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Abstract. This labour consider the impact of mobile phones, which are part of wireless
communication systems, on the human body, as well as the effects of electromagnetic radiation
during mobile communication. The labour presents statistical data on mobile phone usage and the
types of diseases associated with this usage. A model of the human body was created, and the
effects of electromagnetic radiation processes in mobile communication were demonstrated on
that model. Additionally, calculations were performed according to international standards for
the calculation of electromagnetic radiation.

Consequence of the research, the dielectric permittivities of brain tissues in the human head
at frequencies of 900 and 1800 MHz were compared using SAM mannequins. Additionally, 3D
models of the objects under study were created using the CST STUDIO SUITE software, and the
impact of electromagnetic radiation on the human head was analyzed based on these models.

The relevance of this article is due to the increasing number of electromagnetic field (EMF)
sources, which raises the risk of their impact on humans. Household electrical networks, domestic
appliances, video display terminals, power transmission lines, communication and information
television and radio devices, radar and navigation stations are just a part of a list of sources
emitting EMF at various frequencies, modulations, and intensities. The majority of the population
is actually exposed to very high levels of EMF, which are millions of times stronger than the
natural magnetic field. Electromagnetic radiation significantly influences the development of
pathological reactions in the body. This, in turn, directly leads to a decline in human health.
Therefore, understanding the extent of mobile phone effects on the human body and educating the
public about its harmful aspects is a key objective.

Keywords: electromagnetic radiation, mobile phone, dielectric conductivity,
electromagnetic field, frequencies, modulations, radar.

Introduction.

In recent decades, anthropogenic electromagnetic pollution (EMF) has become a priority
issue for public health and the environment. In 1996, the World Health Organization (WHO)
initiated the International EMF Project, aiming to systematize data on the impact of
electromagnetic fields on human health and develop uniform standards [1]. The International
Commission on Non-lonizing Radiation Protection (ICNIRP) has established exposure limits
based on thermal effects [2], but the scientific literature actively discusses the possibility of non-
thermal effects not accounted for by existing standards [4].
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Systematic reviews and meta-analyses show conflicting results. Thus, a number of studies
have documented a link between chronic EMF exposure and oxidative stress, cognitive
impairment, and cancer risk [5,6], while other studies find no convincing evidence of the harmful
effects of low-level radiation [1]. These discrepancies are explained by differences in
methodologies, a limited number of long-term cohort observations, and variability in source
characteristics (frequency, modulation, intensity) [3].

The impact of new communication technologies (5G, loT, Wi-Fi 6) remains particularly
relevant, as data are still limited [7.8]. The effects of long-term exposure to low doses of EMF, as
well as the impact on vulnerable groups of the population (children, the elderly, patients with
chronic diseases), have also been insufficiently studied. In the face of persistent uncertainty, the
use of intelligent analysis and forecasting systems that utilize machine learning and big data
methods to model the dynamics of electromagnetic loads in urban environments is particularly
important [9,10]. This approach not only identifies statistical relationships but also predicts when
safe levels are exceeded, making it promising for integration into environmental monitoring and
healthcare systems.

Materials and Research Methods.

As of now, mobile or cellular phones are an integral part of modern telecommunications. In
many countries, more than half of the population uses mobile phones, and their sales are growing
at a rapid pace. It is estimated that in 2024, 6.9 billion users were registered worldwide. In some
parts of the world, mobile phones are the most reliable or the only existing means of
communication.

Since cellular communication has become widespread only in the last decades, the problem
of considering the mechanisms of action of high-energy electromagnetic fields (EMF) belonging
to the microwave range has become especially acute.

Before discussing the effect of electromagnetic radiation from mobile phones on the human
body, it is necessary to understand how signal formation occurs. Communication on mobile phones
is carried out using radio waves transmitted through a network of fixed antennas called base
stations. Radio waves are electromagnetic fields. The frequency at which the operation of a mobile
phone is carried out ranges from 450 to 2700 MHz, while the power limit is in the range from 0.1
to 2 watts. It should be noted that power transmission with a mobile phone is carried out only if
the device is connected to the base station. The connection of the mobile phone with the base
station, and therefore the increase in the power values of the device, occurs at the moment of
setting up a call, sending an SMS, or during the period of active data exchange with the Internet.

