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International conference "Human space exploration'" organized by Roscosmos
under the auspices of the International Academy of Astronautics (IAA) and with
the support of JSC "RSC "Energia" S. P. Korolev" and Korolev city admin-
istration.

The conference is timed to the celebration of the 55th anniversary of the first
manned flight into space and will be held in preparation for the next Summit of
heads of space agencies organized by the MAA. The Academy in conjunction with the
Russian space Agency has decided to hold this event in Russia, in outer science city
Korolev, where was born the history of cosmonautics.

Since 2010, IAA has organized and conducted three similar Summits, serving as a
platform for "equal dialogue" on the prospects of space exploration. At the sites of
these world forums space recognized leaders and beginners in this field to discuss cur-
rent problems of cosmonautics. The fourth Summit of heads of space agencies is
scheduled for 2017, devoted to the topic of manned space exploration and unmanned
space systems.

Recommendations of conference participants will be the basis for the conclusions of
the international Academy of Astronautics, which will be presented at the level of
heads of space agencies.
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ONBbIT OPTAHU3AIIMA MEXIAYHAPOJHOI'O COTPYTHUYECTBA B
OBJIACTH KOCMHNYECKOHU BUOJIOTMX U ME/IMIINHbI

T.H. Azanyeea, I'.H. Camapun, B.H. Cviues, M.C. benaxoeckuii
T'HI] P® — UMBII PAH

NMBII umeer OOMNBIION OIBIT COTPYIHMYECTBA C 3apYOSKHBIMA KOCMHUYECKHUMU
areHTCTBAMH U OPraHU3aLMsIMU 10 peaym3almy HayuHbIX porpamMm Ha MKC 1 B Ha3eMHbIX
AHAJIOTOBBIX KOMILIEKCAX, U TOT OMBIT JIAET OCHOBAHUE C YBEPEHHOCTHIO TOBOPUTH O BAXK-
HOCTH, U 1K€ HEOOXOMMOCTH MEXTYHAPOTHOTO COTPYHUYECTBA B TAKHX MPOEKTaX.

KpynHomaciirabHple Hay4qHbIE POTPAMMBI MOTYT OBITh YCIIEIITHO PEaTM30BaHbI TOJIBKO
3a CYET MHTErpaly MOTEHIMAJIOB, KOTOPBIMU PACIIONararoT yYaCTHUKH MEKTYHAPOIHON KO-
OIepaLyy, K KOTOPbIM MOKHO OTHECTH HAKOIUIEHHBIE 3HAHWS, IPAKTHYECKHUI OITBIT, TEXHHYE-
CKHE BO3MOXXHOCTH CTOPOH M (PUHAHCOBYIO COCTABIISIIOLIYIO.

OnmHUM M3 MPUMEPOB YCIICHIHOTO COTPYJHUYECTBA sBiIsieTcs dkcrepuMeHT «MAPC-
500» (2010 — 2011 rr), KOTOpBII MOKa3al, YT0 OOBEAMHEHHUE YCUIIMA MHOTHX yYaCTHHUKOB
MO3BOJISIET PACIIMPUTH 33/1a91 SKCIIEPUMEHTA, 000TaTUTh €r0 HOBBIMU METOAMKAMU U arlra-
paTypol, pElMTh BOMPOCHI MaTepUAILHO-TEXHUUECKOTO OOECHEUeHUs! ¢ MUHUMAJIbHBIM
OromxeToM. B mpoekTe npuHUMal y4acTue ydeHble u3 oonee, uem 10 ctpan. YuyacTHUKH
UHTETPUPOBAII CBOM PECYPChI (JIOOPOBOJIBIIBI, MaTepUaIbl M 000pyIoBaHUe, (DMHAHCHI) U
NOMYYWIA YHUKAIBHBIE PE3YJbTaThl, KOTOPbIE HEMPOCTO ObLIO ObI MOMYYHUTh MPU  peatn3a-
LM SKCIIEPUMEHTA OTHOW CTPAHOM.

Takoii ske MHOTOCTOPOHHHMI TOXO]T MOKa3aJl CBOKO AP(EKTUBHOCTb U B UCCIIEIOBAHUSIX
Ha MKC. MHorue 3KcrepruMeHTbI, PEAIaraéMble CEroIHs 3apyOeKHbIMU YUEHBIMH, YK€
MMEIOT aHaJIOTH B POCCHICKOM MporpaMme, 4To MO3BOJAET OObEMHUTH HAyYHBIE UHTEPECHI
00enx cTOpoH Oe3 CYIIeCTBEHHBIX JOMOIHUTEIBHBIX MHBECTUIMI 1 TIPOBECTH HOBBIN JKCIIE-
PHUMEHT, JOIMOJHUB €r0 HOBBIMHU 33Ja4aMH, OCHACTHB HOBBIM BBICOKOTEXHOJIOTHYHBIM Hayd-
HBIM 000pyIOBaHHEM Ha OOpPTY U /17151 HA3eMHON 00paOOTKU JaHHBIX, U T. 1.

B kadecTBe NprUMEpOB YCIIENIHON peai3aly COBMECTHBIX IPOEKTOB MOYKHO NIPUBECTU
TaKue dKcrepuMeHThl, Kak «MmmyHo» (coBmecTHO ¢ EKA), «KapmioBekTop» (COBMECTHO ¢
JUIP), «AxBapuym-AQH» (coBmecTHO ¢ JAXA).

OOme ycuimisi MHOTOHAIMOHAIBHOM KOMaH/Ibl YYaCTHUKOB TOTO WJIM MHOTO MPOEKTa B
KOHEUYHOM cyeTe OyayT HarparlieHbl Ha 0OOralieHre TEOPUU U MPAKTUKU KOCMUYECKON Me-
JMIMHBI 1 OMOJIOTMM HOBBIMU HAyYHBIMHM JAHHBIMHU, KOTOpBIE ceiuac HAXOAAT U 3€MHOE
NpUMEHEHHE.
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THE INTERNATIONAL DOCKING ADAPTER — ENABLING FUTURE
JOINT MISSION CAPABILITIES

Aksamentov V.I, Hoffman T.I, Engle J.I, Kelly Sz, Pavlov V.3, Ryabko E’
IThe Boeing Co., ’NASA, *RSC Energia

The year 2016 will be a groundbreaking year in the history of the International Space Sta-
tion (ISS) and also in the area of future space exploration. The first ever docking port compati-
ble with the International Docking System Standard Interface Definition Document (IDSS
IDD) will makes its debut on the ISS. It is called the International Docking Adapter, or IDA.
The IDA will be used by future vehicles docking to ISS, and it also brings with it the prospect
of being able to expand on its capabilities such that it can support future space exploration mis-
sions.

Since 2009, engineers from ISS partnering nations including United States, Russia, Eu-
rope, Canada, and Japan have been coordinating efforts in development of the standard set of
parameters which define the IDA interface. Initially, implementations of the standard interface
were intended to include on-orbit rescue missions and joint collaborative endeavors utilizing
different spacecraft. Features in the design enable missions to ISS and with the potential for
expansion to beyond Low Earth Orbit (LEO) and including deep space.

The interfaces enabling future endeavors are based on existing proven design technology
but they also leave the door open for development of new capabilities which enhance perfor-
mance during docking and mating. This paper highlights the key design features and interface
parameters which allow for implementation of new equipment and designs. These are the key
elements necessary in order to further the mission to explore beyond LEO and to reach destina-
tions into deep space.
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HNEPCHEKTUBBI MEXKTYHAPOJIHOTI'O COTPY THUYECTBA IIPH CO-
3JAHUN KOCMUNYECKUX ITOCEJIEHUU BHYTPU ACTEPOU/IOB 1
MAJIBIX CIIYTHHUKOB IOIIMTEPA U CATYPHA

C. B. Aumonenxo’, C. H. Bapuyeé’, A. I'. /lezepmenorcu’
" 000 «2ii9cBu-Texnonozuuy, ° Hnemumym 6uogusuxu CO PAH

Pa3BuTrEe cOBpeMEHHOMN TEXHONOTMUYECKOM LIMBIIIM3ALMU YTPOXKAET CYLLIECTBOBAHUIO Ye-
JIOBEYECTBA HA 3eMJIE HKCIIOHEHIIMAIBHBIM POCTOM HACENICHUs], IOCTENEHHBIM UCTOLICHUEM
PECYPCOB M PACTYILUM 3arpsi3HEHUEM OKPYXKAroIIeH cpefpl. Takke HE CTOUT 3a0bIBaTh U Be-
POSITHOCTH [JI00ATIbHBIX MPUPOIHBIX KATAKIM3MOB: TMaJeHUE KPYIMHOTO acTepOu[Ia, CylepB-
cribiika Ha COJTHITE, M3BEpIKEHHE TPAITIA, B3PhIB MesioyCcTORCKOI Kaybaephl 1 Ip.

