YK 629.78 https://doi.org/10.15407/itm2023.04.031
[. 0. XPAMOB , O. /1. BO/IOLUEHIOK

AHAJTI3 CTAHY | TEHAEHUIT PO3BUTKY OPBITAJ/IbHNX YT PYTIOBAHb
MAJTMX KOCMIYHIX ATAPATIB ANCTAHUINHOIMO 30HAYBAHHA 3EMJII
A4 BUPILLEHHA 3ABAAHDb SEMJIEPOBCTBA

IHCTUTYT TexXHIYHOT MexaHiku
HauioHanbHoT akagemii HayK YKpainu i [lep><aBHOro KOCMi4HOro areHTCcTBa YKpaiHu,
Byn. Jlewko-Monens, 15, 49005, AHinpo, YKpaiHa;
e-mail: dakhramov@gmail.com, oksana.volosheniuk@gmail.com

MeTa poboTn nonsrae B OUiHLi HaABHUX MOX/MBOCTEl Op6iTaslbHUX YrpyrnoBaHb KOCMiYHUX anapaTis
(KA) gucTaHuiiHoro 3oHAyBaHHA 3eMni, faHi AKVX BUKOPUCTOBYHOTLCS /15 BUPILLEHHA 3aBAaHb 3eM1epo6CTBa, a
TaKoX MepcrneKTUB TXHbOrO PO3BUTKY B Haibamkyi poku. MpoBeseHo aHati3 CTaHy Ta TeHAeHLi po3BUTKY Cy-
YacHUX opbiTanbHUX YrpynoBaHb Maimx KA AuCTaHUIHOIO 30HAYBaHHA 3emni, CTBOPHOBAHWX MpUBaTHUMMW
KOMMaHifiMM Ta BUKOPUCTOBYBAaHWX MpW BUpIilUeHHI 3aBAaHb 3emnepobetBa. OnpauboBaHO BaXvBI [kepena
iH(hopmaLii B KocMiyHil iHgycTpil, a came NewSpace Index, Gunter's Space Page, WMO OSCAR. PosrnsHyTo 52
yrpynosaHHa KA, fKi 34iACHIOIOTb Pi3Hi BUAW 3/OMKMW: ONTUYHY MYNbTUCNEKTPanbHY Ta rinepcrekTpanbHy,
Tennosy Ta MiKpoXBuiboBY (pagapHy). MokasaHo, Lo Taki yrpynoBaHHs 3a6e3neqyroTb NOBTOPIOBAHICTb 3IOMKM
Kifbka pasiB Ha 4o6y. MpocTopoBa po3gifnbHa 34aTHICTb NPUMAAIB ONTUKO-ENEKTPOHHOMO CMIOCTEPEXEHHS CTaHO-
BWUTb He ripwwe 1 M (y naHXpomaTuuHoMy KaHani). Lie fo3Bonse po3s’s3yBaTi 3aBAaHHs BHYTPILUHbOMOILOBOIO
PiBHS, MPOBOAUTY KBa3ibe3nepepBHUIA MOHITOPUHT CTaHy POC/VH, BUKOPUCTOBYBATY CMEKTPasbHi 3aKOHOMIpHO-
CTi Ta TEKCTYPHI 03HAaKW Npu BUPILLEHHI MPUKNaAHWX 3aBLaHb 3eMnepo6cTBa. Bei yrpynoBaHHs pagapHux KA
BeAyTb CMOCTEPEXeHHS B X-AianasoHi, KpimM pagapiB KMTaNCbKOro yrpynoBaHHs Spacety, siki BegyTb 3/0MKy B C-
[fianasoHi. MNokasaHo, Lo KinbKicTb yrpynoBaHb Mainx KA gucTtaHuiiHOro 30HAyBaHHs B nepiog 2021-2025 pp.
3pocTae 6ibll HiXX YTpWui, NopiBHAHO 3 nepiogom 2016-2020 pp. 3HayHO 36inbLIMIaca KifbKiCTb KpaiH, Ki
po3pobnsAtoTh yrpynosaHHs KA guctaHuiiiHoro 3oHAyBaHHS 3emni. flijepamu 3a KifbKiCTIO yrpynoBaHb Ta ix-
HbOO uKcenbHICTIO cepef kpaiH € CLUA Ta Kutaii, a cepeg komnaHiin — Planet (CLUA) i Chang Guang Satellite
Technology Corporation (Kutaid). OcobnmBuiA iHTepec NMpuBaTHI PO3POBHUKM BUABAAKOTL A0 AAHWX TennoBoi
iH(hpayepBOHOT 31IOMKM Ta FinepcrneKTpasibHOI ONTUYHOI 3MOMKU. HOBUM HanpsMOM Y MPUBATHI KOCMOHaBTULi,
AKUIA Y NepcneKTUBi BN/IMHE Ha BUPILLEHHS 3aBAaHb 3eM1epobCTBa, € CTBOPEHHS YrpyrnoBaHb MaiMxX MeTeoposio-
FIYHUX CYMYTHUKIB.

KntoyoBi cnoa: gucTaHLiiHe 30HA4YBaHHS, 3eMepobCcTBO, Cyny THUKOBE YrPYNOBaHHSA, MauiniA KOCMiYHUIA
anapaT, onTuYHa 3iioMKa, rinepcnekTpanbHa 3MoMKa, Tennosa iHhpayepsoHa 3iioMka, pajap.

