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7
PEI'TOHAJIBHI BI/IMIHHOCTI B HAI'POMA /’KEHHI BIJIXO/JAIB
KUTTEAISATIBbHOCTI JIIOJJUHU 1 IX 3ATPO3U JJ151 KUTTA

Pyaenxo JLI., Incturyty reorpadii HAH VYkpainu, noktop reorpadiyHux Hayk,
akaneMik HAH VYxkpainu, npodecop, Kui, Ykpaina

Bumaa M.M., Iucruryty reorpadii HAH Vkpainu, Monomammii HaykoBHiA
criBpoOiTHHK, KuiB, Ykpaina

Tumouko T.B., ronoBa BceykpaiHChbKoi €KOJIOT14HOT JIIrH

[IpupoaHe cepenoBulle JaBHO BIAUYBAa€ 3MIHU SIKl BiIOYBalOTHCS B KOKHOMY
13 MOro KOMIIOHEHTIB: IPYHTaX, POCJIMHHOMY 1 TBAPUHHOMY CBITI, CTaH1 TOBEPXHEBUX
1 MJ3eMHUX BOJI, 3MiHI KJIIMAaTUYHUX MapaMeTpiB TOII0. AKTUBHUM YYACHHUKOM ILIHX
3MIH € HEeNpoAyMaHa MisJbHICTh JIOAMHU B TpoLecl il KUTTeAisubHOCTI. Llg
TISITBHICTD MPU3BEJIa IO CTBOPEHHS 0aratboX 3arpo3 JJis >KUTTS JToauHu. Haitoinsi
BIIUYTHUMH 1 HeOe3NMeYHMMHM B YKpaiHl € 3arpo3d €KOJIOTIuHIM Oe3mer, sKi
chopMoOBaHi MPOTATOM OaraTbOX pPOKIB: BHCOKA KOHIIEHTpALisl MPOMHUCIOBOIO
BUPOOHHUIITBA 13 BUKOPUCTAHHSM 3aCTapiIUX TEXHOJIOT1H, HArPOMAJKEHHS BEIUKOI
KUTBKOCTI BIJIXO/1B BUPOOHMIITBA. 3HAYHOIO MIpoi0 Iie o0ymoBieHo Maibke 100%
3HOIIEHICTIO OCHOBHUX (POH/IIB Y BCIX chepax eKOHOMIKH JICPKABU.

[Tix BrMBOM Takoi HEMPOJYMaHOi 1 HE parlioHAJIBHOI MISJIBHOCTI JIFOJMHHU
NOPYIIYIOThCSl MPUPOJIHI MEXaHI3MM CTad1Ii3alii 010TUYHOI peryJisiii NpupoIHOTO
CEPENIOBHUINA, [0 CTBOPIOE 3arpo3y ICHYBAHHS JKHUTTA. Y I[bOMY KOHTEKCTI YKpaiHy
CA PO3TIANATH SIK  KIACHYHUN TMPUKIAJ HEYCTaJeHOro 30aJaHCOBAHOTO
PEriOHANILHOTO PO3BUTKY 3 HEpAIllOHAIBHOIO OpraHi3alli€lo TocrnojapcTBa Ta
MOPYIICHHSIM TIEBHUX TMPUHIMIIB MOpai. | TyT ciig 3ragaTé OCTaHHIO JOTOBiJb
Pumcekoro kmyOy, ocobmuBo miogo ii Ha3Bu «Come on» [von Weizsaecker, E.,
Wijkman, A. Come On! Capitalism, Short-termism, Population and the Destruction
of the Planet. — Springer, 2018. — 220 p.; Come on! Kamitaini3Mm, HeAaIeKOIJISAHICTb,
HacelieHHs 1 pyiiHyBaHHs miaHeTtd. JlonoBigs Pumcekoro ximyOy. / EpHer Yiabpix

¢on Baiiizekep, Aunepc Bilikman 1a iH. — K. : Camit-kuura, 2019. — 276 c.] ABropu
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JIOTIOBIZl TUT LHMM pPO3YMIIOTh «HE Hamaraiicas obayputu MeHe». YoMy wH
HAroJIOUIyeMO yBary Ha LiH Te3l, TOMY IO y»e 0araTo pokiB MPHUIMAarOThCS pi3Hi
pllIEeHHST Tpo NPU3YNUHEHHS JAerpajailii NpupoAHOro cepedosuina. Hare
CycninbCTBO HIOM BTIMIAETHCS, 3aCMOKOIOE JIFOJICH, a HACIIPaBl Bce Hae sK 1 OyJo
JIOHWHI. HArpOMa/DKCHHS PI3HUX BIAXOMIB JKUTTEIISUIBHOCTI JIIOAWHM 1 11 HE
IPOyMAHOTO MOBOKEHHS B TPUPOTHOMY CEPEIOBHIIII.

KinbKicTh BIAXOMIB B yCIX JiepXKaBax CBITY, Ha Kajb, 3pocTae. HeBMMHHO BOHU
3pocTaroTh 1 B YKpaiHi. JIJii NpU3yNnUHEHHS MPOLECY HArpoOMaLKEHHS BIJIXO/IIB,
NPUBEJCHHS Y BIAMOBIAHICTD 3 €BPOINEHCHKUMH HOPMaMU CHUCTEMHU YIIPABIIHHA 1
pEryJlOBaHHS BIAXOJaMH, TMPOBEJIEHHS HEOOXIIHUX YHOPSAKYBAIbHHUX 3aXOJiB
MOTPIOHO MAaTH YITKE YSABJIEHHA MpPO 1X TMPOCTOPOBE PO3MOBCIOKEHHS Ta
XapaKTEPUCTUKN HAsBHOI CEPENOBHUIIE 3aXUCHOI 1H(PpAcTpyKTypu (IUIOIAAKU IS
3aXOpOHEHHS BIXO/IB, OI0TEPMIUHI SIMU, MOJITOHH, IIIJJAMOCXOBHIIA, XBOCTOCXOBHIIIA,
cHeliajgbHl IUIOMAAKK, Tomio). Lle copuarume po3poOll IUILOBHX PpPErioHAIbHUX
porpam.

Cepen B11X0/1B, 0COOIMBE MiICIIE 3aiiMalOTh TOKCUYHI MPOMHUCIIOBI BIIXOIU SIK1
3aBXKIM MOXKHA PO3MIISIATH SK TMOTEHIIWHI JUIsl MPOsIBY HAA3BHUYAHUX CUTYaIlil
(HC) texnorennoro xapaktepy. B Vkpaini, 3a manumu JICHC nHarpomamkeHo
BEJIMYE3HY KIJTBbKICTh TOKCUYHUX BIJXOJIIB PI3HUX KJIACIB HEOE3MEKH.

OnepaTBHOMY OIIIHIOBaHHIO 00’€MiB, crnenudiku 1 KiaciB HeOe3NneKu
TOKCUYHUX BIJXOJIB Ta X MPOCTOPOBOTO PO3TAIIYBAaHHS CIPUSIE IHTEPAKTUBHA KapTa
«Ykpaina. TokcHuHI TPOMMCIIOBI BIIXOJW», 10 CTBOpeHa B I[HCTUTYTI reorpadii
HAH Vkpainu 3a nuiboBoro mporpamoro HarmioHanbHOi akageMii Hayk YKpaiHu
«IlinTpuMKa pO3BUTKY MPIOPUTETHUX HAMPSIMIB HAYKOBHX JOCITIIKEeHb». Kapra
BII0OpaXka€ HACHUYEHICTh TEPUTOPIi PErioHIiB Jep>kKaBH OO0 ’€KTaMU B SKHX
HarpoMa/pkeHl Biaxoau. KoxkHuil 00’€KT Mae Teojie3udHl KOOpAWHATH, ajpecy 1
KOHKPETHI XapaKTePUCTUKH.

Oco06iMBICTIO PO3POOJIEHOTO MpOrpaMHOro 3abe3nedeHHs (YHKIIOHYBaHHS
IHTEPaKTUBHOI KAapTH € MOXJIMBICTh I1I BHUKOPHCTAHHS B AaBTOHOMHOMY pEXHUMI
pobotu, 6e3 MIAKIIOYEHHA 00 Mepexi IHTepHeT, 3a yMOBH 3aBaHTaXEHHsA abo

KOIFOBaHHS KapTH Ha KOMIT I0TEp, IJIaHIIEeT a00 MOO1ILHUMN MIPUCTPIH.
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CTBOpEHHS KapTH 3A1MCHIOBANIOCS Yy YOTHUPH €TaIlu:

1. 30ip indopmamii Ta dopMyBaHHS O0a3W JaHWX 3a TACIOPTAMHU PUBHKY
BunukHeHHst HC (2018 p.);

2. 3iiCHEeHHs TeOKOAyBaHHA (BU3HAUEHHI reorpadiuHoi MpuB’I3KW — KOOPIWHAT)
00’€KTIB HArPOMAPKEHHST TOKCHYHHUX IPOMHUCIIOBUX BiTXO/IB;

3. IHTepnomAIis OTpUMAHUX PE3YJbTAaTIB Ta iX BIMOOPaKEHHS 13 3aCTOCYBAHHS
KapTorpadigyHuX MporpaM;

4. IlporpamyBaHHsI IHTEPAKTUBHOI KapTH.

Bukonani poOOTH 103BOJUIN 3AIMCHUTH JIOKATI3AIII0 TOYHOT'O PO3MIIIECHHS
00’€KTIB, IO MICTATh YK€ ChOTOAHI MOTEHLINHO HEOE3MeuHI TOKCUYHI BIIXOAH, a
TAKOX 3/1MCHEHO paliOHyBaHHS TEPUTOPIi 32 IIUIBHICTIO HAKONMMYEHHS TOKCHUYHOI
PEUYOBUHU.

['on0oBHE «BIKHO» 1HTEPAKTUBHOI KapTHU 3a0e3leuye pi3HI BUIU 1HTEp(ENCIB
JUIsl KIHIIEBOTO KOPUCTyBaua: HaBiraiis Mo kKaprax i iX mapax, Bi3yali3allilo 3MICTy
Ha KapTi, MPEJCTaBICHHS MaHUX PO KOXKEH 13 00’€KTIB KapTH y TaOIUYHOMY
BUTJISA/IL.

[Iporpamue 3a0e3neueHHs [103BOJIsiE€ 30UIBIIEHHS 1 3MEHIIEHHS MaclTaldy
KapTu, BUMIPIOBaHHS BlJICTaHEW MK 00 €KTamH, TOIIYKM TEMaTUYHUX IIIapiB Ta
TaOIM4HI JaH1 Tpo 00’ ekTH. B sIKOCTI 6a30BUX KapT BUKOPUCTAHO KapTH MOMYJISPHUX
reonoptainiB (Google Hybrid, Google Satellite, Open Street Map, xapra ISGEO).
KopuctyBau Mae MOXIMBICTP BUKOPUCTOBYBATH  (MMO€AHYBATH) TOTOYHE
BIJI0OpaXE€HHS KapTH, MaHIITyJIFOBaHHS PI3HUMU LIapamMu iHQopMallli Ta OTPUMYBATH
JOMATKOBY TaONM4YHy 1HQOpMaIlil0 Mpo HACHYEHICTh 00JacTi 00’eKkTaMHu 3
HarpoMaJKEHUMH BiJIXOJIaMHU.

HeranbHy i1H(MOpMaLI0 MOXHA OTPUMATH IO KOXKHOMY 00’€KTy (00J1acTh,
TOYHA ajpeca pPO3MIUIEHHS OO0’€KTy, KUIbKICTh Ha HbOMY CXOBHII, Ha3Ba
HarpoMaKeHO1 peYOBUHU Ta 11 KUTBKICTh). KpiMm 11b0T0, KOPUCTYBaY MOKE OTPUMATH
neTanbHy TabauuHy 1iHGOopMaIliio Mpo 00’ eKTH 30epiraHHs TOKCUYHUX BIAXO/IIB, PO
Ha3By HEOE3MEYHOI PEUOBUHHU 3a KilacaMu HeOe3MeKH, MPOo KUTbKICTh HACEIEHHS 110
MOXe TocTtpaxaat npu BuHUKHeHHI HC, mpo MoXnuBy mjomy 3a0pyTHECHHS

TEePUTOPIT Ta NEepeTiK MPOoOJIEMHUX MUTAHb Ha 00’ €KTI HArPOMAHKEHHS PEYOBHUHU.
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[o xoxkHOMY 00’€KTYy BIAMIYEH] 3ayBaXKEHHSI, SIK1 (PIKCYIOTh BIICTYI Bifl ICHYIOUHX
3aKOHOJIABUMX AKTIB (HE BEAYTHCS CIIOCTEPEKEHHS 32 SIKICTIO IPYHTIB, CTAHOM MiI3MHUX
BOJI, SIKICTIO aTMOC(EPHOTO TIOBITPSI, HE BCTAHOBJICHO BJIACHUKA 00’ €KTY Ta IHIIIE.

BizyasibHO OI1iHIOIOUM perioHajIbHI BIIMIHM B HATPOMAaPKEHHI TOKCUIHUX BIIXOTIB
1 iX mIIebHOCTI (T HA KB. KM) MOYKHA BIJIMITHUTH HAWOUTBINY MIUTBHICTH BIAXOMIIB Y
[TontaBcekiit 00:1., JloHenpbkii 0011, (2736,7 T Ha kB. kM), KHiBChKiii Ta XapKiBChKiil 0O0JI.
(1335,3 THa kB. kM 1 1352,2 T Ha KB. KM BiAMOBIIHO), IBaHO-DpankiBewkiit 061. (1087,7 T
Ha KB. KM), MukonaiBcekiit 0071. (1722,6 T Ha KkB. kM) Ta JIbBiBChKii 0011. (211,4 T Ha KB.
kM) [HII11 0671aCTI MarOTH 3HAYHO HUKY1 TTOKA3HUKH.

Ha xanp, pi3HI TpaHcopMmauii B JepkKaBl HE CHPUAIOTh pPEATbHUM
MO3UTUBHUM 3MIHAM SIK B €KOHOMIIIl, TaK 1 B 30€peEHHI MPUPOJHOTO CEPEAOBUIIIA.
Ile crocyerbcst 1 He BUpIIMICHHS NHUTaHHS 13 BIOPSAKYBaHHSM HArpoMaJKEHHS
BiaxoxiB. [lpuknaniB mo3UTUBHUX 3MIH 13 BiAXOoAaMu y JepxaBax Oysiioro CPCP
O0araro. OcoOJMBO Bpa)karTh 3aX0AU MNPUOANTIMCHKHX JepkaB. TaM KOpIHHUM
YUHOM BJIOCKOHAJICHA CCTEMa CKJIaJlyBaHHS BIAXOIB 1 iX IepepoOKH.

KpiM perioHallbHUX TmporpamM TNOBOJKEHHS 3 BIAXOJaMH, BOAYaeThCs
HEOOX1AHICTh 3HAYHOTO MOJIMNIIeHHS Apyroro npuHiuny [Ipuponnoro Kamitanizmy:
«11e mepepoOUTH Crocid SKUM MU MOCTABISIEMO €HEPrilo, XapuyeEMOCh, BUPOOISIEMO
Ta HAJIa€EMO TMOCIYTH, K1 0a)KaeMO, BUKOPUCTOBYIOUYM TaKl MiJIXO/U, sIK O10MIKpis Ta
HUpKyJsiis ekoHoMmikuy (po3ain 3.1.3 «Come on! KamitanizMm, KOpOTKOCTPOKOBICTD,
HaceJIeHHS Ta pyHHyBaHHs T1aHeTH. JlonoBias PumMcekoro kimy0y», 2018 p.).

VY 3rapaniii gomnosiai Pumcekoro kiayOy 3Ha4yHa yBara OpUAUICHA HOBOMY
npoceimnuymey. Ha Halry ayMKy, Ha CBOTOJHI HOTO MOTPIOHO HE TIIBKHU
BJIOCKOHAQJTIOBATH, a 1 KOPIHHUM YWHOM OIPAIIOBATH HOBY CXEMY IPOCBITHUIITBA
11010 MMOBOJIKEHHSI 3 BIX0AaMu (IMTOYMHAIOYHM 13 CXEM CITIBIpaIll 13 JOMIKUIbHITAMU 1
3aBepilyroun neHcionepamu). Lls HOBa cxema NPOCBITHUIITBA 3aCIyrOBY€ YBaru
MinictepcTBa OCBITH Ta Hayku 1 MiHICTepCTBa 3aXMCTy JOBKULIS Ta MPUPOIHUX

pecypciB Ykpainu.
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PO3JILI 1

EKOJIOI'TYHI ACIIEKTU 3bEPE’KEHHSA
BIOPIBHOMAHITTSA, MOHITOPHUHI', AYJIUT,
CUCTEMHUM AHAJII3 TA OLIIHKA PU3HUKY,

BIJHOBJIIOBAJIBHI 1)KEPEJIA EHEPI'T

Po3ain 1 Chapter 1
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TEXHOJIOI'TA ITPOBEJAEHHA EKOJIOT'TYHOI'O MOHITOPUHIY
HABKOJIMIIHBOI'O CEPEJJOBUIIA 3 BUKOPUCTAHHSIM
AEPOKOCMIYHHMX TEXHOJIOT'ITA

MamxkoB O.A., JlepxaBHa eKOJIOT1YHA akKajaeMmis IICISJAUIUIOMHOI OCBITH Ta
yIpaBIiHHS, JOKTOP TEXHIYHUX HAYK, MPOQECcop, 3aCTyKEHUIN qisd
HAyKHU 1 TEXHIKK YKpaiHu, IPOPEKTOp 3 HAyKOBOi poOoTH, M. KuiB,
VYkpaina

Cap’wk JIL.LM., JlepkaBHa €KOJIOTIYHA akajeMis TICIAIUILUIOMHOI OCBITH Ta
yIpaBJIiHHS, KaHAUAAT HAYK JEP>KaBHOTO YIIPaBIIHHSA, JOKTOPAHT,
M. KuiB, Ykpaina

Anapocwk IO.E., JlepxaBHa eKoJOTiYHA akajemis MICISAUIIIOMHOI OCBITH Ta

yIpaBiIiHHS, acmipant, M. KuiB, Ykpaina

Abstract

The technology of carrying out aerospace ecological monitoring is offered.
Peculiarities of application of the ground information complex in the system of
ecological monitoring are determined. The technology of ecological monitoring of
the Earth 's atmosphere is offered. Monitoring of pollution of the Earth's atmosphere
involves the determination of the following substances in the Earth's atmosphere:
ozone, methane, formaldehyde, aerosols, carbon monoxide, nitrogen dioxide, sulfur
dioxide.

The application of remote methods of ecological monitoring of the Earth's
surface from space is based on the thematic analysis of images obtained by target
devices (radars, radiometers and optoelectronic equipment) of the onboard special
complex installed on spacecraft. Special software (NetCDF data format) is required
to process and geographically bind data from the Sentinel-5P spacecraft. Data from
the Sentinel-5P spacecraft have a low resolution of 5.5-7 km, so the monitoring of air
pollution is most relevant at the regional level (region, country), or global (continent,

world). Possible daily monitoring, as well as averaging over time, makes it possible

Po3ain 1 Chapter 1



13

to reduce the impact of atmospheric conditions on measurements. It is possible to
monitor large emergencies and build animation with a time step of 1 day to study the
dynamics of the spread of pollution.

The analysis shows that the main anthropogenic sources of air pollution, which
are proposed to be controlled using aerospace technologies, include emissions of
high-temperature combustion products, such as exhaust gases from vehicles, aviation,
emissions from industrial, chemical plants and thermal power plants. The spread of
air pollutants, in turn, is influenced by atmospheric conditions (air pressure, wind

speed and direction, vertical temperature distribution).

Beryn

OfHUM 3 OCHOBHMX HAIpPsIMIB MIJBUIIEHHS €KOJIOT1YHOI O€3MeKU € KOHTPOJIb
napaMeTpiB HABKOJMIIHBOTO TPUPOJHOTO CEPEeNOBHUINA, MOIIYK Ta JIOKaji3allis
AHTPOIIOTCHHMX BIUIMBIB HAa CTaH JOBKIJUIS, BUSHAUYCHHS CMIIEHTPY Ta 30H BIUIUBY, a
TaKOX Xapaktepy 3a0pyaHeHHs (IBantora Ta Kaumncwekmii, 2012). B octanHi poku
CIIOCTEPITAETHCS POIMIMPEHHS BETUKOMACIITAOHOT JiSSIBHOCTI JIFOJMHU, TIOB’S13aHOT 3
PO3BUTKOM HEOE3MEYHHX BHCOKOTEXHOJIOTITYHHUX TpoleciB  ((PI3UKO-XIMIYHHUX,
TEIJIOBUX, pafiallliHUX Ta 1H.), IO TPU3BOAUTH JO 3HAYHOI 3MIHM CTaHy IPUPOJIHUX
ymoB. [lpu 1bOMy CTymiHb BIUIMBY 1 MacmTabW HACHiJIKIB 3alieaTh Bij
IHTEHCUBHOCTI Ta XapakTepy caMoro 3a0pyAHEHHS 1 CTIMKOCTI HAaBKOJIUIIHBOTO
cepeloBHINla N0 aHTpororeHHoro HaBaHTaxeHHs (Kmumenko, bonmap Ta
[Mununenko, 2010).

JlJis KOHTPOJIO 3a TapaMeTpaMH JOBKULIS 1 BU3HAYCHHS CTYNCHS BIUIMBY
TEXHOTEHHOTO 3a0py/THEHHS 3aCTOCOBYIOTh €KOJIOTTYHUI MOHITOPHUHT, IKU BKJIFOYA€E
CITIOCTEPEKEHHS 3a MO ISIMH, MPOIIeCaMHu, SIBHIIIAMH, a TAKOXK 3I1HMCHIOE OIIHIOBAHHSA 1
MPOTHO3YBaHHS 3MIH CTaHy IPUPOJHOTO CEPEIOBUINA Ha OCHOBI PI3HUX METOIIB
(bormap, Kopinbko, Tkau Ta ®enopenko, 2005).

Ha cporogni kimacM4Hi METOAM KOHTPOIK (KOHTaKTHI 1 OloJIoriyHi), 3a

JOIIOMOTI'OI0 SKHX OHiHIOI-OTB CTaH HaBKOJIMIOHBOI'O IIPUPOAHOI0 CEpCaAoOBHINA, HEC

Po3ain 1 Chapter 1
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JAI0Th 3MOTYM BUKOHATH MOCTABJICHI 3aBJIaHHS B TOBHOMY 00Cs31 Ta B 3aJjaHUM yac,
Yyepe3 PO3IIUPEHHS MacIiTabiB TEXHOTCHHOTO BIUIMBY 1 301IbIIEHHS Yacy oOpoOKu
OTpUMaHUX pe3ynbTaTiB. Came TOMY CBITOBI TEHJICHII CBiT4aTh, IO HA TEPIIAN
IJIaH BUXOAATh JUCTAHIIMHI METOAM MOHITOPHUHTY, TOB’S3aHI B IIepeayciM 13
BUKOPUCTAHHAM MOJIMBOCTEH KOCMIUYHUX CHCTEM JUCTAHLIMNHOTO 30HyBaHHS
3emui ([133) y BUumuMoMy Ta pajioyioKaliitHOMY Jianma3oHax CHEKTPY. 3aCTOCyBaHHS
KOCMIYHUX CHCTEM CIIOCTEPEKEHHSI IJISl MPOBEICHHS €KOJIOTIYHOTO MOHITOPHHTY €
OJTHUM 3 OCHOBHHX JDKEpeN 3aCTOCYBaHHS NHCTAHI[INHUX METOMIB ISl BU3SHAUCHHS
CTaHy 1 XapaKTepy HaBKOJUIIHbOIO cepenoBuina. Lle mae 3mory BUSIBIATH CTaH
PO3BUTKY Ta AaHTPONOTEHHWI BIUIMB Ha HABKOJUIIHE CEPENIOBHUIIE, 30KpeMa
BU3HAYATH HOTO Xapakrep (Hampukiaa, BUKUAM B aTMocdepy) Ta HOro 30HHU 3
HEOOX1/IHOIO OMNEPAaTUBHOIO 1 MPOCTOPOBOI IMOBHOTOIO CIIOCTEPEKEHHS, a TaKOX
KOMIUIEKCHO  OIIHIOBAaTH:  BJIACTHBOCTI  BIUIMBY, PO3MIpPH, KOHIIEHTpALIIO,
POTHO3YBaHHS HACHIAKIB BIUIMBY, 3MICT B3aeMOAIl 1 crocTepiraTd 3a
aHTPOTIOTEHHOIO 30HOTO.