KapminansHpiM perieHrneM npo0iieM BbDKHBaHUSI MOIIO Obl cTaTh ocBoeHHe B CoHed-
HOIl cHCTeME TEeppUTOpUI C TapamMeTpaMH KH3HEHHOTO MPOCTPAHCTBA, MPUTOTHBIMHU JUIS
pa3MEILEeHUs] 3HAYNTEIbHOM YacTh HaceseHusl 3eMim. Takue TeppUTOpuM JOJDKHBI MMEThH
TPAHCIIOPTHYIO JIOCTYITHOCTh, 00J1a/1aTh 3ariacaMy TMOJIE3HBIX UCKOMAEMBbIX JUISl IPOMBIIILICH-
HOTO IIPOX3BOJICTBA U UICTOYHUKAMH Jie1lieBoM sHepruu. [Ipu 3ToM He mpocTo A0/KHA OBITH B
HPHHLIMIE OCYIIECTBUMOM KOHEYHAas LIeb — HEOOXOIMMO, YTOOBI U IyTh K HEM ObLT HEpazo-
pUTENIEH, MOT HaYaThCsl yKe ceiuac Ha 0ase TOCTHKEHUI COBPEMEHHOM IMBUIM3ALMU U TIO-
ATAITHO NPOIOIDKATHCS [0 MEPE COBEPIIICHCTBOBAHMS €€ HAyYHO-TEXHUYECKOTO ITOTEHIIMANIA.

B kadecTBe Takoro Iyt B JIOKJIAJE MPEVIOKEHO CO3JAHNE KOCMUYECKHUX MOCETIEHUH ¢
OJMM3KMMH K 3€MHBIM HCKYCCTBEHHBIMHU CpelaMy OOMTaHUsI - CHauajla BHYTPU acTEpOUJIOB,
cOmpkarommxcst ¢ 3emieil, 3aTeM BHYTPU acTEpOMIIOB U3 COCTaBa [ J1aBHOIO mosica acTepou-
JI0B W, HAaKOHELl, BHYTPU MaJIbIX CITyTHHKOB B cucremax Ormurepa n CarypHa. AHamm3 u3-
BECTHBIX OCOOEHHOCTEN TMEPEUNCIICHHBIX MPUPOAHBIX OOBEKTOB MO3BOJSET C(HOPMHUPOBATH
KOMIUIEKC KPUTHYHBIX TEXHOJIOTHH, UCHOMb3yeMbIX JUISI CO3IAHUSI BHYTPH HUX TTOCEICHUM.
MexmyHapOomHBIN TIPOEKT, OOBETUHSIONTI BCE ITH TEXHOJIOTUH, HE TOJIBKO TPHUOIIM3UT YeTI0-
BEYECTBO K (DYHIAMEHTATBbHOM 1IETTM OCBOEHHUSI KOCMOCA, HO U OKaKET OrPOMHOE TOJIOKH-
TEJbHOE BIIMSIHIE HA SKOHOMUKY, COLMATBHYIO Cpepy CTpaH-yJacTHHLL POEKTA U B LIEJIOM Ha
MHPOBOE COOOLLIECTBO.

Poccust MOXKET cTarb MHUIMATOPOM peaM3alliM MPEIIoAKEHHOTO MPOEKTA, MOCKOIBKY
MMEET MPAKTUYECKUH OMbIT MCIOIb30BaHUs M 3HAYUTENbHBIN NOTEHIMA pa3BUTHSI MHOTHX
KOCMHUECKUX KOMIIOHEHTOB IPOEKTA: CPEACTB BBIBEJICHNS, TPAHCIIOPTHBIX KOpalIiei, 1omro-
BPEMEHHBIX OOUTAEMBIX CTAHLUM, ABTOMATUYECKUX MEKIUIAHETHBIX alIlapaToB, KOMITAKTHBIX
AAEPHBIX NCTOUHUKOB MIEKTposHepruu u ap. Kpome toro, Poccust siBisieTcst maepom B o0na-
CTU TEXHOJIOTUH CO3/IAHUS 3aMKHYTBIX 3KOJIOTUYECKUX CHCTEM, KOTOPhIE MOI'YT CTaTh OCHO-
BOM 711 OMOC(]epbl KOCMUYECKOTO TTOCENICHUS.
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MEXKAYHAPOJAHOE COTPYJHUYECTBO P OCYWECTBJIEHUHN
IINJIOTUPYEMOI'O OCBOEHHMA KOCMOCA

A.E. /laoawan, /1. B. Kopooywun, A.I'. Moposeunyes, C.®. I'enun
QI'VII [[HUmaw

OIHMM U3 OCHOBHBIX IIPOEKTOB, OCYIIECTBIISIEMBIX B HacTosILEe BpeMs | ockopriopatueit
«PockocMOC» B paMKax MEXTYHapOIHOIO COTPYIHUYECTBA, SBISIETCS TOOCHAIICHUE U JKC-
wryaraiust MexxmyHapoaHoi kocmudeckoi ctanimu (MKC), B KoTOpoM NPUHUMAET ydacTue
14 rocynapcts. Peanusaiyist 3Toro npoekra Croco0CTBYeT YKPEIUICHNIO U PACILIMPEHHIO MEX-
AyHApOIHOTO COTPYIHUYECTBA B 0O0JAaCTH OCBOCHHUSI KOCMHYECKOrO MPOCTPaHCTBA MOCPE-
CTBOM YCTaHOBJIEHMSI JIOJTOCPOYHBIX OTHOLIEHHI MEXIYy CTpPaHAMU - MApTHEPAMU B IPOBE-
nennn uccnenoBannii Ha MKC, npeacTapisironyx B3auMHbI MHTEPEC ISl BCEX YYACTHUKOB,
Y HCTIONb30BaHUM KOCMHYECKOIO IIPOCTPAHCTBA B MUPHBIX LIETISIX.

SBmsisich yHUKaTTBHOW opOHuTabHOM J1aboparopueri, MKC mpenocrarmsier Oecriperie-
JEHTHBIE BO3MOKHOCTH IS IPOBEACHHS B YCIIOBUSIX MUKPOIPABUTALMHN JUTMTEIIBHBIX Hayd-
HBIX MCCIIEZOBAHUI U SKCIIEPUMEHTOB, TEXHOIOTMYECKUX Pa3pabOoTOK, peaan3alyu o01eo0-
pa3oBaTeIbHbIX ¥ TYMAHUTAPHBIX IIPOEKTOB, YTO CLIOCOOCTBYET:

® CO3aHUIO Ha OOPTY CTAaHIMM BBICOKOTEXHOJOIMYHBIX MPOLYKTOB CO CBOWCTBAMH,
HEZOCTHKUMBIMU B 36MHBIX YCIIOBUSIX;

® VCIONb30BaHUIO TNOIYYEHHBIX B KOCMOCE PE3YJIBTAaToB AJIsl MPUHLMIMAIBHOIO CO-
BEPILICHCTBOBAHMS TEXHOJIOTMI HA3EMHOTO IPOM3BOJICTBA TAKUX ITPOLYKTOB;

® TPEOCTABJICHUIO IIMPOKOTO CHEKTpa TUIATHBIX YCIYT AUl YAOBIETBOPEHHS MTOTPEO-
HOCTEH MpeIcTaBUTENEeH pa3iIniHbIX 00J1acTel OM3Heca 1 O0ILECTBA B LIEJIOM;

® TIOBBIILIEHUIO HHTEPECAa MUPOBOM HAYYHOM OOIIECTBEHHOCTU Y KOMMEPUECKUX 3aKa3-
YHKOB K UCIOJIb30BAaHNIO CTAaHLIUH.

