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AHnHoTanusa. B crartbe aHanusupyercs TeKyllee COCTOSIHHE M IPOTHO3 Pa3pabOTKH TEXHOJNOTMH KOCMHYECKOro MPHOOPOCTPOEHUS —
wwecToro TexHosorudeckoro ykiaana (LITY). [TokazaHo, 4To Ha NPOTS?KEHHUH MOCIEIHErO NECSTUIETHS SIPKO BBISIBU/IACH TEHAEHLHs H3Me-
HeHUS! apXUTEKTypPbl KOCMHUUYECKHX alapaToB U CUCTEM Ha UX OCHOBE OT MOAYJbHO-(YHKLHOHAJBHOIO TOCTPOEHUS K CO3LAHUIO «CUCTEM
Ha MevyaTHOH MJsaTe», a B MepcrnekTHBe U «CIyTHHKA Ha YHIe» C MIMPOKUM HMCIONb30BAaHHEM «CHCTEM Ha KpUCTaJljle» U «CHCTeM B KOp-
nyce». [lono6Hble apXUTEKTYPbl aKTHBHO MPUMEHSIOTCS B TaK Ha3blBAEMBIX paclpe/esieHHbIX U (helepaTHBHBIX KOCMMYECKHX CHCTeMaX.

[TpencraBsien 0630p AOCTUTHYTHIX YPOBHEH TEXHOJOTMYeCKOH TOTOBHOCTH ITIPOM3BOIMMBIX CEPHHMHO COCTABHBIX 4YacTed MaJsopas-
MepHBIX KOCMHYeCKHX alnapaToB: KOHCTPYKTHUBHBIX 3/1€MEHTOB, CUCTeM OpPHeHTalUM WU CTaOMIU3aLUU, TePMOpPeryJupoBaHHUsl, CHCTEM
3JIeKTPOMNHTAHUsI, OOPTOBEIX KOMIBIOTEPOB, MaMATH, a TAaKXKe OCHOBHble MPOOJEeMHble BOMPOCH Pa3pabOTKH MepCrneKTHBHbIX H3LeNHH,
MMEIOILUX HU3KHE YPOBHH TEXHOJOTHYECKOH FOTOBHOCTH.

OTresIbHO pPacCMOTPEHbl JOCTHXKEHHS [0 MUKPOMHHHUATIOPU3ALIMK 10JI€3HBIX HArPY30K, MOKA3aHO, YTO 1 KOCMUYECKHX CHCTEM
HaBUTallWH, CBA3M M IUCTAHLHMOHHOIO 30HAMPOBAHMS 3€MJIM WCIIO/JAb30BAHHE APXMTEKTYp paclpeesieHHbIX CHCTEM I03BOJSET Cylle-
CTBEHHO COKPaTHTb CPOKM Pa3pabOTKM M Pa3BepTbIBAHHS CHCTEM, a TaKKe yMEHBIIHTb HX CTOMMOCTb MPHU COXPaHEHHH TpeGyeMoro
YPOBHS KauecTBa.

[TonyuenHble pe3y/abTaTbl MOTYT OBITb M0JIOJKEHBl B OCHOBY pa3pabaTbiBaeMOH CTpaTerMH Pa3BUTHS NMePCHeKTHBHBIX KOCMHUYECKUX
CHUCTEeM W KOMIIJIEKCOB.

KuroueBsie cjoBa: 11ecToi TeXHOJOTHYECKHH YKJaan, CuCTeMa Ha KpucTtaJjie, CUCTeMa B Kopiyce, CIIyTHUK Ha 4uIle, paclnpenejeHHbie
KOCMHYeCKHe CHUCTEMbI, (pejlepaTI/lBHbIe KOCMHUYECKHEe CHCTEMbl, YPOBHH TeXHOJIOTHYECKOH TOTOBHOCTH, MaJsopa3MepHble KOCMHYECKHe
anraparbl
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Abstract. The paper analyzes the current state and the forecast of the space device technologies development, for the sixth
technological way. It has been shown that during the last decade the spacecraft architecture and systems based on it have a tendency
to change from separate modules with specific functions to “Systems on a Printed Circuit” and in the near future to “Satellite on
a microchip” widely using “Systems-on-a-chip” and “Systems in Package” technologies. Such architectures are actively used in the
so called distributed and federated space systems.

The paper presents the survey of the achieved technology readiness levels (TRL) for small satellite elements (COTS): construc-
tion, AODS, thermal control, power supply systems, onboard computers, and memory elements. The main problem items of the
promising product development with low TRLs are considered as well.

Separately the paper discusses the main achievements on smallsat payloads microminiaturization. Using the architectures of the
distributed systems can drastically decrease the development and deployment schedule of the navigation, communications and Earth
remote sensing systems, as well as reduce their cost keeping the required quality level.

The results of this work could be used for the creation of a perspective strategy of future space systems.

Keywords: sixth technological way, System-on-a-chip, System in Package, satellite on a microchip, distributed space systems,
federated space systems, technology readiness levels, small spacecraft

MepeiiTu Ha cTpaHWLy C NOJIHON Bepcueii»


https://rucont.ru/efd/637670
https://rucont.ru/efd/637670

MepeiiTn Ha cTpaHuLy C NOJSIHOM BepCUEn»

IIECTOW TEXHOJIOTUYECKUN YKJIAZT B KOCMUUYECKOM ITPUBOPOCTPOEHUU 65

BBenenue

B pa6ore [l] mpencraBieHbl CMeHbI OCHOBHBIX
TEXHOJIOTHUECKUX YKJIAL0B PAa3BUTHUSI MUPOBOH 3KOHO-
MUKH HauuHas ¢ 1770 r. Ilpu 3TOoM Tom TexHoJOrH-
YeCKHMH YKJaJaMH TIOHUMaoTCs AauTesbHble (50 seT
1 GoJsiee) SKOHOMHYECKHE LHUKJbI, 1/ KOTOPBIX Xa-
paKTepeH oOIpefie/ieHHbIH YpOBeHb pa3BUTHS IPOU3-
BOOUTENbHBIX cUJ. McToprs mokasana, 4To KaKAbli
NoN0OHbBIM LMK/ 3aBepliajcss KOHOMHYECKHM KpH3H-
COM H TIOCJEAYIOIIHUM MepexooM MPOU3BOIUTEIbHBIX
CUJl Ha CJeqyIolKH ypoBeHb pas3ButHs. OTMmevaercs,
gyro nepuon 2010-2018 rr. xapakrepusyer co6od 3a-
poxzeHHe (3MOPHOHAJBHYIO (Pa3dy) LIECTOro Mo CYeTy
TEXHOJIOTHUECKOTO YKJaAa, SIPO KOTOPOrO COCTAaBAT
HaHO-, 6M0-, UH(O- U KOTHUTUBHBIE TEXHOJOTUH, 0bec-
neunBawoiire ot 30 1o 70% mpupocTa B pasgHUUHBIX
OTpac/siX POCCHHCKOH 3KOHOMHUKH (puc. 1).

[Ipu sToM 6a30BbBIMM OTpac/AsSIMU IJIS BHeIpPeHHsI
trexHosoru# LITY nporHosupytotest TeaeKOMMYHHKa-
1M, o0pa3oBaHHe, XUMUKO-MeTaJJyPruuecKHd KOM-
TJIeKC, paKeTHO-KOCMHUYeCKHH KOMILJIEKC, a TaKKe pac-
TEHUEBOJACTBO W 3APAaBOOXPaHeHHe, TJle OXKHIAeTCs
e2KerofiHblil pocT BbipyukH 10 10 %.

OTMmeuaeTcsi TakKe, UTO «[IPOMBbIILIJIEHHOE MPOU3-
BOACTBO OyneT 0a3WpoBaThCs Ha OTKPBLITHUSX B OHO-
TeXHOJIOTUSIX, TeHHOH HHKeHepUH, HAaHOTEXHOJOTHUSX,
B 00J1aCTH HOBBIX MaTepuaJsoB, WH()OPMALUOHHO-KOM-
MYHHKaLUOHHBIX, KOTHUTUBHbIX, MEMOPaHHBIX, KBaH-
TOBBIX TEXHOJIOTHSX, HAHO(POTOHHKE H MOJIEKYJIsp-
HOH (pOTOHHKe, MUKpPOMeXaHHKe, pOOOTOTeXHUKE, TeX-
HOJIOTUSIX BUPTYa/JbHOH peaibHOCTH, TepPMOsiIepHON
SHepreTHKe, HaHOMarepuajax M HAHOCTPYKTYpPHUPO-
BaHHbBIX TMOKPBITUSAX H T. 1.» [2].

B kocmuueckoM npubOPOCTPOEHHH Tepexon Ha
texHosorun UITY MoxHO yC/JIOBHO COOTHECTH C CO-
3IaHUeM aBMALlMOHHOM TeXHHKH, KOIJla BHepeHHe UH-
HOBALMOHHBIX TEXHOJOTHYECKHX TMEePeNesoB Mpeablay-
LIMX YKJAaN0B NPUBOAUJIO K CO34AHUIO CaMOJIETOB HO-
BOro mnokosieHusi. Hampumep, 10 HemaBHero Bpeme-
HU Kocmuueckde anmapathl (KA) paspabarteiBanuch
C WCMO0J/1b30BaHHeM (DYHKLHOHAJIbHO-MOLY/IbHOTO MPHH-
una, Korja Kaxkaas ciay:keGHasi TMOACHCTEMAa M TI0-
JlesHasi Harpyska IMpeicTaBJsiii coOOH OTHesbHblE
MOIYJIM, WHTerpupyemble ajs obecriedyeHus 3anaH-
HBIX TpeOoBaHWU mpumeHeHus. s ymnoberBa Kiac-
cuukauuu Gynem HasbiBaTb Takve KA crnyTHHKamu

YeTBEPTOrO TOKOJIEHUS, UCTIONb3YIOUUMH TEXHOJOTHU
MATOro yKjaaaa (MHKPO3JEKTPOHHKA U KOMIbIOTepHast
TeXHHUKA).

[TosiB/ieHHe Masopa3MepHBIX KOCMHYECKHX arma-
paTOB TIO3BOJIUJIO MEPEHTH K TEXHOJOTHH «CITyTHUK—
npubop» [3], Korma ciyxebGHble CUCTEMBI U TOJI€3HbIE
Harpy3ku CTajo BO3MOXKHBIM DeajM30BbIBATH B BHUE
OT/Ie/IbHBIX TeYaTHbIX IMJaT, UHTErPpUpPyeMbIX B paM-
KaxX eIMHOTO0 KOHCTPykTHBa. Takue KA cooTBeTcTBY-
0T CJIeAYIOLleMY TOKOJIEHHIO CIYTHUKOB, HO BCe ellle
MCIOJIb3YIOT TEXHOJIOTHH MATOr0 YKJana.

Pa3BuTHeM NaHHOrO MOAXOMA MPEACTABJSETCS pe-
aMu3anus KOHLEMUHUH «CIHYTHHUK Ha UYWIe» U «CIyT-
HUK Ha TeYaTHOH TJiaTe» B HErepMETHYHOM HCIIOJHe-
HHH C IIUPOKUM BHEJIPEHHEM TEXHOJOTHH «CHCTeMa Ha
KpUCTa/ljie» U «CUcTeMa B Kopryce» [4-6], a aTo yxe
texHojoruu LITY. JlaHHBlEe pazpaboTKH MOTYT CTaTh
OCHOBO# cJenyiomiero nokoneHuss KA u cuctem Ha ux
OCHOBe. YKa3aHHOe 0OCTOSITe/IbCTBO HE O3HAuyaeT, uTo
«COYTHUK-TIPUOOP» UM OOJbllIKE KOCMUYECKHe ar-
napatel HUCYE3HYT MPH MOSBJEHHH MHUKPOMHHHATIOP-
Heix KA (MKA). Kakoe-To I0CTATOYHO AJIMTENbHOE
BpeMsi OHM MOTYT CYIIeCTBOBaTb MapaJsiiesbHo. Bosee
TOTO, BO3HHKAIOLIHe MPH 3TOM HOBblE BO3MOXKHOCTH
CYLIEeCTBEHHO PACLIMPST PYHKLUHOHANbHbIE BO3MOXKHO-
CTH CYIIECTBYIOILMX CErofiHs KOCMHYECKHX KOMIJIEK-
COB M CHCTEM.

BHelHuH BUA CNyTHHKA Ha MeyaTHoOH mjarte —
HaHo3oH#a «CrpaiiT» mpeactaBieH Ha puc. 2 [7],
a cUCTeMHble TpeOOBAaHHS K CIYTHUKY Ha yule —
B Taba. 1 [8].

B naHosonze «CripaliT» HCMOb3YIOTCS COBPEMEH-
Hble JlellleBble HHTErpajibHble MHUKPOCXEMBl C MaJibIM
sHepronoTpebieHreM, 00ecrneyrBaiollie OCHOBHBIE
TeXHUUYECKHe XapaKTePUCTHKH CIYTHUKOBOH Matdop-
Mbl JIJIS1 HHTErpasbHbIX MHKpoceHcopoB. [IpumeHsitorcs
cosiHeyHble Gataped mnpousBonctBa Spectrolab TASC,
MHUKDPOKOHTpPOJIJIEP, @ TaKKe PAJHOCHCTEMa Ha 4YHIe
komnanuu Texas Instruments CC430 (SoC), 3-oceBoi
marHeromerp Komnanud Honeywell HMCSH883L,
3-oceBo#i Mukporupockon Ha MOIMC InvenSense
ITG-3200, a Takxe HeOOXONHMMbIE MTACCHBHBIE KOMIIO-
HEHTBbI, pa3MellleHHble Ha TMeYaTHOH MJjaTe pPa3MepoM
3,5 x 3,5 cm? maccoit 5.

