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The conceptual principles of designing structures and materials are developed for simultaneous
shielding of electromagnetic and acoustic fields of wide frequency ranges. Resonance-type
shielding structures consist of two panels, one of which is perforated. A model to calculate main
designing performances of the protective structures is presented depending on the predominant
amplitudes and frequencies of the fields. Young's modulus, shear modulus, and Poisson's ratio are
determined for metal-polymer materials, and the shielding efficiency of protective structures is
given depending on composition of the materials in use.
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1. Introduction

The electromagnetic and acoustic environment inside modern industrial and
educational premises is determined by the influence of numerous sources of
electromagnetic and noise radiation. Both factors are characterized by wide and
diverse spectra with complex amplitude-frequency characteristics.At the same
time, the existing measures and means of protection (for example,
electromagnetic and acoustic screens) are mainly designed to reduce the levels of
electromagnetic fields of single frequency range or band, acousticfields—for
sound frequencies to which the human hearing organs are mostly sensitive, and
the normative protection limits are the strictest (68 kHz).But the
electromagnetic environment consists mainly of ultra-low frequency
electromagnetic fields of 50 Hz. and fields of ultra-high and higher frequencies -
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1.8-5.1 GHz —the frequencies of wireless communication of all types. The
principles of creating protective screens for low and high frequencies are
different. The same approach is applied to sound waves of low and high
frequencies. Therefore, there are no sufficiently effective protective materials for
shielding fields of wide frequency ranges. There are practically no materials that
can be used for simultaneous shielding of electric and acoustic fields.
Availableinformational sources do not provide mechanical properties of the
existing protective materials creating the problems regarding their practical
correct application. There are many production conditions require theurgent use
of simultaneous shielding of both fields in single location. For example, these are
medical and educational institutions, dispatch centers of the transport and energy
industries, etc. This determines the need for research on the development of the
principles of designing the shielding structures for protection against
electromagnetic and acoustic fields of a wide frequency range.

2. An overview of literary sources

The greatest attention in the field of protection against physical
fieldsinenvironment of anthropogenic origin is paid to the development of
materials and structures for shielding electromagnetic fields. References [1, 2]
show that traditional metal screens and screens made of amorphous alloys
provide high reflection coefficients of the electromagnetic waves, which is
undesirable condition in many practical cases.

In recent years, most of the research concerns the development of composite
protective materials. They are mainly aimed at shielding electromagnetic fields
of ultra-high and higher frequencies [3-5]. Due to their good shielding
properties, these materials have a high cost, which is unacceptable for wide
application.In addition, their elastic moduli were not investigated. Besides,
such materials are practically ineffective in the low-frequency range of the
electromagnetic spectrum. The study [6] shows the possibility of shielding the
industrial frequency magnetic field and the ultra-high frequency
electromagnetic field by use of nanoalloys. But the cost of such material
(based on magnetic fluid) is very high.The results of shielding of high-
frequency electromagnetic and low-frequency magnetic fields by regular metal
structures are presented in studies [7, 8]. Due to them, under certain
conditions, metal structures can be used with the provision of the necessary
parameters.

Almost no attention is paid to the design of acoustic screens and materials for
protection against noise. Part of the research concerns noise reduction with the
use of plants [9]. But such protection is unacceptable for industrial enterprises, in
particular for shielding of the equipment and premises. Existing noise-absorbing
structures have arbitrary, unsubstantiated dimensions and surface perforations,
although these parameters can be calculated depending on the acoustic
environment.A calculation algorithm is given in [10] regarding the connection of
the shielding coefficients of magnetic and electromagnetic fields with the sizes
of the holes on the metal surface. It is advisable to determine the possibilities of
using such surfaces for noise protection. The analysis of the results presented in
[10] on the development of materials for simultaneous protection against
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electromagnetic and acoustic measurements shows that with acceptable
indicators in most frequency ranges of both fields, the noise reduction indices in
the low-frequency band are unsatisfactory. Therefore, creating shielding
structures effective in wide frequency ranges is an urgent task.

The purpose of the work is to develop general principles and provide a
calculation tool for designing the shielding structures for simultaneous
protection from electromagnetic and acoustic fields of wide frequency ranges
with the possibility of protective structures with the required characteristics.

