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OOKNAOHASA 3AMNCKA
OB NCKYCCTBEHHOM CINYTHUKE 3EMJIN

B HacTosiwee BpeMS MMEIOTCA peasibHble TEXHNYECKNE BO3MOXKHOCTU AOCTUMXKEHUSA C
MOMOLLIbIO paKeT CKOPOCTW, AOCTAaTOYHOW AJ1 CO3AaHNA UCKYCCTBEHHOI 0 CMyTHMKA
3emnun. Hanbonee peasbHbIM U OCYLLECTBUMBLIM B KpaTHalLLNNA CPOK ABNAETCA
CO3[aHNe NCKYCCTBEHHOI0 CMyTHMKa 3emMn B BUAEe aBTOMaTU4eckoro npubopa,
KOTOpPbIN 6bi1 6bl CHabXXeH Hay4YHOW annapaTypour, MMen pagnocBsa3b C 3eMJieln n
obpallancsa BOKpyr 3eM/snm Ha paccTosaHum nopsaaka 170-1100 kKM OT ee MOBEPXHOCTU.
Takown npubop 6yaem Ha3biBaTb NPOCTENLLNM CAYTHUKOM.

MpocTenwunn CNyTHNUK MbICINTCS Kak annapaT 6e3 niogen, ABMXYLLUMACS No
aNAMNTMYeckon opburTe N NnpegHasHavYeHHbIN ANa Hay4YHbIX Lenen. Bec Takoro
CNyTHUKa Mor 6bl 6bITb NopsAaKa 2— 3 T, CH4MTasa U HaydHylo annapaTypy. Kak byaet
BUAHO U3 JasibHenLero, NyTU peanan3aummn NnpocTeniero CNyTHNUKA B HacTosLee
BpeMS MPUHLNNNANBHO AACHbI. Be3 COMHeHnsa, HeEKOTOopble BOMPOCkl NoTpebyoT
JaNbHENLWNX NCCenoBaHnin, HO, BO BCAKOM CJlydae, MOXKHO FrOBOPUTbL O CO34aHUN
TEeXHNYECKOro npoekTa npocTenwero cnyTHUKa. CpoK OCyLLLeCTB/IEHNSA ero 3aBUCUT
NCKIOYNTESIbHO OT CPOKOB OCYLLECTBNEHUS PAEKThl, C MOMOLLbIO KOTOPOro
BO3MOXXHO NOJIyHEHME HY>XXHON CKOPOCTU. [MpoeKTMpoBaHNE CMyTHUKA MOXXET NATH
napanfienbHo C CoO34aHMeM TaKoWn pakeTbl. B cnydae, ecnm B 3TOM HanpaBJieHWN
paboTa 6yneT HayaTa HeEMeAJIEHHO, CO3aHMe NPOCTEeNLLEero CNyTHNKa MOXeET BObITb
ocylecTBaeHo B banxxanwee BpemMs.

OpHako Ha 6a3e Tex )Ke pakeT BO3MOXXHO, KaK MoKa3asim pacyeTbl, OCyLLecTBeHNe
LLesio NporpaMmsl paboT, NocTeneHHo NPUBINXKAOLWMX HAC K CO3AaHuI0
NCKYCCTBEHHOr0 CNyTHMKA 3eMn, 3HauuTenbHo 6osiee coBepLLUEHHOro, YeM
NPOCTENLINIA CNYTHUK, TaKOro, Ha KOTOPOM MOr/n 6bl CyLLECTBOBAThL JIlOAMW.

KopoTko 3Ta nporpamma moria 6bl 3ak/ilo4aTbCs B C/IeAYIOLLEM.

Ha4vanbHbIM 3TanoM paboT fosKeH 6bITb YKa3aHHbIN Bbile NPOCTEeNLUNIA CIYTHUK.
Hapsaay ¢ npocTenwmnm COyTHUKOM B 3TOT e 3Tan paboT [o/KHbI 6bITh BKIOYEHBI
0CBOEHNE YEeJIOBEKOM TEXHUKWM NOJiIeTa Ha pakeTax n pa3paboTka MeTon0B
6e3o0nacHOro cnycka co CNyTHMKa Ha 3eMJtl0. 3aMeTuM, YTO NpaKTuyeckKas
pa3paboTka 3TUX METOA0B BO3MOXXHa, Kak byaeT BUAHO U3 AasbHenLwero, n Ao
OCYLLECTBAEHUA CNYTHUKOB C JIIOAbMMU.

Takum 06pa3oM, BKJIIOYEHMEM B HaYvaslbHbIV 3Tan paboT noneTos YenoBeka Ha
pakeTax, a TakXXe U3y4yeHus n paspaboTkn meTonosB 6e30MacHOro cnycka
NOCTUraeTCsl eCTECTBEHHbIN Nepexo OT NPOCTENLEero CNyTHNKa K HeboibLIoMy
3KCMEepMMEHTaNbHOMY CMYTHUKY C JIIOAbMMW, PAaCCYMTAHHOMY Ha OJUTESIbHOE
npebbiBaHMe 1-2 4enoBeK Ha Kpyrosol opbuTe.

Hapsaay ¢ Hay4YHbIMM 3a4a4aMnM Ha 3TOM CNYTHUKE O0J1>KHbI ObITb n3y4deHbl ycnoBusa
ONNTeNIbHOIro cywecTtBoBaHUA niogen B yCNoBnaAx HeBeCoOMOCTU U
dKCNepnMeHTa/IbHO pelleH BOMNpPoC 0 Co3aAaHUN CNYTHUKa-CTaHUNN, ABAAOLLLEr0CA
OanbHeNnLWnm 3Tanom pa60T B 3TOM HalpaBaeHnn.

CNyTHUK-CTAHUMS OO/HKEH ObIThb AOCTAaTOYHO 60O/bLUMX Pa3MepoB, UMeTb
CcobCTBEHHbIE 3HEPreTUYECKNE YCTAHOBKN U pasnmyHoe obopynoBaHue, N B HEM
0OJKHbI ObITb CO34aHbl YCN0BUSA, HeobXxoanmble AN CyLeCTBOBAHUS SloAen, T.e.
peLleHbl BONPOChl BO3OYXOCHAbXXeHWS, MNLLEBOro peXxnuma 1 T.4., BO3MOXXHO,
co3faHa HeobxoAMMas MUHUMabHaA cuna TSXKeCcTU. Takol CNyTHUK O0JKEeH UMeTb
bonee nnm meHee perynspHoe coobuleHne C 3eMHOW NOBEPXHOCTHIO.

3Ha4YeHMe TaKoro CnyTHUKa TPYAHO nepeoueHnTb. OH MoxxeT bbITb NnabopaTopurei



A5 Lenoro psaa HayyHblX NCCnenoBaHuii, UMeTb OFPOMHOE
HapPOOHO-X035IICTBEHHOE 3HaYeHne, Hanpumep, No3BoJINT AJINTENIbHOE BPeEMS
HabnoaaTb NpoLecchl, npoMcxoaswmne Ha 3emne u T.4. HakoHew, oH MOXXeT ObITb
OTNPaBHOWN CTaHUNEeNn Ana nccnenoBaHus, Hanpumep, JlyHbl U Apyrux niaHeT.

[lanee n3noxeHHble 3Tanbl paboT paccMaTpuBatoTca 6onee nogpobHo, Npryem
OCHOBHOE BHMMaHWe yaensietca 6avxkanwemy stany paboT - npocTenwemy
CNYTHUKY 1 NoJsieTaM YesioBeKa Ha usaenuax P.

MPOCTENLLNA CRNYTHUK

MpocTenwmnn aBToMaTUYECKNI CNYTHUK MO>XXET pacCMaTpMBaTbCA KaK MepBbIi 3Tan
co3naHnsa 6onee CoBEPLUEHHbIX N CJIOXKHbIX CNYTHUKOB. [1eNCTBUTENLHO,
MPOCTENLINA CNYTHUK MbIC/INTCA Kak annapaT 6e3 noaen, B CBSA3K C 4YeM oTnagaeT
psaa npobnem, cBA3aHHbIX C HEOBXO0AMMOCTbIO NOAbEMA YeNoBeKa Ha opbuTy. Kpome
TOro, MPOCTENLINA CNYTHUK MOXET OBUIraTbCA N0 INAMMTUYECKON opbuTe,
rnosly4eHmne KOTOPOW npolle, YeM Kpyroeom, Hanbonee uenecoobpasHom onsg
CNYTHUKa—CTaHUMN. MOXXHO NoKa3aTb, 4TO AN NOJYYEHUS OBUXKEHNSA MO KPYrOBbIM
opbuTaM uenecoobpa3Ho pas3aesTb aKTUBHbBIA YH4aCTOK MOJIETa Ha ABE YaCTu; Npu
3ToM Hanbosee 3KOHOMHbIM B CMbICJIE 3aTpaT IHEPrUN ABNAETCA CeAyoLWmnn NyThb.
AKTUBHBIN Y4aCTOK BbibupaeTcsa Tak, 4Tobbl BEKTOP CKOPOCTU paKeTbl OTHOCUTENLHO
LLeHTpa 3eMIN B KOHLLE MEPBON YacTW aKTUBHOMO y4acTKa Obis1 nepneHanKynapeH
pagunycy 3eman. BennymHa CKOpoCTK nocsie OKOHYaHMs paboThbl ABUraTens Ao/KHa
obecne4ynBaTb ABMXKEHUE CAYTHUKA MO 3/JIMNCY C anoreeM, BbiICOTa KOTOPOro paBHa
BbICOTe KpyroBown opbuThl. Mepuren atoro anannca 6yneT coBnagaTb C TOYKOW, B
KOTOpPOM 3akaH4YMBaeTcsa paboTa ABuratens.

B anoree 3Toro anaunca nponssoanTca fobaBo4yHoe AoOXKUraHWe Tonamea, nocne
4Yero CMyTHMK BbIXOAUT Ha KPYrosyto opbuTy nnm Ha opbuTty, 6AM3KYIO K HEN.

Ecnn ana npocTenero CryTHUKA Mbl OTKa)XeMCsl OT [0XKUraHUA ToMnJinBa B anoree
3/1/IUMNCa, KOTOPOE COMPSIXKEHO C HEOBXOANMOCTbIO OCTATOYHO TOYHOIO
onpeseneHns TOYKM anores  opUeHTUPOBKN B 3TOM TOYKE CNYTHUKAE, TO NONY4YUM
OBV>KEHME MO 3JIINMCY, KOTOPbIA AJ1 CNYTHUKA C KPyroBoin opbuTon asnsncs Obi
nepexonHbIM.

Mpoun3BeneHHbIEe pacyeThl Aal0T Clefylollme XapakTepucTukm opbnTtel Takoro
CNyTHWKA B 3 T, He cHYMTas Beca KOHEYHON CTYNeHN pakeTbl, KOTopas MOXXeT
0TOENATbCA OT CNYTHUKA, HO MOXKET U He OTAEeNATbLCA. BbicoTa nepures Hag
noBepxHocTbio 3emMnnm 170 KM. BbicoTa anoresa cootBeTcTBeHHO 1100 KM.
Bcnencteue 00OBOMIbLHO HU3KOW BbICOThI Nepures, rae, XoTs U HesHa4YnTesbHo,
CyLLEeCTBYeT ConpoTuBIIeHNE aTMOCHeEpPbl, CNYTHUK B KOHLE KOHLIOB ynaaeT Ha
3emJto, HO 0o 3Toro oH coBepwuT 6onee 300 obopoToB, T.e. byaeT obpallaTbCs
BOKpYr 3emnum bonee yem 20 cyT.

