MuHMaTIOPHbIE CNYTHUKKU ONns KocMuueckomn ceasm CubeSats

HocTmxeHnsa B 061aCcTn COBPEMEHHbIX TEXHOJIOT M NOATOJSIKHYIN MHAYCTPUIO K pa3paboTke MUHMATIOPHbIX
CnyTHMKOB (SmallSats). K 3Ton KaTeropmm oTHOCATCA CNYTHUKU, KOTOpPble BECAT MeHblue 500 kr.
Knto4yeBbIMY y4aCcTHUKaAMW 3TOW NpOrpaMmbl ABASIOTCS CyTHUKM CubeSats, KoTopble Npy CBOMX MasblX
pa3Mmepax (10x10x10 kybuvecknx caHTMMeTpoB) BecAT Bcero 1.33 kunorpamma. fNoteHuman mx
MCroaib30BaHUs Nobyamn Hay4YyHoe coobLecTBO NepecMoTPETL CYLECTBYOWME TEXHONOM W, UCMOJIb3YEMbIe
B KOCMMYECKUX annapaTax.

MNop KaToMm Mbl pa3bepeM yCTPONCTBa aHTEHH A1 CMYTHUKOB TakKoro Tuna 1 NoroBOprMM 0 TEXHOJIOMUSIX,
KOTOpbIE NCNOJSIb3YIOTCA Npu 3anyckax CubeSats. Welcome!

BBepeHue. PacuBert CubeSats

B Te4yeHme MHOrmMx neT, Majble pa3Mepbl He BbIIN NOAXOAAWMM BapPUaHTOM A1 CMYTHUKOBOW UHAYCTPUN.
XKecTkune pagnoy4acTtoTHble TpeboBaHUA K cCnyTHUKaM Ansa obecneyeHns »xenaemoro kayecTsa
obcny>XKnBaHNA MPUBOSAT K TOMY, YTO YCTPOWCTBA A1 KOCMUYECKOWN CBA3M CTAaHOBATCS OYE€Hb CJIOXKHBIMU U
obnapatT 60bLION MAacCcOn. TUNNYHBIA CPOK pa3paboTKM TakKMX CNYTHUKOB COCTaBISET OKOM0 5 neT, a nx
CTOMMOCTb MOXET COCTaBATb 0T $100 MUIANOHOB A0 $2 MuAAMaphoB. Takne cnyTHUKK paboTatoT B
hUKCMPOBAHHOW NOJIOCE YacTOT Ha MOLHOCTAX, 6/iM3knx K 10 BT, UMEOT aHTEHHbI € 60AbLWNM YCUTTEHNEM U
04Y€eHb TOYHOE MO3ULMOHMPOBaHME. N, XoTa cylecTByloWmMe CMYTHUKOBbLIE CUCTEMbI HE MOTYT ObITb A0
KOHL@ 3aMeHeHbl MasbiIM/ CMYTHUKaMU, BUAeHUe n Hyabl 6y Ayuimx KOCMUYECKUX MUCCUIA HaYnHaloT
MeHATbCA. BMecTe ¢ pacnpocTpaHeHNEM MalibiX CMYTHUKOB, MHOrMe MacwTabHble MUCCUM CTAHOBATCSA
bonee pewesbiMKU, Bnarogaps 4eMy KOCMOC CTaHOBUTCA 6osiee OOCTYNHbIM.

MNosiBIeHNE TeXHOMOr i LMgpPoBo 06paboTKM CUrHaIoB, 04eHb 60JIbLUNX UHTErpPasibHbIX CXEM,
MUKPO3JIEKTPOMEXAHNYECKUX CUCTEM, @ TaKXXe MPOrpaMMUpyemMbix CUCTEM C HU3KUM 3HepronoTpebrieHnemMm,
MPUBEJIO K YMEHbLLEHWNIO PA3MEPOB 3JIEKTPOHHbIX YCTPOWCTB U UX 3HepronoTpebneHus. Mo mepe
yMeHbLUeHNs1 6OPTOBOM INEKTPOHMKM, pa3Mep CNYTHMKOB TakKXXe YMeHbLUAeTCs Ha nopaaok. U, kak He
CJIOXKHO [0rafaThCs, yMEeHbLUEeHNE Pa3MepoB N BeCca BeleT K CHUXKEHNIO CTOMMOCTM 3aMyCcKa ClyTHUKOB.