3. Presentation of the main material

Analysis of approaches to the development of protective structures for
shielding from physical fields and providing simultaneous protection from
electromagnetic and acoustic impacts in wide frequency ranges showed that
the most promising structures are the heterogeneous screens - perforated
surfaces with holes of certain sizes and certain distances between them.Such
designs may function for different fields according to different principles.
Diffraction phenomena are critical for electromagnetic fields, resonance
phenomena - for acoustic fields at low frequencies. High-frequency sound
absorption is not a problem due to the possibility of using any absorbing
porous material in the constructions.

Conductivity and magnetic properties of the material are critical parameters
for shielding ultra-low frequency electromagnetic fields. For the shielding of
sound waves, the effectiveness depends on the elastic modules and geometric
characteristics of the structure. Therefore, the most acceptable is a
ferromagnetic sheet material, for example, electrical steel.This material
completely shields the electric component of the ultra-low frequency
electromagnetic field, and the relative magnetic permeability of up to 200
provides shielding of the magnetic component. The presence of holes reduces
the shielding coefficients, but they are necessary for shielding electromagnetic
fields of ultrahigh and lower frequencies with small reflection coefficients.

The calculation of the efficiency of a flat screen for shielding stationary and
quasi-stationary magnetic fields is based on the comparison of the values of
the scalar magnetic potentials Uy, in front of the protective surface and behind

it. Proceeding from the fundamental relations H =—gradU,, and ViU y =0
and considering a single hole of radius 7, at a distance » from the source, the
solution of the equations with respect to U,,; and U,,, (potentials in front of
and behind the surface) in polar coordinates gives the relation:
Uy = HoyrsinOsing +sin @ 5 C,r"'P,(cosh),
n=1,3
r>n, 0<0<x/2,
Upy =—sing OEO: C,r "' P, (cos0),
n=1,3
r2r0.7z'/2<9<7z',
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where P,(cos@) — the Legendre polynomial; C, — constants of integration

(amplitude values of spatial harmonics of the field).

The solution of these equations can be combined into one for the outer
domain. Under the condition of continuity of the tangential and normal
components of the magnetic field intensity on the surface of the spherical zone
of the hole (r=ry) a system of equations is obtainedfor determining the
constants of integration, and from them - a ratio for determining the potentials
Uy and Uy, .

The shielding coefficient of a flat screen with a round hole can be

represented as:
_1 0,5(}’1—])
K, z—UMl =— sin0+(£) OZO: —( ) (ri)”pn(cosg) X
UM2 T n=13 n(n+2) r

0.5(n-1) -1
{(2) 5 L&)“”&(ws@)} .
Topmiz n(n+2) r
The complexity of this expression is imaginary due to the fact that the
shielding coefficient at a large distance from the hole (r>>r)) is of practical
interest, so all terms of the series except the first can be discardedup to the
following case:

-1
K, =[1-/3m)(n /) ][ B3m) 0 /)|

The shielding factor is a function of the dimensions. Its value in advance is
very high even for »/ry=10. At the same time, it should be taken into account
that for high-frequency fields the size of the holes should be small compared to
the wavelength. Therefore, to evaluate the impact of holes on the shielding
coefficients at ultra-low frequency magnetic fields, it is advisable to use
simplified ratios.

For a single hole

Kg =0,25(5,/S,)"
where S, - the area of the screen, S, - the area of the hole.
In the presence of n holes

-1
K =(211/1<61J .

For high-frequency electromagnetic fields, it is advisable to determine the
parameters of the holes based on the theory of waveguides. Despite the
complexity of the mathematical apparatus, the final relations are very simple
and acceptable for practical use. Any hole in a solid plane can be considered as
a waveguide, the length of which is the thickness of the wall. All waveguides
are characterized by a so-called cutoff frequency, i.e. the minimum frequency
of the field propagated by the waveguide:

f.=(1,75-10%)/d (Hz),
where d - hole diameter.
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The screen thickness the can be chosen based on the needs of protection
against high-frequency electromagnetic fields, and protection against ultra-
low-frequency fields (at least for the fields of common sources) is practically
independent of this parameter, but depends on the magnetic properties of the
material. The screen thickness is actually the length of the waveguide.

The field energy loss does not depend entirely on the cutoff frequency. The
field with frequencies lower than the cut-off frequency partially penetrates
beyond the opening. In this case, the opening is a so-called extra-boundary
waveguide. The energy absorption coefficient of such waveguides is
determined by the ratio:

K, =32a/d (dB),

where a - the thickness of the screen, d - the diameter of the hole.

