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Pacuyer yc/10BHi1 OCBEICHHOCTH B MPOLIECCe BbIBEICHUSA
KOCMHMY€ECKOI0 anmnapara Ha reoCTallHOHAPHYI0 OPOUTY
¢ MOMOIIBLIO ABUraTejeil MaJIoi TATH

© B.II. KazakoBues, B.B. Kopsinos, I1.B. IIpocynios, A.I'. Tomopkos
MI'TY um. H.D. baymana, Mocksa, 105005, Poccus

Paccmompenul ycnosus oceeujeHHOCmMU KOCMUYECKO20 annapama i 803MONCHOCTb €20
nonaodanusi @ meHb om 3emiu npu 8blgedeHUU ¢ OPOUMbL OHCUOAHUSL HA 2e0CMAYUOHAD-
HYI0 0pOumy ¢ uUcnoab306anuem osueamenei maiou mseu. I[lposedeno moodenuposarue
MeMNepamypHo20 COCMOSIHUSL PeGIeKMopa aHMEHHbl 8 YelsX onpeoeieHuUsi MenioGbix
HA2py30K npu opoumaibHoM nojieme. YCmanoeieHo, Ymo 3a epemst nepeiiema Henpepoie-
HO UBMEHSIeMCSL Y20l HAKIOHA NAOCKOCMU OpOUMbL OM HAYALILHO20 00 HYNe8020 3HAYECHUs
K MOMEHNMY NONAOAHUsl HA 2e0CMAYUOHAPHYIO OpOuUmy, a Makdlice Onpeoeienvl Yivl
oceeuenusi AHMeHHbl, HanpasieHHou no paouycy opoumeol. Iloxkazano, ymo mpaexmopusi
nepenrema npedcmagisient coboll CRUpPaib ¢ YEeIUUUBAIOWUMCS WA20OM N0 3HAYEHUIO pa-
ouyca opbumol, 6pemsi HAXONCOEHUsI KOCMUYECKO20 annapama @ meHu om 3emiu Hd
KasNcoOM nociedylouem sUmKe Y8eauuusaemcs, MAKCUMAIbHOE 8PeMsi €20 HaAXONCOEHUs.
6 menu om 3emau cocmaensem 1,12 u.

Knirouesvie cnosa: oceewyeHnocmn, 2e0CmayuoHapras opouma, KOCMUYeCKull annapam,
osuzameinb MAaiol mscu, AHMeHHA

BBenenue. B nocnennue roasl B Poccun u 3a pyOexoM akTUBHO pas3-
BHUBAIOTCA CUCTEMBI KOCMUYECKOU CBA3HU. IIOCTOSHHO yBenM4MBAIOIIUNCA
00BEM M BaXKHOCTh MH(QOPMAIIMH, KOTOPYIO MEepPEatoT CIYTHUKU, COTMPO-
BOXKJAIOTCS MOBBIIICHHEM TpeOOBaHUH K 3PPEKTUBHOCTH U MPOIYCKHON
CIIOCOOHOCTH TakuX cucteM cBs3u [1]. O0G30p CyIIECTBYIOIIUX CHCTEM
MEXCITYTHUKOBOM CBSI3U M UX XapaKTEPUCTHKH MPHUBEJIEHBI B padoTe [2].

B HacTosee BpeMsi TakkKe aKTHUBHO OCBAaMBAIOTCS BHICOKOYACTOTHBIE
nuana3onsl Ka u V — ot 20 no 75 I'T'n. OnHako ¢ pocTOM 4acTOThI yCH-
JIUBAIOTCSl TpeOOBaHUS K TOYHOCTH Tpodriis peduiekTopa (oTpakaromiei
MOBEPXHOCTH) 3€PKAJIBHON aHTEHHBI, TaK KaK JOMYCTHMbIC OTKIOHCHHS
MOBEPXHOCTU pedIeKTopa aHTEHHBI OT TEOPETHUECKOro Mpoduis He
JOJDKHBI TIpeBIIaTh 1/16 paboyeil [MHbBI BOHBL Takum 00pa3zoMm, J10ITy-
CTUMBbIE OTKJIOHEHUsI POpMbI pedIeKTOPOB 3epKaTbHBIX KOCMUYECKUX aH-
TEHH JIOJDKHBI COCTAaBJIATH JOJM MIJUIMMETpa. Takue OTKIOHEHHS MOTYT
00yCIOBUTh HETOYHOCTU HM3TOTOBJICHUS, MEXaHMYECKHE M TEPMUYECKUE
nedopmaruy, BOZHUKAIOIINE TPU SKCILTyaTauu pedaexTopa.

