIIOBITHUX 3aXO[iB
MiCIIeBUX OpraHiB B/Iafiy BijoOOPa’KaEThCS y IEPCOHAIBHOMY KabiHeTi.
OxpemyMu mapaMu Ha KapTi MOKa3aHi JaHi peecTpy Micljb BUJjalleHH:A
BiIXOMiB Ta Micb CTUXITHMX CMIiTTE€3Ba/INIL, IYHKTU IIPUIIOMY BTOP-
cupoBuHM Ta iH. (puc. 4.110).

BupimeHH!o 3aBaHHA MOHITOPMHTY CMiTTE€3Ba/INI e(peKTUBHO JO0-
IoMarae BUKOPUCTAaHHA faHux J133, AKi XapaKTepu3yoTbCA BUCOKOIO
OIEPATVUBHICTIO, PETY/IAPHICTIO, TOYHICTIO, MOXK/INBICTIO NIPOBEJECHHA
PeTPOCIEKTUBHOrO aHanisy. Bukopucranna [133 i3 sany4eHHAM iHCT-
pyMeHTapito reoiHpOpMaLiiiHIX CUCTEM [JO3BOMUTD He TiIIbKMU 3[ilic-
HIOBATV MOHITOPVHT JIOKasli3allii, a i TeMITiB HaKOIIMYeHH: 0Oy TOBUX
BiixoziiB Ta chopMyBaTy BifnoBifHy 6a3y ganux (puc. 4.111).
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Puc. 4.110. InTepret-pecypc «IHTepakTBHa Mama» Minnpupopu [20]

[l cTBOpeHH i HaOBHEHHA 6231 JaHNX HeCaHKIIiIOHOBAHNUX CMiT-
TE€3BAJINIL 3aCTOCOBYBAINCh TPM OCHOBHI Jpkepena iHpopmamii mpo
HIX: 00po6ka maHux 3MI 3a TeMoI0 He/leraJIbHUX CMITTEBMX MOJIITOHIB
Ta iX JIiKBiflallifo, 3aABKM Ha KapTi MiHicTepcTBa €KOJOril Ta NpUpoL-
HUX pecypciB YKpaiHu Ta Ha OCHOBI aHasi3y 306pakenb Google Earth.

Puc. 4.111.

Kapra posmimieHHsa
CMITTE3BaINIL HA TEPUTOPIl
KuiBcbkoi 0071acTi, BUABIEHUX s“j‘"“w

3a manumu 133 LI
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[l HecaHKIiOHOBaHUX 3Ba/mIl 6asa JJaHMX HallOBHEHA HACTYII-
HYIMI pO3JimaMu: [pkepeso iHdopMalil mpo 3BajniIe, IepeBakalodmit
TUII CMITTS, cTaTyc (JiKBiffoBaHe Yy aKTUBHE), 300pa>keHHs Ta KOMEH-
Tap Mpo 0cobOMMBOCTI 3BaMNIIA, HATIPUKIIAZ, IPO HAasABHICTH Hebe3mey-
HUX Bigxopis Ta iH. CTBOpeHi Many [JO3BONAIOTb KOXXHOMY >KUTETIO
Mmicta KueBa, a Takoxx Bif[TOBifHMM OpraHaM BjIafi¥ BU3HAYUTHU Mic-
I[e3HaXO/PKeHH: CTUXiTHMX i odiniiiHux nonironis micra Kuesa s ix
IIOZI/TBIIIOr0 MOHITOpMHTY [21].

3a goromoromo 133 ta ['IC Tako)X MO>KHA TPOBOAUTHM Oi/IbII CIIEIIN-
(biuHi Ta geTanpHIII JOCTIHKEHHS:

* OCTiIKeHH:A CTaHy OKpeMUX [iIAHOK (4epr) cMiTTe3Ba/nMuil, Kap-
torpadyBaHHA 1IuX 00’ eKTiB Ta mpuernoi tepuropii. Ha kocmiuHmx
3HIMKax Jo0pe pO3pi3HAETbCA BHYTPINIHA «CTPYKTypa» 3BaIMII:
BifiIpallbOBaHi NiUIAHKM, BKPUTI IIApOM IPYHTY; LUIAHKN, Jie B Ja-
HU 9ac CKIAAYIOThCA BigXopmu; BogoiiMu Iy 360py inbTpaTy um
OKpeMi IiISTHKY, e 3aCTOIOIThCS 3a0pyHeHi Boay; mif 13Hi nuiaxuy,
KaHaBM TOILO [22];

* BUSBJIEHHS SIBUII 3aJIMJIEHHS i caMO3aliMaHHs CMITTS;

* BUBYEHHS AMHAMIKV 3MiHU MeX Tepurtopil 3Bamuiy (puc. 4.112).

Puc. 4.112. IIpuxany 36iNblIeHHSA CTUXIMHOTO CMITTE3BANNILA,
BMABJIEHOTO Ha KOCMiYHMUX 3HIMKax B paifoHi c. Jopenka
Kuepo-CasTommHcbKoro paitony: a — 2007 p.; 6 — 2011 p.

[Tonironu 1 3Banuia CMiTTA, BUKOHYIOUM POJIb IPUPOLOOXOPOH-
HUX CIOPY/, LUIAXOM 3aXOpPOHEHHs Ta Oiomerpajaiil TBepAMX IIO-
6yroBux Binxopnis (TIIB), cami € mKepenaMy HeraTMBHOTO BIUIMBY
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Ha HaBKOMMIIHE cepefoBuile. [lo HeraTMBHMX BULIB BIUIMBY CIIif
BiJHECTM BUBEJEHHA 3HAYHUX 3€MENbHUX IIJIOL i3 rOCIOJapChKOTO
BIUKOPUCTAHHA Ha JOBIOCTPOKOBMII TepPMiH, 3a0pyJHEHHA IPYHTIB
Ta HOPYIIEHHA iX CTPYKTYpH, 3a0py[AHEHHA aTMOC(HEpHOro IOBi-
TPsI, MiI3€MHNUX i TIOBEPXHEBUX BOJ, MMOXKEKOHEOE3NMEeUHICTh TOIIO.
Haricepitosninra mpo6nema — 3abpymHeHHS I'PyHTOBuX BOA. IIpo-
COUYIOYMCh Kpi3b LIapy 3aXOPOHEHNX BiIXOfiB, JOIIOBa Bofia «36a-
radyyeTbCca» PiSHMMM XIMIYHMMM DPEYOBMHAMU, AKi yTBOPIOIOTHCA

y mpolleci po3KIafaHHA CMITTS, YTBOpIOKOYM HebesmeuHuit Qinbr-
par (puc. 4.113).

Puc. 4.113. Tloniron TTIB Ne 5 (BAT «KuiBcreryrpasc»)
Ha KOCMIYHUX 3HIMKa3 3 pecypcy Google Earth (3aranbuuit Buran
Ta [UHaMiKa 3aIllOBHEHHs pe3epByapa Jyis 30epiranus Ginbrpary):
a— 2007 p.; 6 — 2011 p.; 6 — 2018 p.

3a pesynbTaTaMu aHaji3y KOCMIiYHUX 3HIMKIiB 3 pecypcy Google
[Tnanera 3ems, BCTAaHOB/ICHO, IO Halbinblna KilnbkicTh Heodimiii-
HUX cMitTe3Bamuiy y KniBcebkiit obmacti posramoBana Ha TepuTopii
CITbCHKOTOCIIOAAPCHKIMX YTifib Ta Y3/IiCh MOO/MM3y HaCeTIeHNX MYHKTIB.
MoyxHa BIIEBHEHO IIPOTHO3YBATH, 1[0 0111 KOXXHOTO APYroro Hacere-
HOTO IIYHKTY € HECAaHKIIiOHOBaHe cMiTTesBammie. OKpiM IIbOro, BUXO-
AAYY 3 0cOOMMBOCTE penbedy 006/macTi, CMiTTE3Ba/MNINA HATYACTiIIe
po3TalIoBaHi Ha cxuaax sApis [23].
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M IKIIEHHS HACJHIAKIB HAA3ZBHYANHMUX CUTYALlil —
IMom’aKure acJaiaK an3 a c a
BOJIOHTepchknii mpoekT «Hot OSM»

Koxen Mo>xe IpsAIMO 3apa3 JOMYYUTUCA O 3MEHIIEHHs HeraTyB-
HUX HACTiAKIB Ail CTUXIMHUX TUX 3aBAAKYU TYMaHITapHOMY IIPOEKTY
Hot OSM. [Ina Toro, mo6 ryMmaHnitapui Micii i cayx6m 3 mporupaii
Ha/I3BMYAVHMM CUTYalisIM MOI/IV IIBUAKO Ta e(eKTVBHO CIIAaHYBa-
TY OIlepallii 3 HOPATYHKY, BaXX/IMBO MaTH JeTaabHYy KapTorpadiuny
inpopmarito npo micuesicte. HajironoBuimoroo Tyt € inpopmanis
PO Te, CKiNbKM OYAWHKIB, Ta, BiAIIOBifHO, /TOfiell, MOXKe 3HAXOA M-
THUCA Y 30HI Ail CTUXINHOTO 11MXa Ta HOTpe6yBaTM IIOTIOMOTM, a Ta-
KOX, fAKi € MOXIMBI HUIAXM JOOMpaHHSA [O HaceleHUX IYHKTIB,
[0 MOXYTb 3a/lMIIATUCA HEYHIKOMKeHUMM. Y 6araTbox KpaiHax
CBiTy, 0COOMMBO Yy BaXKOJOCTYIHMUX MicCLAX, TipCbKUX perioHax,
Jie Hajf4acTille MOXKYTh BifOyBaTIUCs 3eM/IETPYCH, UM HAa HEBEIVKUX
OCTpPOBaX, ie MOXKe CcTaTucA TaildyH, BCe Ile 3aJNIIaeTbCcs 6araTo
6imux miaM Ha kapTtax. CoTHi mofet cBiTy (3 kaprorpadivyHuM fo-
CBiZoM Ta 6e3) fomoMaralTb 3allOBHUTHU TakKi 6ini mwisimu, onudpo-

BYI0ul OYIVHKY Ta JOPOTY 3a CYIy THMKOBUMY 3HIMKaMU y IPOEKTi
OSM [24].

Mpoekt OSM (https://www.openstreetmap.org), Wo [OCAIBHO Me-
PeKNafAETbCA AK BiAKPUTA BY/NIMYHA KapTa, Lie OHNAWH KapTa, AdHi AKol
KOXXEH MOXe BiIbHO 3aBaHTAXWTW Yy BUMAAi LMPPOBKMX WapiB Ta Bia-
pedaryBatu uu [ofath iHpopmaLlito Ha kapTy. MpoekT 6yB 3aCHOBAHMWIA
y 2004 poui CTiBoM KocTtom 3a mpoToTunom Bikineaii i 3apa3 Bkaouae
OinbLue 2-X MIH YYACHUKIB, Ki CTBOPIOIOTb KapTorpadiyHi faHi. Yci 3miHmn
nepeBipstoTb HAMAKTUBHILLI YYACHMKM CNibHOTU OSM, siki fobpe 3Hal0Tb
TEpPUTOPIIO i 3a AKY BiAMNOBIAAIOTb, TOMY MOMWUAKOBI 3MiHWU OApa3sy BUIY-
4aloTb 3 KaprT.

JIna MBUAKOrO pearyBaHHA Ha CTUXIiIiHI IMXa r'yMaHiTapHa KOMaH/a
OSM cTBOpuma cropinky https://tasks.hotosm.org, Ha sKiii, HaTMCHYB-
my «Start Mapping», MO>kHa 1o6aYnMTH BiIKpUTi 3aBHaHHA, IO AKNX
MO>KHA JONTy4YNTUCS (puc. 4.114).
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Ha cropinui mia Bubopy 3aBoaHHA [ pefaryBaHHA Yy BUIJIAAIL
6710kiB BifOOpa’KaIOTbCA BiIKPUTI 3aBIaHHA, [ie BKa3aHO IPiOPUTET
(HackinpKM TepMiHOBe 3aBJaHH:A), Ha3Ba, KOPOTKUII OIVIC Ta peTioH,
a TaKOX AKUII piBeHb JOCBiAy NOTPiOHMIT Iy KapTorpadyBaHHA (1I0-
JaTKiBellb Yy JOCBi4eHNI KOpKCTyBad). I/ 3pyYHOCTi ycs1 TepuTopis
po36uTa Ha HeBeNMVKi KBa/ipaTH, SIK IPABIUJIO, TAKOTO PO3MIpy, 1106 iX
MO)kHa 6y710 BeKTopu3yBaTy 3a 10 xBymH. I y4acTi y mpoexri mo-
TpibHO 3apeecTpyBatucs y OSM, Bubpary IpoeKT, IpOYUTATH, IO 110-
TpibHO uMppyBary (K npaBUiIo, e OYAMHKM ab0 HOporu), BUOpaTH
KBajipar i 3akapryBaTu notpibni 06’extn. Ha cropinui https://tasks.
hotosm.org/learn posmiueHHi 2-XBUINHHI BijleoypoKu Ipo Te, AK Kap-
TYBaTU JOPOTH i OYMHKY Ta 3arajloM IpaIioBaTi 3 IPOeKToM. Pea-
I'YIO4Yl HA y106a/IbHi Haf3BMYAlHI cuTyarnii, AKi CTaloThCA Y CBITi, abo
IPOCTO /I TOTO, 1106 KOPUCHO IIPOBECTY Yac Pa3oM, CTY/IEHTH i yuHi
OpraHi3oBylTb Kaprorpadiyni MapadoHmU, KoM 3yCTpidaloTbcs pa-
30M, 06 KapTorpadysary IeBHY TepuTopito (puc. 4.115).

Puc. 4.115. Crynentn YHiBepcutery 3aM6ii 6epyTh y4acTh
y kapTorpadiunomy mapadoHi [25]
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IOHBII «IIpupopa». [EnexTpoHHmit pecypc] — Pexxum focTymy mo pecypcy:
http://www.pryroda.gov.ua/index.php?newsid=57.

23. TimaeBa A. M., Tomuenxko O. B. Jlokaisaris Ta BUABIeHHS 3aKOHOMIp-
HOCTell IPOCTOPOBOTO PO3MillleHHsI CMiTTe3BannIl Ha Teputopii KuiBcpkoi
obnacri 3a ganumu 133 / A. M. Timaesa, O.B. Tomuenko // CyuacHi indop-
MaliliHi TeXHOMOTII YIPaBIiHHI eKOIOTiYHO0 0e3IeKO00, IPUPOTOKOPUCTY-
BaHHAM, 3aX0JaMM B HAJ3BMYAMHMX cUTYyaliax: Matepiamn XV MikHapop-
HOI HayKOBO-IIpakTN4HOI KoH(epenuii (Kuis, [Tyma-Bopnns, 03-06 >koBTHSA
2016 p.) / 3a 3ar. peg. C.O. Hosroro.— K. : TOB «Bugasuunrso «lOcron»,
2016.— C. 105-109.

24. OpenStreetMap [Enextpornnii pecypc] — Pexxum goctymy 5o pecyp-
cy: https://www.openstreetmap.org.

25. Crymentu YHiBepcurery 3am6ii 6epyThb ydacTb y KapTorpadivxo-
My Mapacdoni [EnexTpoHHuii pecypc] — Pexum moctymy o pecypcey:
https://twitter.com/Marena_B/status/1039367602538270721.

PO3[II 4. C&EPU 3ACTOCYBAHHSA 133

Pozpin 4. COEPU 3ACTOCYBAHHSA 133
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BUCHOBKM

IndopmaTnsanis TopkHynacs ycix cdep XUTTA Cy4acHOI TIOAVHU.
IndopmaniitHi Texnoorii (IT) BifkpuBaOTh HOBY CTOPIHKY I pO3-
BUTKY HayKOBOT'O 3HAHHA JIIOJieN, JalouM IOCTYII 10 aKTya/IbHOI IIpO-
cTopoBoi iHdopmallii. 3pocTaHHA MacKBY i MIBUAKOCTI 0OMiHY iHOp-
Mallielo IpU3BOAUTH JI0 MiJBUILEHHs BUMOT 10 1l 06p0oOKM Ta SIKOCTi,
30epiraHHsA Ta CTPYKTYpyBaHH:A. IIpocTeXXyeTbcsA IIeBHA TEHAEHIIiA
J10 30i/IbIIIEHHS 3a/IEKHOCTI BiJj MOXK/IMBOCTE! IIBUAKOTO MOLIYKY IIO-
TpibHOI iHpopMmarii Ta 1i BitoOpaXkeHH: y 3pydHOMY popMari.

OcsitHA cdepa, Marouy Ha MeTi MiATOTYBaTM MOJIOfie IIOKOJIIHHS
IO KUTTA Y ApyTiVt monoByuHi XXI CTOMTTA, He MOXKe CTOATU OCTOPOHD.
KirouoBoro ymoBoto iHdopmaTusanii ocitn € migroroska ¢axislis,
3[aTHUX He JIMILE OPIEHTYBATUCA B HABKOJIUIIHbBOMY CBITi, a 1 OTpHU-
MYBaTH, aHA/Ii3yBaTy Ta CTBOPIOBATY HOBY iHoOpMallifo.

Ha cporopnimHbOMY pMHKY Hpali pi3ko 30ilbIIyeTbCs HOIUT
Ha creniamicris y ramysi /133. Cy4acHi yMOBM IIpalli BUMararmoTh Bif
MOJIOLOTO IOKOJIiIHHA PETENbHOrO i IPOAYMaHOIO YIIPABIiHHA pecyp-
cami, BOJIOJIHHS HOBMMM 3acobaMm Ta MeTofaMyu 00po6Ku it aHati-
3y mpocTopoBoi iHdopMmanii, omepaTNBHOrO pO3B’s3aHHS 3aBJAaHb
YIPaB/IiHHA, OLiHK)A Ta KOHTPO/II0 PiSHOMaHITHUX JVMHAMIYHMX IIPO-
neciB. CTpiMKe yJOCKOHAJIEHHS allapaTHOIO Ta IIPOrPAaMHOTO apce-
HaniB [133, rinepcrnexkTpanbHUX 311I0MOK TOIIO, BUMAra€e MirOTOBKA
¢axiBuiB, sKi 6 He nMIlIe BOJIOAIIN HASBHIMM TEXHOIOTisSIMU Ta airo-
pUTMaMu, ajne i Oy/1u roToBi MIBMAKO Ta AKICHO ONAHYBAaTU HOBY iH-
dbopmariro.

[133 BMBYAIOTh y LIKONAX, KOJEPKaxX Ta yHiBepcuTeTax 6araTbox
KpaiH cBiTy. ¥V pesymbraTi npo6nemMy MiITOTOBKM KOHKYPEHTOCIPO-
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MOXXHUX KafipiB /1A eKOHOMiKM XXI CTOMITTA KiZbKIiCThb CIeliaicTiB,
o6isHaHuXx i3 [I33, Ha cBiTOBOMY pMHKY Iparii moctiiiHo 3poctae. Kpim
TOrO, [133 103BONAIOTH MOCTINIHO MOHITOPUTY IIOTOYHMII CTaH 3€MHOI
IIOBEPXHi pi3sHOT0 MacITaby 3a JOIOMOTOIO K IIJIOTOBAaHMX, TaK i 6e3-
MIJIOTHYUX JIiTa/JIbHMUX amnaparTiB. Bucoka pospinpHa 30aTHICTh 3HIMKiB
103BO/IsA€ e(eKTUBHO i MIBUIKO IIPUIIMATH pillleHHA y pi3HMX cepax
JKUTTA TIOAVHA, B TOMY YKCJIi: KJIIMATOJIOriI, Tifpoorii, reosorii, mico-
3HABCTBI, arpOHOMIl, ypbaHicTuIi TomIO.

Orxe, 3acTrocyBanHA 133 B OCBiTHIlI ranysi nocumoe gisnbHicHMIt
aCIeKT HaBYaHHA. YUYHi caMOCTIilfHO 3700yBaloTh HOBi 3HaAHHA, OTPU-
MYIOTb IIOYaTKOBY IiITOTOBKY i OCBi/l MPaKTUYHOI Jis/IbHOCTI 3 BUKO-
puctanHAM cydacHux I'T — [133.

BUCHOBKM

269




OOOATKH



HomaToxk 1

ETanu icTopii
CTAHOBJICHHA OUCTAHUIHOIO 30HAYBAaHHA 3eMJIi
(aa ocnoBi Campbell, 1996 3 nomoBHeHHAMH
Big IIAK[I3 ITTH HAH Ykpaiun) [1-3].

1800 Bigkpurra indpauepBoHOro BunpominopanHs lepuienem.

1839 ITouarox mpaktuku pororpadyBaHHs.
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1847 IudpayepBonmit criektp, mokasauuit A. X. JI. ®iso
ta JK. b.JI. ®yko ns nopiny B1acTUBOCTEN BUUMOTO CBIiT/A.

1850-1860 | DororpadyBaHH: 3 HOBITPSIHUX KYIIb.

1873 Teopis enekTpomarHiTHOI eHeprii, IKy po3BUHYB [lkeiimMc
Knepk Makcsen.

1909 ®otorpadyBaHHA 3 JIiTaKiB.

1910-1920 | Ilepima cBiTOBa BiliHa: MOBITpsAHA PO3BifiKa.

1920-1930 | Po3BUTOK Ta IIOYAaTOK 3aCTOCYBaHH:A aepodoTrorpadil
Ta poTOrpaMMeTpil.

1930-1940 | PosButok pagapis y Himewunni, CIIA, Benukiit bpurasii.

1940-1950 | Ipyra cBiTOBa BiliHa: 3aCTOCYBaHHA HEBUMMUX YaCTUH
€/IEKTPOMArHiTHOTO CIIEKTPa; OCBiTa JIIONVMHI TP OTPUMaHHI
Ta iHTepIpeTallil aepO3HiMKiB.

1950-1960 | BijicbKOBi HOCITiPKEHHS Ta PO3POOKIL.

1956 KonbBennoBchKi fOCTiIKeHHA 3 BU3HAUeHH: 3aXBOPIOBAHb
3a iH(ppayepBoHNM PoTOorpadyBaHHAM.

1960-1970 | Ilepue 3acTocyBaHHA TEPMiHa «MCTAHII/IHE 30H/yBaHHS.

1965 | «Anmas-1 b» (Pocis) cepis opbiTalbHMX CTaHIIIL,
po3pobenux mns 3afad MinicTepcTBa 060poHM

CPCP. Po6otu 3i CTBOpeHHsI CTaHIIil II0Yanncs B cepennHi
60-x pokiB, y mepiog xxopcTkoro nporucrosHug 3i CIIA.

1970-2000 | CynyTtauku FSW (Kurair).

1972 |3anyck cynytHuka Landsat-1 (CIIA).