The goal of this paper is to assess the existing capabilities of orbital constellations of agriculture-oriented
Earth remote sensing spacecraft and the prospects for their development in the nearest future. The paper analyzes
the state of the art and the trends in the development of modern orbital constellations of private companies’ small
Earth remote sensing satellites used in solving agricultural problems. Important sources of information in the
space industry, such as NewSpace Index, Gunter's Space Page, and WMO OSCAR, were analyzed. 52 constella-
tions of spacecraft for optical multispectral and hyperspectral, thermal, and microwave (radar) imaging are con-
sidered. It is shown that they provide a survey frequency of several times a day. The minimum spatial resolution
of optoelectronic surveillance sensors is 1 m (in the panchromatic channel). This allows one to solve problems at
an intrafield level, quasi-continuously monitor the plant condition, and use spectral patterns and texture features
in solving applied agricultural problems. All the constellations of radar satellites use the X-band, except for the
radars of the Spacety constellation (China), which use the C-band. It is shown that the number of constellations of
small remote sensing spacecraft in the period 2021-2025 is to be increased by more than three times compared to
the period 2016—2020. The number of countries developing constellations of Earth remote sensing satellites has
increased significantly. The leading countries and companies in the number and size of constellations are the
United States and China and Planet (USA) and Chang Guang Satellite Technology Corporation (China), respec-
tively. Private developers are particularly interested in thermal infrared imaging and hyperspectral optical imaging
data. A new line in the private space industry, which is expected to facilitate the solution of agricultural problems,
is the deployment of constellations of small meteorological satellites.

Keywords: remote sensing, agriculture, satellite constellation, small satellite, optical imagery, hyperspec-
tral imagery, thermal infrared imaging, synthetic aperture radar.

BcTyn. lMosiBa B OCTaHHE AECATUNITTA OpOiTa/lbHUX YrpynoBaHb MasimxX Koc-
MiyHMX anapaTis (KA) gucTtaHuiiHoro 3oHA4yBaHHs 3emni (A33), CTBOPEHUX i Ke-
pOBaHNX MPUBATHUMM KOMMAHiMK, iICTOTHO PO3LLIMpUIA KONO MPaKTUYHKX 3a-
BaHb, AKi BMPILYIOTLCA 3a LOMOMOrow AaHux [33. OfHieto 3 ranyseit, B SKUX
[aHi TakuMX yrpynosaHb Habyu LUMPOKOro 3aCTOCYBaHHS, € 3eMnepo6eTBo [1].

3emiepo6CTBO € OAHIEID 3 K/THOUOBUX rasly3eil eKOHOMIKM YKpaiHu. BoHO 3a-
6e3neyye 6nm3bKo (17-18) % BBIM (Ha 2019 pik) i € NpoBigHOK EKCMOPTHOO ra-
Ny33K0 KpaiHW. PO3BUTOK 3eM/1epo6CTBa, L0 CNMPAETbCS Ha 3aCTOCYBaHHA Haiicy-
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YaCHILLIMX TEXHONOT I, pO6UTb BaXK/IMBMUIA BHECOK B €KOHOMIKY YKpaiHu.

MepcnekTMBKN PO3BUTKY 3eMsiepobCcTBa 6arato B YOMY MOB'A3aHi 3 YAOCKOHa-
NEHHAM TEeXHONOT i ynpaBNiHHSA NPOAYKTMBHICTIO NOCIBIB, IKi BPaX0OBYHTb BHYT-
PILLHBLONOLOBY BapiabesbHICTb LOBKINNA POC/IMH — TakK 3BaHOr0 TOYHOMO 3emie-
pobcTBa [2]. 3acTocyBaHHA TOYHOMO 3em/1epobCcTBa A03BOSISE NiABULLATA edeKTH-
BHICTb Ha KOXXHOMY €eTarli Ciflb,CbKOrocrnofapcbKunx pooiT, oNTUMI3yBaTh KiflbKiCTb
BHECEHMX MaTepianis, 3HU3UTU BUTPATK i 36iMbLLNTM BPOXKAHICTb.

TouHe 3emMnepo6CTBO Nepefbdavae, Lo 06pobka Nonis NPOBOAUTLCA BiAMOBIA-
HO [0 NoTpeb POCNWH, AKi BUPOLLYIOTLCA Y KOHKPETHOMY Micui nons. A5 Luboro
BUKOPUCTOBYETHLCA KOMMJIEKC TEXHOJONINA, WO BK/IKOYaE rNnobasibHi HasirauiviHi
cynyTHuKoBi cuctemn (THCC), reorpadiyHi iHhopmauiiHi cuctemn (CIC), meTo-
AN NPOrHO3yBaHHA Ta OUIHKM BPOXKAWHOCTI, TEXHOMOrIT 3MIHHOMO HOPMYBaHHSA
(Variable Rate Technology, VRT), a Takox TexHonorii [433.

TexHonorii 433 MiCTATb CynyTHWKOBE Ta aBialiiiHe cnocTepexXeHHs. OCTaHHE
3AiCHIOETBCA 3a JOMOMOrOoK 6e3niNOTHUX NiTaslbHUX anapaTiB i B OCTaHHI POKM
PO3BMBAETLCA CTPIMKMMM Temnamu. AKTUBHO PO3BMBAETLCA | «BEPXHIN ApyC»
[33. CynyTHUKOBI METOAM CMOCTEPEXeHHA [03BO/NAOTL OXOM/OBATU BeNUKI
nnoLi, 3a6e3neyvytoun NOBTOPIOBAHICTb 3MWOMKM, MPY LbOMY PIK Y PiK 3pOCTaE iH-
(POPMATUBHICTb CYMYTHUKOBUX LaHMX.

