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Jlanxanos E. O. Po3poOka METONMYHMUX MIIXOMIB JJII CHUHTE3y aJTOPUTMIB
KEepyBaHHs BIJBEJACHHSAM KOCMIYHOTO amapara i3 3aCTOCYBaHHSAM aepOMAarHiTHOI
cuctemu BijBeneHHs. — KBamidikaiiiiHa HaykoBa mpars Ha paBax pyKOIIUCY.

Jucepraltiss Ha 3100yTTS HAyKOBOTO CTymeHs JokTopa ¢ditocodii 3a
cnemianbHicTIO 151 «ABTOMaTu3allis Ta KOMIT IOTEPHO-IHTETPOBaHI TEXHOJOTI». —
[HCTHTYT TexHIYHOi MexaHiku HarioHanbHOI akagemii Hayk Ykpainu 1 Jlep:kaBHOro
KOCMIYHOTO areHTcTBa Ykpainu, Juinpo, 2020.

VY nucepraiiii BUpIIIIEHO HAYKOBE 3aBJIaHHS PO3POOKU METOAUYHUX IIJIXOJIB,
I0JI0 CHHTE3y aJITOPUTMIB KEPYBAHHS KyTOBOIO CTAOLII3AIlEI0 KOCMIYHOTO arnapara
3 aepOIMHAMIYHO HECTIMKHUM BITPUJIBHUM €JIEMEHTOM IIiJ] 4ac B1JIBEICHHS 3 OpOITH 3a
JIOTIOMOT'OI0 HOBOT'O KJIacy riOpHUIHUX 3aC001B OUUILEHHS HABKOJIO3EMHOTO IIPOCTOPY
B1J1 00’ €KTIB KOCMIYHOT'O CMITTSI — a8POMArHiTHUX CUCTEM B1JABECHHSI.

B niepuiomy po3zaiii npoBeIeHO aHATITUYHE MOPIBHSHHS MIEpeBar Ta HEJ0MIKIB
ICHYIOYHX 3aCc001B BIJIBEJICHHS 00’ €KTIB KOCMIYHOTO CMITTSI 3 HABKOJIO3EMHHUX OPOIT.
CdopmoBano kiacudikaTop 3aco0iB BiBEJEHHS 00’ €KTIB KOCMIYHOIO CMITTS 3a
TOJJOBHUMHU  KPUTEpPIAMU  €(DEKTUBHOCTI:  MIBUJKOJIEI0,  HAAIMHICTIO  MpuU
JIOBrOTPUBAJIOMY 3aCTOCYBaHHI, BHUTparamMu nanuBa Ta (abo) OGopToBOi eHeprii i
CTYIIEHIO TPAKTUYHOTO BIPOBA/KEHHS Ta 3aCTOCYBaHHA. BpaxoByroouW TeBHI
O0OME>KEHHS 3aCTOCYBAHHS 1ICHYIOUMX 3aC001B BiJIBE/ICHHS MPOBEJCHO OOIPYHTYBaHHS
pPO3pOOKM HOBUX TIOPUIHMX CHUCTEM BIJIBEACHHS OO’ €KTIB KOCMIYHOTO CMITTS 3
HAaBKOJIO3eMHHUX oOpOiT. BpaxoByroun aepoAuHAMIYHY HECTIMKICTh IUIOCKHX
aepOMHAMIYHUX €JIEMEHTIB BITPWJIBHOTO THUITy, TPOBEACHO OOIPYHTYBaHHS
pO3pOOKKM HOBOTO KJlacy TiOpUAHUX 3ac0o0iB BIJBEACHHS 00’€KTIB KOCMIYHOTO
CMITTSI — a6pOMArHITHUX CUCTEM BiJIBEICHHSI.

B npyromy po3aisi npeacTaBiIeHO MaTeMaTH4HI MOJIETl OpOITalbHOTO PyXY 1
KyTOBOTO pyXy KOCMIYHOTO amapara 3 aepOMAarHiTHOIO CHCTEMOIO BiJIBEJICHHS.
[IpencraBneno mMozesni 30ypeHsb, O BPaXOBYIOTHCS MPHU JTOCTIKEHHI OpOITAIIBHOTO

PyXy 1 KyTOBOTO PyXy KOCMIYHOTIO amapara 3 aépOMarHiTHOIO CUCTEMOIO BiJABEJCHHS.



