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Ha aBropeQepar Ar4cceprarlrrr4 IOAI4IIA Au4pe-a,{ruurpuenuua <Paspa6orra

cuoco6a yeoAa HaHocnyrHr{KoB CUBESAT c HI{3KI4x oKoJro3eMHbIx op6rar>,

flpelcraBneunofi Ha corrcKaHpre ) {eHofi crenenla KaHAIrIara rexHlrqecKl4x HayK rlo

crerlr4aJrbHocru 05.13.01 <<Cucreusrtfi a:uaJrzr3) yflpaBneHlze u o6pa6oma

v uSoprvraIII4Ir).

Axryalruocrs reMbr Ar4cceprarlr4oHHoro I4ccneAoBanvrfl IOAIana Au4pea

[llrarpuenuua AocraroqHo or{eBr4.uHa. IIpo6neua 3acopeHl4, oKoJIo3eMHofo

KocMr4rrecKoro lpocrpaHcrBa ((KocMrzr{ecKI4M MycopoM)>, 6slta oco3HaHa uepes 20

Jrer frocJre :aauuta KocMr4qecrofi apu, a ylre c Haqala XXI ner<a npo6letra Bcra-lla

Bo Bcro [rr4pb, BrrJrorb Ao Ha.uara (cr4HApoMa Kecc:repa> Ha oco6o rIJIorHo

3aceJreHHbrx t4 (3aMycopeHHbrx)) op6urax. Hera:rzenrtNr cneAcrBl4eM 3Toro

IIpoqecca Moxer crarb rrpeKparrleHr4e KocMl4rrecKl{x tIoJIeroB soo6ue v]:lll

cepbe3Hoe r,r3MeHeHr4e lrcno.rnsyerr,rofi xocMrlecKofi TexHI4Ku (uanpunlep,

6pouuponaHHrle KocMlrr{ecKl4e a[[aparrr).

Als perxenr4fl upo6leuu KocMr4r{ecKoro Mycopa ueo6xoluua oqucrKa

oKoJIO3eMHOTO KOCMI4qeCKOTO [pOCTpaHCTBa - TeXHI4r{eCKa' I4JIIT eCTeCTBeHHafl, a

rrepBbrM rlraroM B 3ToM Moxer crar6 csa6Nesue Hl43Koop6uralrunx

KocMr{qecKprx an[aparoB cpeAcrBaMl4 cBeAeHI4, c op6u:rsI.

O6nacrr KocMr4qecr<ofi uayrv v rex:n:aKr4, K roropofi orHocl{Tca nsr6paHuaa

Ar4ccepraHToM TeMa IaccneAoBarrui.t, AocraroqHo xopotxo paspa6oraHa KaK

oreqecrBeHHblMrr, TaK u :apy6exnsluu I4ccJIeAoBareJI-flMI4, I4Meerc.s 6oluuoe

qr4c.ro ny6luxaqufi B xypHanax V c6opuurax pa3nl4qHoro ypoBHs. OAsaxo

Ar4ccepraqr4oHHoe r4ccne4oBanue IOAuua A.A. AocraroqHo opI4rnHzLIIbHo

o6rerrotr An-rr Hero 6srlu orr6pauu HaHocrIyrHI4KI4 cl4creMbl Cubesat Sopuata

(fropu-Saxropa) 3U - oqeHb rrorynrpHoro ceroAua. IIpe4MeroM I4ccneAoBar.vle,

flBrrfllcfl rrpoqecc yBoAa HaHocnyrHr4Ka Cubesat uaccoft se 6olee 10 xr c HusKofi

ororosellHofi op6urrr (HOO) srtcorofi or 300 KM Ao 800 KM, a HayrrHo
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TexHl{qecKofi 3aAarlefi }IccJIeAoBaHklfl. piBpa6oTKa clloco6a yBoAa

HaHocryrHr.rKoB CubeSat c HOO.

