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Mpodpeccop B. U. Mopo3
(20.05.1931-23.06.2004)
Prof. V.I. Moroz

(May 20, 1931 - June 23, 2004)

HccnemoBaHust Opyrux IUTAHET W MAaIbIX
ten ConneuHoii cuctembl B UKW mourn ne-
CATh JIET OBUIM ONHOW M3 3ajay OTAeNa acTpo-
bu3MKU ¥ TIPeBpaTWINCh B CAMOCTOSITEHHOE
HamnpasieHue Juiib B 1973—1974 rr. K atomy
BPEMEHU CTaJO MOHSITHO, YTO WCCIEIOBAHUS
IJIAHET — CAMOCTOSITETbHOE MOIIIHOE HAIpaB-
JIEHWEe KOCMUYECKON HayKH, KOTopoe TpedyeT
CBOMX WMHCTPYMEHTOB, IMOIXOJOB W METOIOB.
Kocmuueckue ammapaTtsl Ogapuiv MCCIeno-
BaTesisIM BO3MOXHOCTb HM3y4yaTh Apyrue IuUia-
HeTbl COJTHEYHOI CUCTEMBI HE TOJBKO U3Ialv
C TIOMOIIIBIO TeJIECKOIIOB, HO W C Topa3io boee
OJIM3KUX PACCTOSIHUI: ¢ OpOUT BOKPYT Hebec-
HBIX TeJl, IPU MPOJETE OKOJIO HUX U, KOHEYHO,
HEeTIOCPEICTBEHHO Ha TIOBEPXHOCTH. Tak Ha-
YMHAlIAaCh 3M0Xa IUIAHETHBIX SKCMEPUMEHTOB
in situ (Ha MecTe HaXOXIeHUsI, 2am.).

IlepBriii pykoBonutesb otaena — Bacummii
WBanoBuy Mopo3 (20.05.1931-23.06.2004),
CO37aTeNb HAayyHOM IIKOJBI M OCHOBAaTENb
nHbpakpacHoil crekTpomerpuu B Poccum.
HUK-cnektpomeTp Ha opbure — 3¢ @eKTUB-
HOE CPENCTBO WCCIICOBAaHMS TUIAHET, TaK KakK
CIIEKTp TUIAHETHI COMEPXKUT XapaKTepHBIE ITO-
JIOCBl TIPUCYTCTBYIOIIMX B aTrMmocdepe Trasos,
vHMOpMaIIMI0O O BEpTUKAIbHOM Tmpoduse e
TEMIIEPATYPHI, TEMIIEPATYPE W COCTaBE TTOBEPX-
HOCTH, O COCTaBe U PaclpeneeHUN a3p030Jib-
HOU KOMIIOHEeHTHI. [lomyyeHHast wHbOpMaIus
MO3BOJISIET CYyAWTHh 00 YCIOBUSIX Ha IUIaHETe,
B YAaCTHOCTU O €€ TUHAMUKE, U UCIOJIb3yeTCsl
JI pacuéra Mozeseit atmocgep.

CeromHsT OTHEN OOBEOUHSET PAa3TMIHBIX
CMELMATTUCTOB: TEOPETUKOB, 3KCIEePUMEHTa-
TOPOB, WHXXEHEPOB — B 00JIACTH (DUBMUECKIX
HCcCIeoBaHUN aTtMocdepbl U TOBEPXHOCTU
npyrux 1uiaHer CosiHeyHol cuctembl. B mep-
BylO ouepenb, peub UAET o Mapce u BeHepe,
NIBYX OJIMDKAMINMX TIJIAHETHBIX COCEmsIX 3eMIIH,
KOTOpblE MCTOPUYECKU I0JIb30BAJIUCH MOBbI-
IEHHBIM BHUMAaHUEM KOCMUYECKUX MCCIIENO-
Baresieii. Ho He ToMIbKO 0 HUX: pabOTHI OTHENA
MOCBSIILEHBI Takxke MepKypuio, TiaHeTaM-THu-
raitaMm lOmutepy u CaTtypHy M MaJIbIM TeJlaMm:
CITyTHUKAM TUIAHET, KOMeTaM W acTepOouaaM.
HoBoe HampaBieHre — U3y4eHUE IK30TUIaHET
B IPYTUX 3BE3MHBIX CUCTEMaX.

3aBepuIéHHbIE ¥ TEKYHIHE MPOEKTHI

WccnenoBannst Benepsl: ammapatel  «BeHe-
pa-4» — «BeHepa-16» (1967—1983), «Bera-1, -2»
(1984), Venus Express (EKA, 2005—2015)

UccnenoBanus  Mapca:  «Mape-3» —
«Mapc-6» (1971-1973), «Doboc-2» (1988—
1989), «Mapc-96» (1996), Mars Surveyor’98
Program (ammaparst MCO u MPL, NASA,

20 aszycma 2007 2. p pa6ouyeii zpy no
Knamype cuci n, npu MexoyHap acmpo-
HoMUY4ecKoM colo3e HaszeaHue Moroz 661710 opuyuansHO
npuc ) y U3 Kp poe Ha Mapce. Kpamep Mopo3

(Ouamempom 123 Km) pacnonoxeH Ha dpeeHeli 8038blIWEH-
Hocmu Mapca (23,7° 10. w., 20,6° 3.0.) 8611u3u om mecma
nocaodku coeemcKo2o Kocmu4eckozo annapama «Mapc-6»

Exploration of planets and small bod-
ies of the Solar system in IKI was conducted
within the astrophysics department for almost
ten years and turned into an independent line
of research in 1973—1974 only. By that time it
has become clear that planetary exploration is
an independent strong branch of space science
which requires its own instruments, approaches
and methods. The spacecraft have given explor-
ers a chance to study other planets not only from
afar using the telescopes, but much closer: first
during fly-bys, then from the orbit around a ce-
lestial body, and eventually on its surface. This
was the beginning of the in siftu — on site (Lat.)
planetary experiments era.

The first head of the planetary department
was Professor Dr. Vasiliy Moroz, the found-
er of the scientific school and the originator
of the infrared spectrometry in Russia. The IR-
spectrometer on orbit is an effective means
of planetary explorations, since the planetary
spectrum contains distinctive bands of gases
in the atmosphere, information of its tempera-
ture vertical profile, and surface composition,
of the composition and distribution of the aero-
sol component. The obtained information en-
ables to estimate the conditions on the planet,
particularly its dynamics, and is used to con-
strain atmospheric models.

Today the department joins together various
specialists: theoreticians, researchers, engineers
in the field of physical research of the atmo-
sphere and surface of the planets of the Solar
system. First of all, we are talking about Mars
and Venus, two closest neighbors of the Earth
which historically received greater attention
of space researchers. But not limited to these
two planets. The research involves also Mercury,
giant planets Jupiter and Saturn, and small bod-
ies: planetary satellites, comets and asteroids.
The new line of research is exploration of exo-
planets in other star systems.

Completed / Ongoing Projects

Venus exploration: Venera 4 — Venera-16
(1967—1983), Vega 1 and 2 (1984), Venus Express
(ESA, 2005—-2015)

Mars exploration: Mars 3 — Mars 6 (1971—
1973), Phobos 2 (1988), Mars-96 (1996), Mars
Surveyor’98 Program (Mars Climate Orbiter and
Mars Polar Lander, NASA, 1998), Mars Express

On August 20, 2007, the International Astronomical Union Work-
ing Group for Planetary System Nomenclature adopted the name
Moroz for one of the Martian craters. Moroz crater (123 m diam-
eter) is located on an ancient elevation (23.7 South lat., 20.6 West
long.) near the landing site of Soviet Mars 6 spacecraft



1998), Mars Express (EKA, 2003), MER*
(Spirit u Opportunity, NASA, 2003)

Hccnenoanne 3emsim U3 KocMoca:
PYCAJIKA (PYunoit CnexkrpanbHbiii AHaJIu-
3atop KommnoHeHTOB ATMochepbl) (poccuii-
CKUIl cerMeHT MeXIyHapoaHON KOCMUYEeCKOM
cranuun, 2009—2012 rr.)

Bynymmue npoexTsi

HccnenoBanust Mapca: «Bk3oMapce» (EKA/
PockocMmoc, 2016 1 2018 rr.)

HccnenoBanms Jlynser: «JlyHa-25» («JlyHa-
I'no6», 2018r1.), «JIyna-26» («Jlyna-Pecypc-
OpoOuTanbHblit», 2019T1.), «JlyHa-27» («JlyHa-
Pecypc-Tlocamounsrii», 2020 r.)

Hccnenosanuss Mepkypusi: BepiColombo
(EKA, 2017 1.)

Monwutopunr 3emiu: JPUAIA (poccwuii-
CKMI cerMeHT MeXayHapoaHOM KOCMUYECKO
cTtaHuuu, 2017 r.)

HccnenoBanus Benepsr: «Benepa-/I»
(+2020)

Hccnenosanus FOnutepa: «Jlammac» (moca-
nMouHBIN anmmapar Ha lanumen, +2020)

Ha6monenust mnaner u mansix tenax Coi-
HEYHOW CHUCTeMBI, 3K3oIulaHeT: «IlimaHeTHbI
moHutopuHr» (PC MKC; +2018), «3B&3mHbIit
natpyib» (2022)

JIaGopaTopus CieKTPOCKONMH IIAHETHBIX
atmocdep (531) (pyxosodumenv —
0-p @u3z.-mam. nayx Jlroomunsa 3acosa)

JlabopaTopust Obuta oOpa3oBaHa OIHOBpE-
MEHHO C CO3JaHHMeM BCero otaeia (QU3NKK
iaHet Ne 4 1 mas 1974 r., korna u3z TAUII Ha
noctosiHHy0 paboty B UKW B KauecTse pyko-
Bomutens otaena mepewmén B.H. Mopo3. O
pyKOBOIUJ Jaboparopueid ¢ MOMEHTa co3la-
HUS U 10 CBOETO yxofa 13 Xu3Hu B 2004 r.

JlaGoparopusi 3aHMMAaeTCs MCCIeIOBAaHM-
aMmu raHer CojHeuHo# cuctembl (BeHepbl
1 Mapca) ¢ KOCMUYECKMX allapaTtoB OT IO-
CTAaHOBKM HAy4YHBIX 3a1ay, IIPOEKTUPOBA-
HUS Hay4YHbIX MNPUOOPOB, HX H3TOTOBJICHUS
M YCTAaHOBKM Ha KOCMUYECKHE ammapaThl, 00-
paboOTKONl ¥ WHTEpIpeTalreil TOJydYeHHBIX
Hay4yHbIX AaHHBIX. [IprOOpHI, cO3naHHbIE B Jla-
Oopatopuu, pabortajiu Ha anmapaTax «BeHe-
pa-9...-16», «Bera-1, -2», «BeHepa-Dxkcrpecc»
(EKA) u nponoxamooT pabotath Ha KA «Mapc-
Okcnpece» (EKA).

OcHoBHbIe HATIPABJIEHNS HCCJIEA0BAHMIA
Hayunble HanpaBieHus

» IlepeHoc usnyueHusi B atmocepax Mapca
u BeHepsl, BKIIIOYAsi CO3laHNE alTOPUTMOB
pelIeHMsT IPSIMBIX U OOpaTHBIX 3aj4ay mepe-
HOCa U3JIyYeHUS] B ONTUYECKU TOJICTBIX aT-
Mocdepax ¢ MHOTOKPaTHBIM paccessHUueM
U chepUuecKoil reoMeTpueii;

(ESA, 2003), Mars Exploration rovers (Spirit
and Opportunity, NASA, 2003)

Earth remote sensing: Rusalka (onboard
the ISS, 2009—-2012)

Projects in Development

Mars exploration: ExoMars (ESA/Roscos-
mos, 2016 and 2018)

Moon exploration: Luna-Glob (2018), Luna-
Resurs-Orbiter  (2019),  Luna-Resurs-Lander
(2020)

Mercury exploration: BepiColombo (ESA,
2017)

Earth remote sensing: Driada (onboard
the ISS, 2017)

Venus exploration: Venera-D (+2020)

Jupiter exploration: Laplace-P (a landing
module for Ganymede, +2020)

Observations of planets and small bodies
of the solar system, exoplanets: Planetary Moni-
toring (onboard the ISS, +2018), Star Patrol
(2022)

Laboratory of Planetary Atmospheres
Spectroscopy (531). Head — Dr. Ludmila Zasova

The laboratory (former Ne4l) was founded
simultaneously with the planetary physics de-
partment Ne 4 on May 1, 1974, when V. 1. Moroz
came to work as the department head on a per-
manent basis from the Sternberg Astronomical
Institute he worked before. He headed the labo-
ratory from the date of its foundation till his
death in 2004.

The laboratory deals with planetary explo-
ration of the Solar System (Venus and Mars
in particular) from the spacecraft including
statement of scientific problems, design of scien-
tific instruments, their manufacture and instal-
lation onboard the spacecraft, processing and
interpretation of the obtained scientific data.
The devices invented in the laboratory were op-
erating on the Venera-9...- 16 spacecraft, Vega-1
and Vega-2, Venus Express (ESA) and continue
their operation on the Mars Express mission
(ESA).

Research Fields
Research Areas

+ Radiative transfer in the atmospheres of Mars
and Venus including the algorithms for direct
and inverse problems of the radiative transfer
in the optically thick atmospheres with mul-
tiple scattering and spherical geometry;

Jlloomuna 3acoea
Ludmila Zasova
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MnaxemHelii pypeoe- Aplanetary Fourier
cnekmpomemp ona KA spectrometer for the Mars-
«Mapc-3kcnpecc»: 6510k Express spacecraft:
uHmepdgepomempa, interferometer units 1 and 2
1u2— unmepgepomemper  are the long-wave and
0/IUHHOB0/IHOB020 short-wave interferometers
U KOpOMKOB0OJIHOB8020 respectively

C

R R -

YPbl - An example of temperature

6 Koopout field in the latitude-altitude
ebicoma, soccmaHoenenHozo coordinate system retrieved
no cnekmpam NOC, from the PFS spectra obtained
nonyte, 8dosib op along the orbit passing

jeii yepes a,  through the poles, Tharsis,

Thars:s, Ascraeus Mons,
Alba Patera u op., 86nu3u
8ec ‘meusn
( i 3uMbl 8c
nonywapuu)

Ascraeus Mons, Alba Patera,

etc. near spring equinox (the
end of winter in the Northern
P hemisphere)

0 Ty

80 @* N
Cneea — uzo6paxceHuss OME- Left. An image of OMEGA

I'A & nonoce ceeyerus O,, no- within the 1.27 um O, (@a)
nocax noz2nowjeHuA eoaﬂnozo day-glow band, absorptlor?
U y2neKucnozo s1008 6 ce- H,0 and CO, ices bands
8epHoli nonapHoli obnacmu  in I Martian Northern polar
Mapca, 861u3u eeceHHe20 region near spring equinox.

p 'meus. Cnp —  Right: a mosaic of maps

Kapm 0 7] of the O, day airglow obtained
amuccuu O,, nony4yeHHoIX by OMEGA in high latitudes
OMETA e BbICOKuX wupo- of the Martian Southern

hemisphere where the waves

max 10XHo020 nonywapus
were also discovered.

Mapca, Ha Komopeix makxe
6b11U 06HAPYXKeHbI 80/IHbI. The images are overlaid
U306p Ha on the MOLA altimeter (MGS

U0 BbiC epa mission, NASA) topography
MOLA (KA MGS, HACA)
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* pelleHUe CIEeKTPOCKOMMYEeCKMX 3a1ay C OM-
TUMU3ALMEN 711 YCKOpeHMsT cuéTta 06e3 mo-
TepHY MOJMHEWHON TOYHOCTH,;

* ToJy4eHHUe TTapaMeTpOB aTMocdep B pe3yib-
TaTe pelleHus] NMpsIMbIX M OOpaTHBIX 3adad,
BKJIIOYasl TEMITEpAaTypHbIE M a3pO30JIbHBIE
npoduian, Majble COCTaBISIOIMINE, TMHAMU-
Ky aTMocGephl, HepaBHOBECHBIE CBEUCHUSI.

SKCHepl/lMeHTaJll)HOB HamnpasnJicHHE

* Co3zgaHue CIIEKTPOMETPOB OJIMKHEro U Te-
IJIOBOTO  MHGPAKpacHOTO  IUala30HOB,
B HACTOsIllee BpeMsi — ILIAHETHBIX (ypbe-
CIIEKTPOMETPOB, BKJIIOYAsI MUHUATIOPHbBIE;

* W3TOTOBJIEHUE OTIEIBHBIX Y3JIOB VIS TIOX00-
HBIX IIPUOOPOB, IMPOU3BOAMMBIX B KOOIIEpa-
LIMU C €BPONEIHCKMMU UCCIIEI0BATEISIMMU.

IIpuGopsl, MPOEKTHI, pe3yIbTATHI

IlepBblii maaHeTHBbIE  (hypbe-CHEKTPOMETP
MN®C (1,20...40 MKkM) OBIT yCTAaHOBJIEH Ha
ammmapare «Mapc-96». OH HauyuHaJIcs Kak
POCCUICKWI, HO W3-3a HEBO3MOXHOCTU W3-
rotoBUTh ero B Poccun 1990-x rr. ObLT cienaH
B Utanuu u npeBpatuicsa B MeXIyHapOIHBIN:
Hranus, Poccus, ®pannust, [epmanns, [Tonb-
ma, Mcnanusa. [IPC mig ammapara «Mapc-
OKcnpecc» ObLT U3TOTOBJIEH B TOW Xe KOO-
nepauuu 1 ¢ 2004 r. padoraer y Mapca. C ero
IMOMOIIbIO OBLT OTKPHIT METaH B aTtMocdepe
Mapca 1 u3MepeHo ero coaepxaHue. B 3aBu-
CHMOCTH OT MeCTa Ha IIJITaHEeTe OHO COCTaBIISIET
10—30 vactun Ha musudaps (ppb). 1o naHHBIM
I[PC nocTpoeHbI KapThl CE30HHOTO pacIpemne-
nennst CO m H,0.

