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Cexknusa Nel. Tenaenuuu pa3ssutusa MKA: s3KoHOMHUKaA
U cepBucbl MKA ¥ uxX rpynnupoBOK

Section No. 1. Trends in Small Spacecraft: the Economics
and Services of Small Spacecraft and Their Constellations

Cpeacrsa pacnipocTpaHeHHs NPOAYKTOB 00padoTkH JaHHBIX /133 118 KOHeYHbIX
norpeduTesiei
I'un36ypr U.b.
MAMU, r. Mocksa, Poccust

C pocToMm unca ¥ pa3HOOOpa3ys BUIOB CIyTHHKOB [ 1] pacTeT 00beM TaHHBIX JUCTaHIIOHHOTO
3onaupoBanus 3emid ([[33). JlaHHbIe HAUMHAIOT Yale OOHOBIATHCS, YBEIUYUBACTCS UX TOYHOCTb.
Bo3zpacTaer ux [EHHOCTH [T LINPOKOTO Kpyra IMOTpeOuTeNel B pa3InyHbIX OTPACIISX.

JlanHble cOOMpPaIOTCsl B HA3eMHBIX [IeHTpax 00paboTku nanubix (LIO/]), roe Benercst o6paboTka,
obbenuHeHHe gaHHBIX J[33 B mpousBoAHbIC HH(OPMALMOHHBIC NPOAYKTBI, a TAKKe HX
KOMOMHHPOBAHHUE C JAHHBIMU U3 JPYTHX HCTOUHHKOB.

WH}popMmaIoHHbIe TPOXYKTH Ha OCHOBE JaHHBIX 133 MOCTABIISIOTCS KOHCYHBIM IOTPEOUTEISIM
B BHAe (aiioB A JaNbHEHIIEro HCHONIB30BaHHMSA C IOMOIIBIO  CIEHHATN3UPOBAHHOTO
nporpammHoro obecredenus (I10) nmm B BuIe TpaAUINOHHBIX BEO-IIPHIOKCHHN.

B nepBom ciyuae morpeburento tpebyercs pabouee MECTO C MOIIHBIM OOOpYIZOBaHHEM M
crienmanbHbM [10, a BO BTOpOM citydae TpeOyeTcsi HalIH4YHe MOCTOSHHOTO BBICOKOCKOPOCTHOTO
noaxiroueHus k cepsepy LIOJ. Be3 cneuuansHoro o6opynosanust u I1O, BBICOKOCKOPOCTHOIO
[OKIIFOYCHUS K VIHTepHEeT Wik PH MCTI0JIb30BAaHHN MOOMIIBHBIX YCTPOHCTB — paboTa HEBO3MOJKHA.

Jlnst perienus 3Toit mpo6IeMbl NpeIaraeTcs UCoJIb30BaTh aBTOHOMHBIE BeO-TIIPHIIOKeHUs [2]
JUIsL MOJCPHU3ALMH CYIIECTBYIOINX BeO-MHTEp(EiicoB, pacnpocTpansomumx qaHase [[33, B ToM
4uciae B KOMOMHALMM C JAHHBIMH M3 Pa3HbIX MCTOYHUKOB [3], mis obecriedeHHs aBTOHOMHON
OTKa30yCTOMYMBONH pPabOTBI IOIb30BaTelNe B MECTaX C IUIOXHM HIH OTCYTCTBYIOIIUM
TOJIKIIFOYEHUEM K ceTH HTepHEeT ¢ MCII0NIb30BaHHEM CTAlIMOHAPHBIX MIIM MOOHMIIBHBIX KIMEHTCKHX
YCTPOMCTB €O CTaHIApTHBIM BeO-Opay3epom ¢ moanepxkkoit HTMLS.

DT0 3HAYUTEITHHO MOBBICHT JOCTYHOCTh MPOM3BOAHBIX HH(POPMALIMOHHBIX MPOIYKTOB JI33 st
KOHEYHBIX TOTPEOHTENeH U3 PA3INYHBIX OTPACIICH.

JIurepatypa:

1. AmudpanoB O.M., MenseneB A.A., CokonoB B.II. Manble KoCMHYECKHE ammapartbl Kak
SBOJIOLIMOHHAS CTYIEHb MEPEX0a K MUKPO M HAHOCITyTHHKaM [DnektponHslil pecypce] // XKypran
«Tpynst MAN». 2011. Ne 49. C. 27. URL: http://trudymai.ru/published.php?ID=28112

2. Ginzburg 1., Padalko S. Use of a progressive web application for working with Earth remote
sensing, topographic and cadastral data layers. IOP Conference Series: Materials Science and
Engineering, 2020, 919(5), 052023. DOI: 10.1088/1757-899X/919/5/052023

3. Ginzburg L., Padalko S., Terentiev M. Combining Earth Remote Sensing and Land Wireless
Sensor Networks Data in Smart Agriculture Information Products. In: Silhavy R., Silhavy P.,
Prokopova Z. (eds) Software Engineering Perspectives in Intelligent Systems. CoMeSySo 2020.
Advances in Intelligent Systems and Computing, vol 1294. Springer, Cham. DOI: 10.1007/978-3-
030-63322-6_88

Means of remote sensing data processing products distribution for end users
Ginzburg 1.B.
MAI, Moscow, Russia
With the increase of satellites’ number and variety [1], the volume of Earth remote sensing (ERS)
data grows. The data is being updated more frequently, and their accuracy increases. Their value is
increasing for a wide range of consumers in various industries. The data is collected in ground data
processing centers (DPC), where processing, combining ERS data into derivative information
products, as well as combining them with data from other sources is carried out. Information products
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based on ERS data are supplied to end users in the form of files for further use with specialized
software or in the form of traditional web applications. In the first case, the consumer needs a
workplace with powerful equipment and special software, and in the second case, a constant high-
speed connection to the DPC server is required. Without special equipment and software, a high-
speed Internet connection or using mobile devices, work is impossible. To solve this problem, it is
proposed to use standalone web applications [2] to modernize existing web interfaces that distribute
ERS data, including their combination with different sources data [3], to ensure autonomous fault-
tolerant work of users in places with poor or absent Internet connection using stationary or mobile
client devices with a standard web browser with HTMLS support. This will significantly increase the
availability of derivative ERS information products for end users in various industries.

References:

1. Alifanov O.M., Medvedev A.A., Sokolov V.P. Malye kosmicheskie apparaty kak
evolyutsionnaya stupen' perekhoda k mikro i nanosputnikam [Small spacecraft as an evolutionary
step in the transition to micro and nanosatellites]. "Trudy MAI" journal. 2011. No. 49. P. 27.
Auvailable at: http:/trudymai.ru/published.php?ID=28112. (Accessed 19.03.2021). (In Russian).

2. Ginzburg 1., Padalko S. Use of a progressive web application for working with Earth remote
sensing, topographic and cadastral data layers. IOP Conference Series: Materials Science and
Engineering, 2020, 919(5), 052023. DOI: 10.1088/1757-899X/919/5/052023

3. Ginzburg L., Padalko S., Terentiev M. Combining Earth Remote Sensing and Land Wireless
Sensor Networks Data in Smart Agriculture Information Products. In: Silhavy R., Silhavy P.,
Prokopova Z. (eds) Software Engineering Perspectives in Intelligent Systems. CoMeSySo 2020.
Advances in Intelligent Systems and Computing, vol 1294. Springer, Cham. DOI: 10.1007/978-3-
030-63322-6_88

TeppuTopuaibHo-pacnpeaejeHHass HHPOPMALMOHHASI CHCTEMA BeJleHUs HOPMATHUBHOI 1
TeXHHYECKOH JOKYMEHTAIMH 110 IKCITYyaTallud MAJIBIX KOCMMYECKHX annapaToB
JUCTAHIIHOHHOTO 30HIUPOBAaHUS 3eM.IU
Esepckuit B.B., Epmonaes F0.J1.

HUMU IIC, r. Canxkr-IlerepOypr, Poccus

JlanHple auCTaHUMOHHOTO 30HOMpoBaHus 3emuu (/I33) W co3maBaeMble Ha HX OCHOBE
NH(POPMALMOHHBIC NMPOAYKTBl M YCIYrM HAaXOASAT NPUMCHEHHE JUIS PELICHUS XO3SHCTBEHHBIX,
HAy4YHO-HCCIEAOBATEIbCKUX U CIEIHATIBHBIX 3a4a4. JT0 00ycIaBINBaeT HAKOILUICHHE B JIEIOBOM
obopote 6OIBIIOr0 00bEMa JOKYMEHTOB II0 COOTBETCTBYIOIIMM HAIPABJICHHSAM, YTO IPUBEIO K
MIOCTAHOBKE 3aJa4d CO3JAHUS TEPPHTOPHAIBHO-PACIPENENCHHON HH(DOPMAIOHHOH CHCTEMBI
(TPUC) nns dpopmupoBanust U akTyaiusauuu 6a3 nanueix (B/) Takux JOKYMEHTOB B HHTEpecax
Pa3BUTUH OPOUTAIBHOTO U Ha3eMHOT'O CETMEHTOB KocMHu4ecKuX cpencts JI33 Poccuu u bemapycu.

IepcnextuBuas TPHC peann3oBaHa Ha OCHOBE KJIMEHT-CEPBEPHOIM apXUTEKTYpHI B (opmare
BeO-cepBHCa U 00ecIeunBacT paboTy ¢ JOKYMEHTAMH PA3IMIHBIX THIIOB B HHTEPECaX MHOXKECTBA
none3oBareneil. TPHIC obecnieunBaer nHGopManuonHoe Hanoanenue b1

* HODMATHBHO-TIPABOBBIMU M OPraHM3alHOHHO-TEXHHYECKMMH  JOKyMEHTAMH  IIO
HCTIONB30BAHHIO TAHHBIX JI33 ¥ MX NPUII0KEHUSIM;

* HAyYHO-METOANYECKUMU U aIllIapaTHO-IPOrPaMMHBIME PEIICHUSIMH B 00TACTH TeMAaTUIECKOM
obpaboTku nudopmanuu J133;

* JaHHBIMH O COCTOSHUH H Da3BHTHH CHCTEM MaJbIX KOCMHYECKHX ammapatoB Poccuu u
Benapycu.

Paspabotana ymupunuposannas Texuonorus TPHC, Bxmouaromas cHeMHaI3UpOBaHHEIC
IporpaMMHble  OMONMOTEKH JUIS OCYILIECTBICHHS «yMHOTO» IIOMCKAa JOKyMeHTOB B BJI.
ITpoBeneHHbIC HCCIEAOBAHUS OKA3aIH HEOOXOAUMOCTS IPOrPaMMHOMN peatn3aliy CPEACTB HOUCKA
10 JBYMEPHBIM pPyOpHKaTOpaM M KIIOYEBBIM CJIOBAM CEMAaHTHUYECKOH CETH; €IUHBIX CPEICTB
katanorusamuu Jokymentos TPUC ¢ yderom pasmudmst ux (popMaToB M IpaB JOCTYIA; CPEICTB
3aTpy3Kd M XpaHEHHS pPAa3IMYHBIX THIOB JOKYMEHTOB M OHHApHBIX PECypcoB; CPEICTB
ACHHXPOHHOI'0 TEPPUTOPUAIIBHO PACIIPEIENIeHHOro ocTyna K bJI Ui akTyain3alyu 1aHHBIX.

CyIiecTBEHHBIM JJIEMEHTOM HOBH3HBI B JAHHOH pa3paboTKe SBIETCS HCCIIENOBaHUE
BO3MOXKHOCTH HCIIOJIB30BaHMUsI HEHPOCETEBBIX aITOPUTMOB JIJIs BBITIONHEHHUS ITOMCKA HH(OPMALINH C
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yd4eToM  Mop(oNOrMYeckoll  M3MEHYMBOCTH  KJIIOYEBBIX  CIOB; HMX  CEMaHTHYECKOH
B3aHMO3aBUCHMOCTH M KaTETOpU3alllH; y4eTa MHOTO3HAYHOCTH (TIOJTHMCEMUH) METaTeroB IyTeM
UCHOJIb30BaHMS TIPEJIBAPHTEIBHO OOYYCHHBIX HCKYCCTBEHHBIX Heifpocereil. AnpuopHbIl yuer
MOJMCEMUH II03BOIUT ((HEKTHBHO OTCEHBATh HEPEICBAHTHBIE PE3yNbTAaThl IIOMCKAa aTPHOYTOB
JoKyMeHTOB B b/], a crtocoOHOCTh JaHHOTO aJITOpPHTMa K CaMOOOY4EHHIO B POLIECCE SKCILTyaTaluH
MOBBICUT €r0 THOKOCTh H aJalTHPYeMOCTh K MHHOBAIMSAM B YCIOBHSX OBICTPO pa3BHBAIOIICUCS
IpeIMETHOI OTpaciu.

Pabora BeImomnsercs B pamkax IIporpammsr Coro3noro rocymapctsa P® u Bemapycu
«Muterpauus-CI-3.1.2.1».

Geographically distributed information system for maintaining normative and technical
documentation for the operation of small spacecraft for remote sensing of the Earth
Ezerskiy V.V., Ermolaev Yu.L.

NII PS, Saint-Petersburg, Russia

Earth remote sensing (ERS) data and information products and services created on their basis
are used for solving economic, research and special problems. This makes a large volume of
documents in the business practices in the relevant areas, which led to the formulation of the task of
creating a geographically distributed information system (GDIS) for the formation and updating of
databases (DB) of such documents in the interests of the development of the orbital and ground
segments of space assets for remote sensing of Russia and Belarus.

Perspective GDIS is implemented on the basis of a client-server architecture in the format of a
web service and provides operating with documents of various types for the benefit of many users.
GDIS provides database content:

« regulatory, organizational and technical documents on the use of remote sensing data and their
applications;

« scientific-methodical and hardware-software solutions in the field of thematic processing of
remote sensing information;

« data on the state and development of small spacecraft systems in Russia and Belarus.

A unified GDIS technology has been developed, which includes specialized software libraries
for the implementation of “smart” search for documents in the database. The studies made have
shown the need for software implementation of search tools for two-dimensional rubricators and
keywords of the semantic network; uniform means of cataloging GDIS documents, analyzing the
difference in their formats and access rights; means of loading and storing various types of documents
and binary resources; means of asynchronous geographically distributed access to the database for
data updating.

An essential element of novelty in this development is the study of the possibility of using neural
network algorithms to perform information search, taking into account the morphological variability
of keywords; their semantic interdependence and categorization; taking into account the polysemy
of meta tags by using pre-trained artificial neural networks. A priori accounting for polysemy will
effectively filter out irrelevant search results for document attributes in the database, and the ability
of this algorithm to self-learn during operation will increase its flexibility and adaptability to
innovations in the rapidly developing subject area.

The work is carried out within the framework of the Program of the Union State of the Russian
Federation and Belarus “Integration-SG-3.1.2.1”.

KoHuenuust HATYPHbIX HCILITAHUIH THNOBBIX YHH(HIMPOBAHHBIX 0,I0KOB HOPTOBOJ
annapatypbl KOCMHY€CKOI0 Ha3HAYeHHUsI
Kyxos A.A., *Xpomos O.E, *Tionun A.E., *Uypuno U.B.
'MAW, PKC, r. Mockaa, Poccus
SPKK «Dueprusy, r. Koponés, Poccus

B Hacrosiiee BpeMsl aKTyalbHBIM CTaHOBUTCS IIPOLECC YHH(HKALMH, YTO I103BOJISET
YIOPSIOYUTh Pa3pabOTKy M HCIBITAHHUS U COKPATHTh 3aTpaThl HA CO3JaHHE MOAyJIeill OOpTOBOI
anmnapaTypbl KOCMUYECKOr0 Ha3HAYEHHUSI.
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Llenb paboTHI — OLIEHKA 11e1€CO00Pa3HOCTH HATYPHBIX UCIBITAHUH Ha opOHuTe MK yHapOHOM
KOCMHYECKOH CTaHIUH CIOXKHBIX YHH(PUIUPOBAHHEIX MOogylIel 6opToBoii anmapatypsl (CYM-BA).

B kauectBe mnpumepa k CYM-BA, koTopble 1enecooOpa3HO IOJBEPTrHYTh HATYPHBIM
HCTIBITAHMSM, MOXKHO OTHecTH mociexHue paspabotrkn AO «PKC» — nexomep KoMaHIHO-
HPOrpaMMHON U TEIEMETPUUECKOH MH(MOpMaLH, YHU(DHIIMPOBAHHBIA MOJIEM BBICOKOCKOPOCTHOM
paguonuHuy, 60pToByI0 OBM.

CYM-BA kommnonytorcst B BBIHOCHOI 6710k (BB). BB npencrassier co6oii KpeiiT, pasMeleHHbIH
B OTKPBITOM KOCMUYECKOM IPOCTPAHCTBE.

[IpoBenenue ucnsiTanuii odecreunBaet TecToBas anmaparypa (TA), pa3MelieHHas YaCTUYHO B
Bb (TA-BB) 1 wactuuno B repmeruanoM orceke MKC (TA-I'O)

IlpencraBasercs ~ BO3MOXKHBIM ~ IOBBICUTH ~ JIOCTOBEPHOCTb ~ OLEHKH  IOBEJIECHHS
YHU(QUIUPOBAHHBIX MOTyJIeH IpU BO3ACHCTBHU ACCTAOMIM3HPYIOMHX (DAKTOPOB KOCMHUUECKOTO
HPOCTPAHCTBA B CBA3H C MPOSIBICHUEM CHHEPTeTHUeCKOro 3(heKTa MpH HATYPHBIX UCIBITAHUSAX, YTO
COKpaTUT 3aTpaThl Ha pa3pabOTKy U MPOBEJICHHE Ha3eMHBIX ucmbITanuil. [IpemmoskeHo
paccMaTpUBaTh CHHEpreTH4eckuidi 3(p@dekT B KOCMOce KaK OJHOBPEMEHHOE BO3JEHCTBHE Ha
HCTBITyeMbIE MOJAYIH KaK ACTaOWIM3HPYHOIUX (GakTopoB [1], TaK M IUTATHBIX BO3ICHCTBHUI
TEXHUYECKUX CHCTEM H KOCMUYECKOT0 IIPOCTPAHCTBA, HAIIPUMED, IOJIsl MUPOBBIX CUCTEM Ha3eMHOMN
1 KOCMHYECKOH CBSI3H, I'PABUTAIHOHHOTO H/MIH MarHUTHOro mois 3emnu, Comnna u JIyHsL.

Jlurepatypa:

1. Mogzens kocMoca: HayuHO-uH(popMaoHHoe u3nanue: B 2 tomax. [Tox pen. M. 1. TTanacroka,
JI.C. HoBuxoBa. T. 2. Bo3peiicTBue KOCMHMYECKOW Cpenbl Ha MaTepuaibl U 000pypoBaHHE
KocMHYecKuX ammaparoB. M. 2007. 1143 c.

Concept of full-scale tests of standard unified blocks of onboard space equipment
1Zhukov A.A., 2’Khromov O.E., *Tyulin A.E., *Churilo LV.
'MALI, 2RSS, Moscow, Russia
SRSC “Energia”, Korolev, Russia

Currently, the unification process is becoming relevant, which makes it possible to streamline
the development and testing and reduce the cost of creating modules for on-board space equipment.
The purpose of the work - to assess the feasibility of field tests in orbit of the International Space
Station system in package (SIP) of on-board equipment (OE-SIP). As an example, OE-SIP, which it
is advisable to undergo full-scale tests, includes the latest developments of Joint-Stocks Company
“Russian Space Systems” — a command-program and telemetry information decoder, a unified high-
speed radio link modem, and an on-board computer. OE-SIP are assembled into outdoor unit - OU.
Outdoor unit is a crate placed in open space. Testing is provided by test equipment (TE), which is
located partially in the TE-OU and partially in the sealed compartment of the pressurized section
(PS). It is possible to improve the assessment of the behaviour of unified modules when exposed to
destabilizing factors. It is possible to improve the reliability of the assessment of the behaviour of
unified modules when exposed to the destabilizing factors of outer space in connection with the
manifestation of synergy in field tests, which will reduce the cost of developing and conducting
ground tests. It is proposed to consider synergistic effect in space as simultanecous effect on tested
modules of both destabilizing factors [1] and standard effects of technical systems and outer space,
for example, fields of world systems of ground and space communication, gravitational and/or
magnetic field of Earth, Sun and Moon.

References:

1. Space model: scientific and information publication: In 2 volumes. Ed. M.L. Panasyuk, L.S.
Novikova. Vol. 2. Impact of the space environment on spacecraft materials and equipment. Moscow.
2007. 1143 P.

MauJible KOCMHYECKHE annapaTsl IJIsl pelieH sl 0TAeJIbHBIX 32124 JYHHOIl IPOrpaMMsbI
13apy6un J1.C., *Pomuenko B.B., *Canperaunosa J.P.
'MIKU1 PAH, 2M AW, T. Mocksa, Poccus
Hcnonb3oBaHue Maliblx kocMuueckux anmnapatoB (MKA) s uccnenoBanus 1 ocBoeHus JIyHbl
OIpe/IeNSICTCSI INIAHAMEI KOCMHUYECKHX areHTCTB, KOTOPBIE BKITIOUAOT B CEOSI:
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* pacnpeseEéHHYI0 CeTh TEXHMYECKHX CPEJICTB HAa OBEPXHOCTH M BOKPYT JIyHBI;

* BO3MOJKHOCTH ()OPMHPOBAHUS «JIOKOMOTHBHBIX» IIPOEKTOB Ha 0a3e omblTa mporpammsl MKC
(1%

* (hopMHpPOBaHHUE TPY30I0TOKA 3eMIII-OKOIOIyHHAas opouTa-JlyHa.

Paccmorpum aBa BapuaHTta npumeHenust MKA.

1. MKA nnst oTpabOTKH TEXHHYECKHX PEHICHUH, Kak COCO0 COKPaTUTh 3aTPaThL.

50 ner Ha3am, COBETCKAs M aMEPUKAHCKAs JyHHBIC NPOrPaMMBbI NPEIOJIaraid 3Ha4YNTeIIbHOE
YHCIO TOJHOMACIITAOHBIX OTPabOTOYHBIX 3amyckoB. CeropHs, OMMpasch Ha TOCTHIKCHHUS
KOCMOHABTHUKH, MPENOIaracTcss MUHUMH3UPOBATh UX 006EM [2, 3].

B nmomomHeHWe K HHTErpalMyl MHIOTHPYEMBIX IMOJNETOB C Pe3ylNbTaTaMH aBTOMATHIECKUX
MHCCHUH, Mbl MO’KeM Hcnonb30BaTh MKA U1 0TpaboTKM M AeMOHCTpaluy TexHosoruii. Hanpumep,
JIOCTaBKa TPy30B K JIyHe MO3BOJSCT MCIIONB30BaTh OONIEE CIOKHBIE TPACKTOPUHM OOXOJHOTO THIIA
(WSB) ¢ Huskumu 3atpatamu AV U1 BX0Ja Ha OKOJOIYHHYIO opOuTy. Takoil MeTon JOCTaBKH
MOXeT OBbITh 3()(HEKTUBHO IPOJEMOHCTPUPOBAH C UCTIONb30BaHueM MKA, 0cOOEHHO IS MOy THBIX
10JIE3HBIX HAarpy3ok [4].

2. Ucnomp3oBanne MKA nis ynydieHus KauecTBa IPOrpaMM HCCISIOBAHUS H OCBOCHUS JIyHBI
U CO3JIaHUS CEPBHCOB.

CoBpeMeHHBIC IUTaHBI 10 JIyHe MpeqbsaBIIOT Ooee BBICOKHE TpeOOBaHMS K HABUIAIMOHHOMY
obecrnedeH o (TOYHOCTb MOCa KU, HaIE&KHOCTh BBIITOJIHEHHS BO3PACTAIOLIEr0 YHCIIa JMHAMUYECKUX
oreparii, IpuMeHeHHe YHeprod(GHeKTHBHBIX CXeM MepenéToB, B T.4. o WSB).

Perenne Moxer coctossTh B UCNoib30BaHuM cymectBytomux cucreM (IJIOHACC, GPS...) B
kauecTBe nHbpacTpykTypsl [5]. B aTOM ciydae, nmepenossie TexHonornu KA Maioit pasmepHocTH
O3BOJIAIOT PACCMATPUBATh CO3IaHIE HABUTALIMOHHON IPYIIHUPOBKH B OKOJIOJTYHHOM HPOCTPAHCTBE.

Jluteparypa:

1. D. Zarubin, “Lunar orbital platform segment for support and provision of lunar surface
missions”, IAC-2019-A5.1.5, 2019.

2. E. MukpuH, «OreuecTBeHHast KOCMOHaBTHKa: Briepenu JIyna?», Pycckuii kocmoc, Ne 2, 2019.

3. T. Cremins, “Sustained Lunar Exploration and Development Plan”, https:/www.nasa.gov,
2020.

4. Nikola Baresi, CubeSat Lunar Transfer Design via Weak Stability Boundaries, 31st
AAS/AIAA, 2021.

5. E. Mikrin, M. Mikhailov, L. Orlovsky, “Satellite Navigation of Lunar Orbiting Spacecraft and
Objects on the Lunar Surface”, Gyroscopy and Navigation Ne 10(2), 2019.

Small spacecraft use for lunar program objectives
1Zarubin D.S., 2Rodchenko V.V., *Sadretdinova E.R.
'IKT, 2MAI, Moscow, Russia

Options for small spacecraft (SmSat) use for lunar research and exploration are defined by the
space agency plans, which include:

« distributed capabilities network on and around the Moon;

* opportunities to form a “locomotive” projects, based on the International Space Station
program experience [1];

« formation of payload traffic Earth — Cis-Lunar space — Moon Surface.

Let’s consider two options.

1. SmSat for technology and solutions test to reduce cost of the program.

50 years ago, Soviet and American lunar programs assumed a significant number of full-scale
test launches. Today, based on the space industry achievements, it’s assumed to reduce that number
[2,3].

Here, in addition to the human space flight program integration with robotic lunar missions’
results, we can use SmSat for technology test and demonstration. For example, cargo payload
delivery to Cis-Lunar space allows to use more complicated weak-stability-boundary (WSB) with
low AV cost for lunar orbit insertion. The transfer method can be efficiently demonstrated by SmSat,
especially when we consider co-manifested payloads [4].

2. SmSat use to improve lunar research and exploration program quality and to provide services.
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Current lunar plans make navigation service requirements more complex (lunar landing
accuracy, reliability of an increasing number of dynamic operations, use of energy-effective
trajectories, incl. WSB).

Utilization of existing navigation systems (GLONASS, GPS...) as an infrastructure can be a
solution [5]. In that case, cutting edge SmSat technologies make cis-lunar navigation system a subject
for consideration.

References:

1. D. Zarubin and others, “Lunar orbital platform segment for support and provision of lunar
surface missions”, JAC-2019-A5.1.5, 2019

2. E. Mikrin, “Cosmonautics: is the Moon ahead?”, Russian Space, No. 2, 2019

3. T. Cremins, “Sustained Lunar Exploration and Development Plan”, https:/www.nasa.gov,
2020

4. Nikola Baresi and others, CubeSat Lunar Transfer Design via Weak Stability Boundaries, 3 1st
AAS/ATAA, 2021

5. E. Mikrin, M. Mikhailov and L. Orlovsky and others, “Satellite Navigation of Lunar Orbiting
Spacecraft and Objects on the Lunar Surface”, Gyroscopy and Navigation Ne 10(2), 2019.

Konuenuus pekondurypupyemoii kocMuueckoii 1a6opaTopnn Ha mpuMepe KOCMHUYECKOT0
annapara «ReshUCube»
3yes .M., lllaxmaroB A.B., Xanos B.X.
Cuol'Y um. M.®. Pewetnéna, r. Kpacnospck, Poccus

ITpoBeneHne YKCIEPHMEHTOB U HUCCICIOBAHNUI B KOCMHYIECKOM IIPOCTPAHCTBE UMEET OO0MIbIIoe
3HAa4YeHHE M TaKMX OTpaclicil HayKu, KaKk MaTepHaJoBeJCHUE, (U3HMKa KocMoca M aTMochepsbl,
JICTHOM anpobarui HOBBIX TEXHOJIOrUii 1 Ap. boblioe 3HaueHNE TaKKue SKCICPUMEHTHI HMEIOT IS
a3POKOCMHUYECKOT0 HHKEHEPHOTO 00pa30BaHuUsL.

3a9acTyio BOCCO3/1aTh IIOJMHBIN KOMIUIEKC (paKTOPOB KOCMHYECKOTO IPOCTPAHCTBA B 3€MHBIX
YCIIOBHSIX HEBO3MOXKHO, IT03TOMY TpebyeTcs in situ SKCHEpHUMEHT B KocMoce. TpaauiMOHHO
9KCIIEPHUMEHTHI IMPOBOAATCS Ha 06opry KocMmuueckumx ammapatoB (KA), B T.4. MuHKpO u
HAHOCITyTHUKOB, 1 MexayHapoqHoi kocmudeckoit ctanuuu (MKC).

TpagumuoHHo, HpH MNPOBEJCHHU OJKCIEpHMEHTOB Ha Oopry KA cymectByer 3apaHee
ompeeNieHHas SKCIIePUMEHTAIIbHAS IPOrPaMMa, YTO AeIACT CITyTHUK 3a4acTyl0 OECIIOIe3HbIM 110 e€
okoHuaHuto. [Ipemmaraercs KOHUENUMS PEKOH(PUIypHpyeMOH KOCMHUYECKOW Jabopatopuu,
MPOTOTUII KOTOpoi Oyzer peanm3oBaH Ha KA kmacca CubeSat 3U «ReshUCube» Cubupckoro
rOCY/IapCTBECHHOIO YHHBEpPCUTETa HAyKd U TexHosoruid. Jlanueni KA paspabaTeiBaeTcs B paMkax
KOHKypca «/JlexypHelit 1o mianere» MoHaa COASHCTBUA Pa3BUTHIO MAIbIX (OPM NPEANPUSTHII B
Hay4HO-TexHH4ecKoil ctepe. KOHKypC mpenHasHa4eH i BOBJIEYCHMSI ILIKOJIBHHKOB B
MCCIICIOBATENBCKYIO IEATEIEHOCTH B PAMKaX UCCIIEIOBAHUS KOCMOCA.

B paMkax KoHIeNnnuu pekoHGHUrypHpyeMoll KocMHudeckoi naboparopun KA Oyzner ocHamen
HabOpOM JIaTYMKOB M 00OPYIOBaHMsA, KOTOPOE MOXKHO Pa3OMTh Ha CIEIYIOIIHE TeMaTHYECKHE
TPYIIIBL:

* HaOJII0JICHNE 32 3€MHOW MOBEPXHOCTBIO;

* MOHUTOPHHT PAIHALIOHHON 00CTaHOBKY Ha opOuTe;

* TEXHOJIOTUYECKUE SKCIICPUMEHTHI;

* U3ydeHHe aTMoc(ephl H MarHUTOCc(hepsl 3eMIIu.

B mponecce ¢ynkunonuposanuss KA ecTh BO3MOXKHOCTB 3arpy3uTh HOBOE IIPOrPaMMHOE
obecreucHre Ha OOPT KOCMHYECKOTO ammapara, COJCpiKallee HOBBIC KOMAHJBI, IHKIOIPAMMY
paboThl TaTYMKOB M 00OPYIOBAHUs, YTO IO3BOJIIET PEKOH(UrypHpoBaTh paboTy nabopaTopuu
[IPOrpaMMHBIMU METOAAMH.

JlaHHOW KOHILIENIMS MO3BOJIMT IIKOJIBHBIM KOMaHAaM yxe rocie 3amycka KA u BhIIOIHEHHS
HepBOil Ouepe SKCIEPUMEHTOB pa3padOTaTh M IPOBECTH HOBBIC IKCIEPHUMEHTBI, HCIOIb3Ys
nocTynHsle pecypesl Ha 6opty KA, mu00 yaydimnTs METOAMKY MPOBEACHHS HKCICPHMEHTOB Ha
OCHOBE TIOJTy4€HHOT'O OIIbITA U JIAHHBIX.
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IlpencraBieHa KOHLENUUS PEKOHPUTYPHPYEMOH KOCMHYECKOH JIabopaTOpUH, MO3BOJISIONICH
ruoko ucnoms3oBaTh KA «ReshUCubey, kak HaydHyro INIOMAAKy OIS IPOBEACHUS PA3IHUHBIX
(hU3MYECKNX U TEXHOIOTHYECKUX KCIIEPUMEHTOB B KOCMOCE B 00pa30BaTEIbHbIX IIEISX.

The concept of a reconfigurable space-born laboratory on the example
of «ReshUCube» satellite
Zuev D.M., Shakhmatov A.V., Khanov V.Kh.
Reshetnev University, Kasnoyarsk, Russia

Conducting experiments in space has a great value for such fields as material science, space
physics and space weather studies, technical demonstration and flight approval of new space
technologies, etc. In addition, space experiments are valuable for acrospace education.

Usually, it’s hard to simulate all factors of the space environment in complex. That’s why in situ
experiments are needed. Such experiments are conducted on-board of satellites (including micro- and
nano- satellites) and the International Space Station traditionally.

A conventional experimental satellite has a predetermined experimental program, that often
makes the satellite is useless after the program has completed. We suggest a concept of a
reconfigurable space-born laboratory which prototype will be realized in 3U CubeSat “ReshUCube”
of Reshetnev Siberian State University of Science and Technology.

The satellite are being developed within a framework of the “Dezhurnyj po planete” (“On duty
of the planet”) competition by The Foundation for Assistance to Small Innovative Enterprises in
Science and Technology (Russia). The competition should involve school students to research and
space activities.

According the concept, the satellite will be equipped by a wide set of sensor which belong to
following fields of studies:

* Observing the Earth’s surface.

* Measurements of the radiation environment on low earth orbits.

* Technological experiments.

* Measurement of the Earth’s atmosphere and the magnetic field.

There will be a possibility of loading new software to the satellite during the flight. The software
includes new commands, sequences of sensors and equipment work. This way allows reconfiguring
the space laboratory with software methods.

The concept will allow school teams to develop new experiments of improve experimental
procedures using available tools on-board after the end of the first stage experiments developed
before a flight.

This paper contains the concept of the reconfigurable space-born laboratory, which allows
flexible utilization of the satellite “ReshUcube” as a science-site for conducting physical and
technological experiment in space for educational purposes.

I'pynnupoBKa MaorabapuTHbIX KOCMHYECKHX ANNapPaTOB IJIsl CO3AAHUS PEKJIAMHBIX
00bEKTOB HA HOYHOM Hele
Kuneikos I1.I1., Herene A.B.
MAMWU, r. Mocksa, Poccust
Ha naHHBI MOMEHT, OCBOCHHE KOCMOCa MepecTano ObITh «pa3BiiedeHHeM» cBepxaepikas. [1o
aKTyaJIbHOW MH(pOpMaLUK yXe 72 CTpaHbl BEAYT CBOK KOCMUYECKYIO MPOrpaMMy, a O YacTHBIX
KOMITAaHHMSX BHYTPH JTHX )K€ CTPaH M TFOBOPHUTH HE HAIO0, X B pasbl Oompine. C KaXIbIM TOJOM
MOSBIBSIFOTCST BCE HOBBIE M HOBBIE BO3MOYKHOCTH, HOBBIE UJICU U TEXHOJIOTHH JUISi KOMMEPIIHATH3aIIHH
KOCMHYECKOTO ITPOCTPAHCTBA.
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YacTHas KOCMOHABTUKA BBIIUIA HAa HOBBIH YpOBEHb, a BMECTE C HEM, Hayanach HOBas Jpa
OCBOCHUSI KOCMHYECKOTO IIPOCTPAHCTBA.

B craThe moppoOHO PacCMOTPHM: CO3JaHME MaTeMaTHYECKOW MOJCNH Ul Pa3pabOTKH |
IIPOEKTUPOBAHUS YCTPOUCTB CO CXOXUM (yHKIHOHANOM, kKak MKA MOXHO HCHOIBb30BaTh IS
OTpa’KeHHs C OPOMTHI COJHEYHOrO CBETA HA MOBEPXHOCTH JUIS CO3[aHMS YCTOMYHMBOIO BHIHMOIO
00BeKTa Ha MPOTSDKEHUH JUTUTEIEHOTO TIepHOo/ia BPEMEHH, U KaK yIpasieHue rpynnuposkoit MKA
OyneT ciocoOHO co3/aBaTh 0OBEMHBIC H300PaXKEHHs, JIOTOTUIIBI U HAIIIHCH.

PexnaMHBIe HHTErpaii B KOCMOCE IIOSBHIACH MOBONBHO [AaBHO, HAUMHAs C JIyHHOU
IIpOrpaMMBl, Korja Takue kommanut, kak Hasselblad, Sony u Omega, npeacraBuiy cBou IpomyKT-
IEHICMEHTBI.

Ecnu paccMaTpuBaTh CO CTOPOHBI MapKETHHI'A, TO PEaln3alysl peKIaMbl Ha OpOUTE SIBISACTCS
camoii NpuOBLIBLHOI.

Co3nanue Takoil cHCTeMBbl NMO3BOJUT TPAHCIMPOBATh PeKJaMy Ha Bclo IiaHery. bonee 20
JIOTOTHUIOB OpeHnoB OymyT moka3ausl B 6onee 150 meranomucos. 400 MHIIHOHOB MOKa30B 3a 24
jaca C OXBaTOM ©KCIHEBHOM ayuTopun Goiiee 3 MUIUTHOHOB YEJIOBEK.

Ipoext ob6ecmeant 1 000 000 000 mpocmoTpos. Takum 06pazom, CPM (Cost per Millennium) B
npoekte coctaut 0,06 $ (a1t npsimoro konkypenta Times Square -0,3 §)

Buenpenne 3Toif cHCTEMBI ITO3BOIUT HAM MOHOIIONU3HPOBATh PEKJIAMHBIA PHIHOK U BEIMTH Ha
MHpOBBIX TpousouTencii. [IoMMMO 3KOHOMHYECKHX BBITOJ OyAyT CTHMYJIMPOBATHCS Hay4HbBIC
HCCIeIOBAHUS B 00JIACTH OCBOCHHUS KOCMOCA.

U camoe riaBHOE — NOMY/IApU3aLUsl HAYKH CPEIM MOJIOIEKH.

Grouping a small-sized spacecraft to create advertising objects in the night sky
Klykov P.P., Netelev A.V.
MAI, Moscow, Russia

At this point, space exploration has ceased to be the "entertainment" of the superpowers.
According to current information, 72 countries are already conducting their space program, and there
is no need to talk about private companies within these countries, there are many times more of them.
Every year there are more and more new opportunities, new ideas and technologies for the
commercialization of outer space.

Private space exploration has reached a new level, and with it, a new era of space exploration
has begun.

In this article, we will consider in detail: creating a mathematical model for the development and
design of devices with similar functionality, how the small-sized spacecraft can be used to reflect
sunlight from orbit to the surface to create a stable visible object over a long period of time, and how
the control of the small-sized spacecrafts grouping will be able to create three-dimensional images,
logos and inscriptions.

Advertising integration in space appeared quite a long time ago, starting with the lunar program,
when companies such as Hasselblad, Sony and Omega introduced their product placements.

If we consider it from the marketing side, then the implementation of advertising in orbit is the
most profitable.

The creation of such a system will allow advertising to be broadcast to the entire planet. More
than 20 brand logos will be displayed in more than 150 megacities. 400 million impressions in 24
hours, reaching a daily audience of more than 3 million people.

The project will provide 1,000,000,000 views. Thus, the CPM (Cost per Millennium) in project
will be 0.06 $ (for a direct competitor of Times Square -0.3 $)

The introduction of this system will allow us to monopolize the advertising market and reach
global manufacturers. In addition to economic benefits, scientific research in the field of space
exploration will be stimulated.

And most importantly — the popularization of science among young people.

19



Cnocob aBTOMATH3MPOBAHHOI'O OMCKA TPACCHI MATHCTPAJILHOI0 TPYOONPOBO/Ja IIPU
NIPOEKTHPOBAHHH JIHHEHHBIX COOPY/KEHHI
Jloces M.B., Aruneti P.B.
VI'TY, r. Yxra, Poccus

ITpyu mpoeKTUpOBaHHU MarUCTPaIbHBIX TPyOOIPOBOJIOB NMPUXOAUTCS PEIaTh KOMIUIEKC 3a/1ad,
CBSI3aHHBIX C DKOHOMHUEH CTPOHMTENbCTBA U JabHEHIIEH dKCINTyaTamued TpyOomposoxa. Bridop
PpalMOHAIIBHON TPAcChl 3aBUCHT OT psijia (JaKTOPOB, KOTOPBIE BIUAIOT HA KOHEUHYIO CTOUMOCTh BCETO
COOPYXEHHS.

B Hacrosmee BpeMs HEBO3MOXHO BBIOpaTh paLMOHAIBHYIO TPAacCy MarucTpaibHOro
TpybonpoBoa 6e3 MpuMeHeHNUs IPOLYKIUH, HOIYyIaeMOH ¢ KOCMHYIECKHX JIeTaTeNIbHBIX allapaToB.

IlprMeHeHHe aBTOMATU3MPOBAHHOIO crocoba BEIOOpa Tpacc OasupyeTcs Ha alropuTMax,
npeanoxkeHHslx B 70-x romax mpouutoro Beka JILA. babuneiM u ILII. BoponmaBkuneim, B.JL
bepe3suHbIM, HO TIPEUIOKCHHBIE aITOPUTMBl HE B MOJHOH CTENEHH YYUTBHIBAIOT 3(deKT
OIIEPAI[HOHHBIX 3aTPaT, CBA3AHHBIX C dKCILTyaTalHel TpyOomnpoBoa.

Jl1s KOMIUICKCHOM OLICHKH PAIMOHAIBHOTO IIOJ0XKEHHs MAarkcTpalbHOTO TpyborpoBoja B
cBoell paboTe aBTOpaMH MPEATIOXKEHO TMEepPeHTH K PHCK OPUCHTUPOBAHHBEIM COOBITHSAM.
OcymiecTBIATh BBIOOP Tpacchl HA OCHOBE MHOTOKPHTEPHAIIBHBIX JIAHHBIX, CHOPMUPOBAHHBIX B
TPYIIBI — PUCKOBBIE KPUTEPUH, K KOTOPBIM OTHOCATCA: ()HHAHCOBBIE PUCKH, PECYPCHBIE PHCKH,
SKCILTyaTallIOHHBIE PUCKH, SKOJIOTHYECKHE PUCKH, (PH3UKO-TeorpapuuecKue PUCKH.

ABTOpamu pa3zpaboTaH aaroput™M (GOpPMHPOBAHHSA HH(POPMAIUOHHON MOIEIH CTOMMOCTHOH
MIOBEPXHOCTHU, MCIIOIB3YyEMOH JUIsl MOMCKA PAlfMOHATILHOM Tpacchl MaruCTPaibHOro TpyOONpoBoa,
YUHTHIBAIOIMH, KaK CTOMMOCTH CTPOHMTENbCTBA, TaK M 3aTpaThl HA OKCILTyaTallMIO OOBEKTa.
OrnpesielieH MUHUMANIbHBIA Ha00p (hakTOpoB, BIMAMIOIIMX HAa IEHEPaIbHOE HAINPABICHHE TPACChI,
OLICHEHBl OCHOBHBIC (PaKTOPBI YAOPOXKAHUS CTOMMOCTH CTPOUTENIbCTBA TPYOONpoOBOMa Ha
Pa3IMYHBIX TEPPUTOPHAX MECTHOCTH.

