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Multifunctional satellite system
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Basic service

Low-speed communication link

* Personal mobile communication (PMC)

«  Communication channels for IoT devices and
telemetry in real time

« Control channels of unmanned vehicles (UV)
and spacecraft (S/C)

PMC | loT UV and S/C

S
E

)

High-speed communication link

* Internet access from a personal mobile
terminal

* Internet access in transport

« Data relay from unmanned vehicles
and spacecraft

Broadband : Internetin . uv
access . transport

“FIR

Additional payload

Air transport monitoring
(ADS-B)
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Spacecraft

eWeight: 350 — 400 kg
ePower supply system: 1 500 W

eActive service life: 7 years
eProduction cost of serial spacecraft is no more than 350 million rubles

ePossibility of a group launch

eCorrection system to ensure configuration of the orbital constellation




EFIR project realization EF]|

The Soyuz-2.1 rocket with The Soyuz-5 rocket Deployment of the
the upper stage to place into with the upper stage to constellation of
orbit technological S/C as an place into orbit 23 Soyuz-5 rockets
additional payload experimental S/C with the upper stage

2020 2021 2022 2023 2024 2025

VI. Stage
Serial production of S/C
Ka-band constellation deployment

Serial production plant of S/C
Constellation deployment of S-band S/C

IV. Stage

S/C prototypes

Adjustment of the working construction documentation and giving it
“‘O” and “O1” letters

V lll. Stage .
Device technologies

Implementation of technological routes of UV production

ll. Stage
Technological equipment
Full-scale adjustment of the architecture components

|. Stage
Scale modeling _
Ground adjustment of the architecture components




Competitor analysis

]

Radio frequency

Name S/C quantity Orbit altitude, km Provided services band
- Voice communications (2.4
kbit/s)
IRIDIUM NEXT | 81 (15 backup) 780 - Data transfer (1.4 Mbit/s) L, Ka
- AS
- ADSB
- Voice communications
GLOBALSTAR 24 1400 - Warning system SPOT )
- M2M
ORBCOMM 41 700 -750 Data transfer M2M (57 kbit/s) VHF
ONEWEB 648 1200 Data transfer (50 Mbit/s) Ku, Ka
SPACEX 4 425 1150-1 350 Data transfer ( up to 1 Gbit/s) S, Ku, Ka, V




Participants of the EFIR project

EFIR

ECONOMIC
USERS MANUFACTURERS ERS RETAILERS
B2B B2G
Commercial and
e Telecom- Manufacturers of user state banks
operators equipment Oil and gas Supplying
« Oil and gas|*® Ministries Manufacturers of companies companies of user
companies * Agencies industrial equipment Investment funds equipment
* Construction * Regional centers Space corporations ~ Financial Telecom-operators
companies * Rescue services Transport oompames | . companies Virtual operators
° Transport . 8 : Stat cpr in = : 'ConAtent? |
companies g | companies

* Commercial
banks.e




A\ PKC

POCCUWCKUE KOCMUYECKUE CUCTEMBI

EFIR

Multifunctional satellite system




I/RH Small Satellites

UHCTHUTYT
KOCMHWYECKHUX
MCCJIEJJOBAHHUHA
PAH

Microsatellites and educational programs.
L. Zelenyi, S. Klimov, A. Sadovski

Space Research | nstitute RAS (1 K1), Moscow, Russia

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, Moscow Region, Russia, MIPT, 06-08 December 2018
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Official: Education and PR of space researches

The aim is PR of space research and Russian cosmionautics,
scientific experiments and lessons in space for educational
purpose.

ISS is the unique laboratory in space and for microsatellites
launch.

ISS give possibilities:

* to explain what we do in
space;

* to show the cosmonautics
achievements and
perspectives;

* to take part in space
experiments.




time of flight

orbit start, km
total mass, kg

scientific instrument’

(SI) mass, kg
transmitter S, GHz

reset information,
Mbit/s

capacity of onboard
storage , Ghytes

Accumulator, Ah

Microsatellites IKI
Kolibri-2000 ChibisM  Chibis-Al

19.03 - 03.05 25.01.2012 - 2020 — 2022
2002 15.10.2014
368-397 489-513 460-520
20,5 40,0 40,0
3,6 10.8 10,3
0,435 2,27 2,218,0
0,002 ?7?77? 1,0 S:0,064 -1
X: 0,064 - 10
0,5
9,5 9,5

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, Moscow Region, Russia, MIPT, 06-08 December 2018

Trabant
2020 — 2022

480-600
2x60,0
2x17,5

2,218,0

X: 300,0

18,0
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IRN “Kolibri-2000” 19.03 — 03.05 2002

Despiteitssmall size, the
microsatellite (MS) “Kolibri-2000”
carried 3.6 kg of scientific
equipment, which made it possible
to conduct a fairly wide range of
scientificresearch in thefield of
" classical" cosmophysics, and to
study space weather, atmospheric
and ionospheric processes,
presumably associated with
thunder storm activity, manifested in
V' the registration of electrons near the
equator, aswell asto solvethe
problems of space education [1].

Klimov, S.I., Yu.V. Afanasyev, N.A. Eismont, E.A. Grachev, O.R. Grigoryan,

Weight 20.5 kg, V.A. Grushin, D.S. Lysakov and M.N. Nozdrachev. Results of in-flight
: T : operation of scientific payload on micro-satellite “Kolibri-2000”, Acta
scientific equipment 3,6 kg’ Astronautica, Volume 56, Issues 1-2, January 2005, Pages 99-106, 2005
30 W
TheFirst International Aerospace Symposium The Silk Road, 5

Dolgoprudny, Moscow Region, Russia, MIPT, 06-08 December 2018
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i “Kolibri-2000” 19.03 — 03.05 2002

Space education. ) School in Sydney ‘
._,? |‘ | f|
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Organization of reception of scientific information by school and University ground stations,
first of all, on Amateur radio channels.

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, M oscow Region, Russia, MIPT, 06-08 December 2018
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HHCTHUTYT
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NN Space education.

= Bjsas

T pisi

S

Knox School (Sydney). Opening of the colloquium. The school Director welcomed
the School Russian delegation 09.08.2000.

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, Moscow Region, Russia, MIPT, 06-08 December 2018
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Space education.

HHCTHUTYT
KOCMHWYECKHWX
"CAEJOBAHHF
http://storms.jhuapl.edu

Workshop on
The Sun-kEarth
Gonnection

August 7-8, 2002

sl versity Applied Physics Laboratery

WORKSHOP GOALS

« Assess the da ollected by the
various space

* Plan rew s, joint analysis of
data and study of this event through
global models

= Establish the basis for a join?! SH/SM/SA
session for the F 2002 AGU meeting,
leading to papers Into a special
section of one of the journals

School "Helios' IATE (Obninsk, Russia). Discussion of the scientific results of the project
“Kolibri-2000" .
Right - the poster of the International Conference on the eventson the Sun 14-24 April 2002.

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, M oscow Region, Russia, MIPT, 06-08 December 2018
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I " Chibis-M# (25.01.2012 — 15.10.2014)
Studies of atmospheric lightning.

For the study of new physical processes in high-altitude atmospheric lightning discharges
and mechanisms for their preparation requires a comprehensive study of gamma radiation,
infrared and ultraviolet radiation, of electromagnetic waves in a wide frequency range with an
unprecedented high (better share microseconds) time resolution.

Since gamma-rays, IR and UV radiation is strongly absorbed in the atmosphere, the land
of studies of such processesisvery limited. Optimal isther study using low-or bit spacecr aft (SC).
Unique across the width of the spectrum of the studied electromagnetic radiation, the world's first
target Observatory, was created in IKI| in cooperation with other academic and University
or ganizations, including inter national, in the form of complex scientific equipment (KNA) “Groza".

VISIBLE
INFRARED LIGHT uv

MICROWAVE X-RAY

10,000 @" 05

ENERGY 0.000900248 0.124 18 4.06° 2480 -

1cm = 10,000,000\panometers
—

TheFirst International Aerospace Symposium The Silk Fioad',
Dolgoprudny, Moscow Region, Russia, MIPT, 06-08 December 2018
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" Chibis-M*

For delivery of the MS on the ISS and subsequent MS separation from TCV are
transport-launch container (TLC).

TLC " ChibisM" . Right - comparizen TLC Installation of a microsatellites' Chibis-M" in the
" Kolibri-2000" (left) and " Chibis-M" . Dueto the TLC.
thicker thelinethe Chibis-M" (mass of 40kg.),
volume TLC wasincreased by 10% compared

with TLC " Kolibri-2000" (mass 20.5 kg).

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, Moscow Region, Russia, M1 PT, 06-08 December 2018
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I/I'\‘l/l On the experience of space experimentswith MSthe" double start" technology
e was developed and implemented “for the first time in the world”
with theflight of the Progress spacecraft to a higher orbit (from 380 to 500 km),
which increasestheresidencetimeof MSin orbit almost in 2 times.
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TheFirst International Aerospace Symposmm The Silk Road
Dolgoprudny, M oscow Region, Russia, MIPT, 06-08 December 2018
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R " Chibis-M* http://chibis.cosmos.ru

KOC MM"{ECK“)E
HCCJIEAOBAHHA
PAH

Weight 40 kg, scientific equipment 10.8 kg, 50 W

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, M oscow Region, Russia, MIPT, 06-08 December 2018
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" Chibis-M*

In IKI
for ~3years
asawhole
successfully operate
cosmic
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R " Chibis-M*

HHCTHTYT
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dischar ges, also recorded by the sensor of ultraviolet and infrared radiation (DUF).
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Over the past ~3 years of operation " ChibissM" recorded several hundred RFA trigger
operations, of which more than a hundred associated with short and powerful lightning

-6
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What isknown at the moment:

» 3000 events in the gamma range (BATSE, RHESSI, Fermi, AGILE, CORONAS
Photon and Vernov);,

» 1in synchronousgamma - two different SC;

»1 1n synchronousgamma - ray opticsand different SC;
»NO simultaneous observations at gamma - ray and radio!!!
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CompactIntracloud Discharge i g Terrestrial Gamma-Flash

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, M oscow Region, Russia, MIPT, 06-08 December 2018
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Experiments on ISS - official info

EarthKAM (joint with NASA, photos of Earth from ISS)
Great Beginning (PR)

Inter-MAI-75 (educational radio systems — student project)
Coulon crystal (non-ideal plasma in magnetic field)

About Gagarin from space

RadioScaf (MAI student project)

Spheres — Zero Robotics (joint with NASA,

orientation
. . . o ‘\’1‘1;’ :t‘/ o ),
satellites in microgravity) It e

Spheres is the only project for pupils
carried from Russian site by MIPT basic
department (Space Physics in IKI)

S AN S



SPHERES on ISS

ISSO14E17875



What are SPHERES?

* Synchronized
Position

* Hold

* Engage

* Reorient

* Experimental
* Satellites
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What Is Zero Robotics?

« Schools competition
* Programming game
1SS PROGRAMING CHALLENGE

« Command game

b3

Zero is for Zero-G
— The finals occur aboard the ISS!!

