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Summary The process of cellular phone radiation propagaiin biological tissue and multilayer shielding
structures was simulated using mathematical moglelmtenna patterns are calculated and their cleange
when applying protective shields are studied. Téfeection and transmission coefficients of antemmae
calculated.

|. INTRODUCTION

Rapid development and introduction into the dailg bf new information technologies and
means of information transmission and processiomfuters, mobile communications, etc.) led to the
emergence of new types of manmade factors — thesgwni of electromagnetic radiation in the range
from subsonic to super-high frequencies. The mdsharof interaction between electromagnetic
radiation (EMR) and biological tissues and humagaorsm is not ascertained, but the common
approaches are based on thermal effect or low-ladghtion influence [1]. It was shown that thipey
of effects, especially after long term exposure aitth inadequate protection from such effects, sead
to increased fatigue and the development of varigpeiss of diseases of the human organism. In many
cases the negative consequences of actions cabeulgtected through a decade or a few generations

At the same time ensuring of the electromagnetifetgaof the human operator from
electromagnetic radiation of new types devices irequa lot of intellectual, material and time
resources. According to the results of researdhigharea are developed state standards, sanitigs/ r
and norms, which include regulations that limit teeels of electric and magnetic fields of differen
frequency bands, as well as regulations that eshabile maximum permissible exposure levels for
specific exposure conditions and groups of people.

The first aim of this work is to establish the qtiative characteristics of the influence of
electromagnetic radiation on the human body, depgndn the quality indicators of the technical
protection tools, using mathematical modeling. $aeond one was to develop hardware and software
for evaluation the effectiveness of protective desiof the human body from the EMR of personal
computer or cell phone.

[I. EXPERIMENT

Modeling of electromagnetic waves propagation igyatem source of radiation — biological
object — protection tool was performed using thatdi difference method, with assistance of the
software package XFdtd (version Bio-Pro). To sttidg interaction of the EMR with a biological
object the model of the human head was used.

To investigate the dependence of the distance leetwee source of and the biological object
on the EMR propagation characteristics receiving@ma was placed in the center of the human heac
model and transmitting antenna was placed at dis&ah0, 20 and 50 mm from it.

Electromagnetic shielding effectiveness was medsungt by measuring equipment SNA
0.01-18, which allows measuring the reflection d@rmhsmission coefficients in the frequency
range 0.7-2.14 GHz.

[Il. RESULTS AND DISCUSSION

It was shown that the electrical component of thé&REpenetrates into the human head less
than magnetic one, thus electrical component igacierized by greater absorption in biological
tissues. This is due to the fact that the magrestraponent force (Lorentz force) acts on electrycall
charged particles less than the force of the ébectrmponent [2]. An increase of distance betwéen t
transmitting antenna and the biological object frathmm to 20 mm leads to a decrease of the
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transmission coefficient of 1 dB to -53 dB, which ¢aused by increase of losses during the
propagation of electromagnetic wave in air spaceddition the reflection coefficient is reducednr
—22 dB to —35 dB, which is caused by the multipficdf the distance to the wavelength of EMR
frequency range, while leading to greater absompticthe biological tissue. Increasing the distanpe

to 50 mm allowed reducing the transmission coedfitiup to —58 dB, while the reflection coefficient
increased to —13 dB.

The impact of EMR on biological tissues leads tthange of the water structure involved in
biochemical processes [3]. The antenna patternMRR Bource (cell phone antenna) is determined by
such impact. Therefore, to create a tool to prdteetiological objects from intentional radiatiarth
a view to minimize impact on the source parameierss reasonable to use water-containing
shields [4]. Moreover, it is possible to create @enal with electromagnetic characteristics simita
biological tissues. To calculate influence of watentaining shield on the electromagnetic
characteristics the shield model was placed betwleemodels of the biological object and the EMR
source. The dimensions of the shield varied intlerl@® mm, 120 mm and in width of 10, 20, 40 and
60 mm, similar to a metal shield. The thicknesshefshield (3.2 mm) was not changed, which is two
cells of a countable space. It was shown on thes lidicalculations that the use of water-containing
shield reduced the transmission coefficient by dB3at its width 40, 60 mm, and at its length
120 mm. In addition the reflection coefficient rengawithin the —1416 dB, which is greater by 2—
15 dB than without its use and fewer 2—6 dB thatin\the use of metal shield. This change is due to
partial absorption of EMR by shielding material.[5]

It was shown that the antenna pattern at the shgddh of 40, 60 mm, and the length of
120 mm became greater at the angle 6fl801 dB, at the angle of 16%ip to 17 dB and at the angles
of 185 and 270 by 3 dB in comparison with its absence. The higlvatue of the antenna pattern
observed at a distance 20 mm and 50 mm.

Placement of 12660 mm water-containing shield between the bioldgitgect and the EMR
source does not affect the antenna pattern in cosgpawith its absence. The metal shield is more
effective water-containing one, but its applicatisncharacterized by greater reflection coefficient
which can increase the number of radiation effectsological objects.

