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NMouck Boabl Ha JlyHe u Mapce. OcBoeHue
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3AYEM UCKATb BOZIY HA  NTAHETAX? -

be3 BoObl OCHOBHbIE XWU3HEHHbIE npoueccobl
HEBO3MOXHbl. HW ogHa oOcHoBHas beHKLI,I/IFI
OopraHmnM3mMma He MOXeET NMpPoncxoanTb 0e3 Boabl.

MoaToMy KOCMWUYECKMe MUCCUU, UccreayoLume
COmnHEeYHyl0 CcUCTEMY, 3aHMMAKTCH MOMCKOM
BOAbI/BOOAHOrO nbaa, Ytobbl HAUTU MecTa, rae
Morna 3apoauTbCs KU3Hb.

OcBoeHune Apyrnx nnaHer notpedyet
MCNONb30BaHNE INoOKasnbHbIX pPECypcoB Ans
obecneyeHnss XU3HW KOMOHUCTOB. A 3TO
npexane Bcero Bopa, Heobxogumass AOnd
Pa3NUYHbBIX HYXA.

[Monyyaetcsa Mbl MWEM BOAY B KOCMOCE, YTOObI
HaWTW NPOLLNYIO 1 obecneunTb ByayLLyHo XKU3Hb



NMounck Boabl C NOMOLbIO HEMTPOHHbLIX CMIEKTPOMETPOB
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[MonapHble obrnactu JlyHbl nNpegcTaBnsalOT
coboun naeanbHble KNagoBble PENMKTOBOIO
BewectBa (B TOM 4ucrne BoAsIHOM nepn),
NPUHECEHHOrO B TEYEHNE MUNNNAPAOB NeT
KOMETaMn N acTtepougamMn n XpaHsilero
ncrtoputo ConHEYHOM CUCTEMBI.




Be4yHO 3aTeHeHHble 00riacTu Ha nosnrcax HYHbI: XpaHUInua BoaAHoOro nopa?
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OGHapyxeHue BoAbl Ha Ha nontocax JlyHbl: roe/kak/korga oHa obpasoBanachb?

1998 2009
McTouHMkmn noctynneHums PacnpepeneHue Bogopoaa no AaHHbIM Pacnpeaenenne OH/H,O no gaHHbIM
BOASHOIO NbAa Ha JlyHe: HEUTPOHHOro CNeKTpomMmeTpa Ha 6opTy akcnepumeHTa M3 (USA) Ha 6opTy
Lunar Prospector (NASA) Chandrayan-1 (UHaus)
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CTONKHOBEHUS KOMET U
actepoupgos c JlyHon, unu
3K30reHHasi Boaa
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B3sanmoagencreue npoToHOB
COJIHEeYHOro BeTpa C
NOBepPXHOCTbIO JIyHbI

Boaa obpa3soBaBluasca
oaHoBpeMeHHO c¢ JlyHonm,
Wnu 3HAOreHHasa Boaa

Neutron Fluxes
(neutrons/cm?/sec)
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South Pole <-70° Pieters C.M., et al, Science, 2009
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Feldman et al, Science, 1998



Mpn6op JIEHO Ha muccnmn HACA «J1IPO» 2010 rop

I'IpOBepKa rmnoTe3bl O HANINYUU NbAa B Be4YHO 3aTeéHeHHbIX KpaTepax
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l., Space ScT;__;g Review, 2007; Mitr Guet al., Space Science Review, 20107 page 7



OueHKU coaeprKaHnA BOAAHOrO /ibda B NPMNOBEPXHOCTHOM cnioe (Ha rnybuHy go 1 m)
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Poccninckumn HeuTpoHHbIN aeteKtop JIEH/ B coctaBe opbutanbHou mmuccum HACA LRO

Mitrofanov I.G. et al., Science, 2010; Mitrofanov et al., Journal of Geoph. Res., 2012; Litvak M.L. et al., Journal of Geoph. Res., 2012; Sanin et al., Icarus, 2016




AkcnepumeHT LCROSS — npsimasa npoBepKa Hanuuma BoasHoro nbaa (ueneykasaHuve no JIEH)
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Pe3synbratbl npubopa JIEH onybankoBaHbl B XKypHane
Science, a monogble yyeHble N3 Hay4yHOM KOMaHAbI
aKcnepumeHTta JIEHA nonyuunu npemutio lNpe3ngeHTa
Poccuitckoint ®epepaumm B 06nactm HayKm U1 MUHHOBaL UM
ANA MonoabiX y4yéHbix 3a 2010 roa"

.
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Hydrogen Mapping of the Lunar South Pole Using the
LRO Neutron Detector Experiment LEND

1. G. MITROFANOV , A. B. SANIN, W. V. BOYNTON, G. CHIN, J. B. GARVIN, D. GOLOVIN, L. G. EVANS, K. HARSHMAN, A. S. KOZYREV, [..] M. T. ZUBER +20 authors
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Watering the Moon

About a year ago, a spent upper stage of an Atlas rocket was deliberately crashed i}
into a crater at the south pole of the Moon, ejecting a plume of debris, dust, and
vapor. The goal of this event, the Lunar Crater Observation and Sensing Satellite