Zero is for Zero Cost

— No entry fees
Zero is for Zero Configuration

— Everything is programed online

AT

ke
N Le e




SPHERES Hardware

. Thruster
PFOpUlSIOﬂ Ultrasonic
— 12 CO2 Thrusters g Receivers
Power Pressure _
— 16 AA Batteries Gauge / ‘;‘2;3}2?;?
. . (6{0)
Communications: Tani —

— SPHERE to SPHERE and SPHERE to Laptop
— 900 MHz TDMA 16kbps

+Z
Satellite body
axes

Processing Control
— TIDSP C6701, 167MHz | Panel
— 1 GFLOPS Theoretical Peak T N Ultrasonic
— 256 kB Flash ROM Metrology
Beacon
— CRTOS: DSP/BIOS
Navigation Diameter 0.22m
— Pseudo-GPS Ultrasonic Dry Mass 3.5kg
Metrology Wet Mass 4.3 kg
— Onboard IMU = Thrust 0.11N
— Estimates 6DOF pose at 5Hz " (single thruster)
— Repeatability: ~1-5mm, ~1-2 degrees CO, Capacity 170g

Astronaut Interface with ISS Laptop



zerorobotics.mit.edu

210.%) - . e A + 70 - - ot e o~
’fi} Zero Robotics About ZR ~ lournaments ~ Resource Sign in with Google

"ﬁ A

>
7

Zero Robotics High School Tournament 2017

Info
, Leaderboard history
0  Leaderboard history |
s Lead e rboa’rd {Script provided by Jake Crouch, Robodogs)

Game Documents
These results are based on the codes submitted before 21:59:59 UTC on 2017/10/02

Surveys
Team Country City Rating Rank
ISS P tion Ti
o7 et n SuperMajo Bros. Italy Grugliasco (TO) 5.9760528423 1
MIT Hotel Info Wall-E 6.0 Italy Messina 5.6871027384 2
ISS Finals Packet-MIT Arclight Romania Dej 5.4024471084 3
Zanneio Stardust Greece Piraeus 5.2814307424 &
Teams
Zagle Poland Warsaw 4.8752573767 5
Teams
The Drop Bears Australia Sydney 4.4345815285 6

Teams-3D

L SSEEER _ SR Eo L DR P US| U P L PR B T A ATTA4 A sanTIA -



High-school tournament structure

Sep 8 (Sat) Kick-off Webcast

Oct 12 (Fri) 2D Simulation Competition Deadline (end of
practice)

Nov 06 (Tue) 3D Simulation Competition Deadline
Nov 10 (Sat) Alliance Formation Event

September Dec 07 (Fri) Semifinal Simulation Competition Deadline

Dec 21 (Fri) ISS Code Due

TBD Jan 2019 ISS Final Competition

November

:> Virtual
Finals

January



2017 Geography




MS Tournament Structure & Timeline

Schedule Competition Elements Curriculum Units

Introduction to Physics and Math

Intro to Computer Science,

Week 2 SPHERES & the ZR Game

Week 4

Time to Play! - Programming and
Support

Strategies and Testing

Finals Prep and My Future in
Science & Engineering

Mid- Aug

ZER®
R@B@TICS

ISS PROGRAMING CHALLENGE




Thank you

for your attention!

| nvite to cooperation

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, M oscow Region, Russia, MIPT, 06-08 December 2018
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Sun-Venus Lagrangian point
satellite for the Venera-D mission

Irina Kovalenko!2 and Natan Eismont!

1. Space Research Institute RAS, Moscow
2. Institute of Astronomy RAS, Moscow

VAN

o k‘ IS INTERNATIONAL

' NEROSPACE SYMPOSIUM
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Overview

1. Mission overview

2. Earth-to-Venus trajectory

3. Mission scenario. Operational orbit
4. Transfer to Lagrangian point L1

5. Transfer to Lagrangian point L2

6. Conclusions



Mission overview




Mission overview

© Launch vehicle: Angara
© Launch years: 2026

© Payload: 6900 kg
OR

© Launch years: 2028 / 2029 / 2031
© Payload: 6200/ 6300 kg / 6900 kg




Mission elements

© Lander

o Main lander
2+ hours on surface

o Small stations
60 days on surface

© Orbiter
o Main orbiter
Lifetime > 3 years
o Optional element
Small satellite(s)




Scientific objectives !

© Complex analysis of the atmosphere, surface and plasma
environment

© To study the origin and evolution of Venus

© To understand the evolution of Earth climate and global
warming

© In application to exoplanets: to understand, which
processes make planetary systems habitable

1Zasova L.V,, et al., Venera-D: from science objectives to mission
architecture. (2018)



Earth-to-Venus trajectory




Trajectory characteristics

© Optimisation: minimum energy

o AVj from a low Earth orbit to transfer trajectory
o AV, from transfer trajectory to Venus’ operational orbit



Trajectory characteristics

© Optimisation: minimum energy

o AVj from a low Earth orbit to transfer trajectory

o AV, from transfer trajectory to Venus’ operational orbit
© Defined by:

o Departure date
o Time of flight



Transfer trajectory opportunities for 2026

AV, + AV, km/s

200- T
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o
= 160- 4.8
o
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o
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100-

] 1 1
200 250 300

150
Departure day in 2026 8



Optimal Transfer trajectory for 2026

Date of launch: 09.06.2026 Date of arrival: 09.12.2026

1 — Venera-D
e Earth
™~ - Venus
_—
Arrival
0.5
3 o
<
> |
|
-0.5
Departure
-1 ST -

-0.5 1] 0.5 1



Transfer trajectory

Two types of orbits

Type I: less than halfway around the Sun transfer
(~ 4 months from the Earth to Venus)

Type II: more than halfway around the Sun transfer
(~ 6 months from the Earth to Venus)

— Synodic period intervals: 1.6 years

10



Mission scenario. Operational orbit




Orbiter and lander transfer scenario

The orbiter will be separated from the lander 3 — 30 days before
arrival to Venus.

1 day period

AV, elliptical orbit

Orbiter / Lander
separation

12



Main orbiter: operational orbit

Mission requirements:

© Data relay from the landing module
from parachute opening and after landing
Duration of mutual visibility: 3 hours

© Scientific measurements
Mission lifetime: 3 years

13



Main orbiter: operational orbit

Highly-elliptical polar orbit

©® Inclination: 90 + 10°
©® Pericentre altitude: 400 km

© Orbital period: 24 hours
Apocentre altitude: 66 000 km

© Argument of the pericentre:
n/2<w<mand 37/2 < w <27

14



Transfer to Lagrangian point L1




Sun-Venus Lagrangian L1 point

Dayside monitoring:

- space weather

- global view of the planet

- radio occultations with orbiter

16



Transfer to L1 point

Delta-V =510 m/s /

1 day period

Delta-V =903 m/s ! elliptical orbit

Incoming trajectory

17



Lagrangian L1 point orbit

thousand km

Y,

1000

Venus
E AN I P
-200 \ \\_ il —i
\\ " | .
\ F
400 W\ Il
N J/
N\ )
-600 N/
-800
-1000 -800 -600 -400 -200

X, thousand km

0

© Orbit period around L1:
112.5 days

© Time of flight: ~ 25 - 35
days from Venus

18



Lagrangian L1 point orbit

Inclination = 90°

Inclination = 15°

2z, thousand km
o

N
<1
S

-400

-600
-1000 -800 -600 -400 -200 0

X, thousand km

19



Transfer to Lagrangian point L2



Sun-Venus Lagrangian L2 point

21



Transfer to L2 point #1

£ 1 Venus L2

uuuuu
-1000 -500 500 1000

22



Transfer to L2 point #2

1000
500
£
% L1 Venus L2
g (Q:flj)
3
£
=
~500
~1000
~1500 -1000 -500 0 500 1000 1500

23



Example: Genesis mission

Total

Millions of Kilometers

1

0.5 L

<

-0.5 +

— Sun

AV =6m/s

Solar Wind Collection
A in Halo Orbit About L1
(29.3 mos.)

Return and

Recovery ) f
(5.3 mos.) i S Lunar Orbit

oonP, [

[’ Earth \

Positioning for
Daylight Reentry

<
Outward Leg
(2.7 mos)

Total Flight Time
(37.3 mos.)

-1.5 -1 -0.5 0 0.5 1 1.5

Millions of Kilometers

24



Conclusions



Lagrangian point orbits: advantages

© Low stationkeeping cost: AV ~ 1 m/s per year

26



Lagrangian point orbits: advantages

© Low stationkeeping cost: AV ~ 1 m/s per year

© Low AV cost for transfer into L2 point orbit

26



Lagrangian point orbits: advantages

© Low stationkeeping cost: AV ~ 1 m/s per year
© Low AV cost for transfer into L2 point orbit

© Enables new scientific measurements
(solar wind, Venus atmosphere)

26



Lagrangian point orbits: advantages

© Low stationkeeping cost: AV ~ 1 m/s per year
© Low AV cost for transfer into L2 point orbit

© Enables new scientific measurements
(solar wind, Venus atmosphere)

© New concept of Venus mission: first mission to Lagrangian
point

26



MarCO

Mars Cube One

© Launch mass: 13.5 kg
© 8 cold gas thrusters
© Total AV =40m/s

27



Thank you for your attention!
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@ UnghopmauyuoHHbIll Kocmuyeckuli Henmp «CeeepHas KopoHa»

Evaluation of the quality characteristics of satellite systems by
mathematical modeling

OueHKa KaYyeCTBEHHbIX XapPaKTepucTuk CnyTHUMKOBbLIX CACTEM
nyTemMm MmaTemMmatn4vieckKoro mogesimpoBaHus

pnueHko AHapeun ApkaabeBuy

FeHepaanbM OUPEKTOP, KaHONAAaT TEXHNYECKNX HAYK

The First Aerospace Symposium "The Silk Road«
06-08 December
Dolgoprudny, Moscow Region, Russia
MIPT



«

_ Bua s TonouenTpueckon CK ¢

MopenupoBaHue paboTbl CyTHUKOBLIX CUCTEM

A. lNeocTaumMoHapHble CYTHUKOBbLIE
cucrtembl (GEO) — BCce cTatnyHO

B. HereoctauuMoHapHble CNyTHUKOBbIE
cuctembl (NGEO) — BCce gMHaMN4HO

3emHag cucrtema
KoopAauHat

o g\i’o-___.