OMETA (OMEGA — Observatoire pour la
Minéralogie, 1’Eau, les Glaces et 1’Activité) —
kaptupytonuii criekrpomerp (0,35...5,1 MkM)
IJ1sT mpoekTa «Mapc-DKcerpecce» ObIT U3TOTOB-
JieH Bo ®paniuu, ero ckaiep — B Poccun.

OOHapyXeHbI U TIPOCJIeXKEeHbI Bapyalluy UH-
BepCUM B TEMIIEpPATypHOM Ipoduiie B TOISAP-
HOM <«BOPOTHMKE» 3uUMOi (@ > 50°), KOTOphIe
KOPPETUPYIOT C TIPUCYTCTBUEM JICASHBIX 00-
nakoB H,O n cBA3aHBI ¢ HUCXOMSIIEN BETBBIO
STYEKU X3,

I'paBuTaIiOHHBIE BOJHBI B CEBEPHOM TO-
JISpHOI 00JIaCTM BECHO HAOIIOMaINCh TIPU
@ >70° (Ha U300paXEHUSIX TUIEPCIEKTPO-
merpa OMETA). TemnepatypHble mnpoduiu,
OIHOBPEMEHHO M3MEpPEeHHBIE B 3TOI 00JacTU
[IPC, nMeroT BOJIHOBOI XapaKTep Ha BBICOTAX,
Huxe 20...30 kM, roe Temreparypa JOOIycKaeT
konneHcaunio CO,. I'paBUTaALMOHHbBIE BOJNHBI
CBSI3aHbI C HEYCTOMYMBOCTBIO Mpoliecca KOH-
nencauuu CO,, 0 TOM Xe TOBOPUT U HabJIo-
naemas antukoppesauusa H,O u CO, nb1os Ha
kaprtax OMETA nipu ¢ > 70° N.

W3o0paxeHus pacrnpeneieHus >SMUCCUU
kucnopoma O, 1,27 MKM, MOJNy4EHHBIE THIIEP-
cnektpometpom OMEI'A B ceBepHOM U 10XK-
HOM TIOJISIDHBIX paiiOHax paHHEW BECHOM,

+ spectroscopy problems using optimized cal-
culations, allowing to reduce calculation time
without losing the line-by-line accuracy;

+ obtaining atmospheric parameters such as
temperature and aerosol profiles, minor
components, atmospheric dynamics, non-
equilibrium luminosity by solving direct and
inverse problems.

Experimental Areas

+ Development of spectrometers for near and
thermal infrared spectral ranges, for now
those are the Fourier spectrometers including
new miniaturized devices;

* manufacture of separate units and components
for similar devices being developed in collab-
oration with the European researchers.

Instruments, Projects, Results

The first instrument of the Planetary Fou-
rier Spectrometer (PFS) family was installed
on the Mars-96 spacecraft. This development
has started as a Russian project but due to in-
capability to manufacture this device in 1990’s
Russia the project became an international
one: Italy, Russia, France, Germany, Poland,
and Spain. Italy has finally led the consortium.
The PES for Mars Express was manufactured
with involvement of the same group and since
2004 it is been operating near Mars. This de-
vice helped discovering methane in the Martian
atmosphere and measuring its concentration.
Depending on place on the planet, the concen-
tration is 10—30 parts per billion (ppb). Based
on the PFS data the maps of seasonal and latitu-
dinal CO and H,0 distribution were made.

OMEGA is the mapping spectrometer with
spectral range from 0.35 to 5.1 wum, manufac-
tured in France, with the pointing system, pro-
duced in Russia.

Gravity waves in the northern polar region
in spring are revealed at @ > 70° N in OMEGA
images in the distribution of the molecular ox-
ygen day glow (O, 1.27 um) and ices H,0 and
CO,. Temperature profiles (PFS) in these re-
gions, obtained simultaneously, have undula-
tory pattern on the altitudes below 20...30 km
in the atmosphere, where CO, can condensate.
Gravity waves are linked to instability of the CO,
condensation in the atmosphere, which is also
supported by observed anticorrelation of H,O
and CO, ices as presented on OMEGA images
at @ > 70° N. At ¢ > 70° N the CO, ice is on the
surface only and no waves are observed.

The image of the 1.27 um O, day glow dis-
tribution obtained by the OMEGA hyperspec-
trometer in the Northern and Southern polar
region in spring reveals the propagation of grav-
ity waves at the 20...30-km altitude where maxi-
mum of the O, dayglow is observed.

In Venus Express (ESA) the laboratory’s staff
members are taking part in two experiments:



YKa3bIBalOT Ha AKTUBHOCTb TI'PABUTALMOHHBIX
BOJIH, KOTOPbIE PaCIpPOCTPAHSIOTCS U BO3MY-
AT 06JacTh HaOII0IaeMOro JHEBHOTO CBE-
uenus O,.

B npoekre BEHEPA-DKCIIPECC (EKA)
COTPYIHUKHM JJAOOPaTOPUM YYaCTBYIOT B MHTEP-
MpeTalny MTOJTyYeHHBIX TaHHBIX IBYX 3KCIIEPH-
meHToB: VIRTIS u VMC.

1. O6naka, crjolb TMOKphIBaoIe Bene-
py, UTPalOT OTPOMHYIO pOJIb B TEIIOBOM 0Oa-
naHce. Haxonsace Ha BbicoTe 50...70 KM 1 uMmes
ONTUYECKYIO TOJIILY 0KoJIo 30, OHM BHOCST CY-
IIECTBEHHBI BKJIAI B TMApHUKOBBIN 3(hdEKT.
BepxHuii o6sayHbIli C/IOM pa3peXeHHBIA W,
CJIeIOBAaTeIbHO, HE WMMEeT pPe3KOoM BepxXHeu
TpaHULIBL. «YCIIOBHOE» TIOJIOXKEHHUE BEpXHEM
TPaHMIIBI OIpENeNsieTCss KakK BbICOTA YPOBHSI
SAVMHUIHOM ONTHYECKOW TONIIUHBI, KOTOpast
3aBUCUT OT KO3(b(PHUIMEHTa SKCTUHKIUU, I10-
3TOMY OTJIMYAETCSI B PA3IMYHbBIX CIIEKTPAIbHBIX
WHTepBaJIax.

2. ITocTpoeHO pacrpeneneHre BOISIHOIO
mapa, oInpeae/ieHbl CYyTOYHbIe Y IIMPOTHbIE Ba-
puauuu CO.

3. I'moGanpHast KapTa pacIpeleicHUs] WH-
TEHCMBHOCTH HOYHOTo cBevyeHus O, B JIMHUU
1,27 mxMm no naHHbIM VIRTIS cBunmerenbcTByeT
0 TOM, YTO LUPKYJISLMS B BepxHell Me3ochepe
OTJIMYAETCSI OT OOILENPUHATOrO IpeacTaBiie-
HUSI O JBWKEHWM ITIOTOKAa OT IOICOJTHEYHOMU
K IPOTUBOCOJTHEYHOM TOUKE.

VIRTIS and VMC. VIRTIS spectrometers were
developed in France and Italy and VMC was
produced in Germany. Russian researchers par-
ticipate in interpretation of the data.

1. The clouds covering the entire Venus are
playing a tremendous role in the thermal bal-
ance. Being at the 50...70 km altitude and having
the optical depth of about 30, these clouds make
a substantial contribution into the greenhouse
effect. The top cloud layer has an altitude scale
of about 4 km at low latitudes, which decreases
down to <2 km at high latitudes, and does not
have a distinctive upper boundary (so the posi-
tion of the upper boundary of clouds, defined as
an altitude of unit optical depth) can consider-
ably differ in various spectral intervals depending
on the extinction coefficient.

2. Water vapor distribution chart was con-
structed, daily and latitude CO variations were
determined.

3. The global map of the O, 1.27 um night-
glow distribution from the VIRTIS data gives an
evidence that the circulation in the upper meso-
sphere differs from the general notion of the flux
motion from the subsolar point to the anti-solar
point (typical for Venus thermosphere).

Boicoma sepxHeii 2paHuybl  Altitude of the cloud upper

6. Ha 0. boundary at the 2.5-um
2,5 mkm (88epxy) u codepxa- wavelength (top) and the water
HuA 800AHo20 napa (8Hu3y)  vapor concentration (bottom)
Kak (hpyHKyusa wiupomel as a function of latitude
no daHHeIM 3KkcnepumeHma  from VIRTIS data obtained
VIRTIS 6 2006-2011 22. in 2006-2011

Lesid L. s

Kapm 0

amuccuu O,, nony4eHHbIX
OMETA & 8bicoKux wupomax
10XKHO020 nonywapus
Mapca panHeli gecHoli,

Ha KomopbIx make 611U
06HapyXeHbl 80/HbI.
UN306paxieHus HanoxeHol
Ha anemumempuio
ebicomomepa MOLA

(KA MGS, HACA)

Mosaic of maps of the O, day
airglow obtained by OMEGA

in high latitudes of the Martian
Southern hemisphere where

the waves were also discovered.
The images are overlaid on

the MOLA altimeter topography
(MGS mission, NASA)

Liporm g

Cneea: Y®-usobpaxeHus,
nony npu 4

pol VMC, ¢
HbIMU KapMamu ebicomel
8epxHeli 2paHuybl o6nakos,
80CCMAHOB/IeHHbIMU NO NO-
nocam CO, okono 1,5 Mkm,
VIRTIS-M. Cnpaea: svicoma

8 mensioeoli o6nacmu
8mkm (1218 cm™") u 30 MKkm
(365 cm™") (no danHbIM Y-
pobe-cnekmpomempa Ha KA
«BeHepa-15», ceeepHoe
nonywapue)

Kapma 2no6anbHozo
pacnpedeneHust HOYHOU
amuccuu O, 1,27 MKm,
cmpesiKu nokaseiéalom
Hanpaenexue sempa,
nony no o
o6nacmeti ceeveHus O,

p y); opu.
oueepaeHyusA ckopocmu
sempa & edunuyax 10°s™"
(8Hu3y)

Right: UV-images obtained
by VMC with overlaid maps
of the cloud top altitude
obtained from the CO,, 1.5 um
absorption bands, VIRT 1S-M;
left: cloud top altitude in 8 um
(1218 cm™"y and 30 um

(365 cm™)in thermal IR range,
retrieved from Fourier Spec-
trometer data on Venera-15
in the Northern hemisphere

A global distribution map

of the O, 1.27-um night airglow,
the arrows show the wind
direction (top); horizontal
divergence of the wind velocity
in 107 s units (bottom)
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Cnekmp num6a Ho4HoU
CMopoHbI BeHepbl Ha 6bicO-
me 90...100 Km, nosty4eHHbIl
VIRTIS. B cnekmpe Habnioda-
tomcs nonocel cgeyeHus O,
(@'A_-X°5 ") 1,27 u 1,58 mKm
ueau ponguna 1,44

u2,7...3,1 MKkm. Bo ecmas-
Ke — u306paxeHus 6 nosioce
0, 1,27 u OH 2,80 mkm. Iono-
ca 0, 1,58 mkm o6HapyxeHa
anepebie

A night-side limb spectrum

of Venus at 90...100 km altitude
obtained from VIRTIS M data.

In the spectrum one can see
peaks of the O, (a'A X3Z ) at
1,27(0-0) and 7,58 (6-1) i and
OHat1 44and27 .3,Tum.
Inset — images within the O,

at 1.27 and OH 2,80 um

bands. The O, 1,58 um band
was detectedfor the first time

in Venus atmosphere
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HUA ycpedHEHHOU wupom-
Holi KOMNOHeHMbI cKopocmu
nomoka Ha ebicome 68+2 km,
ompaxcaroujue e€ pocm.

Ha epeske: kopomkonepu-
oduyeckue eapuayuu, co-

cyneppomaquu (~4 5 cym),
amcs K pry
OeHuli

Muxaun lepacumos
Mikhail Gerasimov
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Long-term variations

of the mean latitudinal
component of the flow
velocity at 68+2 km,
reflecting its growth. The inset
shows the short-term
variations corresponding to
the super-rotation period,
(~4.5 days), related to the set
of observations

006 3TOM e TOBOPUT pacripenesieHre TOpu-
30HTAJIBHBIX CKOPOCTEI BETpa: CKOPOCTh BETpa
UMeeT OJIM3KUe K HYJTIO 3HAYeHUS, a HallpaBJie-
HUe BeTpa MEHsIeT 3HaK B 00JIACTU BEYEPHETO
TepMuHaTopa. OOHApyXeHbl T'paBUTALIMOHHBIE
BOJIHBI B BepxHell Me3ocdepe BeHepnl, KoTO-
pbie BO3MYIIIAIOT BEPTUKATbHBIE TIPOMUIIN CBe-
yenus O,.

4. OoHapyxeHo cBeuyeHue ruapokcwia OH
B BepxHeil Me3ocdepe BeHepwr, oToxmect-
BJeHBl mojockl Meiinens (1-0), (2-1), (3-2)
2,7...3,1 mxm u nosioca (2-0) — 1,44 mxm. OT-
KpBITHE, BaXHOE I (poToxumuu atMochepsl,
HO HEOXWAAHHOE H3-32 MaJOoro COAEpXaHUs
BOsIHOTO Tapa B atMocdepe BeHepnl.

5. o manHbpIM Kamepbl VMC oOHapykeH
MOHOTOHHBIA POCT CKOPOCTH 30HAJIBHOTO Be-
Tpa B O0JIACTM BEpXHEl TIpaHULlbl 0OJAYHOTO
ciost BeHeps! (1Mo HaOMIOACHUSIM B YIbTpadu-
0JIETOBOM nuvamna3oHe). Ha 3ToT TpeHn HakJa-
IBIBAIOTCS Bapvalliy ¢ MEePUOIOM UTUTETbHO-
CTBIO OKOJIO 4eThIpEX cyTok. HesicHa mpupoma
HabOmomaemoro TpeHaa. Ckopee Bcero, oH OT-
paxaeT He peaJlbHBI POCT CpemHell CKOPOCTH
30HAJILHOTO BETpa CO BPEeMEHEM, a SIBIISIETCS
pe3yabTaToM KOMOMHMpOBaHHOro 3ddekTa
NPYTUX MepeMEHHBIX (haKTOPOB.

Ceituac B yabGoparopun cosnarotcs ¢ypbe-
CIIEKTPOMETPHl MH(PaKpacHOro auarna3oHa
TUPBUM (yacte kommiekca ACS s an-
mapata TGO mpoekra «Dk3oMapc», 20161.),
DACT (B cocTtaBe HaydyHOIro KOMILIEKCa ITO-
cajlouyHoi miatopMbl MpoekTa «DK3oMapceyr,
2018 r.) u JIVMUC nst opOUTaIBHOTO amiapa-
Ta «JIyHa-26».

«Benepa-/I» — mpoekT IS KOMILIEKCHO-
IO WccaeqoBaHusI atMochepsl, TMOBEPXHOCTU
U OKpyXarwllell mia3Mbl BeHepbl ¢ ucnoib-
30BaHUEM OPOUTEPOB, CITyCKaeMBIX MOIYJIEH,
TTOJITOXKWBYIIIEW CTAHIIMM HA TIOBEPXHOCTU WU
JIOJITOXUBYILEro arMocdepHoro 3oHaa. I1poekr
B CTaINM HAayYHO-UCCIIEIOBATEIbCKUX paboT.
COTpyIHUKYU YYaCTBYIOT B MPOpabOTKe MPOEK-
Ta: coCTaBa KOMIUIEKCA, HAyYHBIX 3a4ay MUC-
CHM, HAyIHOM aImapaTypsl 1 1p.

JIaGopaTopus npsAMbBIX (PU3HKO-XUMHYECKIX
uccaenoBanuii mianet (532) (pyxosodumens —
Kauo. gus.-mam. nayx Muxaun Iepacumoe)

Crneuuanusanysi 1adopatopum — HCCIEI0-
BaHUS XMMUYECKOTO COCTaBa IUIAHETHBIX TeN
B CoJIHEYHOI cucTeMe in Situ, B TOM YUCIIE T10-
HUCK OPraHUYECKUX COEIWHEHUM W BEUIECTB-
MpeAIIeCTBEeHHUKOB XUBBIX OPTaHU3MOB.

JlaGopartopust OGbuta co3maHa B 1968 r. mon
Ha3zBaHueM «JIabopaTtopusi 3K30010JOrUK» IS
pa3paboOTKU METOAOB MOUCKA XU3HU Ha TJIaHe-
Tax ¥ U3y4eHUs TOTO, KaK Ha 3eMJie ¥ TUTaHEeTax
CoJIHEYHOM CHUCTeMbl MOTYT CUHTE3UMPOBATh-
csl opraHuyeckue coeiuHeHusi. PykoBoautenb
nabopatopuu JI. M. MyXuH OpemioXua BYy-
KaHUYECKYI0 MOJIeib MNpeaduoIoruyeckoin

This fact is also confirmed by the distribu-
tion of the horizontal wind velocities measured
by the motion of the O, night air glow areas:
the region of the descending flow area is shifted
from the midnight point in direction of the eve-
ning terminator. The gravity waves were discov-
ered in the Venus upper mesosphere that disturb
the vertical profiles of the O, night airglow.

4. Hydroxyl (OH) night air glow was
the first detected in the Venus upper meso-
sphere. The Meinel bands (1-0), (2-1), (3-2) at
2.7...3.1 um and (2-0) at 1.44 um were identi-
fied. The discovery is important for the atmo-
spheric photochemistry, but it was unexpected,
because of the small abundance of the water va-
por in the atmosphere of Venus.

5. By the data of the VMC multispectral
camera the monotonic increase of the zonal
wind velocity in the region of the cloud upper
boundary of Venus (from the data of the UV
channel) was recorded. This tendency is accom-
panied by the variations of about four-days peri-
odicity. The reason is not clear yet. Most prob-
ably it reflects not a real increase in the wind
velocity with time, but rather is a combined ef-
fect of other variable relevant factors, such as to-
pography, local time, etc.