MakcuMasbHble MEXaHUYECKUE HATPY3KH Ha PeQIIEKTOp MOSBISIOTCS
Ha JTamne BBIBEACHUS €ro Ha pabouyio opOUTY, HO OHH, KaK IMpPaBUJIO, HE
BBI3BIBAIOT 3HAYMMBIX JTedopmanuit. [lpu nonere peduektopa mo reocra-
IIMOHAPHOM OpOHTE OT/AEIBHHBIC €ro 30HBI Ha OCBEIICHHOM YYacTKe OpOH-
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Thl MOTYT HarpeBathcs A0 150 °C, a npu nomajaHuu anmapara B TEHb
3emnu — oxaaxaatbes 10 —150 °C. [loaToMy OCHOBHOE BJIMSIHUE Ha W3-
MeHeHue GopMbl pedIeKTopa OKa3bIBAIOT TEPMHUUECKUE nedopmannu [3].

Hactosmas cTtarbsi MOCBAIEHA pacyeTy YCIOBHI OCBEUICHHOCTH
kocmuueckoro anmapara (KA) u olleHKe BpeMEHU €ro BO3MOKHOI'O
HAXO0XJICHUS B TEHH OT 3eMJIU MPH NepesieTe ¢ OpOUTHI OKUIAHUS Ha Te0-
CTAIIHOHAPHYIO OPOUTY C yueToM paboThl ABUTaTenei manoit taru (JMT).
Panuyc kpyroBoit opOUTHI OKHIaHUS, HAKJIOHEHUE TIOCKOCTH OPOUTHI U
JI0JITOTa BOCXOJSILErO y3ja CUMTAIOTCA 3aJaHHbIMU. Takke 3agaHo U
yckopeHue npu padore JIMT.

BonpocaM 0CBEIIEHHOCTH CITYyTHUKOB 3€MJIM CTAIM YICIATH OOJIBIIOE
BHHUMaHUE MOCJe UX MEPBBIX 3aMyCcKOB Ha opOuTy. IlockoiabKy M3HAYaNb-
HO WX BBIBOJWJIM Ha HU3KHUE OPOMTHI, CIIYTHUKH JIOBOJBHO IMPOFOIIKH-
TEIbHOE BpeMsl HaXOUINCh B TEHH OT 3€MJIM, YTO HE MO3BOJISIIO BbIpada-
THIBATh YHEPTUIO AHEIISIM COJIHEYHBIX OaTapei.

BrniepBbie Bompockl omnpezeneHuss BpeMEHU HaXOXKJIeHUsT HU3KOOpOU-
TaJbHBIX CITYTHUKOB B TCHH OT 3eMJIM OBLIU 3aTPOHYTHI B padborax [4, 5].
Bonpocs! onpeneneHuss BpeMeHH HaXO0XACHUS B TE€HHU IJid OpOUT CIyT-
HUKOB CBSI3M YaCTUYHO PacCMOTPEHBI B pabote [6]. Bompocam ompenene-
HUS MapaMeTPOB TPAEKTOPUM MPU MHOTOBUTKOBOM MaHEBpE Ha JTare
JabHETO HABEICHUS OCHOBHOE BHUMAaHME yAelnseTcs B padote [7] u mpu
3TOM MPUHUMAETCS, YTO 1IeJIb HAaXOAUTCS Ha OCBEIIEHHOM CTOPOHE.

