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Acoustic-electrical testing of defects
in the cement-sand and cement-glass model samples

A complex method of acoustic-electrical testing of defects in dielectric samples made from cement-sand and
cement-glass mixtures is discussed. The paper reports the results of studies of changes in the parameters of
electromagnetic responses and their spectra under pulsed deterministic acoustic excitation of model samples
with defects in the form of solid-state inclusions. The results of mathematical calculations of the time varia-
tion in the stress-strain state induced in a defective dielectric. model sample by deterministic acoustic pulse
are presented. The relationship is shown between the parameters of the acoustic excitation and the electro-
magnetic response to the impact in a magnetic field. The study revealed that the specific electrical resistance
of the cement-sand and cement-glass mixtures differs significantly. Excitation of electrical double layers by
acoustic pulses causes an electromagnetic signal, parameters of which depend on the parameters of the acous-
tic impact and acoustic and electrical properties of the material. As a result, a reduced specific electrical re-
sistance of the mixture increases its conductivity. The numerical calculation of the propagation of the deter-
ministic acoustic pulse showed that its parameters change when it passes through a defect with acoustic im-
pedance different from that of the mixture used.

Keywords: non-destructive testing, dielectrics, acoustic impact, electromagnetic radiation, magnetic field,
modeling.

Introduction

At present the increasing number of products is manufactured from solid dielectric materials and
composites. These products are used in various conditions, including extreme ones. Insulators, structural
dielectrics, concrete structures and other practically used dielectrics require regular non-destructive testing
to be environmentally friendly. Early detection of defects in dielectric products is crucial to maintaining
their'mechanical and electric strength. The defects in solid materials and products are detected using well-
proven non-destructive testing methods: ultrasonic, acoustic pulse and acoustic emission; electrical and
electromagnetic; magnetic; X-ray and other methods [1-10]. This variety of non-destructive methods is
not always efficient for testing of dielectric materials and structures. This is due to close values of the
acoustic impedance of the media of the product and the defect during ultrasonic sounding and during
acoustic emission testing of the fracture development; lack of magnetic properties in the majority of com-
posites, including dielectric materials; high X-ray permeability in organic and some inorganic dielectrics,
and dangerous effect of radiation on the operator’s health. Therefore, complex destructive testing methods
should be employed based on well-proven algorithms and newly developed ones. Mechanoelectric or
acoustic-electrical [11-19] conversions in solid-state structures can be successfully used to develop such
complex testing techniques. The acoustic-electrical test uses contact acoustic sounding of the test object
and contactless recording of the electromagnetic response to this impact with further amplitude-frequency
analysis of the electromagnetic signal. External acoustic deterministic pulses or acoustic pulses arising in
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the material during fracture development induced by mechanical load can be used as a source of vibrations
[11, 12]. As a result of this action, charges or electrical double layers at the interfaces of media, inclusions
or blocks, on crack sides or on other structural defects of the dielectric materials emit electromagnetic sig-
nals.

A mathematical and physical rationale for testing dielectric heterogencous materials by electromagnetic
signal parameters is reported in [20]. It is shown that mechanical vibrations induced by a normalized single
impact cause a displacement current. Experimental studies [21, 22] also indicate that the passage of acoustic
waves causes EMS generation, which is associated with vibrations of electrical double layers. In this case,
EMS amplitude-frequency parameters depend on the characteristics of acoustic pulses and the charge state of
the defects in the form of inclusions.

Thus, under an external deterministic acoustic impact, defects in the form of solid inclusions or voids
can be successfully tested with regard to the parameters of electromagnetic responses to this perturbation.
The paper discusses the applicability of the acoustic-electric method of non-destructive testing.for defective
model composite dielectric materials made from cement-sand (CSM) and cement-glass (CGM) mixtures.
Solid materials with acoustic impedance different from the impedance of the used CSM and CGM compo-
sites were used as defects.