Mukpocxema CC430 SoC sBrsieTcst «cepauem»
HaHO30HAAa M O00ecrneuydBaeT BCE BHIYUC/IUTE/bHbIE
¥ KOMMYHHKallHOHHble BO3MOXKHOCTH.
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Puc. 1. Crpykrypa HoBoro (VI) TeXHOJOrMYeCKOro ykjaaaa ¥ TEMIIbl POCTa €ro COCTaBJSIONIMX
Ta6auuma 1. Cucremunie Tpe6oBanust k SPACECHIP

Cucrema Tpe6oBaHus Pesysbrar

Bepxuuii SpaceChip mo/mxeH HCMOIb30BAaTh KOMMEPUECKYIO TEXHOJOTHIO Austriamicrosystems
YPOBEHb KMOII, npuroanyo /s UHTErpalui LU(POBLIX, aHAJOTOBLIX SiGe-BiCMOS 0,35 mMxm
n PU-kommoHeHTOB. SpaceChip n0/7KeH COOTBETCTBOBATH BCEM
LeJIIM MHCCHH U MOAJEPKHUBATh KOHLEMIIMIO SKCIIyaTalun

[Tonesnas ITH nosxHa oO6HapyXKHBaTb UHTEPECHbIE SBJEHUS KOCMHYECKOH [Tpocras KMOII-kamepa
Harpyska noroisl. s gemMocTpaluy HeoOX0AUMO PacCMOTPETh
npocredmyio [TH

Op6ura SpaceChip moskeH pyHKLHOHHPOBATh Ha 3alaHHOU opOuTe MuUccurd Bricota 500 KM
Mauioe HaKJOHEeHUE

Kondurypauus JlomxkHa ObITh peaqn3oBaHa KOH(MUIypalus MOHOJNHMTHOIO «CMyTHHKAa TpeGyloTcsi HOMYyCKH
1 KOHCTPYKTHB Ha YHIIe».

Pasmep He mo/KeH MPeBBIIATh THIWYHBIX 3HAUEHHH Iara CeTKH 20 x 20 MM MakKCHMyM
KMOII-npornecca.
Macca nomxHa ObiTh MeHee 10 T. 10 r ynakoBka

Konerpykuus noskHa HMeTb BCTPOeHHBbIH HHTepdelic ¢ PH

CoIl JlomXHO OBITh MCIOJNb30BaHO Npeobpa3oBaHUe COJHEUHON sHepruu  bBromxker motpebsaenus 1 MBr
B 3JIEKTPHUYECKYIO C MOMOIIBI0 BCTPOEHHBIX COJTHEYHBIX Gataper.
Heo6xonumo n3y4uTh BO3MOXKHOCTb HCIOJb30BAHUS aKKYMYJISITOPOB

O6paboTka JlomKeH OBITb MCIO/b30BAH S9KOHOMHUUHBIH MHKPOKOHTPOJIED. Y aydiieHHbIH

U XpaHeHHe Heo6Xx0onuM0 M3y4UTh TEXHOJOTHH SHEPrOHE3aBUCHMOH MaMSTH. ACUHXPOHHBIH

JAHHBIX KOHCTPYKTHB NOJIKEH BBIAEPXKUBATH YCJIOBUS KOCMHYECKOH MHUKDPOKOHTPOJLIEP
panuanuu

Cs3b HeoxonuMo Ucnosnb30BaTh HeJMHUIEH3UpyeMbli nuanason 2,4 [T Momnocts — 1 Br,

NaJbHOCTh — 1 KM.
Tpebyetcsi BHelIHsAS aHTeHHA

OpueHTanus JomxHO ObITH MpPUMEHEHO omnpeneneHue opueHTanuu. Heo6xonumo  IlaccuBnas COC.

U cTaOU/IH3alHsl UCCJef0BaTh BOSMOKHOCTH ONpeAeJeHHs] XapaKTEPUCTUK OpPOUTHI OmnpeneneHrie OpoOUTHI
HEBBIIOJHHUMO

JlBurarennb JlBuratesb He TpeOyeTcsl, HO BO3MOXKHOCTH HEOOXOAMMO H3YUHThb MOHOJIUTHOTO pelleHuUsT HeT

Temneparypa  JLo/KHO OBITh HCIIOJIb30BAHO MAaCCUBHOE TEPMOpPEryJHPOBaHHE TepmocrabumnbHasi MOAJI0XKKA
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Puc. 2. Hanozonn «Cnpaiit»

AHTeHHBI HAHO30H/A TIPEACTABISAT COOOH MOJy-
BOJIHOBOH V-1UNOJMb, BbIODAHHBIH H3-3a OLHOPOJHOTO
10 IPOCTPAHCTBY KO3(p(pULIHeHTa YCUJIEHHS, IPOCTOTH
HaCTPOHKH, a Takxke 50-OMHOro BOJHOBOTO CONPOTHB-
JIEHHs], UTO yCTPaHsleT He0OXOAUMOCTb HCI0/b30BAHUS
IOTIOJIHUTEJIbHBIX Lienell pa3Bsisku. AHTeHHA BbIIOJIHE-
Ha M3 HUTHHOJA, HHUKeJNb-THTAHOBOTO CIJaBa, 00blY-
HO MCII0JIb3yeMOr0 B KOHCTPYKLHMSAX C MaMsATbio ¢op-
Mbl, KOTOpBIH HaxKe MPHU 3IKCTPeMasbHBIX MeXaHHUye-
CKHX BO3[eHCTBHSIX BO3BpalllaeT CBOIO [epBOHAYaJb-
HYI0 (opMy.

Ocra/ibHble KOMIIOHEHTbl HAaHO30HJAA BBIOMPA/HChH
13 cooOpakeHHs MOJNy4YeHHs] MaKCHMa/bHOH (PYHKIIHO-
HaJIbHOCTH IIPU MUHHMMaJbHBIX pasMepax W MMeLHX-
Csl HepreTHYecKUX BO3MOxKHOCTAX. Co/HeuHas suei-
Ka npousBoauT a0 60 MA Toka npu HanpsikeHuu 2,2 B
C HeNOCPeACTBEHHBIM MOAKJOUEHUEM K 3JeKTPOHUKe
6e3 NOMOJIHUTE/bHBIX NIPe00pa30BaHUN 3HEPTHUU U ee
xpaHenusi. CooTBeTcTBeHHO «CrnpalT» MOXKeT (DyHK-
LIMOHHUPOBATb TOJIbKO MPHU OCBELIEeHHH COJTHEUHBIM CBe-
TOM M COBEpIIEHHO He pabdoTocrnocobeH Ha HOYHOU
CTOpPOHE OpPOUTHL.

Hcnosb3oBaHHWe HOBBIX TEXHOJIOTHMH CO3MaHUS
NEepCHEeKTUBHLBIX KOCMHYECKHX CPEeACTB IMO3BOJAET
pacCMOTPETb CeTeBbIE APXUTEKTYPbI OpTraHU3alMKU KOC-
MHUYECKHX CHUCTEM Ha UX OCHOBE: KJIACTEPOB U CO3BE3-
sz’ MaJiopaSsMEpPHbIX KOCMHYECKHX arllapaTtoB B CO-

CTaBe pacrnpefieseHHbIX WU (DelepaTUBHBIX KOCMH-
yeckux cucrem [9-11]. Tak, kouuenuus System F6
noJpa3yMeBaeT HCIOJb30BaHHE BMECTO OAHOTO 6O0Jb-
IIOT'0 MOHOCMYTHHKA Habopa HEeCKOJbKHX MaJsblX KOC-
MHUUYECKHX aNmapaToB, CYLIECTBYIOUIUX He3aBUCHMO
U 0ObelMHEHHBIX CUCTEMOM MH(OPMAIMOHHOTO 0OMe-
Ha. [Ipu stom kaxnawsii MKA moxer oGecrneunBath
TOJILKO OfIHY (DYHKIHIO MO aHaJOTUH C MOLYJISIMHU CJTy-
KeOHBIX ToacucteM 6osibiioro KA. YKasauHbIH Mof-
XOJ[ MO3BOJISIET MHOTOKPATHO MOBLICHTh YCTOUYUBOCTh
CHUCTEMBbl K BO3HMKHOBEHHIO OTKAa30B (BO3MOXKHO Ie-
peHeceHHe (YHKIMM Ha COCEIHMH ammapar), a Tak-
)K€ K BO3MOXKHOCTH TOJTHOTO BbiXofa onHoro uz MKA
U3 CTPOSl MyTeM JOBbIBeIeHUS] HEOOXOAWMOroO OTHEJb-
Horo MKA.

PeBosilouMOHHOCTE  KOHLENUUM  (heaepaTUBHOM
cnytHukoBoi cuctembl (PCC) cocTouT B TOM, 4TO
BO3MOXKHOCTH KaxJa0ro KoHkpetHoro KA B rpymmu-
pOBKe MOTyT OBbITb pacrpeliesieHbl C COCEAsIMH Ha
oTpeneleHHOH OCHOBe — B3aUMOJEHCTBHE MeXIy HU-
MM OCYIIECTBJISIETCS TOJBKO B T€ MOMEHTHI BPEMEeHH,
KOTZIa 9TO HMeeT KOHKPeTHBIH cMmbica [12].

Kpome oueBupHOro mnosbillieHHsT 3((HEKTUBHOCTH
padoThl COOCTBEHHO KOCMHUECKHX CHCTEM, 3TO I103-
BOJISIET TaKXKe HapallUBaTh CIYTHHUKOBbIE BO3MOXKHO-
CTH NyTeM MOAKJ/IOYeHHUs BeO-ceHcopoB, obecrnedu-
BAIOILMX HE TOJIbKO HMHTErpaluio CIYTHHUKOBBIX AaH-
HBIX C JAaHHBIMH COMYTCTBYIOLUIMX KOHTAKTHBIX H3Me-
pPeHHH, HO W CO3JaHHEe KOMIJIEKCHBIX CHUCTEM MOHHM-
TOPUHTA, YCBAWBAWIIMX Ha MONEJSIX BCE NOCTYIHBIE
IaHHble O COCTOSIHWHM OOBeKTOB HaOJ/IOfeHUS U Cpe-
OBl UX OOWTaHHUSl Ha Ccyllle, HA MOpe W B aTMocdepe
Semsu. Hcnosib3oBaHre TONOOHBIX TEXHOJOTHH T03-
BOJISIET TaK)Ke C03[aBaThb CaMOOPraHU3yIOIIMecs ce-
TeBble apXUTeKTYypbl OYyAyllero yepe3 oObelHHEHHE
KA B cerb plug-and-play, 4To mnomnep:kuBaer Oec-
IOBHOE B3aWMOJEHCTBHE C CYIIECTBYIOIIUMUA 3HEpP-
TeTHUECKUMHU W KOMMYHHUKAlIlMOHHBIMU CETSIMH Hapsi-
Iy C TpeNoCTaBJieHHeM YCJIYT KOHKPETHBIM MOTpe-
OUTEJISM.

[lesnb nmaHHOU cTaTbU — OlEHKA BO3MOXKHOCTEH
ucrnonb3oBanus TexHosoruin LITY B Kocmuueckom
NpUOOPOCTPOEHHUH, BKJIOUAs OLIEHKU YPOBHEH TeXHO-
qorudeckoi rotroHoctd (TRL) cyiiecTByiomux u pas-
pabatbiBaembix MKA, a Takxke orpenesieHHe OCHOB-
HBIX HampaBJeHUH MUKPOMHUHUATIOPHU3AIMU HUCIIONb3Y-
€MbIX 3JIEKTPOHHBIX KOMIIOHEHTOB.
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Puc. 3. I[Iporsos kosuyecTBa 3amyckoB MUKPO/HAHOCITY THUKOB

IlpopbiBHBIE MEPCTIEKTUBHBIE
TEXHOJOTUH KOCMUUYECKOTO
npudopoCcTpoeHus

Ha puc. 3 npencraBsieH nporHo3 3amyckoB pasHo-
06pa3HbIX MOJIe3HbIX HArpy3ok [13], ucrosb3ymoummx
nanatdopmbsl MKA MuKpo- ¥ HaHOKJacca, U3 KOTOPOTo
OTYETJIUBO BHUAHO, u4TO K 2035 r. KOJHYECTBO 3amy-
ILIEHHBbIX aNNapaToB BO3PacTeT MPAaKTHYECKU Ha Mopsi-
noK. Kak 6bly10 mMokazaHo Bblllle, CJeyIollee TOKOJe-
Hue MKA mno3BosiMT 06ecrneynTh co3faHne CyTHUKOB
Ha yurne. OMHAKO COBEpIIEHHO OYEBUIHO, UYTO Tiepe-
XOII K MO0OHBIM TEXHOJIOTHSIM 3aHMeT HEKOTOPOe Bpe-
MSI U BO3MOXKEH TOJIbKO TPH MOCTENEeHHOM 3BOJIIOIH-
OHHOM TIepexolie OT TEXHOJOTMH «CHCTeMa Ha meyaT-
HOU TJiaTe» U MOAYJbHO-(DYHKIIMOHAJNBHOTO TIPUHIUIIA
K WCIOJb30BAHUIO TEXHOJOTHH «CHCTEMa B KOpIyce»
U «CHCTEMA Ha KPUCTAJIIES.