Kak oTMe4Yanocb paHee, MaJible CMYTHUKN OeNATCA Ha HECKOJIbKO MOAKJIaCCOB, CaMblM MHTEPECHbLIM U3
KoTopbix aBnseTca CubeSat. Knioyesasa naesn, nexawiasa B ocHose pa3paboTkm CubeSat, 3aknioyaeTcsa B TOM
4TOObl YMEHbLUNTb CAYTHUK A0 pa3Mepa BTOPOCTENEHHOW MONE3HOW Harpysku, pa3MeLLLaeMon Ha pakeTe-
HocuTene. 3TO CyWeCTBEHHO CHU3UT CTOMMOCTb 3aryckKa, 4TO N03BOJINT NOJTy4UTb LOCTYM B KOCMOC
pa3/INYHbIM YHUBEPCUTETAM, MaJIEHbKNX KOMMEPYeCKUM KOMMaHUAM, rocy4apCTBEHHbIM OpraHn3auunsaMm u
0a)ke NpoCcTbIM Nobntensam.

Ha pucyHke 1 noka3aHO Konn4ecTBo 3anyckoB CubeSats 3a nocnegHumne 15 net, v Mbl BUAUM, 4TO 3a
rnocsnegHue 5 net MHTepec K HUM CUJIbHO Bo3poc. Eule 6onee MHTEpPeCHO TO, YTO BOEHHAs
MPOMBbILLIEHHOCTb, KOMMep4Yeckue npeanpuaTmnsa U rocyfapCTBEHHbIE YYpeXXAeHUS TOXXe aKTUBHO
ncnonb3ytoT CubeSat.

[M306pakeHne HegoCTynHOo]

AHTEHHbIE CUCTEMbI UTPAOT KPUTUYECKYIO POJIb B yAaJIEHHOM YyNpaBieHUN U yCTaHOBJIEHNW KaHaJsla CBSI3N
MeXxay CNyTHUKOM 1 3emnein. Koppenauus mexany pasMepaMmn n KoappuumeHToM YCUTEHNS aHTEHHbI
3acTaBniseT pa3paboTYMKOB NATU Ha KOMMPOMUNCC MeXAY KayeCTBOM CBSI3W 1 pa3MepaMn aHTEeHH, KOoTopble
yaosneTBopsnu 6bl cTaHaapTaMm CubeSat no Becy. CooTBeTCTBME 3TUM TpeboBaHusaM n obecnevyeHne
XopoLlen Npon3BoanTeNbHOCTM aHTEHHbI SBASETCS Ba)KHOM 3agadven 015 nHxeHepos. C y4eToM TOro, 4To
CubeSat paccmaTpuBaloTCa o114 NOJIETOB KaK Ha OKOJ103eMHble opbuThl, Tak 1 B AaJIbHUM KOCMOC, Hay4YHoe
coobuecTBO akTMBHO paboTaeT Haf co3gaHNEM aHTEHH, KoTopble ByayT yOooBAeTBOPATb TpeboBaHMSAM K
CKOPOCTN Nepenayn AaHHbIX N K PU3NYECKMM pa3Mepam.

