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C ysenuueHuem KOIUYECM8A 3aNYCKAeMbIX KOCMUYECKUX annapamos Habupaem nonyispHOCHs maKoe Hanpasie-
HUe, KaK asmoMamu3ayis npoyeccos ynpagienus Kocmudeckumu annapamamu. OOHUM U3 8ANCHETIUUX NPOYECCO8
A6NAEMCA  AHANU3  MeleMempUdeckux OaHHbIX Npu  IKCHIyamayuy Kocmuweckoeo annapama. Hayuwo-
obpaszosamenvuvii cnymuux CubUupckoeo 20cyoapCmeenHozo YHUBepCUumema HayKu U mexHonouti UMeHy akaoemi-
ka M. @. Pewemnésa ReshUCube-1 ycnewmno sxcniayamupyemcs Ha opoume u 8bINOJHAEM C80U HAYUHblE 3a0a4u
Vorce bonee nonyeooa. B cmamve paccmomper nepeueHb OCHOBHBIX NAPAMEMPOS, AHATUSUPYEMBIX ONepamopamu
Llenmpa ynpaenenua nonémamu ons oyenku cocmosnusi cnymuuxka ReshUCube-1. Onucan cocmag u ocHogHble
@yHKYUOHATBHBIE XAPAKMEPUCMUKU 060pY008anUsl HA Kocmudeckom annapame. Ilpusedenvl kauecmeenHvle NoKa-
3amenu u KoauyecmeeHHle npedenvl 0Jis 6cex ONUCHIBAeMbIX NAPAMEMPOS, a MAK’Ce UX SHAYUMOCHb U GUSAHUE HA
DYHKYUOHUPOBAHLUE YCMPOUCMS U 8CE20 KOCMUYECKO20 annapanma 8 Yeiom.

Knrouesguie crosa: ReshUCube-1, Cubesat, cnymuuk, menemempus, SKCHIYamayus.
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With the increase in the number of launched spacecraft, such a direction as automation of spacecraft control
processes is gaining popularity. One of these most important processes is the analysis of telemetry data during
the operation of a spacecraft. Scientific and educational satellite of the Reshetnev Siberian State University of
Science and Technology has been successfully exploitated in orbit and has been performing its scientific tasks
for more than six months. The article considers a list of the main parameters analyzed by the operators of the
Mission Control Center to assess the state of the ReshUCube-1 satellite. The composition and main functional
characteristics of the equipment on the spacecraft are described. Qualitative indicators and quantitative limits
for all described parameters are given, as well as their significance and impact on the functioning of devices
and the entire spacecraft as a whole.
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Introduction

With the development of technology, there is a tendency to reduce the size of launched spacecratft.
CubeSat nanosatellites [1; 2] are well established in the space segment market. They have many advantages,
but mainly the following can be pointed out:

— development time is reduced by times;

— lower cost of a satellite vehicle itself;

— lower cost of launching due to relatively small mass.

From the numerous advantages of launching CubeSat satellites, there is a noticeable increase in the total
number of launched spacecraft of this type [3-5]. Therefore there appeared a new direction for research and
development in this field - automation of spacecraft control processes [6]. For example, the Reshetnev
Siberian State University of Science and Technology plans to control 6 spacecraft by 2024. At the moment
the university is working with three space missions:

— ReshUCube-1 satellite at the stage of operation in orbit;

— ReshUCube-2 satellite will be launched on June 26, 2023;

— ReshUCube-3 satellite constellation is planned to be launched in 2024.

