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J.E. Pri6kun, E.W. Kop3yn
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Main Results of the 1SS-53/54 of Expedition Training and Activity When
Carrying out the Mission Plan. A.A. Misurkin, A.A. Kuritsyn, A.l. Kondrat,
V.A. Kopnin, D.E. Rybkin, E.l. Korzun

The paper considers results of the 1SS-53/54 crew activity aboard the “Soyuz-MC-06”
spacecraft and the ISS. The tasks solved when performing extravehicular activity are
reviewed.
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MEJIULIUHCKUE ACHHEKTBI OBECHHEYEHUSA BE3OITACHOCTH
MOJIETA DKHUITAYKA MKC-53/54 (QKCIIPECC-AHAJIN3)

B.B. boromomnog, B.U. Ilouyes, U.B. Andepona, E.I'. Xopormesa, B.B.
Kpusonanos

AHHoTamus. B craTthe mpeicTaBlieHbl PE3yJIbTAThl MEIUIIMHCKOTO O0ECIICUCHUS
roJsieTa IKHUTAXKA MKC-53/54. Haercs KpaTKas XapaKTepUCTHKA
(hYHKITMOHUPOBAHUS CHCTEM MEIUIIMHCKOTO O00ECIIeUeHHs TIoJIeTa U TOIepPKaHuUs
crabuibHOCTH cpenpl ooutanus kocmoHaBToB Ha PC MKC. Iloxgsenensl mrorn
BBITIOJIHCHUST ~ PEKOMEHIAIMA  MEIUIIMHCKUX  CICIHAUCTOB,  IPOTPaMMEI
MEIUIIMHCKOTO KOHTPOII W HCIOJB30BaHUS OOPTOBBIX CPEICTB MPOPHUIAKTHKA
HapyIICHUs] COCTOSHHUS 3I0POBbSI KOCMOHABTOB B ITOJIETE.
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Medical Aspects of Securing the Flight of the ISS Crew for Expedition 53/54
(Express Analysis).
V.V. Bogomolov, V.I. Pochuev, I.V. Alferova, E.G. Khorosheva, V.V. Krivolapov

Abstract. The paper shows the results of medical maintenance of the 1SS-53/54 expedition
and gives a brief description of operation of the medical support system and maintaining the
stability of human environment aboard the ISS RS. Besides, the paper sums up results of
implementing medical recommendations, program of medical monitoring and the use of
onboard means designed to prevent the alteration of cosmonauts' health status in
spaceflight.

Keywords: medical support, medical monitoring, preventive system, human environment,
work/rest schedule.
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PE3YJIBTATHI BBIITIOJITHEHUSA ITPOI'PAMMBI K39 «9KOH-M»
KOCMOHABTOM A.A. MUCYPKHUHBIM B COCTABE DKHUITAKA
MKC-53/54

I'.J1. Opemxun, A.H. SAnpennes, A.B. CeBepruHeHKO

AHHOTanusi. B crartbe NpeACTaBIEHBI PE3yJbTAThl  BBIIOJHEHUS — [POrPAMMBI
kocMmuueckoro oskcriepumenta (K3) «OxoH-M» kocmoHaBToM A.A. MucypkunsiM. B
coctaBe skumaxka MKC-53/54 mpoBeneH aHamm3 paboOThl HAydHOW M OOECTICUMBAIONICH
anmnaparypsl, BbIIAHbI IIPEATI0KEHHS 10 MCIONb30BAHUIO MTOJIYIEHHBIX PE3YIbTaTOB.
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Results of Implementing the “Ekon-M” Space Experiment Program by A.A.
Misurkin, a Member of the ISS Crew for Expedition 53/54.
G.D. Oreshkin, A.N. Yadrentsev, A.V. Severinenko

Abstract. The paper consideres the problems of training cosmonauts for emergency
situations, argues the necessity of training crews in flight, gives the on-board simulator
structure and describes the process of on-board training.
Keywords: space station, crew safety, training, skills, level of preparedness, on-board
simulator, training tasks, methods of on-board training.
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JJABOPATOPUSI «IIJTASMEHHBINA KPUCTAJLI-3 ILTFOC» HA
POCCHUVICKOM CETMEHTE MEXJIYHAPOJJHOM KOCMHUYECKOM
CTAHIMH - YCHEIIHBIA TPOEKT IO ®U3NKE KOMIIJIEKCHOM
IIJIABMbI

B.E. ®optos, O.D. [lerpos, A.Jl. Ycaues, A.M. Jlunaes, C.A. Xpanak, B.1.
Mormnotkos, B.H. Haymkun, JI.1. XKyxoBunkwuii, A.I'. Xpamak, X.M. Tomac, M. I1IBa6e

