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GENERAL CHARACTERISTICS OF THE WORK 

 

The urgency and status of the problem. As the fundamental 

limit of telecommunication and radioengineering systems is the 

adoption of increasingly high frequency bands, the exchange of 

information is increasing day by day in the XXI century, which is the 

century of information and communication. It is known that 

waveguide systems are widely used in the lossless transmission and 

reception of information in the microwave range, which has a wider 

information capacity and speed. The microwave bandwidth systems 

used to transmit information are of various constructions and purposes 

and are used in telecommunications, television, radar, radio 

navigation, medical technology, radio control, communication 

technology, antenna technology, science and other fields of 

technology. The most widely used of these waveguides are rectangular 

and circular waveguides. Microwave rectangular and circular 

waveguides have a number of advantages. Thus, they have high 

reliability, stability of parameters and longevity in the process of 

operation. At the same time, since rectangular and circular waveguides 

are completely isolated from the environment, the transmission of 

electromagnetic waves (radiowaves) to the external environment is 

almost non-linear when transmitting information through such 

systems. 

Despite the widespread use of rectangular and circular 

waveguides, there are not enough scientific studies that fully reflect 

the electromagnetic processes propagating in such transmission 

systems and are of practical importance. A.N.Bogolyubov, 

V.A.Donchenko, G.F.Zargano, G.P.Sinyavskiy, K.V.Vdovenko, 

V.V.Krivopustenko, V.A.Katrich, M.V.Nesterenko, E.I.Mikhaylova, 

S.C.Chen, V.C.Chyu, L.Gong, K.Zang, T.Grik, L.Nickelson, 

S.Asmontas, A.Zagdani, O.S.Zaxarchenko, S.Y.Martynyuk, 

P.Y.Stepanenko, in their current work in this field, the medium in 

which electromagnetic waves (radiowaves) propagate is considered as 

a linear environment. However, our research has shown that in real 

practice, in the process of using rectangular and circular waveguides, 

the environment behaves as a non-linear environment. At the same 
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time, in the works of the above-named scientists, complex classical 

mathematical devices were used in the modeling of such waveguides, 

which also increased the error of calculations and made them difficult 

to perform. Therefore, given the nonlinearity of the environment, there 

is a serious need to develop new mathematical models and algorithms 

based on numerical methods to reflect the specific characteristics of 

rectangular and circular waveguides in order to improve the electrical, 

magnetic, technical, design and operational parameters and charac-

teristics. The issue is of great scientific and practical importance. 

On the other hand, in the works of such scientists as L.I.Babak, 

V.A.Vyushkov, S.Y.Bankov, A.A.Kurshin, V.D.Razevig, M.P. 

Batura, A.A.Kurayev, C.J.Railton, D.L.Paul, A. Munir, during the 

optimization of rectangular and circular waveguides with microwave 

range stepwise synthesis process was used, which was accompanied 

by the following negative cases: 

- significant errors occurred in the geometric dimensions of the 

devices; 

- economic and scientific-technical efficiency has decreased due 

to the impossibility of using optimal information on the results of 

experimental research and development of facilities. 

Therefore, there is a need to solve the problem of multi-criteria 

optimal synthesis of rectangular and circular waveguides with high 

reliability, parameter stability and longevity in the process of 

operation. Thus, the solution of the problem of multi-criteria optimal 

synthesis of rectangular and circular waveguides with microwave 

range, improvement of electrical, magnetic, technical, design and 

operational parameters and characteristics of these devices, synthesis 

and development of new models with optimal parameters remains an 

actual scientific and technical issue. 

Summarizing the above, it can be said that due to the widespread 

use of microwave rectangular and circular waveguides in production, 

new waveguide systems with more optimal design dimensions have 

been developed to improve the electrical, magnetic, technical, design 

and operational parameters and characteristics of these devices and 

considering the nonlinearity of the environment, the design is impor-
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tant and actual both from a scientific point of view and from a produc-

tion point of view. 

The main purpose of the dissertation. The purpose of the 

dissertation is to improve the electrical, magnetic, technical, design 

and operational parameters and characteristics of complex structured 

microwave rectangular and circular waveguide telecommunication 

and radioengineering systems in a non-linear environment, synthesis 

and development of new waveguide models with optimal parameters. 

Object of research. The object of research in the dissertation is 

a complex structure of microwave rectangular and circular wave type 

telecommunication and radioengineering systems. 

The main issues of the research. In order to achieve the set 

goal, the following issues should be addressed in the case: 

- development and application of new mathematical models of 

electromagnetic field of rectangular waveguide operating in the 

frequency range of 4,9-7,05 GHz and circular waveguide operating in 

the frequency range of  9 GHz from microwave telecommunication 

and radioengineering, taking into account the nonlinearity of the 

environment, types of waves; 

- development and application of new mathematical models of 

electromagnetic field in the coordinate system of a rectangular 

waveguide operating in the frequency range of 4,9-7,05 GHz and a 

circular waveguide operating in the frequency of 9 GHz from 

microwave telecommunication and radioengineering, taking into 

account the nonlinearity of the environment, wave types; 

- development of effective algorithms for solving new 

mathematical models of electromagnetic field of rectangular 

waveguide operating in the frequency range of 4,9-7,05 GHz and 

circular waveguide operating at 9 GHz frequency, taking into account 

the nonlinearity of the environment, types of waves; 

- improvement of methods of finite elements and finite 

differences for modeling of electromagnetic fields of E-type (TH) and 

H-type (TE) waves of rectangular and circular waveguides, taking into 

account the constructive dimensions of these devices, development 

and application; 
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- development and analysis of 3D models of distribution of 

electromagnetic field intensities in the elementary regions of a 

rectangular waveguide operating in the frequency range of                       

4,9-7,05 GHz and a circular waveguide operating in the frequency 

range 9 GHz for E-type and H-type waves; 

- to study the dispersion compositions of different types of 

electromagnetic waves propagating in rectangular and circular 

waveguides from microwave telecommunication and radioengine-

ering devices and to show the effect of field intensities on the 

dispersion dependencies; 

- development of measurement schemes for experimental 

determination of the intensity of the electromagnetic field of a 

rectangular waveguide operating in the frequency range of                   

4,9-7,05 GHz and a circular waveguide operating at a frequency of       

9 GHz, as well as other parameters of the microwave path; 

- development and application of new algorithms for optimal 

synthesis of E-type and H-type waveguide microwave band devices; 

- development of an algorithm for the process of experimental 

computational synthesis of rectangular and circular waveguides with 

microwave range; 

- parametric and structural optimization of microwave 

rectangular and circular waveguides using HFSS and Empipe 3D 

software complex; 

- carrying out and application of parametric and structural 

optimization process using microwave rectangular and circular 

waveguides HFSS and Empipe 3D software complex; 

- application of the obtained theoretical and practical results in 

production and educational process. 

