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AHHOTanus: [IpedcmasieHbl pe3y1bmamol OYeHKU 3/1eKMmpoMA2HUMHOU d0CmynHoCmu UCMo4YHUKO8 paduousnyye-
HUll cnymHukoeotl cucmembl ceasu Starlink. Paccmompervl 0cobeHHOCMU 0p2aHU3ayUOHHO-MeXHU4ecKko20 nocmpo-
eHusa cucmemol. [IpoaHa1U3upo8aHbl OCHOBHbLIE ee MEeXHUYECKUe 803MOXCHOCMU NO 0p2aHuU3ayuu npedocmasneHus
me/eKOMMYHUKAYUOHHBIX YCAY2 N0/1b308AMEAAM A60OHEHMCKUX mepMUuHa08. HccaedosaHsbl mexHu4eckue ocobeH-
Hocmu uH@pacmpykmypbl cnymHukosoll cucmemvwl ces3u Starlink, cyujecmeeHHbvle 0451 31eKmpomazHUMHoU do-
cmynHocmu ee Ucmo4Hukos. OyeHeHa 803MONCHOCMb paduoAuHull no nepedaye UHPOPMAYUOHHO20 KOHMeEHMA 8
80CX00AWUX U HUCXO0SAWUX KAHALAX CNYMHUK080U cucmemvl cesa3u Starlink. [lpedcmaeieHbl 0cCHOBHbIE 3manbl pas-
pabomauHoii MemoouKu OYyeHKU 31eKmpoMazHUMHOU docmynHocmu UcmoyHuKos. [IpusedeHbl aHaumMuyeckue ebl-
pasiceHust 015 pacuema 8eposiMHOCMU 06HAPYHCEHUS U 3amyXaHusi cu2Ha108. 060CHO8aHbl Mpe608aHUs K 1y8cmau-
mebHOCMU npueMHoOU annapamypul cpedcms KoHmpos. [1oyueHbl 3a8UCUMOCMU YPOSHS 3AMYXAHUSL CUZHAIA OM
yoasneHHocmu cpedcme KOHMpOoJsi.
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KiioueBble c10Ba: oyeHKd 3/1eKmpomMazHUMHoOl docmynHocmu Ucmo4HuKo8 paduousayveHuli, CnymHukosas cu-
cmema cgs3u Starlink, seposimHocMb NPABUABLHO20 OOHAPYHCEHUS CUSHAA, YPOBEHb 3AMYXAHUS CUZHAA, YY8CMBU-

me/bHOCMb NPUEMHbIX ycmpoticme
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General information about the Starlink Satellite
Communications System

The development of the project began in 2015, and
already in February 2018, the launch of two experi-
mental spacecraft (SC) Tintin-A and Tintin-B into low-
Earth orbit, located at an altitude of about 1150 km,
was successfully completed. Initially, their task was to
test the developed data transmission technologies in
the Ku and Ka-bands under the Starlink program [1].

By April 2019, based on the results of the test tests,
the need to change the initially planned orbits was jus-
tified by reducing their altitude to 550 km and organiz-
ing spacecraft flights in 24 orbital planes with an incli-
nation of 53 ° (https://www.eoportal.org/satellite-
missions/starlink, https://habr.com/ru/post/652467).

The first test version of the full-scale operation of
SSC Starlink, the grouping of which included 60 SC Star-
link version 1.0, was tested by November 2019. And in
October 2020, SpaceX announced its readiness to pro-
vide communication services throughout the Earth

(https://www.comnews.ru/content/209438/2020-10-
07/2020-w41/enciklopediya-starlink). At the same time,

the emphasis was on providing high-speed access (up
to 500 Mbit/s, in the absence of other subscribers in
this cell) to the Internet up to an unlimited amount of
traffic with a delay of no more than 20-40 ms. In August
2022, SpaceX announced a project developed jointly
with mobile communications company T-Mobile to
provide mobile communications services based on SSC
Starlink. As a result, by the beginning of September
2022, the number of SSC Starlink users exceeded
500,000 subscriber numbers (https://en.wikipedia.org/
wiki/Starlink). As the main service, the Starlink Busi-
ness communication package was provided at Internet
access speeds from 150 to 500 Mbit/s (https://naked-
science.ru/article/tech/starlink-perehvat), [2]. As of
December 2022, the number of users exceeded more
than 1 million, and by May 2023 it reached 1.5 million
subscribers and reached 2 million subscribers by Sep-
tember 2023.

