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BEAvUIEfi oPrAHI43Nnil4

Ha AI{c ceprall?IouHyro pa6 ory IO AI4HA AHFE'A AMI4TPI4EBI4IIA

Ha reMy <Paspa6orKa clloco 6a y1o ya HaHocIIyrHI{KoB Cubesat c HI43KI4X

oKoJlo3eMnrrx op6raT), [peAcTaBneHHyIo Ha cozcKa]HLte yrenofi cTeIIeHI{ KaHAI{AaTa

TexH,rqecKr.rx HayK rro c[equaJrbHocrr4 05.13.01 - <<cncreusufi asalv3tyrrpaBrleHrre

rE o6pa6offia unoopMaur{r4 (anraaqnoHHafl H paKeTHO-KOCMI{r{ecKaf, rexHlar<a)>>

B graccepTarlproHHofi pa6ore I{ccneAyeTcs' kr pemaeTo-tr 3al\alq.a' cBf,3aHHafl c

nrr6oporrl parlr{oHaJrbHoro cnoco6a yBoAa KA Soprt'lara CubeSat c HI43Kux op6ur'

fiauuas. TeMa f,BJIfleTcfl aKTyaJIbHofi, nocxonbKy MHorolIIIcJIeHHbIe 3aIIycK?I

HaHocrryTHr4KoB CubeSat, KoTopble IIpeAcTaBIIflIoT yrpo3y cToJIKHoBeHvIfl' IIpI4

oKoHtraHr{Ll CpoKa 3KCIIJryar arryvt r4rrv [p]I BbIXOAe I{X Lr3 CTpO-fl C

SyurqraoHl4pylouruu o6tercraMl4 B KocMoce'

Bo snegenull o6ocHoBaHa aKTy€LnbHoCTb AIACCOpTaIII4OHHOIO I{CCJIeAOBAHk{fl'')

c$opuynr{poBaHbr rlenb vr 3allaqv I4CCJIoAOBAHk:I' [peAcTaBJIeHbI ocHoBHbIe

,,OnO111eH LIfl, vr Ha1rtrHble pe3ynbTaTbl, BbIHoCI{MbIe Ha 3aIIII{Ty, I:aHA XapaKTepI4cTI4Ka

I,IX HOBI{3HbI, AO CTOBepHo cTII I{ IIp aKTI4'{ e CKOfi 3HaTIIIIMO CTIII'

B uepnofi fJraBe AaICCfoITaIIUI4 aBTOpoM npeAcTaBJIeHa TexHoJIOfVfl', CO3trAHkIfl

HaHocrryTHr4KoB Cubesat I4 IIpI4BeAeHbI ocHoBHbIe orpaHl4rIeHus CTaHAapTa

<CubeSat), B COOTBeTCTBI4I,I C KOTOpbIM BbIIIoJIHeso 6oIUII'IHCTBO HaHO0IIyTHI4KOB'

Ilponelen o6:op cnoco6os oqucTKU oKoJIO3eMHOIO KOCMI4T{ecKofo

npocrpaHcTBa or ue$ynrql4oHgpyloql4x cnyTHI'IKoB Cubesat' 2r IIpeAJIoxeHa

TexHr4rrecKaf peuI:[I3aI\Us, cuoco6a yBoAa HaHocIIyTHLIKoB Cubesat c

r4crroJrb3oBaHl,IeM a3poAl{HaN{uqecxofi TopMo3Hofi csepuuecrofi o6oJIoqKI{' KoTopa''I

o6ecne.Iur rlporHo3l4pyeMblfi cuycrc cIIyrHI'IKa c pa6ovefi op6urrt'

Aaroporrl paspa6orana opI4rI'IHanbHAfl' MeTo'qI'IKa err6opa paIII4oH€UIbHoIo

cuoco6a yBoAa HaHocnyTHI{KoB Cubesat, oTII4rIa}ou\aflcfl' BpeMeHHbIMH'

, 

t 

,....

t 3i, Er //



Maccora6apr{THbrMH, SKCrrJryararIuoHHbIMI4 L\ KOHCTpyKTUBHbIMI',I rIOKa3aTe]/J,IMIVI)

Q oprr,fiapyrolque o6o6qesnslfi rpr'rtepzfi KaqecrBa yno4a KA'

