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Background. One of lacks of the use of high technologies is the megascopic level of unfavorable electromag-
netic smog. Therefore, the study of influencing of the external electromagnetic field (EMF) is actual, within
the limits of wide row of frequencies, on man's organs and brain.

Objective. Modeling of influences on the brain of electric induction arising up at penetration of the EMF of
a different frequency in the reserved sphere.

Methods. A mathematical model of the EMF influence on human brain is considered. Namely, the model of
a multi stratified sphere as an approximation of a human head is proposed. This sphere embedded into the
unlimited nonconductive space (co = 0) of the dielectric constant €. Skin and bones of head have a magnet-
ic permeability of vacuum po. Influences on a brain are given as induction of the electric field, arising up at
penetration of the variable electromagnetic field in the reserved sphere.

Results. The results of numerical calculations for the three-layered model of head showed that induced of
the electric field in the layer of brain has increased on the frequencies 10’—10% Hz of external EMF. Distri-
butions on the sphere of electromagnetic fields with f < 10° Hz leave their amplitudes by unchanged regard-
less of depth of penetration. Fading of amplitudes shows up only for frequencies 107 and 10® Hz.

Conclusions. Exposed in a model changes of electromagnetic waves on the frequencies 10’—10% Hz can acti-
vate the parameters central nervous system and brain, that substantially will affect of man's activity. Will al-
low the further study of influencing of the electromagnetic field of a different frequency to identify to extent

of brain activity, and also stress, positive and negative influencing of external EMF.
Keywords: mathematical model; penetration; electromagnetic field; human brain.

Introduction

One of the modern high-tech society features
is an enhanced level of the electromagnetic unfa-
vorable background known as the electromagnetic
smog, which is one of the modern high-tech socie-
ty disadvantages and the presence of such addi-
tionally induced electromagnetic fields within the
broad range of frequencies must be taken into ac-
count since these different frequencies electromag-
netic field background is quite typical for the envi-
ronment. Its influence on a human organism, espe-
cially on the human brain, especially within a super
high frequency (SHF) range (f = 15—750 MHz), is
of immense scientific interest [1, 2].

Although this topic is being investigated for a
longer time, there is the most harmful difficulty in
the field studied. As far as the influence of super-
high-frequency radiations on biological objects is
concerned, no the unified approach is proposed to
investigate this complicated problem yet. In spite
of this fact, numerous theoretical and experimental
case studies were carried out during the last de-

cades as reviewed in [1, 3]. The results published
make it possible to distinguish two principal classes
of the electromagnetic SHF radiation effects on
living organisms, namely thermal and non-thermal
bioeffects. The thermal bioeffects are specified by
heating of tissues when the enhanced temperature
of 0.1 °C is indicated in the biological object stud-
ied due to the exposure of the SHF electromagne-
tic field characterized by the power amplitude of
more than 10 mW/cm?. Otherwise, the non-
thermal effects are considered. While bioeffects due
to the powerful SHF electromagnetic radiation in-
fluence has received the theoretical explanation
and are consistent with experimental investigations,
bioeffects induced by the low intensity SHF elec-
tromagnetic non-ionized radiation are still poorly
understood being quite often not consistent enough
or even contradictory and hardly replicated. As a
result, the hypotheses on the physical mechanisms
of influence of such radiation on the biological ob-
jects within the wide range of different evolution
levels (from a one-celled organism up to a human)
are still absent.
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Usually, the scientific reports are focused on a
cause-effect relationship, addressing versatile ad-
verse health effects (e.g. cancer, CNS anomalies,
endocrine and metabolic dysfunctions, blood and
Iymph illnesses etc.) induced by various sources of
SHF non-ionized radiation as the radio equip-
ment, radio-location sites, radars, telecommuni-
caion, wireless devices, Hi-Fi towers, power lines
etc. As a matter of fact, electromagnetic waves are
an important ecological factor and the investigation
of bioeffects of the electromagnetic wave influence
is the issue of the day, both for health protection
and for the establishment of necessary hygienic
norms to supply occupational safety.

