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THE MODEL OF OPTIMAL RADIOELECTRONIC STATIONS DEPLOYMENT  

IN THE MILITARY FIELD COMMUNICATION SITE  
 

Abstract.  There are two main problems during deployment of military field (mobile) communication site: 1) compact 
deployment radioelectronic stations (RESs) in communication site, 2) take into account of electromagnetic compatibility 
for normal processing of communication site that electric-field strength should be not exceed allowable standard. The ne-
cessity of packaged deployment is important especially for combat activities in mountains regions. In this case, hills and 
elevations can make worse a radio communication. Therefore, RESs should be deployed such that there are not natural ob-
stacles between them. In given paper, there has been analysis of electric field superposition impact of all RES on each sepa-
rate one for given radiation frequency range. The mathematical model of RES deployment with minimal distance between 
them with taking into account allowable standard of electric-field strength has been developed and offered. The program 
algorithm of calculation of RES deployment in the field communication site has been developed. 
Keywords: field communication site, electric field, mathematical model, penalty method, packaged deployment, elec-
tromagnetic compatibility. 

Introduction 
During deployment of military field (mobile) 

communication site, it should be take into account of 
two main factors:  

1) compact deployment radioelectronic stations 
(RES) in communication site,  

2) electromagnetic compatibility (EMC) for nor-
mal processing of communication site when the mini-
mum distance between RESs is calculated.  

The necessity of packaged deployment is impor-
tant especially for combat activities in mountains re-
gions. In this case, hills and elevations can make worse 
a radio communication. Therefore, RESs should be de-
ployed such that there are not natural obstacles between 
them [1, 2].  

The requisite of the minimum distance between 
RESs is conditioned that electromagnetic radiation of 
the antennas of close located RESs can form a high fre-
quency electromotive force with amplitude of the sev-
eral ten of Volts in radio receiver antenna. It creates an 
overload of input stages and a disturbance in RESs. The 
jointly influence of several signals, which form inter-
modulation interference in input stages of radio receiv-
ers and in output stages of radio transmitters, can be 
find themself in communication operating frequency 
band and make worse receiving a desired signal.  There-
fore, the electric-field strength in RES location point 
does not exceed the allowable standard. 

In given paper, there has been analysis of an elec-
tric fields superposition influence of all RESs to each 
separate one for given radiation frequency range. The 
mathematical model of the RESs deployment in a field 
communication site with minimum distance between 
theirs taking into account of allowable standard of elec-
tric field influence has been developed and offered. The 
program algorithm of RESs deployment in the filed 
communication site has been developed. 

Analysis of RESs EMS 
in the field communication site 

 Let us use the group evaluation for analysis of 
RESs EMS in the field communication site [3]. When 
the EMS group evaluation there has been taken into 
account of all RESs interference on one RES inside the 
communication site.  

When EMS evaluating, the determined description 
of electromagnetic condition (take into account of RES 
power) is used often, because power of interference 
sources, deployment and orientation of antennas in the 
site are strictly fixed [3, 4]. 

The calculation of RES EMS is carried out by the 
next order: 

– calculation of energy characteristics (electric-
field strength) of unpremeditated radio interference; 

– determination of the level of electromagnetic 
compatibility providing. 

The calculation of energy characteristics of radio 
interference stipulates determination of the power of 
combined radio interference reduced input of radio re-
ceiver of RES taking into account of radio interference 
penetration through an antenna-feeder device.  

When EMS group evaluation, the total Pi power 
of joint radio interference (including intermodulation 
interference) reduced input i radio receiver of RES from 
all other RES radio transmitters is calculated. 

The determination of the level of RES EMS pro-
viding is carried out based on group evaluation of EMS.  

The group evaluation of RES EMS is carried out 
by the next order: 

а) the total Pi power of radio interference reduced 
i input of RES receiver is determined; 

b) the permissible level of Pi power of radio inter-
ference reduced i input of evaluated RES is determined; 

c) the level of total power of radio interference is 
compared with the permissible level, and the level of 
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providing of the radio receiver EMS of evaluated RES 
is determined with other radio transmitters of RESs. 

The providing index ([dB] or [W/Hz) of EMS of 
the object RES is calculated by formula of  

Pi = Pi – Pi, 
when the group evaluating. This value describes a level 
of the EMS providing reserve (if it is positive) or a level 
of the EMS providing lack (if it is negative). 

The mathematical model of RES deployment 
in the field communication site 

Let us consider a filed communication site where, 
for example, RESs works in frequency range of 28 
MHz, 3090 MHz and 4.45 MHz. The calculation of 
electric-field strength in the high frequency range can be 
carried out for wave zone (radiation zone) when 

22 ,Ld 


 

where d is a distance between an antenna and a meas-
urement point, L is the maximum size of an antenna,  
is a wave length.     

