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Improved comfort of urban environment is inseparably related with consumption and 

transfer of various types of energy for illumination and heating of buildings, provision of 

radio and TV broadcasts, mobile communications and transport. Energy transfer is 

accompanied by generation of electric fields, which propagate in ambient environment 

and affect human and biota. In this regard, the safety of urban environment becomes more 

and more urgent issue, especially along highways. This work describes a risk-oriented 

approach to analysis and estimation of risks of electromagnetic safety of urban territories 

with consideration for combined action of electromagnetic fields of various frequency 

range on humans. The authors have analyzed electromagnetic pollution from three most 

common sources of exposure, and the territories of urban environment have been selected 

with the highest level of electromagnetic hazard for population. Application of risk-

oriented approach to estimation of electromagnetic hazard demonstrates the necessity of 

improvement of valid normalization system with accounting for simultaneous impact of 

electromagnetic fields from several sources on human and environment, which would 

provide development of more efficient measures of city population protection against this 

negative factor. 
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1. INTRODUCTION

Nowadays the criteria, which determine the quality of urban 

living, are comprised not only of standards of living including 

indices of health care, education, demography, economic 

conditions, but also of indices of living conditions [1, 2]. The 

latter include mainly the indices of environmental safety. The 

main task of the security system is to prevent the possibility of 

the emergence and implementation of environmental hazards, 

the causes of which are possible changes in the state of the air 

basin, soils, natural waters of various locations, atmospheric 

precipitation, the main components and elements of the 

transport network, buildings, structures, engineering networks 

for various purposes, elements landscaping, enterprises with 

environmentally hazardous industries and technologies, and 

others under the influence of several man-made and other 

factors [3]. To improve the level of environmental safety in the 

city, it is necessary to develop special methods and systems for 

tracking pollution flows and resource consumption and 

measuring the resulting impacts of structures and engineering 

networks for various purposes. We believe that these 

developments will make possible a new structure of 

institutional response to environmental problems [4]. 

Therefore, analysis and estimation of environmental safety of 

urban living are very important.  

Analysis and estimation of environmental safety of urban 

territories as well as of risks of occurrence of abnormal 

situations [5] are usually based on estimation of level of 

ambient air pollution, pollution of surface and underground 

waters, pollution of soils [6], estimation of levels of noise and 

radiation hazard in residential areas [7]. Such approach is 

reflected in: 

- legal regulations for engineering and environmental

surveys for construction aimed at estimation of possible 

negative impact [8]. 

- scientific investigations into negative impact of urban

environment factors on human health [9]. 

Analysis of experimental results of urban environment 

safety demonstrates that major portion of the investigations is 

devoted to determination of influence of negative chemical 

factors (toxic matters) on plants and human health [10-13]. 

This could be attributed only to the fact that high 

concentrations of toxic matters in air can influence on major 

portion of inhabitants [14], initiate acute intoxications, and 

require for significant resources of health care system to 

eliminate the consequences [15]. Influence of lower 

concentrations of toxic matters could be related with 

cumulative effect and cause chronic diseases of inhabitants in 

the territories affected by air pollution and using certain water 

supply system [16]. Due to immensity of consequences of 

negative impact of chemical factors, solution to this problem 

is highly important. 

The influence of negative physical factors (radiation, noise, 

electromagnetic emissions, vibration, thermal and optical 

impacts, etc.) on human health is nearly always characterized 

by cumulative pattern and not by acute form [17, 18]. 

Exceptions are abnormal (emergency) situations, when the 

levels of physical factors of negative impact exceed 

significantly preset norms. Therefore, the range of scientific 

works devoted to detection of impacts of negative ambient 
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factors on human and environment is not very wide. Very few 

works are devoted to analysis of integrated influence of 

electromagnetic fields of various frequency on human, and to 

overall electromagnetic safety of urban environment. At the 

same time, negative technogenic factors can cause diseases of 

high health risk, including allergic diseases, blood diseases, 

oncology, circulatory diseases, diseases of digestive system, 

and others [17]. 