(LCROSS) experiment, was to search for water and other volatiles in the soil of one o]
of the coldest places on the Moon: the permanently shadowed region within the @ Lysosomal enzyme trafficking factor LYSET enables
Cabeus crater. Using ultraviolet, visible, and near-infrared spectroscopy data from nutritional usage of extracellular proteins

BY CATARINA PECHINCHA, SVEN GROESSL, ET AL.

accompanying craft, Colaprete et al. (p. 463; see the news story by Kerr; see the
cover) found evidence for the presence of water and other volatiles within the
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The human disease gene LYSET is essential for




Chang’e-5: Bo3spaTt N"YHHOrO rpyHTa

S @ E iR RHEER

MecTto nocagkm B OKeaHe bypb K ceBEPO-BOCTOKY
OT BYJIKaHM4Yeckoro nuka Promkepa. (43.06°N
51.916°W) 1 [Nekabpsa 2020. 3abop
(MaHunynatop + byposoe 3Y) 1.73 Kr AYHHOTO
— TpyHTa. B Tom smncne nopaaka 200 rpamm ¢ —
rnybuHbl 1 m. Bo3BpaT Kancy/sbl C FPYHTOM Ha
3emnto 16 gexkabps.

ARTICLE

Evidence of water on the lunar surface from
Chang'E-5 in-situ spectra and returned samples

ng Shu>™, Lin Guo!

0!, Guangliang Zhang],

ianfeng Xie’, Jianfeng Yang®, Changning Huang?,
o
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Ilyna — 25. lNepBaa nonsgpHaa akcneguuus! Noka ¢ nomowbO poboTOB
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Mpu6op AOPOH

[lepBasa nonspHas
Mmuccus JlyHa — 25

3ANAYA. OueHka maccoBou O0Nu
BOAbI 1 NIETYYMUX COEAUHEHUN B
NYHHOM BELLECTBE, BbIICHEHNE
9IEMEHTHOrO N U30TOMNHOIO CoCcTaea
BEPXHErO CNnosi NOMAPHOro peronurta
B panoHe nocagku oo rnyouHbl
okoso 1 metpa.
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JlyHHbIM MaHUNynAToOp: packonaTb NYHHbIN FPYHT NOA4 NOCaAOYHbIM annapaTtoMm, B3SiTb
obpa3eu n 4OCTaBUTb €ro B aHaNMTUYeCKYyIo rnabopatopuio Ha GOpTy, YTOOLI Yy3HaTb
3NIeMEeHTHbIN N N30TOMHbLIN COCTaB JTYHHOro NONAPHOro BelecTBa

Busyanmnsauuns kocmmndeckoro annapara «JlyHa-25» ¢
ycTaHoBreHHbIMU npudopamu. 1 — JIMK, 2 — NINC-TB-PIM,
3 — JIA3BMA-JIP, 4 —ctepeokamepbl CTC-J1., 5 — AAPOH - JIP

KBanndukaumoHHo-gosoao4HbIN obpasel JIMK Bo
Bpems ucnoitaHum 8 UKW PAH
page 14



TectnpoBaHue JIMK B «kKOMHaTHbLIX» YCITOBUSAX




TecTupoBaHme maHunynaTopa ans JlyHbl — 25 Ha aHanore NIYHHOrO rPyHTa
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PackanbiBaHue - . - “#.¢ - 3abop rpyHTa
Litva,lf et al., Acta Astronautica, 2022 o il f




BeposiTHO Ha apeBHeM Mapce Obinl Tennbin
N BNaXHbl KNMMaT M MOIMU CyLLeCcTBOBaTb
okeaHbl. CoBpeMeHHbIn Mapc XxornogHbi w
CyXOW, HO [Qaxe cendac e€ero nonspHbie
panoHbl NPeAcTaBnsaAldT CcobOW  BEYHYIO
Mep3noty ¢  GonbwnMm  cogepXaHuem
NO4NOBEPXHOCTHOIO BOAAHOIO fbaa.




(a)

Ha coBpemeHHOM Mapce HM3KOe AaBneHue n oTpuuartenbHbie TeMnepaTypbl, MO3TOMY
XnakKasa Boga He MOXeT CyLLlecTBOBaTb Ha NOBEPXHOCTU, a BOOSIHOM Nned COCpenoTo4eH B
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MONAPHBLIX Wankax

Bopa Ha coBpemeHHOM Mapce
cocpenoToYeHa B MONAPHbIX PaliOHax B BUAeE
NoANOBEpPXHOCTHOrO BOAAHOIO NbAa.

Ecnn Becb nep pactonutb, TO BOAA NOKpoeT
BCIO noBepxHocTb Mapca cnoem ~35 m.

MocToAHHbIE NONAPHbIE WaNKn obHaxarTcA
BO BPeMA NONAPHOro neta.

HabntoaeHua Viking 1,2 nokasanu, yto
ceBepHas NOMAPHaA WanKka NpakTUYecku
LEeNMKOM COCTOUT U3 BOAAHOTO /ibAa.

