DOI 10.31489/2021PH4/35-45

UDC: 677.017

V.G. Zdorenkol, V.Yu. Kucherukz, S.V. Barilkol*, S.N. Lisovets®

!National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”;
*Vinnytsia National Technical University;
V.1 Vernadsky Taurida National University
("E-mail: poodta@bigmir.net )

Non-contact Ultrasound Method of Thread Tension Determination
for Light Industry Machinery

It has been established that with the help of a pulsed ultrasonic signal of complex shape, it is possible to de-
termine the tension of a filament with a high linear density in a special waveguide with a rectangular cross-
section. It has been proved that the amplitude ratios of ultrasonic waves that interact with different textile fil-
aments are influenced by their linear density, the angle between the passage direction of part of the waves en-
veloping the fibers in the middle and the surface of these fibers, as well as the angle between the direction of
wave propagation enveloping the thread itself from the outside, and the surface of the whole material. It
should be noted that the corresponding bypass angles of the ultrasonic waves of the textile depend on the ma-
terial porosity, frequency of the ultrasonic waves, and their power. To enable non-contact control of the
change in the tension of the thread branch, it is advisable to use a pulsed ultrasonic signal with two different
peaks of the waves, amplitudes, which are adjusted to the linear density of the thread and its conditional radi-
us. It has also been shown that the use of this method will provide operational technological control in the
production of textile fabrics.

Keywords: thread tension, amplitude ratios, ultrasound waves, waveguide, a linear density of thread, basis
weight, textile fabrics.

Introduction

One of the most important tasks for light industry enterprises is to improve the quality of textile
products and their competitiveness. Nowadays, the quality of various textile fabrics depends on the main
technological parameters, the provision of which makes it possible to obtain its proper level.

One of the main parameters is the basis weight of fabrics. Compliance with the appropriate basis weight
of fabrics depends on the thread tension on textile machines on which fabrics are made. Due to the excessive
tension of threads, their breakage on the process of equipment can occur, which leads to the lack of fabrics,
downtime of textile machines, and loss of funds and time to restart them. As nowadays the thread tension
control systems on various textile machines are mostly only mechanical [1, 2], this helps to determine the
actual value of this parameter in the course of such systems and to make the correct adjustments with the
necessary precision, which can significantly affect the quality of the finished product.

Experimental

There are contact devices for determining the thread tension [3], but they do not allow their installation
without affecting the textile material. This leads to an additional increase in tension when measuring it,
which can make a significant error from the contact pressure of the sensor on the material itself. There are
also optical non-contact devices for determining various parameters of threads [2, 4], but they can have sig-
nificant errors due to the dustiness of the environment in the production environment.

The creation of ultrasound non-contact methods and means for determining the thread tension on
different textile machines will allow for operational technological control of this parameter and will provide
feedback to the thread tension control systems, which will be adjusted to the actual value of this parameter.
This will eliminate the shortcomings of the thread tension systems and improve the quality and
competitiveness of the finished fabrics.

Results and Discussion

The movement of threads with a certain tension on the working bodies of knitting machines is the
movement on guides of various shapes. If we consider such interaction of a thread with a cylindrical guide
with the radius of curvature R [5], it is possible to use the amplitude ratios of ultrasound waves [6] that in-
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teract with a thread to determine the tension by changing the diameter of the thread and its density (may vary
by means of reducing the interfibrous porosity of the material). In general, the dependence for determining
the tension of the leading thread branch by amplitude ratios of ultrasound waves reflected from the fibers
of the material to the waves that only fall on it in its interaction with the working bodies of knitting machines
can be represented as follows:
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where P, is the tension of the driven thread branch; P, is the tension of the leading thread branch; R is the
radius of curvature of the cylindrical guide; Z, is the acoustic air resistance; f is the frequency of ultra-
W |=R./F
P, of ultrasound waves passing through the fibers of the thread material to the pressure amplitude 7, of

sound vibrations; p, is the bulk density of the tread, is the ratios of the pressure amplitude

1w

waves that just fall on it taking into account the attenuation; v, is the angle between the direction of the part

of the waves that surround the thread and its surface; »* is the conventional radius of the thread, which is
determined by the non-contact ultrasound sensor; ., is the coefficient of friction of the thread; 4, is the angle

of circumference of the thread of the guide surface; E, is the modulus of thread elasticity during
compression; b, is the width of trace contact thread on the guide; B, is the coefficient of thread rigidity

when bent.

