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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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ABSORBERS OF ELECTROMAGNETIC RADIATION
BASED ON SHUNGITE SPECIES

Abstract. In recent decades, the industries have experienced rapid development of various technologies directly
or indirectly related to the emission of electromagnetic energy into the environment. The number of emitting
technical means in production and in everyday life is increasing. At present, there are different ways, methods and
materials to reduce the effects of electromagnetic radiation.

The properties of absorbers of electromagnetic radiation (EMR), formed on the basis of domestic natural
material of shungite species from the deposit of the mining company "Koksu", Almaty region, are considered. The
results of the interaction of EMR with samples of materials of absorbers and the dependence of the transmission
coefficients on the angle of incidence of electromagnetic waves (EMW) in the frequency range 5.3-10.6 GHz are
obtained. Research in these frequency ranges is crucial and relevant with the development and transition in the future
of systems and mobile cellular networks of promising generations to higher radio frequency ranges. The use of
powdered shungite for the creation of EMR absorbers in ultra-high-frequency radiation (UHFR) range has not yet
been studied enough.

Technological values of the selected EMR absorbers in comparison with other geomaterials: strength of stone-
like shungite species, high indicators of density (for example, 2.61 g/cm® — “TS” brand; 2.49 g/cm® — “TK” brand)
and mechanical resistance, high thermal and chemical stability, low cost, good mixing with binders. The test samples
provide a decrease of EMR level due to the presence of absorption effects.

Key words: ultra-high frequency, electromagnetic radiation, absorber of electromagnetic radiation, shungite,
reflection and transmission coefficients.

Introduction. Human exposure to anthropogenic EMF has increased to unprecedented levels,
accompanied by an increase in various health problems. The proliferation of cellular antennas and other
RF-generating devices in recent decades has led to increasing concern about potential consequences of
EMR exposure to human health [1].

The solution to these problems can be found by weakening the level of EMR generated by electronic
equipment by using EMR absorbers. Today, various materials and methods are applied to protect against
EMR [2-4].

An important task to be solved by this work was to study the absorption properties of domestic
species of shungite of two brands - finely dispersed carbonate taurite "TK-D" and shale finely dispersed
taurite "TS-D" in order to establish the most efficient EMR absorbers of this class.

The main processes that lead to the weakening of EMW in EMR absorbers are reflection, absorption
and multiple re-reflection of EMW from the interfaces of dissimilar media inside multilayer structures.
Moreover, in most cases, it becomes necessary to reduce the value of the reflection coefficient, which is
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implemented by such constructive solutions as multilayer structures, which can be a geometrically
inhomogeneous structure with a gradient change in properties along the depth of the structure. The optimal
version of the performance of wide-range EMR absorbers with reduced weight and size characteristics,
not subject to corrosion, are structures based on carbon-containing fillers such as finely dispersed
powdered shungite, fixed in a binder.

Shungite is a mineral of complex chemical composition with a carbon-silicate base represented by
graphite-like globular carbon and silicon oxide, mainly in the form of quartz. Components such as silicon
oxide and carbon usually have the largest share in the chemical composition of shungite. Other
components of the mineral under consideration are oxides of aluminum, iron, titanium and some other
elements, etc.

The trademarks of the Koksu shungite species "Taurit" are obtained by crushing and dry grinding
operations that comply with the current regulatory requirements of the Kazakh company “GRK Koksu”
LLP (ST 60-1907-23-TO0O-001-2014). [5] When creating EMR absorbers in UHFR range, it is possible to
use carbon-containing minerals shungite, the technological advantages of which are their low cost,
chemical and thermal stability, good miscibility with binders, for which we used a silicone sealant.

The properties of shungite species are determined by two factors: properties of shungite carbon; the
structure of the species and the relationship of carbon and silicates [5]. The complete chemical
composition of two types of shungite from the Koksu deposit with the trademarks fine-dispersed carbonate
taurite “TK-D” and fine-dispersed shale taurite “TS-D” are given in table 1 and table 2 respectively. Note
that “TS-D” and “TK- D" represent a fine powder or granules from dark gray to black.

Table 1 — Chemical composition of fine- dispersed carbonate taurite "TK-D"

Determined components C SiO2 CaO MgO Fe203 ALO; TiO2 K20 Na20
Content of components in % | 7.0-15.0 30,0-55,0 9,36 1,44 4,83 9,41 0,89 2,19 0,40

Table 2 — Chemical composition of fine-dispersed shale taurite “TS-D”

Determined components C SiO2 CaO MgO Fe203 AOs TiO2
Content of components in % 4,0-8,0 72,0-85,0 0,35 0,67 3,67 12,8 0,78
Determined components K20 NaxO MnO P20s Co Zn Cu
Content % 2,0 0,25 0,014 <0,01 0,0025 0,006 0,001

Experimental part. Samples of materials based on shungite species, prepared for the experiment,
were plates with a thickness of 3 mm and a size of 30*30 cm. The samples were sealed using a polymer
film.