B HacTosiiiee Bpemst B paMKax MeKITyHapOIHOIO coTpynHudecTBa Poccus npegocrasisier
yuyactHukaMm rporpamMbel MKC TpaMIIMOHHBIE TPaHCIIOPTHO-TEXHUYECKUE YCIYTH U PECYp-
Cbl POCCHIICKOTO CErMEHTA, 8 UMEHHO:

® UCIIOJb30BaHUE HA KOMIIEHCALIMIOHHOM OCHOBE POCCHWCKHMX KopaOnen «Coro3» it
pOTaLMK YIEHOB 3KUMNaka cTpaH-naprHepos o MKC;

® IIPEJOCTaBIECHUE YCIIYr C UCMOJIb30BAHMEM poccuiickoro kopadms «lIporpecc» mo
TPaHCIIOPTHO-TeXHUUECKoMY obecrieueHro MKC;

® JCIIOJIB30BaHUE pecypcoB poccuiickoro cermenTa MKC mist ocyliecTBIeHNs] HayYHO-
NPUKJIA/THBIX UCCIIEA0BAaHUI 3aMHTEPECOBAHHBIX CTPaH;

® UCIIONB30BaHHUE pecypcoB poccuiickoro cermenTa MKC mist ocyniecTBieH s OnbIT-
HOTO IPOU3BO/CTBA B YCIOBUSIX KOCMUUYECKOM CPElbl YHUKAIBHBIX MaTepUasioB, He-
00XOIMMBIX pa3IMYHbIM OTPACIISIM HAPOITHOTO XO35ICTBA M METULIMHE.

KoHKypeHTOCOCOOHBIN Hay4HO-TEXHUYECKHH 3a71en Poccnu B 001acTi MANIOTHPYEMBIX
HOJIETOB U POCCUWCKUI ONBIT JJIUTENBHOTO NMPeObIBAHMS YENOBEKa B KOCMHUUYECKOM IIpO-
CTPaHCTBE NPH KCILTyaTallid MOAYJIEH KOCMUYECKHUX CTaHLMI MO3BOJAET c(hOPMYIUPOBATH
o0LIe PEKOMEHIALIMM JUTS PACIIMPEHUST MEXKTYHApOIHOIO COTPYAHHYECTBA IIPH OCYILECTB-
JIEHUsI TIOTUPYEMOIO OCBOEHHSI KOCMOCA:
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y4acTue B CO3aHMM MEXKIyHApOIHOW HWHTETPHUPOBAHHON MHOTO(YHKIIMOHATBHON
KOCMHYECKOH CHCTEMBI UIsl OCYIIECTBICHUS MUJIOTUPYEMBIX IOJNETOB B JIAJbHUI
KOCMOC, B T.4. K Mapcy;

co3naHue B OymyIieM ¢ yyeroM ombita skcrutyaraiuu MKC, nocTosHHO oOuTaeMoit
OpOUTAIBEHON OKOJIO3eMHOW HAyYHO-TEXHOJIOTMYECKOM CTaHIMHU (BO3MOXKHO BBICO-
KOIIMPOTHOM) TIOCIIe MpekpatteHust sxcrutyarauu MKC;

UCTIONIb30BaHNUE POCCUIICKOTO KOPalisi HOBOTO TIOKOJIEHHUS TPU OCYIIIECTBICHUH TIEP-
CIIEKTUBHBIX ITPOrPaMM;

COBMECTHasi pa3paboTka OOPTOBBIX SIEPHBIX SHEPIOYCTAHOBOK MUIOTHPYEMBIX KO-
pabrei 1711 MEXKIIIAHETHBIX TTOJIETOB;

co3qaHre OObEIMHEHHBIX KOMITIEKCOB KOHTPOJIA, YIIPABICHUS U CBS3H, O0BEIHHSIIO-
WX (PyHKIMOHAJIBHBIE HAIIMOHAJIBHBIE CPEICTBA TP OCYILECTBICHUN MEKILIAHET-
HBIX TOJIETOB.
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MEXIYHAPOJIHBIE KOCMAYECKHAE MPOEKTHL. OCHOBHBIE TEH-
JEHIAN.

A.I'. /lepeuun, H.B. Makcumosckuii
OAO «PKK «2uepeus» umenu C.11. Koponésay

Kocmuyeckast aesTenbHOCTh, 0COOEHHO B OOACTH MUJIOTHPYEMBIX KOMILIEKCOB, B CHITY
CBOEH crielM(PUKY UMEET II00ATBHBIN XapaKTep U OOJIBILIOE MEXTYHAPOIHOE 3HAYCHHE.

CoTpyTHU4YECTBO CTpaH B U3y4E€HHM KOCMOCA Ha4yasioch elie B okTsaope 1957 rona, cpasy
MIOCJIE 3aITyCKa MIEPBOT0 MCKYCCTBEHHOTO CITyTHUKA 3EMJTH.

B anpene 1967 roma 6pu1a npuasita [IporpaMMa COBMECTHBIX PaOOT B 00JIACTH HCCIIETIO-
BAHUS U MCHOJb30BAaHUsSI KOCMHYECKOTO MPOCTPAHCTBA B MUPHBIX IIEIISIX, MONOKUBILIAs Haua-
JI0 IPAKTUYECKON peaT3aliiy IporpamMmMsl «IHTepKocMOC).

B wrone 1975 roma mpowm3onnia UCTOpUYECKasi CThIKOBKA Kopabiein «Coro3y» u «Aror-
JIOH.

Ha opOuranbhbix cranmmsax «Camor» u «Mup» ObLI0 BBIIOTHEHO MHOXKECTBO MEXKIY-
HAPOJHBIX IMPOEKTOB, B TOM YKCIIE MOJIETHI 3apyOeKHBIX KOCMOHABTOB M aCTPOHABTOB, MPOBE-
JIEHIE COBMECTHBIX KOCMHYECKUX IKCIIEPUMEHTOB, TIEPBbIE KOMMEPUYECKHUE MPOEKTHI.

KoneuHo, cambiM MacIITaOHbIM MEXTyHAPOTHBIM IPOEKTOM CTasa porpamMmma Mexy-
HapomHor kocMuueckoi cranimu (MKC). B Heit yuactByroT 16 cTpaH, a Mojb30BareisiMU
CTaHIIMU SBJISIFOTCS OpraHu3aiuuy oonee 95 ctpan mupa.

B Hacrosiiiee BpemMs KOCMHMYECKHME areHTCTBA W TOJIOBHBIC TPEINPUSTUS CTpaH-
naptHepoB 1o nporpamme MKC MHTEHCHBHO 0OCYKAal0T KOHTYphI OyAyIIMX MEKTYHAPOI-
HBIX TIPOrpaMM 3a MpeeNiaMi HU3KO OKojio3eMHou opouthl (JIyHa, Mapc, actepownsr). B
3TUX MporpaMmmax OyAeT MaKCUMAaIbHO UCTIONB30BAThCs OonbIT porpammMbl MKC, HO HeoOxo-
JIMMO 3HAYUTENHHO YITyOUTh U PACIIMPUTH PAMKH COTPYIHUYECTBA.

HeoOxoanmo co3nark o01e CTaHaapThl 1 YHU(PUIMPOBaHHbIE HHTepdeichl. [Iprmvens-
rormiicss Ha MKC «cermeHTHbII oaxo OyAeT UCHOMBb30BaThesl BHYTPHU MOIYIIEH Ha yPOBHE
nofcucteM. [lepcrieKTHBHBIE CHCTEMBI, TaKHe KaK CUCTEMa OOSCIICUEHUs] KU3HEACSTEILHO-
CTH, CUCTEMA YIIPABIICHHUS U JPYTHUE, TUIAHUPYETCSl pa3padboTark COBMECTHO.

