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OBINASI XAPAKTEPUCTHKA HCCIEJIOBAHUA

ARTYaJIBLHOCTD TEMBI HCCICAOBANIS

Hactoswas padora nocesigeHa MOACAHPOBAHUIO PANUAIMOHHBIX YCIOBUI
KOCMHYECKOiT HCCIe0BaTENLCKOIT MICCHH, B XO/€ KOTopoii aBTOMaTrHYeckas
MeXIUlaneTHas CTaHuus aomkna OblTh BOEPBBIE JOCTaBneHa HA OpOHTY H
NOBCPXHOCTH ORHOTO 13 Gonblunx cnyTHHKOB FOnuTtepa Epona unu lanumen.

B nocneanne 10 et pa3paboTka NpOEKTOB TakMX MHCCHIl Hauara
BEAYIIHMH MHPOBBIMH KOCMHYECKHMH areHTCTBAMH.

Ha MexayHapoaHsix Hayunbix koudepenuusx Europa-Jupiter International
Science Workshop B Pume B 2008 r., Europcan Planetary Science Congress B
[Morcaame B 2009 1t apyrux 610 00BABICHO 0 pazpabOTKE COBMCCTHOTO NPOEKTA
NASA 1 ESA «Europa Jupiter System Mission», npe/lycMaTpHBaBIIEro 3aMyCK B
2020-x rr. aMepHKalckoro W eppornefickoro kocmuuecknx anmaparos (KA),
KOTOpPBIC JOMKHBI OBITH BLIBCJACHBI HA HM3KHME opOHTHI Bokpyr Esponsi H
Tlanmena s HceneJoBaliMg MOBEPXHOCTH OJTHX CHNYTHHKOB TIIPH IOMOILH
HpHOOPOR NUCTERHUHMOHHOTO 30HAMPOBAHHS B PA3NHYHLIX AMAMA30HAX JUIHH BOJIH.
Mocne Brixoma NASA u3 3toro npoekta B 2010 r. EpponefickuM KOCMHUECKHM
arentctsoM (ESA) nponomxena paspaborka micchit «Jupiter Icy Moon Explorers»
k lanumeny, crapT kotopoit B HacTosuee Bpems nnaunpyercs Ha 2022 r. Onuako
B NASA no npexneMmy CYIECTBYIOT matbl muccun x Espone; Tak, Hauunas ¢
2012 r. paspabatsiBaercs mpoekt Europa Clipper mckyccTBenHoro CnyTHHKA
I0nuTepa, koTophlit JomkeH cosepuinTh ~30 npoaéTos Ha pacctosHuax <100 kM
or mnoBepxnoct Esponb; ¢ 2017 r. paccMarpHBaeTCs HOBBIH IIPOEKT
NOCan0tMHOro anNnaparTa Ha NoBepxHocTh EBponbl.

Onnospemenio ¢ NASA u ESA PockocMoc Taroke Hauam paspaboTky
Muccnn «Jlannace, B xone koropoit KA nomxen BbliTH 12 HH3KYI0 OpOMTY, a
3aTCM  COBCPUIMTL  MOCAAKY Ha  MOBCPXHOCTb  cnyTHuxa  lOnuTepa.
PaccmatpiBanuch ABa BO3MOXKNBIX BApHAHTA — MOCAMKA Ha noBepxHOCTL Epponsl
nnn TCannmena. Jdns pazpaGoTkn storo nmpockra Obna copMuposana pabouas
rpynna ¢ yuactiem cotpyannkoe MKW PAH, HIIO um. C. A. JlaBoukuHa,
HUHAD MIY, srmouas astopa nacrosiefl paGoTel; M APYTHX HAyHHBIX
opranmsauii; no 3aaannio PockocMoca NpOBENEHb!I HAyUHO-HCCEA0BATENBCKHE
paboThI ¢ 1eMBbI0 OMpeeNeHHs BO3MOXHOTO HAYUHOTO M TeXHHUeckoro obnmka
mucchd. [lpu 2TOM BEOCh COTPYAHMYECTBO C AHANIOIHYHBLIMH aMEPHKANCKOH H
cBponciickoii pafouMMu rpynmamm, BkIIOYas TNPOBEACHHE MEXKIYHAPOAHBIX
nayunnix konpepenunii B MKH PAH B 2009-2015 rr. B nacrosmee Bpems
OCYLICCTBACHHE POCCHIICKON MuCcCHM «JIanacy oTaoKeHO Ha nepuoa nocae 2025
T. noche ocymectruenna Mucchit «JIyna-25» w «Benepa-J/I», n npeanonaraer
HCIIONL30BaHHE YaCTH Pa3padOTAHHBIX TS ITHX MHCCHIT TEXHHYECKUX PELICHHH.



Tanuacepel cnyTHiky IOmiTepa ABASIOTCS YHHKIBHBIMKH O0BLCKTAMH 1A
nsyuenus. [losecpxnocts TpEX uX nux: EBponsl, TIanumema u Kannucro B
3HAQYHTENILHON CTENENH COCTOMT M3 Boasnoro nabaa. HauGonbwmii nnrepec
npcacTaBascT EBpona, MockossKy Ha ocHoee ¢oTorpaduil H AaHHBIX H3MCpPCHHU
MarHuTOMETpa  KOCMHueckoro  anmapata  «[lanmiaeo»  mpeanonaraercs
CYLIECTBOBALME 1104 €€ JICNAHOMN 110BEPXHOCTLIO TOAWMHOI 10 10 KM KHuKOIo
oxeana raybunoii 10 100 kM, B KOTOPOM, HNOTCTHYCCKH, BOIMOKHO HATHUHC
an3nd. [lpu otom 1o nabmoaennam KA «Tanuneo» H KOCMHYECKOro Tejleckolla
«Xab6n» ncasHas noscpxHOCTb EBponbl, mpeanono:uKHTCAbHO, H3-3a BAHAHHA
mowHoH rpasurauun  KOmuTepa noaBep:KeHA  AKTHBHBIM - TEOJIOMHYECKUM
H3MEHCHUAM, BKJIIOHAS BBLIXOA BHYTPEHHEIO BELIECTBA HA NosepxiocTsb, Kak
CIICACTBHE, MOkET ObITh NMOCTABNEHA 33/1a4a MOHCKA B BEHIECTBE MOBEPXHOCTH
Eppoi1b BO3MOXHBIX NPH3NAKOB SKH3NUH B HOAIIOBEPXHOCTHOM OKealle.

Kpome Toro, Bo BpeMa MHCCHH K IOmUTCpy MOTYT GbITh NOJYUCHBI JaHHBIC
H3MepeHHi IOTOKOB YaCTHI COMHEUHBIX H TATaKTHIECKHX KOCMHYCCKIX Jyycii 11a
pasubix paccroanuax ot ComHld, a TaKIKC MArHHTHOTO NONs M fIOTOKOB
HEPrHUHLIX uacTHIl B Mmaruutochepe IOnutepa (MaHuBIX TakHX H3MepeHHii
HMCETCAH 3LUAYHTENLHO MEUDILE, YeM ANd MaritiTochepbl 3emin).

Onuako muccis k cnyrimxaM lOuirepa conpsixena ¢ ouelh BLICOKHMH
panuanHoHHLIMH  puCKamMH. B xone nondra kocmuueckwit annapar Oyner
HCIBITHIBATL UIMTEILIOC BO3ACHCTBHE comiculbXx KocMuyuecknx ay4eli (CKJI) n
ranakTuicckux Kocmudeckux nyucii (FKJI) na mexnnancetHoii TpackTopuy, a
3aTCM BO3ACIHCTBHE MOLIHBIX pajHannontuix noscos lOnurtepa. HMostomy ans
NPOCKTHPOBAHHA M OCYWCCTBICHHA Takoft MHCCHH  KpafiHe aKTyanbHbIMM
ABNAIOTCA OlCHKA PAJHAIHOHHLIX YCNOBHIT JUIS KaXA0H CTA AN NONETa M MOHCK
HyTCH OUTHMH3ALHK TPACKTOPHH 1oNETa, opOHT BOKpyr cuyTitikos lOunTepa M
MCCT IIOCAAKH € TOYKH 3PCHHSA MHIHMH3AUMN PAIHAUHOHHOI OHACHOCTH.

