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Background. Now actively used the method of repair with the use of coupling metal structure. It is use to restore
the carrying capacity of active pipelines that are working for a long time.

The coupling is installed on the defective area, and the undercoupling space is sealed and filled under pressure
with a self-hardening mass. In this case, the stresses in the pipe walls and coupling are aligned with each other. The
parameters of the filling process the undercoupling space determine the quality of the entire coupling repair and
require precise testing.

Objective. The purpose of this article is to analyze the parameters for testing the filling of the under-coupling
space using ultrasonic non-destructive testing methods.

Methods. Strength improvement of the spots of the active pipeline is realized by installing an active main pipeline
of couplings. Strengthening the pipeline with the coupling is to redistribute part of the load from the pipe to the wall of
the coupling, which leads to a decrease of the stress level in the pipe wall. The reinforcement efficiency of the pipeline
could be evaluated by the degree of reduction of circumferential stresses in the wall of the repaired pipe. The article
describes the analysis of the possibility of testing the filling of the under-coupling space of the glues-welded and
brazed-welded couplings using ultrasonic methods of non-destructive testing.

Results. The use of the most common piezoelectric transducers is ineffective. This is due to the high temperature of
the brazed-welded coupling during working using molten metal, determined by its melting temperature. In this case, it
is proposed to use an electromagnetic (EMA) transducer as a radiator and receiver of ultrasonic vibrations. The results
of theoretical and experimental studies of the control of filling the undercoupling space of soldered-on sleeves with
molten metal have confirmed the effectiveness of using the EMA-method for controlling the formation of the
undercoupling space. It is shown that the proposed method of ultrasonic testing allows to achieve maximum efficiency
in testing the filling of the brazed-welded coupling with the molten metal.

Conclusions. The analysis of the possibility of using an ultrasonic method of non-destructive quality control of
filling a undercoupling space with a self-hardening substance showed the theoretical possibility of testing the filling of
the undercoupling space of glueswelded couplings with both the compounded filling of the undercoupling space and the
filling with molten metal.

The results of experimental studies of the control of filling the under-coupling space of the glues-welded couplings
with molten metal using the EMA-method confirmed the effectiveness of using the EMA-method for testing the
formation of the undercoupling space.

Keywords: coupling; non-destructive; control; diagnostics; repair, gas pipeline; pipeline; pressure; gas, oil;
refinable crude; transit; EMA; ultrasonic; maintenance; pipe; clutch.

Introduction

Now actively used the method of repair with the
use of coupling metal structure. It is use to restore the
carrying capacity of active pipelines that are working
for a long time.

The coupling is installed on the defective area, and
the undercoupling space is sealed and filled under
pressure with a self-hardening mass. In this case, the
stresses in the pipe walls and coupling are aligned with
each other [1, 2]. The parameters of the filling process

the undercoupling space determine the quality of the
entire coupling repair and require precise testing.

Problem statement

The article objective is to analyze the parameters
for testing the filling of the undercoupling space of the
coupling using ultrasonic non-destructive testing
methods.
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1. Theoretical investigations of the testing

undercoupling space filling

In the case of filling the undercoupling space of
steel couplings with a self-hardening mass based on
epoxy or polyurethane - glued-welded couplings [1,
2], as well as low-melting metal (for example, lead, tin
or their alloys) — brazed-welded coupling [3, 4], the
parameters of the formation of the undercoupling layer
can be testing by ultrasonic method. In the case of
filling the undercoupling space of steel couplings with
a self-hardening mass based on epoxy or polyurethane
[1, 2, 4], as well as a low-melting metal (for example,
lead, tin or their alloys) [3], the parameters of the
formation of the undercoupling layer can be testing by
ultrasonic method. Taking into account the high
temperature of the repair structure during the
execution of works using molten metal (determined by
its melting temperature), the use of the most common
PET (piezoelectric transducers) is associated with
known difficulties (limited temperature ranges,
difficulty or impossibility to test soiled surfaces) [5,
6]. Therefore, in this case it is proposed to use an
electromagnetic-acoustic (EMA) transducer as a
radiator and receiver of ultrasonic vibrations.