B cn.flsr,r c raKraM nu6opovr o6rerra u [peAMera r{ccneAoBaHl4fl AI4ccepraIIH,

orrvqaerc_fi necouuennofi uosr4guoft t4 oAHoBpeMeHHo orpaxaer 3alpocbl

npaKTprKpr, rocKoJrbKy yxe ]Haquta peaIII43aIIU-fl [epBOrO npoeKTa KocMutlecrofi

rp)mnr,rpoBKr{ HaHoclyrHr,rKoB, co4epxaqeft corHpl KocMI4qecKI4x afl[aparoB

(npoercr OneWeb), Ha rro4xoAe erqe HecKoJrbKo 6olee KpyrIHbIx rpoeKroB. VNe

rrpeAnararcTc-f, npoeKTbr, B KoTopbrx JIoKzuIbHbIe 3al.al{v pelllaloTcq c floMolqbrc

rpynlr4poBKr4 r4x HecKoJrbKr4x rbrcf,rr HaHoclyrHIrKoB. Hanpuuep, rpy[nl4poBKa I'I3

4000 KA Ans KoHrpon, roxapoB roJIbKo Ha TeppI,ITopI4r4 Ancrpaluu.

lzccepraqua Io4raua A.A. cocror.rr r.r3 BBeAeHr4fl., Tpex rJIaB, 3aKrroqeHu, u

crrrrcKa nr{Teparyprr. Bo BBeAeHr,rr4 o6ocnosaHa aKTyarlbHocrb Al4ccepraul4oHHoro

r4ccJIeAoBalttfl., ctpoprr,rynzpoBaHbr IIeJrb Lr 3a4a'rtil I4ccneAoBanrfl, [peAcraBneHbl

ocHoBHEre froJloxeHrrfl. v HaytHbre pe3ynbTaTbl, BbIHoCI,IMbIe Ha 3aIrII4Ty, UAHa

xapaKTeprtc"rr4Kal4x HoBr,r3Hbr, AocroBepHocTl{ Ia flpaKTl,Iqecrofi 3HaqI{MocTu.

B nepnofi rJraBe KparKo o[prcaHa rexHoJIorI4lI tr rIpI4BeAeHbI ocHoBHbIe

orpaHr4rreHnfl craHp;apra CubeSat, B coorBercrBl4l4 c KoropblM Aenaerc-rl ceroAH-s

6omruuucrBo HaHoclyrHIaKoB.

3areu B erofi HraBe cneAyer o6sop MeroAoB olILIcrKI4 oKoJIo3eMHoro

KocMr4rrecKoro [pocrpaHcrBa or neSyHrqzoHl4pyloul4x HaHocnyrHt4KoB.

.{zccepraHr pa3Aenr4Jl 3Tr4 MeroAEr Ha aKTrrBHbIe MeroAbI v [accrrBHble. K

aKTr{BHbIM MeroAaM orHocr,rrcfl ycrpaHeHl4e MeJIKrrx KocMrrqecr<ux o6reKToB c

3eulu - ucflapesue o6leKToB JIa3epHbIM I'I3n) reHrreM I{JI}r cMeIIIeHI4e c op6u:ru

r{oHHbrMr4 rDfqKaMr,r, a raKxe [prrMeHeHue cleIII4€uIbHbIx KA XILA c6opa

orpa6orauHbrx crD/THr.rKoB ulw 6ortarurax tpparMeHToB KocMl4rrecKoro Mycopa Anfl

Bo3Bpara Ha 3erramo r4nr4 yBoAa ua op6r4Tbl AoJlrocporrHoro (3axoponeHIa-D). K

naccrrBHblM MeroAaM, Koropble rrpaBlrnbHee cJIeAoBarIo 6rr Ha3Barb

aBToHoMHbIMH, oTHocrTcfl cpeAcTBa, I,IMelorr1llecfl Ha 6opry yBoAI{Moro KA:

3neKTpopeaKTHBHbre ABrrraTeJrr4, 3neKTpocTaTI4rIecKI,Ie I4 3neKTpOAI4HaMlIqeCKI4e

TpocoBbre ctrcreMbr, coflHer{Hbre vr arMoc$epHble ilapyca pa3nl,IrrHoro Bt4xa,

2



HaAyBHbre ropMo3Hbre 6alnourr. AxuaeHrre MeroAbI orll4crKu oKoJIo3eMHoro

rrpocTpaHcTBa oeloAH-rr A€LIIeKr,r OT TeXHOJIOIIqeCKO|O BOIIJIOIIIeHIIf, V) IIO-

Br.rAr,rMoM y, 6y ayt oqeHb .{oporl4.