Mepunon obpaiweHnsa Bokpyr 3emam 1 4ac 37 MuH. 3a 24 4 cNyTHUK genaet 15
060poTOB, KaxxAbll pa3 cMeLlasnch No Aoarote Ha 24,4° K 3anagy. lNytem
YMEHbLIEHNA Beca CNyTHUKa MOXKHO YBENNYUTb BbICOTY NMepurest U TeM cambiM
yBeMYNTb NPOAO/IKUTENBbHOCTL BpeMeHn obpaleHnsa cnyTHUKa Bokpyr 3emaun. Ha
3TOM BOMpOCe Mbl OCTaHOBUMCS, Korga byaem roBopuTb O BeCe CMYTHUKA.

MecTo cTapTa 1 HanpasJsieHne NyCcKa pakeTbl (a3uMyT) BbibpaHbl TakuMm obpasom,
4TObbI K €e cCKopoCTn AobaBmnack BO3MOXKHO 60ibLUasd COCTaBAAIOLLLAA OKPYXKHON
ckopocTn 3eman (v=200 M/c) n B TO e BpeMs 4ToObl MONET CNYTHUKA BO3MOXXHO
fbonbllee BpeMs NPOXOAUS Haf Halwen Tepputopuen. MNMocnegHee aBnseTcs
rnaBHbIM. 3a Ka)KAble CYTKM CNYTHUK B Te4eHne 16 4 gecaTb pa3 NpoxoaunT Hag
Hallen TeppuTOopuein. B 3To BpeMsa OCyLeCcTBAAETCSA pagmMonpmuemM pasnmyHbixX
OaHHbIX CO CNYTHMKA. B MOMeHT BbIxoAa Ha opbuTy wnpoTa nepured 50°, nonrota
45°, az3nmyT opbunTbl B Nnepuree 35°. Mpn 3ToM HakIoOHeHNE opbuTkl 68°. Mpn 3TOM



CNYTHUK ByOeT nogHMMaTbCA NPUBAN3NTENBHO 40 NOJISPHOrO Kpyra n HENpPEepPbLIBHO
HAaXOAUTbLCSA Haj Hallen TeppUTopueln MakCMMyMm B TedeHne 15 MuH 3a Bpems
ogHoro obopoTa.

Mpn HapgnexalweMm Bbibope MOMeHTa BpeMeHUn nycka opbuta moxeT 6biTh
ocyLecTBeHa TakK, 4Tobbl ee MNAOCKOCTb Oblla NeprneHanKyASapHON K HanpaBieHNo
Ha ConHue. B 3ToM ciiyyae nepBble BOCEMb CYTOK obpauweHna ConHue byaeTt
HernpepbIBHO OCBelaTb CNYTHUKK, T.e. nocnenHnn bygeT obpawaTtbcs, He
NOrpy>ascb B 3€MHYIO TEHb.

CKOpPOCTb OTHOCUTESIbHO LleHTpa 3eMnun B nepuree pasHa 8,07 km/c. CKOpOCTb B
anoree 7,050 km/c. 9kcueHTpucuTeT opbuThl - 0,067.

CMelleHue nepures 3a ognH obopoT BCAeacTBue ananmnTuyHoctn 3emnum 4,35' (Ha
loro-3anapg), T.e. MPMMEPHO 3a CyTKM - 1°. MakCuMasibHOE N3MEHEHMNE HaKJIOHEHUS
opbuTbl OT HaYaslbHOr0 3Ha4YeHMsA MeHble *+ 2,55'.

Houblo cNyTHMK ByaeT BuAeH, ecim oH HaxoasTca B ydax ConHuUa, Kak 3Be3da oT —
1,75 0o 9 BeNMYNHbI B 32aBUCMMOCTW OT 3€HUTHOIO PacCcTOosHUS, MecTa HabnoaeHus
1 nosoxxeHus ero (anbbepo 0,6-0,2).

MakcuManbHasa neperpys3ka Ha akTUBHOM y4yacTke okosio 11.

MpocTenwnii CNyTHUK NpefiHa3HavYaeTCs O MoJlyYeHUs CUCTEMAaTUHYECKMX HayYHbIX
DaHHbIX, U3YyYeHNs YCN0BUIA PaINOCBA3UN, N3YHEHUS MOBEAEHUS XXUBOTHbLIX B
YCJIOBUSIX €ro roJieTa 1 rnojlyYeHusa psna fAaHHbIX, HE06X0AUMbIX A58 NoC/enyoLlero
NPOEKTUPOBAHUS CNYTHUKA C SO AbMU.

Cnyck npocTenwero cnyTHMKA Ha 3eMJo BpsSg I MOXeT BbiTb ocyllecTBseH 6e3
pa3pyLUeHNs ero MaTepuasbHOM YacTu. Mo3TOMY CYATAJIOCh, YTO OH Ha 3eMJII0 He
CNyCKaeTCa U INKBUANPYETCSA B HY>KHbIA MOMEHT BPEMEHU.

OpOHaKo AN COXpaHeHMs pAda NoslydeHHbIX HayYHbIX AaHHbIX, KOTOPble HEBO3MOXXHO
nepepnaTb Mo paano Ha 3eMito, Heob6xoaMMO B KOHCTPYKLUM CYTHUKa
npeayCcMOTPETb CNeLManbHy0 KacceTy, KoTopas Morsa 6bl 6bITb CnaceHa v B
KOTOPOM coxpaHuiacb bbl NepBnYHaa Hay4YHasa AOKyMeHTaums. MoryT 6biTb
OpPVEHTUPOBOYHO YKa3aHbl C/ieayloLme BO3MOXHble crocobbl Bbibpoca un
nocnenyowero obHapy>KeHns Takon KacceTbl:

1) B cnyyae, ecnm CnyTHUK OPUEHTUPOBAH OTHOCUTENIbHO 3eMM Takum obpasom,
4YTO ero oCb COBMaZlaeT C KacaTeslbHON K opbuTe, KacceTa MoXXeT BbITb AOCTaBNEHA
Ha 3eMJIlo Mo NpuHUMNY 6oMBoMeTaHNs CO CMYTHUKA B ONpefesieHHY0 TOYKY,
npuyem KacceTa TOPMO3UTCH C MOMOLLbIO PEaKTUBHOW CUJlbl. B clydae opueHTaumm
CNYTHMKA OTHOCUTEJ/IbHO 3BEe3[, MOMEHT BPEMEHU, B KOTOPLI Npon3BoamnTCca BbibGpoc,
[oJKeH BbITb NpeaBapuUTEIbHO PacCYMUTaH.

2) Bbibpoc kacceTbl MoXeT 6bITb NpoM3BeAeH Ha OAHOM 13 nocneaHux obopoTos
CNyTHWKA Nepen nageHnem Ha 3emto. [Jna 3Toro Heob6xoaAnMMo NpeaBapuTesbHO
OTOESINTb KAaCcCeTy OT CMyTHUKA 1 cCTabunnmsnpoBaTb ee 3a CYET adpoanHaAMUYECKMX
cu. 3aTeM NpuY NOMOLLLM PEaKTUBHOIMO MMMYJbCa, 4AaBAaEMOIr0 B HY>KHbIA MOMEHT C
Llenbto crnycka B ynobHoM MecTe, KacceTa Ao/KHa byneT nepenTtn Ha bonee KpyTyto
TPaeKTopuIo 1 ynacTb Ha 3eMJito

Ob6Hapy»xeHune KacceTbl MOXKeT BbITb BbIMOJIHEHO Pa3/INYHbIMKU criocobamu.
Hanpumep, nyTem npvemMa CUrHanoB OT paanonepenaTymka, BelbpackiBaeMoro
BMECTe C KacCeToW Wan, BO3MOXXHO, MyTEM NCMNOJIb30BaHNSA KaCCeTbI C
padnoaKTUBHOIO BELLLECTBA, NPUMEHSS CreunasibHble MHOMKaTopbl. MecTo nageHuns
MO>XXHO ByaeT 3aceyb, OPMEHTUPYACh MO MHTEHCUBHOCTU Paanon3nyvyeHuns ot



KaCCeThl.

Ha cnyTHMKe BO3MOXXHO MOMECTUTb TeNIEBU3NOHHYIO YCTaHOBKY A1 nepenayu
nokasaHunm npmbopos n apyrmux nsobpaxeHnin Ha 3eMnto. Bec Takon yCTaHOBKU MOT
6bl 66ITE NOpsagka 300 Kr.

MpocTenwnin CNyTHUK, ecnn He ByaeT NPUHATO HUKaAKUX Mep, ByneT Tesnom
HEOPUEHTUPOBAHHbLIM B MPOCTPAHCTBE. TaKOM HEOPUEHTUPOBAHHbLIN CMYTHUK AaeT
BO3MO>XHOCTb OCYLLLEeCTBUTb PAANOCBA3b C 3eMJiel 1 nepefady pafa HayyHbIX
JaHHbIX. ONnA pelleHns, oaHaKo, HEKOTOPbIX Hay4YHbIX Npobnem xenaTtenbHa
onpepeneHHas opueHTaumnsa CNyTHUKA. OTa 3afadva AOCTAaTO4YHO C/I0XKHA U B C/lyyae
HEBO3MOXXHOCTU BLICTPOro ee peLleHns NepBbIN CNYTHUK A0/KEH ObITb caenaH
HEOpPMEeHTUPOBaHHbLIM, TeM 6onee, 4TO MOMUMO HAY4YHOr0, MYCK MEePBOro CNyTHMKA B
Hallen cTpaHe ByaeT nMeTb TakXXe OrpoMHOe NoIMTUYECKOoe 3HaYeHue.

N3 paga BO3MOXXHbIX peLIJeHI/IIZ BOMpoCa opueHTaunm MoryT ObITb YKa3aHbl
cnepywouine.

1. B cnyyae opueHTaunumM OTHOCUTENbHO HEMOABVXXHbLIX 3BE€3[, Ha CMyTHUKE
HeobxoaumMo nMeTb OT 4 0o 6 TpyD, B NoJsie 3peHNSA KOTOPbLIX HAXOANINCHL Obl
3apaHee BblbpaHHble 3Be3abl. LLlecTb Tpyb COOTBETCTBYIOT CAaMOMY HEBbLIFOAHOMY
cnyyato. MNpu ynavyHoMm Beibope 3Be3[, HanpuMmep, ABe 3Be3/bl Y FOPU30HTa Brepeamn
CMYyTHWKA Ha YrJs0BOM paccTosHUM 60-120° 1, COOTBETCTBEHHO, ABe 3Be3bl C3a4u
Hero, BO3MOXXHO, yaacTcsa obonTunch 4eTbipbMs Tpybamn. Heobxognmo, 4TobbI
He3a[o0ro A0 OTAENIeHNs CNYTHUKA OT paeKThl, 3Be34bl Y>XKe HaxXoauanucb B nose
3peHunsa Tpy6. 3T0 MoxeT BbITb AOCTUMHYTO 3apaHee paccyuTaHHoW Tpy6. Mpu 3TOM
Ba>XKHO, 4TOObLI CNYTHUK 6blJ1 BbIMYLLEH B ONpeneneHHbIl MOMEHT BPEMEHU C
TOYHOCTbLIO XO0TA 6bl A0 1-2 MUH, Tak Kak 3a 3T0 BpeMs HebeCHbIN CBOA MOBepHETCSA
Bcero Ha 15 - 30'. NMone 3peHuns Tpyb A0>KHO ObITh MOpsiAKa HECKOJIbKUX Fpasycos,
YTO NPV AOCTATOYHO APKMX BbIBpaHHbIX 3Be3nax obecrnedynBaeT nonagaHne nx B
noJie 3peHnsa N UCKaK4YaeT BO3MOXKHOCTb MonajaHusa ApYrux SpKuUx 3eesf, KoTopble
Mornum 6ol HAPYLWMNTb OPUEHTUPOBKY. [BU)KEHME COBPEMEHHbLIX PAaKET Ha aKTUBHOM
yyYacTKe, C TOYKN 3PEHMNSA YII0BbIX OTK/IOHEHUN, MO3BONAET OCYLECTBUTb TaKylo
cucTemy.