(d)
FO»KHaA Wwanka coCcTomT U3 BOAAHOIO NbAa,
MOKPbITOrO CBEPXY CNIOEM OCaXKAEHHOWM
YINEKUCNOTbI ([aXKe N1eTOM Tam TaK XON04HO,
YTO YINIEKMCNIOTA COXPAHAETCA Ha
NOBEPXHOCTH)

Height, km

Distance, km
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ANy NMouck noaAnoBepxXxHOCTHOrIO NbAa.

= 2001

[H]END Muccua HACA Mapc Ogucceun 2001,

Fereeror ) npubop XEH[

%
. “’e CKUX V\L

___ HayuyHble 3agaum npubopa XEH[

oy
2,
\ ,))

> U3mepeHne abGCONIOTHOW BenNUYUHbI MOTOKA
HEeUTPOHOB OT noBepxHocTU Mapca B pasHbIX
CneKTpanbHbIX Auana3oHax.

> OnpepeneHne mMaccoBOMW OONM BOAAHOro nNbha W
XUMMUYECKN CBSI3aHHOW BOAblI, a TaKXe OLeHKa
rnyouHbI 3aneraHus BogocoaepXalliux croes.

> NMoUCK Ce30HHbIX BapuvauMm  HEUTPOHHOro
anbbego Mapca Hag nonaApHbIMM obnactamMmu

nrnaHeTbl

» MOHUTOPUHT HEUTPOHHOM KOMMOHEHTbI
pagnauuoHHoro c¢oHa.

> Perncrtpauusi COfHeYHbIX COObLITUM M ramma -

Boynton WV et aI pace cience ReV|ew 2004
MutpodaHos U.T. u ap., ACTPOHOMUNYECKNI BECTHMUK, 2003 BCMNJIECKOB. page 19




1998 - 2001 Paspa6oTtka XEHA B UK PAH mn
yCTaHOBKa Ha 60pT KOCMMUYeECcKOoro annapara




Ha coBpemeHHOM Mapce no gaHHbIM HECKOSIbKMX NPMUOOPOB, BKIoYasa poccunckum npnoop XEHA, 6binun

obOHapyXeHbl OFPOMHbIe pe3epByapbl NOAMNOBEPXHOCTHOroO BOAAHOrO NbAa Ha rnmybuHe go 1 m

CopepixkaHue BoAbl B rpyHTe, %

Mars Odyssey 5 10 15

120"  -60° OI“ 60° 120° 180°
aHHBIN CTpYHTOM .~

- JIép cMeLanHBbIN C TPYHTOM
120 80" o 600 120°  180°

Mitrofanov |.G. et al., Science, 2002; Litvak M.L. et al., Icarus, 2006; /InteaK 1 CaHuH, Ycnexm dusnyecknx Hayk, 2018 page 21



Distribution of Hydrogen in the Near-Surface of Mars: Evidence for Subsurface Ice

Deposits

W. V. Boynlon.l* W. L(' Feldman.” S. W. Squy res” T. Prcllym:m.2 1. Briickner.* L. G. Evans,” R. C. Reedy, ™ R. S
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Maps of Subsurface Hydrogen from the High-Energy Neutron Detector, Mars
Odyssey

I. Mitrofanov,' D. .i\nﬁ1110¥=.' A. Kozyrev,! M. Litvak,! A. Sanin.' V. Tret'yakov,' A. Krylov.” V. Shvetsov.® W. Boynton,* C.
Shinohara,® D. Hamara,” R. S. Saunders*

'nstitute for Space Research, Moscow 117997, Russia. Joint Institute for Nuclear Research, Dubna 141980, Russia.
"Un{\-'ers{tyof Arizona, Tucson, AZ 85721, USA. *Jet Propulsion Laboratory, Pasadena, CA 91109, USA.

After 55 days of mapping by the High Energy Neutron
Detector onboard Mars Odyssey, we found deficits of high
energy neuatrons in southern highlands and the northern

lowland

indicate

s of Mars. The deficits of high energy neut
s that hvdrogen is concentrated in the sub:
hat water-ice rich layers that a
ickness provide one possible fit

Germanium Sensor Head and the Neutron Spectrometer.
These instruments are mapping Mars to determine the

composition of the subsurface layer. HEND began mapping
18 Fohrnary 7007 whon Odwvecaw wae ineartad intoa cirenlar

Global Distribution of Neutrons from Mars: Results from Mars Odyssey

W. C. Feldman,'* W. V. Boyn[on.: R.L.Tokar,' T. H. Pret[yman.' O. Gasnault,' S. W. Squyres," R.C. Elp
Lawrence,' S. L. Lawson,' S. Maurice,* G. W. McKinney,' K. R. Moore,' R. C. Reedy'

'Los Alamos National Laboratory, Los Alamos, NM 87545, USA. 2U11{versi[yof Arizona, Lunar Planetary
AZ 85721, USA. *Cornell University, Center for Radiophysics and Space Research, Ithaca, NY 14853, US:
Midi-Pyréndes, 31400 Toulouse, France.

