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THE EXISTING METHODS AND PROTECTION PRODUCTS ANALYSIS
OF RADIO ELECTRONIC EQUIPMENT FROM THE POWERED
PULMONARY ELECTROMAGNETIC RADIATION EFFECT
OF ULTRASONIC SHORT-TERM PERMEABILITY

The possibilities analysis of the implementing protection radio electronic means from the powerful pulsed electromagnetic
radiation by known methods and existing devices has been carried out. It was determined that at the operation stage of the
radio-electronic means the main method of protection is shielding. But the presence of technological openings, cable entry
channels, defects in enclosures makes it impossible to protect radio electronic devices from powerful pulsed
electromagnetic radiation of ultra short duration by this method. It has been pointed out the need to search for new
technologies that will reduce or completely eliminate the penetration of electromagnetic radiation into the cascades of
radio-electronic means. The concept of the radio-electronic protection means at their use stage is formulated on the basis
of nature-like absorption technologies, reflection and removal of the powerful pulsed electro absorbing and locking
properties of the protective equipment. Nature-like technologies have the advantage of an instantaneous response of the
state of the electronic subsystem to the effects of electromagnetic radiation and, accordingly, an instantaneous change in the
electro physical properties of the solid-state ionized air environment. Thus, an instant change occurs in the reflective,
absorbing and locking properties of the protective equipment. Also, such technologies retain their performance throughout
the entire electronic means life cycle and have the ability to withstand pulsed overload.
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Introduction

It is known that electromagnetic radiation (EMR)
of the ultra-short duration (USD) is capable of disabling
modern radio electronic facilities (REF) by affecting the
sensitive element base. Considering that modern power
generation facilities, communications equipment, con-
trol systems, computer and telecommunication net-
works, life support equipment contain radio-electronic
equipment (REF), the ensuring sustainability task of a
radio-electronic device to the impact of a powerful
pulsed electromagnetic pulse becomes urgent.

The operation of radio electronic, electro technical
and electrical equipment, providing important strategic
military-technical objects, is also associated with the
implementation of the measures to protect them from
the destabilizing effect of the powerful EMR USD. The
REF protection implementation for various purposes is
based on the use of appropriate methods and protection
devices, depending on the parameters of the EMR.

The available domestic and foreign literature anal-
ysis indicates the great interest of scientists to study the
generating powerful electromagnetic radiation processes
EMR [1-4], the use of powerful generators EMR, in-
cluding the one to influence the element base of the
REF. The results that characterize the state of recent
advances in the protection of the REF from the power-
ful EMR are presented in [5—14]. Also, many works are
devoted to traditional methods and means of protecting
radio electronic devices against the effects of micro-
wave radiation [1-3, 15-17]. Recently, there have been
publications devoted to the use of radioisotope tech-
nologies for the radio electronic devices protection
against the effects of powerful electromagnetic radia-
tion, which are nature-like [18-20]. The nature of these
technologies is associated with the use of reflecting and

absorbing properties of plasma, which is the most com-
mon state of matter. It is also associated with the use of
the lightning properties, as a discharge in the air, which,
in the first approximation, can be used to create a highly
conductive state of air in holes, in the slots of shield
cases to protect against the powerful EMR through
breakdown and further removal of the EMR energy.

According to [21, 22], there are distinguished
methods to protect REF from exposure to EMR, whose
classification is shown in Fig. 1.

Let us consider the possibility of applying these
methods to determine the protection concept of a radio
electronic system depending on the stage of the life cycle.

The purpose of the article is to analyses the capa-
bilities of the known methods, means and devices for the
protection of radio electronic devices against the effects
of a pulsed powerful electromagnetic pulse and to deter-
mine the directions for their further development.

Main material

The general principle of the structural protection
method consists in shielding the equipment, choosing
the optimal grounding schemes for each specific case.
The most common ways of practical implementation of
the structural method of protecting a REF from the ef-
fects of electromagnetic radiation are the use of elec-
tromagnetic shields located around the REF and ground-
ing devices, which divert electrical disturbances and
currents to earth.