The calculation of electric-field strength in radia-
tion zone is carried out usually for electric component 
of field by Shuleykin-Van-der-Pole formula [5]: 

 245 ,F P Ga mVE
d m
     

, (1) 

where E is electric-filed strength, P is a power of trans-
mitter, Ga is an antenna power gain, F is the propaga-
tion factor for electromagnetic energy loss in soil: 
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In the short wave range when there is 60  >  
condition, x is determined by the next formula: 
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where  is a length of wave in m,  is the relative dielec-
tric constant,  – is a radio wave conductivity in soil 
(see table 1). 

 
Table 1  

Kind of soil  , (Оhm.m)-1 
Humid soil, plane surface 5 - 15 3.10-3 

Humid soil with low green 4 10-2 

Dry soil, sand 2 – 10 10-3 
Soil covered by large unbroken 
forest 4 10-3 

Cities 3 - 5 7,5.10-4 
 
For example, if the length of wave  = 30, soil is 

dry, that is,  = 10 and  = 10-3 (Оhm.m)-1, d < 1000 m, 
then  

 4 2
2 0.0031.41 ,

2 0.01 0.6 10
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d d



  

   (2) 

Let us substitute (2) into (1), then the electric-field 
strength is calculated for d distance from RES.  

This method of determination of electric-field 
strength by formulas (1) and (2) is applied for a circle 
radiation pattern and towards of maximum radiation of 
main beam. 

Thus, if the field communication site with S area is 
considered and if there are N number of RES with Pi 
power radiation on this site, then the total level of elec-
tric-field strength in the i point of located RES is ob-
tained 
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where i = j = N; Ej is an electric-field strength in radia-
tion zone of i RES (1);  

dji is a distance between j radiated RES and i point;  
Fj is determined for each dji  (dji = dij ). 
For providing of electromagnetic compatibility 

condition, it is necessary that 
Ei < PLi, 

where PLi is the allowable standard of electric-field 
strength for given set. 

Formulation of the problem. First of all, let us 
remember that in accordance with [5], the electric-field 
strength E at r distance can be calculated by next for-
mula 

,WE
r

  

where W is some constant described a RES power and  

0.008W F P Ga    . 

If the sources of electromagnetic radiation create 
in given point electric field with Ei strength then the 
total electric-field strength in considered point is calcu-
lated by next formula [2] 
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It is necessary to determine such mutual RES de-
ployment on the horizontal site that two conditions are 
satisfied: 

1) the total electric-field strength in the point of 
each RES created other RESs doesn’t exceed some al-
lowable standard; 

2) all RESs are deployed in the bounds of circle 
with the minimum radius.       

Mathematical formalization. For analytical cal-
culation of the mutual RES deployment, let us enter 
some Oxy Cartesian coordinate system.   

Any RES deployment can be connected with coor-
dinate system with any way. The located on the bond of 
circle with “the shortest radius” RESs are border’s ones.  

It is clear that:  
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– there are at least two RESs on the border; 
– the considered two variants of mutual RES de-

ployment are identical if they will coincident after ap-
plication of the operations combination “rotation around 
of some point”, “parallel translation” and “symmetrical 
transformation relative to the some axis”. 

So, as appropriate, making these conversions the 
center of the least circle is put in the origin of coordi-
nates, and one of the border RES is put on the positive 
semiaxis Ox. Let us take (xi,yi)  coordinates of Ai (i = 1, 
2,…, N, N is a number of RESs) RES location in the 
Oxy coordinate system.  

The demand of all RESs deployment in the 
range of some circle with a center in the origin of 
coordinates can be formulated in the following way 
as an inequality  

 2 2 2 ,i ix y r   i = 1, 2,…,N,  (3) 

where r is a required radius of a circle.  
Let us considered that one of the RES, for example 

with number of i = 1, is located on the circle (3) and has 
(r, 0) coordinates, that is, 

 x1 = r,  y1 = 0. (4) 
By the task data, the sources of electromagnetic 

radiation must be deployed in that way that the part of 
each RES affect other one is minimum as far as possi-
ble.  

This demand can be satisfied if the most power 
RES will placed on the edge of range. Therefore, placed 
in A1(x1,y1) point the RES has most power W1. All 
RESs form electric field Ej in the Aj(xj,yj) point 

2
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 ,   j = 1, 2, …, N, 

where Wi is power of RESi,  

   2 2
ij i j i jr x x y y      

is Euclidean distance between RESi and RESj. 
Let us take E* as the maximum permissible level 

of electric field strength in each RES point.  
Then, there are normal operation conditions for 

RESs placed in Aj point 

 Ej  E*,  j = 1, 2, …, N. (5) 
The task of optimal deployment of RESs can be 

formulated by next: 

– to determine such xi and yi that for given Wi and 
E* there are (3)-(5) conditions, and at the same time r is 
the least among possible ranges. 

The solution of task. Firstly, let us rewrite (3)-(5) 
task as a task of conditional minimization relative to x1, 
x2, …, xN, yN variables: 

   2
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j = 1,2,…,N, y1 = 0 
Let us use the penalty function method [6, с.214-

216] for solution this task.  
Let us take it as: 
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 j = 1,2,…,N,  

k and Kk are penalty parameters.  
Given reasonable selection of initial data, the  

(6)-(8) solution sequence is converged to some “ra-
tional” solution in the case of k, Kk  .  