HccnenoBanusi  pasMuHBIX  aBTOPOB, HaMpH-
mep [14], uneHTH(HLKMPOBAIM NECATOK KPUTHUYECKHX
TEXHOJIOTHH, MOTeHIIHAIbHO 00eCeYnBAIOIINX NECITH-
KpaTHOe yMeHbllIeHHe Beca U CTOMMOCTH KOCMHYECKHX
annaparoB U paKeT-HOCUTeJel C yJydllleHHbBIMH Ha Mo-
PSIIOK XapaKTePUCTHKAMH MPU YCJIOBHH COOTBETCTBYIO-
[IMX MUHBECTHULIMH B pa3paboTKy W JEeMOHCTPALHUIO BO3-
MoxkHocTeH. [Ipensaraemble TEXHONOTHH MOTYT ObITh
MOJI0XKEHbl B OCHOBY (hOPMYJIMPOBaHUS OOJIBILIOTO KOJH-

YecTBa KOHIEMIUH KaK yXKe MPeJoKeHHbIX, TaK U Oy-
OYUIMX MHCCHH W (DYHKUHH, UMEIOLIUX DPEeBOJIOLHOH-
HBIU TOTeHLMaN npuMeHeHusi. CocpenoTounMcsi B 60Jb-
el YacTH He Ha OTHeJbHBIX HeOOJbIINX YJIYUIIEeHHUsX,
obecrieunBaeMblX BHEJPEHHEM HOBBIX pelleHHH, a Ha
TaK HAa3blBA€MbIX MPOPBIBHBIX WHHOBAUMSAX, AJs KOTO-
PbIX BO3HMKAIOILIMe HOBble CBOUCTBA CTOJIb 3HAYMTE/Ib-
Hbl UJIM CTOMMOCTb HaCTOJIbKO MaJa, UJH 00ecreyrBa-
eTcsl U TO M IPYroe, UTO TPOSIBJSETCS MPUHIUITHATBHO
HOBO€ KayeCTBO MPHUJIOXKEHHH.

Onpenenvm Temnepb TMepCrleKTUBHbIE BO3MOXHO-
cti BHenpeHus TexHosoruit IITY B KocMuyeckue
npusioxeHusi. Jlaxke ecad B KOHEYHOM CuUeTe MOTYT
ObITb peasM30BaHbl TOJbKO HEKOTOPble W3 HHX, 3TO
MO3BOJIUT 3HAYUTEJbHO YAYUIIWTb HAIIW MpeNCcTaBJe-
HUS 0 OyAylleM KOCMHYeCKHX YCJYT AJis KOHKPEeTHBIX
notpebuTene.

BeiGopouHBI U [ajeko He TMOJHBIA MepedeHb
MepBOOUEPEeHbIX TEXHOJOTHH, MpearnosaraeMbix /s
peasiu3allu B MepPCIeKTUBHBIX KOHIENIHUAX KOCMUYe-
CKHMX cHCTeM, BKJjodaer [15]:

e (oTOBOJIbTANUECKHE OHOCEHCOPBI, COBMELIEHHbIE
C MHUKPO3JIEKTPOHHBIMU JIEMEHTAMH;
® MUKpO3JieKTpoMexaHuyeckue cuctembl (MIMC);

® MHOTOCHNYTHUKOBBIE T'PYNIHUPOBKH pacnpenesieH-
HbIX KOCMHYECKHX CHCTEM;
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e Jlerkye OoJiblliMe anepTypsl IpUeMolepenaollel
anmnapaTypbel PasHOOOpPa3HBIX KOCMHYECKHX CH-
CTeM;

® [IMPOKOIMOJOCHble KOCMUYEeCKHE CUCTEMbI CBSI3H;
® CHCTeMbl reHepalru U Tepenayu 3/7eKTPOIHEPruH;
® CHUCTeMbl XpaHEHHs SHEpruH;

® Ha/JyBHble KOHCTPYKLHH;

e Jlerkue KOHCTPYKLHH U MaTepHaJibl;

® MOJepHH3UPOBaHHblE MUKPOABUTATE/IH;

® CO3JaHHe HaHOTOIIJIMBA.

Bce mnepeunc/iieHHble TeXHOJNOTHH, Oe3yCJ0BHO,
nonagawT nox texHosorud LITY U mosKHBI aKTHB-
HO MPOABUraThCsl HAa PBIHKK KOCMHUECKOro MpHUOOpO-
crpoenus. CjenyeT OTMeTHTb, UYTO TOJBKO Mepeyuc-
JIEHHBIMH TEXHOJIOTHSIMH MOTEHLHAIbHOE MPHUMEHEeHHe
texHosoru# LLITY He orpanudyuBaercs.

Kakue ke TexHOJOrMM MPENCTOUT pPa3BUBATHb
B nepByIo ouepenb? [Ipekae BCero 3To MUKPO3JIEKTPO-
HUKa, TOCKOJIbKY, He 00sanasi HeoOOXOOUMBIMU Cpej-
CTBaMH MHUKPOMHMHHATIOPHU3ALWH, HEBO3MOXKHO CO3/1a-
BaTh CHUCTEMBI Ha KpHCTajJe, obecredrBas Majioe
sHepronoTpeb/eHHe, a TakKe MOAEPHHU3UPYS YKe Cy-
111eCTBYIOLIHE annapaTHble peasn3aluu.

Jlnst ocHallleHWs] CNYTHHUKOB TpeOyeMbIMH IIO-
JIe3HBIMH Harpyskamu, ofOecreuydBalOLIMMH pelleHHe
Pas3JIMUHBIX LeJIeBBIX 3a1a4, HEOOXOAUMbl CheMOUHBIE
KaMephbl ¢ YJIy4dlleHHbIMH XapaKTepUCTHKaMH, yCOBep-
LIEHCTBOBAHHBIE MHKPOIMPOLECCOPH], a TaKXKe DPEKOH-
(uryprpyempele KOMIMbIOTEPbl U BO3MOXKHOCTH WX [H-
CTaHLMOHHOTO TPOrPaMMHPOBAHHS.

OrpoMHBI TOTeHUHA 3a/0XKeH B TeXHOJOTH-
X MHKpO3JeKTpoMexaHudeckux cucreM (MIOMC),
Ha OCHOBE KOTOPbIX BO3MOXKHO CO3[aBaTh CBEpXMaJible
CEHCOpPbI, KOMIIOHEHTBI JJIS ONTUYECKOH CBSI3H, a TaK-
K€ UCTOUHUKH MUTAHHS.

[lonnepxanve B paboTOCMOCOOHOM COCTOSIHUH
pacrpenesieHHbIX cucTeM (kJaactepoB) MKA wmoxer
ObiTh OOecreyeHO TOJbKO 33 CYET COBpPEMEHHBIX Me-
TOLOB CO3JaHHS KJACTEpPHBIX T'PYNIHUPOBOK, Mpenu-
3HOHHOTO OIpefe/ieHust B3auMHoro nosoxenus MKA
B KJacTepe W o0ecreueHUsi HEOOXOAUMBIX PEryJIUpYyIo-
IMX BO3AEHCTBUH 1151 UX ylep:KaHus. Tpebyercs Tak-
JKe pa3paboTKa METOAOJOTMH MPOEKTHPOBAHUS pac-
npelesleHHbIX CHCTeM, BKJOYas a/JrOPUTMbl YIpaB-

JIeHUs] KJacTepaMH M CO3/laHHe amnapaTHO-Nporpam-
MHBIX CPeICTB MUCKYCCTBEHHOTO HHTEJ/JIEKTa.

B pa6Gote [16] mpexncTaB/seHbl nepBble pPe3y/bTaThl
NPHMEHeHHs] MeTOo/la aBTOHOMHOT'O aaNTHUBHOTO YIpaB-
JIeHWs TPyNNoH pPoOOTOTEXHUUYECKHUX YCTPOWUCTB Ha
npUMepe MOJEJNH KJacTepa HAHOCTYTHHKOB. [lpemso-
JKEHHBIH TIOAXOJ TPEeNCTaBJjsieT COOOH HCMOJNb30BaHUE
OUOJIOTHUECKH WHCMUPUPOBAHHOIO MeTOla B KOHLEMN-
TyaJbHOH MOJEIN HeHpPOWH(OPMALMOHHON CHUCTEMHB.
C TexHMYeCKOW TOUKH 3pEHHs] CUCTeMa aBTOHOMHOTO
ajanTuBHoro yrnpasjienusi (AAY) npencraBasieT co6oi
caMo00yyaloLLylocsi CHCTEMY Paclo3HAaBaHHUSI—YTNPaB-
JIeHUsl, 00ecreynBaloLLyI0 BbIOJHEHHE IBYX TVIaBHBIX
(hYHKUMN: HCCelIOBAHHE U aKKyMYJHPOBaHHE 3HAHWH,
a TakxKe ONTHUMaJbHOE yIpaBieHHe 3aJlaHHbIM 00bek-
ToM. B cHcTeMy BKJ/IIOUEHBI C/IEAYyIOIIHE TMOICHCTEMBI:
(hOpMHPOBaHHUS M pacro3HaBaHUsT U300paKeHUH, 0Ga3bl
3HAHUH, NPUHATUS pelleHHH, SMOLMOHAJIbHOTO MOJe-
JIUPOBaHUsI M HEKOTOpble BCIIOMOraTesibHble MOYJIH.
Cucrema AAY oGecrieunBaet caMooOydyeHHe U yrpaB-
JeHHe B paMKaX eIMHOro IMIpollecca, OCHOBAaHHOTO
Ha 6a3e SMIUPUUYECKUX 3HAHHWH W HE HCIOJb3YIOLIEr0
MaTeMaTHuecKHe Moje/ i 0ObeKTa yIpaBJaeHHsl.

B kauecTBe mpuMepa HCMoJNb30BaHa MOJENb KJia-
CTepa HAHOCMYTHHUKOB, MPUMEHSEMBIX [J51 MOHHTO-
pUHTa COCTOSIHHSA HOHOC(eprl 3eMsn. B kKocMuueckon
MHUCCHH KJlacTepa TIpyINna HaHOCIYTHHKOB JOJIKHA
o0ecrieyuBaTh yAep:KaHWe B3aUMHOTO PACIOJOKEHHS
CIYTHHUKOB 110 OTHOLIEHHIO IPYT K APYTY, I09TOMY HH-
nvBuayasnbHele AAY cuctembl caMooGydaroTcs Ha BbI-
TMOJIHEHHe MOJJep:KaHUs JIOKAJbHOTO MOpPsiAKa B KJa-
crepe. B wurore cucrema AAY obGecneunBaer 60-
Jiee JelleBblH CMocOO BbICOKOKAYECTBEHHOTO YIIpaB-
JIEHUS] TI0 CPaBHEHWIO C JPYTHMH CYII1eCTBYIOIHUMHU
MeTOIAMH.

OnHuM U3 nepcreKTHBHEHIIMX HanpasJaeHHH, obe-
CTeYMBAIOIIMX HOBOE KayeCTBO KOCMHUYECKHX 3Hep-
reTHYeCKUX CHUCTEM, $IBJASeTCS CO3/[aHHe OHWOJIOrH-
YecKOW CcOoJIHeYHOH Oarapeu, CMOCOOHOH, BO-MEPBBHIX,
K CaMOBOCIIPOM3BOJACTBY B €CTECTBEHHBIX YCJOBHSX
¥, BO-BTOpPBIX, K paboTe U (OrpaHHYeHHOMY) BOCIIPO-
M3BOJCTBY B Creln(PHUUIeCKHX YCJAOBHAX KOCMOCA.

B HacTosiliee Bpemsi ypoBeHb Pa3BUTHSI CHHTETH-
YeCKOH GMOJIOTHH B MHpEe He T03BOJSeT CO3AaTh (PyHK-
LIMOHA/JbHBIH OpPraHU3M HWJHM KJETOUHYIO KYJIbTYpY,
KOoTOpasi croco6Ha BbelpabaThiBaTh 3JEKTPUUYECTBO.
B To e Bpemsi HasuuMe MPUMEPOB TAKUX OPraHU3MOB
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Cpelu pacTeHUH M KUBOTHBIX CBHUJETEJbCTBYET
O TOM, UTO JaJjbHeHIlIHe HCCAe[0BAHUS MO3BOJAT
BbIJIeJINTh HHTEpPeCylollle Hac KOAUPYIOLHe CBOHCTBA
ydacTKa reHomMa M MOJNYUYHUTb BO3MOXKHOCTb CO3[JAHHS
HUCKYCCTBEHHOH (OPMbI KHU3HU C HEOOXOAUMBIMH
XapaKTepUCTUKaAMH.

CeropHsilllHee COCTOSIHUE pelLleHHs 3aadd OCHO-
BAQHO Ha COBPEMEHHBIX BO3MOXKHOCTSX CHHTETHUYECKOH
6roJIoTHH, 3aKJIYaoLIUXCs B CO30AaHUM OpraHuye-
CKOH 6GaTapeH, 3JIeKTPOreHepHUpPYIOLIUM 3/1eMEHTOM KO-
TOpPOW SIBSIETCSl MeMOpPAHHBIH CBETOUYBCTBUTEJbHBIN
6esI0K O0aKTepUOPOJONCHH, HAaHECEHHBIH Ha JHUOKCHI-
TUTAHOBYIO TOIJIOXKKY.

