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AHHOTaNUA
AKTyaJlbHOCTH TeMbl. B HacToslliee BpeMs B CBS3M C HHTEHCHBHBIM
IPOBEJEHHEM KOCMHMYECKUX HCCIEeNOBaHUI HabmomaeTcss OOJBIIOH WHTEpeC K
WCIIONB30BaHUIO TodeK nubpanuu. Hanpumep, mis wsydenms Jlynsi m Conmia,
IIPOXOAAIIMX Ha HUX MpoLeccax, HeclefoBaHui MarHuTocdhepsl 3emiu. B aTux Toukax
TaKXe yIoOHO pa3MellaTh 30HIBI ¥ TEIECKONbl ¥ BECTH HabmoneHue 3a HeOeCHBIMHA
TenaMM. AnmapaTrsl AOIroe BpeMs MoryT paboTarh B L-Toukax ¢ MHUHMMAaIbHBIMA
3aTpaTaMM SHEpPIruy, IOYTH HE PacXoys €€ Ha KOPPEKTHPOBKY CBOEro IOJIOKeHus. B
Oynymem Toukm Jlarpamxa MOIYT CTarTh «IEPECamOYHBIMM MyHKTAMM» Ha IyTH K
JApYyI'UM IUIaHeTaM WM JIyHe 1 MecToM pa3sMeIleHus B HUX KOCMMYECKHUX CTaHIHH.
Hensro nccnenosannii B paGore spisietcs pa3paboTka scku3a, 3D Mogenu u
MaKeTa OpOUTaIBbHOM CTaHIUHU JUIS ee pa3sMeIleH s B EPBOM TOYKe TUOPAIMH CHCTEMEI
3eminsa-Jlyna. Metoapl Mcc/IefOBaHHA: aHAU3 JIUTEPATYpPhl, HCTOPHUYECKUN METO,
MaTeMaTHYeCKue METOMLI: METOJl YpaBHEHHH U HEpaBEeHCTB, IIOCTOPEHHHUE IPadUKOB,
II0JITOTOBKA 3CKU3a U IPaKTHIECKOE MOICITHPOBAHUE.
BeiBoABI M pe3yibTaThl HCCIETOBAHMIA.
1. PaccMOTpeHBl OCHOBHBIE METOABI M3YYEHHsT BCEIEHHOM C [IOMOIIBIO
KOCMHYECKHX allapaToB B TOUKaX JuOparuu cucteM 3emisa-Coitie, 3emis-JlyHa.
2. OnpezieneHsl BOSMOXKHOCTH M IIONB3a Pa3MEIIEHUS Pa3iIMYHBIX KOCMMYECKUX
00BeKTOB B ToUKax JuOpamuu cucteM Corie-3emist 1 3emis-JlyHa.
3. Pazpabotansl: acku3, 3D Mogens u MakeT OpOMTaNbHOM CTAaHIOUU I
IIpOBeJIEHUS HAYIHBIX MCCIICIOBAaHUM B IIEPBOM TOUKE THOpanuu cucteMsl 3emirs-JIyHa.

4. Haiinennl 3HaUeHN KOOPAMHATHI TOUKH TuOpanuu L1 cuctemsr 3emis-JIyna.

5. PazpaboTaH 3CKM3 U IPOBEJEH pacueT YII0BOH CKOPOCTH BPAILEHMsS DJIEMEHTOB
CHCTEMBI MCKYCCTBEHHOM CHIIBI TSIKECTH.

6. PaspaboTan 3cku3 u poBejieH pacyeT Ioiamd condednsrx nageneii OC.

7. llpousselieH pacdy€r 3aTpaT TOIUIMBA IS IIOJETOB KOCMHUYECKUX AlllapaToB OT
opOuTaIbHOM cTaHIMK K 3emite u JIyne.

8. IIpom3seneH pacyeT TONIIUHBI PAJHAIMOHHON 3alUTHl OpOUTAILHON CTAHIMY,

€€ MacChl M 3aTpaT TOILIMBA Ha MOABEM | KT [TOJIE3HOTro rpy3a Ha OpouTy.
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BBenenne

YenoseyecTBy OT pPOXAEHHS MPUCYIIN JIFO003HATENBHOCTh, CTPEMIICHHE
II03HaBaThb BCE HOBOE, HEM3BECTHOE, COBEpIIATh HOBBIE OTKPHITHS, pa3padaThiBaTh
HOBBIE TEXHOJIOTMM M MCIONB30BaTh B JKM3HHU [OJY4YEHHBIE 3HAHHUSA, HOBBIE
TEXHOJIOTHMYECKHE PeleHns U AocTKeHusA. 3amyck B CoBerckoMm Coroze IepBOTO B
MHpPE HUCKYCCTBEHHOIO CIIyTHHKA 3eMyd 4 oKTs0ps 1957 roga OTKPBUT HOBYIO 3py B
HCTOPHUH YeJI0BEYeCTBa — 3Py KOCMUYECKUX HCCIIeIOBaHUH.

AKTyanbHOCTB TeMbl. M3yuenue xocMmoca ¢ moMombio KA, pacroioKeHHbIX B
Toukax JlarpaHxa — 3TO OYEHb BaKHas, aKTyajgbHas W MHTEpECHas TeMma, TakK Kak
UMEET OrPOMHOE 3HAuYeHHE Uil IPOBEJCHHS HOBBIX HAYYHBIX WCCIIEAOBaHUN
KOCMHYECKOro IpoctpaHcTBa, JlyHel, CoinHlia, IUIaHeT, MeIUKO-OHOIOTHIECKUX
HCCIENOBAHUM B KOCMOCE, ISl COBEPILIEHHUSI HOBBIX OTKPBITHH, & TaKXe IJIs IIOJIETOB
yesloBeKa B KocMoc. McecnegoBanue KocMoca urpaeT OOJNBINYIO POJIb B IIOBBIIIEHHUN
HAIMOHAJILHOTO IIPECTHIKa CTPAaHBl Ha MHMPOBOM apeHe, CHOCOOCTBYET Pa3BUTHIO
CTpPaTeTMYECKHUX IIPEUMYIIECTB M HOBEUINX, IEPEIOBBIX TEXHOJIOTHH.

Hccnenosanue Beenennoi ¢ nomomsto KA ¢ ucmons3opanuneM Touek Jlarpamka
B OymymieM IIO3BOJNUT uenoBedecTBY co3maBath OC, mpUrofHble JUIs JKU3HH HA
IUIaHEeTaX, JOOBIBATh Ha HUX ITOJIE3HbIE UCKOMAaeMble, OTKPHIBATh CBEPXHOBBIE 3BE3IHI,
a Tax>Ke pa3sBUBaTh KOCMUYECKUU TypH3M.

Hensro ucenenoBanuii B padore sBIsAeTCs pa3paboTka dcku3a, 3D Mogenu u
makera OC U1l ee pa3MeleHus B IepBOii TOUKe JTUOpaIyu cucteMsl 3emita-JlyHa.

Pabora cocTouT U3 ABYX pa3/esoB.

1 pazgen. Meroapl HcciegoBanusi BeesleHHOM ¢ MOMOMIBIO KOCMHYECKHX
annapaTos, pacnoJio’KeHHbIX B TouKax Jlarpan:ka.

OcHoBHBIE 3a/1agaMy 3TOT0 pa3iena SIBISIOTCS:

1.1 Paccmorpenue weromoB wu3ydeHus BceeneHHol ¢ mnomompio KA,
PacIloNOXKEeHHBIX B Toukax Jlarpamxka.

1.2. IIpoBeneHue aHaigM3a BO3MOXKHOCTH M TMOJIBE3BI pasMemneHus KA B Toukax

mubpanun cucteM Comnaie-3eMis u 3emis-JlyHa.



1.2 H3y4yeHue HaHHBIX O COCTOSBIIHMXCSA W Oymymmx mojerax KA B Touku
mubpanun cucteM 3emisa-Comnnie, 3emist-JlyHa.

2 pazgen. MccieaoBaresibcKasi 4acTh.

OcHOBHBIE 33Ja9aMHt 3TOTO pa3jiena SBISIOTCS:

2.1  Paspabotka sckuza, 3D Mogenu u maketa OC.

2.2 Pacuér Hax0XIEeHHsI KOOPIUHATHI IIEPBOY TOUKH JTUOPAITUN CUCTEMBI 3EeMIIsi-
JIyHa.

2.3 IloaroToBka 3cKM3a M pacuéT M1apamMeTpPOB CHCTEMBI MCKYCCTBEHHOM CHIIBI
TSKECTH.

2.4 Pacu&r 31eMEeHTOB CHCTEMBI SHeproodeceueHus.

2.5 Onpenenenue 3arpat Toruusa st nonéroB KA ot OC k 3emite u Jlyxe.

2.6 PacyeT TONMILIUHEI paglalliOHHOMN 3aIIUTHL, HYKHOM MacChl ¥ 3aTpaT TOILIHNBA
Ha ToAsEM 1 Kr none3Horo rpysa Ha opouTy.

