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3 Krasimir Terziev

Preface

Satellite systems are a technological means of data transmission that covers large
distances. This also determines their application and distribution, where the conditions for
communications and access to IT infrastructure are highly limited. Satellite communications
can be implemented with various telecommunication modules, systems, and subsystems.
Accordingly, technological solutions lead to different properties, requirements, and
communication and data transmission service parameters. As an element of satellite
communication systems, the type of equipment and devices requires different technological
solutions to meet the standards and ensure reliable satellite connectivity. As a technological
problem, it is the choice of compatible and suitable technological modules, which together
provide communication services with a corresponding transmission speed, reduced
attenuation of signals, and secure access to this type of communication for end users.

The current dissertation work aims to design the ground part of a satellite communication
system. It is intended to transmit data to satellite systems and constellations in low earth orbit,
which satellite operators and users prefer because it provides less delay between the request

and the execution of the communication.

Chapter 1: Analytical overview of satellite telecommunication systems

1.1 Historical overview of the satellite industry

Historical facts indicate that the pioneer of satellite technology was a twenty-seven-year-
old Air Force officer and scientist named Arthur Clarke, who described the initial concept
during a training camp. The boy wrote an article, "Extraterrestrial relays," which recreates the
idea of communication satellites, and the text was published in the British publication "Wireless
World." He describes that an artificial satellite at a precise distance from the Earth would remain
pointed at the same point for 24 hours and with an optical radius of about half the Earth's
surface. According to his theory, three ground stations would be needed to cover 360 degrees
and provide global communication connectivity. The exact distance determined from the
equator at which the satellite will move at the same speed as the earth is 35,786 km, and it is
named after its creator, Clark's orbit. In this way, all antennas on the ground will be pointed
fixedly at one position and will not need to be pointed and adjusted periodically to transmit or
receive data. Scientists consider the system Arthur Clark described as a turning point in the
satellite industry, which laid the foundation for commercializing satellite communication
services. He is also called the father of industry.
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1.2 Commercial Satellite Industry Application

In 1962, the administration of President John Kennedy proposed the creation of the
development of a global communication satellite system, the document of which was signed by
him on August 31 of the same year. The new private company "COMSAT" is being created,
which will aim to partner with other countries to build a global commercial satellite network.
On August 20, 1964, the first international satellite communications organization, “Intelsat"
was established in Washington. Now comes the time for the creation and launch of the first
commercial geostationary satellite being developed by Hughes Aircraft. Early Bird 1 (later
renamed Intelsat 1) was launched on April 6, 1965. It could hold 240 simultaneous calls and
broadcast only one black-and-white television channel. The satellite covered the region around
the Atlantic Ocean, providing a communication link between North America and Western
Europe. "Early Bird 1" was planned to last 18 months but remained in orbit for 3 1/2 years. In
the late 1960s, Intelsat provided global coverage once Intelsat 3 was operational. In the early
1980s, the main companies operating satellites with global coverage were Intelsat and
Intersputnik ". Intelsat and its more than 100 member countries transmitted two-thirds of the
world's communications traffic and almost all television media content over its network. One
of the pioneers of satellite cable program distribution was Sidney Topol, part of a small
company called Scientific Atlanta. He developed a 10-meter antenna cable operator to receive
signals from satellite platforms.

To millions of people, the satellite broadcast of pictures of the first moon landing in 1969 and
the 1972 Summer Olympics in Munich, Germany, proved to the world the power and influence
of technology.

1.3 Integrated cable and satellite data transmission

At that time, another visionary and entrepreneur in Europe saw the power of satellite
technology and would later build such a telecommunications network. His name is Rupert
Mudrock. Murdoch was born in 1931 in Melbourne, Australia. He is the son of successful
newspaper publisher Sir Kate, who died unexpectedly when Murdoch was just 21 and attending
Oxford University. He inherited from his father two Australian newspapers, "The Adelaide
News" and "The Brisbane Courier Mail," which he turned into two powerful multimedia
conglomerates. In the 1980s, he owned various newspapers worldwide, such as the New York
Post and the popular London edition of the Times. In 1985, Rupert also purchased Twenty
Century Fox films and TV studios for US$575 million and 6 TV channels from Metromedia
and launched Fox Networks. To avoid US regulations prohibiting holding a media broadcasting
license, he acquired US citizenship on 4. September 1985. DTH services in the US appeared
thanks to Stanley Hubbard, who at that time was part of "USSB - US Satellite Broadcasting",
which received the first license for the services in 1981. Initially, the receiving antennas
intended to receive the signal were in frequency band C. Unfortunately, the price, dimensions,
and limited capabilities limited the service only to people who engaged in the activity as a
hobby. These shortcomings did not allow the mass and commercial penetration of the service,
which also limited the revenue receipts. Towards the end of 2000, the satellite industry and
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5 Krasimir Terziev

business underwent major changes. On April 9, 2003, Murdoch's News Corp and General
Motors agreed to a $6.6 billion deal for a 34% stake in Hughes Electronics, including DirecTV
and 80% of PanAmSat and Murdoch's News Corp.” was the most powerful media empire at the
time.

1.4 Competition and Market Applications

Following its market logic, the satellite industry is starting to develop headlong, given the
opportunities opening up and the relaxed regulations that are happening thanks to "PanAmSat."
The company's entry into the market makes it possible to break Intelsat's monopoly and create
conditions for greater investor interest and higher levels of competition.

The beginning of the new wave of satellites is the company "Orion Network Systems," headed
by John Puente - one of the leading engineers at "Comsat Laboratories.”" In the mid-1990s,
satellite operators actively opposed the monopoly of "Intelsat" and demanded its privatization,
leading to equality and free market competition between participants. In 1995, negotiations for
the privatization of the company began. On February 10, 1997, the "Intelsat 2000 Working
Party" - committee issued a report on restructuring "Intelsat" to participate in the market without
discriminatory factors.

In the '90s, there was a serious boom in Internet technologies and all telecommunication
services, which led to even more serious interest of investors in this market niche. Forecasts
and marketing studies prove that serious satellite service growth is expected. At this time, new
aggressive strategies began with the creation of new and much more technologically capable
satellite networks.

In March 2000, the US Congress adopted the "Open-Market Reorganization for Betterment of
International Telecommunications” (Orbital Act). This document aims to provide market
participants with even greater freedom and competitive ability. This directive also states the
requirement for the privatization of Intelsat and imposes certain obligations on the company.
On November 17, 2000, at a general meeting of "Intelsat,” with 144 participants from various
governments, they accepted by anonymous voting a plan for the privatization of "Intelsat.” After
37 years as a state-owned company, Intelsat officially became a private company on July 18,
2001. In the first year of the new millennium, the satellite industry marked its zenith despite the
turbulent entry of Internet technologies and Telecom services. The Satellite Industry
Association published a report with data on a total 80 billion-dollar turnover. The average
growth on an annual basis is 15%, which is promising for new investments and the presence of
a stable sector. What was started 37 years ago by Intelsat is now becoming a powerful global
satellite industry.

1.5 Development of satellite technologies and penetration of low earth orbit networks
Low Earth Orbit (LEO Orbit) satellites have become increasingly popular in recent years
because they provide high-speed Internet and other communications services to users on the

ground with significantly better parameters than existing geostationary earth orbit technology.
However, one of the main problems is that the existing ground stations cannot receive and
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process the traffic from them efficiently due to the lack of a sufficient number of them to work
in a specific frequency spectrum and to cover the requirements of the new satellite
constellations. Ground stations are essential for receiving signals from satellites and relaying
them to the appropriate destination. They act as a gateway between the satellite and the end
user, ensuring that data from the satellite is received and processed correctly. In addition, the
shortage of ground stations may limit the potential of LEO satellites to provide new services
and capabilities, including remote sensing, earth observation, and environmental monitoring.
To solve this problem, there is a need to expand the telecom infrastructure, especially in areas
with high population density. Using more antenna systems allows us to manage the growing
satellite capacity and its precise regional distribution to hubs more efficiently to not overload
the network and ensure free capacity. They can be strategically placed in areas with higher
demand, increasing the overall coverage of the satellite network. One of the critical elements
for satellite operators is the distribution of traffic across satellite platforms and teleport stations,
which requires constant optimization of this process by satellite constellation owners. This can
be achieved through advanced communication technologies, data analysis, and traffic
monitoring tools that can help optimize traffic routing between different stations, ensuring that
the available capacity is used to its full potential. The growing number of Teleport antennas
also requires the improvement of the communication infrastructure by expanding the available
terrestrial data transmission capacities to handle large volumes of data.

1.6 Conclusion

A historical and technological analysis of the development of the technologies applied
to realize services through satellite communications has been made. It is well established that
the ground infrastructure of a satellite communications system is an essential component for

the operation of communications, managing customer traffic, and providing reliable
connectivity. This justifies the need to develop technological solutions for the ground
subsystems of LEO communication satellites. By investing in infrastructure and advanced
technology, we can improve the capacity and efficiency of satellite networks, ensuring that
consumers have access to high-speed Internet, data and voice, and other communications
services. Introducing innovative methods and designing products that would handle data
transmission more efficiently would provide prerequisites for dealing with the increasing
number of satellites.

The main task of this dissertation is to design and develop a project for the installation and
configuration of a satellite ground antenna operating with satellites in low earth orbit, as well
as to propose innovative methods for receiving, sending, processing, and accessing satellite data
by users, operating the constellations and platform. With the implementation of this satellite
terminal, the optimization of such systems for working with satellites in low earth orbit will be
proven, thus providing prerequisites for constructing a technological ground infrastructure to
cover the growing volume of Internet traffic. A quantitative assessment and system
performance approach will also be applied by analyzing the data being processed by the system
and comparing it qualitatively with existing systems.
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7 Krasimir Terziev

Chapter 2. Analysis of the main technological components of satellite
communication systems.

2.1 Main components and characteristics of the satellite link

Satellite connections and data transmission are essential in the global telecom industry.
They are part of the global telecommunications network. Their essential advantage is that they
communicate to the most remote and inaccessible places without available cable infrastructure.
It is necessary to install a satellite transceiver antenna and a modem to communicate with a
satellite and thus secure and ensure access to the Internet. Artificial satellites are located in
space at a certain orbital position and are not affected by natural disasters on the earth's surface,
such as earthquakes, floods, fires, and others. In addition, apart from conventional connectivity
for terrestrial communication services, satellite constellations also provide Internet access to
sites in seas and oceans where it is impossible to provide access through a standard cable
network. Using this technology, thousands of objects from space can be simultaneously covered
by using only one satellite beam from space. Satellite communications carry all services, such
as data, voice services, video, and multimedia content. Their flexibility also allows the
construction of different types of transmission environments and network topology,
implementing different data encryption methods for higher security and possibly building
virtual private networks.
Their role is key to ensuring uninterrupted connectivity and the transfer of masses of data to
and from inaccessible points to ensure global telecommunications coverage. In addition to
Internet traffic and data transmission, they provide access to media and television content to
households in remote and inaccessible areas where cable routes and networks are not built.
Rapid network deployment, wide coverage areas through a single satellite platform, and reliable
and high-speed satellite connectivity make them one of the fastest-growing industries in the
21st century.
Below, | describe the main components of a satellite communication link (Figure 1).

Satellite Spacecraft

(

- (

Remote VSAT

BusinessCom Teleport Network Site

Figure 1 — Main components of the satellite link, [BusinessCom Networks]
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Satellite communication includes two main segments - space and ground segment. Below, |
describe these two strands and the individual sub-elements to build satellite communication.

2.1.1. Ground segment

One of the essential components for implementing data transmission through a satellite
platform is the ground segment or ground station. We encounter it more often as Gateway or
Teleport. It consists of a system of antennas and a wide range of hardware, most often installed
in a nearby data center, that receive and transmit data to the satellites in a specific frequency
and modulation scheme and thus establish communication in a specific frequency band and
modulation scheme. scheme. The most often installed equipment are receivers, modulators,
demodulators, modems, converters, amplifiers, matrixes, switches, hubs, etc. Satellite operators
use TTC (telemetry, tracking, and control) antennas - which monitor the satellite's orbital
position and other critical parameters in real-time to ensure a secure service for users. Telemetry
and remote monitoring and control are implemented through this system.

End customer antennas can be divided into three main categories - fixed (stationary), mobile
(on-the-move), and portable (flyaway), and they are used according to the specific application.
They are characterized by frequency spectrum, size and type of reflector, polarization,
automatic or manual tracking, type of orbit, and others. The larger the diameter of the reflector,
as well as the output power of the amplifier, the more efficient the system we have and,
accordingly, the better the communication with the satellite. The choice of individual elements
is often determined by the satellite operator, who prepares a Link Budget, which provides
guidance and recommendations for minimum antenna requirements.

Building the ground segment requires a proper selection of individual components that function
together to ensure quality communication and data transmission (Figure 2,3). The main
elements that are part of an antenna system for an end user are the following.:

e Antenna system reflector - a part of the antenna that reflects the received radio-
electromagnetic rays and feeds them to the irradiator. Using a larger diameter allows a
more efficient satellite link to be built. The material from which the reflector is made is
key; therefore, carbon fiber, glass fiber, and aluminum are often used.

e Irradiator set (RF feed) includes the irradiator, a transducer (Orthomode Transducer),
and the converters and amplifiers are often mounted to it. Depending on the satellite
beam, it can operate in linear or circular polarization.

e Amplifier/Converter (Block Up Converter) — amplifiers are operated in the Teleport
station as part of the transmission antennas or integrated into the final client terminal.
Their function is to receive the signal from the data center (most often from the
modulator or modem) and convert it from the IF or L frequency spectrum to a higher
one that corresponds to the satellite system - most often C, Ku, Ka, X. It then amplifies
the signal to send the received information to a satellite. It is preferable to use higher
output powers to make more efficient use of the available capacity.

e Low noise amplifier - Low noise block converter (LNB) - This component receives the
signal from the satellite and then amplifies it to be processed by the end device. It also
converts from higher frequency (C, Ku, Ka, X) to lower IF. There are two main types
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9 Krasimir Terziev

of low-noise amplifiers - "Phased Lock Loop" and "Dielectric Resonator Oscillator".
Phased Lock Loop amplifiers can be with external or internal reference - "external™ and
"internal reference.”

Waveguide: This part of the antenna transports the electromagnetic wave from the
radiator to the LNB.

Antenna heating — Used in locations where temperatures drop below freezing and
reflector freezing and antenna failure are possible, resulting in satellite contact or signal
interference loss. Different types of heating are used; most often, it is attached to the
back of the antenna, but there are controllers through which the system's parameters are
set.

Mounting bracket — we often have mounting brackets with or without drilling the base
for end-customer terminals, the so-called "Non-penetrating roof mounts” and
"Penetrating roof mounts." A different product type is also recommended depending on
the terrain on which the activity is carried out.

Figure 2 — Receive Antenna, [personal archive Krasimir Terziev]
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Figure 3 — Antenna Components, [personal archive Krasimir Terziev]

As | already mentioned, in addition to the antenna system for the construction of satellite
communications, we also have a different type of additional equipment used in a data
center or at the place of operation of the service to establish a connection with the
platform in space. | describe some of the main components:

the cosmos. | describe some of the main components:

Modem - this device performs modulation and demodulation - converts the digital signal
sent by the computer to analog (modulation) and back analog to digital signal
(demodulation). Modems process data packets and are characterized by a maximum
volume of processed data (bytes) sent quickly (seconds). Modern modems offer speeds
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11 Krasimir Terziev

expressed in Mbps - megabit per second. Because modems perform modulation and
demodulation, they are designed for two-way data exchange - reception and
transmission.

e Modulator - A modulator is a device that superimposes low-frequency on high-
frequency information or signals for the purpose of wireless data transmission.
Modulation is necessary because it is part of establishing satellite communication.
Signals can be digital or analog. The main types are divided into three main directions
- amplitude, frequency, and phase.

Amplitude - amplitude modulation (AM), analog and amplitude shift keying (ASK),
digital.

Frequency - frequency modulation (FM) - analog and frequency shift keying (FSK),
digital.

Phase—phase modulation (PM), analog and phase shift keying (PSK), digital

e Demodulator — it has the exact opposite function of a modulator. Its task is to
demodulate AM, FM, and PM-modulated signals and decode and convert them into
audio and video output. We can also formulate this process as extracting the original
data from the satellite and separating the useful signal from the multiple radio-
electromagnetic waves to be received by the end device.

e Converter is called a step-up converter, which converts a lower radio frequency to a
higher one. When we observe the reverse process, converting from a higher frequency
to a lower one, we use a step-down converter (down-converter). A high frequency
characterizes spontaneous communications, so it is necessary to use this equipment to
send the data at the specific frequency in which the satellite platform operates.

e |P network switch — IP switches transmit information to the network from the devices
connected to them through physical, usually Ethernet ports (different numbers - from 4
to 96). They provide secure and reliable wired communication between devices instead
of wireless Wi-Fi. They are most often used in places where there is a need to support
many end devices, and most often, they handle Layer 2 or Layer 3 protocols.

e Router — Also called router. Its role is key in communication networks because it routes
or distributes packets from different networks using pre-configured logic in IP
addresses/tables. Without it, IP networks and communications cannot function in sync.

e Hub — This equipment is installed and integrated with the telecommunication
infrastructure of the Teleport stations to ensure simultaneous communication with
several satellites and provides the possibility of connecting numerous end terminals and
devices for data transfer or Internet access. The hubs are characterized by the support of
large satellite capacities and correspondingly fast processing of a large volume of
information. They also save resources in building the telecommunications infrastructure
and network because the hardware is already pre-installed and configured, and the
service is provided easily and quickly.

e Matrix is a product through which remote control, monitoring, and management of
received (downlink) and sent (uplink) signals from and to the satellite is carried out.
Teleport stations, satellite operators, media companies, and other organizations in the
industry use matrices to process traffic according to their needs.
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2.1.2 Space Segment

It includes the artificial satellite, also called a satellite. The word comes from the English
Acrtificial Satellite - an artificial satellite that is put into orbit for the needs of telecommunication
services. Its function is to receive signals from the ground and send/reflect them to another
preset point or location that is part of the beam coverage.

More than 11,000 artificial satellites are in Earth orbit and are used for various purposes and
applications. Their sizes vary, ranging from so-called "Cube" satellites - just over 4 inches and
can be grasped with one hand - to those weighing 10 tons and 34 meters long. The satellites are
launched from a special rocket in which the satellite folds and gradually unfolds as it reaches a
certain height in space. Part of the rocket burns up in the atmosphere.

There are two main elements of satellites:

1. "Bus" - a modular structure that essentially forms the basis of the satellite and supports the
main systems and subsystems for normal operational work.

2. "Payload" - includes the communication part of the satellite - the transponders and
communication antennas - receiving and transmitting.

Parts of the “Bus” segment

e Structural Subsystem - This provides the mechanical support for the entire satellite,
including the payload and other subsystems. It is designed to withstand the stresses of
launch and the harsh conditions of space.

e Power subsystem — it generates, stores, and distributes electrical energy to the various
systems of the satellite. The main source of energy used by electronic equipment in
space is solar cells. However, batteries are also included in such systems that offer
standby power in the event of a lack of solar power. It should be noted here that the
power generated by a single solar cell is quite smaller than what is required by the
equipment, so instead of using one, arrays of cells are used in series and parallel
configurations to achieve the desired power level.

e Attitude Control and Determination Subsystem - this system maintains the orientation
and position of the satellite in space, ensuring that the antennas, sensors, and solar panels
are correctly pointed. It usually consists of sensors to measure the attitude and position
of the satellite and actuators, such as thrusters or jet wheels, to make corrections as
needed.

Controlling the satellite corresponds to controlling its orientation as it orbits the Earth.
This is a crucial part of satellite system design and maintenance as it allows the satellite
dish to be aimed precisely at the specific region of the earth.

During this process, the satellite’s orientation in space is established, and then the correct
controlling action must be activated in the event of an error. In general, the position of satellites
changes over time, so it requires monitoring and periodic correction. Satellite platforms must
also occupy a certain orbital position to comply with International Telecommunication Union
requirements and not interfere with neighboring platforms in space.
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13 Krasimir Terziev

e Thermal Control Subsystem - Satellites orbiting the earth are affected by large
temperature fluctuations, and various reasons exist. The satellite's temperature varies
due to solar radiation from the Earth. Apart from these, a satellite system also generates
heat, and all these factors raise the temperature, and for proper operation, it must be kept
within limits. To achieve this, one of the important factors is that the equipment operates
in a suitable atmosphere. This system regulates the satellite's temperature to protect
sensitive electronics and other components from extreme temperature fluctuations. It
typically uses passive techniques, such as insulation, and active techniques, such as
heaters and radiators, to maintain a stable environment.

e Propulsion Subsystem - This enables the satellite to change its orbit or maintain its
position. Propulsion may involve chemical, electrical, or other propulsion technologies
depending on mission requirements.

e Communication Subsystem - This enables communication between the satellite and
ground stations, facilitating the transmission of commands, telemetry, and payload data.
A communication subsystem usually consists of antennas, transmitters, and receivers.
The system produces electrical signals in proportion to the quantity needed to be
measured, encodes them, and transmits them to the desired ground station. The
telemetry feature is all about measuring distance. Telemetry signals consist of
environmental information, satellite information, power, and stored fuel pressure.

Parts of the “Payload” segment

e Transponder — this is the part of the satellite that receives and transmits data (Figure 4).
It is the most important part through which a telecommunication signal is carried to and
from the ground. A transponder is a channel formed by series-connected units between
transmitting and receiving antennas. They are not separate equipment but a combination
of elements forming a communication channel. The transponder is, therefore, an
essential unit of satellite communication. The bandwidth of the transponder depends on
the satellite's technology and the nature of the signal being transmitted. It is included in
both the uplink and the downlink.

- Oscillator
Unlink Amplifier |
S L Demodu- )
Frequency LNA : kstor »| Processing
E Frequency
R Converter
Local
- Oscillator
v | Amplifier Amplifier
PO : Modulator
Frequency T
E
R

Figure 4 — Satellite Transponder and Reception/Transmission of data, [SatNow]
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2.2 Basic network topologies and frequency bands applicable in satellite communications.

Star, Mesh, and single channel per carrier (SCPC) are the main network topologies used in
satellite communications.

e SCPC or “single channel per carrier” is widely used. The satellite transponder has a
certain frequency band and is divided into several carrier frequencies, considering the
frequency band of the number. For example, a 'C' band satellite with a total bandwidth
of 500MHz is split between many transponders with a bandwidth 36MHz. It is used to
carry information in the form of voice or data. These voice or data lines are called a
channel. "SCPC" means Satellite Transponder Single Channel. The voice or data
channel is modulated over a carrier frequency and transmitted to the satellite using the
ground antenna. The same modulated signal is converted/amplified and sent down to
the receiving terminal on the other side via a transponder. Here, we have an analogous
principle of sending, processing and receiving the information as with MCPC (multiple
channels per carrier).

e Star - satellite networks with a star topology provide IP connectivity to a ground hub at
the operator's Teleport station. Using network equipment that connects to a VSAT (very
small aperture terminal) hub simultaneously delivers satellite capacity to multiple
remote client terminals that access the Internet network.

One of the technologies used in star networks is TDMA - "time division multiplexing,"” which
is used when sending data to multiple destinations. This makes it possible to use the same
frequency, which divides the signal into several time slots. The terminals are alternated at very
short intervals, using the same assigned and predefined transponder slot, thus optimizing the
use of the satellite resource and capacity.

Satellite communications must respect a certain frequency spectrum allocated by the satellite
operators. In addition, they must respect and work in full compliance with the international
regulations that are defined and controlled by the International Telecommunication Union
(ITV), Figure 5.

The frequency spectrum is the basis for establishing and maintaining a reliable communication
link and also determines the necessary equipment that must be used in the execution of this
process. It is important to note that frequency is an essential parameter that affects the
wavelength and, consequently, many aspects of the communication system.
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The most widely used frequency bands are VHF, L, S, C, X, Ku, and Ka.