C6opnnyr,poBaHa 3a*aqa ru6opa paIIIiIoHaJIbHoro cuoco6a yBoAa

HaHocIIyrHI{Ka Cubesat, KaK 3aAarla MaKcl{Mzsalrztn KpLITepI'I't s{Qerrunnocru F'

rorop rrfi 3aBLTcvr or c JI eAylo ulrrx rloK€ts arel efi :

1. Bpeux YBoAa KA c Pa6ouefi oP6umr;

2. Maccora6apuruue xapaKTepuCTI{KH CI{CTeMbI ynoAa KA;

3. opneuraqr{fl HaHOCryrHr{Ka IIo cKopocru B llpoqecce yBoAa KA;

4. AsroHoN,IHocrbct4creMblYBoAa'

flpegnoxennrrfi aBropoM cnoco6 yBoAa c pa6ouefi op6utu 3a crler " :
*poarrr*nuqecKoro TopMoxeHl4fl, cO3AaBaeMbIe ua,{ynuofi TopMo3Hofi o6oIo'Irofi

csepuuecrofi Qopvru u3 ronrcofi MeraJlJll,I3npOnauuofi nolutuepuofi ul€utrtE,

roflyql{fl MaKcuM€rJrbHyro orIeHKy rro cnoefi sooerrunHocTl4 B COOTBeTCTBI',II{ C

lpl4BeAeHnofi ueroAuxofi .

Bo nropofi fJraBe [pr{BeAeHO }TCCJIeAOBAHLT9 cHcTeMbI AItfl yBoAa

HaHoclyTHr{KoB Cubesat c IIoMoIIIbIo ua.qyrnofi topuosnofi o6oloqrofi

cQepuuecrofi Qoprrabr, u pa3pa1orarraMoAeJlb paquoHaJlbHoro cocraBa aBroHoMHoro

MoAynf, AJ1g yBoAa KA Cubesat c HH3KI,I1 oKoJlo3eMurtx op6nt.

Anropona [poBeAeH alurr43 Bapr{aHToB cxeMorexHuqecKl4x peureuufi, or

pa6orrr Koropbrx saBi[tcr4T BbrnoJrHeHue 3aAA.9I:[- yBOAa KA Cubesat c pa6ouefi

op6uru.
3a4aua nu6opa paq[oHErJrbHoro Bapva]c1Ta cI{cTeMbI BBOAa B Ae}ICTBI{e }I

cucreMbr HaAyBa ropMosHofi o6oro.mu c$oprr,rynplpoBalra KaK 3aAarla MI{HI{MI{3a\WL1

Kpllrepl4fl eQQerruBHocTI{ F, roroprritzasucur oT cneAylolqux noKa3aTeJleIa:

1. Macca cl{creMbl;

2. KotuqecrBoHauMenonannfi getalefi cLIcTeMbI;

3. CoeN4ectuMOCTb SJISMSHTOB CI4CTeM6I BBoAa n AefiCrsue c ApyrI'IMu

CI{CTEMAMI{;

4. Pa6otocnoco6gocrbclrcreMbl.

Tarxe aBTopoM npoaHzrJrrr3r4poBaHa cucTeMa ynpaBJIeHUfl' U CAeJraH BbrBoA o

TOM, qro €uropI{TM aKTI{BarIU[ AOJIXeH COAepXarb MuHI{MEIJIbHOe KOJII{qeCTBO

KoMaHA r{ sJreMeHToB Anfl aKT1g1Ba\I4vr cI{cTeMbI yroga KA Cubesat c pa6o'refi

op6vru.
B peeylrrare aH€rJru3a [o [p]rBeAeHnofi uetoAuKe I{ cI{HTe3a cLIcreMbI yBoAa

HaHocrryrHr{KoB Cubesat c freroM orpaHr,rqeHr{r rro uaccora6apl{THblM rlapaMerpaM

craHAaprHoro MoAyJg CubeSat, oqpeAeJleH paqroHalgrrrfi cocraB cllcreMbl ]/BoAa

HaHocrryrHEKa c pa6ouefi op6nrrr [ocJre oKoFIaH]L BpeMeHr ero sKcrrJlyaratlJtlt'
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B TpeTbefi rJraBe Ar,rccepTarluu [poaH€uILt3UpOBarIa TexHoJIoft{-rI

rr3roroBJr elatfl. ocHoBHoro gJIeMeHTa crrcreMbl yBoAa Cubesat ropuosuofi

csepuuecrofi o6olotlKu.