B pabore mNpUMEHSINCH CIEOYIOIIAE METOAbl HCCIAEIOBAHUS: aHAJIN3
JIUTEPATyphl, UICTOPUYECKUH METOJ, MaTeMaTHYeCKHe METOIBl: METOJ YpaBHEHUH Hu
HEpPaBeHCTB, IIOCTOPEHHHE TIparKOB, IIOATOTOBKA 9JCKH3a W IPAKTHYECKOE
MOJENUPOBAHHUE.

1 Metoael ucenenopanns BeenenHoii ¢ 1OMOmBI0 KOCMHYECKHX ANNAPATOB,

PACIOJIOKEHHBIX B TOYKAX JIarpamKa

B Hacrodimee BpeMs B CBSI3M C WHTEHCHUBHBIM MPOBEIEHHEM KOCMUYECKHX
uccrenoBanuil ¢ nomoupio KA ydeHble HHTEPECyIOTCS MCIONB30BaHUEM IIATH TOUEK
nubparmu. IlepBrle Tpu Toukm nmOpamuy Hamedl B 1767 romy HeMEKO-PYCCKH
MareMaTtuk Jleonapy Disep: OH onucan Tak Ha3plBaeMble KoJuTnHeapHsie Touku L1, L2,
L3. Coycrs nars nert, B 1772 roxy, XKozed Jlyn Jlarpanx Hamen eme ae Touku — L4,
L5. Mx Ha3pIBalOT TPEYroJbHBIMU, IIOTOMY 4YTO OHH HaXOIATCS B BepIIXHAX
PaBHOCTOPOHHEI'O TPEYrOJbHUKA, KOTOPBIA MOYKHO TIOCTPOUTH, UCIIONB3YSI OTH TOYKH.
ITaTe TOuek JMOpalUM MOXKHO HaWTH B MOOOH CHCTeMe JBYX Tell — HalpuMep, B
cucreme 3emist — Jlyna, 3emns — Connne, Onutep — Connne. Touxu mubpamnuu

CYILECTBYIOT H B D0Jiee CIIOKHBIX CHCTEMAax, BOKPYT BPAIAIOMIMXCS MPaBUTHPYIOIIAX



SJUIMIICOUOB, TAaKUX KaK KapiukKoBas InaHeTa Xaymea psgoM ¢ IlyTonoMm, xoTopas
CUMTAETCs caMbIM OBICTpoBpamaromuMces TenoM B Comuevnoi cucteme [1].

K d4ucmy MeromoB wuccieoBaHHS BceleHHOH OTHOCSTCS BU3YaJbHEBIE
HaOmofneHuss — mnpsMble HaONIONEHHS 3a COCTOSHHEM artMocdepbl, 3eMHOMN
IIOBEPXHOCTH, Ha3eMHBIX 00BEKTOB, KOTOPHIE IIPOBOJAT KOCMOHABTEI X aCTPOHABTEL B
YaCTHOCTHM, OSTO  KocMmuueckas (oTocheMKa M TejleCheMKa,  HaIpHuMep,
CIIEKTPOMETpHYIECKast, pafHOMeTPHIeCKasi, PaJHoIOKAIIOHHAS, TEILIOBalL.

Touky MuOpaliy MOXXKHO HCIIONB30BaTh, HAPAMED, JJIS MOCTOSHHOTO H3YYEHHUS
Jlynsl u Connia, uccienoBasuit MarautTocheps! 3emid. B 3TuX Toukax Takke yA0OHO
pa3MeliaTh 30HABl W TEJeCKONBl W BECTH HaONrojeHue 3a HeOEeCHBIMH TelaMHU.
ArnmapaTsl foiroe BpeMs MOTyT paboTaTe B L-Toukax ¢ MUHHMAIBHBIMHU 3aTpaTaMH
TOIUIMBA Ha KOPPEKTHUPOBKY CBOEro IoyoxxeHus. B Oymymem toukm Jlarpamxia MOTyT
CTaTh «IIepecaloYHBIMU IIyHKTaMI» Ha ITyTH K JAPYTUM IUlaHeTaMm wid JIyHe, a Takxke
MecToM pazmertenus B Hux OC.

Jlid u3ydeHus BceneHHON M3 Touek nuOpald BO3MOXKHO 3allyCKaTh POBEP,
HanpuMep, Ha JIyHy. PoBep niu nnaHeToxo — 3TO TPaHCIOPTHOE CPElICTBO, KOTOpOe
OIyCKaeTcsi Ha IOBEPXHOCTh HEOECHOIo Tena B HAyYHBIX LENAX, YTOObI [enaTh,
HaIpyUMep, JeTalbHble CHUMKH, cOOMpaTh 00pa3lbl IMOYBHI, MPOBOJUTH XUMHIECKUE

SKCIIEPUMEHTHI, NAoIIKe MOAPOOHOe NIPeICTaBIeHNE O TOH Wik WHOU maHeTe [2].

2 OcHoBHbIE npeumMyuiecTsa pasMenieHud KOCMHYCCKHX anmnapaToB B

Toukax Juopanuu cucrem Coanne-3emas u 3emasi-Jlyna.
2.1 Cucrema 3eman-Cosrnne

Ilepeas Touka Jlarpamxa L1 B cucreme 3emmns-ConHie SBISETCS YAOOHBIM
HaOmofaTeNbHbIM IIYHKTOM 32 IJIaBHOM 3Be3/0W Hallel IUIaHEeTapHOM CHCTEMBI —
ConaneM. VIMEHHO 3[€Ch YUEHBIE-aCTPOHOMBI CTPEMSTCS Pa3MeCTUTh KOCMUYECKHE
obcepBaropum isi HaOMOAeHHS 3a B3Toi 3Be3foit. OOBEKTHl 37ech HUKOrZa He
3aTeHsrorcs  3emnedl wnum  JlyHod, u mnpu Habmomenmm 3a 3emieil  Bcerja
npocMarpuBaercs ocBelieHHoe CouHIleM nonymapue. Touka L1 taxke moje3na ajist

MHUCCHI KOCMHYECCKHUX COJIHCYHBIX TEJIECCKOIIOB, IMTOCKOJIBKY obecrieuuBaeT
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HerpepbiBHBIA 0030p ConHia, a mobas KocMHYecKas MOroja, BKIIOUasl COJHEUHBIH
BeTep U BRIOPOCH KOPOHAILHOU Macchl, focturaeT L1 3a yac go 3emiu.

B cootserctBuu ¢ pucynkom A.1 Ilpunoxenus A Touka nubpammu L2 sBisercs
UJIeaTbHBIM MECTOM JUIsI OpOMTAIBHBIX KOCMHYECKUX OOCEpPBATOPHM M TEIECKOIIOB.
INockonmbky o0BeKkT B Touke L2 crmocoOeH MIHTENbHOE BpEeMsI COXPAHSATH CBOIO
opueHTanMi0 oTHOCHTeNnbHO ConHUA U 3eMid, MPOM3BOAUTHL €r0 SKpaHUPOBaHUE U
KaJIMOPOBKY CTaHOBHUTCS Tropasfo mpoire. OJHAKO 3Ta TOYKa PacIojioKeHa HEMHOTO
Janplle 3eMHOW TeHH (B oOJacTv TONYTEHHW), TaK YTO COJIHEYHAs pajualius
Onokupyercs He noiaocTeio. KA 0651yHO BpamaroTes BOKpyr L2, n36eras 4acTUIHBIX
COJIHEUHBIX 3aTMEHHUH IS MOEPKaHUS TTOCTOSIHHOM TeMIIepaTyphl.

KA, naxomsmuiics Ha opbute BOMM3M Toukwy jubpanuu L3 cucremsr ComnHile—
3emMiy, MOXET IlepeaBaTh Ha 3eMIto TouHyko uH(opMmauuio o CoiHile, IOSIBICHUH
HOBBIX «IISITEH» Ha 3Be3/e, a TAKOKe IIepeiaBaTh JaHHbIE 0 KOCMUIecKOH nmoroje. Takxke
cnytHuK BOm3u ConHua—3emnu L3 npemocraBui ObI 0YeHb Ba)KHbIE HAOIIOISHHS He
TOJBKO JIJISL TPOTHO30B 3e€MJIH, HO M IS TTOAJEPKKH NalbHero kocMoca (IpOrHO3BI
Mapca 1 a5t MECCHH C BKHIIaXeM K OKOJIO3eMHBIM aCTepouaaMm).

