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MeToro CTaTTi € aHalli3 TeHACHLI# PO3BUTKY 3acC00iB AUCTaHILIHHOrO 30HayBaHHs 3emi (/133) 3a aBaausars
OCTaHHIX POKiB. AHaN3yI0ThCsA: KocMiuHi amapatu (KA) it 3ioMKH 3eMHOI IOBEpXHi y BUAUMOMY Jiama3oHi,
KOCMIiYHI CHCTEMH IS BiCO3WOMKH 3eMHOI MOBEPXHI, KOCMIYHI CHCTEMH /ISl pagioioKauiiiHOi 3HOMKH 3eMHOT
MOBEpXHIi, Ha3eMHi 3acobu npuiioMy i 00pobku nanux 133, po3BuTok ramysi JI33 y MaiiOyTHEOMY.

OcTaHHIM 4acoM PO3BHUTOK 3ac00iB /133, sk KOCMIYHHX, TaK i Ha3eMHHX, il HAPOCTAIOUUMHU TEMIIAMH.
OcobmuBo 1e crocyeThes KA 3 ontuko-enektpoHHOI0 anaparyporo (OEA) BHCOKOro i HaJBHCOKOTO IPOCTOPO-
BOrO pO3pi3HEHHs. 3 MOMeHTy 3amycky B 1999 poui mepmoro KA BHCOKOro HpOCTOPOBOrO pPO3pi3HEHHs
IKONOS-2, 3a nBaansts HaCTymHUX POKiB Oyio 3amymeno 213 KA 3 OEA BuCOKOro i HaJBHCOKOTO IIPOCTOPO-
BOro po3pisHenHs 3 940 3aranpHOi KinbkocTi 3amynieHux KA J133.

VY Hamr yac OCHOBHOIO TEH/CHILIEI PO3BHUTKY JUCTAHLIIHOTO 30HIyBaHHS 3eMIIi € CTBOPEHHS yrpyHOBaHb
cymyTHHUKIB. Jlo yrpymoBaHb CYMyTHUKIB MOYKHA BIJHECTH amapatH, siki ifeHTH4YHi abo 61u3bKi 3a cBOIME iHPOP-
MaLiHUMH XapaKTePUCTHKAMH, SIKi PALFOIOTh y3rOHKEHO i MAIOTh 3arajibHe CXOBHIIE TaHHUX.

Jlns 3aBaHp, 1110 HE BUMArarTh ONEPATHBHOTO OJepKaHHA NaHuX J[33, nesKuMu eKcriepTaMH NpOrHO3Y-
€ThCS, 10 HOBA 3HOMKa 3 KOCMOCY He Oyjie 3aMOBIISTHCS B3araii. [1icTaBoro st bOTO € Te, IO SIKIIO LIE BYopa
CMiBBIAHOIICHHS TOTPeOH B HOBIl 3itomili it B apxiBHuX manux 0yao 80 % wua 20 %, To croroani 75 % m0BOANUTD-
csl Ha apxiB 1 TiNbKY 25 % — e 3aMOBJIEHHS HOBOI 3i{OMKH. 3aMOBHHUK Oy/e BIEBHEHHII, 110 MIPOTATOM 3HIMalb-
HOTO Ce30Hy MOTpiOHa KoMy 3iioMKa 3'SIBUTHCs B apXiBi. Lle Ayxe BaIHBHil i iICTOTHHIT MOMEHT, IIO BiIKPHBAE
30BCIM HOBI MOXJIMBOCTI JUISl CIIOXKHBaya.

lomo HazemHux 3ac06iB JI33, TO Cy4acHOIO TEHACHIIEIO TYT € MOsBA OHJIAHH-CEPBICIB ISl HEPErsiy 3MiH
3eMHO]I ITOBEpXHi B moMicsiqHOMY pexxnmi. Hanpukian, Takuii cepsic, sik Planet Explorer ameprukaHcbkoi koMma-
Hii Planet, 103BoJsIE KOpUCTYBaYaM MEpErisiIaTH JaHi KOCMIYHOI 3HOMKH B 4aci 1 moGa4uTH 3MiHH Ha 3eMHII
HIOBEPXHI B yCHOMY CBITi

B nepcrnekTuBi maiibytae 133 Oyme 3anexaTu Bil HPOPUBHUX TEXHOINOTIH, iIHHOBALIMHHUX DillIeHb, HOBHX
JOATKIB Ta iHTerpamii TexHousoriil, Takux sk VR (BipTyampHa peansHicTh), AR (DomoBHeHa peanbHicTh), Al
(urryqnuit inTenekt), ML (MalnnHHe HAaBYaHH:I), BEJIMKI JaHi, XMapHi obouncnenns it [oT (inTepHeT peueit), siki
OyIyTh MaTH BUpilIagbHe 3HAUCHHS U cermenTa J[33.

Marepianu cTatTi JaloTh YSBIICHHS, 5K Pa3ioye 3MIHUIKMCS 3aCO0M TMCTAHLIHHOrO 30HAYBaHHS 3emil 3a
OCTaHHi JIBAAIATH POKIB.

B crarTi BUKOpHCTaHO MeTOM iHYOPMAIIIHUX TEXHOJIOTIH Ta CHCTEMHOTO aHAII3Yy.

Kniouosi cnosa: sioeosiiomka, sipmyansha peanvicmb, KOCMIYHULL anapam, MAauiuHHe HAGYAHHA, NPOC-
mopoge pospiznenHs, padionoKayiuna 31omMKa, Y2pynosants CynymHuKie, Xmapni oouucients, wnyynui inme-
JeKm.

Llenbio cTaThy SBISETCS aHANM3 TEHACHIMH Pa3BUTHUs CPECTB NUCTAHIMOHHOIO 30HIMPOBAHUS 3eMIH
([133) 3a nBaxnaTh MOCIETHUX JeT. AHaTHM3UPYIOTCS: KocMudeckue anmnapats! (KA) muist cbeMkn 3eMHOH TTOBepX-
HOCTH B BHUAUMOM [Mana3oHe, KOCMUYECKUE CHCTEMBI IJIsI BHICOCHEMKH 3eMHOH IOBEPXHOCTH, KOCMUYECKUE
CHCTEMBI ULl paIHOJIOKAI[IOHHOH CheMKH 3eMHON HOBEPXHOCTH, Ha3eMHBIE CPEelICTBA NIpHUeMa U 00pabOTKH JaH-
HbIx /133, pasurue odnactu /133 B Oyaymiem.

