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B npenpuHTe npeacTaBieHa KOHUENIMSA MUCCUM K Mapcy Ha 6a3e KOCMUYECKON
m1aT(GopmMbl MUKpOKJIacca — anrmapaTa CTaHAapTHOM KOHCTPYKLIMHU C CyXOH Maccoil 10
100 kr, cHaOG)kEHHOTO 0OBEIMHEHHOM JIEKTPOPEAKTUBHON ABUTAaTEIbHON YCTaHOBKOM
11 OpOUTaIBHOIO MAaHEBPUPOBAHUS U YIIPABIICHUS YTJIOBBIM JBMKEHHEM. [IpuBeneHa
IpUMepHasi KOMIIOHOBKA MUKPOILIAT(OPMBI, JAETCSI ONMMCAHUE BO3MOKHOM MOJIE3HOM
Harpy3ku. M3 npenBapuTenbHOro 0ayuiMCTHUECKOTO aHAIM3a MUCCHH JIEAETCS BBIBOJ
0 €€ MOTEHIMAJIBbHON OCYIIECTBUMOCTH.
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Mission to Mars based on the universal small-size platform equipped with
an electric propulsion engine

In the preprint, the concept of a mission to Mars is developed based on the micro-
class space platform, a standardized spacecraft with a dry mass of no more than 100 kg
equipped with a unified electric propulsion system for orbital maneuvering and attitude
control. The spacecraft bus design and the possible payload are described in detail. The
preliminary flight dynamics analysis proves the feasibility of the proposed concept.

Key words: interplanetary mission, Mars, small spacecraft, low-thrust propulsion,
stationary plasma thruster
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IIpuHATHIE B TEKCTE COKPALLlCHUS

AKDB — akkyMmymsitopHas 6aTapest

BIIBM — GopToBas 1iudpoBas BEIYUCIUTEIbHAS MaIlIMHA
BMK — Benepunanckas Monutopunrosas Kamepa

BY® — BakyymHBIii ynbTpapuoaeT

JIY — nBurarenbpHasi yCTaHOBKA

UK — undpakpacHsiii

KA — kocmuueckuii anmapar

KMOII — koMmiInMeHTapHasi CTPYKTypa METaJLT-OKCUI-TIOTyTIPOBOIHUK
MKA — manblii KOCMAYECKUH amnmapar

ONY — obbenuHeHHas JBUTATEIbHAS YCTAHOBKA

[TH — none3nas Harpy3ka

PB — pa3ronsslii 6510k

Cb — conneunas Gatapes

COII — cucrema >J€KTPONUTAHUS

YKB — yJbTpakOpOTKOBOJIHOBBIN

Y® — ynbrpaduosieToBblit

OPJ1Y — sneKkTpopeakTUBHAs IBUTaTEIbHAs yCTAHOBKA
ARM - Advanced RISC Machines

BEO — beyond Earth orbits

EMM — Emirates Mars Mission

EXI — Emirates Exploration Imager

FREND - Fine-Resolution Epithermal Neutron Detector
IUVS — Imaging Ultraviolet Spectrograph

MARCI — Mars Color Imager

MARIE — Martian Radiation Experiment

MAVEN — Mars Atmosphere and Volatile Evolution
MRO — Mars Reconnaissance Orbiter

NRHO — Near Rectilinear Halo Orbit, moutu npsimonuHeliHas rajgo-opouTa
RAD — Radiation Assessment Detector

SAR — Synthetic Aperture Radar, pagap ¢ cHHTe3UpOBaHHOM aNepTypOi

SPICAM — Spectroscopy for the Investigation of the Characteristics of
the Atmosphere of Mars

TGO — Trace Gas Orbiter
VMC — Visual Monitoring Camera



BBenenue

B teuenue nocneanux 30 et B MUpe IPOUCXOANUT PyHIaMEHTAILHOE U3BMEHEHNE
napagurMbl OCBOEHHsI KOCMOCA, 00YCIOBIEHHOE KaK MOSBJIEHUEM HOBBIX TEXHOJIOTHIA,
TaK U MEPEOCMBICIICHHEM CaMOT0 OX0/a K MPOSKTUPOBAHUIO KOCMUYECKUX MUCCHUH.
MunnaTopusanus 3JeKTPOHHBIX KOMIIOHEHTOB, a TAK)KE PACIIPOCTPAHEHHE JEIIEBBIX
MHUKPOIJIEKTPOMEXAaHUYECKUX CUCTEM MO3BOJIMIN CO3/1aBaTh HEAOPOTHE KOCMUYECKHE
anmapatsl (KA) Ha OCHOBE CTaHAAPTHOW 3JIEMEHTHOW 0a3bl, OTKPBIB JJOCTYT HA PHIHOK
KOCMHUYECKHUX TOBAPOB U yCIYT i 3apoxaaBimuxcs B 1990-e u 2000-e roapl 4aCTHBIX
KOMIIAaHUI U YHUBEPCUTETCKUX rpymi. Heciydaitno Hanbosee momysIsipHbIi B TaHHBIHA
MoMeHT ¢opMmaT Maibix KA — kyOcatsl u3 aneMenTapHbix 6;10xkoB 10%x10x10 cm — 6611
paspaboran B CILIA npodeccopamu boobom Teurrcom (Bob Twiggs) u dxopau [Trour-
Cyapu (Jordi Puig-Suari): Takue HaHociyTHUKH — KA Maccoii menee 10 Kr — moHavaimy
HCTIOJIH30BAJIMCH YHCTO B 00Pa30BaTENbHBIX HEJSX U MO3UIIHOHUPOBAINCH B KAUECTBE
IIPOEKTOB, MO3BOJISIOUINX CTYJEHTY 3a BpeMs 00yUeHHs B YHUBEPCUTETE IIPOITH BECH
IyTh OT HJICH MICCHUH JI0 3aITyCKa CITyTHUKA Ha opOuty [1]. Beero 3a aBa pecstuierus
KyOcaTbl 3aHsJIU JOMUHUPYIOLLEE MoJIoXKeHne cpean Maibix KA nonasistomiee yucio
U3 ©XKETOJIHO 3aITyCKaeMbIX HaHOCITy THUKOB (puc. 1) u MukpocmyTHHKOB — KA maccoit
ot 10 xr 10 100 KT — cocTaBnAIOT KyOcaThl YeTHIPEX HanboJee BOCTPEOOBAHHBIX POPM-
dakropos — 1U, 3U, 6U, 12U (110 komm4ecTBY 0JI0KOB-IOHUTOB, U3 KOTOPBIX COOMPAIOT
arnmapar) [2]. Ha cerognsimauii 1eHb yxke chOPMUPOBAH PHIHOK KOMITICKTYOIIUX TSI
KyOcaTOB: TOBaphl CTaJIH JIOCTYITHBI JJaKe B OHJIaliH-Mara3uHax Tuma CubeSatShop [3],
4TO emI€ HeAaBHO Ka3aJI0Ch HETUIMUYHBIM 11 KOCMUYECKOW WHAYCTPHUU SBIICHUEM.
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B utone 2010 roma coctosics mepexo/1 Ha CIEAYIONIYIO CTyTIEHb 3BOJIOIMH POJTU
maieix KA: ¢ pa3Huiield MeHee Heiesu ObLIH 3aImyIeHbI Cpa3y JIBE IPYMIOBBIX MUCCUU
— mBeacko-dpaniry3ckast PRISMA [5] u nemenkas TanDEM-X [6]. 'maBHoi#t 3anaueit
NIEPBOI MUCCHH SIBIISUIACH OTPA0OTKA KOMILICKCA TEXHOJIOTHIA JIJIsl TPYIIIIOBOTO MOJIETA
— CTBIKOBKH/PACCTHIKOBKH, CONMKEHUS, 007ETa OJTHOTO amapara APYruM, a BO BTOPOi
MHCCHH ObLIa BIIEPBBIC pealli30BaHa KOHIEIIHS OMCTATUYHOTO (JBYXCITyTHUKOBOTO)
pazapa ¢ CHHTe3UpOBaHHO# anepTypoii (bistatic synthetic aperture radar, bistatic SAR)
TS TUCTAHIIMOHHOTO 30HIupoBaHust 3emin. B nanbueiieM ot popmaruu (formation
flying) manbix KA ¢ Beaynum Ciiy THUKOM, KOOPAMHUPYOLIUM JABHKEHUE OJTHOTO HITH
HECKOJIbKUX BeIOMbIX KA, pa3spaboTunku Bc€ 00JIbIIe HAYaJIU YXOAUTh B CTOPOHY POSI
(swarm) miu co3Besnus (constellation) cryTHHKOB — THIIOB IPYIIMPOBOK, rie Bce KA
PaBHOIPABHBI U IOTOMY MOTYT OBITh CJICTaHbl OJJMHAKOBBIMH, YTO 3aMETHO YITPOIIACT
U yJICIIEBJISICT UX MIPOU3BOICTBO, B TOM YHCIIC C IIETIhIO 3aMEHBI — B CITy4Yae BBIXO/1a W3
cTpost Ha opoute. Co3Be3aus Majbix KA, pacnpeei€HHbIX B HECKOJIBKUX TIOCKOCTSIX
BOKPYT 3eMJIH WJIU JPYTOro HeOECHOTO Tejla, BIOJIHE CIIOCOOHBI PEIIaTh TE Ke 3314,
YTO U UX aHAJIOTU Ha 0a3ze OOJBIINX anmnapaToB: o0ecrneueHue rii00albHON HaBUT AU
U CBSI3H, JOCTYIIA K CITy THUKOBOMY TCIIEBUACHUIO K HHTEPHETY, IEPUOIUICCKHI 0030D
MOBEPXHOCTH M T.IT. Kak/pIii anmapat B CO3Be3A1UH (PYHKIIHOHUPYET CAMOCTOSATEIIBHO;
yIpaBJICHUE OCYIIECTRIISICTCS MPOrPaMMHO, C Ha3eMHBIX ITyHKTOB yIpaBiicHus. B poe,
HAMpOTHUB, YIIPABICHHE, KaK MPABUIIO, ABTOHOMHO: Ka)K/IbIi almapar cCaMOCTOSATEIIbHO
NPUHUMACT PEIICHUE O CBOEM MOBEACHUH, NCXO/Is U3 O0IIEH 3a/1a4K U TIOBEACHHUS €T0
coceneit. @opmaruu ¥ pOM MaJIbIX CITyTHUKOB XOPOIIIO TIOAXOIAT ISl HAyYHBIX 337134,
TPeOYIOIIUX OTHOBPEMEHHBIX U3MEPEHUH B JJOKAJTM30BAaHHOM 00J1aCTH IPOCTPAHCTBA,
a TaKKe JUIA 3a1a4 IUCTAaHI[HOHHOTO 30HIupoBaHus [7].

VIMEHHO B IpyMIOBBIX MUCCHSIX HAaHOO0JIeE IPKO MPOSIBUIIUCH JOCTOMHCTBA MAJIbIX
KA, co3naBaeMbIx ObICTPO, MAaCCOBO, IO apOOUPOBAHHOMY cTaHAApTy. OTMETUM, YTO
B OCHOBY M0/IX0/1a K pa3pabOTKe, MPOU3BOICTRY U SKCILTyaTaIlUU IPYIITHUPOBOK MAJTBIX
CITyTHUKOB IMOJIOKEHA HE HaEKHOCTh KaXI0TO OTACIBHOTO CITyTHUKA, a HAIEKHOCTh
IPYIIUPOBKYU B LIEOM. ITOT (PaKT NPUHIMITHATBEHBIM 00pa3oM TpaHCPOPMUPYET BCIO
UJICOJIOTHIO PAa3BUTHS OTpaciy — (haKT, KOTOPBI, HAKOHEIl, HAYNHAIOT 0OCO3HABATH U B
Poccun?.