In such cases, it is necessary to use ultrasound waves that pass through the fibers of the material as well
as those that bypass the thread itself. To increase sensitivity of the sensors it is advisable to use waveguides
to determine the thread tension on different knitting machines.

Methods of control of various properties of textile fibers [7-10] do not let carry out operative
technological control of the thread tension.Therefore, an amplitude method based on the developed method
of controlling technological parameters of textile materials can be applied to control this parameter [11, 12].
The new method is characterized by the fact that the change in the amplitude of ultrasound waves in the
waveguide determines the tension of the thread with high linear density on knitting machines.

In practice, it is advisable to use low-power sensors and corresponding waveguides to increase the sen-
sitivity of the ultrasound waves toward the change of the diameter of the thread. Waveguides with a rectan-
gular section are quite effective.

Fig. 1 illustrates surfaces depicting the dependence of the amplitude ratios of ultrasound waves | W, |
on the tension of the P, driven and P, leading thread branch for cotton materials, viscose threads, capron

threads, wool.
Fig. 2 illustrates the surfaces that depict the dependence of the amplitude ratios of ultrasound waves

|WT3_ on the conventional radius of the thread »* and the parameter cosv, that shows the influence of the

part of the waves which surround the thread and its fibers (if large interfibrous porosity is present). It should
be noted that Figures 1 and 2 show surfaces for different materials (cotton, viscose threads, capron threads,
wool) which depict dependence of amplitudes of the ultrasound waves that surround the thread (since this is
a large part of the ultrasound signal at which the amplitude detector of the thread tension detector captures
voltage that is proportional to the amplitude of the waves transmitted to the sensor).
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1 - cotton;
2 - viscose;
3 - capron;
4 - wool.
Figure 1. Surfaces showing dependence of ratios| W,

=B,/ F,, ofthe pressure amplitude
B, of ultrasound waves passing through the fibers of the thread material to the pressure amplitude

F,,,, of waves that just fall on material on the tension F, and B, for different threads:

1 - dependence |WT& | on tension parameters F, and P, for cotton;
2 - dependence |WT& | on tension parameters F, and P, for viscose threads;
3 - dependence |WT& | on tension parameters F, and P, for capron threads;

4 - dependence |WT& | on tension parameters F, and P, for wool.
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Figure 2. Surfaces showing dependence of ratios ‘WT& ‘ =R, /B, ofthepressure amplitude 5,

of ultrasound waves passing through the fibers of the thread material to the pressure
amplitude 7, of waves that just fall on material on parameters 7 * and cosv, for different threads
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These surfaces will let simplify the obtained formulas for practical implementation of non-contact
means of thread tension control using special waveguides.

In the research course, it has been found out that the amplitude ratios of ultrasonic waves that interact
with different textile filaments are influenced by their linear density 7 and parameter cosv. It should be
noted that the parameter cosv depends on the material porosity, the frequency f of ultrasonic waves and

their power.

To have a contactless control of the tension change of the thread branch, it is advisable to use a pulsed
ultrasonic signal with two different peaks of wave amplitudes (see Fig. 3), which are adjusted to the linear
density 7 of the thread and its conditional radius 7 . Measuring the thread tension with the help of two
peaks of wave amplitudes will allow taking into account the part of the ultrasonic signal that passes through
the interfiber pores and the part of the signal that bypasses the thread itself.

If a waveguide is used to determine the tension change of a particular branch of the thread using sound-
ing of the material with an ultrasonic pulse signal with two different peaks of amplitude, then the expression
for this parameter can be written as follows:
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where i —2, 3, 4..., the number of the voltage amplitude value from the receiving transducer when changing
the thread branch tension as for its previous state; U, — the voltage amplitude which is proportional to the
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smaller peak of the pulsed ultrasonic signal when it propagates in the waveguide without a thread; U, — the

voltage amplitude which is proportional to the smaller peak of the pulsed ultrasonic signal when it propa-
gates in a waveguide with a thread with a change in its tension, different values of which are associated with

the sequence number i; U; — the voltage amplitude which is proportional to the larger peak of the pulsed
ultrasonic signal when it propagates in the waveguide without a thread; U, — the voltage amplitude which is

proportional to the larger peak of the pulsed ultrasonic signal, when it propagates in a waveguide with a
thread with a change in its tension, the different values of which are associated with the sequence number i ;

|W1 |f module of complex coefficient of ultrasonic waves transmission which is equal to the voltage ratio
Uu,/U,;

ratio U, /U, ; v, — the angle between the direction of the waves enveloping the thread fibers in its middle,