Today the infrared TIRVIM Fourier spec-
trometer (part of the ACS instruments for Exo-
Mars Trace Gas Orbiter mission, 2016), FAST
(as a part of the scientific load of the Exo-
Mars Descent Module, 2018), and LUMIS for
the Luna-26 are being built in the laboratory.

Venera-D is the project for complex investiga-
tion of Venus atmosphere, surface and plasma
environment from orbiters, descending mod-
ules including long live station on the surface,
in the research stage. The staff members are
participating in the project development: system
composition, scientific goals of the missions,
scientific equipment set and so on.

Laboratory for Direct Physical and Chemical
Planetary Exploration (532). Head —
Dr. Mikhail Gerasimov

The laboratory profile is the research
of the sample chemical composition of plan-
etary bodies in the Solar system in situ, including
the search for organic compounds and precur-
sors to life forms.

The laboratory was established in 1968 and
named Laboratory of Exobiology to develop
the methods of detecting life forms on planets
and to study how organic compounds can be
synthesized on the Earth and planets of the Solar
system. L. M. Mukhin, the head of the laborato-
ry, proposed a volcanic model of the pre-biolog-
ical evolution, where volcanoes — the strongest



SBOJIOIUY, B KOTOPOIl CYIECTBEHHYIO PpOJIb
B CUHTE3¢ U DBOJIOIUU OPTAaHUYECKUX COEIU-
HEHUN Wrpajiu BYJIKaHbl — MOIIHEHIINE XU-
MWYECKHE PEeakTOphl. DTa MONEeNbh OblIa TPO-
BepeHa OSKCIEPUMEHTAIbHO B SKCIEIUIUSIX
B palloHBl aKTMBHOTrO ByJiKaHu3Ma: KamuaTtka
u Kypuibckue octposa.

[lapannenbHO CTaBWINMCh SKCHEPUMEHTHI,
B XOI€ KOTOPBIX MOJEIMPOBAINCH Ha3eMHBIE
W TIOABOJHBIE BYJKAaHWYECKUE W3BEpKEHUSI,
a TakXe MHOIUIAHEeTHasl cpena — arMmocdepa
IOnuTepa npu rpo30BbIX pa3psinax.

J7s1 3TOro ObUIM OCBOEHBI M pa3pabOTaHbI
BeCbMa CJIOXHBIE METONUKM aHajlu3a, B TOM
YyCcIe aMUHOKHMCIOT U MUKPOKOJIMYECTBA Be-
IECTB, pa3pabOTaH METOM CTEPUIIEHOTO OTOOpa
npo0, CKOHCTPYMPOBAH IOJIEBOI ra30BbIi XpO-
Marorpad UIsl aHaJM3a BYJKaHWYECKMX Ta30B
Ha MecTe, pa3paboTaH METOI MOIEIUPOBAHUS
yIapHO-UCMAPUTENbHBIX MPOLECCOB C UCIOJb-
30BaHMEM MOIIHOTo Jjasepa. Bcé 3To nerso
B OCHOBY TIPUOOPOB IS TIPSIMOTO XUMUIECKOTO
aHanm3a cocTaBa aTMocdepsl 1 obnakoB Bene-
pbl, TPYHTA IUIAaHET Ha CIYCKaeMbIX arrmnapaTax
(cepus «Benepa», npoekt BET'A u ap.), mex-
TJTAHETHOM MbUTU.

CerofiHsl [JIaBHasi MeTOAMYEcKas Crelu-
anmm3anusi 1abopaTopun — TepPMUYECKU aHa-
JIU3 B COYETAaHUU C ra3oBoil xpoMaTorpadueit
1 Macc-crnekrpomerpueit. IIpogonxkaercs skc-
TIePUMEHTAIEHOE MOJIETNPOBAHNE YIAPHO-WC-
MapUTENIbHBIX MPOLECCOB, B MEPBYIO OYepe/b,
IUIST U3YyYEHUS] CUHTE3a OPraHWYEeCKOro Bellle-
crBa. Korma Ha MoBepXHOCThH TUTAHETHI C OOJTb-
L0 CKOPOCTBIO TMafaeT KPYMHOE WIU MEJKOe
HebecHOe TeJlo, TPYHT pa3orpeBaeTcsl U MPOuC-
XOISIT CJIOXHBIE XMMHUYECKHe Tpoiecchl. Bos-
MOXHO, UMEHHO OHU UM 3HaYeHue AJIsl 3a-
POXIEHUS XU3HU.

OcHoBHbIE HanpaBJICHUA HCCJIeI0BaHi

* XUMMUECKHUI1 cocTaB aTtMocdep M TBEPIOTO
BEIIECTBA TUIAHET W CIyTHUKOB MPSIMBIMU
MeToJaMu B KOCMMUYECKMX MHMCCHSIX Ha T0-
CaOYHBIX armapaTax MU adpoCTaTHBIX 30H-
Jax;

* JIVHAMUKa TBUTA Ha TUTAHeTaX W CITyTHUKaX,
B TOM 4KcCJIe pa3paboTKa METONOB M3Mepe-
HMI1 €€ mapamMeTpoB M CO3laHue MPUOOPOB
IUTSI KOCMUYECKUX MUCCHIA;

* pa3BUTHE METOAOB M3MEPEHUIl U COo3maHue
MPUOOPOB 1T XMMUUYECKOTO aHaIu3a B KOC-
MMYECKUX MUCCHUSIX, BKITIOUasT aHAJIN3 Opra-
HMYECKOTO BElIEeCTBa;

* BKCMEPUMEHTAbHOE MOJIEIMPOBAHUE XU-
MMYECKUX TMpeoOpa3oBaHUl B XONE BBICO-
KOCKOPOCTHBIX yAapHO-UCTIAPUTETbHBIX
MPOLIECCOB TNPU KpaTepooOpa3oBaHUU Ha
TJTAHETHBIX TeJlax;

* TMPOUCXOXIECHUE U SBOJIOLIMS OPraHUYECKO-
ro BeuiectBa B COJTHEUHOI cucTeme;

* TOHKWI XUMWYECKUII aHAIN3 OPTaHUIECKUX
3arpsI3HEHUI B TEXHOJIOTUUYECKUX LIEJISIX TTPU
MOATOTOBKE KOCMUYECKMX MUCCHIA.

chemical reactors — were playing a considerable
role in the synthesis and evolution of organic
compounds. The model was supported by ex-
periments during the expeditions to active volca-
noes: Kamchatka and Kuril Islands.

Concurrently, the experiments were per-
formed to simulate terrestrial and underwater
volcanic eruptions, as well as the alien environ-
ment — the atmosphere of Jupiter during storm
discharges.

For that, highly complex experimental
methods were created and developed, includ-
ing analysis of amino acids and trace amounts
of substances, the method of clean sampling,
designation of a field gas chromatograph to
analyze volcanic gases in situ, development
of the method to simulate impact-induced evap-
oration using a high-power laser. All these have
become the basis for the instruments of direct
chemical analysis of the atmosphere and cloud
composition of Venus, planetary soils on the de-
scending modules (Venera-series, Vega project
and others), and interplanetary dust.

The present primary methodical profile
of the laboratory is the thermal analysis to-
gether with the gas chromatography and mass
spectrometry. The experimental simulation
of impact-induced evaporation continues, pref-
erably, to investigate organic matter synthesis.
When a large or a small celestial body impacts
the planetary surface at a high velocity, the soils
get heated and complex chemical processes take
place. Probably, these were the processes that
were important for the origin of life.

Research Areas

* Chemical composition of the atmospheres
and solid matter of planets and satellites us-
ing the direct methods during the space mis-
sions on the descending modules and balloon
probes;

* dust dynamics on the planets and satellites
including the development of the measure-
ment methods of dust parameters and design
of instruments for space missions;

* development of the measurement meth-
ods and design of instruments for chemical
analysis during the space missions including
the analysis of the organic matter;

+ experimental simulation of the chemical
transformations in hypervelocity impact-
induced evaporation processes induced
by shockwaves during crater formation
on the celestial bodies;

» origin and evolution of the organic matter
in the Solar system;

+ fine chemical analysis of the organic contam-
inations for technological purposes during
preparations for space missions.

«Cuzma-A» — nepebili
omeyecmeeHHbIl
Xpomamozpadgh ons
uccnedoeanus Manvix
cocmasnsouux ammocgepol
BeHepoli («Benepa-11 u-12»)

Sigma-A, the first national
chromatograph to
examine small components
of the atmosphere of Venus
(Venera 11 and 12)

la3o8bIii xpomamozpadgh
XMC-1® (1) u mepmu-
Yyeckul aHanusamop
TAA (2), cocmasuswue
emecme c npu6opom
MAJI-10 (TEOXU PAH)
2asoaHanumuyeckut
Komnnekc, u npu6op
AVAMOH//DIAMOND (3)
014 U3y4eHus NOMoKoe
neinu Ha KA «®@o6oc-
Tpynm» (3anyck 2011 2.)

The gas chromatograph
KhMS-1F (1) and the ther-
mal analyzer TDA (2) which
together with the mass-
spectrometer MAL-TF
(GEOKHI RAS) put together
the Gas Analytic Package
(GAP), and the instrument
DIAMOND (3), aimed at
investigation of dust flows,
were built for the Phobos
Sample Return mission
(launched in 2011)
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MmJ1— 3kcnepumeHm
no npamomy usmepeHuio
NOMOKO8 nbisiesbix yacmuy
8 npunosepxHocmHou
3k30cgpepe JlyHel. [Mpubop
cnocobeH 3agukcupo-
8ame nepemeuwjeHue NbLIU
y lyHHOU nogepxHoCcMu
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yacmuy 00 10...14 Kka-m/c

Touku 8x00a cnycKkaemobix
annapamoe npoekma BETA
Ha kapme BeHepol
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PmL — the experiment for
direct measurement of moving
dust particles in the near-
surface exosphere of the moon.
The instrument is able to record
dust motion near the lunar
surface with electric induction
and contact detectors

of sensitivity by the dust
particle momentum up to
10...14 kg-m/s

Entry points of the descending
modules of the Vega project
on the map of Venus

IIpuGopsi, NpoEKTHI, pe3yJbTAThI

IMpucop TIImJI (IIblIeBOIt  MOHUTOPUHT
Jlynel, KA «JlyHa-25» u «JIyHa-27»)

ITpubopsr I'X-JI, TA-JI u conpoBoxineHue
mBeiapckoro mipubopa HIMC (NGMS),
BXOSIIMX B Ta30aHAIUTUYECKUI KOMILIEKC
skcnepumenTa AJITIOJ (KA «JlyHa-27»).

ITpu6op I'X-M u compoBoxkneHue GpUTaH-
ckoro npubopa HI'MC, Bxoasiux B razoaHa-
nutnyeckuit komruiekce MI'AK (mpoekr BK-
30MAPC, nocanmounas miatdopma, 2018 .).

ITpubopsr I1K (mbuteBOi KOMILIEKC) ISt
W3yJYeHUs] AWHAMUKU TIBUIM W MEXaHW3MOB
BO3HMKHOBEHUSI TMBUIEBBIX Oyph U TaiichyHOB,
CBSI3aHHBIX C JMEKTPUYECKUMM TMOJSIMU B at-
mocdepe Mapca (mpoekT «3k30Mapc», nmoca-
novHas ratdopma, 2018 1.).

JIaGopaTopus MaJIbIX aNNapaToB
Ui uccenoBanmii mianet (533)

OcHOBHOEe HayJHOE HallpaBJIeHHEe — MeTe-
OPOJIOTMYECKME MCCIEIOBAHUS, KIMMAT ILIa-
HEeT U KJIMMaTUYecKue sBiaeHus. JlabopaTtopus
pa3pabaThiBacT pas3IW4YHBIC OATYUKH, TPUOO-
PBI, a TAKXXE€ MHTETPUPOBAHHbBIE KOMIUIEKCHBIE
Hay4YHble CHCTEMbl M MaJjible 30HABI IJISI UC-
cJIeoBaHMUSA TIIaHET M MajibiX Tedl CoJTHEYHOM
CHCTEMBI.

IOxHbIl nontloc ammocgepol
BeHepbl. BuOHbI nonapHulii
ounose U «xo/100HbIl 6opom-
HuK». U306paxeHue nony-
YeHO C NOMoujblo cosemcKo-

§ 3Kcnep
«@ypbe-cnekmpomemp» Ha
annapamax «BeHepa-15, -16»

The south pole

of the atmosphere of Venus.
The polar dipole and the “cold
collar” can be seen. The image
was obtained from the Fourier
spectrometer Russian-German
experiment on the Venera 15,
and 16

Instruments, Projects, Results

PmL (Monitoring of the lunar dust activity,
Luna-25 and Luna-27)

GKh-L, TA-L instruments and support
of the Swiss NGMS included into the gas analy-
sis instrument suite of the ALPOL experiment
(Analysis of Polar Lunar Volatiles, Luna-27).

GKh-M, TAM instruments and support
of the Swiss NGMS included into the gas analy-
sis instrument suite of the MGAK (Martian Gas
Analysis Package, ExoMars landing platform,
ESA/Roscosmos, 2018).

PK (Dust Kit) instruments to study dust dy-
namics and the mechanisms of dust storms and
typhoons genesis related to the electrical fields
in the atmosphere of Mars (ExoMars landing
platform, ESA/Roscosmos, 2018).

Laboratory of Small Vehicles for Planetary
Exploration (533)

The primary line of research is meteoro-
logical research, planetary climate, and climatic
phenomena. The laboratory develops various
sensors, devices as well as integrated complex
scientific systems and small probes for the re-
search of planets and small bodies in the Solar
system.

NOMAPHEIA AWNOAL  XCNOOHGLIA BOPOTHWK
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XapakTepuCTUKA aTMochepbl U UX HU3ME-
HEHHE BO BPEMEHM M B IIPOCTPAHCTBE OIpele-
JISIIOT KJIMMAaT U MHOTHE KJIMMaTUYeCKUe sIBJIe-
HUS: TIOOAJBHYIO LUPKYJISIIUI0 aTMocdepsl,
TEIUIOBOI OaylaHc, €€ B3auMMOJIEHCTBUE C I10-
BEPXHOCTbIO TUIAHETHl M KOCMMYECKUM TMpO-
crtpanctBoM. B 1970—1980 rr. B maGoparopuu
CO3MIaBaJINCh METEOKOMILIEKCHI ISl MCCIeNo-
BaHust Mapca u Beneprbl. B xone BeHepraHCcKMX
MPOEKTOB BIIEPBBIC OBLIN HAMIPSIMYIO U3MEPEHBI
XMMUWYECKUI cocTaB aTMmocdepbl, OmnmpenesiéH
COCTaB CEPHUCTBIX COENMHEHMI W BOABI, IO-
JIy4eHBI BBHICOKOTOUHBIC MPOMWIN TeMIlepary-
pbI Y JaBieHUs. DTU JaHHbIE JIETJU B OCHOBY
MOJIeJIM BEHEPUAHCKOU aTMocdepbl, KOoTopas
0CTaTCs aKTyaJTbHOU 1 CETOMHSI.

[MapannenbHo  Oyaylive — KOCMHUYECKHE
9KCMEPUMEHThl  OTpadaThiBaluCh Ha 3eM-
Jie, ¢ TIOMOIIBIO a3POCTAaTOB WM TLIABAIOIINX
OaJIJIOHOB CBEPXIABJICHUSI Hall OKEaHOM, C Me-
TeOpoJornyeckuMu mpudopamu. B mnpoekte
BEI'A («Benepa-Tamieii») rpymnma paspaboTta-
Jla METEOKOMILIEKChI ISl CITyCKaeMoro arria-
pata ¥ a’pocTaTHbIX 30HA0B. B xone mpoekTa
BIEPBBIC U TTOKA €IUHCTBEHHBIN pa3 ObLT IMPO-
BelI€H BDKCIEPUMMEHT I10 3aIlycKy B aTMocde-
py Jpyroil IUJIaHeTbl JABYX MCCIENOBATEIbCKUX
aspocTaToB. Jlaboparopusi oTBeuaja 3a BCIO
MOJIE3HYIO HAarpy3Ky 30HAOB, IJIsI KOTOPOM CO-
BMECTHO C (DpaHIy3CKUMU CHelUaTucTaMu
co3majga  KOMIUIEKC TIpMOOpOB. A3pOoCTaThl
npeiipoBanu B aTMochepe I0XHOIO U ceBep-
Horo mnojymapuss BeHepbl B TeueHue 48y,
nepenaBasg TpsAMO Ha 3eMIi0 MHGOPMAINIO
O TEPMMUYECKON CTPYKType, TYypOYJIEHTHOCTH
W TruHaMuKe atMocdepsl BeHepbl Ha BhICOTax
52...55kM. DKCIepMMEHTaJbHO TIOATBEPAM-
JIOCh, 4TO aTMocdepa MJIaHeThl Mpo3payHa s
HaOIONEHUI B CIIEKTPATHLHOM «OKHE» Ha JJTH-
HE BOJTHBI OKOJIO 1 MKM.

Hna mpoektra POBOC 6buT mpemIokeH
MPOEKT AOJITOXMBYIIEH aBTOHOMHOWM CTaHIIAW
Ha TIOBEPXHOCTM CITyTHHKa, KOTOpasl MOJIKHA
OblJ1a OCYLIECTBUTH MSITKYIO MOCAAKy Ha CITyT-
HUK U 3asKopuThes. K coxaneHnuto, opoutanb-
HBII armapar BMECTE C aBTOHOMHOM CTaHLMEH
Ha 00opTy ObLT MOTEPSIH HA paHHEe! cTaauu pa-
00ThI Ha opbuTe Mapca.