Hean 1 3a1auu padoTnl

Heibio paGoTbLl ABIUIOCL MOLCIMPOBAIME PALHALNONNLIX YCHOBHI JUls
pocciiickoro npockra MuccHit «Jlamnacy k cucrese [0nuTepa.

Miiccns BrsouaeT B ce0s HECKOJIBKO ITANOB:

— OKONO3CMHBIT (CTAPT MHCCHH, TPaBHTALHOHHbLIC MAHEBPLI BOMH3H 3eMin);

— MCKMIAHCTHLI Tan nonéra;

~ IPaBHTaLHOHbIC MALIEBPLL B cicTeme I0nnTepa;

- unanbublii 31an Ha opOuTe Bokpyr cnyThuka 1Omutepa Espona unu
I"ansmen 1 na ero noBepXHOCTH.

Ha xamgom u3 atux stanos KA 6yact noaseprathcs BO3ACHCTBHIO
PasNUUHBIX MONYJISINHA DHEPrHYHBIX 3apMKEHHBIX HacTHIL renHocdeps. Ha
MCXKITTAHETHOM M OKOJIO3eMHOM 9JTanax, cootrBerctBeHno, CKJI u T'KJI wu



paanauronHbix moscoB 3eman; B cHcreme lOnuTepa — JHEPrHUHBIX 4aCTHLL
paaHanHoHHbIX NOSACOB H «BHewel» obnacti Maruutocdepst FOnuTepa.

Takum  ofpasoM, 3amavamn  paboTet  ObUIH  MoOnMy4eHHE  OLEHOK
PagHaUMOHHBIX YCIOBHH W MOHCK MyTeH MHHHMH3AUHH PamHalHOHHBIX PHCKOB
JAS KaXKJOTO 3Tana MHCCHH TpPH MOMOLIH MOJENBHBIX PacuéTOB HAa OCHOBE
HMEIOLHXCA OKCICPHMEHTANBHBIX H TEOPETHYECKHX MPEACTABAEHUH O NOTOKAX
IHCPrUYHBIX 3APAKCHHBIX YACTHIL rennocdepl, koTopeic OyAYyT BO3/CHCTBOBATH
na KA na naniom stane nonéra.

Crenenb pa3zpaboTaHHOCTH TEMbI HCC/ICA0BANS

OCHOBHBIE TEOPETHUECKHE TPE/ICTABNEHIS H IMITHPHUECKHE MOJIENH ronei
OHEPrHYHbIX 3aPHKEHHBIX HacTHU Tenocdepsl H  METONONOTHA  Pacuy¢ToB
OKHAEMBIX BEJIHYHH MOTOKOB 3THX YaCTHIL M 103 PaAMAlMH Ha TPAEKTOPHH
nonéta KA, xoropuie ucnonssoBaiac, B jaamuoii pabote, paspaborausl 3a
HECKOMbKO AECATHNETHII Mocne Havaia KOCMMUECKOH 3Bl Ha OCHOBE ARHHBIX
CIYTHHKOBBIX H3MepeHHii. CTOHT OTMETHTB, YTO (0MbliIas YacTh 3THX H3MEPEHRUIH
NOJYUCHa Ha OKOJO3CMHBIX OpOMTAX, TOTAA KaK M3MEpeHHil B MEXKIIAHETHOM
MPOCTPAHCTBE HA TETHOUEHTPHYECKHX PACCTOSHUAX, OTIHYHHIX OT 1 ae., B
ocobenitoctH B Marnutocepe IOmuTepa — CyHIeCTBEHHO MEHbLLE.

OuenxkH PpajHalMOHHLIX YCHOBHMH JUis CUENAapHeB MCCIeN0BATENbCKHX
MuccHit k cnyTHuKkaM FOnuTepa, B xone xoTopbix KA mosmkeH BHIiTH HA OpOHTY
BOKPYr OHOTO M3 CIYTHMKOB HJIM COBEPIINTL NMOCAAKY HA €ro MOBEPXHOCTD,
Obimn cacnanbl B nocaeadue 10-15 net, Koraa NOSBUNMCL NPOEKTEl TaKHX
muccuit. TTpaktiuecku poccuiickoii paboueit rpynnoii paspalotka cuenapues
TAKOH MHCCHM M MOICIHPOBAHHC PAAHAUMOHHBIX YCNOBHI OCYLIECTBISJIUCH
HE3aBHCHMO M OJIHOBPeMeHHO co cnetamnctamu 3 NASA u ESA (nipi aToMm,
KOHeuHo, npodcxoaun oOMmen nidopmaneii H cpapiiele pe3ynbTaToB).

Tak, o0wHe OUEHKH 103 paaHaluy 32 PasHbIMM 3alIMTAMH B 001aCTH
op6utel cnytunka [Onntepa EBpoma, H3 KOTOPBIX CNEyeT BLIBOA O KpaiiHe
BLICOKHX paaHauuoHubix puckax Mmuccun k Espone, caenamnni, nanpumep, B
noknaaax Renard et al. na 55th International Astronautical Congress, 2004, u
paspaGotunkamn  «Europa Jupiter System Mission» Ha MEKIYHApPOAHBIX
kouepcHunsax B 2008-2009 rr. OOHOBPCMCHHO € JOKNMagaMH O HaUMX
pesyneratax (Al: Tlomsonko wu ap., 2009). Ha MexayHapoAHBIX Hay'UHBIX
xoudepenunsx s 2008-2015 rr. rpynmamn NASA, ESA u Pockocmoca Geuin
HC3aBHCHMO TMPCACTABICHB! CBOM CLCHAPHH MHCCHH K cnyTHHkaM lOmurepa,
TPAEKTOPHH NONETA B MEXKIUIAHETHOM NPOCTpalcTBe i Maruutocdepe 10nuTepa u -
COOTBETCTBYIOLINE PACUETH PAAHALMOHHBIX YCIOBHA,

Hmeetcs nyGnukains Paranicas et al. (Geophysical Research Letters. 2007.
V. 34. P. L15103), rie ¢ ucnonk3oBanueM NpHOMIKEHHS «BEAYIIETO 1IEHTPay
ABIGKCHHA HACTHL HA OCHOBC aHanu3a HX LHPOTHOrO i J0AroTHOro apeiida B
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maruntiom nonc 1Onutepa ornocuteasio Eeponsi onpeaenchbl obnacri Ha
Boicote 100 kM naj MOBCPXHOCTLIO EBpOnel, rac NpHCYTCTBYIOT 3ACKTPOHBI
paasauHoneix noscos I0nutepa ¢ oueprusmu <10 MaB. AptopoM nactosieit
auccepTaunonnoii paborel monytueHsl M onyGnHKOBaHBL PE3yabTaTel  Gonee
CJIO/KHOTO MOJIETHPOBAHHA NOTOKOB JNIEKTponoB BOMM3M EBponsl, koTopoe naét
3HAYHMBIC [IONPABKH K KapTHie, IONyyYeHnoii B BuiLicynomsuytoii padore.

Hayunas nosuina

B naumnofi paboTe nposeacHo MOACIHPOBAIME PALHALHONHLIX YCIOBHI B
remocepe  ans BCCX  DTANOB  HOBOH  poccuiickoil  KocMmucckoit
HCCheI0BaTENbCKOH MHCCHH  «Jlamacy, npoexT koTopoii paspabaTeiBaics B
nocneanne 10 ser. B xome mmannpyemoii  MHCCHH  aBTOMATHYECKasn
MEKMNIaHETHAs CTaHis JomkHa OblTh BrCPBBIC JOCTaBAcHA Ha opGHTy M
nopepxnoctn cnyTinika I0nutepa Espona nan Fannmen.