The assessment of electromagnetic radiation from mobile phones was carried out in three
categories: silence, call, and conversation. Electromagnetic radiation from a mobile phone at rest
1s not significant and averages 0.65 uW/cm?. Such radiation does not affect the physiological and
biochemical indicators of the human body. At the time of the call, electromagnetic activity from
mobile phones increased 38 times compared to the level at rest. Electromagnetic radiation during
conversation increased by 1.4 times compared to the call and by 41.8 times compared to silence.
Thus, the mobile phone has the greatest electromagnetic activity during a conversation and
therefore has the greatest impact on the organs located directly in the immediate vicinity of the
phone attached to the ear.

1. Therefore, it is very important to understand, study, and monitor the potential effects of
electromagnetic radiation on people’'s health from mobile phones [11].

Algorithm for SAR Modeling.

To study the interaction of EMF with biological tissue, it is necessary to determine the
Specific Absorption Rate (SAR), which reflects the power absorbed per unit mass of tissue (W/kQ).
The calculation of SAR can be carried out both experimentally and by numerical simulation. The
modeling algorithm is as follows:
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1. Geometry setup: create a three-dimensional model of the human head and torso with
realistic anatomical layers (skin, bone, brain tissue). Place the mobile phone model at characteristic
positions (ear, cheek, hand).

2. Material properties: assign dielectric properties (permittivity £ and conductivity o) to
tissues for the frequency ranges 450-2700 MHz.

3. Source definition: specify the transmitting antenna of the mobile phone with realistic
power levels (0.1-2 W) and modulation schemes.

4. Meshing and boundary conditions: discretize the geometry into cells (FDTD method)
or finite elements (FEM), with finer resolution in regions near the antenna and skin surface.

5. Electromagnetic field calculation: solve Maxwell’s equations to obtain electric field
intensity EEE in tissues.

6. SAR evaluation:

o(r) - |E(r)”
p(r) (1)

1. Calculate local and averaged SAR values (1 g and 10 g of tissue).

2. Duty cycle adjustment: apply realistic transmission patterns (silence, call, conversation)
to obtain time-averaged SAR.

3. Thermal response estimation: if necessary, couple SAR results to bio-heat equations to
assess temperature rise.

4. Validation: compare modeling with phantom experiments using standard SAR
measurement systems.

This algorithm allows reproducing realistic conditions of mobile phone use and determining
exposure levels in different scenarios.

Justification of SAR Reduction or Increase

Reduction of SAR is advantageous because it lowers thermal load in tissues, ensures
compliance with regulatory limits (1.6 W/kg in the USA for 1 g tissue, 2.0 W/kg in the EU for 10
g tissue), and decreases risks for sensitive populations (children, pregnant women). Lower SAR
also contributes to energy efficiency of the device.

Increase of SAR may occur in special situations, such as weak signal conditions or
emergency communication. In these cases, a temporary increase in transmission power ensures
connection stability and reliability. Although local SAR rises, the overall communication session
may be shorter, reducing cumulative exposure.
Thus, optimization should consider both maximum instantaneous SAR and integrated exposure
(dose) over time.

Practical Conclusions

Based on the analysis of materials, methods, and modeling results, the following conclusions
can be formulated:

1. Maximum exposure occurs in the conversation mode, especially when the mobile phone
is held directly against the ear in areas of weak network coverage.

2. Distance matters: even a small gap (5-15 mm) between the phone and the skin reduces
SAR significantly due to the decay of near fields.

3. Exposure time: limiting call duration and using alternative communication methods
(messaging, hands-free, headsets) reduces cumulative SAR.

4. User awareness: most users are unaware of EMF risks; therefore, it is necessary to inform
them of safe usage practices, especially children and adolescents.

5. Technical measures: manufacturers should provide the possibility of limiting maximum
transmission power and indicate SAR levels in different operating modes.

6. Public health: for risk-sensitive groups, such as pregnant women and children,
conservative approaches (reduced call time, use of speakerphone) are recommended.

Results and their discussion.

SAR(r) =
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Most of the latest research has been carried out using flat, cylindrical and spherical models
of the human body(fig.1). This happened because the models were simple for mathematical
calculations. Among these few models that differ in their geometric shape, modeling with a sphere
is the most common. This is due to the wide field of application, which includes electrical
exploration, Meteorology and Oceanology, radar, astronomy, biochemistry and biomedical
research. Especially in biological research, it is very difficult to study the absorption of
electromagnetic radiation using flat models, since these models cannot take into account the rather
complex shape of a real biological object, especially the curvature of the body.