BeIsBIICHO, UTO IIpU YBETUYCHUH Pa3Mepa STICHKH CeTKU PacTPOBOI HH(YOPMAMOHHOH MOIEIH,
3HAYEHUs SYCEK MOBEPXHOCTH HAKOIUICHHONW CTOMMOCTH BO3PAacTAlOT KaK HENpepbIBHAsA (QYHKIHSL.
JlanHOE yBeNMYEGHHE CTOMMOCTH BBIPAXKACTCSA CHUCTEMOH YpaBHEHHH, pEIICHHEM SBIISIETCS
ONTHMAJIBHBIA pa3Mep SYEHKM CEeTKH, KOTOPBII HEOOXOAMMO MCIIONIB30BaTh IJI COCTaBJICHHS
nH(OPMALOHHON MoJeNy. BrIonHeH mporecc aBTOMaTH3aIUY [IOMCKA TPACCHL

B cBoeii pabote aBTOpbl 00OCHOBAJIM, YTO BBIOOpP Tpacchl, OCHOBAHHBIN TOJNBKO Ha y4ere
CTOMMOCTH CTPOMTENLCTBA HE OyJeT SBILETCS pAllMOHAIbHBIM, TaK KaK OH HE YYHTHIBACT BCE
OCHOBHBIC DPHCKH IpoekTa. [IpeanoskeHHBI CIIOCOO MO3BONHT ONTHMHU3HPOBAThH BBIOOD
TeHEepaJIbHOrO HAmNpaBJIeHMs TPAcChl M HANpPaBJIEH HAa CHW)KEHHE 3aTparT IIpU OJKCILTyaTalluH
TpyOOIIpoBOJa B IEPHO BCETO KM3HEHHOTO IIHKIIA IPOEKTA.

An Automated Method for Gas Mains Routing Selection in Line Structures Design
Losev M.V, Aginey R.V.
USTU, Ukhta, Russia

Design of gas mains often requires solving a set of tasks related to saving resources in the
construction and further operation of the pipeline. Selection of the best routing option depends on
several factors that have an impact on the final cost of the whole structure.

Currently, it is impossible to choose a rational route of the main pipeline without the use of
products obtained from space aircraft.

Application of an automated routing selection method is based on algorithms suggested by L.
Babin, P. Borodavkin and V. Berezin in the 70s of the XX century; however, these algorithms do not
incorporate the entire impact of expenses related to pipeline operation.

In this study, the authors suggest reviewing the risk-oriented events for comprehensive
assessment of the most preferable position of the gas mains. Route selection is based on multi-criteria
data formed in sets — risk-oriented criteria that include financial risks, resource-related risks,
operational risks, and environmental risks, physical and geographical risks.

The authors have developed a digital modelling algorithm for cost surfaces used for searching
and selecting the best routing option for gas mains considering both construction costs and facility
operation costs. The authors have determined the minimum list of factors having an impact on the
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general route direction; they have assessed the basic factors rising the pipeline construction costs in
different areas.

The authors found out that when the mesh cell size of a digital raster model is increased, the
values of the cells of the accumulated cost surface are also increasing as an analogue function. This
cost increase is expressed by a set of equations, the solution of which is the best size of the mesh cell
to be used for developing a data model. An automated process of gas mains route selection has been
executed.

In this study, the authors proved that routing selection based only on construction costs would
not be rational because it fails to incorporate all principal design risks. The suggested method will
allow optimizing the general route directing procedure while aiming at a reduction in pipeline
operation costs throughout the project lifespan.

Kocmuueckuii MOHHTOPHHT B 0Te4eCTBEHHOM arpoMeHe:KMeHTe
Merteuko JI.B., Copoxun A.E.
MAMU, r. Mocksa, Poccust

CraThs HOCBSIEHa MHHOBAIIMOHHBIM HPOOIEMaM Pa3BHTHS COBPEMEHHOTO OTEUYECTBEHHOIO
arpomMeHe/pkMeHTa. OCHOBHOE BHHUMAaHHE aBTOPBI  YJICIAIOT INPHMCHEHHIO KOCMHYECKOTO
30HAUPOBAHUS 3¢MIH C IPHMEHEHHEM TEXHOJOTHH riobampHOro mosunuonHuposanus (GPS),
reorpapudeckux u uHbopMarmoHHBIX cucteM (GIS), B pemieHnd 3ama4  COBPEMEHHOIO
BBICOKOTEXHOJIOTHYHOTO  3eMiefenus, HeoOxomuMoro s dSG(eKTHBHON  MOAEpHU3ALNK
arpoIpPOMBIIIIEHHOro cektopa Poccnn.

HccenenoBansl IpenMyInecTBa M IPOBEACH aHAIM3 CYIIECTBYIOIINX HPOOIEM NPUMEHEHHS
KOCMHYECKHX TEXHOJIOTHII B OpraHu3auy 3(HEKTHBHOTO CEbCKOXO03SHCTBEHHOTO IPOU3BOJICTBA U
3eMITC/ICITHIS.

ChopMynpoBaHbI PEeKOMEH/IAIMH 110 YCKOPEHUIO BHEPCHUS HHHOBAIMI B TEXHOJIOTHYECKOM
U OPTaHU3AI[HOHHOM HAaIPaBICHHSX.

PaccMOTpeHBI HOBBIE BO3MOXXHOCTH MHHHATIODHBIX M OTHOCHTENBHO OFOJKETHBIX CHCTEM
KOCMHYECKOTO MOHHMTOPHHTa C IIOMONIBI0 KyOCAaTOB, DPAaCHIMPSIOIIMX KPYyr IONb30BaTeneil B
arpONpPOMBIIIICHHOM CEKTOpE.

OT1MmedaeTcs, 9TO CHIDKEHHE CTOMMOCTH U JOCTYITHOCTh KyOCaTOB II03BOJIMIIN HCIIOIb30BaTh IS
UX 3aIlyCKOB MEHEe JOPOrOCTOSAIIME CPEJICTBA JOCTABKH MIIM MCIIONIb30BATh IIOIYTHBICY 3aITyCKH
paket-Hocuteneil Tuna Coros.

IpuBoxutcs npumep pazpabotok CaMapcKoro aspoKOCMHUYECKOTro KIJIACTEpa MO PACIIMPEHUIO
(YHKIMOHAIBHOCTU TPeThel CTyIeHH pakeT-HocuTenel «Coio3» Ul TPYIIIOBOrO BHIBEACHUS Ha
opbuTy KyOcaToB, NpH 3TOM B CTPYKTYpE CaMapcKOro KiacTepa CyIIECTBYIOT HaydHO-
[IPOM3BOICTBEHHbIE CTPYKTYPHI BHITOIHSIOIINE YCIYTH 110 3aIlyCKy U 00CIy)KUBAaHUIO KyOCaTOB.

ABTOpBI OTMEYAIOT, YTO HA CETOJHSMIHMI MOMEHT arponpOMBIIUICHHBIH cekTop Poccuu
COAEP>KUT LETbIH P MPoOIeM, PEIICHHUS KOTOPBIX arPONPEIPHATUSIM «OJHHOUKAM IPaKTHIECKH
HENOCHIbHO. B CBsA3M C 3THM, 0co0ast pojib OTBOAWTCA COBPEMEHHOW (pOpME HHTErpaluu
arponpeAnpusTrii 1 HOPMHUPOBAHUIO arPOIPOKIACTEPOB.

IlpencraBieHsl NpEeUMYIIECTBAa Iepexoja K THOKMM CHCTEMaM arpoHpPOMBILIIICHHBIX
TePPUTOPUATBHBIX KIACTEPOB, PACIIHPSIONINX BO3MOXKHOCTH K)KIOTO U3 yIaCTHHKOB.

B pesynbTaTe NpOBEACHHOrO HCCICAOBAHMSA aBTOPAMH CJCIaH BBIBOJ O HEOOXOAMMOCTH
ckopeifiero co3ganus d(GGEeKTUBHOIO OTCYECTBEHHOTO BBICOKOTEXHOJOTHYHOTO 3eMIICIECIHS C
NMPUMCHEHHEM TEXHOJOrHd riobanpHoro mnosunuonupoBanus (GPS), reorpaduueckux wu
nadopmanuoHHblx  cucTeM  (GIS), TOBBINICHHEM  OKOIOTMYHOCTH M 3(GheKTHBHOCTH
CENbCKOXO03HCTBEHHBIX PadoT.

Space monitoring in the domestic agricultural management
Metechko L.B., Sorokin A.E.
MAI, Moscow, Russia
The article is devoted to the innovative problems of the development of modern domestic
agricultural management. The authors focus on the application of space sensing of the earth with the
use of global positioning technologies (GPS), geographical and information systems (GIS), in solving
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the problems of modern high-tech agriculture, necessary for the effective modernization of the agro-
industrial sector of Russia.

The advantages and analysis of the existing problems of using space technologies in the
organization of efficient agricultural production and agriculture are investigated.

Recommendations for accelerating the introduction of innovations in the technological and
organizational areas are formulated.

New possibilities of miniature and relatively low-cost space monitoring systems with the help of
cubesats, which expand the range of users in the agro-industrial sector, are considered.

It is noted that the reduced cost and availability of the cubesats made it possible to use less
expensive delivery vehicles for their launches or to use "passing" launches of Soyuz-type launch
vehicles.

An example of the development of the Samara Aerospace Cluster to expand the functionality of
the third stage of the Soyuz launch vehicles for the group launch of cubesats into orbit is given, while
in the structure of the Samara cluster there are research and production structures that perform
services for launching and servicing cubesats.

The authors note that at the moment, the agro-industrial sector of Russia contains a number of
problems, the solutions of which are almost impossible for "lone" agricultural enterprises. In this
regard, a special role is given to the modern form of integration of agricultural enterprises and the
formation of agro-clusters.

The advantages of the transition to flexible systems of agro-industrial territorial clusters that
expand the capabilities of each of the participants are presented.

As a result of the study, the authors concluded that it is necessary to quickly create an effective
domestic high-tech agriculture with the use of global positioning technologies (GPS), geographical
and information systems (GIS), increasing the environmental friendliness and efficiency of
agricultural work.

AHaIu3 cOCTOSIHUS poccuiickoii opouTanbHoii rpynnuposku KA /133
Cormkos 11.A.
MAMU, r. Mocksa, Poccust

CeromHsl TeXHOJIOTHU AUCTAHIIMOHHOTO 30HAUPOBAHUS 3eMIH M3 KOCMOCA HE3aMEHHMBI UL
TOr0, 4TOOBI U3y4aTh U OCYILIECTBIISATh IOCTOSIHHBIA MOHUTOPHHT HalleH miaHeTsl. Kpome Toro, onu
nomMoraloT 3((GEeKTHBHO HCIONB30BaTh U YINPaBIATh ee pecypcamu. CoBpeMEHHOE pa3BUTHE
TexHojoruii  JI33 mo3Bosser oxBaTUTh Bce chepbl HAPOJHOrO XO3IHWCTBA W Hamieit
KU3HEASSTEIHHOCTH.

3a KOpPOTKOE BpeMsi C MOMOIIBI0 KOCMUYECKHX cucTeM JI33 MOXHO MOIy4HTh HEOOXOAMMBIC
JaHHbIe ¢ 6oNpIHX mIomanei. OCoOeHHO 3TO BaXKHO IS ITOMYYCHHS JAHHBIX B TPYAHOMOCTYITHBIX
1 ONACHBIX y4acTKax.

Bce pabotel mo mpueMy, perucTpanuy, O00pabOTKe, apXWBallM, KaTaJOTH3alHd U
pacrpocTpaHEHWI0 MH(OpMANH, TOCTYNAOMEH ¢ POCCHHCKUX M MHOCTPAHHBIX KOCMHMYECKHX
cyTHHKOB, Beinonusrores HIT OM3 AO «Poccuiickne KOCMIYECKHE CHCTEMBD».

ITo nannbiM ['ockopriopaumu «PockocMocy B HacTosliiee BpeMs poccHiickas OpOWTaibHas
rpynmuposka KA /133 BkmouaeT B cebst kocmuueckue anmapartsl cepuit «Pecype-I1», «Kanomyc-By,
«Mereop-M», «nektpo-JI» u «ApkTrka-Mp».

U3 mux cepust «Pecype-II» mpenctasinena 2 KA: «Pecype-II» Ne 1 u «Pecype-II» Ne 3, cepust
«Kanomyc-B» - 5 KA: «Kanonyc-B-UK» (3anyiuen B utone uronst 2017 roxa), «Kanomyc-B» Ne 3 (B
tespane 2018 roxa), «Kanomyc-B» Ne 4 (B deBpane 2018 roxa), «Kanomyc-B» Ne 5 (B nexabpe 2018
rona), «Kanomyc-B» Ne 6 (B nexabpe 2018 roxna, cepus «Meteop-M»-3 KA: «Mereop-M» Ne 1 (B
centa6pe 2009 roga), «Meteop-M» Ne 2 (B urone 2014 roga), «Meteop-M» Ne 2-2 (B mrone 2019
rona), cepun «exTpo-JI» 2 KA: «Onekrpo-JI» Ne 2 (B nexkadpe 2015 rona) u «nexrpo-JI» Ne 3 (B
nekabpe 2019 rona).

Kocvmuueckue ammapatsl cepuit «Pecype-Il», «Kanomyc-B», «Meteop-My», «Qmextpo-JI»
HCTIONB3YIOTCS IS IPOBE/IEHHs MOHUTOPUHIA TOBEPXHOCTU 3EMIIH.

KA «Apxruka-M» Obw1 3amymen 28 ¢espanst 2021 roma. HoBelli kocMuueckuil ammapat
IpeIHa3HaueH A O0ecleyeHHs KPYIJIOCYTOYHOIO BCENOrOJHOIO MOHHMTOPHHIA IIOBEPXHOCTH
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3emnn u mopeit CeBepHoro JlemoBuroro okeana. Takke ¢ MOMONIBIO ero OymeT obecredeHa
[IOCTOSIHHAS ¥ HAJIC)KHAS CBSI3b U APYTUE TEICKOMMYHHUKAI[MOHHBIC YCIIYTH.

TakuMm 00pa3oM, ceTh KOCMHYECKMX alllapaToB IOCTOSIHHO pacIIupseTcs. 3a BpeMs
cymiecTBoBaHus opouTanbHoil rpynmupoBku KA /133 B OenepanbHblil (GOHI TaHHBIX ITOMEHICHEI
JIaHHBIE KOMUYECKOH ChEMKH BBICOKOTO MPOCTPAHCTBEHHOTO Pa3peIICHHs OOIUM 00bEMOM OKOJIO
1,7 mupa. kM2 TeppuTOopuH 3eMIH U ¢ paspemeHueM xyxe 10 M oxono 500 mmpxa. km2. Beero
HakoIuieHo JaHHbIX /133 B 06beme 6osiee 3000 Th.

Analysis of the state of the Russian orbital constellation of Earth remote sensing spacecraft
Sotskov LA.
MAI, Moscow, Russia

Today, technologies for remote sensing of the Earth from space are indispensable in order to
study and continuously monitor our planet. In addition, they help to efficiently use and manage its
resources. The modern development of remote sensing technologies allows us to cover all spheres of
the national economy and our life.

In a short time, using space-based remote sensing systems, it is possible to obtain the necessary
data from large areas. This is especially important for obtaining data in hard-to-reach and dangerous
areas.

All work on receiving, registering, processing, archiving, cataloging and disseminating
information from Russian and foreign space satellites is performed by NTs OMZ of JSC Russian
Space Systems.

According to the State Corporation Roskosmos, the Russian ERS spacecraft constellation
currently includes the Resurs-P, Kanopus-V, Meteor-M, Electro-L and Arktika-M satellites.

Of these, the Resurs-P series is represented by 2 spacecraft: Resurs-P No. 1 and Resurs-P No. 3,
the Kanopus-V series - 5 spacecraft: Kanopus-V-IK (launched in July July 2017), “Kanopus-V”’ No.
3 (in February 2018), “Kanopus-V” No. 4 (in February 2018), “Kanopus-V” No. 5 (in December
2018), “Kanopus-V” "No. 6 (in December 2018, series “Meteor-M”-3 spacecraft”: “Meteor-M” No.
1 (in September 2009), “Meteor-M” No. 2 (in July 2014), “Meteor-M” No. 2-2 (in July 2019), series
“Electro-L” 2 KA: “Electro-L” No. 2 (in December 2015) and “Electro-L” No. 3 (in December 2019).

Spacecraft of the Resurs-P, Kanopus-V, Meteor-M, Electro-L series are used to monitor the
Earth's surface.

SC “Arktika-M” was launched on February 28, 2021. The new spacecraft is designed to provide
round-the-clock all weather monitoring of the Earth's surface and the seas of the Arctic Ocean. In
addition, with the help of it, permanent and reliable communication and other telecommunication
services will be provided.

Thus, the spacecraft network is constantly expanding. During the existence of the ERS orbital
constellation, the Federal Data Fund has included comic survey data of high spatial resolution with a
total volume of about 1.7 billion km?2 of the Earth's territory and with a resolution of less than 10 m
about 500 billion km?2. In total, more than 3000 TB of remote sensing data has been accumulated.

IIpo6eMHBIEe BOIIPOCHI OLIEHKH TPYA0EMKOCTH IPOEKTHPOBAHMS ANNAPATYPBI MATBIX
KOCMHYECKHUX aNnnaparoB s Hy:k1 MuHucTepcTBa 000poHbI Poccniickoii @enepauun
Vnauos /1.B.

MAMWU, r. Mocksa, Poccust

COBEpIICHCTBOBAHUE W PA3BUTHE BOEHHBIX TEXHOJIOTHH, CTUMYJSALMS WHHOBALMOHHBIX
mporeccoB B cepe 00OPOHHO-MIPOMBIIIIICHHOTO KOMILICKCA, CO3/aHHE HAyYHO-TEXHHYECKOTO
3aj7iefla Ha TOJbl BIEpEN, B 3HAUUTENIBHOM Mepe BIMSET Ha pa3BUTHE SKOHOMHMKM CTpaHbl U
obecrieueHre HalMOHAIBHON 0€30I1aCHOCTH.

CrpyKTypa BOeHHBIX pacxonoB Poccuiickoii denepalin BKIIOYAET 3HAYUTEIbHBIC OI0KETHbIC
accurHoBanus Ha nposenenuss HUOKP, B Tom uucne paboT MO CO3AaHUIO MalbIX KOCMHYECKUX
anmapatoB (MKA) mst Hy)xa Munucrepcta 060poHst PO.

Ipu onpenenenun nenst HUOKP mo co3maHuio BOCHHOM TEXHMKM OCHOBHBIM IS
T'ocynapcTBeHHOrO 3aKa3uMKa OCTAETCS 3aTPATHBIA METOJ| ONpeeIeHHUs CTOMMOCTH.
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B cooTBeTcTBHM C NaHHBIMM O(UIHAIBHOH CTATHCTHKU JOJIS 3aTpaT Ha OIUIATy TPyAd, HpH
IIPOBEJICHUU HayYHBIX HCCIEA0OBaHUI U pa3padboTok B PD B 2019 romy cocrasuna 47,34%.

3aTpaThl Ha OIUIATY TPYyJa SBJIAIOTCS MPOM3BOAHBIM OT TEXHOJOIMYECKOH TPYZOEMKOCTH
U3TOTOBICHUS (IPOCKTHPOBAHMS ) H3/ENIHS BOCHHON TeXHUKH.

Haubornee pacrnpocTpaHCHHBIMH METOJAMU OHPEACICHUS TPYHOEMKOCTH IPOCKTUPOBAHMUS
anmaparypbl SBISIOTCS:

1. Meron yuera macc.

2. Meron yuéra CIOKHOCTH KOHCTPYKIIUH H3IEIHS.

3. Mertox MHOTO(AKTOPHOrO aHajIn3a.

4. Metox ynenbHOr0 HOPMUPOBAHUS.

5. U3meputenbHblilt MeTo. XPOHOMETPAX.

OT1CyTcTBHE €OMHOTO METOAMYECKOTrO ammapaTa ONpeleleHus TPYHOEMKOCTH paboT Mo
CO3JIaHMIO aNNapaTypbl MallbIX KOCMHYECKHMX alllapaToB SBISETCS CEPbE3HOH IpobiemMoit
IPHOOPOCTPOUTENBHOM OTPACIIH.

IIpu ouenke TpynoéMKOCTH mpoekTupoBaHus anmnapatypbl MKA 00bekTHBHas OLEHKa
TPYOOEMKOCTH DabOT, COMYTCTBYIOIIMX NPOCKTHPOBAHUIO, TaKMX KaK IATEHTHBI IOHCK U
ucclieioBanus, (HOPMUpOBaHHUE TPEOOBaHHI K NPUOOPHOMY M MOJYJIBHOMY COCTaBY, pa3paboTka
[IPOrpaMMHO-MaTEMaTHYECKOr0 00ECIICUCHHS N3EIIHS, BHI3BIBACT ONPE/ICICHHBIE CIIOKHOCTH.

Ilpu oueHke TpyHao3aTpaT HMPOCKTUPOBAHUS AaNNapaTypbl, MEXJIy HCIOIHHUTENIECM PabOThl U
BOCHHBIM TNpeACTaBHTENECTBOM MO P® BO3HUKAIOT pa3sHOITACHS, CBS3aHHBIC C Pa3IHIHBIM
MOJIXOJMOM K OLEHKE TPYJOEMKOCTH BBINOJIHCHHBIX pPabOT, B CBS3M C OTCYTCTBUEM EIMHBIX
OTpAC/EBBIX HOPMATHBHO-METOJWYCCKHX [OKYMEHTOB [0 ONPEACICHHIO TPYJO3aTpaT Ha
HPOEKTUPOBAHHUE ANAPATYPhl BOCHHOH TEXHHKH.

ABTOpPOM MpemIaraeTcsi KOHIEHIUS INPOBEACHUS OLEHKH TPYAOEMKOCTH IIPOCKTHPOBAHUS
anmaparypbl MaJbIX KOCMHYECKHX allapaToB, B OCHOBE KOTOPOH JIEKUT METOA MHOTO(AKTOPHOTO
aHanmM3a, Oa3MPYMOIIMICS HA HCIIONB30BAHHM HM3BECTHOrO 3HAYCHHUS TPYAOEMKOCTH pPaboT Mo
CO3JIaHHIO M3/IE/IMA-aHaJIora Ha 3Talle TEXHUYECKOTo IPOeKTa

Ha ocHOBe JaHHOTO MOAXOJA IIENECO00Pa3HO pa3paboTaTh OTPACIEBYIO METOIHKY dKCIpecc-
OLIEHKH TPYAOEMKOCTH PadoT 10 co3aHuto anmapatypsl MKA.

Problematic issues of estimation of labour input of design of the equipment of small
spacecrafts for needs of the Ministry of defence of the Russian Federation
Ulanov D.V.
MAI, Moscow, Russia

Improvement and development of military technologies, stimulation of the innovation processes
in the defense industry complex sphere, creation of a scientific and technical reserve for the years
ahead, considerably influences development of national economy and ensuring national security.

The structure of military expenses of the Russian Federation includes considerable budgetary
appropriations on carrying out R&D, including works on creation of the small spacecrafts (SS) for
needs of the Ministry of Defence of the Russian Federation (MD RF).

At estimation of the price of R&D on creation of military equipment, the expensive method of
cost estimation remains the basic for the State customer.

According to data of official statistics, the share of labor costs, when carrying out R&D in the
Russian in 2019 made 47.34%.

Labor costs are derivative of technology labor input of production (design) of a product of
military equipment.

The most widespread methods of estimation of labor costs of design of the military equipment
are:

1. Accounting method of masses.

2. Accounting method of complexity of a design of a product.

3. Method of multiple factor analysis.

4. Method of specific regulation.

5. Measuring method. Timing.
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The lack of the uniform methodical device of estimation of labor costs of works on creation of
the equipment of small spacecrafts is a serious problem of the instrument-making industry.

When estimating the complexity of the design of the SS equipment, an objective estimation of
the complexity of the work associated with the design, such as patent search and research, the
formation of requirements for the instrument and modular composition, the development of software
and mathematical support for the product, causes certain difficulties.

At estimation of labor costs of design of the equipment, between the contractor of work and
military representation of MD RF there are problems connected with various approach to estimation
of labor costs.

The author offers the concept of estimating labor costs of design of the equipment of small
spacecrafts which cornerstone the method of multiple factor analysis which is based on use of the
known value of labor input of works on creation of a product analog at a stage of the engineering
design is

On the basis of this approach it is expedient to develop a branch technique of express estimation
of labor costs of works on creation of the equipment of military equipment

I'eomeTpuyeckHii MOAX0/ ONpeeeHHs] MECTOMOI0KeHHSI MAJIBIX KOCMHYECKHX allapaToB
I{utoB A.H., Tutenko E.A., Cuzo A.C., loopocepaos J.I'.
I03I'Y, r. Kypck, Poccus

I'maBHEII 3aMBICEI U aKTYaIbHOCTb HCCIIEIOBAHUS CBS3aHbI C Pa3pabOTKOM CTPYKTYPHOH CXEMBI
MOJIyJIsl OIpEENICHNS. MECTOMOJOKEHUST MajblX KOCMHYECKHX allapaToB Ha OCHOBE CHIHAJIOB
MepelaTYuKOB aBTOMATUYECKOro 3aBHcUMOro HaoOmoneHus—Beuianue (A3H-B). CosmerieHue
IPOLIECCOB TIpUEMa, AeKOJUPOBAHUS COOOLIEHNH 1 HaKoIuieHns naHHbIX oT A3H-B nepenatdnkos,
a Ipu HeOoOXOAMMOCTH — IHepefadl JaHHBIX 0 BC B Ha3eMHBbIC IyHKTHI YIPaBICHUS IIO3BOJISCT
CYIIIECTBEHHO TOBBICUTH 3(deKkTHBHOCTh Hcnonb3oBanus MKA. Co3snaHue CTpYKTYpHOH CXeMBbl
MOJIyJIsl OTIpeesieHust koopauHat Ha 6opty MKA nmo3Bonut:

* II0JTy4aTh KOOPAMHATHI U HHBIE XapaKTEPHCTHKHU BO3JYLIHBIX CYIIOB;

* YTOUHATH COOCTBEHHBIE KoopAUHATHL MKA;

* HAKaIUIMBaTh NPHHUMAEMbIC TaHHBIC OT MEPEAIOMINX CYJIO0B M B YCTAHOBJICHHBIX TOYKaX
3eMHOH TIOBEPXHOCTH, IIO 3alpocy, IepelaBaTh [JaHHbIE HA HA3eMHBIC ITyHKTBHI, HCIOIb3Ys
BO3MOKHOCTH IpynnupoBok MKA;

* BBIIONMHATE (PyHKIUH KOCMHYECKHX PETPAHCIITOPOB B 30HAX 03 BO3MOXHOCTH IIpHEMa
CUTHAJIOB Ha3eMHbIMU cTaHuusMu A3H-B.

PaspaboTana cxema mpueMa, ACKOIUPOBAHUS U JaNbHEHIIeH nepegadn nHGOPMALUU IPYTHM
MKA. B cxeme orcyrcTByeT 00K 00pabOTKH NaHHBEIX, Tak kak MKA ¢dakTuuecku BbICTymaer
PETPAHCISITOPOM /IS HAa3eMHBIX [TyHKTOB NPHEMa ¥ YIpaBJICHHs. [ TaBHBIM HEZOCTATKOM JaHHOM
CXEMBI SIBIISIETCS HEBO3MOXKHOCTb BBINOJIHEHMS JieKoaupoBanus Ha Gopry MKA, urto cHmkaer
OIIEPaTHBHOCTH 0OPAOOTKH M ONPEIEICHHS MECTOIIOIOKCHHSI.

HoBwusHa npemnaraemoii cxembl 00pabotku coobuiennii A3SH-B 3akmouaercst B BO3MOXKHOCTH
UX HOJIHOTO JAeKoxupoBaHus Ha 6opry MKA u HakomneHus Hoiell Hoine3HOH WH(opManuu B
SHEProHE3aBUCUMOH MaMATH. TaKoi HHKEHEPHO-KOHCTPYKTOPCKHIT IIOJXO0 TTO3BOJISIET:

* BBIICIUTH Ha OOPTY TpeOyeMyto HH(GOPMAIHIO U3 IPUHAMAEMOTO TTAKeTa;

* COKOHOMMTb IHEPIHIO AJIs Kku3Heobecneuenuss MKA;

* BECTH IPAKTUYECKU HEMPEPHIBHBIA MOHUTOPHHT BO3IYIIHOH OOCTaHOBKY;

* BBINOJIHUTH TeEpelady NaHHBIX B Haubolee MOAXOMAIIMX INPOCTPAHCTBEHHO-BPEMEHHBIX
KOOpAMHATaX OPOHUTHI U MOTOAHBIX YCIOBHUSX.

OCHOBHOE TPaKTHYECKOEC MPECHMYILIECTBO CXEMbI ONpeseieHus MecrtomonokeHus MKA —
oOecIieucHe HEeNPEpHIBHOCTH cOOpa M BPEMEHHOTO HAKOIUICHHS MH(OpMAIUK O HmapaMmerpax H
nonoxxeann MKA, a Taxoke onpezienieHue 1 nepeada Ha 0a30Bble HA3eMHBIC CTAHIIMU COOOIICHHIT O
MECTOIIOJIOXKEHHH U CUTYaIlUsIX, BO3HUKAIOIIUX B MOMEHT nepesnera BC.
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Geometric approach to determining the location of small spacecraft
Schitov A.N., Titenko E.A., Sizov A.S., Dobroserdov D.G.
SWSU, Kursk, Russia

The main idea and relevance of the study are related to the development of a structural diagram
of the module for determining the location of small spacecraft based on the signals of the transmitters
of automatic dependent surveillance-broadcast (ADS-B). Combining the processes of receiving,
decoding messages and accumulating data from ADS-B transmitters, and, if necessary, transmitting
data about aircraft to ground control points can significantly increase the efficiency of using small
spacecraft. The creation of a structural diagram of the module for determining coordinates on board
the small spacecraft will allow:

« receive coordinates and other characteristics of aircraft;

* to specify own coordinates of the small spacecraft;

* to accumulate the received data from transmitting vessels and at established points on the
earth's surface, upon request, to transmit data to ground points, using the capabilities of the small
spacecraft constellations;

« to perform the functions of space repeaters in areas without the possibility of receiving signals
by ground stations ADS-B.

A scheme for receiving, decoding and further transmission of information to other MCA has
been developed. There is no data processing unit in the scheme, since the small spacecraft actually
acts as a repeater for ground-based receiving and control points. The main disadvantage of this
scheme is the impossibility of performing decoding on board the small spacecraft, which reduces the
efficiency of processing and position determination.

The novelty of the proposed scheme for processing ADS-B messages lies in the possibility of
their complete decoding on board the small spacecraft and the accumulation of useful information
fields in non-volatile memory. This engineering and design approach allows:

* select on board the required information from the received package;

* to save energy for life support of the small spacecraft;

* conduct almost continuous monitoring of the air situation;

* to carry out data transmission in the most suitable space-time coordinates of the orbit and
weather conditions.

The main practical advantage of the SSC positioning scheme is to ensure the continuity of
collection and temporary accumulation of information about the parameters and position of the SSC,
as well as the determination and transmission to the base ground stations of position messages and
situations that arise during the aircraft flight.
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Cexuus No2. [IpoekTupoBaHue U npousBocTso MKA
Section No. 2. Design and Production of Small Spacecraft

HccienoBanne 3J1eMeHTOB TePMOPETYIHPYIOLINX NOKPBITHI KOCMHYECKHX ANNAapaToB
Bbab6aiines A.B., Baraes ATl
MAMU, r. Mocksa, Poccust

C pasBUTHEM aBHaKOCMHYECKOH OTPaciIH BO3PACTAalOT TPEOOBAHMS K 3AIMUTE KOCMHYECKHX
anmapatoB (KA) or pasnuuHOro pona usnydeHuid. B 4acTHOCTH, 9TO KacaeTcsi HOKPBITUH Kiacca
«COJHEYHBIH 0TpaXkaTelby, IOISPKUBAIONINX 3aJaHHBIN TeIIIOBOK PEXXUM B YCIIOBHU BO3ICHCTBUS
n3iydenust Connua. Ha nannblii MoMeHT Bo MHOTMX KA B crcTeMax TepMOpEryIIuy IPUMEHAIOTCS
tepmoperynupytomue nokpbitus (TPIT). TPIT npuMeHseTcs Ha CONHEYHBIX CTOPOHAX CIYTHHUKOB
JUIL TEIUIOBOTO PEryJMpOBaHMsl IIyT€M OTPa)KEHHs BXOMSILETO COJNHEYHOIO H3JIy4eHUs C
OJHOBPEMEHHBIM OTBOJOM BHYTPEHHET'0 TEIIa B OKPYXKAIOIEe IPOCTPAHCTBO.

Onuo u3 Haubonee pacnpocTpaHeHHbIX B Mupe siBisercst TPIT Optical solar reflector(OSR). B
nacrosimee npoussoautcs B CIIA ¢upmoii Excelitas Technologies n nmpumensiemoe Ha Gonee ueM
3000 cniytHukax npoektoB LEO, MEO, GEO u 1.11. ITokpbiTie OSR cOCTOUT U3 AUIEKTPHUIECKOTO
JIMCTa C HAHECCHHBIMH OTPA)KAIOIIMM, 3aIMUTHBIM H JICKTPOIPOBOAHBEIM cHOAMH. OIHHM u3
kputepueB oueHku TPII sBisercda TepMOONTHYECKME XapaKTEPUCTHKH, BEIMYMHA OTHOIIEHUs
k03¢ huLKEHTA MOTTIOIEHUS COTHEYHOTO M3TYUCHHUS TTOKPBHITHS AS K KO3QOULUCHTY U3TYUCHHUS €.
VYV OSR orHomennst As/e~0.12-0.14. Eme omuHuM u3BecTHBIM anpTepHaTHBHBIM TPII siBisercs
nokpertre  komnanuu JDSU Uniphase Corporation (CILIA). Ero ucmonb3oBamy Ha MHOTHX
ciytHukax CIIIA, a Takxke Ha MHOTHX JPYTUX MEXIyHApOIHBIX CIyTHHKAX. JJaHHOE MHOrOCII0HHOE
MOKPBITHE Ha OCHOBE IMOMTOXKKM U3 IUIABICHOIO KpeMHe3eMa C HAHECEHHBIM OTPAXAIONIUM H
3aIUTHBIM CIIOSIMH HMetoniee oTHolrenne As/e~0.075-0.09.

B mannoii pabore paccmatpusaercss TPIT K-208Cp Ha moanmoskke Mpo3padyHOro ONTHYECKOTO
paauanonHo-croiikoro crekna (ITOPC). CrtpykTypa HOKpBHITHS Takas K€ cIOMCTas, Kak U Yy
3apyOeKHBIX aHAJIOTOB, OJHAKO HAa ThUIbHYIO cTopoHy IIOPC HaHOCHTHCS OTpaXKaloNMil CIIOi Ha
OCHOBE MeTaJlla ¢ MaKCUMaJbHbIM KO3 (UIMEHTOM OTpaxkeHHs. B xoze TekyIero nccnenoBanus
paccMaTpUBANIUCh IIOKPHITHS Ha OCHOBE cepeOpa MIM AaMIOMHHHS C  IOIyYaeMbIMH
xapakrepucTukaMu As/e~0.094-0.1. 3aiuty oTpaxaromero ciost OT KOppo3uu o0eceunBaeT CIoi
13 HUXpOMa WIM HepxkaBetomed cranu. IIpym HeoOXOOMMOCTH IS 3alllUTHI OT CTaTHYECKOIO
9JIEKTPUYECTBA [TOBEPXHOCTH JIE1AI0T SKBHIIOTEHIHAILHON, Ha IMIeBYyIo cTopoHy IIOPC nanocsT
JNIEKTPONPOBOIAIIMK ciloW n3 auokcuna uHaus. Hanecenue nokpeituit Ha [IOPC mpousBomutcs
METO/IOM MarHeTPOHHOTO HAINBUICHUS.

VBenuueHne 4ucIa OTHOMICHHUS IPUBOJHUT K HEOOXOIMMOCTH IIPONIOPIHOHATEHOTO YBETHICHUS
IUIOLIAM paJraTopa, 4To BeIeT 3a coboil ynopoxanue u yrsokenenue KA. Xapakrepucruku K-
208Cp HaxomsATcs B JHAala30HE OCHOBHBIX CYHIECTBYIONIMX aHAJIOIOB, OAHAKO JalbHEHIIee
HCCIIeI0BaHHE MO3BOJIUT YIY4IIUTh KadecTBo TPII.

Study of elements of spacecraft thermal control coatings
Babaytsev A.V., Vyatlev A.P.
MAI, Moscow, Russia

With the development of the aerospace industry, the requirements to spacecraft (SC) protection
from various kinds of radiation are increasing more and more. In particular, this applies to coatings
of “solar reflector” class, which maintain a given thermal regime under the influence of solar
radiation. At the moment in many spacecraft thermoregulation systems thermoregulation coatings
(TRL) are used. TRRs are used on the solar sides of satellites for thermal regulation by reflecting
incoming solar radiation while venting internal heat into the surrounding space.

One of the most common in the world is Optical Solar Reflector (OSR). It is produced in the
USA by Excelitas Technologies and used on more than 3000 satellites of LEO, MEO, GEO and other
projects. The OSR coating consists of a dielectric sheet with reflective, protective and conductive
layers. One of the criteria for evaluating the TRR is the thermo-optical characteristics, the value of
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the ratio of the solar radiation absorption coefficient of the coating As to the radiation coefficient €.
OSR has an As/e ratio of ~0.12-0.14. Another well-known alternative TRR is the coating by JDSU
Uniphase Corporation (USA). It has been used on many US satellites as well as on many other
international satellites. It is a multilayer coating based on a fused silica substrate with reflective and
protective layers with an As/e ratio of 0.075-0.09.

This paper considers TRP K-208Cr on a substrate of transparent optical radiation-resistant glass
(PORS). The coating structure is the same as that of foreign analogues, but a reflective layer based
on metal with the maximum reflection coefficient is applied on the back side of the PORS. In the
current study, silver- or aluminum-based coatings with As/e~0.094-0.1 were considered. The
reflective layer is protected against corrosion by a layer of nichrome or stainless steel. If necessary
to protect from static electricity, the surface is made equipotential, and an electrically conductive
layer of indium dioxide is applied to the front side of the PORS. Coatings on PORS are applied by
magnetron sputtering.

Increasing the number of ratios necessitates a proportional increase in the area of the heat sink,
which makes the spacecraft more expensive and heavier. The characteristics of the K-208Cr are
within the range of the main existing analogues, but further research will improve the quality of the
RTD.

IlpumeHneHune MeToa KOPpesiu HU(POBLIX H300pAKeHUH 1151 OIPe/IeIeHHsT 0CTATOYHBIX
HaNpPsSKEeHHH B CIJIABAX M KOMIIO3HIMOHHBIX MaTepHaJjiax NPU U3roTOBJeHHH 0aKOB
KOCMHYeCKHX aNlapaToB
Babaiines A.B., SIu H.M., lllectepkun I1.C.

MAMU, r. Mocksa, Poccust

IpennoskeH W peanu3oBaH METOA OLEHKH OCTaTOYHBIX HANpPSDKCHHH B METAIMYCCKUX U
KOMIIO3MIIMOHHBIX MaTepHagax, OCHOBAHHBIH Ha CBEpJICHHMM 30HIUPYIOIIMX OTBEPCTHH H
IPUMEHEHHH MeToja Koppeminuu HuppoBbix m3oOpaxenuit (DIC-amamm3) ans wu3MepeHHs
BO3HUKAIOMMUX Jedopmarmii. Pa3paboTaHbl MOAXOABI K MOJATOTOBKE 00pa3loOB K IPOBEACHHIO
UCTIBITAHUII M caM MOPSJOK IPOBEICHMS HCHBITAaHUM, OCHOBAaHHBIM Ha (oTorpadupoBaHUH
MOBEPXHOCTU 00pa3LOB JI0 M IOCIE CBEPJIEHUs 30HIUPYIOIMX OTBEPCTHH C MOCIEmyIoIeH
00paboTKOii M300paKEeHHH, ONPEACICHUEM NONIeH epeMenieHuid 1 aeopManrii Ha NOBEPXHOCTU
00pasioB, M YHCICHHOM pEIICHHEM OOpAaTHOH 3ajaddl TEOPHH YHPYTOCTH I ONpeJeNeHHs
JISHCTBYIOIMX OCTATOYHBIX HampspKeHWH. [l ynydineHusl KadecTBa aHaim3a M300paKeHHH Ha
MOBEPXHOCTH MAaTepHaIOB IPEABAPUTEIBHO HAHOCHJICS PHUCYHOK-TIATTEPH, BAPHAHTHI KOTOPOIO
BBIMOJHSAJIUCh C  HUCIOJb30BAaHUEM MPOMEIUICHTOB (adpO30JIbHBIX  OaIOHOB), a’porpada.
IpenyoxeHHbIH MOAXO0] Pealn30BaH UIS OLEHKH OCTATOYHBIX HANpsDKEHWH B oOpasmax CIuiaBa
AMT6 co cBapHBIM IIIBOM, B 00pa3sIax yIJIeIUIaCTHKA, U B CTAIBHBIX IJIACTHHAX.

IMonmy4yeHHble pe3yiabTaThl MOTYT OBITh  HCHOJB30BAaHbl UL  Pa3pabOTKH  METOIOB
npoexTupoBanus H uccienoBanus HC mepcreKTHBHBIX KOMIIO3UTHBIX M METAaIO-KOMIIO3UTHBIX
TOHKOCTEHHBIX a9KPOKOCMUYECKHMX KOHCTPYKLIHMHA. B OCHOBHOM 3TO KacaeTcsl TOIUIMBHBIX OaKoB,
KOTOpbIe HA JaHHBIH MOMEHT aKTHBHO M3TOTAaBIMBAIOTCS M3 MOAOOHBIX MaTepHanoB. Pabora
BBINIOJIHEHA Npu moanepxke '3 MuHucrepcTBa HayKH M Bbicuiero obOpasoBanusi Poccuiickoii
®denepauun FSFF-2020-0016.

Application of digital image correlation method to determine residual stresses in alloys and
composite materials in spacecraft tank fabrication
Babaytsev A.V., Yan N.M., Shesterkin P.S.
MAI, Moscow, Russia
The method of residual stresses estimation in metallic and composite materials based on drilling
probing holes and application of digital image correlation method (DIC-analysis) to measure arising
deformations has been proposed and implemented. Approaches to specimen preparation for tests and
the test procedure itself, based on photographing of specimen surfaces before and after drilling
probing holes with subsequent image processing, determination of displacement and strain fields on
specimen surfaces, and numerical solution of elasticity theory inverse problem to determine the
effective residual stresses have been developed. To improve the quality of image analysis, a pattern-
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pattern was preliminarily applied to the surfaces of materials, variants of which were performed using
propellants (aerosol cans), an airbrush. The proposed approach was implemented for the assessment
of residual stresses in samples of welded alloy AMg6, in samples of carbon fiber-reinforced plastic,
and in steel plates.