OcHoeHsrM pe3ynbraroM uepnofi rJraBrr f,BJulerc.r{ aHaIII43 cpaBHurelruofi

e$$errunHocrr.r anbrepHarr4BHbrx MeroAoB cBeAeHI4fl HaHocIryrHI{KoB Cubesat 3U

c Hr43Kr4x op6ur, rrpoBeAeHnrrfi IraeroAaMI,I cncreMHoro aHarlllsa. PesynlTaroM

3Toro alaJrv3a flBr*,ercfl' BbIBoA, rrro flo coBoKy[Hocrl4 nrrpa6orauurrx B

Ar4cceprarla,r Kpr4Tepr4eB orrrrrMarrbHbrM cpeAcrBoM cBoAa raKl4x KA c HOO sa

3eumo rBJlflrorcfl HaAyBHbIe csepuuecKlle ropMo3Hble o6oloqru.

Bo nropofi rrase paccMorpeHbr HecKoJrbKo BapI4aHToB KoHcrpyKquIa 6lora

yBoAa HaHocnyrHlrKa c urasroft op6uru, coAepxalqero HaAyBHyro c$eplzrlecKyto

TopMo3Hyro o6onoury onrziualrurrfi BapHaHTbI, nrr6paHusIfi B rJraBe I

4vccepra\vv. Me:ro4rr cr4creMHoro arruil43a 6sttu [prrMeHeHbr K nu6opy

olTptM€urbHoro Bapr/la]HTa KoHcTpyKrlr,lr4 CUCTeMbI I'I3BIerreHUe CloxenHofi

ropMo3Hofi o6onoqrl4 t43 Kopnyca KA s Haqafle rpoqecca yBoAa c op6uru u

crrcreMbr An-fl HaAyBa ropMo3nofi o6olorrKu. Taxxe B uraBe 2 npoaaastll3upoBaHa

cr4creMa yrlpaBneHl{, yBoAoM HaHoc[ytHI,IKa Cubesat c op6nrst.

B ruase 3 paccvrorpeHa rexHoJrorlr.fl r43roroBreHlz.fl na4yanofi cQepuuecrofi

TopMo3Hofi o6ono.rKtt Lr ee yKJraAKa BHyrpb toHI4Ta Cubesat'a. IrIgrorasJrLIBarE

o6olour<y npeAJraraerc{ vr3 orrpe,{eneHHoro copra uoluzura4uofr rIJreHK}r c

oAHocropoHHr4M arlJlroMr4Hr4poBaHr,reu. Karc cKa3aHo B Al{ccepralllztn, o6oro'rKa

cKJreI4Bae rcfl. r43 cerMeHToB, c rroMolllbro ctteqllzlllbuofi rrefi xofi lenru.

Pa:pa6orKa rexHoJrorur yKJraAKr4 c$epuuecxofi o6onoqKl4 [oKil3arla, rrro

cJroxeHHbrfi ropruosnofi 6aruoH Ar{aMerpoM 2 ru nouelqaerc{ n 0,5U craHAapra

Cubesat (r.e. n napaJrrrenerurreAe 50x100x100 vrvr), B IIeJIoM IoHI4Te 1U rvroxuo

rroMecrrrrb ABa raKr.rx firapa, a ropMo3Huul o6oroqxa AI4aMerpoM 3 ru rloqrlz

ueJII,rKoM 3aHI,IMaer roHut 1U.

B 3aKrrorreHll[ o6neArasenrr pe3yJrbrarbl, rloJryreHHble B Tpex HraBax

I'wccepTa\t4u.
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Pesylrrarbr Ar.rcceprapr4 rr3JroxeHbr B 11 uy6nraraqptflx, Ha pa":pa6orrv,

npoBeAeHHbIe B xoAe ee Ha[r{caHr4rr, tloJr}qeH oAI4H fIaTeHT Ha [OJIe3HytO MOAen6.

Jlu.rHrrfi BKJTaA aBTopa rrerKo o6osHaqeH B aBTopeQepare AmccepralJr4t4.

Tarzu o6pasorra, nonlnreHHbre B Alrcceprallrru pe3yJlbrarbl I4Meror 14

Teop eTl4rre cK)/[o, u [paKTl4rrecKyro 3HarrI,IMo cTb.

