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Pedepar:

1. Jlanixanos E. O. Po3po6ka MeTOINYHUX IiAXOB 1711 CUHTE3y aJITOPUTMIB KEPYBaHHS BijBeIeHHSIM KOCMIYHOTO
arapara i3 3aCTOCyBaHHSIM aepOMAarHiTHOI cucTeMU BiBeneHHs. — KBanidikaniliHa HaykoBa npalist Ha rpaBax
pykonucy. [lucepranist Ha 3000yTTsI HAYKOBOTO CTyIEeHs JokTopa dinocodii 3a cnewianpHicTio 151 «ABTOMaTHU3allis
Ta KOMITIOTEPHO-IHTErpOBaHi TEXHOJIOTIi». — [HCTUTYT TeXHiYHOI MexaHiku HanioHanpHoi akagemii Hayk Ykpainu i
Jlep>kaBHOTO KOCMIYHOTO areHTcTBa YKpainy, Jninpo, 2020. Y gqucepTauii BUpilieHO HayKOBe 3aBJJaHHS PO3POOKU
METOJJMYHUX MiX0iB, 1I0J0 CUHTE3y aJITOPUTMIB KEPYBaHHS KyTOBOIO CTabisi3alielo KoCMiYHOro anapara 3
aepOoJMHAMIYHO HECTI¥IKMM BITPUJIBHAM €JIEMEHTOM IIiJl 4ac BifjBe€JIeHHs 3 OpOiTU 32 JOIIOMOrOI0 HOBOTO KJIacy
riopuHUX 3aC006iB OYMIEHHSI HABKOJIO3€MHOTO IIPOCTOPY Bifj 06’€KTiB KOCMIYHOTO CMITTSI — a€POMAarHiTHUX CUCTEM
BiBeZeHHs. B nepuiomy po3spisi npoBeneHo aHaMiTUYHe IIOPiBHIHHS IlepeBar Ta HeJloiKiB iCHylounX 3aco6iB
BiZlBE€ZIEHHS 00’€KTiB KOCMIYHOT'O CMITTSI 3 HABKOJI03€MHUX 0p0iT. CpopmoBaHO KiracudikaTop 3acobiB BifBeIeHHS
00’€KTiB KOCMIYHOTO CMITT$ 32 TOJIOBHUMU KpUTepisiMU e(PEeKTUBHOCTI: IBUAKOi€I0, HANINHICTIO IIpU
IOBrOTPUBAJIOMY 3aCTOCYBaHHi, BUTpaTamu ajimea Ta (a60) 60pToOBOi €HePrii i CTyNeHI0 NPaKTUYHOTO
BIIPOBA/)KEHHSI Ta 3aCTOCYBAaHHS. BpaxoBylouy reBHi 06Me>KeHHsI 3aCTOCYBaHHSI iCHYI0UMX 3aCO0iB BiJiBeIeHHS
IIPOBEIEHO OOI'PYHTYBAHHS PO3POOKM HOBUX FiOPUIHUX CUCTEM BilB€€HHS 00'€KTIB KOCMIYHOTO CMITTS 3
HaBKOJIO3EMHUX OP6iT. BpaxoByloun aepoguHamMiuyHy HECTIMKICTb IJIOCKUX a€POJUHAMIUYHUX €JIEMEHTIB
BITPUJIBHOT'O TUILY, IPOBELEHO OO PYHTYBaHHS pO3POOKHU HOBOI'O KJlacy riOpuaHUX 3ac06iB BiBeleHHS 00'€KTiB
KOCMIYHOT'O CMITTSl — a6pPOMAarHiTHUX CUCTEM BilB€IEHHS. B Ipyromy po3pisii IpefcTaBleHO0 MaTeMaTUYHi MOZeJi
OpOITaZILHOTIO PYXY i KyTOBOTO PyXy KOCMiYHOTO anapara 3 ae€poOMarHiTHOIO CUCTEMOIO BifiBeneHHs. [IpeacTaBieHo
Mogeli 30ypeHb, 0 BPAXOBYIOTbCS [TPY JOCIIPKEHHI OpOiTalbHOTO PyXy i KyTOBOrO pyxy KOCMIYHOTO anapara 3
aepOMarHiTHOIO cUCTeMOIO BifiBesieHHs. [IoKa3aHo JIOLibHICTb BpaXyBaHHS 30yPIOI0OYMX IIPUCKOPEHb CUJI