The obtained results can be used for the development of design methods and research of the
deflected stresses of prospective composite and metal-composite thin-walled aerospace structures.
This mainly concerns fuel tanks, which at the moment are actively manufactured from such materials.
The work was supported by the Ministry of Science and Higher Education of the Russian Federation
FSFF-2020-0016.

JedexTocKkonus KPYNMHOradapUTHBIX PATHONPO3PAYHBIX YKPBITHIT
Bonpeimes B.B., Jlapun A.A.
MAM, r. Mocksa, Poccust

JIns 3aluThl aHTEHHBIX YCTPOWCTB paauonokanuonHbix cranumii (PJIC) ot Bo3meWcTBuit
BHEIIHEH Cpe/bl MCIONb3YIOTCSl pasiMYHbIe PaAuoNpo3padHble YKpbITHA (oOTekarenu). I aBHbIM
PaZMOTEXHUYECKUM TpeOOBaHHMEM K JaHHBIM M3JICIHSIM SIBISETCS TpeOOBaHME BHECEHHS
MHHHMAaJIBHBIX HCKaKeHHH DMB (351eKTpOMarHUTHON BOJHBI) HPH COXPAHEHUH MPOYHOCTHBIX H
3alIMTHBIX CBOWCTB. Ecim  Ans  NpoBepKM NPOYHOCTHBIX — ITIOKa3aTelield  CYIIECTBYIOT
CIELMATM3UPOBAHHbIE CTAHIapTU3HPOBAHHBIE CTEH b (BHOPOCTEH T, KIMMAaTHIECKas KaMepa H T.11.),
TO MPOBEPKA PATUOTEXHUUECKUX TPEOOBAHUI FTOTOBOTO M3/EIIHS SBIISETCS MaJOM3Y4CHHOMU 3a1aueil.
OCHOBHBIM PAJIMOTEXHUYECKUM I1apaMETPOM, KOHTPOJIMPYEMbIM B IpoOLECCE IPOM3BOACTBA,
SIBJISIETCSI BEJIMUMHA MTOTEPh SHEPriy. Ba)kHO BBIIBUTH M JIOKAIW30BaTh Y4aCTKH, HE OTBEYAIOIIHE
TpeOOBaHUSIM K BEIMYMHE IOTEPb SHEPIUH, OLCHUTh WX pa3Mepsl U rpaHubl. s penieHus
MOCTABJICHHOM 3aa4d HEOOXOJMMO OCYIIECTBHTh H3MEPEHHE MOTEePb IHEPrHMU MO IUIOCKOCTH
oOTeKares ¢ 3aJaHHbIM maroM. Tak Kak OT TOYHOCTH Pe3yJIbTATOB H3MEPEHHs HANPSIMYIO 3aBUCHT
Ka4yecTBO oOmpeaeneHust Ne(eKToB, HEOOXOAMMO HCKIIOYHUTh WIM MHUHHMH3HPOBATh (DaKTOpHI,
BJIMSIOIINE Ha TOYHOCTH M3MepeHHit. [ CHIDKEHNUSI BIMSIHUS IepeoTpaKeHUH pa3paboTaH crocod
co3naHusi 0e3’XOBOM KaMepbl B IOMEHICHUSAX NPOMBIIIJICHHOTO HAa3HAYEHHs JUIS TPOBEICHUS
HCTIBITAaHUIT OOTEeKaTeNel B YCIOBHAX OJIM3KHX K UICANBHBIM. DTO HMEET OONBIIOI SKOHOMHIECKUH
3¢ deKT, CBA3AHHBII CO CHIDKCHHEM H3IEPXKEK Ha CO3JaHHE CHELUATM3UPOBAHHBIX MMOMEIICHUM.
IpenyoxeH HOBBIM MeTOX AE(EKTOCKONMH KPYHNHBIX OOTeKaTeleil B METOX OLEHKH pa3MepoB H
(hopM y4acTKOB, HE OTBEUAIOUIUX TPEOOBAHUSM IO BEITMYHHE ITOTEPD.

C HOMOIIIBIO PHMEHEHHS TEOPUH PELIEITOPHBIX MOJENICH ObIIN ONpPEIeICHBI TEOMETPHYCCKHE
KOOPJHMHATHI SYECK C IOBBIIICHHBIM 3HAYCHUEM BEIMYMHBI MOTEPh (JIOKATU30BaHBI Ne(EKTHI),
MOCTPOEHBI WX rpaduueckue Mozend. Pa3paboraHa MeTOAMKAa OLECHKH MOJIOKCHHS 30H C
Pa3NMYHBIMU TPEICIbHBIME 3HAYCHUSMU TOTEPH AJICKTPOMATHUTHOW BOJIHBL. JTO IO3BOJISET
OOHAPYXUTh YYACTKH C HAJIMYHEM MaKCHMAJbHBIX HEOJHOPOJHOCTEH B OOHApPY)KEHHBIX 30HAX
(CKOIUICHUEM KOMIIayH/ia B €IMHUYHBIX SYEHKax COT, MOJIOCTH MEXIY ciosiMu H T.n.) Ha ocHoBe
MOJyYEHHBIX PE3yJIbTATOB MOXKHO OJHO3HAYHO JIOKAJIM30BaTh 30HBI C Je()eKTaMH Ha IIOBEPXHOCTH
oOTekaTess Al JajdbHEHIIEero BCKPhITUS W/HiIH A0pabOTKH.

JIurepatypa:

1. Valery V. Bodryshev, Artem A. Larin, Lev N. Rabinskiy. 2020 Flaw Detection Method for
Radomes in Weakly Anechoic Conditions. TEM Journal, 9(1), 169-176.

2. Larin A.A., Rybakov D.Yu., Samburov N.V. (2017). Method for measuring losses in a regular
cowl. Patent Ne 2656254.

Defectoscopy of large-sized radio-transparent shelters
Bodryshev V.V., Larin A A.
MAI, Moscow, Russia
To protect the antenna devices of radar stations from the effects of the external environment
various radio-transparent shelters (enclosure) are used. The main radiotechnical requirement for these
products is the requirement of minimum distortion of EMF (electromagnetic wave) while maintaining
strength and protective properties. If there are specialized standardized test benches (vibration test
rig, climatic chamber, etc.) to check the strength characteristics, then the test of radio engineering
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requirements of the finished product is an understudied task. The main radiotechnical parameter
monitored in the production process is the value of energy losses. It is important to identify and
localize areas that do not meet the requirements for the value of energy losses, to assess their size and
boundaries. To solve the task it is necessary to measure the energy losses along the fairing plane with
the specified step. Since the quality of defect detection directly depends on the accuracy of
measurement results, it is necessary to eliminate or minimize the factors that affect the measurement
accuracy. To reduce the effect of re-reflections, a method of creating an anechoic chamber in an
industrial room for enclosure tests under near-perfect conditions has been developed. This has a large
economic effect related to the reduction of costs for the creation of specialized rooms. A new method
of defectoscopy of large fairings and a method of estimating the size and shape of the areas that do
not meet the loss value requirements are proposed.

Using the theory of receptor models application, geometric coordinates of the cells with
increased loss value (localized defects) have been determined, and their graphic models have been
built. A technique was developed to estimate the position of zones with different limit values of
electromagnetic wave loss. This makes it possible to detect areas with the presence of maximum
inhomogeneities in the detected zones (accumulation of compound in single cells of honeycombs,
cavities between layers, etc.) Based on the results obtained, it is possible to uniquely localize zones
with defects on the fairing surface for further dissection and/or rework.

References:

1. Valery V. Bodryshev, Artem A. Larin, Lev N. Rabinskiy. 2020 Flaw Detection Method for
Radomes in Weakly Anechoic Conditions. TEM Journal, 9(1), 169-176.

2. Larin A.A., Rybakov D.Yu., Samburov N.V. (2017). Method for measuring losses in a regular
cowl. Patent Ne 2656254.

OOpaTHast HecTalHOHAPHAsA K03 punueHTHAs 3a1a4a /151 YIPYTOr0 CTEP:KHS
Baxteposa S1.A., ®enorenxos I'.B., Cepmuuesa E.B.
MAMU, r. Mocksa, Poccust

Hecranuonapusle 0OpaTHBIC 3aa4i MEXaHUKH Je()OPMHPOBAHHOTO TBEPAOTO Tella SBILIOTCS
OJHUMH U3 HAHMEHEE HCCJIEJOBaHHBIX. OTO, B YACTHOCTH, CBSI3aHO C MOBBIILIEHHEM Pa3MEPHOCTH
HECTAI[MOHAPHBIX 33/1a4 Ha eHHHILY 0 CPABHEHHIO CO CTAIMOHAPHBIMH U CTAaTHICCKIMH 331ad9aMHy,
a TaKKe ¢ He0OXOMMOCTBIO YU€Ta HayalbHBIX YCIOBUH.

B cBfM3M ¢ TOCTOSHHBEIM pa3BUTUEM AaBHAMOHHOM M adpOKOCMUYECKOH OTpacieit
IIPOMBILIJIEHHOCTH, BO3HUKAET BOIIPOC O KOHTPOJIE UX TEXHUYECKOTO COCTOSHUS ISl JanbHeiiei
0e30macHOM OKCIUTyaTalMd. 3HAUUTENbHAs YacTh KOHCTPYKIHM JICTAaTENbHBIX —AallapaToB
BBIIIOJIHEHA M3 OallOYHBIX M CTEPIKHEBBIX JJIEMEHTOB, HA KOTOPbHIE BO3JCHCTBYIOT pa3IMYHbIE
TEXHOTGHHBIC U KIMMaTHYecKHe (DaKTOPHl, NPUBOAANIME K BO3HHKHOBEHHIO Je()EKTOB B
HEJOCTYNHBIX JUII  BHU3YalIbHOTO  KOHTpOJNS  MecTaX, TpeOyouue 3a0i1aroBpeMeHHON
UACHTU(DUKALUH.

W3BecTHO, 4TO Je(eKThl (TPEIIMHBI, MOJNOCTH, KECTKHE W YHNPYTHe BKIIFOYCHUS) SBISIOTCS
KOHIIEHTPAaTOPAMH HANPSsDKEHHUH U B 3HAUUTENHHONU Mepe 00yCIaBIMBAIOT IPOLECCHI, IPHBOSIINE
K paspyiieHuro ynpyrux ten. CieqoBarenabHO, UMeeT OONbLION NMPAaKTHMYECKHH MHTepec 3ajaya
OOHApYKEHUS TAaKUX Ae(EKTOB U ONPEIENICHUs UX TapaMeTPOB — 3aa49a HACHTU(HKAIIUH.

C MaTeMaTH4eCKOil TOUKH 3peHUs 3aa4a MACHTU(HUKALMHI TIPeJICTaBIsIeT COO0H HETMHEHHY0
oOpatHyo 3amady. Pa3paboTka METOZOB peIICHUs TaKHX 3a7ad SBISETCS B HACTOSIIEES BpeMs
aKTyalbHOU (QyHIaMEHTAIBHON HAyYHOU MPOOIEMOI.

3agmaua upeHTHGUKANUH AE(PEKTOB B YIPYIOM CTCp)KHE SBIACTCS KIIOUEBOU NPOOIEMO,
BO3HHUKAaIONIEH I@pH IPOBEICHHM HEPa3pyLIAIONIEro KOHTPOJIsS MAaTepHalioB U DJIEMEHTOB
KOHCTpYKIMH. IIpakTuueckas 3HAYMMOCTh CTaThH COCTOMT B pa3pabOTKe HOBOTO MeETOZa
MJICHTH(OHUKALUH, TTO3BOJISIONIETO ONPENENATh Ne(eKT 10 JaHHBIM O IEpPEeMELICHHAX Ha KOHIIE
YHPYIOTO CTEPKHS.

HccnenoBanue BBITOTHEHO IpH (uHAaHCOBOU monaepikke PODU B pamkax HaydIHOTO IIPOEKTa
Ne20-38-90043.
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Inverse unsteady coefficient problem for an elastic rod
Vahterova Y.A., Fedotenkov G.V., Serpicheva E.V.
MAI, Moscow, Russia

The nonstationary inverse problems of deformed solid mechanics are among the least
investigated ones. This is, in particular, due to the increase in the dimensionality of nonstationary
problems by one as compared to stationary and static problems, as well as to the necessity to take
into account the initial conditions.

Due to continuous development of aviation and aerospace industries, there is a question of
controlling their technical condition for further safe operation. A significant part of an aircraft
structure is made of beam and rod elements, which are affected by various technogenic and climatic
factors, leading to occurrence of defects in places inaccessible for visual control, which require early
identification.

It is known that defects (cracks, cavities, rigid and elastic inclusions) are stress concentrators and
largely determine the processes leading to the failure of elastic bodies. Therefore, it is of great
practical interest to detect such defects and determine their parameters — the identification problem.

From a mathematical point of view, the identification problem is a non-linear inverse problem.
The development of methods for solving such problems is currently an urgent fundamental scientific
problem.

The problem of identifying defects in an elastic rod is the key problem arising in nondestructive
testing of materials and structural elements. The practical significance of the article lies in the
development of a new method of identification, which makes it possible to determine the defect based
on the displacement data at the end of the elastic rod.

The reported study was funded by RFBR, project number 20-38-90043.

HccaenoBanue CTATHYECKOH M yIaPHOH NPOYHOCTH TPEXCIOHHBIX NAHTOrPa@UYeCcKHX
KOHCTPYKUU i
Bonkos A.B., BaGaiines A.B.
MAMWU, r. Mocksa, Poccust

B cratee paccMaTpuBaeTCs MCIOJB30BAHUE MeETaMaTepuala B KauyecTBE 3allOJHHUTENS B
TpéXCIoHHbIX Oankax. PaccmarpuBaeTcs BapHaHT TaK Has3bIBAGMbBIX —IAHTOTPa(pUUSCKUX
METaMaTepHalloB, COCTOSIIIMX M3 NPOTSHKEHHBIX OaJlOK, COEJMHEHHBIX JAPYr C APYTOM B MeECTax
MepecedeHnil CBI3IMH Pa3IMIHOro TUIA. ballky, U3 KOTOPBIX COCTOUT 3allONHHUTEND, 00pa3yloT JBa
Habopa, B KaJKJIOM U3 KOTOPBIX OaJIKM PacIIONIOXKEHbI IO TOJIBKO MO yriioM + 45 uim -45 rpamycos.
OtH HAOOPEI pa3HECEHBI APYT OTHOCUTENBHO APYra Ha HEOONIBIIOE PACCTOSHHE PAaBHOE 4 MM.

BocnpusTue BHEIIHEN HATPY3KH TAKMMH CTPYKTYpaMH MOXKET ObITh 1OCTaTOYHO HEOOBIYHBIM.
3a cueT HaIMYMSA BHYTPCHHUX JKECTKMX IPOTSDKCHHBIX CBSI3¢H IMPOUCXOOUT JEIOKATU3AIHs
3((heKTOB OT BO3ACHCTBHS BHEIIHUX COCPEAOTOYCHHBIX HArPY30K, UTO, IIOTEHI[HAIBHO, MOXKET OBITh
HCTIONB30BAaHO IIPU CO3aHUM YIApOIOIIOMIAIONNX KOHCTPYKIMH. B craThe mpencTaBiIeHb
pe3ynbTaThl HMCCIEJOBAHUS TAaKHX TPEXCIOWHBIX CTPYKTYp. M3roroBieHHble 00pa3sibl ObLIH
UCTIBITAaHEl HA MAasATHHKOBOM KOIpe II0 CXEMe [BYXOIIOPHOrO yaapHoro wusruba. OOpasmbl
pacronaraiych Ha OIIopax TakKMM 00pa3oM, YTOOBI yiap IPUXOAHIICS TIEPIEHIUKYIISIPHO INIOCKOCTH
OJHOTO U3 HECYIIHX CIIOEB.

Taxoke ObUIM TIPOBEICHBI UCIBITAHUS HAa TPEXTOYCUHBIN M3ru0. VicnbiTanus ObLIN MPOBECHBI
91006l HaWTH d(deKkTuBHBIA Momyns IOHra it KOHCTpyKuuH. Pacuérsl IpOBOAMINCH B MAKeTe
KOHEYHO-3JIeMEHTHOr0 Mozenuposanust Abaqus FEA. Jlnst BEIMHCICHHI MCIIONB30BAJICS MOIYIb
Abaqus/Explicit. VccnenoBansl pas3iM4HbIE BapUaHThl MOJAENM pa3pylueHus. ccrnemoBanuch
IUIACTHYECKHUE MOJIENM PaspylleHHUss M MOJENU Pa3pylIeHUs] IO MaKCUMAaJbHBIM KacaTelbHBIM
nedopmanusam.

Study of the static and impact strength of three-layer pantographic structures
Volkov A.V., Babaytsev A.V.
MAI, Moscow, Russia
The article discusses the use of metamaterial as a filler in three-layer beams. A variant of the so-
called pantographic metamaterials is considered, consisting of beams connected to each other at the
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intersection points by different types of ties. The beams that make up the filler form two sets, in each
of which the beams are located only at an angle of + 45 or -45 degrees. These sets have 4 mm distance
between each other.

The mechanical behavior of such structures can be quite unusual. Due to the presence of internal
rigid links, the effects of external concentrated loads are delocalized. This fact can be used to create
impact energy absorbing structures. This paper presents the results of studying such three-layer
structures. The manufactured samples were tested on a pendulum tester according to the two-support
impact bending scheme. The samples were placed on supports in such a way that the impact was
perpendicular to the plane of one of the bearing layers.

Three-point bending tests were also carried out. Tests were carried out to find the effective
Young's modulus for the structure. The calculations were carried out in the Abaqus FEA finite
element modeling package. For calculations, the Abaqus / Explicit module was used. Various variants
of the failure model were investigated. Shear failure, ductile failure and their combinations were used.

KoHCTpyKIMH MAJIBIX KOCMHYECKHX ANNAPATOB
T'amxues D.B., 3arpaeBa A.B.
Kopnoparus «BHUNOM», r. Mocksa, Poccust

B Hacrosimiee Bpemst Oonbllee BHEAPEHHE HAXOAAT KOCMUUYECKHE alIapaThl TaK Ha3bIBAEMOIO
Majoro kijacca, obnajaromue mMaccoir MeHee 1 T. IIpemMyinecTBa M HEAOCTaTKHM 3TOro Kiacca
ammnapaToB MOAPOOHO ONUCAHEI ¥ IPEACTABICHBI B HAYYHO-TEXHUYECKOU THTepaType.

AO «Koprnopauuss «BHUMOM» obnagaer TMOJOKHUTEIBHBIM — ONBITOM — pa3pabOTKH,
MIPOU3BOJACTBA U OKCIUTyaTallUH MajblX KOCMHYECKHX allapaToB Kak B PaMKax KOOIEPAaIHW,
HanpuMep, Majblii KOCMMYECKHUH ammnapar «YHHUBEpCUTETCKUi-TaTbsHa-2», CO3AaHHbIH B paMKax
Hay4YHO-00pa30BaTEIbHOTO KOCMUYECKOTO MIPOEKTa MOCKOBCKOTIO FOCYJapCTBEHHOT'O YHHBEPCHTETA
uM. M.B. JloMoHOcOBa, Tak M COOCTBEHHBIMM CHJIaMH. 3a IIOCIEIHEe JecsaTmieTHe Oblia
paspaborana kocmuueckas miardpopma «Kanomyc-B», Ha 6aze KOTOpol ObUIM CHPOESKTHPOBAHBL
TaKue Majlble KOCMUUYECKHUE anmaparsl, kak benopycckuit kocmuueckuii anmnapat, «Kanonyc-B»-HUK,
«JlomonocoBY. [lepeuncieHHsle annapaThl HAXOAATCS B KCILIyaTAI[HH [0 HACTOSIIEE BPEMSL.

IToMuMO yKa3aHHOH BBIIIE KOCMUYECKOW IIAT(OPMBI, HA NMPEANPHATHN BEXyTCS PabOTHI 110
Ppa3paboTke MabIX KOCMHUYECKHX anmnapaToB «oHochepay, «30HD» U ap.

B nanHoit pabore mnpuBenéH 0030p pa3pabOTAHHBIX KOHCTPYKLIHH MajbIX CIyTHHUKOB
npeqnpusitueM AO  «Kopmopamms «BHUMOM». TIloka3aHsl HX CIPYKTypa M KOHICHIUS
MIOCTPOEHHUSL.

IIpoBenéH CcpaBHUTENBHBIH aHANIN3 pPa3pabOTAHHBIX KOHCTPYKIMI MalblX KOCMHYECKHX
anmnapaToB B YaCTHU:

* TEOMETPHIECKOH (hOPMEL;

* THIIA KOPITyca;

* pa3MeIICHNUs CONHEYHBIX OaTapeil, UX pa3MelIeHHs Ha KOpIyce KOCMHYECKOro ammapaTra U
crocoba pacKphITH;

* pa3MeIeHHs OOPTOBBIX CHCTEM M KOMILICKCOB;

* KOHIIEMIHU TOCTPOEHHUSL.

B xone aHanu3a aBTOpaMu pabOTHI ONPEAENICHBI U IPEUIOKEHBI ITyTU JAIbHEHIIEr0 pa3BHTH
MIPOEKTUPOBAHMs KJacca MajblX KOCMHMYECKHMX annapaToB B 4YacTH KOHIENLHUM IOCTPOEHUs
KOHCTPYKIUH allapara.

Design of small spacecraft constructions
Gadzhiev E.V., Zagraeva A.V.
VNIIEM Corporation, Moscow, Russia

At present, the so-called small class spacecraft with a mass of less than one ton are becoming
more widely used. The advantages and disadvantages of this class of devices are described in detail
and presented in the scientific and technical literature.

JSC “VNIIEM Corporation” has a positive experience in the development, production and
operation of small spacecraft both within the framework of cooperation, for example, the small
spacecraft "Universitetskiy-Tatiana-2" created as part of the scientific and educational space project
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of the Lomonosov Moscow State University, and on its own. Over the past decade, the space platform
“Canopus-V” was developed, on the basis of which such small spacecraft as the Belarusian
spacecraft, “Canopus-V”-IK, “Lomonosov” were designed. The listed devices are still in operation.

In addition to the above-mentioned space platform, the company is working on the development
of small spacecraft “lonosphere”, “Sonde”, etc.

In this paper, an overview of the developed designs of small spacecrafts by the enterprise JSC
“VNIIEM Corporation” is presented. Their structure and construction concept are shown.

A comparative analysis of the developed designs of small spacecrafts in terms of:

* geometric shape;

* gase type;

* placement of solar panels, their placement on the spacecraft surface and the method of
disclosure;

* placement of on-board systems and complexes;

* construction concepts.

In the course of the analysis, the authors of this paper identified and proposed ways to further
develop the design of a class of small spacecraft in terms of the concept of building the design of the
device.

IMoaxonp! Kk o0ecneyeHHIO :KHBYYeCTH U ABTOHOMHOCTH CHCTEM 3JIeKTPOIUTAHUS MAJIbIX
KOCMHYECKHX aNnapaTos
Te6rapar B.A., 'Hectepumun M.B., *Bykpees B.T'.
'AO «MCCp, r. XKenesnoropck, Poccus
2TTIY, r. Tomck, Poccust

B gnokmame ©  cTarthe  PAcCMATPUBAIOTCS CTPYKTYPHBIC M alllapaTHBIC — PELICHUS
OTKa30yCTOIYMBOI SHepromnpeobpasyroLeii annapatypsl cucteMsl aiekrponutanus (COIT) manoro
kocMuueckoro ammapara (MKA).

CucreMa 3JIEKTPONUTAHHsS SBISCTCS 0a30BOM MOJCHCTEMOH I KOCMHYECKOro armapaTa,
MOBBIIICHHE €€ )KUBYYECTH HEIIOCPEICTBCHHO BIMSACT Ha BBHIIOTHEHHE IIeNeBhIX Gynkmuit KA, 9ro
SIBJIAETCSl aKTyalIbHOH 3a1aueil.

Cremyer OTMETHTb, YTO CBOMCTBO )KUBYYECTH aBTOHOMHOTO TEXHHIECKOTO 00BEKTa IIO3BONISET
HPOTUBOCTOSTh PAa3BUTHIO MOCIEACTBHH OTKAa30B C COXPAaHEGHHEM PpEallM3yeMOCTH MOIBITOK
BOCCTAHOBJICHHS] OCHOBHBIX €r0 (DYHKIIUH.

B OGonpimncTBe ciydyaeB MKA (yHKIMOHHPYIOT Ha HHU3KHX Kpyroseix opbutax (HKO),
KOTOpBIE XapaKTePH3yIOTCsl OONBIIMM KONHYECTBOM aIllapaToB B TPYNIHPOBKE M MaloH
TIPOJIOJKUTENIBHOCTBIO CEaHCOB CBSA3M C HA3EMHBIM KOMIUICKCOM YIpaBieHus. Bee 3To npuBoaut
OTCYTCTBHIO BO3MOXKHOCTHU OIEPATHBHOTO YIIPABICHUS B AHOMAJIBHBIX CUTYALMSX.

OCHOBHBIE HampaBJeHUs 10 OOECHEYEHUIO KMBY4eCTH M aBToHoMHoctH COIT MKA
3aKJIIOYAlOTCs B clemyromeM. IlockombKy cucTtemMa obnamaeT «oOmiel TOUKOi» pacHpemeNcHHs
SHEPrHH, TO PAOOTOCTIOCOOHOCTD TOH 30HBI ABJIACTCS KPUTHUECKH BAXKHOMN [ DYHKIIMOHUPOBAHHS
MKA. CymecTBeHHO NOBBICUTH >kuBY4decTs COIl BO3MOXKHO ee pa3[eneHneM Ha HECKOIbKO JacTei
100 IieTIeHaNpaBIeHHbIMK 3alUTaMH «OOIIeH TOYKM» Ha anmapaTHoM ypoBHe. Paccmorpum
HECKOJIBKO HAIPABJICHUH MTOBBILICHHS )KUBYYECTH C HCIIOJIb30BAHUEM TAKOTO MOIX0/A.

1. 3ammra Ha ypoBHE JMHUIl pacmpeneNeHHs JJIEKTPONUTaHus. B cuioBble memu O0OpTOBOit
armapatyps! (BA) BBogsITCS ycTpoiicTBa 3aIIUTEI CO CTOPOHBI HCTOUHMKA dHepruH (4t BA koHTypa
xuBydecTH KA ycTpoiicTBa 3aIUThl 1yOIHPYIOTCS).

2. 3amuTa HCTOYHHKOB DJIEKTPOIUTAHHS:

* Pa3nenenune Garapen conHeunoit (bC) Ha cekuuu, B 9TOM cliydae 0TOOP MOLIHOCTH KaXKIOH
CEeKIIUH MHIUBUIYaIbHBIM HE3aBUCHMBIM YCTPOHCTBOM MO3BOJISIET IAPHPOBATh BBIXOA U3 cTpost BC
B ClTydae e YaCTHYHOTO OTKa3a.

* Mcnonp3oBanue KiamaHa-TpepeiBaTelis B COCTaBe aKKyMyssiTopHoi Oatapen (AB),
HCKIIIOYAIONIEro JIUTUH-HOHHBIA akkymynsatop (JIMA) u3 omexrpuueckoit memu Ab B cimyuae
U3MEHCHHUS €r0 XapaKTEePHCTHK.

* [lpuMeHeHre aBTOHOMHOM CHCTeMBI ammapaTHoi OamancupoBku JIMA, me TpeOyromee
BHEIIHUX KaHAJIOB yIPABIICHHUSL.
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* Bxuitouenue B coctaB COII yerpoiictB 3amutsl Ab ot nepesapsiia, nepepaspsaa (BIUIOTH 10
AQBTOHOMHOTO yIPaBJICHHS TEIUIOBBIMU pexkuMaMu AB 1 oTkitoueHueM Beeii BA).

Kasxnoe n3 HanpaBiieHnii 6oiee MoapoOHO paccMaTpUBAaeTCs B MaTepuajIax OCHOBHOM CTaThH.

B mactosmuii MmomeHnT Ha AO «CCy» mpoBomurcs makerupoBanue COIl ¢ mpuMmeHeHHEM
OIMCAHHBIX HATIPABJICHUH MOBBIIICHUS KHBYYECTH.

Approaches to providing operability and autonomy of small spacecrafts electric power
systems
'Gebgardt V.A., 'Nesterishin M.V., Bukreev V.G.
'ISS Reshetnev Company, Zheleznogorsk, Russia
>TPU, Tomsk, Russia

This article has consideration of structural and hardware decisions for failure-free energy
transforming equipment of Small Spacecraft (SS) Electric Power System (EPS).

Electric Power System is a basic subsystem for a spacecraft. Its operability increase has direct
influence on SS mission fulfillment and it is the actual task.

It should be noted that operability of an autonomic technical object allows resisting failure
consequences development with keeping the possible attempts to restore its functioning.

In most cases, SS operate in Low Earth Orbits (LEO), which have these features: many
spacecrafts in constellations and short-time communication sessions with On-ground Control Center.
Due to that there is no possibility for operational control in abnormal situations.

The main directions in SS EPS operability and autonomy providing are the following:

Since the system has a “common point” in energy distribution (this is a zone which receive
energy from sources and distribute it to users), this zone working capacity is critically important for
SS operating.

It is possible to increase EPS operability essentially by its division in several parts or by
purposeful protections of the “common point” at the hardware level.

Let us consider several directions of operability increase under this approach.

1. Protection at the level of electric power distribution lines. The protection units are set in On-
board equipment (OBE) power lines from the side of the energy source (the protection units are
duplicated for OBE of the spacecraft operability loop).

2. Electric power sources protection:

* Solar Array (SA) division into sections. In this case, each section power goes to an individual
independent unit. It allows avoiding the whole SA failure in case of its partial failure.

* Usage of a breaking valve as a part of the battery. It allows excluding a lithium-ion cell (LIC)
from the battery electrical circuit in case of its characteristics change.

* Usage of LIC balancing autonomic hardware system without external control channels.

* Usage the units as a part of EPS for the battery protection from over-charge, over-discharge
(up to autonomic control of the battery thermal modes and switching off all OBE).

Each of these directions is given in details in the article.

At the present time EPS prototyping is performed at JSC “ISS” with application of operability
increase directions described above.

BbIOOp apXHTEKTYPbI CHCTEMBI 3JIEKTPOIMTAHHS MAJIOT0 KOCMHYECKOro anmnapara
T'ebrapar B.A., Kucenes I1.B., Kprouxos I1.A., XKypasnés A.B.
AO «MICCx, r. XKeneznoropck, Poccus

B nanHo#1 paboTe paccMaTpUBAIOTCS apXUTEKTYPhI OCTPOSHUS cucTeM dnekrporutanus (COIT)
MaJlbIx KocMuueckux ammapaToB (MKA).

B coBpemennsix ycrosusax Macca COII moxet gocturats 25 % ot maccel MKA, a crouMocTs
npeBbiaTh 30 %, BEIGOp onTUManbHON apxuTeKTypbl COI1 B 3aBHCUMOCTH OT TPEOOBAHHIA SIBIISETCSI
aKTyaJIbHOH 3a/1aueii.

IMon MKA Oynyr noapasymeBatbess KA maccoit Menee 500 kr u oGnajaroiye BbIXOIHOM
momtHocThio COIT nopsaka 1,5 kBT.

B kauectBe cpaBHeHus ObutH onpeaeneHsl COIT gt MKA nmpoussonctsa AO «MCCx»:
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Bapuanr 1 — COII noctpoena no 6ydepHoii cxeme. HanpsbkeHue Ha Harpyske onpezesnsercs
HaNpsDKCHHEM Ha aKKyMyJITOpHOI Oatapee (AB). Perymiposanie MomHocTn obecrednBaeTcs 3a
c4éT KoMMyTanuu cekuuit 6arapen conHeunoit (bC) or Ab 1o curxanam noporoBbIX YCTPOHCTB.

Bapuant 2 — COII noctpoena no OydepHoii cxeme. Hampsbkenne Ha Harpyske onpezemnsercs
HanpspkenneM Ha AB. PerymupoBanme mommoctn BC obecneumBaercst 3a cy€T ycTpoiicTBa
CIIC)KCHHST 32 TOYKOH MAaKCHMAIBHOW MOIIHOCTH KOTOPBIA MO3BOJSET MONYYUTh KOI(PHHUIMECHT
ucnonb3oBaHust BC OU3KUM K eaUHUIIE.

Comnocrasnenue apxutektyp nocrpoerus COI1 MKA no sHeproMaccoBbIM XapaKTepHCTHKAM
nokaspiBaer, yro COII, noctpoeHHas no Bapuanty 1, TeXHMuYecKu mpolle, HO yIelbHblE U
CTOMMOCTHBIC XapPAKTECPUCTHKH HIDKE.

AHanu3 u onycaHue BApUAHTOB MOCTPOCHUs Ooliee MoApOoOHO paccMaTpUBaeTCs B MaTepHaiax
OCHOBHOM CTaThy.

Electric power system architecture selection for small spacecrafts
Gebgardt V.A., Kiselev P.V., Kryuchkov P.A., Zhuravlev A.V.
ISS Reshetnev Company, Zheleznogorsk, Russia

This article has consideration of architectures for Small Spacecrafts (SS) Electric Power Systems
(EPS) designing.

In the modern conditions EPS weight can reach 25% of SS weight and its cost can exceed 30%
of SS cost. Due to that, selection of optimal EPS architecture depending on the requirements is the
actual task.

Using Small Spacecrafts term, we mean the spacecrafts with the weight less than 500 kg and
with EPS output power of 1.5 kW.

For comparison, EPS have been defined for SS produced by JSC “ISS™:

Option 1 — EPS is designed on the basis of a buffer schema. Load voltage is defined by the
battery voltage. SA power conditioning is provided at the expenses of Solar Array (SA) sections
commutation to the battery by signals of threshold devices.

Option 2 — EPS is designed on the basis of a buffer schema. Load voltage is defined by the
battery voltage. SA power conditioning is provided at the expenses of the device which controls the
point of maximum power that allows having SA usage coefficient close to 1.

Comparing of the SS EPS architectures designs by energy-mass characteristics shows that EPS
designed by Option 1 is technically simpler but its specific and cost characteristics are lower.

Design options analysis and description in details are given in this article.

HccenoBanne BIUSHHSA TEXHOJIOTHYeCKHX NAPAMeTPOB MOCJI0HHOIO0 JIa3ePHOr0 CHHTE3Aa IS
0TPabOTKM METOANKH M3TrOTOBJIEHHUSI KOHCTPYKTHBHO-NO00HBIX 3JIeMEHTOB KOCMHUYeCKHX
cucreM
Joo6psuckuii B.H., bpsikun B.A., Pabunckwuit J1.H.

MAMU, r. Mocksa, Poccust

B xone BhIMONHEHUS paOOT OBUIH MOATOTOBICHBI MAaTEMaTHYECKUE MOJEIU M yHPaBIIOIIHE
IPOrpaMMBbl JUISL TIEYATH SKCIEPUMEHTAIBHBIX O0pa3loB I ONpEJCNCHHS MEXaHHYECKHX
XapaKTEePHCTHK.

[pennoxxena u anpobupoBaHa Ha SKCIEepUMEHTaNbHONH SLM-ycTaHOBKE IpoLenypa nepeBoaa
JIa3epHOH YCTaHOBKH HAa Pa3NIHUYHbIE METAUIO-IIOPOIIKOBBIC KOMIO3UIUK. OTpabOTaHBI PEKUMBI
HIeYaTH SKCIEPUMEHTAIBHBIX 00PA3LOB U3 Pa3IMYHBIX MATCPUAIIOB B Pa3JIMYHBIX HHEPTHBIX CPE/lax.

ITpousBeneH cuHTe3 00PA3ILOB, a TAKKE HX MEXaHUUECKHUE HCIIBITAHNS Ha PACTSDKCHHE, COKaTHE
U YJapHYIO BSI3KOCTh. BhIpaiuBanue 00pas3ioB Mpou3BOAMIOCH Ha MeTamyeckoM nopomke PH1
xommanuu EOS, a Taroke Ha alIOMHHHEBOM IOPOIIKE OTeUeCTBEHHOro mpomsBoictBa ACII-45
AlSil0Mg.

OKCIepHMeHTaIbHbIE 00pa3Ibl BRIPAIINBAINCE B HHEPTHEIX Cpelax a30Ta U aproua. [l neqatu
HCIIONB30BAJICS aproH Bbicokol uucToThl (BY) (99,9998%), usrorosnennsiii no TY6-21-08-78, B
Gamtonax. Jlas co3maHus MHEPTHOH cpedbl (a30T) MpEIIOXKEHA IMpPOLEAypa BKIIOYCHHS B
ra3000MeHHyI0 cxeMy SLM-npuHTEpa BHELIHEro reHepaTopa a3oTa, Py UCIOIb30BaHUH KOTOPOTO
OOBIYHBIN CYXOH CXKaTblii BO3AYX (HIBTPYETCS M NMPOXOAUT 4epe3 IMy4OK MOJBIX MeMOpaHHBIX
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BOJIOKOH, TZI¢ a30T OT/AEIACTCSA OT MOJABAEMOr0 BO3yXa ITyTeM W30MpPaTeIbHOrO MPOHUKHOBEHHUS.
Vcnons3oBaHue reHepaTopa a30Ta HO3BOJIIIO JOOUTHCS KOHIEHTpanuy kuciaopoaa mMeree 0,1 %.

IMocne mpouecca BbIpaluBaHus 00pa3ipbl (10 MOMEHTAa OTPE3aHHs OT IUIAT(OPMbI) MPOILIH
IpoLeaypy OTIycka B BEICOKOTeMmIeparypHod meun (4 waca mpu 390 °C). B xome
9KCIIEPUMEHTANIbHBIX HCCJIEN0BAHUH YCTAHOBJIEHO BJIUSIHUE HHEPTHOH Cpenbl, B KOTOPOH
BBIPAIMBAINCh 00pasIbl, HA MEXaHHYECKHE XapaKTEPUCTHKH DKCICPUMEHTAIbHBIX O00pa3IoB.
IMomydeHHble B XO/€ MCCIEN0BAaHUI JaHHBIE MO3BOJAT HOJNYYHTh ONTUMAJIbHBIE NApaMETPhI s
H3TOTOBIICHHS KOHCTPYKTUBHO-TIOZOOHBIX JIEMEHTOB KOCMHYECKHX CHCTEM aJIUTHBHBIM METOJIOM
IIPH TOMOIIY TEXHOJIOTHU BBIOOPOYHOIT J1a3epHOIT IIIaBKU METAJUIO-IIOPOIIKOBBIX KOMIIO3ULIUH.

HccnenoBanue BBINOTHEHO IpH (HHaHCOBOU Moaaepixkke PODU B pamkax HayqHOTO IIPOEKTa
Ne 20-01-00517.

Study of the influence of technological parameters of layer-by-layer laser synthesis for testing
the methodology of manufacturing of structural-like elements of space systems
Dobryanskiy V.N., Brykin V.A., Rabinskiy L.N.

MAI, Moscow, Russia

In the course of work mathematical models and control programs for printing experimental
samples to determine the mechanical characteristics were prepared.

The procedure of translating the laser unit to different metal-powder compositions was proposed
and tested on an experimental SLM unit. Printing modes of experimental samples made of different
materials in different inert media have been worked out.

The samples were synthesized, as well as their mechanical tests for tensile, compression and
impact toughness. The samples were grown on EOS metal powder PHI1 as well as on domestically
produced aluminum powder ASP-45 AlISil0Mg.

Experimental samples were grown in inert environments of nitrogen and argon. High purity (HF)
argon (99.9998%) manufactured according to TU6-21-08-78, in cylinders was used for printing. To
create an inert medium (nitrogen), a procedure was proposed to include an external nitrogen generator
into the gas exchange circuit of the SLM printer, using which ordinary dry compressed air is filtered
and passed through a bundle of hollow membrane fibers, where the nitrogen is separated from the
supplied air by selective penetration. The use of a nitrogen generator made it possible to achieve
oxygen concentrations of less than 0.1 %.

After the growing process, the samples (before being cut from the platform) underwent a
tempering procedure in a high-temperature furnace (4 hours at 390 °C). In the course of experimental
studies, the influence of the inert medium, in which the samples were grown, on the mechanical
characteristics of the experimental samples was established. The data obtained in the course of the
research will make it possible to obtain optimum parameters for the fabrication of structural-like
elements of space systems by additive method using the technology of selective laser melting of
metal-powder compositions.

The research was supported by the Russian Foundation for Basic Research within the framework
of the scientific project No. 20-01-00517.

IIpuMeHeHNe KOPPETSINMOHHOTO AHAJIN3A NIPH ONpe/IeJIeHHH NapaMeTPOB CTAPTOBBIX
KOMILIEKCOB Ha3eMHOI0 0a3UpPOBaHHUSA
Enbuunckas H.C.
MAMU, r. Mocksa, Poccust

Kocmuueckue pakernsie komiuiekesl (KPK) sTo yHukanbabeie 00bekThl. OHU pazinvaroTcs mo
KJlaccaM M BHIAM pakeT U 1o mpuHiunam ¢opmuposanus oomuka KPK. ns pa3pabotku merona
BBIOOpa TeXHHWYECKMX TmapamerpoB Hasemubix KPK wuccmemyem  dusumueckue Mmomenu
cootBercTBytome cymectByrommM  KPK.  Mopens  comepkuT  NOIHO(GAKTOpHBIE — CBS3H
nepeMeHHbIX. [ aHamM3a BXOSIINX B CBEPXCIOKHYIO MOJIEIb TapaMETPOB HCIOIb3YEM METOJ
MHOKECTBEHHOT'O KOPPEISILIHOHHOr0 aHAIN3a.

Ienbro MeToa SBIISETCS ONMpPEAEICHUE BIHSIHUS ONPeNenEHHOro (hakTopa Ha MOACIUPYEMBIi
MoKa3areib. B MozeNb BKIIIOYArOTCS TONBKO HE3aBUCSIME APYT OT Apyra GakTopbl.
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[poananm3uposas cymectBytomue KPK u xapakrepuctuku paker-Hocuteneid (PH) moxHO
COCTaBUTh TaOJIUIly AaHHBIX, coaepxaulyro uHdpopmamuoo o cemeiictee PH, momudukammu PH,
Mmacce none3Hoit Harpysku (ITH), craproBoii macce, Bun craproBoro kommiekca (CK), Bbicota
OamrHu 00CITyKHBaHNUS, KOJIIMIECTBO ITyCKOBBIX ycTaHOBOK (I1Y).

Wsy4yaembiMu  ¢akTopamm npuMeM 3HaueHMs Maccel IIH m crapToBOif Maccel pakeTsl
kocMuueckoro HasHauenus (PKH).