3a mocnenHee BpeMs pasBHTHE cpeacTB /133, Kak KOCMHYECKHX, TaK M Ha3eMHBIX, HAET HAPACTAIONIHMHU
Temrnamyd. OCOOEHHO 3TO OTHOCHUTCS K KOCMHUYECKHM armaparaM ¢ ONTHKO-3JIeKTPOHHOHN ammapartypoir (ODA)
BBICOKOTO M CBEpPXBBICOKOro paspemeHus. C MomeHTa 3amycka B 1999 r. mepBoro KA BEIcOKOro pasperreHus
IKONOS-2, 3a mBaaiate nocieayionmx Jiet 6puto 3amymeHo 213 KA ¢ ODA BBICOKOTO H CBEPXBBICOKOTO pas-
pemrenust u3 940 — obIero KoIMIeCTBa 3aIyIEHHEIX CITyTHIKOB J[33.

B Hacros1ee BpeMst OCHOBHOHU TeHAEHIHEH pa3BUTHS JUCTAaHIHOHHOTO 30HIHPOBAHHS 3eMIIH SBISIETCS CO-
3[aHHE TPYIIIHPOBOK CIYTHHKOB. K IpynmupoBKkaM CIyTHHKOB MOXKHO OTHECTH aIllapaThbl, KOTOPBIC HACHTHIHBI
WM OJIM3KH MO CBOUM (DYHKIIMOHAIBHBIM XapaKTEPUCTUKAM, padOTalOT COTJIACOBAHHO M MMEIOT o0liee XpaHu-
JIMIIE TaHHBIX.

Jlns 3amad, He TPeOYIOIUX ONEPaTHBHOTO MONy4eHUs JaHHBIX /133, HEKOTOPBIMH JKCIIEpTaMHU MpeaIoa-
raercsi, 4YTo HOBas CheMKa M3 KOcMoca He OyneT 3akasbiBaThcs BooOmie. OCHOBaHHEM ITOTrO SIBISIETCS TO, YTO
€CIIM ellIe BYepa COOTHOIICHUE MOTPEOHOCTH B HOBOH ChEMKE M B apXMBHBIX AaHHBIX Obu1o 80 % Ha 20 %, ToO
ceroiHs 75 % NMpUXOMUTCSA HA apXWB U TONBKO 25 % — 3T0 3aka3 HOBOW ChEMKH. 3aKa3yMK Oy/eT yBepeH, 4To B
TeueHHe CHEMOYHOIO CEe30HAa HEOOXOAMMAs ChEMKa MOSBHUTCS B apXHBE. JTO OYCHb B)XKHBIH U CYIIECTBEHHBII
MOMEHT, KOTOPBIi OTKPHIBAET COBEPIICHHO HOBBIE BO3MOXKHOCTH ISl IIOTPEOUTENS.

Yro xacaercs HazeMHBIX cpenctB J[33, TO COBpeMEHHOW TEHJECHIHMEH 31eCh SBISETCS MOSBICHHE OHJIAlH-
CEPBHCOB JUISl IPOCMOTPa M3MEHEHHI 3eMHOW MOBEPXHOCTH B XXEMECSIHOM pexxnme. Hanpumep, Takoil cepsuc,
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kak Planet Explorer amepuxanckoil kommanuu Planet, mo3BoiseT moabp30BaTeNs M IPOCMAaTPUBATh JaHHBIE KOC-
MHYECKOH ChEMKH BO BPEMECHH M YBUJICTh H3MEHEHHMS HA 3MHOI IOBEPXHOCTH BO BCEM MHUPE.

B nepcnexruse 6ynymee /133 OyneT 3aBHCETh OT IPOPHIBHBIX TEXHOIOTHI, HHHOBALMOHHBIX PEIICHUH, HO-
BbIX NPWIOKEHUH M MHTErpallud TEXHOJOrWiH, Takux Kak VR (BupTyasibHas peanbHOCTb), AR (nononHeHHas
peanbHOCTB), Al (MCKycCTBeHHBIN UHTEIUIEKT), ML (MammHHOe 00y4eHue), OoNbIINe TaHHbIE, 00JIaYHbIC BBIYHC-
nenus 1 IoT (uHTEpHET Belelt), KoTopble OyIyT MMETh pellaloliee 3HaueHue Ui cerMenTa J133.

Matepuansl CTaThbH JAIOT IPEACTABICHUE O TOM, KaK Pa3sHTEIbHO U3MEHUIHCH CPEJCTBA JUCTAHIIHOHHOTO
30HMPOBaHHs 3EMIIH 3a MOCIICAHNUE ABALATD JIET.

B crathe nCIoNb30BaHBI METOABI HHGOPMAIIMOHHBIX TEXHOJIOTHI M CUCTEMHOTO aHAJIN3a.

Knrouesvie cnosa: Bu()EOC'beMK(Z, supmydaibHas pedailbHOCb, KocMuueckuil annapam, mMawtuHHoe 06)}1!6—
HUue, npocmpaHcmeeHHoe paspeuternue, paduo.aomuuonnaﬂ CbeMKd, cpynnupoexa CnymHuxos, 0b1auHbLe BbIYLC-
JIeHUA, MCKyCCmSeHHblIZ UHmMeJ1eKnt.

The aim of this paper is to analyze the trends in the development of Earth remote sensing (ERS) means over
the past twenty years. The analysis involves spacecraft for Earth surface visible-spectrum imaging, space systems
for Earth surface video and radar imaging, ground means for ERS data reception and processing, and the ERS
development in the future.

In recent years, the development of both space and ground ERS means has been ever accelerating. This is
particularly true for spacecraft with optoelectronic equipment (OEE) of high and superhigh resolution. Since the
first high-resolution spacecraft, IKONOS-2, was launched in 1999, 213 spacecraft with high and superhigh reso-
lution OEE have been launched, while a total of 940 ERS satellites have been launched since then.

At present, the main trend in the ERS development is the formation of satellite constellations. Satellite con-
stellations consist of spacecraft that are identical or close in their functional characteristics, operate as a system,
and have a common data warehouse.

In some experts” opinion, for tasks that do not require any prompt acquisition of ERS data, new satellite im-
aging will not be ordered at all. The reason is that while still quite recently the ratio of the demand for new imag-
ing to that for archive data was 4/1, today this ratio is 1/3. The customer will be sure that during the imaging
season the necessary data will appear in the archive. This is a very important and essential aspect, which opens up
entirely new opportunities for the consumer.

