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systems have a ady tendency to i fideamwagtrel hicapwbombatr h
of more than 7 ansponders and t o aitret de adsenosnihtey i raerghuie
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| NTRODUCTI ON

The priority of the state policy in the fie
ion of t he -ORuUr9d @era n 1A a t hwahai ncehh &d e&Hl oabr ael s
ructure (GI1) wi || be | argely based o
zes that this type of telecommunicatio
te teyetcommMuNSTA)E iion due to a number o
ted with a wide service area, the abil
ti me. The creation of a Nativebhopmaehor
t

e communications systems in the count

On the one hand, the provisddbnstbet nbedsunf
and regional I Ufka ramanti iacnn ursestr v8o r(
on) access to information, i ncl u
cate the need to use STS. On t he
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question of the National Satel i
nt of the research i nstituittee tilse
attention relevance of its solution, at | e
prestige the country as a space state.
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million, average spacecraft) funding. |t S

create a terrestrial tel aeowbtommuniecattomynef wadormh
to each settlement, to each house an optical |
access systems. Using this apakhescltapakad exmp
Cal dwlnast of financi al resources and time for t
network covering the entire territory of Ukra
According to experbtysi,gittheeh choisd gd 0dr wioowes iinma c
popul ated a%efast {feaboawuntlldy) can be comphretdew

territory. Il n Ukraine, where | ess than 100 pe
IS c odmpd.un

The influence of this factor can kahe eldes e
than the cost of building terrestrial networ k:
on the size of the eesriandywhed abheracombeg mi
may be even | ower. I't should be emphasized th
economically efficient technologies, and the
tehnol ogies requires additional financi al i nv

I n this situation, when the issue of <creat.|
l ong term, the real needs of NI | in satellite
t hipadty STS. Currently, satellite operators ¢
these systems. H o w esvpearc,s ctiaarfgnea ti nagd wind ayb Iteh,e ssea
continue to develop intensiw eneyt,homrdesw 03T Soragmm
communi cations networ ks, more power f ul spacec
and technical solutions embedded in them, w h
satellite Nlelgment of the
These and other factors predetermine the need
devel opment of the satellite telecommunicatio
of existing STS, taki mgndi,ntacmdaddaeurdtuttulree exies
satellitwd odhhemneaealts on to the i ntraodwicd@lmma iodal
solutions.

GENERAL CHARACTERI STI CS OF SYSTEMS

Further we wil!/| consi der slaoralt ye dc ii Wi Itiheen g*X0S |
(GSO), which all ows to provide communicati on
basi s. Previous simil&r].reviews were publishe

As MayO019, 84 satellite telecommgmnist¢ @tieadn i
countries, i ncluding Mongolia and Sri -pamtky,
spacecraft wunder their own name, provide sate
i ndicating the sabuonroesrefi sheariamnfithe tot
pl ans for replenishment ofTasbélteellOj té@&lftonstell

Tablidatell ite telecommunication systems (Se

System Amount Operator Count.ry

GSO|lp! a of gtergat
ABS 6 1 Asia Broadcast Sate|China. Be
ACTS 1 Nati onal Aeronautic{USA
Admi ni stration
Af ghansat 1 1 Ministry of Commun. |Af ghani st
Technol ogy
Al comsat 1 Agence Spatiale Al g({Al geri a
Il nmar sat, 12 3 Il nmarsat Pl c. Eursodp)Uni ted Ki
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Al Yah 3 Al Yah Sat. Commun. |UAE
Amazonas, 9 Hi spasat Spain
Astr a, SES 51 1 SES S. A. SES AsSES |(Luxembour
NSS Worl d Skies Net her |l an
Amos 3 2 Spacecom | srael
AMSC, Sky 3 Mobil e Satellite VejCanada, U
Ani k, TNeilnsi] 13 1 Tel esat Canada Ltd Canada
Apstar 5 1 APT Satellite Holdi|China. Be
Arabsat, 7 2 Arab iStaet eGdmmuni cati|Saudi Ar a
Ar sat 2 1 Empresa Argentina d(Argentina
Sociedad Anoni ma
Asi aSat 4 1 Asai Satellite Tel ecolChina
Asi astar 1 Wor |l dst ar USA
Azer Space 2 Azercosmos, MEASAT (Azerbaija
Sdn. Bhd.
Bangabadhul 1 Bangl adesh Commun. Bangl ades
Belintersa 1 Belintersat Bel ar us
Star One, 5 1 Star One (EMBRATEL) |Brazil
BRI sat 1 Bank Rakyat Indones|lndonesi a
Bsat 4 1 Broadcasting Satell |Japan
China&asahnt o 9 2 China Sat. Commun. China
Ci el 1 Canadian Ci el Satel |[Canada
COMS 1 Korea Aerospace and |[South Kor
Es' hai | 2 Es' hail Sat Qat ar
Direc TV, 12 1 Direc TV I|Inc. USA
Echostar, 14 1 Echostar Communi ca|USA
Eutel sat 29 7 Eutel sat S. A. France
Express 12 6 Russian Satellite C|Russi a
GSat , l nsa 17 4 I ndi an Space Resear |l ndia
Hel | asSat 3 Hel | as Sat Greece
Hyl as 3 1 Avanti Communicatio|fUnited Ki
I ntelsat, 47 2 I ntel sat Luxembour
JCSat , N § 14 2 SKY Perfect JSAT CoiflJapan
Hori zons
Kazsat 2 1 JSC Kazsat Kazakhst a
Ki zuna 1 JAXA (Japan AerospadfJapa
Koreasat 4 Korea Telecom Sat . South Kor
Laosat 1 Lao Satellite Joint|Laos
Meas at 3 Measat Satel IBihtde Sy | Mal aysi a
Me x s at 2 Secretaria de Commu|Mexi co
M®x i co
Monacosat 1 Space SystemdonaderyMonaco
Mongol Sat 1 Asia Broadcast Sate|Mongol i a
Sky Muster| 2 NBN Co Limited Australia
Ni gcomsat 1 2 Company Nigerian Co|Nigeria
Optus 5 Sing Tel Optus Australia
Paksat 2 Space and Upper At m{Pakistan
Commi ssi on
Pal apa. PY 5 2 Pal apa Satelit Nusallndonesi a
Quet zSat 1 Quet zSat , S. R. L. de|Mexico
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|Rascom | 1 \ \Regional African SaWMauritius

