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tDe4epanrHoro rocyAapcrBeHHoro yqpexAeHr4t

<<@e4epa-urHufi r4ccJreAoBareJrbcKrzfi qenrp

Vlucruryr [pLrKJraAHofi lrareuulrKu uu. M.B. Ken4rrura

Poccuficxofi axa4eur{r4 Hayp)

[uccepraryux <<I4ccJIeAoBaHpre AuHaMr.rKLr ylpaBJrreMoro orHoclrreJrbHoro

ABLIx{eHLIx rpyrrlrhl MulrIbIX KocMkrqecKLrx alnaparoB Ha Hr,r3Koft oxoroserraHofi

op6zre> BbIrIoJIHeHa B @e4epamuona rocyAapcrBeHHoM yqpex(AeHr4r4

<(De4epanruufi I4ccJleAoBareJrbcKt4fi qenrp l4:ncruryr npr4KnaAHofi ruareuaruKu

r4M. M.B. KelAurua Poccufict<ofi axaAeMkrrr HayK) or4ene JVeT <<[znauzxa

KOCMHIIECKLIX CLI CTEM)).

B nepLIoA rIoAforoBKI{ Al{cceprarlr4r,r coLrcKareJrb Mosaxona VmqHa

Bra4IarraupoBHa pa6orata B @e4epanrHou rocyAapcrBeHHoM frpexAeHur4

<@e4epalrnrrfi I4ccneAoBareJlbcKlrfi qenrp I4ncrr.rryr [pLtKJraAHofi naareuatuKvr

urra. M.B. Kel4rrrua Poccuficrofi arageMLrlr HayK) B orAene J\b7 <<[uuauur<a

KocMLIrIecKI{x cucreM) MJraArxzM HayqHbrM corpyAHr{KoM vr o6yranacr B



acnr{paHrype OeAep€LnbHoro rocyAapcrBeHHoro yqpexA eHwfl. <(De4epalrurtil

r4ccJreAoBarelrcrufi rIeHTp Llncrutyl npur<na4nofi MareMarI{KLI HM. M.B.

KerArrrua Poccuficroft araAeurlz Hayo.

ABTOHOMHOfO

<Mocroscxvtit

B 2Ol9 r. oKoHirprra Marr{crparypy Se4epanrHoro rocyAapcrBeHHoro

o6pa:onareJlbHoro yr{pexAeHllt Bblcllrero o6pasoeanza

Q ra s u r o - re xH Ia.r e c xzfr HHCTI4TYT (HaTIZOH€LnbHbIH

r4ccJreAoBareJrbcKLlfi ynrznepcrarer)> no creIII4€uIbHocrI4 03.04.01 <upurlaAHble

MareMarl4rca ra Qu:ura>,

Cnpanxa o cAaqe KaHAr'rAarcKr{x 3K3aMeHoB BbIAaHa 19 4er<a6ps' 2023 roAa

@e4epalrnrnu focyAapcrBeHHbIM yrrpexAeHI4eM <(De4epanrurtfi

HccJreAoBarenrcrufi rIeHTp Llucrnryr npurta4nofi MareMaruKll LIM. M.B.

KenAuura Poccraficxofi araAeuLIH HayK).

Hayunuft pyKoBoAtrreJrb KaHAr4Aar Qrasurco-uareMarl.IqecKl{x HayK,

AorIeHr IzlsaHos [a:rtutr Cepreenu.r pa6oraer n (De4ep€ulbHoM rocyAapcrBeHHoM

yqpexAeHnr4 <<@e4epanrnufi LrccJleAoBarenrcrHfi IIeHrp Vlucruryr

npuKJraAHoft iuareuarvKr uru. M.B. KelArtrua Poccuficxofi axaAeMI4I4 HayK) B

orAeJre N7 <,I[unavruxa KocMr.rqecKl4x crlcreM)) crapIxI,IM Hayr{HbIM

corpyAHI{KOM.