I[To Mepe TOTo Kak TEXHOJOTHH, HEOOX0IUMbIEC B MUCCHSIX MabiX KA, mocturaiu
3pENIOCTH U MPOXO MU JETHYIO BepU(DUKAIINIO, HHTEPEC Pa3pad0TINKOB MOCTEIICHHO
Hayajl BBIXOIUTh 3a IPeeiibl 0K0JI03eMHBIX opOuT [8]. He cunTas HeCKOIBKMX paHHUX
MUCCHI MUHHU-amapatoB K JIyne u manbsim tenam (Deep Space 1, SMART-1, GRAIL),
MIEPBBIM MEKIIJIAHETHBIM TOJIETOM JAEHCTBUTEILHO Malbix KA cunTaeTcs 3amyck AByX
6U-ky6caroB MarCO-A u MarCO-B x Mapcy B mae 2018 roga — momyTHO ¢ 60IbIINM
KA InSight [9]. HazBanue a1 HoBoro kiacca Muccuii mansix KA, BEO (beyond Earth
orbits) muccuii [10], 3akpenmnock B 2022 roay B cBsi3u ¢ mosiérom Artemis |, B pamkax
KOTOpOro 1o myTH K JIyHe Obutn otaenensl cpasy 10 kyocato (cm. Tabmuiy 1).

https://prokosmos.ru/2023/10/27/yurii-borisov-pered-nami-stoit-grandioznaya-zadacha-perevernut-
situatsiyu (gara obpamenus 01.05.2024)



Tabnuya 1
BEO-muccuun masbix KA (10 500 kr)
Ha3zeanue Too Hebecnoe meno/opouma  I'nasnas muccus (eciu
manozo KA 3anycka HA3HAYeHUsA 3aNnyCcK NONYMIHDLIL)
Deep Space 1 1998 acrepon bpaiti —
u koMera bopennu
SMART-1 2003 OKOJIOJTyHHast opouTa —
GRAIL A/B 2011 OKOJIOJTyHHast opouTa —
PROCYON 2014 actepont 2000 DP1o7 Hayabusa?
MarCO-A/B 2018 Mapc InSight
LICIACube 2021 acrepoun Juaum DART
CAPSTONE 2022 rajio-opouta EM L2 —
ArgoMoon 2022 BBICOKORJLITUNITHYECKAS Artemis |
OKOJIO3eMHasi opouTa
BioSentinel 2022 FEHONCHTPIHCCKAr Artemis |
opOuta
CuSP 2022 FCIMONCHTPIHCCKA Artemis |
opOuTa
LunIR 2022 L Artemis |
opOuta
Team Miles 2022 HEHORET PHHACCIAA Artemis |
opOuTa
LunaH-Map 2022 OKOJIOTYHHast opOuTa Artemis |
Lunar IceCube 2022 OKOJIOJTyHHAas OpOUTa Artemis |
OMOTENASHI 2022 cToNKHOBeHHE ¢ JIyHO Artemis |
EQUULEUS 2022 rajio-opouta EM L2 Artemis |
NEA Scout 2022 acteponn 2020 GE Artemis |
Lunar Flashlight 2022 OKOJIOTyHHas opOuTa Hakuto-R Mission 1

SLIM 2023 nocaaka Ha JIyny XRISM
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B Tom xe 2022 roay k JIyHe ObuiH oTIpaBiieHbl enl€ JBa KyOcara, MUKPOCITY THUK
CAPSTONE, ycrienmHo BbIIeAmni Ha MOYTH NpsMoinHeHyo rano-opouty (NRHO)
BOKPYT JIyHHOU Touky quoparuu L2 [11], m 6U-ky6cat Lunar Flashlight, 3amymieHnbrit
MOITYTHO C SIMOHCKUM MuHU-ammaparom Hakuto-R. K coxkanenuto, mocieasist MUCCHS
3aKOHYMJIACh POBAJIOM U JJIs1 OCHOBHOW, U JUISI JOTIOJIHUTEJILHOM ITOJIE3HOM HATPY3KHU.
Heynauyamu npu3HaHbl ¥ MOAETHI MUHUMYM TTOJIOBUHBI KyOCAaTOB-TIOIYy TYMKOB MUCCHH
Artemis | (Bce HeymauHbie Muccuu oTMeueHbl B Ta0muie 1 kpacHbIM 11BeTOM). Tem He
MCHEE TH TMOHEPCKUE MPOCKTHI MO3BOJIWIN U3BJICYb MHOTO IMOJIE3HBIX YPOKOB [10] u
CTaJIM BaYKHOM BEeXOM Ha IMyTH K HEU30€KHOM 9KCIIAaHCUU MaJIbIX alllapaToB B JaJIbHUIMA
KOCMOC.

Crnenyrommumii 3Tar B pa3BUTHH TexHoaorui 1yist BEO-muccuit manpix KA — monér
K APYyToH IJIaHEeTe ¢ UCIOJIb30BaHUEM COOCTBEHHOM JIBUraTeNIbHOM ycTaHOBKH. Camast
OuYeBHUIHAA TJIaHETa-KaHAUAAT B TaKOM Muccuu — 310 Mapc. [lorpeGHOCTh B 60J1b11IOM
KOJINYECTBE TOIJIMBA U HALIEJIEHHOCTh HAa PELIEHNE HEKOTOPOU HOBOW HAYYHOU 3a/1a4
OnpeaeNstoT orpaHuueHus Ha popm-pakrop KA: Ha ceroaHsIIHEM TEXHOJIOTHYECKOM
YPOBHE NIOJIHOLIEHHASI MAPCUAHCKasl MUCCHUS PEAIN3yeMa B KJIacce aniapaToB MAHH U,
MOKET OBITh, BEpXHEM JIMAINAa30HE KJIaCCa MUKPO. XOPOIIUM IPUMEPOM 3/1€CH CITYKUT
npoekT ESCaPADE [12]: nBa uaeHTHYHBIX anmapaTa cyxoi macchel 201 Kr (¢ TOTUTUBOM
— 525 kr), pa3pabarbiBacMbie komnanueii Rocket Lab, momkHbl oTipaBuThCs K Mapcy
B ceHTs0pe 2024 rona. [y KOppEKIMU TPAaeKTOPUHU U BXOJa Ha MapCUAHCKUE OPOUTHI
00a MuHu-KA cHabkeHbl XUMHUYECKUM JBUTATENIEM Ha JBYyXKOMIIOHEHTHOM TOTLIMBE.
Muccus EscaPADE ¢ mosinbiM 610/15keToM MeHee 100 MUIIITHOHOB J10U1apOB, BKITFOYAst
CTOMMOCTb 3aITyCKa, OTHOCUTCS, TI0 cTaHaapTHou kinaccudukamum NASA, k kiaccy D
— HEJIOPOTUX MUCCUI HEOOJIBIIOr0 MPUOPUTETA C IOBOJIbHO BHICOKMM YPOBHEM PHUCKA.
OHa nzeanbHo NOAXOAUT U I AEMOHCTPALMU BO3MOKHOCTH IIPOBEJIEHUS CEPHEZHBIX
MJIAaHETHBIX MCCIIEOBAaHUM TPyNIUpOBKOi Masbix KA, v st 0TpaOOTKHU KPUTUUECKUX
TEXHOJIOTUH B YCIIOBUSIX PEAIBHOIO MEXKIUIAHETHOTO MOJETA.

B otinuue ot JIyHbl 1 BeHepbl, K KOTOPBIM yKe 3allJIlaHUPOBAaHbl OT€YECTBEHHbIE
MUCCUH B OJIMKalIIEM WA 4y Th OTIAaIEHHOM OyayuieM, ¢ MapcoM cutyanus apyras:
B PE3YJBTATE NMOJHOTO 0TKA3a 3alaHbIX CTPAH OT y4acTus B mporpaMmme «k30Mapce»
oOpazoBajicsi BakyyM. PazpaboTtka cBoelt 00Jb1110i1 MUCCHU TPeOyeT MHOTO BpEMEHU U
CPEICTB, @ BEPOSITHOCTh yCIIeXa TAKOW MUCCHM OyeT HEBeIMKa O3 YCIEIIHbIX TECTOB
CITy»KEOHBIX MPUOOPOB U MTPOTPAMMHOTO 0OECIICUECHHS B YCIIOBUAX JIaIbHET0 KOCMOCa.
EcTtecTBeHHBIM BBIX0/10M OBLJIO OBI /17151 HA4asia OTIPABUTH B KOPOTKHE CPOKHU K Mapcy
MaJIbIi amnmapar, KOTOPhI BBIMOJHUT HAYYHO-TEXHOJIOTHYECKYIO MUCCHIO.

Hacrosmuii npenpuHT — 3TO NOMBITKA €r0 ABTOPOB CAEIAThH MEPBBIN LIAT HA ITyTH
K PEIICHUI0 aMOUITMO3HOM 3a1a4u TPOPAOOTKH OTEYECTBEHHON MapCUaHCKOW MUCCHH
Ha 0ase anmapaTta MUKpokJjacca. YToObl COKpaTUTh cyxyto Maccy KA 10 ypoBHs Huxe
100 kr, He oboiiTHCh 6€3 (D (PEKTUBHOM IIEKTPOPEAKTUBHOM ABUTATEILHON YCTAaHOBKHU
(BP1Y), koTopast mpu CKPOMHOM BETMYMHE TATH 00J1aJa€T OYEHb BHICOKUM YI€IbHBIM
UMITYJIbCOM. TpaeKTopuu ¢ MaJION TATOM, KaK U BOOOIIE TF00bIe HU3KOIHEPreTUUECKUe
TPAEKTOPHH, 1JI1 KOTOPBIX HEJIb3s UCIIOJIb30BATh UMITYJICHOE MPUOJIMKEHUE, CITOKHbI
B MpoeKkTupoBanuu u ontumusanuu [13]. [ToaToMmy Ha TekyIieM 3tarne padboThl 0c000e
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BHUMAaHHE YIEISUIOCh OAITMCTUYECKOMY aHaJIu3y MUCCUU K Mapcy u npuOImKEHHOM
OLIEHKE OCHOBHBIX MTPOEKTHBIX TapaMeTPOB amnmnapara U TpaekTopuu nepenéra. Ytoosl
yAepKaTh JJIMTEIBHOCTH MEpesiéTa B pa3yMHbIX Ipejenax (He 0osiee mojyTopa JIeT) U
n30exaTh MPOOIeMbl HAKOTIIICHUS 1035l paiialliy MPYU MHOTOKPATHOM MPOXO0KICHUH
nosicoB Ban AiieHa, BMECTO JOJITOI caMOCTOSITENbHOM packpyTku manoro KA (nanee
— MKA) ¢ HH3KO#1 0K0JIO3eMHOM OpOHUTHI, KaK Mpeiaraioch, CKaxkeM, B mpoekte [14],
OBLIIO pelieHo chOKYCUPOBATHCS HA APYTON CXEME BbIBEJICHHUS, BKITIOYAIOIIEH BbIIauy
HEO0OXO0IUMOT0 OTIAETHOTO UMITYJIbCa C MIOMOIIBIO pa3roHHoro 6yoka (PB).

3aMeTHM, YTO K CETOAHSIIHEMY JHIO OBLJIO Peaii30BaHO HE TaK MHOT'O ITPOEKTOB
MUCCHUH B TalIbHUN KOCMOC, T/I€ B KaU€CTBE MapIlleBOro JBUTATENs Ha OOPTY amnmnapara
ucnosb3oBanack DPJIY. [Tomumo panee ynomunasimmxcs Deep Space 1 u SMART-1,
BBIJICIMM sioHCKKe Muccuu Hayabusa n Hayabusa2 x niBym acrepoumam — M Tokasa u
Prory (B paMkax mocieHel ObLT MPOU3BEIEH YACTUYHO YCIICIITHBIN MOy THBIH 3aITyCK
mukpoamnmapata PROCYON, taxke nmeBiiero Ha 6opty mapiieByio DPJIY, pyHKmus
KoTopoii Obl1a foctaBuTh KA K acreponay 2000 DP1g7), muccuro Dawn k actepounaam
Becra u Llepepa v coBceM HeJTaBHO CTapTOBABIIYIO MUCcHIO PSyche kx omHonMEHHOMY
actepounay. Bo Bcex atux muccusix OPJ[Y, ctaninoHapHblie mia3MeHHbIE (XOJIJIOBCKUE)
WJIM 3JIEKTPOCTATUYECKHE HOHHBIE, 33/IEHCTBOBAIIM B POJIM pabOYEro Tejaa KCEHOH — 110
IPUYMHE €r0 BBICOKOU 3 (PEKTUBHOCTH U3-3a OOJIBIION aTOMHOM Macchl. BmecTe ¢ Tem
JUTsl KyOCaToB, C MPUCYIIUMU UM OTPAaHUYCHUSIMU, HAOJI0/Ia€TCsl TCHICHIIMS ITepexo/ia
k OPJ1Y Ha ropaszo 6osiee 10CTymHOM 1 jeriéBoM iose (LunaH-Map, Lunar IceCube,
Team Miles) unu Boo6me Boge (EQUULEUS).

B xoze paboTel Ham 0011MKOM MUKpoOAaIapaTa CTaBUIACh 3a/1a4a CIPOEKTUPOBATh
YHUBEPCAITBHYIO MIaTGHOPMY U3 MPOIIEIIINX JIETHYIO KBATM(DUKAIINIO OT€UECTBEHHBIX
KOMILJIEKTYIOIIIUX, YTOOBI CO3/IaTh XOPOIIUH 3aJe]1 KaK JIJIs MApCUAHCKON MUCCHH, TaK
Y T IEPCIEKTUBHBIX Mucchii Kk JIyne, Benepe u qpyrum tenam CoJIHEUHON CUCTEMBI.
VYHuBepcaabHOCTh MUKPOILIAT(HOPMBI — 3aJI0T €€ MacCOBOTr0, OBICTPOTO U HETOPOTOro
MIPOU3BOJICTBA, CTOJIb BOCTPEOOBAHHOTO B YCIOBUAX HEOOXOAMMOCTH BOCCTAHOBJICHHS
KOMIETeHIM Poccr B MEXIIITAaHETHBIX TIOJETaX U OYCHD CKYAHOTO (DUHAHCHUPOBAHUS
Hay4YHOU KOCMHYECKON TPOTrPaMMBl.

1. Onucanue yHuBepcaabHOM Mukpomiargopmsl ¢ IPIY

C 1enpro ynpoCcTUTh U YAEIIEBUTh CEPUIHOE U3TOTOBIEHNE MUKPOAIIIIAPATOB JUIS
BEO-Muccuii npeuiaraetcst HCIoJIb30BaTh MPUHIIUIIBI, CXOXKHUE C TEMH, YTO JIEKaJIH B
OCHOBE KOHIIENIMY KyOCaToB: pa3paboTarh iiatrgopmMy Ha MOIYJILHOM MIPUHITUTIC, T/IE
MOJYJIY BBIITOJIHEHBI B BUJIE IPSMOYTOJIBHBIX MHOTOCEKIMOHHBIX paMOK. Pa3menienue
nosne3noi Harpy3ku (ITH) B kopmyce miaTtdhopmMbl MOKET MEHSTHCSI B 3aBUCUMOCTH OT
coctaBa [1H, HO 117151 HE€ JOJKEH ObITh BBIICJICH HEKOTOPBIN MaKCUMAJIBHO TIOCTYITHBIN
00BEM U yKa3aHO MaKCUMAaJIbHOE CpeiHEee/TTMKOBOE IHEPTrONOTpedIICHHUE.

