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Abstract

An effective type of ultrasonic method is the electromagnetic-acoustic method, especially in determining the quality
of ferromagnetic products. The main factor determining the efficiency of using electromagnetic-acoustic transducers is the
magnitude of the induction of a polarizing magnetic field, which is determined by the source.

The studies carried out in the framework of this activity were aimed at solving the problems of high-quality measuring
testing of metal products from ferromagnetic materials by electromagnetic-acoustic transducers.

The requirements are formulated for a pulsed source of a polarizing magnetic field, inductors, and core as part of
electromagnetic-acoustic transducers. Taking into account the requirements, structural solutions have been proposed for
constructing electromagnetic-acoustic transducers with a flat two-window inductor and a flat high-frequency inductor.

Experimental studies aimed at improving ultrasonic electromagnetic-acoustic transducers with pulsed magnetic field
sources have been performed. The possibility of providing the sensitivity of new transducers with thickness measurement,
measuring control and diagnostics is shown. Technical solutions are proposed that reduce the effect on ultrasonic pulses of
the received Barkhausen noise and coherent interference from the magnetostrictive conversion of electromagnetic energy

into ultrasonic.

The efficiency of using electromagnetic-acoustic transducers with a pulsed polarizing magnetic field is shown for
measuring quality control of ferromagnetic products made by rolling, stamping and the like.

Keywords: ultrasonic waves; electromagnetic-acoustic transducer; impulse magnetization; research material; ferromagnetic;
inductance coil; measurement; testing; diagnostics; thickness measurement.
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Introduction

Ultrasonic methods are widespread in measurements,
control and diagnostic [1]. An effective type of ultrasonic
method is the electromagnetic-acoustic (EMA) method,
including in economic terms [2—3], especially when de-
termining the quality of ferromagnetic rolled, stamped,
forged products. The main factor that determines the
efficiency of using EMA transducers (EMAT) is the in-
duction magnitude of a polarizing magnetic field, which
is formed by a suitable source. Often permanent magnets
are used in EMAT, which leads to the strong attraction
of the transducer to the ferromagnetic product, its wear,
and in the case of portable devices to the difficulty of
scanning the tested object (TO) by the operator, as well
as to the sticking of the ferromagnetic scale, which is
difficult to remove [1, 4—5].

Solving the above problems of the EMA method
of measurement control is possible through using
EMAT pulsed magnetic polarizing field sources [6—S8].
However, when using pulsed magnetic polarizing field
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sources, there are a number of problems that do not
significantly improve the conditions of measurement
control: Barkhausen noise, coherent interference with
the metallic elements of the transducer, etc. [6—8].
Therefore, studies aimed at solving the problems of
quality measurement control of ferromagnetic materials
of electromagnetic-acoustic transducers are relevant.

The aim of the work is to improve the EMAT
for measuring control, thickness measurement and di-
agnostics, equipped with pulsed magnetic polarizing
field sources.

The analysis of publications materials [1, 4, 8§—9]
made it possible to formulate the requirements for a
pulsed polarizing magnetic field source in EMAT. The
inductance coil (IC) of the pulsed polarizing magnetic
field source should have a minimum inductance to ensure
minimum pulse duration of the supply current (reducing
power consumption). For this purpose, it is advisable to
make such coils flat two-window from a whole plate of
highly conductive and heat-conducting material. The core
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Fig. 1. Layout of a pulsed polarizing magnetic field source with a flat two-window inductance coil and a flat HFIC in EMAT

of the pulsed polarizing magnetic field source should not
completely fill the openings of the IC to be U-shaped
and inserted into the windows of the inductance coil.
High-frequency induction coil (HFIC) of EMAT with
their working parts is placed under the windows of the
IC and the ends of the core, which provides excitation
of in-phase ultrasonic pulses of considerable power. A
simplified design of main elements of EMAT, which ful-
fills the requirements above defined, is shown in Fig. 1.

