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ABSTRACT 
 
An overview of the three main directions of creation of means 
for generating powerful electromagnetic radiation with an 
ultra-short duration of the possible use of means that can 
generate powerful electromagnetic pulses of ultrashort 
duration is carried out. A variant of constructing transmission 
paths for creating means that can generate powerful 
electromagnetic pulses of ultrashort duration is proposed. 
 
Key words: semiconductor, affection, probability, 
microprocessor technology, control system, space-time signal, 
mathematical model.  
 

1. INTRODUCTION 
 
At present, there are three main directions of development of 
means for generating powerful electromagnetic radiation with 
ultrashort duration [22-31]. 
 
1) based on video pulse generators; 
 
2) based on Microwave relativistic generators of pulsed radio 
emission; 
 
3) based on focusing electromagnetic radiation in Microwave 
transmitting phased antenna arrays. 
 
These directions differ significantly both in the structure of the 
generated fields and in the mechanism of action on the target 
objects. 
 
From the point of view of the field structure, these differences 
are primarily due to their spectral characteristics: video pulses 
do not have high-frequency filling and their spectrum can in 
principle occupy the frequency range 0 ... 1500 MHz and more 

(in practice, it is limited by the band of emitting systems that 
"cut out" only certain areas from the total spectrum no more 
than - 25% of the central frequency of such a spectrum area); 
Microwave pulses are generated at a specific carrier frequency 
and their spectrum can occupy any place within the entire radio 
frequency range [3-5, 10-14]. The features of the spectrum of 
video pulses create serious problems for their directional 
channeling in space to the target, and for Microwave radiation 
such channeling is implemented by conventional antenna 
systems (horn, mirror, phased antenna arrays). 

 

Within the framework of the second direction, it is 
fundamentally possible to create Microwave high-power 
pulses using oscillator lamps [15-18]: magnetrons, klystrons, 
vircators, gyrotrons, etc.  
 
In the centimeter range, it is essential to use electron accelerators 
[18-21]. At a wavelength of 1 sm for a pulse power of 500 MW at 
a pulse duration 10...12 ns known power amplifier based on a 
backward wave tube with a magnetic field H2,4 kА/m [24]. At a 
wavelength of 10 sm at the same power of 500 MW, the pulse 
duration was 16 ns. 
 
To obtain the required high pulse power, you can use several 
spaced radiation sources and direct them to one point in space 
[26-28, 31, 34]. 
 
Generation tools developed in the first two directions, although 
they have the above advantages, have two main disadvantages: 
 
do not have properties of electromagnetic compatibility; 
 
require the creation of special fundamentally new generator and 
antenna-feeder devices. 
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Generation means developed within the first and second 
directions can provide the highest power per sample. However, 
they cannot be created on the existing element base. 
 
Generation means created in the framework of the third 
direction have conditional secrecy, to a certain extent, the 
properties of electromagnetic compatibility and can be 
implemented using the existing industrialized generator and 
antenna-feeder devices. However, they can provide one sample 
(a radiation source in the form of a transmitting phased antenna 
array) more than an order of magnitude less power than the 
samples developed in the first and second directions. To 
increase the power and achieve the required values of the peak 
power flux density in the area of space where the moving 
suppressed or affected object is located, with restrictions on the 
peak power of an individual radiation source, it is possible to 
coherently summarize electromagnetic fields from a group of 
sources in its vicinity, i.e. to carry out focusing of 
electromagnetic radiation in a multi-position system of 
emitters. Consequently, the third direction of creation of means 
of generation with a short duration of acting pulses can be 
based on controlled focusing by electromagnetic radiation 
either in transmitting single planar phased antenna arrays, or in 
a multi-position system of planar phased antenna arrays and 
other typical radiators [18, 26-28, 31, 33, 34]. 
 
Since the use of generation means in most cases involves their 
placement on mobile mobile or mobile carriers, then rather 
stringent requirements are imposed on their weight and size 
characteristics and cost. Thus, the best known and proposed in 
[27, 28, 36] is a space-phase-frequency method of focusing 
electromagnetic radiation, nevertheless, it still requires a rather 
complex hardware implementation, since to limit the scanning 
area under an aiming effect, it is required to use a space-time 
auxiliary degree of signal control in each channel of a phased 
antenna array, which leads to an increase in size and cost the 
latter, as well as some irrational energy losses due to irradiation 
of space outside the area where the suppressed or struck object 
is located. 
 
It follows from the above that at the present stage, a more 
rational way to create means for generating powerful 
electromagnetic radiation is to use nanosecond Microwave 
impacting pulses formed on the basis of the third direction. 
 
So, one of the promising directions for creating tools that can 
generate powerful electromagnetic pulses of ultrashort 
duration is the development of multifunctional radio 
equipment with transmitting phased antenna arrays that 
provide focusing of electromagnetic radiation to a given point 
in space. In this case, the parameters that control the formation 
of a given structure of the field and the achievement of the 
required power levels are not only the amplitude and phase 
distribution in the aperture of the phased antenna arrays, but 
also the frequency and time distribution. It should also be noted 
that in recent years, cylindrical phased antenna arrays, which 
have a number of advantages over flat ones, are of particular 
interest to developers for the implementation of means capable 

of generating powerful electromagnetic pulses. In this regard, a 
review of methods for focusing electromagnetic radiation with 
various possibilities for controlling current distributions in the 
aperture of a phased array antenna is of certain interest [4, 32, 
37]. 
 
Initially, the focusing problem arose when conducting 
short-range measurements of the radiation patterns of 
large-aperture antennas. 
 
