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Intensity and SAR dependent changes in conformation
of frog skeletal muscle total protein content after irradiation
with 2.45 GHz electromagnetic field
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A study of the influence of 2.45 GHz electromagnetic field with high (20 mW/cm?) and low (10 mW/cm?) inten-
sities on frog skeletal muscle protein conformation was engaged. Two different fractions (centrifuged at 900 g and
9600 g respectively) were preliminary exposed with the electromagnetic field and others were sham exposed. The
same ones were lyophilized after that and processed with Fourier transform infrared spectroscopy using Bruker IFS
113 v. Specific absorption rate was calculated for both fractions and field intensities. The water mask was removed
mathematically. The characteristic peaks and shoulders from Amid I and Amid II bands (descriptive for protein sec-
ondary structures) were decomposed and the area under them was calculated. The percentage decrease of a-helices
after irradiation with the two intensity fields and in both fractions was observed. The changes of B-sheets, parallel
B-structures, turns, bends and random coils were intensity and specific absorption rate dependent. Because of the
temperature controlled conditions during the whole time of irradiation, we argue that these conformational changes

are specific, non-thermal.

Key words: electromagnetic field, protein conformation, infrared spectroscopy, frog skeletal muscle.

INTRODUCTION

The investigations of microwave electromag-
netic fields (EMF) and their influence on different
biological structures exponentially increased during
the last 30 years. This fact is due to the increased
use and hence increasing exposure of different hu-
man groups. At the same time, the therapeutic use of
EMFs in medical practice has increased markedly.

The cellular and sub-cellular mechanisms of
the EMF effects are not yet well understood. There
are different hypothesis and model investigations,
but still there is no agreement achieved about the
common mechanisms of EMF action on biological
systems. The effects of microwaves (MMW) are
usually classified as thermal (heat-producing) and
non-thermal (specific, below the thermal noise at
physiological temperatures). Many authors accept
that the effects of MMW are due only to the tem-
perature rising in the irradiated object [1-9]. In the
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case of large molecules the energy shares out in the
whole molecule and not enough quantity remains to
cause covalent bonds breaking. The energy is taking
out from the system with oscillating atoms and con-
verts to heat. In the biological systems the absorbed
microwave energy transforms to the increasing
kinetic energy, which in that way causes common
heating of the different tissues. This heating is a re-
sult from ion conductance and vibration of dipole
water molecules and peptides [10, 11]. The MMW
absorption depends on the medium electrical prop-
erties — dielectric constant, electrical conductance
and hence wave penetration depth. These properties
are changing with EMF frequency [12]. On the ba-
sis of these properties one can define the depth of
penetration of the EMF of particular frequency. In
tissues with low water content (like adipose tissue)
the penetration of EMF is vastly higher than in these
with high water content (like muscle tissue). At the
same time the depth of penetration decreases with
frequency growth.

The interaction between MMW and living crea-
tures depends on characteristics like field oscillation
frequency and field intensity. Relative boundary be-
tween low- and high-intensity EMF is accepted to
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be 10 mW/cm? [13]. At sub-cellular level the action
of EMF is connected with dielectric properties of
biomacromolecules and macromolecule aggregates,
as enzyme complexes, membrane receptors and ion
channels [14]. If one applies conventional heating,
the kinetic energy is introduced in all molecules,
while after EMF irradiation the influence is on polar-
ized and charged molecules, and ions. As the water
molecules possess large polar moment they absorb
the microwave energy with priority, and hence be-
come more mobile and probably more reactive [15].

There are no controversial opinions observed
concerning the nonspecific — temperature effects
of MMWs up to this moment. With regard to the
specific — non-temperature effects of MMWs con-
sensus is not achieved presently. Despite all that,
we can find out in literature the increasingly experi-
mental and model data about these effects. Recently
published experimental data argues about specific
effect on protein conformation of EMF field with
frequency 1765 MHz and 800 mW/m? power den-
sity on myoglobin structure through increasing of
B-sheet content with respect to a-helix content de-
creasing [16]. The same authors [17] observed simi-
lar effects on bovine ground meet after irradiation
with 2.45 GHz MMW.

