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Bioeffects of electromagnetic irradiation on blood of rats
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Electromagnetic radiation (EMR) generated by various devices (radars, mobile phones, medical equ-
ipment) causes biochemical changes in the blood of humans and animals. Study of the effects of 460
MHz EMR on the blood levels of lipid peroxidation, total antioxidant activity (TAA) and reduced glu-
tathione in the rats. Rats weighing 250—300g were subjected to the whole body exposure with 460
MHz EMR at the power density of 30 pW/cm® for 4 weeks, 6 days/week, 20 min/day. For this inten-
sity of radiation, value of specific absorption rate (SAR) was estimated as 15 mW/kg. A dramatic inc-
rease in plasma MDA concentration was observed in the 1st week of exposure, which gradually dec-
reased to a level slightly higher than that of control for other exposure periods. Erythrocyte MDA
concentration was higher than that for the control animals for the 2nd and 4th weeks. TAA changes
in the plasma and erythrocytes were little and statistically insignificant. Reduced glutathione concent-
ration was found to decrease significantly by the end of the 4™ week of exposure (p<0.01). The results
indicate that free radical processes and antioxidant protection in the cells are involved in the mecha-
nism of bioeffects of electromagnetic radiation in microwaves frequency range.
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INTRODUCTION

In the modern world, the density of electro-
magnetic radiation (EMR) in the environment is
growing steadily. This is due to the constant
growth in the use of technical means that generate
electromagnetic radiation in a variety of areas of
human activity. Today, it is quite impossible to
imagine the life of every person without devices
and equipment of communication by the use of
computer technology, EMR sources are intensi-
vely applied in medicine, military and household
appliances, as well. The emergence of mobile
communications has brought the problem of elect-
romagnetic pollution of the environment to new
aspect, i.e., now almost every person carries “their
own individual electromagnetic environment”.
Therefore, the study of the influence of such close
to the human body sources is of great interest for
the researchers, involved in the identification of
biological effects of electromagnetic radiation and
elucidation of their molecular mechanisms.

One of important areas of researches in elect-
romagnetic biology is the study of the effect on the
body of microwave electromagnetic irradiation. In
particular, the sources of microwave radiation are
mobile phones and their base stations, physiothe-
rapy units and radars. They radiate in the frequency
range corresponding to decimeter, centimeter and
millimeter wavelengths. There are a lot of scienti-
fic works that are devoted to the study of changes
in individual organs and tissues exposed to micro-
wave radiation. The general focus of these studies
is to identify the effect of low - intensity microwa-
ve irradiation on oxidative metabolism in different
organs and tissues (Kivrak et al., 2017). Such pro-
cesses as lipid peroxidation, antioxidant protective
reactions in the brain, heart, liver, kidney and blood
cells of the experimental animals, exposed to mic-
rowaves, were studied (Oktem et al., 2005; Elhag
et al., 2007; Moussa, 2009; Megha et al., 2012;
Alghamdi et al., 2012; Abbasova, 2015; Bodera et
al., 2015). An interesting fact is that non - thermal
effects of microwave radiation on pro- and antioxi-
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dant parameters of various tissues have been found.
In particular, we have shown that exposure of the
rats to microwave irradiation (from a mobile pho-
ne) up to 4 weeks for 20 min a day causes shifts in
the intensity of tissue respiration of the brain struc-
tures, correlating with changes in the rate of forma-
tion of reactive oxygen species in mitochondria and
lipid peroxidation intensity (Gadzhiev et al., 2016).
In our other experiments, we observed the inten-
sity-dependent pro- or antioxidant effects of EMR
at 460 MHz in the lens of the eyes in the rats (Mu-
saev et al., 2009). This effect was observed in the
range of non-thermal or low intensity.

As for the effect of EMR in microwave range
on the antioxidant agents of the cell, Yurekli et al.
(Yurekli et al., 2006) showed widespread biologi-
cal effects at a power density of 3.67 W/m? with
specific absorption rate of 1-3mW(/kg in reduced
glutathione concentration in the rats. Other studies
have indicated that irradiation induces reactive
oxygen species (ROS), which play an important ro-
le in radiation damage of the cells (Cemek et al,
2006). The same study showed reduced glutathione
(GSH) level as having antiperoxidative effect on
different tissues and a scavenger effect on ROS.