B nmannpiif MoMeHT ueTBepTas M nsATas Touku Jlarpamxka B cucteme CoiHIle-
3emiis He ucmonp3yroTes. Ilpu aTtom B Oyayiiem miaHupyercs muccus Esporneiickoro
KOCMHYECKOT0 areHTCTBa 1o conHedHoil nmoroxe - ESA Vigil. Ona npegycmarpuaer
pasMeineane nByX KA B Toukax Jlarpamxa L1 m L5, roe rpaBUTalMOHHBIE CHIIBI
B3aUMOJCHCTBYIOT, CO3/1aBasi CTAOMIPHOE MECTOIOJNOKEHNE A1 9KOHOMUHU TOIUINBA U
IIpOBeIeHUs HaOII0IeHUH.

2.2 Cucrema 3eman-JIyna

B cootBerctBun ¢ pucynkoMm A.2 Ilpunoxenwst A Touka L1 cuctems! 3emis—
JIlyna obecmnieunBaeT CpaBHHTENBHO JerkKuil moctyn k JlyHHOUM m 3emHOM opbuTaMm ¢
MUHHUMAaJbHBIM M3MEHEHHEM CKOPOCTH, U 3TO JaeT IPEUMYILUECTBO I pa3MEIEHUsA
oburaemoit OC, mpenHa3HAueHHON [UIsi IOMOUIM B TPAHCIOPTHPOBKE IPYy30B H
nepcoHaia Ha JIyny u o6parHo. Touka L2 MoXxeT HCTIONB30BaTECS ISl CILyTHUKA CBSI3H,
MTOKPBIBAIOIIEr0 00paTHYIO cTOpoHY JIyHBI, a Take Ui cKiiafa TOIUIMBA KaK JacTh

HpezmaraeMof/'I APXUTCKTYPbI KOCMHUYECKOI'O TPpaHCIIOpTa Ha OCHOBE ICIIO.
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P accMOTpuM Oouee HO,Z[pOGHO OCHOBHBIC MHCCHH 4YeEJIOBEHECTBAa K TOYKaAM
J11/16pau1/m " UX UCIIOJIB30BaHHUE.
3 OcHoBHBIE MHCCHH COCTOSIBINHXCS H ﬁyﬂYIIII/IX noJIETOB KOCMHYECKHUX

annaparTos B ToO4kH Jubpaunu cucreMm 3emun-Coanne, 3emuan-Jlyna

Baumanue k Toukam IuOpanyy IpHu pa3paboTKe KOCMHYECKHX MHUCCHI OBLIO
BHEpBeIe obOpaieHo B 1950 romy. Aprypom C. KiapkoMm ObLia IpeyioXeHa Maes
UCII0B30BaHuA ToYkH L2 cucreMel 3emia-JlyHa s noMeleHus B He€ peTpaHcisITopa
pazyo- M TENECHTHANOB, KOTOPhIM cMOXeT oOecliedmBaTh CBSI3b MEXIy 3emirei u
KOJIOHUAMH, DAacCIIONIOXEHHEIME Ha obpaTHo#l cropore JlyHel. B 1966 romy PobGept
dapxyap oOpaTun BHUMaHHE Ha TO, YTO IPH pacnoiioxeHud KA HENoCpenCTBEHHO B
Touke nubpauuu L2, o Oymer ckpoit JIyHOH mpH HAOMIONEHMH C 3€MIIM, YTO HE
IIO3BOJIMT OCYINECTBIATh C HUM CBA3b. [ pellieHns 3Tol npobiieMbl OH MPEITOMKHIT
IIOMECTHUTh anmnapaT Ha opbuty Jluccaxy Bokpyr Jlymnoi L2, xotopas obecredut

TIOYTHU [TOCTOSIHHYIO BUJUMOCTD C 3eMJIH.
3.1 Muccun B ToUKHU Jubpaunu cuctemb! 3emisi-Colinie
Mpucceuu B Touky L1 cucrempl 3emusi-Costnue

Ilepsag Touka Jlarpamxka B cucreMme 3emis-ConHIle SBISETCS YAOOHBIM
HabJroaTeIbHBIM IIyHKTOM 3a IJIaBHOHM 3Be3/I0d Hallleldl IUIAaHETAPHOM CHCTEMBI —
Comnanem.

IlepBoe npakTHYeCKOe UCHOIH30BaHNE TOUEK JIMOPaLUU OBUIO OCYIIECTBIEHO B
paMkax «MexyHapoaHOU mporpamMmel 1o ucciaenopanuio Connia-3emuan» ISEE. B
1972 romy 6BL10 IPUHATO pelLlIeHUe BKIFOYUTH B 3TY MPOrpaMMy 3allyCK U Pa3MelleHue
KA B oxpectHoctm Touku nubpanuu L1 cucremsr 3emns-Comnmie i H3ydeHMs
coJlHeyHoro Berpa. Muccus Obuta ycneimHo ocyiiectsiicHa B 1978 roxy. KA ISEE-3
ObLI pa3Melnied BOu3M Touky udparmu L1 cuctemsr Connre-3emis [3].

B 1994 rogy B paMxax amepuxaHckoit MexxIyHapoaHO# MporpaMMBl COTHEUHO-
3eMHOH (M3UKH, B KOTOPOH Tak ke MpUHUMAIOT ydactue EBpoma um Smonwms, 6bu1
zamymeH KA WIND, npeaHasHaueHHBIH JUIS HCCIIENOBAaHMS B3aUMOIEHCTBUS

COJIHEYHOI'0 BETpa ¢ MarHuTHBIM noneM 3eMid. OH ObUI pa3BepHYT HJSA U3YUIESHHS
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PamydoBOJIH U IIA3MEI, BO3HUKAIOUIMX B COJIHEYHOM BeTpe U B MarHutochepe 3eMIH.
WIND naxonutcst Ha ypoBHe L1 HenpepsiBHO ¢ Mas 2004 roza u Bee eme paboraert. B
HACTOsIIlee BpEM: B HEM JOCTAaTOYHO TOIIMBA, YTOOBI IpoAepKaThes eile 6omnee 50 et
npu L1, no xpaiineit mepe, 1o 2070 roga. WIND na ceromHsisuii MOMEHT BHEC CBOM
JaHHbIe B Oostee yeM 6290 HayYHBIX ITyOIMKAIIHIA.

B pamxax coBmectHoro mpoekra EKA u HACA 2 gmexabps 1995 roga Obin
zamyien kocMudeckuii annapat SOHO s Habmonenus 3a COHIIEM H ITPOBEJEHUEM
HaOJIONEHUH 32 COMHEYHBIM BETPOM U CBA33aHHLIMH C HUM SBICHHAMH B
okpectHocTaX L 1, a Taxxke Ins WcciefnoBaHMs BHYTpeHHe# cTpykTypsl Conmna. On
yCIIemHo paboTaeT 1 B HacTOsIIIee BpeMsl.

Coytauk Advanced Composition Explorer (ACE) 6bur 3amymen B 1997 roxy
NASA B pamkax nporpaMmsl ucciefopaust CoNHIIA B KOCMHYECKOTO [IPOCTPAaHCTRA
IJI1 U3YYIEeHMS TAKMX BUJOB MaTEPUH, KaK SHEPreTHYECKHe YaCTUIIBI COTHEYHOTO BETPa,
MEXIUIaHeTHAsS W MEX3BE3QHAs Cpelia, a TaKKe rajlakKTHuecKas MaTephs. Y CIEIIHO
paboTaeT 1 B HacTOSIIIEEe BpEMSI.

Knumarndeckast obcepBatopust paimbHero kocmoca DSCOVR, zamyinenHas B
2015 ronmy c meica Kanasepain pakeroit Falcon 9 kommanuu SpaceX mus mabmonenus
3a ConHueM U 3eMieH, sBisercs coBMecTHbIM npoekTtoM HACA u HaupoHansHOro
yIpaBlieHWs OKEaHHWYEeCKHX M aTMoc(epHbIX uccremoBauuii. Ob6cepBaropus
npeHa3HaveHa JJjisd MoydeHns u300paxeHus ocBemeHHoNH COJIHIIEM U MOHUTOPHMHTA
001Iero oTpaXkeHHOTO M3IydeHus1. PaboraeT 1o Hacrosiuee Bpems [3].