BaKHbIM 3TamoM B CO3JaHHUM HOBOTO TIOKOJe-
HUS COJIHEUHbIX OaTaped CTasl0 OTKPBITHE SKCHTOHHBIX
COJTHeUHBIX OaTapeil C HCIONb30BAaHUEM CEHCUOUMIHU-
3UPOBAHHBIX KPAaCHTEJEM COJIHEYHBIX 3jeMeHTOB [17].
[Ipy Takoll peasnu3auuu KOHCTPYKLUHMHU OpraHuye-
CKHH WJIM OpPraHOMeTa/JIMYeCKHH CBETOYYBCTBHUTEJb-
HbI KpacuTesb (PUKCUPYeTCS Ha HAHOCTPYKTYPHUPO-
BAHHOU MOAJIOXKKe U3 LIMPOKO30HHBIX MOJYIPOBOIHU-
KOBBIX OKCHIOB METAJIJIOB U HUCMOJNb3yeTCsl B KauecTBe
(hoToceHCHOUMM3ATOPA NIl 3aXBaTa COJHEUHOH Hep-
TMA U TeHepalld SKCHTOHOB — BOJAOPOJONONOOHBIX
KBa3W4yacTHll, MPEeACTaBJSOLINX COO0H 3JEKTPOHHI,
Haxofslirecss B BO30YXKIEHHOM COCTOSIHMUHM. B cBOIO
oyepelb, MPUHUHUIN AedCcTBUS OHOCEHCHOUNHU3UPOBAH-
HBIX COJIHEUHBIX OaTaped OCHOBAH Ha OTHOCHUTEJBHO
MeHee U3y4eHHOM MeXaHH3Me — BbIOpoce 3JIeKTPOHOB
non nedcTBUeM (DOTOHOB B aKTUBU3UPOBAHHBIX CBETO-
4yBCTBUTEJIbHBIX OejKax.

Bakrepuopononcun sB/seTcsi CBETOUYBCTBUTE/b-
HBIM MeMOpaHHBIM OeJsIKOM, CJyKalluM TeHepaTopoM
NPOTOHOB. B ecTecTBeHHOM BH/Ee OH NIPUCYTCTBYET B ap-
xeOaktepusix Halobacterium salinarum. IlpupopHblii
6aKTepHOPOJIONICUH U ero MOAU(HUIMPOBAHHBEIE aHAJO-
I'd B KOMOMHALMHK C LIMPOKO3OHHBIM OJYIPOBOLHUKOM
TiO, o6ecneunBaeT BOSMOXKHOCTb 0GeCrednTh (hex-
TUBHOIO MpPeoOpa3oBaHMs SHEPTHH CBeTa B 3JEKTPH-
YecKHMH TOK B coJiHEUYHOW OaTapee. Pesy/bTaTel mpo-
BeneHHOro B NASA KOMIbIOTEPHOTO MOIENHPOBAHHUS
IPOCTPAaHCTBEHHOH CTPYKTYpbl MOJIEKYJ [10Ka3aJ/H, YTO
6aKTepHOPOIOICHH B CBI3aHHOM COCTOSIHUM C aTOMaMHU
monekyn TiO, crmocoGen obecreynBaTh HEOOXOAMMBIH
YCTOHUMBBIN TEPEHOC 3JIEKTPOHHBIX MOTOKOB.

B ocHOBY KOHCTPYKIHH 6HOCEHCUOUNTU3UPOBAHHON
SKCUTOHHOH COJIHeUHOH GaTapen Jieryiu 6aKTepHOpoaoI-

CHHCOepKalllie MJIeHKH, 3a()UKCHPOBaHHble HA HaHO-
kpucranuueckod nomnoxke TiO,-snektpona. B xone
TMIOMCKOBBIX MCCJIEIOBAaHUH Obla TOCTPOEHa XapakTe-
PUCTHKA 3aBUCHUMOCTH IIJIOTHOCTH (OTOTOKA OT Ha-
NpsizKeHUs1 GUOCEHCUOUIN3UPOBAHHOM COoHEUHOU Hara-
peH ¢ MCIMOJIb30BaHHEM MPUPOIHOr0 GAKTEPHOPOIOTICH-
Ha W ero MOAM(UIMPOBAHHOIO aHajora. Pe3dysnbTaTel
TNpeaBapUTeNbHbIX UCCAEIOBAHUH TT0KA3a/aH, YTO MOIH-
(hUIMPOBaHHBIN OAKTEPHOPONONCHH UMeeT Jydiline (o-
TO3JIEKTPUYECKHe CBOMCTBA: IJIOTHOCTb (POTOTOKA KO-
poTKoro 3ambiKaHusi coctaBuaa 0,09 MA/cm2, Hanps-
»KeHHe XO0JIOCTOro Xofa AocTurio 3Hadenus 0,35 B npu
ypoBHe ocBemtenHoctH 40,0 MBt/cm?.

PoTOHHBbIE TEXHOJIOTUH IIECTOr0
TEXHOJOIr'n4eCKoro ykJjajaa

B pabore [18] Hamu mpoBeleH aHa/iM3 BO3MOXK-
HBbIX MPUMEHEHHUH TeXHOJNOTHH (POTOHUKU B HUHTEpecax
KOCMHYECKOro MPUOOPOCTPOEHHUS, MOCKONBKY (POTOHH-
Ka BOOOILE, a TAKXKe ONTO3NEeKTPOHHKA, HAHOPOTOHHUKA
U pagvo(OTOHHKA B YACTHOCTH MO3BOJSIOT MOJYYUTh
pPeKOpAHble XapaKTepUCTHKH MEPCNeKTUBHOM ammapa-
TYpBI, TIpeJHa3HAYeHHOH [JiS YCTAHOBKH Ha KOCMM4Ye-
CKHe ammnapaThbl pasjJMYHOrO LeJeBOro Ha3HaueHHusl.

[IpuBenem nanee 6oJee nogpobHOE pacCMOTPEHHE
HEKOTOPbIX TEXHOJIOTUH, HCMOJNb3yeMBIX [IJS Yayd-
ILIeHHs] HAaBUTalMOHHO-BPeMeHHOro obecrneyeHus psja
NpUKJAaaHbIX 3anad. Ha puc. 4 npexncraBseHbl agan-
THBHBle HAaBHUTALMOHHBIE CEHCOpbl M cHcTeMbl [19],
UCII0/b3YIOIINEe IHPOKHH CIIEKTP CEHCOPOB, TJoOaJib-
HBIX HAaBHUTALMOHHBIX CIYTHUKOBBIX CHCTEM, WHEPILIU-
aJbHBIX JATUMKOB U OOPTOBBIX CTAHAAPTOB YACTOTHI.

Crienyer OTMETHTb, YTO MepPCHeKTHBHBIE paspa-
OOTKH [1J151 LleJed HaBUTAaLHH BKJIOYAIT KOMIJEKC-
HOe HCII0/Ib30BaHUE BCeX CYLIECTBYIOLIUX CIYTHHKO-
BbIX HaBUTrauMOHHBIX cucTeM: Galileo, BeiDou, QZSS
u IRNSS.

B uactW uHepuMasnbHBIX AATYMKOB B PazpadoT-
ke HaxomsaTcss PINSP-HiDRA [20] — npenusuoHHbie
MHEepLHaNbHble HABUTALHOHHbIE CHCTEMBI, HCIOJb3Y-
IOLI[e AaTOMHbIE CEHCOPBI C BBICOKMM JHHAMHUECKUM
nuanasorom; TIMU [21] — onHOUHMIOBBIH MOLY/b HU3-
MepeHu# BpemeHu u yckopenuil; C-SCAN [22] —
KOMOHMHUPOBAHHBIA aTOMHBIA HABUTaTOp Ha MHUKPO-
cxeme; MRIG [23] — uHTerpupoBaHHBIH MHKpOpas-
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Jlpyrue natyukmu

T'no6anabHbIE
HaBUTALMOHHbIE CITYTHUKOBbIE
CHCTEMBI

ApnantuBHBIe

HaBUTAallMUOHHbI€ CUCTEMbI

Bo3moxHOCTH
pacnpocTpaHeHHs
CHT'HAJIOB

C'raﬂnap'n,l YacCTOThbI

PacrnipesesieHHast mepcreKTHBHAS apXHUTEKTYpa

IFOG — Interferometric Fiber Optic Gyro, RLG — Ring Laser Gyro, MRIG — Microscale Rate Integrating Gyroscope,
PASCAL — The Primary and Secondary Calibration on Active Layer, TIMU — The single-chip Timing and Inertial
Measurement Unit, C-SCAN — The Chip-Scale Combinatorial Atomic Navigator, PINSP-HiDRA — Precision Inertial
Navigation Systems effort of the High Dynamic Range Atom Sensors, CSAC — Chip Scale Atomic Clock

Puc. 4. Allal'ITI/IBHbIG HaBHUTallHUOHHBIE CEHCOPBI U CUCTEMBI

MepHbIil THpockor; PASCAL — meTomosiorusi nepBudY-
HOM M BTOPHYHOH Ka/JHOPOBKH Ha aKTHUBHOM YpPOBHE.
Bce nepeuncnennble gatuuku umetor TRL ot 3 no 5.
B nporpamme MRIG pa3pabareiBaercs cepuid-
HO IPOM3BOAUMBIA TPEXOCEBOH MHKPOMHHHATIOPHBIN
BUOPALLMOHHBI THPOCKON /ISl HEMOCPEeICTBEHHBIX M3-
MEepeHHUH VYIJIOB BpALLEHHsl, a He YIJOBOW CKOPOCTH
Bpauenusi. MRIG ¢yHkunonupyer, Bo3Oyxkaas ympy-
Tyl0 BOJHY B TPeXMEpPHOH CTPyKType, KOTOpasi CBO-
OOMHO TIpeliecCHpyeT B MPOCTPAHCTBE, HE3aBUCHMO OT
opueHTauuu npudopa. IlonoOHBIA peXuM (yHKLHUO-
HUPOBAHUSI C WHTErPUPOBAHHEM CKOPOCTH pacCLIHpsIeT
JIMHaMHUYeCKUH NMana3oH BHOPALMOHHOIO THPOCKOINA,
a TaKkxXKe yCTpaHseT MOIPEelIHOCTb HAKOIJIEeHHs 3a cyeT
UHTErpUpOBaHUsl UH(pOPMALUK 00 YIJOBOH CKOPOCTH.
Jns peanusauuu NAHHOH TeXHOJNOTMM ObIIM yCrem-
HO pa3paboTaHbl MeTOAbl CEPUHHOr0 MNPOU3BOACTBA

MHUHHATIOPHBIX TPeXMEPHBbIX CHMMETPHUUHBIX I10Jy-
cep, U3roTaBJMBAEMbIX U3 CTEKJA, TOJyTOPOUAA/b-
HBIX CTPYKTYp, @ TakKe APYTHX MPOCTPaHCTBEHHO-
pacnpefiefieHHBIX cpepuyecKnXx 060/0UYeK C OChbI0 CUM-
MeTpHuH, o0ecrneurBaolilell HeoCpPeaCTBEHHYIO OpHeH-
TallMIoO B NPOCTPAHCTBE.

[Iporpamma obGecrnieueHrst MepBUYHOH W BTOPHU-
HOW KanubpoBok Ha akTuBHOM YypoBHe (PASCAL)
npeqHasHayeHa [Js pelIeHUs] BOMPOCOB KaJHOpPOB-
KH JI0JITOBPEMEHHOTO yXOla MHEPIHMANbHBIX NaTYMKOB
Ha MOMC nyTem obecriedeHHs] KOHTAKTHOH CaMOKa-
JUOPOBKU JHOO0 (DU3UUECKH, JUOO0 IJEKTPOHHBIM CIIO-
coboM. KannOpoBKH BHYTPH MHUKpPOCXeMbl [103BOJIS-
IOT MPOBECTH MEPHOTUUECKHE KOPPEKIMH BHYTPEHHHUX
olINOOK C LeJ/blo yMeHblleHUs Apelia U TeMneparyp-
HOU 4yBCTBUTEJNBHOCTH NATYMKA, ONHOBPEMEHHO y/Iyd-
11asi ero XapakTepUCTHKU U yCTpaHss HeoOXOIUMOCTh
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MoJy4yeHHsl epUOANYeCKUX BHEIIHUX KaJuOPOBOUHBIX
naHHbIX. Llesp mporpaMmbl COCTOMT B AE€MOHCTpPaLUN
BO3MOXKHOCTH CaMOKaJIMOPOBKH CMeLEeHHUs] THPOCKOIa
M ero MaclTtabupyromux Ko3(p(ULHEHTOB C OTHOCH-
TeJIbHOW CTabUNBbHOCTBIO Mopsifka | WMmysnbca B MHU-
HyTy (1 ppm) 3a MeCSYHBIH U3MEPUTEJbHBIN UK.

OnHOUMMOBBIA MOAYJb BPEMEHHBIX U WHEpLHA/b-
Hbix u3mMepenuit (TIMU) npenHasHadeH 1Jsi pellieHHs]
npo6JieM, CBS3aHHBIX C WHTerpauuedl MHepHHUaJbHbBIX
natuukoB Ha MIMC. Uenbto nporpammer TIMU siB-
JsieTcss pa3paboTKa HHEPLHAJbHOTO H3MEPUTENBHOTO
MO/l TAKTUYECKOrO YPOBHS, BKJIIOUAIOIIEr0 OIHO-
BpeMeHHOe H3TOTOBJIeHHEe 3 T'MPOCKOINOB, 3 aKcesaepo-
MeTPOB M Pe30HATOpa ¢ KOHKYPEHTHBIMM MapaMeTpa-
MU LEeHBl, pa3MepoB, Beca U 3HepromnoTpebaeHusi. Ko-
HeyHasi liesb TPOrpaMMbl COCTOMT B JE€MOHCTpPaLUU
OJIHOUMIIOBOTO MOJYJIsl, 00ecrneurBaolero HaKoIIeH-
HYIO MOrPELIHOCTb M0JI0KEHUS] MeHee 1 MOpPCKOH MUK
B yac npH ob6beMe mpuGopa MeHee 10 Mm3 u sHepro-
notpe6snenuu meHee 200 MBT.