The most adequate object for the study of the
effects of EMR on the living organism is the blo-
od, which, on one hand, circulates between many
organs and tissues, exchanges the products of me-
tabolism between them, including those products
that arise due to the interaction of cellular structu-
res with EMR (oxygen radicals, products of lipid
peroxidation, carbonyl derivatives of proteins
etc.). On the other hand, due to the high water
content, the blood absorbs a significant part of
electromagnetic radiation energy and transmits it
to the membrane structures of blood cells and pro-
teins of plasma. In this context, blood can serve as
a source for determining the markers of EMR ac-
tion on the body at the level of the oxidant-antio-
xidant relationship system. It is of great interest to
identify qualitative and quantitative differences in
this system subjected to the action of microwave
EMR of intensity in the non-thermal range. This
paper aims to study the concentration of lipid pe-
roxidation product malondialdehyde and total an-
tioxidant activity of plasma and erythrocytes in
the rats subjected to whole body exposure by 460
MHz EMR at a relatively high power density. Re-
duced glutathione content was also determined in
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order to evaluate antioxidant status in the blood
samples of exposed rats.

MATERIALS AND METHODS

The experimental protocol was approved by
the Local Ethics Committee for Animal Experi-
mentation (28.11.2012, protocol No.18).

Experiments were conducted on the male
Wistar albino rats weighing 250—300 g, kept in
normal vivarium conditions. The animals were di-
vided into 2 groups of 10 rats in each. One group
was a control group (Con), the other - for that of
(relatively) high-intensity (HIE). The apparatus
"Volna-2" (manufactured in Russia) was used for
the whole body exposure of animals. This device is
commonly used for physiotherapy in clinics, and
presents a tube generator of EMR, designed for
therapeutic purposes to carry out a dosed effect on
the patient by an electromagnetic field with the fre-
quency of 460 MHz (£1%) in the decimeter wave
range (wavelength 65 cm). The experiments were
carried out at a relatively high intensity with power
density of 30 pW/cm? (the output power of appara-
tus - 60 W). Averaged over the whole body values
of SAR (Special Absorption Rate) for this intensity
of irradiation were estimated by temperature chan-
ge calculation and obtained, respectively, 15
mW/kg. The control group of animals was exposed
to sham exposure under the same conditions with
the radiation source turned off. Intact animals were
not involved in the study due to the lack of signifi-
cant differences in measured blood parameters bet-
ween them and sham group of animals in prelimi-
nary experiments. Expositions for both experimen-
tal groups were 20 min a day, 6 days a week. The
experiments were set separately for 1, 2, 3, and 4-
week exposure of the animals.

Lipid peroxidation was estimated by measu-
ring the concentration of the colored complex for-
med by malondialdehyde with externally-added
thiobarbituric acid (TBA), according to Andreye-
va et al. (1988) in plasma and Suplotov et al.
(1986) in erythrocytes.

The level of reduced glutathione in hemoly-
sed blood was assessed by Ellman method (Ell-
man, 1999). The main principle of the method is
based on the formation of a color combination as
a result of interaction of the Ellman reactive (5,5
ditiobisnitrobenzoic acid) with SH groups.



The total antioxidant activity in plasma and
erythrocytes was determined by the method of
Goryachkovsky (1996) in which the activity was
estimated by the degree of inhibition of twin-80
oxidation to malondialdehyde by ascorbic acid-
ferrous system.

SPSS for Windows version 22.0 package
program was used for statistical analyses of the
data. Shapiro-Wilk test was used to check whether
the variables for studied groups fit normal distri-
bution. Differences between control and experi-
mental measurements were tested using paired
samples Student’s criterion. Mean + standard er-
ror values were given as the descriptive statistics
and p<0.05 was accepted as the statistically signi-
ficant value.

RESULTS AND DISCUSSION

The concentration of plasma MDA increases
dramatically after a week of exposure to relatively
high intensity of irradiation (Table). The excess
in concentration relative to the control animals is
96.5% at p<0.001 by the end of first week. The
MDA level gradually decreases following the inc-
rease in duration of exposure to irradiation, and
after 4-week exposure reaches a level exceeding
the control level by 20% (p<0.05).

As for the red blood cells, yet after 2 weeks
of exposure the MDA level in them becomes quite
high, but not stable. To the ends of the 2nd and
the 4th weeks, the increases in MDA levels reac-
hed 37.8% and 32.9%, correspondingly. At 3-we-
ek exposure of irradiation, a small excess of MDA
level relative to the control group has no statistical
reliability.