MeTa po60TK nonsrae B OUiHLi HagBHUX MOX/IMBOCTEN OpbiTanbHUX Yrpymno-
BaHb KA [133, faHi AKMX BUKOPUCTOBYHOTLCA A4S BUPILLEHHA 3aBAaHb 3emM1epo6ec-
TBa, @ TaKOX NePCrneKTVB TXHbOro PO3BUTKY B HAMONMKYI POKN.

$K 6a30BUIA CTaH, CTOCOBHO SKOr0O MPOBOAUTLCA MOPIBHAHHSA, MPUIAMEMO Lii-
NbOBI XapaKTepUCTUKM OpbiTanbHUX yrpynoBaHb Manmx KA [33, po3ropTaHHs
AKMX posnoyanoca B 2016-2020 pokax. MopiBHAEMO TX i3 MOXIMBOCTAMU NOLi6-
HMX YrpynoBaHb, PO3ropTaHHA AKUX po3noyasnocs (abo NOYHETLCS) B Mepiog,
2021-2025 pokis.

Bigoma Befimka KifbKicTe ornagis [1-4], npucBaYeHNX BUKOPUCTAHHIO JaHKX
[33 y 3aBaHHAX CiNbCbKOro rocnojapctsa Ta, 30KpeMa, TOYHOro 3eMsiepo6CTBa.
Barato 3 HMX 3a4inal0Tb MEPCNEKTMBK 3aCTOCYBaHHA LMX AaHWX, NOSBY HOBUX
BMAiB AaHuX. MpoTe, HACKiNbKKX BiAOMO aBTOpaM, Y NOAIOHIN NOCTaHOBLL 3aBAaH-
HS € HOBUM.

Buan paHnx [33. 433 34iACHIOETLCA LUISXOM CMOCTEPEXEHHS Ta BUMIpHO-
BaHHA eHepreTUYHUX | NONApMU3aLinHUX XapaKTePUCTUK BUNPOMIHIOBAHHA CMOC-
TepeXKyBaHOro 06’eKTa B pi3HUX AianasoHax eneKTPoMarHiTHUX XBWAb. Po6ounii
AianasoH [OBXUH XBW/b, AKi NMpUIAMaE 3HiMabHa anaparypa CyrnyTHUKIB, CTaHO-
BUTb BiJ 4acTOK MikpomeTpa (BMAMME OMTUYHE BUMPOMIHIOBAHHS) 40 OAUHULb
meTpiB (pagioxsuni). [ianasoHu XBU/b, AKi BUKOPUCTOBYIOTLCA B [133, a Takox
pesynbTaT BMMIpIOBaHb ICTOTHO 3anexaTb Bif MPo30opocTi atmocgepn. Metoau
[33 6yBatOTb aKTMBHUMM | NAaCMBHUMU. B aKTMBHMX MeTOAaX Npuiaz OnpoMiHIOE
3eMHY MOBEPXHI0, & NOTIM PEECTPYE BiJOUTWIA Bif HET CUTHAM. Y NacUBHUX METO-
fax npunag TifIbKy NpuiimMae enekTpoMarHiTHe BUNPOMIHIOBaHHS, L0 iae Bif f0-
CnigpKyBaHoro o6'ekta (BnacHe BMMPOMIHIOBaHHA 06’ckTa abo Bifg6UTE COHSAYHE
BUMPOMIHIOBAHHS).

[ns po3B'A3aHHA 3aBAaHb 3eMIepo6CTBa, AK MPaBW/o, BUKOPUCTOBYIOTL TpU
BUAM 3HIMaIbHUX NPWAaAiB: ONTUYHI CEHCOPW, TEMOBI CeHcopy Ta pagapu. Hai-
6iNbLIOro MowmpeHHs B npaktuyi A33 Habynu npwnagyM ONTUYHOMO CrocTepe-
YKEHHS, L0 NpautoTh Y AianasoHax BUAMMOro, 6/IMKHbOIO iH(hpayepBOHOro Ta
KOPOTKOXBMW/IbOBOIO iH(hpayepBoHOro ceitna (400-2500) HM. [iana3oH A0BXMH
XBW/b Bij BUAUMOrO A0 GAMXHBLOrO iH(payvepBoHoro ceitna (400-1000) HM mae
Ha3By VNIR (visible and near-infrared). EnektpomarHiTHe BUMPOMIHIOBAHHS 3
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NOBXUHaMKM XBuU/b (1000-2500) HM HaneXutb A0 KOPOTKOXBU/ILOBOIO iH(payep-
BOHOro gianasoHy (SWIR).

ONTWYHI ceHcopu i AaHi, AKi BOHM 36MpatoThb, NiAPO3AINAITL Ha MY/IbTUCMEK-
TpasibHi Ta rinepcrnekTpasbHi. MynbTUCMEKTPaIbHWIA CEHCOP POOUTL 3HIMOK 06'e-
KTa B [eKiNbKOX cMyrax cnekTpa (CnekTpaibHUX KaHanax), KifbKiCTb AKUX KOMN-
BAETbCA BiJ OAMHULb [0 KifIbKOX [AECATKIB.

UM OGinblue cnekTpasbHUX KaHanis, TMM TOYHiwe 6yae npeacTaBleHo
CMEKTP BifobpakeHHs 06'ekTa. Haikpalyi pe3ynbTaTy Aae rinepcnektpasibHa 3io-
MKa, L0 J03BO/ISE OTPUMATK Maiixe Ge3nepepBHUn CNeKTp BigoutTa. Jocaraetbes
e 3a paxyHOK 3aCTOCYBaHHS BefIMKOT KiNlbKOCTi BY3bKuX (WMpUHOKO (5-10) HM)
CMEKTPa/IbHNUX KaHaniB. AK MnpaBw/o, rinepcrekTpasbHi CEeHCOpW HapaxoByHOTb
COTHI CMEeKTPa/IbHMUX KaHaiB.

