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L.K.bopoeun, MU Maenn, AL yaun
G.K.Borovin, L5.Ilin, A.G.Tuchin

MaTeMaTHYECKOE MOTETHPOEAHHME KBATHIIEPHOIMHECKOTO NIBHAEHMA KOCMMUECKOT0 ANINAPATA B
okpecTHOCTH TouwkH Lz cveremer ConHue-3emnn

Mathematical modeling of the spacecraft’s quasi periodic motion in the vicinity of the Sun-Earth
system L; point

B pafore paccMOTpeNEl KBassmepHogWdeckue OpDWTHL B oKpecTHOCTHM Toukw mabpamwmr L: cucrembl
Conane-3eMis, MCOMIHIOBAHME KOTOPEX BOIMOMHO B npoekTax «Croexrp-Pl's w  eMunmiderpoms.
[Mpupeociia  KaccHpHEATMA OePHOMICIECKHY W KBASMIIEPMODWTIECKMX [OBIGEEHMA B OKPeCTHOCOTH
KOUTMHEAPHLIX Touek AMOpaiM, a Tak ke BHyaiisania ONMHCHBaeMBX MHOTOODPaIwi ¢ NOMODTER
orofpamenua [yankape.

[Npegnomeno & kavectse pabousu Opbutel BA  oMidumaderpods W «Chekip-ITre  nciiofbioBaTs
PaMTMUHEE BHIE ranc-opouT - B IepEOM CTyHae ranc-opiuTy ¢ BEDOIOM W3 IIOCKOCTH MTMITTHEN Ha 1
MITH. KM, & BO BTOPOM, HAIIPOTHE, TAN0-0pBuTy, MEKAIIYo ¥ MATION ORPECTHOCTH ITIOCKOCTH SITHITTHEM.

Paspaforan MeTog W PeaTH3IOBAH MATEMATHUECKMA ANTOPHTM, PeaTMsyOmma  DaammcTHyaeckoe
MPOEKTHPOBAHME MucCHi K Towke mubpamos La cucremsl Commne-3emnd - MOAeTMpOBaHME TepeIeTa Ha
ranc-opBHTyY ¢ 3aNaHHEIMM FEOMETPHHYECKHMMM XADAKTEPHCTHEAMM W EBASHOEPUOIHMYeCKOro ABMKEHWA 10
Hefl. B uacTHOCTH, H3MOMeH MATEMATHYECKHIT anropuTM NOCTPOSHHA TPAeKTOPMWH COHOMMITYITECHEIX
nepeneTos 3ewmna - ranc-opbuTa ¢ MCMOMbioBaHMeM W Be3 MCNONBIOBAHMA JIYHHOIO IPaBHTallMoHHOTO
smasespa. JIAHHBIT ANTOPWTM TPEAIONaraeT NOCTPOSHHE HaYambHOTO MPUOIICKeHMA MyTeM PacieTa M
aHATHIa VEOMMHWA DYHKIMM BHCOTH HEPHUEHTpa OTIeTHON opOWTH Hal HOBePXHOCTEI0 Jemmin,
APTryMeHTAMW EQTOPOT SRIHI0TC TaPaMeTpPh, XA PAKTEPHMIVIOITHE [ano-0pGuTy.

VKasaHHEIM ANfOpiTM  HOIBOTAET TOMYIHTE Tano-opOuTel ¢ JANAHHELE —Te0MeTPUHecKHMH
XapaKTepUCTMKAMM KAK B TMOCKOCTH JKTHITTHEM, TAK M B IINOCKOCTH, R OPTOrOHAMBHOR,

OeoreHne B OKPeCTHOCTH  KOUTMHeAPHEIX TodWexk nubpanuy SABASETCA HEYCTOWYMBRDM, dTO
ofiycnagmisaer HeoOXOIMMOCTE NpoBEdeHHMA MaHespos yoepmanns KA sa swifpanbof rano-opGire,
PaspaloTaH aIropdTM  pacdeTa WMIYIECOB MAHEEPOB, PeAMMIVIONMX CTPATErMID YOepwamma KA,
oy YeHE OIEHEH 3aTPAT XAPaKTEPUCTHUECKOT CROPOCTH HA NIOAep#aHme ophiTsl.

TMpencrasnesn  pacCuWTaHHHEE ABTOpAMM  Tano-opfuTH, yHORTETEOPAIINME  CATUTHCTIECKHM
tpefosanmam npoekros «Cnekrp-FI'» u «Mwrninverpor.