BnicpBbic BBIMOMNCHO MOACTHPOBAHKC MPOCTPAHCTBCHHBIX PACHPCACACHHH
NOTOKOB PCIATHBHCTCKHX JNICKTPONOB M 103 pannauin Ha Beicote 100 kM Han
NOBCPXHOCTBLIO H Ha NOBCPXHOCTH EBponbl ¢ yu&TOM HCCKOABKHX (PHIHUCCKHX
(akToOpoB: MHPOTHBI M NOATOTHHIA Jpeiid) uaCTHIL OTHOCHTENLHO EBpOMNbI,
JIAPMOPOBCKOE ABIDKCIHNE YACTHL, aHH3OTPONHA IOTOKOB, OTINYHE INIOCKOCTH
opOutet Eppousl oT mnockoctH Marmuthoro oxksaropa lOumrepa. Ha ocnose
pe3y/bTaTOB 3TOr0 MOJACTHPOBAHHA YKA3aHBI ONTHMAIBHBIC C TOUKH 3pPEHHS
PaaHALUHOHHBIX PHCKOB MECTa 1OCAJKH HA HOBEPXHOCTH H 11apaMcIpsl OpOHTLI
sokpyr Esponst

Haiitenb opurHHaibhibie mapaMeTpel TPAaeKTOPHH BEIXOJA Ha OpOHTY
10untepa ans micenn k Espone (nmpondét «nog paasauuoHHbLIMH MOACAMH» HA
pajHanbloM  paccroanud <15 paauycos IOnuiepa M €O 3HAUHTCIBHBIM
nagioucuueM  =40°),  NO3BONAIOWME  ONTHMM3MPOBATL  OAHOBPCMEHHO
paasauHouyio narpy3Ky H 3aTpathl JUEPrii Ha Koppekuiio opGurwl. Pazpaboran
BAPHAHT TPACKTOPHH FPABHTAUHOHHEIX MaHEBpOB B cucteme [Omutepa s
BLIXOAA HA OpGHTY BOKpyr I'anmumena ¢ nuskoil pagnauxonnoit narpy3xoit (103
<10 kpaa 3a sawmToit 2.2 r/cM’) M MpPHCMACMBIMH 3aTpaTamit JHEPrHK Ha
KOPPEKIHIO OpOHTHI 32 CUET BKITIOUEHHTT IBHraTENS,

Hayunasi u npaktuqeckas suadumocrs padorut

Bce  pacu€Ttel  pajMalHOHHBIX  YCJIOBMIl, NpPEACTABACHHLIE B AAHHOI
JUCCEPTALMH, BLIIOJINCHLI B PAMKAX rocysapcrsednioro 3aganns HUHUSI® MI'Y u
HAYHHO-HCCACI0BATCNLCKHX pafoT no 3aganuio PockocMoca no onpeacncHiio
npeaBapuTenslioro  ofsuka 1t TpebOBaMMIl K NPOEKTY 1OBOH POCCHIICKOlM
ucenenosatensekoii Muccnn «Jlamnac» k cnytupkaM  IOnurtepa Espona o
TanumMen, 1 ABAAIOTCS HCOOXOAMMBIME JUIS NPOCKTHPOBAHHS W OCYLICCTBICHHS
JTOH MHCCHH.

Mcroanka monmyucHUA MOJCHBHLIX OUCHOK PaAHALMOHHLIX YCIOBHH Ha
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BCEX STanax MHCCHM, BuIpaGOTaHHAsA B JaHHOM AHMCCCpPTaUUM, MOXKET ObITh B
JansHeiilleM HCMONbL30BaHA AN AHANH3a PAAMALMOHHBIX YCIOBHA JPYrHX
MEeXMUIaleTHIX MHuCCHit. B uyactioctn, paspabotanHas METOAHKA MOJETBHBEIX
PAcETOB NPOCTPAHCTBCHHBIX PAcnpeacneHuii MOTOKOB 3HEPrMUHBIX 3apPAKEHHBIX
4acTHIL B OKpecTHocTH cmyTHnka IOmutepa Eppoma ¢ yY€ToM pasjiM4HBIX
¢u3nyecknx akropoB Moxker ObITE B JanbHEHIIEM YCOBEPIICHCTBOBAHA,
HanpHMep, NoGaBACH Y4ET BOMYLICHHH MAarHUTHOrO Nons M MjasMochepst
nnaueTs BOAM3M CHYTHMKA M Jp., M HCIONL30BANA I CO3JaHMA MOJEIEH
MPOCTPAHCTBCHHOTO PAacmpeiesieHns NOTOKOB 4acTHll B OKPECTHOCTH APYruX
Goneimx myn IOnurepa u Catypha, opONTEI KOTOPHIX HAXOAATCS BHYTPH HX
paaHaUHOHHBIX NOSCOB.

MeT01010TH31 3 METOABI HCCJIEA0BANMS

Pacuérbl paaMaUMOHHLIX YCNIOBMIl BBIMOIHAIHCE €  HCIONL3OBAHHEM
M3BECTHBIX TCOPCTHUECKHX 3aKOHOMEPHOCTEH M HMCIOWMXCA OMIMPHUCCKHX
Mojeneil MPOCTPaHCTBEHHOTO, BPEMEHHOTO H JHEPreTHYECKOTO PacrpeiesiCHUs
NIOTOKOB SHEPTHYHBIX 3apseHHBIX YacTHL rennocdepet. OOWHi MeTon OLEHKH
pajMalHORHBIX YCNIOBHI Ha Tpaextopuu nonéta KA coctomt B pacuérax ¢
MCTIOL30BAHHEM YKA3aHHBIX Mofeneill M 3aBUCHMOCTEN IIOTOKOB 3HEPrHYHBIX
YacTHL VA KKA0H TOYKH TPAEKTOPHH, 3aTeM MyTEM MNTEIPHPOBaNHUA BIOJIbL
TPAEKTOPHH — pacuéTax CYMMApHBIX NOTOKOB I K&KAOTO THMA M 3HEPrHU
YACTHL, M HAa OCHOBE JTHX IIOTOKOB — pacyéTax NMPOHHKHOBENHA YACTHLL BHYTPb
xopnyca KA, nornoméHHbIx 103 paaHauiH 1 HHBIX PAAHALHOHHBIX 3P HEKTOB,