71a3MOJIMHAMIYHOTO rajJlbMyBaHHS B IIPaBUX YaCTUHAX PiBHSIHb OPOITAJIBHOTO PyXy KOCMIYHOTO arapara 3
aepOMAarHiTHOIO CUCTEMOIO BiiBELIEHHS, IIPU JOCIIIKEHH] Yacy BilBeJeHHs. B TpeTboMy pO3ziji IpoBeAEHO
TOCJIiIPKEHHS 0COOJINBOCTEN PO3POOKM (PYHKLIOHAIBHMX CXEM CUCTEMH KEPYBaHHS KOCMIYHOTrO arnapara 3
AaepPOMarHiTHOIO CUCTEMOIO BiJiBeJleHHs. [IpeficTaBeHo y3aranibHeHy PYHKIIOHAIbHY CXEMY a€POMAarHiTHOI
CHACTEMHU BilIBEIEHHSI KOCMIYHMX allapaTiB 3 HU3bKUX HABKOJIO3€MHUX OpOiT. [IpoBeeHO NOCIiIKeHHs
0Cc06MBOCTEN PO3POOKY KOHCTPYKTUBHOI CX€MH a€pPOMAarHiTHOI CUCTEMH BifIBe[IeHHSI i3 32CTOCYBaHHIM
BMKOHAaBYMX OPraHiB 3 IOBOPOTHUMHU IIOCTIMHUMU MarHitamu. Po3po6sieHo MeTOIMYHI NiAX0Y, IOJI0 CUHTE3Y
aJITOPUTMIB K€PyBaHHS KyTOBUM pyxoM KA 3 aeépOMarHiTHOIO CUCTEMOIO BiiBE€,€HHS [IPY 3aCTOCYBaHHI BUKOHABUUX
OpraHiB 3 IOBOPOTHMMHU IIOCTIIHUMM MarHiTaMy Ta IPY 3aCTOCYBaHHI €JIEKTPOMArHiTiB (MarHeTTOPKiB). [IpoBenieHo
IOCJIiIKEeHHSI 0COOJIMBOCTEN CUHTE3y aJITOPUTMIB pyXOMOTrO KepyBaHHs CTabijizallielo aepoAMHAMIYHOIO eJIeMEHTY
KOCMIYHOTO arapara 3 aépOMarHiTHOI0 CUCTEMOIO BiIBEZleHHS [IpY 3aCTOCYBaHHi €J1eKTPOMArHiTiB (MarHeTTOPKiB).
I3 3acTOCYyBaHHSIM KPUTEPIiB CTINIKOCTI JISIyHOBA, METOLIB iH(iHITE3MMaNBbHOrO YACJIEHHS Ta MyJIbTUILIIKATUBHUX
iHTerpasis BosibTepa, NpUHLIMIIIB ONITMMAJIbHOCTI beslyiMaHa 3aIIpOIIOHOBAHO KPUTEPIi CTIKOCTI 17151 aHaIi3y
crabisnizalii KocMiYHOro anapara 3 aepoOMarHiTHOIO CHCTEMOIO IIPY 3aCTOCYBaHHI Pi3HUX MAarHiTHUX CUCTEM
opienrauii. CoopMOBaHO KPUTEPii ONTUMAJIbHOTO 3aCTOCYBAHHS a€POMArHiTHUX CUCTEM BiflBE€JI€HHS], [0
[OJIATalOTh B MiHiMi3allii BUTpaT 60PTOBOI €/1eKTPUYHOI eHeprii Ha 31ilicHeHHs Tpy6oi cTabinisauii KoOcMi4YHOTrO
arnapara OCHallleHOTO a€POMAarHiTHUMU CUCTEMaMU BillBEZIEHHS B JOBIOTPUBAJIMX KOCMIYHUX MicCisax. [IpoBeneHO
aHaJiTUYHE MTOPiBHAHHSA 0COOIMBOCTEN KEPYBAaHHS KYTOBOIO CTabisi3allielo KOCMIYHOTrO anapara 3a JI0loOMOrok
BMKOHABYMX OPraHiB 3 IOBOPOTHUMU IOCTITHMMU MarHiTaMu i €JIEKTPOMArHiTiB. BUXOAS4M i3 TEXHIYHUX
0CO0OJINBOCTEN TAaKUX MArHiTHUX OPraHiB KepyBaHHS KyTOBUM PYXOM, PO3PO0JIEHO BifIIOBifHI METOANYHI
pexKoMeHzalii BU60py BUKOHABYMX OPraHiB 3 IOBOPOTHUMMU IOCTIMHUMM MarHiTaMu abo eJ1eKTPOMAarHiTiB 11j1s1