At present, the theory of EMA excitation of an
ultrasonic wave is well-developed [5], which makes it
possible to consider questions of the practical
application of the EMA methodology for testing the
process of formation of the undercoupling layer.

To solve this problem, it is necessary to
determine the characteristic differences in the signal
obtained when probing sections of the coupling with a
continuous under-coupling layer and areas containing
air bubbles or foreign matter (for example, liquid
remaining after hydraulic testing of the coupling [4]).
This task can be effectively solved by using the echo
method.

Despite it seems simplify, the implementation of
the EMA-testing of the under-coupling space has a
number of features that must be taken into account in
the present investigations.

In the simplest case, an ultrasonic wave excited
in the upper layer of the coupling shell with EMAT or
PEP is included perpendicular to the boundary of the
shell and undercoupling space (Figure 1). If there is
air in the undercoupling space, then the steel-air
boundary can be equated to the border with vacuum,
since gaseous substances have extremely small
acoustic resistances compared to steel.

For air 7 =0,000410° N 3/ m®, therefore, at the

steel-air boundary, the reflection coefficient differs
only by 20007 [7]. Thus, with sufficient accuracy for
practice, we can assume that the wave does not pass
such a boundary and returns to the medium. The pulse
reflected from the boundary can be registered by an
EMAT connected to the recorder input.

If the testing spot of the undercoupling space is
filled with a self-hardening substance based on epoxy
or polyurethane [4], or with a molten metal (for
example, tin or lead) [3], the nature of the wave

propagation mode, as part of the wave will propagate
into the undercoupling layer and from it into the body
of the pipe.

Due to the fact that the input of a plane ultrasonic
wave is considered perpendicular to the boundary,
then the reflected and transmitted waves will
propagate in the same way perpendicular to this
boundary.
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Fig. 1 Testing of formation of the under-coupling
layer by ultrasonic echo method: 1 - coupling
sheath, 2 - reinforced pipe, 3 - undercoupling
layer, 4 - ultrasonic trandusers, 5 - air bubble, 6 -
ultrasonic wave

Taking into account the small depth of the
undercoupling space, limited by the height of the
roller of the longitudinal and circumferential welds,
which, according to the current regulatory documents
should not exceed 3 mm, we can distinguish three
typical options for the formation of the undercoupling
layer (illustrated in Figure 2).

Option (a) corresponds to the presence of an air
bubble in the undercoupling space or unfilled
undercoupling space at the point of measurement.
Option (b) is characterized by the absence of adhesion
of the substance of the undercoupling layer to the
inner surface of the coupling, which creates an
obstacle to the passage of the ultrasonic wave. Option
(c) corresponds to a partially filled undercoupling
space.
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Fig. 2 Basic options for filling the undercoupling
space: O - air, 1 - coupling sheath, 2 - reinforced
pipe, 3 - undercoupling layer, 4 - transported
product; a - no filling, b and c - partial filling, d -
fully filled undercoupling space
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Option (c) is characterized by a good acoustic
contact between the inner surface of the coupling and
the undercoupling layer and a poor one between the
undercoupling layer and the reinforced pipe. The
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option is possible, for example, when using the
pretinned inner surface of the coupling during filling
the undercoupling space with molten metal and no
filling, or good filling of the undercoupling layer, but
poor acoustic contact with the pipe due to poorly
prepared in field conditions of the pipe, the presence
of rust, or places of putty defects. Option (d)
corresponds to the undercoupling space completely
filled with a substance with good adhesion of the
surfaces of the coupling and the pipe to the substance
of the undercoupling layer, which creates high-quality
acoustic contact between the layers of the structure.

Thus, the ultrasonic wave excited by the
ultrasonic transducer in the layer of the coupling 1
must overcome the border 1-3, pass through the
undercoupling layer 3, the border 3-2 between
undercoupling layer 3 and the pipe 2, reflect from the
inner surface of the pipe (border 2-4) and return in a
similar way to the wall of the coupling, after which it
will be registered by the ultrasonic transducer.
Obviously, passing through the layers and the
boundaries between them, the acoustic wave (impulse)
will undergo known changes (reflection, absorption,
scattering). As a result of multiple divisions and
reflections of the wave at each boundary, in the
presence of an infinite input wave, superposition and
interference of secondary waves occur.