We were inspired by these data to further inves-
tigate whether there is any specific (non-thermal)
effect of 2.45 GHz electromagnetic field with low
(10 mW/cm?) and high (20 mW/cm?) power densi-
ties on compound protein, derived from frog skel-
etal muscle.

EXPERIMENTAL

Object and methods of investigation

Striated muscles from summer and autumn frogs
(Rana ridibunda) was homogenized with 0.5 M
Na/P buffer pH 7.6 for 1 minute. The homoge-
nate was centrifuged after that for 15 minutes at
900 g (3600 ob. /min) at 4° C. The supernatant
was centrifuged after that for 30 min at 9600 g
(12000 ob./min). At this stage nuclei and mitochon-
dria were removed. The obtained fractions were di-
vided into two equal quantities of a 15 ml and were
placed in two Petri dishes with 96 mm diameter,
making thin films of a 2 mm on the bottom of the
dishes. The Petri dishes after that were placed at
25 °C temperature. One of the dishes was irradiated
for 30 min with 2.45 GHz electromagnetic field (10
and 20 mW/cm? power density), whereas the other
was sham exposed at this time. Two probes were
placed on ice in order to maintain constant tem-
perature. At the end of irradiation the temperature
changes were between 1.8-2 °C.

The fractions were then Iyophilized with
USIFROID SMHS50 for 44 hrs. at a temperature
45 °C and 180 pBar pressure. The lyophilized
probes were analyzed by Fourier transform infra-
red spectroscopy (FTIRS) in order to analyze the
conformational changes of compound proteins in
lyophilized probes. FTIRS was made at three reiter-
ations in KBr tablets in absorption interval of 1800—
1400 cm™ with accuracy 0.1-0.2 cm™ on Bruker
IFS 113 V apparatus.

Computation and statistical analysis

Structural information and quantity information
about the protein secondary structures is obtained
by decomposition of Amid I and Amid II bands at
the interval of 1800—1400 cm™ using the method of
Arrondo et al. [18, 19]. The procedure is based on
deconvolution of the curve of infrared spectre and
its compounds in boundaries of Amid I and Amid
II bonds. The first step is evaluation of the charac-
teristic shoulders and peaks and rough assessment
of their shape (width and height). This operation
is necessary for the start of the iterative procedure
with Gaussian functions. After this operation the
area under the peaks and shoulders is determined.
The information from Amid T (1600-1700 ¢cm™)
band is due to vibrational stretching of C=0 pep-
tide groups (nearly 80%), whereas the Amid II band
(1510-1580 cm™) is characteristic for PB-sheets
movement. The calculation procedure was made by
MATLAB package.

The data for the secondary structures were pre-
sented as mean values + standard deviation (SD).
One-way ANOVA was used to evaluate the statisti-
cally significant differences between exposed and
sham exposed groups with high- and low-intensity
fields (with 20 and 10 mW/cm? intensities respec-
tively). In all four groups of experiments the number
of reiterations were eight (n=8) in order to achieve
Gaussian distribution.

The specific absorption rate (SAR) calculation

The magnetic permeability of most tissues is
practically equal to that of free space, and all known
and anticipated interactions at higher radio frequen-
cies occur through mechanisms involving the elec-
trical (E) field (including the currents induced by the
magnetic (H) field). Therefore, the E-field vector, or
its distribution throughout the exposed object, fully
describes the exposure field-tissue interactions. A
dosimetric measure that has been widely adopted is
the specific absorption rate (SAR) defined as “the
time derivative of the incremental energy absorbed
by, or dissipated in an incremental mass contained
in a volume element of a given density” and is cal-
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culated using the Poynting vector theorem for sinu-
soidal varying electromagnetic fields [20].

