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Kocmuveckne moayiau komiuiekca «@odoc-I'pyHm»
JJISL IEPCIEKTUBHBIX MEKIIAHETHBIX CTAHIUMN

I'M.Ionuwyxk, K.M.ITuuxaosze, B.B.E¢panoe, M.b. Mapmuinoe

B cmamwve npeocmasneno, umo 6 pamkax npoexma «®Dobdoc-Ipynmy cozdamsl yHUupuyuposanHvie
MOOYIU, maxue Kak O08UcAMeNbHAsl YCMAHOBKA 6blee0eHUs, NepeNémHuas Kocmudeckas niamgopma,
so3epawaemvltl annapam. Ilpeonacaemcs Ha 6asze smux Mooyrel €030a8amsv NepPCneKmusHble
Medcnaanemubie Cmanyuu 0asi PYHOAMEHMANbHLIX KOCMUYECKUX ucciedoganu. Ilpusedeno onucanue
npeononazaemMvlx HayyHbIX KOCMUYECKUX NPOEKMO8 HA CPeOHe CPOYHYIO NePCHEeKmUs).

Kniouesvie cnoea: asmomamuueckuti Kocmudeckuti annapam, @yHOAMEeHmMAanibHble KOCMUYEcKue
uccneoosanus, Deoepanvras kocmuuveckas npoepamma, Doooc-Ipynm, Jlyna- o6, Jlyna-Pecypc,
Benepa-/I, Mapc-HOT, Mepxypuu-I1, Jlannac-Eepona.

Space modules of «Phobos-Grunty space complex for next-generation interplanetary stations. G.M.
Polishchuk, K.M. Pichkhadze, V.V. Efanov, M.B. Martynov

The articles shows, that in frame of “Phobos-Grunt” project unified modules were developed, such
as: insertion propulsion system, cruise space platform, return vehicle. Based on the modules it is
proposed to build next-generation interplanetary stations for fundamental space research. For medium-
term period a description of assumed scientific space missions is given.

Key words: automated spacecraft, fundamental space research, Federal Space Program, Phobos-
Grunt, Luna-Glob, Luna-Resource, Venera-D, Mars-NET, Mercury-P, Laplace - Europa.



IpyHIMIBI IVIAHETAPHOM 3AMThI IKCIEeTUIIUU

«O®DOBOC-TPYHT»

M.b.Mapmouoinos
nepeiii 3am. pykogooumens OKB
C.H. Anexcawkun
3am. oupexmopa Llenmpa
H.M. Xamuoynnuna
Hayanvruk omoena Llenmpa , kanouoam Qus.-mam. HAYK
(couckamens yuenoti cmenenu OOKMOPa MeXHUHECKUX HayK)
O.HU.0pnos
nepeviii 3am. Oupekmopa, OOKMop MeOUYUHCKUX HAVK
H./l. Hosukosa
sasedyowas nabopamopueti, OOKMOp GUOTOSULECKUX HAVK
E.A. Jlewesan
8eOVIULl HAYUHBIT COMPYOHUK, KAHOUOAM OUONOUHECKUX HAYK ~
B.U. Tpoghumos
3aM. Oupexmopa, OOKMop XUMUYECKUX Hayx, npogeccop’’

U

DryiIr «HIIO um. C.A.Jlasouxunay, 2. Xumru, Mockoeckas obracmo
I THI] P — Unemumym meduro-6uonoeuseckux npobaem PAH, Mockea
Y Hayuno-mexnonocuueckuii yenmp «Jlekouomexy, Mockea

B cmamve nposooumca ananuz sxcneouyuu « Poboc-1 pynmy, kiaccuguxayus ee 3manog ¢ mouku
3peHUsi NIAHeMAapHOU 3auUmvl U COOEPAHCAMC OCHOBHLIE NPUHYUNBL Op2aHUu3ayuu pabom u
onpedenenue Meponpusmuil no obecneyeHuro mpeOOBaAHUL NIAHEMAPHOU 3aWumvl, paspadoOmMaHHbIX
Komumemom no kocmuueckum uccaeoosanusm (KOCIIAP).

Kniouesvie cnosa: nnanemapnas sawuma (Kapawmuh), Kame2opuu MeHCHIAHEMHbIX IKCNeOUyull,
cmepunuzayusi, OeKOHMamuHayus (ouucmra).

Planetary protection principles used for “PHOBOS-GRUNT’ mission. M.B.Martynov, C.N.
Alexashkin , N.NM. Khamidullina, O.1.0rlov, N.D. Novikova, E.A. Deshevaya, V_.I. Trofimov

The article presents analysis of “Phobos-Grunt” mission, classification of its phases in terms of
planetary protection, and shows main principles of activities management and definition of actions for
planetary protection requirements fulfillment, developed by Committee for Space Research (COSPAR).