The level of reduced glutathione (GSH) in he-
molysed blood in the rats, exposed to EMR, varies
depending on the duration of radiation exposure. Af-
ter the first week of exposure, the level of reduced
glutathione decreases compared to the control gro-
up. Despite the absence of significant changes in the
level of glutathione for 2™ week of exposure, after 3
and 4 weeks of exposure, the level of glutathione is
significantly lower than in the control animals. At
the end of 4 weeks of exposure, the reduction in re-
duced glutathione levels is approximately 50% of
the control value (1.03 pmol/1 vs. 2.0 umol/l in the
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control). Thus, with an increase in the duration of
exposure to radiation, the level of the constituent
element of the blood antioxidant system, glutathio-
ne, decreases, and this indicates a weakening of the
organism’s antioxidant defense system.

Exposure of the rats to EMR at a relatively
high intensity does not lead to significant changes
in the level of TAA in plasma and red blood cells.
Thus, the level of plasma TAA showed a slight
decrease (12%) without 95% confidence of proba-
bility for only 2 week duration of exposure from
those of all studied time segments. TAA of eryth-
rocytes have no obvious signs of dependence on
the duration of irradiation.

The decrease in the concentration of GSH in
the blood, when the organism is exposed to mic-
rowave radiation, seems to be associated with a
decrease in its synthesis in the liver, as well as its
increased expenditure during the intensification of
free-radical processes throughout the organism
(Tolpygina, 2012). GSH can interact directly with
free radicals, neutralizing them, but its main an-
tioxidant and other functions are realized through
enzyme systems. Damage to enzymes such as glu-
tathione reductase, glutathione peroxidase, glutat-
hione transferase, SOD, catalase, and some others,
in pathologies or under the influence of external
factors, complicates or paralyzes the enzymatic
pathway of removing toxic compounds-oxidants
of different nature from cells and tissues. In this
aspect, a decrease in GSH activity in the blood
under the influence of microwave irradiation,
which has an oxidative character, on the backgro-
und of minor changes in total antioxidant activity
of plasma and red blood cells, may occur.

There is a number of works, pointing out to
the increase in the level of free radical production
in organs and tissues under the effect of microwa-
ve EMR of low intensity, taking place, for examp-
le, when using mobile phones (Challis, 2005).
EMRs, no matter where they occur in the frequ-
ency spectrum, are reported to cause a rise in the
levels of oxygen free radicals in experimental en-
vironments in the plants (Ursache et al., 2009) and
humans (Georgiou, 2010).
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Table. MDA and reduced glutathione concentrations in the blood of rats exposed to EMR 460 MHz at relatively
high intensity (power density of irradiation - 30 pW/cm?, averaged over the whole body value of SAR — 15 mW/kg)

Exposed
Parameters Control 1 week 2 weeks 3 weeks 4 weeks
Plasma MDA, nmol/l 7.89+0.76 15.5040.98%* 10.10+1.10%* 9.63+0.98* 9.47+0.80%*
Erythrocyte MDA, nmol/Il 11.50+1.50 10,60+0.82 15.80+1.34* 11.95+0.30 15.324+0.83*
Reduced glutathione, pmol/1 2.00+0.50 1.60+0.40* 2.10+0.50 1.70+0.30 1.03+£0.10%**

* - p<0.05 and ** - p<0.01- compared to the control group

EControl B7days @14 days m21days @28 days

Antioxidant activity, %

Plasma TAA

Erythrocytes TAA

Fig. TAA levels in plasma and erythrosytes in rats exposed to EMR 460 MHz at relatively high intensity.