This work considers quasi periodic orbits in the vicinity of the Sun-Earth system L; libration point, that
could be used for the upcoming “Spectr-RG" and “Millimetron” missions. The classification of periodic
motions in the vicinity of the collinear libration points is presented along with the visualization of the
described manifolds with the help of Poincare section,

Different types of halo orbits are proposed for “Millimetron” and “Spectr-RG” missions - in the first case
it is a halo orbit, going 1 min. km away from the ecliptics plane, and in the second one, on the contrary itisa
halo orbit, lying in a close vicinity of the L; point.

The method and mathematical algorithm, providing the ballistic design of the spacecraft transfer to the
vicinity of the Sun-Earth system L; point and halo orbit motion in this area has been developed and
implemented. The developed method provides halo orbits with given geometrical dimensions in the
ecliptics plane and in plane orthogonal to it.

For caleulation of one impulse flights from the Earth to the halo orbit (with the help of a swing by
maneuver or without it) the initial approximation construction algorithm has been implemented. These
approximations are calculated by means of two variables” funchion isolines construction and analysis. The
transfer {rajectory pericentre height above the Earth surface is considered to be such a function. The
arguments of this function are the special parameters describing the halo orbit,
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The motion in the vicinity of the collinear libration points is unstable, thal presuppuses some station
keeping strategy to keep the spacecraft in the selected halo orbit. An algorithm, calculating stationkeeping
maneuver impulses and providing stationkesping strategy for the whole spacecraft lifetime has been
developed. The characteristic velocity costs needed tor the stationkeeping have been evaluated.

The halo orbits, calculated with the help of the methods described above and meeting ballistic
requirements of the “Spectr-RG” and “Millimetron™ missions are presetited,
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TFonyGes HO.@., Tpymescxint ALB., Kopanos B.B., Tywin AT,
Golubev Yu.F., Grushevskii AV, , Koryanov V.V., Tuchin A.G.

INocTrpoerse Typos B cicreme H0mimepa ¢ Monoas3oBalMen rPasiTalMoHHLIX MAHEEPOB OKO/TO
ranuiess IyH

Tours Designing in the Jovian System with Gravity Assist near Galileian Moons

MecnomsaosaHie TPapHTAMOHHEY MaHERPOE OKOIIO ECTECTEEHHEX HeDeCHRIX Te Mo3B0IieT
AHAYMTENBHO PAcIHpPHTE obnacte ocsoermns CoMHETHOM CHCTEMEL TIPH CYIECTBYIOMIEM YPOBHE Painiiiis
KOCMITHECKON TEXHUKM (£10 HAMATOM MOMHO CHMTATE COBETCKWN Npoekt NTyHa-3). [[omomiyTelsHER 53718
XAPAKTEPUCTHYSCKOR CROPOCTH, MOTVHASMEIE TPAKTHIeCKH Be3B03MeInHo - 32 cueT opOHMTANBHON SHEPIMM
MMAHET WITH MX COYTHHEOS - 8T BO3MOMHOCTE 0718 COBEPLUISHMA TYPOB K FUaHeTAM-THIAHTAM, W, B IEPEYIY
ouepeis - k cncremar IOmrmepa w Catypna. I, ecmi B neperx KOCMMEECKED MucoHax nogofiore poga
(TTwowep-10, Boansep-1) srbpaidan MAMIEHD METWTHIOBANACE B KAMECTEE KATAITYIETH HOBOIO PasTOHL
kopaling, To B MOCNeIyIomes GLUTH MCIIOMEI0BANE] GoMes CTIOMHEE CIEHAPWH, MCIOTEIVIOUITHE HE TOTEKD
[FASTOHHEIE TPABMTAITMONHES MAHEBDE, HO W CHMMETPHIHER UM - TOPMOSHEIR, © HeTEi0 “BHCANKN B
BHOPAHHYIO CHYTHHEOBYHO CHETEMY © MUHMMATTLHON BeNIHHON TopuMosHore wMnyieca (Tamaieo,
Kacownm). B amx onyuasx, Hapany ¢ suGopoM “okoH cTapTa” oT 3eMTy, NOAEMTAcE HeoOxonuMocTs
paspaGoriu KoMBHAAIHOHHOTD MAHSBPHPOBAHNA © COOTBETCTBYHILIMMM CLEHAPHAMM M CXeMani
FPaBHTATTHOHHEX MaHespos. B 2ToM CMEICTE NepCnexTHEHEE KocMiaeckie Micoim (npoexT Pockocmoca
“TMannac” npu koorepaiu ¢ npoexrosm ESA JUICE [1]), npenycMarpisaeiinie NoCaiky Ha ofuH i3
coyruukes KOwrepa, obusanes crare euge Goiee npopaloTaiimsme BAPHAITTAME, TOCKOAEXY OpoileT, obaer
H - DOCAKE MOMPAsyMEBAIDT TPOECKPATHYIO PEIYKIHID CROPOCTH NPHBTIA KOCMMHMECKOTO anlapaTa,
KOTOPYIO, TIPH HATIMHH OTPaHMYeHAMT Ha PACKO TOIUIHMBA, MOKHO 0DeCrieYTE TOMEKD C NOMOLIBID
IPABMTAIMOHHEY MAHSRPOB OKO/I0 KPYIHEX eCTeCTERHHEX cryTHuKos KOmrrepa: Mo, Erpona, lamnen,
Karrmuero, [Tpu aToM orpaHiYeH be THHEAMYECKHE BOIMOKHOCTH HCTIONTEIOBAHISA TyH TpebyioT
NPOBSOSHHA QeCHTROR II.P'{“COPFJI'?ITHR QEQIIO HRX