1970-1980 | HIBupxuit mporpec B 06po61i 1ndpoBuUX 300paskeHb.
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1979-1993 | CynyTtauku «Pecypc-®1» (Pocist) BUKOPUCTOBYIOTBCA IIif
Ha3pow «Kocmoc-1127».
1982-1993 | CymytHuku «Pecypc-O1» (Pocist) Oymysamcs Ha 6a3i mogep-
HizoBaHoI KocMiuHOI Iwratrgopmu CII-II («Pecypce-YKII»).
[Tnarpopma CII-II 6yna pospobieHa i BBefieHa B LITATHY €KC-
ITyaTaliro B CKIaji METeOponoridHoi cucremMn «Mereop-3».
1980-1i | PO3BUTOK rinepcrexTpanbHIX CEHCOPIB.
1984 | Cynyramk Landsat-5 (CIIIA).
E 1987 «Anmas-T (Pocis), sikuit orpuMaB nosHadenHs «Kocmoc-1870».
E 1988 | Cymyrtauk IRS-1D (Iupis).
g 1991 MopnudikoBaHMit aBTOMAaTUYHNIT BapiaHT 31 3HAYHO HiJiBU-
(=3 I[EHVIMY XapaKTePUCTUKAaMI 60PTOBOTO 06/1aiHaHHA OYB
BUBeIEHMII Ha OpOiTy mif HasBOI «AnMas-1 A».
1993 Cynytauk Landsat-6 (CIIA).
1995 Cynyrank Radarsat-2 (Kanapa).
1995 | Cymyrauk ERS-2 (ESA).
1998 | Cynyrauk SPOT-4 (Ppanuin).
1999 | Cymyramk Landsat-7 (CIIIA).
1999 | Cymyrauk Ikonos-2 (CIIA).
1999 | Cymyrtauk CBERS-1 (Kuraii, bpasunis).
1999 | Cymyrauk InSat-2E (Iupis).
1999 | Cynytaux «Okean-O» (Pocis, Ykpaina).
2000  |Cymyrauk NOAA-16 (CIIIA).
2000  |Cynmyrauk EO-1 (CIIIA).
2000  |Cymyrauk Eros-A (Ispainb).
2001 CynytHuk QuickBird-2 CIIA).
2001 Cynyrank «Meteop-3 M» (Pocis, Ykpaina).
2002 | Cymyrtauk SPOT-5 (Ppanuis).
2002  |CynyrtHuk MeteoSat-8 (ESA).
2003 | CynyTnux IceSat (CIIIA).
2003 Cynyrank UK-DMC (Benuka Bpuranis).
2004 | CymyrtHuk RocSat-2 (TaitBaHb).
2004  |Cymyrauk «Ciu-1 M» (Ykpaina).
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2005 |Cynyrauk TopSat (Bemuka bpuranis).

2005 Cynytauk «Mountop-9» (Pocis).

2006 Cynyrauk Radarsat-1 (Kanapa).

2006 | Cynyrauk Eros-B (Ispainb).

2006  |Cynyrauk KompSat-2 (Kopes).

2006  |Cynyrauk MetOp-1 (ESA).

2006  |CynyrHuk «Pecypc-IIK» (Pocis).

2007 | Cymyraux ALOS (fAnowis).

2007 | Cynyraux EgyptSat-1 (Erumner).
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2007 | Cynyrauk Cosmo-SkyMed (ESA) dinancyerbcs ITaniiicbkum
MiHICTEPCTBOM JOCTIPKeHb Ta MiHicTepCTBOM 060POHIL.

2011 CynyTtHux «9mexrpo-JI» (Pocis).

2011 | CynytHuk «Ciu-2» (Ykpaina).

2012 Cynyrauk SPOT-6 (Opanuis).

2012 | Cynyraux RISAT-1 (Inpgis).

2013 Cynythux Landsat-8 (CIIIA).

2013 | Cynyrauk InSat-3D (Ingis).

2014 |Cynyrauk SPOT-7 (®panuis) 6yB mpogaHuii
Asep6ail/PKaHCPKOMY KOCMIYHOMY areHTCTBY AZercosmos.

2015 | CynyrHuk Sentinel- 2A (ESA).

2016 | CynyrHux CartoSat-2 (Inpis).

2016 | CynyTHuk Sentinel-3A (ESA).

2016  |CynytHuk Sentinel-1B (ESA).

2016 | CynyrtHuk WorldView-4 (CIIIA).

2016  |Cynyrhuk TanSat (Kuraii).

2017 | CymytHuk Sentinel-2B (ESA).

2017 CynytHux Venta-1 (JIatsis).

2017 | Cynyraux «Kanomyc-B-VK» (Pocis).

2017 | Cynyrauxk FORMOSAT-5 (TaitBanb).

2017 | CynyrHuk Sentinel-5p (ESA).
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2017 Cynyrauk JPSS-1 (CIIA).
2017 Cynytank GCOM-C (Shikisai) (Snonis).
2017 Cynyrank SLATS (Tsubame) (Srownis).

2018 Cynyranxn «Taousnun-103» (SuperView-3) ra «laonsun-104»
(SuperView-4) (Kurait).

2018 3amyieHo B KOCMOC ocobuctuit aBromo6inp Inona Macka
Tesla Roadster. IToku 1110 1je TepImit aBTOMOOINb B KOCMOC.

2018 CynytHuk PAZ (Icnanis).

2018  |Cymyrauk TESS (CIIA).

2018 | CymyrHuk Sentinel-3B (ESA).

2018 CynytHux InSight (CIIIA).

2018 Cynyrankn GRACE-FO 1 Ta GRACE-FO 2 (CIIA).
2018  |CymytHux ADM-Aeolus (ESA).

2018 | Cymyrauk MetOp-C (ESA).
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1. Campbell J. B. Introduction to Remote Sensing. Second edition / Virgi-
nia Polytechnic Institute and University. — London, 1996.

2. Mnyaxk A.TI., ®ininosnu B.€E., IIpuxonbko B.JI. Ta iH. AepoxocmiuHi
TOCTi/KeHH:A reoyorivHoro cepefouina / Mianpuponn Ykpainn. [lep>kaBHa
reoyiorigyHa cny>1<6a. — K., 2010.— 246 c.

3. bararocnekTpanbHi MeTOAM OVUCTAHIIIIHOIO 30HAyBaHHA 3eMIi B 3a-
fadax mpupopokopuctysanHA / 3a pep.B. 1. Jlampka, M. O. Ilonosa. — K,
2006.— 357 c.
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HopaToxk 2

Cy4acHi CYNYTHHUKOBi CHCTEeMM HU3BKOI'O
Ta CepeaHbOro NPOCTOPOBOIro PO3Pi3HEHHA

Hassa

ATeHTCTBO

HasBa

3acTOCyBaHHA
CYIyTHUKA (ycraHoBa) ceHcopa
Aqua NASA/JAXA/ | AIRS, AMSR-E, |bionoriuni
INPE AMSU-A, i pismuni mponecy,
CERES, TeMIlepaTypa
HiRDLS, HSB, |mnoBepxHi cymri
MODIS i OKeaHy
Aquarius CONAE/NASA | Aquarius L-Band | Cononictb nosepxHi
Scatterometer, | oKeaHy, HapaMeTpu
Aquarius L-Band | noBkinns
Radiometer Ta aTMocdepu
Aura NASA/ HiRDLS, MLS | Ximis i guHaMika
NSOFMI/ (EOS-Aura), armocdepu 3emii
NIVR/UKSA | OMI, TES Bifl 3eMJIi uepes
crparocdepy
Biomass ESA P-Band SAR MoHiTopuHT /1icOBOI
6iomacu
CBERS 4 INPE/CRESDA | DCS, IRS, ITpupopHi pecypcu,
MUX, PAN MOHITOPUHT
(CBERS), DOBKIIIA,
WFEFI-2 CIIOCTEPEKEHHSA
32 Ha3eMHOI0
[IOBEPXHEIO
CryoSat-2  |ESA DORIS-NG, ToBmmHa MHORY
Laser Reflectors
(ESA), SIRAL
UK- DMC2 |UKSA SLIM-6 Kaprorpadysanus,
MOHITOPMHT Ci/IbCh-
KOTOCIOZIapChKIUX

KYJIBTYP, €KOJIOTi4-
HIUX PeCypCiB,
JIKBigamisa HacmigKiB
CTUXIVTHUX TUX

OOOATKHU
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Hassa ATeHTCTBO Hassa
II. H 3aCTOCyBaHHH
CYIIyTHUKA (ycraHOBa) ceHcopa
8 |Envisat ESA AATSR, ®dizmyna
DORIS-NG, OKeaHOJIOTis,
MERIS, MIPAS, |noBepxHs 3eMii,
MWR, RA-2, CHiry i mbopy,
SCIAMACHY |xiwmist atmocdepu,
IMHaMiKa
= arMocdepn
E 9 |ERS-1 ESA AMI/SAR/ [Tpuponsi
K Wave, AMI/ pecypcu, ¢pisnuna
g Scatterometer, |oxeaHorpadis,
= ATSR reofiesis, Ha3eMHi
Ta arMocdepHi
TOCTiKEHH
10 |ERS-2 ESA AMI/SAR/ [Mpuponsi
Wave, AMI/ pecypcu, ¢pisnuna
Scatterometer, |oxeaHorpadis,
ATSR/M reoesis, Ha3eMHi
Ta arMocdepHi
TMOCTTiI>KEeHH ST
11 |GEDI (on NASA LIDAR JlicoBuil IOKpUB,
board ISS) BYIVIELIeBUIT LIMKIT
12 |GOCE ESA EGG, GPS Lupkynauii okeany,
(ESA), Laser reopesis, pisuka
Reflectors TBephoi 3emi
(ESA), LRR,
SSTI
13 | GOSAT JAXA/MOE/ TANSO-CAI, CriocrepesxeHHs
NIES TANSO-FTS 3a HAPHUKOBMMU
rasamu
14 |Jason-1 NASA/CNES |DORIS-NG, ®disnynHa
JMR, LRA, OKeaHOoJIoTis,
POSEIDON-2 |reopesis, cunn
(SSALT-2), TSOKIHHSA,
TRSR MOHITOPMHT
KJTiMaTy, MOpchKa
MEeTeOPOIoris
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Hassa ATeHTCTBO Hassa
II. H SaCTOCYBaHHH
CYIyTHUKA (ycraHoBa) ceHcopa
15 |Landsat-8 |USGS/NASA |TIRS ITpupopHi pecypcu,
CIIOCTEPEXKEeHHS
3a Ha3eMHIM IIOKpU-
BOM, MOHITOPUHT
TOBKI/I/IA,
CiZIbChKe Ta micoBe
TOCIIOfIAPCTBO
16 |MetOp-A  |EUMETSAT/ |IASI MeTteopornoris,
NOAA/CNES/ KJIIMaTOJIOTiA
ESA
17 |MetOp-B EUMETSAT/ |IASI Merteopororis,
NOAA/CNES/ KJIiIMaTOIOTiA
ESA
18 | Meteosat-10 | EUMETSAT/ |GERB, MSG Meteopornoris,
ESA Comms, SEVIRI | krimaromnoris
19 |OCO-2 NASA Spectrometer BumiproBaHHA
BYIJIEKVICIIOTO T'a3y
20 |OrbView-2 |GeoEye SeaWiFS (Sea- |Inmo6anbhi okeaHivHi
Viewing Wide | 6ioonTuusi
Field-of-View |BmactuBocTi
Sensor)
21 |OSTM/ NASA/ AMR, DORIS- | ®isnyHa oKeaHO-
Jason-2 NOAA/CNES/ |NG, GPSP, JIOTisI, Teoesid,
EUMETSAT JMR, LRA, cuia TSDKIHHA,
POSEIDON-3 | kiimart, MOpcbKa
MeTeOopOooria
22 |Proba-V ESA Vegetation Kaprorpadysanus
Imaging Ha3eMHOTO OKPUBY
multi-spectral  |3emi i po3BuTOK
radiometers POCIMHHOCTI
23 |SMOS ESA Microwave Kaprorpadysanus
Imaging BOJIOTOCTi I'PYHTY
Radiometer i COJIOHOCTi OKeaHy
using Aperture
Synthesis
(MIRAS)
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Hassa ATeHTCTBO Hassa
II. H 3aCTOCyBaHHH
CYIIyTHUKA (ycraHOBa) ceHcopa
24 |Swarm ESA ACC, ASM, EFI, | [eomaruitHe mone
GPS Receiver 3emii
(Swarm), Laser
Reflectors
(ESA), STR,
VFM
- 25 |Sentinel-3  |ESA OLCI, SLSTR, | OxkeaniuHi nmporjecu
) SRAL
E 26 |SPOT-4 CNES DORIS (SPOT), | Hazemuwuit noxpus,
g VEGETATION | cinbcbke i micose
= TOCIIOfIapCTBa,
MOHITOPMHT
TOBKi/I/IsA
27 |SPOT-5 CNES DORIS-NG HasemHMII TOKPUB,
(SPOT), CilIbChbKe i /1icoBe
VEGETATION |rocmnopapcTsa,
MOHITOPVHT
TIOBKI/I/ISA
28 | Terra NASA/METI/ |MODIS, bionoriuni
CSA MOPITT, i bismuni mponecnu,
MISR, ASTER, |TemmnepaTypa
CERES IIOBEepPXHi
cyuii i okeany,
BUMIpIOBaHHA
CO B Tponocdepi
29 | Topex/ NASA/CNES |DORIS, LRA, ®isznuHa
Poseidon POSEIDON-1 |oxkeanooris,
(SSALT-1), reofesis, rpasiranis
TMR, TOPEX
30 |Sentinel-5P |ESA Tropomi Ckiag arMocdepn
i cy>x6u KOHTPOTIIO
AKOCTI NOBiTpA
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HopmaTtoxk 3

CynyTHHKOBI cucremMmu
BMCOKOI'O IIPOCTOPOBOIO PO3pPi3HEHHA

Hassa
CyImyTHUKA

AreHTCTBO
(ycraHoBa)

Hassa
ceHcopa

3acToCcyBaHHsA

Sentinel-1

ESA

C-Band SAR

Hani C-pianasony
(pagionokaniiiui faHi)
/IS OIIepaTUBHOTO
BUKOPMCTaHHS,

B T. 4. udpoBi Mopeni

penbedy,
Ha3eMHMIII HOKPUB

Sentinel-2

ESA

MSI
(Sentinel-2)

ITigTpumka
MOHITOPMHTY 3eMeTb
Ta TI0B’SI3aHMX ITOCTTYT

SPOT-4

CNES

HRVIR

HasemHmi1 nokpus,
CilbepKe i micose
rocIiofapcTsa, undposi
Mogieni penpedy,
MOHITOPMHT JOBKi/I/IA

SPOT-5

CNES

HRG, HRS

Hasemuui noxpus,
CilIbChKe i micoBe
rOCIIOfapCTBa, HNdpPOBi
Mogieni penbedy,
MOHITOPMHT JOBKi/I/IA

Envisat

ESA

ASAR

disyuHa oKeaHOJIOTisA,
TIOBEPXHS 3eMJIi,
CHiry i 1bOpTY, XiMiA
armocdepu, JuHaMiKa
arMochepn

ERS-1

ESA

AMI/SAR/
Image

IIpupopni pecypcn,
¢isnuna oxeanorpadis,
reojiesis, Ha3eMHi

Ta aTMocdepHi

TOCTiIKEeHH T
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Hassa ATeHTCTBO Hassa
II. H SaCTOCYBaHHH
cynyTHuka | (ycTaHoBa) ceHcopa
7 |ERS-2 ESA AMI/SAR/ IIpupopHi pecypcn,
Image ¢isuuna okeanorpadis,
reojesis, Ha3eMHi
Ta atMmocdepHi
TOCTiKEeHH
8 |Landsat-7 |USGS/ Enhanced [TpupopHi pecypen,
NASA Thematic Ha3eMHUI HOKPUB,
Mapper + Ci/IbChbKe 1 yTicoBe
TOCIIOfIapCTBa,
MOHITOPMHT JOBKI/IA
9 |Landsat-8 |USGS/ OLI [puponsi pecypcu,
NASA Ha3eMHUII IIOKPUB,
CilbChbKe i JTicoBe
TOCTIOfIapCTBa,
MOHITOPVHT JJOBKi//A
10 |Terra NASA/ ASTER Hasemuwuit moxpus,
METI/CSA cinbepke i micose

roCIofiapcTBa,
MOHITOPVHT JIOBKiNA
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CJIOBHUK TEPMIHIB

(yknadero Ha ocHOBI
CnosHuka i3 Oucmanyitinozo 30H0y8anHs Semni /
ITi0 peo. B. I. JIanvka, M. O. Ilonosa. — Kuis: CMII «<ABEPC»,
2004. — 170 c.)

AEPO3HIMOK, aspocnumox, aerial photo — 3HiMOK 06’€KTa 30H/yBaH-
Hf, OTPUMAaHMII 3a JJOIIOMOTOI0 TeXHiYHOTro 3aco6y JI33 (3HimManpHOI cu-
CTeMU), BCTAaHOBJICHOT'O Ha ITaT(OpMi NOBITpsAHOTO 6a3yBaHH (IIOBiTps-
HoMy JTA).

CJIOBHUK TEPMIHIB

A3UMYT, asumym, azimuth — Ky, AKknit opieHTy€e CTOCOBHO HAIIpSMKY
Ha MiBHiY. PO3pi3HIOIOTH acTpOHOMiuHMII A.— KyT B TOPM3OHTA/bHIil
IUIOIIMHI, IO Bif[paXOBYETbCA Bifi MiBHIYHOTO HAIPAMKY acTPOHOMidY-
HOro MepujiaHa 3a TOAMHHMKOBOIO CTPIIKOI0 [0 3aJJaHOTO HAIPSAMKY;
reofle3ayHUil A. — KyT B IUIOLMHI, JOTUYHII 10 enmincoina, AKmit Bifmi-

YY€EThCA Bifl MiBHIYHOIO HAIIPAMKY I'€Ofe3MYHOT0 MepyiaHa JaHoI TOUYKM
3a TOIMHHMKOBOIO CTPINKOI0 IO 3a/IaHOTO HANPSAMKY; MAarHiTHUII — KYT
B TOPU3OHTA/IbHIN IIJIOWMHI, AKUIT Bil/II4y€ThCA Bij] IBHIYHOIO HAIIPAMKY
MarHiTHOI CTPiNKM 3a TOOVIHHMKOBOIO CTPIIKOK IO 33[JaHOTO HAIIPAMKY.
MarsiTHa cTpisiKa BifXUIAETbCA BiJf aCTPOHOMIYHOTIO MepuiiaHa Ha Beu-
YMHY MarHiTHOTO CXMJIEHHA. MarHiTHe CXMIEHHA [0 CXOfly PUIIMA€EThCA
3 TI03HAYKOIO «+», IO 3aXOly — 3 IIO3HAYKOIO «—». A. MOXKe 3MiHIOBaTHCSA
Big 0 mo 3600. A. B HaIpAMKY 3 JaHOI TOYKM Ha iHIy HAa3MBaIOTb IIpA-
MMM A, a 3 IHIIOI TOYUKM HA JaHY — 3BOPOTHIM.

AJIBBEJIO, anvbedo, Albedo — BenuumHa, sika XapaKTepu3ye 3[aTHICTDb
noBepxHi BimbuBatu (posciroBaTi) BUIIPOMIHIOBAHHS, sIKe Tajla€ Ha Hel.
PospisHo0Th icTHHE, ab0 mambeproBe A., sike criBmajae 3 KoedirieH-
ToM Iu¢ysHoro (poscisHoro) BizbutTs, Ta Bugume A. Ictunne A. — Big-
HOLIEHHS MIOTOKY, PO3CisIHOIO IOBEPXHEI0 Y BCiX HAIIPSIMKAX, [0 IIOTOKY,
o Ha Hel majiae. Bugyme A. — BiHOLIEHHS SCKPAaBOCTI IOBEPXHi, fAKa
OCBIT/IIOETBCS TIapajle/IbHUM ITYYKOM IIPOMEHIB, O fICKpaBoOCTi abco-
TIOTHO 617101 TIOBEpXHi, SIKa PO3TALIOBaHa HOPMA/ILHO IO IIPOMEHIB i Mae
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ictuHHe A., sike gopiBHIOE opyHMLI. B 3amavax /133 kopucTyoTbcs, nepe-
Ba’XHO, IIOHATTAM iCTMHHOTO A.

BATATOCIIEKTPAJIbHE 3HIMAHHA, mHoz0chekmpanvHas coemKa,
Mmynvmucnexmpanvia ceemka, multispectral survey, multi-band survey —
ITporiec 3HiMaHHs 3a LOMTOMOIOK iKOHIYHMX TexHiUuHUX 3acobiB [133, pe-
3yJIBTaTOM 5IKOTO € OTPUMAHHsA 6araTOCIEKTPaIbHOTO 300pasKeHH .

BATATOCIIEKTPAJIbHE 3O0BbPAJKEHHA, mnozocnekmpanvHoe u3o-
Opasxcenue, mynvmucnexmpanvioe usobpaxenue, multispectral image,
multi-band image — CykynHicTb 300pakeHb, Ha KOXKHOMY 3 SIKMX Bifo-
6pakeHa OffHA i1 Ta XK CIjeHa i sIKi 3p06jIeHi OMHOMOMEHTHO (CMHXPOHHO
y 4aci), ajle oTpMMaHi B pi3HMX YacTMHaX (30HAX) eIeKTPOMArHiTHOTO
CIIEKTpPa BUIIPOMiHIOBaHb.

BEKTOPU3AILIIA, eexmopusauus, vectorization — Ilpoliec BUKOHAHHSA
PacTpoBO-BEKTOPHOTO IEPEeTBOPEHHA INPOCTOPOBUX HaHMX. OCKiNbku
IpocTopoBa iHdopMarisa y pacTpOBOMY BUITISAAL IIpefcTaBlIeHa B 0Opa-
3ax, TO IPOLjeC epeTBOPEHH: II0JIAITA€ Y PO3Ili3HaBaHHI 00pasiB Ta CKIa-
[AETHCS 3 ABOX OCHOBHMX YAaCTVH: BEeKTOpuM3alil 300pa)keHHs Ta TOIO-
JIOTiYHOI M HeTONONOTIYHOI CTPYKTYpu3alLii MpocTopoBoi iHdopMariil.
VY 6inpm 3araJIbHOMY BIIIA[JKy — CTBOPEHHA BEKTOPHOI MOJE/Ti JaHMX a6o
BEKTOPHOTI'O IIpefiCTaBJIeHH .

BUBIPKA HABYAJIBHA, evibopxa o6yuatowas, training sample —
CyxymHicTh 300pa>keHb 00’€KTIB 3 BKa3yBaHHIM K/IaCy HATEKHOCTI KOX-
HOro 00’€KTa, sKa BUKOPMCTOBYETHCS [l HABYAHHS CUCTEMM PO3Mi3Ha-
BaHHsA (iHTeprmpeTyBaHHs) 306paxeHb. Sk mpaBuao, 5o B.H. BxomsaTh
300pakeHHs 00’€KTiB /1BOX i OinbIie Kiacis.

BUJIUME BUIIPOMIHIOBAHHA; CBIT/IO, éuoumoe usnyuexue, ceéem,
visible radiation — BunpomiHioBaHHs, siKe MOXXe 6€3I10cepefHbO BUK/IU-
KaTu 30poBe BiguyTTs. IpaHmii crekrpanbHOI 067acTi BUAMMOTO BM-
IPOMIHIOBaHHS YMOBHI 1 MOKYTb BMOMpATHUCS Pi3HMMM I Pi3HUX 3a-
cTocyBaHb. HIDKHA rpaHUILA BBaXKA€TbCA, SIK ITpaBuIo, Mk 380 i 400 HM,
BepxHA — MiX 760 i 780 HM.

BUITIPOMIHIOBAHHH, Usnyuenue, radiation, emission of radiation —

1. EnexTpomarsiTHe B. — BuIycKaHHA 260 PO3MOBCIOIKEHHS €/eKT-
POMarHITHUX XBU/Ib (32 K/TACMYHOIO TeOpi€lo BUIPOMiHIOBaHH:A) a60 mpo-
1jecC IIepexoly KBaHTOBOI CUCTEMY 3 OfHOTO €HepreTMYHOIO CTaHy 1O iH-
IIOTO 3 BUITYCKaHHAM a00 IIOIIMHAHHAM QOTOHIB (3a KBAHTOBOIO TEOPI€I0
BUIIPOMIHIOBAHH);
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2. PapioakTnBHe B. — BucmianHsa anbda-4acTUHOK, OeTa-4acTUHOK
i TaMMa-IPOMIHHA aTOMHVMM ALPAMM IPU IXHBOMY PafliOaKTMBHOMY
IIepEeTBOPEHHI.