Fig. 1 shows: 1 — flat high-frequency induction
coils; 2 — pulsed polarizing magnetic field source; 3 —
protecting surface; 4 — a hole in the flat HFIC; 5 and
6 — linear work sections of parallel conductors of the
flat HFIC; 7 — flat IC; 8 and 9 — rectangular holes
in the flat IC; 10 — laminated U-shaped ferromagnetic
core; 11 and 12 — end surfaces of ferromagnetic core;
13 — thick liquid; 14 — TO. The arrows in the TO
volume indicate the direction of spreading excited in-
phase linearly polarized shear ultrasonic pulses normal
to the surface of the metal product B is the induction
vector of a polarizing magnetic field, the directions of
which are shown by arrows in the core.

EMAT works as follows. It is placed on the TO
surface 14, so that the protecting surface 3 is adjacent

to the TO surface 14. During the working process, in
flat IC 7 a unipolar pulse of current / in a shape close
to rectangular is generated, Fig. 2a, with an effective
time 7. In rectangular holes 8 and 9 of the flat IC 7,
pulsed magnetic polarizing fields are excited, which
induction vectors B are directed in opposite directions
(shown by arrows) normally to the TO surface 14.

Using a laminated U-shaped ferromagnetic core
10, the induction B of the polarizing magnetic fields
under the end surfaces 11 and 12 of the ferromagnetic
core 10 and, accordingly, in the TO surface layer 14 is
increased several times. Since the sensitivity of EMAT
depends on the induction magnitude of the polarizing
magnetic field as B, it also increases significantly.

Upon completing transient processes in the flat IC 7
from the start of the current pulse /, Fig. 2a shows batch
high-frequency pulse c is excited in the flat HFICI1, Fig.
2b shows its orientation in the linear working sections
of the parallel conductors 5 and 6 of the flat HFIC 1.
Accordingly, in the TO surface layer 14 under the linear
working sections of the parallel conductors 5 and 6 of
the flat HFIC 1 and under the end surfaces 11 and 12 of
the ferromagnetic core 10 is formed by a high-frequency
batch pulse of the electromagnetic field.
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Fig. 2. Time-base sweeps for coil feed currents

The interaction of a polarizing magnetic field
pulse and a high frequency electromagnetic field in the
surface layer OC 14 causes the excitation of ultrasonic
pulses with the same phase, which propagate in the
volume TO 14 normally on its surface. The ultrasonic
pulses reflected from TO 14 are received, for example,
the impulse 4 in Fig. 2b, due to the inverse EMA
transformation, by linear working sections of parallel
conductors 5 and 6 of the flat HFIC1 from the area
of the pulsed polarizing magnetic field created by the
pulsed polarizing magnetic field source 2.

U-shaped ferromagnetic core 10 is laminated, the
choice of core material 10 with a low magnetostriction
coefficient and the orientation of the core plates per-
pendicular to the conductors of linear working sections
5 and 6 of the flat high frequency coil of inductance
1 significantly reduces the amount of interference ex-
cited at the end surfaces 11 and 12 of the ferromag-
netic core 10 due to magnetostrictive transformation.
The interference at the end surfaces 11 and 12 of the
ferromagnetic core 10 due to the Barkhausen effect
is suppressed by filling the gaps between the plates
of the mixed core 10 with a viscous fluid 13, such as
glycerol. The plates of the laminated core 10 should
be electrically isolated from each other.

In addition, due to the short time 7 of the current
pulse [ in flat IC7, the pulling force of the EMAT to
TO 14 is practically absent. As a result, damage to the
EMAT is eliminated.

It is obvious that the effective operation of the de-
veloped EMAT design will be determined by the number
of IC turns and its temperature regime, which is related

to the significant impulse current supply power of the
HFIC.

The study results on the influence of the num-
ber of IC turns on the ratio of the amplitudes of the
information bottom signal and interference are shown
in Table 1. The studies were performed on a sample
of steel 45 and 40 mm thick without removing scale
from its surface. The peak power value of the IC was
600 A. The frequency of excited high-frequency ultra-
sonic pulses was 2.3 MHz. The time T of the magnet-
ization pulse was 200 us. The dielectric layer between
EMAT and TO was set equal to 0.2 mm.

Analysis of the data in Table 1 shows that based on
the number of turns of the flat inductance coil of the mag-
netic field source with a ferromagnetic core, it is advisable
to choose equal to 3. Further increase in the number of
turns does not practically give additional growth.