In the work of Elhag et al. (Elhag et al.,
2007), it is indicated that EMR of cellular phones
may affect biological systems by increasing free
radicals, which appear mainly to enhance lipid pe-
roxidation and by changing the antioxidant activi-
ties of human blood that is leading to oxidative
stress. Using EMR of 900 MHz (GSM standard),
they observed an increase in the MDA concentra-
tion in the plasma of the exposed rats. At the sa-
me time, there was a decrease in the concentrati-
ons of low molecular weight antioxidants, ascor-
bic acid, vitamin E, reduced glutathione, as well
as the activity of antioxidant enzymes catalase
and superoxide dismutase. In another work (Mo-
ussa, 2009), microwave irradiation (3.5 GHz)
applied for exposure of male rats also caused a
significant increase in the plasma lipid peroxidati-
on marker (MDA) while a significant decrease in
glutathione concentration was observed. Results
consequently suggest that the redox potential of
glutathione (GSH) and nicotinamide adenine di-
nucleotide (NADH/NAD) were disturbed as a re-
sult of the irradiation exposure.
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Bodera and others in their studies on micro-
wave range EMR effects (5 days, 15 min/day,
1800 MHz) also showed that the levels of lipid
peroxidation increase in the blood, kidneys and
brain, and the total antioxidant activity of the blo-
od at the same time becomes lower than that in
the control animals (Bodera et al., 2015).

The results obtained by Moustafa et al.
(2001) showed that the plasma level of lipid pero-
xidation significantly increased after acute expo-
sure (up to 4 h) to the mobile phone EMR. At the
same time, the activities of superoxide dismutase
and glutathione peroxidase in erythrocytes sho-
wed significant reduction while the activity of ca-
talase did not.

As shown in the work of Kumar et al. (Ku-
mar et al., 2010), microwave radiation of extre-
mely high frequency (10 and 50 GHz) induces
significant increase in ROS production in the
chronically exposed rats. The activities of serum
superoxide dismutase and glutathione peroxidase
decreased, and thus, the factor reduces total antio-
xidant capacity in the blood.



The Fenton reaction is a catalytic process
that converts hydrogen peroxide, a product of mi-
tochondrial oxidative respiration, into a highly to-
xic hydroxyl free radical. Some studies have sup-
posed that EMR has another mechanism through
the Fenton reaction, suggesting that it promotes
free radical activity in the cells (Lai et al., 2004;
Aydin et al., 2011).

There are some studies on the effect of mic-
rowave EMR on the parameters of iron in blood
serum, which may indicate indirectly to the parti-
cipation of Fenton's reaction in the mechanisms of
free radical realization of microwave radiation in
the living systems. In the work of Chetkin et al.
(2017), it was shown that although chronic expo-
sure of the rats to mobile phone irradiation does
not lead to a change in the level of serum iron and
ferritin, but it negatively affects both unsaturated
and total iron capacities of the serum. In our pre-
vious study (unpublished result), where we used
the same irradiation (460 MHz) for exposure of
the rats, as in this study, we also found changes in
the values of serum iron, in both unsaturated and
total iron binding capacities of serum.

The biological effect of exposure to micro-
wave EMR is a subject of particular research inte-
rest. The results of many studies not only clearly
demonstrate that EMR exposure triggers oxidative
stress in various tissues, but also that it causes sig-
nificant changes in the levels of blood oxidant and
antioxidant markers. Apparently, the risk of oxi-
dative stress in various organs, including blood,
due to electromagnetic radiation should be taken
into account (Kivrak et al., 2017; Dasdag et al.,
2016). However, the realization of these risks is
likely to be determined by the duration of exposu-
re to EMR and power flux density of irradiation.
The risks of various disorders in the body, asso-
ciated with the influence of EMR, probably de-
pend also on the functional state of organism and
additional environmental factors (Bodera et al.,
2015; Yakymenko et. al., 2016; Abdolmaleki et
al., 2012).

Thus, the results of our research and the data
of other authors, which we have cited, allow us to
expand the understanding of changes in lipid pe-
roxidation processes and activity of antioxidant
system to the effort of identification of interaction
between peroxidation processes and the activation
mexanism of these processes by EMR.
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It seems that the generalization of the obtai-
ned experimental results can serve as a promotion
for the development of methodological recom-
mendations for primary aids in occurrence of
emergency situations, associated with electromag-
netic exposure.
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Elektromagnit siialanmasinin sicovullarin ganinda bioeffektlori
M.T. Abbasova, 9.M. Haciyev
AMEA-nn Akademik Abdulla Qarayev adina Fiziologiya Institutu