["aGaputhl kOHCTpYKIIMKH Mapcuanckoro MKA mpoiMKToBaHbl HEOOXOAMMOCTBIO
pa3MeCTUTh B KOpITyCe anmnapara 6aku ¢ JOCTaTOYHBIM KOJIMYECTBOM paboyero Tena —
KCEHOHa — I niepesiéra oT 3eMiid Ha pabouyro opouty Bokpyr Mapca u obecrieueHus
OpMEHTAllMM BEKTOpa TSITU MapIIeBOM JBUTaTENbHON ycTaHOBKH ([Y) — mapupoBanus
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AKCIICHTPUCUTETA TATH U Pa3rpy3KH MaXOBUKOB. BHeNTHMIA BUT anmapaTa cCXeMaTHIHO
n300pakEH Ha puc. 2. YeTwipe Oaka ¢ cyxoi Mmaccoit 13.2 kT, BMemaromue 1mo 8 THTPoB
KCceHOHa (MTOro 64 KT KCEHOHA), 00€CIIeUNBAIOT paObOTy 0OBEAMHEHHOW IBUTATEIHHOM
yctanoBku (OJ1Y) AO OKb «®akem» Ha 6a3ze nByx mapmeBbix asurarenei CI1/[-50M
u 6 npurareneit opuerTarmu DHJ[-10. Cxema pa3mernienns 6akoB B KOPITyCe armapara
¢ pazmepamu 1150 x 500 x 800 MM nmoka3zaHa Ha puc. 3.

Puc. 2. Buemnwmii Bug MKA ¢ pa3BEpHYTHIMU TAaHENSIMUA COJTHEYHBIX OaTapei

Puc. 3. Pazmemnienne 6akoB ¢ kceHOHOM B Koprmyce MKA
(oOymiioBKa Kopmyca cHsTa, nanenu Cb He moka3aHbn)
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B coctaB mtatopmbl BXOAST IIEHTpaibHAas CUCTEMA ¢ OOPTOBBIM KOMIIBIOTEPOM,
CUCTEMA YIIPaBJICHUS IBM)KCHUEM, BKIIOYArOIas cucreMy ynpasieHus Y u cucremy
OpUEHTAIIMU U CTA0MIHM3AINH IIaTPOPMBI, CHCTeMa 00ECIICUeHUS TEIIOBOTO PEXXKUMa
u cucrema anekrpornuranus (COII). BHe kopmyca pazmeniaroTcs HOBOPOTHBIE (BOKPYT
OJTHOM OCH) MOJTyJI U3 TPEX maHeneu coHeunbix 6atapeit (Chb) cymmapHoi muomaam
4.32 M?, aHTeHHa 115 CBA3H ¢ LIEHTpOM yIIpaBiieHus MOJIETOM M BRIHOCHON KPOHIITEHH
C IIBUTATEJISIMU OpUEHTAINH (CM. pHC. 4) 715l TapUpOBaHUS SKCIICHTPUCUTETA BEKTOPA
TSATH MapILIEBOTO ABUTATENS U pa3rpy3ku MaxoBUKoB. [lo crapta nanenu Cb Ha ocHOBe
KPEMHHEBBIX ITPe0Opa3oBaTeseii B CII0KEHHOM BHJI€ OPUEHTUPOBAHBI BJI0JIb IIIMPOKON
ctoponbl KA, a mocine ux pa3BépThIBaHUs IPUBOJ KaKI0ro u3 MoayJieil Cb no3posser
HE3aBUCHMO BpaIllaTh €70 OTHOCUTEIBHO OCH, OPTOTOHAIBHOM MTpooibHOM ocu MKA.,
[Tomumo CBb, COII copepKUT MOJTyJIb CUIIOBOTO peoOpa3oBaTelisi U aKKyMYJIATOPHBIE
0arapeu (AKB) Ha muTHEeBBIX akKyMyIsTOpHBIX 3eMmeHTax. C yuérom KIT COIT 85%
u xapaktepuctiuk Cb MakcuManibHas MOIHOCTE, oTaaBaemasi B AKD u 6opToByto ceTb,
Ha opbute Mapca coctaBuT B cpeHeM okojio 300 BT, a Ha opoute 3emiu — 4y Th OoJiee
700 BT, yto noctaTtouno ajst padotel OV, cinykeOnbix cucteM u [1H B Teuenue Beeit
MUCCHH.

Puc. 4. YeTbIpe ra30BbIX ABUTATEIISI OPUECHTALINH,
pa3MeIaeMble Ha BEIHOCHOM KPOHIITEWHE

KittoueBoe 3BeHO LIEHTpaIbHOM CUCTEMBI — OOpTOBasi LU(PPOBas BEIUUCIUTEIbHAS
maimHa (BLIBM) Ha ocHOBE MuKpokoHTpoiuiepa ¢ ARM-apxurektypoii. OCHOBHBIMU
uHTepdenicaMu B3auMoIelCcTBUS LIeHTpainbHOU cucteMbl MKA ¢ apyrumu cucremamu
u MoaysiaMu ciykat RS-485 u PK-komanabl. KommyHukanus annapara ¢ Ha3eMHBIMU
MYHKTaMH YIIpaBJIEHHs OpraHU3yeTCs yepes Mepeaaroiiee yCTpoicTBO S-1uamna3ona ¢
MaKCUMalIbHOM BBIXOJHOM MOIIHOCTHIO 60 BT, ocHaiménHnoe peaekTopHoil aHTeHHON
pasmepom 750 x 500 MM B pacKpbITOM BHUJIE.
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JIBuratenbHas ycranoBka CII/[-50M npousBoacta AO OKb «®akem» obmagaet
TArOBBIM ycuireMm 10 25 MH npu notpedissemoit momHocT oT 200 10 450 Bt. B cuity
toro, uto MmotopHoe Bpemsi CIT/[-50M orpanundeno 5000 yacamu (~208 cyTOK), HY>KHO
MPEyCMOTPETh YCTaHOBKY Ha 00pT MKA AByX MapllieBbIX ABUTATENEH, pabOTaIOIMINX
rocJyeIoBaTeabHo. Kak BapuaHT, ABUTaTeNM pa3MeIialoTCsl COOCHO — C MPOXO0KICHUEM
BEKTOpa TATH KaXXJ10ro JBUraress yepes uentp macc MKA. B Hauane nonéra paboraer
MapIIEBbIN IBUTATENb, PA3MEIIEHHBIN HA JINIIEBOM CTOPOHE KOPITyCca, & KPOHIITEWH C
JIBUTATEJISIMU OPUEHTAIIMH TOBEPHYT B ThUIbHYIO cTOpoHy. [locie BeipaboTku pecypca
NIEPBOI0 MApIIEBOTO IBUTATEINS allllapar NEPEBOPAYNBACTCS TPOI0IBHOM OCho Ha 180
rpaaycoB, KPOHIITEWH Pa3BOPAYMBAETCS HA JINLIEBYIO CTOPOHY U BKIIFOYAETCS BTOPOI
MapIIeBbIi IBUTAaTENh, KOTOPBIN paboTaeT 10 KoHla Muccuu. KypcoBasi cTaOuiIbHOCTD
opueHTanuu KA B TeueHHe aKTUBHBIX yUYaCTKOB TPACKTOPHH (Y4aCTKOB C JJIUTEIHHOM
paboTo# MapIIeBOTO ABUTATEN) oOecniednBaeTcs 6 ra3oBeiMu aeuratensimu OHJI-10:
B JIONIOJIHEHHE K 4 IBUTATEIIIM OPUEHTALlMM Ha BEIHOCHOM KPOHILTEHHE €CTh ellE rapa
nBurateneit Ha kopnyce miargopmel. Bapuant ¢ OJlY Ha KceHOHe, Korja 1 MapiieBbie
JBUTATENH, U IBUTATEIIN OPUEHTALIMH UCIIOJIb3YIOT ATOT a3 B KaUecTBE paboyero Tena,
MPEANOYTUTENECH, TAK KAK UMEET HAMMEHBIINI HA0OP A11IEMEHTOB, 00BEM U CTOUMOCTb.
B 10 e Bpems u3-3a HU3KOTrO YAEIbHOIO UMITYJIbCA Ta30BbIX JBUTATENECH HA KCEHOHE
JUTsI CHCTEMBI OpueHTaIuu norpedyercs mpumepHo 30% obmiero 3amaca raza. AO OKb
«Daxem» npoBeIeHbI CEPUU JTa00PATOPHBIX UCIIBITAHUM U pacy€ToB apameTpoB O/1Y
¢ MapueBbiMu aBUTaressiMu manou Taru CIT/1-50M u razoBbIMU 3JIEKTPOHATPEBHBIMU
aeuratensmu DHJI-10. Xapakrepuctuku qBurateiiei nmpeacrabieHsl B Tadmuie 2 [15]
Y Ha pucC. 5.

Tabnuya 2
Xapakrepuctuku Asurareaen QY
Pabouee Ilompeonaeman Yoenvuwiii Hnomnocms
Jeuzamens Taza, muH  pabouezo
meno  mowyHocms, Bm umnynsc, ¢

mena, K2/1
CITIJI-50M  kceHOH 200...450 1200...1380  12...25 2.0
OHJI-10 KCEHOH 5 55 1 2.0

biok BeicokoTOouHOM cTabmam3anuu MKA cocTout n3 MaxOBUKOB ITPOU3BOJICTBA
AO «Kopnopamuss BHUMOM» ¢ ynpasnstonum momeHToM 20 MH*M. DT MaxoBHKH,
HMMEIOIIKE 3armac KuHeTndeckoro MmomeHTa 1 H*mM*c, OynyT pa3rpyx’aTbcsi ¢ HOMOIIbIO
JIBUTATEJIEN OPUECHTALINH.

3a HOpMaJIbHBIH TETOBOH peskuM Ha 6opTy MKA (B TOM ymcIie 3a moiepkaHue
npuemieMon temreparypsl bIIBM, nCIOJIHUTENBHBIX OPraHOB CUCTEMBI YIIPABJICHUS
1 3JeKTponpuBo0B nanesned Chb) 0TBeuaroT HarpeBaTeIbHbBIE AJIEMEHTHI.
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Puc. 5. Xapakrepuctuku npurarenst CITJ[-50M, monxy4ueHHbIe U3 T1a00paTOPHBIX
WCTIBITAHUN MpH TPEX pa3TUUYHBIX YPOBHSX Hampsbkenus paspsaa (200, 300 u 400 B)

2. Ilosie3Hast Harpy3ka s Mmapcuanckoit muccuu MKA

st momyst [TH Ha 60pTy Mapcuanckoro MKA noctyneH MakCHMabHBINA 00BEM
800 x 500 x 400 mm. Cunraercs, uto macca [TH, Bkiarodast kopiryc Moaysisi, HE JOIKHA
MpeBbIaTh 15 Kr, a oqHOBpEMEHHOE YHepronoTpedieHue npudopos ITH ot 6oproBoit
cetu 27 B He nomkHo npebiiath 20 BT (kpatkoBpemenHo — He 6os1ee 30 BT).
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Takue mapamerpst Moaysst [IH no3BossiroT paccmaTpuBaTh B KAYECTBE MOJIE3HOU
HArpy3Kd MUKpoanmnapata Hebli psii MaTorabapuTHBIX HAyYHBIX IPUOOPOB U CUCTEM,
peILIAOIINX aKTyalbHbIE 3a1aul 0CBOeHUSI Mapca. [Ipemiaraercs cinenyronmm cocTaB
anmnapatypsl [TH:

1) no3umeTp T aHAM3a palMallMOHHON 00CTaHOBKH Ha Tpacce 3emisi—Mapc u
OKOJIOMApCUAHCKOM OpOUTE — KPUTUUECKOTO acleKTa NEPCIEKTUBHBIX MTMJIOTUPYEMBbIX
MapCUaHCKUX MUCCHH;

2) onTUYeCcKas armapaTypa il MOHUTOPHHTA KIIMMaTa M aTMOC(EPhI, COCTOSIIAS
13 KaMephbl JIJIs1 CbEMKU MIEPEMEHHBIX (CE30HHBIX, CAHONITUYECKHX ) sIBJIEHUI Ha Mapce
B Pa3HbIX JIMaIa3oHax u Y @-crnekTpoMeTpa A a3pOHOMUYECKHUX HAOIIOCHMUI;

3) YKB-TpaHcuBep 1j1s iepeiaud KOMaH 1 ¥ MpruéMa Hay4qHbIX JaHHBIX C 30HJ0B
Ha MoBepxHocTU Mapca.

