BEJIOPYCCKHWIM I'OCYJAPCTBEHHBIV YHUBEPCUTET

®AKYJBTET PAJIMO®U3NKHN 1 KOMIIBIOTEPHBIX
TEXHOJIOI'Ui

Kadenpa rerekoMMyHUMKAIMA 1 MHPOPMAMOHHBIX TEXHOJIOTHH

AHHOTAIMS K TUINIOMHON padoTe

OBECIHEYEHUE HAJEKHOCTHU ®YHKIIMUOHUPOBAHUA
MAJIBIX KOCMUYECKHUX AINIITAPATOB METOAOM
PE3EPBUPOBAHUA

Xomenko Axapen Uropesny

Hayuns1it pykoBoauTens — crapmmi npenogasareins [Hlanatonun U. A.

2021



PE®EPAT

Junnomuas pabora, 97 crpanwui, 23 pucCyHKa (CXEMbI, AMarpaMmmsi), 15
tabaui, 13 popmyn, 9 HCTOUYHUKOB, 3 MPUIIOKECHUS.

MKA; HAHOCIIYTHMK; KYBCAT; BOPTOBOM KOMIIBIOTEP;
HEUCIIPABHOCTD; HAJIEO)KHOCTB;  METOJIbl  OBECIIEYEHMS
HAJJEXXHOCTU; PESEPBIIPOBAHUE

Obvexm uccnedosanusi — HaAEKHOCTh KOCMHUYECKUX aIlliapaToB.

Llenv pabomwr — oOecrieueHUEe HaAEKHOTO (YHKIIMOHUPOBAHUS Majioro
KOCMHUYECKOTO armapara.

B nanHO# paboTe paccMOTpeHbl TEHACHIIMM pPa3BUTUS HAHOCIYTHUKOB M
KyOCaTOB; MPUBOJUTCS AHAJIW3 CTATUCTUKH HEUCIPABHOCTEH, BOZHUKAIOIIUX B
KOCMHYECKHMX amlaparax; pacCMaTpUBAlOTCS OCHOBHBIE HAlpaBlICHUS MU
crocoObl oOecrieueHust HanéxHoctu. s obOecrieyeHUs: HaAEKHOU pabOTHI
MKA BwiOpaH MeTOJl OJHOKPATHOTO pPE3EPBUPOBAHUS  (IyOJIMpPOBAHUS)
OOpPTOBOTO KOMIBIOTEPA, THUN pe3epBa — oOjeryéHHsli. B pabore Takxke
BBIMIOJIHEHO CpPaBHEHME HAJAE&KHOCTH JIBYX KOCMMUYECKHUX ammnapartoB: 0Oe3
pe3epBUpOBaHUsl ~ OOPTOBOTO  KOMIBIOTEPA U C  PE3EPBUPOBAHUEM.
JIist cpaBHEHMST HaA&XKHOCTH JABYX amMnaparoB B KauyeCTBE KOJIMYECTBEHHOIO
MoKa3zaTessi HaA&KHOCTH HCIOJIb3YEeTCsl BEPOSTHOCTh O€30TKa3HOM padoTHI.
Pe3ynbTaThl CcpaBHEHHUS MOKa3bIBalOT 3(P(HEKTUBHOCTH BBIOPAHHOIO METOJa
oOecreueHus HaJE&KHOCTH. B 1eMOHCTpaIllMOHHO-UCTIBITATENIbHBIX LIEJISX CO3AaH
MaKeT CHCTEMbl pPE3EepPBUPOBAHUS, BKIIOUAKOIIMA B ce0d 3 KOMIIOHEHTA:
OCHOBHOWM M pPE3epBHBI OOPTOBBIE KOMIBIOTEPHl U KOHTPOJUIEp MHUTaHUS.
PazpabotanHbiii Maker o007amaeT CBOMCTBOM MOAYJBHOCTH U MO3BOJISET
noka3aTb paboTy  3aJeHCTBOBaHHBIX B  PE3EPBUPOBAHUM  3IJIEMEHTOB,
C TOM MO3MUIMM, KaK eciaud Obl OHM (YHKIIMOHHPOBAJIM B COCTAaBE MMUTATOpa
Majoro KOCMMYECKOro anmnapara.