The above holds true for a single round hole, provided the rest of the screen
area is solid. For a large number of holes, it is necessary to enter correction
factors that take into account the large number of holes. The correction factor
K is defined as:

K, =101g(Sn) (dB),

where S; - the area of one hole, n - the number of holes per unit area of the

screen.
The product S;n corresponds to the fraction in relative units of the area of

the holes per unit area of the screen. This reflects its physical meaning,
namely, a decrease in shielding efficiency with an increase in the total area of
the holes, since S;n<l. That is, the total absorption coefficient K. is

determined by:
K.=K,-K,.

It should be noted that all of the above applies only to the far zone of the
electromagnetic field.

The next step is to determine the predicted degree of protection of the
structure against the influence of noise.

Calculations regarding the parameters of the external panel are aimed at
determining its parameters, based on the frequency of low-frequency sound or
infrasound of the predominant amplitude.

They are based on the Bekeshi panel calculation method. The maximum
absorption is achieved at the resonant frequency, which is the frequency of the

predominant amplitude:
K | F
=2 Hz),
Jr 21\ pba (tz)

where K - the order of the resonance frequency (K=1, 2, 3...), F - the tension
force of the panel, p - the density of the panel material, /, b, a - the length,
width and thickness of the panel.

For K=1, the resonance frequency is minimal, and the panel is effective for
all frequency’s multiples of the minimum.
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The internal, perforated panel is also calculated as resonant, but the
presence of holes significantly reduces the Q-factor of the oscillating system
(panel), i.e. makes it effective in a wide band of low-frequency oscillations:

fr =2 =S (Ha),
27 o€ h

where v - the speed of sound in air, S - the area of the holes, a, - the effective
thickness of the panel, Ao =a+ 0,5v7S , a - the thickness of the sheet, / - the

distance of the panels from the mounting surface, ¢ - the distance between the
centers of the holes.

The space between two resonant panels is filled with a noise-absorbing
material that is effective for the sound of medium and high frequencies. It is
shown in [11] that granulated polystyrene has such necessary properties. And
covered with the metal-containing substance it may reduce the level of
electromagnetic fields.

As can be seen from the given ratios, the effectiveness of shielding panels
depends on the geometric characteristics. This is especially critical for
absorbing low-frequency sound. In many cases, large indices of low-frequency
sound reduction (or total absorption) are not required. For this case, a
composite metal-polymer facing material in the form of tiles was developed,
designed for simultaneous shielding of electromagnetic and acoustic fields.

The material was made on the basis of latex (matrix) and finely dispersed
magnetite (average size — 12 mm). Latex was produced in the form of
pinolatex (with the addition of synthetic oleic acid — 1.1-1.7%). With a
magnetite content of 45-60% by weight (11-12% by volume), the shielding
coefficients of the industrial frequency magnetic field were 2.8-7.2, of the
2.45 GHz electromagnetic field — 5.8—-8.4 sample thickness - 10 mm.

The results of noise reduction measurements are shown in Table 1.

Table 1
Reduction of noise levels in octave frequency bands

Octave Noise reduction indices, dB

frequency
bands, Hz 31,5 | 63 | 125|250 | 500 | 1K | 2K | 4K | 8K | 16K

Pinolatex | g | 56 | 27 | 28 | 37 | 44 | 41 |43 | 44| 32
10 mm

As can be seen from the obtained data, in the low-frequency range of the
sound spectrum, the noise reduction is 8-28 dB, which is satisfactorily
compared to known materials.

The main problem in the process of designing structures from composite
materials is the lack of reference data on their physical properties. Therefore,
tests were performed on the values of the elastic moduli of the developed
composite.
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It was established that Young modulus (E) is 10—12 GPa, shear modulus
(G) is 4.0-4.2 GPa, Poisson ratios are 0.43-0.45, and average densities are
1770-1980 kg/m’.

Comparing these data with the parameters of polymers used for noise
protection in civil aviation, it can be concluded that the coefficients of the
protective composite are practically not inferior to the standard ones, and the
developed material is sufficiently technological.

But in the process of designing structures for simultaneous shielding of the
electromagnetic and acoustic fields, the problem of optimizing the design
parameters - panel thicknesses, diameters, and distances between holes - arises.
It is obvious that the real optimization of the parameters is a separate difficult
task.

Therefore, it is advisable to consider the possibility of certain rationalization
of these parameters. It is expedient to do this based on the priority of
protection against each factor and predominant frequencies or frequency bands
of the electromagnetic field or acoustic noise. This approach is implemented
according to a certain algorithm.

