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ABSTRACT

Dumin O. M. Radiation and propagation of transient electromagnetic fields
in nonlinear, nonstationary, and biological media.i Qualifying scientific work on
the rights of the manuscript.

Dissertation for the degree bBloctor of Physical and Mathematicati&cesin
specialty 01.04.03 Radio Physics. V. N. Karazin Kharkiv National University, the
Ministry of Education and Science of Ukraine, Kharkiv, 2021.

The dissertation is devoted to research of processes of radiation and propagat
of transientelectromagnat fields in unbounded nonlinear, nonstationary, layered
inhomogeneous, transversely inhomogeneous, alsdy biological media by time
domainmethods.

An evolutionary approach to the problems of radiation and propagation o
transientlectromagnetic wavewhich reduces the dimension of such problems by two
unitsin the case of an unbounded transversely inhomogeneous nametatmedium
has been developed system of connected infini#imensional evoluticary equations
in time domainwhich describes # excitation of electromagnetic waves and their
propagation in such a medium by given transient sources of current, ,ciradgieeld
and their mode transformatiofs obtined. In additionthe system of evoluti@mny
equations for the case of radially athogeneous unlimited mediunabtained General
analytical solutions of these equations by the Laplace transform na#hodnstructed.

As an examplethe problem of impulse wave radiation by a small loop excited by
transient current surrounded by the sphere of radially inhomogeneous dieleciieds

by means of analytical and numeriealalytical methodsThe development othe
evolutionary approacto such problems allows in practice to calculate the influence of
antennaadomeson the directrity of the radiatorsthe distortion of the time formasnd
spectrumof the fields, tocreate devicesor the changeof the time shape and spectral
compositionof impulse signalsto concentrag the electromagnetic field in a given

volume, to optimize effectively such devices by significant acceleratioh the



calculation of their electrodynamic characteristics and reducing the amount of RAN
needed

The problemof propagation of aransientwave in a nonlinear medium is
analytically solved in timedomain by the method of evolutionary equations and
perturbation theory For the case of weakKerr cubic nonlinearity, modal wave
transformations, time forms of distodtdields are obtained for the first timé is
required to detect the operation of higbwer pulsed electromagnetadiators

For the first timethe correctednalytical expressions for thansieninear fields
of Hertz dipolewere obtained using thesctor potential method in tim#gomain The
obtainedimprovementallows, in comparison with classical expressions, to describe
correctlythe formation of an electromagnetic wave in the near zone chdnetor The
analytical expressions fathe fields are obtained by taking into account thigger
number oftermsof the series, whicbkxpandghe solution of this problem for the vector
potential in the form of quadrature. For the first time, the energy criterion of the
boundary of the far zone atransientradiatoris proposed to replace the tirdependent
criterion proposedby Harmuh and close to the classical oseggestedy Sodin. The
results obtained are needed to create and calculate the radiation sys$temsreused
for objects of ingrest situated their near zone: irradiatorground penetratingadars,
shortrange communication devicegn-destructive testingtc

For the model ofransientexcitation of a thin wire vibrator by taavelingwave
with exponential attenuation, it wéirsty obtained thatheincreasingof its length does
not lead tathe increase in the radiated energy in the case ratteershort pulse. The
obtained results are important for the creation of simiglasible light, and cheap
impulse antennas.

The poblem of diffractve transformations of &ransientT-wave at the open end
of a coaxial waveguide is considered. For the first time, the time dependences of t
powers of the first seven-&aves generated by thehomogeneityin form of the
aperture are ltained The tlfillment of the law of energy conservation aride

influence of the geometric dimensions of the waveguide are chethkedorocess of
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radiated wave formation is investigated. These results are required for the creation
irradiation devices with the necessary characterisocsounding for the formation of
short pulses by selecting the modes of the coaxial waveguide in pulse sysliegs

for digital communication.

For the first time, a radiatingnpulse system on a coaxial waveguide with an
offset central conductor has been studied, as it is promising for radiaated along
the normalto the apertur@nd is convenient for eiation by fields of arbitrary time
dependencelhe radiatolis prospectiveor use as an element of an antenna array with
a maximum of radiation along the normal or close.ttistproperties allow creating the
arrayswith wide possibilities of controlfahedirectivity andsideradiation.

A new problem of radiation ampulsefields in timedomainfrom the open end
of a rectangular waveguide by applying the evolutionary approach and Kirchhoff'
approximation is considered. Due to the numerarsadlytica calculation, the time forms
of the radiatedwaves were btained for the first time. Thenethod of reducing the
dispersion distortions of the pulse wave by using the exci&tdthe waveguide in the
form of distributed irphase current is proposed. Nemcal simulatiorwith taking into
account the diffractivdistortions has shown the effectiveness of this method of forming
short pulse waves suitable for sounding and information transmission tdséshé
analytical and numerical calculatiaf the compact antenna array based on such a
radiatorwas performedwhich confirmed the possibility of controlling thadiationof
the array by using time delayis excitationand the insignificance of the effects of
interaction between its elements.