AHHOTaUMsA. B craThe NMPUBOIATCS CBEJIEHUS O PE3YJIbTaTaX YCIHENIHOM peann3alvu
COBMECTHOTO POCCHUICKO-TEPMAaHCKOTO IPOEKTa MO HCCICIOBAHUIO (PH3MKH CHIBHO
HeUJealbHOM KOMILJIEKCHOW (IBLIEBOI) IUIa3Mbl B YCIIOBUSIX MHUKpPOTpPAaBUTALUH.
KommiekcHast (mbljieBas) mia3Ma IpeiCTaBiIsIeT Co00H HU3KOTEMIIEPAaTyPHYIO TUIa3My,
COIepKAIYI0 TBEPAbIE YACTHIBI MHKPOHHOTO pa3Mepa. OTH MHKpPOYACTHUIIBI
MpUOOPETAIOT OOJBINON 3apsii ¥ CTAHOBATCS JIOMHHHPYIOUINM KOMIIOHCHTOM B
wia3me. braromapst BO3MOXHOCTH HAOJIOICHHS 32 MOBEICHUEM OTACIBHBIX IMBUICBBIX
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YACTHI] ¥ MCCJICAOBAHUS CHCTEMBI MHOTUX YaCTHIl HA KHHETHIECKOM yPOBHE IbIIECBas
IUla3Ma B HACTOSIIEE BPEMsI AKTUBHO HCIOJIB3YETCSl NPH W3YyYCHUH SIBICHUH
HEHJEATbHOCTH B KJIACCHYECKOM KOHJICHCHPOBAHHOM BeIecTBE. [ BBINONHEHHS
9KCHEpUMEHTOB C OompmmMu (Oojiee MHJUIMOHA MHKPOYACTHI]) H3O0TPOITHBIMHU
TPEXMEPHBIMH MBUIEBBIMH CHCTEMaMH HEOOXOIMMO YCTPAaHHTh CHIJIBHOE BIHSHHE
TPaBUTAllMH Ha 3apsDKEHHBIC NMBIIEBBIE YACTHIBIL, YTO BO3MOXKHO IIPU HCCIIEJOBAaHUN
9THX cHUCTeM Ha OopTy MexnyHapoaHoil kocmuyeckoil craHmumu. C TOMOIIBIO
yHUKanbHO# nabopatopun [1K-3 Ilmroc, padortaBmel Ha poccuiickom cermente MKC
¢ 2006 o 2013 rr., mosy4eH OrpoMHBIH 00beM HaydHOH MH(OPMALMHK O Mpolieccax B
KOMIUIEKCHOHM (IbUIEBOM) IuTa3Me. BBITOJIHEHBI 3KCIIEPUMEHTHI 110 HCCIIEAOBAHUIO
¢dasoBoro mepexoja IUIA3MEHHBIH KpUCTAIUT - IUIa3MEHHas KMIKOCTh IpHU
BapbUPOBAHHUH PsiZa MAPaMETPOB, PEKPUCTAIIM3ALNH TJIa3MEHHO-TIBIEBOI CUCTEMBI,
0COOEHHOCTEW MPOIIECCOB B OMHAPHBIX MBUIEBBIX CHCTEMaX, 3JIEKTPOPEOIOTHIECKON
1a3Mbl, (QIyKTyamui MOJIOKEHHIT MUKPOYACTHIl B y3/laX IUIa3MEHHOTO KpHCTallIa.
BbImoMHEHB! 3KCHEPUMEHTHl 10 H3YYCHHIO KOJUIEKTHBHOTO JABID)KEHHS ITHUICBBIX
YacTHLl, B3aUMOJEUCTBUS KOMIUIEKCHOM IIa3Mbl C KPYIHOM CHIJIBHO 3apsyKEHHOU
MaKpOYacTUIIeH, OCOOCHHOCTEH IIIa3MEHHO-TIBUICBHIX — HeycToWumBocted.  [lo
HACTOAIIErO BPEMEHH oOIyOsnmkoBaHo Oosee 60 crareii 1o  pe3ynbpraTam
skcriepumenToB Ha [1K-3 Ilntoc B Benymux pedeprupyeMbix HayuHBIX KypHalIax, TeM
He MeHee aHaJi3 1 00paboTKa MOJyYEHHOTO0 MacCHBa JaHHBIX IPOJ0JKACTCS.
KiaroueBble cioBa: CHIbHOHEUJCATbHAS KOMIUICKCHas (IbLIeBas) IUIa3Ma,
MUKpOTpaBHUTAIUs, (PAa3OBBI TMEpexojl, IIa3MEHHBIH KPHUCTAII, IDIa3MEHHAS
JKUIKOCTh, CKAHUPOBAaHUE.