#*To whom correspondence should be addressed. E-mail: wfeldman @lanl.gov

25.7 days of mapping-orbit data were
survey of neutrons from Mars. Maps of t
constructed using the difference in count
"°Bin,0)"Li reaction registered by the fro
sensors. Maps of epithermal neutrons we

eama mracadnra fre connte manenrad hard

Global distributions of thermal, epithermal, and fast
neutron fluxes have been mapped during late southern
summer/northern winter using the Mars Odyssey Neutron
Spectrometer. These fluxes are selectively sensitive to the
vertical and lateral spatial distributions of H and CO; in

oL 8 (< | (&= magazine

CO, Snow Depth and Subsurface
Water-Ice Abundance in the
Northern Hemisphere of Mars

1. G. Mitrofanov,’ M. T. Zuber,2 M. L. Litvak,' W. V. Boynton,?
D. E. Smith,* D. Drake,® D. Hamara,? A. S. Kozyrev," A. B. Sanin,"
C. Shinohara,? R. S. Saunders, V. Tretyakov'

Observations of seasonal variations of neutron flux from the high-energy
neutron detector (HEND) on Mars Odyssey combined with direct measure-
ments of the thickness of condensed carbon dioxide by the Mars Orbiter Laser
Altimeter (MOLA) on Mars Global Surveyor show a latitudinal dependence of
northern winter deposition of carbon dioxide. The observations are also con-
sistent with a shallow substrate consisting of a layer with water ice overlain by
alayer of drier soil. The lower ice-rich layer contains between 50 and 75 weight
% water, indicating that the shallow subsurface at northern polar latitudes on
Mars is even more water rich than that in the south.

Mars undergoes seasons in which volatile spe-
cies, carbon dioxide (CO,) and, to a much
lesser extent, water are exchanged between the
atmosphere and surface (Z, 2). The winter dep-
osition in both hemispheres consists of con-
densed CO, whose accumulation and sublima-
tion are controlled mainly by solar insolation
(3). Throughout the dark autumn and winter
seasons, CO, accumulates on the surface (4)
from the pole to mid-latitudes. In spring, as
sunlight returns, CO, sublimes back into the
atmosphere, exposing the ground surface and
residual ice caps at the poles. The north polar
residual cap is composed of water ice (5), but
the south polar residual ice cap retains CO,
year-round (6, 7). Water is much less abundant
in the atmosphere than CO, (8). but a large
amount of water ice is believed to be seques-
tered in the shallow substrate (9, 10), perhaps
representing the frozen remnant of water that
once flowed freely on the surface in earlier
epochs (11, 12). The seasonal cycling of mar-
tian volatiles and the inventories in primary
reservoirs have implications for understanding
present meteorological processes as well as cli-
mate change. To this end, we combine new
observations of the neutron flux by HEND
(Mars Odyssey) in the northem hemisphere
with measurements of topographic height
changes from MOLA (Mars Global Surveyor)
to measure the thickness of condensed CO, and

*Space Research Institute, Russian Academy of Sci-
ences, Moscow, 117997, Russia. Department of
Earth, Atmospheric, and Planetary Sciences, Massa-
chusetts Institute of Technology, Cambridge, MA
021394307, USA. *Lunar and Planetary Laboratory,
University of Arizona, Tucson, AZ 85721, USA. “Lab-
oratory for Terrestrial Physics, NASA-Goddard Space
Flight  Center, Greenbelt, MD 20771, USA. *Tech-
Source, Santa Fe, NM 87505, USA. NASA Headquar-
ters, Washington, DC 20514, USA

*To whom correspondence should be addressed. E-
mail: imitrofa@space.ru

to estimate the water-ice content of the shallow
subsurface at northern polar latitudes.

Nuclear emission from Mars is produced
within the uppermost surface layer, where
energetic charged particles of galactic cosmic
rays interact with nuclei of subsurface mate-
rial and produce secondary neutrons. The
neutrons interact with these nuclei, generat-
ing emission of nuclear gamma-ray lines and
moderating down to thermal energy (13-15).
Each nucleus is characterized by a set of
particular spectral lines of gamma rays, mea-
surement of which permits a determination of
the soil composition in the layer of neutron
production, ~1 to 2 m thick.

The Mars Odyssey spacecraft measures
induced nuclear emission from Mars with the
three detectors of the Gamma-Ray Spectrom-
eter (GRS) suite (/6). The GRS includes a
germanium (Ge) sensor for detection of nu-
clear lines of gamma rays, a neutron spec-
trometer (NS) for detection of thermal and
fast neutrons (/7), and a high-energy neutron
detector (HEND) (18).

Among all elements, hydrogen is the most
straightforward to detect by nuclear emission.
First, a leakage flux of neutrons from the
surface depends on the presence of hydrogen.
Collisions of energetic neutrons with protons
(hydrogen nuclei) lead to their rapid moder-
ation down to thermal energies in comparison
with much slower moderation by heavier nu-
clei such as Si or O. Second, slow neutrons
are efficiently captured by hydrogen, with the
production of deuterium in the excited state
followed by emission of photons at 2.2 MeV.
Consequently, a reduced flux of high-energy
neutrons and an excess of 2.2-MeV photons
over a region of Mars, compared to typical
values, indicate the presence of hydrogen in
the layer of neutron production. Water is the
most abundant substance that contains hydro-
gen, and therefore the enhancement of hydro-

nybanKauum B Science npo BoAy U CE30HHbIN LUKA:
1500 ccbinok.

REPORTS

gen can be taken as a proxy for the enhance-
ment of water (9).