The first space mission of the university CubeSat

On April 9, 2022, the ReshUCube-1 scientific and educational satellite was launched into orbit [7; 8].
The spacecraft belongs to the class of nanosatellite
cubesats of 3U type format (Fig. 1), has overall dimen-
sions of 10x10%34 cm and mass of 3.397 kg. The goal
of the ReshUCube project is to involve schoolchildren
in space and research activities as part of the "Planet
Duty Officer" program supported by the the Innovation
Assistance Fund [9-11]. Additional scientific objectives
include:

— Gaining university flight experience in spacecraft
control,;

— testing of promising domestic element base; Puc. 1. ®oro cryranka ReshUCube-1

— study of near-Earth space and the Earth's surface. Fig. 1. Photo of the ReshUCube-1 satellite

Functional composition

Conventionally, a satellite can be divided into two components: the platform and the payload. The pay-
load part includes all those devices that determine the function of the spacecraft and the purpose of its op-
eration. In particular, the ReshUCube-1 satellite was launched to involve schoolchildren in space and sci-
ence activities. For this purpose, employees of the laboratory "Small spacecraft" of the Reshetnev Siberian
State University of Science and Technology decided to develop a payload "Reconfigurable laboratory"
[12]. Within the concept of a reconfigurable laboratory, the spacecraft carries a set of different equipment
and sensors, using which it is possible to perform various experiments on the following topics:

— technological experiments;

— radiation monitoring;

— study of the Earth's atmosphere and magnetosphere;

— study of orbital motion of spacecraft;

— observation of the Earth's surface.

The ability to load new payload software during the flight allows reconfiguration of the laboratory op-
eration.

A spacecraft platform is a set of all major devices required for successful operation of the spacecraft in
orbit. For the ReshUCube-1 satellite, the OrbiCraft-Pro 3U platform of the "Profi" modification (SXC3-
GA-ADC) was purchased from Sputnix LLC [13]. All devices of the platform can be divided into subsys-
tems depending on the functions performed:
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1. Power Supply System (PSS). This part includes the power supply system board, battery pack of 4
power sources, and solar panels. The main function of this system is to provide power to all devices on
board. In addition, the unit performs the task of performing survivability algorithms: current control, hang-
up protection, battery recharging, device shutdowns.

2. Radio communication system. This system includes a very high frequency (VHF) antenna and the
transceiver unit itself. In addition to the primary function of providing communication between the satellite
and the ground control station, the transceiver has a permanent non-volatile memory for storing user com-
mand schedules. Thus, it is possible to control the satellite even out of radio visibility.

3.  On-Board Control System (OCS). This system includes a motherboard with various devices from
other systems and an on-board computing module that acts as a switch for sensors and motherboard con-
figuration.

4. Orientation and Stabilization System (OSS). This system includes many devices: the OSS micro-
controller, the flywheel assembly, a set of solar sensors, magnetic coils, an angular velocity sensor, and
magnetometers. Obviously, the system is needed for establishing the desired orientation of the spacecraft,
damping the angular velocity, as well as determining the spacecraft's own orientation.

Beacon

The science program requires maintaining the viability of the satellite. For this purpose, the operators of
the mission control center first of all need to evaluate the service telemetry data received from the satellite
[14]. By promptly analyzing the state of the spacecraft, the operator can timely take the necessary actions
in case of abnormal situations and prevent their occurrence in advance. The main source of information is a
message, called "beacon", which is periodically sent out every 30 seconds. This data packet contains all
basic telemetry on the status of the power system and the radio communication system:

— temperature value of the battery, VHF transmitter and amplifier;

— battery charge;

— values of currents and voltages from solar panels;

— values of the restart counter;

— angular velocity values;

— values of currents and status flags of power supply channels;

— flags of critical battery states;

— on-board time.

All telemetry received from the satellite is stored in a special database. If it is necessary to analyze in-
formation on the spacecraft status, it is possible to upload data from the very beginning of the operation
period, as well as for convenience to make selections, sorting by packages and time periods.

Temperature

One of the problems of spacecraft design and operation is heat transfer.

Therefore, the temperature of devices on board is the first important parameter to pay attention to when
working with a spacecraft. There are 16 regular temperature sensors on the satellite platform to monitor the
thermal behavior of various devices. The most important is the battery module, as lithium-ion batteries
have their own operating temperature limits: from -20 to +50 °C. ReshUCube-1 has its own operating mode
on board [15; 16]. Fig. 2 shows the temperature graph of the battery module for April 2023. As can be seen
from the graph, the temperature of the battery module varied from -7 to +15 °C. The average value of the
battery module temperature is approximately +3 °C, which is comfortable conditions for the operation of
lithium-ion batteries.