2.1. Jlo3umempuueckue uccneooeanusn

OcBoeHHe JaJIbHEro KOcMOca B OJMKalIie rojibl IJIaHUPYETCS OCYLIECTBIIATD C
MTOMONIBIO0 KAK aBTOMAaTUYECKUX, TAK U MTUJIOTHPYEMBIX MUCCHU. KITFoUeBbIM OTIMYNEM
TaKUX MUCCHUH SIBIIsIETCS TpeOOBaHUE 3aIIUTHI YEJIOBEUYECKOTO OpraHu3Ma OT JICUCTBUS
pa3IMYHbIX HEOJArONPUATHBIX (PAKTOPOB KOCMUYECKOTO MOJIETA, B IEPBYIO OYEPEab —
raJJakTUYECKOTO U COJIHEYHOI0 KOCMUYECKOTO0 n3iyuenus. [lepen yuénsimMu B o0nactu
KOCMHUYECKOW OMOJIOTUU CTOUT OCHOBHAS HAYYHO-TEXHUYECKAS 3a/1a4a — [IOATBEPAUTD
BO3MO>KHOCTB OCYIIECTBIIEHHUS ITMIIOTUPYEMOU MUACCUH K Mapcy, B X0/1€ KOTOPOU 7032
o0nyueHus He peBbICUT | 3B (IIpeaenbHbI YPOBEHb 00IyUYEHHUs JJIsl KOCMOHABTOB 3a
BCIO Kapbepy) [16]. [Tpu aToM muianupyemast IUTHTeTbHOCTh MAPCHAHCKOHN IKCIICTUTTUH
— HE MEHEE T'0J]a — YBEJIMYMBAET PUCKH MOITYUYEHUS JOMOJIHUTEILHOMN J103bI 00IyYeHUs
B pe3yJIbTaTe Bapuallii COTHEYHON aKTUBHOCTH. UTOOBI KOPPEKTHO OLEHUTH JI030BbIC
Harpy3Ku JUJIsl yYaCTHUKOB SKCIEIUIUHI, TPEOYIOTCS MOAPOOHBIE MOIETbHBIE PACUETHI,
YUYUTBIBAIOIINE CIIOKHBIN COCTAB KOCMUYECKOTO U3ITyUYEHUS HA 3TAIe MEKIIJIAHETHOTO
MoJIETA U €r0 BPEMEHHBIE XapaKTEPUCTUKH, UTO ITO3BOJISIET ONITUMU3UPOBATH JJO30BYIO
Harpy3Ky 3a cu€T BRIOOpa ONTUMAJIbHON paJualliOHHON 3aIUThI U CPOKA BBHITTOJTHEHHUSI
skcneauu. OIHaKo HanboJee HEHHBIMU SIBISIFOTCS HKCIIEPUMEHTAIbHbIE U3MEPEHUS
YPOBHEH pajuaiimoHHOTo (JOHA, BHITIOJIHEHHbBIE HEMTOCPEICTBEHHO Ha OOPTY armapara
Ha Tpacce nepenéra 3emisi—Mapc 1 Ha MapCHaHCKOW MOBEPXHOCTH. Peanu3anus Takux
KOCMHUYECKHX SKCIIEPUMEHTOB Ha KMBBIX OpraHU3Max HEBO3MOXKHA BBH]IY 3aIlpeTa Ha
JOCTABKY JIFOOBIX OMOJIOTHUYECKUX 0OBEKTOB B OKpeCTHOCTh Mapca [17]. [Toatomy mtst
paaAuaIMOHHbBIX HCClIeIOBaHUI Ha O0pTy MapcuaHckux KA pa3meniatorcst pa3ianuHbie
JIETEKTOPbI, YyBCTBUTEIbHBIE K 3aPSKEHHBIM YACTUIIAM TAIAKTUYECKUX KOCMUYECKUX
JIy4eH, MPOTOHAM U3 COCTaBa COJIHEYHBIX KOCMUYECKUX JIyYel U HEUTPOHAM.

B cocraBe HayuHOl anmapatypbl Ha 00pTy MHOrouncieHHbIX KA, oTripaBiIeHHBIX
B MIOCJIEHUE JlecATUNeTHs K Mapcy, ObL10 BCcero Tpu npudopa, npeiHa3HaueHHbIX IS
W3MEPEHUs MOTJIOIIEHHOM 10361 M3myueHus. [lepBbiii sxcniepumenT, Martian Radiation
Experiment (MARIE) B pamkax muccuu Mars Odyssey, mo3Bosiuia coopath JaHHbIC 3
2002—-2003 rozp! Ha HU3KO#M OKoToMapcuanckoi opoute [18, 19]. C aBrycra 2012 roaa
uncrpymentoM Radiation Assessment Detector (RAD) na 6opty Mapcoxoma Curiosity
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BeJIETCSI MOHUTOPUHT PaJIMAIlMOHHON 00CTaHOBKH Ha TIoBepXHOCTH Mapca [20, 21]. B
2011 romy Tem ke nunctpymenToM RAD npoBoaniucs u3MepeHus Ha Tpacce nepenéra
3emii—Mapc [22, 23]. B 2016 roay mogo0HbIe H3MEpEeHHS OBLTH TIOBTOPEHBI MOIYJIEM
Jromua-MO nputdopa FREND, ycranosnennoro Ha Trace Gas Orbiter (TGO) [24, 25].
C 2018 rona JIromua-MO ocyimecTBIsseT MOHUTOPHHT ITOTJIOMIEHHOM 10361 HAa pabodei
opoute TGO [26]. [To sxcriepuMeHTaIbHBIM JaHHBIM, B CPEIHEM Ha Pa3HbIX ydacTKax
Tpaektopuu 3emisi—Mapc norioméHHas 103a paauaiii MeHsuiach B peaenax ot 0.35
10 0.43 mI'p/cyT, a 3kBUBajeHTHas A03a paauanuu — oT 1.91 no 2.31 m3B/cyT, uTo naér
OLICHKY TIOJIHOM SKBUBAJICHTHOM 103bI 32 BCIO MAPCUAHCKYIO SKCIIEIUIINIO B IUAMTA30HE
ot 0.5 10 0.9 3B. D70 BIIOJIHE YKIaAbIBAE€TCA B MPOGECCUOHANBHBIN Mpe/ien 00TydeHUs
KOCMOHABTOB.

Heo6xoaumo 0TMETUTH, YTO YIOMSIHYThIE HAOOPHI HIKCIIEPUMEHTATIBHBIX JAHHBIX
OBLIY MOJyYEHBbI HA MAKCUMYME U cTiajie 23-T0 IIUKJIa COJIHEUHON aKTUBHOCTH, a TAKKE
3a Bech 24-1 uki. BMecte ¢ TeM OBICTPBI pOCT COTHEYHOM aKTUBHOCTH B KoHIIe 2023
roJia MOKET CBHJIETEILCTBOBATh O BO3MOKHOM OTKJIOHEHHH MMapaMeTpoB 25-T0 UK
oT iporHo3HbIX 3HaueHnH Ha 2025—-2030 romapl, B CBS3U ¢ YeM MPEACTABIISCTCS KpaitHe
BA)KHBIM ITPOJIOJKUTH U3MEPEHUS paIualliOHHON 00CTaHOBKHU Ha Tpacce 3eMisi—Mapc
Y OKOJIOMapcHaHCKoil opoute. HoBble JaHHBIE MO3BOJIAT HE TOJIBKO YTOYHUTH MOJEIH
KOCMHUYECKOT0 U3JIyUYEHHS B MEXKIUIAHETHOM IIPOCTPAHCTBE, HO U TOJAKOPPEKTUPOBATH
ONTUMAJIbHBIE — C TOUKH 3PEHUS PAIUAIIMOHHOMN 6€30MaCHOCTH — AThl MTUIOTUPYEMOMN
sKcneauuuu K Mapcy.

B xauecTtBe npoTtoTuma npubopa st onpeaesneHus NorjIomEHHON paualiMOHHON
JI03BI IO 3aPSIKEHHBIM YaCTHIIAM, KOTOPBII MOKET OBITh IOCTABIIEH Ha OOPT Oy TIyIIEeTo
MKA, MOXHO pacCMOTPETh T03UMETP-CIIEKTPOMETp TUTA «JIromuH» [27], B 4acTHOCTH
yke ynoMuHagimiics ero Bapuant Jlronua-MO (puc. 6), padoTaronuit Ha 6opty TGO
Ha opOuTe BoKpyr Mapca [25]. MHcTpyMeHTHI JInHelkn «JItomuHy, pa3padaTeiBacMble
B IHCTHUTYTE KOCMUYECKHUX UCCIIEIOBAHUN U TEXHOJOTUIN bosrapckoil akaieMun HayK
eni€ ¢ koHia 1980-x ro/10B, XOPOIIIO 3apEKOMEHI0BAU ce0sI B CIOBUSAX KOCMOCA — Ha
opOuTanbHOU cTanuK «Mup» 1 MexayHapoIHONH KOCMUYECKOW CTaHIIMH, CITy THUKaX
cepuii «kcbBMOH» n «®OTOH», nnauiickom KA Chandrayaan-1 — u moka3aju BEICOKYIO
HaJEXKHOCTh U CTOMKOCTb K (PaKTOpaM T0ATOCPOYHOro KOcMUYecKoro nojiéra. [Ipudop
MpEACTaBIISIET COOOM JIBa MEPICHAUKYISIPHBIX TO3UMETPUUECKHUX TEJIECKOIa, KOTOPhIE
paboTarOT B pEKUME COBIMAICHUI; OH MOKET
U3MEPSTh MOIIIHOCTh MOTJIOMIEHHOM 03I OT
10® o 1 I'p/4, crekTp mepenadu SHEPIUy —
ot 60 k3B 10 180 MaB (Bpemsi HaKOIUIeHHUS
— 1 gac). [1pu ymepeHHbBIX Macce, rabapurax
u sHepronoTpednenuu (<1 Bt), uncTpymeHT
MO3BOJIUT COOPATh C XOPOIIUM BPEMEHHBIM
[+ paspelnieHueM u3MepeHus OOJIBIIOro yucia

, O JIO3UMETPUYECKUX MMApaMETPOB U BBIJEIUTh
Puc. 6. [lo3umeTrp-cieKTpoMeTp B CYMMAapHOM J103€ BKJIA]l Pa3JIMYHBIX TUIIOB
JIromua-MO ans muccun TGO W3JIyYEHUs, a TAKKE COJITHEUHBIX BCIIBIIIEK.
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2.2. Hccneoosanus knumama u aaponomuu Mapca c opoumot

Ha stane opOurtansHoro neukenus Bokpyr Mapca MKA mMoxeT ucnosiab30BaTbes
JUTSL TUCTAaHIIMOHHBIX HCCNeA0BaHUM aTMOc(ephl U KJIMMaTa, B TOM YHCIIe 1JIs aHaIu3a
ABJICHUM B BepxHel atmocepe Mapca, CBSI3aHHBIX CO B3aUMOJCHCTBUEM COJIHEYHOTO
U3ITyYEHUs ¢ MapCUaHCKOM MarHuTocdepoil. B kayecTBe HOMHUHAJIBHOMN TIpeIiaraeTcs
paccMOTpeTh OpOUTY, CXOXKYIO C paboueit opouToit 30H1a «Mapc-IKkcnpece», — O4eHb
BBITSHYTY0, C BeicoTOM 300 X 10 000 KM 1 HaKJIOHCHHEM IpUMEpHO 86 rpaaycoB [28].
[Ipeneccust TMHUY y37I0B U TUHUY aTICH]] OKOJIOMAapCHAaHCKOU OpOHTHI, 00YCIOBICHHAS
TUHaAMHYECKUM cxxkaTtueM Mapca (J, = 0.002), mo3BOJIUT B TeUCHHE MUCCHH HaOIIOAaTh
U3 MEPHUIICHTPA BCE IMUPOTHI TIIAHETHI.

st muccun MKA k Mapcy paccMatpuBaeTcsi KOMIIAKTHBIN KOMITIEKC B3aUMHO-
JIOTIOJTHSIOIIUX TPUOOPOB, MO3BOJISIONIUX HAOIIOAATH IUIAHETY B Pa3HBIX JUANa30HAX
CIEKTpa: OT BakyyMHOTO0 yibTpaduonera (BY D) no 6nuxuero undpakpacuoro (UK).
OcHOBOI1 KOMITTIEKCA SBIISIETCS KaMepa, C MOMOIIbIO0 KOTOPO MOTy4Yat0T U300pasKeHUS
IJIAHETHI B YETHIPEX CIEKTpaIbHbIX Auamna3zoHax ot Y® go UK: 250, 425, 600, 800 uM.
HaunGonee kpuTHUHBIN pecypc IPH MPOBEACHUH JUCTAHITMOHHBIX UCCIIEAOBAHUMN — 3TO
KOJIMYECTBO MepelaBaeMoi Ha 3eMITi0 MH(OopMaluu; TeM He MeHee noirydyenre ¢ MKA
M300paKEHUM, MTyCTh U C yMEPEHHBIM YTJIOBBIM pa3peiieHueM, Oy1eT CHOCOOCTBOBATh
PELISHUIO IMPOKOTO KJacca 3a7a4 HaOII0IeHNsI CE30HHBIX U CHHONTHYECKUX SIBJICHUM
B aTMocdepe, BAKHBIX KaK M1 (yHIaMEHTATLHBIX UCCIICIOBAHUNA KIIMMATa, TaK U IS
obecnieueHrst 0€30MaCHOCTH M ONTHMH3AIMH 0CBOeHUs Mapca (Harmpumep, JUIs 3a1a9u
BbIOOpa MecT nocaok). K takum aTMochepHBIM SIBJICHUSM OOBIYHO OTHOCSIT MECTHEIE,
pPErHOHANILHBIC U TJI00AbHBIC MBIJIEBBIE OYPH, TUKIIOHBI, 00J1aKa Pa3TUIHON MPUPOIBI.
JlanHbIe, IOJTy4aeMble C KaMephl anmnapara, TakyKe MO3BOJISIT UCCIIE0BaTh CE30HHBIE U
MHbIC U3MEHEHUSI Ha TTOBEPXHOCTH TIAHETHI, YTO OCOOEHHO aKTyaJIbHO B MOJISPHBIX U
OKOJIONOJISIPHBIX 00sacTsx Mapca [29, 30]. Hanuune Y ®-dunbtpa 250 HM 03BOJISCT
MCCJIEIOBATh pacipeiesieHne 030Ha B MapCHaHCKOM aTMocdepe.

