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Abstract: Theoretical and experimental investigations of  propagation of  ultrashort 
electromagnetic pulses (US EMP) are needed to develop new technologies of  creation of  
modern special engineering. The analytical method of  field calculation of  travelling antenna 
waves taking into account reflection of  fracture and redistribution of  currents in wires because 
of  losses of  radiation energy from fractures is considered. The calculations of  V-antenna, the 
field of  radiation of  a horn system and the pulse radiation of  the antenna with a reflector are 
presented. Experimental investigations of  UWB EMP propagation carried out on the basis 
of  the theory developed by S.A. Podosenov are the base of  creation of  modern radiotechnical 
complexes. Simultaneously the main conceptions of  space-time fractal geometry of  
deterministic structures are introduced.
Keywords: ultrashort pulses, antenna structures, fractal, space-time, new technologies
UDC 530.1+621.396
Acknowledgments: The authors are grateful to K.Yu. Sakharov, A.V. Sukhov, O.V. Mikheev, and V.A. Turkin of  
the laboratory of  generation and measurement of  parameters of  electromagnetic pulses FGBU "VNIIOFI" 
for a number of  usual conversations and helpful comments.
For citation: Alexander A. Potapov, Elena R. Men'kova. About direct radiation of  ultrashort electromagnetic 
pulses and fractal space-time geometry. RENSIT: Radioelectronics. Nanosystems. Information Technologies, 2023, 
15(4):341-354e. DOI: 10.17725/rensit.2023.15.341.

This article is dedicated to the bright memory of  
Stanislav Alexandrovich Podosenov

(1.09.1937 – 1.03.2022)
who made a great contribution to development

of  modern and classical theory of  radiation of
pulse electromagnetic fields
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1.INTRODUCTION
This work is dedicated to the bright memory of  
Ph.D. (phys.-math. sci.) Stanislav Alexandrovich 
Podosenov (1.08.1937-1.03.2022). He graduated 
from the Physical Department of  the M.V. 
Lomonosov Moscow State University in 1963 (the 
chair of  statistical physics and quantum mechanics, 
the chairman was academician N.N. Bogolubov). 
His speciality is the theoretical physicist. He is a 
winner of  the prize of  RF Government 2002 in 
the field of  science and engineering. He made a 
great contribution to development of  modern and 
classical field radiation of  pulse electromagnetic 
fields appreciated by the world scientific community. 
In 1972 S.A. Podosenov (at the University of  Peoples 
Friendship, in the theoretical physics chair of  prof. 
Ya.P. Terletskiy) defended his Ph.D. thesis. The 
speciality is theoretical and mathematical physics. 
The subject is "Relativistic mechanics of  deformable 
medium in the tetrade formulation." The thesis is 
connected with the scientific school of  known 
prof. of  MSU D.D Ivanenko, V.I. Rodichev and 
academician L.I. Sedov.

Ultrashort pulses (US) of  electromagnetic field 
have wide practical application in radiophysics, 
radiolocation, metrology, nuclear physics (for 
explosion investigations), antenna engineering, 
medicine etc.

In radiolocation US pulses of  electromagnetic 
field are used for transmission of  energy and 
information. Transmission of  information by 
means of  US EMP is realized during the short time 
intervals. This permits to diminish power of  radio 
communication means, their dimensions and mass 
and consequently their cost. Application of  US EMP 
for information transmission diminishes harmful 
influence of  electromagnetic field on environment. 
It is possibly to transmit information concerning 
sizes, location and structure of  the object by means 
of  reflected US EMP. That permits rapid and exact 
determination of  necessary target characteristics [1-
5]. At pulse duration 10–10 s the resolution of  the 
order of  a few centimeters can be achieved.

US pulses of  electromagnetic field are widely 
applied in the field of  ensuring of  the unity of  
measurements – state verification schemes, state 
special standards, reference and working measuring 
instruments and standard settings [6-9].

S.A. Podosenov began working at the laboratory 
of  generation and measurement of  parameters of  
electromagnetic pulses VNIIOFI in 1989 jointly 
with prof. A.A. Sokolov. The problem of  creation 
of  the theory of  pulse radiation from fieldforming 
systems was set by prof. A.A. Sokolov. By means 
of  formulae derived by S.A. Podosenov one can 
calculate the radiation field applying computers that 
do not have big power [10].

In the laboratory of  generation and measurement 
of  parameters of  electromagnetic pulses VNIIOFI 
works for creation new measurement technologies 
and application of  US EMP to investigate physical 
processes in heterogeneous media [11-47] and pulse 
interaction strip lines in printed circuit boards are 
successfully carried out [12].

Measurement technologies are successfully 
applied to struggle with electromagnetic terrorism 
[17]. Experimental investigations of  influence of  
US EMP in the systems of  monitoring of  access to 
rooms are important [20,39]. Measuring complex 
for investigation of  electromagnetic environment, 
when propagating of  US EMP indoors, was 
created [41]. Methods and means of  monitoring 
of  electromagnetic radiation in ultrashort duration 
range [45,46] are used to investigate stability of  
video supervision systems against power US EMP 
[43], in particular, when investigating of  functioning 
of  typical complex security system devices [44].

Ultrashort pulse standard radiators are used 
for metrological ensurance of  telecommunication 
techniques [22]. Measuring instruments for test 
of  radioelectronic equipment for US EMP impact 
resistance are developed [26]. Investigations of  
functioning of  personal computers in condition 
of  US EMP impact are carried out [30]. When 
creating of  means of  resistance ensurance of  
information systems for impact of  ultrawide 
band electromagnetic radiation (UWB EMP) 
investigations of  functioning of  local computer 
networks in conditions of  UWB EMP impact 
are of  great importance [33]. Investigation of  US 
EMP propagation has great importance to estimate 
resistance of  on-board computers in conditions of  
impact of  US electromagnetic fields [38].

At the laboratory of  generation and measurement 
of  parameters of  electromagnetic pulses VNIIOFI 
works for creation of  new methods and measuring 
instruments of  US EMP parameters in the picosecond 
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range are successfully carried out [48]. On the basis 
of  US EMP application in VNIIOFI the measuring 
system for express-diagnostics of  electromagnetic 
parameters of  radio absorbing materials in the range 
of  0.1…4.0 GHz having great practical importance 
was created [49].

US electromagnetic pulses are applied in 
medicine. Using of  electromagnetic radiation assists 
to effective therapy when treatment of  cancer 
diseases. Ultrawide band pulse periodic microwave 
radiation on mouse tumors was investigated in 
vivo [50]. Using of  such radiation in combination 
anticancer therapy permitted to get inhibition of  the 
growth rate of  Lewis lung carcinoma on 70-80% 
as compared with the only action of  chemotherapy 
drug (cyclophosphamide).

Miniature appliances operating on the basis of  
US EMP permit contactless controlling of  pulsations 
of  inner human organs that essentially improves 
diagnostics.

Such pulses can be effectively applied to 
transmit energy and information. This permits 
qualitative improvement of  technical and ecological 
characteristics of  radioelectronic devices and 
decreasing of  their cost. Information transmitting 
by means of  US EMP has profit as compared with 
methods of  modulation of  radio waves because 
energy is radiated during very short time interval.

