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CUBESAT DEPLOYMENT FROM ISS / JAPANESE EXPERIMENT MODULE
AKI BOo AND CAPACITY BUILDI NG MEASURES

Yoshio Wadé, Izumi Yoshizaki, Tatsuhito Fujita

Moscow Office JAXA
Human Spaeflight Technology Diectorate, JAXA

Overview of JSSOD

The Japanese Experiment Module (JEM), known as Kibo, is a vital module of the International
Space Station (ISS) with both a pressurized module and an exposed facility. Kibo serves as a versatile
platform for conducting a ide range of missions both inside and outside its facilities. Equipped with
the JEM Airlock and the JEM Remote Manipulator System (JEMRMS), Kibo offers extensive
capabilities for experiment equipment exchange.

JAXA has been providing diverse opportunitiesutilizing the Kibo Exposed Facility, including
science missions, technology demonstrations, and the deployment of satellites in low Earth orbit. The
JEM Small Satellite Owrbit Deployer (3SSOD) platform has played a crucial role in enabling satellite
deployments, with a total of 91 satellites deployed since its inception in 2012. Users 83kdDJ
platform range from universities to commercial entities, driving innovation and research in the field.

JAXA has successfully operated a unigue satell@ayment platform for over ten years. This
platform involves deploying satellites from the International Space Station (ISS) at an altitude of
approximately 400 km. The satellites, which are wkareloped, are handed over to JAXA and installed
in a 3SSM (JEM Small Satellite Orbital Deployer) case. These cases are then transported to the ISS
as pressurized cargo via supply vehicles.

Once on the ISS, astronauts mount H8SDD case on the slide table of JEM Airlock (JEM AL)
inside Kibo. JEM AL connects ifo pressurized module and the external platform. After loading the
J-SSOD case, the JEM AL door is closed and vented, and the exterior door is opene8SDR %
then captured by the Japanese Experiment Module's Robotic Manipulator System (JEMRMS) and
maneuvered to the deployment position. Figure 1 she88QD on the JEM RMS

JEM Airlock b
UEM AL ‘ / : JEM Remote Manipulator
' System (JEMRMS)

Figure 1i Image of 3ISSOD on the JEMRMS
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JAXA has developed several deployment cases to accommodate different sizes of CubeSats,
ranging from 1U to 3U and W6U. Table.1 shala8SOD specification. Additionally, a new case called
JSSODR has been developed, capable of releasing longifdd satellites. Figure 2 shows image of
J-SSOD case.

Table 1i JSSOD Specifications

ltem Specification
Satellite size CubeSat: 1U, 2U, 341U, 5U, 6U, Wide 6U
50 kg satellite: 551

CubeSat: 1.33 kg or less per 1U

Satellit i
atellite mass 50 kg satellite: 50 kg or less

Orbital altitude 38071 420 km
Inclination 51. 6A
Deployment direction Nadiraft 45A from the | S

CubeSat: 1111.7 m/s
50 kg Microsat: 0.4 m/s

1. JSSOD Satellite Install Case 2. }JSSOER Satellite Deploy Case

Wide6U <
Satellite install Case

Deployment velody

Zoy 1-3U Type
Satellite Install case

50kg
Satellite Install case

Satellite LaunchCase
3U/ 6U type)

Figure2i Image of ISSOD Case

The JSSOD system offers two significant advantages. Firstly, launching the satellites as
pressurized cargo reduces the vibrations that could potentially damage theg ldunch. By
transporting the satellites in soft bags with cushioning materials, the impact of launch vibrations is
minimized. Secondly, theSSOD system provides regular opportunities for satellite releases. In cases
of rocket ride, the launch schedutey be significantly delayed due to the rocket anomaly or due to
del ay of other satelliteds devel opment status.
chance due to delays in development. However, w8QD platform, there are 3 tdalinch chances
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per year, so even if the development delays, the satellite can be targeted for the next available flight,
typically a few months later.

Overall, JAXA's satellite deployment platform has demonstrated its reliability and efficiency over
the years, providing a streamlined process for deploying-deeeloped satellites from the ISS. The
system's advantages, including reduced launch vibrations and the flexibility to accommodate schedule
adjustments, make it an attractivation for satellite depyment.

Capacity building measures

In providing utilization opportunities-3SOD has provided 49 satellites to overseas users, with
31 countries involved. This means that JAXA has supported ISS partners apdrtr@rs in their
access to space, and #agansion of the global use of JEM has been contributed througtsSheD
platform.

While service providers supported the-fesesed utilization of the deployment service to expand
its use worldwide, JAXA has focused on the activities of capacity buildimg) international
contributions and has launched three comprehensive capadiyng initiatives (as shown Figure 3)
to provide educational programs and sustainable satellite deployment opportunities.

Kibo CUBE J-CUBE

(Fee-Based)
* Program in collaboration with « To provide more challenging
UNOOSA satellite deployment
« To provide 1U size CubeSat opportunities for various
deployment opportunities for countries in collaboration with
Access to Space for All Japanese universities

Kibo CUBE Academy

« To provide opportunities for educational aspects through satellite lifecycle

» Sustained international contribution by construction of relation in various
countries and university in Japan

Figure3 i New initiative package

KiboCUBE

KiboCUBE is a framework implemented by the United Nations Office for Outer Space Affairs
(UNOOSA) and the Japan Aerospace Exploration Agency (JAXA). It is a part of the Access to Space
for All initiative presented by UNOOSA. The primary objective of KiboCUBHoiprovide satellite
deployment opportunities to entities located in developing economies and economies in transition.

Under this program, JAXA offers free deployment opportunities for 1U size CubeSats. The
selected entities, often representing countriyelop their own satellites to be deployed through
KiboCUBE.

JAXA supports the selected teams throughout the process, including safety reviews, compatibility
assessments, and interface requirements between the satellite af&MDP ¢ase. These assessis
are crucial for deploying the satellite from ISS.
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The significance of KiboCUBE extends beyond the deployment itself. The program allows the
selected entities to experience the entire satellite development and operation process, enabling them t
learnabout space development through hamd€xperience. This opportunity is particularly valuable
as the selected satellites are often the first of their kind for the countries involved, attracting significant
attention within their respective nations.

Moreower, the involvement of satellite development team members and government officials
during satellite handover and deployment events facilitates valuable connections between JAXA and
the selected countries. This collaboration promotes international coopamasipace development.

Recognizing the importance of providing utilization opportunities in Low Earth Orbit (LEO) for
those interested in space development, JAXA and UNOOSA have agreed to extiab@IdBE
program through 2030.

KiboCUBE Academy

JAXA and UNOOSA understand that satellite deployment is crucial for countries entering the
space industry. However, they also recognize the importance of enhancing these countries' capabilities
in satellite development, operation, data utilization, project manage and systems engineering in
order to succeed in space. To address this, they established the KiboCUBE Academy in 2021. In the
same year, JAXA signed an agreement with UNISIafan to enhance the program's effectiveness.

The KiboCUBE Academy offers viaus resources to support learning satellite development.
These include 21 edemand preecorded lectures now, which provide an introduction to the
technologies and testing required for small satellite development, as well as guidance on utilization and
project management. These lectures are accessible on the UNOOSA Welnsitiene and are suitable
for beginners and those who want to refresh their knowledge in satellite development.

Additionally, the academy organizes online events several times aweae participants can
learn about small satellite development and operation, includingifeeakamples. These events take
place through web meetings and offer a comprehensive overview of the subject.

To further assist satellite users, the academyigesvtechnical consultations. During these
sessions, individuals can directly discuss their specific satellite programs and challenges with experts
from UNISEGJapan, such as university professors and assistant professors who specialize in small
satellitedevelopment. These consultations aim to provide valuable insights and guidance on satellite
development and operations.

Overall, the KiboCUBE Academy aims to support spacergent countries by offering
accessible learning materials, online events, angbpatized guidance from experts. It is designed for
beginners in satellite development and anyone interested in expanding their knowledge in this field.

J-CUBE Program

The 3JCUBE program is a febased satellite deployment initiative in collaboration WiMISEC
Japan. It provides opportunities for deploying satellites ranging from 1U to 3U, with up to six chances
per year. There are two frameworks available: the international collaborative framework and the
innovation mission framework.

In the internationlacollaborative framework, institutions and universities from emerging space
countries can apply to partner with Japanese universities. This program allows users to learn about
satellite development and operation. However, to fully engage in space tephriploration,
continuous human resource development and challenges in more advanced missions are necessar
Universities affiliated with UNISEE&apan, which have experience in satellite development and
operation, offer technical support. AdditionallyetdCUBE office can help potential international
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applicants interested in collaborating with UNISE&pan find suitable partners through a matchmaking
system.

The innovation mission framework aims to support missions that foster human resources for
future space development and explore new technologies. Joint teams consisting of laboratories
experienced in satellite development and operation, as well as laboratories seeking to enhance thei
technological capabilities, can apply for this framework. It aligite Japan'Basic Plan for Space
Policye which emphasizes the importance of strengthening the human resource base in the space field
JAXA aims to contribute to this through measures using-H8QD platform.

Applications for both frameworks are acasgptthroughout the year. TheCUBE office has a
technical team in place to support prospective applicants and selected users. The application proces
involves the submission of application forms, review of documents®YBE program members,
interview exaninations covering technology, structure, and funding, and final selection. You can find
more detailed information in Table 2.

Table21 J-CUBE application information

Category 1. International collaboration ‘ 2. Innovative mission
Size 1~3 Unit (Max 12 Unit) / year
Max. 2
Number/ . .
car Nominal 4 *Remainedslots become
Y categoryl
Human resourcdevelopment Advanced missions
Mission . . .
Have specific plans for the development of | *Selection is conducted in a
industries and/or space developmerthia future competitiveenvironment
Member Overseasiniv., etc.collaboration withUNISEC Multiple UNISEGJ a p a n
structure Japanoddac. uni v. , univ., etc.
Conclusion

JAXA has provided opportunities for satellite deployment to various countries as a gateway for
shaing the values of ISS/Kibo to enhance satellite development and operation technology using our J
SSOD platform. Since two service providers were autonomously promoting general satellite user
expansion, JAXA was able to launch the new capdmitiding initiatives and steadily promoted human
resource development and international contributions. We hope to continue our efforts on capacity
building through I5SOD in collaboration with UNOOSA and UNISE@pan.

References:
1. UNITED NATIONS Office for Outer Spacekf f ai rs ( UNOOSA), nKi boCUBE

(accessed 06.06.2BR https://www.unoosa.org/oosa/en/ourwork/access2space4all/KiboCUBE _
Academy_Webina:html
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ltesBdzy B3O o sMilsOdztso dzj ded Vv Bdzts ¢ ts dzg g Cztiz'e 5 d 1) ff dzdz@idz
CGd3j tdzOW L OHOYO, dzf dqd3j s h OW HdsH] tedtsec s O dzO dzts
dzd ydz' = IssYyJSOCL te joddoykz 5B tc0 L jArdOy zM odsHals) Sdrdd, to S GEXdzd
syddeCd ddzd € 0OC ddzlsj idt. ts dg'QpdHsQzdzizls s u O Ofgiz jsdediz  ff ts
His2Ilsd ¢ tjhjdeds 1 Ists?2 ftotsedzj o .

Vs Cydw wodwjlsmwy &3Ol ROyl KB s tetOQdfj A
dLtsBttOy jdzdw o tjdzlsej degsomMCdna dzyon M fo@shi 8 ¢
ydJ Mmr twommjwdedw d §sedztsh jdedw ftedoeotsHwls € 1 MY s
Csdzz 1 e jtcO ftod L tbBROF i5] dadiz $ MpigttgiFsdd Wwd df's dasiWig H d
Isj dzind a detsfyls d

- O %) dl
I =lg® , )

GHA=MNI § dztslsdztsis! 1 dzj ¢ b telsEzbakic dsisTgs@agRmE® (1 ddji § € tsts dz0
Is ts dzhOd dz

lojHy d§ detsea ke fd il ks oot uoizzde@®rls slsdesdlsj dz' d
I 12 Mmdmisj i CtstHddOls f Eysy jdeouf dztzray jd iz vufeado
CO¢ MbthSbs@dts® CtdyjdsttOydd cjlsjttsej dzdz@, Ists
9" LOY O JIsmw yYjtejL dzddzgj2der 2 ddzelsjcwcOlifz SOC, ybsts L (

| (B) =1, expam, {in (4, % o @
e -« L

I j dzdf dplk) = An(I(XJH (X)) dzOL T 8 O] Isfyw¢ tf detpj imEH @M d U ¢ dzts d3
Qo dz0 ddzsj cteOdkzz 5 CtststoH  dzOlj BiMd Jdoj dzzj BsE 5

p,(K) = fin(x, %) dxE= fjxcesy xsirtkg xsin by % cos Bglx .0 ¢k (3)

1Cu Mtslse jlsmise zj s Mg jd3g @ @dete dz, dafidej 19 'dZt Reo HWjtszlz? toV
dzr = f2ySk d Httkzc Htels zu d @ DO g dfjis <is olzjclsdifdsdy 25 Is  to (
stedj dz2sOydd f2y¢o0 d ©OLddyds J ftesj Sydd.