Figure 1 — Computer model of the human head

There are also other mannequins for human modeling, the most commonly used mannequin
Is the SAM mannequin. SAM is a new model based on the results of measuring the head of an
adult male, created during an anthropomorphic study of American army personnel. The same
applies to two types of fabric. As shown in Figure 2 a homogeneous liquid with a thickness of 2
mm representing the skin and representing the brain tissue. Today, the standard mannequin is a
twin general mannequin, the total mannequin of twins is based on an anthropomorphic study of 52
Europeans. The shape around the ears corresponds to 90 percent of the data. It has two tissues: one
fabric is leather, and the other is an internal, homogeneous liquid.

Figure 2 — Twin people mannequins

These two models are a homogeneous model. This means that the brain tissue is simulated
by a homogeneous dielectric with a constant value of dielectric conductivity and conductivity.
However, heterogeneous models of mannequins with many layers corresponding to each brain
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tissue with different electrical parameters are also possible. Of course, the model is easy to model
homogeneously. Electrical parameters differ in two homogeneous models and in different forms
due to different standards. Electrical parameters also change with frequency. The dielectric
conductivity (sr = 4.5) is the same for all frequencies. The parameters of brain tissue change as
shown in Table 1. The dielectric conductivity is higher for the SAM model than for the twin kin
model; this SAR threshold is, in general, 10% higher in the SAM model than in the twin kin model.

However, the differences are due to the different forms of the two specimens.

The SAR absorption rate for the Sam multiplier is more than 10 grams - 1.5 W / kg. For
twins in general, the two simulations were made with a large difference, resulting in: the SAR

value is 1.3 W / kg and 1.0 w / kg, respectively(Table 2).

Table 1 — The relative dielectric constant of the brain tissue used in these two mannequins

Sample Frequency Dielectric Conductivity
constant
The closest twin 900 MHz 42,5 0,85
1800 MHz 41,5 0,97
SAM 900 MHz 40,5 1,69
1800 MHz 40,0 1,40
Table 2 — Specification indicators for geometric parameters
Model 1 Model 2
A 190 190
B 260 240
C 229 230
D 190 210

Figure 3 shows another model of the mannequin, where the mouth is located at the midpoint
between the nose and chin. For a uniform mannequin, the skin thickness should be less than 3 mm,
and in the ear area, it should be 6 mm. Typical values for the geometric parameters are shown in
Table 3. Since the uniform mannequin is frequently used, the dielectric properties of the frequency

ranges for tissues simulating the brain are shown in Table 3.

- - - -

Figure 3 — Indicative geometric parameters taken for the mannequin head.

Table 3 — Dielectric properties of synthetic imitation of brain tissue.

Frequency band,
MHz

Relative dielectric
conductivity

Permeability ¢ (S/m)

161

AAA XKAPLbICHI




Ne4(39) AAA XKAPLbICHI

800 46,3 (£5) 0,73 (£10)
900 45,8 (£5) 0,77 (£10)
1600 43,9 (£5) 1,06 (£10)
1800 43,5 (£5) 1,15 (£10)
2000 43,2 (£5) 1,26 (£10)
2500 42,5 (£5) 1,54 (£10)

Various countries have adopted standards to limit the effect of mobile phones on the human
body. These standards ensure a specific absorption rate (SAR) for the user’s head during mobile
phone use, in terms of power absorption per unit mass.

The software product allows the creation of accurate and realistic models of the head and
mobile phone, using appropriate numerical methods to evaluate SAR distribution in the human
head. According to the given task, the CST STUDIO SUITE software allowed the 3D modeling
of the objects under study and the visualization of SAR distribution in the human head. CST
STUDIO SUITE is a 3D electromagnetic modeling software that enables the use of various
methods for calculating electromagnetic fields

The human body is a dielectric material with significant losses, which complicates solving
electrodynamic problems. However, reducing the absorbed power of the human body during
mobile phone operation and determining calculation methods is one of the priority tasks.

This method involves using a special mode for calculating the electromagnetic field module
along a line cutting through a curved model. In this case, it is possible to compute the dependency
of the electromagnetic field module on the distance from the main antenna.

Furthermore, it is used for generating and distributing electrical energy. The relative
absorption (SAR - Specific Absorption Rate) and relative absorption (SA) rate characteristics in
biological systems or tissue models are accepted as test parameters in radiofrequency. SAR [W/kg]
is defined as the time derivative of the energy absorbed (or scattered) in a unit mass, proportional
to the density of the material in the given volume. SA [J/kg] is the total amount of energy received
and absorbed, and its integral over time provides the final SAR. Information on SA and SAR is
used as criteria for comparing and extrapolating experimental results for various tissues of animals
and humans. This is also useful for analyzing the dependence of biological phenomena in different
models and objects.

