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ENHANCEMENT OF COMMUNICATION QUALITY
IN THE X-BAND DOWNLINK CHANNEL
FORLEO EARTH OBSERVATION SATELLITES

Introduction. Earth observation by low Earth orbit (LEO) satellites plays a critical role in supporting various
sectors of the national economy. To increase the efficiency of this technology, optimizing the video data downlink —
particularly with respect to the satellite’s elevation angle relative to the ground station — is essential.

Problem Statement. The communication link margin varies depending on the selected signal waveform, while
changes in the satellite’s elevation angle alter the propagation path length and, consequently, the energy charac-
teristics of the downlink. For small satellites such as CubeSats, which have limited onboard power, the potential to
transmit high-data-rate video within a brief communication window — depending on modulation mode — has not
been sufficiently studied.

Purpose. This study aims to enhance the performance of Earth remote sensing systems by improving the ener-
gy efficiency and throughput of satellite-to-ground video transmission in the X-band.

Materials and Methods. The analysis applies microwave communication theory to evaluate the energy
budget of the downlink, incorporating Adaptive Coding and Modulation (ACM) techniques supported by the
DVB-52/82X standard. The study considers various modulation and coding (MODCOD) schemes and output
power levels at different satellite elevation angles.

Results. The energy margin of the LEO satellite downlink has been calculated, enabling an assessment of the
Jeasibility of using DVB-S2X for video transmission from Earth obseroation satellites. The findings have shown
that at low elevation angles, a connection can be established using the most robust mode (QPSK 1/4), supporting
a data rate of 38 Mbps. At elevation angles exceeding 50 degrees, higher-order modulation such as 32APSK 9/10
becomes feasible, achieving data rates up to 384 Mbps.

Conclusions. The study has demonstrated that applying the DVB-52(X) standard to CubeSat-class Earth ob-
seroation missions enables more efficient and adaptive use of the X-band downlink channel. This approach has imp-
roved flexibility and throughput of video data transmission, especially when tailored to satellite elevation angles.
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Nomenclature

Ais a total atmospheric attenuation excluding fli-
cker attenuation;

C/N, is carrier-to-noise density ratio;

E, /N, is signal-to-noise density ratio;

G , is gain of the receiving antenna;

G, /T,is receiver figure of merit;

L, are losses in the antenna-feeder path of receiv-
ing a ground station;

L, is path loss of free space;

L, are losses in the antenna-feeder transmission
path of the on-board transmitter;

P isnoise generated at the input of the satellite re-
ceiver of the ground station;

P is power at the receiving station;

P is power of the on-board transmitter;

T, is equivalent antenna noise temperature;

T, is total equivalent noise temperature of the re-
ceiving system.

Abbreviations

ACM — Adaptive Coding and Modulation;

ASM — Attached Synchronization Marker;

CCSDS  — Consultative Committee for Space
Data Systems;

COTS — Commercially available off-the-shelf;

DVB-S2X — isan extension of DVB-S2 satellite
digital broadcasting standard,;

EO — Earth Observation;

ETSI — European Telecommunications
Standards Institute;

FEC — Forward Error Correction;

HDT — High-speed Data Transmitter

LDPC — Low-Density Parity Check;

LKM — Link Margin;

LNA — Low-Noise Amplifier;

MODCOD — changing modulation and coding;
QPSK — Quadrature Phase-Shift Keying;
VCM — Variable Coding and Modulation.

Remote sensing of the Earth significantly contri-
butes to the development of many branches of the
economy of our country. To improve the remote
sensing of the Earth, it is necessary to optimize
the video data transmission channel in terms of
determining the satellite position angle.
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In work [1], the concept of the CubeSat plat-
form for scientific missions around the Earth was
proposed for the first time. Until now, this concept
has been successfully developing [2—5]. Current-
ly, such satellites using to perform various tasks:
for voice communication in the VHF /UHF ran-
ge [2]; for the study of cosmic radiation [3]; for
use in NASA networks [4]; for Earth observing
[5]. The use of COTS systems makes it possible
to significantly reduce the cost of the implemen-
tation of small satellites [2]. When implementing
this class of satellites, an additional comprehen-
sive analysis of the communication channel of the
specific frequency range on which this spacecraft
operates is necessary [4].

