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3AKMOqEHI4E

(De4epalbHoro rocyAapcrBeHHoro yqpe)KAeHut

<@e4epalsnrrfi uccJreAoBareJrbcKr{fi qeurp I4Hcruryr npI{KJIaAHofi uareuurulr.Lr

nvr. M.B. KerArrura Poccuficrofi araAeul{l4 Hayl<>

fiuccepraryut. <<llocrpoeune .s.'rp€xocHoro MarHLITHoro yrpaBJIeHI{f,

oprleHTarluefi rocrurlqecKr4x anlaparoB c r,rcnoJIb3oBaHLIeM MeroAa pofl, qacrnll>

BbrrroJrHeHa B (De4epanbHoM rocy,qapcrBeHHoM )n{pex{AeHl4rl <<@e4epanrHufi

r{ccneAoBarelrcrufi rIeHTp Irlncruryr npurla4uoE MareMarI4KI{ tIM.

M.B. KerArrrua PoccrEficItofi aKal.evrun Hayo, orAeJr Ns 7.

KOCMIqeCK]IX CI4CTeM).

<,{unaurara

B lepuo4 [oAroroBKH Ar4cceprarlrdr4 covcKarem Oxuruua Assa CepreenHa

pa6orala B @egepanrHonr rocyAapcrBeHHoM yqpexAeHllu <<@e4epanrsufi

r{ccJreAoBarelrcrufi rIeHTp I4ncruryr uprarcra4uoft MareMarI4KrI uM.

M.B. KelArrrua Poccuficxofi araAeMr.rr4 HayK), orAen }lb7, ulaAruufi uayunrtfi

corpyAHr4x (c 2019 roaa).

B 2017 r. oKoHqurra @e4epzurrnoe rocyAapcrBeHHoe aBroHoMHoe

o6pasonareJrbHoe yqpe)KAeHrde Bbrcrxero o6pa:oaanu.x <<Mocroscrufi Suszro-

rexnuqecrufi r4Hcrr{ryr (rocyaapcreeHHrrfi yuunepczrer) r. MocKsa) ro

creqpr€lJrbHocrr4 03.03.01 flpzr<na4Hbre MareMarLIKa u Qusura, ALITIJIoM 6axa-tanpa
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cepnn,107724 2779059 Ng 17407058 or 1'5.07.2017.



B 2019 r. oKoHrrr{Jra @e4epanrnoe focyAapcTBeHHoe aBToHOMHOe

o6pa^:onareJlbHoe f{pexAeHlle Bbrcrrrero o6pasonanur <<Mocron cxuir Sra:zxo-
rexHu'recrcufi uHcrl4ryr (Haquouamnrrfi r4ccneAoBarelrcxufi yuunepcurer)

r. Mocrsa)) no cnequeubHocrrl 03.04.01 llpr,rruaAHbre MareMarr4Ka r4 $u:Hxa,

ArInrIoM Marucrpa c orrrr,rqreM cepun 107724 3408309 J'.,lb 19607086 or
16.07.2019.

Kan4u4arcKrle 3K3aMeHbI cAaHbr B (De4epanrHbrM rocyAapcrBeHHbrM

aBToHoMHhIM o6pa^:onareJlbHblM yqpexAeHrzeM Bbrcrrrero o6pa:oeanur

<Mocrcoacrcuit Szsuro-rexHu.recKufi I4HCTHTYT (naqrnonanrHrrfi

r4ccneAoBarenbcKr4fr yuunepcurer) r. MocKsD).

HayvHuft pyKoBoAI4TeJrb - KaHArrAar Qz:uro-MareMarr4rrecKr4x HayK, AorIeHT

Tr<aqen Creuan Cepreenu.r pa6oraer B (De4epanbHoM rocyAapcrBeHHoM

yqpex{AeHIaIa <@eAepanruufi I4ccJleAoBareJrbcKr{fi qeHrp klucruryr npuxla4Hofi

MareMarl4Krr I4M. M.B. Kel4uura Pocczficxofi axa4elrlrr,r HayK), orAeJr 7, c^tapttuit

uayuurrfi corpyAHr,rK.

llo raro rarvr o 6 cyx4 eHvrfl np r4H{To, cn eAyro qee 3 aKrroq eH r4 e :