For ground ERS means, the current trend is the advent of online services for seeing monthly changes in the
Earth surface. For example, the Planet Explorer of Planet Labs Inc., USA, allows users to see satellite imagery
over time and detect changes in the Earth surface throughout the world.

The future of ERS will depend on breakthrough technologies, innovative solutions, novel applications, and
the integration of technologies, such as virtual reality, augmented reality, artificial intelligence, machine leaning,
big data, cloud computing, and the Internet of things, which will be of decisive importance to the ERS segment.

The paper gives the reader an idea how strikingly the ERS means have changed over the past twenty years.

The paper uses methods of information technologies and system analysis.

Keywords: video imaging, virtual reality, spacecraft, machine leaning, spatial resolution, radar imaging,
satellite constellation, cloud computing, artificial intelligence.

Beryn

B nmaniii cTarTi aBTOpH CTaBHIIM cO01 32 METy MpOoaHaNli3yBaTH TEHACHIIIT po3-
BUTKY Tally3i IUCTaHIIMHOTO 30HAyBaHHS 3emui (/[33), 3ocepenuBiivcy Ha Haii-
OLIBII I[iKaBii, 3 HAIMIOTO MOTIIALY, JUIS KOPUCTYBaviB yacTuHU 3aco0iB /33, ski
MaloTh 3HIMaJIBHY amnapatypy 3 BucokuM (Big 1 go 10 m) i HamBUCOKUM (MeHIIE
1 M) mpocropoBuM po3pisHeHHsM. J[o aHamidy BBidnum kocmivyni amapatu (KA)
JUTSL 3MOMKH 3€MHOI ITOBEPXHI y BHIMMOMY Jiama3oHi, KOCMiYHI CHCTEMU IS Bi-
JIEO3MOMKH 3€MHOI IMOBEPXHI, KOCMI4HI CHCTEMH I PajioNIOKAIlifHOI 3HOMKH
3eMHOi OBEPXHi, Ha3eMHi 3acobu mpuitomy i 00poOku nanux /133, po3BuTOK Ta-
my3i 133 y maiiOyTHEOMY.

Posrnsnanvcs 3Minu, mo BigOymucs B ramysi [133 3a aBamusaTh ocTaHHIX Po-
kiB. Lli 3MiHH BpaXkaloTh SIKICTIO ONITUKO-EJIEKTPOHHOI Ta paaioioKaliifHoi 3HiMa-
JILHOT anapaTypy 1 TeMIaMu PO3ropTaHHs yrpyHoBaHb CYIMYTHHKIB Ha opOiTi. Bike
HE TMBHUHA, 10 I YTPYNOBaHH: HANIYYIOTh IECSATKH 1 HaBiTh COTHI CYITyTHHUKIB.

Hogi Texnomnorii 103Boisi0Th ofepxkyBatu iH(popMmairo Big KA 133 B notpi-
OHUH yac 1 B TOTPIOHOMY MicILli HE3aJIeKHO BiJl MiCLIsl pO3TallyBaHHS KIIi€HTA.

Beci mi Ta iHmi acnexTy 3MiH B ranysi [I33 po3rnsgaroTbes B 1aHii cTarTi.
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1 Kocmiuni anapatu aJist 3ioMKH 3eMHOT MOBEPXHi 3 BUCOKHM i
HAJBHCOKHM NMPOCTOPOBUM PO3Pi3HEHHIM

OcTanHIM 9acoM PO3BUTOK 3aco0iB J[33, Sk KOCMIYHHX, TaK 1 Ha3eMHUX, Hie
HapocTarounMu TemrnamMu. OcoOJaMBO I BiTHOCHUTHECS 0 KOCMIYHHX amapariB 3
ONTHUKO-eNIeKTPOHHOI0 amapaTyporo (OEA) 3 BHCOKHM TPOCTOPOBHM PO3Pi3HEH-
HaM (Bix 1 M 1o 10 M) 1 HAIBHCOKHMM IMPOCTOPOBUM PO3PI3HEHHAM (MeHIIE 1 M).

3 MomeHTy 3amrycky B 1999 p. nepmmoro KA 3 BUCOKHM MPOCTOPOBUM PO3Pi3-
HeHHsAM [KONOS-2 3a gBaausars HacTymHUX pokiB Oymo 3amymieHo 213 KA Buco-
KOTO U HAJBUCOKOTO MPOCTOPOBOTO PO3PI3HEHHS 13 3araibHOI
940 3anmymenux cynyTaukis J[33Y.

Ha pwuc. 1 nokazano muHamiky 3amyckiB KA JI33 3 amapatyporo BHCOKOTO i
HaJBHCOKOTO IIPOCTOPOBOTO po3pi3zHeHH: 32 19992019 pokw.
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Poxu

Puc. 1 — Jlunamika 3amyckiB KA /133 3 amapaTyporo BHCOKOTO i HaJIBUCOKOTO
MPOCTOPOBOTO PO3PI3HEHHS

Ha puc. 1 He BpaXxoBYIOThCS 3alyCKU BIHCHKOBUX CYIyTHHUKIB i HAHOCYITyTHU-
kiB Flock xommanii Planet.

3 rpadika Ha puc. | NPOCITIJUKYEThCS SIBHA TEHICHLISA MIOPIYHOTO HApOILy-
BaHHS KibKOCTi 3amyckiB KA J[33, mo 1ae MOXIHBICTH ITiIBUIEHHS] 30HU IOK-
pUTTS 3eMHOT MOBepxHi. [Ipy TaKUX MIOPIYHUX MOTOKAX 3aMyCKy KOCMIYHHX aria-
pariB neski excriepTy [1] BBaXaIOTh, 10 MPOTITOM OJTHOTO POKY Oyje MPOBOUTHU-
csl TIOBHE Oaratopa3oBe MOKPHUTTS HAJBUCOKOTO MPOCTOPOBOIO PO3Pi3HEHHS BCi€l
3eMHO1 TTOBEPXHI.