The model of SAR calculation was based on the
assessment of the energy across a plane section of
the flux, formed by a cone with a vertex in the am-
plitude centre. Homogenous electrical field repre-
sented the flux in the cone. The average SAR, de-
fined as a ratio between the total energy absorbed in
the exposed object (£)) and its mass (m,), is:

Ey

SAR = —

m
The energy was defined from the densities of the
electric components of the generated electromag-
netic field and the characteristic parameters of the
exposed object. The average SAR was calculated
according to the mathematical model described ear-
lier [21]. SAR values for the fraction centrifuged at
900 g was: for low intensity field (10 mW/cm?) —
4.92 mW/mg; for high intensity field (20 mW/cm?)
—9.83 mW/mg. SAR values for the fraction centri-
fuged at 9600 g was 5.08 mW/mg and 10.2 mW/mg

respectively.

RESULTS

Changes of secondary structures in membrane
fraction centrifuged at 900 g after irradiation

The Amid I band is localised between 1600 cm™!
and 1800 cm™' and Amid II band is localised be-

tween 1510 cm™' and 1580 cm'. The peaks and
shoulders content is characteristic for the secondary
protein conformation.

The data from FTRIS show changes of the
absorption maximum compared to the control at
1653 cm! in all groups observed. Additional ab-
sorption peaks were observed at 1695 cm™!, 1683 cm™!,
1645 cm™ and 1635 ¢cm™, as well as weak shoul-
ders at 1657 cm™! and 1617 cm™' (Figs 1 and 2).
The maximum of the peak in Amid II band is at
1599 cm™! with additional absorption peaks at
1576 cm™, 1559 ¢cm™, 1719 cm™, and 1507 cm™' and
a shoulder at 1521 cm™' (Figs 1 and 2 down curves).
Out of the characteristic Amid I and Amid II curves
was observed one more characteristic peak at 1733 cm™!
which depicts weak lipid-protein interactions.

After irradiation with low-intensity field
(10 mW/cm?) (Fig. 1 upper curve) the maximum
in Amid I band is once again at 1653 cm™', but there
are additional shoulders at 1695 cm™' and 1657 cm™'.
In Amid IT band the peak at 1549 cm™' is shifted at
1547 cm™! with additional absorptions at 1576 cm™,
1540 cm™ and 1505 cm™.

The irradiation of probes with high intensity
EMF (20 mW/cm?) (Fig. 2, down curve) the ab-
sorption peaks of Amid I band are at 1695 cm™,
1685 ecm™', 1643 cm™, 1635 ecm™, 1617 cm™ and
1602 cm™! with maximum peak at 1653 cm™'. In
Amid II band the maximums are at 1559 ¢m™! and
1540 cm', with additional absorption shoulders at
1576 cm™, 1571 e, 1554 em!, 1547 cm™!, 1521 cm,
and 1508 cm ™.
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Fig. 1. Example of infrared spectra from sham exposed (lower curve) lyophilised homogenates of frog skeletal mus-
cle, centrifuged at 900 g, and from exposed ones (upper curve) with low intensity field (10 mW/cm?)
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Fig. 2. Example of infrared spectra from sham exposed (lower curve) lyophilised homogenates of frog skeletal mus-
cle, centrifuged at 900 g, and from exposed ones (upper curve) with high intensity field (20 mW/cm?)

The percentage changes of the basic secondary
structures of low intensity (Table 1) and high inten-
sity-field was calculated (Table 2) on the basis of
these characteristic peaks and shoulders. I observed
statistical significant changes of a-helices after ir-
radiation with both intensities (Table 1 and 2). The

low intensity field influenced statistically signifi-
cant unordered structures (turns, bends and coils)
(Table 1). The high intensity field caused statisti-
cally significant lowering of parallel B-structures, as
well as statistically significant increasing of unor-
dered structures (Table 2).

