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AHHOTAIUA

JlaHHBIA TIPOEKT HAIENICH Ha pa3paOOTKy KOHICTIHUH IS MOJETOB JIIONEH U
rpy30B K Mapcy ¢ yd4eTOM COBPEMEHHBIX IOCTHUKEHUW POCCHUMCKOM KOCMHUYECKOMN
TEXHUKU, MpeObIBaHMS TaM M BO3BpalleHUs Ha 3emiio. 3ajadaMd KOMAaHIHOTO
NPOEKTa SBISIIOTCA  pa3pabOTKa MHCCHH, NPOEKTHPOBAHHWE MEXKIUIAHETHOIO
NUJIOTUPYEMOrO  KOpalisi, MPOBEACHHE  MPEIBAPUTEIBHBIX  pacuy€ToB U
OCYILECTBJICHUE TIepenéra C IOMOLIBI0  KOMIBIOTEPHOTO  CHMYJATOpa €
COOJIIOJIEHNEM 3aKOHOB HEOECHOM MeXaHWKM. B pamMkax TmpoekTa Takke
peaycMOTpeHo co3nanue 3D-moferneil 1 MakeToB pa3pabOTaHHBIX TPAHCIOPTHBIX

CPEICTB.

Mos posib B IPOEKTE 3aKII0YaAIach B PaCYETE ABUrATENEH U TEXHOJIOTHYECKUX
HOBOBBEJICHUM BeIyliero Kkopabiss Ha ocHoBe TOM  «3eBc», MacCOBBIX
XapaKTEePUCTUK CHCTEMbI, a TAaKK€ B pa3palOTKe B3JIETHO-TIOCAIOYHOTO KOMILIEKCA
(BIIK). Jlns ymy4iieHusi TOYHOCTH pacu€ToB s MCIOJIL30Bajl MPOrPaMMUPOBAHUE HA
Python. §I u3yumsn meToAbl MOCANOK U TOJETOB, aHAIM3UPOBANT HACU YUYEHBIX U
WHKXEHEPOB, HM3ydall aCTPOMEXAaHWKY, OpPOMTAIbHBbIC 3aKOHBI W JPYTHE aCIEKThI
MexruiaHeTHbIX nepenéroB. [ma BIIK s BeiBem pasMepHble U MacCOBBIE

XapakTepucTuku, npoussén pacu€rel st 1Y BIIK.

B pesynbTaTe Ob11M pa3padoTansl 3D-Moaenb 1 MaclITaOHBIA MaKeT anmnapara.
[Ipu pazpadotke BIIK u pBurartenbHbix cucteM TOMa HCHONB30BaH PeEAaKTOp
AutoCAD. Jletanu makeToB Obliu Hamedatansl Ha 3D-mpunrepax. B mnanax -
YTOYHEHUE KOHCTPYKLIMHM JBUTATENIbHBIX U TOIUIMBHBIX CHCTEM, pa3paboTka
BHYTPEHHETO pACHpeNeNiCeHUus] JKAJIOTO0 MOAYJS M BHEAPEHHE DIIEKTPOHUKH.
Peanuzauust 1JaHHON  TEXHOJOTMM Ha NPAKTUKE I[O3BOJUT  YEJIOBEYECTBY

MPOJBUHYTHCA B 0cBoeHUU Mapca u COJIHEUHOW CUCTEMBI.
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|. Bseaxenmue

Bcem M3BeCTHO, YTO OAHOM M3 IUIABHBIX 3a/1a4 BCE MHPOBONH KOCMOHABTHUKU
3TOrO BeKa siBisgeTcss Mapc. BenencTBue 3Toro BOnmpocsl, CBsi3aHHbIE ¢ KOMGOPTHOM,
Oe3omacHOW M AemEBOM TPAHCIIOPTUPOBKOM JIIOAEH M rpy30B Ha Mapc, BBIXOJAT Ha
nepBblii TiaH. B cBoEM mpoekTe s MpoaHaIM3HPOBAN pa3iMyHble KOHLEHIINU
noJIETOB U MHUCCUH, YTOOBI pa3paboTaTh CBOM, Hanbosee 3PPEKTUBHBIN U MOTE3HBIN
BapUaHT MHUCCHU. B KoMaHae MBI CO3JaiM M HPOAYMald JaHHYIO KOHIICTIUIO; S
OpOM3BEN P  HEOOXOAMMBIX pacdy€ToB JJs  JBUTATENed  MEXKIIAaHETHOU
TPAHCHOPTHOM CHCTEMBI, a Takke paspabdoran B3néTHo-mocalouHbI KOMILIEKC
(BIIK), BbIBEN pa3MepHblE U MAacCOBBIE XapaKTEPUCTUKH, HEKOTOPBIE JBUTATEIbHBIC

pacu€Thl, cuenan pa3MepHbiid 3D-3cku3 1 Maker.

Hean: PazpaboTarh 1 paccuntaTh 3P PEKTUBHYIO KOHIENIMIO 1715 TOJAETOB K Mapcy,
BBICAJIKM U BO3BpauieHus Ha 3emito. [Iponymars B3n€THO-1mocaqouHbIi KOMILUIEKC U

caenaTh He0OX0UMbIe PacdEThl, caienaTh 3D-MakeT CUCTEMBI.



Il. OcHoBHast yacThb. IPpPhekTUBHAS KOHIETIIHS.

1. CyumecTByomue 4 npeajaraemMblie cxeMbl moJIéToB k Mapcy.

YroObl TOHATH, KakK CHeNaTh cHUCTeMy NOJETOB Haubonee 3¢ HEeKTUBHOMH,
nen€Boil M 0e30macHOi, HYKHO OOpaTUThCA K TOMY, UYTO YK€ €CTb M 4YTO
IUIaHupyercs B Ompkaiimee Bpems. HauHéM ¢ TOro, yTto 4einoBEYECTBO HE MMEET
OIBITA IO OTIPABKE U BBICAJIKE JI0JIeW HA Mapc, 1a u K JIyHe moau JaBHO HE JeTalu.
3aro Ha Mapc ObUIO OTHPABIEHO MHOXECTBO ABTOMATUYECKUX OPOUTAIBHBIX U

IMOCAJOYHLIX aIlllapaTOB U MAPCOXOJ0B.

[Ipu mocaake 3TuX 00BEKTOB Ha KPACHYIO IUIAHETY UCIOJIb3YIOTCS pa3InyHbIC
cucrembl. Hampumep, mapcoxonsr Pathfinder, Spirit u Opportunity Topmosmim ¢
MOMOIIBI0 aTMOCGEPHI, MAPAIIIOTOB U JIBUTATEJICH, a MOTOM IMa1ajii Ha TOBEPXHOCT,
uMes 3alIUTy B BUJIE HAJyBHBIX OalZIOHOB, KOTOPBIE CMSTYaIN yAapbl 00 IUIAHETY.
Emé onun npumep — mapcoxona Perseverance. Ilocie TopMokeHUsI MapamiroTaMi 1
aTMoc(epoi, CIelnuaIbHOe YCTPONCTBO HaJ MapCOXOJIOM BKIIIOYAET PaKETHBIC
JBUTATENIA U 3aMEJISIET CKOPOCTh CUCTEMBI 10 HyJisA. Ha Tpoce anmapat omyckaercs
Ha TOBEPXHOCTh, IMOCJE YEero YCTPOMCTBO MOCAAKU YJETaeT B CTOpoHY. llepBbrit
BApUAHT HE TOJXOJMUT IJIsl JIOJEH WIM TSDKENIbIX 00beKTOB. BTopoi yxe Oosee

MNPpUroaACH JJIA MSATKOM IIOCaaKH.