[Iporpamma pa3pabGoOTKH OAHOKPUCTAJBHOTO KOM-
ounupoBaHHoro aromuoro HaBuratopa (C-SCAN) Ha-
npaBJjeHa Ha CO34aHMe MHUHHUATIOPHBIX MHEePLHUabHbBIX
JaTYMKOB Ha OCHOBE TEXHOJIOTMH MpHMeHeHHs pe3o-
HaHCca aTOMHBIX MepexofoB. TpagulMOHHbIE aTOMHBIE
NAaTYUKH JIE€MOHCTPUPYIOT (heHOMeHa/bHble XapaKTepH-
CTHUKH 110 TOUHOCTH U JIOJTOBPEMEHHOH CTaOUIBHOCTH,
HO MMEIOT OTpaHUYeHHsi B MPHMEHEHHSX HM3-3a BbICO-
KOH CTOMMOCTH, 0OJIBLIMX Pa3MepoB, BeCca M HEPro-
notpedJ/eHusi, HeOOXOMUMOCTH BHEIIHHX HCTOYHHUKOB
3MIEKTPONUTAHUS U KOM(OPTHBIX YCJOBHH 3IKCITyaTa-
nud. C-SCAN — 3710 npoBeneHHe MHKPOMHUHHATIOPH-
3alMH (pU3UYECKUX YCTPOHCTB M APYTUX HEoOXOdH-
MBIX TEXHOJIOTHH 0 pasMepa KOMMAKTHOTO MOPTaTHB-
HOI'0 KOMIJIeKTa.

B pamkax ykasaHHOH mporpamMMbl I[POBEIEHO
MCC/IeI0BaHNE JIBYX Pa3/JUYHBIX TOIXONOB: sIIEPHBIN
MarHuTHbIE pe3oHanc (NMR) u atomHasi unTepdepo-
metpusi (Al). Al-maTuuku ropasmo cjoxHee, 4eM JIaT-
YMKHM Ha S/IepPHOM MarHMTHOM pe3OHaHCe, HO I03BO-
JISIIOT ONHOBPEMEHHO PerucTPUpOBaTh KaK BpallleHHs,
TaK U YCKOPEHHUS.

[Tporpamma C-SCAN 103BOJIM/Ia YCMEIIHO MpPO-
JIEeMOHCTPHUPOBATh PaBOTOCIIOCOOHOCTh MUKPOTHPOCKO-
noB NMR, a takxke natyukoB Al B KOHTpOJHpyeMbIX
ycaoBusx. ONHAKO M3-32 BBICOKOH CJIOKHOCTH [JaT-
unkd Al wucnonbsyoT nabopaTopHble Ja3epel, ONTH-

yecKHe CHCTeMbl, a TakxKe BaKyyMHble Hacochl. [lsis
MpeonoJIeHHs] YKAa3aHHBIX OrpaHUYeHHH B paMKax Ipo-
rpamMmmbl Micro-PNT napannensHo paspabaTbiBaioT-
Csl TEXHOJIOTHH CO3/1aHUsI HEOOXOAMMBIX KOMIIOHEHTOB
MHKpPOCHCTeM Ha XxoJionHbix atomax (CAMS), npume-
Hsoue MOMC U 3eMeHTH (POTOHHUKU U MPUTOJIHBIE
IJ151 UCIIOJIb30BAHUS B YCJOBHSIX, COOTBETCTBYIOLIMX
tpeboBanusmM MO CILA.

B pa6ore [18] Mmbl yxKe oTMeuasu, 4To OJisl MPH-
MeHeHHs] B KauecTBe OOPTOBBIX CTaHIAPTOB YaCTOTHI
HanboJsiee MepCreKTHBHBl TPU HAMpPaBJIEHHS: HCIOJb-
30BaHHe M3JyueHHs] KBa3apoB, TEXHOJOIMH I'PaBUMar-
HutoMeTpun U MOMC-rupockonus.

HanomHuM, uTo Maesi HCMOIb30BAaHHUS BBICOKOCTA-
OUNBHOH MOBTOPSIEMOCTH HAOJIIOJAEMOT0 UMITY/JIbCHOTO
MyJbCApHOTO H3JyUeHHs Ha MPAaKTHUUECKH HeOrpaHu-
YeHHOU MPOCTPAHCTBEHHO-BPEMEHHOU NPOTSKEHHOCTH
nyTeM TpaHc(OpPMalUUH €ro B 3TaJOHHYIO (Mysbcap-
HYI0) IIKaJy BpeMeHH BO3HHKJIA MPAKTHUECKHU CPasy
nocJsie OTKPBITHUS Nysnbcapos B 1967 r. OTHocuTenbHAs
HecTabUJIbHOCTh COOCTBEHHOTO BpallleHUs psifa MyJib-
capoB cocTabisteT BenuuuHy 107! u BBIIIE Ha Bpe-
MeHHOM HUHTepBaJe B HecKoJsbko JieT. [lonpobHeiii 00-
30p TEXHOJIOTHH U oO1upHas Gubauorpadus nprseae-
Hbl B YIIOMSIHYTOH paboTe, MO3TOMY B JAHHOH CTaTbe
Mbl He OyneM Ha HeH O0CTaHABJIMBATBHCS MOAPOOHO.

C TeopeTH4YeCKUMH OCHOBaMH NpHMeHeHHs H3Me-
peHMil mapaMeTpoB IpagveHTa MAarHUTHOTO TOJs 3eM-
JU B 3ajadax HaBUTALUWH JieTaTeJbHBIX amnmnapaToB
MOXXHO 03HaKOMMTBCSI, Harmpumep, B padote [24]. dau-
HBIH MeTOoJ| 332 CYeT OUYeHb BBICOKOW UYBCTBUTENbHOCTH
K Hanpsi2KeHHOCTH MarHWTHOTO 1M0J1s1 3eMJIU [103BOJISIeT
00ecreyuTb HABUTALMIO TTOJBOAHBIX 00BEKTOB, a B CO-
YeTaHWH C I'PAaBUMETPHUECKHMH H3MepeHHsSIMH — IO-
JlydaTb MPelU3UOHHYI0 HH(popMaLHo o opme reoraa
3eMJH.

ArentctBo DARPA naunnas ¢ 2010 r. 3anyctu-
JIO TIPOrpaMMy, HalpaBJeHHYI0 Ha CO3[aHHe MPOMBILI-
JIEHHBIX TeXHOJIOTMH MPOU3BOACTBA YCTPOUCTB MHUKPO-
3JIEKTPOHUKH, Ha3BaHHYIO «MUKDPOTEXHOJIOTHH /IS TTO-
3ULHOHUPOBAHMSA, HAaBUTAUW U HM3MEpeHHs BpeMeHU
(Micro-PNT)» [25].

CpaBHUTE/IbHblE XaPAaKTEPUCTHUKH JOCTHUTHYTOTO
YPOBHSI B BOJIOKOHHBIX TMPOCKOMNaX M aKcesjepoMeTpax,
THpocKonax U axkcesepomerpax Ha MIOMC U aTOMHBIX
MHUKPOTHPOCKONAX M MHKpPOaKCeJepoMeTpax IpHBe-
neHbl B Tabsa. 2. OueBHIHO, YTO XapaKTEPUCTHKH,
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Tab6nuna 2. CpaBHHUTE/IbHBIE XaPAaKTEPUCTHKH MHKPOTHPOCKOIIOB ¥ MUKPOAKCeJIePOMETPOB

[TapameTpel Enunuisl SOA |SOA MEMS| Micro-PNT

Pasmep Mm° 1,6 x 10| 6,5 x 10? 8
Bec r 45 % 10° 2 x 10? ~2
MomHocTb Br 25 5 ~1
[mpockomnbl:

Pa6ounii nuanasoH rpan/c (I'm) | 1,000 (3)| 3,600 (10) 15,000 (40)

HecTtabunbHocTh cMelLeHus rpan /u 0,02 4 0,01 (0,001)

YraoBo# cayudaiiHbiil yxon (mym) ARW rpan/+/4 0,01 0,12 0,001 (0,0001)

OTHoCHTe/IbHAST TOUHOCTh ppm, 30 1 400 1
Axcesiepomerpsi:

Pabouuii nuamnason g 25 70 1,000

HecrabunbHoCTh CMelleHus mg 0,1 4 0,1 (0,001)

HerouHocTh BhipaBHUBaHUS p-radians, 30 200 1,000 100
YXon BpeMeHH Ha KPaTKOCPOUHOM HMHTEpBaJe HC/MHH 0,001 100 1
Yxon BpeMeHU Ha JIOJrOCPOYHOM HHTEpBase HC/Mec 10 N/A 32
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MOTEHLHANBHO NOCTHKHMBblE B aTOMHBIX MHKPOTHPO-
CKOMax, CyLIECTBEHHO (MHOrIa Ha HECKOJIBbKO TOPSIIKOB
BEJIMYMHbI) TPEBOCXOASAT CYLIECTBYIOLIME TOCTHKEHHS.

Oxupnaercs, UTO NMpPUMEHeHHe HU3JeJ Ui (POTOHH-
K1 B OOPTOBOW ammapatype KOCMHUYECKHX amnmnapaToB
TMI03BOJIUT CHU3UTD:

— BeC CUTHaJ/IbHBIX Kabe/bHbIX JUHUH B 20 pas,

— noTpebJyieHNe 3/JeKTPUUECKOH MOIIHOCTH — Ha
30-50 %,

— croumocTb uarorossenns — Ha 20-50 %.

[Ipu a3TOM cKOpOCTH 06pabOTKU UH(pOPMALUH BO3-
pactet B 20-200 pas, a cpoK aKTHBHOTO CYIIeCTBOBa-
HHSl KOCMHUYECKOH TeXHUKH yBesuuuTtcs B 1,5-2 pasa.

CoBpeMeHHOE TeXHOJOTuYecKoe
COCTOSIHUE ¥ TEePCIEKTUBbI Pa3BUTHS
cayxkeoOHbix cuctem MKA

Ilnsi paccMoTpeHHst YPOBHEH T'OTOBHOCTU TEXHO-
JIOTUH CJYy:KeOHBIX CHUCTEM U LeJIeBOH amnmnapaTyphbl
MKA oneHuM cocTosiHHe PabOT MO OCHOBHBIM CJTy-
JKeOHBIM CHCTeMaM C ABYX MO3ULUH: TeKyllee COCTO-
sHUe U OJuKalllas nepcrneKTUBa Mo AaHHBIM MyOJu-
Kauui [26,27].

Ilnarpopmer KA

Tekymee cocrosinne. B Hactosiiiee Bpemss MKA
CTaJd BecbMa MpPHUBJEKATEJbHBIMU BCJEICTBHE HHU3-
KO CTOMMOCTH pa3paboTKH M YKOPOUYEHHBIX CPOKOB
cosnanus. besyc/oBHO, cyllecTBYyeT OUeBHAHBIH KOM-
npomucc Mexay pasmepoMm KA u ero ¢pyHKUHOHAJb-
HOCTbBIO, HO YCMeXH B Pa3BUTHH MUKPOIJIEKTPOHUKH
MO3BOJISIIOT €r0 YCIHElHO MPEOa0eTh.

Windform Materials. Texnonorus CRP ocho-
BaHa Ha TexHoJorud SLS (usbuparenbHOe Jasep-
HOe CIeKaHue) [Jsi MaTepHasa Ha OCHOBe YTJyeHa-
TMOJIHEHHOTO TMoJNHaMKaa, KOTopbii HasbiBaeTcs Wind-
form XT 2.0. Muccus Montana State PrintSat — sto
KA nnsi meMOHCTpalMK TeXHOJOTHH 3(P(PeKTUBHOCTH
aJINTUBHOTO MPOM3BOACTBA C MCIIOJb30BAHHEM MaTe-
puasna Windform XT. KA ocHallleH HECKOJbKHMHU JaT-
YUKaMH [JIS U3yUeHHUs] KayecTB MaTepuasa BO BpeMs
Muccuu. Annapart 6bl1 3aeHCTBOBaH BO BpeMsl MHC-
cun ORS-4/ELaNa-7 u 6wl 3anyiien Ha 6opTy Super
Strypi LV [28].

IlepcnektuBa. JlanbHeHIIMi TpeHA K MHHHA-
TIOpU3alMK U 60Jiee BBHICOKHM YPOBHSIM HHTerpalLldH,
0COOEHHO 3aMeTHbIM /ISl MHUKO- U (heMTOCHYTHHKOB.
Becbma MHOT000€IIAINIMMEI MPENCTABASIOTCS pacipe-
JleJleHHble apXUTEKTYpPbl KOCMUYECKUX MHUCCHH.

PAKETHO-KOCMHWYECKOE I[TPUBOPOCTPOEHUE 1 MHPOPMALIMOHHBIE CUCTEMDBI 1. 4 BRIN. 4 2017

MepeiiTu Ha cTpaHWLy C NOJIHON Bepcueii»


https://rucont.ru/efd/637670
https://rucont.ru/efd/637670

MepeiiTn Ha cTpaHuLy C NOJSIHOM BepCUEn»

74 A.A.POMAHOB, A.E. TIOJIMH

CoBpeMeHHBIE HCCJIeL0BaHUS C(OKYCHUPOBAaHBl Ha
CHHKEHMH CTOMMOCTH M YMEHbLIEHHH CPOKOB CO3/1aHHS
1 uHTerpaunu KA. DTo obecrneurBaeTcsi HECKOJbKUMU
MPUHLMUIAMH, B YAaCTHOCTH 0oJiee 4YacCTbIM MPHUMeEHe-
HueM COTS, a Takke — 3JeKTPOHHBIX KOMIIOHEH-
TOB MHAYCTPHUAJBHOIO YPOBHS KayecTBa, A/ KOTOPBIX
y2Ke CeroaHsl IOCTUTHYThl BBICOKAsh MHHHATIOpHU3ALHs
1 uHTerpauus. TexHosnoruss cOOpPKH M0 MPUHLMITY KOH-
crpykropa (plug—-and-play) ©3 yHH(HUHPOBAHHBIX
MOIyJeH TMO3BOJISET 3HAUHUTEJbHO YCKOPUTH COOPKY
KA B smo60it He0OXOAMMOH MOTPeOUTENI0 KOH(HUTYpa-
uud. IlprmeHeHHe ObICTPOro MPOTOTUIIUPOBAHHUS Me-
Topamu 3D-medyaTy KOHCTPYKTHBHBIX 3JIEMEHTOB, KOM-
TIOHEHTOB M JaxKe J0CTaTOYHO CJIOXKHBIX MOACHCTEM
NpeaCTaBJ/sieT CYLIEeCTBEHHO Oosee THOKHE BO3MOXKHO-
CTH YCKOPEHHS TPOU3BOACTBEHHBIX MPOLIECCOB.