3 940 KA, mo Oynu 3amyIieHi 3a IBaIsaTh OCTaHHIX POKiB, OiJbIIIE TIOJIOBH-
HU (559 KA) manu macy 100 xr i MeHIe.

st 3aBAaHsb, sKi NOTpeOyIOTh ONEpPaTUBHOIO OTpuMaHHA Aanux /33, anai-
TUKY [1] MpOrHO3YI0TH, 110 HOBA 3HOMKa 3 KOCMOCY He Oy/ie 3aMOBIISITHCS B3arali.
[TizcTaBoro Ayt BOTO € Te, IO SAKIIO 1€ BYOPa CITiBBIIHOIICHHS TOTPeOX B HOBIH
3iiomui i B apxiBHUX JaHux Oyno 80 % Ha 20 %, To ckoromHi 75 % npunanae Ha
apxiB 1 TiIbKH 25 % — 1e 3aMOBIIEHHSI HOBOI 3HOMKH. 3aMOBHUK OyJie BIEBHEHUH,
IO MPOTSTroM 3HIMaJILHOTO CE30HYy MOTpiOHA 3HoMKa 3'SBUTHCS B apxiBi. Lle xyxe

! Bukopucrano indopmartiro 3 6azu nanux ITM HAHY i JIKAY "lupopmariiino-
aHaniTH4Ha cucrema "Master—market".
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BOKJIUBUH 1 CYTTEBHII MOMEHT, SIKUH BIIKPHBAE aOCOIIOTHO HOBI MOXKIIMBOCTI JIJISt
CTOKHMBaYa.

HuHi 0CHOBHOIO TEHJEHIIIE€I0 PO3BUTKY AMCTAHIIHHOTO 30HIYBAaHHS 3eMIIi €
CTBOPEHHS YIPYyIOBaHb CYMyTHUKIB. [0 yrpynoBaHb CYIMYTHHKIB MOXHA BiIHECTH
amapartd, SKi iIeHTHYHI a00 OJM3bKi 3a CBOIMH 1H(MOPMAIIMHIMHI XapaKTePHUCTH-
KaMH, MPAIOI0Th Y3rO/PKEHO 1 MalOTh 3arajibHe CXOBHUIIE JaHUX.

XapaKTepHCTHKH CYIyTHUKIB, 1[0 BXOSThH JO CKIIaJy HUHINIHIX YyrpyrnoBaHb
BHCOKOTO 1 HaJIBUCOKOTO MPOCTOPOBOTO PO3PI3HEHHSI, Ta TUX, IO TUIAHYIOTHCS JI0
posropranus g0 2025 poky, HaBeneHi B Tabm. 1.

Tabmms 1 — YrpynoBanas KA BHCOKOTO ¥ HAJBUCOKOTO ITPOCTOPOBOTO PO3Pi3HEHHS

HaiimenyBanus | @ipma Kpaina |Pik Pospiznen- |Maca |Kisb-
YIpyIHOBaHH:A Hs, M KA, kr |KicTb
(KA) 2019/
2025 pp.
Flock (Dove) Planet CHIA 2014 - | 3,70EA 4,5 |212/500
2019
BlackSky-1 BlackSky Globe |CIIOA 2016-| 09-11 44 — 1/60
2019 OEA 50
Aleph-1 (NuSat) | Satellogic Apren- | 2016- | 1,0 OEA 37 7125
THHA 2018
Landmapper-HD | Astrodigital CHIA 2017- | 2,50EA 20 2128
2018
Zhuhai-1 Zhuhai  Orbita | Kurait 2017 - | 1,98 OEA 50 2/6
(OVs-1) Control 2018
SkySat Planet CHIA 2013- | 0,7-0,9 |83/120| 13/24
2018 OEA
WorldView DigitalGlobe CHIA 1aH 0,35-0,5 | 500—- | 0/6
Legion OEA 700
AxelGlobe AxelSpace Snonis | 2018 - | 2,5 OEA 80 3/50
(GRUS) 2020
OptiSAR Optical | UrtheCast Kanana | mman 0,25-0,50 | 340— | 0/16
OEA 670
SuperView SuperView Kurait | 2016 - | 0,5 OEA 500 4716
2018
SAR Lupe OHB Himeu- | 2006 — 1,0 PCA 720 5
Technology YHHA 2008
COSMO-SkyMed | e-GEOS Iramist 2007- | 1,0PCA | 1900 4
2010
Capella Capella Space CHIA 2018 0,5 PCA 40 1/36
ICEYE X ICEYE @in- 2018—- | 3,0PCA |[80/100| 4/21
JISTHIIST 2019

Ipumitku: PCA — pasiosiokaTop 3 CHHTE30BaHOI alepTyporo.

Jlinepamu 3a kinbkicTio KA B yrpynosanni 3 OEA, a 3Ha4UTh 1 32 CTyIEHEM i
YacTOTOK TIOKPHUTTS 3eMHOI TOBEpXHi, € komnaHii: Planet 3 cymyrHukamu Flock
(225 mirounx KA 3 524 3ammanoBanux) i SkySat (13 nmitounx KA 3 24 3amnanoBa-
HUX), a Takok NuSat (7 giroumx i3 25 3armmanoBanux), SuperView (4 mirounx KA 3
16 3amnanoBannx), GRUS (3 nmitounx KA 3 50 3annmanosanux), Astrodigital (2 ni-
tounx KA 3 28 3amnanoBannx), BlackSky Globe (1 mitounii KA 3 60 3amnanoBa-
HUX).

He3nauHy HUHIIIHIO KUIBKICTH YTPYHOBaHb CYMYTHHKIB 3 amaparyporo PCA
(Bcroro 4) MoxHa MosSICHUTH TuM, 1m0 10 2015 poxy B CILIA Oyna 3a6opoHa Ha
TaKi KOMEpIiHI CYITyTHHKH.
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Hapomyerbest kinbkicte KA 3 PCA B yrpynoBanssx. lle xommanii Capella
Space (1 miroumii KA 3 36 3ammanoBannx) i ICEYE (4 miroumit KA 3 21 3amrano-
BaHOTO).

2 KocMmiuHi cucTeMu 1151 Biieo3iiOMKH 3eMHOI OBePXHi
TenpeHwi0 PO3BUTKY BiACO3WOMKH 3 KOCMOCY MOXKHA TIPOaHaJIi3yBaTH 3a Ja-
HUMH TabII. 2, Me HaBeJeHi xapakTepucTuku KA, 10 BUKOPUCTOBYIOTH anaparypy
BiZI€O3HOMKH 3 BUCOKHM IIPOCTOPOBHM PO3pi3HEHHAM [2].