To increase the efficiency of water-containing khigsou can use a multilayer structure.
Enhancing of its effectiveness could be ensureglbging a metal foil between the two layers of
shielding material. The first layer will reduce thlectromagnetic wave reflected from the secondrlay
in air space. The second layer is necessary toidqedhe effectiveness of the whole of shield. The
third layer is necessary for the absorption of tetenagnetic wave that is reflected from the human
head. The dimensions of protection tool was deteeohiin accordance with the results of previous
experiments (12660 mm). The thickness of a water-containing layas 8.2 mm, corresponding to
two cells of a countable space. The thickness efntietal layer corresponds to one edge of the cell
counting space. The model of the three-layer siractvas placed close to the model of a biological
object at a distance of 20 mm from the EMR sourtke dependence of the reflection and
transmission coefficients on the frequency in thespnce and in the absence of the multilayer shield
was calculated. On the basis of the calculatiomgig shown that the use of the multilayer shietd th
reflection coefficient decreased by 4.3 dB and ttemsmission coefficient decreased by 2.3 dB
compared to the metal shield. In comparison witliewaontaining shield the reflection coefficient
increased by 4.1 dB and the transmission coeffidenreased by 25.1 dB.

From simulation results revealed that the ¥&®@mm multilayer shield is most effective
(transmission coefficient —79.1 dB), but the antepattern of EMR source has no significant changes
compared with the antenna pattern in its abseneduéing the reflection coefficient of this shieldlw
reduce re-reflection of the electromagnetic wawenfivarious surrounding objects to the cell phone
user. In this regard, the use of a multilayer shielll not only reduce the impact of radiation on
biological objects, but also reduce the impacttenEMR source.

The experimental frequency dependencies of thesitnegsion and reflection coefficients were
obtained. It was shown that the single-layer shiettlices radiation from —12 to —18 dB. lIts reflacti
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coefficient varies from —3 to —8 dB. The use of tiayer shielding structures provides an increment
of the transmission coefficient to —35 dB, but te#ection coefficient decreased from —2 to —6 dB.

Full-scale testing of cellular phone radiation @gation with different shielding structures was
performed using a cellular phone Nokia N78. Theetielencies of the signal power level on the type
of shield at the measurement point were obtained.

The power level of the cellular phone was decreasetd.9 dB in the measuring point by a
metal screen/ It was caused by electromagnetic Wwewg reflected by the high conductivity material.

Use of the single-layer shield led to a reductibthe electromagnetic radiation to 3.9 dB. The
use of multilayer shielding structures provideeduction of the electromagnetic radiation to 188 d

CONCLUSIONS

The model of the interaction of electromagnetiagaton with a biological object (human head)
and the protection tool was proposed. It allowessiag the impact of electromagnetic radiation on a
biological object in a system source of radiatidnielogical object — protection tool using calcelat
reflection and transmission coefficients. The claton of these coefficients is performed
with assistance of finite-difference method whidlowas taking into account the features of the
electromagnetic wave propagation in the interfadesr, protection tool as well as a biological edj
which allows to characterize the influence of petitsn tool and biological objects on the antenna
pattern of the EMR source.

The peculiarities of the interaction of radio wayégquency 1800 MHz) with a biological
object €=43.2;0=1.29 S/m) are established. The increase of thardie from the radiation source to
the biological object from 10 to 50 mm leads tararease in the transmission coefficient from -&3 t
—60 dB with simultaneous increase of the reflectooefficient from —35 to —12 dB, which allows
reduce the impact of EMR on a biological object.

REFERENCES

[1] Borbotko T.V., Kolbun N.V. Anthropogenic Sources Bliectromagnetic Radiation. Principles
of Personal and Social Safety (in Russian). EdittM. Lynkou, Minsk, BSUIR, 2008. ISBN
978-985-6767-85-5.

[2] V. Bogush, T. Borbot'ko, N. Kolbun, L. Lynkov, Ndveomposite shielding materials for
suppression of microwave radiation, in Proc. of th€" International conference on
microwaves, radar and wireless communications (MNCZD06), Krakow, Poland, 2006. Vol.
2, P. 345-348.

[3] Biolnitiative Report: A Rationale for a Biologicgbased Public Exposure Standard for
Electromagnetic Fields (ELF and RF). August, 2007.

[4] Lynkov L., Proudnik A., Borbotko T., Kolbun N. Witdand electromagnetic shields and
absorbers. Korean-Belarusian joint workshop on oamposite technology. Daejeon, Korea,
2009. The Korea Atomic Energy Research InstituteERI). P. 52—86.

[5] Kolbun N.V., BorbotkdI.V., KazekaA.A., Proudnik A.M., Lynkou L.M., Simulation of
electromagnetic radiation passing through liquidtaming nanostructured materials. Proc. of
the SPIE. 2008. Vol. 7377. P. 7377-09.

92



