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Summary of the project 

 

             The urgency of the purposes of accomplished work is caused by the contemporary trends of 

development of radio-electronic and communication systems facing increasing requirements of 

improvement in the effectiveness of functioning as systems as a whole, and, also, as their component 

elements.     

The urgency of purposes of the offered project is caused by the contemporary trends of development of 

radio-electronic and communication systems facing increasing requirements of improvement in the 

effectiveness of functioning both of the systems as a whole and their component element s.  

Functioning of antennas and antenna systems of complex construction occurs against the background 

of interferences, that adversely affects the quality of radio communication between transmitter and 

receiver. Elimination or lowering in the energy level of such undesirable influence is one of the 

fundamental problems in the theory and practice of antennas, known by name electromagnetic 

compatibility (EMC).   
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To one of the fundamental classes of antenna gratings belong gratings formed from the open ends of 

waveguides. Such gratings are basic for those working in communication systems characterized by the 

high level of delivered power.  Gratings from the open ends of waveguides are widely used in flight 

vehicles, because they do not form excessive protuberances on the housing and, therefore, they do not 

create additional problems and inconveniences in the aerodynamics of vehicles.   

For the quantitative estimation of EMS of antenna systems it will be introduced so called compatibility 

function, which is the modulus of energy radiated by the system the side directions.  

This function depends on the relative values of main geometric dimensions of the antenna system, it 

means that we have to find such necessary values of these parameters, for which the energy level 

radiated in the lateral sides would be minimum.  

Multi-port waveguide junctions are widely used in the SHF technology as power dividers, antenna 

switchers, filters, phase inverters, etc.   

For increasing the effectiveness of the functioning of multi-port waveguide junctions within the 

framework of radio-electronic and communication systems it is necessary first of all to increase 

passband and to decrease energy losses.  Furthermore, during the branching, division and 

transformation of signal in such systems it is necessary to ensure acceptable agreement between the 

arms, i.e. sufficiently high level of transmission into the necessary arm and attenuation in the rest.  And 

finally, for guaranteeing the stable work of a waveguide junction it is necessary to reach stable 

characteristics in the sufficiently broadband.  

The SHF devices have no tuning elements; therefore their experimental study must be preceded by the 

machine design of such devices.  

Machine design unites 3 stages: 1) Mathematical simulation; 2) Analysis; 3) Optimization.  

Within the framework of the project it will be considered the following tasks:  

a) waveguide tees (WT) with included system of heterogeneities of different types (system of inductive 

rods, diaphragms and tapes);  

b) four-port waveguide junctions (FWJ) with included system of heterogeneities of different types;  

c) open waveguide tees (OWT) with included system of heterogeneities of different types;  

d) open four-port waveguide junctions (OFWJ) with included system of heterogeneities of different 

types. 

In the process of mathematical modeling it will be used the methods of partial domains, mirror images, 

calculus of residues, generalized functions, and also original procedure of the conversion of multipole 

spectrum into the diffractive.  

In the process of analysis it will be given the graphs of dependence of the fundamental characteristics 

of structures on the parameters of problems in question, and also the figures of field distribution in the 

neighbor zone. It will be carried out physical analysis of the obtained results; optimization will be 

carried out on the basis of wide use of artificial inclusions with application of the methods of structural 

synthesis and models of artificial neural networks (genetic algorithm, Boltzmann machine, PSO 

algorithm).  

Finally, the authors of the project are intended to conduct the algorithmization of the above-

enumerated tasks in the form of calculation program package with convenient interface and advanced 

elements for selection and visualizations of the geometry of structural elements, 2 D and 3D   drawings 

of electromagnetic fields in the sections of waveguide, and also to give out concrete recommendations 

for the practical realization of systems with properties given beforehand.



 

Detailed Project Information 

1. Introduction and Overview 

The aim of presented project is elaboration of optimal constructions of open and closed 

inhomogeneous waveguide structures using the systems of artificial inclusions (SAI) of different kind 

(the system of inductive rods, diaphragms and bands), extrinsic photonic crystals (PhC) of the finite 

size, together with the application of the models of artificial neuron networks (MANN).  

The actuality of the suggested project is provided by the modern tendencies of development of 

radio-electronic and communication systems, which assert more and more increasing requests pointing 

to the improvement of effectiveness of functioning as of the systems as a whole, as of their component 

elements. 

 More and more increasing requests pointing as to diminishing of the size, mass, overall 

dimension, as to increment in mobility, effectiveness and EMC of SHF devices and antenna systems, 

finally arrive to the tendency of miniaturization and optimization as of geometric, as of physical 

parameters of systems used in these constructions. This, in turn, provides the necessity of accounting of 

the waves of higher types (non-penetrating harmonics) appearing at the diffraction on different 

discontinuities. Therefore, it should be noted that one more factor determining the actuality of the 

project consists in aspiration of the authors to diminishing and optimization of the geometric 

parameters of functional and component elements as of SHF devices themselves, as of antenna 

systems.    

In modern radio-electronic and communication systems the different types of antennas and 

antenna systems are applied, having different destinations and often located rather close to each other 

[1-6]. Functioning of antennas and antenna systems of complicated construction takes place against the 

background of the mutual noise that negatively influences on the quality of radio-communication 

between transmitters and receivers. Exclusion or reduction of the energetic level of such undesirable 

influence is one of the basic problem in the theory and practices of antennas, known as electromagnetic 

compatibility (EMC). 

Accomplishment of far cosmos communication, development of radio-astronomy is mainly 

determined by the creation of optimally huge, big antennas. Highest saturation of surrounding by the 

radio-signals tends to adaptation to presented conditions, particularly, to creation of the adaptive 

antenna systems. Different objects (ex. aircrafts) hold dozens antenna devices of different range and 

purpose, thus, it is necessary to create the compatible electromagnetic systems, whose effectiveness is 

greatly dependent on the characteristics of the antenna devices. From the other hand, the antenna 

systems should provide the extreme characteristics, namely, rather low level of the side lobs, the 

maximal effect of utilization of the surface, wide band conditions, fast rule of radiation pattern etc. [7]. 