Regardless of the class of the satellite, when ana-
lyzing the communication channel, one should
always consider the peculiarities of signal propa-
gation on the “spacecraft — earth station” line. It
is a well-known fact that the key factor for the
successful execution of a flight mission is the avai-
lability of high-quality control and telemetry cont-
rol of an unmanned aerial vehicle, which in turn
are determined by a fail-safe radio communica-
tion between a ground station and an unmanned
aerial vehicle [6].

Attenuation in rain is a major factor in estima-
ting the communication energy budget for satellite
communication systems. Scattering and absorp-
tion are major concerns for system designers in all
frequency bands used in satellite communications.
This leads to the need to construct appropriate
communication channel models that allow accura-
te estimates of rain attenuation based on available
information on rain attenuation characteristics
[7—10]. It is also necessary to evaluate local pre-
cipitation statistics, which is the key to predicting
the impact of rain on the propagation of electro-
magnetic waves in the atmosphere [11—12].

Atmospheric gas attenuation and related fre-
quency-dependent effects are also considered un-
der the calculation [13]. The communication chan-
nel model should consider the apparent angle of
the space station site, considering atmospheric
refraction [14]. Methods for calculating the re-
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fraction correction for the elevation angle of the
annual mean global reference atmosphere should
be used here.

The so-called background noise level at the earth
station location is important to ensure compliance
with electromagnetic compatibility requirements.
This is especially true for small satellites that have
technical limitations on the output power of the
transmitter on the satellite. To ensure a sufficient
signal-to-noise ratio, the minimum signal power
that the satellite emits is most often calculated
based on existing noise levels [15—17]. It should
be emphasized that different COTS systems have
various levels of internal noise. Therefore, the ra-
dio communication channel budget is calculated
for a specific communication system.

In this paper, the authors investigate the pecu-
liarities of signal propagation in the downlink of
the EO satellite system. The purpose of the work is
to improve the system of remote sensing of the
Earth. To achieve the purpose, it is necessary to in-
vestigate the dependence of the potential speed of
video information signal on the position angle of a
small satellite with COTS components to improve
the quality of communication when transmitting
video information of remote sensing of the Earth.

It is known that the energy budget of the “satel-
lite-earth station” radio line depends on various
factors. In particular, the use of different signal
forms involves different values of the link margin.
On the other hand, a change in the observation
angle of the satellite relative to the earth station
changes the length of the route that the signal tra-
vels and accordingly changes the energy charac-
teristics of the communication line.

The work [18] proposed an X-band high-speed
data transmitter (HDT) design for transmitting
information from a small satellite to an earth sta-
tion. At the same time, it was emphasized that the
proposed HDT allows changing the operating mo-
des depending on the conditions of information
signal propagation, with the aim of transmitting a
large volume of video data in a short communica-
tion session. Therefore, it is of interest to investi-
gate the possibilities of transmitting an informa-
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tional video signal from a small EO satellite to an
earth station, depending on the selected mode of
video signal formation, on the physical charac-
teristics of the environment on the line “space-
craft — ground station” and on the angle of the
satellite at the receiving location.

Due to change of the electromagnetic situation
on the earth’s surface, several works express the
opinion of changing the calculation methodology
of the link margin [7]. This is especially true for
the K -band. On the other hand, in some works,
the existing methods of considering atmospheric
phenomena, such as showers, are questioned. This
applies to areas of Asia and Africa where there are
instant showers with many raindrops. However,
the general trend of these works [7—12] is that the
existing methods, which were developed by the
ITU over the last one and a half dozen years and
are pleased by the influence of various atmosphe-
ric phenomena, have not yet lost their relevance.

In work [18] a communication system with a
high data transfer rate is proposed, which can be
applied to small EO satellites with COTS compo-
nents. Therefore, in the development of this study,
it is necessary to consider the issue not of changing
the basic principles of the proposed communica-
tion system, but of conducting research on the
introduction of additional modes and expanding
the range of parameters of the information trans-
mission system. An additional argument for con-
tinuing this research is the use of hardware and
software that can be purchased from commercial
suppliers without the need for special development
or modification. As a result, it allows significantly
reducing the financial costs of the satellite project.