CoBepIlIeHHO HOBOE 3HAYEHUE MPUAAETCS MEKIYHAPOIHO-TIPABOBLIM BOIPOCAM, TAKUM
KakK >KECTKOCTb U «O€30T3bIBHOCThY 00SI3aTEIIbCTB, MPaBa Ha COOCTBEHHOCTh Ha JIPYrHX IUla-
HeTax u JpyTue.

B noknane paccmarpuBaroTCsl pa3iiMuHbIE ACMEKThl MEXITyHAPOIHOM JESTEILHOCTH TI0
NEePCIEKTUBHBIM KOCMHYECKHM MPOEKTaM B 00JIACTH MUJIOTUPYEMOM KOCMOHABTHKU.
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COBPEMEHHOE COCTOSHHUE U ITIEPCHHEKTHUBBI PA3BUTHUSA PH CE-
MEHNCTBA «COI03» B OBGECHEYEHUE NUJIOTUPYEMBIX IIPOTPAMM

Kocmooemvanckun E.B.
AO «PKI] «IIpoepeccy

3a Bpems cymectBoBaHus LleHTpa co3nano 9 monepHu3anmii pakeTsl cpeaHero kinacca P-
7, OTKpBIBIIIEH KOCMUYECKYIO 3py KopadieM «BocTok.

Pakersr-Hocutemm «Boctok», "Bocxon", "Coro3", "Coro3-PI ™" obecnieuniy BEIIOIHEHNE
OTEYECTBEHHOW NMWJIOTUPYEMOU NIPOTPAMMBL.

Pakera-Hocurens «Coro3-PI sBnsercs odepenHbiM dtanioM passutus PH cemeiictsa
«Coro3». MonepHH3alys 3aKIH04aeTCs B UCIIOIB30BAHMH Ha LIEHTPAIBHOM OJIOKE U OOKOBBIX
Onokax JBUrareseil ¢ yTy4IleHHbIMU SHEPTEeTHIECKIMH XapakTepucTUKaMu. MoaepHU3Upo-
BaHHas PH «Coro3-®I» mo3BoiseT MOBBICUTh SHEPTETUUECKUE BO3MOXKHOCTH U YBEJIMUHUTH
KOJIMYECTBO YJICHOB DKUIAXKa 110
3 yenoBek Ha TIIK «Coro3-TMAy. I1epssiii myck PH «Coro3-®@I)» B paMKkax JIETHBIX UCITbI-
tanuii riposenieH B 2001 romy. Ha anpens 2016 npousseneHo 55 myckoB PH nanHoro tuma.
[ToaTBepKIEHHBI NOKA3aTEb SKCILTYaTallMOHHONW HANEKHOCTH pakeTbl-HOocuTens "'Coro3-
OI™-0,985.

PH «Coro3-®@I» sBisieTcsi OCHOBHBIM CPEICTBOM BBIBEIACHUSI MUJIOTUPYEMBIX TPAHC-
MOPTHBIX Kopabneir thma «Coro3» i obecredeHns: ()yHKIIMOHUPOBAHUS MEKTyHAPOIHON
KOCMHYECKOU CTaHIIWN.

B nacrosiiee Bpemst Beytes padotsl o anantarmi PH «Coro3-DI k 3amyckam mozep-
HmupoBanHoro TIIK «Coroz MCy», coznannoro Ha 6aze TIIK «Coro3 TMA» Ha coBpemeH-
HOI1 37IeMEHTHOM 0a3e ¢ paciMpeHHbIMU (DYHKIMOHAIBHBIMU BO3MOXXHOCTSAM. DKCILTyaTalys
PH «Coro3-®I» nmpexycmorpena o 2020 1., K KOTOpOMY IUIAHUPYETCSI MIEPEBOJI ITYCKOB 10
MWJIOTUPYEMOM nporpammMe Ha PH «Coro3-2»
srana la.

PH «Cor03-2» Oblia co3iana ¢ LeJbio MOBBIILIEHHUS TPY30I0AEMHOCTH, TOYHOCTH BbIBE-
JIEHUsT Ha OpOWTY, TMOKOCTH YIpaBJIeHUs, Mepexoa Ha KOMILUICKTYIOIIUE W3MIENHUs OTeye-
cTBeHHOro m3rotomieHus. Ha pakere Bnepsbie npumeHeHa CY ¢ BIIBM B kadecTBe 1ieH-
TpaJIbHOTO 3BeHa, HoBasi CH, a Taxoke monepuusupoBanHas [[Y Ha Il ctynenn.

B nacrosiiee Bpemst PH «Coro3-2» (3ranoB 1a 1 16) ycrienHo mporniy JIETHbIE UCIbITa-
HUSL ¥ TIPOBOSITCSL PabOTHI MO cAade B cepuiiHoe npom3BoactBo. Ha mait 2016 rona va PH
«Cor03-2» 61110 ocyiecTriIeHo 58 myckoB (13 Hux 28 Ha PH «Coro3-2» srana la u 30 na PH
«Coro3-2» srama 10) U3 HUX YeThIpe IMycKa rpy30BbIX Kopaodmeit «IIporpecc-M» u «lIpo-
rpecc-MC. B pganbHeiliem miaHupyeTcs nepeBoj] NIoTupyeMbIx myckoB Ha PH «Coroz-2»
srana la.
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TPAHCIIOPTHAA CUCTEMA «PBIBOK» U151 ITIOJIETOB K ME’KTYHA-
POJHOHU OKOJIOJIYHHOMU IIVIAT®OPME

Maxkywenko FO.H., Mypma3un P.®., Koeéanee U.U., Mypawiko A.B.
PKK «3uepeusi» um. C.I1. Koponesa

OCHOBBIBASICH HA TIOJIOKUTEIILHOM OIBITE MHOTOJIETHETO COTPYIHUYECTBA M0 MPOrpaMMe
MexayHaporHor kocmuueckor craniuu (MKC), maptaepst mo MKC npussumi perieHue
COBMECTHO pa3paboTarh MO3TANHYIO MporpaMMy MUIOTUPYEMBIX IOJETOB 3a MPeAeibl HI3-
KOM OKOJIO3eMHOM OpOuTHL. B HacTosiiiee Bpemst criefiaH BBIBOJ, YTO HA paHHEM 3Tare co3a-
uue y JIynsl MexmyHaponHoi nocemaemoit wiargopmbl (MIIIT) moMoker HAKONMHUTH OTTBIT
paboTHI YeIoBEKa B YCIOBHUSX JAIBHEN0 KOCMOCA U peliaTh MHOTHE 33aul HaIlMOHAJIBHBIX
nporpamM. Co3naHHas 1o pereHuto [aB areHTcTB crpaH-naptHepoB 1o MKC mexmyHa-
pomHasi paboyast rpynma paspadarsiBaeT o0k MIIII u cuenapuii e€ passeproiBanus. Jlo-
craBka skunaxkeit Ha MIIII mnanupyercst ¢ momoIpio Kopadnel, CTapTyIOIMX ¢ 3eMJI Ha
CBEPXTSDKENbIX pakeTax- HocuTersix (PH). OcHoBHas postb Mpy 3TOM Ha HaYaJIbHOM JTarie OT-
Bomutcst TpaHcropTHoi cucteme (TC), ocHOBaHHOM Ha aMEPUKAHCKOM MHJIOTUPYEMOM KOC-
muueckoM kopabiie (KK) «Opuon» u ceepxtspkenont PH SLS.

AnbTepHaTUBHBIM CpeacTBOM AocTaBkd dkunaxa Ha MIIK moxer crate TC «PbIBOK»,
BO3MOYKHOCTb CO3JJaHUsI KOTOPOM paccMarpuBaeTcsi B Hactosee BpeMs. TC «PbIBOK» BKIFO-
YaeT BHOBb pa3palarhiBaeMblii MHOTOPA30BbIM MUioTHpyeMblid kopadib (MIIK), 6asupyro-
IIUACST HA HU3KOOPOUTAITLHOM MHJIOTUPYEeMOM KOCMH4YeCKou cranimu, Harmpumep, MKC, a
TaKKe HA Y)KE CYILIECTBYIOIIMX OTEYECTBEHHBIX KOCMUYECKUX CPENCTBAX.

