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KaszakcmaH Pecrniybnukacbl ¥nmmbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibIMOap Cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze kKabbindaHraHblH xabapnaldbl. byn uHdekcmerny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MeKemesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHadbl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMOap 6olbiHWa KoHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, 4ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu U mexHu4eCcKux
Hayk» bbln npuHsam O uHOekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Usesecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpuUpyem Hawy nNpueepXeHHOCMb K Haubosee akmyarbHOMY U 8/1USIMEIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam O5isi Hawezo coobujecmea.
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STABILIZATION OF THE MOVEMENT
OF A SMALL SPACECRAFT
IN A GEOSTATIONARY ORBIT

Abstract. A system for controlling the movement of a small spacecraft, which will later be part of a formation
located in the geostationary orbit for the remote sensing of the Earth is being considered.

The article assesses the effect of acting moments on the small spacecraft in the geostationary orbit and justifies
the choice of these moments in the motion simulation.

A motion control system for small spacecraft in the geostationary orbit using a P-controller (a controller with a
proportional control law) is proposed. The results of the simulation to verify the correctness of the proposed control
law are given.

Keywords: small spacecraft, geostationary orbit, remote sensing of the Earth, p-controller.

Introduction. The current state and level of development of microelectronics makes it possible to
miniaturize the electronic equipment used in the space industry. In connection with this trend, the use of
spacecraft for solving various scientific and technological problems is currently relevant [1-3]. The small
spacecraft plays a very important technological role in space science. Compared with the traditional single
large spacecraft, the small spacecraft demonstrates increased reliability [4], lower costs and a shorter
development time period [5]. The tasks of remote sensing of the Earth, usually realized with the help of
expensive bulky vehicles, are currently possible to solve with several miniature spacecrafts [6—10]. As
practice shows, Earth remote sensing is and remains one of the most important areas of space activity in
which the most innovative technologies are being introduced. The main objective of this activity is to
obtain information about the object or phenomenon on the surface of the Earth. Earth remote sensing in
most cases is carried out with the help of spacecraft located in low Earth orbit [11].

The monitoring of the Earth’s surface in real time necessitates the use of the geostationary orbit for
the implementation of remote sensing [12, 13]. The geostationary orbit plays an irreplaceable role in va-
rious missions, including communications, navigation, research, as well as the recent Earth remote
sensing.

In order to remote sensing the Earth's surface from the geostationary orbit with a single large space-
craft a large aperture is used, the dimensions of which affect both the creation cost and the cost of space-
craft injection to a given orbit. The same results, which gives one large spacecraft, can be achieved with
the help of several small spacecrafts in the formation with a specific configuration [14].

When studying the motion of the small spacecraft in the geostationary orbit, it becomes necessary to
study the influence of external disturbances [15, 16], which in turn requires the development of a system
for controlling the motion and stabilization of the small spacecraft [17]. This paper proposes a mathe-
matical model of the stabilization system and orientation of the small spacecraft in the geostationary orbit
and simulation results.

—— 112 =——
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Estimation of moments acting on small spacecrafts in the geostationary orbit. To describe the
motion of the small spacecraft relative to the center of mass, the Euler’s dynamic equations were used
[18]:

Ap+(C-B)gr=Y M,
BG+(A-Cyrp=>M, (D
Cr+(B—A)gp=Y M.

where 4, B,C - general inertia moments of the spacecraft; p,q,r - projections of the angular velocity
vector on the axes of the body coordinate system;ﬁ =M .M, M )" - moment of external forces
relative to a fixed point.
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Figure 1 — Environmental torques acting on the small spacecraft, depending on the height of the orbit

Figure 1 shows thedependence graphs of the magnitude of the moments of forces acting on the small
spacecraft on the height of the orbit. The gravitational moment, magnetic moment, moment of solar
radiation pressure (SPR) force and moments arising from the other other spacecrafts in the formation were
considered. The calculation was performed for satellites with mass 50 kg in accordance with the following
formulas:

V=3 o[ a(e 7)r+8(e T)T+ (& F)F] @
m=ZdMi. (3)

M, =HxI @)

H =2k =3(ke e . (5)