To one of the fundamental classes of antenna gratings belong the gratings formed of the open 

ends of waveguides [8-12]. Such gratings are the basic for the functioning of communication systems 

characterized by the high level of transmitted power (such antennas are widely used, for example, in 

cosmos communication and in radio-astronomy). The gratings formed of the open ends of waveguides 

are widely used in aircrafts, as they do not perform additional unnecessary lugs on the body of an 

aircraft and, thus, create no additional problems and inconveniences in aero-dynamics of the aircrafts. 

Increment in flying speed, in maneuverability of aircrafts as well, as growth of the intensity of their 

movement within the operating zones of rule, greatly increase the area of the problems solved by radio-



technical apparatuses of aircrafts. During the design and construction of aircrafts arises the problem of 

location of great number of antennas within the body and provision of the needed vision zones for 

them and mutual communication. One of the solutions of the signed problem is creation of 

multifunctional (complex) log antenna-feeder systems, consisting of antennas, filters, switchers, 

couplers, rule blocks, making possible to radiate (receive) electromagnetic energy and to distribute it 

between different kinds of radio-apparatuses  [13].  

The effectiveness of utilization and scientific-technical application of achievements in spheres of 

radio-techniques, radio-physics and radio-electronics for applied purposes greatly depends on 

possibilities of an elements base (the sources of transmission and reception, the channel and oscillating 

systems). Thereupon the special importance is taken on the new methods of construction of SHF 

devices, based on planar (PIS) and volume (VIS) integral schemes. [14]. 3D construction of location of 

the basic elements and processing of the signal though its total volume, from the one hand, performs 

the wide possibilities for improvement of radio-physical, climate, radioactive and other parameters of 

the apparatuses, while from the other hand – requires creation of new adequate physical and 

mathematical models of basic elements. At the same time, the adequate models should be rather exact 

(electro-dynamic level of exactness) and make possible to determine the parameters within the time 

intervals convenient for automatic rule systems.  

As the VIS in SHF so-called multi-cascade waveguide systems may be used, while the transfer 

between the cascades is carried out by waveguide fragments. Generally, VIS in SHF represents itself as 

rather complicated diffraction system and, thus, the analysis even of the simple functional junction at 

times turns to be very difficult and complicated problem. Way out is preliminary decomposition of the 

scheme into the compound elements (decomposition method) [15]. Usually, such elements are the 

discontinuities in VIS, holding the definite obligations (turning of the transmission line, transfer 

between the cascades, T-joint, break of a conductor etc.). Therefore, for the analysis of VIS rather 

definite meaning receives the investigation of the properties of multi-port waveguide couplings 

(including WT and FWC with SAI) [16-35].  

 For increasing of the effectiveness of functioning of multi-port waveguide couplings within the 

range of radio-electronics and communication systems, first of all, it is necessary to increase the 

bandwidth and to decrease the energy losses. Besides that, at the branching, division and 

transformation of the signal, in such systems it is necessary to provide the convenient compatibility 

into the needed arm and damping in others. And, finally, in order to provide the stability in the work of 

the waveguide coupling, the stabile characteristics within rather wide frequency band should be 

reached [36-38].  

These aims may be reached by utilization of the artificial discontinuities [39-51]. Tuning elements 

or artificial inclusions (such as inductive rods, diaphragms and bands are) are inserted into the 

traditional waveguide couplings [52-68]. However, the analysis of characteristics of such couplings 

shows that the singular inclusions often are unable to reach the convenient level of compatibility of the 

waveguide arms and of the sufficient bandwidth of multi-port couplings. Therefore, for optimization of 

multi-port couplings the systems of such inclusions are considered in presented project.  

In short-wave range and in quasi-optical diapason, where the creation of the traditional micro-wave 

devices with metal walls meets the serious difficulties, the elaboration of the analogs of traditional 

devices is suggested on the basis of nano-technologies (using frequency-selective nano-materials [69-

71] and photonic crystals [69-75]). 

For the quantitative estimation of EMC of antenna systems considered in the problems within the 

frames of the project so-called compatibility function will be introduced, representing the energy 

radiated by the system in the side directions, i.e. the energy level in the side lobs. This function 

depends upon the relative values of internal geometric parameters of antenna systems, thus, it is 



necessary to select these values in such a way that the energy level in the side directions should be 

minimal. 

SHFУ devices are free from tuning elements, thus, their experimental investigation should be 

preceded by the machine design of the structures. 

The machine design unites within itself three stages: a) Machine modeling; b) Simulation and 

analysis; c) Optimization. 

The machine design unites within itself three stages: a) Machine modeling; b) Simulation and 

analysis; c) Optimization. 

For realization of the stages of the machine design for the structures considered within the frames 

of the project the following methods will be used: 

a) During the process of the mathematical modeling the methods of partial areas, Fourier-

transformations, mirror imaging, theory of residues and generalized functions. 

b) During the process of simulation and analysis the graphs of dependence of the basic parameters 

of the structures considered within the frames of the project on different geometric and physical 

parameters will be received as well, as the patterns of fields distribution in nearby zone (the 

calculation programs will compiled by the executors of the project), their physical analysis will 

be carried out. 

c) Optimization is suggested to be carried out based on the wide exploitation of SAI together with 

application of MANN (genetic algorithm, Boltzmann’s machine and so-called PSO method). 

Particularly, the possibility of application of neuron networks for solution of the problems of 

optimization of open and closed waveguide structures using the systems of artificial inclusions 

of different types will be considered; the effective algorithm for maximizing of the energetic 

parameters of such structures will be suggested; the numerical investigations will be carried out 

as well, as the comparison of the neuron algorithm with other, known algorithms.  

