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THE  SIXTEENTH MOSCOW  
SOLAR SYSTEM SYMPOSIUM 
16M-S3

SPACE RESEARCH INSTITUTE 
MOSCOW, RUSSIA 
october 20–24, 2025

Starting from 2010, the Space Research Institute holds annual 
international symposia on Solar system exploration. Main topics of 
these symposia include wide range of problems related to formation 
and evolution of Solar system, planetary systems of other stars; 
exploration of Solar system planets, their moons, small bodies; 
interplanetary environment, astrobiology problems. Experimental 
planetary studies, science instruments and preparation for space 
missions are also considered at these symposia.
The Sixteenth Moscow international Solar System Symposium (16M-S3) 
will be held from October 20 till 24, 2025

THE FOLLOWING SESSIONS WILL BE HELD DURING 
THE SYMPOSIUM:
OPENING SESSION

•	� Session. MARS
•	� Session. MOON AND MERCURY
•	� Session. VENUS
•	� Session. SMALL BODIES (INCLUDING COSMIC DUST)
•	� Session. EXTRASOLAR PLANETS
•	� Session. GIANT PLANETS
•	� Session. ASTROBIOLOGY

Space Research Institute holds this symposium with 
participation of the following organizations:

•	� Vernadsky Institute of Geochemistry and Analytical 
Chemistry RAS, Russia

•	 Brown University, USA
•	 Schmidt Institute of Physics of the Earth RAS, Russia
•	 Keldysh Institute of Applied Mathematics RAS, Russia
•	� Kotelnikov Institute of Radio-engineering and Electronics 

RAS, Russia
•	� Sternberg Astronomical institute, Moscow State University, 

Russia

Symposium website: https://ms2025.cosmos.ru
Contact email address: ms2025@cosmos.ru
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overview 16M-S3 program
THE SIXTEENTH  MOSCOW SOLAR SYSTEM  
SYMPOSIUM
 Space Research Institute, 20–24 October 2025
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16M-S3 SCIENTIFIC PROGRAM
MONDAY, 20 OCTOBER 2025

10.00–11.00 OPENING SESSION

Lev ZELENYI                              Opening Remarks

Ji WU                                             Discovering the Sky at the Longest wavelength (DSL)
                                                      (Plenary Report)

11.00–18.05 MARS SESSION
Convener: Oleg KORABLEV
conference hall, second floor

11.00–11.15 Anna FEDOROVA  
et al

Long-term observations of aerosol 
vertical distribution on Mars by 
SPICAM IR on Mars-Express

16MS3-MS-01

11.15–11.30 Alexander 
TROKHIMOVSKIY and 
Oleg KORABLEV

The ACAE spectrometers for 
Tianwen-3 Mars mission

16MS3-MS-02

11.30–12.00 COFFEE-BREAK

12.00–12.15 Mikhail LUGININ  
et al

Evidence of bimodality in 
Martian water ice clouds from 
the ACS/TGO solar occultation 
observations

16MS3-MS-03

12.15–12.30 Mariya ZHARIKOVA 
et al

Comparison of the MAOAM water 
vapor modeling results with 
ExoMars ACS data

16MS3-MS-04

12.30–12.45 Ekaterina 
STARICHENKO  
et al

The vertical damping of gravity 
waves in the Martian atmosphere 
from the ACS/TGO solar 
occultation experiment

16MS3-MS-05

12.45–13.00 Artem ALIAKIN  
et al

The influence of infrared 
transparency windows in 
the Martian atmosphere on 
the greenhouse effect

16MS3-MS-06

13.00–14.00 LUNCH

14.00–14.15 Andrey KIRILLOV Electronic kinetics of carbon 
monoxide in the upper 
atmospheres of Mars and planets 
of Solar System

16MS3-MS-07

14.15–14.30 Jordanka SEMKOVA  
et al

Dose rate and particle flux of 
cosmic rays in the free space at 
1.5 AU during different phases 
of solar activity according 
measurements by Liulin-MO 
dosimeter on Trace Gas Orbiter

16MS3-MS-08

14.30–14.45 Paparin AMLONGKUL 
et al

Comparing MEREM radiation 
environment simulations with 
observations in Mars orbit

16MS3-MS-09

1
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14.45–15.00 Thanayuth ANYALERT 
et al

Simulation-Based Study of RAAN 
Effects on Jovian Magnetic 
Connectivity: Application to the 
TW-3 MARCH Payload

16MS3-MS-10

15.00–15.15 Alexey IVANYUKHIN 
and A.P. PLOKHIKH

Improvement of radio 
communication performance via 
an accompanying relay spacecraft 
for round-trip missions to Mars

16MS3-MS-11

15.15–15.30 Olga POPOVA  
et al

Cluster analysis of recently formed 
Martian crater fields

16MS3-MS-12

15.30–15.45 Elena PODOBNAYA 
et al

Distribution of crater sizes in 
recently formed Martian crater 
fields

16MS3-MS-13

15.45–16.00 Boris IVANOV New craters on Mars – 2024–2025 
catalog expansion

16MS3-MS-14

16.00–16.30 COFFEE-BREAK

16.30–16.45 Georg SKREBEC Polycyclic nature of Martian 
outflow channel activity: 
chronostratigraphic constraints

16MS3-MS-15

16.45–17.00 Jun CHU  
et al

Impact-induced hydrothermal 
clay formation on Mars – 
geometrical evidence in Holden 
crater

16MS3-MS-16

17.00–17.15 Alexander LOMAKIN 
et al

Some miscellaneous findings in 
the SPICAM-IR nadir dataset

16MS3-MS-17

17.15–17.30 Egor KULIK and  
Tamara GUDKOVA

Effect on the Chandler Wobble 
period of Mars by mantle 
mineralogy and temperature 
profile

16MS3-MS-18

17.30–18.05 POSTER SESSION, SESSION MARS

7 posters * 5 min

Alexey BATOV and 
Tamara GUDKOVA

Non-hydrostatic stresses in the 
interiors of Mars excluding long-
wave component

16MS3-MS-PS-01

Vladimir CHEPTSOV  
et al

Perchlorate radiolysis under 
simulated Martian conditions

16MS3-MS-PS-02

Ekaterina FABER Deep Learning for Hyperspectral 
Unmixing of CRISM Data: 
Application to Mineral Mapping 
on Mars

16MS3-MS-PS-03

Polina SAZONOVA  
et al

Effect of sodium perchlorate 
on soil prokaryotic complexes 
under limited available moisture 
conditions

16MS3-MS-PS-04

Alexander LOMAKIN 
et al

Co-located SPICAM-IR and 
OMEGA observations of Martian 
polar caps

16MS3-MS-PS-05



9

Dariia KOSSOVA  
et al

Structure of the upper Martian 
atmosphere from the homopause 
to the CO2 exobase as observed 
by ACS/TGO

16MS3-MS-PS-06

Vladimir OGIBALOV Radiative transfer in the NIR bands 
of CO2 and CO molecules under 
breakdown of vibrational LTE in 
the daytime Martian atmosphere. 
Effect of radiation absorption 
by aerosols on vibrational state 
populations

16MS3-MS-PS-07

18.05–18.35 POSTER SESSION, FOR ALL SESSIONS

18.35–19.30 WELCOME PARTY
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TUESDAY, 21 OCTOBER 2025

10.00–19.50  MOON AND MERCURY 
SESSION
Conveners: Igor MITROFANOV, Maxim LITVAK
conference hall, second floor

10.00–10.20 Alexander KOZYREV 
et al

MGNS: the first data on 
Mercury's gammaray radiation

16MS3-MN-01

10.20–10.40 Victor GUBAREV  
et al

Galactic cosmic rays in 
the vicinity of Mercury

16MS3-MN-02

10.40–11.00 Alexander LAVRUKHIN 
et al

Determination of the Mercury's 
internal dipole parameters using 
MESSENGER spacecraft data

16MS3-MN-03

11.00–11.20 Alexey BEREZHNOY 
 et al

About the origin of high-speed 
Ca atoms in the Hermean 
exosphere

16MS3-MN-04

11.20–11.40 Lianghai XIE and  
Lei LI

Monte Carlo simulation of 
the global migration of lunar 
hydroxyl from a magnetic-
shielded solar wind source

16MS3-MN-05

11.40–12.00 COFFEE-BREAK

12.00–12.20 Alexander BASILEVSKY 
et al

Surface morphology of partially 
shadowed floors of three near-
pole lunar craters

16MS3-MN-06

12.20–12.40 Svetlana DEMIDOVA 
et al

Metal-sulfide mineralization of 
Chang’E-5 soil sample

16MS3-MN-07

12.40–13.00 Alexander KRASILNIKOV 
and Mikhail IVANOV

Determination of the mixing 
factor of local and foreign 
material in the Langrenus and 
Cavalerius craters ejecta

16MS3-MN-08

13.00–14.00 LUNCH

14.00–14.20 Lev ZELENYI  
et al

The lunar segment of the 
Federal Space science project

16MS3-MN-09

14.20–14.40 Anatoly PETRUKOVICH 
et al

Lunar exploration from polar 
orbit: Luna-26

16MS3-MN-10

14.40–15.00 Igor MITROFANOV  
et al

Science at the lunar poles:  
Luna-27.1 and Luna-27.2

16MS3-MN-11

15.00–15.20 Mikhail SACHKOV  
et al

Toward multiwavelength 
distributed astronomical 
observations from the Moon

16MS3-MN-12

15.20–15.40 SenthilKumar MEGALA Salient Science outcome from 
Chandrayaan-3 Mission

16MS3-MN-13

15.40–16.00 Huijuan WANG  
et al

Preliminary considerations 
on the AI requirements in 
lunar-based astronomical 
observations at ILRS

16MS3-MN-14

16.00–16.20 COFFEE-BREAK

2
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16.20–16.40 Habibullo 
ABDUSSAMATOV

Permanent protection system 
of the astronaut spacesuit, 
optical surfaces and all other 
equipment against charged 
particles of lunar dust

16MS3-MN-15

16.40–17.00 Alexander GUSEV and 
J.G. MENG 

Geophysical exploration of the 
Moon XI: 3D pits and caves

16MS3-MN-16

17.00–17.20 Artem LYSENKO  
et al

Experimental study of the 
dependence of the compressive 
strength of samples of 
the lunar regolith simulant 
on the parameters of selective 
laser melting

16MS3-MN-17

17.20–17.40 Ivan AGAPKIN  
et al

Preliminary Results on 
the Application of Selective 
Microwave Sintering for Lunar 
Soil Analogue VI-LH1

16MS3-MN-18

17.20–18.00 Olga TURCHINSKAYA 
et al

Comparative analysis of 
potential sites for lunar base 
deployment in the Northern 
Polar region

16MS3-MN-19

18.00–18.20 Sergey VOROPAEV  
et al

Remote sensing of lunar surface: 
the search for isotopic forms 
of water

16MS3-MN-20

18.20–18.40 Alexey ANDREEV and 
Yury NEFEDYEV 

Development of a selenocentric 
dynamic reference system based 
on data from modern lunar 
missions and the application of 
regression modeling methods

16MS3-MN-21

18.40–19.00 Li DENG  
et al

Lunar orbit satellite formation: 
Distributed low frequency 
interferometric imaging 
spectrometer

16MS3-MN-22

19.00–19.50 POSTER SESSION, SESSION MOON AND MERCURY

16 posters * 3 min 

Lidiia LAKHMANOVA 
et al

Basaltic clasts population in 
the lunar meteorite Dhofar 280

16MS3-MN-PS-01

Pradiphat MUANGHA 
et al

 Conceptual Design and 
Performance Simulation of 
a Dual-Particle Albedo Detector 
for Chang'e-8 Mission in 
the Lunar South Polar Region

16MS3-MN-PS-02

Ricardo Tomás 
FERREYRA and  
Michael SHPEKIN

The underground propagation 
of new conical shock waves 
generated by the falling 
impactors on planets

16MS3-MN-PS-03

Michael SHPEKIN 
and Ricardo Tomás 
FERREYRA

The problem of propagation 
and some properties of shock 
waves generated by the falling 
impactors on the Solar System 
planets

16MS3-MN-PS-04
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Michael SHPEKIN and 
A.D. GABDULKHAKOV 

Aposteriory analysis of the 
orbital motion of the Apollo 17 
spacecraft in near-lunar space

16MS3-MN-PS-05

Bintang ALAM SEMESTA 
WISRAN

The Technical Feasibility of Dust 
Tracking & Characterization 
Technology for Lunar Base 
Settlement

16MS3-MN-PS-06

Ekaterina FEOKTISTOVA 
and M.P. SHCHERBINA

Mons Muton on the Moon 16MS3-MN-PS-07

Ekaterina GRISHAKINA Analysis of lunar craters larger 
than 10 km formed in the 
Moon's first billion years

16MS3-MN-PS-08

Egor SOROKIN  
et al

Chemical composition of 
metallic iron spherules in 
the lunar soil of Chang'e-5

16MS3-MN-PS-09

Andrey MITUSOV and 
Vladislav  KHRISANOV

Breaking the Shadows: New 
Targets on Shackleton Crater 
Floor, lunar South Pole

16MS3-MN-PS-10

Sergei IPATOV Exchange of ejected material 
between the Moon and 
the terrestrial planets

16MS3-MN-PS-11

Vasily MARCHUK and  
O. YUSHKOVA 

Preliminary algorithm for data 
processing of the radar complex 
RLK-L

16MS3-MN-PS-12

Alexander KOSOV  
et al

Ground Station for Radio 
Science Experiment with  
Ka-band Receiver (PKD) onboard 
of Luna-26 orbiter

16MS3-MN-PS-13

Mikhail MALENKOV  
et al

Unloading, transporting and 
assembling lunar station 
modules on the lunar surface: 
design development of 
the mobile robotics concept

16MS3-MN-PS-14

Marina KUZMICHEVA Magnetic field anomalies of 
Bosumtwi and Zhamanshin 
craters on the Earth: analysis 
based on numerical simulations

16MS3-MN-PS-15

Alexey IVANYUKHIN and 
V. IVASHKIN

Fast Free-Return Trajectories in 
the Earth-Moon System

16MS3-MN-PS-16
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WEDNESDAY, 22 OCTOBER 2025

08.00–14.00 EXCURSION TO NPO LAVOCHKIN MUSEUM

14.00–18.15 VENUS SESSION
Conveners:  Ludmila ZASOVA, Dmitry GORINOV
conference hall, second floor

14.00–14.20 Lev ZELENYI  
et al

The Venera-D mission for 
a comprehensive study of Venus

16MS3-VN-01

14.20–14.40 Mikhail IVANOV and 
James HEAD

The history of the long-
wavelength topography 
on Venus

16MS3-VN-02

14.40–15.00 Justin FILIBERTO  
et al

Assessing the evidence for active 
volcanism on Venus: current 
limitations and prospects for 
future investigations

16MS3-VN-03

15.00–15.20 Sriram BHIRAVARASU 
et al

Venus surface studies using VSAR 
onboard ISRO’s Venus Orbiter 
mission

16MS3-VN-04

15.20–15.40 Danil MALYSHEV  
et al

Clustering of Volcanoes and 
Coronae on Venus Based on 
Neural Network Processing

16MS3-VN-05

15.40–16.00 Ivan BORONIN and 
Tamara GUDKOVA

Modeling the Internal Structure 
of Venus Using the Monte Carlo 
Method

16MS3-VN-06

16.00–16.20 COFFEE-BREAK

16.20–16.40 Daria EVDOKIMOVA 
et al

Venus lower atmosphere and 
surface from SPIСAV-IR/VEx 
observations in NIR transparency 
windows at 0.8–1.3 µm

16MS3-VN-07

16.40–17.00 Denis BELYAEV  
et al

VIRAL experiment for ISRO’s 
Venus Orbiter Mission: scientific 
concept

16MS3-VN-08

17.00–17.20 Joshita SHARMA Long Duration Payload Bay for 
Venus Exploration

16MS3-VN-09

17.20–17.40 Nikolay TKACHEV  
et al

Simulation Modeling Application 
for the Design Analysis of 
the Operation of a Venus 
Exploration Aerobot

16MS3-VN-10

17.40–18.00 Vladislav ZUBKO 
et al

The Venus-asteroid resonance 
transfers for expanding 
the planetary exploration 
framework

16MS3-VN-11

18.00-18.15 POSTER SESSION, SESSION VENUS

5 posters * 3 min

Elizaveta STEPANOVA 
et al

Thermal structure of the upper 
atmosphere of Venus from 
occultation experiments

16MS3-VN-PS-01

3



14

Evgeniya GUSEVA and 
Mikhail IVANOV

Volcanic features of 
concentration regions of large 
volcanoes and coronae, Venus

16MS3-VN-PS-02

Arina SHIMOLINA  
et al

1:500,000 scale mapping 
and analysis of radiating, 
circumferential and linear dyke 
swarm patterns of Beta Regio, 
Venus

16MS3-VN-PS-03

Tamara GUDKOVA and 
A.V. BATOV

Non-hydrostatic stresses  
beneath Atla Regio and Beta 
Regio on Venus

16MS3-VN-PS-04

Vladimir OGIBALOV 
et al

The effect of the contour 
shape of spectral lines on the 
emission in the 4.3 μm band of 
CO2 molecules outgoing from 
the planetary atmosphere in 
the presence of macroscopic 
wind velocity gradient

16MS3-VN-PS-05
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THURSDAY, 23 OCTOBER 2025

10.00–19.00 SMALL BODIES SESSION 
including cosmic dust
Conveners: Alexander BASILEVSKY, Alexander ZAKHAROV
conference hall, second floor

10.00–10.15 Sergey KRASILNIKOV 
et al

Water Ice Exposure on 
the Surface of Comet  
67P/Churyumov-Gerasimenko

16MS3-SB-01

10.15–10.30 Gleb KUCHEROV  
et al

Possibility of liquid water 
formation in icy bodies 
due to the process of rapid 
recombination of accumulated 
radicals

16MS3-SB-02

10.30–10.45 Anatoliy PAVLOV  
et al

Outbursts of icy bodies in Kuiper 
Belt and beyond, as possible new 
source of dust to explain New 
Horizons observations

16MS3-SB-03

10.45–11.00 Vacheslav 
EMEL’YANENKO

Distant trans-Neptunian objects 
produced by perturbations of 
migrating outer planets and 
massive planetesimals

16MS3-SB-04

11.00–11.15 Alina MERKULOVA  
et al

Cometary outbursts in the Early 
Solar System

16MS3-SB-05

11.15–11.30 Sergey POPEL  
et al

Dusty plasma formation near 
67P/Churyumov-Gerasimenko 
comet: importance of albedo

16MS3-SB-06

11.30–12.00 COFFEE-BREAK

12.00–12.15 Maria KIRSANOVA and  
Ya.N. PAVLYUCHENKOV

Pre-perihelion observations 
and interpretation of CH3OH, 
CO and HCN line emission in 
the Oort cloud comet C/2017 K2 
(PANSTARRS)

16MS3-SB-07

12.15–12.30 Alexey DROZDOV and  
N.V. EMELYANOV

Calculation of the Pluto surface 
composition map based on 
the LEISA infrared spectrum of 
the New Horizons spacecraft

16MS3-SB-08

12.30–12.45 Nikolai KISELEV  
et al

Comparison of polarization 
phase dependence of 
NEA 2100 Ra-Shalom with 
the dependencies for others  
low-albedo NEAs