Table 1
Influence of the number of turns of a flat
IC HFIC EMAT with a laminated ferromagnetic
core on the amplitude of the first bottom pulse

The amplitude ratio of the
first bottom pulse to the noise
amplitude, dB

The number

No of turns, pcs

1 1 2412
2 2 3242
3 3 38+2
4 4 40£2
5 5 412
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The frequency influence of the TO sounding on
the temperature IC HFIC with a mixed ferromagnetic
core is studied. The results of the studies are shown in
Table 2. The results indicated in Table 2 were obtained
at an ambient temperature of 22 °C. The current in the
IC HFIC was 600 A. The time T of the magnetiza-
tion pulse was 200 us. The dielectric layer between the
EMAT and the test sample of steel 45 with a thickness
of 40 mm was set equal to 0.2 mm.

Table 2
Influence of TO sounding frequency on
temperature of flat two-window three-winding
inductance coil of magnetic field source with
ferromagnetic core

No | Sounding frequency, Hz | Temperature, °C
1 10 22
2 30 22
3 50 29
4 60 34
5 70 44
6 80 58
7 100 86

Analysis of Table 2 shows that for the sounding fre-
quencies of TO up to 100 Hz, when using heat-resistant
insulation, EMAT cooling is not required. At 100 Hz
sounding frequencies, it is possible to perform both sec-
tion diagnostic of the TO volume as well as its sounding.

It should be noted that using EMAT model with a
flat inductance coil of the magnetic field source with a
ferromagnetic core allowed to preserve the duration of the
probing impulse with interference (Fig. 3, position 1) in
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comparison with the EMAT design at work [8] and to sig-
nificantly improve the ratio of the bottom pulse amplitude
to the noise amplitude, Fig. 3 (positions 2, 3 and 4 are
the first, second and third bottom pulses, respectively).

Fig. 3. Time-base sweep with bottom signals when using
a flat three-turn inductance coil of EMAT magnetic field
source with two windows and U-shaped laminated core

The data shown in Fig. 3 were obtained at a
sounding frequency of 40 Hz, ultrasonic oscillations
frequency of 2.3 MHz, a peak high-frequency current
in the HFIC 120 A, pulse duration of the magneti-
zation current 200 us, magnetization current 600 A.
Measurements were taken from a sample of steel 45
through a mylar spacer 0.2 mm thick between the
EMAT layout and the TO.

Analysis of the data shown in Fig. 3 in compa-
rison with the data from [9] shows that with virtually
the same duration of the sounding pulse with inter-
ference, the amplitude of the bottom pulses increased
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Fig. 4. To the explanation of timing for the EMAT receiving of ultrasonic pulses
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Fig. 5. Methodological scheme for detecting flat-bottomed reflectors in TO

more than 5 times. Such amplitude of useful pulses
should be sufficient for the measurement control of
ferromagnetic metal products.

The above research and development results allow
us to formulate the list of operations of a new measu-
rement control method that will ensure the effective
operation of EMAT with pulsed magnetization:

» forming of two adjacent short-term magnetized
sections with opposite direction of the magnetic induc-
tion vectors of the polarizing field in the surface layer
of a ferromagnetic product;

* excitation in magnetized sections of batch high
frequency pulses of electromagnetic field with oppo-
sitely directed vectors of intensity lasting for several
periods of high frequency filling;

« excitation of the electromagnetic field pulses
should be performed at a time equal to the time of
transient processes to establish the operating value of
induction of the polarizing magnetic field;

* receiving of ultrasonic pulses reflected from the
product should be made in the period - which is
determined by the expression

T—t,—t,~t;<t, =t +t,+t;,+2H/C,

where T — magnetization pulse duration; #, — time
of transient processes to establish induction working

value of the polarizing magnetic field; 7, — time of
batch pulse of electromagnetic field; 7, — time of
damping current oscillations in a flat high frequency
inductance coil; H — product thickness or the distance
in the product volume that are subject to ultrasonic
measurement control, mm; C — velocity of spreading
shear ultrasonic waves in the product material is subject
to control, mm/us.

The explanation of the magnitude l, choice is
given in Fig. 4.