In spite of lack of the universal approach to
study SHF radiation bioeffects, the electromagnetic
wave penetration into the human organism was in-
vestigated by many scientists and a number of ap-
proximations were proposed on the basis of elec-
tromagnetic field theory [4, 5]. For instance, the
biological response approximated by the model of
plane layers was studied. The frequency depend-
ence of energy absorption for various combinations
of plane layers was stressed [6]. This approach is
used in a mathematical model presented below.

Materials and methods

Mathematical model. To study the influence
of EM fields on the human brain a spherical model
was chosen. From the physical point of view, the
effect of the external electromagnetic background
on the brain can be presented as penetration of
electromagnetic waves into a human head consid-
ered as a stratified sphere. Its individual layers are
characterized by different electrical conductivity o;
and dielectric constant g;, where j reads for a given
layer. The sphere is assumed to be surrounded by
an unlimited space of electrical conductivity oo = 0
and dielectric constant s. The magnetic permea-
bility is chosen to be equal to that of the vacuum
(wo). The head along with its tissues and bones is
assumed to be nonmagnetic. The model adopted
allows to estimate the penetration of the external
magnetic field into the head and to calculate the
field attenuation using both the estimates of the
magnetic field penetrated into the brain and
electric field amplitudes induced. Taking into
account that the sphere considered is rather
small (the radius of the human head is about
15 cm) the external exciting field can be accepted
to be homogeneous if EM waves are considered
at f< 300 MHz (i.e. waves of a wavelength A > 1 m
are considered only).
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The spherical model in the homogeneous os-
cillatory magnetic field is shown in Fig. 1. As seen,
polar axis of spherical coordinates is parallel to the
external magnetic field H which is accepted to
be a time harmonic function described by e'®’,
where o =2rnf is an angle frequency. This homo-
geneous field is of the colloidal type since a radial
component fH perpendicular to spherical con-

centric interfaces is not equal zero (Fig. 1).
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Figure 1: A three-layered spherical body as a model of a human
head exposed to the homogeneous colloidal magnetic field °H

The classic theory of the EM field for spheri-
cal coordinates is used in calculations [6, 8]. Using
Maxwell equations for the harmonic field the vec-
tor wave equation for the magnetic field H is:

2

2 . .
where k; = we;p, +iopyc; is a square of a com-

plex wave number. The solution of this equation
for a spherical model is well known as applied to
its geophysical application [9]. Since the external
exciting field is of the colloidal type its compo-

nents are BH and 90H , the azimuthally compo-

nent ([?H being zero identically (in fact the exter-

nal field is axis symmetrical with regard to a polar
axis). Meanwhile, the axis symmetrical magnetic

field for individual layers H is described as a sum
of spherical wave’s OH,, expressed by Legendre
polynoms P,(cos9) and radial functions F,(kr)
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and Z, (kr). As shown in [9], the magnetic field
components are expressed as follows:

o | (n+1)
P, =V A (k) + /B, Z, (k;r)] ’Z: r+)2

J

P,(cos9), (2)

1 dP,(cos9)

kjr d9

JH, = /A, F(k;r)+ B, Z,(kr)] 3)

As known, the electric field E generated by H
is described by the Maxwell equation as follows:

rotH = (c—iwe)E. “4)

In case that the exciting magnetic field H is
of the colloidal type (in other words, H is inde-
pendent on the azimuthally coordinate ¢), and
keeping in mind the orthogonal of vectors H and
E, the electric field induced is described in spheri-
cal coordinates by the ¢ component only. Then

based on (2) and (3) @jEn reads:

. 1 .
'E =—+——[/A F (k;
e r(cj—ioaaj)[ nFalkyr)
+1B,2, k) TS0 )
Results

Numerical calculations. The estimation of the
magnetic field penetrated into the sphere and elec-
tric field induced in the brain by the exciting field
is carried out, the spherical waves being expressed
in terms of Legendre polynoms P,(cos$9) and ra-

dial functions F,(k;r) and Z,(k;r), where k; is

a wave number.

The numerical calculations of the EM field
influence on the three-layered model for the fre-
quencies f[Hz]: 0.1, 1, 5, 10, 102, 10°, 10* 103,
10°, 107, 10® are presented for the first harmonic
n=1.