The purpose of  this work is brief  representation 
of  mathematical apparatus created by S.A. 
Podosenov. On the basis of  this one it is possibly 
to calculate fields from travelling current waves 
taking into account fracture reflections and the basis 
of  fractal space-time geometry of  deterministic 
structures created jointly with prof. A.A. Potapov.

2.ANALYTICAL METHOD OF FIELD 
CALCULATION FROM TRAVELLING 
CURRENT WAVES TAKING INTO 
ACCOUNT FRACTURE REFLECTIONS
When creating the theory of  pulse radiation from 
fieldforming systems S.A. Podosenov got a set of  
integro-differential equations for charge and current 
densities of  charged metallic bodies and wires 
locating in external heterogeneous and nonstationary 
electromagnetic field. Created new simple calculation 
method of  pulse radiation in time domain is based 
on direct finding of  tensor of  electromagnetic field 
from travelling current waves of  arbitrary form.

Line fractures are the secondary radiation 
sources of  anisotropic TEM waves. Energy losses 
stipulated for radiation have to change the amplitude 
and form of  the signal passing through the fractures 
of  transmission lines. The method of  predetermined 
currents was modified taking into account the 
fracture reflection coefficients. Rounded wires were 
replaced by fractures (Fig. 1).

Reflection and transmission coefficients of  
current pulses from line fractures depending on 
parameters of  pulse and time of  their transmission 
through fractures permit to determine the form of  
reflected and transmitted pulses as compare with 
incident ones.

The simple method of  analytical calculation of  
radiation from travelling current waves propagating 
on the curvilinear wires proposed by S.A. Podosenov 
can be applied to calculate radiation of  V-antenna, 
linear one and the antenna constituted with rectilinear 
cuts.

This new analytical method of  field calculation 
from travelling current waves with fractures takes 
into account redistribution of  currents in wires 
stipulated for losses of  fracture radiation energy. The 
correlation between transmission coefficient γ and 
reflection coefficient β and fracture angles and wire 
geometry is determined. The radiation field from 
angles is described with spherical TEM waves with 

Fig. 1. Geometry of  symmetrical sections with fractures. 0m  
is the unit vector directed from the fracture to the observation 
point, R0 is the distance from the fracture to the observation 
point, s1 and s2 are the distances from the antenna excitation 
point along the wire to points 1 and 2, R1 and R2 are the 

distances from points 1 and 2 to the observation point.
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centres on fractures. Proposed calculation method is 
close with the experiment.

The main formulae for calculation of  electric   
and magnetic   radiation fields at known reflection β 
and transmission γ coefficients through fractures in 
the vector form are presented below [1]:
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where η0 = (μ0/ε0)
1/2 is the wave impedance of  

vacuum [51-57].

3. CALCULATION OF PULSE RADIATION 
OF ANTENNA BASIC STRUCTURES
On the basis of  the method proposed by S.A. 
Podosenov pulse radiation of  the main for US EMP 
radiation fieldforming systems: V-antenna (Fig. 2a) 
[58], a radiation field of  a horn system (Fig. 2b) [59], 
and pulse radiation of  an antenna with a reflector 
(Fig. 2c) [60] are calculated.
3.1. CAlCulAtIon of v-AntennA

Solution of  problems connected with investigation 
of  nonstationary radiation is necessary to ensure 
defense of  electronics from nonstationary 
electromagnetic fields. The investigation of  
fields from non-sinusoidal current waves in near 
zone is needed. V-antenna radiates a spherical 
electromagnetic wave and has high sensibility and 
widebandness that permits measuring nanosecond 
EMP.

Let us consider radiation of  V-antenna formed with 
two thin cones originated from one point with the 
angle θ0 between axes (Fig. 2a).
We will consider two cases:

Fig. 2. Calculation of  concrete antenna basis structures: 
V-antenna (a), radiation of  a horn system (b), image of  

V-antenna in a reflector (c).

a

b

c
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a) Infinite antenna
Infinite V-antenna radiates TEM wave. Formulae 
for calculation radiation fields have the vector form 
[1,58]:
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where m  and n  are the unit vectors, t is the time, c 
is the light velocity in vacuum, J is the current value.
b) Finite antenna
Let V-antenna with finite length has an arm l. We 
will consider that the current in such an antenna 
propagates on a line with a fracture at the end on 
180° and flows further to the load. The antenna is 
matched with the generator load. We will take into 
account reflections only one time.

One can represent formulae for calculation of  
radiation fields in the vector form [1,58]:
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Here 2l/c is the phase shift of  spherical waves. It 
is equal to time of  interaction propagation to ends 
of  the antenna and back. It follows from formulae 
(5) and (6) that radiation contains the sum of  four 
spherical waves. The first two ones originate from 

the centre with the phase shift 2l/c that is equal 
to time of  interaction propagation to ends of  the 
antenna and back. Two other waves are formed from 
antenna ends at the moment of  signal coming from 
the excitation point [55-58].
3.2. CAlCulAtIon of A rAdIAtIon fIeld of A 
horn system

Knowing the induced electric current on the horn 
surface one can determine the radiation field created 
with the horn.

Finding of  the horn radiation field in time 
domain is come down to the theory of  radiation 
of  travelling wave wire antenna. The antenna form 
can be arbitrary. The radiating system with the 
radiation field based on the theory [59] is presented 
schematically in Fig. 2b.

Let in plane YOX the coordinates of  the 
excitation points of  the horn system are specified.   

,i kR′ is the radius-vector connecting the origin and 
the excitation point of  the cell with numbers {i, 
k}. We will substitute each horn on N V-antennae 
and let p is the number of  the antenna in {i, k} cell. 
Electric radiation field of  V-antenna with number 
p locating in the horn with numbers {i, k} in the 
observation point {x, y, z} in the time moment t has 
the form [1,59]:
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where Rp,i,k and , ,p i kR′  are the distances from the ends 
of  straight and back wires of  number p cell {i, k} to 
the observation point, and , ,p i km  and , ,p i km′  are the 
corresponding unit vectors directed from the wire 
ends to the observation point.

Let the current at the ends of  the horn of  
V-antenna is completely absorbed that is equivalent 
to zero reflection coefficient f. Reflection of  the 
current at the end of  the horn is equivalent to 
presence of  fractures at the end of  the horn of  
V-antenna on 180º and the reflection coefficient f is 
equal to unit. In practice reflection coefficient f is the 
function of  time and its value is in the range between 
zero and unit. Resulting formula for the calculation 

RADIOELECTRONICS ABOUT DIRECT RADIATION OF ULTRASHORT ELECTROMAGNETIC 
PULSES AND FRACTAL SPACE-TIME GEOMETRY



346

No. 4 | Vol. 15 | 2023 | RENSIT

of  the radiation field from the horn system has the 
form
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1 1 1
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= = =
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where u is the number of  horizontal horns, and v is 
the number of  vertical ones.

A horn antenna array can be considered as 
superposition of  radiators, its field is additive in 
accordance with the numbers of  horns. Experimental 
results of  the field calculation of  the systems 
containing 36, 64 and 144 horns carried out confirm 
correctness of  the theory [56].
3.3. CAlCulAtIon of pulse rAdIAtIon of An 
AntennA wIth A refleCtor

When calculating the radiation field of  an antenna 
with a reflector the radiation field of  the parabolic 
mirror is substituted with the radiation field of  
V-antenna reflected in a mirror. The method 
permits to determine the field at any distance 
from the reflector.