PesynbTarsl 3THX Hccie10BaHUI UCIOIb30BaHbl B KAUECTBE JOMOIHU-
TEIHHOTO OCHOBAHUS JJISl IOCTPOEHUSI MaTeMaTHYECKOW MOJIENH U pa3pa-
OOTKHM METOJIMKH pacuerTa.

Maremaruueckas MOJIeb ONKUcaHa B paboTe [8], rme Takke paccMoT-
PeH 00 MOAXO0/ K ONPENIEICHUIO YCIOBUIA HAX0XKICHHUSI KOCMUYECKOTO
anmnapara B TEHH U MOJIYTeHH OT 3eMJIH, a yCJIOBHE BXO/a B TEHb OT 3eMIIU
NPEJCTaBICHO B BEKTOPHOH ¢opme. MeToauka pacdera OCBEIICHHOCTH
paccMOTpeHa aBToOpamMu B cTaThe [9].

[Ipoananu3upoBaB yka3aHHbIE, @ TAKXKE MOJYyUYECHHBIE paHEE pE3ysbTa-
ThI, aBTOPBI IPUIIUTH K BBIBOJY, UTO IS Pa3JIMYHBIX BApUAHTOB MEpeseTa
C OpOUTHI OXKHJIAHUS HA T€OCTALMOHAPHYIO OPOUTY, BO-TIEPBHIX, HEOOXO-
IUMO pa3paboTaTh MAaTEeMaTUYECKYIO MOJIENb YCI0BHM ocBelieHHOCTH KA
aydyamu CoJHIIA, BO-BTOPBIX, CHOPMUPOBATH AITOPUTM ONPEIACICHHS
pa3MepoB TEHHU M MOJYTEHU OT 3eMJId U BPEMEHHU TOYHOT'O HAXOXKICHUS
KA Ha »THX opOuTax.

MopenupoBanue. /[ MoaenupoBaHusl TEMIEPATypPHOTO COCTOSHUS
pediiekTopa aHTEHHBI HEOOXOMMO OIPEIEIINTh TEIUIOBBIE HArpy3KH IMPH
opbutansHOM TmosieTe. MOKHO BBIACTUTH TPU OCHOBHBIX KOMITOHEHTa
Harpy3oK, BO3JCHCTBYIOIIMX HAa aHTEHHY B YCJIOBHUSX OpPOUTAIILHOTO IIO-
jeTa. JTO, BO-MIEPBBIX, MPSMOE COJHEYHOE U3JIyY€HUE, BO-BTOPHIX, OTpa-
’KEHHOE OT 3eMJIM COJTHEUHOE M3ITyYyeHHE W, HAKOHEl, COOCTBEHHOE Tel-
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JI0BOE M3NydyeHue 3emiu. Bce OHM CyIIecTBEHHO 3aBUCAT OT BBIOPAHHOM
OpOUTHI TIOJIETA U BPEMEHH €T0 COBEPIICHHUS.

Pacuer TerioBBIX MOTOKOB, AelcTByrommx Ha KA B opOutanbHOM
MOJIETE TPECTABISIET COOOM CIOXKHYIO Hay4dHO-TEXHHYECKYIO 3a/Jauy.
Jnst ee pemieHus 1esecoo0pa3sHo MPUMEHUTH CIICUATN3UPOBAHHOE TPO-
rpamMmmHoe oOecrieuenre. OnIHUM M3 HauOoliee MOIIHBIX MHCTPYMEHTOB
IUIsL pacyeTa TEeIUIOBBIX HAarpy30K B YCIOBHUSIX OpOMTAIHHOTO MOJIETa SBIIS-
eTcst mporpaMMHoe obecrieuenne ¢upmel Siemens PLM NX, koropoe wuc-
MOJIb30BAHO B HACTOSIICH padoTe.