Shielding [22-25] is understood to mean the localiza-
tion of an electromagnetic field in a certain space by limit-
ing its propagation in all possible ways. The most common
type of screen is a metallic closed shell that prevents the
electromagnetic field from entering the electromagnetic
radiation energy. In addition to its main functional purpose,
the screen acts as an element of the supporting structure
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Methods of protection of REF from the influence of
powerful EMR
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showed that the shape of the screen
has little effect on its effectiveness.
The main factor determining the qual-
ity of the screen is the radio physical properties of the
material and structural features. This makes it possible
to use the simplest screen form when calculating screen
efficiency: sphere, cylinder, plane-parallel sheet, etc.
The effectiveness of shielding is the presence of techno-
logical holes in the screen (input-output devices, venti-
lation), and in the shielded rooms - life support devices
that connect the premises with the external environment.

When designing electromagnetic shields, it is gen-
erally necessary to take into account that at relatively
low frequencies it is more difficult to ensure effective
shielding of the magnetic field component, while shield-
ing the electric component presents no particular diffi-
culty even when using perforated or mesh screens.

A special place among the materials used for
shielding static and quasi static magnetic fields is occu-
pied by amorphous ferro magnets. The magnetic screen
is made of Permalloy-type alloys containing 20% of Fe
atoms and 80% of Ni atoms. High magnetic properties
are achieved by the complex and expensive heat treat-
ment. The magnetic properties of amorphous alloys are
quite high, which allow them to be used as a shielding
material. Shields of amorphous alloys are not sensitive
to shock. They initially have high magnetic permeabil-
ity, which retains its level to frequencies of the order of
hundreds of megahertz. For example, Metschild fabric
from an amorphous Fe40Ni40P14B6 alloy in the form
of a tape 1.5 mm wide and 58 microns thick was used to
shield cables in equipment installed on board a Voyager
class spaceship. The research results showed that the
protective ability of such a fabric reaches 11 dB at a
magnetic field strength of 40 A/m and 24 dB at a field
strength of 200 A/m and a frequency of 60 Hz. These
values exceed the characteristics of similar screens
made of Permalloy-type alloys in 1.5-2 times and do not
change after mechanical stress.

Today it has become possible to create screens of
amorphous alloys with shielding coefficients up to 60

Fig. 1. The main methods of protecting REF from the effects

of powerful electromagnetic radiation

dB for industrial interference and radio frequency range.
Magnetic screens for quasi static fields (Earth's mag-
netic field) have also been developed from amorphous
ferro magnets. Now it is possible to use an amorphous
ferromagnetic micro wire for magnetic shielding of a
small volume.

In addition, in [26], the original manufacturing
techniques of the knitted screening fabric with a smooth
and relief surface and methods for measuring their char-
acteristics are given.

In [27], a method was proposed for protecting on-
board digital computers from the effects of EMR, in
which a method of shielding electrical equipment using
metal grids and continuous thin-walled metal sheets is
also used. The disadvantages of this method are that
when it is used, there are big problems with ensuring
effective shielding of objects through the technological
difficulties of manufacturing screens that have no het-
erogeneity and defects (in particular, the presence of
inputs), which makes it impossible to completely shield
electrical circuits and devices.

In other proposed screens, the disadvantages are
the presence of components (welding, bolted
connections), doors, gaskets, openings, cable glands and
mechanical effects on the screen.

Radar absorbing coatings (RAC) and materials are
widely used to create screens. Despite the wide range of
RACs developed at present, we will analyses their
characteristics with respect to the possibility of using
them to protect the radio electronic equipment (REE)
from the pulsed electromagnetic radiation (EMR).

Radio absorbing coatings and materials (RAM)
as protective materials REF from the exposure to
electromagnetic radiation EMR.

RAC and RAM are designed to reduce the reflec-
tion of electromagnetic radiation inside the shielding
objects, as well as to ensure their electrical sealing [28 -
29].
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is zero. An example of such
coatings is the quarter-wave
absorber EMR. The disadvantages of such coatings are
their narrow band and high dependence of the reflection
coefficient on the angle of the incidence.

The expansion of the working strip can be
achieved as a result of a multi-layer structures use with
a gradual change in the characteristics of the layers. If
the number of layers of the multilayered stepped RAC is
unlimited increased (in practice it's up to 10), then such
a flat layer structure will turn into a gradient type coat-
ing.