If the undercoupling space is filled with air
(option (a)), there will be a total reflection of the
acoustic wave from the border 1-3, which is
characterized by the presence of a damped pulse
sequence at the output of the ultrasonic transducer
caused by the effect of multiple wave reflection
between the boundaries of the coupling wall.

After a high-quality filling of the undercoupling
space with a self-hardening substance or a molten
metal (option (c)), the ultrasonic impulse is divided at
the boundary 1-3, and the acoustic pressures of the
separated waves will be determined by the acoustic
properties of the material under the pitchwork. In this
case, if the acoustic pressure of the wave incident on

the boundary 1-3 is designated as p,, reflected, as p,,,
and transmitted as p,,, then the reflection coefficient

k, of the boundary 1-3 can be defined as

k, = P , 6]
P
and transmission coefficient k_ as
k=L )
P

In this case, the values of the reflection kp and

transmission k_ coefficients of the boundary 1-3 can
be determined from the expressions [7]:

Z,-7Z

e (3)
Z,+7
2z

k=L @
Z,+Z,

Z =p 4, )

Z,=p,ldy, (6)

Z,,Z, - acoustic resistance (impedance), respectively,

of the wall materials of the coupling and the

undercoupling layer; p,, p; - density of the materials

of the coupling wall and the undercoupling layer;

¢, ¢; - speed of sound (for longitudinal waves) in the

materials of the wall of the coupling and the under-
coupling layer.

In most cases, couplings are made of the same

material as the reinforced pipe. or gas pipelines it is
steel, characterized by a resistance
toZ, =Z,=4500° N/m’ resistance. For example,
self-hardening polyurethane-based substance SZLAST
(NPIP “KiATON”, Ukraine) can be widely used for

coupling repair as a material under the muted space.
Included in the expression (6) the value of the sound

speed ¢, for a longitudinal ultrasonic wave can be

calculated by the parameters that determine the
strength properties of the material, according to the
formula proposed in [7]:

E; 1-p,
= |2 : , 7
“ \/p3 T+p,)(1+200,) @

E,,n, are the modulus of elasticity and Poisson’s
ratio of the material of the under-coupling layer.
The Poisson's ratio , and the modulus of

elasticity E; of the self-hardening substance SZLAST
was determined experimentally on the TIRA-test
equipment of the Department of Materials Resistance
of the Kiev Polytechnic Institute [8], their values were

u, =0487,E, =649 MPa. The  density in
accordance ~ with  the  passport data  is
p, =1.500° kg/ m’. Based on the expressions (6), (7),
in the material SZLAST the sound speed is
¢, =2.75kml/s, acoustic impedance is

Z,=4.12500° N3/ m’

In the case of filling the undercoupling space
with tin, the acoustic resistance of the material of the
undercoupling  layer will be equal to
Z,=2400° NG/m’.

For the compound undercoupling layer formed
from the SZLAST material, for the boundary 1-3,
k, =-0.832 .k, =0.168, that is -83.2 %, the acoustic

pressure of the reflected acoustic wave is incident and
transmitted 16.8 %. For the border 3-2 (the transition
from the undercoupling space into the pipe wall, these
values will be k, =0.832 .k, =1.832, (the acoustic

pressure reflected from the border 2-3 waves is
incident on it 83.2 %, and passed 83.2 %). The
increase in acoustic pressure when passing the border
2-3 is explained significantly large, compared with
polyurethane, the acoustic resistance of steel.
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In gas pipelines, the inner surface of the pipe is
bordered by gas, so the border 3-4 can be considered free,
the reflection coefficient k, of which is equal to one.