Onsa CubeSat B 0CHOBHOM MCNOAb3yOTCA YacToThl OT YBY (400 MI'y) o W-guanasoHa (110 I'Tw), a Takxe
pa3/InyHblE BUObl @aHTEHH, OT MUHMATIOPHbIX MaT4Y-aHTEHH, A0 MAaCCUBHbIX @aHTEHH C oTpa)kaTtensaMu. Ha
PUCYHKe HUXXe NoKa3aHbl TUMbl aHTEHH, KakK UCMNOoJIb30BaBLUMECS Npu npeablaymx 3anyckax CubeSat, Tak n
paccMaTpuBaeMble B Ka4eCTBE MepCreKTUBHbIX TEXHOOrMn ana 6yayuwmx MNCCUn:

[M306parkeHne HepgoCcTynHo]
CyuwiecTByloLiMe CTaHaapThbl MaJsbiX CMYTHUKOB
Knaccugumkaums pasinydHbiX TUMOB MaJibiX CNYTHUKOB MOKa3aHa HuXe:
[M306parkeHne HegoCTynHo]

B OCHOBHOM, KOCMMUYecKue annapaTbl KIacCNPUUUPYOTCS Mo nX Mmacce. 1 XoTa ToYHaa Kaaccudmnkaumsa mn
KOJIN4ECTBO TUMOB OT/INYAIOTCA B 3aBUCMMOCTU OT NpousBoanTens, HamMmeHosaHua MiniSat, MicroSat,



NanoSat n PicoSat cTanun obwenpmnHATLIMN B KOCMUYECKON MHOYCTPUN. TakxXe, HET corjlacnsa KacaTesibHO
TOro, [OJKHa NN KNaccnmrKaums OCHOBbIBATbLCS HA Macce CNyTHUKa 6e3 TonaurBa (Cyxaa Macca) nam xxe ¢
TOMJIMBOM. 3Ha4YUTesIbHaaA YaCTb BHMMaHUS Hay4YHOro coobuiecTBa b6blla cocpefoToYeHa Ha pa3Mepax
NanoSat n PicoSat, 4To n Nocny>Xnuno Npu4nHom nosiesieHns cnyTHnkoB CubeSat.

KntoyeBbiM BKNagom CubeSat B Lunpokoe pacnpocTpaHeHne Manbix CNYTHUKOB CTalo coO34aHue cTaHgapTa.
CornacHo 3ToMy cTaHaapTy K CubeSat moxxeT 6bITb OTHECEH CNYTHUK pa3Mepamum Ao 10x10x10
CaHTMMETPOB, KOTOPLIA BecUT A0 1.33 KunorpaMm. Takol CNYTHMK MOFYT UCMOJIb30BaTb BCe pa3paboTymkin
n nccnepgosatenn. CtaHgapTmlaums pasMmepa 1 Beca CNyTHUKOB Takxke rnocrnocobcTteoBasa paspaboTke
cucteMmsbl 3anycka CubeSat, HasBaHHoOWM Poly-Picosattelite Orbital Deployer (P-POD). 3To 03HavaeT, 4To
nccnenoBaTeNn Mo BCEMy MUPY MOTYT JIEFKO CKOOMEPMPOBaTbCA APYr C APYyroM, 4Tobbl y4acTBOBaTh B
KOCMUYECKNX MUCCcUax, ncnonbilysa CubeSat. P-POD no3sonseT 04HOBPEMEHHO 3amnyCcKaTb TPU CAYTHUKA
pa3MepoM 1U. 3To oTKpbITUE NMPUBESO K pa3paboTke cTaHaapTa 3U, KOTOpbIN naeHTn4YeH cymme Tpéx 1U, ¢
obwmm obbemoM 3000 Kybuyeckmux caHTUMETpPOB. B HacTosLee Bpemsa BegeTcs pa3paboTka CTaHAapTOB
6U, 12U 1 27U (cM. pUCYHOK BbilLe CBEpPXY).