The experiment was carried out in November 2019 in the "Antenna-feeder devices" laboratory of the
"Radio and mobile communications" department of Tashkent University of Information Technologies
named after Mohammed Al-Khorezmi (Tashkent, Republic of Uzbekistan). An experimental setup was
used, designed to study the phenomena of reflection and refraction of electromagnetic waves at the
interfaces between media with different physical characteristics and reflection coefficient modules
measurements as well as transmission of electromagnetic waves in the frequency range 5.3 ... 10.6 GHz.

The installation consists of a transmitting part, a receiving part, and a support on which plates based
on shungite species are fixed (figure 1). The investigated shungite-based plate imitates the interface
between two media.

The transmitting part of the antenna contains a UHFR generator (1) and a horn antenna (2) at a
distance of 7-10 wavelengths from the horn antenna. Thus, a plane electromagnetic wave creates in a
limited area of space. Falling at an angle ¢ onto the plate (7), depending on the material of the shungite
plate and the type of polarization, the wave can:

a) be completely reflected;

b) partially pass through the plate and partially be reflected;

c) completely pass through the plate.
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Figure 1 — Structural diagram of the measuring setup (1 - generator of UHFR range, 2 - horn antenna,
3 - variable attenuator, 4 - detector section, 5 - indicator device (microammeter), 6 - angle scale, 7 - investigated plate)

The receiving part consists of a horn antenna (2), a variable attenuator (3), a detector section (4) and a
dial indicator (5). The variable attenuator is used to adjust the power supplied to the detector section from
the horn antenna. The use of an attenuator allows avoiding the influence of the nonlinear characteristics of
the detector on the measurement results.

The diode located in the detector section of UHFR rectifies the high frequency current. After
rectification, the diode current is supplied to a DC microammeter (5). The receiving part of the installation
is fixed on the platform that can move around a circle centered at point O (figure 1) and, consequently, can
register both reflected (position a) and transmitted (position b) waves.

With direct connection of horn antennas (2) to the waveguide from the generator and the attenuator
(3) in this installation, normal (relative to the plane of incidence of the wave) polarization is obtained. To
obtain parallel polarization, the connection of horn antennas must be done through waveguide strands.

For experimental determination of the modules reflection coefficient and the transmission coefficient,
an indirect method is applied by using a variable attenuator, graduated in decibels.

Reflection coefficient R — the ratio of the complex amplitudes of the electric field strengths of the
reflected wave E~ and the incident wave E°, i.e.

R=E/E°, (1)

Transmission coefficient y, — the ratio of the complex amplitudes of the electric field strengths of the

refraction of the wave E~ and the incident wave, E° i.e.
x=E/F°, )

The reflection coefficient R and the transmission coefficient y are generally complex quantities. Their
modules characterize the ratio of the amplitudes of the corresponding waves, and the arguments
characterize the phase shift between these fields at the interface.

Changing the weakening of the attenuator, achieving consistent microammeter readings, determine
the ratio of the powers of the reflected and incident waves when determining the modulus of the reflection
coefficient, and the ratio of the powers of the transmitted and incident waves when determining the
modulus of the transmission coefficient.

When the receiving antenna is located in the field of the incident wave, the attenuation N is
introduced into the receiving path by the attenuator and the microammeter reading is recorded, which is
about 5 pA. Then, by placing the antenna in the field of the reflected wave, the weakening of the
attenuator is reduced to a value of N, at which the reading of the microammeter remains unchanged. The
change in attenuation N»-N; is equal to the ratio of the above powers, expressed in decibels. Since the
power received by the antenna is proportional to the squares of the strengths of the corresponding electric
fields, it can be written [6-7]:

N, —N; = 10lg [E~/E°|? = 20lg |[E~ /E°|, 3)
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where E° - vector of the electric field strength of the incident wave, perpendicular to the direction of
propagation. E~ - vector of reflected wave. In general case, E° can be located in different ways relative to
the plane of incidence and can always be represented as the sum of two mutually perpendicular vectors,
therefore it is sufficient to consider two cases: vector E° lies in the plane of incidence of the wave and
wave E° is perpendicular to the plane of incidence of the wave.