Maritime Navigation AM Shortwave VHF TV UHF TV Satellite/ Radio astronomy,
navigation aids maritime radio, FM radio, cell phones, microwave radar landing
signals (e.g. loran-() radio radiotelephony navigation GPS telecommunications  systems

aids
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¢ Increasing wavelength Increasing frequency »
3 KHz 30 KHz 300 KHz 3 MHz 30 MHz 300 MHz 3 GHz 30 GHz 300 GHz
1-40 GHz
SATELLITE FREQUENCY
12 4 |8 12 18 26 GHz 40
L| /S C X Ku K Ka

Figure 5 — Radio Frequency Spectrum, [European Space Agency]

2.3 The main types of services offered by satellite networks. Types of satellite orbits.

e Fixed Satellite Services (Fixed Satellite Services - FSS) - Connect one or more fixed
terrestrial locations by relaying through one or more satellites. When we transmit
through several satellites, the so-called "inter-satellite service™ communication occurs.
This solution is distinguished by the fact that it can easily be divided into several
carriers, making it preferred in constructing satellite links. Phone voice services, data
transfer, fax, video and TV content, radio, and more are supported.

e Radio and Television broadcasting (Broadcast Satellite Service - BSS) — this technology
is often used to broadcast TV channels and content, for example, in "Direct to Home"
services. Here, using entire transponders to carry the multiplexed TV content to the end
customer antennas is typical. Cable operators use this method due to the efficiency of
the frequency band and the use of all the capacity in the transponders - 36MHz, 54MHz,
or 72MHz. They are divided into two basic types - multifunctional and systems for
direct satellite reception, and they differ by the maximum permissible power flux
density (Power Flux Density).

e Direct radio and television services (Direct broadcast system - DBS). Given their
dependence on flux density and their higher frequency than standard, they offer more
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limited coverage of the Earth's surface. The frequency band of the satellite is 17.3 - 18.1
GHz and 11.7 — 12.75 GHz from the satellite. Circular polarization is most often used.
Direct-to-home services (Direct-to-home - DTH) is the most frequently used service for
broadcasting television content to end subscribers. The advantage is that the equipment
is affordable and of appropriate dimensions, which facilitates end users' operation. This
service is offered by cable operators who provide a set of satellite dishes and decoder
through which many channels are provided.

MSS - mobile satellite services - providing a satellite connection to mobile objects, on
which portable and portable antennas and terminals are most often installed, which have
automatic tracking to track the satellite to which they are directed. The industries in
which they are applied are marine, aviation, and land, such as trains, buses, etc.
Depending on the application, the end terminals are mounted in different locations.
Inland mobile solutions, the antenna is on the vehicle; ships or luxury yachts in the
marine sector are installed on board, and in the aviation industry on the plane.

Radio amateur links - mostly carried out through amateur satellites, and communication
links are built for non-commercial purposes.

Global Positioning System (Global Positioning System - GPS) - a network of satellites
located in an average earth orbit (about 20,000 km from the earth's surface), which serve
to determine the position, speed, and time with an accuracy of up to 1 nanosecond at
any point on globe and Earth orbit in real-time. By measuring the exact distance from
the location, we are looking for a group of satellites whose coordinates are already
accurate and predetermined.

Meteorological services — meteorological satellites such as METEOSAT NOOA for
observation and the study of the earth for meteorological purposes.
Radiodetermination satellite services (Radiodetermination satellite service - RDSS) are
used in aviation to accurately determine objects' location, speed, or other parameters.
The "RDSS" system allows the exchange of accurate data and coordinates between
different objects, not just one-way.

Radio navigation satellite systems (Radio Navigation Satellite Services - RNSS) are
used in the marine industry to determine the vessel's time, location, and speed. Voice
communication services are also provided here.

Military services — a network of satellites used for military purposes. Often, they operate
in a different frequency band than the commercial one — for example, X.

Chapter 3. Designing the technological infrastructure of a ground station for
low-orbit satellites

3.1 Scope of the project

"OC LEO 1 Ground Station" is a professional ground station for operation with satellites

in low earth orbit, which offers the service - ground station as a service for satellite missions,
"multi-mission ground station as a service" and operates in frequency band S in the range
2035MHz — 2310MHz. The antenna system works in circular polarization - with left and right
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orientations respectively. The size of the reflector is 3.2 meters. The data processing technology
is based on the "Network Cloud Engine," which includes multiple microservers operating in the
cloud, which perform the operation and monitoring of the various ground stations in a network,
as well as provide access to the user interface for the work of the end user. The project involves
the installation of a satellite antenna operating with low earth orbit satellites in the S-band
frequency band, which operate in orbit about 120 to 2000 km above the earth's surface. By
implementing this innovation, satellite operators will be able to receive data from specific
platforms, and companies or users will have their resources in space, in case they have their
satellite or constellation. This system is aimed at universities, research institutes, schools, and
satellite operators who can operate the ground segment and process data from their networks in
space. The main applications are satellite images of the earth, environmental monitoring,
scientific research and analysis, military intelligence, disaster and accident prevention,
agricultural and livestock development, and other telecommunication needs. Through the
ground antenna, access to a cloud application with a simple and intuitive interface is provided,
enabling the implementation of a satellite mission through which data from specific satellite
platforms can be received and processed by end users. The satellite ground antenna | will
present is part of a communications network and enables rapid access to many satellite
platforms that perform a wide range of missions.

The technology we use in this case allows access to a network of terrestrial satellite dishes
located in different geographical areas through a single access point, using a cloud-based
platform called "Network Cloud Engine" (NCE), Figure 6, to transmit the data from the satellite
mission control center to the satellite constellation. The advantage of this solution is that the
service operator does not have to manage each satellite terminal individually, but by means of
“NCE” orchestrates the entire process from one place. In this way, the user can simultaneously
and efficiently plan and implement numerous satellite missions and receive the datasets to a
central server in the cloud, after providing an individual username and password.

Network
cloud engine

Figure 6 — data processing process — Data Flow, [Krasimir Terziev]
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3.2 General plan and main components of "OC LEO 1" ground antenna, (Figure 7)

Parabolic reflector — is a 3.2m metal disk (made of aluminum), an irradiator set in
frequency band "S" (RF Feed).

Upper Pylon — a mechanical system that houses the elevation and azimuth motors, as
well as components for sending signals on the "up™ line

Lower Pylon — A main column that supports the upper pylon and connects the ground
station to the ground. It also houses antenna elements, a low-noise amplifier (LNA), a
high-power amplifier (HPA), a synchronizer/resolver (determines the exact position of
the antenna system in azimuth and elevation in degrees), an antenna control system
(antenna control unit).

Air conditioning — provides suitable temperature and cooling of the elements in the
lower pylon.

Link arm — a fiberglass or aluminum support arm that supports the YAGI antennas
UHF YAGI antenna — antenna operating in the UHF frequency band

VHF YAGI antenna - antenna operating in the VHF frequency band

'
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Figure 7 — Depiction of OC LEO 1 DY antenna, [ Krasimir Terziev]

Technical specification S-band, antenna system “OC-LEO 1”
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Specification Receive / Rx Transmit / Tx

Frequency spectrum 2210-2310 MHz 2035-2120 MHz

Maximum isotropic gain 34.8dBi 34 .8dBi

Beam width 3.1° 3.3°

Polarization Right/Left oriented, X-POL Right/Left oriented, X-POL

Noise temperature of the | 291K @ 5° EL Not applicable

receiver

Equivalent Isotropic Radiated | Not applicable 54 dbW

Power - EIRP

G/T 10.6dB/K He ce npwunara

Amplifier Tx 100W

Modulation It is configured depending on | It is configured depending on
the satellite system the satellite system

Scope of the project — design installation of an antenna system for satellite communication in
low earth orbit.

Phase 1 - Site selection for "OC LEO 1" antenna system
e Choosing a physical location to mount an antenna
e Choosing a suitable place for the electrical panel and the additional external elements
e Determining the length of cable routes and pipes for connection to the electrical network
and Internet cables

Phase 2 — Site Preparation
e Design and construction of foundations as well as support points
e Design and preparation of grounding equipment
e Design and preparation of electrical connections and Internet cables
e Design and preparation of the necessary pipes for laying cables
e Design and construction of lightning arresters
e Site/Site Safety — The Teleport Operator observes and follows safety instructions for all
employees and personnel performing project activities.

3.3. Technical requirements of the antenna system

e Electrical requirements
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The antenna requires single-phase AC power, 110 — 240VAC, 50 — 60Hz. The connection
should be protected and secured with automatic fuses. The maximum power for the ground
station is 6Kw, 32Amp.

e Grounding of the facility

For the project, all the necessary electrical components are provided to ensure the grounding of
the antenna. In addition, regulatory requirements and standards are also observed when

performing this activity.
e Lightning protection

The project also includes the necessary equipment and provides lightning protection for the
antenna system. All elements are professionally installed to secure the equipment. The lightning
protection that is part of this project is not limited to the antenna system but also extends to
other equipment and components connected to the ground station. The approach involves the
professional design and installation of electrical discharge systems specifically designed for
this system. They must be integrated into the facilities and be capable of dissipating the
potentially destructive electrostatic discharge that can cause malfunctions in operation and
communication with the satellite. All methods used are by safety and quality standards,
considering local weather conditions and the likelihood of lightning.

e Requirements for Internet connectivity.

Internet connectivity is planned to provide the necessary ground capacities to serve the satellite
missions without service interruption. For this purpose, the antenna system, particularly the
modem, is connected to the MAN (Metropolitan Area Network) of an Internet service provider,
through a LAN interface and a port that supports speeds up to 1Gbps. Redundant connectivity
through another provider is also provided to avoid loss of satellite communication. This
provides basic Internet connectivity and redundancy, as well as enabling high-speed transfer
between the satellite platform and the ground station. Capacity is a key factor considering the
increasing data processed by low-Earth orbit systems.

Description of the activities to be performed by the system integrator
In order to guarantee the correct installation of the "OC LEO 1" antenna (Figure 8), as well as

its functioning, the system integrator must prepare the precisely intended installation site by
carrying out, according to the preliminary requirements, the following activities:
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Choosing a suitable installation location that has a good view of the horizon for the
antenna.

Choosing a place to install an electrical panel

Choosing a location for mounting a webcam stand

Preparing the foundation for the installation

Laying cable routes for Internet connectivity

Wiring to connect the electrical cables

Preparation of electrical connections for grounding

Preparation of lightning protection equipment

Preparation of the installation site, provision of necessary machinery/cranes and
personnel for the day of installation of the equipment

The system integrator must provide a lifting machine so that the antenna can be lifted
and placed in the exact location provided in the design. The use of an assembly crane is
necessary to assemble all parts of the antenna before installation.

Choosing a suitable collocation location for the “OC LEO 1” Antenna system

The system integrator should consider the following requirements and details before making a
final choice for the "LEO OC 1" antenna location:

Good visibility to the horizon and sufficient elevation angle of the antenna to the satellite
platform

Absence in the vicinity of objects that would cause interference

Absence in the vicinity of objects that would prevent the smooth rotational movement
of the antenna, which would limit its range and, accordingly, prevent communication
with the satellite.

Absence of transmitters or other antennas that could cause frequency interference and
degrade the signal

Preliminary analysis on building a solid antenna base

Preliminary analysis regarding the provision of the antenna system with sufficient
capacities for electricity and Internet connectivity.

Preliminary analysis of how to co-locate and protect adjacent equipment

Systems for prevention and protection against unauthorized access.

Ensuring access for the lifting machines and cranes provided for the installation
Providing access to perform the installation activities

Provide access to perform scheduled antenna maintenance as well as field equipment.

Summary of installation prerequisites — Figure 8
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Ensuring good visibility to the horizon - before the installation of the antenna, we
carefully check that the nearby objects and obstacles are compatible with the visibility
requirements of the project and do not hinder the movement of the antenna to track the
satellite in low earth orbit.

Ensuring access — the technological object must provide normal access to the existing
infrastructure, such as electricity, sewer network, equipment, communications, and
others. In addition, the hardware and location should be safe to operate and maintain.
Wind strength - performing a field test of the antenna at maximum wind strength values
to determine that the reflector is stable and does not change its acceptable parameters
for communication with satellites.

Frequency interferences — before putting the antenna into operation, we must make sure
that there is no other radio equipment in the vicinity that could interfere and create
interference with the "OC LEO 1" antenna system.

Meteorological conditions and environment — analyzing climatic conditions within the
year to ensure that they would not interfere with the functioning of the “OC - LEO 1”
antenna

Site access and security — integration of a control system through personalized cards to
prevent unauthorized access by persons to endanger or disrupt the operation of the
antenna system.

Site Permits — to secure the necessary building permits for the construction and
installation of the antenna.

Radio-frequency licenses — to obtain the necessary radio licenses that are necessary for
the operation of the antenna. These licenses are issued by the Communications
Regulatory Commission.
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Correct configuration

Figure 8 — Correct configuration, [Krasimir Terziev]

Chapter 4. Evaluation and comparisons of technological parameters of the designed
ground station through measurements of its parameters.

4.1 Research and determination of the technical characteristics of the designed ground station for
space communications

In this chapter, an analysis of the technological parameters of the designed low earth orbit satellite
communication system is made. Measurements and evaluation of the designed antenna part of a
satellite communication system were performed. Improving the parameters of the antenna system
allows increasing the functionality of the entire satellite communication. The main technological
values that determine the functionality and quality of the satellite connection have been determined.
The results of the experimental application of the satellite antenna are presented and a quantitative
evaluation and analysis of the quality and efficiency of the system is performed. The results of the
empirical studies are analyzed and described, entered in tables and visualized through diagrams.
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After performing a thorough analysis of the data received from the system, we can evaluate which

indicators we observe improved functional and operational characteristics.

The designed and developed antenna system has been experimentally evaluated, which shows

superior results compared to the current technological level of the antenna part of a satellite
communication system.

Graph 1
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Conclusion: This graph presents a comparison of the use of antenna systems in low earth orbit,

versus medium orbit and geostationary orbit platforms.

Graph 2
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Effective Isotropic Radiated Power

OC 1 LEO Antenna System  OConventional Antenna Systemm O O

Conventional Antenna System [ 50 |

OC 1 LEO Antenna System

48

Conventional Difference
Parameters OC LEO 1 Antenna | Antenna System
EIRP 54dBW 50dBW 4dBW

Conclusion: The graph presents a comparison and analysis of the effective isotropic radiated power

values for the "OC LEO 1" antenna system, compared to conventional antennas.

Graph 3

OC 1 LEO Antenna System

Gain over Temperature

Conventional Antenna System

OC 1 LEO Antenna System

OConventional Antenna System O O

OC LEO 1 Antenna | Conventional Difference
Parameters System Antenna System
G/T 13.1dB/K 10.6dB/K 2.5dB/K
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Conclusion: In the graph, we have examined one of the critical parameters of the antenna system
on which the reception of a satellite signal from space depends, namely "Gain vs. Temperature" -
G/T. A comparison was made between the designed antenna system "OC LEO 1" and conventional
antennas. Estimating this value gives us information about the antenna's ability to receive weak
signals from space and at the same time maintain low noise levels that negatively affect and reduce
the useful signal received by the receiver. Higher G/T levels enable the system to work better near
other telecommunications equipment, preventing interference that leads to degradation of the radio
signal. Antennas with low G/T levels often cannot receive a satellite signal that is attenuated in the
atmosphere. In the designed low earth orbit antenna “OC LEO 1” we have an advantageous value
of 13.1dB/K, which is 2.5dB/K higher than the conventional equipment. Operating our antenna
allows us to communicate more efficiently with the satellite, resulting in a greater volume of data
being received during the satellite's over-the-horizon crossing.

Graph 4

Data Volume per pass

OC LEO 1 Antenna System Conventional Antenna System O Difference

|

Data Volume in GB

OC LEO 1 Antenna | Conventional Difference
Parameters System Antenna System
Data Volume 10 GB 8.1GB 1.9GB

Conclusion: This graph presents an analysis and evaluation of the performance of the antenna
system when the satellite passes over the horizon. A comparison was made between the designed
antenna system and conventional antennas. It visualizes the data we expect to be received by the
satellite platform with an average communication time with the antenna (satellite pass) of 5-7
minutes. As a result of the lower values of time delay, optimized G/T and EIRP parameters, we also
achieve faster data exchange rates and the possibility of obtaining a larger volume of information.
Advantageous results of the designed low earth orbit system are presented with values of 10GB,
which are 1.9GB more than the current antennas on the market.
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Graph 5
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Conclusion: An analysis, evaluation and comparison of the reception rates of the designed low earth
orbit antenna system compared to similar products on the market is graphically presented. The
differences in speeds measured in Mbps (Mega bit per second) and Msps (Mega Symbols per
second) are visualized, proving optimization when operating an "OC LEO-1" antenna.
Advantageous reception values of 225Mbps and 85sps are expected, which is 40Mbps and 15Msps
higher speed than equivalent platforms. This allows integration with software and hardware
applications requiring faster data transmission. The overall improvement of the antenna system
parameters provides more secure, reliable and persistent communication with the satellite platforms
in low earth orbit, with high levels of service availability.

4.2 Application of proposed methods for quantitative assessment of the quality and effectiveness of
the system

Based on the comparative analyzes carried out in this chapter of the dissertation, a quantitative
assessment of the quality and efficiency of the designed system "OC LEO 1" in low earth orbit was
carried out. The values of the presented indicators (indicated by C1, C2, C3, C4, C5) are presented
and in percentage ratio superior results compared to the current antenna systems are proven. The
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quality assessment was carried out according to five key criteria, and each of them is presented
graphically.

The formula that is applied is:

C1 Indicator - (C1 OC LEO 1 Antenna System/C1 Conventional Antenna System) x 100%

C2 Indicator - (C2 OC LEO 1 Antenna System/C2 Conventional Antenna System) x 100%

C3 Indicator - (C3 OC LEO 1 Antenna System/C3 Conventional Antenna System) x 100%

C4 Indicator - (C4 OC LEO 1 Antenna System/C4 Conventional Antenna System) x 100%

C5 Indicator - (C5 OC LEO 1 Antenna System/C5 Conventional Antenna System) x 100%

From the obtained result, we subtract 100% to get by what percentage we have increased the
efficiency of the system according to the given criterion. The difference is presented in the "Antenna
System Efficiency Increase"” column as a percentage.

For clarity of the results of the evaluation and analysis, radar diagrams have been prepared for the
individual indicators.

Table with summary results of values for antenna system “OC LEO 1” and conventional antenna
system.

Parameters:
OC LEO 1 Antenna Conventional Increase of the antenna
Indicators System Antenna System system efficiency in %
C1. Effective Isotropic Radiated
Power EIRP in dBW 54 50 8%
C2. Efficiency coefficient of the
antenna when receiving a signal
G/Tin dB/K 13.1 10.6 23.6%
C3. Data Volume per satellite pass
in GB 10 8.1 23.5%
C4. Download data rates in Mbps 225 185 21.6%
C5. Download data rates B Msps 85 70 21.4%
Diagram 1:

The radar diagram illustrates a comparison of the results obtained from the graphs in this chapter
for the main parameters of the designed antenna system versus conventional antennas. The
difference expressed spatially in area is presented. In orange, the values of the conventional antenna
systems are visualized, and in dark red, those of the designed LEO antenna system. From the results,
it follows that according to data exchange speed criteria in Msbs and Mbps there is a serious
optimization and improvement of efficiency, as well as in terms of data volume (Data VVolume) and
the reception coefficient expressed in G/T. At these parameters, we have over a 20% increase over
analogous satellite systems, which is illustrated by the larger area figure represented in the diagram.
The obtained results provide a quantitative assessment of which criteria are improved upon
implementation of the designed system. Optimization has been demonstrated in all critical elements
that are analyzed in the operation of low earth orbit antenna systems.
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B OC LEO 1 Antenna System H Conventional Antenna System

EIRP

Msps G/T
85 13.1
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Diagram 2:
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On the radar diagram, the optimization according to the individual criteria is presented in
percentage ratio, when operating the designed antenna system. Illustrated in purple is the figure

Abstracts of Dissertations 2024(3) 3-34



CONTEMPORARY SATELLITE COMMUNICATION SYSTEMS ... 30

that represents optimization of the five main criteria, as well as an overall increase in system
efficiency. As an initial value, 0% is taken, which represents a conventional antenna system
criterion (in which we have no optimization) and their improvement in terms of the main
parameters such as the speed of data exchange in Msps and Mbps, as well as the volume of data
received from the satellite mission, is set as a percentage , the acceptance ratio G/T and the
effective isotropic radiated power.

Diagram 3:
@OC LEO 1 Conventional Antenna
EIRP 35
5
4.5
3 4
3
5 3 4
2.5
Msps G/T
2
4 3
1.5
1
4.5
5
Mbps Data Volume
4
5

For the purposes of evaluating the functionality of the system, a radar diagram was used, on which
figures are presented, the area of which expresses the opinion and assessment of the surveyed and
tested engineers. The area of a conventional antenna system is illustrated in orange, and that of the
designed OC LEO 1 antenna in red. As can be seen, the area of the integrated OC LEO 1 system is
larger, which proves superior results compared to the technologies currently in use. Based on the
obtained results, we can conclude that we have achieved optimization of the satellite antenna, as
well as better results on the main parameters, which also leads to a high level of satisfaction of the
end users.

In order to calculate the increase in the efficiency of the system functionality, a test system of the
designed antenna in low earth orbit, as well as a conventional antenna, installed in the technology
center of the company “Orbital Connect” (supplier of satellite communication services and
products) was prepared. Test satellite missions with satellites were performed on both antenna
platforms, with an average duration of between 5 and 7 minutes per satellite pass. Access to the
“Network Cloud Engine” software is also provided, through which a target satellite is selected, as
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well as the ground antenna that will receive the data from the platform. The users who test the
system are 5 satellite engineers (indicated in the tables with E1, E2, E3, E4, E5) who are certified
to work with Teleport stations and equipment. They get full access to the resources in the operation
of the “OC-LEO 1” antenna as well as the conventional one, setting the criteria, configuring the
equipment and entering the parameters in the Network Cloud Engine to get the final information in
the cloud system of Amzon - “AWS Cloud” . For the conducted experiment, each engineer was
given full access to the evaluated system, as well as the corresponding survey cards, through which
each one of them could give their selected connection, evaluation and opinion about the system.

Objectives of the study

Conducting the research in the dissertation work has several objectives. The first objective is to
obtain opinions from engineers developing antenna systems, which would have an important role
in further technological and structural improvement and development of satellite systems and
communication products that are part of the entire eco-system.

The second objective is to obtain empirical data, results, and analysis of low-orbit ground antennas
that would have an important role in determining system performance.

The third objective is to determine whether the system is sufficiently versatile, affordable and easy
to integrate to be able to be used by more business organizations, universities, as well as government
and scientific institutions.

Results and evaluation methodology

To calculate the increase in system functionality, we apply a five-point rating system on a scale of
1-5 (1 - "Weak", 2 - "Average", 3 - "Good", 4 - "Very good" and 5 " Excellent' level of
functionality). Non-whole, decimal numbers are also accepted for scoring (for example, 2.5 or 3.5,
etc.). The values are also expressed as a percentage, with 20% considered "Poor" and 100%
considered "Excellent". The criteria analyzed are P1. EIRP, P2. G/T, P3. Data VVolume, P4. Mbps
and P5. Msps. Each user who tests the antennas fills in his opinion and rating in the system. The
total number of engineers conducting the empirical analyses and tests is E=5. After the survey is
completed, the ratings are presented in tabular form and are summed and divided by the total
number of users, taking the average value of the population of numerical data (arithmetic mean
approach). Two tables are presented that include a five-point rating for the designed OC LEO-1
Low Earth Orbit System and conventional antenna systems. In the end, the average score of the
system and the overall improvement, as a value and in percentages, are also calculated.
Considering the values from the assessments made, the results are plotted in a diagram.