For the most effective absorption of microwave
radiation, it is better to use the coatings and materials
with high dielectric and (or) magnetic permeability. The
main physical properties of materials (dielectrics, ferro
electrics, metals and their oxides, semiconductors, fer-
rites), which can be used for use in creating EMR ab-
sorbing structures, are given in [30 - 31].

Gradient type coatings have low reflective proper-
ties in a wide frequency band. However, they are bulky
and the most difficult from the point of view of practical
implementation, which is a disadvantage. Geometrically
in-homogeneous RAM may have a different shape: saw-
like, cone-like, pyramidal. In gradient coatings the co-
ordination with free space is due to the gradual changes
in the properties of the absorbing medium based on the
use of the constant parameters layers set. The advan-
tages of coatings of this type include a wide working
band with a low reflection coefficient. The disadvan-
tages are their sizes, which significantly exceed the
sizes of planar RAC and RAM.

The existing RAM by the mechanism of absorp-
tion can be divided into two classes:

1. Dielectric materials with low dielectric constant
and high absorption level of electromagnetic energy due
to electrical conductivity.

2. Ferromagnetic materials that provide absorption
of electromagnetic radiation due to magnetic reversal
losses.

The most effective ferromagnetic materials with
magnetic losses. However, it should be noted that de-
spite the great achievements in the field of creating spe-

l

Fig. 2. Classification RAC and RAM

cial absorbing materials based on ferrite, ceramics and
ferrite compounds, it is still not possible to manufacture
an effective absorber of electromagnetic radiation EMR
in a fairly wide wavelength range at different angles of
incidence. Thus, the reflective R of the NZ-31, NZ-41
NZ-51 (Eccosorb) materials as a function of frequency
is shown in [32], showing that the reflection ability of
these coatings, which are 5 ... 8 mm thick, is 20 dB (that
is, no more than 1% of the incident energy is reflected)
is stored only in the frequency band = 250 ... 400 MHz
To extend the frequency range using multi-layer coat-
ings. However, the high proportion of ferromagnetic
materials makes it unacceptable to use them on the fly-
ing aircraft (FA). But in work [33] it is noted that Rus-
sian specialists managed to create the world's first pro-
tective material of small specific gravity (only
0.2 kg/m?) and with high absorbing properties. The ma-
terial protects them from electromagnetic radiation
EMR in the range from 0.5 GHz to 50 GHz, and also
reduces the level of electromagnetic exposure by up to
10-30 dB (radiation reflected from the material) and up
to 100 dB (radiation passed for the material).

Ferrite fabric has the highest flexibility, which al-
lows it to cover almost everything. The material can be
used in the temperature range from - 50 to +110 degrees
Celsius. At present, the production of linen size 500 by
500 millimeters.

To expand the frequency range while ensuring
high efficiency of absorption of electromagnetic waves,
composite materials with various kinds of inclusions
and the so-called artificial media [34 - 45], whose work
is based on the principle of scattering and absorption of
electromagnetic radiation EMR at resonant frequencies
determined by the size of inclusions . So, to create ef-
fective RACs, the possibility of using chiral and perco-
lation materials related to the composite materials [46 -
47] is being investigated.

Chiral environment is an isotropic dielectric, in
which mirror-asymmetric elements are randomly dis-
tributed. Percolation materials use disordered mixtures
of high and low conductive particles. At a certain criti-
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cal concentration of highly conductive particles, which
is called the percolation threshold, a metal-insulator
transition is observed in such an environment [48].

Percolation environment have abnormally high di-
electric constant. Conductivity is characterized by
anomalous non linearity. By changing the conductivity,
size and concentration of conductive inclusions, it is
possible to vary the capacitive and inductive properties
of percolation clusters and, therefore, create materials
with the necessary electro-physical properties, including
those that have low-reflective properties. An example of
coatings made from such materials are coatings that use
a powder consisting of miniature ceramic medium coat-
ed with metal [42, 46]. The diameter of the ceramic me-
dium is in the range of 5 ... 75 microns. When using
such powder as an impurity to the paint, its cost lies
within the range of $ 1-2 per square foot (1 foot =
0.3048 m). At the same time, it increases the paint
weight by just 0.05 pounds per square foot (1 pound =
0.48 kg) to the weight of the paint. It is argued that,
based on the properties of such a powder, coatings can
be created to absorb electromagnetic radiation in the
range 1 ... 100 GHz.