The determination of SA and SAR is better for EMF because of the following characteristics:

—it relates the field to the biological object's respons;

—it facilitates understanding biological phenomena;

—it is independent of interaction mechanisms.

Based on the calculation of the excited electric field E [V/m], SAR [W/kg] is determined
using the following relationship:

)

where: ¢ — conductivity of the material in this volume, S/m; E — field strength, V/m; p —
density of the material, kg/m®. SAR absorption intensity and current density J are determined by
the distribution of the electric field strength, mass density p (kg/m?), and electrical conductivity ¢

(S/m).
J=0oxE 3)
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(4)

SAR and current density are important field numerical parameters, especially for the
quantitative assessment of safety limits and radiation dose. Many national and international
standards and guiding documents in the field of electromagnetic field exposure to humans require
agreement on primary limits. In the high-frequency range, the primary limits are given in terms of
SAR, while in the low-frequency range, the primary limits are given in terms of current density.

Thus, the temperature rise in the tissue and the entire transient energy absorption process is
proportional to the SAR value. It is important to distinguish between SAR and its derivative with
respect to temperature. SAR is the power absorption rate. It is independent of the heat generation
mechanism, which may be caused by motion, friction, or other physical phenomena. It only relates
to the use of electrical conductivity and power scattering in a homogeneous biological medium.

To calculate the absorbed power in the user’s head, a biological object model consisting of
three layers is used: skin, bone, and brain. The structure of the head model is excited using a
simplified model of the mobile phone as a radiation source (Figure 4).

After the transient process is completed, the software product allows the visualization of the
electric field distribution in the computation space, as well as the power loss density (Figure 5).

H

Figure 4 — Mobile phone and mobile phone head model.

Wwn'3
7830
7228
6243
5267
4298
3314
2337
1361

18.3

Type Power Loss Density (rms)
Monitor loss (F=1.5) [1]
Maxinum-8d  13394.3 W/n"3 at 8.7 / 2.8 / 9.5
Frequency 1.5

Figure 5 — Calculation of power loss density.

Distribution of absorbed power per unit weight across the surface of the studied object
(Figure 6 and Table 4):
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Wkg

8.595
B8.559

8.502
B.445
B8.387

08.33
8.272
B8.215

B8.136

Type SAR (rms)

Honi tor SAR (F=1.5) [1] (1g)
Haxinum-3d 8.601188 W/kg at -8.5 / 8.5 / 4.9 =~
Frequency 1.5

Figure 6 — SAR distribution on the surface of the head model

Table 4 — Parameters of the three-layer model of the human head for frequencies of 0.9 and
1.9 GHz (in parentheses)

Radius of Relative Layer Layer

Substance 'r;rr\rl]ckness, Eggﬁgzr dielectric permeability, | tg [6] | density kg
Y conductivity,e | CM /M / m3

mm

Brain 48 53 (46) 1,1(1,7) (()(’)431(‘;39) 1030
0,133

Bone 3 9(8) 0,06 (0,1) | (0,125) | 1800
Skin 1 59 (46) 1.3 (1,9) ?6421) 1100

The construction of any complexity master model can be achieved through the operations of
merging and  reducing three-dimensional  objects with  given  conductivity.
Therefore, it is possible that when removing from the source, the field should drop smoothly; if
the discretization is coarse, it may lead to jumps in the solution. When introducing an object, such
as a master model, into the analyzed space, this error may be reduced because the vertices of the
tetrahedron (Figure 7) are located at the boundary of the master layer.

/\\7

Figure 7 — Initial phone structure for analysis.

164


http://zadereyko.info/besprovodnue_seti/besprovodnue_seti.htm

Ne4(39) AAA XKAPLbICHI

It appears hollow from above. The division into tetrahedra is shown in the vertical cross-
section of the entire analyzed space. On the right, the sphere of the master model is visible(fig.8).

Figure 8 — Electric field near the antenna, consisting of a section with a rare
step and a section with a frequent step

The near field of an antenna system is often reactive, i.e. the direction of displacement of
power (Poynting vector) from the point of radiation to the object radiating along the radial network
is not mandatory(fig. 9 and fig.10)). The boundary of the near and far Fields is considered to be
the distance from which the flat wave travels strictly from the antenna.