At present time for increasing the speed of managing of modern waveguide systems the new 

methods of solution of engineer problems oriented on the computing systems with the parallel 

architecture are elaborated, and neuro-computer methods are perfectly inserted into this tendency. 

Elaboration and investigation of neuro-computer approaches is one of the perspective branches of 

creation of the waveguide systems of new generation. 

Application of these approaches is completely grounded for the solution of the optimization 

problems, including these of un-traditional staging, in the cases, when the sufficient exactness and the 

fastness of determination of the optimal solution is needed as well, as the high confiding probability to 

the reliability of received results. 

Consequently, the presented project will be oriented on creation of the program complex of an 

engineer-elaborator for design and optimization of functional devices based as on traditional, as on 

complex, composite nano-materials. The authors of the project are intended to elaborate the algorithms 

for all problems, listed above, and to create the computing program complex with the suitable 

interface, with developed elements for selection and visualization of the geometry of the constructive 

elements (2D and 3D graphs of the electromagnetic fields in the cross-sections of waveguides) as well, 

as to issue the concrete recommendations for practical realization of the systems with in advance 

adjusted properties.  



 The executors of the project possess the abundant experience in investigation of 

inhomogeneous waveguide structures and waveguide couplings (branching) [19, 24-26, 41-68], 

antenna gratings [78-91] and studying of EMC of antennas and antenna systems [92-105]. 

Besides that, the participants of the project possess the original experience in investigation of 

impurity photonic crystals of the finite size [69-70] and of their applications for creation of the analogs 

of micro-wave devices with adjusted properties [72-74]. The photonic crystal – it is per se the artificial 

dielectric representing itself as the periodic dielectric structure inserted into another dielectric. 

Electrodynamic properties of such artificial material are considered by the crystallography of used 

dielectric grating, the geometry of its separate elements, the contrast between materials of the dielectric 

grating and the basic dielectric and the resonance properties of elements of the grating. Therefore, the 

photonic crystal is some analog of the real atomic grating but of the other scale. Moreover, as in the 

common crystals, in the photonic one exist so-called band gaps [69-70] − the diapason of frequencies, 

where penetration of waves of some polarizations inside the crystal is impossible.  

If some defects are inserted into the photonic crystal – substitutions, insertions, dislocations or 

vacancies – then the wave can penetrate along the waveguide composed by them – and only along it 

(nowhere else). Different types and configurations of inserted defects compose the waveguides with 

different properties, admitting the waves of different polarizations and wavelengths [69]. Therefore, 

changing the kind of a material, and also the shape, character, location and intensity of impurities 

(inclusions) into the primitive cell of the photonic crystal, it is possible to rule the structure of band 

gaps in the photonic crystal, changing the character of penetration of electromagnetic waves inside 

them, in order to create the different analogs of the traditional micro-wave devices [72-77]. 

Also, the authors of the project possess the original experience in creation of MANN and their 

application in the digital telecommunication problems. As it is known, the neuron networks serve the 

calculation model, which conception is rather schematically inspired by the functioning of the real 

neurons (of humans or others), thus MANN may comfortably be used for solution of the optimization 

problems. Usually the neuron networks are optimized by studying methods of statistical kind. From the 

other hand, they keep within the frames of the family of methods of the artificial intellect, enriching 

them and allowing to get conclusions, based mostly on the perception, rather then on the formal logical 

deduction. It is known that the neuron networks were successfully used for the problems of 

classification, recognition, approximation of unknown function, for the fast modeling of known, but 

rather complicated functions, modeling of studying processes and improvement of teaching methods. 

Based on the results of the participants of the project and on the experience of studying of the problems 

of reliable transmission of the digital information at presence of the noise, the different MANN will be 

used for multi-parameter optimization and to discover the best constructive solutions, the elaborated 

antenna systems and the element base of radio-electronic devices. 

 

References 

1. Elliot R.S. Antenna Theory and Design, New York: Wiley, 2003. 

2. Krous J.D., Marhelfka R.J. Antennas for all Applications. New York: McGraw-Hill, 2003. 

3. Navarro L.A., Chang K., Integrated Active Antennas and Spatial Power Combining, Willey, New 

York, 1996. 

4. James J.R., Hall P.S., Handbook of Microstrip Antennas, IEE, Peter Peredrinus, London, 1991. 

5. Lin J., Itoh T., Active Integrated Antennas, IEEE Trans. Antennas Propag., vol. 42, no. 12, Dec. 

1994, pp. 2186-2194. 

6. Wheeler H.A., Small Antennas, IEEE Trans. Antennas Propag., vol. AP-23, July 1975, pp. 462-

469. 

7. L.D. Bakhrakha, D.I. Voskresenskiy. Problems of antenna design, Moscow, radio and connection, 

1989 (in Russian). 



8. N. Amitei, V. Galindo, and Ch. Wu, Theory and Analysis of Phased Antenna Arrays, 1972. 

9. S-S. Oh, J-W. Lee, M-S. Song and Y-S, Kim, Two-Layer slotted-waveguide antenna array with 

broad reflection/ gain bandwidth at millimeter-wave frequencies, IEEE Proc- Microw.Antennas 

Propag., Vol.151,No. 5, October 2004, pp. 393-398. 

10. Y. Oh, J-H. Рwang and J. Choi, Single-Layer waveguide slot array antenna with diaphragms, 

Electronics Letters, 4th. August 2005, Vol. 41. No. 16. 

11. S-S Zhong, W. Wang and X-L. Liang, Compact ridge waveguide slot antenna array fed by convex 

waveguide divider, Electronics Letters, 13th October 2005, Vol. 41. No 21. 

12. B. Li, L,Li, and C-H Liang,  The Rectangular Waveguide Board  Wall Slot Array Antenna With 

ebg Structure, J.of Electromagn. Waves and Appl., Vol. 19, No. 13, pp. 1807- 1815. 