Y TenepiLHiin Yac ONTWUYHI fJaHi € HaiNOLUMPEHIWNM B1AOM AaHux [33, 3a-
CTOCOBYBaHUM A/11 BUPILLUEHHS LUMPOKOTO Kona 3aBfaHb. [epeBaXkHY 6GinbLUiCTb
ONTUYHMX JaHWUX CKNaAatoTh AaHi My/IbTUCMEKTPa/IbHNUX CEHCOPIB.

Tennosi ceHCOpW NPaLoKTb Y AianasoHi Terna0Boro iHPpavyepBoHOro BUMNPo-
miHtoBaHHA (Thermal InfraRed, TIR): (8000-14000) Hm. Lli npunaam cnyxatb ans
BU3HAYEHHS TeMnepaTypy NoBepXHi, J03BONAIOTL BUABUTU OCEPELKM 3aropsHb, a
TaKOX CNy)kaTb A/151 OLiHIOBaHHS BOMOrOCTi FPYHTY.

TpeTim BUAOM 3HIMASIbHOI anapaTypu € pafapv — npunagm, aki BUNPOMIHI0-
0Tb CUrHaN Y MiKPOXBUIbOBOMY fliana3oHi (Big 1 MM o 1 M), i peecTpytoThb Xapa-
KTEPUCTMKM BifOMTOr0 NOBEPXHEH curHany. Pajapv [L03BONSKOTb OTPUMYBATU
306paXXeHHs BAEHb i BHOYI, B TOMY YMCAi, KPi3b XMapHWUIA NOKPWB i AnM, WO ne-
PELLKOLKAKOTb CNOCTEPEXEHHAM 32 AOMOMOIOK OMTUYHMX Ta TENI0BUX CEHCOPIB.
TakMM YMHOM, pajapy A03BONSIOTL 3a0e3MeUnT PerynspHuiAi MOHITOPUHE NoBep-
XHi 3emni. PafapHi faHi [03BONAOTb OLIHWTKU BOMOTICTb IPYHTY, CTaH POC/IMH
(Hanpuknag, BUCOTY POC/IMH Ta FyCTOTY MOCAZAKM). 3a HUMWU MOXHa BiACTEXMUTU
HW3KY arpoTexHiYHMX onepavii, a TakoX CYAUTHN NPO TEXHIKY IX BUKOHAHHS.

Mowyk iHdopmauii. OCHOBHUMK [KepenaMun iHopmauii nocnyxunm 6asu
faHux canTie: NewSpace Index (https://www.newspace.im), Gunter's Space Page
(https://space.skyrocket.de/index.html) Ta WMO OSCAR Space-based capabilities
(https: //space.oscar.wmao.int/spacecapabilities).

[10 pe3ynbTaTiB MOLUYKY BK/IKOYEHO YrpyrnoBaHHA Masimx KA, Macoto Bif Kifb-
Kox Kinorpamis (CubeSat 6U) go 250 Kr. Po3rnsHyTo npuBaTtHi KOMNaHit, ki ofi-
LiHO 3a8BWM NPO BMKOPUCTAHHA CBOIX CYMYTHWKIB, cepef iHWWOro, Ans Bupi-
LIEHHS Ci/IbCbKOroCnoLapCbKnX 3aB/aHb.

3anyck CcynyTHUKa-[eMOHCTpaTopa BBaXKaBCs NOYaTKOM PO3ropTaHHA opbiTa-
NIbHOTO YrpyrnoBaHHs.

PesynbTaTn. BigoMocTi Npo 3HaigeHi yrpynoBaHHs CynyTHUKIB [33 po3mi-
LweHo B Tabn. 1-4 [5]. Mig po3ainbHOK 34aTHICTIO B TabAMLAX PO3YMIETLCA MPOC-
TOpoBa po3finbHa 34aTHICTb faHKX. B cToBnui "KpaiHa" BKa3aHO KpaiHy, Ae 3ape-
€CTpPOBaHa KOMMaHis-oneparop yrpynosaHHs. CtoBnelps "PiK" MiCTUTb pik noyar-
Ky pO3ropTaHHs yrpynoBaHHsa. B cToBnui "YuncenbHIicTh" y Ay)KKax 3a3HayeHo 3a-
MNaHOBaHY YNCEbHICTb YIPYNOBaHHS.

Bci yrpynosaHHs, 6yayun NOBHICTIO PO3ropHYTI, MOBMHHI 3a6e3nedyBaT Yac
MOBTOPHOT 3MOMKM MeHLle 1 fo6u, TOMy 4ac NMOBTOPHOT 3MOMKMN B Tab/imusx He
BKa3aHo.

