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Beenenne

Jlyna — camoe 6sin3koe K HaMm HebecHoe Teno. MICIIOKOH BEKOB JII0IM MEeUTalld O ToJIeTax K Heil.
JlBanuaTelii BEK BOIUIOTHUI MeuThl B peanbHOCTh. OOner JlyHbI, BhICaKa Ha €€ IMOBEPXHOCTh —
HEBEPOSITHBIM MPOPHIB YEJIOBEYECKOH MbICIU. B aBajnuaTh mepBoM Beke Iopa CTPOUTh OOMTaeMble
MOy M Ha noBepxHocTH JIyHbl. B pamkax nanHo# paboThl OyAyT pacCMOTPEHBI BOIPOCHI TOCTPOEHUS
CHCTEMBI CBSI3U C 00paTHOM cTOpoHOI1 JIyHBI.

1 O030p coBeTCKMX KOCMMYECKHX aNNIAPAaTOB, MPeJHAa3HAYEHHBIX IS Hcciae10BaHust JIyHbI
1.1  CoBerckue nporpaMmbl JIYHHBIX IMLJIOTHPYEMBIX 110J1€TOB

B Coerckom Coro3e cymecTBoBail Iedbld  psii MNPOEKTOB, HMEBIIMX CBOEH ILIEJIbIO
nuioTupyembiii 06ner JlyHsl u Bbicagky Ha Hee[l]. M3—3a comepHHuecTBa MEXIy pa3IMYHBIMU
KoHCTpyKTOpckuMu Oropo (KB) mpoeKkThl aHaIOrMYHOTO Ha3HAYCHHS pa3pabaThIBAINCh B HUX
onHOBpeMeHHO. Tak, pa3in4Hble BapuaHTHl JIYHHOTO KopabOisi paspabarbiBaiuch B Kb Cepres
[TaBnosuua Koposiesa n Bnannmupa Hukonaesuua Yenomes, a cBEpXMOUIHBIA HOCUTENb JUIs 110JIETa
Ha Jlyny — B Kb Koponesa, Uenomess u Muxamna Ky3pmuua furens. Takoe mosoxxenue nen ObLIo
CJIEICTBUEM IUIOXOM KOOpAMHALMM JYHHOH HporpamMmbl U IMpPHUBEIO K TOMY, YTO HMUIOTUPYEMbIE
nonetrsl B CCCP Tak m He cocTosnch. Hmke KpaTKo ONMUCAHBI JHIIb T€ MPOEKTHI, KOTOPBIE OBLTH
JIOBEZIEHBI 10 CTAIUH JIETHBIX UCIIBITAHUMN.

1.1.1 TIImnorupyemslii 00J1eT JIyHbI

Haubonee mnpopadoranusiM Obi1 mpoekT KB Koponesa (mpoekr JI1), mo koTopomy ObLI
BBINIOJIHEH psii OSCNMIIOTHBIX HUCHBITaTeNbHBIX moyieToB[2]. CoriacHO 3TOMy TpOEKTY, JiBa
KOCMOHAaBTa JIOJKHBI OBLIM BBITOJHUTH 00sieT JIyHBI B crieniMaibHO pa3pabOTaHHOM TOJIBKO IS ITOM
nenu kopabuse "Coro3-7K-JI1" ("nyHHslii—nepBeiii"). Bxonx B atMmocdepy npu Bo3BpalieHUN Ha 3eMII0
IUIAHUPOBAJICS HAJA IOXKHBIM TOJyHmIapueM 3eMJd, MpH 3TOM 3a CYET a’3pOJMHAMUYECKHX CHII
CIyCKaeMbli ammapaT BHOBb IOJHUMAJCS B KOCMOC, a €ro CKOPOCTb yMEHbIajach CO BTOPOH
KOCMHYECKOH J10 cybopOuTanbHoi. [ToBTOpHBIN BX0J B aTMOCc(epy MpOXOIU yxKe Haja TeppUTOpueit
Coserckoro Corosa.

Kopabmu "Coro3-7K-JI1" (pucyHok 1) coBepummyid msATh OECHMIOTHBIX HMCIBITATEIBHBIX
nmoJyieToB 1o HazBaHusMU "30H-4-8". [Ipu sTom kopabim "3oua-5-8" BeimonHMWIM 001eT JlyHbl. Eme
YeThlpe KOpaliisg HE Y/AaJoCh BBIBECTH B KOCMOC BCIEICTBUE aBapHil pakeTsl—Hocutens "l[Iporon" Ha
srane BbIBeJeHHA. Ha kxopabne "3oHn-5" Haxomwiuck uyepernaxu. OHM CTald TEPBBIMU KUBBIMHU
CyILIECTBAaMU B HCTOPHHM, BO3BPATHUBIIMMUCS Ha 3emutto mocie obnerta JIyHbl — 3a Tpu Mecsina 1o
nosera "AmnosutoHa-8".

[Tocnennuit moner xopabns "Coroz-7K-JI1" mox nazBanuem "30HA-8" cocTosics B OKTAOpe
1970 roma. Ilocne sroro mporpamma JI1 Obuta OCTaHOBJICHA, T.K. O€CIIOCATOYHBIN O0JIET COBETCKUMU

KOCMOHaBTaMH .HYHBI IIOCJIC TOT'O, KaK aMCPHUKAHIIbI MoOBIBaIM Ha HEH YK€ ABAXKIbI, HC UMCJI CMBICJIA.



1.1.2 Bsicaaka Ha JIyny

B CCCP cymectBoBanu pa3HOOOpa3Hble MPOEKTHI BBICAIKU Ha JIyHY: HECKOJIBKO 3aIlyCKOB U
cOOpKa IJIyHHOTO KOpaOjs M3 OTCEKOB HAa OKOJIO3EMHOHW opOute, mpsimoii monetr Ha Jlyny (0e3
PACCTBIKOBKM Ha OKOJIOJIYHHOH opOute). Jlo cTazuu MCHBITATEIbHBIX 3aIlyCKOB ObUI JIOBEJIEH JIMILb
IPOEKT KOHCTPYKTOpcKoro 6ropo Koponesa H1-JI3[3].