[TockonmbKy MUIOTHPYEMBIi KOpaOiib MOCTOSIHHO Oa3upyeTcss Ha OPOUTAILHOM CTAHITUH,
€ro Macca MOKET ObITh 3HAYUTEIBHO YMEHBIIEHA 33 CYET MCKIIOUYEHHS U3 KOHCTPYKLIMU
cpenctB cucteMsl nocaaku. Jna Bo3epamiennss MIIK nocne JiyHHOM MUCCHMH Ha OpOHUTaITh-
HYIO CTAHIMIO UCTIONB3YETCS a3POTOPMOYKEHHE, 3AKITFOYAIOIIEECS B TIOBTOPHBIX MOTPY/KEHHSAX
npH BXOZIe B arMocdepy 3eMIu 11l TOPMOXKEHHSI CO BTOPOH KOCMUYECKOM CKOPOCTH 10 Op-
outanbHoM ckopoct MKC. D10T MeTos1 o3BOJISIET COKOHOMUTD TOILIMBO U JOMOMHUTEIBHO
CHU3UTH Maccy Kopalrisi.

Kak nokasbiBatot pacuetsl, TC «PbiBok» B coctaBe PH «AHrapa-5», MonepHU3MpOBaH-
HOTO pa3roHHoro onoak tuma /M, a Taxoke MIITK Maccoii 10 7 ToHH (He BKJIFOYast Maccy ToIl-
JI1BA), TIO3BOJIUT OOECIEUUTh PErYIIpHbIE repeneTsl 4 uieHoB sxkunaxa ¢ MKC Ha mexy-
HApOIHYIO Noceraemyto miargopmy. [lpu 3Tom gocraka sxunaxeil Ha MKC u Bo3Bpaiiie-
HME Ha 3eMJTI0 BbINONHsIETCs 1O mTatHoi cxeMe Ha KK tuna «Coro3» Wi ¢ UCrionb30BaHUEM
TC naprepos. Mcnonbs3osanue cepxTskenbix PH st nonetos k Jlyne BTC «PbIBOK» He Tpe-
byeTtca.

B noknane npencrasneH cueHapuid ucnonb3oBanus TC «PeiBok» it nonéra k MIIIL a
TaKOKE PE3YIIBTaThl CpaBHEHHS (D(HEKTUBHOCTH UCTIONB30BAHUS ATOM CUCTEMBI 110 CPAaBHEHUIO
C TPAJAULIMOHHOM.
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OOecrnieunBasi MONETHl MEXTYHAPOAHBIX SKUMAKEH K MEKTyHAPOTHOW OKOJOIYHHOM
wiarhopMe ¢ MEKTYHAPOTHOU OKOJI03eMHOM KocMmuieckon ctanimu, TC «PeIBOK» cTaHeT
BaKHBIM MHCTPYMEHTOM HOBOTO ATara COTPYIHHYECTBA CTPAH-TIAPTHEPOB.
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INWJIOTUPYEMBIE ITOJIETHI 3A ITPEJEJIbI HHU3KOH OKOJIO3EMHOM
OPBUTHI — HOBBIM OTAII MEXIAYHAPO/IHOI'O COTPYAHUYECTBA B
KOCMOCE

Maxkywenxko IO.H.
PKK «3uepeusi» um. C.I1. Koponesa

VYenenHoe coTpyIHUYECTBO CTPaH-MAapTHEPOB O MPOrpaMMeE MEXKIYHAPOIHONW KOCMU-
yeckoit cranipu (MKC) nokazano HeoCnopuMoe MPEUMYILECTBO COBMECTHOTO MPOJIBHIKE-
HUS 32 MPEAENbl HU3KOW OKOJIO3eMHOM OpOMTHI, HECMOTPSI HA pa3Hble MPUOPUTETHI HAIUO-
HAJIbHBIX POTPaMM.

[TocTaBuB miepen cobol OCHOBHOM JOITOCPOYHOM TIENTHIO MOJIET Ha TIOBEPXHOCTh Mapca,
naptaepsl o MKC npunium K 3akimodeHnio 00 3(hQEKTHUBHOCTH MO3TAITHOIO MOIX0aa K pe-
LIEHUIO 33]1a4 B JaJbHEM KocMoce Ha 0ase ombita 1 3anenoB o MKC. Tlonersl Ha paHHeM
ATane B OKOJIOJIYHHOE IPOCTPAHCTBO, CO3IAHNE OKOJIOTYHHOU MEKYHAPOIHON MOCEIAEMON
1ar)OpMbI IOMOTYT HAKOMUTB OMBIT U CO3AATh UHPPACTPYKTYPY ISl pPEIICHHs HAIMOHAIb-
HbIX 331a4. Co3maHHoM 110 pereHuto [ aB arenTcTs crpad-naptHepoB 1o MKC ocensto 2014
rofla MeXIyHapOIHOU padoueil rpyrie ObLIo MOPYUYEHO UCCIIE0BATh BOBMOXKHOCTh CO3aHMs
OKOJIOJTYHHOM MH(PPACTPYKTYpPbl, ONPEIETUTH €€ OOIUK U Pa3padboTarh CLIEHAPUN MUCCHIA.

B nacrosiiiee BpeMsi mapTHepamu OnpezeieHbl OCHOBHBIE (pa3bl MPOrpaMMBl, €U U 3a-
Ja4u Kaxon ¢as3bl U IporpaMMel B 11e51oM. BeiOpaH crieHapuii pa3BepThIBaHUS OKOJIOTYHHOM
CTaHIMHU, UCTIONIB3Y oM Masible (10 10ToHH) Momynu, BeiBomuMbIe Ha PH SLS coBmecTHO ¢
kopabiniem Orion. Pa3pabarbiBacTCsi KOHIENITYaTbHbIN MPOEKT OKOJOIYHHOM CTaHIIMH, KOTO-
PBIil BKITIOUAET OONIMK MOJYJICH, X OCHOBHBIE TIapameTphl. CrenaH BBIBOI O MPUHIIATHATb-
HOW peaym3yeMocTy npoekTa. [ maHupyercss onpenemmTs pou U OTBETCTBEHHOCTh MapTHE-
POB B UHTETPUPOBAHHOI MH(PPACTPYKTYpE U B IIPOrPaMME B LIEJIOM.

B noknazne paccMarpuBaroTcsl NPEUMYIIECTBA YUaCTUsl B MEXKTyHAPOIHOM IIporpamMMme, a
TaKKe IPUMEPbI BO3MOYKHOTO HUCTIONB30BAHKS MEXKITYHAPOITHON MH(PACTPYKTYpPbI IS pellie-
HUSI 337184 POCCUMCKOW HALTMOHAJIBHOM IIPOrPaMMBl.
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CONCEPTS FOR JOINT INTERNATIONAL EXPLORATION MODULES

Anastasia Murashko', Matthew Duggan’, Andrey Lobykin'

"' S.P. Korolev Rocket and Space Corporation Energia, Russia, ° The Boeing Compa-
ny, Houston, TX

Space agencies and companies around the world are examining concepts for human explo-
ration of lunar space and beyond. International collaboration, as demonstrated so well by the
ISS program, will be important to the success of these future exploration missions through cost
sharing and leveraging the strengths of various partners. RSC Energia & Boeing believe that it
is technically feasible to design and build a joint habitat using existing and developing technol-
ogies and processes. In this paper, we will describe our current concept for an joint early ex-
ploration mission architecture which emphasizes international elements and systems extensi-
bility for future missions.