3abe3nedyeHHs] CBOEYACHOIO OTpUMaHHs 1H(opmalii Ta i MOBHOTA MiJl Yac
MIPOBEJICHHSI €KOJIOTIYHOTO MOHITOPUHTY € aKTyaJIbHUM 1 BaXKJIMBHM HaMpPsIMKOM
JOCIIKEHb, TOB’S3aHUM 13 pO3pOOJIEHHSM pyOpHKaTOpa EKOJIOTIYHHMX 3aB/IaHb
IIOJ0 CBOE€YACHOTO KOMILJIEKCHOTO BHUSIBJIEHHS 1 BHU3HA4YCHHS XapakTepy
TEXHOTEHHOTO BIUIMBY Ha OCHOBI 00poOku kocmiunux 3HIMKIB (K3) mns
3a0€e3ne4eHHs €KOJIOTIYHOT O€3MeKH 3 BUKOPUCTaHHIM KocMiuHuX cucteM J133. Kpim
1IbOT0, KocMiuHl cuctemMu [[33 MOxyThb 3aiiicHIOBaTH O€3NepepBHUN MOHITOPUHT
TEPUTOPii, MO Ja€ 3MOTYy BHpIIIyBaTH JESKI €KOJIOTIYHI 3aBJaHHS Ha OCHOBI
KOHTPOJIFO Ta OIIHIOBAaHHS palTOBUX BIUIMBIB, IIOB’SI3aHUX 3 BHUKHJIAMU B
HABKOJIUIITHE cepeoBuIle (arMochepHe TOBITPS MPUPOJHUX 30H Ta TEPUTOPIH,
IPOMHUCIOBUX MIANPUEMCTB, Y pa3l BAHUKHEHHS HAJA3BUYAWHUX CUTYallld Ta 1HIIMX
BunajkiB) (JIsueko, [Toros, denoposchkuii Ta Koctrouenko, 2006).

HaykoBa HOBHM3HA 0/iepKaHUX PE3YJIbTATIB MOJISATa€ B YJOCKOHAJICHHI CUCTEMU

YOPaBIiHHS ~ €KOJIOTIYHOI0 OE€3MEeKO sSIK HAayKOBE MIAIPYHTS  MiJABUILIEHHS

Po3ain 1 Chapter 1
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JIOCTOBIPHOCTI Ta iHQOPMALIMHUX MOMJIMBOCTEN CUCTEM €KOJIOTTYHOTO MOHITOPUHTY
I BU3HAYEHHS 30H €KOJIOTIYHOTO PU3UKY 13 3aCTOCYBAHHSM Te0iH()OpMAaLIHHUX Ta
AEePOKOCMIYHUX TEXHOJOTIH.

MeTta [OCHIPKEHHS TIOJSAra€ B PO3KPUTTI OCOOTUBOCTEH 3aCTOCYBaHHS
ACPOKOCMIYHHUX TEXHOJIOTIH B CHUCTEMI EKOJIOTIYHOTO MOHITOPUHTY aTMocdepu
3emii, a TakKoX IMJBHUINEHHSA JOCTOBIPHOCTI Ta 1HGOPMAIIMHUX MOXKJIHUBOCTEH
CHUCTEM E€KOJIOT1YHOTO MOHITOPUHTY JJIsi BU3HAYCHHS 30H €KOJOTIYHOIO PU3HKY Ha
OCHOB1 BUKOPUCTaHHS MOOLIBHUX KOMILJIEKCIB OI[IHKH €KOJIOTIYHOIO CTaHy PErioHy

13 3aCTOCYBaHHSIM TeoiH(OpPMAIIHUX Ta aePOKOCMIYHUX TEXHOJIOT1H.

OcHoBHA yacTHHA

1.1. TexHoJ10Tisl MPOBEAECHHS A€POKOCMIYHOI0 €KOJOTIYHOT0 MOHITOPUHTY

Binomo, mo «aias epeKTUBHOTO AemU(pyBaHHSI KOCMIYHHMX 300pakeHb Ha
CydyacHOMY €Talmi aKTHUBHO PpO3BHUBAIOTHCA IMIJIXOJM, TOB’si3aHI 13 0OpOOKOIO
OTPMMAHHUX JIaHUX B PI3HUX CHEKTPaJIbHUX Jlana3oHax MiJ 4Yac MpPOBEICHHS
€KOJIOTIYHOTO MOHITOPUHTY JuCTaHUiiHMMH MeTonamu» (bonmap, Maiukos,
[TamkoB, Bamenko ta IlleBuenko, 2018). Ilpu 1ipomy 13 KOKHOTO JaTYMKa MOKHA
oTpUMatu UU(POBI 300pakeHHS MIACTWIBHOI TMOBEPXHI B PI3HUX CIEKTpax
€JIEKTPOMArHITHOTO BUIPOMiHIOBaHHs. [HdopMmallisi mpo 3MiHM TOBEPXHI CIEHU
MO€E MICTUTHCS y 3MiHI T€OMETPUYHUX XapaKTEPUCTUK, MPOCTOPOBHUX PO3MOJILIIB
PIBHIB SICKPABOCTEH, a TAKOX Y CIEKTPAIbHUX CUTHATypax. Pe3ynbTaT HOCHIIKEHHS
(borom’st, Hypusk, ,KozenkoB, MamkoB ta MopryH, 2008) «mo6 oTpumatu
MaKCHUMaJIbHY KUIBKICTh 1H(GOpMAIIil PO 3MIHY 1 CTaH MPOLECIB NPUPOIHUX 3MiH Ta
aHTPONOTeHHOTO BIUIMBY, $IKI Bi1IOyBarOThCS B pPailOHI CIIOCTEPEXKEHHS, MOXKHA
BIATHCS O MPOLEAYPH KOMIUIEKCYBAaHHS OTPUMAaHHUX AAHMX BiJ PI3HUX METOMIB
00poOKM KOCMIYHHMX 3HIMKIB». B po0OOTI moka3aHi Jiarna3oHd BUIPOMIHIOBaHb AJIs
AKICHOI O0OpOOKHM  paJlOMETPUYHUX, TEOMETPHUYHUX Ta O0araToCHeKTpaTIbHUX

CKJIaJIOBHMX Ha eTami AemuppyBaHHSI KOCMIYHUX 300paKeHb.
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3BaXkal0uu Ha BUIAJKOBICTh MIPUPOAHUX MPOLECIB T AaHTPOIIOI€HHUX BILJIUBIB
Ha IPUPOJIHI YMOBH, IS MiJBULICHHS TOCTOBIPHOCTI OI[IHKY CTaHy JOBKUIA MiJ 4ac
BHUKOHAHHS 3aBJIaHb €KOJOTTYHOTO MOHITOPUHTY TUCTAHIIIMHUMU METO/IaMH, a TaKOX
MOXJIMBOCTI  PO3IIUPEHHS 1HGOPMAIIMHUX BJIACTUBOCTEH KOCMIYHHUX CHCTEM
CTIIOCTEPEXKEHHSI 32 TEXHOT€HHUM 3a0pyAHEHHSM JOBKULISA BHHUKAE HEOOXITHICTH
pO3po0KH pyOpUKaTOpa €KOJIOTIYHUX 3aBJaHb I CBOEYACHOTO MPOBEACHHS
MOHITOPHHTY Ta OI[IHIOBaHHA Ha OCHOBI BukopucTanHa K3 i1 mnoOymoBu
€KOJIOTIYHUX KapT, M0 1 BU3HAYMIIO OCHOBHI HalpsSMH HAYKOBUX JOCIIKECHBb
(MarmkoB, Xykayckac Ta Hiropomosa, 2019).

OOpobOka panux [I33 — ne OaraTopiBHEBUH MHpoLEC, CHPSIMOBAaHUI Ha
OTPUMaHHSI JTOCTOBIPHOTO 1H(OPMAIIHHOTO TPOAYKTY B pe3yibTaTi YCYHEHHS
CIIOTBOPEHb 1 OOJIKY IOJAaTKOBUX JIaHWX 1 BUMOT KopucTyBauiB. Ha 1ux piBHAX
BUKOHYIOThCSI HAacTyIHI omneparii oOpoOku KocMo3HUMKY (BiamoBigHo a0 JCTY
4758 : 2007 «/Iucranmiitae 30uayBaHHs 3emiti 3 kocmocy. O6pobka nanux. Tepminu
1 BUBHAUCHHSI TIOHSATHY)

[IpoBeneHHs €KOJOTTYHOTO MOHITOPUHTY 3/I1HCHIOETHCSI HA OCHOBI KOHKPETHOI
MIOCTAHOBKM 3aBJlaHHsA, a TaK caMO 3 TMPIOPUTETHUX HAMPAMIB EKOJIOTTYHOI
O00OCTaHOBKM 3 ypaxyBaHHSAM aHaI3y IOTOYHHUX MPOOJIEMHUX 1 KOH(IIKTHUX
CUTYyaIliii, Macmra0iB 3MiHH 1 BIUTUBY Ha €KOCHUCTEMY. 3 ypaxyBaHHSIM PO3BHUHEHHX
1H(hOpMAIIHHUX TEXHOJIOTIM CHUCTEMA €KOJIOTITYHOIO MOHITOPUHTY BHPILIYIOTH TpU
TUIIH 3aBJaHb:

1) IlepBuHHHMII 36ip mapameTpiB MOBKULIA, iX HAKOMUYCHHS 1 (OpMYyBaHHS
0a3u JaHux.

2) Ob6pobka, TpeACTaBICHHS 1 MPOTHO3YBAaHHS JaHUX B CIPUHAMAHOMY BUJI1
(Tabmunk, TpadikiB, KapT Ta iH.).

3) OmnepatuBHa oOliHKa 1 3a0e3neueHHs 1HPOpMali€l0, HEOOXIAHOKW 1
JOCTAaTHBOIO JIJIs1 BUSIBJICHHS 1 YXBaJICHHS PILLICHHS AJIS1 YIIPaBIIHHS CUTYAIII€l0.

[Ipy oMy HEOOXITHO 3AIMCHUTU BUOIP KPUTEPIiB JJII OTPUMAHHS IMOTOYHOI

OITIHKHM B CHUCTEMI €KOJIOT1YHOTO MOHITOPUHTY, BU3HAYEHHS 00'€KTIB 1 iX MEX BIUIUBY
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(30H €KOJIOTTYHOTO PHU3HMKY, 30H HAJ3BUYAMHHMX EKOJIOTIYHUX CHUTYalliil), yMOB
(YHKIIIOHYBaHHS, TMapamMeTpud sIKi HEOOXITHO KOHTPONMIOBaTH, (GOpMyBaHHS
CIIOCTEPEKITMBOI MEpexKi, 3aC00IB 1 METOIIB CriocTepekeHHs. [le 103BOMHUTh JOCITTH
noctaBjieHoi MeTH. IIpore mpu dopmyBaHHI KpUTEpiiB HEOOXIJHO BpPaxOBYBaTH
KOMITPOMIC MIX TOBHOTOIO (TOYHICTIO) OMUCY MpoIeciB (00'€KTIB) 1 KUIBKICTIO
BuOpaHux mapametpiB. Lle moB's3aHo B mepiry 4epry 3 BHOOpPOM THX a00 1HIIHX
METOJIIB 1 3ac00IB MOHITOPUHTY 1 KOHTPOJIIO MapameTpiB MoBKULIA. [lpu mpomy,
BUOIp KpHUTEPIiB ONTUMAIBHOCTI MPU NPOBEIECHHI E€KOJOTTYHOIO MOHITOPUHTY
3aJIEKUTH B1JI €KOJIOT0-€KOHOMIYHOI €(heKTUBHOCTI, TOOTO TIPU MIHIMyM1 BUTpAT Ha
HOro oprasizaiilo 1 NpOBEIEHHS MOHITOPHHI IOBHUHEH 3a0e3MeuyBaTH OTPUMAHHS
MaKCUMYMY KOPHCHOI 1H(opmalii mpo YMHHHUKHU Jii, CTaH JOBKULIA 1 3MIHHU, IO
BIIOYBalOTbCA B TNPUPOAHO-TEXHOT€HHUX CHCTEMax, B IMEPIOJl PEaJTbHOrO 4vacy.
TakuM YMHOM, CTaBUTHCS 3aBAAHHS aHATITUYHOIO BUOOPY METO/IIB MOHITOPHUHTIY, SIKI
JI03BOJISITH OLIIHUTH CTaHU JOBKULIS B HAWKOPOTILWHI TIEPio]T Yacy.

Ha cporomHi HalOUIbII MOIIMPEHI KOHTAKTHI METOAM KOHTPOJIO CTaHU
JTOBKULIS, SIK1 TIPEACTABISIOTHCS SIK KJIACMUHI METOJIU aHalli3y (XIMIYHUX, (DI3UYHUX,
(b13UKO-XIMIYHHUX) BJIACTUBOCTEH 00'€KTy (TEpUTOpPIi) MOHITOPUHTY 3 TMOAAJIBIIAM
BUKOPUCTAaHHSIM CY4YaCHUX METOJIIB I1HCTpyMEHTajdbHOro anamizy. Kiacudikamis
KOHTAaKTHUX METOIB KOHTpOJt0. HalOinbil BXXMBAaHUMU METOJAMU €: CIIEKTPaJIbHI,
€JIEKTPOXIMIYHI 1 XpomMaTorpadiyHi METOAM aHalli3y 00'€KTIB JOBKULIS.

Ha psay 3 10CTaTHROIO JOCTOBIPHICTIO 1 MPOCTOTOK BKUBAHMX METO/IIB,
MOYKHA BIIMITHTH HEIOJIK, SKHH TIOB'SI3aHM 3 BigbopoMm MpoO, iX SKICHOIO
00poOKOI0 1 aHajizoM pe3yibTariB. [lpu 1poMy, s y3ATTS TPoO HEOOX1THO
3HAXOJUTHUCS 0e3MOCepeIHO B 30HI €KOJIOTTUYHOTO PU3UKY ab0 OyTH CXUIIBHUM [0
BIUTMBY aHTPONOTEHHOT Jii.

Tomy, HEOOXIIHO PO3TJISHYTH OCOOJMBOCTI MOOYJAOBH KOCMIYHUX CHCTEM
CIIOCTEPEKEHHS, TMPOAHAII3yBaTH OCOONHMBOCTI PI3HUX eTamiB  0OpoOKM 1
nemu@pyBaHHS KOCMIYHUX 300pak€Hb, 1 BHU3HAYUTH HEOOXIJTHI HANpsMHU iX

BAOCKOHAJICHHS.

Po3ain 1 Chapter 1



18

1.2. Oco06,1MBOCTi 3aCTOCYBAHHS HA3€MHOI0 iH(OPMALIHOIO KOMILJIEKCY
B CHCTeMi €KOJIOTiYHOI0 MOHITOPHHIY

besnocepenne BupilmieHHS 3aBIaHb MPUHAMaHHA KOCMIYHUX 3HIMKIB 3
KOCMIYHOTO amapara ToB's3aHe 3 (OpPMyBaHHSAM Ha3eMHOro 1HGOPMAIIHHOTO
komruiekcy (HIK) Ha ocHOBI HasIBHUX TEXHIYHUX 3aCO0iB y BHTJISII TEPUTOPIATBHO
PO3HECEHUX PATIOTEXHIYHUX CHCTEM, IIEHTPY OOpoOKM cremiaibHOoi i1H(popMmarrii
(ITIOCI) i mepexi 3B's3ky (MocoB, MamkoB, KpaBuenko ta Capuenko, 2004).
Hazemuuii 1HpopMamiiiHuii KOMIUIEKC, SIK CKJIaJ0Ba YaCTHHA KOCMIYHOI CHCTEMHU
JTUCTAHIIHHOTO 30HayBaHHA 3emii (/133), mpusHadeHWil isi CUCTEMATHYHOTIO,
3T1IHO 3 TIOJIaHUMU 3asiBKaMU, 3a0€3MeYeHHs CIIOKMBaYaMU LILOBOIO 1H(GOPMAITIEI0
JUISL PO3B'S3aHHS COLIAJIbHO-€KOHOMIYHMX 1 HAayKOBHMX 3aB/laHb. TOMy BBa)Xaemo
JOLIUIBHUM PO3TJISIHYTH YMOBHU (yHKIioHYBaHHs TexHiuHux 3aco0iB HIK. Corin
3ayBakuTd, mo nobynoBa HIK mpuHUIMUMOBO BiAPI3HSAIOTHCA CIIOCOOOM OOMIHY
iH(popmariero mixk 6oproBuM cremiaibHuM koMmiiekcoM (BCK) kocmiunoro anapaty
(KA) # panmiorexniunoi cucremu HIK. B Vkpaini BUKOpHUCTOBYIOTH, NEPEBAXHO,
nepconanbHi HIK.

[Tepconanbui HIK: reoindopmariiiini peectpatopu, 1udpoBli TaxeoMeTpu Ta
na3epHi ckanepu, GPS-cTanmii npauoroTe B cuctemi (puc.l) 1 BUpIIYIOTh 3aBIaHHS
nepeaadi iHGopmarlii mpoTsAarom oaHoro ceancy. IIpu mpoMy BUHHKAaE HEOOX1THICTH

moOy10BY YHI1(IKOBAHMX TEXHIYHHMX 3aCO01B 1 allapaTHO-MPOTPAMHUX KOMILIEKCIB.
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Puc. 1. IIpuiimanns ninboBoi iHGopmarii nepcoHanbuum HIK

OcHoBuuMU Henolikamu niepconanbaux HIK BBaXkaroTh:

- MJABUIIEHHS BUMOT JI0 BUKOHAHHS 3aBJaHb Iepeadi Miap0Boi iH(popMmalii 3
BCK KA y 3B's3Ky 3 00MEXEHICTIO Yacy MpoJIbOTY KOTO B 30H1 PaiIOBUANMOCTI;

- IPUMHATTS PALY OKPEMHX pillleHb HA BUKOHAHHS 3aBAaHb Mepeaadl IbOBOI
iHdopmarri 3 BCK KA BigOyBaeThcsi Ha OCHOBI BEJIMKO1 anpiopHOi HEBU3HAYEHOCTI
OOPTOBOTO KOMILJIEKCY;

- 0OMEXKEHICTh MOMJIMBOCTI IEPEPO3NOALTY BUKOPUCTAHHS TEXHIYHUX 3aCO01B
HIK y pa3i Buxony 3 nagy pamioTeXHIYHHX CHCTEM, IO MPU3BOAUTH IO 3HUIKEHHS
HaA1HOCTI nepenayl HiboBoi iHpopmartii. Pazom 3 TuM, st BUCOT opOiIT O611bi 500
KM BCSl Teputopis YKpaiHu € 30HOI0 Buaumocti omHoro HIK, mo 3ymoBitoe
BUKOPUCTAHHS TUTBKH OJHIET PaIIOTEXHIYHOI CHCTEMHU.

BpaxoByroun MOXIJIMBOCTI OOMEXKEHOTO MPUMMaHHSA PaJlOCUCTEMaMU B 30HI
PanioBUIUMOCTI, BUHUKAE HEOOXIAHICTh JOCTKYBATH (PAKTOPH, 110 BIUIMBAIOTH HA

AKICTh (DYHKIIOHYBAaHHS paJloOKaHaIy Ta CTIHKICTh pOOOTH HA3eMHO1 PaJl0TEXHIYHOT
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CTaHIii Mpu TOOYI0BI HA3eMHOI0 I1H(POPMAIIIHHOTO KOMIUIEKCY OJHOMYHKTHOL
texHojorii. [Ipu mpoMy, crmovyarky HeEOoOXiTHO PO3MIISIHYTH OCOOIMBOCTI MOOYAOBU
OTITHKO-EJIEKTPOHHUX CHCTEM CIIOCTEPEIKEHHsI, a TAaKOXK (hOpMyBaHHS 300paKEHHS B
O0opToBOMY crieniaibHOMY KomIuiekci KA.

3acTOCYyBaHHS AUCTAHIIWHUX METOIB €KOJOTIYHOIO MOHITOPUHTY IMOBEPXHI
3emili 3 KOCMOCY 0a3yeTbcsi Ha TEMaTHYHOMY aHalli3l 300pakeHb, OTPUMAHHX
[ITFOBUMH TIpUJIaAaMu (pajioioKaTopamMu, paaioMeTpaMu Ta ONTUKO-EIEKTPOHHOO
TEXHIKOI) OOpPTOBOIO CHEIiaJbHOIO0 KOMIUIEKCY, BCTAHOBJIECHMMM Ha KOCMIYHHX
anaparax. [linmit psg  CymyTHHKIB, OOJaJHAHMX MpUTAAaMU  JTUCTaHIIHHOTO
30H/IyBaHHS, BHUBEJICHI Ha OpOITY CHEIIaJbHO [Jii OTPUMAaHHSA Pi3HOOIYHOT
reopiduyHoi  1HGopmallii, HEOoOXiMHOI Ui OLIHKA CTaHy HaBKOJHUIIHBOTO
CepeloBHINA 1 NI MPUPOTHO-PECYPCHUX JOCHTIKEHBb. 300pa)K€HHS 13 CYIYTHHUKIB
MEepPEeAAIOTHCA Ha CTaHLII NpuiiMaHHs cnenianbHoi iHpopmanii HIK pist nepBuHHOI
00poOKHM, 1 CIY)XUTh OCHOBOIO [IJII TIOBCAKACHHOTO KOHTPOJIO 3a CTaHOM
HaBKOJMIIHLOTO CEpeJoBUINa (CxeMa MpOoXOKeHHs 1H(opMallii mpencraBieHa Ha
puc. 2). Ilicns npuiiManHs 1 MEpBUHHOI 0OPOOKM KOCMIYHOI 1H(OpMalIii, Ha CTaHIIIi
npuiiomy cnemiansHoi iHpopMmamnii HIK mnpoBoauthcs pemmdpyBanHS 3HIMKA.
Meroto 00poOKHM JaHMX JMCTAHLUIMHOTO 30HAYBAHHS, € OTPUMAHHS 3HIMKIB a0o
300pakeHb 3 HEOOXITHUMHU CIEKTPAIbHUMH, PAJAIOMETPUYHUMH 1 T€OMETPUUHUMHU
xapaktepuctukamu. Ilpu 1pomy o00poOka JaHUX KOCMIYHOTO 300paKeHHS,
BIIMOBIAHO J0 THUIIOBOI MPONEAYypH, BIIOYBA€ThbCS Ha JACKUIBKOX pPIBHAX. Y
3araJpHOMY BUIIAJIKy BOHA Iepedadae Taki eTamnu: MonepeaHo 00pooOKy; MepBUHHY

00poOKYy.
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Puc. 2. CtpykTypHa cxema creniajJbHOro KaHajary KOCMIYHOTO MOHITOPUHTY

1.3. Oco0MBOCTI €K0JIOTTYHOI0 MOHITOPUHIY aTMOchepu 3emJi

VY mporeci KUTTENISUIBHOCTI JIFOJAMHA TOCTIHHO CTHUKAETHCS 3 BEJIMKOIO
KUIBKICTIO IIKIJIMBUX PEYOBHH, K1 MOXXYTh BUKJIMKATH Pi3HI BUAM 3aXBOPIOBAHHS,
po3Jaau 3J0pOB’s, a TAKOK TPABMATHU3M K Y TIPOIIECT KOHTAKTY, TaK 1 4Yepe3 MeBHUM
MpoMiXKOK 4acy. Ha cborogHi BizoMo OJM3bKO 7 MJIH. XIMIYHUX PEYOBHH Ta CIOIYK,
13 sikux 60 THC. BUKOPUCTOBYIOTHCA Y AISIbHOCTI JIFOAMHU. Ha MiXkKHapOJHOMY PUHKY
KOXHOTO poKy 3’siByisieTbest Bif 500 1o 1 000 HOBUX XIMIYHUX CTOJYK Ta CyMIIIEH.

3a0pyaHeHHsT aTMOC(EpPHOro TOBITPS BBAXAEThCS OJHUM 13 TPOBIIHUX
€JIEMEHTIB CepeIOBUIIA MPOKUBAHHS JIFOJUHHU, 110 CIPUYUHSE MIKIAJIMBUA BIUIUB Ha
ii 3g0poB’sa. CroromHi B YKpaiHi, HE3BaKalOud Ha IIEBHHWH crajJ BUPOOHHIITBA,
CTabiTbHO BHUCOKHUM 3aJIMIIAETHCSA 3a0pyAHEHHS MOBITPSHOTO CEPEOBHINA BEIMKHUX
MICT 1 TIPOMHCIIOBUX IICHTPIB. Y pe3ynbTaTl MPAaKTUYHO ABI TPETHHH HACEJICHHS
KpaiHU TMPOXMBAE HA TEPUTOPISX, J€ CTaH arMocdepu HE BIAMOBIJIAE TITE€HIYHUM
HopMmatuBaM. [IpoTe, mUTaHHS 1IOAO0 CTYNEHS PU3MKY 3a YMOB IMOCTIHHOI TpUBaIOi
Jii TIKIJJIMBUX YMHHUKIB TOBITPSHOTO CEPEIOBHUINA, STKOMY IiIIA€ThCS HACEICHHS
BEJIMKUX MICT 3 PI3HUM MPOodiJIeM MPOMUCIOBOCTI, 3TMIIAIOTHCS BIIKPUTHMHU.

