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The paper is dedicated to the development of effective composite coatings with the use of carbon fillers of
different morphology, their research and application in the broadband frequency range.

Electromagnetic loss studies were performed according to international standards ASTM D4935, IEEE-STD-
299 and the US Department of Defence standard MIL-STD 461F.

The impact of hybrid carbon nanomaterial "graphene / nanotubes” on the electrophysical properties of the
composite material has been analysed. As a result, the research laboratory technologies of production of
composite coating on water and non-water (alcohol) basis are developed based on the carbon fillers of various
morphology and also magnetite. The shielding properties of most of the created composites are estimated in the
frequency range from 50 MHz to 30 GHz.

The state enterprise “All-Ukrainian centre for standardization, metrology, certification and consumers’ rights
protection” (here and after “Ukrmetrteststandart”) conducted comparative tests of the developed coating (in the
form of paint) with a protective coating # 842 MG Chemicals (Burlington, Ontario, Canada) based on silver
microparticles. It is concluded that the developed protective coating is not inferior to the Canadian reference
sample in the entire studied frequency range, while having a much lower cost and simplified application
technology.

The research has been carried out to study the application of composite paint to cover the components of
some radiation monitoring devices of the ECOTEST brand, in particular a multi-purpose dosimeter-radiometer
MKC-UM type.

Developed composites on a non-aqueous basis have already found wide practical application to solve the
problem of electronic compatibility by applying a layer of 150-200 microns on the inner surface of thermal
imagers and optical sights ARCHER brand.

Developed water-based composites can be used for interior decoration, in the formation of electromagnetic
screens, thin gradient coatings to protect people from electromagnetic radiation in the microwave range.

Keywords: hybrid carbon nanomaterial, polymer matrix, electromagnetic shielding, broadband shielding
composite.
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Introduction EMR not only affects the operation of electronic
devices (the so-called "compatibility” problem), but also
significantly harms the environment [3-6] and affects
human health [7], causing under certain conditions such
serious diseases as brain tumours [8] and leukaemia [9,
10]. At the same time, the issue of information security is
very important, which requires not only shielding, but
also a comprehensive technical solution.

Today, the main way to reduce the negative impact
of EMR is to develop means of protection for electronic
devices, humans and the environment, namely the

The rapid development of electronic devices and
gadgets in wireless communication, and their constant
use in everyday life inevitably creates a strong
electromagnetic radiation (EMR) in the environment [1].
Due to the intensive growth of the spread of electronics,
broadcasting, and telecommunications, it is impossible to
avoid the influence of various types of EMR [2]. To date,
people are surrounded by EMR arising from a variety of
electronic devices (Fig. 1).
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Fig.1 The main sources of electromagnetic radiation in human everyday lives.

creation of various types of shielding [11] and absorbing
[12, 13] materials. Such materials have a wide range of
applications, including commercial and scientific
electronics, antenna systems, space exploration and
medical devices [14], a wide range of military programs
[15-18]. As of today, metals remain the best materials for
electromagnetic shielding, but they have a number of
significant disadvantages: high cost, high density, most
of them have poor corrosion resistance, complexity of
installation of structures, very low EMF absorption [19,
20]. That is why polymer composites filled with carbon
materials can be even more promising in use.

The combination in composites of EMR-transparent
polymers and carbon fillers of different structure and
morphology allows to create materials that partially or
completely cover the shortcomings of metals [21]. Such
composite materials have low density, high conductivity,
good manufacturability, and lower cost in comparison to
protective materials filled with metals [22-24]. Sheet
materials, electronic equipment housings, and paint
coatings can be made of polymer composite materials.
The latter are of particular interest due to their prospects:
they are easy to work with in complex profiles, it is
possible to provide a complete seamless coating that
reduces the risk of energy leakage, it is possible to form a
reliable thin electromagnetic screen.