OrnrcaHHbIN HKCIIEPUMEHT MPOIOKUT U IOTIOJIHUT aHAJIOTHYHBIE UCCIIEI0BAHMS,
npoBoaumbie ¢ 2006 rona ¢ momornipio kamepbl Mars Color Imager (MARCI) Ha 6opty
anmapara Mars Reconnaissance Orbiter (MRO) [31] u ¢ 2021 roga — kamepoit Emirates
Exploration Imager (EXI) B muccun Emirates Mars Mission (EMM) [32]. UacTpyMeHT
MARCI ctpout pactp 3a cuét opoutansnoit ckopoctd KA MRO Ha HU3KO0# KpyTroBOii
opourte. C apyroii cropoHsl, ¢ Beicokoi opouTel EMM kamepa EXI moxeT HabmonaTh
JUIb NOJHBIA quck Mapca. [Ins kamepsl MKA, nBHXKyIIErocst o CUIIbHO BBITSIHYTOU
opOuTe, 60JIbIlIE BO3MOXKHOCTEHM 00eIIaeT KapoBasi ChEMKa: OHA MO3BOJISIET MOJIyYaTh
M300paxKeHMs pa3HON CTETIEHHU JIETATbHOCTH C YAANEHHBIX yUYaCTKOB paboyeil opOUTHI,
HaO0JII0/1aTh BBIJICJICHHBIE 00J1aCTH TOBEPXHOCTH ILJIAHETHI B € TMMO, TT0J00HO KaMepe
Visual Monitoring Camera (VMC) KA Mars Express [33]. [IporoTuit HHCTpyMeHTa —
Benepuanckas Mouutopunrosas Kamepa (BMK) opoutanshoro anmapara Benepa-/],
B CBOIO OYepe/Ib ONUPAIOIIASCS HA MHOTOYHCIIEHHBIE pa3paboTku st Jk30Mapc-2022
u nyHHou nporpammsr [34, 35]. BMK umeer otaensabie 4 M KMOII-nerexTopsr s
KaXI0TO GUIIBTPA, a TaKKe 070K 00paOOTKM M XpaHEHUS IaHHBIX, KOTOPHIA TOMOTaeT
CYIIECTBEHHO ONITUMHU3UPOBATH 00HEM MepeiaBaeMoi Ha 3eMTio HH(OpMaIUK 3a CYET
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KaJIpUpOBaHUS U300paKeHU, ONHUPOBAHUS, U3MEHEHHUS Pa3psTHOCTH U OTIIOKEHHOM
nepeIavr JJaHHbIX. YTIIoBoe paspenieHue 0.32 mpaa/mkc (~100 M/Tke Ha TOBEPXHOCTH
IpY HAOJTFOJICHUH U3 TIEPHUIIEHTPa pabodeld OpOUTHI) ONITUMU3UPOBAHO JIJIS IOy YCHHS
M300pakeHHI TIOJIHOTO ucka Mapca ¢ yJalI€HHBIX TOYE€K BOCXOISAIIEH U HUCXOSAIIEH
BeTBeW OpOUTHI: MONHBIHN Kajp oxBaTbiBaeT 40° % 40°. Kamepa ¢ 0J10KOM 3JIEKTPOHUKH
BecUT 4 KI 1 noTpedisieT Bo Bpemsi padboThl 12 BT. OpueHTHpoBOUHBIN 00bEM HAyUHBIX
JAHHBIX cocTaBUT 512 MG/cyT.

[Tonyuenue criekTpoB B Y @-auamna3zoHe N03BOJIUT 3aMETHO PACIIMPUTH U3YYEHUE
atMocdepsl Mapca, mpex/ie BCero sBJICHUI B BepXHel atMocdepe MmiIaHeThl, KOTOphIE
CBSI3aHBI C BO3/ICMICTBUEM COJTHEYHOT'O U3IyueHHs. B ciekrpansHoM nuana3zone ot 115
710 320 HM IJTaHUPYETCS UCCIIE0BATh POSBIICHUS aBpopalibHOW akTUBHOCTH [36, 37],
HOYHbIC U JHEeBHBIC cBeueHus [38, 39], BoAOpoaHYIO KOPOHY, pacipec/icCHHE 030HA 1
CBOMCTBA a’pO30JIbHBIX YacTHIl. Takue HaOI0eHusl KpaliHe BOCTPeOOBaHbI HAYYHBIM
coo01ecTBoM. OHM JIOMIOJIHAT €IMHCTBEHHBIN MPOIOIKAIOIIMICS HA JaHHBIIT MOMEHT
SKCIIEPUMEHT — u3Meperus crekrporpada Imaging Ultraviolet Spectrograph (IUVS) B
xone muccun Mars Atmosphere and Volatile Evolution (MAVEN) [40]. B pe3ynbsraTe
MHTEPIPETALNH NOTy4YeHHbIX Y P-HaOm01eHni Oy1eT 3aTPOHYT OUYEHb IUPOKUNA KPYT
aKTyaJbHBIX HAYYHBIX 3a/1a4, BKJIIOYAs OLEHKH TEMIIa COBPEMEHHBIX ITOTEPH BOAOPOIA
U Kuciopoaa ¢ Mapca.

B xauecTBe 0/JHOTO U3 MPOTOTUIIOB MPUOOPA pacCMaTPUBAETCI KOMIAKTHBIN Y D-
KaHan y cektpomerpa Spectroscopy for the Investigation of the Characteristics of the
Atmosphere of Mars (SPICAM) na 6opty Mars Express, IpOBOAMBILEr0 H3MEPEHHS C
2004 o 2014 roawl [41]. D10 n300pakaroluii criekTporpad), COCTOSIINN U3 BXOIHOTO
TeJIECKOIa Ha MapadoIMueCcKOM 3epKaiie, IIeJId, BOTHYTON AU(PPAKIIMOHHON PEIIETKH,
a TaK)Ke JIETeKTOopa C yCUJIMTeNeM n300pakeHus. B kauecTBe COBpeMEHHOr0 BapHaHTa
dhoronpuéMHuka ciekTporpada OyJeT UCTIONB30BaHa, B LIEJIIX YHU(DUKAIIUY, TaKasl &Ke
KMOII-maTpuiia, kak u B kamepe. biarogaps stomy iBa npudopa OyAyT yIpaBiIsThCA
o01uM 0J10KOM 371eKTpoHUKHU. CrieKTporpad BECUT IPUMEPHO 5.5 KT ¥ MOTPeOIsSeT BO
BpeMs n3MepeHuii ue oosee 15 Br.

Kamepa u cnekrporpad 10KHBI OBITh PACIIOI0KEHBI TaK, YTOOBI B HOMUHAIBHO M
OpHMEHTAlIMY annapara ONTUYECKUE BXOIbl TPUOOPOB ObLIIN HallpaBieHbl B Haaup. [1pu
MIPOBEICHUH HAOIIOACHUI Ha paboueil okojIoMapcruanckoit opoute opuentaius MKA
J0JKHA 00ecTieunBaTh BO3MOXKHOCTH MMOBOPOTa Ha +90° B IMIIOCKOCTH, OPTOTOHATILHOM
BEKTOPY OopOUTabHOM cKOpocTH. JKenarenbHas TOYHOCTh cTabminsanuu MKA paBHa
0.3 mpan Ha 30-ceKyHIHBIX UHTEPBAJIaX BPEMEHH.

3. Boixog MKA Ha 0TJI€THYI0 MEXIJIAHETHYI0 TPA€eKTOPHIO

BaxHbIM BOPOCOM, CYIIIECTBEHHO BIHSIFOIIMM Ha CTOUMOCTh MUCCHH H €€ CXeMy
(TpaekTopHIO TIepenéTa, ero AIUTEIFHOCTD, 3aTPaThl Pad0Yero Tena), BISIETCs BRIOOP
CpeACTBa BbIBEJIEHHs MaJIOT0 afmapara Ha OOPHYIO OKOJIO3EMHYIO OpOUTY U 3aTeM —
Ha oTnéTHyto Tpaekroputo. g MKA, He oOnagatoniero cooctBenHoi mapiueBoi Y
OO0JIBINION TATH, UMEETCS JIUIIH JIBA PEATUCTHUUHBIX CIICHAPHUS MEXKIUTAHETHOW MUCCHH:
nepBbIi moapasyMeBaeT noctaBky MKA k rutaneTe Ha3Hau€HUS MOMYTHO C OCHOBHBIM
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ammapaToM OOJIBIIION MAacChl, OTJEICHHUE OT HETO M BBIXO]] Ha pabouyto OpOUTY — cpa3y
TMIOCJIE OTAEJIEHUS UJIY TIOCJE IOBBIBEJCHHUS C IIOMOIIBIO CBOETO MApPIIEBOTO IBUTATEIIA
MaJIOH TATH; BO BTOPOM CLICHAPHH 3AJI0KEHO COOOIICHUE MAJIOMY alllapary OTIETHOTO
umnyinbca 3a cuért PB, a mapuiessiii aurarens MKA HaunHaet paboTaTh enié Ha dTare
MEXIUIaHETHOTO nepenéra. HecMoTpst Ha TO YTO MepBbIi clieHapuid 0osiee ObICTPBII U
HaAEKHBIN, OH 00J1a/1a€T CYIIECTBEHHBIM HEJIOCTATKOM: OOJIBIIINE MUCCUH K TUTAHETaM
PEAKHU, MX MPOEKTHI YACTO OTKJIAABIBAIOTCS U3-3a PA3IUYHBIM MTpo0seM (PUHAHCOBBIX,
TEXHUYECKHUX, MOJIUTUYECKHX ), UTO TPO3UT COPBATh U MOMYTHYIO MUccUio Majoro KA.
[TosToMy mpemiaraeTcst OpUEHTHUPOBATHCS HA BTOPOM CLIEHAPUIA.

I'ubpunnHas cxema MeXIIJIaHeTHOTO nepenéra, koraa MKA cooOmaroT oTaéTHbII
UMITYJIbC Ha HU3KOW OKOJIO3eMHOU opOuTe BKItoUeHueM Pb, Ho 3axBart u TopmoskeHue
y IJIaHeThl oOecrieuynBaeT MapieBas 1Y Manoil Tru camoro anmnapara, MMeeT HeMallo
MPEeUMYIIECTB. Bo-NepBBIX, JIUTEIBHOCTD MEPENETA OCTAETCA B YMEPEHHBIX MpeIeIax
(mycTh OHa 1 OO0JIBIIIE, YeM B MUCCHSIX MacCHBHBIX KA ¢ qBUTaTeIsiMu OOJIBIIION TSTH),
MpU4EM MOCIE BbIX0J1a HA OTIETHYIO TpaekToputo MKA ObicTpo yaansiercs ot 3emiy,
HE HaKaIlJIMBas BEICOKYIO 103y MOHU3UPYIOMIETO U3JIYUYEHHUS B IPOLIECCE MPOXOKIACHUS
paaHaMOHHBIX NOSICOB. BO-BTOPBIX, BO3MOXKHOCTH ITOITYTHOT'O 3aITyCKa OTKPBIBAIOTCS
PETYJISIPHO U BIOJIHE JOCTYITHBI: Ha HU3KHUE OPOUTHI BEIBOAUTCS 3aMETHOE KOJIMYECTBO
OOJBIIKX anmnapatoB (AMCTAHIIMOHHOTO 30HIUPOBAHUS 3EMJTH, METCOPOJIOTHICCKHUX U
T.I1.), JOCTaBKa KOTOPBIX HA X paboyue OpOUTHI TpeOYeT HATMUYHS Pa3rOHHOTO OJI0Ka.
B-tperpux, skoHOMUYHOCTH O0pTOBOM DPJIY Mo3BoMSET caenaTh MUKPOTLIAThOPMY C
cyxoi Maccoi, mpesblmaromeid 50% OT IMOJIHOM MaccChl, TaKe ¢ Y4€TOM HeOOXO0IMMBIX
3arpat pabouero Tena Ha padoTy JBUraTeseii OpueHTaIi. JTO, B CBOIO OUepeb, TalT
MPEANOCHUIKH K YJICIIEBICHUIO MpoeKkTa. M3 mpoOaeMHBIX MECT THOPHIHOTO CIICHAPHUSI
OTMETHM, UTO €CJIA OH PEATM3YETCS B PAMKax IOIYTHOT'O, & HE LIEJIEBOTO 3aIlyCKa, YTO
HanOosee BeposaTHO 11t Muccu MKA, To OTCYTCTBYET OMMIIMs BbIOOpA JaThl CTapTa U
rapaMeTpoB OMOPHOM OPOUTHI, C KOTOPOM HaUMHAETCs OTJIETHAs TpaekTopusi MKA. B
pe3yJibTate KOHGUTYpaIus TUIAHET U OPUEHTALIMS TNIOCKOCTH OMOPHOM OPOUTHI MOTYT
OBITh HEONTUMAJIBLHBIMU JIJIs1 MEXKILJIAHETHOTO MEpeiéTa.