Starting with an early habitation module that extends mission durations in lunar space, ad-
ditional elements and systems are added over time to increase vehicle functionality. This plat-
form could provide opportunities for deep space systems maturing, including those for deep
space habitation and crew support, science and human performance evaluation. A cislunar plat-
form provides better conditions for many kinds of scientific experiments, for example, micro-
gravity research, during uncrewed periods, due to the absence of crew and Earth-related dis-
turbance torques. This concept provides the flexibility to accomplish near term objectives,
such as lunar surface interactions and asteroid exploitation while steadily developing deep
space capability. The concept provides the possibility of small modules built by each company
and a larger module that is jointly built. We will describe a set of vehicle concepts within a
proposed mission sequence, discuss required capabilities and key features and examine the
importance of common standards in cooperative human space exploration.
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KOMIIEHCAIIMOHHBIE D®®EKTbI TPAHC®OPMAIINU BHEIITHE-
3KOHOMMYECKHNX CBS3EN B OBJIACTU MEXKIYHAPOJIHOI'O CO-
TPYJJHUUYECTBA (HA IPUMEPE PAKETHO-KOCMHWYECKOMH ITPO-
MbLIIIJIEHHOCTH)

E.B. Ilapghenosa
OAO «PKK «2uepeus» umenu C.I1. Koponésay

PakeTHO-KOCMUUecKast poMbITUIEHHOCTh Poccuiickoit denepaiiiu — Hanbosee BHICOKO-
TEXHOJIOTUYHAS U HAyKOEMKasi OTpaciib, OIHAa U3 MEPEOBbIX, CTAOWIILHO U TUHAMUYHO Pa3-
BuBaronmxcs [1]. OmHako B yCIOBUSIX MOJMMTAYECKOW HECTAOMIIBHOCTH M OTPAaHWYCHHUN CO
CTOPOHBI Pa3BUTBIX FOCYIAPCTB COTPYTHUYECTBO B PAKETHO-KOCMHUYECKOM oTpaciu aist Poc-
CHU HaxomuTces 1o yrpo3oil. B pesynbrare cankumii co croponsl CHIA u EC, a taxke Kana-
1pl, 3a 2014 rox skcnopT B 3TH cTpaHbl cokparwiicst Ha 30%, ummopt Ha 13% [2]. OnHako
o(urmaTEHOM HH(GOPMAITUK OTHOCUTETEHO TIPEKPAITICHNS COTPYIHUYECTBA HET.

['maBHBIE TPOOIEMBI HA CETOMHSIITHAN MOMEHT — 9TO OTPAaHWYCHHST Ha SKCTIOPT PAKETHBIX
npurarenieid PO, uto cHmxaer 3(pheKTMBHOCTh SKOHOMUKHM KaHasbl U CTaBUT MO YIpo3y
cpriBa 50 3ammyckoB PD coBMecTHO ¢ DpaHIueid, a Takxke 3arnpeT Ha BBO3 OOPTOBOM TEXHUKH
u3 CIIIA B Poccuro, 4to fesaeT HEeBO3MOKHBIM 3aBEPIIUTH TIPOU3BOACTBO KOCMUYECKUX KO-
palrieii ¥ CITyTHUKOB [3].

[losToMy B TaHHOM CHUTyallMd BO3HMKAET MOTPEOHOCTh Ha MEPBOHAYAILHOM JTarle B I10-
UCKE KAHAJIOB TMOCTABOK KOMIUIEKTYIOIIMX U MOTPEOHOCTh B KapAMHAIBHBIX HM3MEHEHUSIX
PBIHKOB cObITa. Takue NeHCTBUSI CTAHOBATCS a[IEKBATHOM MEpO MUHMMM3AIUK TOJUTHYE-
CKHMX PHCKOB, 3aKITFOYAFOLIMXCS B MEKTYHAPOIHBIX CAHKLMSIX, ITyTEM MIEPEOPUEHTALMH U JIH-
BepCU(PUKALIA KOHTPAreHTOB.

AJBTEpHATUBHBIE BAPUAHTHI Pa3BUTHS COOBITHUI B KPATKO- U JIOITOCPOYHOM NIEPCIIEKTUBE
1es1eco00pa3HO pacCMOTPETh, OLIEHUBAsI U COOTHOCS MEXITY COOOM TPH KOMITEHCAIIMOHHBIX
AKOHOMHYECKHX A(QeKTa: BHITECHEHUS, 3aMEIICHUs] W 00bheMa, TO3BOJISIOMINX OICHUTH
MacIITadbl TPHOOPETEHHBIX U MOTEPSHHBIX BO3MOXKHOCTEH IS JaHHOM oTpaciu. HazHaue-
HHE OMMCAHHBIX 3(PEKTOB HE CTOIBKO AUArHOCTUPOBATH CIOXKHUBLIYIOCS CUTYAIIMIO HA CEro-
JHSIIHUIA MOMEHT, CKOJIBKO Ha MX OCHOBE Pa3padoTarh CBOCOOPA3HYIO «IOPOKHYIO KapTy»
AQHTUKPU3UCHOW MPOrPaMMBbI JIJIs1 PAKETHO-KOCMUYECKOM OTPACIIN.

1. Maunpie ¢ odurmansHoro caiita denepanbHON TaMOXKEHHOU CITyxObl Poccuiickoit
Ddeneparmu // IneKTpoHHBIN pecype. Pexxum goctyna: http://customs.ru/ (mara oOpareHws:
01.06.2015)

2. lanHple ¢ opUIMAIBHOTO caiita EBponeickoro KOCMHUUYECKOro areHTcTBa // Onek-
TPOHHBIH pecypc. Pexxum noctymna: http://www.esa.int/ (mara ooparenust: 15.03.2015)

3. ®enepanbHas kocmuyeckad nporpamma PO 1o 2020 roma, yrBepKiaeHa MOCTaHOBIIE-
uueM I IpaBurenscrBa Poccuiickoit deneparum ot 22 okts0pst 2005 romga Ne635 // DnextpoH-
HBIN pecypc. Pesxxum noctyma: http:/base.consultant.ru/ (mara ooparenus: 04.06.2015)
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OBECIIEYEHUE KOM®OPTHBIX TEMIIEPATYPHBIX YCJIOBUI IKH-
ITAZKA HA CIIYKEBHOM MOAYJIE «3BE3/1A» MEKTYHAPOJHOU
KOCMMNYECKOHU CTAHIIUUA.

A.U.Cnupun, U.A. Yuaxos, /[.H.Pynes, M.A.Ckypamoesa
OAO «PKK «2uepeus» umenu C.11. Koponésay

CoyxeOnbiii Momyb (CM) «3Be3na» MexayHaponHoi kocmudeckon cranimu (MKC)
SBISICTCS. OCHOBHBIM MECTOM paboThl U MPOKUBAHKS poccuiickux wieHoB skunaxka MKC. B
HEM TaKXke Pa3MeIacTcsl 3HaYUTeTbHAsI 4acTh HayuyHO! armaparypsl (HA), cimyxeOHbIX 60p-
TOBBIX CHUCTEM M CpeacTB xkm3HeoOecneuenuss Poccuiickoro cermenta MKC. BoproBbie cu-
crembl 1 HA nipu pabote, a Takke KOCMOHABTBI BO BPEMsI HAXOXKJICHUS! HA CTAaHLIMK BBIJIEIIS-
IOT TEIUIOBYIO SHEPIUIO, KOTOpas JODKHA YAAIATHCS B OKPY/KAKOIIEE KOCMHUYECKOE IpO-
CTpaHCTBO crcTeMor odecrniedeHust TerioBoro peskuma (COTP) st momiepskaHus B KHUITBIX
OTEKax M KaroTax 3KUIMa)ka KOM(POPTHBIX TEMIIEPATYPHBIX YCIOBHIA.

Tennosoit 6ananc CM «3Be31a» JOCTUraeTcsl 3a CUET JOCTYXKEHUSI PABHOBECHS MEXKITY
NPUBXOJISAIIEH TEIJIOBOM SHEPryer (CyMMa BHYTPEHHETO TEIIIOBBIACICHH OOPTOBOM amnmapa-
TYpbl, TEIJIOBBIICIICHUS SKUIAXa U TeIIoNpUToKa ot COJHIIA) U UCXOAAIIEH TETIOBOM SHEP-
ruel (CymMMa u3JTydaeMoi TETUIOBOM SHEPruM Yepe3 paauaiuoHHble TeriooomenHrku (PTO)
COTP u uepe3 HeocreleHHble COHIIEM y4acTKH Kopityca). Hanbonee KpUTHYHBIMY, € TOY-
KU 3pEHMs TEIJIOBOIo OaliaHca, SIBISIFOTCS TIEPHOIbl «COJTHEYHOU OpOUTHD), KOTIa B TEUEHHUE
3-7 cyrok ComnHiie HenpepbiBHO ocBeniaeT MKC.