For the fissttime the analytical solutions of the problem cddiationof impulse
electromagnetic fields by powerful rgilnsin the moment obreak of itselectrial
circuit are obtained. Four modeighich describe the features of the spatial distribution
of theexcitation current with varying degrees of detail descriptoa considered-or
the first time, time forms of fields at arbitrary distances and values of distances to tf
boundary of the far zone of such a radiator @eeived The peculiarities of sic

nonstationary radiation in the immediate vicinity of the aperture are analyhed
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obtained results allowetecing the operation of such rgilirs, to estimate the distance
to them and their characteristics. This study is also useful for making recaclainoes
for the protection of personnel operating these systems from the harmful effdets of
electromagnetic fields.

For the first time, the ulti@ideband analogue of the Klevin viboatslotted
radiatorbased ortheimpulseslot antenndy Barnes andltrawideband shortircuited
dipoles in the form of metal cones waseated and studied’he hgh directivity is
achieved the operating range isxtendedin the direction of low frequencieshe
efficiency of the excitation of the radiatornimcreasedignificantly. This study is useful
for creating compact, efficient singtadiator and elements of ulwadeband antenna
arrays for highdirectionalimpulse wave transmission.

For the first time, th@peratorof wave propagatioin a waveguide and a new
diffractive distortion correction operator were used to generate shbaortdingfield
pulses in space using traditional transmission lines with strong fregaéespmersion.
The presence of trenalytical solution in timdomainfor the wave propagation operator
made it possible to correcbmpletelythe dispersion distortions by moving back in time,
which is realized for the Lagme pulse. And although the phenomena of diffraction at
the open end of the waveguide, as shown dguate numerical simulations, do not
allow to form an ideal pulse in free halpace, the proposed diffraction distortion
correction operator significantly improves the final result by obtaining an additiona
corrective pulse excitation of the waveguidee to the linearity of processes and
smallness of distortiong'he practical significance of thheceivedresults is the use of
traditional welttested dispersion elements for the formation of short pulses of soundin
and transmission of digital informatiaghrough the use of modern fast digit@analog
converters.

The transient electromagnetic fields in biological structures and organisms al
studied. The alculation intime domainby numerical methods, taking into account the
smallest details of experents on irradiation of biologicablutions byelectromagnetic

fields, is demonstratedor the first timethe extremely strong dependence of the
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characteristics of fieldthat influenceon living cells on the smallest characteristics of
theequipment used:his allowedsubsantiating the presence of atherraation of weak
electromagnetidields, the greater danger of thght-polarized wave, for example, in
the form of prolonged stress of the cell and inhibition of insexttlify. For the first
time, the setupfor irradiation of biologicakolutionsby ultravideband fields with high
uniformity of field distribution was calculated, optimized and fabricat&thermal
effects of pulsed fields, phenomena of periodic change of stress states and cell melaxat
with increasing exposuyeultrahigh sensitivity of cells especially toharmonic
component of the fieldvere confirmedising the setuplrhese studies are necessary for
the development of yet neexistent norms of pulsedeld irradiation of radar system
and ultrawideband pulsed communication system persoree@mmendations for the
preventive use of lowradiation.

For remote sensing problems of geiric and electrical parameter determination
of layered structures, the use of artificial neural networksne domainwas proposed
and implemented for the first time, when the input data are time samples of fiel
amplitude without prgrocessing, including spectral. ideng the parameters of these
structures requires prior training of the neumatwork, but its use allowschievwng
extremely fast information processing, especially using specialized neuroprocesso
The resistance of these networks to the appearance of input errors an@ adidgvhas
been demonstrated. Thanilar approach solves the problem of detecting metal objects
situatedunderground and determining the depth of their occurrence byaitiraglithe
ground surface with inpulseultrawideband field of planewvave or point irradiator and
analysis of theeflected wave by an artificial neural network. For the first time; pre
processing of the received signals based on the approach of discreteajumyoigr
proposed, which allowsnproving the recognition at certain depths and significantly
reduce the amoumtf processed data and simplify the structure of the neural network
The results of the research have a practical orientationhwkito create the new

ultrawidebandimpulse subsurface radars for industrial uselding, archeology, land
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reclamationand humanitarian demining in war zones, especially to detect antipersonne
mines thatlmosthave no metal components in theamstructions

A new system of local positioning ompulseultrawideband fields is proposed
and calculatedIt is based on the appach of determining the angles of arrival of the
wave and is realized due tcetlexceptional property of ultnadeband pulsedadiators
to change the time shape rafdiatedpulses depending on tlangle of radiation and
extremely high sensitivity of thertéicial neural networks for the changeSuch a
system has a number of practical advantages, because it does not tlegtimes
synchronization of transmitters both with each other and with the reckiigeresistant
to intentional or accidental iatference due to thdtrawidebandwidth used.

Keywords: transientradiation, evolutioary equations, inhomogeneous medium,
nonlinear mediummear zonebiological medium, subsurface sounding, artificial neural

network, object recognitigrpositioningsystem
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' o d26Mi (268 ' lttd B0 &

) - a @ @ v 1 gy - 4,008
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YUjtejL HBse " dzi dz Y [RB@dzwtcdz WikzdeCy' ’
2. 2.5 rotsdzs y' 2dzg o' edawdzadz" k& MW tod ydz

ZEZCOd Coj%'y' ‘disd tetsLC&OHE jdzjCltets
L dz2OR BHIW stefL 9 6W L C " & Jjotsdzs y' 2dadrn to' o da¥ dz
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Qm 1% Q
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