CurHanbl OT )OTO3/IEMEHTOB, YCTAaHOB/IEHHbIX B Tpybax, nepepatoTcs Ha
ynpaBAsioLne opraHbl, KOTOPbIMM MOFYT BbITb UM Napora3oBas CUCTEMA Conesn B
Tpex NJ0CKOCTAX, NN CUCTEMA MAaxXOBMKOB. MocnefHsaa CMCTEMA UCK/I0YaeT pacxon
naporasa, Kpome, BO3MO>XXHO, Ha4asIbHOr0 y4acTKa opbuThbl, rae BO3MyLLEHUS
HanbonbLlme. Ha 3TOM y4yacTKe, Mo BCen BEpOATHOCTH, Heobxoammo byneT
NpPUMeHeHne NaporasoBoM CUCTEMbI.

MpHUWN OENCTBUNA CUCTEMbI C MaXxOBUKOM 3aKJilo4aeTcd B caepytowem. Mpn
BO34EMNCTBUN BHELIHEr0 BO3MYLLAKLWEro MOMEHTA Ha KOPMNyC CMYTHUKA HaCTponKa
Ha 3Be3ay TPybbl, XXeCTKOo CBA3aHHOW C KOpNycoMm, HapyliaeTcsa. B obMoTke poTopa
3JIEKTPOMOTOpPA, XXECTKO CBA3aHHOIM0 C MaxOBMKOM, BO3HMKAET TOK,
MPoONopLMNOHasIbHbIA Yy OTKJIOHEHNA Koprnyca 1 ero Nponu3BoAHbIM MO BPEMEHMN.
TaK Kak poTop HaxoOMTCA B MarHUTHOM MoJie cTaTopa, YCTaHOBJIEHHOIO
HenoABWXXHO Ha Kopnyce CNyTHMKa, TO BpalleHne poTopa Bbi3blBaeT obpaTHoe
BpalleHne Kopnyca CyTHMKa, KOTOpoe KOMMNEeHCUpyeT Bo3MYyLLaoLlee AeicTBue
BHeELIHero MoMeHTa. PacyeTbl MoKa3bIiBalOT, YTO NpPU CPeaHEN Yyr1I0BOM CKOPOCTU, HE
npesbllakoLen ogHoro obopoTa B MUHYTY, MPaKTUYeCKOe co34aHne TaKoN CUCTEMBbI
BO3MOXXHO, T.€. BO3MO)XHO MOracuTb AEACTBME BO3IMYLLEHUIA paHblUe, YeM 3Be3aa
BbINAET 13 Nons 3peHns Tpybbl. 3aMeTuM, 4TO NpPUN OBMXKEHNN CMYTHUKA Mo opbute
HeT OCHOBaHWA 0XXMAaTb NOSABJIEHNSA BO3MYLLEHN AaXXe YKa3aHHOro nopsaka[l].

2. B cnyyae opueHTauum otHocuTenbHo CosiHua Tpyba, )KeCcTKo CcBsi3aHHas Co
CNyTHMKOM, HanpasnseTcs Ha ConHue. MNMpu nonagaHum CNyTHUKa B Te€Hb 3eMaun
opueHTauunsa HapywaeTcs. No3ToMy Ha CnyTHMKe HeobxognMa yCTaHOBKa
crneuvansHoOM annapaTypbl, CHOBa HaBoasAwen Tpyby Ha ConHue, Nocsie TOro Kak oH


#_ftn0

BbINAET U3 TeHM 3eMnn. ITa annapaTypa MoXXeT bbITb pa3paboTaHa Ha NnpuHUnne
NCMoJIb30BaHUSA FMPOCKOMNOB, KOTOpble CTabunnsmposann 6bl CNyTHUK BO BPEMS
MPOXOXXAEHUS TEHN 3eMJIN NN NCMOJIb30BaHUS TOKa OT TepMO3JIeEMEHTOB. B
rnocsegHeM cnyyYyae MakCMMyM TOKa COBMadaeT C HanpasaeHneM Ha ConHue.
YnpasnswoLwmne opraHbl MOryT B6bITb YCTPOEHbLI TaK »Xe, KaK B NpeabliayLleM cryyae.
3aMeTuM, 4TO NpPU TaKo OpUEHTALMN He YCTPaHSAETCA BpalleHNe OTHOCUTESIbBHOOCH,
HanpaBnaeHHoW Ha ConHue.

3.B cnyd4ae opneHTaunn OTHOCUTENIbHO 3eMnm MoxeT bbITb npeannoxeH MeTon,
OCHOBAHHbIN Ha UCMNOJIb30BaHNN KaKon-nbo I/ICKyCCTBeHHOIZ BepTUKann. BepTukanb
MOXXeT bbITb CO30aHa npum nomMmoLwin:

a) OTO3/IEMEHTOB, HarNpPaBJIEHHbIX Ha JIMHNIO FOPU30HTA. POTOINEMEHTHI AOJIKHbI
6bITb HaMpaBJ/ieHbl Mo onpeaeneHHbIMY YyriamMmm U HaCTPOEeHbl Ha FOPU3OHT A0
oTAenNeHns CNyTHUKa OT pakeTbl. B CBA3U C MU3MeHEeHNEM BbICOThbI CIYTHUKA Npu ero
OBUXEHUN Mo 3IIMMTUYECKON opbuTe yribl MeXY OCblo CNYTHUKA, HanpaBeHHoW
Nno BEPTMKaIN, N 0CAMM (POTO3JIEMEHTOB A0J/IKHbI aBTOMAaTUYE€CKN MEHSATLCA AN
TOro, 4To6bl IMHNS FOPU30HTA He yXoaua U3 Nons 3peHns nocnegHux. NameHeHune
YrJIOB MOXKET NPOM3BOANTLCA MO CUrHaMlaM OT CaMUX POTO3/IEMEHTOB:

6) paanoBOJH (pagnoBepTuKab). PagnosepTukans BBUAY 60/bLIOro yaaneHus
CNyTHMKa OT 3eMJi1 1, CiefoBaTesIbHO, MaJiIoro BAMSHUS HEPOBHOCTEN penbeda,
6yneT A0CTaTOYHO TOYHOM. Co3aaHne paanoBepPTMKaAIN BO3MOXXHO B C/lyyae, ecim
YyAaCTCS NOJyYUTb Ha CMYTHUKE HEOBXOAMMbIE MOLLHOCTW 3JIEKTPOIHEPT NN,
Ynpasnstouwme opraHbl MOryT 6bITb YCTPOEHbI TAKUMU XXe, Kak 1 B NpeablAyLnX
clyyasx.

B) cneumMasibHblX NPMCNOCObaeHMA, NCMONb3YOLWMX CBOMCTBA MPAaBUTALMOHHOMO MOJIs
3emnun. He ocTaHaBAMBasiCb NoApo6HO Ha 3TOM Cilyyae, YKakeM Jinllb, 4TO, Kak
NnoKasblBaloT NpefBapuTesbHble NCCef0BaHUA, MPU AOCTAaTOYHO MasbiX
BO3MYLLEHNSX B KOHLLE aKTUBHOIO y4acTKa pakeTbl BO3MOXXHO AOCTAaTOYHO MPOCTO
OPMEHTMPOBATb CAYTHUK OTHOCUTEJIbHO 3EMJIN, UCMO/b3Yst HEOAHOPOAHOCTb MOJIs
3e@MHOro TAroTEeHUS.

KpoMe n3no)KeHHbIX CnocoboB opneHTaumm BO3MOXHbI Apyrue, 6onee
coBepLUeHHble, HO 1 6osiee CNoXXHbIe, Hanpumep, acTpoHaBuraunsa. Ho ans peweHus
psiga Hay4HbIX 3aa4 nepevyncrieHHble cnocobol, No-emanmomy, 6yayT
[OCTATOYHbIMN.

HakoHel, Heo6Xx0AMMO OCTAaHOBUTLCS Ha BOMPOCE PagnoCBa3M CO CMYTHUKOM. Tak
KaK HenocpeacTBeHHas CBsA3b OyAeT BO3MOXXHA TOJIbKO B npeaesiax npsiMon
BMOAUMOCTW, TO, NMPK YCIOBUWN PAcMoioXXeHUs 3-4 NpMHUMatoWmMx paanocTaHumii Ha
Hallen TeppuTOPUN B YMC/Ie B COCTAB paamnoannapaTypbl CNyTHUKA OO/KHO BXOAUTb
crneuyrasbHoe 3anoMuHatlolLee yCTponcTeo, paboTatollee, noka CNyTHUK byaeTt
HaXOAUTbCS MOA FrOPU3OHTOM. Torga NnosyyeHHble AaHHble Moriv 6bl O6bITb NepeaaHbl
BO BPEMS MPOXOXXAEHUS CNYTHUKA Haj Halleh TeppUTopmrENn.

YT0 KacaeTcs UCTOYHUKOB NUTAHUSA ON8 PaAVMOCTaHLUM Ha CNYyTHUKE, TO B CJIyYae,
€C/IN UMK SIBNIAIOTCSA aKKYMYATOPbI, X BEC MOXXET OblTb oLeHeH B 280 Kr Ha 6 Y4
HenpepbIBHON paboTbl. ECAN yaacTcs pewmnTb BONPOC O CO3AaHUM cneunanbHoro
NCTOYHMKA DJIEKTPOIHEPI UM Ha CaMOM CMYTHUKE, XOTS Bbl 3@ CHET UCMOJIb30BaHUS
3Heprumn CosiHLA, MOXXHO ByeT roBopuTb 0 KPYrJIoCyTOYHON paboTe paanocTaHLum
CNyTHUKa.

