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semam Ha Mapc




MapcuaHckas 20HKa
Poccuga, CLUA, Kutam ...

CypaviH B. T.
TAALL MIY



30HAa XU3HU

4,5 mnpa net Hasaa

CerogHs




Hes3pauHaa nnaHeta
MAPC

Mepkypun BeHepa 3emna  Mapc












Monyannunc
lomaHa - LlaHaepa

MNepeAeT Cc 3emMAun
K Mapcy

Tpemuii 3akoH Kennepa T2 ~ a3
T=0,5[(1 +1,52)/2]°% = 8,5 mec

ot 5,5 po 10 mecsiues



3anycku Kk Mapcy Ha4yanucek ¢ 1962 a.
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Mariner-4 (NASA) [lepBblii yCneLHbIn
nponet B6nm3n Mapca

. (1965 r.)
:

[lepepan 21 ¢poTo NOBEPXHOCTH, HA KOTOPbIX,
KO BCeoOLleMy yaMBNEHWIO, 0OHAPYKUIUCb KpaTepbl






Mariner-9 (NASA) [lepBbI MCKYCCTBEHHDIV
cnytHuk Mapca (1971 r.)

[popabotan noutu rog. Mepenan
7329 uzobpaxkeHuin Mapca u ero cnyTHUKOB.



Mars
Orbiter







Mapc-2 ... -7 (CCCP, 1971-73 rr)
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ﬂepeﬂem asmoMamuYecKkux MeXxXxn1aHemHsbix

cmanyuli cepuu “Mapc” ¢ 3emnu Ha Mapc

Macca AMC: 4625 «kr

Macca opbutanbHOM CTaHumMKu: 3625 Kr

Macca cnyckaemoro annapara: 1000 kr

Macca ctaHumm nocne nocagku Ha Mapc: 355 kr

OnutenbHOCTb Nepeneta 6 Mecaues

¢
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Lve
Batiats

OpbuTtanbHblin
annapart
paboran

bonee
8 Mec.

i 1t

PaszpneneHue
33 4.5 yac o nocanku,
Ha pacctoaHuu 60 ThbiC. KM

[Nepen nonérom
CNycKaeMmbln
annapar 6bin
noABeprHyT
crepunusaumm

CHOYCKAEMbIM ANMAPAT
CTAHLIMW "MAPC: 3~
MATKAA NOCAAKA

HA NJIAHETY
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| Annapart cen B 0XHOM nonywapuu,

sl Ha AHuwWe KpaTtepa Mronemeii
45° o.w.,158° 3.4..

R T .
po S vy

@* B Teuenne 1,5 MUHYT nocne nocagku X, {30 i t
é« i _{; CTaHuusa roToBunach K pabore, SRR
@. ‘ 3aTeM Hayana nepepaavy naHopambl, |4 5 e
HO yepe3 14,5 cekyHp TpaHCaaumua é R '.5

) npekpaTunach. i { ;

"y CraHuMs nepepana ToNbKO nepeble B i,
_N 79 cTpok doTOTEeNIeBU3MOHHOIO : f
- curHana (npasbiil Kpai naHopambl) % 3(

Mpubop oueHku npoxogumoctu - Mapc (MpOr-M),
COBETCKWI Mapcoxoa, nepBbiii B Mupe
Macca 4,5 xr, Paamep 25 x 22 x 4 cm. Ckopoctb — 1 M/uac

I'Iepe,qsmxeuue = warawuwee waccu C 4aTyMKaMmm HPEHSITCTBMﬁ
Mocne nepemMeLleHna Ha 1 MeTp, Mapcoxon ocraHaBuBanca

Ma pC- 3 (CCC P, 1971 I'.) ANS NONY4EeHUsi KOMaHA, yNpaBneHus ¢ 3eMnu.

Mpubopbl — AUHAMUY. NEHETPOMETP U raMMa-/ly4yeBoM NIOTHOMEp
Ynpasnenue — no kabenio ot craHuuu. [inuHa kabens — 15 m.



Mars Reconnaissance Orbiter




Butanuit Eropos B aek 2012 r. Hawen “Mapc-3” Ha chumkax MRO







Mapce "Buruar® 1976



Mapc - oyeHb UHTepecHaa nunaHera.
Ero Hano usyuars !