3pOCTaHHA HAAXOJKEHb TOKCHYHUX PEUOBUH y HABKOJMILIHE CEPEIOBUIIIE,

nepil 3a BCE, BIUIMBAE HA 3JI0POB'Sl HACEJICHHSI, MOTIPIIYETHCS SIKICTh MPOIYKTIB
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CITBCBKOTO TOCIIOIAPCTBA, B1IOYBAEThCS BIUIMB Ha KJIIMAT OKPEMHX PETIOHIB 1 CTaH
030HOBOTO TIapy 3emii, 3arudens ¢aopu i Gayran. OKCUIU BYTIIEIIO, CIpKH, a30Ty,
BYTJICBOJIHI, 3'€JHAHHS CBHHIIIO, MWJ, 10 MOCTYNAOTh B aTMOcdepy, BIUIUBAIOTh HA
OpraHi3M JIFOJIMHHU.

Sentinel-5P — e meprma wmicist cucremu Copernicus, MpUCBSiY€HA MOHITOPHHTY
noBiTpsa. Llg wmicigs 3 2017 p. 3abesnedye MOASHHUNA TJIOOATBHUNA MOHITOPHUHT
3a0pyJqHIOBaYiB Ta TMApHUKOBUX Ta3iB y arMmocdepl (KOHIEHTpamis 1
posnoBctokenHst). 3 01.12.2019 p. B Vkpaini (/lepkaBHe KOCMIYHE areHTCTBO)
cTBOpeHo PerionansHuil m3epkanbHuil calT «Copernicus», IO OTPUMYE BiJl
€ponericbkoro KocmiyHoro AreHTcTBa 1 Hafja€ y BUIbHHMI JOCTYN JaHi 0 YKpaiHi 1
npukopoHHUM TeputopisiMm. Ha 2020-2021 poku 3amiiaHoBaHa arperailis JaHUX 3
KocMiuHOTO anapaty Sentinel-5P: meran (CHy); Monookcua Byrieito (CO); miokcua
cipku (SO2); popmanbueriny (HCHO); o030 (O3).

Y SKOCTI KOPHUCHOTO HAaBaHTAXEHHS BUKOPUCTOBYETHCS CIIEKTPOMETP
TROPOMI (Tropospheric Monitoring Instrument). Po3pi3HeHicTb ceHcopa 5,7-7 kM.

Xapakrepuctuku cencopa TROPOMI HaBeseH1 B Ta0OmuIIi.

OpOiTa KOCMIYHOTO arapaTta TMPHUIOJISAPHA, COHSAYHO-CMHXpPOHHa (BHUCOTa
H=824 xwm; naxun op0itu 1=98,7°; cmyra orjsiy 2600 kM; opOitanbHuil 1uki 16 aio,
227 opOiT/1uKiI).

MoHiTopuHr 3a0pynHeHHs aTMocdepu 3emill nependadyae BU3HAUEHHSA a
atMocepi 3emMili HACTYNMHUX PEYOBHH: O30H, METaH, (pOopMalbJEriJl, aepo30.i,
YaIHUH Ta3, T10KCIJT a30Ty, TBYOKHUC CIPKHU.

Mertan (CH4) — mapHUKOBUII a3, 10 BIUIMBAE HA TCTUIOBHIA OaslaHC aTMochepu
Ha PiBHI 13 BYIVICKUCJIMM Ta30M 1 BOJSHOIO maporo. [IpupoaHi mxepena mMeTaHy -
Oonota, BOAHI Yrijjs, J¢ BIIOYBA€ThCs aHAEpPOOHE PO3KIANAaHHS, iSIBHICTD
METAaHOTEHHHUX OakTepid Towmo. AHTPONOTeHHI JpKepena - PHUCOBl MO,
TBAPUHHMIITBO, BUTOKH a3y MpH BUAOOYTKY 1 TPAaHCHOPTYBAaHHI, MOJITOHU TBEPIUX
noOYTOBHMX BIJXOJIIB, MIAMPUEMCTBA XIMIYHOT TPOMUCTOBOCTI. Sentinel-5P Bumiproe

BMICT MeTaHy B arMmocdepi (3a 6e3xmapnoi noroau). 3uadenus CHy Big Sentinel-5P
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Y3rOJPKEHE 3 €TaJJOHHUMHU BUMIPIOBaHHIAMM I7100anbHuX HazeMHUX Mepex TCCON 1
NDACC Tta cynyrHukoBumu panumMu GOSAT. CepeaHe BiIXWICHHS CKIIajae

o01u3bko 1,5%.

Tabnuysa 1
Xapaxkrepuctuku cencopa TROPOMI
Kanan Ne Cnektp ianazonu CriekTpaJIbHHIA J1ialma30H, HM
1 uvil yIabTpadioneToBUi 270-300
2 uv?2 300-320
3 UVIS 310-405
BUJIMUIA
4 VIS 405-500
5 NIR1 675-725
OMmKHIN 1HppavepBOHUI
6 NIR2 725775
7 SWIR cepenHill iHppadepBOHUI 2305-2385

Hiokcua azory (NO;) - XiMiyHa CrHojiyka, IO MOTpaIvisie y arMmocdepy
BHACTIJIOK CIAJTIOBAHHSIM BUKOITHOTO MajivBa (BUPOOHUYI MPOMHUCIIOBI MPOIIECH,
aBToTpaHcnopT). 3a jgaHuMu  Sentinel-5P € MoxiuBicTh  KapTorpadysaru
3a0pyaHenHs atMochepu NO», KM TaKoX € 1HIAUKATOPOM BMICTY MOHOOKCHY
azoty (NO). Iloxenni maHi J03BOJISIIOTH BIACTEXKYyBaTu MHUIeh( 3a0pyaHEHHS Ta
NOpiBHIOBATH KOHIEHTpalito NO; B paiioHax 3 ()OHOBUM 3HAUEHHSIM Ta B JIXKEPEIIi.
Bumipu Sentinel-5P tpomocdeproro NO; y3romkyroTbcss 3 Ha3eMHUMHU JTaHUMH
MAX-DOAS na 14 cranmisx (mpoekt NIDFORVAL S5PVT AO 28607) ta
€TAJIOHHUMH BUMIprOBaHHAMH, OTpuManuMu Mepexeto NDACC. Y3romkeHicTh MixK
Habopamu nanux TROPOMI ta MAX-DOAS NO; cranoButh 0,84 (koedirieHT
KOpEeJIsIIii).

Monooxkcua Byraerio (CO) abo yagHuil ra3 yTBOPIOETHCS BHACIIIOK MOXKEX Ta
HEMOBHOTO 3TOPSHHS a aBTOMOOUIBHMX JBHUTYHaX 1 ONaIOBaHUX MpHIIaJax, II0
OpaliolTh HAa MNpUpPOJHOMY manuBi. Bemnuesna kinbkicth CO moTparisie B

atMocthepy mimuac JicoBux moxex. Sentinel-5SP  go3Bonsie kaprorpadysatu
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3a0pynnennst arMmochepu CO. BuMipu y3romxyroTbcsl 3 €TaJOHHUMH HAa3€MHUMU
BuMipioBaHHAMU. CepenHe BiaxuieHHS - Onu3bko 10%. AHTpomoreHsi pkepena -
aBTOTPAHCIOPT, MeTanypriiiai mignpuemctBa, TEIl, XiMmiuHi BHpPOOHHMIITBA.
[Ipupoani mxepena MOHOOKCHAY BYTJICIIO - BHUBEP)KEHHS BYJIKaHIB, MMOXKEXI,
PO3KIIaaHHs O10TH B pe3yJIbTaTl )KUTTEISIILHOCTI OpraHi3MiB.

Hiokcun cipku (SO2) — oUMH 3 OCHOBHUX Ta HEOE3MEYHUX 3a0pyIHIOBAYiB
atMocepu, 10 MoTparuisie B atMocdepy sIK IPUPOTHUM YUHOM, TaK 1 B pe3yJbTari
nismpHOCT1 JroauHu. [IpupoaHi mKepena — BUBEPKEHHS BYJIKaHIB, MIKPOO10JIOTTYHI
IpOLIECH OKUCIEHHS CIPKH, JIICOBI, TOp(OBI, BYTiIbHI MOXKEXi. AHTPONOTEHHI
JoKepesna — MeTalnyprivai mianpuemctBa, TEC, XiMidHI MIANPUEMCTBA, CIIAIFOBAHHS
Byruuiss Ta HadTu. OCHOBHUMM palOHAMH BHUKHUJIB JTIOKCHUIY CIPKH € BEJIHKI
npoMuciioBi neHtpu. [Ipu B3aemonii 3 Bojgoro Ta kucHeM SO, yTBOPIOE CipyaHy
KUCJIOTY, SKa BHUIaJla€ Ha 3eMJII0 3 ONajaMy 1 3aBJa€ IIKOAW HaBKOJIUITHBOMY
cepenoBuity. [ani KA Sentinel-5P mono SO; y3romxyroTbcss 3 €TaJTOHHUMH
BUMIPIOBAaHHSMH 3 TJ00ATbHUX HA3eMHHX MEPEX Ta MPOAYKTAMH CYITyTHUKOBHX
nanux kocmiyHux amnapatiB OMI ta OMPS. Cepeane BiIXUIEHHS CKJIAa€e OJIM3bKO
30-50%.

®opmanbaerin (HCHO) - TokcuyHa 1 KaHIIEpOreHHa XIMIYHA CIOJyKa, 10
3a0pyaHtoe atMocdepy. [Ipupoani mkepena - JICoBl MOXKEK1, BUBEP)KCHHS BYJIKAHIB.
AHTpOIOTEHH1 JKepenia - IeNtoo3Ho-nanepoBi ¢adpuku, aBrorpancnopt, TEC,
XiMiuH1 mianpueMctBa. Haitgactime ¢opmanbaerii yTBOproeThess B atMocdepi 3
IHITMX BYTJICBOJIHIB, HApHKIaa 3 MeTaHy. Sentinel-5P mo3Bomsie kaprorpadysaru
3abpyaHenHs atMocepr HCHO. Bumipu y3roJikyroThCsi 3 €TaJIOHHUMH Ha3eMHUMH
BUMiproBaHHsAMH. CepeHe BiIxXuiaeHHs ckiaaae 6mu3pko 40-80%.

O3on (O3) - ras, anorpornHa Moaudikailis KucHI0. B cTpaTocdepi, Ha BHCOTI
20-25 kM, 030H HEOOXITHUM JJIsI MIATPUMKH KUTTS Ha 3eMJIi, OCKUIBKH TTOTJIMHAE 10
99% nebesneunoro yibTpadioneroBoro BunpominoBannas Conisg. B tpomocdepi O
€ MapHUKOBHUM Tra3oM Ta HEOE3MeYyHUM 3a0pyJHIOBAUYEM Yepe3 CUIIbHI OKUCITIOBAIIbHI

BiacTuBocTl. JlaHi kocMiuHoro amapara Sentinel-5P momo Oz y3romxyroThes 3
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€TAJIOHHUMH BUMIPIOBAaHHSMHU TJIOOANBHUX HA3€MHUX MEPEX Ta CYNyTHUKOBUMU
mauuMun GOME-2 1ta OMP. Cucremarnude BiaxwieHHS MDK gagumua Oz 3
KocMigHOrO amapaty Sentinel-5P ta 6a30BUMH Ha3eMHUMHU JaHUMHU HE TEPEBHIIYE
2%.

MOXJIMBOCTI a€pOKOCMIUYHUX TEXHOJIOTIH JAJisi €KOJOTIYHOTO MOHITOPUHTY
aTMocdepu 3eMJIl HACTYIIHI.

1. Hapannsa ganux Big Sentinel-5P tprox piBHIB 00podOku: Level 1B, Level 2,
Level 3.

Level 1B - 3Ha4eHHs CIIEKTPaJIbHOI SICKPABOCTI 110 BOCBMH KaHajaM, 1O /1Ba B
koxkHoMy 3 aianaszoniB UV, VIS, NIR ta SWIR. OxkpemMo NoCTaBISIOTECS arperoBaHi
nani o gianazoHax UV-VIS-NIR (UVN) ta SWIR.

Level 2 - koHIIeHTpaIlisi OCHOBHUX 3a0pyIHIOBAYiB Ta MAPHUKOBHUX T'a3iB:

- 3arajibHa KoHieHTpailisi Oz B atmocdepi (L2 O3);

- konteHTpartist NO2 B Tponiocepi ta 3aranpHa (L2 NO2);

- 3araiibHa KoHueHTparis CO (L2 CO);

- 3aranbHa koHuentpauis HCHO (L2 HCHO);

- konmeHtpartis Oz B Tponocdepi (L2 O3 TCL);

- 3arajibHa KoHueHTpamist SO, (L2 SO2);

- 3aranibHa koHueHTpartist CHy (L2__ CH4);

- iHAeKC aepo3oabHoro 3a0pyauenss (L2 AER Al).

Level 3 — remaTHyHi KapTH Ha OCHOBI CYITyTHUKOBUX JTaHHX.

2. Bu3HaveHHS KOHIICHTpAIlli OCHOBHUX 3a0py/JHIOBAa4YiB B MPOAYKTax (B

MOJIb/KB.M) BEPTHUKAJIBHOTO CTOBIA Tpornochepu/armocdepu Ta ppm.

BucHoBku

3anpornoHoBaHa TEXHOJIOTISl TMPOBEACHHS AaepPOKOCMIYHOTO E€KOJOTTYHOTO
MOHITOpUHTY. Bu3Ha4eHO OCOOIMBOCTI 3aCTOCYBaHHS HA3eMHOTO 1H(MOpMAIiiTHOTO
KOMIUJIEKCY B CHCTEMI €KOJIOTITYHOTO MOHITOPUHTY. 3alpolOHOBaHA TEXHOJOTIA

€KOJIOTIYHOTO  MOHITOpUHTY atMocepu 3emii. MOHITOpUHT  3a0pyaHEHHS
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atMochepu 3emii nependavae BU3HauYeHHs a aTMocdepi 3eMiIi HACTyITHUX PEYOBUH:
030H, M€TaH, (HOpMabIETI, aPO30JIi, YaJHUH Ta3, MOKCIT a30Ty, IBYOKHUC CIpKH.

3acTOCYBaHHS AUCTAHIIWHUX METOIB €KOJOTIYHOIO MOHITOPUHTY IMOBEPXHI
3emili 3 KOCMOCY 0a3yeTbcsi Ha TEMaTHYHOMY aHalli3l 300pakeHb, OTPUMAHHX
[ITHOBUMH TIpUJIaAaMu (pajioiokaTopamMu, paaioMeTpaMu Ta ONTUKO-EIEKTPOHHOIO
TEXHIKOI0) OOpPTOBOr0 CHEIiaIbHOTO KOMIUIEKCY, BCTAHOBJIEHUMH Ha KOCMIYHUX
anaparax. Jlns oOpoOku Ta reorpadiuHoi MPUB'A3KK JaHUX 3 KOCMIYHOTO amapary
Sentinel-5P HeoOXximHe cremiaabHe mnporpamHe 3a0e3medueHHs (popmar maHHX
NetCDF). [lani 3 kocmiuHoTro anapaty Sentinel-5P MaroTh HU3bKY pO3pI3HEHICTH 5,5-
7 KM, TOMY MOHITOPUHI 3a0pyJHEHHs aTMocepu € HaWOLIbII aKTyaJbHUM Ha
perioHaqbHOMY piBHI (00jacTh, KpaiHa), a0o riao0anbHOMY (KOHTHHEHT, CBIT).
MoXJIMBHI IIOJCHHUM MOHITOPHHI, a TaKOX YCEPEIHEHHsS 3a YacoM, Ja€
MOKJIMBICTh 3HU3HWTH BIUIUB aTMOC(EpHUX YMOB Ha BUMIipH. [Ipu 11boMy MOKITUBHIA
MOHITOPUHT BEJIWKUX HAIA3BUYAMHUX CHUTyallli Ta moOyjoBa aHiMallli 3 4acOBUM
KpOKOM B 1 100y /U1si BABYEHHS AMHAMIKH MMOLIIMPEHHS 3a0pyAHEHb.

[IpoBeneHmii anami3 CBIAYNTH, MIO JO OCHOBHUX AHTPOIOTCHHUX JDKEpe
3a0pynHeHHsT arMmocdepu, SKi MPOMOHYETHCS KOHTPOJIIOBATH 3 BHUKOPHUCTAHHAM
AepPOKOCMIYHUX TEXHOJOT1H, BIJHOCITh BUKHIU MPOJIYKTIB BUCOKOTEMIIEPATYPHOIO
3TOPSIHHSI TajliBa, Takl, SK BHUXJOMHI Ta3W aBTOTPAHCIIOPTY, aBiarlii, BUKHUIN
MIPOMMCIIOBUX, XIMIYHHMX MIJMPUEMCTB Ta TEIJIOBUX €JIeKTpocTaHlli. Ha mommpenHs
3a0pynHIOBaviB arMoc(epu, B CBOIO Uepry, BIUIMBAIOTh aTMOC(hEpHI YMOBHU (TUCK

MOBITPS, MBUAKICTH Ta HANIPSIMOK BITPY, BEPTUKAIBHUIN PO3MOALT TEMIIEPATYPH).
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Abstract

The problem of ecological monitoring with the use of aerospace technologies is
considered in the work. Aerospace environmental monitoring facilities have been
identified. The analysis of features of the equipment of aerospace ecological
monitoring is carried out. The purpose of the rubricator of tasks in the field of
ecological monitoring is formulated.

On the basis of the analysis of the literature and theoretical scientific researches
the distribution of the ecological problems which are solved by means of space
systems of supervision and reception of directions of ecological distribution of
control of parameters of environment is carried out. As a result of these researches

the list of ecological problems which can be solved in the course of ecological
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monitoring by means of space systems of remote sensing of the Earth and display of
the received data in geoinformation systems is defined.

Studies using the results of observations based on Earth's remote sensing
systems provide a space image of various objects (by spatial, radiometric, spectral
and temporal properties) and can determine their transformation and changes over
time.

The use of the developed scientific and practical results makes it possible to:
improve the quality of environmental monitoring with the help of space observation
systems; to improve the monitoring system of continuous data acquisition to assess
the risks of man-made environmental pollution; to use space images in the system of
ecological monitoring of space observation systems for modeling and forecasting of
the state of the environment.

The urgency of creating a convenient and complete classifier of thematic tasks
is also increasing due to the expansion of the number of users due to numerous
commercial and public organizations, which often do not have sufficient knowledge,

experience and resources to independently process remote sensing data.

Beryn

Pesyneratn nocmimkenns (bonmap, Kopinbko, Tkau Ta ®enopenko, 2005)
MIITBEPKYIOTh, 10 «OAHUM 13 OCHOBHUX HAmNpsIMIB MiJABUIIEHHS EKOJIOTTYHOI
O€3IeKN € KOHTPOJIb MapaMeTpiB HABKOJUITHEOTO TIPUPOJTHOTO CEPEIOBHINA, TIONTYK
Ta JIOKaJTi3aIlisg aHTPOIIOTEHHUX BIUIMBIB HA CTaH JOBKULIS, BU3HAUCHHS CMIIICHTPY Ta
30H BIUTMBY, a TaKOXX XapakTepy 3a0pyaHEHHs». Y OCTaHHI POKH CIIOCTEPIraeThCs
PO3IIMPEHHS] BEIMKOMACIITAOHOI MiSJIBHOCTI JIIOJIMHH, IIOB’S3aHOiI 3 PO3BHTKOM
HEOE3MEeUYHNX BUCOKOTEXHOJIOTIYHUX TporeciB  ((Pi3UKO-XIMIYHUX, TEIUIOBUX,
paglaliiHuX Ta 1H.), IO MPU3BOJUTH 10 3HAYHOI 3MIHM CTaHy NPUPOAHUX YMOB
noBkiwia. Ilpu 1poMy CTymiHb BIUIMBY 1 MaciiTabM HacHiAKIB 3aleXaTb BiJ
IHTEHCHUBHOCTI Ta XapaKTepy camMoro 3a0pyJHEHHs 1 CTIMKOCTI HAaBKOJUIIHBOTO

cepcaoBuIa 40 aHTPOIIOIT€HHOT'O HABAHTAXKCHHSI.
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JInsi KOHTpOJIO 3a MapaMeTpaMu JOBKULIS 1 BHU3HAYEHHSI CTYINEHSI BIUIUBY
TEXHOT'CHHOTO 3a0pyHEHHSI 3aCTOCOBYIOTh €KOJIOTIYHUI MOHITOPUHT, KU BKIIIOYA€E
CIIOCTEPEIKEHHS 3a MO IISIMH, TPOTIECaMU, IBUIIIAMH, a TAKOXK 31HCHIOE OIIHIOBAHHS 1
IIPOTrHO3YBaHHS 3MIH CTaHy MPUPOJIHOTO CEpeIOBUIIA HA OCHOBI pi3HUX MeToAiB. Ha
CHOTO/HI KJIACHYHI METOAM KOHTPOJO (KOHTAKTHI 1 010JI0T19Hi), 32 JOTIOMOTOIO STKHX
OIL[IHIOIOTh CTaH HAaBKOJUIIHHOTO MPUPOJHOTO CEpPEOBUINA, HE Mal0Th 3MOTHU
BUKOHATH IIOCTaBJICHI 3aBIaHHA B TIOBHOMY OOCs31 Ta B 3aJaHUi dac, 4epes
PO3LIMPEHHS. MaclITa0lB TEXHOTEHHOTO BIUIMBY 1 30UIbIICHHS Yacy OOpOOKH
OTPUMAHUX PE3yJbTaTIB. 3TAHO 3 OCTAHHIMHU JOCIHIKEHHSIMHU 110 HA MEPIINM IIaH
BUXOJSATh JIUCTAHI[IMHI METOJM MOHITOPUHTY, TIOB’sI3aHI  HacaMmmepen 13
BUKOPUCTAHHSM MOXJIMBOCTEH KOCMIYHUX CHUCTEM JHMCTAHIIIIHOTO 30HIyBaHHS
3emm (/I33) y onTuyHOMy Ta pagio mgianazoHax crektpy (Jlsieko, Ilomos,
®enopoBebkmii  Ta  Koctiouenko, 2006). 3actocyBaHHS KOCMIYHMX —CHCTEM
CIIOCTEPEIKEHHS JIJIsi MPOBEJECHHS €KOJIOTIYHOTO MOHITOPUHTY € OJHUM 3 OCHOBHHX
HamnpsMiB 3aCTOCYBaHHS JUCTAHI[IMHUX METOIB JIJI1 BU3HAUCHHS CTaHy 1 XapakTepy
HABKOJIMIIHEOTO cepepoBumia. lle mae 3Mory BHABIATH CTaH pPO3BUTKY Ta
AHTPOIIOTCHHUI BIUIMB HA HABKOJMUIIHE CEPEIOBUIIE, 30KpeMa BU3HAYATH MOTO
XapakTep (HampuKIal, BUKUAU B aTMOoc(hepy) Ta HOro mpocTopoBi XapaKTEPUCTUKH 3
HEOOX1/IHOIO ONEPAaTUBHOIO 1 MPOCTOPOBOIO IMOBHOTOIO CIIOCTEPEKEHHS, a TaKOX
KOMIUIEKCHO  OI[IHIOBAaTH:  BJACTUBOCTI  BIUIMBY, PO3MIpH, KOHIEHTpAILIIlO,
OPOrHO3YBaHHS HACHIJAKIB BIUIMBY, 3MICT B3aeMOAIl 1 crocTepiratd 3a
AHTPOITOT€HHOIO 30HOKO.