Fig. 3 shows the temperature graph of the transceiver and the VHF amplifier. Three patterns can be
found on the graph.
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Fig. 3. Temperature graph of the transceiver and the VHF amplifier

1. The temperature values of these devices fluctuate greatly, but almost never drop to values below
zero (except for a few isolated cases of dropping to -2°): from 0 to +34°C for the amplifier and from -2 to
+24°C for the transceiver itself. Constantly positive values can be explained by the fact that the devices of
the radio subsystem operate constantly, even outside the radio visibility area, and therefore, they are con-
stantly heated.

2. The amplifier temperature follows the same pattern as the transceiver temperature, but the values are
always slightly higher. This is due to the way the devices work: the amplifier warms up more when it is in
constant operation.

3. If we consider the temperature changes within each session separately, we can notice that the tem-
perature of the radio communication system devices is constantly increasing during the session. This can be
explained by the fact that during a session with the satellite the packet exchange is much more intensive,
while during the rest of the time the satellite only sends out beacons once every 30 min and listens to the
air.

Battery charge

The next important parameter, which control will prevent many problems during operation, is the bat-
tery charge. Self-rescue mechanisms are built into the satellite platform by the manufacturer from the very
beginning. Table 1 describes the voltage limit values and corresponding actions of automatic charge level
control. Despite the fact that the satellite has a discharge protection system, it is undesirable to allow such
situations, as they reduce the life of the battery.
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Table 1
Limit values of battery voltages
Battery charge level Battery voltage limit Procedure
values, mV
Normal 6700 Normal operating mode
Minimal 6200 Disabling the battery heaters
Critical 5700 Disabling all power supply channels of devices (except VHF)
Dangerous 5200 VHF muting

Fig. 4 shows the graph of battery voltage variation for April 2023.The values range from 7668 to 7972
mV and the average value is 7881 mV, all these values indicate normal operation. This demonstrates that
the PSS is designed well, so that even with the active use of the OSS and other energy consuming elements,
the battery charge does not fall below the normal value.
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Fig. 4. Graph of the battery voltage for April 2023

It should be noted that for convenience of the operator and to save time, special fields of the so-called flags type
are provided. If the spacecraft hardware has detected critical changes, a "flag is raised" (checkboxes are checked).
An example is shown in Fig. 5.
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Fig. 5. Examples of flags in the beacon

Energy from solar panels

Solar panel currents also play an important role in evaluating telemetry information and analyzing the
energy balance of the spacecraft. As can be seen from the graph for April 2023 shown in Fig. 6, the values
of the solar panel channel currents change greatly and rapidly. The current of channel 1 (Z— side of the
spacecraft) is labeled as CII1 current, the current of channel 2 (Y+ and Y- sides) is labeled as CII12, and the
current of channel 3 (X+ and X- sides) is labeled as CIT3. This is due to rapid changes in the position of the
apparatus, in particular, rotation around its axes. The arrangement of the planes (sides) of the spacecraft is
shown in Fig. 7.
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Fig. 6. Graph of solar panel currents for April 2023
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Fig. 7. Location of planes on the satellite

One more regularity can be noticed by analyzing a more detailed graph for several days, where one can
see the changes of currents during several nearest sessions (Fig. 8). The graph clearly shows periods with
zero (or almost zero) values, which means that the satellite was in the shadow zone relative to the position
of the Earth and the Sun.
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Fig. 8. Graph of solar panel currents for April 1-3,2023

By analyzing telemetry data on solar panel currents, it is possible to assess their degradation level and
subsequently adjust the satellite's energy balance.