Table 1. Quantification of secondary peptide structure derived from peaks and shoulders obtained
from FTIRS of sham exposed and exposed with low intensity field (10 mW/cm?) homogenates of frog
skeletal muscle, centrifuged at 900 g (first column). Second column — the quantity in percentage of

corresponding peaks and shoulders

Sham exposed Exposed
) (2 ) 2
a-helices a-helices
1653 cm™ Total 38%+3.9% 1653 cm™ Total 29%=+3.6%*
1557 cm™ 1557 cm™
B-sheets B-sheets
1695 cm™ 1695 cm™
1683 cm™ Total 22 %+1.8% 1683 cm™ Total 23%+2.54%
1617 cm™ 1617 cm™
1576 cm™! 1576 cm™

parallel B-structures

parallel B-structures

1643 cm™! Total 10%+1.13% 1643 cm™! Total 9%+1.73%
1635 cm™ 1635 cm™
Turns, bends and random coils Turns, ben{i gz?gtgz}?dom coils
1626 cm™ Total 30%+3.5% 1521 em! Total 39%+2.28%*
-1
1521 cm 1505 em”!
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Table 2. Quantification of secondary peptide structure derived from peaks and shoulders obtained from
FTIRS of sham exposed and exposed with high intensity field (20 mW/cm?) homogenates of frog skeletal
muscle, centrifuged at 900 g (first column). Second column — the quantity in percentage of corresponding
peaks and shoulders

Sham exposed | Exposed
(1) @ () 2
o-helices o-helices
1653 cm! Total 38%+2% 1653 cm! Total 30%+2.91%*
1559 cm™ 1559 cm™
B-sheets B-sheets
1695 cm™! 1695 cm™!
1683 cm™ Total 22 %+2.33% 1683 —1685cm™ Total 21 %+2.07%
1617 cm™ 1617 cm™
1507 cm™! 1507—1508 cm™
parallel B-structures parallel B-structures
1643 cm™! Total 10%=+1.6% 1643 cm™! Total 35%=+3.76%***
1635 cm™! 1635 cm™!
Turns, bends and random coils Turns, bends and random coils

1626 cm! Total 30%+2.56% 1602 cm! Total 14%+1.03%***
1521 cm™ 1521 cm™

Changes of secondary structures in fraction 1695 cm™!, 1684 cm™', 1635 cm™, as well as weak

centrifuged at 9600 g shoulders at 1626 cm ™' and 1617 cm™ (Figs 3 and 4,

lower curves). For Amid II band the maximum is lo-

The absorptions of the probes irradiated with calised at 1558 cm™ and there are additional absorp-

low- and high-intensity fields in comparison to their ~ tion peaks at 1576 cm™', 1533 cm™', 1516 cm ™' and

sham exposed controls are shown on Figs. 3 and 4. 1507 cm™' with absorption shoulder at 1521 cm™
The data from sham exposed preparation showed (Figs 3 and 4, down curves).

main absorption maximum at 1653 cm™ in Amid I After irradiation with both intensity fields, the

band. Additional absorption peaks are observed at maximums are shifted from 1653 cm™' to 1657 cm!
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Fig. 3. Example of infrared spectra from sham exposed (lower curve) lyophilised homogenates of frog skeletal mus-
cle, centrifuged at 9600 g, and from exposed ones (upper curve) with low intensity field (10 mW/cm?)
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Fig. 4. Example of infrared spectra from sham exposed (lower curve) lyophilised homogenates of frog skeletal mus-
cle, centrifuged at 9600 g, and from exposed ones (upper curve) with high intensity field (20 mW/cm?)

Table 3. Quantification of secondary peptide structure derived from peaks and shoulders obtained
from FTIRS of sham exposed and exposed with low intensity field (10 mW/cm?) homogenates of frog
skeletal muscle, centrifuged at 9600 g (first column). Second column — the quantity in percentage of

corresponding peaks and shoulders

Sham exposed Exposed

€)) ) ) 2
a-helices a-helices
1653 cm™! Total 31%=+3.5% 1653—1557 cm™! Total 16.14%+2.4%%*
1558 cm™ 1558—1563 cm™!

antiparallel B-forms antiparallel B-forms
1695 cm™! 1695—1692 cm’!
1684 cm™ o 0 1684—1680 cm™! o
+ 0,

1617 em! Total 11.65%+2.4% 1617—1620 em! Total 41.21%+1.52%
1516 cm™! 1516 cm™!
1507 cm™! 1507—1504 cm™!

parallel B-forms
1646 cm™
1635 cm™!

Total 23.22%+1.4%

parallel B-forms
1645 cm™
1635 cm™!