Pesynbratn pociimkenns (IlTamkoB Ta iH., 2018) miarBepmKyrOTh, IO
«3a0e3MeueHHsT CBOEYACHOTO OTpuMaHHs iHdopmarlii Ta i1 MOBHOTH TiJ dYac
MIPOBE/ICHHS €KOJIOTIYHOTO MOHITOPUHTY € aKTyaJIbHUM 1 BaXKJIMBUM HAIPSMKOM
JOCIIKEHb, TOB’SI3aHUM 13 PO3POOJIEHHSIM pyOpUKATOPY EKOJOrIYHUX 3aBllaHb
IIOJI0 CBOEYACHOTO KOMIUIEKCHOTO BHSIBICHHS 1 BHU3HAYEHHS XapakTepy
TEXHOTC€HHOTO BIUIMBY Ha OCHOBI 00poOku kocmiyHux 3HIMKIB (K3) mus

3a0€3MeUeHHs] €KOJIOTTYHOI O€3MEeKHW 3 BUKOPUCTAHHSIM KOocMidHUX cuctem J133».
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Kpim 1mworo, kocmiuni cucremu J[33 MOXyTh 3aiiicHIOBaTH Oe3nepepBHUI
MOHITOPHHI TEPHUTOPii, LI0 Ja€ 3MOTy BHPIIIYBaTH [E€AKI Ba)XJHMBI E€KOJOTI4HI
3aBJIaHHS KOHTPOJIIO Ta OI[IHIOBAHHS PANTOBUX BIUIUBIB, OB’ A3aHUX 13 BUKUJAAMU B
HABKOJIMIITHE cepefoBullle (aTMochepHEe MOBITPSI MPUPOJHUX 30H Ta TEPUTOPIH,
MPOMUCIIOBUX MIATNPUEMCTB, Y pa3li BUHUKHEHHS HAJA3BUYANHHUX CHUTYaIllil Ta 1HIIUX
BUIA/IKIB).

Ha cyuyacHoMy eTami pO3BUTKY PO3BHHYTHUX KpaiH CBITY BXK€ CTBOpPEHI Ta
aKTHUBHO BHKOPUCTOBYIOThCA pi3HI [Iporpamu 300py Ta 00podku reomanux (GEOSS
(Global Earth Observation System of Systems), GMES (Global Monitoring for
Envirnoment and Security), INSPIRE (Infrastructure for Spatial Information in
Europe) B Mexkax sIKMUX po3KpuBaroThbcs Kiacudikaropu (pyOpuKaTtopu) 3aBlaHb, B
AKUX BHUCBITJIIOIOTBCS MOXJIIMBOCTI KOCMIYHOI'O CIIOCTEPEXKEHHS 3a PI3SHUMHU
00’€eKTaMH, Ha OCHOBI e (pPyBaHHA KOCMIYHHUX 3HIMKIB.

3riIHO 3 TPOBEICHUMHU JOCHIKCHHIMH g €(EeKTHUBHOTO AeIM(pyBaHHS
KOCMIYHUX 300pak€Hb Ha CBHOTOJHINIHIN JIeHb AKTUBHO PO3BUBAIOTHCS MIAXOIH,
MOB’s13aHi 13 00pOOKOI0 OTPUMAHMX JTaHUX Y PI3HHUX CIEKTPAJIbHMUX J1ala30Hax Iijl
9yac MPOBEACHHS €KOJIOTTYHOTO MOHITOPUHTY AMCTAHIIWHUMU MeTonamu (Marikos,
[menko, IlekapeB Ta Omenpuyk, 2004). [Ipu oMy i3 KOXKHOTO JaTYMKa MO>KHA
oTpuMatd 1M(PPOBI 300paKeHHS MIACTWIBHOI TOBEPXHI B PIZHUX CIEKTpax
€JIEKTPOMArHITHOTO BUIIPOMIHIOBaHHS. [Hopmalliss npo 3MIHM MOBEPXHI CLEHU
MOK€ MICTUTHCS Y 3MiHI T€OMETPUYHUX XapaKTEPUCTHK, MTPOCTOPOBUX PO3MOJILIIB
PIBHIB SICKpaBOCTEH, a TaKOX Yy CHEKTpaibHHX curHarypax. I[o6 otpumaTu
MaKCHUMaJIbHY KUIBKICTh 1H(OpMallil mpo 3MiHY 1 CTaH MPOIECIB NPUPOAHUX 3MIH Ta
aHTPOTNOTeHHOI'O BIUIMBY, $IKI BiIOyBalOThCS B pailOHI CIIOCTEPEXKEHHS, MOKHA
BIATHCS O MPOLEAYPH KOMIUIEKCYBAaHHS OTPUMAaHHUX AAHMX BiJ PI3HUX METOMIB
00poOKM KOCMIYHMX 3HIMKIB. B po0OTI mokazaHi jaiana3oHd BUIPOMIHIOBAHb IS
AKICHOT O0OpOOKM pamiOMETPUYHMX, TEOMETPUYHUX Ta OararocneKTpaibHUX

CKJIaJIOBHX Ha eTari AemudppyBaHHI KOCMIYHUX 300paKeHb.
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3riIHO 3 OLIIHKOK 0araToCneKTpaabHUX METOJIB JUCTAHIIIHHOTO 30HyBaHHS
3emi1i B 3a7jauax MPUPOJOKOPUCTYBAHHS «3Ba)KalOUM Ha BUIAJIKOBICTh MPUPOIHUX
MpOLIECIB Ta AHTPOMOTEHHUX BIUIMBIB HA MPHUPOJAHI YMOBH, IJS TiABUIICHHA
JIOCTOBIPHOCTI OIIIHKK CTaHY JOBKULISA IMiJI 4ac BUKOHAHHS 3aBJIaHb €KOJIOT1YHOTO
MOHITOPUHTY JAWCTAHIIWHUMU METOJaMH, a TaKOX MOMKJIUBOCTI PO3LIUPEHHS
iHQopMaIIiHUX  BJIacTUBOCTEM KocMmiyHuUX cucteM J[33 3a TEXHOT€HHUM
3a0pyJHEHHSIM  JIOBKUJUIA BHUHUKA€ HEOOXITHICTH PO3POOKH  pyOpHKaATOpy
€KOJIOTIYHUX 3aBJIaHb JUIsl CBOEYACHOTO MPOBEACHHS MOHITOPUHTY Ta OL[IHIOBAHHS Ha
ocHOBI1 BukopucTanHs K3 11 moOy10BU €KOJOTIYHUX KapT, 110 1 BUBHAUMIIO OCHOBHI
HaTPSIMU HAYKOBHX JociipkeHby (JIsubko Ta iH., 2006).

PoGota nmpucBsvueHa BUPINICHHIO AaKTyaJlbHOTO HAYKOBOTO  3aBIaHHS
JOCTIIKEHHS, TIOB’S3aHOTO 3 PO3POOJIECHHIM pyOpUKATOPY €KOJIOTTUHUX 3aBJaHb IS
MIPOBE/ICHHS  €KOJIOTITYHOTO MOHITOPUHTY CTaHy JOBKULIS Ta OLIIHIOBAaHHA
TEXHOTEHHOTO 3a0pyIHEHHS TEPUTOPIA HAa OCHOBI 3aCTOCYBaHHS KOCMIYHUX 3HIMKIB
Ta OOpOOKH KOCMIYHUX 300pakeHb. ToMy MeTo0 poOOTH € CTBOPEHHS HayKOBO-
METOJUYHOTO Ta OpraHi3aliiHO-TIJIAHOBOTO TMIAIPYHTS (po3poOka pyOpukaTopy
3aBAaHb y cdepl eKOJOTIYHOrO MOHITOPUHTY IO BUPINIYIOTHCS 3 BUKOPUCTAHHSIM
kocmiuHux cucteM /133 ta I'lC) ang BukoHaHHs 3aBnaHb HaiioHambHOTO LEHTPY
yIPaBIIiHHS Ta BUIPOOYBaHb KOCMIYHUX 3aCO01B POOIT 3 €KOJOTIYHOTO MOHITOPUHTY
3a nanumu J[33 BiAMOBIIHO 0 MOTPEO OpraHiB JAEp>KaBHOI BIaJAW YKpaiHU, a TAKOXK
BUKOHAHHS HAYKOBO-TIPUKIQJHUX JIOCHI[UKEHh Y paMKax 3arajlbHOJACp KaBHHUX

HayKOBO-TEXHIUYHUX MPOTPaM Ta MI>KHAPOTHUX MPOEKTIB.

OCHOBHHUH TEKCT

1. 3aBmaHHfi  €KOJIOTIYHOTO0  MOHITOPHHIY 3  BHUKOPHUCTAHHAM
A€POKOCMIYHMX TEXHOJIOTiH

OnHuM 3 OCHOBHHMX 3aBJaHb HarioHanmbHOI LUTFOBOI HAayKOBO-TEXHIYHOI
KocMmiuHOi mporpamu  Ykpainu a0 2030 poky, € pO3BUTOK, B TEpIIy Uepry,

HamionanpHO1 cucTeMH JOCHIKEHHS 3eMJll 3 KOCMOCY. Pe3ynbratu JOCIiIKEHHS
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(Mamkos, XKykayckac ta Hiropomosa, 2019) miaTBepKyOTh, 110 «BUKOPUCTAHHS
kocmiunux cucteM (KC) mucranmiiinoro 3oumyBanHs 3emii (/133) Ha ocCHOBI
3aCTOCYyBaHHS OOpTOBUX ONTHKO-elIeKTpoHHHX cucteM (OEC) xocMiuyHuX amapartiB
(KA), no3Bojise BHpilNIyBaTH, B TEpIIy 4Yepry, 3aBJaHHsA TIOB’s3aHl 13
CIIOCTEPEKEHHSIM O00’€KTIB Ta EKOJIOTIYHUM MOHITOPHHTOM 3E€MHOI IOBEPXHI».
3rifH0O 3 OCTAHHIMH JOCHIDKEHHSIMHU 3aBAJAKH KOCMIYHHMM 3HIMKaAM MOKHa
3MIACHIOBATH EKOJIOTIYHUM KOHTPOJIb O0’€KTIB Ta CTEKHUTH 3a MpolecaMu, SKi
B11I0YyBaIOThCSI HA 3€MHIN MOBEPXHI, 1 3a pe3yibTaTaMH iX ACMH(PPYBaHHSI MOKHA
IIPOBOJIUTH aHaJI13 TeoXiMIYHOI 1H(OpMaIlli Ta pOOUTH BUCHOBKU BITHOCHO MOTOYHOI
€KOJIOT1YHO1 CUTYallli, a TAKOK KOHTPOJIIOBAaTH CTaH OKPEMHUX HEOE3MEeUHUX 00'€KTIB
(Mamkos, XKykayckac ta Hiropomosa, 2020).

Pesynbratn  nmocmimkenHs (Knmuvenko, boummap ta ITwimnenko, 2010)
MiATBEPIKYIOTh, MO «CHcTeMa eKOJIOTIYHOTO MOHITOPUHTY MTOBHHHA HAKOITUIYBATH,
CUCTEMATU3YBaTH 1 aHaJI3yBaTH HACTYIHY 1H(POPMAIIIIO: MPO CTaH HABKOJIHUIIIHHOTO
CEpEIOBHUILA; PO MPUYUHHU CIIOCTEPEKYBAHUX 1 BIPOTIIHUX 3MIH CTaHy (TOOTO Mpo
JpKepena 1 YWMHHUKMA BIUIMBY); NP0 JONYCTUMICTh 3MIH 1 HaBaHTaXEHb Ha
CepEIOBHIIE B IIJIOMY; IIPO iICHYIOU1 pe3epBH Oiochepuy.

TakuM 4YHMHOM, B CHCTEMY EKOJIOTIYHOTO MOHITOPHUHTY BXOJSATH CHCTEMH
CIIOCTEPEKEHHS 32 CTAaHOM €JIEMEHTIB Oloc(epH 1 CIOCTEPEKEHHS 3a JKEpeTamMu 1
YUHHUKAMH aHTPOIIOT€HHOTO BILTUBY. ToMy, HEOOX1JHO MPOBECTH aHANI3 TEXHIYHUX
MOJKJIMBOCTEH OOPTOBOTO CIICIIAIBHOTO KOMILUIEKCY JJISI BUKOPHCTAHHS KOCMIYHHX
cucteM /[33 npu poBeACHH] €KOJIOTTYHOTO MOHITOPHHTY.

BianoBigHO 10 MpUBEIEHUX BU3HAYCHb 1 MOKIAJICHUX HA CUCTEMY (DYHKIIIM,
MOHITOPUHT BKJIFOYA€ TPU OCHOBHI HANpsSMH JiSUTBHOCTI: CIOCTEPEKEHHS 3a
YUHHUKAMH BIUIMBY 1 CTAaHOM CEPEIOBHUINA; OIIHIOBaHHA (PAKTUYHOTO CTaHy
CepeIOBHINA; MPOTHO3YBAHHS CTaHy HABKOJHWIIHHOTO MPUPOIHOTO CEPeIOBHINA i
OLIIHIOBAaHHS MPOTHO30BaHOTo cTaHy. Crif B3STH 10 yBaru Te, IO caMa CHCTEMa
MOHITOPUHTY HE Iependayae MisIbHOCTI 100 YIPABIIHHS SIKICTIO CEPEIOBHIIA, ajle

€ JpKkepesioM iHpopmarlii HeoOX1THOT JIJIs1 yXBaJE€HHS €KOJIOTTYHO 3HAYYIIIUX PIIICHb.
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3rifHO0 3 OCTAHHIMHU JOCJIUKEHHSAMH OCHOBHI 3aBIAaHHS €KOJOTTYHOI'O
MOHITOPHHTY 3 BHKOPHUCTAaHHSM aepOKOCMIYHUX TEXHOJOTIN: CIIOCTEPEKEHHS 3a
JDKepeNaMd  aHTPOIMOTEHHOTO  BIUIMBY;  CIIOCTEPEXKEHHS  3a  YMHHHUKAMH
AHTPOIIOI€HHOI'0 BIUIMBY; CIIOCTEPEXKEHHS 3a CTAaHOM IMPUPOJHOTO CEpPEeAOBHINA 1
mpolecamMy, 10 BiAOyBalOTbCA B HHOMY IIiJ] BIUIMBOM AHTPOIIOT€HHUX YHHHHKIB;
OILIHIOBaHHS (PAKTUYHOTO CTaHy MPHUPOJHOIO CEPEIOBHUIINA; MPOTHO3YBaHHS 3MIHU
CTaHy MPHUPOJHOTO CEPENOBHUIIA MiJ BIUIMBOM aHTPOIOT€HHUX YMHHHUKIB Ta OI[IHKA
MPOTHO30BaHOTO CTaHy npupoaHoro cepeposuiia (bonmap, Mamkos, IlamkoB Ta
Bamienko, 2018).

ExosioriuHuii MOHITOPUHT HAaBKOJMIITHBOTO CEPEAOBHUINA MOXKE MPOBOAUTHUCS
Ha PI3HUX PIBHSAX MPOCTOPOBOI OpraHi3allli: Ha PiBHI MPOMUCIOBOIO 00'€KTY, MICTa,
00J1acTi, Kparo, perioHy, a TakoX Ha HaI[lOHAJIbHOMY PiBHI.

BianoBizHO 10 NpHUBEAEHUX BU3HAYEHb 1 MOKIAJEHUX HAa CUCTEMY (DYHKIIIH,
MOHITOPHHI BKJIFOYA€ JeKigbka ocHOBHUX mporenyp (Kmumenko Tta in., 2010):
BUJIJICHHS (BU3HAUYEHHS) 00'€KTY CIIOCTEPEKEHHS; OOCTEKEHHSI BUILIIEHOTO O0'€KTY
CIIOCTEPEKEHHS, CTBOPEHHS 1HGOpMAIIMHOT MoJeal O00'€KTy CHOCTEpEKEHHS;
IUTAaHYBaHHS BUMIPIOBaHb; OIIIHIOBAHHS CTaHy OO’€KTy CIIOCTEPE)KCHHS Ta
imeHTudIKais “oro 1H(GOpMalIiHOI MOJEINI; MPOrHO3YyBaHHS 3MIHM CTaHy OO0'€KTy
CIIOCTEPEIKEHHS; MpeJCTaBIeHHs 1H(opMaIlli B 3pyuHid Il KOpUCTyBada (opmi i
JIOBEJCHHS 11 1O CIOKHUBAaya.

TakuM  4YHHOM, B CHCTEMY €KOJIOTIYHOTO  MOHITOPUHTY  BXOJSATh
CIIOCTEPEIKEHHS 32 CTAaHOM €JIEMEHTIB Olocdepr 1 CIOCTEPEKEHHS 3a JPKepenamu 1
YUHHUKAMH aHTPOMOTCHHOTO BIUMBY. XapakTep 1 MeXaHi3M y3araJbHEHHs
iH(pOopMaIli Mpo eKOJIOTTYHY OOCTAaHOBKY i Yac i1 MEpeMilIeHH]I MO0 lepapXidyHuX
PIBHSIX CHCTEMH €KOJOTIYHOTO MOHITOPWHTY BU3HAUYAIOTh 32 JIOMIOMOTOIO TOHSTTS
iH(OopMaIIfHOTO MOPTpeTa €KOJOriyHOi 00cTaHOBKHU. Po3mi3HaBalibHA 3/1aTHICTH
iHpOpMallIHHOTO  TOpPTpeTa  3aleXKUTh  BiJ  Maciitadly  BHUKOPHUCTOBYBAHOI

KapTOOCHOBH.
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2. O0’€eKkTH 2€POKOCMIYHOI0 €KOJIOTiYHOI0 MOHITOPUHTY

3riiHO 3 MPOBEACHUMH JOCITIKEHHSIMU MIPH PO3POOILIl MPOEKTIB €KOJIOTTYHOTO
MOHITOPHHTY HeoOXxiaHa Taka iHopmarrist (Kimmmenko Ta iH., 2010):

1. JI>xepena HaAXOMHKEHHS 3a0pyIHIOIOUMX PEYOBUH B HABKOJMIIHE TIPUPOIHE
CEpeNIOBHILE — BHUKUAM 3a0pYJHIOIOUMX PEYOBHH B aTMochepy MPOMHUCIOBHMH,
€HEePreTUYHUMH, TPAHCIIOPTHUMH Ta IHIIUMHU OO'€KTaMH; CKUJAHHS CTIYHHX BOJ Y
BOJHI OO0'€KTH; TOBEPXHEBI 3MHUBU 3a0pyJHIOIOUUX 1 OIOT€HHMX pEYOBUH B
MOBEPXHEB1 BOJIU CYIII 1 MOPSI; BHECEHHSI Ha 36MHY MOBEPXHIO Ta (a00) B IPYHTOBUIA
map 3a0pyIHIOIOYMX 1 O10T€HHUX PEYOBUH Pa3oM 3 IOOpUBAMH 1 OTPYTOXIMIKATaMU
MiJl 4Yac CUIbCHKOTOCMOAAPCHhKIM MISJIBHOCTI; MICHS TIOXOBaHHS 1 CKJIQTyBaHHS
IPOMHUCIIOBUX 1 KOMYHAJIbHUX BIIXOJIB; TEXHOTCHHI aBapii, 10 NPHUBOJAATH O
BUKUAY B armocdepy HeOesneyHuX pedyoBUH Ta (ab0) pO3IMBY  PiIKHX
3a0pyIHIOIOYUX 1 HEOE3MEUHUX PEYOBUH TOIIIO.

2. [Ilepenecenns 3a0pynHIOIOYMX PEYOBHMH — TMpoIecH aTrMochepHoro
MIEPEHECEHHST; MPOIECH MEPEHECEHHS 1 Mirpallii y BOJHOMY CEPEIOBUIII.

3. Ilpouecu naHAmWa@THO-TEOXIMIYHOTO MEPEPO3NOALTY 3a0pyAHIOIOUUX
PEYOBHH — Mirpailisi 3a0pyJHIOIOUMX PEYOBUH 3a IPYHTOBUM MpodijeM 0 PiBHA
I'PYHTOBUX BOJI; MIrparisi 3a0pyJHIOIOUHX PEYOBUH MO JaHAMA(PTHO-T€OXIMIYHOMY
CIIOJIYYCHHIO 3 YpaxXyBaHHSIM T€OXIMIYHUX Oap'epiB 1 O10XIMIYHUX KPYrooOIriB;
010XIMIYHUN KPYTOOOIr TOILIO.

4. Jlani po cTaH aHTPONOTEHHUX JKEpes eMicCli — MOTYKHICTh JKepena eMicli
1 MicIepo3TalryBaHHsT WOTO, TiPOJIMHAMIYHI yMOBH €Micii 3a0pyJaHIOBaviB y
HaBKOJIMIITHE CEPEIOBUIIIE.

Y 30HI BIUIMBY JKepel 3a0pyJAHEHHS OpPraHi3oBYIOTh CHCTEMaTHYHE
CIIOCTEPEKEHHSI 3a HACTYIHUMU O00’€KTaMH 1 TapaMeTpaMH HaBKOJIHIIIHBOTO
PUPOTHOTO CEPEIOBHUIIIA:

- arMocdepa: XIMIYHUHN 1 palioOHYKIIITHUN CKJIaJ ra3oBoi 1 aepo30ibHOI (a3u
NOBITPAHOI cdepu; TBepAl 1 piaki omaau (CHIr, J0mI) Ta iX XIMIYHHM 1

PaTIOHYKJIITHUM CKJIa/; TEIJIOBE 3a0pyAHEHHS 1 BOJIOTICTh aTMOCchepH;
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- rigpocdepa: XiMIYHUM 1 PATIOHYKIITHUM CKJIaJl MOBEPXHEBUX BOJ (PIUKH,
03epa, BOJOCXOBHWINA 1 T. 1.), TPYHTOBUX BOJ, CYCIEH31M 1 JOHHHMX BIJKJIAIIB B
MPUPOJHUX BOAOCTOKaX 1 BOAOWMAax; TEIUIOBE 3a0pyIHEHHS TIOBEPXHEBUX 1
I'PYHTOBUX BOJI;

- IPYHT: XIMIYHUH 1 paJIOHYKIIIHUHN CKIIaJ pOAIOYOro IIapy IPYHTY;

- 6ioTa: XiMIYHE 1 paJl0aKTUBHE 3a0PYIHECHHS CLIbCHKOTOCIIONAPCHKUX YT1/b,
POCIMHHOTO MTOKPUBY, IPYHTOBUX 300IICHO31B, HA36MHHX CITIBTOBAPUCTB, TOMAITHIX 1
JIUKUX TBApUH, NITaXiB, KOMax, BOAHUX POCIHNH, JIAHKTOHY, pUO;

- ypOaHi3oBaHEe cepeAOoBHINNE: XIMIYHUN 1 pamiaifiHuil (OH TOBITPSHOTO
CEpEIOBUILA HACEIICHUX NYHKTIB; XIMIYHUN 1 PaIOHYKIIJIHUWA CKJIAJ MPOAYKTIB
XapuyyBaHHs, TUTHOI BOJIU TOIIIO;

- HACEJICHHA: XapakTepHi AemorpadiyHi napameTpu (YUCENbHICTh 1 MUIBHICTD
HAaCEeJIEHHS, HapOKYBaHICTh 1 CMEPTHICTh, BIKOBUHM CKJIaJl, 3aXBOPIOBAHICTh, PIBEHb
YPOKEHOI MOTBOPHOCTI 1 aHOMaJTiif ); COIlialbHO €KOHOMIYH1 YMHHUKHU.

CucteMu MOHITOPUHTY TPUPOJHUX CEPEIOBHUIN 1 EKOCHCTEM BKIIOYAIOTh
3ac00M CITOCTEPEKEHHS €KOJIOTTUHOI AKOCT1 MOBITPSIHOTO CEpeoBUIIIA, €KOJIOTTYHOIO
CTaHy TOBEPXHEBHUX BOJI 1 BOJHUX EKOCHUCTEM, E€KOJIOTIYHOTO CTaHy TI'eOJIOTTYHOTO
CepeloBHINa 1 HAa3eMHUX eKocucTeM. [l BHPIIIEHHS TOCTaBICHUX 3aBlaHb
€KOJIOTIYHOTO MOHITOPUHTY MPU3EMHOTO IIapy MO>KHAa BUKOPHUCTOBYBAaTH KOCMIYHI
anmapatd JAMCTAHLIMHOTO 30HAYBAaHHS 3€Mill, SIKI 3B’SI3YIOTh B €IUHY MEPEXKY
1H(popMaIiitHOTO TTPOCTOPY, IO MOXKe OyTH chOPMOBAHHUIM HAa OCHOBI BUKOPUCTAHHS

Cy4acHHUX TeoiH(pOpMaIlIHHUX TEXHOJIOTIH.