W, |f module of complex coefficient of ultrasonic waves transmission which is equal to the voltage

and the surface of these fibers; v, — the angle between the direction of the part of the waves that envelop the

thread from its outer side, and the surface of the whole material; v,” — the angle between the direction of the

part of the waves that envelop the thread from its outer side, and the surface of the whole material when
changing the fibers tension; » — conventional radius of the controlled thread in case of the absence of ten-
sion; n — the number of the ultrasonic wave passes of the cross section of the waveguide with the thread
which is necessary for the oscillations to enter the receiving transducer; K, — the ratio of the air volume be-

tween the thread fibers; K, — initial coefficient of interfiber porosity of the thread material; T — linear thread

density; P— initial thread tension; P"— the current tension of the thread being determined; P, — the pres-
sure amplitude in the wave of the smaller peak of the pulse signal that passes through the waveguide without
a thread; B, — the pressure amplitude in the wave of the smaller peak of the pulse signal that passes through
the waveguide with the thread when changing its tension; P, , — the pressure amplitude in the wave of the

larger peak of the pulse signal that passes through the waveguide without a thread.

By means of the received aspect (3), it is possible to define in practice a change of current thread ten-
sion with big linear density on the technological equipment if necessary. It is also possible to further investi-
gate the change in the interfiber porosity of different threads during their tension.

Theoretical and experimental studies have been conducted, some results are shown in Table.

Table
Experimental data of non-contact method

Experimental data

I 445 mg/m

I 1.50 mm

L7 ] 40 kiz

s 28

I 19.6 cN

oo 3

¢ ] : 2 3
Determining
using contact = 0 19.6 cN
method:

 cosv, - 0.00335 0.00334
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Voltage
oscillograms

U, =305 mV

Voltage ampli-
tude

U," =420 mV U, =315mV U; =340 mV

1 0.557 0.541

1 0.750 0.810
Determining
using non- = 0 20.364 cN
contact method:

- 0 3.9%

4 5 6
Determining
using contact 49.0 cN 68.6 cN 98.0 cN

1.02 mm 0.99 mm 0.95 mm

0.00282 0.00222 0.00183

Voltage
oscillograms

Voltage ampli- U= 90 mV Us= 85 mV : Ug = 80 mV
tude U, =340 mV Us =365 mV Us =380 mV

- 0295 - -
Determining

using non- 47.904 cN 68.333 cN 98.544 ¢cN
contact method:

22 % -0.39 % 0.56 %
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These results show that it is possible to create an accurate non-contact method for determining the
thread tension with a high linear density.

The part of the ultrasound signal that passes directly through the structure of the thread itself can also be
used to determine the change of interfibrous porosity of the threads. The effect of determining the change of
interfibrous porosity in the thread tension process has also been considered in this article and has been ex-
perimentally recorded by using ultrasound impulse signals of a complex shape, as shown in Table 1. and in
Fig. 3.

Non-contact determination of the thread tension using a waveguide, with all oscillograms of pulsed ul-
trasonic signals are represented in Fig. 3. The correspondence of each oscillogram of pulse signals to the cur-
rent value of the thread tension in the waveguide is noticed. It is clear that the first peak of the amplitude of
the ultrasonic signal decreases, and the second peak of the amplitude increases. The combination of measur-
ing information about the amplitude informative parameters of the two peaks of ultrasonic waves makes it
possible to take into account the part of the oscillations that bypasses the controlled material and to reduce
the error of tension measurement.

365 mV

5

S80mV

,
s
Use

Nothread  P=0 P=196cN P=49.0cN P=68,6cN P=98.0cN
a b

Figure 3. Non-contact determination of thread tension in a waveguide:

a - transmission of an impulse ultrasound signal through a thread in a waveguide without repetition;

b - appearance of an impulse ultrasound signal of a complex shape with two peaks of amplitudes which
determine tension and change of interfibrous porosity of the thread after passing through and repetition of
waves in a waveguide

The increase of the second peak amplitude of an ultrasound signal of a complex shape indicates in-
crease in the magnitude of tension and decrease of a nominal diameter of the thread in accordance with the
surfaces shown in Fig. 2, and the decrease of the first peak amplitude of an ultrasound signal shows decrease
of interfibrous porosity of the thread with increasing its tension and deformation.