End of Tabl e 1

System Amount Operator County)
GSO|pl a of regis
Sirius FM, 6 2 XM Sat/ Radio Hol di nfUSA
Sk-Mexi co 1 DirecTV Latin Ameri (Mexi co
ST 1 Singdpdreeom, Chungh|Singapore
Superbird 3 Space Communication|Japan
SupremeSat 2 SupremeSAT (Pvt) Lt (Sr i Lank
Thai com 4 1 Shin Satellite Thail and
Thor 3 Tel enor Nor way
Thur aya 2 Thuraya Telecommuni (UAE
Tupac Kata 1 Bolivian Space Agen(Bolivia
Tur ksat 3 3 T¢rksat AS Turkey
Tur kmenAl e 1 Tur kmen MCommum.y of |Turkmeni s
Venesat 1 Ministry of Science and Technology of Venezuel Ve ne zuel a
Vi aSat 2 1 Vi aSat |l nc. USA
Wi | dBIl ue 1 Wild Blue USA
Vinasat 2 Vietnam Post and TelVietnam
Yamal 5 1 Gazprom Space Syste|Vietnam
Angosat 1 AngoSat Angol a
GapSat 1 Terran Orbital Virgin 1|s
Gi Sat 1 Gl obal | P Cayman 1| s
Sil kwave 1 New York Broadband [TUSA
Techo 1 Royal Group of Camb|Cambodi a
Since the previous review [9], five STS ope
added, i ncluding 7 nati onal ones (Afghani st :
Tur kmeni stan) . The number of STworpkiarcg, ch2 | ye
appeared) . unt i | 2021, it is planned to | aunc
Virgin Islands, the Cayman | sl ands, and the Ur
project of national STS is |imited:

i work is ongoing on obtaining FOR for the ¢
i STS AOneSat project (Switzerland) was canc

i the |l aunch of the spacecraft STS NicaSat (
today it is not in the |l aunch pl ans;

i wortk TS Congosat (Congo) suspended, no f u
i there is no information on the I ranian QAE

The number of satellites operating on GSOs
the | evel of needs for satellite channels and
growth in the number of acdiisageac(eprrfav-itddreg 2@r i
from 1998 to the end of 2018 is illustrated b
aspaceicmafthe next three years, assuming that
spacekcwmmdidead GSO unt il 2001. The increase in t|

The tendeqwayfbdbomi npnof the annbalbnohe&8®se
spacecrwahfitcsh was observed earl i er [s8pac9ecr arfetm
t hexpbfspacefcrrmmmtorbit yveemarehes hbowentin Figure
repleni shment -bf omatket éetetogtouppacecraft. Pr
exhauadhtted owwer es o,ewerastehde | ast five years mui
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aunchitnegc hhisgaht el | it es t hat make it possi bl e
fficient telecommunications networks [10].

With the exception of expterangewndtysals e ndatselelc
June 2019, more than 370 civilian telecommuni
spacecraft operate in the mobile satellite se

420!!:11!1!!!2Z:II:IZ::IZZ!I!ZZ:I:!:Z!Z:Z!Z:IZZZ!::Z

I
e

380 dia i Fa Bd R dale g HEE R

360 BEIE R R B

340 L

3203 fiiEiiEiiiibEEEEE bbb EEE L

3003 i iiiiEiiiiiEbEE LT

280 |

260 A F

2405 L

220 00 ig

200 1

e | i

N O OO S =W AN N < 1N O N 0O DO = AN N < 1N © N 0O O ©

D DO O O© © © © © O O O O ™ ™ ™ ™ ™ = ™= = = = &N N

O OO ©O O O O O O O O O O OO0 OO OO oo o o o o

— = = AN AN AN AN AN AN AN ANANANAN AN AN NN NN NN AN ANAN
FiguirNmber of active geostationary

iINumbeSC o B aunched

Bfinishe

[EEN
o1 O
Jrar i)l

o

© I~ 0 O O «1 N M < 1 © N~
©O O O O d +d d o o o o <
O O O O O O O O O O o O o
AN N AN N AN N AN N N N N N N

Fi guirDeg n2ami cs of change in the number

Over the period from the previous anal yti
number of spacecraft has not cha%geda inta<[th9 ]2a.n
The forecast provided there sepasdipmgctheigzt |
tr@O®ger the next 5 years (until 2024), one sho
GSO by 428. However, it iIs not enough to cons|
for STS whanmelw .spMcecraft are | aunched to r
can vary significantly in terms of payload.

The determining factor in the devel opment
associated with STSn acstitvhiet yec cAncacnoired i rnegt uron i
annual reports of the Satellite Industry Asso

c
8
)
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the space industry in gener al (production of
imBstructure equipment, system services) and
About half of the income is provided by the
With overal/l growth over the r rpadtsitomr e@ed (ea
slightly decreased, mainly due to its redistr
eantnirastructure, which is | argely associated
The di stribution of i ndc omea By guwrer vAhcesand
telecommunication services in table 2.