At the first stage, measurements of the spectra of electromagnetic and
acoustic fields are used to detect the frequencies of the largest amplitudes. At
the same time, applying a standard definition of sound levels in octave and
third-octave frequency bands is not entirely informative. Accurate
determination of dominant frequencies is possible using a microphone
connected to the line input of a computer and processing the signals using
software Spectrogram for acoustic spectrum analysis.

At the second stage, the levels of electromagnetic fields and noise are
compared with the normative limits at specified frequencies or frequency
bands. Based on the received data, a priority is chosen to reduce the levels of
electromagnetic or acoustic fields of the specified parameters.

At the third stage, the required efficiency of protection against the main
factor and the efficiency of protection against the influence of the secondary
factor are calculated. If some parameter is unsatisfactory, a compromise option
should be chosen.

The experience of calculations regarding the effectiveness of heterogeneous
screens shows that this process is laborious and requires a lot of time. Therefore,
a promising direction of work in this field is the creation of application software
for automating this process. In the presence of such a package, there is no
urgency to solve the problem of optimizing the parameters of shielding panels.
Determining acceptable values is possible by the iterative method with fixation
of parameters that are impossible or impractical to change.

4. Conclusions

1. In many cases, there is a need for simultaneous shielding of
electromagnetic and acoustic fields. This cannot be realized with traditional
coatings in full due to the difficulties of reducing low-frequency sound levels
with sound-absorbing materials and the various requirements for protective
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materials that shield ultra-low-frequency electromagnetic fields and ultra-high
and higher frequency fields.

2. A two-layer protective structure is proposed and investigated, the outer
panel of which is solid and the inner is perforated. All panels work on the
resonance principle with respect to acoustic waves and based on the cut-off
frequency of the high-frequency electromagnetic field.

3. An easy-to-use calculator is provided, which allows determining the main
parameters of the panels, based on the amplitudes of the predominant sound
frequencies and electromagnetic fields. Calculations regarding the necessary
shielding coefficients are carried out on a priority basis, based on the
predominant influence of one or the other physical factor and the predominant
frequency or frequency band (octave or third-octave). The need to develop
application software to simplify the process of designing protective structures
is substantiated.

4. The elastic moduli of the developed composite material for simultaneous
shielding of electromagnetic and acoustic fields (Young's modulus, shear
modulus, Poisson's ratio) were measured. It was established that in terms of
mechanical properties, the material is not inferior to standard polymers, and
the presence of a shielding filler and structural inhomogeneities does not
reduce the manufacturability of its use.
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I'nuea B.A., 3anopoaiceys O. L, Jleguenxo JI.0., bypoeiina H.b., Hazapenxo B.1.
METOJOJIOTTYHI 3ACAJIM PO3POBJEHHS 3AXWCHHUX KOHCTPYKIIA JJ
EKPAHYBAHHS EJIEKTPOMATHITHUX TA AKYCTUYHUX ITIOJIIB