B despane 2025 roma 3ammaHupoBaH 3alyCcK CIIYTHHKA - MeEX3Be3HOTO
Kaprorpadudeckoro u yckopurenabHoro 3ou1a (IMAP) - ato renmodusnyeckas MECCHS,
KoTOpas 6y[eT 0JHOBPEMEHHO HCCIIEIOBATE JIBE BaYKHBIE U B3aUMOCBSI3aHHBIE HayYHEIE
TEMBI B reyirocdepe: yCKOpEeHUE SHEPIrHYHBIX YACTHI[ ¥ B3aUMOJAEHCTBHE COIHEUHOIO
BEeTpa ¢ MeCTHOM MexsBe3qHok cpemo. IMAP taxxe OymeT HenpepsIBHO
TPAaHCIMPOBATh JAHHBIE B PEXKHME PEAIbHOI0 BPEMEHH, KOTOpbIE MOIYT OBITh
KCITONB30BAHbI I IPOrHO3UPOBAHNS KOCMHYIECKOM MOTO/IEL.

B 2026 rony nnanupyercs 3airyck KA NEO Surveyor, rpeactasisomero coooi

IUTaHUPYEMBIA KOCMHUYECKHMI MH(QPaKpacHBIM TENeCKOT, IpeIHa3HAYEHHBIA 11
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HabmozneHuss 3a CoiHedHOH CHCTEMOM Ha MNpeaMeT IOTEHUHUAIbHO OIACHBIX
acreponsioB. NEO Surveyor 6yzner Bectu cheMKy w3 Toukd Jlarpamka ConHie—3eMs
L1, uro mossonut emy npubnusutscs K COJHIYY U yBHIAETh OOBEKTHI BHYTPU OPOHTHI
3emnu. Muccus cranet npeeMuunteii muccua NEOWISE.

Mnuccun B Touky L2 cucrembr 3emis-Coanue

Bropas Touxa Jlarpanxa HaxoIuTCsl B IBOHHOM CHCTEME MACCHBHEIX OOBEKTOB
3a TeJoM, o0nafarolMM MeHbIel Maccoi. [IpruMeHeHre 3ToM TOUKM B COBPEMEHHOM
ACTPOHOMMYECKOH HAayKe CBOJUTCA K Pa3sMEIICHHMIO B €€ palioHe KOCMHYECKHX
o0cepBaTopuil U TEIECKOIOB.

B 2019 romy 3amymena kocmmyeckas obcepBatopusi Crextp-PI° - 3t0
POCCHHCKO-HEMENKas OpOWTalbHAas acTpodusnudeckas oOCepBATOpPHS, IIPOEKT
Pockxocmoca u DLR, u nmpefiHasHadeHa JUIS IIOCTPOSHUS TTOJTHOM KapThl BeeleHHol B
PEHTIeHOBCKOM Auanasone sHeprui 0,2—30 kmnosnekTporBoisT (k3B). Pucyrnok A.3
KA npuseznen B IIpunoxenun A [4].

O6cepBaTopusi COCTOUT H3 JBYX PEHITEHOBCKHMX TEJIECKOIOB: HEMENKOro
eROSITA, paboTaromiero B MATKOM PeHTI€HOBCKOM AMaria3one, u poccuiickoro ART-
XC nmenu M. H. T1aBnunCcKOro, paboTaromero B )xECTKOM PEHITEHOBCKOM JHAIla30He.
Bcero B mpoekre 3aHaThl 10 Hay4HBIX I'pyOIn cO CBOMMM 3afadaMH, HA4WHAs OT
ConHeyHOH CHCTEMBI, 3BE3/] B HAIIMX OKPECTHOCTSX M JANBIIE 10 PACCTOSHHUIO, OKA
XBaTaeT YyBCTBUTENHLHOCTH TeJleCKONOB. CleyeT OTMETUTD, YTO 3TO OJIHA M3 JIYUIIMX
PEHTTeHOBCKHUX oOcepBaTopuii Ha onwxkaiimue 10—15 ner.

Taxoke B HacToslee BpeMs Ha opboute Touku Jlarpamxa L2 cucremsbr ConHige-
3eMils, HaxofsIleics Ha paccTOSHWU B 1,5 MIIH KHJIOMETPOB OT 3eMiH, paboTaeT
sanymieHusii HACA B nexabpe 2021 roxa teneckon «Jlxeiimce Y966», KOTOPLIH, 110
OLIEHKaM Y4EHBIX, IpopaboTaeT o MeHbLIeH Mepe 5-10 net (pucynok A.4 [punoxenus
A). B Hosi6pe 2022 roga «J[xeiimc Y366» cHAN ¥ mepenan Ha 3eMIF0 YHHKaJIbHBIE
Kazpsl poxneHus 3Be3fbl. Ha cHuMKke, xoTopriit omyonukoBanmo HACA, 3aneuatinen
nporecc obpasosanusa MaTepuu. [Ipu 5ToM cama HOBOPOXKIEHHAs 3BE3/a CIpATaHa 32

IUIOTHOM IOJIOCOH — 9TO TeMHOE 00JIaKo U3 Tasza u IeUH [5].
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Taxoxe cnemyeT oTMETUTH ClieyIOIe HHTEPECHBIE MUCCHU B TOUKY Jlarpamka
L2 cucremsr Connne-3eMis.

Esponelickuii Teneckor «Gaiay, 3anymensasiit EKA B 2013 rojay, ocyluecTsiser
3a/la4y COCTaBIECHUS NOAPOOHOM KapThl pacupeneiaeHus 3863 Hawel [anaxtuxu. Ero
Muccus OblIa MpojneHa 1o koHna 2022 roja, ¢ BO3MOXKHEIM IIPOIEHHEM O KOHIA
2025 roxa.

Ha 2026 ron EKA 3amnanuposaH 3amyck kocMuueckoro teneckorna PLATO,
KOTOPBIH OyIeT ¢ HOMOLIBIO IPYNIB (POTOMETPOB OOHAPYKHUBATH U XapaKTEPHU30BATh
OK30ILIaHETHl BCEX TUIIOB M Pa3MepOB B CHCTEMax KENTBHIX U OPAHIKEBBIX KapiIUKOB,
nomobuex HameMmy Commiy. Temeckon ruaHupyercs 3amycTuTh Ha paxere Coros-
®perat, 1 3aTeM pa3MecTUTh B Touke Jlarpamxka L2.

Kocmuueckuii tenmeckon «A¢uHa» - TMepeioBOM KOCMMYECKHH TeIecKol
PEHTI€HOBCKOr0 JManasoHa JUisl acTpOMHM3MKH BBICOKMX DJHEpruil IUIaHUPYeTCS K
saiycky HACA um EKA B 2031 rozmy. OcHOBHOU ero 3amadedl sBJS€TCS H3YYEHHE
BOIIPOCOB «ropsYel U pacmupsiomelics BeeneHHo»: kapTorpadupoBanie IBHKEHHIS
rOpAYMX Ta30BBIX CTIPYKTYp, OIpefesieHue uX (U3HIECKHX CBOMCTB H IIOMCK
CBEPXMACCUBHBIX YEPHBIX JBIP.

3.2 Muccuu B ToukH JuOpanun cucremsl 3emasn-Jlyna

B centa6pe-okta6pe 2009 roga nsa ammapara STEREO coeprimiy TpaH3uT
yepes Touky nubpanuu L4 u LS cucremsr 3emiis-Jlyna. TpausuT GbLI OCYILECTBIEH B
pamkax muccud HACA no u3ydeHHIo CONMHEYHOW aKTHBHOCTH: [Ba OJUHAKOBBEIX KA,
3aIymeHHBIX 26 oxTs0ps 2006 rona Ha reluoLeHTPHYECKHe OpOUTEL, OIU3KUE K OpOuTe
3eMild — OJJVH U3 HUX IIOCTENIEHHO OTCTaeT OT 3eMIIH, a Ipyrou, Hao0opoT, OOroHsIeT
e€. OTo 1aeT BO3MOXXHOCTh OTHOBPEMEHHO HabmonaTs COJHIIE U3 IBYX PAa3HBIX TOUEK,
TO €CThb HCIOJIE30BATh CTEPEOCKONIUYEeCKU d(QeKT, IT03BONIOMKN MOIydYaTh
TpéXMepHbIe N300pakeHus CTPYKTYp U sBieHud Ha ColHile.

B 2007 romy HACA pamkax nporpammbl THEMIS s wusyyenus
SHEPreTHYeCKUX BBIOPOCOB u3 MarauTOoc(hephl 3emnud  ObUIM  3amyILEdsl [IATh
UJCHTUYHBIX IT0 KOHCTPYKIIMH ¥ B3aWMO3aMEHsIEMOCTH MUKPOCITyTHIKOB. B 2010 romy

IIPOCKT 3aBEPIIUIICA, OAHAKO yqéHHe peinii UCIIOJIb30BaTh OBa CIIyTHHKA Ha CaMbIX
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JalbHUX OT 3eMiM opbuTax Iyl HcciaenoBanust JIYHBI W OTIPAaBUIM MX Ha
OKOJIOJIyHHYIO OpOHUTy. ATapaTsl JBUTANIUCH 110 O4€Hb CIOXHOM TPaeKTOPHH, KOTOPAsI
TTO3BOJIKJIA 110 MAaKCHUMYyMY HCIIOb30BATh TPaBUTALMIO 3eMIId U JIYHBI U pacxooBaTh
MHHHMAJILHOE KOJIM4YecTBO TomuuBa. CHavalla OHM OBUIM IIEPEBENEHLI B TOYKHU
Jlarpamxa L1 m L2 cucrems! 3emisi-JIyHa, yioOHBIe IjIs M3yYEeHHUS €€ MArHATHOTO
I0JIsL, & 3aTeM — Ha opOuTy BOKpyr JIyHEI.

