
Abstract. The article addresses the growing concern over the 
adverse health effects of electromagnetic radiation in workplaces, 
particularly in the context of train dispatchers who are exposed to 
various sources of electromagnetic fields. A computational model is 
developed to assess the effectiveness of shielding equipment in miti-
gating the impact of electromagnetic fields on train dispatchers. The 
study focuses on the design and evaluation of protective casings and 
shields to reduce electromagnetic field intensity, providing valuable 
insights for enhancing workplace safety.
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Introduction
The workplace of a train dispatcher is characterized by the 

presence of electronic devices such as VDTs and personal com-
puters, which emit electromagnetic waves, along with an unin-
terruptible power supply that powers these devices. The expo-
sure to electromagnetic fields in this environment poses health 
risks to dispatchers, necessitating effective protection measures. 
Shielding equipment, made of materials with specific electrical, 
dielectric, and magnetic properties, is commonly used to reduce 
electromagnetic field intensity to safe levels. This study aims 
to develop a computational model to evaluate the effectiveness 
of shielding mechanisms in safeguarding train dispatchers from 
the harmful effects of electromagnetic radiation.

The emission of harmful and dangerous factors at the work-
place of a train dispatcher is formed in connection with the in-
dicators of technical means. The electromagnetic field at the 
workplace of a train dispatcher is mainly created by VDT and 
personal computers that dispatchers regularly use in their work, 
as well as electromagnetic waves emitted by an uninterruptible 
power supply [1, 2].

The measurements that were carried out during the certifi-
cation of workplaces for working conditions showed that the 
voltage of the electromagnetic field in the workplace of the 
train dispatcher mainly creates an uninterruptible power supply 
that provides power to the VDT and personal computers at the 
workplace. The uninterruptible power supply is located inside 

the desktop cabinet, and the chair on which the dispatcher sits is 
placed next to it, due to the need for constant monitoring of data 
from monitors [3].

One of the most reliable ways to protect against the elec-
tromagnetic field is to shield these equipment. When creating 
structures that protect against the intensity of the electromagnet-
ic field, various materials (metal or dielectric) are used, which 
have the property of absorbing or repelling the electromagnetic 
field in a certain frequency range [4–7].

The absorption efficiency of the electromagnetic field is 
determined by the electrical, dielectric and magnetic proper-
ties of the material used for shielding. Due to such proper-
ties of the material, electromagnetic energy is absorbed due to 
dielectric, magnetic and conduction losses. Shielding allows 
to reduce the level of electromagnetic field intensity to a safe 
level [8].

Main part. The shielding is divided into magnetic, electric 
and electromagnetic fields. Almost always the same dielectric 
medium is placed on both sides of the screen, and in this case 
the efficiency of the screen is written as follows [9]:

 ,  (1)

where ℎ – screen thickness, mm; 
𝑘–propagation coefficient, mm–1;  
𝑧1– resistance of the medium to the electromagnetic field, Ohms; 
𝑧2– the resistance of the screen material to the electromagnetic 
field, Ohms.

However, the resistance 𝑧1 in the induction zone depends not 
only on the type of the main component of the electromagnetic 
field, but also on the shape of the screen structure.

Taking into account the shape of the screen, the resistance𝑧1 
is written as follows:

When shielding an electric field [9]:
 . (2)

When shielding a magnetic field [9]:

 , (3)

where m = 2 at  for a flat screen, m = 1 at for  
 
a cylindrical screen, and  at  a for spherical screen.
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When shielding a magnetic field, it is necessary to take into 
account the individuality of the material from which the screen is 
made. Usually for magnetic materials (steel, permalloy, ferrite)
 , and for non-magnetic materials (copper, aluminum, 

lead) . In the case that at relatively low frequencies of the 

electromagnetic field 
for protective devices made of magnetic metals, the shielding 
efficiency is calculated by the formula [9]:

 . (4)

It does not depend on the frequency of the field.
For protective devices made of non-magnetic metals, the 

shielding efficiency is calculated by the formula [9]:

 . (5)

This efficiency depends on the frequency and at the frequen-
cy  тоже стремится к нулю.

In the region of relatively high frequencies 
it is convenient to determine the screening efficiency by the for-
mula [9]:

 . (6)

In the microwave region covering decimeter, centimeter 
and millimeter waves (  Hz), the wavelength  is 
commensurate with the diameter of screen, d i.е , and the 
shielding efficiency is oscillatory [9].