JIUTEPATYPA

[1] Kommnekchast u mbiieBas mwiasma. M3 maGoparopun B kocMoc / ox pen. B.E. @oprosa, I'. Mopdmia.
— M.: ®usmariut, 2012. — 443 c.

[2] Beenenue B u3uKy mbLICBOI 1 KOoMIUIeKCHOW mia3Mbl / A.B. Uenes, C.A. Xpanak, B.1. Mosotkos,
A.T. Xpanak. — Jloaronpynnstii: Uznarensckuit lom «MuTemiexT», 2017. — 124 c.

[3] Complex plasma laboratory PK-3 plus on the international space station / H.M. Thomas, G.E. Moffill,
V.E. Fortov et al. // New Journal of Physics. — 2008. — Vol. 10, — P. 033036.

[4] TIna3meHHO-TIBLIEBbIE KPUCTAIUTBI M JKHIKOCTH B JKCIEPUMEHTaX Ha MeXIyHapoaHON KOCMHUYECKOi
craniyn / B.E. ®oprtos, O.D. [lerpos, B.1. MonoTtkoB u np. // [Tunotupyemsie MoIeThl B KOCMOC. —
2011. — Ne 1(1). — C. 65-77.

[5] Freezing and Melting of 3D Complex Plasma Structures under Microgravity Conditions Driven by
Neutral Gas Pressure Manipulation / S.A. Khrapak, B.A. Klumov, P. Huber et al. // PHYSICAL
REVIEW LETTERS. — 2011. — Vol. 106. — Ne 20. — P. 205001.

[6] Experiments on phase transitions in three-dimensional dusty plasma under microgravity conditions /
V.l. Molotkov, V.N. Naumkin, A.M. Lipaev et al. // INTERNATIONAL CONFERENCE - THE
PHYSICS OF LOW TEMPERATURE PLASMA (PLTP-2017) : Journal of Physics Conference Series.
—2017.—Vol. 927. — P. UNSP 012037.

[7] Khrapak, S. A. Multiple phase transitions associated with charge cannibalism effect in complex (dusty)
plasmas / S.A. Khrapak, H.M. Thomas, G.E. Morfill // EPL. — 2010. — Vol. 91. — Ne 2. — P. 25001.

[8] Observation of metallic sphere-complex plasma interactions in microgravity / M. Schwabe, S. Zhdanov,
T. Hagl et al. // NEW JOURNAL OF PHYSICS. — 2017. — Vol. 19. — P. 103019.

[9] Dust coupling parameter of radio-frequency-discharge complex plasma under microgravity conditions /
D.l. Zhukhovitskii, V.N. Naumkin, A.l. Khusnulgatin et al. // PHYSICAL REVIEW E. — 2017. — Vol.
96. — Ne 4. — P. 043204.

[10] Latest results on complex plasmas with the PK-3 Plus laboratory on board the International Space
Station / M. Schwabe, C.R. Du, P. Huber et al. // Micrograv. Sci. Technol. — 2018. — published online.

[11] Density waves at the interface of a binary complex plasma / L. Yang, M. Schwabe, S. Zhdanov et al.
/I EPL. —2017. - Vol. 117, — P. 25001.

[12] First observation of electrorheological plasmas / A.V. Ivlev, G.E. Morfill, H. M. Thomas et al. //
PHYSICAL REVIEW LETTERS. —2008. — Vol. 100. — Ne 9. — P. 095003.

[13] Dynamics of Lane Formation in Driven Binary Complex Plasmas / K.R. Suetterlin, A. Wysocki, A.V.
Iviev etal. // PHYSICAL REVIEW LETTERS. — 2009. — Vol. 102. — Ne 8. — P. 085003.

[14] Interpenetration of two clouds of microparticles in complex plasma under microgravity conditions /
V.l. Molotkov, A.M. Lipaev, V.N. Naumkin et al. // DUSTY/COMPLEX PLASMAS: BASIC AND
INTERDISCIPLINARY RESEARCH: SIXTH INTERNATIONAL CONFERENCE ON THE
PHYSICS OF DUSTY PLASMAS : AIP Conference Proceedings. — 2011. — Vol. 1397.

[15] Comprehensive experimental study of heartbeat oscillations observed under microgravity conditions
in the PK-3 Plus laboratory on board the International Space Station / R.J. Heidemann, L. Couedel, S.K.
Zhdanov et al. // PHYSICS OF PLASMAS. — 2011. — Vol. 18. — Ne 5. — P. 053701.



[16] Nonviscous motion of a slow particle in a dust crystal under microgravity conditions / D.I.
Zhukhovitskii, V.E. Fortov, V.I. Molotkov et al. // PHYSICAL REVIEW E. — 2012. — Vol. 86. — Ne 1,
2.—P.016401.