Tabliekef2enue distribution by type of servic

Revenues, billio
Types of serv
200, 201,201,201, 201[ 201
BSS, including 68 | 83 | 93 |10, 104|102

television broad 628 731 | 88 | 9B | 97 9 4
radi o broadcasti| 25 2.8 34 4.2 5.0 5.8
hi gh speed accesl 08 11 15 1.8 2.0 24
FSS, i ncluding 1 |1 |16 | 14 |14 |15
provision of reg 1@ | 11 1838 1383 | 172
net work services| 28 3.9 4.6 4.6 6.2

MS S 2.2 2.3 24 33 3.6 4.1
Tot al 83 | 9& |11P2|123 125|124
Satellite Broadcasting Service (CCM) provid
has been a slightsdowewdadd6)rede(3t e %same |
satellite services (FSS) increased slightly (
(MSS) increased significantly by 14 %. ).
300 +
- Income, billion dollars
250 1
; J] general
200 Ifrom services
150 - |
100
i ‘IIII
0
< oN
o '-4 — '—1 ‘—1 H !—1 -—4 —4
o O O O O O O o o o () o o o o
oN oN oN oN oN oN oN N oN oN oN oN oN oN oN
Fi guirRev®nue | evel in the space ind
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L :\ Income bllhon dollars 3

i BSS | =

Ml Fss || f

80 ' ‘MSS +—1

4Mllll ?
Q

“b 3 Y . AD o
f'\. Q Q\ Q\ Q\ Q\ Q\ Q\ Q\ Q\ﬁ

Fi guirei s4tri bution of incomes by ser

The previously applicabl esimritreecimpl efofpadgil ©
conditional c¢classes: small (up to 20 transpon
50 tramsms)pobBdeg the new principles of constr uc
zone coverage) i s somewhat outdated. A new sec

T smal liupgnes 30 equivalent transponders;

T mediifdmom 3Q0uitwal7dnteqtr ansponder s;

i large offrdhma®¥y to 100 equivalent transpond
T superihmeoarvey t han 100 equivalent transponder

By definition, the equivalent tran#dMplander i
The origin of dihreedtelryn ridleatveydd ticc t he wei gt
the satellite. This primarily refers to the p
a power ful power supply wunit with | aragel asrogl ea
number of transponders or with a | arge output
| ardg eamet er ant einln8a sm)(;upotthoerl2aunxi | i ary equi pm

spacecraft by type fromumikeei gsoshowoni of Fi lger g

heavy superheavy

small

medium

FiguirDd s&@ ri bution of spacecraft by pa
At sufficiently high costs for the manuf act

(up to $ 600 munilt onf) ,i thef copuemdlyawesounar
types of satellites. For example, the cost of
of 320 m|II|on dol I arisn @ZRB&K ueg q KiaF BdladiB0t Madmz g p
ti mes | owet hée hama tshpaatxSsacfroadftot 155 mi |l I i on dol | a
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n heavy spacecraft are able to provid
endency to |l aunch more efhecskeatepobD
t was%sltilgénl|llyy | 28 5 9%.ih &Snoh,® di fg rpoowsns it bol
segment, you should choose a heavy

From the position of presjdihg mesecommant a
determine the resource of satellite channel s

T energy of channel or power that can be us:«
a particular type of service,isuch as televis

I frequency resource (FR) or frequency band
ransmitted by satellite channels and, to som
i gpeed access.

As wi || be giverl @ei ows brtWwesgethe energy
possi bl e.

Nottdéwnat satellitearcdhantievguned equneach@@sds und
names (line down / I|Iine up), GHz:

Li1. 4652550 7i1. 11®:;10

Si1. 9830700 (eatbonhbk)dir

Ci3.49.025017. G75925

X717250. 750 184070.;900

Ku10.iA®0 7501141200 54h80D7. 300

Kal5.i#2®0500 / 12@20000 GHz

Vid0.id®OO (distribution by directions not ¢
Wi75.i1@daaodi strobhbuby directyi.ons not deter min

The frequency range L is used in mobile com
radi o broadcasting and mabainlgee ood mnmuniictaatriyo nu sse
are not yet hesdédtureft buodor i nformation has ap

nu n oL
QT C Q
—~ Q = O
oo = —
- o ®
—0 s —

0
t
r
[

3-:-'-

project in range V (GapSat 1). For these reas

in the C, Ku, Ka bands. FRrrendaacltc hamgtelsé i ma tt thee

the dependencies shown in Figure 6.

26000

24000 CR STS, the number of equivalent transponders

22000
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FiguirDe s& ri bution of frequency resout

The resources of the STS as a whole or an
number of transponders,f thkeéer apopeerna aaedquippmpme
Depending on the type of platform vafmomeld
sever al hundred. The tr 2mHz8@d MHzf oeq86é6nkizbat
| fot he

h t
0

of theseamewalssas.y, r arbitrary values of t
can be equipped wit ransponders with differ
the total capacity f sateldquitealcehhmtnnted an g 0 rE
Figure 6.

For the analyzed period, the frequency res
slightbRyi obg079ears).

I n range Ku wuntil 2013 FOR al% oovgggrealr ) netar
an exponenti al increase was oObserved. This is
(HTHS into orbit.

I n Ka range also observed exponenti al reso.l
significant, mer e btstearnwv e4d ttirmemsl. i due not on|
physical transponders, but al s oezotnoe tchoev erreaugsee (
for more details). The change in the erratliOo ylkea
is illustrated by the diagram in Figure 7.

c s K
da
v
FiguxdxBi §tribution FR by ranges

During this period, the total frequency r e

GHz, and the ratio between tthhee Kaanrgaensgec:hanged

T C: fr dmt3o8%20L . 8
1T Ku: freomtéd3n56. 5
1 Ka: f r% mh 07%257 . 0

On the one hand, given the pace of i mpl e me
organi zing nezwoe kcowertdgenulitt sl diisreg i & Patedlelric
On the other hand, Ukraine already has terres
Ka band it still needs to be built.