The formula used to calculate the arithmetic mean of the ratings from users who tested the system
is:
The formula for OC LEO 1 antenna:
Indicator P1 - Z(E1+E2+E3+E4+ES5)/5 = P1Ec
Indicator P2 - X(E1+E2+E3+E4+E5)/5 = P2Ec
Indicator P3 - Z(E1+E2+E3+E4+ES5)/5 = P3Ec
Indicator P4 - X(E1+E2+E3+E4+E5)/5 = P4Ec
Indicator P5 - Z(E1+E2+E3+E4+ES5)/5 = PSEc

The formula for calculating an average score for system functionality:
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EcP = X(P1Ec+P2Ec+P3Ec+P4Ec+P5EC)/5
Conventional antenna formula:

Indicator S1 - Z(S1+S2+S3+S4+S5)/5 = S1Ec
Indicator S2 - X(S1+S2+S3+S4+S5)/5 = S2Ec
Indicator S3 - £(S1+S2+S3+S4+S5)/5 = S3Ec
Indicator S4 - X(S1+S2+S3+S4+S5)/5 = S4Ec
Indicator S5 - £(S1+S2+S3+S4+S5)/5 = S5Ec

The formula for calculating the average score for the system functionality:
EcS = £(S1Ec + S2Ec + S3Ec + S4Ec + S5Ec)/5

System Functionality Rating Scale

Rating/Value Result/Level of functionality

1 Weak
2 Average
3 Good
4 Very Good
5 Excellent

"OC LEO 1" antenna system rating table

El | E2 E3 E4 E5 Rating B % based on a five-
Indicators Ec point system
P1. EIRP 35| 35| 35| 35| 35 35 70%
P2. G/T 4.5 4| 45 4 3 80%
P3. Data Volume > > > > > 100%
P4. Mbps S5 S5 S5 > S5 100%
P5. Msps > > 5 > > 100%
EcP. Average rating 4.5 90%

Table of ratings of a conventional antenna system

El | E2 |E3 E4 E5 Rating B % based on a five-point
Indicators Ec system
S1. EIRP 3] 3 4 3 2 3 60%
$2. G/T 25| 35 2 4 3 3 60%
$3. Data Volume 41 5| 45] 35 3 4 80%
S4. Mbps S| 4 4 5 4.5 45 90%
S5. Msps 41 5| 45| 45 4.5 45 90%
EcS. Average rating 3.8 76%

In view of the above results, the overall functionality of the designed system is scored 0.7 points
higher than the current antennas on the five-point system, or an average of 14% efficiency

improvement.
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4.3 Conclusion

This chapter presents the results of measurements made on the designed antenna system for
satellite communications. Essential technological parameters such as time delay, satellite signal
reception sensitivity, amplifier power and signal strength sent to the satellite, data transmission
rate, temperature resistance, orbital specifics, as well as the overall efficiency of the designed
low earth orbit system are determined. The obtained results are compared with results of
currently operated technological solutions for satellite communication systems. Evaluations
were made according to a set of criteria such as transmission power, reception efficiency factor,
volume, and speed of transmitted data during a satellite pass and analysis of time delays by
orbital position. This multi-criteria selection is graphically interpreted, allowing to make
evaluations of the designed antenna system and to compare it with existing solutions. The
measurements made show an increase in the required parameters of the antenna system, which
favors the increase in the functionality of the ground part of satellite communication systems.

Dissertation Contributions

1. An analytical overview of satellite communications was made, through which the usefulness
of using low-orbit satellites was determined and the technological functions that must be
performed by ground stations were determined

2. A satellite communications ground station for low-orbit satellites is designed to support
information services via low-orbit satellites

3. An antenna system has been developed for the ground station, which allows to achieve a
higher communication speed, greater signal gain for reception and transmission, greater overall
functionality.

4. The antenna part is evaluated through experiments, achieving higher technological
parameters than an existing prototype and the use in a real satellite communications system.

Results of the dissertation work have been applied in the implementation and development of
a project for an antenna system "OC-LEO 1" in frequency band S, intended for communication
with satellite platforms in low earth orbit.
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YBOa

CH'bTHUKOBUTE CUCTEMU Ca TEXHOJOTMYHO CPEJICTBO 3a IIPElaBaHE Ha JaHHU, KOETO
IIOKpHUBA IOJIEMH pa3CcTOsHUSA. ToBa OoNpeaess U TAXHOTO PUII0KEHUE U pa3IpOCTPAHEHUE,
KbJIETO yCIIOBUSTA 3a KOMyHukanuu U jocten a0 IT umubpactpykTypa ca cuIHO
orpannyeHd. CI'bTHUKOBUTE KOMYHHUKALIMM MOTaT Jla C€ pealu3upar ¢ pasiudyHu
KOMOMHAIIMM Ha TEJIEKOMYHUKAMOHHM MOMAYJIH, CUCTEMH U mojacucteMu. ChbOTBETHO
TEXHOJIOTUYHUTE PEHICHUs BOASAT A0 Pa3IU4YHU CBOMCTBA, M3UCKBAHMS U MapaMeTpu Ha
yCIIyruTe 3a KOMYHUKAllMd M IIpellaBaHe Ha JaHHU. Buabr Ha ToBa o0OpyaBaHe U
YCTPOMCTBA, KaTO €JIEMEHT Ha CITBTHUKOBUTE CUCTEMH 32 KOMYHHUKAIIVS, U3UCKBA Pa3INdHU
TEXHOJIOTUYHU PELIEHMsI, KOUTO Ja OTrOBapAT CTaHJAPTUTE U J1a OCUTYPST HaAekKAHA
caTeluTHa CBhp3aHOCT. KaTto TexHomorudeH npoodiem e n300pbT Ha CbBMECTHMH M yIa9HU
TEXHOJIOTUYHU MOJYJIM, KOUTO B ChbBKYIHOCT Ja MPEAOCTaBAT KOMYHUKAIIMOHHU YCIYTH
ChC CHOTBETHA CKOPOCT Ha MpejaBaHe, HaMalsiBaHE 3aTUXBAHETO Ha CUTHAJIUTE U CUTYPEH
JOCTHII HAa TO3U BUJ KOMYHUKAIIMU 32 KpailHUTE MOTPEOUTENH.

HaCTOHH_IaTa JUCCpTallMOHHA pa60Ta CH ITIOCTaBA LCJI NPOCKTUPAHEC HAa HA3€MHAaTa 4acCT OT
CUCTCMA 3a CAaTCJIMTHAa KOMYHUKaIW:. Ta e npeaABuacHa 3a IIPCHOC Ha AdHHU KbM
CII'bTHUKOBH CUCTEMHU M CH3BC31UA Ha HUCKA Ha3CMHa Op6I/ITa, KOATO € MpcArodYnTaHa OT
CaTCIIMTHUTEC OLICPATOPHU U 110JI3BATCIIN, ThI KaTo ocCUrypsBa 1mo-MaJIKO 3aKbCHCHHUE MCKIY
3asABKaTa U U3II'BJIHCHUECTO HA KOMYHUKallUUATA.
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I'naBa 1: AHajiuTH4eH 0030p HA CIBTHUKOBHUTE TEJIEKOMYHUKANMOHHU
CHCTEMH

1.1  Hcropuuecku 0030p Ha caTeTUTHATA HHIYCTPHUS

Hcropuyeckure (akTH 1aBaT CBEJCHHS, Y€ MMOHEP HA CAaTEIMTHATA TEXHOJIOTHS € IBaJIECET
U CeJleM TOJUIIIHUS BOSHHO-BB3AYIIEeH oduiiep u yueH Ha ume Aptyp Kiapk, koiiTo o Bpeme
Ha TPEHUPOBBUEH Jarep OMUCBA I'bPBOHAYAIHATAa KOHIEMIMA. MOMYETO HalucBa CTAaTHs
,Extra terrestrial relays”, kosTO pech3aaBa uaesaTa 3a KOMyHHKAIIMOHHUTE CITBTHHIIM, KaTO
TEKCTHT ce myonnKyBa B bpuranckoro uznanue ,,Wireless World”. Toit onricBa, 4e U3KyCTBEH
CITBTHUK Ha TOYHA JUCTAHIUS OT 3eMsATa, OM OCTaHaJl HACOYEH KbM ChIllaTa TOYKa B
MPOABDKEHUE Ha 24 Yaca U C ONTUYCH PAJyC OT OKOJIO TIOJIOBUHATA OT 3¢MHATa IOBBPXHOCT.
Cnopen HeroBara Teopus 1e ObAaT HEOOXOJUMH TPU HA3€MHU CTAHIUH, KOUTO JIa TIOKPHUAT
360 rpagyca m Aa OCHTYpSAT riio0aJlHa KOMYHUKAIIMOHHA CBBP3aHOCT. TOYHATA NUCTAHIIHS,
KOSITO € OTIpeieNieHa OT €KBAaTOpa, MPH KOSITO CATEIUTHT IIIE CE IBUXKH C €JHAKBA CKOPOCT KaTo
3eMsITa, € 35 786 KM U € HauMeHyBaHa Ha ch3jaTens i — opoutarta Ha Knapk. [1o To3u HaunH
BCHMYKH aHTCHH Ha 3eMsTa IIe ObJaT HacOYeHU (UKCHPAHO KbM €IHA MO3UIMS U HiAMa Ja €
HY)KHO Jla C€ HAacOuYBaT M HACTPOMBAT NMEPUOIUYHO, 33 Ja MpeJaBaT WM NpUeMaT JaHHH.
Cucremara, oncana ot Aptbp Kiapk BCBITHOCT ce CUMTa OT yUYCHHUTE KaTO MIOBPAaTHA TOYKA B
caTeJIMTHATa UHIyCTPHsI, KOSATO MOCTaBsi OCHOBAaTa Ha KOMEPCHUAIN3ALUATA HA CIThTHUKOBHUTE
KOMYHUKAIMOHHU yCIIyru. Toii € HapeueH chIio Oala Ha WHAYCTPUsTA.

1.2 HpI/IJ'IO)KeHI/IC Ha CaTCJIMTHA UHAYCTPUS 3a KOMEPCHUATITHU LCJIN

[Ipe3 1962 romuna, aamuHuctpanusta Ha npesuaeHta J[>xon Kenemu mnpemiara
Ch3/1aBaHETO Ha Pa3pabOTBaHETO Ha rio0ajHa KOMYHHUKALMOHHA CAaTEIMTHA CUCTEMA, YUHTO
JOKYMEHT c€ NMOANKCBA OT Hero Ha 31 ABryct cpiara roguHa. Cp3gaBa ce HOBaTa 4acTHA
koMmnanus “COMSAT”, koATo 111e uMa 3a LeJI 1a OCBLIECTBSIBA IAPTHBOPCTBA C IPYTH CTPaHU
OTHOCHO M3TpaKJaHETO Ha riiofaiHa KoMmepcuaiaHa carenuTHa mpexa. Ha 20 Asrycr 1964
roJuHa, BbB BalIMHITOH ce ch3haBa I'bpBaTa MEXJIyHApOJHA CATEIMTHA KOMYHMKAIlMOHHA
opraHmsalus, HapeueHa ,,Intelsat. ETo 4e u unBa BpemeTo 3a cb3/1aBaHETO U U3CTPEIBAHETO HA
II'BPBUSI KOMEPCUAJIEH Te0CTallMOHAPEH CITBTHUK, KOMTO ce pa3padboTsa oT ,,Hughes Aircraft®.
,Early Bird 1“ (mo-xbcHO mpeumeHyBaH Ha ,Intelsat 1°) ce m3ctpenBa Ha 6 Anpun 1965
roauHa. KamanurersT My e O 3a npoBexjaHe Ha 240 eJHOBpEMEHHH Pa3roBopa M U3TbYBaHE
caMO Ha €IWH YepHO-Os1 TeNeBU3MOHEH KaHaj. CaTeluThT MOKpUBAa PETMOHA OKOJIO
ATIaHTHYECKUSI OKEaH, KaTo € OCUTypsiBaJl KOMYHHKAallUOHHA Bpb3ka Mexay CesepHa
Awmepuka u 3anaana Espomna. ,,Early Bird 1* e 6un ninanupan aa uMa )kuBoT oT 18 Mecena, HO
ce € 3abpKall B opOuTa 3 ronuHu U nojosuHa. B kpas Ha 60-Te ronunuy, ,,Intelsat ocurypsisa
Beue TJI00AIIHO TOKPHUTHE, cliell KaTo Bede (pyHkimoHupa ,Intelsat 3. Hawamoro Ha 80-Te
TOJIMHHU, OCHOBHUTE KOMITAHUH, KOUTO ONEPUPAT CI'bTHUIIM C TTI00aTHO MOKPUTHE ca OWIIH TE3U
Ha ,Intelsat™ u ,,Intersputnik®. , Intelsat u Texaute Hax 100 gbpkaBU YIEHKH ca MPEaaBaIH
pe3 MpekaTa CH JIBe-TPETH OT CBETOBHHMS KOMYHUKALMOHEH TpapuK M IOYTH eI
TEJIEBU3MOHEH IIPEHOC Ha MEIMHWHO CchAbpXkaHWe. ENMH OT NMOHEpUTE Ha caTeluTHATa
muctpuOynus Ha kabenHa mporpama e O6mn Cunnu Tomon, xoWTo € OMII YacT OT Malka
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kommanus Ha uMme “Scientific Atlanta”. Toit pazpaborBa 10 meTpoBa aHTeHa, KOSATO € Ouia
M3II0JI3BaHa OT KaOETHUTE ONEPaTOPH 3a IpUEeMaHe Ha CUTHAJ OT CaTEIMTHUTE TUIaT(HOPMH.
CarenMTHOTO M3TbUBAHETO HA CHUMKH OT I'bPBOTO CTBIIBAHE Ha JiyHaTa npe3 1969, kakto u
JIETHUTE OJIMMIIUKACKYU UTrpu B MronxeH, ['epmanus npe3 1972 10 MuiaMoHu xopa, J0Ka3Bar Ha
CBETa CHUJIaTa U BIUSHUETO HA TEXHOJIOTHUSATA.

1.3 Unrerpupano kaGeiHo U CaTEIMTHOTO MpelaBaHe Ha TaHHU

[To ToBa Bpeme B EBpoma mMa ole eIuH BHU3MOHEp M IpeArpueMau, KOWTO BIKIA
CHJIaTa Ha CAaTeIUTHUTE TEXHOJOTUHU U MO-KbCHO IlI€ M3rpajid TaKaBa TEJIEKOMYHHUKAIlMOHHA
Mpexa. imero My e Pymbpt Mbapok. Mepnok e pomen mpe3 1931 roguna B MenObpH,
ABctpanusi. Toil e cuH Ha ycnemHus BecTHUKapcku wu3aaten Cup KeiT, koilto ymupa
HEOYaKBaHO, Korato Mbpok e easa Ha 21 ronunu u cieasa B yHuBepcutera B Oxcdopa. Toit
HacJie/sBa OT Oalla cu JiBa aBcTpaluiicku BectHUKa ,, The Adelaide News” u ,,The Brisbane
Courier Mail”, xouTo ycnsiBa aa mpeBbpHE B 1Ba MOT'BIIIY MYJITHMEINITHN KOHTII0MepaTa. [Ipe3
80-te TO# mpUTEKaBa Pa3IMYHM BECTHHUIIM 1O cBeTa Kato ,,New York Post” u momynsipaoTo B
Jlonon m3ganue “Times”. I1pe3 1985 romuna Pymspt 3akynysa u ,,Twenty Century Fox films*
u TB cryausita 3a 575 MuiinoHa marcku fonapa u mect TB kanana ot ,,Metromedia“ u moctass
Hayanoto Ha ,,Fox Networks®. 3a n1a uzberne amepukaHCKUTE peryjaiuu, KOUTO 3a0bpaHsaBaT
MPUTEKABAHETO Ha JUIEH3 32 MEIUHHO pa3MpoCTpaHEHUE, TOM NMPUAOOMBAa aMEPHUKAHCKO
rpaxaanctBo Ha 4. CentemBpu 1985. DTH ycnyrute B CAILl ce nosiBaBat 61arogapeHue Ha
Crenmm Xb0apn, KoiTo 1o ToBa Bpeme ¢ gact ot ,,USSB — US Satellite Broadcasting*, xoiito
MoJTy4yaBa IIBPBUSAT JIMIIEH3 3a ycinyrute npe3 1981 roguna. B HagaioTo npueMHUTE aHTEHH,
KOUTO ca OWUJIM Ipe/lHa3HayeHKe 3a IPUEMaHETO Ha CUrHajla ca B yectoTHa JieHTa C. llenara,
pa3MepuTe U OrpaHUYEHUTE Bb3MOKHOCTH OIPaHUYaBar 3a ChKaJeHHe yciayraTa camo J10 Xopa,
KOUTO ca c€ 3aHUMaBalIM ¢ JeifHocTTa KaTo xo0u. Te3u HemocTaThIM HE ca MO3BOJSBAIU
MacOBOTO M KOMEPCHAIHOTO HABIIM3aHE Ha yClIyrara, KOeTO OrpaHr4aBa U MOCTHILUICHUSTA OT
npuxogu. Kem kpasg Ha 2000 roguHa, careluTHaTa MHAYCTPUS U OM3HECHT NPETHPIISABA
cepuo3nu npomenu. Ha 9-tu Anpun 2003, ,,Murdoch’s News Corp* u ,,General Motors* ce
criopazymsiBaT 3a cymara oT 6.6 munumapna nonapa 3a 34% nsan B ,,Hughes Electronics®,
BKTIOUBaky U ,,DirecTV* u 80% ot akiuute Ha ,,PanAmSat u Murdoch’s News Corp.* e Haii-
MOTblIlaTa MEANIHA UMIIEPHS T10 TOBA BPEME.

1.4 KoHKypeHIIMs U Ma3apHU NPUI0KEHHS

CrnenBaiiku CBOsITa Ta3apHa JIOTHMKA, CaTeIUTHATa WHIYCTPHS 3aloYBa CTPEMTJIABO
pasBUTHEC, MPEABHU Bb3MOXHOCTHTEC, KOUTO C€ OTKpPUBAT, KAKTO U O6H€quHI/ITe peryinanuu,
KOWUTO ce ciayuBar OnarojgapeHue Ha ,,PanAmSat”. Hapnmu3anero Ha KoMITaHMsITa Ha Ta3apa,
JaBa B3MOXKHOCT JIa C€ pa3pyllud MOHOIMoOMA Ha ,,Intelsat™ u na ch3gane MpeArnocTaBKy 3a Mo-
roJISIM UHTEPEC OT CTPaHA HA UHBECTUTOPUTE, KAKTO U 3a MO-BUCOKU HHMBA HA KOHKYPEHIIUS.
Havanoro Ha HOBara BbJHA OT CIBTHHUIIM MMOCTaBs KoMmmaHusTa ,,Orion Network Systems®,
Hayeno Ha kosAto 3actaBa [xon IlyeHre — eauH oT Boaemurte uHXeHepu € ,,Comsat
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Laboratories*. Cpenara Ha 90-Te rouHa, caTeIUTHUTE ONIEPATOPH AKTUBHO CE U3TPABST CPEIILY
MoHomoysia Ha “Intelsat” m HacTosBaT 3a HeEroBara MPUBATU3ALUSA, KOSTO Ja JOBEIE [0
PaBHOIIOCTAaBEHOCT W CBOOOAHATA TMaszapHa HaampeBapa Mexay ydactHurmre. [Ipe3 1995
roJIMHA 3alo4yBaT MPEroBOPH 3a IpHUBaTH3alMsATa Ha ApyxectBoTo. Ha 10 ®espyapu 1997
roquHa “Intelsat 2000 Working Party” — xomuTter, u3gaBa JOKJIa] OTHOCHO IPECTPYKTYPUPAHE
Ha ,,Intelsat” ¢ men yyacTueTo cu Ha naszapa 6e3 TUCKpUMUHHUPALIN (aKTOPH.

[Ipe3 90-te roguuu ce HabmomaBa cepuo3eH OyM Ha MHTepHET TEXHONOTMHTE W BCUYKHU
TEJIEeKOMYHUKAIIMOHHH YCIIYTH, KOETO BOJH JI0 OIIE [10-CEpUO3HUSI HHTEPEC Ha UHBECTUTOPH B
Ta3u ma3zapHa Huma. [I[porHo3uTe U MapKEeTUHTOBUTE MPOYYBAHUS OKA3BaT OLIE BEAHDBK, Ue
C€ OYaKBa CEPUO3€H PBCT HA CATENUTHUTE YCIyrd. TOUHO MO TOBa BpeMeE 3alouBaT U HOBO
arpeCMBHM CTpAaTeTHUU CbC CbH3JaBAHETO HAa HOBH W C MHOTO I[IOBEYE TEXHOJIOTMYHU
BB3MOXKHOCTHU CATEIUTHU MPEKHU.

IIpes Mapt, 2000 romuua, Kourpecsr B CAIL] mpuema ,,Open-Market reorganization for
betterment of International Telecommunications® (Orbital Act) - ToKyMeHT, KOHTO HMa 3a el
Ja MPeIoCTaBH Ollle MO-TojsiMa CBOOOJAa U KOHKYPEHTHO CIHOCOOHOCT Ha YYacCTHHIIMTE B
nasapa. Ta3u qupeKkTHBa rJiacu U U3MCKBAHETO 3a MpUBaTU3alus Ha ,,Intelsat”, kakro u Hanara
HSKOU 3aJIbJDKeHUs Ha apykectBoto. Ha 17 HoemBpu 2000 ronuua, Ha 00mo chOpaHue Ha
HIntelsat™, 3aenHo ¢ 144 yyacTHMIM OT pa3NUYHU MPABUTEICTBA MpPHUEMAT C AHOHUMHO
rJlacyBaHe IUIaH 3a mpuBaru3amus Ha ,Intelsat. Cnex menw 37 roIuHU KaTo IbprKaBHA
KoMmnaHus, Intelsat opunanyo craBa yactHa komnanus Ha 18 FOmu, 2001 ronuna. B nbpBara
roJIiHa OT HOBOTO XWJISIJIOJETHE, CATeIMTHATa WHIYCTpUsl OENEeX U CBOS 3CHUT, BBIPEKH
TypOyJIEHTHOTO HaBNM3aHe Ha VIHTEpHET TEXHOJIOTUUTE U TeIeKOM YCIyruTe. AcCOonManusTa
Ha caTenuTHaTa MHIYCTpHs MyOJMKyBa MOKJIAN C JaHHU 3a oOul obopor ot 80 muinuapna
nonapa. CpeHUAT pbCT Ha ToauIHa 6a3a e 15%, koeTo e obemraBaiio 3a HOBH UHBECTULIUU U
Hanuuue Ha crabuiHa cdepa. Hauanoro, koero nmonoxu npenu 37 rogunu ,Intelsat™, cera ce
MPEeBpBIIA B MOT'bIIIa CBETOBHA CaTEIMTHA HHAYCTPHSI.