VY GaraThOX BHIAAKax MOTPIOHMI OZHOYACHHH 3aXUCT BiJ BIUIMBY EIEKTPOMArHITHHX Ta
AKyCTHYHHX IIOJiB LIMPOKMX YacTOTHHX niamasoHiB. CkiIaaHicTh Takoi3amaui moisrae y
HEMOXJIMBOCTI ~ CYTTEBOTO 3HIDKCHHsS PIBHIB  HH3bKOYACTOTHOTO 3BYKY TPaAML{iHHUMU
3BYKOIOIJIMHAHHS MaTepiajaMy, a TaKkOX PI3HUMH BHMOIaMH [0 MaTepialiB, sIKi eKpaHyITb
HHM3bKOYAaCTOTHI Ta BHCOKOYACTOTHI €JIEKTPOMATHITHI IOJs1. 3alpOIOHOBAHO PO3B’SI3aHHS i€l
3a7a4i 3a paxyHOK CTBOPCHHs [BOIIAPOBOi KOHCTPYKIi, JHUIbOBA MOBEPXHS SKOi CyIiJbHA, a
BHYTpIlIHs nepdopoBana. JInnpoBa maHenb MoXke OyTH BHKOHAaHA 3 HEHPOBIJHOrO Marepiamy.
Bona € BapianToM maHeni bekemi 1 mpu3HaueHa, B OCHOBHOMY, ULl 3HIDKCHHS DIBHS
HHM3bKOYaCTOTHOIO 3BYKY IEBHOI 4acTOTH 3 BHCOKOW amiutiTygoro. Ilepdopauis BHYTpimHbBOI
(MeTasneBoi) maHeni OOMpPAEThCs, BUXOISYM 3 HEOOXITHOCTI 3a0e3MEUeHHS eKpPaHyBaHHS
CNIEKTPOMArHITHUX Ta AaKyCTHYHHX IOJIB @EeBHMX dacToT abo cmyr dacror. Hanmano
PO3paxyHKOBHH amapaT 3 pO3paxyHKy HEOOXiIHHX MapamerpiB maHenedl (MiHiAHI po3MipH,
TOBILMHA, JiaMeTPU OTBOPIB, IX KUIBKICTh Ha OAMHHMIO IUIOWI MOBepxHi). [Ipomixox Mix
IMaHeIsIMA LlOl.liJ'IbHO 3allOBHIOBATHU 3BYKOIIOTJIMHAJIBHUM MaTepiaHOM, HallpUuKiald, rpaHyJIbOBaAaHUM
HiHomoJicTUposioM. Bin 3a0e3nedye MOrIMHAHHI 3BYKY CEpeAHIX Ta BUCOKHMX 4acTOT i POOHTH
KOHCTPYKIIIO IIHPOKOCMYTOBOIO. 3aCTOCYBaHHS ()epOMarHiTHOro Marepiany BHYTPIiLIHbOI maHem
3a0e3neuye 3aXHCT Bil MarHiTHOI CKJIaJOBOi €IEKTPOMArHITHOIO MOJS HAJHHU3bKOI 4acToTH (B
OCHOBHOMY — TpomHuciioBoi). ITepdopaliist maHesi po3paxoByeThCsl, BAXOASAYH 3 TEOPil XBHICBOIIB
€NIEKTPOMArHITHUX XBHWJIb BHUCOKOI yacToTH. HaBemeHo pe3ynbraTH BHIPOOYBaHb €(EKTUBHOCTI
O0JIMIIIOBAIBHOTO METAJIONOJIIMEPHOr0 Marepiany y BUIIIiAl MToK. EdexTuBHicTs MaTepiany €
33/I0BUIBHOIO Ui OLNBINIOCTI BHPOOHHYMX Ta MOOYTOBHX YMOB. Bu3HaueHHs MeXaHIYHHX
BJIaCTUBOCTEH Marepiany (Mmoxaynst FOura, Momyiist 3cyBy Ta koediuienTta I[TyaccoHa) mokasaim, 1o
BiH HE IOCTYIIA€ThCSA BiZIOMHM MaTepiajaM HaBiTh 3a BEJIMKOIO BMICTY €KpaHyruoi CyOCTaHIl.
Jlnst panionanizarnii mpoeKTyBaHHs KOHCTPYKLIl Ha OCHOBI HATYPHUX BHMIPIB €IEKTPOMArHiTHOrO
Ta aKyCTHYHOIO CIIEKTPIB OOMPAEThCS NPIOPUTETHHH YMHHUK Ta YacTOTH (CMYTH 4YacroT).
Ioka3aHo, 110 PO3paXyHKH MarOTh BEIHMKi 0OCSTH, a pO3B'A3aHHS 3aJad ONTHUMI3aLil 10 JBOM
YUHHUKAM HE 3aBXKIH MOXJIMBE. JlOLigbHEe CTBOPEHHS MPHKIAJHOIO MPOrPAMHOr0 3a0e3IedCHHS
JULSL CIIPOLUEHHS IPOLIECY IPOEKTYBAHHS 3aXMCHHX KOHCTPYKLIH Ta paiioHami3awuil mapamerpis
HaHenel Ha NPUHIUIIAX PO3YMHOI JOCTaTHOCTI.

Kiao4oBi cj1oBa: eJeKTpOMArHiTHe TI10Jie, AaKyCTHYHE I[10Jie, HHU3bKOYACTOTHHH 3BYK,
eKpaHyBaHHS, IPY)KHI MOIYJIL.