Mosienu TIOTOKOB PasHelX nonynsuuli reanocdepHsiX HacTHU HMET
pa3NUUHYI0 CTPYKTYPY H HCMOJB3YIOT PasHble CHCTEMBI KoopanHat. Moaenu
notokoB 3uepruuHbx uacTHi, CKJI, WmKEKTHPYEMBIX BO BPEMS MOILHBIX
CONHEYHBIX BCHBIUIEK, HMEIOT BEPOATHOCTHbI XapaKTep, a TAKkKe 3aBHCHMOCTL OT
COMHEYHON AKTHBHOCTH M reinoueHTpHueckoro pacctoauus. [loToxu yactiu
TKJT takke HCNBITHIBAIOT MOAYSIHIO B 3aBUCHMOCTH OT COJIHEUHOIT AKTHBHOCTH
H TelHOLENTPHYECKOro paccrosuus (nocneaunii Gakrop B npenenax OpOMTLI
IOnsuTepa HMeeT Manoe BnusuHe). Moaenyt NOTOKOB DHEPTHHHBIX 33XBA4YCHHBIX
NPOTOHOB M MEKTPOHOR PAHAIMOHHEIX MOSCOB TAHET ONUChIBAKOTCA B L,B-
koopauHatax Mak-Unsaitna (koopannata L «HyMepyeT» KBasH-IHNONLHbIE
JipeiioBbie 0GONOYKN ABHKEHHA YaCTHL, B — BEMUYHHA MHAYKUMH MarHUTHOTO
110719), /IS pacu&Ta KOTOPLIX B CBOIO OYEPEb HCMOb30BAIUCE MOAENH [TIABHOTO
maruutHoro monst 3emnn M IOnuTepa. Takoke HCMONB3OBANHCE HMEIOUIHECA B
nyGiMKalMAX  DKCHEPHMEHTATBHBIE  OUEHKH  IOTOKOB  PEJIATUBUCTCKHX
SACKTPOHOR B MPOTMKEHHON «BHewHel obnactu Maruutocdepst HOnutepa, u
Teopetiueckne ouenkn mpounknoserns CKJT u TKJI B maruntocdepy I0nuTepa.
Jletanphible CBelieHHA 00 HCMONB3yeMBIX MOJENAX TOTOKOB TelHoChepHLIX
yacTHu NpHBOAATCA B 1-ii rnase HacTosweit AuccepTaunoHHoH paboThL
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Moxncniposanue NPOCTPAHCTBEHHbIX pacnpeacachnit NOTOKOB
PeAATHBHCTCKUX  3MCKTpoHOoB  BOAM3M  Emponsl M Ha & NOBCPXHOCTH
OCYLIECTBIANOCH METOAOM TPACCHPOBKH TPAEKTOpHif HAaCTHU pPagHaLHOHHLIX
nosicos 10nutepa, nepecckaiox Espony, ¢ yu&ToM H3BCCTHBIX TCOPCTHUCCKUX
3aKOHOB JIBIDKCHMS 33XBAYCHHLIX YACTHL B MATHWUTHOM TONE IIAHETHI;
11apaMeTpbl JTOI0 JUBHKCHHA TAKXKE PAacCUHTANLI HAMHM JUlst Pa3HbIX 3layennii
SHCPrHil JMICKTPOHOB ¢ HCNONL30BAHHEM MOJICHH [JABHOFO MArHHTHOTO MOAs
[Ountepa. Ilpu 10M PACYETLI IPOBOAMAKCH B HECKOJILKO HTCPALM, Ha KaMLOi
H3 KOTOPbIX AOGABAANCA YUET HOBHIX (JM3HUCCKHX (AKTOPOB M ONPCACHANHCH
KOJMUECTBEHHBIC M KAYECTBEUHbIE NONPaBKH K  H3MuecKoll  KapTitke,
1101y 4ennoif Ha npeablAy e 1are pacueros.

Pacu¢Thl noToKoB uacTHIL 32 satmToli KA 1 noromgénnex 103 paanatiu
BLUIOJIHSUINCH € IPHMEHEHHEM CTANJAPTHO HCIIONbL3YeMbIX 11porpamm Shicldose2
(Scltzer, NIST Publication NISTIR 5477, Gaithersburg, MD, 1994) u COSRAD,
paspaGotantioii B HUMSD MI'Y 1 ucnoas3yemoii PockocMocom (Kyatienos u ap.
Bonpocel atomnoit Haykn u Texunkd., Cepust:  DM3MKa  paamauMOHHOTO
BO3/ICHCTBHSA HA PAAHOINCKTponnyio anmapatypy. 2011, Ne 2. C. 72-78) s
«oTanonnoii» cheprucckoii koudurypammi 3auHTLL,

OCnOBHEBIC MOIORCHHST, BLINOCHMBIC HA 3ALUNTY

1. PajimauHOHHBIE YCIOBHS Ha OKOJO3eMHOM H MEKMIAHETHOM JTamnax
MHCCHH K IOumTEpy, paccuntanubic Ha OCHOBE MMCIOUIMXCA Mojeneil 1oToKoB
SHCPTHYHBIX HACTHU COJNHCHHBIX M TaNAKTHYCCKMX KOCMHUCCKHX Jyucil M
panuaIHoONHBLIX MOACOB 3EMITH.

2. Crenedb  paasauMonBofi onmacHocTH MuccHii K cnytunkam lOnutepa
Eppone n Tanumeay Ha ocHoBe pacudta pajHalHOMHBIX YCNOBHiT B obnacti
OpOHT CHYTHMKOB C HCIOJNL3OBALIHEM HMCIOWMXCA MOACNACH PamHALHONNLIX
nosicos I10uuTepa.

3. OnTuManeHble € TOYKH 3PEHHA  PAAMAIHOHHOIN ONAacHOCTH  paitoHbl
1I0CAJIKH la IOBEPXHOCTH W napaMeTpnl Hu3koil opbutsl Bokpyr Esporw,
BLIOPAHHBIC HA OCHOBC MOJCTMPOBAHMA MPOCTPAHCTBCHHBIX PACTPCACHCHHTT
NOTOKOB PCNATHBHCTCKHX DJNICKTPOHOB B OKPECTHOCTH EBpomsl ¢ yuétom
paznuuHbIx (nsnicckux (akropos.

4. Haiineuusie OpHriHanbibe NApaMeTpsl TPACKTOPHH BHIXOAA HA OpOMTY
BOKpyr IOumurepa mns mucenn k Espoue, npn xoropuix obectieunsaercs
MHHHMH3AUHA  PAQHALHOHHOIN HArpy3KH M 3aTPaT 3HCPrHH HA  KOPPCKUHIO
OpOHTBI.

5. PaspaGotauuuifi  OpHrHHANBHLIL  BAPMANT TPACKTOPHH NoOnéTa B
marautocgepe IOnnTtepa nns Bhixoa Ha opbuty Bokpyr IanuMena ¢ Hum3koit
paaualtionHoii Harpy3koit i MPHEMIEMBIMH 3ATPaTaMH JHEPrHH Ha KOPPEKUHIO
OpOHTLI.



Crenens JIOCTORCPHOCTH H ANPOSanus Pe3y/ibTaTon

Pesynbratel, monyuenusic B paoTe, He OOHApyXWIH BHYTPEHHMX
NPOTHBOPEUHit 1 COrNACYIOTCA € NAHHBIMH, HMEIOIIHMMHCA B IMTEpATYpe.

Pe3ynbTaThl OKIAAbIBAIHCE HA COBCLIAHMAX U ceMHHapax B HUMAD MI'Y
n UKHU PAH, sxmouas 3acenanns Coseta PAH no xocmocy, a Takke Ha
MEXAYHAPOAHIX HAYYHBIX KOlbepenuusax:

1. International Europa Lander Workshop: Science Goals and Experiments,
IK1, Moscow, Russia, 9-13 February 2009.

2. Europcan Planetary Science Congress, Potsdam, Germany, 13-18
September, 2009; Rome, Italy, 19-24 September, 2010.

3. 2nd Moscow Solar System Symposium (2M-S3): Moons of planets, IKI,
Moscow, Russia, 10-13 October, 2011.

4. 3rd Moscow Solar Systcm Symposium (3M-S3), IKI, Moscow, Russia,
8-12 October, 2012.

5. International Colloquium and Workshop “Ganymede Lander: Scientific
Goals and Experiments”, IKI, Moscow, Russia, 4-8 March 2013.

6. 40th COSPAR Scientific Assembly, MSU, Moscow, Russia, 2-10
August, 2014.

7. 6th Moscow Solar System Symposium (6M-S3), IKI, Moscow, Russia, 5~
9 October 2015.

JInunslii BRJIAA 2aBTOPA

Bce ocHOBHBIC pe3yabTaThl paboTHI MOMYHCHB! IHHO ABTOPOM MJIH NPH €r0
AKTHBHOM yUaCTHH.

ABTOpPOM BBIMOAHEHBI BCC MOJCNBHBIC PacuCThl MOTOKOB 3IHCPrHUHBIX
3aPSHKCHHBIX YACTHIL H 03 PATHAILHH.

ABTOp MPUHMMAT aKTHBHOE YHACTHE B PacyETax 11apaMeTpoB TpaekTopii
nonéta KA B cucreme 10nuTepa.