N E W S of the Academy of Sciences of the Republic of Kazakhstan

—_—

where € — unit vector, i, 7’ ,k' —unit vectors of the symmetry axes directions of the small spacecraft.
H — Earth magnetic vector, £, — magnitude of the magnetic moment of the earth dipole, lg — the
direction of the Earth’s magnetic dipole axis, R — orbit height. 1=k o » Where Iy — constant magnetic

moment arising due to the presence of current systems on the small spacecraft. The moment d M , created
by the SRP for a particular area is calculated as the vector product of the radius vector of the center of
mass of the area and the force vector acting on this area, i.e.:

S M =7 xdF . (©)

Here 7. - the radius vector from the center of mass of the small spacecraft to the center of mass of the

elementary area. And 4 F; determined by the equation:

dF = FdS(n,-T,) )

2
. I — a - N
where F}f = A*IFPT , and Fp =2F, (Xoj dSk , where k - the unit vector of the “small spacecraft - Sun”

direction. dS - the area of the elementary platform (in our case, for a qualitative assessment, the total

illuminated plane was taken as 0.25S, where S is the surface area of the small spacecraft); 4, - the average

distance from Earth to the Sun; F, = E,/c = 4,561-10° N/m? - the pressure on a single area of the

reflecting surface; A - the distance from the Sun to the small spacecraft; 4 - the matrix describing the
angular position of the small spacecraft:

cos@cosy —sin@siny cosd  cos@siny +sin@cosy cosf  sin@sind
A=|—-singcosy —cos@siny cosf —sin@siny +cos@cosy cosd cos@sinf ®)

siny sin @ —cosy siné cost

As can be seen from figure 1, gravitational moments prevail in low earth orbits. Moments of
SRP forces in low earth orbits are less than gravitational moments for an order. However, at altitudes of
10 000 km and higher, they are comparable with gravitational moments. Magnetic moments are more
important in low earth orbits. The effect of the moments gravity field arising from the 2™ 3™ and
4"satellites in the formation is much less than all other moments. According to that, the gravitational
moment and the moment of SRP forces were chosen as main acting moments on the small spacecrafts.
Since in the geostationary orbits the moments of the SRP forces and the gravitational moments prevail
over the other moments, in equations (1), the right-hand side will be the following sum:

M =M +Mg, . ©9)

where ]\TG and M g, - gravitational moment and moment of SRP forces.
An orientation control system for small spacecraft based on the P-controller. The task of buil-

ding an orientation control system to maintain the orbital orientation of the small spacecraft is considered.
P 1| % AT YA
ot =J [—a) x(Ja) +ha)+MC+M } (10)

where " - small spacecraft’s angular velocity in the body coordinate system; h” - kinetic moment of

reaction wheels; J - inertia tensor of the small spacecraft; M . - control moment.

— |14 ==
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The equation (10) in scalar form is:

: Ir |

o =J_ , —Jz)a)i’a)f —hj:a)jf +hfva)f +M. +M, |,

: Ir i

o :J—_(JZ—Jx)a)fcof—hia)erhia)f+Mcy +M, |, (11)
y
e _

- b b _b b b b _b

@’ :J—_(Jx —-J,)o,0, —haya)x +h, o+ M. +MZ_.

Since the controlling influence of the executive bodies far exceeds the external moments, for solving
the problem of building a control system, they can be neglected. It is assumed that, M, + M o, =0, then

the differential equation characterizing the angular velocity changing of the small spacecraft in the
projections on the axes of the body coordinate system will take the form:

o =J7 [—EX(JEth?)#—VC} (12)

where the control moment j_\/_[z is a function of coordinates characterizing the angular position and the

angular velocity of the small spacecraft:
— —
MC:MC(a)bo’Qbo’Ka)’KQ) (13)

where a)lfa - angular velocity of small spacecraft in body frame with respect to the orbital coordinate

system, Q—bo - quaternion defining the current angular position of the small spacecraft in the orbital
coordinate system; K ' K 0o~ unknown control parameters.

The specific task of building a control system with a known form of the control law will be directed
to determining unknown X, K , parameters of the control law (P-controller), based on the conditions of

stability and quality of control processes.