The studies of negative impact of physical factors become 

more important with development of industrialization since 

harmful impact on human health is exerted mainly by 

technogenic physical factors of high intensity.  

Nowadays, negative impact of physical technogenic factors 

is estimated together with analysis of electromagnetic 

pollution of urban environment [19-21]. The main sources of 

technogenic electromagnetic fields (EMF) are mainly high-

voltage overhead power lines, TV broadcast and radar stations, 

mobile base stations, industrial engineering equipment, 

transport [22-26].  

The authors believe that the electromagnetic safety of 

territories is an urgent issue, its importance will grow due to 

increase in the number of various sources of electromagnetic 

fields, hence, it would be reasonable to carry out risk analysis 

of urban environment with consideration for these variations 

and combined impact of electromagnetic fields of various 

frequency band on humans. 

To minimize the negative impact on human health, it is 

necessary to conduct a risk analysis of various factors inherent 

in the digital urban environment. In the context of our study, 

we consider it necessary to highlight the man-made physical 

factors of the negative impact that must be considered when 

developing a methodology for risk analysis of the urban 

environment. 

1.1 Literature review 

Electromagnetic fields of overhead power lines. According 

to official data by Federal Grid Company of Unified Energy 

System, as a consequence of implementation of the program 

of energetics reformation in Russia, the length of overhead 

power lines is constantly increasing together with the number 

of substations and amount of consumed electricity [27]. 

There exists regulation system limiting the impact of 

electromagnetic fields of overhead power lines on humans, 

which provides electromagnetic safety by means of sanitary 

protective areas [28]. At the same time the performed 

experimental and instrumentation studies of electromagnetic 

fields of overhead power lines and estimation of negative 

impact of electromagnetic fields of overhead power lines on 

human health have demonstrated that existence of 500 kV 

overhead power lines in residential districts increases the risk 

of cardiovascular diseases and nervous disorders.  

Analysis of the results demonstrates that there exists 

correlation between the incidence rate and voltage class of 

overhead power lines, as well as distance of residential district 

from overhead power line of various voltage.  

Electromagnetic fields of electronic cellular aids. There is a 

distinct trend to increase in electromagnetic radiation in urban 

areas from electronic cellular aids. According to official data 

of Federal Service for Supervision in the Sphere of 

Communications [29], due to increased demand for ICT 

services and data transmission in mobile networks, the amount 

of radio-electronic aids managed by the four major mobile 

network operators in Russia (Beeline, MTS, Megafon, Tele2) 

only in 2018 increased by 50% in comparison with the 

previous year equaling to more than 240 thousands of base 

stations. 

One of the indicators of quality cellular communication 

services is the coverage of main roads, which indicates the 

deliberate installation of transmitting radio facilities along 

highways and, accordingly, higher electromagnetic field 

indicators. There is also regulation in the frequency ranges of 

30 kHz-300 MHz and 300 MHz-300 GHz [30], which 

provides for the establishment of sanitary protection zones 

violated in practice. 

Electromagnetic fields in the road environment. Currently, 

much attention is paid to ensuring the electromagnetic 

compatibility of vehicles. The most relevant, due to the high 

degree of integration of systems with microprocessor control, 

are the problems of noise immunity because failures that occur 

when exposed to electromagnetic interference can lead to 

various kinds of consequences [31]. To minimize risks in 

operation, solutions are laid down at the development stage of 

both the products themselves and vehicles in general [32]. The 

final step in confirming the correctness of the approaches to 

electromagnetic properties is tests. The manufacturer is 

obliged to comply with both international standards and its 

own internal regulatory documents containing specific test 

requirements [32]. However, the general approach for 

conducting immunity tests considers the interaction of one 

vehicle and one source of electromagnetic interference. The 

motor vehicle is also treated as a static object, even though 

driving cycles are simulated on the chassis dynamometer [33]. 

