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OPUEHTAILMA, HAHOCIIYTHUK, MATHUTHAA CUCTEMA
OPUEHTAILIMM, OIIPEAEJIEHUE  OPHUEHTALIMM, HA3EMHOE
TECTUPOBAHUE CUCTEMbI OPUEHTALINN

OOBEKT HCCIIeNOBAaHUS — AIITOPUTMBI ONTPEAEIICHUS U YIIPABJICHUS OPHUEHTALUEH
MKA.

[Ipenmer nccienoBanus — ONpeIeICHUE U yIipaBiieHne opueHtanneit MKA.

[Henp paboThl — pa3paboTKa aJITOPUTMOB OIpPEACICHUS U  YIPaBICHUS
OpUEHTalMEN U KOMIUIEKCA CPEACTB JJIsl UX MCCIIEOBAHUS HA MHXEHEPHON MOJEIU
MKA.

B nannoOil aumuioMHOM pabote pa3paboTaHO M peaTu30BaHO IMPOTPAMMHO-
annapatHoe oOecleyeHue MOAYJsl OpPUEHTAlMK MajoradapuTHOrO KOCMUYECKOIO
anmnapara. PaboTa oXBaThIBa€T MOJHBIA LUKI CO3[JaHUSI CUCTEMbI OPUEHTALIMH — OT
KIMOPOBKHU CEHCOPHOTO 000PYI0BaHUS IO pealii3alliy aJrOPUTMOB YIIPABIICHHUS.

Ha nepBom 3Tane Oblia BRIMOJHEHA KaTMOPOBKA COJIHEYHBIX 1aTYMKOB. Jlanee
pa3paboTaH M pEATM30BAH AJITOPUTM OIPEACIICHUS OpPUEHTALlMM CIYTHHKA IO
MOKa3aHUSIM COJHEYHBIX JATYMKOB, OOECHEUMBAIOIIMNA BBIUMCIECHUE TEKYILEro
MOJIOKEHUS anmnapara B IPOCTPAHCTBE OTHOCUTENBHO COTHIA.

OnHOMl M3 KIIIOYEBBIX TEXHUYECKUX 3aJad CcTajla peau3alusi CUCTEMBI
yOpaBJICHUs] MarHUTHbIMA MOMEHTaMu. JIjisi 3Toro Oblla MpoOBeJeHAa HacTpoWKa
peXrMa pa3MarHUYMBAHUS DJIEKTPOMArHUTHBIX KAaTyIIEK M Peaiu30BaH MEXaHU3M
reHepald MarHUTHOIO MOMEHTA, CIOCOOHOTO CO3/1aBaTh YNPAaBIIAIOIIEe BO3IEHCTBHE
Ha anmnapar 3a C4€T B3aUMOJCHCTBUS C BHEITHUM MarHUTHBIM MOJIEM 3E€MJIH.

Ha ocHOBe pa3pabOTaHHBIX MPOrPaMMHBIX KOMIIOHEHTOB peaJM30BaH
MOJTHOLICHHBIM aJITOPUTM YIIPABJICHHUS OpHEHTAIlMEeW CIyTHUKA, O0eCleurnBarOIIUMi
HaBeJICHUE anmapaTa Ha TpedyeMoe HallpaBiIeHUE U CTA0OUITU3ALUIO B HEM.

B Teuenunm Bcelr pa®oOThl ObUIM CHPOEKTUPOBAHBI M COOpaHbl KpEIJICHUS,
MOBOPOTHBIE MIAT(MOPMBI IJI KATUOPOBKM M YCTAHOBKHM JUisl TecTupoBanus MKA
COCTaBJISIIOIIME U3 ce0d KOMIUIEKC CpPEACTB [UJIl MCCIIEOBAaHUSl aJIrOPUTMOB
OpHUEHTAIUH.
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AOG'eKT nacienaBaHHS — aJrapbITMbl BBI3HAYIHHS 1 KipaBaHHS apbleHTaBaluen
MKA.

[IpanMet nacnenaBaHHsl — BEI3HAUSHHE 1 KipaBaHHE apbleHTalbisiii MKA.

Mbsra paboThl — pacnpaloyka airapblTMay BbI3HAUSHHSA 1 KipaBaHHS
apbICHTAlBISN 1 KOMIUIEKCY CpOAKay IS 1X JacliefaBaHHs Ha 1HXbIHEpHAW Majadii
MKA.