Typically, electromagnetic shielding in electronic
equipment often uses paint coatings with metallic fillers
of nickel, copper, and silver. Such composite materials
are close to thin metal screens in terms of shielding level
and provide shielding efficiency up to -70... -80 dB.
However, they have a few significant disadvantages
associated with metallic fillers: the use of toxic organic
solvents, oxidation of the metallic filler, rapid settling of
the filler, fast curing time, as well as a significant
contribution to the final weight of the device and its cost.
Therefore, paint coatings filled with metal fillers are
difficult to use to protect large (anechoic chambers,
living quarters, large electrical panels) and complex-
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profile objects (eg, thermal imager housings, radiation
reconnaissance dosimeters, etc.). As an alternative to
metal fillers, carbon materials are widely used.

The Department of Electrochemical Power
Engineering and Chemistry of KNUTD traditionally
conducts research on various carbon graphite materials,
electrically conductive polymers, carbon nanomaterials,
hybrid polymer composites as active materials, mainly
for electrochemical power sources
(http://www.en.knutd.com.ua/university/faculties/fcht/hte
heh/). With the beginning of military operations in the
East of Ukraine (2014), the department began the studies
on the protection of electronic equipment and humans
from the effects of EMR, given the importance of the
problem and the existing experience of investigations
with carbon, polymer and composite materials. Scientists
from different countries have shown some efficiency in
the use of carbon materials such as graphite [25], carbon
black [26, 27], carbon nanotubes [28], carbon fibres [29],
graphene [30] and their mixtures in carbon-polymer
composites for electromagnetic shielding.

In particular, in [31] the combination of multilayer
carbon nanotubes (MCNTSs) of 4 wt.% with microfibers
of silicon dioxide provides a shielding efficiency of -
40 dB at a sample thickness of 2 mm in the frequency
range 8 — 12 GHz. Scientific groups are working on the
latest lightweight shielding materials, among with
foamed polymer matrices with a graphene content of
only 0.8 wt.% provide shielding efficiency up to -23 dB
at a thickness of 1.6 mm [32]. A combination of
nanostructures "carbon nanotubes / multilayer graphene"
gives good results, which allow to obtain -48 dB at a
thickness of 1.6 mm and a density of 8.9 mg/cm? [33].
The electrical properties of single-layer carbon nanotubes
(CNTs) depend significantly on their geometric structure,
on diameter and chirality. It should be noted that the
specified shielding efficiency depends strongly on the
measurement technique (which does not always meet
existing standards, as standardized equipment is very
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expensive), as well as on the frequency range and layer
thickness (which are not always given). Therefore, the
quantitative data presented in the literature should be
treated with caution.

The problem with the use of CNTs is the complexity
of their dispersion in an aqueous medium. There are
many known methods for creating dispersions of CNTSs,
these include methods of surface functionalization, which
are described in detail in [34, 35], ultrasonic dispersion,
including the use of surfactants [36] and other methods
[37]. In the production of paint coatings, this introduces
additional operations and energy consumption, and
surfactants adversely affect the process (increase
foaming) and impair performance (reduce the amount of
adhesion to the substrate and increase the hydrophilicity
of film materials). Therefore, the most technological
among carbon materials are graphite, carbon black,
carbon fibre and ready dispersions of nanosized carbon
materials without the use of surfactants.

Summarizing the above, it can be noted that the vast
majority of scientific work is aimed at creating and
researching shielding materials that give good shielding
performance, but at relatively large thicknesses (2 mm or
more). There is almost no work on the development of
thin film materials (up to 1 mm), especially on the basis
of aqueous emulsions of polymers, which would provide
shielding of -30 dB or more. That is why the main
purpose of the paper was to develop multi-carbon
composite materials such as water-based and non-water-
based paints, which would provide shielding efficiency
not worse than -30 dB in the wide frequency range -50
MHz - 30 GHz with a layer thickness of not more than
500 pm for further its application in various technical
solutions to the problem of electromagnetic shielding
(EME).