In the following, we describe our study, its results, and 

possible recommendations that, in our opinion, will improve 

the use of risk analysis in urban areas. To achieve this goal, in 

the Methods section, we describe mixed methods we used to 

collect electromagnetic field indicators, which included 

experimental and instrumental methods, numerical methods, 

and analysis of literature data. In general, two stages of work 

were carried out. The first stage made it possible to collect data 

as a result of field studies (urbanized areas, bench studies). The 

second stage refers to the desk type of research. In the Results 

section, we consider the data that we divided into the blocks 

“Electromagnetic fields of vehicles” and “Electromagnetic 

fields of overhead power lines, transmitting radio engineering 

objects, and radar installations installed along highways”. The 

study made it possible to obtain the result that the influence of 

electromagnetic fields of cars and objects with a small 

effective radiated power has an impact on the environment and 

human health. However, in Russia, the supervisory authorities 

pay insufficient attention to this. This manifests itself in a low 

level of control as an increase in the electric field strength, 

which is not considered when designing roads and is not 

regulated when determining the number of installed objects 

with a small effective radiated power. We believe that the 

results obtained distinguish our study from other studies 

conducted in this area. 

In the Discussion, the obtained data are interpreted from the 

point of view of the need to introduce a comprehensive 

indicator of the impact of the electromagnetic field and 

improve the special regulatory documentation. After that, in 

the Conclusion, we outlined the conclusions that will be useful 

for the legal and executive levels to improve the safety of the 

environment and increase the level of protection of people 

from the negative effects of electromagnetic fields. At the very 

end of the article, we outline the prospects for further research. 
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2. METHODS 

 

In this study, we proceeded from the situation that in order 

to improve the environment and increase the level of human 

safety, it is necessary to identify how a large number of 

stationary transmitting radio engineering objects with a small 

effective radiated power, power lines, and a dense flow from 

moving vehicles at the maximum permissible speed within the 

city affect to increase the electric field strength.  

The indices of electromagnetic fields for risk analysis of 

urban territories were studied with the use of experimental and 

instrumentation methods, numerical methods, data from 

published sources. 

For research in 2020 in Noginsk, Moscow region (Russia), 

territories with approximately the same population were 

selected: 

 

- residential district No. 1, crossed by 500 kV overhead 

power lines; 

- residential district No. 2, crossed by 330 kV overhead 

power line; 

- residential district No. 3, crossed by 110 kV overhead 

power line; 

- residential districts Nos. 4, 5, 6 at the distance of more than 

300 m from overhead power line. 

 

The sites were selected based on the proximity to highways 

and other transport routes, along which power lines pass in the 

immediate vicinity or power lines cross highways. An example 

of a territory selected for study in the Noginsk district 

(microdistrict No. 1) is shown in Figure 1. 

 

 
 

Figure 1. Highway near Noginsk (Moscow Region, Russia) 

 

Based on universities, bench studies of hybrid cars were 

carried out to determine the effect of car speed on an increase 

in electric field strength. 

In the scope of this problem, the electromagnetic fields were 

analyzed with regard to the most common sources in urban 

environment:  

 

1. Overhead power lines, mobile base stations, and radar 

installations. Based on data from secondary studies, statistics, 

and reports of specialists at the UNIVERSITET research 

laboratory, we investigated at what frequencies the devices 

installed along highways operate.  

2. Engines and vehicles. We collected indicators of 

electromagnetic fields along the road in the territory selected 

for the study (at a traffic intensity of 60 cars per minute) and 

indicators of electromagnetic fields during the operation of 

hybrid cars, carried out in bench conditions. The 

measurements were carried out in the frequency ranges of 5-2 

kHz and 2-400 kHz. In addition, in bench conditions, we 

collected indicators of EMF sources in a wide frequency range 

of 0-1,000 Hz caused by the operation of traction motors. 