Checking the efficiency of measurement control
by assessing the defects in the form of flat-bottomed
wells was performed on the sample with models dia-
meters of 3, 5 and 8 mm, Fig. 5.

Measurement control was performed at a sounding
frequency of 40 Hz, ultrasonic oscillations frequency of
2.3 MHz, a peak batch high-frequency current in the
HFIC 120 A, duration of batch current in 6 periods of
the filling frequency, duration of magnetization pulse
200 us, magnetization current was 600 A. Measure-
ments were taken through mylar spacer 0.2 mm be-
tween the EMAT layout and the sample. Methodolo-
gical aspects of detecting defects are shown in Fig. 5.

Fig. 5 shows: 1 — excited ultrasonic pulses; 2 —
pulses reflected from the bottom surface; 3 — pulses
reflected from the model of a 3 mm diameter flat-bot-
tom defect.
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Fig. 6 shows a time-base sweep without informa-
tion processing obtained during measurement control
of the sample volume with a 3 mm flat-bottom drilling
model according to Fig. 5.

L=
=

Fig. 6. Time-base sweep obtained from 09G2C steel with
defect model in the form of a 3 mm flat-bottom reflector

Fig. 6 shows: 1 — sounding impulse with interfe-
rence; 2 — lunar pulse reflected from the defect mo-
del; 3 — first bottom pulse; 4 — second bottom pulse;
5 — third bottom pulse; 6 and 7 — additional impulses
reflected from the flat-bottom defect when the first
and second bottom pulses are received, respectively.

Analysis of the data shown in Fig. 6 indicates the
amplitudes ratio of the lunar pulse from a flat-bot-
tomed defect with a diameter of 3 mm and noise is
about 3/1. Accordingly, for a flat-bottomed defect with
a diameter of 5 mm, the amplitudes ratio of the lunar
pulse and noise is about 7/1, and from the reflector
with a diameter of 8 mm, about 20/1. That is, it can
be concluded that the measurement control of defect
models is sufficiently effective.

The amplitude ratio of the reflected impulse due to
the defect to the noise amplitude not less than 20 dB
(10 times) is set at a similar check detecting the model
with a flat-bottomed defect with a diameter of 2 mm,
the model of EMAT under the above conditions, in
the head of the reinforced rail, which material is sub-
stantially transparent for the shifting ultrasonic pulses.

It should be noted that between the first and se-
cond and between the second and third bottom pulses,
the pulses are observed that are reflected from a defect
of insignificant amplitude, which may be an additional
sign of the presence of a reflector-defect. The addi-
tional use of such signals can significantly increase
possibility of TO diagnostics.

Thus, it is possible to conclude that the use of
pulsed sources of magnetic polarizing fields in EMAT
with sufficient amplitude of the useful signal can pro-
vide measurement of the defects size in the amplitude
magnitude of the received ultrasonic pulses, thus de-
termining the quality of metal product.

Analysis of the developed type of EMA transducer
from the metrological point of view showed that the
results of its functioning are affected by a number of
factors: random changes in the amplitude of the signals
from the gap between the transducer and metal surface
(exponential dependence); changes in inductance of
the high frequency coil from distance to metal; stability
of peak value of high-frequency power supply current;
stability of peak value of magnetizing current; chan-
ges of surface condition of TO; presence or absence
of scale on the surface of TO; duration of the probe
pulse; “dead” zone of testing. This is a significant issue
that requires further detailed studies to determine the
impact of these factors on testing results.

Conclusions

Based on the analysis of the performed research
and developments, the following conclusions can be
formulated:

1. The method of ultrasonic electromagnetic-
acoustic control of ferromagnetic products is deve-
loped, the essence of which is to excite ultrasonic pul-
ses by forming in the surface layer of a ferromagnetic
product two adjacent short-wave magnetized sections
with opposite directed vectors of intensity lasting se-
veral periods of high frequency filling, the excitation of
the electromagnetic field pulses is performed at a time
equal to the time of transient processes with working
value of the polarizing magnetic field induction, and
the reception of ultrasonic pulses reflected from the
product is performed in the time period L which is
determined by the expression

T—t,—t,~t;<t =t +t,+1;+2H/C,

where T — magnetization pulse duration; # — time
of transient processes to establish induction working
value of the polarizing magnetic field; #, — time of
batch pulse of electromagnetic field; 7, — time of
damping current oscillations in a flat high frequency
inductance coil; H — product thickness or the distance
in the product volume that are subject to ultrasonic
measurement control, mm; C — velocity of spreading
shear ultrasonic waves in the product material is subject
to control, mm/us.