Hna npoekta MAPC-94/96 naGoparopust
NpeUIoXKuIa HECKOJIbKO BKCIEPUMEHTOB: Map-
COXOJl YU MaJjible aBTOHOMHbBIE CTaHILIUU IS U3-
ydeHus1 atMocdepbl, TpyHTa W BHYTpPEHHEM
CTPYKTypbl Mapca. Mapcoxon cosnaBajics
B cotpynHuuectBe ¢ BHUWTpancMmaii, ogHa-
KO IO XOIy pa3BUTHSI MPOEKTa MApCOXOI ObLT
UCKITI0YEH U3 Hero. HekoTopoe Bpems pabOThI
Hall MapCcoXOIOM MPOAOXKAIUCh HA WHUIUA-
TUBHOI OCHOBE COBMECTHO C [lnaHeTHBIM 00-
mectBoM CIIA (Planetary Society). Bce ycu-
Jiis 1abopaTopus COCpeAOTOUNIa Ha CO3AaHUN
MaJIbIX aBTOHOMHBIX CTAHIIUIA.

The atmospheric parameters and their evo-
lution in time and space determine the climate
and many climatic phenomena: global atmo-
sphere circulation, thermal balance, the interac-
tion of atmosphere with the planet’s surface and
space. In 1970-80’s the laboratory was develop-
ing the meteorological instruments to explore
Mars and Venus. In Venus projects the chemi-
cal composition of the atmosphere was mea-
sured directly, the composition of the sulfur
compounds and water was defined; high preci-
sion temperature and pressure profiles were ob-
tained for the first time. These data have pro-
vided the basis for the Venus atmosphere model
(VIRA — Venus International Reference Atmo-
sphere), which is relevant up to now.

Concurrently, the future space experiments
were tested on the Earth using the aerostats
or floating balloons over the ocean with me-
teorological instruments. For the Vega project
the group has developed meteorological suites
for the descending module and balloon probes.
In the course of the project it was the first and,
up to now, the only experiment of launching two
research balloons into the atmosphere of anoth-
er planet. The laboratory was responsible for all
payload of the probes, for which, together with
the French experts, it developed a set of instru-
ments. The balloons have been drifting through
the atmosphere of the south and north hemi-
spheres of Venus for 48 hours transmitting in-
formation of the thermal structure, turbulence
and atmosphere dynamics of Venus at altitudes
of 52...55 km directly to the Earth. It was prov-
en by the experiments that the planetary atmo-
sphere is transparent for observations within
the spectral window at the wavelength band
about 1 um.

For the Phobos project, the project of a long-
duration autonomous station on the satellite’s
surface was built, the station was supposed to
perform a soft landing on the satellite and an-
chor itself. Unfortunately, the spacecraft togeth-
er with the autonomous station was lost at an
early stage of operation in orbit of Mars.

For Mars-94/96 mission the laboratory has
proposed several experiments: Mars rover and
small autonomous stations for the research
of the atmosphere, soil and internal struc-
ture of Mars. The Mars rover was developed
in collaboration with All-Russian Scientific
and Research Transport Engineering Institute
(VNIItransmash), but as the project was de-
veloping the rover was excluded. For a spell
the work on the Mars rover was continued to-
gether with the US Planetary Society. In the fol-
lowing the laboratory concentrated on the devel-
opment of Mars-96 small autonomous stations.

UcneimaHus mapcoxoda Mars rover tests in California,
8 KanugopHuu, CLLIA USA

A small autonomous station
for Mars-94/96 mission

Manaa aemoHomHas
cmaHyus 0na npoekma
“Mapc-94/96”"

KoHuenuyusa npoekma
«ConHeyHeIl napyc»

The concept of the project
Solar Sail
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The map is built by

the RChA (radio frequency
analyzer) data onboard
the Chibis-M academic
micro-satellite. The points
indicate the device
response to radio emission
from distinctive short
thunderstorm discharges
within 26...48 MHz

range. The regions with
the maximum number

of responses are identified,
matching the known regions
of high thunderstorm
activity, primarily

in the equatorial latitudes

WALER

Magnetic anomalies on Mars
(original picture on top) are
generating a large-scale
effective dipole magnetic
field (middle picture:

bottom — simulated dipole
field, top — estimated
angular distribution towards
the zenith of the measured
field)

gl with koal zenith

B} OW W 138 15 W N0 MO I M
A Longiiude, deg.

™

»

-_

aI N RN m NN
Longituds, deg.

142

¥ f,_ -
B
P

“;EEkERINE

IIpuGopsi, NpoEKTHI, pe3yJbTAThI

IIpoekr «ConHe4yHBINI Tapyc» OBLT TIpel-
JIOXXEeH COBMeCTHO ¢ IlnaHeTHBIM OOIIECTBOM
CIIA u HITO um. C.A. JlaBouknnHa. B 2000—
2005 rr. 6bUT cO3MaH KOCMUYECKUI aIlmapar; Ha
op6ute BbicoToit 1000 KM OH JOJIKEH ObLT pac-
KPBITb COJIHEYHbI Mapyc ruiomansio 600 M.
Ilon neiicTBMEM COJTHEYHOTO CBETa Ha Iapyc
anrapar J0JIKeH ObL TOBBICUTH OPOUTY U YUTU
Ha TeJIMOLIEHTPUYECKYIo TpaekTopuio. [lon py-
KOBOJCTBOM JiabopaTopuu Oblia pa3paboTaHa
1 oTpaboTaHa Bcs anmaparypa KOCMUYECKOTO
arrmapara, BKJTIOYasl IOJIE3HYIO0 Harpysky. DTo
OB OOWH W3 MEPBBIX SKCIIEPUMEHTOB I10 MC-
MOJIb30BaHMIO COJIHEYHOTO Tapyca JJisi KOCMU-
YeCKMX IOJIETOB, HO, K COXaJIeHUIO, armapaT
He OBbLT BBIBEIEH Ha OpOMTY M3-3a OTKasa Iep-
Boi1 cTyrieHu Hocutenst «Kocmoc-3M».

IIpoext JIEHI'OYT — cos3naHue aBTO-
MAaTUYECKON CHUCTEMBI TIOCAIKW ITOXBOIHBIX
anmnaparoB, B paMKaX KOTOPOro COTPYAHUKU
JaboparopuM pa3pabaThiBaid CUCTEMY TEXHM-
yeckoro 3peHus. Lluki ucnblTaHuit (BKIIOYas
HaTypHbI€) TOATBEPAUT PpabOTOCIIOCOOHOCTh
npubopa, KOTOPbIA oOecrieunBas ornpeneaeHue
aJTbHOCTU M TIPOCTPAHCTBEHHOE ITOJIOXEHUE
00beKTa 1o KOHPUTrypauuu 00beKTOB ¢ TOYHO-
CThIO 1 MM.

IpuGop PYA mis mpoekra «Yubuc-M» —
JIETEKTOP PAAMOM3ITyYEHUsI, KOTOPBI perucTpu-
pOBAJI ¢ OPOUTHI MOJTHUEBBIE PA3pPsIIbl B AMATIA-
30He 26...48 MTI'u. I1puGop paGoTan B KocMoce
B 2012—2014 rr. ¥ cTaj BeAylIMM B KOMILJIEKCE
BCEX HAYYHBIX MHCTPYMEHTOB CITyTHHKA.

Pacnpenenenune muHuMarHurocdep Map-
ca, CO3JAaHHBIX Pa3HbIMM MArHUTHBIMU aHO-
ManusMu, o naHHeiM Mars Global Surveyour
(NASA, marautometp MAGER) 1 Mars Odys-
sey (NASA, paauo3aTMeHus ). KakK 0Ka3ajlocCh,
X0oT y Mapca HeT COOCTBEHHOTO BHYTPEHHETO
MAarHUTHOTO TIOJIsI, MarHUTHBIE aHOMAaJUM Te-
HEpUPYIOT KpynmHoMaciiTabHoe 3(hGheKTUBHOE
IATIONBHOE MarHuTHoe Tojie. OT pacrpenese-
HUSI MarHUTHBIX aHOMAJIUI TakKKe 3aBUCUT CO-
cTostHre atMocdepbl Mapca: eciii MUHUMAr-
HUTOC(hEpa MOCTATOYHO CUJIbHAsI, OHA He NaéT
COJTHEYHOMY BETpPY IPOHUKHYTb B HUXKHUE
CJIOU ¥ «<HarpeTh» uX.

Ceityac 1abopaTopysl y4aCTBYET B IPOCKTAX:

«TB-kamepa-crieKTpoMeTp» IJIs UcCenoBa-
HMST MUHEPAJIOTUIECKOTO cocTaBa TpyHTa (IIpo-
eKT «JIyHa-26»)

Annapatypa mist 9KcriepumeHta «[lnas-
Ma-3», TpenHa3sHAYeHHOTO JUIST UCCIeIOBaHUS
BJIMSTHMS OKpYyKatomieit turasmMel Ha MKC.

MeTeoKOMIUIEKC ISl TTOCaI0YHOI0 Mapcu-
aHCKOTO aIllapaTa, WCCIeOOBaHUE DJIEKTPU-
YeCKOil aKTUBHOCTH Ha TIOBEPXHOCTH (IIPOEKT
«Dk30Mapc», mocamoyHblii anmapar, 2018 1.).

MeTeoKOMIUIEKCH TUTST TTOCaI0OYHO-
ro ammapara M a’3poCTaTHOTO 30HIa (IIPOEKT
«Benepa-/).

Instruments, Projects, Results

Solar Sail was proposed together with
the Planetary Society and Lavochkin Associa-
tion. In 2000—2005 the spacecraft was manu-
factured. At a 1000-km orbit it was supposed
to swing open the solar sail of 600 sq. m Area.
The effect of the solar light on the sail was to
raise the orbit height and eventually to de-
liver the spacecraft to a heliocentric trajectory.
The laboratory headed the design and develop-
ment of the complete spacecraft hardware in-
cluding the payload. This was one of the first
experiments for the use of the solar sail in space
flights, but unfortunately the spacecraft was
never released inserted due to failure of the first
stage of the Kosmos-3M launcher

The Lengout project is the development of an
automated docking system for submarine ve-
hicles within which the laboratory’s staff mem-
bers were developing the artificial vision system.
The test campaign (including the field tests)
confirmed the functionality of the device allow-
ing to estimate the range and the relative posi-
tion of the object within the accuracy of 1 mm.

RChA (radio frequency analyzer) for the Chi-
bis-M project is the radio emission detector
recording the 26...48 MHz lightning discharg-
es from orbit. The instrument was operating
in space from 2012 through 2014 and became
the leading instrument of the science payload
of the satellite.

Distribution of Martian mini-magneto-
spheres generated by various magnetic anoma-
lies from the data of Mars Global Surveyor
(NASA, MAGER magnetometer) and Mars Od-
yssey (NASA, radio occultations). As it turned
out, though Mars does not have its own mag-
netic field, the magnetic anomalies are generat-
ing a large-scale effective dipole magnetic field.
The conditions of the Martian atmosphere also
depend on the distribution of magnetic anoma-
lies: if the mini-magnetosphere is strong enough
it does not allow the solar wind penetrate
the lower layers and heat them up.

Today the laboratory leads the following
projects:

TV-camera-spectrometer for investigation
of the soil mineral composition (Luna-26 proj-
ect).

Hardware for the Plagma-E experiment de-
signed for the examination of the surrounding
plasma effects on the ISS.

Meteorological suite for the Martian lander,
examination of the surface electrical activity
(ExoMars lander, Roscosmos/ESA, 2018).

Meteorological suites for the lander and
the balloon probe (Venera-D project)



JlaGopaTopus MexnIaHeTHOIi cpeabl (534)
(pyKosodumenv — 0-p ¢uz.-mam. nHayx
Baaducnas Uzmodenos)

Bce mmanetst ColHEYHOW CUCTEMBI Haxo-
IATCs B remocdepe — 06J1acTh KOCMUYECKOTO
MpOCTpaHCTBa, 3aHATOil BelecTBoM ConHla
WY COJTHEUHBIM BETPOM, KOTOPBI CTEKAeT U3
COJTHEYHOII KOPOHBI B CPEIHEM CO CKOPOCTHIO
400 xm/c. IIporiecchl B COTHEUHOM BETPE MHO-
roobpa3Hbl M cJOXHBI. OH B3aWMONEWCTBYET
¢ MarHuTOoc(epaMu U aTMochepaMu ILIAHET,
co3laBasi yIapHble BOJIHbI; YACTHUIIbl COJIHEY-
HOTO BeTpa pacceuBaoT (POTOHBI, HAKOHEII,
Ha TpaHMIIaX Teauocdepbl OH CTaJKMUBAaeTCS
C MEX3BE3THBIM BEIIECTBOM M POXKIAET HOBbIE
YCKOPEHHBIE YaCTHIIBI.

O6mast Moaenb B3aUMOICHCTBUSI COJIHEYU-
HOTO BETpa M MEX3BE3MHOM Cpebl, WU IeJro-
chepHoro uHTepdeiica, ObLIa TEOPETUYECKU
paspabortana B 1960-X IT., B TOM 4HCle C y4a-
CTUEeM COBETCKMX Y4€HBbIX. B 1970 r. omy6miu-
koBaHa cratbs B.B. bapanosa, K.B. Kpac-
HobaeBa u A.T. Kynukosckoro (B 1971r. Ha
AHIJIMICKOM $I3bIKE), B KOTOPOi1 Oblia Mpeio-
KeHa MOJeib, TpeacKa3biBalolas CYIIeCTBO-
BaHUE TeJMOoIay3bl Ha pacCTOSHUM MPUOIU3H-
TenbHO 150 a.e. Ceifuac 3Ta MOJIEIb MPOXOAUT
«IKCIIEPUMEHTAIBHYIO» IIPOBEPKY C ITOMOIIBIO
NpSIMBIX M3MEPEHMIT Ha KOCMUYECKHUX arlia-
patax Voyager (NASA) u I1MCTaHIIMOHHBIX Ha-
omonennii. COTpyIHUKU J1abOpaTopun co3da-
IOT YMCJIEHHbIE M KaYeCTBEHHBIC MOIEIU TeX
MpOLIECCOB, YTO TMPOMCXOIAT B reaurochepe
n Ha CoJHIIE, M aHAJTU3UPYIOT SKCIIEPUMEH-
TaJbHbIE JaHHbIE KOCMMYECKMUX armapaTosB.
B ux uucne Voyager 1 u 2 (NASA), nocturiiue
JIaTbHUX pyoexeil CoTHEYHON CUCTEMBI, a TaK-
ke IBEX (NASA), SOHO (NASA), Ulysses
(NASA/EKA), Cassini (NASA). HoBplit B3rJIs111
Ha Ty Xe IpoOJieMy HalOT acTpodu3mdecKre
HaOMIOAeHUsT 3a IPYTMMU 3BE3AAMU, KOTOpBIE
Tak xe, kak 1 Hauie CoyiHIe, B3auMOACICTBY-
IOT ¢ MEX3BE3MHOM cpenoit. OCOOeHHOCTU 3TUX
MPOLIECCOB XOPOILIO BUIHBI «CO CTOPOHBI» — Ha
M300paXeHWsIX B pa3HBIX JMara3oHax CBETa,
MOJYYeHHBIX OpOUTAIBHBIMU 00CEPBATOPUSIMU.

OcHOBHbIE 00BEKTHI HCCJIEIOBAHUSA

» I'mobGanbHast cTpyKTypa reauocdepbl U B3au-
MOJICMICTBUE COTHEYHOTO BETpa C MEXK3BE3/I-
HOW Cpeloi;

* MEXIUIaHEeTHas cpela;

* paccessHHoe coiHeyHoe JlaiimaH-anbbha-u3-
JIy4eHNe;

* JaHHbIE ¢ KOCMUYECKUX amrmapaToB Voyager,
IBEX, SOHO, Ulysses, Cassini u ap.;

* XOJIOMHBIE MEX3BE3MHBIE 00J1aKa, OKPYXKEH-
HbIe TOpsIYeil T1a3MOiA;

* acrtpocgepni;

* KOpOHaJbHbIC MAarHUTHHIC TICTIA B COJTHEY-
Hoi1 aTMoc(epe;

Laboratory of Interplanetary Environment (534).
Head — Dr. Viadislav Izmodenov

All planets in the Solar system are in the he-
liosphere — the region of the space occu-
pied with the extra-solar matter or the solar
wind, which blows out from the solar corona
at the average velocity of 400 km/s. The pro-
cesses in the solar wind are diverse and com-
plex. It interacts with the magnetospheres and
atmospheres of the planets, creating shock
waves, the photons are scattered by the solar
wind particles; and, finally, it comes into con-
tact with the interstellar matter at the boundary
of the heliosphere and generates new accelerated
particles.

A general model of the solar wind interac-
tion with the interstellar medium, or the helio-
spheric interface, was developed in the 1960’s
with involvement of the Soviet scientists. In 1970
the article by V.B.Baranov, K.V. Krasno-
baev, and A.G. Kulikovsky was published (in
1971 in the English language) which proposed
the model predicting the existence of the helio-
pause at the distance of about 150 AU. Today
this model is undergoing experimental valida-
tion by means of direct measurements onboard
the Voyager spacecraft (NASA) and remote
observations. The laboratory’s staff mem-
bers are developing numerical and qualitative
models of the processes taking place in the he-
liosphere and on the Sun and are analyzing
the experimental data from the spacecraft.
Those include Voyager I and 2 (NASA), that
crossed the boundary of the solar system, as
well as IBEX (NASA), SOHO (NASA), Ulysses
(NASA/ESA), Cassini (NASA). Astrophysical
observations of other stars which, as our sun, in-
teract with the interstellar medium give us new
insights in the same problem. The special as-
pects of these processes are well seen on the out-
side — on the images in various ray wavelengths
obtained by the orbital observatories.