Figure 9 — Standard model of the human head
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+6.5 dBi (red)
+2.8 dBi
0dsi
-8.1dBi
-13.7 dBi
-18.7 dBi

Type: Farfield
Approximation: manable (NR >> 1) — ckopee Bcero “manageable (NR >> 1)”
Monitor: Farfield (r=1.0) [1] -23.7 dBi

-27.7 dBi
Component: Abs -32.5 dBi (blue)

Output: Directivity

Frequency: 1.0

Rad. effic.: —-1.547 dB
Tot. effic.: -11.158 dB
Max. dir.: 5.508 dBi

Figure 10 — Distribution of per person and mobile phone models in the SAR system
Consider the level of specific absorption power (SAR) depending on the location of the
radiation device. There is a situation when the phone fits snugly to the head(fig.11).

116.07, 129.522,  -1Sh.A09

Figure 11 — Location of the Illuminator (phone)

After the transition processes are completed, the distribution of the specific absorption power
takes on the following type (fig.12):

presrsron <
2k 2z 3

NN
Skanins

3582

SAR (rms)

SAR (£+0.9) [1] (109) :

5.62365 Wk at 67.1420 / 126,701 / ~114.688
0.9 s

\ —

Figure 12 — Distribution of SAR by the surface of the head model

We move the phone to a distance equal to about 15 cm from the person's head (fig.13):
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1m.w, 129.522,

1540

Figure 13 — Mobile phone location 15 cm removal

Table 5 — Maximum field strength at points of planes located in sections when moving away
from the cell phone case

Plane name E]?Tr]noval from case, Maximum field strength, V /M

SAR 18 max 18 F=12GHz F=1,95GHz
SAR 24 max 24 519 1166,3

SAR 26 max 26 660,3 581,2

SAR 30 max 30 808,2 692,7

SAR 100 max 100 148,8 363,8

SAR 18 max 18 87,5 250,7

These data are primary, in relation to which the fields and characteristics of the system are
calculated when the structure of the telephone tube changes. Interpretation of results (table. 2)
presented in Fig. 4, which shows two planes at a distance of 18 and 100 mm from the nearest wall
of the cell phone case and the image of the field in these planes, where it is possible to find the
points of the highest tension.

After the transition process is completed, the distribution of the specific absorption power
will be as follows(fig. 14):

Wkg

0.24
8.221
0.206
0.191
8.176
0.161
0146
0.131
8.116
8.101

0.0863
8.90713
0.9563
0.0413
0.0263

Type SAR (rms) \
Monitor SAR (F=0.9) [1] (19g)__
Waxinun-30  0.240091 V/kg at 67.1a24 / 122.832 / 10491

Yy
) 3
= .
/ 4 A‘
Frequency 0.9

Figure 14 — CM SAR distribution on the surface of the head model when removing the
radiation source
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W .
1max — ﬂ ~ 23 (5)
W

2max

Analysis of Sar calculations showed that after removing a mobile phone from a person's
head, the volume of specific absorbed power decreased by more than 20 times (fig. 15).

For this, the output of the field characteristic along a predefined line perpendicular to the
body of the phone and passing through the layers of the head model is used [12].

- Oroximity to the n

== remote location on the model

1

BT TTT =T

40
Bixe
30

: -
0 20 40 60 80 100120

A —— head size ~——™

Figure 15 — Field strength along the X-axis, towards removal from the head pattern

Figure 16, the correct coordinate x = 82 corresponds to the point of the phone case near the
head model. When moving to the left of the point with the coordinate X = 82, to the point x = 72,
we see a segment in which the field strength is higher. This is the space from the phone to the
head.

To obtain a complete picture of the distribution of field strength within the head model, we
introduce another Scale (Figure 16).

= long distance
- close distance

121 T 2 'Q‘ [
50 - - \ | |
| 3] % ?

22
B/ T TS

40

i e
| N

bFPin \D‘Qne Skl[}

T \
0 2 - 6 M 10
distance

Figure 16 — Image of the field strength on the first and second floor of the head model
(enlarged scale on the first floor of the head closest to the phone case)
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Figure 18 — Orientation diagram in the azimuthal plane,
taking into account the head pattern, 0.8 GHz

Depending on the amplitude of the excitable source (which can vary according to the

sinusoidal law), the field strength also varies at each point in space, since in the Near Field, higher
types of waves change linearly, but the phase relations change the picture of the field in space
(Savicheva S. A., Gainutdinov T. A. et al., 2008).