Hence, the modulus of the reflection coefficient is [6-7]:

|Res| = 100V2=Na)/20 @)

The determination of the value of the transmission coefficient is carried out in the same way, and the
modulus of the transmission coefficient is calculated by the formula

|Xenl = 10Ws—N1)/20 (5)

Experiment results. The tables 3.1-3.3 show the results of an experimental study in the absence of a
media interface (without a sample), and when using sample plates based on finely dispersed powdered
shungite of two brands - "TK-D", "TS-D".

At an oblique incidence of a plane electromagnetic wave to the interface between two media, it is
sufficient to consider only two cases - normal and parallel polarization. Set the normal polarization of the
incident wave. In this case, the vector £ of the emitted wave should be perpendicular to the plane of
incidence of the wave and the base of the laboratory model.

Table 3.1 — Experimental results in the absence of a sample

Incident wave polarization - normal
Aniilceigefnvcvzve Attenuation Attenuation Transmi_ssion Reflection coefficient
o value Ni value N2 coefficient module

angle dB dB - -
20° 26,75 25,3 0,846 0,16
30° 26,75 24,8 0,799 0,3
40° 26,75 244 0,763 0,24
50° 26,75 22,6 0,620 0,38
60° 26,75 19,8 0,449 0,56
70° 26,75 3,8 0,171 0,929

Table 3.2 — The experimental results for a sample of a plate made of carbonate taurite "TK-D"

Incident wave polarization - normal

Aniilcei((i)efn\zzve Attenuation Attenuation Transmi§si0n Reflection coefticient

0 value Ni value N2 coefficient module

angle dB dB - -

20° 26,75 19 0,410 0,6

30° 26,75 17,8 0,357 0,65

40° 26,75 15,8 0,283 0,72

50° 26,75 14,2 0,236 0,77

60° 26,75 9,3 0,134 0,87

70° 26,75 4,5 0,077 0,923
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Table 3.3 — The experimental results for a plate sample made of shale taurite "TS-D"

Incident wave polarization - normal
Angle of wave Angle of wave Angle of wave Angle of wave Angle of wave
incidence incidence incidence incidence incidence

¢ ¢ ¢ ¢ ¢

angle dB dB - -
20° 26,75 21 0,516 0,49
300 26,75 19,4 0,429 0,58
40° 26,75 18 0,365 0,64
500 26,75 14,7 0,250 0,76
60° 26,75 11,5 0,173 0,83
70° 26,75 53 0,085 0,92

As it can be seen from tables 3.2-3.3, the studied composites based on shungite species, namely shale
taurite and carbonate taurite, can reduce the EMR level by an average of almost 2 times. Thus, a
significant decrease in the coefficient for two samples of shungite has been established in comparison with
the experiment "Without sample". The most effective weakening of EMR seen by the sample of carbonate
taurite compared to shale taurite. But also, the sample "shale taurite" can be effectively used to quench
the EMR level. The studies performed allow us to conclude that a composite material based on
domestic shungite species has the ability to significantly attenuate electromagnetic waves in the UHFR
range (figure 2).

1,000
0,900
- 0,800
=
L
5 0,700
=
§ 0,600
& 0500 KT
2
‘g 0,400 -
5 TS
g 0,300
2 0.200 Without
= sample
0,100
0,000 T T T T T T ,
10 20 30 40 50 60 70 80

Angle of incidence of the wave

Figure 2 — Dependence of the transmission coefficient on the angle of incidence
of the wave CT - carbonate taurite "TK-D"; ST - shale taurite “TS-D

Conclusion.

1. Composites based on shungite are able to withstand EMR attenuation in UHFR range.

2. A comparative analysis of the test samples has been carried out. The maximum attenuation is
provided by a sample based on “TK-D” carbonate taurite. In the entire measured range, a change in the
absorption coefficient is observed depending on the angle of incidence of electromagnetic waves on the
examined object. The greater the degree of incidence, the lower the wave transmission coefficient.
Experimental studies have shown that the level of negative radiation / effects of electromagnetic fields
(EMF) when using materials based on shungite decreases, but is not completely neutralized. However, the
obtained result can be considered effective, since when using plates based on shungite species, the level of
EMR is significantly reduced, which negatively affects a person.
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3. Taking into account the characteristics of taurite shungite species in UHFR range and the ability of
these materials, separately or as part of composites, to weaken the EMR at UHFR, it is possible to create
domestic wide-range EMR absorbers with controllable characteristics (for example, by selecting the type
and concentration of the filler, binder, the order of alternation of layers with different electrical
conductivities, and etc.), with predetermined values of the transmission and reflection coefficients.