Ha ocHoBaHWM BCEro cka3zaHHOr0 MOXHO COCTaBUTb C/IeAYIOLLYI0 OPUEHTUPOBOYHYIO
BECOBYIO CBOAKY (B KI) Os18 npocTenwero cnyTHnka secom 3000 Kr.
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uooo



1. KOHCTPYKLUSA C YCTPONCTBOM A1 OPUEHTALMM CNYTHUKA
1300 00O
aooo

2. ICTOYHUKKN NUTaHns

oao
aooo

MpuMeHeHne akKyMynaTOPOB Ha 6 4. HermpepbiBHON paboTol

280 00
aooo

Ncnonb3oBaHus aHeprum ConHua (HanpruMmep, TEPMO3J/IEMEHTHI)
100 (00
Uood

3. CpeacTBa CBA3M C 3emnen:

oo
aoto

PaanocTaHLUMs C 3aMOMVHAIOLWLMM YCTPOWCTBOM
170 000
aooa

TeneycTtaHoBKa
300 00O
oo

KacceTa C yCTpONCTBOM /151 €e CryCKa Ha 3eMJIto

180 00O
aooo

4. Hay4Ho-nccriefoBaTesibCkas annapaTypa:

oo
aooo

Hay4Hasa annapaTypa
510-1250 [0
Uood

KWHOaMnMnapaT, NJeHKa, XNBOTHbIE

160 000

3Tn rpy3bl He BCe Cpa3y O0JIKHbI MOMeLWaTbCa Ha CnyTHMKe. Hanpumep, 6aTapes
AKKYMYNATOPOB MOXXET ObITb 3aMeHEHa TEPMO3JIEKTPNYECKON YCTaHOBKOM,
KMHOamnnapaT U XXNBOTHble MOryT BpaTbCA He B KaXKAbln noseT. [MoaToMy ans
Hay4HOW annapaTypbl MO3TOMY MOXeET ObiTb NCMOJIb30BaH pPa3an4HbIN BeC. Ecnn
pagnocTaHuuio Mbl 6epeM B Ka)KAbll NOJIET, TO Hay4YHasa annapaTypa MOXKET BECUTb
510 - 1070 Kkr npun yCnosun, 4To NCTOYHNUKOM MUTAHNA ABNSAIOTCA aKKYMYNSATOPbl U
870-1250 kr npu ycnosuu, 4To byaeT co3zgaH NCTOYHMK NMUTAHNA C UCMOJIb30BaHNEM
3Heprumn CosnHua.

B cny4ae, ecnu byneT xxenatenbHO YBENNYUTb BbICOTY NEpUres, To 3TO, KaK yxKe
YKa3blBaJl0Cb, BO3MO>XXHO HO 3a CYeT yMeHbLUeHNs Beca CNyTHUKa. Tak, npu sece
cnyTHUKa B 2000 Kr no pacyeTy nojly4aeTca MakCMMasbHO BO3MOXXHas, npu
MPUHATOM pakeTe, BbicoTa nepuresa 370 kM 1 BoicoTa anoresa 700 km (V= 7,78 km/c)
Mpwv YCN0BUN SKBUBANIEHTHOWM 3aMeHbl CHATOIO MOJIe3HOIr0 rpysa TOMJIMBOM, T.e. Mpu
yBenm4yeHun 6akoB NocseaHeN CTyneHn pakeTbl. [lyTEM yMeHbLUEHNA BeCa CNyTHUKA
6e3 nepenenkn 6akoB BbiCOTa Nnepurest MoXKeT ObliTb MoBbiWweHa Ao 310 KM, Npu 3TOM
BblCOTa anores 6ynet 400 KM.

Mpwn Bece cnyTHUKa B 2000 Kr, C y4eTOM TOro, 4TO CUJI0Bast KOHCTPYKLUSA MOXXeT



ObITb coenaHa nerve, BeCc Hay4YHon annapaTypbl 6yaeT 320 Kr Npu yCcsioBUK, 4TO
WCTOYHUK MUTaHUSA - aKKyMynaTopbl 1 500 Kr npy NCTOYHUKE NUTAHKUS,
ncnosb3yrowem sHepruto ConHua.

CnyTHUKN € TakuMmm opbutamm byayT obpalwiaTbCca BOKPYr 3eMnn He meHee 10 neT,
MocJie Yero oHK BCe Xe yrnagyT Ha 3eMJ1lo, TaK KakK conpoTuBieHne aTtMmocdepbl Ha
BbicoTe 300 KM, XOTSA U HUYTOXKHOE, HO CyLlecTBYeT.

MOJIET HENNOBEKA HA CYLLECTBYIOLLUNX PAKETAX

PaboTbl MO OCBOEHUIO YE€JIOBEKOM MOJIEeTa Ha pakKeTax MoryT UATW NMapaiiesibHoO C
paboTamu No NoAroToBKe MyckKa NpocTenllero cnyTHUKA. Llenbio 3Tnx paboT
ABNSETCA 03HAKOMJIEHNE YesIoBeKa C YCJIOBUSMU MoJieTa Ha pakeTax B BEPXHUX
cnosix aTMocdepsbl U BHe aTMocdepbl, 0COOEHHO B YC/IOBUSAX HEBECOMOCTN.

3Tn paboTbl A0JXKHbLI MPOBOAUTLCS MO CreunasbHON NporpaMme C NocTerneHHbIM
YCJIOXKHEHMEM 3a4a4y Kaxk[oro rnosieTa.

MporpamMmMa BCcex 3TUX OMbITOB A0JIKHA, MO HalleMy MHEHWUIO, BOMTN COCTaBHOMN
YacTblo B nporpammy paboTt Akagemumn Hayk CCCP no nycky pakeT. CHa4vana,
BO3MOXXHO, [0JIXKHbl C1ef0BaTb BEPTUKAJIbHbIE MOABEMbI YeNl0BeKa C Liesbio
npenBapuTesIbHOrO 3HaKOMCTBA C YCJIOBUAMU MNoJieTa Ha pakeTax, NMOTOM -NoJsieThbl C
BbIBOAOM U34E/NA Ha FOPU3OHTAJIbHbIA Y4aCTOK C NOCAeAYOLNM HAaKJIOHHbIM
OBV>KEHMEM K NOBEpPXHOCTWN 3eM/In N NiaHnpoBaHneM. B aTnx nocnenHmnx nonetax
BeJIN4NHA CKOPOCTU Ha FOPU3OHTaIbHOM y4YaCcTKe AO0J/IKHa NOCTENeHHO NOoBbILLATbLCA.

Mpn nogbeme YenoBeKa Ha pakeTax Hanbosiee CyLeCTBEHHbIM SBASETCS CHUXXEHMe
neperpysok 4o A0NYCTUMOWN BENNYUHBI. DTO MOXET BbITb AOCTUIHYTO NMyTEM
COOTBETCTBYIOLLEro ApPOCCeNPOBaHNS ABUraTenNs.

Mpwv NpoekTnpoBaHUn KabuHbl onsa yenoseka oJkeH 6bITb MCN0sb30BaH 6oraTbin
onbIT aBaulnn.

N3YYEHWNE METOLOB CIYCKA MNP CKOPOCTW BXOOA
B ATMOC®EPY NMOPAAKA 8 km/c

ITK paboThbl TakK)Xe MOryT NATW NapassieslbHO C CO34aHMNEM NPOCTENLLEro CNyTHUKA.
Llenbto 3Tux paboT asnaeTca pa3paboTka HeobxoOamMMbIX CpencTsB Crycka Ha 3eMto
Mpwu CKOPOCTK BXo4a B aTMocdepy A0 8 kM/c. be3 coMHeHunsd, pa3paboTka 3Tux
CpencTB MOXET BObiTb HavYaTa C U3YHYEHMSA CAYCKa NPU MeHbLUNX CKOPOCTSAX, C UX
rnocaenyouwmMm nocTeneHHbIM NoBbILLEHNEM.

Mpobnema cnycka, cobcTBEHHO roBops, aaseTcs npobnemon nam cnycka co
CNYTHWKA WM CNYCKa CaMoro CNyTHUKa Ha 3eMJII0.

3amMeTumMm, 4TO 3TO 3a4a4v4a MoxeT BbIThb peLleHa elle A0 Toro, Kak byaeT cos3faH
CMYTHUK, KOJIb CKOPO BO3MOXXHO MOJTYYNTb PakeTy CO CKOPOCTbio nopaaka 7 Km/c. B
3TOM CJly4ae NporpaMMa aKTUBHOMO y4aCcTKa A0J/KHa ObiTb BbibpaHa Taknum
obpa3oM, 4Tobbl NoCne OKOHYaHMSA paboThbl ABUraTeNs BbICOTA U YroJl HAaKJ/IOHa
TpaeKkTopun AaBajiv BO3MOXXHOCTb Ha4yaTb Cpa3y CNYyCK, HE BbIX0AA Ha
annaunTnyYeckyto opbuTy. MNMpun cnycke Ha 3emMio paunoHalbHO NUCMNOJIb30BaTh
TOPMO>XeHMe B aTMocdepe ona Toro, 4Tobbl NogonTm K 3emne ¢ 6e3onacHoO Masion
CKOpPOCTbI0.

Yron Bxoga B aTMocdepy, U3 ycnosum 6esonacHoro cnycka, cimtas BblcoTy 80 KM
MPaKTUYEeCKON rpaHuLEen aTtMocdepsbl, XKenaTesibHO UMeTb B npedenax ot 0° go 4°,
4YTO, KaK NOKa3bIBaAlOT pacyeThbl, BMOJIHE OCYLLECTBUMO.



Ins cnycka ¢ Mcnosb3oBaHMEM TOPMOXXEHUS B aTMocdepe MOXKHO HaMeTUTb ABa
cnocoba:

a) bannmcTmyeckuin cnyck, T.e. cnyck 6e3 y4acTna NogbeMHbIX a3pogNHaAMNYECKNX
cun;

6) cnyck Npy NOMOLLN KPbIJIbEB.

Mpwn 6ananMcTnyeckom cnycke annapaT uenecoobpa3Ho BbIMOMHATL B BUAE
CTaTUYeCKN YCTONYMBOro KOHYCK C yrioM pacTtBopa 90°. Takon KOHYC, NPy Hann4mm
OOMNONIHUTENbHbIX TOPMO3HbIX YCTPONCTB, ByaeT 3Ha4YnTEesIbHO TOPMO3UTLCS B
BEPXHUX CJ10a9X aTMocdepbl. Kak Noka3biBalOT OPUEHTUPOBOYHbIE pacyeThl,
paBHOBECHasi TeMnepaTypa NOBEPXHOCTN Koprnyca MoXKeT bbITb Nopsaaka
1000-2000°C. Npwn Takon TemnepaType BO3MOXKHO NPUMEHEHME 3aLLNTHbIX
TYronjiaBKUX NOKPbLITUN NN HAPY>XXHOIO OXJIa)KAEHNA NYTEM BMAPbICKa XUAKOI0
oxJslaanTensa 4yepes rnopbl B MaTepurane.

Mocne Toro, Kak CKOPOCTb ABMXXEHNSA CTaHEeT A03BYKOBOM, CMYCK NMPOM3BOANTCA C
rMomMoLblo NapawtoToB. MNpn 6annncTNYecKoM Crycke B 3HAYNTESIbHOW CTENEHU
yrnpoLwiaeTcs yrnpasJsieHne rnoaeToM, 4To ABAAEeTCA NpenMyLLecTBOM 3TOro MeToga no
CPaBHEHUIO CO CMYCKOM Ha Kpblnbax. OaHako npu 6anncTnYeckom Criycke TpyaHo
obecne4ynTb [OCTAaTOYHO Masible, LONYCTUMbIE A5 YEJIOBEYECKOrO OpraHm3Mma,
neperpysku. MpnbanmxeHHble pacyeTbl MOKa3bIBalOT, YTO B Te4eHne 1 MUH Ha NuoTa
MOryT 0EeNCTBOBaTb Neperpys3kun cebille 5. MakcumManbHble Neperpyskn MoryT
noxoauTb Ao 7-10. MyTem NpMMeHeHNsA perynpyemMbiX TOPMO3HbIX YCTPOWCTB,
BEPOSATHO, MOXXHO ByaeT CHU3UTb MaKCMMasibHble Neperpyskun 4o 5-6.