Ha nanHbIii MOMEHT OJiMKe BCEro K BBICAJKE YEJOBEKAa HAa KPAcCHYIO IUIAHETY
npubmmwkaercss Mo Mack m ero dacTHas KOCcMHUYecKas KoMmMmaHus SpaceX.
Paspaborannass Tam pakera Starship Ha JaHHBIE MOMEHT SIBIIIETCS CaMOM
IPY30IIOABEMHON paKkeTOM-HOCUTENEM B Mupe. JlaHHag cucrema IOJHOCTBIO
MHOrOpa3oBass U COCTOUT M3 ABYX cTyrneHed. Ceilyac OoHa TPOXOJUT AKTHUBHBIC

WUCIIBITAaHUSI U JOpaOOTKH.

o Ro3anpasxa opbHTansHbIM
TankepoM

S [IpeuMyIecTBO JTOH CHCTEMBI

@ Nepener x Mapcy

HUMCHHO B MHOI'0pPa30BOM
HCIIOJIB30BaHUN TPAHCIIOPTHBIX

cucrem. Starship wucnosab3yer




KUIKocTHeIe pakeTHbie nBurarenu (OKPJ[) Raptor-3 Ha meTane u KuCIOpoJe B
KayecTBe TOIUIMBA. YUTOOBI pa3orHaTh BCIO 3Ty TDKENMYIO cCHCTeMy Tpelyercs

JOBOJIbBHO MHOI'O TOIIJIMBA.

Konuenuuu u pazpaboTtku nmo mnojéraM yesnoBeka Ha Mapc co3parorcs ¢ XX
Beka. Cpeau MpoYMX BBIJEISAIOTCS KOHIEMIUU C UCIOJIb30BaHUEM COOpaHHBIX Ha
opOWTEe CTaHIMM, KOTOphle OTNpaBisitoTcss Ha Mapc. Banentun IlerpoBuu I'mymiko
pa3pabaThiBasl KOHLEMIUH C UCIIOJIB30BAHUEM SIIEPHOIO PEAKTOPa JTMOO CONHEUHBIX
Oarapeit. Tunbl gBUTaTENE TaK XK€ paccMaTpuBaiuch paznuunbie: JKPJI, noHHsbIe,

IIa3MCHHBIC, 1 JaXKC AJCPHBIC.

B npoekre ['mymiko npeanonaranoch UCMOJIb30BAHUE JBUTATEINICH MAJIOW TSTH, B
YACTHOCTH MOHHBIE U AJIEKTPOPAKETHBIE, KOTOPBIE OEPYT SHEPTUIO JTUOO OT SIAECPHOTO
peaktopa, JIM00 OT OTPOMHBIX COJIHEUHBIX MmaHene. O0a UCTOYHMKA SHEPTUH UMEIOT

CBOH IIPCUMYILICCTBA U HCAOCTATKHU.

Uem ke oOTIMYAKOTCAd NpPUBEAEHHBIC BbIIIE THUIIBI ABUratesnei? OcHOBHas
XapaKTEePUCTHKA, TOKa3bIBAIOMIAS 3P(HEKTUBHOCTh PAKETHOTO JIBUTaTENs — yEIbHBIN
umnynbe (YH), BenmnumnHa, UMeEromas pa3MEpHOCTh CKOPOCTH U MPUMEPHO paBHAs

ckopoctu wucredueHus razoB u3 PJ[. YW nHacroswmero

Hacocropiouero  Typ6usa Hacoc okucnutens

[> ABUTATCIISI BCETAd HEMHOI'O MCHBIIC CKOPOCTH MCTCUCHMUA

pabouero BemiectBa. Yem Beime YW — TeM MeHbIe

®
HOHaI[06I/ITBC$I TOILIMBA AJIA TOT'O K€ U3MCHCHHA CKOPOCTH.

Kamepa
cropauus

JKuakocTHBIE  pakeTHbIE  JBUTATEId —  CaMbId
R nonyJyisipHbid - tan PJZI.  MAMeHHO Takuhe JBUratenu
IOJJTHUMAIOT PAKEThl C TMOBEPXHOCTU 3EMJIU. Y AEIbHBIN

UMIYJIbC y caMOro 3()@EeKTUBHOr0 Ha JAaHHBIA MOMEHT

BojopoaHo-Kuciopoagnoro  JKPJ[  paBen 4500 w/c.



[Tpunun pa6otet JKPJI mpoct: roprodee M OKHUCIHUTENb MOCTYNAIOT B Kamepy
CrOpaHHusi, a 3aT€M CrOpEBIIIEE BEIIECTBO HAa OIFPOMHOM CKOPOCTU «BBITEKAET» W3

comia. Takum 06p330M, BO3HHUKACT PCAKTUBHAA TATrd.

NpUHUMN paboTbl SAEPHOr0 ABUraTens SlmepHbId pAKETHBIA JBUIATENb

- -

(APJI) pabGoraer 1O ciaemyroIIeH

Hacoc-Typ6una

cxeme: PabGouee Teno (Hampumep,

BOJIOPOJT) TOJIaETCA B aKTUBHYIO 30HY

Kuakuin

BonopoA peakTopa, KaHaJIbI KOTOpOro

HarpeBarTCsd IpH  pacnane WIn

- Sinmiliprcg CUHTE3€ saep. TermioBas SHEPrus
pazorpeBaetr pabouee TeI0, KOTOPOE
3aTeM BBIOpachIBaeTCA M3 coIjla Ha OrpoMHOM ckopoctu. Cambiii Oomnbiion YU
HaOmonaercs y razodasubix SAPJMl: B Teopum ot 15000 mo 70000 m/c. B Teopwun,
nmoroMy 4to Ha mnpaktuke AP/l He HCHONB3YIOTCS M HE CO3[AIOTCS BBUAY CBOEH

CJIOKHOCTH M onacHOCTH. C 3eMJIM Ha HUX B3JICTaTh — TOYHO HE Jydmiasa uacsd, XOTs

Ha psiay ¢ orpoMHbiM YU HaGmtonaercst u orpomuast tsra (6omblie, yem y XKPJI)

Nonnsnii neurarens (MUP) pabotaeT Tak: aTrombl pabouero tena (Kakoro-inbo
WHEPTHOTO ras3a, HanpuMmep, KCEHOHA) MOJAI0TCS B KaMmepy, I/i€ MPOUCXOIUT X
OoMOapaIupoBKa 3JIEKTPOHAMHU (MPOUCXOAMT MOHM3ALMSA Ta3a, CO3JAI0TCS IUia3Ma),
KOTOpasi MpU 3TOM YCKOPSIETCS MOJ JCUCTBMEM MarHuTHOro ImoJjid. [lna3zmenHbid
JIBUTATENb TAKKE UCIOJIBb3YET IJIa3MYy JJIsl TEHEpaIuu TATH, HO B OTJIMYME OT HOHHBIX
JBUTATENICH, OH paboOTaeT Ha OCHOBE MHIYKIIMOHHOTO HarpeBa. loHM3MpOBaHHBIH ra3
MPOXOJUT Yepe3 AIIEKTPOCTATUUECKUN YCKOPUTEIh BBIOPACHIBAETCS U3 COIUIA eIlé
obicTpee. TakuM 00pa3oM, T1OCTUTAETCS] OTPOMHBIN YAEIbHBIA UMITYJIBC — BO3MOKHO,
6onee 100000 m/c. Bo3mOkHO, MOTOMY YTO B JAaHHBI MOMEHT 3TH JIBUraTelln
OOBIYHO HCTOJIB3YIOTCA JIMIIb I OPUEHTALMM KOCMUYECKHUX armapaToB. CTOuT
OTMETUTh, 4TO amnmapar Xaslyca-2, OTIpPaBJICHHBIM K acTepouay, MMed HUMEHHO
WOHHBIE nBUrarenu. HecmMoTpss Ha OrpOMHBIN yAenbHbIM uMIynbC, y MPJ/] ouens