Figure 4 graphically demonstrates the theoretical dependencies and experimental data, which were also
given in Table 1. From the obtained data parameters, one can see that in the area of the curve when the
thread tension is in the range from 20 cN to 50 cN, its diameter and interfiber porosity decrease significantly.
At the beginning of the thread tension process, when the interfiber porosity is significant, some of the waves
pass through the pores between the fibers, so the higher peak of the amplitude is further increased. At a ten-
sion of 50 cN, the higher peak of the amplitude increases due to the part of the waves enveloping the thread
with a reduced diameter from the outside of its surface. The other part of the oscillations, which initially fur-
ther increased the amplitude of this peak, now passing through the reduced pores between the fibers of the
material from the middle, reduces the resulting amplitude. Therefore, the graph (Fig. 4) shows that the ampli-
tude of this peak during the action of the thread tension in this range of its values (20 cN - 50 cN) remains
the same.

Studies have shown that with the help of impulse ultrasound signals it is possible to determine not only
the tension of threads with high linear density but also the degree of twist of complex threads by changing
their interfibrous porosity, which, in turn, can be controlled by changing the amplitudes of ultrasonic waves.
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Figure 4. Dependencies of amplitude parameters on the thread tension in the waveguide:
a — dependencies of amplitude parameters | W, | , | w, | waves on the thread tension P ;

6 — dependencies of the amplitude voltages parameters U,, U i* on the thread tension P
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The amplitude ratios of ultrasonic waves that interact with the thread material, make it possible to create
contactless control systems of the thread tension for the production of textile fabrics.

Conclusion

In the course of the research, it was found out that impulse ultrasound signals can be used to determine
the thread tension of different raw material composition. With the help of a pulsed ultrasonic signal of com-
plex shape, it is possible to determine the tension of a filament with a high linear density in a special wave-
guide with a rectangular cross-section. To enable non-contact control of the change in the tension of the
thread branch, it is advisable to use a pulsed ultrasonic signal with two different peaks of the waves ampli-
tudes, which are adjusted to the linear density of the thread and its conditional radius. It is possible to see
from the general comparison of pulse signals correspondence of each of their oscillogram to current value of
a tension of a thread in a waveguide. During the non-contact determination of thread tension in a waveguide
the first peak of the amplitude of the ultrasonic signal decreased, and the second peak of the amplitude in-
creased. The combination of measuring information about the amplitude informative parameters of the two
peaks of ultrasonic waves implemented to consider the part of the oscillations that bypasses the controlled
material and to reduce the error of tension measurement. An increase in the amplitude of the second peak of
the ultrasonic signal of complex shape shows an increase in tension and a decrease in the conditional diame-
ter of the thread, and a decrease in the amplitude of the first peak of the ultrasonic signal shows a decrease in
interfiber porosity with increasing tension and deformation. From the obtained data on the amplitude pa-
rameters of ultrasonic waves, it can be seen that in the area of the curve graph, when the tension of the fila-
ment is in the range from 20 cN to 50 cN, its diameter and interfiber porosity significantly decreases. At the
beginning of the thread tension process, when the interfiber porosity is significant, part of the waves pass
through the pores between the fibers, so the higher peak of the amplitude is further increased. At a tension of
50 cN, the higher peak of the amplitude increases due to the part of the waves enveloping the thread. The
other part of the oscillations, which initially further increased the amplitude of this peak, now passing
through the reduced pores between the fibers of the material from the middle, reduces its resulting amplitude.
Therefore, the amplitude of this peak during the action of tension on the thread in this range of its values
(20 cN - 50 ¢cN) remains the same. Conducted research will make it possible to use non-contact ultrasound
methods and means for the operating control of the thread tension in the process of production of various
textile fabrics. In the future, it will improve the quality by maintaining within the regulated limits of basis
weight of the fabrics with the required accuracy, as well as the competitiveness of domestic products in tex-
tile industry.
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B.I'. 3nopenxo, B.IO. Kyuepyk, C.B. bapsuiko, C.H. JIucoserg