BVICOTA IIOJ/IbOTY, evicoma nonema, flight altitude — Bincranp Mix cy-
IYTHUKOM Ta IOBepXHeIo 3eM, ska BUMIPIOETbCS IO iHil 3’€fHaHHSA
CYNYTHUKA 3 LIEHTPOM 3eMJIi.

BUMABJIEHHA, o6napyscenue, acquisition — IIpouec abo pesynprar IIOLIy-
Ky Ta CHPUITHATTA 00’ €KTiB Ha II0YaTKOBOMY eTalli AelidpyBaHHA 3HiM-
KiB (306pakensn). IIpu 1iboMy Ha 300paskeHH] TOKAMI3yIOThCS SULTHKI, fie
HaiT61Ib1I iIMOBIpHO posTamoBani 06’ extu. IIpn cipuitHATTI 06’ €KTIB iX
CYTHICTb He 3’ICOBYETbCA: 30POBUIT aHaIi3aTOp AelndpyBalTbHUKA HiOK
BU3HAYA€E BiHOLICHHs CMTHAI/IIYM Ha KOXHIiNl JiIAHLI 300paskeHH:
i MOPIiBHIOE J10TO BENMYMHY 3 I€AIKMM ITIOPOTOBUM 3HaYeHHAM. DopMarb-
HO BMPIIIYETbCA 3afjada iIMOBIpHICHOrO BilHECEHHSI NIIAHKY 300paXKeHHs

CJIOBHUK TEPMIHIB

IO OfHI€T 3 IBOX KATeTOPiil: «CUTHaI» ab0 «IIyM». IMOBIpHICTD BUSAB/ICHHS
301IbLIYETHCS 31 3POCTAHHAM KOHTPACTY, KYTOBOTO PO3Mipy 00’€KTa, 4acy
PO3I/ISIIAHHS 300pasKeHHSL.

BUAB/IEHHA 3MIH, evisenenue usmeneHuii, change detection — Busis-

JIEHHA II0 Pi3HOYACOBUX 3HIMKax 3MiH ACKPaBOCTI Ta MiCI€IIOIOXKEHHA
00’exTiB gmemMdpyBaHHs, HANPUKIAZL, IIPU MOHITOPUHTY 3abpynHEHb

HaBKOJIMIITHbOT'O CE€pEeNOBIIIIA.

BIIBUTTA, ompaceniue, reflection — IToBepHeHH BUIPOMIHIOBaHH: 00 €K-
TOM 0e3 3MiHM 4YacTOT CK/IAJIOBUX JIOTO MOHOXPOMATUYHUX BUIIPOMi-
HIOBaHb.

BI3YA/II3YBAHHA JAHUX, eusyanuszauyus oaunvix, data visualization -

1. B TIC: npoekTyBaHH: Ta reHepaisalis 306pakeHb, iHimoi rpadikn
Ha IIPUCTPOSIX BifjoOpaskeHHs (IlepeBaXKHO, Ha eKpaHi JYCIUIes) Ha OCHOBI
BUXITHUX [[MPPOBUX HAHUX, & TAKOXK HPABUII | aTOPUTMIB IX ITepeTBO-
peHHs;

2. B [133: BinTBOpeHH: 1ippOBOro 306pakeHHs ab0 pe3yabTaris 10ro
00po6IeHHs Ha AUCIUIE] 3a JOIIOMOTOI0 CIIelia/IbHUX CTPYKTYP AaHUX, 110
IO3BOJIAIOTD CYTTEBO 30UIBINNTY MBUAKICTD Bidyasi3yBaHHS, HAIIPUKIIAL,
TaK 3BAHMX IiPaMiJJHUX NIAPiB, K1 JO3BOJIAIOTH BIMCYBATI MHOXIHY IIiK-
ce/liB BUXIZHOTrO 3HiMKa B 0OMeXXeHe 4YMCIIO IiKCeIiB BiKHA JUCIUIeS 3 BU-
BOJOM Ha HBOTO OJHOTO 3 IIONEPeSHbO NMOOYIOBAHUX 300pakeHb 3 PO3-
PI3HEHHICTIO, sIKa IIOCTiIOBHO 3MEHINYETbCA B 2, 4 a60 8 Kpar.
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TEOTPA®IYHA THOOPMAIIINTHA CUCTEMA, zeozpaduueckas ungop-
mavyuonnas cucmema, geographic (al) information system — Cucrema
00pO6/IeHHsT TIPOCTOPOBO-KOOPAMHOBAHMX (IPOCTOPOBUX) [AHUX, IO
3abesmeuye ix 36MpaHHsI, MoepefHE 0OPOOIeHH, YIPaBIiHHs FAaHUMIL,
MOJIe/IIOBAaHHS, aHa/Ii3, HAaKOIMYEHHs Ta BifoOpaxkeHHs iHpopManiliHux
pesynbTari. B 3anexxHOCTI Bifi TepuTOpia/IbHOrO OXOIJIEHH BifIpi3HAIOTDH
I'IC: rmobanbHi (mrmaHeTapHi), CyOKOHTMHEHTANbHI, HaljioHanpHI (mep-
JKaBHi), perioHanbHi, 1okanpHi (Micuesi). B samexxHocTi Bif npegmeTHol
obmacti iHdopmariiinoro mopenoBanus ['1C 6yBa10Tb: MYHIINIIA/IbHI,
IIPUPOFOOXOPOHHI, 3€METbHI TOLIO.

TEOTPA®IYHO IIPUB’A13AHI [JAHI, zeozpaduuecku npueszantoie 0a-
Hote, reference data, geo-reference data — Tabmuui gaHuX 10O Teo-
rpa¢giuHnx 00’€KTiB, sIKi MICTATH IIPOCTOPOBO HpPUB’sA3aHY iHpOpMAIlio
(ampecu, reorpadiuHi KOOPAMHATH TOLO), 1[0 BUKOPUCTOBYETCS Ji/IsI BU-
KOHAHHSA Ollepalliil TeOKOJyBaHHS.

TEOIHIUKAIIITHE MOJJE/TIOBAHH, 2e0unduxauuonnoe modenuposa-
Hue, geoindicational simulation — BuBueHHs 3B I3KiB MiXK T'€0/IOTIIHUMMA
00’eKTaMI i IPUPOFHMMY YTBOPEHHAMM 3 HACTYIHOIO HOOY[OBOIO Bifi-
IIOBITHOI MOZIe/Ti CUCTeMU NIPUPOAHOI iHauKanii. Taka Mozmenp nepenbadae
BCTAQHOBJICHHSI OCHOBHUX T€OIHAMKATOPIB, OIMC IX TeHETHMYHMX Ta Kay-
3a/IbHUX 3B’ A3KiB 3 BIJIIOBIIHMMI re0JIOriYHMMM 00’ €EKTAMM i Ha 1111 OCHO-
Bi OLIiHIOBaHHA (IIPOTHO3yBaHH:A) HAABHOCTI TMX YM iHIINMX TeOJIOTiYHUX
00’€KTiB 110 KOMIUIEKCY iH/JVIKaTOPiB, 110 BifTBOPEH] Ha 300pa)KeHHAX.

TEOIH®OPMATUKA, zeoundopmamuxa, geo-information science —
Cxiapioa iHdopMaTyKy, KA BUBYA€ IPUPOAH] i IITy4Hi (aHTPOIIOreHHi)
FeoCHCTeMN, IX CTPYKTYPY, IPOCTOPOBi Ta iHpopMalliiiHi B3aEMO3B A3KIL,
¢dyHKUIiOHYBaHHA B IpocTOpi Ta yaci. TonmosuuM inctpymenTapieM I. e TIC.

I EOIH<1>OPMAHII7IHI/II7[ AHAJII3, zeounpopmavuonnorii ananus, GIS ana-
lysis — AHajis posTallyBaHH:A, CTPYKTYpPY Ta B3a€EMO3B’SI3Ky 00 €KTiB
i ABMI 3 BUKOPMCTaHHAM METOJIB IIPOCTOPOBOTO aHAI3y i reoMofeso-
BaHHS.

TIIEPCHEKTPAJIBHUV 3HIMOK, zunepcnexmpanvuuiii chumox hyper-
spectral photo, hyperspectral image — CykynHiCTb 3HIMKIB OffHi€l clieHn
Ha HoBepxHi 3eMji, AKi OTpMMaHi OJHOYACHO B BeNMMYE3HiNl KilbKOCTI
BY3bKUX 30H €JEeKTPOMAarHiTHoro cmnekTpa. KinbkicTh BUKOpUCTOBa-
HUX CHeKTPaNbHMX 30H 1A I. 3. MOXKe CK/IaJiaTy Bifj IeKiTbKOX JeCATKiB
IO IEKi/IbKOX COTEH.
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JEIINDOPYBAHHA 3HIMKIB, dewudpuposanue cnumros, image (scene)
decoding, photo interpretation, image interpretation — Ilpouec orpu-
MaHHA iHpopMaLil mpo 06’extn Micresocti (abo, y 6inbll MMPOKOMY
po3ymiHHi, Tpo 06’ekTH Ta sBUIA reorpadidHoi 060I0HKM) IO IX 300pa-
JKEHHsX Ha 3HiMKax.[l. 3. 6a3yeTbcsi Ha 3HAHHAX 3aKOHOMIPHOCTEN! Bifi-
TBOpPEHHsI B/IACTUBOCTENl O0’€KTiB Ha 300paKeHHSX, OCOOMMBOCTEN iX
CIIEKTPAJIbHUX XapaKTePUCTUK (CUTHATYP), TeOMeTPUIHOI GopMH, PO3Mi-
weHHs Ha MicneBocti. ITponenypso [I.3. BKIodae o cebe BUABICHHS,
posmi3HaBaHHs Ta iHTepmpeTanilo 006’eKTiB i MicieBocTi. Po3pisHAOTDH
nBa Buayu JI.3.: 3aranpHOreorpadidte i ranysese (TeMaTn4He). 3araabHO-
reorpadivre [I.3. Mae Ha MeTi OTpUMaHH: y3aranbHeHOI iHpopMalil npo
HOBepXHI0 3eMsii: perioHaspHe ab0 TUIONOTiYHE PAlOHYBaHHS 3eMHOI
[IOBEPXHi, BUSB/IEHHsI CUCTeMH Tifporpadii, ZopokKHbOI Mepesxi, Hacere-
HIUX IIYHKTIiB, POCIMHHOCTI, IHIINX €/IeMEHTIB MiCLI€BOCTi, BCTAHOB/IEHH S
ix B3aeMo3B’s13KiB. IIpu 3arampHoreorpagiunomy I. 3. OKpeMo BUAIISIOTH
tonorpadiune i maHpmadrHe memmpysaHHs. [amyseBe (TeMaTnuHe)
JI. 3. IpOBOAUTBCA IpY BUPIIIeHH] BiTOMYNX 3aia4 3 BU3SHAYEHHA XapaKTe-
PUCTUK OKPEMUX CYKYITHOCTEN 06’ €KTIB, 110 PO3TALIOBYIOTHCS Ha 3eMHIil
noBepxHi Ta B armocdepi. PisHoBuzu ranysesoro (TemarnyHoro) perunc-
PYBaHH:: Ieo/IOTiuHe, JIicOBe, IPYHTOBE, IifipoyoriyHe, reoMopQosoriyte
Ta iH.

JEINNDPPYBAHHA TAHJJIIIAPTHE, oewudpuposanue nanowagdmuoe,
landscape interpretation — JlemndpyBaHHs, Uil KO0 — BUSBICHHS
MopdooriyHol CTPYKTYpu TaHAMATY [10 KOMIUIEKCHUX O3HAaKaX (TaKuX,
K PUCYHOK, TEKCTypa, PO3Mip KOHTYPY, CIIeKTpa/bHa CKPaBicTh i T. iH.),
aHaJIi3 PUPOJHO-TEPUTOPia/IbBHUX KOMIUIEKCIB paHry «gauia — ypodn-
1[e — MiCI[eBIiCTb».

JENIN®PYBAHHA TOIIOI'PA®IYHE, dewugdpuposanue monozpaguue-
ckoe, topographical interpretation — [JenmdpyBaHHA eNeMeHTIB 3MiCTY
tororpadivHux Kapt (y36epexxxs, osep, pik, BOZOCX0BulL, rigporpadii,
penbedy, HaceeHMX IYHKTIB, JOPOXKHIX MepeX Ta iHIIMX NPUPOFHMX
i aHTpOIOreHHUX 00’ €KTIB).

JUCTAHIIIVIHI METOIV, ducmanuuonnvie memoovl, remote sensing

methods (techniques) — HexoHTakTHi MeToiM BMBYEHHS OBepxHi 3emii,
rigpocdepu, nitocdepu, armocdepn Ta KOCMIYHUX Till.

JIAITA30OH XBWIb EJIEKTPOMATHITHOIO CIIEKTPA, IHTEPBAJI
CIIEKTPAJIDHV, duanason 60nn 3neKmpomMazHumuozo cnexmpad,
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unmepean cnexmpanvhviii, spectral band; spectral interval — Iurep-
BaJI €JIEKTPOMAarHiTHOTO CIIEKTPa, I[0 BM3HAYAETHCS ABOMA JIOBXKMHAMMU
XBU/Ib, BOMA 4YacTOTaMyu ab0 XBUIbOBMMM YNCIAMU. BUminsgoTh Taki
CIIeKTpasibHi fiartasoHu: 1) onTuunuil: a) yasrpadionerosuit (YO) 1 um —
0,38 mxm; 6) Bupgumumit 0,38-0,76 MxM; B) iHppauepBonmit (I1): 6mvoxHiit
0,76-1,3 mxM; kopoTkmit 1,3-3,0 mxm; cepepnint 3,0-8,0 MKM; manbHin
8,0 mxm — 0,1 mm; 2) pagiopianasoH: a) cy6MinimeTpOBM17[ 0,1-1,0 mm;
6) MikpoxBwiboBMil: MimimerpoBuit 1,0-10,0 MM; CaHTUMeTpPOBMIL
1,0-10,0 cm; geummetposuit 0,1-1,0 m; B) HapgkopoTki xBumi 1,0-10,0 m;
r) Kopotki xBui 10,0-100,0 M; 11) cepepni xButi 0,1-1,0 KM; €) JOBTi XBuIi
1,0-10,0 km; >x) Hagmosri xButi 10,0-100,0 kM. IHoAi mianasoH MOBXUH
xBuIb 8,0—14,0 MKM Ha3MBAIOTh TEIVIOBVM.

JOBI'OTA, donzoma, longitude — KoopauHata, 1110 BI3HAYa€ MOMTOXKEHHS
TOYKM Ha 3eMJIi B HAIIPAMKY 3 3aXOy Ha CXif] Bifl TOYaTKOBOTO MepUiaHa.
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BupinawoTp Taki [I.: acTpoHOMIYHY, K JBOTPAaHHUI KYT MK IUTOIMHAMU
aCTPOHOMIiYHMX MepUJIiaHiB JaHOI TOUKM Ta IIOYaTKOBOI'0; T€OJE3NYHY, AK
ABOTPAHHMII KYT MK IJIOMIMHAMM MEpPUJiaHa TOYKM, 10 BU3HAYAETHCA,
Ta [I0YaTKOBOI'O MepyJliaHa; TeOLeHTPUYHY, AK IBOIPAHHMIL Ky T MiX II/I0-
HIMHAMM T€OLEHTPUYHOTO MepHJiaHa TOYKM, IO BU3HAYAETHCA, Ta IO-
YaTKOBOro MepujiaHa. Bigmik mosroru segerbca Bif 0 1o 3600 3 3axonmy
Ha cxiff abo B 06mBa 60k, Bifg 0 o 1800 3 mpunmcoMm BifIoBigHOTO c/10Ba
«cxifHa» ab0 3HaKa «IUIIOC», Ta «3aXifHa» ab0 3HaKa «MiHYC».

JOBKMHA XBWII, onuna éonnvt, wavelength — Bifcranp y HanmpsaMky
PO3TIOBCIOIKEHHA MEPIOAMYHOL XBIII MXK ABOMa MOCTiJOBHNMM TOYKa-
MU 3 OfHI€IO i Ti€lo X a3o0 KomuBaHH:A. [JOBXIHA XBUI B CepeoBUIIi
TOPIBHIOE BiJHOIIEHHIO JOBXXMHI XBIJIi B ITYCTOTi O OKa3HMKA 3a/I0M-
JIEHHS1 CepefloBMINA. 3a3BMyail 3HAYCHHS NOBXUH XBWIb JAIOTbCA /A
noBiTpsA. B ycix iHIIMX BMIIajKax IOKa3yeTbcs cepemoBuiie. [TokasHMK
3a7I0MJIeHHS1 HopManbHoro mositps (15 °C, 101325 H-m2) ana BupgmmMoro
BUIIPOMIiHIOBAaHHSA JIEKUTD B MexKax Bif 1,00027 mo 1,00029.

3EHIT, 3enum, zenith — Touka mepeTyHy IIpAMOI JIiHii 4y HOpMaIi o 1o-
BEPXHi 3eMHOTO eJIircoifa 3 HebecHOI0 cdeporo.

3HIMAJ/IbHA CUCTEMA, coemounas cucmema, surveying system — CykyTi-
HICTb TeXHIYHMX 3ac00iB, 3a JOIIOMOTOIO SIKVX IPUIIMAIOTh i PEECTPYIOTDH
e/IeKTPOMAarHiTHe BUIIPOMIHIOBaHHA OO €KTiB JIOCHIIKEHHS Y BUIVIAAL
aHA/IOroBOTO a60 1M(POBOro 3aIMuCy.
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3HIMAHHA PAJJIOTEIVIOBE, cvemka paduomennosas, thermal survey —
DopMyBaHHsA 300pakeHHs (3HIMKA) LIISIXOM PEECTPYBAHHS BIAcHO-
rO TEIUIOBOTO BUIIPOMIHIOBAHHA 3€MHOI IIOBEPXHi 3 NOBXMHAMU XBU/Ib
MiZTiMeTpOBOro Ta CAaHTMMETPOBOrO AianasoHiB. OcobnuBicTb pagioTerio-
BOTO 300pa)keHHs Y TOMY, LII0 PO3IOJIT aMIUIITY IiKceiB (HaIlliBTOHIB)
Ha HbOMY BifoOpa)kae XapaKTep pO3IOAiNTy TeMIIepaTyp BUIPOMIHIOBAIb-
Hoi moBepxHi. TeMIiepaTypa 3a7eXXWTb Biff BOTOTOCTi, 3aCONEHOCTI, CK/Ialy
I'PYHTiB; TOMY Ha PafliOTEIIOBYX 300paXKeHHAX HEIIOTaHO PO3Pi3HIOITHCS
CyXi 1 3BO/IOXKEHI I'PYHTH, BOJA i CYyXOLi/I i T.1I.

3HIMOK, cnumox, photo, image — 3o0paxeHHs 00’€KTa, OTpUMaHe 3Hi-
MaJIbHOIO CUCTeMOK0 (IKOHIYHMM TexHiuHUM 3aco6om [133) y Burmami
IBOBUMIPHOTO 4M iHIIOTO 3amycy Ha GOTOIUIIBLi, MarHiTHOMY ab0 OIITIY-
HOMY JMCKax i T. iH., KMl la€ 3MOTy BiITBOPIOBAaTM ABOBMMipHe 300pa-
JKeHHsI 00’eKTa.

3HIMOK KOCMIYHUM, chumox xocmuseckuii, space photo, satellite image —
3HIMOK 06’€KTa 30H/[yBaHHs, OTPUMAHMII 3 KOCMOCY 3a JOIIOMOTIOIO TeX-
HiYHUX 3ac0o6iB [133.

30BPAJKEHHA, usobpasxcenue, image — IIpocTopoBe IpefcTaBIeHHs
o6’exta abo cieHu (aBoBMMIipHOI ab0 TpMBUMIpHOI). 3. 6yBae AificHUM
(Tomi BoHO MoOXe OyTu 3apeecTpoBaHe Ha JIeSIKOMY HOCIi, HalpuUKIIaf,
Ha QOTOMMIBII) Ta YABHUM.

30BbPAJKEHHA MOHOCIIEKTPAJ/IBHE, u3o6pasenue moHocnexmpanio-
Hoe, monochromatic image — 300pa)keHHs CLieHN, OTPYMaHe TeXHIYHNM
3aco6oM JI33 B OFHOMY CIIeKTpaJbHOMY AiamasoHi (KaHai).

30BPAJKEHHA IIAHXPOMATWYHE, u3o6pasxenue nanxpomamuue-
ckoe, panchromatic image — YopHo-6ine 300pakeHHsI, OTpUMaHe BU-
noBuM (iKOHIYHUM) TEXHIYHUM 3acO60M Y BUAMMOMY Jlialla30Hi JOBXIH
XBUJIb.

30BPA)KEHHSA PAJIIOJIOKAIIINHE, uso6pascenue paduonokayuonHoe,
radar image — 306pa>keHH1, 1110 CPOPMOBAHO 32 IOIOMOT'O0 paJiio/IoKa-
1iliHOrO 3ac00Y, 30KpeMa pajiooKkaropa 60KOBOTO OIJIALY.

30HIYBAHHA JAUCTAHIIIMHE 3EMJII 3 KOCMOCY, 30nduposanue
oucmanyuonnoe 3emnu u3 Kocmoca, remote sensing of the earth (from
space), Earth satellite observation — OTpuMyBaHHA JaHUX NPO 3eMIIIo,
BUKOPMCTOBYIOUM BIACTUBOCTI €/IEKTPOMAarHiTHUX XBW/Ib, BUIIPOMiHIOBa-
HIX, BifOUTUX, TOIIMHEHNX YUY PO3CIAHUX 06’ €KTaMM 30HYBaHH.

CJIOBHUK TEPMIHIB

CJIOBHUK TEPMIHIB

287




THJIEKC, unodexc, index -

1. ITapameTp, uncoBa XapaKTepUCTHKa;

2.B J133: yMOBHMIT TOKa3HUK, SAKUIt 00YMCTIOETCS TI0 eMIIPUYHIiT
¢dbopmyni; B pesynbrati apudMeTHUHNX OIepalliil Hafj ICKPaBOCTSIMM ITiK-
ceJtiB KOCMIYHOTO 300pa>keHHS (3HIMKY) 00UMCITIOETbCS IesAKIMIT TOKA3HIK
(inpekc), AIKWUIT Ja€ 4MCIOBY iIMOBIPHICHY OLI{HKY HasBHOCTI Ha ITIOBEpPXHi
3eMJIi IeBHUX peYOBUH, MaTepiasiB (POCIMHHOCTI, MiHepaJIiB i T. iH.).