IIpoexkt H1-JI3 B cBOEi OCHOBE MOBTOPSAJ aMEpUKaHCKUN MpoekT "AnosuioH". B HeM Takxke
IpeayCMaTpUBAJICS BBIBOJ OJHHM 3aITyCKOM Ha IPOMEXYTOUYHYIO OpOUTY, a 3aTe€M Ha TPAeKTOPHIO
nojuera kK JlyHe cBs3kM U3 IBYX KOpaOiied, OIMH U3 KOTOPBIX JOJDKEH ObLI OCTaThCs Ha OKOJIOIYHHOH
opbure, a Ipyroil — ocyiecTBuTh nocaaky Ha Jlyny. Jlanee nyHHbII KOpabib AOIKEH ObLI B3JIETETh C
JIyHBI ¥ COCTBIKOBATHCSI C OPOUTAIBHBIM KOpabiieM, Mocje 4ero OpOUTaNbHbIN KOpadib mepemen Obl
Ha TPAeKTOPHUIO MoJIeTa K 3emJle.

OCHOBHBIMH HacTSIMHM PaKETHO-KOCMHUYECKON CUCTEMBI JUIsl Bbicaaku Ha Jlyny mo npoexty H1-
JI3 Obud JyHHBIA opOuTantbHb KOpabmb "Coro3-7K-JIOK" (pucyHok 2), nyHHBIH KOpaOib
JIK (pucyHoxk 3) u MoriHas pakera-Hocutens H1 (pucyHok 4).

Oxkunax kxopabus "Coro3-7K-JIOK" cocrosin u3 nByx yenmoBek. OIuH M3 HUX JOHKEH OBLT
NEePEeUTH Yepe3 OTKPBIThI KOCMOC B JYHHBIM KOpaOiib M COBEPLUIUTH Mocaaky Ha JIyHy, a BTOpoil —
JIOKH1aThCsl BO3BPAILEHHs CBOETO TOBAPHILA HA OKOJIOJIYHHON opOuTe.

Kopabnp "Coro3-7K-JIOK" Obu1 ycTaHOBIEH sl JIETHBIX MCHBITaHMM Ha Hocutens HI B
YETBEPTOM (U MOCIIEAHEM) €T0 3aITyCKe, HO M3-3a aBapUM HOCUTENS TaK M HE ObLI BBIBEJIEH B KOCMOC.

st monera Ha JlyHy TpeGoBascsi CBEpXMOIIHBIM HOCUTENb. TakuM HocHuTeneM B npoekte H1-
JI3 Oba pakera H1. M3-3a orcyrctBuss B CCCP MOIIHBIX pakeTHBIX ABHUraTeiel Ha ee NepBoOM
CTyHeHH ObU10 ycTaHoBiIeHO 30 ABUraTesnei.

Pakera H1 Obuta crnpoekTHpoBaHa paHblie, yeM JIyHHble Kopabmu. Ilpu mpoextupoBaHum
OpOMTAILHOTO M IOCAJ0YHOTO KOpaOisi pa3pabOTUYMKHM CTOJIKHYJIMCh C OTpPaHUYEHUSMH IIO
Ipy30M0IBEMHOCTH HOcHUTENSA. B pesynprate 3Toro mpoekt H1-JI3 cunbHO ycTynan aMepuKaHCKOMY
npoekty "Anoiton". JIyHHbIi Kopabnb (PucyHOK 5) OBUT OIIYTUMO MEHBIIE U JeT4e aMEPHKAaHCKOTO,
B HEM HaXOJWJICS JIMIIb OAMH KOCMOHABT, a HA0Op (pOTO— M KHMHOAMMmapaTypbl U KOMIUIEKT HAyYHBIX
MHCTPYMEHTOB ObUI BechbMa CKpOMHBIM. IlepexonnTth u3 opOuTanbHOrO KOpalis B JYHHBIM M Hazal
OWIOT JIOJDKEH ObUT 4Yepe3 OTKPBITBIH KOcMOC, T.K. KopaOmu ObulM CHaOXEHbl YHPOIIECHHBIM
CTBIKOBOYHBIM YCTPOUCTBOM 0€3 NMEePEXO0THOTO JIFOKA.

[Tocneanuit myck pakersl H1 cocrosuica 23 Hoa0pst 1972 roma — MeHee 4yeM 3a Mecsll 10
nocienHero mosiera Ha Jlyny mo mporpamme "Amomton". Ilocme storo ObuIO perieHo, 4YTO
HepcreKTHBa 1MoObIBaTh Ha JlyHe HAMHOTO MO3KEe TOro, KaK aMEepUKAHIIbI 3aBEPIUIMIIA CBOIO JTYHHYIO
porpaMMy, He OTpaBIaeT 3aTPaueHHBIX Ha 3TO CUJ U cpeAcTB. B mae 1974 rona nanpHeiinme paboTs

no Hocureno H1, a BMecte ¢ HuMu 1 Best mporpamma H1-JI3, Ob11M OKOHYATETTEHO 3aKPBITHI.



1.2  JlyHHble mporpaMMbl COBpeMEeHHOCTH
1.2.1 Kwuraiickuii TyHHBIN cCIyTHHK—peTpaHciasiTop "Queqgiao”

Mo coobmenuto Kuraiickoro kocmudeckoro arenrcrea (China National Space Administration,
CNSA) kuTalicKuii JyHHBIA CIyTHHK—peTpaHciasTop "Queqiao”[4], 3amymennsiit 21 mas 2018 roxa,
nocie 24-aHeBHOro mnyremectBusi 3atopMo3win B 100 KM Haj MOBEPXHOCTHIO JIyHBI M BBINIET Ha
MEPEXOHYI0 OpOUTY, C KOTOPO# oTnpaBuiics B Touky Jlarpanxka L2 cucremsl 3emsi—JIyna. B a1oif Touke
KOCMHYECKUI armapar CrnocoOeH HaXOIUTHCS HEMOABI)KHO IO OTHOIICHWIO K 3emie u JlyHe u emy
"BumHbl" Kak JlyHa, Tak W 3eMisl, YTO HEOOXOAMMO JUIsl MEpelayd CUTHAJIOB C MUCCHA Ha OOpaTHOM
cropone Jlynsl Ha 3emmo. Ero 3amaua — obecrieunBarh ¢Ba3b ¢ 3eMiéii mocagounoi muccuu "Chang'e-4",
KOTOpasi BIEPBbIE B UCTOPUU KOCMOHABTHKH 3 stHBaps 2019 rozma copepimia NOcajKy Ha 3araJoyuHylo
00paTHyt0 cTOPOHY JIyHBI.