AaeKTponuTaHue

Tekymee cocrosinue. CoBpemenHble MKA wc-
MOJIb3YIOT yJyUllleHHble TeXHOJOTMH reHepaluu U Xpa-
HeHust 3jeKTposHeprun ¢ 29% KIIJ mas cosneu-
HBIX 3JIEMEHTOB Ha TPOWHOM Tepexofe, JIETKUX IO
Becy (85 mr/cm?), a TakiKe JHTHEBO-MOHHblE aKKy-
MYJSTOPHBle OaTaped C BbICOKOH YAeJbHOH MOIIHO-
ctbio (B cpennem 200 Bt-u/Kkr). YckopeHHOe BHe-
peHHe TJIOCKUX MOJHUMEPHBIX JIUTHEBBIX OaTaped st
KOCMHYECKOH HMHAYCTPUM YHHKaJbHO caMo Mo cebe
M3-32 MOBBILIEHHOIO PHUCKA WX HCIOJNb30BAHUS pas-
paboTUMKaMHW MHCCHH, a Takxe OoJjiee CTPOTHUX Tpe-
6oBaHuE 10 Macce W o6beMy. CHUCTEMbl yIpaBJieHHSsI
pacrpeneneHHeM 3JeKTPOIHEPTUH CETOAHS Ha/eXKHbI
M YCTOHYMBHl K YCJOBHSIM KOCMHYECKOTO TMPOCTPaH-
CTBa Jaxe B cJydae eIMHUYHBIX MOCTaBOK. Bee cucre-
Mbl KA MoryT mosiyuaTb peasibHble TPeHMYILECTBa 3a
CUeT yCOBEepILIEHCTBOBAHHUS TEXHOJOTHH U MUHHUATIOPU-
3allMHd KOMIIOHEHTOB Ha pblHKe MPOMBIIINEHHOH 3J€eK-
TPOHUKH. XapakTepucTUku U cratyc TRL-anemeHTOB
Oarapell MUTaHUS NpUBeJEeHH B Ta0J. 3.

IlepcnektnBa. B Hacrosiee Bpemsi B paMkax
pa3paboTKK HOBBIX KOHLEMLHUH pasMelleHHs COJHeY-
HbIX OaTaped paccMaTpuBarOTCs THOKHe COJIHEUHbIe
sueiiku. Ellle ofHa TeXHOJOTUs Tpeo6pa3oBaHUs CBETa
B 3/1EKTPUYECKYIO SHEPTHI0 UCIIOJ/b3YeT OPraHHUeCcKyo
3JIEKTPOHUKY HJIM MOJHUMEPBl U MOJEKYJbI, MOrJoLla-
IOLIMe CBeT U CO3Jalollue 3apsiibl.

Haubonee mepcrnekTuBHAs TEXHOJOTHS [IJs HC-
nosnb3oBanusi B KA cranpapra CubeSat — masora-

GapuTHas paJMOM30TONHAs 3IHepreTuyeckas cucrema
npencraBaeHa B Tabsa. 3. OTMeTHM, YTO WHHOBAIH-
OHHble TEeXHOJIOTMM TaKHX TelJIOBBIX TeHepaTopoB
MoKa HMMeIT YPOBHM TEXHOJOTHYeCKOH T'OTOBHOCTH
TRL2, To ecTb ellle He BBILLJIM U3 CTAAUN (PyHIAMEH-
TaJIbHBIX HUCCJIEeIOBAHUH.

JIBurareaun

Tekymee cocrosinue. JlBuratenun najas MKA
OBICTPO Pa3BUBAIOTCS, XOTS B HACTOsLEe BPeMs Tpef-
CTaBJAIOT II0Ka HECOBEPUIeHHbIH TeXHOJOTHYeCKHH
nomeH. Haubosiee pacmpocTpaHeHbl [BUTaTeNd Ha
XOJIONHBIX Ta3ax ¢ yIeJbHbBIM HMIYJbCOM MOPSAKA
I, =70 ¢, TBepnoTesbHble ABHratenu ¢ Iy, mopsaka
270 ¢ W uMmmy/bCHblE MJa3MeHHble ABUraTean ¢ I,
nopsinka 830 ¢c. B ckopoMm BpemeHH oOxupaetcs T0-
siBJleHHe Ha pBIHKE 3YKOJIOTHYECKHX MOHOTOIJMBHBIX
cucrem ¢ Ig, nopsiaka 300 ¢. Ha cucremHoM ypoBHe
MaccauyceTckui TexHosoruyeckKuid uHCTUTYT (MIT)
paspaboTtas MacuTabupyeMyl0 HOHHYIO 3JeKTpopac-
neluTenpHylo cuctemy (S-iEPS), npencraBieHHYIO
Ha puc. 5, Ha KOTOPOM IOKa3aHbl BOCEMb MHUKPOJBUra-
TeJied, UCIyCKalUIUX CTPYI MO OfHOH ocH. JlaHHBIH
MOIy/Jb B COCTOSIHWM co3aath Tsry 74 MxH n obecre-
YUTb yHeJbHbIH HMOyJabc Gosee 1160 ¢ ¢ pacxomom
MoiHocTH MeHee 1,5 Bt. Monyib uMeeT Bec OKO-
Jgo 951 u oovem 0,2 U B TepMHHOJOTMH CTaHOapTa
CubeSat. ¥xxe nocturnyToiii ypoBenb — TRL6.

IlepciekTnBa. B Gnxaiiline 5 jeT nporHosupy-
eTCsl Pa3BUTHE KaK XMMHUECKHUX, TaK U 3JeKTPUUeCKUX
nBuratesnedl. Taxkxe B pas3paboTke HaXOAATCS THAPO-

Puc. 5. IlepcrieKTHBHBIN HOHHBIH 3J1€KTPOPACIBIIUTETbHBIN
MHKPOJBUIaTe/] b
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Tab6numa 3. Texuosornu ManorabapuTHBIX PagHOH30TONHBIX SHEPTETHUECKUX CHCTEM

6 J

Tepwmo Tennosas sueprus L Jleran Ha GonbIINX
p . pagUaKTUBHOTO H30TONA CHTD
3J1eKTPUUECKHH 6 ['nenHa, CIyTHHUKAX
npeobpasoBaresib 1Peobpasyercs NASA U NIPUMEHSJICS
p e NOCPeACTBOM TepMOIapkl (CLIIA) HA MADCHAHCKOM
p B Pa3HOCTb MOTEHIIHAJOB p
poBepe
Bera-uactuiel, ucnyckaemee
Bera- paluaKTHBHBIM H30TOTIOM, Lentp 5
BOJIbTAaUUYECKOe TOrJ0anTCs ['nenHa, HeKocMHuecK e
npeobpazoBaHue B MOJYNPOBOJIHUKOBOM NASA
SHEPIUH nuoze ¢ 06pasoBaHUeM (CILA) NpUMEHEHHA
3JIEKTPOHHO-IBIPOYHBIX Map
Anbga-yacTibl, HCIyCKaeMbie
Anboa- pagUaKTUBHBIM H30TOIOM, Lentp )
BOJIbTAHYECKOE MOIJIOLLAKTCA ['nenna, Ananus
npeo6pasoBaHuie | B MOJTYINPOBOAHHKOBOM AHOAE NASA 1 J1abopaTopHble
SHEPruu ¢ o6pasoBaHueM (CIIA) HCIIbITAHUS
3JIEKTPOHHO-IBIPOUHBIX Tap
TepmodoTo- HNHudpakpacHoe usmnyueHue, 9
BOJILTANECKOe | BOSHHKIIEE OT DAIHAKTHBHOTO | Y HHBEPCHTET AHanns
U30TOIla, MOIJIOLLIAeTCs] ToponTo
npeobpasoBaHue . u nabopaTopHble
SHepriH HH(paKpacHoi ¢oro- (Kanana) HCIILITA RIS
BOJIbTAUYECKOH sueHKOH
o Bepxnuit Touko-
MuHuaTiopHasi KOHCOJbHAs ;ﬁﬁ%’gﬁ SMEKTPOL  M/CHOUHDIH
6anka 6ombapaupyercs 3;:;?01;}(
[Iseso- palHaKTUBHBIM H3JydeHHEM 9 p
s7eKkTprueckoe | OT PAAMAKTHBHOTO U30TOMHOrO YHuBepcuTeT Ananus
npeobpasoBauue HgTqu?Ka’ a gHerﬂ (’I‘KoapHoaHaTao) 1 J1a00opaTopHbIe Ko
SHEepruu BHOPALLMH MPEoLpasyeTCs HCTIbITAHHS] sIeKTop
B 3JIEKTPUUYECKYIO TIOCPEACTBOM
Ibe303JIEKTPHUKOB PannoakTuBHbIH
HCTOYHHUK
CusoBoit JIvHeiHbI}
Kopmyc reHepaTo
BeiTecHuTenb P patop
ManorabaputHas DHeprusi pajiuak TUBHOTO Llentp 2
pafHOU30TONHAS usortomna npeo6pasyercs ['nenHa, AHnanus
IHepreTuyeckKas B TePMOJAHHAMUYECKOM NASA u nabopaTopHble BOITEC-
cHucrema uukJjae CTUpJKHTA (CIIA) HCIBITAHUS HUTeS
HarpesarenbHas ['mbknit
TOJIOBKa CTepKEeHb

JIUTHUECKHE TEXHOJIOTHH, UCTIOIb3YIOIIHe PacIlenieHne
BOJIbl Ha BOJIOPOJ U KHCJIOPOJ, UCTIO/b3yeMble COBMECT-
HO C WHTErpaJibHbIMHU MEePBUUHBIMU PEAKTUBHBIMU J[BU-
rate/isiMi MaJiol TSTCH U CUCTEMaMH OPUEHTALMH U CTa-
OUJIM3ALINH.

Cucremsbl opueHTaluu U CTaﬁl/IJII/ISaIlI/II/I

Tekymee cocrosinne. CoBpeMeHHble CpeACTBa
opueHTauuu U crabuauzauun ajas MKA ucnosbay-

IOT TEXHOJIOTHH MHUHHATIOpU3aUuH 6e3 CylleCTBEeHHOro
YXYALLIEHUs1 XapakTepucTuk. MuHuaTopru3auns odec-
neyeHa JJIs1 Psiia YCOBEPIIEHCTBOBAHHBIX TEXHOJIOTHH,
TaKWX KakK HOBble (DOTOKAMephbl, MaTepuasbl U le-
nu ocHacTKU. CymMMapHasi TOYHOCTb YAEpKaHHUS OpH-
€HTAlUX THUIHUHBIX MHUHH- U MHKPOCIYTHUKOB MJisl
IMCTAaHLHOHHOTO 30HAMPOBAHUS 3€MJIM CEerofHs Ha-
xonutcsi Ha yposHe mopsinka 0,1°. Bosee Beicokas
TOYHOCTb MOXeT OBIThb NOCTUIHYTa MYTeM BKJIOUe-
HHS OCHOBHOTO L[e/1eBOr0 NPUOOpa MOJIe3HOH Harpy3Ku

PAKETHO-KOCMHWYECKOE I[TPUBOPOCTPOEHUE 1 MHPOPMALIMOHHBIE CUCTEMDBI 1. 4 BRIN. 4 2017

MepeiiTu Ha cTpaHWLy C NOJIHON Bepcueii»


https://rucont.ru/efd/637670
https://rucont.ru/efd/637670

MepeiiTn Ha cTpaHuLy C NOJSIHOM BepCUEn»

76 A.A.POMAHOB, A.E. TIOJIMH

MHCCHH B 1l€Mlb 0OPAaTHOH CBSI3W CUCTEMbl OpPHEHTAlUN
U cTabunusanuu. TOYHOCTb OpPUEHTALMU HAHO- W IH-
KOCIYTHUKOB, BKJI04as KyOcaTbl, Ha TOPSIIOK XYIKe
U JIOCTHTAeT BeJIMUHHBI Mopsinka 2°, HO OYeHb OBICT-
po yayduiaercs, 6Jarogaps MAHHATIOPU3ALHH KOMIIO-
HeHtoB noacucteMbl ADCS. OrpanuuuBaiomui hak-
TOp IJs1 OpHeHTaluu KyOcaTa — CHUCTeMa yTpaBJie-
Hus rosokenneM KA; cerogdsi 3Ta TOYHOCThb JOCTH-
raet ypoBHs 1,8°. [locTerneHHoe CHUKeHHE CTOMMOCTH
pa3paboTKu mporpaMMmHoro obecrneuenusi s ADCS
OyneT crnocoOCTBOBATh CHUXKEHHIO LIeHbl U OBICTPOMY
MOJIyUeHHIO BBITOABI OT Hcnosib3oBaHus MKA.

IlepcnektnBa. ToyHOCTH OpHEHTAMH Ky0OCaToOB
MOXKeT NOCTHUTHYTb BeJUUYHH HUXKe 1° 3a cyeT MUHHa-
TIOpHU3aLWY 3BE3JHBIX JaTUIMKOB.