O6o03naunm: Beibopka 3Hauennit maccsl [TH - X1; BeiGopka 3Ha4eHuit ctaproBoii Maccel PH -
X2; BBIOOpKA 3HAUCHUH BBHICOTH OamIHU OOCTYXHMBaHHA - Y1; BHIOOpKa 3HAYCHHH KOIMYECTBA
ITyCKOBBIX YCTAHOBOK - Y2 U ONpeJeIuM CTeNeHb CBA3M Mex 1ty BoiOopkamu X1 n Y1, X2 u Y2, X2
un Y1 paccuntaB nuHeiHbIH kKoddoumment koppemimuy. ONeHKy HaIUYUs CBS3H MEXTY IBYMs
MEpEMEHHBIMU TIpoBelieM uepe3 t-cTaTUCTUKy CrbrojeHTa. IlomydeHHyIo BENMUUHY KpUTepHs
CTBIOZIEHTa CPABHUM C TAOIMYHBIM 3HAUCHHEM C MEHBIIUMU CTeIeHsAMHU cBoOoabl. Eciu pacuetHoe
3HAa4YeHHE MEHbIIE TaOJINYHOTO, TO BENUYHMHBI X U Y HE3aBHCHMBL.

Pe3ynbraTsl: 04eHb c1alblil KOd((GUINEHT KOppe/sIUK MOIydeH y crapToBoil Maccel PH x
KOJIMYECTBY ITyCKOBBIX YCTAHOBOK; Ci1a0bIi Ko3(uIHeHT Koppensiuy noxydeH y maccel ITH x
BBICOTE OallHU OOCITY)KHBAHHS; YMEPEHHBIH KOI(D(UIUEHT KOpPEIHUU IOIydeH y CTapTOBOH
Maccel PH k BbIcoTe OanrHu o0cTyKxMBaHHs.

PacueTHOe 3HaueHHE MCHBIIE TAONMYHOTO M BEIMYUHBI HE3aBHCHMEL, YTO MOATBEPIKIACT
000CHOBaHHOCTb HCIIOJIB30BAHHS B MOJIENIH IIPOLIECCA ONPEIEIIEHNUs] TApPAMETPOB CPEACTB HA3eMHOI0
o0ecIeueHNs BCeX BhIINICYKa3aHHBIX (PaKTOPOB.

B ciyuae rpauueckoro OTpakeHHs Pe3yJbTaTOB ONPEIEICHHO KOA(D(UIHEHT KOppeIsuu
pacTeT Ha IPOTSDKEHHHU BCero mporiecca Beroopa napamerpos CK u TK.

TpebyeTcs yBeanueHne KOIUYECTBA PACCMATPUBAEMBIX CTATUCTHYECKHX JJAHHBIX, YTO HO3BOJIUT
mporuo3upoBath 3HaueHus napamerpo CK u TK s mepenextusnbix PKH.

Application of correlation analysis to determine parameters of ground-based launch
complexes
Elchinskaya N.S.
MAI, Moscow, Russia

Space rocket launch complexes (SRLCs) are unique objects. They have difference in the classes
and types of launch vehicles (LV) and in the principles of the formation of the form of SRLCs. To
project method of selecting technical parameters of ground-based SRLCs, we study physical models
coincided to existing SRLCs. The model contains full-factor connections of variables. To analyze the
parameters included in the super-complex model, we use the method of multiple correlation analysis.

The purpose of the method is to determine the influence of a certain factor on the modeled
indicator. The model includes only independent factors.

After analyzing the existing SRLCs and the characteristics of LV, we can fulfill a data table
containing information on the LV family, LV modification, payload (PL), launch mass, launch
complex type, the height of the service tower, the number of launchers (L).

The studied factors will be the values of the mass of the LV and the launch mass of the LV.

We sign: sample of values PL - X1; sample of values of the launch mass of the LV - X2; sample
of the service tower height values - Y 1; sample of the values of the number of launchers - Y2 and we
determine a degree of relation between samples X1 and Y1, X2 and Y2, X2 and Y1 by calculating
the linear correlation coefficient. We estimate the presence of a relation between two variables
through the Student's t-statistics. The obtained value of the Student's criterion we compare with the
tabular value with lower degrees of freedom. When the calculated value is less than the table value,
then the X and Y values are independent.

Result: a very weak correlation between the launch mass and the number of launchers; a weak
correlation between the payload and the height of the service tower; a moderate correlation between
the launch mass of the LV and the height of the service tower.

In all three cases, the calculated value is less than the tabulated value and the values are
independent, which confirms the validity of using all the above factors in the model for determining
the parameters of ground support facilities.
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In the case of a graphical presentation of the results, the correlation coefficient definitely
increases throughout the process of choosing the parameters of the launch and technical complex.

More statistical data for consideration is required, that will make it possible to predict the
parameters of launch and technical complex for perspective LV.

Oco0eHHOCTH NPOEKTHPOBAHUS MAJBIX KOCMHYECKHX ANNAPATOB CHCTEMbI ONIEPATHBHOIO
MOHHTOPHHIA 3¢eMHOIi OBEPXHOCTH
Epmonaes B.1., Byxcap M.IO.
BI'TY «BOEHMEX», r. Cankt-IletepOypr, Poccus

OnHHM U3 IEpCHEKTHBHEIX HAIIPABICHUH IPHIMEHEHHS MaJIbIX KOCMHYecKHX ammapaTos (MKA)
SIBJISIETCSL CO3/IaHME CHUCTEMbI onepaTuBHOro MoHutopuHra (COM) 3eMHO# noBepxHocTH. Takas
cucTeMa IpefHa3HadeHa AT OBICTPOH OpraHM3alMy WH(OPMAMOHHOTO OOecHedeHHs! palioHOB
MPUPOIHBIX UM TEXHOTEHHBIX UPE3BbIYaHBIX CUTYyalUi.

Jlnst momydeHHs MHHHMAIBHOH IEPHOAMYHOCTH 0030pa TpeOyeMbIX paliOHOB 3eMHOU
noBepxHocTH MKA NOIKHBI BEIBOIUTHCS HA KBa3UCUHXPOHHbIE OpOUTHL. OJTHAKO 1aHHBIE OPOUTHI
HE MO3BOJIIIOT 00ECIIEUHTh INI00ANIBHOCTE 0030pa. B CBs3H ¢ 3THM IpH M3MEHEHHH TPeOyeMoro
paifoHa HaOJIOJIEHUsI BO3HUKAET HEOOXOANMOCTh BBINOJIHEHHs MaHEBPOB IS M3MEHEHHs TPacChl
MKA.

[oBbllIeHNEe MaHEBpPEHHBIX Bo3MoOxHOcTed MKA mnpuBOAMT K HEOOXOAMMOCTH pELIEHHS
IIPOEKTHO-IMHAMHUYECKON 3a/ladd B IPOILIECcCe HX MPOSKTUPOBaHMs. JlaHHAs 3a7aua 3aKII09acTCs B
COBMECTHOH ONTHMHM3AILMH TapaMeTPOB MaHEBPEHHOCTH, CIOCOOOB NMPHMEHEHHsS U CIOCOOO0B
MmaHeBpupoBaHust MKA ¢ menpio JOCTIKEHHS MaKCUMAIBHOU d(()EKTUBHOCTU pEUIeHHs 3a1ad
HHGOPMALOHHOTO 00ECIEUCHUSL.

Jlnt  pemeHus — yka3aHHOW — IIPOEKTHO-AWHAMHYECKOH 3ajadM  Obula  paspaboTaHa
MaTeMaTHyeckas Mojedb mporecca npumeHeHus MKA, B ocHOBe KOTOpOii jexaT clemyroIiue
nonoxenus. MKA BBIBOAST Ha KBa3UCHHXPOHHBIC OPOMUTHI B PabOdMe TOUKH, TPACCHl KOTOPBIX
HPOXOJAT yepe3 TpeOyeMbli paifoH 3eMHON moBepxHocTH. IIpn M3MeHeHHU paiioHa HaGIIFOEHUs
MKA c¢ mnomompi0 MapHIeBBIX [BUTATENbHBIX YCTAHOBOK U3MEHSIOT pabodde TOYKH Ha
KBa3UCHUHXPOHHBIX opOuTtax. l3MeHeHme pabo4mx TOYEK MNPHBOAUT K CMEIICHHIO TPacc
KOCMHYECKUX aIllapaToB IO JOJNTOTe. 3a c4eT BHIOOpa 3HAYCHHS BEIMYMHBI CMEIICHHS IO
apryMeHTy IIMPOTHI OOECIeYMBAcTCS INPOXOXKJICHHE TPAacC 4Yepe3 HOBBIA 3a/aHHBIA paiioH
HaOJIIOAEHUS.

HccnenoBanus, NPOBEICHHBIE HAa OCHOBaHMM pa3pabOTaHHON MOAENHM, IIOKa3alld, YTO
mpeuIaraeMslii crioco6 npuMenenuss MKA nossosnsteT obecriednTs nepexo K HabIoeHHIO JII060ro
paiioHa 3eMHOM MOBEPXHOCTH, IIMPOTa KOTOPOrO HE MPEBBILIACT HakIOHeHHs opour MKA.
CMeleHue Tpaccsl B Ipefienax MeXBUTKOBOIO CMEICHHS B BOCTOYHOM U 3aIlaIHOM HAIPaBICHHAX
MOXXHO 00€cCIeynTh 3a CueT M3MeHeHus aprymenTa mmpotsl MKA B npenenax ot -360° no 360°.
Bpems nepexona K HaONIOACHHIO HOBOTO PaiiOHA 3aBUCHUT OT B3aHMHOT'O PACHOJIOKEHUs paiioHa
HaOII0/IeHNs U TIOCKOCTH opOouThl MKA B MOMEHT IOCTYIUIEHHs] KOMAH/Ibl HAa U3MEHEHUE paiioHa
HaOJII0JCHYSI, OT MaHEBPEHHBIX BO3MOkHOCTEeH MKA, a Takke OT IHMPOTHI pailoHa HAOIIOACHHSI.

Features of the design of small satellite for Earth's surface operational monitoring systems
Ermolaev V.1, Buksar M.Yu.
BSTU “VOENMEH?”, Saint-Petersburg, Russia

Creation of an Earth’s surface operational monitoring systems is the one of the most promising
areas of application of the small satellites. Such system is designed for rapid organization of
information support for areas of natural or man-made emergencies.

To obtain the minimum periodicity of the observation of the required areas of Earth’s surface,
the small satellites are supposed to be launched into quasi-synchronous orbits. However, this type of
orbits doesn’t provide a complete view of the Earth’s surface. In this respect when the required area
of observation changes, it is necessary to perform maneuvers by the small satellite for the ground
track changing.

An increasing of the maneuvering possibilities for small satellites leads to the need of solving
the design-dynamic problem during the small satellites design. This problem is consist of joint
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optimization of the maneuvering parameters, maneuvering methods and methods of application of
small satellites in order to achieve the maximum efficiency in solving information support problems.

To solve the specified design-dynamic problem a mathematical model of the process of small
satellites usage was developed. This model is based on the following provisions. Small satellites are
supposed to be launched into quasi-synchronous orbits at the operating point, which ground track
passes through the given area on the Earth’s surface. To change the observation area the small satellite
is changing its operating point on the quasi-synchronous orbit by means of using of satellites
thrusters. Changing the operating point causes a shift of the ground track by longitude. Passing of the
ground track through the new given area can be achieved by choosing the operating point’s
displacement by the argument of latitude.

Studies which were based on the developed mathematical model have shown that proposed
method of small satellites usage allows a transfer to observation of any point on Earth’s surface in
which latitude is less than inclination of small satellite’s orbit. The shift of the ground track within
turn-to-turn shift can be provided by changing of small satellites argument of latitude within the range
from -360° to 360°.

Moaudukanus NOBePXHOCTH YIJIePOAHOI0 BOJIOKHA C HeJIbI0 NOBBIIIEHHsI HPOYHOCTH H
KECTKOCTH YIJIeNJACTHKOB
Kpusens I'. 1.
MAMWU, r. Mocksa, Poccust

JI1s M3rOTOBJICHMSI HECYIIMX KOHCTPYKUMH M 0OOpYNOBAHMS KOCMHUYECKHX JICTATENBHBIX
anmnaparoB B [OCIEAHEES BPEMs LIMPOKOE MPUMEHEHHUE IOy Y YITICIUIACTHK O1arogapsi ero MajioMmy
BECY M BBICOKMM HPOYHOCTHBIM CBOWCTBaM. YTJICIUIACTHK COCTOMT M3 ABYX (a3 — yriiepogHoro
BOJIOKHA W TOJMMEpHOH Matpuusl. IIpn NPOSKTHPOBAHMM YIVICIUIACTHKA OMPEACISCTCS
ONTHMAJIBHBIH COCTAaB MOJIMMEPHOI MAaTPHIbl, OPHEHTALNS BOJIOKOH U UX 00BEMHOE COAEpIKaHHUE.
DT0 MO3BOJSAET MOJTYYUTh KOHCTPYKLHMOHHBIH MaTepHal C HEOOXOAMMBIME (DYHKIHOHAILHBIMU
CBOWCTBAaMH, MOAXOMSAIIMME JUISL ONpEJENeHHBIX YCIOBMH 3KcIutyataumu. Tem He MeHee, s
pa3paboT4YMKOB YIJIEIJIACTHKA, HAa CETOAHSIIHUIA [EeHb BaKHOHW 3aJayell ocTaeTcs CO3JaHue
TEXHOJIOTHH, HANpaBICHHBIX Ha YBEJIMYEHHWE COBHrOBOH mNpovHOCTH. OJHMM U3 MOAXOIOB
VIAy4LICHUs ~AArC3HOHHBIX CBOMCTBA M  YBEIMYCHMsS IUIONIQAH [OBEPXHOCTH BOJIOKHA,
crocobcTByroMIEro 6oinee 3G PEKTUBHON Tepeiadn Harpy30K My BOJIOKHOM U MaTpHIIEH, U, KaK
CJICAICTBHE, MOBBIIICHHS CIBUTOBOH MPOYHOCTH, HAa KPYTrOBOH MOBEPXHOCTH YIJICPOIAHBIX BOJIOKOH
BBIPAIMBAIOTCS CIIENMAIbHbIE HAHOCTPYKTYPBI — BHCKEpCHl. VI3BECTHBI CIIOCOOBI BHCKEpH3AUH
YIIIEPOAHOTO BOJIOKHA YITICPOAHBIMU HAHOTPYOKaMH, SKCIICPUMEHTAIBHBIC HCCIICOBAHIS KOTOPBIX
MIOKa3aJId, 9TO MeX(pazHasi IPOYHOCTH MOIU(DUIUPOBAHHOIO KOMITO3UTHOTO MaTepHaa IpH CABUre
npeBbimracT Oojee 4eM B JBa paza MEK(asHYI0 MPOYHOCTh KIACCHYECKOTO YIJICMIACTHKA.
Buckepn30BaHHBIl KOMIIO3HT COCTOUT M3 Tpex (a3 — yriepoIHOro BOJIOKHA, MEX(a3HOTO CIIOs,
00pa30BaHHOTO YIIEPOAHBIMU HAHOTPYOKAMHU M OIMMEPHOI MATPHULICH, U TOJIMMEPHON MAaTPHULIBL.

Hcnonp3oBanue Meroma Tpex (a3 MO3BOIMIO pa3paboTaTh METOIbI pacueTa KECTKOCTHBIX
CBOWCTB BHCKCPH30BAHHBIX KOMIIO3UTHBIX MAaTCPHAOB, YYHUTHIBAIOIINEG T'€OMETPHYCCKUEC U
(u3nyeckne CBONCTBA 3JIEMEHTOB CTPYKTYPhL. B 3aBHCHMOCTH OT yCIOBMII HarpyxeHus ObLIM
[OJIyYEHBl BBIPAXKCHHUS I OIpPENCICHHS HanpsokeHWil u nedopmammii B Kaxmod u3 ¢as
BUCKEPU30BAaHHOTO KOMIIO3MUTa M OBLI MPEMIOKEH METOJ OLIEHKH HECyIled CIOoCOOHOCTH
MOIUGUINPOBAHHOTO KOMIIO3HTA, COINIACHO KOTOPOMY IPOYHOCTH KOMIIO3HTA OIIPEACISCTCS
cnaboii pazoi.

UYHCICHHO-aHAIMTHYECKUE — PELICHMs  3aja4  ompeneiaeHus  d(P(GEKTUBHBIX  CBOWCTB
MOIHM(UIMPOBAHHBIX KOMIIO3UTOB, HAIPSKCHHO-AeQOPMUPOBAHHBIX COCTOSHHMI B 3JIEMEHTaxX
CTPYKTYypbl ~ MOAM(HIMPOBAHHBIX ~ KOMIIO3MUTOB M  IIOCIACAYIOIIas  OLEHKA IPOYHOCTH
MO/IM(UIINPOBAHHBIX KOMIIO3UTOB, IIO3BOJIHJIM OLCHUTH MEPCIIEKTHBBI UCIIONB30BAHUS TEXHOJIOTHI
BUCKEPU3ALUH TOBEPXHOCTU YIJIEPOAHBIX BOJOKOH U  BBISIBUTH KPHTCPHUM  YJTy4IICHHs
MEXaHHYECKUX CBOIMCTB TaKUX KOMIIO3HTOB.

HccenenoBanue BBINOIHEHO HpH (uHaHCOBOU moanepxkke PODU u IlpaButenscTBa MOCKBBI B
pamMkax Hay4Horo mpoekrta Ne 21-38-70008.
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Modification of the carbon fiber surface to increase the strength and rigidity of the CFRP
Kriven G.I.
MAI, Moscow, Russia

For the manufacture of load-bearing structures and equipment for spacecraft, CFRP has recently
been widely used due to its low weight and high strength properties. CFRP consists of two phases —
carbon fiber and a polymer matrix. When designing CFRP, the optimal composition of the polymer
matrix, the orientation of the fibers and their volumetric content are determined. This makes it
possible to obtain a structural material with the required functional properties suitable for certain
operating conditions. Nevertheless, for CFRP developers, today an important task is to create
technologies aimed at increasing shear strength. One of the approaches to improve the adhesion
properties and increase the fiber surface area, which contributes to a more efficient transfer of loads
between the fiber and the matrix, and, as a consequence, to increase the shear strength, special
nanostructures — whiskers — are grown on the circular surface of carbon fibers. Known methods of
whiskering carbon fiber with carbon nanotubes, experimental studies of which have shown that the
interfacial strength of the modified composite material at shear is more than twice the interfacial
strength of classical carbon fiber. A whiskerized composite consists of three phases — carbon fiber,
an interfacial layer formed by carbon nanotubes and a polymer matrix, and a polymer matrix.

The use of the three-phase method made it possible to develop methods for calculating the
stiffness properties of whiskerized composite materials, taking into account the geometric and
physical properties of structural elements. Depending on the loading conditions, expressions were
obtained to determine the stresses and strains in each of the phases of the whiskerized composite, and
a method was proposed for assessing the bearing capacity of the modified composite, according to
which the strength of the composite is determined by the weak phase.

Numerical and analytical solutions to the problems of determining the effective properties of
modified composites, stress-strain states in the structural elements of modified composites and the
subsequent assessment of the strength of modified composites, made it possible to assess the
prospects for using the technology of whiskering the surface of carbon fibers and to identify criteria
for improving the mechanical properties of such composites.

The research was funded by RFBR and Moscow Government according to the project No. 21-
38-70008.

Ilockast KaTyIIKa MATHATHO!M CHCTEMbI OPHEHTALMH MAJIOr0 KOCMHYECKOT0 anmapara
Kyprysos A.B.
MAMWU, r. Mocksa, Poccust

KocmuueckuM amnmapataM [1Jisi BBINONHEHMsl LETEBBIX 3aJad TpeOyeTcs Kak YIpaBliCHHE
JIBIDKCHHEM B KOCMHYECKOM MPOCTPAHCTBE, TAK W yIpaBleHue opueHTtanueil. Eciu ynpasienne
JIBIDKCHHEM MPAKTHYCCKH HEBO3MOXKHO 0e3 3aTpat pabouero Tena (He cuuTast 9K30THIECKUX CHCTEM
C COJNHEYHBIMH TApYCaMH WM TPUMEHEHUsI TPABHTAIIMOHHBIX MAHEBPOB), TO IUIsl YIIPABICHUS
OpHEHTALMEil MOTYT HCIIOJb30BaThCs CHCTEMBI, He TpeOyrolue 3aTpar pabodero Tena. Vi3BecTHble
CrI0cO0bI OCHOBBIBAIOTCSI HA THPOCKOMIIECKOM d(h(heKTe U B3aUMOICHCTBHH C PA3IMYHBIME MOJISIMH,
TaKHMMH KaK MarHUTHOE U TPaBUTALIMOHHOE.

Ha HHU3KHX OKOJIO3EMHBIX OpOWTax Ui YIPaBICHUS OPHUEHTAIMEH MalblX KOCMHYECKHUX
annapaToB MOXET HCIOJIb30BaThCsl MATHUTHAS CHCTEMa, B3aUMO/ICHCTBYIOIIAs ¢ MATHUTHBIM [1OJIEM
3emii [2]. YmpaBisiompie MOMEHTBI, CO3[1aBaeMbIe TAKOH CHCTEMOMW, 3aBHCSAT OT IUIOMIAAN
MAarHUTHBIX KaTyIIEK, 4TO ONpPEeNsieT HX 3HAUUTEIIbHBIE Pa3Mephl.

B mocnenHee BpeMs aKTUBHO Pa3BUBACTCS CETMEHT CBEPXMAJBIX KOCMHYECKHX allapaToB
kiacca CubeSat. [l ammapaToB 3TOro Kjacca MMEIOTCS JKECTKHE OTPAHUYCHHS B JOCTYITHOM
o0beMe U pacronaraeMoi Macce. 9T0 HPUBOAUT K BBICOKOW IJIOTHOCTH Pa3MELICHHS HJIEMEHTOB.
Vmeromuecs: TpeOoBaHUs (OPMUPYIOT HEOOXOIMMOCTh yMEHBLICHHS TrabapuTOB KaTyLIeK
OPHMEHTALMU ¥ TTOUCKA KOHCTPYKTHBHBIX PELICHUI, ONTUMU3HPYIOIIUX HCIOIb30BaHHE TIOJIE3HOIO
obbema anmapata. OJHUM W3 NEPCHEKTUBHBIX PEIICHUH SBISETCS COBMEIICHUE MarHUTHBIX
KaTyLIEK C MaHeISIMH KPEIUICHHS COJIHEUHBIX OaTapeil. B 3ToM citydyae MarHUTHBIE KaTYIIKH JOJDKHBI
6bITh TUIOCKAMH. [103TOMY (DOpMEpOBaHHE KOHCTPYKIIMM MATHUTHBIX KATYIIEK IUIOCKOTO THIIA
HMeET MPAKTUYECKOE 3HAYCHHE.
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PaboThl MO CIYTHHKOBOW TEMaTHKE, KacalOIIMECs KOHCTPYKLIHH 3IEMEHTOB MajbIX
KOCMHYECKHX aIapaToB, BeAyTcsi B MOCKOBCKOM aBHALIMOHHOM MHCTUTYTE JOCTATOYHO AaBHO. B
2017 r. ot 3amymen CubeSat «Mckpa-MAN-85». B pamkax peruieHus 3agad MO U3YYCHHIO
MAarHWTHBIX cHCTeM opueHTtaimun B MAW paspaboraH CTeHA OTpabOTKM CHCTEM OPHEHTALMH U
crabummsaimy MKA [1]. Umeercst yaeGHO-IpOM3BOACTBEHHAs 0a3a UIsl HOATOTOBKH CHELHATICTOB
10 IPOCKTUPOBAHHUIO KOCMUYECKHUX alIapaToB, KOHCTPYHPOBAHHUIO M MHTETPALIMH X JJIEMEHTOB U
CHCTEM.

Jluteparypa:
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Flat magnetic torque coil for small spacecraft attitude control system
Kurguzov A.V.
MAI, Moscow, Russia

Both space motion control and attitude control is required for perform targeted spacecraft
missions. Motion control is practically impossible without flow out mass (with the exception of exotic
systems with solar sails or the use of gravity assist maneuvers), but attitude change can be perform
without flow out mass. The known methods are based on the gyroscopic effect and interaction with
various fields, such as magnetic and gravitational.

In low Earth orbits, a magnetic system interacting with the earth's magnetic field can be used to
control the attitude of small spacecraft [2]. The control moments created by such a system depend on
the area of the magnetic coils, which determines their significant size.

Recently, the segment of ultra-small spacecraft of the CubeSat class has been actively
developing. For devices of this class, there are severe restrictions on the available volume and weight.
This results in a high density of elements pack. The existing requirements form the need to reduce
the dimensions of the orientation coils and searching for design solutions that optimize the use of the
useful satelite volume. One of the promising solutions is to combine magnetic coils with solar panels.
In this case, the magnetic coils must be flat. Therefore, the design of flat-type magnetic coils is of
practical importance.

Work on satellite topics, in particular, concerning the design of elements of small spacecraft, has
been carried out at Moscow Aviation Institute for a long time. So, in 2017, the Iskra-MAI-85 CubeSat
was launched. Within the framework of solving problems on the study of magnetic attitude control
systems at the Moscow Aviation Institute, a stand has been developed for testing the attitude and
stabilization systems of small spacecraft [1]. There is an educational and production base for training
specialists in spacecraft design, design and integration of their elements and systems.

References:

1. Kulkov V.M., Glotov M.K., Yoon Sung Wook. Development of promising technologies for
maneuvering small spacecraft in the space experiment “Aerokosmos-MAI” // 3rd Symposium
“Modern problems of creating Russian small spacecraft and their use for solving socio-economic and
scientific problems”. Kaluga, September 18-19, 2019.

2. Ovchinnikov M.Yu., Penkov V.I., Roldugin D.S., Ivanov D.S. Magnetic attitude control
systems for small satellites. — M.: IPM im. M. V. Keldysh, 2016, — 366 p.

IlpuMeHeHHe CIIyTHHKOBOH PaJHOHABUTAIHOHHOI CHCTEMBI ISl KOPPEKIHU 60PTOBBIX
ABTOHOMHBIX MHEPIHMAJILHBIX CHCTEM BO3IYLIHBIX CY/10B
Mapkenos B.B., I'ypesnos A.B., lllykanos A.B., Koctuumu M.O.
AO «OKb «2nextpoaBromatrkay, T. Cankt-IletepOypr, Poccus
I1pencTaBieHbl aIrOPUTMBI UCIOIB30BAHUS HH(OPMALMH CITyTHUKOBOH PaJIiOHaBUTallHOHHOM
CHCTEMSI Ul KOPPeKIUH apaMeTPOB aBTOHOMHBIX HHEPIHAIBHBIX CHCTEM U3 COCTaBa OOPTOBOTO
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KOMIIIEKCa BO3AyIIHOro cynHa. K KoppekTHpyeMbIM INapameTrpaM OOpTOBOH HHepLHUaIbHOM
CHCTEMBI OTHOCSTCS JIMHEHHBIC H YIJIOBBIC IapaMeTPhl MOJOXKEHUS CHCTEMBI B IIPOCTPAHCTBE,
JIMHEHHbIE M YIJIOBbIE CKOPOCTH €€ IepeMelleHus. PaccMOTpeHBI /1Ba peaau3yeMbIX DPEXHMa
KOPPEKIHU IapaMeTPOB HHEPIHAILHONH CHCTEMBL: PEXKHM HAa3eMHOH KOPPEKIMH U PEXUM
KOPPEKIIUH B TOJIETE.

PexxuM Ha3eMHOH KOPPEKIMH MapaMeTpoOB HHEPIUATGHOH CHCTEMBI BKIIOUaeT B ceds
KOPPEKLHIO JIMHEHHBIX CKOPOCTEH CHCTEMBI, APEH(OB IO YINOBBIM CKOPOCTSAM H JIHHEHHBIM
YCKOPEHHSM, a TaK)Ke KOPPEKIHIO TIOT0XKEHUS CHCTEMBI B a3UMyTe. B KauecTBe HCXOIHBIX JaHHBIX
UCHOJB3YIOTCA HM3MEPEHHsl CKOpocTed, (opMupyemble CIYTHUKOBOH —paJIMOHABUIALIMOHHON
CHCTEMOH, a TakKe YCIOBHS, OIpeeNsieMble HAaXOXKICHHEM BO3IYIIHOTO CyJHA HAa 3eMHOH
MOBEPXHOCTH U BKIIIOYAIOIINE B ceOsl JBYXMEPHOCTh II€PEMEILIEHUH M CTaOMIIBHOCTH YIJIOBOTO
MOJIOXKEHUSI HMHEPIUANPHOW CHCTEMBl B Te€OJe3MYecKOd cHucTeMe KoopauHaT. Koppexmus
OCYIIECTBIIACTCS HA PACUYCTHOM HHTEPBAJC BPEMEHH, IO3BOJIIONIEM IOJNYYHTh HEOOXOIUMYIO
JIOCTOBEPHOCTD OLIEHKHU OIIPeIeIIeMbIX IIapaMeTPOB.

PexxuM KOppeKIMH TNapamMeTpoB HHEPILHAIbHOW CHCTEMBI MO HH(OPMAIMH CITyTHHKOBOI
PaJHOHABUTAIIOHHON CHCTEMEI B IIOJIE€Te 00CCIIeUNBACT MOBBIIICHHE TOYHOCTHBIX XapaKTEPUCTHK
aBTOHOMHOTO CuHCleHHs. Pexum BkmouaeT B ce0s KOPPEKLMIO JIMHEHHBIX CKOpOCTeH
MHEpPIHAIbHON CHCTEMBI, a Taloke Aped(oB IO YIIOBBIM CKOPOCTSIM M JIHMHEHHBIM ycKopeHHsM. B
Ka4yecTBE MCXOAHBIX JAHHBIX MCIIOJB3YIOTCSl 3HAYEHMS IeOfe3HYEeCKHX KOOPIMHAT, M3MEpAeMBIX
CIIyTHUKOBOW paJIMOHABUTAIIMOHHOM CUCTEMOW. PeXUM OCHOBaH Ha ONPENIENICHUH OUIMOKH pacuera
KOOPJMHAT MECTOIIOJIOKEHHS OOBEKTa KOHTYPOM aBTOHOMHOIO CYMCIEHHS C IIOCIELYFOIINM
BBIZICICHHEM IONpPaBOK IO JpeldaM HHEPIUAIbHOM CHUCTEMBI, IIO3BOSIOIINX OCYIIECTBIATH
KOMIICHCAIIMIO JJAHHOW OIIMOKM Ha MOCIeayroneM 3Tare rnosera. Koppekius ocymiecTpisercs Ha
pacueTHOM HHTEpBale BPEMCHH, IIO3BOSIOMIEM IIOIYyYHTh CTATHCTHYECKYIO IOCTOBEPHOCTH
PE3yIbTaTOB OLEHKHU ONPEETAEMBIX TaPaMETPOB.

IMpuBeneHs! pe3ymbTaTsl OTPAOOTKH alITOPHTMOB KOPPEKIHH I1apaMeTpoB OOPTOBBIX
ABTOHOMHBIX WHEPIHUAIBHBIX CHCTEM 110 HH(OPMAIMH CIlyTHUKOBOH paJMOHABUTallMOHHON
CHCTEMBI Ha UCIIBITATEILHOM CTECHJE C OIEHKOH MX TOYHOCTHBIX XapaKTepHCTHK. [IpencraBieHb
PEKOMEHALNH MO UCIIOIb30BAHUIO AITOPUTMOB B OOPTOBBIX KOMIUIEKCAX BO3YIIHBIX CY/IOB.

Application of satellite radio navigation system for correction of on-board autonomous
inertial systems of aircraft
Markelov V.V., Gurjanov A.V., Shukalov A.V., Kostishin M.O.
Design Bureau “Electroavtomatika”, Saint-Petersburg , Russia

Algorithms for using the information of the satellite radio navigation system for correcting the
parameters of autonomous inertial systems from the onboard complex of the aircraft are presented.
The corrected parameters of the onboard inertial system include linear and angular parameters of the
system's position in space, linear and angular velocities of its movement. Two realizable modes of
correction of the parameters of the inertial system are considered: the ground correction mode and
the in-flight correction mode.

The ground-based correction mode for the parameters of an inertial system includes the
correction of the system’s linear velocities, angular velocity drifts, and linear accelerations, as well
as the correction of the system’s position in azimuth. As the initial data, the velocity measurements
generated by the satellite radio navigation system are used, as well as the conditions determined by
the aircraft's location on the earth's surface and including the two-dimensionality of the movements
and the stability of the angular position of the inertial system in the geodetic coordinate system. The
correction is carried out at the calculated time interval, which allows us to obtain the necessary
reliability of the assessment of the determined parameters.

The mode includes the correction of the linear velocities of the inertial system, as well as the
drift of angular velocities and linear accelerations. As the initial data, the values of geodetic
coordinates measured by the satellite radio navigation system are used. The mode is based on the
determination of the error in calculating the coordinates of the object's location by the autonomous
number contour, followed by the allocation of corrections for the drifts of the inertial system, which
allow for compensation for this error at the subsequent stage of the flight. The correction is carried
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out at the calculated time interval, which allows us to obtain statistical reliability of the results of the
evaluation of the determined parameters.

The results of working out algorithms for correcting the parameters of on-board autonomous
inertial systems based on information from the satellite radio navigation system on a test stand with
an assessment of their accuracy characteristics are presented. Recommendations on the use of
algorithms in aircraft onboard systems are presented.

K Bonpocy o BbIGOpe CTPYKTYPBI TEIUIO3AIMMHTHOI0 MaTepuaJjia annapara, padorawuero B
YCJIOBHSIX IKCTPEMAJIbHbIX TeMIIEPATYP
Mackaiikun B.A., Maxpos B.I1.
MAM, r. Mocksa, Poccust

Jlnst obecriedeHus TEIIO3aIMUTEl KOHCTPYKIUH, 000pyHOBaHHUS, allapaToB, pabOTAIOMUX B
9KCTPEMAJIbHO HU3KHX, BBICOKHMX TEMIIEpATypax MCIOJb3yIOTCs pasinuHble MaTepuanbl. Takue Kak
MHHEpalbHble, CTEKJIOBOJOKHHCTBIC, MHONMMEpHBIC U Jp. Tak ke MaTepHalbl IeIaTcs II0
CTPYKTypaM, TaKHX KaK PBIXJIOBOJOKHHUCTBIC, CTETaHHBIE, IICTCHHBIE, (JOPMOBAHHBIC U TKAHHBIC U
ap.

B nanHo#t pabote mis obecriedeHus TEIIO3aIlUThl PACCMATPHBAIOTCS CIOUCTBIE MaTePUAIIBI.
Ilenpio MccnenoBaHUs CIOMCTOTO MaTepHaia SBISIeTCS MONyYCHHE TaKOTO BHIA €ro CTPYKTYpEL,
KOTOpPBI OTBEYaeT TPeOOBAaHMSAM IIPOYHOCTH, MaJoil Macchl, 00beMa M BBICOKHX IOKa3aTeneh
TEIIOU30JIIINY IS HCIIONB30BAHMS B KOHCTPYKIUIX, 000pYTOBaHUSX U alllIapaToB pabOTaromue B
9KCTPEMAJIbHO HU3KHMX HJIM BBICOKHX TEMIIEpaTypax.

J1nis penieHyst TaHHOI 3a{a4X IPOBOAMIACH UCCISIOBAHNS TEIIONPOBOJHOCTU HEOJHOPOIHEIX
MatepuanoB. MccnenoBanuce pa3nnuHble CTPYKTYphl HOCTPOEHUs KOMOMHAILMHA MaTepHalloB U HX
3aBHCHMOCTH XapaKTEPHCTUK TEILIONPOBOJHOCTH OTHOCUTENILHO CTPYKTYPHOTO PACIIPEICICHHS.

AKTYalbHOCTb JaHHON PabOTHI 3aKIIOYAETCS B TOTYYCHHH YHUBEPCAIBHOCTH XapaKTEPHUCTHK
CIIONCTOTO MaTepHaia, OTBEYAIOIIed BCEM BBHINICHIEPEUHCICHHBIM THIIAM TEIUIOU30IINUM, HO
MMEIOIHX BBICOKYIO IPOYHOCTh, MAJIYFO Maccy ¥ 00bE&M, BBICOKHIT ITOKa3aTelb TEIIOU30IISIIUY IPU
Pa3IMYHBIX BUAX TEILIONEpeIadH.

HccnenoBanys TEMIONPOBOAHOCTH CIOUCTBIX MAaTEPHAIOB IPOBOJMINCE YMCIEHHBIM METOIOM
B HECTAIOHAPHOM DPEKHME IIPH PA3IUYHBIX BHIAX TeIUIONepenadd. Pe3ymbTaTsl MccieroBaHUS
MOKa3bIBAIOT, YTO [JIs MOIy4YEHMs BBICOKHMX ITOKa3aTeled TEIUIOM30JALMU CIOMCTOro Marepuana
XapakTepHO B3aUMOJCHCTBHE MAaTEPHATIOB, HMEIOMNX IPOTHBOMOJIOKHEIE XapaKTePHCTUKH
Teruionepenayn. BeiencTBue yero ObUTH ONpEEeHbl ONTHMAJIBHBIC ITAPaMETPhI 110 MACCOBBIM H
00BEMHBIM XapaKTepPUCTHKAM, a Takke CTPYKTYpPHBIM paclpelelIeHusIM CI0oeB MaTepuanoB. Eciu
paccMaTpuBaTh TEIUIONPOBOJAHOCTh CIUIONIHOIO MAaTepHana, HMMEIOLIEro IIOPHCTYIO CTPYKTypy
(MaTepHan BKIIOYaeT B ce0sl IPOTUBOIIOIOKHBIE XapaKTePUCTHKH TEILIONEepeadu ABYX Cpex), TO 10
CPaBHEHUIO C CJIOMCTHIM MaTEepUaIoM, HOPHCTHINA UMeeT OoJiee HU3KUE TI0KA3aTeNH TeIIoNnepeaadn.
Eciu paccMaTpuBaTh KOHCTPYKIHIO CO CIOHCTBIM MAaTepPHalIoOM B CPEle C CHIBHO Pa3psHKeHHBIM
ra3oM, TO B OT/EIIbHBIX CIIOSIX CJIOMCTOTO MaTepHala, KOTOphIe cl1abo COMPHKACAIOTCSI MEXKITY COOOii,
IIPaKTUYECKH HeT Ipolecca TeILIonepejadu.

On the question of choosing the structure of a heat-shielding materials of the vehicle that
works under extreme temperatures
Maskaykin V.A., Mahrov V.P.
MAI, Moscow, Russia

To provide heat shield of designs, equipment, vehicles that work in extremely low and high
temperatures use a variety of materials. Such as mineral, fiberglass, polymer and others. Also,
materials are divided into structures, such as friable, quilted, wicker, molded and woven and other.

In that work discusses layered materials to ensure heat shield. The purpose of the study of the
laminated material is to obtaining this kind of its structure, which meets the requirements of strength,
light weight, volume and high-performance thermal insulation for use in designs, equipment, vehicles
that work in extremely low or high temperatures.
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To solve this problem, studies of the thermal conductivity of inhomogeneous materials were
carried out. We studied the distribution patterns different combinations of materials and their
characteristics depending on the structural distribution.

The relevance of this work lies in obtaining the versatility of the characteristics of the laminated
material that meets all of the above types of thermal insulation, but has high strength, light weight,
volume and high-performance thermal insulation with various types of heat transfer.

Studies of the thermal conductivity of layered materials were carried out by a numerical method
in a non-stationary mode with various types of heat transfer. Research results show that to obtain
high performance indicators of thermal insulation of laminated materials the interaction of materials
that have opposite heat transfer characteristics is characteristic. Asses a result, the optimal parameters
for the mass and volumetric characteristics were determined, as well as structural distribution of
material layers. If we consider the thermal conductivity of a porous material that has a porous
structure (the material includes the opposite heat transfer characteristics of the two media), then
compared to laminated material, porous has lower heat transfer rates. If we consider a design with
laminated material in an environment with a highly discharged gas, then in separate layers of
laminated material, which are weakly in contact with each other, there is practically no heat transfer
process.

IIpoeKTHBIIT AaHAIN3 XaPAKTePUCTHK NePCHEKTUBHOIO MAJ0PAa3MePHOro KOCMUYECKOro
annaparta JHCTAHIMOHHOI0 30HAHPOBAHNS 3eMiIH
MaxaeBa M.M., Jlam3un B.A., Jlam3un B.B.
MAMWU, r. Mocksa, Poccust

B HacTosiee Bpems NPOBOIATCS PabOTHI IO MOAEPHM3ALUM CYLIECTBYIOIIMX U CO3JaHHIO
nepcneKTHBHBIX kocmuueckux cucteM (KC) mucrannmmonnoro szonmuposanust 3emmn (/[133) mms
YAOBJICTBOPECHUS.  BO3PACTAIOIMUX TpeOOBaHMH MOTpeOHTENel KOCMHUUYECKOH HH(pOpMaInH,
pacmupsoTcs QyHKIHOHAIBHBIE BO3MOXKHOCTH cucTeM. B nokmane npennoxen mpoextr MKA J133,
MO3BOJIIOLIMH 110 CPABHEHMIO C CYIECTBYIOIUMH IIPOTOTUNIAMHU YBEIUYUTH KOJIMYECTBO PEIIaeMbIX
amnmapaToM TEeMaTHYeCKUX 3ajad 3a cueT yaydlleHHs paspemaromeil crmocodHoctn LICA mpu
HPOBE/ICHUH OPOUTAIBHBIX MAHEBPOB.

PaccmaTpuBaeTcst BapHaHT IepcreKTHBHOrO MKA «HBIpSromero» Tuma ¢ BO3MOXKHOCTBIO
U3MCHCHHUS CBOCH OPOWTHI OT HAuaJbHON COJHEYHO-CHHXPOHHOW Ha MPOMEXYTOUYHYIO OpOUTY C
MEHBIINM 3HAYCHHEM BBICOTHI, YTO II03BOJSET YIy4IIHTh BHIXOJHBIC XapaKTEPUCTHKHU almapara,
MO3BOJIIONINE PEIaTh HOBBIE TEMaTHUYeCKHe 3a1aun. IIpruBe/ieHa NOCTaHOBKA 33/1aul U METOABI €€
pemrenus. PazpaboTana MeToAnKa, BKIIOUAIOMAs MOJICTH U aITOPHTMBI, I03BOJIIONIAs ONIPEASIHTh
paLoHalIbHBIE XapaKTepUCTUKU noacucteM n MKA mpu 3azaHHbIX orpaHudeHusX. IIpoekTHas
MOfenb OLEHKH XapakTepucTHk MKA cocTouT u3 ABYX COCTAaBIIONIMX: AWHAMUYECKOH H
KOHCTPYKTHBHO-MacCOBOM. JI[MHaMUuecKas COCTaBJIAIONIAs IIPOEKTHOM MOJEIM ONMCBIBAET
HM3MEHEHHE MacC TOIUTMBA U KOMOMHMPOBAaHHOM BUraTenbHoi yecraHoBku (KY) B 3aBHCHMOCTH OT
XapaKTepUCTHIECKON CKOpocTH. KOHCTpyKTHBHO-MaccoBas — OMUCHIBaeT Maccy noacucreM 1 MKA
B nenom. [pu paspaboTke mpoekTHOI Monenu paccMmaTtpuBaercsi coctaB MKA, ycranaBmmBaercs
CBSI3b MAacCOra0apHTHBIX W OJHEPreTHYECKHX XapaKTepHCTUK ammapara OT HapaMeTpoB €ro
noacucteM. Ha HauanbHOM 9Tame MPOEKTHBIX PaboT, KOria HeT HeOOXOAUMBIX JAaHHBIX B IIOJTHOM
o0BeMe, UCIIONIB3YETCs OBIT Peali3allii AHAIOTUYHBIX PoeKToB. KpurepneM s pexTuBHOCTH IpH
peLICHUH JaHHOM 3ajauu siBisieTcss MUHUMYyM Maccsl MKA. BappupyembiMu mapamerpamu
SIBIIIOTCS XapakTepucTHku opoutsl, KJY n sHeprernueckoii cucreMsl. IIpencTaBieH MpoeKTHBIH
aHanu3 XapakTepucTuK mnepcrekTuBHOro MKA. IIpoBeneHs! HMCCIENOBaHUS BIHSHHS BHEIIHHX
CBsI3eil Ha XapaKTePHUCTHKH allapara.