Soon after the initiation of the Odyssey
mapping stage, the two neutron instruments
detected a strong depression of high-energy
neutrons from high souther latitudes >60°S
of Mars (17, 18). During the same period, the
GRS detected a strong excess of 2.2-MeV
photon flux from the same region (19). These
observations were interpreted collectively as
evidence for an extensive water ice—bearing
region, poleward of 60°S latitude, character-
ized by 35 + 15 weight % (wt %) water ice,
overlain by a layer of drier soil with a lati-
tude-dependent thickness within 10 to 100
cm (17-19).

Maps of neutron flux (17, 18) were ob-
tained during the southem hemisphere sum-
mer, at solar longitude L, ~ 330° (20), when
the ground at high northem latitudes was
covered by CO, that condensed from the
martian atmosphere during the winter night
(4). Mars Odyssey has now collected data for
more than half a martian year and includes
temporal coverage of the winter-to-summer
transition in the north. The difference in epi-
thermal neutron flux (27) from the northern
hemisphere of Mars for winter (L, = 330° to
360°) compared to summer (L, = 90° to
165°) reflects the seasonal change in the com-
position of material in the layer of neutron
production (Fig. 1).

Figure 2 highlights this change for four
latitudinal annuli: 80° to 85°N, 75° to 79°N,
70° to 74°N, and 65° to 69°N. High count
rates of neutrons at L, = 330° to 360° corre-
spond to the end of northern hemisphere win-
ter, when the dry layer of CO, covered the
high-latitude surface of the northern hemi-
sphere (22) (Fig. 2). The map for this season
does not show a strong signature of water ice
at high latitudes, except for a localized area
north of the Tharsis volcanic province in
Vastitas Borealis (Fig. 1, left; longitudes
~180° to 270°E). The absence of a water
signature at other longitudes around the pole
indicates that neutron production occurred
primarily in the CO, layer.

In early spring, when the surficial cover of
CO, sublimes, the layer of neutron produc-
tion begins to include the soil. Because the
ground contains more water than the layer of
C0, deposition, the flux of neutrons decreas-
es with increasing L, (Fig. 2). The neutron
flux stabilizes at L, = 60° for the annulus 65°
10 69°N, at L, = 90° for the 70° to 74°N and
75° to 79°N annuli, and at L, = 100° for the
annulus 80° to 85°N, at which points there is
virtually no condensed CO, on the soil in the
northern hemisphere. Direct observations at
the same locations by previous missions con-
firm the absence of surficial CO, deposition
after similar seasons of the Martian year (23).
The corresponding summer map for L, =
100° to 165° is characterized by a decrease in
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Meconocam |, _m L%z _m O6HapyXxeHue nbaa HenocpeacTBEHHO HA NOBEPXHOCTHU
e . o BO BpeMs paboTbl nocagoyHoro annapata HACA
' | Phoenix.

C nomoubtlo MaHMnynaTopa obin packonaHbl HebornbLUne
TpaHLUeW, B KOTOPLIX HA AHE OBHapYyXuncs BoAsHOM nea.
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Mellon M.T. et al., Journal of Geophysical Research, 2009




PenukroBbIN nepn Ha aKkBaTopuanbHbIX WnpoTtax Mapca
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Time before present (Million years)

U N3-3a nepumogmyecknx W3MEHEHUN HakrnoHa ocu BpaweHma Mapca (c
Tekywmnx 25° go 45°) npoucxogmno nepepacnpenerneHme BoAsiHOroO fbaa
M3 MONSApHbLIX obnacten B 9SKBaTopuanbHble — OH Hakannuearncs Ha
CKIMOHaX KpYMHbIX BYNKaHOB, 006pa3ysa KpynHble feaHUKU TonwuHonm ao 1
KM.

O Korga knumaTt MeHsncs, negHuMKU OTCTynanu, OCTaBMssl XapaKTepHble
cnepbl Ha NOBEPXHOCTM.

0 Yactb nbga morna coxpaHUTbCA Nog NMOBEPXHOCTLIO A0 HalMX AHen (Tak
KaK U3onmpoBaHa OT BHELUHUX YCITOBUN).

O PenuktoBbl neg Mor coxpaHuTbCcs Ha rmybuHe go 16 m, a ero Bo3pacTt
coctasnsget 120 — 200 mnH. net



PenunkrtoBbIX nep Ha aKBaTtopuanbHbIX wupotax Mapca

Poccuncknn npmnbop OPEH[ Ha 6Gopty muccum EKA «TGO» npoBogut rnobanbHoe
kapTorpadupoBaHue (¢ 2018) nognoBEPXHOCTHOM BOAbl C BbICOKMM MPOCTPAHCTBEHHbLIM
paspelueHmem (60 - 200 km). lNonyyeHbl cBMOETENBCTBA CYLWECTBOBAHNSA BOAAHOIO nbaa
Ha aHe HonnH MapuHepa.

0.6 WEH, wit%

00 02 04 06 08 10 12 14 16 Suppression 0 3] 10 15 20 25 30 WEH, wtk
Mitrofanov I.G. et al., Icarus, 2022; Malakhov et al., 2022 page 25




abnopeHns Ha aHe

e P 4on°

MecTo nocaaku mapcoxopga Curiosity

e
L
.