For an undercoupling layer formed of tin, for
border 1-3, k, =-0.3, k. =0.7, that is, the acoustic

pressure of the reflected acoustic wave is -30 %
incident and transmitted 70 %. For the border 3-2 (the
transition from the undercoupling space to the pipe

wall, these values will be kp =0.3, k, =130, (the

acoustic pressure reflected from the border 2-3 waves
is incident on it 30 %, and transmitted 130 %).

In the process of propagation of an ultrasonic
wave in the layers as a result of scattering processes
on inhomogeneous structures of the layers and
absorption of a part of the energy by the material of
the layers, its attenuation occurs. Both types of losses
limit the practical use of the ultrasonic method to
control the process of forming the undercoupling
layer. Difficulties in testing may arise due to the
appearance of numerous reflections that correspond to
different arrival times of the waves.

The change in acoustic pressure in an ultrasonic
wave that has passed a certain distance [ in a
homogeneous medium is described by an exponential
equation of the form [8]:

p=p, . ®)
Where, p - acoustic pressure at the exit of the section
with a length [/ of a homogeneous material, p, -

acoustic pressure at the beginning of the section, o -
attenuation coefficient.

Thus, the acoustic pressure of the p, wave
passing through section 1 (coupling) at the boundary
1-3 will decrease to the value p,, = p, @™ | where

o,, is the coefficient of attenuation of the coupling

material. The wave that passed through the border 1-3
will create an acoustic pressure p, =DL[p,,, which

will decrease to the value p,, = p, 2*"°” | where

0pp is the attenuation coefficient of the material of the

undercoupling space at the boundary 3-2.

That is, the acoustic pressure will change at the
boundaries of the media and decrease as the layers
spread in the materials.

If we neglect the attenuation in the layers and
confine ourselves to considering only the main
maxima, then we can single out four main
characteristic echo impulses, on the basis of the
analysis of which one can judge the quality of the
formation of the undercoupling layer (Fig. 3).

Figure 3 shows: I - an echo pulse reflected from
the boundary of the coupling-undercoupling layer, II -
an echo pulse reflected from the inner boundary of the
undercoupling layer (options b and in Fig. 2), III - an
echo pulse reflected from undercoupling layer-pipe,
IV - an echo pulse reflected from the boundary of the
pipe-transported product.

The data for calculating the acoustic pressure
generated by characteristic echo pulses with different
variants of the formation of the undercoupling layer
are presented in the form of graphical diagrams
(Fig. 4).

The data obtained allow us to conclude that the
ultrasonic method can be used to test the parameter
formation of the undercoupling layer, both from the
liquid compound and from the molten metal. At the
same time, it should be noted that its use to control the
process of filling the undercoupling space with a
compound is associated with the difficulty of isolating
the useful signal against the background of multiple
reflections of the ultrasonic wave from the walls of the
coupling shell, which in this case is noise. This
question requires the correct circuit design of the
ultrasonic device.
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Fig. 3 Formation of characteristic echo pulses: 0 - air,

1 - coupling sheath, 2 - reinforced pipe, 3 -
undercoupling layer; 4 - transported product
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Fig. 4 Acoustic pressure generated by characteristic
echo pulses

The quality control of the formation of a
undercoupling layer of molten metal should not cause
difficulties because of the ease of registration of
pronounced signals that characterize the state of
undercoupling space. For control, an ultrasonic
thickness gauge can be used, built, for example, on the
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basis of an EMA [9] transducer operating at elevated
temperatures. In the case of measurements using an
echo pulse having maximum amplitude, an EMA
thickness gauge will provide reliable information on
the state of the undercoupling space. To excite the
ultrasonic wave in the wall of the coupling, which has
a higher temperature, an alternative method can be
used that does not require the use of external magnets.

2. Experimental investigations of the testing of
the undercoupling space filling

The UD-4T ultrasonic flaw detector was used in
conjunction with the PET PI111-2,5-K12 for
experimental verification of the method for testing the
quality of filling the under-coupling space using the
ultrasonic method of non-destructive testing. As a
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control object, parts of the shell of the coupling and
the pipe were used, on which the options for filling the
undercoupling space, shown in fig. 2.