Agopona o6ocnonan nu6op rroJr[[Ml,tAnofi ITJIeHK]I B KarlecrBe MarepvaJra

o6onoqru, npoBeAeH aftr,Jfii3 CXeMbr lI3roToBJI eil:r]fl. CQepnuecrofi o6onoqKu AJIfl

MlrHr4MH3 a:\ukr KOII{qeCTBa IIIBOB COe4IanenUfi, t [OKa3aHa

r4cnoJlb3o BaHar, ToHKOlJIeno'IHofi Ctpepn'lecrOfi o6oIO'Iru

HaHOCnyrHItKoB cube s at c HI{3KOOJIO3eMHIIX op6ur'

Anropou 6ura pelreHa 3aAaqayKJraAKlI o6ono'rxu I{3 ToHKofi uolzultuAsofi

nJreHKpr c BbrcoKr{M rrpoqeHToM 3a[oJIHeHI{fl u yqeroM ra6apufirblx orpaHnvrenuir

MoAyJrfl Cubesat, u paspa6oranrt peKoMeHAal\vvr IIo I4cnoJIb3oBaI{I{Io pa3Mepa

TOpMO3HbTX O6ono.reK B 3aBUClrMOCTr{ OT MaCCbI HaHOCTTTHUKa I{ ero pa6ouefi

op6nrrr.
B sar.rrrorreHrrfi [pr{BeAeHu o6que pe3ynbrarn pa6orrr, a raKxe 6bIJI cosAas

AeMoHcrpaqlaoHHblfi o6paseU cl{creMbl yBoAa KA Cubesat c pa6ouefi op6uru sa

CIIET CVTil A3POAI4HAMHIIECKOTO TOPMOXEHWfl

TeOpeTHrIeCKafl 3HarII4MOCTr kI Hayq]Hafl, HOBH3Ha pe3yJIbTaTOB

Ar{cceprarluonnoft pa6orrr 3aKJrroqaercfl B o6o6rqeur4v cncreMHoro aP^ilru3a Nrs'

pr-ar* saAaLwr eu6opa parlr{oH€rJrbHoro cuoco6a yBoAa HaHocrIyrHIltKoB CubeSat

Ha ocHoBe MeToAa o6o6qenHoro Kpr{Tep}rfl r{ BKIIOqaeT:

- MeroAr,rry nu6opa paqr{oH€rJrbHoro cnoco6a yBoAa HaHocnyrH}IKoB Cubesat

c HII3KI{X OKSJIO3SMUTTX Op6uT, OTJII/rtaK)IIIyrcC, BpeMeHHbIM}I, Macoora6apr'rTlrrrun,

gKc[nyaTaII]IoHHbIMu 14 KoHcTpyKTLtBHbIM]I IIoKa3aTeJIsMI{, Qoprr'rupyloUue

o6o6utenuufi rpnreputrt KatlecrBa yno4a KA;

MeToA[Ky nu6opa paq[oH€InbHoro cocTaBa cucTeMbl yBoAa c yrleroM

uaccora6apr{THbrx orpaHr,rqe ruufi u coBMeCTLIMOCTU KOMIIOHeHTOB C}ICTeMbI;

- aJrrop[TM ynpaBJreHr{.f, cncreuofi yBoAa c MUHLIM€uIbHrIM Korl{qecrBoM

KOMar{A I{ gJIeMeHTOB CUCTeMbI y[paBJreHl4-fl .

flparruuecK€ur 3Harrr{Mocrs pa6orbr 3aKJlroqaercs B peIIreHI4I{ npaKTuqecKux

gaA2,1t, cTOflIIIrax B KocM[qecXofi TexHIaKe rr cB.rI3aHHbD( C cO3AaHUeM HoBbD( cpeAcTB

yBoAa KocMr4qecKr{x anlapaToB. flpra nuuoJIHeHI{u pa6oru 6:rJttu paspa6oraHbl:

- r{cxoAHbre AaHHbre u rpe6oBaHufl AJII peaJrv3arrur aBToHoMHofi cucteurr

yBoAa HaHocrryrHr{KoB CubeSat c pa6o.refi op6utn 11ocne oKoHrIaHI{fl cpoKa

3K0flnyararJ.vvr

- cxeMa yKJIaAKH cQeprauecrofi roptvtosuofi ToHKoIIJIeHoqHoI'I o6onorlKl4 c

BbrcoKI{M IIpOIIeHTOM 3afIoJIHeH[fl MaTep[€IJIa IJIeHKI{ r,:phr reoMeTplrttlecKl{x
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BapuaHTbI cIICTeMbI yBoAa HaHOCIIyTHUKOB vr peKoMeHAaIlkrI4 IIO

r{crroJrb3oBaHuro pa3Mepa HaAyBHbrx ropMo3Hbrx o6onoqeK B 3aB[cI4MocrI{ or Maccbl

KA z Bblcorbl Pa6ouefi oP6nru.