[17] Density distribution of a dust cloud in three-dimensional complex plasmas / V. N. Naumkin, D. 1.
Zhukhovitskii, V. 1. Molotkov et al. // PHYSICAL REVIEW E. — 2016. — Vol. 94. — Ne 3. — P. 033204.

®oproB Baagumup EBrenbeBuY — J0KT. (u3.-MaT. Hayk, mpodeccop, aKaaeMuK
PAH, ®@enepansHOoe  TOCymapcTBEHHOE  OIO/DKETHOE — YUPEXJACHHWE  HAyKd
«O0BpenMHEHHBI MHCTUTYT BBICOKHUX TeMIiepaTyp Poccuiickoil akaieMun HayK.

DIIeKTpOHHAs T0YTa!

IlerpoB Oser ®emopoBuY — MOKT. (m3.-mar. HaykK, mpodeccop, akagemuk PAH,
®denepalibHOE  TOCYJAPCTBEHHOE OOJDKETHOE YyupexaeHue Hayku «OO0beIUHEHHBIN
WHCTHUTYT BBICOKHX Temrieparyp Poccuiickoi akaJieMuu HayK».

SHGKTpOHHaH moyra:

YcaueB A./Jl. — kxana. ¢us.-mar. Hayk, DenepaibHOE TOCYIAPCTBEHHOE OIOPKETHOC
yapexaeHne Haykun «OObeIWHEHHBIH WHCTHUTYT BBICOKHX TeMmrepatyp Poccuiickoii
aKaZgeMuH HayK».

DIIEKTPOHHAs OYTA!

JlumaeB Amnapeii MuxaiiioBuy — kaHa. ¢u3.- wMar. Hayk, DenepampHOe
rocyJapCcTBEHHOE OMOJUKETHOE YydpekaeHue Haykn «OObeIWHEHHBIH HHCTHUTYT
BBICOKHUX TeMIepaTyp Poccuiickoil akajeMuu HayK».

OneKTpoHHas MoyTa:

Xpanak C.A. — kaHja. ¢us.- Mat. Hayk, denepaibHOE rOCyIapCTBEHHOE OOKETHOE
yapexeHne Haykun «OObeIWHEHHBIH WHCTHUTYT BBICOKHX TeMriepatyp Poccuiickoii
aKaJeMHUH HAyK.

OneKTpoHHas MoyTa:

Mogaorkos Buaagumup HWBanoBu4 — KaHja. TexH. Hayk, DexaepasibHOe
TOCY/IapCTBEHHOE OKJDKETHOE yupexaeHne Haykun «OObeIUHEHHBI WHCTUTYT
BBICOKHUX TemrepaTyp Poccuiickoit akageMuu HayK».

QHGKTpOHHaSI moyra:

Haymxun B.H. — xanj. ¢us.- Mat. Hayk, DejepaibHOE roCcy1apcTBEHHOE OOKETHOE
yupexaeHue Hayku «OObeIMHEHHBI HHCTUTYT BBICOKHMX TemiiepaTyp Poccuiickoit
aKaJeMHUH HAyK.

QHGKTpOHHaSI moyra:

Kyxosuukuit .M. — nokrt. ¢us.- mar. Hayk, DegepanbHOE TOCYIapCTBEHHOE
OromkeTHOe yupexaeHne Hayku «OObeIWHEHHBIH HHCTUTYT BBICOKMX TEMIEpPaTyp
Poccuiickoi akaieMUH HAyK».

ONeKTpOHHas MoYrTa:
Xpanak A.I'. — 10KT. ¢u3.- MaT. Hayk, DexepanbHOe TOCYIapCTBEHHOE OIOKETHOE

yapexjaenne Haykn «OO0beIWHEHHBI HWHCTHUTYT BBICOKHMX TeMmmeparyp Poccuiickoii
aKaJeMHUH HAyK».

DneKTpOoHHas MoYTa:

Tomac X.M. — nokr. ¢wiocopun, HMHCTHTYT (U3MKH MaTepualioB B KOCMOCE
I'epMaHCKOT0 KOCMUYECKOTO areHTCTBA.

DJIeKTpOHHAs T0YTa!