9 o - Bospacr kpartepa leiin cocraBnser 3.6-3.8

i

M it
e



JohnKiein

- >

- oLz e Q)R solrali et Ao zo

F o SamConfidence Hill§ Mojaver A
- gt
N
SR P
- W Buckskin Big Sky )
™ _ = s

| By i
| S0 1080151 812542 444703
Lubango

o 1119][S116150, 532)( 4534 4zm

Okoruso
) q \

0111320 (SIHEA,746) 4420, 06 W) 50111332 (Site 54, 038) 4420 17.m

o621 {S16311330) 447855 ) [ - -=

TelegraphiPeak:

&

7

1501903 (SITE 454850) 43 55102l

Greentiorn

So11157 (Siie 8

Qudam’

76) 54 23

So ) R e

Marimba Quela Sebina ¥ %
AT ) g
b S
\ é _
S ! A % r ~ . %
Sol 1422 (Site SE14235) 4416 20 m | 45 1464 (Sitc 57, £78) 437866 . S0l 1855 (Ste 63 £O4G) 43305 L e Y .
3 o
- - LN L R

- =




[OAH VHT

OuHamunyeckoe Anbbeno Hentponos (OAH)

LENb:
ccnepoBaHne pacnpefeneHns CBsi3aHHOW BOAbl W
BOOSHOTO NbAa B MPUMOBEPXHOCTHOM  CIIoe

/2.) BHMMA
MapCWaHCKoro rpyHTa (rnyouHbl 4o 0,5 - 1 m).

OAH O93:

Wcnonb3yeT aea Aetektopa S3He. Wavepenve 16-
KaHamnbHbIX CMEKTPOB TEMMOBbIX W  3MUTEMNSIOBbIX
HEUTPOHOB B Anana3oHe aHeprin 0o 100 kaB.

OAH UHT:
HenTPOHHBI reHeparop, obecneyrBatoLLmMi

. . OAH A3
UMMNYNbCHYI0 reHepauuio HEMTPOHOB C 3Heprven 14

MaB u wvactoton go 10 Tu. 3a oauH wumnynsc
ucnyckaercst He meHee 107 HEMTPOHOB.

28
page 28

Litvak M.L. et al., Astobiology, 2008; Mitrofanov |.G. et al., Space Science Review, 2012




NMouck Boabl B KpaTepe . . .
Fenn: nepBbIN aKTUBHbIN MpuHumn pabotbl AAH
HEUTPOHHbIN AETEKTOp Ha

noBepxHoctn Mapca

1.000 f E 1.000}

0.100 F 0.100 F

Normalized counting rate
Normalized counting rate

0.010F 0.010F

0.001 —t 0.001 1 1

1000 100 1000 10000

Bpemsa nocne HEUTPOHHOroMmnynbca (MKc)

Energy

epithermal thermal

Moment of pulse 1 msec 2 msec 3 msec Time




NMouck Boabl B KpaTepe ; : .

enn: nepBbIN aKTUBHLIN MNpuHuun pa6otbl AAH o ER: E
HEUTPOHHbIN AETEKTOP Ha f ]
noBepxHocTu Mapca £ | & 1
£ 0.1005— _5 % 0.100E _E
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Bpemsa nocne HEUTPOHHOroMmnynbca (MKc)

epithermal

Moment of pulse 1 msec 2 msec 3 msec Time




Pe3synbTaTbl akcnepumeHTta JAH

MaccoBas gonsa sogbl, %

Huke 1,90 2.30 2.50 2.74 3.14 3.38 Bbiwe|

CopepaHue Boabl (%)

0 3000 6000 9000 12000 15000 18000 21000 24000 27000

MpoiiaeHHbIl NyTb (W)

Mitrofanov I.G. et al., Journal of Geophysical Research, 2014;
Litvak M.L. et al., Journal of Geophysical Research, 2014;
Nikiforov SY. et al., Icarus, 2020
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CBupeTtenbCTBa TENJIOro U BFIAXXHOro KnumMara Ha ApeBHEM Mapce

3a Bpem4a HabnogeHnn 6ol obHapyXeHbl pa3BeTBNEHHbIE CUCTEMbI KaHaroB
LUMPUHON OT CcOTeH MeTpoB A0 20 KM u rnybuHOM OO COTEH METPOB,
pacnpocTpaHEHHbIE Ha NnoBepxHocTU Mapca.

Nx BospacT gatupyetca 3.6 — 3.8 mnpa net (nosgHun Honcknn nepuon).

NX MHTEepNpeTUpPYHT Kak CBMAETENLCTBO ASIUTENBHOIO NPUCYTCTBUS XKUOKOM
BOObl HA MOBEPXHOCTWN, CE30HOB AOXAEN U Aaxe BO3MOXHO HanM4us okeaHa.




YucneHHoe MoaenupoBaHMe KnMMmaTa Ha apeBHem Mapce

O Aaxke npu Haanumm nnoTHoM aTMmocdepbl, 3a cyeT bosbluero yaaneHus ot ConHua, cpefiHe rofoBble
TemnepaTypbl Ha Mapce 6bIn HUXKE HYIA U UCKAOYANU CYLLLECTBOBAHUA *KUAKON BOAbI.