.{nccepralll4oHHat pa6ora Oxnruuofi Ansu CepreeaHrr <llocrpoeHue

TpexocHoro MafHI4THofo ynpaBneHr.rr opr4eHtaqueft KocMr4r{ecKr,rx anraparoB c

IacrIoJIb3oBaHueM MeroAa por qacrr,rq) nocB.rru{eHa pa:pa6orKe H BcecropoHHeMy

I4ccne.4oBaHl4ro Honoft MeroAI{KI4 nocrpoeHr4fl yrrpaBJr{eMoro yrnoBofo AB[xeHr,rf,

KocMLIqecKoro annapara (KA), ocHanleHHoro roJrbKo uanrursofi cucreuofi
yrlpaBneHl{f oplaeHraquefi (MCO). llocrpoeHue cr{creMbr ynpaBneHr{{

opzenraquefi ToJIbKo Ha ocHoBe roKoBbrx KaryrueK no3BonHT 3HarlkrreJlbHo

cHI43Izrb pacxoAbl, a raruKe o6ecnequr Anr4Tenrnufi cpoK cnyx6rr an[apara 3a

c'Ier LlsHococrofir<ocrl4 MaTHI,ITHIIX I4crroJrHr4TeJrbHbrx opraHoB. fiauuat 3aAar{a

f,BJl{erct B uacroxlquft MoMeHT oco6enno axryalrnofi, TaK KaK Bo3HuKaer

neo6xo4zMocrb BHeApeHI4{ MeHee Aopou4x, Ho He MeHee eSsexrueHbrx M€urbrx

KocMI4rIecKI4x a[ilaparoB 4lx o6ecleqeHr4r Bo3Mo)r(Hocrr4 AocraBJrtTb B KocMoc H

orpa6aruBarb rlepeAoBble rexHoJrorlrlr KaK MolKHo 6ucrpee r,r HaAexHee. Taxue

a[[aparbl rIo3BoJItr pacLnvpurb Kpyf 3a[arr, pelllaeMblx c rroMorrlbro rrpaBr.rJrbHofo

nocrpoeHr4fl,yrrpaBIrelfl,vrfl. B cnxgu c 3TI,IM Bcraer Bonpoc o rrocrpoeHvrv3aKoHoB



yrrpaBJreHr4r, KoTopbre no3BoJIgT .qo6L1Tbc.f, npI4eMJIeMofi ToTIHocTII OpUeHTAIILIld

AJrs ru[oBbrx 3aAaq rpexocHofi cra6unr43ar\nu - I4Hepqxalurofi u op6uranurofi -
rrcrroJrb3yr npr{ gToM ToJrbKo MaTHHTHbIe KaryIIrKu. IlpaxuiqecK€tt 3HarILIMocrb

pa6o6r raKxe [oATBepxAaercs yqacrr4eM coucKarers B [poI{3BoAcrBeHHbIX

pa6orax c BeAyrrIHMr{ rrpeAnpvrflTuflvtpr orerlecrBel+roft lpoMblr[neHHocrrl, B ToM

qgcJre BbrnoJrHeHralr KoHTpaKToB c OOO <CuyrHuKoBbIe LIHHoBaqI{oHHbIe

KocMHrrecKHe clrcreMhl>, BbIrroJIHeHvrg. roc3aAaHH{ MugzcrepcrBa HayKn vr

Bbrcrrrero o6pasorauns P@ reMbr FFMN-2022-0006, a rarcKe rpaHroB PHO J\b17-

7 I -2011 7. PHO Ns22-7 I-1 0009.

llepea reM, KaK r4cnoJrb3oBarb ynpaBJIeHI{e na 6opry crlyrHuKa, neo6xoglEtvto

TrrlarenbHoe uccJreAoBaHlre r{ MareMarr{qecKoe MoAeJILIpoBaHrIe ero pa6orsl. B

rrepByro oqepeAb, aBTop r{3yrrr{Jr pe3yilbrarbl u Aocrl{xeHl{t B o6lacru

MA|HI'ITHO|O YTIPABNEHI,If, CIIYTHI4KAMI.I. B PAMKAX O6:OPA V NOCNCAYIOqEfO

r{ccJreAoB aHarfl, aBTop cJreAyer rpe6oaanvrflM, ycraHoBJIeHHbIM TIyHKToM 14

floroNeHr4r o noprAKe rpucyxAeHr4t yrIeHbIX crenenefi or 24.09.2013 r. J\b 842.