Methods of conducting experiments

For experimental studies of the acoustic-electrical conversion samples were made from a cement-sand
and cement-glass mixture with a size of (50x50x95)x10~° m® with artificial solid parallelepiped inclusions of
different size (Fig. 1). The samples were fabricated in accordance with [22]. The moisture content of the
samples did not exceed 1.5 % of the sample weight, the sand grain size was(2.5-8.0)x10—* m, and the size
of glass fractions varied in the range of (1.5-2.5)x10~* m. For EMS'measurements, the side sample surface
of (50%95)x10°° m* was laid out into 15 sites. The width of the EMS measurement sites depended on the size
of the capacitive sensor lobe of the electromagnetic receiver.

A point impact with a ball weighing 8.59x10* kg was applied-to the center of the sample end face with
the area of (50x50)x10°° m®. The materials used as inclusions to simulate defects, are presented in Table 1.
The materials were chosen to have their acoustic impedance and electrical resistivity greater or less than z
and p of CSM or CGM.
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Figure 1. A model sample made from the cement-sand or cement-glass mixture with a solid
rectangular inclusion with a magnetic field of strength A applied to the mixture material-defect contact

Four sizes of the rectangular defects used were (1.0x1.0x1.5)x10° m’, (1.5%1.5x2.0)x10°m’,
(2.0%2.0x3.0)x10°m’, and (2.5%2.5x3.8)x 10 °m’. The axes of the defects were coaxial with the sample axes.
The largest faces of the defects were parallel to the larger surfaces of the model samples. The sand/glass—
cement ratio was two parts to one part by weight, and the water-cement ratio was 0.7. Before pouring the
solution, the inclusions were fixed in the mold in the desired position using an elastic dielectric thread. After
solidification, the samples were stored at (20-22) °C for 28 days. The position of the inclusion in the sample
was monitored by digital radiography using the PerkinElmer XRD 0822 detector [23]. Changes in the elec-
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trical resistance R of the samples were measured at frequencies of (1-100) kHz using an LCR-819
immittance meter [24].

Table 1
Acoustic and electrical parameters of the materials used
Specific gravity Longitudinal Acoustic imped- | Specific electri-
No. Defect material of the material sound speed ance cal resistance

Py, kg/m3 c, m/s z~106, kg/s-m2 p, Ohm'm
1 Cement-sand mixture (CSM) 1900 2765 5.25 38.4x10°
2 Cement-glass mixture (CGM) 1973 3240 6.39 14.7x10°
2 | Plexiglas (PMMA) 1200 2700 3.24 107-10"
3 | Fluoroplastic (PTFE) 2200 1340 2.95 107-10"
4 | Ebonite 1150 2400 2.76 107510
5 | Glass, flint 2500 4560 11.4 10°-10"
6 | Magnetite Ore (75 %) 4150 5870 24.34 10—°-10°
7 | Duralumin, D16T 2700 6400 17.28 2.8x10°
8 | Brass, L59 8500 4600 39.10 6.5x10°
9 Carbon steel 7800 5890 45.94 1.3x10”’

The resistance measurement error was 0.05 %. The specific electrical resistance of the mixtures was
calculated by the formula
RS
_&S 1
P=" (1)
where R is the sample resistance, S is the area of the channel'through which the current flows, L is the chan-
nel length. Graphs of p changes versus frequency for CSMiand CGM are shown in Figure 2. Table 1 presents
the value p, = 38.4x10° Ohm'm, which corresponds to'the frequency of the highest amplitude in the EMS
spectrum. At equal frequency CGM samples exhibit.electrical resistivity p,=14.7x 10° Ohm'm.
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Figure 2. Changes in the specific electrical resistance of CSM and CGM samples

Figure 2 shows that the specific electrical resistance of CSM is lower than that of CGM in the entire
range of the frequencies used. As shown below, this range corresponds to the frequency range of the record-
ing capacitive differential sensor (EDS). The block diagram of the stand used for acoustic excitation and re-
cording of the sample electromagnetic response to this impact is shown in Figure 3. It includes a dynamic
acoustic pulse excitation system AP, a system for receiving and measuring the parameters of electromagnetic
responses EMS. The energy of the acoustic pulse was monitored by measuring the velocity of the impact ball
flight through two optical pairs that consisted of LED and a photodiode. The AP shape was monitored using
a broadband piezoelectric receiver [25]. The measurement data were transmitted from the NI BNC 2120 unit
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[26] or from the Tektronix 2024B oscilloscope to the computer for further amplitude-frequency analysis us-
ing the developed and standard programs.
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Figure 3. Block diagram of the stand for acoustic excitation
of electromagnetic signals in the test model samples