Miixtolif elektrik avadanhqlarinin vo cihazlarin (radarlar, mobil telefonlar, tibbi avadanliglar) yaratdig:
elektromagnit siialanmalar1 (EMS) insanlarin vo heyvanlarin qaninda biokimyoavi dayisikliklora sobob
olur. EMS-nin miixtolif orqan vo toxumalara tezlik vo amplitud (intensivlik) diapazonundan asili olaraq
gostordiyi tosirin Oyronilmasi elektromaqnit biologiyasinin miihiim todqiqat masalolorindondir va bununla
olagadar olaraq insanlarin hoyatina daha dorinden niifuz etmis desimetr diapazonlu EMS-nin bioeffektinin
iizo ¢ixarilmasi maqsadi garsiya qoyulmusdur. Model eksperimentdo bu diapazona daxil olan 460 MHz
EMS-nin sigovullarin gqaninda lipid peroksidlosmosinin, iimumi antioksidant aktivliyinin (UAA) va re-
duksiya olunmus qliitationun saviyyslorino tasiri dyronilmisdir. Coakisi 250—-300q olan sigovullardan 4
grup (har qrupda 10 bas) uygun olaraq 1, 2, 3 vo 4 hafto miiddatindo, haftods 6 giin, giinds 20 daqigos 460
MHz EMS ilo xroniki siialandirilmislar. Siialanma kamerasinda enerji selinin sixligi 30 pW/sm? olmusdur
va silalanmanin bu intensivliyi {i¢iin sicovullarin biitiin badenins ortalanaraq hesablanmig xiisusi udulma
giicli (SAR — specific absorbtion rate) 15 mVt/kq civarinda giymatlondirilmigdir. 4 nozarat qrupu (haroe-
sinda 10 bas) eyni prosedurlari 1, 2, 3 vo 4 hafto miiddotindo EMS manbayinin sondiiriilmiis vaziyyetinda
kegmiglor. 1 hafto siialanan heyvanlarin qan plazmasinda lipid peroksidlogsmosinin mohsulu malondilade-
hidinin (MDA) gatilig1 nazarat qrupu ilo miiqayisado koskin artima (p<0,01) moruz galir. Siialanmanin
sonraki hoftolorinde plazmada MDA-nin gatiligimm todricon kontroldan bir gador yiiksok soviyyoyo
(p<0,05) diismosi miisahido olunur. 2 va 4 hofto slialanmis heyvanlarda eritrositlordo MDA-nin qatilig
nozarat heyvanlaria nisboton daha yiiksok saviyyo (p<0,05) gdstormisdir. Plazma va eritrositlordo UAA-
nin doyismolori kigikdir vo statistik etibarli deyil. Reduksiya olunmus gliitationun qatiliginin siialanmanin
4-cii hoftosinin sonuna shomiyyastli doracads azalmasi askar edilmisdir (p<<0,01). Naticalor gostarir ki, hii-
ceyralorda sarbast radikal peroksidlosma proseslori vo antioksidant miidafio elementlori mikrodalga tezlik
diapazonunda elektromaqnit siialanmasinin bioeffeklorinin mexanizmindas istirak edir.

Acar sozlar: Elektromagnit siialanmasi, plazma, eritrositlor, lipid peroksidlagsmasi, antioksidant faallig,
reduksiya olunmus gliitation

Buo3¢(peKThI 3TeKTPOMATHUTHOr0 M3JIyYeHHUS B KPOBH Y KPbIC
M.T. Ao66acoBa, A.M. I'ag:kuen
Unemumym ¢pusuonoeuu umenu axademuxa Aooyanvt I apaesa HAH Azepbatioscana