IllBa6e M. — pokr. ¢unocopun, MHCTUTYT (U3MKKM MaTepHasoB B KOCMOCE
I'epMaHCKOr0 KOCMHYECKOTO areHTCTBA.

aﬂeKTpOHHaH mnmoyra:

“Plasma Crystal — 3 Plus” Laboratory at the Russian Segment of the
International Space Station is a Successful Project on the Complex Plasma
Physics. V.E. Fortov, O.F. Petrov, A.D. Usachev, A.M. Lipaev, S.A. Khrapak,
V.I. Molotkov, V.N. Naumkin, D.l. Zhukhovitsky, A.G. Khrapak, H.M. Thomas,
M. Schwabe

Abstract. The paper contains information on the results of the successful realization of
the joint Russian—German project of studies in the field of physics of the strongly-
coupled complex (dusty) plasma under microgravity conditions. Complex (dusty)
plasma is low temperature plasma containing solid particles of micron size. These
particles acquire a high charge and become the dominating component in the plasma.
Owing to a possibility of observing a behavior of separate dust particles and studying a
system of many particles at the kinetic level, the dusty plasma is now actively used to
investigate the phenomena of nonideality in the classical condensed matter. To
perform experiments with large (more than a million of microparticles) isotropic three-
dimensional dusty systems it is necessary to eliminate a strong influence of gravity on
the charged dust particles what is possible during studies aboard the International
Space Station. With the help of the unique PK-3 Plus laboratory which operated at the
ISS Russian Segment from 2006 through 2013 the great volume of scientific
information on processes in the complex (dusty) plasma has been obtained.
Experimental studies of the "plasma crystal - plasma liquid™” phase transition at varying
a number of parameters, recrystallization of the dusty-plasma system, peculiarities of
processes in the binary dusty systems, electrorheological plasma, fluctuations of the
position of microparticles in the plasma crystal lattice points were carried out.
Experimental studies of collective motion of dust particles, interaction of the complex
plasma with a large highly charged macroparticle, and the features of dusty plasma
instabilities were conducted. More than 60 papers on the results of experiments on the
PK-3 Plus have already been published in the leading refereed scientific journals,
nevertheless analysis and processing of the obtained data array are still in progress.
Keywords: strongly nonideal complex (dusty) plasma, microgravity, phase transition,
plasma crystal, plasma liquid, scanning.
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OCHOBBI AHAJIN3A U ITPOEKTUPOBAHUSA UT-UHOPPACTPYKTYPbI
JJISA THTETPUPOBAHHOI'O TPEHAKEPHOT'O KOMIIJIEKCA
nHoArOTOBKN KOCMOHABTOB

B.E. lllykmynos, B.B. Automkun, M.M. Xapnamos, B.I1. Xpunynos, b.A. Haymos,
C.H. Kospurun

AHHoTamms. B  cratee  paccMaTpuBAarOTCS  MOAXOABI K CO3JAHUIO
HWHTETpuUpoBaHHOTO TpeHaxepHoro komruiekca B LIIIK umenn 10.A. T'arapuna nHa
0a3e COBpPEMEHHBIX TEXHMYECKHX W MPOTPaMMHBIX cpeicTB. OmucaH MOAXOJ K
CO3JIaHMIO €OUHOTO MH(OPMAIIMOHHOTO IPOCTPAHCTBA HA OCHOBE paclpeesIeHHOM
cpelsl MOAETUpoBaHysl. [IpUBOIATCS OCHOBHBIE TEXHUYECKHE M KOHILIENTYyaIbHBIE
pelieHHs, a TakKKe TNPEIOKEHUs JUIS pa3paboTKH MPOrpaMMHO-aNapaTHON
UHPPACTPYKTyphl Ha OCHOBE COBPEMEHHBIX TEXHOJIOTHH, B TOM 4YHCIE C
MIPUMEHEHUEM LIEHTPAJIM30BAHHBIX PAacyeToOB B IIEHTpe 00paboTku naHHbIX. KpaTko
OIMCAHbI PEe3yJIbTAThl BBHIMOIHEHHOW PabOTHI M0 TECTUPOBAHHIO CYIIECTBYIOIIEH
UT-undpactpykrypsr LIIK umenn FO.A. Tarapuna B wWHTepecax peanu3alnuu
WHTETPUPOBAHHOIO TPEHWKEPHOIO KOMILIEKCA W OCHOBHBIE TpeOOBaHUS K
arrnapaTHOW YacTH.

KuroueBsble cj10Ba: TpeHaXKEPHBIN KOMIUIEKC, KOMIUIEKC TPEHAXKEPOB, TEXHOJIOTUU
BUPTYQJIH3allUd PECYPCOB, TEXHUYECKHE CPENCTBA IOATOTOBKHM KOCMOHABTOB,
HHTETparysl.
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Basics of the Analysis and Designing of IT-Infrastructure for the
Integrated Simulator Complex of Cosmonaut Training. V.E. Shukshunov, V.V.
Yanushkin, M.M. Kharlamov, V.P. Khripunov, B.A. Naumov, S.N. Kovrigin

Abstract. The paper considers approaches to the creation of an integrated simulator
complex at the Gagarin CTC on the basis of modern hardware and software. An approach to
the development of a single information space on the basis of the TRIO distributed
modeling environment is discussed. Key technical and conceptual solutions as well as
proposals on designing the software/hardware infrastructure on the basis of modern
technologies including with the use of centralized calculations at the data processing center
are given. The results of the performed testing the existing IT-infrastructure at the GCTC in
the interests of implementing an integrated simulator complex and main requirements for
hardware are briefly described.