PesyrrbTaTbr AucoepTaquosnofi pa6oml MOryr 6rrtr I{C[IOJIb3OBaHbI

lpe.uplr.flTk]fl]N{yt. paKeTHO-XOCNAU.IeCrofi oTpacJII{, aIacTHbIMI{ KOCMI/rqecKnMII

KOMnaHI{flMUUyHUBepCuTeTaMI{,KOTOpbIepasBI{BaIOTlporpaMMblIIO3alycKy

KocMr{qe'Kr{x a[[apaToB Ha HI{3KlIe op6urn, B ToM quc,,e Qoprraata Cubesat, B qacrl{

perneHlrfl upo6neubr orrr/rcTKr{ oKoJIO3eMHOTO KOCMI{qecKoro [pocTpaHcTBa rIocJIe

oKoHqaHil{9KcIIJIyaTa\kIl4cIIyTHI{Ka}IJII,IBbIxoAaero[3cTpo,.
flpe4noxeHH€rfl MeroAr{Ka nu6opa paquoHzlJlbHoro cuoco6a yBoAa KA

Cubesat c pa6ouefi op6uru u cxeMoTexHl{r1ecKrle peuleHnfl' Anfl' c[cTeMbI yBoAa

ryY nrr6oPa cllcreMbl YBoAa[o3BOJIf,T CyIqecrBeHHO ynpocTuTb IIpOIIeAypy BbruoPa I

HaHocnyrHI{Ka Ha paHHI4x 3Ta[ax paspa6otxu'

Pesynrrarrr A[ccepTarlzouuofi pa6oru MoryT 6um. uc[oJIb3OBaHb.I

rrpo[3BoAuTeJrflMr{ KoMlJreKrytou${x 4etalefi Ans HaHoc[yTH[IKon Soprraara Cubesat'

flo upe4cTaBJreHHofi pa6ore MoxHo cAeJlarb cJleAyloque 3aMeII alHl4flj

1) O6o6Uennnrfi xpurcpnfi onrvMErJrbHocrl{ B npeAcrasreHuofi MeroAI{Ke B

BIIAe cyMMbI uorcasarelefi c BecoBbIMI4 roeQQnqveHTaMll He AocTaToqHo

o6ocsonau;
2) Concxarelr [pr.rBeJr M€rJrO Jr]rreparypHbrx ccbIJIoK HA aHaJlonrtqHbre

oreqecrBeHHble n sapy6exuste pa6oru;

3) Bcrpe.raroquficx n pa6ore repMr{H (HI{3KooKoJIo3eMH€uI> (op6uta) uoxer

6u.rr orHeceH K TexHurlecKoMy cJIeHry rI He f,BJlrercs o6uleyuorpe6l{MblM;

4) B pa6ore Bcrpeqarcrcr rJroxo- quraeMble IloAnucu Ha pT?"** I{3-3a

MeJrKoIo UpuQra IaIII/r H€t3B aans.Ha aHnllilfict<ou, HaIIpuMep, puCyUOr 1-6'

oAnaxo oTMeIreHHbre HeAocTaTKrr, 6esyclonno, He OHLIXaIOT IIOHHOCTH U

EpaKTlrqecxofi 3HarIrIMocTII pa6oru. flporeAeunue I{ccJIeAoBaHUs' MoxHo

xapaKTep[3oBaTb KaK HayrIHo o6ocnosaHHbre MeTOAUqeCKI{e pa':pa6orrn,

o6ecueqraBarorqr4e peureHue BaxHbrx.qJI{ KocMra'recrofi orpacJlu [pI'IKJIaAHbIx 3aAarr'

,{uccepraqux IO4rnna Au4pex ,{1aurpveBt4qa Ha reMy <<Paspa6oga cuoco6a

yBoAa HaHoclyrHr{KoB Cubesat c Hr{3Krrrx oKoJlo3eMnux op6ur), npeAcraBJIeHHELI Ha

cor{cKaH[e yuenoft creleHu KaHAr{Aara rexHI'IqecK}Ix HayK rlpeAcraBJlfler co6ofi

3aKOHqeHHyro HarrHo-KnanuouraqlroHrryto pa6ory, BbITIOJIHeHITyIo aBropoM HA

BbrcoKoM HarrHo-TexHurrecKoM ypoBHe.