I. Materials and methods

As the main materials colloidal graphite with an
average particle size of 5 um, flake accumulator graphite
GAK-2 with an average particle size of 25-30 um
(manufactured by Zavallivskii Graphite, Ukraine) were
used; lamellar graphite with an average particle size of
70 - 100 um; carbon fibres with particle sizes: diameter
d =7 pum, length 1 = 50-100 um; highly dispersed
carbon black of the N330 brand, graphitized carbon black
of the Pureblack brand (USA); styrene-acrylic emulsion,
dispersant for carbon fillers in aqueous systems and
defoamer based on modified silicone; polyvinyl butyral;
composite carbon nanomaterial type ‘grapheme/
nanotubes" SQG-CNT-90 brand (China).

The following equipment was used to make samples
of polymer composites: laboratory vibrating screen with
multilevel type sieves, with a frequency of 1400
vibrations per minute; laboratory speed mixer up to 5000
rpm with a bowl with a volume of 2 litres and a cutter
with a diameter of 50 mm; frame applicator for coatings
of a given thickness of 0 -2 mm, a step of 1 um, and a
working width of 100 mm. The technology of sample
production includes the following stages: 1)
classification (sieving) of colloidal graphite preparation
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and plate graphite using a vibrating screen, for screening
of graphite particles larger than 40 pm and 100 pm,
respectively; classification of carbon fibres for screening
long fibres and balls larger than 100 pm, which may
impair the homogeneity of the composite; 2) preparation
of soot dispersion: the required amount of water,
dispersant and defoamer is loaded into the high-speed
mixer - the mixture is stirred for 5 min, after which the
required amount of highly dispersed granular soot is
gradually introduced into the resulting solution; 3)
mixing the finished soot dispersion with other carbon
fillers and functional additives for 30-60 minutes to form
a homogeneous state. The viscosity of the paint was
measured and controlled by a viscometer B3-4 GOST
9070-75, the flow time through the calibrated capillary 4
mm should not exceed 100s. Films of composite
materials were formed on an insulating basis from glass
by means of a manual frame applicator at room
temperature, dried under normal conditions for 30 min,
and at a temperature of 55 °C for 60 min. The obtained
films were characterized by a uniform and integral
surface and a thickness of approximately 30 - 60 pm.

The adhesion of the samples to the substrate was
measured by the method of applying lattice incisions
ASTM D3359.

The specific surface electrical resistance was
measured by a standard method of measuring resistance
or conductivity at direct current of conductive materials
in accordance with ASTM D4496.

Standardized methods and equipment in accordance
with ASTM D4935 and IEEE-STD-299 standards were
used to measure the shielding efficiency of thin samples
(up to 2 mm). The essence of the method according to
the ASTM D4935 standard is to use compact TEM-cells
(Transversal ElectroMagnetic Cell). ASTM D4935
standardizes a fairly narrow frequency range: from
30 MHz to 1.5 GHz. This is due to the fact that in TEM-
cells, which have the design described in the standard,
with increasing frequency, various parasitic processes are
observed, which make it impossible to accurately
measure the shielding efficiency. In our paper we used
advanced TEM-cells of KEYCOM Corp. (Japan).

KEYCOM Corp. expanded the frequency range of
measurements to 18 GHz. To study the frequency range
above 18 GHz, studies were performed in accordance
with the IEEE-STD-299 standard. The shielding
efficiency of the samples according to the IEEE-STD-
299 standard is calculated by the difference in signal
level between the antennas. The receiving antenna is
located in the middle of the shielded room opposite the
hole. Shielding efficiency was determined by measuring
the signal with an open hole. and when it is closed by the
test sample.