B xauectBe onopHOI1 OpOUTHI B TaJIbHEUILIEM YCIOBUMCS pACCMATPUBATH HUZKYIO
OKOJIO3eMHYI0 0pOuTy BbicoTOM 200 KM 115 IeneBoro 3anycka MKA wiu sxe pabouyto
OpOUTY OCHOBHO# MOJIC3HOW HArPY3KH — B CJTydae MOy THOro 3amycka (ocHoBHyto [TH
BBIBOJISIT HAa pPab04yr0 OpOUTY MEPBOM U MMOTOMY 3aKPEIUISIOT Ha aJlaliTepe pa3srOHHOTO
0J10Ka HaJ1 KOHTeHHEepaMu ¢ IOy THO BeiBoauMOi# [TH, kak moka3zano Ha puc. 7). [Tocie
uMmItysbca AV, ., BAOIb BEKTOpa CKOPOCTH Ha KpyroBoi onopHoit opoure MKA BoiiineT
Ha MMIEepOOINYECKYIO OTIETHYIO TPAeKTOpUIO ¢ 3Heprueii C; = (v, + AV,,,)? — 212,
r7i€ U, — KpyroBas CKOPOCTb Ha OIIOpHOIM opOuTe. Ecium uMmnyibc cooOIIaroT B epuree
AIUTUTITUYECKON OPOUTHI C IEPUTEHHBIM U allOTEHHBIM PACCTOSHUSIMU COOTBETCTBEHHO
Ty ¥l Ty, aHANIOTMYHAs GopMyna 3anumercs Kak C3 = (v, + AV,.,)? — 2 u/1,;, toe p—
TPaBUTAIIMOHHBIN TTapamMeTp 3eMJIH, a U;; — CKOPOCTh B IIEPUTEE OTIOPHOU OPOUTHI:

vi = _ PHTa .
T (T + 1)



Puc. 7. Anmapat «Meteop-M» Ne 2-3 u KOHTEHHEPHI C TOMYTHO 3aITyCKAeMbIMU
KyOcaTaMu, CMOHTHpOBaHHbIe Ha anantepe Pb «®perary», nepen HakaTkoii
roJioBHOro o0Tekatens pakeTsl «Coro3-2.10». @oto: Pockocmoc

3ananue OTAETHON SHEPTUN PABHOCHIIBHO 3aJaHUIO TUIIEPOOTMYECKOTO H30BITKA
Vo = \/C_g — BEJIMYMHBI ACUMIITOTUYECKON CKOpOCTH, ¢ KoTopoit MKA mnokuner cepy
nenctBua 3emid. M runepOonnyeckuii n30bITOK, U KOMIIOHEHThI € IMHUYHOTO BEKTOPa
ACUMIITOTHYECKOM CKOPOCTH BXOJSAT B COCTaB MapaMeTpPOB, 3aJal0UUX TEPMUHAIBHOE
MHOT000pa3ue Tpackropun 3emisi—Mapc Ha JIeBOM KOHIIE, U TOIeKAT ONTUMH3AITUH,
0 4éM NOMJET peub B CIEAYIOLIEH IIaBe penpuHTa. MOXHO, OHAKO, IPEATIONO0KHUTH
anpropH, YTO ONTUMAIILHOE HANIPABJICHUE ACHMIITOTHYECKON CKOPOCTH OyIeT OIU3KO
K HalpaBJICHUIO CKOPOCTH OpOUTAIBHOTO JABMKEHHSI 3EMJTH, @ ONTUMAaJIbHAs BEIMYMHA
rUNepoOINUECKOro U30bITKA — OJIM3KON K BEJMUKHE IEPBOTO UMITYJIbCa TOMaHOBCKOTO
nepenéra 3emisi—Mapc (~2.9 kv/c).

OneHnM, HACKOJIBKO PEAIMCTHYEH IOy THBIN 3aITyCK OJTHOTO-IBYX MapCHAHCKUX
MKA BMecCTE ¢ pOCCUICKMMU paIHOJIOKAIMOHHBIMY cITyTHUKaMH «KoHnop-OKA-M»
1 «O630p-P». Ot annapatel maccoii coorBeTcTBeHHO 2000 k1 1 3900 Kr miiaHupyercs
BBIBECTH C MOMOIIBI0 Pb «®perar» Ha 0KOJTOTEPMUHATOPHBIE COJTHEYHO-CUHXPOHHbBIE
op6uTtsl BeicoTO# 500-550 kM (Kormop-®KA-M) u 650-700 kM (O630p-P). [TnockocTh
OKOJIOTEPMHUHATOPHBIX OPOUT XOPOILIO MOAXOAMT JIs1 HAIIPABJICHUSI aCUMIITOTUYECKOM
CKOPOCTH B CTOPOHY OpOUTaIbHOM ckopocTH 3emid. [lapamerpol paznoBuHocteit Pb
«®Dperam (puc. 8) nmpuseaensl B Tadmuiie 3. [TockoibKy y BceX TPEX Pa3HOBHIHOCTEH
YZeTbHBIH UMITYJIbC OAMHAKOBBIH (I, = 333.2 ¢), y100HO TabyIMpOBaTh SKCIIOHEHTHI

UMIyJbcHOTO MaHéBpa AV, BbIX0/1a Ha OTIETHYIO TPAeKTOpHIO K Mapcy

AVom
Ispgo

€orn = €Xp| —



c paboueit opoutsl ocHoBHO¥M [1H 1 onTumansHoro manéspa nepexona AVyr

eHT = eXp <_

AVHT>
Ispgo

¢ op6uTeI 200 KM Ha 5Ty opOHTY Kak GyHKIMH €€ BBICOTHI (31ech gy = 9.80665 m/c?).
Jnsa Bcex moaudukanuit Pb «®perar» kpuBbie 0IMHAKOBBI U MTOKA3aHbI HA pHC. 9.

DPErAT

OPErFAT-MT

®PErAT-CB

Puc. 8. Buemnuii Buj pa3Hbix Moaudukanuii pasronHoro 6yioka «@perar [42]

Tabnuya 3
XapakTepucTuKu pa3sHbix Moaudukanuii Pb «®perat» [42]
Dpezam Dpezam-MT Dpezam-Ch
Hauanpnas macca
C MaKCHMAaJIbHOI 6235 7640 11680
3aIpaBKOU, KI
Koneunas macca, kr 945 1035 1080
MaxkcumanbHBIN
paborii samac 5235/5307 6550/6650 10140/10330
TOIUIMBA/TIOJIHAS
3ampaBka, KT
Tara M1V
pesxi BT/MT, kre 2030/1420 2030/1420 2030/1420
VY 1eJIbHBIN UMITYJIBC:
pesin BT/MT, ¢ 333.2/320 333.2/320 333.2/320
MakcuManbHOe
7 7 7

YUCJIO BKIIFOYEHUN
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Puc. 9. DxcroHeHTs OTAETHOTO UMITYJIBCA, coobmaemoro Pb «®perat» Ha paboueit
opbute ocHoBHOM ITH, u 3xcrioHeHTa nepexoaa Ha 3Ty opouty ¢ opoutsl 200 kM,
yMeHblieHHas Ha 0.6 1511 y100HOro 0ToOpa)keHUs B TOM ke IMarna30He 3HaYeHU .

I1o M3BECTHBIM 3HAYEHHSIM DKCIIOHEHT MAHEBPOB OINPEIEIUM IIPEAETBHYIO MacCy
MKA, K0TOpyI0 MOKHO 3aIyCTUTB MOy THO ¢ ocHOBHOM [TH. Kak HecimoxHO BriBECTH
u3 popmyasl LlnonkoBckoro, o01uMii pacxo/] TOIUIMBA HA CEPUI0 MAaHEBPOB COCTABHOTO
KA u3 HeckosbKuX 06JI0KOB (4acTh OJIOKOB MOXKET OTAEISATHCS B TEUEHHE BBITIOTHEHMUSI
MaHEBPOB) paBeH cyMMe Macc Beex 0110koB KA ¢ koadduruentamu (1 — I1;) /T1;, rae
[1; — mpou3BeIeHUE IKCIIOHEHT TeX MaHEBPOB, B KOTOPBIX «y4acTBOBa I-if 010K, J{is
nonyTHOTO 3anmycka MKA k Mapcy nmeem:

1—-eyr 1—eyr eyrn
= ——— mopy + —————— (Mpp + My + Myka),

mTOl'IJ'I
eur €t €orn

rae mopy — Macca ocHoBHou 11H, m, — macca agantepa, Ha KOTOpBIN 3aKperieHa BCs
MoJIe3Has Harpyska, myxa — Macca MKA, mpg — koneunas macca Pb (cyxas macca Pb
B COBOKYITHOCTH C HEBBIPAOATHIBAEMBIMU OCTAaTKAMHU TOTUIMBA B 0aKaX W MarucCTpaisax
pasroHHoro 0s10ka). Pacxo TOrMBa He J0DKEH MPEBhIIaTh MAKCUMAIbHBIN pabouuit
3anac TommBa Pb, 0TKy1a HaXoquM MpeaenbHy0 Maccy MonyTHO BeIBOAUMOro MKA:

max _  6HT €otn max (1 - eHT) €orn
Myga = TOILT

Mony — Mpp — My .

1- €ut €orn 1- €ut €otn
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B cuenapuu nonytHoro 3amycka mapcuanckoro MKA ¢ KA «Konaop-®KA-My,
BBIBOJAMMBIM Ha OKOJIOTEPMHHATOPHYIO OPOUTY BBICOTOM 520 KM C MOMOIIBIO 0a30BOM
moauduxarnmu Pb «®peraty, nomydaem npeaensuyo maccy MKA 1016 kr q1st ciiydas
Voo = 3 KM/c 1 873 KT 17151 Vo, = 3.5 KM/c. B 3THX pacuérax ncronp30BaaInuch 3HAUCHHUS

Moy = 2000 kr, m%% = 5235 kr, mpg = 945 kr, my = 425 kr (KOHCEpBaTUBHOE
3HaueHue — kKak y ASAP-S, o1HOTO U3 caMbIX TsOKENBIX agantepoB Pb «®peraty [43]).
AHAJIOTUYHBIE OLICHKH, BBIITOJIHEHHBIE JIJIS1 CLUEHAPHS MOy THOIO 3aITyCKa C anmnapaTroM
«00630p-P» (mopy = 3900 kr) ¢ paboueii opouToii BeIcoTol 700 KM, TaroT 847 KT IS
ciyyas Vo, = 3 kM/c 1 708 Kr 17151 U, = 3.5 KM/C.

[TpuBenénnpie HOpMyIIbI CIIpaBEATUBbI U IPUMEHUTEIHHO K CIICHAPHIO IIEJIEBOTO
3armycka MKA: eciiu 0TIETHBIN HMITYJIbC COOOIIAETCS Pa3TOHHBIM OJIOKOM Ha OTIOPHOU
opbute 200 KM, S5KCITOHEHTA MEPEX0/ia Ha TaKyt0 OpOUTY paBHA €IMHUIIE. DKCIIOHEHTA
OTAETHOTO UMITYJIbCa onpezensercs u3 puc. 9. Pasron 1o runepboaudeckoro n30bITKa
Vo = 3 KM/C COOTBETCTBYET 3HAUEHHIO FKCIIOHEHTHI TpuMepHO 0.33, yTo B pe3yibTaTe
BEJAET K olleHKe npeaenbHoi Macchl MKA 1208 kr. 3amMeTnm, 4TO 3TO 3HAaYE€HHUE TOJIBKO
HEHaMHOT'0 NPeBbIIAET IpeaeibHy 0 Mmaccy MKA npu normyTHOM 3amycke ¢ «Konraop-
OKA-My»: 60nbmas gacts TorumBa Pb TpatuTcst Ha pa3roH caMoro pa3roHHOTO 0JI0Ka
u ananrtepa [1H, ubsg coBokymHast Mmacca Bo MHOTO pa3 npeBbiiiaeT maccy MKA. UToOsr
11eJIeBOM 3aImyCcK MeKITaHETHBIX MKA ObLI1 5)KOHOMUYECKH 11€J1€CO00pa3eH, OTIETHBIN
MMITYJIbC JOJKEH cooO1athbest manoradbaputHeiM Pb. Cxkaxem, pazron MKA ¢ maccoit
156 kr (92 kr cyxas macca MUKpOI1aTGopmbl U 64 KT KCEHOHA) 10 TUIEPOOIMYECKOro
u30BITKA Vo, = 3 KM/c mpu ioMotu Pb maccoii 200 kr ¢ agantepom [TH maccoii 50 kr
notpebyeT Bcero Jiuiinb ayTh 0osbiie 800 kr Tormaa (cM. puc. 10). PaspaboTka Takux
KOMIIaKTHBIX Pa3rOHHBIX OJIOKOB KpaifHe BocTpeOoBaHa ¢ yU€TOM poCcTa Yuciia MUCCHI
MKA « Jlyne u muianeram B OvpkaiiiiieM OyAy1ieM v CTaHeT IIaroM Ha MyTH K 3aITyCKy
MexIuianeTHbIX MKA pakeTaMu-HOCUTENSIMU JIETKOTO KJlacca.

4. OnTUMHU3AIUA NePesIéTa HA OKOJIOMAPCHAHCKYIO OpOUTY

ITocTpoenune onTuManbHOM TPAEKTOPUH NEpesiETa 3eMisi—Mapc OCyIeCTBISIOCH
CTaHAAPTHBIMU METOAAMH HEMPSAMOIN ONTUMHU3ALIUHU C UCIIOJIH30BAHUEM HEOOXOIMMBIX
YCJIOBUM ONTUMAIIBHOCTH, TUKTYEMBIX IPUHIUANIOM Makcumyma [lonTpsiruna. Bmecto
YIIPOILAKOLIETO MTPEAIIONIOKEHHS O IOCTOSIHHOM YIEJIBbHOM UMITYJIbCe MapiieBoi Y B
pacyérax UCIOJIb30BAIMCH DKCIIEPUMEHTAIILHO HAlICHHbIE 3aBUCUMOCTH CHJIBI TSATH U
YAEIBHOIO MMITYJIbCA, IOKA3aHHBIE BBIIIE HA PUC. O (HANPSKEHUE pa3psiia MoJarajioch
paBubM 300 B). OntumusupoBaics GyHKIIMOHAT pacxojia KCeHOHa ¢ KO3 UIIMEHTOM
1.3, oTpakaromuM JOMOJHUTEIbHBIE 3aTPAThl Ha yIpaBiieHue oprueHtauueid MKA:

to+T to+T

J= | 13 dc= |

to tO

1.3 F(N) dt
Isp (N)go

DJeKTpUYecKast MOIIHOCTh NV, mogaBaemas Ha MapueByro /Y, cuutanace paBHOM TOM
MOIIHOCTH, KOTOPYIO MOKHO ITOJy4YUTh Ha TEKYLLEM IE€IUOLEHTPUIYECKOM PACCTOSIHUN
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c nmaneneit Cb, 3a BerueTom pezepBHbIX 60 BT Ha nuTanue Apyrux 60PTOBBIX CUCTEM U
KOMIIEHCAIIMIO ocTeneHHoM Aerpaaanuu naneneid Cb. Ilpu nonytHoMm 3amycke MKA
narta crapra ty OyJer 3alaHa U3BHE, I0ATOMY B IOCTAaHOBKE ONTUMHU3AaLIMOHHOM 331241
OHa noJiarajiack pukcupoBaHHoU. [IponomkuTenbHOCTS nepenéra T, HalpoOTUB, ObLIA
OJIHUM W3 ONITUMH3UPYEMBIX IAPAMETPOB.

