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ENHANCED PHASE METHOD OF SIGNAL DETECTION FOR
ULTRASONIC MAGNETOSTRICTION DEFECTOSCOPY OF
POWER EQUIPMENT

Abstract. The magnetostrictive method of ultrasonic flaw detection has certain advantages, in particular,
the ability to control objects with complex geometry, at their high temperature, the ability to control dry
contact between the transducer and the object, difficult access to the controlled area, etc. The
peculiarities of the generation of ultrasonic waves by magnetostrictive transducers and their distribution
in control objects determine the low level of the signal/noise ratio, which limits the possibilities of
practical application of this method. The aim of the paper is to improve the phase method for detecting
signals of magnetostrictive receivers with a low signal/noise ratio and to check the effectiveness of the
proposed technical solution for solving problems of non-destructive testing of energy equipment elements
using magnetostrictive defectoscopes. The paper discusses the phase method of detecting radio pulse
signals of magnetostrictive converters against the background of additive noise, which is based on a
combination of the capabilities of the discrete Hilbert transformation, which makes it possible to
determine the envelope and phase of signals, and methods of statistical processing of the results of phase
measurements. The proposed signal processing algorithm was studied both in a model experiment and
when processing real magnetostrictive defectoscope signals. The proposed method makes it possible to
detect radio pulse signals with a signal/noise ratio close to 1. The reliability of the obtained data is
confirmed by the results of computer simulation. The considered method of detecting signals can be used
in ultrasonic magnetostrictive defectoscopes and other diagnostic systems operating in conditions of
reduced signal/noise ratio.

Keywords: magnetostrictive defectoscope, ultrasonic defectoscopy, phase methods of signal processing,
Hilbert transform, envelope, phase, sample resulting length of the vector.

1. Introduction
Ensuring stable trouble-free operation of energy equipment, early detection of defects at the stage of
initiation and monitoring of their development during operation requires constant improvement of means and
methods of monitoring, diagnosis and control of separate elements and energy facilities a whole [1]. The
variety of energy equipment monitoring tasks makes it impossible to cover the entire range of relevant issues
using one or two methods of non-destructive testing (NDT). The constant complication of control tasks, the
expansion of their scope, the use of new structural materials in power equipment stimulates the search for
new methods and means of control, the improvement of both the hardware and the software-algorithmic part
of modern NDT tools [2].
The magnetostriction method belongs to the circle of new methods for ultrasonic flaw detection,
although this method has many other applications in control and measurement technology, hydrolocation,
acoustoelectronics [3]. In general, the topic related to the study of magnetoelectric effects remains relevant,
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and the areas of these effects application are constantly expanding, as evidenced by a number of publications
in leading scientific publications [4]-[8].

A significant part of magnetostrictive sensors (MS) include of sensors of linear movements based on
magnetostrictive delay lines [9]. Magnetostrictive position sensors occupy a valid place among similar
sensors, they implement other physical principles. First of all, this is due to their high reliability, resistance to
vibrational influences, a significant range of transformations and low cost. Today, the world leaders in the
development and production of magnetostrictive position sensors are such firms as MTS (USA), Balluff
(Germany), Shlumberger Industries (France) and others [1]. Specialists of these companies indicate more
than 1,500 areas of use of magnetostrictive position sensors. The sensors of these companies have a
permissible error of measurement of movement of no more than 1 mm; operating temperature range — from —
200 to +200 °C; measured movement — from 0 to 6000 mm; have high interference resistance and minimal
power consumption.

MS are an electric coil with a core made of magnetostrictive material. In a magnetostrictive radiator,
the energy of the variable magnetic field of the coil is transformed into the energy of mechanical oscillations
of the core. This effect, known as the Joule effect or the linear magnetostriction effect, was discovered and
studied in 1842 by the outstanding English physicist D.P. Joule [10]. In a magnetostrictive receiver, the
energy of external mechanical vibrations transmitted by the core is transformed into the energy of a variable
magnetic field, which induces a variable electromotive force in the coil. This magnetoelastic effect (Villari
effect) was discovered in 1865 by the outstanding Italian physicist E. Villari [10]. It is these magnetostrictive
effects that form the basis of the operation of the MS for defectoscopy.

