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HanmonanpHbIM TEXHUYECKUN YHUBEPCUTET «XaPbKOBCKUN MTOJTUTEXHUYECKUN

WHCTUTYT»
TengeHUN pa3BUTHSA MAJIBIX KOCMUYECKHX alllIapATOB JUCTAHIUOHHOI0
30HAUPOBAHUA 3eMJIU

PaccmoTpensl  1eneBble  3ajayd,  oOJacTM  NPUMEHEHUS  CIYTHUKOB
OUCTAHIMOHHOTO 30HAWUPOBAHUS 3€MJIM, WX XAPAKTEPUCTUKM U OCHOBHBIE
HAaIMpaBJIEHUS Pa3BUTHS.
PosrnsiHyTi 1i1b0OB1 3anadi, cdepu 3acTOCYBaHHS CYMYTHHUKIB JUCTAHIIHOTO
30H]IyBaHHS 3€MII1, IX XapaKTepPUCTUKHU Ta OCHOBH1 HAMIPSIMKU PO3BUTKY.
The main goals, fields of application of land reendensing satellites, their

specification and the basic tendency are discussed.

CocrTosinue mnpodJieMmbl. COBpeMEHHBIE TEXHOJIOTUU Pa3BUTUS OOIECTBA
TECHO CBSI3aHBI C Pa3BUTHEM KocMHYeCKoH otpacau [1]. B coBpemeHHOM
CTPEMHTEITHEHO U3MEHSIOIIIEMCSI MUPE MBI CTAHOBUMCSI CBUACTEIISIMU HETIPEPHIBHBIX
PEBOTFOITMOHHBIX TEXHOJIOTHYECKUX m3MeHeHni. Ecimm XX Bek yke cTan BEKOM
IUGpPOBLIX TeXHOJOTHM, TO XX| BEeK MOXHO Ha3BaTh BEKOM KOCMHUYECKHX
UG POBBIX TEXHONOTHIA [2, 3].

Co BpemeH mepBoro 3amycka B 1957T. u 10 HACTOSIIET0 MOMEHTa OBLIO
BbIBeIcHO Ha opouty Oonee 6000 xocmuueckux amnmapatoB (KA) pasmudHoro
Ha3HAUCHWs, NpHHAAIEKAmmXx Oonee dvem 60 rocymapcTBam — Mmpa.
HckyccTBeHHBIE CIIYTHUKH 3€MJIH UTPAIOT BCe OoJiee BaXKHYIO POJIb B KU3HHM Ha
3emsie. OHM UCTIONB3YIOTCS MJIsS CBSI3M, HABUTAIMH, B c(epe TOCymapCTBEHHOU
0€30MacHOCTH, PEIICHUS TJIO0ATBHBIX MPOOJIeM U3MEHEHUS KJIMMaTa W COCTOSTHHSI
OKpY’KaroIen cpeibl, pa3BicdeHui u 1.1. [2, 3].

[To nanasiM BBC Ha cerognsmamii 1eHp Ha opOuTe 3eMin (YHKIIMOHUPYET
okoj10 1000 criyTHUKOB pa3iIuYHOrO HasHadeHUs [4]. M3 HUX OKOJIO MOJIOBHHBI

npuHauiexkuT CIIA (45%), nanee mo konmdecTBy cryTHHKOB HieT Poccus (10%),



Kuraii (7%) u Anonus (4%). Ha naHHBI MOMEHT KOCMUYECKUMHU TEXHOJOTHUIMHU
1 COOCTBEHHBIMH CITyTHUKaMU BiaAcioT 44 CTpaHbl, Cpell KOTOPHIX U YKpauHa.
Psn ctpan He wMoryT mo3BoiMTh cebe coaepkaTte Hu oOcmyxuBaTh KA
CaMOCTOSITEJIbHO, MOATOMY OKoJo 115 rocygapcTB SIBISIIOTCS COBajeNibllaMu
JaCTH CIIyTHUKOB. J[0JIs1 TaKWX CITYyTHUKOB Ha TEKYIITUH MOMEHT COCTABJISIET OoJiee
5% ot o6urero uncna akTuBHbIX KA Ha opOure.

Ha3zHaueHne COyTHHUKOB BO MHOIOM  3aBUCUT OT HOTpeOHOCTEH
yenoBedecTBa. B 1970€ ronbr Obuta 60mbIast MOTPEOHOCTH B CITYTHUKAX CBSI3H, B
1990€ roael — MOTPEOHOCTH B HABUTAIIMOHHBIX CIYTHHUKAX, a B IOCJICIHEE
JIECATUIICTHE - B TPAKIAHCKUX U HAyYHO-HCCIIEIOBATEIHCKUX CITyTHUKAX.

[To tenmennuu pasputrsi KA u 007acTH MX MPUMEHEHUS MOXHO CIEnaTh
BBIBOJI, YTO KOCMHYECKHE JEepXKaBbl MPOAOKAT CTPOUTEIBCTBO KPYITHBIX,
JIOJITOBEYHBIX CITYTHUKOB M MaJIbIX CITYTHUKOB JJISl PEIICHHS] KOHKPETHBIX 3a/1a4, a
MEXIYHAPOIHbIE TPAKIAHCKHE HWHCTUTYTHI, TaKWe€ KaK YHHBEPCHTETHI, MOTYT
B3SITBCA 32 MPOU3BOJICTBO MAJIbIX, O0JI€e JEMIEeBbIX CITyTHUKOB.

[lo mamHBRIM MeEXIyHAPOAHON HCCIIEIOBATEIbCKONW oOpranuzanuu | eal
Group 3a mocnenHee aecsATHIETHE OBLIO BBIBEAEHO Ha opbuty okoio 1000
CIIyTHUKOB Pa3IMYHOTO HA3HAYCHUS B MHTEpecax mpuomm3utenbHo 150 kinmeHToB
u3 50 crpan. Ha momro 21 3aka3zumka mpuxogutcs 25 % pelHKA KOCMHUYECKUX
3amyckoB. Ha nmomio nuaepoB phIHKA, CpeIu KOTOPBIX BEAYIINE aMEpHKaHCKUE
a’pokocMmuueckue kommnanuu “‘Boeing Company”, “Lockheed Martinit “Orbital
Science Corporation"npuxoautcs g0 75%scex KA [5].