Angular velocities and stabilization

Another indispensable parameter in analyzing the spacecraft operation are the values of angular veloci-
ties of the satellite. These parameters can change for the worse (increase), which can adversely affect the
quality of communication in the "space - Earth" channel, since the position of the antenna pattern will con-
stantly change. Fig. 9 shows the graph of angular velocity changes from May 10 to May 14. During this
period, no work was carried out with the orientation and stabilization system: the angular velocities were
not damped, the orientation was not set using the flywheel block. The graph shows that even within one
day the angular velocities rapidly change not only the modulus of the value, but also the sign, which means
that the direction of twisting changes. It can also be seen that the modules of the angular velocity values
fluctuate within the range of up to 8°, which is normal. Without the influence of external factors, the Re-
shUCube-1 satellite has no tendency to twist. The location of the spacecraft axes is shown in Fig. 10.

4

~

M

o

|

10.05.2023 10.05.2023 10.05.2023 10.05.2023 10.05.2023 11.05.2023 12.05.2023 14.05.2023

—X axis =y axis Z axis
Puc. 9. I'paduk 3HaueHuit yriaossix ckopocreii 3a 10—14 mas 2023 r.

Fig. 9. Graph of angular velocity values for May 10-14, 2023
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Fig. 10. Location of the satellite axes

For damping of angular velocities, the spacecraft is equipped with the B-DOT angular velocity damping
algorithm. The damping is performed using magnetic coils, since, unlike damping using flywheel motors,
this method reduces the angular momentum of the spacecraft impulse itself, rather than using the temporary
counteracting momentum of the impulse.

Angular velocities need to be damped at values greater than 7°/s. The reduction rate with magnetic coils
is approximately 1°/min according to flight data.

In general, satellite stabilization is disturbed under the influence of various forces: aecrodynamic, gravi-
tational, magnetic, and radiation. Earlier it was said that the spacecraft has no tendency to twist. During
flight operation it was revealed that in most cases the stabilization of ReshUCube-1 is disturbed when the
torque of the flywheel engine block affects the orientation. One of the reasons for this is the fact that with
prolonged orientation control the flywheels go into saturation mode (their velocities are not sufficient to
compensate for the angular momentum of the spacecraft). In this case, it is necessary to include an addi-
tional orientation system to relieve the flywheels, in particular, magnetic coils.

The second reason for the loss of stabilization is that, when the power supply to the flywheel motor unit
is cut off, the flywheels themselves continue to spin uncontrollably for some time, spinning the spacecratft.
To avoid such situations, commands for damping of angular velocities should be included in the flight cyc-
logram after orientation cycles.

On-Board Time and TLE

On-board time and TLE data are among the most important functional parameters. Due to some relativ-
istic effects of the theory of relativity, the time on the spacecraft is constantly lagging behind, which causes
an error to accumulate (about 1 s per day). It is important to constantly monitor this value and periodically
synchronize it with the time at the ground station. Also one of the routine operations with the spacecraft is
updating of TLE data describing the spacecraft motion. The satellite, using the onboard time scale and TLE
data together, can independently determine its location. But orbital parameters are gradually changing, so
the TLE data become irrelevant. It is believed that to accurately determine the location of the satellite it is
necessary to update the orbital parameters at least once every 5 days. In this case, the satellite pointing error
will be more than 6 km. For some tasks that do not require high accuracy in time, for example, scheduling
of communication sessions to plan the time of work of operators, the shelf life of TLE data is 14 days, then
the error will be 460 km, such a distance the satellite travels in one minute.

Conclusion

On the basis of flight experience of ReshUCube-1 spacecraft operation, a list of telemetry parameters
necessary to assess the state of the satellite and its subsystems has been defined. The given qualitative and
quantitative characteristics allow to efficiently build the process of telemetry evaluation by the operators of
the Mission Control Center. It becomes possible to shift some responsibilities from operators to machines,
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in particular, monitoring of vital telemetry parameters. Therefore, the first step on the way to automation of
spacecraft operation processes is the definition of boundary indicators. Automation of operation processes
will make it possible to increase the number of satellites in operation without losing the quality of work.