Tabmms 2 — Cynyrauku /[[33 3 Bimeo amapaTypoio BHCOKOTO MIPOCTOPOBOTO PO3PI3ZHEHHS

Haiimenysanns KA | Kpaina Pik Maca, |Po3zpi- |Ilone 30py, |TpuBanicts
(3amyrieHo / maH) 3aIyCKy | KT 3HeH- |KM? 3UOMKH
HSI, M
DLR-Tubsat Himeyun- | 1994 45 6 4,5x 3,5 |Ceanc 3B’s13Ky
Ha
LAPAN-Tubsat Inponesis | 2007 56 6 4,5x3,5 |Ceanc 3B’s13ky
LAPAN-A2 Inmonesis | 2015 68 6 12x 12 | CeaHc 3B’sI3KY
SkySat-1, -2; CHIA 2013 - |80/120| 11 2,0x 1,1 [90c
C1-C11 (13/24) 2017
Linggiao Video-1- |Kwuraii 2015 - 95 1,1 43x2,4 |120¢
8 (8/12) 2018
Kent Ridge-1 Cinramyp 2015 78 6 5,75 x 4,75 —
Carbonite-1, 2 Bemnko6- | 2015 - 91 15 5,0x5,0 |[120¢
(2/5) pHTaHis 2018 1,0
Iris Kanaga 2014 — 1 38x22 [60c
NuSat (7/25) Aprentu- | 2016 — 37 1 - -
Ha 2020

CriocrepiraeTbcst TEHACHIIISI CTBOPEHHSI BEJIMKUX yrpynoBanb KA Bigeoziom-
KW 3eMHO1 TOBepxHi. Tak ApreHTHHa MJIaHOMIpHO HApOIIy€e YrPyHOBaHHS CYMyT-
HukiB NuSat i tranye poBectu ix KimbkicTh g0 25 KA. Kowmmnanis Planet B
2017 porii crBopuia yrpynoBanns SkySat i3 13 KA Ta 3apa3 Mae MOXIIUBICTb I10-
BTOPHOT 3HOMKHM OJIHMX i THX K€ palloHiB 3eMili JI0 TPhOX pa3iB Ha JieHb. Bchoro
TUTAaHYETHCSI CTBOPUTH yTpyMoBaHHs 3 24 cymyTHUKiB SkySat.

3 KocMmiuni cuctemu s pagionokauiiHoi 30MKH 3eMHOI OBepPXHi

V 3B'13Ky 13 IPOTPECcOM B paJlapHUX TEXHOJOTISAX PI3HUMHU €KCIIEPTaMH CTBEp-
JOKYETBHCSI TEHJICHIIIS 301TBIICHHS YHCIa CYITyTHUKIB JJIsl BCEMOTOIHOT 3iOMKH 60-
PTOBUMH pajiapaMy i3 CHHTE30BaHOI0 arepTyporo i3 cepeanim (10 m — 250 M), Bu-
cokuM (Bix 1 M 10 10 M) 1 HagBUCOKKUM (MeHIIe 1 M) TPOCTOPOBUM PO3Pi3ZHEHHSM.

VY ta6in. 3 HaBeneHo xapaktepuctuku KA /133 3 PCA cepeanboro, BUCOKOTO i
HAJIBUCOKOTO IPOCTOPOBOTO PO3PI3HEHHs, BUBEACHUX Ha opOiTy 3a 1995 —
2019 poxku 0e3 ypaxyBaHHs BificbkoBux KA.

Ha puc. 2 3a nanumu tabi. 3 HaBeJeHO TUHAMIKY 3aITyCKiB CYIyTHUKIB 3 pa-
JIOJIOKaTOpaMH 13 CHHTE30BAHOIO arepTyporo 3a WIcTHAIITh pokiB (2003 —
2019 pp.).
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Ta6mus 3 — Xapakrepuctuku KA /133 i3 PCA

o | HaiimenyBannus KA Kpaina Jara [onsipu- |Maca, |PospisHenHs,
n/n 3amycky |samis® | kr M

1 |IGS 1B, IGS R-2a SnoHis 2003 1200 |3

2 |SAR Lupe 1l Himeyunna | 2006 4 720 1,60

3 |Yaogan1 Kuraii 2006 2700 |5;7

4 |COSMO-SkyMed 1, 2 |Iranis 2007 3 1900 |0,8-6; 20; 40

5 |IGS4B SnoHis 2007 1200 |3

6 |Radarsat 2 Kanana 2007 4 2200 |1-9; 80; 160

7 |SAR Lupe 2,3 Himeyunna | 2007 770 [0,5;1,0

8 |Terra SAR-X Himeyunna | 2007 2 1230 [1;2;3;18

9 |Yaogan3 Kuraii 2007 2700 |5;7

10 |COSMO-SkyMed 3 ITanis 2008 3 1700 |1,100

11 |SAR Lupe4,5 Himeyunna | 2008 770 |1,60

12 |TECSAR 1 [3paine 2008 4 300 |1;3-8

13 |RISAT 2 THais 2009 4 300 |1;3-8

14 |COSMO-SkyMed 4 ITanis 2010 3 1700 |1,100

15 |TanDEM-X Himeyunna | 2010 4 1340 |1;3;16

16 |Yaogan 10 Kuraii 2010 2700 |5;7

17 |Yaogan 13 Kuraii 2011 2700 |5;7

18 [HuanJing 1C Kurait 2012 890 |5

19 |RISAT 1 IHpis 2012 4 1858 |1, 3-6; 9-12; 25

20 |IGS 8B Snowis 2013 1000 |1

21 |Yaogan 18 Kuraii 2013 1040 |15

22 | Kompsat 5 I1. Kopest 2013 4 1400 |1;3;20

23 |ALOS 2 SnoHis 2014 4 2120 |3;6,10; 100

24 | Sentinel 1A ESA 2014 3 2280 |5; 20; 40

25 |Yaogan 23 Kuraii 2014 2700 |5,7

26 |Konmop-2 Pocis 2014 2 1140 |1-2;1-3;5-30

27 |1GS-Radar Spare SnoHis 2015 1000 |1

28 |Yaogan 29 Kuraii 2015 1040 |15

29 |Sentinel 1B ESA 2016 2280 |5; 2040

30 |Gaofen-3 Kuraii 2016 4 2700 |1-500

31 |IGS-Radar 5 SnoHis 2017 1000 |1

32 |ASNARO 2 SnoHis 2018 2 495 |1

33 |Capella 1l CHIA 2018 1 40 |05

34 |ICEYE X1 DimngHaisn 2018 1 70 3,10

35 |ICEYE X2 DinngHain 2018 1 80 3,10

36 |[SAOCOM 1B Aprenruna 2018 4 1600 |7-100

37 |NovaSAR-S Benukoopu- | 2018 3 430 |6-30

TaHist

38 |Paz (SEOSAR) Icnawnis 2018 4 1350 |<1;2;3:6;16

39 |RISAT 2B THist 2019 4 615 [1,2,38

40 |Radarsat Constellation |Kanana 2019 4 1450 |3,5,16, 30, 50

3wt

41 |ICEYE X4 DinsHITIS 2019 100 |1

42 |ICEYE X5 DinsHITIS 2019 100 |1

43 | Gaofen 10R Kuraif 2019 2700 |<1

44 |[CSG-1 ITamis 2019 2200 |0,8;1;3;20

Ipumitka. *) - KinpkicTs koMOiHaMi# ropuzonTansHoi (H) Ta BepTukansHOi (V) momspu-
3amii BuxigHoro curaairy PCA
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Puc. 2 — JIlunamika 3aIrycKiB CYITyTHHKIB 3 pa/IioJIOKaTOpamMH i3
CHHTE30BaHOIO allepTypOro

