


MAPC

Pasmep: 0.53 3emnu
Macca: 0.1 3emnu
Yckop. cBob6. naa.: 3.7 m/c?
OpburTa: ~152 a.e.
[asneHue: ~0.006 atm

Temnepatypa: ot -150 go +20 C

ATmocepa: CO, (95.3%)
N, (2.7%)
Ar (1.6%)
O, (0.13%)

JleteTb A0 NnaHeTbI: 6-9 mecaues



Mapc: Hanbonee 6n1m3Kaa no
KIIMMATUYECKUM MapameTpam
k 3emne nnaHera o

' HaeneHune = 6 mbar , 95% CO, Q

(MeHsieTca ¢ Ce30HOM M3-3a KOHAEeHCcaUnn atMmocepsbl)
. CpeaHsisa TemnepaTypa NoBEPXHOCTU =
-50°C
. Mano Bogbl B aTMOCdEpPE = HECKOSILKO

ocaXkaeHHbIX MKM, 6onbluMe pe3epByapbl 3emns Mapc

B NMOJNIAPHbIX LWWankax n rpyHte
Macca, xTerr 1 0.107

= A3po3onb B atmocdepe (t ~ 0.2) :
P Depe e ) g, M/c2 3.711 9.82

— [MbIN1b C NOBEPXHOCTU =2 CUNbHbIN Pa3orpes
aTmocdepsl [noTHOCTb, r/

5.515 3.933
— [MobanbHbIe NblieBble Oypu cm? :

— IlepsiHble koHOeHcaumnoHHble obnaka (H,0,
CO,) (cirrus type) Anbbeno 0.3 0.15

Linpkynsauusa saemHoro tuna: T paBHoBecH. K 255 214

— Avenka Xaanum B COnUECTOSHUAX

20 CurnbHble BONHOBas akTUBHOCTb Ha cpedHux | T nos-u, K 288 218
N BbICOKUX LUMPOTax OCEeHbK N 3MMOU

[daBneHne, 6ap - 0.0061




Mapc

Bonbluas nonyocs, 1 1.524 BpeMeHa ro.u'a Ha Mapce

d.e.

HaksioH ocu 23.45° 25.19° | onpenensTcs apeoLeHTPNYeCKon OoNroTomn
KCLEeHTpUCUTET 0,0167 0,0934 ConH Lia

BeceHHee paBHOOEHCTBME B CEBEPHOM MOMyLlapum

The Orbit of Mars and the vernal equinox
Seasons in the Northern R 1.56 AU
Hemisphere. L Q°

> S

Adenuii § = S
JlemHee Hepm rennn
COJTHUECMOSIHUE P

3SumHee

summer $olstice UM  cosTHUecmosiHUe
R 1.65 AU R 1.38 AU

MapcuaHckoe autunnal equinox L 270°
JiemoucyuciieHue LS 9(0¢° R 1.45 AU S

C 1 anpens 1955 a.
MY — Martian Years
1955-1956 MY1
2004-2005 MY27

Clancy etal., 2000 QceHHee paBHOAEHCTBME B CEBEPHOM MonyLlIapuu



Temnepartypa NOBEPXHOCTU

«['MNepKOHTUHEHTAlbHbLIN» KNnuMaT

Bapunauun Temnepatyp ot 20°C okono nonyaHs Ao -100°C Houbto
Huskas TennoBasi MHEPLNS MOBEPXHOCTU MO CPaBHEHMIO C 3EMSIEN U €€
okeaHamu. Cnabasa atmocdepa. CunbHble CyTOMHbIE Bapuauum Temnepartypbl

JleTom nongapHble obnacTtu
HarpeBalTCs CUITbHEE U TeMrepaTtypa
nagaeT K 9KBaTopy

B paBHOOeHCTBME Temnepartypa
nagaeT OT 3KBaTopa K nosrocam
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TTosepxHocTb Mapca. CHUMOK ¢ mapcoxoaa Spirit

Fe 12-14%

Si20%

Cad’%  _; —a
Al 2-4%

 Mg5%

S 3%

Ti



a3

CO, 95,3%

5 2,6%
Ar 1,6%
O, 0,13%
CO 0.07%
H,O 104-0,1%
O, 310%%

110°%

OCHOBHbIe UUKNbI:

1)Uunkn yrnekucnoro rasa

2)BoassHou uUMKn

3)[bineBoy UMK

CocTae atmocdepsl Mapca
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Simulated observations of PFS Simulated observations of PFS
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atmospheric transmission of Mars