16MS3-SB-09

12.45–13.00 Nuraddin ADIGOZALOV 
and Vladislav SIDORENKO

Asteroids of the Hungaria 
family and the Earth’s co-orbital 
population

16MS3-SB-10

13.00–14.00 LUNCH

14.00–14.15 Maxim PUPKOV  
et al

Designing halo orbits passing 
through the trajectories of near-
Earth asteroids

16MS3-SB-11

4
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14.15–14.30 Alexander SUKHANOV On the Possibility of Flybys of 
a Large Number of Main Belt 
Asteroids

16MS3-SB-12

14.30–14.45 Tatyana GALUSHINA  
et al

About the influence of non-
gravitation perturbations 
on the motion of asteroids 
approaching Jupiter

16MS3-SB-13

14.45–15.00 Olga CHERNENKO  
et al

Selection of near-Earth asteroids 
and initial trajectory design for 
transfer to Earth-resonant orbit

16MS3-SB-14

15.00–15.15 Eduard KUZNETSOV  
et al

Scenarios for the formation of 
the young Emilkovalski asteroid 
family

16MS3-SB-15

15.15–15.30 Maksim KHOVRICHEV 
et al

izMeteors: meteor event 
detection network and database

16MS3-SB-16

15.30–15.45 Stanislav KUZNETSOV 
and Vladimir BUSAREV

Modeling the dynamics of dust 
particles in the gravitational and 
electrostatic fields of a primitive 
asteroid taking into account the 
sublimation of water ice

16MS3-SB-17

15.45–16.00 Anna KARTASHOVA and 
G. KOKHIROVA

Meteor observations from Russia 
and Tajikistan stations

16MS3-SB-18

16.00–16.20 COFFEE-BREAK

16.20–16.35 Yuriy CHETVERIKOV  
et al

Cosmic dust collection near 
Vostok station in Central 
Antarctica: Research problems 
and prospects

16MS3-SB-19

16.35–16.50 Nikolay BORISOV Peculiarities of dynamics of 
charged dust grains ejected 
from the surfaces of Phobos 
and Deimos

16MS3-SB-20

16.50–17.05 Evgeniya PETROVA and  
V.I. GROKHOVSKY

Meteorite fusion crust as a result 
of the impact of ablation 
processes on the meteoroid 
substance

16MS3-SB-21

17.05–17.20 Mohamad ABDELAAL 
et al

Investigation of Electromagnetic 
Processes in Planetary 
Atmospheres

16MS3-SB-22

17.20–17.35 Yulia SOROKOLETOVА 
et al

Operation of a spacecraft with 
a parabolic solar sail for space 
debris removal

16MS3-SB-23

17.35–17.50 Steven WIJAYA  
et al

Application of Artificial Neural 
Network to Identify Orbital 
Resonances in the Motion of 
Artificial Earth Satellites

16MS3-SB-24

17.50–18.05 Sergei IPATOV Migration of bodies ejected from 
Mercury and Venus

16MS3-SB-25
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18.05–18.20 Maxim NYRTSOV  
et al

Coordinate system 
transformations in 
extraterrestrial cartography

16MS3-SB-26

18.20-19.00 POSTER SESSION,  
SESSION SMALL BODIES (INCLUDING COSMIC DUST)

11 posters * 3 min

Anna KUZOVCHIKOVA 
et al

Pyrrhotite and ilmenite 
as supplements for lunar 
regolith simulants improving 
the conditions of microwave 
breakdown and the formation 
of plasma-dust clouds

16MS3-SB-PS-01

Yangyang TIAN  
et al

Algorithm for image 
segmentation of particle 
tracks in the dusty plasma near 
the surface of atmosphereless 
bodies

16MS3-SB-PS-02

Vladimir EFREMOV  
et al

Estimating of the meteor 
parameters

16MS3-SB-PS-03

Tatiana MOROZOVA and 
Sergey POPEL

Lower-hybrid drift waves in 
plasma of meteoroid tails in 
the Earth’s ionosphere

16MS3-SB-PS-04

Yuri MEDVEDEV and  
S.R. PAVLOV

Systematic Biases in Positional 
Observations of Interstellar 
Comet 3I/ATLAS

16MS3-SB-PS-05

Andrey DUBINSKY  
et al

On Anomalous Dissipation in 
Dusty Plasmas in the Vicinity 
of Comet Nuclei and Active 
Asteroids

16MS3-SB-PS-06

Sergey KOPNIN  
et al

Dust particles above the surface 
of Enceladus

16MS3-SB-PS-07

Yulia IZVEKOVA  
et al

Solitons and periodic nonlinear 
dust acoustic waves near 
the satellites of Mars

16MS3-SB-PS-08

Yulia IZVEKOVA  
et al

Nonlinear dust acoustic waves in 
Saturn’s magnetosphere

16MS3-SB-PS-09

Nikolay PEROV and  
O.A. KIRSHINA

Search for ordered trajectories 
of dust particles in the Sun and 
Mars system

16MS3-SB-PS-10

Maria SERGIENKO  
et al

Dynamic evolution of Near-Earth 
asteroids associated with the 
σ-Capricornids meteoroid stream

16MS3-SB-PS-11

19.00–21.00 RECEPTION 
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FRIDAY, 24 OCTOBER 2025

10.00–15.25 EXTRASOLAR PLANETS
SESSION
Convener:  Alexander TAVROV
conference hall, second floor

10.00–10.15 Marina RUMENSKIKH 
et al

Interpretation of absorption 
of hot exoplanets  during 
the transit of helium tails

16MS3-EP-01

10.15–10.25 Marina RUMENSKIKH 
et al

Experiment on the modeling 
transit absorptions of  hot 
exoplanets

16MS3-EP-02

10.25–10.40 Ildar SHAIKHISLAMOV 
et al

Complex place numerical 
modeling of hot exoplanet 
atmospheres and interpretation 
of multi-line transit observations

16MS3-EP-03

10.40–10.50 Anton KROTOV and 
Elena BELENKAYA

Comparison of 
the magnetosphere of Osiris in 
the paraboloid and MHD models

16MS3-EP-04

10.50–11.05 Grigory TSURIKOV  
et al

Search for habitable worlds: 
potentially observable 
biomarkers to probe in 
the atmospheres of exoplanets

16MS3-EP-05

11.05–11.20 Grigory TSURIKOV  
et al

Planetary magnetic field as 
a property of weakening 
the precipitating electrons flux 
into the Earth's atmosphere

16MS3-EP-06

11.20–11.30 Alexander TAVROV  
et al

Techniques for exoplanet direct 
imaging, updated analysis and 
the proposal for a high contrast 
imaging instrument onboard 
the WSO-UV 1.7 meter telescope

16MS3-EP-07

11.30–11.40 Oleg YAKOVLEV  
et al

Multicolor Photometric 
Validation of the Exoplanet 
Candidate around SOI-3

16MS3-EP-08

11.40–12.00 COFFEE-BREAK

12.00–12.10 Anastasiia IVANOVA 
et al

Validation of exoplanet 
candidates using spectroscopic 
observations from BTA-6

16MS3-EP-09

12.10–12.20 Vladislava ANANYEVA  
and  Alexander TAVROV

Mass distribution of giant planets 
in transit discovered by the TESS 
mission

16MS3-EP-10

12.20–12.30 Lomara MAKSIMOVA  
et al

Approach of the Orion Sword 
Complex (NGC 1977) to Stars 
with Planetary Systems  
(TOI-2796)

16MS3-EP-11

12.30–12.45 Grigory MOROZOV and 
Elena BELENKAYA

Characteristics of exoplanets 
depending on the spectral class 
of the parent star

16MS3-EP-12

5
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12.45–13.00 Elza BUSLAEVA and 
Elena BELENKAYA

The Influence of Stellar 
Metallicity on Planet Formation

16MS3-EP-13

13.00–14.00 LUNCH

14.00–14.15 Piero D'INCECCO  
et al

Venus and Earth as laboratories 
for understanding terrestrial 
exoplanets: surface spectral 
signatures, planetary synergies, 
and the AVENGERS initiative

16MS3-EP-14

14.15–14.30 Olga OLEYNIK and  
V.V. EMEL’YANENKO

Migration of Earth-like planets 
in planetesimal disks causing 
the formation of debris disks

16MS3-EP-15

14.30–14.45 Gleb MALYGIN  
et al

Ultra-cool brown dwarfs with 
and without circum-substellar 
plasma disks:  possible 
consequences

16MS3-EP-16

14.45–15.00 Eduard KUZNETSOV and 
Alexander PERMINOV

Stability and dynamics of the 
compact planetary system 
Kepler-51

16MS3-EP-17

15.00–15.15 Roman EVDOKIMOV and 
Valery SHEMATOVICH

The Influence of Water Content 
in the Cores of Mini-Neptunes on 
the Rate of Primary Atmosphere’s 
Core-Powered Mass-Loss

16MS3-EP-18

15.15–15.25 POSTER SESSION, SESSION EXTRASOLAR PLANETS

2 posters * 5 min

Evdokiia SAVINTSEVA 
et al

Numerical modeling of the hot 
Saturn  atmosphere Hat-P-18b

16MS3-EP-PS-01

Valery KOTOV Motion of superfast exoplanets 
and Solar system

16MS3-EP-PS-02

15.25-15.55 GIANT PLANETS SESSION
Convener: Valery SHEMATOVICH
conference hall, second floor

15.25–15.45 Alexander PERMINOV 
and Eduard KUZNETSOV

The semi-analytical motion 
theory of major planets of 
the Solar system

16MS3-GP-01

15.45–15.55 POSTER SESSION, SESSION GIANT PLANETS

2 posters * 5 min

Sergey SALAMAKHIN 
and A.M. KARIMOV

Features of methane and 
ammonia absorption along the 
central meridian of Jupiter and in 
the Great Red Spot in 2023

16MS3-GP-PS-01

Anastasiia IVANOVA 
et al

Spatial variations of Jovian 
tropospheric ammonia obtained 
from SAO RAS observations

16MS3-GP-PS-02

16.00–16.20 COFFEE-BREAK

6
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16.20–20.00 ASTROBIOLOGY SESSION
Convener: Oleg KOTSYURBENKO
conference hall, second floor

16.20–16.40 Vladimir 
KOMPANICHENKO

Stimulation of the origin-of-
life process by high-frequency 
oscillations in hydrothermal 
medium:suggested experiments

16MS3-AB-01

16.40–17.00 Sohan JHEETA From Prebiotic Earth to Astroscience 
Empowerment: The NoRCEL 
Institute’s Educational Journey Across 
the Global South

16MS3-AB-02

17.00–17.20 Oleg KOTSYURBENKO Astroecology as a new scientific 
direction within astrobiology

16MS3-AB-03

17.20–17.40 Anton VASYUNIN  
et al

Theoretical and experimental 
studies of interstellar ices

16MS3-AB-04

17.40–18.00 Varvara KARTEYEVA 
et al

Nitrous oxide in interstellar ice 16MS3-AB-05

18.00–18.20 Ruslan NAKIBOV  
et al

Methane environment in 
interstellar ice

16MS3-AB-06

18.20–18.40 Roman EVDOKIMOV 
and Valery 
SHEMATOVICH

On the formation and stability 
of residual hydrogen-helium 
atmospheres of mini-Neptunes 
depending on possible 
atmospheric loss processes 

16MS3-AB-07

18.40–19.00 Ivan KOZLOV  
et al

Effect of two-year exposure in 
Low Earth Orbit conditions on 
the prokaryotic community of grey 
forest soil

16MS3-AB-08

19.00–19.20 Maxim ZAITSEV  
et al

Abiotic synthesis of organic 
compounds in plasma-dust clouds 
initiated by microwave discharge 
in the mineral simulant of lunar 
regolith

16MS3-AB-09

19.20–19.40 Tatiana MOROZOVA Alternative life forms under 
extreme conditions

16MS3-AB-10

19.40–20.00 POSTER SESSION, SESSION ASTROBIOLOGY

4 posters * 5 min

Vladimir CHEPTSOV
 et al

Effect of perchlorate on bacteria 
radioresistance under simulated 
Martian conditions

16MS3-AB-PS-01

Valeria BADYA  
et al

Remote sensing of Earth’s 
ecosystems

16MS3-AB-PS-02

Polina BESOGONOVA 
et al

Closed artificial ecosystems in 
space exploration

16MS3-AB-PS-03

Alexander 
TERTYSHNIKOV

Maxima of strong meteor showers 
in blood markers

16MS3-AB-PS-04

7
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NONLINEAR DUST ACOUSTIC WAVES 
IN SATURN’S MAGNETOSPHERE

Yu. N. Izvekova 1, S. I. Kopnin 1, D. V. Shokhrin 1, 2, S. I. Popel 1, 2
1	 Space Research Institute RAS, Moscow, Russia, izvekova@cosmos.ru
2	 Naitonal Research University Higher School of Economics, Moscow, Russia

KEYWORDS:
dusty plasma, nonlinear dust acoustic waves, kappa distribution, magneto-
sphere of Saturn
INTRODUCTION:
A characteristic feature of the magnetosphere of Saturn is the presence of 
two types of electrons, hot and cold ones, which obey kappa distributions. 
Electrons, magnetospheric ions, and dust particles, which have been dis-
covered within the Cassini mission, form a dusty plasma system in the mag-
netosphere of Saturn. Nonlinear periodic dust acoustic waves of arbitrary 
amplitude, which can propagate in the dusty magnetosphere of Saturn, are 
considered. The obtained results are important for the interpretation of fu-
ture space observations.
NONLINEAR DUST ACOUSTIC WAVES:
Dust and dusty plasma are important objects of study near the surface of 
the Moon, Mercury, the satellites of Mars and other atmosphereless celes-
tial bodies, in the  atmospheres and magnetospheres of planets], plane-
tary rings, in the tails of comets, and interplanetary space. The plasma of 
the  magnetosphere of Saturn was first studied as part of the Voyager  1 
and Voyager 2 missions in the 1980s. Evidence of the existence of waves 
in the  plasma of the  atmosphere of Saturn was then obtained. During 
the Cassini mission, dusty plasma was discovered in the Saturn system in 
the vicinity of its moon Enceladus. The possible origin of the dusty plasma 
was also indicated in the studies within this mission: the Cassini spacecraft 
discovered fountains of dust particles and small water ice particles (which 
can also be interpreted as dust particles) many hundreds of kilometers 
high, gushing out of four cracks in the area of Enceladus’s south pole. It was 
also discovered that two types of electrons, hot and cold ones, are simul-
taneously present in the magnetosphere of Saturn, and the electron distri-
butions are described by kappa distributions]. Nonlinear waves, primarily 
dust acoustic waves, can exist in the dusty plasma with parameters corre-
sponding to the conditions in the magnetosphere of Saturn. We consider 
nonlinear periodic dust acoustic waves taking into account the presence of 
two types of electrons.

Figure 1. Examples of nonlinear periodic dust acoustic waves in the magnetosphere 
of Saturn. Plasma potentials versus coordinate in dimensionless units are shown
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We write the  basic equations for nonlinear periodic dust acoustic waves 
in the magnetosphere of Saturn. We consider one-dimensional disturbanc-
es described by a system of equations, consisting of the Poisson equation 
for the potential and equations defining the number densities of plasma 
components. We solve the  resulting system using the  Sagdeev potential 
method. The examples of solutions in a form of nonlinear periodic waves 
are shown in the Figure 1.
CONCLUSIONS:
This work shows the  possibility of the  propagation of nonlinear periodic 
dust acoustic waves in the dusty plasma of the magnetosphere of Saturn, 
which includes hot and cold electrons, magnetospheric ions, and charged 
dust particles. The amplitudes of nonlinear dust acoustic waves reach fairly 
large values and are in the  region of negative potentials. In order to en-
sure the possibility of observing nonlinear periodic dust acoustic waves in 
the  magnetosphere of Saturn in future space missions, it is necessary to 
equip thespacecraft with devices that allow high-precision measurements 
of electric fields.
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SEARCH FOR ORDERED TRAJECTORIES 
OF DUST PARTICLES IN THE SYSTEM  
THE SUN AND MARS

N. I. Perov 1, 2, O. A. Kirshina 1
1	 Cultural and Educational Center named after Valentina V. Tereshkova 

perov@yarplaneta.ru
2	 Yaroslavl State Pedagogical University named after K. D. Ushinsky

KEYWORDS:
Sun, Mars, dust matter, the  restricted circle plane three body problem, 
the choreographic trajectories, researching and reclaiming of the Solar sys-
tem planets using single-pulse spacecraft flights
INTRODUCTION:
Let’s find choreographic trajectories r3(x3, y3) of small bodies and estimates 
periods of them motion in respect of the baricentric system of coordinates, 
that uniformly rotates with angular velocity Ω (Sun (m1) and Mars (m2) are 
major bodies). Motion of a particle with negligible mass (m3) is investigat-
ed in the frame of the restricted plane circle three body problem [1]. r12 is 
the  distance between the  major bodies, G is the  gravitational constant. 
Method Runge – Kutta of numerical simulation is used [1–8].
BASED EQUATIONS:
According to work [1], the differential equation of a particle m3 motion is 
presented in the form (1):

	
( )

( ) [ ]Ω Ω

+ - - +

+ - - - - =

32 2
3 1 3 1 3 1

3 2
2 3 2 3 2 3 3

( )

( ) 2 , 0.

d dt Gm

Gm d dt

r r r r r

r r r r r r
� (1)

Here, r3 is the radius-vector determined the position of the point m3 in re-
spect of the barycenter; r1 и r2 are the radii-vectors of the major bodies with 
mass m1 and m2;

	 ( )=- +1 2 1 2 12( ) ,m m mr r  ( )= +2 1 1 2 12( ) ;m m mr r � (2)

Ω= + 3
1 2 12( ) .G m m r

For solving of the  equations  (1) the  following units of measurements 
are used. r12 is the unit of length; m1 is the unit of mass; the unit of time 
was chosen so that G = 1. The  initial conditions are following: x1 ≠ 0, 
dx1/dt = 0, y1 = 0, dy1/dt = 0, x2 ≠ 0, dx2/dt = 0, y2 = 0, dy2/dt = 0, x30 ≠ 0, 
–3.5 < (dx3/dt)0 < +3.5 (unit of length)/(unit of time), –3.5 < (dy3/dt)0 < +3.5 
(unit of length)/(unit of time), –1 < y30 < +1 (unit of length). The results of 
numerical simulations devoted researching of m3 motion in intervals of 
time corresponded dozens and hundreds revolutions of major bodies are 
presented in figures (Figures 1–8).
EXAMPLES:

 
Figure 1. “Rendezvous” m3 with Mars 
and the revolution around the Sun

Figure 2. Motion m3 in the  region of 
Mars and the Earth
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Figure 3. The movement of m3 along 
Mars orbit

Figure 4. The movement of m3 inside 
orbit of Mars

 
Figure 5. The  movement m3 from 
Mars to the to the asteroid belt

Figure 6. The  movement m3 from 
Mars asteroid belt and back

 
Figure 7. The  movement m3 from 
Mars to Uranus and back

Figure 8. The  movement m3 from 
Mars to Neptune and back

PERIOD OF M3 MOTION ALONG HORSESHOE SHAPED TRAJECTORY 
DEPENDED FROM THE RATIO M1/M2:
In Table 1 period T of m3 movement along horseshoe-shaped trajectory (Fig-
ure 1) in restricted circle plane three body problems depended on the ratio 
of m1/m2 and the number of revolutions n of major body is presented.
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Table 1. Period T of movement of m3 along horseshoe-shaped trajectory (Figure 1) 
in the restricted circle plane three body problem depended on the ratio of m1/m2 
and the number of revolutions n of major bodies (n = T/(2π)).

m1/m2 lg(m1/m2) T, units of time n = T/(2π), number 
of m2 revolutions

lg(n)

800 2.90309 281.1265 44.242672 1.650722
900 2.954242 281.3416 44.776906 1.651054

103 3 293.8707 46.770974 1.669976

4∙103 3.60206 725.5877 115.480869 2.062510

4∙105 5.60206 10033.39175 1596.863893 3.2032268

4∙107 7.60206 110250 17546.83247 4.244199

4∙109 9.60206 9.33963404∙105 1.489632∙105 5.173079

To estimate the value of n (m1/m2), the models (3) and (4) are proposed.