[Toka3zano JOULIBHICTh BpaxyBaHH: 30ypIOIOYHX IIPUCKOPEHB CUII
M1a3MOAMHAMIYHOTO TaJlbMyBaHHS B MPaBUX YAaCTHHAX PIBHSIHB OpOITAIBLHOTO PYXY
KOCMIYHOTO amapaTa 3 aepOMAarHiTHOIO CHCTEMOIO BIABEACHHS, TPHU TOCHIKEHHI
qacy BiJIBEJCHHS.

B TpethomMy po3aini mpoBeAeHO AOCHIKEHHS OCOOJHUBOCTEH pPO3POOKH
(GYHKIIIOHATBPHUX CXEM CHCTEMH KepyBaHHS KOCMIYHOTO amapaTta 3 aepoOMarHiTHOIO
cUCTeMOI0 BiJBeleHHA. [lpeacTaBieHo y3aranbHeHY (YHKI[IOHAIBHY CXEMY
aepOMarHiTHOT CHCTEMH BiJBEJEHHS KOCMIYHUX amapaTiB 3 HU3bKUX HABKOJIO3EMHHUX
op6it. IlpoBeneHO MOCHIIKEHHS OCOOJMBOCTEH PO3POOKH KOHCTPYKTHBHOI CXEMHU
AepOMAarHiTHOI CHCTEMHU BIJBEICHHS 13 3aCTOCYBaHHSM BHUKOHAaBUMX OpraHiB 3
NOBOPOTHUMHU MOCTIMHUMH MarHiTaMu. Po3po0iieHO MeTOOuYH1 MiAXOAd, IIOAO
CHUHTE3y QJIrOpUTMIB KEpyBaHHA KyTOBMM pPyXOoM KocMmiuHuMX amapaTiB (KA) 3
AepOMAarHiTHOK CHCTEMOIO BIJIBEJIEHHS MPU 3aCTOCYBaHHI BUKOHAaBUMX OpraHiB 3
MOBOPOTHUMHU TMOCTIMHUMHM MAar”HiTaMd Ta HpU 3aCTOCYBaHHI €JIEKTPOMATrHITIB
(marHeTTopkiB). IIpoBeaeHO JOCHIKEHHS OCOOJHMBOCTEH CHHTE3Y aJITOPUTMIB
PYXOMOI'0 KEpyBaHHS CTaOUII3alI€l0 aepOJIMHAMIYHOTO €JIEMEHTY KOCMIYHOTO
amapara 3  A€pOMArHITHOIO  CHCTEMOIO  BIABEJIEHHS TMpPU  3aCTOCYBaHHI
€JICKTPOMArHiTIiB (MarHETTOPKIB). [3 3acTOCYyBaHHSIM KpHUTEPiiB CTiiiKOCT JIsmyHOBa,
METOAIB  1H(IHITE3UMAILHOTO YHUCJIEHHS Ta MYJbTUILUIIKATUBHUX IHTETPAJIiB
BonbTepa, npuHIumia onTuMaibHOCTI bemana 3anpornoHoBaHO KPUTEPIT CTIHKOCTI
JUIsL aHaiizy crabuii3ailii KOCMIYHOrO amapaTta 3 aepOMarHiTHOIO CHCTEMOIO MpHU
3aCTOCYBaHHI PI3HUX MarHiTHUX cucteM opieHTtanli. CdopMoBaHo KpuTepii
ONTUMAJIBHOIO 3aCTOCYBaHHS a€pPOMArHiTHUX CHCTEM B1JIBEJIEHHS, 1110 MOJATAlOTh B
MIHIMi3allli BUTpAT OOPTOBOT €IEKTPUYHOI EHEPTii Ha 3[1CHEHHA rpy0oi cTabdimi3anii
KOCMIYHOrO arapara OCHAIIICHOIO0 AacpOMAarHiTHUMH CHUCTEMaMH BIJIBEJICHHS B
JTOBrOTPUBAIMX  KOCMIYHMX  Micisix. [IpoBemeHo  aHamiTUYHE  TOPIBHSHHS
OCOOJIMBOCTEM KEpyBaHHS KyTOBOIO CTaOLII3aIli€l0 KOCMIYHOrO —arapara 3a
JIOTIOMOTOI0 BHKOHABYMX OPraHiB 3 TMOBOPOTHUMU TIOCTIMHUMH MAarHiTaMu 1