Orbit 0017AT1 [17.0°N-268.1°E] Ls=332.8" time=1.3 hr

SUN

140 ]
120 -
100 = -
> : +Nn(2) -
=
— 3
2
Z
aimosphere/
l T I ] ] J T I L) L] T I 1 ] T IJ
N=10"8 molicm 2
i E
=
3
2
1022 <
20 —
0.0 T T T 1 - 4
120 140 160 180 200 220 ol b oo L L
wavelength (nm) 100 150 200 250

Temperature (K)



OCHOBHbIE LUUKIbI

Llukn yrnekucnoro rasa
Linkn BogsiHoro napa

[1bI1€eBOU LUK




Atmospheric pressure at Viking 1 site (Pa)
Southemn winter Northern winter
-

Atmosphere trapped

in north polar cap

Atmosphere trapped
in south polar cap
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P0=4 mbar

emission angle=0
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OCHOBHbIE LUUKIbI

Linkn yrnekucnoro rasa
BoasiHou UukKn

[1bI1€eBOU LUK




Bopoa Ha Mapce

PesepByapbl BOAbI:

ATMocdepHbIN pe3epByap
» BOOAHOU nap
» aTtmocdepHble obnaka

[ToBepXHOCTHbIE pe3epByapbl
» WHEeN Ha NMOBEPXHOCTU
> nen

[TlognoBepXHOCTHLIM NeA

[mobarnbHoe coaepxaHne BogsiHoro napa scero 10-20 ocaXgeHHbIX
MUKPOH Boabl 2 1-2 kv3

Ho oH Ha npsmMyto cBA3aH C ApYyrMmMun pesepsyapamMin BOObl 1 OH MOXET
ObITb HAOEXHO N3MEPEH, KPOME TOro cenyac BeeTcsl pakTU4ecku
HenpepbIBHbIN MOHUTOPUHT




ACMMMETPUA MeXaY NONYLAPUAMMU

Perennial polar caps
__South (CO,) North (H.O)

i 3152

Seasonal cycle of atmospheric water

Southern summer &, st sy

(perihelion) 0 o ety NOFEhErn summer
TES Water Vapor Column "Wy - :/(aphelion)

Bcero 10-20 2
OCaKOEHHbIX = il
MWKPOH BoAbl — 1-2 60 i 3o
3 wolsal splondn sloslog PRT IO s {oala sloslon iy
m nbﬂa' 9090 120 150 180 210 240 270 300 330 0 30 60 90 120 150
LS

Mo naee BoasiHOM Nap AOMKeH BO3BpaLllaTbCs K CEBEPHOMN LLAMNKe, HO eCTb OfIHA XONoAHas NoByLUKa —
3TO lOXKHas NonspHas warka (nyTelwecTsme B OOUH KOHELL, C CEBEPHOIO B KOXXHOE rnonyLiapue)



Okono 8200 A &

A —

F1c. 2.—The averaged profile of the four HyO lines shown in Fig. 1 The calculated position of the
;llianhﬂgo line is indicated by the arrow below the Mars symbol; the faint Mars water-vapor line is
e there,
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Radiance ( uW emZsrty cm'1)
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MOHUTOPUHF BOASHOINO UMKANa | DOAAHON LUKR
McCpaBHeHUWe pe3ynbTaToOB

Ce30oHHOe pacnpeaeneHne BoASAHOro W
napa Ha Mapce: MAWD/Viking (1979), 20-40 um, =

30 F

TES/MGS (1999-2004), OMEGA- band 1.
PFS-SPICAM/MEX (2004-2012), MY24-26 -1 .

CRISM/MRO (2006-2012) |
TES / Mars Global Serveyor
= '9"’ T M.D. Smith 2004, 2006, 2008

CRISM Water Vapor

90 T

:Z: wu H‘r 2.56 um

’ CRISM/MRO

Latitude (deg)
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Ls (deg) 0 |, | A o B (Sm|th et aI., 2009)
water MAWDNIklng 1,2 (MY12-1 3) 120 150 180 210 240 270 300 330 0 30
Li
1.38 um (Jakosky and Farmer, 1982) ‘
band

Sp|CAM Mars Express My 27 29 CpaBHeHne namepeHnin BOOAHOro
— Koppekumsa obpabotkn MGS/TES

i __mees  [l@pa PasnuUyHbIMKU Npubopamu:
T 'IM o — CornacoBaHve gaHHbIX Mars

; n e — Koppekuust pesynsratos Viking/

_gg ‘ I ‘ ‘ ‘ I ‘ 270 300' 330 3é0 3‘0 5‘0 1 2‘0 15‘0 0 4 ‘ 2.-0 300 © MAWD

Express (3 npnbopa)
Fedor'ova et al 2006 TI"OkhII’l’\OVSkIy et al 2012
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Hellas