ANzdeSC ydv  f te sijivdus s otsdmjvis Darvz) @@ W dzv | sfY S Hdzs i3y
2DC sy § dzltxO) d sy b5 MY | NEMeWh Etisitsj MEh jhisekjls d fHC
ANzte! § Wm@,uc{(ﬂslststsfﬂ s B §WzO wdsg H\Q)j telgsy dets j 6B) L Of «
Mdzj Hzs h dd3 tSBtLOL t5d3:
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S,(W) = i p4 &) exp( - juxlrdx | 4)

= fj nffecosy xEsin gx din g% ods Yexp(j- % e b
Jtsmts@h(@@fndz;mtsaytsdzlzlsts? (dMmrtHdets?2 ) 1:MdMisj B &

S,(W) = fﬁ% x)expl - ju(xcos g % sin Jjdx dy ()

d dzd
S,(w) = N(veos g sin (6)

v OCdd3s SBtOL BN JffdstazOmdrs | ftesi Cyddg, i§wsadazwjj st
fd Wj ded § o3 Hifetdzidtsiptdaifinctiss @ gztf 3] teaplistdy divd ¢ ts danfx, Balsote@suief d
dzdded d, ftesatHWM j2 yjtojL OWOzH S fipkis@e dfdp®ils j st disdts
W [1-3] . Clsbk W Iz dzeCS)(d)sdzOm ' \Wi@EFEqe/ s W) §f s H kg dztOd3 2 te@)o dzd da
it Bs?2 8 fosjlfydbdtzsE2 Mg r i d L OHOYO o tMmils Oc
Istc Owekex) + Codo Odzj dzlsdzO L OHOYJ ddalsjtetf sdzvydd Holkzd3t
2O smdetse j tIsdm wWOHJO dz@ = MJ uj ded?2. Obsted dd dalyf joteftfst
L ZO U daf x)tsB | Of o d3j t6, j Mrpq, ) odpAHs@EEs  Cussdaj 1 dzts 2
s & | Ists NMz Y 9Qdz®@dzd Isd yd S Ow , Yylss o jtedzs fted of
o D2y 0O fmls stsedes@Mm s d .

1 O¢tsdz y, dMmEtdBlze W EzdS yd nOg s B3p20dtisH  Ws dzy  dels
dZsets Hobkdzj odztse N(WHIM) AilsE@ B tct | sSBcOlsdzse s Ho kZd3j to
ANzt § o

n(x, Xz)_Fn lﬁ wWoyyetnT W g vd ) @

[fQdad Ho EdBj todzts? MY j S tcOdz des?2 f dzsMS tsiisd § jtej2ls
1), bt NeoiREdOdr 7 Wsgsded3 jd jdslksesOdhH |

L 1 fwcosg, win @aeoresd | dyd we

n(xi’ Xz) = 4,02
0-n@®o

(8)

42—7 :n uﬁW) 54005 4, sin z)| "i/d Cﬂ W
el tgQedL il Wdd st i ¥ dyuedd ! fsissy ywiod
SlsCdf ®oczw jlsiw fosdLotbH b2 s f 6] HEE@gHxpsBdd ™ |
[1]. & dMmYf sdd9e sa@dgdzj dgdd dMC sdI%R %) tsdz @ dagls=ddNsddglz 15 ¢
ftesj Sydd, Ghdse Okds®kz dOL VEGHBE &P sHe Oz s f O

n(x, %) =% g (xcosy +x singd (10)
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o ftotsistcOdzMmls o] dedets A M€ BedpBigls Py[dw W stcdizdzr GBteOn j d
dztsy § dabds, L OH Odz 1 615 jgf gd.dgd suls &z ¢ ¢zO B3d
gqi =_q -.gi 1=N 18 (11)
G =¢ G TP vy
RL VYsttdzd sBt@O)hdagwiz) B GBS dg jsdEo x)d ¢
By des Of ftesSC M BJteso Ols! Mdzj HEs hddz B KLOL BA3:
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n(x,%)=—& B g(xcos g %sin } (12)
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G HG(xcosgrxsing =g & i¥ 2 deC ydv o o jdkstl xhdnls] g ¢
I L2 oy o3thy fixthc z@gzH fls Gisodzls tefiny B2 Q2@ zIs to 50 G
fts §jto] BfdeteBWstosH dz 2 ths § Sl i@k s jtOoydy o fs
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ZOL " 9o Bl dzs? f tors [r 628, §oBg+ x, sSing f sdzz YO jds(fvs B tf Ols dzts 2
ftesj Sydj?2 1?2 WEdSES.d jp. doOdus@dzdyjdaddis f j oo 5dz0
s OdedV, BftjHjdveEhdd ftesjCyds ). 1 sh{ddeon -siec
dzd ydz0 Hdzv COYHBEB L s Syddde = kZedztse, Ists €«
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10 fMmdtsej HOdzdzr 7 1 Cu btejn MsOodyd?2 1 stz Odzdasd
B IssHO tBtOIdats?2 fHtesj Cydd (BJL HBY sdzdzj ded 2 dzlz dzj ¢
Bse r4a [ftojHMIsOo dzj dedetsy dzO tedf. 2. vOS COC BT C
OLtj " jddj Mufjl®edzv jls 3 §d¢
vOCYd Brdzs MddzlsjL detso Odzs L sBOY jdzdd dL HIE
ftcjHMisOodzj degs d2O tdMm. 3. [ OLBjte oBfMmisOdese dzj dzdats:
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Il dzOflsswh jji otejdY BOSOL &3j tode §j Ctfdsdud MSdJ
Hisdzy O Is dzOB e Ols+ C EOYF s grdas dgzzig v ¢tf jsaidlk dzd qapv daB® drrOiac
Creaf] nOWOCIjtedLizjlsmw or Bstetsdy dzj Btsdz " dr d tslsdztsfy
ydtdsdz 7 Btdzjj Ctekfder 2 Hdw tojh jddv deseo' 5 L OH OV
oz §f Jtetso 5C . YE@sjls adhjopten fLEZAs dkalt  ( BOMME2 HEK 10
shjets MSLHOo Ol! odzdetWkdS ydsdzOdz' dzr §| [ s¢d dzO B OL
tes3Bi nOdzd S d d BCtetst dzj Slstesded S d tod McOodedlsj dz' dz
30 Of toj dzw 2@d2dz’ dg MHER IYA@ nHanosats. eu [2] LOYEMj d

RLI@OYOdz dzgs [ s ¢ MlsOdzH Otels© S EB MOl ftoj HdAdZOL d&ZOYO
dzj 2, tHAdOCt B ZOGEBHOtW tOLoadlds Isjrdsdzsed?2 Mj ¢k
Gdrn dOkzyde n RBIHBERERBI gYuHeéd@zddOHOY. | ©OBEISOR |
BdmMmd?2 [s¢ MisOdzH Otels©® C kB MOIs. vy dzgj dzedj L OHOY
HjlsOdz desets dLEyjdedw df HddOBdSd. 1ted L Istsd3 fpdzj H
dzr j] tOL i3] tetstcdfsOBOIBIBO Y toW sz tsdz! detsets f OtcOdzdzj dzj f d
ttOMrBH ©OBBYJGets IsjdzO d 1+ dzgjtecjlsdéd, BOdZSHBsH d2r |
O dd3j dedets dedL S dJ tsteBdlsr, dO SCBlstster = odzdwddy O
lted { s sHOfEONS oMmjcts thizh jMisedvjlshw M §sdtsh!
femMSCseorn Ctsdzlsj 2 dzj tetso, a3d dzd dzdets I dblz § 6z = d to df fig Sath o dizis
ZOctezL €S [ 5] . lYted {Istsd3 o { tdftdafmChdpjts ctdds HEjtirdglsdgd2vdz tie
sBtoj SO Isisdptlss Fisls desdls j dz' des yj delstc© dzOfmfm.

] dzj Stsbtster i [s¢ HdW GO jddw kZedsest?2 Mottt
sted j dzgsOydd LOHj2Mlsakzs smfw BOasedSd d/ ddzd d3OcE dzd |
tcOMRBHO 1 dgjteedd, O IsOCY fRH PE dygkd l§ daf'w dzts 8 daBE fipls
SetOded UJ dede” 3 wWOL B teOBd d RBOMMES2 [ sod¢ yjdzj Mstss
Mdodzr » ddzd SCtdi3Bddzdtetse Odzdz" = M Misj d3 MisOs ddzdL Oyd
COBBYjEt Ijd&O d dzjtecdddiizd MM gize § dzdzis s gzC s d @iz
ibmw &0 ddLSd] BCthEsLiF@GR £ RStrEdls §ihtsstOa o030 g j
CtcOodlsOydisdzdz 2 d O esHd &ZOBd Uj MSd2 RBisdj dils' o, sy ¢
MsOdzOo dzd o O h dr tsted j dzlsOyd s .

g4 20146 @Ot dde jtemMdlsjlsi o jHEIMW t©OL 0
or 2 diSadz§aR 1 8pB" dz ftoj HdzOL dzgOYJj dz Hdzv¥ lstceOBBISSCd Isj
Codzszte® EfteOodzjded™ jets fsmsteOdhse j ddts? twdj d
Bisdz h s@fs0 LIPY OIS d uj MS 52 EirSasSHQBHoits ) lskf .i sl s > O«
HEzdzOtetsH dzesets kdzdoe jtemdlsjlsmMitsets ftosjCIsO d ftoj HdzOI
9 MemMisOesj cwzffJqesesd dOdsmMfkzisddS s MisOdH OISO
de dz2023 GESHO B' dz L OfIEON,dz @ s5 dB=WBSt@“ 2 OR2AdzGIIWHIGs (T,
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yjdz ¥ Ctslstster a wWodzw jlsfqw dLEyjdedy dodtsmWjter | J s
tcOBBISO dzOH MtsL H Odig( Bz [ 1s @Y iPLBZuOEsIs stctse s L Of dzO dzd to

RIMMdzPdzg® L OHOY B iMfjyd ddw L OHOddds?2 tod]j dzscC
Mesets d cteOoadlsOyddzdesets dBsdzj delstso dz0 Hoady J ded j
Bsdz "ts] Stdzdyj Mot twOBtsls [ 9, 10]. ltd ftetsj Sisd
des2 W jOH OV o dzv jIsfqw tSftejHjdzdd] §odsyidd?2 0o dte j
Hi2Msadjd3 Bsd3j dzlstse o dzgjh dzgdr Mddz d ~OLOCIsjtcO® Ho
[s¢d MdzjHEkjls orBdttOls! IsOCdd BSBteOL 53, swmIbswpes tsdis | f
dztsy j dePo dztso j g w .

l sftesMOd3 SftejH]dzjdedWw sz j dzd?2 Qo dese j fdw O
dIsmw L dOydls] dz detsy o ded 3O0Oded) o dzdlsj tcOlslkztey. 1 dL o
RIS O, dijshjets Wstedkz BddL Sk ¢ MijOEQEEO 2 [ b ik
ZOdetsdzj §j L d2Oyddir » Mtse j dzdesMmisj 2 MlsOdzH Otels© S kB M
Eesdz detsets f OtcOdzdzj dzj f Jf JHO d, €0OC MmdzjuMmlsadj 01
LOoadMmdls s tstedj dsoOoydd mMfikzlsded C Octesdzts B BS dz' dets ) tz6
ot jdedw ), btseHO COC Ek Mfkbddtses, dd&jsnhdr Wt
ftoeslsdodzj dedv dzj L OadMmdlk s tttdj disOydd Off OttOlsO
Bilsted yder = Of f Otc Oldsties ,z ctsaRO Mde jHCRIS @Qjadifidsfsls

Ajdzo 8 HOdgdzts?2 tcOBBIST wWodzw jlsw ©OLtOBBIEO € 5k
dzts?2 MmMlsOBddzdL Oydd [ s¢ MIsOdzH OelsO C kB MOIs dzO tsmdzse
Mz Hso OdzdW L OHOY HdZOBdSCd dzj 2§ tcOo dzw j ‘3Esfgtsi B8 & dgy g
sOdz' detse s BSftejHjdzjdedWw HftesjClsder » ROLOCIsjtcdMmisds |
Br dzd tejh jdzr Mmdzjukehdj LOHOY]:

1. {OL©OBBIsOd ®&OIsj BOISdydmMSdy dBsHJdd djibkzftcO:
stc® BOMM dO ¢ L j i3d2OR sk B dd0 L Ui e S8 js2? ffls & ¢ Pdg «
stse M Eyy ltsdz tsmtse j ddztsMmisj 2, GBEMdzise dzj dzdz" = Mls O dzr

2. (OLtOBBIOd O0dOdEdIsdyj MSdi d ydmdzj dedz" j O dzc
[sd MsOdzH OtlsO CEBMOI dd OdzOdzdL © d Andyg fighslss 2j y dOedzsfitplds
sftcjHjdzj dzgdV EfMmts2yder n ttdtsy jdd?2 tw©Oodetso jmdw [ g
CsdzmistczC yd 2.