IHIEKC BETETALIIMHUII HOPMAJ/II30BAHO-PISHUIIEBUM, un-
OeKc 6ezemauyuOHHLI HOPMATU308AHHO-pA3HOCmHb, Normalized
Difference Vegetation Index — HopmanisoBaHuit mokasHuk (iHfexc),
10 BU3HAYAETbCA AK BiIHOIIEHHSA PiSHMIN Ta CYyMM 3HaYeHb CIIEKTpaslb-
HUX SICKPaBOCTEN B OMVDKHIl iHbpauepBOHIill Ta 4epBOHI 30HaX CrIEKTpa
€/IEKTPOMArHiTHOTO BUIIPOMiHIOBaHH:. BUXifiHi 3HaU€HHA CIIEKTPaIbHUX
SICKpaBOCTEN ISl 00YMCITIOBAaHb 3a0€3MeYyI0ThCsl HaHUMM [BOX CIEK-
Tpa/lbHMX KaHayiB pajioMerpa AVHRR, Axuil BcraHOB/IeHNIT Ha KOCMiY-
Hilt iargpopmi NOAA (CIIIA). I. B. H.-p. YCIIIIIHO BUKOPUCTOBYETbCS IPU
OLiHIII CTaHYy PO3BUTKY POCIMHHOCTI Ta IPOTHO3YBAaHHI BPOXXaMHOCTI
3a JaHMMM KOCMIYHOro 3HiMaHH#A. Ajle pasoM 3 TUM BigmiueHa migBu-

-
)
)
&
[
Rl
B
M
s
e =]
[~2]
(o)
=
(&)

IIeHa YYTIMBICTD IbOTO iHAEKCY [0 Bapiauliil arMocdepl, 10 IPUHIDKYE
TOYHICTD OIIiHOK Ha J10ro 0cHOBi. TakuM 4nHOM, BUKOpUCTaHHA 1. B. H.-p.

norpebye BUKOHaHHA aTMOC(epPHOrO KOPUI'YBaHHA KOCMIUHUX 3HIMKIB.
IHopi, B 3a/1€XKHOCTI Bij CTyIIeHs IpOBefeHOro aTMOC(epHOro KOpUryBaH-
H#, BHOCATD BifiTIOBiNHI 3MiHN y Bupas i o6unucieHHs 1. B. H.-p., i1 Toxi
JI0ro HasMBaIOTb MOAU(IKOBAHNIM.

IHOEKC KAJIAMYTHOCTI BOJM KOCMIYHOI'O 3HIMKA, unoexc
MymHocmu 600vl Kocmuuecozo cHumka, turbidity index — IlokasHmk
CIIeKTPaJIbHOI SICKPABOCTi, IJ0 BM3HAYAETHCS IPY OOYMCIEHHI iHEEKCy
KOCMIYHOTO 3HIMKa I BUABJIEHHA KOHIEHTpallil 3aBMCIMX YaCTMHOK
y BOf.

IHTEPIIPETYBAHHA, unmepnpemauus, interpretation — 3axmouHUit
eTan femndpyBaHHA, B IIPOLeCi SKOro MPOBOAATLCS aHasi3 i ysaranib-
HEHHs KiIbKICHUX Ta AKICHUX XapaKTepUCTUK (03HAK) 00'€KTa 3 METOI0
BCTaHOBJIEHHA JIOTO CTaHY, 3HAYYI[OCTi Ta MOXX/IMBOCTEN B KOHKPETHIN
obcranoBi. KinbkicHi Ta sIKiCHI XapakTepUCTUKM 00’€KTiB MiCIeBOCTi
BU3HAYAIOTHCS LIULIXOM BUMIPIOBAHHS IapaMeTpiB 300pakeHHs: reoMe-
TPUYHUX PO3MIipiB, ONTMYHUX ILITPHOCTEN, HalliBTOHIB, MapajaKciB i T. iH.
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B pesynbrari oLiiHKM BLjaeTbCs 3’ACYBATH CTaH POCTMHHOCTI, CK/Iaf, IOpix
JIiCY, XapaKTep IPYHTY Ta iH.

IHOOPMATUBHICTD, ungopmamuenocmo, informativity — Hacu-
YEHICTh JJaHMX 3MiCTOM, BiJOMOCTAMM, AKi € IJiKaBMMMU y CBiT/Ii IIOCTaBIe-
HoI 3afaui. B kaprorpadii: ominka obcsary indopmarii, sIKy Moxxe oTpu-
MaTy KOPUCTYBad IIpK pobOTi 3 JaHOI0 KapToio. IIpu boMY pO3pi3HAIOTH
iHdopmalilo, sika 6e3mocepeHbO CIPUIIMAEThCS IPY YUTAHHI KapT, i cXo-
BaHy (acouiaTuBHy) iHpoOpMaljilo, Ky He MOXXHA OTpuMary 6e3 IeBHUX
BMMIpiB, CHiBCTaBJIEHb, II€PETBOPEHD, JIOTIYHMX MipKyBaHb. B 3ajgadax
33 indopmarusHicTh ouiHIOITG KinbkicTio iH(opMmanii, mo 3o0cepen-
JKeHa B 300paKeHHI CTOCOBHO OO’€KTiB, sIKi € METOIO0 IOIIYKY, aHa/i3y
Ta iHTepIpeTyBaHHS.

IHO®PAYEPBOHE BUIIPOMIHIOBAHHA, undpaxpacroe u3nyuetue,
infrared radiation — BunpomiHOBaHH, TOBXMHM XBUJIb MOHOXpOMa-
TUYHUX CK/IQ/OBMX KOTPOTO Oi/blini ZOBXMH XBU/Ib BUAMMOTIO BUIIPOMI-
HIOBaHHA i MeHII npu6msHo 1 MM. IpaHuui crnekrpanbHoi o6acTi iH-
(pavyepBOHOr0 BUNPOMIHIOBAaHHS HOCUTH YMOBHI i MOXYTb BUOMpPATHCS
pisHMMU I/ pisHUX 3acTOCyBaHb. B cnekrpasbhiil obmacti Mix 780 HM
i 1 Mmm MKO pospisuse: I49-A Big 780 go 1400 um, IY-B Bif 1.4 go 3 MKM,
I49-C Big 3 MxMm o 1 MM.

KAJIIBPYBAHHA OAHUX, Kanubposxka oOanuvix, data calibration —
OuiHKa (BY3HaUeHHs) paiOMETPUYHNX i TeOMETPUYHMX II€PeKPyIyBaHb
300pa)KeHH, AKi BUHVKAIOTD y IIpoLleci 3HIMaHHs, Ta IX KOPUTYBaHHA.

CJIOBHUK TEPMIHIB

KAPTA, xapma, map — MarematyHO BU3HA4YEHe, 3MEHILIEHe, TeHePali3o-
BaHe 300pakeHHs MoBepxHi 3emti, iHIIOro HebGecHOro Tina a6o KocMmiy-
HOTO TIPOCTOPY, IO BifoOpakae posrauioBaHi abo IIPOEKTOBaHI Ha HUX
00’eKTU B IPUIHATIN cucTeMi yMOBHUX 3HaKiB. K. posriamaerses Ak 06-
Pa3HO-3HAKOBA MOJIe/Ib, SIKill BAaCTHBI BUCOKA IHPOPMATUBHICTD, IIPOCTO-
POBO-4acoBa MOAIOHICTb CTOCOBHO OpUTiHa/Ny, METPUYHICTD, OI/IALOBICTD
Ta HaoyHicTh. K. pO3pisHAIOTL 3a MPOCTOPOBMM OXOIUIEHHAM, MACIITa-
60M, 3MiCTOM, NIPM3HAYEHHAM. 3a IIPOCTOPOBUM OXOIUIEHHSAM OyBalOTh
K. cBiTy, niBKy/Ib, MaTepUKiB Ta iX IPyH, OKeaHiB, MOPIB Ta IX IPyIl, Aep-
’KaB Ta IX TPYI, iHIINX IO/MiTUKO-aiMiHiCTPaTUBHUX Iifipo3AiiB. 3a Mac-
mrabom K. pospisusiors kpymuHomacurtabui (1 : 5000 ta KpymHimre),
cepepupomacintabui (Big 1 : 100000 o 1 : 500000) i gpibHOMAacIITAG-
Hi (Big 1 : 1000000 Ta ppibuime). 3ycTpivaoTbes iHmN Kracugixaril.
3a 3mictrom K. 6yBatorh saranbHoreorpadivni i Temaruuni. 3aranabHo-
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reorpadivni K. BigoOpa)kaloTh CYKYIHICTh OCHOBHUX €/IeMEHTIB MicIie-
BOCTi, TOOTO MOKa3yIOTh riporpadiio, penbed, HaceneHi MyHKTH, JOPOTU
Ta iHmi enemenTu. Oco6MMBOCTI X 3MICTY 3ajie)KaTb, TOTOBHVM YMHOM,
Bif Macurtaby kaptu. 3mict TeMmarnuHOl K. BM3HauaeTbCsi KOHKPETHOIO
TEMOI0, TaKa KapTa CIIelia/IbHO IIPUCBAYEHA esIKOMY e/IeMeHTY (e/leMeHTaM)
a6o sBuIy (SBMIAM), HAIPUK/IAZ, HACETEHUM ITYyHKTaM, IPyHTaM, POCTIMH-
HocTi, Tigporpadil, KIiMaTy, posTallyBaHHIO POXOBUIL IIPUPOFHIX KOIIa/IVH
Tomo. IHOAI TeMaTM4Hi KapTy, B 3a/IeKHOCTI Bifl IIMPOTY OXOIIEHHSA TEMU,
IO BiJ0OPaKaeThCsI, POSIOAULIIOTH Ha 3araibHi Ta raaysesi.

KAPTA IIOBEPXHI 3EM/II TEMATUYHA (3 KOCMOCY), xapma no-
sepxnocmu 3emnu memamuueckas (c kocmoca), thematic earth surface
map — IIpoananizoBaHa iHpopMaLlia y BUITIALL TEMaTUYHOI KapTH, OCHO-
BY AKOI CK/IaJJa€ KOCMIYHMIT 3HIMOK 3 HeOOXiTHVMU OIIOBHEHHAMI, YMOB-
HJMM TTIO3HaYKaMU Ta HaJIMCaMI.

KAPTOIPA®IYHA IH®OPMAIILA, xapmozpaduueckas ungdopmauus,
cartographic information -
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1. Bigomocri mpo xaprorpadiuni TBopu. CrictemMaTiuHe 30upaHHsi, 06-
pobrenHs, 36epiraHHs Ta omepaTyBHA ByjaYa KOPUCTYBadaM BifoMocCTeit
Ipo KapTy (BUAHMX Ta PYKONMCHUX), aT/Iacy, aepOKOCMIiYHI MaTepiann
Ta iHI1i KaprorpadiuHi JKepena 3AifICHIOIOTHCS CIIelliani30BaHIMU CITYK-
6aMM Ta aBTOMATU30BaHUMM KapTorpadiuHuMy iHpOpMaLiliHO-IIOMIYKO-
BUMU CUCTEMAMM;

2. Indopmanis, 0 MOFAETHCA Y BUITIAAL KapTOrpadivHuX TBOPIB;

3. Indopmauis, 0 BUKOPUCTOBYETDCSA /ISl CTBOPEHHS Ta IOHOBJICHHS
KapTorpadiyHuX TBOPIB;

4. Pe3ynbrar CnpuiiMaHHs MIOAMHO0 (a60 aBTOMAaTMYHUM pO3IIi3Ha-
Ba/IbHVMM IIPUCTPOEM) BiOMOCTEN PO 06’€KTH, sIBMILA Ta MIPOLIECH, L0
BifobpakeHi Ha Kaprax. K. i. mepegaeTbcst 3a fonmoMoroo 3aco6is KapTo-
rpadiunoro 306pakenHs Ta rpadivHuX 06pasis.

KAPTOIPA®IYHA IIPOEKLIA, xapmozpaduueckas npoexuus, carto-
graphic projection, map projection, projection — MareMaTVIHO BMU3HA-
4yeHuit 3acib BifoOpakeHHs moBepxHi 3eMHoro mapy abo emincoifa (4n
iHIIOl [UTaHeTV) Ha IUION[MHI. 3arajipHe PiBHIHHSA KapTorpadidHoi mpo-
exuii 38’3ye reogesnyni mupotn (B) ta gosroru (L) 3 mpAMOKyTHUMU
KOOpAMHATaMM X Ta Y Ha mnomyHi sk x = f1 (B, L); y = f2 (B, L), ge fl Ta
f2 — HesanexHi, ogHO3Ha4Hi Ta KiHIeBi ¢yHkuii. Bcim kapTorpadiu-
HVIM IIPOEKIIisIM BIacTyBI Ti ab0 iHIIi CIOTBOPEHHS, 110 BUHUKAIOTb IPH
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nepexofii Bif chepryHoi MOBepXHi Ko IIOmMMHN. 3a XapaKTepoM CIIOTBO-
penb K. 1. pospinsaiors Ha koHGOpMHI (piBHOKYTOBI), sIKi He MaIOTh CIIO-
TBOPEHb KYTiB Ta HANIPAMKIB; PiIBHOBE/NKI, AKi HE CIIOTBOPIOIOTH IIJIONLi;
PIBHOIPOMDKHI, sIKi 36epiraloTh Bifi CHOTBOPEHD JiesKMIl OVIH HAIIPSIMOK
(mepupianu abo mapaseni) Ta ZOBIIbHI, B AKMX TUM Y {HIIMM YMHOM Mi-
CTATBHCS CIIOTBOPEHHA KYTiB Ta IIJIOMI,.

KAPTOI'PA®YBAHH/, kapmozpaduposanue, mapping, map (atlas) com-
pilation — CykynHICTb IIpolieciB, METO/iB Ta TEXHOJOTil CTBOpEHH:
KapT, aT/aciB Ta iHmmx KaprorpadivHmx TBOpiB. 3a Macutabom pospis-
HSIOTb KpyIIHOMAacIITabHe, cepegHboMaciuTabHe Ta fpioHoMacutabue K.;
3a 00’eKTaMyt — aCTPOHOMIYHe, ITaHeTapHe Ta 3eMHe K.; 3a MeTomOM —
Ha3eMHe, aepoKocMiuHe, nifiBogHe K.

KAPTOCXEMA, xapmocxema, sketch map — CrpolieHa KapTa, sika He Ma€
kaprorpadivynoi citkn. K. mae 3aranbHe yABIeHHA PO BiATBOpeHi Ha KapTi
ABUIIA.

KIIACUDIKYBAHHA, xnaccupuxauyus, classification, categorization —
Posnopin 3ajjanoi MHOXKMHM Ha MiJMHOXXMHI Y BifIIOBifHOCTI 3 IpMitHA-
TUMM TIPaBWIAMH, COPTYBAaHH: 00 €KTIiB 3a KaTeropisMu.

KITACUDIKYBAHHA BATATOCIIEKTPAJIBHE, xnaccuduxauus muozo-
cnexmpanvHas, knaccuPuxayus mynvmucnexmpanvuas, multispectral
classification — KnacudikyBaHus 300pa>keHHA Ha OCHOBI po36MUTTSA
IPOCTOPY CHEKTPaJIbHMUX O3HAK Ha 00/acTi, 110 BifIIOBifalOTH OKpeMuUM
KJIacaM.

KITACU®PIKYBAHHA BE3 HABYAHHA, knaccudukayus 6e3 o6yuenus,
unsupervised classification — Posnopin 3agaHoi MHOXXMHU Ha MifIMHO-
XKVHU Y BiJTIOBITHOCTI 3 IPUITHATYMY IPaBWIaMM COPTYBaHHS 00 €KTiB
3a KareropissMu 6e3 3aCTOCYBaHHs HaBYaTbHUX BUOIPOK.

KITACU®PIKYBAHHA 3 HABYAHHAM, xknaccudukauus c oOyuenuem,
supervised classification — KnacudikyBaHHs 3 HaBYaHHIM Ha €TaJIOH-
HUX (parMeHTax 300paXKeHHsI, KOIU JyIA KOXXHOTrO HiKcens y Bcix Aiama-
30HAX BU3HAYAIOTHCS TOKA3HUKY BIACTUBOCTEN CIIEKTPAIBHOTO BitOUTTS
i 3icTaB/IAIOTHCA 3 3aJAHMMM K/TACAMI CIIEKTPA/IBHUX 03HAK 200 3 TAKMMI
Ha eTAJIOHHUX 00 €KTax.

K/IACTEP, knacmep, cluster — Ipymia eeMeHTIB, IIOEAHAHNUX HEAKOI0 CIi/Ib-
HOIO BIacTUBicTIO. B 3ajayax aBTOMaTHYHOrO po3nisHaBaHHs 00pasis mix
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K. po3ymiloTb rpyny 06’€KTiB, L0 YTBOPIOIOTh Y IIPOCTOPi ONMCY KOM-
HaKTHY (B /leAKOMY pO3yMiHHi) 06/1acTh

KOE®IIIIEHT BUIIPOMIHIOBAHHA, xoagduuuenm u3snyuenus,
emissivity — IIOHATTA BUKOPUCTOBYETHCA I TEIUIOBUMX BUIIPOMIHIO-
BauiB. K. B. BM3HA4aeTbCA fAK BiJHOIIEHHSA TENIOBOI €HEPreTUYHOI CBiT-
HocTi tina Me, th 1o enepreTnyHoi cBiTHOCTI YopHOTO Tima Me, (e = 1) mpn
Till )Ke TeMIeparypi.

KOE®ILIEHT BIABUTTA, xoadduuuenn ompaxcenus, reflectance; ref-
lection factor — BigHouleHHA BiZOMTOrO CBITIIOBOrO IOTOKY (IOTOKY
BUIIPOMIHIOBAaHHS) [0 I1afJal0¥0rO CBiTIOBOrO IOTOKY (IIOTOKY BUIIPOMi-
HIOBAaHHA). Y 3araJlbHOMY BUIAJIKy 3HadeHH: K. B. 3anmexxutsb Bif ciocoby
OCBIT/IEHHS, CIIEKTPA/IBHOTO CK/IAJy i CTaHy MOIApM3alil BUIIPOMiHIOBaH-
HA. [losHavaeTbes re, 1V, T.

KOJIIP, ysem, color —
1. AcrieKT 30pOBOTO CIIPMITHATTS, IO LO3BOJSE CIIOCTEpirady pospis-
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HATY KOTbOPOBi CTUMY/IH, AKi BiJPiSHAIOTHCA 3a CIEKTPATbHUM CK/IAZlOM
BUIIPOMIHIOBaHHS, TOOTO BipisHATU OfVIH 00’€KT Bij iHIIOrO, AKIO pi3-
HUIA MDK HUMM OOYMOBJIEHA TiNbKM Pi3HUIIEI0 CIIEKTPAIbHOTO CKIALY
BUXITHOT'O BiJl HUX CBiT/Ia;

2.'TpuBuMipHa BEKTOpHA BEIMYMHA, IO XapaKTepU3YE CYKYIIHICTb

CIEKTPA/NIbHMX BUIPOMIHIOBAaHb, AKi Bi3ya/IbHO HE PO3PiSHIOITHCA B KO-
JIOpPYIMETPMYHUX YMOBAX CIIOCTEPEKEHH, TOOTO B TAKMX YMOBaX Bi3yaslb-
HOTO IOPiBHAHHA, IIPU KOTPUX Oyfb-AKi BUIMPOMIHIOBaHHS OJHAKOBOTO
CIIEKTPa/IbHOTO CK/IaJly He PO3PiSHAIOTHCA OKOM.

KOJ/IIPHUN TOH, usemosoii mou, hue — XapaxTepucTika KOnbopy, sKa
ONNCYETHCA CIOBAMM: CUHII, 3€/I€HNIT, >)KOBTUIL, YePBOHMIA i T.II.

KOJ/IbOPOBICTbD, usemnocmv, chromaticity — XapaKTepucTyuka sIKOCTI
KOJIbOPY, fIKa BU3HAYAETbCS JIOTO KOOPAMHATaMU KOIbOPOBOCTI abo
TOMiHYIOYOI0 JOBXXMHOK XBUII i YMCTOTOI0 KONIbOPY.

KOMIPKA, sueiixa, cell, drid cell, tile — JIBomipHUit TpocTOpOBUil 06 €KT,
e/IeMeHT PO30OUTTS 3eMHOI IOBEPXHi JIHIAMY Pery/LIpPHOI CiTKH, TOOTO
PeryasipHO-KOMipKOBOTO IIpefCTaB/lIeHHsI IIPOCTOPOBUX 00 €KTIiB, Ha Bifl-
MiHy Bif mikcens (sK eleMeHTa KOMIpKOBOTO IIpefiCTaBIeHHs), CTBOPIO-
BaHOTO PO36UTTAM JIiHisIMI pacTpa 300pakeHHs (a He 3eMHOI MOBEPXHI).
K. 3BuuaifHO Ma€ IpaBUIbHY TeOMeTPUYIHY GOPMY (TPUKYTHUK, YOTUPH-
KYTHIK, TeKCaroH, Tpamenis abo iH.) i xapakTepusyerbcs abCOMOTHIMNU
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po3Mipamu B miHilHIi a0 TpagycHiit Mipi, SIKi BM3HAYaIOTh IPOCTOPOBY
PO3Pi3HEHHICTh YTBOPIOIOYOI PEry/IsPHOL CITKM.

KOHTYP, konmyp, contour — 3amkHeHa kpusa. llle: mocmigoBHicTh 0OMe-
XKYIOUMX RyT (IOIiIiHIN) TPOCTOPOBOro 00’ €KTA.

KOOPIUHATH, koopounamot, coordinates, position data — Jliniitai abo/Ta
KYTOBi Be/IM4YMHY, AKi BU3HAYaIOTh I10/I0’KEHHA TOYKY B3[JOBXX HAIIPAMKY
a60 Ha 1IoLIMHI, a60 y mpocTopi. [ BU3HAYEHHS MiCLIeTIO/IOKeHHSI TOY-
KOBOTO 00’€KTa y IIpocTopi icHyIoTh reorpadivni K.; e kyToBi Bennunun,
110 Ha3MBAIOThCA HIMPOTOIO Ta JOBIOTOI0, i BOHM BM3HA4YalOTh MiCIIENo-
JIO)KEHHs TOYKM 3€MHOI IIOBEPXHI BiJHOCHO €KBAaTOPa i MOYaTKOBOTO Me-
pupiana. leorpadivni K. MoXXyTb 6y Ty acTpOHOMIYHNMY i reOfIe3YHUML.
HIvpoTy Ta KOBrOTH TOYOK, SAKi BM3HAYAIOTbCA Ha OCHOBI reofe3sMyHNX
BUMIpIB Ta IOCTIifYI0UYMX 00UNCIeHb Ha IOBEPXHI pedepeHc-ermincoina,
Ha3MBAIOTbCSA T'eOfe3MYHMMM i MTO3HAYAIOThCsA 3BUYANHO jiTepamMy B Ta
L. AcrpoHOMIiYHI IIMPOTH Ta JOBIOTY TOUYOK BU3HAYaIOTbCA 3a CIIOCTEpe-
JKEHHAMIU B IIUIX TOYKAX HeOECHUX CBITIII 1 TO3HAYAX0ThCA 3BUYAITHO JIiTe-
pamu j Ta 1. Teomesuuni reorpadiuni K. 38’13aHi 3 HopManio, 110 Ipoxo-
IUTD Yepe3 JaHy TOUYKY [0 IOBepXHi pedepeHc-enincoina, a acTpoHOMI4Hi
reorpadivni K. — 3 HarpsAMKoM IpsAMOBUCHOI JIiHII B 11iiT TOYII.

KOPUTYBAHHA ATMOC®EPHE, koppexuus ammocdepras, atmospheric
correction — PajliomeTpryHe KOPUTYBaHHA KOCMIYHOTO 3HIMKQ, CIIPSAMO-
BaHe Ha KOMIIEHCYBaHHA eQeKTiB BUOIPKOBOCTI PO3CIsIHOrO CBiT/a, 110
00OYMOBJIeHI CepefOBMILEM IIPOXOfKEHHs BUIIPOMIHIOBAaHHI — aTMO-
cdeporo.

KOPUTYBAHHA TEOMETPUYHE, xoppexkuus zeomempuueckas, geo-
metric correction — YCyHEeHHS T€OMETPUYHMX CIIOTBOPEHD Ha 3HIMKY.