In the dynamic acoustic pulse excitation system, a spring device was used to accelerate the ball. The ball
hit a hardened steel plate 2.5x10~ m thick with an acoustic impédance z and hardness close to z, of the ball,
which was in acoustic contact with the sample. The velocities of the flight and rebound of the ball were deter-
mined using two optical pairs that included a light emitting:diode LED and a photodiode PD installed at a dis-
tance of 5%10 m from each other. The impact excited'an acoustic signal of certain amplitude and time pa-
rameters in the plate. From the plate, the acoustic pulse passed through a layer of mineral oil into the test sam-
ple. Mineral oil was also used to provide the acoustic contact of the sample with a piezoelectric receiver of the
acoustic signals transmitted through the sample: The primary acoustic pulse excited by the ball was close to a
bell-shaped one, and its base duration was 50x10° seconds. Analog signals from the measuring system of the
ball flight were fed to the measuring eight-channel NI BNC-2120 module. After that, the EMS was transmitted
to the computer. The battery pack provided 6V voltage across the LED and PD of the measuring system. The

ball velocity at the moment of impact Vi2 and that of the rebound from the target Vb2 were calculated with re-

gard to the time of the ball flight and the distance between the optoelectronic pairs. The obtained values of the
velocity and the ball mass (m), as well as the approximation of elastic collision of the ball with the grounded
metal plate were used to calculate the acoustic impact energy transmitted to the sample as

_m
exc_E

where £,,. 18 the energy induced in the sample upon ball impact. The energy losses of the acoustic pulse in
the plate were not considered. The spring compression was changed to induce the acoustic impact energy in
the test sample within (8-30)x10~ J. The longitudinal speed of sound was measured with a piezoelectric
emitter using the same stand (Fig. 3).

EDS operating in the range from 1 to 100 kHz was used as a receiver of electromagnetic signals. At the
output of the capacitive sensor, the signal could be amplified 10 or 100 fold. The EDS input sensitivity was
5x10°* V. The size of the receiving plates of the sensor was (0.5x3.0)x10 * m”. During the experiments, the
distance from the surface of the test samples to the nearest plate of the electromagnetic sensor was set within
(1-2)x107 m. The electromagnetic sensor for measuring electromagnetic signals along the entire sample
length was enabled to move along its central axis sequentially over the measurement sites from 0—1 to 14-15
and backwards. The initially set distance between the receiving plate of the electromagnetic sensor and the
sample surface was maintained stable during EMS measurements using the optical stage dials and the control
plate of a given thickness. A special program was used to normalize EMS to the perturbation created by the
ball impact, and the fast Fourier transform (FFT) program was used to perform its spectral analysis.

E (v -v7). )

Cepusa «dusmka». Ne 3(103)/2021 9



A.A. Bespalko, D.D. Dann et al.

Theoretical and experimental research

Numerical and experimental modeling was carried out for testing CSM and CGM model samples, in-
cluding those with rectangular defects. Initially, numerical modeling was performed using the concept of
continuum mechanics for elastic wave propagation in a dielectric sample under excitation by deterministic
acoustic pulses. The computational algorithm for determining the parameters of the stress-strain state (SSS)
of the model sample is based on the relations of the mechanics of the deformed body. In the general case, a
system of equations was used, describing the behavior of a deformable solid in space and includes well-
known equations, continuities, and relations between the components of the total strain rate tensor. In addi-
tion, the calculations employed the constitutive relations that specify the relationship between the compo-
nents of the stress and strain tensors:

o, = f(&), 3)

& =", 4)

where X, is spatial coordinates; o, is stress tensor components; & is total strain tensor components.