K. C. A6oumyparos!, K. JI. Manderosa', M. H. Umanky.r?,
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ITYHI'UT TETTHE HET'I3JIEJITEH QJIEKTPMATHUTTI COYJIEJIEHY ) K¥YTKbILITAPBI

Annoranusi. COHFBl OHXBUIIBIKTAp/a Cajlaiap KOpIIaFraH OpTara JJIEKTPOMATHUTTIK JHEPTUsl HIBIFApyMEH
TiKeJIel HeMece JkaHaMa OaiIaHBICTHI OPTYPIIl TEXHOIOTUSUTAPABIH KApKBIHIB JaMyBIH OacTaH Kemripyae. OHmipicte
KOHE KYHAETIKTI eMip/ie SMHUCCHSIIBIK TeXHUKAJIBIK KYpajAapIblH CaHBl apThIm Kenmexdi. Kaszipri yakpITTa 351eKTpo-
MarHUTTIK COyJIEIIEHYiH 9CepiH TOMEHACTYIIH SPTYPIl 9ficTepi, oficTepi MEeH MaTepHaAaps Oap.

Anmatel 00JbICH «KeKcy» Tay-KeH KOMITAaHUSICHIHBIH KSH OPBIHIAPBIHAH AJIbIHFAH TAOWFU OTAHIIBIK IIYHIHT-
TEKTI MaTepuall HEeri3iHJe KYpacTBIPbUIFAH JJICKTPMArHUTTI COYJIEJIEHY/Al JKYTKBIII KAaCHETTePIH KapacThIPaMbi3.
DOMO-HIiH CiHIprim MaTtepuaiiap yIriiepiMeH e3apa OpEKETTeCy HOTHKENEpl jKoHEe OTKI3y K03(hD(MHUIMEHTTePIHIH
5,3-10,6 I'T'y ®wuidiK JUana3oHBIHIAFEl 3JEKTPOMArHUTTIK TONKBIHAApABIH (OMY) Kyjay OypbIlIbIHA TOyeALTIri
aneraabl. JKWmikTiH OyJT AWIA30HBIHAA 3EPTTEY O©TE MAaHBI3MBI JKOHE ©3€KTi, OHTKEeHI Kelieci caThIIarbl MOOWIIBIL
YTl OaiiaHblc JKyHenepi MeH JKeJiiepl JaMbln, OoamakTa KoFapbl )KUUIIKTIK IUana3oHIapra ayblcyblHa Oaiina-
HBICTHI OoNaabl. ¥YHTAKTHl OIYHTUTTI aca JKOFapbl JKULTIK IHAMAa30HBIHIA AIEKTPMATHUTTI COYJICIEHYAIH JKYTKBIII-
Tapbl PETiH/E NalIaTaHy KOJAAPbI AJTi TOJIK 3€PTTEIMEICH.

backa reomarepuanjapMeH CalbICThIPFaH/a TAHJAIFAaH 3JIEKTPMArHUTTI COYJIENEHY JKYTKbIIITAPbIHBIH TEXHO-
JIOTHSUTBIK apTHIKIIBUIBIKTAPbI MBIHA/AM: Tac TOPI3/l LIYHTUT TETiHIH OEpIKTIri, )OFapbl THIFBI3/BIK KOPCETKIIITEPI
(MbIcainsl, 2,61 1/ cm® — mapka «TC» mapkackina; 2,49 r/cm® — «TK» MapkachlHa) soHE MEXaHMKAIBIK TO31MJIIIr,
KOFaphl TEPMUSIIBIK JKOHE XMMUSUIBIK TYPAKTBUIBIFBI, OaFachIHbIH ap3aH OOJybl, OaiJIaHBICTBIPFBIIITAPMEH JKAKCHI
apanacybl. 3epTTeNICTiH yiriiep xyry 3p@eKTiHiH 00nyblHA Kapai 3JIEKTPMArHUTTI COYJIEICHY ICHICeHiHIH TOMCH-
JICYiH KaMTaMachI3 €TeIl.

Tyiiin ce3mep: aca »KOFapbl KUUTIK, JIEKTP MarHUTTIK COYJIEICHY, JJICKTPMArHUTTI COYJICIICHYII dKYTKBIIITAP,
IIYHTUT, IIaFBUIBICY XKOHE 6Ty KO3 PHUIUEHTTEPI.