€JICKTPOMArHiTiB. BUXOs4Hn 13 TEXHIYHUX OCOOJIMBOCTEN TaKWX MAarHITHUX OpraHiB



KepyBaHHA KyTOBHUM PYXOM, PO3pOOJICHO BIAMOBIAHI METOMWYHI PEKOMEHJAIIii
BUOOPY BHMKOHAaBYMX OpraHiB 3 TOBOPOTHHMH IIOCTIMHMMH Mar”itaMu ado
€JICKTPOMATHITIB U1 PI3HUX KOCMIYHUX amapariB 3 aepOMarHiTHUMHU CHUCTEMaMU
BiJIBE/ICHHS.

B uyerBeproMy po3aimi MPOBEICHO AOCTIIKEHHS BIiABEICHHS KOCMIYHUX
anapartiB kiacy «Ciu» po3pooku [I1 «Kb «IliBgerne» 3 opOiT pi3HOT AucIOKalii 13
3aCTOCYBaHHSM aepOMAarHiTHUX CHUCTEM BiJBEACHHA. Bu3HaueHO BHYTpIIIHI 1
30BHIIIHI YWHHUKH, IO BIJTUBAIOTh HA €(EKTHUBHICTh 3aCTOCYBAHHS aepOMAarHITHUX
CHUCTEM BIABEJCHHsS. [3 BpaxyBaHHSIM IIUX YHHHUKIB C(HOPMOBAHO METOIMYHI
peKOMEHJaIli  aHadi3y JOIUIBHOCTI  3aCTOCYBaHHS  A€pPOMATHITHUX  CHCTEM
BIJIBEJICHHS, 1110 YITKO OKPECIIOIOThH MEpPEeBaru 3aCTOCYBaHHS IIUX 3ac00iB OOpOTHOU
13 3aCMIYEHHSM HaBKOJO3€MHOIO IMPOCTOPY B 3aJI€KHOCTI BiJl XapakTepy IEBHOI
KOCMIYHOT Micli 3 BiIBE€ZICHHS 00’ €KTIB KOCMIYHOTO CMITTSI.

HaykxoBa HOBH3HA OTpUMaHUX PE3yJIbTaTIB:

1. Bnepume 3anpomoHOBaHO METOAMYHI 3acaid MO0 HPOEKTYBaHHS
KOMOIHOBaHUX CUCTEM KEPYBAaHHS BIJIBEICHHAM KOCMIYHOTO amapara, mo 0a3yrTbcs
Ha OJHOYACHOMY BHMKOPHCTaHHI aepOAWHAMIUHMX E€JIEMEHTIB 1 MarHiTHUX CHUCTEM
Opl€HTAIlli, IO J03BOJSE PO3MIUPUTH MEX1 €PEKTUBHOTO 3aCTOCYBAHHS TUIOCKHX
aepOJMHAMIYHO HECTIMKUX BITPUJIBHUX CUCTEM BIJIBEJICHHS.

2. Bmepme po3po6iieHO METOAWYHI IMAXOAW IIOA0 PO3POOKH HOBHUX
€HEPreTHYHO MAaJIOBUTPATHUX BHUKOHABYMX OpPraHIB MAarHITHUX CUCTEM Opl€HTaIli
OpUHIMO [J1i SkuX Oa3yeTbcsi Ha (POPMYBaHHI KEpPYIOUMX BIUIMBIB IUISIXOM
KEpOBAHOTO €KpaHyBaHHS MAarHITHUX IOJIB TOCTIMHMX MAarHiTiB, IO Ha TMOPSIOK
JT03BOJISIE 3MEHILUTU BUTPATU OOPTOBO1 €IEKTPUYHOI €HEprii Ha 3/1iCHEHHS Tpy0oi
cTabumzalii KOCMIYHUX amapaTiB 3 aepoJMHAMIYHO HECTIMKUMH BITPUILHUMU
eJIEeMEHTaMHU.