 

In accordance with this regulation, certain stationary 

transmitting radio aids in the territories selected for research 

do not require for permissions by Rospotrebnadzor and 

obtaining sanitary epidemiological statements for location and 

commissioning. Mainly this is applied to aids with moderate 

effective radiated power, though, under conditions of 

simultaneous operation of several radiation sources, for which 

the same permissible exposure levels are established, the 

following conditions should be satisfied: 

 

(∑

𝑛

𝑖=1

𝐸𝑖
2)

1
2

≤  𝐸𝑝𝑒𝑙  
(1) 

 

(∑

𝑛

𝑖=1

𝐸𝐹𝐷𝑖)  ≤  𝐸𝐹𝐷𝑝𝑒𝑙  (2) 

 

where, E is the electric field intensity created by the i-th 

electromagnetic field source, V/m; EFD is the electric flux 

density created by the i-th electromagnetic field source, W/m2; 

EPEL is the permissible exposure level of electric field intensity 

of normalized band, V/m; EFDpel is the permissible exposure 

level of energy flux density of normalized band, W/m2; n is the 

number of electromagnetic field sources. 

 

 

3. RESULTS 

 

Electromagnetic fields of automotive transport. Certain 

electromagnetic pollution along highways is generated by 

automotive transport. The results are summarized in Table 1. 

Such studies of hybrid cars under test-bench conditions 

show that with the increase of vehicle speed from 20 to 80 

km/h, the electric field intensity in the frequency band of 2 

kHz – 400 kHz increases from 0.05 to 0.2 V/m, and in the band 

of 5 Hz-2 kHz – from 5 to 25 V/m. 

Electric transport (trolleybuses, trams, metro trains, and 

others) is also a powerful source of electromagnetic field in the 

wide frequency band of 0-1,000 Hz. Herewith, the main 

radiation source is mainly traction electric motors, including 

overhead current collectors for trolleybuses and trams. Table 

2 summarizes the data on magnetic induction for certain types 

of electric transport [34]. 

 

Table 1. Indices of electromagnetic fields along highway 

 

Specifications  Near road edge 
1 m from road 

edge 

2 m from road 

edge 

3 m from road 

edge 

Electric field 

intensity  

5 Hz - 2 kHz 6 V/m 1 V/m 1 V/m 2 V/m 

2 kHz - 400 kHz 0.8 V/m 0.67 V/m 0.3 V/m 0.12 V/m 

Magnetic flux 

density  

5 Hz - 2 kHz 0.2 µT 0.15 µT 0.01 µT 0.12 µT 

2 kHz - 400 kHz 1 nT 1 nT 1 nT 1 nT 
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Electromagnetic fields of overhead power lines, 

transmitting radio engineering facilities, and radar facilities 

installed along highways. Radar facilities generally radiate 

narrow directional radio beam. Periodic antenna movements 

in space lead to spatial discontinuity of radiation. They operate 

at the frequencies from 500 MHz to 15 GHz, however, certain 

facilities can operate at the frequencies up to 100 GHz and 

higher. Due to peculiar radiation pattern, they can create local 

areas with high density of energy flux (100 W/m2 and higher) 

[34]. 

 

Table 2. Magnetic induction from electric transport 

 

Type of electric transport 

and consumed current  

Average magnetic 

induction, µT 

Maximum 

magnetic 

induction, µT 

Suburban electric trains  20 75 

DC electric transport 

(Battery driven cars, etc.) 
29 110 

 

 

4. DISCUSSION 

 