llo uroravr o6 cyx4 elg'I4fl. npI4H.lTo cJleAyloqe e 3 aKJIIo!I eHI{ e :

,{ucceprarlr{oHHaf, pa6ora Monaxosofi y.B. rocBtlrleHa arryalrnoft

reMarrrKe ynpaBJreHr4s lpynnofi uarux KocMI4qecKI4x arraparon (MKA) na

nugrofi oxoroseruHofi op6ure. B cvrny 3HarrLITeJIbHbIX orpanzueuufr Ha

pa3Mepbr, Maccy lr SHepfeTLrKy KocMl/tqecKl4x alnapaToB Bo MHoflIX CJlyqatx

HeBo3MoxHa ycraHoBKa axrunnofi ABl4rareJlrnofi cl4creMbl ynpaBneHut

orHocrrreJrbHbrM ABru(eHueM. Bcregcreue ororo rlof,BJlf,erct upo6neva

yrrpaBneHr4s rpyrrrur MKA cpeAcrBaMl4, He rpe6yrorqvrv^r pacxoAa ronJlrasa. B

Ar,rccepraqraonHofi pa6ore B KarrecrBe raKoro cpeAcrBa npeAJlaraerct

paccMoTperb cr4ny arvrocQepHoro conporl4BIIeln:zrs., 4eficrnynqyrc Ha

anrrapaTbl Ha Husrofi orconogeMuofi op6rare. B nepeofi rJIaBe aBTop
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paccMarpr4Baer ryyrry MKA

cBf,3b, KOTOpbIe 3aKJIrOqaIOTCt

)^IETOM OIPAHLTIIE lHI4fi. HA MC)KCNYTHLIKOBYTO

TOM, qro Kax,qblft alnapar Moxer nolyqarb

c

B

HHOopMarIurc 06 orHoclrreJrbHoM AB?rIKeHI4LI ToJIbKo rex anuaparoB, Koropble

HaXoAsTCq He A€UIbIxe olpeAeneHHolo paccToqHllf, oT Hero. Bcle4crnne

oulr6oK BbrBeAeHr4{ 14 He3HaHr4t annap araur orHocrlTeJlbHoro ABI4I(OHI'I fl' BceiT'

fpyrrrbr, MKA MOryr Harrarb yl:anflTbcfl ApyI Or Apyfa, r{ro upl4BeAer K

pa3AeJIeHuIo rpyllrrbl. Tarzu o6pasou, rpe6yercf, nocTpoeHl{e aJIropHTMa

yrrpaBneHl{t OTHOCI{TEJIbHbIM ABI4)I(eHI{eM, VqI4TbIBAIOIUCIO

KOMMyHLlKarIr4OHHbre orpaHr{qeHu{ vT coxpaHf,Iolllefo IIeJIOCTHOCTb rpynnbl.

Monaxonofi y.B. 6rtnu rpeAnor{eHbr ABa aJIfopLTrMa ynpaBneHufl,

\Irr4TbIBaIOUII4e AaHHbIe olpaHI'IqeHLIt' U npoBeAeHo I4CCneAOBaHVe

ynpaBflqeMofo.qBLIXeHu'cI4cIIoJIb3oBaHLIeMTeopIII4 rpaoon. ,{anee B

Ar4ccepTaIII4oHHofi pa6oTe paccMaTpuBaeTcfl' 3a4av.A [ocTpoeHl4t TpeyrcJIbHoI4

Qopuaqur4 rrpvl rpoJrere aA eKBaropLI€lJIbHofi 3oHofi 3eulz. B ,qannofi 3aAaqe

coucKareleM 6brno pacc orpeHo Brrr4flHvre BTopofi 3oHaJlbHofi raprrlonvrKvr vr

arMoc6epHoro conporr4BJreHr{t Ha ABI4xeHue rpyrrllbl, rITo IIo3BoJII'lJIo Bbl6parb