WccnepnosaHme BToporo cnocoba, T.e. CNycka Ha KpbibSX, NOKasasno, 4To npu
Harpyske Ha Kpbiao 150-200 kr/M2, KoagpuumeHTe nogbeMHon cunesl Cy = 0,05-0,07
1 NosIHOM NT060BOM COMPOTUBJIEHNN annapaTa NpMMepHOo B 5 pa3 bonblieM, 4YeM
conpoTuBieHne camoneTa-ncTpebntens, MoOXXHO nyTem LesnecoobpasHoro sbibopa
pexuma cnycka (no a) obecne4ynTb oceBble Neperpy3kn MeHblle 3. Mpu 3Tom
HOpMaJibHble Meperpyskun He npesbiwatoT 1,5. BBMAy Harpesa, Koprnyca CryTHMKa
npu OBMXEHUN C 60NbLIMMKU CKOPOCTAMKU B aTMoCdepe, NpUAeTCs NMPUMEHSATb
cneumnanbHble Mepbl 3alLUThl, XOTS, KaK NOKa3blBalOT pacyeThbl, TeMnepaTypa
MOBEPXHOCTU CNycCKalLlerocs annapaTa, B 3TOM ciy4ae nosiydaeTtcsa Ha 800°-1500°C
HUXKe, 4eM npu cnycke 6e3 KpblibeB, TakK Kak NosieT coBepLuaeTcs no 6onee nonoromn
KPMBOW. 3aecb MOryT ObiTb HAMEYeHbl T€ XXe, YTO 1 ANa 6aNINCTUYECKOro Cnycka,
MeToAa 3alNTbl- MPUMEHEHWE TYronJjaBkux MaTepPMasioB UIN Hapy>XHOe
oxNla)KgeHne nyTem BNpbICKa OxJlagnTensa Yepes nopbl B MaTepuase n ncnapeHns
€ro Ha NOBEpPXHOCTU annapaTa. PacyeTbl, NpoBefeHHbIE MO cneunasbHO
pa3paboTaHHOMY MeTOAY, MOoKa3aan, 4TO HeobxognMble 3anackl oxJaanTens (BoAabl),
cocTtasnsaT Bcero 0,3 Kr Ha 1M2 Ha 1 MUH nonieTa. Mo pac4eTy NPOAOSIKUTENBHOCTb
0ENCTBUSA BbICOKMX TeMMepaTyp Ha annapaT nopsaka 8 MUH.

Takne cpaBHUTENBLHO JIErKne yCcaoBusA Crnycka nonyyYmnanck bnarogaps ManbiM yriam
BXOOa B aTMochepy n, cneposaTtesibHO, NPOAOCJIXNTENIbHOMY TOPMO>XXEHNIO B
BEPXHUX CNosiX aTMocdepsbl. Ecnm 6bl yron Bxoaga cocTasnsn, Hanpumep, 20°,
TemnepaTypbl MOBEPXHOCTK anmnapaTa NoJy4Ynncb 3Ha4nTeNbHO BoNbLLINMMN.

Bbiwe 6b1710 0TMEeYeHo, 4To pa3paboTKka METOA0B CryCcKa MOXKET bbITb HavyaTa yxxe
Mpn NCMoJIb30BaHMKM annapaToB, UMEKLLMNX CKOPOCTU 3HAYNTESIbHO MeHbLUe 8 KM/C.
Ha HavYanbHOM 3Tane paboT MoryT 6bITb MCNOJIb30BaHblI PAaKeTbl MMEOLLIME CKOPOCTU
nopsaka 3—3,5 KMm/cek.

Takum obpasom, 6e3 COMHEHUs, UMETCS TEXHUYECKNE BO3MOXXHOCTY OIS
YCMELIHOro pelleHns 04HON U3 CaMbIX TPYAHbIX MpobaeM co3naHns CrnyTHUKa-
npobniiemMbl cnycka YenoBeka ¢ opbuTkl Ha 3eMiio.



BO3MOXXHbIE MEPCMEKTMBbI AANBHENLLNX PABOT

1. OKCnepuMeHTaNbHbIA COYTHUK C NtoabMU. B pe3ynbTaTe BbINOJIHEHUS NEPBOro
3Tana, 0 KOTOPOM Mbl FOBOPUJIN, CTAaHET BO3MOXKHbLIM MPUCTYMNUTb K OCYLLLECTBJIEHMIO
3KCMepMMEHTaNbHOIro CNyTHUKa C toabMU. B HacTosLlee BpeMsA Mbl pacCMaTpuBaeM
TaKoWM CNYTHUK KakK MepcrnekTuBY, 1 MO3TOMY NporpaMma nepBoro 3Tana, B
N3BECTHOW Mepe, OO0J/IKHA CTPOUTLCS C y4eToM 3Toln paboTshl.

Moa akcnepuMeHTasIbHbIM CMYTHUKOM NOHUMAaeTCs CAYTHUK, pacCYMTaHHbIA Ha
npebbiBaHne 1-2 4enoBeK Ha Kpyroeon opbuTe B NPOLAO/IKEHNE HECKONIBKNX
MecsLueB. Bbixoa Ha KpyroByto opbuTy A0/KEH NPON3BOANTLCA MO MeToAy,
YKa3aHHOMY Bbllle, T.€. C JOXKWUTIaHneM TOlMnJinBa B arnoree nepexogHoro anaunca.
DKCNepuMeHTaIbHbIA CNYTHUK O0J/HKeH ObiTb CHab>XeH yCcTpoicTBaMn s
6e3onacHoro Bo3BpalleHus naen Ha 3emMslo. 3aja4yaMmn 3TOro CNyTHUKA ABASIOTCA
N3y4YeHune yCA0BUN ANNTENbHOMO CYLWECTBOBAHMSA NOAEN HA HEM,
3KCNepuMeHTaNbHOE pelleHne psaa npobnem CnyTHUKA — CTaHUWN, HayYHble
nccnepoBaHua v T.4.

He ocTaHaBnuBasacb Ha npobsiemax, pelleHne KoTopbix HeobxoanMmo ans
peanunsaunm sKCnepuMeHTa bHOro CNyTHMKA, 3aMeTUM, YTO 3Ha4YUTEeNIbHas YacTb UX
byneT pewleHa B NepBoM 3Tane, T.e. MPU OCYLLECTBEHUN NPOCTENLLEro CNYTHUKA U
OCBOEHWNM YeJIOBEKOM MOJIETOB Ha pakeTax, a 0OCTaslbHble, Kak NokKa3asnaun
npenBapuTesibHble NCCNenoBaHuns, MOryT BbITb pelleHbl Ha 6a3e coBpeMeHHOoM
TexHUKN.Taknm obpasoM, co3faHNe 3KCNepPMMEHTasNIbHOINo CMyTHUKa C loAbMI
BO3MO>XHO Ha 6a3e pa3pabaTbiBaeMbIX paKeT.

2. CNyTHUK-CTaHLUMA. 3a4a4a CO3[aHNsS CNYTHMKa—CTaHLUUM MOXET bbIThb
NOCTaBJIEHa PeasibHO TOJIbKO NOCJ/Ie OCYLLECTB/IEHNSA SKCNEPUMEHTAJIbHOIro CNyTHUKA
C NoOAbMU N OCBOEHUSA MOJIETOB U XXU3HN Ha HEM, BKJII0YAA NMOABEM, CMYCK U
yrpaBJ/ieHne CMyTHUKOM.

Tak Kak B HacTosllee BpeMs He MOXXeT BbITb yKa3aH pauuoHasbHbIA cnocob
nogbemMa N3roTOBJIEHHOINO Ha 3eMie CMyTHUKa—CTaHUMM Ha Kakyt-nmbo opbuTy, To
0CTaeTCs TOJIbKO MeTo NOCTPOEHNS Takon CTaHUMM HENOCPEACTBEHHO Ha
BbibpaHHOM opbuTe. Mo3ToMy BakHenwen npobnemMon CTaHOBUTCS OCyLLEeCTBIeHNEe
BCTPEYM ManblX CNYTHUKOB, TUMNA 3KCNEPUMEHTANIbHOr0, 0 KOTOPOM LLJ1a peyb,
Mexxay coboi B MpoCTpaHCTBe BHe 3eM/n Ha opbuTe, BbibpaHHOW ona
CnyTHUKa—cTaHuuun. Konb ckopo 3Ta npobniema byaeT peweHa, NOCTPONKa CTaHLUK
CTAHOBMTCSH YNCTO NHXKEHEPHON NpobsieMon, KOTOPYIO Mbl B HAacTosALWEeM AoKJagne
pa3BuBaTb He byaem.

3. Mpobnema pocTmxxeHmsa JlyHbl. KpaTKO oCTaHOBMMCS Ha npobaemMe OOCTUXKEHNS
JlyHbl B 6nvxkanwem 6yayuiem. 3agady NoCTaBMM TakK: KakKMM OOJKHO BbITb pakeTa,
4TOObl B KOHLIE aKTUBHOIO y4yacTKa bblla noslydeHa CKopocTb 11,2 KM/cex,
0OCTaTO4YHasa AN AOCTUKeHNa opbuTbl JlyHbl, C YC/IOBUEM NN NALEHNA HA HEE UK
obneTa BOKpYr Hee C BO3MOXXHbIM BO3BpaLleHNEM Ha 3eMto. B mocnegHem cnyyae
rnocagka Ha 3eMJil0 COBEPLUAETCA UCKJIKYUTESIbHO 3a CHET TOPMOXKEHUSA B
aTMmocdepe. NonesHbin rpys npyumem B 1,5 T.

MpoaenaHHble pacyeTbl MOKa3bIBAlOT, YTO €C/IN MOABEM TaKOro pakeThl byaeT
coBepLUaTbCA C MOBEPXHOCTMN 3eMJn, TO OHa AO0J/KHA BbITb TpexcTyneH4YaTon Tmna
«MnakeT», 1, B Cly4ae NpUMEHEHNs ABUraTenen c yaensHom Tarom B nyctoTe 310,
bynet BecuTb 650 T. Ecnn yaenbHas Tara 6yaeTt nosbiweHa 0o 400 ¢, To Bec
yMeHbLlaeTcs A0 250 T n pakeTa MoXeT ObITb ABYXCTYNEeHYaToM.

Ecnn ke nogbem pakeTa byaeT coBeplIaTbCS CO CAYTHUKA—CTaHLUMKN, O KOTOPOW
rOBOPMIOCH BbilLE, N HA KOTOPOW pakeTa A0/HKHO bbiTb cobpaHa n obecneveHa
TOMJINBOM, TO €€ Bec, Npu yaenbHol Tsare asuraTtena B 310 6yaeT Bcero 5 7.



Mpwn B371€eTe Co CNyTHUKa—CTaHUUN pakeTa, NnpefgHasHadYeHHoe s nocagku na JiyHy
1 BO3BpalleHUs Ha 3emsio, byaeT umeTb Bec nopsaka 100 T (npu yaenbHoOW Tare
310 c n TOM XKe Bece Moae3Horo rpysa). MexxnnaHeTHble NoJSIeTbl CTAHOBATCSA
peasibHbIMW N BO3MOXXHOCTb MX OCYLLECTBAEHNSA MOXKET 3HAYUTENIbHO NPUBAN3NTLCA.

3AKJTIOYEHNE

Kak y>ke yKa3blBanoCb, MyTW peanunsaunm nepsoro atana paboT, BKAOYaOLWeEro B
cebs npobnemy npocTenero CNyTHMKa, B HacTosALWee BpeMsl npenesibHO ACHbI.
Takum 06pa3oM, MOXKHO FrOBOPUTbL O CO3JaHUN TEXHNYECKOro NpoeKTa npocTenLero
CnyTHUKa. B cnyyae, ecnu paboTa B 3TOM HanpasfieHun byneT HavyaTa HEMEANEHHO,
CO34aHNe NpoCTenLero CNyTHUKa MOXXeT BbiTb OCyW,ecTBNEHO B BanKanee BpeMs.