Regarding energy capabilities, we note tha
spcecraft has significantly increased and rea

T C rangé90o6w, W
T Ku rangéeée200a5w, W
T Ka rangé20a0a0w. W
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I n the future, as more applicable to NII, w
Ku, Ka ranges.

OPTI ONS OF THEESAEGBGMENT | MPLEMENTATI ON

Ther e ar e three @omrsst bal @t iacbpetlilointse fsoerg ment
telecommunications networ k:

T on thethasiNatobnal Satellite SybBéemreat iCa
whi chanmnnacsunced aboli4] 2&0nd eanmcded giondesmpt et
financi al means spenodiacddt he satellite

T based on | easedpaespuspaseocfafat tihhmder it

which are STS SupremeSat or Mongol Sat ;
I based on part doff fependesatutrces of

I f we take i nto account worl d tepani NIBSE avn
restored, then the questi emnr bwitl Ir easroiusrec eo ff oorb tt ahi

According to information that appeared on
announced in eahéyp@RPO0ABOGCGHOAiyWE .dTdben the | au
was moved to 2021. But nei ther this position,
beneficial [ 12, 13], especially considering
anmocued beginning of its implementation (2021)

Of the three beams embedded Ulkr dibrpieaerati gt $ r
t hem r-Wbk r aibreiaan capaci ty. Note that in the area
about 90 SCe tohamh3I@hpmovi de the best te8hni ceé
for an exampl e).

Tabliompari son of SC parameters (exampl es)

Par amet e Eur ope, l Il ndi a West Afr

LybilTurks{LYbiNSS|GSat| LybiNigcomg
e. i .i.p, dBW 4853 4955 48 1| 4656 5152| 4850 5P56
Beam resourc 342 516 342 450 432 342 315

Cost of 1 MH 320 170 320f 100/ 140| 320 200
(thousand do

The resources of the I ndian beam wil/ mo s t
cl ding 17 satellites of the I ndian operato
: significant numbecrhnoifc atlh easned seactoenlolmitce sp a
pabilities of theUkndispmnakeaamfdf (tfloe prxapnpd

Regarding the West African beam, we note t
wi despread imerlbdueti elheodmmani cati on systems
the demand for its resources. Now these prospe
was not resolved. At the same ti me, htalse idemel
interest in the African market for | eading ST
addition to the NSSC Nilesat (Egypt) (see Ta
regional s ywdatee M SBeCs ad mAWNiggedrriian | ine (2021) is
Angola (the | aunch of the first spacecraft wa
the NSSC Congo wi ||l appear. I n terms ofraéc¢chni
has no adviambhl egers dseexampl e) .

Note that there are 6 sated8.it/eese aFrgadyg 8)

i
1
c

O~ >
oX>rc

may create some obstacles to the operation of
prefhbl e to use t hefrpaewdmauys ofredr8stizodn EQd,s dwrdceh
by the French Administration, with two nearby
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The national satellite using the FOR assigt
spgaecraft with the same coverage area. Il n rel ¢
(1 MHz) o t h

f e transpondeTafl@t)e.t TheSG@Gngswebi dé
whet her the resources oégmahe nstobwabusatell.

Wor k should be staftreduencybowbhhalbhorne sauvt

characteristics both in the coverage area and

Regardless of the i mplementatiomposepti om, f O
spacecrafts of NSSC or satelhritye(splaciecr ahe. c
| ocations of satellites on the GSO, determine

SC at a given poient iof HRiheur@&SO 8ar(ee agsitver n h
hemi sphere).

I f we take into account military, met eor ol
there is practically no free spacediisn rtibhatge
telecommunication spacecraft on the GSO, t he
degree. I n addition, user density must be con
(from 184 A to 22®&r A, n® esxatFdlgluirtee s9,) stihreoe t he
services

On the other hand, the needs of the wusers
need to place several spacecrafts at oneAlmPoi n

( Eur opies asrpeaac)e Ar fEusdgeéepraeaihr af egions8 Europe,
i6 spaceAr 6af hdiiSa Bdraca)A afChsi;niad, 1 §Jpaapcaenc)r af t s an
258 (USiGrsemadcech afusA, 28698 pa o p cA a(fdiss;t r2ii9st o f
spacecrAf(Braif3l®c mackide agarsamed ercsatefd tshpacear a
coverage, frequenlchye aFnOdR ofro rp otlhaer inzeaxt iNoBbed otf o L
be based on a free position in the GSO (in
administrations) or to use the FOR agreed up
countries. An exBumpk rme oAl etnmh i 52T u/s kK B&Tmba s @ S at [/ (
Azerspace 1 |/ Afr i c alshaet u(sPez eorfb @ihjea rs e/c oMhadl aoyrs it
of selecting one (option 2) or multiple (opt.i

Position, deg.
Fi guirreoc&ti on of the SC on the GSO (ea:
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Position, deg.

Fi guirreocti on of the SC on the GSO (wes

Thgqguesofi onhoosing a position for a new FO
ramewor k of ot her STS, we wi || consider furt
ocrati o

The next criterion for selecting a frequenc
uaranteed |ife of modern geéb8&tweéaonsnar i fSypratche
he spacecraft | ife riascttiecxdln,i ckild e pdowrsiimg et,hi
echnol ogies come to replace thatQumeéeessigthdt g
reating networks with a satellite segment or
el ecommunications services, you should focus
he prospect of wusing meldaesrtni ntge cwhonrikc ably ssoaltuetlil

At creating networks with a saffel ltioteecedgme
type of telecommunication services, it is adv
makes it possible to use modern technical sol

n Figure l1lO0Ochkamavst @i agirmgnst he separation of

Conditionally accepted for the guarante

d into four periods (from tlkarmomentl 0o

O years to 15 years,; more than 15 years
gi ven.