There are several prospects for using DVB-S to
transmit large data sets from EO satellites. DVB-S
is an open-source standard. This means it is free
to use. In the conditions of a limited budget for the
development of small EO satellites, this is a very
important factor.

DVB-S supports data transmission in high qua-
lity and at high speed. This allows efficient trans-
fer of large data sets, including high-resolution
images. In addition, DVB-S can be used for data
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Fig. 1. Calculation of satellite orbit parameters

transmission over long distances. This is impor-
tant for EO satellites that are in LEO. In addi-
tion, it should be noted that several modulators
and demodulators of the DVB-S standard are in-
dustrially produced.

The data collected by the on-board camera of
the EO satellite are processed, stored, and trans-
mitted together with the main telemetry data in
the range of 8025—8400 MHz (X-band) to the cor-
responding ground stations [18].

The technical characteristics of the X-band high-
speed transmitter developed in [18] are as follows:
the frequency range is 8025 to 8400 MHz; the alti-
tude of the satellite’s orbit is from 400 to 600 km;
operating temperature range —40 °C/+50 °C; po-
wer supply range 21/35 V; consumed power <40 W;
RS485/CAN control and telemetry interface; out-
put RF power 1 W (per polarization); the gain
factor of the satellite antenna is 15 dBi; DVB-S2
modulation, MODCOD 1—28; data transfer rate
1—70 ms/s per channel; GTx interface.

The DVB S2(X) standard is used to transmit
frames according to CCSDS. The interface bet-
ween CCSDS and DVB-S2(X) is based on ASM
and SMTP.

DVB-S2(X) is used in the adaptation profi-
le [18] as a complete and self-sufficient standard,
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and the definitions and specifications taken from
DVB-S2(X) are only applicable in the context of
this experimental specification. However, indi-
vidual functions or components of DVB-S2(X)
(eg VCM /ACM, 8PSK and higher order modula-
tions) may be reused, redefined and /or redefined
by CCSDS in other recommended or experimen-
tal standards. Under the work, the peculiarities
of the DVB-S2(X) standard regarding video ima-
ge transmission during EO were considered. The
advantages of the DVB-S2(X) standard were imp-
lemented in X-band HDT [18]. However, the li-
terature sources lack comprehensive data on the
conditions of information signal propagation from
the developed HDT to the earth station depen-
ding on the MODCOD, on the propagation con-
ditions on the communication line and on the
satellite position angle.

Due the work, the technical implementation
of the downlink of the X-band payload [18] was
considered. For its analysis, the classical theory
of building radio communication in the micro-
wave range is used. This line has double polariza-
tion with three frequency channels per polari-
zation. Each polarization has a special power
amplifier, and each frequency channel has a spe-
cial modulator.

79



Magro, V. I, and Plaksin, S. V.
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Fig. 2. Structural diagram of the spacecraftearth station radio communication channel

When calculating the energy balance of the ra-
dio line, recommendations [19] and general ITU
recommendations were considered.

Consider the field of view (radio visibility) of
the EO satellite (Fig. 1). Radio visibility is the
area of the Earth’s surface where you can observe
this satellite and receive its signals.

The field of view is limited by the true horizon
line, so its size depends on the height of the satel-
lite, characterized by the angle H B and the cor-
responding arc ADA (Fig. 1) on the surface of the
Earth, which can be characterized by the radius
of the field of view R . The following formula is

used here R
B, =arccos| —————|.
Re + Hsat

The on-board receivers of the satellite system
provide the specified measurement accuracy in the
tield of view limited by the radio horizon, which ri-
ses for users to the angle o (the minimum elevation
angle of the access point). At the same time, the
field of view is determined by the angle (B < B,

R, cosa J
—— |-a
R +H

sat

B= arccos(

The maximum slant range is the distance bet-
ween the location of the access point (point D)
and the location of the satellite (point C)

R, .= \/Rf +(R,+H_, ) —2cosB)(R,+H_,).