Research Objects

* Global structure of the heliosphere and
the solar wind interaction with the interstellar
medium;

* interplanetary medium;

» scattered solar Lyman-alpha radiation;

» the data from Voyager, IBEX, SOHO,
Ulysses, Cassini and others;

+ cold interstellar clouds surrounded with hot
plasma;

 astrospheres;

+ coronal magnetic loops in the solar atmo-
sphere;
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Bnaducnae UsmoodeHos
Vladislav Izmodenov

The model of the origin

of finger-type gas
condensations

in the circumstellar envelopes
was developed and a multiple
champagne effect when

the Hil region boundary breaks
up — the ionized hydrogen
region which is the region

of active star formation at

the same time — was derived.
The cold matter (“fingers”,
“pillars”) contain young
stellar objects and penetrate
the bubble filled with gas
heated by a star. (a) Data
from W5-E observations
(Deharveng L. et al. Interstellar
matter and star formation in
WS5-E. A Herschel view // A&A.
2012.V. 546.id. A74.41p.);
(b) Numerical modeling

The results of the heliospheric shock layer calculations in the 3D
kinetic MHD model. The color illustrates the plasma density,
arrows illustrate the plasma flow lines, white lines illustrate

the shock surfaces (heliospheric shock wave and heliopause).
Through the external magnetic field the bow shock wave

in the interstellar medium is lost and the heliospheric structure

becomes asymmetrical
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The fluxes of the trapped protons at 1 AU depending on the en-
ergy derived within the model taking into account the non-
equilibrium plasma nature in the interstellar media. The red curve
illustrates the total fluxes, the black dots illustrate the fluxes from
the regions of the internal shockwave layer, the blue triangles
illustrate the fluxes from the outer shockwave layer. At high ener-
gies perfect correspondence of the model results with the experi-
mental data from various spacecraft (green dots) can be seen

AnekcaHop Taspos
Alexandr Tavrov
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* (dopmupoBaHue obnacteit HII u pasButue
HEYCTOMYMBOCT HWOHU3ALIMOHHO-YIAPHBIX
(GPOHTOB;

*  DBOJIOLNS CAMOTPABUTUPYIONINX YTUTOTHEHUI;

* pacrnpocTpaHEHUE HEJIUHEWHBIX BOJIH B ra-
30ITBUIEBBIX U3JTyYAIOIINX CPEaax.
IpennoxeHa W COBEPIIEHCTBYETCSI COBpe-

MEHHasl YMCJIEHHas MOJeNb B3aUMOIECHCTBUS

COJIHEYHOTO BETpa C MEX3BE3MHOM cpenoit. Te-

OpETUYeCKre BHIBOIBI COTIOCTABISIIOTCS C MaH-

HBIMU KOCMMYECKMUX armnapaToB Voyager 1, 2;

Kocmuueckuit Teneckon um. Xa6oma; SOHO,

Ulysses, Pioneer, IBEX (NASA).

JlabopaTopus nmianeTHoi actponomun (535)
(pyKo6odumenb — 0-p mexHu4. HayK
Anexcandp Taepos)

Wctopuueckn paboThl J1abopaTopuu ObLINA
CBsI3aHBI C M3YYEeHUEM NPYTUX TUTAHET METOoa-
MU pagvioMeTpuyl U HOTOMETPUU C TTOMOIIBIO
Ha3eMHBbIX U KOCMUYECKUX cpenctB. [lepblit
PYKOBOIUTENb JIaA0OpaTopuu — A-p Hu3.-Mmart.
Hayk Jleonnn BacuabeBnu Kcandomamuru.
[TpuGopsl, co3maHHbIC 3[1eCh, CTOSUIM Ha aBTO-
MaTUYECKUX MEXIUIaHEeTHbIX cTaHuusIx (AMC)
«Mapc-2...-5», «Benepa-9...-14», «Bera-1, -2»,
«®oboc-1, -2, «Mapc-96».

HabntoneHuss B ONTUMYECKOM JMarna3oHe
(a Takke WMHGpPaKpacCHBIX W YIbTpaduoeTo-
BBIX 00JIACTSAX CIEKTpa) — OAMH M3 CTapellInx
METOJIOB TUTAHETHOI HayKW, KOTOPBINA M CETOM -
Hs Ja€T HOBBIE pe3ynbTaThl. HOBBIE e 3amaun
IUTST MCCleloBaTeNiell iexaT yxe 3a mpeaeaamMmu
CosHeuHo#i cucTtembl. JlabopaTtopus, oaHa U3
nepBeix B Poccun, 3aHsuiach mccienoBaHUSIMU
5K30IJTaHET C MOMOILLUBI0 HA3eMHBIX TeJIeCKO-
OB U paboTaeT HaJ MHCTPYMEHTaMU, KOTOpbIe
OyIyT MCCIenoBaTh 3TU OOBEKTHI U3 KOCMOCA.

OcHoOBHbBIE HanpasJICHUA

» 3Bé3gHas KopoHorpadusi WIS TOTYyYEHMS
HETOCPEINCTBEHHBIX M300paXkeHU 5K30-
TUIAHET;

* uccienoBaHue (ha30BBIX KPUBBIX 3K30IUIA-
HET C MOMOILBIO 3BE3MHBIX KOPOHOTPaOB;

* CHEKTpaJbHbIE MCCIECIOBAaHUS M3IIyYEHMS
9K30IUIAHET;

* (hOTOMETpUYECCKUE WCCICIOBaHUS W3BECT-
HBIX TPAH3UTHBIX OOBEKTOB;

* pa3paboTKa KOCMUYECKUX 0OcepBaToOpuit
MaJIoTO U CPEIHEro KJIaccoB IS HabJome-
Hus tiaHeT COJMHEYHON CHUCTEMBI M BK30-
TUIAHET;

* HCCJIEIOBAaHUE XapaKTEPUCTUK CHUCTEM TIpe-
LA3UOHHOUW aJalTUBHON ONTUKUA B KOCMU-
YeCKUX TeJeCKomax;

* DKCIIEpUMEHTAIbHBIC (HabmonaTeTbHBIC)
1 TEOPETUYECKHE UCCIIEIOBAHMS SK30IJIaHET;

+ formation of HII regions and development
of shock and ionization front instabilities;

+ evolution of the self-gravitational condensa-
tions;

* non-linear waves propagation in the gas and
dust emission media.

A modern numerical model of the solar wind
interaction with the interstellar medium was
proposed and developed. The theoretical con-
clusions are compared with the data from Voy-
ager 1 and 2; Hubble Space Telescope; SOHO,
Ulysses, Pioneer, IBEX (NASA).

Laboratory of Planetary Astronomy (535).
Head — Dr. Alexandr Tavrov

Historically the laboratory activity was related
to exploration of other planets using the meth-
ods of radiometry and photometry by means
of ground and space instruments. The labo-
ratory head was Dr. Leonid V. Ksanfomality.
The instruments constructed in this laboratory
were installed onboard Mars-2 to Mars-5, Ven-
era-9 to Venera-14, Vega-1 and 2, Phobos-1 and
2, Mars-94/96.

Observations in the optical range (as well
as in the infrared and the ultraviolet spec-
tral bands) are one of the oldest methods
of the planetary science which still bring new re-
sults. But new problems for the researchers are
lying outside of the Solar system. The laborato-
ry, one of the first in Russia, started investigating
exoplanets using ground telescopes and is work-
ing at the instruments to be used for research
of these objects from space.

Research Areas

« Stellar coronagraphy to obtain direct images
of the exoplanets;

 investigation of the phase curves of exoplan-
ets using the stellar coronagraphs;

« spectroscopic research of exoplanet emis-
sions;

* photometric research of the known transient
objects;

¢ development of small- and middle-class
space observatories to observe the planets
in the solar system and exoplanets;

« investigation of features of the precision
adaptive optic systems in the space tele-
scopes;

» experimental (observational) and theoretical
investigations of the exoplanets;



* o0OpaboTKa M KaTaJIOTMU3alusl apXUBHBIX
MarepuajgoB TeJeBU3MOHHBIX MCCIeN0oBa-
HUI MOBEPXHOCTU BeHepsl, BBHITOIHEHHBIX
B Muccusix «Benepa-9, -10» (1975) u «Bene-
pa-13, -14» (1982);

* HCCIENOBaHUSI XapaKTEPUCTUK DPACCESHUS
3JIEKTPOMArHUTHOTO M3JTy4eHUsT Ha 4YacTH-
1ax (MblIb, PErOJUT, a3p030Jb U T.1I.) B aT-
Mocdepe ¥ Ha TOBEPXHOCTU HEOECHBIX T,
B yacTHocTH, BeHepnl u Mapca.

ITpuGopsl, MPOEKTHI, Pe3yJIbTAThI

Paspaboranbl cxemMbl 3BE3AHBIX MHTEpdEe-
peHuunoHHbIX KopoHorpacdoB CP-AIC u CP-
ARC, xoropbie TpemHa3HauYeHBI ST WCKYC-
CTBEHHOIO «3aTMEHHUsI» OHMCKA 3BE3Mbl, YTO
TTO3BOJISIET «PasIJISACTh» HAaXOMSIIYIOCS PSIIOM
iaHeTy. M3roToBieHs! JIabopaTopHBIE MakKe-
Tbl, KOTOpbIE MPOJEMOHCTPUPOBAIU pPabOTO-
CIMOCOOHOCTh U XOPOLIME paboyue XapaKTepH-
CTUKW.

Hccnenyercsi BO3MOXHOCTb TNPUMEHEHMUS
aanTUBHOM ONTHKUA B KOCMHUYECKUX 3KCIie-
pUMEHTaxX o HaOTIONEHUIO YK30TUIaHET W WX
$a30BbIX KPUBBIX C TOMOILBIO 3BE3IHOTO KOPO-
Horpada.

PaszpabGartbiBaloTcsi kocMuyeckue obcep-
BaTOpPUM MaJloTO UM CPEAHEro KJIaccoB sl
HabmoneHust TutaHeT COJIHEYHON CHUCTEMBI
u 9K3oriaHeT. [IpemokeHsl KocMHUYecKue
9KCHepuUMeHThl  «[1JaHeTHBII MOHUTOPUHT»
(B cTamuM OMBITHO-KOHCTPYKTOPCKUX paboT) —
60-caHTUMETPOBBIN TEIECKOM Il YCTAHOBKU
Ha MexayHapoqHON KOCMMYECKON CTaHUUU
1 Ha MukpocnyTHuke (2018+) u «3BE3mHBII
narpyib» (HaydHO-UCCIIeIOBaTebCKUEe pPabdo-
Tbl) — ~1,5-MeTPOBBIi TeJECKON HAa KOCMUYE-
CKOM armapate. 3aITycK MOCIeTHETO BO3MOXEH
nociue 2022 r.

» processing and indexing of archived materi-
als of TV-explorations of the surface of Venus
performed during the Vemnera-9, 10 (1975)
and Venera-13, 14 (1982) missions;

 investigation of the characteristics of electro-
magnetic emission scattering using the par-
ticles (dust, regolith, aerosol) in the at-
mosphere and on the surface of planetary
bodies, particularly Mars and Venus.

Instruments, Projects, Results

The layouts of CP-AIC and CP-ARC inter-
stellar interference coronagraphs designed for
artificial occultation of the star disc which en-
ables to see the nearby planet were developed.
The laboratory models which demonstrated
the functionality and proper performance were
constructed.

The possibility of using the adaptive optics
in space experiments in exoplanet observation
and their phase curves by means of the stellar
coronagraph is being investigated.

Small- and middle-class space observatories
are being developed for observation of the plan-
ets of the solar system and exoplanets. The fol-
lowing space experiments were proposed:
Planetary Monitoring (in the design and ex-
perimental stage) is a 60-cm telescope to be in-
stalled onboard the International Space Station
and onboard the micro-satellite (2018+) and
Star Patrol (scientific and research activities) is
a ~1.5-m telescope aboard a spacecraft. The lat-
ter is scheduled for launch after 2022.

Penveg) MepKypusa e cekmope 210~
290° W (cneea), He oxea4eHHbIl
cwvémkoli cannapama Mariner-10
(NASA). Bocc /1eH No O
CUHMEe3UpoB8aHHO20 U306paXkeHua
(cnpasa), nony O«
KOpomKux 3Kkcno3uyuti Ha Ha-
3emMHbIx meneckonax (Ksanfomal-
ity L. V. The surface of Mercury in
the 210-350° W longitude range

// Icarus. 2008)

The terrain of Mercury in the 210~
290° W range (left), not covered b

the photography from Mariner-1
(NASA). Reconstructed by the data

of the synthetic imagin% (right)
obtained using the method of short
exposures on the Vqround telescopes
(Ksanfomality L. V. The surface of Mer-
curyin the 2 1‘2)—350" W longitude
range // Icarus. 2008)

Koponozpader CP-AIC
u CP-ARC

CP-AIC and CP-ARC

Modens usobpaxceHus, nony-
pri

P pag
ceemyblli (cnieea) u mémHeoit
(cnpaea) ebixodbl

An image model obtained
from a coronagraph: light (left)
and dark (right) yields

3KcnepumeHm no 2awieHuro
ch

ny':m pap P
An experiment for beam
blanking by a coronagraph
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3k3onnaHema MNuse 581g Gliese 5819 exoplanet

Ha duazpamme «macca-pa- on the mass-radius diagram
ouyc» 0ns modeneli 3emHoz0  for models of the earth
cocmaea uonsa 100 % eodel  composition and for 100 %
(Kcangpomanumu J1.B. Mna-  water (Ksanfomality L. V.
HemaHbl — oKeaHu4yecKue Planetans — the Ocean Planets
// Astronomicheskii Vestnik.
2014.No. 1.P.81-91

CKull 6eCMHUK. 2514. Net.
C. 81-91)
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U3o6paxeHue anopuu

Ha eepxHem ob6s1a4HOM cnloe
BeHepbi Ha 00HOM u3 Y®-
cHumkoe kamepol VMC/Venus
Express (cneea), u ¢pazoevle
¢yHKYuu ApKkocmu 6 3 dnuHax
80JIH, NOJTy4deHHble U3 cepuu
usobpaxenuli (cnpaea)
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Image of the glory on the upper cloud layer of Venus on one
of the UV-images made by the VMC/Venus Express camera;
and brightness phase functions in 3 wavelengths obtained

from the series of images

OOUH U3 CHUMKO8 cegepH020
easna Kpamepa Bukmopus,
nonyyeHHoix kamepolti HiRISE

MRO, c ommeyeHHbIMU

0nAa aHanusa palionamu
(Petrova E. V. et al. Optical
depth of the Martian
atmosphere and surface
albedo from high-resolution
orbiter images // Planetary
and Space Science. 2012.

V. 60. P. 287-296)

lMposeneHue KozepeHMHo20
o6pamuozo paccesrus (KOP)
8 0NNO3UYUOHHOM NuKe
ApKocmu u ompuyamens-
Holi eemeu nonapusayuu

C y3KUM MUHUMYMOM y cnym-
Huka lOnumepa Eepona
(Tishkovets V. P., Petrova E. V.
Coherent backscattering by
discrete random media com-
posed of clusters of spherical
particles //JQRST. 2013.

V. 127. P. 192-206)

Appearance of the coherent
backscattering (CBS) in the op-
position peak brightness and
a negative leg of polarization
with the narrow minimum
value at Europa, the Jupi-

ter’s moon (Tishkovets V.P,
Petrova E.V. Coherent backscat-
tering by discrete random
media composed of clusters

of spherical particles // JQRST.
2013.V. 127. P. 192-206)

AHHa Pédopoea
Anna Fedorova
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One of the images

of the northern edge of Victoria
crater from the HiRISE camera
ofthe MRO orbiter, the regions
of investigation are marked
(Petrova E. V. et al. Optical depth
of the Martian atmosphere
and surface albedo from
high-resolution orbiter images
// Planetary and Space Science.
2012. V. 60. P. 287-296)

IIpemnoxkeHa ruIoTe3a 0 TOM, Kak OIpele-
JISTh TIJIaHETaHbl — B3K30IUIAHETHl C MIO0ATb-
HBIM OKeaHOM BOIHOI Tpupombl. CBolicTBa-
MM TUTaHeTaHa MoxXeT objamatk Gl 581g (ecnu
e€ chepuueckoe anpbemno mocruraer 0,86),
a Bor Kepler-22 u GJ 1214b He MoryT OBITh
IUTaHeTaHAMMU.

C MOMOIIBI0O MHOTOCIEKTPAJIbHON KaMephl
VMC Ha ammapare «Benepa-Dxkcenpece» (EKA)
OLICHEHBI pa3Mephbl M IIOKa3aTesIb IPEeIOMIIe-
HUS YacTUIL B BEpXHEM cjloe 001akoB BeHepsl,
a TakKe UX BapHalliy BO BpeMEeHU U MPOCTpaH-
cTtBe. B psme cimyyaeB Tokasaresb IpeIOMIIe-
HUS YaCTUI] OKa3aJics BbILIE, YeM Y YaCTHUIL Cep-
HOW KUCJIOTBI, KOTOPasi COCTaBJISIET OCHOBHYIO
yacTh 00J1akoB. Bo3MoxxHO, 3TO yKa3zaHue Ha
TO, UTO HE OTOXIECTBIEHHOE 10 CUX TOP Bellle-
cTBO, morjomatoniee Y®-usnydyeHne B Bepx-
HeM 00JIAaYHOM CJI0€, MOXKET HaXOOUTHCS B Ka-
TUIX 00JIaKOB.

Paspaboran meton TeHeit (shadow method),
KOTOPHIi TIO3BOJIMJI OLIEHUTh ONTUIECKYIO TOJI-
IMHY atMocgepbl Mapca u anpbeno moBepx-
HOCTH B psiic paliOHOB C TIOMOIIbIO CHUMKOB
BBICOKOTO pa3pellieHusI; CpaBHEHUE C Pe3yiib-
TaTaMM MPAKTUYECKU OMHOBPEMEHHBIX H3Me-
PEHUIA OTITUYECKOI TOJIIWHBI, BBITIOJTHEHHBI-
MM B 3TOM paiioHe MapcoxomoM Opportunity
(NASA), oka3zajno xopouiee corinacue. Mccie-
TIOBaHbI BOBMOXXHOCTH M OTPAaHUYEHMSI METOIA.