3. 1 0OL©OBBISOd d3j Is mHHJJUBQ[O3do jBifStafCh  teOegGidigjdisdic s H
fMde dzts?2 MmisOBddzdL Oydd M dMmf sddutdo @deddjo df Is@iytd tisriafiatz@ d
sfmdetsea ] L OCBdetso teOMftcjHjdzjdegdW HdzW EZcdzso tslsC dztsdzj

4 . it OL tcOB t5ls Odz' EmMtcj Hdzy dedz" | EZtcOodzj dzgdwV Hod Y j ¢
HodY jdedw O1 tesHddzORRdyd MSd MisOB d daf L[dltdbts © QldBdEts G 5 [ ¢

5 1t OLtOBBISOdts d ML HOds kMt Miseysl delidnd o] tdoufods
d ddzj eydsdeder © R OEOCkjtedMmisdS [sé MsOdH Otels® C kg
Hd &zOl Yyj dzlste® RBOMM f sctjh dsils’ v Eakj delsez j d daj B
fsctejhdesils: ¢ dzgj BtSdjj 1,5%. [17].

6 . t OLtcOBBISOdZO &BOIj BOIsdyj M OV dBsH | dz ftetsyyj
Is tc O dzf f-fsicflipldatseo s 5 Ctsdalsj 2 dzj 6O, HsLotsdzwe h OV tsyj ded Is

7. 10 sMmdetsej fteso yH Y dzdetecitis ) d Wd@dz)s 8 alBdasc dw f t
ded W tsldzsfdlsj dz' dets yj deste O HBOMMm [s¢ M MdMmlsj 352
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Hod) Jdedw, Ctlstster §j EkWiE®de Ol OB hGtkshit§ ] .

vO0Cdds sBWOL A3, Ytsdzizyjddzs j W©jLEZd SO &Bsclkzls
MlsOdzH Otcls© CubeSat ffted o" By jeB ftesjSClsdzg' = ff Ote
9" AnHO dL Ifkddist tstelsdztS sSdzls § 2 dzj fc@®O af dzu Odips etd5 2 1 g ¢ s
dztsy J dzdzOW  Isj mndesdztedw ftetsj Clsdtetso Odzdw Hody jdedw sk
Isd BOIsd yd M5y dBHj dZdJtesoa Odzedy d + MY j ted d3d dzls Odz! dzt
yd Mis! bjrndsdesedud Mcdi (et Jdsfigisds d&Bd Y Hadp @
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odVw Ekcdztse st o ¥jafpdsaszizs M Stotsfipls ' d3tpdj dzls ff j tco B¢
Isd dzi BB Istedd. stesiivistsugbss § B 5kt & L@ Jf b=l dzdso3iz dzi dnyf
B lsfigw. d3j tej dedVv ke dzser 7 MC stetsfyls jdPO Isacte QPO dfRw  kzdy@Aosash
Medd rOtOSC k| whsEIdEowdzysh jes R dis 0.

[ dbtsH" &BddddkdL Oydd dsydts tOLHJ ! dzO GteOHOC
mMetsets ddzd ydmdzj dedetsets tcOfMyYUjlsO cteOHdJ dzlsO W kdzS yde
BsHjdzd EHOY sfw tyjddls! f sk d®@nNsteOH I dds@s B1is ¢
sfisddidL Oydd tOL H pagzdztedz@zdzf 2 s dgy " dzd2. 10 o delzls
s lsiqw o fj OO jlster, Ctetsdzy Md3j "N jded?2 dezdzv B3O C dzd Is
tdhjdedj s EtcOodgj dad?2 dzlzdzj o s s dEde Oy (tfj Qs @3 jW Idzteted dy) d visa
OdzOdzdIsdyi MSdi o" Oy jddw. 10 odzgjhdzgj i3 tctsodzai il
iBjLCEGOHdjdzlsdzg 2 d5jlstsH cdztsBOd dets? w§lsddidL Ooydd,
sflsd B3Odz dz" § L dzOyd dedv BOIstcld }dzida dc O dzj dgff tzls tisdn j BO
ZOyYyodz' dz" | kfmdzsedWw bkedzseatsets HoadyjddW.

t OLtcOBtsSlsOdzdz" 2 di3jIstsH Br dz ftcddzj dzv dz € L OHOYJ to
tctseo BtsHj dzd RO ccHAARB-igpelda®ts 8 O § fozPpi)S@dze.3 U @ 12tc Pf).
ftoj HiMsOakzjecdzdMEdGHdzr = dL Bjtej ded?2 BOCdedIlstsdzj stetso
WstedsOydd, d ftetsddesLt L diBjtejded?2 Mse dzOMmdes BsH j dzd
Bisls' ftetso jHjdts MteOodzj dedj ©OL dzdyde' 7 BsHj dzj 2 L
qeso OdsMyd @ § OtcORJ stetso sO¢ d tOLHjdjddj d
tdLizdz Oty OBtslsT BjlssHdSd wodw jlsiqw o jCltstc 5
dzedj WER ydsdzOdzO. 1 OBl ftesosHdkMw OdOdzdL toj
sh dB &dziztfyj dzdz" =  OtcOd3j stetso d IstejBlzj 3" § o' ydmdzdls,
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s dMsS dzdkj tcOlskzter
1LRoOOMsod  h@OdzdBtotso € O H Ojshyjddjsded H d¥tc dsjif dels Oy d d d30
Of § OtcOIO [/ / 1wjlfteddas' RdzMIsdlslzlsO fted$ dzOH dzts?2 f3
ftod ¢ dzOH dzts?2 dBBOIsj BZOIs d €  2080d3. L2836 j dzH "™ h O t ¢
2. KennedyJ., EberhartR. Particle swarm optimization // Proceedingsof ICNNG Sibternational
conferencen neuralnetworks 1995.Vol. 4. P. 1943 1948.
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tc @9 dzj dgd W

[R1TOf RSO 1 o1 8l vy RS
g 1 frlrrey3fRrR [ JruvfciR

6. ). | Btesh ddz
4 O0OBOtch&zd® j cmdIsj s
dorar@inbox.ru

] ©O®eOn Mo tej B dadzisdru@ M@ cdgj & Bcdaf Is® Sts L dzd §
dedv ¢ HddZOBdECJ Hodxy jddw Mklsdditss d CtMmdidud MSc
fdujdeds btejBlkzjdd" n tiydhse L O fujl o dklstj dzdzd n
ydd d fjttjStdkisdshss ] duisEeRm gAnsswh j & HES O
M j dedegsflsd HddzOBdS d bedzsosaets Hodyj ddY dOdshy |
&5 g OCkdody & EyOMmkscon ktOjChkstdd, O OCYJ f
Ho d) detsfylsd BtsHiEzdzj 2 o ddzlsj dgty dgOdels ® B de sIPdzf I diay Js ff Ut
dif sdz' L 5o Oded™ HdMMJYOlsdode = §jtej BN jdd2 fsHed
SlsHjd ds?2 o0y ds?2 fsedj ' Wstehbddiokjlshy yj dj e
RO dzs M ks ded € 50 .

Vi tOo dzj dedj ko dzsor o5 dadoSdsp] ddd jYd§ T dEsmidials o ¢t O
dzdj MsOBddzdL Oydd dO SCtkzetsoats?2 twBdlsj L O Myudls c
Bj dzsse StsdhmstekzSydd (BsHEzdj2) wodvjlkhy OCkkzOd
Ho dGOIsj dz' dzr = EMmls Odzttots Cls fif dae[@IPR S H 5 dps J Lo @BHO P ctcOo
sted j BsOyds L&OYOjl LOdvisd) dOdshnfizlsddSsd dj!
flsj B CtBteHddOl. I tsHBBd j MRjd §OMMmde des? k¢ dz
or dete’ Ndzr B Hdzv tejhj diabe 5L OHsEy e BB @ Gz A |
Mz yoj SCodhistelzC ydsdzdzOY M+ odL Jtetso Odedw ( sy d
O cOo dzj dzO Mistetsets dgO@ 1 j Bz, ftedyjd3s Heoj Htekzaed,
f dztsmCtsfylsd tstendlsr . [ lsjdoiaindssdy disis jdp toas@ dsdfizdaf  j toj n 5+
sy jdedj o BedkOd dts?2 fdmsj i) CotteHd Ol BEHJIS
dzj 2 S ddzgjlsdui MEts2 L djteedd d Sddzjsdyj Métsets dsd3d
My lsdzd S O. wBtesh ddm Htgudgfaslss of tedgigissolz ¢ yqdd dzj ts
SOCYd LO Mudls odizlstej dzgdedr Mddz d o dzdwdedWw o dzj h dzd
HdfMidy Oydd dzjtecdd yjdzjNssetOL dzs dMfsd L 5o Ols!
RIS O, Sk’ j, OF flpmgucHE ] tsjjHlzO, o0 Od dstsH j 2 Mlso k¥ k
Clsd HjBfWdkzs hdj Mmdmlsj dr &Esckls B ls: of § tsdzdzj dzr
sdedz" 7 HjBYW jteseo, dzdets wWodzwis! Mw dzj f sMtej HMise j dack
fdted By jddy Mmllstejddjd3 (tedfm.

dagd S O dzOdesm lsdzdCtso ) f§sHo dyde s BSHLE &Y &d.
odCd, O kOCY] MIjydoOddL Jiese Odzdzr j Istoj nsfmde j ¢ toc
cOBBISON Ottt CB8E&d Tudo O diz®f waf i3 ©L 58 " [j 1 d
Hodzedw d LOCGder EfttOQodzjdedvw, toj OdzdL ¥ h dj L OH Odac
odlsOydtsdedets] sty jddj @O tsttBdlsj. 1 yjdvrs tOL 9
ftesmMists?2 LOCtsdz EftcOodzj dedv MEBsStetsMmis! & o twOh f dzefv s
so jtley HOjIs ddzsctso Oted Oddlsdiz" R dngrdlalz’j 4 1 @4 tedets ds d Iyt 6O o
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(d) (e)

{ APz Cu R j &' fsHo gy dsfmisd dsHEdj?2 dOdkshny klsdd S

(b)

I yOfmbdsmlsd, §t MieOodzy deds M tjLbd sOO®R] [ 1
dsfls!  dady j Mz Hizs b j ¢ BS 61O f5l8z0¢ i@ DECEREF G s § &
L 2Oy dzd 2 € s 3t ts dzji@Rish()OrE iyt gz lefdzrsIs dsind s j dz dzr B 5
Bs?2 Mdmsj i Sttt ddeb pl)disd ) fc Ostsfsj B #0- dzod
yqdwo &0 Mseflse jdder j MowiLOdeder j tfd d IsjSkhjes L

9=k, Hr ¢ a=kn -k a @

G HK, K k- CsdzisOdzlsr [ 8Pl dizg daffw , mj 8 dMO2HO.

1ts MtcOodzj deds ) f toj H H[zP]d dpd fiedilz k@' IsdPdseOEs 5 L OF
Hils dd&ijls! d&jMmsts (tedfm. 2) oHotj kdjde h j dedzOV O3 «
Cdsf sdzj dzls OB Msds bdes? kedsots? MCsEsmisd ¢ kzOo dsct
ots?2 MettMmisd dzO0 oz ipkd s s BV detkd dzd W ) , ylbsts
fOHjdd] tMJi2 MowiL Odzdets?2 MdMmilsj 3 CtststeH dzOls M Bt
Sdedzts?2 MlsOBddzdL Oydd. 1ted bz, ¢O6¢ d o [1], ki
yd mdzj dedzts 2 ff te s algjste Sts { ff dgtf dztEdOEAE yd d Oz = B dJ ded 2 )
o COyiMmbej ¢ wisgtemOdd NEtPdydsets 1. 1. (twdm.