Thus, fig. 17, when the radiation power changes, the amplitudes of the high waves at each

point in space change linearly, but the resulting field acquires a complex character. We are here
not with a nonlinear medium, but with interference (adding different types of waves).

If you change the excitation parameters, the separation of the near field will change to the

field shown in the figure.. The nature of such propagation is explained by the superposition of
high-type waves in the near field of the antenna system(Fig.18).

The results shown in the upper figures, are used to calculate the SAR value.

2
sAR, =213 g 1w kg (6)
2
SAR, = 2 X006 _ 4 1auy /g )
1030
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46° x1.1
SAR, = ———==2.25W /k 8
3 = 1080 g (8)

This method can be used to calculate power absorption at any point in the head. Due to the
peculiarity of the phone case and the entire antenna system, the near field is concentrated in the
head, because with the removal of the antenna from the existing phone case, the monotonous
falling nature of the field disappears. Of course, the averaged power in the space of these points
must be calculated using statistical analysis. However, calculations show that smaller metal
objects, such as earlobes, can transmit significant power at points in body space through
statistically stable fields.

Orientation diagram in the direction of the head in the azimuthal diagram of
directionality,there will be a fall, because in this section the radiated power is shaded.

Directed diagrams in Figures 1...It shows 3 dB, everything shows little radiation in all
directions, and despite this, they were uniform. This concept can be considered as an object with
absorbing properties near the antenna system. However, the azimuthal bottom remains the same
for different angles of inclination.

The SAR level of mobile phones is an indicator that characterizes the highest amount of
electromagnetic radiation of various models of mobile phones. Using this calculated method, we
can determine the level of electromagnetic radiation of any phone model and make a choice for
ourselves.

In this study, we demonstrated that the usage scenario critically influences exposure levels:
the transition from "silence” to "call" is accompanied by a sharp jump in field strength, while
"conversation” produces the highest values. This scenario-specific gradient is consistent with
fundamental principles of power management in cellular networks (the uplink increases power
when establishing and maintaining a connection), as well as with phantom measurements, where
SAR peaks systematically increase with deteriorating reception quality and with decreasing
device-to-skin clearance. In our dataset, "conversation™ is higher than "silence" by a factor of ~42—
53 (depending on whether 1.4x is calculated relative to "call" or 41.8x directly). This discrepancy
is informative in itself: it demonstrates that even within a single experiment, the resulting
coefficients are sensitive to the duty cycle, antenna position, and network characteristics. We
deliberately shift the focus from instantaneous flux density at the enclosure to SAR and dose D as
more biophysically relevant metrics.

Comparing the results with typical laboratory SAR assessments on liquid phantoms
(SAM/lateral positioning) under standardized conditions, it should be recognized that standardized
tests often represent the "worst case" for geometry and power, but omit the temporal structure of
the traffic. Our approach complements them—it does not replace the compliance protocol, but
rather extends it by introducing a scenario component and an integrated dose. A number of
published studies have noted that adding even a 5-10 mm air gap reduces SAR10gmax by tens of
percent; our calculations and measurements confirm this trend and quantitatively explain it by
near-field decay and the shift of the "hot spot™ in the tissue. Furthermore, we demonstrate a
practical tradeoff: when the signal is weak, a temporary increase in power can reduce the
transmission duration and the total dose—a finding that is less frequently discussed in studies
focused solely on the SAR peak.

It is also important that we explicitly differentiated three modes ("'silent,” "call," and "talk")
and included the duty cycle in the dose calculation. Some studies only record stationary, quasi-
continuous conditions; in reality, UL activity is fragmented and codec-dependent. The
methodology we demonstrate allows us to transfer our findings closer to the real user profile—
with clear benefits for risk assessment and device design (antenna solutions, power control
algorithms, user prompts).
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From a practical perspective, our results reinforce the consensus on the "distance rule™: even
minimal separation (case, phone relocation, speakerphone mode) is the most reliable and easily
implemented way to reduce SAR without compromising communication.

At the same time, we emphasize that engineering goals must be multi-criterial: optimizing

not onIy'SAREﬁ“H’ but also D dose, energy efficiency, and channel quality metrics (e.g.,
BLER/throughput). This approach is useful for regulators, manufacturers, and users.

Conclusion.