The measurement according to the US Department
of Defence MIL-STD 461F did not apply to individual
materials, but to the devices as a whole, the inner surface
of which was covered with one or another coating. These
measurements were performed on the appropriate
equipment at the State Enterprise "Ukrmetrteststandard",
Kyiv.
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Table 1
The composition and some properties of the paint samples based on polyvinyl butyral
Component/Parameter Measur_ement Sample Number
unit 1 2 3 4 5 6
Graphite from “Zavalivskii Graphite”, UA wt.% 80 - 60 | 60 | 50 | 50
PUREBLACK from “Superior Graphite Co.”, USA wt.% - 80 20 | 20 | 17 | 17
Magnetite from KNUTD, UA wt.% - - - - 17 | 17
PVB and solvent wt.% 20 20 20 | 20 | 16 | 16
Layer thickness microns 60 60 60 | 125 | 60 | 125
Sheet resistance Ohms per square | 15333 | 6667 | 400 | 128 | 133 | 24

I1. Results and discussions

At the very beginning of a research, the task was to
improve the first generation of KNUTD paint, developed
on the basis of colloidal graphite, graphitized carbon
black and polyvinyl butyral (PVB) [38]. Scientific
studies have shown a clear synergistic effect when using
a mixture of carbon fillers with different structure and
morphology (in this case - graphite and carbon black),
which leads to a significant increase in shielding
efficiency (SE) than would make a simple arithmetic sum
of SE and each a separate component. The nature of this
synergism can be explained by the fact that the
absorption and reflection of EMR is carried out mainly at
the interface of the particles, the surface area of which
increases when using certain combinations of fillers.
Therefore, the use in the composite of certain
combinations of dissimilar materials with different
structure and morphology of particles, especially
combinations of micro- and nanomaterials, should
provide a sufficient value for practical purposes SE =
-30 dB (equivalent to attenuating the EMR intensity by
1,000 times).

As an electrically conductive micro-material in this
embodiment served as colloidal graphite, as another
nanostructured material - graphitized carbon black, in
which microscopy clearly fixes graphene nano-sized
areas.

Some improvement of shielding properties of the
first generation of paint (up to -30 dB and more) and
adhesion (up to 4-5 points for glass, ceramics, metals,
polar plastics) was achieved due to the following factors:

1) the introduction of an impurity of magnetite,
which partially compensates for the magnetic component
of the electromagnetic wave;

2) replacement of highly dispersed colloidal graphite
with larger, but at the same time much more conductive
graphite GAK-2; this significantly affects the electrical
component of the electromagnetic wave;

3) the use of ultrasonic dispersion of a mixture of
components in an alcohol solution, which contributes to
the disintegration of agglomerated particles, creating a
reliable electrical contact and more uniform mixing of
the components.

It should be noted that despite the introduction into
the mixture of such a poorly conductive component as
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magnetite, due to the optimal content of components and
method of mixing it is possible to obtain samples with
much lower resistance (Ne 5, 6) than without magnetite at
the same thickness (Ne 3, 4) - Table 1.

The paint developed and improved in this way
allowed to solve successfully the problem of
electromagnetic compatibility of thermal imagers with
other electronic equipment (in particular - a radio station)
and to reduce the "visibility" in the radio frequency
range. The coating is easily applied in a thin layer
(150 um) on the inner surface of the body parts of
thermal imagers of complex profile, provides reliable
adhesion and efficiency of EMR shielding. Currently,
more than 3,500 thermal imagers and optical sights of the
ARCHER brand have been manufactured using this
development for the needs of the Armed Forces, the
National Guard and the Border Troops of Ukraine.

In addition, successful tests on the use of composite
paint to cover the components of some radiation
monitoring devices of the ECOTEST brand, in particular,
a multi-purpose dosimeter-radiometer type MKC-UM in
the amount of more than 40 sets.