PODEPAT

JpiruiomMHas npamna, 97 crapoHak, 23 MaitoHKa (CXEeMbI, AbIArpamMbl), 15
tabmin, 13 popmyin, 9 kpeiHin, 3 gagaTKi.

MKA; HAHACIAJAPOXHIK; KYBCAT; bAPTABbBI KAMIIVTAP:;
HACHPAYHACLD; HAJIBEMHACIb; METAJIBI  3ABECIIAYSHHA
HAJIBEMHACIIL; PO3EPBABAHHE

A6 ’exm dacnedasanHs — Ha3eWHACIL KACMIYHBIX araparay.

Mbma npayvr — 3al0ecnisiudsHHE HaA3elHara (YHKIBISIHABaHHS Majora
KacMIuHara arapara.

Y Ja13EHan Tpartbl pasriemKaHbl TAHJIPHIIbI pa3BiLIIsg
HaHacmaJapokHikay 1 kKyOcatay;  MOpbIBOJ3INIA  aHali3  CTATBICTHIKI
HSCIIpayHACIe, sKis Y3HIKAOIb Y KACMIYHBIX amnaparax; pas3risjaaroiia
ACHOYHBIS HampaMKi 1 crocalbl 3a0ecsiudHHSA Haa3erHacIi. [ 3a0ectssusHHs
Han3ehHaii mpanbl MKA  BbIOpaHbl MeTaj ajHaKpaTHara pi3epBaBaHHS
(myOnsiBaHHe) OapTaBora KamIlyTapa, ThIIl P33epBY — MajierdaHbl. Y Mparibl
TakcamMa BbIKaHaHa TMapayHaHHE HaJ3eWHACIl JBYX KACMIYHBIX araparay:
0e3 pa3epBaBaHHsA OapTaBora KamIyTapa 1 3 pa3epBaBaHHeM. J[ns mapayHaHHA
HaJ3eiHacll JABYX amapaTtay y sKaclll KoJIbKacHara raka3dblka HeA3eWHacIl
BBIKapbhICTOYBaellla IMaBepHaclb Oe3aJMoyHail mpaibl. BbIHIKI TapayHaHHS
naka3BawIlb d(PeKThIVHACIH a0paHara MeTaay 3a0ecIsiYdHHS Haa3eHHacIl.
VY npMmaHcTpalbliiHa-BeINMpa0aBaIbHBIX ~ MATaX CTBOPAHbl MAaKET  CICTAMBI
pa3epBaBaHHs, K1 CKJajaelia 3 3 KaMIIaHEHTAy: AaCHOYHBI 1 P33€pPBOBbI
OapTaBblsl KaMIlyTapbl 1KaHTpoJiep CUIKaBaHHsA. PacnpamaBaHamy MakeTy
¥naciiBa MOAYJIbHACIb, €H Aa3Bajisie TaKa3ailb MPBIHIIBII MPallbl 3a13€HHIYaHbIX
y poI3epBaBaHHI »dJEMEHTay, 3 Taro TMYHKTY TJICMKaHHS, SIK Obl SHBI
GyHKIBITHABAJ ¥ CKJIa/13€ iMiTaTapa Majiora KacMiyHara arnapara.



ABSTRACT

Thesis, 97 pages, 23 figures (schemes, diagrams), 15 tables, 13 formulas, 9
sources, 3 attachments.

SMALL SPACECRAFT; NANOSATELLITE; CUBESAT; ON-BOARD
COMPUTER; FAULT; RELIABILITY; METHODS OF ENSURING
RELIABILITY; REDUNDANCY

Object of study — spacecraft reliability.
The purpose of the work — ensuring reliable operation of the spacecraft.

The development trends of cubesats and nanosats are reviewed in this
thesis; there is analysis of the spacecraft fault statistics; this thesis also includes
the review of the main directions and methods of ensuring reliability. To ensure
the reliable operation of the small spacecraft, the standby redundancy method is
chosen. The thesis also compares the reliability of two spacecrafts: with non-
redundant on-board computer and with redundant. To compare the reliability of
two devices, the probability of failure-free operation is used as a quantitative
indicator of reliability. The comparison results show that the chosen method of
ensuring reliability is effective. The model of the redundant system is designed.
It consists of 3 components: 2 on-board computers and power supply controller.
The developed model has the property of modularity and it shows the work of
the elements involved in the redundancy from the position as if they functioned
as parts of a small spacecraft simulator.