g reocTaniioHapHONM OpOUTHI XapaKTepHO HU3KOE 3HAUYEHHE IIOT-
HOCTH TIOTOKA COGCTBEHHOTO TEIIOBOTO M3TydeH s Semmn — 5,82 Br/m.
MaxkcruManbHOE 3HaUY€HHE MOTOKA COMHEYHOIO M3JIYYeHHUs, OTPaKEHHOTO
ot 3emutn, cocraBisieT 6,97 Br/m? (puc. 1). OcHOBHas OIS TEILIOBOTO 6a-
JIaHCa TIPUXOAUTCSI Ha MPAMOE COJIHEYHOE M3IydeHHE, 3HAuUeHHe KOTOPOro
JUIsI MOMEHTa BECEHHETO PaBHOJCHCTBUsI cocTaBisier 1367,6 Br/M’ (puc. 2).
CrnenyeT OTMETUTH, YTO B YKa3aHHBIM MOMEHT BpeMEHH HaOI01aeTCsl Mo-
najaHye amnrnapara B TeHb OT 3emiu Ha nepuoa 4320 c. IMeHHO B MOMEH-
Thl BXOJla M BBIXOJla ammapara U3 TE€HU CIEIyeT O0XHAaTh HAauOOJBIIUX
CKOPOCTEH U3MEHEHUs TEMIIEPaTyphI.

Paccmotpum ycnoBus ocseieHus KA 1 BO3MOXHOCTB €ro MomaiaHust
B T€Hb OT 3€MJIM IPU BBIBEIICHUH C OPOHUTHI OKUJAAHUS HA FEOCTAllMOHAP-
HYI0 OpOUTY ¢ ucnoas3oBanuem JJMT.

1, Br/m?
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Puc. 1. [I10THOCTH MajaroIero NOToKa U3y4eHHs Ipu
JIBMDKEHMH KOCMHUYECKOI0 anmapara 1o reocTaiioHap-
HOW opbuTe:

1 — IJIOTHOCTE MMOTOKA COOCTBEHHOI'O TEIIOBOIO U3JIYYCHUA
3eMJ'II/I; 2 — IUIOTHOCTh MOTOKA COJIHEYHOT'O U3JIyuCHUs, OT-
PaXEHHOTO OT 3eMiIn
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Puc. 2. [InoTHOCTH Maaaomiero notoka uznydeHus ot CoyHua npu

JIBIKCHUU KOCMHYECKOTO armapaTta 0 TeOCTallMOHApHON opOuTe
JI7Is1 pa3Iu4HON OpUEHTAllMH TOBEPXHOCTHU:

1 — moBepXHOCTH 00pallieHa B CTOPOHY 3eMi (Haaup); 2 — HOBEPXHOCTH 00-

pamera ot 3emau (3eHHT); 3 — TMOBEPXHOCTH OOpallleHa MO HAIpaBJICHUIO

JIBIDKCHHMST; 4 — IOBEPXHOCTH 00pallieHa IPOTHUB HAIpPaBICHUs ABHKCHNUS

B kadectBe HCXOIHBIX JAHHBIX NPUMEM 3HAYCHUS MapaMeTpoOB
opouTtel oxunanus U nonoxkerus Comrna: ry= 6700 km, iy=52°, uy=0 —
HayalpHOe yrioBoe nonoxkeHue KA; Q, = 0 — gonrora BOCXOASIIETO y37a
opoutsr; u;, = 0 — HavyampHOE yriosoe monoxkenne Comura. [TpomonsHas
OChb AHTEHHBI HAlpaBlieHa IO Paauycy OpOUTHI K LIEHTPY 3emiu. TpaHc-
BepcaibHOe yckopenue ot padotst JIMT pasno 0,002 m/c.

[lo mepeuncieHHBIM [AQHHBIM MPOBEICHBI PACUETHI, PE3YJIHTAThl KO-
TOPBIX COTJIACHO MaTEMAaTUYeCKOW MOJend u3 padoThl [9] M BBHIOpaHHBIX
HavyaJIbHbIX YCJIOBUHN WLTIOCTPpUPYIOT puc. 3—10.