2. It is determined that the interference in the fer-
romagnetic core due to the Barkhausen effect and mag-
netostrictive transformation of electromagnetic energy
into ultrasonic during excitation of ultrasonic pulses is
virtually eliminated due to the production of the la-
minated magnetic field core, the material of electrically
insulated core plates should have low magnetostrictive
conversion factor and such plated should be oriented
perpendicular to the conductors of the working areas
of the flat high frequency coil, and filled with liquid
having significant density, such as glycerin in the gaps
between core plates.
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3. Based on the analysis results of the performed
research, the requirements for the creation of EMAT
with pulsed magnetization are formulated. The induc-
tion coils of the magnetic field source in the EMAT
should be flat two-window and made of a whole plate
of highly conductive and heat-conducting material and
be three-turn. They should be used in conjunction with
high frequency induction coils with two linear working
sections. The windows of such coils of the magnetic
field source should be located above the working areas
of the high frequency induction coils. It is also ne-
cessary to use ferromagnetic laminated U-shape core.

4. It is determined that direct EMAT with flat
magnet coils and ferromagnetic cores can provide ul-
trasonic non-contact measuring control of ferromag-

netic products by shadowing, mirror-shadowing and
echo methods with sensitivity close to traditional pie-
zoelectrics. It is shown that the sensitivity of direct
EMAT with pulsed magnetization provide detection of
flat-bottom reflectors with a diameter of 2 mm and
more at a sounding frequency of 40 Hz, a frequency
of linear polarized ultrasonic vibrations of 2.3 MHz, a
peak batch pulse of high frequency currents of 120 A,
three-frequency current of 120 A, the duration of the
batch current in 6 periods of the filling frequency,
magnetization pulse duration 200 us, magnetization
current 600 A and at the gap between the EMAT
and the product 0.2 mm. The amplitude of the echo
momentum from the defect with respect to the noise
amplitude reaches 20 dB.

EJeKTPOMarHiTHO-aKyCTHYHI IEePEeTBOPIOBAYI I
YJbTPA3BYKOBHX BHMIPIOBAHb, KOHTPOJIIO TA HAiarHOCTHKH
(epoMarHiTHUX MeTaI0BHPOOIB

Canam bycci, M. Cyukos, P.I1. MuryweHko, O.H. Kponayek,

C.HO. lNnecHeuoB

HauioHanbHuli mexHidHul yHisepcumem “Xapkigcbkuli nonimexHivHul iHemumym”, eyn. Kupnudosa, 2, 61002, Xapkie, YkpaiHa

hpi.suchkov@gmail.com

Anoranis

VibTpa3ByKoBi METOAM MyKe MOIIMPEHi MPU BUMIPIOBAaHHSIX, KOHTPOJi Ta miarHocTulli. EdekTuBHUM pi3HOBUIOM
YABTPA3BYKOBOTO METOMAY € €JIEKTPOMArHiTHO-aKyCTUIHUN METON, OCOOIMBO TMPU BU3HAUYEHHI SIKOCTI (pepoMarHiTHUX BU-
po6iB. OCHOBHUM (HaKTOPOM, SIKMIl BU3HAUYa€ e(HEKTUBHICTh BUKOPUCTAHHS €JIEKTPOMArHiTHO-aKyCTUUHUX MEePeTBOPIOBAYiB,