XK. C. A6qumyparos!, K. JI. Manoerosa', M. H. Umanky.r?,
K. C. Yexxknmbaena', 1. A. JlaBponoexos’

! AIMaTUHCKUI yHUBEPCHUTET SHEPTETHKH | CBs3H UM. I 'ymap6eka Jlaykeesa, Anmatel, Kazaxcram;
’Eppasuiickuii HanMOHAIBHEIA yHUBepcuTeT uM. JI. H.I'ymunésa, Hyp-Cynran, Kazaxcran;
3TamkeHTCKUI YHUBEPCHTET MH(OPMAIMOHHBIX TEXHONOTHH uM. M. Anb-Xopasmuii, Tanikenr, Y36ekucran

HOT'JIOTUTEJIA SJIEKTPOMATIHUTHOI'O U3JTYUEHUS
HA OCHOBE HIIYHI'HTOBBIX I1IOPOJ]

AHHoOTanus. B mocienHue NecATHICTHS OTPACI MPOMBIIUICHHOCTH MEPEKUBAIOT OypHOE pa3BUTHE PA3IIU4-
HBIX TEXHOJIOTHH, MPSMO MM KOCBEHHO CBS3aHHBIX C M3IyYEHHEM DIICKTPOMATHUTHOW PHEPTHUH B OKPYIKAIOIIYIO
cpeny. YBEIHMUUBACTCS KOJNMYECTBO AYMHCCHOHHBIX TEXHUYECKUX CPEICTB B MPOU3BOJCTBE U B ObITy. B Hacrosmee
BpeMsl CYIIECTBYIOT pa3iYHBIE CIIOCOOBI, METOIBI W MaTEePHabl IS CHIKCHHUS BO3ACHCTBHUS AJIEKTPOMArHUTHOTO
U3ITy9ICHUS.

PaccMoTpeHBI CBOWCTBA MOTIIOTHTENEH 3JIEKTPOMAarHUTHOTO u3nydeHus (OMU), cpopMupoBaHHBIX HA OCHOBE
OTEYECTBEHHOTO NMPHUPOIHOTO MaTepHaja NIYHTMTOBBIX MOPOA MECTOPOXKICHHS TOpHOpYyIOHOH kommannu "Koxkcy"
Anmatuncko obnactu. [lomydeHsl pe3ynbTaThl B3auMoeiictBus OMU ¢ oOpas3iiamu MaTepuasoB MOTJIOTUTENICH U
3aBUCHMOCTb KO3(D(DUIIMEHTOB MPOITyCKaHUs OT yriia MajeHusl AJIeKTPOMarHuTHoIX BoiiH (OMB) B nuana3one yacror
5,3-10,6 I'Tu. MccnenoBaHuss B 3THUX YaCTOTHBIX IUANa3oHaX HMMEIOT peEIIarollee 3HAYeHHWE U aKTYyaJbHbI INPH




N E W S of the Academy of Sciences of the Republic of Kazakhstan

pa3paboTke W nepexozie B Oy/yIIeM CHCTEM W MOOWJIBHBIX COTOBBIX CETEil MEePCIEKTHBHBIX MOKOJIEHHH Ha Ooiee
BBICOKHE DPaJMOYacTOTHBIC NHana3oHbl. [IpuMeHeHHe MOPOIIKOOOPa3HOr0 IIYHIMTA Ui CO3[JaHUs MOTJIOTHUTENen
OMMU B nuana3oHe cBepXBbHICOKOUACTOTHOTO M3nydeHust (YBY) 10 cux mop n3y4eHo HEAOCTATOUHO.

TexHOMOrMYECKHE 3HAYCHUS BBIOpaHHBIX moriorutesieii DMU 1mo cpaBHEHHIO C IPYTMMH reoMaTepHalaMHu:
MPOYHOCTh KAMHEMOO0OHBIX MOPOJ LIYHIMTA, BBICOKHE MOKA3aTelu IUIOTHOCTU (Hampumep, 2,61 T/ cM3 — mapka
“TC"; 2,49 v / cM3 — mapka “TK”) 1 MeXaHUYECKOU CTOWKOCTH, BRICOKAS TSPMUYECKasl M XUMHYECKast CTaOMITBHOCTS,
HU3Kas CTOMMOCTB, XOpOIIee CMEUIMBAHWE CO CBS3YOIIMMH. Mccnemyembie 00Opasibl 00CCIICYHBAIOT CHUKCHUE
ypoBHsi OMU 3a cuet Hanmmuust 3PeKTOB NOTIIOMICHHS.

KurroueBble ¢j10Ba: CBEPXBBICOKAS YaCTOTA, dJEKTPOMArHUTHBIE U3yUEHUS], IOTJIOTUTEND 3JIEKTPOMAarHUTHBIX
W3IYYCHUH, OTYHTHUT, KO OUIIHMESHTH OTPAXKCHUS U TIPOX 0K ICHHSL.
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