The main issues raised in the defense. The main issues raised 

in the defense are: 

1. New mathematical models of the electromagnetic field of a 

rectangular waveguide operating in the frequency range of                     

4,9-7,05 GHz and a circular waveguide operating at a frequency of       

9 GHz from microwave telecommunications and radioengineering, 

taking into account the nonlinearity of the environment, the types of 

waves. 
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2. Non-linear environment, new mathematical models in the 

coordinate system of the electromagnetic field of a rectangular 

waveguide operating in the frequency range 4,9-7,05 GHz and a 

circular waveguide operating at a frequency of 9 GHz from microwave 

telecommunications and radioengineering, taking into account the 

types of waves. 

3. Effective algorithms for solving new mathematical models of 

electromagnetic field of rectangular waveguide operating in the 

frequency range of 4,9-7,05 GHz and circular waveguide operating at 

9 GHz frequency, taking into account the nonlinearity of the 

environment, the types of waves. 

4. Improvement of finite elements and finite difference methods 

for modeling electromagnetic fields of E-type (TH) and H-type (TE) 

waves of microwave rectangular and circular waveguides, taking into 

account the constructive dimensions of these devices methodology. 

5. 3D models of distribution of electromagnetic field intensities 

in the elementary regions of a rectangular waveguide operating in the 

frequency range of 4,9-7,05 GHz and a circular waveguide operating 

in the frequency range 9 GHz for E-type and H-type waves. 

6. Dispersion composition of different types of electromagnetic 

waves propagating in rectangular and circular waveguides from 

microwave telecommunication and radioengineering devices and the 

effect of field intensities on the dispersion dependencies. 

7. Measurement schemes for experimental determination of the 

electromagnetic field intensity of a rectangular waveguide operating 

in the frequency range of 4,9-7,05 GHz and a circular waveguide 

operating at a frequency of 9 GHz, as well as other parameters of the 

microwave path. 

8. New algorithms and optimization criteria for optimal 

synthesis of E-type and H-type waveguide microwave band devices. 

9. Algorithm of the process of experimental computational 

synthesis of rectangular and circular waveguides with microwave 

range. 

10. The process of parametric and structural optimization of 

microwave rectangular and circular waveguides using HFSS and 

Empipe 3D software. 
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11. Methodology for minimizing the maximum function for 

rectangular and circular waveguides with microwave range. 

12. Frequency characteristics of rectangular and circular 

waveguides with optimized microwave range. 

13. A new waveguide system that connects the transmitter and 

antenna to improve the quality of broadcasting in television towers 

based on the developed waveguides. 

14. Application of theoretical and practical results in production 

and teaching process. 

Scientific novelty of the results obtained in the dissertation. 

The scientific innovations obtained in the dissertation allow to 

improve the electrical, magnetic, technical, design and operational 

parameters and characteristics of rectangular and circular waveguides, 

and mainly consist of the following: 

1. New Cartesian, cylindrical and moving coordinate systems of 

rectangular waveguide operating in the frequency range of                  

4,9-7,05 GHz and circular waveguide operating in the frequency range 

of 9 GHz from microwave telecommunication and radioengineering, 

taking into account the nonlinearity of the environment, types of 

waves.  

2. Effective algorithms for solving new mathematical models of 

electromagnetic field of rectangular waveguide operating in the 

frequency range of 4,9-7,05 GHz and circular waveguide operating in 

the frequency of 9 GHz from microwave telecommunication and 

radioengineering devices, taking into account the nonlinearity of the 

environment, wave types. This allowed to improve the electrical, 

magnetic, structural and operational parameters and characteristics of 

rectangular and circular waveguides by 30-40%. 

3. The methods of finite elements and finite differences for 

modeling the electromagnetic fields of E-type (TH) and H-type (TE) 

waves, taking into account the design dimensions of rectangular and 

circular waveguides, have been improved, resulting in a frequency of 

4,9-7,05 GHz. The method of minimizing the extinction coefficient of 

electromagnetic waves in the range and frequency of 9 GHz was 

developed to a minimum of 2 times. 



9 

4. For E-type and H-type waves, 3D models of electromagnetic 

field strength distribution in the elementary regions of a rectangular 

waveguide operating in the frequency range of 4,9-7,05 GHz and a 

circular waveguide operating in the frequency of 9 GHz were 

developed. This allowed us to show how the polarization rates of 

electric and magnetic fields change in these devices. 

5. The dispersion compositions of H10 and H11 modular 

electromagnetic waves propagating in rectangular and circular 

waveguides from microwave telecommunication and radioengine-

ering devices were studied and the effect of field intensities on the 

dispersion dependencies was shown. 

6. Experimental schemes have been developed for the 

experimental determination of the electromagnetic field intensity of a 

rectangular waveguide operating in the non-linear medium frequency 

range of 4,9-7,05 GHz and a circular waveguide operating at a 

frequency of 9 GHz, as well as other parameters of the microwave 

pathway. Theoretically determined parameters and characteristics 

were experimentally confirmed and it was determined that the relative 

error in the specified frequency ranges is up to 4% for field intensities 

and up to 1% for other parameters of the microwave tract. 

7. New algorithms for optimal synthesis of rectangular and 

circular waveguides from E-type and H-type wave microwave 

telecommunication and radioengineering were developed and 

optimization criteria were selected, their advantages were substan-

tiated and based on these algorithms new rectangular and circular 

waveguides, including . 

8. For the first time, HFSS and Empipe 3D software packages 

were used for parametric and structural optimization of microwave 

rectangular and circular waveguides, and as a result, the design 

dimensions of telecommunications and radioengineering were 

improved by 5% and dispersion characteristics by 30-40%. 

9. On the basis of the developed waveguides, a new waveguide 

system connecting the transmitter and the antenna has been developed 

to improve the quality of broadcasting in television towers. 

Research methods. The following research methods were used 

in the dissertation: finite element method, finite difference method, 



10 

Lorentz transformation, error theory, differential equation theory, 

electromagnetic field theory, computer modeling method, Ritz 

method, Galerkin method, HFSS, Empipe 3D, Femlab, Matlab, above 

relaxation method (Yang method), collocation method and variable 

separation method. 

Degree of accuracy of results. The theoretical results obtained 

in the dissertation were proved by experiments, confirmed by 

applications in production and teaching process, and relevant acts were 

obtained. 