3. Bnepumie B VYkpaini po3poOJieHO METOJMYHI TMIIXOAW II0J0 CHHTE3Y
AITOPUTMIB ~ KEpyBaHHS KyTOBOIO  CTaOUII3alli€l0 KOCMIYHOTO — amapata 3

aepOMAarHiTHOKO CHUCTEMOIO BIJIBEICHHS MpPU 3aCTOCYBaHHI BUKOHABYMX OpraHiB 3



MOBOPOTHUMH TMOCTIMHUMM MAarHiTamMu Ta TpPU 3aCTOCYBaHHI €JIEKTPOMATHITIB, IO
JI03BOJISIE 3MEHILIUTU Yac BIJBEJIEHHS BIANPAIbOBAHMX KOCMIYHUX amnapartiB IpH
3aCTOCYBaHHI TUIOCKUX aepOJAMHAMIYHO HECTIMKUX BITPWIBHUX EJIEMEHTIB st
BiJIBEJICHHSI 3 OPOIT 1O 3aBEPIICHH] TEPMIHY €KCILTyaTallii.

4. Y 10CKOHAJIEHO METOAUKU CUHTE3Y aJITOPUTMIB JUCKPETHUX PETYIATOPIB 13
3aCTOCYBAHHSAM HENIHIHHOTO PETYJSATOpa 1 MHUPOTHO-IMITYJIBCHOTO MOIYJISTOpA IS
BUKOHAaBYMX OpraHiB 3 IOBOPOTHUMM IOCTIMHMMM MAarHiTamH, IO J03BOJIE
MIHIMI3yBaTl BHUTpAaTH OOPTOBOI EJNEKTPUYHOI €Heprii Ha 3AliCHEHHA Tpyooi
ctalimizallii KOCMIYHOTO anapara 3 apOMarHiTHUMU CUCTEMaMH BiJIBE/ICHHSI.

5. HaOynu moaanpIioro po3BUTKY METOAU PYXOMOI'O KEPYBAaHHSI JUIsl CUHTE3Y
QITOPUTMIB KYTOBOI cTa0uIi3alli KOCMIYHOTO anapara 3 aepoJAMHAMIYHO HECTIHKUM
IUIOCKUM BITPUJIBHUM €JIEMEHTOM 32 JOMOMOIOI0 €JIEKTPOMAarHiTiB ab0 BUKOHABUMX
OpraHiB 3 IIOBOPOTHUMH TIOCTIMHMMH MAarHiTaMHy, IO JO3BOJISIE MIHIMI3yBaTH
BUTpaTU OOpPTOBOI EJNEKTPUYHOI €HEprii Ha KEpOBaHE BIABEAEHHS KOCMIYHOIO
arlapara 3a JIOOMOI'0OI0 a8POMAarHiTHOI CUCTEMHU B1/IBEJICHHSI.

[IpakTi4He 3HaYEHHS OTPUMAHUX PE3yIbTATIB:

- Po3riiiHyTO TEXHIYHY MOXJIMBICTH BUKOPHUCTAHHS HOBOTO KJIACy T1OpUIHUX
3aco0iB BIJBEJICHHS — aepOMAarHiTHUX CHUCTEM BIJIBEACHHS BiampamboBaHux KA 3
HU3BKUX HABKOJIO3EMHUX OpOIT, IO J03BOJISIE PO3IMIMPUTH MEXKl €(PEKTUBHOTO
3aCTOCYBaHHS MIAKIACY aepOJUHAMIYHUX CHUCTEM BIJBEIEHHS TUIOCKHX BITPHJIBHHX
€JIEeMEHTIB. 3a0e3MeueHHs eJIeKTPOMArHiTHOI cradumi3auli 13 HaJAaHHSIM Ople€HTaIli
aepOJMHAMIYHO HECTINKIM KOHCTPYKIIl (aepoJuHaMIYHUN BITPUIBHUN €JIEMEHT Ta
KOCMIYHMH amapar, 110 BIABOJUTHCS) MAKCUMAJIbHOIO ITUIOMICIO MEPIEHANKYJIISIPHO 10
JMHAMIYHOTO MOTOKY arMocdepH, 110 Habirae, 103BOJISE€ 3MEHIITUTH Yac BIJBEICHHS
Ha 20-30%.