The state enterprise ‘“Ukrmetrteststandart” (Kyiv)
compared this paint with the nearest foreign analogue —
protective coating # 842 MG Chemicals (Burlington,
Ontario, Canada) based on silver microparticles. As a
result of this comparison, it was concluded that: 1) the
developed protective coating is not inferior to the
Canadian reference sample based on silver particles in
the entire studied frequency range, while having a
significantly lower cost and simplified application
technology; 2) KNUTD protective paint provides
effective internal shielding of electromagnetic radiation
in accordance with the requirements of the standard
MIL - STD 461F of the US Department of Defence in the
investigated during the comparison frequency range from
30 MHz to 1 GHz.

An important characteristic feature of this type of
paint is the use of PVB as a polymeric binder. This
provides a fairly high adhesion of the paint to a wide
range of body polymeric materials, as well as complete
moisture resistance of the paint, as PVB is well soluble in
ethyl and isopropyl alcohols, but not in water. Such
properties are very important when using paint for
electronic  equipment, protective  screens,  ships,
submarines, etc.

It should be noted that due to the full moisture
resistance and adhesion to metals, the paint exhibits
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Table 2
Composition and properties of basic carbon composites based on water-soluble polymer matrix
. Sample Number
Component/Parameter Measurement unit
7 8 9 10

Colloidal graphite wt.% 13 - 26 -
Flake graphite wt.% - 17 - -
Carbon black wt.% 7 9 - -
Carbon fiber wt.% 20 26 - 26
SQG-CNT-90 wt.% - - 9 9
Polymer emulsion and functional additives wt.% 15 15 15 15
Water wt.% 45 33 50 50
Surface resistance Ohms per square 6.3 6.3 16.2
Adhesion to glass points (from 0 to 5 points) 5 5 3

excellent anti-corrosion properties in a wide temperature
range, at least from -30 to +120 °C. Therefore it can find
wide practical application in construction and in a life, in
particular as an anticorrosive covering of pipelines of hot
and cold water supply.

It is clear that for the shielding of internal special and
domestic premises for information protection, protection
of people from EMR, it is desirable to have a water-
soluble paint on a suitable polymer, in particular on the
basis of styrene-acrylic emulsion. Therefore, the main
further efforts were devoted to the development of water-
soluble paint.

The ratio of fillers was selected according to the
structure and morphology of the materials. Carbon Black
and grapheme / nanotubes are characterized by low bulk
density and large specific surface area, so the most
rational, in terms of efficiency of electrophysical
parameters and rheology, will be the dry residue content
of not more than 48 %, and in the case of nanosized
fillers this figure can be reduced to 35 - 30 % (Table 2).

By experimental modelling of composites, the
optimal ratio and combination of carbon materials of
three types was found: carbon fibres, colloidal graphite
and soot in a ratio of approximately 3: 2: 1 mass parts
(composites 7 -8, Table 2), respectively. In such a
composite, carbon fibres form a conductive framework
and act as a reinforcing component: they increase the
strength and hardness of the composite film.

Graphite and carbon black form branched aggregate
structures around the fibres, increasing the number of
phase boundaries, increasing the cohesion and adhesion
of the composite material. The main interaction of
electromagnetic waves with nonmagnetic materials
occurs at the interface and consists of repeated reflection
from the surface of particles in the middle and on the
surface of the composite and the interaction of the
electromagnetic field with the molecular and electronic
structure of such material. with material.

The results of measurements of shielding properties
(in absolute value) of such a composite material are
shown in Fig. 2 for the composite Ne 7.

Figure 2 clearly shows that the composite Ne 7 in the
frequency range of 15-12GHz shows stable

characteristics and provides shielding efficiency of at
least -23 dB, with a sample thickness of 100 um (2
layers). In the frequency range of 12 - 15 GHz (Ku band)
there is a rapid decrease in the magnitude of
electromagnetic losses and the restoration of a linear
nature in the range of 15 - 30 GHz. This effect requires
further study, because it can be caused by both the
features of the device and the interaction
electromagnetic waves with the components of the
composite in this frequency range.