Initially, it was planned that the implementation of
the project would provide subscribers with telephone
communications in areas not covered by terrestrial cel-
lular networks, for which an additional set of PCS (per-
sonal communications service) equipment, presumably
of the IMT-2000 standard, was installed on the Starlink
spacecraft. This approach made it possible, at a speed
of 2 to 4 Mbit/s, to organize the simultaneous operation
of about 2000 voice calls and more than 1 million short

text messages in the SSC Starlink coverage area. How-
ever, later it was decided that it was necessary to work
together with standard cell phones, for which IP traffic
was organized.

Currently, SSC Starlink communication services are
provided in 70 countries (including Ukraine)
(https://en.wikipedia.org/wiki/Starlink in the Russo-
Ukrainian War). Between February 2018 and February
2023, SpaceX successfully launched 4,002 Starlink sat-
ellites into orbit, including prototypes and satellites
that later failed or deorbited before entering service
(https://www.eoportal.org/satellite-missions/starlink).
Spacecraft are placed in orbits at an altitude of 540-
570 km. Data on the general development prospects of
SSC Starlink are presented in Table 1 (https://naked-

science.ru/article/tech/starlink-perehvat).

TABLE 1. General Planned Composition of SC SSC Starlink
Orbital Constellation of the 1st Phase

Generation | Orbital Orbital | Number | Number | Total SC
of titude, |inclination,| of orbital | of SCin in this
satellites km degrees planes plane group
Group 1 550 53 72 22 1584
Group 2 570 70 36 20 720
Group 3 560 97,6 6 58 348
Group 4 540 53,2 72 22 1584
Group 5 560 97,6 4 43 172
Total in the 1st phase of the orbital constellation 4408

And if half of the entire satellite constellation was de-
ployed at the beginning of March 2022, then the full de-
ployment is planned to be completed by the end of
March 2027.

Further development of SSC Starlink involves a grad-
ual transition to the second phase of deployment of the
orbital constellation using SC Starlink versions 1.5 and
2.0. The main payload of SC Starlink is 2 antenna com-
plexes for communication with gateway stations (GS)
(gateways) and user terminals (UT).

The antenna complex for communication with the GS
(or feeder line) is a parabolic antenna, aimed during the
flight at the point on Earth where the GS is located. The
system operates in the Ka-band (18/30 GHz). The char-
acteristics of SSC Starlink communication channels are
presented in Table 2 [1]. Each SC has at its disposal a
frequency resource of 2100 MHz allocated in the direc-
tion from the gateway station to the SC, and a frequency
resource of 1300 MHz allocated in the reverse direc-
tion. When used on left- and right-polarized lines (in
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the case of using circularly polarized antennas), it be-
comes possible to transmit traffic in a common band of
4200 MHz from GS to SC and 2600 MHz in the opposite
direction.

Communication between UT and SC is carried out
in the Ku-band (https://en.wikipedia.org/wiki/Starlink).
In this case, a frequency band of 2000 MHz can be used
to transmit information from SC to UT, and only 500
MHz from UT to SC. Taking into account the possibility
of using two polarizations, the frequency range for
transmitting SC traffic will be 4000 MHz for down-
stream transmission, and 1000 MHz for reception.

It should be noted that on board the SC there is a set of
equipment for organizing the operation of the com-
mandradio link and telemetry transmission, using a
150 MHz band in the Ka and Ku bands, respectively.