3% 1078

2% 10784

1.x 10784

T T T T T T 1
50[‘}00 IDdDOD 150000 200000 250000 0 50000 100000 150000 200000
t t

t AR Es i3l tsdzj dzls' ke dzseos?2 MEtstetsmisd o MowiL Odedes? ) ¢ dzOo
(Mdzjo O, [wLOH/ M, ofPdd jd WdtszREitsfdatsyf s o 5 o toj d3j ded ( M1
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gjSydw ~ 3. ltwtsedzjd3¥ HAddzOBBdSd d EftcOs dzj dad W

vO0Cdd3s tsBOLtsd3, otLdBsyjdz MddalsjL deso" 7 L OF 5dat
MfkzddSitse o yYyjdvrs fjtejrtsHO dn ©® LOHOdzdz j toj ydc
ddzr = fBHOoddzr m { dzj di3j dzlstso .

[tceddg a0y sMsetsd §jto)jstedj dsoydd Mfklsddso L
B dzelstse (ftejyH] ofmMjcets, tooltstetsa) WwWodzw jlsmw ddzad yd(
J SidpstcOdzdz" 7 R OBIsdyj MSdr OblttOClstetsa, Ylsts ftsL o
tejydu dy jdedY o kZedztsotsds ftesMmistcOdeMmisa j [ 4, 5]

VtcOo dzj dzgd¥ HodXj dzd¥ SCtMisdujMStsets Of f OteOLO
ded j 5 dBsckzls Brls! HtojHMsOodzj da8 MMdzj HEs N 3 tsSBLOL tSC

€Ap+H {C Bjgr goH, rH, g M=

1Bg+H, {A € rp [, pH] M= )
| . \

jCt+H, {B A)pg gpH, aH g M

G HAL,B CicdzOo dz" § Bsd3d dzls’ d dzj to ydf'dazd § tff OlgstePsi@isefis J dejutd tefH
bedsos? MSsshisd OffOwOlO O fMewL Odede j ©fd, O
BjdzlsO Mdmisj s lssess &selkls B ISk o B 635 8B o dzizizt
clsskd BHdd L d&Of 6Oo MY thEbck®ld ks

Hx a Iksk Hy :é.cykl ksk- H z a L (3)

k=1 k 2

{ Mdzd o' BdtOIs! L OCtsde EftcOQodzj dedw Ececdzser dsd Mm¢
tcts® o LOosdMmddssMmisd ls kZedkzsear 7 MEstetsMmisj?2 ¢ dzO9 dzts
ftedoejHjdd Mmdmisg &g A¥2)j diz & dswip,dzj ffiad jj H fitsde@dizdzts ¢ 5
Is ts tx€p, YEQ, r=2):

k=3 ‘ax 8y 3z ak a¥y a7 axy axzha
1y=h X By Bz bk bY¥ pZr bxtbxzuby; *)
122G 46X 8y ¢z ¢k £¥ £z Cx¥,CxzHGY:

CHj Mesle jlsMmisoky hd2 00k sedujMsd?2 or Bt € @ dzf
OklicOCksieO o (ushiseOdhnlss, k¢dss ' dsd st syt s
&z 2 ObltOS It ded $ s sdhPf dzls j L Jtotso Odzdz’ 2 © [ 5] :

gX= 0.400 1.073§ 10.040%
SysA=1 'y =0.0864x 0.247ly 04118z (5)
t2=0.17522 - 4.783%ky ;

utstlso jlsMlsokzs h g2 fMdMmisjdj (5) OblwOSlst §wdsj
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t Mk dEwmds P dzdzr 2 R OBdUjMSd2 Oll©eOCltst o MmdMls,

rodyiddi mMdMmsjd sBHEENSBEEOGESEOCEREO (L oS
Lsds L d3j dgvls! bked fshiseOdhlss j ddes? tedj dsOyd(d
flsj & EfwOodjddw. Chkts LdOYOjl, yst dddydoydw
distsed tBiMmMfjudls! teps iz Of@EOEIOOYdE L O Mydls 4
BIUjMSBEE ROBMO. 1 0OHOYUO §O0BOR]stdyjMSses fd dals,
Mo jlsj §dmMCO Od bjtedzOsdody 2 Myshmsetse k0o dzj dz
ydwn.

{ OBElO fSHHjGYOdRO [ 5MMd2MS ddomaid)ydy & W s deH & s

sfdms¢ dzdIlsj tcOlskzter

1. Doroshin A.V., Eremenko A.V. Attitude dynamics of a dapln nanosatellite with a gravitational
damperAdvances in Space Research. 2024. V. 73. Pp.i316%.

2.1 stesddz. , [y BBIdEBS ¢. ). vedtsets] Hodyjdd] dzOdz
wWtstedzy ftoed fJjtejrmatsH] © sy jdd] cttOo dlsOy(dtsdedsts:
2024.5. 1 @..C. 92108.

3. Doroshin A.V. Gravitational Dampers for Unloading Angular Motoem of Nanosatellites.

In: Lacarbonara W., Balachandran B., Leamy M.J., Ma J., Tenreiro Machado J.A., Stepan G. (eds)
Advances in Nonlinear Dynamics. NODYCON Conference Proceedings Series. Springer, Cham.
2022. Pp257-266.

4. Doroshin A.V. Initiations of chotic regimes of attitude dynamics of nidpin spacecraft and
gyrostatsatellites basing on multiscroll strange chaotic attractors, SAI Intelligent Systems Conference
(IntelliSys) 2015, 69&704.

5. Doroshin A.V. New strange chaotic attractors in dynamsyatems of multspin spacecraft and
gyrostats, Proceedings of SAI Intelligent Systems Conference (IntelliSys) 20188271
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AR[2ut soé¢ffo1¢o 1¢ [Jur Ll dvrRY M L1 3IM
r¢vsyrse¢ vyJ Il e gsftfaoguvr R Yl yr1d1d

c.1l. [OhsOCBBO, [ .8. ROOdH

R [ dd&d . sjdzurhO t ¢
mashtako@keldyshru

rdzvw kM jh desets o' ftsdzdzj dedw yJj dzj oats?2 L OHOyYyd ¢ OE¢
ey ddz Eeczsotsets Hody Jdzdw Cmd3duyud MEtsets Of f OO O
B YSlkz dqdalsjtej MO dzO ftso jtorndetsMilsd | j dddzd, tsted j dals O
dzj ded j MmMtsdzdzj ydz" = § Odzj dzj 2 dzO0 wtsdzdzyjy HdzW f BSHL OteW t
9 0dedw 5 biydetsMmisd ftejHjdzjdedw d ¢ tsHH] teQdzdw
Mlse j dgdets o Ote! dqteso Ols' MW : s dzgj MEBdz! Cdr CtOHEMES
My SkdH o MzEyOj o ftsdzdzj ded v &wBdMMmdd HJMIsOdzeyd s dzdat
MisOlssydzs ctezptsdz, iy ddzi bteijBlkzj BOVW bLB8yfiashHisy s
dzfj tsyjdz btydy » Mj MEBMBEBOsU O] s ME Stctsh
yqgsétse), Its Hdzv BBBiMfjuyudddw IbtejBlzj ddts?2 Issydesmisd
LsdzH dtetseo Odedd Istej Blz¥ Isfyw 2y JL 8 fsozy dgz' Js(sru@ds ud Y dzdis jo
HOIsYydSd kZeoaztseats?2 MEtstesmisd (ruvy)

[IsdBisdd3, yYybts rLeojLHdz J HOBYyd¢d BEZOHOE IS tGWHT
MlsOsydzes tj HEOWY 9" HOYO dL BBitedlsj dz' dets? dde stcZOY
stedj dz2sOydd f YOl slsts@H @ UL IS Sezl€ istc clg fetejQ o dzj dzd W
ss?2 o dzgj MEtsdz €5 HjMWIsC s G jtey HAzW B MY |5 tHiE ded W
syj ¢ 0 stedj dzlsOydd ftedrtsHdl f dzgj Sslsstes?2 L OH j oy §
tcOBtSIsCd dL tsB s@s] diasc Puse jHirH, dz W Ediser | R OtOSCIsj ted fmls
hj2 keodzseats?2 MisttsMisd Off OcOltses, O Hfted HBMISOIsts
HEefmMtse o MiSCkdHE) LojLHdd 2 HOLYydS fijtejMmMlsOjls or H
[ L&, 9 Bwdzdydd Bdse kzls tOBKSISOIs! ftced dz¢EB'" R kZceodztser
sjCEhj2 Ecdseas?2 MEtttsMmMisd M HsMsOsyds?2 YOMistls
HOt s Attesh i3 hEdiser i3 R~ OOCIsjtedMisdC ORRd. [ Mdats:e
dzw j Is pwdzgtidzo dafL d3j tej dzd 2, Ctlstster 2, fEkMmls: d HMIsOIsH
otej di3j ded b j eIl .

Il dz2Omlksswh j2 tOBtslsy i §toj HdzOG @3 € Gfiphtsdsts j2 dzdg't
v jls Mmtse B3 Misdls! j Ofmdedlzh tetsedz) dels udiyf tslks 11 d k¢ dts
rog, O BOCY] foLodw,jls fsdzzydlk! yjdikz MHede O
BsHdWJCOYydd {bsets Wddz stcO: Hd zZ0d3d yJj & Ow Cists
Ef cOQo dzw 8 h drn @O UsHOC2Mls oSddRdzj &3OIsd yj ¢ Ow CslsstcOW ¢
rog d 1r. tOMMdzOlstcdo Os IsMw Ho O Myj dzOtedw™ tOBTSIST
117 (wedfm. 1), O bOSxJ o MozEyOj, jU¥c H dHIEHHQ LA dzd
(tedfm. 2).

Il ts@B] §tsCOLOdts, ybt fted f§oshmistsw ddsd dzOdd ydd
sz Mrtydy wLijLEd sOIsr, d btydshls: tyjdSd IsjCEf
Fedztsor 7 MiSkdH. | Ists 3§ otejdgvw, JjMmdzd ot otcj dgw
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(dLO LOMejlsCd ddzd Mdh Stsd or MES 2 kedse 2 MS e
hdj tjLbkd OIST .

dep, yrn.c.
de, yrn.c.

{dMzdg® dB SO tftejHjdjddy stedjdsoydd Hdv ¢ ddj BOIs
d HddzOBdUj MS et (MfwOo0O) Wdd' sse §iod dzOdzd yo
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Wdde btetse ftod fetsfOHOd]d dL @it dd2 7

g dmdsckls j tQIskzter
1. Lefferts E.J., Markley F.L., Shuster M.D. Kalman Filtering for Gqaaft Attitude Estimation //

J. Gui d. Control . Dyia29. 1982. Vol . 5, ~ 5. P.
2. Xiong K., Liang T., Yongjun L. Multiple model Kalman filter for attitude determination of precision
pointing spacecraft [/ Act ai8ARs84I8H2naut . El sevi
3. Mashtakov Y. et al. Attitude determination & control system design for gravity recovery missions
like GRACE // Acta Astronau2020.Vol. 173. P. 17P182.
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4. 4. uvE&Oyje, c¢c.l1. [JOhOECtSO, [ .8. R

R1 [ dds. f .1 .sddzu"h O t ¢

stevensL @mail.ru

ydMmdzj dedetsy dBIsH | dzdtetso Odedy Htod IsifMmisdtetseo Odzdd d3C
Stedj dzsOydd ¢tshddyud M Hpvs fdfsPe @le O C(dg#du)d o' ondz¥L jAH O
tctso Odzgdw wWodzws Isfqw COC ftHIlse jtoyxHjdedj BN j2 tcOB B
tcOfmMyjlsde | HsMisdydddr j rOttOCIjtedmisdsd (tsydesflss |,
Mlseo jdedz" | tojL zdz' lsOs Q8 IKIPC o tcOmH]jdztsdzj Rftisdlz " sets5 € ts5dz
ted &3 dzlstso, tHA&ZOSCt ftodzkyjddy Stdbtjlsdy n L dzOyd dad =
ftsdz LsoOded j 3 dzOdBtsdzj j ftsdzder » dBsHjdzj?2 d fted o Ot
dzj sBrsHdBs § sizziyddd] GBOHEBEIH 2O ofMmi2 B EZOMII dL
drn dOdrkHh ks CwsdBddOyds f ksySd Ltejddy yjdjsots:

t OBBISO ftsmowh jdzO ttOLtcOBBISS] BBHjets fBHABSHO !
flsj B EfteOodzj dedvw wstedj dzsOydd o g Hdese tedjdRies s
ftoesctcOBBdsets Csdf dzj S MO, [ tclOg jo@mwsis@ligdasic s o R [

l COyjMmbej dsHJdz dzs2 L OHOyYd te O fidmygOitsticts(cotO j st
W istehdPC Is siblOdzl 6Heo zn tojy ddiBse WEkdSydsddtetso Odzedw: Gt
stedj dgsOydw dO btsyltk dO jBdzi. t(Jijxddi tlsdzdyosl
dmMf sdz Lksls o Ctdadsktej k1§ tcOo dzj dzd WdzO BLSAHS|A? frpldoL tigkzCh df
wWOClktstesa., | fjtotsdy Mz yoO©] HOIydeEtsdy ofr mMlskzf ©4 Is d
(rove), oIk ogjamitaigd HOIYdS (1r7r) d tfflste sdtsS sdade 2
ydd tsSftwiHjdvjils dzOBBtt 9 0t! dtolz jvdg'lss of jCdfOuzids tc o5 L
oCdzs yjdedzr = 9 OdzOdzdL. 1 OtcOd3j Ister o tsL dglzh j dzad 2 1 tsdzC
HOdzdzr = HdzZv COYHBGEB IO oatsL BN jdd?2 ddalsjtco Odzj .