Kaxk u qyia mogenu /IY ¢ NOCTOSHHBIM yI€IbHBIM UMITYJIBCOM, HETPYJIHO BUACTh
Y3 IPUHIMIIA MAKCUMYMa, YTO ONTHUMAJIbHBIM OYyJET peneitHoe ynpapieHue. OyHkius
MIEPEKITIIOYEHUS HESIBHO 3aBUCUT OT HEM3BECTHBIX HAYAIbHBIX 3HAUEHHI CONPSKEHHBIX
MEPEMEHHBIX, KOTOPBIE TOJIKHBI ObITh HAlICHBI TAKUMHU, YTOOBI TPACKTOPHS armapara
YAOBJIETBOPSJIa BCEM I'PAHUYHBIM YCIOBHSM, BKJIKOYAs U yCJIOBUS TPAHCBEPCATIBHOCTH
OpUHLKIIA MakcuMyMa. OnuiieM 6oJiee NoAPOOHO 3TU IPaHUYHbIE YCIOBUS Ha 000UX
KOHLIaX TPaeKTOPUHU.

2300 T T [ T 1 .
—_— Oy = —2 kM?/c?
— (O3 = 0 xm?/c?

C3 = 4 xm?/c?
—_— O3 = 9 xM?*/c?
Cs
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o
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Tpebyemblin 3anac Tonnmea gnsa Pb, kr

[&)]
o
o

1 | 1 1 1 1 1 1 1

200
200 300 400 500 600 700 800 900 1000 1100 1200

KoHe4yHast macca Pb + macca apgantepa + macca MKA, kr

Puc. 10. Macca TormmuBa, Heooxoaumas Pb ¢ yaensHbIM ummynbcom 333.2 ¢
st pasrona MKA ¢ opoutsl 200 kM 10 pa3IuvHbIX YPOBHEHN OTIAETHOM SHEPTHH

Ha ieBoM KOHIIE TpaeKTOpUs HAUHHAETCS C BEKTOPA IMOJI0KEHUS 3€MJIM B MOMEHT
BpeMeHH t,. Ckopocts MKA cumnTanach paBHOM CyMMe OpOUTATHBHON CKOPOCTH 3EMITH
B 3TOT MOMEHT U aCUMITOTUYECKON CKOPOCTH. BenuurHa runep0ooImyeckoro n30bITka
CKOPOCTH NpHU OTAETE OT 3eMIIH HE (PUKCHUPOBAIIACh, @ BKIIOYAJIACh B P MOAJIEKALTUX
ONTUMH3ALMU NTAPaMETPOB (Arana3zoH Moucka runepOoIMueckoro n30bITKa 3a1aBajics
2.5...3.5 xm/c). UTo KacaeTcs HalpaBiIeHUs] ACUMIITOTUYECKON CKOPOCTH, IO YCIIOBUIO
TPAHCBEPCAIBHOCTH MPUHIIMIIA MAaKCUMYyMa, OHO COBIAAAET WIIH KE MPOTUBOIIOJI0KHO
HaTpaBJICHUIO 0a3uC-BeKTOpa (BEKTOPA, COMPSHKEHHOTO BEKTOPY TeIHOIEHTPUICCKOM
CKOPOCTH arrapara) B Ha4aJbHbIii MOMEHT BPEMEHHU.



24

YToObl OnpeIeIuTh TPAaHUYHBIC YCIOBUS Ha MTPABOM KOHIIE T€THOLIEHTPHUUECKOTO
y4acTKa TPAeKTOPUH, TPOBOAUTCS MOJICTUPOBAHHIE CKPYTKH K paboueii opOuTe BOKpYyT
Mapca: ypaBHenus npuxennss MKA B IEHTpabHOM IT10JI€ HHTETPUPYIOTCSI YUCIIEHHO,
B 00paTHOM BPEMEHHU, B MPEANOI0KEHUH TOPMO3HOM TITH IPOTUB apEOLEHTPUUECKOM
ckopoctu MKA. ®@a308s1i1 BekTop MKA B MOMEHT OCTHKEHUS HYJIEBON KEIJIEPOBOM
SHEPruu (OTHOCUTENBHO TUIAHETHI ), 3aAI0IINI TPaHUYHbIE YCIOBUS HA TPAaBOM KOHIIE
TPAEKTOPHH, 3aBUCUT €UIE OT ABYX MOJICKAIINX ONTUMU3AIUU TaPaMETPOB: JOJITOTHI
BOCXOJISIIIETO y3J1a U apryMeHTa MepUIeHTpa paboueld O0KOJIOMapCUaHCKONU OpOUTHI.

OrnpenenuB U3 IPUHIIMIA MAKCUMyMa OO BUI ONITUMAJILHOTO YIPABIICHUS U
KOPPEKTHO c(hOPMUPOBAB IPAaHUYHBIC YCIOBUS HA 000UX KOHIAX I'eJIMOIEHTPUUECKOM
TPACKTOPUH, TPUXOJNUM K 33/1a4€ HETUHENHOTO TPOrPaMMHUPOBAHUSI OTHOCUTEIBHO 1 1
HEU3BECTHBIX MAPAMETPOB: /-MEPHOTO BEKTOPa CONMPSHKEHHBIX MIEPEMEHHBIX Ha JICBOM
KOHIIE TPAEKTOPHH, POIOJKUTEIBHOCTH NiepenéTra T ¥ OTIAETHOrO TUIEpOOINYECKOTO
M30bITKA CKOPOCTH, a TAKXKE IapaMeTpOB padoueild opOUTHI BOKpYT Mapca — aprymeHTa
NEPULIEHTPA U I0JITOTHI BOCXOAIIET0 y31a. ONTUMHU3UPYEMBI B 3a7aue PyHKIIMOHAT
— cyMMapHbIi pacxoj KceHoHa nipu padore OZY B TeueHue nepenéra — 3aJjaH HESIBHO!
JUTSL KQKJIOTO BEKTOpa ONTUMHU3UPYEMBIX IMTapaMeTPOB 3HAYCHUE (PYHKIIMOHATA MOKET
OBITH HAMIEHO YUCIICHHBIM HHTETPUPOBAHUEM. [ paHUYHBIE YCIIOBUS BBIITOIHSIOT POJIb
OrpaHUYEHUI TUIa paBeHCTBA. [lomyunBIIIyIOCS TaKUM 00pa3oM 3a7auy HEJTMHEHHOTO
MIPOrpaMMUPOBAHUS PEIIAeT METO ] BHYTpEHHEH TOUKH, peanu3oBannbiii B MATLAB-
dbyukiuu fmincon.

[Iprmep onTUMAIBHONM MEXKIUIAHETHON TPACKTOPUU NEPENETA, HOCTPOCHHOMU IS
OJTHOM M3 AT cTapTa, mokasaH Ha puc. 11. 3 420-nueBHOTO nepenéra nociennue 256
CYTOK COCTaBJISIET aKTUBHBIN y4acTOK, B TEUEHUE KOTOPOTO TpaTutcs 37.6 KT KCEHOHa,
BKJIFOYAs pacXo/i Ha MapUpOBAHKUE SKCIIEHTPUCUTETA TATU MapILIEBOrO JIBUTATES.

3aBucuMocTh sHepronorpednenns O/[Y oT BpeMeHu B X0/ie nepenéra npuBeieHa
Ha puc. 12. B xauecTBe MaKCUMaJIBHOTO 3HAYEHUS MOIIIHOCTH, AoCTymHOM 11t O/[Y B
KaX]IbIi1 MOMEHT BpeMeHH, Opaiach MakCUMaJIbHasi MOITHOCTh, CHUMaeMasl ¢ TTaHeJIeH
CB, 3a Beiuerom 60 BT — pe3epBa 115t mUTaHUS IPYTUX CITY>KEOHBIX CUCTEM (B MEPBYIO
ouepeas BIIBM) u koMIteHcaIiK [TOKA HE YYTEHHON B pacy€Tax aerpagaliy MmaHeen
CBb, kotopast MOXeT ocTUrath mpumMepHo 5-10% B rox. OnTumanbHbie TPOGUIN TITH
u ynenbHoro umiyibsca CIIJ[-50M Ha akTHUBHOM y4acTKE TPAEKTOPUU MOKHO YBUIETh
Ha puc. 13.

TpeOyembrii runiepOoInIecKuii U30BITOK Vy,, = 2812 M/C MOXET ObITh 0OeCTieUeH
C MMOMOIIBIO BBIJIAYU OTJIETHOTO UMITYJIbca 3579 M/C Ha OTTOPHOM OKOJIO3EMHOM OpOUTE
200 kM. 13 npuBEIEHHBIX B IJ1aBE 3 BBIPAXKEHUI CIICAYET, YTO JI PEali3alui TAaKOrO
OTIETHOTO UMITyJIbca ¢ momotbio Pb «®perat» norpedyercst 2.5-3 TOHHBI TOILTUBA.

dunanpHas 9acTh TpackTopun nepenéta MKA Ha pabodyio 0KOJIOMapCHAHCKYIO
opOuTy — ciMpanbHasi CKpyTKa HEMPEPHIBHBIM TOPMOKEHHEM MPOTHB ckopocTu MKA
— n300paxxeHa oTaenbpHO Ha puc. 14. Ona mpogoimkaercs 150 queit u TpedyeT mopsiaka
23.4 kr kceHoHa (¢ y4€TOM 3aTpaT Ha KOMIIEHCAIUIO SKCIIEHTPUCUTETA TSITH MapIIEBOM
V). Takum o6pazom, ociie Beixoaa Ha pabouyto opouty y MKA octaércs mpumepHo
3 KT KCEHOHA Ha €€ MoJiiepKaHue U BO3MOXKHbIE OpPOUTATILHBIE MAHEBPHI.



—— Opbwuta 3emnu
—— Opbuta Mapca
TpaekTtopusa nepenérta

Puc. 11. OntumanbHas Tpaekropus nepenéra 3emmsi—Mapc ¢ garoit ctapra 08.10.2026
u JuatenbHocThio 420 nHel (akTuBHBIN yuacTok ¢ 21.03.2027 o 02.12.2027). O0ume
3arpathl KceHoHa 37.6 kr. OTAETHRIN runepOoInUYecKuil N30bITOK Uy, = 2812 M/cC

800 T T T T T T T T
MoTpebnaeman asuraTenbHOW YCTAHOBKOW MOLLHOCTb

700 MakcnmanbHas MoLWHOCTL, cHUMaemas ¢ nadHenen Cb | -

600 .
& 500 - .
)
3 400 - 1
I
H /
s}

200

100 |

0 | | | | | | | |
0 50 100 150 200 250 300 350 400

Bpems nonéra, cytku

Puc. 12. Duepronorpebnenue mapiieBoii [IY B TeueHNE MEKIUTAHETHOTO TIepenéTa.
Kpacnast nmHus moka3pIBa€T MAaKCUMaJIbHYIO MOIIHOCTh, TEHEPUPYEMYIO ITAHEIIIMU
Cb. bexesbim 3akpaiien padounii nuamazon CII-50M, 3enéubim — peseps 60 Bt
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Puc. 13. [TapameTpsl paboTsl MapiieBoro asuratens CITI-50M
Ha aKTUBHOM YYaCTKE ONTHUMAIbHOU TPACKTOPHH
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Puc. 14. Ilepexo1 MEKIUTAHETHOTO Y4acTKa TPAEKTOPUHU (CUHUM) B YUYaCTOK CKPYTKH
(xpacHbIM) K padboueii opoute 300 x 10 000 kM ¢ HakIOHEHUEM 86.3°

JlanpHeNInii TPOeKTHO-O0ITUCTUYECKUN aHaIN3 Oy IeT HalpaBJIeH Ha MaCCOBBIE
PAcyYEThI ONTUMAJIBHBIX TPACKTOPUM MIEPENIETA AJISI PA3JIMYHBIX AT CTapTa B UHTEPBAJIE
20262028 ronoB, a Takke Ha KOJIMYECTBEHHYIO OIIEHKY MOTEHIMATbHOTO BIUSHUS Ha
pe3yJbTaThl ONTUMH3ALIMN PA3HOT0 pOJIa HEeUAealbHOCTEN — Aerpananuu nanenei Chb,
HemtaTHOU pabotel OY B xoje nepenéra k Mapcy, TEXHOJOTHYECKUX TIEPEPHIBOB B
pabote MapieBoit 1Y (s yTouHeHHs MeKILIaHEeTHOM TpackTopun MKA u nepenayu
TENIEMETPUYECKOI MHPOPMAITK HA HA3EMHYIO CTAHIIUIO).
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5. YrioBoe nuxenue MKA 1151 ynpasjieHUsi BEKTOPOM
TATA U ONTUMM3AIUUA TOKOCHEMA ¢ COJTHEYHBbIX DaTapen

JIs peanu3anuy noJly4eHHOM ONTUMAIBLHOM TpaeKToOpuu nepenéra 3emusi—Mapce
TpebyeTcs obecnednBaTh ONTUMAJIBLHBIN 3aKOH YIIPABICHUS BEKTOPOM TSTH MApIIEBOI
JIY Ha poAOIKUTEIBHBIX HHTEpBaIaX BpeMeHU. OJTHOBPEMEHHO C 3TUM HEOOXO0IUMO
opueHTupoBaTh nmaHenu Ch Ha CoJiHile 1151 MAKCUMH3ALMU TOKOChEMA U 00ECTICUCHUS
MKA »sueprueit. Ecnu nanenu Cb 3akpernseHbl OTHOCUTENIBHO KOpITyca anrapara, ABa
ATUX OTPAHUYECHUSI MOTYT OKa3aThCsl HECOBMECTHBIMU. J[J1s peliieHus Takoil mpooJieMbl
IpEeAJIaraeTcs UCIOJIb30BaTh NOBOPOTHBIE COJIHEUHBIE TAHEHU: €CIIN OCh UX BPAILICHUS
OpTOrOHAJIbHA HanpaBJeHUIo0 BekTopa TAru OY, ynaércst HallTH OpUEHTALNIO U YTOJ
MOBOPOTA MaHEeJNeH, KOTOPhIE OJTHOBPEMEHHO oOecreyar kak TpebyeMoe HanpaBJIeHHUE
TATU B UHEPIIMATILHOM MTPOCTPAHCTBE, TAK 1 MAKCUMAJIbHBIA TOKOCHEM.