Takxe, ctaHfapT CubeSat cBnoeTeNnbCTBYET 0 3HAYNTENbHbBIX LOCTMXXKEHUSAX B 06/1aCTN MalLMHOCTPOEHUS.
NmeHHO pa3paboTka nepefoBbIX CUCTEM HaBeAEHUA U 3aMlyCKa caenana ncnosabsoBaHme CubeSat
BO3MO>XHbIM. YNy4lLIEHHbIE CUCTEMbI HABEAEHUSA MO3BOJIAIOT UCMOMb30BaTbh aHTEHHbI C 6ONLLUNM YCUSIEHNEM,
TaK Kak oWwWnbKM HaBe4EHUS MOTYT CYLWEeCTBEHHO CHU3UTb X 3PPEKTUBHOCTb. TeKyLllasa TOYHOCTb
HaBeOeHuns, [oCTynHaa KOCMMYeCcKuM annapaTtaMm, coctasndeT =£0.007° (1-sigma) no Tpem ocam.

Hanpumep, pa3spaboTaHHbin koMmnaHmen Blue Canyon Technologies, nyTHUK XACT nmeeT rabapuTHble
pa3Mepbl 0.5U, BecuT 0.85 Kr 1 6b121 KNAacCUMUNUPOBaAH MO YPOBHIO TOTOBHOCTK TexHonorum (TRL), Kak
TexHoNorna 6 yposHsa (NpotoTun/mMmoaesb, NPOAEMOHCTPUPOBAHHAsA B COOTBETCTBYOWeN cpene). Ero
MOZe/lb B KOCMOCE MoKa3aHa Ha PUCYHKE HUXe:

[M306parkeHne HegoCTynHO]
MpumMmepbl Muccuu ¢ ucnonbsosaHuem CubeSat

JKOHOMUMYecKas AoCTynHOCTb CubeSat no3sonnna ocyLlecTBUTbL Takme Muccum, Kak GeneSat-1, B kotopon
MCMNO0/b30BaNCA 5-KNI0rpaMMoBbIN Kybrn4yeckuin CnyTHUK s TpaHCNoOpTUpPoBkK bakTepuii. GeneSat-1 6bin
rMepBbIM MNOJIHOCTbIO aBTOMAaTU3NPOBAHHbLIM U @BTOHOMHbLIM 3KCrepuMeHTOM NASA, NCMONb3YOWMM CYTHUK
Takoro pasmepa. Llenbto aTon Mnccum 6b110 nsyyeHme BANAHNSA KOCMUYECKUX MOJIETOB Ha YenoBevyeckoe
Teno. bopToBas MukponabopaTopus GeneSat-1 6blsla OCHalLleHa CEHCOPAMU N ONTUYECKUMWU OaTHMKaMu,
KoTopble MOrin 06HapyXnTb 6esikn, KOTopble ABAAIOTCA MPOOYKTaMN Crieunnyeckon reHHOM akTUBHOCTW.

Moxo>xnm obpasom, CubeSat ncnonb3oBananch Ans TECTUPOBAHNA KOCMUYECKON CBSA3U, MPU KOTOPON
NCMoib30BaHne 0bbIYHbIX CMYTHUKOB BbIN10 Bbl cAMwKoM gopornM. Kybudeckme CNyTHUKU MOTyT Takxe
CbirpaTb 3HAYMTENbHYIO POJib B YBESINYEHUN OLeHKM TRL pa3finyHbIX MaTepuasioB U 3JIEKTPOHHbIX
ycTponcTs, 6arogapsa Ne€THbIM UCMbITaHUAM C ncnonb3oBaHnem CubeSat.