OnexkrpoMarauTHoe uzinydeHue (OMMU), reHepupyemMoe pasindHbIM 3JIEKTPOOOOpYyIOBaHHEM U MPHOO-
pamu (pagapaMu, COTOBBIMHU Tele(oHaAMH, MEIUIMHCKHUM O00OpY/I0OBAaHHEM), BbI3bIBACT OMOXUMHUYECKUE
W3MEHEHUs B KPOBU JIIOJEH U KUBOTHBIX. M3yuenue BausiHus OMU Ha opraHsl M TKaHH, B 3aBUCHMOCTHU
OT AMaIa3oHa 4acTOT U aMIUIUTYJ, SBJIAETCA OQHUM U3 MPUHIMIIHAIBHBIX BOIPOCOB 3JEKTPOMAarHUTHOU
Ouostoruy, B CBSI3U € 4eM, BbIsABIeHHE Ono3ppexToB DM nenmmeTpoBoro auanasoHa, MPOHUKAIOLIETO
HanboJee TIyOOKO B )KH3HECATENFHOCTh COBPEMEHHOTO YEIOBEKA, BCTACT KaK MEPBOCTEIICHHAS 3a/1a4a
I MCCleAOoBaHusA. B MOAenbHOM 3KCrepUMEHTe MpeACcTaBICHHOW paboThl M3ydanock BiusHue OMU,
paBHoro 460 MI'm u BXonsmiero B JaHHBIA JAMANa3oH 4acTOT, HA YPOBHHM IEPEKUCHOTO OKHCIICHHUS
JUIMAAOB, 00med aHTHOKCHIaHTHOW akTMBHOCTH (OAA) M BOCCTaHOBIICHHOTO TNIyTATHOHA B KPOBU Y
kpsoic. 13 kpeic, Becom 250-300 r, Obutn cosmansl 4 rpyiimsl (o 10 royioB B KaXI0W TpyIIe), KOTOPBIE
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MOJIBEPTAIMCHh XPOHMYECKOMY O0TydeHnto B TeueHune 1-if, 2-x, 3-x u 4-x "Henensb (6 nHel B Hepemno 1o 20
MUHYT B JI€Hb) COOTBETCTBEHHO mpu yactoTe 460 MI't. B xamepe mns oOmydeHHs TUIOTHOCTH ITOTOKA
MOIIHOCTH (MHTEHCHBHOCTH O0IydeHns) cocTapisiia 30 MKBT/cM?, yaenbHas CKOPOCTH MOTIOLICHHUS
(SAR - specific absorbtion rate), ycpenHenHas mo BceMy Tely >KHBOTHOTO, MPH JTaHHOW WHTEHCUBHOCTH
o0nydyerns Oblta orieHeHa Ha ypoBHe 15 MBT/kr. 4 koHTponbpHBIE Tpynmbl (o 10 TOJIOB B KaxIoi)
MPOXOJWIIN T€ e MPOIEeAypbl B TeueHHe 1-i, 2-X, 3-X W 4-X HEJCNb MPU BHIKIIOYCHHOM arrapare
uctoynnka OMMU. KoHmeHTpamus MNpOAyKTa TEPEKUCHOTO OKHCICHHS JIMIUJAOB MaJlOHOBOTO
muanbaernga (M/IA) B mna3me KpoBH KHBOTHBIX, OOyYEeHHBIX B TedeHHe | Hemenw, Oblila 3HAYUTEIEHO
nosbimiena (p<0,01) mo cpaBHEHHMIO C KOHTpPOJBHOH Tpymmod. B mocnenmyromye Hemenu oOIydeHHs
KoHIeHTpaIws M/IA B m1a3mMe MOCTENEHHO CHIDKAIACH JI0 YPOBHS, HECKOJIBLKO MPEBHIIIAONICTO YPOBEHb
koHTpous (p<0,05). Konmentpanus MJIA B spuTponmrtax y KpbIC, OOJyYeHHBIX B TedeHHE 2-X U 4-X
HEJeNb, OKa3ajach JOCTOBEPHO BBIMIE, YeM y KOHTPOJBHBIX >KUBOTHBIX (P<0,05). Usmenenus OAA B
IIa3Me M JPUTPOIMTAX ObBUIM HEOOJBIIMMU W CTAaTHCTUYECKH HEMOCTOBEpHbIMH. (OOHapyKEHO
3HAYUTEIILHOEC YMEHBIICHHE COJICPXKAHMSI BOCCTAHOBJIICHHOTO TJIyTaTHOHA B IUIa3ME K KOHITY 4-i Hemenu
obnyuyerns (p<0,01). Pe3ynpTaThl MOKa3bIBarOT, YTO MPOIECCH CBOOOTHOPAIUKAIHLHOTO TEPEKUCHOTO
OKHUCJICHHA U DJICMEHTHI aHTHOKCHZ[aHTHOﬁ 3alIUThI B KJICTKAX Y4YaCTBYIOT B MCXAaHU3MC 6H03(1)(1)€KTOB
QJICKTPOMAruuTHOI'O U3JIYUYCHHA B JUAIIa30HE MUKPOBOJIHOBBIX YaCTOT.

Knroueswvie cnosa: 3ﬂeKmp0/wa2HumHoe usjnyyerue, njaasma, spumpoyunivl, NepPeKucHoe OKucieHue
fmnu()oe, AHMUOKCUOAHMHAS AKMueHOCN1b, B80CCMAHOBICHHbLI 2lymamuoHr
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