MajieHbKas Tsra (Hanpumep, y UI-500 tsara ve 6osee 750 mH). C 3emnm Ha HuX



TOYHO B3JIETETh HE yIACTCs (CMEIIHO CMOTPETh Ha MOJIETHI B «3BE3IHBIX BOMHAXY).
Ho y sTux nBurateneit ects 6ombInoe mpeumyiiecTBo mno cpasuenuto ¢ XKPJI u AP/I:
OHM MOTyT paboTaTh B TEYEHHWE OUYEHb JA0JIroro BpeMeHH. OOBIYHO CTYIEHHU
coBpeMeHHbIX PH pabotator He 601ee 10 MUHYT, TOCTIe YETO Y HUX 3aKaHUYMBAETCS
Bc¢ TorumBo. MPJl ke moryr paborarh B TedeHue MmecsieB. Kak Tak BBIXOAHUT?
TonnuBo 3akaH4YMBaeTCsl HE OYEHb OBICTPO, a s HOHM3ALMM HeoOXoauma
ANEKTPOIHEPTHsL. E€ MOKHO MOIYYHUTH C IOMOIIBIO BBIIIEONMUCAHHBIX SAEPHOTO
peakTopa U COJIHEYHbIX NaHened. Kak Mbl BBIACHWIM, NMEPBBIM MCTOYHUK Oolee
HAJCKHBIMA, YEM DHEprusl COJHLA. IepHBId peakTop MOKET paboTaTh MECALbI, WU
naxe roapl. Takum 00pa3oM, KOCMMUYECKHI anmapar ¢ TAKUMH JIBUTATEISIMA MOXKET
IIOCTOSIHHO PAa3rOHATHCA B TEUYECHHMM [JIMTEIBHOIO BPEMEHHU U pPa3BUBATb OTPOMHBIC
CKOpOCTH. B Teopuu, €cnv NMpaBUIBHO MPOCUYUTATH MEPHUOJ, B TEUEHUE KOTOPOIO
HY>KHO Pa3rOHATBCSA, U IEPUOJ, B TEYEHHUE KOTOPOIO HYKHO TOPMO3UTHCHA, MOKHO
3HAYUTEIBHO YBEIUYUTh CPEIHIOI0 CKOPOCTh IOJIETA 10 LEIH, COOTBETCTBEHHO
caenarb nepenérsl ObicTpee. B maHHOM ciyyae TpaekTopus Moy€Ta yxe OyAeT He
TOMAaHOBCKOM (KOTOpasi HCIIOJIB3YETCS IIOYTH BO BCEX MHCCHSIX Ha Mapc u
CTAaHOBHUTCSI BO3MOXHa pa3 B 2 ¢ HEOONBIIMM roja), U €€ MPUAETCS BBICUUTHIBATH
ornenbHO. HO TyT HYXHO y4YWMTBIBaTH JUIMTENBHBIM MO BPEMEHU Pa3roH M0
NOKMJAHUsI 30HBI aKTUBHOIO JEUCTBUS TATOTEHUS 3eMiu. Tak Wiau WHauye, HOHHBIC
JBUTATENM TO3BOJAT 3HAYMTENIbHO SKOHOMHUTh Ha TOIUIMBE U JOCTaBIATH Oosee

TsKENBIE TPy3bl, ueM moryT PH ¢ 7KP/I.

MarHuTHOe none 3neKTpPOCTaTMUECKMI
YNYULIAET MOHU3ALMIO MIOHHBIN YCKOpUTENb

-8 VIOHHbI nyu

Mopauya Tonmea
(kceHoH)

Awon cobupaet
3neKTp: TepasLImMe

SneKTPOHbI
BbI6PaCchIBAKOTCA B MOHHbIA
& nyd ANA HeTpanuaLm
SNEeKTPOHbI il 7 3apana
60MBapanpyioT aToMbl :
VOHW3MPYR ra3

KatonHas Tpy6ka
*** MoCTa-HeiTpanusaTopa




Beixogut, 9ro IS MEXIUIAaHETHBIX TEpenEToB OONbIIe BCETO MOAXOIUT
WOHHBINA ABUTATENb. HO TOrma KocMuYecKkuii Kopadiib-CUCTEMY HY>KHO OTITPABJISTH C
OpOUTHI 3eMJIM. YUUTBIBas, YTO MOJOOHOE TPAHCIOPTHOE CPEJICTBO MOXKET MMETh
Maccel Oonbmie 100 ToHH, ciemyeT coOuparh Ha opowte 3eMiim U3 OTACIBHBIX

OJIOKOB.

A TOM «3EBC». OBJIMK U XAPAKTEPUCTUKU

POCKOCMOC
Bapwuanr 1

T3M «3esc» ¢ pOTOPHBIM
Wacee GTCeR HECYRaGK (Pepm. T 108 MarHuTonNasMeHHbIM
Macca smeprobnoka, T 7.0 Asurarenem

Macca KA cyxan / 3anpasnestsm, T 206/220

Macca mogayna asuratenbHbx 1.4

yCTaHOBOK (cyxas), T % a
Macca 6noxa obecneumsaroumx P j
cueTem (cyxan), T 3 . \

Macca xomnonenTon Tonnusa 4YOC
(AT + HAMN),

P

Macca komnonenros Tonnusa 3PQY

(Kcerom),
— BapuanT 2
ra6 e

249/50
(L/2).m T3OM «3eBc» ¢ MOHHBIMK

FaBapuTel 8 paBovem NONOXEMUM aAsuratenamm
(L/@ COTP-B, 0 6), M 50.7410,8/209

MomenTel mwepunm (X /Y / Z), T'm? 7217400/ 8400

CpeacTsa puneaewma «Awrapa-A58»
Paarowmsift Gnok «Dperars R Q. T
Nnowaaw paguatopos COTP-B, w 696 4

MougsocTs aneprobnoxa

(rennosan/anexTpieckan), kB 1900/ 470

B nmononHeHue CTOMT YNOMSIHYTh HOBBIM POCCUUCKWN SIEPHBIA KOCMHYECKUN
oykcup TOM «3eBc», KOTOpBIM paszpabaTbiBaeTcsi B rockopriopamuu Pockocmoc
COBMECTHO C npeamnpusatuem «Apcenan». [Ipennonaraemsiii roa 3amycka — 2030. On
IPEACTaBIIET COOOM pacKIaIbIBa€Mblii Ha OpOUTE «Tsray», KOTOPBIA HMEET
AIEPHBIN PEAKTOP METaBaTHOI'O KJIACCa, CUCTEMY OXJIAXKICHUS U arperaTHblil OTCEK C
MOHHBIMU ABUTATENsIMU. B KauecTBe TOmMBa B HEM OYyJET MCHOJIb30BAThCSI KCEHOH.
Takol anmapar CMOXET MecCsSlamMyd WA TOJaMu KypCUPOBATh II0 COJIHEYHOM
cucreme, noctasisisa rpy3sl Ha JIlyny, Mapc, Benepy u naxe x FOnutepy. Huxe B
paboTe ONMCcaHO MOTEHIMATbHOE HMCHOJb30BaHUE «3€BCa» B HaIIEH KOHLENLIHUH U

MoOJepHU3HpoBaHHas Bepcust TOMa s Hallux HyXI.
2. K Mapcy Ha maJioii Tsire.

JlaBaiiTe nmogoOHEe OCTAHOBMMCSI Ha BBIIICONUCAHHOW CXeMe M BO3bMEM €€ 3a
OCHOBY Hamed KoHuenuuu. [omycTum, 4TO Hamia 3ajgada AOCTaBUTh Ha Mapc

KPaTKOCPOUHYIO MHUCCHIO (TIapy HEIelb) ¢ dSKunaxkeM B 4 denoBeka. JInbo moctaBUTh