Keywords: simulator complex, simulator facility, resources virtualization technology,
technical facilities for cosmonaut training, integration.

REFERENCES

[1] Naumov B.A. Space Simulators. — FSBO Gagarin Research&Test CTC, Star City, Moscow region,
2013.-214 p.

[2] Naumov B.A., Khripunov V.P. Basic Approaches to the Creation and Operation of the Technical
Facilities for Cosmonaut Training // Manned Space Flights. — 2014. — No 2 (11) — pp. 30-34.

[3] Naumov B.A., Khripunov V.P. Putilin D.V. Simulator Complexes. Virtues and Shortcomings of the
Development and Operation // Manned Space Flights. — No 2(23). — 2017. — pp. 29-36.


mailto:V.Khripunov@gctc.ru

[4] Bezrukov G.V., FomenkoV.V. TRIO Software in ISS Simulators // Proceedings of the Scientific and
Technical Seminar «Technical Facilities and Technologies for Construction of Simulators». — Star City,
1998. — Issue. 3. — pp. 73-77.

[5] Lunkin K.S., Vinogradov Yu.A., Saev V.N. Experience in Designing and Operating the Computer
Systems of Space Simulators // Manned Space Flights. — No 2(15). — 2015. — pp. 102-111.

[6] Lonchakov Yu.V., Naumov B.A., Khripunov V.P. General Provisions for the Creation of an Integrated
Technical Facilities Complex for Cosmonaut Training at Gagarin CTC // Manned Space Flights. — No
4(13). — 2014. — pp. 25-39.

[7] Shukshunov V.E., Yanyushkin V.V. Advanced Simulator Complexes for Cosmonaut Training. —
Moscow: Mashinostroenie Publ., 2015. — 112 p.

[8] Shukshunov V.E., Tsibliev V.V. Pototskiy S.I. Simulators and Simulator Complexes. Technology
Development and Operational Experience. — Moscow: Mashinostroenie Publ., 2005. — 384 p.

[9] Kovrigin S.N., Yanyushkin V.V. The analysis of an IT infrastructure of the Astronaut Training Open
Automation System to Create an Integrated Simulation Complex // Programmnye Produkty | Sistemy
(Software&Systems). — No 4. — 2015. — pp. 16-21.

[10] Shukshunov V.E., Yanyushkin V.V. Conceptual Framework for Development of the Next-generation
Educational Training and Simulation complex (etsc) // Programmnye Produkty 1 Sistemy
(Software&Systems). — No 4. — 2015. — pp. 5-15.

[11] High-Level Architecture, The official website of JSC “Rusbitech”:
http://rusbitech.ru/press/news/news-company/high-level-architecture.

Shukshunov Valentin Efimovich — Doctor of Technical Sciences, Professor, Head of the
Space Simulator Center, Moscow

E-mail:

Yanushkin V.V. — Ph.D. In Engineering Science, Deputy Head for Technological Development,
the Space Simulator Center, Moscow.

E-mail:

Kharlamov Maksim Mikhaylovich — Deputy Head (for innovative development), FSBO
“Gagarin R&T CTC”.

E-mail:

Khripunov Vladimir Petrovich — PhD in Technical Sciences, Assistant Professor, Head of
department, FSBO “Gagarin R&T CTC”.

E-mail: V.Khripunov@gctc.ru

Naumov Boris Aleksandrovich — PhD in Technical Sciences, Associate Professor, leading
researcher, FSBO “Gagarin R&T CTC”.

E-mail: B.Naumov@gctc.ru

Kovrigin Sergey Nikolaevich — PhD in Technical Sciences Associate Professor, Division Head-
Deputy Head of Space Center, FSBO “Gagarin R&T CTC”.