It should be noted that from the point of mathe-
matical view the given task solution is not single. In 
order to prove this statement, let us construct a solution 
of the task of four given power RESs deployment for 
two variants.  

There are power values of RESs deployed along 
circle with r =200 m  radius in table 2.  

 
Table 2 

N 1 2 3 4 Vari-
ants Power of RES, W 168.5 187.9 19.3 122.9 

Location point (x, y) (200.00, 0.00) (100.00, 173.21) (-200.00, 0.00) (-128.56, 153.21) 
I Formed in location point of RES 

electric-field strength E, mV/m 1.00 1.00 1.00 0.90 

Location point (x, y) (200.00, 0.00) (100.00, 173.21) (-200.00, 0.00) (-128.56, -153.21) 
II  Formed in location point of RES 

electric-field strength E, mV/m 1.00 0.81 1.00 0.45 
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The coordinates of location point were generated 
by the formulas of: (rcosi,rsini),  here,  

1 = 0, 2 = 60o, 3 = 180o, 4 = 180o50o. 
It is clear, that in each variant it was reached a 

critical value of permissible stress E* = 1, therefore, it is 
impossible to improve solution by decreasing of r. 
There is a common block chart of the program algo-
rithm of RESs deployment calculation in a field com-
munication site in the fig. 1 in accordance with devel-
oped mathematical model. 

Conclusion 
In paper, the task of compact deployment of field 

(mobile) communication site taking into account of 
electromagnetic compatibility for normal processing of 
communication site has been considered.  

The mathematical model of RESs deployment op-
timization with minimum distance between RESs and 
taking into account of allowable level of electric field 
influence has been developed.  

The mathematical penalty function method for this 
task solution has been used. It is shown that from the 
point of mathematical view the solution given task is 
not single. For instance, the task of four RESs deploy-
ment has been solved. The program calculation algo-
rithm of RESs deployment in a field communication site 
has been developed.  

REFERENCES 

1. Imanov R.R., Bayramov A.A. Ensuring electromagnetic 
compatibility of radio-electronic means in communications 
centers. “Съвременни предизвикателства пред сигурно-
стта и отбраната”. Сб. Докл. от годишната научна кон-
ференция на факултет „Национална сигурност и отбра-
на“. Военна академия „Георги Стойков Раковски“, II 
part.17–18 май 2018. p.153-155. 

2. Imanov R.R., Bayramov A.A., Pashaev A.B., Sabziev E.N. 
Mathematical model of the optimal placement calculation of military field communication site. Сьома міжнародна науково 
-технічна конференція “Проблеми  інформатизації”. Черкаси– Харків, 13-15 November 2019. vol.1, p.79. 

3. Radio spectrum control and wireless system electromagnetic compatibility. Tutorial / Ed. М.А. Bixovski. Мoscow: Eko-
Тrends, 2006. 376 p. 

4. Evaluation theory and methods of wireless systems electromagnetic compatibility / Ed. Y.А. Feoktistov. — Мoscow.: Radio 
and communication. 1988. 

5. Bayramov А.А., Ibragimov Z.А., Pashaev А.М. Radiation influence on human. Defence and prevention. NAA, «Chash-
ioglu», Baku, 1999, 157 p. 

6. Elsterр К.-Х., Reygart R., Shoyble М., Donar G. Non-linear programming introduction. Мoscow: Nauka, 1985, 264 p. 
 

Надійшла (received) 24.01.2020 
Прийнята до друку (accepted for publication) 25.03.2020 

 
Модель завершення оптимальних радіоелектронних станцій в сайті зв'язку військового поля 

А. А. Байрамов, А. Б. Пашаєв, Е. Н. Сабзієв, Р. Р. Іманов 
Анотація . Під час розгортання військово-польового (мобільного) вузла зв'язку є дві основні проблеми: 

1) компактні радіоелектронні станції (ВДЕ) компактної дислокації на вузлі зв'язку; 2) врахування електромагнітної 
сумісності для нормальної обробки вузла зв'язку, що напружує електричне поле не повинна перевищувати допус-
тимого стандарту. Необхідність пакетованого розміщення важлива особливо для бойових дій у гірських районах. У 
цьому випадку пагорби та височини можуть погіршити радіозв'язок. Тому ВДЕ слід розгорнути таким чином, щоб 
між ними не було природних перешкод. У даній роботі проаналізовано вплив впливу всіх ВДЕ електричного поля 
на кожний окремий для заданого діапазону частот випромінювання. Розроблено та запропоновано математичну мо-
дель розгортання ВДЕ з мінімальною відстані між ними з урахуванням допустимого стандарту напруженості елект-
ричного поля. Розроблено програмний алгоритм розрахунку розміщення ВДЕ на польовому сайті зв'язку. 

Ключові  слова:  польовий майданчик зв'язку, електричне поле, математична модель, метод штрафних сан-
кцій, пакетне розгортання, електромагнітна сумісність 

    
Fig. 1. The block chart of the program calculation algorithm 

 of RESs deployment in a field communication site 