—

e

-~ 0 ~+

)

de
m 1
i s

oOo< —™_

[
di
fr
ag
2018 year

2008 year
Up to 5 years More than 15 years

h" J
<>
/ \

10 to 15 years
5 to 10 years ! 5 to 10 years 10 to 15 years

Upto5Syears  More than 15 years
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FiguiBi 40ri bution of the number of acti

Compared to the end afec2®d88,s ttheaetp rexmxaeretdiean
l'ife increase®w madnkx@dhys(fsomavnly due to the

reserve of satellite equipment (for moving to
peition during operation). Note that mo s t 0 |
reservation.

segment , It i's preferabl

For the satellite
5years, and, to a | egxar sex tTehret ,s hfarrem 05 ysaarhs
over 10 ye%)y.s Hhibouits 6ddue to the fact that th
years has increased. The number of spacecr aft
segme i ncreased from 164 (end of 2008) to 2114

Further selection from 214 spacecraft shoul
area, type of service, frequency range, frequ

CHOOSI N@& GRATELLI TE FOR A NSSC OR A POSI
ON A GSO FOR A NATI ONAL SATELLI TE

For operator s, providers using or pl anni
telecommunication services in Ukraine, or use
coverage area covers the country are of great

Firstly, the a@lgéeawnifohoazmgli en) of the anter

(ES) of the direction to the satellite shoul d
the reliefsriode tleuirladinngsh,i gt c. do not interf
signals from / to the satellite. For these r
position of the SC oditghhd |GSOargkeylld obe exlamp

The elevation angle is calculated using a

relations between the coordinates ES and the
coordinate styesd eimn aFiegundd ukl,r awher e:

T Ois the center of the Eart h;
T Ri s the radiRFks 68170t ken; Ear t h,

I Piplanes of the | ocal horizon, tangeuwmstert o
terminal

Ai's the | ocation of stuhref aucseero ft etrhmd nEdr t/h ;E S
Silocation of the spacecraft on the GSO;
Nidi rectiNontho the

T Sis the projection of the vektor directed

I yis the elevation angle, the angpreojbedtwieem
this direction onto the suyf@ac/le 2)angent t
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Y
N
S
<22
SRR X
S < ! >
/ 0 X

Figude€oblr dinate system for Hetatrimoming t
I n a top centric coordinate system, the el e
H 2 coss, 2 cos((i,- 3,)- R )
JH?+R?- 23 H3 R? cos3, 3 cos((i, - 3,) (1)
whetet he height of the GSO relative to the Ealil
iithe | ohgtheds8&8Col ocati on;

y = arcsin(

3«il ongi tude of the ES | ocation;

il atitude of the | ocation of the ES (nega

I'n order for a satellite to provide telecom
must be Awingl>elle0d raotm arhe extreme point in the
point in the east. The coordinates of the ext

T western: 48.43 UE, 22.16 UN;

T eastern: 49.26 UE, 40.20 UN.

According to gelpyvabtomnamgtenat tyh>e AgOkher em
satellite should be s&I|ECcA@&M2 @n stchhe mMa$ ® carda afg
which spacecraft are | ocated that can provide
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| ~T R
> 2 ,{EL‘K«N.-\{ U,
e
50 / N .~
é ]
Ay 8 /j
48 ——
\\\ //// f
2 OW / s — % 83 |
_ (¢ 46 .
y = 1U 7 < ‘ﬁ ~ | y = 10
{ | X
< 22 24 26 28 30 32 34 36 38 40 [
GS(

Figu®eTol2letermining the arc of the space

Secondl vy, the coverage area of the satelli
excluding perhaps some areas, and, thirdly, t]
Il sotropic radiated poweircEIRP)t, he hoopd di fpireds i

The distribution diagrams of equi val ent i s
Ukr ai ne, (maxi mum and minimum value) by sate
are shown in Figamesld3( KL mamge) for satelli
Ukraine at ayn >UolcOatlinon ha&ngli@agrams show the m
color) |l evels of the EIRP provided by satell]i

The names of satellitep>tUh@tt her el eV ighiali li ®m

covering the territory of UKmradd.eeSpamndac rtafet Ed
it, providinng T@wwvefagbeoto@eOHtry' s territo

TAstriae xlcL,ept for the east (Donet sk, Lugansk,
TAstraexildNept for the east (Donetsk, Lugansk
TAstriaexXdsept for the southeast (Donetsk, Luc
The |'ife of the sabflabd.te i s shown in col un
Data on satellites with a siM™mabblag coverage
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FiguiBi 44ri buti on
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FiguiBi 48ri bution of
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spacecraft EIRP by

EIRP, dBW

N @0 =Y
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15
29
50
53,5
57

60,5
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-16,5
11,5
18,5

22
25,5
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36
39,5

43
46,5
67,5

Position, deg.