B macrosimee BpeMs KUTaHCKUH peTpaHCHAIUOHHBIA crmyTHHK Queqiao
(Lrosusa0), cimyxamuif B KadecTBE PETPAHCIATOPA CBI3M JUIS KATAMCKOH JyHHOM
craHiyn «Yanss-4», BEIBEIeHHBIA Ha opOuTy B Mae 2018 roja, IUPKyIUPYET IO Iajo-
opbure Bokpyr Touku Jlarpamua L2 cucremsr 3emis-JIyna. ITpsmas cBsass ¢ 3emieit
HEBO3MOJXKHA Ha 0OpaTHOM cTopoHe JIyHBI, HOCKONBKY mepefadu GIrokupyrores JIyHou.
B cBa3su ¢ uyeM OCHOBHas (PyHKIHS CIyTHHKa—PETPAHCIATOPA 3aKJIOYAcTCs B
00ecTieYeHUH HEIIPEPEIBHON PETPaHCISIUOHHOMN CBA3M MEXAY 3eMilel U 110Caf09HbIM
MoJyJieM Ha obpaTHoll cTopoHe JIyHbLI.

4 UccaenoBaTebecKkas YacTh.

4.1 Paspabortka 3cku3a, 3D Mojgenu u MakeTa KOCMHYECKON CTAHIHH

B cootsercreum ¢ pucynxamu b.1 u B.2 Ilpunoxenus b k Hacrosmel pabore
paspaboTanHbie 3cku3 B 3D Mogens nunotupyeMoit OC co CMEHHBIME DKHIIaKaMU
IpeaHa3sHavYeHbl UIsl UCIIONL30BaHus B Todke jubOparuu L1 cucremsr 3emins-JIyna, B
yacTHOCTH, IIpH nojerax KA Ha Jlyny u nna"erst. C 3emun Ha OC 6yayT mpunerars
KA 1ns no3anpaBKd TOILIMBOM, KoTopoe Oyzer noctrasistees ¢ JIynel. Ha Jlyne ects
BOJIa B BUJIE JIb/1a, KOTOPYIO C IOMOUIBIO 3JIEKTPO3HEPT MY MOYKHO pa3iiaraTh Ha BOXOPOS
U KHCIIOPOZ. DTO OyAeT ABIATHCSA XOPOLIMM PaKEeTHBIM TOILIHMBOM. DJIEKTPOIHEPIHUIO
MOJKHO IIOJIy4aTh C ITOMOILBIO CONHEYHBIX OaTapeii. B 1ensx 60pb0bI ¢ HEBECOMOCTRIO
HEOOXONUMO  HCIONB30BaTh MOJYNb OOJBIIOrO  JuaMeTpa M CO3JaHHS
HCKYCCTBEHHOM CHUIIBI TSOKECTH, pa3ielIeHHbIN Ha 2 oTceka. BHYTpH KaXI0ro oTceka o
Kpyry OyIyT OBUraThCst HeOONbIue KaOUHBI C KOCMOHABTAMH B JIe)KadeM MOJI0KEHHH.
Kabunrer OynyT nsurarses 1o obomy Ha MarHuTHOHN mofgBecke. OT BEICOKOM pafualiuy
MOJKHO 3aIIMTUTLCS JUCKOM PafuallMOHHOM 3alluThl, HarpaBlieHHbBIM Ha ColHie, T.K.

BCIIBIIITKH HAa HEM CaMBbI€ OIIaCHBIC.
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Ha ocHoBanuu sckuza u 3D Mozeinn KOCMHAYECKOW CTAHLUU CKOHCTPYHPOBaH

makeT OC (pucyrok b.3 ITpuoxenus B).
4.2 Pacyér HaxoxKIeHHS KOOPAHHATHI TOUKH JUOpannu cucremul 3emusi-JIyna

B coorserctBum ¢ Ilpunoxenmem B k mHacrosimeit pabore paccuuraem
paccrosuue oT JIynsl o Touku snmbOparuu L1 cucremsr 3emins-JIyna. Jns sToro
HaprcoBaHa cxema ¢ 00O3Ha4YeHHEM BeNIMYHH, KOTOPHIe MOHAMOOSITCS I pacyera
(pucynox B.1.), m BbHIIONHHNM HeOOXOAMMBIE pacdeThl. B  COOTBETCTBHU C
IpunoxenneM B Ha OCHOBaHMM IIPOBENCHHBIX PAacyeTOB MOCTPOeH Ipaduk
3aBUCHUMOCTH X OT R.

B coorsercteun ¢ Ilpunoxesnmem B B kagecTBe pelleHHs BO3BMEM cperHee
3HaueHue X = 59544 kM npu cpensem 3Hauennm R =384403 kM

Beison: Touka L1 cucremsr 3emins - JIyHa HaXOAUTCS Ha PACCTOSHUM B CPENHEM
59544 xm ot JIyHbI.

4.3 Jcku3 B pacyéT MapaMeTPOB CUCTEMbI HCKYCCTBEHHOM CHIIBI THKECTH.

B coorserctsuu ¢ pucynkom I'.1 Ipunoxxerus I HacTosiieit paGoTs! 1t 60psOBI
C HEBECOMOCTBIO DPa3pabOTaH 3CKHM3 MOIYJS OONBINOTO JMAMETPA JJS CO3AAHU
HUCKYCCTBEHHOH CHIIBI TSDKECTH, KOTOPBIM pa3fieleH Ha JBa oTceka. BHYTPH KajIoro
OTCeKa IO KPYry MOIYT ABUIaThbcsl HEOOJNbINHE KaOWHBI ¢ KOCMOHABTAMHM B JIeKaueM
noyioxkenud. KabuHbl OfHOTO OTCeKa ABIDKYTCSI B IPOTHBOIONOXKHYK CTOPOHY OT
IBYDKEHHUs KaOuH Apyroro orceka. [Ipu 5ToM camu KaOUHBI OyIyT JBUIaThCS 10 060y
Ha MAarHUTHOM IOJBecke. B ciyyae Hanudus CBOOOIHBIX Ka0WH B MOIyIE IS
YPaBHOBEINWBAHMS CHUII ITOJ Kpecia OyIeT 3aKadyuBaThCs JKUIKOCTh. DTO MECTO TAKKe
MOXKET UCIIOJB30BAThCS U IJISl €€ XpaHeHHUS.

PaccuuTaeM yITIOBYIO CKOPOCTU BpallleHHSI MOIYJS KCKYCCTBEHHOM CHIIBI
TSDKECTH ¥ BPEMEHU OJTHOTO 000poTa Moy [6].

(DOPMYJIa HEHTPOCTPEMUTEIIBHOI'O YCKOPCHH !

VZ

a=— 1
; (1)
Bo3bMEM TpeTh OT 3eMHOI'0 YCKOpEHHs cCBOGOAHOTO majeHus u noactasum (1):

g__V?
3 R
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®opmyna cKOpOCTH Yepe3 YINIOBYIO CKOpocTh: V= * R

TloncraBum: §= o? R

. - |9
Bripazum yriioByio CKOPOCTh: @ T

ITycte R=6wmMug=9,8 Mm/c%

Torma o= 28 _ 0,7379
\f 36

ITpu 3TOM nocunTaeMm BpeMs OAHOro 0bopoTa:

BriBoa: YrioBas CKOpOCTh BpaIllEHUs] MOAYJISl HCKyCCTBEHHOM CHIIBI TSDKECTH ©
paBHa 0,7379 panguas B cexyHay. Ilpu 310 Bpems onHOro 060poTa MogBHUKHOTO Kpecia

cocTaBisieT 8, 51 cexyH.
4.4 Pacuyer 371eMEHTOB cUCTEeMBbI JHeproodecnevyeHus opoUTAILHON CTAHIIUH

B coorserctBuu ¢ pucyHkoMm I'.2 Ilpunoxenus I' B 1ensx mnoiydeHUS
anekTposHeprun Ha OC pazpaboTaH 3CKU3 PaCIONIOXECHUS CONHEYHBIX Oarapeil Ha

MOZYyJI€ 3alliUThI OT palralivni, a TaKXKE MMPOU3BEACH pacueT uX IIIomaan 1 pagruyca.