7KeHin1 oHepKICIN MAIIMHAIAPHI YUIIH KINTIH KepuUIyiH
AHBIKTANTHIH 0AMJIAHBICCHI3 YIbTPAABIOBICTBIK JIiC

Kypzeni mimiagl uMImysascTi ynbTpaabIOBICTHIK JaOBUIIBI KOJIJaHa OTHIPHI, TIKOYPHIITE KMMAckl 6ap ap-
Hailbl TOJNKBIH OTKI3TiLITE JKOFAPbI ChI3BIKTBIK THIFBI3ABIFEI Oap JKIMNTiH KepilyiH aHbIKTayFa OOJAThIH/IBIFbI
aHBIKTAJIBL. OPTYpJi TOKbIMA IKIITEpIMEH ©3apa OpPEeKEeTTECETiH YIbTPaIbIOBICTBIK TOIKBIHIAPIbIH
aMIUIMTYIAJIbIK KaThIHACBIHA OJIAP/bIH ChI3BIKTBIK THIFBI3IBIFbI, XKill TAJIILIBIKTAPHIH OHBIH OPTAChIH/A aifHAII-
JBIPAThIH TOJNKBIHAAP/BIH Oip OOiriHiH eTy OaFbIThl MEH OCHI TAJLIBIKTApAbIH OeTi apachlHIArbl OyphIll,
COH/Iali-aK >KINTIH CHIPTKBI )KaFbIHAH alfHAJaThIH TOJKBIHAAPIBIH Oip OeiriHiH Tapary OarbIThl MEH OYKiI
MaTepHaablH OeTi apachlHOarbl OyphIl  ocep eTeTiHAIri JonenneHmi. TokeiMa OyifbIMIapbHA
YIBTPAAbIOBICTHIK TONKBIHAAPBIHBIH COHKEC 0Ty OyphIITaphl MaTePHAIABIH KEYESKTUIITiHe, yIbTPaJbIOBICTHIK
TOJIKBIHAAPBIH JKHAUIITIHE JXOHE OJIapABIH KyaTblHa OalJIaHBICTHI CKEHIH aTal OTKeH >OH. AJIBIHFaH
YIBTPAABIOBICTHIK TOJKBIHAAPIBIH AMIDIMTYAAIBIK apaKaThIHACKIHBIH OKINTIH KepuTyiHe ToyelAiTiKTepiHiH
rpaduKkTepi JKoHE ONApAbl TIKIPUOETIK MANTIMETTEPMEH CalbICTBIPY YChbIHBUIFAH. JKilm TapMarbIHBIH
KepinyiHiH e3repyiH Oaitnanbicchl3 6ackapy MYMKIHIIT YIIiH KIiOTiH CBI3BIKTBHIK THIFBI3/IBIFbIHA KOHE OHBIH
IIAPTTHI PAJNyChIHA COUKEC KEJETiH €Ki TYPJI TOJIKBIHABIK aMIUIUTYAAChl 0ap MMILYJIbCTI YJIbTPaAbIObICTBIK
nabbuiabl KonjanraH jkeH. COHBIMEH KaTtap, SMICTi KOJJIaHy TOKbIMA MaTajapibl OHIIpy Ke3iHJe Keael
TEXHOJIOTHSIIBIK OaKbLIAYIbl KAMTaMAChI3 €TETiHI KOpCeTUIl. ATallFaH OalIaHBICCHI3 YIIBTPAIBIOBICTHIK JTIC
TOKYy MalllMHAJapbIHAA JKINTepAiH KepLIyiH peTTey »KYHeciH >KeTiimipyre, coHmai-ak eHAipic Ke3iHuae
OJIApJIBIH Y3UITCHIH aHBIKTayFa KOMeKTecedi. Bysl e3 KeseriHiue TEXHOJIOTHSUIBIK KaOIBIKTapIbIH TOKTAIl
KaIybIH KbICKapTaJbl, TalbIH OHIMHIH CaIlachIH JKaKCapTa/bl )KoHE OHBIH HApBIKTaFrbl 0aCeKereKablIeTTiliriH
KaMTaMachl3 eTefi.

Kinm ce30ep: x)inTiH TapThUTybl, aMILTUTYAATBIK KOIQ(PUIHEHTTED, YIBTPAIBIOBICTHIK TOIKBIHIAP, TOIKBIH
OTKI3IiLI, KINTIH CHI3BIKTHIK THIFBI3/IBIFBI, OCTIHIH THIFBI3ABIFEI, TOKPIMA MaTaap.