CranoBNTCH OUSBILIHON AKTYATEHOCTE PEryISPHOTS NOCTPOSHIA OTTHMATEHELX CIEHAPUER -
NOCTENoBATETEHOCTEl NpoxoxTens HeSecrsx Ten o suipaboTru yenorui ux uenonmernd. B paGore
TPeICTARIEHA METOIHEA TOCTPOSHIA TaKHx Uenover, [1aiTes MpuMepsl e MCIoIB30BaHUS VIS
npopaBoTEM KOHKPETHELX BAPHAHTOR MMCCHM, INAHMPYIONEeR chnukenne ¢ [anuMeIom 1 Iocanky na
HETO MOCTE JABePIISHMA MexIUaHeTHoro Tpancdepa k Kmumepy, nauunas ¢ MoMesTa npuberris
KOCMUMECKOTo ANliapaTa B ero chepy mefcTems.

Konerpynporanme auccrt k cucresme I0nurepa crankyeaeTcd © pamos CI0EHOCTEH, KOTOPLIE
Bﬂ'ﬁpﬂ.{?’[‘ﬂl’.‘l‘l‘ HFI-'I HarTOaEHMH G]'PE.H!I-’I‘IEI]'P‘E'I-'-! Hix p&ﬂ‘-‘{ﬂ,ﬂ, PE!’."}’PCE_. LTM&MIJH}?HJ 03y Hﬂﬂj‘lﬂﬂi—lﬂﬁ Paﬂhﬂuﬁ'ﬁ'l
U JUTUTeTRHOCTR TIpoReTets Ty pa. O noMombo Hernosiosanms THarpam Truccepana-llyankape
MOKA3AHG, UT0 pajnoofpaiie rPaBMTAITMOHHOIO ancamMBng @ cucreme Hmurepa He TOINBRO YOIO0MHAST
TOUHEN DAUTMCTHYECKIIA AHATHI MMCCHY, HO, TIPH ero 3derTHRHOM HOTIONRIORANMK , TIO3ROTIHET
ANAMTHPORATE ANMTOPUTMEL NIOCTPOSHUA CIEHAPWER 110/1 MHTEPECH KOHKPETHRX KOCMHHECKIX MHUCCHH,
BRUTIOHAH TICCANKY Ha OHH 13 coyTHHKoB Omumepa npu pasyMHEIX 3aTPaTax pecypeos M BpesMeni.
[pueeneHtl pesybTaTel PACICTOR IMHAMIEN HAKOIUIEHHMA CYMMAaPHOR 003k paHaIHi, ToTyHaeMon B
npotecce OCYIIECTRAeHUE Mook, [ToKazaHo, W10 Ha YUTIITHYecKx opOnTax okono Kmmrepa ocHoBHAA
N03a PANHAIINH HA OIHOM BUTKS KOCMWYECKHIT AMNAPaT MOy HAeT KBA3UCHMHIYTHPHO, B paHone
opBuraneHore nepuierTpa [3].
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