1.5 Pa3BuTHe Ha CIbTHUKOBUTE TEXHOJIOTUHU M HABIIM3aHE HA MPEKU Ha HUCKA Ha3eMHa opouTa

CarenuTute Ha HUCKa HazeMHa opouta (LEO opOuta) ctaBaT Bce Mo-momyJssipHU Ipe3
MOCJIeTHUTE TOAMHH, OJIarofiapeHre Ha CIOCOOHOCTTa UM Jia MIPEJOCTaBsAT BUCOKOCKOPOCTEH
MHTEpHET U JPYTM KOMYHHUKALMOHHU YCIYT'H Ha MOTPEOUTENNUTE HA 3eMATa ChC 3HAUUTEITHO
1o-7100pu MapamMeTpH OT ChIIECTBYBAIlaTa TEXHOJOTHS HAa IeoCTalloHapHa Ha3eMHa opOuTa.
Brrnpekn ToBa, €IMH OT OCHOBHHTE MPOOJIEMH €, Y€ ChIIECTBYBAIIUAT OpOil HA3eMHU CTaHIIHA
HE MoraTr Ja mnpuemar U oOpalboTsaT edeKkTHBHO Tpaduka OT TAX, MOpagd JUIcCaTa Ha
JIOCTaTh4eH OpOoi TakWBa, KOUTO Ja pabOTAT B KOHKPETEH YECTOTEH CIEKTHhpP M KOWUTO Ja
MOKpUBAT M3WUCKBAaHMITA HAa HOBUTE CITBTHUKOBU Ch3Be3qus. Ha3zeMHHTE CTaHIMHM ca OT
CBIIECTBEHO 3HAYCHHWE 3a MpHEMaHe Ha CUTHAJHUTE, OT CI'bTHHUIMTE W TPENaBaHETO UM JIO
MOJIXOASIIATa JecTUHAIM. Te AelicTBAT KaTo MOopTall MEX/y caTeslnTa U KpaHus HOTpeOuTed,
KaTo TapaHTUpaT, 4e JaHHUTE OT CaTeJINTa, Ce MOoTy4aBaT u oopaboTsar npaBmiHo. OcBeH TOBa
HEJIOCTUI'PT HAa HA3eMHHU CTaHIMM MOXKE J1a orpaHuyd noreHnuana Ha LEO carenutute na
NPEJOCTaBAT HOBU YCIYTH M BB3MOXKHOCTH, BKIIOUUTENHO IMCTAaHIMOHHO HaOJIO/eHuE,
Ha0JII0/IeHNE Ha 3eMATa 1 MOHUTOPHHT Ha OKOJTHATa cpefia. 3a Jia ce perd T3 mpoodieM, nMa
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HY’KZa OT pa3lIUpPsBaHE HA TEIEKOM HUH(PACcTPyKTypaTa, 0cOOEHO B pallOHU C BUCOKA I'bCTOTA
Ha HaceJleHHeTo. M31oa3BaHeTo Ha [I0BEYE aHTEHHU CUCTEMU HM II03BOJISBA J1a YIIPABJIsIBAME
no-e(pUKaCHO HapacTBAIIMS CATEIUTEH KalaluTeT, KaKTO U MPEUU3HOTO MYy PErruOHaIHO
pasmpejeneHue 1o xb00Be, 3a Ja HE ce HaToBaps Mpexara M Jla c€ OCUTypu CBOOOJEH
Kanauret. Te MoraT 1a Ob1aT CTpATETHUECKH PA3IOI0KEHU B PAiOHH, KOUTO UMAT IO-TOJISIMO
ThpCEHE, yBeIu4aBallki OOIIOTO NMOKPUTHE HAa caTelIMTHATa Mpeka. EOUH OT KpUTUYHUTE
€JIEMEHTH 3a CaTeIMTHUTE ONepaTopu € pa3NpelesiHeTO Ha Tpaduka MO CIbTHUKOBU
1atopMu, KakTo u TexaenopTt craHIMUTE, KOETO U3UCKBA TOCTOSIHHO ONTUMU3UPAHE HA TO3U
nporec OT COOCTBEHMLUTE Ha CIITHUKOBHM CbBe3iusA. ToBa MOXKe Ja c€ IOCTUTHE upe3
M3I0JI3BaHETO HA YChBBPIICHCTBAHU KOMYHUKALIMOHHU TEXHOJIOTUHA U MHCTPYMEHTH 33 aHAJIU3
Ha JIaHHU ¥ MOHHUTOPUHI Ha TpaduK, KOUTO MOraT Jga IOMOTHAT 3a ONTHMH3HMpaHE Ha
MapuIpyTU3UPAHETO Ha TpaduKa MEXy pa3IMUHU CTAHLINH, KaTO CE TapaHTHPA, Y€ HATMYHUSIT
KalayuTeT ce M3MOJI3Ba B NMBJIHMUA CH NoTeHnuan. HapactBamusar Opoii TenenopT anTeHH
U3UCKBA U MOJOOpPEeHHE Ha KOMYHMKAallMOHHA HWH(PACTPyKTypa upe3 paslIUpeHue Ha
HJIMYHUTE HA3€MHM KalallUTeTH 3a MPEHOC Ha JaHHU, KOSTO Ja YIpaBisiBa TojieMUTe 00eMu
OT JaHHH.

1.6 3axrouenue

HampaBen ucropryecku M TEXHOJOTMYEH aHAIM3 Ha Pa3BUTUETO HA TEXHOJIOTHMTE,
MpUJIaraHy 3a peaju3upaHe Ha YCIYTd 4pe3 CObTHUKOBM KOMyHUKauuu. OOOCHOBaHO €, ue
YyacTTa Ha Ha3eMHaTa HMH(PACTpyKTypa Ha CHBTHUKOBA KOMYHHMKAallMOHHA CHUCTEMa €
CBILIECTBEH KOMIIOHEHT 3a (YHKIMOHMPAHETO Ha KOMYHUKAIlMMTE, YIPaBJIEHUETO Ha
KIMEHTCKUs TpaduK M OCUTYPSIBAaHETO Ha HAJAEXJHAa CBbp3aHOCT. ToBa 0O0OCHOBaBa
HE00X0IMMOCTTa OT pa3pabOTBAHETO HA TEXHOJIOTMYHH PELICHUS 3a Ha3eMHHTE MOACUCTEMHU
Ha LEO koMyHUKalMOHHU caTequTH. Upe3 MHBecTHpaHe B HH(PACTPYKTypa M MOJEPHHU
TEXHOJIOTUU MOKEM J1a MOJ00pUM Kamanurera U e(peKTUBHOCTTa Ha CI'bTHUKOBHUTE MPEXH,
KaTo rapaHtupame, 4e NOoTpeOUTEINTe UMAT JOCTHI 10 BUCOKOCKOPOCTEH UHTEPHET, IPEHOC
Ha JIaHHU M TJ1ac, KakTo U APYTd KOMYHUKAIlMOHHU YCIyrd. BpBexkaaHeTo Ha MHOBAllMOHHU
METOJIU U IPOEKTUPAHETO Ha IPOAYKTH, KOUTO OMXa ce CIpaBHIIM MO-e(hEKTUBHO C ITPEHOca Ha
JaHHU, OM OCUTYPUJIO MPEANOCTaBKU 3a CIPABSHETO C yBeIUYaBaIlIus ce Opoi caTelnuTH.
OcHoBHara pa0oTa 3aja4a Ha TO3U JUCEPTALMOHEH TPyl € A2 MPOEKTUpa, pa3paboTH MPOEKT
3a MHCTaNalus 1 KOHQUrypanus Ha caTeIMTHA Ha3eMHa aHTeHa, OllepHpalla CbC CIIbTHULIN Ha
HUCKa Ha3zeMHa OpOuTa, KakTO W Ja ce MpeAsokaT MHOBATMBHM METOIU 3a IpHEMaHe,
u3Mnpariane, 00paboTBaHe U JOCTHI A0 CI'bTHUKOBUTE JJaHHU OT IMOTPEOUTENNTE, OTIEPUPALIT
CbC Chb3Be3AMATa U IulaTgopmara. C BHEAPSABAHETO HA TO3M CATEIUTEH TEPMUHAI LIE Ce
JOKaXK€ ONTHUMU3MPAHETO Ha NMOJOOHM CHCTEMH 3a padoTa ChC CATEIUTH HAa HUCKA HAa3eMHA
opbuTa, Karo MO TO3M HAYMH II€ CE€ OCUTYPAT MPEINOCTaBKM 3a HU3TPAKIAHETO Ha
TEXHOJIOTHYHA Ha3eHMa HHPPACTPYKTypa, KOATO Ja MOKpHUe HapacTBauus ooem ot MHTepHeT
Tpaduk. ChIo Taka e ce IPUIOKH U MOIXO0/ 32 KOJIUYECTBEHA OlleHKa U e()eKTUBHOCTTA Ha
cucTeMara, KaTo ce aHaJIM3upaT JaHHUTE, KOUTO ce 00pabOTBaT OT CHCTEMATa U C€ CHIIOCTABST
KAaueCTBEHO ChC ChUIECTBYBAILIUTE CUCTEMHU.
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I'naBa 2. IIpo6aemu npu npoekTupaHe U PyHKIHOHUPAHE HA CUCTEMHM 32
CIIbTHUKOBA KOMYHUKALMS.

2.1 OcCHOBHU KOMIIOHEHTH M XapaKTEPUCTHKU Ha CIIbTHUKOBATa Bpb3Ka

CatenuTHHUTE BPB3KH U MPEHOC HAa JAHHM 3aeMaT BaKHA PO B IiIo0aHATa TEICKOM
uHayctpus. Te ca 4acT OT CBETOBHATa TEIEKOMYHHMKALMOHHA MpeXa. TSXHOTO ChIECTBEHO
IPEANMCTBOTO €, Y€ OCHTYPSIBAT KOMYHHKALHS 10 HAali-OTaJICYCHH U HEJOCTHITHU MecTa 0e3
HanmuuHa KaOenmHa wHOpacTpyktypa. HeoOxoamma e wMHCTamanusTa Ha €IHA CaTeJUTHA
MIPUEMHO-TIPEaBaTeIHa aHTEHA, KAaKTO U MOJIEM, Upe3 KOMTO /1a c€ OCHILECTBH KOMYHHKAIIHS
ChC CITBTHHK U 110 TO3HM HAUWH Ja ce 00e3reun 1 ocurypu AocThil 1o Mutepuer. U3kycTBeHuTE
CITBTHUIIM CE HAMHPAT B KOCMOCA Ha OIpe/iesieHa OpOUTAIHA MTO3UIHS U TOPAJAN Ta3h IPUIHHA
HE ca 3acerHaTh OT TPHUPOJHU OCICTBHS HAa 3eMHATa IMOBBPXHOCT, KaTO 3EMETPECCHHS,
HaBOJHEHHS, MOXKapH M Jpyrd. B pombiHeHHe, OCBEH KOHBEHIMOHAIHATAa CBBP3aHOCT 3a
Ha3eMHU KOMYHUKAIIMOHHU YCIIyTH, Ype3 CATEIIMTHUTE Ch3BE3AUS CE MpeaocTaBs U MHTepHeT
JOCTBII 10 OOCKTH B MOPETa U OKEaHHU, KBJIETO € HEBB3MOXKHOCT J1a C€ OCUTYPH JOCTBII TIpe3
CTaHjapTHa KaOemHa Mpeka. M3Mmois3Baiiku Ta3W TEXHOJIOTHSI, MOTAaT €IHOBPEMEHHO Ja ce
MOKPUAT XWISITA OOCKTH OT KOCMOCA, Ype3 M3MOI3BAHETO HA CaMO €IMH CI'bTHUKOB JIbY OT
KocMmoca. CIbTHUKOBUTE KOMYHHKAIIMY CE U3TIOJI3BAT 32 IPEHOC HA BCSIKAKBB TUI YCIYTH KaTO
JIaHHU, TJIACOBU YCIIYTH, BUJICO U MYJITUMEIUNHHO ChAbpkaHue. TsaxHaTa rbBKaBOCT MIO3BOJISIBA
W W3TPaXJTAaHETO HA PAa3JIMYHM TUIIOBE MPEHOCHA Cpela W TOMOJOTHS Ha MPEXHTE, KaTo ce
BHEJIPSBAT U Pa3IMYHU METO/IU 32 KPUITHPAHE HAa JAHHHUTE C LIEJ II0-BHCOKA CUT'YPHOCT, KaKTO
Y BB3MOKHOCT 32 M3TPaXK/IaHe Ha BUPTYaIHU YaCTHU MPEXKH.

Ponsita UM e KiIt04OBa 32 OCHTYPSIBAHETO Ha HENPEKbCBAEMa CBBP3aHOCT U MPEHOCHT
Ha MAacuMBUM OT JAaHHU OT M JI0 HEJOCTBIIHM TOYKH, 3a Ja C€ OCUTypU TIJI00aJIHO
TEJIEKOMYHUKAIIMOHHO TOKpuTHE. B mombinHeHne ocBeH MHTepHeT Tpaduka m mpeHoca Ha
JaHHU, T€ OCUTYPSIBAT BB3MOKHOCT 32 JIOCTBIT 10 MEITUIHO M TEIEBU3UOHHO ChIbp)KaHUE Ha
JOMaKWHCTBA, KOUTO Ca B OTAaJeUeHH M HENOCTHIIHH pPAaliOHH, B KOUTO HsMa HW3TPaJCHU
Ka0elHu TpaceTa U Mpexu. bbp30To M3rpaxkaaHe Ha Mpekarta, IMMPOKATE 30HH Ha TIOKPUTHE
4pe3 e/lHa CaTeJINTHA IU1aTo(hopMa U Ha/IeXKTHATA U BUCOKOCKOPOCTHA BPB3Ka ChC CIIBTHHKA,
I'M [IPaBU €1Ha OT Hai-Obp30 pa3BUBAILUTE C€ MHIYCTPUHU B 21 Bek.

ITo-gony onucBaM OCHOBHHMTE KOMIIOHEHTHM Ha €/1Ha CI'bTHUKOBAa KOMYHHKAllMOHHA BpPB3Ka
(durypa 1).
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CDI/Ipra 1. OcHOBHHU KOMITOHEHTH Ha CITLTHUKOBATA KOMYHUKAallus, [BusinessCom NetWOI‘kS]

CrbTHHKOBATA KOMYHHKallMA BKJIIOYBAa ABA OCHOBHHU CEIrMCHTA — KOCMHYCCKM M HA3C€MCH
CCIMCHT. HO-I[OJIy OIMMCBaM TE3U ABC HAIIPABJICHU, KAKTO U OTACIHUTC CY6GJI€M6HTI/I, 3a Ja cc
Hu3rpagv CatcjiuTHa KOMYHHKaLUs.

2.1.1. HazeMmeH cerMeHT

Enun oT chllecTBEHUTE KOMIIOHEHTH 3a OCBIIECTBSIBAHE HA MPEHOC Ha JIAaHHU upe3
CITBTHUKOBA I1aT(hopMa € Ha3eMHUST CErMEHT HJIM Ha3eMHaTa ctaHius. Hue ro cpemiame mo-
yecto kato Gateway unu Tenenopt. To# ce chbcTOM OT cHCTEMa OT aHTEHHU, BETHO C IIUPOK
CIIEKTHP OT Xaplyep, MHCTAJIMpaH Haii-uecTo B Jara LEHTHP B OJM30CT, KOUTO MpHEMAaT U
npeaBaT JaHHUTE IO CATEJIMTUTE B KOHKPETHA YECTOTa W MOIYJIAIMOHHU CXEMH U TI0 TO3U
HAUMH M3rpaxJaT KOMYHHKAlUs B KOHKpETHa YEeCTOTHA JIEHTa M MOJyJAllMOHHA CXeMa.
OO0opynBaHeTO, KOETO Hai-uecTo ce HHCTaJupa ca pa3jIMyHU THUIOBE MPHUEMHUIIH,
MOJIyJIaTOPH, IEMOJIYIaTOpH, MOJIEMH, KOHBEPTOPH, YCUIIBATENIN, MATPULIU, CYUTUOBE, XbOOBE
u apyru. Catenuture oneparopu uznomsar TTC (telemetry, tracking and control) antenu —
TS CIeIU OpOMTANHATA TIO3UIUS, KAKTO M IPYTH KPUTUYHU MapaMeTpH Ha CaTeINTa B PEaHO
BpeMe, 3a Ja ce TrapaHTHpa CUTypHa yciyra 3a morpeburenure. Upe3 Tasm cucrema ce
OCBIIECBTSBA TEIEMETPHUS U TUCTAHIIMOHEH MOHUTOPUHT U KOHTPOI.

KpaifHuTe KIMEHTCKM aHTEHHU MOTaT Jia ce Pa3/eisT B TPU OCHOBHH KaTETOPHH — (PUKCHPAHH
(stationary), mob6uau (on-the-move) u nperocumu (flyaway), kaTto Te ce M3MON3BAT CIIOPE.T
KOHKPETHOTO IpuiiokeHue. Te ce XapakTepu3upaT ¢ 4eCTOTEH CIEKThbp, pa3Mep U TUIl Ha
peduiextopa, noyspusanys, aBTOMaTUYEH UM pbU€H TPaKUHT, BUA opouTta u apyru. Konkoro
MO-TOJISIM € JMaMeThpa Ha pediexTopa, KakTo M U3XOZsIIaTa MOITHOCT Ha YCHIJIBATEIN,
TOJIKOBA MO-e(EKTHBHA CUCTEMa UMaMe U ChOTBETHO MO-100pa KOMYHUKALUS ChC CITBTHHKA.
W300pbT Ha OTIEHUTE EIIEMEHTH YECTO Ce AETEPMUHHUPA OT CITBTHUKOBHS ONIEPaTOpP, KOWTO
M3roTBs Kajkynauus Ha Bpb3kara (Link Budget), koliTo maBa yka3zaHue W mpenopbKd 3a
MUHHMAaJTHATE U3UCKBAHMS 32 aHTEHATA.

W3srpaxnaHeTo Ha Ha3eMHUSI CETMEHT W3MCKBA MTPABUJICH MTOI00P HA OTIEIHUTE KOMIIOHEHTH,
KOUTO (DYHKIIMOHHPAT 3a€]IHO, 3a J1a OCUTYPST KaueCTBEeHa KOMYHHUKALIUS U IPEHOC Ha JTaHHU
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(Durypa 2, 3). OCHOBHUTE €JIEMEHTH, KOUTO Ca 4YacT OT €JHa aHTEHHA CHUCTEMa 3a KpacH

noTpeOuTeN Cca CIEIHUTE:

Pedpnekrop Ha aHTeHHa cHcCTeMa - TOBAa € 4YacT OT aHTEHaTa, KOATO OTpa3siBa
MOJIyYEHUTE PAJUO-CICKTPOMArHUTHU JIbYM U TU TOJaBa KbM OOJbUBATEIS.
W3non3BaHeTo Ha MO-TONSM JHAMETHp IO3BOJISIBA H3TpaXKJIaHe Ha MO-e(heKTHBHA
CITBTHUKOBA BPb3Ka. MarepuanbT, OT KOWTO € MPOU3BEICH pediiekTopa € KIIOYOB U
3aTOBa YECTO CE U3IOI3BAT BBIVIEPOIHU BiIakHa (carbon fiber), cTrpkieHu BiakHa (glass
fiber) u amymuHMii.

Kommiekr o6npuBaten (RF feed) — Toil BkirouBa oOmbuBaTeNisi, TPaAHCIIOCHP
(Orthomode Transducer) u Haii-uecTO KbM HETO0 CE MOHTHUPAT M KOHBEPTOPHUTE H
ycunBarenuTe. Toll MOXe J1a onepupa B JIMHEHHA WM KPBroBa MOJSAPU3AIHS, CIIOPE
CaTeIUTHUS JIBY.

VYcunsaren/Kouseprop (Block Up Converter) — ycuiBatenure ce €KCIIOAaTHpaT B
Tenemoprt craHmusATa, KaTo 4acT OT NPEAABATEIHUTE aHTCHHW WM CE MHTETPHUpAT B
KpailHUs KIIMEHTCKH TepMuHail. DYHKIUATA UM € J1a TpUeMaT CUTHaJIa OT J]aTa HEHTbpa
(Haif-4yecTo OT MOAYJATOpa WM MOJIEMA), 1a TO KOHBEPTUPAT OT YeCTOTEH CIeKThp [F
wii L kbM MO-BUCOK, KOWTO CHOTBETCTBA Ha CIIBTHUKOBATa cucTeMa — Haii-yecto C,
Ku, Ka, X. Cnen xoeto ycumaBa curHania, 3a Jja Mu3npartu noiyuyeHara uHGpopManus KbM
caTenuT. 3a MpearoYnuTaHe € 1a ce U3MOIA3BAaT MO-BUCOKH M3XOSIIN MOIIHOCTH, 32 /1a
Ce M3M0JI3Ba MM0-e(EKTUBHO HATMYHHUS KalaluTeT.

Hucko-mymoB ycunsaren — Low Noise block convertor (LNB) — To3u koMnoHeHT
IpHeMa CUTHaJla OT CITbTHUKA, CJIe]l KOETO I'0 YCHUIIBA, 3a Jla c€ 00paboTH OT KpaitHOTO
ycrpoiicTBo. ChII0 Taka KOHBEpTUpa OT mo-Bucoka uectora (C, Ku, Ka, X) kbm mo—
nucka [F umu. Mima 1Ba OCHOBHU THUTIOBE HUCKO-ITyMOBH ycwiBarenn — “Phased Lock
Loop”, “Dielectric Resonator Oscilator”. Phased Lock Loop ycunBarenm morar na
ObJaT ¢ BHIIHA UK BbTpEIIHa pedepenius — “external” u ,,internal reference”.
BoeanoBon (Waveguide) ToBa e wyacTTa OT aHTEHara, KOSTO TpaHCIOPTUpa
€JIEKTPOMAarHuTHATa BbIIHA OT oOrbuBarens 10 LNB.

Otorutenue Ha aHTeHaTa — V3mom3Ba ce Ha MecTa, Ha KOUTO TEMITEPATypUTE MaaaT MO
HyJlaTa ¥ € BBb3MOXHO 3aMpB3BaHETO Ha peduiekTopa M JedeKTHpaHe Ha aHTeHarTa,
KOETO BOJM JI0 3ary0a Ha BpB3Ka ChC CI'BPTHUKA WIM MHTEPPEPEHIMS HA CHTHAJIA.
W3non3Bar ce pa3iamyHy THIIOBE OTOIUICHUS, KaTO Hali-4eCcTO TO C€ MPUKPEIs B 3a/IHATA
9acT Ha aHTeHaTa, HO UMa KOHTPOJIEpH, Ype3 KOUTO CE 3aaBaT ImapaMeTpuTe Ha paboTa
Ha CHCTeMara.

Croiika 3a MOHTaXX — IPU KpallHUTE KIIMEHTCKU TEPMUHAIIM UMaMe Hali-4eCTO CTOMKH
3a MOHTaX ¢ Win 0e3 MpoOMBaHe Ha OCHOBaTa, Taka HapeueHute “Non-penetrating roof
mounts” u ,,Penetrating roof mounts”. B 3aBucumocT oT TepeHa, Ha KOHTO ce U3BbpIIBa
JEWHOCTTA, Ce TPENOPbYBa U PA3JINYCH THIT TPOAYKT.
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®urypa 2. lNpuemHa aHTeHa, [nyeH apxms Kpacumunp Tepsmnes]
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W e

®durypa 3. EnemeHTH Ha aHTeHaTa, [AndeH apxme Kpacummp Tep3nes]

KakTo Beue crmoMeHax, OCBEH aHTCHHATa CUCTEMa, 32 M3TPaKIAHETO HA CITBTHUKOBHTE
KOMYHHKAIIUH, UMaM€ U pas3IMdCH BU JOIIBIHUTCIIHO 060pyleaHe, KOE€TO CC U3II0JI3BA B JaTa
IEHThD WJIM Ha MSACTOTO Ha CKCIUIOATUPAHETO Ha YCIIyrara, 3a Jia Ce OCBIICCTBH BPH3KA C
mwiardopmara B kocMoca. OmmrucBaM 9acT OT OCHOBHHTE KOMITOHCHTH:
kocMoca. OmucBaM 9acT OT OCHOBHHUTE KOMIIOHEHTH:

e MosgeMm — TOBa yCTPOMCTBO M3BBPIIBA MOAYIAIMS M ASMOAYJAIMs - KOHBEPTHpA
JTUTUTATHUSIT CUTHAJ, U3MPATEH OT KOMITIOThPa B aHAJIOTOB (MOyamus) U 00paTHO
AQHAJIOTOB B JUTHTAJIICH CUTHAI (IeMmomyiaius). Moaemute oOpaboTBaT MakeTu OT
JaHHU, KaKTO M CE€ XapaKTepu3upar ¢ MakcUMaieH obeM oOpboTenu nanuu (bytes),
KOUTO C€ H3mpam@aMm 3a oprenerneHo Bpeme (cexkyHau). ChBpEeMEHHHTE MOACMH
mpenjaraT CKOpocTH, uspazeHn B Mbps — megabit per second. [lonexxe momemute
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M3BBPUIBAT MOJYJIALlMA U AEMOIlyJalus, Te ca MpeJHa3HaueH! 3a JBYIIOCOUYEH OOMEH
Ha JIaHHU — IPUEMAaHEe U TIpe/laBaHe.

e Moxaynarop — MOIYJIaTOPBT € YCTPOMCTBO, KOETO HacjlarBa HHCKO-YECTOTHA BBPXY
BHCOKO-Y€CTOTHA MH(pOpMAIUs WIM CUTHAJ 32 IeNITe Ha O€3KUYHO IpeJaBaHEe Ha
nanHd. MogynanusTta € He0X0AuMa, 3alI0TO TS € YacT OT Mpolieca Mo U3rpaxaaHe Ha
CI'BPTHUKOBATa KOMyHHKaIusi. CUTHAIMTE MOTaT Ja ObJaT NUTHTATHU WA aHAJIOTOBH.
OcHOBHUTE THMOBE ca 000COOEHW B TPU OCHOBHHM HANpABICHUS — aMIUIUTYJHA ,
gyecToTHa u (pa3osa.