U Boaa cocpepoToyeHa B BUAE NeAAHOTO LLMTA Ha BbICOKOTOPHbIX FOXKHbIX palioHax.

1 PaccmoTpeHme pa3nnyHbiX MapHUKOBbIX ra30B He MO3BO/IAET “HaKavaTb” NapHUKOBbLIN 3dPeKT, yTobbl pa3orpeTb
nnaHery.

O uakaa Boga morna nosaBAATbCA TONbKO 3MN304MUYECKM BO BpeMsa TasHUA e HUKOB 1MB0 ce30HHOoro, 1Mbo
BbI3BAHHOIO BY/IKAHN3MOM UM NAJEHMEM METEOPUTOB

PEAK ANNUAL TEMPERATURE \
HIGHLIGHT >273K o v

IMPACTORS

MEAN ANNUAL TEMPERATURE

WATER ICE

(a)

r__ / LIQUID WATER
(b)

S~ [\
33.4% of Mars >273 K PRECIITATION 7
0 90 180 awow __ /]

(c):/=
200 205 210 215 220 225 230 235 240 245 250 255 260 265 270

KELVIN page 33



Boaa Ha apeBHem Mapce
OKeaHb| NPOTUB NTe4HUKOB

Neachian Amazanian
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[JoObiya pecypcoB Ha JlyHe?




JIyHHaAa roHka B 21 Beke

Tenepb Kocmuuyeckun Knyb skawuaer ropasgo 6onbwe yvyactHukos. Kpome CLUA um
Poccun cBou cobcTBEHHble ambuuMO3Hble JAYHHbIE NPOrpaMmmbl MMEKT elle
HecKoNbKo cTpaH (Kutait, Uhaua, AnoHus).

CyLiecTBeHHO paclLMpPUNCA YPOBEHb MeXAYHapoAHOro coTpyaHuyectsa. Hanpumep B
nporpamme HACA ApTemunaa MHoOrme KiawueBble 3nemeHTbl 6yayt co3pgaBatb EKA,
KaHaACKOe U ANOHCKOe KOCMUYeCKMe areHTCTea.

MpUHLUMNNANBbHO HOBbIN YPOBEHb TEXHONOIMIA: HOBble MaTepuanbl, 3N1eKTPOHHaA 6a3a,
KOMMNbIOTEPHOE  MOAeNMpoBaHue, poboTM3auua, BO3MOMXKHOCTb MNPUMEHEHUA
MCKYCCTBEHHOIO UHTE/NNIEKTA.

MosaBunca “Kocmuuecknic  pblHOK”. [OnAa  peanusauum  aBTOMATUUYECKUX WU
NUAOTUPYEMbIX MUCCUA NYHHOW MNPOrpammbl aKTUBHO TMPUBAEKAKTCA KpYMHble
YacTHble KOMNaHUN.

MnaHbl no panbHeiwei 3KcnaHcuu (3kcneguuma K Mapcy) TpebyloT 0oTpaboTKu
COOTBETCTBYIOLWMUX TEXHOJIOTMIA, BKAIOYAA ANUTeNbHOe NpebblBaHMEe KOCMOHABTOB Ha
NOBEPXHOCTU Apyroro HebecHoro Tena.




YenoBe4yecTBO No cBOEU Npupoae He MOXEeT XUTb B U30NIMPOBaAaHHOU cucTtemMme. B KOHUe KOHL OB
Nnoan 3aXoTAT BbIUTU Yepe3 «3aKpbITYyo ABepb». Tak ObISI0 C U3BECTHLIMU NyTeleCTBEeHHUKaMN U
MopennaBaTensamMmu. Cenyac npuwsio BpemMs KOCMUYECKON 3KCNaHCUMN.

YenoBeuyecTBO He MOXET NO3BONMUTL cebe CyLecTBOBaTh TOMILKO B O4HOW JIOKaUUu U A0SKHO

WK No3aHO OHO MOXeT OAHOMOMEHTHO NMOrMbHYTb M3-3a Kakoro nMb6o KatacTtpodunyeckoro
coObITNA (HanpuMep CToONKHOBEHUE 3eMSin C acTepouaom).

a a - a¥Ya - »faYalnaWalall e mlla T mElw - 4 -l a a
J J C D AN Cl DU J UJ¥ Cl y A AN y C » ] I A vie \J

JlyHa BbIrMAaUT naeanbHbIM NepBbIM (hOPNOCTOM Ha NYTU KOCMMUYECKOM 3KkcnaHcun. OHa
HaxoauTtcsa B 1000 pa3 ganble 4yem opouta MKC, HO npu 3TOM BCe ewe B HECKONbKUX AHAX
KOCMMYECKOro norsieta U B npegenax npsamoun pagmocssi3n (6e3 3agepxek). Tak 4To eCriv YTo-To
nonaeT «He Tak» MOXHO ycneTb BOBpPeMSl cpearMpoBaTb 1 BEepHYTb KOCMOHaBTOB Ha 3eMni0.

Ha JlyHe MmOXXHO oTpaboTaTb BCe HeEOOXOAMMbIEe TEXHONMOrMn AnA AanbHenwen 3KCnaHCum
(Hanpumep kK Mapcy) 1 M3y4unTb BCe acneKTbl ANUTESNIbHOro npebbiBaHUA KOCMOHABTOB BAanu ot
3emMmnu.