} Saturn V




Constellation
Crew module
ARES| °

— Launch-abort system
Docking adapter

J2X englne

se(ond stage
(upg ratggd
‘rom Apol!o 3
Saturn V)

Solar panel

y A s
Water tank Propellant tank
. Reentry
' Service module heat shield

Liquid-fueled <

rocket, based on =

shuttle’s orbital
maneuvering

engine
k_] % ‘—Adapmsealon

Solid rocket
oster powers ~ |
first stage
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Hocutenb nunotupyembix kopabnen “Apec I”
TpaHcnopTHou cuctemsbl “Co3sesgue”
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fopoBas ao3a o6n1yueHUa KOCMOHaBTa
1500

‘l
ll

Bap B rog (norapudpmmueckas wkana)

PaccrosiHue ot noBepxHOCTH 3emnu (He B MacwTabe)
B

| | - -
Ypogeb 15kM 3kM  12kMm Hu3kas PanuaumoHHbii  MoBepxHocts MexnnaHetHoe Mex3ase3aHoe
MOpS 0K0N03eMHas NoAC JyHbl NPOCTPAHCTBO  NPOCTPaHCTBO
opbuta

Bap —6uonornyeckmn skBUBaNEHT peHTreHa.
MakcumanbHO gonyctumas gosa ana pabotHukos ASC — 5 63p B roga.
Mpwu nonete kK Mapcy n obpaTtHo Ao3a cocTaBuT He meHee 80 63p.



NMpoekT Hay4yHOM 6a3bl Ha Mapce

AT, tre ot woemmer i vontive B A st prOBIC




Cuna Taxectn Ha JlyHe n Ha Mapce
NO CpaBHEHUIO C 3emneun




Mars Reconnaissance Orbiter (NASA) o Pabotaet ¢ 2006 r.
. Pt - ' Ha opbuTe BbicoToin ok. 300 Km




TIC\SPECTRUM |||

VISIBLE LIGHT

MRO

ULTRAVIOLET X-RAY

15cm 15 microns 1.5 microns
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CRUISE STAGE SEPARATION
{¢ (8500 km, 6100 m/s)
Landing - 34 min

? ENTRY
(125 km, 7600 m/s)
Landing - 4 min

PARACHUTE DEPLOYMENT
(6-11 km, 360-450 m/s)
Landing - 2 min

HEATSHIELD SEPARATION
(5-9 km, 95-130 m/s)
Landing - 100 s

LANDER SEPARATION /
BRIDLE DEPLOYMENT
(3-7 km, 65-95 m/s)
Landing-80 s

== RADAR GROUND ACQUISITION

(1.5 km, 60-75 m/s) : e i, il ,
/ Landing -32 s “ ”
HapysHas “nogyuika 6e3onacHocTu
— AIRBAG INFLATION
D (300 m, 52-64 m/s)
\W Landing-8s
J ROCKET IGNITION
(50-70 m, 52-64 m/s)
Landing - 4s
~— BRIDLE CUT
(0-30 m, 0-25 m/s)
Landing-2s
A%\
" AIRBAG RETRACTION/
DEFLATION / LANDER RIGHTING FINAL RETRACTION
PETAL LATCH FIRING Landing + 75 min Landing + 120 min

& @Landing + 15 min

Mars Pathfinder entry, descent and landing
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MAPCUAHCKUE POBOTDI

40: Mars Science Laboratory Curiosity
November 26, 2011
' Mission to Gale Crater ‘

1, 2: MARS 1M No. 1 / MARS 1M No. 2
October 10 / October 14, 1960 &
Both destroyed during launch

s 39 Phobos-Grunt
s November 8, 2011 4
Stranded in Earth orbit

= 38: Phoenix
August 4, 2007
Landed, dug for water

October 24 / November 1 / November 4, 1962 / November 30, 1964
Broke up in Earth orbit / Radio failure en route / Stranded in Earth orbit /
Radio failure en route

’:@\ \ 3, 4,5, 8: MARS 2MV-4 No. 1 / Mars 1 / Mars 2MV-3 No. 1 / Zond 2 &

. 1 6, 7: Mariner 3 / Mariner 4 “
— S November 5 / November 28, 1964
" Payload fairing failed to open/ First flyby and picture return

'&_ 9, 10: Mariner 6 / Mariner 7 -
February 25 / March 27, 1969 ===
5 Both flew by, returned pictures

¥ 11, 12: Mars 1969 A / Mars 1969 B
\\ 7 .. March 27 / April 2, 1969 )
P ,” Both destroyed during launch

13, 17: Mariner 8 / Mariner 9 -
May 8 / May 30, 1971 =
Destroyed during launch /First probe to orbit Mars

37: Mars Reconnaissance Orbiter g’
- August 12, 2005
== Orbiting Mars 5

35, 36: Mars Exploration Rovers Spirit and Opportunity
“ June 10 / July 7, 2003
Both landed on surface

34: Mars Express [ Beagle 2 lander
esa June 2, 2003

Orbiting Mars, Beagle lost after separation

Spiritand Opportunity

14,15, 16: Cosmos 419 / Mars 2 / Mars 3
May 10 / May 19 / May 28, 1971

33: Mars Odyssey
Failed in Earth orbit / Lander crashed / Lander failed

a March 7, 2001
Orbiting Mars

18,19, 20, 21: Mars 4 / Mars 5 / Mars 6 / Mars 7
July 21 / July 25 / August 5 / August 9, 1973
Missed planet / Orbited planet / Lander failed (6 and 7)