Pe3ynbTaThl IPOEKTHOTO aHANN3a M NIPOBEACHHBIX HCCICIOBAHUI MOTYT OBITH HCIIONB30BAHbI
JUISL IeTanbHOro aHanusa s¢dextuBHocTH nepcnekTuBHbEIX MKA /133 ¢ 1enbio NporHo3upoBaHust
UX Pa3BUTHS U PACIINPEHNs 00JIACTH IPUMECHEHUSL.
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Design analysis of the characteristics of a promising small spacecraft for earth remote sensing
Makhaeva M.M., Lamzin V.A., Lamzin V.V.
MAI, Moscow, Russia

Currently, work is underway to modernize existing and create advanced space systems (SS) for
Earth remote sensing (ERS) to meet the increasing requirements of space information consumers,
expanding the functionality of the systems. The report proposes an ERS small spacecraft project,
which allows, in comparison with the existing prototypes, to increase the number of thematic tasks
solved by the apparatus by improving the resolution of the TIE during orbital maneuvers.

A variant of a promising "diving" type small spacecraft with the ability to change its orbit from
the initial sun-synchronous orbit to an intermediate orbit with a lower altitude is considered, which
improves the output characteristics of the spacecraft, allowing to solve new thematic problems. The
formulation of the problem and methods of its solution are given. A technique has been developed,
including models and algorithms, which makes it possible to determine the rational characteristics of
subsystems and SSC under given constraints. The design model for assessing the characteristics of
small spacecraft consists of two components: dynamic and structural-mass. The dynamic component
of the design model describes the change in the masses of the fuel and the combined propulsion
system (CPS) depending on the characteristic speed. Constructive mass — describes the mass of
subsystems and SSC as a whole. When developing the design model, the composition of the small
spacecraft is considered, a connection is established between the mass, size and energy characteristics
of the apparatus and the parameters of its subsystems. At the initial stage of design work, when the
necessary data is not available in full, the experience of implementing similar projects is used. The
criterion of efficiency in solving this problem is the minimum mass of the small spacecraft. The
variable parameters are the characteristics of the orbit, CPS and the energy system. A design analysis
of the characteristics of a promising small spacecraft is presented. Studies of the influence of external
relations on the characteristics of the apparatus were carried out.

The results of the design analysis and the studies carried out can be used for a detailed analysis
of the effectiveness of promising ERS small spacecraft in order to predict their development and
expand the scope of application.

AHaJIM3 YCTOHYMBOCTH K 0TKAa3aM MUJIOTHPYEMbIX KOCMHYECKHX aNNapaToB
MunoBanoB B.A.
PKK «2mneprusy», r. Koponés, Poccus

K nunotupyeMbIM KOCMHUYECKHM arraparaMm IpeabsBISIOTCS BbICOKHE TpeOOBaHUS IO
BEPOSITHOCTH  BBIMIOJIHEHUS nporpamMmbl  monéra. K MOAynmsiM  pOCCHICKOrO — CerMeHra
Mexnynapoanoit Kocmuueckoit CTaHIMu U KOpaOisiM, BBITIOJIHSIOIIMM TOJETHl K CTAHIMHU, TaKXKe
MIPEABSBISIOTCS TPEOOBAHUS K OTKA30yCTOMYMBOCTH — KOTJIAa OIMH OTKa3 B CUCTEME W3JENHs HE
JIOJDKEH TMIPEMsATCTBOBATh BBIIOJHEHUIO INPOrpaMMbl MONETa, a JBa OTKa3a — Oe30macHOMY
BO3BPAILCHUIO SKUIIaXa Ha 3eMIIt0. DTH TpeOOBaHMUS JOJKHBI OBITh COTNIACOBAHBI MEXIY coOoi. B
KayeCcTBE OCHOBbl TaKOI'O COIVIACOBAHUS MOXKET CIYKUTb aHalu3 BMIOB, IIOCIEACTBUHA U
KPHUTUYHOCTU OTKa30B, KOTOPBIA OJDKEH IO3BOJIMTH BBISBUTH IOBBIIICHHYIO C TOYKH 3PEHHS
TpeOOBaHMH HaJA&KHOCTH YCTOMYMBOCTH K OTKa3zaM. B noxiage OyayT paccMOTpEHbBI 3amadud
HA3eMHOM SKCIEPUMEHTAIBHON OTPaOOTKH U 3aBOJICKUX KOHTPOJIBHO-IIPOBEPOYHBIX UCIIBITAHHUH IO
MIPEOTBPAIEHNIO OTKAa30B B TojieTe Kopalmeid. IlokaszaH MOOXOX K CTaTHCTHYECKOMY aHAJH3y
3aMEYaHuil ¥ 0TKa30B, BBISBJICHHBIX B IPOIIECCE MOJIETa KOPa0JIsl, HO3BOJIAIOINI 1aTh HE3aBUCHMYIO
OLCHKY 3 {EeKTHBHOCTH HCIBITAHWA II0 NPEIOTBPALICHHUIO OTKAa30B B IMoJyieTe. BrlsBieHue
MOBBIIICHHOH YCTOMYMBOCTH K OTKa3aM MOXKET CIIY)KUTb OCHOBAaHHMEM JUIl ONTHUMHU3AIHUU
KOHCTPYKIIMU M3ENHS IyTEM HCKIIOUCHHS M30BITOYHOIO PE3epPBUPOBAHMS B CXEME HAJIEKHOCTH.
Takoit moaxox MOKeT OBbITh PEaNM30BaH NPH YCJIOBHUHU IUIAHMPOBAHUS M HPOBEACHUS HA3EMHOM
IKCIIEPUMEHTANIbHOI  O0TpaboTKy, obecriedeHuss S(G(EKTUBHOCTH pabOT IO BBIABICHUIO H
YCTPaHCHUIO OTKa30B B XOJE OTPAaOOTKH, 3aBOJICKHX KOHTPOJIBHBIX HCIIBITAHUI M IIOATOTOBKH
U3Jenuil K MycKy, HEAOMYIIEH!s B MOJET U3ACINNA C HEyCTPaHEHHBIMH OTKa3aMHU.
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Analysis of failure resistance of manned spacecraft
Milovanov V.A.
RSC “Energia”, Korolev, Russia

Manned spacecraft have high requirements for the probability of completing the flight program.
The modules of the Russian segment of the International Space Station and the ships performing
flights to the station also have requirements for fault tolerance - when one failure in the system of the
product should not interfere with the implementation of the flight program, and two failures - the safe
return of the crew to Earth. These requirements must be consistent with each other. As a basis for
such coordination, an analysis of the types, consequences and criticality of failures can serve, which
should allow us to identify increased resistance to failures in terms of reliability requirements. The
report will consider the tasks of ground-based experimental testing and factory control and
verification tests to prevent failures in the flight of ships. An approach to the statistical analysis of
observations and failures detected during the flight of the ship is shown, which allows to give an
independent assessment of the effectiveness of tests to prevent failures in flight. The identification of
increased resistance to failures can serve as a basis for optimizing the design of the product by
eliminating excessive redundancy in the reliability scheme. Such an approach can be implemented
under the condition of planning and conducting ground-based experimental testing, ensuring the
effectiveness of work on identifying and eliminating failures during testing, factory control tests and
preparing products for launch, and preventing products with non-eliminated failures from flying.

ANIHTHBHBIE TeXHOJIOTHHU NPU NPOH3BOACTBE KOCMUYECKHX aNIIapaToB
OpexoB A.A., Pabunckuii JI.H.
MAMU, r. Mocksa, Poccust

PacopocTpanenne ©  pasBUTHEe LU(POBBIX TexHomorumi mpoextupoBanus (CAD),
mozenupoBanusi U pacyetoB (CAE), mexannueckoir o6pabotku (CAM) nano CTHMyN pPa3BUTHIO
AIIUTUBHBIX TEXHOJIOTUH, KOTOpBIe ceifyac aKTHBHO HCIIONB3YIOTCS BO MHOTHX OOIACTAX
HPOMBIIIIEHHOCTH. TpexMepHast edath M03BOJISIET MOJTyYaTh W3/IEIUs PAKTUUECKH 10001 HopMBbI
u3 JaHHBIX 3D-Mozneny myTeM 00beAMHEHUS MaTepuaia, Kak IPaBUilo, CIIOH 3a CIIOEM B OTIANYUE OT
«BBIYUTAIOLIMX IPOU3BOACTBEHHBIX TEXHOIOIUH.

J11st a3poKOCMHUYECKON MPOMBIIIICHHOCTH BaXKHO M HEOOXOINMO Pa3BHBATh CIIOXKHEIN MPOIEce
aJUTUTHBHOTO MPOM3BOJICTBA, YTOOBI MOTy4aeMble H3/EIIHS COOTBETCTBOBAIM CTPOIUM TPEOOBAHHAM
OTpacid W TapaHTHUPOBATH HEOOXOAMMBIH YpPOBEHb MEXAaHHUECKUX XapaKTEePHCTUK, KaK MHpH
TpaJMLMOHHBIX METO/IaX MIPOU3BOJICTBA.

TpexmepHast medaTh HCIIOIB3YSTCS IS H3TOTOBICHUS TAKHX DJIEMEHTOB H YaCTeH KOCMHIECKHX
anmnapaToB Kak KaMephl CrOpPaHusl, y37bl peaKTUBHBIX JBUTaTelIel, KOpIyca JUlsl 3JIeKTPOHUKH, YaCTH
OXJIQXKJAIOIIHX arperaToB U Ip.

OjHaKo, TpW W3TOTOBJICHWM JAe€Taledl MEeTOAaMH aUIMTHBHBIX TEXHOJIOTHI HEOOXOAMMO
YYHTHIBATH ITapaMeTPhl TEXHOJIOTHIECKOTO MPOLECCa, TAK KaK OHU OKA3BIBAIOT BIMAHUE HA (QU3HKO-
MEXaHMYECKHE CBOMCTBAa IOTOBOIO M3fenHs. [l MHHMMHU3ALUK IOBOJIOK TpeOyeTcs Co3/aHue
ONTHUMAJILHOI KOMIIOHOBKY M31enuii B kamepe 3D npuntepa. [Ipu criekaHuu MeTauIonopOLIKOBON
KOMIIO3HIIMY, 0Opa3yromascss B XOA€ [BWKCHUS IOJBW)XKHOIO HCTOYHHKA TEIUIOBOTO WM
9NIEKTPOHHOTO M3TydeHHsI BAaHHA PacILIaBa, BEI3BIBACT TPAJUEHT TEMIICPATYP, YTO B CBOIO OYepelb
OKa3bIBAET BIIMSHHE HA BEIMYMHY OCTATOYHBIX HANPSHKEHUH B paMKax CJI0sl I€TalIM M MOKET UMETh
HAKONUTENbHBIH dh(EKT U pacmpoCTpaHATHECS HA YK€ CIECYEHHBIE CIOH. TeM caMbIM BO3HHKAET
HEOOXOMMOCTh B IOA00OPE ONTHMAIBHBIX TAPaMETPOB MpOoIecca TPEXMEPHOH MeyaTH U CO31aHue
AQHAIUTUYECKHX U YHCICHHBIX METOIOB pACcYeTOB TEPMOHANPSDKEHHOTO COCTOSHUS H3IeMHil,
TIOJTyYEHHBIX METOIaMH aIIUTHBHBIX TEXHOJIOTH.

HccnenoBanue BBITONTHEHO IpH (uHaHCOBOU moaaepxkke PODU B pamkax HaydIHOTO IIPOEKTa
Ne 19-31-90142.
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Additive technologies in spacecraft production
Orekhov A.A., Rabinskiy L.N.
MAI, Moscow, Russia

The spread and development of digital design (CAD), simulation and computation (CAE), and
machining (CAM) technologies has spurred the development of additive technologies, which are now
actively used in many industries. Three-dimensional printing makes it possible to obtain products of
almost any shape from 3D model data by combining material, usually layer by layer, as opposed to
"subtractive" manufacturing techniques.

It is important and necessary for the aerospace industry to develop a sophisticated additive
manufacturing process to ensure that the resulting products meet the stringent requirements of the
industry and guarantee the required level of mechanical performance as if they were obtained using
traditional manufacturing methods.

3D printing is used to manufacture elements and parts of spacecraft such as combustion
chambers, jet engine assemblies, electronics housings, parts of cooling units, etc.

However, when manufacturing parts by methods of additive technologies, it is necessary to take
into account the parameters of the technological process, as they affect the physical and mechanical
properties of the final product. In order to minimize deviations, it is necessary to create an optimal
layout of the products in the 3D printer chamber. During sintering of the metal powder composition
in the course of movement of the moving source of thermal or electronic radiation a temperature
gradient is formed, which in turn affects the amount of residual stress within the layer of the part and
can have an accumulative effect and spread to the already sintered layers. Thus, there is a need to
select the optimal parameters of the 3D printing process and to create analytical and numerical
methods for calculating the thermal stress state of products obtained by additive manufacturing
methods.

Acknowledgments: The reported study was funded by RFBR, project number 19-31-90142.

OneHKa M0J10CHI YACTOT M MPOIYCKHOH CIOCOOHOCTH TPAKTOB MePCHeKTHBHO
HH3KO0POUTAJIBHOI CHCTEMBI CBSI3H
IMnuyrun C.b.
PKK «2neprusy», r. Koponés, Poccus

PaccmatpuBaercst HuzkoopOuTaneHas cucreMa sz (HOCC), Brimtovaromass N CIyTHHUKOB-
PETPaHCIATOPOB ¢ (DYHKIMEH MapHIpyTH3aluy cooduienuii Ha 6opTy (CPOM), pacmnonokeHHBIX B
m OpOUTaNbHBIX MIIOCKOCTSIX, M0 n CPOM B mnockoctu [1]. MexcnyraukoBsie Tpaktel (MCT)
Mexxay CPOM peann3oBaHbl 0 TeKCAaroHalbHOU cxeMme — Tak, yto CPOM nopnep:xuBaer cBssb ¢
nByMsi Ompkaiiimmu Kk Hemy CPOM B mtockocTi cocenHeil opOuThI. IIpeioxkeHo cuuraTh, 4To
creHapueM, Ipu koropoM paccMarpusaeMast HOCC emié coxpaHseT CBI3HOCTb, SIBISICTCS BBIXO H3
ctpost Bcex CPOM B 0/1HOI 0pOUTaIBHOMN IJIOCKOCTH, 3@ UCKIIFOUEHUEM O/IHOr0. B TakoM cruieHapun
HOCC peanusyercst B Buae IBYX moiaycdep, CBS3b MEXAY KOTOPBIMU OCYLIECTBISIETCS uepes
eMHCTBeHHBIH padorocniocoOHblii CPOM. Ilenp ucciaenoBaHusl — OLIEHUTH pPe3epB MPOIYCKHOM
CIOCOOHOCTH M COOTBETCTBYOMIMH quana3oH yactor MCT s CPOM.

B nenom, 1151 OLIEHKH MOJIOC YaCTOT U ITPOITYCKHOHM criocoOHOCTH aboHeHTCKuX TpakToB 1 MCT,
IIPeUI0KEHA METOIUKA, BKIIOUAIOMAs CIICAYIOIIUE IIarh:

» llar 1: Ha3HaueHWe MOJOCHI 4acTOT aboHeHTckoro Tpakta (AT) CPOM u momm noteps
uHpOpMALIUK NIPH Niepenade OT a0OHEHTa K a0OHEHTY.

« llar 2: pacuér npomyckHo# ciocodHocTH AT 10 Ha3HAYEHHOM MONIOCE YACTOT.

« llar 3: pacuér mpomyckHoil cmocooHoct MCT ¢ pe3epBoM, 3aJaHHBIM IIO CIIEHApHIO C
€IMHCTBEHHBIM paboTocnocoOHbIM CPOM B opOHTaNBHOI IIIOCKOCTH.

« llar 4: pacuér monocs! gactot 11t MCT ¢ yuérom pesepBa IpOITyCKHOMH CIIOCOOHOCTH.

CoOTHOIIEHUS JUIS OLICHKH Pe3epBa MPOITyCKHOH CIIOCOOHOCTH U OLeHKH nojockl yactor MCT
OBLIM MOTy4YCHBI IPH CIACAYIOINX OrPaHHYeHUsIX U gomymenusx ([2] u [3]):

* Harpys3ka, reaepupyemast oT AT ogaoro CP®M mana no orHonrenuro k Harpyske B HOCC;

* Harpy3ku oT CP®M BoBHe 1 BoBHYTph nonychepst HOCC paBHbL;

* mryM B MCT u B AT COOTBETCTBYeT IOPOTY KBAHTOBAHUS CHTHANA;

» MomHocTh curHana B MCT u AT mana v cTpeMHTCS K HYJIIO;
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* HHEPIIMOHHOCTh UCTOYHUKA COOOIIECHUH, ITOCTYIAIOMNUX B KaHAJ, OTCYTCTBYET;

* CKOPOCTS IIepeauil HCTOYHHKA COOOIICHHI paBHA IPOITYCKHON CIIOCOOHOCTH KaHAa;

* notok coodmmenuii B MCT u AT siBisieTcst MPOCTEHIINM, [UTHTEIFHOCT COOOIIEHHH B TIOTOKE
pacrmpe/eneHa 1o MoKas3areIbHOMY 3aKOHY.

PaboTocnocoOHOCT METOAMKH MpoBepeHa Ha npumepe, B kotopom HOCC Brirowana N = 98
CP®M Ha m = 7 opburax no n = 14 CPOM na opbure. I[loxydeHnsie mo npeagaraeMoil METOAUKE
pe3yJIbTaThl NOKa3aiu, 4To HUpHHY nosockl yactot it MCT juis nepenexkrusHoid HOCC cnenyer
3agaBath B uHTepBaie 18 — 19 I'T'y, npu sToM ormedeHo, 4yro must peanusauun MCT ciemyer
paccMaTpuBaTh Kak pajgio —, TaK ¥ ONTUYECKHI TUana3oHsl [5].

Bandwidth and Baud Rate Evaluation for Links in proposed LEO Communication System
Pichugin S.B.
RSC “Energia”, Korolev, Russia

LEO Communication System (LEOCS) is considered, comprising N relay satellites with routing
functionality (RSRF) of messages on-board, these positioned in m orbital planes, by n RSRFs per
plane [1]. Intersatellite links (ISTs) between RSRFs are made by hexagonal scheme — that is each
RSREF liases the two closest RSRFs in neighboring orbital plane. Assumed the scenario with all but
one RSRFs in one plane are faulty, but the LEOCS still keeps its operational connectivity. As per the
scenario, LEOCS can be presented as two semi-spheres communicating through one operational
RSRF. Therefore, the investigation is aimed to evaluate a backup for baud rate for ISL of RSRF and
bandwidth for the ISL.

To evaluate a reserve for baud rate and bandwidth for ISL of RSRF, a technique is proposed,
having steps as follows:

* Step 1: setting desired value of RSRF Subscriber Link (SL) bandwidth of and data loss rate for
subscriber — to subscriber data transmission.

* Step 2: calculation of baud rate of SL in accordance with SL bandwidth.

* Step 3: calculation of backup for baud rate of ISL as per the scenario with single operational
RSREF in orbital plane.

* Step 4: calculation of bandwidth for ISL, assuming the baud rate backup is included.

Formulae for evaluation of baud rate backup and of relevant bandwidth for ISL have been
received at assumptions as follows ([2] u [3]):

« traffic load, generated by SL of RSRF is small against the one of LEOCS;

« traffic load from RSRF outside and within semi-sphere of LEOCS are equal;

* noise inside ISL or SL channel corresponds to quantification threshold of signal inside the
channel;

« signal power in ISL or SL is small and tends to zero;

« inertia of source of messages entering the channel does not exist;

* daud rate of the source of messages equals the one of the channel;

» message flow inside ISL or SL is simple and message duration in the flow is distributed by
exponential law.

Operability of the technique proposed have been tested on the sample LEOCS having N = 98
RSRFs by m =7 orbits, by n = 14 RSRFs per orbit.

The results have been obtained as per the technique proposed show that ISL bandwidth for the
proposed LEOCS could be preferably set within the interval of 18 — 19 GHz, and it was also noted
that for ISL implementation both radio and optical ranges to be considered [5].

TIpuMeHeHHe TMHAMMYECKOH MO/Ie/IH MAJIOr0 KOCMH4YeCKOro annapara B 00y4awuemM
npouecce
IMnuyxkun I1.B., Xamanos P.P., ®extonun /I.A., Koporkos A.U.
MAMWU, r. Mocksa, Poccust

VlckyccTBEHHbIE CITyTHUKH OCYLIECTBILIIOT IIMPOKHI CIIEKTp 3a1a4 B KocMoce  Ha 3emute. [lpu
MIPOM3BOJICTBE MAJIBIX CITyTHHKOB BO3ZHHMKAIOT CIIOXKHBIC 33[]aul, COIIOCTABUMBIC CO CIIOKHOCTSMH,
BO3HHUKAIOIMX HPH CO3JAQHWM OOJBLIMX AaIapaToB. YBEIHYCHHUE KOJUYECTBA CITyTHUKOB H
MTOCTOSTHHOE PACIINPEHHE X TPYIITHPOBOK YACTHBIMU U TOCYIaPCTBEHHBIMH KOMITAHUSIMH, POXKIAET
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HOTpeOHOCTh B Goliee MTyOOKOM 00y4YEHHM CTY/CHTOB, NMOBBILICHHUS UX HE TOIBKO TEOPETUUECKOM
0a3pl 3HAHUH, HO M IMPAKTHYECKOH. DTO MO3BOIMIO OBl COKPATHTh BpeMs NPo(eCcCHOHAIBHOH
MHTETpallMy CTYACHTOB IIPU TPYAOYCTpolicTBe Ha mpeanpustusa. Haubonee onTuMaiabHbIM
IIPOU3BOJICTBOM CIIYTHHKOB SIBJISICTCS KOHBEHepHas cOOpKa M3 CTAaHJAPTHBIX YHH(DHUIUPOBAHHBIX
KOMIIOHEHTOB. J[aHHBIII METOJ MO3BOJISET CYIIECTBEHHO YMEHBIIMTh 3aTpaThl Ha pa3padoTky KA
JUIS BBITIOJHEHHSI CITyTHUKOM 3a71a4 /133, HaBuramuu, B34 U T.1. JlaHHbINH 00y4aroumii mpouecc
MOZIpa3yMeBaeT HHTErPalMIo ¢ METO0IOrHel KoHBeilepHoro npoussoacTea KA.

O6yuaromuii mporecc 3aKiIodaercs B paboTe ¢ MOJENbI0 HIMHTATOPOM CITyTHHKA, 3 UMEHHO B
TBEPIOTEILHOM MOZIETMPOBAHUH Ha MPOrpaMMHBIX KomiuiekcaXx CAD, uicIeHHOM MOAEIHMPOBAHHU
MAacCOBO-Ta0apHTHBIX COCTABIIONIMX MOJENH, Pa3pabOTKH LHUKIOTpaMMbI pabOTBl OOPTOBBIX
CHCTEM CIYTHHKA, Pa3pabOTKM IPOrpaMMHOr0 00ECIIeYeH s MOJIEIH ISl BBIIOJIHEHHs CITyTHUKOM
L[eTIeBOIl 3a7aun, M3rOTOBICHHE KaOenbHOH ceTH, cOOpPKU MOJENH, IPOBEACHUEM aBTOHOMHBIX H
KOMIUICKCHBIX HCTIBITAaHUH ((YHKIMOHAJIBHBIX M MEXaHUYECKUX), NPOBEICHHS CCAHCOB CBSA3H CO
MOJIENBIO CITyTHHKA, 00eCTICUCHHE BBITOIHEHHS LIeTeBOil 3a1a4 CITyTHHKOM, ITOTy9eHNe JAHHBIX OT
1LIeJIEBOI1 anmaparypsl, AalbHEHIIEM MOJEIUPOBAHINH MEXaHUKH KOCMHYECKOTO 110J1eTa CIIyTHHKA
pacydera ero CTOMMOCTHBIX XapaKTEePHCTHUK.

OOy4aemast KOMaH/]a COCTOMT U3 TPEX y4aCTHHKOB!

* CHCTEMHBIM HHIKEHEPOM PaCCUUTHIBAIOTCS KOIMIECTBO CEAHCOB ChEMKH, KOIMIECTBO CEAHCOB
CBSI3M, OLICHEHBI LIMKJIOIPaMMBbl PabOThI CITyTHHKAa Ha OpOUTE C YyYETOM MOJIyYeHHBIX HMCXOJHBIX
MaHHBIX. PaccumthiBaercs omexTpuueckas cerb KA. IIpom3BoguTcss CTOMMOCTHas OLCHKA
npousBojcTBa KA.

» Umxenep-koHCTpyKkTOp BhIoNHAeT B CAD cucTeMax KOppeKTHPOBKY COOPKH U pa3padaThiBail
3D-Mopenu anmnapaTta ¢ mocleyoIei ee cOOpKoii.

* [IporpammucT pa3pabaTeiBaeT OOpPTOBOE IPOrpaMMHOE obecredeHue s BhImomHeHus KA
1eNeBOH (PyHKIIMU M PeaTn30BbIBAN IUKJIOTPaMMy pabOThI BO BpeMsl KOMIUIEKCHBIX MCTTbITaHui KA.
ITpoBOAUT aBTOHOMHBIE U KOMILIEKCHBIC UCITBITAHUS

Application of a dynamic model of a small sattellite in the teaching process
Pichuzhkin P.V., Hamadov R.R., Fedunin D.A., Korotkov A.L
MAI, Moscow, Russia

Artificial satellites carry out a wide range of missions in space and on Earth. In the production
of small satellites, complex tasks are used, comparable to the difficulties that arise in the creation of
large vehicles. The increase in the number of satellites and the constant expansion of their groupings
of state enterprises creates a need for deeper training of students, increasing their not only theoretical
base, but also practical. This reduces the time of professional integration of students in employment
at the enterprise. The most optimal production of satellite conveyor belt assembly from standard
standard components. This method of minimizing the cost of spacecraft to perform satellite remote
sensing tasks, navigation, communications, etc. This training process implies integration with the
methodology of the conveyor production of spacecraft.

The training process consists in working with a model of an ERS satellite simulator, namely in
solid-state modeling on CAD software systems, numerical modeling of the mass-dimensional
components of the model, development of a cyclogram of the operation of satellite on-board systems,
development of model software for the task, production of a cable network, models assembly,
autonomous and complex tests (functional and mechanical), conducting communication sessions
with a satellite model, performing tasks by a satellite, receiving data from target vehicles, further
modeling the mechanics of a satellite's space flight and calculating its cost characteristics.

Teaching team consists of three members:

* The system engineer calculates the number of sessions, the number of communication sessions,
the estimated cyclograms of the satellite's operation in orbit, taking into account the received initial
data. The electrical network of the spacecraft is calculated. Cost estimation of spacecraft production
is made.

* The design engineer of the assembly in the CAD system of the system corrected and developed
3D models of the system with its assembly.
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* The programmer develops the onboard software for performing functions and implements the
work sequence during complex tests of the spacecraft. Conducts autonomous and complex tests.

Hcenenosanne 3¢ppexToB MeKCI0€BOro CIBHIa B METAIIONOJHMEPHBIX KOMIO3UTaX
METO/I0M KOpe/IAIMH HH(POBLIX H300paKkeHHit
TIpokynun O.A., Consies 0.0., baGaiines A.B.
MAMU, r. Mocksa, Poccust

IpuBeneHs! pe3ynbTaThl UCHBITAHUH HA TPEXTOUEYHBIH M3rub 00pa3snoB KOMIO3HI[HOHHOTO
MaTtepHala alFOMOCTEKIIOIIIACTHKA CO CTPYKTYpoit 9/8 (9 ciioeB alfoMHHUK-TUTHEBOTO ciTaBa AL-
Li 1420 m 8 cnoeB ONHOHANPABICHHOTO CTEKJIOIUIACTUKA) C MHPOJOJIBHBIM U MONEPEYHBIM
apmupoBanueM. MccieoBaHbl 0COOCHHOCTH KOHIGHTPAUNK JeopMalii MeXCIOEBOTO CIBUTa B
CTPYKType MaTepHaa. JKCIEepHMEHTAIbHbIE HCCIICOBAHIS IPOBEICHBI C UCIIONB30BAHIEM METOa
Koppessuy IU(pPOBEIX M300paXEHUIl IS aHAlM3a XapakTepa pactpeneieHus nedopmaunumii B
CTPYKType 00pa3smoB. Pe3ynpTaThl UCIBITAHUI COIOCTABICHBI C PacyeTaMM, B KOTOPBIX ydTeHa
BO3MOXXHOCTh BO3HHKHOBEHHS IIACTUYECKUX Je(opMaliyii, KaK B CIOSX aTIOMHHHMS, TaK U B CIOSAX
CTEKJIOIIACTHKA (IPH MEXKCII0eBOM ciBure). [TokazaHo, 4To 11 00pa3ioB HEOONBIIOTO YUTHHEHHMS,
BO3HHMKAeT MHTCHCHBHAs KOHLEHTPALMsl IUIACTHYECKHX CIBHIOBBIX jaedopManmii B Ci0sX
CTEKJIOIIACTHKA.  YCTAaHOBJIICHO CYIIECTBEHHOE BIIMsHUE HaOmomaeMblx  3(QekToB Ha
ympyromiactuaeckoe mnosenenne obpasinos CHAJl n Ha kaxylIyrocst MEXCIOEBYIO MPOYHOCTb.
Taxxe 0OHApY>KEHBI JOMOIHUTEIbHBIC (B (EKThI, CBSI3aHHBIC C PACTPECKHBAHUEM MATPHIIBI B CIOAX
CTEKJIOIUIACTHKA C MONEPEYHON OPUEHTAINEH apMHUPYIOMINX BOJIOKOH.

BersBrieHo, uto 3TH 3(GEKThl CBA3aHBl ¢ HOPMAIbHBIMHU PACTATHBAIOIMMH HANPSOKCHUSIMH,
peanu3yOIUMHCI TP TpexTodeuHoM wu3rube. ITokasaHo, 4To naHHbIC 3(QQEKTHl BIMAIOT Ha
HECYIYIO CIIOCOOHOCTh 00pasioB. IlogoOpaHo onTuMmanbHOE YUIHHEHHE 00pa3snoB (OTHOIICHUE
JUIMHBI 00pas3lia K ero TOJIIKMHE), KOTOPOe PEKOMEHI0BAHO UCIIONIB30BATh A1 OLIEHKH MEKCI0EBOMH
IIPOYHOCTH ATFOMOCTEKJIOIIACTHKA IIPU IIPOSKTUPOBAHHN KOHCTPYKIHH JTeTaTEIbHBIX allllapaToB.

PaGoTa BbimonHeHa npu moaaepxka Poccuiickoro Haydnoro ¢ounzaa (rpant 17-79-20105) B
MAU.

Investigation of the effects of interlaminar shear in metal-polymer composites by the method
of correlation of digital images
Prokudin O.A., Solyaev Yu.O., Babaytsev A.V.
MAI, Moscow, Russia

The results of tests for three-point bending of samples of a composite material of alumina-
fiberglass with a 9/8 structure (9 layers of aluminum-lithium alloy AL-Li 1420 and 8 layers of
unidirectional fiberglass) with longitudinal and transverse reinforcement are presented. The features
of the concentration of interlayer shear strains in the structure of the material are investigated.
Experimental studies were carried out using the method of correlation of digital images to analyze
the nature of the distribution of deformations in the structure of the samples. The test results are
compared with calculations that take into account the possibility of plastic deformations, both in
aluminum layers and in fiberglass layers (with interlayer shear). It is shown that for samples of small
elongation, an intense concentration of plastic shear deformations occurs in the layers of fiberglass.

It was revealed that these effects are associated with normal tensile stresses that occur during
three-point bending. It is shown that these effects affect the bearing capacity of the samples. The
optimal elongation of the samples (the ratio of the length of the sample to its thickness) was selected,
which is recommended to be used to assess the interlayer strength of alumina-fiberglass in the design
of aircraft structures.

This work was supported by the Russian Science Foundation under grant 17-79-20105 issued to
Moscow Aviation Institute.
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TenomMaccoo0MeH B OKPeCTHOCTH KPHTHYECKOI TOUKH 3aTYNICHHOTO KOHYCA IPH
THIEeP3BYKOBOM 00TeKAHHH KOCMHYECKHX aNnapaToB
Pabunckuit JIL.H., Tymasuna O.B.
MAMWU, r. Mocksa, Poccust

B pabGore Ha ocHOBe NpHMEHEHMs NepeMeHHbIX JlopoanuipbHa—JIu3a cucteMsl ypaBHEHHH
JUHAMHYECKOTO, TEIUIOBOr0 U IU((Y3HOHHOTO IOTPAHUYHBIX CIOCB HPHBEICHBI K CHCTEMaM
OOBIKHOBEHHBIX I dEepeHIMaTbHBIX yPaBHCHHI, JMHEAPH3alis KOTOPBIX ITO3BOJIMJIA MOIYYHUTh
IPUOIIDKEHHO-aHATUTUYECKUE PEIICHUS TEIIOTra30JHHAMHYIECKHX XapaKTePUCTHK B OKPECTHOCTH
KPUTHYECKON TOYKHU 3aTyIIEHHOIO KOHyca (M B caMOW KPUTHYECKOH TOYKE) IPH THIIEP3BYKOBOM
oOTekaHHH. B OKpeCTHOCTM KPUTHYECKOW TOYKH MEXIY YIapHOW BOJNHOM M 3aTyIUICHHEM
ra30{MHAMUYECKOE TEUEHHE — HECXKMMAEMOE, HO C OONBIIMMHU HPOJIOJIBHBIMH COCTABIISIOLIMMU
TpayeHTa JaBICHUS U CKOPOCTH, IPEBBIIAIONIIMI CAMH JABICHUS U CKOPOCTb.

IMomy4ens! siBHbIC (GOPMyNIBI 1UI1 KOHBEKTHBHBIX TEIUIOBBIX M JU((Y3HOHHBIX MOTOKOB H
TeMIIepaTyp Ha CTeHKE I XUMUYECKH PearupyIoIero HorpaHuaHoro cios. ViccneqoBansl BIMSHAC
Ha TEIJIOBbIE MOTOKH M TeMIEpaTyphl NOBEPXHOCTH KaTaTMTMYHOCTH MaTepHaia MOBEPXHOCTU Ha
OCHOBE IIOJTy4EHHBIX YHCICHHBIX PE3yIbTaTOB IO PaCHPEICICHUIO YHTAIBINNA U KOHIEHTPALUH, a
TaKXKe BIMSHUE HAa TEIIOOOMEH M3YYeHHS U TEIUIONPOBOIHOCTH TEja B IMPOKOM AUAIIA30HE YHCEI
Maxa HaOeraroiero moToka M BBICOT IojeTa. [1oaydeHHbIe pelieHHs C TOCTATOYHOU CTEHECHBIO
TOYHOCTH ONHMCHIBAET TEIZIOMACCOOOMEH B OKPECTHOCTH KPUTHUECKON TOUKH 3aTYIICHHOTO KOHYCa
IIPHU TUIEP3BYKOBOM OOTEKaHHH KOCMUYECKHX alapaToB. [IpHBOIATCS pe3yabTaThl pacueToB.

Pa6ota BbinonHeHa npu ¢punancoBoit noaaepxkke PODOU mpoekt Ne 20-08-00880A.

Heat and mass transfer in the vicinity of the critical point of the blunted cone in hypersonic
spacecraft flowing
Rabinskiy L.N., Tushavina O.V.
MAI, Moscow, Russia

Based on the application of Dorodnitsyn-Leese variables, the systems of equations of the
dynamic, thermal and diffusion boundary layers are reduced to systems of ordinary differential
equations, the linearization of which allowed us to obtain approximate analytical solutions of the heat
and gas dynamic characteristics in the vicinity of the critical point of the blunted cone (and at the
critical point itself) in hypersonic flowing. In the vicinity of the critical point between the shock wave
and blunted cone, the gas dynamic flow is incompressible, but with large longitudinal components
of the pressure and velocity gradient, exceeding the pressure and velocity themselves.

Explicit formulas for convective heat and diffusion fluxes and temperatures on the wall for
chemically reacting boundary layer are obtained. The influence on the heat fluxes and surface
temperatures of the catalytic surface material on the basis of the obtained numerical results on the
distribution of enthalpies and concentrations, as well as the influence on the heat transfer of the body
study and thermal conductivity in a wide range of Mach number of the incoming flow and flight
heights have been investigated. The obtained solutions describe with a sufficient degree of accuracy
the heat and mass transfer in the vicinity of the critical point of the blunted cone during hypersonic
flowing of spacecraft. The results of calculations are presented.

Acknowledgments: the reported study was funded by RFBR, project number 20-08-00880A.

BaiinacHoe ycTpoiicTBO cHCTEMbI TeHEPHPOBAHHUSI YJIEKTPOIHEPTHH ISl MAJIBIX KOCMHYECKHX
anmnapartos
Casuikun C.B., Marsikua C.B., Ocunos B.B., CaBuikuna O.A.
MAM, r. Mocksa, Poccust

OCHOBHBIMHU BapUaHTaMU peanuzanuu GaiirmacHOTo YCTpOWCTBa SIBIISTIOTCSE
JNIEKTPOMEXAaHUYECKUE YCTPOMCTBA Ha OCHOBE KOMMYTHUPYEMBIX KOHTakToB. [l peanu3auuu
3a/1a91 UCKITIOUCHUS 3JIEMEHTa He0OXOIMMO [1Be KOHTaKkTHbIe rpymsl K1 1 K2.

[pennaraemoe GaiilmacHOE YCTPOWCTBO COACPIKUT CICAYIOIIHME MPUHIHUIHAIBHBIC OTIHYHS OT
CYIIECTBYIOIIHX:

* [[pyHIMNIHATBHOE HCKIIOYEHHE OJHOBPEMEHHOTro cpabaTeiBanus KoHTakToB K1 um K2.
KonrakT K2 3ambikaercs mosxe pa3mbikanus K1.
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* [TosBIAIONMIACS TPOMEXKYTOK BPEMEHH, B TEYEHHE KOTOPOTO IIOCNIEIOBAaTEIbHAS ICIb
GaTapen paspbIBaCTCs, UCKIIIOYACTCS IIyTEM IIYHTHPOBAHMS OaTapey LETMKOM KOHIEHCATOPHOM
€MKOCTBI0, KOTOpasi BBIOMPACTCst HCXO/I U3 TOTO, YTOOBI 3aIIaCeHHast SHEPTHs OblIa JOCTATOYHA TS
[IUTAaHUSI TOTPEOHUTENCH B TCICHUH BPEMEHH [IEPEKIIIOYCHHSI.

Taxoke OTINYHEM ABIACTCS TUIT IPUBOJA, KOTOPbIN 00ECIICYNBACT MEXaHNUECKOE TTepeMelicHIE
KOHTAKTOB. [Ipe/araercs HCIonp30BaHNE IEKTPOJBUTATENS B KAYECTBE MEXaHHYECKOTO IPUBO/IA
(obuiero Ha Bce OaiirmacHoe ycTpoicTBO). MHAMBHIYyallbHOE YNpPaBJIEHHE KaXIOH KOHTaKTHON
IpymIoii (1o 9uciIy 3IEMEHTOB B OaTaper) 00eCeunBaeTCst HCIIOIHNUTEIBHBIM YCTPOHCTBOM B BUJIE
MAJIOMOIIHBIX 3JIeKTPOMAarHUTOB.

VYerpoiictBo OymeT MpeACTaBIATh COOOH 3IEKTPOJBHIATENb, BPAIIAIOMIUICS Bad KOTOPOTO
UMeeT JUIMHY, OIpEAeNseMyl CyMMapHOW JUlMHOW Oatapen. HampoTuB kaxkmoro sieMeHTa
pacroyoKeHa KOHTaKTHas Ipyima u3 napsl KoutaktoB K1 n K2 (B Buze 0HOTO HepekiIogaeMoro
KOHTaKTa). KOHTaKTHBIE IPYIIIBI IPHBOASATCS B ISHCTBUE SKCLIEHTPHYECKHMU KyJIadyKaMH, KOTOphIE
[OCAKECHBI HA eAMHbIH Bas. Kygauky NPUHIMINAIBHO HE MMEIOT JKECTKOH (MKcanun Ha Baiy, a
UMEIOT HEKOTOPOE TPEHHE C BAIOM. B HCXOIHOM ITOJIOKEHNH 3JIEKTPOJIBUTATENb BHIKIIOUEH, BaJl HE
Bpalaercsi, KyJIa4ku 3aMKCHPOBAHBI OT HPOBOPAYMBAHMS SIKOPSIMHU JJICKTPOMArHUTOB, KOTOPHIE
BXOZAT B 11a3bl KyJa4uKOB.

ITpyu HEOOXOAUMOCTH OTKITIOUEHHUS HEKOTOPOTO JIIEMEHTA 3aIlyCKaeTCsl YIIEKTPOABUTATENb, Bal
HAa4YMHAET BPAINAThCS U B OOMOTKY 3JIEKTPOMAarHuTa (111 HeOOXOAMMOTO 3JIEMEHTA) MOACTCS TOK.
SIKOph NPUTATUBACTCS M OCBOOOXKIACT COOTBETCTBYIOLIMII Ky/TadoK, KOTOPBIl HAYMHACT YIJIOBOE
JIBIDKEHHME TI0A JICHCTBHEM MOMEHTA TPEHUs ¢ BaJloM. [oBepHYBIIICH Ha HEKOTOPBIHN yroJ, KyJIa4oK
[EePEeKIII0YaeT KOHTAKTHYIO IPYIITY, IOCIE Yero (GUKCHPYETCs: B HOBOM IIOJIOKCHHH TIPU [ONaJaHUK
SIKOpSL DJIEKTPOMAarHuTa BO BTOpOI ma3 Kyinauka. OOMOTKa SKOpsS K TOMY BpeMEHH oOecTodeHa.
AHaIOrn4HEIM 00pa30M MOXKHO BEPHYTh KOHTAKTHYIO TPYIIILY B HCXOAHOE MOJIOKEHHUE.