Hns HabmomeHuit apyrux ten CoaHeYHOM
CHCTEeMbI BaXXHO MPEACTABIISITh, KAKOE BIMSHUE
Ha HaOJIOEHUST OKa3bIBAIOT MEJIKWE YaCTHIIBI
Ha MOBEPXHOCTH U B Ta30BBIX 000j0uKax. Pa3-
paboTaHHBINM B J1TaOOpaTOpUM TPUOIMKEHHbBIN
meTon yuéra KOP mo3BojisieT BBIUMCISTH Xa-
PaKTEepUCTUKHN CBeTa, OTPaXXEHHOTO OT IUC-
KPETHOM cpelbl, COCTOSIIIEH M3 XaOoTUYECKU
DPACTIOJIOKEHHBIX ~ YacTUIl B  3aBUCUMOCTH
OT TJIOTHOCTH MX YITAKOBKU. MeTom ObUT OIpo-
0OBaH Ha HECKOJILKUX TUMAX KJIACTEPOB U ObLIO
MOJYYeHO XOpolliee corjacue psjaa Mopesei
¢ (pa3oBoOIi KPUBOU MOJISIPU3ALINM, U3MEPECHHOM
B J1JabopaTopuu.

JlaGopaTopust 9KCepUMEHTATBHOM
cnekTpockonnu (536) (pyxosooumens —
KaHo. u3s.-mam. nayk Anna Pédoposa)

Crneuvanuzauusi JabopaTopuu, KOTOpas
mo 2005r. Hocuna HasBaHue «JlabopaTopust
ONTUYECKON CMEKTPOMETPUM BEPXHUX aTMOC-
dbep», — onTUuecKast CIEKTPOCKOMUSI aTMOC-
dep rIaHeT oT yIbTpadHoJETOBOTO 10 CPEIHE-
ro uH(ppakpacHoro nuanaszona. OcHoBareseM
U TIEPBBIM 3aBeMyloNuM JrabopaTopueit ¢ 1988
mo 1991 r. 6b11 o-p us.-Mat. Hayk Bmagumup
AnatonbeBud KpacHononbckuii. B mociemy-
folllie TOmbl eil pykoBomwiud A-p ¢u3.-MarT.
Hayk Oner Uropesuu Kopa6nés (1992—-2005)
U KaHa. ¢us.-mar. Hayk Mmant MmaHTOBMY
Bunorpanos (2005—2014).

The hypothesis how to define planetans —
exoplanets with the global ocean of aquatic na-
ture was proposed. GI 581g might have the plan-
etan properties (in case its Bond albedo reaches
0.86) and Kepler-22 and GJ 1412b cannot be
planetans.

By means of the multispectral VMC cam-
era aboard Venus Express (ESA) the size and
the coefficient of particles refraction in the up-
per cloud layer of Venus as well as their variation
in time and space were estimated. In some cases,
the coefficient of particle refraction was higher
than that of the sulphuric acid particles which
constitute the major portion of the clouds. Prob-
ably, this is an indication that some up-to-now
unidentified substance absorbing the UV ra-
diation in the upper cloud layer is contained
in the cloud drops.

The shadow method was developed which
enabled to assess the optical depth of the Mar-
tian atmosphere and albedo in some regions us-
ing the high-resolution images; the comparison
with the results of virtually concurrent measure-
ments of the optical depth made in these regions
by the Opportunity rover (NASA) showed a good
matching. Method’s opportunities and restric-
tions were examined.

To observe other bodies of the solar system
it is important to have an idea of the influence
small particles on the surfaces and in the gas en-
velopes have on the observations. The laboratory
developed an approximate method of coherent
backscattering (CBS) calculation which enables
to calculate the characteristics of the light re-
flected by the discrete media containing ran-
domly oriented clusters of particles depending
on their packing density. This method was tested
on several types of clusters and a series of mod-
els agree with the polarization phase curve mea-
sured in the laboratory.

Laboratory of Experimental Spectroscopy (536).
Head — Dr. Anna Fedorova

The laboratory’s profile, which until 2005 was
called Laboratory of Upper Atmosphere Optical
Spectrometry, is the optical spectroscopy from
the ultraviolet to middle infrared range where
the absorption and emission bands of the main
components of the planetary atmospheres
are located. Dr. Vladimir Krasnopolsky was
the founder and the first head of the laboratory
from 1988 through 1991. In subsequent years
the laboratory was headed by Dr. Oleg Korablev
(1992—-2005) and Dr. Imant Vinogradov (2005—
2014).



HMzHavanbHO  yaboparopusi  3aHMMAJlach
GdoToxuMueil U CIEKTPOCKONME BEpXHUX aT-
Mocdep, U TepBBIM €€ SKCIEPUMEHTOM OBLT
COBMECTHBII POCCHIICKO-(PPAHITY3CKUIA KOM-
Tieke crnekrpoMeTpoB «Orioct» Ha KA «®Po-
60c-2» (1986). B sToM aKCIlepuMeHTe BIIEp-
BBIC Y IPYTOi TUIAHETHI OBUT peai30BaH METO
COJIHEYHOTO ITpocBeurBaHus aTtMocdepnl. He-
CMOTpS Ha TO, YTO MMCCHS MpopaboTayia BCero
napy MecsieB, ObLIM MOJYyYeHbl YHUKAJIbHBIC
JIaHHbIE IO BEPTUKAJIBHBIM paclpeaceHUsIM
030Ha, BOISTHOTO TTapa 1 a3po30Jisi B aTMocdepe
Mapca. Ycrmex 3TOro sKCIepUMEHTa Al MM-
MyJIbC JaJbHEeMIIIeMy pa3BUTHIO METOIA 1 CO3/1a-
Huto cniekrpomerpa CITMKAM nns cnenyroneit
akcnenuimu K Mapcy — «Mapc-96».

ITocne Tparmueckoit rudenu «Mapca-96»
KJTIOUeBBIM HaIlpaBJIeHWEeM J1abopaTOpUu CTa-
Jla pa3paboTKa HOBOTO THUIIA CIIEKTPOMETPOB
Ha OCHOBE aKYCTOONTHMYECKOH (UIbTpaluu
cBera. IlepBbie AOIIdD-criekTpoMeTpsl ST
IPYTUX TUIAHET BOIIUIM B COCTaB CIIEKTpOMETpa
SPICAM na AMC EKA «Mapc-Bkcnpece» (3a-
myck 2003 r.) m komruiekca SPICAV/SOIR nHa
AMC EKA «Benepa-Dkcmopecc» (2006—2014).
bnaromapst rubOkoii paboTe CIEKTPOMETPOB
C OpOWTHI TITAHETHI OBUTO TOJTyYeHO MHOTO YHU-
KaJbHOM MH(MOPMAIIM O MHOTOJICTHMX Bapua-
LIMSIX Ta30BBIX M a3PO30JIbHBIX COCTaBJISIOLINX
arMoctep Mapca u BeHepbl OT MOBEpPXHOCTU
0 BepxHeil Me30chepbl. DTU pe3ylbTaThl yXkKe
CTajJIi OCHOBOM JUIs1 (PU3MYECKUX MCCIIeA0BAHUI
W YHUCIIEHHOTO MOJIETUPOBAHMS ITUPKYISIIAN
n (poroxuMmuu atMocep HaIIUX OIMKANAIINIX
coceneit. AOII®-criektpoMerp Ha KA «Mapc-
BKcrpecc» paboTaeT 10 CUX Iop, OH — OAWH U3
HEMHOTMX JOJITOXUTENIe Ha GOpTy amnmapara.

ITpuGopsl, MpoBEepeHHbIE B KOCMOCE, MOX-
HO WCIIOJIb30BaTh JUISI TUCTAHIIMOHHOTO 30H-
IUPOBaHUST 3eMJIM, HAIpUMep, ISl M3Y4eHUS
MaJIbIX COCTaBJISIIOLIMX 3€MHOU aTtMocdepsl,
K KOTOPBIM OTHOCSITCSI M TaKue BaXKHeHIme
MapHUKOBBIC Ta3bl KaK METaH W YIJIEKUCIBIA
ra3. UtoObl MOHSTh, KaKoe BIMSIHME OHU OKa-
3BIBAIOT Ha M3MEHEHUs KJIMMara, HyXHa TOY-
Hasl MHpopMauus o0 MCTOYHMKAX M CTOKAax
3TUX ra3oB B atMocdepe. Mx riiobaabHbie U He-
MPEPHIBHBIE W3MEPEHUST BO3MOXKHBI TOJIEKO
¢ opouTsl. [lepBbIii SKCIIEpUMEHT, MO Ha3Ba-
Huem PYCAJIKA, 1o u3y4eHMIO MapHUKOBBIX
razoB ¢ 6opra MexnyHapogHOW KOCMUYECKOM
cranuuu ripoBoauicst B 2009—2013 rr.

PasBuBaeTcsi TeopeTMuecKoe HarpaBjeHUe
MOJIETMPOBAHUS TIIOOATBHON IMPKYJISIIIUN aT-
mocep maaHeT. B konne 2000-x rr. B 1abopa-
TOPUU TOSIBUWIOCH €Il OAHO 3KCIMEePHMEHTaIb-
HOE HarpaBJieHe — JIa3epHasi CIIeKTPOCKOTIHS,
u noxa pykoBoactBoM U.W. BuHorpamoBa Ha-
YaJlM co31aBaThCsl MPUOOPHI HA OCHOBE JUOMI-
HBIX JIa3epOB C TepPecTpauBaeMOil YacTOTOU
(TDLAS). VYuactBoBana mnabopaTopun U B
cosnaHuu npu6opoB mist KA «Po6oc-I'pyHT»
(2011): crmekTpoMeTp BBICOKOTO pa3peuieHust
TUMM, mukpockonmn MukpoOMETI'A u nuon-
Ho-J1a3epHbIit ciekTpomeTp TDLAS.

In the beginning the laboratory was deal-
ing with upper atmosphere photochemistry
and spectroscopy. One of early experiments
was the joint Russian-French spectrometer
Auguste onboard Phobos 2 spacecraft (1986).
In the course of the experiment it was for
the first time when a method of solar occultation
sounding of the atmosphere was applied near
another planet. Despite the fact that mission
lasted for a couple of months only, unique data
of vertical distribution of ozone, water vapor, and
aerosol in the Martian atmosphere were obtained.
The success of this experiment provided a new
impetus to the further method development and
construction of the SPICAM spectrometer for
the following Martian mission (Mars-96).

After the tragic loss of Mars-96 the devel-
opment of a new type of spectrometers based
on the acousto-optic light filtration became
the key profile of the laboratory. The first
AOTF-spectrometers for other planets were in-
cluded into the set of the SPICAM spectrometer
onboard ESA’s Mars Express (launched in 2003)
and SPICAV/SOIR acousto-optic light filtration
suite onboard ESA’s Venus Express (2006—2014).
Due to flexible operation of the spectrometers
a lot of unique data about the years-long varia-
tions of gas and aerosol components in the Mar-
tian and Venusian atmospheres from the surface
up to the upper mesosphere were obtained from
the planetary orbit. These results have already
become the background for physical research
and numerical simulation of atmospheric circu-
lation and photochemistry of our closest neigh-
bors. The AOTF-spectrometer onboard Mars
Express is still operating, it is one of a few survi-
vors onboard the orbiter.

Instruments built for deep space can be used
for the Earth remote sensing, for instance, for
examination of small components of the Earth’s
atmosphere which include such most impor-
tant greenhouse gases as methane and carbon
dioxide. To understand how these gases influ-
ence the climate, precise information is re-
quired about where and how much of those
get into the atmosphere and where they leave
it. The global and continuous measurements
of these parameters are possible from orbit only.
The first experiment named Rusalka (Manual
spectral analyzer of the atmosphere constitu-
ents) to study the greenhouse gases from on-
board the International Space Station was held
in 2009-2013.

The theoretical line of simulation of the glob-
al atmospheric circulation of the planets is now
being in development. In the end of the 2000’s
the laboratory started one more series of ex-
periments, the laser spectroscopy, and headed
by I.I. Vinogradov started development of in-
struments based on the tunable diode lasers
(TDLAS). The laboratory was also partaking
in construction of the instruments for Phobos
Sample Return mission (2011): the high-resolu-
tion spectrometer (TIMM), MicroOMEGA mi-
croscope, and TDLAS diode-laser spectrometer.

R, h

P pog
H,0, o30Ha u ammoceepHoli
NblU NO OaHHLIM 3KCnepu-
MeHmMa ¢ coJIHeYHbIM NPo-
cee Ha

Poboc-2» (Kpac
cKuti, Kopabnes, Kpoicoko,
PoduH u dp.)

H,0, ozone and atmo-

spheric dust vertical profiles

by the data of the solar oc-
cultation sounding experiment
from Phobos 2 (Krasnopolsky,
Krysko, Rodin et al.)

AMC «®oboc-2»
AlS Fobos 2

Mpu6op CMTUKAM ona
«Mapc-96»

SPICAM for Mars-96

HO20

oduanasoHa (AHC—JMP),

cpeOHe20 UH(ppAKpacHoz20
duanazoHa (AL{C-MUP)

C p p Koz2o
Komnsiekca ons uccnedo-
8aHua ammoccpepbl Mapca
ALC ona op6umanvHo20
annapama Trace Gas Orbiter
npoekma 3K30MAPC (ESA/
Pockocmoc, 3anyck 2016 2.)

The Echelle spectrometer

of the near infrared band
(ACS-NIR), the Echelle
spectrometer of the middle
infrared band (ACS-MIR)

for the ACS suite (Atmospheric
Chemistry Suite) for ExoMars
Trace Gas Orbiter (Roscosmos/
ESA,2016)
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UHppakpacHeie cnekmpome-
mpel UCEM (ISEM, Infrared
Spectrometer for ExoMars)
0ns mapcoxooda Pasteur npo-
ekma 9K30MAPC (3anyck
2018 2.) u JINC ona npoekma
JIYHA-IJ106

Infrared spectrometers ISEM
(Infrared Spectrometer for
ExoMars) for the ExoMars rover
Pasteur payload (Roscosmos/
ESA, 2018) and LIS (Lunar
Infrared Spectrometer)

for Luna-Glob

Cnekmpomemp
«O30HomMemp-TM»

Ozonometr-TM spectrometer
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Wup pacnp
en1a2u 6 ammocgepe Mapca
8 meyeHue 200a No 0AHHbIM
npu6opa C[TUKAM («<Mapc-
JKcnpecc», EKA)

ok
A

Latitudinal distribution

of moisture in the Martian
atmosphere over one year
period from the SPICAM data
(Mars Express, ESA)
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BumodansHoe pacnpede-
neHue aspo3onsa Ha Mapce.
Aanueie npubopa CMINKAM
(«Mapc-3kcnpecc», EKA)

BepmukaneHoe
pacnpedenerue SO, u SO
8 me3ocgpepe Benepeol.

1,

CIMMNKAB YO u CYAP
(«BeHepa-3kcnpecc», EKA)
Vertical distribution of SO,

and SO in the mesosphere

of Venus. Data from the SPICAV
UV and SOIR spectrometers
(Venera-Express, ESA)
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Bimodal distribution of aerosol
on Mars. Data from the SPICAM
camera (Mars Express, ESA)

OCHOBHbBIE HANIPABJIEHUS UCC/IEIOBAHMIL
HayuHoe Hanpasjenue

* CoctaB U cCTpykTypa aTtMmocdep IIaHET

METOaMU  OINTUYECKOM  CIEKTPOCKOMUU
ot Y®- o cpenHero MK-nuamasona;
* YKUCJIEHHOE  MOJEIUpOBaHUEe  aTMochep

Mapca u Benepsi;

* BOISIHOWM, MBUJIEBOM M O30HOBBIN LIMKJIBI HA
Mapce;

* xumus atMochepsl BeHepni;

* MUHEpaJbHBIN COCTaB, TUAPATHI U JIEIsIHbIC
OTJIOXKEHHUS Ha MOBEPXHOCTH Mapca.

DKCnepuMeHTAJIbHOE HAPABJICHHE

+ Co3maHMe CIIEKTPOMETPOB Ha OCHOBE aKy-
CTOOIITUYECKON (DUIBTpALUK IJIST MCCIIEI0-
BaHMs cocTaBa rpyHTta JIyHbl 1 Mapca;

* CO3IaHMe 3IIeIe-CIIEKTPOMETPOB IS MO-
HUTOPMHIA U MCCIenoBaHus atMochep 3em-
JIV U TIJIaHET;

* cozmanue Y®-CreKTpOMEeTPOB JIJISI MOHUTO-
pUHTa 030HA B aTMOCchepe 3eMIu;

* nuomHo-jiasepHas crnekrpockonusa (IJIC)
JUTSI TIJIAHETHBIX CCIIENOBAHUIA.

IIpuGopsi, NpoeKTHI, pe3yabTAThI

Cospatotcsi mpubOpHl  III  MOHUTOPWH-
ra MapHUKOBBIX Ta30B M O30HAa B aTtMocde-
pe 3emnu: «[puama» Ha OopTy MexnayHa-
POMHOW KOCMHUYECKOW CTAaHIMU U TIPUOOPHI
«O30HOMeTp-3» U «O30HOMeTp-TM>» B cocTaBe
arrmaparypsl ipoekTa « MoHo30H .

Takxe B JylabopaTopuu CO3HAETCS Mapcu-
aHCKMI MHOrOKaHaJbHbIM AMOAHO-JIa3ePHbII
cnektpomerp M-IJIC B cocraBe HaydHOM
amnmapaTtypel TIOCaHOYHOU TIaT(OPMBI TIPO-
ekta DK30MAPC (2018). CorpyagHuku yuya-
CTBYIOT B pa3pabOTKe M CO30aHUM KaMepbl
MSASI un Y®-cnekrpomerpa PHEBUS mis KA
BepiColombo (EKA).