Magnetostrictive emitters have a small area of the emitting surface, which is determined by the cross-
sectional area of the core, thereby, such sensors are small-aperture [11]. This makes it possible to use them to
solve a number of important control tasks inaccessible to other methods. In particular, it is control of
stranded steel wires [12], waveguides in the form of pipes and plates [13], ultrasonic inspection of metal
components at high temperature [14], control of objects through "dry" contact.

In the case of using small-aperture MS, an ultrasonic wave in the shape of a hemisphere is emitted into
the object of control, therefore the amplitude of the ultrasonic signal decreases rapidly with increasing
distance from the emitter and, accordingly, the signal/noise ratio at the output of magnetostrictive receivers
decreases. Under such conditions, detection of signals from the signal-noise mixture becomes difficult. In
part, this problem can be solved due to the use of constructive methods of increasing the power of the
emitting and the sensitivity of the receiving sensors [15]-[16]. Another way to solve this problem is to
improve methods of processing signals of magnetostrictive receivers. In [17], the phase method of detecting
signals of ultrasonic thickness gauges, which is based on statistical processing of the phase of information
signals, is considered. This method involves the detection of signals based on the maximum of the mean
resultant length, which is determined in the sliding mode of processing the results of the signal phase
measurement. But this technical solution does not take into account part of the information contained in the
signal envelope. This leads to a partial loss of the accuracy of the received estimates of the signal parameters
and, ultimately, to a decrease in the ability to detect signals and a loss of accuracy in estimating their position
in time.

The aim of the paper is to improve the phase method for detecting signals of magnetostrictive
receivers with a low signal/noise ratio and to check the effectiveness of the proposed technical solution for
solving problems of NDT of energy equipment elements using magnetostrictive defectoscopes.

2. Statement of the research problem
A probing ultrasonic signal is emitted into the object of control (OC), the model of which is
represented by the formula:

Up (t)=U, (t)sin2xft, t<[0,T,], Q)
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where U, (t), f — respectively, the Gaussian envelope and frequency of the carrier signal; t, T, — the current
time and the time interval at which the signal is set u,, (t), T, =(1..5) f *.
The electrical signal u,,(t) received at the output of the magnetostrictive receiver is analyzed, which

is an additive mixture of the signal (1) that has passed a certain section of the OC (informational component),
and Gaussian noise realizations (noise component):

Ups (1) = KearUp (t—1) +E(1), te[0,T, ], )

where k  — coefficients of the electroacoustic tract, k, <<1, T — the delay of the received signal relative to
the emitted one; g(t) — implementation of additive Gaussian noise with zero mathematical expectation and
dispersion o?; T, —signal analysis time, T, >>T, .

It is necessary to improve the phase method of detecting signals of magnetostrictive receivers due to

more complete use of the information contained in the signal envelope of the sensor and to evaluate the
effectiveness of the method by conducting model and physical experiments.

3. Research methodology

The methodology of the phase method of detecting signals against a background of noise is based on a
combination of the capabilities of the integral Hilbert transformation of signals [18]-[19], which makes it
possible to determine the envelope and phase of signals, and methods of statistical processing of the results
of phase measurements, the theoretical basis of which is also statistical methods of angular data
analysis [20]-[21].

The main stages of signal formation and processing according to the improved phase method of
detecting signals of magnetostrictive receivers are considered below.

