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PEDEPAT
JunomHas pabora: 57 crpanul, 21 pucyHok, 2 Ta0auisl, 17 HCTOYHUKOB.

KaoueBbie caoBa: OPUEHTAILINA, HAHOCIIYTHUK, MAI'HUTHAS
CUCTEMA OPHMEHTALIMHK, MAXOBHUYHASA CUCTEMA OPHUEHTAILINUA,
HA3EMHOE TECTUPOBAHUWE CUCTEMbI OPUEHTALINN

IHear paborbl: pa3zpaboTaTh NpPOrpaMMHOE  OOecledeHHEe  MOJIyJed
AIEKTPOMArHUTHOM U 3JEKTPOMEXAaHUYECKON OpHeHTalMu HaHocmyTHUKa BSUSat-2.

O0beKT HCCIAEeA0BAHMSA: MOJAYJH DIIEKTPOMAarHUTHOM M  MAaXOBHYHOU
OpUEHTallMM HAaHOCITY THHKA.

B nunnomHoi pabote ObUIM pacCMOTPEHBI OCHOBHBIE BUJbI CHCTEM KOHTPOJIS
opueHtaunun KA u mnpeacraBieHa ux kiaccudukauusa. M3ydensl nenu MUCCUU
HaHocryTHHKa BSUSat-2, mnpuBeneH cocTaB MOJICHCTEM M KOHCTPYKLHS
HCIIOJIb3YEMOT0 B pab0OTE HAHOCITY THUKA.

B paGote npuBeneHo aeTanbHOE OMMCAHUE ANMAPATHOTO HAMIOJIHEHUSI MOIyJIeH
JJIEKTPOMArHUTHOM M DJJIEKTPOMEXAHWYECKOM OpUeHTaluuu. B paMmkax mpoekra
peanu3oBaH MOPOrPAMMHBIA  aIrOPUTM  pabOThl  MOAYJEH  OpUEHTAluu C
BO3MOYKHOCTBIO THOKOW HACTPOWKH pEXKUMOB pPAOOTBI CHUCTEMBI KOHTPOJS U
omnpeneneHuss opueHtanuu. (OOecnieyeHO TMOJyYeHHE JAaHHBIX C  JIaTYUKOB,
BCTPOCHHBIX B MOJYJM M OOpPTOBBIX AATUYMKOB JPYTrUX MOAYJEH HAHOCIYTHHUKA.
Peann3oBaHbl aJITOPUTMBI CO3IAHUS MEXAHUYECKOTO MOMEHTA JJIEKTPOMATHUTHBIMHU
KaTyIIKaMH U CHCTEMOM U3 YETHIPEX MAXOBHUKOB.

Hazemnoe TECTUPOBAHUE CUCTEMBI OpHUEHTalUU MTOATBEPAUIN
paboTOCIOCOOHOCTh AJITOPUTMA CTAOMIIM3ALUU SJIEKTPOMArHUTHBIMU KaTyLIKaMH U
IrOpUTMa OPUEHTALMH C MCHOJB30BAHUEM KaK JJIEKTPOMArHUTHBIX KaTyIIEK, TaK U
MaxOBHUKOB B OJHOOCHOM NpHUOJMKEHUU BpalleHUs Ha IOJBECE Ui YCIOBUMI
DKCIEPUMEHTA B YCWJIEHHOM MarHuUTHOM mojie kieTku ['enbmronena. [lomydeHHbie
Ipy 3TOM MaKCHUMajlbHasg oOIIMOKa HaBEACHHS Ha 3aJaHHOE HaIpaBJICHHE 10
MarHUTHOMY a3uMyTy U HampaiieHuto Ha ConHue coctaBuia He 6omnee 10°, a CKO —
He Oouee 1°.
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PODEPAT
Jpimmomuas npara: 57 craponak, 21 mMamtonak, 2 Taduminbl, 17 KpbIHII.

KiarouaBbisi CJIOBBI: APBIEHTAIIBISA, HAHACITAJAPOXXHIK,
MATHITHAA CICTOMA  APBIEHTALIBII, MAXABIYHbBIA CICTOMA
APBIEHTAIIBII, HASEMHAE TOCTABAHHE CICTOMbI APBIEHTALIBII

Mbra mpaunbl: pachpanaBaip IparpamMHae  3a0ecrlsudHHE  MOAYJIAY
AJIEKTpaMarHiTHai 1 aJeKkTpamexaHiuHail apeieHTalbll Hanacnanaposxxuika BSUSat-2.