Power Generation System Bypass Device for small spacecraft
Savilkin S.B., Matsykin S.V., Osipov V.V., Savilkina O.A.
MAI, Moscow, Russia

The main options for implementing a bypass device are electromechanical devices based on
switched contacts. To implement the task of excluding an element, you need two contact groups K1
and K2.

The proposed bypass device contains the following fundamental differences from the existing
ones:

* The principle exclusion of simultaneous operation of contacts K1 and K2. Contact K2 closes
after opening K1.

* The resulting time interval during which the serial circuit of the battery breaks is eliminated by
shunting the battery entirely with a capacitor bank, which is selected based on the fact that the stored
energy is sufficient to power the consumers during the switching time.

Another difference is the type of drive that provides mechanical movement of the contacts. It is
proposed to use an electric motor as a mechanical drive (common to all bypass devices). Individual
control of each contact group (according to the number of cells in the battery) is provided by an
executive device in the form of low-power electromagnets.

The device will be an electric motor, the rotating shaft of which has a length determined by the
total length of the battery. Opposite each element is a contact group consisting of a pair of contacts
K1 and K2 ( in the form of a single switchable contact). The contact groups are driven by eccentric
cams that are mounted on a single shaft. The cams in principle do not have a rigid fixation on the
shaft, but have some friction with the shaft. In the initial position, the electric motor is switched off,
the shaft does not rotate, the cams are fixed from turning the anchors of the electromagnets that enter
the grooves of the cams.

If it is necessary to disconnect a certain element, the electric motor starts, the shaft begins to
rotate and current is supplied to the winding of the electromagnet (for the necessary element). The
armature is attracted and releases the corresponding cam, which begins an angular movement under
the action of the moment of friction with the shaft. Turning at a certain angle, the cam switches the
contact group, after which it is fixed in a new position when the armature of the electromagnet enters
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the second groove of the cam. The armature winding is de-energized by that time. Similarly, you can
return the contact group to its original position.

Oco0eHHOCTH NPOEKTHPOBAHMS COeJUHEHHIT ¢ He KOHTAKTHPYIOIMMH (piIaHuaMu U
IVIOCKUMHM NPOKJIAAKAMHU 151 M3/1eJIHil ABHALMOHHON U KOCMHYeCKOH TeXHHUKH
Ceprnnuesa E.B., ®enorenkos I'.B.

MAM, r. Mocksa, Poccust

Ilpu co3maHMM M TNPOCKTHPOBAHUM ABHALMOHHOW M KOCMHYECKOH TEXHHUKH IIHPOKO
MPUMEHSIOTCS (hIIaHIIEBbIC COSANHEHUS C IIOCKUMH YIUIOTHUTEIBHBIMU MPOKIaakamMu. I[IpouHocTs
U TEePMETHYHOCTh TAKUX COCAMHEHHUH HeoOXoamMma Juisd oOecrieueHus: Oe30MacHOCTH ToJieTa MpU
9KCIUIyaTallly JIETAaTeNIbHbIX alllapaToB.

Jlns obecnieueHus: paboTOCIOCOOHOCTH U CHIDKCHUSI MaCChl KOHCTPYKIMY TAHHBIX COCIMHEHUIT
B LIEJIOM HEOOXOAMMO YYUTHIBATh Pasiu4Hble (GakTopbl. [IpH MPOEKTHPOBAHWH MPOYHOILUIOTHBIH
coeinHeHue OyaeT 3aBUCETh OT (OPMBI U MaTepuala YINIOTHEHHS, OT (POPMBI (hIIaHIa, OT BETUYHHBI
paboueii Harpy3Ku, OT KPEHeKHbIX JeTajleil U UX YCTAHOBKH, OT )KECTKOCTH (IIaHIIEB IIPU U3rube U
peanbHOTO paclpeecHie TaBJIeHUs] Ha NPOKIaaKy. [IOCKUe MPOKIaAKy BHIMOIHSAIOT U3 MSATKOU
CTany, aJIOMHMHHS, MeaW, (roporuiacTa, KapToHa, mnapoHuTa. Mcnonmb3oBaHue OONTOB M3
BBICOKOIPOYHBIX TUTAHOBBIX CILIABOB ITO3BOJIUT MUHUMHU3UPOBATh MAaCCy COSTUHEHHS.

KoHCTpyKTHBHYIO MPpopaboTKy (IaHIIeBOrO COCANHEHUS U PacyeT paclpeIeeH s KOHTaKTHOU
Harpy3KH I0J| YIUIOTHEHHEM IPOBOJUTCS B JBa 3Tama. Ha cTajuu 3CKU3HOTO MPOCKTUPOBAHMS
OIPEIETIAIOTCS OCHOBHBIE Pa3Mephl IeTalei B COEIMHEHUU. A 3aTE€M OCYLIECTBIISIOT POBEPOYHBIN
pacyer Jeraneil COelIMHEHHsS NPH NPUWIOKEHHH pabouell Harpy3ku. [IpuOJIVDKEHHBIN aHamu3
pacrpeneneHiss KOHTAKTHOH Harpy3kKH B TIePMETH3UPYEMOM CTBIKE MOXET OBITh CJelaH Ha
YIPOIIEHHBIX MoiessiX. J{i1s oOecreueHnss MUHUMAaIbHON MacChl IPH IIPOSKTUPOBAHMH COCANHEHHI
BO3HHMKAeT HEOOXOAMMOCTh pa3pabOTKM METOJMKM IIPOBEPOYHOrO pacuera ero Jerajeil Ha
MIPOYHOCTb.

Pa3paboTka METOIHKU MPOCKTHPOBAHUS M pacyéra ONTHMAJIbHBIX KOHCTPYKLHMH (hIaHIEBBIX
COCMHEHUH C IUIOCKAUMH YIUIOTHUTEIbHBIMH MPOKJIAJKaMH HEOOXOIUMa, TaK KaK MO3BOJHT
MOJNYYUTh PELICHHE 3aJaudl JKECTKOCTH (IaHLEeB NpH OOECNEYCHHH IUIOTHOCTH M HPOYHOCTH
JieTanei ysna.

Design features of connections with non-contacting flanges and flat gaskets for aviation and
space technology products
Serpicheva E.V., Fedotenkov G.V.
MAI, Moscow, Russia

Flange joints with flat gaskets are widely used in aviation and space technology design. The
strength and tightness of such connections is required to ensure the flight safety during the operation
of aircraft.

Various parameters should be considered to ensure the operability and to reduce the weight of
the structure of these connections. A tight connection will depend on the shape and material of the
seal, on the shape of the flange, on the magnitude of the working load, on the fasteners and their
installation, on the bending stiffness of the flanges and the actual distribution of pressure on the
gasket. Flat gaskets are made of mild steel, aluminum, copper, fluoroplastic, cardboard, paronite.
Overall joint mass could be minimized by usage of high strength titanium alloy bolts.

The design of the flange connection and the calculation of the under the seal located contact load
distribution is carried out in two stages. Main dimensions of connection and its parts are determined
at the stage of sketch design. Second phase includes detailed calculation for each of connection
components under a workload. An approximate analysis of the contact load distribution for the sealed
joint can be done on simplified models. To ensure minimum mass of joints, it’s required to design a
new verification calculation method for strength of joints parts.

Development of a design and calculation methodology for flange connections with flat gaskets
is required, since it allows to obtain a solution to the problem of flange stiffness while ensuring the
density and strength of the assembly parts of joint.
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KoMno3unuoHHbIH MaTepHa Ha 0CHOBe KBAPIEBOT0 TKAHHOT0 HAMOJIHUTEIS H MHPOJIH3HOI
MAaTpHIbI KPEMHHI{OPraHH4ecKoii CMOJIbI B KaYecTBe MaTepuaJia Ju3JeKTPHYeCKHX AeTajiei
3/1eKTPOPAKETHBIX JBHraTesei
CutnukoB C.A., Pabunckwuii , [Toromun B.A.

MAMU, r. Mocksa, Poccust

Ipennosken mMONMMEpHBI KoMmo3uluoHHBI MaTepuan (IIKM), coderarommii HH3KYIO
IUIOTHOCTh M TEXHOJIOTUYHOCTb IIOJMMEPOB, M TEPMOCTOMKOCTh KEpPaMUKHM JUIS IOIydeHHs
JIIDIIEKTPUYECKUX Y3JIOB dJeKTpopakeTHoro nsuratens (OPJ]), mmpoko HCIOIb3ylomerocs B
KocMHYecKoil TexHuke. llenpto paGoThl  OBLIO  MCCICIOBAaHHE BIHMAHUA — TEMIIEPATYpPbI
TEPMOOKHCIHTENFHON AeCTPYKINH HomuMepHoro casasyromero ITIKM Ha ero anexrpodusnueckue u
MeXaHH4ecKue cBoiicTBa. CBssyrollee MNOJNyYald IyTeM YacTUYHOIO COIMAPOIH3a B PEaKIUH
TeTepOCONOINKOHACHCAIIH TeTPaMeTOKCHCHIIaHA METHITPIMETOKCHCHIIAHA,
(hEeHMITPUMETOKCHCHIIAH B PACTBOPE ALETOHUTPHUIIA.

Ilpemper mnomydamu NpomuTKOH KkBapreBod Tkamm Mapku TC-8/3-K  pactBopom
KpeMHHUHOpraHneckoi cMmoibl (23-27% Macc.) U CyCIIeH3HpPOBaHHOW B Hell (YHKIIMOHATIBHOM
100aBKO#, cocTosliell M3 HUTEBHOHBIX KpHucTauioB 0-Si3N4 uucroroit 99,99% (20% wmacc.),
noiyueHHslx B rnpouecce CBC. IIponuTaHHYr0 TKaHb BBIKJIAJBIBAJIM [OCIOMHO W CYLIMIM IIPU
ocTaTouHOM AaBieHud 1-3 mm Hg ct. n Temneparype 150°C. IIKM nomydanu oTBep>kaeHHEM 2 qaca
B aBTokJ1aBe npu 270°C u naBieHue 6 Atm.

HccnenoBanue CTPYKTYpHBIX IIPEBpAlleHMI, IPOUCXOMSANIMX IPH HArpeBe MaTepHaioB,
BBINOJIHSUTA METOJAMH CHHXPOHHOTO TepMHUecKoro aHanmusa Ha mpubope STA 449 F3 Jupiter
¢upmer NETZSCH B pexume nuddepeHInanbHON CKaHHPYOMEH KaJOpHMETPHH COBMECTHO C
PEXHUMOM TEPMOIPaBUMETPHYECKOr0 aHaau3a. OTKPBITYIO HOPHCTOCTh M Ka)XyIIyIOCs INIOTHOCTh
T[IKM wu3mepsiin METOZIOM THApocTaTHyeckoro B3BeumBanus corsacHo ['OCT P MCO 12985-2-
2014. McnplTaHus Ha NPOYHOCTH NMPOBOAMINCH HAa ocHoBaHMM cTaHaapta ['OCT P 56810-2015 na
HCTIBITATeNIbHON MamuHe Instron 5969.

B pe3ynbTate NpoBEIECHHBIX UCIIBITAHUI YCTAHOBJIEHO YTO:

1. IIpu Tepmoobpadorke IIKM mpeobpa3soBbiBacTcs B aMOp(HBIM OKCHA KpeMHHA. Brixorn
MTHPOJIM3HOTO OCTaTKa cocTasiser donee 95%.

2. Ilocne mpomecca OTBEpIKACHHE KPEeMHHHOPTaHUYECKOTO CBs3yromero mopucrocts [TKM
cocrasister 0,17-0,2%. IlponopuyoHaNbHOE YBEJIMUYEHUE IOPUCTOCTH B 3aBUCUMOCTH OT
TeMIepaTyphl, COINIACyeTCs ¢ JaHHBIMU MOTepU Macchl. [Iporecc TepMOAECTpyKIUH 3aBepIIaeTcst
mpu Temmeparype mopsaka 800°C. OOpa3oBaHme KpucTamiobamuTa, B pesynsTaTe (ha3oBOro
nepexo/a o-SiO2 BOJIOKOH TKAHHOTO HAIIOJHUTENIS IPUBOJMT K JA€rpaialiii MEXaHNUECKHUX CBOICTB
ITKM. ITocne tepmoobpaboTku mpu 8§00°C 3nauenue npounoctu [IKM ¢ nuponusHoit MaTpunei
cocraBister okosno 100 MIla, yTo NO3BOJIAET HCIONB30BATH €r0 B KAuyeCTBE OCHOBBI s
H3TOTOBJICHUS UAJICKTPUYECKUX aeraneit OPJ].

Pa6ota BbinonHeHa npu ¢uHancoBoit noaaepxkke POOU mpoekt Nel18-29-18083/18.

Composite material based on quartz woven filler and pyrolysis matrix of organosilicon resin
as a material for dielectric parts of electric propulsion systems
Sitnikov S.A., Rabinskiy L.N., Pogodin V.A.
MAI, Moscow, Russia

A polymer composite material (PCM) is proposed that combines the low density and
manufacturability of polymers and the heat resistance of ceramics to produce dielectric components
of an electric propulsion systems (EPS), which is widely used in space technology. The aim of the
work was to study the influence of the temperature of the thermal-oxidative degradation of the
polymer binder PCM on its electro-physical and mechanical properties. The binder was prepared by
partial cohydrolysis in the reaction of heterosopolycondensation of tetramethoxysilane,
methyltrimethoxysilane, and phenyltrimethoxysilane in acetonitrile solution. The prepreg was
prepared by impregnation of quartz fabric with a solution of organosilicon resin and a functional
additive suspended in it, consisting of filamentous crystals of a-Si3N4 with a purity of 99.99%. The
impregnated fabric was laid out in layers and dried at a residual pressure of 1-3 mm Hg art. and a
temperature of 150°C. PCM was obtained by curing for 2 hours in an autoclave at 270°C and a

54



pressure of 6 Atm. The study of structural transformations occurring during the heating of materials
was performed using synchronous thermal analysis methods on the NETZSCH STA 449 F3 Jupiter
device in the mode of differential scanning calorimetry together with the mode of thermogravimetric
analysis. The open porosity and apparent density of PCM were measured by hydrostatic weighing
according to GOST R ISO 12985-2-2014. The strength tests were carried out on the basis of the
GOST R 56810-2015 standard on the Instron 5969 testing machine.

As a result of the tests carried out, it was found that:

1. During heat treatment, PCM is converted to amorphous silicon oxide. The yield of the
pyrolysis residue is more than 95%.

2. After the curing process of the organosilicon binder, the porosity of the PCM is 0.2%. The
proportional increase in porosity as a function of temperature is consistent with the mass loss data.
The thermal degradation process is completed at a temperature of about 800°C. The formation of
crystallobalite, as a result of the phase transition of the a-SiO2 fibers of the fabric filler, leads to the
degradation of the mechanical properties of the PCM. After heat treatment at 800°C, the strength
value of the PCM with a pyrolysis matrix is about 100 MPa, which allows it to be used as a basis for
the manufacture of parts of the EPS.

The work was carried out with the financial support of the RFBR project No. 18-29-18083/18.

Pa3pa6oTKka :kapoCTOHKHX CTeKJI0KepaMHYeCKHX MOKPLITHI 1151 cTalleii H HUKeIeBbIX
CIUIABOB
Tapacosa A.H.
MAMWU, r. Mocksa, Poccust

Hacrostimast pabota nmocsiieHa pa3paboTKe H HCCIEIOBAHNIO CTEKIOKEPAMIYECKUX HOKPBITHIA
Ha ocHOBe cucTeMsl BaO-Si02-Cr203 juis 3au T OT BEICOKOTEMIIEPaTyPHOI Ta30BOi KOPPO3UH U
9PO3MH JIETUPOBAHHBIX CTAJICH U HUKEJIEBBIX CIUIABOB [1-4].

B xauecTBe (PpUTTHI HCHONB30BAIM TPAHYIAT dMalH cocTaBa, mac. %: 34,37+0,24 BaO;
30,88+0,22 Si02; 22,26+0,21 Cr203; 3,54+0,08 CaO; 2,08+0,07 TiO2; 1,94+0,07 CoO; 1,90+0,07
MnO; 1,60+£0,06 AI203; 1,43+0,06 MoO3. [ns mnpuroTtoBieHHs NUIMKEpa MPOBOAMIN
JIUCTIEPIUpOBaHNE (PHUTTBI, CMEIIEHHE ee ¢ MOAUGUIMPYIOIMMHM 100aBKaMH, IJHHON |
BOAONPOBOAHON  BOJOH, COBMECTHBINA MOKPBIH TIOMOJI. PaGoTbl  BBIIONHSAIM  HA
BBICOKORHEpreTH4ecKoii mapoBoii MenpHuIe 8000M-230 Mixer/Mill (SPEX SamplePrep, CIIIA) B
koHTeiiHepe u3 WC o0beMoM 55 MII ¢ 4acTOTOW BO3BPAaTHO-NIOCTYMATENBHBIX JIBHKEHUI C
KOpOTKUMHU OokoBbIMU mepemerienusMu 1080 muxinos/mMuH. B kadectBe Momuduumpyrommx
n06aBok ucronb3oBainu nopomku Al203, Cr203 u SiB4, Beonumeie B konnuectse 15-40, 10-30 u
2,5-5 Bec. % oT Macchl ()PUTTHI COOTBETCTBEHHO. IIpesmonarany, 4To BBEAEHHE TYrOIJIABKHUX
yactull Al1203 u Cr203 GyzaeT crocoOCTBOBATh YBEIUYEHHIO SPO3HOHHON CTOWKOCTH MOKPBITHI B
CKOPOCTHBIX ITOTOKAX Ta3a, a BBenenue yacTui Cr203 u SiB4 — MOBBIIEHHIO CTENEHN HX YEPHOTHL.
VYcTaHOBHIN palMOHATIbHbIE TApaMETPBl U3MENIbUCHH (DPUTTHL U COBMECTHOTO MOKPOTO IIOMOIIA,
00eCIIeuNBaloONINe ONTHMAJIBHYIO JHCIIEPCHOCTh IIOPOIIKOB M HAUIeXKAIe pPEeoJIOTHIecKHe
CBOICTBA ITUKEPOB.

TexHonoruueckuii mporecc MOMy4eHUs] IMOKPHITHH BKJIIOYad IOATOTOBKY HOBEPXHOCTU
00pa310B, HAHECEHNE HA HUX MITUKEPHBIX CIIOEB, CYIIKY U O0XKHUT Ha BO3AyXe. DKCIepUMEHTaIbHBIC
paboThI ocyIecTBISUN Ha 00pasiax u3 cmwiaBoB 30XI'C, 30XI'CH2A, 12X18H10T, XH43EMTIO,
XH60BT wu gp. PaspaGoraHbl panyoOHaJbHBIE TEXHOJOTMYECKUE PEKHMBI  (HOpMUPOBaHHS
Ka4eCTBEHHBIX ITOKPHITHIL.
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Development of heat-resistant glass-ceramic coatings for steels and nickel alloys
Tarasova A.N.
MAI, Moscow, Russia

This work is devoted to the development and study of glass-ceramic coatings based on the BaO-
Si02-Cr203 system for protection against high-temperature gas corrosion and erosion of alloy steels
and nickel alloys [1-4].

An enamel granulate of the composition, wt. %: 34.37 £+ 0.24 BaO; 30.88 = 0.22 Si02; 22.26 +
0.21 Cr203; 3.54 + 0.08 Ca0; 2.08 + 0.07 TiO2; 1.94 + 0.07 CoO; 1.90 + 0.07 MnO; 1.60 + 0.06
Al203; 1.43 + 0.06 MoO3. To prepare the slip, the frit was dispersed, mixed with modifying
additives, clay and tap water, and wet milled together. The work was carried out on a high-energy
ball mill 8000M-230 Mixer/Mill (SPEX SamplePrep, USA) in a 55 ml WC container. Powders of
Al203, Cr203 and SiB4 were used as modifying additives, introduced in an amount of 15-40, 10-30
and 2.5-5 wt. % of the frit mass, respectively. It was assumed that the introduction of refractory
particles of AI203 and Cr203 would contribute to an increase in the erosion resistance of coatings
in high-speed gas flows, and the introduction of Cr203 and SiB4 particles would increase the degree
of their emissivity. Rational parameters of frit grinding and joint wet grinding were established,
which ensure optimal dispersion of powders and proper rheological properties of slips.

The technological process of obtaining coatings included the preparation of the surface of the
samples, the application of slip layers on them, drying and roasting on air. Experimental work was
carried out on samples of alloys 30HGS, 30HGSN2A, 12H18N10T, HN43BMTYu, HN60VT, etc.
As a result, rational technological modes of formation of high-quality thin-layer coatings were
developed.
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Tensiomaccoo0MeH Ha 0OKOBBIX IIOBEPXHOCTAX 3aTYIUIEHHBIX KOHYCOB IIPH THIIEP3BYKOBOM
00TeKaHUH KOCMHYEeCKHX ANNapaToB
Tymasuna O.B., ®opmanes B.D.
MAM, r. Mocksa, Poccust

Ha ocHoBe mpHOMIDKEHHO-aHATUTUYECKOTO PEIICHHUS CHCTEMbI YPaBHEHHI Oe3rpaJHeHTHOro
(6okoBast MOBEPXHOCTh) JWHAMHYECKOTO, TEIUIOBOTO M JU({y3HOHHOrO MOTPAaHUYHBIX CIIOCB
IOJTy9€HbI SBHBIE ()OPMYIIBI UL OTIPEAENICHIS KOHBEeKTHBHBIX TEILIOBLIX U AU((Y3HOHHBIX IOTOKOB
K OOKOBOIl MOBEPXHOCTH 3aTYIUICHHBIX KOHYCOB C OOJIBIINM Y/UIMHEHHEM (OTHOIIECHHE IJIMHBI
KOHYca K paJuycy 3aTyIuieHus — He MeHee 20), a Takke Temieparyp 60KOBOi TOBEPXHOCTH C y4ETOM
U3JIy4eHUs] OT CTEHKH M OTBOJA TEIUIOTHI BHYTPh TEIIOBOM 3allUTHI, B YCIOBHUSIX THIIEP3BYKOBOIO
mojiera B atmocdepe 3emMin.

IToka3aHo, 4TO NPHONIKEHHO-AHAIUTHYECKOTO PEIICHHE JOCTAaTOYHO XOPOIIO OIMHCHIBACT
TEeIIOMAaccoOOMEH Ha OOKOBBIX ITOBEPXHOCTSX 3aTYIUICHHBIX KOHYCOB IIPH BBICOKOCKOPOCTHOM
00TeKaHHN KOCMHYECKUX allapaToB.

IMomy4eHsl MHOTOUYHCIICHHBIE DPE3yIbTAThl IO TEINIOBHIM U IU((Y3HOHHEIM IIOTOKAM B
LIMPOKOM Juarna3oHe yucen Maxa Haberaroniero noroka M = 10 — 20 na Bbicotax H = 20 — 80 kM.
HccnenoBansl BIMSHHE HAa TEIUIOBBIC IOTOKH U TEMIEPATyphl CTCHKH U3IyYCHUs, OTBOJA TCILIOTHI
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B KOPITYC KOHYCa 33 CUET TEIIONPOBOJHOCTH, a0COTIOTHON U HYJIEBOH KaTATUTHYHOCTH MaTepHaia
CTEHKH, BeIMIUHBI () (DY3HOHHOTO IOTOKA II0 CPABHEHHIO C CYMMAapHBIM.

IlpoBenieHHBIE pacyeThl MMOKA3bIBAIOT  YIOBJICTBOPUTEIBHOE COBIAACHHE ITOJTYy4CHHBIX
XapaKTEPUCTUK C IKCIICPUMCHTAILHBIMU JaHHBIMH.

Pa6ota BbinonHeHa npu ¢punancoBoit noaaepxkke PODOU mpoekt Ne 20-08-00880A.

Heat and mass transfer on the lateral surfaces of blunted cones in hypersonic spacecraft
streamlines
Tushavina O.V., Formalev V.F.
MAI, Moscow, Russia

On the basis of approximate analytical solution of the system of equations of gradientless (side
surface) dynamic, thermal and diffusion boundary layers, explicit formulas for determining
convective heat and diffusion flows to the side surface of blunted cones with large elongation (ratio
of cone length to blunt radius — at least 20) are obtained, as well as lateral surface temperatures taking
into account radiation from the wall and heat removal inside the thermal shield, under hypersonic
flight conditions in the Earth's atmosphere.

It is shown that the approximate-analytical solution describes quite well the heat and mass
transfer on the side surfaces of blunted cones during high-speed spacecraft flowing.

Numerous results were obtained on heat and diffusion flows in a wide range of Mach numbers
of incoming flow M = 10 — 20 at altitudes H = 20 — 80 km. The influence on heat fluxes and wall
temperatures of radiation, heat removal to the cone body due to thermal conductivity, absolute and
zero catalytic material of the wall, the size of the diffusion flux compared with the total flux have
been investigated.

The calculations show satisfactory coincidence of the obtained characteristics with the
experimental data.

The reported study was funded by RFBR, project number 20-08-00880A.

Hcropuyeckuii onbIT CO3AaHNAS U NEPCHEKTHBBI Pa3paboTKH MaJIbIX KOCMHYECKHX
annaparos B MAHU
®upcrok C.O., Kynsxos B.M., Eropos 0.I",, I0u C.VY.
MAM, r. Mocksa, Poccust

HaumHast ¢ co3maHHS CTYAEHYECKOTO KOHCTPYKTOPCKOTO OIOpO IO pa3pabOTKe MAalbIX
cinytHUKOB B 1967 romy, MAU obnanaer HEHHBIM ONBITOM MPOCKTHPOBAHMUS, MPOHM3BOICTBA,
UCTIBITAHUI M JICTHOH DKCILTyaTalluy ManbIX kKocMudeckux ammapatoB (MKA). B CKKb «Vckpa»
OBUIM Pa3pabOTaHbl U COOPaHBI MEPBBIE B MHpE CTY/CHUYECKHE CITyTHHKH 3emim cepuu «Paxnoy,
«Hcxkpay, KoTopele ycremHo paboranu B kocMoce B 1978 u 1982 romax. B Havane 90-x romoB ¢
6opTa opOuTanbHOM cTaHIUH «Mup» ObUIM 3amynieHsl ciyTHUKK cepud «MAK». Briepsbie Obuin
0TpabOTaHBl TEXHOJIIOTHHU “TIONYTHOTO” 3aIlyCKa MaJIbIX CITyTHUKOB HETEPMETHYHOTO HCIOIHEHUSL.

Hauwmnas ¢ 2008 rona, B MAU 3HaunTENbHO paciiupeHa SKCIepruMeHTalbHas CTeHI0Bas 6asa ¢
BO3MOXKHOCTBIO TTOTHOTO Imkina cosnanust MKA HaydHO-y4eOHOTO M HPHKIAAHOTO HA3HAUCHUS
Maccoii 1o 100 kr Ha Gaze yHH(UUUPOBAHHOW OPOMTANBHOW MIAT(HOPMBI B HErEPMETHYHOM
UCIIONHEHUU C OTKPHITOM KOMIIOHOBKOW. BHOBb CO37aHBI M OCHAIIEHBI COBPEMEHHBIM
SKCIIEPUMEHTAIBHBIM 000pyI0BaHHEM JadopaTopusi AMHaMHYecKuX ucrmbitaHuii MKA, Ge3sxoBas
Kamepa 11 0TpaboTku pamrocucteM MKA, yHUKaIbHBIH BBICOKOTOYHBII CTEH]T OTPAOOTKH CHCTEM
opuentauuu U cradbwmmsaunn MKA. Llentp ympasnenus moieramu MKA, cosnanubiii B MAU,
001aaeT MUPOKHMH BO3SMOXKHOCTSMH II0 OJHOBPEMEHHOMY YIIPaBICHHIO HE TONKO OJMHOYHBIMH
MKA, HO ¥ MHOTOCITyTHUKOBBIMHU IPYIIITMPOBKAMH.

IpunaTsiii noxxoxn k paspadorke MKA momHOCTBIO ompaBzall cedsi IpH CO3JaHUH CITYyTHHKA
tuna CubeSat «ckpa-MAN-85», 3anmymentoro B 2017 r.

BaxHBIM 3TamoM peanu3aliy MPOrPaMMBl Pa3BUTHS IO CIyTHHKOBOH TemaTHke B MAU
SIBJIAETCSl CO37aHME y4eOHO-IIPOU3BOJICTBEHHOM 0a3bl 1O MOATOTOBKE CHELMAIMCTOB B 00JacTH
KOMIIIEKCHOTO IpoekTupoBanus MKA, HHTerpanuy KOCMUYECKUX allapaToB u cucteM. B MAU
obecrieueH MOJHBIH UKII CO3/[aHMs MaJIbIX CITyTHHKOB: IIM(POBOE IPOSKTHPOBAHKE, N3TOTOBJIICHUE,
HCTIBITAHUS U yIPAaBICHUE B MOJIETE.
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B ocHOBEe COBpEMEHHOro MOAXOAA K OpraHM3alM OOYYCHHS CTYACHTOB JIGKHT HAy4YHO-
HCCIICOBATENbCKAs ACATEIBHOCTh — CTYACHTHI MOJYYalOT OMBIT PabOTHI Haj IEpPCHEKTHBHBIMU
IMPOCKTaMH B paMKaX HAay4HO-HCCIEJOBATEIbCKUX pabOT ¢ BEAyIIUMH NpPEINPUATHSIMH
KOCMHYECKOI OTpacIIu.

CotpynHukd ¥ cryaeHTsl MAW mnpuHEMAOT ydacTHe B pasiMYHBIX MEXIyHapOIHBIX
KOCMHYECKHX [pOrpaMMax, HampuMep, B [POBCACHHM HAy4YHBIX OKCICPHMEHTOB Ha
MexIyHapoJHOH KOCMHYECKOH CTaHIMHM. B paMkax HaydHBIX NIpPOrpaMM MO KOCMHYECKUM
HCCIICOBAHMAM, MPOBOAUMBEIX POCKOCMOCOM, HHCTHTYT COTPYAHHYaeT C KPYMHEHIINMU
3apyOeKHBIMH KOCMHYECKUMH areHTCTBAMH, HAyYHBIMU U y4eOHBIMH IIEHTPAMH.

Historical experience of creation and development prospects of small spacecraft at MAI
Firsyuk S.O., Kulkov V.M., Egorov Yu.G., Yoon S.W.
MAI, Moscow, Russia

Since the creation of the student design bureau for the development of small satellites in 1967,
Moscow Aviation Institute (MAI) has gained valuable experience in the design, production, testing
and flight operation of the small spacecraft (SSC). The Student Space Design Bureau “Iskra”
developed and assembled the world's first student satellites of the “Radio” and “Iskra” series, which
successfully operated in space in 1978 and 1982. In the early 1990s, satellites of the “MAK” series
were launched from the orbital station “Mir”. For the first time, technologies of “piggyback” on the
launch of unpressurized designed small satellites were developed.

Since 2008, the MAI has significantly expanded the experimental base with the possibility of a
full cycle of creation of SSC, weighing up to 100 kg on the basis of a unpressurized designed satellite
bus with an open layout, for scientific, educational and applied purposes. A laboratory for dynamic
tests of SSC, an anechoic chamber for testing radio systems of SSC and a unique high-precision test
bench for testing orientation and stabilization systems of SSC were newly created and equipped with
modern experimental equipment. The flight control center of the SSC, created at the MAI has broad
capabilities for simultaneous control of not only single SSC, but also multi-constellations of the SSC.

An approved approach to the development of SSC fully proved itself when creating a satellite of
the CubeSat type “Iskra-MAI-85”, launched in 2017.

An important stage in the implementation of the satellite development program at MALI is the
creation of an educational and production base for training specialists in the field of integrated design
of SSC, integration of spacecraft and its systems. MAI provides a full cycle of SSC development:
design, manufacturing, testing and in-flight control.

The modern approach to the organization of student education is based on research activities —
students gain experience in working on the promising projects as part of research work with leading
enterprises in the space industry.

Researchers and students of MAI take part in various international space programs, for example,
in conducting scientific experiments on the International Space Station. Within the framework of
scientific programs on the space research conducted by Roskosmos, the institute cooperates with the
largest foreign space agencies, scientific and educational centers.

AJITOPUTM y/IepKaHUsi KOCMHYECKOI0 aNnnapaTa HadJ101aTesi OTHOCHTEILHO 11eJIeBOro Ha
reocTallHOHAPHON opOHTe
Xoanr By Tan
MAMU, r. Mocksa, Poccust
B mocnennue HeCKONbKO JIeT Maible kocMuueckue ammapartsl (MKA) momywaroT mmpokoe
IPUMEHEHHE B 00J1aCTsIX KOCMUYECKOI MPOMBILNIICHHOCTH. B obnactu obcimyxuBaHus Ha OpOuTe,
MKA MOXHO IPHMEHHTh KaK CEPBHCHBIE MOIYIH CHCTEMBI OOCITYXUBAHHS IS MHCIICKIUH WIIH
pemonta, win KA-Oykcup st yBona HedyHKuuoHupyromux KA ¢ opOutsl. B nanuoii pabore
paccmarpuBaercs 3aa4a yaepkanus KA-Ha0monaTens cucteMbl 00CITy)KUBaHUS T€OCTALOHAPHBIX
CITyTHUKOB CBHS3U OTHOCHTENBHO LiejeBoro KA B nporecce HHCIEKIUH.
CunTaercs, 4TO B HaUalIbHBIH MOMEHT BpeMeHH KA-HaOmogaTens HaXOAUTCS B OKPECTHOCTH
nenu. PaccMaTpuBaercsi orpaHMYeHHasl 3aa4a yIpaBJIeHHs yepKaHHEM B INIOCKOCTH OPOMTHI IpH
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YCIIOBHH, YTO COBMEIIEHHE IUIOCKOCTE OPOMT NPOBEACHO HA 3Tarle NPUBEJICHUS HaOMIoIaTeNs B
OKPECTHOCTH pabodeil HO3HUIHMH [ENN.

Jlns ynpaBieHus IBUKEHHEM LieHTpa Mace KA-HabimronaTens UCIONb3yOTCS IBUTATENIs MaJIoi
TSATU C OPHEHTAIMEH BAONb OCEil CBA3aHHOW OpPOUTANBHOW CHCTEMBI KOOPAHMHAT, PAOOTAIOIINM B
CTapT-CTOIHOM pexuMe. Llenpb sBiseTcs KOOonepHpyeMbIM U HE COBEpIIAET MaHEBPOB BO BpeMs
nacnexnuy. [TorpebHas s ynpasneHus HHGopManus o mapaMeTpax opOUT HaOIIOAATeNs U HelH
HOJTy4aeTcs OT OOPTOBOH aBTOHOMHOI HaBUTAl[HMOHHOH CUCTEMBI C JOCTATOYHON TOYHOCTBIO.

Llens pemenus 3a1a4y CHHTE3a 3aK/II0YaeTCs B ()OPMUPOBAHUH alTOPUTMA pacyeTa HHTePBAIOB
MEXIY KOPPEKLIHSMHM M IpPHUPAIIEHUH XapaKTepUCTHYECKOH CKOPOCTH, KOTOpBbIH o0ecredut
IIPUHAUISKHOCT BEKTOPA COCTOSHHS OOBEKTa 3aJaHHOMY MHOXECTBY B TECUEGHHE BPEMEHH
HHCIEKIHMH.

Jlnst cuHTe3a aNropuTMa yAepKaHUsS MPUMEHSCTCS BO3MYIICHHAS JTMHEAPU30BAHHAS MOJEIb
JIBIOKCHMS HAOJIOATeNs] OTHOCHTENIBHO LIEIU B MOl OKPECTHOCTH ONOPHON KPYroBOi OpOHTEI
3aJaHHOTO paJiyca.

Anroput™ ynepxanus KA-HabmonaTens OTHOCUTEIBHO LETU pa3paboTaH ¢ HCIONIb30BaHUEM
JIOCTATOYHBIX YCIOBHI ONTHMAIbHOCTH YHpAaBICHHS B JMHEHHO-KBAAPATHYHOI IIOCTAHOBKE B
COYETAHHH C NOMYLICHHEM O HAJIMYMU YCTAaHOBMBIIErocs pexumMa. PaboTocrnocoOHOCTh anroputma
yIepiKaHUsS MOATBEPXKAACTC pPe3yIbTaTaMH YHCICHHOTO MOJCIMPOBAHUS IIOTHOH CHCTEMBI
HEJMHEHHBIX ypaBHEHUI JBM)KEHUS] C y4eTOM HELEHTPalIbHOCTH I'PABUTALIOHHOIO MHOJS 3eMIlH,
rpasutanun Jlyns! u ConHna, a Taxke OIIHOOK HABUTAIIUN.

Algorithm to control spacecraft inspector in collocation with target in GEO
Hoang Vu Tan
MAI, Moscow, Russia

In the past years, small spacecraft have been widely used in the space industry. In satellite on-
orbit servicing, small spacecraft can be used as service modules of the servicing system for inspection
or repair, or a spacecraft-tug to remove non-functioning spacecraft from orbit. In this work, the
problem of control spacecraft inspector (SI) of the geostationary communications satellite service
system in collocation with target spacecraft (TS) during the inspection is considered.

It is assumed that at the initial moment of time, the SI is in the vicinity of the TS. A limited
problem of collocation control in the orbital plane is considered, provided that the alignment of the
orbital planes is performed at the stage of transferring the SI to the vicinity of the working position
of the TS.

To control the motion of the center of mass of the SI, low-thrust engines are used with orientation
along the axes of the associated orbital coordinate system, operating in start-stop mode. The TS is
co-operative and does not perform maneuvers during the inspection. The information needed to
control the parameters of the orbits of the SI and the TS is obtained from the on-board autonomous
navigation system.

The purpose of the control is to determine the intervals between keeping corrections, the values
of the characteristic velocity increments at each of the corrections, which ensure that the state vector
of the SI belongs to a given set taking into account errors in predicting relative motion and performing
corrections during a given observation time.

To synthesize the collocation control algorithm, a perturbed linearized model of the motion of
the Sl relative to the TS in a small vicinity of the reference circular orbit of a given radius is used.

The algorithm for control the SI in collocation with TS is developed using sufficient conditions
for optimal control in a linear-quadratic formulation, combined with the assumption of the presence
of a steady-state mode. The efficiency of the retention algorithm is confirmed by the results of
numerical simulation of the complete system of nonlinear equations of motion, taking into account
the non-centrality of the Earth's gravitational field, the gravity of the Moon and the Sun, as well as
navigation errors.
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Cucrema onpe/iesieHHs1 YIJIOBOTO MOJI0KEHHSI MAJIBIX KOCMHYECKHX aNIapaTOB
Yebakos E.B., Henapokomo A.B., PeBuznukos J[.JI., Bynuuk C.A., Kounes K.B.
MAMU, r. Mocksa, Poccust

OnHolf W3 BaXKHBIX 3a/ad IPH IPOEKTHPOBAHMH KocMHueckux ammapatoB (KA) sBmsercs
paspaboTka cuctembl opreHTannu KA oTHOCHTEIBHO KOCMUUYECKHX 00bekToB — COJHIIA, IUTIAHET U
3Bé3nHoro Heba. [lnsa ompeneneHus opueHTanuu KA HIDKeHEpHI HCHONB3YIOT Pa3IMYHBIC THIIBI
JIATYMKOB — COJIHEYHbIC M 3BE3JHBIC JNATYMKH, MH(PAKPACHYI BEPTUKAIIb, MAarHUTOMETPBI H
HHepIHaIbHble AaTYUKU. Kaxkmplif U3 9TUX JaTYMKOB UMEET CBOM JOCTOMHCTBA M HEZOCTATKH IIO
pa3mepam, Macce, paMallMOHHON yCTOIYMBOCTI KOMIIOHEHTOB M PHHIMITY paboThl. Kak npasmuio,
JUI HUBEIUPOBAHHS HX HEJOCTATKOB HIDKCHEPHl KOMOMHUPYIOT Pa3lHUHBIC THIIBI JATYUKOB, a
TaK)KE PE3EPBUPYIOT HX.

Tewm He meHee, yBenudeHue HaaéxHocTH KA no-npexHeMy sIBIseTCsl BAXKHOM 3a1adeid, KoTopas
MOKET YBEJIUYHUTh JUTMTEIBHOCTh MHUCCUM. [l 3THX Iienei Mbl MOXKEM HCIOJIb30BaTh HAAEKHYIO
pesepBHyIo cucteMy opueHTanuu KA. OqHuM 3 cmoco6oB pa3paboTKH TaKOH CHCTEMBI OCHOBAH Ha
aHaJIM3e TEMIIEPaTypHOTo IOJIs JIeMEHTOB moBepxHocTH KA. DToT moaxon ObLI pealn3oBaH Ha
mukpocnytHuke «Komubpu» B 2002 romy. IIpemnaraeMelii HamMM METOZ OCHOBAaH Ha aHAaJIM3e
BHEIIHUX TEIUIOBBIX NMOTOKOB. K coxkalieHHIO, B OOJIBIIMHCTBE NMPAKTHYECKHX CIy4acB IPSIMOe
U3MEpeHHE TEIUIOBEIX IIOTOKOB HEBO3MOXKHO. JIIi IIPeofONeHusl BO3HHKIINX TPYTHOCTEH
HPUMEHSIOT HeIPSIMbIE M3MEPEHHSI C HCTI0NIb30BAHHEM METO/I0JIOTHY 00pPaTHBIX 33/1a4 TEIII00OMEHa.
3anaua onpeneneHus opueHtau KA Tpedyer nocienoBaTeibHOro petieHus JByX 0OpaTHBIX 331a4.
IlepBast oOparHasi 3ajjaya 3aKJII0YACTCS B OLCHKE TEIUIOBBIX [TOTOKOB, MAJAIONIMX HA JJIEMEHTBI
MOBEPXHOCTU amNIapaTa, 0 BHYTPEHHHM TeMIepaTypHbIM m3Mmepenust KA. Jlns sTux nemeil Mel
HCTIONB3YeM  CIELHANbHO pa3pa0OTaHHBIC JAaTYMKHA paJUAlMOHHBIX TEIUIOBEIX IOTOKOB,
YCTaHOBJICHHbIE HA Pa3IHYHBIX IMOBEPXHOCTIX KA, KOTOpBIE MMEIOT IPOCTYI0 KOHCTPYKIHIO U
HeOoIbIIYIO Maccy. Bropas — B onpenesneHne yrioBoro nojoxeHus KA 1mo noydeHHbIM 3HaYSHHAM
CYMMApHBIX IIOTTIOMEHHBIX TEIIIOBBIX IIOTOKOB.