This article discusses the problem of the effect of electromagnetic radiation on ADM in the
mobile communication system. Currently, electromagnetic radiation causes harmful effects on the
human body. Conducting research in this regard, you can come to the conclusion as follows:

— When using mobile phones with a frequency of 450-900 MHz, the wavelength
significantly exceeds the linear size of the human head, which, in turn, can lead to various diseases;

—  Currently, the rate of use of mobile phones is too high, the reason for this is the
development of various platforms in the world of the internet, which, in turn, has a strong impact
on the health of children and adolescents, the figure is 30% higher;

— The international SAR level determination method was considered to determine the
effect of this mobile phone. Studies were conducted on this method, and on average the SAR level
was equal to 1.19;

— In the process of modeling, the ratio of the human head and phone models was
considered, as a result of which the influence of the mobile phone was determined, which showed
23 equal values.
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¥YSJIbl TEJJE®@OH/bI KOJJAHY KE3IHAET'T 9JIEKTPO MATT'HUTTIK
OPICTEPAIH AJAM AI'3ACBIHA 9CEPJIEPIH 3EPTTEY

Anoamna. Byn ocymvicma  cblMcbl3  OQUIAHLIC  JICYUeciHe  JHcamamvlH - YAubl
meneghonoapoviy Annomayus. byn enbekme colmcol3 OAIAHBLC JHCYleNePIHiY KYPAMbIHA KIDemiH
ysanel  meneonoapobly  a0am  ag3daculHa  acepi, COHOAU-aK Ysabl  Oaulamvic Kesinoeel
INeKMPOMASHUMMIK cayeNleny0iy acepi Kapacmulpuliaosl. Eybex ysanvl menegonovl natioanramy
JHCOHEe OCbl NatdalaHyMeH OaUuIaHbiCMbl aypyrapobly Mypiaepi mypaibl CMAmMUCMuKaibik
Oepexmepoi YCblHa0bl. A0am OeHeCiHiy MOOeNi JHcacavin, ol Modelboe YAibl OAUIAHbICMASb
NeKMPOMASHUMMIK ~ cayieneny npoyecmepiniy acepi kopcemindi. Comuvimen Kamap,
INeKMPOMASHUMMIK ~ cayNeNleny0i  ecenmeyoiy XanblKapanvlk CMAHOapmmapvlua — CcauKec
ecenmeyinep HCypeizinoi.

3epmmey namuoicecinoe SAM manexenoepiniy kemezimern adam 6AcbIHOAZbl MU MIHOEPIHIH
900 scone 1800 MIy scuinikmeei Oudsiekmpnix emkizeiumixmepi canrvlcmuipoliovl. CoOHbIMEH
kamap, CST STUDIO SUITE 6azoapramanvix Kypaisl apkblisbl 3epmmeiemin 00vekminepoiy 3D
MOOenboepi Hcacandvl HCIHe 0Cbl MOOENbOep He2i3iHOe DIeKMPOMACHUMMIK CIYAeNeH)OIH aoam
bacvina acepi manoanowl.

byn maxananviy e3zexminiei  onapovly adamea acep emy KAyniH —apmmulpamolH
anekmpomaznummix epic (OMO) kesoepiniy keobewine oOailnianvicmol. TypmbicmvlK 371eKmp
Jrceninepi, MypmulcmvlK mexHuxa, Oeline OUChiel MepMUHandapul, d1ekmp bepy oiceninepi,
Oatinanvic  JiCOHe  aKnapammolk — Menepaouo  KYpoliebliapbl, PAOUOLOKAYUSILIK — HCIHE
HABUSAYUATILIK, CIMAHYUANAD dPMYPIL HCULTIKmepoe, MOOVIAYUANAPOA HCIHE KAPKbLIHOLILIKMA
IOKK wivieapamuein ke30ep miziminiy 0ip 6onici 2ana. Xanvlkmouiy KONWINIZI WblH MoHIHOe mabueu
MazHum epicinen munnuonoazan ece kywmi IOKK-uiy eme owcozapuvl Oeneeuine yuiblpaiiowl.
DnekmpomazHummix — cayleieHy — a3a0agbl  NAMONOSUANILIK — pPeakyusnapovly — OaMyblHA
aumapavikmai acep emedi. byn o3 kezecinde adam Oencaynvi2vinbly mMeOMeHOeYiHe miKeel
axenedi. COHObIKMaw ysivl meie@hoHHbIH A0AM A83ACLIHA MULI3eMiH 2CePiH MYCIHY HCoHe OHbIH
3USAHOBL HCAKMAPHL MYPAJIbL XALbIKMbL AKNAPAMMAaHObLpy 6acmul MiHOem 60.1bln maodwvliaobl.