Ha Mapc Tspkénble rpy3bl, cCHaOauTh 06a3y. C 10cTaBKOM 00JbIION Macchl MpobiieM He
BO3HUKHET, TOIUIMBA y HAC XBAaTA€T, MOHHBIE IBUIATEIM JOCTABIT KOMIUIEKC K
Mapcy. Ho BoO3HuKaeT psja Jpyrux mpodsieM [jisi KOCMOHaBTOB. BrusiHue
TpaBUTAIlMU, 3aMKHYTOTO TIPOCTPAHCTBA, paaWalMd, HEKOM(POPTHBIX YCIOBHMA
MPOKUBAHUS MOKET OKa3aTh HEraTUBHOE BO3/ICICTBHUE HA (PM3UUYECKOE U MEHTAIHLHOE
3I0pOBbE KOCMOHABTOB. bblsio ObI pasyMHO oTmpaBisAiTh K Mapcy Ha Oosiee-mMeHee
KOM(OPTHOM CTaHINH, T/I€ MOKHO OOECTICYUTh 3aIUTY OT paJraIiiu, MPEeI0CTABUTh
BO3MOXXHOCTH [JIl CHOPTAa W TOMJIEPKAHUS 3A0pPOBbSI OpPraHU3Ma, YMECTUTh BCE
HEO0OXO0MMOE ISl TUTEIbHOTO Toyi€Ta. K JaHHOW CTaHIUM CIeAYyeT MPUCOSTUHUTD
B3JICTHO-TIOCA/I0YHBIN KOPaOJib [ BbICAJIKM HA Mapc ¥ BO3BpaIllEHUs] HA CTaHIIUIO.
UToOBl MpHUBECTH BCIO 3Ty CUCTEMY B JBWXKEHHE, MOKHO HCIIOJB30BaTh TOT K€
caMblil «3€BC», MEPENCIAaHHbBIN MO HAIIM HYXJbl. A UIMEHHO, MOYKHO HCIIOJIb30BATh
Ha HEM 40 MOHHBIX JBUTATENEH, KOTOphIe OyAyT pa3MelieHbl Ha 4 pa3IBIKHBIX B 4
ctopoHbl onopsl (1o 10 Ha Kaxayr0). ITO MO3BOJIUT YBEIUYUTh CYMMapHYIO TATY, a
TaKKe MOMOXKET AUBEPCUPUIIMPOBATH PUCKU OTKa3a JBUTATEIbHOW cuctemsl. [lpu
BBIBOJIC Tsraua Ha OPOWUTY OMOPHI CIIOXKEHBI Ha3aq W BTSIHYTHL. MBI TOIydUM
BO3MOYKHOCTh MPOJOJDKUTh TOJET Ja)ke MOCIE OTKa3a OJHOW WM HECKOJBKHX
JIBUTATEIbHBIX CUCTEM, HAKJIOHUB OMOPBI MOJA ONpEeAcTHEHHbIM yriioM. Ha naHHbIM
MOMEHT Pockocmoc mianupyeT ucnodib3oBath 4 asuratens MJI-500, momHocThiO 35
kBT u Tsaront o 750 H kaxnapiid. YIenbHbI UMMYJIbC 3TUX ABUTraresnedl okoso 70
km/c. KIIJ] moutu y Bcex mokonenuit U] 0,75. Ho mapamnensHo pa3pabarbiBaeTcs
JIBUTATENb CIEAYIOIETO MOKOJIEHUSI, MOITHOCTh KOTOPOro cocTaBUT 85 kBT. B Moeii
BEPCUU IUJIAHUPYETCS MCIOJIb30BATh UMEHHO TaKHWE JIBUTATENIH, MOCKOJBKY HUX TAra
Oyznet Boime. COOTHOIIEHHE OCHOBHBIX Xapaktepuctuk W]l 3amaércs hopmymnoit P =
(I *F) / 2n, rne P — momHOCTS, | — ynenbHbiii umiyisc, F — 1sra, N — KIT. Taxxke
3amMeTuM 1o Xap-kaMm apyrux M/, uyro ¢ yBenmnuennem momuocty MJ1 yBennuusancs
U ux ya. umnyibsc. Ha HoBoM U/ ynenapHbIH UMITYJIBC COCTABUT MPUOIU3UTENBHO 85
KM/C, TOT/ia TojydaeM TAry kaxpaoro asurarens 1,5 H, a cymmapnyto — 60 H. bosee
TOTO, JIEPHBINA peakTop «3€Bca» MOKET BBICTYIIATh B KAYE€CTBE MCTOUHHMKA SHEPIUU

st Bce ctaHiuu. CTOUT OTMETUTh, YTO IUIAHUPYEMBIA peakTop Ha «3eBce»
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oOJamaeT dJIEKTPUUYECKONW MOIMHOCThIO Topsaka 1MBt. UtoObl mmTaTh BCe
JBUTATEBHBIC CUCTEMBI MOTpedyeTcs MuHuMyM 3,4 MBT, a Ha TUTaHWE CTAaHITMU H
JIpYyrux cuctem emé Oosbine. TpeThbe KIOUEBOE M3MEHEHHWE — yCTaHOBKA TEHEBOMU
3alIUTBl  OT pajJhallMd PEaKTOpa, pACHOJIOKEHHOM Cpa3sy 3a HUM B BHUJIE
IIAJIMHAPAYECKOTO CBUHIIOBOTO dKpaHa, KOTOPBIN OYJIeT CO3/1aBaTh «TE€HbY» ISl BCETO
OCTaJbHOTO MEXKIUIAHETHOTO KOMIUIEKCA M 3alUTUT JKUIMaX OT paauanuu. Juck
OyZeT BECUTh HECKOJIBKO TOHH. «3€BC», WIN JIBUTaTelIbHO-PHEPreTUYECKUd OJIOK
(I9b) Oynmer HaxoaWThCA B NEpeAHEH YacTH KOMIUIEKCA, a B3JIETHO-IOCAI0YHBIN

kopabis (BMK) — c3anu.

Kak xe npoucxoaut monér k Mapcy Ha Manoi tsare? JIMTENbHBIA pa3roH,
IIOCTOSTHHOE YCKOPEHHE HA CEPEAMHE ITyTH, JJIMTEIBHOE TOPMOXEHHE — BCE ITO
MO3BOJIUT BBHIUTPATh IO BPEMEHHU IS JIIOCH, KOTOpbhIE MPUOYIYyT HAa CTAHIUIO JIUIIIb
MOCJI€ JUIMTEILHOTO pa3roHa J0 HEKOTOphIX 3HaueHui. [logpoObHO cxemy monéra u
IIPOYHE AETANU MepenéTa MOryT paccKa3arb MOU KOJUIETH, COBMECTHO C KOTOPBIMH
MBI pa3palaThIBajIl HAIly KOHIEMIHIO. S MpeanouTy yriiyOuThCS B CBOM pa3paboTKu

Y PaCU€Thl.

3. Pacuértpl, TpancnopTHas cucrema, BMK.

OO0mmii BUA Y Mo1epHU30BaAHHOI0
MexkmianeTnoro IIuimorupyemoro Kommiekca TIOM «3eBc»
(MIIK) 1ocJje pa3BepTbIBaHUSA

JaBaiite moapo6HO octanoBuMcs Ha KOHCTpykimu BIIK, paccMoTpum u3 dero

COCTOMUT BCiA CUCTEMA, paCCUYUTACM, CKOJIBKO 3TO 6yneT BCCHUTDH, CKOJIbKO TOIIJIMBa
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MIOHAOOUTHCS M IPUKUHEM JPYTHE XapaKTePUCTUKH. Pacu€Thl ¢ HEOOXOAMMBIMU
MaccaMH TOIUTHBA Ha Ka)XJIOM dTare MpoBoAsTcs 1Mo ¢popmyre [umonkosckoro: V =1 -
In(M+m / M), rae V — u3MeHeHHE CKOPOCTH, | — yaenbHbIi UMITYJIbC ABUraTess, M —

KOHEYHas Macca, CKOPOCTh KOTOPOi TOJKHA OBITh M3MEHEHa, M — Macca TOILIUBA,

HeoO0XouMast 11l I3MEHEHHUSI CKOPOCTH KOHEYHON Macchl. PacuéThl 1y1st BCero

IIOJIETA HY’KHO MIPOBOJIUTH C KPAWHETO IIara, ¢ «CaMOM CyXOW» MaccChl.