VY nman3enail IpITUIOMHAW Tpaibl pachpalnaBaHa 1 piaji3aBaHa IparpamMHa-
anapaTHae 3a0ecClsiYPHHE MOJYJs apbleHTallbll MajarabapbiTHara KacMmiyHara
anapata. [Ipama axoriiBae MOVHBI IBIKJ CTBAapdHHS CICTAMBI apbICHTAIlbll — aj
KaJIIOpOYKI caHcapHara adCTassiBaHHS J1a paajii3allbll ajirapbITMay KipaBaHHS.

Ha mnepubiM 3Tame Oblla BbIKaHAHA KajdlOpOYyKa COHEYHBIX JaTyblKay.
PacnpanaBassl 1 praiizaBaHbl aJirapbITM BbI3HAYIHHS apbIeHTAI[bll ClIaJapoKHIKa Ia
CBEJIUAHHSIX COHEYHBIX JaTybIKay, sIK1 3a0siClieuBac BBUIIUAHHE OArydara majgakdHHS
anapara y npactopsl agHocHa CoHIa.

AJIHOI 3 KJIIOYaBBIX TAXHIYHBIX 33Jlay cTajla plaaji3alblsi CICTAMBI KipaBaHHS
Mar”HiTHeIMi MomaHTami. Jlis r3Tara Obula MpaBed3€Ha Hajlaga PIKbIMY
pa3MarHiyBaHHs AJIEKTPAMarHiTHBIX IIMYJEK 1 plaji3aBaHbl MEXaHI3M TeHepalbll
MarHiTHara MOMaHTy, 3[10JIbHara cTBapallb KipaBajibHae y3JesiHHE Ha anapar 3a KOUIT
y3aeMa/I3esIHHS 3 BOHKaBbIM MarHiTHBIM MOJIEM 3SMJIL.

Ha acHoBe pacrpanaBaHbIX NparpaMHbIX KaMIaHEHTAay plaji3aBaHbl aJrapbiT™M
KipaBaHHSl apbICHTALBISINA CIaJapo’KHIKa, SIKI 3a0screyBae HaBS3€HHE arapara Ha
natrpabaBaHbl HAKIpyHaK 1 CTaOLII3ALIBIIO ¥ 1M.

CrnpaekTaBaHbl 1 cabOpaHbl MallaBaHHs, MTABAPOTHBIS MIATHOPMBI 15 KaTiOpoyKi
1 ycranoyki s ToctaBaHHa MKA, sKis CKIagarmllb KOMIUIEKC CpOAKAY JUIst
JacieiaBaHHs alrapbiMay apbleHTallbIl.



ABSTRACT
Thesis 66 pages, 71 figures, 3 tables, 12 references, 2 appendices.

ORIENTATION, NANOSATELLITE, MAGNETIC ORIENTATION
SYSTEM, ORIENTATION DETERMINATION, GROUND-BASED
ORIENTATION SYSTEM TESTING

Purpose of research — algorithms for determining and controlling the orientation
of the ICA.

Object of research — the definition and management of the orientation of the ICA.

Purpose of work — development of algorithms for determining and controlling
orientation and a set of tools for their research based on the MCA engineering model.

In this thesis, the software and hardware of the orientation module of a small-
sized spacecraft has been developed and implemented. The work covers the full cycle
of creating an orientation system, from calibration of sensor equipment to the
implementation of control algorithms.

At the first stage, the solar sensors were calibrated. Moreover, an algorithm has
been developed and implemented to determine the orientation of the satellite based on
the readings of solar sensors, which ensures the calculation of the current position of
the device in space relative to the Sun.

One of the key technical tasks was the implementation of a magnetic moment
control system. For this purpose, the demagnetization regime of the electromagnetic
coils was adjusted and a mechanism for generating a magnetic moment capable of
creating a controlling effect on the device due to interaction with the external magnetic
field of the Earth was implemented.

Based on the developed software components, a full-fledged satellite orientation
control algorithm has been implemented, ensuring the guidance of the device to the
required direction and stabilization in it.

Throughout the work, fasteners, rotary platforms for calibration and installations
for testing the MCA were designed and assembled, which constitute a set of tools for
studying orientation algorithms.