The numerical implementation was carried out according to a noncentral difference scheme of the se-
cond order of accuracy with respect to the space and time steps [27]. The'accuracy of the numerical results
was assessed by the internal convergence of the results when changing the parameters of the finite-difference
grid and time integration steps [28]. The boundary conditions were set in accordance with the laboratory ex-
periments. In calculations, the excitation corresponded to the experiment acoustic pulse in shape, amplitude,
and duration. The calculations were performed for the sample (5.0x5.0x9.5)x10°° m’ in size with real elastic
properties. For calculations, the following values <of = CGM properties were set: density
of (1.9-2.3)x10° kg/m’; modulus of elasticity of 4x10'° N/m?; Poisson’s ratio of 0.2; longitudinal wave ve-
locity of 3.2x10° m/s. The calculation was performed for the impact onto the center of the sample end face.
An elastic calculation model was used. The numerical simulation results were visualized using a special
graphics package.

Figure 4 presents the results of modeling the perturbation propagation over the simulated region. The
results were visualized as isosurfaces. At time 5x10° s (Fig. 4a), perturbation propagates over the homoge-
neous region in the form of a hemisphere, which corresponds to the general concepts of the mechanics of
acoustic wave propagation. For clarity, the interaction between the wave front and a carbon steel insert with
sizes of (2.5x2.5x3.8)x10™° m’ ‘was considered. Figure 4b shows how the leading edge of the wave meets a
harder insert and bends it at lateral sides."At the next propagation stage, the wave front moves faster along a
more elastic insert, Figure 4¢:

Figure 4. Propagation of elastic perturbation in the model in time:
a) 5x107%s; b) 10x10°s; ¢) 12x10° s.

Thus, the inserts with elastic properties different from those of the base material change the of the wave
process pattern. Changes in the elasticity modulus and material density produce the greatest effect. For ex-
ample, the ratio of the elasticity moduli of carbon steel and the base material differs more than 10 fold. The
smaller the difference in elasticity moduli, the less sensitive the wave process to inhomogeneities. The sums
of rates were calculated for carbon steel, fluoroplastic, magnetite ore, and glass (flint) defects of various siz-
es. Figure 5 presents the example of the calculated changes in the integral characteristics of the sums of dis-
placement rates in layers of CSM (Fig. 5, a, b, ¢) and CGM (Fig. 5, d, e, f) that are close to 75 % magnetite
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ore defects of sizes: (1.0x1.0x1.5)x10° m’, (2.0x2.0x3.0)x10° m’, (2.5%2.5x3.8)x10°® m’. The figure
shows that the displacement rates change significantly in layers close to defects of different sizes. As report-
ed in [10-22], the parameters of acoustic excitation and electromagnetic response to this type of impact are
uniquely related, therefore, the parameters of the recorded EMS will be close to the changes in the sums of
rates shown in Figure 5.

The calculations in Figure 5 show that an increase in the defect size shifts the spectrum towards the
high-frequency region.
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Figure 5. Calculated integral characteristics'of the sums of displacement rates in layers close
to 75 % magnetite ore defects of different sizes: a, d) (1.0x1.0x1.5)x10 % m’;
b, €) (2.0%2.0x3.0)x10° m’; ¢, f) (2:5x2.5x3.8)%x10 ° m’; a, b, ¢ for CSM; d, e, f for CGM

Further experimental studies were performed for electromagnetic signals and their spectra excited by de-
terministic acoustic pulses in CSM and-CGM samples with steel, carbon steel, fluoroplastic, magnetite ore, and
glass (flint) defects. In the experiments an acoustic pulse was applied to the center of the sample end face, and
the receiving electric sensor was located near the lateral surface at a distance of at least 10”m from the impact
point at a height of 2x10~ m. A-magnetic field was applied to samples with magnetizable defects, which corre-
sponded to strength / = 1.45x10° A/m on the sample surface (Fig. 1). The magnetic field was applied to sam-
ples made from different'model mixtures (CSM and CGM) to reveal its effect on the amplitude of EMS from
magnetizable defects. Previous experiments on the 75 % magnetite ore samples [29] showed that under acous-
tic excitation the applied magnetic field significantly affects the electromagnetic responses.