	 ( ) ( )é ù= + + ë û
2

0 1 1 2 2 1 2lg( ) lg lg ,n a a m m a m m � (3)

	 ( ) ( )+= 1 2 1 20 lg
1 210 .a a m man m m � (4)

where
a0 = –0.2902078693, a1 = 0.700754946, a2 = –0.0137246231.
(The least squares method was used. 102 < m1/m2 < 1011).
CONCLUSIONS:
Choreographic trajectories in the considered model are stated. They may be 
useful for spacecraft launches. The movement of m3 along horseshoe-shaped 
trajectory is stable if the  ratio of m1/m2 > 1000. Horseshoes-shaped tra-
jectories are reserved for zero initial conditions for m1/m2 = 10000 if 
–1.006793 < x30 < –0.9936. (For m1/m2 = 1000 horseshoe-shaped trajecto-
ries are reserved for zero initial conditions if –1.0095 < x30 < –0.987.)
REFERENCES:
[1]	 Marchal C. The three-body problem. Elsevier Sciences, 1990. 572 p.
[2]	 Murray C. D., Dermott S. F. Solar system dynamics. Cambridge University Press, 

1999. 592 p.
[3]	 Krivov A. V., Sokolov L. L., Kholshevnikov K. V., Shor V. A. The existence of a swarm 

of particles in the  vicinity of the  PHOBOS orbit //  Astronomicheskii vestnik. 
1991. V. 25. P. 317–326 (in Russian).

[4]	 Stuber  T. A., Kirchschlager  F., Pearce  T. D. et  al. How much large dust could be 
present in hot exozodiacal dust systems? // Astronomy and Astrophysics. 2023. 
V. 678. Article A121. 18 p. https://doi.org/10.1051/0004-6361/202346109.

[5]	 Ipatov  S. I. Migration of planetesimals from beyond Mars’ orbit to the  Earth 
// Europlanet Science Congress. 2020. V. 14. Artucle EPSC2020-71. https://doi.
org/10.5194/epsc2020-71.

[6]	 Marov  M. Ya., Ipatov  S. I. Migration of planetesimals from the  feeding zone of 
the  giant planets to the  terrestrial planets and the  Moon //  INASAN Science 
Reports. 2020. V. 5(3). P. 94–96. DOI: 10.26087/INASAN.2020.5.3.003.

[7]	 Perov N. I. Horseshoe Trajectories of Small Bodies in the Systems of “A Star and 
a Planet” // Astronomy-2018 (13th Congress of the Intern. Public Organization 
“Astronomical Society”). Ser. Modern Star Astronomy: Abstr. Moscow: IZMIRAN, 
2018. P. 259–262.

[8]	 Calleja  R., Garcıa-Azpeitia  C., Lessard  J.-P., Mireles James  J. D. Torus knot cho-
reographies in the  n-body problem. //  Nonlinearity. 2021. V. 34. No. 1. DOI: 
10.1088/1361-6544/abcb08.
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DYNAMIC EVOLUTION OF NEAR-
EARTH ASTEROIDS ASSOCIATED 
WITH THE σ-CAPRICORNIDS  
METEOROID STREAM

M. V. Sergienko, Y. A. Nefedyev, A. O. Andreev
Kazan Federal University, Kazan, Russia, maria_sergienko@mail.ru

KEYWORDS:
meteoroids, meteoroid streams, asteroids, small bodies of the Solar system, 
the orbits evolution, orbital resonances
INTRODUCTION:
The issue of establishing genetic relationships among small Solar System 
bodies is of considerable significance both for advancing evolutionary the-
ories and for refining our understanding of the distribution of meteoroid 
material in near-Earth space. For the  majority of meteoroid associations, 
genetic connections with small bodies have yet to be conclusively deter-
mined. In this study, we investigate the σ-Capricornids meteoroid shower, 
its probable association with near-Earth asteroids identified via the synthet-
ic approach [1, 2], and conduct an analysis of the long-term dynamical evo-
lution of the orbits of those asteroids associated with the σ-Capricornids 
shower. The σ-Capricornids is categorized as a minor meteor shower with 
a low zenithal hourly rate. According to the IAU Meteor Data Center, it is list-
ed under identification number 179 and is associated with the Apollo-type 
asteroid 2003 MT9 (https://www.ta3.sk/IAUC22DB/MDC2022/). However, 
reference [4] suggests an additional relationship with three other Apollo 
group asteroids: 2008 BO16, 2011 EC41, and 2013 CT36. Our objective was 
to verify the  association between the  σ-Capricornids meteoroid shower 
and near-Earth asteroids employing our proprietary synthetic method, and 
to perform long-term orbital evolution studies for the asteroids identified 
as genetically connected to the σ-Capricornids.
METHODS:
The proprietary synthetic method, described in detail in [2], is employed 
to identify associations between the  meteoroid stream and near-Earth 
asteroids.
RESULTS:
Using the  proprietary synthetic method, associations have been estab-
lished between the meteoroid shower and the following Apollo-group as-
teroids: 2003 MT9, 2008 BO16, 2011 EC41, 2013 CT36, 2008 EM9, 2003 OV, 
2005 ET70, 2011 FZ22, and 2013 NE19. According to their Tisserand param-
eters with respect to Jupiter, some of these asteroids move in comet-like 
orbits, while others follow transitional-type orbits, which does not preclude 
the possibility that the identified asteroids may be extinct cometary nuclei 
or their remnants. The conducted analysis of the orbital evolution of these 
asteroids demonstrates significant perturbations due to planetary influ-
ences, particularly from Jupiter. The study also discusses the alteration of 
asteroid orbits as a result of orbital resonances with planets.
REFERENCES:
[1]	 Sergienko M. V., Nefedyev Y. A., Andreev A. O. Connection of the sigma-Capricor-

nids meteor shower with Near-Earth asteroids // Meteoritics and Planetary Sci-
ence. 2024. V. 59. Article A380.

[2]	 Sergienko M. V., Andreev A. O., Nefedyev Y. A. Тhe modernized synthetic method 
for searching connections between Near-Earth objects // Meteoritics and Plan-
etary Science. 2024. V. 59. Article A381.

[3]	 Kokhirova  G. I., Babadzhanov  P. B. Current Knowledge of Objects Approaching 
the Earth // Solar System Research. 2023. V. 57. Iss. 5. P. 467–485. DOI: 10.1134/
S0038094623050039.
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INTERPRETATION OF ABSORPTION OF HOT 
EXOPLANETS DURING THE TRANSIT 
OF HELIUM TAILS

M. S. Rumenskikh, E. D. Savintseva, I. B. Miroshnichenko, 
I. F. Shaikhislamov
Institute of Laser Physics SB RAS, Novosibirsk, Russia 
marina_rumenskikh@mail.ru