Cucrembl TepMOperyJIupoBaHus

Tekymee cocrosiHue. [laccuBHBIE CHCTEMBI Tep-
MoperyaupoBanus aas MKA wucnosb3ytor Temnsnonso-
JISILMIO B BUJIe MHOTOCJI0MHON M30J1LHK U OeTa-TKaHU
UJTU TEIJIOBOE MOKPLITHE U3 OeJsIol W UepHO moJuype-
TAHOBOW KPAacCKW U TJIEHKH.

[lepeHoc Temnsia rapaHTHpOBaHHO oOecreyHBaeT-
csl TEMJIOBBIMH TPYOKaMH (TMJIOCKMMH WJIM TETJE€BBIMU
TEIJIOBBIMU TPYOKaMH), 3aIBHXKKaMH, BKJHOUYAIOIIHMH
OMbIBaTe/M, YIJIOTHUTENH W MpokJaaku. [laccrBHoe
TepMOopery/UpoBaHue sBJIsIeTCs AelleBbIM M HU3KOpHUC-
KOBBIM U TIPENCTaBJSETCS HaleKHbIM 0a30BBIM CII0CO-
6om mas MKA.

CucTeMbl aKTHUBHOTO TEPMOPETYJHUPOBAHUS HMe-
10T 6oJlee KeCTKHe MPOeKTHble TpeGoBaHHUS (B TepMHU-
HaX MacChl M 3HEPTHH), YTO CYIIECTBEHHO YCJOXKHS-
eT ux npumenenue B MKA. MHxeHepwl crapatoTcs
o6ecrneyuTb TeMIepaTypHO-4yBCTBUTE/bHbIE MNPUOO-
pbl, Hampumep OaTaped W KaMepbl, 3JeKTPHUUECKH-
MM HarpeBaTe/sIMM M XOJOAUJNbHHKAMM, obOecreyu-
BAIOILMMH MOJJAEp:KaHUe 3afaHHBIX 3KCIIyaTalHOH-
HbIX TeMmnepatyp. o Tex mop, Moka He ynacT-
csl MHHHUATIOPU3UPOBATH CYLIECTBYIOIIHE AaKTHBHBIE
TelJIOBble MeTO[bl, NPeACTaBJASeTCs MaJjoBepOsSTHBIM
3(ppeKTHBHOE MNpPHMEeHEHHe YKa3aHHBIX TeXHOJIOTHH
Ha MKA.

IlepcnektuBa. CyliecTByeT TpeHA MHUHHATIOPH-
3allUM aKTHBHBIX CHCTEM TepMOpery/lHpOBaHHs, ycTa-
HaBJuBaeMblX Ha 6osbiiux KA, npumenennem MEMS
U PyTUX HaHONPUOOPOB.

YcrpoiicTBa cBs3UM

Texkymee cocrosgsHue. CoBpeMeHHBIE CTpaTeruu
nepenayd CIYTHUKOBOH HH(OPMALKH  HCIOJb3YIOT
VHF, UHF, MHKpPOBOJIHOBBIH, a TakxKe BUIUMbIi/HH-
(hpakpacHbIl AHMANA30HBl CHEKTPa 3JeKTPOMarHUTHBIX
BOJIH. BbIOop 4acToTHOro crekTpa 3aBHUCHUT OT psna
(haKTOpPOB, BKJIOYAIIINX OXKHUIAEMBIH 00beM Mepena-
BaeMbIX NaHHbBIX, HMEIOLIUNCS 3amac 3JeKTPOIHEPTHH,
JUMHAT MacCbl W pa3pellleHHe Ha HCI0Ab30BaHHeE
COOTBETCTBYIOLEH 4YacToThl. [lo ykasaHHBIM NpHYH-
HaM B HacTosllllee BpeMs IPONOJKaeTcsi paspaboTka
TEXHOJIOTUH 1151 BCeX MepedyucaeHHBIX 4dacToT. Co-
BpPeMeHHble TEeXHOJIOTMM 0003HAa4yaloT yBepeHHbIH
TPeHA B HampaBJeHUW YBeJUUEHHUS Hecylled ua-
CTOTBl CHTHAJIOB, a TaKKe IIOBbILIEHUSI CKOpoCTeH
nepenaur NaHHBIX. TakxKe cjenyeT OTMETHTb Tpebo-
BaHUSl K TOBBILIEHUIO HECYILIeH YacTOTbl, a TaKkKe
MOIIHOCTH M3JIy4eHHUs] TepefaTUNKoOB IPH CHHXKe-
HUM HMX Macchl. [Ipy HCroNb30BaHUM TEXHOJOTHH
nepenayd HHpopmauuu, npuemsaembix gas  MKA
Ha HHU3KHX OKOJIO3eMHBIX OpOWTax, TPaHCMHUTTEPHI
UHF/VHF nosBossitioT moMyuyduTb MaKCHMaJbHYIO
CKOPOCTb Tepefaud fAaHHbIX mnopsiaka 38 Koéut/c,
S-nuanasona — 10 Mo6ur/c, X-auanasoHa — OKOJIO
500 M6utr/c u aas K/Ku/Ka-nuanasoHos — 0KoJIO
1,2 T'éur/c. MudpakpacHasi cucreMa CBSI3H MUCCHU
NASA Ames’ LADEE nponemoHcTprpoBa/ia CKOPOCTh
nepefaud AaHHbIX mopsiaka 2,88 ['6ut/c. BeimosHeH
TaKKe psl pa3pabOTOK M0 YCTaHOBKE aHTEHH C BBI-
COKMM KO3((DHULUHUEHTOM YCHJIEHHS, T03BOJSIOLIUM
YBEJNHYNTb 00beMBI NepefaBaeMblX AaHHBIX.

CeronHs yKe HOCTYNHBI pa3BepTbIBAeMble BBI-
CcOKO3(p(peKTUBHBIE aHTEHHBI [Ji KyOCAaTOB C MakK-
CHUMaJbHbIM KO3((HULHEHTOM YCHJEHHS OKoJo 15—
20 dBi. Takxxe Obl1a TPOAEMOHCTPHUPOBAHA BO3MOXK-
HOCTb Tepefaud NaHHbIX Ha KA uepe3 rpymnmupoBKy
HU3KOOPOUTAJ/IbHON CBSI3U MpuauyM.

IlepcnektuBa. OO6sacTb CeTONHSIIIHETO TIOBBI-
IIEHHOTO HHTepeca COCPefloTOYeHA BOKPYT BO3MOXK-
HOCTH Jla3epHOU cBsi3u IJis KybcaToB. Takxke uccie-
OYIOTCSI BO3MOXKHOCTH JABYXCTODOHHEH CBSI3W C HC-
M0JIb30BaHUEM CITyTHUKOBBIX CHCTeM CBs3u Mpuauym
u ['nodasncrap.

AHanu3, npoBeleHHBIH B NaHHOM pasjese, IO-
Ka3blBa€T, UTO TEXHOJIOTHH CJIykKeOHBIX CHCTEM Ha-
HOCMTyTHHUKOB craHpapta CubeSat cosepiieHcTByOTCS
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Tab6nuna 4. [osesnele Harpy3ku neseBsix cucreM J133 u mMoHuTOopuHTra Ha 6aze MKA

HasBanue Kpatkoe omucaHue

JIuHeliHasi cKaHMpPYOUIas
cucrema (OLS)

OngHOKaHaJbHBIA paguoOMeTp
usoopaxenuit (VIIRS)

¥YcoBepmeHCTBOBaHHBIN
MHKPOBOJHOBBIN
3onauposimuk (ATMS)

CrnenuajnbHas MUKPOBOJHOBAs
Kamepa/3ongupoBuuk (SSMIS)

CnenmaibHbII MUKPOBOJIHOBBIA
gaTyuk Biaaxuoctu (SSMT-2)

CnenmaibHbII MUKPOBOJIHOBBIH

naryuk Temnepatypsl (SMM/T) aTMocepsl

CkaHupyroumuii nH(GpaKpacHbIN
sonaupoBmuk (CrIS)

B odeHb OpicTpoM TeMmre. [lpu 3ToM wHcrosb3oBaHKe
COTS-rexHo/0rH# 00ecrneurnBaeT cOXpaHeHHe HU3KOH
CTOUMOCTH Pa3pabOTKM YU CO3[JaHUS HAHOCHYTHHKOB
MO0 CPaBHEHHIO C TPAJAMLIMOHHO TPUMEHSEMBIMH 60Jb-
mumu KA. Tlpyu 3ToM BO3HMKAIOT CJEyIOLIHe TEXHO-
JIOTHYeCcKHe MpoOGJIeMbl:

1. IlepcnekTrBHBIE MHCCHH, (QOpPMUpyeMBle Ha
ocuoe MKA, cranoBsiTcss 6oJjiee CJI0XKHBIMH 3a CUET
MPUMEHEHHUST HOBBIX apXUTEKTYp — TPYNIHPOBKU
«Poii» u «Co3Besnue», a Tak:ke 6oJjiee COBEpIIEHHBIX
MOJIE3HBIX HArpy3o0K M BBIBOJA HA OPOHUTHI, OTJIMUHBIX
OT HH3KHUX OKOJIO3EMHBIX.

2. CylIecTBYIOIIHE TEXHOJOTHUECKHE BO3MOXHO-
CTH MO3BOJSIIOT Hcrosab3oBath MKA B KauecTBe Tex-
HOJIOTHYECKHX JeMOHCTpaTtopoB. B cpenHecpouHoi
MepcreKTUBe MOXKHO MpPeArnoJaraTb pa3BUTHE TMOJHO-
[IeHHbIX KOCMHYECKHX CUCTEeM pa3JIMUHOTO I1eJIeBOr0
HasHayeHHUs ¢ ucrnoab3oBanrnem MKA.

3. Hast KA Becom sierde 100 kr HeoGXxonuma pas-
paboTKa TeXHOJIOTHH pyneBbiX aBuratesed nias ADCS,
0co0eHHO MPH Mepexoae Ha MUCCHH AaJbHEro KocMoca
Ha 6asze MKA.

4. TlockonbKy HaHOCHMYTHUKHM MNPUOJIUKAIOTCA
B pasmepax K 6U, 3TO MPUBOAWUT K TeHEPUPOBAHUIO
KOJIM4YeCcTBa TemJa 60JbIIero, 4eM BO3MOXKHO MacCHB-
HO paccesiTh CYLIECTBYIOIIUMH TEXHOJOTHSIMH, YTO Be-
IeT K HeoOXOMUMOCTH Pa3pabOTKH HOBBIX AKTHBHBIX

[Tpocrasi TpexkaHa/ bHasi CKaAHUPYIOIlast Kamepa, o6ecreyrBaorast moayu4eHue
uzobpaxenuid B Buaumom bUK u rensnosom MK-nuanazonax (10-13,4 mMxm)

Hsmeputens uHTerpaspHoro usmaydenus suaumoro u UK-nuanasonos

SoHIUPYIOUINEH 22-KaHANbHBIH PATHOMETP C MOMEPEeYHBIM CKaHHPOBAHUEM,
KOMOMHHUPYIOIMH B €AMHOM yCTPOHCTBE BO3MOXKHOCTH HAATYMKOB TPebIAYLIEro
nokoJseHuss AMSU-A1, AMSU-A2, AMSU-B co 3HaUUTe/NbHLIM CHUXKEHUEM
Macchl, 06beMa U NoTpebaseMol MOLLIHOCTH

Konuvecku# ckaHupymouui pagomerp Ha 21 yacrore ot 54 no 183 I'Tw,
o0ecrneyrBaOLMA H3MePeHUs TeMIepaTyphl U BIa’KHOCTH

30HAUPYIOLUIHH PagHOMETp C MOMepeyHbIM CKaHMPOBAaHUEM Ha D 4acToTax
ot 91 no 183 I'Tu nmas uaMepeHuil BaaKHOCTH MpU Beex Bugax UC

S0HAUPYIOUMH 7-KaHa/JbHBIH pafHOMETpP C MONEPEeUYHbIM CKaHUPOBAHHEM
B nuanasoHe ot 50 no 59 I'Tu, obecneunBaroLil onpene/eHHe TEMIEPATY PHI

Dypbe-crekTpomerp, Ucnoabaywinuid 1305 cnekTpasbHbIX KaHAJI0B
B 3 mmamasoHax mjuH BosH: 9,14-15,38 uMm, 5,71-8,26 um u 3,92-4,64 um
JJIsT ©3MepeHui npoduiedt TeMnepaTypbl H BOASIHOTO Mapa B aTMocdepe

M MAcCCUBHBIX CHCTEM TEPMOpPETYJHPOBAHHUS B (HOPM-
(hakTope kybcara.