TABLE 2. Characteristics of SSC Starlink Communication

Channels
Type of communication channel Frequenc Available
and direction of reception and d Y MHz
. ranges, GHz .
transmission in one
Service: downlink (SC - UT) 10.7-12.7 2000
. . B 17.8-18.6 800
Service: downlink (SC - GS) 18.8-19.3 500
Service: uplink (UT - SC) 14.0-14.5 500
. . 27.5-29.1 1600
Service: uplink (GS - SC) 20.5-30.0 500
Telemetry and Down Control 12.15-12.25 100
(downlink SC - control station) 18.55-18.60 50
Telemetry and upstream control
(uplink control station - SC) 13.85-14.00 150

All Starlink SCs operate in repeater mode, i.e. without
processing information. On board, only the frequency of
the received signal is changed (converted) and amplified

(https://naked-science.ru/article/tech/starlink-perehvat).

In addition, the 1st generation SC does not provide
for communication between satellites (ISL - Inter Sat-
ellite Link), so they can only receive and transmit infor-
mation to the GS located on Earth.

4 earth stations are declared as TT&C stations (control,
monitoring, telemetry reception), including the Brustner
teleport, located in Washington state. The Starlink space-
craft is within the visibility range of the TT&S station for
no more than five minutes, while the volume of data col-
lected from the SC orbital constellation as of June 2020
reached 5 TB per day, i.e. at least 10 GB from one SC per
day (https://en.wikipedia.org/wiki/Starlink). On board
each SC Starlink there are about 70 separate processors
running the Linux operating system and about 10 mi-
crocontrollers.

Being in low-Earth orbit, at an altitude of 550 km, the
SC is capable of "covering" with its signal a spot on the
Earth’s surface with a radius of about 950 km (i.e., a di-
ameter of about 1900 km), provided that the elevation
angle for the UT is at least 25 ° [1].

Separately, it should be noted that effective opera-
tion of antennas with a flat phased array is possible
only at an elevation angle of 40 ° or more.

The initial development of SSC Starlink was focused
on the use of directional antennas, the characteristics of
the radiation patterns (RP) of which are given in Ta-
ble 3 [1]. Table 3 correspond to the conditions accord-
ing to which the diameter of the beam spot on the
earth’s surface is 45 km, which corresponds to the an-
gle RP of the SC beam of 4.5 ° (when deviating from the
nadir line, the angle can vary from 3 to 5 degrees, the
further from the nadir line, the greater corner); EIRP -
equivalent isotropic radiated power.

Theoretically, each Starlink SSC is capable of forming
up to 300 access zones for UTs, taking into account left
and right polarization. In addition, it can operate in two
frequency bands, provided that the maximum tilt angle
of the UT antenna system is not less than 25 °.

TABLE 3. Characteristics of Up and Down Lines

Channel Frequency Modulation | Maximum | Half Powgr RP
type type EIRP Beam Width
Downlink | 10.7-12.7 | from QAM-2 No data (bo?éii;ht)

(SC-uT) GHz to QAM-64 5,5 ° (at slant)
Uplink 14.0-14.5 | from QAM-2 38.2 dBW (bof:;ioght)

(UT -SC) GHz to QAM-64 4,5° (at slant)

In Fig. 1 shows the topology of SC Starlink availabil-
ity zones for UTs declared by SpaceX [1].

Starlink satellite \
<55° 1 Antenna radiation

A pattern angle
% 7
| <35°

Time of flight = 33 5 Time of flight = 4.5 s

Fig. 1. Starlink SSC Availability Area Topology for UT, Formed
by RP SC

The generated downlink channel from SC to UT has
a maximum width of 240 MHz, while the uplink channel

bandwidth is only 60 MHz (https://pikabu.ru/story/

yentsiklopediya starlink ot spacex rozhdenie struktura
i razvitie ch2 7762860). This configuration is optimal