3. Oco0MBOCTI anapaTypu a€POKOCMIYHOI0 €KOJOTIYHOT0 MOHITOPHUHTY

[Tponmosxyroun anamizyBatu mkepena (borom’s, dypusk, Ko3enkos, MarkoB
ta MopryH, 2008), MoxHa 3pOOMTH BUCHOBOK IO €(EKTUBHICTH (DYHKIIIOHYBaHHS
KOCMIYHOI CHCTEMHU CIIOCTEPEKEHHS 3aJIeKUTh BiJl MOMXJIMBOCTEH pO3Mi3HABAHHS
ONTUKO-CJIEKTPOHHUMH CHCTEMaMU TMpolleciB Ta 00’ekTiB y mpocTtopi. Ha

CHOTOJIHIIIHIN JI€Hh 3 SBWJIMCS HOBI TMIAXOJU, SKI HE MOTpeOyIOTh BHUCOKOIO
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IPOCTOPOBOTO PO3PIZHEHHS, a caMe€ — 3aCTOCOBYIOTh METOAM TMOJIMIIEHHS SKOCTI
00po0OKM OGaraTocneKTpaTbHIUX (TIMEPCIEKTPATBHUX ) KOCMIYHUX 3HIMKIB, OTPUMaHHUX
B pe3yNbTaTl BUKOPHUCTAHHA CIEKTpOMETpHUYHUX Kamep. [lpm aHamizi cydacHHX
TEXHOJIOT1H MOOYI0BH ONTHKO-EJIEeKTpOHHUX cucTteM (Marikos, 2004) BCTaHOBIICHO,
10 OCOOJIMBICTIO BUKOPUCTAHHS BUIUMOIO J1ana3oHy €, B MEPIIy Yepry, 3/aTHICTh
BIIOUTTS 00'€KTOM COHSYHOI €HEprii, sfKa XapaKTepu3ye XIMIYHHUNA CKJIaJ HOro
noBepxHi. lle mae MOXIUBICTD TMPU TPOBEIACHHI BIJEOCIEKTPATIbHOI 3HOMKH
OTpUMYBaTH 300paK€HHA B PI3HUX 30HAX cHekrpy. I[lpum mpomy, 3 JIEKUIBKOX
CHEKTpaJIbHUX 30H MOKHA CUHTE3yBaTH HE OJIUH, a Oe3J114 BapiaHTIB 300pakeHHS 1110
B1100paKaroTh €KOJIOTTYHY 00CTaHOBKY. Koxen BapIlaHT TaKoro
0ararocnekTpaibHOro 300pakeHHS MICTUTh CBOIO OKpeMmy 1H(opMaIliio Mmpo CTaH
3eMHOI ToBepxHi. [Ipu 1bOMYy, OCHOBHA yBara MNPUIUILETHCA HE MPOCTOPOBIN
3IaTHOCT1 PO3MOJIIY ONTHUKO-EIEKTPOHHUX Kamep, a BUSBJICHHIO a00 BHUCBITICHHIO
3MIH CHEKTPAJIbHOTO CKJIaly OTPUMYBAHOTO €JIEKTPOMArHITHOTO BUIIPOMIHIOBAHHS.
Tak Ha ogHOMY Kpallle BUIISIOTHCS JOPOTH 1 CIIOPYH, HA THIIOMY - BOJHI TOBEPXHI
Ta iX BMICT, a Ha TPETbOMY Kpallle BHUIHO AETalll POCIMHHOCTI 3a JOMNOMOTOIO
BEreTaIlitHOTO 1HJEKCY.

3riIHO 3 OCTaHHIMHU JOCHIKEHHSIMHU MO0YJI0Ba OpPOITAJIBHOIO YrpyIlyBaHHS
KOCMIYHMX  amapariB  ONTHUKO-€JIEKTPOHHOTO  CIIOCTEPEXEHHS  HAJBUCOKOI
PO3Mi3HABAIILHOI 3TATHOCTI BiI0YBA€THCSI HA COHSIYHO-CUHXPOHHUX opOiTax (Tad. 1)
(JIsmbko, 2006). Ile mae MOKIIUBICTD, 1100 CYMyTHHK 3aBX/IH MMPOJIITAB HAJ[ OJHIEHO 1
TIEI0 K TEPUTOPIEIO HA 3a7aHIN MIUPOTI B OJWH 1 TOM ke MICIICBUN COHSYHUHN Hac.
Takum drHOM, JUTS 3a1aHUX 300pakeHb OTpuUMyBaHUX 3 KA, Moxe OyTu JOCATHYTE
OJIHAKOBE COHSYHE OCBITJIIEHHA (32 BUHATKOM Ce€30HHUX 3MiH). IlocTiiiHicTh
OCBITJIGHOCTI 1 B3a€EMHOTO po3TallryBaHHs cynyTHHKa 1 CoHLS BiIHOCHO
CIIOCTEPEKYBAHOI TEPUTOPIi CTBOPIOIOTH CHPUSTIMBI  YMOBH (POTOMETPUYHOI
0o0poOKM KOCMIYHUX 3HIMKIB. Ilpu TakoMy CTBOPEHHIO KOCMIYHUX CHCTEM
CIIOCTEPEKEHHSI 3a TOBEPXHEI0 3eMill 3aCTOCOBYIOTH KOMIUJIEKCHE BHUKOPHUCTAHHS

OpWIaaiB, IO NPALIOITh B PI3HUX CHEKTpalbHUX AlanazoHax. llpu mpomy
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BIJIMOBIAHO 7O CIHEKTPaJIbHOI HIIJILHOCTI €HEPreTUYHOI SICKPABOCTI XapaKTEPUCTUK

00’€KTy MOYXHA BU3HAUUTH CHEKTPATbHI J1alla30HHA ISl POBEACHHS E€KOJIOT1YHOTO

MOHiTOpI/IHFy 3a JOIIOMOI'OI0  BHUKOPHCTAHHA

CIIOCTEpPEKEHHS B KOCMIYHMX cucteMax J133.

OIITUKO-CIICKTPOHHUX  CHCTCM

Tabauys 1

BianoBigHicTh 3aBAaHb 11010 MPOBEJACHHS €KOJOTTYHOTO MOHITOPHHTY 10 BUOOPY

CIICKTPAJIbHUX I[iaHaBOHiB OIITUKO-CJIICKTPOHHHUMH CUCTCMAMU

Ne 3aBmaHHs OI00 MPOBEICHHS €KOJIOTIYHOTO CrnextpanbHuii Tun
3/ MOHITOPHHTY niarna3oH 0araTocCIiexT-
3aranpHe CrienianpHe PaBHOTO
HPUCTPOIO
(cencop)
1 2 3 4 5
1. | Kopmon mix | Xaopodin pociun 620-670 am MSS, HSI,
3E6MHOI0 S— i HRVIR,
TOBEPXHEIO i XMapHICTh 1 POCITHHHICTb 840-780 um IIIMCA,
XMapamu I'CA
2. | BrnactuBicth | BigMiHHOCTI B IpyHTaX Ta pOCIMHHOCTI 460-480 am RBV,
3eMHO]1 3eneHa POCIUHHICTD 545-568 um TM, MODIS,
HOBEPXHI 1 | BHacTUBOCTI IMCTOBOTO MOKPHUBY 1230-1250 um HRVIR,
Xmap BigmirnocTi CHIrOBOTO nokpuBy | 1630-1653 um HIMCA,
(XMapHOCTi) I'CA
[TapameTp  3eMHOrO  MOKpPUBY  Ta 2100-2155 am
XMapHOCTI
3. | Komip CrnocrepexeHHs 3a XJI0podiaoMm 405-420 uwm, TM,
OK€aHy 437-450 uM™, MSS,
405-420 uwm, HRV,
405-420 am HRVIR
Omaau 546-556 um
Omnaan, atmocdepa 660-673 am
dirroopecteHinist XJ10podiy 673-683 HM
BnactuBocTi aepo3011iB 743-753 um
BrnactuBocti aepo3oiiB Ta mapameTpu 860-880 um
atMochepu
4. | Atmocdepa | ITapamerpu xmapHOCTI Ta aTMOC(epU 890-920 uwm, MSS,
1 XMapu 915-965 am ETM,
[Tip'sani xmMapu 1,36-1,39 mxm HRG
Bosoricts B cepemHii YacTHUHI 6,53-6,9 MkM
Tpornochepu
Bosoricts y BEpXHIN YacTHHI 7,17-7,48 Mxm
Tpornochepu
TemmnepaTypa moBepxHi 3emii 8,4-8,7 Mmxm
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ITponorxenHs Tad. 1

1 2 3 4 5
5. | TemtoBi TemmepaTypa MOPChKOi TOBEPXHi 3,66-3,8 MKkM MTI,
BJIACTUBOCTI | JIicOBi MOKeEXi, BYJIKaHH 3,92-3,98 Mkm TIMS
TemmnepaTypa XmMap Ta 36MHOI TOBEPXHI 3,92-3,98 MKM,
4,02-4,08 MKM,

10,78-11,3 MKM,
11,76-12,3 mxm

Temmneparypa B Tporocdepi, CKag Xxmap 4,43-4,55 Mkm
AHaJi3 3araJlbHOTO BMICTY 030HY 9,58-9,88 Mkm
Bucora 1 ckiag xmap 13,18-13,49 MxmM,

13,48-13,79 MM,
13,78-14,09 MkmM,
14,08-14,39 mxm

B Tabn. 2 mpencraBieHi OCHOBHI 3aBJIaHHS 1OJI0 MPOBEIEHHS €KOJOTIYHOIO
KOHTPOJIFO Ta MOHITOPHMHTY Ha OCHOBI 3aCTOCYBaHHS KOCMIYHMX cucteM /[[33 3
BUKOPHUCTAHHSM CY4YacCHHMX OITHKO-EJIEKTPOHHUX 3ac0o0iB crocTtepexeHHs. llpu
bOMY HEOOX1JIHa W1JbOBa MoeTanHa oOpoOka OaraTOCHEKTPAIbHUX KOCMIYHUX
3HIMKIB B HA3eMHMX  [POTrpaMHO-AaMapaTHUX  KOMIUIEKCAX  E€KOJIOTTYHOIO
crioctepexxeHHss. OIHUM 13 MOXJIMBUX MPOTPAMHUX MPOAYKTIB € TeoiH(opmaliiiiHi
cuctemu (I'lC), siki MarOTh 1HTErpaliiiHi BIACTUBOCTI 1 AAIOTh MOKJIUBICTh CTBOPUTH
Ha 1X OCHOBI MOTYXHHM IHCTPYMEHT JJIsi 30MpaHHs, 30epiraHHs, CHUCTEMaTH3allli,
aHamizy 1 mnpencraBineHHs iH(opmarii. ['eoiHdopmaliiiini cucTeMH MarOTh TakKi
XapaKTEPUCTHUKH, K1 3a0€3MeuyloTh HEOOXIJHE B1AOOpaKeHHs, MPOTHO3yBaHHS Ta
YOpaBIiHHS MOHITOpUHTOBOKO iH(MopMartiero. Tinbku 3 mosBoro ['IC moBHOI0O Mipoto
peanizyeTbcsi MOMUIMBICTH IIUTICHOTO, Yy3arajbHEHOIO TMOIJISAy Ha KOMILIEKCHI
€KOJIOT1YH1 TpOo0IeMH HaBKOJIUIITHKOTO cepenoButia. I'IC crae OCHOBHUM €JI€MEHTOM

CUCTEM MOHITOPHHTY.
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Tabnuys 2
PexomenmoBani cdepu 3aCTOCYBaHHS ONTHUKO-EICKTPOHHUX cucteM 133

HAJIBUCOKOI PO3AUIBHOI 3MaTHOCTI (< 1 M)

HaiimeHnyBaHHS KOCMIYHUX

araparis
—i

y . . N - A R
HaiimenyBanHs BHIiB poOiT o % o = | O
> S X ) Z
w O & | O
o =) = > v

(b} — Q
) g @4 2 -

CTBOpeHHS i OHOBJICHHSI TONOTrPAa(IiYHUX MJIAHIB MACIITAOIB :

1:2000

1:5000 ° ° ° °

CTBOpeHHsI | OHOBJIeHHA TonorpagiyHux i cnemiaJbHUX
TeMaTHYHHUX KapT MaciuTady :

1:10 000 ° ° ° ° °

1:25 000

1:50 000 .

CTBOpeHHﬂ BHCOTHOI OCHOBH

I{udposi Mozeni MicieBOCTI, IUPPOBI MOAEN1 penbedy o o o

InBenTapu3auisi i MOHITOPUHI cTaHy 00'eKTiB iHppacTpyKTYpH
BHI00YBaHHS i TPAHCIIOPTYBAHHA HA(TH i razy

[1nanyBaHHS 1 KOHTPOJIb PO3BUTKY IHPPACTPYKTYpHU

OnepatuBHE BUSBJICHHS HECAaHKL[IOHOBAHUX BpI3aHb B MariCTpaibHI | o o o o
TpyOOIIPOBOIM i MOHITOPUHT MOSIBU 00'€EKTIB B OXOPOHHMX 30HAX

MOHITOPUHI ~ €KOJIOTIYHOTO CTaHy TepUTOpid  BHUIOOyBaHHS,

[ ] [ ] [ ] [ [
nepepoOKH 1 TPAaHCHOPTYBaHHsI HAQTH 1 ra3y
MOHITOpPHUHT aBapiHUX pO3JIMBIB HAQTH o o ° o o
IuBeHTapu3allisg 1 MOHITOPUHI CTaHy 1 00'eMy Kap'epiB 1 mTalemB | o o
TiIpOHAMHUBAHHS TICKY
ITomyk i NPOrHo3yBaHHs POIOBUI KOPHCHUX KOMAJIMH
Bubip HampsiMiB 1 OOrpyHTYBaHHS NEpCHEKTHBHHUX IUIONII Iif | o N o
MOIITYKOBI pOOOTH, MPOTHO3YBAaHHS 1 BUSBICHHA NAacTOK HadTh i
rasy
O11iHKa 3arpo3 TEKTOHIYHOTO 1 CEHCMOIOTIYHOTO XapaKTepy o o
CuIbChbKe rocnoiapcTBo
BusiBneHHs 1 MPOTHO3YBaHHS HECHPUATIMBHUX EKOJOTIYHUX SIBHIL, | o o o o o
TMIOB'SI3aHHUX 3 CUTBCHKOTOCIIOIAPCHKUM PUPOIOKOPUCTYBAHHIM
JlicoBe rocnogapcrBo
Bu3HaueHHs TOPOJHOTO CKIIAy, CTaHy JIICOBOTO MAaCHBY o o o o o
Bu3HayeHHs BUCOTH JIICOBUX MACHBIB . o o
BusiBnenHs 1 MOHITOpUHT BUPYOyBaHb, Tapy 1 BITPOBAITY N o N oo
KoHTpomb 11iCOBITHOBIIOBATIBHUX POOIT

[ ] [ ] [ [ ]
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HaiimenyBaHHS KOCMIYHUX
araparis
i
— ! )
o . . . = 2 bﬁ [%2]
HaiimenyBaHHs BUAIB poOIT o Z|lom | X | O
> 1S | x o | 2
w o & | O
o =) = )
D = = O X
o g 12 |~
Boane rocnogapcrso i pecypeu
MopaenroBaHHS NPOLECIB 3aTOIUICHHS TEPUTOPII i Yac MOBEHEN o o
BusnadyeHnHs 610J10T19HOI TPOTYKTUBHOCTI 1 CTaHY BOAOHM i o
MOHITOPUHT BOAHOTO 1 JIbOJIOBOIO PEXKUMIB BOJIONM o o
MOHITOPHHT CTaHy BOJI03aXUCHUX 30H o o o o
BuB4yeHHs JIaHMIAQTHOI CTPYKTYPH, NPUPOAHHUX pecypciB i
THIiB NPUPOIOKOPUCTYBAHHS
[TobynoBa manamaTHUX KapT, JUCTaHIIiIHEe BUBYEHHS JIaHIadTiB N N
JlocmiKeHHs i MOHITOPUHT ~ DETiOHAIBHOI  CTPYKTYpH o o N o
IPUPOJJOKOPUCTYBAHHS
Exounoriuni nociigxeHns
Omiaka MacmTadiB MPOSBY 1 TEMITIB PO3BUTKY €pO3iHHUX TPOIIECIB o o o R
CrnocrepexeHHs 3a MBUIKO3MIHHUMHU €KOCUCTEMaMH o o
BusiBneHHs JOKaIbHUX JDKepen 3a0pyJHEeHHS o o o o
Tpancnopr, komyHikauii, 38'130K
OmnepatuBHe KaprorpadyBaHHS [OpIr, IO 3'SBWJIKMCS, BHUBYCHHS N o N o
TPAHCHOPTHOI IOCTYIHOCTI
MouiTopuHT OYAIBHUIITBA 1 pEKOHCTPYKIIii 00'€KTIB o o N o
BusiBneHHs 30H BUIUMOCTI paaiocurHany no [IMM
[ ] [ ]
MyHinunajabHe ynpasBJiHHA
MOHITOPHHT (PaKTHYHOTO BUKOPUCTAHHS 3€MEIb o o o o
MOHITOPUHT TPAaHCTIOPTHOT MEPEXKI MiCTa o N o N
[HBeHTapu3alis 3eIeHuX Haca KeHb N o N o
Pekpeauisi, cnopt i Typu3m
CTBOpEHHS peaiCTUYHUX TPUBHUMIPHHUX MOJEJeH 00'€KTIB Typu3My N o N
1 CHIOPTUBHUX CIIOPY/T
MoHiTOpHHT OyAiBHULTBA 1 CTaHy O0'€KTiB TypHU3MY, BIAMOYHMHKY i o o o o
CIOPTY
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HaiimenyBaHHS KOCMIYHUX
araparis
i
— ! )
Haii . 6i , = g o (92]
aililMeHyBaHHs BUJIB poOIT o 5 |d || O
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D — 19
o g 12 |~
IIpaBo i 10OTpUMaHHS 3aKOHHOCTI
BusiBneHHS HE3aKOHHUX MTOCIBIB HAPKOTUYHUX KYJIBTYP o o
Bupimenss CYJOBHUX CYIIEpPEUOK, MOB'S3aHUX i3 N o N
3eMJIEKOPHCTYBaHHSAM
BusHayeHHs 30H HECAHKLIOHOBAaHMX OyJiBENbHHUX pPOOIT i o o N o
CaMOBUIBHOTO 3aMHATTS 3eMEJIbHUX JIJISTHOK

4. IlpusnavenHs: pyopukaropa 3aja4 y cepi eKoJI0riTHOro MOHITOPUHTY

HesBaxkatoun Ha Te mo pi3Hi THOM JaHuX JJI3 cTBOpIOIOTHCA MEpEeBa)xHO 3
YpaxyBaHHAM AaKTyaJIbHHX 1 MOTEHUIMHUX MNOTPeO KIHIIEBUX KOPUCTYBAYiB, ICHYE
06a3zoBa mpoOiieMa OOMEKEHOCTI BHUMIPIOBAIBLHUX BJIACTHUBOCTEH OTPUMYBAHHX
iHpopMmaliiHUX NpoAykTiB. ToMy B yMOBax MPUPOJHOI  PI3SHOMAHITHOCTI
CIIOCTEPEKYBAHUX OO'€KTIB 1 SBUI] HA 3€MHIA MOBEPXHI JJIsI TOBHOIIHHOTO
BUPIIIEHHS KOHKPETHOIO TEMAaTUYHOrO  3aBJaHHSA  4YacTO-TycTO  MOTpedye
BUKOPUCTAHHA PE3YyJbTaTIB PIZHOTUIHUX JAWCTAHI[IMHUX BUMIpPIB pa3oM 3
3a]y4yeHHSIM JIOJIaTKOBUX JDKEpen JaHuX. B 1boMy BIAHOIIEHHI BUKOPHCTAHHS
kiacudikaTtopiB iHGOPMAIIITHUX MPOTYKTIB, HA OCHOBI SIKUX (DYHKI[IOHYIOTh Y TOMY
YUCJIl cepBiCU PO3MOBCIOMKeHH MpoaykTiB 33 (nanpuxian, nopran Earthdata EOS
DIS, https://earthdata.nasa.gov), m103BoJIsi€ CMIOKUBAYEBI OTPUMATH JIUIIIE OOMEKECHE
pimieHHss mnpobsemMu. B Toll ke wyac aKTUBHUHA pO3BUTOK 3aco0iB /133,
CTIIOCTEPEKYBAaHUH OCTAaHHIMH pOKaMH (CTBOPEHHS CYNMyTHHKOBUX YIPYIyBaHb
kommaniii Planet, DigitalGlobe, UrtheCast Ta iH.), e MOXJIMBE peani3aiilo HOBHX
TEXHOJIOT1 TEeMaTUYHOI 0OpOOKHU 3 ypaxyBaHHSAM ONTHUMAJILHOIO BUKOPUCTAHHS yCiX
JOCTYITHUX aJTOPUTMIB, TPOTPAMHOTO 3a0€3MedeHHs 1 PI3HUX THUIIB 3HIMaIbHOL

anaparypu.
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Bxkazani o6cTaBUHM pOOIATH MPIOPUTETHUM MPOOJIEMHO-OPIEHTOBAHUHN TT1IX1T
1o Bukopuctanus nanux J133. Takum unHOM, pa3oM 3 CUCTEMATU3AIIE€I0 TEMATUIHUX
npoayktiB /33 3pocTae axTyaJdbHICTH pPO3pOOKHM KiacudikaTopa TeMaTHUYHUX
3aBJaHb, MPU PO3B’SI3aHHI SIKUX BUKOPUCTAHHS MOYATKOBHUX JaHUX 1 MpoaykTiB /(33
BUIIpaBAaHe 1 epeKTUBHE 3 MO3MIIT OTPUMaHHS MOBHOIIHHOTO pimeHHs. [Ipu pomy
Kkiacudikaiisgs TeMaTHYHUX 3aBJaHb 3 aKIEHTOM Ha MOTpeOl KIHIEBUX TEMATHYHHX
KOPHCTYBaviB NOBUHHA BpPaxOBYBaTH PI3HOTHIIHI, MYJIbTUMACIITA0HI,
BHCOKOPO3MIpHI, BHCOKOINEPIOJWYHI, 130MEpHI 1 HEJNIHIAHI XapaKTepUCTUKU
Cy4aCHHMX TaK 3BaHMX BeIMKUX JaHuX J[33.

Cepen 3apyODKHUX peadizailii OKpeMO BapTO BHUIUIUTU KJacu(piKaTop
tematnyaux 3agad  UN-SPIDER(un-spider.org/space-application-matrix). Bin He
OIHCY€E BCHOI'0 KOMIUJIEKCY TEMAaTUYHUX 3aBJIaHb, OCKUIBKU pO3pOOIEHUN Clie1aabHO
JUIS 3aBJaHb TIOTEPE/PKEHHS 1 JIIKBIJAIl HACHIJKIB HAA3BUYAMHUX MOMAIN, MpoTe
1HTepeC MpeCTaBlsie HOro opraHizailis y BUTISAAI MaTpuIll. Takui miaxia 103BOJIsE
PO3LUIMPUTH  MOKJIMBOCTI IO CHCTEMAarTh3alli 1 BIJIOOPaXXEHHIO I1CHYHOYOTO
PI3HOMAHITTSI TEMATUYHUX 3aBJIaHb, 10 BUPIIIYIOTHCA 3 BUKOpUCTaHHIM J[33.

Jly>xe nepCrneKTUBHOIO € OHTOJIOTTYHA (hopMa MPEACTABICHHS YCi€l CYKYITHOCTI
pi3HOpPIAHIN 1HGOpMalii npo cepu 3actocyBanHs nanux J33. 'Hyuka cTpykTypa y
BUTJISIII JIOTIYHO TIOB'SI3aHMX MK COOO0 KJIaciB J03BOJIsiE€ 30yAyBaTH CEMaHTHUHY
MepexKy 3HaHb OyIb-gKOI CKJIATHOCTI. SIK MpUKIax MpakTHU4YHIA peanizaiii MOKHa
npuBectd oHtosorito SWEET (Semantic Web for Earth and Environmental
Terminology, https://sweet.jpl.nasa.gov/) maboparopii peakTuBHOro pyxy NASA.