HJIOIH&JIB COJIHCUHBIX HaHeJIef/'I, YCTaHOBJICHHBIX TIOBCPX 3allIUTHI OT paJualiiu:
S =2 = pR2
In

N
Itm

Breipazum R: R=
Ilycrs I = 1380 2 ;1= 0,2; r =6 m; N = 40- 10° Br.

_ 40-103 _
Torma R /012_1380_3‘14 6,79 M.

Taxum obpazom, ¢ Bo3pacTaHUEM IUIOIIA H BO3PACTAET MOIIIHOCTb, II03TOMY MbI
MOKeM B35Th R = 6,8 M.
B takom ciydae paccumTaeM OOIIYyIO IUTOIAE COTHEUHBIX OaTapeii:

S = nR?

Torpa: S =3,14 - 6,82 = 3,14 46,24=145,193 m?
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BriBoa. Ilnomazns CONMHEYHBIX TaHeNel, YCTAHOBJIEHHBIX IIOBEPX MOIYJIS
3alUTEL OT pajguanuu, cocrtaBiseT 145,2 M2 Ilpu stoM oOmumi paguyc HaHHBIX

conmueuyHbix 6atapeit OC cocrapiseT 6,8 M.

4.5 Onpene.ﬂelme 3aTpar TonJinBa AJjas NO0JIETOB KOCMHYECKHX anmnapaTos OT

opOuTanbHOM cTaHmuy K 3emie u Jlyne.

B cootserctuu ¢ Ilpunoxenuem [l k Hacrosmmel paboTe paccauTaeM 3aTpaThl
roruusa 11 onéroB KA ot OC B Touke mubpanuu L1 x 3emie u Jlyne. st sroro
HOATOTOBJIEHA CXEMa C 0003HauYeHHeM BENWYHH, KOTOpbIe MTOHAN00STCS s pacdera
(pucynok E.l1.), onpeneneHsl OcHOBHbie (DOPMYJIBI JUISS BBHIYHCIICHHUS ¥ BEBIIONHEHL]
HEO0OXO0IUMBbIE PACUETEHI.

Hiis onpeneneHus KOJIWYECTBa TOIUIMBA, HeoOxommumoro miusi mosera KA,

ucnons3zoBasa popmyna K.O. I{nomkoBckoro

VX=VK—VO=W-£n(%)=w-£n(Mo“f‘;wT).

Brisoa. IlonydeHa macca U3pacxoJOBAHHOTO TOIUIMBA JUIS ITePeNéTa OT 3eMIH K
OC, maxomsameiica B Touke nubpanmu L1: My, =5650,28 kr, nnst nepenéra ot JIyHEI K
OC: Mr; = 1474,85 xr. OgeBuaHO, yT0 M7> MeHbINE My, CieoBaTENbHO, HA PAHHILY
MeXIy Mr; v Mr; MOXHO yBENIUYMTH Maccy IIOJEe3HOro Ipysa Ipu ornpaBke KA ¢

OKOJIOJIYHHOU OpOUTEHI.

4.6. Pacuer ToimuHbl paguanuonHoi 3amathl OC, ee Macehl H KOJHYECTBA

TONJHMBA g JoctaBku Ha OC

Crnenyer BBIIENUTH TPY TNABHEIX (aKTOpa, MPEJCTABIAIONINE ONACHOCThH IS
JKU3HH U 3I0POBbsi KOCMOHABTOB IIPH MEXIUIAHETHBIX TIepeNieTax - 9TO KOCMUYeCKas
panuanysi, MeTeOpUTHAS OTIaCHOCTH, HEBECOMOCTS [7].

B cBsi3u ¢ 3TUM paccunTaeM HEeOOXOIMMYIO TONINUHY PaJdalldOHHON 3aIlUTEI
OpOHTAIBHOM CTAHIMH, IS CO3TaHISI KOTOPOH, B IENSIX YMEHBIIEHHS PACX0H0B, Oy 1eM
HCII0JIb30BATh JTyHHBIN IPYHT.

Dopmyna TOJIIIUHBI CIOS PAgUAIMOHHOM 3aITUTEI
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h=k
p

rae k — xoaddunmenT paguanuy; p — IVIOTHOCTH TeJa

ITycTs papuanyonHas 3amuTta OyaeT u3 JIyHHOTO IpyHTa
= K. k= xr
Par=2000 = k=3000 —

Torna

3000
h=—=1,5m
2000

Paccunraem Taxxe Maccy Hy)KHOT'O HaM JIyHHOTO TPyHTa:
m=V - pyr=-nR%h pyy m=3,14-6%-1,5-2000=339120 xr

B cooreerctBuu ¢ Ilpunoxenwem E paccunmraem KOJIHYECTBO TOILIMBA JUIS
IocTaBky none3Horo rpysa Ha OC. B pesynsTaTe pacdeTa Ha MOABEM 1 KI IOJIE€3HOIO

rpy3a Ha opOuUTy Heobxomumo 3aTpaTuth 0,987 Kr Tommaa.

Boisoa. Tonmuna paguaiioHHOM 32U TR OpOUTATILHOM CTAHIIMY COCTABIAET 1,5 M,
Macca Hy>XHOro JyHHOro rpyHra cocrasmia 339120 kr. Ilpu stom 0,987 xr Tommusa

HeoOXO0MMO 3aTPaTUTh Ha IOBEM | KT TOJIE3HOTO TPy3a Ha OpOuUTYy.
5 3akiouenne

PaccMoTpeHBl OCHOBHBIE METOABI H3ydeHHs BceneHHoit ¢ momoinpio KA,
PacIONIOKEHHBIX B TOYKaX THOpaLuy, a Takxke rmojetsl KA B TOUKM JUOpaIiy CHCTEM
3emuis-Connue, 3emisa-JlyHa.

OmnpeneneHsl BO3SMOXXHOCTH U ITONb3a Pa3MEIIEHHs Pa3IMYHLIX KOCMUYECKUX
00BEKTOB B TOUKax Jmbpanuu cuctem Connie-3emist u 3emisa-JIyua.

Paspabotansl scku3, 3D Mogens u maker OC s mpoBeNeHUS HaAyYHBIX
UCCIIEIOBAaHAN B TOUKAX JTHOpaIUL.

Haiinensl wyuclieHHBIE 3Ha4eHUS KOOPJIMHATHI MEpBOM TOuKW nubpamuu L1
cucreMsl 3emii-JIyHa, a mMeHHo Touka L1 cucremsr 3emus - Jlyna Haxomurcs Ha
paccTossHuu B cpenseM 59544 xm ot nentpa JIyHEL

IIpoBenen pacueT YIVIOBOM CKOPOCTM BpallleHHWsS 3JEMEHTOB CHCTEMBI

I/ICKYCCTBGHHOﬁ CHIIBI TSDKECTH, B PE3YJIbTAaTE KOTOPOI'O YIINIOBas CKOPOCTH BpallCHISI
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cocrasiser 0,7379 panuan B cekynny. [Ipu 5To Bpemst omHoro o60poTa IOABIIXKHOIO
Kpecna cocrasisger 8,51 cexyHna. PaspaboTaH ncku3 MOIYNS HMCKYCCTBEHHOM CHIIBI
TSKECTH.

PazpaboTtan acku3 ¥ IpoBelleH pacdeT IUIONIaar COMHEUHBIX IaHelel, KoTopas
cocraeiusier 145,2 m% Ilpm sToM obmuit pamguyc AaHHBIX CONHeYHBIX Oarapeit OC
cocTaBiseT 6,8 M.

IIpoussenen pacyeT 3aTpat TomauBa i 1mosieToB KA oT opOUTaIBHOM CTaHIUI
x 3emie u Jlyne. IIpu 3ToM Macca H3pacxoI0BaHHOTO TOILIMBA JJIs IIepeéTa OT 3eMin
x OC, Haxopnsmelicsa B Touke nubpamun L1, cocrauna 5650,28 kr, jjis nepenéra ot
JIyner x OC - 1474,85 xr.

IIpousseneH pacyeT TONMLKHBI PaiMallMOHHON 3alWThl OpOMTAIBHON CTAHIINY,
KOTOpast cocTaBuia 1,5 M, Macca Hy»HOT0 JIyHHOTO rpyHTa coctaBmia 339120 xr. Ipu
sToM 0,987 Kr ToIIMBa HEOOXOAUMO 3aTPAaTUTh Ha MOABEM | KI IOJIE3HOrO Ipy3a Ha

opouTy.
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IIpnnoxenue A. Touxn Jlarpanika u KOCMHYECKHE HCCIEA0BAHHUS

Pucynok A.1 — Pacnionoxxenune Touek Jlarpamxa B cucreme 3eMis-ColHize.