B nauwane 2000x rom0oB TpeTh MOTCHITMATIBHBIX 3aKa3YMKOB OTKA3hIBACTCSI
OT IUJIAaHOB 3allyCKa CIIyTHUKOB pa3IMYHOTO Ha3HAYEHHUs, HO BMECTE C TEM
KOJIMYECTBO KEJIAIONIUX BBIBECTH Majble Kocmuueckue ammapatel (MKA) Becom
1o 100xkr Bo3pactaet Ha 68 %.Cpenu HEX HeOobITHEe CTyTHUKA HammoHaasHOTO
pasBenpiBatennbHOro  ympaineruss  CIIA, 100xwunorpaMMoBBIE  CIyTHHKH
Techsat21s, 8@sorpaMMoOBBIC CITyTHUKH CUCTEMBI CITyTHUKOBOTO HAOIIOJCHHS
tuna GANDERS, 10xunorpamMmMoBbie CIyTHUKH aMEPUKAHCKOTO KOCMHYECKOTO

BeqomctBa tuma  MCM  (“Magnetoshpere  Constellation  Mission”),



OJTHOKWJIOTpaMMOBBIe ~ criyTHHKH — tuna  “CubeSat”, paspaboranHbie B
Kamudopuuiickom monmurexaudeckoM U CTIHGOPIACKOM YHUBEpCHUTETaX, U Ap. [5].

[To ouenke MHcTHTyTa KOCMHYECKUX HcclienoBaHuii Ykpannel HAHY u
I'KAY yBenmuuBaercs Tenumenius nmyckoB MKA [5]. CoriacHo 3TUM JaHHBIM
CTOMMOCTh OJIHOH KOCMUYecKoi muccuu Ha Hadano 1990x romoB cocraBisia
553mmH. momn., k 2001 rogy — 165 mmn. gomn., a k 2004 rogy — oxoio
S50 miH. momn. Takas TEHIEHIUS CHUKEHUS CTOMMOCTH CBSI3aHA C YBEIUYCHHEM
KonudecTBa 3amyckoB KA Ha opOUTYy KaXObldi TOI, C BO3MOXHOCTHIO
WCITOJIb30BAaHUST JICTIIEBBIX CHUCTEM MHOTOKPATHOTO WCIOJB30BaHUS ITYCKOBOU
yctaHoBKkH U ymenblieHus: Beca KA. B mawane 1990x romoB cpennuii Bec KA
COCTaBJIsUT HECKOJIbKO TOHH, @ K 2001 romy yMeHBIIMICS 10 HECKOIBKUX COTEH
KIJIOTPaMM.

Ananu3 pasputus majabix KA. Mansie KA OpiCTpO ¥ MIMPOKO
pa3BuBaroTcsa 3a pyoexkoMm. Ha mpakThke oHM Mmoka3zaid CBOIO 3()PEKTUBHOCTD,
11eJeCO00pa3HOE HCTOIL30BAHUE PECYPCOB [IJISl PEIICHHs] TIOCTABICHHBIX 3aaad
HaOmoneHns. Ha WX OCHOBE CO3MIal0TCSI PETMOHAIBHBIE U TI00ATBHBIC CHCTEMBI
cBs3u. MKA crniocoOHBI pemaTh 3amaun (yHIaMEHTaIbHBIX HAyK W BBITOIHITH
MPUKJIaAHBIE 3a1auu He Xyxke O6ompmmx KA. Ha cerogusmmauii MmomeHnT okoso 40%
Bcex 3apyoexHbix KA cocraBmstor MKA [6].

B Hacrosiee Bpemsi B OT€UECTBEHHOW W 3apyOeXHOUM IuTeparype Mo/
MaJbIMH TIOHMMAOTCS ammapaThl, uMmerornue maccy no 1000 kr. B 3apybOexHon
JUTEpaType, a B MOCIEAHEE BPEMs U B oTeuecTBeHHOH, KA KiraccuuimpyroTcs 1o
BECy CJeAYIONMM oopaszoM [5, 6]:

- boupine kocmudeckue kopadiu (cBoime 1000kr);

- MuHu-ciryTHUKH (100- 1000kr);

- mukpociyTHUKH (10-100kr);

- HaHocyTHUKH (1-10kr);

- mukocnytHukH (0.1-1xr);

- pemrocytHukn (MeHee 0.1kr).



Pabotsl no co3nanuio u pazButuio MKA OblIM U OCTalOTCS aKTyalbHBIMH
MO0 CEroJHSIHUN aAeHb. OJHUM W3 MEPCIEKTUBHBIX HAMPABICHUN pa3BUTHUSA
KOCMHYECKON TEeXHHKU siBisieTcsi mnocTpoenne KA Ha 0aze yHUBEpcalbHBIX
kocmuueckux 1wiargopm (YKII). B HayuHo# nureparype Takue miaThopMbl eie
Ha3bIBaIOT 0a30BBIMH KOCMHUYECKMMHU IutaTpopMaMud WM  MatdpopMamMu
CITy’)KEOHBIX cucTeM [6].

[Inatdpopma momoOHOTO TUMA CIYXKUT 0a30BOMl OCHOBOW MJii MOCTPOCHUS
KA. Ha wHeit pa3memaercs OOpTOBOM KOMILIEKC YIpaBlIEeHHs, CHUCTEMaA
ANEKTPOCHAOXKEHUs, cucTeMa TepMmoperynupoBanus KA, koTopas mojaepKuBaet
HOpMaibHOEe (yHKIMOHUpoBaHHe KA Ha opOure B TEUEHHE BCETO CpOKa
akTUBHOTO (PyHKIMOHHpOBaHUs. Kpome 3Toro nanHasi miatdopma obopyayeTcs
MOJIE3HON HArpy3KOM LEJIEBOrO HA3HAUYECHUS.

[IpenmymiectBa ucnosib3oBaHud W mnpuMmeHeHuss YKII 3akmrouaerca He
TOJIKO B CTOMMOCTH U cpokax pa3pabotku KA, HO U B MHOroOKpaTHOM
WCIIOJIb30BaHUU OMPOOOBAHHBIX U HE CJIOKHOTO BHEAPEHHS HOBBIX TeXHOJOTUi. B
Mupe paszpaborano u pynkuuonupyet He mano YKII nns pemieHust pazaudHbIX
3aga4. OHH OTIMYAIOTCA IO BEJIMYUHE IIOJIE3HOM HArpy3Kd, SHEPropecypcy,
HAaJIe)KHOCTH, CTOUMOCTH U T.]I.