Magnetic granular materials are considered to be
promising. They represent a structural composite in
which ferromagnetic particles with a crystal structure
are placed in a dielectric matrix [49]. One of the advan-
tages of such materials is the ability to easily control
their parameters by changing the concentration of the
component introduced into the composite. In this case,
there is a real possibility of creating an absorbing mate-
rial with a low reflection coefficient of high-frequency
electromagnetic radiation [50]. Dielectric matrices with
ferromagnetic particles included in them are widely
used as absorbers [49], as well as as fillers for wave
guides and resonators in various non-reciprocal micro-
wave engineering devices. In [S1 - 52], it was shown
that in composites based on hexagonal ferrites (HF) and
polymer bonding, the absorption of electromagnetic
radiation EMR occurs due to the natural ferromagnetic
resonance. Such materials are promising to use in the
frequency range 2.6 GHz.

The results of the conducted research allow to con-
clude that RAC and RAM models based on the modi-
fied materials have a high degree of a EMR absorption.

High-temperature superconductors (HTSC), as
protective materials REF from the effects of elec-
tromagnetic radiation EMR.

According to the results of [28 - 29], one of the
ways to protect the REF from the effects of a powerful
EMR USD through the antenna mechanism is protection
based on strip-film structures, made out of high-
temperature superconductors. Protection devices operate
on the basis of the phase transitions use in the transmis-
sion lines of HTSCs, which use the transition from the
superconducting state to the normally conducting state.

The widespread practical use of HTSC in micro-
wave technology is primarily limited by their nonlinear
properties and the need to use liquid nitrogen.

In [53], a device was considered to protect the re-
ceiver (Fig. 3), which consists of a ferrite triple-shoulder
wave guide Y-circulator 1, which switches to where the

antenna 3 is connected to the input of the first arm 2 of
the circulator 1, the absorbing load 5 is connected to the
output of the second arm 4, and the third arm 6 is con-
nected to the receiver 7. Inside the second arm 4, two
parallel plates 8 are installed, made out of a high-
temperature  superconductor, for example, of the
YBa2Cu307 type with a thickness greater than the thick-
ness of the skin layer in this superconductor. The space
between the plates 8, which are adjacent to the walls of
the wave guide shoulder 4, is filled with liquid nitrogen 9,
coming through the pipes 10 from the cryogenic genera-
tor 11 of a closed cycle. The second shoulder 4 in the area
of the plates 8 is placed inside the solenoid 12.

The device for protecting the receiver works as
follows. First, the volume between the plates 8 is filled
with liquid nitrogen 9, coming through the pipes 10
from the cryogenic generator 11 of a closed cycle.

A closed loop reduces the weight of the cooling
system. Under the action of liquid nitrogen 9, the plates
8 become superconducting. When low-power signal
carrying information arrives at the antenna 3, the signal,
in accordance with the principle of the circulator 1,
enters the other arm 4. Since the plates 8 are made out
of HTSCs and are in superconducting states, the
information signal is reflected from them and enters the
third arm 6 and through it to the receiver 7. When the
antenna receives 3 high-power pulsed EMRs that
exceed the power level of the transition of the
superconducting plates to the normal state, this radiation
enters the arm 4 and destroys the superconductivity of
the plates 8, transferring them into a non-
superconducting (normal) state.

Fig. 3. The receiver protective device

Plates 8 will be transparent for a powerful signal,
which along arm 4 enters the absorbing load 5 and does
not fall into the third arm. In addition, the plates 8 with
destroyed superconductivity will also absorb the power
of electromagnetic radiation. Upon the termination of
exposure to high-power radiation, the superconductivity
of the plates 8 is instantly restored and the receiver 7
again operates in normal mode, receiving an
information signal.
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Thus, the receiver is protected automatically when
the superconductivity of the plates 8 is destroyed due to
the energy of the very powerful radiation itself, and the
transition time from the superconducting state to the
normal state and vice versa is no more than 10
seconds. Adjustment of the protective power level is
made by changing the magnitude of the magnetic field
generated by the solenoid 12.