As the excitation point of  V-antenna is in the 
focus of  the parabolic reflector then the image 
of  the excitation point in the mirror will be 
imaginary and it will be located in the infinitely 
remoted point behind the mirror. The ends of  the 
exiting antenna and its mirror imagination will be 
coincided each other and they will be located at 
the generatrix of  the mirror. The distance between 
the ends is equal to the mirror diameter (Fig. 2a).

Thus, instead of  V-antenna – reflector system 
we obtain two V-antennae with different opening 
angles θ0. The antenna opening angle substituting 
the reflector will tend to zero. Field superposition 
of  these antennae gives the search field.

The symmetrical parts of  the antenna with 
a fracture formed by crossing of  two rectilinear 
parts are presented in Fig. 1. The beginning of  
the rectilinear section is located on the distance 
s1 measured along the wire, the end is located 
on the distance s2 and the fracture is located 
on the distance s0 from the excitation point of  
the antenna. Omitting simple but cumbersome 
transformations we present the general 
expression for determination of  the full electric 
field for points with arbitrary coordinates {x, y, 
z} [1,60]:

( )
( )

( )

( )
( )

( )
( )

2 2

2

2

2 2

2

2

/1 sin /
cot / 2 cos sin2 2 1

sin /
cot / 2 cos sin

1

/ 2sin
/ /

cos / 2 sin2 1

/ 2sin
/ ' / '

cos / 2 sin2 ' 1
'

4

tz
g

V t R c z RE
y D zf R

R

z R
y D z

R
z D

V t l c R c R
y D zR

R
z D

V t l c R c R
y D zR

R

V t

β
β β βπ

β
β β β

β

β β

β

β β


− += ⋅ + − + +



− + −

− − + 

−

−
− −

− ⋅ −
+ −

+

+
+

− −
− ⋅ −

+ +
+

−
( )( )

( ) ( )

2 2

2 2 2 2 4 4

2 2

2 2 2 2

2 / / / 2 cot 1
1 2 2 2

/ / / ' // 2 / 2 .
2 2 ' '

F c y c D c k p
D k p k p k p

V t l c R c V t l c R cD z D z
R R y R R y

β− − + + −
⋅ +
+ − + + +

− − − − − +
+ ⋅ + ⋅ − − 

 (9)

On the basis of  the theory developed by 
S.A. Podosenov experimental investigations 
of  propagation of  UWB pulse signals were 
carried out. These investigations confirmed 
its correctness. The main formulae were 
checked up experimentally in the laboratory of  
generation and measurement of  parameters of  
electromagnetic pulses VNIIOFI. Obtained 
results are matched with theoretical results [60]. 
Experimental investigations were carried out 
using nonsymmetrical strip lines. Strip transducer 
was located in heterogeneous field of  GTEM-
cell. GTEM-cell is a section of  matched cone 
line with a flat inner electrode and rectangular 
external one. By means of  it one can create TEM 
waves with a homogeneous field in a cross section 
in the area between electrodes. A spherical TEM 
wave is formed in GTEM-cell. Such a cell has a 
transmittance bandwidth 5 GHz by level 3 dB. 
In investigation a pulse generator with front 70 
ps and amplitude 5.3 V was used. The method 
proposed by S.A. Podosenov can be used for 
calculation of  pulse interaction of  strip lines in 
print circuit boards.

The theory of  interaction of  line two-wire 
transmission line with external electromagnetic 
field was experimentally confirmed and applied 
for calculation of  interaction of  transmission lines 
with nonstationary heterogeneous electromagnetic 
fields. It was ascertained that two-wire (strip) lines 
can be used both for measurement of  local intensity 
of  electromagnetic pulses and for measurement of  
space heterogeneities of  pulse electromagnetic fields.
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4. ABOUT FRACTAL GEOMETRY OF 
SPACE-TIME OF DETERMINISTIC 
STRUCTURES
S.A. Podosenov interested in not only theory of  
radiation of  pulse electromagnetic fields. Many works 
of  S.A. Podosenov were devoted to investigations in 
the field of  the relativity theory – investigation of  
space-time and classical fields of  bound structures. 
In particularly, jointly with prof. A.A. Potapov 
he investigated fractal space-time geometry of  
deterministic structures [4,5,53]. Briefly essence of  
this problem consists in following.

Usually when describing properties of  arbitrary 
deformed systems in the form of  continuum that 
in general case can be represented by fractals [2,3] 
either the field of  4-velocities (Euler’s view point) 
or the continuum motion law establishing the 
connection between Euler and Lagrangian variables 
is prescribed. Space-time is considered either flat in 
the case of  the special relativity theory (SRT) or the 
Riemannian one in the case of  the general relativity 
theory (GRT). In other words it is considered that 
any external non-gravitational fields do not curve 
space-time of  fractal deterministic structures. Its 
space-time geometry is remained flat. Only "space 
sections" are bent. Geometry of  that in general case 
is not a Euclidian one. Such a view point is the most 
spread in scientific literature on the relativity theory 
and it is supported by majority of  investigators.

V.I. Rodichev’s [61] and A.A. Vlasov’s [62] 
works differ from the standard interpretation. In 
[62, p. 326-327] considering the theory of  growth 
of  crystal, plasma and biological structures keeping 
their similarity the author concluded that growth 
of  such structures (fractals!) is possible in non-
Eucledian space-time.

Our approach is based on the development of  
Rodichev’s and Vlasov’s ideas. It consists in following. 
Let in a flat Minkowsky space-time with signature 
(+ - - -) continuum is at rest. In some moment   
force field of  any nature switches on (except the 
gravitational one) and continuum begins moving. 
In accordance with the classical version space-time 
properties remain unchanged.

Our version depends on the location of  the 
observer. If  the observer considers motion of  the 
medium from inertial reference frame (IRF) then for 
him fractal space-time geometry will be unchanged. 
For the observer connected with moving continuum 

that is being in noninertial reference frame (NRF) 
properties of  fractal space-time in general case can 
be changed. We admit that applying of  a force field 
for the observer locating in NRF can change space-
time properties transforming it in a curved one in 
the world tube.

Thus, for the NRF observer after application of  
the force field continuum will move in some space-
time. We want to determine the structure of  this 
space-time in accordance with the specified structure 
of  a force field and the continuum characteristics: a 
deformation velocity tensor Σμv, an angular velocity 
tensor Ωμv, a first curvature tensor of  world lines of  
medium particles Fμ.

For moving continuum in four-dimensional 
space-time with signature (+ - - -) the expansion is 
right

,V V Fµ ν µν µν µ ν∇ = Σ +Ω +  (10)
where Vμ is the field of  4-velocity satisfying the 
normalization condition

1,vg V Vµµν =  (11)
gμν is the metric tensor in the Euler frame of  
reference,

( ) ( ) ,v vV V Fµν µ µ∑ = ∇ −  (12)

[ ] [ ] ,v vV V Fµν µ µΩ = ∇ −  (13)

.v
vF V Vµ µ= ∇  (14)

Parentheses arounds indices are the symmetry 
sigh, and square brackets are the alternation sign. 
Greek indices are changed from zero to three, latin 
ones are changed from unit to three.