HaKJroHeHvIfl, op6vlT I{ npeAJIoXI4Tb €UIropI,ITM QaSnpOraunfl' a\rlapaToB BAoJIb

op6urbr. [trx pa3pa6oraHHoro zlJrropl,IrMa 6ulo [poBeAeHo rII{cJIeHHoe

LICCJIeAOBaHVIe) KoTopoe IIoKa3€uIo, KaK BJIUf,eT COJIHeTIHag aKTIIBHOCTb U

ourq6Kr,r BbrBeAeHr4s Ha KarrecrBo noJlfraeMofi Tpeyronbnofi Qoprua\vrr4 Ha BcdM.,

rrpoAonx{eHvIvr M:aacuv1. B TpeTbeft rJIaBe Antr peaJIla3aIJv11a TpeOyeMoI4

BeJrkrr{uTHbr arvroc0epHoro conporllBlreHurfl., AeficrByrorlero Ha alrrapar'

colrcKareJreM 6rrn [peAnoxeH HoBbrfi €urropzrM aKTLIBHoTo MarHLITHoro

ynpaBneHr4q opr4eHraur,refi c Marpl4llefi napaMerpoB ynpaBneHl4-f,, Bbl6op

Koropbrx ocyulecrBJrflercfl c r4crIoJIb3oBaHI,IeM Teopuu Onore. Ertlo [poBeAeHo

r4ccneA6BaHvre BpeMeHr4 CXoAI4MOcTII 14 TotIHOcTlI cTA1krnl/{3aI\uu ylpaBJlf,eMoro

yfJroBoro ABtIx{eHI,It vI npoAeMoHcTpLTpoBaHo rrpLIMeHeHue pa3pa6oTaHHoro

anroplrrM a Anfl,3a1aqr4yrrpaBJleHl4f, rpeyroJlbHofi Sopuaquu I{3 Bropofi rnasrt.



pe3ynbTaroB

OTHOCHTEJIbHOfO

AHAJIIiITLIqCCKI,IE

MOAeJTUpOBaHI,]fl.

JILrqHrrfi sKraA cozcraren.f,. co4epNanue Ar4ccepTaquonsofi pa6oru Lr

ocHoBHbIe fIoJIOlKeHI4r, BbrHOCr{MbIe Ha 3aIIII{Ty, OTpaXaIoT nepcoHanbHbll4

BKnaA aBTopa B ony6nzroBaHHbre pa6orrr v nonyr{eHbl JIkItIHo aBTopoM.

flocranoerz 3aAar{ z pe3ynbrarbr I{ccneAoBasuir, o6cyx4arrvcr c HayrIHbIM

pyKoBoAI4TeJI eM !r.C . VIYaH o BbIM I4 c o aBrop aMI4.

nocrosepHocu uorv.reHHrrx HaWHrrx pegYlrraron z BbIBoAoB

[oATBep]KAaerc{ uy6nuraqvflvtur B peIIeH3I{pyeMbIX HayqHbIX v3l.aHLrflx, a

ceMr{Hapax. O6ocnosaHHocrb

o6qenpraHqrblx tuoAelefi

raKxe atpolaryuefi Ha ronQepenqutx !7

ooecIIequBaeTct eu6opotr,t

ABrtlKeHuf, KocMIlqecK?IX an[aparoB B rpylue. llonyrleHHble

orIeHKI4 nOATBepXAaIOTCq npoBeAeHI4eM qI4CJIeHHO|O

Hay.IHag Hogzgua 3aKrroqaercq B ToM, qro nonyr{eHbl KoHer{HbIe

BbrpaxeHzrfl, AnA rpe6yevroro pa3Mepa KoMMyHuKaIII4oHnofi o6nacrvr Anfl. MKA

B 3aBr{clrMocrr4 or oruu6orc BbrBeAeHut Bo BpeM.a KnacrepHoro 3anycKa.