Hosrre HarrHbre pe3yJrbTaTbr, IIoJIyqeHHble aBTOpOM pa6oru, I'IMeIOT

cyuecrBeHHoe 3HaqeHI"Ie AJUI HayKI{ I4 IrpaKTuKIiI'

Teua v co.{epxaHue AIICCepTaIIUII IOAUna Augpex .{rvrurpneBwta

coorBeTcTByroT flaclopTy clequaJlbHocT]I 05.13.01-<<Cucreusrrfi aHaJII43,
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yrrpaBJreHr{e yt o6pa6oma unooprvraqrau (anuaquoHHEUI vr paKeTHO-KOCMI{IIeCKafl

TexHura)>>.

AstopeSepar rroJrHo Lr o6rexusHo oTpaxaeT coAepxaHre AI|ICCepTawu.

BrrsoAbr rro AvrccepTauxr4 coorBercrByror BbrBoA&M, ouy6JIrIKoBaHHbrM B

aarope$epare.
fIO CeOefi aKTy€III6HSCTII, uayruOfi HOB1I3HS, O6teIray BbIIIoJIHeHHbIx

lrccneAoB auuit, TeopeT[qeCxOfi U npaKT[rlecrofi 3HaqI{MoCT}I [oJryqeHublx

pe3yJrbraToB, a TaKXe oooprranenuro vt co.{epxaHulo [peAcraBJIeHHa' pa6ora

coorBercrByer BceM rpe6oraur{flM rr.[. g-r4 <<floroxeHr/rrr o ,,pucyxAe,.*Lr rreHblx

creueneft>>, yTBepxAeHHoro floctanosleH[eM llparutenbcrBa Poccuficrofi

@egepaquvt or 24.09.2013 }lb 842, rpeAsrBJLfleMbIM K AI'IccepraIIHf,M Ha corcKagne

yrenofi creneHr4 KA.HErIAATa HayK, a e€ aBTop IOAun An4pefi 
'{p'rurpraerzu

3acJIyxI4BaeT [pucyxA eilufl" cTeIIeHI{ KaHAUAaTa TexHI4qeCK[x HayK IIO

clerlu€rJrb,ocrr{ ,,o cleurlr.rJrbHocr]I 05.13.01-<(Cncreun*fi. a*arra3, yrIpaBJIeH]Ie u

o6p a6 orra unQopu arJuri_ (arnaquoHHafl II paKeTHO-KO CMI4TIeCK€UI TeXHUra)>'

Pesynsraru Arcceprarluounoft pa6otu 6:f'Inu paccMoTpeHbl ua saceAaH.ult

ceKrluu J\b4 HTC AO <<Kopuop a\LIn (BHI4I43M) (upororon Ns5l202l or

L6.04.2021 r.) u rIoJrfrrJII{ IloJlox}Irenbnyrc oIIeHKy'

HaqarbHI,IK HTII
<<Horble rexHorlorwu>>, K.T.H.

KaBepI{H B.B.

Ha.Ia[bHIaK orAe rra 20, K.T.H. flyrau H.IO.

AruIZouepuoe o6qectso <HaytrO-npoI{3BoAcTBeHHafl Koprr6paql{f, <<KoCMr'r'IecKue cIIcTeMbI

MOHr,rTOpUHra, un(popuarluoHHo-yflpaBJrrrouue II sneKTpoMexaHuqecKue KoMIIneKCbID lEUenra A'f'

I,Io cuif rruo (AO <Kopuopau us. <<BHLII43M))

floqrossrfi aApec: lO7O78, Poccuficra"s (Degepaqur, ropo.4 Mocrna, Xoporrlnrrfi r)rflI'IK, 4oIra 4,

crpoeHrle 1

TeneSoH: (495) 608 -84-67, (495) 3 65-56-10

Oarc: (495) 624-86-65 , (495) 366-26-38

E-mail : info @vniiem,ru, vniie m@vniiem.ru
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