Structural diagram of the “spacecraft — earth
station” radio communication channel is shown
on Fig. 2.

The paper proposes to use the DVB-S2(X) stan-
dard for small satellites manufactured using Cube-
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Sat technology to improve the quality of commu-
nication in the satellite channel, to ensure more
flexible and efficient transmission of video data.

For the spacecraft — earth station line, the sig-
nal strength at the input of the earth station re-
ceiver can be determined from the first transmis-
sion equation:

Bo=F—-L,+G, =Ly =L,y +G, — L.

The complete attenuation of radio signals in sa-
tellite communication lines is determined by los-
ses in free space and additional losses due to the
peculiarities of the functioning of satellite com-
munication systems:

L=L+L,.
The attenuation of a signal in free space is cal-
culated using the following formula

2TCan'dX

When designing communication lines “space-
craft — ground station” for communication sys-
tems, it is necessary to consider the peculiarities
of electromagnetic wave propagation.

When performing the calculation, only the inf-
luence of the troposphere on the useful signal was
taken into account, namely: microwave interfe-
rence between stations located on the Earth’s sur-
face; interference between stations in space and
stations on the Earth’s surface. Coordination bet-
ween earth stations operating in bidirectionally
distributed frequency bands was not considered.

Propagation losses of radio waves on the “space-
craft — earth station” path is the result of the com-
bined action of various factors, namely: attenua-
tion in atmospheric gases; attenuation during rain,
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other precipitation, and clouds; focusing and de-
focusing of the antenna beam; reduction of the
gain of the antenna due to the incoherence of the
wavefront; flickering and multi-beam phenomena;
attenuation of the signal due sand and dust storms.

In an ideal case, weather parameters are mea-
sured locally at a specific location and these pa-
rameters are a function of the altitude of the earth
station location relative to sea level. In the ab-
sence of local measurements, the ITU provides
ideal atmospheric parameters. Then the attenua-
tion in atmospheric gases is defined as:

Y=Yt Ve

Using the methodology [20], it is possible to
calculate the total attenuation on the line “space-
craft — earth station” at the full zenith angle (ele-
vation angle equal to 90°). This attenuation is

Laz = yO hO + yw hza

Using known literature sources, it is possible
to determine the total attenuation at the zenith
at sea level, as well as the attenuation in dry air
and water vapor obtained for the annual mean
global reference atmosphere. Then the specific
attenuation due to atmospheric gases for the
S-bandis L _ =4-10"* dB/km, and for the X-band
is L_=1-10"dB/km.

For line “spacecraft — earth station” with ele-
vation angles in the range 5° to 90°, the simple co-
secant law can be used to calculate the total slant
path gaseous attenuation L, [20]:

o
sina,

Attenuation in atmospheric gases at frequen-
cies below 10 GHz can usually be neglected. At-
tenuation in precipitation and clouds is calcula-
ted according to general ITU recommendations.
This allows obtaining the value of long-term sta-
tistics of the slant-path rain attenuation for a gi-
ven location at frequencies up to 55 GHz. The cal-
culations considered the rain intensity R, at the
location of the earth station. The map of rainy cli-
mate zones was also used.

Additional energy losses can occur due to an-
tenna point loss [21—23]. These losses depend on
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the method and design (including the mechanical
part) of the antenna device. Antenna point loss
consists of the losses of the transmitting and re-
ceiving antennas. A typical pointing loss of a ter-
restrial antenna tracking a satellite is 0.3 dB. In
the worst conditions from the point of view of
guidance losses, the situation is considered when
the satellite is on the border of the service area. In
this case, the total losses of the antennas will be
3.3 dB. Thus, antenna point losses are within li-
mits: L, =0.3+3.3 dB.

Thus, additional attenuation of the radio sig-
nal on sections of the radio line depends on many
factors that appear independently of each other
and can be represented as the sum of attenuations
associated with the main factors:

L,=L +L

To estimate the energy potential of the trans-
mission station, the concept of equivalent EIRP
was introduced. Then the power at the receiving
station is expressed as

P=EIRP+G, —Lj.