As a material for the formation of a
undercoupling layer used composite material based on
polyurethane SZLAST and tin. The results of the
experimental  verification are shown in the
photographs presented in Fig. 5 and Fig. 6.

For further experimental verification of the
quality of the formation of the undercoupling layer
with the molten metal [6, 13], an experimental EMA
sensor was connected using the EMA-method with the
UD-4T ultrasonic flaw detector, and the flaw detector
was switched to the “thickness gauge” mode. The
results of thickness measurements are illustrated in
Fig. 7.
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Fig. 5 Photos of the flaw detector screen with echo pulses with ultrasonic sounding of a coupling with an undercoupling

space filled with a composite substance SZLAST

Gain T e e e e | ‘ [ o-out [ niona o0 [G8i04:52] < el ; i SO R ana g [e 0452 el
130.6 db { 130.6 dB 130.6 dB
Dela Delay ! Delay  |!
0000,000 ps 0000000 ps || 0000.000 ps
Scale Stale | Stale T |
Off Off Off
Accumulation Accumilation | Accumilation |
off Y
Freeze / \
Off A - A
Length wef N j\ r\‘x Length '\\/ \"“4‘ VA
e > = T 0008 ps 0008 pis
Option a, b Option ¢ Option d

Fig. 6 Photos of the flaw detector screen with echo pulses with ultrasonic sounding of the coupling with under-coupling

space, filled with molten tin
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Fig. 7 Photos of the flaw detector screen in the “Thickness gauge” mode when filling undercoupling space tin
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Option (a,b) - lack of the filling undercoupling
space, option (c) - tin is deposited on the inner surface
of the coupling, there is no contact with the reinforced
pipe, option (d) - tin has filled the coupling sleeve,
good acoustic contact with the pipe and coupling.

Conclusion

The analysis of the possibility of using an
ultrasonic method of non-destructive quality control of
filling a undercoupling space with a self-hardening
substance showed the theoretical possibility of testing
the filling of the undercoupling space of glueswelded
couplings with both the compounded filling of the
undercoupling space and the filling with molten metal.

The experimental data do not allow the
ultrasonic method to reliably control the quality of
filling the undercoupling space with a polyurethane-
based compounding substance due to the difficulty in
extracting echo signals that carry useful information
from the parasitic signals arising from the reflection of
the ultrasonic wave from the surfaces of the coupling
walls.

At the same time, the analysis of the echo signals
gives reliable information about the state of the under-
coupling layer in glues-welded couplings filled with
molten metal.

The results of experimental studies of the control
of filling the under-coupling space of the glues-
welded couplings with molten metal using the EMA-
method confirmed the effectiveness of using the
EMA-method for testing the formation of the
undercoupling space.

References

[1] O. Podolian et al., “Quality control system of well-
bonded coupling fitting onto high pressure gas-
main pipelines”, Proc. SPIE 10808, Photonics
Applications in Astronomy, Communications,
Industry, and High-Energy Physics Experiments
2018, 108085A (1  October 2018). DOI:
10.1117/12.2501594

[2] G. Tymchik and O. Podolian, “Technique of
strength increasing of working pipeline parts with

YJIK 621.643.03: 620.179.18

I'. C. Tumuuk, O. O. Ilogoasin, K. C. Ceprienko

the help of well-bond goints*, Naukovi Visti
NTUU KPI, vol. 2, pp. 97-103, 2015.

[3] O. Podolian et al., “Method of reinforcing the
pipeline with the help of clutches with internal
filling with work quality control (variants)”, UA
patent 98601, May. 25, 2012.

[4]TBH B.3.1-00013741-12:2011 MarictpayieHi ra-
301poBOJM. PEMOHT IyroBMM 3BaplOBaHHSIM B
YMOBaX eKCILTyaTaltii.

[5]Nathan Ida, Norbert Meyendorf, “Handbook of
Advanced Nondestructive Evaluation®, Springer
Cham, 2019, P.1626.