One can interpret expansion (10) from two view 
points.
1. We consider that the field of  4-velocity Vμ is known, 
for example, as a result of  integration of  relativistic 
Euler’s or Navier-Stokes’s equation at specified flat 
metric. In this case the continuum characteristics Σμν, 
Ωμν, Fμ can be obtained in accordance with formulae 
(12-14), and expansion (10) is a mathematical identity.
2. We consider functions Σμν, Ωμν, Fμ are specified. 
In this case expansion (10) turns into a system of  
differential equations relatively Vν and gμν. As the 
number of  equations of  system (10) and (11) exceeds 
the number of  unknown functions, integrability 
conditions should be fulfilled. Relation (15) will 
be an integrability condition for components of  
4-velocity
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2 2

.V V
x x x xσ σε ε

ν ν∂ ∂
=

∂ ∂ ∂ ∂
 (15)

To obtain the connection between geometrical 
and kinematic characteristics of  continuum we will 
calculate expression (16) in an explicit form

[ ] [ ]

,

2 2V V V

V
x x

ε σ ν ε σ ν

µ µ
µ ρ µ ρεν σν
σρ εν ερ σνε µσ

∇ = ∂ ∂ +

 ∂Γ ∂Γ
+ − +Γ −Γ ∂ 

Γ
∂

Γ
 (16)

where , , , , ,µ µ µ ρ µ ρ
εν σν σρ εν ερ σνΓ Γ Γ Γ Γ Γ  – are the 

Christoffel’s symbols expressed by the metric 
coefficients. From expression (16) taking into account 
(10-15) the structure equation of  deterministic 
fractal has the form:

, [ ] [ ] [ ]2 2 2 ( ).R V V Fµ
εσ ν µ ε σ ν ε σ ν ε σ ν= ∇ Σ + ∇ Ω + ∇  (17)

Integration of  system (10) and (17), where 
,Rµ

εσ ν  is the Riemann-Christoffel’s curvature tensor, 
gives the solution of  the problem about space-time 
geometry where NRF with prescribed structure is 
realized. 

Transition into the rotating reference frame 
(deterministic fractal) as it is proved in [1,53,63-
66], also results in pseudo-Riemannian space-time 
geometry.

However variety of  fractals can not be described 
only by Riemannian geometry. In [1,63] the structure 
equation for spaces of  metric connectivity with the 
curvature tensor differed from zero was obtained.

Thus, at the early 2000s owing to our works first 
a new problem area arose. It was called "Fractal 
geometry of  space-time of  deterministic structures" 
[1,4,5,53,63-66].

In our works [53,67-70] the Hausdorff-
Colombeau measure for negative fractal dimensions 
was introduced. Space-time is modelled as 
multifractal subset with positive and negative fractal 
measurements. The axiomatic quantum field theory 
in space-time with negative fractal dimensions is 
proposed. We showed that fractal nature of  quantum 
space-time with negative Hausdorff-Colombeau 
dimensions can solve the problem of  cosmological 
constant.

Works concerning the rotor Mössbauer 
experiment [71,72] were one of  the last works of  
S.A. Podosenov.

5.CONCLUSION
Theory of  pulse radiation from field-forming 
systems developed by S.A. Podosenov is the base for 
the analytical calculation of  radiation from travelling 
current waves.

A new analytical method of  field calculation in 
time domain permitting to determine electromagnetic 
fields from complex structures both in near zone 
and far one is proposed.

Developed method of  analytical calculation 
of  fields from travelling current waves taking into 
account reflections from fractures and redistribution 
of  currents in wires due to loss of  radiation energy 
was experimentally confirmed.

Simple analytical relations for calculation of  
antenna constructions of  main basic structures are 
presented. Developed mathematical apparatus can be 
used for calculation of  fields in EMP simulators and 
calculation of  V-antenna, radiation field of  a horn 
system, and for the calculation of  pulse radiation 
of  an antenna with a reflector. Ordinary personal 
computer can be used for these calculations.

An investigation of  propagation of  UWB pulses 
confirmed correctness of  the theory. Presented 
method has a great practice value and can be used to 
calculate of  pulse interaction of  strip lines in printed 
circuit boards.

The theory of  interaction of  a linear two-wire 
transmission line with an external electromagnetic 
field created by S.A. Podosenov was confirmed 
experimentally. It was used for calculation of  
interaction of  transmission lines with nonstationary 
heterogeneous electromagnetic fields. Two-wire 
(strip) lines can be used both for the measurement 
of  local EMP field strength and for the measurement 
of  space heterogeneities of  pulse electromagnetic 
fields.

Besides that at the early 2000s owing to our 
works first a new problem area arose. It was called 
"Fractal geometry of  space-time of  deterministic 
structures" [1,4,5,53,63-66] for problems of  
electrodynamics. In our works [53,63-66] Hausdorff-
Colombeau measure concerning negative fractal 
dimensions was introduced. Space-time is modelled 
as a multifractal subset with positive and negative 
fractal measurements. The axiomatic quantum field 
theory in space-time with negative fractal dimension 
is proposed.

ALEXANDER A. POTAPOV, ELENA R. MEN'KOVA RADIOELECTRONICS



349

RENSIT | 2023 | Vol. 15 | No. 4

REFERENCES
1. Podosenov SA, Potapov AA, Sokolov AA. 

Impul’snaya electrodinamika sverkhshirokopolosnykh 
radiosistem i polia sviazannykh structur [Pulse 
electrodynamics of  ultrawide band radiosystems 
and fields of  bound structures]. Ed. by A.A. 
Potapov. Moscow, Radiotekhnika Publ., 2003, 
720 p.

2. Potapov AA. Fraktaly v radiofizike i radiolokatsii 
[Fractals in radiophysics and radiolocation]. 
Moscow, Logos Publ., 2002, 664 p.

3. Potapov AA. Fraktaly v radiofizike i radiolokatsii. 
Topologiya vyborki [Fractals in radiophysics and 
radiolocation. Topology of  sampling]. 2nd 
edition. Moscow, Universitetskaya kniga Publ., 
2005, 848 p.

4. Podosenov SA, Potapov AA. O fractal’noy 
geometrii prostranstva–vremeni 
determinirovannykh structur [About space–time 
fractal geometry of  deterministic structures]. 
Thes. of  rep. of  the 1st sci.–tech. conf. "Radiooptic 
technologies in instrumentation" (Sochi, 9–12 Sept. 
2003). Moscow, Publ. house N.E. Bauman 
MGTU, 2003, p. 62–63.

5. Podosenov SA, Potapov AA. Fractal’naya 
geometryia prostranstva–vremeni 
determinirovannykh structur. [Fractal geometry 
of  space–time of  deterministic structures]. Proc 
of  Int. interdisciplinary symposium "Fractals and applied 
synergy FAPS–03" (Moscow, 17–20 Nov. 2003). 
Moscow, Publ. house MGOU, 2003, p. 250–253.

6. GOST 8.540–2015. State system for ensuring the 
uniformity of  measurements. State verification 
scheme for means of  measuring the impulse 
electric and magnetic field strengths with the 
pulse rise time over the range 0.1–10.0 ns. 
Moscow, Standartinform Publ., 2019.