Ammmatyaaa — amplitude modulation (AM), anamoroBa m amplitude shift keying
(ASK), nururanHa.

YecrorHa — frequency modulation (FM) — ananorosa u frequency shift keying (FSK),
JTUTHUTAJIHA.

®dazoBa — phase modulation (PM), ananorosa u phase shift keying (PSK), nurutanna

e JlemomynaTop — TOH UMa TOYHO oOpaTHaTa GYHKIMS Ha MOAYJIaTopa. 3agadata My € Ja
nemonynupa AM, FM, PM MoaynupaHu CUTHANU U Ja TH JA€KOaupa U peodpasysa B
aynuo,Buneo u3xon. CwIlo Taka MoxeM Aa ¢GopMyinupame TO3M MPOIEC, 4Ye €
W3BJIIMYAHETO HA OPUTMHAIHUTE JaHHU OT CHBTHUKA W Pa3JICITHETO Ha IOJIC3HUS
CUTHaJ OT MHOTOOPOWHUTE PaIuo-CICKTPOMATHUTHH BBIHHU, 33 Jla CE MpUEMaT OT
KpalHOTO YCTPOMCTBO.

e KoHBepTop — YCTpOICTBOTO, KOETO IMpeodpa3yBa MO-HUCKA PAIHO YECTOTa KBbM IO
BHCOKA TaKaBa ce€ Hapuya CTel-bIl KOHBEpTOp (up-converter). Koraro nadmonaBame
o0paTHUS TpoIleC, TOECT KOHBEPTUPAHE OT MO-BUCOKA YECTOTa KbM IO-HUCKA, TOTaBa
M3II0JI3BaMe cTen-nayH KouBepTop (down-converter). CIbHTUKOBUTE KOMYHUKAITH CE
XapaKTepu3npar ¢ BUCOKA YECTOTA U TIOPAIU Ta3U MPUINHA € HEOOXOIMMO H3IO0I3BaHEe
Ha ToBa O0OpyJ/BaHe, 3a Jla C€ M3IPATIT JaHHUTE B KOHKPETHATa YeCTOTa, B KJIOTO
orepupa caTeluTHaTa miaTdopma.

e [P mpexoBu cynu — [P cyuyoBere ce m3mon3BaT ja mnpeaanaT uHdopmanusTa a0
MpekaTa, OT yCTpOWCTBaTa, CBbP3aHH KbM TAX, upe3 ¢usznyecku Haii-uecto Ethernet
noptoBe (paznuyeH Opoii — ot 4 10 96). Upes Tsx ce oChIlecTBIBA CUTYPHA U HAJSKTHA
KUYHA KOMYHUKAIUS MEX]y yCTpoiicTBara, BMecTo wi-fi 6e3:xuyuHa cBbp3anoct. Te ce
M3MOI3BaT Hali-4ecTO Ha MECTa, KbJIETO MMa HyXkJa OT MOJAPHKKA Ha TolsaM Opoii
KpaliHH yCTPOUCTBa, KaTo Haif-uecTo Te 0OpadoTrat Layer 2 unu Layer 3 mpoTokomu.

e Pytep — Hapuua ce ome mapmpyrtuzarop. Ponsita My € Ki1ro4oBa B KOMyHHUKal{MOHHUTE
MPEXH, 3aI0TO TOW PyTUpa UK pa3Ipeiessl MaKeTUuTe, KOUTO MPUCTUTAT OT pa3IndHH
MpPEXH, H3MOJM3BAMKU JIOTUKA, KOSTO € TMpeABapuTeNHO KoHpurypupana B [P
anpecu/Tabmumy. bes Hero, [P MpexuTe 1 KOMyHHUKAITUUTE HIMA KaK 12 GyHKITHOHUPAT
B CHHXPOH.

e XBb0 — TOBa € 000py/BaHE, KOETO CE€ MHCTAIMpa U UHTErpupa ¢ TeIEKOMYHHUKAIIMOHHA
nHppacTpykTtypa Ha Tenemopr craHmmmMTe, 3a Ja 00e3MeYd eTHOBPEMEHHO
KOMYHHKAIUS C HIKOJIKO CIBTHHKA M IMPEIOCTaBs BH3MOXKHOCTTA 3a CBBbpP3BaHE HA
MHOTOOpOMHM KpaiiHU TEPMHHAIIU U YCTPOMCTBA, C 11€]1 IPEHOC Ha JAHHU MU JOCTBI
no MutepHer. Xb00BeTEe ce XapakTepH3UPAT C MOIPHKKA HA TOJEMH CI'BTHHKOBH
KalaluTeT! M ChOTBETHO Obp3a 00paboTka Ha ToimsiM obem oT mHbopmarus. Te
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CTIECTATST M PECYpPH NPU U3TPAXKAAHETO HA TEICKOMYHUKAITMOHHA HHPPACTPYKTYpa U
MpEeKa, 3alI0TO XapAyepbhT BeUe € MPEeABAPUTEITHO MHCTATUPAH U KOHDyrypupaH u
yciyrara ce MpeaocTans JIECHO U Obp30.

e Marpuma - TOBa € MPOAYKT, 4pe3 KOHTO ce H3BBpIIA AWCTAHIIMOHCH KOHTPOI,
MOHHUTOPHHT W ynpapieHue Ha mnpuemanute (downlink) m m3mpamanute (uplink)
CUTHATM OT W KbM CIBTHUKA. TeNernopT CTaHIMHUTE, CATIUTHHUTE OIEPaTOpH,
MEIMIHUTE KOMIIAHUH U JIPYTH OpPraHU3alliy B HHIYCTPUATA M3IMOJI3BAT MATPHUIIH, 32
na o0paboTBar Tpaduka, criopes HyKIAUTE WM.

2.1.2 Kocmuyecku cerMeHT

Toli BKIIOYBa U3KYCTBEHUS CI'bTHUK, HApEUeH olile caTesuT. JlymMmarta uBa oT aHTJIUICKU
Artificial Satellite — u3KkycTBeH CHBTHHK, KOWTO ce HM3BEKIa B OpOMTa, 3a HYKIWTE Ha
TENIEKOMYHUKAIIMOHHUTE yCIyru. DyHKIUATa My € Ja MpUeMa CUTHAIM OT 3eMsTa W Jia
W3MPATH/OTPpa3u CHINUTE KbM JpyTa MPEABAPUTEITHO 3aaJeHa TOYKA WIIA JIOKAIHS, KOSITO €
4acT OT MOKPUTUETO Ha JIbYa.

KoM nuenna nara Haza 11,000 u3KycTBEHU CITbTHHKA ca B OKOJIO3€MHA OpOUTA U CE€ U3M0I3BAT
3a pa3NuYHM 1eNId U MPUIOKEeHHs. PazMepuTe UM ca MHOTO pa3lInyHH, KaTO Bapupar OT Taka
HapeueHuTe ,,Cube* caTenuTH — YUUTO pa3MepH ca MAJIKO Hall 4 MHYA U TE MOTAT Jla Ce XBaHaT
C ellHa pbKa, 10 TakuBa ¢ TexecT 10 ToHa u 34 meTpa nbixkuHa. COBTHULIUTE CE€ U3CTPESIBAT
OT cIleLlMajHa 3a I[eJITa PaKeTa, B KOSTO CAaTEeIUTHT C€ CI'bBa M MOCTENEHHO Ce pa3rpbhlla, Mpu
JIOCTUTAaHETO Ha ONpelesieHa BUCOYMHA B KocMoca. Yact OT pakerara IbK u3raps B

aTMocdepara.

JIBa ca OCHOBHHUTE €JIECMEHTH Ha CATEIUTHUTE:

1. “Bus” — mpencramisiBa MOIyJIapHa CTPYKTYypa, KOATO CHITHOCT OGOpMs OCHOBara Ha
CIIBTHHKA U KOSITO MOJIbpKa TNIABHUTE CUCTEMHU U TOJCUCTEMHU 32 HOpMaJlHaTa OlepaThBHA
paora.

2. ,Payload“ - BxiOYBa KOMYHHKAallUOHHATa YacT Ha CHBTHHKA — TPAHCIOHJIEPHTE,

KOMYHHKAIIMOHHU aHTCHU — IIPUEMHU U ITPEAABATCIIHU.

Yactu Ha “Bus” cerMeHT

e CrpykrypHa mojacucreMa (Structural Subsystem) - ToBa ocurypsiBa MexaHUYHaTa
oTopa 3a LeHs CaTeNIUT, BKIIFOUUTETHO MOJIE3HHSI TOBAp U IPYTH mojacuctemu. Toit e
MIPOEKTHPAH J1a U3IbPKH Ha HAPEKEHUETO MPH U3CTPEIBAHETO U CYPOBUTE YCIOBUS B
KOocMoca.

e [loacucrema 3a 3axpanBaHe (Power subsystem) — T4 reHepupa, cbXpaHsiBa U
pasnpenens eNeKTpruIecKa eHepTrsl KbM pa3IMdYHUTE CUCTEMH Ha catennTa. OCHOBHUST
W3TOYHUK Ha €HEPTHUS, U3MOI3BaH OT EIEKTPOHHO padoTemoTo 000pyIBaHe B KOCMOCA,
ca COJapHHUTE KIETKH. BBIpekn ToBa, OaTepumTe CHIIO Ca BKIIOYCHH B TaKHBa
CHCTEMH, KOWUTO TIpejiaraT 3aXpaHBaHe B PEKUM Ha TOTOBHOCT B CIIydail Ha JIMTICA HA
cipHYeBa eHeprusa. Tyk TpsiOBa na ce oTOenekw, 4e MOIIHOCTTA, TeHepHUpaHa oOT
eIMHUYHA COJIapHa KJIETKa, € JOCTa MaJlka OT Ta3u, KOATO JIEHCTBUTEIIHO CE€ U3UCKBA OT
000py/ABaHETO, TaKa Y€ BMECTO JIa C€ M3IO0JI3Ba €IHA, CE U3MOI3BAT MACUBH OT KJIETKH,
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B IIOCIIEIOBATENIHA U TIapajieliHa KOH(GUIypalys 3a IOCTUIaHe Ha JKEJIAHOTO HHUBO Ha
MOIIHOCT.

e [Iloacucrema 3a kKoHTpon u ompeaensHe Ha no3urusaTa (Attitude Control and
Determination Subsystem) - Ta3u cucreMa MoaIbpka OPUCHTAIMATA U [MO3UIMATA HA
careyiuTa B MPOCTPAHCTBOTO, KATO TapaHTUPa, Y€ aHTEHUTE, CCH30PUTE M CIIbHYEBUTE
MaHeX ca MpaBWiIHO HacoueHH. OOMKHOBEHO € ChCTOM OT CEH30pPH 3a U3MEpBAaHE Ha
OTHOIIIEHHETO U IMO3MIMATA HA CATEIUTa U 3aBMKBAILM MEXaHMU3MH, KaTo TIACKaIH
YCTPOMCTBA MIIM PEAKTHBHU KOJIENa, 3a U3BBPIIBAHE HA KOPEKIIUH, aKO € HEOOXOJMMO.
KOHTpOI'bT Ha carelinTa ChOTBETCTBA HA KOHTPOJIMPAHETO HA OPHEHTALUATA MY,
JIOKaTo oOMKalns OKolo 3eMsarta. ToBa € pelnaBam@ 4YacT OT IHPOEKTHPAHETO M
HOIJIPBKKATA HA CAaTeIMTHATA CHCTEMa, ThHl KAaro TOBa II03BOJIABA HA CaTEIUTHATA
aHTEHa Ja C€ HACOYU TOYHO KbM KOHKPETHHS PETHOH HA 3eMsTa.

I[lo Bpeme Ha TO3M TmpoLeC C€ YCTAaHOBSBA OpHEHTAIMsATa HA CHOBTHUKA B
NPOCTPAHCTBOTO W CIIEA TOBA TpsOBa Ja c€ aKTUBUpPA MPABHIHOTO KOHTPOIUPAIIO
JICMCTBHE B Clydal Ha rpemika. [1o mpuHIMN nmo3unysaTa Ha CIIBTHULIATE C€ IIPOMEHS
BbB BPEMETO, IOpPaAM KOETO W3UCKBA HAOJIOACHWE W MEPUOAWYHA KOPEKIIHS.
CrnbTHUKOBUTE MIATGOPMHU CHINO Taka TpsOBa Ja 3aeMaT OmpelesieHa OpOuTaliHa
MO3UIMS, 32 Jla Ce Cla3BaT M3UCKBAHUATA HA MEXKIYHAPOTHUS TEIEKOMYHHUKAIIHOHEH
cpto3 (International Telecommunication Union) m jga He mpeyaT Ha ChCEIHUTE
wiatopMu B KocMoca.

o [Iloacucrema 3a Tepmuder kKoHTposl (Thermal Control Subsystem) - Carenutute,
OOUMKAJSIIN OKOJIO 3eMsTa, OMBAT 3aCerHATH OT TOJIEMH TeMIIEpaTypHH KOJIeOaHUs U
MMa pa3MYHU TMPUYMHU 3a TOBa. Temieparypara Ha CIIbTHHKA Bapupa MHOpaau
CI'bHUEBUTE JIBYCHUSI U TE€3HW HABAIIM OT 3emsTa. OCBEH TAX, CaTeIIMTHAHA CHCTEMa
CBIIO TEHEpUpa TOIUTMHA M BCHUYKH Te3W (PaKTOpW TOBHWIIABAT TeMIepaTypara u 3a
MpaBuiiHA paboTa T TPSAOBA J1a ce MOIbPKa B TPAHUIIM. 3a JIa CE MOCTUTHE TOBA, €ANH
0T BaxkHHUTE (pakTOpH € oOopyABaHETO Ja paboTu B moaxoisima arMmocdepa. Taszu
CHCTEeMa peryiupa TemIleparypaTa Ha CaTelnTa, 3a Ja 3allUTH YyBCTBUTEIIHATA
CJIEKTPOHUKA W JpPYr'd KOMIIOHEHTH OT €KCTPeMHH TeMIepaTypHHU KojeOaHUs.
OOMKHOBEHO M3MOJI3Ba NMACUBHU TEXHUKHU, KaTO M30JIALUS, U AKTUBHU TEXHHMKH, KaTO
HarpeBaTeiy U paJuaTopH, 3a MoJIbp)KaHe Ha CTabMIIHA cpefia.

e [loacucrema 3a 3anBuxBaHe (Propulsion Subsystem) - ToBa 1aBa BB3MOMKHOCT 3a
npoMsiHa Ha opOuTaTa Ha CI'BTHMKA WIM 3ala3BaHe Ha Herorata mnosuuusa. B
3aBUCUMOCT OT HW3HCKBAaHUATA Ha MUCHSTA, 33JBI)KBAHETO MOXE Jia BKIIOYBA
XMUMUYECKH, €IEKTPUUECKHU UM JPYTU TEXHOJIOIMHU 32 3aJIBH)KBAHE.

e Komynukanmonna mnoacucremMa (Communication Subsystem) - ToBa mno3BossiBa
KOMYHUKAIUS MEXKAY CaTeIUTHUTE U HA3eMHUTE CTaHIIMH, YIECHABAWKU MPEIaBaHETO
Ha KOMaH/1, TEJIEMETPUS U TaHHM 3a 1oJie3eH ToBap. KoMmyHuKalmonHaTa nojcucremMa
OOMKHOBEHO C€ CBhCTOM OT aHTEHHW, IpejaaBaTend W npueMHHIU. Cucremara
MIPOU3BEXK/IA EICKTPUICCKN CUTHAJIM TIPOTIOPIIMOHATHO Ha KOJHMYECTBOTO, HEOOXOUMO
3a MU3MEepBaHe, KOIWpa TH W MpeaBa 10 JKellaHaTa HazeMHa craHims. OyHKIusITa 3a
TeJIeMETpHUsl € CBbp3aHa C M3MEpPBaHE Ha Pa3CTOSHHE. TeleMeTPUYHHUTE CHUTHAIH Ce
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CBCTOAT OT WMH(OpPMAINHMs 332 OKOJHATA Cpeja, caTelnTHAa MHQOpMAIus, 3aeTHO ChC
SNIEKTPO3aXPAaHBAHETO U HAJSITAHETO HA ChXPAHEHOTO FOPUBO.

Yactu Ha Payload cerment

e TpaHCHOHAEp — TOBA € YacTTa OT CaTeInTa, KOWTO U3IbIHABA (PYHKIMATA 32 IPUEMaHe
u npenasade Ha AaHHU (Purypa 4). Toil e Hali-Ba)KHATA YACT, YPE3 KOSITO CE MpEeHacs
TEJIEKOMYHUKAllMOHEH CUTHAJ OT M KBbM 3eMsATa. TpaHCHOHJEPBHT CHOTBETCTBA HA
KaHas, oOpa3yBaH OT IOCJEIOBATEIHO CBbP3aHU €IUMHHUIM MEXIy INpelaBaTesHa U
npuemaina aHteHu. Te He mpencTaBisBaT OTAEIHO 00OpyJBaHE, a KOMOMHAIMS OT
€JIEMTHTH, OOpasyBallld KaHaj 3a KoMyHukanus. CiefoBaTeIHO TPaHCIIOHAEPHT €
CBILECTBEHA EMHMIIA 3a caTeIuTHA KoMyHHUKanus. [[lnpuHara Ha yecToTHATA JIEHTa HA
TPaHCIIOHJEPa 3aBUCH OT TEXHOJIOTHATA, M3MON3BAaHA 3a CaTeJIUTa, KAaKTO U OT
€CTECTBOTO Ha CUTHajla, KOMTO ce mpeaaBa. Toil € BKIOYEH KaKTO B Bpb3KaTa Harope
(uplink), Taka u B Bpp3kaTa Hagoxy (downlink).

- Oscillator
Unlink Amplifier I
o L Demodu- .
Frequency LNA - tator +| Processing
E Frequency
R Converter
Local
- Oscillator
’ 1 Amplifier Amplifier
Dot - Modulator j¢—
Frequency T
E
R
®urypa 4. CaTenuTeH TpaHCNOHAEP U NpueMaHe/npeaasaHe Ha AaHHK, [SatNow]

2.2 OcHOBHHU MpPC)KOBHU TOIIOJIOTHU W YCCTOTHHU JICHTH, IPHIOKHUMHU B CATCIUTHUTC
KOMYHHKaAIIUH.

OCHOBHHTE MPEKOBH TOIIOJIOTHH, KOUTO CE UTIOJI3BAT B CATEIMTHUTE KOMYHUKAIIMH ca: 3Be3/1a
(star), Mpexa (mesh) u equHudeH kaHai Ha Hocema yectoTa (single channel per carrier).

e SCPC wumm ,single channel per carrier” e mupoko u3non3Ban TepMuH. CaTeTUTHUST
TPAHCIIOHEP MMa OTNpeieJieHa YeCTOTHA JICHTA U € pa3JieicHa Ha Opoil Hocemu
YECTOTH, KaTO CE MMa MPEABHU]] YeCTOTHATA JIEHTa Ha 3a Opoi. Hampumep catenutsT B
obxsar ,,C“ ¢ obOma uyectorHa jneHta or S00MHz e pasmeneH Mexay MHOTO
TpPaHCIOHJEPU C 4YecToTHa JeHTa oT 36MHz. Tsa ce u3mon3Ba 3a mpeHacsHE Ha
uHpopmanus moj dopMaTa Ha TJAC WIHM JaHHU. Te3u TUHUM 3a IJIac UIU JaHHHU Ce
Hapuyar kaHai. ,,SCPC* o3HauaBa €JUHWYEH KaHal Ha CAaTEIIUTEH TPAHCIOHJIEP.
KananbT 32 riiac uiam JaHHU ce MOJIYJHpa Mpe3 HOCElla YecToTa W ce IMpeaaBa C
MOMOINTa Ha HAa3eMHATa aHTeHa KbM CaTelUTa W CHIIUAT MOJYJHMPAH CUTHAT Ce
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KOHBEPTUPA/yCHJIBa M C€ M3Mpalia Hafody KbM IpHUEMalus TePMHHAI OT JApyrara
CTpaHa upe3 TPAHCIOHJAEP — TYK KMMaMme aHaJOrM4YeH MNPHUHLIWI Ha H3MpallaHe,
oOpaboTBaHe u npuemane Ha nHpopmarmara kato npu MCPC (multiple channel per
carrier).

e 3Be3ja (star) - caTeIMTHUTE MPEXKHU ChC 3BE3JHA TONOJIOTUs ocurypssart I[P cBbp3aHocT
¢ Ha3zeMeH X0 B TenenopT cTaHuusATa Ha oneparopa. Upe3 M3MOI3BaHE HA MPEKOBO
obopyaBane, KoeTo ce cBbp3Ba KbM VSAT (very small aperture terminal) Xb0, KOHTO
€IHOBPEMEHHO [OCTaBsi CI'bTHUKOB KalalUTeT J0 MHOTOOPOMHM OTAajIeueHH
KJIMEHTCKH TePMHUHAIIN, KOUTO MOJTy4aBaT A0CThI 10 MHTepHeT MpexaTa.

Enna oT TexHOJIOTHHTE, KOMTO CE€ M3IOI3BAT MPHU MPEXH THM ,,3Be31a ¢ TDMA — | time
division multiplexing*, KoATO ce U3I013Ba IPH U3MpalaHe HAa JAHHH JI0 HAKOJIKO JICCTHHAIIIH.
To3u HauMH AaBa BB3MOXKHOCT Jia C€ M3II0JI3Ba ChIllaTa YE€CTOTA, KOSTO BCBHITHOCT Pa3ieiis
CUTHaJIa Ha HAKOJIKO BPEMEBH CJIOTa. TepMHUHAIIUTE Ce PeIyBaT IPe3 MHOTO KPAaTKH MHTEPBAIIH,
KaTo M3IMOJI3BAT a0COJIFOTHO CHIMUS 3aJI0’KEH U NpeeUHUPAH CIOT HA TPAHCIOHJEPA H I10
TO3W HAYMH C€ ONTUMHU3HPA U3TOJI3BAHETO HA CIIBTHUKOBHS PECYPC M KalaluTeT.
CIbTHUKOBUTE KOMYHHKAIIMM € HEOOXOJMMO Jla C€ CIia3BaT OMPEICIICH YECTOTEH CIICKTHP,
AJIOKUPAH OT caTeIUTHUTE omnepatopu. OCBEH TOBa Te TpsOBa Ja cra3Bar M pabOTAT B ITBIHO
CHOTBETCTBUE MEXKIYHAPOJAHUTE PETyNallld, KOUTO C€ ONpPENeNsT M KOHTPOIUPAT OT
MexnyHapoaHus TeleKoMyHUKannoHeH cbio3 (International Telecommunication Union —
ITU), ®urypa 5.