As a result of the study, the values of the coefficients of the P-controller k7, k2, k3 were determined
to stabilize the motion of the small spacecraft relative to the center of mass. In the calculations, the
following data was taken: small spacecraft orbit — geostationary (36,000 km), moments of inertia of the
spacecraft J = [0.04, 0.04, 0.01], initial angular position and angular velocity are assumed to be equal

o’ =[1,2,3] rad/s, y = /3 rad, ¢ = 7/3 rad, 6 = /3 rad.

The coefficient of the P-controller was set in the range of 0.03 < &; < 3. For the component of the
angular velocity along the axis Ox with an increase in the coefficient of the regulator, the damping of the
oscillations of the angular velocity arising due to the disturbing moments is observed (figure 2).In the case
when ki = 0.03, the total damping of the angular velocity component is observed at ¢ = 250 s. By
increasing the coefficient almost 3 times, i.e. when k; = 0.1, it can be noted that the total damping of the
angular velocity component is observed at £ = 100 s, which is 2.5 times faster than the first case. Further,
with an increase the coefficient to 0.3, damping is observed at = 40 s. When the coefficient values k1= 1
and k= 3, the angular velocity is damped at 5 and 2 seconds, respectively. From the above results, we can
conclude that with an increase the coefficient value ki, stabilization of the component of angular velocity
along the Ox axis occurs faster.

For the angular velocity component along the axis Oy, with an increase of the regulator coefficient,
the damping of the angular velocity oscillations, which arises due to disturbing moments, is observed
(figure 3).The range of values of the regulator coefficients, as before, is 0.03 < k> < 3. In this case, there
are some limitations, since there is no direct relationship between stabilization and the value of the
regulator coefficient. When k> = 0.03, total damping of the angular velocity component is observed at
t = 250 s. In the case when k, = 0.1, total damping of the angular velocity component is observed at

— 115=——
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t = 100 s. With an increase in the coefficient to 0.3, the damping is observed at ¢ = 30 s. Further, as the
coefficient increases to 1 and 3, the damping of the angular velocity is not observed, for example, at

k2 =1,q=0.2rad/s, and at k> = 3, ¢ = 0.6 rad/s, i.e. free stationary rotation of the small spacecraft relative
to the center of mass is observed.

el o ]M“MMMMBAAAL\ AAAS
L LLARRAARA

& i v v 4 T T

0 50 100 150 200
t, s

|— k1=0.03 — k1=0.3 —k1=0.1 — k1=3 ——ki1=1|

Figure 2 — Stabilization of the angular velocity component along the Ox axis

g, rad/s

T ' T ! T : '
0 50 100 150 200
t s

|— k2=0.03 — k2=0.3 — k2=0.1 — k2=3 —— k2=1|

Figure 3 — Stabilization of the angular velocity component along the Oy axis
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For the angular velocity component along the axis Oy, with an increase of the regulator coefficient,
the damping of the angular velocity oscillations, which arises due to disturbing moments, is observed
(figure 4). The range of values of the regulator coefficients, as before, is 0.03 < k> < 3. In this case, when
ks = 0.03, the total damping of the angular velocity component is observed at ¢ = 200 s. In the case when
k3 = 0.1, the total damping of the angular velocity component is observed at = 150 s. With an increase of
the coefficient to 0.3, the damping is observed at # = 50 s. Further, with an increase of the ratio to 1 and 3,
the damping of the angular velocity occurs fast enough. For example, when k = 1, oscillation
damping occurs at 15 s, and for k&» = 3 at 5 s. Euler angles in the range of regulator coefficients values
0.03 < ki,ko,k3 < 3 behave ambiguously (figures 5, 6).