Pa:pa6oraH aJrropzrM ynpaBJreHurr ABux(eHLIeM rpylnbl, cocroflu\ev II3 Tpex

a[laparoB, Afl-f, Aocrur]KeH:as. rpe6yevroro orHocLITeJIbHoro rloJloxteHufl' nplr

rrponere HaA gKBaroplr€lJrbHofi gonofi. flpe4noNeHa u o6ocnosaHa MeroAI4Ka

nocrpoeHr4q ouopHoro yrJroBoro ABrIx{eHI4{ MKA, Koropa-f, ro3Borqer

O6eCneqUrr rpe6yervrOe 3HarIeHI4e yCKOpeHI4t, CO3AaBaeMOfO C:r^tlOit

€t3poAr,rHaMl4qecKofo conporkrBlreHldfl..

llparru.{ecras gHaqzN4ocrr cocrouT B ToM, rITo npeAJIo)KeHHbIfi noAxoA

yIIpaBneHuIo ABI4X(eHIIeM rpynnbl rpex cITTHkIKoB nnaHllpyeTct pe€UII43oBaTb

1v..necr4u rro LrocJreAoBaHr4ro raMMa-BcIIbIIrIeK n arvrocSepe 3evrru4 coBMecrHo c

I*fuIAQ- Mfy. Pesylrrarbr r4ccJreAoBaHur ynpaBJlfleMoro ABLDKeHI4f, fpynrlbl

MaJrbIX crryrHLtKoB c yrreroM KoMMyHuKaIIuoHHbIX ofpaHLIrreuufr uoryr 6rrrr

r4crroJrb3oBaHbr npu [poeKTLrpoBaHW Mr4acvrfi, n rotopblx yqacrBylor annaparbl

c olrrzrrecxofi czcreuofi orHocr4Temuofi HaBplr:a\uv. llpe4noxeuslrfr

K

B
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aJrfopr4TM aKTT4BHO|O MafHUTHOfO yIIpaBneHl4-S TIpI4MeHLIM Anfl M€IJIbIX

cnyrHlrKon Sopvrara 3U r<y6car unra THC-O.

[uccepraquoHHa-f, pa6ota Monaxosofi VmsHrI Bla4zuIapoBHbl

coorBercrByer rpe6oeaHzsNa, rrpeAb.rrBJreHHbrM K KaHAI4Aarcrcofi 4uaceprar\vv

no clequ€urbHocrr4 l.L7 <TeoperraqecKaf, MexaHI4Ka, Ar4HaMr4Ka MaITII,IH)) vr

coorBercrByer nacropry creull€ulbHocrLl (nC) ro pflAy nanpaueHIafi.

PaccvrarpzBaeMbre MexaHuqecKr4e cLrcreMbr cocro-trT I,I3 HecKoJIbKI4x MKA z

3eirurz. llput aHaJrvr3e ypanHenrafi ABLTxeHI{t rpyrlrlbl MKA ucnonb3ylorc.tl

MeroAbr aHaJrvrvqecxofi MexaHraKr,r (uanpaeneHl4e I IIC) v rLrHaMvrKu

KocMr4r{ecKux arraparoB (nanpanneHr4e 10 ilC). llocrpoeHHrte 3aKoHbI

ynpaBneHnfl, KaK An.s ABr.I)KeHLrfl, MKA orHocI4TeJIbHo Apyr Apyra, TaK 14 

^nfl
ABrrxeHr4q MKA orHocr4reJrbHo rIeHTpa Macc onuparorcfl Ha MeroAbI TeopI4I4

ycrofiuunocrr.I (HanpanneHI4e 2 IIC). Ans eepzQraraqzH uoAelefi kr

€LnfopLrTMoB ynpaBneHr4rr rrpoBoAr{Jrocb MaTeMaTkrqecKoe v KoMIIbK)TepHoe

MoAenr4poBaHure KLrHeMarr{Kr{ u AvrlaavtprKvr (nanpanneHl4e 14 nC) rpyrlnbl

MKA, ocHarrleHHbrx ruarnrarnofi cucreuofi oprleHTarlr4r{. Pa6ora lrMeer

BbrpaxeHnufi SynAaMeHT€Lnuurfi xapaKrep LI rIo3ToMy orHocl4Tct K Szsuro-

MareMarzqecrofi orpacJrr{ HayK.