[Tognepxanue opuentarmu MKA Oyaet obecrieunBaThCsl CUCTEMOM yIPaBIICHUS
Ha OCHOBE JIBUTaTeleii-MaxoBUKOB [44]. [1pu 3TOM MOT'YT BOBHUKHYTh JBE TIPOOJICMBI.
ITepBast — TexHOJIOrMYECKast — MpoOIeMa CBSI3aHa ¢ BO3MOKHBIM BBIX0JIOM OJTHOTO WJIU
HECKOJIbKUX MaXOBHUKOB U3 CTposi. OHA MOKET OBITh pellieHa IyOIupoBaHUEM: Ha OOPT
YCTaHaBJIMBAIOT HE TPU MaxOBUKa (MUHUMAIBLHO HEOOXOIUMBI HA0O0P), a YETHIPE WU
6osiee. Bropas mpo0iieMa COCTOUT B HACKHIIIICHUU MAaXOBUKOB: SKCIIECHTPUCHUTET TSITH, a
TAKK€ MAJIbIM, OJTHAKO IMOCTOSIHHO JICVCTBYIONIMI HA alllapaT MOMEHT CUJIbI CBETOBOTO
JaBJieHUs OyAyT HEU30E€KHO MPUBOUTH K HAKOTUICHUIO N30BITOYHOTO KHHETUYECKOTO
MoMmeHTa. Eciiu Ha 0K0J103eMHBIX OpOUTaX UMEETCS TEOMArHUTHOE T0JI€ U Pa3rPy3UTh
MaxOBHUKH ITOMOTAIOT MAarHUTHBIE KaTYIIIKH, YTO HE TpeOyeT 3aTpar paboyero Tena, To
JUTS1 MEKIUIAHETHOTO TTepeNETa €IMHCTBEHHBIN BApUAHT — UCIIOJIb30BaHUE PEAKTUBHBIX
JIBUTATEJIEH OPUECHTALIUH.

J1J1st yMEHBIIIEHUS] CKOPOCTH HAKOTIJICHUSI U30BITOYHOTO KUHETUYECKOTO MOMEHTA
MOYKHO MPUMEHSTH pAl cTpareruid. OHa U3 HUX 3aKJIF0YAeTCsl B yCTAHOBKE MAPILEBBIX
JIBUTATENICH Ha CIIEI[HAIbHBIC TOBOPOTHBIE TIATGOPMBI, KOTOPHIE TTO3BOJIST YIPABIISThH
HaIpaBJICHUEM BEKTOpA TATH OTHOCUTEIBHO Kopiyca KA 1 TeM caMbIM HCTIOIB30BaTh
MOMEHT, CO3/[aBa€MbIii MAPIIIEBBIM JIBUTATENIEM, JJIsS Pa3rpy3KU MaxOBUKOB. OTMETUM,
YTO TaKOM MOJIXO0/ MOXKET 0Ka3aThCs HETIOXOISIIIINM 110 IPUYHUHE YPE3MEPHON MACChI
MOBOPOTHOM MIaT(OPMBbI WM BBUY KOHCTPYKTUBHBIX 0COOEHHOCTEN MapiieBoit Y.
CyIIHOCTb BTOPOM CTpaTEeruy COCTOUT B IEPUOANYECKOM BPAIIIEHUH allapara BOKPYT
BEKTOpA TATU: 3TO BEAET K «yCPEAHEHUIO» MOMEHTA TATH, UTO, B CBOIO OYEpEh, OUEHb
YMEHBIITAET CKOPOCTh HAKOTUICHHSI M30BITOYHOTO KHHETHUECKOTO MOMEHTa. [Ipu sTom
MOYHO JI€TIaTh KaK 3aKpyTKY BOKPYT BEKTOpA TATH C MOCTOSSHHOM YTIIOBOM CKOPOCTHIO,
Tak 1 nepuoandeckuii pazBopor MKA Bokpyr Bektopa Tsru Ha 180 rpagycos. Bropoit
MO/IX0/1 OKa3bIBaeTCs 00JIee IPEAMOYTUTEIILHBIM C TOUKH 3peHus sHepreTiuku MKA: B
TaKOM CJTy4ae MPaKTUYECKH Ha BCEH TPACKTOPHH yaaéTcsi 00€CTIeunTh MaKCUMAaTbHBIN
ToKOChEM c naneneit Chb.

[Tpumep 3Bomtoninn knHetuyeckoro MoMmenta MKA npusenén Ha puc. 15. B xone
MOJICTTUPOBAHUS YUUTHIBAIOCH BIUSHUE HA YTJIOBOE JBH)KCHUE PA3IMYHBIX MOMEHTOB:
MOMEHTA CUJIbI CBETOBOTO JIABJICHUS, TPABUTAIIMOHHOT'O MOMEHTa cO CTOpOoHbI CoTHIIA
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Y TUPOCKOMTUYECKOTO MOMEHTA, BO3HUKAIOLIETO MPHU MOBOPOTE COTHEUHBIX MAaHENEH, a
TaK)K€ MOMEHTA TATH MapIlIeBOTO BUTATENS (SKCIEHTPUCUTET TATH CUUTAJICS PAaBHBIM
5 MM). OTYETIIMBBIC TUKH B TOBEICHUN KHHETUYECKOT'O MOMEHTA MaXOBUKOB Ha JIEBOM
PHUCYHKE BBI3BaHBI IIepeopueHTaIlei anmapata. OTMETHM, UTO 37I€Ch pacCMaTPUBANICS
CJIy4aii, KOT/Ia IIEHTP Macc MaHeel pacriosoKeH Ha OCH MX BpallleHus; B 6oJee o01iem
CJIy4ae MOXeT HaOII0AaThCsl yMEPEHHBINA POCT KHHETHYECKOTO MOMEHTA CO BpEMEHEM,
OJTHAKO CKOPOCTh €r0 HAKOIIJICHHS OyIeT TIOBOJILHO HU3KA, YTO TIO3BOJIUT COKOHOMHTD
3aMETHOE KOJMYECTBO paboUero Tela Ha pa3rpy3Ke MaXOBUKOB.

0.6 KuHeTHMYecKui MOMEHT MaxOBUKOB 0.2 KnHeTu4eCKUii MOMEHT MaxoBUKOB
— T
H H
0.4 - - 'z 0.15 — 2
_H3 _Ha
0.2 / 0.1
° : HWHHHM
. 0 - 0.05
= =
T I W
- 0.2 - = 0
-04 -0.05
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Puc. 15. DBomro1usi KHHETUYECKOTO MOMEHTa MaXOBUKOB B CITydae MePUOIMYECKOTO
pa3BopoTa (cleBa) WK MOCTOSTHHOM 3akpyTKH (cripaBa) MKA BOkpyT BekTOpa TATH

3aKkJII0UeHue

[Ipennaraemsrii mpoekT Muccur MKA k Mapcy ObUT MHULIMMPOBAH HECKOJIBKUMU
POCCUUCKUMHU OPTaHU3AIUSIMHU, UCTIBITHIBAIOIIIUMHU CEPbE3HBIN HHTEPEC K OTPAOOTKE B
JaTbHEM KOCMOCE Pa3JIMYHBIX TEXHOJIOTHM, B TOM YHCJIE OTEYECTBEHHOW 3JIEMEHTHOM
0a3bl ¥ HAy4HBIX TPUOOPOB. bannucrTuyueckas cxema nepenéra, Kornaa BeinaBaembiii Pb
OTIETHBIN UMITyJIbC 00ecnieunBaeT Bbixoj MKA Ha TpeOyemyto TpaekTopuio K Mapcy,
a MapLIEBBIN JJICKTPUUECKUN JBUTaTEb MAJIOW TATH — BCTPEUY C IUIAHETON U IIEPEXO0]
Ha pabo4yI0 OKOJIOMAPCUAHCKYIO OPOUTY, Ha TEKYIIIUIl MOMEHT SIBJIIETCS HOBOM Kak B
OTEYECTBEHHOMW, TaK U B MEXIYHAPOIHOM IPAKTUKE MMOJIETOB K Mapcy. [locraBineHHbie
Hay4YHbIE TICJIU TPOCKTa KpaiiHe aKTyaIbHBI U OYAyT BOCTPEOOBAHBI UCCIIEAOBATEIIIMH
B Poccuu u 3a pyoexxom. [IpeaBapurtenbHbie OATUCTUYECKUE PACUEThI, BBIMOJHECHHbBIC
crietmanucramu UIIM um. M.B. Kenapima B COOTBETCTBHM € NpenocTaBIeHHBIMU AQO
OKbB «®axken» xapakTepucTUKaMu 00bETMHEHHOW ABUTATEILHON YCTAaHOBKU Ha 0ase
neurarens CITJ[-50M u maccorabapuTHbIMH TTapaMeTpaMH I1aTHOpMbl MUKPOKJIACCa,
MOKa3bIBAIOT MPUHIIMITHATBHYIO BO3MOYKHOCTh UCIOJIB30BATh aIllapaT ¢ CyXOul MacCcou
10 100 kr B MapcuaHcKuX Muccusix. Pa3pabaTeiBaeMas MUKpOILIIaT(GopMa MOKET OBbIThH
BOCTpeOOBaHa TaK)Xe U IS IEPCIIEKTUBHBIX MOJIETOB K BeHepe, mpu 3TOM CHUKAKOTCS
TpeboBaHus K pazmepam naHenei Cb BBy Bo3pacTanus motoka suepruu ot CosHIa.
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Emé€ onno noreHunansHoe npuMenenne MKA — 1u1st mocTpoeHrss MHOTOIIOCKOCTHBIX
co3Be3nui y Jlynsl. Mukpoanmnaparsl, IpegHa3Ha4eHHBIE U1 Pa3BEPTHIBAHUS B OJTHON
OpOUTATBLHOM IMIIOCKOCTH, MOTYT OBITH CKOMIIOHOBAHBI B OJIOKH, KOTOPBIE OCHAIIIAIOTCS
ruapazuHoBbiMu aBurarensamu tuna TK-500M AO OKb «®aken», 1 B paMKax 0JJHOTO
MyCKa BBIBEICHBI Pa3roHHBIM 0510K0M «Dperat» Ha 00X0THYI0 HU3KOIHEPTeTUIECKYIO
TPaeKTOPHIO Tiepenéra Kk JIyHe.

XoTs TpeOyeMblii B MAPCUAHCKON MUCCHM THIIEPOOINYECKUI H30BITOK CKOPOCTH
py OTJIETE MAJIOTO anmnaparta oT 3eMJIM MOKET ObITh 00ECIIEUeH CTaHAapTHOM CBA3KOM
pakeTsl-HOocuTeNs «Coro3» u Pb «®perary», skoHOMHuYecKast 3PPEKTUBHOCTD LIETEBBIX
3aIycKOB MeKIuaHeTHbIX MKA, He 3aBUCAIIMX OT HaJIW4Ms MOy THBIX OKOJIO3€MHBIX
MUCCH, TOCTHKUMA TOJIBKO IIPH CO3/1aHuU MasiorabaputHoro Pb.

B xozne paboTbl HaJ MPOEKTOM BbIJIETICHBI HOBbIE NHKEHEPHO-TEXHOJIOTUUECKUE
3a/1a4M, BKJIFOYAIOIIHAE CO3JaHNE NMHHOBAIMOHHBIX aJITOPUTMOB YIIPABJIECHUS T'a30BbIMU
AIEKTPOHArPEBHBIMA JABUTATEIIMU OPUEHTALNH JJI1 HAPUPOBAHUS IKCLIECHTPUCUTETA
BEKTOpPA TATH MApUIEBOTO JBUTATEIIS, AITOPUTMOB YIIPABJIEHUS YIJIOBBIM JIBUKEHUEM
MKA, anroput™moB ynpasiienus Tepmodanancom MKA npu anurensHoit padore Y.

K pa3paboTke MukpomiargpopMbl U IPOEKTa MUCCHH MPUBIIEKAIOTCS CTYIEHTHI U
acniupanTsl bantuiickoro ¢enepanbHoro ynusepcutera umenu Mmmanyuna Kanra,
KaJlmHUHTpaickoro rocyJapCTBEHHOIO TEXHUYECKOrO yHUBEpPCUTETa, MOCKOBCKOIO
(U3UKO-TEXHUYECKOTO UHCTUTYTA, UTO CIOCOOCTBYET PELICHUIO KaIpOBOM MPOOIeMbI
KOCMHYECKON OTPaCiH 3a CUET BOBJICYECHUS TaJaHTIUBBIX CTYACHTOB B MHKCHEPHYIO
U Hay4HYy0 paboTy. IMeHHO ydacTue B 0J00HBIX aMOMIIMO3HBIX IPOEKTaX TOMOTaeT
ONPEIEIUTHCS C NATBHEUIINMHU KAPbEPHBIMU Ty TSAMH.
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