" ' TonoueHTpuyeckas
" cuctema koopauHat

MapameTpbl ntob6orn GEO cuctembl MoryT 6bITb
onpeaerneHbl aHannTnyeckn (pacyeTom)

HeTtanbHas oueHka napameTpoB NGEO cuctembl faxe B
coctaBe ogHoro KA moxeT 6bITb NpoBeAeHa NpakTU4eCcKu
TONbKO NyTEM MOAENMPOBaHNSA



Ob6veKT uHTepeca

OGBbeKT MHTepeca — CNYTHNUKOBbIE CUCTEMbI Pa3fiM4HOro uefieBoro Ha3Ha4yeHu4

ATankbl XU3HEHHOro UuKna: pa3paboTka, pa3BepTbiBaHUe, SKCnnyaTaumsi, 3aXopoHeHne

NMpuopuTeTHbIe HanpaBrieHUA: CTpyKTypa CNyTHUKOBbIX CUCTEM:

* TenekoMMyHVKaLMOHHbIE CUCTEMBI 1. Kocmuyecknn cermeHT

 HaBurauyMoHHble CUCTEMbI 2. HaszeMHbIN cerMeHT ynpaBfieHUa U KOHTPOIA

e Cwuctembl [133 3. JononHutenbHble NOACUCTEMBI U CIYXObl
(noBblWweHne adpPEKTUBHOCTU LieneBoro

 «CB4a3b + HaBurauma + [33» NPUMEHEHUS)

(KOMOMHUPOBAHHbIE CUCTEMDI)

4. Nonb3oBaTenibCkum CermMeHT (HaseMHbIN
n/MnNn KOCMNYECKNI)




« TpeboBaHuA K nporpaMmHoO-MeToauyeckomy obecneuveHuio

1. YHMBepcanbLHOCTb - y4eT cneundukn paboTbl CUCTEM CBA3M, HaBuraumm un [133
2. OnepaTUBHOCTbL:

- B NO4rOTOBKE UCXOOHbIX JAHHbIX;

- Npy MoaenupoBaHmn paboTbl (HYXXHbl «BbICTPbLIE anropUTMbI»);

- Npu oToBpaXeHnn NpoTeKkaroLLmMX NPoLEeCccoB

3. KomnnekcHoOCTb — y4eT BCEX CETMEHTOB N KOMIMOHEHTOB CUCTEMbI (KOCMUYECKNW, HA3EMHbIN,
AOMNOSTHUTENbHbIE NOACUCTEMbI, BKITHOYaoWmMe Ha3eMHbIN 1 KOCMUYECKUIN CETMEHTDI)

4. I‘],OCTOBepHOCTI: — COBpeMEHHbIE aI'IpOGI/IpOBaHHbIe mMozaesin, BO3MOXHa rpagauund ypOBHeI7I CINOXXHOCTH

5. KomnakTHOCTb — peanunsauusi Bcex BO3MOXHOCTEN Ha NPOCTbIX NepCcoHanbHbIX KOMMbOTEPAX, B TOM
yncne HoyToykax.

6. NpocToTa nHTepchenca — NPOCTON NUHTYUTUBHO MOHATHbLIN UHTEPJdIENC




CAlP «AnbbaTtpoc» - OCHOBHble MOAYNW

Bba3oBble Moaynum

Bannuctuyeckun moaynb
(nporHos asuxeHnsa NC3)

HeTtanbHbIn OnepaTuBHbIN
NPOrHo3 NPOrHo3 i

LeHTtpansHoe M3

Mopenb rpaBUTalMOHHOIo

nons 3emnu (IM3)

HopmaneHoe 13

Mopenb atmocdepbl

Mopaenb rpaBUTaLMOHHOIO

BNusiHMA JlyHbl n ConHua

I_ AHomansHoe M3

Hapcrtpounka

Mogaynb pacyeTta DOP u
oueHku TodHocTn FTHCC

Moayrnb OUueHKN TOYHOCTHK
MHCC ¢ yyetom COKM

Mopayne pacyeTta 30H
paguoBmngumoctm KA n M/

Mopaynb pacyeTta
paguonoKpbITUS

Mopayne oueHku
onepaTtuBHOCTU cucTembl [133

Opyrve mogynm.....

Moaynb
Mopenb BnnsHus YUCNEHHOro MHTErpPUPOBaHUS
ConHeyYyHoro BeTpa coy
Mopaenb CnyTHUKOBOTO Moaenb MeXCrnyTHUKOBOrO
paguokaHana pagvokaHana
Moaenb CryTHUKOBOrO Moayne

HaBUraymoHHOIo KaHana

Mopaenb CnyTHUKOBOrO
ONTWUYeCcKoro KaHana

Mopenb HazeMHoro
paguokaHana

pacyeTa 3Be30HOro BpemMeHu

¥

KoHBepTOp
cuctem koopauHaTt (HebecHas;
3eMHas; opbuTanbHas;
TonoueHTpudeckas v ap.)

Moayne Bu3yanunsayum
pe3ynbTaToB MOAENMPOBaHUA




«

UcxopHble gaHHbIe:
- yacrtoTta, My

- NPOLUEeHTHasA BepPOATHOCTDb, %

- yron mecrTa, rpag

3aTtyxaHusa B
aTmoccpepHOM rase

3aTyxaHus B poxage

AdononHuntenbHLIA
BHELUHNA WWYM

CATP «AnsbaTpoc» - Moaenb 3aTyxaHui B CNyTHAKOBOM paauokaHane

MoTtepn

3aTyxaHus B
obnakax

3aTyxaHus Ha
yuyactkax K-3 n 3-K

TponocdepHble
CUMHTUNNALUN

MeTogundeckmn annapart - Rec. BR ITU

>

BHewHMn wym



@ CAlP «AnbbaTtpoc» - Moaenb HaBUrauMoOHHOIo kaHana AT4L2T.

OcobeHHOCTH

" YyeT BCeX OCHOBHbIX COCTaBMSAOLLIMNX
CYMMapHOW OLLIMOKM N3MEepPEHUS
nceBaoaanbHOCTY

" YyeT AeTarnbHbIX XapakTepUCTUK
kaxxgoro KA

/

WctuHHas panbHocte —» /£ <— PeanbHas gansHocTb

" YyeT pexxmumMoB paboTbl annapartypbl
notpebutens

Moaenb HaBUraLMoOHHOIro KaHana

MpuemMHuk

3agepxka B NpOXoXaeHnn
O6pa6oTtka curHana

[NceBgonanbHOCTL (CVICTeMaTVI‘-IeCKaﬂ n cnyqaﬁHaﬂ
COCTaBJ'IFlIOLLl,aﬂ) Ha KOHKPETHbIA MOMEHT BPEMEHM




«

CAMP «Anb6aTpoc» - MOAENb HABUraUMOHHOW cucTembl A 4 T,

KA | -
Nel
%
)
oélr
Q/Ys
“%
Ko
o)
,OG/Q( s
Pexvm
«\'\ceBp-ocijHV\K»

eLreHey quUaol\

KA -
Ne3 T

Pexum paboThbl

=1 = OTHOCUTENBHBIN
= 2 = AGCOMNOTHbIN
s 1nl2 =

VI3MepeHHbI 3HaYeHnst
ncesgogarnbHOCTEN
(D1, CKO1), (D2, CKO2), (D3, CKO3) ...

= KoopauHathl
= BbICOTa NONOXEHUS




CATlP «AnbbaTtpoc» - 6a3a AaHHbIX

NcTOoYHUKM AAaHHbIX

(o)

NORAD

HaBuraynoHHbIn
NPUeMHUK

Moaynb o6HOBNEeHUs AaHHbIX

BRIFIC unu IFIC

FCC

Monb3oBaTenbckasa b UC3

Tabnuua -
nepeyeHb CMyTHUKOBbLIX CUCTEM

Tabnuua -
[MepeyeHb 1 napaMeTpbl OpoUTHI
NCS3 cnyTHUKOBbLIX CUCTEM

1 -

Bnok uncgpoBbIX KapT

Lindposble kapTbl
mecTHocTU (LIKM),
BEKTOPHbIE M pacTpoOBbIe

Lindppossle kapThbl
pagvoKnUMaTUYeCcKnX
napamMeTpoB

Lindppossle kapThbl
agMUHUCTPATUBHOIO
AeneHns TepputTopun
3emnu

v

Mopaynb
BblGOpa MCXOAHbIX AaHHbIX
no rpynnupoeke NC3

v

Bydep aaHHbIX no UC3

Ba3a gaHHbIX UC3

OcHoBHasa Tabnuua Nel -
nepeyeHb KaTanormanpoBaHHbIX
NC3: ngeHtndmkatTopbl 1
onepartmBHasi HopmaLms

Moaynb Moaynb
aBTopuM3aunn 0bHOBMEHMS
e P
1 3arpysku [aHHbIX B
JaHHbIX Tabnuuyax

Ta6nuua Ne2 -
TeKyLine bannmctTmyeckue
napameTtpbl MC3 (MO n. 1, 2, 3)

Ta6nuua Ne3 -
NCTOPUS N3MEHEHNS
GannncTU4eckMx NnapaMmeTpoB
o n. 1,2, 3)

Taﬁnuua Ne4 -
napameTpbl NMOMe3HON Harpy3ku
(MH) HaBuraumoHHbix KA

Tabnuua Ne5 -
napameTpsbl MH cnyTHukoB [33

Ta6nuua Ne6 — napameTpbl
INMH meTeoponornyecknx KA

Ta6nuua Ne7 -
napameTpbl [MTH cnyTHUKOB cBA3N

Taonuua Nes -
3TaNoHHbIe CTPYKTYpPbl CUCTEM
(HaBuUrauuoHHble, CBA3HbIE 1 Ap.)

@K Mop,enupoaaD

Tao6nuua Ne9 -
AaHHbIe No 3eMHbIM CTaHLMAM




CAINP «Anbb6aTtpoc» - uudposblie KapThl

=] Lindpossie kapte ITU —ne= g

= HHSOF AL OGP KO CRM S E S A '
£ R D L r i A O R A MoBEepXHOCTHAsA NNOTHOCTL BOAAHOIO Napa, rim3 (P.836)

Wiecipymese  Hacipodos  Craumossgisse AL K maiie Towos  Oruer  Chpapownms  Tlosoms

D S S8 &0 B F Y

WWupora, rpan

Oonrota, rpan

: Boibepute kapty BR ITU -
]!‘Ioseproc‘rHaﬂ MNoTHOCTE BOOAHOro napa, rim3 (P.836) - ,;. .3EHMBKE MEET[W;
SRTM GTOPOS0 SWBD | SHARE |ntemet = = =

55 35,72 (WES-B4 | H=0.4 w L=039,622 meacwmryT 275 rpan FroLo s ——
il s E 24

Lindposble kapTbl MecTHOCTH (SRTM3) lMnoTHOCTbL BOAAHOrO Napa
(] LUmpposbie kapTel [TU - FrE W - Q‘ - =nre= g

Bricota Hyneeoii nzorepui, km (P.839)

Wlupara, rpan

WWnpota, rpap

Lonrora, rpaa

[¥ 3anueka useTon
¥ Otobpakars kap

fonrota, rpaa

BbicoTa HyneBow M3oTepMbl
KapTa notepb Ha yyacTtke «K-3» (YM=90 rpaa, P=99.5%) 10



@ OcobeHHoCcTH NoCcTpoeHusn 30H paanosunaumoctn HIFCO cuctem

YcnoBua ¢opmMmmpoBaHMA 30HbI

paguoBngumocTtu KA:

* eCTb MEXCMYTHUKOBbIE NIMHUN CBA3N, NNOO;

e yron mecta HanpasneHust Ha KA co CTOpOHbl Ha3eMHOIo
LLSTH03a BblIE MUHUMArbHOro 3HadeHus (T.e. 30Ha
obcnyXmuBaHus 3aBUCUT OT CETU LUSHO30B)

FapaHTnpoBaHHas 3oHa paguosuaumoctu (F3PB) — yactb
NOBEPXHOCTM 3eMnu, B Nt0OON TOYKE KOTOPOW Ha yrnax
mecTa (YM), He Huxe Tpebyemoro, Habngaetcs N ymcno
KA B TeyeHue P npoueHTa BpeMeHu roaa.