Iranbl nocaaku BITIK
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Hauate crour ¢ BIIK, Tak kak OH mpeAcCTaBiseT CO0OM OTIEIbHYIO
TPAHCIIOPTHYIO €AUHUILY U TpeOyeT JIUYHOro TorumBa. OH COCTOUT U3 HECKOJIBKHUX
yacTed W ABJISIETCA YaCTUYHO MHOTrOpa3oBbIM. HekoTopble pacd€Tsl MPUBEICHBI B
npwioxenuu. BIIK paccTeikoBbIBaeTCs ¢ OpOUTaIBHBIM MOYJIEM Ha opoute Mapca
U HaYMHAeT TOPMOXKEHHE B arMocdepe Mapca ¢ mOMOIIbI0 HATYBHOIO 3aIIMTHOTO
TEIJIOBOTO IMIUTa, JAUAMETP KOTOporo Oosiee 9 MeTpoB ([Uisl 3alIUThl KOpabdis c
muamerpoMm 6,5 m). I'me-to Ha BbicoTe oT 20 nmo 11 KM packpblBaeTcs cucTema
OTPOMHBIX BBICOKOIIPOUYHBIX CBEPX3BYKOBBIX MAPAIIIOTOB JJIi TOPMOXKEHUS B OoJiee
IJIOTHBIX ClI0siX aTMocdepsl. Heo6xoammo o0ecrednTh TOpMOKEHUE TTapallroTaMu 1
mmToM J1o ckopoctu V = 300-400 km/u k BbicoTe h = 2450 M. 3ateM TEIIOBOM IIMUT
oTcTpenuBaeTcs, Bkmodaercs JY mocamounoro wmoayns. Takum  obOpasowm,
HeoOxoaumoe yckopenue, coodbmaemoe BIIK taroit neurareneil ero mocaio4Horo
Moayss, Oymetr a = 25 M/c"2, 4TO B COBOKYMHOCTH C YCKOPEHHEM CBOOOJHOTO
najicHusl Ha Mapce naét neperpy3ky menee 3 3emHbix (. Tsra aurareneii: F = m(g +
a), BpeMs paboThl: t = v/a, BeicoTa BKiodueHus: h = (a * t72)/2. Jlannas neperpy3ska
HE MPUYUHUT Bpena Jake OCIaOJECHHBIM IMOJETOM OpraHM3MaM KOCMOHABTOB. Jliis
CTAOMJIBHOCTH CUCTEMBI MPHU MOCAAKE 5 TUTAHUPYIO MCIIONb30BaTh 4 npurarens. s
COXpaHEHHs  YCTOMYMBOro  HakjoHHoro mnosioxkenuss BIIK ~ Bo  Bpems
a’pOJIMHAMUYECKOTO  TOPMOXKEHHSI  (UYTO  OPUBOAUT K  TOBBIIIEHUIO  €r0
7 PEKTUBHOCTH) LIEHTP MaCC CJErKa CMEIIEH C MOMOIIBIO «IIAXThD», KOTOpast OyaAeT
omucaHa Mo3xe. B kadecTBe TOIIMBA I TTOCAIKU W B3JIETAa sI BBIOpAJ roproyee
HecUMMETpUUHbIN aumetunruapasud (HAMI) u okuciutens TeTpaokCHUI a3oTa

(AT). Tak xe ObUT BapHaHT C UCIIOJIB30BAHUEM METaHa M KHCIOpoza. J[Burarenb Ha
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TaKOM TOILJIMBE OOBIYHO MAET OOJIBIINK yAeIbHBIN uMIyibc, yeM Ha HJIMI u AT, a
3HAYMT Macca TOTUIMBA U HadajabHas Macca Bcero BIIMK Oyaer mensie. bosnee Toro,
METaH M KHUCIOPOJ MOXHO cO34aBaTb Ha Mapce, OpoBOIA SJIEKTPOIU3 BOJBI
(mosmyyaeM BOJOPOJ M KHCJIOPOJA) U PA3JIOKEHHE YIJIEKHCIIOrO ra3a Ha yriepona U
KUCJIOPOA. DTO 3HAYUT, YTO TOIUIMBO JJisl B3/1ETa, KOTOPOE HMMEET 3HAYUTEILHO
OOJBIIYIO MaccCy, YeM ISl TIOCAJIKH, MOXHO OyneT Jo00bIBaTh MpsIMO HAa Mapce, a He
BE3TH C¢ co0oil. B koHeuHoM urore 3t1o cokpatut Maccy BIIK noutu B 2 pa3a. JlanHas
KOHILIETIIIUS MOET OBbITh MpPUMEHHMMa B OyIylleM, HO i HaudaJbHBIX 3TaloB
KPaTKOCPOYHBIX MUCCUI HaM cienyeT ucnosb3oBars HIIMI™ u AT. Bo-niepBbIx, 1
HUX HE HYKXHBI CIIOXKHBIE U TSKENTBIE CUCTEMbI OXJIAXJEHMs, KaK Jii METaHa U
KHUCIIOPOJIa, KOTOPhIE B KUJAKOM COCTOSIHUM HMEIOT TeMIlepaTypy IMpumepHo -182
rpagyca no llenascuto. Bo-BTOpBIX, HE CMOTps Ha OOJIBIIYI0O HEOOXOAUMYIO MAaccy,
9T KOMIIOHEHTHI SIBJISIFOTCS OOJiee IUIOTHBIMU, YeM METaH M KHUCJIOPOJ, MOITOMY
00BEM 3aHMMAIOT MEHBIIE, YTO YJOOHO MPU MPOCKTUPOBAHUHU U CO3JaHUHU KOPaOIIs.
ITpu nocanke BIIK caguTcs Ha BBIABHXKHBIE ONOpBI. BhicOTa arperaTHoro orceka
1700 MUIIUMETPOB, YTO HEMHOTO OOJbIlle, YeM AuameTp InapooOpazHoro Oaka
okucnuTens (Bcero ux Jpa). baku roprouero HEMHOTO MEHbIIE O0aKOB OKHUCIUTEIS
(ux Toxe nBa). Jluamerp 6akoB ObLI paccuvTaH UCXOJd U3 00bEMOB, HEOOXOAUMBIX
JUIS pa3MEILECHHs] TOIIMBHBIX MAacC OKUCIUTENS U TOPIHOYEro, OTHOUIEHUE KOTOPBIX
paBHO 2,6/1. Jlpurarenu c Halieil He O4YEHb OOJBIIOW TATON BIOJIHE YMECTATCS B
pa3Mepbl HaIleTO arperaTHoro orceka. Tam ke B LEHTpe OyAeT pacrojaratrbcCs
OaJUToH I HaayBaHWS TEIJIOBOTO IWTa. J[MameTp arperaTHOro oTceka paBeH
JTMaMeTpy KUJI0oro Moayis. Macca arperaTHoro orceka co muToMm coctaBuT 10 T. B
IIEHTPE arperaTHOro OTCEKa, KUJIOTO MOJYJIS, W PAa3rOHHOTO OJOKa B3JIETHOTO
MOJyJII HaXOAUTCS AbIpa AUAMETPOM 2 MeTpa i JBUTraTelis pa3rOHHOTO OJioKa

B3JIETHOT'O MOJYJIS.
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Han arperaTHbIM OTCEKOM HAXOJUTCS KWIOW MOAyib. Ero nuamerp cocrasiser 6,5
METpPOB, YTO TIO3BOJIACT CO37MaTh KOMMOPTHBIE W CBOOOJHBIC YCIOBHS IS
KOCMOHABTOB B JIOBOJIbHO HEOOJIBIIIOM TOMeIIeHuH. Tam ecTh 4 KpoBaTH, KyXHS,
«mkadb» 1715 €11bl, Belle U 000pyI0BaHUs, paboure MecTa, OOPTOBON KOMIIBIOTED,
3armac BOJBI M BO3/yXa, CHCTEMBI )KH3HEOOECIICUCHNUS U TEPMOPETYJIAINH, TyaleT, a
TaK)Ke MUTF030BOM OTCEK IS BBIXO/1a Ha MMOBEPXHOCTh Mapca, B KOTOPOM HaxoJsTcs 4
ckadanapa. Macca ocHaménnoro moayis = 10 T.
[lapamroTHeie CHCTEMBI JJISI TOCAIKU KPETISITCS

CBEpXy MOAYJS Ha CBOOOJHOM IIPOCTPAHCTBE B

ABYX AOUaAMCTPaJIbHO IIPOTHUBOIIOJIOKHBIX TOYKaXxX,

MX Macca IMPUMEPHO paBHA 2T.