UecTOTHHUAT CIEKTBP € B OCHOBAaTa 3a ChH3JaBAHETO W YTBBPKIABAHETO HA HAJICKTHA
KOMYHHKAI[MOHHA BPB3Ka, KaTO CHINO TaKa OMpenesss HeoOXOIuMOTO 00OpyIBaHE, KOETO
TpsOBa Ja Ce W3IOJI3BA MMPHU M3IBIHCHHETO HA TO3W Iporec. BaxxHo € ma ce oTdenexu, ue
4ecToTaTa MPEeACTABIIABA CHIICCTBCH MapaMeThp, KOWTO BIIHSIC BbPXY IbJDKUHATA HA BBJIHATA
U, CbOTBETHO, BHPXY MHOXKECTBO aCTIEKTH Ha KOMyHHKAI[MOHHATAa CHUCTEMA.

Haii-mmpoko n3nons3Banute yectotHu jJeHty ca VHFE, L, S, C, X, Ku, Ka.
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Maritime Navigation AM Shortwave VHF TV UHF TV Satellite/ Radio astronomy,
navigation aids maritime radio, FM radio, cell phones, microwave radar landing
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®urypa 5. Pagmo yectoTeH cnekTsbp, [European Space Agency]

2.3 OcHOBHHUTE BUJIOBE YCIyTH, MpEAJIaraHd OT CI'bTHUKOBHUTE MpPEXKH. THUIOBE CaTEIUTHHU
opouTu

o Oukcupann carenutHu ycinyru (Fixed Satellite Services - FSS) - OcurypsiBat
KOMYHUKAIIUK MEXIy €qHa WM HAKOJIKO (UKCHpPAHW HAa3eMHH JIOKAIlMH Ype3
peTpaHcianus npe3 eAMH WK HIKOJIKO CIIbTHUKA. Korato nMamMe nmpeHoc rnpe3 HAKOJIKO
caTenuTa, C€ OCBIIECTBSIBA Taka HapedeHara ,inter satellite service® KOMyHHKAIIHs.
ToBa pemienue ce oTiaMuyaBa C TOBA, Y€ JIECHO MOraT Ja Ce pa3fensT Ha HIKOJIKO
HOCEIIM, KOETO I'o MpaBU NPEANOYUTaH MPU M3TPaXKJAaHETO Ha CI'bTHUKOBU BPB3KH.
[Mogabpxar ce TeneoOHHM TIACOBH YCIYrd, NMPEHOC Ha JaHHU, (Gakc, BHAECO U
TEJIEBU3MOHHO ChIbp)KaHUE, PATHO U IPYTH.

e Pamgno u TeneBusuonHo pasmnpbckBaHe (Broadcast Satellite Service - BSS) — Ta3u
TEXHOJIOTUSI CE€ W3IOJI3BAa HA-4ecTO NMPH HM3IIbYBAHETO Ha TEJCBU3MOHHHM KaHAIHA U
chIbpkaHue, HanpuMep npu “Direct to Home” (nupextHo no goma) ycayrute. Tyk e
XapakTepHO W3MOJ3BAHETO Ha IeJIM TPaHCIOHAEPH, 3a Ja Cce I[peHece
MYJITHILIEKCUPAHOTO TEJIEBU3MOHHOTO ChIBPIKAHHUE 10 KpAfHUTE KIIMEHTCKH aHTEHHU.
Tosn mMeron ce w3MoN3Ba OT KaOETHHWTE ONEpPATOpH TNPEABHI €PEKTUBHOCTTA Ha
YeCcTOTHATA JICHTA U M3IOJ3BaHETO Ha IeNUs KanaluuTeT B TpaHcnoHaepure — 36MHz,
54MHz unu 72MHz. Te ce nensaT Ha J1Ba OCHOBU THUIIA — MHOTO(QYHKLUMOHAIHU U
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CHCTEMH 3a JUPEKTHO CI'bTHUKOBO IIpUEMaHe, KaTo Te ce pa3juyaBaT OT MaKCUMaJlHaTa
JOIyCTHMA ITBTHOCT Ha OTOKa Ha MomHocTTa (Power Flux Density).

e JlupexTHM paauo u TeneBuo3noHHu yciayrH (Direct broadcast system - DBS). IIpenBun
3aBHCUMOCTTA OT ITBTHOCTTA Ha IIOTOKA U [I0-BUCOKATa UM YECTOTa OT CTaHIapTHATA,
T€ TIpeylaraT Mo-OrpaHUYEHO MOKPUTHE HA 3€MHATa NOBbPXHOCT. YecToTHaTa jneHTa
kbM cibTHHKA € 17.3 — 18.1 GHz, a ot cbtHEKA 11.7 — 12.75GHz. M3non3Ba ce Haii-
4eCTO KPbroBa MoJsipu3ausl.

e JlupextHo 10 moma yciyru (Direct to home - DTH) — ToBa e Haii-uecTo u3nosi3BaHaTa
yciayra 3a HW37TbUBaHE Ha TEJNEBU3MOHHO ChABPXKAHHE [0 KpailHu aOoHATH.
[IpenumcTBOTO €, Ye OO0OpYABAHETO € JOCTHIIHO M C IMOAXOMISIIN pasMepH, KOETO
yJIECHSIBA U €KCIUIOATaluATa OT KpaliHuTe notpedburenu. Tas3u yciyra ce mpeiara OT
KaOeIHHUTE ONepaToOpu, KOUTO OCUTYpsBAT KOMIUIEKT OT CAaTE€JIMTHA aHTEHA U JEKOJED,
4ype3 KOMTO ce npeaocTaBst roisM Opoil KaHasu.

e MSS — mobile satellite services — MOOMIHN CITBTHUKOBU YCIYTH - OCHTYpsIBAHE Ha
caTelWTHAa BpbB3Ka OO0 MOJIBWKHHM OOCKTH, Ha KOHTO HAi-4yecTo ce MOHTHpaT
NOPTATUBHU U MPEHOCUMH aHTEHU M TEPMHUHAIU, KOUTO UMAT aBTOMAaTUYEH TPAKHHT,
3a Jla mpoclieAsBaT caTeluTa KbM KOMTO ca HacodeHH. MHIycTpuute, B KOUTO Ce
npuiaraT ca MOPCKM, aBHAllMOHHUM M Ha3eMHM KaTo BJakoBe, aBToOycu u T.H. B
3aBUCUMOCT OT HPUJIOKEHUETO, KpailHUTEe TEepMUHAIM CE MOHTUPAT Ha pa3iIU4yHU
Mmecta. [Ipy HazeMHa MOOMJIHM peIlIeHUs, aHTEHaTa € Ha IPEBO3HOTO CPEICTBO, MPU
KOpaOu WM JYKCO3HM SIXTU B MOPCKHSI CEKTOp, T€ C€ MHCTAJIUpaT Ha 00pJa, a B aBUO
UHIYCTpUSTA HA caMoJIeTa.

e PagnomoOuTeNncKu BPh3KH — OCBUIECTBSABAT C€ HAW-UECTO Upe3 JIIOOUTEICKU CITbTHUIIN
M C€ U3rPaX1aT KOMyHHUKAIMOHHU BPB3KH C HEKOMEpCHATHA [Ie.

e [nobanHa cuctema 3a nosunmonupane (Global Positioning System — GPS) - mpexa ot
CITbTHUIIM, Pa3IOJOXKEeHWE Ha cpelHa HazeMa opbuta (okoso 20 000kM oT 3eMHara
MOBBPXHOCT), KOUTO CITy>KaT 3a ONPE/ENITHE Ha MOJI0KEHUETO, CKOPOCTTa U BPEMETO C
TOYHOCT /10 1 HaHOCEKyH/a BbB BCsIKAa TOUKA HA 36MHOTO KbJI0O U OKOJI03€MHA OpOuTa
B peanHo BpeMme. Upe3 M3MepBaHE Ha TOYHOTO pPAa3CTOSIHME OT MSCTOTO, YHUHUTO
KOOPJIMHATH TBPCUM, JI0 Tpyla CI'bTHHUIM, YAUTO KOOPAWHATH BEYEe Ca TOYHH H
MIPEIBAPUTEIIHO OIPENIEICHHU.

e Mereoposornynu yciayru — mereoponorudyau carenutu kato METEOSAT, NOOA 3a
Ha0JII0/IeHNE U U3CIIEIBAHETO Ha 3eMsATa 3a METEOPOJIOTHMYHU LIEJIH.

e Paamoonpenensm cibTHUKOBH yeiryru (Radiodetermination satellite service - RDSS)
— U3I0JI3BAT CE B aBUAILMATA 32 TOYHO OINpEJIEIsIHE HA MECTOMOJIOKEHUE, CKOPOCT UITU
Ipyru napaMmerpu Ha obekture. ,,RDSS* cuctemara no3BosisiBa 0OMeH Ha TOUHU JaHHU
1 KOOPAMHATU MEXKY pa3IndHU 0OEKTH, a HE CaMO €IHOIIOCOYHO.

e Pagno maBuranmoHHU crbTHUKOBH cuctemu (Radio navigation Satellite services —
RNSS) — npusara ce B Mopckata HHIYCTPHUS M CE U3IOJI3Ba 3a OIpeeisiHE Ha BpeMe,
MECTOIOJIOKEHHE, CKOPOCT Ha TUIaBaTEIHOTO cpecTBO. ChIO Taka TYK ce Impejaiarat
Y TJ1aCOBM KOMYHHKAIIMOHHU YCITYTH.

e BoeHHHU ycayru — Mpexa OT CaTeInTH, KOUTO C€ M3MOJI3BaT 3a BOGHHHM Lieiu. YecTo Te
OTIepUpaT B pa3IMyHa OT KOMEpPCUAIHATa YECTOTHA JIEHTa — Harnpumep X.
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I'naBa 3. [IpoekTHpaHe HAa AHTEHHATA YACT HA CHCTeMAa 3a CIbTHUKOBA
KOMYHHMKAIIHSI HA HUCKA Ha3eMHa opouTa

3.1 O6xBat Ha mpoeKTa

»OC LEO 1 Ground Station* mpezncrarisiBa npodecroHaiHa Ha3eMHa CTaHIUSA 3a
paboTa chC CITPTHUIIM HA HUCKA Ha3eMHa OpOUTa, KOSTO Mpeiara yciayrara — Ha3eMHa CTaHIIHS
KaTo yCiIyra 3a caTeJIMTHH MHCHH, ,,multi mission ground station as a service™ u onepupa B
yecToTHA JieHTa S B quamna3on 2035MHz — 2310MHz. AnTtenHara cucreMa pabOTH B KPbroBa
MOJISIPU3ALIUS — CHOTBEHO C JIsIBA U sCHA opueHTanus. PazmepsT Ha peduextopa e 3.2 merpa.
Texnomorusara 3a 00paboTka Ha naHHUTE € Oasupana Ha ,,Network Cloud Engine” , kosTo
BKJIFOYBA MHOXECTBO MHUKPOCBHPBBPH, (PYHKIHMOHUPALIM B 00JIaKa, KOUTO OCBHIIECTBABAT
paboTaTta ¥ MOHHUTOPHHTA HA Pa3IMYHUTE HA3EMHHU CTAHIMU B MpPEXa, KAKTO U OCHTYpsBaT
JocThI 110 user uHTepdeiic 3a paborata Ha KpaitHus mnoTtpeduten. [IpoekThT BKIIOUYBa
MHCTaJIallMsATa Ha caTeJIMTHA aHTeHa, pa0doTella ChC CITbTHUIM Ha HHCKAa Ha3eMHa opOuTa B S-
band dvecroTHa 5eHTa, KOMTO omepupaT B opburta okoimo 120 mo 2000km Hajg 3eMHara
MOBBPXHOCT. Upe3 BHEAPSABAHETO HAa Ta3u MHOBAIIMS, CATEIMTHUTE OMEpPATOPH IIe MOraT Ja
npueMaT JaHHUTE OT KOHKPETHUTE IUIATPOPMH, a KOMIIAHUUTE WM TOTpEOHTENHTEe IIIe
pasmosiaraT ¢ TEXHHM PECypcH B KOCMOCA, B Cilyyal, ye MpUTEKaBaT COOCTBEH CATEIUT WU
Chb3BE3/lM€ OT TakuBa. Ta3u cucTtemMa € HACOYEHA KbM YHHUBEPCUTETH, HAyUYHU HWHCTUTYTH,
YUMJIMIIA U CATEJIUTHH OINEepaTopH, KOMTO MOraT Ja YIpaBisiBaT Ha3eMHHUS CEIMEHT M Jia
00paboTBaT NaHHUTE OT TEXHUTE MPEKHU B KocMoca. OCHOBHUTE MPUIIOKEHUSI Ca CIIBTHUKOBU
CHUMKH Ha 3eMsTa, HaOJII0eHHE Ha OKOJIHATA Cpelia, HAyYHU U3CIIeABAaHUS U aHAIIM3H, BOCHHO
pa3dy3HaBaHe, MpeBeHLMss Ha OeJICTBUS M aBapuu, Pa3BUTHE HA CEIKOTO CTOMAHCTBO U
KUBOTHOBBJCTBO, KAKTO U JPYTH TEICKOMYHUKAIIMOHHU HYXAHU. Upe3 Ha3eMHaTa aHTeHa, ce
OCUTYpSIBa JOCTBII JJO 00JIaYHO MPHUIIOKEHHUE C JIECEH U MHTYUTUBEH MHTepdeiic, KOUTo 1ie
nane BB3MOXKHOCT 3@ OCBHILECTBABAHETO Ha CaTeIMTHA MMCHA, 4pe3 KOSTO JaHHWUTE OT
KOHKpPETHH CITbTHUKOBHU IIATPOpPMHU, MOraTr Ja ce Moiay4yaT U oOpaloTsAT OT KpalHUTE
notpedburenute. CaTenuTHAaTa Ha3eMHA aHTEHA, KOSITO 1IE MPE/ICTaBs € YacT KOMYHHKAIlMOHHA
Mpe’ka U /1aBa Bb3MOXKHOCT 3a OBbp3 JOCTBHII 10 MHUPOK OpOil CI'bTHUKOBH IUIAT(HOPMH, KOUTO
M3BBPIIAT HTUPOK CHEKTHP OT MUCHHU.

TexHonorusTa, KoATo U3M0I3BaMe B TO3M CIy4daid MO3BOJISBA J]a C€ JOCTBIIST MpPEkKa OT
HA3eMHU CATENUTHU aHTEHH, PA3MONOKEHH B pa3NIWyHU TeorpadCku pailoHH, 4pe3 eaHa
€IMHCTBEHA TOYKa 3a JIOCTBI, KaTo ce M3Moji3Ba o0nauHo-0a3mpana ruardopma “Network
Cloud Engine” (NCE) ®urypa 6, 3a aa ce npenaaar JaHHHTE OT IIEHThpa 3a KOHTPOJ Ha
caTeMTHaTa MHCHUS 10 CITBTHUKOBOTO Ch3Be3aue. [IpennMcTBOTO Ha TOBa pelIeHHE €, 4e
oIrepaTopbT Ha yciyrata He € HY)KHO Ja yIpaBJisiBa MOEIMHUYHO BCAKA OTAENEH CaTeIUTeH
TepmuHai, a nocpenctsoM “NCE” nma opkectpupa menus mporec oT enHo mscto. [1o to3u
HAYHMH MOTPEOUTENSAT UMa BE3MOKHOCT €THOBPEMEHHO U e(DEKTHBHO Ja MIaHupa U pean3upa
MHOTOOpPOWHM CaTeNIMTHU MHCHH U Ja TIOlyYd MACHUBHUTE OT JaHHH JO IEHTPaJeH ChPBBP B
o0yaka, cle/1 MPeIoCTaBsIHETO HA MHIWBHIyalTHU TTOTPEOUTEICKO UME U Tapoda.
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®durypa 6. npouec Ha obpaboTka Ha AaHHM — Data Flow, [Kpacumunp Tep3mes]

3.2 O6m1 mian u ocHoBHH KomrioHeHTH Ha ,,OC LEO 1 Hazemna antena (durypa 7)

[TapaGonuuen peduekrop — mpeacraBnsBa 3.2M MeTaleH AUCK (OT alyMHHHN),
KOMIUIEKT oOrpuBaTen B yectoTHa jeHTa “S” (RF Feed).

I'open munon (Upper Pylon) — MexaHn4Ha cucrema, KOSITO TIOMECTBA MOTOPUTE 3a
eneBalusi U a3uMyT, KaKTO U KOMIIOHEHTH 32 W3MPAIAHE HA CUTHAIM 1O JIMHUATA
,Harope*

Honen nuion (Lower Pylon)— OcHoBHa K0JIOHA, KOSTO MOJABPKa TOPHUS MMUJIOH U
CBBbp3Ba Ha3¢MHATa CTAaHLIMS KbM 3eMsATa. B Hero ce HamMmupar 1 €JIEMEHTH Ha aHTEHAaTa,
HUCKO-IIIYMOB YCHJIBATEI (LNA), BUCOKO-MOIIEH YCUJIBATEI (HPA),
CHUHXPOHM3AaTOP/pU30JBBp (OMpesaess TOYyHaTa MO3MIMS Ha aHTEHHATa cHCTeMa 10
a3UMyT U eJeBalis B IpajycH), cUCTeMa Ha KOHTPOJ Ha aHTeHara (antenna control
unit).

Knumarusanus — ocurypsBa noaxoAsiia TeMIepaTrypa U oXJaxJaHe Ha eIEMEHTHUTE B
JIOJTHUS TTUJIOH.

CBbp3BaIo paMo — OMOPEH JOCT OT (GUOPOCTHKIIO WM aTyMHUHUHN, KOUTO MOIAbpKA
YAGI antenure

UHF YAGI anrena — anteHa, onepupaina B yecrotHa jenrta UHF

VHF YAGI anrena - anteHa, onepupania B yectotHa jienra VHF
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®durypa 7. Mntoctpaums Ha OC LEO 1 DY aHTeHa, [ Kpacumunp Tep3unes]
Texundecka cienudukamus S-band, anrenna cuctema OC-LEO 1
CneuunduKkaums MpnemaHe Rx MNpepnasaHe Tx
YecToTeH crnekTbp 2210-2310 MHz 2035-2120 MHz
MaKkcmMmanHo n3oTponHo | 34.8dBi 34.8dBi
yCWABaHe  Ha  aHTeHaTa
(Maximum isotropic gain)
LLUnpoynHa Ha nbYa 3.1° 3.3°
MNonapunsaunsa [acHo/naBo  opueHTMpaHa, | JACHO/NABO  OpueHTMpaHa,
X-POL X-POL
llymoBa Temnepatypa Ha | 291K @ 5° EL He ce npwunara
npUeMHMKA
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EkBMBaneHTHa  M30TponHa | He ce npunara 54 dbW
n3nbyYeHa molHocT EIRP
G/T 10.6dB/K He ce npunara
Ycunsaten Tx 100W
Moaynaums KoHdurypmnpa ce, cnopeq | KoHbdurypmpa ce, cnopen
CMbTHMKOBATA CUCTEMA CMbTHMKOBATA CUCTEMA
OO6xBaT Ha TIPOEKTAa — NPOCKTHPAaHE, MOHTAX Ha AaHTEHHAa CHCTEMa 3a CITbTHUKOBA

KOMYHHKAIlUA Ha HUCKA HAa3€MHa Op6I/ITa.

®aza 1l — U360p Ha nokanwms 3a ,,0C LEO 1* anTenHa cucrema

N360p Ha Ppu3nyecka JOKaIus, Ha KOATO J]a C€ MOHTHpA aHTEeHa

N360p Ha MOAXOIAIIO MSACTO 3a €JIEKTPUYECKO Tal0J0 M AONBIHUTEIHUTE BBHHIIHU
€JIEMEHTHU

OmnpenensiHe Ha ABDKMHA HA KaOCIHU TpaceTa W TPHOM 3a NMPUCHEIMHSBAHE KbM
elleKTpuueckara Mpexa u Marepaer kadbenure

®da3za 2 — [Toaroroska Ha 00eKTa

Jl3aiiH 1 KOHCTPYKLMSI HA OCHOBUTE, KAKTO U OMIOPHUTE TOUKU

Jlu3aiiH ¥ MOAroTOBKA Ha 3a3€MUTEITHUTE ChOPBKEHUS

Jlu3aiiH ¥ MOArOTOBKA Ha eNIeKTpUUYECKUTE Bpb3KH U MHTEepHeT Kabenure

Jlu3aiiH ¥ MOArOTOBKA HAa HYKHUTE TPHOU 3a 1oJiaraHe Ha Kabenu

Jln3aiiH ¥ KOHCTPYKIMS Ha TPBMOOTBOJIHU ChOPBKEHUS

be3zonacHoct Ha oOekTa/nokanusaTa — Tenenopt oneparopa crna3pa v ce IPUIbPKA KbM
MHCTPYKIMUTE 32 0€30MaCHOCT 3a BCUUKU CIY>KUTEIH U MEPCOHAT, KOUTO U3BBbPLIBAT
JNEMHOCTUTE 10 IPOEKTA.

3.3. TexHnYeCKHn U3UCKBAHUS HA aHTEHHATA CUCTEMA

Enextpruecku M3MCKBaHUS

AnTeHaTa u3uckBa enHodaszoB nmpomeHnus Tok, 110 — 240VAC, 50 — 60Hz. Bps3kara
cliefiBa Jla ce 3alluTH M 00e30macH ¢ aBTOMATHYHH IpeanasuTenu. MakcumanHara
MOIITHOCT, KOATO TpsiOBa J1a ce OCUTYpH 3a HazeMHarta ctanius € 6Kw, 32 Amp.
3a3zeMsIBaHE Ha CbOPBKEHUETO

3a menuTe Ha POEKTa Ca OCUTYPEHH BCHYKH HEOOXOMMH eJIEKTPUYECKH KOMITOHEHTH,
3a Ja OCHTYpHM 3a3eMsBAaHETO Ha aHTeHaTta. B JombiIHEHHWE ce cma3BaT M
peryJIaTOpHHUTE U3UCKBAHHS U CTaHAAPTH MPH U3BBPIIBAHETO HA Ta3H JCHHOCT.
MpiaHue3ammura

[TpoexThT BKIIOYBA M HEOOXOAMMOTO OOOPYIBAaHE W OCHUTYpsIBA MBJIIHHE3AIHTa Ha
aHTEHHATa CHCcTeMa. BCHYKM eleMeHTH ca WHCTaJupaHu MpodecHoHaliHa Taka, 4e Ja
00e30macsAT ChbOpPBKECHUATA. MBIIHHE3AINTATa, KOSTO € 4acT OT TO3W IMPOEKT, HE ce
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OrpaHMYaBa caMo JI0 aHTEHHATa CUCTEMa, HO CE Pa3lpOCTUPa U Ha IPYTH ChOPBKECHUS
U KOMIIOHCHTH, CBBbpP3aHU C Ha3CMHATa CTAaHIIUA. HOIIXOI[T:T BKJIFOYBa HpO(i)eCI/IOHaJIHO
NPOEKTHUPAHE W HMHCTAJNAIMS HA OTBEXKIAIIM EJIEKTPUYECTBOTO CHUCTEMH, KOUTO ca
CIeLUaNTHO pPa3paboTeHn 3a Ta3u cucreMa. Te TpsOBa nga ObAAT WHTETPUPAHU B
CbOPBKCHHUATA W A GLI[aT CIOCOOHH da OTBCAAT HNOTCHUHUAJIHO PAa3pyLIUMTCIHUA
SNIEKTPOCTAaTHYEH pa3psill, KOWTO MOXE Ja JIOBEJe OO0 HapylleHus B paborara M
KOMYHHKAIUATA ChC CITBTHUKA. BCHYKM M3MONI3BaHM METOIU Ca B CHOTBETCTBUE ChC
CTaH/JapTUTE 32 CHUTYPHOCT M KayecTBO, KAaTO C€ B3eMaT INPEIBUA M MECTHUTE
KJIMMaTHYHU YCJIOBHS U BEPOSTHOCTTA 32 MBJIHUM.