DOI: 10.1007/978-3-319-26553-7

[6] O. Podolian and G. Tymchyk, “Quality control of
couplings installation on the main pipeline®. Igor
Sikorsky Kyiv Polytechnic Institute, Kyiv, Ukraine,
2020.

[7]1J. Krautkramer and H. Krautkramer, ‘“Ultrasonic
Testing of Materials®, Springer, Berlin, 1990.

[8] V. But et al, “Conduct of full-scale tests of the
effectiveness of gluing pipe couplings® Paton
Institute of Electric Welding, State register
Ne0112U003232, 2012, P. 48.

[9] K. Serhiienko et al. “Theoretical Investigations of
the Ultrasonic Wave Generation by an
Electromagnetic Acoustic Transducer®, Naukovi
Visti NTUU KPI - Vol. 3, 2018, pp. 84-92.

DOI: 10.20535/1810-0546.2018.3.127129

[10] I. Oryniak et al., “Method of repairing the
operating pipeline with a clutch with internal
filling”, UA patent 98440, May 10, 2012.

[11] V. But et al., “Method for repair of defect
section of pipeline without change of mode of
transportation of product, UA patent 81894,
February 11, 2008.

[12] V. But et al., “Method for repair of pipeline
under conditions of operation®, UA patent 81895,
February 11, 2008.

[13] O. Podolian, “Method of strengthening the
pipeline with the help of a braze-weld coupling”,
UA patent 110155, November 25, 2015.

Hayionanvnui mexuiunuti ynisepcumem Ykpainu « Kuigcokuii nonimexHivnuii incmumym imeni leo-

pa Cikopcvkoeo», Kuis, Yrpaina

TEXHOJIOI'TAA KOHTPOJIXO 3AITOBHEHHA ITIJIMY®TOBOI'O ITPOCTOPY MY®TU HA

MAT'ICTPAJIBHOMY TPYBOITPOBO/II

Hapa3i akTHBHO 3aCTOCOBYETHCS METOJ PEMOHTY 3 BHKOPHUCTaHHSIM MY(PTOBHX KOHCTPYKIH. BiH BHKOPUCTOBYETHCS
JUTSI BITHOBJICHHSI IPOITYCKHOT 3JATHOCTI IF0UHUX TPYyOOTIPOBOIIB, SIKi MPAIIOIOTH MPOTATOM TPUBAJIOTO Yacy.

MydTy BCTaHOBIIOIOTh Ha NEPEKTHY IUISHKY, a MiAMY(TOBHH MPOCTIp TePMETHU3YIOTh 1 3aITOBHIOIOTH il THCKOM CaMO-
TBEPII0YO0I0 PEIOBUHOIO M THCKOM. [Ipy oMy Hampy>XeHHS B CTiHKax TpyOW i My(dTH BHUpIBHIOIOTHCS. [lapamerpu
TIPOIIECy 3aMOBHEHHS MiAMY()TOBOTO MPOCTOPY BU3HAYAIOTH AKICTh YCHOTO PEMOHTY MY(PTH 1 MOTPeOYIOTH KOHTPOJTIO.
Mertoro IIi€l CTATTI € aHai3 MapaMeTpiB KOHTPOJIIO 3aMOBHEHHS MiAMY(TOBOTO TPOCTOPY 3 BUKOPHUCTAHHSM YIIbTpa-

3BYKOBHX METOJIIB HEPYHHIBHOT'O KOHTPOJIIO.
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[TigBUIIIEHHST MIITHOCTI TIFOYOTO TPYOONPOBOIY 3MiHCHIOETHCS MUIIXOM BCTAHOBJICHHS HAa MaricTpaJIbHUN TPyOOTpoOBig
MydT. [Tocunenns TpybonpoBoxy My(pToro mojsarae B mepepo3no il YaCTHHA HABAHTAXKEHHS 3 TPyOH Ha CTIHKY MyQd-
TH, 110 NPU3BOJIUTH J0 3HWKEHHS PIBHS HaNpy>KeHb Yy CTiHII TpyOu. EdekTuBHiCTh MmocmiieHHs TpyOONPOBOLY MOXKeE
OyTu OLIiHEHaA 3a CTYIICHEM 3HIDKEHHS KUIBLEBUX HANPYXKEHb y CTIHLI BIAPEMOHTOBAHOI TPYOH. Y CTAaTTi OIKMCAHO aHa-
JIi3 MOJKJIMBOCTI NEPEBIPKH 3aIlIOBHEHHS MiAMY(PTOBOIO MPOCTOPY KIEEHO-3BAPHMX 1 MasiHO-3BapHUX MYy(]T 3a jomomo-
rOI0 YJIbTPa3BYKOBHX METO/IIB HEPYHHIBHOTO KOHTPOJIIO.