[Hanee cnexyet B3nETHBIN MOayiab. OH COCTOUT U3

JByX TOpPOOOpa3HbIX OAaKoB, BBITSHYTBHIX BBEpX.
WN3navanbHO s IUIAaHUpOBAN  clelaTth  TOP
BBITSIHYTBIM 110 JHAMETPy M Jaxe BbIBel (Gopmyiy il pacuéta oObEMa Takou

burypsl uepes 3 paauyca:
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Ho BO3HHK BOMpOC 0 mepexojie JTroAeH
U3 B3IETHOrO KOpabis B JKUJIOW MOIYNIb U
obpatHo. B Teopum oHM MorM OBl
nepedupaThes CHapYX U Kopabis B
ckadanapax mo yectHulle Ha oOmmuBke. Ho s
permn CenaTh OTCTPEIMBAEMYIO
TePMETUYHYIO  «IIaXTy», TH€ JIOAH IO
JecTHUlle 06e3 ckadaHIPOB CMOTYT CIOKOWHO
MIOTIACTh MPSIMO B MEPEXOIHBIN ILTIO3 KUIIOTO
MonyJid. [Ins 3TOro mpunuioch yMEHBIIUTH
auaMeTp OaKoB B3IETHOTO MOIYJISI HA 2 METpa.

Teneps camblil MHUPOKUIA nTUaMeTp paBeH 4,5
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MeTpa (Takoi ke JuaMeTp y B3JIETHOTO KOopaldiisi), 4YTO OYE€Hb YJIOOHO JIJIsi YCTaHOBKU

«axTe». E€ Macca cocTaBUT OKOJIO TOHHBI, a JJIWHaA — 1T m. HpI/I YMCHBIICHHUH

AWaMCTpa MPHUIIOCH BBITAHYTH 0aK OKMCIIMTEIIS HE BIINPb, 4 BBCPX. CDOpMYJ'Iy JJIs

BBIYHCIICHUS TTapaMETPOB HOBOM (DUTYPHI 51 Tak»Ke BBIBEN (CM. puc.). Pasmepsl 0akoB

BBIUUCIISIOTCS IO JaHHOH (hopMyIie, KOoTJa CTAHOBUTCS U3BECTHA Macca M TUIOTHOCTh

TOIIZIMBA Ha 3TaliC MHUCCHH.
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JTanbl B3JjeTa JIBuraTenn Pa3roHHOTO

0y10Ka PacIoIOKeH BO
BHYTPEHHEM POCTPAHCTBE
TOPOOOpa3HBIX 0aKoB.
[Munotupyemsiit KOpaoJIb
HpeACTaBIseT coboi
MOTU(UIIMPOBAHHBIN TUTS

Mapca IITK  «Opém» ¢
OpOUTAIIbHBIM arperaTHbIM
OTCEKOM. Macca  B3JIETHOIO
Kopabisi ¢ 3ampaBiCHHBIM

arperaTHbIM OTCCKOM, JIFOJIbMH

¥ BO3BpaIiaeMbiMu rpy3amu (17

T) BMECTE€ C CyXOHh Maccoi
pasroHHoro Onoka (5 T) maroT

22T. 0 MOMM pacuéraM, Macca

TOINIMBA AJIs1 BbIBOAA I[aHHOfI

CHCTCMBI Ha Op6I/ITy COCTaBJIICT

42t. Ilpu 3TOM, BEpXHSs 4acTh

YKHJIOTO MOJTyJIst UMeeT
KOHYCOOOpa3HyI0 TOJICTYIO MPOCTONKY, 4TO yOepekET ero OT IUIaMEHHU JBUTATEIIS.
DTO 3HAYUT, YTO MbI CMOKEM HCIOJIB30BaTh ATOT JKWJIOW MOJYJIb B MOCIEIYIOIINX
MHUCCHUSIX KaK JOMOJHHUTEIHHOE MECTO JJISl JKHWJIbSl, XpAaHEHUsI 4ero-jaudo u Jp., 4To
na€T HEIUIOXWE TMPEUMYIIecTBa M HDKOHOMHIO, a TaK XKe sBIAeTCS (HaKTOpoOM

MOTEHIIUAJIBHOTO co3AaHus 0a3bl Ha Mapce u3 3Tux OJI0KOB.

U tak, Mbl uMeeM 64 T B3IETHON CUCTEMBI U 23 T YacTU, NPUCYTCTBYIOLIEH MPH
nocajake. Torga Macca mocajoyHOTro TOIIMBA cocTaBuT mpuMepHo 10100 1. OOmas
macca BIIMK m = 97100 kr. Tsra kaxmoro asurateis nobkHa ObiTh F=m(a +q) / 4

= 700 xH, uyto oTHOCHTenpHO HeMHOro. Pacuétel mo Qopmyne lluonkoBckoro s
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npojiesa, UCHOIb3ys CIENYIOUIUE JTaHHbIE: MepBas KocMuuyeckas ckopocTth Ha 300
kM opbute Mapca = 3407 m/c (Tak ke paccuuTaHO MHOW 1Mo 3akoHaMm HpioTOHA);
CKOPOCTb, ¢ KoTOpoil HaunHaeT padborats Y BIIMK npumepno 350 m/c (3HaueHue
IPUMEPHOE, MOJYYEHO Ha OCHOBE OIbITa JIPYrMX aIlapaToB U C 3alacOM Ha CIIydaii
MPEBBIICHUS TNIAHUPYEMOU CKOpOCTH). CTOUT OTMETHUTH, UTO kU0l Mmoayis BIIMK
MOET OBITh JIETKO NEepeo0OopyAOBaH B TPY30BOM MOJYyJIb W HUCIOJIB30BATHCA B
IpOIECCEe MHUCCHUH, JOCTaBisisi OOJBIIOE KOJUYECTBO TIpy30B. Bo3moxkHoCTH

Pa3IMYHBIX KOMOUHAIMI OOIIUPHBI.

Yro6rl BeiBecTu BIIMK ¢ 3emnm Ha OpOMTY IJIi CTBIKOBKM C OCTAJIbHBIM
KopabinéM HeoOxoauMm 1MOO OnauH 3amyck Ha cBepxTsikénod PH ¢ OGonbium
oOtekareneM, oo 3 3anmycka PH «Anrapa-ASB» (3amyck 4acTUYHO 3alpaBlICHHOTO
B3JIETHOTO MOAYJIs ¢ 1maxToil (38T), 3amyck JJist €ro MOJHOM 3anpaBku (27T TOIIIMBA

+ 3ampaBIIHK), 3aITyCK OCTAJILHON YacTH Kopabiist ¢ TorumBoM (32,11)).

Pazbepémcsa ¢ Maccoit mOCTOSHHON cTaHIMU. E€ MpOeKTHpOBKOW 3aHUMANHChH
mou kojuteru. BIIMK cTeikyetcst ¢ Heil yepe3 Moayib ¢ 6 muro3aMu CTHIKOBKU. K
HEMY TaK € CTBIKyeTCs KOpaljb Ha opOuTe 3eMiM, KOTOPbIA TOCTaBISET SKUMAX
nepes MHccHel M yBO3HUT ero obpaTHo Ha 3emunto nocie. K HeMy cBepXy U CHM3Y
NPUCTBIKOBaHbl CKJIaAckue Moayaud. OOmass macca 3tux Tpéx OnokoB — 20T.
OCHOBHOW MOZyJb, T/I€ )KMBET 3KUIAXK BO BpeMs nepeiéra, umeeT Maccy 401. Takxke
10 MEPUMETPY CTAHLMM MPENYCMOTPEH PsIJl IBUraTeIeil OPUEHTALNU JUIsl MAaHEBPOB
U pa3BopoToB. X TommmBo BecuT okosio 5T. Ham monepHusupoBaHHblid «3€Bc» (B
opurvHaiie BecuT 21T) ¢ yCWJIEHHBIM pEaKTOpOM, TEHEBOM 3alllUTOU H
JIOTIOJITHUTEJILHOW JBUTaTeIbHOW ycTaHOBKOWM Oyner BecuTh 33,9 T. Ilosmywaercs,
oOmiass Macca BCEW CHCTEMBI O€3 MEXIUIaHETHOro TorutmBa — 195 1. Pacuérom
MEXIUIAaHETHOTO IepenéTra 3aHuMaeTcd MoM kosuiera. Ho pagu mHTEpeca s pemuin
paccuuTaTh Maccy Ui Mmepenéra MO TOMaHOBCKOM Tpaektopuu. Hekotopsie
CKOpPOCTH  OBLIM  paccuMTaHbl 1O  3akoHaM  HblOTOHa, HEKOTOpblE  —
IKCIEpUMEHTANbHBIME cuMyssiiusimu B mporpamme  Orbiter 2016. Ilo wurory