[Mpmepbl oNga cuctem:

e yakonoJsiocHoun ceasn: YM=10 rpag, N=1, P=100%

* nopgswkHou ceasn: YM=45 rpag, N=1, P=100% KA Nel — ecTb 30Ha obcnyxmnBaHus,
e HasuraymoHHbix: YM=10 rpag, N=4, P=100% KA Ne2 — HeT 30Hbl 06CnyXMBaHUS, TaK Kak
* nepepayun coobeHun: YM=10 rpag, N=1, P=60% YM HanpasneHus OT L3a MeHbLUe

AonyctmMmoro

11



CATP «AnsbaTpoc» - Busyanusauva nHopmaumm

S S | | g MK Crymnsennsse Teviosaru® [DAWORKIK Crryrumenstae ve: i et
— r— —~ |
Gafn Mpasca Koousesoosd carveHtT HasemHaid moumners  HHCTDYMEHT Cnp: e Mowouss Gabn Npaees  Kocwsssossd cerdeHT  Hazesmnsl@d womnness  PaasoaoHT W Cnpagouie  Mosows
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Kapra Tnofyc | OBaop || Xapra nofvc | O63op {

Tekywaa cutyaums Cuctema

B Kocmoce IfOneWeb (npoexT)

(okono 20 Tbic. C3)

arsrDE DEeTEsErnElS 11K Ty THARCEDE TE... e - S— K = = 0 o e ATl = - 1K Crays e - e |
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P H S OPMALMOHHLIN KOCMMUECKHA LIEHTP = "N MHSOPMALIHOHHLIA KOCMHWYECKHA LWEHTP |

. o - gl eaoglr |

@”"CEHEF‘HJ\FI KorFoHA~ || =] =] @la Bl w8z iz = @/ “CEBEPHAA KoPOHA= |
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i

Cucrema O3B

Bua Ha HebGo B TonoueHTpudeckon CK
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Cuctema rnobanbHoOn NOABUXHOW CNyTHUKOBOW cBA3W Iridium

9 i) ) ; ; a / — . :
MrHoBeHHas 3PB, YM=8 rpaa MrHoseHHasa 3PB, YM=30 rpa
(rnoBanbHOCTL 0becneymBaeTcs) (rnobanbHOCTb He obecnevnBaeTcs)

Y]

OpbuTtanbHas
rpynnmnpoBKa
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CuctemMa noasuxHOW cnyTHUKOBOW cBA3n Globalstar

I'3PB nyTem MOLEeNMPOBaHUS
(HagexHocTb 95, 99 1 99.999%)

e g s

[[3PB (MCTOYHUK: web-canT komnaHum)

MrHoBeHHasa 30Ha
pagnoBNaANMOCTH
CMYTHUKOB CUCTEMBI

14



CnyTHuKkOBaAa cuctema nepenaqu coobwenun Orbcomm

'3PB nytem mogenupoBaHus
(HagexHocTb 1, 20,50 n 70% )

OpbuTtanbHas rpynnmpoBka ‘ e T N . —~
‘ . . LS
MrHoBeHHas 30Ha 2
paanoBMaANMOCTU
CUCTEMBI Y
0 1b0 0 10 0 o D o 10 150

15



«

Cncrema CnyTHUKOBOW CBA3W, BELAHUA U Nepefadv AaHHbIX

«MMUCC» («Dhunp»)

Yrnoe. pa3Hoc nn-Teil, rpag |=‘-I |v'
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@ [MpoekT cnyTHUkoBow cuctemsl LLUM komnanum SpaceX

OpbuTtanbHas rpynnmpoBka
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auiesioHa



Cuctembl «3Jkcnpecc-PB» n «PocuHdgokom»

MNMpoekT «3dkcnpecc-PB»

MpoekT «PocuHdokom»
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CI'IYTHVIKOBbIe HaBurauyuoHHbleé CUCTEMDI
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PesynbTatbhl MOgenupoeanua padotel FTHCC
C y4eTOM UUdPOBbLIX KAPT MECTHOCTHU

AT4L2T.
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€ OueHKa Ka4eCTBEHHbIX XapakTepucTuk MCC AT2TN.

RYT] «OPTAHWIALV o ATATS

MoaenupoBaHue B
3agavyax nogaepikkm
NPUHATUSA PeLLEeHNNA:
npuHUMNNbI
copmupoBaHus

npeaynpexaaroLmx
cooOLeHun



@ MopenupoeaHue B 3anadvax paauoKOHTPONA CNYTHUKOBLIX CRYyX6
OnbIT NpopaboTKM CUTyaUnOHHOro LueHTpa B coctaBe PYL| LI®O (CPK r. XabapoBck)

CuTtyaumoHHbIn LeHTp B cocTaBe CK «XabapoBck» obecneymnBaert:

" UHTEepaKTnBHOE 0T06pa>KeH|/|e CUTyaunmn «B Jy4e» aHTeHHbl, B TOM 4Yu1cCle npu nSMeHeHunn ee
YrnoBoOro noJsioXeHuA,

" OﬂepaTMBHbIVI pacyeT aHHbIX LereyKa3aHua U Bblaa4vy KOMaHAbl HaBEOEHUA;

* aBTOMaTM4eckoe (PoOpMUPOBaHME KOMaHAbl HAaBEAEHWUSI MYyTEM yKa3aHUS MbILLKOW Ha NnaHe
o6bekTa koHTpons (KA);

* CUTYaLMOHHOE NpeacTaBneHne 06CTaHoBKM NPY NaHNPOBaHUM 1 NPOBEAEHUM NpoLeayp
PaAVOKOHTPONS;

* MHpopMaLMOHHAs NoaAep)Kka (YacTOTHO-NOMNAPU3ALIMOHHDBIN MaHbl, AONYCTUMOE MOJIOKEHNE Ha

T

Bua akpaHa B CUTyaLMOHHOM LieHTpe CraHums paguokoHTpons (r.Xa6apoBsck)
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@ UngpopmauuoHHbil Kocmuyeckuti enmp «CeeepHas KopoHa»

Cnacubo 3a eaHUMaHue!

199034, Poccus, CaHkr-lNeTepbypr,
17-a nuuma B.O., 0.4-6
Ten/dakc +7 (812) 320-65-04

+7 (812) 922-36-21
e-mail: org@spacecenter.ru
canT: www.spacecenter.ru




IRVI Small Satellites

UHCTHUTYT
KOCMHWYECKHWX
MCCJIENJOBAHWUH
PAH

Microsatellitesasa part of the International Space Station
Russian Segment infrastructure.

V.N.Angarov, M.S.Dolgonosov, L.M.Zelenyi, S.I.Klimov, V.N.Nazarov,
D.I.Novikov, A.A.Petrukovich, V.G.Rodin, and N.A.Eismont

Space Research | nstitute RAS (1 K1), Moscow, Russia

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, Moscow Region, Russia, MIPT, 06-08 December 2018



https://www.ias-silkroad.com/

Space Research I nstitute of the Russian Academy of Sciences
(IK1)
and

S.P. Korolev Rocket and Space Corporation «Energia»
(PAO RSC Energia)

has been developed and implemented a joint operation that has
resulted in the construction of an experimental microsatellite
platform for orbit insertion in the framework of
the Russian Segment of the International Space Station (RS 1SS)
Infrastructure.

The First Aerospace Simposium «The Silkroad»,
Dolgoprudny, Moscow Region, Russia, MIPT, 06-08 December 2018



time of flight

orbit start, km
total mass, kg

scientific instrument’

(SI) mass, kg
transmitter S, GHz

reset information,
Mbit/s

capacity of onboard
storage , Ghytes

Accumulator, Ah

Kolibri-2000

19.03 - 03.05
2002
368-397
20,5
3,6

0,435
0,002 ?7?7?

Chibis-M

25.01.2012 -
15.10.2014

489-513
40,0
10.8

2,27
1,0

0,5

9,5

Chibis-Al
2020 — 2022

460-520
40,0
10,3

2,218,0

S:0,064 -1
X: 0,064 -10

9,5

TheFirst International Aerospace Symposium The Silk Road,
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Trabant
2020 — 2022

480-600
2x60,0
2X17,5

2,218,0

X: 300,0

18,0
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IRN “Kolibri-2000” 19.03 — 03.05 2002

Despiteitssmall size, the
microsatellite (MS) “Kolibri-2000”
carried 3.6 kg of scientific
equipment, which made it possible
to conduct a fairly wide range of
scientificresearch in thefield of
" classical" cosmophysics, and to
study space weather, atmospheric
and ionospheric processes,
presumably associated with
thunder storm activity, manifested in
V' the registration of electrons near the
equator, aswell asto solvethe
problems of space education [1].

Klimov, S.I., Yu.V. Afanasyev, N.A. Eismont, E.A. Grachev, O.R. Grigoryan,

Weight 20.5 kg, V.A. Grushin, D.S. Lysakov and M.N. Nozdrachev. Results of in-flight
: T : operation of scientific payload on micro-satellite “Kolibri-2000”, Acta
scientific equipment 3,6 kg’ Astronautica, Volume 56, Issues 1-2, January 2005, Pages 99-106, 2005
30 W
TheFirst International Aerospace Symposium The Silk Road, A
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Workshop on
The Sun-Earth
Gonnection

August 7-8, 2002

Knox School (Sydney). Opening of the colloquium. The school School " Helios' |ATE (Obninsk, Russia). Discussion of
Director welcomed the School Russian delegation 09.08.2000. the scientific results of the project “Kolibri-2000" .
TheFirst International Aerospace Symposium The Silk Road, 5
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" ChibisM"
25.01.2012 — 15.10.2014

Study of physical processes
during the atmospheric lightning dischar ges conducted
using
complex of scientific equipment-KNA "Groza®,
which has been installed on
the RAS microsatellite" Chibis-M"

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, Moscow Region, Russia, MIPT, 06-08 December 2018
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LoH " Chibis-M"
Studies of atmospheric lightning.

For the study of new physical processes in high-altitude atmospheric lightning discharges
and mechanisms for their preparation requires a comprehensive study of gamma radiation,
infrared and ultraviolet radiation, of electromagnetic waves in a wide frequency range with an
unprecedented high (better share microseconds) time resolution.

Since gamma-rays, IR and UV radiation is strongly absorbed in the atmosphere, the land
of studies of such processesisvery limited. Optimal isther study using low-or bit spacecr aft (SC).
Unique across the width of the spectrum of the studied electromagnetic radiation, the world's first
target Observatory, was created in IKI| in cooperation with other academic and University
or ganizations, including inter national, in the form of complex scientific equipment (KNA) “Groza".

VISIBLE
INFRARED LIGHT uv

MICROWAVE X-RAY

10,000 @" 05

ENERGY 0.000900248 0.124 18 4.06° 2480 -

1cm = 10,000,000\panometers
—
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i " Chibis-M"
Studies of atmospheric lightning.

Complex of scientific instruments “Groza” - 10.8 kq.
»  roentgen-gamma- detector [RGD] (NIlYaF) for registering the splashes of X-ray and gamma-
radiation (range of photon energy 0.02-1.0 MeV);
» ultraviolet detector [DUF] (NllYaF) for registering the splashes of the atmospheric of —
ultraviolet (wavelength range 180-400 nm) and red (650-800 nm) emissions,
» radio-frequency analyzer- register [RChA] (IKI) in the radio-frequency band (input
frequency 26-48 MHz), analysis and registration on board KA of the electrical activity of the high-
altitude lightning dischar ges;
» digital camera [TSFK] (IK1) with the spatial resolution 300 m for observing the thunderstorm
atmospheric dischar ges;
» magnetic- wave complex [MWC] (IKI, L'vov center IKD NANU-GKAU and the Eotvos
University, Budapest] for studying the electromagnetic parameters (frequency band 0.1-40 kH2)
and theinterrelation of plasma- wave processesin theionosphere;
» accumulation of data [BND — Ch] (IK1) with the memory of two blocks on 256 M bytes for the
collection and primary information processing, which enters from the transmitter of scientific
information from the complex of scientific instruments (1K1);
»  transmitter at the frequency 2.2 GHz with a speed of up to 1 Mbit/s and at the distance to
2500 km.