IMoaroToBka  ocHoBHbIX — myOmukammit  (A1-AS), jokmanos  Ha
MEKAYHAPOAHBIX KOHEPEHUMAX H HAyYHO-TEXHHMECKMX OTYETOB BLIIONIEHA
JIMYHO ABTOPOM HIIH TIPH CrO aKTHBHOM Y4YaCTHH.

Crpykrypa it 00BEM AHCCEPTALHI

JliccepTauus COCTOMT M3 BBEACHHMS, HCTHIPEX IMaB M 3akmouenus. Pabora
conepsxut 130 crpanuu, 36 pucyHkoB, 6 Tabmui, 83 CCBUTKH Ha HTEPATYPY.

KPATKOE COJIEP’KAHHE PABOTBI

Bo BBemenn ofocHoBaHa AKTYanbLHOCTL TEMbl JHCCEPTALMH, H3JI03KCHBI
uenu M 3aaaqu paboTs!, c)OpMyTHPOBAHBE OCHOBHBIC MONOKEHHA, BBIHOCHMBIE Ha
3aUIHTY, MOKA32HA HOBH3HA M HAYYHAA W IPAKTHYECKAS 3HAUMMOCTE IT0JyUCHHBIX
pesyapraros. Onucana CTpyKTypa AMCCepTaLHonoit paboTsl.



B neppoii  rnase npusoautcs  of30p  MMCIOWMXCA  MoAacinci
NPOCTPAHCTBCHHOrO, BPCMCHHOTO M 3HCPICTHUCCKOTO PAaclpeAcicHUs fIO0TOKOB
SHEPrUYHLIX 3aPHKEHIILIX YACTHI reanocdepsl, KOTOPLIE HCHONL30BAIMCL B
Aannoii paboTc ams  pacuéToOB PAmHALMOHHLIX YCNOBHH HAa BCCX JTanax
MEKMIaHeTHoit MuccHH K IOnnTepy.

Jliist pacu€ToB NOTOKOB JHEPriyHLIX 3apsukenubix yacTuy CKJI 1 I'KJI ua
MCKNIAHCTHOM  JTAne noaéTa HCNonh30BAIMCL MoACHH, pa3paloTaHHbiC B
HUHUAD MIY 1 Bkmoyénnbie B MOXIyHapoOAHble CTAHAAPTH, COOTBETCTBEHIIO,
ISO/TR 18147-2014 u ISO 15390-2004, a taxwxc moacns (IMoasonko, euencs,
Tpynst XI Tlynkosckoii kondepenunu no ¢usuxe Connua, 2005, C. 99-103; A2:
I'euenes 1 ap., 2009), paspaboranias asTopoM.

TloToxH NpOTOHOB M 3JNEKTPOHOB PA/HAIHOHHBIX TMOSCOB 3€MIH Ui
OKOJIO3EMIIOr0 JTald [0/I¢Td PacCYHTLIBATHCL NPH MOMOLIH HAUOONEE LHPOKO
ucnons3yeMsix moacncid AP8/AES. Takke yuMTBIBANHCH 3KCMICPUMEHTANLHBIC
JaHHBIC O BapHalHAX NOTOKOB YaCTHU pagHalMOUHBIX MoiAcoB 3eman (A4:
IManaciok, [Moazonko, 2015; AS: Panasyuk ct al., 2017).

Jlns pacu¢ToB NMOTOKOB HacTHII HA 3Tamax nonéra B cHeTeme IOmuTepa
HCIIOJIL30BAIACL MOJC/L [IOTOKOB I1IPOTOHOB M OJIEKTPOHOB PAaiHALIHOLIILIX
11051COB M JNICKTPONOB «sHEwWNHEH» obnacti Maruntochepst I0mirepa (Divine,
Garrett. J. Geophys. Rescarch. 1983. V. 88. No. 9. P. 6889-6903), octonaunas ua
Aanupix w3mepennit KA «Pioncer-10» 1 11 1 «Voyager-1» 1t 2. [Iposoaunnce
COMNOCTABNCHHA PC3ynbTaToB pacucros apyrimu moaenamu: GIRE (Garrett ct al.,
JPL publication 03-006, 2003; JPL publication 12-9, 2012), (Garrett ct al.,
Geophys. Rescarch Letters, 2005. V. 32, P. L04104), (Sicard-Pict ct al., IEEE
Transactions on Nuclear Science, 2011. V. 58, No. 3. P. 923-931),
yunTBIBaIOWHMH  Jaunbie M3Mepeunit KA «Galilcon, «Cassini» 1 gp. Takke
HCNOJL3OBANIHCL TEOpeTHYECKHE pacurnl (Sclesnick, Geophys. Rescarch Letters,
2002. V. 29. No. 9. P. 12-1-12-4) npouukiosenins CKJI u 'KJI B Maruntochepy
IOnurepa.

Bo Bropoii raase npHBOASTCS Pe3yaLTaThl MOACAHPOBAHHS PAAHALHONHBIX
YCJIOBHIT HA MEKTINAHETHOM H OKONO3EMHOM 3TANax NnoaeTa.

Mesknnanethstit nepencr k 10nurepy npoanutes >6 aer u Gyact BKIOUATh
HECKOJIbKO IPABHTALMOHHLIX ManéBpos BOM13N Benepw! it 3eman. B Hactosuieii
Ancceprawionuoii - pabore  MOACHHPOBAUINCL  PAAHAUHOHHLIE  YCJIOBMA Ui
HCCKONILKHX ~ BAPHANTOB  MCKIIAHCTHBLIX  TPACKTOPHI,  pacCUMTAHHBLIX
poccuiicknMu M CBPONCHCKHMH  paipaGorunkami Muccuit k 10nurepy, s
KOTOpBIX CTapT M nanonec pammaumonHo-onacuas ¢aza nonaéra Ha
TENHOUEHTPHYCCKHX paccToANHAX 0.6-2 a.c. mpIXOAHTCS HA pa3ubie (Gassl HHKIA
COJTHEUHOI! AKTHBHOCTH.



Kpome Toro, Bo BpeMst rpaBUTallMOHHBIX MaHEBPOB B cucTeme FOnuTepa Ha
BBICOKODJUIMNTHYECKUX BUTKAX opoutel KA Oyner Gosee roga HaxoquThes 3a
npezenaMu opouThl cryTHuka fOnutepa Kammcto, Kyga NpOHHKAIOT 4aCTHIbI
KOCMHMYECKHUX JIyYeH C SHEPrUsAMH CBBILIE HECKOJBKHX AecaTKOB MaB. DTa ¢asza
noJIETa Tak)Ke YUHTHIBAJIACH NPH pacueTax noTokoB U o3 CKJI u I'KJI 3a Bpems
MHccHM K criytHukam FOnurepa (puc. 1).

Jns Haubonee pajMallMOHHO-ONACHOTO M3 PACCMOTPEHHBIX BAPHAHTOB
MEXKILIAHETHBIX TPAEKTOPHUii f03a paarauuu ot yactuy CKJI u I'KJI 3a 3awmroii
2.2 r/eM® coctaBut ~1.5 KpajJ, YTO CYUIECTBEHHO MEHBILE IO CPABHEHUIO C
n03aMH, koTopeie KA momyuut B okosonianeTHo o6mactu FOmurepa.
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Puc. 1. a) /ludpdepennuainbhbie sHepreruyeckue cnekTps GuoeHcos npotoHos CKJI
(cnnownsle nunuu) ¥ I'KJT (mynktupueie) no moaemsm ISO/TR 18147-2014 u 1SO
15390-2004 nna papuantoB tpaekropuu HITIO um. C. A. JlaBoukuHa (TéMHbIE
kpuBbie) 1 ESA (cBetneie), U cymmapHbix 8-netHux ¢uroeHcoB npotoHos CKIT u
I'KJI na opbure 3emum no moaenu (Ilomsonko, 'euenes, 2005; A2: I'enenes v ap.,
2009; myHKTHpHO-TOYEYHbIE); 6) [03bl paaHalMH 3a 3aUIMTAMM PA3HOM TOJLIMHBI,
PACCUMTAHHBIC U1 ATHX 3HAUCHHUH OTOKOB.