Knacudikamis TemMaTHYHMX  3aBJaHb  (JETalIbHO  CPOPMYJIBOBAHUX 1
OOTpYHTOBaHMX TOTpe0 TEMATUYHHX CIIOKMBAYiB), MO CyTi, 0a3yeTbCsi Ha
kinacudikaiii TEXHOJOTIH OTpUMaHHsA, Bepudikaiii 1 3acToCyBaHHS 1HGOPMAIIHHUX
MPOJYKTIB, 10 CTBOPIOIOThCS naHi J[33. KirouoBy posib TparoTh aHai3 1 OIIHKA

CIIOKWBUYMX BJIACTUBOCTEM.
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BucHoBku

B po60Ti po3risiHyTo 3aBAaHHS €KOJIOTIYHOTO MOHITOPUHTY 3 BUKOPUCTAaHHIM
ACPOKOCMIYHHUX TEXHOJIOTiH. Bu3HaueHO 00’€KTH aepOKOCMIYHOTO €KOJOTTYHOTO
MOHITOPUHTY. 3IIHCHEHO aHali3 OCOOJMBOCTEH amapatypu aepoOKOCMIYHOTO
€KOJIOT1YHOTO MOHITOpUHTY. ChOpMyIIbOBaHO MpU3HAUEHHS pyOpHKaTopa 3agad y
chepi eKOJIOTIYHOTO MOHITOPHHTY.

Ha ocHOBiI aHamizy JmiTeparypu Ta TEOPETUYHUX HAYKOBUX JOCIIIKEHBb
3M1MCHEHO PO3MOAINA €KOJOTIYHMX 3aBllaHb IO BHUPIIIYIOTHCS 3a JIOMOMOIOK0
KOCMIYHUX CHCTEM CIOCTEPEKEHHS Ta OTPHMMAHHS HAMNPSAMKIB €KOJIOTTYHOTO
PO3MOAUTY KOHTPOJIIO TapaMeTpiB HABKOJIHUIIHHOTO IMPHUPOTHOTO CepemoBUIa. Y
pe3ynbTaTi UX JOCTIPKEHb BU3HAUEHO TEPEIK €KOJIOTIYHUX 3aBJaHb, 1[0 MOXYTh
OyTH BHpIIIEHI B MPOIEC] €KOJIOTYHOTO MOHITOPHUHTY 3a JOIMOMOI0K KOCMIYHHX
CUCTEM JUCTAaHUIMHOTO 30HJyBaHHA 3€MJIl Ta BIAOOpPaXKeHHS OTPUMAHUX JTAaHUX B
reoiHoOpMalifHUX CHCTEMAaX.

[IpoBeneHi OCHIPKEHHS 3a JOMOMOTOI0 BUKOPUCTAHHS  pPe3ysbTaTiB
CIIOCTEPEKEHHSI Ha OCHOBI KOCMIYHHUX CHCTEM JMCTAHLUIMHOIO 30HIYBaHHS 3eMill
JAI0Th MPECTABICHHS Y BUTJISI KOCMIYHOTO 3HIMKA BIJOOpaXXEHHS PiI3HUX 00’ €KTIB
CIIOCTEpEXKEHHS (32 TPOCTOPOBUMH, PATIOMETPUYHUMH, CICKTPATLHUMHU Ta
YaCOBUMH BJIACTHBOCTSIMH) Ta MOXKYTh BHU3HAUUTHU iX TpaHC(hOpMaIlilo Ta 3MIHH 3a
MeBHUH TIep1o/ vacy.

BukopuctanHs po3poOJieHUX HAyKOBO-TIPAKTHYHUX PE3YyJbTATIiB Ja€ 3MOTY:
MIIBUIIUTH SKICTh TMPOBEJACHHS E€KOJOTIYHOTO MOHITOPHHTY 3a JIONOMOTOIO
KOCMIYHUX CHCTEM CIIOCTCPEKEHHS, YIOCKOHAJIUTH MOHITOPHHTOBY CHCTEMY
MOCTIHHOTO OTpPUMAaHHS JAHUX JUIs OIIHIOBAHHS PHU3UKIB BIUIUBY TEXHOTCHHOTO
3a0pyIHEHHS JTOBKULIS, BUKOPUCTOBYBATH B CHUCTEMI EKOJOTIYHOTO MOHITOPUHTY
KOCMIYHMX CHCTEM CIIOCTEPEKEHHS KOCMIYHI 3HIMKHM I MOJICTIOBAHHS Ta
MIPOTHO3YBAaHHS CTaHy HAaBKOJUIITHHOTO MPUPOTHOTO CEPEIOBHIIA.

AKTYanpHICTh CTBOPEHHSI 3PYYHOrO 1 MOBHOrO Kiacu(ikaropa TeMaTHYHHUX

3aBAaHb MIJIBUILYETHCS TAKOX Yy 3B'SI3KY 3 PO3IIUPEHHSM 4YMCIa KOPUCTYBayiB 3a
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PaxyHOK YHCJIEHHMX KOMEPIIMHMX 1 IPOMaJChKHX OpraHizallii, siki 4aCTEHbKO HeE
MalTh JIOCTaTHIX 3HaHb, JOCBITYy 1 PECypCiB IJIsi CaMOCTIHHOI OOpOOKM JaHUX

JTUCTAHITIHHOTO 30HYBaHHS 3€MJII.
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OINIHKA EOEKTUBHOCTI 3ACTOCYBAHHA CUCTEMUA
EKOJOI'TYHOI'O MOHITOPHUHI'Y 3 BUKOPUCTAHHAM METO/JIB
JACTAHIIMHOI' O 30HAYBAHHS 3EMJII JVISI KOHTPOJIIO
EKOJIOI'TYHHOTI'O TA TEXHIYHOI'O CTAHY BOJHHUX
TEXHOEKOCHUCTEM

bBounap O.l., JlepxaBHa €KOJIOTiYHA aKajeMis MICISAUIUIOMHOI OCBITH Ta
VIOPABIIHHSA, JOKTOp OI0NOriYHUX HayK, Ipodecop, 3aciyKeHui
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yhnpaBiiHHS, 3700yBay, M. KuiB, Ykpaina

HiroponoBa C.A., JlepkaBHa €KOJOTiYHA akKaJeMis MICISAUIUIOMHOI OCBITH Ta

yrpaBiiHHS, 3700yBay, Kuis, Ykpaina i.

Abstract

The paper considers the features of determining the concentrations of
suspensions and suspended solids in water by spectral reflection. Suggestions for
evaluating the effectiveness of the method of satellite monitoring of intensive algae
blooms (monitoring of planktonic algae clusters) are given. The technology of flood
and flood risk assessment using satellite observation data is proposed.

Studies of the interaction between terrestrial and aquatic ecosystems have
shown that the NDV1 vegetation index can be used as an ecological indicator for both
coastal (NDVIL) and 50-70 km of coastal zone (NDVIW). The distribution for the
land can be judged on the parameters of the ecological state. Spatial distributions for
the aqueous medium correlate with such optical-biological parameters as the
concentration of chlorophyll-a and mineral suspension, water transparency and

related characteristics.
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To convert raster data of thermal radiation into temperature distribution, it is
proposed to use the inverse Planck equation for thermal radiation of “gray body".
This transformation allows, taking into account the coefficient of thermal radiation, to
reflect the ability of different surfaces to radiate heat. The obtained thermal maps
allow to study the heterogeneity of temperature fields of techno-ecosystems and show
the efficiency of new structures for regulating the thermal regime in cooling
reservoirs.

Creation of an automated system of ecological monitoring of aquatic
ecosystems involves formalization of classes of water quality monitoring data
processing system due to formation and refinement of typical UML-models of classes
of various aspects of system functioning and purpose: object models, subject models,
methodological (metrological) monitoring models. water quality, models of technical
support, models of information support. Algorithmic and software for the application
of the proposed methods of automated synthesis of software code of information
systems for water quality monitoring provides the ability to automatically synthesize
the relevant tables, forms and relationships between data in accordance with user
requirements for the system being designed. Calculations that accompany sampling
are carried out using separate subroutines, which allows you to use the GIS module to
visualize the results of processing control data on discharges and water status and
databases of the automated environmental monitoring system on the GIS map of

Ukraine as a whole large city.

Beryn

Pesynerat nociimkenns bapanoscbkoi, bokoBa, boumaps ta Pyapk (2004)
MiATBEPIKYIOTh, 1m0 «[Ipobrema aHTpomoreHHOro 3a0pyIHEHHS TPHUPOIHUX BOJ
3aBKaM Oyna 1 Oyjae akTyaiabHOIO». JIJIsi KOHTPOJIIO IILOTO TIpolecy B YKpaiHi
¢yHkiionye Mepexa miapo3ainiB [epxkexoincnekuii Ykpainu (IEI). B pesynbrati
3M1MCHEHHSI KOHTPOJIFO HAKOMUYYETHhCS BEJIMKA KUIBKICTh JaHUX, SKI MIJJISATAI0Th

00poOI1l Ta y3araJlbHEHHIO. YBECh MPOIEC peecTpallli JaHUuX TOCUTh TPYAOMICTKHM,
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TPUBAJIMI 1 HE BUKIIOYAE MOXJIMBICTh MOMHUJIOK Ta OMHUCOK. Jlisi MiJBUILEHHS
HAJIMHOCTI BeJIEHHS, OOpOOKM Ta MpEACTaBICHHS IaHUX MpPO CTaH 3a0pyAHEHHs
JTOBKULJIS € HEOOX1THUM CTBOPEHHS CIeIiaabHOT iH(hOpMAIIiitHOT CHCTEMH.

3T1IHO 3 OCTaHHIMM JOCIIDKCHHSIMHU JUIS MABUIIEHHS SKOCT1, ONIEPaTUBHOCTI,
KOMILIEKCHOCTI Ta €(EeKTUBHOCTI CHCTEMH MOHITOPHHTY JOBKUIIS HEOOXITHO
MOEHYBaTH Cy4YacHI 1HHOBAIliiHI 3acoO0M 1 TEXHOJIOTIi: aBTOMAaTH30BaHI Ta
aBTOMATUYHI1 BUMIPIOBAJIbHI CUCTEMH; a€POKOCMIUHI JOCITIKEHHS 3 BUKOPUCTAHHSIM
AK CYNYTHHKIB, TaK 1 JITakiB Ta OE3MUIOTHUX JITAJIbHHUX anapariB; CHCTEMH
aBTOMATH30BaHOI OOpPOOKM JaHMX JUCTaHIliHHOTO 30HAyBaHHa 3emm (J133);
reoiH(popMalliifHi aHATITUYHI CUCTEMHU AJiA OOpoOKM 1H(DOpMalli, 3 ypaxyBaHHSAM
3aKOHOMIPHOCTEH 1i 3MiHM 1Y Yaci, 1 y IPOCTOP1; KOMIUIEKCHI 6araTopiBHEBI CUCTEMU
MOHITOPUHTY 1 KOHTPOJIO CTaHy JOBKIUIS, SIK1 3a0€3Me4yBaTUMYTh IHTETPYBAHHS Ta
KOMIUIEKCHUM aHaji3 JaHuX MpO CTaH YCIX CKJIAJOBHX JOBKULIA SK OKPEMHUX
perioHiB, Tak 1 Yyci€l KpaiHM B IIJIOMy 3 MOXJIHMBICTIO OOMIHY JaHUMHU 3
AQHAJIOTIYHUMU MDKHApPOJHUMHU CHCTEMAaMH MOHITOPUHTY; METOAM Ta TEXHOJOTIi
aHaii3y JaHUX MOHITOPUHTY JOBKULISL Ta BHU3HAYEHHS PIBHS TEXHOTEHHOI Ta
ekoJtoriuHoi Oe3neku Ta iH. (buueHok, IBanroTa Ta Skosnes, 2008).

PesynpraTtn nochimxenns MainkoBa, @pososa, Kykayckaca ta Hiroponosoi
(2019) miaTBEPIKYIOTh, IO «y TEHNEPIIIHINA Yac MpoOIeMa iIHTEHCUBHOIO I[BITIHHS
BOAM Jy’K€ TOCTPO CTOITh JUJISl CAMHMX PI3HHUX akBaropiil». Bizmomo, 110 1HTEHCUBHE
LBITIHHS, XapaKTepHO, MEpII 3a Bce, IJs BOJOMM 31 CIIa0KHUMH TEYisIMU 30KpeMa
TaKuX, K Kackaja JIHIMPOBCBKHMX BOAOCXOBHIN. B ocraHHIi dWac meu ¢akrtop €
XapaKTepHUM U JUIsl 1HIIMX BOJHUX TeXHOEeKocucTeM. «LIBITIHHS» BOJU € HACTIAKOM
MacoBOTO PO3BUTKY MIKPOCKOMIYHHUX BOJOpPOCTEW (3a3BUYail CHMHBO-3EJIEHHUX), 11O
CYIIPOBO/IKYIOThCS 3HAYHUM MOTIPIICHHAM SIKOCTI Boau. [IpnunHOIO 1IbOTO SBUILA €
I KOMIUIEKC (PaKTOpiB, TAKUX SIK 3MiHA KJIMAaTy, HAQJAXOJKEHHS B BOAY BEIUKOI
KUIBKOCTI PI3HUX MIHEpaJbHUX 1 OpraHiYHUX pEYOBMH Ta TIOB'sI3aHE 3
1HTeHCH(IKAIIEI0 TOCMOAAPCHKOI JISJIBHOCTI JIIOJIMHKM, a CcaMl - HaJIXOKCHHSIM Yy

BOAOWMM  3a0pynHEeHHX  OIOT€HHMMH  pPEYOBMHAMU  KOMYHAJIBHHX YU
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CUIbCHKOTOCTIOAPCHKUX CTOKIB, MIHEpAIbHUX JOOPUB, CHUHTETUYHUX MHUIOUHUX
3ac001B, TOIIIO.

Tak cranocs, mo Bogomu-oxonomkyBaun atomHux (AEC) ta TemnoBux
(TEC) enexrtpocTaHiiii € ayke BaXJIMBUMHU 00’ €KTaMU BOJOKOPHUCTYBaHHS. Tomy
KOHTPOJIb 3a JOIMOMOTOI0 CHCTeM JWCTaHIiiHOTO 30HmyBaHHs 3emii (/133) €
aKTyaJbHUM y JBOX acrektax. [lo-mepiie, 11e KOHTPOJIb T1IPOTEPMIYHOTO PEKUMY,
po3po0Ka  TPOMO3HUINIA  IMIOAO0 TOKPAMIEHHS 3JaTHOCTI J0  OXOJIOMKCHHS
HUPKYJALiitHuX Boa. Ilo-Apyre, 1€ KOHTPOJIb €KOJOTIYHOTO CTaHy, a caMe€ pPiBHs
IBITIHHS Ta 3apOCTAHHS BUIIMMHU BOJAHUMH pocivHamu. OKpeMoro mpoliemMor €
KOHTPOJIb 3a Jonomororo /[33 nuHamiku GopMyBaHHS BETIEHI-€KOCHCTEMH Ha MICTI
ICHyBaHHSI BOJOMMU-Ox0JI0KyBaya YopHoOuinschkoi AEC. Takox KOHTpOJb
TEPMIYHOTO PEXKUMY € BAXKIMBUM TaKOX Ha O0’€KTaxX TIIPOCHEPreTUKH Ha P.
JlHicTep, 3 OISy Ha OCOOJIMBOCTI KOHCTPYKIIiT Ta pexxkumy excruryatarii 'EC.

MeTta [mOCHDKEHHSI TIONSITa€ 'y CTBOPEHHI TEPEIyMOB TIOIEPEIKEHHS
HETAaTUBHOTO BIUIMBY Ha JOBKULIS Ta MIJBUIICHHS €KOJOTIYHOI OE3MEeKH PEeriOHIB
VYkpaiHu NUISIXOM 3aCTOCYBaHHSI METOJMKHW OI[IHIOBAHHS €KOJOTIYHUX 3arpo3 Ta
PU3MKIB 3 BUKOPUCTAHHS aE€POKOCMIYHMX TEXHOJOTIA Ta EKCIEPTHUX OIlIHOK.
JlocnipKeHHsT CpsIMOBaH1 Ha MOMEPEIKEHHSI HEraTUBHOTO BIUIMBY Ha JOBKULISA Ta
MIJBUIIEHHST €KOJOTIYHOI O€3MeKH perioHiB YKpaiHU 3 BUKOPUCTAHHSIM TEXHOJOTIT
3/11ICHIOBAHHSI €KOJIOT'TYHOTO OL[IHIOBAHHS 3arpo3 Ta PU3UKIB B perioHax YKpaiHH sKi

II0B’s13aH1 3 BOJHUMH TEXHOECKOCHCTEMAMHM.

OCHOBHHUI TEKCT

1. Oco0auBOCTI BH3HAYEHHS1 KOHLEHTPaUiil CcycmeH3id i 3BajKeHHX
PE4YOBHH B BOJi 32 CHEKTPAJbHUMH MOKA3HUKAMH BilOUTTH

Pesynbratu nociimkenas Mokina B.b. Ta Mokina b.1. (2007) miaTBepaKyoTh,
10 « BU3HAYEHHS KOHIIEHTpAIIiil CyCIeH31i 1 3Ba)KEHUX PEUYOBUH B BOJII MOXJIMBE 32
CHEKTPAJIbHUMHU MOKa3HUKaMM BLAOWUTTA». JlOCHIJUKEHHS B3aeMOAll €KOCHCTEM

CyXOJ0oJly 1 BOJHUX O0O0’€KTIB ToOKa3anu, 1o iHjgekc Bererarii NDVI wmoxe
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BUKOPHUCTOBYBATHUCS SIK €KOJOTTYHUM 1HAMKATOP sK 111 6eperoBoi (NDVI,), Tak 1 st
50-70 km mpubepexnoi 3ouu (NDVly). [To po3noainy ams cyxoAaoidy MOXKHA CYAUTH
Mpo MapaMeTpu eKoJoriyHoro cTaHy. IIpocTopoBi po3monminu isi BOJHOTO
CepeloBHINa KOPETIOIOTh 3 TaKUMH OMNTIKO-Oi0JOTIYHUMH —TapamMeTpaMu  SIK
KOHIIEHTpaIllsl XJIOopodiay-a 1 MiHEpalbHOI CyCIeH31i, MPO30picTh BOAM 1 MOB'SI3aHI 3
HUMH XapakTepucTtuku. B3aemo3B's3ok 3HaueHb NDVIL 1 NDVIy mposiBinserbcs B
3aranbHii TeHaeH il 301abimenHs NDVly 1, oT:ke, KOHIEHTpallli JOMIIIOK Y BOJIHOMY
cepenoBui npu 30ubienni NDVI nns cyxomomny.

3a nanumu BumipiB NDVIy onTuuHrMU CYyTTyTHUKOBUMH CEHCOpPaMU 1 BiIOOPY
mpo0 Ha KOHIIEHTPAILIiI0 CYCIEH31i y BoJ1 Oyja OTpuMaHa 3aJekKHICTh KOHIIEHTpaLlii

cymapHoi cycnensii Cs Bix Beimmunau NDVIy (puc. 1).
Cy. /v’

80 —

60 —

40 —

20 —

|ND VI

Puc. 1. 3anexHicTh cymapHOi KOHIEHTpalil cycnensii Bix Beamunan NDVIw (emmipuyna

3,07

Cs =0,214NDVI,, [~

3aJICKHICTD 3a JaHUMH CYITYTHUKOBHUX BI/IMipIOBaHBI

B manomy Bunaaxy NDVIy po3paxoBaHo sik:

_ L,(0,8585) — L, (0,645) + L, (0,8585) — L, (0,645)
L, (0,8585) + L, (0,645) + L, (0,8585) + L, (0,645)

NDVI w
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ne Lwa BIAMOBITHO SICKPaBICTh BUCXITHOTO BUIPOMIHIOBaHHS BiJI MOBEPXHIi
BOJIM Ha JOBXKHUHI XBUJI1 A 1 ICKPaBICTh MOJICKYJISIPHOTO 1 a€PO30JIbHOTO PO3CISIHHS HA
A 7K€ JOBKWHI XBWJII.

Ile, B cBOIO uepry, Moxe OyTH TEPENHCAHO 3 ypaxXyBaHHSM KOMITOHCHTH

MOJICKYJIIPHOTO PO3CIFOBAHHS:

_ 1,(08585 —L,(0,645) L, (0,8585)+ L, (0,8585) L, (0,645)—L,, (0,645)

NDVI w = -
L,(0,8585 +L,(0,645 L,, (08585 +L,, (0,8585)+ L, (0,645) + L,, (0,645)

ne Laz — AcKpaBICTh a€pO30JIbHOTO PO3CIsIHHSA, Ly - ACKpaBICTh MOJIEKYJIAPHOTO

PO3CISTHHSA, Ky MOKHA OOUYHCIIUTH, BIAMOBIIHO JI0:

] @):rR(z)Fo'u)R(aS,av,cos,cov%
M T

ne *A) _ ontuuma ToBmmmHa miapy MOJIEKYJISIPHOTO  PO3CIIOBaHHS;

* — —
Toz _ onTHuHA TOBNIMHA 030HOBOTO miapy; o — Fo€XPl=7o (/C0sas +1/cosa, )]y _

OTMPOMIHEHICTh Ha BOJHIA mMOBepxHIi; Fo — ONpoMiHEHICT, Ha BEPXHIN MEXI
. as , aV ) q)s ) Q)V . . . .« . . .
aTMocdepu; — BIAMOBIAHO 3€HITHI 1 a3umMyTHI Kyt CoHIS i (hoToMeTpa

CYyIyTHHKA.

Emnipuyni Koe(ilieHTH PO3PaxXyHKOBUX PIBHSHb PO3CIIOBAHHS HAaBEACHO B

TaOJIHIII.
Tabnuys 1
Emnipuyni koedilieHTH po3paxyHKOBHUX PIBHSHb PO3CIFOBAHHS
A, MKM Fo, TR Toz
Bt/(M? MKM- cp)
0,645 162,7 0,0504 0,0214
0,8585 104 0,0162 0,00154

3icTaBieHHS BUMIPSHUX BEJIMYMH KOHIIEHTpALlli CyCIeH31i HaBeJeHO Ha pHucC. 2.
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|ND VT |

Puc. 2. 3icraBneHHs BUMIPSIHUX BEIHMYMH KOHIIEHTpAIIil CycreH3ii

[Hm1a ckagoBa po3CisTHHS Ha aepo30JIsIX B 3arajJbHOMY BUTIISAII OOUUCITIOETHCS
3a CITIBBIIHOIICHHSM:
’
L,(A)=F (1)-C,, - A"
BBaxkatouu B nepuomy HaOmmxeHH1 Ly =0, 3Haxonumo:

F, (08585 -C,, -0,8585™ —F, (0,645)-C,, -0,645"

NDVIW = :
F, (0,8585)-C,, -0,8585" + F, (0,645)-C,, -0,645"

3BIZIKA OTPUMYEMO:

1+ NDVI,,

n=-156-35In
1-NDVI,,

3nauennst NDVIy mnsa npo3opoi Boau 3MiHIOIOTHECS B Mexax Bif -0,45 no -0,6.
[Ipu oMy moka3zHuUK AHTCTpemMa 3HaXoIuThcs B Mexax Bia 1,82 go 3,28. 11 mani
BIJIMOBIAAIOTh OMYOJIKOBAaHUM pe3yJibTaTaM CIeliadbHUX JOCIIKEHb, MPUUOMY
MIHJIMBICTh TapamMeTpa N MOB's3aHa, TOJIOBHUM YWHOM, 3 XapaKTEPHUM PO3MIPOM
YaCTOK aep030Jisl — BEJIUKI BETUYMHU N BIJMOBIIAIOTH JPIOHIIINM YaCTKaM.