Anrop TpLIBoALIT vr o6ocHosrrsaer JIorIlKy

BKJrroqaer n ce6.s Ana

SopvrupoBanvrfl

ynpaBJIeHI4t, KOTOpbIH OCHOBHbIX 3TATIA

HOBOTO 3AKOHA

- rrocTpoeHLIe

BcnoMorareJrbHoro onopHoro ABrrlKeHufl. vr iloucr roeQQuIII{eHToB ynpaBneHr{t,

o6ecne.ruBaroqux acuMnrorr.rqecKyro ycro7runnocrb rlocrpoeHHoro ABIIXeHXTI.

fitlx Qoprvranzsa\nu 3a4av'v Ha Ka)KAoM grane [poBoAklTct MareMarLIqecKuLI

aHaJrv3 noBeAeHras nzHefiuofi HeoAHopo4nofi cucreMbl araSipepeHuraalriislx

ypaBHeHr/rfi c nepuoALrqecKr,rrraz rcosSQHIII4eHTaMI{, ottl{cblsaroulefi ABIrxeHI4e KA

B oKpecrHocrr{ qelenofi opueHraquu (wnepquamHofi unu op6uranurofi). Anrop

xoporuo .qeMoHcrplrpyer yMeHrre Soprr,ranu3oBarb 3aAaqy, HccJle.{oBarb

[pelrMyrqecrBa err6opa KoHKperHbrx rleJleBrrx Synr<\uf4, rloKashlBaer BaxHocrb

rrpoBeAeHr4f raKoro rrccneAoBaHr4fl., a raxrl(e BlruflHnfl, Qopvralu3ar\w Ha I{ToroBoe

peIIIeHLre 3a&aqv\ lITo rBJIgeTCfl OAHI{M VI3 fJIaBHbIX 14 KITOqeBbIX MOMeHTOB

vccJreAoBarrus. ,.{gx peurentrs. 3aqaq onrrlMI{3aIII{LI c nrr6panHblMl4 IIeJIeBIIMI,I

$ynr<quxurE aBrop rdcrroJrb3yer MeroA po.r qacrLIII, no,4po6uoe lIccJIeAoBaHI{e



pa6omr v Hacrpofixa rapaMerpoB Koroporo Anf, KoHKperHbIX 3an.aq rarcKe

rrpr4Be.qeHbr H paccMorpeHbl s norHofi Mepe.

,{alee aBTop npoBoAr,rr AeraJrbHoe r,rccJreAoBanvre 14 MareMarl4qecKoe

Mo.{eJrr,rpoBaHlre pa6orrr 3aKoHa ylpaBneHl,It rtpu HaJu4-uHu BHeITIHI4x

ao:uyrUeuufi. llonyveHa MeroArlKa rror4cKa ourI4M€rIIbHbIX [apaMerpoB AIrfl

Ar4[oJlbHofi ruo.qelu reoMarHr{THoro froJrr, Jrf{rue coorBercrByloqero peaJlbHoMy

rroJrlo Ha HeKoropoM 3aAaHHoM rrpoMexyrKe BpeMeHlI. Tarxe npeAno)KeHbl

[porleAypbr, yMeHbrrraroqve BrruflHvre nosvtyulenufi Ha LlToroByro roqHocrb

opr4eHTarlr4rr: aBToMarrrrrecKufi <<c4uar> rosQQuqLIeHToB yc:aIrelr'nfl. ylpaBJIeHI4s B

o6lacrz ycrofi.rHnocrlr vr nporleAypa locrpoeHr{.f, ABa)I(AII He[pepblBHo-

auSrpepeHrlr4pyeMoro orropHoro ABr4xeHH.rr * (cKJlefira>>. C ucnonr3oBaHlleM 3TLIX

rrpoqeAyp aBTopy yAaercs ynyqrxHrb Tor{Hocrb I4TofoBoI4 opI,IeHTaIII4LI B

HeCKOJIbKO pa3 IIO CpaBHeHIIIO C LI3BeCTHbIMI4 MeTOAI4KaMLI IIOCTpOeHHf

ynpaBJreHufl Arrfl, KA c MCO.