Initially, the studies> were conducted for CSM and CGM samples with a ferrite magnet defect
(1.0x1.0x1:5)x10"° m® in size without magnetic field and with magnetic field of 1.45x10° A/m applied to the
sample surface. Figure 6 shows electromagnetic signals and their spectra under deterministic acoustic excita-
tion of the CSM sample with a ferrite magnet defect with sizes of (1.0x1.0x1.5)x107° m® without magnetic
field (Fig. 6 a;¢) and with magnetic field of 1.45x10° A/m applied to the sample surface (Fig. 6 c, d). The
figure shows that when magnetic field is applied, the EMS amplitude and spectral components increase by
more than 20 %. That increase was observed in all EMS measurements during excitation with acoustic pulses
with similar acoustic pulse amplitudes. In addition, the figure shows a good correlation between the EMS
spectra in both cases.

Figure 7 shows changes in the EMS amplitude and spectra for CGM samples, which have a lower spe-
cific electrical resistance (Fig. 2) with the defect similar to that in CSM samples. In Figure 7 the EMS ampli-
tude and spectra of CGM samples are significantly lower than the amplitude and spectra of CSM samples.
Moreover, magnetization decreases the amplitudes and spectral components of the signal.
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Figure 6. Electromagnetic signals and their spectra upon deterministic acoustic excitation of CSM
sample with a ferrite magnet defect with sizes of (1.0x1:0x1:5)x10®m’ without magnetic field
(a, ¢) and with magnetic field of 1.45x10° A/m applied to the sample surface (b, d)
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Figure 7. Electromagnetic signals and their spectra upon deterministic acoustic excitation
of the CGM sample with a ferrite magnet defect (1.0x1.0x1.5)x10° m’ in size without magnetic
field (a, c) and with magnetic field of 1.45x10° A/m applied to the sample surface (b, d)

Addition of a 75 % magnetite ore defect in the CSM sample showed that the EMS amplitude and spec-
tra in these samples without magnetic field and with magnetic field applied tend to decrease (Fig. 8) similar
to previous experiments.
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Figure 8. Electromagnetic signals and their spectra upon deterministic.acoustic excitation
of the CSM sample with magnetite defect with s of (1.0x1.0x1.5)%10 ° m’ without magnetic
field (a, c) and with magnetic field of 1.45%10° A/m (b; d) applied to the sample surface

Discussion and conclusions

The study revealed that the specific electrical resistance of the cement-sand p., and cement-glass p.g
mixtures differs significantly (Fig. 2). In addition, the acoustic impedance z of mixtures and defects in the
mixture differs (Table 1). This has a significant effect on the parameters and propagation of deterministic
acoustic pulses in defective samples and on the parameters of the electromagnetic responses excited at the
contact between the sample and the defect materials during acoustic-electrical conversions [19]. Excitation
of electrical double layers (EDL) by acoustic'pulses causes an electromagnetic signal, parameters of which
depend on the parameters of the acoustic impact and acoustic and electrical properties of the material [10—
19]. As a result, a reduced p of the mixture increases its conductivity. In turn, increased conductivity facili-
tates the drainage of the EDL charge generated at the contact between the materials of the mixture and the
defect. Then, the EMS amplitude decreases proportionally under the acoustic impact on the electrical double
layer. In this case, the applied magnetic field leads to the polarization of magnetic dipoles and, therefore, to
the drainage of a weakly fixed EDL charge under the action of Lorentz forces. The results of weakening of
the EMS signal amplitudes-and its frequency components were significant for CGM samples with a ferrite
magnet defect (Fig..7) and insignificant for CSM samples with a 75 % magnetite ore defect (Fig. 8). At the
same time, the.amplitude of EMS and its spectral components in CSM samples with a ferrite magnet in-
creased significantly. This can be attributed to better dielectric properties of CSM as compared to CGM (Ta-
ble 1) and, as'a result, an increased EDL charge.

Thus, the numerical calculation of the propagation of the deterministic acoustic pulse showed that its
parameters change when it passes through a defect with acoustic impedance different from that of the mix-
ture used. The obtained integral characteristics of the sums of the displacement rates in layers close to carbon
steel defects with sizes of (1.0x1.0x1.5)x10° m’, (2.0x2.0x3.0)x10° m’, and (2.5%2.5%x3.8)x10° m’ differ
significantly.