KOPUTYBAHHA PAJJIOMETPUYHE, xoppexuus paduomempuueckas,
radiometric correction — BuIpasiieHHA CIIOTBOPeHb ACKPABOCTi 3HIMKa.
ITpumitku: 1. CIOTBOpeHHsI SICKPaBOCTi 0OYMOB/IEHO IepebosMu B po-
60Ti TexHiYHMX 3ac06iB J]33, arMocepHUMY CHOTBOPEHHAMY, COHAYHOI0
ocBiT/eHicTio Ta iH. 2. PagiomMeTpuyne KopuryBaHHs 3abesmedye pajgiome-
TPUYHY IIOPiBHAHHICTb MAaHXPOMATUYHUX, 0araTOCIIeKTPaIbHUX Ta Pi3HO-
4acoBUX UPPOBUX a€PO- TA KOCMIYHNX 3HIMKIB.

KOCMIYHVM 3HIMOK, xocmuueckuii CHUMOK (kocmocnumox), space
photo, satellite image — 3HiMOK 00’e€KTa 30H/[yBaHH:, OTPUMAaHUIL 3a J10-
IIOMOTO0 TeXHi4HOTro 3aco6y /133 (3HiMa/npHOI CHCTeMN), BCTAHOBIEHOTO
Ha mnatdopmi Kocmiunoro 6asysanus (KA).

CJIOBHUK TEPMIHIB
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KOCMIYHUV CETMEHT GPS, xocmuueckuii cezmenm GPS, space segment
of GPS — Cerment cucremu GPS, sKilt MiCTUTD 0 26 WITYYHUX CYIYT-
HUKIB 3emi (IepeOadaeTbes, 10 y MaitOy THbOMY KiNbKiCTh CYIIYTHUKIB
6yne 36impuIyBaTICs), IKi po3TaiioBaHi Ha 6-Tu opbitax. Ilnomuun op6it
HaxWIeHi Ha KyT Oia 55° [0 IUIOMHY eKBaToOpa Ta 3CYHYTi IIO OBrOTi
Ha 60°. Papiycu op6iT — 6111 26 TuC. KM, a Hepioi 00epHeHHsT — II0IOBU-
Ha 30psHOI ;o6 (mpubmmsHo 11 rogys 58 xByunH). Take po3MileHHs Cy-
IIYTHUKIB JIa€ MOXX/IMBICTb CIIOCTEPIraTyi OGHOYACHO HE MEHII HXK 5 3 HUX
y Oymb-sAKuii 4ac Ta y Oyab-AKiil Touni nosepxHi 3emi. [lepenasadi, mo
BCTAQHOBJICHI Ha 6OPTY KOXKHOIO CYIIYTHUKA, HOCTi/IHO BUIIPOMIHIOIOTDH
€/IeKTPOMArHiTHI CUTHA/IM Y HAIIPAMKY 3€MHOI IIOBEPXHi.

JIETEH]IA, nezenda, legend -
1. B JI33: TeKCTOBMIT OMUC pe3y/IbTATy iHTepIpeTaLil 300paskeHHs;
2. B xapTorpadii: cucTema yMOBHMX 3HaKiB, 1110 BUKOPYCTaH] Ha KapTi,
i TEKCTOBMX IIOSICHEHb, 1110 PO3KPMBAIOTD 3MICT. JI. BK/II0YA€E pO3’ICHEHH ],
BUT/IYMa4yeHHsI 3HAKIB i BifoOpakae yorivHy OCHOBY 00 €KTa, 110 KapTo-
rpa¢yerbcs. [ TonorpadivHux KapT iCHYIOTh CIellianbHi Tabaniii yMOoB-
HUX 3HaKiB, 000B’sI3KOBI [Is1 BUKOPUCTAHHS Ha BCIX KapTax BifMOBITHOTO
Macitaby. Ha TeMaTHMX KapTax IereH/ly 4acTo 3aliCy0Th (IPYKYIOTb)
Ha CaMOMY apKyIli KapTu.

JIOAP, nuoap, LIDAR — AxtuBHmit texniuumit 3aci6 J133 3 Bmxopuc-
TaHHSIM J1asepa abo iHIIOrO JpKepena BUCOKOIHTEHCMBHOTO MOHOXPO-
MaTMYHOTO ONTUYHOIO BUIPOMiHIOBaHHA. OCHOBHE IpM3HAYeHHSA —
BUMipIOBaHHs BifcTaHi (ganbHOCTi, Bucotn). [IpuHIMI BUMiplOBaHHs

-
==
)
&
[
Rl
B
M
s
e =]
m
(o)
=
(&)

BifICTaHi OCHOBAHMII HA PeECTPallil Yacy IPOXOMKEHHA ONTUYHOIO iM-
HYJIbCYy B0 00’€KTa i B 3BOpOTHbOMY HanpsAMKY. IToxubka BuMipy Bin-
craHi He nepesuiye 10 cMm. Ckopouenns Bix Light Intensity Detection
And Ranging — Bu3HaYeHHsA J[Ja/JbHOCTI 3a [[ONIOMOTOI0 OITHYHOTO
BUIIpOMiHIOBaHHA. IcHye pisHoBUp JI., po3poOieHMit creniagbHO A
MOHITOpPUHIY CTaHy aTMocdepy; B i1oro KOHCTPYKILii nepegdadeHo Ba
nasepy; LOBXMHA XBUJIi OJHOTO CIiBIa/la€ 3 MaKCMMYMOM IIOIJIMHAHHA
BUIIPOMIHIOBaHHA aTMOChEepHUMM 3a0PyJHEHHAMY, a JOBXMHA XBUIIi
IOPYroro — 3 MiHiMyMOM IIOITIMHAHHS.

MACIIITAB, macuma6, scale — BigHoleHHA NOBXMHY 0e3KiHLIEBO MaJIOTO
Bifipi3ka Ha reo300paKeHHi [J0 HOBXWHM BifNOBIZHOrO Oe3KiHI|eBO Ma-
JIOTO Bifpiska Ha IOBepxHi enincoiga a6o Kymi. M. KapTu MO)XXe BKa3yBa-
THCh B TAKUX TPHOX (POpMaAX: YNCTIOBINT — YMCeNbHMIT MacIITab — sIK f1pib,
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3 YMCEJIbHMKOM, IO JOPiBHIOE OfVMHUII, i 3HAMEHHMKOM, IO JOPiBHIOE
CTYIIEHIO 3MEHIIEHH:A JOBXMH Ha KapTi; iMeHoBaHuii M.— Hamuc, 110
BKa3ye IOBXXIHY JIiHil Ha MiCLIeBOCTi, sIKa BifjlioBinae 1 cM Ha Kapri; rpadiu-
HMit, a60 miHiHamit M. — mKana 3 noginkamu (3aspudaii, 1 a6o 2 cm), mis
SIKUX MifjIcaHi BijOOBifHI HOBXMHN Ha MicieBOCTi (B MeTpax abo Km).
Ha pgpi6bHOoMaciTabHUX KapTaX BUHMKAIOTh IIepeKPY4YeHHA (BUKPUBIIAH-
Hs1) M. IOBXIH 32 PaxyHOK KapTorpadidHux IpOeKIiil, pu IbOMY pO3-
Pi3HAIOTD ronoBHuUII i yacTkoBmit M. Ha 1uranax, mucrax Tomnorpadivnmx
KapT, KPyMHOMAacIITabHMX KapTax i KapTax HeBeIMKUX TepUTOPpil (1po-
TSDKHICTIO 10 1000 kM) pisHuni M. IpakTMYHO He BigdyBawThcs. Po3spis-
HAIOTb TaKOXX 3HIMasibHUI M., B IKOMY IPOBOJIMTHCSA 3HIMaHHA, M. cKia-
IaHH:, B SIKOMY BUKOHYETbCsS 1MOOyfoBa KapTu i M. BUJaHHsA, B SIKOMY
KapTa BUMAETHCS, 4acTO OibIn apibHMiT, uM M. CKmagaHHS.

MEPUIIAH, mepuouan, meridian — JliHis Ha 3eMHiil TOBepXHi, BCi TOUKM
AKOI MalOTh OJTHY i TY 5K JJOBrOTY. M. BKa3ye HalpsAAMOK «I1iB/IeHb — IiBHiY».
BigpisHAoTb Taki M.: acCTpOHOMIUHUIT — yTBOPIOETHCA MEPEPiI3OM 3EMHOT
IIOBEPXHi IJIOWMHOIO, sIKa IPOXOANUTb Yepe3 NMPsAMOBUCHY JIHIIO y JaHili
Toulli i mapajenbHO oci 0OepTaHHs 3eMli; TeOfesUYHINI — BU3HAYAETHCS

CJIOBHUK TEPMIHIB

IVIOIMHOIO, sIKa IIPOXOAIUTD Yepe3 HOpMaslb 10 IIOBEPXHi 3eMHOT'0 eJTiIcoifia
B JIaHil1 TOYIIi i /I0T0 Majly BiCh; T€OLIEHTPUYHMI — BU3HAYAETHCSA IIOLIMHOIO,
sKa IPOXOANUTD Yepes JJaHy TOUKY Ta Bicb oOepTaHHA 3eMili; BUXiTHMIL, ab0
IpinBinpKuUil M. € IoYaTKOM BiJyTiKy JOBrOT; OCbOBIMI — IIPUITHATHN 32 BiCh
CHCTeMV KOOPIVHAT Ha IUTOLVHI (II0BepXHi).

METAJTAHI, memaoantvie, metadata — [lani npo gaHi: Katanoru, JOBifHN-
KU, PeECTpY, iHBeHTOPii, 6a3u MeTagaHMx Ta iHIui popmu omucy Habopis
1npOBYUX i aHATIOTOBUX JAHMX, 110 MICTATh BiJOMOCTI PO IX CKIIaf, 3MicCT,
craTyc (aKTya/JbHICTb Ta IIOHOBJICHHS), IOXOKEHHA (METORM Ta YMOBU
OTPUMAHHS), MiCIIe3HAXOMKeHHs, AKICTb (MOBHOTY, HEIIPOTUPIUYsI, JOC-
TOBipHicTB), popmary Ta GOpPMU MOJAHHA, YMOBU JOCTYILY, IIPUIEOAHHS
Ta BUKOPUCTAHHA, aBTOPChKi, MaifHOBI Ta CyMi>KHI 3 HMMM IIpaBa Ha JlaHi
Ta Ipo iX iHIIi JaTOMETPUYHi XapaKTepucTUKU. binbun Toro, mpocToposi
M. MOXYTb aTprOYTYBaTIUCS [OFATKOBUMIU 000B’A3KOBUMY 2060 (aKyb-
TaTUBHUMM XapaKTEPUCTHUKAMI, BKIIOYA0UN CI0COOM 1ndpyBaHHs, CHi-
CTEMM KOOP[MHAT, TOYHICTb IIPOCTOPOBOTrO IPECTABIEHH A, IIPOCTOPOBY
PO3pi3HEeHHICTD 1 piBeHb reHepaisanii, MaciuTab, kaprorpadidsi Ipoek-
1jii, IereHay KapT Ta iHmi crienuditHi 0cO6MMBOCTI NpencTaBIeHHs, 00-
pOO/IeHHs Ta BifTBOPEHHS IPOCTOPOBYUX JAHMUX.
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MOHITOPHHI, BI[JCTE)XKYBAHHA, monumopune, monitoring — Ilepio-
IMYHEe CIIOCTEpiraHHsA 3a 00 €KTaMy Ta SBUIAMU 3 METOIO BUSBICHHA iX
KUTBKiCHMX 260 SIKICHUX 3MiH.

HABIP JAHUX, na6op daunvix, dataset —
1. Bynp-sKumit Kmac mpocTopoBux 06’ €KTiB, Tabmuist abo Habip KIacis
y 6asi reofaHux;
2. ImeHoBaHUM" Ha6ip JIOTIYHO 3B S13aHMX MiXK COOOI0 €JIEMEHTIB JaHUX,
YHOPAIKOBAHUX IIEBHIM CIIOCOOOM.

HAJIUP, naoup, nadir — Touka Ha 06’€KTi 30H/[yBaHHS, 5IKa PO3TAIIOBaHA
Ha JIiHil 3’efHaHHA TexHiYHOrO 3aco0y [133 3 meHTpoM 3eMiri.

HAOYHICTD, naznaonocmv, apparency — MOXIUBICTb 3py4HOTO 30pO-
BOTO CIIPUIHATTSA IO KapTi IPOCTOpoBuX (GopM, po3MmipiB posmilieHH,
3B’s3kiB 00’exTiB. JlaHa BIACTMBICTb 3a0e3Ie4y€eThCA MIPOYMaHNM Bifi-
60pOM e/leMeHTIB 3MICTy KapTH, HOL{IbHOI0 TeHepai3alli€lo, peTeIbHUM
Biff6opoM 300paXXyBaIbHIX 3aCOOIB.

OF’EKT JEIIVI®OPYBAHHA, o6wexm oewudpuposanus, object of inter-
pretation (decoding) — Ilpenmer (sBUIle) IPUPOZHOrO a00 LITYIHOTO
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MOXOJKEHH, Ofiep>KaHHsA iHdopMalii Ipo KOTpuit € MeTO HMpPOLecy Je-
mudpyBaHHA.

OB’EKTUB, o6wexmus, object glass, lens, objective — Ontnyna cucrema,
JKa YTBOPIOE IPOEKTMBHE 300pakeHHA IUIOCKMX 260 00’eMHMX IIpen-
MeTiB Ha IUIOCKiil moBepxHi mpuitMava (dorommiBii, GoTOKATOAI enek-
TPOHHO-IIPOMEHEBOI TPyOKy, MaTpuyHOMY (GOTOIIepeTBOPIOBAYi TOLLO).
O. xmacuikyoTp Ha: CBITIOCH/IbHI, IIMPOKOKYTHI, HOBrOPOKYCHi, HOp-
masnbHi. CBiTmocunpai O. MatoTh BifHOCHUIT OTBIip Oinbuie 1 : 2,8. Y mm-
pokokyTHux O. mone 3opy nepesuiiye 600. Josrogoxycui O. xapakre-
pu3yI0ThCsT GOKYCHOIO BifCTaHHIO, siKa BTpudi abo Oijblire mepeBuILye
BE/IMYMHY JIHINHOTO 10/ 300paxkeHHs. [lo HOpManpHUX BigHOCATH O.,
Y KOTPUX BCi TpM XapaKTepUCTUKM He JOCATAIOTh BKa3aHNUX 3HAUeHb.

OBPOB/IEHHA JJAHUX JUCTAHIIIMHOIO 30HIYBAHHSA 3EMJII
IIONEPEJJHE, o6pabomka O0anHubix OUCMAHUUOHHO20 30HOUPOBAHUS
3emnu npedsapumenvuasi, preprocessing — IlouatkoBuit eTarr 06po6IeH-
HA paHux 133, Ha AKOMY 3[ilICHIOIOTb KO yBaHHA IEePBUHHUX JaHUX
3 HACTYIIHMM Ka/TiOpyBaHHSM i TepeTBOPEHHIM IX Y paCTPOBY CTPYKTYPY.

OBPOBJ/IEHHA 3HIMKA IIEPBJIHHE, o6pabomka cHumka hnepeéuu-
Has, primary data processing — Bukonanss iHbopMaliiiHnx onepariit
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31 3HIMKOM IIOJO JI0TO MpPUB’A3KY 3a OpOiTa/JIbHMMY HaHMMY, HOpMaJli-
3anii, reorpaiuHOr0 IpUB’A3KM Ta NEPETBOPEHHS JO 3alaHOi KapTo-
rpac¢iuHoi npoekuii. Ha 1jboMy eTami MOXXYTb TaKO>K BUKOHYBAaTHUCS JesKi
elleMeHTapHi omepariii epeTBOpeHHs 300paXkeHHs Y BiIIOBIfHOCTI 3 BU-
MoTaMy KOpUCTYBaya.

OFPOBJIEHHA 3O0BPAJKEHD, o6pa6omka u3obpaxcenuii, image
processing — IIpoBefieHHs CYKYIIHOCTI omtepariit 3 ganumu [133 i Heo6xin-
HVIMU TOTTOMDKHVMI HaHVIMIU [i/1s1 JOCSTHEHHs IIeBHOTO PiBHS 00pobieH-
HA fannx [133. Takumu ornepanisiMmu MO>XyTb Oy Ti: IlepBUHHE 00pOOIeHH
CHUTHaJIIB 300pakeHb, CTUCHEHHS JaHNUX, Bi/[HOB/IIOBAHH:, KOPUTYBaHHS,
GbinbrpyBaHHs, apxiByBaHHS, BisyanisyBanHA Ta iH. Llimamm O. 3. MOXYTb
Oy Ty MifBUILEHHS I0TO SIKOCTi, €KOHOMIsI TaM sITi IpY IepefaBaHHi abo
30epiraHHi, CTBOPEHHsI KpallluX YMOB IIpY iHTepIipeTalii, ToIo.

OBEPJIEN, osepneii, overlay —

1. Onepariiss HaKIaJeHHs OVH Ha OJHOTO JABOX abo Oinblie miapis,
y pesyabTati sSKOi yTBOPIOETHCs rpadiuyHa KoMmosuiis abo rpacdiuxmit
O. BUXifHMX IIapiB; 4 OAMH TOXiZHWI LIap, AKUIl MICTUTb KOMIIO3U-

CJIOBHUK TEPMIHIB

1[iI0 IPOCTOPOBUX 00’€KTIB BUXIAHMX LIAPiB, TOMOJOTIIO Ii€l KOMIO3UIIi]
iarpubyT, AKi € apupMeTMUHO M JIOTIYHO IIOXiAHMMM BiJ] 3HAYEHb aTpu-
OyTiB BUXigHUX 00’€KTiB y TononoritHoMy O. BeKTOPHMX IIpefiCTaB/IeHb
IIPOCTOPOBUX 00’ €KTiB;

2. Ipyna aHamiTMYHMX Ollepallili, ka 06cayrosye onepauito O.;

3. B aHI7IOMOBHII TepMiHOIOTiL: Wap.

O3HAKA JEIIVI®OPYBAJIBHA OB’€EKTA 30HIIYBAHHZ, npusnak Oe-
wugposounvlii 006vexma 3oHouposanus, attribute — XapaxrtepHa Bya-
CTUBICTb 00’€KTa 30HYBaHHA, SIKA BUSAB/IEThCA Y BaHux JI33 Ta Ko3Bo-
JIsi€ PO3Mi3HATY, BUIIIUTY Ta ifeHTH(iKyBaTH LIl 06’€eKT.

O3HAKA JEIIN®PYBAJIbHA HEIIPAMA OB’€KTA 30HIYBAHHA,
npuszHnax 0ewudposounviii KocéeHHblli 00vexma 30H0uposanus, indirect
attribute — Jlemn¢pysanbHa 03HaKa, KA XapaKTepusye 06’ekT permnd-
PYBaHHA 3a JOIIOMOTOI0 OY/[b-sIKOTO MPMPOJHOIO YUY LITYYHOTO KOMIIO-
HEHTa, KU1 He € BAaCTUBICTIO 300paskeHHsI CaMoro 00’ €KTa 30HAYBaHHI.

O3HAKA [JEIINUDPYBAJIPHA IIPIMA OB’€EKTA 30HIYBAHHA,
npusnax Oewudposounviii npamoti obvexma 30HOUposamus, direct
attribute — JlemndpysanbHa 03HaKa, sIKa € BTACTUBICTIO 300paskeHH ca-
Moro o6’ekTa fermndpyBaHHA.
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OIIEPATUBHMUM ITPOTHO3, onepamuenviii npoznos, operative forecast —
IIpornos 3 mepiogom momnepesKeHHA /A HayKOBO-TEXHIYHMX, COLiasib-
HIX, eEKOHOMIYHMX Ta iHIIuX 00 €XTIB 7o 1 Micsans.

OIITUKO-EJIEKTPOHHA CHUCTEMA, onmuko-3neKkmpoHHas cucmema,
optical-electronic system — CuctemMa GopMyBaHHS 300pa>KeHb, B AKil
ONTHYHE BUIIPOMIHIOBAaHHS ClieHU (00 €KTIB) MEPETBOPIOETHCS B €TIEK-
TPUYHMIA CUTHAJL

OIITUKO-®OTOTPAD®IYHA CHUCTEMA, onmuxo-domozpaduueckas
cucmema, optical photographic system — Cucrema GpopMyBaHHA 300pa-
JKeHb, sIKa 3abeseuye peectpaliio crienu (06 exTiB) 6esnocepente Ha ¢po-
TOIUIIBKY, [ié yTBOPIOETHCSI TaK 3BaHE CXOBAHe 300paKeHHSL.

OIITUYHA HIUVIBHICTD, onmuueckas nnomuocmo, optical density —
Mipa Henmpo30pOCTi pe4OBMHY; KiTbKICHO BUPAXXA€TbCA AK JJeCATKOBUI
norapudm BenmuuHM, obepHeHOI KOeillieHTY NPONMYCKaHHs; IO3Ha-
yaeTbesa D.

OIITUYHE BUIIPOMIHIOBAHHZ, onmuueckoe u3nyuenue, optic (al)
radiation — EnexTpoMarHiTHe BUIIPOMIHIOBaHHS 3 JOBXMHAMU XBWJIb,
SIKI PO3TALIOBaHi MK IepexigHOI 0671acTio Oi/iss peHTTeHiBChbKUX IIPO-
MeHiB (mpubmusHo 1 HM) i nepexifHOI0 06macTio y pajionpoMenis (mpu-
6/mm3HO 1 MM).

OPBITA, opbuma, orbit — llInax cymyTHUKa HaBKO/IO HebecHOro Tina (Ha-
mpuKiIaj, 3eMi) mif BIvmmBoM rpasitaril. O. ITy4HOro CymyTHMUKA 3eMii
Mae GpopMmy criparti, 1[0 HabmKYEThCst K0 3eMTi.

OPBITA TEOCHMHXPOHHA, op6uma 2e0CUHXpOHHASA, geo-Syncronous
satellite orbit — Opbira, Ha AKill WBUAKICTb PyXYy CYIyTHMKA HOPIBHIOE
HIBUJIKOCTI 0OepTaHHS 3eMIi.

OPBITA TEOCTAIIIOHAPHA, op6uma zeocimayuonapHas, geo-stationary
orbit — Opbira cynyTHUKA B HAIPSAMKY oOepTaHHA 3eMli, Ipu AKiil cy-
IMYyTHUK 33JIMIIAETHCA MOCTINHO HaJ| OJfHI€I0 TOUKOO Ha IOBEPXHi 3eMTi.

OPBITA IIOJIAIPHA, op6uma nonsapuas, polar orbit — Opbira, sika mpoxo-
anTh Haj 06oMa reorpadivHUMY HOMOCAMM 3eMTi.

OPBITA COHAYHO-CUHXPOHHA, op6uma conxeuHo-cuHxpoxHas, Sun-
synchronous orbit — Opb6ita cynyTHuka 3eMi, Ipu AKil IUIOMMHA Op6i-
i1 671113bKa 10 HOJLIPHOI Ta aMIUIITYA TaKa, 0 CYIYTHUK IPOXORUTD Haf,
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BciMa Toukamy 3eMIi, Malouy OfHAKOBY IIVPOTY, iBa pasu 3a OOy B OOMH
1 TOVI JKe MiCIIeBUI COHAYHMII Jac.