MHoroyietHue ucciaenosaHuss Mapca u Be-
Hephl, B TOM uucie 6oiee 10 ner — ¢ 6opTta on-
HOTO U TOTO € KOCMMYECKOro anrapara, qaau
WHTEpecHelIe HaydyHble pe3yJbTaThl O TOM,
KaK MEHSIIOTCSI CO BpeMEHeM MapaMeTphbl KITu-
MarTa THUX IJIaHeT.

B xome MHOTONETHETO MOHUTOPUHTA BOMISI-
HOTO IIMKJIa Ha Mapce B ero atMocdepe ObLT
0OHapyXeH BOASIHOM Map B MEepPeHACHIILIEHHOM
COCTOSTHUM — WHa4de TOBOPSI, BOASIHOTO Tapa
B CEBEPHOM TOJYIIApUM OKa3aJloCh OOJbIle,
YeM OXMIAJIOCh TIPU HAHHOI TeMIleparype.
DTO, BO3MOXHO, CBS3aHO C MaJlbIM KOJWYe-
CTBOM a3po30iisi. MHOroleTHUe W3MEPEeHUs
BEPTUKATBHOUM CTPYKTYpPbhl a3p030Jsl MPUBEIU
K OTKPBITUIO OMMONAIBHOTO pacIpeneaeHusT
aspo30J1sl B aTMocdepe Mapca: «pasneneHuo»
aspo30Jis1 Ha ABE XOPOILIO pa3IuuyuMble Gpak-
mu (C pa3MepaMd YacTHUI] OKOJIO MUKpPOHA
U IECSITBHIX M COTBIX Iojeil MuKpoHa). [1o Ha-
OMofeHUsIM ObLT MCCIeNOBaH LMKJI O030Ha

Research Fields
Research Areas

» Composition and structure of planetary at-
mospheres using the methods of optical spec-
troscopy from the ultraviolet to middle infra-
red band,;

* numerical simulation of the Martian and Ve-
nusian atmospheres;

» water, dust and ozone cycles on Mars;

» chemistry of the Venusian atmosphere;

* mineral composition, hydrates and ice de-
posits on the Martian surface.

Experimental Areas

* Construction of spectrometers based on
the acousto-optic filtration for examination
of the soil composition of the Moon and Mars;

« construction of echelle spectrometers for
monitoring and research of the atmospheres
of the Earth and planets;

+ construction of UV-spectrometers to monitor
ozone in the Earth’s atmosphere;

» diode-laser spectroscopy (DLS) for planetary
explorations.

Instruments, Projects, Results

Instruments for monitoring of the green-
house gases and ozone in the Earth’s atmo-
sphere: Driada onboard the International Space
Station and Ozonometr-Z and Ozonometr-TM
instruments a part of lonozond project payload.

Martian multichannel diode-laser spectrom-
eter M-DLS in the set of the scientific hardware
on the ExoMars landing platform (Roscosmos/
ESA, 2018). Participating in development and
construction of the MSASI camera and PHE-
BUS UV-spectrometer for BepiColombo mission
(ESA).

Long-term explorations of Mars and Venus
including more than 10-year exploration from
the same spacecraft provided fascinating sci-
entific results on how the climatic parameters
of these planets change over time.

During a long-term monitoring of the water
cycle on Mars, supersaturated water vapor was
discovered in the Martian atmosphere, in oth-
er words, the northern hemisphere contained
more water vapor than it was expected under
those temperatures. Probably, it is attributed to
a small amount of aerosol. Long-term measure-
ments of the aerosol vertical structure resulted
in the discovery of the bimodal aerosol distri-
bution in the Martian atmosphere: separation
of the aerosol into two conspicuous fractions
(particle size of about one micron and tens and
thousands of one micron). During the observa-
tions the cycle of the ozone and oxygen night-
glow on Mars was investigated. Water ice con-
tent in the upper layer of the Martian ground
was measured at the periphery of the sublimat-
ing polar cap.



W HOYHOTO CBeueHUs Kucjiopoma Ha Mapce.
Bruto M3MepeHo conepxkaHue BOASHOIO Jibla
B BEPXHEM CJIOE MapCHaHCKOTO TpyHTa Ha Tie-
pudepun CyoIMMUPYIOIIEH TTONSIPHON IIIATTKH.

C nomonislo anmapara «BeHepa-Dkcrpecc»
(EKA) HecKOJIbKO JIET MOAPSII U3MEPSIIIOCH CO-
Aepxanue okcunos cepbl (SO,, SO) Ha Gase
naHHbix cnekrpometpoB CIIMKAB/CYAP,
a TakXe BOASHOTO Tapa B €€ HUXXHEeW U cpej-
Heit atmocdepe. Co3maHa HerumpocTaThue-
cKasi Mojiesib OO0IIei LIMPKYISIIUU aTMOChephl
Benepsl.

JIaGopaTopus (u3muecKuX UCCIIEA0BAHMI
noBepxHocTH miaHer (537) (pyxosodumenv —
Kauo. ¢uz.-mam. Hayx Januun Poduorog)

MHCTpYMEHTBI M 3KCIEPUMEHTHI, KOTOpPHIE
CO3IIaBaJIMCh B JJaOOpaTOPUM C MOMEHTa e T10-
SIBJIEHMSI, CBSI3aHbl B MIEPBYIO OYEPEAb C U3yye-
HUEM MHWHEpaTbHOTO COCTaBa HEOECHBIX Tell.
IIbteynapHeiii Macc-aHanuzatop ITYMA Ha
0OpPTYy aBTOMAaTMYECKMX MEXIUIAHETHBIX CTaH-
muii «Bera-1» u «Bera-2» Bo BpeMsl mpojéra
BOIM3K KoMeTa ['ansest (1986) BrepBbie B MUpe
TOJTYYUJI CBEIEHUS 00 3JIEMEHTHOM W MHHE-
paJIOTUIECKOM COCTaBe KOMETHBIX MBLUTUHOK.
B yactHOCTH, B MX cocTaBe Obl1a OOHapyxkeHa
opraHuyeckasl coctapisitoniasi. beuiu onpene-
JIEHbBl TIMKW 3JIEMEHTOB BOIOpPONA, YIJIEpoJa,
a3ora, KHUCJIOpoJa, HATpuUsi, MarHusi, alioMU-
HUSI, KPEMHMUSI, CEpBI, XJ10pa, Kaablusl, Xee3a,
a TaKXe OTHEJbHBIX M30TOIOB, MPOBENEH CTa-
TUCTUYECKUI aHau3 MUHEPAJOTUYECKOrO CO-
cTaBa MbUIMHOK. OTU TaHHBIE OCTABAINCh YHU-
KTBHBIMU Ha TIPOTSIKEHUU IBYX NECSTUICTUN,
BIUIOTb O NOCTaBKM KOMETHBIX IMBUIMHOK Ha
3emylo  KOCMMYeCKUMM amnrmapatoMm  Stardust
(«3Bé3mgHast melIb») (NASA) B 2006 1.

AHanu3 MUHEpPaJIOrnYeckoro cocTaBa Mo-
BepXxHOCTM Mapca npoBoIWJIM aBa MéEcchay-
spoBckux crnekrpometrpa MIMOS II Ha map-
coxomax Spirit u Opportunity (nmpoekt MER,
NASA). Meton MéccOayspOBCKOIl CIEKTPO-
CKOMUM TpedyeT, YTOObl M3ydyaeMblii oOpaszell
06JyJascsl raMMa-KBaHTaMU, TT03TOMY €€ MOX-
HO TIPOBOIMTH TOJIBKO HENOCPENCTBEHHO Ha
MeCTe UCCIIeOBAaHNN.

MéccbayspoBckuii cniektpometp MIMOS
OBbLT YCTAHOBJIEH HAa MAaHUITYJISITOPE KOCMMYE-
ckoro ammapara «Do6oc-I'pyHT» mj1s1 MuHepa-
JIOTUYECKOTO aHalli3a Xeje3oconepxammx das
noBepxHocT Poboca, HO M3-3a aBapuu TIPO-
€KT He JJaJT HAyYHBIX Pe3yTbTaTOB.

IIpuGopsl, MPOEKTHI, Pe3yIbTATHI

l'azopa3psigHblii aHeMOMETp pa3padoTaH st
UCCJIeOBaHUs JWHAMMKU Ta30BbIX ITOTOKOB
B DKCIIEPUMEHTAJIBHOM M KOCMHUYECKOU MeTe-
OpOJIOTUM U B YACTHOCTHU, IIJISI IIPOBEACHUS U3-
MepeHMi JaBJIeHUs], MOMAYJSI W HarpaBJIeHUs
BEKTOpa CKOPOCTM TOTOKOB Ta3a B IMOrpaHUY-
HOM cjioe atMocdepbl Mapca.

For several years in a row Venus Express
(ESA) have been used to measure the sul-
phur oxides (SO,, SO) based on the SPICAV/
SOIR spectrometers data and the water vapor
in the lower atmosphere of Venus. A non-hydro-
static model of the general atmospheric circula-
tion of Venus was created.

Laboratory of Planetary Surface Physical Studies
(537). Head — Dr. Daniel Rodionov

Instruments and  experiments created
in the laboratory since its foundation are first
of all related to the study of the mineral compo-
sition of the celestial bodies. PUMA (dust mass
spectrometer) onboard the Vega 1 and Vega 2 in-
terplanetary stations was the first in the world to
obtain information of the element and mineral
composition of the comet dust particles while it
was passing nearby comet Halley (1986). In par-
ticular, they contained organic component.
The peaks for hydrogen, carbon, nitrogen, oxy-
gen, sodium, magnesium, aluminum, silicon,
sulphur, chlorine, calcium, iron as well as cer-
tain isotopes were defined, the statistical analysis
of the mineral composition of dust particles was
conducted. These data remained unique for two
decades until the comet dust particles were de-
livered to the earth with the Stardust spacecraft
(NASA) in 2006.

The analysis of the mineral composition
of the Martian surface was performed by two
MIMOS II Mossbauer spectrometers onboard
Spirit and Opportunity Mars rovers (Mars Explo-
ration Rovers, NASA). The method of Mdssbau-
er spectroscopy requires the examined sample to
undergo gamma ray irradiation so the spectros-
copy may be conducted in situ only.

MIMOS Maossbauer spectrometers were in-
stalled on the Phobos Sample Return manipula-
tor for mineral analysis of the iron-containing
phases of the Phobos surface, but because
of the failure the project did not provide any sci-
entific results.

Instruments, Projects, Results

A gas discharge anemometer to research
the dynamics of gaseous flows in the experimen-
tal and space metrology and, in particular, to
measure pressure, module, and vector direction
of the gas flow velocity in the boundary layer
of the Martian atmosphere.

Aanuun Poduoxoe
Daniel Rodionov

Méccb6ayspoeckuli cnekmpo-
memp MIMOS Ha maHunyns-
mope KA «®o6oc-TpyHm»

A MIMOS Méssbauer spec-
trometer onboard the Phobos
Sample Return manipulator

Mécc6ayspoackuli
cnekmpomemp MIMOS Ii

MIMOS Il Méssbauer
spectrometer

Mpomomun damyuka eempa
ons npoekma 3K30MAPC

Prototype of the ExoMars wind
speed sensor
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Mpu6oper MIMOS Il (MER,
NASA) enepevbie usmepunu
omHocumenoHole
pacnpocmpaHéHHocmu
noom
K e20 cOCmoAHUI0
OKucneHus, U K (pase
codepaHus xenesa.
CosoKynHocme ¢has,
0moXx0ecmenéHHbIX npu
nomouwju méccbayspoeckolii
cnekmpockonuu,
yKaseieaem, yumo
8 Mecmax nocadku o6oux
Mapcoxod008 noeepxHocmob
nnaHemel MeHANACL N0O
8o30elicmeuem 800bl

leopautli Manazaose
Georgy Managadze
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MIMOS Il (Mars Exploration
Rovers, NASA) instruments
were first to measure

the relative fractional iron
abundance towards its
oxidation state and iron
content phase. The set of these
phases identified using

the Mdssbauer spectroscopy
indicates that on both

of the Mars rovers landing
sites the planetary surface
changes were caused by water
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MecchayapoBoxve CNexTpsl Ha
MomyneHHoR paeHuHe /| Moessbauer
specira at Meridiani Planum

JlaGopaTopusi aAKTUBHOI JUATHOCTHKH

u Macc-crniektpomerpun (538) (pyxosodumenv —
0-p ¢uz.-mam. Hayx, npogheccop

Teopeuii Manaeaose)

B ocHoBe JlaGopaTopuu JIEXKUT HUIes O MPO-
BEIEHWM B KOCMMYECKOM IPOCTPaHCTBe hu-
3UYECKNX, W TIpeXIe BCEro TIUIa3MEHHBIX
9KCIIEPUMEHTOB, B XOIE€ KOTOPBIX Ha Cpery
HCKYCCTBEHHO BO3IEHCTBYIOT ¢ 0opra KoC-
MHWYECKHUX ammapaToB WIA C TOBEPXHOCTH
3emnu. Ilo Tomy, Kak cpema pearupyer Ha
BO3/ICHCTBUE, MOXHO CyIUTh O (UBMYECKUX
rpoiieccax, MPOMCXOASIIMX B KocMmoce. OmHu
M3 TIEPBBIX SKCMIEPUMEHTOB TAKOTO POJa IPO-
BOOWINCH B OKOJIO3EMHOM TIPOCTPaHCTBE,
a BO3NEUCTBUE OKAa3bIBAIM HATPEBHBIC CTEHIIBI
Ha 3emMJjie WM TpUOOPHI Ha TeOo(U3UYECKUX
pakeTax. 3aTeM ObUIM MOMBITKM MPOBECTH aK-
TUBHBIE SKCTIEPUMEHTHI B KOCMOCE: B 9KCIIEpU -
meHTe JIMMA-JI Ha KOCMHUYECKHUX aIlmaparax
«®Do6oc» (1986) mmaHMpOBaNIOCh BO3ICHCTBO-
Batb Ha perosutr ®Doboca myykoM masepa.
OnHako M3-3a TEXHMYECKUX HENOJaIoK Ipo-
€KT HE IOCTHUT IJIaBHOW 1eM U IKCIEPUMEHT
HE COCTOSIICS.

B naGopatopum OblT U300peTéH Macc-
cnektpometp TOF MS nmng usmepeHus sJe-
MEHTHOTO ¥ W30TOITHOTO COCTaBa TSIXKEIBIX

a) D6namenyan nopofa / Outcrop

B) MemaTuiocofepiallHe KoHKpe MM
I-lemaule-bea:g spheniies

¢} eBounce Rocks

d) «Heat Shield Rocks - Fe-Mi
meTeoput / Fe-Ni meteorite

Laboratory for Active Diagnostics
and Mass Spectrometry (538). Head —
Prof. Dr. Georgy Managadze

The laboratory is concentrating on conduct-
ing physical and, first of all, plasma, experi-
ments in space. In course of these experiments
the medium undergoes artificial activation.
The reaction of the medium to the influence
helps to estimate the physical processes tak-
ing place in space. One of the very first experi-
ments of this kind was conducted in the near-
earth space and the influence was exercised with
heating stands on the ground or instruments
onboard the geophysical rockets. In the fol-
lowing the active experiment was attempted
in deep space: in LIMA-D experiment on-
board the Phobos spacecraft (1986), the Phobos
regolith was planned to be analyzed activated
by a laser beam. But due to technical hitches
the project did not reach its main goals and
the experiment didn’t take place.

The laboratory have invented a time-of-flight
(TOF) mass spectrometer to measure the ele-
ment and isotopic composition of heavy metals
in the solar wind of ~50...60 keV energy range.
This instrument was patented in several coun-
tries and included into the payload of the in-
ternational projects: SOHO, WIND, and ACE



METAJUIOB B COJIHEUHOM BETpe C OSHEpTueit
~50...60 koB. OH Obl1 3allaTeHTOBAaH B psIe
BEOYIINX 3apyOeKHBIX KOCMMUYECKUX JIepXKaB
¥ BKJTIOYEH B COCTaB HAy4HOI1 GOPTOBOI arma-
patypbl B MexXayHapoaHbIX mpoektax SOHO,
WIND u ACE (NASA). C ux nomolibio Brep-
BbI€ OBUT U3MEPEH M30TOMHBIN COCTaB 3JIEMEH-
TOB OT MarHus J0 XeJe3a.

B mapannenbHBIX Ha3eMHBIX 9KCITEPUMEHTAX
MO BO3ICHCTBUIO Jlazepa Ha TBEPAYIO MUIICHb
ObLIM TIOJyYeHBl Pe3yJbTaThl, KOTOPbIE CTalu
OCHOBOIl OpPMTUHAJIBHON KOHLIEMIINA BO3MOX-
HOCTHM 3apOXICHUS XU3HU B XOIE YIapHBIX
coObiTuii. [Tox neiicTBUEM KOPOTKUX, IJIUTEIb-
HOCTBIO HECKOJIbKO HAaHOCEKYHI, JIa3epHBIX
VIMITYJIbCOB Ha TBEPIOTEIBHYIO MUIIIEHb 00pa-
3yeTcsl IJIa3MEeHHbBIN (hakesa, O4YeHb ITOXOXKUit
Ha dakes ymapHOTO BO3IEWCTBHUsI, HaIlpuMep,
npyu ygape KOMET, U MOTYT CHHTE3MpPOBAThCS
HOBBIE XMMUYECKUE COCAUHEHUS, B TOM YUC-
Jile opraHnueckue. JJIMTenbHble UCCIeIOBaHUS
MOKa3aJM, YTO B3aMMOICHCTBHUE DBJICKTpUUE-
CKMX M MarHUTHBIX MoJiel B TJIa3MeHHOM ¢ha-
KeJle ¢ U3JTy4eHUeM TIIa3Mbl MOTYT 00eCTIeYnTh
TeHepalio UCTUHHBIX JIOKAJTbHBIX XUPAJTbHBIX
noJeli ¥ MPpUBECTU K HapyLIEHUIO 3epKaJbHOM
CUMMETPUY SHAHTUOMEPOB — WHBIMU CJIOBa-
MM, OpTaHMYECKHEe BelllecTBa, KOTOphIe 0Opa-
30BBIBAIMCH MPU 3TOM, OKa3bIBalOTCS B 0OJIb-
IIe CTENEHU <«JIEBBIMU», 4YeM <«IIPaBbIMM».
Ecmu To ke mpoucxomuT B IIa3MeHHOM (ha-
KeJie yIapHOW MPUPOIbl, TO 3TO MOXET UMETh
HeTOCPeCTBEHHOE OTHOIIEHWE K BO3HUKHO-
BEHUIO TIpOCTEeMIMX (hOpM KMBOM MaTepuu,
KOTOpasi, Kak U3BECTHO, Ha 3eMJie CTPOUTCS Ha
OCHOBE «IEBBIX» aMUHOKHMCIIOT.