Key words: planetary protection (quarantine), interplanetary missions categories, sterilization,
decontamination (cleaning).




MOAEPHU3ALIUSA PABI'OHHOI'O BJIOKA «®PEI'AT»

B.A.Acromkun
samecmumeilb ceHeEPAlbHOc0 KOHCmMpyYyKmopa, KaHOudam MmexXHu4eCKux Hayk,
B.I1. Buxynenkoe
2Jla6Hbllz cneyuanucm lleHmpa, Kandudam MexXHU4YeCKUx Hayk,
C.B.Hwun
3amecmumenb OUPEKMopa U 21481020 kKoncmpykmopa Llenmpa,
K.M.ITuuxaosze
nepeblil 3aMeCuUment 2eHePalIbHO20 KOHCIMPYKMOPA U 2eHepalbHo20 oupekmopa - pykosooumenb OKP,
npogheccop, 00KMoOp MexHU4eCcKux Hayx,
I'M.Iloauwyk
2EHePANbHbILL KOHCMPYKMOP U 2eHePAbHblIL OUPEKMOP,
npogheccop, 0OKMop MeXHUUeCKUX HaAyK

B cmamwe onucano ycmpoticmeo u npusedensvt 5manvl MOOEpHU3AYUU PA32OHHO20 OI0KA
«D@pezamy, cozoannoco HIIO um. C.A.Jlasouxkuna, u npeOHasHaueHHo2o 05 8bl8eOeHUs.
KOCMUYECKUX annapamos Ha opoumsl UCKYyCCMEEHHbIX CHYMHUKO8 3eMlu U MedCHIaHemuble
mpaexmopuu. /lan kpamxuii 0030p NPOBeOeHHbIX MEPONPUAMULL NO YIIYYULEHUIO MAKMUKO-
MeXHU4eCKUx Xapakmepucmux pazeouHo2o oioxa « @pezamy.

Knroueswie cnosa: pCZS’ZOHHblL? 6]201(', pakema-Hocumeib, mapuiesas osueamenbHas ycmaHoeKka.

“Fregat” upper stage upgrade.V.A.Asushkin, V.P.Vikulenkov, S.V.Ishin, K.M.Pichkhadze,
G.M.Polishchuk.

The article describes the structure and phases of upgrade of “Fregat” upper stage developed by
Lavochkin Association and intended for SC insertion into various Earth satellites orbits and
interplanetary trajectories. The article presents brief review of taken actions on performance buildup
of “Fregat” upper stage.

Key words: upper stage, launch-vehicle, sustainer propulsion system.



Pa00T0CnIOoCOOHOCTL KOCMUYECKOM
CHUCTEMBI B YCJIOBUAX JJIUTEJILHOIO
MOJIETA ¢ Y4€TOM HAKOILUICHUS yiepoa

A. A. JTrooomyopos

Oyenusaemcsi pabomocnocoOHOCMb KOCMUYECKOU CUCMEMbl N0 MOOeNU «HA2PY3KA — NPOUHOCHIbY C
VUEMOM YMEHbUIeHUs. BEPOAMHOCMU COXPAHEHUs pabomocnocoOHOCMU 8Cie0cmsue HAKONIeHUs
yuepba 6 pezyromame 6030eUCmBUs 6HeulHel cpedbl npu oaumenvHom nonéme. Ilokazano Ha
npocmetiuiem npumepe, Ymo 8eposmMHOCMb COXPAHEHUS paOOMOCHOCOOHOCMU 8 IMOM CyYae MOdCem
cyuecmeeHHo cuudcamoca. Ilpusooamces coomuowieHus, Nno360AIOWUE NPU U3BECTHBIX 3AKOHAX
Hapacmanusi HacpysKu, HAKONIeHUus ywepdoa u epemeHu @OYHKYUOHUPOBAHUS CUCMeMbl 3a0amb
mpeb08anUs K HA4albHOMY 3HAYEHUIO 8ePOAMHOCIU COXPAHEHUsI paOOMOCNOCOOHOCTU.

Kniouesvie cnosa: pabomocnocobHocms KOCMUUECKOU cucmemsl, HaKkonieHue yuwepoa, Hazpyka —
NPOYHOCMb.

Space system operability under long-duration flight conditions subject to damage accumulation.

A. A. Liubomudrov

The article presents estimation of space system operability by “load — durability” model subject to
decrease of probability of operability maintenance owing to the damage accumulation resulting from
environmental exposure during long-term flight. By simple example it is shown that probability of
operability maintenance in that case can be considerably decreased. Correlations are given enabling to
specify requirements for initial value of probability of operability maintenance under known principles
of load pickup, damage accumulation and system functioning time.

Key words: space system operability, damage accumulation, load — durability.