OkonosemHublif  3Tan  Muccuu  BiutouaeT BbiBog KA ¢ 3emnu Ha
MEXTIIAHETHYIO TPAEKTOPHIO M TPONETHI BOIM3M 3eMIIM BO BPEMs TTOCIIE/TYFOIIHX
rPaBUTALIMOHHBIX MAHEBPOB, BO BpeMs KOTopbix KA Oymer nepecekatsb
pajManMoHHbIe nosica 3emMiau. PacueTsl moka3aiu, 4To 3a BpeMs STUX MpPOJIETOB
KA He nomyyuT CymwecTBEHHYIO 103y pPaJMALMH [0 CPAaBHEHHIO C APYTHMMHU
3TanamMu Muccu. OIHAKo, C YYETOM BO3MOIKHBIX BAPUALMH MOTOKOB 3JIEKTPOHOB
BHEIIHEro mosica, Ui dIeMenToB KA 3a 3ammroil <1-1.5 r/cm® Oyner
CYLIECTBOBATh ONACHOCTbL BO3HUKHOBCHUS SIBICHUH BHYTPEHHEH JJIEKTPU3ALMH.

B 3T0¥i raBe CMob30BaHBI PE3YIbTaTHI, OMYOIMKOBaHHEIE B paboTax (A2,
A4, A5).




B TpeTbeii riase NnpUBOAATCS PE3YNbTAaThl MOACAHPOBAHHS PAAHALHOBHBIX
ycnoBuit Ha opOuTax cnytinkos IOnutepa Espona u Nannmen.

Pacu&Tpl MOTOKOB JHEPrHyHLIX HAcTHI M A03 paaHauny B obaacTi opOHTLI
EBponbl ¢ HCMONb30BaHHEM MMCIOLIMXCA Mojecil paaHauHOHHBIX N0SCOB
IOnutepa (puc. 2a,6) Mo3BONAOT C/EAaTh BHIBOA TOM, uTO MHccHA K Espome
ColpsXena ¢ 4pe3Bblyaiilio BLICOKOI paaHauuonioil onacocTblo. B yacTioctH,
N03a paauaiin B obnacti opOutel EBponst paauycom =9.5 paauycos 10nuTepa
(R)) 3a sawmroii 2.2 r/eM?, JKBHBAICNTHON 3auure 1-ro HCKYCCTBCHHOIO
cnytunka [0nutepa «Galileon, 3a 2 Mecaua aoctiract 1 Mpaa. 370 upe3sbiyaitio
BLICOKOC 3HAUCHHE AaXe JUIA PATHAIMOHHO-CTOfiKkOit JnexTponnkH. OcHOBHOI
BKJIQJZ B 103y pafHauuH BHOCAT 1IOTOKH PEJSTHBHCTCKHX JJieKTponos. (jioenc
MMEKTPOHOB 3a 3auwToii 2.2 r/cM? B o6GnacTH op6uTh EBponsi coctasnser =10
yacTHL/(cM-CyTKI), YTO BAEUET OYEHL BLICOKHI PUCK BO3MMKIOBENHA SBAEHHi]
BHYTpCHHCI dnekTpH3aunn Ha Gopty KA. TMoToki anckTpoHOB M 10351 PajHaUHK
B oOnacti opOutel Fanumena (=15 Rj) mensie na 2 nopsaaka BCAHUHHB!, NO3TOMY
MuccHs K TanuMeny MOXCT ObITh OCYWIECTBICHA €O 3HAMHTCABHO MCHLLIMMHE
PajtHaLHOHHBIMH PHCKAMH.

Ouuako B6AN3M CNYTHUKOB NIOTOKH H J03L1 paanatin OyayT uiKe, 3a cuér
JKpaHupoBaiNA HMH HacTH 1oToKa. I1pocTpancrseiiioe pacnpeaesiciie 10TOKOB
YaCTHI[ B OKPCCTHOCTH CMYTHHKOB ABAAETCS HEPABHOMEDHBIM H 3aBHCHT OT THINA
YACTHU, DHCPICTHYCCKOrO M IIMTY-YIJIOBOIO paclpeieneHis [10TOKOB, H OT
NapaMeTpoB  PasHbIX KOMIOHCHTOB ABHIKCHHA YacTHU B MarHHTHOM MOJC
IOnnTepa OTHOCUTENRHO CMYTHHKA.

B uacrosuweii  paGore  npoBeACHO  MMCACHHOC — MOACIHPOBAHHC
NPOCTPAHCTBEHHBIX pacnpesieNeHnii NOTOKOB PCASTHRHCTCKHX JIEKTPOHOB M /103
pamnauny 1ta Beicote 100 KM Haa HOBEPXHOCTBIO M HAa NOBEPXHOCTH Eponsi,
HYTEM 1O0CTPOCHMS TPAacKTOpHil wacTHU paanawuouusx nosicos lOuwurepa,
nepecekawx  okpectHocts  Epponst  (puc. 28-¢). Tlpw  MosennpoBanuu
YUHTBIBAIOCH UECKO/ILKO (akropons: HONrotuslii M wspoTublii apeiid yactuu
pamnaunoHHbIXx noscoB lOnutcpa oTHocuTeabtio  Esponel,  apMOpPOBCKOC
CNHpankHOE JIBIKEHHE yacTiil BOMH3H EBPONBI, aHH30TPOIIHA NOTOKOB, OTIHYHE
wockocTH opbuTLI EBpons! 0T nnockocT MarHnTHOro skearopa l0OnuTepa.

Hmecres myOmikania (Paranicas et al,, 2007), rae ¢ yuéToM TO/MBKO
IWHPOTHOIO W joirotuoro apefiha onexkrponos otnocHreanito Epponnl B
NPUOMIKCHHH «BCAYILCTO UCHTPA» OMNpCAccHbl 00NacTH NOKANH3aUiH NOTOKOB
3/IEKTPOLOB PAAHALHONHLIX 1105COB ¢ dneprisMu <10 MaB na seicote 100 kv nan
nosepxuoctbio Esponsl. OAnako MOACTHPOBAaHHUC, NMPOBCACHHOC B HACTOSIWCH
paboTe, yuuThIBaIOUlEC Heckonbko  Qu3nueckux (axTopos, BHINOAHEHO U
ony6nikosano repesie (A3: Podzolko et al., 2011).
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Puc. 2. a) [lotokn snexrponos u 6) 103bl paavauuu B obsactd opbut EBponsl u
l'annmena; pacnpesenenus NOTOKOB HIEKTPOHOB € SHEPrusiMu B) 5 MaB u r) 50 MoB
Ha MOBEPXHOCTH EBPOMIBI, 1 /103 PaHaliy 3a 3aumToif 2.2 I/cM” JT) Ha MOBEPXHOCTH
Esponel 1 €) Ha opbure BbicoToi 100 KM € yu&rom 3KpaHHPYIOILEr0 BO3JEHCTBUSA
EBponbl Ha NOTOKH SHEPTHUHBIX 3aPSHKEHHBIX YACTHIL.
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Ha ocrHoBanny nonyucHHbIX NPOCTPAHCTBCHHBIX pacnpeacictinii NOTOKOB I
J103 BbIOPaHB! OMTHMANBHLIC C TOUKH 3PCHHS PayHaLHOHHON HArpy3kH paiioHbl
nocazaki Ha nosepxuoctd Epponst H napamerprl opoutsl poicotoi 100 kM BOXpyr
Esponbl. OntManbHeIMH 00NacTAMH MOCAAKH SBJIAIOTCS MCPCAHASA CTOPOHA
EBponsl oTHOCHTENbHO HanpasincHHs €& ABIDKCHHA no opOHTE, BHICOKOIIHPOTHLIE
o0uiacTH 1 uentp 3axueit nonycdepsl. s Hit3koii opoHTE ONTHMAILHBIM OyAET
Haknonexie >50° YKazaunuic MeCTda MOCAAKH M OpOHTBI AQIOT YMCHBLUICHHC
()IIOCHCOB JIEKTPONOB H 103 PAAHALHH 32 3ALHTOI 2.2 I/cM?, COOTBETCTBENIO, B
>10 1 >4 pa3 no CpaBHCHHIO C HAUANBHBIMH OLCHKAMH 0C3 yu¢Ta 3KPAHHPYIOLICTrO
Bnustus Esponsl.