[Tocne 3amycka u Ha nytu K Jlyne Queqiao pa3BepHyI JABa MHUKPOCIYTHHKA T0JI HA3BAHHEM
"Longjiang-1" u "Longjiang-2". UYetbipe aHs crycts, 25 Mas, 00a CHOyTHHKA JOJKHBI OBUIN
COBEPIINTHh TOPMO3HON MaHEBp JUIA BBIXOJa HAa TYHHYIO opOuTy. K coxkaneHuto, 6bU10 OATBEPKIEHO,
4yro ToJibKO ''Longjiang-2" ycnemHo Bbimen Ha opouty JIyHbl, ¢ mepureeM B 350 KHJIOMETPOB U
anoreeM B 13700 xunomerpoB. Ero GoproBble kamepsl, paspaboranHble B CaynoBckoil ApaBuw,
Havau padoTy 28 Masi ¥ yCIEIHO OTIpaBmin u3oopaxenus Jlynsl u 3emiu (PucyHok 6).

1.2.2 MWuaumiickasi JyHHasi IporpaMma

B okTs6pe 2008 roga B Muauu Obut 3amymien 3061 "Hanapasu"[5], kotopsrit mpopaboran Ha
opb6ute JIyHBI IEBATH MECALEB, TIOCIE YET0 CBSA3b C HUM INpepBaiack. KocMuyeckwii anmapar nepeaan
Ha 3eMJIto ThIcsiuu (oTorpaduil HOBEpXHOCTH U JaHHBIE O XUMUYECKOM cocTaBe JIyHBI.

B 2019 roay nameuen 3anyck "Yanapasa-2"[6], kKoTopslii OyaeT COCTOSTh U3 OPOUTAIBLHOTO U
nocajoyHoro anmapatoB. [locinemnuii Takke OymeT HecTH Ha cebe ManeHbkuil JyHOxoxa. Ha
NEPBOHAYAIBHBIX ATanax pa3pabOTKH MHUCCHU IPEIINOoJaraioch, YTO HHIUMCKHNA JIyHOXOX OyneT
JIOCTaBJIEH Ha CIYTHUK 3eMJIM Ha poccuiickoil mocanouHoil miatrdopme “Jlyna—Pecypc”, omnako
nocye mnepeHoca poccuiickoil muccun Ha 2020-e roasl oT 3Toro miaHa Muaus orkazanack. OHa
CaMOCTOSITENIbHO 3aHsAJach pa3pabOTKOMl OpOUTAIBLHOrO MOIYJNS M MocajoyHoro ammaparta. Ha oty
paboty y MHamiickoro KOCMHUYECKOro areHTCTBa YIIJIO OKOJIO 4YeThlpex JieT. B HacimeacTtBo ot
COBMECTHOT'O MIPOEKTA OCTAIIOCh HAMEPEHHE COBEPIINUTH MOCAIKY BOJIM3HU F03KHOTO MoJtoca JIyHBI.
1.2.3 Snonckas mynHas muccus "Kaguya"

SInmonckuit kocMmuueckuit ammapat “Kaguya'[7] ¢ BcrmomorarelbHBIMH CITyTHUKAMH ObLT
sanymeH 14 centaOps 2007 roga. Ilpu HaxoxneHuu 30HAA Ha oOpaTHOM crtopoHe JIyHBl OH
CTaHOBWJICS HEBUIMMBIM C 3€MJIM, MO3TOMY JUIS PELICHUs 3TOW MpoOieMbl U ObLIM 3aIlylIeHbI 1Ba
JOTIOJIHUTENbHBIX ~ MUKpocnyTHHKa. Ilens Muccum  "Kaguya" 3akmiouanach B HU3yYEHUHU
poucxoxaeHus JIyHbl U ee Te0JOornuecKoi SBONIOINH, TIOJyYeHHE JaHHBIX O TTOBEPXHOCTH, a TaK¥Ke
BBIMIOJIHEHUE psAfa paguodKCrepuMeHToB. [Ipu momouu oJHOro M3 CHYTHHKOB Oblia COCTaBJICHA

KapTa pacupeieNeHus CUII TSHKECTH Ha 00paTHO cropoHe JIyHBbI.


http://www.planetary.org/blogs/jason-davis/2018/20180614-longjiang-2-earth-pics.html

1.2.4 Poccuiickasi JyHHasi nporpamMma

B 2019 romy Poccus u CIIA npoBenyT COBMECTHBIM IKCHEPUMEHT MO MMMTALUU I10JETa
MEXIYHAPOJHOTO JKUIaKa Ha OKOJOJyHHYI0 cranuuio "DeepSpaceGateway"[8], kortopas Oymer
co3nana B cepeaune 2020—x rozioB.

HNucturyr Menuko—Ouonorudyeckux mnpodiseMm PAH u NASA Tpu roma Hazaj 3akiIoudIn
COTJIANlIEHUE O COTPYJHUYECTBE B MPOBEJACHUM CEPUH dKcrepuMeHToB mmoa HazBanueM ""SIRIUS". Jlo
2025 rona 1omKHA MPOWTH CEpHs MCCIICAOBAaHMM MO MOAroToBKe K mojeraM Ha JIyHy. Ocensio 2017
rona Pockocmoc 1 NASA moammcany corjamieHue O CO3JaHMHM Ha OKOJIOJIYHHOM OpOWTE CTaHIMH
"DeepSpaceGateway".

KocmonaBTam HeoOxouMa OyeT OCTOSIHHAS CBA3b ¢ 3emiiel. 3aliMeMCs ITUM.