Ajidzjots?2 WkdSydji?2 o BesSdR MoEyows wodwjlkfmw Lk
Nqd3j . 1 dzvddhhzpeghddshisd Issydshisd ttdj didnedd
sdfmisdyj M dR3edmodesdzz yj dzd ¥ ftoj HilsOo dzj dedw 5 Wz d
ssydtshlsd tttdjdsOydd d dnfsd (s 0dd,] ¢dkssOd das
Bjstetse, tjOddLEs N j2 &OJobkHh ks Istydasls: .

I fitwtotsd3 fsHatsH ] Ctsddudfshets ddq fmfdzj ldctbdad) Xzidist O] |
Wik@d %H4dyo

0 O0mw ™Ow - cQwng &¢H- mh P
GHOW i dMmlisd dzdzOw W &z dz€ y d O ootd © fi3ff tef jord udededw , ¥ & dz€ yidw e C
ud mazs  d mf T osjOetmIs-dzts fPls 'O,dzdzts § wiwdjfi§dets,ts, © o € dz¢ YO M d 2
oz A3 7 IHtODQBRIs OY HOW C R sdzj dzsO { ssegts 9 CIststeO® W
Mo jIsMisezs h jd&3 ddzlsj tco Odzy o j dzd yd des?2 . ©ts6 dzOMmdats
WiEdS ydw ttOmftejHjdzj dedw Mz yo02 dets?2 o jJ dzd yddzr ( Istsyc
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sls flgRdlIlsj dz' dets?2 WEdZS ydd toOmiftej Hj dzj dafrvp diy eBjstelrgvls
fMis! v dzgj d3j dz@ hny p9 9Bbp ( Kz spAEH BB oL Wis: & 26498 € Iz,
LdzOyd dzd?2 (L dzOyd dzed?2 Issydesfmisd sls dztyfn qtdsQ Ldezddapd?r nts taf(
oL Bz O hdri f OtcOd3j Istetso ) . ddz IsjtcdzOIsdo[B]2 ECEBRct,
MudlsOjIsmMw KOs dzsd3j tedz” d3 dzO L OH Odzdzsd3 ¢ d ff J ftedzic W zfs &z «
OdzdL Oydd o lstOtctqdtf sthds v Aztg Is M w[6],d3] dsHsH @MW O vy lOfpk d @ dz0O dzt
Y datf®@ Ctsd3f sdzj dals o j S IsstcO

rO0dzjj HtwwdoeojHjdz fteddjte ftoeddzjdzgj dedv ISOCBEB ff S
ssySkz dz0 ( jd3dzj. 1 {1 sz MdzzyoOj o Ote! dqtokzj dzF dizd 1 Ofte
stedj dZsOydd. rdv 11 kO Mo diegdk BHPS. & dwd Is ;s
ftejHMisOQoadzw jIs MseBs2 h jMisddzjtcdzr 2 o jClstste f OOz Ist
Lzdz! IsOIs MIlsOIsdmMisdyj MStses OdzZOdzdL O ftcdo jHjdz dzO to
detsy t©OMYted H dzj ded § wq EdeifiRdp] dzals ®wQMYstsjierd] dzj dzed §j f s
l dH dzts, Yybsts tBO twOMmMftcjHjdzjdzedw BdzdL € (), O dzOdB s
MidtejHddzz ddzlsjtco OdzO sh dBSCd HdZY 71 . [BJ cdMmlstsctec

razv fsdmc o dzOdrlzHh jd dFisfusahisyo Gdeffy dagPOlsEHH tots
yodsd d 100 dbjtwOydwdz, vybts mMtsslse jlsMmiseakzjls 3200
BddzOydwvw §OtOd3j steseo: IssozBmisl 4 mlsdaks Sy § 1, (715
(103,-103,-1 02) EZcdad stp@ECdzOdHLHHN j j L d2Oyjdedy Ibsydetsmisd
My SkdH. (bt SCOLToaOjlsmMwy L d2Oydilsj dz dets " kyj Ists2
Metsets OdpQdzdaOGyJj s fHtesotsHddzdm!' M dMftsd L tse Odzd j
L 59 Odzd § dg J BOffenktfe s
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vOCdd SBEOLBA, HEY yjdshisdses §ojHnlsOs dj dad W
OOddL, foLotdvshd?2 fodkuydls' fojHmsOodjddj &
ochtej Hofzj 80C d SfldidL Oydsddr 2 OdzOddL, HOsh g2
fsslse jlsMisokzys h j2 j2 CsdeddOydd §O0LO®)stse. wdzj
oSBBN ] cSoteY, daj RODBHdMY &0 ctOded Yl jste fzOtEts c
ZOdRkZHh df ctOddudy & L dzOdzd?2 1§ OtcOdsj stetse dzgj GBWL
Wl deS ydd.

sf dMsC dzdlsj tOkzter :

1L.Ro9Odtso 1 .48., JoydddedSitse [ .5, (ttsdzHkecddz 1. 4.,
zdesesCtse [ . ). O dstisdiddWdisdgde’ d2d tc & © dztf © dzd| UptlpEe 56 s
Ho d X J Tgdzis dzd C s / / [ Olsj d¢301Is J2Q49NEl.ts j 3 T 044 &6] 2c.5 9 O dzd |

2. ECSSE-ST-60-10C. Space engineeriiigcontrol performance. Noordwijk, The Netherlands: ECSS
Secetariat ESAESTEC Requirements & Standards Division, 2008. 57 p.

3. ECSSE-HB-60-10A. Space engineering Control performance guidelines. Noordwijk, The
Netherlands: ECSS Secretariat EESTEC Requirements & Standards Division, 2010. 119 p.

4. Dvoretzky A., Kiekr J., Wolfowitz J. Asymptotic Minimax Character of the Sample Distribution
Function and of the Classical Multinomial Estimator // ANtath. Stat. Institute of Mathematical
Statistics, 195®69. Vol . 27, -~ 3. P. 642

S54sBBdz? R. [ . { Oo dzts d3Jff ttsdptsiz] te Gshy tOUs ) HiZ ddigtsdgds’'d] ) H 5§ 5
Qo detsdzj tedetsmisd // rr ZtedzOdz o ydmdzd Is§ dz' da87b.uv tg@xls j d3
16, +.13321337.

6.Kennedy J., Eber har't R. Particl e sintermationalo pt i
conferencen neural networks. 1995. Vol. 4. 1942 1948.
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Il dOMmistswh ji otj g ( sMmdw dzaf BB EZOHOjI M jydo
sBfMjtcoOststedw dzd. RMMdzd HisO Odzd j TuEXRADYWE Cots fisdkdalsio fiffisc
~ntslsw d daizjehow fwOCisdupnt B ddlzug) ted gz ¢ ts a3y u P i
sSBtcOL 9 O s Mw Btejh! dBsydts M fsdEshs ¥ BOd 7 Ctsh
vjdzjmMesf wf[], YsHaBHWhN 2 HAv EMsOdtseCd dfd] C ks f
d dmfrs0dz dzO0 StsfMBdujmSdn OffOwOsOr | tsttBd. [ ¢
dzOIs s dz€ dzgz dzs ! dzO0 ff totsB dzj oFF Istsjdg Egs®ydfd| afj fiylsd®@ daZdf
Is j dzv o3 .

LGz 52 tOL BB to wtsdzdzyO ftod dzOBdzE HjdzgdW iR I Gt
lted ftsdzy L tej dedW { IsjsdzjsigOf@ jusf | ulsts tsMm! Isjdzj MEsq
Hsdzy dz20 tlsC dzsdgv Is! MW j BlsdzP ¢ 65 Yy cztets ®' B sdggd gez . A OC Is
dLtsBteOY jdzdWw EZrkHMhOjlsmMw dO SCtwOwn §tdv Lt ddw, |
Hj ZOR fsdsoddy CcCcOHEMO. uvOCOw kydsfls: of tsdds
Istcj Btso OdgdwW s dgls OB Jdzff NOHHG. o [|] GHtod tOL Bjted HJ
Eedzsots?2 wWOL Bjte fdSMmddv MsMmMisOodzw jIs ftod g todets 3. E
MemMlsQoadzw jIs HEts 2 MiSkdH. [ dzv fsdzkyjddw dqLsBOY
fdSMmjdei BYO daSC s dzj dgdw 2 MmdSkEdgHr ), Ibsydetsimils!: MlsO
Isj dzi MECsSf O Htsdzy dgO® BT Is' dgj mbkyd 1.75 Ecedztser o Mmj
Hdl dzgj Hsfisdydd3" @3 Hdzv Of f OtcOlstse Isdf O S EkEBMOIls. |
Hd4 MmjSCkdH HEZGd, O 1 C¢MftsLdydwy dtsyjls BT Is! Mmdad Y
Of f OtcOIsO o TfBFd] GdeE YO j e dzso " | B dzzlsr o fj € kzdzH
flsd> ddgj B lds SlsHj dz desets dffdzj Hise Oded W .

[ dzv fsdzzyj dedv L Ov ¢ tiz] ey Bes s d Zetc PzsOydd d Mk
sfjid skzso ddz0 ctOHEMO d 2 ibcddgialksjs tddizislked o thy R st dH

-vftcOoadzjdzdj M tBtOIldets?2 MewrL 18 M fsi@Rshi 8 BOA

- JHdssMdzOY stedj dzsOydw Mmts MilsOB d dzd L' Gy CjRIs o tg &h;

- JHdtssMdzOY tsted j dzlsOydw dzO L OH Odedesd3 Ho dy 4 dzd d

lted ftoddj dej dadd dBO~tsodise ftojHl szOcO]j sy dimy
Cdif j dzMOydj 2 otL d3lzh j dzad 2 . Clts MisOdzH Otglsdzr = § SH A
CHtdzmMkz dmmdzi Hse Odzd?2 o L Ists?2 B dZOMISJ, mMfsmse j &z
ydd d, Isjds Btsdzj j, ttwdj dsOydd. [HAEZOSE, CttO2 dzi
SBrBHJ®B d3 dmmdzj Hiseo Odzedj o dzdwdedWw dgj stsydesmMElB- o
dzd € O, Yylsts " ydzes dzy HetsdLotsHdIlsmw. r dzw  tsy4d dzl ¢
nOtcOCIsjtedMmisdSd btejrn BORBsSOdSEBe, §toj HdAdOL dzdld), dzdz" .
vsOBdZdYyoO 1. GCIsd ROwLOCIkjtedmMisdSd lsdsmwismw ¢ dL o
fMlse j dzdz" = BQAHESEROL CdEOoy,j dfdts = Hdzv S EZBMOLtse, 1OSHdA H
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tctsB dzj d3"

Hd ZOBdSd d k§ 0o dzj dzd W

U OB &zdiyw@EIOCIs jtedMisd S d BORtseadC tso

IBHJ(IOﬁ]ﬁIO‘iﬁ]- & 10f0Om ¢ wlsOldud) rqdoddud
e 1 Lds &34 dzls O, HdMB OdzOd H d MB Od&zOUz
RWPO15 130 0.005 0.015 0.38 27.59
RWP100 330 0.007 0.1 0.69 33.12
SI130 185 0.002 0.03 0.65 43.16
l vOBdJyYyy 2 MejHjdzr tjLbkd IsOIsT H&vw eofmirn Istej

v OB dzdiw@ ylzs mis: MlsOB ddzdL Oydd

[On e sqddzjsdud M dusydshls! slusydsnisd. @Gy
Hedzv tsls di3OC CGticOH EZMmT dzseo ' 4 d3d dz.
RWP015 0 13 10* 0.1
0.1 1.5% 10° 1.7
0.5 0.0t 9
0.9 0.09 18
RWP100 0 3310 0.06
0.1 53 10* 2
0.5 0.06 12
0.9 0.1 15
S130 0 53 10* 0.24
0.1 8310* 2.5
0.5 0.07 12
0.9 0.21 25
[ d&zv HBMisdy jdadW daj sBRtHJ B2 Jsdedzddls nds d v @B dzdsg3is "