32: Mars Polar Lander
“ January 3, 1999

Crashed on surface 22, 23: Viking 1 / Viking 2 =

August 20 / September 9, 1975
Both landed on surface, returned data

s 31: Mars Climate Orbiter
December 11, 1998
Crashed due to imperial/metric unit mixup

24, 25: Phobos 1 / Phobos 2
July 7 / July 12, 1988 A5
Lost communication en route / Lost communication near Phobos

T

30: Nozomi

KBl uiy4. 1998

Missed planet

@
m 29: Mars Pathﬁnderw .’
P
\/.“'

26: Mars Observer o
September 25, 1992 =
Lost communication near Mars

December 4, 1996
Landed on surface, deployed Sojourner rover

28: Mars 96
. November 16, 1996
Destroyed during launch

27: Mars Global Surveyor .
November 7, 1996 ;
Orbited and returned data
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Mapc
AoAuHbI “MapuHepa”

OT1kpbITel B 1972 1. no cHumkam Mariner 9 (NASA)
OnuHa 6onee 4000 km, wmnpuHa 200 KM, rmybuHa Jo 7 kv

%V '?
' i’

mosaic of THEMIS infrared images from 2001 Mars Odyssey

Bo3moxxHO, amo pugpmoeasi 0osiuHa (pa3fioM Kopbl)
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lus Chasma - KoHboH Uyc (vacme fJonuH MapuHepa)
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Canedbl meueHust XXuokocmm nho noBepxHocmu













MeTeopuTthbl, HanaeHHbIe Ha Mapce B 2009 r.
poBepoM Opportunity (NASA)

Pazmep 47 cm

Xene3o-HUkKenesbIN,
pa3mep 60 cm
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Mapc, kpatep Bukropusa (Opportunity, NASA, 2007)
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6th of 7 images 1 34°38'657.525S  31°52'5050%W. elev. 6m













Phoenix

NASA

NMocaaka
Ha Mapce
25 mas
2008 .

[locnegHun

CeaHC CBSA3U
Obin B -

Hosibpe 2008 ==

nepea
Hayanom
NONAPHON
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MRO

Pe3syabtar
CUCTEMATUHECKOro
doTorpadpuposanma
MOBEPXHOCTU

KpaTep, BO3HUKLUUIA
MeXay AHBapem U
ceHTAbpem 2008 .,
BCKPbI/ C/10U
BOASHOIO /1bAa
(cocTaB gokasaH
Mo CreKkTpy)

PagapHoe 30HAMpOBaHUe CceBepHOM NO/IIPHOM LUAMNKU
AOKa3a/n0 NpUCyTCTBUE BOAAHOrO /bAa B o6beme
821 TbiC. Ky6. KM (30% PeHAaHACKOro 1eAAHOrO WMUTa)



Ice covering
Antarctica
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~ Lake Vostak

TonwmHa nbga 4 km, rnybuHa osepa 1,2 KM

AHTapkTnaa, o3epo Boctok, 2012 .  Temneparypa sogel Ha aHe 10 C, y nbaa -3 C
BospacTt > 0,5 MnH net
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Planum Australe, PaguonokaTtop Mars Express, 2012-2018. OnuHa o3epa 20 Km.
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Mars

Methane release:
Northern summer

NASA 2009

Large ground-based telescopes

Methane Concentration
|
0 5 10 15 20 25 30

parts per billion






[bipa
AUAMETPOM
150 meTtpos
Ha cegepHOM

CKIOHe
BYJIKGHa

Arsia Mons

BeptukansHas
CTeHKa

ocBelweHa
Ha rny6uHy
78 meTtpoe,
HO AHa
He BUAHO

Mars Recon.Orb.
NASA,K 2007
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Entrance to the Gouffre

- _‘-.(An.‘o-—'

Top of the room of the Great Dome

The Great Column m'\

[\/ ‘} Upper Lake

9 Bust of Martel

Source tunnel The Pendeloque
(3 )0 Ty “o\/%‘ﬂ)

Launch platform : Bottom of the room
of the Great Dome

GN\@

Gours Lake

Bottom of the entrance shaft

End of organised visit



EXPLORERS WANTED
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Mars Science Laboratory rover, Curiosity

Launch - 26 November 2011
Landing - 6 August 2012












»










Parachute
Deploy

10:15:05 PM PDT
10:28:53 PM PDT

—~

Heatshield
Separation
10:15:25 PM PDT
10:29:13 PM PDT

Backshell
Separation

Touchdown

10:17:57 PM PDT * |y °
10:31:45 PM PDT










Mars Science Laboratory Sky Crane



MSL Sky Crane

Curiosity




W ETES
Curiosity
2012
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Perseverance (NASA), 2021 = HacTon4mBOCTb, YNIOPCTBO, CTONKOCTb










