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30HAYBaHHSA 3emii

2. Mathematical models and methods for building the orientation control laws of the Earth remote sensing
spacecraft

Pedepar:

1. Epumenko M.B. MaTtemaTuyHi MoieJli Ta METOLIM ITOOYJOBY 3aKOHIB KepyBaHHs OpieHTalliel0 KOCMIYHUX anapariB
IVCTaHLIMHOrO 30HAYBaHHS 3emii. — Pykonuc. [luceprallis Ha 3100yTTs HAyKOBOTI'O CTYIIE€HSI IOKTOPA TEXHIUHUX
HayK 3a crenjanpHicTio 01.05.02 — MaTeMaTH4HE MOJIE/IIOBaHHS Ta O6YMCIIIOBAIbHI METOIY ~ [HCTUTYT KiGEpHETHUKU
imeni B.M. I'nymxkoBa HAH Ykpainu, Kuis, 2020. Y nuceprauii po3ryisiHyTi TUTaHHS CTBOPEHHS HOBUX
MaTeMaTUYHUX MOJieslell KyTOBOI'O PyXy TBEPIOTO Tijla Ta ix 3aCTOCYBaHHS 1J1s1 TOOYI0BU aJITOPUTMIB
BHMCOKOTOYHOIO K€PYBaHHS OpieHTallielo KOCMiuHMX anapariB (KA) nucraHuiiHoro 3oHayBaHHs 3emii (33). B
OCHOBI 3alIPOIIOHOBAHUX METOIB CMHTE3Y 3aKOHIB KEPYBAHHS JIEKUTD ITIIXil, IPU IKOMY IJ1 ONUCY pyxy KA

BiZJHOCHO LIEHTPY MaC BUKOPHUCTOBYETHCSI AMHAMIUHE PiBHSIHHS PyXy TOUKM I10 OLUHUYHIN cdepi B



YOTHMPUBUMIPHOMY NIPOCTOPI (GHaMiuHe piBHSHHS B IapaMmeTpax Pozpira-I'aminbToHa). Y po6oTi oTpumanu
[IOJIA/IbIINE PO3BUTOK HACTYIIHI TpO6GJIeMH, ITOB'sI3aHi 31 CTBOPEHHSIM CUCTEM KepyBaHHs opieHTalieio KA Bucokoi
TOYHOCTI: 1. PO3po6Ka Ha OCHOBI IMHAMIYHOTO PiBHSHHS PyXYy TOUYKM 110 cepi HOBUX MOJieiell 06epTaslbHOIO PyXy
TBEPJOro Tijla, 0 CIPOLIYIOTh CUHTE3 aJITOPUTMIB KepyBaHHS opieHTalieo KA; 2. Po3pobka Ta 06IpyHTyBaHHS
HOBUX METO/IiB CUHTE3y 3aKOHIB KepyBaHHS opieHTalielo KA 3 BUKOPUCTaHHSIM pO3pOOIEHUX MOZEeN
obepranpHOro pyxy KA; 3. Po3po6ka i 00rpyHTyBaHHSI MeTOJiB KepyBaHHs opieHTalieio KA 6e3nocepeHbO 32
BEKTOPHUMM BUMIipIOBaHHSIMU 6€3 BU3HAUEHHS KBaTepHiOHA opieHTallii; 4. Po3po6Ka 4ncesIbHUX aIrOPUTMIB
BUCOKOTOYHOTO BU3Hau€HHs opieHTalii KA; 5. Po3po6ka MeTofiB KepyBaHHs opieHTaljielo KA 6e3 BUKOpUCTaHHS
indopmauii BUMipioBauiB KyTOBO] MBUIKOCTI; 6. PO3po6Ka MeTOiB KepyBaHHS HaJJIMIIKOBOK CUCTEMOIO TipOIiHiB 3
METO!0 3a6e3M1e4eHHs] BUCOKUX TOUHOCHUX Ta AUHAMIYHUX XapaKTE€PUCTHK KyToBOro pyxy KA. IIpakTuyHa LiHHICTb
OTPUMAaHUX B IUCEPTaLlii pe3ysbTaTiB MOJIArae B po3poOLi HOBUX METOIB MOOYIOBY 3aKOHIB KEPYBaHHS KYTOBUM
pyxom KA, 31aTHUX I1if 4ac 31I0MKU 3a6e3edyBaTh BUCOKi TOUHICHI i JuHAMiuHi XapaKTepUCTUKYU OpieHTallii.
PesynbTaTu NpoBeJeHNX HAYKOBUX JOCIiIPKeHb Oy BUKOPUCTAaHI IIpY CTBOPEHHI cucTeM KepyBaHHS KA, 110
PO3pOOJISIOTHCS Ha HAyKOBO-BUpoOHMYOMY HifnnpruemcTsi "XAPTPOH-IOKOM" 3a remarukoro JKE "[liBnennHe", mo
i TBEPIKYETHCS BifIIOBIIHMMY aKTaMU BIIPOBapKeHHs. Kiro4oBi ciioBa: napamerpu Ponpira-I'aminbToHa,
KOCMiYHMU anapar, KBaT€pHiIOH, BUBHAYEHHS OpieHTallii, FipoAiH, CUIOBUN TiPOCKOIIIYHUIN KOMILJIEKC, 30PSIHUN

JAT4YMK, BUMIPIOBa4 KyTOBOI IIBUAKOCTI.

2. Yefimenko M. V. Mathematical models and methods for building the orientation control laws of the Earth remote
sensing spacecraft. - Manuscript. Dissertation for the degree of Doctor of Technical Sciences in 01.05.02 specialty
- mathematical modeling and computational methods - V.M. Glushkov Institute of Cybernetics of NAS of Ukraine,
Kyiv, 2020. The dissertation deals with the creation of new mathematical models of a rigid body angular motion
and their application for the construction of algorithms for high precision orientation of the Earth remote sensing
(ERS) spacecrafts (SC). The proposed methods are based on the approach in which a dynamic equation of motion
of a point along a unit sphere in four-dimensional space is used to describe the SC motion relative to the center of
mass. The following problems related to the creation of the SC high-precision attitude control systems were
developed in this work: 1. Development of the new rigid body angular motion models based on dynamic equation of
a point moving along a unit sphere that simplify the synthesis of the SC attitude control algorithms; 2.
Development and justification the new methods of the laws synthesis of SC attitude control using developed SC
rotational motion models; 3. Development and justification of methods for SC attitude control directly by vector
measurements without determining the quaternion of orientation; 4. Development of numerical algorithms for
high-precision determination of the SC orientation; 5. Development of methods for SC attitude control without
using the angular rate sensors information; 6. Development of methods for control by the excessive system of
gyrodines to ensure high accuracy and dynamic characteristics of the SC angular motion. The practical value of
the results obtained in the dissertation is the development of new methods for the construction of the laws of
control of angular motion of the SC, capable during shooting to provide high precision and dynamic orientation
characteristics. The results of the research were used to create the spacecraft control systems developed at the
«HARTRON-YUKOM» research and production enterprise on the subject of the «Yuzhny» State Design Bureau,
which is confirmed by the relevant implementation acts. Keywords: Rodrigo-Hamilton parameters, spacecraft,
quaternion, orientation determination, gyrodyn, power gyroscopic complex, stellar sensor, angular velocity meter.
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