B noknane npuBeneHbl OCHOBHBIE PE3YJIbTaThl AaHAIM3A TEMJIOBOTO PEKUMA B )KUJIBIX OT-
cekax CM «3Be3na» B MEPHUOIBI «COMHEYHBIX OpOUT» 3a 15 JIeT monera U NpeyIoKeHbI Ty TH
obecrnieueHns1 KOM(OPTHBIX TEMITEPATYPHBIX YCIIOBHIA TSl DKHIIAXKa TIPH TTOCIISIYFOIIEH SKC-
ruryararmi MKC.

C nenbio nojyiepxaHusi HEOOXOIMMOIO TEIIOBOTO PEXUMA B MEPUOJIBI «COTHEYHBIX Op-
OUT» Ha OCHOBE CHEIHMAIBHO BHIPAOOTAHHBIX SKCILTyaTAlIMOHHBIX KpuTepHeB (3(pheKTiB-
HOCTh paboTel PTO 1 BennM4MHA BHYTPEHHETO TEIUIOBBIIEICHNS) MPEVIOKEHO PeriaMEeHTH-
poBarh peXMMbI pabOThI OOPTOBOM armaparypbl U 0OeCIeurBaTh COPOC MaKCUMAaJIbHO-
BO3MOMKHOTO 0o0beMa Teruia 3 CM «3Be3aa» U3MeHsIsl peKUMbl pPabOThl COCTABHBIX YacTel
COTP. YuutbIBasi pOCTpaHCTBEHHYIO KoHpHTryparwto 1 opueHTaipo MKC, a Taxke oTHO-
CHUTEJILHO OOJIBbIIIME pa3Mephbl COJTHEUHBIX Oarapeil amepukaHckoro cermMenrta (AC), mpemio-
KEHO B TIEPHOJIBI «ComHeuHbIX opout 3ateHsiTh PTO COTP CM «3se3na» or CosHiia con-
HeunbiMu Oarapessmu AC MKC, 3a1aBast COOTBETCTBYIOIIHMI PEKUM PAOOThI MX MPUBOJIOB.
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WORKING TOGETHER ACROSS AN ORGANIZATIONAL DIVIDE:
AN ANALYSIS OF COOPERATION IN ISS OPERATIONS

William Biancol, Eric Schmidtl, Robert Landis’
" Dept of Political Science of Indiana University, “NASA

The International Space Station is often described as an exemplar of effective international
cooperation, confirming that self-interested agents can secure mutually beneficial outcomes
despite disagreement and organizational constraints. Our research uses data on crew activities,
interactions between flight controllers, and interviews with NASA and Roscosmos managers
to characterize the details of the relationship between the international partners. The analysis
shows that ISS day-to-day operations take the form of truncated cooperation, where working
together involves maintaining a significant degree of separation between the two programs,
acting in concert only when it is absolutely necessary. We draw on the ISS experience to offer
some insights into how future joint space exploration efforts can be designed to minimize con-
flict between international partners.
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CURRENT STATUS AND FUTURE DEVELOPMENT OF MAINTAINABIL-
ITY AND SUPPORTABILITY WITH MANNED SPACECRAFT

Zhang Dapeng, Yang Hong
China Academy of Space Technology

The technology in maintainability and supportability is as one of key space technologies
along with the development of manned spacecraft. Such as in China, with the manufacture of
China Space Station recently, maintenance technology has been rapidly progressed, and the
maintainability design, maintenance strategy, and verification with test or simulation are
formed. With human space exploration will be extended to the deep space, the maintainability
and supportability of manned spacecraft in deep space should be research, and the relevant re-
search topic had been applied to IAA with the national experts. How to analyze and implement
the maintenance of manned spacecraft in deep space will be resolved in the research. This pa-
per settles the problems need to be solved with the maintainability and supportability of
manned spacecraft in deep space, sums up the research purpose and methods, and briefly in-
troduces the technology approaches in analysis and implementation of the maintainability and
supportability. At the end, the expected results of the research are discussed.
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CONCEPT OF CREW-TENDED PLATFORM IN CIS-LUNAR SPACE: INI-
TIAL CONFIGURATION

Joshua B. Hopkins', Todd Chapman’, Nikolay Bryukhanov’, Alexey Bideev’,
Rushan Beglov’, Alexander Vorobiev’

" Lockheed Martin Space Systems Company, United States,’ S.P. Korolev Rocket and
Space Corporation Energia, Russia

Deep space exploration as a next step of human space activities is widely discussed on in-
ternational, governmental and industry levels, such as by the International Space Exploration
Coordination Group (ISECG). An outpost, or crew-tended platform, in cis-lunar space is con-
sidered to be the first step towards deep space exploration. Lockheed Martin and RSC Energia
have together studied several concepts of such a platform; one of them is presented in this pa-
per. This concept is based on the systems and elements planned to be available in the early
2020s and assumes utilization of Orion/SLS space transportation capability and relatively
small pressurized modules developed on the basis of ISS heritage for the initial phase. These
small modules would be launched co-manifested with Orion spacecraft on the SLS Block 1B
launch vehicle. The modular platform configuration provides gradually improving habitability
and resources to initially perform 30-60 days stays in the lunar neighborhood and later increas-
ing to missions of 300-400 days or longer to test out capabilities needed for Mars missions.
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HOW FUTURE OF HUMAN SPACE EXPLORATION IS DEPENDENT ON
THE HISTORY OF SPACE

Jossec Julie Patarin

Centre Emile Durkheim

“Why do nations undertake spaceflights, and why should they?” It is a question equally
important for understanding the history of spaceflights and for divining its future. And it is a
question that history is in a unique position to illuminate.” [1] Indeed, one can really under-
stand present decisions studying past one, and how repetition in history can influence plans to
come in the future. Political science calls this historical relativeness the institutional “path de-
pendence” [2], meaning that a political decision by a government is dependent on its past ori-
entations.

The same phenomenon can be observed in programs of space agencies: indeed, govern-
ments involved on the international space stage have different institutional, technical and scien-
tific background concerning how to build and drive a space program. Since current space op-
erations implicate an international coordination, managing these programs (such as the Interna-
tional Space Station) is a matter of transferring, translating and trading skills between space
powers involved in the partnership. Despite of it, governmental decisions also lay on cultural
background and advanced reflections about space engineering and astronautics. That is pre-
cisely why Russia remains one of the most powerful space power upon the international stage,
from the cognitive breakthroughs of Konstantin Tsiolkovsky to the construction of the Vos-
tochny space port.

This paper proposes to give a look backward in the sociopolitical history of manned space
achievements since the epic flight of Yuri Gagarin, in order to better look to future possibilities
of human space exploration, being aware of this “historical dependence” on the past of future
manned space programs. This reflexivity is important especially today, as human space explo-
ration is at a turning point where long-duration spaceflights are at agencies’ fingertips. Most of
all, this is important especially today, as words of the President Vladimir Putin during its
Speech at the Meeting of Russia’s Security Council on the Federal Space Policy in 2001 are
even truer in 2016: “(...) it would be no exaggeration to say that today space exploration en-
sures global stability.”

1. Dick Steven J. and Launius Roger D. (eds.) Critical issues in the history of spaceflights,
Washington, NASA Office of External Relations, History Division, 2006.

2. Pierson Paul, “Increasing returns, path dependence and the study of politics”, American
Political Science Review, Vol. 94, No. 2, p. 251-267, 2000.
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CHINA MANNED SPACE PROGRAMME ACHIEVEMENT AND FUTURE
DEVELOPMENT

Mpyr. Liwei Yang
China Manned Space Agency

China has been conducting its national human space programme since 1993 following
three-step-strategy. Up to now, eleven space flight missions have been accomplished, sending
ten Chinese astronauts into space and returning them safely. China is establishing its Space Sta-
tion scheduled to be put into full utilization in around 2022. The programme has set up interna-
tional cooperation areas and basic principles to promote cooperation with rest of the world on
utilizing China’s Space Station to benefit all mankind. As one of the main areas, the planned
experiments facilities for cooperation onboard the Station will be introduced. In particular, the
international cooperation with Russia Space Agency, European Space Agency and the United
Nations Office for Outer Space Affairs will be presented.
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JAPANESE SPACE EXPLORATION STATUS AND FUTURE SCENARIO

Masuda Koichi
Japan Aerospace Exploration Agency (JAXA)

In Japan, intensive discussion had been made for the strategy and scenario for future space
exploration at ISS & Space Exploration subcommittee under the MEXT until June 2015, and
then the subcommittee published the 2nd report. In the report, step-by-step approach from the
ISS to the Moon and Mars was set as the key strategy for implementing space exploration. As
for the ISS, it was recommended to continue to participate in the ISS until 2024, and utilize it
for demonstration of new technologies. Key technologies to be researched and developed for
future space exploration were also clarified. Those are Landing and exploration technology on
gravity planets, Deep space resupply technology, Habitation technologies in deep space such
as environment control and life support, Radiation protection, Health management.

