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RUSSIAN FEDERAL SPACE PROGRAM
2016-2025

MOON, PLANETS, SMALL BODIES OF SOLAR SYSTEM

OUT OF-ATMOSPHERE ALL WAVE ASTRONOMY

SPACE PLASMA AND SOLAR-TERRESTRIAL PHYSICS

BASIC PROBLEMS OF SPACE BIOLOGY AND MEDICINE
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MAIN FEATURES:

*  TWO MAIN DESTINATIONS MOON AND MARS

¢ NEW MISSION TO PHOBOS

*  SAMPLE RETURN FROM THE MOON , PHOBOS AND MARS

*  GRADUAL DEVELOPMENT — EACH MISSION IS A BASIS FOR THE NEXT ONE

MOON :

. POLAR REGIONS

. SEARCH WATER

. INTERNAL STRUCTURE

. EXOSPHERE

SAMPLE RETURN

MARS:

SEARCH WATER
SEARCH LIFE
INTERNAL STRUCTURE
ATMOSPHERE
SURFACE

SAMPLE RETURN

PHOBOS:

GEOCHEMISTRY
INTERNAL STRUCTURE
ORBITAL PARAMETERS
SAMPLE RETURN




MAIN FEATURES:

+  TWO MAIN DESTINATIONS MOON AND MARS

+ NEW MISSION TO PHOBOS

+ SAMPLE RETURN FROM THE MOON , PHOBOS AND MARS

* GRADUAL DEVELOPMENT - EACH MISSION IS A BASIS FOR THE NEXT ONE

MOON :

* Luna-Glob (Luna-25) - 2019
* Luna-Resource Orbiter (Luna-26) - 2021

* Luna-Resource Lander (Luna-27) - 2021

MARS:

. ExoMars 2020

PHOBOS:

- PhSR 2024




Robotic precursors of Moon exploration

Goals of the 1st stage of Russian lunar robotic missions

Goal 1: Study of mineralogical, chemical, elemental and isotopic
content of regolith and search for a volatiles in regolith of
polar area of Moon.

Goal 2: Study of plasma, neutral and dust exosphere of Moon and
interaction of space environment with Moon surface at
poles.

Goal 3: Study dynamic of daily processes at lunar poles, including
thermal property variations of subsurface layers of regolith
and evolution of hydratation and volatiles.

Goal 4: Study of inner structure of Moon by seismic, radio and
laser ranging methods.

Goal 5: Preparation for future exploration of Moon



2015-2030: Projects with
robotic spacecrafts

LUNA-29

Complex study of
south polar area
with rover

oy

LUNA -28

(Luna-Resurs-2)
Lunar Polar
Sample Return

~N
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LUNA-27 2025 - 2040: Projects with
(Luna-Resurs-1 Lander) -
Safety and high robotic and manned

precision landing, study =
of regolith in the depth, Spacecrafts on lunar orbit
study of exosphere and
inner structure, beacon

LUNA-26

(Luna-Resurs-1 for next mission
Orbiter) Global
& resources
- reconnaissance and
LUNA-25 cartography

(Luna-Glob)
Soft landing surviving
and study of regolith
and exosphere Reusable spacecraft
«Corvet»




Luna-25 (Luna-Glob)

Expected results

Technology:

« Re-design of soft landing technology

« Pole-Earth radio link tests and experience
« Thermal design validation

« Robotic arm testing and validation

Science:
1. Mechanical/thermal properties of polar regolith
2. IR composition measurements of polar regolith

3. Water content and elements abundance in the
shallow subsurface of the polar regolith

4. Plasma and neutral exosphere at the pole
5. Plasma-Dust exosphere at the pole
6. Thermal variations of the polar regolith




Luna-27 (Luna-Resource Lander)

Expected results Technology:

» High precision landing and hazard
avoidance

« Pole-orbiter UHF radio link tests and
experience

« Cryogenic drill testing and validation

Science:

* Mechanical/thermal/compositional
properties of polar regolith within
2 meters

« Water content and elements
abundance in the shallow subsurface
of the polar regolith