OPTOTPAHC®OPMYBAHHA, opmogomomparcdopmuposanue, ortho-
transformation, orthorectification — IlepeTBopeHHsI aepo- 260 KOCMITHO-
0 3HIMKa 3 METOI0 YCYHEeHHs Ha 300pa)keHHi CIIOTBOPEeHb, 00yMOBJICHUX,
B OCHOBHOMY, Pe/IbE(OM MiCI|eBOCTi. BUKOPUCTOBY€ETbCS P BUTOTOBJIEH-
Hi doromnaniB (opTodoronnaHiB) penrpedHoi MicueBocTi. 306parkeHHs
IPUBOAUTHCS JO OFHOTO MAacIITa0y ITOE/IEMEHTHO, LIVIAXOM HellepepBHOTO
3MiHIOBaHH:A BYCOTH IIPOEKTYBaHHA B 3aJIEKHOCTI Bifi T€OfIE3MYHMX BUCOT
TOYOK MiCIIeBOCTi, 1[0 BiToOPasWINCh Y KOXXHOMY IOTOYHOMY e/IeMeHTi; OT-
pUIMaHe TaKUM YMHOM 300paskeHHsI Ha3MBAIOTh OPTOPOTO3HIMKOM. Binbiu
3araJIbHIIT BapiaHT: IIepePOeKTYBaHHs 300paXKeHH: Bif BUXIHII IpoeK-
il 306pakeHHs (HAPUKIIAL, LEHTPAIbHIN), IO OPTOrOHAIBHOI MIPOEKIIil.
CytHicTp nponecy O. mojirae y BUIIpaBIeHHI 300paXeHHS 3a HaXWIOM

CJIOBHUK TEPMIHIB

IUIOLVHM 3HIMKa Ta pe/ibehOM IIOBEPXHi, 110 300paXKy€EThCL.
OPTO®OTO3HIMOK, opmogomocrumox, orthophotography — Aepo-
260 KOCMIYHMII 3HIMOK, BUTOTOB/ICHNIT METOJOM OPTOPEKTU(IKyBaHHS.

HIJCTUW/IbHA IIOBEPXHA, nodcmunatowas nosepxuocmo, underlying
surface — TloBepxHsi, Ha sAKiiT po3TaioBani abo Ha (OHI SIKOI crocTepira-
I0TbCA 06’ €KTV 30HyBaHHA.

IHIKCEJIb, nukcenv, pixel — HaiimMeH1umit mpocTopoBmit eneMeHT Ludpo-
Boro 300paxenHs (noxigue Bix Picture Element). Po36urts momnst 306pa-
»keHHs Ha 1. [OCsATaeTbCs B pesy/bTaTi JUCKpeTH3aLil 306paxeHHs (pos-
OMBKM Ha JjajIi HEIOJi/IbHI eleMeHTH — IMCKpeTH, abo TOYKM pacTpa).
SckpaBicTb 1 Konmip (OCTaHHE — y BUIIQIKy KOJILOPOBOTO 300paXKeHHs)
€ He3MIHHVUMM Yy MeXXaX LIbOTO eJIeMeHTa.

IIIOIINA (OB’€EKTA), nnowadv (o6wexma), area — BHyTpimHsa o6macTp
IJIOCKOTO JBOBUMIPHOTO 00’€KTa, sIKa YTBOpPEHa 3aMKHYTOIO IIOC/IiOBHI-
CTIO YT Y BEKTOPHO-TOIIOJIOTiYHOMY IIpeficTaB/IeHHi a00 cerMeHTiB HeTo-
HO/IOTiYHOI MOJeNi «CHareTTi», Ta 1o ifeHTU(IKYETbCs BHYTPILIHbOIO
TOYKOIO i aCOIiiT0BaHMMI 3 HEelo 3HAYeHHAMY aTPUOYTIB.

IIOBEPXH/I, nosepxnocmo, sutface, relief — TpuBumipHuit 06’ext, ofus
3 YOTMPbOX OCHOBHMX TUIIB IIPOCTOPOBMX 00 €KTiB (HapiBHi 3 TOUKaMI,
JHIAMM Ta MOJITOHAMMU sIK IUIAHIMETPUYHUMM 00’€KTaMu), BU3HAUEHIA
He TiZIbKJ IJITAaHOBYIMY KOOPAMHATaM, ajie if aljiikaTolo Z, TOOTO Tpiiinero,
TPUIUIETOM KOOPAMHAT; 000/TOHKa Tia abo 110ro YacTuHa.
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IIOIJIMHAHHA, noznowenue, absorption — IlepeTBOopeHHs eHepril BU-
IIPOMIHIOBAHH B iHIITY pOpMY eHeprii BHACIIOK B3a€EMOZII 3 pEIOBIHOIO.

IIO3UTUB, IO3UTUBHE ®OTOI'PAPIYHE 306PA’KEHHA, no3umus,
nosumuenoe gomozpagduueckoe usobpacenue, positive photoimage —
dororpadiune 306paxkenHs (BifOUTOK 3 GoTOHEraTMBY), B AKOMY Bifi-
HOCHMII POSIOfIT SICKpaBocTeit abo KOMbOPIB BifIOBifae X posmopiny
B 00’exTi 3HimMaHHA.II. OTPMMYIOTh 33 CX€MOIO, aHaJIOTiYHOI0 CXeMi OT-
pMMaHHSI HeraTyBa, a caMe: eKCIIOHYBaHHs (oTomarepy, MpOsBIEHHS,
IpOMiKHe IPOMUBAHHS, QIKCYBaHHS, MiACYMKOBe IPOMIBAHHS Ta CYIIKa.

HHO3ULIIFOBAHHA, nosuyuonuposatue, attitude — BumipioBanHs 3a 1o-
MOMOTOI0 CYITy THMKOBMX CUCTEM MO3UIIIIOBAHHA 3 METOIO BM3HaYEHH KO-
OpAMHAT MiCIle3HaXOKEeHHA 00 €KTa B TPUBUMIPHOMY HaBKO/IO3EMHOMY
npocropi. Haii6inpun BifoMUMM CYIyTHUKOBUMM CUCTEMaMU IIO3ULIIO-
BaHHA € GPS Ta GLONASS. Y Hux napametpu II. BUMipIOIOTh KOJOBUM
a60 ¢asoBuM MeropoM. Bifomi croco6u aBTOHOMHOrO Ta AudepeHmii-
Horo II. IIpm aBTOHOMHOMY II. BM3HauyalOTbCA AOCOMOTHI KOOpAMHA-
TU MICII€3HAXO/PKEHHs IIPOCTOPOBOIO JIIHIHOK 3acCiYKOK II0 BUMipam
TICeBJIOBiICTaHel! TiIbKY 3 OfHOTO ITYHKTY (TOrO, 1110 BU3HaYaeThcs). [Ipn
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mudepenuiitHomy 1. nceBoBifcTaHI BUMIPIOIOTh OZHOYACHO 3 ABOX ITyH-
KTiB: 6a30Boi cTaHIii (po3TalIoBaHa y IYHKTI 3 BiTOMMUMIM KOOPAMHATAMIA)

1 pyXar4oi CTaHIIiI, AKa CTOITb IIOHAJ, HOBOIO TOYKOI0, a ITOTiM BUMipIOBaHi
BiJICTaHi NOPiBHIOIOTH i BBOJATDH Bi[IIOBiHI IOMPaBKMU.

IIOKPUTTA, noxpoimue, coverage — Dopmar BeKTOpHUX NaHUX IIporpa-
mu ArcInfo, nobymoBanmii 3a ¢paiiyIoBUM IPUHINIOM i IPU3HAYCHUIT L
36epexeHHs iHpopMallii Ipo MPOCTOPOBe MONOKEHH:, GOPMy Ta aTpu-
6y TMBHI XapaKTepUCTUKY IPOCTOPOBUX 06’ €KTiB. IIpu 11bomMy reomeTpud-
Ha iHdopmaris mpo mpocTopoBi 00’€KTM 30epiraeTbcsi K CYKYIHICTb
HEePBUHHUX IIPOCTOPOBUX OO’€KTIB (Takmx, K AYrY, BY3/IM, HONITOHU
Ta TOYKOBI MITKM) Ta BTOPMHHUX IIPOCTOPOBUX 00 €KTIB (TaKuX, AK €KC-
TEHTH, 3B’13KU MDK 00’eKTaMu, aHOTallil), a ceMaHTHYHA iHpOpMalis mpo
HJIX aKyMY/IIOETbCS B TAOMUIIAX aTpUOyTiB.

IIOJ/IIT'OH, nonizon, polygon — baraToKyTHUK, ITOiIrOHAaTbHMI 06’€KT, KOH-
TYp, KOHTYPHMII 06’€KT, 0671aCTb — HBOBMMIipHMII (IUIOWIOBMIT) 00 €KT,
OZMH 3 YOTUPbOX OCHOBHMX TUIIB IIPOCTOPOBUX 00 €KTIiB (IOpPsA 3 TOYU-
KaMI, JTiHiAMYU Ta oBepXHAMM). PospisuaoTs I1. mpocTnit — 1o He Mi-
CTUTDH BHYTPIIIHIX ITOJIIrOHIB, Ta KOMIIIEKCHMI — 1O MiCTUTh BHYTPillIHi
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MIOJIiIrOHY, AIKi Ha3MBAKTh «OCTPOBaMI» i aHKMaBaMu. OKpeMo BUTINAIOTH
tun II., sSKuil 3B’s13aHNUIT TOMOJIOTIYHMMM BiJHOLIEHHAMM 3 CYCifHIMM
Ta 0OMEXYIOUMMI JyraMy; Hofi6Ha CUTYallis 3 HOMIrOHaIbHYMY Ta iHIm-
M IIPOCTOPOBMMM 06’ €KTaMy XapaKTepHa /s cTangapTy SDTS.

IIOCTOBPOBJ/IEHHA, nocmobpabomxka, post-processing — Ilponenypa
HepeTBOPEHHs Ta 004MCIIOBanbHOr0 00pobneHuss GPS-paHumx, mo Bu-
KOHYETBCSI MIC/IA 3aKiHUeHHs IX 36upanHs. I1. JaHuX 3BMYAiTHO BUKOHYETbCS
B KaMepaTbHIX YMOBAX 3 BUKOPVCTAHHSIM BilIIOBIHOTO IIPOrPaMHOro 3abe3-
HIeYeHHsI, B Pe3yJIbTaTi YOr0 OTPUMYIOThCS OLIBbII TOYHI KOOPAMHATHI BU3HA-
YeHH:, HDXK Ti, 110 Oy/u oTpyMaHi 6e3rnocepeHbo 3 TaHNX BUMIpIOBaHb.

IIPE[JCTAB/IEHHA 30B5PAKEHHA Y IICEB/IOKOJ/IBOPAX, npeocmas-

JleHue uzobpacenus 8 ncedoysemax, pseudocolor —
1. Coci6 npepcraBieHHs undpoBOro 300pa>keHHs (3BUYAHO TeMaTn4-
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HOTO IIapy), 10 3a0esIedye pisHUM KIacaM 06 €KTiB BifjIIOBiIHI KOMbOPY;
2. Croci6 mpepcraBieHHs HAalliBTOHOBOTO 300paKeHHs, 3a SIKUM Pi3HUM
PiBHSIM Ipajjalliil Ha/Jal0Th BiAIOBIAHI KOMbOpK. 306paXkeHHS, 110 TAKUM
YIHOM YTBOPIOETDCS, HA3MBAETHCA IICEBJOKOTbOPOBIUM.

IIPE]JCTAB/IEHHA ITPOCTOPOBUX JJAHUX, npedcmaenenue npocm-
pancmeennvix Oaunvix, spatial data representation, (geo)spatial

data model — Croci6 1ndpoBOro onmcy mpocTopoBuX 06’€KTiB, TUII
CTPYKTYpPM TPOCTOPOBUX [aHMX; HalOiIbIl YyHiBepcalbHi Ta BXu-
BaHi Taki cII0OcOOM: BEeKTOpHE IpeNCTaBIeHHA (BEKTOPHO-TOIOJIOTiuHEe
Ta BEKTOPHO-HETOIIOJIOTiuHe, a00 MOJIe/Ib «CIIareTTi»), pacTpoBe, KBa#po-
IepeBo (KBaf[poTOMiyHe pencTaBieHHs). Jlo MeHII monpeHnx abo Tux,
1[0 3aCTOCOBYIOTDb I NPELCTABICHHs IPOCTOPOBUX 00 €KTIB NEBHOTO
TUIY, BiHOCATBbCA TaKOX Timeprpadosa mMozmenb, Mogens tuny TIN Ta ii
6araToBUMIpHi posiupeHHs. Bifomi Takoxx ribpumHi Mofeni mpocTopo-
BUX JIaHMX. MaluHHI peanisanii Mopesneil IpOCTOPOBUX JaHUX Ha3MBa-
10Tb (opMaraMy IPOCTOPOBMX HAHUX. ICHYIOTH METOAY Ta TEXHOJOTil
nepexony Bif opuux I1. 1. A. fo iHImMX (HAaIIpMKIIaJ, pacTpPOBO-BEeKTOPHE,
BEKTOPHO-PacTpOBe IIePETBOPEHHS).

IIPUB’A3YBAHHA LIM®POBOIO 3HIMKA T'EOIPA®IYHE, npuess-
Ka uyudpoeozo cnumra zeozpauueckas, satellite image geocoding —
BcTaHOB/IEHHA BifNOBITHOCTI MiXK CHCTEMOIO KOOPAMHAT 3HIMKa Ta Teo-
rpadivHOI0 CHCTEMOI0 KOOP/IMHAT Ha TiCTaBl XapaKTePUCTUK TEXHIYHMX
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3aco0iB [133, opbiTa/bHMX TaHNX, KOHTYPHUX KapT MiCIIeBOCTi, Ha3eMHIX
OIOPHMX TOYOK Ta iHIIIe.

ITPOEKIIIA, npoexuus, projection — 300pakeHHsI IPOCTOPOBOro 00’ €KTaA
B IUIOLIVHI, 1[0 TO6y/j0BaHe 3a BU3HAYEHIMI 3aKOHAMIL

ITPO3OPICTD, npospaunocmv, transparency — Benuumza, 110 Xxapakre-
pu3ye, AKy caMe YaCTUHY CBiT/Ia IIPOIyCKa€ cepefoBuile 6e3 3MiHM Ha-
IPAMKY JI0TO PO3MOBCIOJKEeHH . B3HaYa€ThCA BiJHOIIEHHAM CBiTIOBOTO
HOTOKY (IIOTOKY BUIIPOMiHIOBAaHHSA), IKUII IPOJIIIOB y CepelOBUIL MIIAX,
1[0 ZOPIBHIOE OfMHUII HOBXMHM, 63 3MiHM HAIIPMY, 1O CBITIIOBOTO MO-
TOKY (IIOTOKY BUIIPOMIHIOBAaHHsI), KMl BBIJILIIOB y Iie CepefoBMUIIe Y BU-
7171 TapajIeIbHOTO ITy4Ka.

ITIPOIIYCKAHHA, nponyckanue, transmission — IIpoxop>keHHs BUIIPOMi-
HIOBaHHS 4Yepe3 cepefoBuie 6e3 3MiHM YaCTOT CKIAfAI0UuNX 100 MOHO-
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XpOMaTMIHNX B]/IHPOMiHIOBaHb.

ITIPOCTOPOBO-YACTOTHA CTPYKTYPA 30bPAJKEHHA, npocmpancm-
8eHHO-UACMOMHAA cmpyKkmypa u3obpacenus, spatial frequency image
structure — IIpecTaB/IeHHs 300paKeHHs B IPOCTOPOBO-YaCTOTHII IIIO-
IIMHi, sIKe CTBOPIOETHCS LUIAXOM ItepeTBopeHHs Pyp’e abo PyHKIiL, s1KO0

OINCYETbCA 300pakeHHs (y BUIIQKy AeTepMiHOBAaHMX CHUTHAJIB), abo
aBTOKOpesAniiiHol QyHKIii 306paxkeHHs (IIpM BUIAAKOBOMY PO3IOAINY
sickpaBocteli). I1.-4.c. 3. Hajjae ysBIEHHS PO HASBHICTb V 300pakeHHI
TUX Y iHIINX IIPOCTOPOBUX FAPMOHIK.

PATTIAIIINHA TEMITEPATYPA, paduauuonnas memnepamypa, full
radiator temperature — TemnepaTypa, Ipu SKill YOpHe TiO Mae Ty X
caMy TeIJIOBY eHepreTU4HY CBiTHICTb, 1110 i Tiso, sike posriAafaerbes. Opu-
muus: kenbsid (K).

PAZTIOJIOKATOP, PAJIAP, paouonoxkamop, padap, radar — AKTUBHUII
TexHiuHMI1 3aci6 ]33, mpuHImI fil IKOTO Hepenbavyae BUKOPUCTAHHS BI-
MIPOMiHIOBAaHHs pPaliouacTOTHOTO iana3oHy. 3a JOIoMorolo P. BUABIAOTD
cTarioHapHi Ta pyxoMi 06 €KTH, BiICTEXYIOTh IX TpaeKTOpii pyxy, 3abesrre-
YYIOTh BUMIpIOBaHHA BificTaHi (JalbHOCTI, BUCOTM), @ TAKOXK [JO3BOJIAIOTD
OTpUMYBATH 300pa)KeHHsI MiCIIeBOCT] Ta pO3TAllIOBAHUX HA Hill 00 eKTiB.
PAJTAP — cxopouenns Bix Radio Detection And Ranging — papiosusas-
JIEHH# i BUSHAYE€HHS a/IbHOCTI.
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PAJTIOJTOKAIIIMHA CUCTEMA, paduonoxkauuonnas cucmema, radar
system — AKTMBHA CUCTeMa AMCTAHLIMHOTO 30HyBaHHA, 1110 JOCTI/IKYye
maHpmadT 3a JOIOMOTOK0 PajiiOXBUIIb.

PAJIIOMETP, paouomemp, radiometer — Texuiunmii 3aci6 111 BUMipIoBaH-
HsA €Hepril eJIeKTPOMarHiTHOIO BMIIPOMIiHIOBAaHHA y IIEBHOMY Jlialla3oOHi
TOBXMH XBIIb Oy[b-sIKOI YaCTMHU €NeKTPOMArHiTHOrO CIieKTpa. bysa-
1oTh P. iHdpayepBoHi (/i1 BUMIPIOBAaHHS €Heprii ereKTPOMAarHiTHOro
BUIIPOMIHIOBaHHA B iH(payepBOHOMY jianasoHi), MiKpOXBUIbOBI (myst
BUMIpPIOBAaHHA €HEPril eIeKTPOMAarHiTHOTO BUIIPOMiHIOBAHHA B MiKpOXBU-
JIbOBOMY Jiama3oHi), onTuyHi (J/1s BUMIpIOBaHHs eHeprii efleKTpoMarHiT-
HOTO BUIIPOMIHIOBaHHS y MeXKaX OIITMYHOTO Jjiarasony).

PAJTIOMETP BATATOCHEKTPAJIbHUM, paduomemp muozocnekmpann-

Hotll, padiomemp mynvmuchnekmpanvoui, multispectral radiometer —
PapiomeTp 1 po3AinbHOrO BUMIPIOBAaHHA €HEPTill €/1eKTPOMArHiTHOro
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BI/IHpOMiHIOBaHHH OJHOYaCHO Yy }IeKiHbKOX CIIEKTPpAa/IbHUX niana30HaX.

PAIJIOMETPUYHE KOPUI'YBAHHA, paouomempuueckas KoppeKuus,
radiometric correction — BunpaprieHHsI 3HaYeHb SICKPaBOCTEIl MKCeniB 300pa-
KEHHSI 3 METOI0 YCYHEHHsI B JAHVX TVX BiIXVJIEHb, 110 BUK/IVKAHI He 00’ €KTOM,
AKUIL CIIOCTEPIraeThes, a IHIMMY IIPMYMHAMY, HAIIPUK/IAJ, BIUIMBOM aTMocde-
PV, HEKepOBaHOKO 3MiHO0 IapaMeTpiB TexHiYHOro 3acody [133 Torrio.

PACTPOBE IIPEICTAB/IEHHA, pacmpoeoe npedcmaenenue, raster data
structure, grid data structure, tesselation data structure — PacTpoBa Mo-
Ienb faHUX — 11QpoBe MpefcTaBIeHHs IPOCTOPOBMX 00 €KTIB y BUITLAAL
CYKYIIHOCTI 4apyHOK pacrtpa (mikcemiB) 3 IPUCBOEHMMM IM 3Ha4YeHHS-
MM K/Iacy o0’eKTa, Ha BigMiHy Bifj GOpManbHO iIeHTUYHOTO PeryIipHO-

YapYHKOBOTO IIPEJICTaB/IEHHA K CYKYIIHOCTI YaPYHOK PEryasapHOi Mepexi
(ememeHTiB po36MTTS 3eMHOI mOBepxHi). P.11. mepe6adae mosuiitoBaHHs
00’€KTiB 3 BKa3yBaHHsI iX [TOMIOXKEHHS Y BifNOBIAHIN pacTpy MpsIMOKYT-
Hill MaTpUILi OGHOMAaHITHO JI/Is BCIX TUIIB IIPOCTOPOBUX 00’ €KTIB (TOYOK,
JTiHII1, TOIrOHIB Ta TOBEPXOHB).

PACTPOBO-BEKTOPHE IIEPETBOPEHHA, pacmposéo-éexmopHoe
npeobpasoseanue, raster to vector conversion, vectorization — AB-
TOMaTM4YHe ab0 HamiBaBTOMAaTH4YHe IePeTBOPEHHS (KOHBEPTYBaHH:)
PacTpoOBOro MpefCTaBIEHH IPOCTOPOBUX 00 EKTIB 0 BEKTOPHOTO Mpefi-
CTaBJICHHs 3a JOIIOMOTOI0 HabOpy oOIlepalliii, BKII0Yalouy, AK IIPaBUIIO,
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3 3aCTOCYBAHHAM OIEPAaTOPiB PO3psAAKY (OIlepaTopiB YCyHeHHs HamMip-
HUX TOYOK B IIMPOBOMY 3alnCy JIiHii), IX 3I7IaJPKYBaHHA, CIPOLIEHHS
PUCYHKa, yCYHEHHs PO3PUBIB, BiJa/AHHA «BUCAYMX JIiHil». P.-B. 1. mifi-
TPUMYETbCS CIlellia/li30BaHMMIY IIPOTPaMHIIMI 3ac00aMyt — BeKTOpH3a-
TOPaMIL.

PEJJATYBAHHA ITU®POBOI'O 3HIMKA, pedaxmuposanue uudpoeozo
cHumka, digital image editing — BuxoHnaHHs omnepariiii, ski He 1TOB’s13aHi
3 06po6IeHHAM 6e31ocepeHbO 3MicTY 11MPPOBOro 3HIMKa, ajie HeoOXinHi
UL MIBUINEHHS SKOCTI Ta IPUCKOPEHHsI 00pOO/IeHH s, a caMe: Bisyarisy-
BaHHJ, MO3aiKa, GparMeHTyBaHHs, CUHTe3yBaHHs, IUCKpeTU3allisd Ta iH.

PEKTU®PIKYBAHHA, pexmuduxauus, rectification, alignment, coregi-

stration, geocoding, geocorrection, georeferencing — IeomeTpudne Iie-
PETBOPEHHS PacTPOBOTO 300pa>KeHHS, SIKe YCYBa€ CIIOTBOPEHHS ONTUY-
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HOI CHCTeMM Ta IPOEKTYBaHHA TPUBMMIPHVX IIPOCTOPOBUX IIOBEPXOHb
Ha IUIOCKUI HOCI, i BKII0OYa€e MpUB sA3yBaHHA OTPUMAHOTO 300paXKeHH:
710 AKOi-HeOYIb CUCTeMM KOOP/MHAT Ha noBepxHi 3emii. Komy npu ipomy
TAKOX CTaBUTHCS i BUPIIIYETbCA 3afjada MaKCHMaTIbHO MOXK/IMBOTIO YCy-
HEHHsI CIIOTBOPEHb, 00YMOB/IeHUX pernbedoM MicrieBocTi, To Take P. Hasu-
BAIOTb OPTOPEKTU(IKYBaHHAM.