Hay4yHble uccnegoBaHua € NOMOLWbLIO KOCMOHABTOB Ha NoBepXHOCTU JlyHbI (M 0COGEHHO B
NONSAPHbIX pauoHax) NO3BOJSIUT NOJSTYUNTb «KNMaAe3b» HayuYHbIX AaHHbIX O (hopMUpOBaHUMU
CornHe4yHOU CUCTEMbI U BO3MOXXHO O NMPOMUCXOXAEHNUU XKU3HMN.




ARTEMIS PREPARES FOR MARS
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depepanbHas KOCMUUYECKas NnporpaMma
2016 - 2025

N3yuyeHue MMWHepaNIorM4yecKoro, XMMMHYECKOro,
M30TOMHON0 COCTaBa JIYHHOro perosiuta, a TakK)XXe MOMUCK
NleTy4uynx coeAMHEeHUMn.

N3yuyeHue B3aMMOAeNCTBUS COJIHEYHOro BeTpa U NIYHHOM
NoOBEepXHOCTHU, HabnraeHMe 3a NblJIEBOW COCTaBAAlOLWEN
JIYHHOM 3K30c(epbl.

U3yueHune AVNHaMMUYECKNX npoLeccos, BKJIlOYanA
M3MepeHme BapuvauuMi TeMmrnepatyp rpyHTa M CBOWCTB
NeTyuynx coeguHeHui Ha pa3Houn rnybuHe (po 2 m).

N3yuyeHne BHYTpPpeHHEeN CTPYKTypbl JIyHbl

JIYHA -26

JIYHA -25

Byaywasa KocMMyeckas nporpaMmma

JTIYHA -29

JIYHA -28

2025 - 2035: CoBMecCTHbIe
aBTOMaTUyeckue m
NMUIOTUPYEMbIE MUCCUM




JopoxHaa KapTa Nno co3aaHUI0 MeXAYyHapoaAHOM JTYHHOU uccrieqoBaTeNibCKOU CTaHUMKN

® ILRS Development Phases and Mission Profile A

The construction of ILRS is carried out in three phases:
Reconnaissance, Construction, Utilization.

Chang'E-7
Chang'E-6 2

Chang'E-4
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. o Objectives: Comprehensive establishment of ILRS to Lunar research and exploration, technology

Objectives: m Lunar reconnaissance with the missions, already planned. Objectives: m Technology for the cor center of ILRS. complete the in-orbit and surface facilities for verification, supporting human lunar landing
u ILRS design a"'ld 59!9'3"'3” of LRS site (5"9.5? ) " Lu"al' sampie refum. ) B ) energy, communication, transportation services as with the completed ILRS. Expanding and
u Technology verification for secure high-precision soft Landing. [ ] Masswecarga de(rvc.aryand secure high-precision soft Landing. well as for research, exploration, and verification maintaining modules as needed.

Missions planned: B Start of joint operations. of in-situ utilization of resources, other potential
Chinese CE-4, CE-6, CE-7 Missions planned: common technologies

4 Russian LUNA-25, LUNA-26, LUNA-27 Chinese CE-8. Missions planned: 5

Potential missions of other partners. Russian LUNA-28. ILRS-1, ILRS-2, ILRS-3, ILRS4, ILRS-5, etc.

Potential missions of other partners. p a ge 40



Bo3BpalleHue yenoBeka Ha JIyHy m co3gaHue NOCTOAHHOU NYHHOM

6a3bl BKJIlOYAEeT NOUCK U pa3paboTKy NYHHbIX pecypcoB:

3apada N21 = NouncK NYHHbIX pecypcoB HeobxoanMbixX ANNA
noaaep>XaHUA ANINTENbHOro npebbiIBaHUA KOCMOHaBTOB Ha
OrpaHU4YEeHHOM y4YacTKe noBepxHocTu (NyHHbIA popnocT)

3apauya N2 2 = NMpombilwneHHan pa3paboTka NNYHHbIX pecypcoB Ans
CO3aHMA NOCTOAHHON NYHHON MHMPPACTPYKTYPbl HA NOBEPXHOCTH
(nyHHas 6aza)u B OKOJI0JlYHHOM npocrpaHCTBe (CTaHuml)

T e R S AN i - i T

3anal-|a Ne 3 = HOTeHuuaanoe UcnoJsib3oBaHue ny|-||-|b|x pecypcos
M JIYHHbIX TEXHOJIOrMX ANA AaNibHEeMLEen 3KCNAaHCUU B KOCMOC
(nonm'roska MapCMaHCKMX 3Kcnep,uu,uu)

e



B cnncok HanboJsiee BOoCcTpeb0OBaHHbIX JIYHHbIX pecypcoB BXOAAT BoAa U ee
cocTaBnsiloiMe Boaopoa u kucnopop, Heobxoanmblie ana obecneyeHus
aCTPOHABTOB BO3yXOM, BOAOM U PaKeTHbIM TOMNJINBOM

nokKanbHO pacnpepe. 30ASIHOM nen no
nosepxuocm M no. rny6m-|e. g
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