YrpynoBaHHsa cynyTHUKIB [33, Wo NpoBoAATb MyNbTUCNEKTPAIbHY ONTUYHY
31OMKY 11 Bifle03iioMKy, 36mpatoTb (abo nnaHytoTb 36MpaTK) AaHi BUCOKOI i Haf-
BMCOKOT NMPOCTOPOBOI PO3A4iNbHOT 34aTHOCTI NpeAcTaBneHo B 1abn. 1. 3asHaunmo,
LLLO NpOCTOPOBa PO3fifbHa 34aTHICTb B 1 M, L0 4acTO 3yCTPivaeTbea B NiTepatypi
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AK TpaHULsA MiXXK BUCOKOK | HaJBWCOKOK PO3AINbHOK 3[aTHICTIO, HAeXUTb [0
NaHXPOMaTUYHOro KaHany. Y ctoBnui "Po3ginbHa 3gaTHicTh” (Tabsn. 1) HaBefeHo
NPOCTOPOBY PO34iNbHY 3A4aTHICTb CMEKTpaNbHUX KaHaniB fianasoHy VNIR a6o
napv naHxpomaTtnyHmin kaHan i VNIR.

Tabn. 1 — YrpynoBaHHs CynyTHYKIB, L0 34iACHIOTb MY/bTUCTIEKTPAILHY
OMTWYHY Ta BiZe031MOMKY

HasBa Po3ginbHa Uncenb- KomnaHis KpaiHa Pik
3[aTHICTb, M HiCTb
Flock 3,7 424 Planet CLWA 2014
SkySat 0,9-2 21 Planet CLUA 2013
Jilin-1 Gaofen 02 0.75 4 Chang Guang Kwutaii 2019
' Satellite (CGS)
Jilin-1 Gaofen-03 64 Chang Guang Kwutaii 2019
1-4 -
Satellite
Jilin-1 Gaofen-04 1(?) Chang Guang Kwutaii 2022
0,5 ’
Satellite
Jilin-1 Gaofen-06 30 Chang Guang Kwutaii 2023
0,5-5 ’
Satellite
Jilin-1 Kuanfu-02 1(?) Chang Guang Kwutaii 2023
0,5-3 ’
Satellite
Jilin-1 Mofang <1 4 Chang Guang Kwutaii 2022
Satellite
Jilin-1 Pingtai 3 Chang Guang Kwutaii 2022
B Satellite
Jilin-1 Shipin 1 6 Chang Guang Kwutaii 2017
Satellite
NuSat (NewSat) 0,7-4 38 Satellogic CLUA 2016
Zhuhai-1 OVS 4 Zhuhai Orbita KuTaii 2017
<19 Aerospace Science
& Technology
Tianyi - 2(?) Spacety Kwutaii 2019
GRUS-1 2,5-5 5(9) Axelspace AnoHis 2018
STORK 5 5 (14) SatRev MonbLua 2022
Jinzijing (Golden 4 9 (132) | Beijing Zero G Kwutaii 2021
Bauhinia) Lab
Pleiades Neo 4(?) Airbus Himeyun- | 2021
0,3-1,2 .
Intelligence Ha
Sejong 5 1 (50) Hancom Inspace MisgeHHa | 2022
Kopes
EOS SAT 1(7) EOS Data CLWA 2023
1,4-2,8 .
Analytics
Open 25 1(25) Open Cosmos Bennko6- | 2023
Constellation ' puTaHis
EarthDaily 0(8) EarthDaily Ana- KaHaga 2024
- Iytics
Pelican 0,3 0 (32) Planet CLUA 2023
JAPETUS 1 0 (20) Prométhée Earth ®paHuis 2023
Intelligence
SatSure 1-? 0(4) SatSure IHgis 2024
Guardian - 1 (20) Aistech IcnaHis 2022
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AmeprKaHCcbKa KoMnaHist Planet mae HalibinbLui 3a YNCENbHICTHO CYNyTHMKOBI
yrpynosaHHs. Ti yrpynoaHHs Flock cknagaeTbes 3 anapatis BNacHOro BUPOGHMUL-
TBa (Dove i SuperDove), 3arasibHa KiflbKiCTb SKMUX MEPEBULLYE CyMapHYy YuCenb-
HIiCTb BCiX iHLIMX CYNyTHWKOBMX yrpynosaHb [33. KA yrpynoBaHHs SkySat, L0
BeAyTb 31/I0MKY HaIBUCOKOI PO3A4iNbHOI 34aTHOCTI, BUFOTOB/EHI KOMMNaHieto Maxar
Space Infrastructure.

KuTtalicbka komnaHisi Chang Guang Satellite Technology Corporation Bonogie
APYrvM 3a YMCENbHICTIO h1IoTOM KA ONTUYHOMO CMOCTEPEXEHHS, L0 CKNaLaETbCA
3 feKinbkox yrpynoeaHb KA Jilin-1. ¥ nnaHax komnaHii gocarti go 2025 p. nepi-
OAMNYHICTb 31i0OMKM B 10 XBUAWH [6].

YrpynoBaHHsa SkySat, Jilin-1 Gaofen-03, Jilin-1 Shipin i Zhuhai-1 OVS matoTb
MOX/IMBOCTI Bifje03MOMKMN Yy BMAMMOMY fAiana3oHi (Tabn. 1). KA ABOX OCTaHHiX
yrpynoBaHb BUKOHYIOTb TiflbKM Bifeo3nomMKy, a SkySat i Jilin-1 Gaofen-03 go3Bo-
NATb TAKOX OTPUMYBATU MY/IbTUCNEKTPa/IbHI 3HIMKW. YacTtoTa Kafpis Bifeo
cTaHoBUTb 25-30 KagpiB Ha CeKyHAy, TPMBaTICTb 3amnnCy KOIMBAETLCA B MEXaX
Big 60 ¢ no 120 c.