IIpuHan B Kar{ecrBe nphMepa cr:a6ntwrcaqurc B IiHepIIVamHofi, op6nranurofi

u <<rocofi> op6uransuofi oplreHTar{uxx, A.C. Oxzruna [poBoAHT MareMarnqecKoe

MOAeJrUpOBaHr.re AVT]F^aM.IVTK]/I AilnApATA C rrOMOrrIbA paSpaoOraHnOfi MeTOAI{KI4

rrocrpoeHurfl.ynpaB.rrreMoro yrnoBoro ABuxeHr{s KA c MCO. 'ftr raxgoro cnyqat

npoBeAeH crutuarvr.recxzfi aHaJrvr3, rroATBepxAaroqzfi pa6orocnoco6socrr

MeTOAr4Kr4 V XOpOUyrc r4TOrOByrO TO!rHOCTb OpHeHTaIII{I{ rIpI4 H.8'JTIdqI,'.VT

Bo3Myrrlenufi. Terrr caMbrM pe3ynbrar, [oryqeHnuft B paMKax auailvrrvrrrecKoro

r{ccJIeAoBaHLIfl., AOrrOnH{eTC.g r{I4CIeHHbrM MOAenI4pOBaHI'IeM C I,ICIIOJIb3OBaHI,IeM

yror{HeHHbrx rnroAenefi sHerlHefi cpeAbr Lr Bo3Myrrlettuit, 4eficrnyroqrax Ha

arr[apar.

.{ocronepHocrb pe3yJrbraroB, rrpeAcraBJreHHbrx B Arrcceprarlur{, o6ocnonana

KoppeKTHbrM rlcrroJrb3oBaHLreM MeroAoB Teoperurrecrofi MexaHI{KI{, TeopI4I{

y[paBneHur, MeroAoB onruMkrcarluu. Crporue analrvrrvr,r'ecK]re BbIKnaAKIl, a raKxe

orIeHKr4 rrpeAeJrbHo AonycrlrMor4 TorrHocTr,r oprreHTaqr4H cofJracyrorcf,

qucreHHbrMH BbrquclreHvrfl}4Lr r,r noATBepxAaroTct rII4cJreHHbrM MoAeJrLrpoBaHr4eM

cpaBHeHHeM c pe3yJrbTaTaMr4 Apyfr4x aBTopoB.
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OcHosHrre pe3ynbTaTbr AoKnaAbrBarv}b Ha BeAyUIldx oTeqecTBeHHblx v

sapy6exHux ronQ ePeHIII4tx :

1. Mex.qyHapoAHar rconsepenqur <<Vcrofiqusocrr u xole6aHnfl' HeluHeffsrtx

cLIcreM yrpaBneHnx>>,3-5 uloHt 2020 r, Mocrea,WIY PAH, Poccnq.

2. 63-r Bcepoccuficrafl, HayrlHafl ronsepenqus M@TVI,23-29 Hoa6pr 2020 r,

Mocrna, Pocclls.

3. XLV AraAeruzqecKr4e rrreHr4fl rlo KocMoHaBrrIKe, 30 vrapra - 2 anpets' 2021

r, Mocrna,Poccux.

4. 72-i4 Mex4ynapo4urrfi AcrpoHanru.Iecxufi KoHrpecc (72nd Intemational

Astronautical Congress, IAC), 25-29 oxra6pa 2021, fy6afi, OA3.

5. XLVI Ara.uevuqecKrre rrreHr4{ rlo KocMoHaBrLIKe, 25'28 flHBapfl 2022 r,

Mocrna, Pocclts.

6. XLVII AraleruuqecKr4e rrreHlrtr no KocMoHaBrI4Ke, 24-27 flHBapfl 2023 r,

Mocrna, Poccuq.

7. KonoepeHrlr4.rr MoJroAbIX yr{eHbIX I4IIM I4M. M.B. KelArtura PAH,

24 tmpra2023 r, Mocraa, Pocczr.