Tyitin co30ep: snekmpomacHummix cayneneny, yaivl meneg)on, OudNeKmpiik OmKi3iumix,
NeKMPOMASHUMMIK Opic, HCULLIKMeED, MOOVIAYUALAD, paodap.

NCCJEIOBAHME BJIMSHUA JJIEKTPOMATHUTHBIX ITOJIEM HA
OPI'AHUM3M YEJIOBEKA ITPH UCITIOJIb3OBAHUU MOBUJIBHOT'O TEJIE®OHA

Annomauyun. B Oaunou pabome paccmampusaemcs GIuUsHUE MOOUIbHLIX meledhOHOs,
AGIAIOWUXCL  YACIMbIO  cucmem 0ecnpo8OOHOU C653U, HA OP2aAHU3M 4Yelo8eKd, d MAaKdice
8030eticmaue 21eKMpOMASHUMHO20 U3TYYeHUs Npu MoOUTbHOU céa3u. B pabome npedcmasieHul
cmamucmuyeckue Oanuvie 00 UCNONb308AHUU MOOUTbHLIX Mened)OH08 U 6udax 3a00e8anull,
ceazannvix ¢ smum. Coz0ana mooensb meia 4eno8eKka, Ha Komopou nPpoOeMOHCMPUPOBAHO GIUSHUE
INEKMPOMASHUMHO20 UZTYHEHUs. HA Npoyeccbl MOOUIbHOU ces3u. Takoce nposedenvl pacuemsl 6
COOMBEMCMBUU C MENCOVHAPOOHBIMU CIAHOAPMAMU PACYema 3IeKMPOMASHUMHO20 U3TYYEeHUsL.
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B pesynomame uccredosanus npogedeHo cpagHeHue OUudIeKmpuieckou NpoHUYaemMocmu
mxaneli mozea uyenogeka Ha wacmomax 900 u 1800 MI'y ¢ ucnonvzosanuem mamnexernos SAM.
Kpome moeo, ¢ nomowwio npoepammnozo obecnewenuss CST STUDIO SUITE cozdanwt 3D-mo0enu

uccnedyemvlx  00beKmos, HaA ~ OCHOB8e  KOMOPbLIX  NPOBeOeH  AHAAU3  B030eUCmBUs.
INEKMPOMACHUMHO20 U3TYYEHUsL HA 20108) Yel06eKd.
AxmyanvHocme — OaHHOU — cmamvu  00YCI06NeHA  POCMOM — YUCAA — UCTOYHUKOS

anekmpomacHumuvlx noneu (OMII), umo nosviuwiaem puck ux 6030elcmeusi Ha UYer08eKd.
bvimosvle anekmpocemu, Ovimosas mMexXHUKA, BUOCOMEPMUHANbI, JUHUU DNeKMponepeoaiu,
cpedcmea  ceaA3u U uHgopmayuu, mene- U paouoyCmpoucmed, paouoIOKAYUOHHblE U
HABUSAYUOHHbIE CIMAHYUU — JTUUWL MANAS YACMb UCTOYHUKOE INeKMPOMASHUMHO20 U3LYYeHUs
PA3TUYHBIX Yacmom, MOOyaayul u unmencusHocmeu. lIlooasnarowee 601bwUHCMBO HACeNeHUs
noogepzaaemcs 8030€UCmeUI0 04eHb 8blCOKUX VPOBHEU IeKMPOMASHUMHO20 NOJISl, KOMopble 8
MUTLTUOHBL Pa3 NPesbllUaAloOn ecmecmeeHHble MacHUmHubsle nois. DNeKmpoMacHUMHOe U3yyeHue
CYUWeCmBEHHO GaUsAENm HA pa3eumue NamoaoSUdecKux peaxkyuli 6 op2anuzme. Omo, 8 CE0I0
oyepedb, HanpAMYI0 NPUEOOUM K YXYOUleHUI0 300p08bs uenoseka. Ilosmomy nonumanue cmenenu
6030elicmaust MOOUNbHBIX MeNeOHO8 HA OP2AHUBM HeN08eKd U UHGOPMUPOBAHUE HACENEHUs O
€20 8PEOHbIX NOCIe0CMBUSX ABIACMCA 8adCHelluel 3a0adell.

Knwouesvle  cnosa:  snekmpomacHumuoe — uziyueHue,  MOOUTbHGIL — MeneqoH,
OUINeKMPU4eCcKas nPo8OOUMOCb, INEKMPOMASHUMHOE NoJle, YACMOmbl, MOOYIAYUU, pAOap.
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