Y10 Ke KacaeTcsa npobsieMbl 0CBOEHUS YENIOBEKOM TEXHUKW MOJIETOB Ha pakeTax,
KOTopas TakXe A0JKHa ObiTb BKJ/IlOYEHA B MEPBLIN 3Tar, TO OHA MOXeT
NMPOBOANTBLCA Ha CYLLECTBYIOLWMNX pakeT. NpoekTHble paboTbl MOryT OblTb HA4YaThl U
nposefeHbl NPUbN3NTENbHO NapasiiesbHo C PaboTol Mo OCYLLECTBJIEHMIO
CNyTHUKa.

Hay4yHoe 3Ha4YeHune npocTenero cCNnyTHMKa 3eMan Heocnopumo. Llenbin psaa
oTpacnen Haykn byaeT 3anMHTepecoBaH B npobaemMe co3faHnUsa Takoro CrnyTHUKaA.

®dun3rKa Noy4YnT BO3MOXXHOCTb 6osiee rnybokoro nsydeHuns npupoabl KOCMUYECKOr0
N3Jly4eHUs, Hanpumep NPOA0/HKUTENIbHOMO 3KCNOHNPOBAHMS NMACTUHOK C LEeSblo
n3yyeHns Hambonee CUNbHbLIX KOMMNOHEHTOB KOCMUYECKUX NyYeit; N3y4yeHuns
KOCMUWYECKOro U3Jly4yeHUs B OTCYTCTBUM aTMOCKhEpPbl B 3aBUCMMOCTM OT paaunaunm
CosHU@; U3yYeHUst KOCMUYECKUX JIyYel 3a AnmMTesibHoe (nopsaka Heaesb) BpeMs,
Kak B TeHW 3emnun, Tak 1 B ydax ConHua.

CTaHeT BO3MO>XXHOW NMOCTaHOBKaA pAOa ONbITOB MO NMPOBEPKeE TeOPUn
OTHOCUTENIbHOCTW.

®dun3mka aTMocepbl NONYYUT 6OsbLIME BO3MOXHOCTY A1 U3YyYEeHUS CTPOEHUS
aTMocdepbl 1, 0cobeHHO, ee BepXHen YacTu — noHocdepsl.

CnenyeT OTMETUTb, YTO U3yYeHNe NOHOCHEPbLI C MOMOLLbIO CNYTHMKA ByaeT nMeTh
6o/blIOE 3HAYEHWEe 018 PaANOTEXHUKMW, HAaNnpuMep, C TOYKa 3peHUs n3nyyeHus
pacnpocTpaHeHns paanoBoOJIH B aTMocdepe.

N3y4yeHne aTMocepHbIX SIBJIEHNIA C MOMOLLIbIO CMYTHUKA OTKPOET HOBbIE
BO3MO>XHOCTM Nepej MeTeoposiormei, HanpruMep, BO3MOXXHOCTb € IMHOBPEMEHHOI0
NoJlyYeHUst pasfINYHbIX AaHHbIX C 60bLUMX NPOCTPAHCTB 3eMJIN.

Feomsnka cMoxeT Bosee NoSHO N3YYNTb SHEpPreTU4eckuii banaHc 3eMnu, a Takxe
ee rpaBUTaLMOHHOE U MarHUTHOE Mons.

BosblIne nepcnekTrBbl OTKPOOTCA Nepes acTpoHoMmumeln 6narogapsa oTCyTCTBUIO
aTMocMepbl U CBA3aHHbLIX C HEKO NoMeX. Hanpumep, cTaHeT BO3MOXXHbIM HabnogeHne
n 6onee nonHoe nsyyeHve pagmaunm ConHua, CNeKTpPoB 3Be3[, B 0CO6EHHOCTM nX
YyNbTPadUONETOBbIX KOHLOB, aTMOCep NJaHeT, N3Jly4eHUin MMPOBOIro NPOCTPaHCTBA
nT. A.

bBe3 coMHeHus, n B apyrnx o61acTsx Hayku MoryT 6biTb yKasaHbl npobiemsl,
peLleHmne KoTopblx ByaeT ycrnelHo NpoABMHYTO B pe3yJsibTaTe CO3A4aHnsa CNyTHUKA.



HeobxoANMO OTMETUTb, YTO B HAaCTOsLLLEE BPEMS HEBO3MOXXHO AaTb CKOJIbKO-HNOYOb
NOJIHbIN NepeYveHb npobsiemM, KoTopble MOryT OblTb peLleHbl C MOMOLLbIO CAYTHUKA,
TaK Kak ero cosgaHve BBOAUT HaC B COBEPLUEHHO HOBYIO, HENCCIEA0BAHHYIO
obnactb. HeCoMHEHHO, 0HaKO, YTO CO3aHne CNyTHMKA OTKpoeT bonblune
nepcnekTUBbI AJ15 pa3/inyHbiX obnacTen HayKn, U yXxKe nepsble NMosieTbl MOryT
NPUBECTUN K psiAy HOBbIX OTKPbLITUA.

Hayu4Hble 3aga4ym CNyTHMKa OOJKHbI ObiTb KOHKPETU3MPOBaHbl AKafeMnen Hayk
CCCP B camoMm bamxanwem bygyuwiem. Akagemmen Hayk goskHbl BbiTb Takxe
HaMe4yeH CoCTaB Tex NpnbopoB, KOTOPbLIMK CleayeT obopyaoBaTb CAYTHUK.

YKa)KeM, 4TO UCKYCCTBEHHbIN CNYTHUK 3eMJIN MOXXET MMeTb N 060POHHOE 3HaYeHMne,
nprv4em nocnegHee byneT MoBbILWLATHCA C MOCTENEHHbLIM NPOrPeccoOM TEXHUKU
NOCTPOEHUSA TaKUX MalUMH N peann3aunen NepcnekTus, 0 KOTOPbIX KPaTKO
roBOPUSIOCh.

[1] OrpaHnyeHne B BeNYMHE CpeAHe yrioBO CKOPOCTU CBA3AaHO C TPYAHOCTbIO
Nnoay4YeHnst NCTOYHUKOB

60/1bLLIOM MOLLHOCTU Ha CNyTHUKE
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Memorandum ON an artificial earth satellite

At the present time there are realistic technical possibilities of achieving speeds with
the aid of the article R,[1] sufficient to create an artificial earth satellite. The most
realistic and achievable in the shortest period is the creation of an artificial Earth
satellite in the form of an automated device which would be supplied with scientific
apparatus, have radio communications with the Earth, and circle around the Earth at
a distance of about 170-1100 km from its surface. We will call such a device the
simplest satellite.

The simplest satellite is imagined as an apparatus without people, moving in an
elliptical orbit and intended for scientific purposes. The weight of such a satellite
might be on the order of two or three tons, taking into account the scientific
apparatus. As will be evident from the following, at the present time the ways to
realize the simplest satellite are fundamentally clear. Without doubt, several
questions will require further research, but in any event one can speak of the creation
of a technical design of the simplest satellite. The timeframe for accomplishing it
depends exclusively on the time to create the article R with the aid of which it is
possible to obtain the necessary speed. The design of the satellite can go in parallel
with the creation of such an article R. In the event work is done immediately in this
direction, the creation of the simplest satellite can be done in the near future.

However, based on the same article R, it is possible, as calculations have shown, to
create an entire program of work gradually bringing us close to the creation of an
artificial Earth satellite considerably more improved than the simplest satellite, one
on which people could exist.

Briefly put, this work program could be as follows.

The first stage of the work should be the simplest satellite indicated above. Along
with the simplest satellite the same stage of work should include human mastery of
the technique of flying the article R and the development of methods of safely
descending from a satellite to Earth. We note that the practical development of these
methods is possible, even up to and including the realization of satellites with people,
as will be evident from the following.

Thus, by the inclusion of human flight in rockets in the initial stage of work, also of
the study and development of methods of safe descent, a natural transition is
achieved from the simplest satellite to a small experimental satellite with people,
accounting for a long stay of one or two people in a circular orbit.

Along with the scientific tasks on this satellite, the conditions of the prolonged
existence of people in conditions of weightlessness should be studied and the
question of the creation of a satellite-station, the furthest stage of work in this
direction, should be experimentally solved.

A satellite-station should be sufficiently large, have its own power plants and various
equipment, and conditions should be created in it which are necessary for the
existence of people, that is, the questions of air supply, food, etc. are solved and,
possibly, a minimal force of gravity created. Such a satellite should have more or less
regular communication with the Earth's surface.
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The importance of such a satellite is hard to overestimate. It might be a laboratory for
an entire series of scientific research, and have enormous economic importance, for
example, [and] permit the observation of processes occurring on the Earth for a long
time, etc. Finally, it might be a jump-off station for research of the Moon and other
planets.

The work stages we have explained so far will be examined in more detail later. In the
meantime, the main attention is devoted to the first stage of work, the simplest
satellite and flights of humans on the article R.

THE simpleST satellite

The simplest automated satellite can be viewed as the first stage in the creation of
more improved and complex satellites. In fact, the simplest satellite is imagined as an
apparatus without people, and as a result, a number of problems associated with the
need to lift a human to orbit are eliminated. In addition, the simplest satellite can
move in an elliptical orbit, the attainment of which is simpler than a circular one, and
is the most suitable for a satellite-station. It can be shown that to attain the
movement in circular orbits it is advisable to divide the acceleration phase of the
flight into two parts; when this is done the following is the most economical in the
sense of energy expenditure. The acceleration phase is chosen such that the velocity
vector of the rocket relative to the center of the Earth at the end of the first part of
the acceleration phase is perpendicular to the radius of the Earth. The magnitude of
the velocity after the end of operation of the engine should support movement of the
satellite along an ellipse with an apogee whose altitude is equal to the altitude of the
circular orbit. The perigee of this ellipse will coincide with the point at which the
operation of the engine ceases.

An additional afterburning is done at the apogee of this ellipse, after which the
satellite is launched into a circular orbit or into an orbit close to it.

In the case of the simplest satellite, if we omit the afterburning of fuel at the apogee
of the ellipse, we will need to determine fairly accurately the point of the apogee and
then the orientation of the satellite on this point. On doing so, we will then achieve
movement in an ellipse, which for a satellite with a circular orbit would be
transitional.

Calculations which have been made provide the following characteristics of an orbit of
such a satellite (Fig. 1).[2] These characteristics are obtained with a satellite weight
of 3000 kg, not counting the weight of the final stage of the article R, which can or
cannot be separated from the rocket. The height of the perigee over the Earth's
surface is 170 km. The height of the apogee is accordingly 1100 km. As a
consequence of the quite low height of the perigee where there is some atmospheric
resistance, although insignificant, the satellite finally falls to Earth, but before this it
makes more than 300 orbits, that is, it will rotate around the Earth for more than 20
days.

The period of rotation around the Earth is one hour and 37 minutes. In 24 hours the
satellite makes 15 rotations, each time moving 24.40 west in longitude. The height of
the perigee can be increased by reducing the weight of the satellite and thereby the
length of time the satellite rotates around the Earth is increased. We will dwell on this
question when we talk about the weight of the satellite.