Cnektp MNOC

900
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OCHOBHbIE LUUKIbI

Linkn yrnekucnoro rasa
Linkn BogsiHoro napa

NMsineBon UUkKnN




[MbineBon uukn Mapca

Transport in atmosphere
Dust devil

A —
e i S = = 4

Ocaxx0eHue rbinu Ha KanubposodyHom ariemeHme mapcoxoda CITUPUT 3a 400 dHeu (2004-2006)
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_I'IblneBov'l LLMKI
[lbineBble cmepyn («dust devilsy)
HRSC kamepa Mapc-3kcnpecc
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TES Dust Opacity (1075 cm™'), Scale: T = 0 (purple) - 0.5 (red)

240
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THEMIS Dust Optical Depth
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Photochemical loss of CHy in the martian atmosphere

Reaction Rate coefficient (cm3 s—h Column rate (cm‘2 s—h
CHy + hv (1216 A) — products 60 KM - 1.0 x 103 1.0 x 103
CHs + OH — CH3 = H,0 2.45 x 10~ 12 exp(—1775/T)? 1.0 x 103 1.2x10%
CHs + 0 — CH; + OH <40 Kkm 8.3 x 10=12(T/300)!-36 exp(—4270/T)P 560 120
CHs + O('D) — CH3 + OH 1.5x 10~10a 7.8 x 10% 5x 10*
Total 2.8 x 103 1.6 x 10°
The second column does not refer to photolysis of CHy, which is discussed in the text, and to the total loss. Column rates for the three reactions are calculated
using the photochemical models of Nair et al. (1994, Fig. 15) and Krasnopolsky (1995, Fig. 2a) in the left and right columns, respectively.

4 Sander et al. (2003).

b Baulch et al. (1992).

Time of vertical mixing is H%/K 2 10° s & 10 days in
the martian lower atmosphere. Time of horizontal mixing
is ~5R/V &~ 0.5 y. Here H 2 10° ¢m is the scale height,
K ~ 10% cm?s™! is the eddy diffusion, R = 3.4 x 10% cm is
Mars’ radius, V 2 100 cms™' is the meridional wind speed,
and V /5 is the chaotic component of the wind speed. Both
times of vertical and horizontal mixing are much shorter than
the CHy lifetime of 340 y. Therefore methane should be well
mixed with the constant mixing ratio of 10 £ 3 ppb through-
out the whole atmosphere on Mars.




Mumma et al. Methane on Mars
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Mars Exploration Family Portrait
CeMeunHbIN NOPTPET uccnenosartenen Mapca

40: Mars Science Laboratory Curiosity

N ber 26, 2011
+ MAVE N 20 1 3 o RS0 M(i)::ig]n g Gale Crater
— B N -

+ Indian Orbiter 2013 T et o
+ ExoMars 2016

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

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

3,4,5, 8 MARS 2MV-4 No. 1 / Mars 1 / Mars 2MV-3 No. 1 / Zond 2 a
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 rc

Ocywecrsnser muccnio (S5
B KpaTtepe leiina

l

6, 7: Mariner 3 / Mariner 4

November 5 / November 28, 1964

Payload fairing failed to open / First flyby and picture return
ycnewHbii nponet Mapca,
nepenan nepsble $HoTo

CnycTuncs, Hawen Boay
37: Mars Reconnaissance Orbiter
== August 12, 2005

= Orbiting Mars

= 3
YcnewHo pabotaet Ha opbute Mapca

9, 10: Mariner 6 / Mariner 7

February 25 / March 27, 1969
el «"~' Both flew by, returned pictures
¥ Oba ycnewHo nepegany otorpadum ¢ NPONETHOIN TpaeKTopum

35, 36: Mars Exploration Rovers Spirit and Opportunity
June 10 / July 7, 2003

Both landed on surface, Opportunity still in operation
0O6a ycnewHo onycTUNUCb Ha NOBEPXHOCTb U paboTanu,

Opportunity Ao cux nop B CTpoto

11, 12: Mars 1969 A / Mars 1969 B
March 27 / April 2, 1969 i
" Both destroyed during launch

esa 34: Mars Express / Beagle 2 lander /

7 4
June 2, 2003 ///q
Orbiting Mars, Beagle lost after separation

[octur opbutbl Mapca,

13, 17: Mariner 8 / Mariner 9
May 8 / May 30, 1971 =
Destroyed during launch / First probe to orbit Mar
/ Mepeblit annapat Ha opbute Maj
14,15, 16: Cosmos 419 / Mars 2 / Mars 3
May 10 / May 19 / May 28, 1971
Failed in Earth orbit / Lander crashed / Lander failed