MHO>XeCcTBO MUCCUIA C ncnosib3oBaHneM CubeSat cBsizaHbl C yAalleHHbIM MOHUTOPUHIOM. DTO 06BbACHSETCS
BO3MO>XHOCTbO 3amnycka LeJsioro co3epe3nmns KkybcaToB A1 MOHUTOPUHIA Kakoro-nMbo KocMmn4eckoro
ABNEHUS Uan o6bekToB. Tak, HaNpUMep, MUCCUS NoA Ha3BaHMEM “BpeMeHHON 3KCNepMEHT AJ1st LUTOPMOB U
Tponuyecknx cuctem” (bonee nsBectHas kKak TEMPEST) 3agencTByeT co3Be3gne 13 nNATu CNyTHUKOB
CubeSat, pacnosioXeHHbIX Ha 0AVHAKOBOM PacCTOSIHUWN OpYyr OT Apyra Ha opbuTe. 9To caenaHo Ans Toro,
4TObbI Ka)KAbI CMYTHUK MPOXOAN Hah O4HOM M TOW »Xe TOYKOW Kakable 5-10 MUHYT, no3Bosisas HabnwaaTb
3a obs1akamMm B TeYeHne KOPOTKUX BPpeMEHHbIX MPOMEXYTKOB. Takum obpa3soM, HabnogeHne 3a obnakamm
MPoONCXoaunT € ropa3sno 6onee KOPOTKMMM UHTEPBAIaMMK, YEM C NCMOJIb30BaHNEM OBbIYHBLIX CMYTHUKOB,
KOTOpble NPOXOASAT Had OOHOW N TOW XKe TOYKOWM B JINLWb Pa3 B HECKOJIbKO YaCoB UK fa)ke AHEN. Takxe,
pa3BepTbiBaHME CO3BE3AUN MaJibiX CMYTHUKOB NO3BOASET HabogaTh 38 KPAaTKOBPEMEHHbBIMU ABJIEHUSAMMU,
TaKUMU KaK BCMbIWKW MOJTHUA.

Ha rpaduke HM>Xe nokasaHo KoOJIM4YeCTBO HAHOCMNYTHUKOB, 3anyLleHHbIX ¢ 1998 no 2016 rr.
[M306parkeHne HeQOCTYMHO]
MoTeHumnan CubeSat Tak)xe 6bla1 OLEHEH N KOMMEpPYeCKUM cekTopoM. Hanpumep:

e Cepus AeroCube, paspaboTaHHas Aerospace Corporation, 6bi1a ncnonb3oBaHa A5 yay4leHns
HaBuUraumm n ctabuamsaymm Nos0XKEeHNS sieTaTeIbHbIX annapaTos.

¢ Planet Labs Inc. akTnBHO paboTaeT Haa pa3BepTbiBaHMEM hoTa U3 150 oTaeNbHbIX CNYTHUKOB A5
Mosly4YeHNsa akTyasibHbIX AETa/IM3NPOBaHHbLIX N300pa>keHnn NaaHeThbl.

e Cant www.nanosats.eu 3ag0KyMeHTMpOBan 3anyck 6onee 1600 HAaHOCNYTHUKOB, 3anNyLWEeHHbIX C 1998.

Ha pucyHke 4 MOXXHO HabnwaaTb MHTEPECHY 0CO6eHHOCTL - 60bLWIMHCTBO 3anyLweHHbIX CubeSat nmeno
pa3mep 3U, NpeanonoXmnTenbLHO N3-3a akTUBHOIMO UCMOb30BaHUA cucteMsl P-POD.


http://www.nanosats.eu

AHTeHHbI gpna CubeSats

OOHOM 13 BaXKHENLWKNX YaCcTen CNYTHUKOBOWM CUCTEMbl KOMMYHUKaLNI ABASAIOTCA aHTEHHbI. B nnTepaType
MPUBELEHO MHOXXECTBO BapuaLWUii aHTEHH, NCMOJIb3yeMbiX B CNYTHUKOBOW CBA3U. B 3ToM pa3pgene
npeacTaBJ/ieHa MOJIHAA KOJJIEKLMS pa3nmyHblix paboT no pa3zpaboTke aHTEHH OJ151 KyBMYeCKNX CNYTHUKOB.