2 Touku MuOpanum 1 raJJ0o0poNTHI
2.1 Onpenesienust

Touku nubparuu[9] (toukm Jlarpamka) winm L-TOYKHM — 3TO TOYKM B CHCTEME M3 JBYX
MAaCCHBHBIX TeJ, B KOTOPBIX TPETbE TEIO C MNPEHEOPEKUMO Malloil MaccoW, HE HCIBITHIBAIOIIEE
BO3/ICIICTBUE HUKAKUX APYTUX CHJI, KPOME I'PaBUTALMOHHBIX, CO CTOPOHBI JIBYX IEPBBIX TEJ, MOKET
OCTaBaTbCs HEIMOJABM)KHBIM OTHOCUTENIBHO 3TUX Tes. TakuMM CHCTEMaMH, K NpUMEpPY, SBISIOTCA
Connue — 3ems, 3emis — Jlyna, Connue — FOnutep, Mapc —®oboc.

bonee Touno Touku JlarpaHka mpeAcTaBIAIOT cOOOW YaCTHBIM ciyuyail MpU peleHuH Tak
Ha3bIBAEMOM OrpaHnveHHol 3amxa4un Tpéx Ten [10] — korma opOUTHI BCex Tel SBISIFOTCS KPYTOBBIMHU U
Macca OJHOTO M3 HUX HAMHOI'O MEHBIIE Macchl JIIOOOr0 U3 JBYX Ipyrux. B artom ciyuae MOXHO
CUMTaTh, YTO JBA MACCUBHBIX Tela 0OpallaloTcs BOKPYT UX OOIIEro IEeHTpa Macc ¢ MOCTOSHHOU
YIJI0BOM CKOPOCTHIO. B mpocTpaHCcTBE BOKPYT HUX CYIIECTBYIOT MATh TOYEK, B KOTOPBIX TPETHE TEJIO C
pEeHeOPEKNMO MaJION Maccoi MOXKET OCTaBaThCsl HETOABMKHBIM BO Bpalllatollelcs CUCTEME OTCUETa,
CBSI3aHHOM C MAacCHBHBIMH TellaMU. B 3THX TOUYKax rpaBUTAllUOHHBIE CHUJIBI, AEMCTBYIOLIME HA Majoe
TEJI0, YPaBHOBEUIMBAIOTCS IEHTPOOSKHOM CHITOH.

Touku Jlarpanxa nonyunsian cBo€ Ha3BaHUE B yecTh MaTematuka JKozeda Jlyn Jlarpamwxka. On
nepBeiM B 1772 rony mnpHMBEN pelIeHWEe MaTreMaTHYeCcKOW 3aJadd, W3 KOTOPOTO  CJIEA0BAIO
CYIIIECTBOBaHHE 3TUX OCOOBIX TOYEK.

Ecnu Obl IBMKEHHE MPOUCXOAMIO MO CTPOTO KPYrOBBIM OpOMTaM, M Tella HE UCHBITHIBAIIN
HUKAKOTO BHEIIHETO BO3JCUCTBHUA, TO B 5 TOUKAX CHIIBI MPUTSHKEHUS JBYX T€JI CYMMHUPYIOTCS TaKUM
00pa3zoM, 4TO TEJIO B 3THX TOUYKAaX BpallaeTcs BOKpYr Oosiee MaccMBHOTO Tena M1 ¢ Toi xe yriioBoi
CKOPOCTBIO, YTO M BOKPYT Tesma M2, 1 KOCMUUYECKHUH armapart, MOMENIEHHBIA B JTIOOYIO U3 STUX TOYEK,
ocTaBajcsi Obl HEMOJBIKHBIM OTHOCHUTEIBHO JTUX TN Ha MPOTSHKEHUHU JOJTOr0 MEepUoaa BPEMEHH.
L1, L2 u L3 nexar Ha npsamoi, coequustomiei tena M1 u M2, ux Takxe Ha3bIBalOT KOJUIMHEAPHBIMU
toukamu jaubOpanuu[1l]. Ecte eme nBe Touku L4 u L5, KoTOpbIe HAXOAATCS C ABYX CTOPOH BHE STOMH
auHAA. VX Ha3bIBAIOT TPEYrONbHBIMH TOUKaMu auOpanuu[12]. Bce Touku mokas3aHbl Ha PHCYHKE 7.

OT0 naeaI3upOBaHHAs KapTUHKA.
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B peanbHOCTM TMIaHETHl BpAIIAIOTCS HE IO KPYroBBbIM, a MO DSJUIMITUYECKUM OpOUTaM,

UCTIBITHIBAIOT TPABUTALIMOHHOE BO3MYILEHHE OT JpYrux HeOecHbIX Ten. [loaToMy HEmoJBHXXKHO
3apuKCHpPOBATH KOCMHUYECKHUI ammapar B TOYKaX JHOpALUU HE MOJIYYHUTCS, HEOOXOIUMO MOCTOSHHO
MOJJIEP>KUBATh CTAOUIBLHOCTH €ro opOuThl. OQHAKO MOAAEPKUBATh OPOUTY BOKPYT TOUKH JIMOpauuu
He OoJsiee 3aTpaTHO, YeM OpPOUTY BOKPYT OJHOM W3 IJIaHET. B CBS3M € 3TUM 3TH TOYKH BBI3BIBAIOT
MHTEPEC y IPOEKTUPOBILUKOB KOCMUYECKUX MUCCUH.

INanoop6ura [13] — mepuoauueckas TpéxmepHas opOuta Bosje Touek Jlarpamxa L1, L2 B
3ajaue TpEX Ten opOutanbHOW MexaHuku. s kaxmon touku Jlarpanika cyiiecTByeT O€CKOHEYHOE
MHO’KECTBO TMap TalloOpOUT, CUMMETPUYHBIX OTHOCHUTEIHHO IJIOCKOCTH BpAIllEHUS CUCTEMBI JBYX
MacCHUBHBIX Tel. UTOOBI yep:kaTh KOCMUYECKUH ammapaT Ha Takoi opOuTe, TpeOyroTCs MPUMEHEHNE
CTaOWIIM3HUPYIONIMX BO3ACUCTBUH, TOCKOJIBKY TaloOpOUTHI OOBIYHO HeycToiuuBbl. [Ipumep
rajJlo0pOMUTHI IIOKA3aH HAa PUCYHKE 8.