Amnami3 Beiaukoro yucia BenmuauH Ly(0,645) 1 Lm(0,8585) mis mpo3opux Boj 3
HE3HAYHOIO KOHIIGHTPALI€I0 CYCIIEH31l MOKa3aB, M0 MK MMM BEJIMYUHAMH ICHYE
BHUCOKa Kopessiiis, pieHa R=0,94. BianoBigHa 3ajexHICTh HaBeAcHa Ha puc.3, TaMm
’Ke TPUCYTHS JIiHiA perpecii. L[ 3anexxHicTh BUKOpUCTaHA AJIi YTOYHEHHS PO3MOALTY
3a cepenHix ymoB. Tak s mpo3opoi Boau BemuwumHa NDVIy nmopisaioe (31,0-
1)/(0,31+1)=0,5167, mo BiamoBimae cmoctepexeHHsM. BaroBuit MHOKHUK Caz 3a

ux ymoB fnopiBHioe 0,017.
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OIIHKY BIJIMOBIIAIOTh E€KCIEPUMEHTAIbHUM JIaHUM, a TaKOX eMIIIpUYHIN

C, =0,214NDVI,, | *”

3QJIEKHOCTI Hiticno, npu BkazaHoMmy 3HaueHHI NDVly

KOHIIEHTpaIis cycnensii nopisaioe 1,54 r/m°. 3 ypaxyBaHHSAM Bapiawiii eMIipuYHOi

sanesxuocri a(8589) = fIL (649)] \iinivanbie 3nauenus NDVIlw nms npo3opoi Boau
Moxe 3 BiporigHicTio 0,95 nmocsratu -0,625, KOHILIEHTpaAIlisl CYCIEH31i MpU I[bOMY

nopisuioe 0,9 /M3,

L.(0.8585), BT/(zM-MEM-CP)

" |r=0lo04a

L,(0.645). BI«"(ME'MK_\['C]J)

Puc. 3. 3anexHicTh MiHIMAJIBHUX 3HAUEHB SICKPABOCTI BUCX1JHOT'O BUITPOMIHIOBAHHS, XapaKTEPHUX

J— 2 —
JUTSL BOJ] 3 MiHIMAJIbBHUMHU KOHIIEHTPAIIIMU CyCIIeH311 ( L,(8589) =0,31[L,(649],R" = O'88)

TakuM YMHOM MM OTPUMYEMO TEOPETUKO-METOIUYHY 0a3y NJisi BU3HAUYEHHS
KOHLIGHTpaliid CyCHeH3i 1 3BaXEHUX pEYOBMH B BOJl 32 CHEKTPAJIbHUMU
MOKa3HUKAMU BIAOUTTS, 110 MOXKYTh OyTH BUMIPSIHI 32 CYTyTHUKOBUMH 3HOMKaMHu.
el migxig Moxke OyTH 3aCTOCOBAHMM MpU OIIHIOBAaHHS €KOJOTIYHOIO CTaHy
aKBaTOpid, BU3HAYEHHI TTOKA3HUKIB SIKOCTI BOJAM 1 OI[IHIOBAHHS PU3UKIB 3a0py/THEHb,
BHUBYCHHI B3a€EMOJIi1 CUCTEM CYXOJI1JI-BOIa TOIIO.

VY Boji, IK MOPCBKI, TaKk 1 BOAHUX 00’€KTax CyXOJI0Jy, ICHYIOTh JIBa OCHOBHI
TUTIA ~ YaCTOK: PO3CiIOI0Yl  CBITIO 1  (opMyrodi  SCKpaBICTh  BUCXIJHOTO
BUrpoMiHioBaHHs. Lle yacTku MiHepanbHOI 1 opraHiyHoOi cycrneHsii. Po3risiHeMo ix
CITIBBIJIHOIIEHHS 1 BIUIMB Ha BUMIproBaHy BennunHy NDVI.

Bimome, 110 BiTHOIIIEHHSI €HEPTii CBIT/Ia, BUTIKAIOUOTO MPHU OMPOMIHEHH] JIBOX

YaCTOK 3 PI3HUMH MOKAa3HUKAMU 3aJIOMJICHHS Nj 1 N2 BIAHOCHO BOJIU, PiBHE:
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2 2
n’-1 n,” -1

nl2 +2 n 22 +2

Jns miHepanbHOI cycnensii ni=1,15, maua opraniunoi — Ny=1,02. [lpu 1HmUX
pPIBHUX YMOBaX, €HEprisi pPO3CIIOBaHHS CBITJIa MIHEpAJIbHUMU YacCTHMHKaMu Oyze
npuom3Ho 50-70 pa3iB Oulbllle eHeprii po3CilOBaHHS OPTraHIYHUMH 4YacTKaMu (IJis
KOHIIeHTpallii apioHux Ps 1 Bemukux Pj wactok). Ile mo3Bomnsie po3risnati BeITUIHHA
Ps 1 P) sik KOHIIEHTpallii MiHEpaIbHOT Ta OPTraHIYHOI CYCIIEH311 BIAIOBITHO.

3riIHO 3 TPOBEASHUMH JOCITIDKCHHSAMU Mojaelb Mobmi-Konenesiua s
3BOPOTHOTO PO3CIIOBaHHS CBITJIA YHMCTOK BOJOK, MIHEPAIBHHUMH 1 OpPraHIYHUMH
YaCcTKaMU MOXKHA MPEJCTaBUTH Y BUTJI AL (3arayibHa exkosoris, 2011):

bb (/1) = 0,5bw (/1) + Bsst (l) Ps + BleI (/1) I:)1

ne iHgaekcu W, S, |, BITHOCATBCS BIIIOBITHO 10 YUCTOI BOAI, APIOHMX YACTHHOK
1 no Bemukux yactuHok; Bs=0,039, B=0,00064 — BiamoBiHO HMOBIPHICTh
3BOPOTHOTO PO3CIIOBaHHS JPIOHUMM 1 BETMKUMU 4YacTkamu; Ps 1 Pj — BiamoBimHO
KOHLIEHTpawis MIHEpaIbHUX 1 OpraHiYHUX YaCTUHOK B /™3,

b, (1) =5,826-107° (400/ 1) ***2 b, (1) =11513(400/2)" b, (4) =0,3411(400/2)°*

BIJIMOB1HO MOKA3HUKH PO3CIIOBAHHS JIJII YMCTOI BOJIU, IPIOHUX 1 BEIMKUX YaCTHHOK;
A — IOBXXMHA XBUJI1, HM.

BukopucTtoByrouu eMITIpUYHI 3QJICKHOCTI L, = 1(NDVI) ,

= — 70’326 . . . . . .
NDVI = -0,60%F; +FR) , a TAaKOXX crHiBBlHOIEHHS MK Ps 1 P) B moneni Komnenesiua,

3HAXOIMMO:

P, +0,01P, =1143(P, + P,)>*®* - 2146(P, + P,)*** +10,06

Ha puc. 4 nmokasani 3aJIe)KHOCTI KOHIIEHTpAIlli ApIOHUX YaCTHHOK MIHEpaIbHOI
CyCHeH311 1 BeJIMKUX YaCTUHOK OPTaHIYHOTO TTOXOKEHHS B 3aJIE)KHOCTI BiJ 3arajabHO1
KOHIIGHTpAIlii cycneH3ii. BuaHO, 10 CTaTUCTUYHO TIepeBaka€ KOHIICHTPAIIis
BEIIMKUX  OpraHiyHUX dYacTUHOK. CHIBBIIHOIIEHHS MDK  KOHIIGHTpAIisMU
MIHEpAJIbHUX 1 OPraHIYHUX YACTUHOK B MOPCHKOMY CEPEIOBHIII XapaKTEPU3YEThCS

3HaYHOI0 MIHJIMBICTIO. BOHO CHIIBHO 3aneXWTh BiJ MPOAYKTHBHOCTI BOJ 1 MpH ii
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30UIbIICHH] 30UIBIIYETHCA KOHIIEHTpAIllS OpPraHIYHUX 4YacTHMHOK. B cepennboMy Ha
OpraHiuHy CyCIeH3isl (KUBMH IUIAaHKTOH, JETPUT Ta 1HINA OpraHika) MpUIaaae

pu6sm3HO 80% 1 61m3bpK0 20% CTaHOBUTH MiHEpaTbHA CYCIICH3IS.

L£,(0,645).B I.--"(:u2 “MEM- ) L.(0,8585), BI.-'"(M2 “MEM-CP)

60 — 60 —

50 —

40 |
40 -

30 —
20 —

20 —

0.6 0.4 0.2 0 06 04 02 0
NDVI NDVI
a) 6)

Puc. 4. SlckpaBocTi BUCX1THOTO BUIIPOMIHIOBAHHS BOJHOI IOBEPXHI NPU

a) A=0,645 Mxm, 6) 1=0,8585 MKM

BignoBigHi perpeciiiHi 3ajie)KHOCTI JJIS TMOKa3aHUX BHITQJIKIB BUTJISIAIOTH
HACTYITHUM YHHOM:

L, (0,645) = 96,836(NDVI)? +109,95NDVI + 47,415
R? =0,85

L, (0,8585) =11342(NDVI)* +13344NDVI + 43671,
R* =0,93

TakuM 4YMHOM MH OTPUMYEMO MOXKJIMBICTb BHU3HAYaTU  PO3MOIIIHU

KOHHCHTpaIIiﬁ OKPEMHX KOMIIOHCHT 3aBHCJIUX PCUOBHUH 3a CIICKTPAJIbHUMH O3HAKaAMH

J133.
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2. Oninka e(QeKTHBHOCTI 3aCTOCYBAHHSI METOAMKH CYNYTHHKOBOIO
MOHITOPMHIY IHTEHCHBHOI0 UBITIHHS BOAOpocTell (MOHITOPHHIY CKYNYeHb
IVIAHKTOHHHMX BOJAOPOCTEH)

Cnin BpaxoByBaTH, 10 icHytoua Boana PamkoBa JlupexktuBa €C onHuM 3
aCTeKTIB OI[IHKA €KOJOTIYHOTO CTaHy Ta MOHITOPUHTY OBKIUUIA BKJIIOYA€E OLIHKY
riIpOMOPQOJIOTIYHUX XAPAaKTEPUCTUK BOJOMM Ta BOAOTOKIB. ToMy, 3a AYyMKOIO
MamkoBa, XKykayckaca ta Hiroponosoi (2019) «meroau /133 Bkpait HeoOXimH1 AJIs
KOHTPOJTIO 32 TAKUMH XapaKTEPUCTUKAMU SIK MaHAPYBaHHS, 3MIHU OEPETOBOT CMYTH.

Kpim Toro, ¢itornankToH Mae 6e3mocepeiHii BIUIUB HA SIKICTb MUTHOI BOJIU:
CYCIIEH3110, KOJIbOPOBICTb, TOKCHYHICTB, a IpPU 3HAYHOMY pO3BHUTKY OioMacu
BUKJIMKA€ 3aMOpu pub, MNOpYyIIEHHS poOOTH OYUCHUX CIOPYHd, 3a0pyJHEHHS
y30epesxoksa Ta MskiB. [Ioka3HUKU KITBKICHOTO PO3BUTKY (PITOIUIAHKTOHY HIUPOKO
BUKOPUCTOBYIOTHCSA MPU BU3HAYEHHI TPOPIYHOrO CTATyCy BOAOWM 1 JJIs MPUNHATTA
pIlIeHb 3 €KOJIOT1YHO1 peabiniTallii BogoiM. Pasom 3 TUM oTpuMaHHs JaHUX MPO CTaH
(ITOTUTAHKTOHY, a THUM OLIbII€ AKTyaJIbHUX JaHUX - JOCUTb TPYIOMICTKHM 1
BUTpaTHU Tiporiec. Bce 1e moTpedye 3acTOCyBaHHS Cy4aCHHUX TEXHOJOTIH
OTPYMMAaHHS BIATIOBIIHOI MOHITOPUHTOBOT 1H(hOpMAaIIii.

MeTtonuka, 110 po3riasgaEThCsl BUKOPUCTOBYE JaH1 JUCTAHIIMHOTO 30HAYBaHHS
3emii B Jiama3oHl JOBXKHH XBWIb 8-14 MKM (JIOBrOXBWUJIbOBE I1H(pavdepBOHE
BUIIPOMIHIOBaHHS), IIO JIO3BOJISIE OTPUMYBATH 1H(OpPMALiI0 MNpoO TErmIo(i3HyHI
BJIACTUBOCTI 00'€KTIB Ha MOBEPXH1 3eMJIi 1 B ToMy uucii BogoimM. Ciif BpaxoByBaTH,
[0 pacTpPOBi JaHI TEIMJIOBOTO BHUIIPOMIHIOBAaHHS 13 CEPEAHIM MPOCTOPOBUM
po3pizHeHHsM ceHcopa TIRS, BcTanoBeHor0 Ha cynmyTHUKY Landsat-8 mpencrasneni
B JIBOX criekTpainbHuX miama3zonax (10,3-11,3 mxm i 11,5-12,5 mxwm).

J51s mepeTBOpEHHS PaCTPOBUX JAaHUX TEIUIOBOTO BUIIPOMIHIOBAHHS B PO3MOALI
TEMIEpaTypyu MPOIMOHYETHCS BUKOPHCTOBYBATH 3BOPOTHE piBHAHHA [lnmaHka ass
TEIUIOBOTO BUIPOMIHIOBaHHS «ciporo Tina». lle mneperBopeHHs [03BoyIA€ 3
ypaxyBaHHSIM Koe(]illleHTa TEINIOBOTO BHUIIPOMIHIOBAHHS, BIOOPaXUTH 37aTHICTH

PI3HUX MOBEPXOHb BUIPOMIHIOBATH Terio. OTpuMaHi TEIJIOBI KapTU I03BOJISIIOTH
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BUBUUTH TETEPOrE€HHICTh IMOJIB TEMIIEpaTypd TEXHOEKOCUCTEM Ta IOKa3yIOTh
e(eKTUBHICTh HOBUX CIOPYJ MO PETYIIOBAaHHIO TEPMIYHOTO PEXHUMY Yy BOAOHMAax-
OXOJIO/KYBauax.

300pakeHHsI sIBUINA «I[BITIHHS BOJW» CYNMYTHHKOM Sentinel-2 Ha mnpuxiami
Kpemenuyipkoro Ta KaxoBcbKOTro BOIOCXOBHII MPEJCTABICHO HAa puC. 5. dparMeHT
KOCMIYHOT0 3HIMOK Landsat 8 1110710 4OCIIIPKEHHS TPOCTOPOBOTO PO3MOJILITY AISTHOK
IBITIHHA CHHBO-3€JICHUX BOJOpOCTe Ha TepuTopii KuiBChKOro BOJOCXOBHINA B
pailioni HaceneHux NyHKTIB KozapoBuui — JIIOTiXK) MNpeACTaBIeHO Ha puc. 5.
PesynpTaTn  gucraHmiiHOro  MOCHiIKEHHS  BojgoiM  [liBIeHHO-YKpaiHCHKOTO
eHeprokomiiekcy Ha mnpuknanl Tamommnbekoi ['AEC cranom na 10.08.2020
(Temmeparypa MOBEpXHi; KapTH PO3MOiTY HOPMAII30BaHOTO BEreTaIllifHOTO 1HJIEKCY
(NDVI); kaptu HOpMastizoBaHOro BiHOCHOTO anbroingekca (NDAI)) npencraBieHo
Ha puc. 7. JluHamiky po3noauTy NOKa3HUKIB TEMIEpaTypu MoBepxHi HeTimmHcbKoro
BOJIOCXOBHINA (BOJOMMH —OXoJIoMKyBada XmenbHuIbkoi AEC) mpeacrtaBiaeHo Ha

puc.8.

a 0

Puc. 5. 3006paxeHHs sIBUILA «IBITIHHS BOJW» CYIIyTHUKOM Sentinel-2 Ha mpuKIIai:

a - KpemeHuy1pkoro Bojgocxosunia orpuMane 22 cepnns 2019 poky;

6 - KaxoBcbkoro Bojocxosuiia orpumane 10 ceprus 2020 poky
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I - - 0046718787
[ -0.046718787 - 0,020463413

I 0.020463413 -1

Puc. 6. [locnipkeHHs: IPOCTOPOBOIO PO3NOALUTY JUISTHOK LIBITIHHS CUHbO-3€JIEHUX
BojiopocTelt Ha TepuTopii KuiBchbkoro BogocxoBuila
(a — pparmenT KocMmiyHOTO 3HIMOK Landsat 8 cranom Ha 13.08.2020;
O — PO3IIO/LT 3HAUEHb BETETALIHHOTO IHACKCY Y HAWOLTBIIIOMY

ocepeKy "LBITIHHA" B paiioHi HaceneHux MyHKTiB KozapoBudi — JIroTixk)

[
L
5 [l
B B
¥ ¥
TemnepaTypa 10.08.2017 Y ( ] ! q
B 22577062 - 2551494344 L4 \h
[ 25 51404345 - 26.175804432 | { 3 L3
[ 26.17584433 - 26,7631 77 ndvi_10.08.2017 [ ndai_10.08.2017 [
[ 2676331178 - 27.05704548 [ -0.462249577 - -0 208626858 h I 0375355013 - 0.506130619 %
[ 27.0570455 - 2724082507 I 0208626555 - 0.181452995 el I 0.506130610 - 0 520871968 k
[ 27.24062008 - 27 46082936 [ 0181452995 - 0.163337087 .‘| &
[T 27,4002037 - 27 82809652
] 27.528098553 - 26 23198038

T 25.2515804 - 28 56243083
I 25 56243084 - 3134036865

] -0.163337087 --0.136163224
[T -0.136163224 - 0017821998
I 0017821998 - 0285031648
I 0755031545 - 0692639589

] 0.520871968 - 0532665048
[ 0.532665048 - 0.547406397
[ 0.547406357 - 0.618164875
[ 0618164875 - 0.800957608

[ 0800057608 - 1131163636
!
)’

&
k!
°

¢

i
§ emik}
o

Puc. 7. Iucranuiitne gocnijpkeHHs BogoiM HOxkHO-YKpaiHCHKOTO €HEPrOKOMIUIEKCY Ha MPUKIIAIL

Tammmproi TAEC crarnom Ha 10.08.2020
a - TeMIepaTypa MOBEPXHi; 6 - KapTH PO3MOiTY HOpMali30BaHOTO BereraiiitHoro ingekcy (NDVI);
6 - KapTH HOPMaJTi30BaHOTO BiTHOCHOTO aybroinaekca (NDAI)
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fara 23102013

Temneparypa nosepxHi, rpaa.C [lara 18.00.2015

‘Temunaparypa nosepxki, rpan.C

ST T [ [ T
3 ¢

i s, i L

s 5 4 A T ooz 03k
e e ST TN OO, oL C 0 02 0§ 1K —— [J0TGRAN PCINTAINY ~OMTOPETYRH NOBIPXHI

a 4]

Puc. 8. lunamika po3noiiry MOKa3HUKIB TeMIepaTypu nosepxHi Herimmacbkoro
BOJIOCXOBHIIA (BOAOKHMHU —0X0J10/KyBaya XMenbHubkoi AEC)

(a — ctanom Ha 23.10.2013; 6 — ctanom Ha 18.09.2020)

[IpoBenennii aHayi3 CBIMYUTH, IO 3MiHI 3a0apBieHHS BOAU («IBITIHHS»)
MPOSIBJISIIOTECS BHACTIOK MAacOBOIO PO3MHOKEHHS MIKPOCKOMIYHUX BOAOPOCTEM.
Came ToMy MeToau 00OpOOKH KOCMIYHUX 3HIMKIB JIJIS1 BUSIBJICHHS JIJISTHOK «IIBITIHHS
BOJIM 3a3BUYail 0a3yloThCsl Ha aHami31 Bapiaiii koedimieHTy aqudy3HOTro BiIOMBaHHS
CBITJIa MOBEPXHEBMMHU 1 MIANOBEPXHEBUMHU IIApaMU BOAM MpPHU 30UIBIIEHHI B HUX
KOHIIeHTpaIli ¢giTorankTony. [IpoBeneHnii aHami3 CBIAYUTD, 110 JJIsI CIOCTEPEIKEHD
HaOUIbIIIe MIIXOAUTh YepBOHA 00JIaCTh CIEKTPY BUAMMOTO Aianazony 600...700 um
Ta OnvxkHIM [Y-mianazoH. /s BUSBIEGHHS AUISTHOK LBITIHHS BOAM JA00OpE MIIXOJUThH
Bereramiiauii  iHAekc Normalized Difference Vegetation Index (NDVI) aine
JOIIJTLHUM € 3aCTOCYBAaHHS IHIIUX 1HJEKCIB OI[IHKK CTaHy BOJOWMH, TaKHUX SIK
mytHOocTi — Normalized Difference Turbidity Index (NDTI) anbroinaexcy —
Normalized Difference Algae Index (NDAI) Tta 1H. Takox [101aTKOBOIO
nemu@pyBaIbHOIO O3HAKOK MpH 1eHTU(IKAI «IBITIHHSI» BOJU MOXE CIyTryBaTH

TEKCTypa 300paKEHHS, TaK IS JUISHOK IHTCHCHBHOTO «IIBITIHHS» HaW4acTiIe
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XapakTepHa crernudiuHa HUTKOIO10Ha TeKcTypa. Ha KocMiYHHMX 3HIMKAxX BHUJIHO, 110
o0JjacTi 1HTEHCHMBHOTO IBITIHHSA BHUTATYIOTBCA Y3/0BXK TEUil 1 BTATYIOTHCS JO
BUXPOBUX pyXiB. Tak0oX BU3HAUEHO, 1110 HAa MIEPEHECEHHS BOJOPOCTEN HaW3HAYHIIINAN
BIUIUB Ma€ BITEp. Y TMEpioayd 3 TPUBAJIOK TEIUIOK, COHAYHOK 1 OE3BITPSHOIO
MOTo/I0K0 I1iaHOOaKTepii O0'€NHYIOTBCS B arperar, siki CIUIMBAIOTh JI0 MOBEPXHI,
YTBOPIOIOYM TOBEPXHEBI ab0 MiAMOBEpXHEBl ckymueHHs. [lpu 1pomy ciin
BpaxoByBaTH, IO JaHi, OTPUMaHI MpPU CYMyTHUKOBUX CIOCTEPEKEHHSIX MOBHUHHI

BepU(DIKyBaTH 3 pe3yibTaTaMH NOJbOBUX HA3EMHUX JOCIIIKEHb.

