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The presented dissertation work is a theoretical study of non-linear parametric processes that
are observed during the propagation of optical fields in isotropic media. The main emphasis is a
description of the energy exchange process of various components propagating in optical fibers
when implementing nonlinear processes such as four-wave mixing, taking into account the effects
of phase self-modulation and phase cross-modulation. These effects are described for continuous
wave radiation and in the case of short pulses. A basic approach in theoretical developments is
finding analytical solutions to systems of nonlinear amplitude equations. This is one approach that
has been proven to give an adequate description of the propagation processes of laser radiation and
especially for short and ultra-short pulses in nonlinear regime. This fact determines the reliability
of the obtained results. The main system assumed in the development of the models is the
propagation of laser radiation in optical fibers. Specific effects are considered, which, in addition
to contributing to the understanding of the fundamental physical picture of nonlinear processes in
the propagation of laser radiation, also have a clear applied character. It is related to the
development of optical communications, their efficiency and reliability. This determines the
topicality of the subject of the dissertation and the possibility of it being the basis for wide
development.

The dissertation meets the requirements laid down in the ZRARB and related normative
documents. It consists of an Introduction, four chapters, and a conclusion that outlines the
contributions. As part of a literature review, Chapter 1 presents an overview of the main parametric
and non-parametric processes in the propagation of laser radiation in an isotropic medium. Basic
nonlinear effects and their theoretical basis, which are relevant to the results described in the
contributing chapters, are discussed. In the entire dissertation, 119 references were used, and on
their basis the doctoral student determined the main processes and problems related to the subject
under consideration. The studies that are of a contributing nature are presented in Chapters 2, 3 and
4. Theoretical results are presented for the energy exchange processes between the components
formed during the propagation of continuous laser radiation under four-wave mixing conditions.
Cases without and with consideration of phase self-modulation and phase cross-modulation
processes are analyzed, and their contributions and effectiveness are discussed. The process of



interaction of components of a picosecond pulse during its propagation in optical fibers under the
conditions indicated above is also considered. In Chapter 4, a theoretical study of pulse energy
exchange processes under degenerate four-wave mixing conditions is presented, emphasizing the
effect on polarization.

Dissertation contributions can be classified as:
Obtaining of new results. Improvement of existing methods.

A theoretical approach to describe basic nonlinear parametric processes in four-wave mixing
with consideration of the effects of phase self-modulation and phase cross-modulation is
demonstrated. The developed method makes it possible to obtain accurate analytical solutions
under a wide range of initial conditions. Compared to the approaches presented by other authors,
the description in the dissertation is more general and can be applied not only to the analysis of
specific tasks, but also to the comparison and optimization of the conditions of propagation of light
fields in isotropic environments. Specifically, data were obtained on periodic energy exchange, the
period of exchange, the role of initial conditions on these characteristics. An important example of
this approach is the demonstration, for the first time, of polarization precession during the
propagation of an optical pulse in a nonlinear dispersive medium in conditions for realizing
degenerate four-wave parametric processes.

The dissertation work is based on 5 publications, with the doctoral student being the first author
in 2 of them. Two of the publications are in journals with an impact factor. Works have 4 citations.
Besides them, the PhD student has 10 more publications. This demonstrates active participation in
the development of the topic. She participated in 6 scientific conferences and 5 research projects.
She has an award for an oral presentation at a national conference. The scientometric data of the
candidate meet the requirements set by the ADASRB and the Scientific council of the IE. The
doctoral student has completed her program of study by significantly exceeding the required
number of credits.

The author’s summary is prepared according to the requirements, containing the main
information presented in the dissertation.

Questions.

1. Are there theoretical and experimental data in the literature comparable to the ones
presented? Have they been compared?

2. What is the duration of the pulses in the considerations in Chapter 4? Why is soliton mode
considered?

The dissertation is written clearly and it is easy for the reader to follow the logic of the research
conducted. The conclusions are clearly stated. The technical performance is also good.



Conclusion

Based on the above, I believe that the dissertation work "Nonlinear parametric processes during
the propagation of ultrashort optical pulses in isotropic media" with author Zara Andreeva
Kasapeteva, contains essential contributions for the fundamental understanding and the effective
application of the physics of optical field propagation and the development of complex theoretical
models to describe non-linear parametric processes. The doctoral student has acquired skills,
knowledge and scientific experience necessary for the scientific and educational degree "doctor".
[ express my convinced opinion that the scientific and educational degree "doctor" should be
awarded to Zara Andreeva Kasapeteva.
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