For example, the precession angle stabilizes at 0.03 < ki, k2, k3<1, respectively, when ki, k2, k3 > 1 the
precession angle increases indefinitely in a linear form, i.e. free rotation takes place (figure 5). The nature
of the change of angle of rotation is different from the change of the angle of precession. For example, in
this case, the stabilization of the angle is occurs when the regulator coefficients lie in the range of 0.1 <k;,

2 -
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() =Tty mp—) - Y . Ty T
0 50 100 150 200
t,s
[— k3=0.03 — k3=0.3 — k3=0.1 — k3=3 ——k3=1
Figure 4 — Stabilization of the angular velocity component along the Oz axis
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Figure 5 — Euler angles: precession, rotation
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Figure 6 — Eulerangles: nutation

k2, k3 < 3, i.e. for small values of ki, k», ksstabilization, as in the case of the precession angle, does not
occurs. And a nutation angle has the largest fluctuations. Among the whole range of values of the
regulator, a good result is 0.1 (Figure 6). In other cases, the small spacecraft does not stabilize in the
nutation angle or the nutation angle increases indefinitely in a linear form, which indicates free rotations.
For example, when k1, k», k3= 0.03, oscillations are damped very slowly. When ki, k>, k=1 and ki, &, k3=3
the oscillations are not amplitude damped, but there occurs an increase of the period and a reduction of the
frequency of rotations. In the case when ki, k2, k3= 0.3, the oscillation amplitude and frequency decrease,
and the period increases, then the oscillations become a periodic and acquire an infinitely increasing linear
character.

On the basis of the calculations, it can be concluded that to use the regulator the most optimal
coefficient range is 0.03 <k, k», k3<0.3, since in this case stabilization takes place at all angles and angular
velocities.

Conclusions. This paper discusses the small spacecraft motion control system, which will later be
part of a group located in a geostationary orbit for the purpose of remote sensing of the Earth.

Based on the analysis of the effect of perturbations on an small spacecraft with a mass of 50 kg, it
was determined that in geostationary orbit the moments of the SRP forces and the moments of gravita-
tional forces prevail over the magnetic moment. Thus, it turned out that for the small spacecraft motion
control system in the geostationary orbit, it is necessary to take into account the moments of the SRP
forces and gravitational moments as the main acting factors.

This article also presents the results of the simulation of the small spacecraft motion control system in
the geostationary orbit using the P-controller. As a result of the simulation, the values of the coefficients
for P-controller k;,k2, k3 were determined for stabilizing the motion of the small spacecraft relative to the
center of mass.
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lon-Mapabdu aTeingarsl Kazak yiaTTeIK yHuBepeuteTi, Anmarsl, Kazakcran,
>Toxkuo yuusepcuteti, Tokuo, XKanonus

TFEOCTALHMOHAP OPBUTAJATBI KIIII FAPBIIIT AIIITAPATBIHBIH
KO3F'AJIBICBIH TYPAKTAH/IBIPY

Annoranusa. Ketinipex JXXepai KamIbIKTHIKTaH 30HATAyFa apHAJIFAaH T€OCTAIlMOHAP OpPOMTAamaFrbl TONTAMAHBIH
Oip Oeutiri OONMATHIH Killli FAPHIII aNTapaThIHBIH KO3FAJIBICEIH 0acKapy jKyieci KapacThIPBLIAIbL.

Maxkanaga reocTanoHap OpOWTaNaFbl Killli FaphIIl aliiapaTTapblHa CHIPTKEI MOMEHTTEPHAIH dcep eTyiHe Oara
OepiireH xoHe KO3FaIBICTH MOJCTBICY Ke31HAeOYT MOMEHTTEPiH TaHAAIYBI TYCIHAIpLIe .

P-perynsTopsiH (mpornopuuoHanapl 6ackapy 3aHbl KOJJAHBUIATBIH PEryJISATOP) KOJIAaHy apKbUIBI Te€OCTalno-
HapJIBl OpOUTANAFHI Killli FAPHINI alTapaTTapbIHBIH KO3FAIBICEIH 0acKapy JKyieci YChIHBIUTFaH.

Tyiiin ce3aep: KimIi FapbIlI anmapaTsl, TeocTaroHap opouta, XKepai KambIKTEIKTaH 0akpuiay, [1-perymsaTop.