KEYWORDS:
transit spectroscopy, atmospheres, hot exoplanets, MHD modelling
INTRODUCTION:
The atmosphere of hot Jupiters is heated by intense radiation from the par-
ent star and undergoes an outflow beyond the boundaries of the Roche 
lobe. Around some exoplanets, extended tails during the outflow of plan-
etary matter can be formed, which have observational evidences. Model-
ing showed that the magnetic field can significantly affect the structure of 
the atmosphere, and at some values reduce the outflow of planetary mat-
ter and the formation of tails. The study was supported by the Russian Sci-
ence Foundation grant No. 25-72-10080.
METHODS AND RESULTS:
Transit spectroscopy of hot exoplanets is used to obtain the main charac-
teristics of exoplanetary atmospheres and plasmaspheres, such as com-
position, temperature, density, and to study the effects that occur during 
the collision of plasma flows of stellar and planetary winds. It is known that 
the atmosphere of many hot planets consists mainly of hydrogen. However, 
the most popular in transit spectroscopy Ly-α line undergoes absorption 
by the interstellar medium and is also distorted due to the effect of geocor-
onal emission. The line of metastable helium λ = 10830 A is not subject to 
significant distortions, and therefore can be used to obtain higher-quality 
data on exoplanetary systems. We use a numerical 3D MHD model to sim-
ulate the transit absorptions of the planets Wasp-107 b and Wasp-69 b in 
the 10830 A metastable helium line to determine the influence of planetary 
system parameters and magnetic field on observational manifestations.
CONCLUSION:
Modeling has shown that the  magnetic field can significantly influence 
the structure of the atmosphere, and at certain values reduce the outflow 
of planetary matter and the formation of tails.
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INTRODUCTION:
Exoplanet research is rapidly developing. To date, about 6,000  exoplan-
ets have been discovered, and their number is constantly increasing. New 
space telescopes are launched, ground-based instruments are improved, 
and the volume of observational data continues to grow. However, an ex-
panded knowledge base is needed to interpret the  data in order to find 
space weather parameters and chemical composition. One such task is to 
measure the  course of physicochemical reactions that are important for 
helium-containing plasma environments. Observations have shown that 
many hot exoplanets contain helium in their atmospheres, and therefore, 
for a high-quality interpretation of observational data, it is necessary to ac-
curately know the constants describing the processes in helium-containing 
environments.
METHODS AND RESULTS:
Laboratory modeling of plasma processes has significantly expanded 
the understanding of a number of fundamental phenomena in near and 
deep space (waves in the  ionosphere and magnetosphere, interaction of 
the Earth’s magnetosphere with the solar wind, magnetic field reconnec-
tion, particle acceleration, collisionless shock waves, astrophysical jets). It’s 
possible to reproduce plasma parameters comparable to those observed in 
real space objects, and to study the dynamics of interactions in controlled 
and repeatable conditions.
Laboratory modeling of exoplanets is a completely new direction, and 
there are only a few very limited examples of its implementation. One 
of the  aspects of planetary atmospheres that is difficult to reproduce in 
the laboratory is the optical path length. Most of the observed deep space 
objects, including exoplanet atmospheres, are extended, with characteris-
tic distances calculated in hundreds and thousands of kilometers. To repro-
duce absorptions in such objects in laboratory setups, taking into account 
the operation at higher gas pressure, an optical path of ~1 km is required, 
for which a multi-pass scheme was used.
CONCLUSION:
The report highlights the specifics of the setup and the first results of a lab-
oratory experiment aimed at measuring the rates of physical and chemical 
reactions in the  upper atmospheres of hot exoplanets, as well as testing 
the application of the theory of atomic alignment to search for magnetic 
fields of hot exoplanets.
ACKNOWLEDGMENTS:
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ABSTRACT:
Hot gas planets rotating in close orbits form a subclass among a very di-
verse population of exoplanets. They have a unique feature of extensive 
outflow of the  upper atmosphere. Multicomponent and partially ionized 
matter, heated by intense ionizing radiation of the parent star, flows through 
the Roche lobe at supersonic speed and collides with the stellar wind plas-
ma. Such dynamics are fundamentally different from the  processes in 
the rarefied exospheres of the planets of the Solar System. Observational 
evidence for such an outflow of the atmosphere was found for a number of 
hot Jupiters and warm Neptunes by measuring their transit absorption in 
the VUV lines of such elements as H, C, O, Mg, Si, Fe. Recently, rich informa-
tion was provided by the analysis of the transit absorption of exoplanets in 
the 1083 nm line in the IR range of the metastable helium triplet. Moreover, 
the first detection of transit absorption by an oxygen atom at a wavelength 
of 777.4 nm in the IR range in Kelt-9b promises new possibilities.
Comparison of spectrally resolved transit measurements of individual ex-
oplanets and 3D modeling of their dynamic environment provides com-
pelling evidence for the  interaction between planetary and stellar winds, 
allowing important inferences about exoplanetary atmospheres and stel-
lar wind plasma parameters. The  outflow of hot exoplanet atmospheres 
is a complex phenomenon influenced by a number of physical processes, 
and quantitative interpretation of observational data requires dedicated 
numerical modeling, and the corresponding models have undergone sig-
nificant development since 2003 [1]. In this talk, we present some results 
from modeling with a 3D aeronomy multifluid MHD model that includes 
radiative transfer and excited-level kinetic modeling. We studied several 
hot Jupiters and warm Neptunes for which transit observations were car-
ried out with different spectral resolutions  — HD209458b, HD189733b, 
Wasp107b, Wasp80b, GJ436b, GJ3470b, TOI421b&c, PiMenC. For two of 
them (GJ436b [2], GJ3470b [3]), modeling showed that the observed strong 
absorption in the  hydrogen Lyα line can be explained only if the  corre-
sponding stellar winds interacting with the outflowing atmosphere have 
parameters comparable to the  solar wind. Modeling of HD189733b [4] 
confirmed that the existing variability of the transit spectra measurements 
can be explained by changing space weather conditions. The  transit ab-
sorptions in the HI, OI, CII and HeI lines measured for HD209458b allowed 
us to estimate the upper limit of the possible magnetic field of this planet 
[5]. We also modeled two binary planetary systems, TOI421 and HD63433, 
for which we predict the possibility of interaction of the outflowing atmo-
spheres through stellar wind disturbances [6].
For the ultra-hot Jupiter Kelt9b, we have shown for the first time, based on 
modeling the kinetics of levels, that the observed absorption in the Hα line 
of hydrogen in the visible range is directly related to a new channel of at-
mospheric heating — photoionization of excited levels. Such studies of var-
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ious stellar-planetary systems create a basis for remote sensing of changing 
conditions of space weather of different stars. Progress in the quality and 
quantity of observations, new instruments, including the planned launch 
of the Spektr-UV telescope, new approaches to sensing exoplanets, includ-
ing new spectral windows, multispectral and multi-instrument observa-
tions require further development of modeling tools capable of complex 
modeling and interpretation of all available observations.
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INTRODUCTION:
The article by Zhilkin and Bisikalo [1] describes the MHD modelling of mag-
netospheres of hot Jupiters located near the Alfvén point of the stellar wind 
of their host stars, where the Alfvén Mach number is equal to 1. In particular, 
the authors model the magnetosphere of the exoplanet HD 209458 b, also 
known by the unofficial name Osiris. Since this exoplanet lies in the bound-
ary region between regimes of stellar wind flow with Alfvén Mach numbers 
greater and less than one, both super-Alfvénic and sub-Alfvénic cases are 
considered correspondingly.
Previously, we conducted a simulation of the magnetosphere of HD 209458 
b using the analytical paraboloid magnetospheric model [2], so it is reason-
able to compare the results obtained with the paraboloid model to those 
presented by Zhilkin and Bisikalo MHD simulations [1].
Despite methodological differences, the results show overall agreement in 
the large-scale structure of the magnetosphere of HD 209458 b. The parab-
oloid model provides a qualitative presentation of the geometry and orien-
tation of magnetospheric magnetic field structure, serving as a convenient 
tool for preliminary analysis, while the MHD approach allows for a deeper 
investigation of physical processes related to plasma flow redistribution 
and the emergence of local instabilities.
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INTRODUCTION: 
The search for potentially habitable exoplanets is a complex observational 
and theoretical problem. There are many signs of potential habitability of 
an exoplanet [1] (for example, the  location of the planet in the habitable 
zone [2,  3] is considered a necessary but not sufficient sign). An import-
ant additional sign of habitability is the  special chemical composition of 
the planet’s atmosphere, which may be a consequence of biological and 
geological activity on it. Atoms and molecules that indicate such an atmo-
sphere or individual biological processes on the planet are considered po-
tential biomarkers. The search for spectral lines of biomarker molecules in 
the atmospheres of exoplanets located in the habitable zone is an effective 
strategy for determining their potential habitability. This task will be includ-
ed in the scientific program of the Spektr-UF space telescope (ST) [4] being 
created in Russia.
One of the most important criteria for biomarker molecules on exoplanets 
is the possibility of their reliable detection in a time not exceeding the time 
of the telescope’s scientific program. This work presents an overview of po-
tentially observable biomarkers in the atmospheres of exoplanets. Particu-
lar attention is paid to the molecules — indicators of N2-O2 dominant atmo-
sphere, which, according to modern concepts, can be formed on a planet of 
the terrestrial type as a result of biological and geological activity [5, 6]. It is 
shown that the nitric oxide molecule is a promising biomarker for search 
using ultraviolet space telescopes, including Spektr-UF. Using the long-slit 
spectrograph (LSS, R = 1000) ST Spektr-UF, detection of nitric oxide is pos-
sible on typical super-Earths and sub-Neptunes in the  habitable zone of 
G- and K-type stars more active than the Sun [7]. The detection limits of this 
molecule are up to 30 pc. We provide a list of potential targets for ST Spek-
tr-UF — exoplanets, the detection of nitric oxide on which will allow us to 
make a conclusion about their potential habitability.
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INTRODUCTION:
The nitric oxide molecule is an indicator of N2-O2 atmosphere of a terrestrial 
planet [1] (which can be formed due to biological activity [2]) and, there-
fore, a potential atmospheric biomarker on exoplanets. Spectral lines of 
nitric oxide can be detected on nearby (<30 pc) exoplanets in the habit-
able zone of active stars using the planned Spektr-UF space telescope [3]. 
It is known from observations of the  Earth’s thermosphere [4] that nitric 
oxide is effectively formed by the precipitation of electrons with energies 
of 1–10 keV. Moreover, nitric oxide concentration depends on the energy 
flux of precipitating electrons [5], Q0. Thus, if we determine the nitric oxide 
content on a planet with different intrinsic magnetic fields, Bpl, it is possible 
to estimate how Bpl affects the weakening of Q0 independently.
To make such an estimate, we compared the nitric oxide content for two 
cases with different Bpl values: a) on Earth (Bpl = BEarth) and b) on a planet 
without its own magnetic field (Bpl = 0). Calculation at an intermediate val-
ue of Bpl is possible only with correct modeling of the  entire complex of 
physical and chemical processes leading to the precipitation of electrons 
of magnetospheric origin [6]. This complex problem can be solved quite 
simply only in the case of a zero magnetic field value, Bpl = 0.
The nitric oxide content for a planet with Bpl = BEarth was taken from satellite 
observations of the Earth’s atmosphere. The numerical model of nitric oxide 
formation [5] tested on Earth was used for a planet with Bpl = 0. To deter-
mine the parameters of precipitating e- for case b), we used the MHD model 
of the  interaction of the stellar wind with the atmosphere of a terrestrial 
planet with Bpl = 0, which was tested on Venus [7].
Based on the calculation results, it was determined that the total number of 
nitric oxide molecules on a planet with Bpl = 0 is nearly 10 times greater than 
on Earth (the conditions of a quiet Sun are considered). The corresponding 
conclusion can also be made for the energy flux Q0, which, due to the pres-
ence of Bpl on the planet, is weakened by an order of magnitude compared 
to a planet without a magnetic field. The resulting estimate shows the role 
of the  Earth’s magnetic field as a protective mechanism against electron 
precipitation.
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ABSTRACT:
In eve of IR Roman 2.4 m space telescope of wait to launch with having 
onboard the  imaging coronagraph instrument (CGI) with active extreme 
adaptive optics and IFS — integral field spectrometer, we revisit what to 
recommend as a high contrast instrument within WSO-UV aiming direct 
observe exoplanets.
Critical analysis was performed for the stellar coronagraph that principally 
uses an apodization in pupil plane with an LC-SLM matrix, that is simulta-
neously used to compensate wavefront aberrations as coming from meters 
sized optics primary and secondary mirrors and apertures of the WSO-UV 
telescope.
For an unaberrated optics, the simulated coronagraphic contrast exceeds 
a 109 in magnitude at a 5 lambda/D stellocentric separation within an im-
age area inside the 90 degree sector.
In the  proposed configuration, the  active wavefront sensing in the  focal 
plane, where the since camera is mounted can use the similar wavefront 
sensing techniques as were developed in Roman space telescope: e. g. pair-
wise-probing, self-coherent camera.
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INTRODUCTION:
Hot Jupiters can be detected using small ground-based telescopes with 
the transit photometry method. If the stellar parameters are known with 
large uncertainties, transits with a depth of 0.01–0.05 mag may be caused 
by a planet, a brown dwarf, or another star. To distinguish between these 
cases, it is usually sufficient to determine the mass of the companion us-
ing the  radial velocity method. If radial velocity data are not available, a 
preliminary validation can be performed using multicolor photometry of 
the system. This work is devoted to the validation of an exoplanet candi-
date around the  star SOI-3, in the  light curve of which dips with period 
P = 45.99 h, duration τ = 2.17 h, and depth Δm = 0.056 mag were detected 
[1]. Additional results for other candidates are also discussed.
METHOD:
Photometric data obtained in broadband filters i-, r-, v-, and b- with the 1-m 
AZT-11 telescope (CrAO RAS) are analyzed, along with additional unfiltered 
(white-light) data from the  50-cm robotic telescope of SAO RAS (the  in-
strument that originally detected this candidate). Using different transit 
models, the transit depth, other parameters, and the radius of the eclipsing 
body are determined in various filters, as well as for odd and even transits 
separately. These values are then compared to identify effects that are char-
acteristic of binary stars [2]. If the eclipse is caused by a planet, the estimat-
ed radius should remain consistent (within the given accuracy) across all 
transits and filters.
RESULTS:
Modeling for different cases yields an estimated radius of the eclipsing body 
in the range of 1.71–2.64 Jupiter radii (in some cases up to 2.8). A depen-
dence of the radius on wavelength and on odd/even transit number was 
also found. Based on these results, we conclude that SOI-3 is a binary star, 
and thus the presence of an exoplanet around this star is not confirmed.
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INTRODUCTION: 
The search for exoplanet candidates and their subsequent validation is one 
of the main areas of exoplanet research. This report is devoted to the devel-
opment of this topic in Russia.
VALIDATION OF EXOPLANET CANDIDATES:
Using the transit method, it is possible to determine the radius of the body 
that causes the darkening of the star. If the size of this body is typical for 
planetary bodies, then it is considered that an exoplanet candidate has 
been discovered. However, the estimated radius of the eclipsing body de-
pends on the estimated radius of the host star. Therefore, to verify whether 
the eclipse is caused by a planet, it is essential to know the stellar radius as 
accurately as possible.
This report is devoted to the validation of exoplanet candidates discovered 
during survey observations at SAO RAS [1]. Spectroscopic observations of 
these stars were carried out using the SCORPIO-2 focal reducer at 6-m tele-
scope SAO RAS [2]. At this stage, we determine the class of the parent star, 
from which we can conclude its radius, and from the ratio of sizes obtained 
by the transit photometry method and the radius of the star, we can find 
the size of the companion.
As a result of the  modeling using photometric data from 50-cm robotic 
telescope of SAO RAS, the radii of the studied exoplanet candidates have 
been refined. In addition, a software package has been developed that will 
allow validation for new candidates.
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ABSTRACT: 
The  presence of a planet in a transiting configuration allows its physical 
mass m to be measured, rather than just its minimum mass m sin i, where i 
is the inclination of the planet’s orbit to the line of sight, which is unknown 
for non-transiting planets. To date, the  number of transit candidates la-
beled as TOI (TESS object of interest) discovered by the TESS mission has ex-
ceeded 7,600, of which 686 have been confirmed as planets (TESS planets 
in the NASA Exoplanet Archive, https://exoplanetarchive.ipac.caltech.edu/
cgi-bin/TblView/nph-tblView?app=ExoTbls&config=PS&constraint=de-
fault_flag=1&constraint=disc_facility+like+%27%25TESS%25%271), and 
514 of them have had their mass measured. The mass distribution of giant 
transiting planets 0.3 < m < 13 m_Jupiter found by TESS has been studied 
and compared with similar distributions of planets discovered by ground-
based observation programs and the Kepler space telescope.
Therefore, we extend our previous study with new data revealing new re-
fined selection effects and confirm the discovered before statistical distri-
bution of masses and orbital periods for the demographics and cosmogony 
of exoplanets.
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ABSTRACT:
The problem of the kinematics of the approach of open star clusters and 
stars with exoplanets is considered. It was found that the cluster NGCv1977, 
located in the region of Orion’s Sword, in past epochs approached in space 
the star TOI-2796, which has a planetary system. The parameters of the ap-
proach — time and distance between the objects — were obtained. For 
this, numerical calculations of the  orbit around the Galactic Center were 
carried out. It is shown that these objects approached at a distance of 
∼7.8 pc about ∼4.4 million years ago. This approach could have had a grav-
itational effect on the Oort cloud analogue TOI-2796, leading to a change 
in the orbital elements of small bodies located in its outer parts. It is im-
portant to note that the observed effect could be the loss of objects from 
the TOI‑2796 planetary system into interstellar space.
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INTRODUCTION:
The characteristics of exoplanets, such as radius, mass, density, etc., directly 
depend on the formation of a planetary system. An important characteris-
tic of the system is the spectral class of the parent star. We check the depen-
dence of the characteristics of exoplanets on the spectral class of the par-
ent star, assuming that when forming planetary systems, an important role 
for the future of the system is played by the amount of material in the pro-
toplanetary disk and the influence of the star on the formation of planets, 
based on [1]. The data are taken from the NASA exoplanet catalog.
It is shown that with an increase in the temperature of the star (a change in 
the spectral class), the range of radii and masses increases, and the range 
of densities of exoplanets in systems decreases. At high temperatures of 
parent stars, the median radius and median mass of exoplanets increase, 
which indirectly indicates that with an increase in the amount of materi-
al and its mass for the formation of planets and stars, the temperature of 
the star also increases. 
The  so-called Fulton small radius gap was studied  — in the  distribution 
of exoplanets by radius, a decrease in the number of planets in the region 
of 1.5–2,0 Earth radii is observed. We give a possible explanation for this 
phenomenon. According to [2], the position of the dip should depend on 
the parent star, this statement is tested. The proportion of occurrence of 
super-Earths and mini-Neptunes among all planets is compared, as well as 
the proportion of low-mass planets for different spectral classes of parent 
stars.
The occurrence rate of exoplanets with different spectral classes of parent 
stars was investigated. The occurrence rate for different spectral classes of 
parent stars is compared. The occurrence rate is calculated depending on 
the radii of the planets and their orbital periods, based on [3].
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ABSTRACT:
It is believed that stars with exoplanets have higher metallicity than stars 
without planets [1]. This may be due to the greater amount of solid mate-
rial available for planetesimal formation in protoplanetary disks [1]. In this 
study, the metallicity distribution of parent stars was constructed for sys-
tems with one to seven exoplanets. No correlation was observed between 
the number of systems with a larger number of planets and higher metal-
licity of the parent star. The highest number of systems with one or multiple 
planets was confirmed for stars with metallicity close to solar. Moreover, 
the metallicity distribution of the star for each considered number of exo-
planets in the system has the same shape and peak position.
In the  study by Adibekyan, it was found that giant planets are more fre-
quently detected around stars with higher metallicity [2]. This is attributed 
to the fact that a high metal content in the protoplanetary disk promotes 
the formation of massive cores, which can then accrete gas and form giant 
planets [2]. In this work, the dependence of planet density on the metallic-
ity of the parent star was examined for systems containing one to five ex-
oplanets. Higher density is characteristic of rocky planets, while gas giants 
typically have lower density. It was expected that stars with higher metal-
licity would exhibit an increase in the number of low-density planets. This 
study shows that the highest number of planets of all types is confirmed 
for stars with metallicity close to or slightly higher than solar. The growth in 
the number of gas planets around more metal-rich stars plateaus at 0.3 dex 
for multiplanet systems and 0.4 dex for single-planet systems.
For systems with one and multiple exoplanets (up to five), a comparison 
was made of the distributions of characteristics determining planet densi-
ty: mass and radius. Distributions of orbital radius and orbital period were 
also constructed. If differences in these distributions were found between 
single-planet and multiplanet systems, it could suggest the  existence of 
a  large number of single-planet systems that are truly single due to their 
formation conditions rather than detection limitations. The distributions of 
orbital radius and orbital period for systems with one and multiple plan-
ets do not differ in shape. In the planet radius distribution, systems share a 
common peak at 1.6–3.2 Earth radii, while a second peak at 11.2–12.8 Earth 
radii is observed only in systems with one confirmed planet and may cor-
respond to genuinely single-planet systems. The mass distribution differs 
between single-planet and multiplanet systems: multiplanet systems more 
frequently host lower-mass planets, and the  number of planets drops 
sharply with increasing mass. In single-planet systems, the number of plan-
ets decreases more gradually, which may indicate that during system for-
mation, less material in the protoplanetary disk was allocated to each plan-
et in multiplanet systems compared to planets in single-planet systems.
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ABSTRACT:
The growing availability of exoplanet observations — especially with up-
coming exoplanet missions such as ESA’s PLAnetary Transits and Oscilla-
tions of stars (PLATO) [1], Atmospheric Remote-sensing Infrared Exoplanet 
Large-survey (ARIEL) [2], and NASA’s Habitable Worlds Observatory (HWO) 
[3], alongside a new wave of the Venus missions, including NASA’s Deep 
Atmosphere Venus Investigation of Noble gases, Chemistry, and Imaging 
(DAVINCI) [4], NASA’s Venus Emissivity, Radio Science, InSAR, Topography 
and Spectroscopy (VERITAS) [5], ESA’s EnVision [6], Roscosmos’ Venera-D [7], 
ISRO’s Venus Orbiter Mission (VOM) [8], complemented by ground-based 
facilities such as the high resolution spectrographs HARPS-N [9] (visible) 
and GIANO-B (IR) installed at the Telescopio Nazionale Galileo (La Palma, 
Canary Islands), the James Webb Space Telescope (JWST), and the Extreme-
ly Large Telescope (ELT) in Chile - requires robust frameworks to charac-
terize the surface and atmospheric properties of terrestrial planets beyond 
our Solar System. Venus, with its thick atmosphere and possibly ongoing 
volcanic–tectonic processes, provides a powerful backyard analog for 
these distant worlds.
In this context, the Analogs for VENus’ GEologically Recent Surfaces 
(AVENGERS) initiative promotes interdisciplinary research bridging Venus, 
Earth, and exoplanetary science [9]. Here, we propose a novel spectral 
strategy to infer geological activity on rocky exoplanets, based on lessons 
learned from Venus’ surface emissivity studies.
The 1-μm absorption band, associated with fresh mafic minerals (e.g., ol-
ivine, pyroxenes), is known to fade quickly on Venus due to rapid oxida-
tion caused by its hot, dense atmosphere [11,12]. Detecting this absorp-
tion band on exoplanets with similarly extreme conditions could indicate 
the presence of unweathered basaltic materials, suggesting recent or even 
ongoing volcanic resurfacing. Although a single eruptive center may not 
be observable, a planet-scale volcanic regime (Io-like) could generate 
a globally integrated spectral signature at 1 μm detectable by future space 
observatories.
To support this approach, we are currently analyzing the 0.8–2.5 μm reflec-
tance spectra of fresh lava flows from Mount Etna (Italy) [13] and Cumbre 
Vieja (La Palma, Spain) [14], both serving as terrestrial analogs for volcanic 
terrains on Venus and (rocky) exoplanets. These datasets will help calibrate 
the expected spectral behavior of unweathered basaltic surfaces under 
Venus and Earth-relevant conditions, providing key constraints for future 
space observations. This perspective is consistent with recent JWST studies 
on rocky exoplanets in the habitable zone, which place strict limits on po-
tential secondary atmospheres [15].
In the future, we also plan to include additional mafic and felsic-dominat-
ed volcanic environments  — such as the active volcanoes of Kamchatka 
(Russia) — to expand the spectral library to more evolved, compositionally 
differentiated terrains. Spectral features of felsic volcanic materials (e.g., fel-
sic-rich glass, feldspars) may also be accessible. Their presence would sug-
gest the onset of crustal differentiation or even plate tectonic–like regimes, 
offering valuable insight into the internal evolution of rocky exoplanets.
AVENGERS aims to establish a scientific bridge between current and up-
coming Venus missions (DAVINCI, VERITAS, EnVision, Venera-D, VOM), and 
the exoplanet community (PLATO, ARIEL, HARPS-N and GIANO-B at TNG, 
JWST, ELT, HWO), in coordination with NASA’s Venus Exploration Analysis 
Group (VEXAG) and NASA’s Exoplanet Exploration Program Analysis Group 
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(ExoPAG). In doing so, it also connects the planetary science community 
with Earth-based geologists through the joint analysis of terrestrial ana-
logs. We advocate for a comparative planetary approach that integrates 
surface processes, volcanism, and atmospheric evolution to better charac-
terize (rocky) exoplanets using Venus and Earth as key references.
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ABSTRACT: 
We investigate the interaction of Earth-mass planets with a disk of plane-
tesimals. It is shown that an Earth-like planet, initially located near the inner 
boundary of the planetesimal disk, migrates inside the disk. The magnitude 
of penetration of the planet into the disk is determined by the angular mo-
mentum distribution of planetesimals approaching the planet. The direc-
tion of the  planet’s migration always changes, and the  planet returns to 
the inner boundary of the disk. During such reversible migration, the plan-
et perturbs the orbits of planetesimals and increases their relative veloci-
ties in the region of the disk where it was during its migration. The relative 
velocities of planetesimals increase to values sufficient for their fragmen-
tation during collisions. We show that after the passage of an Earth-mass 
planet through the outer planetesimal disk, the average relative velocities 
in the main part of the disk increase to values sufficient for the fragmenta-
tion of monolithic basaltic planetesimals up to 40 km in size. Thus, the in-
teraction of even a small planet (of the order of Earth’s mass) with a plan-
etesimal disk can lead to the formation of dust particles observed in outer 
debris disks.
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ABSTRACT:
Brown dwarfs are substellar objects that occupy an intermediate position 
between stars and planets. Their masses range from approximately ~13 to 
~80MJ, where MJ = 1.9·10²⁷ kg is the mass of Jupiter. The upper limit (80MJ) 
corresponds to the  mass at which thermonuclear hydrogen burning be-
gins in the object’s core, while the lower limit (13MJ) is the minimum mass 
required for deuterium burning inside the celestial body. The goal of this 
work is to give an answer to the  question: Why does one of two nearly 
identical isolated ultracold brown dwarfs exhibit auroras and a tempera-
ture inversion with altitude in its atmosphere, while the  other does not? 
We suggest that the possible reason lies in the fact that one brown dwarf 
(W1935) possesses a magnetic field and a surrounding plasma magneto-
disk. When the magnetic dwarf rotates rapidly, its interaction with the mag-
netodisk may produce the  observed phenomena. If the  second brown 
dwarf (W2220) lacks its own magnetic field and/or a magnetodisk, it does 
not meet the  necessary conditions for generating auroras and tempera-
ture inversion with altitude in its atmosphere (Figure 2). We demonstrate 
how these phenomena depend on the brown dwarf’s characteristics and 
the parameters of the circum-substellar plasma disk. Additionally, this work 
focuses on comparing brown dwarfs with stellar red dwarfs and giant plan-
ets (Figure 1).

Figure 1. The graph highlights brown dwarfs for which the spectral class is known. 
In the background there are all brown dwarfs (in brown), for which two characteris-
tics are known: temperature and density. The black curves are polynomial approxi-
mations of the most common brown dwarfs with these parameters on a logarithmic 
scale. Two ultra-cool brown dwarfs W1935 and W2220 discussed in this paper are 
shown by asterisks
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Figure 2. Current system of magnetodisk, including field-aligned currents J, mag-
netodisk currents and ionospheric Pedersen currents jp. Current directions are 
shown by asterisks. Arcs are the auroral ovals at the brown dwarf
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INTRODUCTION:
The  compact three-planet system Kepler-51 was announced in 2013 [1]. 
Kepler-51 is a ≲ 1 Gyr-old Sun-like star hosting three transiting planets with 
radii ~(6–9)R⊕ (radii of the  Earth) and orbital period ratios close to 1:2:3 
(45, 85, and 130 days for Kepler-51b, c, and d, respectively) detected with 
Kepler photometry. Transit timing variations measured with past Kepler 
and Hubble Space Telescope observations have been successfully mod-
eled by considering gravitational interactions between the three transiting 
planets, yielding low masses and low mean densities (≲0.1 g·cm–3) for all 
three planets.
Antoniadou and Voyatzis [2] demonstrate three possible scenarios safe-
guarding compact planetary system Kepler-51, each followed by con-
straints. Firstly, there are the  2:1 and 3:2 two-body mean-motion reso-
nances (MMRs), in which eccentricity eb < 0.02, such that these two-body 
MMRs last for extended time spans. Secondly, there is the 1:2:3 three-body 
Laplace-like resonance, in which ec < 0.016 and ed < 0.006 are necessary 
for such a chain to be viable. Thirdly, there is the combination comprising 
the 1:1 secondary resonance inside the 2:1 MMR for the inner pair of planets 
and an apsidal difference oscillation for the outer pair of planets in which 
the observational eccentricities, eb and ec, are favored as long as ed ≈ 0.
D. Jontof-Hutter et al. [3] refined parameters of the Kepler-51 planetary sys-
tem using data from the TESS space telescope. Kuznetsov and Perminov 
[4] examined the dynamic evolution of the compact three-planet system 
Kepler-51 using refined parameters [3]. It is shown that the compact plane-
tary system Kepler-51 is not resonant. Under initial conditions correspond-
ing to the masses and elements of the planets’ orbits, determined from ob-
servations considering their errors, the evolution of the system is stable and 
regular over the studied interval of 100 Myr.
K. Masuda et al. [5] reported the discovery of a fourth planet in the Kepler-51 
system. They obtained solution, the  one in which Kepler-51e is around 
the 2:1 MMR with Kepler-51d implies low orbital eccentricities (≲0.05) and 
comparable masses (~5M⊕) for all four planets, as is seen in other compact 
multi-planet systems.
In this paper, we will consider the  dynamic evolution of the  compact 
four-planetary system Kepler-51 and study stability and resonant property.
METHODS:
Since compact systems, an important factor influencing orbital evolution 
is tidal interaction. We simulated the  evolution of the  Kepler-51 system 
over a time interval of 100 Myr using the  Posidonius (https://www.blan-
cocuaresma.com/s/posidonius) software [6], which considers tidal interac-
tion. We varied the mass of the star (0.96±0.05)M⊙ [5]) and the masses of 
the  planets (see [5], Table 6) within the  limits of determination errors for 
nominal values of orbital elements. The  orbital elements were varied for 
the nominal masses of the star and planets. The values of the period and 
eccentricity were varied within the  limits of determination errors, the  in-
clinations of the  orbits and the  longitudes of the  ascending nodes were 
assumed to be equal to zero, and the arguments of the periapsis were as-
sumed to be equal to the nominal values.
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RESULTS AND DISCUSSIONS:
In the first stage, we analyzed how the addition of the fourth outer plan-
et affects the dynamic evolution of the three inner planets. The results of 
the modeling show that both the inner three-planet part of the system and 
the full four-planet system maintain a stable evolution of the positional ele-
ments of the orbit. The evolution of the longitudes of the ascending nodes 
and the arguments of the pericenters is regular.