2.2  IlepcneKTHBBI HCTIOJIL30BAHUS TOYKH L2

B cucreme 3emns—Jlyna Gonbiie Bcero nHTepecHa Touka L2, MOCKONbKY OHa HAXOJIUTCS Haj
obpatHoi#t cropoHo#t JIyabl. OK0I0 MOJOBHUHBI TYHHOM TOBEPXHOCTH Mbl HUKOT/Ia C 3€MJIM HE BUIHM.
Korna nHauHéTcs aKTHBHOE WHCCIEOBaHHE OOpaTHOM CTOpoHBI JIyHBI, 3TO MOXET BbI3BATh
3HAYUTENIbHbIE TPYJHOCTU IJI YCTAHOBJICHMS MOCTOSHHOHN cBsi3u. Jlnsi pemieHust 3Toil mpoOiembl
npeziaraercst 06opynoBath B L2 cucreMy peTpaHCIsSTOPOB.

Ha pucynke 9 m3zo0pakeHa cxema HCIIOJIb30BaHUS KOCMHUYECKOTO ariapara, IBMKYIIETOCs B
Oym3m Touku L2, mist cB3u Mexay 3emiieid u oopaTHoU cropoHoit JIyael. Ha 3ToM pucyHKe cuctema
koopaunHaTt L2xyz BbiOpaHa Tak, uTo ock L2X HampaBieHa BAoib jyda 3emis—JIyHa, L2y nexur B
iockocty opoutel JlyHbl, a L2z nepneHaukynsipHa miockoctd opoutsl JIynel. Ecnu xocMuueckuit
anmnapar pacrnojiokeH BOiIu3u miaockoctu L2yz, a paccTosHue oT Hero 10 L2 npeBocxoauT mpuMepHO
3100 kM, TO OH MOXET OBITh WCIOJIB30BAH IJIsi CO3/JaHHS HETMPEPHIBHON CBSI3M MEXIy OOpaTHOM
ctopoHoit JIyHbI U 000 TOUKOM MOBEPXHOCTH 3eMITH.

2.3  Ooecneyenue cBsi3u ¢ 3emiieii u3 Touku L2

JIrobast craHuus, HaXoAiChb Ha OpOMTE B OKpeCTHOCTSIX Touku L1, mMeeT BO3MOXKHOCTH
HEINpEepBIBHON CBs3n ¢ 3emiued. [ Toukum L2 HECKOJIBKO ClOXKHee. JTO CBSA3aHO € TEM, YTO
KOCMMYECKasi CTaHLIMS TPU JIBUKEHUU B caMOW TOYKE JHOpallu MOXET OKa3aThCs MO OTHOIICHUIO K
3emite, kak Obl, B TeHU JIyHBI, U CBA3b TOT/1a HEBO3MOXKHA. HO MOXKHO OCTPOUTH TaKyro TajJoopOuTy,
KOoTopas Bcerja OyieT UMeTh BO3MOKHOCTb CBSI3U C 3eMIIEH.

Ha npaktuke mosets o rajgoopouram Ol peanuzoBansl B CIIA mo npoekty ARTEMIS[9]
B 2011 roay. /IBa kocMHYECKMX anmnapara JieTaad B okpecTHocTax Touek L1 m L2 ¢ nmopnepxanuem
COOTBETCTBYIOLIMX opouT. OuH anmapar coBepini nepenet u3 Touku L2 B Touky L1.ITonagobunocs
nosTopa roaa, 6oiee 90 UMMyIBCOB CKOPOCTH UM MHOXECTBO I'DAaBUTAIMOHHBIX MaHEBPOB, HO 3aTO

COBCEM HEMHOI'O TOILJIMBA, YTOOBI ITOMECTUTHL UX B HY>XHBIC TOYKH OKOJIO HYHBI. Ha CGFO,I[HSIH_IHI/Iﬁ
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JICHb TOJBKO KUTANCKHI JIYHHBIH CryTHHK—peTpaHcisTop Queqiao naxoautcs B Touke Jlarpamka L2

cucremsbl 3emisi—JIyHa. Xorenocs, 4ToObl 1 Poccust yyacTBoBasia B OCBOCHHUHU 3TUX MOJIE3HBIX TOUEK.
3 Bb160p Ko/IMYecTBa U CNIOCOO0OB pa3MellleHUs] CIYTHUKOB—PETPAHCISATOPOB

[Ipenmnonoxum, uro Ha oOpaTHOU cTopoHe JIyHBI pa3melieHa oOuTaeMmas JIyHHas CTAaHIIMSL.
Csa3p ¢ 3emiiell KOCMOHaBTaM JOJDKHAa ObITh oOecriedeHa MOcTosHHO. Ho mnpu HaxoxaeHuu
KocMuueckoro anmapara Ha yyactke AB unu CD (pucynok 11), korna Jlyna Haxoaurtcst B TeHH 3eMJTH,
HE00XOIMMO BBIBECTH Ha rajloopOUTy TOUKM L2 He MeHee IByX CIyTHHUKOB. B yCcloBHSX 3aTpaTHOCTH
CTPOUTENIbCTBA CIYTHUKOB—PETPAHCIATOPOB IMpeJjiaraeTcsi BBIBECTM POBHO JBa CIyTHUKAa U
PacmoIokKUTh UX Ha rajoopOute Touku L2 Takum oOpa3om, 4TOObI P MPEPHIBAHUN CUTHAJIA OJHOTO
peTpaHCIsATOpa CUTHANI HA IPYTroM — He ObLI IPEepBaH.