Pucynok A.2 — Pacnonoxenue Touek Jlarpamxka B cucreme 3emis-Jlyna
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IIponomxenne. Ilpuioxenne A. Touku Jlarpan:ka u KocMHYECKHe

HCCJICaJ0OBAHUA

ﬂ,AﬂbH030PKMVI CIIEKTP & A

CXEM CTPOKCTBO ¥ LIENY KOCMIYECKOTO POCKOCMOC

NPOTPAMMA NMONETA

~3 mecsua nocne zanycka
B OKPECTHOCT

4. Teneckon ART-XC
W PAH, Poccial
4ropa

BCEMO He

Nnarpopma «Hasuratopy | 4

) «HMNO Nlagouknnay, Poceusi |

2,5ropa

Tenecxon eROSITA
MPE, Tepamania

3ANYCK

muccua OXWAAEMBIE PE3YJIbTATDI

Co3ganue nogpobHon «kapTbi OBGHapyeHHne 0KONO CTa ThICAY MACCUBHBIX CKONACHWA
BceneHHON B penT My 4dax ranakTnK okon

Pucynok A.4 - Teneckon «Jbxeitmc Y366»
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0.

© N v R W

Ipunoxenune b. Icxkns OC

Pucynok b.1 - Dcku3 kocMHYeCKO# CTaHIUU

. Maursl ¢ MUKPOABUTATEISIMUA ]I YIIPaBIICHHA

JIBUTaTENBHBIN OTCEK C TOIUIMBHBIMH OaxaMu
TOIUTMBHBIE MOIYJTH

CTBIKOBOYHBIE Y3IIBI JUIS1 IOCTABKY TPY30B U SKHIIAXKEH
MaHUITy IS TOpBI
Pabounit orcex

Opamxepes
Mopnynb ¢ TpeHaXepaMu U TyajleTOM

IMunorupyemere KA

10.30Ha oTnpIXa, CTOIOBAS

11. Cxman

12. Mopyns asist co3laHus HICKYCCTBEHHOM CHITBI TAXKECTH

13. Jluck paauaiuoHHOI 3aIyuTEI

14. Conneunsle 6atapen
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IIpononxenne. llpnnoxkenue b. 3D Mogenpr kocMHYeCKO# CTAHIHMH

Pucynoxk b.3 - Maket kocMudeckoii craniuu. O6muii Bus.
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Ilpunoxenue B. Pacuer HaxoxkaeHHs] KOOPAMHATHI TOYKH IubOpanun L1

cucrembl 3emiis-Jlyna

Fey Frs X

.
L

a

Pucynok B.1 — Cucrema 3emusi-JIyHa ¢ 0603HaueHHEM BETUYAH

rae m — macca JIyHsl

M — macca 3emin

m; — Macca KOCMHYECKOro aImapara

Fr1 — cuna nputsiokenus k 3emie

Fr; - cuna nputspkerns x Jlyne

Fc1 — nenTpobexHas cuia OTHOCUTENBHO 1ieHTpa Mace C
L — nepBas Touka nubpanun

C — menTp Mmacc cuctembl 3emis - Jlyna
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IIpogomxenue. Ipunoxenne B. PacueT HaxosaeHus KOOPIAHHATHI NEPBOii

Toukn audpanun L1 cucremsur 3emasn-Jlyna

VYpaBHeHHne paBHOBECHS CHIJI B TOUKE JTHOpaIium

Fopy + Fey = Iy =0 )

3nech

2

m, -V,
F :._1___1:m.a)2.b:m.
C1 b 1 1

V| — nuHelHAas CKOpOCTh BpaleHus m; oTHocuTelsHo C,

W _ yriioBast CKOPOCTE BPaIlICHKA 1111 OTHOCHTEIIEHO C.

Iloacrasnsiem B (2)

m.ml

G +m

1
X 2 R 3 a 2 (3)
IIpoBoauM cokpaleHus

m (m+M)-b M
2+ 3 2
X R a 4)

B COOTBECTCTBHUU C PUCYHKOM pacCliuChIBacM HeKOTOpBIe BEJIIMYHUHBI
a=R-—x ’
b=a-r=R-x-r
Ycaosue HaXO0XACHUS OeHTpa Macce
M-rzm-d:m-(R—r)
m-R
, =

M+ m 5)
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IloncraBnseM 3TH BeIHYHHEL B ypaBHeHHE (4)

m+(m+M)-(R—x—r)_ M ~ 0
2 R3 (R—x)2

Hits ynobeTsa pacuéroB nprBeEM NONyIeHHOE ypaBHEHHE K Ge3pasMepHOMy BHIY

m 1

f—2+(ﬁ+l)'(1—f~7)—mzo
— s — X —_ m
r=— X=—, m=—
311ech R R M

Torga cootHomienue (5) morydaeT BU/

vy =

X
OxoHYaTenbHO
m _ 1
——2+l—x (1+I7’I)———T‘2—':0
( - X ) (6)
Brraucinum
22
—_m 17,3477 1024 _ 71,3477 _0,0123
M 59726-10 597,26
_ 22 _ 24
Bnecy = 7,3477 -10% xe -Macca JIyHsI, M =5,9726-107 ke _ Macca 3eMIIH.

Hcnonp3yss METOA IMOCIeTOBATENbHBIX NPHOMMKEHNH, HAXOOUM Takoe X, KOTOpOe

YIOBIETBOPSAET ypaBHEHUIO (6).

IMosmyuaem
~0,1549

bl

Torna
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ITpu makcumanbHOM 3HaUeHHE R = 406639:

x=0,1549 - 406639 = 56244,
IIpu MunuMansHOM 3HadeHun R = 363104:

x=0,1549 - 363104 = 62996,
ITpu cpennem 3Hauennu R = 384403:

x=0,1549 - 384403 = 59544

Paccrosinite meany 3emaeit u Jdynoii

440000 }
2420000 o ]
= :
2
é :
= 40000040V A RAN
g
~m
g
-
g
§ 3e00004 -
5
&
(=¥

340000 T ’ ;

0 100 200 300 400 500 600 700

Jemubte cyren

I'paduk 1 - I'paduk u3MeHSHNS paccTosHusS MexX Iy 3emiteit u JlyHoi
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ITpuioxenne I'. Iexus Moqy I HCKYCCTBEHHON CHIIBI TH/KECTH H PACHOJIOKEHHS
COJIHEYHBIX OaTapeii Ha MoOAyJie 3aIUTHI OT PagHALHH

Pucynok I'.1 - Moaynbs HCKyCCTBEHHOM CHIIBI TSXKECTH.

I'Ac a — ICHTPOCTPEMUTEIIbHOE YCKOPEHUE, ¥ — paJinlycC, V— CKOPOCTh.

AR 4

Pucynok I'.2 - Dcku3 pacrionoxkeHHs COHEUHBIX GaTtapel Ha MOLyJIe 3alIMTHL OT
paauanuu.

IZie r — paguyc MOIYJISl 3alUThl OT PaIUALlHH,
R — paguyc conHedHBIX OaTapeil Ha MOJIyJie 3aIUThHI OT paJUalliH,

AR — pazuuna mexay r u R.
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IIpunoxenne [I. Onpegenenue 3aTpaT TOMJIMBA AJIS NOJETOB KOCMHYECKHUX
anmnapaTos OT OpPOUTAJNLHOMN cTaHUHMH B Touke JuOpauun L1 k 3emie u Jyne

7 3.76.3

Ve

4 g
s

AV ¢

£ el _/5

. —~6 . 7
c —
3
g
1\\ 2
- AV,
AT Vi

PI/IC}’HOK 211 - OcHOBHEIE TOKa3aTeNN AL OIIPEACIICHHA 3aTpaT TOIININBa

rae 1 — 3emins, 2 — kpyrosas op6HTa BOKPYT 3eMitH, 3 — siutMnTHYecKas opouTa
nepenéra ¢ opoutel 2 K nepBoit Touke MuOparwmy, 4 — JIyHa, 5 - kpyrosas opbura
BOKpYT JIyHsl, 6 - simmMnTrdeckas opobuta nepenéra ¢ OpOUTEL 5 K EPBOM TOYKe

nubpanuu, 7 — opbura JIyHbI BOKPYT 3eMiiy.