3 puc. 2 BUIHO, IO 32 OCTaHHI JIBa POKU MPOCIIIPKYETCS PICT KIIBKOCTI Cy-
nytHHKIB i3 PCA amapatyporo. Ctpubok kinbkocti KA B 2007 potii MOsSICHIOEThCS
3amyckoMm 1o 2 KA 3 yrpynosans cynytarkiB COSMO-SkyMed i SAR Lupe.

3 Tabi1. 3 BUIHO, IO 3 YACOM BiI0OYBaJIOCS MOCTYIOBE 301IBIIEHHS IPOCTOPO-
Boro pospisHenHss PCA: Big 8 M B 1995 p. na KA Radarsat 1 no 0,5 M Bxke B
2007 p. na KA SAR Lupe. CrBoprotoTbcs Benuki yrpynoBaHas KA 3 BUCOKHM
npoctoposuM po3pizHeHHs M PCA: Capella — 36 KA 1 ICEYE X 21 KA. 3acroco-
BYIOTbCS 710 4 pexxumiB pobotr PCA 3 pi3HUM mpocTOpoBUM po3pizHeHHsIM: KA
Radarsat 2, Terra SAR-X, RISAT 1, ALOS 2, Radarsat Constellation.

I3 44 pagionokaniiiHUX CyMyTHHKIB, IO OyJM 3amylieHi 3a ocTaHHi 24 pOKH
(1995 — 2019), 25 KA (6inpumie monoBunu) MawoTh PCA 3 MpPOCTOPOBUM pO3pi3-
HeHHSM 1 M 1 MeHIe. A 3a octaHHi 'aTh pokiB i3 18 KA 3anymieno 11 takux cy-
nyTHUKIB. TOOTO 3alUTH CIIOKUBAYIB BCE OLIbIIE CXHJISIOTHCA 10 1H(oOpMarii i3
PCA BHCOKOT0 1 HaJIBUCOKOT'O TIPOCTOPOBOI'O PO3PI3HEHHS.

3 2007 poky npocTexXyeThes TeHIeHIIist po3poOku KA 3 yHiBepcansaumu PCA
i3 cepellHiM, BUCOKUM 1 HAJIBUCOKHM TPOCTOPOBUM po3pizHeHHsM. Lle Taki kocMi-
gyui amapatd, sk SAR Lupe, COSMO-SkyMed, Radarsat 2, Terra SAR X,
TanDEM-X, Kompsat 5, Koungop-3, CSG-1, Paz.

3a maHUMH pO3JiTy 3 MPOCTEXKYIOTHCS HACTYIHI TEHJAEHINI PO3BUTKY palio-
JokaniiHux 3aco6iB 133 3a micTHAIATE OCTAHHIX POKIB:

— MocIiZioBHE 301IbIIEHHST KiJTBKOCTI CYITyTHHKIB, OCOOJNIMBO 3a OCTaHHI JiBa
POKH;

— mepeBara CymyTHUKIB i3 mpocTopoBuM po3pizHeHHIM PCA 1 M i meHie;

— MiABUIIEHHS MAaKCUMAaJILHOTO MTPOCTOpOBOTo po3pizHeHHs PCA ax 10 0,5 m;

— CTBOPEHHSI BEIIMKUX YIPYNOBaHb (3 JCKUIbKOX jaecsaTKiB KA) 3 BHCOKHM
POCTOPOBHUM po3pizHeHHsIM PCA;

— 301IbIIEHHS YHCIIA PEXKUMIB 3HOMKH (Bi 1 10 4) 3 pi3HUM pO3pi3HEHHSIM;

— PO3LIMPEHHS NOJAPU3AMIMHAX MOMXIJIUBOCTEH 1, 0COOJIMBO, OJIHOYACHA 3HOM-
Ka 3 YOTHUpMa TOJISIPH3ALliSIMU BUX1JIHOTO CUTHATY, Ha3eMHa 00po0Ka SIKOTo JI03BO-
JISiE OIePIKYBaTH HU(PPOBI MOIEII PEIbEPY MICIIEBOCTI.
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4 Ha3zemni 3aco0u nmpuiiomy Ta 06pooxu nanux /33

[Ilo crocyeTbest Ha3eMHUX 3ac00iB [[33, TO CyJacHOIO TEHICHITIEIO TYT € MOS-
Ba OHJIAMH-CEPBICIB AJIS IEPETIISAY 3MiH 3¢MHOI IIOBEPXHI B IIOMICSIIHOMY PEKUMI.

Hampuknan, Takuii cepsic, sik Planet Explorer, 3 15.03.2017 Hamae amepukan-
cpka xommadig Planet. Lle# cepBic 103BoIIsIE KOPHCTYBadaM IMeperisiAaT JaHi KO-
CMiYHOT 3HOMKH B Yaci i moOaYuTH 3MiHM Ha 3€MHIill TOBEPXHI B ychboMy cBiTi [3].
Kommanis Planet € onmepaTopoM HaWOINBIIOTO YrpymOBaHHS CYNMyTHHKIB AMCTaH-
nidHoro 30HIYyBaHHS 3eMii. BoHa Bkitouae B cebe HUHI MTOHA[ IBICTI HAHOCYITYT-
nukiB Flock (6ararocnekrpanbna 3iiomka (BC) — 3,7 M, 4 xaHanu B cMmy3i 24 kM).
Kpim Toro, xommaHii HaeXXUTh yrpymnoBaHHs 3 'ty cymyTHHKIB RapidEye (3 po-
spizHeHHsM BC — 6,5 M, 5 kaHaniB B cMy3i 77 KM) 1 yrpynoBaHHs 3 13 cynyTHHKIB
SkySat (3 pospizaeHHsM mnaaxpomatuuaoi 3iomkun (I[1X) 09wm, BC 2m B
4 xananax, Bineo bC 1,1 m B ceanci 80 c). 3a gormomororo cBoix cymyTHHKIB Planet
BeJle 3HOMKY BCi€l TOBEepXHi 3eMJIi MIOIHS.