« Plasma, neutral and dust
exosphere at the pole

« Seismometry and high accuracy
ranging




Chromatographic
complex

LASMA
PROSPECT

LIS-TV-RPM

TV-Spectrometer
ADRON

LMK

RAT

TERMO

PmL

ARIES

LINA

Radio beacon
SEISMO

Reflectors

Analysis of volatiles content and isotopic ratios

Laser Mass-spectrometry analyzer

Drilling, sampling, sample handling, processing and
analysis package

TV imaging of nearest field and objects (including
Robotic arm operations support); IR spectra of minerals

UV and optical imaging of minerals with UV excitation
Active neutrons & y detector
Robotic arm (including panorama and stereo imaging)

Radio measurements of temperature of subsurface
regolith

Direct measurements of thermal properties of regolith
Measurements of dust and plasma properties
Measurements of plasma and neutrals

Measurements of plasma and neutrals

Radio signal with high stability

Measurements of seismic activity

Luna-25 & -27 Instruments and Experiments
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Why the Polar Moon?
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The Lunar Ejecta and Meteorites (LEAM) Experiment
deployed by the Apollo 17 astronauts as part of
the Apollo Lunar Surface Experimental Package on 11 December 1972
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long trajectories from the terminator.



Landing sites
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Luna-25 landing site selection

Luna-GLOB

mission
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Luna-26 (Luna-Resource Orbiter)

POCKOCMOC

Expected results from Luna-26

Technology:

 Polar-orbit UHF radio link tests and

experience

« Orbital operations

Science:

« Space plasma in the lunar vicinity

« Luna-27 landing sites candidates




Luna Orbiter

ROSCOSMOS

Spacecraft design (2015

Launch Soyuz-2-1b + Fregat
Orbiter mass ~2000 kg
Payload mass ~160 kg

TM downlink 16-18 or 100 Mbit/s (TBD



Orbit

ROSCOSMOS
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Moon orbit
insertion
~5-7 days

The second correction at LTT ‘

The first correction at LTT ..

Lander and adapter
separation

R

near/Moon orbit

Transfer into the Lunar Near-Earth parking

Onbiter propulsion ignition. ~2 '
prop g " i y
) 7

transfer trajectory (LTT) orit 200x200 km
Daily near-Moon orbit operation orbit
(Hcirc=200 km)
Fregat ignition.
Transfer into the
Fregat upper sta_ge Intermediate orbit
Seertion 250x36000 km
Two ignitions of Fregat P S P ptermediate orbit
upper stage * g 245x11000 km

Transfer into the near-Earth
intermediate orbit



Luna Orbiter science
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ROSCOSMOS

Moon surface science
» Topography

» Subsurface structure
» Hydrogen rich regions
» Chemical composition

» Moon gravity field
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@ Luna Orbiter science

ROSCOSMOS

(A) .= ' ..
= = = Q L Fe
Circumlunar science 1 =
Yz Y
» Exosphere sl s i
S .o DIRECTION OF
] ] ] » K}¢ s ACCELERATION
» Solar wind — Moon interaction ¥ 2T
» Lunar magnetic anomalies . 2l
_ DIRECTION OF : \‘9&(
» Micrometeors INTo waKE | b
. >-. ...:.
Center for Space Physics, Boston University %
Lunar Sodium Tail _ |E
CIGHT E
SHADOW A A &

View fram Earth

looking awa B) SOLAR WIND
fromg Sun Y (B) LUNAR WAKE SOLAR WIND

;g:/_ ___ TWO STREAMS _*_ S
Nov. 16, 1998 ; \ N l

00:00 UT




% Luna Orbiter experiments m[/l

LGNS

LEVUS

LUMIS

LSTK

RLC-L

1. planetary experiments

neutron and gamma ray

UV exosphere
30-150 nm

IR mapping
1-16 mkm

stereo camera

radar
20 and 200 MHz

IKI
France/Japan/IKI
Bepi-Colombo PHEBUS

IKI
Exomars ACS

IKI

IRE




//
A Luna Orbiter experiments IW

2. plasma experiments

/
LPMS-LG magnetometer IKI T
DC field . ‘
LEMI electromagnetic waves Ukraine/Czech R/IKI

magnetic fluctuations to 40 kHz

BMSW-LG solar wind Czech RI/IKI
plasma flow direction, velocity, density

ASPECT-L energetic particles SlovakiallKl
ions and electrons 20-1000 keV

LINA-R lons and neutral spectrometer IKI
major ion species 10-30 000 keV

LNT neutral atoms spectrometer Sweden/IKI
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Luna Orbiter experiments IW