3.1. Formation of signals in a physical experiment with MS.
The process of formation and processing of MS signals is reflected in the scheme presented in Fig. 1.

lkAT lT ls‘(ﬂ
up() | T avoust . Ups (L) Kupyslj]
P Mgt | Aseuste | e o IS bspm | ADC 2 pspm = PC
\ kgaritp(t — 1)
PA DAC
Primary processing
| Formation of MS signals I of MS signals |
[ 1 |

Fig. 1. Structural and logical scheme of formation and processing of MS signals

In Fig. 1 are marked: MS1,2 — magnetostrictive sensors, PA — power amplifier, DAC — digital-to-
analog converter, PSPM — primary signal processing module, ADC — analog-to-digital converter, DSPM —
digital signal processing module, PC — personal computer.

The DSPM generates samplings of the excitation signal, which are converted into voltage by the DAC,
amplified by the PA and sent as an excitation signal u, (t) of the MS1 — an emitter of ultrasonic vibrations.

These vibrations, having passed through the Acoustic tract OC, is converted by the receiving sensor MS2
into an electrical signal k.,,u, (t—t). A noise component is added to this signal — the implementation of

Gaussian noise, which is considered as an integral result of the action of the internal noise of the electronic
units and the noise of the electroacoustic path. Model (2) corresponds to such a signal.

To transmit the informational harmonic component of the signal (2) in the ADC, a limited frequency
band is sufficient. This gives reason to consider signal (2) as narrow-band, and accordingly, to present it as:
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e (£) = kewrUss (t)sin 2 (= 7)+ E(t) = Uy (t)cos(27rft o —gj+g(t) .
3)
= A(t)cos(Zzz ft— o —%+(p(t)j =A(t)cos(®(t)), te[0,T,],

where ¢, =(27fz)mod2z =27 -( fr)mod1 — the initial phase of the signal, A(t), a(t) —respectively, the
envelope and phase of a narrowband signal, o(t)<[0, 2z) — the modulation component of the narrowband

signal phase caused by noise. The transition in (3) to the “cos” function is due only to the convenience of
presenting the signal (3) in a complex form and does not change the essence of the phase method of signal
detection.

3.2. Initial processing of MS signals.

This stage of signal processing is performed by PSPM and ADC. PSPM provides coordination of
electronic units with MS2, signal amplification and frequency filtering. The signal is transmitted to the
output of the module with the overall transmission coefficient K. The ADC forms a digital

signal Kuys[i], i€[13], I =[T./T,]", where T, — signal sampling period, T, << f*, [] — designation
of the operation of selection of an integer part of a number. Sequence Ku,,[ j] considered as embedded in
an analog signal Ku, (t) - In Fig. 2, as an example, a fragment of the signal is shown Ku,,(t) as a radio
pulse with a Gaussian envelope (red curve) and samplings of a discrete sequence Ku,,[j] after converting
the signal into an ADC (graphs are presented in relative units) are marked with circles.
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Fig. 2. An example of graphs of a signal Kums[j] (red curve), its Hilbert image (green curve) and envelope
(lilac curve) and their discrete values (marked by circles)

3.3. Formation of discrete signal characteristics.
This action is implemented in DSPM in two stages. On the first, a discrete Hilbert transformation of

sequences Kuys[j], j[1J], 3 =[T,/T,] is performed and a quadrature sequence Ka,,[j], j<[0, J) is
obtained, all frequency components of which are shifted by an angle /2 elative to the corresponding
components Ku,,s[j]- In Fig. 2 discrete values Ka,,[ j] are marked by circles on the green curve. In
general, the possibilities and features of using the Hilbert transformation in energy informatics for the
analysis of information signals and obtaining their discrete characteristics were discussed in the
papers [22]-[23].

At the second stage, the sequences Kuy,s[ j] and Ka,,[j] are used to calculate the estimates of the
discrete characteristics of the output signal — envelope and phase within the interval [o, 2x), which are
carried out according to the formulas:
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G 1= Ky(uns[]) +(ausL3])". i [0. ), @

(us [ §]=arctgys[ j]/uys [ i]+0,57{2—signdy, [ j](1+signuys[i])}, i€[0.3).  (5)

In Fig. 2 values UMS[j] are represented by circles on the lilac-colored curve — envelope of the MS signal.