from the point of view of efficient use of the frequency
resource, since as a result, no more than 16 beams are
formed within the coverage area of one SC, which fully
use the available frequency resource of the Ku-band,
equal to 4000 MHz. These values are obtained taking
into account the guard intervals and frequencies used
for the radio command link and telemetry transmis-
sion, in the case of using both types of polarizations
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when transmitting information content from SC to UT,
see Fig. 2 [1]. According to the configuration the Starlink
SC SSC accessibility zone with an elevation angle of up to
25 ° at an orbital altitude of 550 km is a circle with a di-
ameter of approximately 1900 km. Accordingly, the area
of such a zone is exactly 2,835,294 sq. km. Then, with an
orbit altitude of 550 km, the SC flight time of the UT ac-
cessibility zone is only 4.1 minutes or about 250 s [2].

An analysis of the topology of the UT availability
zone shows that the greatest efficiency of the SC - UT
radio link is ensured when subscribers are not at the
nadir (sub-satellite point), but in the peripheral visibil-
ity zone, even taking into account the fact that there the
effective antenna area is reduced, which in turn leads to
to a decrease in radio link capacity. These features are
due to the possibility of rotating the UT antenna to-
wards the SC to ensure an optimal angle between the
phased array plane and the direction towards the SC
(ideally 90 °).

Starlink satellite

25°

(User
terminals)

(GateWay) é

# 30-70km

24-70km |

@ 1900 km
Fig. 2. SC SSC Starlink Access Configuration to UT

The overall coordination and management of the en-
tire SSC Starlink, GS and UT network is carried out by
the Network Control Center (NCC). Due to the lack of
information about the NCC, it can be assumed that its
basis is a set of servers interconnected by fiber optic
communication lines with GS. The NCC complex also in-

cludes the ground-based complex for the Control and
Collection of Telemetry of the Starlink network, con-
sisting of 4 teleports with installed stations for the con-
trol and collection of telemetry systems in the Ku and
Ka-band [1]. Geographically, they are located in Brew-
ster (Washington State in the USA), Cordova (Argen-
tina), Tromso (Norway), Avarua (New Zealand).

The telemetry and control channel for each SC can be
active for up to 2.5 hours per day (12 minutes per revolu-
tion around the Earth) with an estimated telemetry ses-
sion time of 60 minutes per day (or 10 minutes per orbit)

(https://pikabu.ru/story/yentsiklopediya starlink ot spacex
rozhdenie struktura i razvtie ch2 7762860).

The basis for UT access to the Internet is GS, which
ensures the transmission of information through SC. In
the absence of communication with the SC, for the UT
to function, it is necessary that at least one GS be lo-
cated in the SC access area, capable of simultaneously
working with hundreds and thousands of UTs. A typical
GS has 8 antennas, each of which is capable of transmit-
ting information to its "own" SC.

Currently, SSC Starlink on GS uses 50 W transmitters
and parabolic antennas with a mirror diameter of 1.5 m.
These antennas, unlike phased arrays, can operate at low
elevation angles (according to SpaceX — up to 5 °). At the
same time, the terminal provides a channel capacity of
500 MHz (including guard intervals, up to 480 MHz). And
the equivalent isotropic radiated power (EIRP) reaches

66.5 dBW (https://en.wikipedia.org/wiki/Starlink).

The operational capabilities of UT SSC Starlink are
much more modest. Initially, SpaceX announced 5 types
of UT, which are positioned as Model "ES, A, (B, C, D, E)".
Technical characteristics of UT are presented in Table 4
(https://www.comnews.ru/content/209438/2020-10-
07/2020-w41/enciklopediya-starlink).The first 2 col-
umns refer to earth stations for satellite control and
monitoring tasks, and the last five are US.

TABLE 4. Technical Characteristics of SSC Starlink Terminals

Model "Space* | Model "Space* N N Model Model Model Model
Elements Telem Ku/Ka" Telem X" Model "ES A "ES - B" "ES-C" "ES - D" "ES - E"
Antenna name .