of spacecraft EIRP by
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TalbéiLi st of telecommunication SC with f
C Ku
Posi SC Lifyearl
Beam| EI RIPBW Beam El RIPBW
20AW|NSS 7 East H|3B39 Europe |4649 >15
SE Zon|3®41
1®AWIntel satf/Africal|33 Spot 023147 <5
Europe
Spot 05/4B49
Spot 06{4149
Spot 27,4149
1DAWTel star Europe |5051 <5
Euro Sp/58B7
1DAWExpress [Africa|3%i406 Europe |48i4% <5
Europe
15AWEuUt el sat Europe 4850 >15
1DAWEXpress Europe (4851 510
80AW|Eutel sat|Gl obal |3%36 Europe |5052 <5
50 AW|Eutel sat/Pan At |39 Wi de 47 >15
40UW|Amos 3 EUH 3 565 8 1015
EUV 3 5056
40UW|Amos 7 CEE 5bB57 510
PabBur op|5%855
30AW|ABS 3A East H|37V38 Europe |50 <5
Gl obal |35
08AW|l ntel sat/]East H|3839 Spot 1 |4952Z 1615
East Z[3&3% Spot 3 |4552Z
NE Zon|3&3%
08AW|Thor 5 T2 52 1015
0O8AW|Thor 6 K2 5i5 7 5110
08AW|Thor 7 CEE 52 <5
19 AE |[Bul gar i 4 Europe |5052 <5
B30AE |Eutel sat|Gl obal |37 Europe (4749 <5
49 AE |Astra 4A Europe |50 1015
Europe (4647
49 AE |[SES 5 Gl obal |38B34 5i1 0
WH 3738
70AE |Eut el sat Europe (4648 5110
Europe (481
Europe |4852
70AE |Eut el sat Europe |48 510
Europe |48B52
70AE |Eut el sat We s t 5®55 <5
90AE |Eutel sat Nordic 5051 <5
Wi de 4 &5 G
1M AE|Eut el sat/|Gl obal |40 Europe |4748 510
1DAE|Eutel sat Europe |4%51 1015
1DAE|Eutel sat Europe (4851 1015

31
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Continuation of Tabl e 4
C Ku
Posi SC Life,
Beam EI RP, Beam EI RP,
1DAE|/Eutel sat Wi de 4651 1015
1®AE|Eutel sat Europe (4749 5i10
Europe (480
Europe [4852
12 AE/Astra 1L 1LFSS 4150 1015
12 AE|Astfa 1 1MEur op|l4 @50 1015
1 MWi de 417850
12 AE/Astra 1N PE 4950 510
2MAE|Arabsat |[Extend|[38B40 5i1 0
Wi de 40
2B AE|Eutel sat Wi de 4647 5110
25 AE/Astra 3B Pan Eur|4D52 5110
2B AE/Badr 6 Hi gh 63941 1015
Medi um|3738
2BAE/Es hai l East 404 4 <5
2@ AE[|Astra 2@ Europe |4P54 <5
3GAE/Arabsat 5110
3BbAE/Astra 5BApp30B|35B37 CEE 53 <5
ME A 3637 Wi de BS51
SDAE|/Eutel sat Fi xed 4950 <15
3DAE|lEutel sat Wi de 4145 5110
3S®AE/Express Russia |5053 <5
S®AE|Eutel sat Eurasi a/4647 5110
Russia |52
3DAE/Hel | as S4 Europe |4B49 <5
ME 4851
3DAE/Hel | as S4 Europe |4854 <5
4®MAEExpress |Fixed |45 <5
4DAE|Tur ksat East 3A4B47 1015
We s t 3A 5052
4DAE/Turksat East BS3750 <5
Europe (4049
West BS|4851
4HDAElGal axy 1 Europe |4Gi4¢ >15
49 AE/Azer Spac EA 505 2 <5
43 AE[I ntel satfWest H(3& >15
4® AE/Azer SpacAsi aEu|4di4n Europe [4@5® 5110
4BAElI ntel sat Europe |44i4d >15
4®AE/Af ghansa Steer abl4846 1015
4®dAE/Yamal 20/C 4245 >15
4DA |[Yamal 60/C 45 <5

32
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Endf Tabl e 4
C Ku
Posi SC Life,
Beam EI RP, Beam EI RP,
5MAE/Turksat |Africa|3B3% Eastern4i150 <5
Turkey |4854
Western5052
5GAE/NSS 5 East H|3B35 >15
Nord E|[35
52 AE|Bel inter/[Global |36 Europe (45855 <5
5DAE|/Tur kmenA We s t 4850 <5
52.5]J]A1 Yah 1Gl obal |37 Europe |4P246 510
57 AE|Astra 1G Europe |51 >15
5D AE/Express |F1 4946 FK2 4849 <5
F2 3&HB 3B
Gl obal |33
58 AE|Yamal 40 Nort her|4 B5@ 510
5® AE|Express Wi de 4853 <5
50D AE|NSS 12 Gl obal |33 Mi ddl e |4048 510
We s t H{3940
6MAE|I ntel sat{CGRD 33 U3 3 555 9 <5
Eurasi a/ 43
uz2o9 4 Bi5 B
6 DAE|lI ntel sat|Gl obal |31 Spot 2 |49853 >15
We s t H(3&
6 2AE|l ntel satfLandma|37 >15
6DAE|Il ntel sat Europe |4852 >15
6 2AE|/I ntel sat/|Global |31 >15
We s t H(3 B33
6®AE|Il ntel sat|Gl obal |3& Russia |5GB53 510
L MCH 3 & Europe (4564
WHCL 32
6@ AE/Il ntel sat|C Afri (3833 Africa (30346 >15
6B AE|l ntel satfLandma|38i317 EU Afri|4843 510
EU MECA 4648
Russia |50
7®AE/Eut el sat Wi de 4945 5110
72AE|I ntel sat|WH 3B 5110
7HAE/ABS 2 WH 3P40 MEHA 4849 <5
Gl obal |3835
7THDAE|/ABSH 2 Russia (4752 <5
76 AE/Apstar 7 Global |37 5110
7&AE|Thaico Gl obal |[3%36 1015
80 AE/Express Wi de Eu[4850 >15
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Tabdlikei st of telecommunication KAs with ful/l
of Ukraine (Ka range)

Posi SC Beam EI RP, Life, V¢
70AE |Eutel sat Europe C 485 2 5110

70 AE |Eutel sat Europe C 485 2 5110

90 AE Eutel sat 5961666 97 3 5561 5110
SDAE|Turksat 4|KaEurope 4049 <5

6MAE (I ntel sat |Gl obal 37 <5

6 DAE|Amos 4 Russia (Ka)4vs0 510

6 BAE |l nmarsat 192728 6 26 6 <5

6B AE |l ntel sat KLDL 3 B36 510

I n total, servillrsaifroe wanr akbd lemk@mt iedled n(

in rageGepaecr aft
T i n KuiG&pgescraft
T I nankgage8spacecraf't

Note: Considering the prospect of wusing the
306t 0 %0o0f t he t errariinteorar ekfxcpoveesrse dA MGy, AB8A2, TI
Express AMU1.