Ocob6nuBicTio cynyTHuka Jilin-1 Kuanfu-02 (y nepcnekTuBi — Lie NepLUnii cy-
MYTHWK OAHOMMEHHOrO YrpyrnoBaHHS) € LUMPOKa CMyra 3axBaTy, NMOPIBHAHO 3 iH-
LUINMKN CYNYTHUKaMW HafBUCOKOT PO3AiNbHOT 34aTHOCTI: 3aMiCTb OAMHULb Kiflome-
TPiB BOHa CTaHOBUTL 150 KM.

@paHuy3bKe yrpynoBaHHs JAPETUS (1a6n. 1, 2), KpiM MyNbTUCNEKTPaSIbHUX,
6yne mictutn i KA, Wo BeayTb rinepcnekTpanbHy 3iMomky. KinbKicTb anapartis
060X BMAIB Y 3aranbHiil YNCeNbHOCTI YrpynoBaHHs Hapasi He Bifgoma. TakoxX HeBi-
[lOMa KifibKiCTb anaparis i3 TENJ0BMMMU CEHCOopamn Yy CKnagi icnaHCbKoro yrpyno-
BaHHA 33 Guardian (ta6n. 1, 3). ¥ BignoBigHNX Tabnuusax BKasaHo 3arasibHi 3a-
M1aHOBaHI YMCENbHOCTI LMX YrpyrnoBaHb.

Ha BigmiHy Bif nepeBaXKHOI 6iNbLLOCTI yrpynoBaHb 33, WO BUKOHYHOTH My-
NbTUCMEKTpanbHy 3iMomKy B gianazoHax VNIR Ta SWIR, KA niBgeHHOKOpeicbKo-
ro yrpynoBaHHs Sejong BeayTb 31MOMKY Tinbku B gianasoHi VNIR.

B T1abn. 1 He BkasaHO yrpynoBaHHs KA BlackSky, ockinbkn ofHOliMeHHa
KOMMaHisi He 3asBNSi€ MPO 3aCTOCYBaHHA CBOTX AaHUX A/ BUPILLEHHS 3aBAaHb 3e-
mnepo6eTBa. YrpynoaHHs WorldView Legion komnaHii Maxar He BK/IIOYEHO B
Tabnuuto, ocKinbkn Macy ogHoro KA ouiHiotoTh y 750 Kr, WO BUXOAUTb 3a MeXi
PO3rNIAHYTOr0 HaMu fianasoHy.

B T1abn. 2 npeactasneHo yrpynoBaHHs KA [133, Wo 34ilCHIOKTL rinepcnexT-
pasibHy ONTUYHY 31AOMKY.

Cepef, pO3ropHYTMX YrpynoBaHb HaibinbLly YMCENbHICTb MarTb KWTalCbKe
Zhuhai-1 OHS Ta amepukaHcbke GHOSt. HaliambiTHiLWi nnaHum 3a KinbkicTio KA —
y KaHagcobkoro GenMat (600) i diHcbkoro Hyperfield (100). B yrpynoBaHHi
GenMat nepegbadacTbCca 0OMEXUTIN criocTepexkeHHs gianasoHoM VNIR. Posrop-
TaHHsi Hyperfield mae 3aBepumTncs B 2030 p. i 3a6e3neunTt 3MOMKYy Oyab-gKOT
AinsgHkn 3emni B gianazoHax VNIR i SWIR i3 yactoToto 2 — 3 pasu Ha goby. Kom-
naHia Kuva Space, BnacHuk Hyperfield, yknana m'aTMpidyHmini KOHTpakT 3 €Bpo-
MEeCbKOK KOMICIEID Ha MocTayaHHs rinepcnekTpanbHUX faHUX ANs nporpamu
Copernicus Contributing Mission [7].

MepepbavaeTbes, Wo KA XCraft MaTMyTb MOXNMBICTb 34iACHIOBATK Bifeos-
IOMKY, XapaKTepUCTUKM SIKOT Hapasi HeBigOMI.

3a3HauMmo TakoX nnaHu KomnaHii Planet WOAO PO3BUTKY YrpynoBaHHA
Tanager. 3anyck gsox KA Lb0ro yrpynosaHHs 3annaHoBaHo Ha 2023 p. [8].
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XapaKTepucTMKmM yrpynoBaHb KA, L0 34iICHIOKOTb TEMI0BY 3OMKY NMOBEPXHI
3emni, HaBeaeHo B Tabn.3.

Tabn. 2 — YrpynoBaHHs CynyTHUKIB, LLLO BeAYTb rinepcrnekTpasibHy ONTUYHY 3A0OMKY

HasBa POS'U'.mbHa YuncenbHicTb KomnaHis KpaiHa Pik
3AaTHICTb, M
Jilin-1 . o
5 2 Chang Guang Satellite KuTali 2019
Guanpu
Zhuhai-1 Zhuhai Orbita Aerospace o
OHS 10 8 Science & Technology Kuai 2018
Hyperfield] 25 0 (100)? Kuva Space QiHnaHgis | 2023
GHOSt 8 3(6) Orbital Sidekick CLIA 2023
Pixxel 10 2 (20) Pixxel IHpin 2022
Wyvern 5,3 2 (36) Wyvern Kanaga 2023
Tanager
(Carbon 30 0(? Planet CLIA 2023
Mapper)
Esper 6 0(18) Esper Satellite Imagery  |AscTpania | 2023
Hypersat 9 0 (6) Hypersat CLUA 2023
HySpeclQ 1-5 0(12) HySpeclQ CLUA 2023
JAPETUS| 5 0 (20) Prométhee Earth dpaniis | 2023
Intelligence
GenMat 5 0 (600) GenMat KaHaga 2023
XCraft 2 0(12) Xplore CLUA 2023