OcHoOBHbIE HANIPABJIEHHUS

* DKCIepUMeHTaIbHbIE MCCIICAOBAHUS XUMM-
YeCKOro U MMHEPAJIOIrMYECKOro cocTaBa Be-
LIECTBA KOCMUYECKUX TeJT;

* J1abopaTopHOE MOIECIMPOBAHUE CHHTE3a
OpPraHMYECKHUX MOJIEKYJSIPHBIX  CTPYKTYD
M MeXaHW3MOB HapyIIeHUs 3epKaJbHOI
CUMMETPUM SHAHTUOMEPOB B JIOKAJIBHBIX
XUPAJTbHBIX (DU3MYECKUX TOJSAX TJIa3MeH-
Horo (hakesia METEOPUTHOTO yaapa, KOTOpbIe
MPEATIONIOXKUTEIBHO MOTJIN 00€CIIeYnTh BO3-
HUKHOBEHUE YCIOBUU M1 (popMHpPOBaHUS
npocTeimx hopM XUBOU MaTepuu;

* pa3paboTKa METOIOB OTOXIECTBICHUS MPH-
3HAaKOB XW3HM BHE3EMHOIO TMPOUCXOXKIE-
HUSI, C TIOMOIIbIO OOPTOBBIX BPEMSIPOJIET-
HBIX MAacC-CIEKTPOMETPUIECKUX IPUOOPOB
(TOF MS) meTonamMy MOHU3aLIMsI BellleCTBA
C TIOMOIIIbIO MATPUIIbl U JIA3EPHOTO U3JTyde-
HUS Y TUPOJUTUYECKUMHU WHCTPYMEHTAMU
HOBOTO ITOKOJIEHMST;

* pa3paboTKa METOIOB OMNpelesieHUs Bo3pac-
Ta TeOJJOTMYECKUX MOPOI KOCMMUYECKHUX Tell
¢ OopTa crmyckaeMmMoro amrapaTta Mo M3Me-
PEHUIO COOTHOIIICHWII M30TOIIOB CBMHIIA Ha
6aze TOF MS, ocHal€HHOr0 XMMUYECKUM
PEaKTOpPOM.

(NASA). Isotopic composition of elements from
magnesium to iron was measured by means
of these instruments for the first time.

Concurrent laboratory experiments of la-
ser effect on solid targets gave results, which
have become the basis for an original concept
of the origin of life in course of shockwave
events. Short series of nanosecond laser puls-
es on a solid-state target form a plasma flare
simulating meteorite impacts, during which
new chemical compounds may form including
the organic ones. Long-term studies showed that
the interaction of electric and magnetic fields
in the plasma flare with plasma emission gener-
ates local true chiral fields and results in the mir-
ror-symmetry breaking of enantiomers, in other
words, the organic compounds formed during
this process turn out to be more left-handed
than right-handed ones. If the same process
is taking place in the plasma flare of the im-
pact nature then this can be directly relevant to
the origin of elementary forms of the living mat-
ter, which on the Earth, as it is well known, is
based on the left-handed amino acids.

Research Areas

» Experimental research of the chemical and
mineral composition of cosmic bodies;

+ laboratory simulation of organic molecu-
lar structures synthesis and mechanisms
of mirror-symmetry breaking of enantiomers
in the local chiral physical fields of the mete-
orite impact plasma plume which supposedly
could enable the formation of the elementary
forms of the living matter;

» development of extraterrestrial life signs
identification methods by means of the on-
board time-of-flight mass spectrometers
(TOF MS) using the soft or matrix-assisted
sample ionization technique and the ad-
vanced pyrolysis instrumentation;

» development of geological formations age de-
termination methods based on the measure-
ment of lead-isotope ratio using TOF MS
equipped with a chemical reactor. This tech-
nique is usable from the board of the de-
scending module on the surface of cosmic
bodies.

i%.00

Cxema 3Kcnepumenma
JIMMA-/] Ha annapamax
«@oboc»

LIMA-D experiment layout
onboard the Phobos spacecraft

Mnaxupoeanoce, Yymo npu-
60poel INMMA-/[] (TOF-MS)
uJUOH, ycmaHoeneHHvie
Ha Kocmu4ecKkom annapame
«@oboc», npu nponéme

Ha ebicome 50...80 m Had
nosepxHocmeio @oboca

pesy
eo30delicmeus HA pezosum
= ¥

p
u MuHepanoauyeckut
cocmas noeepxHocmu
@oboca. B npubope JIMMA-[
delicmeue Ha
ocyujecmenanocs ny4Kkom
nasepa, 8 npu6ope JUOH
8MOPUYHAA UOHHAA IMUCCUA
8036yx0anace nomokom
UOHOB CO/IHe4HO20 6empa
u KocmuyecKkux nyyeu

LIMA-D (TOF MS) and DION
active experiments aboard
Phobos spacecraft were
supposed to investigate
elemental and mineral
composition of the Phobos’s
regolith during their fly-by over
the surface at the altitude of
50-80 m. In LIMA-D experiment
the surface was affected with
laser beam. In DION experiment
secondary ion emission was
exited by solar wind ions and
cosmic rays
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Mpu6op JIASMA ona KA
«JlyHa-25» u JlyHa-27» —

8pemANpoNnEémHobIl
macc-pecpnekmpoH onsa
uccnedo068aHuA 1yHHO20
pezonuma e nonApHuIX
o6nacmsx, a makxe napos
80061 U 1bda. CoemecmHo
cy P b L
LASMA instrument for Luna

25 and Luna 27 spacecraft —
the laser compact time-of-flight
mass reflectron to examine
lunar regolith in the polar
regions as well as water vapors
and ice. In collaboration with
the University of Bern

Mpu6op ABUMAC — mo-
ougukayus npu6opa
JIA3MA ona npoekma
3K30MAPC (Pockocmoc/
EKA) onsa omoxdecmene-
HusA 6buomaccel no macc-

c P p Komy
aHanusy Mampu4HsIx u 6uo-
MapKepHbIX 3/1eMeHmos,
nocse nodzomoeku o6pasuya
c 1610 C Hou
cucmemebl SKCMpakyuu,
make paspa6omanHoii

8 na6opamopuu

ABIMAS instrument is a modi-
fication of LASMA instrument
for ExoMars (Roscosmos/ESA)
to identify the biomass by

the mass spectroscopic analysis
of matrix and biomarker ele-
ments after sample preparation
using liquid extraction system
constructed in the laboratory
as well

Apaken lMlempocsaH
Arakel Petrosyan
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IIpuGopsi, NpoEKTHI, pe3yJbTAThI

OG6HapyXeHbI ¥ MCCIeI0BaHbl HOBBIE CBOI-
CTBa IIJIa3MEHHOro (akesa, BO3HUKAIOILIETO
IOl BO3IECTBMEM JIa3epHOTO W3JIyYeHUs] Ha
MMUIIICHb, KOTOpPAasl BKJIIOYACT 3JIEMEHTHI, BXO-
NISIIIMe B COCTaB OPraHUYECKUX COENMHEHUI
1 o0ecreynBaloNIue CUHTE3 MPOCTHIX W CIIOXK-
HBIX OpPraHMYECKUX COCIMHEHMII B TIpoliecce
pasnéTa rmia3sMeHHoro (akena.

O6HapykeHbl ~ aMUHOKUCJIOTBI  OEJIKOB,
CUHTE3MPOBAHHBIX B IIJJa3MEHHOM (hbakele
OT BO3JECHCTBUS yAapHUKA, ABMXKYIIETOCS CO
CKOpOCTBIO 7 KM/C, a TaKXe YMEpeHHOe Hapy-
LIEHUE CUMMETPUU SHAHTUOMEPOB C U3OBITKOM
L-amuHOKUCI0T, coBnaaatliee ¢ OMOOpraHu-
YECKUM.

IIpemtoxkeH BBHICOKOA(h(MEKTUBHBINA CITOCOO
CHHTE3a BOAbl B KOCMMYECKOM IPOCTPAHCTBE.
OnbITHBIM MYTEM OBbUIO MOKa3aHO, YTO MOJe-
Kyabl H,O Moryr nosBnatbcst mpu B3ammo-
NeCTBMM HMOHOB BOJOpPOJAA 3BE3MHBIX BETPOB
¢ 6e3aTMOC(hepHBIMU KOCMUYECKUMHU TeJlaMU,
TTOBEPXHOCTU KOTOPBIX COMEPXKAT KUCIOPO]I.

CeKTop AMHAMUKM aTMOC(Ep H KIUMAaTa
(53.9) (pyxosodumenv — 0-p ¢uz.-mam. Hayx,
npogeccop Apaxen Ilempocsn)

CekTOop IMHAMUKM aTMocdep M KiIMMaTa
CO3l1aH KaK TEOpPEeTUYEeCKOe MoapasieeHue ist
HayYHOU TOMIECPXKKUA IKCTIEPUMEHTOB IO W3-
YYCHMIO TJIAaHEeTHBIX aTMocdep. B ero 3amaum
BXOJUT YUCIEHHOE MOIEIMPOBAaHUE W pa3pa-
00TKa MaTeMaTUYeCKOTO amrapara, KOTOPBIA
WCTIONB3YETCs ISl TIPENICTABICHUsI TIPOLIECCOB,
MPOUCXOASIIIUX B aTMocdepaX M MarHUTHBIX
obosnoukax ruaHeT. C OOHON CTOPOHBI, MBI
MMeeM OKCIEPUMEHTAIbHYI0 MH(OPMALINIO;
C JpYroil CTOPOHBI, TeOpeThYeckue padboThbl
MO3BOJISIIOT, BO-TIEPBBIX, IMOHSATH, YET0 MOX-
HO OXWAaTh OT 3TUX JAaHHBIX, U BO-BTOPBIX,
KaKoro pola 3KCMEePUMEHThl Halo MPOBOIUTH
B OymymieM, 4ToObI TIOATBEPIUTD WJIM OTIPOBEP-
THYTh CYILIECTBYIONINE TIPENCTABICHMUS.

OcCHOBHBIE HanpasJICHUA HCCJIeTOBAHUM

* HenuHeliHble BOJHOBBIE IMpOLIECCH B TUIA-
HETHBIX aTMOcdepax;

* TypOYJIEHTHOCTb B ITAHETHBIX aTMOC(hEpaXx;

* HOBblE MapaMeTpu3alMy IOTPAaHUYHOTO
CJI0s1 B KPYITHOMACIITAaOHBIX MOJIEJISTX aTMO-
chepsl Mapca;

* MHOTOYacCTMYHBbIE MPOLECCHl B IJIAHETHBIX
aTMocdepax, coaepxKaiiux a3po30JIu;

Instruments, Projects, Results

New properties of the plasma flare formed
under the influence of laser radiation on the tar-
get which includes elements typical for
the organic compounds and those inducing
the synthesis of simple and complex organic
compounds in the course of plasma plume ex-
pansion were discovered and studied.

Protein amino acids synthesized in the plas-
ma plume due to the influence of an impac-
tor moving at 7 km/s speed as well as moderate
symmetry breaking of enantiomers with surplus
of L-amino acids, the same as the bioorganic
one were discovered.

A highly efficient method of water synthesis
in space was proposed. The experiments have
shown that H,O molecules can form as the hy-
drogen ions of the solar wind interact with at-
mosphere-less bodies, if their surface material
contains oxygen.

Sector of Atmosphere Dynamics and Climate
(53.9). Head — Dr. Arakel Petrosyan

The division of Atmosphere Dynam-
ics and Climate was established as a theo-
retical subdivision for scientific support of ex-
periments in planetary atmospheres. Its tasks
include numerical simulation and development
of the mathematical tools to be used for pre-
sentation of processes in the atmospheres and
magnetic envelopes of planets. On the one hand,
we have experimental information, on the other
hand, theoretical insights enable, first, to under-
stand what can be expected from these data and,
second, what kind of experiments to conduct
in the future to confirm or disprove the current
ideas.

Research Areas

* Non-linear wave processes in the planetary
atmospheres;

 turbulence in the planetary atmospheres;

* new parameterizations of the boundary layer
in large-scale models of the Martian atmo-
sphere;

* multi-particle processes in the planetary at-
mospheres containing aerosols;



* MarHuTOTUIpOAUHAMUYECKAs]  TypOyJIeHT-
HOCTb KOCMUYECKO TIJIa3MBbI;

* KMHETUYECKUE MPOLECCHl B AUCCUTTATUBHOM
UHTepBaJie KOCMUYECKON TJI1a3Mbl;

* BBIYMCIUTEIbHBIE TEXHOJOTUM B TeODU3M-
YeCKO TuApONMHAMUKE TUTaHET U 3eMJIu
U B KOCMUYECKO Mia3me.

PesyabraTnbi

PaszpaboranHa Mopenb MOrpaHUYHOIO CIIOS
Mapca, omnuceiBawoollasi TMEpPeHOC a’po3oJeit
B 00JIACTSIX C TOpaMH M KpaTepaMH.

HaiineHbl TOYHBIE pelleHus] ypaBHEHUIA
MEJIKOI BOJbI HEUTPAJIbHOW XUAKOCTU Hall Ha-
KJIOHHOM TIOCKOCTBIO.

PasButa Teopusi rMapoaMHaAMUYECKOM Typ-
OYJICHTHOCTH, TOJBEPXKEHHOW  BpaIlEHUIO,
¥ TI0Ka3aHa BO3MOXKHOCTb FeHepallui KPyITHO-
MAacCIITaOHBIX BO3MYIIEHMI B IJIAHETHBIX aT-
Mocdepax.

PazButa  Teopust = TMIpPOOIMHAMUYECKOM
TypOYJIEeHTHOCTM B ILJJAaHETHBIX aTMocdepax,
cofiepXXallux TBEPAbIE a’3pO30JIU U TMY3bIPb-
KM Ta3za, ITOKa3aHa BO3MOXKHOCTb 3apoXIe-
HUS KpYIMHOMACIITAOHBIX BHUXpel B TaKUX
cucTeMax.

IIpennoxeHsl MOIEPHU3UPOBAHHBIC YpaB-
HEHUS MEJIKOM BOIbI, YYWTHIBAIOILKME TOPH-
30HTAJIbHBIN MEPEHOC HUMIIYJIbCa BCJENCTBUE
BEPTUKAIBHOW  HEONHOPOOHOCTA  TEYECHUM
U TTOJYYEeHBI UX TOYHBIE PELIEHMSI.

WccnenoBaHa TypOYyJI€HTHOCTD B JIOKAJIbHOM
MEX3BE3MHOM Trase, IOKa3aHa BO3MOXHOCTh
BO3HMKHOBEHHMS CJIa00CKMMAEMOIo pexuma
TypOYJICHTHOCTM U OOBSCHEHBI UMEIOUIUeCcs
JNAHHBIE O CHeKTpax (IYKTyallMu TJIOTHOCTH
B JIOKAJIbHOM MeX3BE3IHOI cpele.

Paspabotan MeToa rccienoBaHus MaciuTabd-
HO-WHBAapUAHTHBIX CBOMCTB TypOYJIEHTHOCTH
KOCMMYECKOI IIJ1a3Mbl Ha OCHOBE IIPSIMOTO
U MOACETOYHOT0 MOJEIMPOBAHUS.

Pa3zpaboraH KOHEUYHO-OOBEMHBIM YHCIEH-
HBIII METON IJIs1 MCCJIeNOBaHMUSI TEUeHUN KOC-
MUYECKOW IJ1a3Mbl, 00eCleurBalOIIUiA BbICO-
KyI0 TOYHOCTh KaK B 00JIaCTH pa3pbIBHBIX, TaK
W HETMPEPbIBHBIX PELLICHUIA.

* magnetoturbulence of the space plasma;

» kinetic processes in the dissipative interval
of the space plasma;

» computer technologies in the geophysical flu-
id dynamics of the planets and the Earth and
in the space plasma.

Results

A model of the Martian boundary layer was
developed which describes aerosol transfer
in the regions with mountains and craters.

Exact solutions of shallow-water equations
for the neutral fluid above the inclined plane
were proposed.

The theory of hydrodynamic turbulence
subject to rotation was developed and a pos-
sibility of large-scale disturbances generation
in the planetary atmosphere was shown.

The theory of hydrodynamic turbulence
in the planetary atmospheres containing solid
aerosols and gas bubbles was developed, a possi-
bility of large-scale vortexes genesis in such sys-
tems was shown.

Updated shallow-water equations taking into
account the horizontal momentum transfer due
to vertical flow nonuniformity were proposed
and their exact solutions were obtained.

Turbulence in the local interstellar gas was
examined, a possibility of a weakly compressible
mode of turbulence was shown and current data
of the density fluctuation spectra in a local inter-
stellar medium were explained.

The research method of scale-invariant
properties of the space plasma turbulence based
on the direct and subgrid scale modeling was de-
veloped.

A finite volume numerical method for ex-
amination of space plasma fluxes ensuring high
precision both for discontinuous and continuous
solutions was developed.
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Dynamics of the cloud
of impurities over the crater (1).
Dynamics of the dust cloud over
the mountains (2). Vorticit,
genesis over the precipice (3).
igures indicate: 1 — impurity
flow; 2 — landscape; 3 — air
flow moving direction; 4 —
vortex regions