13. Yu.G.Shatrakov, M.I.Rivkin, B.G.Tsybayev. Aircraft antenna systems, Moscow, Machine 

Building, 1979 (in Russian).  

14. V. I. Gvozdev, E.I. Nefedov. Volumetric integrated circuits OF SHF, M., science, 1985, p. 12 (in 

Russian).Nikol’skii V. V., Golovanov O. A. Application of AMB Method for modeling waveguide 

elements. In the book: Computer design of microwave systems and structure. Moscow: MIREA, 

1979, pp. 147-164 (in Russian). 

15. Allanson J. T., Cooper R., Cowling T. G. The theory and experimental behaviour of right-angled 

junctions of rectangular section waveguide. J. IEEE, 1946, vol. 93, p. 30, N 23, pp. 177-187. 

16. Mashkovtsev B. M., Tsibizov K. N., Emelin B. F. Waveguide theory. Moscow: Nauka, 1966 (in 

Russian). 

17. Kuhn E. A mode – matching method for solving field problems in waveguide and resonator 

circuits. AEU, Arch. Elek. Ubertragung., 1973, vol. 27, H-12, pp. 511-518ю 

18. Kevanishvili G. Sh. To the theory of waveguide tee. Izvestia vuzov. Radiophysics, 1978, vol. 21, N 

11, pp. 1669-1674 (in Russian). 

19. Alessandri F., Mongiardo M., Sorrentino R. Computer-aided design of beem forming networks for 

modern antennas, IEEE Trans. Microwave Theory Tech., vol. 40, 1992, pp. 1117-1127. 

20. Rud’ L. A. Wave diffraction on T-junction of rectangular waveguides in H plane. Radiotekhnika i 

Electronika, 1984, 29, N 9, pp. 1711-1719 (in Russian). 

21. Baraev S. V., Korovin O. P. Calculation of scattering matrices of waveguide tee in E-plane. 

Radiotekhnika i Electronika, 1985, vol. 30, N 9, pp. 1840-1842 (in Russian). 

22. Prokhoda I. G., Karlov V. A. Matching of cruciform junction of rectangular waveguides in E-

plane. Izvestia vuzov. Radioelectronics, 1986, vol. 29, N 2, pp. 90-92 (in Russian). 

23. Bogdanov F. G., Kevanishvili G. Sh., Chikhladze G. G. Investigation of electrodynamic properties 

of waveguide tees. In the book: Waves and diffraction-90. Proceeding of X All-Union Symposium. 

(Vinnitsa, 1990). Moscow, 1990, vol. 3, pp. 234-237 (in Russian). 

24. Bogdanov F. G., Kevanishvili G. Sh., Chikhladze G. G. To the theory of waveguide T-junction in 

E-plane. Bulletin of the Academi of Sciences of Georgia, 1991, vol. 141, pp. 93-96 (in Russian). 

25. Bogdanov F. G., Kevanishvili G. Sh., Chikhladze G. G.  Diffraction properties of crusiform 

junction of rectangular waveguides in E-plane. Radioelectronika i Electronika, 1991, vol. 37, N 4, 

pp. 659-667 (in Russian). 

26. Sieverding T., and Arndt F. Modal analysis of the magic Tee, IEEE Microwave and Guide Wave 

Lett., vol. 3, 1993, pp. 150-152. 

27. Alessandri F., Mongiardo M., Sorrentino R., Rigorous mode matching analysis of mitered E-plane 

bends in rectangular waveguide, IEEE Microwave and Guide Wave Lett., vol. 4, 1994, pp. 408-

410. 

28. Jia H., Yoshitomi K., Yasumoto K. Rigorous analysis of rectangular waveguide janctions by 

Fourier transform technique, Progress in Electromagnetic Research, PIER 20, 1998, pp. 261-280. 

29. Jia H., Yoshitomi K., Yasumoto K. Rigorous analysis of E-/H-plane junctions in rectangular 

waveguides using Fourier transform technique, J.Electromag. Waves and Applications, vol. 13, 

1999, pp. 809-810, Progress in Electromagn. Research, PIER 21, 1999, pp. 273-292. 



30. Christopher D. Nantista and Sami  G. Tantawi, A Compact Planer  Eight-Port  Waveguide power 

Divider/Combiner: the Cross  Potent Superhybrid, IEEE Microwave Guided Wave Lett, vol.10, 

No. 12, December 2000; SLAC-PUB-8771, pp. 520-522. 

31. S.G. Tantawi, N.M. Kroll, and K. fant, RF Components Using Over-moded Rectangular 

Waveguides  for the Next Linear Collider Multi-Moded Delay Line RF Distribution System, Proc. 

of the IEEE Particle Accelerator Conference, New York City. March 29th-April 2nd, 1999, pp. 

1435-1437. 

32. H.C.Wu, W.B.Dou and Z.X. Wang, Analysis of waveguide multi-ports discontinuities by the 

helmholtz weak form and mode expansion IEEE Proc-Microw. Antennas Propag., Vol.151, No.6, 

December 2004, pp. 530-536. 

33. J.B du Toit, J.W. Odendaal and J. Joubert, Characterization and Phase Compensation of a 

Coplanar Waveguide to Coplanar StripLine Balun. Electromagn. Waves and Appl, Vol. 22, 2008. 

pp. 2463-2474. 

34. K.G. Thomas and M. Sreenivasan, Compact CPW-fed dual-band antenna, Electronics Letters, 7th, 

Vol.46, No.1, January 2010. 

35. K.Sarhadi, M.Shahabadi, Wideband substrate integrated waveguide power splitter with high 

isolation, Published in IET Microwaves, Antennas & Propagation, Received on 7th April 2009, 

doi: 10.1049/iet-map.2009.0413. 

36. Amjad  A.Omar y and Y.M. M. Antarz, Design of a dual-band coplanar waveguide-fed slot 

antenna with wide frequency separation, INT. J. Electronics, Vol.88,no. 12. 2001, .pp.1247-1255. 