7. GOST 8.540–93. State system for ensuring the 
uniformity of  measurements. State verification 
shedule for means measuring maximum values 
of  impulse electric and magnetic field strength. 
Moscow, Izdatel’stvo standartov Publ., 1995.

8. Sakharov KYu, Mikheev OV, Turkin VA, Sukhov 
AV, Dobrotvorskii MI. Get 148–2013: State 
Primary Special Standard of  Units of  Electric 
and Magnetic Pulse Field Strengths with Pulse 
Rise Time in the Range from 0.1 to 10.0 ns. 
Measurement Techniques, 2019, 61(10):967-972. 
DOI: 10.1007/s11018-019-01534-z.

9. Sakharov KYu, Mikheev OV, Turkin VA, 
Sukhov AV, Aleshko AI, Rodin RA. GET 178–
2016: State Primary Special Standard of  the 
Units of  the Intensity of  Pulsed Electric and 
Magnetic Fields with Length of  Pulse Front 
in the Range from 10 to 100 psec. Measurement 
Techniques, 2018, 61(6):521-527. DOI: 10.1007/
s11018-018-1461-y.

10. Podosenov SA, Sokolov AA. Izluchenie i izmerenie 
impul’snykh electromagnitnykh poley [Radiation and 
measurement of  pulse electromagnetic fields]. 
Moscow, Sputnik+Publ., 2000, 249 p.

11. Sokolov AA, Sakharov KYu, Kravchenko 
VF. Possibility of  application of  UWB short 
electromagnetic pulses for physical process 
investigation in inhomogeneous media. Proc. 
of  the I-st International Workshop on "Mathematical 
Modeling of  Physical Processes in Inhomogeneous 
Media", Guanjuato, Mexico, 20-22 March 2001, 
p. 84-86.

12. Sakharov KYu, Aleshko AI, Sokolov AA, 
Podosenov SA. Poloskovyi datchik kak sredstvo 
issledovanyia vozdeistvyia SSHP EMI na 
pechatnye platy. [The strip transducer as a mean 
for investigation of  UWB EMP impact on 
printed circuit boards]. Thes. of  rep. of  the Vth 
All–Russian sci.–tech. conf. "Metrological ensurance 
of  defense and safety in RF", Mytischi, 13–15 Sept. 
2004, Moscow, 2004.

13. Sakharov KYu, Mikheev OV, Sokolov AA, 
Turkin VA. Antennas for beaming and receiving 
short ultrawide band electromagnetic impulses. 
Proc. of  Int. Conf. in Blanes "Information and 
Telecommunication Technologies in Intelligent Systems", 
Barcelona, Spain 22-29 May 2004, p. 37-39.

14. Podosenov SA, Sakharov KYu, Sokolov AA. 
Calculation of  Energy Evolved in the Loads 
of  Strip Transmission Line in Action of  Pulse 
Electromagnetic Field. Book of  Abstracts, Euroem,  
Magdeburg, 2004, p. 27.

15. Podosenov SA, Sakharov KYu, Sokolov AA. 
Influence of  Earth Surface on TEM Horn Array 
Transient Radiation. Book of  Abstracts, Euroem, 
Magdeburg, 2004, p. 27-28.

16. Dobrotvorsky MI, Sakharov KYu, Mikheev 
OV, Turkin VA, Aleshko AI. Malogabaritnyi 
avtonomnyi izmeritel’ maksimal’nykh znacheniy 
napriazhennosti electricheskogo polia 
sverkhkorotkikh electromagnitnykh impul’sov 

RADIOELECTRONICS ABOUT DIRECT RADIATION OF ULTRASHORT ELECTROMAGNETIC 
PULSES AND FRACTAL SPACE-TIME GEOMETRY



350

No. 4 | Vol. 15 | 2023 | RENSIT

[Compact standalone meter of  maximal 
values of  electric field strength of  ultrashort 
electromagnetic pulses]. Thes. of  rep. of  All–
Russian sci.–tech. conf. "Methods and measuring 
instruments in the field of  electromagnetic compatibility 
of  technical means. Measurement EMC–2004", N. 
Novgorod, 2004, p. 49–50.

17. Sakharov KYu. Izmeritel’nye tekhnologii v 
bor’be s electromagnitnym terrorizmom. 
[Measurement technologies in the struggle with 
electromagnetic terrorism]. Mir izmereniy [World 
of  measurements], 2015, 10:12 (in Russ.).

18. Sakharov KYu. Printzipy sozdaniya pervichnogo 
etalona sverkhkorotkikh electromagnitnykh 
impul’sov. [Principles of  creation of  primary 
standard of  ultrashort electromagnetic 
pulses]. Tekhnologii electromagnitnoi sovmestimosti 
[Technologies of  electromagnetic compatibility], 
2005, 3(14):12–16 (in Russ.).

19. Sakharov KYu. Vybor poleobrazuiuschei sistemy 
etalona sverkhkorotkikh electromagnitnykh 
impul’sov. [Selection of  the standard fieldforming 
system of  ultrashort electromagnetic 
pulses]. Tekhnologii electromagnitnoi sovmestimosti 
[Technologies of  electromagnetic compatibility], 
2005, 3(14):17-26 (in Russ.).

20. Akbashev BB, Aleshko AI, Mikheev OV, Sakharov 
KYu, Semin VV, Sokolov AA, Turkin VA. 
Eksperimental’nye issledovaniya vozdeistviya 
sverkhkorotkikh electromagnitnykh imoul’sov 
na sistemu kontrolia dostupa v pomescheniya 
[Experimental investigations of  impact of  
ultrashort electromagnetic pulses in the system 
of  monitoring of  access to rooms]. Tekhnologii 
electromagnitnoi sovmestimosti [Technologies of  
electromagnetic compatibility], 2005, 1:1-6 (in 
Russ.).

21. Sakharov KYu, Sokolov AA, Mikheev OV, 
Aleshko AI. Eksperimental’nye resul’taty po 
generirovaniiu impul’sov electromagnitnogo 
polia s dlitel’nost’iu fronta v desiatki pikosekund. 
[Experimental results on generation of  
standard pulses of  electromagnetic field with 
front duration in tens picoseconds] Tekhnologii 
electromagnitnoi sovmestimosti [Technologies of  
electromagnetic compatibility], 2006, 1:7-8 (in 
Russ.).

22. Sakharov KYu. Novye resul’taty issledovaniya 
kharakteristik sverkhkorotkoimpul’snogo 

etalonnogo izluchatelia dlia metrologicheskogo 
obespecheniya telecommunikatsionnykh 
tekhnologiy. [New results of  investigation of  
characteristics of  ultrashort pulse standard 
radiator for metrological ensurance of  
telecommunication technologies]. Col. sci. proc. 
"Projection of  telecommunication and information 
systems". Ed. by L.N. Kechiev. Moscow, MIEM 
Publ., 2006, p. 15-18.

23. Sakharov KYu. O vybore metoda rascheta 
etalonnykh poleobrazuiuschikh system 
dlia vysokotochnogo vosproizvedeniya 
sverkhkorotkikh etalonnykh electromagnitnykh 
impul’sov. [About selection of  calculation 
method of  standard fieldforming systems 
for high precision reproduction of  ultrashort 
standard electromagnetic pulses.] Col. sci. 
proc. "Proektirovanie telekommunikatsionnykh 
i informatsionnykh sistem" [Projection of  
telecommunication and information systems]. 
Ed. by L.N. Kechiev. Moscow, MIEM Publ., 
2006, p. 60–62.