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, Moscow Region, Russia, MIPT, 06-08 December 2018



https://www.ias-silkroad.com/

" Chibis-M*

For delivery of the MS on the ISS and subsequent MS separation from TCV are
transport-launch container (TLC).

TLC " ChibisM" . Right - comparizen TLC Installation of a microsatellites' Chibis-M" in the
" Kolibri-2000" (left) and " Chibis-M" . Dueto the TLC.
thicker thelinethe Chibis-M" (mass of 40kg.),
volume TLC wasincreased by 10% compared

with TLC " Kolibri-2000" (mass 20.5 kg).

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, Moscow Region, Russia, M1 PT, 06-08 December 2018
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Specificity of space experimentsin theinfrastructure of the I SS
by using the ship " Progress".

Baikonur 2001. TLC with " Kolibri-2000" on the Baikonur 2011. TLC " ChibissM" on

conveyor frame " Progress M 1-7. the conveyor framein ProgressM-13M"..
TheFirst International Aerospace Symposium The Silk Road, 1
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technology was developed and implemented “for the first time in the world”
with the flight of the Progress spacecr aft to a higher orbit (from 380 to 500 km),
which increasestheresidencetime of MSin orbit ailmost in 2 times.
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Thel SSRS. Cosmonauts O. Kononenko and A. Shkaplerov
conduct preparatory work with TLC " ChibissM" .

TheFirst International Aerospace Symposium The Silk Road,
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R " Chibis-M* http://chibis.cosmos.ru
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Weight 40 kg, scientific equipment 10.8 kg, 50 W

TheFirst International Aerospace Symposium The Silk Road,
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" Chibis-M*
In IKI for ~3years
as a whole successfully operate
the segments:

cosmic

TheFirst International Aerospace Symposium The Silk Road,
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" Chibis-M*
In IKI for ~3years
as a whole successfully operate
the segments:

cosmic
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" Chibis-M*
In IKI for ~3years
as a whole successfully operate
the segments:

cosmic

and ground
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In IKI for ~3years
as a whole successfully operate
the segments:

cosmic
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" Chibis-M*

In IKI
for ~3years
asawhole
successfully operate
cosmic
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R " Chibis-M*
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dischar ges, also recorded by the sensor of ultraviolet and infrared radiation (DUF).
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Over the past ~3 years of operation " ChibissM" recorded several hundred RFA trigger
operations, of which more than a hundred associated with short and powerful lightning
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R " Chibis-M*
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b) E (CH9) = 10" (wV/m)/Hz">, CHIBIS-M, 2013/10/15 b ) E (CH9) = 10" (uV/m)/Hz">, CHIBIS-M, 2014/0]
Time interval: 08:36:20 — 08:37:56 UTC n Time interval: 13:47:19 - 13:48:47 UTC
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time, UTC
The fact of registration of low-orbit satellites of the Schumann resonance (ShR) gives grounds to

assert that the waveguide Earth-ionosphere must be described in the framework of the resonator losses, which
allows leakage of UL F wavesin theionosphere. Detection of ShR on " Chibis-M" at local night time is associated
with a decrease in the absorption of ELF radiation in the lower layers of the ionosphere. Thus, the
electromagnetic coupling of atmospheric and man-made processes with the near-earth environment is more
effective than previously thought.

Electromagnetic structures, such as ShR or ionospheric Alven resonator (IAR), are an indispensable part
of the cosmic environment of the planets, having as the Earth, ionosphere and signs of electrical thunderstorm
activity (Venus, Jupiter, Saturn, Neptune, etc.), which opens up the possibility to use these experiments as a test
site for the development of new remote methods for studying thunderstorm activity in the atmospheres of the

planets of the solar system. TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, M oscow Region, Russia, MIPT, 06-08 December 2018
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IR " Chibis-M*

CMHYECKAX
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Unique data on extremely low-frequency (ELF) electrical fluctuationsreflecting the effect of long
power lines (50-60 HZ) were obtained in theionosphere.
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Direct measurements of the KNA "Groza" showed that the
characteristic conditions arising in the electrified thundercloud,
due to their large dimension are not reproducible in the
laboratory.

The results of measurements showed the need to take into
account the fractal properties (o-fractals of time series and
spatial D-fractals) of charge distribution in the cloud and
percolation effects of discharges in a heterogeneous turbulent
environment, which previously paid little attention in the study of
atmospheric electricity.
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What isknown at the moment:

» 3000 events in the gamma range (BATSE, RHESSI, Fermi, AGILE, CORONAS
Photon and Vernov);,

» 1in synchronousgamma - two different SC;

»1 1n synchronousgamma - ray opticsand different SC;
»NO simultaneous observations at gamma - ray and radio!!!
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“Chibis-M” “Chibis-AI” Note
Service system. Service system.
- Mass, kg -40 - Mass, kg - 40 In the" Chibis-AI”:
- Mass S, kg -10.8 - Mass S, kg -114 - Increase in observation time;
- Cristal cells —gallium |- Cristal cells —gallium |- improving the quality of measurements;
arsenide arsenide - positioning devices
-Accumulator, Ah  -95 -Accumulator, Ah -95 - improving thereliability of trigger

- Orientation system accu-

racy - angle.hail units

- Event trigger generation -
from 3 devices

- Orientation system accu-
racy - angle.hail units
- Event trigger generation -

from 3 devices
- MS sample for precision
EMC test

events, the accuracy of the mutual
tempor al reference data isnot lower than
1 pns

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, M oscow Region, Russia, MIPT, 06-08 December 2018
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RU Har dware complex " Trabant"

Main scientific tasks

Satellite observations, a powerful tool for diagnosing ionospheric plasma, now require
increasingly accurate and highly informative instruments. The study of the structure of the
lonospher e and the phenomena affecting its state isimportant both for under standing the physics of
the processes occurring in it and for solving variousradiophysical problems.

High spatial and temporal resolution of the concentration measurements of the ionospheric
plasma, and the spectrometer spectral range of its fluctuations are of high scientific relevance for
the global monitoring of the ionospheric plasma. The use of this class of equipment in satellite
experiments will allow to accumulate an array of data with sufficient global and temporal overlap
for various Geo/Heliophysical conditions, which are important in scientific research to deepen
fundamental knowledge about the physics of processesin theionosphere

HWIAKT
PL 5 KNMHKH PAH l/lHCTVITyT
s PAH AEGECE,
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IR1 Hardware complex " Trabant"

MWC-T must fulfill the following scientific objectives:

1 registration of magnetic and electric field from the SIM-T and EP-T for the four inputs in the
range from 0.1 Hz to 100 kHz with the sampling frequency (programmable) 5 to 200 thousand points per
second (default 100 thousand points per second);

1 registration of magnetic field from the FGM-T for the three inputs in the range DC — 125 Hz;

1 onboard frequency-time signal processing and dynamic spectrum formation in the range from
0.1 Hz to 100 kHz for electric and magnetic field.

DPP-T controlled the following parameters:

1 plasma density Ne in the range from 10*3 to 10*6 cm*-3;
[ plasma density fluctuations in the range from 1 to 40000 Hz with an amplitude of not less 10*3 cm*-3.

The sensitivity of the radio track REA-T in the frequency band from 15 to 48 MHz should be not
worse than 30 mV at a signal / noise ratio of 6 dB and at frequencies below 15 MHz not worse than 200 mV.

FIEC-T to measure the integrated electron density between the two MS, equipped with identical
instruments FIEC-T, at distances from 100 m to 10 km. Range of measured values of the integral of the
plasma electron density of the 10*2...10*6 cm*-3. The measurement accuracy is not worse than 10 cm-3.
Time of measurement of the electron concentration ~1 m s.

BAES-T is intended for registration of electrons in the energy range from 1 to 10 keV.
Sensitivity shall allow measurements at a frequency of 10 Hz at a particle flow value of at least 10*7 cm*-
2.-s*-1. Energy resolution shall be not less than 10 %.

ARIES-T to register positively charged particles in the energy range from 10 to 5000 eV with the
ability to measure the elemental composition of the particle fluxes, studies: characteristics and dynamics of
the magnetospheric plasma; distribution functions of magnetospheric ions, especially H+, He+ and O+;
interaction of ions with plasma waves and diagnosis of wave processes; energy resolution 15%; mass

range: from 1 to 100 e.m; the mass resolution of at least 20 to 1k3B. _
TheFirst International Aerospace Symposium The Silk Road,

Dolgoprudny, Moscow Region, Russia, MIPT, 06-08 December 2018
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IR1 Hardware complex " Trabant"

Two-point measurements

At the stage of the Preliminary design, the methodical aspects of the space-time resolution of
the plasma-wave parameters of the ionosphere with the help of two copies of the MS " Trabant",
each with a gasjet propulsion system (GRDU), consistently put into orbit with a height of ~ 500

km (2020-2024).

The creation of ionospheric clusters in the F2 layer provides a unique opportunity to open a
new page in gradient studies of geophysical fields and low-frequency electromagnetic radiation.

The project is aimed at an experimental study of the fundamental problem of multiscale
turbulence in a moving dynamic plasma.

In one satellite ver sion, multi-parameter studies are usually carried out on the same scale.

In the case of two satellites with the GRDU, multiparameter plasma studies will be carried out

on awiderange of ionospheric spatial parameters (~ 0.1-10 (100) km).

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, Moscow Region, Russia, MIPT, 06-08 December 2018
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Hardware complex " Trabant"
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Hardware complex " Trabant" SHEPI 5T 1€
The output circuit of thetwo MS "Trabant" for Autonomous orbit
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Planned video broadcast of the deffparture of two MS "Trgsant" from " Progress”
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Two-point
measurements
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Hardware complex " Trabant"
Scientific Instruments (S)

Name of the instrument Marking Designation

M agnetic wave complex consisting of: MWC-T ELTE, Hungary
Spectral analysis processor; SAST BL-Electronics, Hungary
Fluxgate magnetometer consisting: FGM-T ELTE, Hungary

a) sensor; FGST

b) electronicsunit . EU FGM-T
| nduction magnetometer system; SIM-T ELTE, Hungary

System of electric probes. EP-T ELTE, Hungary
Plasma parameter sensor DPP-T APIl, Russia
Radio frequency analyzer RFA-T IKI, Russia
Phase meter of electronic concentration FIEC-T IKI, Russia
Electron spectrometer with narrow field of BAEST IKI, Russia
view
lon energy mass spectrometer with widefield  ARIEST IKI, Russia
of view
Memory block includesinterfacesto devices BMST Wigner Institute, Hungary
MS" Trabant»
SI-T telemetry transmitter (2.2/8.0 GHz) with FALCON-S/X BHE, Hungary
cold standby
Test and control equipment EGSE-T Wigner Institute, Hungary

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, M oscow Region, Russia, MIPT, 06-08 December 2018
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Technical parameters

Hardware complex " Trabant"

Name Value
Total weight of JSC "Trabant” (two sets of TPK-T with MS " Trabant", 150
two cables, mounting mechanism of TPK-T module), kg
Weight of one set of TPK-T with MS "Trabant", kg 75
Weight of the MS "Trabant", kg 60
Mass of the TPK-T, kg 15
Mass of the scientific instruments (Sl), kg 17,5
Mass of the BSK-T, kg 30,5
Structural weight, kg 17
MS circular orbit, height, not less than, km 500
Primary voltage of onboard power supply MS " Trabant", V 12%3
Average daily power consumption of each M S, W 130
Battery capacity of one M S, not |ess than, Ah 18
Overall dimensions MS " Trabant" in transport position, mm 400x378,5x761
Overall dimensions MS " Trabant" in the working position, mm 4280x6422x1462

TheFirst International Aerospace Symposium The Silk Road,

Dolgoprudny, M oscow Region, Russia, MIPT, 06-08 December 2018
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1 Har dware complex " Trabant" H?{g( :

Reguirementsfor the system of orientation and motion control SOUD-T

SOUD-T, during the orbital flight of MS, must providethe following modes of oper ation:

* The main mode of operation is the orbital orientation of the MS, in which the first of
the construction axes of the M Sisdirected to the center of the Earth (in Nadir),

¢ The second — on the velocity vector and the third complementsthem to theright three.
Mode of orientation to the Sun-automatic mode, which should be implemented

orientation, ensuring timely charging AB (ensuring the maximum possible orientation
of solar panelstothe Sun).