Experimental studies of EMS and its spectral components in CSM and CGM samples showed that sam-
ples with high electrical resistivity show more stable amplitude-frequency characteristics of electromagnetic
signals under similar deterministic acoustic excitation. An increase or retention of EMS characteristics can
also be observed when a magnetic field is applied to defective CSM samples.
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Acoustic-electrical testing of defects...

A.A. becnasibko, J1.JI. Jaun, M.B. Ilerpos, E.K. [lomumiun

LleMeHT-KYM K9He eMeHT-IIbIHbI MO/IeJIbAIK YJTiJepiHiH
aKaybIH aKyCTHKAJBIK-)JIEKTPJIIK TecTiiey

IlemMeHT-KyM >koHE LEMEHT-IUBIHBI KOCHAJAPBIHBIH IMAJIEKTPIIK YITUIEPIHIH aKayJTapblH aKyCTHKAaJIBIK-
JNEKTPIIK TECTUICYMiH KeUIeHAi ofici TankplUianFaH. Makanaia KaTThl Ky#HIeri KOCBUIbICTap TYpiHAEri
aKayjapsl 0ap MOAENBIIK YITUIEPAIH MMIIYJIbCTI JETEPMHHHUPICHICH aKyCTHKalbIK KO3ybl Ke3iHze
ANEKTPOMATHUTTIK Aa0bLIIapAbIH HapaMeTpiiepi MeH OJlap/blH CIIEKTPIICPiHiH 03repyiH 3epTTey HOTHKENepi
KapacThIpbUIAbL. J[eTepMUHUPIICHIeH aKYCTHUKAIBIK HMITYJIBCICH KO3FaH Ke3[e aKayJbl JUJIEKTPIIK
MOZENBAIK YITIHIH KepHeyini-nedopManusuiaHFaH KYHWIHIH = yakKBITTBIK —©3TepyiHIH MaTeMaTHKAaJbIK
ecenTeyepiHiH HoTmKenepi kenTipinren. ChlHaK 00bEKTiCIHIH aKyCTHKAJIBIK KO3y ITapaMeTpJiepi MEH MarHuT
epiciHzieri OCBIHIAN acepre MEKTPOMAarHUTTIK Ta0bLT apachIHAAFbl OalyIaHbIC KOPCeTUIreH. 3epTTey Oaphl-
CBIHJIa [IEMEHT-KYM JXOHE IEMEHT-IIBIHBI KOCTIaJIapBIHEIH AJIEKTPIIK KeJeprici aiiTapiblkTail epeKieneHeTiHi
aHpIKTanael. Koc oaekTp KaOaTTapbIHBIH aKyCTHKAIBIK HMITYJIBCTApBIHBIH KO3YBl AJIEKTPOMArHUTTIK
JaOBbUIIBIH IIBIFAPBUTYbIHA OKEJe/li, OHBIH MapaMeTpliepl akyCTHKAJbIK dcep €Ty HapameTpiepiMeH, CoHaii-
aK MaTepHaJI/IbIH aKyCTHUKAJIBIK XKOHE JJICKTPIIIK KacHeTTepiMeH aHbIKTana bl HoTmxkecinne, erep KOCIaHbIH
MEHIIIKTI KeAeprici asaiThuica, OHAA OHBIH OTKI3TIIUTIM apTajbl, ACTEPMHHHPIICHIEH »aKyCTHUKAJbIK
UMIYJIbCTIH TapaJlyblH CaHIBIK €CenTey MNalilalaHbUIFaH YATiHIH KOCIACHIHBIH KeAEpriciHeH esrele
aKyCTHKAIBIK KeJIeprici 0ap akay aH 6TKEH Ke3/I¢ OHBIH MapaMeTpIiepiHiH 03repyiH KOPCeTTi.

Kinm ces3dep. GepikTik OakpuIay, ANIIEKTPUKTEP, aKyCTHKAJIBIK 9CEp, MICKTPOMATHUTTIK SMHCCHS, MarHUT
epici, MOJICTIBICY.