24. Sakharov KYu. Izluchateli sverkhkorotkikh 
electromagnitnykh impul’sov i metody izmereniya 
ikh parametrov [Radiators of  ultrashort 
electromagnetic pulses and methods of  
measurement of  their parameters]. Moscow, 
MIEM Publ., 2006, 159 p.

25. Turkin VA, Sakharov KYu, Sokolov AA, Mikheev 
OV, Kuznetsov EV. Izluchateli sverkhkorotkikh 
electromagnitnykh impul’sov dlia ispytaniy 
tekhnicheskikh sredstv. [Radiators of  ultrashort 
electromagnetic pulses for testing of  technical 
means]. Tekhnologii electromagnitnoi sovmestimosti 
[Technologies of  electromagnetic compatibility], 
2006, 2:10-16 (in Russ.).

26. Mikheev OV, Turkin VA, Sakharov KYu, 
Sokolov AA, Kuznetsov EV. Sredstva izmereniy 
dlia ispytaniy radioelectronnoi apparatury 
na stoykost’ k vozdeystviiu sverkhkorotkikh 
electromagnitnykh impul’sov. [Measuring 
instruments for testing of  testing of  
radioelectronicc apparatus for impact resistance 
of  ultrashort electromagnetic pulses]. Tekhnologii 
electromagnitnoi sovmestimosti [Technologies of  
electromagnetic compatibility], 2006, 2:17-21 (in 
Russ.).

27. Aleshko AI, Sokolov AA, Sakharov KYu, Turkin 
VA, Kornev AN. Datchik napriazhennosti 

ALEXANDER A. POTAPOV, ELENA R. MEN'KOVA RADIOELECTRONICS



351

RENSIT | 2023 | Vol. 15 | No. 4

elektricheskogo polia sverkhkorotkikh 
electromagnitnykh impul’sov so sverkhvysokoy 
chastotoy povtoreniya. [Transducer of  electric 
field strength of  ultrashort electromagnetic 
pulses with ultrahigh repetition rate]. Tekhnologii 
electromagnitnoi sovmestimosti [Technologies of  
electromagnetic compatibility] 2006, 2:22-26 (in 
Russ.).

28. Dobrotvorsky MI, Sakharov KYu, Mikheev OV, 
Turkin VA. Sistema registratsii sverkhkorotkikh 
impul’sov. [System of  registration of  ultrashort 
pulses]. Tekhnologii electromagnitnoi sovmestimosti 
[Technologies of  electromagnetic compatibility], 
2006, 2:27-30 (in Russ.).

29. Denisov MYu, Sakharov KYu, Mikheev 
OV, Turkin VA, Ugolev VL. Malogabaritnyi 
avtonomnyi izmeritel’ amplitudy sverkhkorotkikh 
electromagnitnykh impul’sov. [Compact 
standalone meter of  amplitude of  ultrashort 
electromagnetic pulses]. Tekhnologii electromagnitnoi 
sovmestimosti [Technologies of  electromagnetic 
compatibility], 2006, 2:31-36 (in Russ.).

30. Sakharov KYu, Mikheev OV, Turkin VA, Kornev 
AN, Dolbnia SN, Pevnev AV, Akbasev BB. 
Issledovanie funktsionirovaniia personal’nykh 
kompiuterov v usloviiakh vozdeystvia 
sverkhkorotkikh electromagnitnykh inpul’sov. 
[Investigation of  functioning of  personnel 
computers in conditions of  impact of  ultrashort 
electromagnetic pulses]. Tekhnologii electromagnitnoi 
sovmestimosti [Technologies of  electromagnetic 
compatibility], 2006, 2:44-49 (in Russ.).

31. Podosenov SA, Sakharov KYu, Sokolov AA. 
Vliianie poverkhnosti zemli na rasprostranenie 
sverkhkorotkikh inpul’sov electromagnitnogo 
polia. [Influence of  the Earth surface on 
propagation of  ultrashort electromagnetic 
pulses]. Tekhnologii electromagnitnoi sovmestimosti 
[Technologies of  electromagnetic compatibility], 
2006, 2:50-53 (in Russ.).

32. Boroday PN, Tiapin MS, Myrova LO, Sakharov 
KYu. Sredstva obespecheniia stoykosti 
informatsionnykh system k vozdeystviiu 
izlucheniy SSHP EMI [Mean of  ensurance of  
information system resistance to impact of  
UWB EMP radiation]. Tekhnologii electromagnitnoi 
sovmestimosti [Technologies of  electromagnetic 
compatibility], 2006, 2:59-70 (in Russ.).

33. Sakharov KYu, Sokolov AA, Mikheev OV, 
Turkin VA, Kornev AN, Dolbnia SN, Pevnev 
AV. Issledovanie funktsionirovaniya lokal’noy 
vychislitel’noy seti v usloviiakh vozdeystviia 
sverkhkorotkikh electromagnitnykh impul’sov 
[Investigation of  functioning of  local computer 
net in conditions of  impact of  ultrashort 
electromagnetic pulses]. Tekhnologii electromagnitnoi 
sovmestimosti [Technologies of  electromagnetic 
compatibility], 2006, 3:36-45 (in Russ.).

34. Evtikheev NN, Sakharov KYu, Sokolov AA, 
Aleshko AI, Zasovin EA, Cherepanov AK. 
Biconicheskaya antenna kak bazovaya structura 
dlia izluchenia ispytatel’nykh i etalonnykh 
sverkhkorotkikh electromagnitnykh impul’sov 
v nestatsionarnykh zadachakh EMS. [Biconical 
antenna as a base structure for radiation of  test 
and standard ultrashort electromagnetic pulses 
in nonstationary EMC problems]. Tekhnologii 
electromagnitnoi sovmestimosti [Technologies of  
electromagnetic compatibility], 2006, 4:3-9 (in 
Russ.).

35. Sokolov AA, Sakharov KYu, Mikheev OV, 
Turkin VA, Aleshko AI. Radiators of  ultrashort 
electromagnetic pulses. Proc. of  the 3-rd Int. Conf. 
on "Ultrawideband and Ultrashort Impulse Signals 
UWBUSIS". Sevastopol, 2006, p. 203-205.

36. Evtikheev NN, Sakharov KYu, Sokolov AA, 
Aleshko AI, Zasovin EA, Cherepanov AK. 
Biconicheskaya antenna kak bazovaya structura 
dlia izluchenia ispytatel’nykh i etalonnykh 
sverkhkorotkikh electromagnitnykh impul’sov 
v zadachakh EMS. [Biconical antenna as a base 
structure for radiation of  test and standard 
ultrashort electromagnetic pulses in EMC 
problems]. Proc of  15th Int. conf. on radiolocation and 
radio communication. Moscow, MEI Publ., 2007, p. 
226-237.

37. Sakharov KYu, Evtikheev NN, Sokolov AA, 
Zasovin EA, Cherepanov AK. Antenny dlia 
izluchenia sverkhkorotkikh electromagnitnykh 
impul’sov [Antennae for radiation of  ultrashort 
electromagnetic pulses]. Proc of  15th Int. conf. on 
radiolocation and radio communication. Moscow, MEI 
Publ., 2007, p. 487-489.