The Egs. (2), (3), and (5) applied for the
three-layered spherical body (see Fig. 1) are used
for numerical calculations. The external space

(j = 0) is characterized by k? = o’gyu, since
oy, = 0. The individual layers are described in the

Table, where o, and ¢; values are accepted ac-

cording to [4, 7].
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Table: Parameters of the three-layered spherical body used as a
model of a human head

Layer Layer Lower boundary o; |Relative
identifier of alayer r [cm] [[Q' m]| &
0 Air 15.0 0.0 1.00
1 Hair, tissue 14.0 0.1 1.05
2 Skull 13.0 1.0 1.00
3 Brain 0.0 10.0 1.06

In the layer j = 3, where the inner sphere cen-
tre » = 0 is located, the coefficient 3B,, (see [8]) is
accepted to be zero since Z,(kyr),_, —> . In ad-
dition radial functions F,(k;r) and Z,(k;r) in [4]
and [9] are defined using Hankel functions of the
half integer index (n+1/2). The frequencies f [Hz]
are consequently considered in calculations:

0.1, 1, 5, 10, 100, 10°, 10%, 105, 105, 107, 10%.

A spherical harmonic #» = 1 is only considered
in calculations. The distribution of |, H,|, |4H,]|,

and |, H| as functions of the radial distance from
the surface of the sphere to its centre can be seen

in Figs. 2—4. According to Fig. 2 magnetic field
,H, and (H, reveals practically no attenuation in

the head for 0.1< f <10° Hz. Their values at

f= 10° Hz are approximately without any change,

the attenuation being too subtle at larger depths of
the field penetration (Figs. 2 and 3, dashed line).
This attenuation is apparent for /> 1 MHz as , H,
and (H, plots for f = 10" Hz and f = 10° Hz
show (Figs. 2 and 3).
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Figure 2: Distribution of the magnetic field module |.H| in the
spherical body from its surface up to its centre at frequencies
considered [Hz]: 0.1 < f< 10%, 10°, 107, and 108
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Figure 3: As in Fig. 2, but in case of |o&;|
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Figure 4: Distribution of the electric field intensity in the sphe-
rical body for the frequencies considered [Hz]: f < 10°, 107, and
108. Notice that the M values for the f = 107 and f = 10® curves
are chosen to have M-f = 10°in order to have the M-|,E;| values
of the same order as far as individual frequencies are concerned

Discussion

Due to the oscillatory colloidal magnetic field
"H, the electric field o& is induced in the spher-

ical body. Its intensity does significantly depend on
the frequency given and enhances with the increas-
ing f [7]. To display the corresponding plots the
electric field values are modified using a proper
multiplication M to satisfy M-f = 10°, which al-
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lows to have the M-|,E,| values of the same order

as far as individual frequencies are concerned. As
seen in Fig. 4, for £ < 10° Hz the electric field in-
tensity in the sphere decreases quite linearly in the
direction to its centre. The exponential decrease of
the electric field amplitude with the depth takes
place for f = 10® Hz, which leads to the so-called
skin effect (Fig. 4).

According to the calculated plots of the distri-
bution of field components, those for f < 10° Hz
keep their amplitudes unchanged regardless of the
depth of penetration. The attenuation of compo-
nent amplitudes is apparent only for frequencies
107 and 10® Hz. The electric field induced increas-
es with the increasing frequency of the external
field. On the other hand, at f < 10° Hz, the electric
field amplitude generated decreases linearly with
depth, while the field amplitude for f = 10® Hz re-
veals the exponential decrease with depth, i.e. the
so-called skin effect takes place.

The EM field influence at f > 10° Hz demon-
strating an apparent attenuation results in thermal
effects (Joule heating), which are harmful to head
tissues (i.e. proper conditions of biosecurity in the
vicinity of radars are of importance).