,{u c ceprarllroHHo e r4ccneAo B a:n:ae o6 cyx4an o cb Ha cn eAyro ull4x c eM I4H ap ax :

l. Cerr,ruHap <[uuauura KocMI'IqecKI4X cI4cTeM)) oTAena N7

I{nM rarvr. M.B. KenAHura PAH (noa pyx. M.to. oe.IHHHuxoea).

2. Cevurtap rro upr4Kna.qHofi ruexaur4Ke v ynpaBneHuto HWI MexaHI4KI4 Mfy

(roA pyrc. B.B. AnercanApoBa, H.A. flapycruKoBa, IO.B. Eonornna).

3. Haynufi ceMrdHap IrIlIMex PAH <Teopur ynpaBneHl4fl vr AI'IHaMI4Ka

cl4creM) (no,q pyK. aKaAeMI4Ka O.JI. 9epnoycrro).

4. Hay.rHufi ceruuuap <<MexaHr{Ka r4 yrrpaBJIeHI4e ABI4xeHueM KocMl4qecKllx

arnaparoe) BarrlrcrlrrrecKoro rleHrpa I4IIM rarvr. M.B. KenArtura PAH (toa

pyr. A.f. TyuuHa).

5. Ceuranap orAena MexaHlrrra @I4II <I4nSopuaruKa I4 yrlpaBneHl4e)) PAH

(toa pyr. npo$. C.n. Crenanona).

6. Cel,uanap <[unarr,lr,rqecKlre cLIcreMbI vr MexaHI4Ka)) MAI'I (noa pyK.

E.C. BapauHa, fI.C. KpacvnrHraxoea).

7. Hayu:nsrit ceMLIHap AO <Kopuopal\LIn' (BHI4I43M) <Bonpocnt

3JIeKrpoMexaHLIKI4)> (tol pyr. B.-fl. fevH).



8. Hay6rfi ceruuHap xaQeApbr reoperuqecKofi uexaHurcra McDTI'l (noa pyN.

C.B. Coronona).

9. Ceuunap orAeJIa Ns5 I'IIIM I,IM. M.B. KenArtura PAH (no4 pyK'

npo$. IO.O. forY6ena).

Pe:ylrrarbr, rroJryrreHHbre n pa6ore, B rIoJIHofi rvrepe AoBeAeHbI 4o nayunoil

o6qecrneHHocrr.r B paMKax 6 pa6or, kr3 HLIx 4 x(ypH€ulbHble crarbl4,

r4HAeKcllpyeMble B 6asax AaHHIIX Scopus uluttu Web of Science, 2 -
ron$epeHrlrloHHbre crarbr4 n c6opunKax rpyAoe ron$epenqufi, I4HAeKcHpyeMbIe B

6asaxAaHHbIX Scopus wlutru Web of Science:

1. A. Okhitina, S. Tkachev, D. Roldugin, Comparative cost functions analysis

in the construction of a reference angular motion implemented by

" magnetorquers, Aerospace,2023, 10(5), paper 468. WoS, Scopus, Ql.

2. A. Okhitina, D. Roldugin, S. Tkachev, M. Ovchinnikov, Academy

transaction note "closed form solution for a minimum deviation

magnetically controllable satellite angular trajectory", Acta Astronautica,

2023,203,p.6044. WoS, ScoPus, Ql.

3. A. Okhitina, D. Roldugin, S. Tkachev, Application of the PSO for the

construction of a 3-axis stable magnetically actuated satellite angular

motion, Acta Astronautica, 2022, t95 , p. 86-97 . WoS, Scopus, Q I '

4. A. Guerman, D. Ivanov, D.Roldugin, S. Tkachev, and A. Okhitina. Orbital

and Angular Dynamics Analysis of the Small Satellite SAR Mission

INFANTE, Cosmic Research, 2020, 58(3), p. 206-21 7. WoS, Q4'

5. A. Okhitina, D. Roldugin, S. Tkachev. Magnetically controllable attitude

trajectory constructed using the particle swarm optimization method ll 72nd

International Astronautical Congress (IAC), 2021, 9 p. Scopus (rcouQ.).

6. A. Okhitina, D. Roldugin, S. Tkachev. Biologically inspired optimization

algorithm in satellite attitude control problems ll 15th International

Conference on Stability and Oscillations of Nonlinear Control Systems

(Pyatnitskiy's Conference) (STAB), 2020, p. 1-3.WoS (rcouQ.).