Baarogapuoctu

Pabota BemonHEeHa Mpu moamepikke DoHga CoMEeNCTBU NHHOBAIIASAM B paMKax MporpamMmbl «Jlexyp-
Hbli 1o 1utaHeTe» (Space Pi) 6-ii ouepenu. IIpoekr «Kocmmueckas muccust ReshUCube», goroBop Ne
71C2/MOJI/71271 ot 29.11.2021.

Acknowledgment

The work was carried out with the support of the Innovation Assistance Fund within the framework of
the “Planet Duty Officer” (Space Pi) program of the 6th stage. The project “ReshUCube Space Mission”,
Contract No. 71C2/MOL/71271 dated 11.29.2021.

bubnauorpaduueckue ccblIKU

1. CubeSat Design Specification Rev. 14.1 [Onekrponnsiii pecypc] // CubeSat.org. URL:
https://staticl.squarespace.com/static/5418c83 1e4b0fadecac1bacd/t/62193b7fc9e72e¢0053f00910/16458208
09779/CDS+REV14 1+2022-02-09.pdf (nata oopamenus: 15.04.2023).

2. YueBaros B. U., Oneitnuxos E. I1. Oco6eHHOCTH KOHCTPYHPOBAaHUS MaJIbIX KOCMHYECKUX aIlllapaToB
kiacca CubeSat // AkryanbHbIe Tpo0IeMbl aBuaruu 1 kocMoHaBTuku. 2022, T. 1. C. 158-160.

3. Ilycku [Dnektponusiii  pecypc] //  Tockopmopamms “Pockocmoc”. URL:  https:/www.
roscosmos.ru/launch/2023/ (nata ooparuenus: 30.05.2023).

4. Nanosatellite launches [DnexTponnsiii pecypc] // NanoSats Database. URL: https://www. nano-
sats.eu/img/fig/Nanosats_years black 2023-05-01.png (marta o6parmienus: 30.05.2023).

5. CubeSat Market: Global Industry Trends, Share, Size, Growth, Opportunity and Forecast 2023-2028
[Dnextponnsiii pecype] // IMARC. URL: https://www.imarcgroup.com/cubesat-market (1ata oOparieHus:
30.05.2023).

6. ®oprecksio 1., Cyaiinepn I'., Crapk JI. PazpaboTka cucTeM KOCMHYECKHX almaparoB : Mep. ¢ aHTIIL.
M. : AnprimHa [Tabmumep, 2015. C. 765.

7. ReshUCube-1 [Daextponusiii pecypc]. URL: https://reshucube.ru (nara oopamienus: 05.09.2022).

8. Poccus BeIBena Ha OpOWTY MPAHCKUH CIYTHUK MTUCTAHIIMOHHOTO 30HAMPOBAHUSA 3eMIIH [DIEKTPOH-
uelit pecype] / PUA Hosoctu. URL: https://ria.ru/20220809/sputnik-1808239841.html (mata oOparieHus:
05.04.2023).

9. Co3Be3nue IIKOJIBHBIX CIYTHUKOB [DieKTpoHHBIA pecypc] // Space-m. URL: https://spacepi.space/
(mara obpamenus: 01.05.2023).

10. Iexxypubiii 1o 1utanete [Dnexktponusiii pecypc]. URL: https://www.spacecontest.ru/ (mara oOpa-
menust: 01.05.2023).

11. 3yes JI. M., XanoB B. X. Opranmu3zanus JETHRIX SKCTICPUMEHTOB Ha O0OPTY KOCMHUYECKOTO armapara
ReshUCube-1 // Pemetnésckue urenus. 2022. T. 1. C. 422-425.

12. XanoB B. X., 3yes . M., lllaxmatoB A. B. Peanusanum mnone3Hoil Harpy3kud HaHOCIyTHHKa
ReshUCube kak pexoHdpurypupyemoil kocMmuueckoi sabopatopum // PemetHéBckue utenus. 2021.
T. 1. C. 418-419.