33: Mars Odyssey
March 7, 2001
Orbiting Mars

YcnewHas pabota Ha opbuTe Mapca

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)
nepeaan $hoTo C NPONETHOM TPAEKTOPUK, /
Bbiluen Ha opbuty Mapca / a,

22, 23: Viking 1 / Viking 2
August 20 / September 9, 1975
Both landed on surface, returned data

6a ycnewHo AOCTUINM NOBEPXHOCTM Mapca 1 nepeaant AaHHble

32: Mars Polar Lander
i January 3, 1999
—_——

Crashed on surface i

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

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

30: Nozomi / Bbiwen Ha opbuTy Mapca, nepeaan ¢oto,
July 4, 1998 <

Missed planet o

- ) /
@ ) el ) & 26: Mars Observer
£ AT ) ~ QU // September 25, 1992

29: Mars Pathfinder g el - Lost communication near Mars
C ] -
December 4, 1996

Landed on surface, deployed Sojourner rover >
CnycTunca Ha NoBEpPXHOCTb, 3anyCTun mMapcoxoa Sojourner Q

28: Mars 96
November 16, 1996
Destroyed during launch

27: Mars Global Surveyor o=
November 7, 1996 =
Orbited and returned data
YcnewHo Aoctur opbuTsl Mapca v nepeaasan AaHHbe
(B TeyeHue aecaTu ner)




International Exploration of Mars

2011 2013 2016 2018

ExoMars
Trace Gas MAX-C

Orbiter (NASA)
(ESA-M <A)

_— - .-

2020 2022 2024
| FuturePlans |
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‘Mars Sample
Return
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Network




TGO OPERATIONS

» Operational orbit: period T=120 min (40 min in eclipse);

» Altitude 400 km; inclination 74 deg;
> 12 orbits per day, 12 sunrises and 12 sunsets — 24 occultation’s per day

Solar

vAg¢ Xsc

%3 occultations

Nadir Measurements of
viewing @ ®|) nightglows

Xsc¢ Solar
occultations

72 s €= 100 km



ACS (Atmospheric Chemistry Suite)

TPpW cCNekTpomeTpa Ans uccregoBaHnsa atmocdepsi

Spectral range: 0.7 — 1.7 pm

NIR: Near-IR Spectral resolving power:~20 000
spectrometer
« Spectral range: 2.2 — 4.5 ym
- Mid. » Spectral resolving power: >50 000
MIR: Mid-IR » Observation mode: Solar occultation
spectrometer

« Spectral range: 2-25 pym (400-5000
cm)

« Best spectral resolution: 0.2 cm™"
(apodized, OPD=6 cm max)

TIR: thermal-IR
spectrometer




Key questions of Mars science and ACS

* |Internal structure/Volcanism

* Climate: present and evolution ACSMIR
By characterizing atmospheric state, climate,
and isotopic ratios (D/H in particular) ACSINIR
« Past and present habitability
ACS/
TIRVIM
Three channels of ACS
I I I I [ I I
| I I I | I I
' I I I | I I
NIR | nadir (day/night), solar ocgultation dnd limb
AR
| MIR solar occultgtion |
SN N R R
TIR | 17um
| ' nadir (day/night), $olar occultation
0 2 4 6 8 10 22 24 26 UM

Spectral Inst. resolution
range range

2.2-4.3 0.28-0. >50000
Mm 3um

0.73-16 ~0.17  >20000
um um

2.05-17 full 0.2cmocc
MM range 0.2-1.6
cm' nadir
T to space

TIRVIM

to Sun¥ to nad\ir\
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MIR / Hay4Hble 3agaun

* IamepeHune BepTuUKanbHbIX Npodunen nioTHOCTU U TeMrneparypbl No
nonocam CO, 1 n3BeCTHbIX MarnbIx ra3oBbix coctasnstowmx CH, H,O, CO Ha
BEYEepPHEM U YTPEHHEM TepMUuHaTope Ha BbicoTax 10-80 km

* Namepenuns nsotonHbix otHoweHnn HDO/H,O, 3CO,/CO,, CO'80/CO, n T.4.

* [Mownck manbix razosbix coctasnsawwmx C,H,, C,H,, C,H;
H,CO, HCI, OCS

* [1pochunu aaposons, pasgeneHne BoasHbIX 06nakos
N NbINEBbIX YacTuy
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et al., 20095
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