[Ipu ucnons3oBanuu JIMT tpaekropus nsumxenus KA npencrasiser
co00if cMpanb C YBETUUMBAIOMIMMCS pagunycoM opoutsl. [lpu Oonbiiem
BpeMeHH Tniepenera KA Mexny 3agaHHBIMH OpOMTAMHU 3HAYCHHE IIara
M3MEHEHHUS pajnyca 3a KaXIblii 000pOT yBETUUHBACTCS.

U3 puc. 3 BuAHO, YTO mMEpPBbIE BUTKU TPACKTOPUU PACHOJIOKEHBI
JOCTaTOYHO OJM3KO OJUH K Jpyromy. PaccMOTpeB yciioBHsS OCBELICHHOCTH
KA Ha OIHOM BUTKE, MOXKHO IPEIIOJIOXKUTh, YTO OHU OYAyT MPHUMEPHO
OJIMHAKOBBI U JUISI IPYTUX BUTKOB.

AHanu3 pe3ysbTaToB pacyera YIjioB OCBEIEHHsS HAa IEPBOM BUTKE
MmokasbiBaeT, uro nocie BkimroueHus [IMT KA ocpemien B Teuenne 30,77 MuH
(puc. 4). 3arem KA nonanaer B TeHb oT 3emiu Ha Bpems 35,33 MuH.
[Tocne BbIXOJA K3 TEHU 10 KOHIIA IepBoro BuTKa KA ocBelieH B TeueHue
30,58 muH. [locne BbIx0/1a U3 TEHU HA NMEPBOM BUTKE IO MOMEHTA BX0/1a B
TeHb Ha BTOpoM BUTKe KA Oynet ocBenieH B Teuenue 61,35 muH.
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Puc. 3. Tlepsrie geThipe BUTKA mpu yxoae KA ¢ opOUTHI ok IaHuS
Ha T€OCTAlMOHAPHYIO OPOUTY ¢ ucnoib3oBanueM [IMT
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Puc. 4. 3menenns yrno ocsemenus KA o, ., 30Ha

TIOTIAaHUS B TEHb OT 3eMITH B (DYHKIHUH BPEMEHH (fyp5q =

1846 c¢; toy = 3966 c) Ha TEpBOM BHTKE IOCTC
BKiroueHus JAMT

AHanu3 pe3yabTaToOB PacueToB MOCJIE S5 CYT MOJeTa MOKa3bIBaeT, YTO
Ha nepBoM BuTKe KA ocBemieH B Teuenue 52,76 muH. 3atrem KA nonanaer
B TeHb OT 3eMiM Ha Bpems 35,23 muH. [locne BbIXxoJa U3 TEHU A0 KOHIA
nepBoro BuTka KA ocemen B Teuenue 52,00 muH. [locne Bhixonga w3
TEHU Ha MEPBOM BUTKE IOCJE 5 CYT MOJIETa JI0 MOMEHTA BX0/1a B TEHb Ha
BTOpoM BUTKe KA Oyznet ocBemieH B Teuenue 104,76 MuH.
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Puc. 5. W3menenue yrios ocserienus KA o, P, 30Ha

MOMAaJ[aHUsL B TCHb OT 3eMJIHM B (DYHKIIMHA BPEMCHU ({0 =

= 3166 c; toq = 5280 ¢) Ha EpBOM BUTKE TMOCIE 5 CYT
rmoJieTa

Ananmmu3 pe3ynpTaroB pacueroB mocie 10 cyr monera (puc. 6)
MIOKa3bIBa€T, 4To Ha mepBoM BUTKe KA ocBemieH B Tedenue 97,88 muH.
3arem KA nomnanaer B TeHb oT 3emiin Ha Bpemst 37,84 muH. Ilocne Beixona
W3 TeHU JI0 KOHIIa nepBoro Butka KA ocseieH B Teuenue 74,28 muH. [Tocne
BBIXOJIa U3 TEHU Ha NepBOM BUTKe 1ocie 10 cyT rmosera 10 MOMEHTa BXO/a B
TeHb Ha BTopoM BuTke KA Oyner ocserieH B Teuenue 172,16 muH.