Thus, there is ample opp
i nformation infraspacedgaikn

T 16 datessl lhave wor ked ou
unused:;

T 27 SC withdrawn from GSO | ess than 5 year
24 satellites have already worked out 2/ 3
The provision of serviegesbyo users in Ukrai
t heil 2a nlgeea s ,
the TR bzrAIS ,

n
n

in the Ka band, -tbepesebvefapepmswémsatell
he possibilities of using I ntel sarne r3@BE.,

maxi mum el evation angle is provided by

the longitude of the center of Ukraine (
rr the north of otuhéh @dunthrey cotumt3 y.)QU (f
t

e Afree spaceo on the GSO for a

ortunity to choose
mdAiFdmdy S:he 83
t their guaranteec

As for h h
Uw to 83 UE. There are 20 positions in whic
other, and 5 posdinttieoWsa (wietth Edamuareg Bl)ar Not e t

h
I
S

choose the position of the spacecraft on t
accordingly, a shorter distance to the sate

To increaggheheogatuen for the national

GSO arc corresponding to the coordinates of
E) , and there are only 8leaoédneaneshtbBeéenrnei ofike
<

arc is wi tUi301280U
Given the significant number of spacecraft

to build a satellite segment ofctai ares:earch in
T exclude from consideration of the satelli
close to it (more than 10 years);
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T o increase the elevation angle, we choos
easstOU east ¥ fewbi oy @about 10U from the coordir
of Ukraine. According to (1), thg elB®&vation a

T we select satellites wEIRP EORPO | &BWI-siinit
EIRP O 50 dBW.

Taking into account (Tlad6l reggisten ctthenspaandaroa
for the creation of a satellite segment of NI
technical char actuertihsetri ccsal ceud eastsi aornys fodr t he s a

Tabbli&8pacescmra&fctommended for the satellite sec

FrequenxHz ResourMt EI RP
Loca Spacec Beam trunk/ dBW

up down
10, O/Eutel sa|Gl obal |[5856280 (3628065 [(10/ 72 40
20, 0OJ]Arabsat|Wi de 5926406 (3748200 (4/#12%6/ 36/40
40, 0J]Express|Fi xed 5925325 |360i6000 (16/ 40 45
46, 0J]Azer Spa| Asi aEu|5926425 (3708200 |12/ 36 4041
49, 0]Yamal 6| C 59216425 |370i8200 (38/ 36 45
9, 0OA|Eutel sa/Nordic|13908001D905009/83 49,|5051
16, OjEutel salEurope|(18 0083001070 0M®656/ 36 4 85 2
31, 5/Astra 5/ CEE 130080017 0050020/ 33 53
36, 0OJ]Express|Russia|lB300800170050032/ 33 5053
36, OJEutel salRussi a 1roie29024/ 33 52
39, 0/Hel |l asSEurope|l¥504600170050044/ 36 4 B85 4
42, 0]Turksat|{West B|1B3008001r0@Z502/4#32 84 34051
45, 0J]Azer SpalEA 17050035/ 36 505 2
46, 0J]Azer SpalEurope|l3500P001®5020012/ 36 4751
50, 0/Turksat|{Wester |1Hd0046001®6120; |14/+8672 |5052

146170

51, 2/Bel inteEurope 170150 14/+8654 4855
*Parameter data needs clarification ‘

The restrictions mentioned aboveTadbBeamot hef
spacecraft or satelliteyiwifoirbmadd ot ad oludwdrhe
satellite and its payload can be found on the

T ht toww bssat elotm t e

T https:// www. sat beams. com;

T https:// www. |l yngsat. com;

T https://frequencyplansatellites. alterviste

T ht t:/m/9 asckey r gdlec k e t
and on the sites of satellite telecommunicat.

CHOI CE ®ATRLLI TE ON EFFI CI ENCY PARAMETE

Broadening the scope of broadcasting, the i
the rapid devel opment of the Nt erneltead hteo i
significant i ncrease i n thensfmMiow eaf tihmfoargrma tc
channels. The growing need for satellite chan
and considerable cost necessitates the introd
formati oinl,| wal lcdbowwwi t hout | oss of quality to
| ower channel speed, i.e. reduce the frequenc
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https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=9&ved=2ahUKEwifoMvt9NTiAhWGxIsKHRKSC-wQFjAIegQIBxAB&url=https%3A%2F%2Fspace.skyrocket.de%2Fdoc_sdat%2Fazerspace-1.htm&usg=AOvVaw2WeO7eePywU8H5HiCwvDbn
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The efficiency of any chanmahdresdur
The ppdormamdi cates the e of wuse of the char
i's determined by the er of I nformation b
par arheharacterizes the degrdei 0 fdeti ggrnmitsiNgpd wey

ratio of t he pemerrsquyneaf ttohda raingmalt Bne Dbit
density of Nomecresissag ypdwerprovi de a predeter mi

digital stream.

o c
S W
(SN(o]

Mesaur es ai med at i ncreasing the efficienc)
construction of satellite information systems
T the use of information compression method

beransmitted at a | ower speed without compronm
T the choice of -ctohdee fsotrrnuactt uorfe ss ifgonralt r ans mi s

the maximum possible speed for the communicat
quality;

T the application of effective @etawomh @rccg
met hods.