[Ipoananu3upoBaB  OTEYECTBEHHbIE W  3apyOexxkHble  pa3pabOTKu
KOHCTpyupoBaHusi MKA MOHO cliefilaTh BBIBOJ, YTO €CTh YCTOWYMBAsA TEHICHIUS
K ucrnons3oBannto YKII ans kaxaoro Becomoro knacca MKA.

Cpenu 3apyOeXHbIX pa3padOTOK CTOUT OTMETUTb BECOMBIN BKIaa B
pasButue u oskcryatupoBanue YKII Poccunm. Takx, B PPK «Oneprus»
um. C.I1. Koponesa coszmana YKII «fAImam» (pucynok 1). OHa mpomuia JETHYIO
anmpoOaruio B cocTaBe CHyTHHKa CBsi3M «fmam» B 199%. B T'KHIIL]
uM. M.B. XpynnueBa paszpaborana YKII «fxta». Ha ee ocHoBe ObuIM CO37aHbI
MKA cBsA34, TUCTAaHUIUOHHOTO 30HAWPOBAHUS 3€MJIM U HAyUYHBIX UCCIIEIOBAHUN
Ha opOute pa3nuyHoil BhICOTHI M opueHtanmu. B HIIO wMamuHOCTpOeHUs

pa3pabotana maTtd@opma moxoxas U Onuskas K mmatdopme «fxta». Tak xe



stumu Bompocamu 3aHumarorcss B HIIO IIM um. M.®. PemietneBa, Kb «lloneT»,

HIIIT BHUMUDM [6].

Pucynok 1 - Kocmuuecknii annmapat CIIEKTP-PI" na 6aze YKII «Aman»

Cpenu cTpaH JanbHErO 3apy0exbsi CTOUT OTMETHUTH CIEIYIOIIUE MPOCKTHI.
[lpoexkt co3manuss HaHocmyTHHKOB CubeSat npunamnexur mnpodeccopy
Cruadopackoro yaupepcuteta boOy Teurrcy (Bob Twiggs). IIpoekt Obin
npuHAT B 1999r1. Ha YHUBEPCUTETCKOM CHMIIO3HMYME KOCMHUYECKUX chucTeM. bputo
pEelIeHo M3TOTOBUTh W 3amycTuTh Topsnka 20 Hano-KA Ha OCHOBe emmHOU
0a3zoBoi maTdopMbl, TpeAcTaBisoNIel coboit ky0. Macca Takoro ammapara

cocraBmwia 1 kr. (pucyHok 2).
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Pucynok 2 —ITnardopma n peanusanus HaHocyTHrKa CubeSat



Cnyrauk QuakeSat Obi1  WM3roToBIIEH B JA0OpaTopuu  pa3pabOTKH
kocMuueckux cucreM CTIHI(OPICKOrO YHUBEPCHTETA
(CIIIA) non pykoBoacTBoM npodeccopa Pobepra Teurrca
(Robert Twiggs)KA umeet maccy 3 kr 1 ObUIT 3aIyIIcH B
2003 roxy. OH mpenHa3Ha4YeH 7S BHIOTHEHHS HAYYHBIX
UCCIIETOBaHHIA 1o OOHAPYKCHHIO MIPU3HAKOB
3EeMJICTPSICEHUM.

['epMaHCKUH ~ MUKPOCIYTHHK  JIUCTAHITMOHHOTO

30HIHPOBAHHUS 3emin (133) DRL-Tubsat

(pucyHoK 3) M3TrOTOBJIGHH MO 3aka3y ['epMaHCKOro Pucynok 3 -
aspokocmudeckoro neaTpa DRL u npegnasnauen ais Mukpocnytauk DRL-
JETHOM OTPaOOTKH CHUCTEMBI CHEMKH 3€MHOM Tubsat

MOBEPXHOCTH 110 3aKa3y MOJIb30BATENS.
Texnonormyeckuii HaHo-ciyTHUK BenukoOputanmu SNAP-1 nHa 0aze
Cyppeiickoii npukiagHoi 1miatgopmbl pa3zpaboTaH P

SSTL (Surrey Satellite Technology Limitedjis

nHcrekiun KA Ha opOurte ¢ paspemenueMm - 500 wm.

(pucyHok 4).

On-Board Autonomy “4Ipoekt 60pTOBOII aBTOHOMUH)

paspaboran Oesbruiickoit kommnanueir Verhaert Design

and Development mo 3aka3y EBpomeiickoro
KOCMHUYECKOT'0 areHTCTBa (PUCYHOK 5). Pucynox 4 —Hawo-
cnytHuk SNAP-1

Cpenn  MEXIYHAPOIHBIX TPOCKTOB  CTOWT

ormetuth cuctemy DMC-Desister Monitoring Constallatioflnes cucremsr Obuia

BbIIBUHYTa Oputanckor komnanueit SSTL (Surrey Satellite Technology Limited)

Ha KOHTpecce MexayHapoaHoi acTpoHaBTHUeckor (enepanuu B [lexknne B 1996

r. CIyTHUKOBasi TPYNIHPOBKA COCTOWUT W3 ISITH aIlapaToB CO3JAHHBIX CHIIAMHU

cienuanuctoB  Amxkupa, bputannu, Hwurepun, Typuum wu Kwuras mnon

pykoBoacTBOM KoMmmaHuu SSTL. Kaxaplii yd4acTHUK MONy4aeT BO3MOXHOCTH



NPUHAMATH WH()OPMAIIHIO CO BceX cyTHUKOB: AISAT-
1, BILSAT-1, NigeriaSat-1, UK-DMC, Beijing-1Bce
KA ctpositcs 6a3e Ha matdopmer MicroSat-100 [7].
Heo6xoauMbIM = yclioBHEM, MPEABSABISIEMBIM K
TpeOOBaHUAM OOpPTOBOM CHUCTEMBI yOpaBIEHUS U
HaBuranuu, opueHtaruu 1t MKA u YKII, sBisercs

MUHUMAJIbHO BO3MOXKHBIM BEC KOHCTPYKIUN IIPU

COXpaHCHHUHU TOYHOCTH, HAaOgCKHOCTHU,

JHEPro3aTpaTHOCTU u IPYTHUX TpeOOBaHUM

Pucynok 5 -

HEOOXOUMBIX JJIs JaHHOTO Kitacca KA. N
bensruiickuii MUHA

CormacHo 0
[JIACHO aHAJU3Y MPAKTUYECKUX pa3paboToK U KA J133 PROBA

0030py nuTepaTypsl, NouTu Bce coBpeMeHHbie MKA u

VKII coxepxar OecmiaT(OpMEHHYI0 HWHEPUUAIbHYIO CUCTEMY HABUTAlUU U
opueHranmu (BMUICHO), moctpoeHHyl0 Ha ©0a3e HOBBIX T'HPOMETPOB,
aKCeJIEpOMETPOB U BHIYUCITUTEIBHBIX KOMILJIEKCOB.