A.A. becnasibko, J1.JI. Jann, M.B. Ilerpos, E.K. [lomumun

AKYCTHKO-)JIEKTPHYECKOE TeCTUPOBaHHUeE 1e()eKTHOCTH IEMEHTHO-TIeCYaAHbIX

U IIEMEHTHO-CTEKOJIbHBIX MO/IeJIBHBIX 00Pa310B

OOCy>xeH KOMIUIEKCHBI METOJ aKyCTHKO-DJIEKTPHIECKOTO. TECTUPOBAHUS Ae(PEKTHOCTH JUIICKTPHIECKIX
00pa3IoB M3 [[EMEHTHO-NIECYAHOH M IIEMEHTHO-CTEKOJIBHON cMecel. PaccMOTpEeHBI pe3yinbTaThl MCClIeI0Ba-
HHMI U3MEHEHHS NapaMeTPOB SJIEKTPOMATHUTHBIX OTKIMKOB M HX CIIEKTPOB IPH UMITYJIbCHOM JETEPMHHUPO-
BaHHOM aKyCTHYECKOM BO30YXJIEHHH MOJCIBbHBIX 00pa3LoB ¢ JedeKTaMi B BU/E TBEPAOTEIbHBIX BKIIOYE-
Huit. IIpeacTaBneHbl pe3ynbTaThl MaTEMAaTHYECKMX pacyeTOB H3MEHEHHs BO BPEMEHH HaIpSKEHHO-
1e(hOpPMHUPOBAHHOTO COCTOSIHUSA J1()EKTHOTO IMAIEKTPHYECKOT0 MOJIEIBHOI0 00pa3La pH ero Bo30yKACHUH
JETepMUHUPOBAHHBIM aKyCTHYEeCKAM MMIYNbCOM. [IokazaHa CBSI3b apaMeTpoB aKyCTHUECKOTO BO30YXk[e-
HUSI 00BEKTa TECTUPOBAHMS U 3JIEKTPOMArHUTHOTO OTKJIMKA HA Takoe BO3AEHCTBHE B MarHWTHOM moie. B
MpoLEeCcce UCCIENIOBAHUH yCTAHOBIEHO, YTO YAEIbHBIE 3JIEKTPUUECKOE CONPOTUBICHUE LIEMEHTHO-TIECYaHON
W IEMEHTHO-CTEKOJbHONH CMeCel CYMIECTBEHHO OTIMYaeTcs. Bo3OyxneHnme akyCTHUECKHMH HMITYJIbCaMU
JBOIMHBIX 3JIEKTPUUECKHUX CIIOEB MPUBOJUT K U3ITydEHHIO 3JIEKTPOMAarHUTHOTO CUTHAJIA, TTApaMeTPhbl KOTOPOTO
OTIPENIENAIOTCSl TapaMeTpaMu (aKyCTUYIECKOTO BO3/ACHCTBHS, a TaKXKe aKyCTHUECKUMU H SIEKTPUUECKUMH
cBoifcTBaMH Marepuaia. B pe3ymbraTe, €clii yMEHBIIUTH YAEIbHOE COMPOTHUBIECHUE CMECH, TO YBETHUHTCS
ee MPOBOANMOCTh. UMCIIEHHBIH pacyeT pacmpoCTpaHEeHHs IETEPMUHHPOBAHHOTO aKyCTHYECKOTO MMITYJIbCa
TOKa3aJl I3MEHEHHE ero [MapaMeTPOoB IIPU IPOXOXKICHUH Yepe3 Ae(EKT C OTIMIAIONINMCS aKyCTHIECKUM M-
NIeJAaHCOM OT MMII€AaHCa HCIIOJIB3YyeMOH cMecu oOpasia.

Knroueswvie crnosa: Hepaspyma}oumﬁ KOHTPOJIb, AUDJICKTPUKH, aKYCTUICCKOC Bosgeﬁcmne, DJICKTPOMArHuT-
Hag DMUCCHA, MATHUTHOC I10JI€, MOJACIMPOBAaHUEC.
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