a

b

c
Figure 1. Evolution of the period ratios of adjacent planets over time t: P1, P2, P3, 
P4 are orbital periods of Kepler-51b, c, d, e, respectively (blue points are the period 
ratios, dashed red lines correspond to MMRs)
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The study of the resonance properties of the system shows that pairs of ad-
jacent planets are not in low-order mean motion resonances. It is possible 
to indicate high-order resonances corresponding to the ratio of the periods 
of adjacent planets. Numerical modeling shows that the semi-major axes 
of the orbits and periods are located in the vicinity of the following reso-
nances over the  entire considered interval of 10 Myr: 17:9 for Kepler-51c 
and Kepler-51b (Figure 1a), 29:19 for Kepler-51d and Kepler-51c (Figure 1b), 
67:33 for Kepler-51e and Kepler-51d (Figure 1c), but the corresponding res-
onance arguments circulate. It can be concluded that there are no MMRs in 
the system.
CONCLUSIONS:
The orbital evolution of the Kepler-51 system was simulated using the Po-
sidonius software package, considering tidal interaction. The  complete 
study shows that the compact planetary system Kepler-51 is not resonant. 
Under initial conditions corresponding to the  masses and elements of 
the planets’ orbits, determined from observations considering their errors, 
the evolution of the Kepler-51 system is stable and regular over the studied 
interval of 100 Myr.
ACKNOWLEDGMENTS:
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ABSTRACT:
The  distribution of exoplanets discovered to date by observed (transit) 
radii features the  so-called Fulton gap — a region between radii of 1.6 
and 1.8 R⊕ where exoplanets are relatively rare [1]. This gap likely sepa-
rates the two most common populations of exoplanets: super-Earths and 
mini-Neptunes, which generally possess extensive water mantles and pri-
mary atmospheres. The formation of this gap may be attributed to the loss 
of hydrogen-helium envelopes by mini-Neptunes, leaving behind bare 
cores that, depending on water content, could become either ocean worlds 
or rocky super-Earths [2]. The leading mechanisms of atmospheric loss be-
lieved to shape the  Fulton gap are photoevaporation [3] and core-pow-
ered mass-loss [4,  5]. The  first mechanism involves heating of the  outer 
layers of the gas envelope by short-wavelength radiation from the parent 
star (primarily X-rays and extreme ultraviolet — EUV), while the second is 
driven by infrared radiation heating due to heat flux from the interior [4]. 
In [5], it was shown that photoevaporation contributes more significantly 
to the  formation of the  Fulton gap, but core-powered mass-loss notice-
ably affects its profile. Currently, several mini-Neptunes have been iden-
tified near the boundary of the Fulton gap, likely undergoing the process 
of losing their primary gas envelopes, making them a transitional form of 
exoplanets. Examples include HD207496b (TOI-1099b) [2] and HD235088b 
(TOI-1430b) [6]. For HD235088b, observational data confirming helium 
loss from its atmosphere are available. For these mini-Neptunes, studies 
[2,  6] have demonstrated the  high efficiency of photoevaporation, both 
currently and in the past, for various models of their internal structure. For 
the mini-Neptune HD207496b, with a mass of approximately 6.1 M⊕ and 
a radius of 2.25 R⊕, [2] proposed two extreme models of internal structure: 
a rocky core without a water mantle surrounded by a hydrogen-helium en-
velope, and an ocean world (a rocky core with an extensive water mantle 
and a steam atmosphere). In our works [7, 8], we investigated the efficiency 
of primary atmosphere loss for HD207496b due to core-powered mass-loss. 
It was shown that for a moderate equilibrium temperature of about 743 K 
[2], this mechanism is ineffective for the model with a waterless core [7]. 
However, if HD207496b is an ocean world with a water content of 30–45 % 
(consistent with observational data), the process of atmospheric loss due to 
core heat flux could have occurred in the past with high efficiency — a sig-
nificant portion of the gas envelope might have been lost in the first few 
million to tens of millions of years of the exoplanet’s evolution [8]. Thus, in 
addition to the planet’s mass and equilibrium temperature, the water frac-
tion in its composition significantly affects the rate of gas envelope loss, as 
shown to be linked to the dependence of the core’s radius and heat capac-
ity on water content. This study explores the relationship between the effi-
ciency of primary atmosphere loss in mini-Neptunes due to core-powered 
mass-loss mechanism and the mass fraction of water in the core. Alongside 
results for mini-Neptune models varying in mass, equilibrium temperature, 
and relative water content, calculations are presented for several exoplanets 
with extensive observational data, including HD207496b and HD235088b. 
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Estimates of primary atmosphere loss rates and possible initial masses of 
hydrogen-helium envelopes are provided for different water mass fractions 
compatible with observational data. In calculating the  internal heat flux, 
in addition to thermal energy accreted during formation and gravitational 
energy, the energy from radioactive decay, including short-lived elements, 
is accounted for. The possibility of higher equilibrium temperatures for exo-
planets shortly after formation, due to the evolutionary tracks of low-mass 
stars, is also considered.
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INTRODUCTION: 
Hat-P-18b is a hot gas giant orbiting close to its parent star at a distance 
of ~0.056 a. u. The  system is located in the  constellation Hercules, 529 
light years from the Sun. This exoplanet has a mass comparable to Saturn 
(M = 0.197M⊕), but a radius close to Jupiter’s (R = 0.995R⊕). The  average 
surface temperature of Hat-P-18b is 841±15 K, which classifies it as a “hot 
Saturn”. The star Hat-P-18 belongs to the orange dwarfs of the spectral class 
K with a temperature of about 4719 K. All this indicates a low atmospheric 
density and the likely existence of an atmospheric tail, which has been ob-
served during a transit of some hot exoplanets. Using measurements made 
with JWSТ and HST, as well as numerous ground-based telescopes, carbon 
dioxide (CO2), water (H2O), sodium (Na), methane (СН4) were detected in 
the absorption spectrum of this exoplanet. Extensive spectral analysis data 
allow the physicochemical parameters of the system to be determined with 
high accuracy. 
This study is devoted to determining the composition of the exoplanet’s 
atmosphere by interpreting transit absorptions in the 1083 nm metastable 
helium line and identifying sensitivity to changes in space weather condi-
tions in the system.
MODELING AND RESULTS:
A numerical three-dimensional hydrodynamic model was used for inter-
pretation of transit absorptions of the planet Hat-P-18b in the 1083 nm he-
lium line in order to determine the parameters of space weather and the at-
mosphere of the exoplanet. Due to the good observability of metastable 
helium from Earth, there are sufficient data for its study. The determination 
of probable physicochemical parameters of the planetary system was car-
ried out by comparing the measured absorption line with the results of nu-
merical modeling performed with various free modeling parameters.
Analysis of transit absorptions of exoplanet Hat-P-18b demonstrates that 
the absorption line center does not coincide with observations, being shift-
ed to the blue region of the spectrum in the case of medium and strong 
stellar wind. Comparison of the calculated absorption profiles with obser-
vations reveals Solar content of heavy elements in the upper atmosphere 
of Hat-P-18b.
CONCLUSION
Our simulations suggest that the observed HeI 1083 nm absorption in HAT-
P-18b is consistent with a low-density atmosphere undergoing moderate 
stellar wind interaction. The absence of metal line absorptions aligns with 
the expected low UV flux from the K-type host star.
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ABSTRACT:
It is shown superfast exoplanets tend to revolve around «parent» stars with 
periods commensurable with timescales P0 and/or 2P0/π, where the P0 val-
ue presents a period of global pulsations of the  Sun: P0 ≈ 3–2 days [1–6]. 
The study of the origin of cosmic timescale P0 can lead us to the new knowl-
edge about superfast motion of planets and close binary stars, proving 
the Schrődinger’s [7] “tendency for order”, triumphant in the World.
As to the  Solar System, the  remarkable, precise to 0.1 %, correlations of 
the P0 timescale with the Sun’s and Earth’s motions are noted:
	 PS /PD ≈ 2PY  /PS ≈ 3PD  /P0 ≈ 33,	 (1)

where PS = 27.027(4) days is the synodic period of solar rotation, and PY and 
PD are orbital and daily periods of Earth, respectively.
Correlations, similar to  (1), are found between periodic motions of all 
com-ponents of the Sun – Mercury – Venus – Earth system. A hypothesis is 
advanced that PS, PY, PD and P0 are special timescales, which nature, being 
at the  borders of some “cosmic miracle”, is yet hidden under seven seals 
from us.
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INTRODUCTION:
According to exoplanet.eu database, about 7400  planets have been dis-
covered to date in more than 5000 extrasolar planetary systems, and more 
than 1000 of these systems are multi-planetary. In the work [1], the authors 
constructed a semi-analytical motion theory for a four-planetary prob-
lem. This theory allows us to study the dynamical evolution of extrasolar 
planetary systems with up to 4  planets. About two dozen five-planetary 
systems, about ten six-planetary systems, 5 seven-planetary systems, and 
1 eight-planetary extrasolar system Kepler-90 have already been discovered. 
Thus, the problem of modeling the dynamical evolution of such planetary 
systems arises to study their stability over long-time intervals. Testing of 
the eight-planetary theory being created was performed during the mod-
eling of the dynamical evolution of the large planets of the Solar System.
METHODS:
The Hamiltonian of the eight-planetary problem is written in the hierarchi-
cal Jacobi coordinate system, which is most convenient for studying the or-
bital evolution of planetary systems. The expansion of the perturbing part 
of the  Hamiltonian in a Poisson series is constructed using the  small pa-
rameter μ (the ratio of the sum of planetary masses to the mass of the star) 
and the  elements of the  second Poincaré system. For the  Solar System, 
μ = 0.001 can be chosen as the value of the small parameter. Using the el-
ements of the  second Poincaré system allows us to significantly reduce 
the angular part of the expansion, since this system contains only one an-
gular element — the mean longitude. The elements of the second Poincaré 
system are also convenient for use in this problem in which the osculating 
eccentricity and inclination retain small values for a long-time intervals.
The  Hamiltonian of the  problem in osculating elements is averaged by 
the Hori-Deprit method (otherwise known as the Lie transformation meth-
od). All the sought quantities are expressed here through Poisson brackets, 
which implies their invariance with respect to canonical transformations. 
The  Hamiltonian is averaged over the  average longitudes (the  period of 
which is close to the period of orbital motion), which allows us to exclude 
short-period perturbations of orbital elements and subsequently signifi-
cantly increase the step of numerical integration of the motion equations.
All analytical transformations are performed in the Piranha (https://github.
com/bluescarni/piranha) computer algebra system, which is an echeloned 
Poisson processor. In this case, all orbital elements and mass parameters 
are saved in series in symbolic form. The coefficients in the Poisson series 
are fractional rational numbers with arbitrary precision, which allows us to 
avoid rounding errors in calculations.
The osculating Hamiltonian of the eight-planet problem is constructed with 
an accuracy of μ2. The terms containing the first power of μ are obtained 
with an accuracy of up to the  6th  power from the  eccentric and oblique 
Poincaré elements (which are proportional to the eccentricities and incli-
nations of the orbits, respectively). The terms with μ2 are obtained with an 
accuracy of up to the 4th power from the orbital elements.
The  series representing the  averaged Hamiltonian of the  problem and 
the right-hand sides of the motion equations in the averaged elements are 
constructed with an accuracy of up to μ2. The eccentric and oblique Poin-
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caré elements are preserved in the series representing the averaged Hamil-
tonian up to the 6th power, and in the series for the equations of motion — 
up to the 5th power. The transition between the osculating and averaged 
elements is made using the functions for the change of variables, the series 
for which are constructed with an accuracy of up to the first power of μ and 
the 6th power from the orbital elements.
RESULTS AND DISCUSSION:
The  dynamic evolution of the  eight-planet system Sun – Mercury – Ve-
nus – Earth – Mars – Jupiter – Saturn – Uranus – Neptune is studied using 
the  motion equations constructed by the  Hori – Depri method in av-
eraged elements. The  integration of the  second-order motion equa-
tions with respect to a small parameter is performed by the  12th-order 
Gregg – Bulirsh – Stoer method on a time interval of 10  Gyr years with 
a step of 10000 years. The 15th order Everhart method is also used to in-
tegrate the motion equations over a time interval of 100 Myr with a step 
of 1000 years. This additional integration is performed to more accurately 
determine the periods and limits of change in the orbital elements. In this 
case, the Everhart integrator very accurately preserves the value of the to-
tal energy of the system, which makes the integration process quite slow. 
The Gregg – Bulirsh – Stoer integrator, on the contrary, is less accurate, but 
very fast.
For comparison with the constructed semi-analytical motion theory, a nu-
merical simulation of the orbital evolution of the major planets of the So-
lar System was carried out. The 15th order Cowell – Stormer integrator and 
the Wisdom – Holman symplectic integrator were used, namely its specific 
implementation — WHFast, which is part of the Rebound software pack-
age. The  integration was performed over a time interval of 100 Myr with 
a step of 4 days.
The initial conditions for modeling the orbital evolution of the major plan-
ets of the  Solar System are taken from the  DE440 ephemeris relative to 
the mean ecliptic and equinox J2000.0.
The results obtained within the  framework of the semi-analytical motion 
theory are compared with the results of direct numerical modeling. The pe-
riods of oscillations of orbital elements and the amplitudes of their changes 
were compared. Table 1 presents the values of the periods of change of ec-
centricities Te and inclinations TI of the orbits of the major planets, obtained 
within the framework of the semi-analytical theory (SA) and from the re-
sults of numerical modeling (NM). Several different periods in some cells 
correspond to different frequencies of oscillations realized in the system.

Table 1. The periods of change of orbital eccentricities and inclinations

Planet Te, yr (SA) Te, yr (NM) TI, yr (SA) TI, yr (NM)
Mercury 1111000 ~1000000 234740 238000
Venus 97560; 393700 96000; 384000 73150 73700
Earth 97560; 393700 96000; 384000 73150 73700
Mars 101940 110900 73150 73700
Jupiter 54770 54080 49360 49250
Saturn 54770 54080 49360 49250
Uranus 1136400 ~1100000 434790 441700
Neptune 380200; 613500 ~400000; ~600000 1886800 1880000

CONCLUSIONS:
The  constructed semi-analytical eight-planetary motion theory has been 
tested in modeling the orbital evolution of major planets of the Solar Sys-
tem. The  relative accuracy of the  periods of change in orbital elements 
obtained by various methods ranges from fractions of a percent for giant 
planets to several percents for terrestrial planets. In the future, it is planned 
to use this motion theory to study the  orbital evolution of extrasolar 
multi-planetary systems.
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INTRODUCTION:
This work is part of an extensive multi-year program of research on the in-
stability of Jupiter’s atmosphere and the search for patterns in its structure. 
The program provides for obtaining homogeneous material from spectral 
observations of Jupiter and analyzing spatiotemporal variations in the in-
tensity of the  molecular absorption bands of methane and ammonia in 
the visible and near–infrared regions of the spectrum of 600–950 nm.
The  behavior of methane absorption bands of varying intensity along 
the  central meridian of Jupiter depends on the  vertical structure, optical 
density, and position of the upper boundary of the cloud cover at different 
latitudes of the planet.
The formation of absorption bands of methane and ammonia does not oc-
cur in the  same way precisely due to the  fact that ammonia condenses, 
forming clouds at atmospheric level below the tropopause, and at high al-
titudes its content drops sharply.
In addition, it participates in the  formation of deeper cloud layers from 
ammonium hydrosulfide NH4SH, and can also enter the  water-ammonia 
cloud layer located even lower. Therefore, the observed variations in the in-
tensity of the NH3 absorption bands can be considered as a consequence 
of changes not only in the optical and structural characteristics of clouds, 
but also with real variations in the  relative ammonia content in different 
regions of the planet.
In this article, we continue our research in this direction [1–4], especial-
ly since the  significant depletion of gaseous NH3 in the  low latitudes of 
the Northern Hemisphere in the NEB region is confirmed by the results of 
a high-resolution microwave VLA study [5]. The lower ammonia content is 
also confirmed by observations in the visible and near-infrared range [6].
This article differs from the work of our colleagues [4] in that we present 
a  comparison of the  results of a study of variations in methane and am-
monia along the  central meridian of Jupiter for certain longitudes L2 in 
the second system, corresponding to:
• the moment of passage of the Great Red Spot (L2 = 46°),
• without it (L2 = 16°).
OBSERVATION CONDITIONS, PROCESSING METHODS AND MAIN 
RESULTS:
Our spectral observations were performed near the opposition of Jupiter 
(November 2023) at the observatory of the V. G. Fesenkov Astrophysical In-
stitute (Almaty, 1450 m above sea level) using an SGS diffraction spectro-
graph with an ST7-XE CCD camera mounted in 7.5-meter focus, a 0.6-meter 
Cassegrain RC600 telescope. The  CCD matrix consists of 765×510 pixels. 
The dispersion of the spectrograph is 0.43 nm/pixel. In the spectrogram im-
age, the spatial scale is 4.18 pixels per 1 angular second.
The exposures at the time of observation were 60–90 s, which provided for 
the accumulation of 50 000–55 000 pulses in the continuous spectrum for 
the center of the disk and 2000–2500 in the center of the deepest absorp-
tion band of methane at 886 nm. With a background noise track outside 
the main spectrum of 50–60 pulses along the entire spectrogram, this pro-
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vided a signal-to-noise ratio of 1000 in the continuous spectrum, and 40 in 
the methane absorption band of 886 nm.
For processing, the best quality spectrograms obtained on the night of No-
vember 2–3, 2023 were used. An improved methodology and program for 
processing observational material are described in the article [7]. This pro-
gram provides an operational and detailed representation of the character-
istics of the bands on the central meridian or in one of the selected latitude 
zones. The program outputs graphical and tabular data on the equivalent 
widths, central depths of the absorption bands, and the effective optical 
thickness of the absorbing gas, calculated from the residual intensities. At 
the same time, the residual Bostυ intensity in each wavelength can be rep-
resented as:

Bostυ ≈ exp(–τ*),

where τ* is the  effective optical thickness of the  absorbing gas at a giv-
en wavelength: either methane τm* or ammonia τa*, or as the sum of both 
(τm* + τa*).
Regardless of the conditions of reflected radiation formation in the scatter-
ing and absorbing atmosphere of a planet, these parameters remain pro-
portional to the absorption coefficient at a given wavelength and the aver-
age number of absorbing gas molecules per line of sight, being a kind of 
indicator of the optical path or depth of reflected radiation formation.
Therefore, in our opinion, for absorption bands that differ greatly in inten-
sity, as well as for a correct comparison of absorption variations in the cen-
ter of each band and in its wings (located along its edges), it is optimal to 
represent the variations in the form of a comparison of effective optical ab-
sorption thicknesses τ* ≈ Ln(Bostυ). Such a comparison can be considered 
as a peculiar method of optical sensing of a complex atmosphere.
For convenience and clarity of comparing the  variations of these values 
along a particular cloud zone or along the  central meridian, the  ratio of 
their values to the  value in the  reference region is often used. As such, 
the center of Jupiter’s disk or any other area is most often used, depending 
on the research task.
The result of this representation of absorption variations along the central 
meridian and the Great Red Spot for all 8 absorption bands of methane and 
ammonia is presented below.
Figure 1 shows the  appearance of Jupiter from November  2–3, 2023, at 
the time of the passage of the Great Red Spot through the central meridian 
and the studied zones.