38. Mikhailov VA, Sakharov KYu, Turkin VA, 
Mikheev OV, Simakin SV, Larionenko AV. 
Otsenka stoikosti bortovykh vychislitel’nykh 
mashin v usloviiakh vozdeystvia sverkhkorotkikh 

RADIOELECTRONICS ABOUT DIRECT RADIATION OF ULTRASHORT ELECTROMAGNETIC 
PULSES AND FRACTAL SPACE-TIME GEOMETRY



352

No. 4 | Vol. 15 | 2023 | RENSIT

electromagnitnykh poley. [Resistance rating of  
onboard computers in conditions of  impact 
of  ultrashort electromagnetic fields]. Tekhnologii 
electromagnitnoi sovmestimosti [Technologies of  
electromagnetic compatibility], 2008, 4(27):12-
19 (in Russ.).

39. Akbashev BB, Sakharov KYu, Mikheev 
OV, Turkin VA, Aleshko AI, Katkov BG, 
Berdyshev AV. Issledovanie rasprostraneniia 
sverkhkorotkikh electromagnitnykh impul’sov v 
pomescheniiakh [Investigation of  propagation 
of  ultrashort electromagnetic pulses indoors]. 
Tekhnologii electromagnitnoi sovmestimosti 
[Technologies of  electromagnetic compatibility], 
2009, 1(28):41-47 (in Russ.).

40. Sakharov KYu, Tikhomirov SV, Turkin VA, 
Mikheev OV, Sukhov AV, Aleshko AI. Etalonnyi 
kompleks sverkhkorotkikh electromagnitnykh 
impul’sov s dlitel’nost’iu fronta 20 ps [Standard 
complex of  ultrashort electromagnetic pulses 
with 20 ps front duration]. Izmeritel’naya tekhnika 
[Measurement Techniques], 2010, 7:57-59 (in 
Russ.).

41. Sakharov KYu, Iankovskiy BD, Miliaev AP, 
Morev VL, Turkin VA, Mikheev OV. Ismeritel’nyi 
compleks dlia issledovania electromagnitnoy 
obstanovki pri rasprostranenii sverkhkorotkikh 
electromagnitnykh impul’sov v pomescheniiakh 
zdania [Measuring complex for investigation 
of  electromagnetic environment when 
propagating ultrashort electromagnetic pulses 
indoors]. Tekhnologii electromagnitnoi sovmestimosti 
[Technologies of  electromagnetic compatibility], 
2009, 3(30):18-21 (in Russ.).

42. Shunin OA, Belov AS, Dobrynin MK, Kashin 
AV, Sakharov KYu, Turkin VA, Mikheev OV. 
Issledovanie radiopogloschaiuschikh materialov 
s pomoschiu sverkhkorotkikh electromagnitnykh 
impul’sov [Investigation of  radioabsorpting 
materials by means of  ultrashort electromagnetic 
pulses]. Tekhnologii electromagnitnoi sovmestimosti 
[Technologies of  electromagnetic compatibility], 
2009, 3(30):38-46 (in Russ.).

43. Akbashev BB, Batonov NM, Sakharov 
KYu, Mikheev OV, Turkin VL, Eriashev DI, 
Lafishev MA, Sukhov AV. Ustoichivost’ system 
videonabludenia k vozdeistviiu moschnykh 
sverkhkorotkikh electromagnitnykh impul’sov 
[Resistance of  videoobservation systems to 

impact of  power ultrashort electromagnetic 
pulses]. Tekhnologii electromagnitnoi sovmestimosti 
[Technologies of  electromagnetic compatibility], 
2011, 2(37):24-28 (in Russ.).

44. Akbashev BB, Batonov NM, Sakharov 
KYu, Mikheev OV, Turkin VL, Eriashev DI, 
Lafishev MA, Sukhov AV. Eksperimental’nye 
issledovaniia funktsionirovaniia ustroystv tipovoy 
kompleksnoy sistemy bezopasnosti v usloviiakh 
vozdeystviia sverkhkorotkikh electromagnitnykh 
impul’sov [Experimental investigations of  
functioning of  devices of  typical complex safety 
system in condition of  impact of  ultrashort 
electromagnetic pulses]. Tekhnologii electromagnitnoi 
sovmestimosti [Technologies of  electromagnetic 
compatibility], 2011, 2(37):30-37 (in Russ.).

45. Sakharov KYu, Turkin VA, Mikheev OV, 
Sukhov AV, Dnischenko VN. Metody i sredstva 
monitoringa electromagnitnykh izlucheniy 
v sverkhkorotkoimpul’snom diapazone 
dlitel’nostey [Methods and means of  monitoring 
of  electromagnetic radiation in ultrashort pulse 
range of  durations]. 4th Int. radioelectronic forum 
"Applied radioelectronics. State and perspectives of  
development" IRF-2011. Col. sci. proc. in 3 vol. Vol. I 
Conf. "Integrated information radioelectronic systems and 
technologies" Part 2. Khar’kov, ANPRE, KHNURE 
Publ., 2011, p. 237-240.

46. Sakharov KYu, Turkin VA, Mikheev OV, Sukhov 
AV, Lafishev MA, Eriashev DI. Apparatura 
dlia monitoringa electromagnitnykh izlucheniy 
v sverkhkorotkoimpul’snom diapazone 
dlitel’nostey [Apparatus for monitoring of  
electromagnetic radiation in ultrashort pulse 
range of  duration]. Tekhnologii electromagnitnoi 
sovmestimosti [Technologies of  electromagnetic 
compatibility], 2011, 4:58-61 (in Russ.).

47. Sakharov KYu, Turkin VA, Mikheev OV, Sukhov 
AV. Ustroistvo dlia izmerenia parametrov 
electromagnitnogo impul’sa so sverkhkorotkoy 
dlitel’nost’iu fronta [Device for measurement of  
electromagnetic pulse parameters with ultrashort 
front duration]. RF Patent № 2468375 С1. Publ. 
bul."Izobretenia, Poleznye modeli" [Inventions. 
Useful models] № 33, 27.11.2012.

48. Sukhov AV. Metody i sredstva izmereniy 
parametrov sverkhkorotkikh electromagnitnykh 
impul’sov v pikosekundnom diapazone [Methods 
and measuring instruments of  parameters of  

ALEXANDER A. POTAPOV, ELENA R. MEN'KOVA RADIOELECTRONICS



353

RENSIT | 2023 | Vol. 15 | No. 4

ultrashort electromagnetic pulses in picosecond 
range]. Thes. … Ph. D. (tech. sci.). Moscow, 
FGUP "VNIIOFI" Publ., 2016.

49. Sakharov KYu, Turkin VA, Mikheev OV. 
A measuring system for characterization 
of  radar-absorbent materials by ultra-short 
electromagnetic pulses sounding over the range 
0.1 – 4.0 GHz. Proc. of  14th Conf. on Microwave 
Techniques COMITE 2015, Pardubice, Czech 
Republic, 21-23 April 2015, p. 1-4.