Macca, rabapuThl U YHEPTOEMKOCTh COBPEMEHHBIX 3JIEMEHTOB IO3BOJISET
coznaBath BMCHO, ynoBnerBopsiolie MO CBOMM IapaMeTpaMm TpeOoBaHUS,
npenbpaBiasiemple npu ux ycraHoBke Ha MKA u VYKII. K Hegocratkam
COBPEMEHHBIX JJIEMEHTOB M MNPUOOPOB MOXKHO OTHECTH TO, YTO OHH HUMEIOT
Oonbmue aperdbl U yxoabl (OCOOCHHO THPOMETPHI), MPHBOAIINE K OBICTPOMY
pocty morpemHoctei BUCHO (ocoOeHHO B 4acTh ONpEIeICHHS OpPUCHTALIVH).
Tak ’xe mnpu JIUTEIBHOM OKCIUTyaTalluu amnmapara BIUSHHE COJTHEYHOTO
U3JIy4YEHUs] BHOCHUT CYILIECTBEHHOE HCKa)X€HHWE B palbOTy 3JIEMEHTOB CHUCTEMBbI
yopaBiaeHus u HaOmogeHus. OpHako, uMeercss uHdoOpMailus, 4YTO B psijie
3apyOexkHbIX (UPM yKe pelleHa JaHHas mpoOsiemMa Oyarogapsi CO3JAaHUIO
CICLMATBbHBIX MATEPUAJIOB, CTOMKHX K BO3JECUCTBUIO YACTUL BBICOKOU
sHepruw [6].

Ha cerognsimiHuii neHb OJHUM K3 M3BECTHBIX U IIUPOKO HCIOIB3YEMbIX
METOJIOB KOPPEKIUH TaKOW TMOrPEIIHOCTU SBISETCS HU3MEPEHHUE MOJ0KEHUS

actpoopueHTHpoB (CosHia, 3emud, 3Be37 M JPYrUX OOBEKTOB) C IOMOIIBIO



aBTOMAaTHUYECKUX  OINTHKO-3JEKTPOHHBIX MNpUOOpoB. brarogapss pa3BUTHIO
nu(ppoBOM TEXHUKM U pa3padOTKE HOBBIX COBPEMEHHBIX KOMIIO3UTHBIX
MaTtepuagoB JaHHble NpuOOpel OyAyT o00Janath MallbIM BECOM, Malion
HSHEPrOEMKOCTBIO U  YAOBIETBOPATH BCE€ TpeOOBaHUS, HEOOXOAMMBIE A
yctanoBku ux Ha MKA u YKII, a Tak ke paboTaTh B pexXuMe peaibHOTO BpEMEHH.

Takum 00pa3zoM, MOKHO ClI€NaTh BBIBOJ, YTO pa3pabOTKa U HUCIIOIb30BAHUE
MKA sBisieTcs NepCneKTUBHBIM HANIPABICHUEM KOCMUYECKOMN IESITEIbHOCTH. JTO
CBSI32HO CO CJICAYIOIHUMHU 00CTOATENHCTBAMMU:

1. MaccoBbll ClIpOC Ha YCIIYTH, IPEACTABIISIEMbIE PAKETHO-KOCMHUYECKOU
TexHukoi  (VIHTEpHET-TeXHOJOTHH,  CBS3b,  HABWTAIWs,  METEOPOJIOTHS,
JUCTAaHIIMOHHOE 30HAUPOBAaHHME 3eMJIM M AaKBAaTOPUM OKEAHOB, Hay4HbIE
HCCJICI0OBAHMUS);

2. Co3gmaHWe  HOBBIX  JIETKHX  KOHCTPYKIMOHHBIX  MaTEpUajoB,
MUKpPOIPOLIECCOPOB € BBICOKOM  MPOU3BOJUTENBHOCTBIO,  MHHHATIOPHBIX
(doToKamep, MUKPOMEXaHU3MOB, MUKPOCEHCOPOB H T.1.;

3. Bpicokas KOHKYpEeHIIEs] CO CTOPOHBI BEIYIIUX KOCMHYECKUX
KOpHOpauuii U CTPEMIICHHUEM CHIKEHUS 3aTpaT Ha pa3pabOTKy U 3KCILTyaTalHIo
KOCMHUYECKOM TEXHUKA TMpU OJHOBPEMEHHOM YBEIMYEHHM KayecTBa U
() PEKTUBHOCTHU UCIIOIB30BaHUS OPOUTAIBHBIX TPynHIUpoBOK KA.

OTmeTuM, 4YTO B KJIAaCC€ MHUKPOCIHYTHHUKOB IPAKTHYECKH OTCYTCTBYIOT
TEJIEBU3UOHHBIE U PaJHOBELIATEIbHbIE CIOYTHUKU. OJTO OOBACHSETCS TEM, 4TO,
Hampumep, s pabOThl BEIIATENBHOIO MEpeJaTUMKa HY)XKHA 3JIEKTPO3HEprus,
3amac KOTOPOH OIpeaensercs IUIOAAbI0 COJIHEYHBIX Oarapel, ciefoBaTelbHO,
TaKhe CIYTHHKU Y€ He OyAyT SIBIAThCA MajbIMH. [l mepenauu cooOIIeHUil B
pEXHUME MOYTOBOIO SIIHMKA WU MEPCOHAIBHON CBS3M, HE MOTPEOISIOMNUX MHOIO
anekrposneprun, MKA ucnons3zoBamucs ¢ 60x rogos B anmaparax «Ctpena-1» u
«Ctpena-2», a 3atem «l onemn-JI». Macca Takux ammapaToB HE IMPEBOCXOIWIIA
300xr, a mpomyckHasi crtocoOHOCTh kKaHama 1o 10000Mo6ut/cytku. 3apyOekHbie
cucteMbl cBs3u BiroyaroT B ceds MKA Orbcomm, Globalstait npyrue. Kaxnas

U3 CHCTEM COACPKUT B CBOCM COCTABC HCECKOJIBKO HACCATKOB CITYTHHUKOB,



JETAOMUX 10 pa3HbIM OpOWTaM, YTO NPUBOAUT K TMOYTH PABHOMEPHOMY
MOKPBITHIO 3¢€MHOM MOBEPXHOCTH WX TPACKTOPUSMHU. ITU CIYTHUKUA CKOPEE MOKHO
Ha3BaTh CBSI3HBIMH, KOMMYHUKAIIMOHHBIMHU, HO HE paJIMOBEIIATSILHBIME [8].