N3uckBanus 3a Matepuer CBbp3aHOCT.

WuTepHeT cBBp3aHOCTTA € IUIaHMpaHa Taka, Y€ Jja OCHUTYpU HEOOXOIUMHTE Ha3eMHH
KaIalTeT!, KOUTO Ja 00CIY)KBAT CATCJIMTHUTE MUCHH 0€3 IPEKhCBAHETO HA YCIIyTaTa.
3a menTa aHTEHHaTa CHUCTeMara, U B YacTHOCT Mojema, ce cBbp3a kbM MAN
(Metropolitan Area Network) Ha nmocraBumk Ha WuHTepHer ycmyrm, upe3 LAN
uHTepdeiic u mopT, KOHUTO mnomabpka ckopoctu 10 1Gbps. OcurypsiBa ce u
pe3epBUpaHa CBBP3aHOCT Ype3 Jpyr OCTBYHMK, 3a Ja ce u3derHe 3aryba Ha
CITbTHUKOBaTa KOMyHHUKanwus. [lo To3m HaumH ce mpenocTaBs ocHOBHa MHTepHeT
CBBP3aHOCT U PE3EPBUPAHOCT, KAKTO CE MIO3BOJISIBA BUCOKOCKOPOCTEH TpaHCchep MEX Ty
carelnMTHaTa TuiaThopMa W Ha3zeMHara craHIus. KamanurerbT € KIIro4oB (akTop,
B3EMai Ky MPEBUJI HAPACTBAIUTE JJAHHH, KOUTO Ce 00paboTBaT OT CUCTEMHU HA HHCKA
Ha3eMHa opOuTa.

Onucanue Ha AeiiHOCTHTE, KOMTO TPsI0Ba 1a ce U3BBPUIAT OT CHCTEMHUSI HHTErpaTop
3a nma ce rapaHTupa KopekTHara mHctanauus Ha ,,OC LEO 1 antena (®urypa 8), KakTo 1

(YHKIMOHUPAHETO M, CACTEMHHUAT UHTErpaTop TpsAOBa Jja MOArOTBU MPELUNU3HO MPEIBUIEHOTO

MACTO 33 MOHTaX, KaTO OCBHILECTBH CIOpEd MPEABAPUTEIIHUTE W3UCKBAHMS, CIEIHUTE
JIEUHOCTH:

N360p Ha MOAXOIAIIO MSCTO 3a MHCTajalMs, KOETO Ja € ¢ Jo0pa BUIUMOCT KbM
XOpH30Ha 3a aHTeHaTa.

N360p Ha MACTO 32 MOHTaX Ha €JIEKTPUUYECKO TabJI0

N360p Ha nokamms 3a MOHTaX Ha CTOMKa 3a yed Kamepa

[TonroTBsiHe HAa OCHOBATA 32 MHCTAJAIHSTA

[Tonarane Ha kabenHu TpaceTa 3a IHTepHET CBBpP3aHOCT

OxabernsBaHe 3a CBbP3BaHE HA €JIEKTPUUECKUTE KaOenu

[TonroToBka Ha €NEKTPUIESCKH BPH3KH 32 3a3eMsIBaHE

[TonroroBka Ha rPbMOOTBOJIHHU CHOPBKEHHS

IlonrotoBka Ha MSCTOTO 3a UHCTajJallus, OCUTYpsBaHE Ha HEOOXOIUMUTE
MAaIlIMHU/KPAHOBE M TIEPCOHAI 3a JICHS Ha HHCTAMPAHETO Ha 000pyIBaHETO
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CucreMHUST UHTErpaTop TPsiOBa Ja OCUTypH IMOJIEMHA MalllMHa, 32 /1a MOKe aHTeHaTa
Jla ce MOBJIUTHE U MIOCTaBU Ha TOYHOTO MACTO, MPEABUACHO B MpoekTa. M3mon3Banero
Ha MOHTa)XEH KpaH € He00X0MMO, 3a J1a c€ CriI00ST BCHUKU YAaCTH Ha aHTEHATa, IPEAU
U3BBPIUIBAHETO HA MHCTAJAIMATA.

H360p Ha MscTO 3a KoJIOKauus Ha ,,OC LEO 1“ anTteHHa cucrema

CucTeMHUST MHTETpaTop TPsSOBa Ja ce B3eMe NPEABUI CICIHUTEC M3UCKBAHUS U JCTAIH,
Mpeay J1a HallpaBu OKOHYaTeJIeH u30op 3a msiactoro Ha ,,LEO OC 1” aHTeHa:

Jlo6pa BHAMMOCT KbM XOPH30HTA W JOCTaThU€H BI'bJ HA €JICBAlMs aHTCHATa KbM
carenuTHaTa rargopma

OTtcheTBHE B OIM30CT HA OOEKTH, KOUTO OMXa MPUIMHWIN HHTep(hepeHInH
OTtcbeTBHE B O1M30CT HA OOEKTH, KOMTO OHMXa MOMPEYUIIN HA MJIaBHOTO POTAIIMOHHO
JIBUKCHHEC Ha aHTEHAaTa, KOETO Jla OrpaHWYM HEHHWS 0o0XBaT M CHOTBETHO [a
BB3IPENATCTBA KOMYHUKAIUATA ChC CITBTHUKA.

OTchCTBHE HA TIpeAaBaTeNId WM JAPYTH AHTCHU, KOMTO OMXa MOMJIM J1a MPUYUHST
YeCTOTHU HHTEPPEPEHIINHU U JIa BJIOMIAT CUTHAJIA

[TpenBapuTeneH aHanu3 OTHOCHO M3TPaKJaHe Ha COJIMAHA OCHOBA HA aHTEHATa
[IpenBapuTeneH aHaaM3 OTHOCHO 00€3MEYaBaHETO HA AaHTEHHATa CHUCTEMa C
JOCTAaThYHU KalaIlMTETH 32 EICKTPUUECTBO U IHTEpHET CBBP3aHOCT.

[IpenBapuTenieH aHaIM3 Kak Jia ce KOJIOKUPA U 3aIUTH MTPUIISIKAIIOTO 000PYIBaHE
CucTeMu 3a TIPEBEHIIMS U 3aIlUTa CPEIy HEOTOPU3UPAH JIOCTBII.

OcurypsiBane Ha JOCTBII 3a TOJEMHHUTC MAIIWHU W KpPAaHOBE, MPEABUICHU 3a
WHCTAJIANASATA

OcwurypsiBaHe Ha JOCTHI 32 U3BHPIIBAHE HA MHCTATAIIMOHHUTE ICHHOCTH
OcurypsiBaHe Ha JOCTBII 32 OCHIIIECTBABAHE HA TIAHWPAaHATa MOAIPHKKA HA aHTEHATa,
KaKTO U 000pYy/ABAaHETO HA MSCTO.

O000menne Ha MpeABaAPUTEHUTE H3MCKBAHUA 3a HHCTAIanus — purypa 8

OcurypsiBa"e Ha 100pa BUJMMOCT KbM XOPU30HTA — IIPEIM MHCTAJIAIMATA HA aHTEHATA,
MpoBepsiBaMe MIaTeNHO, Y€ HaJMYHUTE B CHCEACTBO OOCKTH W TMPEMSITCTBUS ca
ChbBMECTUMH C HM3HMCKBAaHMSATA HA NPOEKTa 33 BUAMMOCT M T€ HE BB3NPENATCTBAT
JIBIDKEHUETO Ha aHTEHATa 3a IPOCieAsBaHe Ha CITbTHUKA Ha HUCKA Ha3eMHa opouTa.
OcurypsiBaHe Ha JOCTBIT — TEXHOJOTUYHUAT OOEKT TPsiOBa J1a OCUTypsiBAa HOpMaJeH
JOCTBII JI0 ChIIeCTBYyBalaTa HHPPACTPYKTypa, KaTo eNeKTPUIECTBO, KaHATHA MpPEXKa,
o0opy/BaHe, KOMyHUKAIIMKA U APYTH. B 1ombIHEHNE XapayepbT U MACTOTO CJIe/iBa Ja
ca 6e3omacHu 3a paboTa U OIPHKKA.

Cuna Ha BATHpa — W3BBPIIBAHE HA TOJICBM TECT HA aHTEHATa MPH MaKCUMaTHHU
CTOMHOCTH Ha CHJIaTa Ha BATHPA, 32 J]a CE YCTAHOBHU, Y€ PeICKTOPHT € CTAOUIICH U HEe
MIPOMEHS CBOUTE JIONYCTUMH TTapaMeTPH 3a KOMYHHUKAIIUS ChC CATEITUTHUTE.
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e UYecroTHH HHTEpPEpEHIINN — IPEIU BbBEXK/IaHE B €KCIUIaTallus Ha aHTeHaTa TpsiOoBa Ja
CME CUTYpHH, Y€ B OJIM30CT HSIMa APYro paauo oO0Opy/BaHE, KOETO Jla MpedyH U Ja
ch3naBa nareppepennus ¢ ,,OC LEO 1 anTenHa cucrema.

e MeTeoposIOTUYHH YCIOBUS U OKOJIHA Cpefla — aHAJIM3UpaHe Ha KIIMMAaTUYHU YCIIOBUS B
paMKuTe Ha TOAMHATa, 3a Ja C€ YyBEpUM, 4Ye Te€ He Ouxa MONmpeumiIu Ha
¢byukauonupanero Ha “OC - LEO 1” anTena

e Jlocten 1m0 OOEKTa M CUTYpHOCT — HMHTETpUpaHe Ha CHUCTEMa 3a KOHTPOJ upe3
MEepPCOHANM3UPAHU KapTH, 32 Jla C€ IPEIOTBPATH HEOTOPU3UPAH JOCTHII Ha JIUIA, KOUTO
Jla 3acTpamiat Wik HapyuaT paboTaTa Ha aHTEHHAaTa CUCTEMa.

e PaszpemmuTennu 3a 06eKTa — 1a c€ OCUTYPAT HEOOXOAUMHUTE Pa3pPEIIUTEIHU 32 CTPOCIK,
[P U3TPAXKIAHETO U MHCTAJalMsITa Ha aHTeHaTa.

e Panno-yecTOTHU JMUIEH3U — Ja CE MOJIy4aT HEOOXOJUMHUTE Painuo JUICH3U, KOUTO ca
HeOoOXOUMU TPH EKCIIoATAIUs Ha aHTeHaTa. Te3u nuIeHs3u ce u3aasar ot Komucus
3a peryJjimpaHe Ha CbOOIICHUSTA.

Correct configuration

®urypa 8. npaBuaHa KoHoUrypauma/mHcTanaums, [Kpacummnp Tepanes)
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I'nasa 4. Ouemca U CPaBHCHHUS Ha TEXHOJOIMYHU MHMapaMEeTpu Ha IIPOCKTHUPaHaTa
Ha3¢MHa CTaAaHIUA

4.1 Uzcnenpane u onpenensiHe HA TEXHUYECKUTE XapaKTEPUCTUKHU HA MPOEKTHpaHaTa Ha3eMHa
CTAHIUS 32 KOCMHYECKH KOMYHUKAIIH

B Ta3u riaBa e HanpaBeH aHAIU3 HAa TEXHOJOTMYHUTE TapaMeTpH Ha MPOEKTUpaHaTa cCUCTEMA 3a
CITbTHHKOBA KOMYHHMKAIIMsl Ha HUCKA Ha3eMHa opOuTa. V3BBpIIEeHN ca U3MEpBaHUS M OLIEHKA Ha
MpOeKTHpaHaTa aHTEHHAaTa YacT Ha CUCTEMa 3a CIIbTHHUKOBA KOMYHHKAIMA. Y ChbBBPIIEHCTBAHETO
Ha TIapaMeTpHUTe Ha aHTEHHATa CHCTeMa MO3BOJIsBA MOBUIABaHEe HE (DYHKIIMOHAIOCTTA Ha Is1aTa
CIbTHHKOBAa KOMyHHKanus. OmnpeneneHd ca OCHOBHUTE TEXHOJOTMYHU CTOHHOCTH, KOHUTO
onpeaensT GyHKIIMOHAIHOCTTA U KAYeCTBOTO HA CITbTHUKOBATA BPb3Ka.

[IpencraBar ce pe3yaTaTuTe OT HAIPABEHOTO EKCIEPUMEHTAIHO MPHIOKEHUE Ha caTeIuTHATa
aHTEHAa W C€ W3BBIIBA KOJMYECTBEHA OILICHKA M aHaJU3 Ha KaueCTBOTO € e(eKTHBHOCTTAa Ha
cucTemara. AHaJM3UPAT Ce U Ce OMUCBAT PE3yJITaTUTE OT HAPABEHUTE EMITMPUYHU H3CIICIBAHUS,
BBBEXKJAT Ce B TAONUIM M Ce BU3yalu3upaT 4pe3 nuarpamu. Cien M3BBPIIBAHETO HAa 00CTOEH
aHaJIM3 Ha TOJyYEHUTE [aHHM OT CHCTEMara, MOXEM Jla OLEHMM Npd KOW TOKa3aTelu
HabmroaBaMe 1Mo100peHN PYHKIIMOHAIHU U €KCIUIOATAIIHOHHN XapaKTePUCTUKH.
ExcnepuMeHTaHO € OIleHeHa MPOEKTHUpaHaTa U pa3padOTeHa aHTEHHA CHCTEMa, KOSATO MOKa3Ba
MPEUMYIIECTBEHN PE3YJITaTH B CPABHEHHE TEKYIIOTO TEXHOJIOIMYHO HMBO Ha aHTEHHATa 4acT Ha
CI'bTHUKOBAa KOMYHHKAIIMOHHA CUCTEMA.

Mpadomka 1
BpeMe3ClK'bCHeHMe, cnopeaA Op5MTCI

S —

kS

0]

S MEO 150 |

LEO F20
0 50 100 150 200 250 300 350 400 450
LEO mMEO EGEO =

Tun opbuta LEO MEO GEO
BpemesakbCcHeHne m/s 20 150 280
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W3Box: B tasu rpaduka e npenctaBeHO CpaBHEHHE NP M3MOJI3BAHETO HA AaHTEHHH CHCTEMM Ha
HHUCKa Ha3eMHa opOuTa, CIIpsiMO MIaT(GopMu Ha CpeHa ¥ reOCTallMOHApHA OpOuUTa.

Moadouka 2

Effective Isotropic Radiated Power

OC 1 LEO aHTEHHO cucTema OKOHBEHUMOHAAHO AHTEHHO CMCTEMA O O

KOHBEHLMOHOAHO QHTEHHA cmuctTema [ 50 |

OC 1 LEO aHTeHHO cuctema

48 49 50 51

KoHBeHUMOHanHa | Pasnuka
MokKasaTtenu OC LEO 1 aHTEeHa aHTEeHHa cuctema

EIRP 54dBW 50dBW 4dBW

N3Bon: I'padukaTa mpencraBsl CpaBHEHHE M aHAIU3 Ha CTOMHOCTHTE Ha €(EeKTHBHA M30TPOIHA
M3II'bYEHA MOIHOCT Ipu aHTeHHa cucteMa “OC LEO 17, cripsiMO KOHBEHIIMOHAIHY aHTEHH.

Mpadomka 3

Gain over Temperature

OC 1 LEO aHTEHHO cucTema OKOHBEHLIMOHAAHO AQHTEHHA cnuctema O O

OC 1 LEO aHTeHHO cuctema
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KoHBeHuMoHanHa | Pa3nuka
MokasaTtenu OC LEO 1 aHTEeHa aHTEeHHa cuctema

G/T 13.1dB/K 10.6dB/K 2.5dB/K

W3Box: B rpadukara cme nscienBany €1UH OT KPUTHYHUTE TapaMeTPH Ha aHTEHHATa CUCTEMa, OT
KOWTO 3aBUCH NPUEMAHETO HAa CHbTHUKOB CUTHAJ OT KOCMOCA, @ UMEHHO ‘“YCWJIBaHE CIIPsIMO
temmieparypa““ — G/T. HarpaBeHo e cpaBHEHHE MEKIy MPOCKTHUpaHaTa aHTeHHa cuctema ,,OC LEO
1“, cipsMo KOHBeHIMOHATHU aHTeHHW. OIEHKAaTa Ha Ta3W CTOMHOCT HU JaBa WMHQOpMAaIus 3a
CHOCOOHOCTTA HA aHTEHATa Jla IprUeMa CcJlabl CUTHaJIM OT KOCMOCAa U €THOBPEMEHHO Jla MOAIbprKa
HUCKM HMBa Ha IIyM, KOUTO BJIMSAAT HETaTMBHO M HAMaJABAT IOJIE3HMSI CUTHAJ, MOIY4YEeH OT
npueMHuka. [lo-Bucokute HuBa Ha G/T naBat BB3MOXHOCT Ha CHCTeMaTa Ja paboTu 1mo-100pe B
OJIM30CT A0 APy TEJIEKOMYHUKALMOHHU YPEIu, KaTo MPEeJoTBpaTsIBaT MHTEPHEPEHLIUH, KOUTO
BOJIAT JI0 IEKpajanus Ha paJuo curHaia. AHTeHu ¢ Hucku HuBa Ha G/T yecTo He Morar Jja mpuemar
CIIbTHUKOB CHTHAJI, KOMTO 3aTHXBa B aTMocdeparta. B mpoekTtupanara anTeHa Ha HUCKAa Ha3eMHa
opoura “OC LEO 17 umame npeumymiectBera croitHocT ot 13.1dB/K, kosTo e ¢ 2.5dB/K mo-
BHCOKA CHPSMO CTaHIAPTHOTO 0OopyxaBaHe. ExcruioatnpaneTo Ha HamiaTta aHTE€Ha HU MO3BOJISBA
no-e(peKTHBHA KOMYHHKAIIUS ChC CATEJINTA, KOETO BOJIHU JI0 MPUEMAaHE Ha MO-TOJISIM 00eM OT JTaHHH
10 BpeMe Ha MPEMUHABAHETO HA CIIbTHUKA IIPE3 XOPU30HTA.

Mpadouka 4

Data Volume per pass

OC LEO 1 aHTEHHO CMCTEMAO KOHBEHLIMOHAAHAO AQHTEHHO cMcTemMa  OPa3AMKa

|

Data Volume in GB

KoHBeHUMOHanHa | Pa3nuka
MokKasaTtenu OC LEO 1 aHTeHa aHTeHHa cuctema

Data Volume 10 GB 8.1GB 1.9GB
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W3Box: B Ta3u rpaduka e nmpeacTaBeH aHaIN3 U OIeHKa Ha €(peKTHBHOCTTA HA aHTEHHATa CUCTEMA
MpHU IPEMHUHABaHE Ha CIIbTHUKA MIPE3 XOpU30HTA. M3BBbpIIIEHO € cpaBHEHHE MKy TPOESKTHpaHaTa
aHTEHHA CUCTeMa M KOHBEHLIMOHAIHUTE aHTeHU. s BU3yaau3upa JaHHUTE, KOUTO OYaKBaMe Ja ce
mpueMar OT caTeJIuTHaTa IuaTdopMa Mpu CpeAHO BpeMe Ha KOMyHHKaIs ¢ aHTeHata (satellite
pass) or 5-7 wMuHyTH. B pe3ynrar oOT MO-HUCKHTE CTOHHOCTHM Ha BpeMe3aKbCHEHHE,
ontumusupanute G/T u EIRP mapameTpu, mocturame u mo-0b6p3u cKOpocT Ha 0OMEH Ha TaHHH U
BB3MOXKHOCT 3a TMOJy4aBaHe Ha Mo-TosiM obem ot wuHpopmauus. IlpeacraBenn — ca
NPEUMYIIECTBEHH PE3yITaTh OT MPOSKTUPAaHATa CUCTEMA Ha HUCKA Ha3eMHa OpOHTa ChC CTOMHOCTH
10GB, xouto ca ¢ 1.9GB noBeue cnpsiMo HACTOSIIIUTE aHTEHU Ha Ta3apa.

Mpadomka 5
Average Data Rates per Pass
250
200
150
100
) I I
0
Data rates in Mbps Data rates in Msps
B OC LEO 1 aHTEHHO cncTema B KOHBEHUMOHAAHO OHTEHHO CUCTEMO Pasamka
KoHBeHUMOHanHa | Pa3nuka
MokKasaTtenu OCLEO1 aHTeHHa cuctema
Mbps 225Mbps 185Mbps 40Mbps
Msps 85Msps 70Msps 15Msps

W3Boa: I'padmuHO € mpencTaBeH aHaIW3, OIEHKA M CPaBHEHHE HA CKOPOCTUTE Ha MPHEMaHE OT
MPOEKTHpaHaTa aHTEHHA CHCTEMa Ha HHCKa Ha3eMHa OopOWTa, CIPSMO aHAJOTHYHH MPOAYKTH Ha
na3apa. Buzanusupanu ca pa3nukuTe B CKOpocT, uaMepenu B Mbps (Mega bit per second) u Msps
(Mega Symbols per second), karo ce qoka3zBa ONTUMHU3ANMS TIpH eKcrioaranus Ha aHTeHa “OC
LEO-1”. OuakBaHu ca NMPEUMYIIECTBEHH CTOWHOCTH 3a MpUEMaHe ChC CTOHHOCTH 225Mbps u
85sps, koeto € ¢ 40Mbps ul5Msps mo-BUCOKa CKOPOCT OT €KBHBaJIeHTHH Iutatdopmu. ToBa
MO3BOJISIBA HWHTErpalys CbC COPTYEpPHH U XapAyepHH TMPHIOKCHHs, H3UCKBALIM TO-O0BP30
npejaBaHe Ha JaHHU. L[su1ocTHOTO MOgoOpeHne Ha mapaMeTpUTe Ha aHTEHHATAa CHCTEMa OCUTYpsIBa
MO-CUTypHA, HAJCKIHA U MOCTOSHHA KOMYHHKAIMS ChC CITBTHHKOBUTE TUIATGOPMU HA HHUCKA
Ha3eMHa opOWTa, C BUCOKH HUBA HA HAJIMYHOCT Ha yCIyrarta.
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4.2 TlpumokeHWe Ha TIPEIJIOKEHHUS TIOIXOJ 3a KOJMYECTBEHA OIIGHKA Ha Ka4eCTBOTO H
e(heKTUBHOCTTA Ha CHCTEMara

Ha Ga3ara Ha u3BbpIICHNUTE CPAaBHUTEITHU aHAIM3H B Ta3M IJ1aBa OT JUCEPTALMOHHUS TPY/I,

€ U3BBPILEHA KOJIMYECTBEHA OIIEHKA HAa KaueCTBOTO M €(EeKTUBHOCTTA Ha MPOEKTHpaHaTa cUCTEMa
“OC LEO 1” Ha Hmcka Ha3zeMHa opOuTta. IIpe3eHTHpaHHM ca CTOWHOCTHTE Ha TPEIACTaBEHUTE
nokazatenu ( obo3Hauenu ¢ Cl, C2, C3, C4, C5) u B NPOLEHTHO CHOTHOIICHHE Ca JIOKAa3aHU
NPEUMYIIECTBEHH PE3YyITATH, CIIPIMO HACTOALINTE aHTEHHH cucTeMH. OlleHKaTa Ha KaueCTBOTO €
M3BBPIICHA MO TEeT KIIOYOBH KPUTEPHS, KATO BCEKH €MH OT TSIX € MPeCTaBeH rpaduvHo.
®opmMynara, KOATO € IPHUII0KEHA €:
IToxazaten C1 - (C1 OC LEO 1 anrenna cucrema/C1 KonBennmonanna antenna cucrema) X 100%
IToxazaten C2 - (C2 OC LEO 1 anrenna cucrema/C2 KonBennuonanna antensa cucrema) X 100%
[Tokazaren C3 - (C3 OC LEO 1 anrenna cuctema/C3 Konenuunonanna anteHHa cuctema) X 100%
ITokazaten C4 - (C4 OC LEO 1 anrenna cucrema/C4 KonBenmyonanta antenHa cucrema) X 100%
[Tokazaren C5 - (C5 OC LEO 1 anrenna cuctema/C5 KonBenumonanna anteHHa cuctema) X 100%
Ot nonyuenus pesynrat uzBaxgame 100%, 3a ga mOJy4MM € KOJIKO MPOLIEHTA CME MOBULIMIU
e(peKTUBHOCTTA HA CHUCTeMaTa MO JaJCHUs Kputepwil. Pasnmukata e mpeacrtaBeHa B KOJIOHA
,JIoBuIlIeHNE Ha €(DEeKTUBHOCT HAa aHTEHHATa CUCTEMa"* B IIPOLIEHTH.