HUcnoab3oBaHue KOMOMHMPOBAHHOI0 METO/IA PacyeTa MPOrpaMmabl
KOppeKUUi npuBeaeHus reocragmoHapaoro KA nis
MUHUMU3ALUH
IKCHEHTPUCUTETA OPOUTHI

A.E.Ha3zapoe

Paccmampueaemces 3a0aua npusedenusn ceocmayuonaprozo KA 6 3a0anHy0 mouKky «CMOAHUALY C
yuemom ouwubox evigedenuss KA na opbumy u owubox ucnonnenus koppexkyui. Ilpeonacaemcs
KOMOUHUPOBAHHBILI MemoO pacdema KOppeKyull NpuseoeHuss ¢ UCNONb308AHUEM —aN20pUmmda
ONMUMANILHOU UMNYAbCHOU KOPPEKYUU U YUCIEHHOU MOOeU NPOSHO3UPOBAHUSL AKIMUBHO20 OBUNCEHUs
yenmpa macc KA, obecneuusarowuii 6b1coxkyo mouHocms pacuema u nO360JAOUUL MUHUMUSUPOBANb
3HayeHue SKcyeHmpucumema opoumsl 8 KOHye smana npugedenus. Memoo npocpammHo pearu3o8an u
Modcem  OblMb  UCHONBL308AH OJIsl pacyema Napamempos KOppeKyull NpuseoeHus Kax Ha dmane
npoekmupoganusi 2eocmayuonapuvix KA, mak u Henocpeocmeenno O0ns YnpaeieHuss npu  Uux
IKCHIYamayuu.

Kniouesvie cnosa: [Ieocmayuonapuulii KocMuueckuil annapam, 2e0CMayuoHapuas opouma,
KoppeKkyuu npusedenus 2eocmayuonapro2o KA, sman npueedenus, ynpasienue na smane npuseoeHus,
MUHUMUZAYUS IKCYeHmpucumema opoumel ceocmayuonaprozo KA, npoepamma koppexyuii npusedenus,
aneopumm  ONMUMAILHOU UMNYIbCHOU KoppeKyuu, owubku evieeoenus KA, owubku ucnonHenus
KOppeKyuu, epems npueeodeHus, YUCio KOppeKyui, mouynocms npueedenus KA 6 3a0annyro mouxy
«CTMOSHUSAY.

Use of combined method for calculation of GEO SC corrections program to minimize the orbit’s
eccentricity. A.E. Nazarov

The article describes corrections of GEO SC to transfer it into the given “standing” point subject to
SC insertion errors and corrections errors. A combined method for corrections calculation is proposed,
using algorithm of optimal impulse correction and numerical forecasting model of SC CoG active
motion, providing high accuracy of calculation and enabling minimization of the orbit’s eccentricity at
the end of insertion phase. The method is software implemented and can be used for correction
parameters calculation both during GEO SC designing phase and for SC control during its operation.

Key words: GEO SC, geostationary orbit (GEO), GEO SC corrections, corrections phase, control
during corrections phase, minimization of GEO SC orbit eccentricity, corrections program, algorithm of
optimal impulse correction, SC insertion errors, correction errors, time of correction, number of
corrections, accuracy of SC transfer into the given “standing” point.



Opranuszanus MCNbITAHUNA HHTETPUPOBAHHOI0 OOPTOBOIO
KOMILICKCA YIIPABJIEHU KOCMHUYECKOr0 anmapara

P.H.Apxanzenvckuii, F0.K.3aiiko

Ananuzupyemcs onvlm npoGedeHus UCHLIMAHUL  UHMEZPUPOBAHHBIX OOPMOBbIX  KOMNIEKCO8
VNPABNeHUss KOCMUYECKUX annapamos HayuHo20 HA3HAYeHUs, KOmopbvle CIaiu OCHOB0U 8cex NOCIeOHUX
paszpabomok, évinoansaemuvix 6 HIIO um. C A. Jlagoukuna npu peanuzayuu nepcneKmueHbIX KOCMULeCKUx
npoepamm. Ilpednosicennvie memoOvl Opeanu3ayuyu UCHLIMAHULL NO360JUNU  COelamsb  wdae K
80CCMAHOBNIEHUIO HA NPEONPUAMUU MEXHOIO02UU UCNBIMAHUU HAYYHLIX KOCMUYECKUX annapamos Ha
HOBbIX NPUHYUNAX, COOMBEMCMEYIOUWUX COBPEMEHHOM) DA3BUMUIO IIEeKMPOHHLIX U NPOSPAMMHBIX
cucmem, npumensemvix kak bKY, mak u 6 omoenvHuix 60pmosvix cucmemax.