MNMpoBoOJIOYHbIE @aHTEHHbI

Mon “nNpoBOJIOYHLIMK @aHTEHHaMN"” 0B6bIYHO MOHMMAKOT AUMOJIN, MOHOMOIW, @aHTEHHbI Arn-Yaa n cnupasbHble
@HTEHHbI. 9TW aHTEHHbI 06bIYHO pa3MeLlalTCA Ha BHELLIHEN NOBEPXHOCTM CNyTHMKa, ocBoboXKAana MecTo
0N APYron 3/1IeKTPOHUKN. Bo BpeMs NosieTa aHTEHHbI CKIaAbiBalOTCA N 3aHUMAlOT BHYTPEHHNN 06bem
CNyTHWKA, @ Pa3BOpayMBalOTCs TOJIbKO MocJsie BbiIxofa Ha opbuTy. MpoBosI0YHbIE aHTEHHbI YacTO HaxoOAaT
rnpuMeHeHne Ha BblCOKUX (HF), oyeHb Bbicoknx (VHF) u ynbTpa Bbicoknx (UHF) yacToTax.
BceHanpaB/ieHHOCTb Aunonen genaeT UX OOGHUM U3 KaHAWAATOB A4 OpraHmn3aunm MexXCrnyTHUKOBOW
CBA3M.

BONbLWNMHCTBO KYyBn4eCcKnx CNyTHNKOB, HaXoaAaLWmMxXcs Ha opbuTe, NCNOb3YIOT NPOBOJ/IOYHbLIE aHTEHHbI U3-3a
MX MPOCTOThI. Ha pncyHke HM>xe rnokasaH cnyTHUK HORYU-1V, ocobbii MHTEpec B KOTOPOM NpeacTaBasieT
MHTEerpauns ounosibHOM aHTEHHbI CO CMYTHUKOM. 34eCb pa3paboTyYmMKn NCronb30BaaN peLLUETKY N3 YeTbipeX
annonen B OBY-gnana3oHe o U3MepEHNs BAA>KHOCTU NOYBbI:

[M306pakeHne HegoCcTynHo]

EcTb npyMep, B KOTOPOM NPOBOJIOYHbIE @HTEHHbI TaKXXe UCMO0JIb30BaINCh A1 0CeBON cTabunmsaunmn
CMNYTHMKA. TaKNM MPUMEPOM MOXXET CNYXXUTb CNYTHUK HIT-SAT, KOTOPbIA UCN0/b30Ban OUMNOJIbHbIE
peleTKn ona cea3n n gnsa ctabnnmnsaunm nytem namepeHus konebaHmm nonyyvyeHHonm mowHoctn B UHF/VHEF-
Anana3oHax. CnyTHUK HIT-SAT ¢ yCTaHOBAEHHbIMU ANMONSAMM MOKa3aH Ha PUCYHKE HUXKe:

[M306parkeHne HegoCTynHo]
Ped nekTopHble aHTEHHbI

Pa3spaboTka ped/ieKTOPHbIX aHTEHH C BOAbLWUM yCcueHnem gnsa Kybru4eckmx CnyTHMKOB B HacToswee
BpeMs Bce 6osibLUe NpUBJIEKaeT BHMMaHMe Hay4yHoro coobuiecTa. OTpaxkaTenu npegsiaraioT bonbuoe
yCusieHne, HO ABJIIOTCS CJIOXKHbLIMU, C TOYKU 3PEHUS NMPOU3BOACTBA, ycTponcTteamMmum. OO4HMM N3 NepBbIX
MpUMeHeHNn pednekTopHbIX aHTeHH B CubeSat 6bina Mnuccnsa dHen (Aeneas). DHel oCHaLLEH 30HTUYHON
pethNeKTOpHOM aHTEHHOW S-Anana3oHa, agnameTpoM 0.5m n paboTatowen Ha YacToTe 2.4 L.
Pa3zpaboTaHHbIN gag 3TON MUCCUM OTpakaTeslb MoKa3aH Ha PUCYHKE HUXKE:

[M306parkeHne HegoCTynHO]

Ewe ecTb NnpuMep ANA HazeMHbIX MUCCUIN N UCCNeA0BaHMA AanbHero kocmoca. Tak bbina paspaboTaHa
aHTeHHa KaccerpeHa (ycTaHoBneHHas Ha 6U-CNyTHUK As18 MUCCUIA B AaJibHEM KocMmoce) ans Ka-ananasoHa.
KoHuenT CubeSat ¢ ycTaHOB/IEHHON aHTEHHOM CUCTEMOWN NOKa3aH Ha PUCYHKE HUXKe:

[M306pakeHne HegoCTynHO]

B 60sbLlUMHCTBE Cly4aeB, oTpa)kaTeslb NpeAcTaBaseT u3 cebsa MeTanIMyeckyto CeTKy, HaTAHYTYIO Ha
napabonunyeckne pebpa, 4Tobbl 0becneynTb 6ONbLIYIO MOBEPXHOCTL MPU MeHblleM obbeMe. B kayecTBe
anbTepHaTUBLI pedisieKTopaM C CeTHaTOM MOBEPXHOCTbLIO 3epKana, npepyarainTca pedhieKkTopbl, B KOTOPbIX
MNCMOJIb3YIOTCA 3/1aCTUYHbIE KOMMO3UThI C 3P eKToOM namaTu, npuMmeHsemMole onsg aHTeHH Ku u Ka-
Onana3oHOB.

Mnockue oTpa>kaTesibHble aHTEHHbI

Mnockne oTpakaTesibHble aHTeHHbI obecrneynBatoT 60bLLION KOIPPULNEHT YCUSIEHUSA, MPU 3TOM UX JIEFKO
YCTaHOBUTb Ha Kybuyeckune cnyTHUKN. Takne aHTEHHbl COCTOAT U3 Habopa NAOCKNX MaHenen, 41o
MO3BOJISET CKAaAbliBaTb X U pa3MeLlaTb BHYTpU obbeMa cnyTHMKA. TakXe oHU MOryT ObITb
VHTEerpmpoBaHbl C CONMHEYHbIMW NaHeNaMu, KoTopble ycTaHaBauBaloTca Ha CubeSat. Takon noaxon
npMMeHseTCs B paMkKax pa3paboTku cnctembl ISARA (OTpa)kaTesibHas aHTEeHHa, MHTEerpnpoBaHHas B
COJIHEeYHYI0 NaHenb) ang Ka-gnanasoHa. CTpyKTypa Takol CUCTEMbI NOKa3aHa Ha PUCYHKE HUXe:

[M306pakeHne HegoCcTynHOo]

Takasa KOHCTPYKLMSA OTparKaTesibHON aHTEHHbI NpuMeHsanach onsa npoekta Mars Cube One (MarCO),
KOTOpPbI ABNSAETCA NepBbiM KybU4YeCKUM CMyTHMKOM, CO3AaHHbIM AN1a MUCCUA Ha Mapce. Pabo4as 4yacToTa B
3TOM yCTponcTBe cocTasnseT 8.425 Ty ¢ ycuneHnem 29.2 ob.



MeMOpaHHble aHTEeHHbI

MembpaHHble aHTEHHbI ABNAKTCA MPUEMJIEMbIM BapMaHTOM, KOrga CyLlecTBYeT AOMYyCK Ha
CpefHeKBaApaTUYHYIO MorpeHocTb. OCHOBHAasA naes 3akjlo4aeTcs B CO3laHUN aHTEHHbI U3 MaTepuana,
MOXOXKero Ha TKaHb. DTO MO3BOJINT CO3AaTb JIErKYO CKNaAHY aHTEHHY, KoTopasa 6e3 Tpyada NoMecTUTCs B
MasioM obbeme BHyTpU CriyTHUKaA. Ha pucyHke HMXe nokasaHa meMbpaHHas aHTEeHHa AJ1g S-Anana3oHa,
KoTopas MmoxeT obecneymBaTh ycuneHme B 30.5 b (Pa3mep B C/NOXXEHHOM COCTOSIHUN - 2U).