B.T". 3nopenxo, B.1O. Kyuepyk, C.B. bapsuiko, C.H. Jlucosen

beckoHTaKTHBIN yJILTpa3ByKOBOﬁ METOA ONPEACTCHNUA HATHAKCHUSA
HHUTOKR JJ11 MallIMH JerKoii NPOMBINIVIEHHOCTHU

VYCTaHOBIEHO, 4YTO C IIOMOIIBIO HMIIYJbCHOIO YJIBTPa3BYKOBOTO CHTHANA CJIOXKHOH (OPMBI MOXKHO
OTNpeseNsATh HATSDKCHHE HHUTH C  OOJNbIION NHMHEHHOW IUIOTHOCTBIO B CIELUAIBHOM BOJIHOBOJE C
NPSIMOYT'OJIbHBIM cedeHHeM. JIoka3aHo, 4TO Ha aMILIUTYIHbIC COOTHOIICHHS yIbTPa3BYKOBBIX BOJIH, KOTOpBIE
B3aUMOJEUCTBYIOT C Pa3IM4YHBIMU TEKCTUIBHBIMU HUTSAMH, BIMAIOT MX JIMHEHHAs ILUIOTHOCTb, YOI MEKAY
HalpaBJICHUEM IIPOX0XKIECHHS YaCTU BOJIH, OTHOAIOMNX BOJIOKHA HUTH B €€ CEpeHHE, U IIOBEPXHOCTHIO ITUX
BOJIOKOH, a TAK)Ke yroJI MEXKIy HalpaBJIeHHEM PaclpoCTpaHEHHsI YaCTH BOJH, OTMOAIOIINX HUTh C BHEIIHEH
€€ CTOPOHBI, U TIOBEPXHOCTBIO BCero Marepuana. CielyeT OTMETUTb, YTO COOTBETCTBYIOLIME YIIIbI 00X01a
yIBTPa3BYKOBBIX BOJH TEKCTHJISI 3aBUCAT OT MOPHCTOCTH MaTepuaia, YacTOThI yJIbTPAa3BYKOBBIX BOJIH H UX
MomHocTu.  IlpuBenmeHsl  rpaguku  NOMYYEHHBIX  3aBHCHMOCTEH  aMIUTUTYJHBIX  COOTHOILEHWIt
yIBTPa3BYKOBBIX BOJH OT HATSDKEHUS HUTH U UX CPABHEHHE C SKCIIEPHMEHTAIbHBIMH JaHHBIMHU. Jlnist
BO3MOXXHOCTH OECKOHTaKTHOTO KOHTPOJISI M3MEHCHUS HATSHKEHHS BETBH HHTH II€IeCOO0pa3sHO IMPUMEHSATH
UMIIYJIbCHBI  yIBTPa3BYKOBOM CHUTHal C JBYMS pa3IMYHBIMU IMKAMU aMIUIUTYX BOJIH, KOTOpBIC
HACTpaMBalOTCA 107 JIMHEHHYIO IUIOTHOCTh HUTHU M €€ yCIOBHBIM panuyc. IlokazaHo, 4yTO HCIONB30BaHUE
9TOTO METOJa IO3BOJUT 00ECHEUUTh ONEPATHBHBIA TEXHOJIOTMUECKUI KOHTPOJIb B IIPOIECCE IPOM3BOACTBA
TEKCTUJIbHBIX TOJIOTEH. JlaHHBIH OECKOHTAKTHBIA yIBTPa3BYKOBOH METON IMOMOXET YIYYLIMTh CHCTEMY
pEryIUpOBaHUs] HATSDKEHUS] HUTEH Ha TPHKOTAXKHBIX MallMHAaX, a TAaKXKe ONpPEAeNsATh HX OOpPBIBHOCTH B
npolecce MPOM3BOACTBA. DTO, B CBOIO OUEpE]b, YMEHBIIUT MPOCTOH TEXHOJIOIMYECKOTro 00OpyAOBaHMS,
MOBBICUT Ka4€CTBO F'OTOBOH MPOAYKLUH 1 00ECTIEUUT €€ KOHKYPEHTOCTIOCOOHOCTh Ha PBIHKE.

Kniouesvie cnosa: HaTsHKEHUE HUTH, aMIUIMTYAHBIC COOTHOLICHUS, YJIBTPA3BYKOBBIE BOJIHBI, BOJIHOBOZX,
JIMHEHHAS TIOTHOCTh HUTHU, IIOBEPXHOCTHAS IIJIOTHOCTDH, TCKCTUJILHBIC I1OJIOTHA.
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