% Three-axis orientation mode, performed by commands from the ground. This mode
providesthree-axisorientation in any given direction in the inertial space.

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, Moscow Region, Russia, MIPT, 06-08 December 2018
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gasengine

Characteristics of GRDU:
»total mass ~ 2,5 kg;

»the working fluid GRDO - air (nitrogen);
»the specific impulse of ~ 700 m/s;
» characteristic speed - not lessthan 5 nv/ s;
»>thrust ~ 0.1 N.

recelver

compressed nitrogen cylinder

TheFirst International Aerospace Symposium The Silk Road,
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IeH Hardware complex " Trabant”
Ground calibration %ﬁm

the microwave probe of DPP-T M-ﬁ'}'\;‘a’é-(« g r'L
L

on the stend “IONOSPHERE”. e

- M

‘ B, - marnuTHOE none HAYKTOP
— _
PesoHaHcHan paGoumii ras
cuctema ANN-T - Han T
. Z nnasma :
S8
>

CBM-30HA
f,=520MI'y
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Hardware complex " Trabant"

The information characteristics of the MCC-IKI
Duration of information transfer and number of

communication sessions:

to obtain the SI-T data and all the PSA-T data, one
ground station will be sufficient only for 2 sessions per
day with atransfer rate of 1 Ghit/s.

for data transfer SI-T without all data of PSA-T one
ground station will be enough only at carrying out 2
sessions aday with atransfer rate of 10 Mbit/s.

« To solve the sci entific problems of_ the project on TUIMTeNBHOCTE Ko IoeTE0 Coareon B
board each of the two MSinstalled SI-T with the following MepeIaYH, MHH CYTKH
maXImum InfOI‘maIIOI‘l content: CKOpOCTB 0e3 Bcex|co BceMul0e3 BCEX|CO BCEMU
* RFA-T - 250 MB/day; FIEC-T — 5 MB/day; nepeaayy, [JTaHHBIX ~ |TaHHBIMM  [TaHHBIX  |[TaHHBIMH
- PSA-T: M6ur/c [[ICA  [[ICA T1CA TICA
0 full stream 104 GB / day; 1 113 13953 12 1396
0 waveforms 200 MB / day 2 57 6977 6 698
. DPP-T — 400 MB/day; 5 23 2791 3 280
. BAES-T-53 MB / day; ARIES-T-340 MB / day. 10 11 1395 2 140

Based on the data on the informativeness of the 0 2 279 1 28
devices, it is possible to calculate the maximum daily 100 1 140 1 14
informativeness SI-T. It will be: 250 05 56 1 6
- 848 MB/day in case of PSA-T wave forms; 500 0.2 28 1 3
- 104648 MB / day in of PSA-T of all data. 1000 101 14 1 2

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, Moscow Region, Russia, MIPT, 06-08 December 2018
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for your attention!

| nvite to cooperation

TheFirst International Aerospace Symposium The Silk Road,
Dolgoprudny, M oscow Region, Russia, MIPT, 06-08 December 2018



https://www.ias-silkroad.com/

N\ N
“ I*TINTERNATIONAL
NEROSPACE SYMPOSIUM

L
""
¥ THE SILK ROAD

>

.

Mid-IR fiber components for space-borne
spectroscopic instruments
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Current on—bhoard spectroscopic instrument types

 Echelle-grating spectrometer (ACS NIR, MIR)

* Fourier transform spectrometer (ACS TIRVIM)

* Tunable laser absorption spectrometer for in-
situ measurements (SAM Curiosity)

* Mass spectrometers

*Gas chromatographers

SAM Curiosity



Potential on—board payload

3um 3.8um 3um 3.8um 3um 3.8um 3um 3.8um

dFTIR spectrometer and

* Integrated photonic chip
. . Heterogeneous! waveguide-integr.
spectrometers for in situ tograted GOL i i

Spiral pedestal
SOl waveguide

» SOl micro-ring Bandpass filter

measurements - I " ) - u SSNGEE -4

3um 3.8um "

Hongtao Lin et al, Mid-infrared integrated photonics on silicon: a
perspective, Nanophotonics 2018; 7(2): 393—420

Tracking and coupling system Back-end

* Fiber-based heterodyne Q o 'm]
mid-IR spectrometer for Thermal soyifce 40 O -

remote sensing -

Narrow band MCT

Mid-IR fiber coupled QCL ‘ O @ O >I
Frequency calibration with
Fabry — Perot ethanol
Chalcogenide
fiber couplers




Fibers

AS 40560

Core diameter - 6.3 um
Cladding diameter - 123 um
NA=0.17

Optical loss - 400 dB/km (2.1- 2 2 um)
n_core =2.4186
n _clad =2.4126

24132|

2.4130 ¢

Neff

2.4128 ¢

24126

w

Dependence of the effective index on the waist coefficient of the
fundamental mode of chalcogenide fiber



=20, c=1 Effective mode index=2.3887 (2) Surface: Electric field norm (\V/m)
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Bending loss

Helix structure of the fibers

1:2:
1._0 ;
0.8:-‘ \
L,dB/mmo,e}
0.4
10—
20 -
30 —
R.mm 40 7
. . 50 )
Bending loss on fiber curvature radius
w14
1.\
L.dB/mm 0.1
0.01}

0.001!

Zo,mm

Bending loss for the helix pitch structure



FBT Method. Experimental setup

Twisted fibers in
heating region

Translation stage 1

2.64 um diode laser



Results

Coupling ratio over time on 2.64 um
50:50 CR was reached on 15 min heating
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Broadband coupling ratio measurements
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Results

5
Min—0.6 dB
(3.5—-4.0 um)
Max — 4.5 dB
(2.5—-3.0um)

Broadband excess loss measurements



Further plans

eFiber splitters in the 7—12 um range based on As-Se, As-Se-Te fibers
e Integrated optical devices on Ge-S glass

e Approbation in space-borne heterodyne instruments



Thank you for attention!
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Skolkovo Institute of Science and Technology

Gossamer Space Structure

Gossamer structure means the general category of space ultra low mass structures, such as inflatable or
many other forms of expendables. A space — inflatable structure is a specific application of a membrane
structure or any ultralow mass hybrid structure with an extensive use of membranes. \We mean by
membrane those structures (load carrying artifacts or devices) comprised of highly flexible (compliant)
plate or shell like elements. Thisusually implies thin, low modulus materials, such as polymer films,
Membrane structures have very little inherent bending stiffness, nor do they lend themselves well to
carrying compressive loads. Thus, they are usually either tensioned — planar or inflated-curved

configuration.

Inflatable Structures

Inflatable space structures are structures which use pressurized air/ other chemicals to maintain shape
and rigidity. These structures are extremely light weight and expand after their launch, thus allowing to
pack big packagesinto a small volume. However these are prone to vibrations occurring during
launching of space craft and other dynamic vibrations occurring after they are activated. The cause of
vibrations include structural, thermal and signal transmission (space particles hitting the reflectors).




Present Day Scenario

O The performance efficiency of these reflective
surfaces depends not only on the geometric
accuracy of these surfaces but also on ther
vibration characteristics.

d The surface of the space structures (antenna
reflector, telescope mirror, solar sail etc.) must be
error free. B

0 To get high accuracy surface requirements of the £
space structures, the measurement and analysis of e
reflector's accuracy are necessary.

O Dueto the periodic nature of symmetric reflectors,
they will be very sensitive to even small
irregularities (due to manufacturing and material
tolerances).

O Irregularities can affect the vibration behavior
significantly, by localizing the vibration modes
and confining the energy to a region close to the
source.

O The vibration challenges include: launching by
launch vehicle's high frequency and small
vibration due to the electronics component of the
satellite on orbit.
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HENAPOD ADAPTIVE STRUCTURES TESTBED
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Kapton Sheets

PVDF Actuator
" —
. Rule base
Fuzzy LogIC IF ... THEN ...
IF ... THEN ...
MFC Actuator IF ... THEN ...
Population GA Operators
;System (S)ystem
nput Inference utput
—  Mutation -—.@—0 System Defuzzification l—.
,T, A
Crosszover
A Data Base
| o jCold Warm Hot
e
Reproducti on z
i £
Evaluation s
¢ Temperature
Fitness value
Evolution Environment

Genetic Algorithm Evolution Flow
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Experimental Set Up




RESULTS
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Time (seconds)

U apnjigaury
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PROBLEM???




PZTsMFC Patches Continuous PZT9M FCs sheets

0 Optimum places need to be determined by various optimization techniques.

0 To be placed at selective places, for min. number of unitsto be used

O Do not skip any place of disturbance, if used in continuous but adds weight to the structure.
0 Need to be structurally attached, to effectively sense vibrations

O Small disturbances can also be eliminated at any point if used in continuous sheets.

O Need additional power for operation.

O Only valid to determine mechanical stress waves but the system fails to determine thermal
imbalance.



Solution 1

An alternative way of improving the tensile strength and flexibility of PVDF by introducing

Graphene layers and self powering module.
(Reference : Flexible Self-Charging Power Cell for One-Step Energy Conversion and Storage Apr 2014 - Advanced Energy Materials)

Advantages:
1. Do not require additional power input to the PVDF for both sensing and actuation

purpose;

2. No need to control the input parameters such as voltage and current to damp the
vibrations as the necessary step is taken by the device itself by the vibrations occurring
on the surface.


https://www.researchgate.net/publication/261330456_Flexible_Self-Charging_Power_Cell_for_One-Step_Energy_Conversion_and_Storage?_sg=7-g8E8PUPtIwqgAiakHMvA7o7nB-iWmsn6l-Getcv1GOUKMVudaT8Sbj_ijJIInE31ZJgnZKEI78R6fzJ4hmpg
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A EMW “A” is transmitted from the transmitter which will be used to know the
vibration and its characteristics - frequency and amplitude after it reflects from
the surface. When “B” EM wave hits the surface of the reflector it adds some
noise due to the vibrations of the membrane “V”. After it passes the membrane,
we get “B”+"V” at the rear side of the membrane. At this point we get a
complicated wave of “A’+"B"+”V” = “C”. A negative feedback from the upper
surface is given to this point, which will help in getting “A” from “C”. Now, the
information from “A” will determine “V”. Hence, finally will get “B”.

Now, as “A” is all over the surface , it really helps to determine the regions where
we need to damp the vibrations. Say “B” is pure form of wave(or maximum
obtainable wave) from the outer space, and at regions we are getting “B”+”N” (N-
Noise). Lets say “V1” is the vibrations of the region where the obtained “B” is
unaffected, than “V1”-"N” is the additional required energy that is needed to
damp the additional vibrations in that region. So in this region, firing “A”+(“V1"-
"N”) wave will help in damping the disturbed vibrations.