However, despite the simplicity of the protective
device, the physical nature of the transition of the high-
temperature superconductor to the normal state, under
the influence of the microwave signal, has not yet been
fully clarified.

The theoretical estimates show that already at
power levels of the order of 10° W, a process of
penetration into the HTSC film of Abrikosov's vortexes
formed by a microwave field may occur, and therefore
nonlinear effects appear and lower conductivity zones
are formed.

This requires solving a number of problems related
to the study of the basic properties of HTSC
superconductors necessary for the creation of high-
speed micro strip lines (MSL) and co planar lines (CPL)
of transmission lines.

To implement the practical design of the protective
device, it is necessary to conduct additional studies to
optimize the design and topology, as well as the analysis
of thermal processes at different amplitudes and
duration of a parasitic EMR.

Nature-like technologies for creating materials
and environmental protection environments.

In works [1, 18 - 20], it was proposed to use
nature-like technologies that most satisfy the set of
requirements for protection.

The wuse of nature-like (plasma) technologies
introduces a number of new properties to the protection
means compared to the conventional means. The most
important of these are the instantaneous response of the
state of the electronic subsystem, and accordingly, the
change in the electrical properties of a solid-state and
ionized air that determines the reflecting, absorbing and
locking properties of a protective equipment under the
influence of a powerful pulsed electromagnetic radiation
EMR, performance throughout the life cycle of a REF,
and the ability to withstand pulse over voltages .

A number of provisions of the general theory of
radio absorbing materials and coatings, the theory of
electrodynamics of composite materials, the kinetic
theory of plasma, the fundamentals of electrodynamics

of radiation and its interaction with matter, the theory of
gas and plasma breakdown can be used in the study of
individual properties of the plasma protective
equipment. However, the analysis of the known
scientific results in the study of the electrodynamics
plasma medium characteristics showed the presence of
a powerful pulsed EMR, a heterogeneous conductivity
structure of the screen material due to the radioisotope
and hexaferrite elements, the effect of changes in air
pressure on the development of breakdown, the
occurrence of Langmuir oscillations in the protective
screen. This necessitates the development of a powerful
pulsed ultra-wide band fields interaction theory with
solid-state plasma-like materials and weakly ionized air
medium. This will provide an opportunity to evaluate
their response to the rate of rise of current and voltage,
shielding,  reflecting,  absorbing and closing
characteristics in order to determine the possibility of
using plasma technologies to protect the REF electronic
device from high-power pulsed -electromagnetic
radiation EMR without affecting their operation.

Conclusion

Thus, the methods and means of protection
developed to date are not capable of ensuring, by their
characteristics, the necessary effectiveness of the radio
electronic means protection for the following reasons:

- lack of the perfect screens;

- the inability to create or use sealed screens in
relation to EMR,;

- the inability of existing limiters to withstand
pulsed over voltage under the influence of EMR;

- insufficient speed;

- unacceptable weight and size characteristics.

In addition, the use of protection devices antenna
inputs leads to the working signals distortion of the
receiving and transmitting paths due to the appearance
of a heterogeneity in the antenna-feeder path REF.

Based on the analysis and research of existing
methods for protecting REF from the effects of high-
power electromagnetic radiation emission technologies
EMR USD, nature-like technologies, namely,
radioisotope-plasma  technology, are considered
promising.

Such a technology, according to the preliminary
estimates, will ensure compliance with the requirements
for the means of protecting the electronic device REF
from the impulse EMR of the USD along all possible
channels of penetration.
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AHaJIM3 CYLIEeCTBYIOLIHUX METOJ0B U YCTPOMCTB 3a1UThl PAJU031¢KTPOHHBIX CPEACTB
OT BJIMSIHMSI MOLIHOI0 UMIYJ1bCHOI'0 3JIEKTPOMATHUTHOIO MU3JIy4YeHHUs YIbTPAKOPOTKOM AJUTEJIbHOCTH