Cne4yer corJracrarbc{ c coAepxaHueM ocHoBHbIx rIoJIoxeHI,Ifi 4raccepratJJ4v,

BbrHocr4Mblx Ha 3arqlIry, a raKxe c [onf{eHHbIMI4 B nefi pe3ynbTaraMl4.

flolyrenuue aBTopoM pe3ynbrarbr .UocroBepHbl, BrIBo,4BI Lt 3aKJrtorreHl4,

o6ocHosaurr.

B Ka.recree 3aMer{aHIafi ueo6xoAl4Mo orMerl4Tb cneAyroqee :

1. He flcno, roqeMy nepnofi rz uocre4nefi ilape qacrHblx Kpvrepl4eB B

cr,rcreMHoM aHilrrr.r3e, rrpoBeAeHHoM B rJraBe 1, [pI4AaH rIpI4MepHo

oAI{HaKoBrrfi uec.

2. B [peAnocneAHeM a6:aqe Ha crpaHrrrle 13 cKa3aHo, trro ((BecoBble

roe$tpuqrreHTbr qacrHbrx Kpr{repr,reB eS$er<rranHocrlt clzcreMbl )rBoAa

Ha3Hatrarorc.rr paBHbrruu>. A n ra6ruqe 1 na crp. 14 orrn I,IMelor 6lIzsrue,

HO piBHbIe 3HarreHu.f,.

3. Iloqeuy cSepu.recKa;{ TopMo3Hiur oSoroqra cKJIeLIBaerafl. v3 6oluuoro

q1rcila cerMeHToB, B To BpeM-s, KaK ee MoxHo 6sIlo cKJIeI4Tb H3 AByx

oAV HaKo B Lrx BbIKpo er (xar reHHtrcHblfi rr,rx'rar) ?

Ylcasannrre 3aMeqaHVA He cHrrxaror o6Iqefi IIeHHocrt4 Al4cceprallraoHnofi

pa6oru 14 He Brl4_flror Ha rJraBHbre reoperurlecKl4e 14 rIpaKTI,IqecKI4e pe3yJlbrarbl

lt4ccepTa\r4t4

Co4epxaHrae anropeSepara no3BoJUIeT cAeJIaTb BbIBoA o ToM, rITo

Ar4cceprarlr4oHHoe r,rccneAoBaHrre IOArana AH4pex ,{utztpuenuua <Pa^apa6orra

cnoco6a yBoAa HaHoc[yrHr.rKoB CUBESAT c HI43Krrx oKoJIo3eMHbIx op6u:r>>,

flBlrfl,ercfl. caMocro.[TeJIbHbIM, JIorI4rrecKr4M, o6ocnosaunrrld rl saneprueHHrrru

uccJreAoBaHpleM B o6lacru rexHr4rrecKllx HayK, yAoBnerBopfler BceM

rpe6onauvaMr BAK MraHo6pHayKV, a aBTop lr4ccepra\vv 3acnyxuBaer
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npucyxAeHr4_rr ) reHofi crenenv KaHp.v4ara rexHl4qecK]rx HayK rlo c[eIII4alIbHocrI'I

05.13.01 - <Cucreuuuft aHaJrvr3, yrrpaBneHue u o6pa6oma unSoprr,raIII4I,I)).

flpoxopon Mrxaul EnreHrenuu,

AoKTop Susrzro-rr,rareMarl4rrecKux HayK,

AOTIeHT,
3 aBeAyroq ufi r,a6 op aropraefi Ko cMt4 rrecKl4x rrpo eKToB,

f o cy4ap crs eHuufi acrp oHo M ra.recKzfi rzHcrl4ryr I,IMeHI4 fI. K. IIIrepu6 ep ra
Mocr<oscKoro rocyAapcrBeHHoro 5rrruBepcl{Tera I,IMeHH M.B . JlovtoHocoBa,

A4pec: ll999l Mocrna, VHunepcuretcrrafi npocnerr 13,

cafir: www.sai.msu.ru, e-mail: mike@sai.msu.ru, pa6. ren. : 8(495) 93 9-5006

IloAnracr flpoxopoea M.E. yAocroBepflro ;

lrttuZtlztttt ry*
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