Ctse btejBlzjlsMw tWOBBISOI! d&O kZttsedy ettt [ND.% tslis
l1tod dzOCtsf dzj dedetsdy S ddzj Isdyud MEsd3 Bsdzd dzlsy dzO Lktetse dz
SlsHjdz' dzf | dBsdzd delsT ot dzd dz2d, S BEHO EkZcdzseo OW M tstet

lIsstets? Tfoemfresdr! L s Odzedj MilsOB d dzd L O Yipfddi Isojtat®d b jHAdAAY] «
Hytey Odzdv LOCtlkIsCd dd tdj dzZsOydd tmd ottOh j ddw dac
CoBf e MMtsdz, dzOlsOdz¢ do Oj sy dzgO@ ftetsB dzj BBz, toj H Gt
desfisd sted dzsoOoydd d MisOBdddL Oydi . daj t ts4 s HEGO W ) s
tcso Ols! , wlsdzd yojlsmwv s ¢ dzOo dzs?2 tfMd ddzj eydd OfF f C
Cteze cdzOo dzs?2 f(d. l twjLkzd sOIsj] t©OBBIT mMd mis j d3
frisOjlsmw fHHjtl)y do Ols! oteON jfdidOjte Olists jj Enbsjj diisd j tetdgzf ,d3
sOjIsmw fjtej2Ilsd ots otcOh jdzdj otCtelze 6 dzOo dzs?2 s .
stedj dzZsOydd, LOEC d ft MsoOsddzdL Oydd. | 5l§ dz®dzijsdzdy
sflduiMés2 tihd s Istej BYd Gie dts dzOf O b Gadpf s @ d iz
Cztsdgj deds Jjj Bls cdzOeadzes?2 fMd o Isjdzj Off OOISO. §C
dezlsOydsdede” § Ctsdzj BOded™, f ted 3 [d]dets dasy dsfp'd g @alsB®yH
Of f OtcOls O)
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1m0 ——p ¢———]

GHY T Bsd3j dzls™ d dzj ey d fffn O tf Ofpldls O tc BstsdptpW j def s f 5 E O
COC Wy dets Mmdzd L dls+ Ftcso j dz dzz s Oyd tsdzdzr = € sdzj B Odzd
dzdwv Of f OtcOIsO, d, vyYbt thej ddes 9 Oy dets, ftsHB OIS
yddzr HJOG dzAQuB odz' drdzidgtsulgliddz H sdzy dzf MesMmisOo dzw Is! d3§ dzd
Bsdzj dzZlstse, yYlsts btejBlzjls o9 jMm ©BO Istsydets?2 S tsif sdztso € c

1 0Ctsdzj vy, btejlsd?2 fHRtsH Mdeso O fSHtOLEZRj o9 0Ojls
hjddy CsttflkzmMO Off OttOlsO. ] GipfigdgdbJsth € tsdsts daB f | B lg G
Bz BOcdzdlsdz” iz C Obkzh SO, M fodkshi v f(tosmisr o
dzj o sL sy dzts. 1 st Issdzz fted sy dzv j smw Y SsSHABH, Mdzse C
[5]. wbtsdlsmMw IstcOj Chistedw o St MisdatsMmisd Istcj Blzj ditsa
ddyd dzdj &3 sflsdBdL Oydddzse s d3j Is seHdDY, & NOj Al ¥ distipaipjeriista
ots?2 WEdCydsdzOdzO. Cbts LotV jls ftshmMistesdls! IstcOj
mMed it jdndSizdvicjd oj Ckitelz 6 j sd3OcdzdIsdets?2 d dzH |
Cobitets?2 dzj MCtsdz €5 tcOL o MklisS dls b i tescfizdaisly GBundvd Isde 4 |
ydd HOYJd fted MmMikh jMmMlse jdeder = BhdBSCOn o Ctli3f sdatso ¢
stsd dzgj L dzOcdzdw {sd8 shdesS. 1HiM dhyfsd Lkjlsiw
ssydesmisd: dR dzj deky dets o' § & @deslsydzse fizd M o to fdalh .S 10O
Bsdsj dzlstso  L-I00 o dsts@dedffuj dzgd W dzO B jd3 f jtoj HO9 Of d3t
mMded 3¢ tse o B)j yddedjy MklstsS

slzdsdzdtezw Isted wWOMMBsIstej dzdz" = fsSHABHO, d&sy dzts MM
ftod tttdj dlsoydd dodddwodse teifasdzds) § dstinal3s ulg jndzy M s 0. 1
odCtse dzgjsBasHdBO drn BOZOdMdtese O, HMisdyjddj
ter dz¢ )] fOtcOd3j Istetso, d ftsmistsw dzdzgOY tcOL GCtelzL SO HdzWw
BOc dzd Isdets? wsted j dgls Pt Po fixj detbfstizgls MlsOBddzdL Oydj2 o°f
EsydzO" SCtRfsdss S0 SsMBdyj MStscts Off OtOkO. utsj B!
Mz yO,] dzgj sBrHdBs Mistetsdls! Mzsydetsj, YOMmisd ydaets 1 te
f tod d3j dzj dzdz=stids qRESLERNE] d, st bktjBbkjls ©OMujlstse doO
Btstoclssolze or ydgmdzdilsj dz! dzlze BOh ddzz fted dzj tedets tOL 9

RMMdzj Hso Odzd j o §sdzdzj dets L O Mujls ¢ tc OWBOD02,t tsf)fy
https://rscf.ru/project/232-30002/

sf dMsC dzdlsj tcOlskzter :

1. jtoytse [d¢ . Mo j dzj ME Y Hdzv tsdzkEyjddw dLtsBteOy j dzd:
Of f OOIOr Idf O CkBMOI [/ 122 B.6%N02.0Hhl34j3FT.dzd ¢ O

2. Shieldsl. etal. Characterizatioof CubeSaReactionWheelAssemblied/ J. SmallSatellites2017.

V. 6,No 1. p. 565 580.

i sdzHze dd [hiHc.Oo dzj dzdj oL BBy desfisj 2 1 dzj SlstctsBOG ¢
Stedj dzsOydd Mo j tor2d3UpEwi2dz) Custsisd3d Usisffifitdc o Olsstedd / /s
2024.v. 62, No 5. c. 471481.

4. Roldugin D.S., Ovchinnikov M.Y. Wobble of a spin stabilized satellite with cross products of inertia
and magnetic attitude control // Advances in Space Research. 2028.No 1. p. 408419.

5. Drobysheva A.S., Tkachev S.S., Roldugin D.S. ‘@rie magnetic attitude control for shoerm
high-accuracy pointing // Acta Astronautica. 2025. V. 228. pi 685.
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b dedets s Qy dwOB tslsj ftoj HMIsOo Wzj Cedz@ gl Szt df BBdzH D dzf ts fr
tcOlssa. | MmMdddzkz ectwOded yj dede" =  dzgjtccjiIsdyd mMédms oL
dr ®&BOdzj otcdtcso Odedd dzj sBrHJ MBS EZydls™ 9 Ols! tWwH 1 Cf
LOdzr tojLizdz IsOIsr W tste 3] tots de@ded "zOd 1 tots[Hi3y Jtotg ¥ OFRdflr R ¢ d(
tcOlstso, tOL P SB[ d (2 vjnmndtdztedyi MSd2 Aj dzlste

lojHjuzgdJOYHI &3 EsHBA ofMmj Btsdzjj OFIsk Cds fifeEzddy jils
mMédrn @dMMd¥r ctelzff (S dOMjtese) KO ~ ¢ Q@Y M
sz tcOfmMMmisswdedd Hteke tslIs HekzecO d tjh Oshdn BhM Y
CzOMmlsjteso [so Wodzwjlsmw otsL dEtsy datsfyls:  tojh jdedw 7y
MstcOdgMise jdedzr = dL Bjtejded2. [BdZOMIs: f ted d3j dzjjdim,w
ttcOHdBIstsBsctcOW dw dodatsW jter, Misjtojsmi v B3C O | j d3dats 2
tcOHdBdL dzz yJ dad 2 .

10 dBBtsd3j dzls Of toj dzv 2 0 @S JjeywHOQz! Sdis dgf Qdgd-"dztfEE ¢ d U M
ct B OCIsdodes 1 CMf dzOIsdtelzj s Hj o wiistedia fo st Mfigte OM I & j

8¢ dzOH Y tsmeowh jdz sfdmMOded fteddydfO Wsttdddtetss C
Zyjlstsds qdsj ¢ hdrmw cteOdzed yd ded?2 dzO ftetseo jHjda] StoE

lteddeydti Wottdddtetseo Odzd™w d f sSHH |G @daY € @zOhls j tcto!
B sfpw  C dzOMmis j Wets to d3cf tasisetsldcfinw) L [ s ¢, HodcOshdafmw o |
fMswa ftod &BOCMd 3Odz' detdzBC @ i) e zOgtee bz d O B5 Ctc O
hjets TzQ,d0 GCtcOH. l fMddzkz +ktets Hdv MLHOdY ¢ d
fjtcdcHtse O sdefcB dlsj. 1 jtocdtsH BOh jddvw {5 St
detsh j ded v [ 2]

| &

"Y q ‘ 3 ﬁ p

GHej= 398670 Hicac0bdlsOydsdede’ 2 § OtcOd3j Iste | j d3czd ;

OiBtsdzr h OV ftsdzztsm! tsteBdlsr [sd, € d3;

TifjtedtsH tBtOh jddw [s¢ s BsSteBdlsy, M.

sO0¢C COC Pjygdasw $estd 5 SteBdlsjy LOadmdls tsls Bfsc
Hdzw dLd3j dzj dedv f jtedBSHO dzj sBrtsHd®BBE dL di3d dgw Is! B ts5dz!
stcB dlIsT otsL sy dzts dL d3j dzd Is ! 9 MzeyoOj o' f sdzdzj ded v
RO tcOo dzj ded dH detb g ted Il e s tMOdz! detscts BOdzj 9 6O H dzW
Bdlsr tSftejHjdvjlsMwv 5 Mtsslsdesh jdad [ 3]

Yw = fxdoy(*h C
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GHDpT dL o3j dgj dgd j L dzgOyj dzdv Btsdz! h 52 § sdzksd B dlIsT
VisteBdIlsOdz! dzOW MC stetsMmis! § s 30dzj et & dzls 3 M 5 dzdzj ¢
sOCdds sBtOL tsd3, HdzW Wistedzdtetso Oded™w d HOdz! dgj 2N j ¢

Cstetej CIsdtetsoa Ol BBdz "dj ftdzktshmde sizBIfHO[ $ §tc s a

ddv [s¢.

[HAEZOC dzO 1 IsO0f ] Wtstcdzdtotso Odzd VW QsRA@HPS Jj telfDf v tc G fitsf t
By jls Brils! oj dzd¢®.0 I Cind sz Offfd@ag@Gjdzda = 6 tcOdzd Yj dz
fsdtle! Mjteds ttBdlsOdz dZ' = BBOdzj] o tetso .

CCMMf zEOIsOydBdedz” § BeteOdzed yd dedwvw dzO f.tetse j H J dzd J

lted ftoso jHjdedd tteBdlsOdz dzgtf B 050Kz o iz H Hz s F &

Wsttzdzdlze h dj v Sty SRksdhf " sOdd?2 [ s¢:
- BeteOdzdyd dzdy Mdmisg 3" 1 dzj eetstf JlsOdedw dzO H dzd Is§

dzr 7 BBtltsear 7 MdMmilsjd [ sod;

- BOC M 3Odz' dzOW ftotsHtsdzy dIsj dz' dzts ff)ts o dats 3t & 5 RO tzj
otej BW tcOBSI' lsHjd dF 7 Bblstse' 7 MdMmlsj &3 -BABts- da
od¢Ctso;

- B3 dzd 3O dz' dets H s Zflsd BOW o j dzd yd dz© dBOdzj o tc® d H
9T L9 Odedz’ § S BdemMlstelzCIsdo dzr d3d tsMtse g dzdzsmisw di3d Ho d G O

- BeteOded yj dzdzr | 5B dZOMIsd tsteBdls', dO (st n &6

ltej HMIsOo dzj dedz" 2 fteddzydly Wottdidtoso Odzdw d § SHHJ
sOydtsdzdzr | BGeteOdedyd dzdvw dzO ftetso jHjdedj tsteBdlsOdz' dz

CddOntetse [ sBlsGPLcl H A
tdLlzdz OIsr Wtstedddtetso OdzedwY d G BSHHJteY Odedw ¢ dzOMls
stsLHOdd] € dzOMlsjtetse sizh j Msf dutxdgtsigzC MY o g

fpdzj Hzs " da [ s¢:

- [s¢ Wsttdd®at@U CSTRL. 1 -§, PWkdS ydsdzd ezt D7ffjf dazO® ¢
2023 etsHO [ 1] ;

- [sd Wttd®BB®3UCCSTR2 . 1 d2C8TP Wk ydsddtelkzs h dj
f) 5 dswBtew 2024 GEBSHO [1].