37. S. Hacquin, D. Wagner, M. Manso, J. Borreicho, and L.Farinha, Optimization of the FM-CW 

reflectometry  W- band antenna for core density profile measurements on ASDEX Upgrade , 

Review of Scientific Instruments, Vol. 74, No 3, March 2003, pp. 1485-1488. 

38. Shvinger Yu. Inhomogeneities in waveguides. Foreign Radioelectronics, 1970, N 3, pp. 3-106. 

Microwaves, Moscow, Nauka, 1985 (in Russian). 

39. Kapilevich B.Yu. Dielectric cylinder in a rectangular waveguide. Radiotekhnika i Electronika, 

1978, vol. 33, N 4, pp. 98-100 (in Russian). 

40. Kevanishvili G.Sh. Difraction of H10 wave on inductive rod. Radiotekhnika i Electronika, 1975, 

vol. 20, N 9, pp. 1810-1817 (in Russian). 

41. Bogdanov F.G., Kevanishvili G.Sh., Kekelia G.V., Kurdiani N.M. Scattering of H10 wave on 

coaxial metal-dielectric rod. Diffraction of electromagnetic waves/ Edit. by Georgian Technical 

University, 1988, N 6 (335), pp. 5-8 (in Russian). 

42. Bogdanov F.G., Kevanishvili G.Sh., Kekelia G.V. Scattering of H 10  wave by the set of dielectric 

cylinders in rectangular waveguide. Bulletin of the Academy of Sciences of Georgian SSR, 1988, 

vol. 130, N 3, pp. 537-540 (in Russian). 

43. Bogdanov F.G., Kevanishvili G.Sh., Kekelia G.V. Analysis of near field of H 10  wave diffraction 

by a dielectric cylinder in rectangular waveguide. Bulletin of the Academy of Sciences of Georgian 

SSR, 1988, vol. 131, N 1, pp. 61-63 (in Russian). 

44. Kekelia G.V.  Wave diffraction on the system of metallic beams in rectangular waveguide. 

Diffraction Electr. Waves/ Georgan Polytechnic Institute, 1988, № 6 (335), p. 30-35 (in Russian).  

45. Bogdanov F.G., Kevanishvili G.Sh., Chikhladze G.G. Diffraction properties of dielectric layer 

with inductive rod in a rectangular waveguide. Proc. All-Union scientific conference: Theory and 

application of electromagnetic waves, Tbilisi, Edit. TSU press, 1991, p. 41 (in Russian). 

46. Bogdanov F. G., Kevanishvili G. Sh., Chikhladze G. G. Propagation of the wave  through the layer 

of dielectric with inductive rod. Communications of Georgian Academy of Sciences, 1991, 141, № 

2, s. 317-320 (in Russian).  

47. Kekelia G.V., Kikvadze I. l., Kevanishvili G. Sh. Scattering of electromagnetic waves on 

heterogeneities, submerged in dielectric. Collection  –  Tbilisi, GTU, 1994, s. 19-29 (in Russian). 



48. Dekanosidze Sh. V., Kvatadze Z. A., Kekelia G. V. Nearfields of the diffraction of two cylinders, 

located in one cross section of rectangular waveguide// Georgian Engineering News, № 1, 2006, p. 

47-51 (in Russian).  

49. Dekanosidze Sh. V., Kevanishvili G. Sh., Kekelia G. V.  Dissipation of wave   on the system of 

cylinders, located in the different cross sections of rectangular waveguide// Georgian Engineering 

News, № 1, 2006, p. 24-29 (in Russian).  

50. Kvatadze Z. A., Kekelia G. V., Kipiani D. O. Electrodynamic analysis of the system, consisted of 

the cylinder, switched paralelly to the narrow wall of rectangular waveguide, and arranged after it 

dielectric layer// Georgian Engineering News, № 4, 2006, p. 46-54 (in Russian). 

51. G. Sh. Kevanishvili, G. V. Kekelia, T. V. Pitskhelashvili. – On the theory of the junction with the 

dielectric elements. IEEE, DIPED, Proceeding of Internetional S/W, 2000 Lvil-Tbilisi, pp. 60-62. 

52. G. Sh. Kevanishvili, I. G. Kevanishvili, G. V. Kekelia, K. V. Kotetishvili. – About one case 

matching of waveguide branches in E-plane T-junction, IEEE, DIPED, Proceeding of 

Internetional S/W, 2004, Lvil-Tbilisi, pp. 107-110. 

53. Bogdanov F.G., Kevanishvili G.Sh., Jandieri G.V., Kekelia G.V., Yasumoto K., Simulation and 

Analysis of Multiport Waveguide Junctions with Artificial Discontinuities Formed of the 

Inductive Strips and Diaphragms, in Extended Papers Proceedings of Progress in 

Electromagnetic Research Symposium (PIERS-2004), Pisa, Italy, March 2004, pp. 125-128. 

54. Bogdanov Faik G., Kevanishvili G.Sh., Jandieri G.V., K. Yasumoto, Optimization Strategy for 

Multiport Waveguide Junctions with Canonical Types of Artificial Discontinuities, Proceedings 

of X International Symposium on Microwave and Optical Technology (ISMOT-2005), Osaka, 

Japan, 2005, pp. 625-627. 

55. Bogdanov Faik G., Kevanishvili G.Sh., Jandieri G.V., G.V.Kekelia, D.I.Kim, Electromagnetic 

Theory of Four-Port (cruciform) Waveguide Junction with a Cylindrical Rod, Proceedings of 

International Symposium on Antennas and Propagation (ISAP-2005), Seoul, Korea, August 2005, 

pp. 821-824 

56. Faik Bogdanov, Guram Kevanishvili, Dong Ill Kim, George Jandieri, and Kiyotoshi Yasumoto, 

Analysis and Design of Multiport Waveguide Junctions with Artificial Inclusions Made of 

Cylindrical Rods, Research reports of Information Science and Electrical Engineering of Kyushu 

University, Kyushu University, Fukuoka, Japan, March 2006, Vol. 11, No.1, pp. 7-16. 