Skolkovo Institute of Science and Technology

Advantages!!

Non contact monitoring;
Making the structure light weight;

Entire region can be scanned , rather than specific points or group of points;

> w e

The damping of any type of vibration is possible (which isrestricted asin case of
MFC/PZT);
It has |least possibilities of getting damaged or out of functionality in long run;

o

6. Can befined tune at any frequency/ energy level so asto adjust to the vibrations of the

membrane, rather than a set of particular values asin PZT/MFC.




May Be More With Time... Skoltech

Skolkovo Institute of Science and Technology

There may be instances, where the required energy to damp the vibrations is more than the threshold

energy of the surface. In that case, targeting the direct beam of energy might be harmful for the structure.

-

Here we need to use less energy beams to counter those vibrations. d

Ex: If the required energy is that of a blue beam of light and that is more than the threshold energy of the
surface, we will tune the system for green light (that has considerably lower energy than the threshold
energy). The system will take “t1” seconds more to get stable, but all the vibrations will get damp. The “t1”
additional seconds corresponds to

I. Number of photons that will reflect after hitting the surface; !

2. Number of photons will not resonance with the surface vibration energy in order to transfer their

energy to damp those vibrations.
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Purpose of the Work

To get closer to practical implementation of quantum
technologies in sensors made of modified diamond with

NV-center for tension control of small satellites structural
elements

Problem Statement

Structural elements of small satellites needs to be tested
before and during usage in space.

In this case, the intensively developed quantum
technologies in sensors have a bright prospect.

Researchers study quantum processes that occurring in
materials, but they do not show how this technology may
be used in practical applications.



Fields of Practical Implementation of Future Sensor

assess the accuracy of the mechanical

positioning of lenses and antennas
assessment of tension force of ropes in

space tether systems

N

Wide-Field Infrared Survey
Explorer (WISE), NASA

Kepler space

observatory, NASA —

Chandra space
observatory, NASA

checking the absence of a structural deformations \
of elements of a space telescope objectives and an Photo by NASA
antennas 4



Methods and Methodology

Research methods are based on hypothetical-deductive
method and systematic approach to sensor design for tension

control of small satellites structural elements

example of modified
diamond operation

Hypothetical-deductive method - the sensor

VALIDATION =

l

FACTS pugpy-| HYPOTHESIS fep-l CONCLUSIONS fre- EXPERIMENT

x Experimental data
| (obtained before):
CORRECTION |« sensitive energy gap

NNR



Sensing Element made of Modified Diamond

Types of Sensing Element

Sensor’s vibration frequency depends on its
size, shape, and method for attaching

There is the method for calculate the sizes of
diamond plates with chosen natural frequency
for different kind of shape and method for
attaching

Modified diamond with NV-center is the
diamond with broken structure where one
atom of carbon replaced for the nitrogen and
the other one neighbor atom is extracted and
its place is vacant (empty)



Properties of Diamond Plates with NV-center

Strain effects on NV-center
electronic spin

Microwave
antenna

Piezo (m,.)

Quantum data

Excitation Laser (532 nm)

\ { / Fluorescence Emission
Cantilever q- lt/ N

\\ 1% Magnctic Sample
E Az

Microwave Excitation

3-Axis Planar Alignment

XYZ Translation
Stage |

The dual nature of the sensor

(a) (b)

)
Q,, o, YA, AoI

Sensing plate made of diamond with NV-
center can be used as a traditional measuring
transducer and a measuring transducer for a
quantum computer system

The diamond with NV-center can produce
photon/phonon under strain influence



Principle of NV-center Operation

a b
. fe— 1)
+O<-:‘l

The carbon plate is the element that sense the

" — b measured physical parameter. NV-center in
= ] diamond plate is subsequent converter. The
vibration is input value that depends on
el iy T physical parameter. NV-center is initialized by
N . " & W laser green light. The output is the
! photons/phonons which are under magnetic
- field influence.

e | 0)

—

£2./2x = 2 MHz |

D o% > 4 MH? |

Magne! field. 8, (G)
‘

Magnetic field, 8, (G) Magnetic field, 8., (G) eld, B, (G
Strain changes the rigidity of the diamond plate and consequently changes its natural frequency.
If vibration of sensor matches its natural frequency the energy gap in NV-center spin states could
be seen. The energy gap (Autler-Townes effect) is output parameter of the sensor and can be
used directly as input data for quantum computer.

The energy gap is between eigenstates |+ (N) ) and |- (N) ) on mechanical driving strength



Types of Resonators for Quantum Sensor

1. Pendulum

2. Balance-spring

3. Stringed resonator
4. VV-shape plate

5. Cylinder shell
6
7
8

it o ]!

/ \
3 & © . Tuning fork
1 2 . Quartz resonator
. : _ . Magnetostrictive
! N} o core (magnet and
W isolator)
33
b2 4~ .
P X —is a measured
b S
O -0 ‘] | w g parameter
Pl Y Lo
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auto-oscillation

\ 4
&-

Sensor Structures

free vibrations

Measuring Channel
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Static Sensor Curve Determination

Sensorcurveis f = f Jl+kx

Sl . ghodn i S S E (S
where F2 el i=1 i=1 i=1 . [ i=1 =

»n n - »n »n o] n
’72 '\‘x"f;2 - Z'\} Zfzz Zfzz Z'\Tx‘f;‘z - fo4 Zxx'
i=1 i=1 i=1 i=1 i=1 i=1

i=1

The curve should be found from experiment as follows

1 a

- k - .
.f!” .f}”

X=0f"—a where a=k"'; b=

The criteria to found best parameters is

J =[x, - -]

11



Examples of Possible Sensor Designs

The strain gauge for plate and for tether

load cell design S-shape design

12



Conclusion

Main result of the work shows that it is necessary analytically divide
modified diamond with NV-center that is used as sensing device into two
parts: 1) a sensing element made of specially formed vibrating diamond
plate, 2) quantum NV-center specially created in this plate. This approach to
sensor design allows implement known theory of vibrating converters for
guantum sensors made of modified diamond with NV-center for their use in
applications concerned with tension control of small satellites structural
elements.

Novelty and relevance of results consist in new, previously unpublished
knowledge about a need to analytically divide primary converter made of
modified diamond crystal into two parts to get possibility to measure a force
or control a tension of small satellites structural elements.

Practical significance lays in getting possibility to assess the accuracy of the
mechanical positioning of lenses and antennas or tension force of ropes in
space tether systems.

Application possibilities consist in using future quantum sensors during
calibrating radar and optical systems and study of tether systems.



Thank you for your attention!
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Purpose of the Work

To design small size strain gauge for information-measuring
system in order to provide endurance test of structural
elements of small satellites

Problem Statement

Structural elements of small satellites needs to be tested
before and during use in space.

Mathematical apparatus of deformed bodies” mechanics
has limited accuracy of mathematical description of
complicated loading processes in frequency ranges of a
small satellite operation.

Traditional strain gauges are too large for the task.



Problem Solution

Use samarium monosulfide (SmS) strain gauges (semiconductor resistors) as
sensors for information-measuring system for endurance test of small
satellites structural elements

Methods and Methodology

analytical mechanics, experiment planning, probability theory and
mathematical statistics

Practical Advantage of New Sensors

+ Mounting on previously inaccessible places because of small base;

+ Minimization of connecting wires influence on the measurements’ results
because of sensors high ohmic resistance;

+ Linear characteristic;
+ Resistance to radiation;

+ Wide temperature range



Examples of Space Tether Systems and Small Satellites

Debris

>

Bare tether £
NN

Flight
direction

End-mass p
s Electron
33 emitter

ekl

Photo by JAXA

Photo by NASA
https://habr.com/post/401513/ (date of access

03.12.2018)

SPACECRAFT BASED ON “KARAT” UNIFIED PLATFORM
Lavichkin Association

RESONANCE ZOND-PP MONIKA-RELEK STRANNIK KONUS

http://www.thespacereview.com/archive/1980.pdf (date of access
03.12.2018)
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Tension and Stresses Determination in Structural
Elements of Small Satellites

a set of solar panels

accessory module
with optional
devices

electric propulsion
module

power supply
system module

liquid propulsion
module



Types of Sensors for Identifying Tensions and Stresses
of Structures
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Fibre-Optic Strain Gauges

Capacitive Sensors

http://www.hbm.ru/upload/iblock/cbb/monitoring-nagruzki-
s-ispolzovaniem-volokonnoy-opticheskoy-tekhnologii.pdf
(date of access 03.12.2018).

Kasatkin B.S., Kudrin A.B., Lobanov L.M., Pivtorak V.A., Poluxin P.l., Chichenev N.A.
E'ksperimental’'ny’e metody’ issledovaniya deformacij i napryazhenij. Kiev: Naukova dumka,

1981. 583 p.
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Characteristics of Samarium Monosulfide (SmS)
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Zone Structure of Samarium Monosulfide
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K & TCRfor Polycrystalline Film
of Samarium Monosulfide

Vasil'ev L.N., Kaminskij V.V. Koncentracionny'j mexanizm
p ezosoprotivleniya SmS // Fizika tverdogo tela, t.36, No4, 1994,
Pp. 1172-1175.

DFEG
500 nm

Polycrystalline Film of Samarium Monosulfide (photo)

Physical properties of samarium sulfide

Ne Physical properties Value

1 Type conductivity semiconductor n-type

2 Specific gravity 5.7 g/cm3

3 | Thermal conductivity 0.05 W/cm-°C
4 | The specific heat 1.8 J/cm3-°C
5 Specific electrical resistivity 0.01+ 0.05 Q:cm
6 | Concentration of charge carriers ~10 cm-3

7 Young's modulus 1.2-10% kg/cm?
8 | Tensile strength 4000 kg/cm?
9 Melting point 2300 °C

Kaminskiy V.V., Stepanov N.N., Volodin N.M., Mishin Yu.N. Baroresistor effect
and semiconductor thin film baroresistors based on samarium sulfide for spacecraft
applications // Solar System Research. 2014. Vol. 48. No7. Pp.561-567.
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Manufacturing Strain Gauges Made of Samarium
Monosulfide by the Method of Explosive Evaporation

Explosive Evaporation Method

1 - Vacuum Cap
2 - Base Holder
3 - Base Heater
4 - Base

5 - Template

6 - Dosing Unit
7 - Evaporator

Kaminskij V.V., Volodin N.M., Solov'yov S.M., Mishin Yu.N.,

Sharenkova N.V. Vakuumnye texnologii izgotovleniya
tonkoplenochny™x tenzorezistorov na osnove sul fide samariya
dlya ae rokosmicheskix apparatov. Vestnik FGUP «NPO im.
S.A. Lavochkina». No2. Khimki. 2013. Pp.26-30.

Modified Vacuum
Evaporation Unit
YBH-74M12

Samarium Monosulfide Thin Film Parameters:

= THIiCKNE@SS et up to 3 um

- Specific resistance ........occeeceeecveeevvecieeeene, 0.02...0.05 Ohm-cm
- Concentration of conduction electrons ... 1020...1021 cm3

- Strain sensitivity coefficient ..........ccucuu.e..... up to 100

S TCR e s -10*...-5x103 1/°C

Novichkov V.M., Mishin Yu.N. Ocenka e ffektivnostii provedenie
texnologicheskogo e’ksperimenta pri proektirovanii tenzorezistorov na
osnove monosul‘fida samariya // Sbornik trudov XX mezhdunarodnoj
nauchno-texnicheskoj konferencii «Sistemny’e problemy’ nadezhnosti,
kachestva, komp yuternogo modelirovaniya, informacionny x i
e’lektronny’x texnologij v innovacionny’x proektax (Innovatika-2014)».
Pp.54-55.