Tabn. 3 — YrpynyBaHHS CynyTHUKIB, 5IKi 3[4iACHIOIOTL TEN/IOBY 31OMKY

Hasga Po3,q_|nb|-|a YuncenbHicTb KomnaHis KpaiHa Pik
30aTHICTb, M
- Chang
f—lllc:zgfvai - 8 Guang KuTaii 2022
Satellite

Constellr 30 0 (30) Constellr HimeuurHa 2024
FOREST 80 2 (100) OroraTech | HimeyuunHa 2022
Hydrosat - 1 (16) Hydrosat CLUA 2023
HotSat 3,5 1(8) SatVu BenukobputaHia | 2023
Guardian - 1 (20) Aistech IcnaHis 2022

Hainbinbly Kinbkictb KA cepes pO3ropHyTMX YrpynoBaHb Mae KuTaiCbKa
Jilin-1 Hongwai, UinboBi XapakTepPUCTUKN AKOT HEBIAOMI. 3a3HaYMMO aKTUBHICTb
HiMeLKNX KoMnaHii OroraTech i Constellr, siki nfaHyOTb CTBOPUTK YrpyrnoBaH-
HA, WO cknagaroTbes 3i 100 i 30 KA BignosigHo.

CynyTHuKM HotSat 6puTaHCbKOT KOMNaHiT SatVu NpoBOASATL CMIOCTEPEXXEHHS B
CepefHbLOXBUNBLOBOMY iH(ppavepBoHOMY Aianas3oHi (MIR): (3400-5000) HM. Lle
[03BO/ISE CNPOCTUTM AaTUMKM Ta 3HU3UTK X BapTiCTb. Pa3oM 3 TUM, Takui Nigxig,
MO>Ke CTBOPUTYW TPYLHOLLi Y MEPETBOPEHHI OTPUMAHKX Ha 3HIMKY 3HaYeHb ACKpa-
BOCTI B TeMMepaTypy 3eMHOT NMOBEPXHI.

YrpynosaHHa KA [33, Wo 34iACHIOTL pafapHy 3VOMKY 3eMHOT NOBepXHi
npeAcTaB/ieHo B Tabn. 4. B AKOCTi NPOCTOPOBOI PO34i/bHOI 34aTHOCTI BKa3aHo Ha-
3eMHY NPOCTOPOBY PO34iNbHY 3A4aTHICTb Y MapLUpPyTHOMY PeXxuMi  3/0MKK
(Stripmap).
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Yci 3a3HayeHi B Tabn. 4 yrpynoBaHHs KA BefyTb CMOCTEPEXeHHs B X-
AianasoHi (2,4-3,5) cM, OKpiM KUTaNCbKOT KOMMaHii Spacety, sika CTBOPHOE Yrpy-
noBaHHs 3 pagapis C- (3,8-7,5) cMm i X-gianasoHis.

JNigepamu 3a YnCenbHICTIO yrpynoBaHb € iHCbKa komnaHis ICEYE, a Takox
amepukaHcbki Capella Space Ta Umbra Lab. B 1a6n. 4 BkasaHO uncenbHicTb KA
yrpynosaHHs ICEYE, siKi HanexxaTb MaTepWHCbKIA KOMMNaHIi /i ynpaBnstoTbeca 3
®innanaii. YactuHa yrpynosaHHs ICEYE HanexuTb godipHili komnaii B CLUA i
npautoe B iHTepecax 6e3nekn. LLle aga KA, surotoeneHi ICEYE (Carcara 1 i 2),
HanexaTb BiliCbKOBO-MOBITPAHUM cvnam bpasunii.

Tabn. 4 — YrpynyBaHHS CYNyTHUKIB, L0 34iICHIOTL pajapHy 3i0MKY

Ha3Ba Po3ginbHa UucenbHicTb KomnaHis KpaiHa Pik

30aTHICTb, M

Capella-2 1,2 9 Capella CLUA 2020

(Sequoia, Space

Whitney)

Capella-3 - 1 (30) Capella CLIA 2023

(Acadia) Space

ICEYE 3 20 ICEYE PiHnaHais 2018

Spacety 1 2(?) Spacety KwnTaii 2022

(Chaohu)

QPS-SAR | <05 3(36) iQPS AnoHis 2019
(Spotlight)

StriX 3 1 (25) Synspective | AnoHis 2022

Umbra- <05 6 (24) Umbra Lab | CLLUA 2021

SAR

PIESAT 0,5 4 Galaxy KwnTaii 2023
(Spotlight) Space

XpressSAR | 3 0(4) XpressSAR | CLUA 2024

B 1abn. 4 He Bka3aHo yrpynosaHHs KA CHORUS, GenMap T1a SAR-XL. KaHag-
cbka KomnaHia MDA (po3po6HnK RADARSAT'iB) 3asBuia Mpo nnaHu 3i CTBOPEHHS
yrpynosaHHa CHORUS, ske mae cknagatucs 3 pagapis C- i X-gianas3oHis. OfHak
Maca CynyTHUKIB, YNCE/bHICTb YrpynoBaHHSA Ta TEPMiHW AOro 3anycKy Hapasi He-
BigoMi. TakoX Hemae [aHuX LOoA0 KaHaACcbKoro yrpynosaHHs GenMap, KpiM To-
ro, L0 BOHO Mae cknagartucs 3 pagapis S- (7,5-15) cm i X-gianasoHis [9]. KaHaa-
cbka Space Alpha nnaHye ctaT NepLlod KOMNaHieto, Wo 36upae pagapHi gaHi 3
KoxxHoro KA yrpynosaHHs SAR-XL ogHouacHO B ABox AgianasoHax: X i L (15—
30) cM. TepMiHK 3aMyCcKy CYMNyTHUKIB LibOro YrpyrnoBaHHs Hapasi HeBifoMi.