4 Pacuerst
4.1  Pacuer paccrosiHus oT 3emMJu 10 Touku L2 B cucreme 3emusi—/Iyna

Coepoit Xwna[l4] sBiseTcss MPOCTPAHCTBO BOKPYT aCTPOHOMHYECKOTO OOBEKTa, HAIPUMED,
IUTAHEThI, B KOTOPOM OH CHOCOOEH yJep>KUBaTh CBOM CIHYTHUK, HECMOTPSl Ha MPUTSDKEHHUE OO0BEKTa
BOKpPYI' KOTOpOro ooOpaiaercss cam, Hampumep, 3Be3fbl. B cBOl ouepenp, y CHyTHHKAa €CTh
cobctBeHHas cdepa Xuiia, u 1000 00BEKT B €€ mpepenax OyIeT CTPEMHUTHCS CTaTh CITyTHUKOM
CIyTHHKA, a HE IUTaHeThl. TakuM oOpa3om, cdepa Xwuuna onuchiBaeT chepy TPaBUTAIUOHHOTO
BJIMSIHUA Teja Ha 0ojiee MeJKue Tesa ¢ y4ETOM M3MEHEHHH, BO3HUKAIOIUX MO BO3AeHCTBUEM Oosee
MacCHBHOTO TeJa.

Cdepa Xumna pacrionaraercs Mexay toukamu Jlarpanmxa L1 w L2, nexxamuyMu Ha TpsiMOid,
COCAMHAIONIEH LEHTpbl BYX Teld. B 3TOM HampaBieHuu o00JacTb IpPaBUTALIMOHHOTO BIIMSHUS
NOJYMHEHHOTO TeJla MEHBIIIE BCEro, U 3TO OTPaHUYMBAET pasMmep chepbl Xuia. 3a npejenaMu 3Toro
paccrosiuus opOuTa JIIOOOTO TPETHEro Teya, OOpaIlaroIerocs BOKPYT MOAYUHEHHOTO Teja, Oyner
YaCTUYHO TpoJieTaTh 3a mpenenamu chepbl Xuiuia, U ModToMy Oyner BcE Ooibine M OOJbIIe
HOJBEPraTbCs BO3MYILICHHIO TPWIMBHBIMU CHJIAMH II€HTPAJbHOTO Tena. B  KOHEYHOM HTOre
NOTYUHEHHBIN 00BEKT MepeIéT Ha OpOUTY LIEHTPAILHOTO Tela.

Iycts My = 5,9736x10%* kr — macca 3emmu; Mo= 7,3477x10% kr — macca JIyHbL.

Tak kak M; HaMHOro MEHbBIIE MO Macce, yeM Mji, To Touku L1 m L2 HaxomsaTcs mpuMepHO Ha

OJIMHAKOBOM paccTOsIHUM I' 0T Tena My, paBHOM paanycy cdepsl Xuia:

3 , M
=R m , TAC R— pacCTodHNuC MCKIY KOMIIOHCHTAMU CUCTCMBIL.
1 2

B tabnune 1 mpuBenen pacuer paauyca chepbl Xusia B cucreme 3emisi—JIyHa.

Ta6suua 1. Pacuer paanyca chepsl Xuna

Pacnosoxenue JIyHbl OTHOCHTEILHO R, km r, KM
3emun
Jlyna B nepuree 363 104,0 57 879,7
Jlyna B anoree 406 696,0 64 828,3
Cpennee paccTtosiHHe 385 692,5 61 480,3
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anmnapara,

4.2 Pacyer MAKCHMAJBHOIO PACCTOSTHMS OT 3eMJIM [0 KOCMHYECKOro
HAXOJSIIerocs Ha rajoopoure

B pa6ore B.B. Kynmosa "MojenupoBaHue CeleHOUEHTPUUYECKOTO IBHKEHUS KOCMHUYECKOTO
anmapara ¢ JJIeKTpopakeTHbIMH japurateiasMu’” [15] ObutM paccuuTaHbl KOOPIMHATHI U CKOPOCTH
KOCMMYECKOTI'0 ammnapara OTHOCUTEIbHO TOUKH JuOpanuu L2, koropeie oOecrieunBaroT GOpMUPOBAHUE
ranoopOuT, nokasaHHbix Ha pucynke 10. Bocmonp3yemcssi paccUuMTaHHBIMH KOOpPAWHATAMU H
CKOopocThio (Tabnuua 2) Juid  ONpeAelieHHs HauOONBIIET0 PACCTOSHHUS MEXAY CITyTHHKOM,
HaXOJALIMMCS Ha raJloopOUTe U LIEHTPOM 3eMJIH.

Ta6auna 2. Pemenus HelMHeapU30BaHHBIX JIBIKEHUI KOCMHYECKOTO ammapaTa B OKPECTHOCTUA TOUKH
aubpanyn L2

Pacuér MaTpuubl
Ilapamerpbi Y01 Y02 Y03 Y04 Y05
t 3,2 3,4 3,6 4,3 49
X 1,1656 1,1756 1,1956 1,2156 1,2356
Vy -0,0565 -0,1193 -0,2801 -0,4125 -0,4682

3necy t —mepuoa (B cyTkax) ABIDKEHHS Ha ramoopburte; X — HA4albHOE PACCTOSHUE OT
KOCMHYECKOI'0 arnmapara J0 3eMJIH, BeIpaXeHHOe B paccTossHuK OT 3emun 10 JIyusr (385 692,5 km);
Vy — HayallbHasg CKOpPOCTb KOCMHYECKOTO ammapaTa OTHOCHTEIbHO 3€MJIM, BBIpa)KEHHas 4epes
CKOpOCTb JIyHBI.

HawnbGomnpmiee pacCTosIHUEC OT 3eMin (ueHTpa KOOp)II/IHaT) A0 MCCTOIIOJIOKCHUA CIITYTHHKA Ha

rajoopOUTe MOKHO paccuuTaTh 1o teopeme [ludaropa: r = /x? + y?2.

Taﬁ.mma 3. Pacuer pacCTosAHuA OT 3emim A0 KOCMHYECKOTO aIlrapara

X Yy Iy KM
1 0,32 404 958,8
1,15 0,25 453 506,2
1,2356 0 476 561,7

B Tabmuue 3 X,y — Tekyiiue 3HadeHHs] KOOpAWHAT Ha raioopOute Y05, BbIpakeHHBIE B
0e3pa3MepHOM BH/IE Yepe3 pacCTossHuE My enTpamu 3emin u JIyuer (385692,5 km);
I — pacCTOsSIHUE OT KOCMHYECKOTO amnmapara 0 3eMIIH.