Design of Strain Gauges Made of Samarium

Monosulfide

Mowocymedud comapas (Smi)
~POTb20 BORCTIGHMHOSER |
"-\ {CuNi) N Amomurui

(TonuMEpHaR NAENKG
T~ fBR-831) N\

e

e

.| measured object

Kpemuun {50)

Layer Material Layer Thickness, | Thermal Conductivity,

No mm W/(m-K)

1 Aluminum Alloy AL19 1 117

2 Polymer Film VL-931 0,03 0,034

3 Constantan Foil 0,003 22

4 Silicon Monoxide 0,002 1,38

5 Samarium Monosulfide 0,0005 20

6 Aluminum 0,0005 120

7 Nickel 0,002 94

Poluprovodnikovy e tenzorezistory™ na osnove monosul fida samariya dlya KA. Samorazogrev.

/ Volodin N.M., Mishin Yu.N., Tulin I.D., Markacheva A.Yu., Kaminskij V.V. // Vestnik FGUP

«NPO im. S.A. Lavochkina». 2012. No3. Pp.69-75.

10




Means to Study Properties of Strain Gauges

Temperature Sensors

e ) - = —
" e — L
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Beam with Strain Gauges

beam with strain .
bend gauges and channel | resistance computer

setting temperaturesensor  switch meter

m_ : : ADC (T

temperature
meter

Climate Chamber TABAI MC-71 Strain Block Diagram of Means for Research
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Characteristics of New Strain Gauges Made of
Samarium Monosulfide
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Scheme of Information-Measuring System with
Auto-Calibration Module

commutator | | commutator |

)

calibration channel

measuring channel 1

filtering :> ADC [

preprocessing

measuring channel 2

measuring channel N

generator

database
postprocessing
[ output
controller
power
power input
[ | supply
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Prospects for Future Implementation of
Information-Measuring System with Strain Gauges
Made of Samarium Monosulfide

Tribometer for Space Research

test disk

test indicators high-torque drive of
on-board tribometer

https://www.energia.ru/ru/iss/researches/techn/54.html
(date of access 02.12.2018).
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Conclusion

Main result of the work is technology of production and design of new strain gages
made of samarium monosulfide (SmS) that are applicable for mounting near small
radii of small satellites structural elements during endurance test. The other result is
specially structured information-measuring system that is based on the strain gages
and has ability to settings auto-adjust.

The novelty of the results is that for the first time the experimentally confirmed
descriptions of main output characteristics of the strain gauges made of samarium
monosulfide were obtained. This allow to increase accuracy of stress-strain state
measurements by the system in stress concentration zones of small satellite structural
elements.

Main practical significance of the results lies in the fact that new opportunities for
experimental study of stress-strain fields of small sized structural elements of satellites
are now open in endurance tests.

Application possibilities of the developed strain gauges made of samarium
monosulfide as parts of information-measuring system allow solving complicated
experimental tasks associated with investigation of structural elements endurance by
studying tensions in condition of large gradients in strain and stress measurements.



Thank you for your attention!



High throughput X-band
transmitters for the small
satellites

Eugene Kruglik
NPP «SAIT»



Main Goals

* High throughput. We Must Have Benefit from Each dB.
e Data Receiving to Ground Station Anywhere Where It Possible
* Minimum Time to Produce



Transmitter block diagram

Data
interface 1

ECC and

) Modulator
framing

Data
interface 2

400 MHz

Oven-

Ctrl/TLM

) controlled
interface

oscillator

PSU and temp
sensors

DC-DC converter
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TRANSMITTER PERFORMANCE

* Any X-band frequency with step 0,1 MHz

* Symbol Rate: 0,1 — 200 Mbaud
 Modulation: QPSK, 8PSK, 16QAM

* Coding Scheme: LDPC, Convolution, RS, BCH
* Output power: 10 W

* Weight: 1,75 kg

* Leadtime 9 months



Transmitter «PRD3»

FLIGHT EXPERIENCE

* ISS (Jan 2011)

e AIST-2D (Apr 2016)

*  MKA-FKI1 (1 year) - Satellite Is Out of Explatation
* and 2 others

3aBepLUEeH MOMHbIN LMK Ha3eMHOW OTPaboTKK
* EgyptSAT (1 Gbit/s)

* Kanopus-ST (Rocket Crash)

* Baumanec-1, 2 (Rocket Crash)

* Soyuz-SAT-O

* and 2 others

B cTaanu ucnbiTaHnm

* LUNA 25-27

* ISS (1 Gbit/s)

* and 5 others




Disadvantage (Little Disadvantage)

ONE FIXED MODULATION
ONE PROJECT ‘ ONE FIXED CODE SCHEME
ONE FIXED DATA RATE



Ordinary Approach To Develop

System is developed for worst
energy case (for MAX distance)

/ MIN Distance
\.‘ For Example:
MAX Distance Satellite Orbit = 800 km

MAX Distance

MIN Distance

ENERGY EXCESS = 10 dB !!!
NO ONE USE IT



DVB-S2 Data Frame

PLHEADER | HEADER DATA CODE
PLHEADER = {Modulation, Code Scheme}
DVB-S2 Stream
8PSK5/6 | Data Frame | QPSK1/2 | Data Frame [16APSK8/9| Data Frame
Mode Spectral efficiency Ideal E,/No (dB)
: .
for FECFRAME length = 64 800
QFSK 174 0490243 -2.35
A QPSK 1/3 0.656448 -1.24
QPSK 2/5 0,789412 -0,30
103 QPSK 1/2 0,988858 1,00
QPSK 3/5 1,188304 2.23
o | QPSK2/3 1,322253 3.10
e QPSK 3/4 1,487473 4,03
~ QPSK 4/5 1587196 468
A} o QPSK 5/6 1,654863 5,18
o ] > | QPSK8/9_ 1,766451 6.20
u-I X N | QPSK 9/10 1,788612 6.42
%) = BPSK 3/5 1.779991 5,50
o a < BPSK 2/3 1,080636 6.62
O 9 8PSK 3/4 2,228124 7.91
BPSK 5/6 2478562 8.35
15,48 dB |_8PSK8o | 2646012 10,60
8PSK 9/10 2,679207 10,98
107 |_1BAPSK 2/3 2.637201 8.97
16APSK 3/4 2,966728 10,21
| _16APSK4/5_| 3165623 11,03
> | 1BAPSK 5/8 3.300184 11.61
16APSK 8/9 3,523143 12,89
- 16APSK 9/10 3,567342 1313
2,35 13,13 E_N, dB




Adaptive Stream Performance

Satellite orbit — 800 km

Ground Station Antenna
Diameter—2 m

Adapitve Stream Performance —
50,5 Gbytes

Fixed Stream Performance —
26,7 Gbytes

50,5/26,7 = 1,89

BapuaHTt 1 2 3 4

1.1 |Mogynauusa QPSK 8PSK 16APSK 16APSK

1.2 |MowHoCTe Nepefatymka, Br 10 10 10 10
1.3 |KH[ aHTeHHul, OB 15 15 15 15
1.4 |MoTtepw B puaepe, ob 1,5 1,5 1.5 1,5
1.5 [9WMAM nepepatynka, gb-Bt 23,5 23,5 23,5 23,5
21 [Mactota, [Ty 8,2 8,2 8,2 8,2
2.2 |Yron mecTa Hadana ceaHca, rpag 5 20) 45 70
23 |BbicoTa opbuThl, KM 800 800 800, 800
24 |JansHOCTbL CBA3MW, KM 2782 52 17683 10743 845,14
2.5 |MNotepw B cBODOOHOM NpocTpaHcTBe, Ab 179,67 175,73 1714 169,31
3.1 |OWameTp aHTeHHLI 3eMHON CTaHUMW, M 2,0 2,0 2,0 2,0
3.2 |KH[ aHTeHHsl, Ab 421 42 1 421 421
3.3 |lWymoBan TemnepaTtypa aHTeHHbl, K 50 50 50 50
3.4  |KoadpbnumeHT Wyma npuemHuka, b 0,8 0,8 0,8 0,8
3.5 |lUymoeas Temnepatypa cucTemsl, K 108,66 108,66 108,66 108,66
36 |[obpoTHocTs (G/T) 21,74 21,74 21,74 21,74
41 |CumeonksHana JyactoTa, McumB/c 200 200 200 200
4.2 |CkopocTb Koga 3/4 8/9 4/5 8/9
4.3 |CkopocTb nepenaqn aaHHelx, MbuT/c 300 533,33 640 720
4 4 |MonocadacTtoT, MI'y 250 250 250 250)
5 OTHOLUEHWe cCUrHan/lwym Ha gemonynatope, ab 10,19 14,13 18,46 20,54

Tpefyemoe OTHOLUEHWE CUrHan/LUym Ha

6 nemogynatope, 0b 4,03 791 11,03 13,13
6.1 |[peBblligHWe Tpeb OTHOLLEHUA curHan/lwym, nb 6,16 6,22 7,43 7,41
6.2 |NoTepw B atmocchepe, Ab 0,69 0,69 0,69 0,69
6.3 |[oTepw Ha ooxAab (OocTynHocTe 99 5%), ob 0,56 0,56 0,56 0,56
6.4 |Motepw B obnakax, ob 0,56 0,56 0,56 0,56
6.5 |[NoTepw Ha HaBedeHwe, nb 0,5 0,5 0,5 0,5
6.6 |[loTepw Ha nonApw3auno, 0b 0,25 0,25 0,25 0,25
6.7 |lNoTepw Ha peanu3auno gemogynatopa, ob 1 1,9 2 2
7 Wrtoro sanac, gb 2,6 2,16 2,87 2,85




Adaptive Frame Performance

e T ma

A\ | - Data Receiving by the Ground
3o ),  Stations with Different Technical
A A H Specifications
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Demodulators

Custom design | Cortex Cortex High DVB-S2 LS DVB-S2 HS
Low Speed (LS) | Speed (HS)

Data Protocol Custom CCSDS
Stream Fixed
Data Rates, 50-150
Mbaud

Price*, Euro >130 000 100 000
Delivery time 3 years

* Rough estimate

CCSDS DVB-S2 DVB-S2

Fixed Adaptive Adaptive

150-200 50-100 100-300

150 000 10 000 40 000
3-6 months
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CubeSAT (and Small Satellite)

* Any X-band frequency with step 0,1 MHz
* Modulation: QPSK, 8PSK, 16 APSK

* Symbol Rate: 0,1 — 260 Mbaud

* Bit Rate: up to 1040 Mbit/s

* Coding Scheme: LDPC, BCH (DVB-S2)

e Stream: Adaptive

e Qutput power: Cubesat - 2,5W,SS-10 W
* Power Consumption: Cubesat - 16 W,SS-70 W
* Weight: 0,380 kg
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Conclusion

* High Throughput up to 2,08 Gbit/s (Using two carriers with
polarization diversity)

* Adaptive Stream

* Data Recieving by the Ground Stations with Different Technical
Specifications

e Using Commercial Satcom Demodulator at the Ground Station

* Delivery Time — 9 months
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