Let us evaluate the influence of the main para-
meters of the transceiver equipment on the band-
width of the binary communication channel, assu-
ming that the bandwidth of the transmitter and
receiver is consistent with the frequency band-
width of the transmitted useful signal. Then, in the
general case, the power at the receiver input is cal-
culated using the Friis radio transmission equation.

The power of the noise generated at the input
of the satellite receiver of the ground station by
various sources can be determined by the formula:

P =kT, Af.

The calculated total effective temperature of
the receiving devices is transferred to the irradia-
tor of the receiving antenna.

Under the calculations, it was considered that
the spectrum width of the modulated radio signal
depends on the roll-off factor, constellation, and
code rate.

The total equivalent noise temperature of the
receiving system, consisting of the antenna, the
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Fig. 3. Dependence of LKM on the satellite position angle (elevation) for MODCOD = 1 (QPSK 1/4)

waveguide path, and the receiver itself, reduced
to the input of the receiver:

Ty =Tmp+Ty(1-mp)+T 5,
Then the equivalent noise temperature of the
antenna can be represented as

T,=T_  +T.,+T, +Tm+Tm+7;f.

The constituent components of the noise tempe-
rature are determined by a range of factors. The noi-
se environment at stations on the surface of the
Earth and in space is described in detail in [23].

The evaluation of the communication line “spa-
cecraft — earth station” was conducted. If the at-
tenuation of the signal transmitted from the
transmitter on board the spacecraft to the recei-
ver near the Earth’s surface is known, then an esti-
mate of the brightness temperature (i.e., sky noise)
at frequencies from 2 to 30 GHz in the direction
of the propagation path from the signal can be ob-
tained by the formula:

T, =T, (1-101°)+27.10"".

sky
If the temperature T is known, then the avera-

ge radiation temperature 7 for clear and cloudy

weather can be estimated as follows:

T, =3734+081T;.
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If local data are not available, the mean ambient
radiation temperature, 7, , of 275 K can be used
for clear and rainy weather.

The concept of receiver figure of merit was used
to characterize the energy potential of the recei-
ving device

(G, /TS]dB/K =G, —Tj.

Note that the equivalent noise temperature
of the receiving system depends not only on the
inherent noise characteristics of the antenna
and receiver, but also on external noise sources.
The receiver figure of merit does not objective-
ly reflect the quality of the receiving equip-
ment and may change depending on operating
conditions. For this reason, these conditions are
usually indicated in reference literature (for
example, when the sky is clear and the angle of
elevation of the antenna is not less than spe-
cified).

To ensure the necessary quality of digital infor-
mation transmission, it is necessary to maintain a
clearly defined threshold ratio of the bit energy E,
to the noise power spectral density N, (E,/N,)
[24—25].
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Fig. 4. Dependence of LKM on the satellite position angle (elevation) for MODCOD = 13 (8PSK 2/3)
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Fig. 5. Dependence of LKM on the satellite position angle (elevation) for MODCOD = 17 (16APSK 3/4)

The link margin of the communication channel
“LEO satellite — earth station” was calculated de-
pending on the MODCOD operating modes and
the elevation angle value. The calculation results
are presented in the form graphs (Fig. 3—7).

The calculation of the LKM of the Downlink
X-band radio line for MODCOD = 1 (QPSK 1/4)
is presented in Fig. 3. Dependence of LKM on

ISSN 2409-9066. Sci. innov. 2025. 21(5)

the satellite position angle for MODCOD = 13
(8PSK 2/3) is shown in Fig. 4. The features of
the LKM of the Downlink X-band radio link for
16APSK 3/4 and 16APSK 9/10 modulations
are shown in Fig. 5 and Fig. 6. The calculation of
the LKM of the Downlink X-band radio line for
MODCOD = 28 (32APSK 9/10) is shown in
Fig. 7. Dependence of the potential transmission
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rate on the satellite position angle (elevation) is
shown in Fig. 8.

The calculation of the energy budget of the X-
band downlink satellite radio line is implemented
in the Excel program (Fig. 3—8). The conducted
studies allow us to assess the possibility of using the
DVB-S standard and frequency and polarization
diversity for the needs of video information trans-
mission from the EO satellite to the earth station.