PIBEHb OBPOBITKY JAHUX JUCTAHLIIMHOTO 3O0HIYBAHHA

3EMIJII, yposenv o6paGomku OauHvix OUCHAHUUOHHO20 30HOUPOBA-
nust 3emnu, data product level, processing level — TleBHmit cTaH jaHUX

[133. ®opMa/ibHO BU3HAYAETHCS BiINIOBITHIM ITIOKa3HMKOM 0OCATY Ta 3Mic-
Ty 06pobnenHsa maHux. Hampuxiap, 1ieii IIOKa3HMK MOXKe BUMIpIOBaTUCSA
uimumu yncnamu Bif 0 o 4. Ilpu nbomy piBHIO 3 mokasHuKoM 0 BifinoBifiae
HOIepefHbO 00pO6IeHNIT 3HIMOK; PiBHIO 1 — HOpMaji3oBaHuUil Ta reo-
rpadivHO mpuB’sA3aHMIl 3HIMOK; PiBHIO 2 — IIOBHICTIO HOpMasli30BaHMIT
3HIMOK, KNI IIepeTBOPEHMII ¥ 3afjaHy KapTorpadidHy mpoekiilo; piBHIO
3 — 3HIMOK, femmdpoBaHmil 3 BULIIEHHAM Ha HbOMY iH(opMariii 3arab-
HOTO XapakTepy; 4 — 3HIMOK 3 BU/Ii/IEHOI0 TEMATUIHOIO iHPOpMALII€I0, 1110
€ pesynbraToM OOpOOITKY HaHMX Ha IONepelHIX piBHAX i3 3a/y4eHHAM
HOMOMDKHMX faHuX. IToCTiOBHe BMKOHAHHs Ollepalliil, mepeg6adeHnx
piBHAMY 0-2, Hajla€ IepBUHHO 06po6IeHNit 3HIMOK. BrikoHaHHA Beix ore-
paniit HaJ 3HIMKOM, BK/IIOYAIO4M OIlepalii 4-To piBHA, HaJla€ TEMAaTUYHO
06pob6ennit 3HiMOK. MO>X/IMBI 1 iHIIi BapiaHTM HOPiBHEBOTO PO3MOAINY
cTaHy ganux JI33.
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PO3III3BHABAHHZ, pacno3naeanue, recognition —
1. Ipyrnit eran peumdpyBaHHs, B IPOLECi SIKOTO PO3RIIBHO CIIPK-
JIMAIOTHCSL 1 aHAISYIOTbCS CKIafoBi o3Haku (ememMeHTH, feTtasi) 06 ek-
Ta i BCTAHOB/IIOETbCA CYTHICTD (TMIL, K/ac i T. iH.) BUSBTIEHOTO 00 €KTa.
ImoBipHicTb P. 36i/1b1IyETCA 31 3pOCTAHHAM IIPOCTOPOBOI pO3PisHEHOCTI
300paXKeHHsA, KOHTPACTY, KI/IbKOCTI Ipafialliil ACKpaBOCTi, 110 BifTBOpIO-
I0TbCS Ha 300pakeHHi, TepMiHy aHanisy. k1o P. BUKOHY€ETbCSA JIIOANHOIO,
TO IIeil IIpoIleC YacTO Ha3MBAIOTD ONi3HABaHHAM;
2. TIporec MaIIMHHOTO aHasi3y 00’eKTiB (06pasiB) Ta ix 03HaK Ha 300-
P@KEHHSIX 3 METOI0 BM3HAYEHHs HATIKHOCTI 00’ €KTA /10 TIEBHOTO K/Iacy;
3. InenTndikanis KoHTYypiB, pisHOro popy reoMeTpr4yHux Gopm abo
KOHQIryparii, mo peanisyerbcs 3 BUKOPUCTAHHAM aBTOMATUYHUX 3a-
co6iB 06pobneHHs iHbopMalril.
PO3PI3HEHICTB ITPOCTOPOBA (HA MICLIEBOCT]I), pa3pewetue npo-
cmpancmeenuoe (na mecmuocmu), spatial resolution — Xapaxrepucru-
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Ka 300pa)KeHHsI, KOTpPe CTBOPIOETHCS BUAOBUM (IKOHIYHMM) TeXHIYHUM
3aco6oM [133, 1110 BMBHAYAETHCS PO3SMIPOM AiaMeTpa KOJa, B sIKe BIIVCa-
HUIL HalIMEHIIVIT KOMIIAKTHUIT 00’€KT 3alaHOT0 KOHTPACTY Ha 3eMHIit I10-
BEepXHi, KOTpUi Moxe Oy TV BUABICHNII Ha 300paKeHHI 3 3a/JaHOI0 IMOBip-
HicTIo. P. I1. BUpa)kaeTbcA B OAMHNUIIAX HOBXIHM, 3BMYAITHO B METpax.

PO3PISHEHICTD PA/JIOMETPUYHA, paspewenue paouomempuueckoe,
radiometrical resolution — HariMeHIa pisHUIA iHTEHCUBHOCTEN IBOX

curHaiB (BUIIPOMIHIOBaHb) BiJj 00’ €KTa 30HAYBAHHS, SIKY MOXKe BU3HAYM -
TV TeXHiYHMI1 3aci6 [133.

PO3PI3BHIOBAJIbHA 3JATHICTb, PO3PIBHEHICTD, paspewarousan
cnocobHocmo, resolution power — IlapaMeTp, sSIKMIl XapaKTepu3ye 3fat-
HICTb OIITMYHOTO puafy abo ¢pororpadivHoi cucTeMy faBaTu posiiibHe
300paKeHHA 1BOX O/IM3BbKMX TOYOK 00’ ekra. HariMeH1na niniitHa (abo Ky-
TOBA) BiZICTaHb MK JJBOMa TOYKaMMU, TOYMHAIOUM 3 KOTPOI IX 300pakeH-
HS 3/IMBAIOTHCS 1 IEPECTAIOTD PO3PI3HATICS, HA3MBAETHCSI MiHIIHOW (260
KyTOBOIO) I'paHuIleI0 po3pisHeHOCTi. Bemmunua P. 3. aepodoroamapara
(onTU4HOI cHCTEMM CHINBHO 3 aepodoTOMaTepiaoM), BUSHAYAETHCS MaK-
CUMAJIPHOIO IIPOCTOPOBOI0 YaCTOTOK MNEPIOAMYHOI CITKM, IUTPUXU SAKOI
Bi3ya/IbHO pO3Mi3HAIOTHCS Ha poTorpaditHOMy 306paskeHHI, CTBOPEHOMY
TaHOIO CHCTEMOIO, TP 3aCTOCYBaHHI CTAHAPTHOI Mipy 3a/JaHOTO KOHTpa-
cTy. B 3agavax JI33 P. 3. XxapakTepusye 3/JaTHICTb CUCTEMU BiITBOPIOBATU
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Ipi6Hi metani aeponangmadty. P. 3. mosHadaerbes Ak R 1 Mae posMipHicTh
MM-1 (YUTAETHCS SK «IiHIT Ha MimiMeTp»).

PO3CIAHHA, paccesinue, diffusion — 3miHa IpoCTOPOBOrO pO3IO/iTY ITy4-
Ka IIPOMEHIB, IO BiIXMIAIOTLCA Y Pi3HUX HANpPsIMKaX MOBEPXHEW abo
cepefoBuLeM 6e3 3MiHM YacTOT CKJIAJOBUX IIOr0 MOHOXPOMATUYHUX BM-
IIPOMiHIOBAHb.

CBIT/IOBA EHEPTIILA, ceéemosas anepeus, quantity of light — Jlo6yTox
CBIT/IOBOTO IIOTOKY Ha TPMUBaMiCTh OCBiT/IeHHA. OOUHUIA: TIOMEH-CeKYH-
ma (M-c).

CBIT/IOBUM IIOTIK, céemosoii nomox, luminous flux — Bermmuanna, 1mo
YTBOPIOETHCS BiJj MOTOKY BUIIPOMIHIOBAHHSA IIPY OLiHII IJbOTO BUIIPOMi-
HIOBaHH: 110 JI0T0 JIii Ha CeIEKTUBHMI IpUiiMady, CIIeKTpaabHa Yy T/IMBIiCTh
KOTPOTO BM3HAYAETLCS HOPMAIi30BaHO (YHKIIEI BiTHOCHOI CIeK-
TpajbHOI CBITNIOBOI eeKTMBHOCTI BunpominwoBanus. [TosHavaerpcs Ov;
®. Oguuanug: momed (1M).

CBIT/IOYYT/IUBICTD, ceemouyecmeumenvrnocmo, light sensitivity —
3parHicTh MaTepiany (dororpadiuHoro, HanmiBIPOBifHMKOBOrO a60 iHIIO-
r0) pearyBaTy Ha CBiTIOBe BUIpoMiHIOBaHHA. PospisHiooTh C. 3araabHy
Ta edexTuBHY. 3aranpHa C.— YyTIMBicCTh MaTepialay /10 HellepepBHOTO
BUIIPOMIHIOBAaHHS 3aJaHOTO CHEKTPAJIbHOTO CKIafly B BUAMMII o6macTi.
EdextuBna C. — uyTImBicTb 4opHO-6i0T0 (hoTorpadiuHoro marepiamy
JI0 CBiT/Ia, IKVIT IIPOJILIOB Yepe3 faHUI CBITIO(MiIbT.

CUTHATYPA, cuznamypa, signature — Byyib-s1Ka XapaKTepyUCTIKa a00 Ipyma
XapaKTePUCTHK, 3a AKOI 00’€KT MO>Ke OYTV BUABICHUM Ha 300pa>KeHHi,
3HIMKY ab6o rpyni gaHux. ¥ skocti C. MO>ke BUCTYIIATU CIIeKTpajIbHA Xa-
pakTepucTVKa 06’€kTa ab0 KIacy 06’ ekTiB Ha HoBepxHi 3emi, i Toi roso-
PATH po crieKTpanpHy C.

CUHTE3YBAHHA 3O0BPAKEHHA, cunmesuposanue u3o6pacenus,
image composition — Ilpolenypa MOMIKCeNbHOrO CyMilljeHHs {BOX ab0
6i/blile MOHOCIIEKTPAIBHNX 300paXKeHb OJHOI CLIeHN, OTPUMMAaHUX y pi3-
HIIX KaHaJIaxX iKOHiYHOro 3aco0y [133, pe3y/nbTaToM KOl € OTPMMAaHHs HO-
BOT'O, CUHTE€30BAHOTO 300pa>KeHHSI.

CUCTEMA JVICTAHIIIVIHOTO 30HIYBAHHA 3EMJII (3 KOCMO-
CY), cucmema OucmanyuoHHozo 30Houposanus 3emnu (U3 Kocmoca),
remote sensing system — CyKyIHICTb KOCMiYHUX Ta Ha3€MHUX TeXHIYHUX
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i indopmaniiHux 3aco06is, ki QyHKIiOHaNIBHO Ta OpraHisaLiliHO IOB’A-
3aHi MX co6010 i 3a0e3nedyioTh mposefieHH: [133.

CUCTEMA JUCTAHIIITHOTO 30HIYBAHHS 3EM/II MDKHAPOII-
HA, cucmema OucmanyuoHH020 30HOUPOBAHUS 3eMau MeHOyHapoo-
Has, International remote sensing system — Cuctema [I33, BracHukamu
i posmopsATHMKaMI SIKOTL € FpUANYHI a60 Pi3naHi 0cOOM KiTbKOX KpPaiH.

CHUCTEMA JIUCTAHIIIMIHOIO 30HIYBAHHA 3EMJ/II HAIIIOHAJ/IBHA,
cucmema OUCMAHUUOHHOZ0 30HOUPOBAHUS 3Jemau HAUUOHATLHAS,
national remote sensing system — Cucrema ]33, BracHMKamu i posmo-
PATHUKAMU SIKOI € 'opuandHi a60 disudHi 0cobu ofHiel KpalHu.

CUCTEMA TOYHOI'O IIO3UIITIOBAHHA, cucmema moutno20 no3uyuo-
Huposeanus, Precise Positioning Service — HaliBuia TOUHICTb BupillleH-
HA HaBiraniizoi sajadi GPS-meromoM, sika MoXKe OyTH OTpMMaHa Ipu
CTaHJApTHOMY BUKOpucTaHHi cuctemu GPS. BoHa peanisyerbcs mmsaxom
0b6pobenHs curHamiB Ha yacrorax L1 ta L2, mjo 3akopoBaHi P —komom.

CJIOBHUK TEPMIHIB

CKAHEP, ckanep, scanner —

1. Ilpuctpiit ananoro-mdpoBOro IMepPeTBOPEHHsT 300pa’KeHHs s
jioro aBToMarn3oBanoro BBoxy B EOM y pacTpoBoMy popmari 3 BUCOKOIO
IPOCTOPOBOIO PO3Pi3HEHHICTIO (3a3BUYail, He MeHII 600 TOYOK Ha [0V M)
IIISIXOM [OCTIJOBHOTO IOTOYKOBOIO CKAHYBAHHS IIONS 300paKeHHs

(y BimbuTOMYy CBiTIIi, UM TOMY, sIKe IIPOXOAUTD). 33 CBOIMU MOXIMBOCTAMMU
C. 6yBaloTb KONbOPOBI — /I BBOAY KOIbOPOBUX 300pa’keHb Ta MOHO-
XPOMHI — [I/151 BBOAY YOPHO-61/1X 300paskeHb. 3a KOHCTPYKII€I0 PO3pi3-
Hi010Th C. MIaHIeTHI, 6apabaHHi, poIMKoBi Ta pyuHi;

2.B [133: 60pTOBMIT ONTHUKO-€IEKTPOHHMIT 200 PafioNOKaLiiiHUIT TeX-
HiuHMIT 3acib, sAkmit 3abesnedye ¢GopMyBaHHA 300pa>keHb MicIieBOCTI
HUIAXoM 1i CKaHyBaHHA 3a 3alaHUM 3aKOHOM 1 peecTpaliiio BlacHOro abo
BiffOMTOr0 BUIIPOMiHIOBaHHSI.

CKAHEP BATATOCHEKTPAJIbHUM, ckanep muozocnexmpanvholil, cka-
Hep mynvmucnekmpanvhotll, multispectral scanner — CxaHep, B AKOMY
ClieHa (3eMHa IIOBEpXH:) CKaHYEThCA OJHOYACHO Y IeKi/IbKOX CIIeKTpaslb-
HUX fiamasoHax (KaHamax). [Jo3Bojsie oTpuMyBaTy AaHi (B TOMY 4K,
¢dbopmyBaTu 300pakeHHsI CLIEHM) 110 YUCTTY CIEKTPATbHUX KaHAIIB.

CKAHEP EJ/IEKTPOHHUI, CKAHEP TBEPITOTUIbHH, ckanep snexm-
ponnvtii, ckanep meepoomenvuvlii, pushbroom scanner — Ilpuctpiii,
Axmit popmye 300paskeHHs IIIAXOM CKaHYBaHHsI IVIOLVHI 300paXKeHHs,
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3abesnedye GopMyBaHH: 300pa>keHb 3 MiHIMyMOM reOMeTPUYHIUX abepa-
ilt. BUKOpUCTaHHA TBEPAOTiIPHOIO HANIBIIPOBITHMKOBOrO (oTomepe-
TBOPIOBaYa i BIICYTHICTD JieTasIell, 110 PyXalTbcsi, pOO/ATh TaKi CKaHepyu
BMCOKOHa[itHNMM i ekoHOMiuHUMIU. B cuctemax [133 Hait6inpi notmmpeni
CKaHepy Ha OCHOBI JIHIMKM a60 MaTpuULl IpUIaAy 3 3apsALOBMM 3B I3KOM
(I133). B koHCTPYKILii TaKOTrO CKaHepa pO3BePCTKA i 3YNTYBaHHA CUTHAITY
BIIOBXX CTPiuKy (IOIepeuHa PO3BEPCTKa) 3a0e3IeUyEThCs eIeKTPOHIKOIO,
a TO3JOBXXHSA PO3BEPCTKA — 3a PaXYHOK MPAMOIIHIITHOTO MepecyBaHH:A
wiaropmu (moBiTpsiHOro abo kocmiuHoro JIA), Ha sAKill BCTaHOBJIEHO
CKaHep.

CKAHEP IH®PAYEPBOHUI, ckanep ungpaxpacnoii, infrared scanner —
CxkaHep, KWl OTPUMYE JaHi, y TOMy 4ucii GopMye 300pakeHHs 00 €KTIB,
B iHppayepBOHOMY AianasoHi JOBXKIH XBUJIb.

CKAHEP OIITVIKO-EJIEKTPOHHUII, CKaHep ONMUKO-INIEKMPOHHDLIL,
across-track scanner — IKOHIYHMIT IPUCTPIiL, AKMIT POpPMYye 300parkeHHA
IIJIIXOM CKAaHYBAaHHS IPOCTOPY IpenMeTiB. TeXHIYHO CKaHYBaHHSA pea-
i3y€ThCs 32 JOIOMOTOK ONTUYHUX AeTasneil (A3epKas, CKISHUX IIPU3M,
6apabaHiB, ipaMif), YacTMHA AKMX € PyXOMUMM (32 LOIIOMOTOIO CIIeljiab-
HOTO MeXaHiYHOro NpuBopy). IlepeTBOpeHHA ONTUYHUX CUTHAIB CLIeHU
B eJIEKTPUYHI CUTHaMM 3a6e31edyeTbCsl BUKOPUCTAHHAM OfiHO- abo Oara-
TOE/IEeMEHTHOTO QOTOIIepEeTBOPIOBAYA.
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CKAHYBAHHA, cxanuposéanue, scanning — Ilpouenypa mOCIigoOBHOTO
OITIANY e/IeMEHTIB ClieHU (3eMHOI IOBepxHi, 00’exTa). Posmipn enemeH-
Ta CIIeHM BM3HAYAIOTHCSA MUTTEBUM KYTOM oA 30py cucTemu. C. Moxe
3I{JICHIOBATUCA y IPOCTOpi IpenMeTiB a0 y IUIOLMHI 300pa’keHHH.
IIpu C. y mpocTopi npefMeTiB OI7IA[ e/IeMEHTIB CLIeH) 3/11/ICHIOETbCS 1A -
XOM HOCIIiIOBHOTO IlepecyBaHHA HaNpPsAMKY Bi3yBaHHS y MeXXaX CIeHIH.
KpuBa, Ky onmcye HanpsAMOK Bi3yBaHH: y IIPOCTOpi IpeMeTiB, Ma€ Ha-
3BY TPAEKTOPIl CKaHYBaHHA. Y Cy4acHMX KOHCTPYKI[ifAX TeXHIYHMX 3ac06iB
1133 BUKOPUCTOBYIOTbCS, B OCHOBHOMY, TpaekTopii C. 3eMHOI IIOBepXHi
y dopwmi ninii abo wactuHm Korna, a npouenypa C. CKIagaeTbcs 3 UMUKIIB.
C. y mwiomuHi 300pa>keHHs OpraHisyerbcs TakuM 4nHOM. CIIOYaTKy 3a Jo-
IIOMOIOI0 OINTMYHOI CHCTEMM ClieHa IPOEKTYETbCA Ha YyTIVMBUI Mali-
HaH4IMK POTOIEPeTBOPIOBAYA, KNI SAB/ISE COO0I0 MATPUIO0 a00 JIHINKY
¢dboronpuiiMadis, IpUIOMY, eIEMEHTY CLieHV BifIoBiTae ofyH GoToIpn-
jimay. TyT ONITMYHI CUTHAIN CIIEHN IEPETBOPIOIOTHCA Y BiJIOBiTHI BUXiH]
enexTpuuHi curnamu ¢ortompuitmayis. [Tpu 1pomy oneparis C. nonsrae
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B OIIMTYBAHHI CTaHy BUXOAiB doTonpuitmadis. [IpuitHATa NIOCTITOBHICTD
OINTYBaHH: BU3Hauae TpaekTopito C. B IUIOLHI 300paXKeHH L.

CMYTA 3AXOIVIEHHA, nonoca 3axeéama, ground swath; swath width —
YactrHa noBepxHi 3eMi, Ha Ky OTpUMaHi 300pakeHHA 3 MOBITps 260
kocmocy. lllnpuna C. 3. BUMIPIOETbCA Y HANPAMKY, EPIEHIUKYIAPHOMY
JTiHiI HONBOTY, i BU3HAYAETHCA 1TOJIEM 30PY BUIOBOTO (iKOHIYHOrO0) TeXHi4-
Horo 3aco6y [133. lorxuna C. 3. BUMIPIOETbCA B3IOBX TPAEKTOPII ITOIBO-
TY i BU3HAYAETHCA TTOIEM 30PY BIJ0BOTO TEXHIYHOT0 3ac00Y i YacoM Here-
pepBHoro 3HiMaHHA. [Hopi C. 3. Ile Ha3MBaIOTh MapIIPYTOM (He ITyTaTn
3 MapLIPyTOM).

CMYTA IIOITIMTHAHHHZ, nonoca noznowenus, absorption band — [lia-
I1a30H JOBXXIH XBWIb 200 4acTOT €IeKTPOMArHiTHOIO CIIeKTPa, B AKOMY
€HEepriAd BUINPOMiHIOBaHHSA IOIJIMHAETHCA TAHOK PEYOBUHOIO.

CIIEKTP BUIIPOMIHIOBAHHA, cnekxmp usnyuenus, spectrum — Po3knaz
(ckmagHOrO) BUIIPOMIHIOBAHHS Ha MOHOXPOMATMYHI CK/Ia/ioBi. 3a xapak-

CJIOBHUK TEPMIHIB

TepoM posnopiny (¢popmoro) pospisHsaiors C. HellepepBHUIT (CYLIIBHMIL),
miHifgaTnit Ta kombiHoBaumit. HemepepBHuit — 1je criekTp, hpopma ssKoro
OIJICYETHCS HellepepBHOIO (PYHKIIIEI0 HellepepBHOTO apryMeHTY (4acTOTH
BUIIPOMiHIOBaHHs a00 JJOBXXMHU I1oro XBui). BunpomiHioBanHs 3 Heme-

PEPBHMM CIIEKTPOM CTBOPIOE, HAIIPUKIIAJ, BOJIb(PpaMoBa jaMIla po3xka-
pIoBaHHA, y 1i BUIIPOMIHIOBaHHI MOXXHA CIIOCTepiraTu BCi CIEKTpPasbHi
CKJIa/IOBI BU/JMMOTO Ta iHpadepBOHOro fiala3oHiB ZJOBKXMH XBUIb (X04a
11 pisHol iHTeHCUBHOCTI). IIpn niHill4aTOMY CIEKTpi eHepris BUIIPOMiHIO-
BaHH 30CEPEKYETCS Y BYy3bKUX Jlialla30HaX 4acTOT abo JOBXUH J10T0
XBUJIb, TAKNIA CIIEKTP XapaKTE€PHMIA /I Ta30PO3PANHMX JIaMII, KOT€PEHT-
HUX JKEPEN ONTUYHOTO BUIIPOMiHIOBAHHA, 30KpeMa, HalliBIPOBiJHIKO-
BUX J1a3epiB. BunpomiHioBaHHS 3 KOMOIHOBaHMM (HemepepBHO-JIiHiTYa-
TYUM) CIIEKTPOM YTBOPIOIOTb, HAIIPUK/IAJ, IIOMiHECLIEHTHI JTaMIIN.