[MpoBens ananu3 naHHbIX rpaduka (pucyHok 10) mis ramoopoutsl Y05, koTopas Hamboiee
yiajaeHa oT TO4Yku L2, ompeaenuM MakCUMallbHOE PAcCTOSTHUE OT 3eMJIH IO KOCMHYECKOTO armapara:

Max=477000 xM.

4.3  Pacuyer MOIIHOCTH, HEOOXOAMMOIi 1Jis1 PYHKIMOHMPOBAHUS CIYTHUKA—PETPAHCIATOPA
Jist cucteMbl akTHBHOM peTpaHcisuuu yepe3 JIyHy HeoOXoaumas MOIIHOCTb H3JTyYeHHS

nepenaryrka perpancistopa P{16] Mmoxer ObITh paccunTana o Gpopmyie:

16R2-TyNq
Pt: . k . T . H —_ - -
@y s o " —5 07—

rae Pi— HeoOXxoauMasi MOIITHOCTh M3JIYYCHHS TepeaTyuka peTpanciaTopa; Qpy — OTHOIICHUE
CUTHAJ/IyM B NPHEMHHKE Ha paauodactore; K — mocrosHHas bombimana; T,g4 — dbdexTuBHAS

TCMIICpAaTypa IIYMOB Ha BXOJC NPUCMHHKA, Ho — IOHUpHHA II0JIOCHI IMPOITYCKaHUA NPUCMHHKA Ha
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paauouactote; G — k03hHUIMEHT yCUIIeHUs Tiepeaaronieii anTeHHbl; Dy — nuaMeTp 3eMHOM MpUeMHON

AHTEHHBI; R — HAKJIOHHAs JAIbHOCTh MEXYy TOUKAMU PETPAHCIATOP — KOPPECHIOHAEHT Ha 3emie; [ 1—
KO3 QUIMEHT 3amaca, YYUTHIBAIOIIMN MOTJIOMIEHWE W 3aMHpaHus B HOHOC(epe, IMOTJOLICHUE B
tponocgepe; Il — KOApPUUMEHT UCIOAb30BaHUS IUIOINAAM aHTeHHbI; N1 — 3amac Ha MOTepu HU3—3a
JMarpaMMbl HalpaBJIEHHOCTH, MOJIIPU3ALIMOHHbIE IOTEPH, IOTEPU B AHTEHHO—()HUIEPHOM TPAKTE.

PaccuntaeM onTHManbHbIE IJIMHBI BOJH Ha paguoiauHuu JlyHa—3emis Ans 4acTOTHO—
MOJYJISIIIMOHHOTO TEJICBUICHUSL.

Tadauua 4. Pacuer mymmHbBI BOJIH Ha paguoiuann Jlyna—3emis.

[IIymoBas TemnepaTypa npueMHuka, To, K OnTtumanbHas JuiHa BosiHbl UM TeneBuaenus, cm
Aomelipully = 94MI 'y
50 15
100 15
300 15
600 15
1500 15
Tabauna 5. Berurcnenue nuameTpa nepeJaronieil aHTeHHbI IPU ONTUMAIBHOMN JJIMHE BOJIHBI A = Aonr
[ITymoBas TemriepaTypa JnameTp nepenaromiei aHTeHHbI, M
[pUCMHHKa TeneBueHue
To, K
pu @os= 12 rpag
50 1,3
100 1,3
300 1,3
600 1,3
1500 1,3

CrnenoBartenbHO, TUaMeTp nepenaromeit anteHss D1 = 1,3 m
ITycts Qpy= 16;/75=94 MI'; AF=5 MI'it; q =8,4;Qpy = 10*yueer = 10™; D,=20 M;1] = 0,5;

®os = 12;k = 1,38- 10723 JTx/K.

B Tab6uune 6 paccuntaHa HEOOXOaUMash MOIIHOCTb M3JIyY€HHs JYHHOI'O PETpPaHCIATOpa JUIs
HanOOJIBIIEro paccTosHUS OT 3emiu 10 JIyHsl (amoreit), mpubnusurensHo paBHOro 406 696 kM.

Taﬁ.mma 6. Pacuer MOIITHOCTH U3JIYYCHUA JIYHHOT'O pETpaHCIIATOPA

[ITymoBas Temneparypa Mo1HOCTh U3ITy4eHus JIYyHHOTO peTpaHcisitopa Py, Bt

MPUEMHHUKA YM TeneBuneHue
To, K pu Qos= 12 rpax

50 2,4-103

100 2,8-103

300 4,4-103

600 6,8- 103

1500 1,4-10*

Tak xak MakCHMalbHOE PacCTOSHUE OT 3eMJIM 10 KOCMHUYECKOTO ammapara, HaXOosIerocs: Ha
ranmoop6ute Y05 Touku nubpanmu L2, HEMHOT0 OTJIMYAETCsl OT MAKCUMAJIBHOTO PACCTOSTHUS OT 3eMITU

1o JIyHbI B aroree, TO BEIYUCIUM KO3()(PUIHMEHT TPONOPLHUOHATIBHOCTH ITHX BETUYMH.

Rmaxt 2° _ 477 000
Rmax 3_;; 406 696

o= =1,173
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CrnenoBarenbHO, MAKCUMAIbHYIO MOIIIHOCTD U3JIyYE€HHUS PETPAHCIATOPA HAXOUM 10 (hopMyIie:

Pmaxt2 = Pmax3-r o
Praxi2 = 1,4-10* - 1,173% = 19,263 (xBT)

4.4 PacuyeT miiomaam coJiHeYHbIX 0aTapeii
MOIIHOCTh COTHEUHOM 0aTapen KOCMHYECKOTO amnmapara pacCYMThIBAETCS 10 (hopMyie:
Wer =Wos * Scs * es
Jis HopManbHOTO (YHKIIMOHUPOBAHHUS MOIIHOCTH COJHEYHON Oartaped JOoJbKHA OBITh OOJbIie

MoIHOCTH, ToTpedisieMoit peTpanciasITopoM: Weg >Prax2;Wos * Scg * Ncg >Pmaxt2

PmaxL 2

——= rne Wys = 1367 Br/M? — ynensHas
WosTce

W3 naHHOrO HEpaBEHCTBA IOJy4yaeMm, 4TO: Scp >

MotHOCTh m3nydeHus: Connna; [)cg = 28% — KI1J] comaeunoi 6arapen.