Pa3pabarbiBacMast HAMH CHCTEMa HE IOTPEOIACT MHOTO SHEPTHU U MOXKET OBITh MCIIOJIb30BaHA
Kak Ha ocBemEHHOM CONHIIEeM yJacTKe OpOUTSL, Tak U B TeHH ITaHeThl. boiee Toro, oHa Mo>keT OBITH
HCIIONB30BaHa M NPU MEXIUIAHETHBIX nepenérax. [las Toro 4roObl OLEHHTh opueHTanuio KA B
JIMHAMUKE, IPeIOKEHHBIH anroput™ ObL1 fononHeH ¢uibTpom Kamvana. OxHako ecTs U gpyrast
npoOema, cBsi3aHHas ¢ opueHTauu KA ¢ momouisro yrios Diiiepa — Tak Ha3bIBaeMblil IIApHUPHBIN
3aMOK. [ IpPEONONICHUS JTOTO alrOpPUTM MOXeT OBITh MOAU(UIUPOBAH KBATCPHHOHAMHU.
Pe3ynmbTaThl  HCCIEOBAHUS  IOKAa3bIBAIOT  JOCTATOYHYIO  YHCICHHYIO  d(h{(EeKTHBHOCTH
MPEUI0KEHHOI0 aIrOPUTMA HA OCHOBE OTHOCHTEBHO ITPOCTHIX TEMIIEPATYPHBIX HU3MEPEHUIA.

Attitude control system of microsatellites
Chebakov E.V., Nenarokomov A.V., Reviznikov D.L., Budnik S.A., Kochnev K.V.
MAI, Moscow, Russia

One of the main problems of spacecraft design is the development of the attitude control system,
which provides angular directions to the space objects —Sun, planets and stars. Engineers use
numerous forms of sensors to determine the attitude of a spacecraft. For example, there are sun
sensors, star sensors, the Earth-horizon sensors, magnetometers and inertial sensors. However, each
of them has their disadvantages in dimensions, mass, radiation resistance and due to principle of
operation. In general case, engineers balance these drawbacks using a combination of different types
of sensors and their redundant units.

Nevertheless, increasing the reliability of a spacecraft is still a significant task for engineers that
can extend the spacecraft’s mission. In order to achieve it, we can use reliable and robust back-up
attitude control systems. A promising way to develop such systems is based on temperature field
analysis of the spacecraft’s surface elements. The approach was implemented on the microsatellite
“Colibri” in 2002. Our approach is based on measuring the radiative heat fluxes from the
environment. Unfortunately, in many practical situations the direct measurements of heat flux are
problematic. These difficulties can be overcome with the use of some indirect thermal measurements
combined with the inverse problems technique. The problem of determination of the spacecraft’s
orientation demands to solve two inverse problems sequentially. The first one is the estimating of
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heat fluxes absorbed by the spacecraft surface. For this purpose, we employ specially designed
radiative heat flux sensors, which have a simple design and low mass, at different convex surfaces of
a spacecraft. The second one is the determining of orientation angles based on the estimated values
of radiative heat fluxes.

The attitude control system based on inverse problems theory does not consume much power
and can be used in orbit during sunlight and umbra. Moreover, it can be applied in interplanetary
flight. In order to estimate the spacecraft’s attitude during spaceflight the suggested approach was
supplemented by the Kalman filter. However, there is another problem associated with the
spacecraft’s attitude using Euler angles — the gimbal lock. To overcome this difficulty, the algorithm
can be modified by quaternions. The research was shown that one can obtain sufficiently accurate
results on the basis of a constrained set of relatively simple temperature measurements.

TonoJioruyeckasi ONTHMHU3ALMS OPeOPEHHBIX NaHeeli, HATPYKEHHbIX COCPeI0TOYEHHbIMHI
CHJIAMH
Ysko M.K., Consies 10.0., Paburckuii JI.H.
MAMWU, r. Mocksa, Poccust

PaccmatpuBaercs 3agada BpIOOpa ONTUMAJIBHONW I€OMETPUM TMOAKPEIUISIONIUX 3JIEMEHTOB IS
MPSIMOYTOJIBHBIX IJIOCKHX MAHENe, Harpy)KEHHbBIX COCPEIOTOYCHHBIMU CHIIAMH U 3aKPEILICHHBIX B
YIIOBBIX TOYKax. B kauecTBe LeNeBOW (YHKIMH HCIONB3yeTcs TPeOOBaHHWE MO MHHHMH3ALUH
mporu0oB B 33J]aHHOM HabOpe TOYEK Ha MOBepXHOCTH maHenu. [1o pesynbTaTaM pemeHus 3aaadu
TOJIOTMYECKOH ONTHMH3AIMH BBIOMPACTCS TOJILMHA, BEICOTa M OPHEHTALH TOHKOCTEHHBIX pedep
JKECTKOCTU maHenu. [lepeMeHHO# 3ajadyu ONTHMHU3AIMU SIBISETCS BHICOTa pedep >KECTKOCTH.
JlonoJIHUTEeNbHBIE OrPaHMYEHHUsI CBS3aHBI C OIPaHMYCHHEM HAa MaKCHMaJbHBIH 00BeM (Maccy)
MOJKPEIUISFOLINX JIEMEHTOB.

Hcenenyercst BO3MOXKHOCTD TOJMYYECHHS PEILICHHH, B KOTOPBIX NP 33IaHHOM Habope Harpy3oK
B BBIOPAaHHBIX TOYKAX PEalN3yIOTCS HYJICBbIC 3HAUCHHUS MPOTHOOB (C TOYHOCTBIO 0 MOTPEHIHOCTH
YHCJIEHHBIX BBIUMCIICHHI) 32 CYET BOSHUKHOBEHHS IBOMHON KPUBU3HBI ITAHEN C U3MEHEHHEM 3HAKa.
Hccnenyercst BOSMOXKHOCTD TOJY4€HHS TaKMX PEIICHUI Kak A HaOOpOB CHJI, NEHCTBYIOLIMX B
MIPOTUBOIIOJIOXKHBIX HANPaBJICHUAX, TaK U I COHANPABJIEHHBIX Harpy3ok. B mocienHem ciydae
BO3HMKHOBCHHE TIEPEMEHHOM KPHBU3HBI  OOECIICYMBACTCS  BBEACHHEM  JOIOJIHUTEIBHBIX
OrpaHMYEHHI Ha yIJIbl IOBOPOTOB ITAHEJM Ha €€ IPAHAX U B TOUKaX MPUIIOKEHUS Harpy3ok. Pemenne
ctpoutcs B cuctemMe Comsol ¢ MCmonbp30BaHUEM MOAENH IIacTHH Thna MuHuHa-PeiiccHepa B
JIMHEWHO yNpyro mnocraHoBke. J[ysi moiy4aeMbIX pelleHHH (FeOMETpHH NaHelel) MPOBOIAUTCS
MPOBEPKA B paMKaxX TPEXMEPHOTO MOICTIMPOBAHUS COOTBETCTBYIOLIEH CTATUYECKOI 3a1a4u.

Topological optimization of ribbed panels loaded with concentrated forces
Kyaw Y.K., Solyaev Yu.O., Rabinskiy L.N.
MAI, Moscow, Russia

The problem of choosing the optimal geometry of supporting elements for rectangular flat panels
loaded with concentrated forces and fixed at corner points is considered. The requirement of
deflections minimization in a given set of points on the panel surface used as a target function. Based
on the results of solving the topological optimization problem, the thickness, height, and orientations
of the thin-walled stiffening ribs of the panel selected. The variable of the optimization problem is
the height of the stiffeners. Additional constraints are related to the limitation on the maximum
volume (mass) of reinforcing elements.

The possibility of obtaining solutions in which at a given set of loads at selected points zero
values of deflections are realized (within the accuracy of numerical calculations) due to the
occurrence of double curvature of the panel with a change of sign is investigated. The possibility of
obtaining such solutions both for sets of forces acting in opposite directions and for co-directional
loads is investigated. In the latter case, the appearance of variable curvature is ensured by introducing
additional restrictions on the rotation angles of the panel on its faces and at the points of load
application. The solution is constructed in the Comsol system using the Mindlin-Reissner type plate
model in the linear elastic formulation. For the resulting solutions (panel geometries), the
corresponding static problem is verified within the framework of three-dimensional modeling.
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Cexuus N23. BeiBegeHMe, ylIpaBJeHUe
4 3KcIutyatauusa MKA

Section No. 3. Launch, Control and Operation
of Small Spacecraft

MojaeaupoBaHue npomecca oT/AeJeHns1 HAaHOCMYTHUKOB THNa CubeSat oT TpancnopTHO-
MyCKOBOT'0 KOHTeifHepa
Angdanos A.C., bop3ssix C.B., XomskoB M.K.
PKK «9neprus», r. Koponés, Poccus

Hanocmyrauxu Tuma CubeSat 4acTo SBISIOTCS HOIYTHBIM IPY30M IIPH BBIBEACHUH KPYITHBIX
KOCMHYECKHUX armapaToB. [IepcrieKTUBHBIM MOXET CTaTh MCIHOJIb30BAHHUE TPY30BBIX KOCMHUYECKHX
kopabneii, obecrieunBaromux MKC, kak miaThopMsl JUIs 3aIlycka HAHOCITyTHUKOB. DTO PACIIUPUT
JIMana3oH pabo4ynx OpOMT M yBEIHMUYMUT ONEPATUBHOCTH Pa3sBEPTHIBAHUS HAHOCITYTHHKOB. Bo Bpems
HaXOXKJICHHUS IPY30BbIX Kopabmeil B coctaBe MKC ecThb BO3MOXXHOCTh OOCIY:KHBAaHHUS M 3aMEHBI
HAaHOCITyTHUKOB KOCMOHABTaMH.

Jlnst obecriedeHust 3allycka HAaHOCIYTHHKOB Ha KOPaOJAX yCTaHABIMBAIOTCS TPAHCIOPTHO-
IIyCKOBBIE KOHTEHHEPHI ¢ OJHMM WM Heckonmbkumu CubeSat B kaxaoMm. KoHTteliHepbl cHaOXKeHbI
CPEICTBAMHU OT/ACIICHHSI, 00CCIICUHBAOIIMMH CITyTHUKAM HEOOXOIUMYI0 OTHOCHTEIIBHYIO CKOPOCTb.
Jli1s 3a1mycKa HECKOJIBKHX alllapaToB M3 OAHOIO KOHTEHHepa MeX/1y CITyTHUKaMH yCTaHABIIHBAIOTCS
BCIIOMOTaTeNIbHBIC TOJNKATENH. 3allyCK CIyTHHKOB MOXKET OBITH OCYIIECTBIEH Ha TIO0OM dTare
HOJIETa IPY30BOT0 KOpaoIs.

Ipencrasnennas paboTa MOCBSIIEHa MOACIHPOBAHUIO U AHAIHN3Y OTHOCUTEIBHOTO ABIDKCHHS
HAHOCITYTHUKOB C LIEJIbIO MOJATBEPXKACHHS HX 0€3yJapHOro PacXoxIEHHUs C IPY30BbIM KOpabiéM n
MeXy co00it Ipu cobIII0IeHNH TPeOyeMbIX KHHEMATHYECKHUX TAPAMETPOB OTACICHHS — CKOPOCTEH
LIEHTPOB MacC U YIJIOBBIX CKOPOCTEH amIaparos.

B MaTtemaTHueckolf MOpeNH IIpoIecca OTACICHHS HAHOCIYTHHKOB YYTCHO KOHTAKTHOE
B3aMMOJICHCTBHE aNmNapaToB C 3JIEMEHTAMH KOHCTPYKIMH IYCKOBOTO KOHTEHHepa, BKIIOUas
HANpaB/LSIONIAE W €ro KPbIIKY. MoJenb MO3BOJSIET BapbHPOBATh YCIOBHS IIpoLEcca — MecTa
pa3MeleHnsl KOHTEfHepoB Ha KopaOie, HAlpaBICHUS OT/IENCHMS, KOJIMYECTBO M TUIIOpasMep
anmapaToB B KOHTEHHEPE U T.A.

B pesynbrate wucciemoBaHHs Oblla  MOATBEPXKACHA JOCTATOYHOCTh 3HEPIETHUECKHX
XapaKTEPUCTUK CPEACTB OTJACICHHS KOHTCHHEPOB, a TaKKe BHIPAOOTaHBI PEKOMEH/ALNH,
TIO3BOJIAIOIINE 00ECIIeUnTh OE3yJapHOCTh Mpoliecca OTACNICHNS HAaHOCITYTHUKOB NIPH COOIIOJICHUN
TpeOyeMbIX KHHEMAaTHIECKHX XapaKTEPUCTUK OTACIUBIINXCS alapaTos.

JlanbHeiiniee pasBUTHEC MAaTEMaTHYECKOH MOJENH IIpolecca OTACICHUS HAHOCIYTHHKOB OT
TPAHCIIOPTHO-ITyCKOBOTO KOHTEHHEPa BO3MOKHO B HAIPABICHHH Y4ETa CHII a9pOJMHAMHYECKOTO
CONpPOTHBIICHUS. U BKJIIOYCHHS B MOJEI]b AJTOPUTMOB YIPABICHHS allapaToB Ul aHAIM3a HX
COBMECTHOTO OpPOUTAIBEHOTO JABHKCHHUS.

Modeling of the process of separation of CubeSat-type nanosatellites from a transport and
launch container
Anfalov A.S., Borzykh S.V., Khomyakov M.K.
RSC “Energia”, Korolev, Russia

Nanosatellites of the CubeSat type are often associated cargo when launching large spacecraft.
The use of cargo spacecraft supporting the ISS as platforms for launching nanosatellites may be
promising. This will expand the range of working orbits and increase the speed of deployment of
nanosatellites. During the stay of cargo ships in the ISS, it is possible to maintain and replace
nanosatellites with astronauts.

To ensure the launch of nanosatellites, transport and launch containers with one or more
CubeSats in each are installed on the ships. The containers are equipped with separation devices that
provide the satellites with the necessary relative speed. To launch several vehicles from the same
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container, auxiliary pushers are installed between the satellites. The launch of satellites can be carried
out at any stage of the cargo ship flight.

The presented work is devoted to modeling and analyzing the relative motion of nanosatellites
in order to confirm their unstressed divergence with the cargo ship and with each other, while
observing the required kinematic parameters of separation — the velocities of the centers of mass and
the angular velocities of the vehicles.

The mathematical model of the separation process of nanosatellites takes into account the contact
interaction of the devices with the structural elements of the launch container, including the guides
and its lid. The model allows you to vary the process conditions — the placement of containers on the
ship, the direction of separation, the number and size of devices in the container, etc.

As a result of the study, the sufficiency of the energy characteristics of the means of separating
containers was confirmed, and recommendations were developed to ensure the shock-free process of
separating nanosatellites while observing the required kinematic characteristics of the separated
devices.

Further development of the mathematical model of the process of separating nanosatellites from
the transport and launch container is possible in the direction of taking into account the forces of
aerodynamic drag and including in the model control algorithms for analyzing their joint orbital
motion.

Iudposbie MeTOABI ABTOMATHYECKOT0 KOHTPOJIsS BHOpaMii IBUraTe el KOCMHYECKHX
annaparos npH BbiBegeHnn MKA
Byposa A.1O., Kouerkos 10.M.
MAMU, r. Mocksa, Poccust

AwmepukaHckue, Opa3sHIbCKHe, eBPOIEHCKIe, HHANICKIE, KUTalicKiue, POCCHUCKHE U SIIOHCKUE
HallMOHAJIbHBIE KOCMUYECKHUE NIPOrpaMMBbl TIPEAyCMaTPUBAIOT BBIBEJCHHE B ONMKHUM KocMoc BCE
Oompmie ¥ OoNbIIE MalbIX KOCMHUYECKHX AamapaToB Wil (QyHIAMEHTAIBHBIX KOCMHYECKHX
uccieloBaHuid. B pamkax peanusalin pocCHHCKON IporpaMMbl BHIBEIAEHUE MalIbIX KOCMHYECKHX
amnapaToB HayYHO-HCCIEA0BATEIHCKOT0 Ha3HAUCHHS 00eCIeYnBACTCSI KOCMUYECKUMU allapaTaMu
C JKMJKOCTHBIMU PAKETHBIMHU JBUraTesMu. IIoMCK JONOMHUTENBHBIX BO3MOXKHOCTEN IOBBIIEHHUS
0e30MacHOCTH MONETa TAaKHMX KOCMHYECKHX AaNllapaToB IIPU BBIBEACHUH MaJbIX KOCMHYECKHX
anmnapaToB aKTyalM3UpyeT MCCIEOBaHUE U Pa3pabOTKy LU(pPOBBIX METOJOB BHOPOINATHOCTUKH
KHUAKOCTHBIX PAKETHBIX JBUTaTeNeil B yCIOBUSIX UX DKCILUTyaTallUH.

Llenbio McclienoBaHMs CTall IIOUCK PEIICHNUS 3a11a4 BHOPOMArHOCTUKH M LIA(POBOIT 00pabOTKH
BUOPOCHTHANIOB [BHTaTeNled KOCMHYECKHX AaNllapaToB IIPU BEIBEJCHHU MAIBIX KOCMHYECKHX
anmnaparoB. [Ipu npoBeaeHNn ucce0BaHus ObLTH HCIIOIb30BaHbI METOABI ACYKTHBHON 00paboTKH
I(POBBIX CUTHAJIOB.

Pe3ynbTaThl NPOBENEHHBIX HCCIENOBAHMHA TNPHYMH BUOpAUMHM JBUraTeneii KOCMHYECKHX
amInapaToB IpPH BBIBEICHHH MAajbIX KOCMUYCCKUX alllapaToB U BO3MOXKHOCTEH e AMarHOCTUKH
MO3BOJMIIO pa3pabotath Meron BHOPOAMATHOCTHKM M 0OpaOOTKM BHOPOCHUTHAJIOB TaKHX
nBurateneil. [lomydeHs! COOTHOIICHHSI OCHOBHBIX IIAPaMETPOB KOJIeOaHHH B BI3KOYIIPYTOM KOHTYpE
BHYTPU KaMepbl CropaHHsl JKMIKOCTHOIO pPAaKETHOIO JBUIaTels B  3aBUCUMOCTH  OT
ra30JMHAMHYECKUX IapaMeTpoB (COOCTBEHHAs 4YacTOTa M JEKPEeMEHT 3aTyxaHus). AHaiu3
TIOJIyYECHHBIX COOTHOILIECHUH O00ECIeumsI BO3MOXXHOCTh OLEHKH YPOBHS BHOpAIHil KHIKOCTHOTO
PaKeTHOro ABHTaTens NU(GPOBEIME METOJaMH MHOTOCTYINEHYATOr0 AUCKPETHOTO IPpeoOpa3oBaHUs
®Dypbe 1 MHOTOCKOPOCTHOH (pMIIBTPALINK C HOMOIIBIO PA3HOCTHBIX HU(POBBIX (PUIIBTPOB.

Pe3ynbTaTsl HCClIeNOBAHUS IIOKA3add U MOATBEPIHIN, YTO OMOIHHUTEIFHON BO3MOXKHOCTBIO
MOBBIIIEHHST 0€30IaCHOCTH IMOJNETa KOCMHYECKHMX alllapaToB C JKMIAKOCTHBIMU PaKETHBIMH
JBHTATEISIMUA TIPH BBIBEJCHHHM MAalbIX KOCMUYECKUX alllapaToB MOXHO M JODKHO CUHTATh
aBTOMATHYECKUH KOHTPOJIb BHOpAlUMH KHIKOCTHBIX PAKETHBIX JBHrartesned JAeAyKTHBHBIMU
MeTogaMu  1uQpoBoii  00paboTku BuOpocurHanoB. Vcrnosnp3oBaHne UUQPOBBIX  METONOB
MHOTOCTYIIEHYaTOTO IUCKPETHOro mpeoOpazoBanust Pypbe U MHOTOCKOPOCTHOH (BUIBTpanuu
BHOPOCHTHAJIOB Pa3HOCTHBIMH UU(POBBIMH  (QHIBTPAMH C LEIOYHCICHHBIMH Pa3HOCTHBIMU
koo dunueHTaMy IO3BOISACT CHIDKATh AalllapaTHBIE 3aTpaThl IPH  ANapaTHO-IIPOrPAMMHOMN
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peamusanui aJropuTMOB TAaKOI'0 KOHTPOJA Ha IPOrpaMMHUPYEMBIX JIOTMYECKUX HMHTErPaIbHBIX
cxemax.

Digital methods of automatic vibration control of spacecraft engines during the launch of a
small spacecraft
Burova A.Y., Kochetkov Yu.M.
MAI, Moscow, Russia

American, Brazilian, European, Indian, Chinese, Russian and Japanese national space programs
provide for the launch of more and more small spacecraft into the near space for basic space research.
As part of the implementation of the Russian program, the launch of small spacecraft for research
purposes is provided by spacecraft with liquid rocket engines. The search for additional opportunities
to improve the flight safety of such spacecraft during the launch of small spacecraft actualizes the
research and development of digital methods for vibration diagnostics of liquid rocket engines in
their operating conditions.

The aim of the study was to find solutions to the problems of vibration diagnostics and digital
processing of vibration signals of spacecraft engines during the launch of small spacecraft. Methods
of deductive processing of digital signals were used in the study.

The results of the conducted studies of the causes of vibration of spacecraft engines during the
launch of small spacecraft and the possibilities of its diagnostics allowed us to develop a method for
vibration diagnostics and processing of vibration signals of such engines. The relations of the main
parameters of oscillations in the viscoelastic circuit inside the combustion chamber of a liquid rocket
engine depending on the gas-dynamic parameters (natural frequency and attenuation decrement) are
obtained. The analysis of the obtained relations made it possible to estimate the vibration level of a
liquid rocket engine by digital methods of multi-stage discrete Fourier transform and multi-speed
filtration using digital difference filters.

The results of the study showed and confirmed that an additional opportunity to improve the
flight safety of spacecraft with liquid rocket engines when launching small spacecraft can and should
be considered automatic vibration control of liquid rocket engines by deductive methods of digital
processing of vibration signals. The use of digital methods of multi-stage discrete Fourier transform
and multi-speed filtering of vibration signals by digital difference filters with integer difference
coefficients allows you to reduce hardware costs when implementing hardware and software
algorithms for such control on programmable logic integrated circuits.

AJIrOpUTM yNpaB/ieHHusl MAJIbIM KOCMHYECKHM aNNiapaTOM-HHCIIEKTOPOM € MEKAYHAPOIHOMH
KOCMHYECKOH CTAHIMH
Kyxos A.A., *bapkosa M.E., *Bonoraux H.H.
'MAU, ?PKC, *UIIMex PAH, r. Mocksa, Poccus

Manere kocmudeckme —ammapatsl  (MKA), oOmerdaromme Tpyd KOCMOHAaBTOB U
MHHHUMHU3HPYIOIHIE PHCKH IPH PabOTE B OTKPBHITOM KOCMOCE, IPECTABIAIOT COOOH B COBOKYITHOCTH
C CHCTEMOH YNpaBlIeHHUs crenuduueckue poOOTOTEXHUUECKHE CHUCTEMBI, NpeAHa3HAYCHHBIC IS
ortOopa mpoO, MIsi HMHCHEKUHMOHHBIX, PEMOHTHBIX WM cOopouHbIx pador [1]. Ilockomeky B
JUTEepaType CHCTEMAaTHYECKHX NaHHBIX 00 ympaBneHnn MKA Takoro Tuma ¢ MeXIyHapORHOI
kocmuueckoilt craHuun (MKC) He oOHapykeHO, NpeuIokeHHas padora IpeACTaBiseTcs
aKTyaJbHOM.

Lenp pabGotel — mocTpoeHue anropurma ympasieHus MKA-HHCIEKTOPOM BHELIHHUX
MIOBEPXHOCTEH, ocymecTBisiemoro ¢ 6opra MKC.

AHanM3 auTeparypbl IMokasai, 4To pa3paboTkoit cucreM ynpasiaeHus MKA ¢ 3emiun 3aHATbI
OTe4YeCTBEHHEIE yueHble, HanpuMep, u3 HI'Y u MI'TY umenn H.O. baymana [2]. Pemenuem 3agaq
YHPABIICHHS CTHIKOBKOI KOCMUYECKHX arnmapatoB ¢ 6opra MKC 3aHATHI 3apyOeKHBIC CIIELUATICTHI
[3].

IpennosxeHHbIit aNrOPUTM YIIPaBIEHHs BKIIOYAET CIIENYIONINE KOMAH/BI:

* IepeMeleHIe K 00beKTyY HHCIEKIUH, IBIKCHUE Ha 33JaHHOM PacCTOSHHI;

* pacrio3HaBaHHE OO0pa3oB THUIOBBIX JAC(EKTOB W/MIM 3allyck MHKpopoOoTa (-0B) Ha
TIOBEPXHOCTH [4];
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* BO3BPAT HA HCXOHYIO MO3UIHIO.

IIpefOXEeHHBI  aIrOPUTM MOXET CIY)KHTh OCHOBAaHHEM JUISL DPa3pabOTKH TEXHOJIOTHH
mudpooro aBoiiHnka MKA-HHCIIEKTOpa Ha BCeX 3Tarax KM3HEHHOTO IIUKJIA.
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An algorithm for control of a small inspector spacecraft from International Space Station
1Zhukov A.A., Barkova M.E., *Bolotnik N.N.
'MAL 2RSS, *IPMech RAS, Moscow, Russia

Small spacecraft are used to facilitate the labor of astronauts and reduce risks when performing
operations outside a spaceship. Combined with a control system, small spacecraft are a kind of robots
aimed at sampling, inspection, repair or assembly works [1]. Analysis of publications did not reveal
studies in which systematic data about control of small spacecraft from International Space Station
(ISS) would have been presented, in view of which the proposed investigation seems topical.

Our study is aimed at the development of a control algorithm for an inspector small spacecraft
that investigates ISS outer surfaces and is controlled from the board of ISS.

The analysis of the literature shows that the systems for control of small spacecraft from earth
are developed by a number of Russian scientists, for example, at NGU and Bauman Moscow State
Technical University [2]. The issues of spacecraft docking control from ISS board are dealt with by
a number of foreign scientists and engineers [3].

We propose an algorithm that involves the following commands:

« the motion to an object to be inspected and the motion of the small spacecraft at a given distance
from the surface of the object;

* detection of typical defects and/or launching a microrobot (microrobots) toward the surface of
the object [4];

« return to the home position.

This algorithm can serve as a basis for the development of the digital twin technology for an
inspector small spacecraft at all stages of its life cycle.
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IpenorBpamenne packauyKy NUJIOTHPYEMOr0 KOCMHYECKOr0 alNapaTa npu nocajake
€aMoJIETHBIM CII0CO00M
13aiinesa 10.C., 2Anapuesckuii B.P., 2Kysnenos H.B.
ICII6I'Y, 2CII6I'Y, UTIMam PAH, . Cankt-Iletep6ypr, Poccus

Packauka sieratenbHoro anmapara (JIA) nerunkoM npejcrasisieT co0oil penkue, HEOXKUIaHHbIE
U HeIpeIHAMEpPEeHHbIE KOJIeOaHHs yIrIoBOro ABIDKeHHS JIA M TpaeKTOpHH IIOJTeTa, BHI3BaHHBIC
HeuslealbHbIM B3auMojieiicTBueM jeTyrka M JIA. YacTo NmpUYMHOH 3TOro sIBJIEHMSI CTaHOBSTCS
HEJOCTaTKH B KOHCTPYKIIMU BBICOKOAaBTOMATH3UPOBAHHOM CHCTEMBI YIIPaBICHHS IOJIETOM BKYIIE C
HaJIM4YUEM CYIIECTBEHHBIX HEJMHEHHOCTH B IMHAMHUKE CHCTEMBbI, BHELIHUX BO3MYILEHHUI U JApyrux
HHUIUHPYIOIIUX ~ 0OCTOATEeNsCTB. Bo  BpeMs  BHINONHEHHS  TOYHOTO  MHJIOTUPOBAHUS
UCHOJIHUTENIbHBIE TIPUBOABI YIPABISIOIMX IOBEPXHOCTEH pabOTAalOT Ha MaKCHMyMe CBOEH
MOIITHOCTH, T03TOMY 3G {EeKT 0T OrpaHUYCHHUS BXOZHOTO CHIHAIA HCHONHUTENBHBIX MEXaHH3MOB
MOJKET NPOsBUTHCS B Bujie konebannii JIA. IIpumepom packauku JIA cran MHIMICHT NPH HOcaKe
OpOUTATIBHOTO caMolieTa-KocMoruIaHa «Crenc marTim.

Tak kak packauka JIA Bo3HMKaeT mpu IoTepe 3amaca yCTOHYMBOCTH IO (pase, KOTOpoe
MOSBILIETCS. TIPU UPE3MEPHBIX 3HAYCHHAX AMIUIUTYJHO-4aCTOTHOH XapaKTCPHCTUKH Pa3OMKHYTOH
cUCTeMBI JIeTYHK-JIA, To 1enecoobpa3HO BBECTH B CHCTEMY AUCTaHIMOHHOTO YIPaBJIEHHs PYIAMH
(hasoxoMIeHCHpYIOIEe YCTPOHCTBO. [IpH 3TOM HY)KHO y4ecTb, YTO BBIXOJ HEIUHEHHOH CHCTEMBI
3aBHCHT OT I1apaMETPOB BXOJHOI'O CHrHaja. J{jis peleHus Takoi 3a1a4i XOpoIo HOAXOAUT KJIace
IICEBONUHEHHBIX KOPPEKTUPYIOMNX YCTPOUCTB, OTIMYAIOIIMXCS TEM, UTO JKelaeMasl BeIHMYHHA
(ha3bl M aMILIMTY/IBI HA BBIXOJE YCTPOWCTBA (POPMHUPYIOTCS HE3aBHCHMO JPYT OT Apyra. Bennuuna
HEOOXOAUMOTO IIOJIOXKHUTEIFHOTO (ha30BOTO CIBHIA DETYIHPYETCS C IOMOIIBIO ITOCTOSHHBIX
BpeMeHH (asoonepexaromero GuabTpa. AnnapatHas peaqM3alys yCTPOWCTBA HE NPEICTaBILSIET
TPYAHOCTEN U YHUBEpCAJIbHA.

IpensapuTensHO MPOBEIEHA ONTHUMH3ALUs KOHTYpA YIIPABIEHHs M0 YTy TaHra)a U IOIyYeHbI
TIapaMeTpsl MOJICIH MUIIOTA.

B pesynpTaTeé KOMIBIOTEPHOrO MOJAEIMPOBAHHA IOCAIKH IO IJIHCCAE B PEKHUME PYYHOrO
YIPaBICHUS C OTPaHHYCHHEM CKOPOCTH HPHBOAA DYJIEH BBICOTHI H BETPOBBIM BO3MYIICHHEM
TPaeKTOpUs MOCAAKM HpHHsna (opMy pacXoJsierocs KojedaTenpHOro mpouecca. BeneHne
NICEBIOINHEIHOTO KOPPEKTUPYIOUIEr0 YCTPOICTBA MO3BONMIO YIy4IIHTh IIOKA3aTeNH KadecTBa
KOHTYpa yIpaBJIeHHs BBICOTOI MOJIETa, PEIO0TBPATUTH KojlebaTenbHble polecchl JIA 1 BBITIOIHUT
0e30MacHy0 MOCaIKy.

Prevention of manned spacecraft oscillation during aircraft-type landing
1Zaitceva LS., 2Andrievsky B.R., ?Kuznetsov N.V.
'IPME RAS, 2SPSU, IPME RAS, Saint-Petersburg, Russia

The unfavorable aircraft-pilot couplings (APC) are rare, unexpected, and unintentional aircraft
attitude oscillations caused by imperfect interaction between the pilot and the aircraft. This
phenomenon is often caused by flaws in the highly augmented flight control system, coupled with
the significant nonlinearities in the system dynamics, external disturbances, and other initiating
circumstances. During precise pilot tasks, the actuators operate at their maximum power, therefore
the effect of the actuator's rate and a level signal can manifest itself in the form of aircraft attitude
oscillations. An example of an aircraft swinging was the incident during the landing of the Space
Shuttle orbiting spaceplane.

Since the APC occurs when the phase stability margin is lost, which appears at excessive values
of the amplitude-frequency characteristic of the open-loop pilot-aircraft system, it is advisable to
introduce a phase-compensating device into the remote control system of the rudders. Notice that the
output of the nonlinear system depends on the parameters of the input signal. To solve such a
problem, a class of pseudo-linear correcting devices is well suited, characterized in that the desired
phase and amplitude at the device's output are formed independently. The required positive phase
shift value is adjusted by the time constants of the phase advance filter. The hardware implementation
of the device presents no difficulties and is universal.

The pitch control system optimization was carried out preliminarily, and the pilot model
parameters were obtained. As a result of computer simulation of a glide path landing in manual
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control mode with an actuator rate limit and wind disturbance, the landing trajectory took the form
of a diverging oscillatory process. The pseudo-linear correcting device introduction made it possible
to improve the altitude control system quality, prevent oscillatory processes of the aircraft and
perform a safe landing.

MHoropa3oBblii TPAHCIIOPTHBIH KOCMHYecKUii KOpadJib ¢ a3POAUMHAMHYECKH HeCcy MM
KOpIycoM
30toB A.A., Boakos A.H.
MAM, r. Mocksa, Poccust

Cpenn mpo06neM, BO3HHKAIOMUX IIPH INPOEKTHPOBAHUH KOCMUYECKOH TEXHHUKH HOBOTO
TIOKOJICHHUS, OJJHA U3 BaKHEHIINX- a3poJMHAMHYECKas, CBA3aHHAs C BBIOOPOM IeOMETPUUECKON
KOH(Urypaunu, ONpeneisiolell BHEMIHMI OONMK ammapata M €ro  a’poAWHAMHYECKHE
XapaKTEepUCTHUKH B IIHPOKOM Juamna3one ckopocteii moinera MTKK, cryckaromerocs ¢ opoutst 1C3
Ha 3eMIIo.

Hcnonp3oBanne Ha MTKK nmogbseMHOI aspoJuHaMH4ecKOl CHIIbI MO3BOJIAET OCYIIECTBIATH
IIPH CITyCKE MaHEBP KaK B INIOCKOCTH TPACKTOPHH CITyCKa, TaK M B OOKOBOM HarmpapieHuHu. [lostomy
Haubomee 3¢ pextrBHBIM MTKK siBIsIeTCS IIIaHUPYIOLIHIA, T.€. 00J1aal0IIHii TOCTATOYHO BHICOKUM
3Ha4YeHHEM K0d(HIMeHTa a3pOANHAMUYECKOr0 KadecTBa. JIo CHX MOop TaKuM KaueCcTBOM 00/1aanm
kpbutatbie MTKK («Creiic marti» (CIHA) u «bypan» (CCCP)).

Tak kak Ha Bcex dTalax MojieTa, 3a HCKIIOUSHHEM JTalla CITycKa B aTMochepe, KPBUIbS SBIISIOTCS
MaCCUBHOM Maccoif, yxyamaromueid MaccoBble Xapakrepuctuku kKoHcTpykunu MTKK, Bo3Hukaer
BOIPOC 00 OTKa3e OT KPbLIA M BO3JIOKCHHUH €ro (DYHKIHMH Ha HECYIHIl KOPITyC, 00eCIeYnBatOIINIA
HEeoOXOAMMbIE a3pOJMHAMHYECKHE XapaKTEPHCTHKU BO BCEM JMaIla30He CKOPOCTEH IoyeTa U npu
[0Ca/Ke Ha MIOATOTOBJICHHYIO a3POIPOMHYIO I10JI0CY.

[pennoxennas ¢Gopma aspoauHammuuecku Hecymiero kopmyca MTKK B Bune ammuncounna c
IUIOCKOM HIDKHEH [OBEPXHOCTBIO, OONBIIAsi OCh KOTOPOTO pAaCHOJOXKEHA BAONb BEKTOpa
Ha0berarolero noToka, a MaJjiasi 0ch JLIUICA — MEPIEHANKYIAPHA K BEKTOPY HaOeraroliero noToka,
[03BOJISICT OOECICYNTh, NMPH HAIMYMM a’POJMHAMUYECCKAX OPraHOB CTaOWIM3ALHHU, TOBOJIBHO
BBICOKOE a3POJIMHAMHUYECKOE Ka4ecTBO Ha JIO3BYKOBBIX PEXMMAX II0JIETa MPH MOCAJKE, YTO OYCHb
Ba)kHO 1pu camoseTHo# nocazake Takux MTKK. Kpome Toro, Hajau4ne opranoB a3poIuHaMHYECKON
cTabMIM3alliK, PACIHOJOKEHHBIX B KOPMOBOH 4YacTH KOpITyca IIO3BOJISIET YyHOBIIECTBOPUTH
TpeOOBaHMAM CaMOOAIAHCHPOBKH alllapara Ha yrjiax aTakd, COOTBETCTBYIOIIMX MAaKCHMAJbHOM
MOABEMHOM CHJIE IIPH MOJIETE Ha THIIEP3BYKOBBIX CKOPOCTSIX.

Ipu peanu3armu Mep, HANPABICHHBIX HA YIIy4HICHHEC adPOANHAMUYECCKHX XapPAKTEPUCTHK U
TIOBBIIICHHS OE30ITACHOCTH TT0JIeTa Ha BCEX PEXKMMAX 3a CUET JyOJIMPOBaHUSA OPraHOB CTaOMITH3aLUK
U yIpaBIICHUs], yBENHYCHNs KOd(DUIIEHTa TOABEMHON CHIIBI 38 CYET TAHTCHI[MAILHOTO BBITYBa
BO3/lyXa Ha BEpXHEH IIOBEPXHOCTH KOpITyca, INpeJIokKeHHass (opMa «HECYIIEro KOopIryca
obecrieunt, HaeXHYI0 1 Oe3onacHyro nocaaky MTKK Ha aspoapoMHyro 1oIocy co CKOpOCThIO, HE
HIPEBBILIAIOIIEH T0CAJOYHYI0 CKOPOCTh COBPEMEHHBIX TPAHCIOPTHBIX CAMOJIETOB.

Lifting body configurated reusable transport spacecraft
Zotov A.A., Volkov A.N.
MAI, Moscow, Russia

Among the problems arising in the design of new-generation space technology, one of the most
important is aerodynamic, associated with the choice of the geometric configuration that determines
the appearance of the vehicle and its acrodynamic characteristics in a wide range of flight speeds of
the reusable transport spacecraft (RTS) descending from the satellite orbit to the Earth.

The use of the aerodynamic lifting force on the RTS makes it possible to carry out a maneuver
during landing both in the plane of the descent trajectory and in the lateral direction. Therefore, the
most effective RTS is the planning one, i.e. having a sufficiently high value of the aerodynamic
quality coefficient. Until now, such a quality was endowed with the winged spacecraft (Space Shuttle
(USA) and Buran (USSR)).

At all stages of flight, with the exception of the descent stage in the atmosphere, the wings are
passive mass, which degrades the mass characteristics of the RTS design. Therefore, for the purpose
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of weight optimization, the question arises of abandoning the wing and assigning its functions to the
load-bearing body, which provides the necessary aerodynamic characteristics in the entire range of
flight speeds and when landing on a prepared airfield strip.

The proposed lifting body shape of the RTS in the form of an ellipsoid with a flat bottom surface,
the major axis of which is located along the incident flow vector, and the small axis of the ellipse is
perpendicular to the incident flow vector, allows providing, in the presence of aerodynamic
stabilization elements, a fairly high aerodynamic quality at subsonic modes flight when landing,
which is very important for an airplane landing of such RTS. In addition, the presence of acrodynamic
stabilization organs located in the aft part of the hull makes it possible to satisfy the requirements for
self-balancing of the apparatus at angles of attack corresponding to the maximum lift when flying at
hypersonic speeds.

When implementing measures aimed at improving aerodynamic characteristics and increasing
flight safety in all modes by duplicating stabilization and control elements, increasing the lift
coefficient due to tangential air exhaust on the upper surface of the hull, the proposed lifting body
shape will provide a reliable and safe landing RTS to the airfield strip at a speed not exceeding the
landing speed of modern transport aircraft.

IIpuMeHeHHe MMPOKOAUANIA30HHOIO COIIA € HEHTPATBHBIM TEJIOM B CBePXJIETKUX PpaKeTax-
HOCHTEJISAX
Kayn 10.B., Uepnsimmos M.B., Matsees C.A.
BI'TY «BOEHMEX», r. Cankt-IletepOypr, Poccus

B Hacrosmiee Bpems B MUpe HIET paboTa MO CO3IaHHUI0 HECKOJBKHX JIECATKOB CBEPXJIETKUX
paker-Hocuteneil. B mocneanue roxsl uaer Oopbba Mexay pa3paboTUMKaMH JaHHOTO Kiacca
pakeTa-HOCHTENeH 3a MPaBO 3aHATh 3Ty HUIY. Kakablii U3 HUX CTPEMHUTCS HOHU3UTH CTOMMOCTb
BBIBEJICHHE OJJHOTO KWJIOIpaMMa I10JIE3HOT'0 Ipy3a Ha opouty. Celtuac JErKUM KJIaCCOM CUUTAOTCS
PaKeTsl, BBIBOJSIIME HAa HU3KYIO OIIOPHYIO OPOUTY Ipy3 Maccoii 10 5 T. DTH TPAaHCHIOPTHBIE CHCTEMBI
CpeIHero pasmepa, ClocoOHbIC HECTH MOJIE3HYI0 Harpy3ky a0 350 Kr, npeaHa3HadeHbl sl 3armycKa
HeOOJBLINX CITYTHUKOB B KOCMOC.

OntuMasnbHBIM BapUaHTOM JUI TOJY4YCHHS MAKCHMAIbHOW TATM [BUTaTelsi ObUIO OB
MPUMEHEHUE WJCATBHOTO COIUIa, OOJajaroliee CBOMCTBOM aBTOperyiupyemMoctu. Bcee 3T0
NnoOY)XAaeT K IOMCKY aJbTEPHATHBHBIX JIBUIaTENIbHbIX YCTAHOBOK, UMEIOIIUX Majble pa3Mepsl,
JIOCTATOYHO BBICOKHE TATOBBIE XapaKTEPUCTUKH W HeOOJbLIME NOTEPH TATM NpH padore Ha
pa3nuuHbIX BbicoTax. OZIHAKO B HACTOsIIEE BpeMs pa3pabOoTKa TaKOro COILIA SABJISETCS Ype3BbIUaiHO
TpynHO# 3anaueil. [lepCHeKTUBHBIME JIBUTATENBHBIMU YCTPOWCTBaMH, OOJAJaloIIUe CBOMCTBOM
aBTOPETyJIUPYEMOCTH, MOTYT ObITh KOJBLEBBIE COIUIA C LEHTPAJIbHBIM TeJIOM. Takoe corio
CYIIECTBEHHO BBIMIPHIBACT 33 CYET YBEIMUYCHUS [TOKA3aTeNeil BHICOTHBIX XapaKTEPUCTUK, OCOOCHHO
3TO 3aMETHO Ha HU3KUX BBICOTAX IMOJETA, TJ€ CBOMCTBO aBTOPETYIMPYEMOCTH TaK BaXHO.
KnuHOBO3MyIIHBIE COMIa PEAKTHBHBIX JIBUTATENEH MOTYT CTaTh KOHKYPEHTOCHOCOOHOM
aJbTEePHATUBON /I paKeTa-HOCUTEJISE MHOTOPa30BOI0 UCIIOJIb30BAHMS.