CIIEKTPAJIbHA YYT/IUBICTD, cnexmpanvHas uyeécmeéumenvHoCmb,
spectral sensitivity — BinHolleHHs BeMYMHM, 10 XapaKTepu3ye piBeHb
peakuii nmpmitMaua (Hanmpukiaag, GOTOCTPYMy), KO IIOTOKY BUIIPOMiHIO-
BaHHA a00 eHepril MOHOXPOMATUYHOI'O BUIIPOMIHIOBaHH!, SIKe BUK/INKAE
10 peakiifo. PospisHiooTs abcomtotHy C.d4., sika Bupaxkaerbcs B A/BT,
i 6esposmipny BigHOCHY C.u.— BinHomeHHs C.4. Ipy HaHiil KOBXMHI
XBUIi BUTIPOMiHIOBaHHA [JO MaKCMMaIbHOTO 3HayeHH: C. 4.
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CIEKTPAJIbHUM JIIATIA30H, cnexmpanvhoiii duanason, spectral band —
InTepBan eeKTPOMATHITHOrO CIEKTPA, [0 BU3HAYEHMII JBOMA JJOBXKIHA-
MU XBUJIb.

CIHEKTPOMETP, cnexmpomemp, Spectrometer — Texuiunmiti 3acib ms
Oflep>)KaHHA 1 peecTpalii CIIEKTPaJbHOTO PO3IOJiNYy €IeKTPOMATHITHO-
Tro BI/IHpOMiHIOBaHHH. PeSY}IbTaTI/I BI/IMipIOBaHHH HaBOIATbCA B YMOBHMX
OOVMHNIIAX.

CIHHEKTPOPAJIIOMETP, cnexmpopaduomemp, spectroradiometer — Tex-
HiYHMII IpWIan 71 BUSHAYEeHHs CIEeKTPaJbHOIO PO3IOMiNy (CIeKTpab-
HOI IIiTbHOCTI) eHepril BUIPOMiHIOBaHHA. Pe3ynbraty BuMipoBaHHA
HaBOJSATHCS B aOCOMIOTHUX 3HaYeHHAX. [Tpunan o6’enuye GyHKII crieKT-
pomeTpa Ta pajiioMerpa.

CHHEKTPOD®OTOMETP, cnexmpogomomemp, spectrophotometer — Criekr-
paIbHUII IpWIaf, AKUIL 3AiCHIOE (OTOMETPYBaHHSI — IIOPiBHIHHS
BJMMipIOBAaHOTO IIOTOKY BUIIPOMiHIOBAaHHS 3 €Ta/JIOHHMM. IIpusHauenmit
1 BUMipy KoeQillieHTiB MpomycKaHHs ab0 BifOUTTs MaTepiasiB 3aex-
HO Bifi MOBXIHY XBUJTi.

CIIOTBOPEHHA TEOMETPUYHE (CIIOTBOPEHHA IIPOCTOPO-
BE), uckaxcenue zeomempuueckoe (uckasyiceHue npocmparcmeexHoe),
geometrical error — IlorpimHicTh MK GaKTUYHMMU KOOpPAMHATAMU
i popmamu 06’eKTiB 30HYBAaHHS Ha 3HIMKY Ta ifjeaTbHMMY KOOPJMHA-
tamu 1 ¢popmamy, sKi Oy 6 TeOpeTMYHO OTpMMAHI ifjeaTbHUMM Tex-
Hiuaumy 3acobamu 133 mpu ifeanpHux ymosax. IIpydmHU HOSABICHHA
C.I. Ha aepOKOCMIYHMX 3HIMKaX — KpUBU3Ha Ta pyxX 3emi, abepauii om-
TUYHUX CUCTEM Ta iH.

CTEPEOMO/IE/Ib, cmepeomoodenv, stereomodel — IlpocropoBa Mopenb
00’eKTa AMCTAHLITHOTO 3HIMaHHS, 1[0 OTPUMaHa 3a crepeornapor. C. Bu-
KOHYE POJIb OCHOBM IIPY CTBOPEHHI I POBUX MOfienelt penbedy.

CTEPEOOBPOB/IEHHA 3HIMKIB, cmepeoo6pabomia cHumkos, geometric
distortion; spatial distortion — BinTBOpeHHS TPUBMMIPHOTO YSIBJICHHS
CLIeHM Ha ICTaBi cTepeonapu, TOOTO, Ha MiACTaBi IBOX 3HIMKIB, L]0 Ie-
PEKpUBAIOTHCA, AKi OTPUMaHI Hifl PiSHUMM KyTaMM Bii HaMpPy IPU 3Hi-
MaHHI IIepeKPUTOI YaCTVHI.

COEPOI, cdepoud, spheroid — Pirypa, sixy npuitHsna 6 3ems, 3HAXOA-
YJCh y CTaHi IipOCTaTMYHOI PiBHOBATM Ta Iifi Ji€I0 JIMIIE CUJI B3BAEMHOTO
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TSDKIHHSA i1 4aCTMHOK Ta BiILeHTpoBOI cuy il 06epTaHHs HaBKOJIO He3MiH-
HOI Bici.

CIIEHA, cuena, scene —

1. B [I133: yacTuna Tepuropii 3emi, 110 MOTpanuaa y 1oie 30py Tex-
HiyHOro 3aco0y 133 y ceaHci 3HIMaHHA Ta PeeCTPYETbCS HUM Y BUITLAAL
300pakKeHHs SK OJHE IIiye;

2. B xomIr'ooTepHiit rpadiii: TpUBUMIpHNIT IPOCTIP 3 pO3TAIIOBAHUMMU
Y HbOMY 00’ €KTaMI, 10 Bi3yali3yeThCs.

TEKCTYPA, mexcmypa, texture — IIoHATTS, IO BUKOPUCTOBYETHCS /A
300pakeHb 3 BUPaKEeHNMI CTATUCTUYHVMIY BIACTUBOCTAMM. JJo XapakTe-
puctuk T. BXOgATH Taki BIACTUBOCTI, AK OHOPiTHICTD, TyCTHHA (TOH), Ha-
ABHICTD IPOTKHUX YTBOPEHbD Ta IX CIIPAMOBAHICTD, PETYIAPHICTD CTPYK-
TypU 300paKeHHs Ta iH.

CJIOBHUK TEPMIHIB

TEMIIEPATYPA, memnepamypa, temperature — DisyyHa BeIMIMHA, 110
XapaKTepU3ye CTaH TEPMOJIMHAMIYHOI piBHOBAarM cucTeMu. SIKio cucrema
He nepe0OyBae B piBHOBAa3i, B Hill BiTOyBa€eTbCs TEIIOOOMIH. B ysaBIeHHAX
KiHeTnuHOI Teopii rasis T. mponopuiitHa cepenHiit KiHeTMYHIN eHeprii Mik-
POYaCTUHOK.

TEMIIEPATYPA KOJIIPHA, memnepamypa ueéemoseas, color tempe-
rature — CuextpodoToMeTprdHa ab0 KOIbOPOMETPUYHA TEMIIEPATYPa,
¢bisuuHuIl mapaMerp, SAKUII BU3HA4Ya€ XiJ 3MiHIOBAaHHS iHTEHCMBHOCTI
BUIIPOMiHIOBAaHHA HKOI‘O-He6YI[b IoKeperna 31 3MIHOIO JIOBXMHU XBUJII

B ONITMYHOMY [ianasoHi 6esmnepepBHOro crekrpa.T. K. IpuitMaioTh piB-
HOIO TeMIIepaTypi abCOMIOTHO YOPHOTO Ti/a, SIKe MA€ B PO3ITLIHYTOMY
iHTepBaJIi JOBXIH XBI/Ib TAaKUII )K€ BiTHOCHUI PO3IIOAi/T iIHTEeHCUBHOCTI,
110 11 JaHe JYKEPeTIo.

TEMIIEPATYPA PO3IIOAITY, memnepamypa pacnpedenenus, distribution
temperature — TemmnepaTypa YOPHOTO Tina, IpU fAKiil OpMHATU KPUBOI
CIEKTPAZIbHOTO PO3IOJiNy JIOTO €HEPreTMYHOI ACKPaBOCTI B BUAMMIN
obacTi crexTpa IpONOPLiliHI BifIOBifHMM OpAMHATaM KpPUBOI CIEKT-
PalbHOTO PO3MOJINTy BUIPOMIHIOBAHHA, sKe PO3IIAfAETbCA. OgUMHUIIA:
kenbBiH (K). O6upBa BUIPOMIHIOBaHHS 000B’A3KOBO MAlOTh IIPJ LILOMY
Ty X caMy (B MeXXaxX JOIIyCTUMOI0) KOIbOPOBICTb.

TEIVIOBE BUIIPOMIHIOBAHHA, TEMIIEPATYPHE BUIIPOMIHIO-
BAHH?, mennosoe u3nyuenue, memnepamypHoe usnyuerue, thermal
radiation — EnekTpoMarHiTHe BMIpPOMIHIOBaHHA, fKe eMiTYETbCA
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(BUCHIA€TBCS) PEYOBMHOKO 1 BUHUKAE 3a PAXYHOK ii BHYTpIilIHBbOI eHep-
rii (Ha BigMiHYy, HanpuKian, Bif MoMiHecIeHIIi, KOTpa yTBOPIETHCA
3a PaXyHOK 30BHIIIHIX /pKepern eHeprii). T.B. Mae HelepepBHUII CIIEKTP,
IIOJIO)KEHHS MAKCUMYMY SIKOTO 3aJIEKUTDh BiJj TEMIIEPAaTypy PE4YOBMHIU.
3 11 migBUILIEHHAM 36inbmyeTbc,q 3arajbHa eHeprif T.B., [0 BUCU/IAE€TbCA,
a MaKCMMYM 3MIIIYETbCS B 06/1aCTb Ma/IUX JOBKUH XBIIb.

TOYHICTb BHMMIPIOBAHHA, mounocmv u3mepexus, measurement
accuracy — Bigo6paxxae OIU3bKICTb pe3y/IbTaTiB BUMIpiB 10 AilICHOTO
3HaY€HH:A BEJIMYMHMU, IO BUMIipIO€TbCA. XapaKTePUCTUKOK TOYHOCTI
BIUMIpIOBaHb € IOXMOKa — BiIXWIEHHs Pe3yAbTaTy BUMipIOBaHHA Bif
OiJICHOTO 3HayeHHs BeIMYMHY, 110 BUMiproeTbcs. IIpakTuyHoO gilicHe
3Ha4YeHHs HeBifjoMe, ITOXMOKY OLIHIOITDb 3a IOBTOPHMMM BUMipaMu Of-
Hi€el 71 TOI camoi BenmmunHu. PO3Pi3HIOTH: IPyOy MOMMIKY, IO 3HATHO
HepeBUIIYe TOXMOKY, 10 OYIKYETHCS 3a JAHUMY YMOBaMM; CUCTEMaTHy-
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HY IIOXMOKY — CK/IaIoBy IOXUOKM BUMIpIOBaHHS, IO 3a/IMIIA€THCA HO-
CTiitHOIO 260 3aKOHOMIpPHO 3MiHIOETDCS IIPYU IOBTOPHUX BYMipIOBAHHAX;
BUIAJKOBY IIOXUOKY — CK/IaJOBY IOXMOKM BUMipIOBaHH, 110 3MiHIOETD-
s BUIIQIKOBUM YMHOM IIPY IOBTOPHMX BMUMipIoBaHHAX. [py6i Ta cucre-
MaTu4Hi MOXMOKM NOBMHHI OyTH BUK/IIOUeH] i3 BuMipioBaHb. Bumankosi
OXMOKY HeMMHY4i. [X BIUIMB MOXKHA /MMIIe MOCTAGUTH, MiABUILYIOUN
AKICTb BUMIPIOBaHb, a TAKOXK 3aCTOCOBYIOYM HaJIe)KHi METO[M MaTeMa-
TUYHOTO 00pO6/IeHHs BUMIipIOBaHb. BiporinHOCTI BUIIaIKOBYUX MOXMOOK

MiJIATAal0Th CTaTUCTUYHMM 3aKOHaM POS3IIOAiTy, OCHOBHMMI IapaMme-
TpaMU AKKX €: OCEpeNHEHE 3HAYEHHA — CEepPEeNHE 3 Pe3yNbTaTiB IOBTOP-
HUX BMMIpiB opHi€l i1 Toi )X BeIMYMHY; CepefHbOKBaipaTH4Ha IOXNO-
Ka (CKII) — 064mcmioeTsest 3a BiIXMIeHHAMM Pe3y/lIbTaTiB HOBTOPHUX
BUMIpiB BiJf IX cepefHbOrO 3HaYEHHA i € OCHOBHUM KPUTEPiEM TOYHOCTI
BuMmipiB. TouHicTh OOUNMCIEHHS LUX [apaMeTpiB MiABMINYETHCA IIPU
36inblIeHH] KinbKocTi mOBTOpHMX BuUMIpiB. IToxubkm wacto mimsra-
I0Tb HOPMa/IbHOMY 3aKOHY PO3IIOJI/Y, 3a AKMM MaJli BeTMIVMHI IOXNOOK
3yCTpivaroThCs 4acTile OIIbIINX, [JOZATHI Ta Big €MHI piBHOBipOrifHi
i mpm Benmkiit KiIbKOCT IX cepeHE 3HAYEHHS HAOMVKYETbCA IO HYILA,
3a aOCONIOTHUM 3HaYeHHAM noxubkm He mepesumytors CKII, 2 CKII,
2,5 CKII Ta 3 CKII BignosigHo B 68,3; 95,4; 98,6 i 99,7% Bunapkis. [1pu
MaTeMaTUIHOMY 0OpOoO6/IeHH] BUMIpIOBaHb Pi3HOI TOYHOCTI SIKICTh OKpe-
MOTO BMMipIOBaHHs BPaXOBYIOTb BBEJEHHAM «Barm» — BEIMYMHU, 1110
MOpiBHIOE KBajipaTy BifjHOLIeHH:A, B umcenbHuKy sAxoro — CKII, Bara
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SIKOTO IIpUIIMa€eThcs 3a 1 (11 Ha3MBaIOTh CepeHbOKBAPATIYHOI0 TOXNO-
KO0 ofmHuIi Baru), B 3HaMeHHuKy — CKII moroynoro BuMiproBaHHA.
Bara piBHOTOYHUX BUMipIOBaHb JOPiBHIOE OMHNLII.

V/IBTPA®IO/IETOBE BUIIPOMIHIOBAHHA, ynvmpaguonemosoe u3uy-
uenue, ultraviolet radiation — BunipoMiHIOBaHHs1, TOBXXMHU XBU/Ib MOHO-
XPOMATUYHUX CKIQJIOBUMX KOTPOTrO MEHIIi 3a JOBXMHU XBU/Ib BUIMMOTO
BUIPOMIHIOBaHHA i 6ibur mpubnusno 1 HM. [paHuni crekTpanbHOi 06-
nacri ynbrpadioneToBOro BUIPOMiHIOBaHHA YMOBHI i MOXKYTb BUOMpaTH-
sl pisHMMM I7Is1 Pi3HMX 3aCTOCYBaHb. B criekTpanbHiit o6macti Mk 100 i
400 .M MKO pospisuse: YO-A Bin 315 1o 400 uM, YO-B Big 280 mo 315 uM,
Y®-C Big 100 10 280 HM.

DUIBTPAIIIA, punvmpanus, filtering — Ilpouenypa obpobnenns (mepe-
TBOPEHHSI) CUTHA/IIB 300pa’keHHsI 3a JOTOMOTOI0 BifIOBifHOTO inbTpa.

CJIOBHUK TEPMIHIB

3arasibHa IIiJIb TAKOTO IIepPeTBOPEHH — IIOKpallleHHA AKOCTi 300pakeH-
Hi. SIKII0 mponenypa BUKOHYETbCs 6e3I0cepefHbO Hall BileOCUTHAIOM
y peanbHOMY ab0 KBasipealpHOMY 4aci, To ToBOpATH mpo P. y yacosiit
00671acTi; IKIIO IIpollefiypa BUKOHYEThCA Hajl ToYKaMu (Iikcenamu) chop-
MOBAHOT0 3006paKeHHs, TO TOBOPATD Ipo . y mpocToposiit o6macti, a6o
npocropoBy ®. fkimo obpana nponenypa (anropurm) npocroposoi O.
€ O[JHAKOBOIO [/Is1 BCIX TOYOK (IiKceriB) 300paskeHHs, TO TOBOPATH IIPO
npocropoBo-iBapiaHTHy ®.; fAKIIO HmapaMeTpu abo XapaKTep Ipolie-
Lypu 00pOOIeHHsI CUTHAJIIB 3MIHIOIOTHCA JJI TOYOK 300pa’keHHs B 3a-

JIKHOCT] Biff iX KOOPAMHAT, TO TOBOPSTH IIPO IIPOCTOPOBO-3aIEXKHY, 260
agantupHy O.

IIUPPOBA KAPTA, yugposa xapma, digital map — IIudposa mopens xap-
TH, 5IKa CTBOPeHa IIIAXOM IudpyBaHHs KapTorpadiyHux mxepen, Gporo-
rpaMMeTPUYHOrO 06po6neHHsa maHux JI33, unuppoBoro peectpyBaHHs
IDaHUX ITOJIBOBUX 3IOMOK a60 iHImnM crioco6om. Inaxkie: nndposa Mmomennb
3eMHOI [IOBepXHi, sika cHOpMOBaHa 3 ypaXyBaHHAM 3aKOHIB KapTorpadiu-
HOI TeHepasisalil B MPUIMHATUX /I KapT MpOeKIii, posrpadui, cucremi
KOOPAMHAT Ta BUCOT. I]. K. BUKOPUCTOBYETBCS SIK OCHOBA /11 BUTOTOBJICH-
H: [AllepOBUX i eIEKTPOHHUX KapT, BXOAUTD 10 CKIaly KapTorpadiuHux
B]I, e HallBaXIMBIIMM elleMeHTOM iHopMauiiiHoro 3abesnedenns ['IC
i Moxxe 6yTV IPORXYKTOM reoiHdOpMaIiiiHOl TeXHOIOTII.

IUPPOBA MOZE/Ib PE/IBEDY, uudposeas modenv penveda, digital
elevation model — 3aci6 1udpoOBOro IpenCcTaBIeHHs TPUBMMIPHUX
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IPOCTOPOBMX 00’€KTiB (IIOBEPXOHD, pelbediB) y BUMIALI TPUBUMIPHUX
[aHUX 5K CYKYIHOCTI BMCOT ab0 MO3HA4YOK IMMOMH Ta iHUIIMX 3HAYEHb
ammkar (KOOpAMHATM Z) y BY3/lIaX PeTyIApHOI CITKM 3 YTBOPEHHAM
MaTpuli BUCOT, Hepery/sipHoi Mepexi Tpuxyrtaukis (TIN) abo sk cy-
KYIIHOCTI 3amuciB ropusonTaeit (isorimc, iso6ar) a6o iHmux i30miHiii.
Haii6inpin nmoummpennmu 3acobamiu LdpoBOro BiATBOpeHHs penbedy
€ pacTpoBe IpeAcTaBIeHHA i 0c00MMBa MOJIeTb IPOCTOPOBUX JJAHUX, 110
6asyerbcs Ha cTpykTypi TIN i anpokcumye penbed 6araTorpaHHo O I0-
BEPXHEI0 3 BUCOTHUMM [T03HaYKaMM (II03HaYKaMu ITIMOMH) Y BY3/Iax Me-
pexi TpukyTHuKiB. IIponec undpoBoro MofenOBaHHs penbedy BKIIIO-
4yae ctBopeHHs 1. M. p., iXx 06po6IeHHs Ta BUKOpUCTaHHs. [)Kepemamn
BUXITHMX HaHuX s ctBoperHs 1. M. p. € ronorpadiuni kapTu, aepo-
KocMiuHi 3HiMKM Ta iHmi pgani ]33, maHi afpTUMeTpUYHOTO 3HIMaHHA,
CYIyTHMKOBUX cUCTeM nosutiitoBanusa GPS, Mopchbki HaBiraninui kapru,
IaHi eXoJIoKallii Ta iH.
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LUDPPYBAHHA, uugposanue, digitizing — Ilporec aHanoro-mu¢posoro
[epeTBOPEHH JaHNX, TOOTO IepeTBOPEHHs TaHuX 0 1udpoBoi dopmu.

YOPHE TUIO; IIOBHWW BUITPOMIHIOBAY; BUITPOMIHIOBAY
IVTAHKA, uepnoe meno; noaunvii usayuamenv; usny4amenv Ilnanxa,
full radiator, Planckian radiator, black body, blackbody — Ternosuii Bu-
IIPOMIHIOBAY, IO MA€ MPY 3a/IaHiil TEMIEPATypi /A BCIX TOBXIH XBU/Ib

MaKCUMAajbHYy CIEKTpanbHy ILiIIbHICTh €HEepPreTM4HOl CBiTHOCTI. Bin
IIOBHICTIO MOI/IMHAE BCi ITalaloyi Ha HbOTO BUIIPOMIHIOBAaHHSA He3aJIeKHO
BiJj MOBXMHY XBWJIi, HAIIPABJ/IEHHA MAJiHHA i CTaHy NONApU3alii BUIIPOMi-
HIOBaHHS.

YYT/IIUBICTD, uyecmeumenvHocmv, sensitivity — 30aTHICTb TeXHIYHOTO
IPUCTPOIO pearyBaTy Ha CIaOKi BuXifHi curHany (ONTHYHI, eTeKTpUYHi,
tomo). KinbkicHO BM3HAYA€TbCA AK BiJHOLIEHHS BeIMYMHM NPUPOCTY
BUXIJJHOTO CUTHAJIy [0 IPUPOCTY BXifHOI BeIMYMHM, 1JO JOr0 0OyMOB-
moe. Po3pi3HAIOTh aOCOMOTHY i BigHOCHY Y.

HIENTT-®AWT, weiin-@aiin, shapefile — Bextopruit GopMar IpoCcTOpO-
BUIX JJaHUX, LIIO BYKOPUCTOBYETHCS B IPOrpaMHUX Ipopykrax dipmu ESRI
(CHIA), npusHadenuit ausi 30epexxeHHs iHdopmanii nmpo MiciiesHaxo-
IKeHHs, GOopMy Ta aTpUOyTHU IPOCTOPOBUX 00 €KTIB.

HINPOTA, wupoma, latitude — Onra 3 KOOPAVHAT, 1[0 BUSHAYAE TOTIO>KEHHS
TOYKM Ha 3eMJli B HAIPAMKY Ha IiBHi4. Po3pisHiol0Th: acTpoHoMivyny III. —
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KYT, YTBOPEHUII BUCKOBOI JIHI€I0 B JAHill TOYL Ta IJIOIINHOK, IEPIIEH-
IMKY/SIPHOIO o oci obepranus 3emi; reopesnyny II. — xyT, yrBopeHmit
HOPMAJUIIO IO TOBEPXHi 3€MHOTO €JIICOI/la B JaHil TOYIi Ta IUIOIIMHOK
itoro exBaropa; reoeHTpuyuny . — KyT, yrBOpeHmi1 pafiycoMm, IpoBefie-
HUM 3 LIeHTPy Mac 3eMJIi, Ta IIOLIHOI0, ITepIIeHIMKYISPHOIO 0 oci 06ep-
taHHA 3emyi. 3HauenHA II. sminor0THCA Bif 0 Ha exBaTopi Ko 90 KyTOBMX
IpajlyCiB Ha IOJIIOCAX, i /1A MiBHIYHOI MiBKY/i Ha3MBATbCA «IIiBHIYHU-
MI» Ta MO3UTUBHUMI, a [ TOYOK IiBIEHHOI MiBKY/Ii — «IIiBIEHHUMMI»
i Bix’emuumu. Ha rmo6ycax Ta xaprax III. mokasyoTb 3a JOIIOMOro0 Ha-
panenern.
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