BBIUMCIICHUH  IIO (bOpMy.TIe HHOJ’IKOBCKOI‘O IIEepBOHAYaJIbHasA MacCca  BCCro
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MexIuianeTHoro komiuiekca — 232400kr. TommuBo umeer maccy 37,4t1. Kunkuit
KCEHOH OyJleT 3aHMMaTh MpU 3TOM 00BEM HemHoro Ooiee 12m”3. Temnepb, MOKHO
MOCUYUTATh CKOJILKO BPEMEHH YHIET HA PA3rOH JI0 2 KOCMUYECKON CKOPOCTU € 3eMIIH.
60 H = a -232400xkr. a = 60/232400 wm/c?, t = v/a = (3190-232400)/60. ITepeBeném B
JHU, TOJy4YuM NpuMepHO 143 nHA, TO ecTb Okojio 4,75 MecsueB. OTU pacuETbl
CIpaBEJIMBBI I TOMAHOBCKOM TpaeKTOpPUM, a B Halled KOHIEMIMU TOIJIMBA
notpedyeTcst 60JIbIlIe, MTOCKOJIBKY ABUTATEIN OyAyT paboTaTh Ha MPOTSHKEHUU MTOYTH
Bcero nepenéra. CTOUT OTMETUTh, YTO JUIsl YIPOILEHHUS IMPOILIECCOB pacuéra v AJis
TOBBIIICHUSI WX TOYHOCTH, S HAIMCal HECKOJBKO IporpaMMm Ha s3bike python,
KOTOpBIC TPUHUMAIOT MOY 3HAYEHUS M BBIJAIOT HYKHBIM MHE pe3ynbrar. Koa MoxHO
IOCMOTPETh B MPUJIOKEHUAX, @ 3/IeCh S MPOAEMOHCTPUPYIO (YHKIHIO, KOTOpasi MO
npuHIUIy Gopmyssl [[MOTKOBCKOTO pacCUUTHIBAET MacCy TOIUIMBA AJIsi MaHEBpPA 1O
NepeJaHHbIM 3HAUYEHUSM KOHEYHOW MAacChl, U3MEHEHHUS CKOPOCTH M YJEIbHOIO

HMITYJIbCa:

prop(dv, ud, mas):

(mas * (math.e %% (dv / ud))) - mas

4. Co3nanue 3D-moaean u makera cucremsl u BITK

Kak BbI Morm 3ameTuTh, s co3gan dcku3Hyio 3D-moxmens BIIK,
o0JIaaloNIyl0 TOYHBIMM Pa3MEpPHBIMU  XapaKTepUCTUKamMu Kopiyca. Pabora
npoxoamia B mporpamme AUIOCAD. IIpomymbiBasi pasMepHbIe XapaKTEPHUCTUKH,
OPrOHOMHKY U KOMIIOHOBKY ammapara s y4é€il MHOXKECTBO (DaKTOpOB, B TOM YHCIIC
OMHUCAHHBIX BbIIe. HaubonpiIyt0 CIO0KHOCTh MPEACTABISIN  PELICHUS] TI0
COMPSDKEHUIO B3NETHOW W TMOCAJOYHOM YacTH, pacd€Thl TOIUIMBHBIX OakKoB
pa3roHHOTO OJIOKa, BHYTPEHHSSI KOMIIOHOBKA JKHJIOTO OTCEKa. Tak e MHOM ObLia
OCYIIIECTBJICHA MTPOEKTUPOBKA arperaTHoro orceka TOM «3eBc» U IONOJHUTEILHON
JIBUTATEJIbHOW CHCTEMBbL. MOU KOJUIETH CIENIAIIM OCTAIBHBIE YACTU TPAHCIIOPTHOU
cuctembl. Bee daitnibl Mbl moaroroBuwid K 3D-meyaTd M HamedaTad d MOJYJIbHBINA
MakeT cuctembl B maciutabe 1:144. Ilpencrout Tsxénas paboTa 1Mo MOJUPOBKE,

oOpaboTke, cOOpke W TIOKpacke Makera. B Omkaifiiee Bpems s TUIAHHPYIO
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nopaboTaTh BHYTPEHHOCTH JKMJIOTO MOJYJsS, CIPOEKTUPOBATh JBUTATEId Ha
HayaJbHOM YPOBHE, IPOIYyMAaTh AETANUPOBKY U CTHIKOBKY BIIK, yBenmnunts Maker u,

BO3MOKHO, BHCAPUTD OJICKTPOHUKY W JATYHUKK B MAKCET JJIS BBIITOJIHCHUA PAa3JIMYHBIX

MTOJBM>KHBIX ONEPAIUN.

I1l. 3axkaouyeHue

Mbl  nmpoxymanu W pazpaboranu  HamOosiee  AdPexkTHBHYIO IS

KPaTKOCPOYHBIX/CPEAHECPOUHBIX MUCCUN M JOCTaBOK I'PY30B KOHLEMLHUIO MOJETA,
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BbICAJIKU U Bo3paiieHus (k Mapcy). Mou pa3paboTku UMEIOT OO0JIbIION NOTEHIMA U
BAPDUATUBHOCTh, HX MpPAKTAYECKass peanu3anus MO3BOJIUT  MPOABUHYTHCA
YeJI0BEYECTBY B OCBOCHMM KOCMOca. bblUl omucaH psJ HOBOBBEAECHHUH (M HX
obocHOBaHME) KacatelbHO TOM «3eBc» I HAIIEro MEXKIUIAHETHOIO KOMILICKCA.
bonee mompo6HO S paccuMTan M COPOEKTUPOBaN  B3néTHo-mocamouHbIi
Mapcuanckuii  Kopabnb, ObulM paccuMTaHbl HEOOXOJUMBIE M ONTHUMAJIbHBIC
MaccOBbI€ U Ta0apUTHBIE XapaKTEPUCTUKH KOPaOJId U €ro JacTeil, HeoOXoaumMas Tsra
nBurareneil U BplOOp TorumBa. beuim co3nanbl 3D-Monmenn M mMakeThl CHUCTEMBI U
BIIMK. S nnaHupyro CKOpyr JA0padOTKy W MOJEpPHHU3AIMI0 IPOEKTa, €ro
ycinoxxkHeHue. [lonmyyeHHble NaHHbIE, KOHLIENIUU U 3aJyMKH IIOMOTYT PEaau30BaTh

noJIETHI YyeoBeka Ha Mapc B OnmrkaitiieM Oy ayIiem.
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9.

V. Cnucok MCNOJIb30BAHHBIX MATEPHAJIOB.

Jlumepamypa u nepuoouueckue uz30anus
[Tunotupyemas skcnequuusa Ha Mapc. A. C. Koptees, Poccuiickas Axkanemust
Kocmonastuku, 2006
Kypc Ha Mapc. Camblil pealIiCTUUHBIN POEKT noJieta K KpacHol mianere.
Po6ept 3yopun, Puxapa Baruep. 1996, 2001 Robert Zubrin, U3a. «9xemoy,
2017
Kocmuueckue anmapatsl. [lox o6mient penakiueit npod. K. I1. deoktucrosa.

http://12apr.su/books/item/f00/s00/z0000023/index.shtml

Cnyckaemsble anmapartsl. E. . [Tonos. U3narenscTBo «3Hanue», 1985 r.
O0630p MPOEKTOB MUIOTUPYEMBIX MONIETOB K Mapcey. U. B. besses, C. .
Croiiko 110 «Metamucty, PKK «OHeprus».

MexaHnKa KOCMHUYECKOTO MOJIETA B 3JIEMEHTAPHOM H3J10keHuu. B. .
JleBantoBckuili. MockBa «Hayxka», 1980 r.