Total 14.1%+3.4%

turns, coils, bends
1626 cm™
1521 cm™

Total 14.6%+1.7%

turns, coils, bends
1626 cm™
1521 cm™
1504 cm™!

Total 48.1%=+1.6%*

and additional peaks at 1680 cm™ and 1692 cm™ are
observed. The irradiation with low-intensity field
caused the appearance of two additional shoulders
at 1645 cm™ and 1620 cm™. Additional shoulders
after high intensity field irradiation are observed
at 1650 cm™', 1639 cm™, 1631 cm™ and 1613 cm™

(Figs 3 and 4). There was observed additional shoul-
der out of Amid I and Amid II ranges at 1715 cm™
after irradiation with 20 mW/cm? field (Fig. 4, down
curve).

In Amid II band the maximum was shifted from
1558 cm™ to 1563 cm™! after irradiation with both
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Table 4. Quantification of secondary peptide structure derived from peaks and shoulders obtained
from FTIRS of sham exposed and exposed with high intensity field (20 mW/cm?) homogenates of frog
skeletal muscle, centrifuged at 9600 g (first column). Second column — the quantity in percentage of

corresponding peaks and shoulders

Sham exposed Exposed
) 2 ) 2
a-helices a-helices
1653 cm™! Total 33.3%=+2.6% 1653—1557 cm’! Total 15.26%=+2.2%**
1558 cm™! 1558—1563 cm’!
antiparallel B-forms antiparallel B-forms
1695 cm™ 1695—1692 cm™!
1684 cm™! o 1684 —1680cm!
-+ 0, 00+ 0/ 3k
1617 em ! Total 8.43%+1.73% 16171613 om”! Total 10.33%+1.69%
1516 cm™ 1516 cm™
1507 cm™! 1507 cm™!

parallel B-forms
1646 cm™
1635 cm™!

Total 17.9%+1.3%

parallel B-forms
1646—1650 cm’!
1635—1639 cm!

Total 20.6%+2%

turns, coils, bends
1626 cm™!
1521 cm™!

Total 40.37%+1.8%

turns, coils, bends
1626—1631 cm™!
1521 cm™

Total 53.81%+1.75%**

fields. The low-intensity field provoked additional
shoulders at 1552 cm™, 1547 cm™, 1536 ¢cm™ and
1504 cm™! (Fig. 3, upper curve).

On the basis of peaks position changes and
changes in the area under them, secondary struc-
tures alteration after the irradiation was calculated
(Tables 3 and 4). After low intensity field exposure
was observed statistically significant lowering of
a-helices and structures (Table 3). After high-in-
tensity field irradiation was observed statistically
significant decreasing of a-helices and [-sheets,
as well as a growth of percentage content of turns,
bends and coils (Table 4).

DISCUSSION

A number of authors presumed that the EMF
irradiation influences the activity of an exact pro-
tein through the influence of its conformation. The
ability of microwave irradiation to cause changes in
protein conformation is largely debated by several
teams [22-27].

Bohr and Bohr [24, 25] suggested that after ir-
radiation of protein molecule vibrational stations of
little moving parts of the molecule decrease their
vibrational frequency and increase their axis length
respectively, which is in agreement with Frohlich
[28] hypothesis. They supposed that these precondi-
tions may lead to conformational changes in these
proteins and hence to different biological effects
of EMF on certain structure. The authors observed
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conformational changes of different proteins in so-
lution after irradiation with MMW with 2.45 GHz
frequency and 800 W power density.

The effects of impulse EMF with very low den-
sities on protein conformation were observed by
Neshev and Kirilova, [29]. They assume that the cell
reacts on irradiation by stress answer. This answer
acts by Hsp-proteins and it is very important for the
normal cell function. Hsp-proteins act as “molecule
companions”, which bind and stabilise damaged
protein conformation. In that way they defend the
cell from outward stress factors.