€ BeNMYMHA iHAYKII] MOJISIPU3YI0UOTO MArHiTHOTO TOJISI, SIKa BU3HAUYAETHCS IKEPETIOM.
HocninxeHHs, BUKOHaHI B MeXax i€l poOOTH, CHpsIMOBaHI Ha BUPIllIEHHSI MPOOJiIeM SKiCHOTO BMMipIOBaJIbHOTO
KOHTPOJIIO METaJIOBUPOOIB i3 (hepOMArHiTHMX MarepiajiB eJeKTPOMarHiTHO-aKyCTUYHUMU TepeTBOPIOBaYaMMU.
CdhopMynb0BaHO BUMOTH [I0 iMIYJIBCHOTO JXKepesa MOJSpU3ylouoro MarHiTHOTO TMOJsl Yy CKJali eJIeKTPOMAarHiTHO-

aKyCTMYHMX IEPETBOPIOBAYIB, KOTYIIKM iHAYKTHBHOCTI, OocepAs. 3 ypaxyBaHHSIM BMMOTI 3alpOINOHOBAHO KOHCTPYKTUBHi
pillleHHs /Ui TOOYI0BU €JIeKTPOMArHITHO-aKyCTUYHUX MEPETBOPIOBAUIB i3 MJIOCKOIO IBOBIKOHHOK KOTYIIKOK iHIYKTUBHOCTI
Ta IJIOCKOIO BMCOKOYACTOTHOIO KOTYIIKOIO iHIYKTMBHOCTI.

BukoHnaHo excriepuMeHTaIbHI TOCIIIKEeHHSI, CIIPSIMOBaHI Ha BIOCKOHAJIEHHS YIbTPa3BYKOBUX €JIEKTPOMATHITHO-aKycC-
TUYHUX MEPETBOPIOBAYIB 3 iMIYJILCHUMM JKEpeJaMyd MarHiTHoro moJjs. ITokazaHo MOXJIMBICTH 3a0e3IeUeHHs YyTIUBOCTI
HOBUX TIEPETBOPIOBAYiB MPU TOBIIMHOMETPIii, BUMipIOBaIbLHOMY KOHTPOJIi Ta MiarHOCTHIII. 3alIpOrIOHOBAHO TEXHIUHIi pillleH-
Hsl, SIKi 3MEHIUYIOTh BIUIMB Ha YJIbTPa3BYKOBi iMITyJbCH, IO MPUAMAalOThCs, IIyMiB bapkray3eHa Ta KOrepeHTHMX 3aBaj Bil
MAaTHITOCTPUKIIIHOTO MEepPEeTBOPEHHST €JEeKTPOMArHiTHOI €Heprii B YJIbTPa3BYKOBY.

HocnipkeHo BIUIMB (GOpMM oceplsi, KiIbKOCTi BUTKIB KOTYIIKH, XapaKTEPUCTUK (POpMyBaHHSI MAarHiTHOro ToJisi Ha
3aBaay B CUTHAJI, 1[0 TEHEPYEThCS Ta MPUUMAETHCS €IeKTPOMArHiTHO-aKyCTUUYHUM TEPETBOPIOBAYEM.

TlokazaHo e(eKTUBHICTh BUKOPUCTAHHS €JIEKTPOMArHITHO-aKyCTUUHUX IE€PETBOPIOBAYIB 3 IMIYJIbCHUM MOJSIPU3Y-
JOUMM MATHITHUM II0JIEM NPU BMMIipIOBaJIbHOMY KOHTPOJIi SIKOCTi (hepOMarHiTHMX BMPOOiB, BUTOTOBJIEHUX ITPOKATKOIO,
IITAMITYBaHHSIM TOIIIO.

Kniouosi cioBa: yipTpa3ByKOBi XBWJIi; €JI€KTPOMArHiTHO-aKyCTUYHMI MEPEeTBOPIOBAY; iMITyJIbCHE HAMATHiUyBaHHS;
MaTepial s JOCTiIKeHb;, (epoMarHiTHUR; KOTYIIKA iHAYKTMBHOCTI; BUMIipIOBaHHS; KOHTPOJIb; MiarHOCTHUKA; TOBILM-
HOMeTpisl.
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DJIEKTPOMArHUTHO-AKYCTHYECKHE Mpeodpa3oBaTen A
YJIbTPA3BYKOBBIX M3MEPEHMIA, KOHTPOJISA M JIUATHOCTHKU
(heppOMArHUTHBIX METAJIOM3e/IHii