- 3ampomoHOBaHI METOAWYHI TMiAXOAW JO3BOJISIOTH BU3HAYUTU TIPOEKTHI
napaMeTpy MpU CTBOPEHI HOBOT'O KJIACy CHCTEM BIJABEICHHS 00’ €KTIB KOCMIYHOTO

CMITTS 3 HU3bKUX HABKOJIO3EMHHUX OPOIT — a6pOMArHiTHHX CUCTEM BiJIBEICHHS.



- 3anpomnoHOBaHI MIAXOAU HIOJ0 CHUHTE3y AaJTOPUTMIB KEpyBaHHS KyTOBUM
PYXOM KOCMIYHHMX amapaTiB 3 MJIOCKHMH aepoJMHAMIYHO HECTIMKMMH BITPHIBHUMU
eJIEMEHTaMHU JI03BOJIAIOTh Ha TMOPSIOK 3MEHIIUTH BUTPATH EJICKTPUYHOI OOPTOBOT
eHeprii Ha 37ilicHeHHs cTabimizamii aepoAMHAMIYHOTO E€JIEMEHTY MAaKCHMAaJIbHOIO
IJIOIICIO MEPIEHAUKYJIISIPHO 0 AMHAMIYHOTO MOTOKY aTMocdepH, 1o Habirae. Taki
OiAXOAM MOXYTh OYyTH OCHOBOIO [UJIsl PO3POOKM CHCTEM €JNeKTPOMArHiTHOI 1
MarHiTHOi OpieHTalii 1 cTabim3aiii BeJIUKOTadapUTHUX aepOAMHAMIYHO HECTIHKHX
IUIOCKUX KOCMIYHUX KOHCTPYKI[HM, TaKUX K KOCMIYHI €JIEKTPOCTAHIll 3 BEIUKUMU
IUIOCKUMU COHSIYHUMHU OaTapesiMu, COHSYHI BITpUJIa, AaepOMAarHiTHI CHCTEMHU
BiJIBE/ICHHSI.

- Po3pobnennii airoput™ onTuMizaiii Moxke OyTH 3aCTOCOBaHO MpU BHOOPI
MPOCKTHUX TMapaMeTpiB cucteM opieHTamii 1 crabumizamii KA 3 aepomarHiTHOIO
CUCTEMOIO B1JIBEJICHHS.

- Pesynmpratm  AOoCHIpKEHb — TEXHIYHOI  MOXJIMBOCTI  3aCTOCYBaHHS
aepOMarHiTHUX CUCTEM BiJIBEJICHHS YBIMIILIN CKJIaJI0BOIO YaCTHHOO Yy 3BIT npo H/IP
«O1iHKa MOXJIMBOCTI 3aCTOCYBaHHS a€pPOMArHiTHOI CHUCTEMHU BIABEICHHS IS
kocmiyHoro amapata «Ciu 2-1» pospooku Il «Kb «IliBgeHHe», miaroToBieHUN
3T1THO JIOTOBOPY PO HAYKOBO-TEXHIYHE CHIBPOOITHUIITBO MikK KOHCTPYKTOPCHKUM
Oropo KocMiuHuX amapartiB, cucteM Ta komiuiekciB Il «Kb «IliBmenne» i ITM
HAHY 1 JAKAY No 337-9 Bim 31 mumas 2017 p. Pesyabraté A0CIHiIKESHb
BUKOPUCTOBYI0ThCS ¥ JIT «Kb «IliBgeHHe» npu OliHKaX MOXKJIUBOCTEH CTBOPEHHS
aepOMAarHiTHUX CHUCTEM BIABEIAEHHS JJII KOCMIYHUX anapatiB cepii «Ciwy.