As a result of our research, we determined that all 

considered sources of electromagnetic fields are regulated by 

appropriate specifications aimed at limitation of 

electromagnetic field inactive impact on environment and 

humans, except for automotive transport. At present, there are 

nearly no regulations which restrict negative impact of 

automobile electromagnetic fields on residential areas together 

with requirements to designing and erection of highways with 

consideration for these indices [35]. The authors have revealed 

the only document: Recommendations for consideration of 

environmental protection requirements upon designing of 

highways and bridge crossing, where the electromagnetic 

impact of vehicles on environment and special protection 

measures are described. At the same time, modern 

experimental results of negative impact of automotive 

transport in terms of these indices demonstrate that in 18-32% 

of urban territories, the electromagnetic fields are generated as 

consequence of or with accounting for traffic. Since in modern 

technogenic environment the number of vehicles is 

continuously growing and traffic structure is modified towards 

increasing number of electric and hybrid cars, it is possible to 

assume that electromagnetic pollution along highways will 

also increase, hence, further studies of vehicle electromagnetic 

field are required together with development of 

electromagnetic monitoring with accounting for contribution 

of automotive transport to generation of electromagnetic 

pollution of territories. 

Analysis of electromagnetic pollution from the considered 

sources of electromagnetic impact (overhead power lines, 

transmitting radio aids, and automotive transport) allows to 

highlight the territories with combined impact from several 

sources, hence, increased risk of negative impact of 

electromagnetic fields on humans. Analysis of published data 

has demonstrated that one of the indices of high-quality 

cellular phone services is coverage of highways, which 

evidences intentional installation of radio aids along highways, 

hence, higher indices of electromagnetic fields. 

In order to estimate the level of negative impact of 

electromagnetic fields in urban territories, it is required to 

carry out their zoning and to apply integrated index of 

electromagnetic field impact as the index of electromagnetic 

hazard for urban environment according to the proposed 

intensity metering approach [36, 37]. 

In addition, it is required to supplement and to expand 

regulations for the impact (similar to [34]), when the following 

conditions should be met upon simultaneous impact of several 

sources of electromagnetic fields regulated by different PELs:  

 

∑

𝑚

𝑗=1

(
𝐸𝑡𝑜𝑡 𝑗 

𝐸𝑝𝑒𝑙 𝑗

)

2

+  ∑

𝑞

𝑘=1

(
𝐸𝐹𝐷𝑡𝑜𝑡 𝑘

𝐸𝐹𝐷𝑝𝑒𝑙 𝑘

)  ≤ 1 (3) 

 

where, E is the cumulative intensity of electric field generated 

by electromagnetic field sources of the j-th normalized band, 

W/m; Epel is the permissible exposure level of electric field of 

the j-th normalized band; EFD is the cumulative energy flux 

density generated by electromagnetic field sources of the k-th 

normalized band, W/m2; m is the number of bands, for which 

E is normalized; q is the number of bands, for which EFD is 

normalized. 

 

 

5. CONCLUSION 

 

In the context of the development of urbanization in urban 

space, in our opinion, in order to increase the sustainable 

functioning of the socio-economic, production, and transport 

infrastructure with minimization of risks to human health, the 

practical implementation of the concept of Smart City is a 

necessary condition. As a result of our research, based on the 

application of the risk-based approach, we were able to 

identify the factors, the influence of which must be minimized 

to increase the level of environmental safety in urbanized areas. 

On the one hand, this allows expanding the methodology of 

the risk-based approach for assessing the level of impact on 

the environment and the threat to human life and health. On 

the other hand, the legislative and executive authorities, 

especially the heads of territories, Rospotrebnadzor, the 

construction industries, and other decision-makers should pay 

attention to the identification of the most dangerous sources of 

EMF. In our study, these sources were: power lines, base 

stations for cellular communications, vehicles, radiolocating 

and radar installations. In our opinion, to increase the level of 

ecological safety in urban environments, it is advisable to 

further study the effect of EMF of industrial frequency on the 

health of the population, in particular. The results of the study 

should become the basis for revising the regulatory legal acts 

on the establishment of sanitary protection zones for power 

lines. In order to estimate the level of negative influence, it 

would reasonable to carry out zoning of these territories and to 

use integrated electromagnetic field impact intensity index as 

the index of electromagnetic hazard for urban environment. 