He cMoTps Ha TO, 4TO CYHIECTBYIOT 33a[a4H, KOTOPbIE HE CIIOCOOHBI PEIIUTH
MKA (mampumep, BBIBOJ 4YeIIOBEKAa Ha OpOWTY, CO3JaHHUE CBEPXTOYHBIX
TEJIECKONIOB H T.II.), Bce-Taku mHTepec K MKA ¢ KakabpIM rojoM Bce OOJIbIle
pacrTer.

Anaimu3 passutusas KA [I33. Ilporno3sl. Kaxnas crpana, Bxoasmas B
«KIIy0 KOCMHUYECKUX JepiKaB», CTapaeTrcsi CBOM MEPBBIA CIHYTHUK CHAOIUTH
KaMepou I ChbeMKH MTOBEPXHOCTH 3emutn [8].

Ha cerogusmHuii 1neHp BO BceM MuUpe HaOMIOaeTcs TEHACHIUS
CTPEMUTENIBHOTO Tporpecca B 00JACTH Pa3BUTHA W HCIONB30BAHHS CITyTHUKOB
JI33 Kak BOEHHOro, TaK M TPaXIaHCKOrO Ha3HadyeHus. Yuciao crpaH,
YYaCTBYIOIMIMX B HEMOCPEACTBEHHOW peaju3alil TeX WIM HWHBIX IPOEKTOB
cBs3aHHBIX co crytHuKamu J[33, mpeBbiciiio 30 cTpanbl, 24 U3 KOTOPHIX UMEIOT
coOcTBeHHbIE cIyTHUKH J[33.

Kommepueckue cpencrtBa JUCTAHIMOHHOTO 30HIWPOBAHUSA 3eMIIM W3
KOCMOCa TOJIbKO HAYMHAIOT CBOE pa3BuUTHE. CenbCKOoe XO3SICTBO, pErHOHATbHOE
pa3BUTHE, CTPOUTENHCTBO, JOOBIBAIOIIAsl IPOMBIIUICHHOCTh BCE  IIUPE
ucnonbs3yroT ganuele /[33. CymecTByromue kocMudeckue cpencrsa /133, takune
kak Spot, Landsaw T.m., He SBISAIOTCS YHCTO KOMMEPYECKHMMH, HECMOTPS Ha
PBIHOYHBIE TPUHIUIBI PACHPOCTPAaHEHUA TMOdMydaeMod uHpopMauuu. OTU
CHUCTeMBl CyOCHOUpPYIOTCS TOCYJapCTBEHHBIMH OpraHaMy, TakK KakK Ha
COBPEMEHHOM 3Tale WX HKCIUTyaTalus He oKymaercs. [1o oleHkaM CHeIuairucToB
BBIPYYKa OT YaCTHBIX M KOCMHUYECKHX MPOEKTOB, CBSI3aHHBIX CO ciryTHUKamu /33,
Ha TEKYIIUl MOMEHT COCTaBISAET 6-7 MIP.I. AOJI., 9TO COCTAaBIsIET 0Koyo 2-3 %00T
o01iero oobeMa J0X0J0B KOCMUYECKO# oTpaciu [9].

Tem HEe MeHee, MpeANPUHUMAIOTCS MOMBITKA CO3/aHUsT KoMMepuecknx KA

J133. K ux uucity otHocsatcs yxke aerctByronue cuctembl Orb View, lkonos,a



TaKXE€ CO3JaBa€MbI€ CHUCTEMbI, HA4aJl0 SKCIUTYyaTallud KOTOPBIX OXHUIAETCS B
Ommkaiiue roapl, Takue kak Early Birdu ap.

Uucno kommepuecknx KA JI33, 3amyck KOTOpPBIX MPOTHO3UPYETCS
3apyOeKHBIMU crieruanuctamu Ha nepuoa 1998-2014r., cocraBut nmpumepro 100
anmnaparos, T.e. OK0JI0 5 % OoT 001Iero yncia 3amyleHHbIX CIIyTHUKOB Ha TOT XK€
nepuoa BpemeHu [9]. OnmHako ceiyac Ha OKOJO3eMHOW OpOHTE (YyHKIIMOHHUPYET
nopsnka 100 ciyrHukoB /133 KOMMepYecKoro, MpaBUTEILCTBEHHOTO, BOCHHOTO U
rpaXJaHCKOTO Ha3HaueHUU. B HacTosimiee BpeMs OTMEYAETCS HUCKIFOYUTEIBHO
BBICOKUUM ypoBeHb uUHpopmaTuBHOCTH OT KA JI33 mo HabmoaeHUsiM 3eMHOMU
noBepxHocTH. Co Bcex cnyTHUKOB J[33 moctymnaer okono 1 teppabaiita JaHHBIX B
cytku [10].

B Onwxaiilee JecsSTUIETHE MPOTHO3UPYETCS POCT B MNOTPEOHOCTH
kocmuueckor wuHpopmanuu [I33 Bo Bcex cdepax AEATEILHOCTH YEIOBEKa,
pacliMpeHue Kpyra €€ nOpou3BoOMTENEeM U Tnoab3oBarenei. I[lo  maHHBIM
aHanmTHIeckor kommnanuu Euroconsultk 2020r. nporao3upyeTcst pocT MUPOBOH
naayctpun JI33 moutm B aBa pasza. Takke K TOMy CpPOKY KOJIMYECTBO
byHKIIMOHUpYOMUX cryTHHKOB J[33 momkHO BeipacTu 10 260anmaparos [2, 10].