Practical significance of the dissertation and the degree of 

justification of the recommendations. New mathematical models for 

the first electromagnetic field of rectangular and circular waveguides 

from microwave telecommunications and radioengineering, taking 

into account the nonlinearity of the operating medium, the types of 

propagating waves, and the algorithms developed to solve these 

models in other frequency bands, including optical range can also be 

successfully applied in the analysis, synthesis and design process. 

Personal contribution of the author. The scientific issues 

raised in the dissertation and the main results obtained were obtained 

independently by the author. New mathematical models for the 

electromagnetic field of rectangular and circular waveguides from 

microwave telecommunication and radioengineering, taking into 

account the nonlinearity of the environment, the types of waves and 

the algorithms developed for the solution of these models, developed 

microwave tracts, the algorithms developed for the optimal synthesis 

of microwave rectangular and circular waveguides were performed by 

the author independently or with his participation as a responsible 

executor. 

Implementation and application of work results. The results 

of the dissertation work were applied in radio relay communication 

lines in the Television Broadcasting and Satellite Communications 

Production Union of the Ministry of Transport, Communications and 

High Technologies of the Republic of Azerbaijan. The annual 

economic benefit obtained from the application of the results of the 

dissertation is 116842 AZN. At the same time, the results of the 

dissertation are applied in the implementation of state-funded research 
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work and teaching process at the Azerbaijan Technical University. The 

use of the results of the dissertation is approved by the relevant 

application acts. 

Approbation of the dissertation. The main provisions of the 

dissertation were discussed and appreciated in detail at the following 

conferences and symposiums: 45th and 46th scientific-technical 

conference of the teaching staff of AzTU, Baku, 2000, 2001; Repub-

lican scientific-technical conference dedicated to the 50th anniversary 

of AzTU, Baku, 2001; International scientific-technical conference 

“Communication and science”, Baku, 2002; International scientific-

technical conference on “Electronics and informatics-2002”, Moscow, 

2002; International scientific-technical conference on “Microelectro-

nic converters and devices based on them”, Baku-Sumgait, 2003; 

Scientific conference on “Modern problems of informatization, cyber-

netics and information technologies”, Baku, 2003; International scien-

tific conference dedicated to the establishment of the Istok Research 

Institute of the Federal State Unitary Enterprise, Moscow, 2003; 4th 

International scientific and technical conference on “Materials of 

modern information and electronic equipment-2003”, Odessa, 2003; 

4th International conference on “Antenna theory and technology”, 

Sevastopol, 2003; 6th International conference and exhibition on 

“Digital signal processing and its application”, Moscow, 2004; 7th 

International scientific and technical conference on “Improving the 

efficiency of information processing tools on the basis of mathemati-

cal modeling”, Tambov, 2004; Scientific-technical conference of the 

teaching staff of AzTU, Baku, 2004; International conference on 

“Information and electronic technologies in remote sensing”, dedica-

ted to the 70th anniversary of academician A.Sh. Mehdiyev, Baku, 

2004; International scientific-practical conference dedicated to postal 

services, Sumgait, 2005; Scientific-technical conference of the faculty 

of AzTU, Baku, 2005; International scientific-technical conference on 

“Microelectronic converters and devices based on them”, Taganrog, 

2005; International conference on education and technology, organi-

zed by the international union for science and technology for deve-

lopment, Calgary, 2005; International scientific-practical conference, 

Lankaran, 2006; 53rd scientific-technical conference of AzTU faculty 
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and graduate students, Baku, 2007; International scientific-technical 

conference on “Modern problems of radio engineering, television and 

communication”, Baku, 2007; International conference on “Applica-

tion of computer technologies in science and education”, Baku, 2007; 

13th International exhibition and conference “Telecommunications 

and information technologies”, Baku, 2007; International scientific-

technical conference “Prospects for the development of modern ICT”, 

Baku, 2011; International scientific-technical conference on “Modern 

trends in the development of communication networks: theory and 

practice”, Baku, 2012; Republican scientific-practical conference on 

“Modern problems of automation and control”, Baku, 2012; 

International scientific-technical conference on “Current state and 

development prospects of ICT”, Baku, 2014; International conference 

on “Current state and development prospects of ICT”, Baku, 2016; 

International conference on “Intellectual technologies in mechanical 

engineering”, Baku, 2016; International symposium on mechanical 

and mechanical sciences, Baku, 2017; International conference on 

“Modern communication means” held by the Belarus State Academy 

of Communications, Minsk, 2017, 2018, 2021; Republican scientific-

technical conference on “Establishment of education-research-

production mechanism”, Baku, 2018; International conference on 

“Actual problems of energy supply”, Kiev, 2018; International 

conference on “Actual problems of mathematics and mechanics”, 

Baku, 2018; International Conference on “Technology, Culture and 

International Stability” held by the International Federation of Auto-

matic Control, Baku, 2018; International conference on “Actual 

problems of energy supply” held by Kiev Polytechnic Institute named 

after I. Sikorsky, National Technical University of Ukraine, Kiev, 

2019; International conference on “Innovative technologies in 

telecommunications”, Baku, 2019; 1st International conference on 

“Universities of Azerbaijan and Turkey: education, science, techno-

logy”, Baku, 2019; 13th International conference “Application of 

information and communication technologies”, Baku, 2019; 13th 

International conference on “Thermal engineering: theory and applica-

tion”, Canada, 2020; 23rd International conference “WECONF-

2020”, St. Petersburg, 2020; 3rd International scientific and practical 
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conference “Energy saving and security of occupation: problems and 

prospects”, Kiev, 2020; International conference on communication 

and technology management, Vienna, 2021; International symposium 

on industrial research, Antalya, 2021; 11th International conference on 

“Theory and application of soft computing, verbal computing, percep-

tion and artificial intelligence”, Antalya, 2021; 2nd International 

scientific forum on computer and energy sciences, Almaty, 2021. 

Publication of the results of the work. 101 scientific works, 

including 4 monographs were published in national and foreign 

scientific and technical publications on researches reflecting the 

content of the dissertation and their results. 

The organization where the dissertation work is performed. 
The dissertation was completed at the Azerbaijan Technical 

University. 

The structure and scope of the work. The dissertation consists 

of 393 pages of computer text in A4 format, including an introduction, 

seven chapters, a list of references and appendices, 173 figures, 35 

tables (23 figures in appendices, 4 tables), a list of references used in 

333 titles and 5 appendices. Introduction to the dissertation consists of 

11 pages in A4 format, 1 Chapter 34 pages, 2 Chapter 77 pages, 3 

Chapter 46 pages, 4 Chapter 25 pages, 5 Chapter 47 pages, 6 Chapter 

43 pages, Chapter 7 consists of 32 pages, result 3 pages, list of used 

literature 39 pages, appendices 30 pages, list of abbreviations and 

symbols 1 page of computer text. 