B oroii riase ucnonb3osanst pe3yibrarut, onybnmkosanusie B padorax (Al,
A3).

B 4ers@proit ryaBe  NPHBOAATCS  PE3yALTATL!  MOJEIHPOBAHHA
PaaHauHOHHLIX YCNOBHI Ha TPACKTOpHsX 1noatTa B cicteme I0nuTepa.

[Monér B cucreMe IOmutepa Brmouact B cebs asa 3tanma: 1) nepsoe
cOmpKeHie M BBLIXOA HA BBICOKODMHNTIYICCKYIO opbuty Bokpyr lOnutepa, 2)
CCPHIO TPABHTAIHOHHBIX MAHEBPOB € HCNOMLIOBAHHCM QONBIIMX CHYTHHKOB
[0nunTepa s nowkenns opoHTE H BLIXOA HA HH3KYI0 opOuTY BOKPYr EBpons
wi annmena. B pabore npoananninposatibl XapakTepHCTHKH TPACKTOPHH
Ka’#JIOTO 13 JTHX JIBYX 3TanoB € TOUKH 3PEHUA MHHHMH3AIHH Pa/iHailHOHHOI
Harpy3KH H 3aTPaT JHEPriH HAa KOPPCKUMIO OpOMTBI 33 cudr BRIOUEIHI]
JBHraTens (3aTpar XapakTCPHCTHUCCKOI CKOPOCTH).

Jlas muccin Kk Eppornie naiiicn opHrHHanbhblii BapHanT TpaekTopHH 1-ro
BHTKA: nponlt Ha paananbHoM paccTosuin <1.5 pamnycos lOnutepa ¢
naknoueieM =40°, 032 pajialMK 32 BPeMs KOTOPOTO 3a 3aumToii 2.2 r/cm’
coctasit =20 kpan. B nepuuentpe Takoii 1packropun KA nponcracr wunke»
PAAHALHOHNBIX 110MCOB, a 0 It [10CJE HEro 1IEPECEKAET 11051CAa HA YUAICHHH OT
3KBATOPA, T/IE MOTOKH YACTHIL CYIIECTBEHHO HIKE, YeM HA JKBAaTOpE. 3aTparhl
XapaKTepHCTHYCCKOH CKopocTH (CyMMAa HMIIYJILCOB B [EPHUENTPE H alouenTpe
BHTKA) TaKXKC CHILKAIOTCS € YMCHBLICHHCM NEpiucHTpa (puc. 3).

Jlns muccitn k TanuMeny Ans CHiKEHHS 00INEro ypoBHS PaaHallHOHHOM
Harpysku nephuchHtp l-ro cOnukenns ¢ lOnHTCpOM JOMKCH HAXOAHTHCA 3a
npenenamy opoutul Esportr.

Pacuérul  pagnaumonunblx  ycnosuii  JUis  pasuHuYHBIX  BApHAUTOB
NOCNCAYIOWCH TPACKTOPHH TPABHTALMOHHBIX MAaHEBPOB, C  HCMONB3OBAHHCM
HMEIOLINXCS MoJeicii 110TOKOB yacTHL, B marunrocgepe 10nnTepa, nokalanu, 4to
Ans MHHHMH3AUHHM  PagHaUHOHHON  HATPy3k#  OOMKHBI  BbIOHpaTbCA
FPaBHTAIHOHHLIC MAHEBPLI ¢ Henoab3oBanueM Iannmena wan Kanmicro. Tak, B
cny4ae MaHEBpoB ¢ ucnoabzoBanieM Ho KA nonyunt no3y paanannis 3a 3aumroit
2.2 r/eM* cbitue 500 Kpaa Ha STOM 3Tanc NoaéTa.
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Puc. 3. 3aBHCUMOCTE @) CyMMBI HMNYJBCOB V| BBIXOJa Ha BBICOKO-
SIIMNTHYECKYI0 opbuTy Bokpyr FOnutepa B nepuuentpe 1-ro nponéra FOnurepa
U dv; noanéMa mepuieHTpa Jo opOuTEI 'aHuMena B amoueHTpe 1-ro BHTKa
opbuTbl, 1 6) 1036l pauanuu 3a 1-i nposnet IOnurepa 3a 3ammToit 2.2 r/cm’ or
pajiManbHOTO PAcCTOSIHUS MEPULIEHTPA IS Pa3HbIX HAKIOHEHUH OpOMTHL. (3aech
HAYaIbHAs AaCMMNTOTHYECKAs CKOPOCTb OTHOCMTENbHO HOmurepa v.,=5.9 km/c,
nepuoa 1-ro BuTka opoutsl — 90 cyTOK.)

Puc. 4. PaspaboraHHblii BApHAHT TPAEKTOPHU IPABUTAIMOHHBIX MAHEBPOB B CHUCTEME
IOnutepa ans Beixoza Ha opOuty Bokpyr I'aHuMena ¢ HU3KOH paauallMOHHON
HArpy3Koi M NPUEMJIEMbIMH 3aTPAaTaMM JHEPrUM Ha Koppekiuto opouTtel. [TokaszaHo
paccTosiHMe OT LIEHTpa miaHeTsl B paauycax lOnutepa, a taxxke opbutel nyn Ho,
Espona, ['anumen u Kajuiucro.




Ias muccun k FCannmeny paspaboTad opuriHanbHbli BapHAHT TPACKTOPHH
IPABHTALMOHHLIX MAHEBPOB C HH3KOIT paauaLuoHHoii Harpy3ko# (no3a <10 kpaa
32 3aumToit 2.2 r/cm?) M NpHEMIEGMLIMH 3aTPATaMM DHEPTHH 1ia KOPPEKLHIO
opOuTHL (pHC. 4). YMCHBLICHHE A03bl PAAHALMH AOCTHIACTCS 34 CHCT MMITYJILCOB
noanéMa nepHueHTpa opGHTHI J0 paanyca opOutel [awuMmeaa B anolcHTpe
KaI0ro BUTKA, B pe3ysbTaTe Ha Beex BHTKAx kpome 1-ro KA Oyner naxoantnes
Ha ynancuui >14.5 R; ot 10nutepa. Jng BapHanToB rpasHTauHONNbIX MauCBpOB,
NPCAAGKENNLIX  APYIHMH  pa3paloTHHKaMK, pacCUMTAHNLIC J103bl  PALHALHH
OKAa3bIBAIOTCA B HCCKOJILKO Pid3 BbILLC.

B 370i1 rnase ncnonk3oBatbl pe3ynsTaThl, onydnukosannele B pabote (A3).