Laurence et al. [23] discuss the theoretical op-
portunity low intensity impulse EMFs to influence
specifically protein conformation. They compare
different characteristics of the fields and protein
molecule interactions like irradiation time, char-
acteristic time of protein cooling in water solution,
characteristic time of energy diffusion in macromol-
ecule vibrational regime, characteristic time of pro-
tein unfolding. In the light of these comparisons they
conclude that EMF with low intensity (10 mW/cm?)
and of the order of GHz frequency theoretically in-
fluences protein conformation. The authors suggest
that the mechanism of protein conformation chang-
es is resonance absorption of the field energy with
afterward energy diffusion in water surrounded, or
vice versa. After irradiation with very low intensity
fields, it is supposed that they resonance with a few
amino acid groups in proteins, so they can change
the action of the corresponding enzyme active centre
[30]. This hypothesis can explain the observation of



T. Apostolova: Intensity and SAR dependent changes in conformation of frog skeletal muscle total protein content after...

the so called “intensity windows”. Small conforma-
tional changes after exposure to low intensity EMFs
can greatly affect protein functionality in compari-
son to those after exposure with high intensity field,
where the functionality can be lost because of the
appearance of stronger changes in protein confor-
mation [21].

Conformational changes after irradiation pre-
sume functional alteration of membrane ion chan-
nels, receptors, enzymes (membrane bonded or
free). Thompson et al. [32] hypothesised changes
in Ca**-binding after irradiation. They assumed that
conformational changes of Ca’-binding proteins
are due to the increased amount of ordinary struc-
tures responsible for binding this ion. The authors
suggest that this mechanism agrees with the postu-
late of the so called “intensity windows”.

Batanov et al [33] observed increasing of
a-helices in albumin after irradiation with MMW.
At the same time they did not observe breaking
polypeptide chains or protein oligomerization.
Changes of albumin’s secondary structure is lin-
early connected with the field power.

Protein molecules possess high surface potential
energy and non-harmonic dynamics [34]. As it is
considered that protein biological function is con-
nected with non-harmonic dynamics, the mecha-
nism of binding between protein motion and its
function is on the basis of interaction between EMFs
and these large molecules. This protein dynamics is
based on the following: 1) Globular proteins have
vigorously packed structures and their conforma-
tional changes require common motion of most of
the protein atoms; 2) For a molecule to undergo a
conformational change from one structure to anoth-
er, general vibrational regimes must be excited to
jump over the energy barrier.

In our previous study [35] decreasing of a-helices
quantity and increasing of unordered structures and
B-sheets as a whole was shown. As the shift of amino
acid activity in catalytic centre is vulnerable in rate
of angstroms in order to be functional in biological
systems we can speculate that the appearance of “in-
tensity windows” connected with MMW irradiation
is far more common. An interesting point is that af-
ter irradiation with low intensity field the changes in
secondary protein structures are more pronounced.
I suppose that the influence is specific (non-temper-
ature), because the experiments were carried out in
controlled temperature conditions. This suggestion
is in congruence with the hypothesis of Bohr and
Bohr [24, 25] which postulate that after irradiation
the vibrational modes of little particles of the pro-
tein molecule decrease their vibrational frequen-
cies, and is also in agreement with Frohlich’s [36,
37] hypothesis that the energy of EMFs does not
disseminate like heat, but is stored in vibrational

modes of large protein molecules. I can infer that
in my case after irradiation with 10 mW/cm? and
20 mW/cm? EMFs the energy was sufficient to arouse
common vibrational modes of protein molecule in
such a way as to nip over the energy barrier.

In our investigations the information from char-
acteristic Amid I and II bands confirmed lowering
of a-helices quantity in two fractions estimated, ex-
posed with EMF with two power densities [35]. This
phenomenon was more pronounced in “rough mem-
brane fraction”. This is in accordance with the pres-
ence of the so called “intensity windows” referred
to by other authors. Additional absorption peak is
observed in “rough membrane fraction” which is
out of the two Amid bands at 1733 cm™'. It is char-
acteristic of lipid-peptide hydrophobic interactions.
Interestingly, the samples irradiated with low inten-
sity field exhibit relatively more pronounced chang-
es of protein secondary structure. We propose that
the effect is specific (non-temperature) due to con-
trolled temperature conditions of the experiment.
This is in accordance with Bohr and Bohr [24, 25]
hypothesis which states that if a peptide molecule
is irradiated with microwave EMF the vibrational
modes of little moving parts decrease their vibra-
tional frequency. Another hypothesis that matches
well our findings states that the energy from EMF
entered the cells does not transform in thermal ener-
gy but is stored in peptide molecules and macromol-
ecule vibrational modes. We can assume that in our
case the energy from exposure was sufficient to ex-
cite general vibrational modes of peptide molecules
to a level suitable for jumping over the energy bar-
rier, leading to observed conformational changes.