The launch site and the direction of the article R's launch (azimuth) are chosen in
order to add to the speed of the article R the largest possible component of the
orbital velocity of the Earth (v=200 m/s), and at the same time for the flight of the
satellite to pass over our territory for a longer time. The latter is the main thing. Each
day the satellite, in the course of 16 hours, passes over our territory ten times.[3] The
radio reception of various data from the satellite is done at this time. At the moment
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of orbital insertion the latitude of the perigee is ~500, the longitude is ~450, and the
azimuth of the orbit at perigee is 350. When this is done the inclination of the orbit is
680. At the same time the satellite will be lifted to an approximately polar orbit and
be constantly over our territory for a maximum of 15 minutes per orbit.

With the proper choice of the launch time the orbit can be made such that its plane is
perpendicular to the direction to the Sun. In this event the Sun will constantly
illuminate the satellite for the first eight rotations, that is, the latter will rotate without
dropping into the Earth's shadow.

At perigee the velocity relative to the center of the Earth is V=8.07 km/sec. The
velocity at apogee is V=7.05 km/sec. The eccentricity of the orbit is 0.067.

The movement of the perigee in one rotation as a consequence of the elliptical nature
of the Earth is 4.35' (to the southwest), that is, about one degree per day. The
maximum change of the inclination of the orbit from the initial value is less than
+2.55".

The satellite will be visible at night if it is in the Sun's rays like a star of from -1.75 to
9 magnitude, depending on the colatitude, the place of observation, and its position
(with an albedo of 0.6 - 0.2).

The maximum G-force in the acceleration phase is about 11.

The simplest satellite is designed to obtain systematic scientific data, study the
conditions of radio communications, study the behavior of animals in its flight
conditions, and to acquire a host of data needed for subsequent planning of a
satellite with people.

The descent of the simplest satellite to Earth can hardly be done without destroying
its material. Therefore it was thought that it is not recovered to Earth and is
eliminated at the necessary moment.

However, to preserve the host of scientific data acquired which cannot be sent to
Earth by radio, it is necessary in the design of the satellite to provide for a special
cassette which could be saved and in which the primary scientific documentation
would be preserved. The following possible means of choosing and subsequent
detection of such a cassette can be approximately pointed out.

1. In the event that the satellite is oriented relative to the Earth such that its axis
coincides with the tangent to the orbit the cassette can be delivered to Earth on the
principle of bombing from the satellite to a designated point; however, the cassette is
braked with the aid of a reactive force. If the satellite is oriented in relation to the
stars, the moment at which the ejection occurs should be calculated in advance.

2. The ejection of the cassette can be done on one of the subsequent rotations of the
satellite before [its] fall to Earth. To do this it is necessary to separate the cassette
from the satellite in advance and stabilize it through aerodynamic forces. Then the
cassette should be switched to a steeper trajectory with the aid of a reactive impulse
given at the necessary moment in order to descend in a convenient place and fall to
Earth.

The detection of the cassette might be done by various methods. For example, by the
reception of signals from a radio transmitter ejected together with the cassette or
possibly by using a cassette with a radioactive substance employing special tracers.
The place of its descent might be located according to the intensity of the radio



signals from the cassette.

A television apparatus might be placed on the satellite to send instrument readings
and other images to Earth. The weight of such an apparatus might be on the order of
300 kag.

If no measures are adopted, the simplest satellite will be a body unoriented in space.
Such an unoriented satellite provides an opportunity to conduct radio
communications with the Earth and transmit a host of scientific data. However, an
orientation of the satellite is desirable to solve several scientific problems. This
problem is quite complex, and if it is impossible to solve quickly the first satellite
ought to be made unoriented, especially since, besides scientific [importance], the
launch of the first satellite will also have enormous political importance.

The following can be pointed out from among a number of possible solutions of the
orientation problem.

1. In the event of orientation with respect to fixed stars, it is necessary to have from
four to six telescopes [truby] on the satellite which would have previously-chosen
stars in the field of view. Six telescopes would be necessary only in the most
disadvantageous case. If there is a successful choice of stars, for example, two stars
on the horizon ahead of the satellite at an angular distance of 60-1200, and
accordingly two stars behind it, one can possibly get by with four telescopes. It is
necessary that the stars be in the field of view of the telescopes not long before the
satellite separates from the article R. This can be achieved by a previously calculated
installation of the telescopes. When this is done it is important that the satellite be
launched at a certain time with an accuracy of at least one to two minutes, since
during this time the firmament turns a total of 15-30'. The telescopes' field of view
should be on the order of several degrees, which with stars chosen which are
sufficiently bright, it ensures they fall within the field of view and exclude the
possibility of other bright stars falling [within the field of view], which would disrupt
the orientation. From the point of view of angular deviations the movement of
modern article R in the acceleration phase allows such a system to be accomplished.

Signals from photoelectric cells installed in the telescopes are sent to controls, either
a steam-and-gas system of nozzles in three planes or a system of flywheels (Fig. 2).

[4] The latter system excludes the expenditure of steam-and-gas, except the initial
phase of the orbit, where the perturbations are the greatest. In all probability it is
necessary to use a steam-and-gas system in this phase.

The principle of operation of a system with a flywheel is as follows. When there is an
external destabilizing moment on the body of the satellite the synchronization of the
telescope to the star firmly connected with the housing is disrupted. A current arises
In the winding of the rotor of the electric motor firmly connected to the flywheel
proportional to the angle of inclination of the body and its time derivative. Since the
rotor is in the magnetic field of the stator installed on the satellite housing in a
stationary manner, then the rotation of the rotor causes a retrograde rotation of the
satellite housing which compensates for the disturbing action of the destabilizing
moment. Calculations show that the practical creation of such a system is possible
with an average angular velocity not exceeding one rotation per minute, that is, it is
possible to cancel the effect of the destabilization before the star leaves the
telescope's field of view. We note that while the satellite is moving along [its] orbit
there are no grounds to expect the appearance of destabilization even of this sort.[5]

2. In the event of orientation in relation to the Sun, the telescope, rigidly fixed to the
satellite, is aimed toward the Sun. If the Sun falls into the Earth's shadow the
orientation is disrupted. Therefore a special apparatus needs to be installed on the
satellite which again leads the telescope to the Sun after it comes out of the Earth's
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shadow. This apparatus can be developed on the principle of the use of gyroscopes
which would stabilize the satellite while it passes through the Earth's shadow or uses
current from photoelectric cells. In the latter case the maximum current would
coincide with the direction towards the Sun. The controls can be installed just as in
the previous case. We note that with such an organization the rotation relative to the
axis directed at the Sun is not eliminated.

3. In the event of orientation in relation to the Earth, a method can be proposed
based on the use of some sort of artificial vertical. A vertical can be created with the
aid of:

a) photoelectric cells directed at the horizon line. The photoelectric cells should be
directed at certain angles and set to the horizon until the satellite is separated from
the rocket. In connection with the change of altitude of the satellite during its
movement along an elliptical orbit the angles between the satellite's axis directed
along a vertical and the axes of the photoelectric cells should change automatically
so that the horizon line does not fall out of the field of view of the latter. The change
of angles might be done via signals from the photoelectric cells themselves;

b) radio waves (a radiovertical). In view of the great remoteness of the satellite from
the Earth and, accordingly, the small influence of uneven terrain features, the
radiovertical will be sufficiently precise. The creation of a radiovertical is possible in
the event that the necessary electrical power is obtained on the satellite. The
controllers can be installed the same as in the previous cases;

C) special apparatus, using the properties of the Earth's gravitational field. Without
dwelling in detail in this case we will point only to how preliminary research shows
that with sufficiently low disturbances at the end of the acceleration phase of the
article [or rocket] it is possible to orient a satellite to the Earth sufficiently simply
using the irreqularity of the field of the Earth's gravity.

Other, more modern, but also more complex means of orientation are possible
besides those presented, for example, astronavigation. But the listed means will
evidently be sufficient to solve a number of scientific problems.

Finally, it is necessary to dwell on the question of radio communications with the
satellite. Since direct communications will be possible only within the line-of-sight
distance, in a situation where there are three or four receiving stations located on our
territory the radio equipment of the satellite should include a special storage device
which operates while the satellite is above the horizon. Then the data acquired could
be sent during the satellite's passage over our territory.

As regards the sources of power for the radio on the satellite, in the event that they
are batteries, their weight might be estimated at 280 kg for six hours of uninterrupted
operation. If the problem of the creation of a special source of electrical power on the
satellite itself is solved, even by using solar energy, one will be able to speak of
24-hour operation of the satellite's radio.

On the basis of everything that has been said one can draw up the following
approximate weight summary (in kilograms) for a very simple satellite of 3000 kg:

oao
aoto

a structure with a device for orienting the satellite
1300 OO0

aooo

Power sources:



ada

oo
the use of batteries for six hours of uninterrupted 280 operation
280 operation [0

aooo

the use of solar power (for example, photoelectric)
100 cells OO0

aooo

Equipment for communications with Earth:
aod

Uood
a radio with a storage device

170 000
aooo

a television device

300 00O
aoto

a cassette with devices to return it to Earth

180 00
aoto

Scientific-research equipment:

ada

oo
scientific equipment
510-1250 000

aooo

camera, film, animals
160 00 00

This cargo should not all be placed on the satellite right away. For example, the
battery can be replaced by a photoelectric device, and the camera and animals need
not be taken on each flight. Therefore a different weight can be used for the scientific
apparatus. If we take a radio on each flight then the scientific equipment can weigh
510-1070 kg provided that the power source is batteries, and 870-1250 kg on
condition that a power source is created with the use of solar energy.

In the event that it is desirable to increase the altitude of the perigee then, as already
pointed out, this is possible, but at the expense of reducing the weight of the
satellite. For example, with a satellite weight of 2000 kg, according to calculations it
turns out that the maximum possible perigee with the adopted article R is 370 km
and an apogee of 700 km (V=7.78 km/sec) given an equivalent replacement of the
payload removed with fuel, that is, with an increase of the tanks of the last stage of
the article R. By reducing the weight of the satellite without modifying the tanks, the
perigee can be increased to 310 km and the apogee will be ~400 km.

With a satellite weight of 2000 kg, considering that the basic structure can be made
more easily, the weight of the scientific apparatus will be ~320 kg given that the
power source is batteries, and ~500 kg if the power source uses solar energy.

Satellites with such orbits will rotate around the Earth for no less than 10 years, after
which they will nevertheless fall to Earth since atmospheric resistance at an altitude
of 300 km, although insignificant, still exists.



MANNED FLIGHT ON EXISTING R ARTICLES

Work to master manned flight on R articles can proceed in parallel with work to
prepare the launch of the simplest satellite. The goal of this work is familiarize human
beings with the flight conditions on R articles in the upper layers of the atmosphere
and beyond the atmosphere, especially in conditions of weightlessness.

This work should be done according to a special program, with a gradual
sophistication of the missions of each flight.

The program of these experiments should, in our opinion, be a constituent part of a
program of work of the USSR Academy of Sciences to launch R articles. At first,
possibly they should result in vertical ascents of a human with the goal of preliminary
familiarization with the flight conditions on R articles, then flights with the placement
of the article [rocket] on a horizontal acceleration leg with a subsequent downward
movement toward the Earth's surface and gliding. The magnitude of the velocity on
the horizontal acceleration leg should gradually increase in these last flights.

In the ascent of human beings in R articles, the most essential consideration is the
reduction of G-forces to a tolerable magnitude. This can be achieved by a
corresponding throttling back of the engine.

The rich experience of aviation should be used when designing a cabin for a human.