Conclusions

The spherical three-layered model (approxi-
mation of a human head) exposed to the homoge-
neous oscillatory magnetic field of the colloidal
type is considered. Numerical calculations show
that EM field influence is a function of frequency
exposed. At frequencies f < 10° Hz the magnetic
field penetration into the head is practically un-
changed which is a physical basis for a plausible ef-
fect on the CNS and consequently on decision-
making man’s activities. On the other hand, the
apparent EM field attenuation characteristic for
f > 107 Hz indicates that the penetrated field may
be harmful to tissues due to Joule heating effects.
The plausible different channels of the EM field
influence on the human brain need research efforts
on the interdisciplinary basis [2].
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A. MpuraHuosa, M. 'Bo3gapa, |. TyHbi, FO.1. MNopro, C.O. Mawminos
DEAKI ACNEKTU MATEMATUYHOIO MOOENOBAHHA BMJIMBY ENEKTPOMAIHITHMUX NOniB HA MO30OK NKOAVHU

MNpo6nemartuka. OgHMM i3 HEJONIKIB BUKOPUCTAHHSA BUCOKUX TEXHOIOTIN € 36iNblUEHHS PiIBHA HECNPUATIIMBOIO €IeKTPOMarHiTHOro cMory.
Tomy aKkTyanbHUM € BUBYEHHS BMNAMBY 30BHILLUHBOrO enekTpomarHitTHoro nons (EMI1), y mexax wmpokoro psay 4acTtoT, Ha opraHu Ta
MO3OK JTIOAUHMN.

MeTa. MogenioBaHHs BNuBY Ha MO30K €NEKTPUYHOT iHAYKLi, ika BUHUKaE Npy NpoHukHeHHi EMIT pisHoi yacToTu B 3aMKHeHy cdepy.
MeTopauka peanizsauii. MatemaTtnyHa mogenb BnnmBy EMI Ha MO30K NOAWHM pO3rnsiHyTa B HAGNWKEHHI 40 MoAEri rorNoBu NIOANHN Y
BUMMSAAI AEKINbKOX 3aMKHYTMX y KOMO LUapiB, O MaloTb Pi3Hi €NeKTpuyHy NPOBIAHICTb i AienekTpuyHy KoHCTaHTy. Lia 3amkHyTa cdepa
OTOYeHa HEeMnpoOBIAHMM HECKIHYEHHUM MPOCTOPOM (0o = 0) 3 AieNeKTPUYHOK KOHCTaHTOH €. LLKipa i KiCTKK ronoBm MalTb MarHiTHy npo-
HUKHICTb BaKyyMmy Ho. Bnnnemn Ha Mo30k nopgaroTbCs SK iHAYKLiSA eNeKTPUYHOro Nons, WO BUHUKAE MPW NPOHWKHEHHI 3MiIHHOTO €feKTpo-
MarHiTHOrO Mons B 3aMKHeHy cdepy.

Pe3ynbTaTtu. OTpumani pesynbTati UngpoBmnx 064McreHb Anst TpyMwapoBoi MoAeni rofoBm nokasanu, Wwo iHAYKUis enekTpUYHOro nons
B LIapi MO3Ky 3pocTana Ha yacTtotax 10’—108 'y 30BHiwHboro EMI. MowmpeHHs y cdepi enektpoMarHiTH1X nonis 3 f < 106 'y sanuwae
X aMNmiTyan HE3MIHEHUMM HEe3amneXHO Bif rMUBUHN NPOHMKHEHHS. 3aTyxaHHs aMnniTya BUSABNSAETLCA Tinbku ans vyactot 107 i 108 My,
BucHoBkW. BusiBreHi B Mogeni 3MiHM enekTpoMarHiTHuX Xsunb Ha yactoTtax 107—108 'y MoXyTb akTuByBaTV napameTpu LeHTpanb-
HOi HEPBOBOI CUCTEMU Ta MO3KY, LLO CYTTEBO BMIIMHE HA aKTUBHICTb NtoAUHW. MNoganslue BUBYEHHS BNAUBY €eKTPOMAarHiTHMX nonis
Pi3HOI YacTOTV AacTb MOXMMBICTb iAEHTUAIKYBaTK CTYMiHb aKTMBaLii MO3Ky, @ TaKoX CTPECOBI, MO3UTUBHI Ta HEraTMBHI BNVBK 30B-
HilwHboro EMI.

KniouyoBi cnoBa: matematuyHa mogens; NPOHUKHEHHSA; eﬂeKTpOMaFHiTHe nosne; MO30K NOANHA.