Function (5) represents the so-called unexpanded discrete phase of the signal. The expanded discrete
phase is calculated from (5) as:

ci)MS[j]:(APMS[j]"‘ZTCQ((PMS[J-]): je[O,J), (6)

where q((bMS [ j]) — a step function that increases by one each time the function ¢,,[j] jumps from values

around 2r to 0.
The phase shift between the signal u,,[j] and the carrier signal of the excitation signal u,[j] at

discrete times is defined as:
o[i]=Pus[i]-27FT,i, j€[0,3). )

Therefore, the discrete Hilbert transformation makes it possible to obtain and analyze the discrete
characteristics of informational radio pulse signals — their envelope, phase, and phase shift as functions of
time given by samplings of a certain volume.

4. Results
4.1. Justification of the improved phase method of detection of MS information signals.
The phase method of detecting radio pulse signals against a noise background is given in [17]. It

includes the determination of the unfolded phase ®,,[j], j€[0,J) of the studied additive mixture of the
information signal and noise, the calculation of the difference @[ j] between the received unfolded phase

and the phase of the signal-carrier of the information signal, sliding window processing of the difference in
the phases of the signals by a window with an aperture (m +1) << J, calculation of the sample resulting

length of the vector r[j] as a result of summation on the unit circle of the values selected by the window

phase differences, determination of the position in time of the information component of the signal by the
maximum of the function r[j]. The current value r[ j], for an even value of M, is calculated according to the

expression:

r[j]= |v|1+1 [ j+ZM/2 Cos@[k]jz{ HZM/Z sin(b[k]jz, jz%, (J —%) 8)

k=j-M/2 k=j-M/2
The mean resultant length (8) was initially introduced in the statistical analysis of angular
data [20]-[21] as a circular statistic characterizing the dispersion of a sampling of volume angles(m +1).
The area of values of this characteristic belongs to the interval (o, 1], and its values are invariant to the

selection of the beginning of the angle count. In the basic method, this statistic is calculated in the sliding
mode, which makes it possible to detect the presence of radio pulses based on the fluctuations of the phase
difference dispersion ¢[ j]- When expression (8) was obtained, it was assumed that the probabilistic model

of angles sampling (¢[j—0.5M],....¢[j]... ®[j+05M]) was a vector of random angles
(\Vj—O.SM"""\Vj""'\Vj+0.5M ) all components of which have the same probability distributions and,

accordingly, the same numerical characteristics.
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In the case of conducting phase measurements of radio pulse signals with a Gaussian envelope (Fig. 2)
in the presence of interference, it should be expected that with smaller signal amplitudes, and therefore with
smaller signal/noise ratios, phase difference values with larger dispersions are obtained. It is obvious that this
fact must be taken into account when determining vector ([ j] (8). At the qualitative level, such a conclusion

can be substantiated by the following considerations. Because the values r[j] are obtained from the results
of measurements of phase shifts of signals, it is obvious that the accuracy of the latter affects the accuracy of
the determination of r[j]. At the same time, it is known from statistical radio engineering [24] that the

envelope and phase of a narrowband signal at coincident moments of time are statistically dependent.
Therefore, taking into account information about the signal envelope makes it possible to increase the
accuracy of determining the phase and vice versa.

It is advisable to take into account the instantaneous values of the amplitude of the radio pulse using

the defined envelope UMS[j], je [0, J) (4). In the improved method of detecting radio pulse signals against

a background of noise, it is proposed to use sampling envelope value UMS[j], je[O, J) as weighting

coefficients when determining the weighted mean resultant length. This procedure is performed according to
the formula:

- Milj[k”ZM/zu;s[k]-cos@[k])jz{ S u;ﬂs[k].sm(@[k]ﬁ, =53] ©

k=j-M/2 k=j-m/2+1

where U} [§] —the relative value of the envelope at the moment of time jT, is normalized by its maximum
value.