CGC Technology | Orbital Sys- CGC Technology
and model T450 tems 3.7 Meter SpaceX SpaceX SpaceX SpaceX T450
number

Cassegra.m Parabollc.an— Phased array | Phased array Type Parabolic Cassegra.m
Antenna type parabolic tenna with antenna antenna unknown antenna parabolic
antenna main focus antenna
) 2.0-2.1 GHz | Operation over Operation Operation Operation )
Operation over . . . Operation over
- uplink the entire over theen- | overtheen- |over the entire ;
the entire range ; ; the entire range
Frequency range of declared fro- 7.2-8.4 GHz range of de- tire range of | tire range of | range of de- of declared fro-
- descending | clared frequen- | declared fre- | declared fre- clared fre- :
quencies . . . . quencies
channel cies quencies quencies quencies

Uplink (Ku): 26

Desdclzr?(.i?r?g iine Uplink: Uplink:
pavdmum Gain / (Ku): 0IAB LT | 3aBar3se | 7dBar2° | 6dBa24° | 16dBatoge | Z09% 0225

22dB0.3°. full beam full beam full beam full beam
roll-off level Downward channel: channel:
16.8dB; 0.8° 22dB;0.3°
channel (Ka):
27 dB0.2°.
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In Table 4 Model "Space* Telem Ku/Ka" and Model
"Space* Telem X" belong to GS (used for management
and monitoring of SC). UTs on the Starlink network can
operate receive channels (downlink) in the frequency
range 15, 30, 60, 120 and 240 MHz. This distribution al-
lows for symbol rates of 15, 30, 60, 120 and 240 MBd/s
(https://pikabu.ru/story/yentsiklopediya starlink ot spacex
rozhdenie struktura i razvitie ch2 7762860). At the same
time, the information speed of the incoming stream
reaches 350 Mbit/s, and the outgoing one — 130 Mbit/s.
Typically, UT operation is carried out in the 60 MHz
band. And with an effective antenna diameter of 48 cm
and an RP angle of 2.8 °, an EIRP 0f 38.2 dBW is provided,
see Table 4. The power of the UT transmitter can vary
depending on its inclination relative to the zenith line. In
the case when the antenna beam is directed to the zenith,
the power supplied to the antenna is 0.76 W (with a max-
imum deviation from the vertical of 4.06 W).

The spectral efficiency of the UT for reception with a
channel width of 240 MHz and a transmission rate of
350 Mbit/s is only 1.5 bits/Hertz.

Methodology for Assessing EMA of SSC Starlink
Subscribers

When assessing the Electromagnetic Availability of
terminals of the Starlink Satellite Communication Sys-
tem, we will determine as the main indicator the prob-
ability of detecting the P signal in the receiving paths
of monitoring equipment.

Next, we introduce the following assumptions:

1) the signal detection process (distribution of am-
plitude values of detected signals) obeys the normal
distribution law:

AFresTav >> 1, (AFresTav 2 10), (1)

where AF;es - receiver path bandwidth, Hz; Tay - process
averaging time, s;

2) at the first stage, only the internal noise of the re-
ceiver is taken into account;

3) signal spectrum width AF;, Hz, coordinated with
the bandwidth of the control means receiving path
AFres, T. €. AFs = AFres.

Under the assumptions made, the value of Pger can be
calculated using the following formula [3-5]:

b o <h2 AFy o5 Ty — @71 — Pfa)) (2)
det 1+ hZ !
where h? - signal-to-noise ratio in terms of power at
the receiver input, dB; Pr — false detection probability;
®(x) = 1/vV2n [*_exp(—t?/2)dt - probability inte-
gral; ®-1(x) - inverse function ®(x).

To solve the detection problem, we determine the
value of P in the range of values from 10-¢ to 10-3.

As initial data we will assume:
- signal bandwidth equal AFs = 60 MHz;
- duration of signal processing no more 33 mks;

- process average value Tay = 40 mks;
- probability of false alarm Pr = 10-3.