a,B, rpan
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Puc. 6. 3menenus yrinos ocemenus KA o, , ., 30Ha moma-
JIaHWs B TEHb OT 3eMJIM B (DYHKIMM BpPEeMEHH (fy,q = 5873 c;
ton = 8143 ¢) Ha mepBoM BuTKe mociae 10 cyT monera
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AHanu3 pe3ynbTaToB pacdeTroB mociie 15 cyrt mosnera (puc. 7) mnoka-
3bIBaET, 4yTO Ha nepBoM BUTKe KA ocBemieH B TeueHue 163,18 muH. 3arem
KA nomanaer B TeHb oT 3emin Ha Bpems 43,59 muH. [locne BpIxona U3 TeHU
1o xoHua nepsoro Butka KA ocsemiex B Teuenue 137,40 mun. [Ipu Beixoae
Y3 TEHW Ha TIEPBOM BHUTKE 1ociie 15 cyT mosera 10 MOMEHTa BX0/la B TEHb Ha
BropoM BuTKe KA Oynet ocsemien B Tedenue 300,58 mMuH.
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Puc. 7. U3menenne yrimos ocemenus KA o, B, 30Ha mo-

MajlaHusl B TeHb OT 3eMiH B (PYHKOMH BpPeMEHH (fyq =

= 9791 c¢; tn = 12406 c) Ha TIepBOM BHUTKE mocie 15 cyr
rmoJera
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Puc. 8. U3menenue yrios ocsemenus KA a,, B, 30-

HAa TONaJaHus B TCHb OT 3€MJIH B (DYHKIIUH BPEMCHH

(tyar = 18739 c¢; toy = 21810 c) Ha TepBOM BHUT-
ke nocisie 20 cyT nojeTa

AHanu3 pe3yabTaToB pacueToB nocie 20 cyT nosiera NoKa3bIBaeT, 4To Ha
nepBoM BUTKe KA ocBenieH B Teuenue 312,32 mun. 3atem KA nonazaaer B
TeHb OT 3emsn Ha BpeMms 51,18 mun. Ilocne BeIxoAa M3 TeHM 10 KOHLA
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nepBoro Butka KA ocsenieH B Teuenue 256,50 mun. Ilocne Beixoaa u3 TeHu
Ha NIEpBOM BUTKe 10 OKOHYaHUH 20 CyT MosieTa 10 MOMEHTa BXO/la B TeHb Ha
BTOpOoM BuTKe KA Oyzer ocBelieH B TeueHue 568,82 MuH.

a,B, rpan

150

100 1
Be
50

0 Il Il Il Il I}
20 00 000 60000 80000 t,¢c

-50

-100-

Puc. 9. M3menenune yrinoB ocsemeHns KA o, . B
3aBHCHUMOCTH OT BPEMEHHU Ha IEPBOM BUTKE ITOCTIE
25 cyt nosiera

AHanm3 pe3yabTaToOB pacueToB Mocie 25 CyT MojieTa AJisi BBIOpaHHOTO
IIpUMepa MOKa3bIBAET, UTO Ha IEpBOM BUTKEe KA ocCBelleH Bce BpeMsi — B
TEHb OT 3eMJIM OH HE IOTAJIAET.

Paccmotpum BapuanT nepenera KA ¢ opOUTBI 0KuaaHusi Ha reocra-
IIMOHAPHYIO OPOMTY Ui Cilydasi, KOrla B MOMEHT OKOHYaHHS IepesieTa
ConHile HaXoAUTCS B TOUKE BeCEHHEro paBHoAeHCTBUSA (puc. 10). B aTom
ciydyae BpeMs HaxoxzaeHuss KA B TeHu or 3emMin — MakCHUMallbHOE U
cocrasyset 1,120 u.
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Puc. 10. M3menenue yraos ocsemienns KA o, B, 30Ha moma-