Ingenuity (NASA) 2021
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[MepBbIn KNTancknm mapcoxon, 2021 r.
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ExoMars (ESA, Pockocmoc, 2016-2022) - cnyTHUK 1 poBepbl
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UnoH Mack (Space X). KoHrpecc IAC 2016

Mars Saturn V  Ratio

vehicle
GROSS LIFT-OFF MASS (t) 10500 3,039 3,5
LIFT-OFF THRUST (MN) 128 35 3,6
LIFT-OFF THRUST (t) 13,033 3,579 3,6
VEHICLE HEIGHT (m) 122 111 1,1
TANK DIAMETER (m) 12 10 1,2

EXPENDABLE LEO PAYLOAD (t) 550 135 4,1

FULLY REUSABLE LEO PAYLOAD (t) 300 — —




UnoH Mack (Space X). Konrpecc IAC 2016  TARGETED REUSE PER VEHICLE

1000 uses per booster

100 per tanker
Tankers refill ship 12 uses per ship

then return to Earth

Mars arrival

" Ship prepares ,
to launsh Booster returns sttt ‘[; :
to launsh again " ..
o~ Ship returns
. to Earth
In situ
propellant
3 production

Yy 7

EARTH MARS









B.I. CypauH

PAZBEAKA
faneKkux niaaHeT

Hauane XXl gexa aCTPOHOMMA OCTOSTCA B ABAWADAC

ecrecTsoznanna. Buecte ¢ ivkamy acTpoROME pa-
GoTaoT Han QyHaaMeHTANSHLIMN NPOGneMaMn, CNOCOOHN-
ANt M3MEHNTD HOWE NPEACTABACHIE O Npupoae. o Cix nop
HE PACKPOTY TOMKY «TEMHOMO BEWICCTBAY, COCTaBAMOLWC-
O OCHOBHYIO MACCY FBABKTHK. M «TEMHORN IHEPNHIS. YCROopa-
et pacwmpesne Beeaeunon. He stacuenst MeExaMmivsl
BIPHBOB 36C30 M OKTMBHOCTY Raep ranskTnK. Her obwenpw-
HATHX TEODIH NPONCXOMACHIA MAGHET. ANBKTIK ¥t CoMON
Beenennoll. Ho pafiora B0 BCEX ITHX HANDABACHMAX WALT
B HOPACTAIOWEM TEMNE, ¥ KAXANH ACHS NPUHOCHT YaMEH-
TEALHME OTKPETHA,

LoHeuU xumiauel eddagsed HUlZdA) 7 °g

LY




Ceroma no6oi M3 Hac, He
BBLIXOAA M3 AOMA M HE NPOBO-
AR XONOAHBIX HOYEH Y TeNecKona,
MOXET HACNAAMTLCA BenuKonen-
HbIMM CHMMKaMmu Mapca, nony-
YEHHBIMH C MOMOLYLIO KOCMHYeC-
KOro TENeCKONa W MeXnnawer-
HbIX 30HA08. HO yBHAETL CaMy no-
BEPXHOCTH NNAHETHI, HA KOTOPOW,
BO3MOXHO, Gbina (a MoXer GbiTs,
M eCTb!) BHE3EMHAA N3N, — N0~
Bepbre, ITO OCTaBAAET He3abbi-
Baemoe snevarnenmue. Takown cny-
Yai NPeACTaBMACA HaM B aBryc-
1e — ceHTabpe 2003 r. B ator ne-
PHOA ACCATKM THICAY npodec-
CHOHANOB M NIGUTENeH ACTPOHO-
MMW HaNpaBsuAK 06BEKTHEDI CBO-
Hx TPy6 Ha 3aragodHyI0 naaxery
B HAAEXAE, YTO, BOIMOXKHO, HAKO-
Hey-TO YARACTCA NOHATL, KaKue
HMEHHO NATHA HA MOBEPXHOCTH
Mapca cKnagbIBATCA B CTPOW-
HbI€ NPAMbBIE NHHHK — KaHanol,
W, rnasHoe, — noyemy!

Cnepyiouieit TaKoR BO3MOXKHOCTH
MbiXKAANM 15 ner. U BOT HacTYNMA
2018 roa — rop ouepeaHoro se-
AMKOro NPoTHBOCTOAHKMA Mapca.

MAPC

BEJIMKOE
NMPOTUBOCTOAHUE

Ix. lepwens
®nammapuoH
Jlosenn
LLirepubepr

. Monak
Cnencep [DKoHc

- DleBokynép
- Kcandomanumu
Poauorosa
Cypaun

9UHBOLD0aMLOdU S0MULRY « Y)dVIN

2018
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