Ha puc. 1 nokasaHo po3nogin CynyTHUKOBMX YrpynoBaHb 3a TUNamu faHux, Lo
36upatoTbes (I — rinepcnekTpanbHi, M — MynbTUCNeKTpanbHi, P — pagapHi, T — Ten-
NoBI). 3a3HauMMO 3arasibHe 3pOCTaHHSA KiflbKOCTI yrpynosaHb [33 3a 2021-2025 pp.
MOPIBHAHO 3 MOMepeaHiM MATUPIYHUM NepPIoAoM, a TaKOX 3HAYHe 3POCTaHHSA iHTe-
pecy [0 rinepcrneKkTpaibHUX AaHuX Ta JaHUX Tensosol 3WOMKM (YrpynoBaHHS 4
360py faHux ocTaHHLOro Tuny B 2016-2020 pp. 6ynu BiACYTHI).
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Puc. 2 — Po3nogin cynyTHMKOBMX YrpynoBaHb 3a KpaiHaMu

Cepef, HOBMX HanpAMIB Yy rany3si NPUBaTHOT KOCMOHAaBTUKM, LLIO BMMBAKOTL Ha
BUPILLEHHA 3aBAaHb 3em1epobeTBa, HeOOXiAHO BiA3HAUYNTM CTBOPEHHS MPUBATHUX
METeopO/OriyHMX CYNyTHUKIB. Tak, ameprkaHCbKa KoMnaHis Muon Space 3anyc-
™mna y 2023 p. 70-Tv KinorpamoBuWin CynyTHUK-AeMoHcTpaTtop MuSat-1 i nnaHye
CTBOPEHHSA YrpyrnoBaHHA /19 MOHITOPUHTY Ta NporHo3y norogu [10]. MounHaroum
3 2024 poKy, Ha BAOCKOHaneHUX cynyTHMkax MuSat-2 i -3 6yayTb npoBoAUTUCA
BUMNPOOYBaHHA MIKPOXBUNLOBMX | rinepcnekTpasbHMX AaTymKiB. Tomorrow.io
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(CLUA) TakoX po3pobnsie YrpynoBaHHS MajiMx MEeTeOposioriuHMX CyMyTHUKIB,
OCHalLLeHUX pagapamu i MiKpoxBu/ibOBMMM 30H4aMuK. B 2022 p. KomnaHis Burpana
KoHTpakT BIMC CLUA BapTticTio 19,3 MAH. J0A. Ha MigTPUMKY PO3pO6/eHHS Me-
TEOPO/OriYHNX CYNyTHMKIB i HaaHHS AaHMX B SIKOCTi CepBicy BiliCbKOBUM Ta iH-
UMM YPSA0BUM ycTaHoBam [11].

BucHOBKW. Bia3HayaeTbCs 3HAYHE 3POCTaHHA IHTepecy NpUBATHUX KOMMaHil
[0 CTBOPeHHA yrpynoBaHb Maimx KA [33: KifibKiCTb TaK1X yrpynoBaHb 3a Nnepiog
2021-2025 pp. 3pocna 6inbLu HiX yTpuyi nopieHAHO 3 2016-2020 pp. Ocobnmsuii
iHTepeC npuBaTHi PO3POOHMKM BUSABASIOTL 40 AaHMX TennaoBol iH(pavepBOHOT
3MOMKM Ta FinepcneKkTpasibHOi ONTUYHOI 3AOMKMN.

3Ha4HO 36inbLUMIACcS KiNbKIiCTb KpaiH, WO Po3po6astoTh YrpynoBaHHA Masinx
KA [33. Nligepamu 3a KinbKiCTHO yrpynoBaHb i X uncenbHicTio € CLLUA Ta KuTaii.
AmeprKaHcbKa KomnaHis Planet i kuTaiicbka Chang Guang Satellite Technology
Corporation CTBOPIOKOTb YrpynoBaHHA, WO BUKOHYBa/M BCi BUAW 3WOMKM, KpiMm

pafiapHoi.

Yci cTBoptoBaHi yrpynoaHHs KA 33 nnaHyloTb 3a6e3neunTy NpocTopoBy
po34iNnbHY 34aTHICTb He ripwe 1 m (B naHXpoMaTM4YHOMY KaHasi) i NoBTOptOBa-
HICTb 3AOMKM KinbKa pasiB Ha A00y.

Bci icHytoui Ta NepcnekTUBHI yrpynoBaHHA pagapHUX CYMyTHUKIB BefyTb CMo-
CTepexeHHs B X-gianasoHi. Pagapu KuTalicbkoro yrpynoBaHHs Spacety BefyTb Ta-
KOX 3/i0MKy B C-Ajiana3oHi. IHTepec 40 CTBOPEHHA My bTUAIaNa30HHKX YrpynoBaHb
pagapHux KA, BoueBnp, BTINUTLCSA B KOHKPETHI pilleHHs nicns 2025 p.

HoBMM HanpsMOM Y NpUBATHIN KOCMOHaBTUL,, LLLO B NEPCNEKTUBI MOXe BN/IN-
HYTW Ha BMPILUEHHA 3aBAaHb 3eM/Iep06CTBa, € CTBOPEHHS YrpyrnoBaHb Masix me-
TEOPONOrivYHNX CYMNyTHUKIB.
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