Hanmyuue KIMHOBUIHOTO IIGHTPAIbHOTO TEJNA CCTECTBEHHBIM 00pa3oM KOMIICHCHUPYET
H3MEHEHHE aTMOC(HEPHOTO AABJICHHS.

B nmanHOIi paboTe McCieayloTcs ABE KOH(PUIypaluH ILEHTPAJbHOTO Tela KIMHOBO3IYIIHOTO
PEaKTUBHOIO JIBUTATElIs: MOJIHOPA3MEPHbIH KOHYC, YCEUEHHbIH KJIMH. Y CTAHOBJICHO, YTO CYMMa CHJI
JIABJICHUS U TPEHHUSI, BO3ICHCTBYIOIINX HA TIOBEPXHOCTH OCECUMMETPHUYHOTO COILIA C LICHTPAIbHBIM
TEJIOM, C YBEJIMYEHUEM CTENEHW HEPAacueTHOCTH, HAayMHass C HEKOTOPOH ee BEJMYMHBI, HE
usMmensiercsi. [IpoOneMa BBICOKOTO TEPMHYECKOTO HArPY)KEHHS LEHTPAIBHOTO Tela YacTUYHO
peuaercs myTéM OTCEYEeHUsl ero XBOcTOBON 4acTu. OJIHAKO CYLIECTBEHHbIH HEIOCTATOK COCTOMT B
TOM, 4TO Ha OOJIBIINX BBICOTAX 32 €0 OCHOBAaHUEM (POPMUPYETCS TYpOYJICHTHBII Cl1e/1, IPUBOISIINI
K BBICOKOMY a9POJMHAMHYECKOMY CONPOTHUBICHHIO U CHIDKEHHIO 3()(QEKTHBHOCTH YCTPOWCTBA.
IIpoGiema MoxeT OBITH pelleHa IMyTEM MHKEKIHH BTOPHYHOTO ITOTOKA B 00JACTh, HAXOSAIILYIOCS
10J] BO3JICHCTBUEM BBICOKHX Temriepatyp. [l ee peuieHus Takke MOXET ObITh PEKOMEHIOBAHO
HCII0JIb30BAaHHE TNIEHOYHOTO OXJIAXK/I€HHS LICHTPAJILHOTO Tella I ra30IPOHUIIAEMBIX BCTABOK B €TI0
KOHCTPYKIHIO.
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Application of a wide-range nozzle with a central body in ultralight launch vehicles
Kaun Y.V., Chernyshov M.V., Matveev S.A.
BSTU “VOENMEH?”, Saint-Petersburg, Russia

Currently, the world is working on the creation of several dozen ultralight launch vehicles. In
recent years, there has been a struggle between the developers of this class of launch vehicles for the
right to occupy this niche. Each of them seeks to reduce the cost of putting one kilogram of payload
into orbit. Currently, the light class is considered to be rockets that put a load weighing up to 5 tons
into a low reference orbit. These medium-sized transport systems, capable of carrying a payload of
up to 350 kg, are designed to launch small satellites into space.

The best option for obtaining maximum engine thrust would be to use an ideal nozzle that has
the property of auto-adjusting. All this prompts the search for alternative propulsion systems with
small dimensions, sufficiently high thrust characteristics and low thrust losses when operating at
different altitudes. However, the development of such a nozzle is currently an extremely difficult
task. Annular nozzles with a central body can be promising propulsion devices with the property of
autoregulation. Such a nozzle significantly benefits from an increase in altitude performance, this is
especially noticeable at low flight altitudes, where the auto-control property is so important. Wedge-
air jet nozzles could be a competitive alternative for a reusable launch vehicle.

The presence of a wedge-shaped central body naturally compensates for changes in atmospheric
pressure.

In this paper, two configurations of the central body of a wedge-air jet engine are investigated: a
full-size cone, a truncated wedge. It has been established that the sum of the pressure and friction
forces acting on the surface of an axisymmetric nozzle with a central body does not change with an
increase in the degree of off-design, starting from a certain value. The problem of high thermal
loading of the central body is partially solved by cutting off its tail. However, a significant drawback
is that at high altitudes behind its base a turbulent wake is formed, leading to high aecrodynamic drag
and a decrease in the efficiency of the device. The problem can be solved by injecting a secondary
flow into an area exposed to high temperatures. To solve it, it can also be recommended to use a film
cooling of the central body or gas-permeable inserts in its structure.

Anaimm3 3¢ pexkTUBHOCTH BbIBOJA MAJIBIX KA pakeTa-HOCHTEISIMH CBePXJIErKOro Kjiacca
Kosenpa I1.A., TuroB /.M., Bunauuyk C.B.
MAMWU, r. Mocksa, Poccust

[IpoekTupoBanue mepcrneKTUBHBIX paker-HocuTeneid (PH) ceepxnérkoro kmacca (CJIK) B
HACTOSIIIIee BpeMs SBIIETCS aKTyalbHOW HayJIHO-IIPHKIIATHON 3a1auei.

Onpenenenue ontuMmaibHOro mnpoekrHoro ob6imuka PH  CJIK  1mo3BosUT — MOBBICHTH
9 }EeKTUBHOCTS €€ HCHONIB30BAHHS IPH HMPOBEACHHHU 3allyCKa MalblX KOCMHUYECKUX allapaToB
(MKA), Tak kak co3JaHue 1 oTpabOTKa HOBEHIINX TEXHOJOIUI B PAKETHO-KOCMHYECKONW TEXHUKU
Bcerjga TpeOoBaIo NMPUBICYEHUS JAOCTATOYHO OONBIINX, KaK MaTepUadbHO-(GHHAHCOBBIX CPEJCTB,
TaK M BBICOKOKBAJIM(ULIHPOBAHHOTO IEPCOHAIIA, YTO B HACTOSIIEE BPEMs SBJIACTCS JTOCTATOYHO
poOIeMaTHYHbBIM.

B pabote nmpoBoMTCS aHAIN3 CHTYyallUH C aKTYalbHOCTBIO pa3pabOTOK B 0OJACTH CO3JAaHUS
MKA. Take paccMaTpuBaeTcs MNEpPCHEKTHBA HX JalbHEHIIEro pasBUTHA IPH Pa3IHIHBIX
CIIeHapUsIX K OCBOEHHUIO PhIHKA allapaToB, pacCMaTPUBAEMOro Kjlacca.

Onuoii u3 ocHOoBHBIX 3a1a4 npu co3nanuu PH CJIK sBusercs GopmupoBanue u 000CHOBaHHE
aJICKBaTHOCTH BBIOPAHHOMN IPYIIIIBI MM TIABHOTO KpHUTEpHs 3P (HEKTUBHOCTH.

Anamns s¢dextuBHOCTH BhBoga MKA paccMaTpuBaercst MpH Pa3AUYHBIX IYTAX PEIICHUS
MOCTaBJICHHON 3aJaud: HMMEIOIIMMHCS CpEJCTBAMM BBIBEJICHHSA; BHOBb pPa3pabaThIBa€MbIMU
CHCTEMaMH MM HCIONB3YsS BO3MOXHOCTH MOJACPHM3ALMM HMMEIOIIErocs 3ajena B PaKeTHBIX
TEXHOJIOTHSX.

B 3akimoueHue enaroTcs BBIBOABI O BhIOOpe Hanbonee 3(h(eKTHBHOTrO MyTH PEILICHHS 3aa4H
BbiBojia MKA ¢ nmomorupsto PH CJIK npu pa3nuuHbIX moaxonax.
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Analysis of the efficiency of launching small spacecraft by ultralight launch vehicles
Kozedra P.A., Titov D.M., Vinnichuk S.V.
MAI, Moscow, Russia

Analysis of the effectiveness of the launch of small spacecraft by ultralight class launch vehicles
Designing advanced ultralight class launch vehicles (SLC) is currently an urgent scientific and
applied task.

Determining the optimal design appearance of the SLK rocket launcher will increase the
efficiency of its use during the launch of small spacecraft (MKA), since the creation and development
of the latest technologies in rocket and space technology has always required the involvement of
sufficiently large, both material and financial resources, and highly qualified personnel, which is
currently quite problematic.

The paper analyzes the situation with the relevance of developments in the field of creating an
ICA. We also consider the prospect of their further development under various scenarios for the
development of the market of devices of this class.

One of the main tasks in the creation of the RN SLK is the formation and justification of the
adequacy of the selected group or the main criterion of effectiveness.

The analysis of the effectiveness of the ICA withdrawal is considered in various ways of solving
the task: by existing means of withdrawal; by newly developed systems or by using the possibilities
of upgrading the existing groundwork in missile technologies.

In conclusion, conclusions are drawn about the choice of the most effective way to solve the
problem of inferring MCA using RN SLC with different approaches.

K pemennio 3a1a4y BocCTaHOBJIEHHS BX0/J0B IHHAMUYECKHX YIPAB/IseMbIX CHCTEM
Kpynennukos E.A., Cy66otuna H.H.
MM VYpO PAH, r. Exatepun6ypr, Poccus

HeoOXomuMOCTh pemieHuss 3ajad BOCCTAHOBICHHS BXOAOB (YIIPaBJICHHH) JUHAMHYECKUX
YHPABIISIEMBIX CHCTEM I10 W3BECTHBIM BBIXOJAaM (HETOUHBIM JMCKPETHBIM 3aMepaM COCTOSHHIT)
HaOJII0IaeMBIX JABIDKCHHI STUX CHCTEM 4acTO BOSHHKACT B IPHKIIAIHBIX 3afadax POOOTOTCXHUKH,
a3POHABTHKY, HABMTALMK M JIPYIUX 00NAcTAX, MMEIOIIUX JIEJIO C YIPaBIAEeMbIMA IUHAMHYECKHIMU
[IPOLIECCAMH.

YacTo Tpebyercst OCYIIECTBIATh PEKOHCTPYKIIHIO JHHAMUYECKH, B PealbHOM BPEMEHH, 110 Mepe
MOCTYIUICHHS. TOYEK 3aMepoB. OJTa 3ajada SBIIETCS HEKOPPEKTHOM, TaK Kak yIpaBlcHHE,
TIOpOJK/IatolIiee HaOII0aeMyI0 TPACKTOPHIO, MOXKET ONPEJICNATHCS HE CANHCTBEHHBIM 00pa3oM. [is
KOPPEKTHOH MOCTAaHOBKH 9TOH OOpaTHOM 3aJadd 1Moj e€ PeLICHHEM MOHUMACTCs. BOCCTAHOBIICHHUE
HOPMAJIbHOTO YIPAaBJICHNUS, T.€. YIIPaBJICHHs, HIMEIOIIEro MUHUMAIIbHYIO HOPMY B IPOCTpaHCTBE L2
Cpelu BCexX JOMYCTUMBIX H3MEPHMbIX YIIPABIICHHIH, yAOBICTBOPSIONINX 33 JaHHBIM F€OMETPHYCCKUM
OrPaHUYCHUSM U HOPOXKJAOIINX HAOIIOAAEMYIO TPAaeKTOPHIO.

INpennaraeTcst HOBBII METOA PEIICHHUS TAKAX OOPATHBIX 3a/1a4 IS Kiacca JeTePMHHHPOBAHHBIX
ap(UHHO-yNpaBIsIEMbIX ~ AUHAMMYECKMX  CHCTEM. MeTOA  MCHONB3yeT — HEKJIACCHYECKUI
BapHAI[OHHBIN MTOAXOM, NMPEIOKCHHbBINH aBTOpaMu. [Ipu 3TOM Ui MOCTPOCHMS ANIPOKCHMALINH
pEIIeHNs] PacCMaTPHBAIOTCS BCIIOMOTATENbHBIC 3314l BapHALOHHOTO MCYHMCICHUS Ha ONTUMYM
HHTETPaJBbHOTO PErysipu30BaHHOTO (10 THXOHOBY) (pyHKIIMOHATA HEBA3KU (DA30BBIX IEPEMEHHBIX.
OT JIpyrux IOJXOJOB, OMHPAIOIIMXCS HA BCIIOMOrATENIbHbIC ONTHMHU3ALMOHHBIC 3a/a4yd, 3TOT
[OAXOJ OTJIMYAET HCIONB30BAHUE BBINYKIO-BOTHYTHIX (YHKIMOHANOB. Takas CTpyKTypa
(YHKIMOHAJIOB 00ECIIEYNBAET YCTONYHBOCTh IOCTPOCHHBIX aNNPOKCUMALMIT K HHPOPMALOHHBIM
[IOMEXaM U MX CXOJUMOCTh K HOPMAJIBHOMY YIIPABJICHHIO B CIIa0OM CO 3Be3/10i1 cMbIcie. Peanusarus
MeTozia TpeOyeT HCIOIb30BaHMs CTAHIAPTHBIX MTAKETOB MHTEIPUPOBAHUS CHCTEM OOBIKHOBEHHBIX
JIMHEHHBIX T depeHHaNbHbIX YPaBHCHHUH.

ITprBOAUTCS MILTIOCTPALIMOHHBII IPUMEp YHUCICHHON pealn3aluy NPEAIoKEeHHOTO METO1a JUIs
MO/ICIIBHOI CHCTEMBI, OIMCHIBAIOLICH YIPABIIAEMBIil ITOJIET MaTePHAIBHOM TOUKH.
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On solutions of problems of input dynamic reconstruction
Krupennikov E.A., Subbotina N.N.
IMM UB RAS, Ekaterinburg, Russia

The need to solve problems of reconstruction of inputs (controls) of controlled dynamic systems
by known outputs (incorrect discrete measurements of states) of the observed movements of such
systems often arises in applied problems of robotics, aeronautics, navigation and other areas dealing
with controlled dynamic processes.

It is often required to carry out the reconstruction dynamically, in real time, as results of
measurements arrive. This problem is incorrect, since the control generating the observed trajectory
can be determined in more than one way. For the correct formulation of this inverse problem, its
solution is understood as the reconstruction of the normal control, i.e. control that has the minimum
norm in the space L2 among all admissible measurable controls satisfying the given geometric
constraints and generating the observed trajectory.

A new method is proposed for solving such inverse problems for a class of deterministic affine-
controlled dynamical systems. The method uses a non-classical variational approach proposed by the
authors. In this case, to construct approximations of the solution, auxiliary problems of the calculus
of variations for the optimum of the integral regularized (according to Tikhonov) functional of the
residual of phase variables are considered. This approach differs from other approaches based on
auxiliary optimization problems by the use of convex-concave functionals. Such a structure of
functionals ensures the stability of the constructed approximations to information noise and their
convergence to normal control in the weak-star sense. The implementation of the method requires
the use of standard integration packages for systems of ordinary linear differential equations.

An illustrative example of the numerical implementation of the proposed method for a model
system describing the controlled flight of a material point is given.

IIpnmenenne GyHKIHOHAILHO-H30BITOYHBIX HHEPUHAJIBLHBIX H3MEPHTEILHBIX 0JI0KOB 151
pellleHusI 32/124 NOBBIIICHHS] HAE:KHOCTH U o0ecleyeHHsl 0TKA30yCTOYHBOCTH
Kysnenos .M., XKapxos M.B., Bepemeenko K.K., IIpouskun A.H.

MAMU, r. Mocksa, Poccust

Ha ceropmsimiHuii IeHb K CHCTEMaM YIPABIEHUS JieTaTelNbHBIX ammapaToB (JIA) pasmuaHbIX
KJIaccoB U oOylacteld nmpuMeHeHui, B ToM uyuciie OecrnmioTHbIX (BJIA) M Manbix KOCMHYECKHX
anmapatoB (MKA) BeiaBUTaOTCS TpeOOBAHMS K HAJISKHOCTH M 00ECTICUCHUIO pab0TOCIIOCOOHOCTH
IpH HAJIMYUKM BO3MOXKHBIX HEHCIIPABHOCTeH. TpajMIMOHHO OJHHM H3 CHOCOOOB ITOBBILICHHS
HAJeKHOCTH M OOECIIEUCHHUsS OTKA30yCTOHYMBOCTH SBIETCS HCIOIb30BaHUE HH(OPMAIOHHOH
H30BITOYHOCTH.

OHHM 13 BaXKHBIX IPEIMYIIECTB OecInaT(hOpMEHHBIX HHEPIUAIbHBIX HABUTAIIMOHHBIX CHCTEM
(BUHC) sBnsercss BO3MOXKHOCTb IIOBBIIIEHHMS HAJEKHOCTH H3MEPEHHsI BEKTOpa BXOJHBIX
[apaMeTpoB IPH MEHBIINX COBOKYIHBIX 3aTpaTax, dYeM, HampuMep, B TPaJUIHOHHBIX
MHEepLHAIbHBIX HaBuramoHHbIX cucteMax (MHC) Ha 6Gase rmpocTaOHIN3MPOBAHHBIX ILTaT(hOpM
(I'CII), xorma menb JOCTHTaeTcs Pe3epBUPOBAHHEM HA YPOBHE cHCTeM. B GecmmatdopMeHHOM
BapHaHTe 3Ta 33/1a4a PELIAETCs MTyTeM HCIOIb30BaHUs H30BITOYHOIO KOIMYECTBA M3MEPUTEIIBHBIX
JJIEMEHTOB B COCTaBE HHEpUUaNbHOrO u3MepurenbHoro Onmoka (MMB). MWB B stom ciydae
Ha3bIBAIOT (DyHKIHOHAIBHO-U30bITOuHbIM (PUUB), mockonbKky OH CIOCOOSH BBINONHATH CBOO
(yHKIUIO pa3nMYHBIMUA KOMOHHAIUAMH, HAPHMED, aKCEIePOMETPOB, H3MEPSIONINX KOMIIOHEHTHI
BEKTOPa KaXXYIIErocsi YCKOPEHHs, M T'MPOCKOIOB, MOCTAaBISIOMMX HHGOPMALMIO O HapameTpax
JIBIDKEHUS TIOJBI)KHOTO OOBEKTa OTHOCHUTENBHO IEHTpa Macc. IIpu 3TOM KOHTpomHpyercs Kak
anmapaTypHasi — BBIXOJ M3 CTPOSI CaMOTO YYBCTBHTEIBHOIO JJIEMEHTA, TaK M MH(pOpPMAIMOHHAs
HaJIeKHOCTh — KaK Mepa TOYHOCTH BBIXOJHOW HH()OPMAIIUH.

ITox M30BITOYHOCTHIO IOHMMAETCS PA3HOCTh MEKAy Hcnonb3yeMbiM B MU uncioM paTynkoB
HEepBUYHOH HMHQOPMALMM W HX 4YHCIOM, MHHHMAJIBHO HEOOXOAMMBIM Ui (HOPMUPOBAHMS
HU3MEpUTENBHOr0 0asmca, 00ECIeUHBAIONIEr0 H3MEpPEHHe, HAIpHUMep, BEKTOpa KaKyIerocs
yCKOpeHus, 1100 BeKTopa abCOIOTHOM yrioBoil ckopocTu. M3mepurenbHas cucreMa B o0IieM
Cllydae MOXKET ObITh HE OPTOTOHANBHOM, IPU 3TOM JOCTHIAeTCS ONTHMAIbHOCTh TEXHHYECKOTO
pemenns UMb, Hanpumep, 1o MaccorabapUTHBIM M SKOHOMUYECKUM MOKA3aTEIAM.
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O0BeKTOM HccneoBaHus B pabote saBisiercs oTkazoycroitunBas BUHC ¢ n30bITOYHBIM YHCIOM
n3mepureneil. PaccmaTpuBaercss crnoco06 oOHapyKeHHs OTKa30B JUIS IMOBBIMCHHS TOYHOCTU H
HanexHoctd Oecrmiatgopmentnoro MUMB. Bo3nukaromas B 9TOM ciiydae CTPYKTypHas
HU30BITOYHOCTh  OECIUIaT(OPMEHHOT0  WHEPUUATBHOTO  u3MeputenapHoro Omoka (BUUDB)
NpeAHa3Ha4YeHa JUIsd MOBbIlIeHHs oTka3oycTodunBocTH U TouHoctd BUHC nist KJIA. TlpuBonsres
Ppe3ysIbTaThl OTHOLCHHOTO MMUTALMOHHOTO MOJICINPOBAHNSL.

Pabora BbINONIHEHA B paMKaX TOCYyIapCTBEHHOTO 3a/jaHust MuHoOpHaykn Poccuu, HoMep TeMBl
FSFF-2020-0015.

Functionally redundant inertial measurement units for increasing reliability and ensuring
fault tolerance application
Kuznetsov .M., Zharkov M. V., Veremeenko K.K., Pronkin A.N.
MAI, Moscow, Russia

For the present, the control systems of various types and applications aircraft, including
unmanned aerial vehicles (UAVs) and small space aircraft, have requirements for reliability and
ensuring operability in the presence of possible failures. Traditionally, one of the ways to improve
reliability and ensure fault tolerance is the use of information redundancy.

One of the important advantages of strapdown inertial navigation systems (SINS) is the ability
to increase the reliability of the input parameters vector measurement at a lower total cost than, for
example, in traditional inertial navigation systems based on gyrostabilized platforms, when the goal
is achieved by system redundancy. In the strapdown version, this problem is solved by using an
excessive number of measuring elements in the inertial measurement unit. In this case, the IMU is
called functionally redundant, since it is able to perform its function in various combinations, for
example, accelerometers that measure the components of the special force vector, and gyros that
provide information about the parameters of relative to the center of mass moving object movement.
At the same time, both hardware reliability — the failure of the most sensitive element, and
information reliability — as a measure of the accuracy of the output information are monitored.

Redundancy refers to the difference between the number of primary information sensors used in
the IMU and their number, which is minimally necessary for the measurement basis formation, for
example, of the specific force vector or the absolute angular velocity vector. In general, the measuring
system may not be orthogonal, and the optimal technical solution of the functionally redundant IMU
is achieved, for example, in terms of weight and size and economic indicators.

The object of research in this paper is a fault-tolerant SINS with an excessive number of
measurers. Accuracy and reliability improving failure detection technique of a strapdown inertial
navigation system redundant inertial measurement unit is considered. The resulting structural
redundancy of the strapdown inertial measurement unit is designed to increase the fault tolerance and
SINS accuracy.

The research was carried out within the state assignment of Ministry of Science and Higher
Education of the Russian Federation (theme No. FSFF-2020-0015).

Co31aHue MeTOAMKH yIPABJIEHHS IBHIATeIEM-MaXOBHKOM ¢ 60PTOBOI0 KOMILIEKCa
YHPaBJIEHHS U151 BLICOKOMHAMMYHBIX KOCMHYECKUX aNlapaToB
"Hexpacos B.B., 2Cocenko K.A.
'Kopniopamms «BHUMDMy, 2PTY MUPDA, r. Mocksa, Poccus

Ipu auccepTaliOHHOM HCCIIEA0BAaHIH Ha TeMy: « MHKPOKOHTPOJUIEpHAs CHCTEMa YIPaBIICHHUs
JIBUTaTeIeM-MaXxOBUKOM JUISl BBICOKOAMHAMHYHBIX KOCMHYECKHX AIapaToBy, BBIMOIHSIIOMIEMCS]
coryacHo crieranbHocTH Ne 05.13.01 (cucteMHbIi aHaNM3, yIpaBiIeHue U 00paboTka HHGOPMALHN)
Obuta pa3pa0OTaHa OTEYECTBEHHAS METOJMKA YIPABICHHs JBUrAaTEeM-MaXOBHKOM B PEXHME
YIPaBJICHHS] ~ CKOPOCTbIO  BpallleHHWs poTOpa ¢  OOpPTOBOrO  KOMIUIEKCA  YIPaBICHHS
BBICOKOJIMHAMUYHOTO KOCMHYECKOr0 ammapara. B ImpeacraBieHHOW paboTe paccMOTpEH
HOJIOXKHUTEIbHBIA 3B EKT OT mepexoia pelieHus psfa 3a7ad LEHTPAIM30BAHHOTO YHPABICHHS,
o0ecreunBaeMbIX GOPTOBBIM KOMIUIEKCOM YIPABICHHUs, K ACLEHTPAIH30BAHHOMY YIIPABICHUIO
MCHOJHHUTEIBHBIMI OpraHaMH (JIBUraTe/sIMH-MaXOBHKaMH) CHCTEMbI OPUCHTALIMH U CTAOHIIN3aluK
BBICOKOJIMHAMAYHOTO KOCMHYECKOT0 armapara. JIaHHbIH epexo/l peani30BaH ¢ MOMOLIBIO BBO/IA B
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CXEMY YNpaBJEHMs JBUraTess-MaXoBHKa CIIEAYIOIEro: 0OpaTHOH CBS3H IO CKOPOCTH BpallleHHs
POTOpa, MHKPOKOHTPOJUICPHON CHCTEMBI YIIpaBIeHHUS [1] ¥ CO3IaHHOTO alropuTMa YIpaBICHUS B
PEXKUME «I10 CKOPOCTH BPALIEHUS POTOpPA JBUTATENS-MAXOBHKaY.

ITo wutoram mnpomenaHHOd pabOTHI, A HATYpPHBIX HCIBITAHMH, OBUIM CO34aH HPOTOTHII
JIBHI'aTENA-MaX0OBUKa C CHCTEMOH BHYTPEHHEr0 MHUKPOKOHTPOJJIEPHOIO YIMPABICHHS M KOMIUIEKT
[IPOBEPOYHON amMapaTrypbl, HMHTHPYIOIIEH YHOPaBIAIOIIME CHIHAIEI OOPTOBOTO KOMILIEKCA
yHpaBIeHHs: KOCMUYECKOr0 anmapaTa.

Harypuble uCHBITaHHS MOATBEPAWIM AaICKBATHOCTb PEIICHUS IIOCTABICHHBIX 3ajad,
TEOPETUYECKUX METOAOB M JIOKa3alld PabOTOCIOCOOHOCTh CO3MAHHOW METOAMKHU YIpaBICHUS
JIBHT'aTEIeM-MaXOBHKOM II0 CKOPOCTH BpaIIEHHs pOTOpPa ¢ OOPTOBOTO KOMILIEKCA yIPABICHUS UL
BBICOKOJIMHAMUYHBIX KOCMUYECKHX allapaToB.

bnaromapss mpoAenaHHOMY HCCICIOBAHHIO, yBEIHYMIach dS(P(EKTUBHOCTh yIpaBICHHS
KOCMHYECKHUM allapaToM IO KPUTEPUIO OBICTPOACHCTBUS OTPAOOTKH YIIOBOrO MaHEBpa
KOCMHYECKOTO ammapaTa 10 2 HOPSIKOB, a 10 KPUTEPUIO TOYHOCTH OTPabOTKH YIJIOBOTO MaHEBpa
Gonee yeM Ha 12%, B CpaBHEHHH C aHATIOTAMH.

ITo uToraM pe3ynbTaTOB HATYPHBIX HCIIBITAHHM, CO3JaHHAS METOAUKA yIPABICHUS BHEAPEHA B
pa6oter AO «Kopnopauust «BHUUOM».

Jluteparypa:

1. babummn B.J., Jdementses JI.}O., MapteiHoB B.C., Muxaitnos M.A., Hekpacos B.B.,
Cobone /1.10., Cocenxo K.A. OcoberHOCTH IU(POBOro ympaBiIeHHs ABUTATeNsI-MaxoBuka AQO
«Kopnopamus «BHUMDOM» a1 BBICOKOJMHAMUYHBIX KOCMHYECKMX armaparoB. — I. Kopoises:
Kocmuuaeckast Texauka u texaonoruu 2019Ne2(25) anpens-urons, ISSN2308-7625 — C. 107 — 111.

Creation of a methodic for controlling the flywheel engine from the onboard control system
for highly dynamic satellites
'Nekrasov V.V., 2Sosedko K.A.
I'WNIIEEM Corporation, 2RTU MIREA, Moscow, Russia

During the dissertation research on the topic: "Microcontroller control system of the flywheel
engine for highly dynamic satellites", which is carried out according to the specialty No. 05.13.01
(system analysis, control and in-formation processing), a domestic methodic of controlling the
flywheel engine in the mode of controlling the rotor speed from the onboard control complex. In the
presented work, the positive effect of the transition from solving a number of centralized control tasks
provided by the onboard control system to decentralized control of the execu-tive bodies (flywheel
engines) of the orientation and stabilization system for a highly dynamic spacecraft is consid-ered.
This transition is implemented by entering the following into the control circuit of the flywheel motor:
feed-back on the speed of rotation of the rotor, the microcontroller control system [1] and the created
control algorithm in the mode "by the speed of rotation of the rotor of the flywheel motor".

As a result of the work done, a prototype of a flywheel engine with an internal microcontroller
control system and a set of test equipment simulating the control signals of the spacecraft's with
onboard control system were cre-ated for full-scale tests. Full-scale tests confirmed the adequacy of
the solution of the tasks set, theoretical methods and proved the efficiency of the created method of
controlling the engine-flywheel by the speed of rotation of the rotor from the onboard control system
for highly dynamic satellites.

Thanks to the research done, the spacecraft control efficiency has increased by up to 2 orders of
magnitude in terms of the speed of the spacecraft angular maneuver development, and by more than
12% in terms of the accu-racy of the angular maneuver development, in comparison with analogs.

Based on the results of field tests, the created management methodology was introduced into the
work of VNIIEM Corporation JS.

References:

1. Babishin V. D., Dementyev D. Yu., Martynov V. S., Mikhailov M. A., Nekrasov V. V.,
Sobolev D. Yu., Sosedko K. A. Features of digital control of the flywheel engine of JSC "VNIIEM
Corporation" for highly dynamic space-craft — G. Korolev: Space Technology and Technologies
2019 No. 2 (25) April-June, ISSN2308-7625 —P. 107 — 1 11.
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IpuHIUNBI yHIPaBJIeHHs KOCMHYECKHM ANNAPATOM ¢ IIOMOIIBIO IBYXCTeNeHHBIX CHIOBBIX
THPOCKOIIOB ¢ PAa3JIMYHBIM YPOBHEM KHHETHYECKOr0 MOMEHTa
CymapokoB A.B., [Tnaronos B.H.
PKK «2neprusy», r. Kopones, Poccust

PabGoTta mocpsmeHa pa3paOOTKe aJrOPUTMOB YHPABIECHHUS OpHMEHTAIMed KOCMMYECKOro
ammapara, IpeJHA3HAueHHOTO ISl ChEMKH Pa3IMYHBIX PaifOHOB 3eMHOI MOBEPXHOCTH C BHICOKUM
HPOCTPAHCTBCHHBIM  paspellicHHeM. BBHIy  HEOOXOAMMOCTH  OCYIICCTBICHHS  OBICTPBIX
MIepEOPUCHTAINII CITyTHHKA B IPOIECCE ChEMKH, B KA4eCTBE OCHOBHBIX HCIIOIHHUTENBHBIX OPTaHOB
JUISL YTPaBICHUS YIJIOBBIM JIBUJKCHHEM OBLIM BBIODAHBI JIBYXCTEIICHHBIC CHIIOBBIE TI'MPOCKOIIBI
(ruponuHsl). B mokmane paccMaTpuBaeTCS PEXHM PACKPYTKH CHIIOBBIX TMPOCKOIOB M PEXKHMEL,
BOCCTAHOBJICHHSI ~ YIPABISIEMOCTH ~ CIYTHHUKA IIOCI€ pecrapra OOpPTOBOH  LEHTpaslbHOW
BBIYUCINTENHON MamuHbL [Ipenmonaraercs, 4To B ZaHHBIX PEXUMAaX YpOBEHb KHHETHUECKOTO
MOMEHTAa CHCTEMbl T'MPOJMHOB HE IIOJIOH, HO YX€ JOCTaTOYEH /I BBINOJHEHUS YIJOBOM
CTaOMIIM3allM} ¥ YIPaBICHHE yXe€ BeICTCA C MX HCIIONb30BAHHEM B KaueCTBE HCIOIHUTENBHBIX
opranoB. OJIHaKo, B CBSI3U C TEM, YTO HaOOp YIJIOBOI CKOPOCTH BPAICHHUsS] POTOPOB M UX BHIOET
IIPOUCXOIIT HEPAaBHOMEPHO, YPOBEHb HAOPAHHOTO KHHETHYECKOTO MOMEHTA OTIHYAeTCs It
Pa3JIMYHBIX CUJIOBBIX TMPOCKOIIOB.

B noxnane paccMoTpeHa MO (UKAINS 3aKOHA YIIPABICHUS CKOPOCTHIO IIPELeCCHH THPOIUHOB,
MO3BOJIAIONIAs OCYILECTBIIATh YIPABIEHUE CITyTHUKOM B JaHHOH cuTyanuu. JIeMOHCTpUpyeTcsl, YTo
Pa3IMYHBIA ypPOBEHb KHHETHYECKOTO MOMEHTA OTJCIbHBIX THPOAMHOB IPHBOAUT K MOSBICHUIO
BHYTPH 00JacTH BapualMi KHHETUYECKOTO MOMEHTa IaHHOW THPOCHCTEMBI IIeJIOro Habopa
HEIPOXOJUMBIX OCOOBIX IOBEPXHOCTEH, CO3MAIOIIUX TPYIHOCTH IPH YIPABICHHH YIIOBBIM
JIBIKEHHEM CITyTHHKA. B Jl0Knajze NpHUBOAATCS METOABI ONMpeJeeHHs IONaJaHus CyMMapHOIrO
KHHETHYECKOr0 MOMEHTA THPOCHCTEMBI Ha OJJHY U3 yKa3aHHBIX IIOBEPXHOCTEH U YKa3bIBAIOTCS ITyTH
ux obxonma. C HCIONB30BAaHMEM METOAOB MATEMaTH4ECKOrO MOJIEIMPOBAHHS JIEMOHCTPHpPYETCS
MIPaBUILHOCTD BHIOPAHHON KOHIIEMIMU YIPAaBICHHS C UCIONB30BAHHEM TAKHX HCIOIHUTEIBHBIX
OpraHoB U 3()(HEeKTHBHOCTD NMPEUIOKESHHBIX AITOPUTMOB. Jl0Ka3bIBaeTCsl BO3MOXKHOCTD IPUMEHEHUSI
THPOJMHOB C Pa3IMYHBIM YPOBHEM KMHETHYECKOIO MOMEHTA JUIS Pealn3alii JaHHBIM CITyTHHKOM
3aJ]a4M YIPaBJICHUS YIIIOBBIM JIBUKEHUEM.

Principles Of Spacecraft Control Using One-Axis Power Gyroscopes With Different Kinetic
Moment Levels
Sumarokov A.V., Platonov V.N.
RSC :Energia”, Korolev, Russia

The work is devoted to the algorithms development for controlling the spacecraft orientation. It
is supposed that spacecraft is designed for Earth remote sensing with a high spatial resolution, so as
the main actuators for the angular motion control were chosen one axis power gyroscopes
(gyrodines). That chouse were realized because of the demand for fast satellite reorientation during
the survey. This report considers the mode of spinning up the power gyroscopes and the modes of
restoration of satellite controllability after the restart of the on-board computer. It is assumed that in
these modes the level of the angular momentum of the gyrodines is not complete, but is already
sufficient to perform angular stabilization, and control is already being carried out using them as
actuators. However, because of fact that increasing and runout of gyrodyne rotors angular speed of
rotation occur unevenly, the level of the accumulated angular momentum differs for different power
gyroscopes. The report considers a modification of the control law for the precession rate of
gyrodines, which makes it possible to control the satellite in this situation. It is shown that a different
level of angular momentum of individual gyrodines leads to the appearance within the region of
variation of the total angular momentum of a gyrosystem some set of impassable singular surfaces
that create difficulties in controlling the angular motion of the satellite. In the report were specified
some methods for determining situation when the total angular momentum of the gyrosystem is
impacted with one of the indicated surfaces, and then indicated the ways to bypass them. The
correctness of the selected control concept and the effectiveness of the proposed algorithms were
proved by mathematical modeling. The possibility of such satellite attitude control using gyrodines
with different levels of angular momentum is demonstrated.
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Iepenaya neseBoii HHGOPMALUH N0 CJIY:KeOHBIM KaHAIAM JaHHBIX CHYTHHKOBOMH CBSI3H
XantumupoB A.I'., Henomusmii O.B., Kouan U.B., lumkuna U.C.
COVY, r. Kpachosipck, Poccust

OnHHM U3 IePCIIeKTUBHBIX HANIPaBICHHUI IPHMEHEHHS MallbIX KoMHYeckuXx anmaparos (MKA),
(OYHKIMOHUPYIONIMX HA HU3KUX OpOMTax, sIBISCTCS AUCTAHIMOHHOE 30HaupoBaHue 3emin ([33).
IMpumenenne MKA st 133 oTKphIBaeT HOBBIC BO3MOXHOCTH JUISL OJIYCHUS BUACOHMH(DOPMAUH
BBICOKOT'O KAauecTBa 3a CYET HU3KOH OpPOMTHI JIETA, OIHAKO 3TO HAKIA/BIBACT PsiJi OTPAHUYCHHUIT 110
9HEpProHOTPEOICHUIO U MACCOTa0apUTHBIM XapaKTePUCTHKAM.

Jlns  yMmeHbleHHst 3HEpro-maccoBbiX Xxapaktepuctuk MKA nns 133 npemnoskeHo
UCTIONB30BaHHE OOPTOBOM ammapaTypbl KOMAaHIHO-H3MEPHTEIPHOM CHCTEMBI IS Hepefadd He
TONBKO CIHyXeOHOH WHpopMalMK, HO W U TPaHCIALMM LeleBod uHbOpMamuum —
BUICONH(OPMANIK BEICOKOTO Pa3pEIICHUS.

Ilepenaua neneBoit nHGOPMaLMU BO3MOXKHA TOJIBKO B 30HE BUAMMOCTH Ha3eMHOI'O KOMILIEKCA
yrpasnenus (HKY) B TedeHne BpeMeHHOT0 IpOMeXyTKa oT 2 10 10 MHHYT co CKOPOCTBIO Iiepenadn
nanHbix oT 1000 6ut/c 1o 32000 6ut/c. CornacHo NPOBEICHHBIM pacyeTaM, JaHHOTO BPEMEHHOTO
MIPOMEXKYTKA U CKOPOCTHU Iepeady HeAOCTATOUHO JUIS Iepeady 3HAYNMOTO KOIUIECTBA [eIeBOH
unpopMarmu. [l yBenUMdeHUs KOJIMYECTBA BHJCOMH(OPMAlUM, NEepeJaBaeMoil 3a OAUH CEaHC
ces3u ¢ HKY, mpemmaraercss paccMOTpeTh HCHONb30BaHHE J(M(PEKTUBHBIX AITOPUTMOB CHKATHS
MIOTOKOBOTI'O BHJIEO.

AHanmu3 CymecTBYIOIIUX METOAOB CXKaTHsI IIOTOKOBOTO BHJIEO ITOKA3all, YTO UX HPUMECHCHUS B
HEU3MEHEHHOM IPOrpaMMHOM BHJE HEJOCTaTOYHO [UIs OpraHM3alliy Mpolecca Ieperayd
BUICOMH(OPMAIIIH 110 CIyKEOHBIM KaHaIIaM CBSI3U.

Perenne Moxer ObITh HalfICHO TIPU UCHOJIB30BAHWHM CUCTEMbI KOJMPOBAHNS OCHOBAaHHOW Ha
KOMOUHUPOBAaHHOM HCIIONB30BAHHU METOJOB MPSIMOTO, IHCKPETHOTO M  MHOTOMEPHOTO
npeoOpa3oBaHuii, 0a3UPYIOIIMXCS Ha COBPEMEHHBIX BHJIEO-KOJEpax, MO3BOJSIONICH T0OUThCS C
OJHOU CTOPOHBI MOMYCTHMBIX IIOTEPh B KauecTBe M300paxeHMs, C JApyrod oOecHednTsb
MaKcHMallbHoe Cxathe AaHHbIX. IIpm 3TOM TpeOyercss 00OCHOBAaHHBIH BBIOOP HCIIONB30BAHUS
06a30BOro KoJiepa 1 MPEIUIOKEHH AL €T0 JOpaOOTKHU ¢ yueToM criennduku skciuryaraiun MKA Ha
HH3KHX opbuTax. Kpome Toro, Heo6Xo11MMo paccMaTpHBaTh BO3MOKHOCTD CO3JaHUS CBEPXOO0IBIION
HMHTETPAIbHOH CXEMBl BHAEO-KOJepa NpPEeJHA3HAUCHHOH I (YHKIIHOHHPOBAHUS B YCIOBHSAX
JIECTaOWITH3UPYIOIHX (PAaKTOPOB KOCMHYECKOIO POCTPAHCTBA.

MeTon MHOTOMEpPHOTO IPOCTPAHCTBEHHOro mHpeoOpaszoBanms (MIIII) Obu1 mpemmoxeH st
HCTIONB30BAHUS B BUAEO-KOJEPEe MPEIbIIYIIEro MOKOICHHS. DKCIICPUMEHTAIbHO Ha IPOrPAMMHOM
Mojenu ObUIO TMOATBepxkAeHO, uto mnpumeHenne MIIIT cymecTBeHHO cokparmaer 00beM
KOJHPOBAaHHBIX JaHHBIX. DTO O3BOJIAET IPEATIONOKUTE, YTO HCIOIb30BaHUE COBPEMEHHOTO BUICO-
konepa AV1 B kayecTBe 0a30BOTO Il KOMIUIEKCHOH CHCTEMBbI KOJMPOBAHHUS MO3BOJUT AOCTHYb
JKEITaeMOro pe3yibTara.

Target information transmission over service data channels of satellite communication
Khantimirov A.G., Nepomnyashchiy O.V., Kochan L.V., Shishkina LS.
SibFU, Krasnoyarsk, Russia

Remote sensing of the Earth (ERS) is one of the promising applications of small spacecraft (SSC)
operating in low orbits. SSC for ERS opens up new possibilities for obtaining high-quality video
information from low-orbit flight, however this imposes a number of limitations on energy
consumption, mass and dimensions.

To reduce the energy-mass characteristics of SSC for ERS is proposed to use the on-board
equipment of a command-measuring system for transmission not only service information but also
target information — high-resolution video information.

Transmission of targeted information is only possible within the visibility of the Ground Control
Station (GCS) during a time interval of 2 to 10 minutes, with data transmission rates ranging from
1,000 bit/s to 32,000 bit/s. According to the calculations the given time period and speed are not
sufficient to transmit a significant amount of target information. To increase the amount of video
information transmitted in one communication session with the GCS, it is proposed to consider the
use of efficient video streaming compression algorithms.
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The analysis of existing video streaming compression methods showed that their application in
unmodified programmatic form is not sufficient to organize the process of transmitting video
information through the service communication channel.

The solution can be found by applying a coding system based on the combined use of linear,
discrete and multidimensional methods of transformations based on modern video encoders, which
allows to achieve, on the one hand, acceptable loss in image quality, on the other hand, to ensure
maximum data compression. This requires a well-grounded choice of using the basic encoder and
proposals for its refinement, taking into account the specifics of the operation SSC in low orbits. In
addition, it is necessary to consider the possibility of creating a very-large-scale integration circuit of
video encoder designed to function in conditions of destabilizing factors of outer space.

A multidimensional spatial transformation (MST) method has been proposed for use in a
previous generation video encoder. It has been experimentally proven on the simulation model that
the use of the MST significantly reduces the amount of encoded data. This suggests that the using of
a modern AV1 video encoder as a base for a complex coding system allows to achieve the desired
result.
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