Pacué€t 0oCHOBHBIX paboUnX XapaKTEPUCTUK HOHHOTO JBUTATENS MOITHOCTHIO
20-30 Bt. MAU, Angonun ®. ., Axmerkanos P. B.

https://cyberleninka.ru/article/n/raschet-osnovnyh-rabochih-harakteristik-

ionnogo-dvigatelya-moschnostyu-20-30-vt/viewer

Humepnem-pecypcuot
NASA mars

https://mars.nasa.gov/mars2020/timeline/launch/launch-windows/

https://ru.wikipedia.org/wiki/TpancnopTHO-?)HEPreTUYECKU_MOIYIb

10.https://forum.novosti-kosmonavtiki.ru/index.php?topic=18400.5620

11.https://users.livejournal.com/-s-0-n-y-/33048.html

Ilpocpammmnoe Qobecneuenue:

12. AutoCAD 2019
13. CAIIP Kommac-3D
14. Orbiter 2016

15. Python 3.11
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http://12apr.su/books/item/f00/s00/z0000023/index.shtml
https://cyberleninka.ru/article/n/raschet-osnovnyh-rabochih-harakteristik-ionnogo-dvigatelya-moschnostyu-20-30-vt/viewer
https://cyberleninka.ru/article/n/raschet-osnovnyh-rabochih-harakteristik-ionnogo-dvigatelya-moschnostyu-20-30-vt/viewer
https://mars.nasa.gov/mars2020/timeline/launch/launch-windows/
https://ru.wikipedia.org/wiki/Транспортно-энергетический_модуль
https://forum.novosti-kosmonavtiki.ru/index.php?topic=18400.5620
https://users.livejournal.com/-s-o-n-y-/33048.html

V. Ilpunoxenus.
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File Edit View Navigate Code Refactor Run Tools VCS Window He =} X

Over @ calculations py L~ calculations ¥ Q . '
Project © T T & — [acalculationspy % obyem.py % griotpy i g
@ backbone.py math 1 54 A v :E
@ calculations.py 8
@ conv.py g = g
® doreshka.py ME =
@ echopy MM =
@ fohj.py
@ FigVam.py R\E -
@ filikpy RHES
% ariotpy ui_ndmg_ton =
% quide.py ui_ion_xe =
% ispy v_e = math.sqrt((6 * ME) / (RE + )
% main.py v_m = math.sqrt((6 * MM) / (RM + ))
@ New Chapter.py m_orel =
WODVEDY m_veng =
lesactizon m_vzlet_suh = m_veng + m_orel
® timer.py s
® BbIBOpPLLPY
» KoHuenuwa nonéra Ha Mapc v BanétHo-nocaaouHbIi | 9=
KoHuenuwa nonéra Ha Mapc v BanéTHo-nocagouHbli | gm =
# Il External Libraries dop_g = 3 * g
v g < Python 3.10 (Not Over) > a = * g
> lllin Binary Skeletons t_eng = v_pos / a
> DLLs h_pos = (a * t_eng * t_eng) /
> il Extended Definitions
> Lib
’ Rl prop(dv, vud, mas):
i ::;Da(kages (mas * (math.e %% (dv / ud))) - mas
> Lib
> Scripts
A gitignore vzlet_prop = prop(v_m, ui_ndmg_ton, m_vzlet_suh)
alphabet.xt ( (vzlet_prop) + )
% hoar.py m_vzlet = m_vzlet_suh +
@ phishub.py fi m uzlot)
B ovvenv.cfa
P version control P Run ¥ python Packages = TODO 4@ Python Console @ problems  EM Terminal €@ services
)ownload pre-built shared indexes: Reduce the indexing time and CPU load with pre-built Python packages shared indexes // Always download // Download once // Don't show again // Configure... (12.02.2024 14:39) 5943 CRLF UTF-8 4spaces Python 3.10 (Not Over) ‘i

1 22:52
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@ calculations.py

%@ backbone.py aop_g - x g —
% calculations.py a= x g
% cony t_eng =
® dor h_pos =
@ echo.py
prop(dv, ud

(mas * (m

m_vzlet

e et_prop) )
@ New Chapter.py et_prop) + )

_down + zlet
“ THO-MOC w m_vpmk_suh = m_vzlet_suh +
Mapc u BangtHo-nocaounbil pos_prop = prop(v_ vi m_pos)
‘L ( pos_prop )
. ( h_pos
_vpmk = +
Ft = m_vpmk % (a + gm)
( Ft

> b vpe =
> I Scripts vk _
® -gitignore

alphabet.txt
v n_pod =
% hoar.py

pe prop_pod = prop(dvk, ui_ion_xe, m_pod
% phishub.py

& owenv.cfa

ion Control

pre-bu ng time a 3.10 (Not Over) Tm

s> @ % B @ stoses 5
Eile Edit View Navigate Code Refactor Run Tools VCS Window Help — ) X
Over | { calculationspy 2 calculations ¥ Q@F
Project ¥ (%] = & — [ calculationspy % obyem.py % griotpy

pmK )

% backbone.py N 1
@ calculations.py FE S Ol & @ @ ey

% conv.py ( A

@ doreshka.py Fteng = Ft /

@ echo.py ( Fteng )

@ fahj.py vpe =

@ FigVam.py dvk = vpe - v_e

& filik py

m_all =
griot.py
I v m_pod =
@ guide.py .
prop_ped = prop(dvk, vi_ion_xe, m_pod)
®Jspy
( prop_pod)
@ main.py
A New Chapter.py m_torm m_pod + prop_pod
% obyem.py v_razg.m =
) research,json prop_razg = prop(v_razg_m, vi_ion_xe, m_torm)
% timerpy ( prop_razg)
@ BbI60PLIpY m_stop_mars = m_torm + prop_razg +
KoHuenuwma nonéra va Mapc v BanétHo-nocagounbiii | ( m_stop_mars)
SNETHO-NOCAAOUHBIA prop_stop = prop( vi_ien_xe, m_stop_mars)
g External Libraries I
( prop_stop)
“ g < Python 3.10 (Not Over) >
n _stop_mars + prop_stop
> Binary Skeletons P
( m_to_mars)
> MEDLLs °
> B Deies prop_start = prop( vi_ion_xe, m_to_mars)
> Lib ( prop_start)
> Python310 m_total = prop_start + m_to_mars
> site-packages ( m_total)
A venv. ( )
> Lib 65
> Negod]
o -gitignore
alphabet.txt
@ hoarpy
@ Phishub.py
pvvenv.cfg
P version Control  ® Run € Python Packages ODO @ python Console @ problems B8 Terminal € services
ownload pre-built shared indexes: Reduce the indexing time and CPU load with pre-built Python packages shared indexes // Always download // Download once // Don't show again // Configure... (12.02.2024 14:39) 65:1 CRLF UTF-8 4spaces Python3.10 (NotOver) fm
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Run:

I« 4l

h

Run:

P version Control » Run ¥ python Packages = TODO @ Python Console O prof
Download pre-built shared indexes: Reduce the indexing time and CPU load with pre-built Pyth

I« dl

m th

® [ L] o

15022024

prop(dv, ud, mas):

(mas # (math.e #%* (dv / ud))) - mas

calculations
"D:\Users\1.HOME-PC\Not Over\venv\Scripts\python.exe" "D:\Users\1.HOME-PC\N\
TONAUBO AnA B3néTta: 41814,.90089418489; dakTmueckw (c 3amacom): 42000
Macca B3NETHOro Kopabna c Tonnueom: 64000

Macca TonnauBa Ans nocapku: 10055.513473895815 ¢daxkTuyeckm (c 3anacom): 10104
BoCOTa BKnwyeHnuns [Y 2450.0

macca BMNMK: 97100

obwaa TAra: 2786770.0

TAra Ha peuraTtenb: 696692.5 H

TONNWBO ONA TOPMOKWEHWA y 3emnu: 8452.373065928521
TONAUBO ONA pa3roHa c mapca: 1952.103692126897

calculations

obwas TAra: 2786770.0

TAra Ha gBurartenb: 696692.5 H

TONNWBO ONA TOPMOMEHWA y 3emnu: 8452.373065928521
TONNWBO ONA pa3roHa c Mmapca: 1952.103692126897
OOCTaBUTb K Mapcy TOHH: 205504.47675805542

TONNWBO ONA TopMmoWeHWAa y Mapca: 19353.236896903923
OTNPaBWTb K Mapcy ToHH: 224857.71365495934

TONNWBO ONA oTpeiea oT 3emnu: 8112.88576433601
Macca BCel cucTeMmbl ¢ Tonnueom: 232970.59941929535
macca Tonnuea: 37870.59941929535