Jns omrepaTuBHOI mocTaBKH iH(OpMAIlii B TOTPiOHUI Yac 1 B TOTPpiOHE MicIie
(He3ayIle)KHO BiA MICIl PO3TANIyBaHHS KITI€HTa) MOCTAYalbHUKA — TaKi $K
DigitalGlobe — 3acrocoByroTs BeG-cepBicH i xMapHi obuncieHHs. L{i HOBI CTpyK-
TypH Ha TIOPSIIOK 3HIKYIOTH 3arajibHi BUTPATH KOPUCTYBadiB. 3apas, 3aMiCTh TOTO,
00 BKIAAATH POl B iHGOpMaIiiHUI IIEHTP, MOXKHA TIPOCTO CKOPUCTATHCS BEO-
CEpBICOM B paMKaxX XMapHOi iHPPACTPYKTypH Ta OTPUMATH 300pakeHHS 3a JiveHi
CEeKyHIIH. 3a paXyHOK XMapHUX OOYHCIIeHb 00poOKa 300payKeHHS 3MIHCHIOETHCS B
pPEeXHMi pearbHOTO Yacy B TOYHIHM BiAMOBITHOCTI O BUMOT KOXXHOTO 3aMOBHHKA.
InmuBimyansHa 00poOKa, BKItoUarodn (opMaTyBaHHS, MOHTaX, IMPOEKTYBAaHHS,
MOIUJT HA [IAPH, BUKOHYETHCS B JiUeHI CeKyHu [4].

3'SIBIIOTHCA HOBI CTApTaIy 3 METOIO 3pOOUTH TUIaHETapHI a00 TeompOCTOPOBi
JaHl JTETKUMH JJIS TIONIYKY, aHalli3y Ta BUKOpUCTaHHA. Hampukian, modipHs KOM-
nanis Airbus, UP42, o 6a3yetbest B bepaini [5]. UP 42 — e miatdopma st goc-
TyMy 1 aHall3y YacTWH IUIaHeTH B MacmTabi. BoHa 00'eqHye Kijlbka pKepen reo-
NPOCTOPOBHX JIAHUX, & TAKOX aJITOPUTMU OOPOOKH, IO JT03BOJISIE KOPHCTYBAa4yeBi
3HAXOJIUTH IJIAaHEeTapHY iHpOpMaIliio, SKa oMy MoTpiOHA.

V 3B'3Ky 3 THM, III0 B KOCMOCI 3HAXOANUTHCS TaK 0araTto CyMmyTHHKIB, BUHHUKAE
3pocTaroya morpeda B SKHAHIIBUIIIOMY ITOBEPHEHHI BCIX IIMX JAHHMX Ha 3eMIIIO
st 00poOku. Hazemui cranmii AWS kommnanii Amazon B I[bOMY IUTaHI CIIpaBi
3MIHIOIOTh CHTYAIlil0: TEXHOJOTIYHUI TiraHT Mae Hamip HajJaBaTH HA3eMHY CTaH-
Ii}0 B SKOCTI TIOCTYTH Yepe3 Mepexy i3 12 CyIyTHUKOBUX CTaHIIIA y BChOMY CBITI.
Kommanii Capella, Spire, Maxar, Myriota i Thales Alenia Space € onHuMH 3 OCHO-
BHUX KJII€HTIB 1 HapTHEPIB, 10 KOPUCTYIOTHCS OCIyraMu Ha3eMHO1 ctaHiii AWS.
Ines Amazon nonsirae B ToMy, mo0 iHBECTYBaTH y BEIUKY KUIBKICTh JJOPOTUX iH-
(dbpacTpyKTyp, a MoTiM OpaTH ATy y CTapTaliB TiLIBKH 3a TE€, 0 BOHU BUKOPHC-
TOBYI0Th. Lle criporirye i poOuTh HOCTYyTHUM BeCHHS Oi3Hecy B Kocmoci [6].

5 PosButok raaysi /133 B Maii0yTHbOMY

AHaJIITUKY BBaXKaloThb, 10 B NepcnekTuBi Maii0yTHe J[33 Oyxae 3aiexatu Bixg
MMPOPUBHUX TEXHOJIOTIH, IHHOBAI[IHHUX pillleHb, HOBUX JOAATKIB 1 iHTErparii Tex-
HoJIOTi#, Takux sk VR (BipTyasnbHa peanpHicTh), AR (monoBHeHa peanbHIicTh), Al
(wryunuii inTenext), ML (MalimHHE HaBYaHHS), BEJIMKI AaH1, XMapHi 00UYMCIICHHS 1
IoT (InTepHert peueit), iKi MATUMYTh BUpillIaIbHE 3HAUSHHsI 1 cermenTa /(33 [1].

Croronui MaiiOyTHe ramysi 33 3aneuth He TIABKHU BiJ HaJaHHA JAHHUX, aje
TAKO’X BiJ HaJlaHHS aHAIITUKU HA OCHOBI IIUX JIaHUX.

54



V 3BiTi GeoBuiz-18 [7] roBOpUTHCS, 1[0 CETMEHT, SIKHI B OCHOBHOMY BKIIFOYA€
PUHOK aHAJIITHKU 3HIMKIB / KapT, K O4iKyeThbcs, mocsrae 42,3 mupa. o CILIA B
2020 p. Critike 3poctans maHux /133 1 aHAMITHYHHUX PIllICHb TO3BOJIIE BUKOPHUC-
TOBYBAaTH aHAJI30BaHI CYIyTHUKOBI 3HIMKH I MPUUHATTA OOTPYHTOBAaHUX pi-
IIeHb y BCIX CEKTOpax €KOHOMIKH. 3aBISKH TOMY, IIO CYIMYTHHUKH HAJalOTh BCE
Oinpiri o0cATH MaHuX, Mporpec B 00poOIli JaHUX Ha OOPTy MPUCKOPHUTS iX Imepeaa-
9y B PEKUMI PEalbHOrO 4Yacy, HAJAl04d KOPHCTyBadyaM MOXIIHUBICTH NpHAMATH
OimpI po3yMHI 1 MIBHKI PilIeHHs. 3aIyCK HOBUX TEXHOJIOTIA B aHANITHUIN TaHUX
33 1 gogaTtkax 3 miATPUMKOIO BeO i XMap, K OHiKy€ThCs, OyTyTh BU3HAYATH Maii-
OyTHe cermenTa /[33.