Atstodzdtotso Oded ] € dzOMaj B O-Fd P UfEfr €8 TRzs o f jted SH
GBHO 5 Cdzgjy sClswptecWw 2023 EBHO. 4w BERGEBGK O
otej Bv (Oftcjdz 2025 EtHO) twjOdJLEjlsMY ftsHH]jty Od
150300 Cd3. utotsClzfdss dzO Holkzm [s¢ BT dzs ftetso j Hj dat
Cslstster n dzZO COYHEBMR [s¢ L OOy dets sdgjj dejsj s @A . 513 to
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LWWjSlsdeodetsmls! fslsteOyj dedese s tcOBBSYjets Isj dzO dzO dc

- 9" ftsdzdzj dzgd ] dBOdzj 9 6 O Isigsdy! j Usts  de@s (s fig asjHidjlsdzdpgy ®  fiyls
sMtse j dadetsis j 2 twOBBIT MdMmisj 3" tedj dzlsOydd d MlsOBC
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vsO¢ CO¢C LOHOYJ? Brdzs fMdedy jdedjy Hjtedyj de8tw®@, B
otej 3 Ctsltster 7 kZHBodzjlsotsteW jlsMWw HO O Ekfmdtse dv:
- B J MY j ug eiasdej jdzOB dzd L S 565 ftsdztsy jdzdw [ s & Of
fd MO HA&v Bdjj ‘WWjClkdodstsets Mmdedyjded™ §Jjtedyyc

- Z2ORtsyHjdzdj [s¢ ot otcjdzZ" HOdgdzer » fj Odzlmtse Mo
FHBsodzjIsosteW jIs orh jsfdmOdzde d3 « dzgj e Isdui MSdd3 sSct

l lsOBldzdifiylgj HMIsOo dzj dz"@ HOdzdzr §] 65 88J F tcty®dzp 9 @l «
dzedj R OLOCIkjtedMmisdyj M2 Mestsisd BN dzts SHJddOStsor
O tcOo dzj dz ftetslsdo o jClstc® BteBdlsOd dets?2 MCstetsfls
Wistedigiz A dtsdz¢ soMCtsets ftod Icls ) i Ohyls@sadz] dg dig Cotdedpts [ H4,]

9 s

Y oo
a 0 p Q h C
GHY [ xi®BOMMO (v, LOttOYj ddeséts dz0 disf zdz' Iy, €@ ;
0 --TdBOMMO [ sd HES dBBOdzj otc©O, € G;
PY6inOOCIsjtedmisdyj M Ow MSstesMmis! , o/ M;
likHjd d 2 difkzd fj, &/ f.
v OB dzdiy @twlOd3j Ister st dlsr d tojLlzdz sOIsT &Pdzj 9 totso
RMls SHEd ft . .
050 d mBdd 6 dzd>r J d udad > |
_ _ Odets 3O Mtso Odad v . . ;
rr-ff: 11 ; fdtedyd| Of sy
o B0 dzj o Stetsd3, G ¢ & X
' G tcOH (=180
18.07.2024 .
1140 steOfMmdes j| 120 60 0,7 0,7
23.07.2024 .
1100 steOfmdes j| 139 41 0,9 0,6
29.07.2024 .
10:13 stOfmdzs j 164 16 1,1 0,2
31.07.2024
15:02 4 O-zO Iz dz 246 66 0,5 0,9
02.08.2024
14-45 # O-zO Iz dz 250 70 0,6 0,2
05.08.2024
1896 | sotsmde 129 51 0,9 0,6
09.08.2024
1749 | sotsfde 144 36 1,1 0,2
12.08.2024
14-49 # O-HzO Iz dz 304 124 0,5 0,8
15.08.2024 .
047 stcOMmdats j| 226 46 0,8 0,6
19.08.2024 .
1142 st Ofdats j| 237 57 0,3 0,1
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giCydw -~ 3. ltetsBdjdk HJ@ZORISI d EZfteOs dzj dzd W
I CdzyOdzd j
R Mls SH k& dz! tc i .
f0k0 d misd d wad o § d uded
_ _ Odes 30 Mtso Odzd v | . : )
rr:.ff1:1 11 . fdtedyj| Of syj
vyl O dzj o Stetsd3, G ¢ & ¢ &
' GtcOH (=180
22.08.2024 .
1114 stOfmdzsj 252 72 0,5 0,2
28.08.2024
1501 4 OOz dz 356 176 0,2 0,1
14.10.2024
1436 4 OtzOkZzdd 209 33 0,6 0,2
15.10.2024
405 v OOk dz 208 29 1,1 0,4
18.10.2024
1593 4 OOk dd 204 23 0,5 0,1
19.10.2024
1518 4 OOk dd 204 20 0,3 0,06
21.10.2024 .
10:02 steOmdatsj 211 6 0,3 0,04
22.10.2024
1443 4 OOk dd 210 3 0,4 0,1
21.11.2024 .
10:59 steOmdatsj 122 15 1,0 0,3
25.11.2024 .
1140 steOmdztsj| 124 31 0,9 0,2
27.11.2024 .
1113 stcOfMdatsj 118 30 0,7 0,15
29.11.2024 .
1990 steOfmdatsj 119 39 1,0 0,3
03.12.2024 .
1104 steOmdatsj| 124 57 0,8 0,2
l o[z EZC OL Odzdz' n SEwOded yj dzd?2 dzjsBAatsHIBS SOC Y
Bdlsr, Ctlstster 2 f&jh Ojlsfmw o dzOdpdeiPD sz W2 i d3 s Isy jotdsjfnn
Zzh Otedj Mt f)GOs,eist@3s9 & t@@ezZEe s Y, MNjcet d&f zd fir

Ml dseelsj 6w sls Motk
f) 2184 .0180 .2D@ A4 EC .

9 f jtdtH

fts

i ts

1 ©
10

tcd iz dzC §
W dzo Ot W

1

ftojHilsOs dzj dz
2025 ¢.
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{ M dRE &Y ¢ d1dfdijsdd sEs s’

1 06 dzv uj ded §

l "atH] dMhfmdzj Hise Odzdw BT dzts o' f sdzdzj dzts 23 BteB dIs
Hidzdls! BEZOecsftedwWwisde | kEfmdzsedw dr o' §f sdzdzj dedv M &
desfisd, B" dzts dLBEyd des o dzdw dedy OtccliOaki delc® . §f j o W

I1ts dsscOdz ftetso jH jdzder = BOdzj otctse BF dzO Gftcj HJ dz
mMd issMmls: dL dBgj dzgj dedw o Mslsr tsteBdls’' s & MlsO ftetso j

l tjLkd Oy dmMMdzi Hse Odzd™w Of syJ ddlsdid &g d O § f
ted sHdydztsmis! or § tsdzdzj dzd w6 O3 Ordaljodste axfH fiy s fily © o dzvd3jsislz j Sifls
YyJ dzstc steBdls’ odatsea! tsCOLT 90Ojlsfmw dzOH Mfj o j tedzr dzd
WjSlsdodetsimils! s Mmdedy J dede o' Mslsr tsteBdls’ .

sfdmtsC dzdlsj tcOlskzter :

1. Nanosats DatabasURL.: https://www.nanosats.ewf O Is ® tc O i 13d25.2025).

2. Brian Weeden. 2009 Iridiur@osmos Collision. Fact Sheet / Secure World Foundation, November
10, 2010.

BdlzrnOdzse ¢. ¢. ¢ Mis GsHYREREIA,0 . z futg Qeoddrg. fdzd § R s § dzff $1s d
2010.3i53 M.

4.1 sdzsydjo s CORYJUz8 sHjdzd] o Hetsj Clsdietse Odzd 4 , ¢ s dzf
tcOC JIs: Zyj B -o 8 ippfie)f)© sre1l) dz 88 M.
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J1J veut [ B4
ARR

Jusd Rl 1L RU[]?
K 1 1 o1 falu

gReU[ [ 3 [JTRY( U}b

r . 4. 1 Oowraakegj o ¢ . |
s OBOEMEd2 EkZdde jtemdlsyls
ivlievav@mail.ru

[ v ftso jHjddw Bd hddhse ® dhmidj Hse Odzd2 d A
& dzdzO" Gtedj ZsOydy SshMBdujMSses OffOwLOkO. [ OCd
Osl)yY Bd "jj ©OM{tsfseOdsy ddj o §tddidyj dedd o
f OcOltss, Swoddyjmsets LOfkMSse SCwlstster & ko jddy
Ldzj o3 dzls dzOwW B OL O HOdzdz' » Ekflstets2 Milse, BOZzOW fMmistsd dst
st &BOcdedlsdy j MdMmisjdsr OSCSIkdoe dets?2 MsOsdddL Oydd & j
L dzj ee s Slstej B dzj dede' T tu velaf BtE)dSts HIOEAd @ o dizj sh | ¢ 5 o3t dsj dzls C

Ajd t©OeBls' MehMissY kO » ©OL©OB&S] dMf sdddls]
j dzlsOydd dzCalzs MY tzlstEzdt€ js B ML HO9 Odzs dzgOdB sz h d2 ¢
Bsds | dzj cesfsltejBdddd d sSBjMfjudoOds {WW,jCilsdo.
ytso .

I tjLkzd kO] ftsojHjddy Ijttejlsdyj MEJsRO dindzjSH
s h QW CwdfstelzSydw [ R

#jtoH]jyded ¢ BOcdzdlsdets? COlkzhCd or fsdzdzj dz dL dBROG
ZOHOs h jets dOdetd N j2 Gldsfdlsd ds?2 &0 ddls dts?2
r qodzj stc MjteHjydde O 7did3, HAZzZddzO 150 doid3. | dzd dz®@ H ¢
d St j ted Bj dzls O dz! dztsi ) IskOfg Ist) dtlgs O] Wistsjs e e OW d d, tedfy. 1

Mz deSE il j ted d3j dzels Oz dzOW Efls Odztse S O

l SBH] OBl Brdz ftesojHjdz Isitsteijlsdyud MSd2 O
dzedj dMmftsdzdzdlsj dz’ detsects Ekflstets?2 Miseo O, dzdPj sO€ M d & cebinid ]
Bjlstetse dMf sdzdzd Isj dz! detse s EMistes2 Miso © BOc dzd Isdets?2 st

RMatsHY L oL By dsMmisj 2 MdMmlsj dfamSatdzj H deve SHfif teftdseO)jde
L CMf jicddzj dzels© dzO C Olskzh Sk fsHOe Odzmw Ists€¢ 0, 2¢ ( dgC
33l ), tBEMdzseo dzj dzdz" | BceteOdzd Y dzgd j d@3 BZOC Md B3O dz! dzts H
SamSat

CCMmy Jteddsd dzlsOdz! dz" § HOdzde" §, ftej HMISOo dzj dede” § o
ud mMéd MsefOHOrl M kitstejlsdudmMcd LOMMudIs®ddr [d3d |
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gl Sydw "~ 3. 1t dzj o3 Hd&Z2ORBdSd d EftcOso dzj dzd W
vOCYJ Brdzd + Sy jteddzj delsOdz! dets ftsHIse jteyx Hj dz" o HIY
sjd dscts bMsts2flseoO, fojHmsOodvsh jes Mses2 It
oL BEh O h jes oetsLHj2Msadwy dO MBLHO Oj d&3F 2 dBOG dzd |

v OB dzdiy@cdde dL d3j toj dedW BOGdzdlsdescts Bsdzj dzlsO [ R U

=g J = 0,2 A, U J = 0,38 A, U
Mx , 2A| My, 2?A| Mz, 2A| Mx, 2A| My, ?A| Mz, 2A
1 0,8942 0,0473 0,0406 1,1271 0,0525 0,0895
2 0,9041 0,0649 0,0132 1,1504 0,0571 0,0118
3 0,8752 0,0416 0,0382 1,1599 0,0772 0,0263

s OB dzdiy@adlz | dL Bjtej dzadw RBOCd]lsdtsets Bk dsO [ R

of J = 0, 2 A, U J = 0,38 A, U
Mx , 2A| My, 2A| Mz, 2A| Mx, 2A| My, 2A| Mz, 2A
1 0,8268 0,0411 0,0061 1,1437 0,0713 0,0291
2 0,9447 0,0146 0,0454 1,1767 0,0059 0,0155
3 0,8532 0,0423 0,0234 1,1623 0,0693 0,0371

vs0Cts?2 Cttefbkz sy jls My dls: dj Mkh j2 Codmistciz¢
OB o dzzlstcj dzdzj ¢ s tsBi j BBO dzOdestf Zlsdzed C O [2h Mtstslso j k
dtcOo dzd 3 QAP BjSIsOdzdzse s [ R M OdzOdzsc Odzd, ftej H

v OB &Zqiw@ O dzd Is j dz' dzOv" OB dzd yO EOCdzdlsder & o MY s dzck

1 OL 9 Odzd § 1OBOth’lsIOGd$q’ALSd3dZ ? IBISJtTSJB(,[OfnfnG

t OL OB tsls O dzdz 71150 0,9 0,36 70

SX-MT-1[4] 161 14 1,00 0,4 200

CUBETORQUER M[5] 18177 0,66 0,75 72

iIMTQ Magnetorquef3] 961 901 0,2 1,2 196

[ sy dets odHjIs!, Ykt ©OLKOBBISOdzdetsj d Mt sdzded s j dz

sOydd SCdS ktoj dzlstsmf stse dats, sBdZOHO]jIs ¢ tsdiff @ sdg’ o3
s sMsOo B &5 KOG dedlsdz’ o5 Bsdsj delstsds, yYlsts §sHISO j &Y H
d HOdz dzgj 2" dr dMMmdzi Hso Odzd?2 © HOdzdesd3 dzOf tc O dzj dzd