On the other hand, we have been conducting several robotic missions which demonstrate
technologies and survey data for future exploration. Those robotic missions include Kaguya,
Hayabusa, Hayabusa-2, and Akatsuki. Also, we have been participating in the International
Space Station (ISS) program by providing Japanese Experiment Module (KIBO), H-II Trans-
fer Vehicle as the Logistic Vehicle (KOUNOTORI), and Japanese Astronauts. Through the ISS
program, human space habitation technologies and human rated RVD technologies were ob-
tained and accumulated. Also, technologies for future space exploration will be demonstrated
on the ISS.

Based on the report and achievements so far, JAXA is conducting the internal technical
studies for the comprehensive scenario and plan for the space exploration considering develop-
ing and fostering the key technologies identified. The comprehensive scenario and plan for the
space exploration includes objectives, goals for science and human activity expansion, com-
prehensive architecture, high level system requirements, system concepts, roadmap for science
and technologies, and proposed missions. The study will be iterated by being reviewed within
JAXA and being consulted with stakeholders, and considering the international coordination
on the space exploration.
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WATER ICE DEPOSITS ON THE SURFACE OF THE MOON ACCORDING
TO THE SPACE PROBES.

S.G. Pugacheva, E.A. Feoktistova, V.V. Shevchenko

Sternberg Astronomical Institute Moscow University

During long time of the Moon investigation, the conviction that there can be no volatile
matters, and certainly no water on the dry lifeless Moon, prevailed in the scientific world. The
environmental conditions of the Moon, such as weak gravity and absence of the atmosphere,
inevitably lead to evaporation and diffusion of the volatile matters. First implicit data on the
deposits of frozen volatile matters were found by the American Clementine spacecraft in the
southern polar of the Moon. Reanalysis of the ranges of chemical content in the samples of lu-
nar soil, delivered to the Earth by the Apollo space missions and Luna-24 space station, also
shows weak line of hydrogen. Although the lunar samples were delivered from the areas locat-
ed close to the Moon equator, where the surface temperature reaches 400°K. The new sensa-
tional data concerning the presence of hydrogen in the soil of the Moon were received by the
American lunar probes and confirmed by the space missions of the Lunar Prospector and LRO
spacecrafts, Indian Chandrayaan-1 lunar probe, and Japanese Kagua lunar probe. Investiga-
tions of the Chandrayaan-1 orbital space vehicles and American Deep Impact vehicle found
the spectral signs of water on the Moon. The task to search for water in the polar caps was suc-
cessfully solved by means of the space scientific apparatus — Russia neutron spectrometer in-
stalled at the American space vehicle Lunar Reconnaissance Orbiter (LRO). Neutron spectros-
copy method for the assessment of water presence in the near-surface layer of the polar caps of
the Moon was applied in the space research practice for the first time in this experiment. The
lunar neutron detector abroad LRO orbiter evaluated the neutron flux from the particular areas
of its surface. Neutron penetration strength depends on the soil composition and hydrogen
presence in the composition of the soil material — even a slight share of hydrogen in the soil’s
fractions of 100ppm leads to significant changes of the neutron nuclear emission. The calcula-
tions show that addition of 0.1% hydrogen weight fraction to the matter of the near-surface
layer of the planet will be enough to reduce the epithermal neutron flux twice, and increase the
thermal neutron flux 10 times. The epithermal neutron flux attenuation from the surface area of
the planet is an evidence of hydrogen availability in the soil. Availability of 3-5 weight fraction
of hydrogen in the soil is equal to the content of water in the soil of 30-50 weight fraction. The
neutron flux fluctuation in the areas makes ~20%. The areal variability on the Moon appears as
a result of the distinction in the soil rock forming element content and slight changes in the hy-
drogen concentration (50-100 ppm).
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STATUS REPORT ON HUMAN SPACEFLIGHT AND MICROGRAVITY RE-
SEARCH IN THE CZECH REPUBLIC

Michal Vaclavik

Czech Space Olffice, Human Spaceflight, Microgravity and Exploration Department,
Czech Republic

Research in the microgravity conditions and human spaceflight related research in the
Czech Republic have been reborn recent years. More than 30 experiments have been accom-
plished from mid seventies, with the significant decrement in the nineties. Czech scientists are
the most experienced in research of the human factors and physiology, astrobiology, radiation
dosimetry, fundamental physics and crystallization.

The biggest Czech contribution to microgravity research is the dedicated optical link for
synchronization of a pair of extremely precise atomic clock on board the International Space
Station (ISS) with stations on the ground. This experiment called European Laser Timing is
part of the Atomic Clock Ensemble in Space instrument setup, which will be launched and at-
tached to the ESA’s Columbus laboratory in 2017. Instruments will allow clock comparisons,
time transfer and ranging experiments in the optical domain. Several dosimetry experiments
were done during past years on ISS. One of the latest one, which included a three-dimensional
survey of the radiation environment in all segments of the station, started in 2012. Czech ex-
perts prepared sets of passive dosimeters attached to the side walls of Columbus laboratory
module. Onboard the Orion spacecraft / Exploration Flight Test 1 (EFT-1) was located an ac-
tive detector measured and recorded real values of space radiation penetrated inside the space-
craft. The Mars-500 mission simulation conducted by Russia, ESA and China, includes three
Czech research experiments that are to explore the dynamics of relationships in a small group
of people, changes in perception and memory related to long-term isolation and to examine the
source of human endurance in critical situations.

Others physiological, biological, medical, material and sociological experiments in micro-
gravity conditions will be implemented after 2016 using ISS, small satellites and ground based
facilities. A unique underwater experimental facility for scientists and a base for training astro-
nauts is being finished. It will enable a wide range of research studies and experiments in con-
trolled conditions. Also a new facility for microgravity and hypergravity education and re-
search will be finished next years.

International cooperation is particularly important for small countries. The Czech Republic
cooperates especially with ESA member states, Russian Federation, United States of America,
Japan and commercial providers.
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INTERNATIONAL COOPERATION IN HUMAN SPACE MISSIONS: THE
HERITAGE OF ITALIAN SCIENTIFIC EXPERIMENTS ON ISS

Simona Di Ciaccio, Fabrizio Perrelli, Maria Cristina Falvella

Italian Space Agency (ASI)

By virtue of international cooperation, Italy is among the main countries in the construc-
tion and utilization of the ISS. In fact, Italy benefits from a double level of access to the ISS:
through ESA for the realization of the Columbus Orbital facility (COF) program and for the
utilization Programme for Life and Physical Sciences in Space, and through a bilateral protocol
with NASA (1997). According to it, in exchange for three Multi-Purpose Logistic Modules
(Leonardo, Raffaello e Donatello) to NASA, ASI acquired rights for the utilization of the re-
sources of the ISS and for at least six shuttle flights. Today more than 40% of the habitable
volume of ISS is Italian manufacture.

Since 2001 the Italian Space Agency has selected and supported 121 experiments and 202
researchers, mainly in the fields of human physiology and Biology and Biotechnology , but
also in Physical Science and Technology development and demonstration. Seven Italian astro-
nauts in ten space missions have spent 627 days in space, of which 587 after 2001. A recent
study analyses the effects of this heritage in three main fields: the communication and dissemi-
nation of the culture of space (through web, social media and educational programs), scientific
progress and the industrial involvement.
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