The spatial-phase methods of focusing electromagnetic 
radiation in the Fresnel zone used in this case have made it 
possible to achieve fairly good results [1, 35, 36].  
 
Modifications of traditional methods of controlled focusing of 
electromagnetic radiation using, on their basis, mutually 
coordinated spatial, amplitude, phase, frequency and time 
control of signal parameters along the aperture of emitters of a 
phased antenna array are the most universal. 
 
At the same time, the main problematic issues are the need to 
develop fundamentally new pulse signal forming devices. 
 
The purpose of the article is to develop recommendations for 
the construction of transmission paths for generating powerful 
electromagnetic radiation. 
 
2. MAIN MATERIAL 
 
To assess the possibilities of constructing the shaping channels 
of the means for generating powerful electromagnetic 
radiation, it is also necessary to analyze various options for the 
technical implementation of the transmission channels of such 
means based on the equal-discrete single-stage and multi-stage 
V-shaped frequency distributions over the aperture of a 
cylindrical phased antenna array: using digital and analog 
devices of transmission paths, systems synchronization and 
data transfer. 
 
To fulfill the task of constructing transmission paths for the 
means of generating powerful electromagnetic radiation, it is 
necessary to present requirements for the parameters of a 
phased antenna array.  
 
An antenna system design is proposed that allows generation in 
the frequency range from 10 GHz to 12 GHz. So, as shown in 
[7, 37, 38], for a range of R = 5 km in the means of generation, 
it is advisable to use a cylindrical phased antenna array with a 
maximum aperture size L=2,54 m; lattice spacing along the 
guide dx = 1.0λ, dy = 0.8λ where. For the number of emitters  
Мх = 88 in the plane of the guide, the radius of the cylinder will 
be 1.25 m, the number of emitters participating in the 
formation of the field – N=8820=1760, antenna directivity – 
37 dB. The refined value of the power supplied to the antenna 
when a single signal is emitted is Рradiation =0,25 МW or for one 
emitter Рradiation 1=142 W. 
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Compared with the focusing of electromagnetic radiation on 
the basis of nonlinear laws of space-phase-frequency and 
space-phase-frequency-time control of emitted signals, the use 
of equal-discrete V-shaped frequency distributions over the 
aperture of a cylindrical phased antenna array when creating 
multifrequency space-time signals with a spatial method 
control allows to simplify the device for the formation of both 
single and bursts of periodic sequences of multifrequency 
spatio-temporal signals. 
 

 

 

 

 

 

 

 

 

 

 

 

 
The structural diagram of the proposed transmission path is 
shown in figure 1. Taking into account the fact that the number 
of elements of the phased antenna array, creating the required 
field in a given direction, is significantly less than the total 
number of elements of the phased antenna array, it can 
significantly simplify the design of the transmission path. A 
variant of constructing a transmitting phased antenna array 
with spatial-phase-frequency control of emitted signals is 
proposed, based on modern technical solutions based on 
solid-state semiconductor technology. 
 
Figure 1 shows a block diagram of the transmitting channels of 
the claimed cylindrical phased array antenna, on which the 
designations are introduced: 1 - emitters; 2 - power amplifiers; 
3 - pulse modulator; 4 - controlled phase shifters; 5 - phase 
shifter control system; 6 - special calculator; 7 - system for 
forming a coherent frequency grid; 8 - control unit.   
 
The system for forming a coherent frequency grid is 
implemented using an indirect synthesis system based on a 
phase-locked loop (PLL). Such synthesizers make it possible 
to obtain a sinusoidal signal with a frequency of gigahertz and 
a resolution of less than one hundred hertz, synchronous to the 
reference frequency and phase stability no worse than that of 
the reference oscillator. In addition, PLL-based synthesizers 
provide the high spectral purity required for high-resolution 
radar equipment. Analog Devices manufactures a wide range 
of PLL chips and PLL synthesizers. PLL frequency 
synthesizers are represented by a family of 9 ADF4360-0 / 
1/2/3/4/5/6/7/8 microcircuits, implemented according to a 

single block diagram. The synthesizer circuit contains a 
built-in voltage controlled generator, a digital detector based 
on a phase comparator, an input divider with an integer 
division factor and a loop divider also with an integer division 
factor. Any microprocessor suitable for the respective tasks 
can be used as a control unit. In the phase shifters, which are 
controlled by the corresponding signals coming from the phase 
control unit (special calculator), the initial phases of the output 
signals are set depending on the selected angular direction of 
radiation. 

With the help of a pulse modulator, for example the MI1 series, 
a pulsed mode of robots of nanosecond amplifiers is 
implemented in accordance with the selected mode. To achieve 
the specified output power, amplifiers such as MPKM-14500 / 
R from General Dynamics concern (up to 500 W at frequencies 
up to 14.5 GHz) can be used as amplifiers. The amplifier uses 
the addition of powers from 8-16 transistor subunits. In 
addition, they are equipped with advanced control, modulation, 
and dynamic range expansion subsystems. 
 
 3. CONCLUSION 
 
Thus, the considered version of the technical implementation 
of the shaping channels of the means for generating powerful 
electromagnetic radiation based on the equal-discrete 
single-stage and multistage V-shaped frequency distributions 
over the aperture of a cylindrical phased antenna array can be 
quite easily implemented on the basis of the use of digital 
devices for the formation of carrier frequencies using 
industrialized Microwave elements. transmission paths, 
synchronization and data transmission systems. 
 
Based on the above, the technical implementation of the 
transmission channels of a cylindrical phased antenna array of 
means for generating powerful electromagnetic radiation is 
being further developed in comparison with those previously 
known based on the use of a harmonic generator. 
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