In conclusion the EMF irradiation with two in-
tensities influences statistically significant protein
conformation in the direction of diminishing of
a-helices and increasing of B-sheets and unordinary
structures. In fraction centrifuged at 900 g there
were observed changes of hydrophobic lipid-pep-
tide interactions.
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I[TPOMEHU B BEJITBYHATA KOH®OPMAIIMA HA OB BEJITBK
OT )XABEIIKU CKEJIETEH MYCKVIJI CJIEJ OBJIBYBAHE C 2.45 GHZ
EJIEKTPOMATHUTHO IIOJIE, B 3BABUCUMOCT OT UHTEH3UTETA
HA TTOJIETO U OT IIOI'BJIHATATA MOIIHOCT

T. U. Anocromnosa*

Cexyus ,, Bv3oyoumu Cmpyxmypu, Uncmumym no buoguszuxa u buomeouyuncko undicenepcmeo,
bvreapcra Akademus na Haykume, Coghusi, bvieapus

[Noctrenuna nexkempu, 2014 r.; npuera stuyapu, 2015 r.
(Pestome)

berre HarpaBeHO NpoyyYBaHEe BHPXY BIUSHHUETO Ha €IEKTPOMArHUTHO mnoje ¢ yecrora 2.45 GHz u nBa unTeH3M-
Tera — BHcOK (20 mW/cm?) i Huchk (10 mW/cm?) choTBeTHO. [IBe pasnuunu ¢pakuuu (earpodyrupann Ha 900 u
Ha 9000 g chOTBETHO) Os1Xa MOJIOKEHH Ha 00IBUBAHE a APYTUTE Os1Xa OCTAaBEHU KAaTO KOHTPOJIa (HEOOIbYCHH) BBP-
Xy nea. [To-xkbcHO chimTe Gpakiun Osixa JMOGUIU3MPaHU U NOAJI0KEHH Ha HH]ppadepBeHa crekrpockonus. beie
M3YHCIICHA MOTbJIHaTaTa MOIIHOCT (specific absorption rate, SAR) 3a aBere dpakunu, 0OJTBUCHH C TIOJICTA U C IBETEC
MomHocTH. [THKBT, OTroBapsil 3a HaIMYMETO Ha BoJa B JmModuinsaTure Oelle mpemMaxHaT MareMaTHYecKu. bsxa
W3YHCIICHH TUIOLINTE 0J] XapaKTEPUCTUYHUTE TIMKOBE U pamMeHa, Hamupaiy ce B Amual u Amunll uBnnure (xapak-
TEPUCTUYHU 32 BTOPUYHUTE OENTHhYHU CTPYKTypH). HabmogaBaHo Oeliie MPOIEHTHO HAMaJICHHE Ha O-CHHPAJIUTE U
npu JBete Gpaxiuu, o0JIbUSHH C TIOJIETa U ¢ JiBaTa MHTeH3uTera. HabioaaBanure mpoMeHu Ha B—iucToBere, ma-
pasienHuTe B-CTPYKTYpH, OT'bBaHUSTA M HEMOAPEICHUTE CTPYKTYPH 0siXa 3aBUCUMHU OT UHTEH3HMTETa Ha MOJIETO U OT
SAR. CmsTame, ye MpOMEHUTE BbB BTOpHUYHATA OENIThYHA CTPYKTYpa ca crielin(pUuHH (HEeTeMIIepaTypHH), Thil KaTo
pe3 ISI0TO BpeMe ce paboTelie Npu KOHTPOIMPAHU TEMIIEPATYPHHU YCIOBUSI.
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