[M306pakeHne HegoCTynHO]

CTOMUT OTMETUTb, 4TO eCTb BapnaHT pa3BepTbiBaHNSA MeMOPaHHOW aHTEHHbI MO NPUHLNMIY HagyBHOrO LWapa..
Hanbonee nHTepecHo ons pa3paboTynkoB MeMBpaHHbIX aHTEHH TO, YTO pa3Mep MeMBbpaHHbIX aHTEHH B
CJIO)KEHHOM COCTOSIHUM 3aHKMatoT 2U n MeHblle, - 0.6U (B clydae MCnonb30oBaHWUS HagyBHON CUCTEMBI).

MnaHapHblIe aHTEeHHbI

MnaHapHble @aHTEHHbI, TaKMe Kak NaTy- U LesieBble aHTEHHbI, MpUBAEKaoT 60/blLLIOe BHUMaHME 13-3a CBOUX
pPa3MepoB M OTHOCUTENIbHOW MPOCTOThl N3roTOBAEHUS. [TpuMep NHTEerpaunm NaTy-aHTEHHbI B LUACCK
CubeSat noka3saH HuXxe:

[M306pakeHne HegoCTynHO]

Ha gAaHHbIN MOMEHT peasin30BaHbl CaMble pa3indyHble BapuaHTbl MAOCKUX aHTeHH - gna VHF, UHF n S-
Anana3oHOB. BCTpevalTca faxe ceTyaTble U NMpo3padvHble naTy-aHTeHHbI, NaT4Y-aHTEeHHbl S-Anana3oHa ans
MeXXCMYTHMKOBOW CBA3U, NJIOCKaa MHBePTUpPOBaHHaA F-aHTeHHa (IFA) ons S-anana3oHa. A HU)Ke MoKasaHa
weneBas aHTeHHa, KoTopas MoXeT paboTaTb Kak MHOroJly4eBas, BCeHanpaBJ/iIeHHasa Uan
ofHOHanpaBJieHHas:

[M306parkeHne HeQOCTYMHO]
PynopHbie aHTEeHHbl U BOJIHOBOAHbIE CTPYKTYpbl

PynopHble aHTEHHbI MOIyT BbITb UCMOb30BaHbl B CubeSat Ha BbICOKUX YaCcTOTaX. ODTU aHTEHHbI
obecneynBaloT xopoLlee ycuiaeHune, a nx paspaboTka NpocTa 1 XopoLlo n3yyeHa. Pynopbl Takxe 4acTo
NCMOoNb3ylTCA B KayecTBe obnyvaTenen gna napabonmyeckmx n naoCKux pedaekTopHbIX aHTEHH U3-3a
HWU3KOW rornepeYvyHon nonsapusaunm n cnaboBbipa>KeHHbIX 6OKOBbIX 1IENECTKOB.

[M306parkeHne HeQOCTYMHO]
3aknioyeHue

CnyTHMKOBOE U KOCMUYECKOEe Hay4YHOe coobLeCcTBO HaueleHo Ha pa3paboTKy MasbiX, HO MOLHbIX
annapaTtoB CubeSats. B naHHOR cTaTbe ObIIM PacCMOTPEHbI CyLLeCTBYOLWMNE CTaHAAPThl U KNaccudumkaumm
TaK Ha3blBaeMbIX “MaJiblX CMYTHUKOB”, CaMbIMUN MOMNYJISPHLIMU N3 KOTOPbIX ABAATCA Kybn4yeckmne CnyTHUKK
- CubeSat. BmecTe c noTeHUManoM, KOTOpPbIN NPeaCTaBAAT Kybnyeckmne CnyTHUKM ansa 6yoyuimx MUCcun,
rnosiBuacb U HeobxoaMMocTb pa3paboTaTb aHTEHHYO CUCTEMY, KOTOopas byaeT cCOOTBETCTBOBaTb
pa3MepaM, yKasaHHbIM B CTaHAapTax. B 3aBMCMMOCTKM OT YacTOThl U YCUIIEHNS, @HTEHHbI BapbUpyloTCs OT
MaleHbKUX NaT4Y-aHTEeHH A0 6onbLKnX pedeKTOPOB.
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