Knrouesvie cnosa: unmezpuposanmusiii 60pmoegoll KOMNIEKC YNPAsleHUs: KOCMUYEcKo2o annapama,
MEXHONI02UsL UCHLIMAHUL HAYYHBIX KOCMUYECKUX annapamos, OpeaHu3ayus UCHbIMAaHUuil O0pmoeozo
NPOCPAMMHO20 0OecneyeHUs.

Test management of SC integrated onboard control complex. R.N.Arkhangelskiy, Y.K.Zaiko

The article presents analysis of test heritage of integrated onboard control complexes of scientific SC,
which has laid the groundwork for all recent developments, performed by Lavochkin Association for
implementation of challenging space programs. Proposed test management methods enabled to make next
step in restoration of scientific SC test technique based on new principles, corresponding to the current state
of electronic and sofiware systems, used both for onboard control complexes and other onboard systems.

Key words: SC integrated onboard control complex, test technique of scientific SC, test management
of onboard software.



K Bonpocy IOCTHPOBKHM OCTPOHANIPABJICHHOU
aHTeHHbI M0 COoJIHIY B CHCTeMe KOOPAUHAT
MOBOPOTHOI'0 YCTPOMCTBA C TOPU3OHTAJBHBIMH OCAMHU X-Y

B.U Mawrxos

Ha ocrose npeonosicennoti memoouxu 10CmupoeKu Ha3eMHOU AHMEHHbL N0 YCLIOBHO HENOOBUNCHOM)
Connyy paccmompenvl.  0COOEHHOCMU — peanu3ayuu  HeoOX0OUMbIX MEXHON0SUYeCKUX onepayutl,
npeouwecmsyrouux 6600y 6 3KCHIYaAmayuio aHMeHHOU CUCmEMbl HA NOBOPOMHOM YCMpOUcmee ¢
eopuzonmanvuvimu ocaimu X- Y. Ilpusedena ungopmayus o pearvbHbiX OMe4ecmEeHHbIX CUCmeMax
makoeo muna. Paccmompensl dKcnepumenmaivbHo nposepeHHvie annapamuvle cpeocmsed peaiusayuu
KOHMPOJI5l MEeXHUYeCKo20 cocmosiHus cucmemul. buon. 4. Unn. 6.

Knrouesvie cnosa: ocmuposka ocmponanpasnennoti anmernst no Connyy, no8opomuoe yCmpoucmao
¢ eopuzoumanvHoimu ocimu X-Y.

About the question of HGA co-alignment the San in co-ordinate system of rotating mount with
horizontal X-Y axes. V.I. Mashkov

Features of realization of necessary technological operations done before putting into exploitation of
antenna system on rotating mount with horizontal X-Y axes are described based on proposed
methodology of the ground antenna co-alignment on conditionally fixed Sun. Data on real domestic
systems of such a type is given. Experimentally proved equipment control devices of the system technical
conditions realization are foreseen. Lib. 4. Fig. 6.

Key words: high gain antenna co-alignment on Sun, rotating mount with horizontal X-Y axes.



OuneHka napaMeTpoB AMHAMMKHY JABHKeHUsA KA BOIM3M MaJsioro
He0EeCHOro TeJia

B. I Ilonw

B cmamve paccmampusaemcs 3a0aua peanuzayuu  opoumsl KA xax uckyccmeeHno2o cnymHukda
manoeo acmepouoa (MCA), oaemcs obwuti xapakmep 6o3mywjenuii mexyuux koopounam KA na maxou
opbume, U oyeHusaemcs ux 6eIUYUHA, 00YCNO0BNEHHAS OCHOBHLIMU B03MYWarOWUMU akxmopamu. B
Kauecmee NOCNeOHUX NPUHUMAIOMCA. 4) HenpasuibHOCMb Gueypvl acmepouoda, u 0) 603MywjeHus om
Hebecuvix men Coaneunoui cucmemvl. Ilokazano, 4mo npu onpeoeneHHbiX 3HAYEHUSX Napamempos
opoumer MCA mooicho peanuzosamev 00a20CpoyHylo  yenesyro pabomy KA muccuu nocewerus
acmepouda AIIODHUC 6 kauecmge Hocumeisk pa0UOMAaAAKA-Pempancisimopa.

Knrouesvie cnosa: manvie acmepouovl, UcKyccmeeHmblli CHYMHUK AdCmMepouoq.

Estimation of parameters of SC motion dynamics near small celestial body. V. G. Pol

The article considers SC orbit realization as artificial satellite of small asteroid, general description
of SC current coordinates perturbations is given, perturbations values are estimated, stipulated by main
perturbing factors. The main perturbing factors are taken as follows: a) asteroid shape irregularity, and
b) perturbations from Solar system celestial bodies. The article shows that under specific parameters of
asteroid artificial satellite orbit in frame of APOPHIS asteroid visit mission one could realize long-term
SC operation as transponder beacon carrier.

Key words: small asteroids, asteroid artificial satellite.