3a HarJICAHOCT Ha PE3YJITATHTC OT MU3BHPHICHATA OLCHKA H aHAJIM3, Ca H3TrOTBCHHU paJdapHHU
AuarpaMu 1o OTACIHUTE IMMOKa3aTCJIn.

Tabmuma ¢ 0000mEeHN pe3yiaTaTH Ha CTOWHOCTH mpu aHTeHHa cuctema “OC LEO 1”7 m
KOHBEHI[MOHAJHATAa aHTEHHA CUCTEMA.

Ilokazatenu:
MosuweHune Ha
OC LEO 1 aHTeHHa KoHBeHUuMoOHanHa | epeKTUBHOCT Ha
MNokasartenu cucrtema AHTEHHA cucTema | aHTeHHaTa cuctema B %
C1. EdekTmBHA M30TpPOMHA
nsnbyeHa mowHoct EIRP 8 dBW 54 50 8%
C2. KoedumumeHT Ha KayecTBO Ha
aQHTEHaTa B PEXUM Ha NpUemaHe
G/T B dB/K 13.1 10.6 23.6%
C3. Obem AaHHM Ha caTennTeH
,pass” B GB 10 8.1 23.5%
C4. CKOpOCT Ha npMemaHe Ha
AaHHu B Mbps 225 185 21.6%
C5. CKopocCT Ha npuemaHe Ha
OaHHKW B Msps 85 70 21.4%
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B OC LEO 1 aHTeHHa cuctema KOHBEHUMOHaNHa aHTeHHa cuctema
EIRP
54
50
Msps G/T
85 13.1
75 /\ 10.6
/
8.1
165 10
225
Mbps Data Volume

Juarpama 1:

Ha papnapnaTta nuarpama e WIOCTPUPAHO CpaBHEHHE Ha IMOJIY4EHHUTE Pe3yiTaTH OT rpadUKuTe B
Ta3d TIJIaBa 3a OCHOBHUTE IlapaMeTpH Ha TMPOEKTUpaHATa AaHTEHHAa CHCTEMa CIIPSIMO
KOHBEHLIMOHANHU aHTeHH. [IpencraBeHa e pasnmukara, M3pa3eHa NMPOCTPAHCTBEHO B Iuioml. B
OpaHXKeB LIBST Ca BU3YaJIM3UpPaHU CTOMHOCTHTE HAa KOHBEHLMOHAJIHUTE AHTEHHU CHCTEMH, a B
TBMHO YEpBEH Ca TE3UW Ha NPOEKTUpAaHAaTa aHTEHHA CHUCTEMa Ha HHMCKa HazeMmHa opourta. Ot
pe3yaTaTuTe Cie/Ba, Y€ M0 KPUTEPHH CKOPOCT Ha 0OMeH Ha JaHHU B Msbs u Mbps chiiectByBa
CepuO3Ha ONTUMU3AIM U NOJ00peHne Ha epeKTHBHOCTTA, KakTo U npu obem Ha nanHu (Data
Volume) u xoedpunuenra Ha npuemane, uspaszed B G/T. Ilpu te3u mapamerpu umame Hag 20%
MOBUIICHUE CIIPSIMO AHAJIOTUYHUTE CITBTHUKOBU CUCTEMH, KOETO € MIFOCTPUPAHO upe3 (urypara ¢
Mo-TroJisiMaTa IUION, TPEeICTaBeHa Ha Auarpamara. [lomyyeHuTe pesynTaTH JaBaT KOJIMYECTBEHA
OLICHKAa KOM KpUTEpUH ca TMOoJOOpPeHHM Tpu BHEApaBsiHE HA NPOCKTHpaHATa CHCTEMA.
Ontumuzanuara € J0Ka3aHa BbB BCHYKM KPUTUYHU €JIEMEHTH, KOUTO C€ aHAJIU3UpaT IpH
€KCIUIOATaIMsI HA AHTCHHU CHCTEMH Ha HUCKAa Ha3eMHa OpOuTa.
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NMOBUWEHWUE HA EPEKTUBHOCT HA
CUCTEMATA B %

#OC LEO 1 aHTteHa

EIRP
25%
20% 8%
15% 23.60%
21.40%

Msps ]O%ﬂ G/T
3 5% 3
Yo

21.60%% F
Mbps Data Volume
23.5%

Juarpama 2:

Ha papaphara quarpamMa e npecTaBeHa B IIPOLIEHTHO ChOTHOIIEHHE ONTUMU3ALUATA 110 OTIEJIHUTE
KPUTEPHH, TIPH €KCIUIOAaTaIMsl Ha IPOEKTUpaHaTa aHTeHHA cUcTeMa. B uiaB 1BAT e nirocTpupaHa
¢durypara, KosITO HpPEACTaBi ONTUMH3ALUS [0 NETTEe OCHOBHU KPHUTEPHUS, KAKTO M ISUIOCTHO
noBuuIeHne Ha edekTuBHOCTTa Ha cucremara. Kato Hauanna croifHocT e B3era 0%, Koero
MpeICTaBIsIBa KpUTEPUi Ha KOHBEHIIMOHAIHA aHTEHHA crcTeMa (TIpY KOWTO HIMaMe ONTHMM3AIIHS)
U € 3aJI0’KEH B IPOLIEHTH 10100PEHHETO UM [0 OCHOBHUTE NapaMeTpH KaTo CKOPOCT Ha 0OMEH Ha
naHHu B Msps u Mbps, kakTo, 00eM MOIy4eHH JaHHU OT caTeJMTHATa MHUCHUS, KOe(HUIMEeHTa Ha
npuemane G/T u edekTHBHATA U30TPOITHA U3TBUYEHA MOIIIHOCT.
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@OC LEO 1 KOHBEHLMOHAAHO AHTEHA

EIRP
5

4.5

S 4
2.
Msps 0 G/T
3

ShES

Mbps Data Volume

5

Juarpama 3:

3a 1enuTe Ha OIIEHsABaHEeTO Ha ()YHKIMOHATHOCTTA HA CUCTEMATa € U3I0JI3BaHa pajlapHa Juarpama,
Ha KOSITO ca IPeACTaBeH! (PUTypH, YUSTO ILUIOLL U3pa3siBa MHEHHETO U OLIEHKAaTa Ha aHKETUPAHUTE
U [IPOBEJIMTE TECTOBE MH)KEHEPU. B OpaH)keB LBAT € WIIOCTpUpaHa IJIOIITa Ha KOHBEHIIMOHAIHA
aHTEHHA CHCTEMa, a B uepBeH Tasu Ha npoektupanata OC LEO 1 anrena. Kakro ce Buxkna, miomra
Ha uHTerpupanata OC LEO 1 cuctema e no-ronsmMa, KOeTo A0Ka3Ba NPEUMYIIECTBEHU Pe3yITaTH,
CIIPSIMO TEXHOJIOTUUTE, KOMTO CE eKIUI0aTHpaT KbM MoMeHTa. Ha Ga3aTa Ha nmomyueHure pe3ynraTtu
MOJKEM J1a 3aKJII0OYUM, Y€ UMaMe MOCTUTHATa ONTUMM3AIKs Ha CI'IbTHUKOBATA aHTEHA, KAKTO U I0-
100pH pe3yaTaTH 10 OCHOBHHUTE MTapaMeTpH, KOETO BOAU U IO BUCOKO HUBO Ha yJOBJIETBOPEHUE HA
KpaiHuTe noTpeOuTeNHy.

3a Ja W3YMCIMM TIOBHMIICHHETO Ha €()EKTHBHOCTTa Ha (DYHKIIMOHAJIHOCTTA HA CHUCTEMara, ¢
MOJIFOTBEHA TECTOBAa CHCTEMa Ha NMPOSKTHpaHAaTa aHTCHA HAa HHMCKA Ha3eMHa OpOWTa, KaKTO U
KOHBEHILIMOHAJIHA aHTE€HA, MHCTAJIMPAHHU B TEXHOJIOTHYEH IIEHThp Ha komnanus “Orbital Connect”
(ToCTaBYMK Ha CATeIUTHH KOMHYHUKAIIMOHHH YCITyTH U MPOYKTH). Ha BeTe aHTeHHHU I1aThopMu
0s1Xa M3BBPIICHN TECTOBU CATEIMTHA MUCHH ChC CITBTHUIIH, ChC CPEIHA MTPOABIDKUTEITHOCT MEXKITY
5 u 7 MuUHYTH Ha cateauTHO npeMmuHaBaHe (satellite pass). Ocurypen e u moctsi 10 codryepa
“Network Cloud Engine”, upe3 koiiTo ce m30upa 1eleBH CIBTHHUK, KAKTO M Ha3eMHATa aHTCHA,
KOSATO IIe mpuemMa maHHWTe OT Iuiardopmara. [lorpedurtennTe, KOUTO TECTBAT cHCTEMaTa ca S5
caTenuTHH HHKeHepu (o0o3navuenu B Tabmunute ¢ E1, E2, E3, E4, ES), kouto ca ceptudunupanu
3a pabota ¢ Tenenopt cTraHuuu U obopyaBaHe. Te moimyyaBaT IbJEH JOCTHII A0 PECYpCUTE NpU
excruioaTanusaTa Ha “OC-LEO 17 aHTeHa, KakTO M KOHBEHIIMOHAJIHATA, KaTO 33/1aBaT KPUTEPUUTE,
KoH(pUrypupat o6opyaBaHeTo u BbBexaat nmapamerpure B Network Cloud Engine, 3a na nomyuar
KpaitHaTa nH(popManus B o0ayHa cucrema Ha Amzon — “AWS Cloud”. 3a MIPOBEICHUS
eKCIIEPUMEHT, Ha BCEKH €IMH WHXEHEp B My O€ MpeIOoCTaBeH ITBJICH JOCTHII J0 OIICHsSBaHATa
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CHUCTEMa, KaKTO M CbOTBETHHUTE aHKETHHW KapTH, YPE3 KOUTO BCEKU €IWH OT TAX Ja Jajie CBOSTA
oOpaHa Bpb3Ka, OLIEHKAa U MHEHHE 33 CUCTeMaTa.

Mesin HA MpOYYBaHETO

[IpoBexkaaneTo Ha U3CIEIBAHETO B AUCEPTALIMOHHUS TPYA MMa HSAKOJIKO 1enu. [IbpBata uen e na
ce MOJIy4aT MHEHHS OT CTpaHa Ha MH)KEHEepH, pa3paboTBaIM aHTEHHH CUCTEMH, KOUTO OMXa UMan
Ba)KHA POJISi MPU MO-HATATBHIIHO TEXHOJOTUYHO U CTPYKTYPHO YCHBBPIICHCTBAHE M Pa3BUTHE HA
CITBTHHUKOBUTE CUCTEMHU ¥ KOMYHUKAIIMOHHH MTPOAYKTH, KOMTO Ca YacT OT LislaTa €KO CHCTeMa.
Bropata nen e na ce nmosryyaT eMIMpUYHA JaHHU, pE3yJITaTH U aHAJIU3 HA HA3€MHU aHTEHHU Ha HUCKA
opbuTa, KOUTO OMXa UMAaJM BasKHA POJISL [IPH ONpEIeNITHE Ha €PEeKTUBHOCTTA HAa CUCTEMATa.
Tperara 1en e 1a ce ycTaHOBH Jalid CUCTEMATa € IOCTaThbYHO YHHBEPCAJIHA, IIEHOBO JOCTHIIHA U
JIeCHa 3a MHTETPUpPaAHa, 32 J1a UMa Bb3MOXKHOCT JIa C€ M3II0JI3BA OT MOBeYe OM3HEC OpraHu3allvy,
YHUBEPCUTETH, KAKTO AbP’KaBHU U HAYYHU WHCTUTYIUH.

PESyJITaTI/I U METOAO0JIOIrud 3a OLI€CHKA

3a 1a U3YMCIIMM MOBHILIEHUETO Ha (YHKIIMOHATHOCTTA HA CUCTEMAaTa, pujlaraMe MeTo 1 3a OLleHKa
o nerobanHaTa cuctema B ckana ot 1-5 (1 - ,,Cmabo*, 2 — ,,Cpenno®, 3 —,,J106po*, 4 — ,,MHoro
n00po* u 5 ,,OTnryHO* HUBO Ha (YHKIIMOHAIHOCT). [I[puemat ce u He 1eNu, IeCETHYHU YUCIIa IPU
orneHsiBanetro (Hampumep 2.5 wnm 3.5 u T.H.). CTOMHOCTUTE Ca W3PAa3eHM U B MPOIEHTHO
choTHOIIEeHne, kato 20% ce nmpuema 3a ,,Cna6o*, a 100% 3a ,,Otnuuno®. Kpurepuute, Kouto ce
anamusupat ca P1. EIRP, P2.G/T, P3.Data Volume, P4.Mbps u P5.Msps. Bcexu notpeduren, KoHTo
TECTBa aHTCHUTE, MOITBJIBA CBOETO MHEHHE U OLIeHKa B cucreMara. OOmuaT Opoli Ha MHKEHEPUTE
MIPOBEXKAAT EMIIMPUYHUTE aHAJIM3U U TecToBe ca E=5. Ciiell mpuKItOYBaHE HA aHKETaTa, OLICHKUTE
ca MpeJICTaBeHU B TaOIMYEH BUJ U C€ CyMHUpAT U pa3/iessaT Ha oOmus Opoit moTpeduTesy, KaTo ce
B3€Ma CpeJHaTa CTOMHOCT Ha ChbBKYITHOCTTA OT YHCJIOBUTE JaHHH (CPEIHOAPUTMEPHUEH ITOAXO).
[IpencraBenn ca nBe TaONWIM, KOWTO BKIIOYBAT OILIEHKAa IO TeETOOamHaTa cucTteMa Tpu
MpoeKTHpaHaTa cucreMa Ha Hucka HazemHa opourta ,,OC LEO-1” 1 KOHBEHIIMOHAIHU aHTECHHH
cucreMH. B kpast e u3unciieHa M cpejHaTa OLEHKAa Ha CHCTeMara M OOIIOTO MOoJ00peHHe, KaTo
CTOWHOCT U B IIPOLICHTH.

B3emaiiku peiBH]] CTOMHOCTUTE OT HAIIPABEHUTE OLICHKHU, PE3yJITATUTE Ca HAHECEHU B TMarpama.
dopmynaTa, KOATO Ce pUJIara 3a U3YMCICHUE Ha CPETHOAPUTMETHYHATA CTOWHOCT € Ha OI[CHKHUTE
OT OTpedUTENNTE, KOUTO TECTBAXa CHCTEMATA €:

®opmyna 3a OC LEO 1 anTena:

IMokazaren P1 - Z(E1+E2+E3+E4+ES)/5 = P1Ec

[Tokazaren P2 - X(E1+E2+E3+E4+ES)/5 = P2Ec

IMokazaren P3 - X(E1+E2+E3+E4+ES)/5 = P3Ec

[Tokazaren P4 - X(E1+E2+E3+E4+ES)/5 = P4Ec

[Tokazaren PS5 - X(E1+E2+E3+E4+ES)/5 = PSEc

CDopMyJIa 3a U3YUCIICHUC Ha Cp€aHAa OLICHKA 3a (byHKL[I/IOHaJ'IHOCTTa Ha cucreMarta.

EcP = Z(P1Ec+P2Ec+P3Ec+P4Ec+P5EC)/5
dopmyiia 3a KOHBEHIIMOHAIHA aHTEHA!
[Mokazaten S1 - Z(S1+S2+S3+S4+S5)/5 = S1Ec
[Tokazaren S2 - X(S1+S2+S3+S4+S5)/5 = S2Ec
[Mokazaren S3 - Z(S1+S2+S3+S4+S5)/5 = S3Ec
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[Tokazaren S4 - X(S1+S2+S3+S4+S5)/5 = S4Ec
ITokazaren S5 - X(S1+S2+S3+S4+S5)/5 = S5Ec
dopmyrna 3a H3YKCIIEHHE Ha Cpe/IHA OLICHKA 33 (PYHKIIMOHAIHOCTTA Ha CHCTEMATa:
EcS = Z(S1Ec + S2Ec + S3Ec + S4Ec + S5Ec)/5

Cxkasa 3a oneHka Ha (PyHKIMOHAJIHOCTTA Ha CUCTEMaTa

OueHKa/CroiiHoCT Pe3ynTtat/HMBO Ha PYHKLMOHANHOCT

1 Cnabo
2 CpegHo
3 [obpo
4 MHoro gobpo
5 OtanyHo

Tabnmnia ¢ orleHKH Ha aHTeHHa cucrema ,,OC LEO 1¢

E1 | E2 E3 E4 E5 OueHKa B % no netobanHa
MNokasarenu Ec cucrtema
P1. EIRP 3.5 3.5 3.5 35| 35 35 70%
P2.G/T 4.5 4 4.5 4 3 80%
P3. Data Volume 5 5 5 5 5 100%
P4. Mbps 5 5 5 > 5 100%
P5. Msps 5 5 5 5 5 100%
EcP. CpepHa oueHKa 4.5 90%

Tabymia ¢ olleHKH Ha KOHBEHIIMOHAIHA aHTCHHA CHCTEMa

El |E2 |E3 E4 E5 OueHKa B % no netobanHa
lNMokasatenun Ec cucrema
S1. EIRP 3] 3 4 3 2 3 60%
S2.G/T 25| 35 2 4 3 3 60%
$3. Data Volume 4 451 35 3 4 80%
S4. Mbps 4 5 4.5 4.5 90%
S5. Msps 451 45 4.5 4.5 90%
EcS.CpeaHa oueHKa 3.8 76%

C orJIcd TOpCIIOCOYCHUTEC PE3YJITATH, 06maTa (1)YHKL[I/IOH3J'IHOCT Ha IPOCKTHpaHaTa CHUCTEMaA
nojrydyaBa 0.7 ITYHKTAa IIO-BHCOKA OLCHKA OT HACTOALIHUTC aHTCHH IIO rnerobagHaTa CUCTEMAa HIIH

cpeano 14 % noBuiiaBaHe Ha €(PEKTUBHOCTTA.
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4.3 Ussoau

B Ta3u rnaBa ca npeicTaBeHn pe3yaTaTy OT HallpaBEHH W3MEPBAaHUS HA MMPOEKTHPAaHATa aHTEHHA
crcTeMa 3a CIbTHUKOBH KOMyHHKauu. OIpeaesieHn ca ChIIeCTBEHH TEXHOJIOTUYHU MapaMeTpH
KaTo BpEeME3aKbCHEHUE, UYBCTBUTCIHHCT Ha IMpPHUEMaHE HA CATEIMTCH CHUTHAJ, MOIIHOCT Ha
YCHJIBAaTENUTE M CHJIaTa Ha CHTHAJIa, U3IPATeH KbM CITbTHHKA, CKOPOCT Ha Mpe/aBaHe Ha JaHHHU,
TEMIIEpaTypHa YCTOWYMBOCT, OpPOUTAIHHU CIEIMUPUKH, KAKTO H IPUIOCTa CS(PEKTUBHOCT Ha
NpOeKTUpaHaTa CHCTeMa 3a HHCKa Ha3zeMHa opOuta. [lomydeHuTte pa3ynTaTH ca CpaBHEHU C
pe3yaTaTH Ha TEKYIIO eKCIUIOATUPAHU TEXHOJOTHMYHH PEIICHUS 32 CITbTHUKOBU KOMYHUKAIIUHHU
cuctemu. HarmpaBeHu ca oLeHKH 1o Habop OT KpUTEPUU KaTO MOIIHOCT Ha U3 TbYBaHE, KOCPHUIIUEHT
Ha e(DEeKTUBHOCT Ha MpHUEMaHe, 00eM M CKOpPOCT Ha MPEHECCHHUTE NaHHU NPH NPEMUHABaHE Ha
cubTHUK (satellite pass) W aHamuM3 Ha BpeMe3aKbCHCHHATA IO OpOWTANHA TMO3WUIUA. 103U
MHOTOKPHUTEPHAJICH N300p rpaduuHO € MHTEPIPETUPAH, KOSTO MO3BOJISIBA J]a CE HAMPABAT OLICHKU
Ha TPOEKTHpaHaTa aHTEHHA CHCTEMa M Jla Ce CPaBHU ChC ChIECTBYBAIIX peuleHus. Hamnpasenute
M3MEpPBaHUs IOKa3BaT IMOBUIIABAHE HAa HM3HCKBAHM MapaMeTpPU HAa aHTEHHATa CHUCTEMA, KOETO
ONaromnpusITCTBA IMOBHIIABAHETO HAa (PYHKIMOHAIHOCTTA HA HA3e€MHATa YacT Ha CHUCTEMHU 3a
CITbTHUKOBH KOMEHUKAITHH.

HpI/IHOCH Ha JuceprauusaTra

1. Hanpasen e ananutuyeH 0030p Ha CITBTHUKOBHTE KOMYHHKAIIMW, 4Ype3 KOUTO €
oIpeJiesieHa TI0JIE3HOCTTa Ha M3IOJ3BaHE HAa HUCKOOPOUTHH CATEIHMTH € Ca ONpEACICHH
TEXHOJIOTUYHUTE (PYHKIIMH, KOUTO TPsIOBa J1a U3IIBIIHABAT HA3EMHUTE CTAHIIUU

2. [IpoekTrpaHa ¢ Ha3eMHA CTaHIMS 32 CITBTHUKOBH KOMYHHKKAIIMH 32 HUCKOOPOMTHU
CaTeJIMTH, KOSATO TIO3BOJISIBA JIa CE TIOJIbP)KAT HHPOPMALIMOHHU YCIYTH Ype3 HUCKOOPOUTHU
CaTCIINTTU

3. PazpaboTena e aHTeHHa cucTeMa 3a Ha3eMHAaTa CTaHIMS, KOSTO IO3BOJSBA Jla Ce
IMOCTUTHE MO-BHCOKA CKOPOCT HAa KOMYHHKAIU, IMMO-rOJIsIMO YCUJIBAHC HA CUTHAJI 3a ITPUCMAHE
Y TIpeiaBaHe, Mo-ToJisiMa 00111a (PyHKITMOHAITHOCT.

4. AHTeHHaTa 4acT € OIEHSBaHE Ype3 EKCIIEPUMEHTH KaTo Ca MOCTUTHATU TMO-BUCOKH
TEXHOJIOTUYHHU MapaMeTpHu OT CHIIECTBYBAII IPOTOTHUI M U3IMOJI3aBEHETO U B pEalHa CUCTEMA
3a CI'bTHUKOBU KOMYHUKAIIUU.

PGSyJ'ITaTI/I OT OUCCPTAOHUOHHUA TPy Ca NPHUIIOKCHU IIPU BHECAPABAHE U pa3pa60TBaHeT0 Ha

nmpoekT 3a aHteHHa cucrema ,,OC-LEO 1% B decroTHa neHTa S, mnpenHa3HadyeHa 3a
KOMYHHKAIUS CbC CI'BTHUKOBH IJIATPOPMU Ha HUCKA HA3eMHa OpOUTa.

baarogapHocTu

bnacooaps ma ceosn nayuen pwkoeooumen npogh. o-p Humumvp Kapacmosanoe 3a
NOA30ME0PHAMA CLEMECMHA paboma, 3a 6CUUKU CbEEMU U 2PAOUBHUME KPUIMUKU, KOUMO
omnpasu.
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