The main text of the dissertation (excluding pictures, tables, 

graphs, appendices and bibliography) - introduction 11 pages in A4 

format (number of characters 22000), 1 Chapter 29 pages (number of 

characters 58000), 2 Chapter 51 pages (characters number 102000), 3 

Chapter 29 pages (number of characters 58000), 4 Chapter 21 pages 

(number of characters 42000), 5 Chapter 20 pages (number of 

characters 40000), 6 Chapter 30 pages (number of characters 60000), 

7 Chapter consists of 24 pages (number of characters 48000), the result 

is 3 pages (number of characters 6000) and a total of 218 pages 

(number of characters 436000) of computer text. 
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MAIN CONTENT OF THE STUDY 

 

The introduction substantiates the relevance of the dissertation 

topic, explains the purpose and main objectives of the research. The 

scientific novelty of the work and the practical significance of the 

obtained results were presented. Important results, suggestions and 

recommendations on the application of the teaching process and 

production are given. 

The first chapter examines the current state of analysis and 

optimal synthesis of complex structural microwave radioengineering 

and telecommunication waveguide systems, identifies the main 

directions for improving the electrical, magnetic, technical, design and 

operational parameters and characteristics of microwave rectangular 

and circular waveguides. 

In order to analyze the current state of the analysis of microwave 

radioengineering and telecommunication facilities, a review of world-

class research in this field was given and it was determined that the 

nonlinearity of the environment inside rectangular and circular 

waveguides filled with air was not taken into account in theoretical or 

experimental studies.  

On the other hand, in order to analyze the current state of optimal 

synthesis of microwave radioengineering and telecommunication 

devices, a review of world research in this area was given and it was 

determined that the issue of their multi-criteria optimal synthesis has 

not been resolved yet. Thus, solving the problem of multi-criteria 

optimal synthesis of microwave rectangular and circular waveguides 

will allow to design and develop new physical models with optimal 

dimensions, while improving the electrical, magnetic, technical, 

design and operational parameters and characteristics of these devices. 

Therefore, taking into account the non-linearity of the 

environment inside rectangular and circular waveguide devices, 

microwave is a new model with optimal dimensions, along with the 

solution of the problem of their multi-criteria optimal synthesis and 

specification of electromagnetic, design, technical and operational 

parameters and characteristics of these devices. and there is a need for 

development. 
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The second chapter deals with the modeling of complex 

structural microwave systems in a nonlinear environment. 

For the first time for a nonlinear medium, a mathematical 

expression was obtained between the relative dielectric constant and 

the electric field intensity, and based on this, effective algorithms were 

developed based on mathematical models of microwave rectangular 

and circular waveguides and finite differences and finite element 

numerical methods. As a result, taking into account the nonlinearity of 

the environment, the electromagnetic field intensities of E-type and  

H-type waves, H10 mode, microwave rectangular waveguide operating 

in the frequency range 4,9-7,05 GHz and microwave circular 

waveguide operating at 9 GHz, H11 mode were determined. 

Based on the numerical results obtained, the E-type and H-type 

waveguide, H10 mode, microwave rectangular waveguide operating in 

the frequency range of 4,9-7,05 GHz (Figure 1, a, b) and microwave 

circular waveguide operating in H11 mode at 9 GHz (3D dependences 

of the intensity of the electromagnetic field on the length of Figure 2, 

a, b) are constructed. The 3D dependencies shown in Figures 1, 2, a, 

b determine the distribution of the electromagnetic field propagating 

within the microwave rectangular and circular waveguides and the 

relationship between the electromagnetic and design parameters of 

these devices.       

 
                           a)                                                   b) 

Figure 1. Rectangular waveguide with frequency range of             

4,9-7,05 GHz electric (a) and magnetic (b) for the E-type wave of 

the transmitter 3D model of the distribution of field intensities 
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                            a)                                                  b) 

Figure 2. Circular waveguide with frequency of 9 GHz for the   

E-type (a) and H-type (b) waves of the transmitter 3D model of 

the distribution of field intensities 

 

At the same time, the dispersion compositions of different types 

(high and low types) of electromagnetic waves propagating in 

rectangular and circular waveguides in nonlinear media were studied 

here, and the effect of field intensities on the dispersion dependencies 

was shown. 

As can be seen from the obtained curves, the propagation of 

radio waves in the non-linear medium in the selected ranges varies 

more sharply than in the linear medium. 

In addition, in this chapter, the limit power, permissible power, 

attenuation coefficient, stagnant wave coefficient of the microwave 

path of a rectangular waveguide in the frequency range of                    

4,9-7,05 GHz for H10 mode of E-type (TH) and H-type (TE) waves, 

new mathematical expressions were obtained, taking into account the 

nonlinearity of the environment for the reflection coefficient, specific 

quality, phase and characteristic resistance of the reflection coef-

ficient. 

The third chapter presents the modeling, research, and results 

of complex structural microwave waveguide systems in a moving 

coordinate system in a nonlinear environment. 

It is known that since the environment in which electromagnetic 

waves propagate is non-linear, the intensities of electric and magnetic 

fields within the studied waveguides must have different values. 

Therefore, it is necessary to use a moving coordinate system.  
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In this chapter, mathematical models of the electromagnetic 

field of a rectangular waveguide in the moving coordinate system have 

been developed. 

- For H10 mode of E-type (TH) wave of microwave rectangular 

waveguide: 
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- For H10 mode of H-type (TE) wave of microwave rectangular 

waveguide: 
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- For H11 mode of E-type (TH) wave of microwave circular 

waveguide: 
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- For H11 mode of H-type (TE) wave of microwave circular 

waveguide: 
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    (24)               

By solving the obtained equations (1)-(12) and (13)-(24), the 

dependence of the velocity of the coordinate system of the 

parameters   and   on the coordinate system moving for the       

E-type (TH) wave of the microwave rectangular waveguide was 

established (Figure 3, a, b). 
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In this chapter, as well as the frequency dependence of the 

attenuation coefficient for H10 and E11 modes in microwave 

rectangular waveguides operating in the frequency range of          

4,9-7,05 GHz and H11 and H01 in microwave circular waveguides 

with 9 GHz frequencies, including s-polarization and p-polarization 

in these transmitters, the speed dependence of the surface impe-

dance calculation system for polarized electromagnetic waves was 

determined by accepting the conductivity of the internal conductive 

surface of the waveguides ./108,5 8 mSim  

 
                 a)                                                 b) 

Figure 3. The dependence of the parameters   (a) and   (b) 

on the velocity of the coordinate system in the coordinate 

system moving for the E-type wave of the microwave 

rectangular waveguide 

 

The dependence of the parameters   and   for the H-type 

wave of the microwave rectangular waveguide on the speed of the 

coordinate system is shown in Figure 4, a, b. 