Pa3pabotku cnytHukoB JI33 Ha CETOMHAIIHUI J€Hb SBISETCS OJIHUM W3
aKTyaJbHBIX U TMPUOPUTETHBIX HAMpPaBICHUM KOCMHYECKONW TEXHUKH JJIs
COIMATbHO-2KOHOMUYECKOU 1 HAYUYHOU c(ephl IeITeIbHOCTH B MUPE.

B nacrosimee BpemMst 6ounbinas yacts KA J[33 npenHazHaueHo A penieHus
MPaBUTEIIbCTBEHHBIX W BOCHHBIX 3ajad. [Ipou3BOIUTCS BBIBOJ CIIYTHHKOB JJIsi
pElICHUsI KIIOYEBBIX TOCYJAPCTBEHHBIX W MEXHAIMOHAIBHBIX 3a7ady 3a
OIOJIXKETHBIN CYET, YTO HE MO3BOJSET ATOM OTPACIU Pa3BUTHCS B MOJHOM 00beMe
CBOUX MOTEHIIMATBHBIX BO3MOXHOCTEH M OCTaBaThCSI SKOHOMUYECKH YOBITOUHOMU
NEATENBbHOCTBIO.

Knacenpuxkanusa cnyraukoB J[33. Cpemka 3eMHOM MOBEPXHOCTH
MPOU3BOAUTCS B  HIAPOKOM  CHEKTPE  BJIEKTPOMArHUTHOTO  HU3JYUYECHUS.

CoBpeMeHHBbIE KaMepbl, YCTAaHOBIEHHbIE Ha OOpTy cnyTHUKOB [[33, mpoBoasTcs



cheMKy ¢ pacmupenueM ot 0,25M u 10 100kM B 3aBUCHMOCTH OT BBITTOJTHSIEMOM
LETIH.

OCHOBHBIMH OTJIUYUTEIBHBIMA OCOOCHHOCTSIMHU ONTHUKO-IJIEKTPOHHBIX KA
HOBOT'O TMOKOJEHUS SIBJISIIOTCS UX Oecrpele/ieHTHasl MPOU3BOIUTEIILHOCTh, B TOM
YHUCJIe U B PEKUME CTEPEOCHEMKH, a TaK)KE€ BO3MOXKHOCTH MOJYYEHUsI JAHHBIX C
MPOCTPAHCTBEHHBIM pa3penieHneM He xyxke 50cm, a 0e3 Ha3eMHBIX OMOPHBIX
TOYEK C TOYHOCTHIO HEe Xyxke S5M. K Takum ammapatam OTHOCSTCS CIyTHUKH
WorldView-1, WorldView-2u GeoEye-1.

[To Tumy mostydaeMbIX JaHHBIX ciyTHHKH J[33 memsrt Ha [11]:

- CBepxBbicOKOro paspemieauss — 10 1wm. Cpeaum CylecTBYIOIIUX
(YHKIIMOHUPYIOIIUX CIYTHUKOB C JIAHHBIM Pa3pelieHneM MOXKHO BBIAEIUTH TaKue
annapartsl. Ikonos-2, QuickBird-2, OrbView-3, EROS-B;

- Bricokoro paspemenns — 1-10m. Anmaparel: EROS-A, IRS-P6/LISS-4,
SPOT-5;

- Cpennee paspemienne — 10-250m. Anmapater: IRS-1C/-1D/-P6, SPOT-2/4,
Landsat-5Monwutop-3;

- Huskoe paspemenne — cBeime 250M. Ammapatel: TERRA, AQUA,
ENVISAT-1/MERIS;

- Ctepeo. Anmapatsl: IRS-P5, SPOT-5;

- PCA - 8-100Mm. Anmapater: Radarsat-1, ENVISAT-1, ERS-2.

OmHoii w3  npuopuTeTHbIX  3amad  J[33  sgBisieTcss  peryisipHoe,
CUCTEMaTHYecKoe obOecreyeHne KOCMHYECKOM HH(OpMamuei IIUPOKOTro Kpyra
noTpebutenei B BOEGHHOW M O3KOJOTMYECKOW cdepax, MpU YyNpaBIeHUU
MPUPOJIHBIMU pecypcaMy Ha 3€MJie U B MOpPE, a TaK ke sl MOTPeOUTEIHCKOTro
pBIHKA.

VY noBieTBOpeHuEe pa3zHOOOpa3HbIX TpeOOBaHUI MOTpeOUTENel B pa3IMUYHbIX
HampaBJICHUSIX TPUMEHEHUS] KOCMHUYECKOW HH(pOpPMAIMU 110 JeTaJIbHOCTH U
MEPUOANYHOCTH TMOJYy4YaeMbIX JAHHBIX SIBISETCA TJIABHOW MpoOsiemMoil co3paHus

kocmuueckux cucrem /133 [10].



B tabnuue 1 npuBeneHbl TpeOOBaHUS OTEUYECTBEHHBIX M 3apyOEKHBIX

notpeOuTeNel B pa3auaHbix odnactsx [2, 10].

Tabmuma 1 —TpeboBaHusi K KOCMUYECKO MH(MOpMaLIUK

Hanpasnenus npuMeneHus | Tpebyemoe [lepuon oOHOBIEHUS

KOCMHYECKOU MH(pOpMauu NPOCTPAHCTBEHHOE JTaHHBIX, 9
paspelieHue, M

[Tpuponomnons30BaHme 5-10C 8C-10000(

[IpakTryeckass METEOPOTIOTHS 50C-500C 0,1-90C

MOHUTOPUHT MUPOBOTO OKEaHa 20-50C 0,1-90C

YpesBbIYaiiHbIE CUTYaINH 0,5-20 0,1-90C

Kaprorpadus 10C-200C 90C-10000(

[Tpoxmanka Tpacc 0,55 90C-10000(

TpyOOIIPOBOAOB u

TPaHCIOPTHBIX MarucTpayiei

Hayunoe nzydyenne 3emin 500(-1000( 5C-10000(

Kak BugHO U3 pe3ynbratoB, 0000IIEHHBIX B Tabiuie 1, Bcsi COBOKYMHOCTh

3a7a4  TOTpeOuTened B  Pa3IMYHBIX OO0JACTIX  COIMHMATbHO-3KOHOMHYECKOU

JEATeIbHOCTA HE MOXET ObITh pellleHa OJHOW YHUBEPCAIbHOU KOCMHYECKOMN

CUCTEMOM.