A. M. Cornukos, M. H. flceuxo, A. b. Tanitopa, A. B. Oukypenko, J[. B. Makctora

IlpoBeneH aHanu3 BO3MOKHOCTEH pealM3alliM 3allUThl PaJMOIEKTPOHHBIX CPEACTB OT MOIIHOTO HMITYJIbCHOIO
3JIEKTPOMArHUTHOIO U3JIy4EHHs U3BECTHBIMU CIIOCOOAMH M CYLIECTBYIOLIMMH YCTPOWCTBAaMH. YCTAaHOBIICHO, YTO Ha OTare
9KCIUTYaTallid PaJUOdIEKTPOHHBIX CPEACTB OCHOBHBIM METOIOM 3allUThl ABIAETCS OKpaHupoBanue. Ho Hannuue
TEXHOJIOTMYEeCKUX OTBEPCTHH, KaHaJIOB KaOelIbHOro BBOAA, AE(PEKTOB B KOpIycax JEJNaeT HEBOSMOKHOM 3alllUTy
PaJMOdJIEKTPOHHOIO YCTPOMCTBA OT MOIIHOIO MMITYJIBCHOTO 3JI€KTPOMArHUTHOIO U3JIYyYeHHUs CBEPXKOPOTKOH JUIMTEIBHOCTH.
OrMmeueHa HEOOXOAMMOCTH IIOMCKA HOBBIX TEXHOJOTHH, KOTOpbIE IO3BOJIIT YMEHBIIUTh WM HOJHOCTBIO HCKIIOYUTH
[IPOHUKHOBEHUE  NICKTPOMATHUTHOIO M3JIy4eHUs B  KackaJbl paJUOdICKTPOHHBIX cpeacTtB. KoHumemmus — cpexncts
PaJMOdIEKTPOHHON 3alUThl HA CTAJMU HX HCIOJIB30BaHUA CHOPMYIHpPOBAHA HAa OCHOBE IIPUPOAOIONOOHBIX TEXHOJIOTHH
TOIJIOIICHUSI, OTPAXEHHS M OTBOJA MOIIHOI'O MMITYJIBCHOTO 3JIEKTPOMarHUTHOTO W3IY4eHHMS 3@ CYET MCIIOJIB30BAHUSA
3NEKTPoaOCOPOUPYIOIMX ¥ 3alUPAOIIUX CBOMCTB 3alMTHOro obOopynoBaHus. IIpupomornonoOHble TEXHOIOIMH HMEIOT
MPEUMYIIIECTBO MTHOBEHHOI'O OTKIIMKA COCTOSHUSI 3JIEKTPOHHOM IOJICHCTEMBI HA BO3IEHCTBHE 3JIEKTPOMAarHUTHOTO M3ITY4EHHS
U, COOTBETCTBEHHO, MTHOBEHHOI'O M3MEHEHHs JJICKTPO(PU3NUECKUX CBOICTB TBEPAOTEIbHOM MOHU3MPOBAHHOH cpexbl. Takum
00pa3oM, IPOMCXOIUT MIHOBEHHOE M3MEHEHHE OTPAXKAIOUIMX, IOIVIOMAMNX ¢ 3alMparoliuX CBOMCTB 3aIllUTHOIO
obopynoBanusa. Kpome Toro, Takue TEXHOIOIMU COXPAHAIOT CBOM XapaKTEPUCTHKH HA MPOTSHKEHHU BCETO KM3HEHHOTO IMKIIA
NIEKTPOHHBIX CPE/ICTB U CHOCOOHBI BBIJIEPKUBATh UMITYJILCHbIE IIEPErPy3KH.

Kamo4ueBble cJ0Ba: METOABI 3alIUTHI OT BO3JICHCTBHSI MOIIIHOT'O QJICKTPOMArHUTHOI'O U3JIY4YC€HUS; PATUOSJICKTPOHHBIC
CpEACTBA; TBEPAOTECIIbHAS IUIa3MEHHAsA Cpea; ra3006pa3Haﬂ IUIa3MEHHas cpeaa, paauon30TOITHAs TEXHOIOIUsL.