If there are holes or cracks in the screen, which arise as a re-
sult of imperfections in its design and production technology, 
the screening efficiency decreases. In this case, it can be deter-
mined by the formula [9]:

 , (7)

where the resistance  is determined by the formulas (2) [9]:

 . (8)

The summand A and the multiplier B take into account the 
leakiness of the screen [9]:

 ; (9)

 ,

where  the equivalent radius of the screen of any 
geometric shape (v is the internal volume of the screen, mm3), 
mm; l is the largest size of the hole (crack) in the screen, mm;

 . (10)

When developing a scheme for calculating the effectiveness 
of the protective shield, it was based on a convenient technical 

layout of the dispatcher’s workplace and theoretical formulas 
for calculating the effectiveness of the above- mentioned means 
of protection against electromagnetic fields [10].

The working surface of the train dispatcher’s workplace con-
sists of two parts, one of which is equipped with a work desk with 
train schedules. Monitors are installed on the rest of the desktop 
to track information. An uninterruptible power supply is placed 
inside the desktop cabinet, consisting of a mini-transformer and 
a rectifier, which regularly supplies power to VDT and personal 
computers. Despite the low power of the uninterruptible power 
supply, it is very close to the place where the dispatcher is located. 
Therefore, it should be noted that the voltage of the electromag-
netic field propagating from it is much higher than the permis-
sible voltage level of the electromagnetic field. It is known that 
the shielding of an uninterruptible power supply as a means of 
protection against the effects of electromagnetic field strength is 
a simple and inexpensive uncomplicated device [10].

The reduction of the electromagnetic field strength of the 
uninterruptible power supply can be achieved by covering its 
body with protective casings and shielding the inner surfaces of 
the walls of the desktop cabinet [10].

The efficiency of the screen and casing in shielding was 
evaluated according to the formula (4) given above.

The developed computational model is two-dimensional, 
and the shape of the casing and the screen differs from each 
other. The casing has a semi-cylindrical shape. The inner sur-
faces of the walls of the table stand are flat. When mathemati-
cally expressing the effectiveness of the calculation model, it is 
necessary to take into account the design parameters, the shape 
of the protective equipment (cylindrical casing and flat screen). 
Taking into account the logarithmic expression of efficiency, it 
is recommended to use the following mathematical expression 
based on formula (4) to evaluate the overall effectiveness of the 
protective casing and screen:

 , (11)

where  – sphere shape coefficient; 
 ω = 2πf — circular frequency, s–1;
 𝜇  — absolute magnetic permeability, Gn/m; 
 𝜎 — specific conductivity of the medium; 
 Sm/m; — equivalent radius of the screen of any geo-

metric shape, mm; 
 ℎ — screen thickness, mm; — flat shape coefficient.

Conclusion
Thus, the use of screens (cylindrical casing and flat screen) 

to reduce the level of electromagnetic field intensity, i.e., the 
opening of the source provides an increase in the effectiveness 
of the means of protection.

The computational model presented in this study offers 
a systematic approach to assessing the efficiency of protec-
tive shields and casings in reducing electromagnetic field in-
tensity in the workplace of train dispatchers. By considering 
the design parameters and shape of the shielding equipment, 
the model provides a comprehensive evaluation of the over-
all effectiveness of protective measures. The findings high-
light the importance of implementing appropriate shielding 
strategies to enhance workplace safety and protect workers 
from the detrimental effects of electromagnetic radiation. 
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Further research in this area can explore advanced shield-
ing materials and techniques to optimize protection against 
electromagnetic fields.
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Расчетная модель эффективности 
защиты электромагнитного поля 

(на примере рабочего места поездного 
диспетчера)

Аннотация. Увеличение количества и мощности различ-
ных искусственных источников (радиосвязь, ВДТ и персональ-
ный компьютер, источники бесперебойного питания и др.) при-
водит к значительному повышению уровня электромагнитного 
излучения на рабочих местах, что создает дополнительное ис-
кусственное электромагнитное поле, отрицательно влияющее 
на здоровье человека. Одним из самых надежных способов за-
щиты от электромагнитного поля является экранирование это-
го оборудования. В статье разработана вычислительная модель 
расчета эффективности экрана от воздействия электромагнит-
ных полей на рабочем месте поездного диспетчера.

Ключевые слова: электромагнитные поля, источник бес-
перебойного питания, экранирование, электрическая, ди-
электрическая и магнитная проводимость, защитный кожух 
и экран, расчетная схема и модель.
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