In papers [30, 39, 40] high efficiency of use of
graphene for shielding is noted. However, obtaining thin-
layer coatings in the form of paint using graphene or
nanotubes is very difficult. Therefore, we decided to try
to create a paint using a hybrid composite carbon
nanomaterial SQG-CNT-90.

The material is interesting for use in shielding
composites due to its structure. It is synthesized from
graphene and carbon nanotubes in a certain ratio and
combines the properties of both materials - high
electrical conductivity of graphene and the absorbing
properties of MCNT.

40

30 A

o

0 4

SE, dB

—m— 1 layer
10 4 4

—a— 2 layers

0 .
0

T T

10000 20000 3000

Frequency, MHz

Fig.2. Dependence of shielding efficiency of
composite Ne 7 on the number of applied layers.
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Fig.3. The dependence of the shielding efficiency of
the composite Ne9 on the number of applied layers.

It should be noted that the use of this composite
simplifies the technology of manufacturing the
composite material, because it does not require prior
preparation of the carbon black dispersion and
classification of fibers, as it completely replaces them.
This, in turn, saves material costs and energy costs in the
manufacture of composite material Ne 9. The composite
material Ne9 was also characterized by a lower viscosity
and a lower degree of filling, which is also an important
economic indicator.

The use of graphene / CNT nanocomposite together
with other carbon materials allows to reduce the total
content of carbon materials and significantly improve the
electro-physical properties of film materials (Table 2,
sample Ne 9, Fig. 3). Interestingly, the combination of
graphene / CNT nanocomposite with carbon fibers did
not give the expected results, but the combination of
grapheme / CNT nanocomposite with colloidal graphite
provides a shielding efficiency of -35... -40dB in the
entire frequency range from 30 MHz to 30 GHz at a
thickness of 60 um (2 layers).

Conclusions

The developed coating (paint) based on the non-

aqueous basis (alcohol), ensures the effective shielding at
the level of -30 dB and more in the frequency range at
least from 30 MHz to 30 GHz; excellent adhesion to the
wide range of materials (polar plastics, metals, ceramics,
glass, wood, etc.); full moisture and anticorrosive
resistance and founds a practical application in
electronics, constructions and in a common life.

Composite materials in the form of paint based on
aqueous emulsion of polymers have been developed,
which can provide high shielding efficiency at the level
of -33 ...- 23 dB in the frequency range from 50 MHz to
30 GHz.

During the research, the optimal ratio and
combination of carbon materials of three types was
found: carbon fibers, colloidal graphite and carbon black
in a ratio of approximately 3:2:1 mass parts,
respectively.

A broadband shielding composite material in the
form of a water-based polymer emulsion paint using a
composite carbon nanomaterial has been developed that
can provide high shielding efficiencies of -35... -40 dB
in the frequency range from 50 MHz to at least 30 GHz.

The use of a composite carbon nanomaterial in the
paint coating allows to reduce some economic indicators,
in particular the degree of filling, the number of required
operations in the manufacturing technology, the
manufacturing time of the final composite.
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[.B. Cenuk, f.A. Kypunrs, B.3. bapcykos, O.0O. byrenko, B.I'. XomeHko

Po3podka i 3acToCcyBaHHSI TOHKHUX HIMPOKOIOJOCHUX EKPAHYIOUYHX
KOMITIO3UIIITHUX MaTepialiB

Kuiscokuii Hayionanvhuil ynieepcumem mexuonoeii ma ouzaiiny, Kuis, knutd@knutd.edu.ua

PoGoTa mpucBsueHa po3poOmi eheKTHBHHX KOMIO3WIIHHHX MarepialiB 3 BHKOPHCTAHHSM BYIJICIIEBUX

JlocTiKeHHS eNeKTPOMAarHiTHIX BTpaT NMPOBOAWIN 3a MibKHapoxHumu cragapramu ASTM D4935, IEEE-
STD-299 ta crangaprom Mino6oponu CIIIA MIL- STD 461F.