City leaders need to initiate a program aimed to improve the 

valid system of electromagnetic field normalization with 

accounting for simultaneous impact of electromagnetic fields 

from several sources of various frequency bands on human and 

environment. It is expedient to further study the impact of 

power frequency EMF on the health of the population. The 

results of the study should become the basis for the revision of 

regulatory legal acts on the establishment of sanitary 

protection zones for power lines. 

 

 

REFERENCES 

 

[1] Sergeeva, M.G., Belova, D.N., Nikolaeva, M.V., 

522



 

Suslennikova, E.Е. (2020). Designing method for 

educational environment in the system of continuous 

pedagogical education. Opcion, 36(26): 504-522. 

[2] Chupanova, K.A., Otrokov, O.Y., Mosina, N.V., Sekerin, 

V.D., Zharov, A.N., Garnik, S.V. (2021). Supply chain 

management concept and digital economy: Digital 

supply chain technological innovation. Indian Journal of 

Economics and Development, 17(4): 928-933. 

https://doi.org/10.35716/IJED/21272 

[3] Tichomirova, E.G., Semin, E.G. (2010). Maintenance of 

ecological safety in the conditions of the city. Bulletin of 

the Peoples' Friendship University of Russia. Series: 

Ecology and Life Safety, 1: 82-86. 

[4] Yerkinbayeva, L., Teleuyev, G., Kalymbek, B., 

Nurmukhankyzy, D., Kuderina, A. (2021). Legal 

regulation of Kazakhstan’s transition to the green 

economy. Journal of Environmental Management and 

Tourism, 12(5): 1335-1342. 

https://doi.org/10.14505//jemt.12.5(53).18 

[5] Prayudyanto, M.N., Goeritno, A., Al Ikhsan, S.H., 

Libasut Taqwa, F.M. (2022). Designing a model of the 

early warning system on the road curvature to prevent the 

traffic accidents. International Journal of Safety and 

Security Engineering, 12(3): 291-298. 

https://doi.org/10.18280/ijsse.120303 

[6] Dokholyan, S., Ermolaeva, E.O., Verkhovod, A.S., 

Dupliy, E.V., Gorokhova, A.E., Ivanov, V.A., Sekerin, 

V.D. (2022). Influence of management automation on 

managerial decision-making in the agro-industrial 

complex. International Journal of Advanced Computer 

Science and Applications, 13(6). 

http://dx.doi.org/10.14569/IJACSA.2022.0130672 

[7] Belousova, O., Medvedeva, T., Aksenova, Z. (2021). A 

botanical gardening facility as a method of reclamation 

and integration of devastated territories (Based on the 

example of the Eden project). Civil Engineering and 

Architecture, 9(5): 1309-1317. 

http://dx.doi.org/10.13189/cea.2021.090504 

[8] Committee of the Russian Federation for Architecture 

and Construction. (1997). Specifications SP 11-102-97 

Engineering and Environmental Surveys for 

Construction. PNIIIS Gosstroya Rossii, Moscow.  

[9] Dinu, C., Popîrlan, C., Tudor, I.V. (2020). Statistical 

analysis of air pollution and life expectancy in Eastern 

Europe. Journal of Environmental Management and 

Tourism, 11(3): 763-772. 

https://doi.org/10.14505//jemt.v11.3(43).30 

[10] Aitmaganbet, P., Umarova, G., Sabyrakhmetova, V., 

Perepelkin, S., Doskabulova, D., Urgushbaeva, G., 

Egizbaeva, D. (2020). Influence of atmospheric air 

quality on the morbidity of the population living in the 

region of oil and gas production in the republic of 

Kazakhstan. Journal of Environmental Management and 

Tourism, 11(3): 563-570. 

https://doi.org/10.14505//jemt.v11.3(43).08 

[11] Chuchu, T., Maziriri, E.T., Mototo, L. (2020). A review 

of the impact of consumerism, recycling and pollution: 

Evidence from Southeast Asia: 1999 to 2019. Journal of 

Environmental Management and Tourism, 11(1): 23-28. 