JIAHUSI B TCHb OT 3eMJIM B (DYHKIUH BPEMEHHU (fyy = 41 090 c;

ton = 45 123 c) Ha mocnegHeM BUTKE Iepesiera, Korja B

MOMEHT OKOHYaHus mepenera COJHIIE HAXOTUTCS B TOYKE
BECEHHEIr0 PaBHOJICHCTBUS
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3akmouenue. Paccmorpen nepener KA ¢ opOuThl okuIaHus Ha T€O-
CTaIMOHApHYI OpOuTYy ¢ ucnosb3oBanueM JIMT. YcraHoBieHo, uyTo Tpa-
EKTOpHs TIepereTa MPEJCTABIICT COOOW CIHpanh C YBEIHMYHMBAIOIIUMCS
maroM 1o BeJIMYMHE pamuyca opOouThl. OmnpeneneHbl YIIIbl OCBEIICHHS
AHTCHHBI, HAIMIPABJIICHHON MO Paanycy OpOUTHI, U 3aUKCUPOBAHO BpEMs
nerkeHusa KA B Tenn ot 3emun. Ha ocHOBaHMM MPOBENEHHBIX PACUETOB,
MOHO CJIeaTh CJIEYIOLINE BEIBO/IBI.

Bpewms naxoxaenus KA B TeHH OT 3eMJIM Ha Ka)KIOM MOCJIEAYIOIIEM
BUTKE YBEIIMYUBACTCS, YTO OOYCIIOBICHO YMEHBIICHHEM HOPMAaIbHOU CO-
CTaBJISIOLIEH CKOPOCTH ABMKeHHsS KA.

B 3aBucumMocTtu ot mojoxkeHus CoiHila B MOMEHT nomnamanus KA Ha
T€OCTAllMOHAPHYIO OPOMTY BO3MOJKHBI CIy4aW KaK HAXOXKICHUSA, TaK M
HEHAXOKJCHHUs armapara B TeHH OT 3emiid. MakcuMaiabHOe BpeMsl HaXOXK-
nenusi KA B Tenn ot 3emuid coctapisieT npuMepHo 1,12 4 B MOMEHT, Korja
CounHIle HaXOAUTCS B TOUKAX BECEHHETO (MJIM OCEHHETO0) paBHOICHCTBHSI.

I'padyiky M3MEHEHUs YIIOB MAaJCHHUS COTHEYHBIX JIYYSH Ha MPOJ0IIb-
HYIO OChb @HTEHHBI MPUMEPHO MOXO0KM HA BCEX BUTKAX TPACKTOPUHU TEpe-
JieTa. DT yribl U3MeHsA0Te B ipeaenax 0...180°.

Paboma evinonnena 6 coomeemcmeuu ¢ 2o0cy0apcmeeHHbIM 3a0aHUeM
No 2014/104 Munucmepcmesa obpazosanus u nayku Poccutickoti @edepayuu
(npoexm Ne 1864) na nposedernue pabom 6 cghepe HayuHoU OesimerbHOCHU.
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Pacuem yczzoeuﬂ oceeweHHocmu 6 npoyecce 8b18€0CHUSI KOCMUYECKO20 annapamda...

Calculation of illumination conditions during putting the
spacecraft into geostationary orbit using low thrusters

© V.P. Kazakovtsev, V.V. Koryanov, P.V. Prosuntsov, A.G. Toporkov

Bauman Moscow State Technical University, Moscow, 105005, Russia

This article assesses conditions of spacecraft illumination and the possibility of its falling into
the shadow of the Earth during the flight from the parking orbit to geostationary orbit using
low thrusters. The obtained results are used for simulating the temperature state of the anten-
na reflector to determine the thermal load during an orbital flight. In the course of simulation
it was found that during the trip, the orbit plane tilt angle is continuously changing from the
initial value to zero by the time of entering into a geostationary orbit, and the entrance angles
of the antenna directed along the radius of the orbit were determined. It is shown that the
flight trajectory is a spiral with a pitch increasing in orbit radius magnitude and the space-
craft shadow-sunlight time for each subsequent orbit pass increases, and the maximum shad-
ow-sunlight time is of the order of 1.12 hours.

Keywords: illumination, geostationary orbit, spacecraft, low thruster, antenna
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