Taking into account the accepted initial data and the
assumptions made, expression (2) can be transformed
to the following form:

49 h? —3,2
Pdet =0 1+ hz ] (3)

where h? = P,/o% - ratio of signal power P, to
power/noise spectral density 6% (SNR) at the control
receiver input.

In Fig. 3 shows a graph of the probability of detecting
the SSC Starlink signal in the 60 MHz band according to
the Neyman-Pearson criterion at the false alarm prob-
ability value P = 103 [6].
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Fig. 3. Dependence of the Probability of Detecting a Starlink SSC
Signal on the SNR Value in the Channel

In Fig. 3 shows two points corresponding to the
probability values Pdec1 = 0.6 and Paet2 = 0.9.

Note that for the conditions under consideration the
probability Pse:1= 0.6 is ensured at an SNR value of the
order h? =-1.25 dB. And the probability Paet2 = 0.9 pro-
vided at SNR value h? = 1 dB.

The obtained result allows us to conclude that, theo-
retically, SSC Starlink signals are quite easily detected,
despite the wide operating frequency range.

Next, we will evaluate the conditions for radio moni-
toring of UT signals during operation of the uplink UT -
SC. Thus, the power of the SSC Starlink signal at the re-
ceiving point can be estimated by the following expres-
sion [7, 8]:

Py G () Ga ()X

s (4mR)? T ()

or else

P = Py + G (f) + Go(fs) + 20 lg(}\z) -

—201g(R) — 22, dB, (5)

where Pi- — SSC Starlink terminal transmitter power,
dB; Gu(fs), Ga(fs) — antenna gains of the SSC Starlink ter-
minal and radio control receiver, dB; A - signal emission
wavelength, m; R - distance from the SSC Starlink ter-
minal to the location of radio control facilities, m.

Next, let's estimate the noise level:

G%I (AF¢s) = Gi.a.(AFs) + Gi.res.(AFs); W/Hz, (6)
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where 6% (AF,.,) - noise power dispersion; o2 ,(AF,) -
antenna noise dispersion in band AFs,, W/Hz;
02 10 (AF,) = N2, .(f.)AF, - noise dispersion in the
signal reception band AFs, W/Hz; N2, (f;) - noise power
spectral density at frequency f;, dBm (dB relatively 1
mW/Hz) in other ways dB (dB relatively

Non(fs) 30
1 W/Hz); N2,..(f;) = 10 - noise power spec-

tral density at frequency f;, W/Hz. Then:
012\] (AF;“es) = 0121.a.(AFs) + Gi.res.(AFs)- (7)

Antenna noise power dispersion o2 ,(AF,) calcu-
lated as:

s

h? =

02 o(AF,) = 10~ 121045 AR, “hZ/R,, (8)

where E;, ,(f;) - spectral sensitivity of the antenna at
frequency fs, dB (mkV/m); h, = 2\/RaGa(fS)7\2/4T[ZO -
effective antenna height (m); R. - antenna resistance

(Ohm); Zo = 120m - characteristic impedance of free
space (Ohm)]; Ga(fs) - enemy antenna gain (dB).

As aresult, expression (8) will be presented in the fol-
lowing form:

02 4(AF;) = 9 x 1o e “ARG () /(zZf2  (9)

and the noise power dispersion can be calculated as (10).
Then the formula for h? let's rewrite it to form (11).

are not determined, then the calculation can be carried
out based on the EIRP value equal to 38.2 dBW (this
value is determined for an effective antenna diameter
of 48 sm and a beam angle of 2.8
mula (4), the value G,(f;) corresponds to the gain of

62 (AF.s) = (9 x 10457 () (MZof2) + 10WenUs)- 30)/10) AF,. (10)
Pir Ger(£5) Ga(f)N?
En.a(fs)+40 5 ’
(4TR)? (9 X 10 10 G (f.)/(MZyf2) + 10(No.n(fs>—30>/10) AF, (11)
If the parameters of the radio monitoring receiver 140 L(R) dB T T T
120 ///l_E(R)
oL~ 7T LR =1km)
°, see Table 4). In for- |
100 / :
%0 | R-km

the antennas of the SC SSC Starlink terminal.