Thus, it is defined in this chapter: a) the smaller the wavelength 

of the excited oscillations, the more types of waves can be excited 

when the microwave transmits a rectangular waveguide; b) the largest 

crisis when microwave transmits a rectangular waveguide is the H10 

wavelength. This wave is a low type or main type, ie a wave that 

carries information. All other waves are waves with shorter crisis 

lengths; c) in the case of a rectangular waveguide, the field is 
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distributed differently, but waves of the same crisis length may be 

present (E11-H11, E21-H21).  

 
                           a)                                                    b) 

Figure 4. The dependence of the parameters   (a) and   (b) 

on the velocity of the coordinate system in the coordinate 

system moving for the H-type wave of the microwave 

rectangular waveguide 

 

The fourth chapter is devoted to the modeling of microwave 

systems with complex structural mixed combinations. Here, a 

mathematical model of the surface impedance of an irregular and 

complex-walled rectangular waveguide was developed, and the 

problem of connecting them to each other by opening cracks of 

different sizes in the complex waveguide microwave paths was solved. 

At the same time, the problem of modeling the electromagnetic field 

in a switching device from a rectangular waveguide to a circular 

waveguide has been solved theoretically and experimentally. Thus, a 

circular waveguide was placed inside the rectangular waveguide, and 

in this complex waveguide system, the propagation of the electromag-

netic wave and the coefficient of interaction were determined. 

This chapter also discusses the electrodynamic modeling of a 

circular waveguide. Thus, the determination of the propagation 

constant and the structure of the electromagnetic field in the circular 

waveguide of the microwave is reduced to the following Helmholtz 

equations: 

,022  ZZ EgE                                 (25) 

.022  ZZ HgH                                (26) 
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        In this case, the following boundary conditions are included: 

,0ZE                                        (27) 

.0




n

HZ                                       (28) 

To solve this problem, an orthogonal coordinate was chosen so 

that their coordinate surface coincides with the surface of the circular 

waveguide. 

The methods of collocation and finite differences were used to 

solve the boundary value problem (25), (26) and (27), (28). 

In a cylindrical coordinate system, equations (25) and (26) can 

be written as follows: 
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Here 
ZE  and 

ZH  are understood as ),( rEE ZZ   and

),( rHH ZZ   respectively. The solution of these equations by the 

method of division into variables led to the following expressions: 
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where ),(grJm )(grJm
  is a Bessel function or a cylindrical function of 

order m, ),(grNm )(grNm
  is a Neumann function or a secondary 

cylindrical function, g is the number of transverse waves. 

The cross-sectional area of a circular waveguide and its contour 

consists of two parts: the radius ar   and the line L. 

Given that the boundary conditions (27) and (28) are satisfied at 

arbitrary values of φ when r = a, we obtain 
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Let's accept the following substitutions: 

),()()()()( grNgaJgaNgrJgrZ mmmmEm               (35) 

).()()()()( grNgaJgaNgrJgrZ mmmmHm
              (36) 

Then we will get 

 ,)sin()cos()(),(
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m

EmEmEmZ mBmAgrZrE           (37) 

 .)sin()cos()(),(
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m

HmHmHmZ mBmAgrZrH           (38) 

Here, the constants )(/ gaNC mEm
 and )(/ gaJC mHm

  are included 

in the coefficients EmA  and ,EmB HmA  and ,HmB respectively. The 

essence of the collocation method is as follows: the parameters  EmA  

and EmB for the E-wave or the parameters HmA  and HmB for the H-

wave are selected so that the functions (37) and (38) meet the 

conditions (27) and (28), respectively. 

        The following new variance equations for E-type and H-type 

waves were obtained using the collocation method: 

For E-type waves: 

  ,0sin)( kgrZ ik                                (39) 

  ,0cos)( kgrZ ik                                (40) 

where  nk ,...,2,1 are the indices on row,  ni ,...,2,1  the indices 

on column, Ln - the number of points on the boundary, g the 

number of transverse waves, and  ar the radius of the transmitter. 

For H-type waves: 
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By solving the obtained equations (39)-(42), the transverse wave 

number and critical wavelength were determined, and on the basis of 

these estimates the dependence of the transverse wave number on the 
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ratio of the cross-sectional dimensions of the circular waveguide 

(Figure 5, a, b) was established. 

 
                              a)                                                 b) 

Figure 5. Dependencies of the transverse wave number g  on the 

ratio of the cross-sectional area of the microwave circular 

waveguide :/0 ar  a) in the case of E-type wave;  

b) in the case of H-type wave 

 

If we extrapolate the obtained graphs to ,0/0 ar  areas, we can 

achieve the collection of solutions. Thus, for the E-type wave, the root 

1cg  will asymptotically approach the root of the E11-type wave 

(3,832), 1sg  roots to E21-type wave (5,52), 2cg  roots to E31-type 

wave (6,38), 2sg  roots to E41-type wave (7,588); for the H-type 

wave, the 1cg  roots will asymptotically approach the root of the H21-

type wave (3,054), 2cg  roots will approach the H01-type wave 

(3,832), 1sg  roots will approach the H11-type wave (1,841), and 

2sg  roots will approach the H31-type wave (4,201). 

In solving this problem, an orthogonal coordinate was chosen so 

that their coordinate surface coincides with the surface of the circular 

waveguide. 

The fifth chapter deals with the experimental study of complex 

structural microwave systems in a non-linear environment. Here, the 

characteristics of the switching device from the microwave rectan-

gular waveguide to the mouthpiece were determined experimentally 

by the device shown in Figure 6. 
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The measurement was performed using the following methodo-

logy. The microwave clistron generator is connected to the fuselage 

on the body. The receiving mouthpiece is placed at least 3 m away 

from the transmitting mouthpiece. Transmitter and receiver loudspea-

kers are placed along one axis. The signal from the output of the 

receiver mouthpiece is transmitted to the millivoltmeter of the indica-

tor block. 

                          
Figure 6. Orientation diagram 

a device designed for experimental determination 

 

During the experimental study, the output voltage at the output 

of the receiver was measured by   discrete variations of 01 angles in 

the vertical plane, and then normalized graphs of field orientation 

diagrams were constructed (Figure 7). Measurements were made in 

the range of 090  to 090  of   relative to the axis of the mouthpiece. 