Co4epxaHue Ar.,rcceprarlr4r4 vr ocHoBHbIe IIoJIoxeHI4f,, BbIHocI4MbIe Ha

3arrllrry, orpax{arcT rrepcoHamsrrft BKnaA aBTopa n ony6nnKoBaHHble pa6oru. Bce

npr4BeAeHHbIe B ALI CCepTaIII4U pe3yJIbTaTbI nonyrleHbl aBTOpOM JII4[{HO.



,{uccepraqux coorBercrByer rpe6onaHU.flv,) rrpeAbrBJrfleMbrM K

,qrlccepralrul4 KaHAr4Aara Su:uro-rrrareMarr{rrecKuM HayK rro cnequanbHocrr4

1.I.7 -TeoperuqecKat MexaHIlKa, Alanav'.r4Ka MarrrrrH 11 coorBercrByer nacnopry

cnellu€ulbHocrrl (lIC) no ptAy HanpaBnenufi,. flpu aHarru3e ypaBHeHlrir, griuxeuur.

Llcnonb3yrorct MeroAbr aHaJrtrrtrqecroft MexaHLrKu (nanpanneHlre 1 IIC),

MexaHI4KI{ TBepAoro reJla (naupanneHr4e 6 IIC), AuHaMr4Kr{ .KocMtrqecKr4x

anraparor (naupaBJIeHI{e 10 nC). BosnloxHocrb npvMeHeHpr[ rpeAJroxeHHoro

cra1utwrcI4pyloqero 3aKoHa yrrpaBneHr{{ KA orrr4paerctr Ha Merolbr reopr4rd

ycrofivunocrpl (naupaueHl4e 2 nC). .{nr nepu$raxaqzu uo4elefi tr anropurMoB

yrlpaBneHH.'I npoBoAI4JIocb MaTeMaTHrrecKoe v KoMnbroTepHoe MoAenr,rpoBaHHe

Kr4ueMarr4Kukr AvrHaM:aKr4 (nanpanneHr4e 14 IIC) KA c MCO.

[uccepraqur <llocrpoeuue rpexocHoro MarHtrrHoro ynpaBJreHnt

opI4eHTaI{UeI4 KOCMUqeCKHX a[[apaTOB C I4CnOJrb3OBaHI4eM MeTOAa pofl, qaCTI4U)

Oxurunofi Asurt Cepreenubl peKoMeH.{yercf, K 3arur{Te Ha cor{cKaHue yreuofi

crerleHu KaHALIAaTa Qusurco-MareMarlrqecKnx HayK rro c[equaJrbHocrr.r I.1.7 -
Te op erzv e c K€ur MexaH r.rKa, Ar4H''krnJ' r u-"".

3axffo.IeHue ilplaHflTo Ha 3aaeAaHur{ ceMr.rHapa <<MexanvrKa r,r ylpaBneHr{e

ABr4xeHrieM) (ceunnap orAena J\e5 nlIM rlM. M.B. Kel4nrua PAH).

flpucyrcrBoBzulo Ha 3aceAanuu 18 rreJr., B ToM qr.rcJre 5 AoKTopoB HayK rro

c[erlr4anbHocrr,r, coorBercrnyrcqefi TeMarHKe Avcceprarluu. Brrcrynulu c

rroJro)Krarelrriofi oqesxofi Arrccepraqnn: a.Q.-M.H. npo$. B.B. CHaopeHKo, A.0.-

vr.H. npoQ. M.IO. Os.{r,rnHuxon,4.S.-u.u. upoS. IO.O. fony6en.

Pesymraru ronocoBaHrar: (3a>) 18 rreJr., ((rporLTB) Her,

((Bo3Aep)K€rJrocb> - Her, nporoKoJr J\b 61 or 29 vrroHs,2023 r.

{,"'{l rc.O. fony6en, a.Q.-u.H., upo$eccop,
F.H.c. orAeJra J\b5, u.o. 3aBe.{yroqero

oT.{eJroM, pyKoBoAr{TeJrb ceMuHapa

n 1 , 4/tollx 20JJ r.