[12] Kolasa-Więcek, A., Suszanowicz, D. (2019). Air 

pollution in European countries and life expectancy —

modelling with the use of neural network. Air Quality, 

Atmosphere and Health, 12(11): 1335-1345. 

https://doi.org/10.1007/s11869-019-00748-y 

[13] Dutbayev, Y., Kharipzhanova, A., Sultanova, N., 

Dababat, A.A., Bekezhanova, M. Uspanov, A. (2022). 

The ability of Bipolaris Sorokiniana Isolated from spring 

barley leaves to survive in plant residuals of different 

crops. OnLine Journal of Biological Sciences, 22(3): 

279-286. https://doi.org/10.3844/ojbsci.2022.279.286 

[14] Shamshurina, N.G., Shamshurin, V.I., Laamarti, Y.A., 

Ryabchikova, L.N., Nikolaev, A.A., Peremibeda, P.A. 

(2021). Public administration strategy of healthcare 

system for seniors. International Journal of Health 

Sciences, 5(3): 630–638. 

https://doi.org/10.53730/ijhs.v5n3.2720 

[15] Zorina, N.M., Ksenofontova, T.Y., Vanyan, M.N., 

Ogneva, N.I. (2022). Impact of organizational and legal 

decisions on improving the level of health protection of 

university students. Relações Internacionais do Mundo 

Atual, 2(35): 137-149. 

http://dx.doi.org/10.21902/Revrima.v2i35.5717 

[16] Sedova, O.V., Alekseev, A.G. (2022). Features of using 

mathematical models to alculate the effectiveness of a 

digital platform for ecological monitoring. Journal of 

Theoretical and Applied Information Technology, 100(3): 

856-869. 

[17] Orlova, G.G. (2008). O roli profilakticheskoi meditsiny 

v reshenii problem sotsial'no-znachimykh zabolevanii 

[On the role of preventive medicine in solutions to 

problems of social diseases]. Sotsial'nye aspekty 

zdorov'ya naseleniya, 2(6): 1.  

[18] Salih, M.M. (2021). Investigation of the effect of 

electromagnetic radiation on human health using remote 

sensing technique. International Journal of Safety and 

Security Engineering, 11(1): 117-122. 

https://doi.org/10.18280/ijsse.110113 

[19] Dovbysh, V.N. (2010). Regional monitoring of natural 

environment on the basis of electromagnetic radiation of 

power generation systems. Doctoral thesis. Kazan State 

Technical University, Kazan, Russia.  

[20] Bespalov, V.I., Shchebet, I.V. (2014). Analiz protsessa 

zagryazneniya gorodskoi sredy elektromagnitnymi 

polyami [Analysis of pollution of urban environment 

with electromagnetic fields]. Nauchnoe Obozrenie, 9(3): 

722-725. 

[21] Kupriyanov, V.N., Shafigullin, R.I. (2017). Issledovanie 

elektromagnitnogo fona radiochastotnogo diapazona v 

zhiloi zastroike [Studying electromagnetic background 

of radio frequency band in residential area]. Stroitel'stvo 

i Rekonstruktsiya, 3(71): 23-30. 

[22] Auger, N., Bilodeau-Bertrand, M., Marcoux, S., 

Kosatsky, T. (2019). Residential exposure to 

electromagnetic fields during pregnancy and risk of child 

cancer: A longitudinal cohort study. Environmental 

Research, 176: 108524. 

https://doi.org/10.1016/j.envres.2019.108524 

[23] Bolte, J.F.B., Clahsen, S., Vercruijsse, W., Houtveen, 

J.H., Bogers, R. (2019). Ecological momentary 

assessment study of exposure to radiofrequency 

electromagnetic fields and non-specific physical 

symptoms with self-declared electrosensitives. 