 
Figure 7. Field intensity of the loudspeaker 

orientation diagrams according to: 1-vertical plane; 

2-horizontal plane 
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The measurement results of the modulus of transmission and 

reflection coefficients are shown in Figure 8. 

 
Figure 8. Modules of transmission and reflection  

coefficients results obtained on a computer 

 

A waveguide measuring line was used to experimentally 

determine the parameters of the electromagnetic field of the transmit-

ters in the microwave range. The block diagram of the proposed 

measuring device for the study of the electromagnetic field in the 

microwave waveguide is shown in Figure 9. 

 
Figure 9. Block diagram of a measuring device for the study  

of the electromagnetic field in the microwave waveguide 

 

All nodes included in the waveguide of the measuring device are 

made on the basis of microwave rectangular waveguide with a cross-
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sectional area of 40x20 mm. The electromagnetic wave is transmitted 

to the line via a Hann diode microwave generator (HDG). This 

generator is fed through a feed device (FD). A ferrite valve (FV) is 

placed at the inlet of the measuring device to coordinate the load (L) 

inlet. After the attenuator (A) used to regulate the power level of the 

wave, a waveguide measuring line (WML) is placed. With the help of 

(WML), the stagnant wave coefficient and electromagnetic field 

distribution in (L), as well as the values of the electric and magnetic 

field intensities of the waveguide were determined. The measuring 

device (MD) connected to the output of the detector of the (MD) is a 

constant voltage microvoltmeter. 

As a result of the measurements, experimental values of the 

electromagnetic field intensities of a rectangular waveguide operating 

in the frequency range of 4,9-7,05 GHz and a circular waveguide 

operating in the frequency range of 9 GHz were determined. 

The scheme shown in Figure 10 is proposed for the measurement 

of power in both waves in a two-mode microwave transmitter. Here, 

the input of the measuring section (1) of a dual-mode microwave 

transmitter consisting of a galvanomagnetic converter (2) is supplied 

with microwave power for each of the H10 and H20 module waves. The 

measuring section is connected to the load (3). In this case, the 

electromagnetic field in the measurement section is described in the 

form of a superposition of incident and reflected waves. The voltage 

was measured with a galvanomagnetic transducer and this voltage was 

taken in proportion to the power flux density of the final 

electromagnetic field. The signal passes through the analog-digital 

converter (4) and enters the computer (5) for processing, and the 

processing takes place. Thus, for each wave type, the power passing 

through the cross-sectional area of the dual-mode microwave 

waveguide was determined. 

The energy transfer of an electromagnetic field through a 

waveguide in the microwave range is characterized by the value of 

current and voltage. One of the most important issues is the 

measurement of dispersion and attenuation during the transmission of 

electromagnetic waves through microwave waveguide. Another key 

parameter of the transmission path is the wave resistance (full 
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resistance or impedance). This resistance is determined by the ratio of 

the transverse concentrations of the electric and magnetic field 

intensities. 

For a non-uniform and nonlinear path, the resistance has the 

same value along the entire cross section of the waveguide. The ratio 

of the resistances of the various elements of the tract indicates the 

efficiency of energy transfer. Thus, the maximum transfer of power 

occurs when the wave resistances of all elements are equal. The fact 

that the wave resistances have different values leads to reflection. 

From the above it can be concluded that the main parameters of the 

microwave path are dispersion, attenuation and impedance. Therefore, 

for the measurement of these parameters, an experimental device was 

proposed to measure the dispersion, attenuation and impedance on this 

device. 

 
Figure 10. Schematic of a device for measuring power in the  

case of H11 and H10 waves in a two-mode microwave waveguide 

 

This chapter also provides a comparative analysis of the results 

obtained from the experimental study of microwave rectangular and 

circular waveguides by numerical methods, and an error estimate. It 

was determined that the relative error between the theoretical and 

experimental results for field intensities is up to 4%, and the relative 

error for other parameters of the microwave tract is up to 1%.                  

A comparison of the values of the experimentally and theoretically 

determined parameters of the microwave tract of a rectangular 

waveguide operating on the H10 wave is given in Table 1. 
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Table 1  

Rectangle operating in H10 mode 

experimentally and theoretically determined values of the 

parameters of the microwave path of the waveguide 

Parameter name and unit  Experimental  Theory 

Limit power, Рd, Vt 4010,5 4000 

Permissible power, Рbur, Vt 1211 1200 

Extinction coefficient, , dB/m 0,0201 0,0203 

Stagnant wave coefficient, Кdd 1,021 1,02 

Coefficient of repulsion, Q 0,0098 0,0099 

Special quality, Q0 4497,2 4490 

Phase of the refractive index, , rad/m 39,9 39,8 

Characteristic resistance, ZН, Оhm 376,6 376,7 

As can be seen from Table 1, the relative error value for all 

parameters does not exceed 1%. This, in turn, proves the validity of 

the expressions obtained taking into account the nonlinearity of the 

environment and the theoretically determined results based on these 

expressions. 

The sixth chapter is devoted to the optimal synthesis of 

complex structured microwave systems in a nonlinear environment. 

For this purpose, the problem of multi-criteria parametric optimization 

of devices with microwave range has been solved. The criteria for the 

optimal synthesis of microwave rectangular and circular waveguides 

were selected as follows. It is assumed that the operator L is the 

analysis operator of microwave rectangular and circular waves. The 

operator L is characterized by the intensities of the electric and 

magnetic fields of these devices E, H (a, b, r) and the propagation 

constant of the waves )( f . Where f is the normalized frequency of 

the rectangular or circular waveguide. 

The following functionality is offered for rectangular and 

circular waveguides. 

)].,,(,[)( rbaHELf                             (43) 

Let us denote by )(~ f  the required dependence of the normali-

zed propagation constant of the waves. The similarity of functions 
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)( f  and )(~ f  was determined using }~)],,,(,[{ rbaHELF   

evaluation functions as follows: 

    ~,,,max}~)],,,(,[{
][ 21




rbaHELrbaHELF
fff

      (44)            

or 

,)~)],,(,[)((}~)],,,(,[{ 2
2

1

dfrbaHELfrbaHELF

f

f

  
  

(45)                  

where f1, f2 are the operating frequency range of the rectangular and 

circular waveguides. 

The inclusion of )( f  weight functions allows for the accurate 

realization of  )(~ f  in different sub-ranges of the  f  range. The 

physical and design parameters of the devices were taken into account 

when selecting methods for solving the optimal synthesis problem. 