E-mail: S.Kovrigin@gctc.ru

V]IK 621.865.8

POBOT KOCMHUYECKOI'O HASHAYEHMUS KAK COCTABJIAIOIIAA
HAYYHOM AIIIMAPATYPBI
A.A. bornanoB A.A., .M. Kytiy0aes, A.®. [lepmskos

AnHotamus. O0OCHOBaHa I1€JIECOO00PA3HOCTh MCIIOIb30BAHMS aHTPOTIOMOP(HOM
CTPYKTYpBl TpU CO3JaHMM po0oTa KOocMHYecKoro wucrnonHeHus. llpeanoxena
KjaccuuKanusa poOOTOB KOCMHUUYECKOT0 Ha3HAYCHHUS! B 3aBUCUMOCTH OT BHEITHHX
ycnoBuil  (hyHKIMOHUpOBaHUs. OTpakeHbl OCHOBHBIE OCOOCHHOCTH ITOCTPOCHHS
KaXoro THma podoTa. [IpelcTaBleHbl Ned W 3aJaud BBIMOIHSIEMOTO MPOCKTa
«UcnbiTarens», B X0A€ KOTOPOro OyAET OCYIIECTBICH OPOUTAIbHBIA TOJIET C
anTponioMopdHsM poboromM «FEDORY. CnieninanbHasi HOATOTOBKA IEHCTBYIOIIETO
pob6ora «<FEDOR» mo3BoNHMT TIPOBECTH UCCIIECMOBAHUSA €T0 (QYHKIIMOHHUPOBAHUSI B
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Robot of Space Application as a Component of Scientific Hardware.
A.A. Bogdanov, .M. Kutlubaev, A.F. Permyakov

Abstract. The reasonability of usage of anthropomorphic structure in designing of a robot
of space application is proved. The classification of robots of space application depending
on external conditions of functioning is proposed. The main features of construction of each
type of a robot are indicated. The purposes and tasks of “Ispytatel” manageable project
within the framework of which an orbital flight with “FEDOR” anthropomorphic robot will
be accomplished are presented. Special preparation of “FEDOR” robot will make it possible
to perform research of its functioning under the impact of orbital flight factors, such as
vibration, suddenly-applied load, zero-gravity.

Keywords: anthropomorphic robot, “FEDOR”, “Ispytatel”, types of robots of space
application, robot hand, basic components, space station, space experiment, orbital flight,
flight tests.
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BUPTYAJIBHOE 3D-MOJEJINPOBAHUE PEAJIbHBIX IIKK B
HUHTEPECAX UICTOPUKO-TEXHUYECKHNX UCCJIEJOBAHUN U
COXPAHEHWSI HAYYHO-TEXHUYECKON HH®OPMAIIUU OB
OBBEKTAX

KO.M. Barypun, b.W. KproukoB, A.B. Jleonos

AnHoTanusi. CraTbsl NOCBSIICHA OLICHUBAHUIO BO3MOXKHOCTEH CO3JaHUs
BUPTyalnbHbIX 3D-Moneneld yHUKambHBIX MHIOTHPYEMBIX KOCMHYECKUX
KOMILUIEKCOB B pEaJbHBIX YCIOBUSAX KOCMUYECKOTO IOJIETa B HMHTEpEcax HX
HUCTOPUKO-TEXHUYCCKUX W HCTOPHUKO-HAYUYHBIX I/ICCHCIIOB&HI/IfI, a TaKxXe
TIOMYJISIPU3alAA  TIIOTUPYEMOH KOCMOHABTHKH. AHAIM3UPYETCS OIIBIT
WCIIONIb30BAHUS TPEXMEPHOH TpaduKkd B MWIOTHPYEMOH KOCMOHABTHKE,
WCIIONB3YyeMBbId  ammapaTHbIi  cOCTaB W METOJIMYECKUE  TPUEMBL.
PaccmarpuBaeTcss UMEOIUMNACA ¢ MOTEHIMAIBHBIA COCTaB  Pa3JIMYHOIO
WHCTPYMEHTapHsi, HeoOXomuMoro mis ocymiectBieHus 3D -mopenmupoBanus
KpPYITHOMACIITA0HBIX MHWIOTHPYEMbIX KOCMHUYECKAX OOBEKTOB B KOCMOCE Ha
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OCHOBE  OMNbITa  CO3JaHUSl  TPEXMEPHBIX  TrpadUYecKuxXx  MOJelei
KpYITHOMACIITaOHBIX HAyYHO-TEXHUYIECKIX 00BEKTOB Ha 3eme.
CdopmynupoBaHbl OCHOBHBIC MPE IO CHHUSI o CKaHUPOBaHUIO
MeXIyHapoIHOW KOCMHYECKOW CTaHIUU B paMKax KOCMHYECKOTO
SKCIIEPUMEHTA JIJIsl CO3[IaHus ee BUpTyaisHoi 3D-Momemnm.