THE STUDY OF METHODS OF DESCENT DURING AN APPROACH SPEED IN THE
ATMOSPHERE ON THE ORDER OF 8 KM/SEC

This work can also go in parallel with the creation of the simplest satellite. The goal of
this work is the development of the necessary means of descent to Earth during an
approach speed in the atmosphere on the order of 8000 m/sec. Without doubt the
development of these resources can be started with the study of descent at lower
speeds with their subsequent gradual increase.

The problem of descent, at a velocity of reentry into the atmosphere on the order of
8000 m/sec, strictly speaking, is the problem either of the descent from the satellite
or the descent to Earth of the satellite itself.

We note that this problem can be solved even before the satellite is created as long
as it is possible to get the article R to a speed on the order of 7 km/sec. In this event,
the program of active flight leg should be chosen such that after the end of the
operation of the engine the altitude and angle of climb provide an opportunity to
begin descent right away without going into an elliptical orbit. During descent to
Earth it is rational to use braking in the atmosphere in order to approach the Earth
with a low safe speed.

It is desirable to have from 0o to 40 as the angle of entry into the atmosphere from
the conditions of safe descent, which, as calculations show, is completely achievable,
considering an altitude of 80 km as the practical boundary of the atmosphere.

One can select two methods to descend with the use of braking in the atmosphere:

a) a ballistic descent, that is, a descent without the involvement of aerodynamic lift;
[and]

b) a descent with the aid of wings.



In a ballistic descent it is advisable to make the apparatus in the form of a statically
stable cone with a cone angle of 900. With the presence of additional braking devices
such a cone will decelerate considerably in the upper levels of the atmosphere. As
tentative calculations show the equivalent temperature of the surface of the body can
be on the order of 1000-20000 C. With such a temperature it is possible to use
protective refractory coatings or external cooling by spraying a liquid coolant through
pores in the material.

After the velocity becomes subsonic the descent is done with the aid of parachutes.
In a ballistic descent, flight management is simplified to a considerable degree, which
is the advantage of this method compared to descent on wings. However, in this case
it is difficult to ensure sufficiently small G-forces acceptable for the human organism.
Approximate calculations show that G-forces over 5 might act on the pilot for one
minute. The maximum G-force can reach 7-10. The maximum G-forces can probably
be reduced to 5 or 6 by employing controlled braking devices.

Research of the second method, that is, a descent on wings, showed that with a load
of 150-200 kg/m2 on the wings, a coefficient of lift C = 0.05-0.07, and total drag of
the vehicle at approximately five times more than the drag of a fighter aircraft, it is
possible through a suitable choice of the descent regime (according to Cy) to secure
axial G-loads of less than 3. Normal G-forces do not exceed 1.5 when this is done.
Special protective measures need to be employed in view of the heating of the
satellite housing during movement in the atmosphere at great speed, although as
calculations show, in this case, the temperature of the surface of the descending
apparatus turns out to be 800-15000C lower than in a descent without wings since
the flight is being made along a flatter curve. Here the same protective methods can
be planned as for a ballistic descent, the use of refractory materials or external
cooling by the spraying of a liquid coolant through pores in the material and
vaporizing it on the surface of the apparatus. Calculations conduced by a specially
developed method have shown that the necessary reserves of coolant (water)
constitute a total of 0.3 kg per square meter per minute of flight. According to the
calculation, the duration of the effects of high temperatures on the apparatus is on
the order of eight minutes.

Such comparatively easy conditions of descent are obtained thanks to low angles of
entry into the atmosphere and, accordingly, prolonged braking in the upper levels of
the atmosphere. If the angle of entry were, for example, 200, the surface
temperatures of the apparatus would turn out to be considerably higher.

It was noted above that the development of methods of descent might be begun even
during the use of apparatuses having a velocity considerably less than 8000
m/second. At the initial stage of work, the article R can be used having a velocity on
the order of 3000-3500 m/second.

Thus, without doubt, there are technical possibilities for a successful solution to one
of the most difficult problems of the creation of a satellite, the problem of the descent
of a human from orbit to Earth.

THE POSSIBLE PROSPECTS OF FURTHER WORK

1. An experimental satellite with people. As a result of performing the first stage, of
which we have been speaking, it will become possible to begin to make an
experimental satellite with people. At the present time we view such a satellite as a
prospect, and therefore to a certain degree the first stage problem should be
constructed with this work in mind.

By an experimental satellite we mean a satellite designed for the habitation of one or
two people in a circular orbit for several months. Ascent to a circular orbit should be
done by the method indicated above, that is, an afterburning at the apogee of the
transfer ellipse. The experimental satellite should be equipped with devices for the
safe return of the people to Earth. The tasks of this satellite are the study of the
conditions of the prolonged occupancy of people in it, the experimental solution of a
number of problems of a satellite-station, scientific experiments, etc.



Without dwelling on the problems the solution of which are necessary to realize an
experimental satellite, we note that a considerable part of them will be solved in the
first stage, that is, in the creation of the simplest satellite and the mastery of manned
flight on rockets, but the rest, as preliminary research has shown, can be solved on
the basis of contemporary technology. Thus, the creation of an experimental satellite
with people is possible based on the rockets being developed.

2. A satellite-station. The task of creating a satellite-station can be posed realistically
only after an experimental satellite with people is achieved and the mastery of flights
and life on it, including the ascent, descent, and control of the satellite.

Since at the present time no efficient way can be suggested of lifting a
satellite-station manufactured on Earth into any kind of orbit, there only remains the
method of building such a station directly in a chosen orbit. Therefore the
achievement of a rendezvous of small satellites of the experimental type around each
another in space outside Earth in the orbit chosen for the satellite-station, of which
we have been speaking, becomes the most important problem. Whenever this
problem is solved the construction of a satellite becomes a purely engineering
problem which we will not develop in this report.

3. The problem of reaching the Moon. We will briefly dwell on the problem of reaching
the Moon in the near future. We will pose the problem this way: what kind of article R
would be needed to obtain a velocity of 11.2 km/second sufficient to reach the orbit
of the Moon at the end of the acceleration phase, with the condition that it either falls
on it or it flies around it with a possible return to Earth. In the latter case a landing on
Earth is made exclusively by braking in the atmosphere. We take the payload to be
1.5 tons.

Calculations which have been done show that if the ascent of such a rocket is done
from the Earth's surface then it should a "cluster" (paket) of the three-stage type, and
in the event that engines are used with a specific thrust in vacuum of 310 seconds it
would weigh ~650 tons. If the specific thrust is increased to 400 seconds then the
weight is reduced to 250 tons and the rocket can be two-stage.

If the ascent of the article R is made to the satellite-station mentioned above and on
which the article R should be assembled and supplied with fuel, then its weight with a
specific thrust of 310 s would be a total of ~5 tons.

During a flight from an satellite-station of a rocket, designed for landing on the Moon
and return to Earth, would weigh on the order of 100 tons (with a specific thrust of
310 seconds and the same payload weight as above). Interplanetary flights are
practicable, and the possibility of performing them may draw considerably closer.

CONCLUSION

As already pointed out, at the present time, ways to realize the first stage of the
work, including the problem of the simplest satellite, are clear in principle. Thus, one
can speak of the creation of the final design of the simplest satellite. The creation of
the simplest satellite might be accomplished in the immediate future In the event
that work is immediately begun in this direction.

As regards the problem of human mastery of the technique of space flight on R
articles, which should also be included in the first stage, then it can be done on
existing models of the article R. The design work might be done and carried out
approximately parallel with the work to create the satellite.



The scientific significance of the simplest Earth satellite is indisputable. A whole
series of fields of science will be interested in the problem of creating such a satellite.

The science of physics will get an opportunity to more deeply study the nature of
cosmic radiation, for example, through the prolonged exposure of plates in order to
study the strongest components of cosmic rays, for the study of cosmic radiation in
relation to solar radiation in the absence of an atmosphere, and for the study of
cosmic rays for a prolonged period of time (on the order of weeks), both in the Earth's
shadow as well as in the Sun's rays.

Experimental research to verify the theory of relativity will become possible.

The science of physics of the atmosphere will acquire great opportunities to study the
structure of the atmosphere and especially its upper part, the ionosphere.

It ought to be noted that the study of the ionosphere with the aid of a satellite will
have great importance for radio engineering, for example, from the point of view of
the study of the propagation of radio waves in the atmosphere.

The study of atmospheric phenomena with the aid of a satellite will open new
possibilities to meteorology, for example, the ability to receive various data from
large areas of the Earth at the same time.

Geophysics will be able to more fully study the energy balance of the Earth, and also
its gravitational and magnetic fields.

Broader vistas will open up before astronomy thanks to the absence of an
atmosphere and the interference associated with it. For example, it will become
possible to observe and more fully study solar radiation, stellar spectra, especially
their ultraviolet extremities, the atmospheres of planets, the radiation of outer space,
etc.

Undoubtedly, problems in other fields of science can also be pointed out, the solution
of which will be successful as a result of the creation of the satellite.

It needs to be pointed out that at the present time it is impossible to give any
complete list of problems which can be solved with the aid of the satellite since its
creation will lead us into a completely new, unresearched field. However, there is no
doubt that the creation of a satellite will open up broad prospects for various fields of
science and the first flights might already lead to a number of new discoveries.

The scientific tasks of the satellite ought to be specified by the USSR Academy of
Sciences in the immediate future. The Academy of Sciences should also plan the
composition of those instruments with which the satellite ought to be equipped.

We will point out that an artificial Earth satellite can also have military importance,
the latter increasing with the gradual progress of the technology of building such
machines and the realization of the prospects of which we have been briefly
speaking.

Colonel-Engineer: p/p
(M. K. Tikhonravov)[6]

Overleaf: 26 May 1954[7]
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ARCHIVAL SOURCE: Memorial Office-Museum of Academician M. V. Keldysh, Inv. No.
5891, II. 1-24.

FIRST PUBLISHED IN: B. V. Raushenbakh, ed., Materialy po istorii kosmicheskogo
korablia ‘vostok' (Moscow: Nauka, 1991), 5-15. A slightly uncensored version was
published in: V. A. Davydova, ed., Pervyi pilotiruemyi polet: sbornik dokumentov v
dvukh knigakh, kn. 1-ia (Moscow: Rodina MEDIA, 2011), 31-43.

[1] Here and after the "Article R" refers to the planned intercontinental ballistic
missile, known as the R-7.

[2] Figure of an image of the simplest satellite with a perigee of 170 km and an
apogee of 1100 km is not included.

[3] There is a footnote to this proposal: "See the attached map." There is, however,
no map in this file.

[4] Figure not included here.

[5] There is a footnote to this proposal: "The limitation in the magnitude of the
average angular velocity is due to the difficulty of obtaining sources of high [enough]
power for the satellite."

[6] M. K. Tikhonravov, an employee of the NII-4 institute of the Ministry of Defense,
was asked by Chief Designer S. P. Korolev (of the NII-88 institute of the Ministry of the
Defense Industry) to prepare this memorandum in February 1954. Tikhonravov was
helped directly in its preparation by his colleagues I. M. latsunskii and G. lu.
Maksimov. In addition, the feedback of others such as designers at N1I-88 (V. P. Mishin
and K. D. Bushuev), OKB-456 (V. P. Glushko), and the Department of Applied
Mathematics of the Mathematics Institute of the USSR Academy of Sciences (M. V.
Keldysh) were taken into account. Final updates were added by T. M. Eneev and V. A.
Egorov, scientists at the Department of Applied Mathematics, and a final version
prepared by 26 May 1954.

[7]1 Signature illegible.
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