5. Heobxonvma pa3paGoTKa TEeXHOJOTHU CBSI3H
¢ MKA B nanbHeM KocMoce.

CoBpeMeHHOE TeXHOJOTuYecKoe
COCTOSIHME U TePCNeKTUBbI pa3BUTUS
IleJIeBbIX MOJEe3HbIX Harpy3ok MKA

CoBpeMeHHBIE TEXHOJIOTHYECKHE BO3MOXKHOCTH
CO3/1aHHUS TOJIE3HBIX HAarpy30K LeseBbix cuctem 33
1 MoHHTOpHHra Ha 6aze MKA nokasanel B Tabs. 4,
KOTOpasi COIEP:KUT NepeueHb OCHOBHBIX BHUOB MOJE3-
HBIX Harpy30K, UCMOJb3YeMBIX 1Jisi H3MEPEHUs Xapak-
TEPUCTHK aTMocdepbl, okeaHa u suTochepsl [29]. Bes-
YCJIOBHO, TpeNCTaBJeHHbIH Habop He SIBJISETCS HCuep-
neiBalolUM. Tak, A5 U3MepeHUs: JeKTPOPU3NIECKUX
napaMeTpoB HOHOC(epbl MOTYT MOTPeOOBATbCS MHOTO-
KaHaJlbHble KOTePeHTHble 30HAMPOBIIMKHA HOHOCHEpPHI
B nuanaszone 150-2000 MI. BosamoxHBIH BapuaHT mMo-
N0GHOrO 30HAMPOBIIMKA MpenactaBieH B padote [30].
B pa6Gotax [31, 32] npuBeneHsl TpeGoOBaHUS K MPHEM-
HUKaM CHUTHAJIOB CITyTHUKOBBIX HABUTALIMOHHBIX CHCTEM
GPS u [VIOHACC B pexumMe 3aTMEHHOTO 30HAHPOBA-
HHS1 aTMOC(epbl, TTO3BOJSIOIIAM BOCCTAHABIMBATE Bep-
THKaJIbHbIEe TIPO(UIN TeMIIEPaTyphbl U BJIAXKHOCTH.
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Hcnonb3oBanue a5 peanusalniu MpeioxKeHHbIX
MOAXOJ0B HAHOCIYTHHUKOB MpeAcTaB/seT coboH, Mo-
KeT ObITb, eIMHCTBEHHYIO BO3MOXKHOCTb CYILIECTBEHHO
MPOABHHYTH BIepel pelieHHe TPoGJaeM COKpalleHHs
CPOKOB pa3pabOTKH MepPCIeKTHBHBIX CPeICTB MOHHUTO-
pUHTa pa3/JUYHbIX MPUPOAHBIX SBJEHUH MPH OTHOBpE-
MEHHOM CHMKEHWHU 3aTpar.

B pa6orax [33-35] mpuBeaeHbl KOHIIENTYa bHbIE
NpelJoyKeHUsT M0 co3naHuio cucteM cBsizu u J133
Ha 6a3e HAHOCTYTHHUKOB C XapaKTePUCTHKAMH, COU3-
MEPUMBIMM C TEMH, KOTOpble CETONHSl pean30BaHbl
Ha OGoJsbIIMX amnmnapatax. Tak, KoHuenuus USAS-
MDC/ARSTRAT — apmeiickasi mporpamMma JeMOH-
CTPALMM TEXHOJOTHH HAHOCIYTHHUKOB TaKTHUECKOH
CBSI3M — TpenmnoJarana samyck BocbMu KA SMDC-
ONE ¢ ¢opm-paktropom 3U Becom 4 xr. OcHoBHas
noJie3Hasi Harpy3ka TMpefacTaBjseT co00H OGOpTOBOH
YKB-npuemonepenaruuk, o6ecrnedyrnBaroIUi NaKeTHYO
nepefavy NAHHBIX OT yHa/leHHBIX aOOHEHTOB B Ha-
3eMHBbIH LeHTp. [lepBEIA 3amycK OZHOrO M3 HUX Obla
ocymectaed B 2009 r. Cpok cosmanus — 1 rom.
CroumocTh — MeHee | MJIH JOJIJI. 332 ONUH CIyTHHK.
5 nekabpsi 2013 r. B CILIA 6biu 3anyuens! eme 4 KA.

PasBuTne mporpamMmbl — CO3qaHWE HAHOCIYTHH-
koB SNaP (SMDC Nanosatellite Program), mnpen-
CTaBJSIOUIUX COOOH TPEeXOCeBOH CTaOUJIHU3UPOBAHHBIN
maHeBpupylomnii 3U ky6car BecoM 5 KI MO leHe
500 teic. nosnsn. CKOpOCTb Mepenaud AaHHBIX MO CPaB-
HEHHUIO0 CO CMyTHUKAMU MEPBOTO MOKOJIEHHS YBeJHJe-
Ha B D pa3. [lepBBIil CIyTHHK MJIaHHpOBAJCA K 3a-
nycky B aBrycte 2015 r., HO peasibHO ObLI 3amylleH
B nekabpe 2013 r. Tpu nononuutensHeix KA SNaP-3
(SNaP-3 ALICE, SNaP-3 EDDIE, SNaP-3 JIMI) 3a-
nyuieHsl ¢ 6a3bl Bannen6epr B oktsi6pe 2015 .

Becbma MHOrooGemanmumMy  MpeACTaB/IsIOTCS
paspaborku komnaHui IntelliTech Microsystems,
Inc. u Microcosm, mnpencTaBeHHble HAHOCMYTHHKA-
mu J133 Kestrel Eye u Nano Eye. Bec cosnan-
Horo npototuna KA Kestrel Eye — 18 kr. Pasme-
pet KA — 35,6 x 35,6 x 80 cm. B koHuenuuu npen-
MoJIarajsock, 4YTo rpynnupoBka u3 40 HaHOCITYTHHKOB
no 8 KA B 5 opOuTa/bHBIX MJIOCKOCTAX oOecredynBa-
eT KPYyIJIOCyTOYHOe ToJyyeHHe BUIeoHH(OpMallu 00
o6cTaHOBKe Ha HabJropaemoll o6saactu. [pynnupoBka
MOKET 3alycKaTbCsl HEeMoCpeICTBEHHO B 30He MOBbI-
ILIEHHOTO MOHUTOPUHTOBOTO HHTepeca U obecrneynBaeT
noslyyeHre jpeg-u3o0paKeHUH ¢ MPOCTPaHCTBEHHBIM

pasperieHuem 1,5 M no muomand kaapa 5,8 x 3,8 KM2
¢ yactoTo#t 2 kazgpa/c. [Ipuem curuasoB co CryTHHKA
OCYLIECTBJSIETCS B peasbHOM BpeMeHH Ha MOpPTaTHB-
HYIO CTaHIMIO MpHeMa.

3asByennas croumoctb KA — 1,3 MaH mos.
Bce sneMeHTBI CyTHHKA, BKJIOUYas 0JE3HYI0 HArpys-
Ky — CBEMOUHYI0 KaMepy BBICOKOTO MPOCTPAHCTBEH-
HOr'O paspellieHHs] — KOMMepUecKH IOCTYIHBI U IpO-
LI Ha3eMHble HCHBITAHHS, B TOM uHCJIe OOBEKTHB
¢ BxoxHO# aneptypoil 25 cM. Ilepsuiii 3anyck KE-1 —
2012 r., pasBute — 60Kk KE-2 (45 kr), 3amyck —
2015 r. na PH Falcon-9.

B pa6ore [36] mnpexncraBien 3U-ky6caT Becom
5,50 KI — HAHOCMYTHUK MAJsI MHUKPOBOJHOBOTO aTMO-
c(hepHOro 30HIMPOBAHMUA C TMOJE3HOH Harpyskod H3
MHUKDPOBOJIHOBOTO CKAHHPYIOIIEr0 IMacCHBHOTO CIIEK-
Tpomerpa Ha yactore 118,75 I'Tu, coorBeTcTBy!lOLIEH
rnoJioce TONJIOLIeHHsI Kucaoposa. [1aBHas 3amaua mep-
Boi muccun MicroMAS-1 3akmouaercs B HabJsm01e-
HUM KOHBEKTUBHBIX I'DO30BBIX 00JIaKOB, TPOMHYECKHX
IIMKJOHOB M yparaHOB C MPHIKBATOPHAJbHBIX OPOUT
BeicoTol okos10 400 kM. IlepBBIil 3amyck cocrosics
13 utons 2014 r. ¢ 6opra MKC.

OtnenbHO crefyeT OTMETHTh Pa3paboTKy KoMIla-
Hueit GATR MOOH/IbHOH MOPTATUBHONM Ha3eMHOH MPH-
eMHOH cTaHUuK [37], ¥Merolleld OPHUTHHAJbHYIO aH-
TEHHYIO0 CUCTeMY, OCHOBAHHYIO Ha MCIOJ/b30BAHUH Ha-
NyBHOH c(epbl B KayecTBe HECYLIEro KOHCTPYKTHU-
Ba. OHa o0siafaeT CJeIyIOIIMMH OCHOBHBIMH Xapak-
TEPUCTUKAMH: THAMETpP aHTeHHBl — 2,4 M, 4aCTOTHBIH
nuanason — S-Band, ckopocTh mepenauu DaHHBIX —
100 M6/c, TpaHCTIOPTUPOBKA — B 2 sILMKaX, AJs CO-
MPOBOXKAEHUST HHU3KoOpOUTanbHBIX KA wHcnosb3oBaHa
MOBOPOTHAs MJaTdopma.

BroiBoabl

B pesysibTaTe BBIMOJHEHHOTO HCCIEIOBAHUS MOXK-
HO CPOPMYJIUPOBATDH CJIEyIOIINEe BbIBOJBI:

1. Tonapko o6samaHue TeXHOJOTUSIMH II€CTOTO
yKJIaa MOXKeT 00eCreunTsb B OJvKaiilee NeciTUIeTHe
JUJIEPCTBO B KOCMHYECKOM TPUOOPOCTPOEHHH, 0CO-
OEeHHO B TaKHUX HampaBJEeHHsX, KaK ONTOJEKTPOHHKA,
(hoToHHKa, GUOCEHCOPHKA, MHUKPOMEXaHHKa M MHKPO-
3JIEKTPOHUKA, TIPUBOJISI B KOHEYHOM CUETe K CO3JaHHI0
«CTTyTHUKA Ha YHUIIe».
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2. Hcnonb3oBaHue TeXHOJOTHH CO3/1aHUSI HOBBIX
(pOTOUYBCTBUTENBHBIX 3/IEMEHTOB, JIa3€PHBIX JHUHUN
CBSI3H, KBAHTOBBIX BbIYMCJEHHH, OHOOPraHHUECKUX
(oToBONMBTaNYECKUX MPeoOpas3oBaTesell U MUKPOIJIEK-
TPOMEeXaHHUECKHUX CHCTEeM I03BOJISAT CO31aTh CIyTHH-
KW HOBOTO TOKOJIEHHSI C KapAHHAJIbHO YJydlleHHBIMU
napaMeTpaMH Mo CTOMMOCTH, pa3Mepam, Becy W dHep-
ronoTpebaeHHI0.

3. Oxwupjaercs, 4To NMpHMeHeHHe H3e Ui (HOTO-
HUKH B OOPTOBOH ammapaType KOCMHUYECKHX ammapa-
TOB TO3BOJIUT CHU3HUTD:

— BeC CHUTHaJIbHBIX KabesnbHbIX JUHUU B 20 pas,

— norpebyeHre JMEKTPUUECKOH MOIIHOCTH — Ha
30-50 %,

— cToumocTb uarorossenus — Ha 20-50 %.

[Ipu 3TOM CcKOpOCTH 06pabOTKH HH(POPMAIIHH BO3-
pactetr B 20-200 pas, a CpOK aKTHBHOT'O CYLIECTBOBA-
HHS1 KOCMHUYECKOH TeXHUKH yBesuuuTtcs B 1,5-2 pasa.

4. TlpumeneHre TpU CO3MAHUU LEJEBOH amma-
paTypbl TEXHOJOTMUECKHX TOAXOLO0B MPOEKTHPOBAHHS
«CHCTEM Ha KpHCTaJje» U «CHCTeM Ha IMeyaTHOH
niate» 00eCMeyuT BHEApPEHHEe MepPCreKTHBHBIX apXH-
TEKTYp paclpefiesieHHbIX U (hefepaTUBHBIX KOCMHYe-
CKUX CHCTEM.

5. AHanu3 ypoBHe#l TeXHOJOTHYECKOH TOTOBHO-
CTH psiia MepCreKTHBHBIX pa3paboToK CJyxKeOHOH
W [1eJIeBOH ammnapartypsl, peqHa3HauYeHHOH A pa3Me-
ILleHHUS Ha CIYTHHUKAX HOBOTO MOKOJIEHHs], TOKAa3bIBaET,
4TO MHOTHE M3 HHUX HaxONSITCS B 3a/eJbHOH CTaTHH
¢ TRL, He nmpeBnlaomumu 3.

6. 17151 KOOpAMHALMK OCBOEHMS TeXHOJOTHH Ille-
CTOTO YKJIaJa MPEeACTABJSETCS Leaeco00pasHbIM CO-
3IaHKWe KOPIMOPAaTHUBHOTO LIEHTPA UCCJIEN0BAHUE U pas-
paboToK, Tae OyAyT cocpenoToueHbl paboThl Mo dop-
MHUpPOBAHMIO HAy4YHO-TEXHUUYECKOTO 3aJesa WU JOBele-
HHS HOBBIX TEXHOJIOTHH 10 TpeOyeMbIX YpPOBHEH Tex-
HOJIOTMYeCKOH TOTOBHOCTH (He Huxke 6). LleHTp mo.-
’KeH Ha TpUHLIMIAX CO3JaHHUs Hay4YHBIX KOHCOPIHY-
MOB TpuBJekaTb opraHu3auuu PAH u BeiClIeill miKo-
Jbl, @ TaKyKe HWHCTHUTYThl MHHOBALMOHHOTO Pa3BUTHS
Poccuiickoit Penepaunu (PIIH, Ckonkoso, PocHano).

7. Kommepuuannsauusi pe3ysnbTaToB BHeIPEHHs
TEXHOJIOTHH 11ecTOoro ykJaia B KOCMHYECKOH oTpac-
JI TIOMOXKET, HAaKOHell, BBIOPaThCsl U3 3aKOJI0BAHHOTO
Kpyra: «Mpl He MOxXeM HaHUTH (DUHAHCHUPOBAHUS MJIS
pa3paboTKH HOBBIX TEeXHOJIOTHH, TaK KakK OTCYTCTBY-
eT OOLIMPHBIH PBIHOK, B TO XKe BpPeMs NPHJOXKEHHS,

pa3BHUBaIOlINe DPLIHOK, He BHEAPSIOTCS H3-3a OTCYT-
CTBUSI HEOOXOMUMBIX TeXHOJOTHH».
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