3. other

PKD radio receiver IKI
high-precision orbit measurements

METEOR-L circumlunar dust GeoKhi

SSRNI2 data management system IKI

CANDIDATE INSTRUMENTS

LYMUS/LAICA all-sky survey of L-alpha LATMOS/Rykkio U/ IKI



Dust instruments in the payload

Destination: The Moon

Mission: Luna-Glob Lander (2019)

Instrument: Lunar Dust Monitor (PmL-LG)

Destination: Mars surface

Mission: ExoMars (2020)
Instrument: Dust Suit (DS)

Destination: The Moon

Mission: Luna-Resource Lander (2021)

Instrument: Lunar Dust Monitor (PmL-LR)

Destination: Martian orbits, Phobos

Mission: Boomerang (PhSR) (2024)
Instrument: Dust In the Martian
EnviRonment (DIMER)




Lunar Dust Monitor (PmL)

PmL-LG

Min impulse is ~10-2 N-s (for SiO, sphere ~2 um diameter with
velocity ~1 m/c)

Max impulse is ~10° N-s (or even more).

Grid before PZT plates of Impact Sensor measure particle

charges from ~10-'4 C (~10000 electrons).



PmL instrument characteristic for Luna-Glob (Luna 25)

Dimentions Weight Consumption
:'S“paCt SENSOr 175 170x60  850g 5 W
2 x Electric
Field Sensors @60 x 125 2x45g=90¢g <0.01W
Cables 20cm &3 m 50g <0.01W
TOTAL 990 g

PROXIMITY ELECTRONICS RS-485 Interface, ~ 10 Kb/s, (0.3 Mbit/day), preamplifiers, ADC, FPGA, DC-DC

Engineering Model and Qualification Model passed tests. Flight prototype is under
construction, Laboratory models is under analysis result.

PROCESS OF MANUFACTURE

TEMPERATURE Work temperature + 65° + - 40° C, storage temperature + 65° +-50°C
OPEN IN SPACE PART OF IS Square of impact area S =0,025 m? of Impact Sensor

THERMAL CAPACITY 680 J/K

THERMAL FLUX TO POINT OF
FASTENING

5W




Roscosmos Martian Program

The first stage
Mars-SR

2 Proton,
Mars SR,
Mars investigation

Boomerang
v A : (Phobos-Soil-2)
S - e Proton,
Phobos SR, Phobos [ Under discussion |
ExoMars inverstigation

Rover

Soil study along
ExoMars the Rover way

Lander
Proton,
Rover, Mars

ExoMars TGO Lander

Proton, Orbiter,

Two Russian instruments




Why Phobos again?
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Phobos and Deimos are unique objects
among SS small bodies:

Are they:
- were formed together with Mars?
- captured asteroids like primitive bodies ?
- do they contain the Martian matter?

- And step to Mars Sample Return Mission




Phobos studies

For many years studies of Phobos have been of high priority in the Russian

program on planetary research.
the project was aimed to solve important scientific tasks
delivery of soil samples to the Earth is an important step in preparation of a

sample return mission to Mars.

Phobos 2 SC
1988-1989

Phobos-Soil SC 2011




. POCKOCMOC

1 - Main Propulsion
System (MPS)

2 — Migratory SC - Lander
3 — Returned SC (RSC)

4 — Returned Capsule (RC)
5 — RSC Solar arrays

6 — Solar arrays

7 - SC Truss

8 - MPS Truss
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Launch 2024 (TBD)

Rocket Angara-5
Main propulsion
system (wet) 5000 kg
SC (transfer + N
Lander) 990 ke
Payload ~ 50 kg
Returned SC 380 kg
Returned

Capsule 120 ke
Mass of samples 0,5 kg
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Special Thanks

Luna-25 and Luna-27 PS: |.G. Mitrofanov
Pl: V.I. Tretiakov

Luna-27 PS: A.A. Petrukovich

And for all who is involved in developing
the scientific instruments
for Russian Spacecrafts