Vkp2- KpyroBasi CKOpPOCTh Ha opouTe 2,

V513 A- SIIANTHYECKAs] CKOPOCTH Ha OpOHTE 3 B TOUKeE A,
Vkps- KpyroBasi CKOpOCTh Ha OpOHTe 5,

V316 8- 27IIMNITHYECKAS. CKOPOCTH Ha opOuTe 6 B TOUke B,
AV,_3 - ckopocTb nepexofa ¢ opOuTH 2 Ha opouTy 3,

AV3_¢- CKOpOCTB IIepexojia ¢ OpOUTEI 3 Ha OPOUTY MePBOM TOYKM JIMOpAIy BOKPYT

3emin,
AV5_g- CKOpOCTB Ilepexojia ¢ opOUTHI 5 Ha opouTy 6,

AVg_c- CKOpOCTh Hepexona ¢ OpOUTEI 6 Ha OPOUTY MePBOM TOUKH JIMOPALMH BOKPYT

3emin,
28



Vi p7- KpyroBasi CkOpocTh Ha opbute 7,
V¢ - miHeHas CKOPOCTh IBIDKEHHUS IIEPBOM TOUKHU IHOpAiy BOKPYT 3eMIIK

OcHoBHBIE (hopMYJIBI

Vikp = \/%— CKOpOCTb Ha KPYTOBO# opOuTe,

2 1 .
Van= |1 (E - Z)- CKOPOCTb Ha JIIMIITHYECKol opbute (a — OobIas IoIyock
QILTUTICA),

Viyg = w - R - nuHeliHas cKopocTh (W -yIoBast CKOPOCTS),

2 1 I3
AVy_3 = Vagza — Vkpz = U3 (—R - ‘&'3‘) " IR,
2

=g
2 1
AVs_c=Vazc— Ve = U3 (R_ - _) —w¢ - Roe
oc 4z

o=, = o7 1 s
T TR, "R, |R,

AV, 72 Vi (2 1) acl
. = B = U —_——— - |—
5—-6 3J/16,B KP5 J1 RS g RS
Ruc + Rs
=T
Moo=V ( ’ 1)
o= = |U3|—/———
6~-C = Vaie,C \Rpe g

Ilonnas cxopocTs nepenéra ¢ opobutsl 2 B Touky C OymeT pasHa
Va1 =Voz + V3¢
Ilonuas cxopocTk nepenéra ¢ opouTs 5 B Touky C GyneT paBHa

Vxa = Vs_6 + [Vs_cl
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Cxopoctnr nepexoza ¢ opout 3 u 6 B Touky C Hy>KHO OpaTh II0 MOLYIIO €CIIU OHH HMEIOT

OTpHULATCIBHOE 3HAYCHHUC.
Onpene.ne}me 3aTpar ToninBa

I[JISI OIIPEACIICHUA KOJIHUYIECTBA TOIJINBA, HGO6XOL[I/IMOI'O JJIA I10JIeTa KA, HUCIIOIB3YyCM

dopmyny K.3. I{rnosikoBCcKOro

Ve =Ve=Vo =W n(22) = w - on (22, (1)

Mq—Mr
rue Vx-xapakrepuctudeckas (HeoOXomuMas) CKOpoCTb, V, -KOHeUHas CKOPOCTh ITOJNeTa
(B MOMEHT BBIKIIOYEHHs [BUraTels), Vy-HadalbHas CKOPOCTh IIOJNETa (ECIH O
BKJIIOYEHHMS IBUraTellsd paKeTa yKe UMesa CKOPOCTh),

W-sdbextnBHas ckopocTh HCTeUeHHs rasa u3 asurarens (yAelbHBIA HMITYIEC),
MoHavanbHas (crapToBas) Macca pakeThl, My-KOHeYHas Macca pakeThl (mocie
BBIKJIIOYEHHs JBUTaTeNs), Mp-Macca u3pacxom0BaHHOrO TOIUINBA,

£n -0003HaUeHUe HATyPaJIBHOIO Joraprdma.

W3 gopmyner (1) monyuaem

vx M,
D =ew = 9
Mo—Mrt

Ortcroza BBIpa3uM Maccy TOIUIABA
D—-1
My = Mo (%5°) @)
Baﬂa,ZII/IM OCHOBHBIC ITapaMETPEI.
Ilycth

R, =6,6-10°M; Rs=1,8-105m; R, =384-105M; Ry = 324 106Mm;

Rpc = 60-10°M; 3 = 3,986 - 101 M3/C2; = £M3/Cz:
324-10°+6,6:10% _ 6
az = 2 =165,3-10°m
2 1 3,986-101%
AVe—s = \/3'986 10% (6,6-106 B 165,3-106) B \/W =3108,723 ¥/

30



o = — 1 3,986-101%
C ™ 384106 384-106
2 1 1 3,986-101%
AV;_¢ = [3,986- 101 - ) - : .324-106=-
324-106 1653105/ 384.106 4| 384-106

638 M/
.16 .1n6
ag = 60-10 42—1,8 10 ~30,9-106m
2 1 4,921-1012
AVs—6 = \/4’921 1107 (1,8-106 - 30,9-106) B \/ 18106 650,575 /¢
2 1
Ao = \/4'921 1107 (60-106 a 30,9-106) = 69,12/

V1 = 3108,723 + |— 638 | = 3746,723 M/,
Vyz = 650,575 + |69,12 | = 719,695 M/,

Mg nepenéra ot 3emnu k Touke C moayIum

Dy=ew, Mg, = Mg (02—1)

1

3746,723

Dy = e 4500 =2299

2,299—-1
2,299

Mr; = 10000 ( ) =5650,28 xr

Hust nepenéra ot JIyss! k Touke C monydum

D,=ew, Mg, = M, (Dgl)

719,695

D, = e w0 =1,173

1,173-1
1,173

My, = 10000(

) — 1474,85 kr

OueBunno Mr; MeHblie Mr;. ClieioBaTelisHO, Ha pasHMIly Mexny Mr; 1 Mr; MOXXHO

YBEIIUYHUTE MACCY I1OJIE3HOIO Ipy3a IpH oTnpaBke KA ¢ OKONOIyHHON OpOUTEL
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Ipuiosxenue E. Pacuér xoaudecTBo TONINBA, HE0GX0ANMOT0 AJI5 OTHPABKH

rpysa Ha opouty JIyHbI

Paccuntaem xonuuectso TOIlNIKBA, HCO6XOI[I/IMOF0 AJIsI OTIIPaBKU IOJIE3HOI'O I'py3a Ha

opbuty JIyHEI.
. -
VKp C ) //
¢ /
\\ Vg
\\\ //
\\ //, Hops
o
A
Rs
mV? mvg, mV2 Hopg
- + AR, =2k ( p )

Un Hn HUn HUp Rp—Rp
A :E _E :m(——)_ . __)zm[__.__]:m- -(.—.)
EHOT B na R m R, R, Rp Wn RaRp
H
2 2 dle 2 opb
Ve=Vip “HRB'RA

7]
V= 2
Rp

2U;Hong 2Hgp6 2H,p5
Vo e Ty (L) V(14 5)
B B'ihA B A

2Hqp6

Vxap =V + AV,

AVyr).: b
(AVH,T)JI = ( . )3 7
—_ M _— MK+MT _ MT _ MT
Vap =W - In (332) = W - In () = w - 1n 1 +30)=w-m(1 o)
an

W —] =M

Myr1+Mgc

Vxap

Ilyctre D=ew —1
MKcszC'MTl (1)
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D Mnri=Mrp(1—-D-k)

D
M= Mnry - P (2)

Ilycte  Mpri =10000 kr, kxc= 0,15 (o aHamoruu ¢ HaAMM MEXOPOHTATBHEIMHU
Oykcupamm).

Torza o dopmymne (2) maxomum Mry, 3atem o dopmyne (1) Haxomum Mic
Rp=1,8-10%m
Ra=1737,1-10°wm

4,921'1012 2 1,8'10'5--'1737,1'103 1100-1,625
Vip= |22 J1 4 X . —~ 1894,54
1,8'106 1737,1'103 9,807

1894,54
e 4500 -1

M = 10000 - — s — = 6785,67

1—e 4500 -0,15

M, = 0,15 -6785,67 = 1017,85

Hacts monesHoro rpysa OyJeT 3aHMMAaTh TOIUIMBO HA OOpaTHBIA TONET ¢ TOM Ke
XapaKTePUCTHYECKONU CKOPOCTHIO. MOXKHO 3aIucaTh

Vap = =W - In (1 +32)

My, = 1,524 - 1017,85 = 1550,69

CrenoBaTensHO, Ipy3, KOTOPBHIA MBI MOXEM JOCTABUTH C IIOBEPXHOCTH JIyHBI Ha
opbury, 6ynet pases

My, = Mppy — My,
Mpr, = 10000 — 1550,69 = 8449,31

HaiinéMm, CKOJBKO KHJIOTPaMM TOILIMBA HEOOXOIMMO 3aTpaTuTh Ha MombéM 1 Xr
II0JIE3HOIO Ipy3a Ha OpOUTY

6785,67+1550,69
kp = = 0,987
8449,31
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