BukopucranHsl HAWIOMMPEHIIINX 1'€30€EKTPUYHHX TIEPETBOPIOBaviB HeeekTuBHE. Lle MoB's13aHO 3 BUCOKOIO TeMIIe-
paryporo nasiHo-3BapHOi My TH MiJ 4ac poOOTH 3 BUKOPHCTaHHSIM PO3ILUIABIEHOI0 METally, 10 BU3HAYAETHCS TEMIIepa-
TYpOIO HOTO TUIABJIEHHS. Y IIbOMY BWITAJIKy TIPOMOHYETHCS BUKOPHUCTOBYBAaTH enekTpoMarHitauii (EMA) mepetrBopro-
BadY 5K BUIPOMIHIOBAY i MpUiMad yIbTPa3BYKOBHX KOJMBaHb. Pe3yiIbTaTH TEOPETHUHUX Ta EKCHEPUMEHTAIBHUX T0-
CITiDKEHb KOHTPOJIIO 3aMOBHEHHS MiAMY(TOBOTO MPOCTOPY MY(PTH PO3ILIABICHUM METAJIOM MiATBEpIWIH e(PEeKTHB-
HiCTh BUKOpHCTaHHS EMA-MeTony Uisi KOHTPOJIIO GopMyBaHHs MiaMypToBoro npoctopy. [lokazaHo, 110 3amponoHo-
BaHUI METOJ YIbTPa3BYKOBOTO KOHTPOIIIO A€ 3MOTY IOCATTH MaKCHMAIBbHOI €(peKTHBHOCTI il Yac KOHTPOIIO 3aI0B-
HEHHS MTasHO-3BapHOI My(PTH PO3IUIABICHAM METaJIOM.

AHai3 MOXIIMBOCTI BUKOPHCTAaHHS YJIbTPa3ByKOBOI'O METOy HEpYHHIBHOTO KOHTPOJIIO SIKOCTI 3alIOBHEHHS MMy (TO-
BOT'0 IIPOCTOPY CaMOTBEPAHYYOI0 PEYOBHHOIO [I0KA3aB TEOPETUUHY MOXKIIUBICTB IIEPEBIPKH 3aIIOBHEHHS I1IMY()TOBOTO
IIPOCTOPY KJIE€3BapHUX MY(]T SIK MPU KOMIIAyHJIOBAaHOMY 3allOBHEHHI MiZAMy(TOBOro MpOCTOpY, TaK 1 NpW 3alOBHEHHI
PO3IUIaBICHUM METAJIOM.

PesynbpraTi eKCHepUMEHTANIBHUX JOCIIKEHb KOHTPOJIO 3allOBHEHHS MiAMY(TOBOTO MPOCTOpPY KIEE3BAPHUX MYy(T
PO3IUIABIICHUM MeETaioM 3a normomMoroto EMA-metony mintBepamin epeKTHUBHICTH BHKOpUCTaHHS EMA-Meronmy st
KOHTPOJIO GOPMYBaHHS IMiIMY(HTOBOTO MIPOCTOPY.

Kniouosi cnoea: mydra; HepyiHIBHHI; KOHTPOJIb;, NiarHOCTHKA; PEMOHT; T'a30IMPOBiIT; TpyOONPOBI I, TUCK; Ta3; HaTa;
HadTOMPOAYKTH; TpaH3UT, EMA; ynbTpa3ByK; 00CIyroByBaHHs; TpyOa; Mmydra.
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