Environment International, 131: 104948. 

https://doi.org/10.1016/j.envint.2019.104948 

[24] Chusov, A.A., Protopopova, A.E. (2018). Algoritm 

modelirovaniya dlya resheniya zadach elektromagnitnoi 

sovmestimosti pri proektirovanii sooruzhenii v 

usloviyakh gorodskoi zastroiki [Simulation algorithm for 

523



 

solution to the problems of electromagnetic compatibility 

upon designing of structures in residential areas]. Vestnik 

Inzhenernoi Shkoly Dal'nevostochnogo Federal'nogo 

Universiteta, 4(37): 128-138. 

https://doi.org/10.5281/zenodo.2008714 

[25] Hosseinabadi, M.B., Khanjani, N., Mirzaii, M., Norouzi, 

P., Atashi, A. (2019). DNA damage from long-term 

occupational exposure to extremely low frequency 

electromagnetic fields among power plant workers. 

Mutation Research. Genetic Toxicology and 

Environmental Mutagenesis, 846: 403079. 

https://doi.org/10.1016/j.mrgentox.2019.07.007 

[26] Panagopoulos, D.J., Chrousos, G.P. (2019). Shielding 

methods and products against man-made 

electromagnetic fields: Protection versus risk. Science of 

the Total Environment, 667(1): 255-262. 

https://doi.org/10.1016/j.scitotenv.2019.02.344 

[27] Federal Grid Company. (2021). The figure of the day. 

http://www.fsk-ees.ru/about/facts_and_figures/. 

[28] Chief State Health Inspector of the Russian Federation. 

(2003). Specifications SanPiN 2.1.8/2.2.4.1383-03 

Hygienic Requirements to Location and Operation of 

Transmitting Radio Aids. Federal Center for State 

Sanitary and Epidemiological Surveillance of the 

Ministry of Health of Russia, Moscow. 

[29] Federal Service for Supervision of Communications, 

Information Technology, and Mass Media 

(Roskamnadzor). (February 9, 2019). NA Moscow: The 

number of LTE-standard RECs of the Big Four operators 

in Russia increased by 50% to 240,000 in 2018. 

https://rkn.gov.ru/press/publications/news65464.htm. 

[30] Chief State Health Inspector of the Russian Federation. 

(2007). Specifications SanPiN 2.2.1/2.1.1.1200-03 

Sanitary Protective Areas and Sanitary Classification of 

Enterprises, Structures, and Other Facilities. Rossiiskaia 

Gazeta [Ros. Gaz.] 09.02.2008 No. 28. 

[31] Nikolaev P.A., Kechiev L.N. (2015). Electromagnitnaya 

sovmestimoct avtotransportnih sredstv [Electromagnetic 

capability of vehicles]. Moscow, Griffin, 424 p. (In 

Russian). 

[32] Nikolaev, P.A., Podgorny, A.S. (2021). Vliyaniye 

dorozhnoy obstanovki na EMS avtotransportnykh 

sredstv v protsesse ekspluatatsii [Influence of road 

conditions on the EMC of vehicles during operation]. 

Tekhnologii Elektromagnitnoy Sovmestimosti, 3(78): 

39-48.  

[33] Podgorny, A.S., Nikolaev, P.A. (2016). Electromagnetic 

Susceptibility Testing for Hybrid Vehicles. Materials of 

the reports of the XX Postgraduate-Master's Scientific 

Seminar Dedicated to the Day of The Power Engineer, 1: 

186-187.  

[34] Burlaka, N.I., Gozhenko, S.S. (2010). Electromagnitnoe 

pole, ego vidy, kharakteristiki, klassifikatsiya i vliyanie 

na zdorov'e naseleniya [Electromagnetic field, its types, 

properties, classification, and effect on human health]. 

Aktual'nye Problemy Transportnoi Meditsiny, 4(2): 24-

31. 

[35] Grafkina, M.V., Sviridova, E.Y. (2019). Risk-analiz 
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