50. Zinovev SV, Evdokimov AN, Sakharov 
KYu, Turkin VA, Aleshko AI, Ivanov AV. 
Opredelenie terapevticheskoy znachimosti 
vozdeystviia impul’snogo shirokopolosnogo 
electromagnitnogo SVCH-izslucheniia na 
modeliakh eksperimental’noy onkologii 
[Determination of  therapeutic value of  ultra-
wideband pulsed electromagnetic microwave 
radiation on models of  experimental oncology]. 
Meditsinskaya fizika [Medical physics], 2015, 3:62-
67 (in Russ.).

51. Podosenov SA, Potapov AA, Men’kova 
ER. Novyi analiticheskiy metod rascheta 
electromagnitnykh poley ot beguschikh voln 
toka [New analytical method of  calculation of  
electromagnetic fields from travelling current 
waves]. Nelineinyi mir [Nonlinear world], 2007, 
5(12):725-739 (in Russ.).

52. Potapov AA, Podosenov SA, Foukzon J, and 
Men’kova ER. New Method for Calculating 
Pulsed Electromagnetic Fields from Traveling 
Current Waves in Complex Wire Structures. 
Phys. of  Wave Phenomena, 2011, 19(2):112-123.

53. Podosenov SA, Potapov AA, Foukzon J, 
Men’kova ER. Negolonomnye, fraktal’nye i sviazannye 
structury v reliativistskikh sploshnykh sredakh, 
electrodinamike, kvantovoy mekhanike i kosmologii 
[Nonholonomic, Fractal and Bound Structures 
in Relativistic Continua, Electrodynamics, 
Quantum Mechanics and Cosmology] in three 
books. Ed. By A.A. Potapov. Moscow, LENAND 
Publ., 2016, 1128 p.

54. Sakharov KYu, Podosenov SA, Turkin VA, 
Mikheev OV, Men’kova ER, Sukhov AV, 
Aleshko AI. Ispol’zovanie metoda zadannykh 
tokov dlia rascheta vo vremennoy oblasti 
parametrov impul’snykh electromagnitnykh 
poley s dlitel’nost’iu fronta do 10 ps [Use of  the 
method of  predetermined currents to calculate 

the parameters of  pulsed electromagnetic 
fields in the time domain] Izmeritel’naya tekhnika 
[Measurement Techniques], 2015, 11:55-58 (in 
Russ.).

55. Podosenov SA, Svekis YGu, Sokolov AA. 
Transient Radiation of  Traveling Waves by Wire 
Antennas. IEEE Trans., 1995, AP-37(3):367-383.

56. Podosenov SA, Sokolov AA. Linear Two-Wire 
Transmission Line Coupling to an External 
Electromagnetic Field, Part I: Theory. IEEE 
Trans., 1995, AP-37(4):559-566.

57. Podosenov SA, Sakharov KYu, Svekis YaG, and 
Sokolov AA. Linear Two-Wire Transmission 
Line Coupling to an External Electromagnetic 
Field, Part II: Specific cases, experiment. IEEE 
Trans., 1995, AP-37(4):566-574.

58. Podosenov SA, Sokolov AA, Al’betkov 
SV. Exitation of  a V-Antenna by a Pulse 
Electromagnetic Field. IEEE Trans., 1996, 
AP-38(1):31-42.

59. Mikheev OV, Podosenov SA, Sakharov 
KYu, Sokolov AA, Turkin VA. Approximate 
Calculation Methods for Radiation of  a TEM-
Horn Array. IEEE Trans., 2001, AP-43(1):67-74.

60. Mikheev OV, Podosenov SA, Sakharov KYu, 
Sokolov AA, Svekis YaG, Turkin VA. New 
Method for Calculating Pulse Radiation from 
an Antenna with a Reflector. IEEE Trans., 1997, 
AP-39(1):48-54.

61. Rodichev VI. Teoriia tiagoteniya v ortogonal’nom 
repere. [Gravity theory in orthogonal benchmark]. 
Moscow, Nauka Publ., 1974, 184 p.

62. Vlasov AA. Statisticheskie funktsii raspredeleniia. 
[Statistical distributional functions]. Moscow, 
Nauka Publ., 1966, 356 p.

63. Podosenov SA. Prostranstvo, vremia i klassicheskie 
polia sviazannykh struktur [Space, time and classical 
fields of  bound structures]. Moscow, Company 
"Sputnik+" Publ., 2000, 445 p.

64. Podosenov SA, Foukzon J, and Potapov 
AA. A Study of  the Motion of  a Relativistic 
Continuous Medium. Gravitation and Cosmology, 
2010, 16(4):307-312.

65. Podosenov SA, Foukzon J, Potapov AA, and 
Men’kova ER. Electrodynamics in Noninertial 
Reference Frames. Journal of  Appl. Math. and 
Phys., 2016, 4(4):806-843. URL: http://www.
scirp.org/journal/jamp.

RADIOELECTRONICS ABOUT DIRECT RADIATION OF ULTRASHORT ELECTROMAGNETIC 
PULSES AND FRACTAL SPACE-TIME GEOMETRY



354

No. 4 | Vol. 15 | 2023 | RENSIT

66. Podosenov SA, Potapov AA, Foukzon J, 
Men’kova ER. Metric and structure equations in 
relativistic continua. RENSIT: Radioelectronika. 
Nanosistemy. Informatsionnye tekhnologii [RENSIT: 
Radioelectronics. Nanosystems. Information 
technologies], 2019, 11(2):113-124, doi: 
10.17725/rensit.2019.11.113.

67. Foukzon J, Men’kova E, and Potapov A. The 
Solution Cosmological Constant Problem. 
Journal of  Modern Phys., 2019, 10:729-794. DOI: 
10.4236/jmp.2019.107053.

68. Foukzon J, Menkova ER, Potapov AA, and 
Podosenov SA. Quantum Field Theory in Fractal 
Space-Time with Negative Hausdorff-Colombeau 
Dimensions. The Solution Cosmological Constant 
Problem. 2019, https://arxiv.org/abs/1004.0451.

69. Foukzon J, Men’kova ER, Potapov AA. The 
Solution Cosmological Constant Problem. 
Quantum Field Theory in Fractal Space-
Time with Negative Hausdorff-Colombeau 
Dimensions and Dark Matter Nature. Journal of  
Physics: Conf. Ser., 2019, 1391:ID 012058. DOI: 
10.1088/1742-6596/1391/1/012058.

70. Foukzon J, Men’kova ER, Potapov AA. Singular 
general relativity using the Colombeau approach. 
I. Distributional Schwarzschild geometry 
from nonsmooth regularization via horizon. 
Physics Essays, 2020, 33(2):180-199. DOI: 
10.4006/0836-1398-33.2.180.

71. Podosenov SA., Foukzon J, Men’kova ER. 
Comment on "The Mössbauer rotor experiment 
and the general theory of  relativity" [Ann. Physics 
368 (2016) 258-266]. Annals of  Physics, 2020, 
413:168047. DOI: 10.1016/j.aop.2019.168047.

72. Podosenov SA, Foukzon J, Men’kova ER. 
Erratum to Comment on "The Mössbauer rotor 
experiment and the general theory of  relativity" 
[Ann. Physics 368 (2016) 258-266]. Annals of  
Physics, 2020, 423:168329. DOI: 10.1016/j.
aop.2020.168329.

ALEXANDER A. POTAPOV, ELENA R. MEN'KOVA RADIOELECTRONICS