Figure 1. External view of Jupiter on November 2–3, 2023: a — in the RGB system 
(Gary Walker); b — in the absorption band of 889 nm (Akutsu Sebu); c — study ar-
eas: 1 — in the area of the GRS (L2 = 46°) and 2 — in the STrZ zone, free from distur-
bance (L2 = 16°) (https://alpo-j.sakura.ne.jp/)

As in previous years, the most characteristic feature of the Great Red Spot is 
its abnormally high brightness in the absorption band of 886 nm methane.
Figure 2 shows the  brightness variations along the  central meridian in 
the continuous spectrum of 630 nm and in the absorption band of 886 nm 
methane at the time of the passage of the Great Red Spot.
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To identify the  features of methane 
and ammonia absorption in the  Great 
Red Spot, the  Equatorial Zone (EZ) and 
the  Southern Tropical Zone (STrZ), on 
which this disturbance is located, were 
chosen as the  reference area. The  result 
turned out to be similar, but most pro-
nounced when compared with STrZ.
Figure 3 shows the STrZ spectrum (a) and 
the  ratio of the  spectra (GRS/STrZ)  (b) 
and  (c). For the  800–950 nm spectral 
range, the ordinate scale is on the right.

Figure 3. The STrZ spectrum (a) and the ratio of the GRS/STrZ spectra (b). In the CH4 
band of 889 nm, the GRS/STrZ ratio reaches 1.6

Figure 4 shows a comparison of the  latitudinal variations of the  effective 
τm*(r) and τa*(r) along the central meridian of Jupiter relative to their values 
in the center of the disk at the time of the passage of the GRS (red line) and 
without it (black line).
It is noteworthy that variations in the central depths, equivalent widths and 
τm*, normalized to the center of the disk, for 6 methane absorption bands 
demonstrate a pronounced deficiency of methane and ammonia in the re-
gion of the Great Red Spot (Figure 5).
Comparing the variations of τa* of the studied ammonia absorption bands 
(Figure 4 on the  right), we can draw attention to the  fact that in 2023, 
the ammonia deficiency is most pronounced in the NH3 band of 645 nm, 
especially in the area of the BCP. As in previous years, the minimum falls on 
the border between NEB and NTrZ. This effect is slightly less pronounced 
in the NH3 band of 790 nm. However, in the 790 nm band, the boundary 
of ammonia deficiency in the  northern hemisphere is more pronounced 
between the  light Equatorial Zone (EZ) and the dark Northern Equatorial 
Belt (NEB).

Figure 2. Brightness variations along the cen-
tral meridian in the  continuous spectrum of 
630 nm  (1) and in the  absorption band of 
886 nm methane (2) at the time of passage of 
the Great Red Spot and without it (3). The re-
sult of processing 7 spectrograms
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Figure 4. Comparison of the relative latitudinal variations of the effective τm*(r) and 
τa*(r) along the central meridian of Jupiter, normalized to their value in the center of 
the disk. The red line corresponds to the passage of the GRS along the central me-
ridian, the black line is without the GRS. The curves are reflected on the same scale 
and shifted along the ordinate axis for clarity

Figure 5. Variations of the  central depths  (a), equivalent widths  (b), and τm*(c), 
normalized to the center of the disk, for 6 methane absorption bands. For clarity, 
the curves are shifted along the ordinate axis and reflected at the same scale