3. Ouinka pu3MKiB MOBeHe#ll i MIATOIVIEHb 3 BUKOPHUCTAHHAM JAaHUX
CYNYTHHKOBOI'O CIIOCTEePEKEHHS

Pesynpratn mocmimkerds MaikoBa Ta iH. (2019) miaTBepIKyOTh, IO s
OLIIHKMA PU3MKIB MOBEHEH 1 MIATOIUIEHb JOLIIbHE BUKOPHCTOBYBATH A€POKOCMIYHI
TEXHOJIOT1i». MOXIUBICT BH3HAYEHHS PU3UKIB MIATOIJICHh 0a3yeTbcsi Ha
OOTPYHTOBAHOI MOKJIMBOCTI BU3HAUEHHS B3aEMO3B 13Ky MIXK 3MIHaMU CHEKTPaIbHUX
XapaKTEPUCTUK BIJOUTTS TMOBEPXHI Ta CTPECOM EKOCHCTEM, BHUKIMKAHUM €0
30BHIIIHIX (aKTOPiB (Qstress). 11 OMUCY CHEKTPaIbHOTO BIAOUTTS OKPEMOTO THITY
noBepxHi N (me N — kjac, BIAMOBIIHO 0O MOMNEPEAHLO MPOBEACHOI Kiacudikarlii
36MHHUX TIOKPOBIB) BBEAEMO I1HTErPOBAHUN I1HAMKATOP — IHJEKC CHEKTPaIbLHOTO
BinoutTsas SRI, mo Oynme mpexacraBieHo sk (pikcoBaHa KOMOIHAIS CIEKTPaIbHUX

XapaKTEpUCTHK B OKPEMHUX CMYTaxX CIEKTPY I. B 3aranpbHOMYy BUIIaAKy MOTO BHUIJISL

MOHA TPEJICTABUTH SIK: SRI, = 1(r,). , 16 T — MOMEHT 3ioMKH. B HamoMy Bumagky
e Moxxe Oyt Oynp-skuii 3 iHgekciB NDVI (a6o ARVI), EVI, skxi marote 3mory
BU3HAYUTH TEHJEHI(T 3MIH JTOCTIKYBAHUX €KOCUCTEM (KPIM TOTO, KOPUCHUM MOXKE
oytu ingekc PRI (Photochemical Reflectance Index)); «ctpecoBi» iHaekcH: iHaEKC
SIPI (Structure Intensive Pigment Index), Bogumii inaexkc NDWI ta ingekc crpecy
pocmunHocti PSI (Plant Stress Index). B 3anexHOCTI Bii KOHTPOJIBOBAHOTO
napameTpy, Oyp-sKiii 3 ICHyIOUHX CIIEKTPAIbHUX 1HACKCIB MOKE OYyTH BUKOPHUCTAHIN

SIK Takoro poAy iHnterpoBanuii inaukaTop(ingekcu PRI, SIPI a6o NDNI - Normalized
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Difference Nitrogen Index). BpaxoByroun MOXJIHMBICTH OTPUMaHHS OaraTopa3oBUX
3MOMOK, BBOAMMO IHJEKC, IO BimoOpaxxae 3MIHM JOCHIIKYBAaHUX CIEKTPaIbHHUX
MOKA3HUKIB 3a TMEpioJl CHOCTEPE)KEHb — HOPMOBAaHUM 1HAEKC CHEKTPaIbHOTO
BIIOUTTA:

max{SRI_}-SRI_

SRI*_ = -
max{SRI_}—-min{SRI }

.. * . .
Toni indopmaTHUBHOIO O3HAaKoW MoxkHa BBakatn ASRI™ - pisgmmo wmix

cepe/HiM T0 Mepiofy crocTepekeHb 3HaueHHAM SRl ™ Ta 3adikcoBaHUM Ha MOMEHT

. SRI'*
3MOMKH 3HAYCHHSIM T,

PiBHSIHHS, 10 BHU3HAYa€ HMOBIPHICTh CTPECY, BHUXOASYM 3 CYKYIHOCTI
CHEKTPAJIbHUX XapaKTEPUCTHK 3€MHOi IMOBEPXHI, 3aIpPONOHOBAHO BIAMOBIIHO 0

npaBwia baneca:

Ps (Xv y) ’ H I:)N (ASRI*l Qstress)

P(ASRI * ) tress / — )
(ASRI™* (X, ¥) | Qqiress) [ Py (ASRI*|Q)dP, (x, y)

X,y

_ PS (X’ y) ' I:)N (ASRI*l Qstress)
Py (ASRI*| Qqyes )Ps (X, ) + Py (ASRI* | Qy)P, (%, )

B 1mpomy piBHSHHI 1HAEKC Qstress BIAHOCHUTBCS JO [IJISHOK i BIUIMBOM

cTpecoBuX (hakTopiB, a iHACKCOM Qo MO3HAYEHO Kjac MIKCENiB, B SKUX Jii TaKUX

dbakTopiB TOCTOBIpHO Hemae. MIMOBIpHICTH Ps (x.y) BU3HAYAETHCS, BUXOASYM 13
pO3MOAUTY JTaHUX CIOCTEPeX EeHb, TOOTO HamiBeMIipu4yHO. CHiBBITHOIICHHS

. lim(Ps (x, y), + R (x,y),) =1
WMOBIPHOCTEMN Ps(xY) 1q Fo(XY) BH3HAYAETHCS SIK *V7 ’ . Mo

BU3HAYCHHS BIPOT1IHOCTI Ps(%Y) mosma CKOPHCTATHCS TIPABUIIOM, 110 Oa3yEThCS Ha

2 /52
BUKOpHUCTaHHI BaroBoi ¢yHkuii ["ayca: P (%, ¥) = Prin + (Prax = Prin) 'edS/ch. Tyt Ps (x.Y)
— WMOBIpHICT, HasgBHOCTI (a00 BUHUKHEHHS B MacmTabax dacy mepioay
CIIOCTEPEKEHb) CTPeCYy; Pmax — MaKCHMaJIbHO MOXJIMBA BIPOTITHICTh IMMOTOYHOI
HAsIBHOCTI CTPECY B JOCIIIPKYBaHOMY MICII1, sIKa 3aJIeXKITh B TUITY CEHCOpa, (i3UKO-
reorpadiuHuX 0COOJMBOCTEH perioHy Ta Ty moBepxHi (Pmax A cencopis Landsat

TM 1 ETM € 0,25 — 0,3); Pnin — MiHIMaITbHA BipoTigHICTh (Pmin € 61u3pkoro 0,01);
Po3ain 1 Chapter 1



63

ds(X,y) — BiacTaHb Bif HAHOJMKUOIO MiCIs, SIKE€ 3HAXOAUTHCS IMiJ 3aPEECTPOBAHOIO
TI€I0 CTpecy; o0p — EMIIPUYHUNA MMOKAa3HMWK, II0 Ma€ BHU3HAYATHUCA HA OCHOBI
MOJIITOHHUX JIOCIIIKEHb, BUXOJITYH 3 OCOOJIMBOCTEH POCIMHHOTO MOKPUBY TEPUTOPIT
JIOCTIKEHb Ta THIy ceHcopy (Hampukian, mas Landsat TM i ETM B periowi

JOCTIKEHb TOKa3HUK op € 1,1 — 1,5 kxM). Takum yuHOM ISl pErioHy MOCIIKEHb 1
cercopie Landsat TM i ETM Ps (X Y) noske OyTH BHW3HAUECHHI 3a JOIMOMOTOIO

5
_ o /169 . .
Po(x,y)=001+026-¢ ™% 34194q BusHauenHs MiAgHOK B Mexax knaciB N 3

dbopmymnu:
KOOpJIMHATAMU X, Y MiJ JII€I0 CTPECy, BUKIMKAHOTO BILTUBOM (DAKTOPIB Qstress, MOXKE
OyTu 3BeAeHOi N0 3ajgaul Kiacu@ikaili 3HIMKIB B MeXaxX OOpaHUX NEpIoaiB i,
CHEKTPaJIbHUX CMYT [; TUIIB CEHCOPIB Ta PEriOHY AOCIIHKEHb.

Po3spaxoBani B pamMkax UbOTO TMIAXOJYy JIOKajdbHI 3HAYEHHS PU3BHKIB

IIPEACTABIICHO HA puC. 9.

0,25-0,3 0,3-035 0,35 - 0,4 0,4

Puc. 9. Po3paxyHKOB1 pU3HMKH MiITOIIEHb TEPUTOPIN MO MIKPIUYIO

pp- Hpun’ate 1 Croxin y [lonicbkkoMy perioHi

HaBeneHi pu3uku OIiHEHO B TepMiHAX WMOBIPHOCTI BUHUKHEHHSI HETAaTHBHUX
HACIIKIB MOAIl B pa3l peani3alli CyKyImHOCTI YMOB, IO CHPUSTUMYTh BUHUKHEHHIO
noaii. Buxoasum 3 ymMoB, 3alaHUX MOJICTLHUMHU PIBHSHHSIMH, MOXKHA CKa3aTH, IO
3HadeHHs pu3uKy 0,5 o3HAYae, M0 32 YMOB JOCTOBIPHOTO TIEPEBUIICHHS CEPETHHOTO
PIBHS CE30HHUX Bapialliii onajis, abo BIMOBIIHO CTOKY, Y BIJIOBITHOMY MicCIli Oye

3a(pikcOBaHO BHIMAJOK MIATOIUIEHHA. ToO0TO pu3uk 0,5 3a HasBHUX KIIMAaTUYHHUX
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TEHJICHIII TMPAaKTUYHO O3HAya€ MIOpIYHE MIATOIUICHHS OyAb-IKOTO pIBHA 3
Biporignictio 0,86 B mepioa 2010-2012.

ba3zytouuce Ha OI[IHEHHUX JIOKaJbHUX Ta PET1OHATBHUX PU3HMKaX MiATOIUICHb, a
TaKOX BHKOPHUCTOBYIOUHM B SIKOCTI 0a30BOTO MiJAXOAY METOJ OLIHKA KOMILJIEKCHUX
Mip  PU3MKY 32  pe3yJbTaTaMH  CHUIBHOTO  aHalmizy  OaraTOBHMIpHUX
MYJIbTUBAPIaTUBHUX BEJIWYMH, OYyJIO OI[IHEHO PH3UKH IIOBEHEW Ta IMiATOIUICHD.
PesynbTaTi po3paxyHkiB npeacTaBieHo Ha puc. 10.

TakuM 4YMHOM, 3alpPONOHOBAHO MIAX1J 1O OIIHKKA PU3UKIB MIATOIUIEHH Ta
METOJIMKY PO3PaxyHKY MPOCTOPOBUX PO3MOJAUIB PETiIOHAIBHUX MOKAa3HUKIB PHU3UKIB
MIITOTUICHh 3a JIOTIOMOTOI0 JaHWUX CYIYTHUKOBHX CIIOCTEPEKCHb B ONTHYHOMY
Jiara3oHi, BU3HAYECHO HAOOpU JAHUX, OI[IHEHO IMOKAa3HHWKH OCHOBHUX 3MIHHUX IS

KOHKPCTHHUX CGHCOpiB.

Puc. 10. a) CuenapHuii po3paxyHOK MOKa3HUKIB pU3HKY BUHUKHEHHs ToBeHel Ha nepion 2030p.;

6) CuenapHuil po3paxyHOK MOKa3HHUKIB pU3UKY PO3BUTKY MpolieciB miaTomieHHs Ha nepiog 2030 p.

3acTocyBaHHS TeoiH(OpMAIIHHOT CUCTEMHU MOHITOPUHTY JTOBKULIS JTO3BOJISIE
sMeHImmMTH noxuOku mepmoro (mo 0,045) ta nmpyroro poay (mo 0,001) mpwm
OIL[IHIOBaHHI €KOJIOTITYHHUX 3arpo3 Ta PHU3UKIB 3a0pyJHEHHS JOBKULIS, BUKH/IIB,
CKH/IB, IX HAKOIIMYEHHS.

[IpoBenenuii aHami3 CBIIYUTH MPO JOLUIBHICTH TPOBEAEHHS (DOHOBOIO
MOHITOPUHTY, a HE TUIBKM KOHTPOJIIOBATM CTaH JOBKUUIA TMiJ 4Yac KOHTPOJIIO

mporieciB foro 3abpyaHeHHs. Hampuknan, BumiproBatu skicte Boa Ha 500 merpi
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BUIIE 1 HIKYE MICI CKUIY 3BOPOTHHX BOJ, SKE BOHHU KOHTPOJIOIOTH. Lle
OOTPYHTOBYETBHCSI THUM, IO OE3KOHTPOJBHE AHTPONOTEHHE 3a0pyMHEHHS TOBKLLIA

MOKC IIBUAKO IMPU3BECTH 10 AYKC HCIraTUBHUX HaCJ'IiI[KiB.

BucHoBku

B po6oTi po3risHyTO 0COOJMBOCTI BHU3HAYEHHS KOHIIEHTpAIlId CYCIIEH31H 1
3B&KEHUX PEYOBHMH B BOJI 3a CHEKTPAJbHUMHU IMOKa3HHUKaMu BiaOuTTsa. Hamano
MPOIO3HIIIT MO0 OLIHKKA €(EeKTHUBHOCTI 3aCTOCYBaHHS METOAMKU CYIyTHHUKOBOIO
MOHITOPUHTY 1HTEHCHUBHOTO IBITIHHA BOJOPOCTEH (MOHITOPUHTY CKYITY€Hb
IJITAHKTOHHUX BOJOPOCTEi). 3aponoHOBaHA TEXHOJIOTIS OIIHKK PU3UKIB MOBEHEH 1
HiATOIUIEHD 3 BUKOPUCTAHHIM JIaHUX CYMYTHUKOBOI'O CIIOCTEPEIKEHHS.

JlocnikeHHsT B3a€MO/IIi €KOCUCTEM CYXOJI0JIy 1 BOJHUX OO’€KTIB MOKa3alu,
1o iHaekc Beretanii NDVI Moxe BUKOpUCTOBYBATHUCS SIK €KOJIOTTYHUIN 1IHIUKATOP SIK
st 6eperoBoi (NDVIL), Tak 1 mns 50-70 kv nmpubepexknoi 3oau (NDVIW). Tlo
PO3MOIUTY Al CYXOJOJly MOXKHA CyAWTH TPO TMapaMeTpu EKOJIOTIYHOTO CTaHy.
[TpocTopoBi po3moniiv sl BOAHOTO CEPENOBUINA KOPENIIOIOTh 3 TaKUMHU OMNTIKO-
010JIOTIYHUMH TTapaMeTpaMu SIK KOHIIEHTpaIlisl XJI0poduTy-a 1 MiHepaJIbHOI CYCIIEH31],
MPO30PICTh BOJM 1 MOB'sI3aHI 3 HUIMHU XapaKTEPUCTUKH.

Jj1s mepeTBOpEHHS pacTPOBUX JaHMX TEIUIOBOTO BUIIPOMIHIOBAHHS B PO3MOALI
TEMIEpaTypyu MPOMOHYEThCSI BUKOPHUCTOBYBATH 3BOPOTHE piBHAHHA [lnmanka s
TEMJIOBOTO BUIIPOMIHIOBAHHS «ciporo Tijnay. lle mnepeTBopeHHs [03BOJSE 3
ypaxyBaHHAM Koe(ilieHTa TEIUIOBOTO BHUIIPOMIHIOBAHHS, BiIOOPaKUTH 3HATHICTH
PI3HUX MOBEPXOHb BUIPOMIHIOBATH Terio. OTpUMaHi TEMJIOBI KapTH 103BOJISIOTH
BUBYUTH TETEPOrCHHICTh IIOJIIB TEMIIEPaTypH TEXHOEKOCHUCTEM Ta IOKa3yloTh
€(eKTUBHICTh HOBUX CIHOPYJl MO PETYJIOBAaHHIO TEPMIYHOTO PEXHUMY Y BOJOHMAax-
OXOJIO/IKyBayvax.

CTBOpEHHS aBTOMATHM30BAaHOI CHUCTEMH EKOJIOITYHOTO MOHITOPUHTY BOJHHX
TEXHOEKOCHUCTEM Iiependadae (opmaiizaiiio KiIaciB CHUCTeMHU OOpoOKH JaHMX

CIIOCTEPEKEHHS SKOCTI BOJ| 32 paXyHOK (pOpMyBaHHS Ta yTOuHEHHs TuUnoBux UML-
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MOJIeNIeH KJ1aciB PI3HUX aCMEKTIB (DYHKI[IOHYBAaHHS Ta MPU3HAUYCHHS CUCTEMH: MOEINI
00’€ekxTiB, MOzeN Cy0’€KTiB, MOJAEII METOJAMYHOTO (METPOJIOTIYHOTO) 3a0e3MeueHHs
CIIOCTEPEKEHHSI  SKOCTI BOJ, MOJENII TEXHIYHOro 3a0e3leueHHs, MO
iHpopMariiiiHoro 3a0e3nedyeHHs. AJTOPUTMIYHE Ta MpPOTrpaMHe 3a0€3MEeUeHHs IS
3aCTOCYBaHHS 3alPOIMOHOBAHUX METOJIB aBTOMATH30BAHOTO CHHTE3Y MPOTPAMHOTO
Koay 1HGOPMAIIMHUX CHCTEM CIIOCTEPEKEHHS SIKOCTI BOJ HaJa€ MOXJIUBICTh
aBTOMATUYHO CHUHTE3yBaTH BIAMOBIAHI TaOnuii, GopmMu Ta 3B’S3KHM MK JaHUMHU
BIJIMTOBITHO O BUMOT KOPUCTYyBada JI0 CHCTEMH, 1110 MPOEKTYEThCA. Po3paxyHKH, 110
CYHPOBOJIKYIOTH BiJIOIp TPp0o0, 3AIHCHIOIOTHCS 3a JIOIMIOMOI'OK OKPEMHUX ITiIMPOrpam,
o no3Bojsie 3acrocoByBath ['IC-momynb s Bi3yamizamii pe3ysibTaTiB 0OpOOKH
JAHUX KOHTPOJIO MO CKHUJIaX Ta CTaHy BOJA 1 0a3 JaHUX aBTOMATHU30BaHOI CHCTEMU
ekosioriyHoro MoHiTopunry Ha kapTi ['IC sk Ykpainu B HijloMy, Tak 1 OKpeMHX

o0J1acTell Yh BEJIMKUX MICT.
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Abstract

The article considers innovative technologies of machines with computer
numerical control (CNC) in the context of wooden design-objects fabrication. This
study is based on the experimental furniture modelling which is implemented into the
educational process of bachelors and masters at Kharkiv State Academy of Design
and Arts according to the educational and professional program "Environmental
Design”. It were described the features of production technology and algorithm of the
process of manufacturing parts on a three-axis CNC machine. It were systematized
the main strategies of material processing on CNC machines (vector and 3D). It was
presented the results of experimental course and diploma modelling of design objects
in the educational process of the department "Environmental Design" KSADA. The
implementation of complex parametric forms of wooden materials is provided by
modern machines with computer numerical control (CNC). Virtual modelling
programs have expanded the variety of forms of design-objects. In this work it were
substantiated the ecological and economical aspects of technological characteristics

of CNC machines in the aspect of nature management.
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Introduction

Modern furniture fabrication is based on professional design and the use of
high-tech equipment. Analytical review of literature sources and world design
practice showed the lack of systematic study of the stated problem, which indicates to
the relevance of the research topic. This paper describes the experimental modelling
of design objects performed in the framework of Bachelor's theses for the Bachelor's
Degree. On the basis of which the influence of technological possibilities of CNC
machines on composite solutions of furniture constructions and joints was determined
for the first time. This is the novelty of this study. It was further developed the
effectiveness of innovative technologies of CNC machines in expanding the
variability of the formation of high-quality design objects. Numerical control systems
are described in (Anishchenko, 2012; Online magazine "All about CNC"). The study
of experimental furniture technologies in design education began in (Trehub, 2019;
Tregub, Bosiy &Morgun, 2019).

The purpose of this study is to identify the environmental and economical
component of the technological characteristics of CNC machines, their impact on
improving the efficiency of using wooden materials in the process design-objects
creation.

Research tasks: to determine the properties of environmental friendliness and
efficiency of CNC machines in the production of wooden design-objects; to
systematize technological processes of objects fabrication on CNC machines; to carry
out approbation of technological methods on CNC machines in the manufacture of
furniture within of experimental design (educational and professional); to outline the
degree of influence of this technology on the architectural environment ecology and
the formation of design elements in the context of the paradigm of sustainable
development of the living environment.

Given the interdisciplinary nature of the research problem, the methodological
basis of the work was chosen system-environment approach. The empirical base

contains observations, descriptions of exhibition materials, technological processes,
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photo-fixation of experimental modelling design products (educational and
professional). The method of design-experimental modelling is to find and develop a
rational design and technological object form using the principles of ergonomic

design.

1. The current state of study of the problem

The woodworking industry is an important component of Ukraine's economy.
It was formed in the period of 1950s-1990s, when the enterprises began to implement
mechanized and automated equipment lines, the latest equipment with software
control, modern technologies and materials, especially in the furniture industry. This
trend continues to develop now.

Furniture equipment is a subject of daily human use. Advanced CNC
technologies have become a driving force in the development of furniture design.
Since the end of the twentieth century, there has been a global trend towards the
development of various experimental concepts in the field of shaping of
environmental design-objects with the involvement of new capabilities of computer
technology and industrial equipment.

It is also possible to get acquainted with innovation production technologies
and their capabilities from international exhibitions of subject design, modern
machine tools for wood processing. Every year a large number of exhibitions are held
in different countries of the world: Salon Internazionale del Mobile (Milan, Italy),
Habitare (Helsinki, Finland), Interior. Furniture and Interior Decoration Fair (Tallinn,
Estonia), Maison & Objet (Paris, France), International Design Furniture Fair Hong
Kong (Hong Kong, Japan) and others. In Ukraine, these are currently annual
exhibitions in Kyiv: KIFF, FTCT Innovations (furniture technologies, components,
textiles), FURN‘EQUIP.

In the Internet it is possible to find a large number of companies that offer their
services for the manufacture of the equipment of object-spatial environment by

individual design or already existing models. There are many types of machines for
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woodworking and furniture production, which can be found on the websites of CNC
machines fabrication. Each of them is endowed with certain technological features
(Online magazine "All about CNC"). There are several leading enterprises in Ukraine
that manufacture CNC machines for various purposes, including for wood
processing: Stan-Komplekt (Kyiv), Dominant (Bila Tserkva, Kyiv region),
InStankoService (Odessa), Vector (Kharkiv). In the framework of this study, it was
decided to consider technological capabilities and provide classifications based on a
CNC milling machine with three coordinate systems (machine milling and engraving
woodworking VFGD™ ATS- 2515.Pro "Stankoservice - Yug LLC"), both high-tech
and with a wide range of design capabilities. The latest technology materials
processing are increasingly appearing in enterprises. The possibilities of shaping in
the objects design have expanded the programs of virtual modelling, and the
implementation of complex shapes in the material today is provided by the latest
CNC machines. Woodworking CNC centres is the most common type of modern
machines, which is at a high level of technical equipment and production processes
organization. It has a wide range of different processing methods and it is highly
accurate. The high level of reliability and quality of production with the use of CNC
machines compared to manual work are to expand technological capabilities and
automation of production. It is the technological indicators of CNC machines that
determine the technological potential of the equipment. The correct choice of the
machine equipment type and method of processing allows to reproduce design ideas
qualitatively, helps to optimize production process and the accompanying factors.
The effectiveness of the use of such equipment in the manufacture of furniture is
confirmed by both domestic and foreign experience of single and serial production.
Computer numerical control of the machine is an automatic control of the
milling workflow according to a certain program. Such program is the form of
combinations of numbers and letters that determines the magnitude and nature of
movements of moving parts of equipment, cutting system (executive bodies). The

machine with computer numerical control (CNC) is a high-tech modern equipment. It
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Is intended for mechanical processing of various materials by means of the special
cutting tool — a mill. Milling is due to the rapid rotation of the cutting tool. The CNC
machine is controlled automatically by a computer and a specific processing
program, which is developed in CAM programs based on a working drawing of the
part. Prior to the invention of the CNC system, the machine was controlled manually

or mechanically.

2. Features of production technology on CNC machines

The use of CNC machines in production is becoming more common than
manual labor. This is due to the fact that CNC equipment has significant differences
and creates certain advantages, which is reflected in the economic and environmental
aspects.

The advantages CNC machines use in the wooden design-objects fabrication
process:

 the reduction of time and cost of resources at the preparatory stage of
production and, as a consequence, increase productivity and affordability of the
product;

* the speed and flexibility of the manufacturing process of objects or parts,
which allows you to make changes at different stages of production;

« the high accuracy of processing of details, reduction of quantity of marriage;

* the reduction of the total duration of the production cycle;

» the possibility of fast and high-quality serial production;

« saving of labor resources, control of the machine can be realized by one
person - the CNC operator;

 the possibility of different methods of processing parts on one type of
equipment;

» the rational use of material that has an impact on economic and
environmental aspects.

The process of manufacturing parts on a three-axis CNC machine:
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1. The vector drawings are made by means of such computer programs as:
CorelDRAW, ArtCAM, ArchiCAD, Rhinoceros etc. The 3-D model can be created in
such computer programs as: Rhinoceros, ArchiCAD, Autodesk 3ds Max etc.

2. The finished vector or model is entered into the CAM program (RhinoCAM,
ArtCAM), the corresponding data on the sizes are entered, the cutting tool is chosen,
the method and speed of processing depending on a product form are solved. The
CAM program on the basis of the entered data automatically defines the code of the
scheme of processing of a detail.

3. The workpiece is placed on the working surface of the machine; zeros are set
on the coordinate system in accordance with the workpiece, which are the necessary
computer data on the location of the part for processing;

4. Start of the processing program (processing of a detail): the automated
manufacturing process;

5. Completion of the processing program: the finished object or details are
received;

6. The final stage - the final technological cycle: grinding, coating with paint or
varnish, if necessary, the fastening process (connection of individual details).

Based on the above, it is possible to conclude that the designed object as a
result of manufacturing on a CNC machine is an absolutely accurate reflection of the

constructed model.

3. The main strategies for processing material on CNC machines

Materials processing strategies on CNC machines can be divided into vector
and 3D processing, which in turn also have some diversification.

Vector processing strategies:

- milling, cutting (straight and curved), performed with end mills;

- drilling (performed by end mills);
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- engraving - milling on a vector to a given depth (creating a graphic drawing
on the material using an engraver, end or spherical mills; it is also possible to mill the
relief using profile cutters, which partially replaces the strategies of 3D-processing);

- cutting out - lowering to a given depth within the defined limits (straight and
curved), performed by end mills.

3D processing strategies:

- gradual-parallel processing of a relief (the relief is formed gradually), is
carried out by spherical mills;

- gradual processing from the center to the edges of a given three-dimensional
shape (processing program is based on equidistant, so milling is performed on
equidistant vectors directed from the center of the model and rhythmically reduced
starting from the base vector), performed by spherical cutters.

A designer who is familiar with the operation and characteristics of CNC
machines, even at the stage of developing sketches can mean innovative approaches
that will be used at the stage of production. This will ensure a rational and cost-
effective implementation of the idea. The understanding of computer numerical
control possibilities, the designer in the process of designing the product can turn to
these processing strategies. This will allow designer to build the morphology of the
future object in synthesis with the production technology. As a result, it is possible to

get new and even unexpected results.

4. The experimental design-objects modelling in the educational process of
the department "Environmental Design" in KSADA

According to the curriculum for the preparation of students at the Faculty of
"Environmental Design" in KSADA educational course and diploma projects are of
an experimental nature. It is common practice to make design objects using virtual
(computer) modeling. Within the discipline "Fundamentals of Production Skills" the
technological capabilities of the CNC machine are used (machine milling and
engraving woodworking VFGD "ATS-2515.Pro", LLC "Stankoservice - South").
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Based on the systematization of the results of experimental modeling, it was 