[ucceprarlr4.rr coorBercrByer rpe6onaHuflM, ycraHoBJreHHbrM rryHKToM 14

roroxeHur.s o npvcyxrA Hur{ yqeHbrx creneuefi. OcHoeHrre pe3ynbrarbr

Ar{cceprarluouHofi pa6orrr 6rrnu AonoxeHbr vr ony6nzroBaHbr B rpyAax

Me)KAyHapoAHbrx v poccHficrczx ronQepenqufi, raKr4x KaK International

Astronautical Congress, Ara,qeMrzrrecKLre qreHrrf, rro KocMoHaBTuKe,

International Workshop on Satellite Constellations & Formation Flying, IAA

Symposium on Small Satellites for Earth observation. Tarxe ArrcceprarluoHHa.s

pa6ora o6cyx4anacb Ha cneAyroqux ceMlrHapax:

1. Cerr,rzuap <<flunauzKa KocMzqecKr4x c?rcreM)) orAena J\b7 I4IIM znr. M.B.

Ker4urua PAH (roa pyx. M.IO. Os.rvHHurona).



2. MocKoscK[fi ropo4crofi HayqHo-Mero4uvecrzfi ceMI4Hap IIo

reoperllqecKofi MexaHLIKe MfTy I,IM. H.3. Eayvrana (to4 pyr. npoQ . I4'l '

EraroaeueHcKoro).

CervuEnap ro MexaHIIKe, yrpaBrleHuro u uHsoprvraruKe Iil<VI PAH (uo4 pyrc'

P.P. Haszpona)

Cevrznap ((MeXaH[Ka KocM?lqecKoro IIoJIeTa)' [poBoALIMrfii' ua xaQe4pe

<KocuuqecKl,Ie cl4creMbl u paKerocrpoeHlle) MA['I (noA pyK. B.f.

lleryxona).

Hayvnrrfi ceMr4Hap <MexannKa r{ ylpaBneHHe ABI4xteHI4eM KocMLIrIecKlIX

anraparoB) E€1;1nucrl4rlecKo1.o IIeHrpa I4IIM uvr. M.B. KelArrura PAH (to4

pyr. A.f. Ty'rzna).

6. Ceuunap orAerla J\b5 I4IIM rzvr. M.B. KerAurua PAH (to4 pyr. npoQ'

rc.O. fory6ena).

OcnonHue rronox(e[Afl.u pe3ynbTaTbl AI,IccepTaIIuu rIoJIHo rIpeAcTaBJIeHbI B

8 pa6orax B perleH3r4pyeMbrx HayqHbIX xypHanax v u3llaHnflx t'Ir llepeuHr

BAK:

1. Ivanov D., Monakhova IJ., Ovchinnikov M., Nanosatellites swarrn

deployment using decentralized differential drag-based control with

communicational constraints, Acta Astronautica,2019, V. 159, P. 646-657.

(doi. org/ 1 0. 1 0 1 6/j . a ctaastt o .20 1 9. 02. 006).

2. Monakhova u., Ivanov D., Roldugin D., Magnetorquers attitude control for

differential aerodynamic force application to nanosatellite formation flying

construction and maintenance, Advances in the Astronautical Sciences, I st

IAA/AAS SciTech Forum on Space Flight Mechanics and Space Structures

and Materials, 2020, P. 385-397.

3. Ivanov D., Monakhova IJ., Ovchinnikov M., Roldugin D., Decentralized

Control of Nanosatellites Swarm Spatial Distribution in LEO Using

3.