13. CnytaukoBas miatdopma OpouKpadt-Ilpo 3U moguduxanus «[Ipodu» [Dnexkrponnslit pecypce] //
Cnyraukc. URL: https://sputnix.ru/ru/platformyi/cubesat-platformy/orbikraft-pro-3u-profi (gara oOpaiue-
Hust: 20.04.2023).

14. CITYTHUKC [Dnextponnsiii pecypc]. URL: https://sputnix.ru/ru (nata oopamenus: 20.04.2023).

15. CryneHuyeckuil eHTp ynpaBieHUs mojieTaMu [DeKTpoHHkIH pecype] // Cubl'Y um. M. @. Pemer-
uésa. URL: https://sat.sibsau.ru/ (qara oopamenwus: 12.04.2023).

16. YueBatoB B. U. UccnenoBanue TEIIoBOro pekuMa U MOCTAHOBKA SKCIEPUMEHTOB KOCMUYECKOTO
anmapara ReshUCube-1 // PemetnéBckue utenus. 2022. T .1. C. 449-451.

566



Paszden 2. ABuaL;UOHHaﬂ U pakemHo-Kocmuueckas mexHuxka

References

1. CubeSat Design Specification Rev. 14.1. CubeSat.org. Available at: https://staticl.squarespace.
com/static/5418c831e4b0fadecaclbacd/t/62193b7fc9e72e0053f00910/1645820809779/CDS+REV 14 1+2
022-02-09.pdf (accessed: 04/15/2023).

2. Uchevatov V. L., Oleynikov E. P. [Features of designing small CubeSat-class spacecraft]. Aktual'nye
problemy aviatsii i kosmonavtiki. 2022, Vol. 1, P. 158-160 (In Russ.).

3. Puski. Goskorporatsiya “Roskosmos”. [Launches. Roscosmos State Corporation]. Available at:
https://www.roscosmos.ru/launch/2023 / (accessed: 30.05.2023).

4. Nanosatellite launches. NanoSats Database]. Available at: https://www.nanosats.eu/img/fig/ Nano-
sats_years_black 2023-05-01.png (accessed: 30.05.2023).

5. CubeSat Market: Global Industry Trends, Share, Size, Growth, Opportunity and Forecast 2023-2028.
IMARC. Available at: https://www.imarcgroup.com/cubesat-market (accessed: 30.05.2023).

6. Fortescue P., Swaynerd G., Stark D. Razrabotka sistem kosmicheskikh apparatov [Development of
spacecraft systems]. Moscow., Alpina Publ., 2015, P. 765.

7. ReshUCube-1. Available at: https://reshucube.ru (date of reference: 05.09.2022).

8. Rossiya vyvela na orbitu iranskiy sputnik distantsionnogo zondirovaniya Zemli [Elektronnyy resurs]
// RIA Novosti. [Russia has put into orbit an Iranian satellite for remote sensing of the Earth. RIA Novosti].
Available at: https://ria.ru/20220809/sputnik-1808239841.html (accessed: 05.04.2023).

9. Sozvezdie shkol'nykh sputnikov [Constellation of school satellites. Space-m]. Available at:
https://spacepi.space / (accessed: 01.05.2023).

10. Dezhurnyy po planete [Duty officer on the planet]. Available at: https://www.spacecontest.ru / (ac-
cessed: 01.05.2023).

11. Zuev D. M., Khanov V. H. [Organization of flight experiments on board the ReshUCube-1 space-
craft]. Reshetnevskie chteniya. 2022, Vol. 1, P. 422425 (In Russ.).

12. Khanov V. Kh., Zuev D. M., Shakhmatov A. V. [Implementation of the payload of the ReshUCube
nanosatellite as a reconfigurable space laboratory]. Reshetnevskie chteniya. 2021, Vol. 1, P. 418-419 (In
Russ.).