B Hacrosiee Bpems TEpPCHEKTUBHBIE KOCMHYECKHE cuctembl [[33

paspabarbsiBatotcs B Poccuu, CIIA, Utanuu, Kanane, Uunuu u npyrux crpaHax.

Croutr ynomsHyTh HekoTopble u3 HuX. Hampumep, B CIIIA HawaTto

pa3pabarbiBaTh OOBEAMHEHHYIO TOJSIPHYIO CIIyTHHKOBYIO cuctemy JPSS (Joint

Polar Satellite System)lannas cucrema paspadateiBaeTcsi NASA coBMecTHO ¢

komnanuer Ball Aerospace&TechnologieS3anaueit 31Ol cUCTeMBI SIBIISIETCS

ompeJieNIieHHe XapaKTePUCTUK 3eMHOU aTMoc(ephl B JHEBHOE BPEMSI, YTO MO3BOIUT

MOBBICHTh KQU€CTBO M TOYHOCTD MPEACKa3aHUi MOroAHbIX sBienwmii [2, 10].



B Uranuu paspabateiBaercs cuctema COSMO-SkyMedkomnanueit Thales
Alenia Space [2, 10]B Kanane yxe cymectByeT cuctema Radarsat Consteltation
Mission [2, 10].

Takum oOpazom, cmeno MoOxHO oTHectd JI33 K ogHOW HW3 Tex
BBICOKOTEXHOJIOTUYHBIX ~ OTpaciieid, KOTOpbhlE Pa3BUBAIOTCS HUCKIIOUUTEIBHO
BBICOKMMHM Temnamu. JlanpHeWmuii mnporpecc B 3ToM oTpacau Oyner B
3HAYUTEJILHOW CTENEHH CBSI3aH C Pa3BUTHEM TEXHOJOTHI 00paOOTKHU U JOBEACHUS
0 TOTpeOUTeNsT B HYKHOM €My BHJE KOJOCCAIbHBIX OOBEMOB JaHHBIX,
MOJYy4YaeMbIX C TMOMOIIBI0 HOBeWmmx anmnaparoB [[33. DTo, B CBOW ouepenb,
MPEABSABISAET CaMble BHICOKHE TPEOOBAHUS K YPOBHIO MOJATOTOBKU MOTPEOUTENSI, a
Takke TpeOyeT HCKIIOYUTENbHO A(PEKTUBHON pabOThl BCEX 3BEHBEB CHUCTEMBI
oOecriedyeHUs1 KOHEYHOTO0 TI0JIb30BaTeNii CBOEBPEMEHHOM M  KadyeCTBEHHOMU
reonpoCTPaHCTBEHHOM MH(OpMaIHeil.

IlepcnexkTBHBbIE HANpaBJ/ieHUs] Pa3pa0OTKM CHYTHUKOB HAOII0IeHUS
3emun. AHanu3 MPOIECCOB, MPOUCXOJAIIMX B pPa3IMYHBIX CTpaHaX MHpa B
KOCMHYECKOM OTpaciid, TMO3BOJISIET BBIACIUTH CIEIYIOIIUE TEHACHIMU B
pa3pabOTKe U CO3/aHUU MEPCIEKTUBHBIX KOCMUYECKUX anmnapaToB HAOIIOACHUS
3emutu:

- POCT OTHOCHUTENBHOIO YKCJIa CIIYTHUKOB MaJIOl MAacChl U MAJIOTO pa3Mepa,;

- YBEIWYEHUE CIpoca MoTpeOuTeNied Ha CHUMKU BBICOKOTO Pa3pelieHUs U
KauyecTBa (YMEHbBIIIEHUE TPOCTPAHCTBEHHOTO pasperntenus 10 0.5-1m.);

- OCBO€HHE MUKPOBOJIHOBOTO paJIMOIMAIa30Ha JIJIsi BCEMOTOJHON ChEMKH;

- Ha4aJI0 OCBOECHUSI HAHOTEXHOJIOT U,

- pa3paboTKa M CO3/aHHE KJIACTEPHBIX KOCMUYECKUX CHUCTEM W3 MAaJIbIX
CITyTHUKOB;

- pa3pabOTKy W BHEAPEHHS HOBBIX MeETOIUK U mnpubopoB 33 mis
MOBBIIICHUSI KAUeCTBa U300paKEeHMUS,

- pacmMpeHwe cocTaBa wuccienoBatenbckux KA 3a cueT co3gaHue

arapaToB HOBOI'O THIIA HA 0a30BBIX nnaT(i)opMax M y4aCTHUs YHUBCPCUTECTOB,



- HadaJio (pOpMHUPOBAHHMS KOCMHUYECKHUX CHCTEM TJIOOATBHOTO HAOJIOJACHUS
3eMJId B paMKax MEXIYHApOJHOTO COTPYIHUYECTBA, B YACTHOCTH IO KOHTPOJIIO U
MPEAYNPEKTCHHUIO TJI00aTbHBIX KITUMATHUYECKUX U3MEHEHUM.

OcoObIil MHTEpEC MNPENCTABISIET CO3/IaHHE CHEU(PUUECKUX OpOUTaTbHBIX
TPYNIUPOBOK, HAMNPABICHHBIX HA PEIICHUE KOHKPETHBIX 3aJ1a4 TOM WM WHOU
IpYIIbl MOTpEOUTENEH U Ha TrapaHTUPOBAHHOE OOECIEUEHHE HEMPEPHIBHOTO
notoka nHpopmaruu. KA, Bxoasiire B COCTaB TaKUX TPYII, OOBIYHO CO3/IaI0TCS
Ha ocHoBe onHoW YKII, 9yTo mnoO3BOJSIET NOBBICUTH CKOPOCTHh CO3JaHUS
IPYNIUPOBKU U CHAENaTh CUCTEMY Oojee ynoOHOW B oOciyxuBaHud. biaromaps
3TOMy OyJeT CHHXKAThCS CTOMMOCTh TEXHUYECKUX CPEACTB MOJYy4YEHUs
MH(pOpPMAIIMOHHBIX pecypcoB. BriBeneHHbI u3 cTposs KA MOXHO B Kparyaiiiue
CPOKHU 3aMEHUTH JAPYTUM almapaTroM, TAKUM oOpa3oM, B 00IIEeM cilyyae, cuctema
Oyner dYacTUyHO (YHKIIMOHUPOBaTH M TEM CaMbiM HAJAEKHOCTh CHUCTEMBbI
3HAYUTEIBHO MOBBICUTCS.