3AK/IIOYEIIME

B xose BuinontienHst anccepraunontol paboTsl Npi 1OMOLUH MOAEILHBIX
pacitTOB HAa OCHOBC HWMCIOWHXCA JKCHICPHMCHTABHBIX M TCOPCTHYCCKHX
npeacTapnennii 0 MOTOKAX JHCPTMYHBIX 3APSXKCHHBIX YacTHI B rennocdepe
nonytucHbl OLCHKH PAAHALMONHBIX YCAOBHI ANS KDKAOrO dTana MHCCHH K
cuytankam I0nntepa Espona n Manumen:

1. C HCHOAL30BAHICM HMCIOIUXCS MOEIEH CONHEHILIX H IFUIAKTHYECKHX
KOCMHUCCKHX Nyucii noayucHs! pacuTHLIC OUCHKH NOTOKOB JHCPTHYNBIX HaCTHIL
/103 paHallii Ul pastblX BapHAHTOB MEMKIUIAHETHON TPAacKTOPHH HA PA3HLIX
dazax uukina comeunoii aktusuocti. Ilokaszano, uro aaxe s nanbonee
PagHaUHOHHO-ONACHOTO  H3  PACCMOTPCHHLIX  BAPHAHTOB  MCHKMIAHCTHBIX
TpacKTOPHil 1030Bas Harpy3ka CYICCTBCHHO MEHBIUC MO CPABHCHHIO C JA03aMi,
kotopsic KA nonyunt B okononnanctnoit obnactu I0nnrepa.

C ucnonk3oBaHieM HMEIOUMXCA Mojieneli pajHaIHOHHBIX T10ACOR 3eMIH It
IKCHEPHMCHTAILILIX JALNBIX O BO3MOXKIIBIX BApHAUMAX [I0TOKOB 10JIyHEliL]
pacuéTHBIC OUCHKK TMOTOKOB MacTHIL H J03 PafHaLiH HA OKONO3CMHOM JTane,
BIUIIOYAIOIIEM CTapT MMCCHM W IpaBHMTaUMONlbIe Mauéspbl BOAN3NM JeMum.
Mokazano, 4to 3a Bpems nponétos oMM 3eman KA nonytHT HE3HAUHTCIbHYIO
ao3y paamaunn. Tem He MeHee, Ans ancMceHToB KA, KOTOpbIc MOryT HMCTb
saumuty <I-1.5 r/cM’, BO BpeMs 3THX NponéTos Gy/eT CYIIECTROBATL ONMACHOCTh
BO3HHKHOBCHHS ABJICHIIT BHYTPCHHCH 3ACKTPH3AUHH.

2. C 1Cnons30BAHMCM  HMCIOMIMXCA  Mojieneli  PAHAIHOHHLIX  NOSCOB
IOuntepa paccumranbl HOTOKH OJHCPrHYHBIX  3aPAXCIHIBIX HMACTHU W AO3bI
pagaunn B obnactn opbut Esponut i Faunmena. TMokasano, 4To MHCCHA K
Espone conpskena ¢ upessbryaiino suicoxoii paamaunonnoii onacuocTsio. Joza
pamnaunn B oGmactn opGutel EBponbt 3a 3awmroii 2.2 r/cM’, SKBHBATCHTHOI
sawuTe KA «Galilcon, 3a 2 mecsia noctiraet 1 Mpaj. OcHoBHOIT BRI/l B 103y
BHOCAT IOTOKH PE/IATHBHCTCKHX DJAEKTPOHOB. (II0ENC JNIEKTPOHOB 34 3aLUHTOH
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2.2 r/cm® B o6nactu opGutsl Esponsi cocrasut ~10' yacTuIY/(cM>-cyTKH), uTO
BACHET BLICOKMII pHCK BO3IHHKHOBEHHS SBJCHMII BHYTpCHHEH 9ICKTpU3aLuu.
Muccus k Tanmumeny moxeT OBITh OCyLMecTBIEHA CO 3HAYMTENBHO MEHBLIHMH
PaaHaUHOHHBIMH PHCKAMH, T.K. MOTOKH YacTHIl H A03bl pagHauud B o0nact
opOuTe lannMena Menble Ha 2 MOPA/IKA BETHYHHEL.

3. Bnepsble mpoBefeHO YMCIEHHOE MOJENHPOBAHUE NPOCTPAHCTBEHHBIX
pacnpe/icNCHUi  MOTOKOB  3HEPTHUHLIX 3NCKTPOHOB M JI03  paaalMi  Ha
nosepxunoctH Epporit M na seicore 100 xM Hag NOBEPXHOCTBIO € YYETOM
HECKoNbkUX  (M3HueCKHX (JAKTOPOB: JONFOTHOTO W LIHMPOTHOro apeiida
JNEKTPOHOB B MaruuTHOM mone lOmutepa otHocHTensHO Espomsl, Hx
JIAPMOPOBCKOrO  IBHIKEHHA BOJNH3H MOBEPXHOCTH, AHM3OTPOMHH MOTOKOB H
OTAHUMA NIOCKOCTH opOuTEl EBpOMBI OT MIOCKOCTH MarHUTHOTO 9KBATOpA
IOnurepa.

TMoxasaHo, 4TO ONTHMAaNLHBIMH MECTAMU NMOCAAKH HA NOBEPXHOCTH EBpONBI
ABIAIOTCA TEPEIHAS CTOPOHA OTHOCHTENBHO HAMpPAaBIEHHA €€ MABIDKEHHSA MO
opbuTe, oxonononspHele 00aacTH UeHTP 3amHeil momycdepsl. ONTHMANLHBIME
op6utamut Bokpyr EBponst Beicotoii 100 kM 6yayT opOHTEI ¢ HakIOHEeHHEM >50°,
Yka3zaHuple MECTa NOCAAKH H OpOHTBLI ARIOT YMEHbIIEHUE (II0EHCOB JIEKTPOHOB
W 103 pagmaumu 3a 3aumtoii 2.2 r/cm’, cooTsetcTBenio, B >10 u >4 pa3 no
CPaBHEHHIO C HAYANBHBIMH OIGHKAMH 6€3 yuéra IKpaHHPYIOUWIEro BIHSHHS
Espornsl.

4. Haiizcnuble opHritHabHbIC MapaMcTpbl TPAGKTOPHH BbIXOAa HA OpOMTY
Bokpyr IOnwutepa jns wmuccun x  Eppome, npm  KoTOpeIX JocTHraercs
MHHHMH3aUMs PaANAUHOHHOM Harpy3KH H 3aTPaT 3HCPrHH HA KOPPCKUHIO OPOUTHI
— NPoJET Ha pafHanbHOM paccTosHiH <1.5 pamuycos HOnnrepa ¢ HakIOHEHHEM
=40°, Ilocnegyiomyte rpaBHTALMOMNLIE  MANEBPB! AN MHHHMH3AUHH
paauaunonnoil Harpy3kH AOMLKHLI IPOXOAMTE C Mcnois3oBanieM [annMena uiu
Kannucro.

5. Paspabortan opurMHaibHBIE BAapHAHT TPAEKTOPUH TPABHUTALMOHIIBIX
MaHEspoB B cucteme lOnurepa ans Bbixoga Ha opOuty Bokpyr Iannmena c
HH3KOH pajMauHoNHOli Harpyskoil (no3a <10 kpan 3a 3ammToii 2.2 r/cm®) u
NPHCMIICMBIMH 3aTPATaMH SHEPIHH Ha KOPPCKLIMIO OpOHTHI.

B KauecTBe HanpaBneHHil AanbHEHIINX HCCEMOBaAHMIT 110 TEMe HaCTOAMIEH
paboTbl  MOXKIO YKa3aTh COBEPLUCHCTBOBANNE METONOB  MOJIEIHPOBAHHA
NPOCTPAHCTBECHHOIO PACOPCACNCHHA MOTOKOB YHCPIHYHBIX 3aPSHKCHHBIX HaCTHLL
sOm3u cnytnikos I0nuTepa, B TOM uHCAE C YYETOM BO3MYILEHHHT MArHATHOrO
nons lOnuTepa B HX OKPECTHOCTH; a TaKkKe JanbHeiwuil mouck mnyted
MHHHMH3ALHH  PAJHALIHOHHEIX PHCKOB TPH  MPOJOMKeHHH paboTel  Hal
poccuiickum npoextoM «Jlannac» mirccun k cnyrhuxam KOnurepa.
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