KnawueBbie ciaoBa: 3D-moxmenupoBaHue, MWIOTUPYEMBIH KOCMHUYECKHUIMA
KOMIUIEKC, KOCMOHABT, aCTPOHABT, JKUMAXK, TPEXMepHas rpaduka, cheMKa B
KOCMOCe, UCTOPHS HAyKHd M TEXHHUKH, JIJA3€PHOE CKAaHMPOBAHHE, BUPTyabHOE
MOJIeTTpOBaHue, (OTOrpaMMMETPHYECKrE MeToAbl, 3D-Moxenu myHo# 0a3bl.
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Virtual 3D-Simulation of Real Manned Space Complexes in the Interests of
Historical and Technical Studies and Saving Scientific and Technical
Information About Objects. Yu.M. Baturin, B.l. Kryuchkov, A.V. Leonov

Abstract. The paper evaluates the feasibility of creating 3D-models of unique manned
space complexes in real conditions of a space flight for carrying out historical-
technical and historical-scientific studies and also for popularizing manned space
exploration. The experience in applying three-dimensional graphics in manned space
exploration as well as the content of hardware used and methodical techniques are
analyzed. Available and potentially feasible content of instruments required for
implementing 3D-simulation of large-scale manned objects in space on the basis of the
experience in creating three-dimensional graphic models of large-scale scientific and
technical objects on the earth are considered. Main proposals for scanning the
International Space Station within the space experiment framework for creating its
virtual 3D-model are put forward.

Keywords: 3D-simulation, manned space complex, cosmonaut, astronaut, crew, 3D-
graphics, filming in space, history of science and technology, laser scanning, virtual
simulation, photogrammetric methods, 3D-models of a lunar base.
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I'nPJl - KAK ICTOPUUYECKOE HAYYHO-IIPAKTHYECKOE HAYAJIO
OTEYECTBEHHOI'O PAKETOCTPOEHMUS.
A.Il. Anexcanapos

AnHoTamusi. B cratbe Ha QOHE pa3BUTHS MHUPOBOM KOCMOHABTHKH JIAETCS
HACTOpHYECKasl PETPOCHEKTHBAa TIEPBBIX padOT, CBSI3aHHBIX C Pa3BUTHEM
pakeroctpoerns B CCCP. Kparko omeHuBaeTcsli BKJIAI OTEYSCTBEHHBIX
CHEIMAIUCTOB, TIOJOXHBIINX Hadalo paboTaM MO paKeTHOW TEXHUKE B
MOCKOBCKOW Tpymme 1o wu3ydeHuro peaktuBHoro jnBwkenus (I'UPJ).
PaccmaTpuBaroTcss BONIPOCH  OpraHW3anuyM  THOHEpCkmXx pador B ['MPJle.
OOparaercs BHHUMaHHE HAa HEOOXOJAMMOCTh COXPAaHCHHUS HAYYHOTO HACICIUS
I'MP/la.

KialoueBble cJjioBa: pakeThl, pPaKeTOCTPOCHHWE, PEaKTUBHBIE IBUTATEINH,
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AnexcanapoB Anexkcanap IlaBaoBuy — netunk-kocmoHaBT CCCP, kaHa. TEXH. HAYK,
ITAO «PKK «3ueprus» um. C.I1. Koponesay.
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Group on Propulsion Research (GPR) — as a Historical Scientific and
Practical Initial Point of National Rocketry. A.P. Aleksandrov

Abstract. The paper on the background of world cosmonautics evolution gives a historical
retrospective of first works related to development of rocketry in the USSR. It evaluates
briefly the contribution to science made by national specialists who started working on
rocket technology in GPR, Moscow. It describes issues of organization of pioneer works in
GPR, and draws attention to the necessity for preserving its scientific heritage.

Keywords: rockets, rocketry, propulsion, cosmonautics, cultural heritage.

REFERENCES

[1] Korolyova N.S. My Father. — Book 1. — Moscow: Nauka Publ., 2001.

[2] Glushko V.P. Development of Rocketry and Cosmonautics in the USSR. — Moscow:
Mashinostroenie Publ., 1987.

[3] Stratospheric Storm: Collection of Articles // Tekhnika Publ. — September 9, 1932.

[4] History of Astronautics and Rocket Technology. Proceedings of the XVIII International Congress.
Belgrade, September 25-29, 1967. — Moscow: Nauka Publ., 1970.

[5] TsGAOR the USSR. F. 8355, inventory4 (Quot. Po(23)).

[6] Golovanov Ya.K. Korolyov: Facts and Myths. — Vol. 1. — Russkiye Vityazi Publ., 2007.

Aleksandrov Aleksandr Pavlovich — Pilot-Cosmonaut of the USSR, Ph.D. in Engineering
Science, S.P. Korolev RSC “Energia”.

E-mail: POST@rsce.ru


mailto:POST@rsce.ru
mailto:POST@rsce.ru