57. Bogdanov F.G., Kevanishvili G.Sh., Jandieri G.V., Yasumoto K., Optimization strategy for 

multiport waveguide junctions with canonical types of artificial discontinuities, International 

Journal of Microwave and Optical Technology, Vol.1, No 2, pp. 259-266, August 2006. 

58. Bogdanov F.G., Yasumoto K., Kevanishvili G.Sh., Jandieri G.V., Kekelia G.V., Rigorous 

Analysis of Multiport Waveguide Junctions with Diaphragms, Conference Digest of IRMMW-THz 

2006, p. 538, 2006. 

59. Faik Bogdanov, Guram Kevanishvili, George Jandieri, Kiyotoshi Yasumoto, and Dong Ill Kim, 

Analysis and Design of Multiport Waveguide Junctions with Artificial Inclusions Formed of 

Conducting Strips, International Journal of Infrared and Millimeter Waves, Vol. 27, pp. 1347-

1364, 2006. 

60. Dekanosidze Sh.V., Kekelia G.V., Kobiashvili F.G. To the theory of a five-port waveguide 

branching.  GEN, 2005, ¹ 2, pp. 44-45. 

61. G.V. Kekelia, G.Garuchava, OV. Sichinava. Rigorous Calculation of the Waveguide Tee with 

Cylindrical Inhomogeneity in the Resonant Part. GEN, 2008, 1, pp. 56-65. 

62. Kekelia G.V., Kobiashvili F.G. To the question of integration of basic element in the form of 

waveguide tee with connected cylindrical inhomogeneity in the resonator part into the complex 

SHF devices. GEN, N3, 2008, p. 85-89. 

63. Kekelia G.V., Shavlakadze N.N., Kipiani G.O., - The electrodinamic problem for a four-port 

waveduide junction. Fifth congress of mathematicians of Georgia abstracts of contributed talks. 

Batumi/Kutaisi, October 9-12, 2009. 



64. Kekelia G.V., Kobiashvili F.G., Kipiani D.O. To the question on the considerable decrease of the 

time of numerical count in the problem of scattering the electromagnetic waves on the cylindrical 

heterogeneity in the resonator part of the waveguide tee. GEN, N 2, 2009, pp. 25-28. 

65. Alavidze M.V.,  Kekelia G.V., Shavlakadze N. N.,  Kobiashvili F.G., Kipiani D.O.  The strict 

calculation of four-port waveguide branching. GEN, N 4, 2009, p. 45-52. 

66. Bogdanov F.G., Kevanishvili G.Sh., Kekelia G.V., Simulation and Analysis of Four- and Multi-

Port Waveguide Junctions, Proceedings of XV DIPED-2010, Lviv-Tbilisi, 2010, pp. 68-71. 

67. F. G. Bogdanov, G. S. Kevanishvili, G. V. Kekelia, S. L. Prosvirnin, Analysis And Design of 

Cruciform Waveguide Junction with a Conducting Diaphragm and a Dielectric Layer in the Main 

Arm, Progress In Electromagnetics Research B, Vol. 29, 139-155, 2011. 

68. Joannopoulos J.D., Meade, R.D., Winn J.N. (1995) Photonic Crystals: Molding the Flow of Light, 

Princeton University Press, Singapore. 

69. Special Section on electromagnetic crystal structures, Design, Synthesis, and Application. Journal 

of Lightwave technology , vol. 17, Num 11, 1999, ISSN 0733 – 8724. 

70. D. Kakulia, 11. K. Tavzarashvili, G. Ghvedashvili, D. Karkashadze, and Ch. Hafner:  The Method 

of Auxiliary Sources Approach to Modeling of Electromagnetic Field Scattering on Two-

Dimensional Periodic Structures. Journal of Computational and Theoretical Nanoscience, Vol. 8, 

pp. 1-10, 2011. 

71. E. Moreno, D. Erni, Ch. Hafner: “Modeling of discontinuities in photonic crystal waveguides with 

the multiple multipole method”. Phys. Rev., E 66, 036618, 2002. 

72. D. Karkashadze, R. Zaridze, A. Bijamov, Ch. Hafner, J. Smajic, D. Erni: “Reflection 

compensation scheme for the efficient and accurate computation of waveguide discontinuities in 

photonic crystals”. Applied Computational Electromagnetics Society Journal, Vol. 19, No. 1a, 

March 2004, pp. 10-21. 

73. D. Karkashadze, R. Zaridze, A. Bijamov, Ch. Hafner, J. Smajic, D. Erni: “MAS and MMP 

Simulations of Photonic Crystal Devices”. Extended Papers of Progress In Electromagnetic 

Research Symposium (PIERS-2004). March 28-31, 2004, Pisa, Italy. pp. 29-32. 

74. D.D.Karkashadze, F.G.Bogdanov, R.S.Zaridze, A.Y.Bijamov, C.Hafner, and D.Erni. Simulation 

of Finite Photonic Crystals Made of Biisotropic or Chiral Material Using the Method of Auxiliary 

Sources. Advances in Electromagnetics of Complex Media and Metamaterials, Edited by Said 

Zouhdi, Ari Sihvola and Mohamed Arsalane. Kluwer Academic Publishers, NATO Science 

Series. II Mathematics, Physics and Chemistry, 2003, Vol. 89, pp. 175-193. 

75. F.G.Bogdanov , D.D.Karkashadze. Conventional MAS in the problems of electromagnetic 

scattering by the bodies of complex materials. Proc. of the 3-rd Workshop on Electromagnetic and 

Light Scattering, Bremen 1998, pp. 133-140. 

76. Ch. Hafner: The generalized multipole technique for computational electromagnetics, Artech 

House Books, 1990. 