Kak ObuI0 OTMEUEHO BbIIIE, B MUPOBOM KOCMHUYECKOW OTpacTHh AaKIEeHT
CABHUIA€TCA HA CO3JAHUE W HCHOJIb30BAHHE KOHKPETHO CIECLHATU3UPOBAHHBIX
MOHOUHCTPYMEHTAIBHBIX JIETKUX CIYTHHUKOB, IMPEIHA3HAYEHHBIX ISl PEIICHUS
OMpEJICNICHHBIX 33/1a4 KOHKPETHOTO MOTPEOUTENS.

BoiBoabl. Celfuac mupokuii Kpyr mnoTpedutenet u3 pasHbix cdep
COLIMATIbHO-DKOHOMUYECKUX  oTpaciied  (CTpOWTENbHBIC, IPOU3BOCTBCHHEIE,
TPAHCIIOPTHBIC, CEIbCKOXO3AUCTBEHHBIC, TYPUCTHYCCKHE OpraHU3alldd M JIp.)
HYXJAal0TCSd B HEJOPOTHX W MPOCTHIX criocobax monydenus nanHeix J133. Kak
ObUTO OTMEYeHO paHee, coznanue Henoporux MKA /133 crocoOHO cylecTBEHHO
CHU3UTH YJIEIbHYI0 CTOMMOCThH MOJy4aeMOW KOCMHYECKOW HMH(OpMAIMU U 3TUM
MPUBJIEYD OTPEOUTENECH.

Pa3pabotku no co3panuto MKA JI33 u cuctem Ha UX OCHOBE BEIYTCS BO
MHOTHX CTpaHax mupa, cpeau koropbix CIIIA, Poccust, Kutait, ®panmus, Muaus,
I'epmanus, Uranus, U3pauns, Benukobpuranus, Sinonus u Ykpauna.

CoueraHrue BBICOKMX XapaKTEPUCTUK KOCMHYECKOM HWHQopMauu ¢

HEOOXOJUMON MEPUOJIUYHOCTbI0 €€ OOHOBJICHUSI U ONEPATUBHOW JIOCTABKOM



MOTpeOUTENISIM MOTYT CTUMYJIUPOBAaTh OBICTPBIA POCT cOpoca Ha JIaHHbBIE,
nonyyaeMmble ¢ nomoibio cucteM /33 Ha ocHoBe MKA. Pa3memnienne Ha 6opty
rpynnupoBku  MKA  pa3nuuHbIX TUIOB 1EJIEBOM ammapaTypbl IO3BOJUT
MIPEIOCTAaBUTh MOTPEOUTENSIM Pa3HOILUIAHOBYIO HMH(OpMALMIO, a pa3MELIeHUuE Ha
oopry Heckonbkux MKA ogHOTHUIIHOM anmapaTypbl OOECIEUYUT BBICOKYIO
MEPUOAMYHOCTD HaOMoeHus Tepputopun [10].

Cpenu TpOEKTOB, SIBISIOMIUMUCS MOPUMEPOM YCIECIIHOW pa3paboTKH,
ABJIAIOTCS YK€ YNOMAHYThIN npoekT co3ganus MKA na 6aze miatgpopme TUBsat
bepnuHCKOTO TEXHUYECKOTO YHUBEpPCHTETa. bbUT0 co37aHO W 3amymieHo 8
CITyTHUKOB Takoro tumna. Cpeau Apyrux NpoeKTOB CTOUT OTMETUTH CIEAYIOIIHE:

- TEXHOJIOTHYECKU HaHO-cyTHUK Benmnkoopuranuun SNAP-1 (2000-033);

- oenpruiickuit muan KA /133 PROBA (2001-049B);

- muko-ciyTHUKH ~ cepun  BEESAT  bepnmHCKOTO  TEXHUYECKOTO
YHUBEPCUTETA,

- cucrema DMC-Desister Monitoring Constallatiorcocrosmas u3z 5
CITyTHUKOB.

Takum oOGpa3oM, MOXKHO C€NaTh BBIBOJ, UyTO pa3paborka MKA u cucteMbl
Ha UX OCHOBAaHUU SIBIISIOTCS Ha CETOJHSIIHUN JI€Hb OJHOW W3 MEePCIEKTUBHBIX
3a7a4 MHPOBOM Kocmuueckor uHAycTpuu. 1lo mpornosam cnemumanuctoB, MKA
133 noikHbl B Onipkaiiiiee BpeMsi 3aHATh OJIHO W3 JUIUPYIOLUIUX MECT B
COIIMATbHO-2KOHOMUYECKOM OTpacTH 3a CYET CBOEM IIUMPOKON o0nactu
MIPUMEHHUMOCTH.

Cpenu noctounctB MKA JI33 mo cpaBHEHHIO ¢ OOJBUIMMH ammaparamu
MOXHO BBIJICJIUTH CJIEIYIOIIEE:

-3anyck MKA npoBogutrcs mno TpeboBanuto. HeoOxoaumMo MeHbIe
BPEMEHM Ha MOJTOTOBKY CIIYTHHKA K 3alyCKy. B HEKOTOpBIX CilydasiX BO3MOXEH
BO3AYIIHBIN 3aI1yCK;

- 3a cuer ucnons3oBanusa YKII komiuiekranus nmoyie3HONM HArpy3Kd MOKET

MCHATBHCA B 3daBUCUMOCTH OT TCKYIIHUX Tp€6OBaHI/If/’I 3aKa34MKa, 4TO HC3HAYUTCIbHO



MOBIUSIET Ha Tporecc pa3padboTkn KA 1o cpaBHEHHIO C MPOIECCOM pa3paboOTKu
JUTSI KPYITHOTO ammapara;

- OTHOCUTENLHO  OBICTPOE  BHEIPEHUE  HOBBIX  Pa3BEIbIBATEIHHBIX
TEXHOJIOTUH,

- CHI)KCHHE CTOMMOCTH JKU3HEHHOTO IMKIIa cuctems [10].

OnHako K CYIIECTBEHHBIM HenocTtaTkam ucnonb3oBaHus MKA /133 crout
OTHECTH TOT (haKT, UTO MPOCTPAHCTBEHHOE pasperieHue oonbmux KA mpumMepHo
Ha nopsnok aydme MKA.
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