Taking into account recommendation ITU-R P.452-
16 (Prediction procedure for assessing interference be-
tween stations located on the surface of the Earth at fre-
quencies above approximately 0.1 GHz) [9], we use the
formula for signal attenuation in free space at line-of-
sight ranges:

L = 92.5 + 20lgf + 20IgR + Ag, dB, (12)

where Ag is the total absorption in atmospheric gases,
which, according to Recommendation ITU-R P.676-10
(Attenuation in atmospheric gases) for the Ku-band is
0.05 dB/km [9].

Then we finally obtain for the frequency f = 14 GHz:

L =925+ 20lgf + 20lgR + 0.07R,dB 13)
and for frequency f = 14.5'Tu;
L =925+ 20lgf + 201gR + 0.05R, dB. (14)

In formulas (13) and (14), the values of f are in
(GHz), and the values of R are in (km). In Fig. 4 shows
graphs of signal attenuation in free space under condi-
tions of no rain L1(R) for a radio link at a frequency of f
=14 GHz and L2(R) for a radio link at a frequency of f
=14.5 GHz. The value of signal attenuation L0 at a dis-
tance of R = 1 km is also shown here.

0 1 2 3 4 5 6 7 8 9 10

Fig. 4. Dependence of Attenuation of UT SSC Starlink Signals
in Free Space

Taking into account the EIRP AT SSS Starlink, the fi-
nal version of the signal attenuation value when it prop-

agates freely is determined by the graph presented in
Fig. 5.

130
L(R) dB LH(R)
_______________ - =, ’_/

|
106 L2(R) T
115 dB

94 CLO(R =1km) [ Yo

82 i :

701 i I R-km

0 1 2 3 4 5 6 7 8 9 10

Fig. 5. Signal level of UT SSC Starlink Signals in Free Spaceas
it Propagates Along the Main RP Lobe

Note that the graphs in Fig. 5 are constructed taking
into account the propagation of the SSC Starlink UT sig-
nal in the direction of the main RP lobe. Analysis of the
results obtained allows us to conclude that the level of
signal attenuation is practically independent of fre-
quency. And at a distance of 1 km it will reach a value
of 100 dB.

At the same time, taking into account that the thresh-
old sensitivity of the receiver y0 is determined by the
expression [10]:

Yo ~ 10 Py = 10(kTzAf), (15)
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where Py - thermal noise power at the receiver input;
Ts - effective noise temperature of the antenna =
410°K; k = 1,23x1023, /K - Boltzmann constant;
Af =60MHz - noise receiver bandwidth in which
noise is measured.

According to expression (15), the threshold sensitiv-
ity of the receiver will be y0 =115 dB.

Taking into account the obtained value, it is possible
to determine the control range of ground-based UT SSC
Starlink, equal to the order of Rc = 5 km (shown by the
red dotted line in the graphs of Fig. 5). Note that the ob-
tained values do not take into account the parameters
of the antenna of the control complex. Thus, with a gain
of even about 5 dB, the range Rc will increase to 10 km.
But it should be taken into account that the calculations
performed correspond to the location of the control
complex along the main lobe of the RP UT SSC Starlink.

It should be noted that the calculated values were
obtained for the condition that radio monitoring sys-
tems are located within the main radiation lobe, which
in practice is quite difficult to ensure.

So, according to Table 4, the main lobe is a fairly lim-
ited area of space. In particular, in Fig. 6 shows the ra-
diation pattern of the ground terminal antenna in the
vertical plane.

Main lobe of radiation pattern

90

0 -10 -20 -30 g8 -30 -20 -10 O

Fig. 6. Directional Pattern of the UT SSC Starlink Antenna

In the event that the guidance device does not ensure
alignment of the radiation patterns within the main
lobe of the antenna system of the radio monitoring re-
ceiver and the UT SSC Starlink, then, according to Fig. 6,
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