Pi3HMX KOCMIYHMX alapariB 3 a6POMarHiTHUMU CUCTEMaMU BillBe,eHHS. B yeTBepTOMY PO31iji IpOBEAEHO



IOCJIiIPKEHHS BiiBeIeHHsI KOCMIUYHUX anapartiB kinacy «Ciu» po3po6ku II1 «Kb «IliBneHHe» 3 op6iT pi3HOI
IUCJIOKallil i3 3aCTOCYBaHHSIM a€POMarHiTHUX CUCTEM BiflBeI€HHS. BU3Haue€HO BHYTPIillHI i 30BHIIIHI YNHHUKY, IO
BILJIMBAIOTh Ha €(PEKTUBHICTb 3aCTOCYBaHHS a€POMAarHiTHMX CUCTEM BiJjBeJleHHsI. [3 BpaxyBaHHSIM LIUX YMHHUKIB
c(pOpMOBAHO METOIOMYHI pEKOMEHJAllii aHai3y AOLIIbHOCTI 3aCTOCYBaHHS a€POMAarHiTHUX CUCTEM BiiBEIE€HHS, 110
4iTKO OKPECJIIOIOTh IepPeBaru 3aCTOCYBaHHS LIMX 3aCO6iB 60POTHOMU i3 3aCMiU€HHSIM HaBKOJIO3EMHOTO ITPOCTOPY B

3aJIXKHOCTI Bifl XapakTepy [1eBHOi KOCMI4HOI Micii 3 BiiBeZjeHHsI 00’€KTiB KOCMIYHOT'O CMITTSI.

2. Laphanov E. O. Development of methodological approaches for the synthesis of control algorithms for
spacecraft deorbiting with using an aeromagnetic deorbiting system. - Qualified scientific work on the rights of
the manuscript. PhD thesis for the scientific degree of Philosophy Doctor in the specialty 151 "Automation and
computer-integrated technologies". - Institute of Technical Mechanics of the National Academy of Sciences of
Ukraine and the State Space Agency of Ukraine, Dnipro, 2020. The scientific task is the development of
methodological approaches to the synthesis of control algorithms for a spacecraft angular stabilization equipped
by aerodynamically unstable sailing element during deorbiting from orbit using a new class of hybrid means of
cleaning near-Earth orbits from space debris — aeromagnetic deorbiting systems. The analytical comparison of the
advantages and disadvantages of existing means of space debris deorbiting from Earth orbits has been caried out
in the first section. A classifier of space debris deorbiting systems has been formed according to the main
efficiency criteria: speed, reliability in long-term use, fuel and (or) onboard energy consumption and the degree of
practical implementation and application. Given certain limitations in the use of existing means of deorbiting, the
development of new hybrid systems for deorbiting of space debris from Earth orbits has been substantiated. Given
the aerodynamic instability of flat aerodynamic elements of the sailing type, the rationale for the development of a
new class of hybrid means of space debris deorbiting - aeromagnetic deorbiting systems. The mathematical
models of orbital motion and angular motion of a spacecraft with an aeromagnetic deorbiting system are
presented in the second section. Models of perturbations that are taken into account in the study of orbital motion
and angular motion of a spacecraft with an aeromagnetic deorbiting system are presented in this section. The
expediency of taking into account the perturbing accelerations of the plasmodynamic braking forces in the right
parts of the equations of the orbital motion of a spacecraft with an aeromagnetic deorbiting system is shown in the
study of the deorbiting time. In the third section, a study of the features of the development of functional schemes
of the control system of a spacecraft with an aeromagnetic deorbiting system has been carried out. The
generalized functional scheme of the aeromagnetic system for spacecraft deorbiting from low Earth orbits is
presented. The research of features of aeromagnetic deorbiting system constructive scheme development with
use of executive bodies with rotary permanent magnets is carried out. Methodical approaches to the development
of algorithms for angular motion control of a spacecraft with an aeromagnetic deorbiting system in the use of
executive bodies with rotating permanent magnets and in the use of electromagnets (magnetorquers) have been
developed. The research of features of synthesis of mobile control algorithms for angular stabilization of an
aerodynamic element of spacecraft with aeromagnetic deorbiting system at application of electromagnets
(magnetorquers) is carried out. Using Lyapunov stability criteria, infinitesimal calculus methods and Voltaire
multiplicative integrals, Bellman's optimality principles, stability criteria were developed for the analysis of
stabilization of a spacecraft with an aeromagnetic deorbiting system using different magnetic orientation systems.
Criteria for optimal use of aeromagnetic deorbiting systems are proposed, which are to minimize onboard
electrical energy consumption for the rough stabilization of the spacecraft equiped by aeromagnetic deorbiting
systems in long-term space missions. An analytical comparison of the control features of the angular stabilization
of the spacecraft with using the executive bodies with rotating permanent magnets and electromagnets has been
carried out. Based on the technical features of such magnetic control bodies of angular motion, the relevant
guidelines for the selection of executive bodies with rotating permanent magnets or electromagnets for various
spacecraft with aeromagnetic deorbiting systems have been developed. In the fourth section, a study of Sich-class
spacecraft developed by the Design Office "Pivdenne" deorbiting from orbits of different dislocations using
aeromagnetic deorbiting systems was carried out. Internal and external factors influencing the efficiency of
aeromagnetic drainage systems are determined. Taking into account these factors, methodological



recommendations for the analysis of the feasibility of aeromagnetic deorbiting systems have been developed,
which clearly outline the advantages of using these means of combating debrising of near-Earth space depending
on the nature of a space mission of deorbiting space debris.
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