77.  Kevanishvili G. Sh., Tsagareishvili O. P. The method of orthogonalization in the theory of 

diffraction on a grating of cylinders. Radio engineering and electronics, 1976, 21, № 3, p. 498-507 

(in Russian). 

78. Bogdanov F. G., Kevanishvili G. Sh., Sikmashvili Z. I., Tsagareishvili O. P., Chikhladze M. N. 

Diffraction of plane H - polarized waves on a grating of coaxial cylinders. Izv. VUZ. Radiophysics, 

1984, 27, № 12, p. 1594-1596 (in Russian). 

79. Bogdanov F. G., Kevanishvili G. Sh., Sikmashvili Z. I., Tsagareishvili O. P., Chikhladze M. N. 

Diffraction of plane E - polarized waves on a grating of coaxial cylinders. Izv. VUZ. Radiophysics, 

1985, 28, № 12, p. 229-235 (in Russian). 

80. Bogdanov F. G., Kevanishvili G. Sh., Sikmashvili Z. I., Tsagareishvili O. P., Chikhladze M. N. 

Nearfield of diffraction of a plane wave on periodic grating of coaxial metall-dielectric cylinders. 

Radiotechnics and electronics, 1988, 33, № 9, p. 1985-1987 (in Russian). 



81. Bogdanov F. G., Kevanishvili G. Sh., Sikmashvili Z. I., Tsagareishvili O. P. Diffraction of a plane 

electro-magnetic wave on a grating of circular dielectric bars. Radiotechnics and electronics, 1985, 

30, № 10, p. 1879-1884 (in Russian). 

82. Bogdanov F. G., Kevanishvili G. Sh., Sikmashvili Z. I., Tsagareishvili O. P. Diffraction of a plane 

wave on a grating of ideal conducting cylinders with circular section. Radiotechnics and 

electronics, 1985, 30, № 12, p. 2335-2339 (in Russian). 

83. Bogdanov F. G., Kevanishvili G. Sh., Chikhladze M. N., Diffraction of a plane wave on a grating 

of coaxial dielectric cylinders. – In the book: Waves and diffraction. Transactions of XI 

Symposium (Telavi, 1985). – Tbilisi: University Press, 1985, v. 2, p. 216-219 (in Russian). 

84. Bogdanov F. G., Kevanishvili G. Sh., Chikhladze M. N. Diffraction of a plane wave on a grating 

of coaxial dielectric cylinders. Izv. VUZov. Radiophysics, 1987, 30, ¹ 5, p. 637-642 (in Russian). 

85. Bogdanov F. G., Kevanishvili G. Sh., Chikhladze M. N. Nearfield of diffraction of plane E-

polarized wave on periodic grating of coaxial dielectric cylinders. Izv. VUZov. Radiophysics, 

1987, 30, ¹ 12, pp. 1513-1520 (in Russian) 

86. Bogdanov F. G., Kevanishvili G. Sh., Meriaki V.V., Nikitin I.P. Investigation of resonator 

characteristics of gratings of dielectric cylinders. Radiotechnics and electronics, 1991, 363, № 1, p. 

48-51 (in Russian) 

87. Bogdanov F. G., Kevanishvili G. Sh., Chikhladze M. N. Scattering of plane electro-magnetic wave 

on periodic gratings of dielectric cylinders. Radiotechnics and electronics, 1987, 32,  № 3, с. 473-

480 (in Russian) 

88. Bogdanov F. G., Kevanishvili G. Sh., Sikmashvili Z.I. Diffraction of plane electromagnetic wave 

on dielectric layer. Izv VUZ. Radiophysics, 1987, 30, ¹ 3, p. 413-421 (in Russian). 

89. Bogdanov F. G., Kevanishvili G. Sh., Kekelia G.V. Medzmariashvili E.V. Diffraction of plane 

wave in the system of dielectric layer and a grating. Radiotechnics and electronics,  1987, 32, № 8, 

p. 1757-1760 (in Russian). 

90. Kevanishvili G. Sh., et al, Scattering of electromagnetic waves on periodic of narrow rectangular 

plates, GEN, 1997, № 4, с. 13-20 (in Russian). 

91. Kevanishvili G. Sh., et al, To the theory of symmetric vibrator, GEN, 1997, № 4, с. 5-12 (in 

Russian). 

92. Kevanishvili G. Sh., Kokaia P.V., Kotetishvili K.V., To the theory of isolated vibrator, GEN, 

1998, №4, pp. 40-44 (in Russian). 

93. Kevanishvili G. Sh., Kokaia P.V., Kotetishvili K.V., To the theory of synthesis of linear antenna, 

GEN, 1998, №4, pp. 45-49 (in Russian). 

94. G. Sh. Kevanishvili, On the theory Hallen Integral equation, DIPED, Proceedings of International 

S/W, 2000, Lviv-Tbilisi, pp. 9-11. 

95. G. Sh. Kevanishvili G. Sh., I.G. Kevanishvili, G.V. Kekelia, K.V. Kotetishvili, Substantiation of 

projective solution of a functional equation of the theory of antennas and diffraction, GEN, 2001, 

№1, pp. 15-20 (in Russian). 

96. G. Sh. Kevanishvili, Kotetishvili K.V., Vashadze G.K., Bolkvadze D.R., On the theory of 

symmetric short vibrator, IEEE, DIPED, Proceedings of International S/W, 2000, Lviv-Tbilisi, 

pp. 15-17. 

97. G. Sh. Kevanishvili, Kotetishvili K.V., Vashadze G.K., Bolkvadze D.R., The general function 

method in the theory of symmetric dipole, IEEE, DIPED, Proceedings of International S/W, 2000, 

Lviv-Tbilisi, pp. 18-20. 

98. G. Sh. Kevanishvili, Kotetishvili K.V., Vashadze G.K., Bolkvadze D.R., A theory of symmetric 

dipole formed of thin rectangular metallic plates, GEN, 2001, ¹1, pp. 21-24. 