4.2. Modeling of the process of detection of MS information signals according to the improved phase
method.

In order to compare the known and improved method of detection of MS signals, a simulation of the
process of a sequence of decaying radio pulses with a Gaussian contour was carried out. The simulation was
performed in the Matlab. In the model experiment, the following output data were set: carrier signal
frequency — 2.3 MHz; sampling frequency — 2.3 x 16 = 36.8 MHz; sampling size J = 6000; window aperture
m = 32; the number of analyzed pulses is 5; aximum values of pulse signal amplitudes (in relative units) —
0.6; 0.36; 0.215; 0.13; 0.0775; root mean square noise (in relative units) o =0,06. The determined values of
the signal/noise ratio (the ratio of the maximum values of the amplitudes of pulse signals to o) were 10; 6;
3.6; 2.2; 1.3. The simulation results are shown in Fig. 3.

From the analysis of Fig. 3, b it can be seen, firstly, that the maxima of the sequence r[j] coincide in

time with the maxima of the information signals of the MS, secondly, the fifth pulse (with a signal/noise
ratio = 1.3) is already comparable in magnitude to noise and cannot be reliably revealed. Instead, according
to the sequence r,[j] (Fig. 3, c), the fifth pulse is detected. In addition, in this sequence, the noise level is

significantly reduced in the interval from the first (signal/noise = 10) to the third (signal/noise = 3.6) pulse.
Even better conditions for analyzing MS signals and determining their position in time are provided by the
product graph r[j]-r,[j] (Fig. 3, d) —the level of the noise component in this graph is much lower than in

Fig. 3, band Fig. 3, c.

4.3. Processing of MS signals obtained in the physical experiment.

For conducting the physical experiment the MS was used, the design of which is presented
in [15]-[16]. The experiments used a probing ultrasonic radio signal (1) with a carrier signal f = 0.5 MHz
and a duration of T, =2f ™ =4wmkc. The sampling frequency of the signal was 40 MHz (T, = 25 ns), and

the sampling volume J = 2000. The aperture of the window function was 75 counts (M = 74).
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The results of two experiments with MS signals of different intensities are presented below. In Fig. 4,
a the MS signal u,,[ j] with a signal/noise ratio >> 1 (signal/noise = 100) is presented (the signal amplitude

is given in relative units).

Radio impulses
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Fig. 3. Results of simulation of the process of detecting MS information signals: a — the analyzed signal;
b —sequence r[ j]; c —sequence r, [ j];d-sequence r[j]-r,[i]
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Fig. 4. Results of the physical experiment with a signal/noise ratio of ~ 100:
a—the graph of the sequence u_ [ j]; b —graphs of the sequences r[ j] (blue curve) and r, [ j] (red curve)
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In Fig. 4, b presents graphs of sequences r[ j] (blue curve) and r,[j] (red curve). From the analysis of

the figure, it can be concluded that in this case, the use of the weighted mean resultant length (9) makes it
possible to significantly reduce the noise level in the sequence r, [ j] beyond the existence of the MS signal,

although the peak value of the pulse decreased by ~ 25% — from unity to ~ 0.75. The detected pulse of the
function r_[j] has the correct symmetrical shape, which makes it possible to estimate its position in time

with a quantization error limited to +0,5T .

In the second experiment, the MS signal was analyzed with a signal/noise ratio of ~ 2. In Fig. 5, a the
probing signal u, (t) (blue curve) and MS signal u,,(t) (red curve) located on the time axis in the

interval ~ (1.2-20) ps are presented. For more convenient determination of the time delay, the value t=0 is
artificially related to the first positive half-wave of the excitation signal. The low level of the informative
pulse of the signal u,, (t) does not make it possible to reliably detect it by the envelope.