[IpoanamizoBaHo BIJIMB  TiOPUAHOTO  BYIJIEIIEBOTO  HAHOMaTepialy  «rpadeH/HAaHOTPYOKM»  Ha
eIeKTpOo(i3uUHi BIACTHBOCTI KOMIIO3UIIHHOTO MaTepiaiy. B pesymbpraTi mociikeHs po3pobieHi JabopaTopHi
TEXHOJIOT1] BUTOTOBJICHHS KOMITO3HLIHHUX TOKPHUTTIB y popMi dhapOu Ha BoaHiH 1 HEBOAHIHN (CTMPTOBOT) OCHOBI
3 BUKOPHCTAHHSM BYTJICIIEBUX HAIOBHIOBAYiB Pi3HOI MOPQoIOrii, a TaKo)X MarHeTuTty. ExpaHyrodi BIacTHBOCTI
OLITBIIOCTI CTBOPEHUX KOMITO3HTIB OIIiHEHI B Miama3oHi 4yactoT Bix 50 MI' go 30 I'T.

JlepxxaBHUM MiAIpUEMCTBOM «BceykpalHChKHI IEHTp CTaHZapTH3awii, MeTpoJIorii, cepTUdikarii i 3axucry
IIpaB CIIOKMBAviB» (TYT i Jayi «YKpMeTpTeCTCTaHAapT») MPOBeIeHi MOPIBHSIBHI BUIIPOOYBaHHS PO3po0IIeHOTO
nokputts (hapobu) 3 3axucuum mokputTsiM #842 MG Chemicals (Burlington, Ontario, Canada) Ha ocHOBi
MIKPOYaCTHHOK cpibma. 3poOieHuid BHCHOBOK, IO po3po0ieHe 3aXWUCHE TMOKPUTTS HE MOCTYHAEThCA
KaHAJICbKOMY €TaJIOHHOMY 3pa3Ky B YCbOMY JOCII/PKEHOMY Aiala3oHi YacTOT, MAlOYH IPH LbOMY 3HAYHO HIKYY
co0iBapTICTh 1 CIIPOIIEHY TEXHOJIOTiI0 HAHECEHHS.

[IpoBeneni gociKEeHHS O 3aCTOCYBAaHHIO KOMIO3UTHOI (hapOH I MOKPUTTS CKIAIOBHX JAETallel IesSKUX
MpWIAIiB pajiamiiHoro KoHTpoirw OpeHny Ecotest, 30kpeMa 06araToliibOBOTO JO3UMETPY-PaaiOMETPy THITY
MKC-YM.

Po3po0sieHi KOMIIO3UTH HA HEGOOHIN OCHOSL BKE 3HAWIIIM IMUPOKE MPAKTHYHE 3aCTOCYBAHHS IS
BUpIIICHHS MPOOJIEMH EJIEKTPOHHOI CYyMICHOCTI HIIAXOM HaHeceHHs mapy 150 —200 MkM Ha BHYTpIlIHIO
MTOBEPXHIO TEIUIOBI30piB 1 onTuyHUX npuniiie Operny ARCHER.

Po3po06ieHi KOMITO3UTH Ha 80OHili OCHOGI MOKHA BUKOPUCTOBYBATH Ul BHYTPIIIHE01 OOPOOKH NMPHUMIIIEHb,
npu (OpPMYBaHHI ENEKTPOMATHITHHX €KPaHiB, TOHKHX TPaTI€HTHUX MOKPHUTTIB Al 3aXHCTy JIOJUHU BiJ
€JIEKTPOMAarHITHOTO BHUIIpoMiHIOBaHHS B HBU-iamazowi.

KnrouoBi cioBa: riOpupHuii ByriieneBuii HaHoMartepiasl, IOJIMEpHAa MaTpUIL, eJeKTPOMarHiTHe
€KpaHyBaHHS, IIMPOKOCMYTOBHI €KPaHYIOUUH KOMIIO3UT.
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