For rectangular and circular waveguides, the following are: 

,,),,(,,0 maxmaxminmin HErbaHEHE 
              (46)

 

,),,(, MrbaHE                                   (47) 

}~)],,(,[{)],,(,[  rbaHELFrbaHEN P
)],,(,,[ rbaHEpT ,  

              .}~)],,,(,[{  rbaHELF                          (48) 

Under these conditions, optimal synthesis of microwave 

rectangular and circular waveguides was performed using Empipe 3D 

and HFSS complexes, and spatial models of optimized microwave 

rectangular and circular waveguides (Figure 11 and Figure 13) and 

frequency characteristics (Figure12 and Figure 14) were obtained. 

Thus, after the optimal synthesis process, a new physical model 

of the microwave rectangular waveguide was obtained. After 

optimization, its constructive dimensions were 47,55x22,15 mm.  

At the same time, it was determined that the basis for the optimal 

synthesis of devices in the microwave range is the search for the 

optimal structure of the electromagnetic field of these devices. It 

depends on the choice of criteria for the optimality of the structure, the 

nonlinearity of the environment, the types of waves. Unsatisfactory 

selection of the optimal structure of the electromagnetic field of 
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rectangular and circular waveguides with microwave range cannot be 

improved by compensating in the process of parametric optimization. 

 
Figure 11. Optimized spatial model of the microwave  

rectangular waveguide 

 

The operating frequency range f = 4,94-5,99 GHz was selected 

according to these dimensions. As can be seen, the attenuation 

coefficient was reduced from 0,0431 dB/m to 0,0201 dB/m as the 

frequency range of the microwave rectangular waveguide was reduced 

after optimization. For the microwave circular waveguide, the 

operating frequency was reduced from 9 GHz to 7,5 GHz. This, in turn, 

allowed the attenuation coefficient to be reduced from  0,0527 dB/m 

to 0,0211 dB/m. 

 



31 

Figure 12. Optimized rectangular waveguide 

frequency characteristic 

 
Figure 13. Optimized spatial model of the microwave  

circular waveguide 

 
Figure 14. Optimized circular waveguide 

frequency characteristic 

 

As a result of the research, the Sumgait-Gilazi main radio relay 

line with a height of 37 m in the Sumgait transmission part and a height 

of 40 m in the Gilazi receiver section was replaced by a wave 

transmission system with a cross-sectional area of 40x20 mm and a 

width of 47,55x22,15 mm. This, in turn, allowed the decommissioning 

of 12 microwave amplifiers in the transmission part and the annual 
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economic benefit was 116842 AZN. The main factors in achieving 

economic efficiency were the saving of electricity consumption and 

decommissioning of the equipment used in the main radio relay line. 

         After optimization, the parameters of microwave rectangular and 

circular waveguides are given in Table 2 and Table 3. 

 

Table 2 

Parameters of microwave rectangular  

waveguide obtained after optimization 

Microwave rectangular waveguide parameters before optimization 

Working 

frequency 

range, GHz 

The cross-sectional 

area, mm 

Extinction coefficient 

for brass waveguide, 

dB/m a b 

4,9-7,05 40 20 0,0431 

Parameters of microwave rectangular waveguide after optimization 

3,94-5,99 47,55 22,15 0,0201 

In the process of optimal synthesis, parametric optimization of 

rectangular and circular waveguides with E-type and H-type 

waveguide microwave bands was performed in two stages. In the first 

stage, the fulfillment of technical requirements was assessed by 

creating a normal (initially given) rectangular and circular waveguide. 

In the second stage, based on a higher-level model, its parameters were 

specified. 

Table 3 

Parameters of microwave circular  

waveguide obtained after optimization 

Microwave circular waveguide parameters before optimization 

Working 

frequency, GHz 
Diameter, d, mm 

Extinction coefficient for 

brass waveguide, dB/m 

9 50 0,0422 

Parameters of microwave circular waveguide after optimization 

7,5 60 0,0211 

Thus, on the basis of optimized transmitters, a new waveguide 

system connecting the transmitter and the antenna was developed and 

implemented in order to improve the quality of transmission in 

television towers (Figure 15).  
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This chapter also describes the construction of at least two 

models of rectangular and circular waveguides - basic (approximate, 

single-wave) and auxiliary (specified) models for the optimal 

organization of the synthesis process. 

 
Figure 15. New waveguide system developed to connect the 

transmitter and antenna in television towers 

 

The seventh chapter is devoted to the modeling of specially 

designed microwave systems. Here, the modeling of the 

electromagnetic field of a rectangular waveguide with slit side walls 

was performed (Figure 16). 

 
Figure 16. Side wall with circular slit 

rectangular waveguide 
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Thus, in this chapter, the variance equation for a rectangular 

waveguide with an infinite number of cracks in a small wall has been 

developed. 
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where  nkknpsn ;,...;2,1,0,...;2,1,0  Kroneker symbol. 

 The effective surface impedance was calculated for the structure 

shown in Figure 16 and the dispersion characteristics were obtained 

depending on the value of the effective surface impedance and the 

wavelength (Figure 17 and Figure 18). 

   
Figure 17. 

seffZ  modulus of 

effective impedance 

/a wavelength dependence 

  Figure 18. Dependencies of 

)/(
~

 a normalized propagation 

constants of surface and volume 

waves 

 

Figure 18 shows that in such an microwave structure, both 

volumetric and surface waves can propagate, and when two impedance 

wall waves are transmitted, two surface waves can propagate. As can 

be seen from the graphs, an increase in the modulus of effective 

impedance leads to an increase in the propagation constant. 

Quantitative analysis was also performed for the impedance of 

the two walls of the waveguide. Calculations have shown that it is 

possible to propagate two transverse surface waves in this structure. 

Figure 19 shows  dependencies for a two-impedance wall 

transmitter in 8,0/ a  cases.  

It should be noted that in  cases the quasi H10 wave passes 

to the H10 wave. At this time, surface waves appear. At the same time, 

Figure 19 shows that at some values of Zseff, the volume wave (curve 

)(
~

seffZ

0seffZ
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1) is interrupted. As a result of its increase, the value of propagation 

constants decreases. In this case, one of the surface waves (curve 3) is 

inclined towards the unit, and the other wave passes from the surface 

wave to the volume wave (curve 2). 

 
Figure 19.  in the case of two impedance walls 

 dependencies for the waveguide: 1 - volume (quasi H10) 

wave; 2 - the first surface wave; 3 - second surface wave 

 

In this chapter, the following variance equation is obtained for 

the propagation coefficient of electromagnetic waves of a dielectric 

waveguide with a circular cross section shown in Figure 20, and the 

radius dependence of the propagation coefficient is established (Figure 

21). 
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where   spread constant,   is the nonlinearity coefficient.  