CONCLUSION:
The observed optical and morphological features of Jupiter’s atmosphere 
are variable in nature and are related to various factors in the formation of 
reflected and outgoing radiation in the planet’s troposphere.
The main prerequisite for carrying out work in this direction are the results 
obtained in the course of our previous studies of the atmosphere of Jupiter, 
especially on the behavior of absorption bands. In particular, the previous-
ly discovered significant depression of ammonia absorption in the North-
ern Equatorial Belt of Jupiter (NEB) is confirmed. In addition, the  results 
obtained from observations in the  visible and near-infrared regions of 
the spectrum practically coincided qualitatively with what studies of Jupi-
ter show in the thermal infrared wavelength range and in the radio range 
of millimeter and centimeter thermal radiation [5, 6].
This is what determines the future direction of our research on processes in 
the atmosphere of Jupiter in order to detail the spatiotemporal changes in 
the atmosphere of the planet by molecular absorption bands.
We hope that this kind of work can be useful both in the general complex 
of studies of Jupiter’s atmosphere and in modeling its complex multi-tiered 
layered clouds.
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INTRODUCTION:
Study of the latitudinal variations of ammonia and methane in Jupiter’s at-
mosphere is the subject of research for many groups (e. g. [1–3]).
In January 2025 spectra of Jupiter and Uranus were obtained for the first 
time at the SAO RAS 6-m telescope. We present the results of our study of 
ammonia variations based on new data obtained at the SAO RAS.
SPATIAL VARIATIONS OF A JOVIAN TROPOSPHERIC AMMONIA:
Jupiter was observed using the long-slit mode of the SCORPIO-2 focal re-
ducer [4] in January and March 2025. Wavelength range 550–780 nm.
We investigated the latitudinal dependence of equivalent width of 647 am-
monia band for Jupiter troposphere. Our result is at the  agreement with 
the one published at [1].
Additionally we investigated equivalent width changes for Uranus. Uranus 
was observed in March 2025 using the SCORPIO 2 in the same configuration.
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ABSTRACT:
The presentation is devoted to consideration of possible experimental ways 
to verify the concept of thermodynamic inversion (TI) of the origin of life 
[1]. From a standpoint of the general thermodynamics of systems, an ap-
pearance of the initial signs of living state in organic (micro)systems means 
their transition to the prevalence of free energy contribution over the en-
tropy contribution. Such a transition can only occur in conditions far from 
equilibrium in the  presence of different-rank oscillations of physical and 
chemical parameters in the environment (temperature, pressure, chemical, 
and electrical potentials, etc.). Their range must include high-frequency 
(short-period) oscillations that bring maximum energy to the prebiotic sys-
tem. Such conditions exist in hydrothermal systems during the fluid migra-
tion to the surface.
Some conducted experiments confirm this approach. They reveal the de-
pendence between fluctuations in physicochemical parameters in the me-
dium and the  level of polymerization of molecules. In particular, these 
research have demonstrated that fluctuations in parameters significantly 
increase the yield of oligomers and polymers of various macromolecules, in 
comparison with stable conditions in the medium [2–4]. However, the au-
thor considers all the listed experiments as indirect support for the TI con-
cept only, since they were set for other tasks. Direct experimental verifica-
tion of this approach has not yet been carried out. Based on the provisions 
formulated above, the author suggests several directions for experiments 
that could check and develop the TI concept.
A key thesis of the developed approach, which requires experimental con-
firmation, is the  following: pumping organic microsystems with high-fre-
quency (short-period) oscillations transmitting high energy is a prerequisite 
for their transition to life through an intermediate state. Such experiments 
should be aimed at studying the primary signs of the  intermediate state 
in various prebiotic models (microsystems) placed in an environment with 
varying oscillations of physicochemical parameters (pressure, temperature, 
chemical and electrical potentials, etc.). As a result of their implementa-
tion, it is necessary to test the thesis that under nonequilibrium oscillatory 
conditions in prebiotic systems, a response to external influence appears, 
which, under optimal pumping conditions, transfers the system to the in-
termediate state between non-life and life [5].
At the initial stage, the following direction of such experiments can be pro-
posed. The general approach is the self-assembly of lipid vesicles (consid-
ered as primary prebiological microsystems) under conditions modeling 
a fluctuating flow of hydrothermal fluid rising to the surface. In this case, 
the  fluctuations of the  parameters in the  experimental chamber should 
be regulated in such a way that the  trend towards self-assembly of lipo-
somes periodically changes to a trend towards their disintegration, which 
will facilitate the  constant recombination of molecules in the  microsys-
tems. Amino acids and low-molecular organic compounds established in 
hydrothermal systems should be used as additional components. The most 
important aspect of such studies should be the study of the response to ex-
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ternal influences (stress) that occurs in prebiological microsystems, which 
can be considered as the primary signs of a living state.
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ABSTRACT:
The  Network of Researchers on the  Chemical Emergence of Life 
(NoRCEL) was founded in 2013 to explore how life began on Earth, span-
ning prebiotic chemistry through the  emergence of Archaea, Bacteria, 
and Eukarya. Following its inaugural conference at The  Open University, 
NoRCEL rapidly grew into a global community of scientists, students, and 
educators (norcel.net).
Building on this scientific foundation, NoRCEL steadily expanded its scope 
into public engagement and global outreach. The  Blue Earth Project 
(BEP) added a science-in-society dimension, confronting planetary chal-
lenges through hybrid forums that connected scientific knowledge with so-
cietal needs. Regional hubs then emerged: the Latin America Hub (LatAm 
Hub), advancing English-language collaboration among Latin American 
students and scholars; and the Microbial World Network (MWN), deepen-
ing research and dialogue on microbial life as a planetary driver and as an 
analogue for astrobiological exploration.
In 2022, NoRCEL launched the Astroscience Exploration Network (ASEN), 
establishing an African Astroscience Hub. Here, outreach was deliberately 
tailored to local contexts, leveraging Africa’s landscapes as “natural labora-
tories” while inspiring new generations to pursue STEM careers. The out-
reach successes of LatAm Hub and ASEN became the proving ground for 
NoRCEL’s next transformation.
NoRCEL is now transitioning into The  NoRCEL Institute, consolidating 
a decade of initiatives into a strategic mission: the creation of the NoRCEL 
Education & Research Academy (ERA). ERA will deliver a structured on-
line curriculum in astroscience, designed to extend equitable, high-qual-
ity science education to developing nations worldwide.
This presentation will trace NoRCEL’s evolution from its roots in prebiotic 
chemistry research to its current role as a provider of accredited astro-
science education. It will demonstrate how a progression from research 
to outreach has now culminated in a comprehensive, curriculum-based 
approach that empowers the  Global South with both knowledge and 
opportunity.
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ABSTRACT:
Astrobiology is a highly integrative science that includes knowledge of var-
ious natural science disciplines such as biology, chemistry, physics, geolo-
gy, astronomy and others, as well as some humanities, such as philosophy. 
Currently, in connection with the active exploration of outer space, astrobi-
ology is increasingly engaged in applied issues related to the influence of 
space factors on terrestrial organisms, their potential for adaptation, as well 
as the biological component of the organization of life support for astro-
nauts in various extraterrestrial systems. Like any actively developing sci-
entific discipline, astrobiology accumulates new data and uses new meth-
odological approaches for their interpretation, enriched with new scientific 
concepts. One of the trends in the development of astrobiology is its inte-
gration with ecology, the science of terrestrial ecosystems, their interaction 
and levels of organization. Ecological approaches and research methods 
are very useful for solving various problems of astrobiology. methods are 
very useful for solving various problems of astrobiology. Currently, the inte-
gration between ecology and astrobiology is becoming so close that a new 
direction is being formed within the latter — astroecology, in which eco-
logical knowledge and concepts are key in the  study and description of 
various cosmic phenomena.
The possibility of drawing some conditional boundaries for the new disci-
pline exists based on the field of ecology research — the study of interac-
tions of living organisms with each other and with their habitat at different 
levels of organization.
It is the interactions between various biosystems in the context of the new 
astronomical component that is the main area of interest of astroecology. 
A new level of studying phenomena associated with outer space is added 
to the existing close scientific integration of ecology and biology, and ac-
cordingly the prefix “astro” to the new discipline. Accordingly, the current 
ecological concepts and methodological approaches to the study of nat-
ural phenomena constitute the theoretical basis of astroecology, which is 
used in the new “cosmic” dimension.
Astroecology includes three main areas of research. The first direction is re-
lated to terrestrial issues and is based on the use of approaches and meth-
ods of terrestrial ecology with the use of remote sensing tools and other 
approaches related to space technologies. The second direction is related 
to the modeling and study of closed artificial ecosystems, the principles of 
their functioning and the creation of life-support ecosystems for astronauts 
in space flights or at research stations on other planets. The third direction 
is related to the study of hypothetical extraterrestrial ecosystems on various 
cosmic bodies, their formation, features, as well as the creation of concepts 
for terraforming various cosmic bodies with the involvement of terrestrial 
organisms in the processes of creating conditions favorable for the devel-
opment of terrestrial biosystems and human existence.
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ABSTRACT:
The  regions of star and planet formation are characterized by extreme 
physical conditions: ultra-low densities and temperatures of gas and dust, 
as well as the presence of ionizing action. Despite this, the chemical com-
position of star-forming regions is very diverse. A variety of molecular spe-
cies have been discovered in the interstellar medium, ranging from simple 
diatomic species to complex organic molecules. The number of complex 
molecules (COMs) of various types discovered in the interstellar medium is 
continuously growing, which causes a growing interest in astrochemistry 
as one of the possible mechanisms contributing to the emergence of life 
in the Universe.
Numerical modeling of the  formation of complex organic molecules in 
the interstellar medium using the MONACO model showed that although 
COMs can form in cold interstellar gas, the main contribution to their forma-
tion is made by chemical processes on the surface of interstellar dust parti-
cles covered with ice mantles. At the same time, the so-called non-diffusion 
chemical processes occurring in interstellar ices play a significant role. It is 
interesting that the COMs contents in cold ices formed at the early stages of 
protostar development are close to the COMs contents in the gas of the so-
called “hot cores”, the next stage of development of low-mass protostars.
The  results of numerical modeling are supplemented by laboratory ex-
periments on the ISEAge ultra-high-vacuum setup designed for transmis-
sion IR spectroscopy of interstellar ice analogues. The  setup created in 
the laboratory allows growing thin ices of controlled chemical composition 
and structure under conditions close to those in the  interstellar medium 
(P < 10–13 atm, T ~ 10…300 K). The resulting transmission IR spectra of ices 
in the 2.5–20 µm range are used as references in the analysis of interstel-
lar ice observations obtained with modern ground-based and space tele-
scopes, including the  James Webb Space Telescope (JWST). Comparison 
of laboratory spectra with observational data on JWST allowed for the first 
time to simultaneously estimate the methane content in the gas and ice 
mantles of the  protostar IRAS 23385+6053, to establish upper limits for 
the content of the HCN molecule and the IR-inactive N2 molecule in inter-
stellar ices.
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ABSTRACT:
Various chemical compounds, including those relevant to astrobiology, ef-
ficiently form in the icy mantles of interstellar dust particles. The presence 
and abundance of molecules in the condensed phase are determined using 
infrared (IR) telescope data [1, 2]. With the launch of the James Webb Space 
Telescope (JWST), it is now possible to detect less abundant molecules 
(concentrations below 1% relative to water). One such candidate molecule 
is nitrous oxide (N2O). This molecule has been detected in the gas phase in 
three objects [3–5] and is currently tentatively detected in interstellar ice of 
five others [6–8]. Reliable detection of this molecule requires an extensive 
database of IR spectra of interstellar ice analogs.
We conducted cryogenic ultrahigh-vacuum experiments using the ISEAge 
(Ice Spectroscopy Experimental Aggregate) [9] setup to produce such ices. 
In this work we obtained laboratory reference spectra of nitrous oxide at 
10 K. Ten mixtures with common interstellar ice molecules (H2O, CO, CO2, 
CH3OH, NH3, CH4, N2) were analyzed. Nitrous oxide exhibits two distinct ab-
sorption bands at 10 K: 2221 cm–1 (NN stretch) and 1282 cm–1 (NO stretch). 
The  search for N2O in IR spectra was conducted using the  NN stretching 
band, as it is the most intense. It was found that the largest spectral shift oc-
curs in mixtures with carbon-containing molecules (CO2, CO, CH3OH), with 
the greatest shift (28 cm–1) observed in the CO2 mixture.
We also analyzed JWST data for the  object B335. The  spectral fit in 
the 2260–2200 cm–1 range includes absorption bands of nitrous oxide in 
a water-dominated environment (1:20 ratio) and in a mixture with carbon 
dioxide and nitrogen (1:15:13 ratio). This spectral region also contains water 
combination bands, gaseous CO emission lines, and an absorption band 
from the  cyanate anion (OCN–), complicating the  detection of N2O. This 
marks the first reliable detection of N2O in interstellar ice.
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ABSTRACT:
Methane is one of a few molecules of astrobiological importance that is se-
curely detected in interstellar ices by its infrared spectral features. As a pre-
cursor to complex carbonaceous molecules, it plays a key role in forming 
complex carbonaceous molecules [1,  2] and carbon-chain chemistry [3]. 
Methane also has astrobiological significance, serving as a potential bio
signature [4] and a valuable tracer in planetary studies [5].
Despite its widespread detection, methane is typically fitted in observa-
tional data using water-dominated ice environments [6, 7]. However, recent 
work suggests that methane can also reside in CO₂-rich ices [8], and alterna-
tive formation pathways, such as methanol photolysis, may contribute to its 
abundance [9]. Laboratory studies show that methane spectral features are 
highly sensitive to its molecular environment, making it essential to consid-
er diverse ice mixtures when interpreting observational data.
In this study, we examine the 7.7 μm methane deformation band in the pro-
tostar IRAS 23385+6053 using JWST observations. We report the detection 
of gaseous methane emission and find a new spectral interpretation based 
on laboratory ice analogs: CH4:H2O = 1:10 (8.4 K) and CH4:CO2 = 1:5 (27.4 K). 
Additionally, we identify a residual spectral feature tentatively attributed to 
nitrous oxide (N2O), supported by experimental ice spectra.
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INTRODUCTION:
A brief overview is given of the  problem of potential habitability of Hy-
cean planets formed as a result of the  loss of extended and massive pri-
mary hydrogen-helium envelopes by mini-Neptunes with relatively small 
masses and low equilibrium temperatures (after the parent star has entered 
the main sequence). The loss of primary atmospheres by such exoplanets 
may be due to the core-powered mass-loss mechanism. The stability of re-
sidual atmospheres is considered taking into account the photoevapora-
tion process.
HYCEANS AS A NEW CLASS OF POTENTIALLY HABITABLE 
EXOPLANETS:
Hyceans (hydrogen-water worlds) are a hypothetical class of exoplanets 
with thin hydrogen-helium atmospheres and water oceans. They differ 
from ordinary mini-Neptunes in the  presence of liquid water and a clear 
boundary between the  atmosphere and the  ocean (water surface) [1,  2]. 
Despite a number of problematic issues (stability of the  climate system, 
possible deficiency of a number of elements important for life in the ocean, 
etc.), the  presence of liquid water places the  Hyceans among potentially 
habitable exoplanets. Moreover, it has been suggested that the oceans of 
these exoplanets may contain a large biomass, and the  biodiversity and 
rate of evolution of microbial life may exceed those on Earth in some cases 
[3]. Since hydrogen is a greenhouse gas at sufficiently high pressure [4], 
but unlike, for example, CO2 and H2O, it does not condense even at very 
low temperatures, an atmosphere of primordial composition can provide 
conditions suitable for the existence of a liquid ocean even at very large dis-
tances of the exoplanet from the parent star. Even free-floating exoplanets 
can be Hyceans. In this case, only the heat flow from the planet’s interior is 
present, and there is no radiation from the parent star. Thus, the Hycean po-
tential habitability zone actually has no outer boundary. In [1], arguments 
were made in favor of the  fact that the  so-called “dark Hyceans” (tidally 
locked Hyceans with a permanently shadowed hemisphere) could have an 
inner boundary of the potential habitability zone located closer to the par-
ent star than for Earth-like exoplanets. It was also noted that the gaseous 
envelopes of this class of exoplanets are preferable for study by transmis-
sion spectroscopy due to the relatively high altitude of the homogeneous 
atmosphere and the  larger radius [1]. A number of potential biomarkers 
were proposed for Hyceans [1]. Among the mini-Neptunes discovered to 
date, a number of candidates for hycean planets have been identified [1], 
of particular interest is K2-18b [5, 6], which, according to initial estimates, 
should have an equilibrium temperature of 250–300 K. In addition, accord-
ing to [7,  8], the  transmission spectroscopy method (using the  results of 
observations on JWST) made it possible to identify signs of the presence 
of dimethyl sulfide in the atmosphere of this mini-Neptune, which the au-
thors of the aforementioned papers classified as a biomarker. Both the bio-
genic origin of dimethyl sulfide in the atmosphere of K2-18b and its pres-
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ence are questionable. In particular, a strong argument is given in favor of 
a high (exceeding critical) temperature at the boundary of the gas enve-
lope and the water mantle. First, the moderate temperature at the ocean 
surface is compatible only with the  maximum possible water content in 
K2-18b [8], which is unlikely. Second, the work [9] shows that the albedo of 
K2-18b should be relatively low (no more than 0.2–0.3), and the equilibri-
um temperature should significantly exceed 250 K. Third, a more detailed 
examination of the climate features of the Hyceans [10] indicates the pres-
ence of a strong greenhouse effect in the surface layer of the atmosphere, 
which should contain a large amount of water vapor. For these reasons, 
the Hycean candidates discovered to date may have too high temperature 
at the boundary of the atmosphere and the water layer, incompatible with 
a liquid ocean. The  inner boundary of the  potential habitability zone for 
them may be located significantly further from the parent star, where the il-
lumination level corresponds to distances of several a. u. for sun-like stars 
[10]. However, this fact does not reduce interest in exoplanets of this class. 
Light (with masses from 1 to 4M⊕) mini-Neptunes and super-Earths may 
be common in fairly wide orbits, which is confirmed indirectly by statistical 
data on discovered exoplanets, as well as by recent observations. In addi-
tion, even relatively hot mini-Neptunes, lacking oceans but having a cloud 
layer of liquid water droplets in the shallow layers of the atmosphere, may 
be of some interest from the point of view of astrobiology.
POSSIBLE WAYS OF FORMING THIN HYDROGEN-HELIUM 
ATMOSPHERES:
Mini-Neptunes оn wide orbits can be hyсeans only if the  relative mass 
of their gas envelope does not exceed 10–5–10–3 of the  exoplanet mass 
(a higher mass corresponds to lower illumination). The probability of form-
ing such thin envelopes is relatively small. As a rule, the atmosphere is sev-
eral percent of the mini-Neptune mass [11]. Almost complete or significant 
loss of primary envelopes as a result of photoevaporation is possible only 
at low orbital distances, i.e. outside the  habitable zone for hyсeans [12]. 
In this work, it is shown that the loss of massive gas envelopes and the for-
mation of thin atmospheres of primary composition are possible for light 
mini-Neptunes (1.5–0.3M⊕), rich in water, on wide orbits due to core-pow-
ered mass-loss [13, 14]. This mechanism of formation of potential hyceans 
is most effective for exoplanets around red dwarfs, which are distinguished 
by relatively high luminosity at the initial stage of evolution. Relatively high 
equilibrium temperature of exoplanets in the first millions — tens of mil-
lions of years after formation can ensure the  loss of most of the  gas en-
velope. Its further evolution is associated with photoevaporation, the rate 
of which will decrease with a decrease in the luminosity of the parent star 
and its activity. Ultimately, the equilibrium temperature of the exoplanet 
decreases to values compatible with the existence of an ocean. The results 
of calculations for models of mini-Neptunes of different masses, with dif-
ferent proportions of water in the  composition and with different equi-
librium temperatures after formation for parent stars of different spectral 
classes are presented. An assessment is given (based on the conditions at 
the boundary of the atmosphere and the water mantle) of their belonging 
to hyceans. The stability of residual gas envelopes is estimated taking into 
account photoevaporation.
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INTRODUCTION:
Currently, outer space is a unique space for interdisciplinary research, allow-
ing us to obtain new information about various physical and biochemical 
characteristics of natural objects [1, 2]. One of the key areas of astrobiology 
has become the assessment of the influence of various cosmic factors on 
microorganisms, in particular on prokaryotic communities [3–8]. Determin-
ing the limits of resistance to these conditions is necessary to understand 
the processes of transformation of the microbial community in outer space, 
which is important when planning long-term expeditions and missions 
(for example, to the Moon or Mars), as well as when assessing the risks of 
“forward” and “back” contamination of planets by various microorganisms 
[9–13]. Soil can be chosen as a model object for studying the effects of cos-
mic factors on prokaryotic communities, since it is a complex biological 
system, being the main pool of microorganisms on our planet that ensure 
the cyclic use of chemical elements by organisms. Exploration of the mi-
croorganism’s biodiversity and physiological activity in soil exposed in LEO 
(Low Earth Orbit) is the  key to understanding the  possibility of creating 
closed ecological systems in spacecraft and future extraterrestrial colonies.
EXPERIMENT:
In this research, a comprehensive assessment of the  impact of two years 
of exposure in the  outer shell of the  International Space Station (ISS) on 
the prokaryotic communities of gray forest soil was carried out. To achieve 
this goal, a systematic methodological approach was applied that allows 
for a comprehensive analysis of the resistance of bacterial populations to 
the extreme conditions of outer space. 
Soil samples (0–10 cm) from a broad-leaved forest in the vicinity of Pushchi-
no were dried, aseptically crushed to 1 mm and packed in sterile polypro-
pylene bags with pores of 0.2 microns. The packages were placed in special 
containers to ensure the sterility of the inner surface and direct interaction 
with the atmosphere. 
The epifluorescence microscopy with intercalating dye acridine orange was 
used to determine the number of bacteria in soil samples. In order to esti-
mate the number of culturable bacteria in soil samples, the plating method 
on dense nutrient media was used. Culturing were performed at two dif-
ferent temperatures: 10 and 25 °C. The functional diversity of soil microbial 
communities was assessed using the multisubstrate testing method based 
on the  study of substrate consumption spectra [14]. An in  vitro study of 
the stress resistance of bacterial isolates included the determination of tol-
erance spectra to temperature, pH, and osmotic stress was performed [14].
KEY RESULTS:
The  total numbers of prokaryotic cells were in the  range of (8.5–
8.6)·108 cells/g. It was no statistically significant differences between the to-
tal number of prokaryotes in the samples of gray forest soil from all experi-
mental variants, which may indicate a slight effect of the cumulative effect 
of LEO conditions on the number of prokaryotic cells.
The number of culturable bacteria in the studied samples was statistically 
significantly different in the exposed and control samples: a significant de-
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crease in the number of cultured bacteria by 10-100 times in the exposed 
samples compared with the  control variants was found, which may indi-
cate the suppression of cultured bacterial complexes under the influence 
of stressful conditions of outer space. 
Multisubstrate testing has shown that exposure in LEO conditions leads to 
a decrease in the potential metabolic activity of soil microbial communities 
while maintaining a relatively uniform representation of representatives of 
various trophic groups within the communities. Analyzing the consump-
tion spectra of substrates at the class level of bioorganic compounds, it is 
possible to note a change in the “consumption strategies” of bacterial com-
munities of the studied samples of gray forest soil towards the consump-
tion of the most energy-efficient substrates (amino acids).
It was found that all the analyzed bacterial isolates, regardless of the tem-
perature conditions of their initial secretions and the type of gray forest soil 
samples, demonstrated the ability to grow on nutrient media at a tempera-
ture of 25 °C. It is worth noting that 50% or more of the strains in the com-
plexes isolated from gray forest soil in all experimental variants show active 
growth over the entire range of temperatures studied (from 10 to 45 °C).
All strains isolated from the  researching microbial communities showed 
maximum activity at a neutral pH of 7. In the pH range from 5 to 11, there 
was significant variability in the proportion of bacteria capable of growth, 
ranging from 60 to 100 %. Psychrotolerant strains of the  exposed sam-
ples show greater resistance compared to mesophilic ones. Also, 70% of 
the strains isolated from exposed and frozen samples showed the ability to 
grow at salt concentrations up to 10 % (0.1  M).
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INTRODUCTION:
More and more organic compounds (OC) are being discovered in out-
er space, including complex polycyclic compounds of abiotic origin [1]. 
The abiotic synthesis of complex OC from initial inorganic or/and organic 
matter has been repeatedly approved due to many types of model exper-
iments, which represent different processes take place on space bodies or 
in the  cosmic medium. For that, different targets placed in model atmo-
spheres, vacuum, or “persistent containers” were exposed to different ener-
gy sources: spark discharges, ultraviolet (UV-) and X-ray irradiation, pulsed 
laser irradiation, hypervelocity impacts, shock waves generated by explo-
sions, etc. The sources of elements for OC formation can be both mineral 
sample, imitating the regolith or rock of considered space body, and sur-
rounded gas medium (if any) containing different combinations of gases 
that represent the hypothetical or known atmosphere of the space body 
(H2, N2, CO, CO2, NH3, O2, CH4, H2O, etc.).
One of the topical issues of abiotic synthesis is the possible catalytic role of 
the plasma-dust medium in the synthesis of OC. Plasma here acts as a source 
of charged particles, UV radiation, radicals, and particles in an excited state, 
which significantly increase the number of possible chemical reactions. Sol-
id particles, located in plasma regions where heat fluxes are not so large for 
their evaporation or melting, can act as a heterogeneous catalyst [2].
EXPERIMENTS:
We used a microwave discharge in powdered samples, which occurs when 
they are exposed to powerful pulsed gyrotron radiation [3], to create 
a plasma-dust environment and study the formation of organic substances. 
The target was the lunar regolith simulant LMS-1D [4, 5], which repeats both 
the mineral (pyroxene, basalt, anorthosite, olivine, and ilmenite) and gran-
ulometric compositions of the  lunar maria regolith, or rather its smallest 
fraction, lunar dust [6, 7]. The initial gas medium was argon at atmospher-
ic pressure, but ammonium carbonate was added to each of the prepared 
samples, which rapidly decomposed into H2O, CO2, and NH3 at the  initial 
stages of discharge, creating an environment of gases and vapors that could 
have been presented in the  early Earth atmosphere. Metal iron powder 
was added to a part of the samples to facilitate the breakdown conditions. 
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The microwave radiation power of 400 kW corresponds to an average beam 
cross-section power density of 14 kW/cm2 and RMS electric field strength 
of 2.3 kV/cm. Two irradiation modes were used to vary the quenching con-
ditions of possible reaction products: 1) a sequence of three short (2 ms) 
pulses with a pause of 8 ms between them; 2) single long (8 ms) pulses.
RESULTS AND THEIR DISCUSSION:
Optical emission spectroscopy confirmed the  appearance of ammonium 
carbonate constituents in plasma and the destruction of the initial petro-
genic oxides.
Scanning electron microscopy revealed the  spheroidization of particles 
and the appearance of porous particles in the samples after exposure to 
a discharge. This effect was most brightly represented in samples with 
the addition of metal iron powder.
A comparative study of the composition and content of OC in the samples 
before and after the exposure to the discharge was carried out by pyrolytic 
gas chromatography-mass spectrometry (Pyr-GC/MS). The setup consisted 
of “Pyrolytic vaporizer P4” equipped with a cryofocusing system (liq. CO2), 
and ”Chromatec Crystal 5000.2” gas chromatograph/mass spectrometer. 
In order to protect all the exposed materials against contamination with or-
ganic substances from the laboratory environment, the preparation of both 
the chamber and samples for the microwave discharges, as well as the an-
alytical preparation of the irradiated material, was carried out in the micro-
biological safety boxes (as laminar shelters) with all necessary precautions.
A noticeable release of OC occurred at temperatures of 450 °C and above 
(with stepwise heating of the  samples at 150, 300, 450, 600 and 900 °C), 
which indicates the presence of high-molecular thermally unstable OC that 
produce volatile products of their thermal destruction. Among the volatiles 
isolated were: alkadienes (isoprene, pentadiene-1,3), aromatic hydrocar-
bons (benzene, toluene, biphenyl, styrene, naphthalene), as well as N-bear-
ing substances (mainly — benzonitrile).
CONCLUSION:
These experiments showed that microwave irradiation of mixtures based 
on a lunar regolith simulant generates new compounds (mainly high-mo-
lecular ones), including those containing bound nitrogen from the model 
atmosphere.
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ABSTRACT:
The possibilities of using non-carbon life forms in the Universe and, in par-
ticular, in the Solar System are considered. Special mechanisms for the ar-
rangement of living organisms in the depths of giant planets have been de-
veloped in fundamental extreme chemistry and the synthesis of a complex 
method of non-carbon compounds and the diversity of their forms based 
on ammonia. Life based on silicon principles, self-organization in dusty 
plasma as one of the possible forms of life, and even clouds in the Earth’s at-
mosphere as independent self-reproducing and self-organizing structures 
are considered.
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INTRODUCTION:
Perchlorates are found in Martian regolith and have a great importance 
from astrobiological point of view. In one hand, they can serve as an energy 
source for microorganisms and can promote liquid water formation, and 
in other hand they are able to kill microorganisms through oxidative and 
osmotic stress [1]. Despite that, it is found that perchlorate presence sig-
nificantly (in several times) enhances bactericidal effect of UV radiation [2]. 
Hypothetical microbial cells in Martian soil can be shielded from UV by thin 
layers of minerals ([3], and references therein), so this factors combination 
probably could be effective only in the shallow regolith. But Mars is sub-
jected to irradiation with intensive ionizing radiation, which penetrates few 
meters depth [4]. It is unknown, is there any synergistic bactericidal effects 
of ionizing radiation and perchlorates, like it is shown for UV. There are data 
on higher rates of organics radiolysis at the  perchlorates presence [5–7], 
but effects on microbial viability are not studied yet.
EXPERIMENT:
We performed irradiation of Bacillus subtilis bacteria by accelerated elec-
trons under simulated Martian conditions — temperature about –65 °C and 
pressure about 1 Torr. Bacterial cells were within pure water ice and per-
chlorate-containing (1 and 2.5 wt. %) water ice. Irradiation was performed 
with 5, 10, and 15 kGy doses. Bacterial viability was assessed using solid 
nutrient media culturing.
Bacteria have demonstrated high radiotolerance under model condi-
tions — cells count decreased no more than two orders of magnitude af-
ter irradiation with the highest dose. It was found, that sodium perchlorate 
presence at concentrations up to 2.5 % does not alter bacteria survivability 
under ionizing radiation (in contrast to previously shown effect of UV). This 
result testifies in favor of habitability of perchlorate-containing econiches 
on Mars.
ACKNOWLEDGMENTS:
The study is funded by Russian Science Foundation, project №24-72-00004 
(https://rscf.ru/en/project/24-72-00004/).
REFERENCES:
[1]	 Cheptsov  V., Belov  A., Soloveva  O. et  al. Survival and growth of soil microbial 

communities under influence of sodium perchlorates // Intern. J. Astrobiology. 
2021. V. 20. Iss. 1. P. 36–47. DOI: 10.1017/S1473550420000312.

[2]	 Wadsworth  J., Cockell  C. S. Perchlorates on Mars enhance the  bacteriocidal 
effects of UV light //  Scientific reports. 2017. V. 7(1). Article  4662. https://doi.
org/10.1038/s41598-017-04910-3.

[3]	 Rummel  J. D., Beaty  D. W., Jones  M. A. et  al. A new analysis of Mars “special 
regions”: findings of the  second MEPAG Special Regions Science Analysis 
Group (SR-SAG2) //  Astrobiology. 2014. V. 14(11). P. 887–968. DOI: 10.1089/
ast.2014.1227.

[4]	 Dartnell  L. R., Desorgher  L., Ward  J. M., Coates  A. J. Modelling the  surface and 
subsurface Martian radiation environment: Implications for astrobiology 



THE SIXTEENTH MOSCOW SOLAR SYSTEM SYMPOSIUM 2025

330

16MS3-MS-PS-01
POSTER

// Geophysical Research Letters. 2007. V. 34. Iss. 2. Article L02207. https://doi.
org/10.1029/2006GL027494.

[5]	 Pavlov A. A., McLain H. L., Glavin D. P. et al. Rapid radiolytic degradation of amino 
acids in the Martian shallow subsurface: Implications for the search for extinct 
life // Astrobiology. 2022. V. 22(9). P. 1099–1115. DOI: 10.1089/ast.2021.0166.

[6]	 Góbi S., Abplanalp M. J., Kaiser R. I. Effect of perchlorates on electron radiolysis 
of glycine with application to Mars // The Astrophysical J. 2016. V. 822. No. 1. 
Article 8. DOI: 10.3847/0004-637X/822/1/8.

[7]	 Góbi S., Bergantini A., Kaiser R. I. Degradation of adenine on the Martian surface 
in the  presence of perchlorates and ionizing radiation: a reflectron time-of-
flight mass spectrometric study // The Astrophysical J. 2017. V. 838. No. 2. Arti-
cle 84. DOI: 10.3847/1538-4357/aa653f.