3. B. Pakumena', Sh. Nakasuka?, H. C. Jlocikan!, I'. E. Uopaes!

'Kazaxckuit HAIMOHAIBHBIN YHUBEPCUTET MMeHH anb-Dapadu, AnmMars, Kazaxcran,
2Vuusepcuret Tokuo, Slnonus

CTABMJIMBALIUA ABUKEHUA MAJIOT'O KOCMHUYECKOI'O AIIITAPATA
HA TEOCTAITMOHAPHOM OPBUTE

AHHoTanus. PaccmarpuBaeTcs cuctema ynpaslIeHUs IBUKEHUEM MaJIoT0 KOCMHUYECKOr0 anmnapara, KOTOpblil B
JanbHedIIeM OyJleT SIBISTHCS YacThi0 TPYNIIMPOBKH, PACHOJIOKEHHOW Ha TI'eOCTAallMOHApHOW OpOWTE C ILENbIo
JUCTAaHIIUOHHOTO 30HIUPOBAHUS 3EMIIN.

B craTtbe npoBeneHa OliEHKA BAMSHUS ACHCTBYIOLIMX MOMEHTOB Ha Mallblil KOCMUYECKUH ammapar Ha reocra-
LIMOHAPHOM opOuTE 1 000CHOBaH BHIOODP 3TUX MOMEHTOB IIPH MOJAEINPOBAHNH JBHKCHUSL.

[Ipeanoxena cucrema ynpasieHHs JBIKEHHEM MaJoro KOCMHYECKOTO alrapara Ha reocTallMOHapHOH opOuTe
¢ npuMeHeHneM [I-perymsitopa (peryisTop ¢ IpOIOPUHMOHAIBEHBIM 3aKOHOM yrpaBieHus). [IpuBeneHsl pe3yabTaTsl
MPOBEACHUS MOAEIUPOBAHUS ISl IPOBEPKU MPABUIBHOCTH NPEAJIOKEHHOTO 3aKOHA YIPABICHUS.

KroueBble ci1oBa: Mayblii KOCMUYECKHI ammapar, reoctalloHapHasi opOuTa, AUCTAHIIMOHHOE 30HIANPOBAaHUE
3emnu, [1-perynsrop.

Information about authors:

Rakisheva Z. B., Candidate of Physical and Mathematical Sciences, Associate professor, Department of
Mechanics, al-Farabi Kazakh National University, Almaty, Kazakhstan; zaure.ra@gmail.com; https://orcid.org/0000-
0003-2745-7775

Nakasuka Sh., Professor, Department of Aeronautics and Astronautics, School of Engineering, University of
Tokyo; nakasuka@space.t.u-tokyo.ac.jp; https://orcid.org/0000-0003-4479-1951

Doszhan N. S., PhD student, Department of Mechanics, al-Farabi Kazakh National University, Almaty,
Kazakhstan; nursultan.sagynaiuly@gmail.com; https://orcid.org/0000-0001-6178-8389

Ibrayev G. A., PhD student, Department of Mechanics, al-Farabi Kazakh National University, Almaty, Ka-
zakhstan; garyp.ybraev@gmail.com; https://orcid.org/0000-0001-5000-0023

REFERENCES

[1]Small Satellite. [Online]. Available: https://en.wikipedia.org/wiki/Small satellite

[2] Small Spacecraft Technology State of the Art NASA Ames Research Center, Moffett Field, CA, 2015.
https://www.nasa.gov/sites/default/files/atoms/files/small_spacecraft technology state of the art 2015 tagged.pdf

[3] Minglibayev M.Zh., Ibraimova A.T. (2019) Equations of motion of the restricted three-body problem with non-
isotropically variable masses with reactive forces // News of the National academy of sciences of the Republic of Kazakhstan.
Physico-mathematical series. 2019. Vol. 3, N 325. P. 5-12. https://doi.org/10.32014/2019.2518-1726.18 ISSN 2518-1726
(Online), ISSN 1991-346X (Print).

— 119 =——



N E W S of the Academy of Sciences of the Republic of Kazakhstan

[4] Guo J., Monas L., Gill E. (2014). Statistic alanalysis and modelling of small satellite reliability / Acta Astronautica. Vol.
98. P. 97-110. https://doi.org/10.1016/j.actaastro.2014.01.018

[5] Liu G., Zhang S. A survey on formation control of small satellites // Proc. IEEE. Mar. 2018. Vol. 106, N 3. P. 440-457.
DOI: 10.1109/JPROC.2018.2794879

[6] Saptarshi Bandyopadhyay, Rebecca Foust, Giri P. Subramanian, Soon-Jo Chung, Fred Y. Hadaegh. Review of
Formation Flying and Constellation Missions Using Nanosatellites // Journal of Spacecraft and Rockets. 2016. Vol. 53, N 3.
P. 567-578, DOI: 10.2514/1.A33291

[7] Murthy K., Shearn M., Smiley B., Chau A., Levine J., Robinson M. Skysat-1: Very high-resolution imagery from a
small satellite // Sensors, Syst. Next-Generation Satell. XVIIL. 9241 (2014). DOI:10.1117/12.2074163.