AO'eKT 1acienaBaHHsA: MOIYJII dJIEKTpaMarHiTHai 1 MaxaBiKOBail apbleHTallbl1
HaHaCMaJaapoXKHIKa.

VY ppliomMHail mpanbl ObUTl pasrieakaHbl aCHOYHBIS BIJbI CICTAM KaHTPOJIIO
appleHTanbli KA 1 mpazacrayneHa ix kiacidikanpbia. BbeiBydaHsl MAThI  Micil
Hanacnanapoxnika BSUSat-2, npeiBenzeHbl cKiaJq MaACICTAM 1 KaHCTPYKIbISA
BBIKAPBICTOYBAHara y rnpaibl HaHACIa1apOsKHIKa.

VY mpausl npbiBe3eHa I TanéBae alicaHHE anapaTHara HamayHEHHS MOMYJISY
JNIEKTpaMarHiTHal 1 JJeKTpaMexaHiuHail apbleHTalbll. Y paMKax [paekTa
plalli3aBaHbl IparpamMHbl ajJrapbITM Mpaibl MOAYJSAY apbleHTalbll 3 MardbIMaclio
THYTKail Hanaabl p3KbIMay Mpaibl CICTAMBI KAHTPOJIIO 1 BBI3HAYAHHS apBICHTALIbIL.
3absicieyana aTpbIMaHHE JaJ3€HBIX 3 AaTublkay, yOyJaBaHbIX y MOAYJI 1 OapTaBbIX
JaTybIKay IHIIBIX MOAYJSY HaHacHaJapoXkKHiKa. PraizaBaHbl anrapbITMbl CTBApIHHS
MEXaHlyHara MOMAaHTY »5JIEKTpaMarHiTHbIMI INIMyJbKaMl 1 CICTAMail 3 4YaThIpOX
MaxaBiKoY.

HazemHae TacTaBaHHe CICTAMBI apbleHTAllbll MAalUBEpPA3UIl Mpana3goibHACLb
anrapbITMy CcTa0iTi3albll AIEKTpaMarHiTHbIMI IIITYJIbKaMi 1 adrapbiTMy apbleHTallbll 3
BBIKAPBICTAHHEM SIK 3JIEKTpPAMarHiTHBIX LIMYJIeK, Tak 1 MaxaBikoy y aJHaBOCEBBIM
HAaOJNDKAHHI KPYYdHHS Ha TOJBECE MJsi YMOY OKCIEPHIMEHTY Ba Y3MOLIHEHBIM
MarHiTHbIM TMOJ1 KJIETKl ['enpMronbpua. ATpbIMaHbIsl Mpbl TIThIM MaKciMaidbHas
MaMblJIKa HaBSJ3EHHS HA 3aJaJ3€Hbl KipyHaK a MarHiTHBIM a3iMylle 1 KIpyHKY Ha
COHIIBI CcKJajna He Oonbm 3a 10° a capyAHEKBaApaThluyHAs — aJXUICHHE
CSIp3IHEKBaJpaThIYHAas aJX1JIeHHE — He OoJibl 3a 1°.



ABSTRACT
Degree paper: 57 pages, 21 figures, 2 tables, 17 sources.
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Purpose of research: to develop software for modules of electromagnetic and
electromechanical orientation of the BSUSat-2 nanosatellite.

Object of research: modules of electromagnetic and electromechanical
orientation of a nanosatellite.

In the thesis, the main types of spacecraft orientation control systems were
considered and their classification was presented. The mission objectives of the
BSUSat-2 nanosatellite are studied, the composition of subsystems and the design of
the nanosatellite used in the work are given.

The paper provides a detailed description of the hardware filling of
electromagnetic and electromechanical orientation modules. Within the project, a
software algorithm for the operation of orientation modules with the possibility of
flexible adjustment of the operating modes of the control system and orientation
determination has been implemented. Data obtaining from sensors embedded in the
modules and onboard sensors of other nanosatellite modules was realized. Algorithms
for creating a mechanical moment by electromagnetic coils and a system of four
flywheels are implemented.

Ground testing of the orientation system confirmed the operability of the
stabilization algorithm by electromagnetic coils and the orientation algorithm using
both electromagnetic coils and flywheels in a single-axis approximation of rotation on
a string for experimental conditions in the enhanced magnetic field of the Helmholtz
cell. The resulting maximum error of aiming at a given direction in the magnetic
azimuth and direction to the Sun was no more than 10°, and the standard deviation
was no more than 1°.