RMMdzj Hise Odzd J or f sdzdzj dets f ted W d dzO dzfy 831007, f SH |
https://rscf.ru/project/287-10007/

s S ddlsjcOlkter

lL.Joyddzded S s [ . 5. RMMdzjHtseo Odzedj B'" MistetsH j 2 Misea dw
tcso Odedw / Y tejfteddelsr RIS dd3g. [ .1 .sdidzHrhO. 2011

2.1 O62823985. (MMd2MSOY AjHjteOydYy. -d CEEfsEEY

dzdCtso. 1 jizsCtsdtse R.J., Rodzdjoeo ¢. 1., sE&EkRE®Hd
Med2 dOydosdzOdz dgr 2 dMmMmdzj Hse Olsj dzt MEC 2 kdzedoe jtefd
©2023130442; ftedstedljls sl 21.11.2023 ¢.; ik
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3.1 Ocded Isdz" | d MY tsdzdzd 1§ joaz'C dz'tejs dzds'tes O deg'jhitpeisfytnix.ru/rW R L :
priboryi/pribory-microsputnik/ispolnitelnyieorganyisistemyiorientacziistabilizacziti-
navigaczii/magnitnigspolnitelnieo r g a n i (HOIO ®BtOh jddw: 23.05. .

4. CUBESPACE CUBETORQUE [+ dzj € Is tc t& gefizlz BIRL: https://www.cubespace.co.za/
products/gerl/actuators/cubetorquegH O Is ® tc O h : R3AH.2024).

5. scMiss fsBOL tOBBISCO dMf sdzdzdIsj dz' dzf » tStec Odzseo 0OCIsd
Hdzw MiskHj dyd ME BE B dzO dzts idulteBatzd ¢ . wHISBL BB H j,O dzO M
o0 OB/IA Nt Isdzj o MS.d j20ylls4j.dzd8Q3 1. . 502
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Rsdzd L Jtelze M dj dL dzzuj dedw ¢ itschpdgfou)] dififlssoctass Motedts frHsjtefrfl
shd2 WOCIktts, sctcOdzed ydo O h d2 MtesCd OCIsdodesets
MeowLd M {Isddd MBLHOdZd] BEttlstso 82 t©OH J Biddzf IlsiY tsiafzcet
Mtse M HdAdlsj d dr 3d MesC ORI OCIsdodesets MEkh j Mise se
dzs?2 d BJLBKCOL dzs?2 OBl dzj otsL di3sy dzs BJj L B tej H,
hde dLHjdd2 {djSktetdedets? € sl Sdzj dzls dets2j dgdd Ly Y Afipls
(v1Y) Chdidduyui Mitsets ftesMmMistcOdzMiso © (s ) .1 Muldsyledxm PIsf
fesyimm, MewL Odede" 2 f (Bfesd3dMMOdd d3jyHE dgdzs)y .
dsfmis! , L d&jShkeduimSd] fO0LOdRjk’ , OB O ¥ dptizd Mi§O L
OyddzdzO" Mlss2CsMmis: d Is. H.

dtesCd OCIkdodesets Mkh jMlseotseo OdegdwW HdzvW dzOdets My Iz Is dac
Yydlsj dz dets dzedyj. [HAOCt ottt tsBj MY jyjddwy dr MMl
stseo M dzj dL o j Misde d3d " dizded § @ic O3P 6 @ Gz 16 5 2O Gatizd d3j 16,
Ctsfmisd, stcjBEjIs ftoso jHJddW Hs Sdzdzd Isj dz' desets 5B
Mih jMmlse j dadzr d3 W d dzOdeftseor &3 d otcj d3j dedzr d3 L Olstc Ols O3,
BN Is' ftsdzkzyj dz dzj £H 59 dfilds. o ltc dfipdrlriay @ ,2 Qg d Hz@z! HsO dzdz" J
fsLHddr 1 15O O dzOL j dBdes?2 €M j tod di3d dzls Odz! dets?2 tslste C
fsmMsOaCd OffOtOIlskzter . It dqLBjYOdedj otsL ded € datso j dac
bkter dzjsBotSH]BE | SEeshoRdEaPdd j yj ddY ©0Hdoyd
MOdr = ttOdzdzedn 1 IsOf s MLHOdY Off OOlkter .

rdzv  tejhjddvw ftMmlsOoadzjdeder = LOHOY M Eyylssd tf
9 ¢l RR &jlfnls! oL @Iy desfils! COC ftotso jHjddW Cipkt d
¢ oaLHj2Mlsoade RR sl, OS¢ d OdOddldyj M2 tyj dzs
LOHOYd HtMisdeOs lsmw fEklsjd dOodzdydw O0CCtejHdlstso Odz
d dz¥ stc 3O ddets ydzts?2 MdMmilsj dzr , dadsjeh j2 det8geysj 3000

dJa RR &80CCtcjHdIsBa Odz 9 tcOL dzd ydz'¢h dzin g Eyits & digfisg- tc ) J
J dzdz" 2 tej cAnisfete Odz! des? MdMmisj B Mylsd¥dCOoydd ¢ tsd
sjd detsets yYjdzste® 5 Ctdzstesdt Mss2Ctsmisd o4 ted 1
hjdz0 OCCtej HJds @ Pdzeftistg Isthpffjls Odzso dzj dzds 1 Qo dlsj dz¢ filse
2019 GeBHO dZ2O0 ftcOoats ftetso jHjdedWw dMY " IsOdegd?2 B BHC

RMY " ISOIsj dz' dz' d5 QURi Rizlsdiedsighf =pdf' L ¥ sfw o fj HEsMsEY d
Bsh dtsfylsd t shdEl H @dedgsiiss ud QEPL 2 ¢f S =i i @ P d dz
dzr | MteiHMso O 5 Cdzlstetsdzé Mss2CtsMmisd ¢sa1 & otSLHJ
Mt fosMistcOdzMiso O 4 @GO -4OW[] [EOE S e @ WH ] tdz
] .1 - Adzj toctseo O [Bdzfledflsidg lsdzserms todzr » dMMmdzy Hise Odzd 2 (|
sBiMfjyde O ls f tslshpBdppiglsifs IROC{ tstdatgr h dzj dzdetsisd o
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g4l Cydi tetsedzj 3" fHtetsjSIsdetsa Odedw d + S MYy dz2OIsO

WizdzC ydsdzOdz! dz" = € dzO mldnjsd dztef dzt€ ascflaipjsfiefzd: As d o figafsts dzdzg dzd 2
stse, MBtslse j IsMisdzdzts tso tf gl frDtadedlgr ¢ s i3z ktotso dz® .

R dz¥ fs to d3O ipff ed@dlatts y dzOW  Mmd Mis J 3@ K re déifl &1 )L ChEA L HEZO dgCs fiy
tcOyg dsm¢ Rifdzding j W dets W kdeC ydosdzedtelzils i 2009 @EtsHO,
tcOLtcOBSlsyde O ttOHd B dzj € Is tcs dts? O O Idf tOotc OHsdzMe ' {f € dzld
ds?2 dJdW sted3Oydd 5 nOteOSIsjtedMmMlsds Or Mss2Ctsmisd € s
Isjdz! detsets 9" BtStcO Csi1. 1 OLO HOdzdzgr = Rud MtsHjteydls
dets?2 Misjtfjded HilsOdzdL Oydd. ffdsdRr a4 ds ototsH Waps? y JJdzts B EStsAjz |
d HOdzdz' §| f tsfylstsw dzdzts B dztso dzw ¥ Is iyw - f RchiPfo tisdry desR2W g Grdls:
Ll RR &ffltesosHdl O0dzOdzdlsdyi mMSdy d tOfmyy Isder j Byj dz€ d
~nOtOCIsjtcO® d MisjtfJjdd Mmdztsy desflisd .

J Mnamsan O HCM  Kocuwueckan noros  BALUCC v Hoaocrw  Crpancuiiail paoden v Kosrakny
POCKOCM
Boitn Pervuctpaums 8 61 UCC
Wms nonbaosarens unu email PerucTpaums HoBbIX nonbsosatenei ocywectansetca Punuanom AO «OPKK» — «HAW KIM» nocne nonyueHns niucbMa — 3anpoca pyKosoauTenst

OpraHM3auuK (COMAacoBaHHoro ¢ oTaenom NPUBOPHLIX TexHonormit n obecnedenun npumenerns 3KB Pockocmoca), dunuan AO «OPKK» — «HUN
KIM» mMoxet oxkaaats coAeicTBME B COMACOBAHMN NUCHMA C POCKOCMOCOM, UNA 3TOM0 KEOBXOAMMO BLICNATL NUCHMO — 3aNPOc, 0OPMNEHHOE Ha
Gnakxe npeanpuaTUA W coaepxalyee rpud cornacosanta ¢ Pockocmocom (oM. Gnank aanpoca), PUO, aomwHoCTH, Tenedonsl i
MHAMBIUAYANbHBIE RAPECA INEKTPOHHOM NONTLI COTPY/HMKOB, KOTOPbLIM HEOBX0AMMO NPEAOCTaBTL A0CTYN

BnaKK 3anpoca Ha pereTpaLuio

Cornacosaxue Cnucka COTPYAHUKOB ¢ POCKOCMOCOM NPOKIBOAUTCA NO HaKTy NPEILABNSHIUA MCHMA-2ANPOCA HA PerMETPaLMIO. [To4ToBLIA
anpec Pockocmoca: 107996, MCN-6, r. Mocksa, yn. Wenkuua, n.42

Napons

3anoMHNTL MEHR

Boittn HanoMUHEEM, HTO BCE OPFaHN3ALIMN PKETHO-KOCMUMECKOH NPOMBILUNEHHOCTH, HAXONALLMECH B BejleHnn Pockocmoca, nonysaior goctyn k UCC
BeapoameanHo.
3abuinn naponb
Take obpawaem Bawe BHuMaH1e Ha TO, 4TO NOCNE NOATBEPHAEHNA PTUCTPALMA NONbIOBATENW CUCTEMbI NONYYAIOT AOCTYN K NEPEYHAM
INEMEHTOB, @ TAIOKEe K PRAY MaTEPUANO0B CNPABONHOTO paanena. [nA nonyyekns CTaTed 3 CNpaBoNHOTO Paanena, NoAPoDHLIX XapaKTepuCTHK

326k Napons? aNeMeHTOB 13 Gaskl AaHHbIX U APYFON MHHOPMALIMK HEOBXOAUMO OTNPABHTL 3ANPOC BAMMHUCTPATOPY CUCTEMb
bl b’

3a pononuutensHoi uHdopmaunei npocsBa obpawarsen k agmunuctpatopy (E-mail: kosradis@orkkniikp.ru).
BoccTanoBuTb AocTyn

{dMbwE8 L LOdkdL OydY diidOodsonideddzdes] imls j &5 o Mjilsd R dak
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COL" 9o BBwltsora 1 dzj Cltesdzdzr » MdMlsjy BOR S sMd3d yd M
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BdlkOr d YBHO jjteOjIsMw oBLHj2Made L d&kzkzyjdd?2 tcC
swyjdzm a LOtwy jdedzgr =« yofmmlsdy (vy1vy), HtojHMmlsOodzw e h
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