In Fig. 5, b presents graphs of sequences r[j] (blue curve) and r, [ j] (red curve). In this case, the use

of the weighted mean resultant length of the vector (9) makes it possible to slightly reduce the noise level in
the sequence r, [ j] beyond the existence of the MS signal, and to increase the peak pulse value by ~ 30%,

which is the positive effect of using the weighted mean resultant length of the vector.
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Fig. 5. Results of the physical experiment with a signal/noise ratio of ~ 2: a — graphs of the probing signal
u, (t) (blue curve) and the MS signal u__ (1) (red curve); b — graphs of functions r(t) (blue curve) and

r, (t) (red curve)

The pulse of functions r(t) and r,(t) presented in the vicinity of t =0 is explained by the partial

passage of the sounding radio pulse into the reception channel due to the influence of the electromagnetic
field on the coil of the MS receiver.

5. Discussion of results

MS signals are generally represented by an additive mixture of a radio pulse and noise. In
magnetostrictive defectoscopes, such signals can be represented by a model of narrow-band signals of
type (3). The application of discrete Hilbert transformation to such models makes it possible to obtain
samplings of the phase and evelope of such signals of significant volumes, which creates prerequisites for the
application of statistical methods of their processing. Conducted studies on models of narrowband signals
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and received real MS signals confirmed the effectiveness of using information about the evelope to detect
MS signals based on the weighted mean resultant length r [ j] (9). This function is obtained in sliding mode.

Its maximum coincides in time with the middle of the MS signals.
With a low signal/noise ratio (from 1.3 to 5), such processing makes it possible to increase the impulse
amplitude of the function r,[j] by at least ~ 30% relative to its unweighted prototype r[j]. In general, this

makes it possible, with the constant power of the MS excitation signal, to perform ultrasonic studies of
objects with lower coefficients of the electroacoustic tract k_, therefore, it makes it possible to detect

smaller defects in the structure of the material of the studied objects and at greater distances.

With a high signal/noise ratio (from 5 or more), the main advantage of the considered signal
processing method is that it provides a significant reduction (ten times) of the noise level in the
sequence r, [ j] beyond the existence of the MS signal. The detected pulse of the function r, [ j] has the

correct symmetrical shape, which makes it possible to reduce the error of estimating its position to values
within +0,5T, .

6. Conclusions

The paper presents the results of research into the possibility of solving the problems of detecting and
estimating the temporal position of MS signals, which are observed against a background of noise, by
analyzing the weighted mean resultant length of the vector, which is determined by the phase characteristic
of the investigated signal, taking into account its envelope. The implementation of such method does not
require a complete copy of the signal. Only the frequency value of the carrier signal is sufficient a priori
information. It is shown that it is possible to increase the efficiency of detection and the accuracy of
positioning in time of MS information signals using the phase method of MS information signal detection by
taking into account information about the signal envelope.

The proposed method makes it possible to detect radio pulse signals with a signal/noise ratio close to
unity. The reliability of the obtained data is confirmed by the results of computer simulation. The considered
method of detecting signals can be used in ultrasonic magnetostrictive defectoscopes and other diagnostic
systems operating in conditions of reduced signal/noise ratio.