As noted in [18], the proposed high-speed
X-band transmitter allows for the implementation

84

of adownlink payload with double polarization and
three frequency channels per polarization. Each po-
larization has a special power amplifier, and each
frequency channel has a special modulator. The
X-band payload transmitter consists of a speci-
fied modulator (MODCOD), a high-frequency
power amplifier, and a line-fed parabolic reflector
or horn antenna. The conducted study corresponds
to one channel, which is obtained by dividing the
total output RF power of 1 W from the satellite
power amplifier into three channels.

ISSN 2409-9066. Sci. innov. 2025. 21(5)
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Fig. 8. Dependence of the potential transmission rate on the satellite position angle (elevation)

The results of the research (Fig. 3—8) show
that at small values of the satellite position angle
(that is, at a low height of the spacecraft above the
horizon, elevation is equal 5 degrees) it is possib-
le to establish communication at the smallest va-
lue of MODCOD = 1 with the QPSK mode 1/4,
which provides a transmission speed of 38 Mbps
(Fig. 3). Fig. 8 shows that the transition to higher
MODCOD values is possible with an increase in
the satellite position angle above the horizon. On-
ly when the elevation value is 50 degrees, it is pos-
sible to use the faster MODCOD = 28 with the
32APSK 9/10 mode, which provides a transmis-
sion speed of 384 Mbps. The presented calcula-
tion results make it possible to assess the expedi-
ency of using this or that individual MODCOD
and a certain satellite location angle for organi-
zing the transmission of a large volume of video
information (Fig. 8).

The paper proposes a methodology for calcu-
lating the link margin using the ACM function in
DVB-S2 for additional adaptive modulation, co-
ding (MODCOD) and power scheme at different
positions of a small satellite with COTS compo-
nents relative to the earth station, which allows
determining the optimal location of the satellite for

ISSN 2409-9066. Sci. innov. 2025. 21(5)

the full transmission of remote sensing video infor-
mation Earth. It is shown that it is the DVB-S2(X)
standard that makes it possible to organize a
transmission channel of big data of video image
data from the EO satellite to the ground station.
On a concrete example of the implementation of
a communication channel, it is shown that the
DVB-S2(X) standard allows reducing the de-
sign budget of small satellites due to the use of
integrated circuits presented on the telecom-
munications market and very cheap mass-mar-
ket receivers.

During the development of the small satellite
and during the subsequent calculation of the link
margin, such advantages of the DVB-S2X standard
were taken into account, such as: the use of multi-
position modulation methods 64,/128/256-APSK;
use of improved algorithms of interference-resis-
tant coding; using a rounding factor with smaller
values; the use of improved filter schemes, which
allow reducing gaps between carriers.

The application of the DVB-S2X standard al-
lows approaching the Shannon limit due to the use
of more efficient modulation and coding methods.
For example, 16APSK modulation enables increa-
sing channel bandwidth by 25% as compared with
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8PSK modulation. However, even with DVB-S2X,
it is not possible to fully reach the Shannon li-
mit. This is because noise is always present in the
communication channel, and its energy cannot be
completely reduced to zero.

Thus, because of the conducted research, we can
draw a general conclusion: the implementation of
the proposed recommendations allows for the ef-
fective use of the satellite channel use of the satel-
lite channel, ensuring more flexible and effective
transmission of video data in various conditions.
This allows increasing the amount of information

transmitted during a communication session by
choosing the optimal position of the satellite du-
ring a short communication session.

For the high-speed data transmitter proposed
n [18], the downlink energy budget was calcu-
lated. Calculations of the link margin of the satel-
lite-Earth radio link using various MODCOD
modes were carried out. It was found that with an
increase in the angle of the space station, a com-
munication margin of 3 dB is achieved for various
MODCODs, which leads to an increase in the
speed of video information transmission.
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[TOKPAIIIEHHA AKOCTI 3B’ A3KY B X-/ITAITASOHI
KAHAJIY «CYIIYTHUK LEO — HASEMHA CTAHIIIA»

Beryn. /lucranuiiine 30H1yBaHHsT 3eMJli CYyTTEBO CIIPUSE PO3BUTKY Garartbox rajsyseil eKoHOMiKy Halol Kpainu. st BUIol
Pe3yIBTATUBHOCTI TEXHOJIOTIi BAsKJINBO ONITUMI3yBaTH KaHAJ Tepeiadi BiZleO[aHNX 3 TOUKH 30PY BU3HAUEHHS KyTa TTOJI0KEeH-
HS CYIyTHUKA.