In the fourth paragraph of this chapter, new mathematical 

models for TE and TM  type normal waves of the electromagnetic field 

of a rental rectangular waveguide with infinite ideal walls located at a 

certain distance from each other are developed:  
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Figure 20. Circular cross  Figure 21. Dependence of the propagation 

  section having a dielectric           constant  
2 on the radius R2:    

 

             waveguide                1,0,122,2,1,9,4 021321  kRR                                                                                

                                                

Mathematical models obtained using the finite element method 

were solved and the distributions of the field components within the 

waveguide were constructed for different values of the roughness 

parameter of the medium (Figure 22 and Figure 23). 

- In case of TE type wave: 

          
Figure 22. Inside the waveguide in case 8,0  field components 

 

- In case of TH type wave:  

       
Figure 23. Inside the waveguide in case 8,0  field components 
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The analysis of the field components showed that the field in the 

kiral region of the waveguide is a hybrid. As a result, such a system 

can perform the function of a converter to convert one type of wave 

into another type of wave. 

 

RESULTS 

 

1. Based on the analysis of the current state of analysis and 

optimal synthesis of microwave devices, it was determined that in real 

practice the environment behaves as a non-linear environment, so for 

the analysis and optimal synthesis of microwave rectangular and 

circular waveguides, the existing theory needs to be reworked. 

2. For the first time, an analytical expression was obtained 

between the electric field intensity and the relative dielectric constant 

of rectangular and circular waveguides, taking into account the 

nonlinearity of the medium. This analytical expression is of great 

theoretical and practical importance, as well as the basis for the design 

of radioengineering and telecommunication systems of different 

frequency bands for the transmission of information over long 

distances. 

3. Non-linear environment, taking into account the types of 

waves. Cartesian and cylindrical coordinate systems of electromag-

netic field of rectangular waveguide operating in the frequency range 

of 4,9-7,05 GHz and circular waveguide operating in the frequency 

range of 9 GHz. Effective algorithms have been proposed for this 

purpose, which have allowed to improve the electrical, magnetic, 

structural and operational parameters and characteristics of rectan-

gular and circular waveguides, and to minimize the extinction coef-

ficient. 

4. 3D models of distribution of electromagnetic field intensities 

in the elementary regions of rectangular waveguide operating in the 

frequency range of 4,9-7,05 GHz and circular waveguide operating in 

the frequency range of 9 GHz for E-type and H-type waves were 

developed, the dispersion compositions of electromagnetic waves, the 

effect of intensities on the variance dependencies is shown. 
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5. For non-linear medium E-type (TH) and H-type (TE) waves 

for H10 mode in the frequency range of 4,9-7,05 GHz microwave 

rectangular waveguide transmission path limit power, allowable 

power, attenuation coefficient, new mathematical expressions were 

obtained for parameters such as stagnant wave coefficient, reflection 

coefficient, specific quality, phase of reflection coefficient and 

characteristic resistance. At the same time, a new mathematical 

expression was obtained that allows to determine the surface 

impedance of a rectangular waveguide with irregular walls with any 

accuracy. It has been shown that the new mathematical expressions 

obtained for the microwave path of a rectangular waveguide with an 

irregular wall and a nonlinear environment can also be successfully 

applied in the design of more complex waveguide systems. 

6. Experimental devices and functional schemes for measuring 

the parameters of the microwave path of rectangular and circular 

waveguides, as well as electric and magnetic fields in the non-linear 

state of the medium have been proposed and the parameters of 

waveguides have been determined experimentally. A comparison of 

theoretical and experimental results of the intensities of electric and 

magnetic fields showed that the relative error for these parameters is 

4%, and for other parameters of the microwave path is 1%. This 

proved the adequacy of the theoretical and practical results obtained. 

7. Experimental values of the intensity of electric and magnetic 

fields of a rectangular waveguide operating in the frequency range of 

4,9-7,05 GHz for E-type and H-type waves, a circular waveguide 

operating in the frequency range of 9 GHz, its cross-sectional length, 

variance dependence, microwave extinction dependence has been 

established. These dependencies allow to create a visual image of the 

electromagnetic field propagated within the studied devices and other 

parameters of the microwave path. 

8. It was determined that the basis for the optimal synthesis of 

microwave range devices is the search for the optimal structure and 

design dimensions of the electromagnetic field of these devices. It also 

depends on the choice of optimality criteria, the nonlinearity of the 

environment, the type of waves. 
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9. It was determined to perform parametric optimization of 

rectangular and circular waveguides with E-type and H-type 

waveguide microwave range in two stages. In the first stage, the 

fulfillment of technical requirements was assessed by creating a 

rectangular and circular waveguide to be optimized, and in the second 

stage, its parameters were specified based on a higher-level model, and 

the issue of minimizing the maximum function was solved. 

10. In H10 and H11 wave modes new algorithms for optimal 

synthesis of microwave range rectangular and circular waveguides are 

given, their advantages are substantiated and parametric analysis and 

structural optimization of these devices are performed using HFSS, 

Empipe 3D software complexes. developed and improved their 

constructive, electrical parameters. 

11. In order to improve the quality of broadcasting in the 

Television Broadcasting and Satellite Communications Production 

Union of the Ministry of Transport, Communications and High 

Technologies of the Republic of Azerbaijan on the basis of developed 

waveguides, a new waveguide system was proposed. It was reduced 

from 0,0431 dB/m to 0,0201 dB/m, and for circular waveguides from 

0,0422 dB/m to 0,0211 dB/m, which means that the information 

transmitted from the transmitter to the receiver is longer. allowed the 

transmission. 

12. The obtained results were applied on the Sumgait-Gilazi 

main radio relay line with the length of 41,8 km in the Television 

Broadcasting and Satellite Communications Production Union of the 

Ministry of Transport, Communications and High Technologies of the 

Republic of Azerbaijan. Thus, by increasing the cross-sectional area 

of the rectangular waveguide system, its operating frequency range 

was reduced to 3,94-5,99 GHz, which allowed to reduce the signal 

attenuation in the transmission of information in the waveguide system 

by more than 2 times. As a result of the research, the Sumgait-Gilazi 

main radio relay line with a height of 37 m in the Sumgayit 

transmission part and a height of 40 m in the Gilazi receiver section 

was replaced by a wave transmission system with a cross-sectional 

area of 40x20 mm and a width of 47,55x22,15 mm. This, in turn, 

allowed the decommissioning of 12 microwave amplifiers in the 



40 

transmission part and the annual economic benefit amounted to 

116842 AZN. The main factors in achieving economic efficiency were 

energy savings and decommissioning of equipment used in the main 

radio relay line. 
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