Glyva V.A., Zaporozhets O.1., Levchenko L.O., Burdeina N.B., Nazarenko V.I.
METHODOLOGICAL FOUNDATIONS PROTECTIVE STRUCTURES DEVELOPMENT
FOR SHIELDING ELECTROMAGNETIC AND ACOUSTIC FIELDS/

In many cases the simultaneous protection against electromagnetic and acoustic fields of wide
frequency ranges is required. The complexity of such a task lies in the impossibility of
significantly reducing low-frequency sound levels with traditional sound-absorbing materials, as
well as the different requirements for materials that shield low-frequency and high-frequency
electromagnetic fields. It is proposed to solve this problem by creating a two-layer structure, the
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front surface of which is solid, and the inner surface is perforated. The front panel can be made of
non-conductive material. It is a variant of the Bekeshi panel and is mainly intended to reduce the
level of low-frequency sound of a certain frequency with high amplitude. The perforation of the
internal (metal) panel is chosen based on the need to provide shielding of electromagnetic and
acoustic fields of certain frequencies or frequency bands. A calculator is provided for calculating
the required panel parameters (linear dimensions, thickness, hole diameters, their number per unit
of surface area). It is advisable to fill the space between the panels with a sound-absorbing
material, for example, granulated polystyrene. It provides sound absorption of medium and high
frequencies and makes the design broadband. The use of ferromagnetic material of the inner panel
provides protection against the magnetic component of the ultra-low frequency electromagnetic
field (mainly industrial). The perforation of the panel is calculated based on the waveguide theory
of high-frequency electromagnetic waves. The results of tests of the effectiveness of facing metal-
polymer material in the form of tiles are presented. The performance of the material is satisfactory
for most industrial and domestic conditions. Determination of the mechanical properties of the
material (Young's modulus, shear modulus and Poisson's ratio) showed that it is not inferior to
known materials even with a large content of shielding substance. In order to rationalize the design
of the structure, a priority factor and frequency (frequency band) is selected on the basis of live
measurements of the electromagnetic and acoustic spectra. It is shown that the calculations have
large volumes, and the solution of two-factor optimization problems is not always possible.
Appropriate creation of application software to simplify the process of designing protective
structures and rationalizing panel parameters based on the principles of reasonable sufficiency.

Keywords: electromagnetic field, acoustic field, low-frequency sound, shielding, elastic
modules.
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I'nuea B.A., 3anopoaceys O. 1., Jlesuenko J1.0., Bypoeina H.b., Hazapenxo B.I. MeTtomonoriuni
3acaad po3po0JIeHHS] 3aXMCHHX KOHCTPYKUil JJisi eKpaHYBAHHSI €JeKTPOMArHiTHHX Ta
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Bum. 110. — C. 245-255. — Aura.

Po3pobneno konyenmyanbHi 3acaou npOeKmy8anHs KOHCMPYKYIl i Mamepianie 05 00HOUACHO20
eKPAHY6AHHS eNeKMPOMASHIMHUX MA AKYCMUYHUX NONIG WUPOKUX HACMOMHUX OIANna30HI6.
Koncmpyxkyii' pe3onancnozo muny ckiadaromscs 3 060X nameneti, 00Ha 3 AKux € nep@hoposanoio.
IIpedcmasneno mamemamuynuii  anapam OJsi NPOEKMYBAHHS  3AXUCHUX KOHCMPYKYIU Y
3an€dCcHOCMi  8I0 NepesadcHux amniaimyo i wacmom. [l MemanononiMepHux Mmamepianie
susHaueni mooyav FOwea, modyav 3cygy ma koegiyienm Ilyaccona, a makodxc HAOAHO
ehekmusHOCmi eKpaHy8anHs NOI6 y 3ANeHCHOCMI 8I0 CKAA0Y Mamepiay.

Tabux. 1. bi6umiorp. 11 Ha3s.
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Glyva V.A., Zaporozhets O.1, Levchenko L.O., Burdeina N.B., Nazarenko V.I. Methodological
Foundations Protective Structures Development for Shielding Electromagnetic and Acoustic
Fields// Strength of Materials and Theory of Structures: Scientific-and-technical collected articles.
—K.: KNUBA. 2023. —Issue 110. — P. 245-255.

The conceptual principles of designing structures and materials are developed for simultaneous
shielding of electromagnetic and acoustic fields of wide frequency ranges. Resonance-type
shielding structures consist of two panels, one of which is perforated. A model to calculate main
designing performances of the protective structures is presented depending on the predominant
amplitudes and frequencies of the fields. Young's modulus, shear modulus, and Poisson's ratio are
determined for metal-polymer materials, and the shielding efficiency of protective structures is
given depending on composition of the materials in use.

Tabl. 1. Ref. 11
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