13. Sputnikovaya platforma OrbiKraft-Pro 3U modifikatsiya Profi. Sputniks [OrbiCraft-Pro 3U satel-
lite platform modification Profi. SPUTNIX]. Available at: https://sputnix.ru/ru/platformyi/ cubesat-
platformy/orbikraft-pro-3uprofi (accessed: 04/20/2023).

14. SPUTNIX. Available at: https://sputnix.ru/ru (accessed: 04/20/2023).

15. Studencheskiy tsentr upravieniya poletami [Student Flight Control Center. SibGU named after M. F.
Reshetnev]. Available at: https://sat.sibsau.ru / (accessed: 12.04.2023).

16. Uchevatov V. L. [Investigation of the thermal regime and setting up experiments of the ReshUCube-
1 spacecraft]. Reshetnevskie chteniya. 2022, Vol. 1, P. 449—-451 (In Russ.).

© IlIumoga O. E., 3yes 1. M., Benukanos . 1., JlykesnoB M. M., Menbuykos K. A., 2023

IInmoBa Oxcana EprenbeBHa — MH)XXEHEP HAyYHO-IIPOM3BOACTBEHHON J1abopaTopuu «Mallible KOCMUUYECKHE alapa-
Tbl»; CubupcKuil rocynapCcTBEHHbIH YHUBEPCUTET HAyKH UM TEXHOJOrui uMeHu akagemuka M. @. PemerneBa. E-mail:
oksanagafonova3@gmail.com.

3yeB Jmurtpuii MuxaijaoBuy — cTapmuil npenojaBaTenb Kadeapbl TEXHUYECKOH (U3MKM, HHXEHEpP HaydHO-
MIPOU3BOJICTBEHHOM J1aboparopun «Majble KoOCMUYECKUe ammnaparbDy; CHOMPCKUI TOCY1apCTBEHHBIH YHUBEPCUTET HAYKH U
TEXHOJIOTHIT UMeHH akasiemuka M. @. PemerneBa. E-mail: zuevdmitriy93@yandex.ru.

BeaukanoB Januna JImutpueBuny — maructpant; CHOMPCKUN rOCYIapCTBEHHBI YHUBEPCUTET HAYKH U TEXHOJIOTHI
nmenu akagemuka M. @. PemerneBa. E-mail: velikanov.danil2017@yandex.ru.

JlykbsiHoB Muxann MuxaiijgoBuu — OakanaBp; CHOMPCKHUN TOCYAapCTBEHHBIH YHHUBEPCHTET HAyKH W TEXHOJIOTHUH
umenn akagemuka M. @. PemerneBa. E-mail: mishka.1255555@mail.ru.

MeabuyykoB Konctantnn AnapeeBnd — crenuanuct; CHOMPCKUN roCyIapCTBEHHBIH YHHBEPCUTET HAYKH U TEXHOJIO-
ruil Menu akagemuka M. @. Pemernesa. E-mail: menkosty@yandex.ru

567



Cubupckuil aspoxocmuueckuil scypHan. Tom 24, N2 3

Shimova Oksana Evgenievna — Engineer of Small Satellites Laboratory; Reshetnev Siberian State University of Sci-
ence and Technology. E-mail: oksanagafonova3@gmail.com.

Zuev Dmitrii Mikhailovich — Senior lecturer of Applied Physics Department, Engineer of Small Satellites Laboratory;
Reshetnev Siberian State University of Science and Technology. E-mail: zuevdmitriy93@yandex.ru.

Daniil Dmitrievich Velikanov — Master; Reshetnev Siberian State University of Science and Technology. E-mail: ve-
likanov.danil2017@yandex.ru.

Lukyanov Mikhail Mikhailovich — Bachelor; Reshetnev Siberian State University of Science and Technology.
E-mail: mishka.1255555@mail.ru.

Melchukov Konstantin Andreevich — Specialist; Reshetnev Siberian State University of Science and Technology. E-
mail: menkosty@yandex.ru.