VY CBITi KOPUCTH 1 MOMIJIMBOCTI 3aCTOCYBaHHS T€0IH(POPMAIITHIX TEXHOJIOTIH
Ta aepOKOCMIYHOTO MOHITOPUHTY TMOYAIA YCBIJOMITIOBATHCS HOBUMH, HETPAIH-
mitanMu 11 cepu [[33 3amoBHUKAaME 1 chepamu, e paHilie MOMIOHI PireHHS
HE BHUKOPUCTOBYBAIMCS, HANPUKIAJ, Lie OAaHKH, CTPAaxOBi KoMmaHii, piteiin?,
FMCG? 1a in.

Heski anamituku [1] BBakaroTh, 1m0 neBi3oM oOmacti [33 Ha HalOmmkde me-
catumittsa mae Oytu: "KiienTy — cepBicu Ta aHamiTHKa 3amicTh 3HIMKIB!" CTBO-
PEHHSIM T€0CepBICiB AyKe aKTHBHO 3aiiMarOThCs Taki riradTy, sik Google i Apple.

[lIBumkHii PO3BUTOK aHANITAKA HAa OCHOBI IITYYHOTO IHTENEKTY TAKOX IPHU3-
BOJIUTH JIO TOTO, IO 00poOKa JaHWX 3 BUKOPHUCTAaHHSIM METOJIIB MAIIMHHOTO HaB-
yaHHs MOXe BinOyBaTucs Ha Oopty. [lonbcbka dipma KP Labs [6] Oymye yHikamb-
HUH CYNyTHHK, SKHI 3MOKE aHANi3yBaTH 1 y3araipHIOBaTH 3i0pani HUM maHi. Cy-
MyTHUK, Ha3BaHUH Intuition-1, Oyme ocHaeHnii HEMPOHHOIO MEPEKEI0 Ha OCHOBI
IITYYHOTO 1HTEJIEKTY, 3MOJIELOBAHOTO Ha JIFOJCBKOMY MO3Ky. [imepcriekTpains-
Hul ToMorpad Intuition 3poOWUTH 3HIMKH MIUPUHOIO CMYTH 15 KM 3 POCTOPOBUM
po3pizHeHHAM 25 M. OHaK 3aMicTh TOTO, 100 MepenaBaTé 300pakeHHs Ha 3eM-
mo, OopTOoBa HEWpPOHHA Mepeka Oyjae 3MHMBATH 300paKEHHS, BUKOPHCTOBYIOUH
MOTY>KHI TpadivHi 4inu, 3aXUIIeH] BiJl BUITPOMiHIOBAHHSI.

BucHoBok

OcHOBHI TeH/IeHIIii po3BUTKY 3aco0iB J133:

- IocTiiiHe mOpivHe 3pOoCcTaHHS KUIBKOCTI cymyTHUKIB /133, 110 3amycKaioThes
B KOCMOC;

— cTBOpeHHA 3aco0iB /I33 mepeBakHO BHCOKOI'O MPOCTOPOBOIO PO3Pi3HEHHS
(Big 1 mo 10 M) i HAIBHCOKOTO MPOCTOPOBOTO PO3pi3HEHHS (MeHIe 1 M);

— MiJIBUIIEHHS  MaKCHUMAaJbHOTO  IIPOCTOPOBOTO  PO3PI3HEHHS  ONTHKO-
EJIEKTPOHHOI 1 pajlioNoKaliitHoi anapatypu ax 10 0,25 m;

— CTBOPEHHS BEJIMKUX yrpynoBaHb KA sK 3 ONTHKO-EJIEKTPOHHOIO, TaK i 3 pa-
JIIOJIOKAIITHOIO anaparyporo;

— CTBOPEHHS BEIMKHX yrpynoBaHb KA BiZle03iOMKH 3¢MHOT TOBEPXHI;

— 301bIIeHHS yncna pexxuMiB 3iiomku PCA (Bix 1 o 4) 3 pi3HEM npocTopo-
BUM PO3Pi3HEHHSM;

— 301IbIIEHHS YKCiIa NoJsipu3aliifaux pexumis 3iiomku PCA (Bix 1 mo 4);

— IIOCTYIIOBA TepeopienHTartis BuxigHoi npoaykmii 133 m1o HajgaHHS HE TiINBKU
nmanux J[33, amme Takosk 1 aHATITUKH HA OCHOBI IIUX JAHHUX;

2 Pirteiinep — KOMIaHis, sKa 3aiiMaeThcs PO3/PIOHOK0 TOPTIiBJIEIO — Mara3uHM, Cy-
NepMapKeTH, TillepMapKeTH, By IMYHA TOPTiBIIs, PUHKH Ta 1HIII.

® FMCG cermeHt — ToBapy, siKi MaroTh KOPOTKHI KUTTEBH MK, TOOTO TOBapH
MIBU/IKOTO BUKOPHUCTAHHS (ILIMPBXKUTOK).
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— CITOCTEPITra€ThCS IHTCHCUBHUIN PO3BUTOK METOIB T€OIPOCTOPOBOTO MOHITO-
puHTY, Oi3HEC-aHAJITUKH, MAIIMHHOTO HABYAHHS, HEHPOHHUX MEPEXK, XMapHOL
apXIiTEeKTypH Ta aBTOMATUIHOI 0OPOOKY BEMMKUX MacuBiB AaHux /33, 3'IBIsroThCS
cTapTamy B 00JIacTi T€OMPOCTOPOBOTO MOHITOPHHTY Ha OCHOBI KOCMI4HOI iH(OpP-
Malii;

— B nepcriektuBi MaiiOytre /33 Oynme 3anmexatd Bil MPOPUBHHUX TEXHOJOTIH,
IHHOBAITIHHUX PIIIeHb, HOBUX MOMATKIB 1 IHTErpallii TeXHOIOTiH, Taknx K VR (Bi-
pTyanbHa peanbHicTh), AR (momoBHeHa peanbHicTh), Al (nTy4nnii iHTenexkT), ML
(MamwHHE HaBYaHHS), BEIUKI daHi, XMapHi oduucienss i loT (iHTepHeT pedeii),
SIKI MAaTUMYTh BHpIIIabHE 3HAUYEHHS s cermeHTa J[33.
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