A. MNpuraHuosa, M. 'Bo3gapa, . TyHbn, KO.I1. Fopro, C.A. Mamunos

HEKOTOPbLIE ACMNEKTbI MATEMATUYECKOIO MOAENUPOBAHUSA BNUAHUSA SNEKTPOMATHUTHBLIX MONEN
HA MO3I' YENOBEKA

Mpo6nemartnka. OgHUM U3 HEOOCTATKOB MCMONb30BaHWSA BbICOKMX TEXHOMOTMN SABNSETCA YBENWYeHWe YPOBHSA HebnaronpusTHOro
3NEeKTPOMarHMTHOro cmora. NoaToMy akTyanbHO U3ydeHue BAUSIHUS BHELLHEro aneKkTpomarHutHoro nons (M), B npegenax LWmMpokoro
psSiAa YacToT, Ha OpraHbl U MO3r YeroBeka.

Llenb. MogenvpoBaHve BMVMAHUS Ha MO3T 3MEeKTPUYECKOW MHAOYKLMKU, BO3HMKaloLWweh npyu npoHukHoBeHun OMI1 pasHoin 4acToThbl B
3aMKHYTYI0 cdepy.

MeTopuka peanusaumm. MatemaTtnyeckas mogens BnvsHus MM Ha MO3r YenoBeka pacCcMOTpeHa B NPUOBNVKEHNN K MOAENM FOroBbI
YyeroBeka B BUAE HECKOMbKUX 3aMKHYTbIX B Kpyr croes, obrnagatowmnx pasHbIMy 3NeKTpUYeckon NpOBOANMOCTBIO U AN3NEKTPUYECKON
KOHCTaHTOM. OTa 3aMkHyTasi chepa OKpyKeHa HEMpOBOASALLMM GECKOHEYHBIM NPOCTPAHCTBOM (Gp = 0) C AMSNEKTPUYECKOA KOHCTAHTOM €.
Koxa 1 KoCTW ronoBbl MMEIT MarHUTHYO MPOHULIAEMOCTb Bakyyma Ho. BNnsaHus Ha Mo3r npeacTaBnsoTCs Kak MHAYKLMUS 3NeKTPUYecKo-
ro nors, BO3HUKalLLas Npy NPOHUKHOBEHWNW MEPEMEHHOTO 3NIEKTPOMAarHUTHOrO MONSA B 3aMKHYTYI0 cdepy.

Pe3ynbTatbl. MonyyeHble pe3ynbTaTbl LMQPOBLIX BbIMUCNEHWIA ANS TPEXCMOWHOW MOAeNnu rofioBbl Mokasanu, YTo UHAYLMpOBaHWe
3MEKTPUYECKOro MosisA B Crioe Moara Bo3pacrtarno Ha Yactotax 107'—108 [y BHewHero OMI. PacnpoctpaHeHue B cpepe arekTpoMarHuT-
Hbix noneit ¢ f < 10° My ocTaBnseT UX amMnAMTYAbl HEN3MEHEHHLIMU HE3ABUCUMO OT riyGUHBI MPOHUKHOBEHMS. 3aTyxaHue amnnuTys
nposBsnaeTca Tonbko ans Yyactot 107 n 108 u.

BbiBoAbl. BbisiBNeHHbIE B MOAENM M3MEHEHUS! 3MEKTPOMAarHUTHLIX BOMH Ha 4actotax 107-108 Iy MoryT akTuBMpoBaTh napameTpsbl
LeHTpanbHOM HEPBHOW CMUCTEMbI M MO3ra, YTO CYLLECTBEHHO MOBMMSAET Ha aKTMBHOCTb 4YenioBeka. [lanbHelnllee n3yyeHne BNUSHUSA
3MEeKTPOMAarHMTHOro MoMs PasHOW 4acToTbl MO3BOMMT MAEHTUMULMPOBaTL CTENeHb aKTUBHOCTM MO3ra, a Takke CpeccoBble, MOMoXM-
TenbHbIe U HEraTUBHbIE BNUSAHUA BHeLuHero SMIT.

KnioueBble cnoBa: maTematuyeckas MoAerb; NPOHNUKHOBEHWE; SIeKTPOMAarHMTHOE Nore; Mo3r Yeroseka.