Knrouosi cnosa: aepomar”iTHa cCUCTEMa BIJIBEJACHHS, KEPOBAaHE BiJIBEIACHHS
KOCMIYHOTO amapara, JTUCKPETHHM peryjsTop, METOAH pPYyXOMOTO KepyBaHHS,
KpUTEpii CTINKOCTI.
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Bij1iry CHCTEMHOTO aHaii3y Ta nmpooseM kepyBauss, 2017 — 2020).

SUMMARY

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.

Scientific novelty of the obtained results:

1. For the first time, methodological principles for the design of combined
spacecraft control systems based on the simultaneous use of aerodynamic elements
and magnetic orientation systems have been proposed, which allows to expand the
limits of effective use of flat aerodynamically unstable sailing systems.

2. For the first time methodical approaches to the development of new control
executive bodies with low energy consumption for magnetic orientation systems have
been developed. The principle of operation of these control executive bodies is based
on the formation of control effects by controlled shielding of magnetic fields of
permanent magnets. This reduces the cost of onboard electricity consumption for the

rough stabilization of spacecraft with aerodynamically unstable sailing elements.
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3. For the first time in Ukraine, methodological approaches have been
developed for the synthesis of control algorithms for angular stabilization of a
spacecraft with an aeromagnetic deorbiting system using executive bodies with
rotating permanent magnets and electromagnets. This reduces the time of deorbiting
of spent spacecraft when using flat aerodynamically unstable sailing elements for
removal from orbit at the end of service life.

4. The methods of synthesis of algorithms of discrete regulators with the use of
nonlinear regulator and pulse-width modulator for executive devices with rotating
permanent magnets have been improved, which allows minimizing of onboard
electrical energy consumption for rough stabilization of spacecraft with aeromagnetic
deorbiting systems.

5. Mobile control methods for the synthesis of angular stabilization algorithms
for spacecraft with an aerodynamically unstable flat sailing element by means of
electromagnets or executive devices with rotating permanent magnets have been
further developed, which minimizes the onboard electrical energy consumption for
controlled deorbiting of the spacecraft by aeromagnetic deorbiting system.

The practical significance of the results:

- The technical possibility of using a new class of hybrid means of deorbiting -
aeromagnetic systems of deorbiting of spent spacecraft from low Earth orbits has
been presented. It siallows to expand the limits of effective application of the
subclass of aerodynamic deorbiting systems - flat sailing braking elements.
Deorbiting time when using flat sailing elements due to electromagnetic stabilization
of aerodynamically unstable structure (aerodynamic sailing element and removal
spacecraft) by the maximum area perpendicular to the dynamic flow of the
approaching atmosphere is reduced by 20-30%.

- The proposed methodological approaches allow to determine the design
parameters when creating a new class of systems for deorbiting of space debris from

low Earth orbits - aeromagnetic removal systems.
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- The proposed approaches to the synthesis of algorithms for controlling the
angular motion of spacecraft with flat aerodynamically unstable sailing elements
allow to reduce the electrical onboard energy consumption to stabilize the
aerodynamic element by a maximum area perpendicular to the dynamic flow of the
atmosphere flux. Such approaches can be the basis for the development of systems of
electromagnetic and magnetic orientation and stabilization of large aerodynamically
unstable flat space structures, such as space power plants with large flat solar panels,
solar sails, aeromagnetic exhaust systems.

- The developed optimization algorithm can be applied at a choice of design
parameters of systems of orientation and stabilization of the spacecraft with the
aeromagnetic deorbiting system.

- The results of research on the technical feasibility of aeromagnetic diversion
systems were included in the report on research work "Assessment of the possibility
of using aeromagnetic diversion system for the spacecraft” Sich 2-1 "developed by
State Enterprise” Design Office " Pivdenne ". The report was prepared in accordance
with the agreement on scientific and technical cooperation between the design bureau
of spacecraft, systems and complexes of State Enterprise "Design Office” Pivdenne
"and ITM NASU and SSAU Ne 337-9 dated July 31, 2017. The results of the research
are used in State Enterprise "Design Office" Pivdenne "in assessing the possibility of
creating aeromagnetic deorbiting systems for spacecraft series™ Sich ".

Key words: aeromagnetic deorbiting system, controlled deorbiting of the
spacecraft, discrete regulator, methods of mobile control, stability criteria.
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