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Relevance of the topic. In modern conditions it is necessary to ensure reliable
and high-quality functioning of a complex of interconnected information, computer
and telecommunication technologies. The modern main medium of data transmission
at medium and long distances of telecommunications has become optical fiber. Due to
its unique transmission properties, immunity to interference and security, and
relatively affordable price, in exchange for strength and resistance to aging, it has
been used in many areas of life. On the way to fast and without loss of data exchange
over optical fiber, there are a number of difficulties. These include: attenuation,
absorption, linear and nonlinear scattering, and the basic limit for increasing the fiber
bandwidth, which relate to the dispersion

Bragg fiber gratings are currently one of the basic elements in various fiber
optics devices. In particular, they are widely used in fiber-optic communication
systems, as well as in fiber lasers, sensor systems. Their demand is due to unique
optical (narrow spectrum of reflection) and operational (small optical losses,
dimensions and weight) characteristics.

Fiber Bragg gratings have unique properties and simple filtering elements of
fiber communication links, so they have found many applications and are becoming
more common in transmission technology. Studies that have been done in recent years
have made it possible to effectively apply the Bragg fiber grating in the
telecommunications industry to compensate for variance.

Taking into account the above, the topic of this paper, devoted to improving
and increasing the possibility of transmission and switching by controlling the optical
signal, taking into account the principle of operation and properties of the
transmission medium based on Bragg fiber grids, is topical

The aim of the thesis is to increase the operational characteristics of fiber-optic
telecommunication systems based on research and optimization of design properties
and modes of transmission of Bragg fiber grids.

— To achieve this goal, it was necessary to solve the following tasks:

— Present and analyze the emergence of the phenomenon of modal dispersion,
chromatic dispersion and polarization in fiber-optic networks;

— to compare the methods of compensation, alignment of chromatic dispersion
with the help of a special fiber design based on modern, proven methods of
growing chromatic dispersion compensation using the Bragg grating;

The object o f the study The object of the study are Bragg fiber-optic gratings.



develop a mathematical model of Bragg fiber grids and calculate the optimal
properties of Bragg grids using the constructed model;

- to improve the method of increasing the switching speed of fiber Bragg

gratings based on thermal control.

The subject of the study are the performance characteristics associated with the
structural properties of Bragg grids

The scientific novelty of the work is as follows:

A method for modeling Bragg gratings based on the appropriate choice of grid
parameters that provide dispersion compensation is proposed;

- the influence of the apodization parameters of the fiber Bragg gratings on the
characteristics of the dispersion compensator based on fiber Bragg gratings is
revealed;

- the use of the combination of regimes for quantitative information on
diffraction efficiency and its influence on the spectral characteristics of Bragg
gratings is scientifically justified, on the basis of which their optimal regimes for
maximum values of reflectivity and dispersion were obtained.

- the possibility of improving the method for increasing the switching speed of
fiber Bragg gratings based on thermal control is proved, and the required values for
the nanosecond range are obtained.

Methods of research. During the research, classical and special methods of the
theory of signals were applied. Verification and modeling of the transmission of light
signals in fiber-optic communication lines. The experiments and mathematical
processing of the experimental data, the theoretical results obtained during the work,
were carried out in the Matlab environment

Approbation of work. On the topic of the thesis 16 publications were
published, including 5 articles in scientific publications recommended by the
Committee for Control in Education and Science of the Ministry of Education and
Science of the Republic of Kazakhstan; 4 articles - in the log, included in the Scopus
database, 7 papers - in the materials of international conferences, 4 of which are
included in the Scopus database

Structure and scope of the dissertation. The thesis consists of an introduction,
four chapters, a conclusion, an appendix, a bibliographic list of used literature.

In the introduction, the relevance is revealed, the problems associated with the
topic under study are specified. The idea of work, the purpose and objectives of the
research, the scientific novelty and practical value of the work, the methods of
research are given.

In the first chapter, the design features and principles of the transmission of
optical fibers, which are the basis of fiber-optic communication lines and used in
modern telecommunication systems, are considered. A formula is given for
calculating the NA NA fiber, which is the main indicator describing data transmission
by an optical fiber. It is shown that the variable speed of propagation modes is the
main obstacle to the transmission of information of this type of medium. Attempts to



eliminate different propagation time modes may distort the transmitted light pulses by
which the information is encoded. As a result, this can lead to a superposition of
pulses, which will lead to a change in the logic of the transmitted signal, 1. E. To the
effect in an optical fiber is called modal dispersion. Based on the analysis carried out,
the goal of the dissertation research and tasks

The second chapter is devoted to the analysis of the chosen methods of
dispersion compensation. The distortions and difficulties in signal transmission in
fiber-optic lines have been investigated in more detail and the main way to eliminate
the effect of chromatic dispersion is the use of a special design with modified fiber
dispersion characteristics and filter frequency, called Bragg gratings. The principle of
operation and properties of Bragg fiber-optic gratings with an analytical description of
the reflectivity of a grid in the form of a function of the length and a grid of
wavelengths is considered. In the section given, also the rationale and description of
the matrix transition method of the theory of coupled modes with the introduction of
two mesh counters, for the propagation of a wave in the core of an optical fiber for
modeling the Bragg fiber-optic gratings. Using the transition matrix (TMM) method,
the dependence of the spectral reflectivity of the Bragg gratings on the lattice length
and on the local changes in the refractive index of the fiber core is shown. The
purpose of the dissertation research and tasks was formulated

In the third chapter, the technique of combining regimes for obtaining
quantitative information on diffraction efficiency and its effect on the spectral
characteristics of Bragg gratings is applied. The results of the mathematical analysis
of the propagation of light in the structure of the Bragg grating fiber clearly indicate
the possibility of expanding the control values of the time pulses. The results show
that it is possible to accurately control the dispersion shells in the fiber optic line by
appropriately selecting the apodization parameters of the fiber Bragg gratings.
Calculations and MATLAB model networks were used to analyze methods for
compensating chromatic dispersion using Bragg gratings. It was shown that under
certain conditions for creating Bragg gratings, it is possible to control the time of
pulse expansion after passing through the optical fiber on which the network is
located. It is also shown that the best settings for the grating and the optimal settings
for the profile apodization parameter improve the compensation properties of the
Bragg diffraction grating apodized by the sine profile, rather than the Gaussian
profile.

The fourth chapter is devoted to a special fiber design with the ability to
electrically control the light propagating in the lightguide. The Bragg gratings
recorded in such fibers are an excellent tool to monitor the development of refraction
in a crystal that is tested by light during polarization in parallel and perpendicular to
the direction of the crystal aperture. In this chapter, two lengths of 4-cm Hemming-
apodized FBGs, recorded in fibers with additional apertures with internal electrodes,
are described, nanosecond high current pulses are called, which cause matrices of
quasi-instantaneous expansion of the matrix of metal electrodes. An increase in the



birefringence of the fiber and full on-off, and switching-off switching on the tested
gratings with a response time of -29 ns is shown. Numerical simulation is performed,
which confirms the experimental results. A temperature dependence of the
characteristics of the crystal lattice without electrical excitation pulses of the crystal
was also obtained.
In conclusion, the main results and conclusions of the dissertation work are
reflected.
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