B urore: momane comaeyHoi 6atapeun Scg > 50,33 M2,

3) IIpoexkTHBIH 00/1MK CIIyTHHKA.

C mnomompio mporpammbl  SolidWorks BBITOTTHEHO MOAETHPOBaHKWE MPOEKTHOTO OOJHMKA
KOCMHMYECKOro ammnapaTa (pucyHOK 12). BbIBoJ OBYX TakuX CIYTHHKOB Ha rajgoopOuTy TO4kd L2
o0ecrneynT yCTOHYMBYIO CHCTEMY CBSI3M MEXAY CTaHLUEH, pacloyio)KeHHOW Ha OOpaTHOW CTOpOHE
JIyns1, u 3emien.

Ha pucynke 13 mpeacraBieH pe3ynbTaT MPOBEACHHOTO MojelupoBaHus B makete Delphi

ABVOKCHUA KOCMHUYCCKOI'0 arriapara B OKpECTHOCTHU TOUYKHU L2.

3akiao4eHue
BoimonHen kpaTkuii 0030p COBETCKOM JIYHHOM MporpamMMmbl W JIYHHBIX HIpOTrpamMMm
COBpPEMECHHOCTH. HSy‘ICHBI NEPCICKTUBLI UCIIOJIB30BAHUSA TOUYCK Jm6paum/1 CHUCTEMbI 3€MJ'I$[—.HYH3 B
nensix odecneueHus OecriepeOoitHON cBs3M ¢ 00paTHOI cTtopoHoil JIyHsl. Ha ocHOBe ypaBHEeHUs cBSI3U
JUIs aKTUBHOW PETPAaHCIALMU pPACCUMTaHa MOILHOCTh CIyTHMKa—peTpaHcisTopa. Paccuutana
IUIOINAb COJIHEYHBIX Oarapeil, HeoOXOAMMBIX i (DYHKIIMOHUPOBAHMS KOCMHYECKOTO arrmapara.
BeimonHeno 3d MojenupoBaHue KOCMHUYECKOTO ammapara. [IpoBeleHO MOJeNupoBaHUEe TPAeKTOPHA

JBYKEHUH KOCMHYECKOTO ammapaTra mo rajoopoute Touku tmopammn L2 cucremsr 3emisi—JIyHa.
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puiioxkenune

Puc. 1. Kocmuueckuii kopadmns "Coro3-7K-JI1"

2 0
Puc. 2. Jlynnblii opOutanbHbii Kopadis "Coros-
7K-JIOK":

1 - cmyckaemblii anmapar,

2 - OLITOBOM OTCEK,

3 - CTBIKOBOYHBIH y3e,

4 - oTCcek JBUTraTeNell OPUCHTAIIMH U IPUYATHBAHHS,

5 - nBurateny npuUyaAIUBaHUS,

6 - arperaTHBIN OTCEK,

7 - SHepreTHIeCKU OTCEK,

8 - ABUTraTeNN OpHCHTALIH,

9 - pakerHsrit 6ok "U",

10 - npubopHBIit OTCEK

Puc. 3. JIynnsiit kopabmnp "JIK":

1 - myHHBII OCaOYHEIHN arperar,

2 - pakeTHbI# 0510k "E",

3 - kabruHa KOCMOHAaBTAa,

4 - OJIOKH CHCTEMBI )KU3HEACATEIBHOCTH,
5 - npubop HAOIIOICHUS TIPH TIOCAJIKE,
6 - OJIOK JBHTATENEH OPHEHTAIIHH,

7 - paIuaTOp CUCTEMBI TEPMOPETYIUPOBAHHUS,
8 - CTBIKOBOUHBIH y3e,

9 - IaTYMK NPUIIEITUBAHUS,

10 - rocTUPOBOYHBIE TATYNKH,

11 - mpubopHEIii OTCEK,

12 - TeneBU3MOHHAS KaMepa,

13 - BceHanpaBiieHHbIC aHTCHHBI,

14 - UCTOYHMKHY TUTAHHUS,

15 - onopHas cToiika C aMOPTH3aTOPOM,
16 - moaxoc ¢ aMopTH3aTOPOM,

17 - mocamo4YHbIi panoIOKaTOP,

18 - HaBecHO# MPUOOPHBII OTCEK,

19 - cnaboHamnpaBICHHBIC AHTCHHBI,

20 - aHTEeHHBI CUCTEMBI COTMKECHMSI,

21 - TeneBU3MOHHBIC AHTCHHBbI,

22 - nBUratens NprmKaTusi,

23 - OCHOBHOM JIBUraTENb,

24 - oTpaxkarernb,

25 - pe3epBHBIii ABUTaTEIb

Puc. 4. Pakera—nocurens "H-1"




AMEPHKANCKHE Y1 301V Copercrini Avainii kopatan

Puc. 5. JlyHHble KOpaOiw — aMEpUKAHCKUU U
COBETCKHUI

Puc. 6. 300paxxenue 3emnn u JIyHbl CO CITyTHHUKA
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Puc. 8. 'ano—opOuTts! cucremsl 3emissi—JIyna

Puc. 9. PacnionoxeHue cryTHUKa CBA3H BOJIU3U
TOYKHU Jubpanuu L2
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Puc. 10. MoanenupoBaHue HeIMHEAPU30BAHHOIO
JIBYDKEHUS KOCMHMUECKOTO anmapara B
OKPECTHOCTH TOYKH Jubpanmu L2




Puc. 11. PacnionoxxeHue cucTeMbl CITyTHHKOB —

Puc. 12. Mozens KOCMUYECKOTO anmapara
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Puc. 13. PeBy.TILTaT MOZACIIMPOBAHUSA ABUKCHHA KOCMHUYCCKOI'O alIiapara B OKpSCCTHOCTU TOUKHU L2