AHaJIi3 iCHyI0YMX MeTOIIB i NPHCTPOIB 3aXHCTy PajlioeTeKTPOHHHX 3ac00iB
Bi/l BIVIMBY NOTY/KHOT0 iMITYJIECHOI'O €JIeKTPOMArHiTHOr0 BHIIPOMIHIOBAHHSI yJIbTPAKOPOTKOI TPHBAJIOCTI

O. M. Corsiko, M. M. fIceuko, O. b. Tanmropa, O. B. Oukypenko, JI. B. Makciora

IIpoBeneHo aHanmi3 MOXMUIMBOCTEH peanizalii 3aXWCTy paliOCIeKTPOHHMX 3aco0iB BiJl IOTY)KHOrO IMITyJIbCHOTO
€JICKTPOMArHITHOrO BUIIPOMIHIOBAHHS BIZIOMHMH CIIOCOOaMHM 1 ICHYHOUMMHM HPHCTPOAMM. BcraHoBieHo, mo Ha erami
eKCIuTyaTauii pajioeIeKTPOHHHUX 3ac00iB OCHOBHUM METOJOM 3aXHUCTY € €KpaHyBaHHs. AJle HasBHICTb T€XHOJOIIYHHUX OTBOPIB,
KaHaJliB KaOeIbHOrO BBOMY, NE(EKTIB B KOPIyCaX YHEMOXIIMBIIIOE 3aXHCT PaJliOCIEKTPOHHOIO IPHUCTPOIO Bifl MOTYKHOIO
IMITYJIbCHOTO €JIeKTPOMAarHiTHOrO0 BHIIPOMIHIOBAaHHS YJIBTPAKOPOTKOI TpHUBAJOCTi. BimMiueHa HEOOXiZHICTH MHOLIYKY HOBHX
TEXHOJOriH, sIKi J03BOJATH 3MEHIUUTH a00 IOBHICTIO BMKJIIOUUTH IPOHUKHEHHS €JIE€KTPOMAarHiTHOIO BHIIPOMIHIOBaHHA B
Kackalyl pajioesleKTpoHHuX 3aco0iB. Konenuis 3aco0iB  paioeneKTpoHHOro 3axMCTy Ha crajuii iX BHMKOPHCTAaHHS
copMylibOBaHa Ha OCHOBI IPUPOAONOJIOHMX TEXHOJIOTIH IOIJIMHAHHS, BIXOWTTS 1 BIJBENEHHS IOTY)XHOTO IMITYJIBCHOTO
€JICKTPOMArHITHOrO BUIIPOMIHIOBAHHSA 3a pPaxyHOK BHKOPHCTaHHS €JEeKTpoaOCcOpOyUNX 1 3aMHKAIOUUX BJIACTHBOCTEH
3axucHoro obnagHanHs. [IpuponononioHi TeXHOIOril MatoTh NepeBary MUTTEBOTO BIITYKYy CTaHy €JIEKTPOHHOI MiJICHCTEMH Ha
BIUIMB €JICKTPOMAarHiTHOIO BUIIPOMIHIOBAHHS i, BIANOBIJHO, MUTTEBOI 3MiHM €IEKTPO(I3NUHUX BJIACTHBOCTEH TBEPAOTIIBHOIO
10HI30BaHOro cepeloBullld. TakUM 4YHMHOM, BifOyBa€TbCs MUTTEBA 3MiHA BiJOMBAIOYMX, MOIVIMHAIOYMX 1 3aMHKAIO4MX
BJIaCTUBOCTEH 3axucHoro obnamgHanHa. Kpim Toro, Taki TexHomorii 30epiratrorb CBOI XapaKTEPHCTUKH IPOTSIOM YCbOI'O
AKUTTEBOTO LIUKITY €JIEKTPOHHUX 3ac00iB 1 3/aTHI BUTPHUMYBATH IMITy/IbCHI II€PEBaHTaXKEHHS.

Karo4doBi cioBa: Merony 3axXuCTy BiJl BIUIMBY HOTYXKHOTO €JIE€KTPOMAarHiTHOrO BHUIIPOMIHIOBaHHS; Pa/liOeIeKTPOHHI
3aco0u; TBEpAOTIIbHE IIa3MOBE CEPEIOBUILIE; Ta30I0/1i0HE IIa3MOBE CEPEIOBHIIE; PaIioi30TOIHA TEXHOJIOT 15
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