4.
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4.

5.

6.

7.

8.

Magnetorquers, Advances in Space Research, 2020, V . 67 , l\b 1 1 , P. 3489-

3 503 (doi.org/l 0. 1 0 1 6/j .asr.2020,05.024).

Monakhova LJ., Ivanov D., Mashtakov Ya., Shestakov S., Approaches to

studying the performance of swarrn decentralized control algorithms,

Proceedings of 72d International Astronautical Congress (IAC),2021, 9 P.

Monakhova IJ., Ivanov D., Mashtakov Ya., Shestakov S., Ovchinnikov M.,

Communication Area E,stimation for Decentralized Control of Nanosatellites

Swarm, Acta Astronautica, 2023, V. 2ll, P. 49-59,

(doi. org/ 1 0. 1 0 1 6 I j.actaastr o .2023 .06. 003 ).

Roldugin D., Okhitina A., Monakhova IJ., Ovchinnikov M., Comparison of

Feedback Three-Axis Magnetic Attitude Control Strategies, Aerospace,

2023, V. 1 0(12), 97 5, 13 P. (doi.ory'l 0.339}laerospacel 012097 5).

Monakhova lJ., Ivanov D., Mashtakov Ya., Magnetorquers attitude control

for formation flying in LEO, Proceedings of 74th Intemational Astronautical

Congress (IAC), 2023, 5 P.

U. V, Monakhova, S. A. Shestakov, Ya. V. Mashtakov, D. S. Ivanov,

Decentralized Swarm Control of Small Satellites for Communication

Connectivity Maintenance, Cosmic Research, 2024, V. 62(I), P. 106-1 16,

(doi.org/ 1 0. 1 1 3 4/S0 0109 525237 007 7 6)

,{r.rccepra\ux <<VIccneAoBaHI{e AI{HaMVKvr y\paBJrreMoro orHoclrreJrbHofo

ABI4xeHI4q fpyrrnbl M€LIIrIX KocMkrrrecKr4x a[[aparoB Ha Hrasxofi or<orose\dHofi

op6ure> MoHaxoeofi Vru-flHrr BraAuMHpoBHbr peKoMeHAyercr K 3aruure Ha

coI4cKaHI4e yvenofi creIIeHH KaHAr.IAara QHszxo-rraareMarprqecKr4x HayK no

cnerll4ilnbHo crI,I | .l .7 <<TeoperuqecKar MexaHHKa, AuHaMLrKa MarxrrH)).

3aKrro.reHue npr4HflTo Ha 3aceAaHurr ceMr4Hapa orAena }lb5 <MexaHvrKa 14

yrrpaBneHpre ABLrxeHr4eM) I4IIM zrra. M.B. Ken4rrrua PAH (uoa pyr<. npo$.

rc.O. fony6ena). llpncyrcrBoBaJro Ha 3ace4aHr4kr 15 rreJroBeK, vr3 Hr,rx 4

AoKTopoB HayK no cneqvuurbHocrr4, coorBercrByroqeft reuaruKe Ar'rcceprar\r4kr.



BucryuuJru c noJloxllrelrHoft oqenrOfi .4llccepraqzu: 4.Q.-M.H. rlpoQ. IO.O.

fony6en, A.$.-M.H. Ilpoft. B.A. Kapraluen, A,Q.-M.H. rlpoQ. M.IO. Os'IUHHI'mos.

Pesylrrarbr roJrocoBalnvrfll ((3a)) - l4 uer., (uporuB) - Her, (Bo3Aepx€IJIocb)) -
1 uer., rporoKoJl Ns 63 or (7) 4exa6p.a 2023 r.

IO.@. forry6ea, A.Q.-u.n., npoQeccop,
r.H.c. orAeJIa Ne5, n.o. 3aBeAyroqero orAeJIoM'

pyKoBoAI{TeJIb CeM}rHapa
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