The first of these areas relates primarily
efficient al gorithwmbddaor i mjoeomperrasstissadn gi na utdhieo f C
stream. However, redundancy elimination relat
tasksadfel | ite telecammutnhecatdebnvesryisitgemshem t o
compression procedure applied i mposes requir
channel , for exampl e, when wusing the algorith
error pirombtabhe li¢égei ved di gfstafll0stream i s not

I n satellite channels of fixed communicati c
i n the channel are not regulated by any docum
paameters are determined by the user and the
are associated only with the technological as
the capabilities of tekecyabahnldit éowhpomwel ) (Il iC

signad4s -#FM | ess often KAM 16 (see Figure 15)

ReeSdtbl omon code (RS) awdW afcoavolhblieosalkedoddlt
t he conlvodadda oinsa set by perforation of the bas
its smooth (programmable) adjustment in a cer

Unl i ke ot her serdwi csesr,uctthug esi gprmalamet er s of
a e regulated by internationa%ofstahdandbsdl Mai
structures are for medD¥BSc ofrEHMNN A ROo [OBW BHNGanda
(ETBN 2010 [ 10r§B (ENSB®OZ [,18D9¥BX (ENBIROZ [ 19]) .
Standards determine the type of signal, the g
channel 's resoufcoar ddparcdur eSi PprivaBl are focu
algorithms and meeti mgr ehiedt Si@brurto rt hp rso bdaobeisl int
ability to use them in ottifes seff¥icieenfor whi

| f t he usoesiotfi oomulsticgpr&l stirmcgiugreal | mproves |
some reductefofni coife necnyer ggyhe -nsei otf arcto) recd e 7 ea I
compensate for this decrease in energy effici
correlation between the perf ordreanccoemlpiamratmed res ,:
those described in [ 18 20] , i's shown in Fig

given in [22].
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From the compaitsoonl dowsheé hgtapims t hteom siasne ¢
[ h

rati o, the -2 estoafndtahred OWB t he same band of th
information flow at about 1. 3 1.4 amenesi me g
the frequency band.

With fixed frequency effici é&mi2cystwumaidmg da psy
necessary accuracy of receptd4d adB dtessi gmali st @
transmitter power 1tid. Det rmedsacewhibgh ail snosft gr e:

the repeater satellite equipment, or to reduc

The wusespded oomwmdes i n cdHmBigawlen awi oiw FEM
i nformati ond odu alhiet yr eiguia echannel with a noi ¢
2 .d4B .

The significant aSR2v aingt aget obnliltyhef drvVidBodes mi
structures, but also for I t s ¢ o0nitSi2n u oselespdadr trag u
transmission and voice infor matS20n nccaonr phoarvaet eas
modul ation coding. Dependi-ngobsethaticdhanhnehe s

code rates may vary during operation.

It shewmphabezed t hat the scope of DVB st ar
telecommunications services should be taken n
broadcasting, t hat is confirmed by asaumbDiar
technol ogies but are not related t o -SblrAdRa dacnads t
mor e.

The application of effective network organ
met hods of forming covenmudlgeamra&mtsenmbaeorn os g dee
possible to apply the cellular principle of ¢
all ocated freqguency spectrum, thereby increas
of i mpktami owmomfe mwlvteir age are given in [10],
coverage of the territory of Ukraine in [13].

The relationship EdNo)weaman falagmureede ge redrfeg ybiaesn
further calculations and the choice of sateldl
required quality.

Let the transmissi oNs{(ibs Tdl ed)icail tcall agtiroemasmf ofr
servicecsonwsiildlerbeed separately based on their <cb

37



ARAT [T w vy my ) 1 ww, . 25, 20189

_||||||| |||||
16— EdNodB 34 Y
15 OAML 6R $CC i —
14 JA\ A
N7 \
13 )
] 4, dIB==F 1" a A
1 2 [ /’
1% F M8 RISCC
;A S % DVESAF M 2
1U /V 17‘ =k |
9 o [ A o
N A pd d
8 ./| 8/’ ,| DVBEBS2 AF®M
7 /. \ X
6 2 ,deB D # v 7
H 4 !
S F M4 R/ISCC / I DV ES F M8
4 |
39
/
3 {( lﬁ
2 /27
1 / DVESF M
F 4
0 7
-1
”, /
-2 74 J
3 9 |
0, ! 1, 1, ! 2,1 2, 3, | 3, ! 4 | 4,

Figuilef flibci encydef sdoifgSctst licrheasnnel s

The{ Baugdy mlfsl)s cvhealnonceilt y required Wsars tdredn saim
as [15]:

V,, =V 30 (3)
The freqtF,ncoyc cbuapnided by the signal (modul at
frequency resource of the satellite channel r
I:s:Vch3 (1+ D)’ ( )4

whelies t he decay coefffriecqiueemtcyofr etstpeo nasrep loift u chee
channel s Ui $ hityex3@% uRependi ng on Uftbe tcyhpen nefl ss &

signade struc$Sadtasdaf dBVB1S8, 19] can be sel ect
0. 25; 0. 2.

|t i's Iimportantode® dtorcwest wrne,sivwmiadh has a
which wil|l save the expensive bandwnandqy odf ti
channel (see Figure 16).

The input to t@alocusleatratt me (cih@gmalel energy)
on the GSO, the spacecraft pPpabbaeset er s(,i fs campe | a
I [

Signa mputhep adwenodaul at or of the receiving
Ps:Prec:Ptr3 GII’ qj{I’ 3(r%c+qrec/ l" (5)
wherRis the signal output power of the transm

Ps=Preicpower of the received signal

GisGrec the gain coeffi ci ebnotasr do éacradhvee t (r @arstmh
antennas,; respectively
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