[8] Curiel A. da Silva, Boland L., Cooksley J., Bekhti M., Stephens P., Sun W., Sweeting M. First results from the disaster
monitoring constellation (DMC) // Acta Astronautica. 2005. Vol. 56. P. 261-271. https://doi.org/10.1016/j.actaastro.2004.09.026

[9] Tyc G., Tulip J., Schulten D., Krischke M., Oxfort M. The RapidEye mission design // Acta Astronautica. 2005. Vol. 56.
P. 213-219. https://doi.org/10.1016/j.actaastro.2004.09.029

[10] Lagerloef G., Wentz F., Yeuh S., Kao H., Johnson G., Lyman J. Aquarius satellite mission provides new detailed view
of sea surface salinity, in state of the climate in 2011 // Bull. Amer. Meteorol. Soc. 2012. Vol. 93, N 7. P. S70-S71.

[11] Sandau R., Réser H.-P., Valenzuela A. Small satellite missions for Earth observation: new developments and trends.
Springer, Berlin, 2010. DOI:10.1007/978-3-642-03501-2

[12] Feng Li, Lei Xin, Yi Guo, Dongsheng Gao, Xianghao Kong, Xiuping Jia, Super-Resolution for GaoFen-4 Remote
Sensing Images // IEEE Geoscience and Remote Sensing Letters. Jan. 2018. Vol. 15, Issue 1. P. 28-32.
DOI:10.1109/LGRS.2017.2768331

[13] https://www.airbus.com/space/earth-observation/portfolio.html

[14] Liu K., Qiao Y., Duan X. (2009) Optical remote imaging using Fizeau synthetic aperture telescope // Proceedings of
Lasers & Electro Optics & The Pacific Rim Conference on Lasers and Electro-Optics, Shanghai, China, P. 1007-1008.
DOI:10.1109/CLEOPR.2009.5292742

[15] Yong-Gang Hou, Ming-Jiang Zhang, Chang-Yin Zhao, Rong-Yu Sun. Control of tetrahedron satellite formation flying
in the geosynchronous orbit using solar radiation pressure / Astrophys Space Sci. 2016. 361:144. DOI:10.1007/s10509-016-2732-1

[16] Wiggins L.E. Relative magnitudes of the space-environment torques on a satellite / AIAA Journal. 1964. Vol. 2, N 4.
P. 770-771. https://doi.org/10.2514/3.2426

[17] Shinichi Nakasuka, Kikuko Miyata, Yoshihiro Tsuruda, Yoshihide Aoyanagi, Takeshi Matsumoto. Discussions on
attitude determination and control system for micro/nano/pico-satellites considering survivability based on Hodoyoshi-3 and
4 experiences // Acta Astronautica. 2018. Vol. 145. P. 515-527. https://doi.org/10.1016/j.actaastro.2018.02.006

[18] Markeev A.P. Teoreticheskaja mehanika, izdanie chetvertoe. M.: Izhevsk, 2007. ISBN 978-5-93972-604-7 (in Russ.).

— 120 ——



N E W S of the Academy of Sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBuna opopmieHus cTaThy AJ1s MyOIHUKAIMK B )KypHaie CMOTPETh Ha caiTe:

www :nauka-nanrk.kz

ISSN 2518-170X (Online), ISSN 2224-5278 (Print)

http://www.geolog-technical.kz/index.php/en/

Bepctka /. H. Kankabexogoii

IToanucano B neuats 15.11.2019.
®dopmar 70x881/8. bymara odcernas. [leuars — puzorpad.
19,7 n.. Tupax 300. 3aka3 6.

Hayuonanvnas axademus nayx PK
050010, Armamur, ya. Lllesuenko 28, m. 272-13-19, 272-13-18