99. G. Sh. Kevanishvili, Kotetishvili K.V., Vashadze G.K., Bolkvadze D.R., A method of generalized 

– like functions in the symmetric dipole theory, GEN 2002, ¹2, pp. 13-17. 

100. G. Sh. Kevanishvili, I. G. Kevanishvili, Kotetishvili K.V., A novel approach theory of the dipole, 

GEN, 2005, ¹2, pp. 11-21. 



101. K.V. Kotetishvili, G.V. Kekelia, G.Sh. Kevanishvili, I.G. Kevanishvili, B.G. Midodashvili, 

Development and solution of nhe integral equation for axial current of a center-driven dipole, 

Journal of Applied Electromagnetizm (JAE), vol.12, num.3, Athens, Greece, 2010, pp. 1-14. 

102. V.N. Kochin, L.M. Lytvynenko, S.L. Prosvirnin, G.V. Kekelia, Modeling of a thin dipole antenna 

loaded at the ends by different diameter metal disks, Proc. of XV Int. Seminar/Workshop on Direct 

and Inverse Problems of Electromagnetic and Acoustic Wave Theory (DIPED-2010), Sept. 27-30, 

2010, Tbilisi, Georgia, pp. 164-168 

103. K.V. Kotetishvili, G.Sh. Kevanishvili, G.V. Kekelia, I.G. Kevanishvili, G.G.Chikhladze, and 

P.G. Kobiashvili. To the electrodynamic theory of an antenna grutings formed by the 

eqvidisnancly located active dipoles . JAE, vol.13 , num 3. Athens Greece, 2011, 13p. (in press). 

104. S.L. Prosvirnin, L.N. Litvinenko, V. N. Kochin, G.V. Kekelia, P.G. Kobiashvili. The 

characteristics of the short vibrator loaded with disks. Radiophysics and radio astronomy, Radio-

astronomical institute NAN of the Ukraine. 2011, vol. 16, ¹2, pp.183-191. 

 

 

2. Expected Results and Their Application 

 The analysis of the characteristics of multi-port waveguide junctions shows that single 

inclusions do not allow to reach acceptable level of agreement between waveguide arms and sufficient 

broadbandness of waveguide junctions. Therefore, for optimization of multi-port waveguide junctions 

we consider the systems of such inclusions. 

Within the frames of the project the following structures will be considered and optimized: 

1. Waveguide triplets (WT) with SAI of different types; 

2. Open WT (OWT) with SAI of different types; 

3. Four-port waveguide couplings (FWC) with SAI of different types; 

4. Open FWC (OFWC) with SAI of different types; 

5. Multi-port functional devices based on the modern, frequency-selective nano-materials, 

including the devices, based on photonic crystals of the finite size. [69-75]. 

Within the framework of the project it will be studied the electrodynamic properties of considering 

structures, it will be built the graphs of dependence of electrodynamic characteristics on different 

geometric parameters of the problems, and also the figures of field distribution in neighbor zone. The 

algorithm for optimization of the geometric and physical parameters of the systems will be worked out 

for obtaining the best constructions with the properties given beforehand.   

 

2.1. Sustainability Implementation Plan 

2.1.1. Results to be promoted 

The devices of SHF do not have tuning elements; therefore, their serial production and experimental 

study must be preceded by their theoretical and machine design of these structures. 

 The scientific value of the proposed project consists in the development of standardized methods of 

electrodynamic analysis and optimization of the constructions: irregular multi-port waveguide junctions 



with included system of artificial heterogeneities, and also both free and irregular open two-port 

waveguide branchings. 

 The commercial significance of the project consists in the creation of competitive production, which 

will have wide area of potential application in the systems of emission of flight vehicles, radio-electronic 

and communication systems, antenna – feeders, microwave and fiber-optic technology, SHF integrated 

circuits, etc. 

 The economic and social significance of the project consists in the creation of scientific – technical 

production, which can be used for obtaining concrete products in different spheres of science and 

technology. Furthermore, scientific theories and packages of programs, obtained as a result of the 

realization of the project, can be used in the spheres of telecommunications, computer systems and 

networks, in the training processes of the university programs of corresponding specialties. The project 

will increase knowledge and habits of young doctoral candidates and student – programmers, it will help 

them in the independent setting and solution of scientific – technical problems. 

 

2.1.2. Uniqueness of results 

The structures considered in the project possess the following advantages: they may unite 

within themselves the purposes just of several number of functional elements, namely – in the case of 

closed waveguide structures (WT and FWC with SAI) at the same time they may serve as a filters 

(rejected and banded), wave types transformers, transitions between the cascades of VIS, power 

dividers and antenna switchers. While in the case of open structures (OWT and OFWC with SAI) they 

may be considered as multi-functional antenna-feeder systems, including antennas and filters. 

Changing the geometric and physical parameters of SAI it is possible easily, quickly and effectively 

rule the radiation pattern as well, as varying the types and parameters of SAI may be reached the 

retuning of antenna systems relative to the frequency parameter. 

In the work the effective algorithms of solution of the optimization problems of open and closed 

waveguide structures, utilizing the system of artificial inclusions of different type, will be received. 

They are based on determination of the extremes of un-traditional generalized aiming functionalities, 

which may find in future the wide utilization in the applied electrodynamics for solution of the 

optimization problems. 

The advantage of the given algorithm should become its universality probably it may be used for 

optimization of the waveguide systems through very different integral criteria. 

2.1.3. Demand for results 

The state and private companies, which deal with similar developments, are potential users of the 

developed technology.  

2.1.4. Expected income 

Main organization GTU plans to have profit from the results of the project by means of sale of 

technologies. Participants of the project have adequate experience in preservation of intellectual 

property and, then, sales of technologies. Participants have required infrastructure and prepared staff to 

manage with such activities. 