Canam byccun, I'M. Cyukos, P.I1. MuryweHko, O.H. Kponauyek,
C.HO. lnecHeuoB

HauyuoHarnbHbIl mexHuyeckul yHueepcumem “Xapbkosckuli nonumexHudeckul uHecmumym”, yn. Kuprnudesa, 2, 61002, Xapbkos,
YKkpauHa
hpi.suchkov@gmail.com

AHHOTAIMSA

VYIIbTpa3BYKOBbIE METOABI IIMPOKO PACIPOCTPAaHEHBI MPU M3MEPEHMSIX, KOHTPOJIE UM IUATHOCTUKE. D(PGHEKTUBHBIM
BUIOM YJBTPa3BYKOBOIO METOMA SIBJISIETCS AJEKTPOMArHUTHO-aKyCTUUECKUI METOM, OCOOCHHO MpU OIpeaeeHUN KauecTBa
(GeppOMarHUTHBIX U3IETUIA.

HMccnenoBaHusi, BBITIOJHEHHBIE B paMKaxX JaHHOW paOOThI, HaMpaBjJeHbl Ha pelieHue IMpodJieM KauyeCTBEHHOIo W3-
MEPUTEIBLHOTO KOHTPOJISI META/UIOM3AEIUil M3 (heppOMArHUTHBIX MaTepUaIoB 3JIEKTPOMAarHUTHO-aKyCTUYECKUMU TPeod-
pazoBartesisiMU.

BoimosiHEHbI 3KCNEpUMEHTAIbHBIC HCCIENIOBaHUSI, HaMpaBAeHHbIE Ha COBEPIICHCTBOBAHUE YIbTPA3BYKOBBIX
9JIEKTPOMAarHUTHO-aKyCTUUECKUX TpeoOdpa3oBareyieil ¢ MMIYJIbCHBIMU MCTOYHMKAMM MarHuTHoro mnosis. IlokazaHa Bo3-
MOHOCTb O0€crieueHus] YyBCTBUTEIBLHOCTU HOBBIX IpeoOpa3oBaresieil Mpu TOJIMIMHOMETPUU, M3MEPUTEIbHOM KOHTpPOJE
u nuarHoctuke. [lpemnoxeHbl TeXHUUYECKUE pelleHMs], KOTOpble YMEHBIIAIOT BJIMSIHUE Ha YJIbTPA3BYKOBBIE WMITYJIbCHI
MPUHUMAEMBbIX IIYyMOB bapKray3eHa M KOrepeHTHBIX ITOMeX OT MarHUTOCTPUKIIMOHHOIO MPpeodpa3oBaHusl 3JI€KTPOMAarHUTHOMI
9HEPruu B YJbTPa3BYKOBYIO.

HccnenoBaHo BausiHue (hopMbl cepleuyHUKa, KOJMYSCTBA BUTKOB KATYIIKM, XapaKTepUCTUK (DOPMUPOBAHUSI MAaTHUTHOTO
MOJISI HAa MOMEXU B CUTHaJIe, KOTOPBI T€HEPUPYETCS U MPUHUMAETCS 2JIEKTPOMArHUTHO-aKyCTUUECKUM TpeoOdpa3oBaTeieM.

IToka3zaHa 3(p(HeKTUBHOCTb MCMOJIL30BAHUST DJIEKTPOMArHUTHO-aKyCTUUECKUX TpeoOdpa3oBaTesieil ¢ UMITYJIbCHBIM T10-
JIIPU3YIOIIMM MarHUTHBIM TIOJIEM TPU U3MEPUTETbHOM KOHTpOJIe KauecTBa (heppOMArHUTHBIX U3AEINI, M3TOTOBIECHHBIX
MPOKATKOM, IITAMIOBKOW M T. TI.

KioueBble ci0Ba: yIbTpa3ByKOBBIC BOJIHBI, 3JICKTPOMAarHUTHO-aKyCTUICCKUI TTpeoOpa3oBaTelib; UMITYIbCHOE HaMarHu-
YyBaHUE; MaTepuas s UccaenoBaHuit; deppoOMarHUTHBIN; KaTylllKa MHIYKTUBHOCTH; U3MEPEHUE; KOHTPOJIb; IMAarHOCTUKA;
TOJIIMHOMETPUSI.
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