THE SIXTEENTH MOSCOW SOLAR SYSTEM SYMPOSIUM 2025

331

16MS3-AB-PS-02
POSTER

REMOTE SENSING OF EARTH’S ECOSYSTEMS

V. P. Badya, P. I. Besogonova, O.R Kotsyurbenko
Ugra State University, Khanty-Mansiysk, Russia, lerabada5@gmail.com

KEYWORDS:
astroecology, remote sensing, environmental monitoring, Lidar, Sentinel-2, 
environmental assessment, satellite devices
Abstract:
Remote sensing is the  most well-developed and actively used research 
method in astroecology. In relation to terrestrial ecosystems, versatility and 
innovative technologies make remote sensing a powerful tool in the hands 
of scientists in solving problems in the field of biogeography and ecology. 
In the context of global environmental challenges such as biodiversity loss 
and climate change, remote sensing is becoming an indispensable tool for 
the  sustainable management of natural resources and the  development 
of effective environmental protection strategies. The  development of re-
mote sensing methods and technologies opens up the possibility to mea-
sure the height, topography and geometry of an object (tree) using Lidar, 
determine the  level of chlorophyll in foliage, and study the biochemistry 
of a plant using spectrometric sensors. This allows scientists to calculate 
the  biomass of the  forest. By comparing these data with ground-based 
studies, conclusions can be drawn about the state and diversity of the for-
est. Also, the correlation of Lidar and spectral measurement data with infor-
mation about the soil obtained directly allows us to draw conclusions even 
about microbial activity. With the  help of information about the  climate 
and vegetation obtained using remote sensing technologies, it is possible 
to predict where a particular type of animal is found and with what density. 
Within the framework of astroecology, an actively developing field of astro-
biology, remote sensing methods make it possible to observe and assess 
the state of various ecosystems and draw conclusions about the function-
ing of the Earth’s biosphere as a whole. In addition, remote sensing meth-
odology can be effective in exploring various extraterrestrial systems to 
obtain important information about their potential habitability.
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CLOSED ARTIFICIAL ECOSYSTEMS IN SPACE 
EXPLORATION

P. I. Besogonova, V. P. Badya, O. R. Kotsyurbenko
Ugra State University, Khanty-Mansiysk, Russia, besogonova99red@mail.ru

KEYWORDS:
closed artificial ecosystems, space exploration, life support systems in 
spacecraft, experiments with closed artificial systems, biosystems on plan-
etary stations, ecosystem interactions
ABSTRACT:
The creation of closed artificial systems with balanced ecosystem relation-
ships is the most important aim in space exploration. They are divided into 
two main types — biosystems on spacecraft and on stations organized on 
the  surface of planets. Closed ecosystems are self-sufficient autonomous 
systems in which all the organisms and resources necessary for life are lo-
cated in a limited space. In conditions of long-term flights on a spacecraft or 
working on a space station, such systems will provide for vital functions and 
ensure stable activity of the crew. The higher the degree of closure of such 
biosystems, the  more efficient their functioning and contribution to sav-
ing resources. To create the systems, it is necessary to take into account all 
the trophic connections between its biological agents and simulate ecosys-
tem interactions that should ensure the closure of biogeochemical cycles 
in a very limited volume. To date, a number of experiments have been con-
ducted in created artificial systems on Earth. Such systems are Biosphere-2 
(USA), BIOS-3 (Russia), Yurgong-1 (China) and a number of others. Various 
biological organisms were used in experiments to create artificial eco-
systems, including plants (cereals, legumes, grasses and shrubs), animals 
(insects, reptiles, amphibians, fish, crustaceans, small mammals), as well as 
microorganisms (bacteria, fungi, protists) involved in the decomposition of 
organic substances. Algae served as the main producers in the water com-
ponent of the systems. In different experiments, different degrees of their 
closeness were achieved. In general, the results obtained proved to be ex-
tremely important for understanding the functioning of such systems and 
served as the basis for more accurate modeling and further experiments to 
create effective types of various closed systems. Such ecosystems provide 
valuable information about how life can exist and adapt in conditions of 
limited resources, which is important for future exploration and possible 
colonization of other planets. At the same time, experiments with such sys-
tems can give a clue of understanding the principles of ecosystem sustain-
ability and the possibilities of their restoration on Earth.
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MAXIMA OF STRONG METEOR SHOWERS 
IN BLOOD MARKERS

A. V. Tertyshnikov
Institute of Applied Geophysics, Moscow, Russia, atert@mail.ru

KEYWORDS:
meteor showers, ultraviolet radiation, blood markers, generalized portraits, 
leukocytes, lymphocytes, erythrocytes
INTRODUCTION:
The ordering of variations in solar ultraviolet radiation and an increase in its 
intensity during the maxima of strong meteor showers at the Russian Ant-
arctic station Novolazarevskaya [1] was used to search for effects in blood 
tests from the  St.  Petersburg Clinical Hospital for 2000–2001. The  follow-
ing are selected for the experiment: the rate of erythrocyte sedimentation 
(ESR), the content of leukocytes and lymphocytes.
The features of the devices used for observations of solar ultraviolet radia-
tion are considered.
THE SCHEME OF THE EXPERIMENT:
Strong meteor showers with fixed peak dates from (https://en.wikipedia.
org/wiki/List_of_meteor_showers/) were used to diagnose the  effect 
of increases in the power of solar ultraviolet radiation on blood markers. 
The criterion for selecting meteor showers was the value of the zenith hour 
number of at least 5 meteors per hour above a potential observer. The list 
of events includes streams: January 3, February 8 and 24, March 14, 07.06, 
19.06, 30.07, 06.08, 13.08, 01.09, 9 September, October 21, November 17, 
December 7 and 14.
The duration of the investigated series of blood tests in the St. Petersburg 
Clinical Hospital was from 28.05.2000 to 20.03.2001, with the exception of 
July. There were no analyses on public holidays and, partially, on weekends. 
The  average scores from daily blood tests were used as blood markers: 
1) erythrocyte sedimentation rate (ESR), 2)  lymphocyte count, and 3) leu-
kocyte count. During the day, at least five and up to 15 people took blood 
tests. The  uncertainty in the  state of health of those who took the  tests 
determines the main attention to the study of their dispersion and order. 
For this purpose, the “generalized portrait” method was used in the range 
of ±10 days from the dates of the maxima of strong meteor showers, and 
the fast Fourier transform method, taking into account the small amplitude 
of potential changes.
ANALYSIS OF THE RESULTS:
The  ESR marker evaluates the  presence of an inflammatory process and 
other pathological changes in the body. Estimates of the standard devia-
tion and coefficient of variation of the average daily ESR estimates, the co-
efficients of skew and kurtosis of the average series of ESR are analyzed.
Increased amplitudes of variations in the estimates obtained are noticeable 
in the range from –6 to +9 days from the date of the maximum of the strong 
meteor shower. But on the date of the maximum, with an increased level 
of solar ultraviolet radiation, variations are minimal, and the  marker lev-
el normalizes. The  average ESR estimate on the  date of the  strong me-
teor shower was 5.2 mm/hour, with a norm of 2–10 mm/hour for men 
and 2–15 mm/hour for women. The ESR values on the dates –2 days and 
+2 days are 60 % higher than on the date of the maximum of the strong 
meteor shower.
On the  date of the  maxima of strong meteor showers, the  kurtosis coef-
ficient of the average daily ESR marker is negative, which corresponds to 
a uniform distribution law.
The cyclicity in the morphology of spectral-temporal amplitudograms cal-
culated using the fast Fourier transform is shown for a number of average 
daily ESR markers.
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A change in the morphology of the spectral and temporal characteristics of 
the analyzed markers was noted with respect to the dates of strong meteor 
showers, dominant cyclical patterns with periods of 3–4 and 6–7 days, as 
well as normalization of the average daily ESR estimate.
The level of the average daily marker “leukocytes” is lower than the average 
values within ±10 days from the date of the maximum meteor shower and 
increased on –3 days and on +4 days. There are also dominant periodicities 
of 3–4 and 7 days. Ordering the variation of the average daily markers by 
leukocytes by estimating the  kurtosis coefficient as much as one day af-
ter the date of the meteor shower maxima. The signal is strong, exceeding 
the limits of the 95 % confidence interval of the analyzed three-week series 
and corresponding to the levels of the normal distribution law, which con-
firms the effect of ordering variations of the analyzed marker, activation of 
the immune system.
According to the average daily marker “lymphocytes”, the changes are in 
many ways similar to the  estimates for leukocytes. Lymphocytes (blood 
cells that are involved in the formation of immune defenses) are a type of 
white blood cell.
DISCUSSION:
The time correspondence between the weak impact of the meteor show-
er on the upper atmosphere and variations in blood markers necessitates 
the  search for possible mechanisms of interaction. These may include 
changes in atmospheric conductivity due to meteor dust, an increase in 
the  influx of solar ultraviolet radiation into the  maximum of the  meteor 
shower, the influence of solar ultraviolet radiation on pathogenic process-
es, and variations in the density of the meteor shower in the solar ultravio-
let stream.
Models of the  distribution of meteoric matter do not take into account 
changes in the  density of the  meteor shower in the  upper layers of 
the Earth’s atmosphere. In Russia, priority is given to space debris models, 
in which special attention should be paid to dust generated by the com-
bustion of Starlink satellites. Possible mechanisms of meteor dust release 
that affect fluctuations in the solar ultraviolet radiation flux are discussed.
CONCLUSIONS:
As a result of statistical processing of blood tests from the St. Petersburg 
Clinical Military Hospital, normalization of the erythrocyte sedimentation 
rate was established on dates of strong meteor showers, which corresponds 
to an increase in incoming solar ultraviolet radiation. In the dynamics of ESR 
estimates characterizing the activity of inflammatory processes, dominant 
cyclical news with periods of 3–4 and 6–7 days was noted. They may be 
caused by the social effects of the working week and variations in ultravio-
let radiation on particles of settling meteor dust.
The  content of leukocytes and lymphocytes revealed similar effects with 
minima on the dates of meteor shower maxima, dominant periodicity, and 
strong signals of activation of immune system processes after the maxima 
of strong meteor showers.
The deposition of cosmic and meteoric dust into the ozonosphere is of in-
terest to astrobiology.
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S003809462460166X.
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address:
Space Researh Institute (IKI)
Profsoyuznaya street 84/32
post code 117997
metro station: Kaluzhskaya
Moscow, Russia



337

ИКИ РАН
площадь академика Келдыша 
метро «Калужская», первый вагон из центра, по тоннелю – прямо, 
по второму поперечному тоннелю – направо, выход на площадь, 
далее по стрелкам на схеме

IKI RAS
You should get off at “Kalyzhskaya” metro station using the southern exit. 
After leaving a station lobby through glass doors you should go straight 
to the end of the tunnel, then take right and use the stairs to get to the surface. 
From this point you may follow either arrow on this map
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REGISTRATION AND INFORMATION DESK 
location: IKI, entrance A-4 
time: 
20 october, 9:00–18:00 
21–24 october, 10:00-18.00 

ORAL SESSIONS 
location: 
•	 IKI conference hall, second floor 

Sessions: Opening, Mars, Moon and Mercury, Venus, Small Bodies, 
Extrasolar Planets, Giant Planets, Astrobiology 
20–24 october

POSTER SESSIONS FOR ALL SESSIONS 
•	 IKI Winter Garden, second floor 

20 october, 18.05–18.35

COFFEE BREAKS, WELCOME PARTY, RECEPTION
location: 
•	 IKI Winter Garden, second floor – Coffee Breaks
•	 IKI Winter Garden, second floor – Welcome Party
•	 IKI Exhibition Hall, ground floor – Reception

INTERNET ACCESS AND WIFI 
there is Internet access in and near the conference hall



BOLSHOI OPERETTA HELIKON STANISLAVSKY NOVAYA OPERA MMDM KREMLIN PALACE
18.10 12.00, 19.00

opera in four acts, New Stage
LE NOZZE DI FIGARO  
СВАДЬБА ФИГАРО

19.00 
ballet, Historic Stage
IVAN THE TERRIBLE 
ИВАН ГРОЗНЫЙ

14.00, 19.00 
music performance
ANNA KARENINA 
АННА КАРЕНИНА 

19.00 
opera, Stravinskiy Hall
PAYATSY 
ПАЯЦЫ

19.00  
BALLET EVENING  
ВЕЧЕР БАЛЕТОВ

19.00   
opera
TRAVIATA 
ТРАВИАТА

19.10 12.00, 18.00
ballet, Historic Stage  
IVAN THE TERRIBLE 
ИВАН ГРОЗНЫЙ

12.00, 18.00
opera in four acts, New Stage 
LE NOZZE DI FIGARO 
СВАДЬБА ФИГАРО 

14.00, 19.00 
music performance
ANNA KARENINA 
АННА КАРЕНИНА

16.00
opera, Stravinskiy Hall
PAYATSY 
ПАЯЦЫ

12.00
opera
TZAR SALTAN FAIRY-TALE 
СКАЗКА О ЦАРЕ САЛТАНЕ

 

18.00
opera
TRAVIATA 
ТРАВИАТА

21.10 19.00
ballet, New Stage 
ANYUTA 
АНЮТА

19.00
opera, Historic Stage 
LA TRAVIATA 
ТРАВИАТА

19.00    
musical performance 
GRAF ORLOV 
ГРАФ ОРЛОВ  

19.00       
opera
MEDEA 
МЕДЕЯ

22.10 19.00
ballet, New Stage 
ANYUTA 
АНЮТА

19.00 
opera, Historic Stage 
LA TRAVIATA 
ТРАВИАТА  

19.00
musical performance 
GRAF ORLOV 
ГРАФ ОРЛОВ

19.00
opera
RIGOLETTO 
РИГОЛЕТТО 

19:00  
opera
LOENGRIN 
ЛОЭНГРИН

19.00
Svetlanov Hall
SPIVAKOV FESTIVAL  
ФЕСТИВАЛЬ В. СПИВАКОВА

23.10 19.00
opera, Historic Stage 
LA TRAVIATA 
ТРАВИАТА

19.00     
musical performance 
GRAF ORLOV 
ГРАФ ОРЛОВ

19.00  
opera, Stravinskiy Hall
BORIS GODUNOV 
БОРИС ГОДУНОВ

19.00     
opera
RIGOLETTO 
РИГОЛЕТТО

19.00   
concert, Svetlanov Hall
VAGNER AND CHAIKOVSKIY 
ВАГНЕР И ЧАЙКОВСКИЙ, 
«ВАЛЬКИРИЯ»  
И «ЛЕБЕДИНОЕ ОЗЕРО»

24.10 20.00 
consert, Historic Stage
CONCERT OF THE LAUREATES 
OF THE INTERNATIONAL 
TCHAIKOVSKY 
COMPETITION 
КОНЦЕРТ ЛАУРЕАТОВ МЕЖ-
ДУНАРОДНОГО КОНКУРСА 
ИМЕНИ П.И.ЧАЙКОВСКОГО

19.00 
musical performance
GRAF ORLOV, 
ГРАФ ОРЛОВ

19.00  
opera, Stravinskiy Hall
BORIS GODUNOV 
БОРИС ГОДУНОВ

12.00, 19.00  
ballet
SWAN LAKE 
ЛЕБЕДИНОЕ ОЗЕРО

19.00    
opera 
LOENGRIN  
ЛОЭНГРИН 

19.00
concert, Svetlanov hall
SERGEY ZHILIN  
AND THE ORCHESTRA 
СЕРГЕЙ ЖИЛИН И ОРКЕСТР 
ФОНОГРАФ-СИМФО-ДЖАЗ

19.00   
ballet, Theater hall
DON QUIXOTE BALLET 
БАЛЕТ «ДОН КИХОТ»

19.00   
concert
ANNIVERSARY CONCERT OF 
THE SOPRANO OF TURETSKY 
ART GROUP –  
"THE WORLD OF WOMEN"

ЮБИЛЕЙНЫЙ КОНЦЕРТ 
АРТ-ГРУППЫ  
«СОПРАНО ТУРЕЦКОГО» –  
«МИР ЖЕНЩИН»

25.10 12.00, 19.00  
ballet, historic stage
RAYMONDA 
РАЙМОНДА

12.00, 19.00  
opera in three acts, New Stage
TOSCA, GIACOMO PUCCINI 
ТОСКА 

14.00, 19.00  
musical performance
GRAF ORLOV  
ГРАФ ОРЛОВ 

19.00  
opera, Stravinskiy Hall
BORIS GODUNOV 
БОРИС ГОДУНОВ

12.00, 19.00  
ballet
SWAN LAKE 
ЛЕБЕДИНОЕ ОЗЕРО

19.00    
 
OPERA GALA 
ДЕНЬ ОПЕРЫ 
  

14.00   
concert, Svetlanov Hall
«WE WILL ROCK YOU»   
ВЕЛИКИЕ ХИТЫ QUEEN

18.00
concert
THE STATE ACADEMIC KUBAN 
COSSACK CHOIR "RUSSIA 
FROM EDGE TO EDGE" 
«РУСЬ ОТ КРАЯ ДО КРАЯ» 
ГОСУДАРСТВЕННЫЙ  
АКАДЕМИЧЕСКИЙ  
КУБАНСКИЙ КАЗАЧИЙ ХОР

26.10 12.00, 18.00   
ballet, Historic Stage
RAYMONDA  
РАЙМОНДА

12.00, 18.00  
opera in three acts, New Stage
TOSCA, GIACOMO PUCCINI 
ТОСКА

14.00, 19.00  
musical performance
GRAF ORLOV 
ГРАФ ОРЛОВ

16.00       
opera, Stravinskiy Hall
BORIS GODUNOV  
БОРИС ГОДУНОВ

12.00  
ballet
SWAN LAKE  
ЛЕБЕДИНОЕ ОЗЕРО 

19.00    
dance divertissement
BOLERO  
БОЛЕРО

13.00, 17.00    
musical, Theater hall
BREMEN TOWN MUSICIANS 
«БРЕМЕНСКИЕ 
МУЗЫКАНТЫ»

SOCIAL PROGRAM

https://bolshoi.ru		  БОЛЬШОЙ ТЕАТР, BOLSHOI THEATRE
https://mosoperetta.ru	 ТЕАТР ОПЕРЕТТЫ, OPERETTA THEATRE
https://www.helikon.ru	 ГЕЛИКОН-ОПЕРА,  HELIKON THEATRE
https://www.stanmus.ru	 МУЗЫКАЛЬНЫЙ ТЕАТР ИМ. К.С. СТАНИСЛАВСКОГО И ВЛ. НЕМИРОВИЧА-ДАНЧЕНКО,  STANISLAVSKY AND NEMIROVICH-DANCHENKO MUSICAL THEATER 
https://novayaopera.ru	 НОВАЯ ОПЕРА, NOVAYA OPERA
https://www.mmdm.ru	 МОСКОВСКИЙ МЕЖДУНАРОДНЫЙ ДОМ МУЗЫКИ,  MOSCOW INTERNATIONAL HOUSE OF MUSIC
https://kremlinpalace.org	 ГОСУДАРСТВЕННЫЙ КРЕМЛЁВСКИЙ ДВОРЕЦ, KREMLIN PALACE
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1. �ИНСТИТУТ КОСМИЧЕСКИХ ИССЛЕДОВАНИЙ РАН,   
ул. Профсоюзная, 84/32,  
столовая, 1 этаж, секция А3 
SPACE RESEARCH INSTITUTE,  
Profsoyuznaya street, 84/32,  
Food center, Ground Floor, Section A3

2. ТЦ «КАЛУЖСКИЙ»,  
ул. Профсоюзная, 61А,  
зона ресторанов, 2 этаж 
“KALUZHSKIY” Market Center,  
Profsoyuznaya Street, 61A,  
2 Floor

3. КАФЕ «АНДЕРСОН»,  
ул. Обручева, 30/1 
CAFÉ “ANDERSON”,  
Obrucheva street, 30/1

4. ИНСТИТУТ ПРИКЛАДНОЙ МАТЕМАТИКИ РАН,  
ул. Профсоюзная 84/32,  
столовая, 1 этаж 
INSTITUTE OF APPLIED MATHEMATICS,  
Profsoyuznaya street 84/32,  
Food center, Ground Floor

LUNCH POINTS NEAREST TO IKI