IIpoGaemaTuka. Bukopucrants pisHux hopM cUrHaJIIB nepenbavace pizHi 3HaUeHHsI 3aracy KaHasy. 3 iHmoro 60Ky, 3MiHa
KyTa CIIOCTEPEKEHHS CYIyTHUKA Bi/IHOCHO HA3eMHOI CTAHII1 3MiHIOE JIOBKUHY MapIIPYTY, SKUM IIPOXOAUTD CUTHAL, 1, BIZITIO-
BiJIHO, 3MIHIOE eHepreTUYHI XapaKTepuCTUKM JIiHil 38'a3Ky. s Maiux cynyTHukis CubeSat 3 06MeKeHNM 3a11acoM KUBJIEH-
HS MOKJIMBICTB Tiepeiadi iH(opMariiitHoro CUTHAY Bifl CyIyTHUKA 3eMJIi 0 Ha3eMHOI CTaHIlii CTeKeHHS MPOTSATOM KOPOT-
KOTO CEAHCY 3B'sI3KY, 3JI€5KHO Bi/l 00PAHOTO PEKUMY rerepallii curnaity, He 6yJia J0CTaTHO OCTiIKeHa.

Merta. YI0CKOHAJIEHHS CHCTEMHU JUCTAHIIITHOTO 30H/IyBaHH: 3eMIi.

Marepiaum it Metoau. Teopist paziio3s’si3Ky B MiKPOXBUIIbOBOMY /lialla30Hi, PO3PaXyHOK 3a1iacy eHeprii Jrinii 38’3Ky 1pu
Bukopuctanti ¢pyukiii ACM 8 DVB-52 jiis no1aTkoBoi ajantuBHoi Moy, kogaysauus (MODCOD) ta cxemu »KuBJieH-
HS IIPY PI3HUX MOJIOKEHHAX MAJIOT0 CYIIyTHUKA Bi/[HOCHO 3€MHOI CTAHILil.

PesyabraTn. Po3paxoBaHno 3amac eHeprii HU3XiIHOTO CYIyTHUKOBOTO Pa/lio3B’A3KY, IO J03BOJISIE OIIHUTA MOKJIUBICTH
BUKOpHCTaHHA cTanzapty DVB-S2X nis notpeb mepemadi Bigeoirnhopmartii i3 CymyTHUKA AUCTAHITIHHOTO 30HIyBaHHA 3eMJTi.
IToxasano, 110 IIpU MAJIIX 3HAYCHHAX KyTa [T0JIOKEHHS CYIIyTHIKA MOKJINBO BCTAHOBUTH 3 €/IHAHHS B HAHIKUIOMY PEXKIMI
QPSK 1/4, mo 3abe3neuye mBuakictb nepeaadi 38 Moit/c. TinbKu KoJu KyT II0JI0KEHHS CYIly THUKA CTaHOBUTH 50 rpajiycis,
MOKHA BUKOPUCTOBYBaTH miBunuii peskum 32APSK 9/10, axuii 3abesneuye mBuakicts nepenayi 384 Méit/c.

BucnoBku. Bukopucranus crangapry DVB-52(X) g Manux CymyTHHUKIB /103BOJisI€ eeKTUBHIIIE BUKOPUCTOBYBATH
CYNYTHUKOBHH KaHasl, 30KpeMa, 3abesredye GibIil rHydKy Ta eheKTUBHY [epe/iady Bi/leoflaHuX JUIs TIEBHUX KyTiB criocTepe-
SKEHHS CYTTyTHUKIB.

Kouosi cnosa: cynmyTHUKOBHIL 3B'S130K, AUCTaHIlilTHe 30HayBaHHs 3emri, X-aianazon, DVB-S2X, enepreruunuii 3amac kaHasy.
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