In general, the obtained results expand the possibilities of practical application of the magnetostrictive
method of ultrasonic flaw detection of the relevant parts of electric power equipment and can be used in
other information and measurement technologies for processing radio pulse signals in the presence of noise,
particular, in the development of ultrasonic flaw detectors intended for working with materials with
significant attenuation of ultrasonic vibrations. Further research in the direction of using circular statistics —
themean resultant length, in the information and measurement technologies of MC signal processing, should
be directed to a more detailed analysis of the effect of the window aperture and the possibility of multi-
window processing of MC signals with a reduced signal/noise ratio.
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AHoTanisgs. Maenimocmpukyiinuii Memoo YIbmpazeykoeoi Odegexmockonii mac nesHmi nepesacu,
30KpeMa, MOJNCIUBICHb KOHMPOMO 00 €Kkmig 3i CKIAOHOI0 2e0MEmpIEl0 3d iX BUCOKOI memnepamypu,
MONCIUBICIb KOHMPOIIO 30 CYX020 KOHMAKMY MINC CEHCOPOM M 00 €KMOM, YCKIAOHEHUM OOCHYROM 00
KOHmMpoavbosanoi oinsanku mowo. Ocobaueocmi eenepayii' y1bmpazeyKo8Ux X6ulb MASHIMOCMPUKYIUHUMU
ceHcopamu ma ix nowupenns 6 00’€kmax KOHMpPOMO O00YMOGI0I0Mb HU3LKUIL PIGeHb GIOHOULEHHS
CUSHAT/ULYM, WO 0OMENCYE MONCIUBOCIE NPAKMUUHO20 3ACMOCYBAHHS Yb020 Memoody. Memoio cmammi €
VOOCKOHANCHHSL (DA306020 MemOOy GUSGILEHHS. CUSHANIE MASHIMOCMPUKYILIHUX APUIMAYIE 34 HU3LKO20
BIOHOUWICHHST CUSHAT/WYM MA NepesipKa e@deKmusHOCmi 3anponoHO8AH020 MEXHIYHO20 PIUEeHHs Ol
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PO3’653aHHA 3a40ay HepYUHIBHO20 KOHMPOIO eNeMeHMIE eHepeemuiuno20 O0ONAOHAHHA 304 OONOMO2010
MazHimocmpukyidnux — degpekmockonie. Y cmammi  po3enaHymo  Qazoeuti Memoo  GUAGNEHH
PAOIOIMNYIbCHUX — CUCHANIE  MASHIMOCMPUKYIUHUX CEHCOPI6 HA (DOHI  aOUmueHo20 WiyMy, KUl
IPYHMYEMbCA HA NOEOHAHMI MOMACIUBOCHEN OUCKpemHo2o nepemeopenns Iinbbepma, sxe oae 3mo2y
ompumamu 006iOHy i a3y cueHanie, ma mMemooie CmamucmuiHo20 ONPAYIO8aKHs pe3yIbmamis ¢azosux
BUMIPIOGANb. 3aNPONOHOBAHUT  ANCOPUMM ONPAYIOBAHHS CUSHANIG, AKUL OY10 O00CTIONCEHO K 8
MOOENbHOMY eKcnepumenmi, max i Npu ONpayro8aHHi PearbHUX CUSHALI8 MASHIMOCMPUKYIIHOZO0
degpexmockony. [eghexmockon 36epicac npaye3oamuicms 3a GIOHOWEHHA CUSHAL/WYM OIU3LKO2O 00
oO0unuyi i euwe. JJocmosipHicms OmpumManux OaHUX RIOMEepOdICeHd Pe3yIbmamamu KOMN 10mepHo2o
Mooenmosanns. Posenanymuti cnocib uaeients cueHanie mosice Oymu GUKOPUCTNANUL 8 YIbMPA38YKOBUX
MACHIMOCMPUKYIUHUX 0egheKmOoCcKonax ma iHwux Oia2HOCIMUYHUX CUCIEMAX, W0 Hpayioioms 8 YMo8ax
SHUIICEHO20 GIOHOWIEHHS CUSHAT/WYM.

KoarouoBi ciioBa: MarHiTocTpuKLiiiHU nedeKTOCKOI, yIbTpa3ByKoBa AeeKTOCKOMis, (pa3oBi METOAN
OTIpaIfOBaHHS CUTHAJIB, IepeTBOpeHHs [ imp0epTa, 00BigHA, (a3a, BHOIpKOBa pe3ynbTyI0da JOBKIHA
BEKTODA.
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