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Abstract—The results of modeling composite elements process destruction by shear force according to von
Mises criterion and acoustic emission signals generated with decrease of composite properties dispersion
are considered. It has been determined that decrease of composite properties dispersion leads to increase
the rate of fall the curves change in the remaining elements in time and decrease the time of fracture
process. It was found that with decrease of composite properties dispersion there is increase of generated
acoustic emission signal amplitude and decrease in its duration. It has been determined that the
regularities of generated acoustic emission signals maximum amplitude increase and acoustic emission
signals duration decrease are well described by power-law functions. Comparison of the obtained data
with the data at composite destruction according to the OR criterion is carried out. It has been determined
that the patterns of acoustic emission signals maximum amplitudes and durations change are similar.
However, when using the OR criterion, the values of acoustic emission signals amplitudes and durations
are higher than when using the Mises criterion.

Index Terms—Acoustic emission; amplitude of acoustic emission; signal duration; destruction criterion;

composite material.
I. INTRODUCTION

Investigation of composite materials (CM)
processes destruction is carried out using various
methods. This is due to the need ensure the quality
products made of composite materials, which are
prone to brittle destruction. One of the research
methods is the method of acoustic emission (AE). Its
application is due to the peculiarities of AE method.
AE method is a dynamic method. The recorded AE
signals are reflection of dynamic processes occurring
in the structure material during its deformation and
destruction. Radiation of AE signals occurs during
the development of plastic deformation processes, the
formation and cracks growth at submicro, micro and
macrolevels. AE method is the integral method -
registration of acoustic radiation sources is carried
out from the entire volume of deformable material
(product).

Such advantages of the AE method make it
possible to obtain significant amounts information
about the mechanisms and processes that develop in
the structure of the material when it is loaded. The
processing and analysis of this information is aimed
at finding the patterns of AE parameters changes.
These patterns are used to develop methods for
control, monitoring and assessment of products state
or processes that determine the bearing capacity of
material (product).

However, the significant advantages of AE
method lead to the problem of interpreting the AE
recorded information and the problem of identifying
the processes developing in the structure of the
material when it is loaded. The problem is also
complicated by the influence of various factors on
AE. These problems lead to the complexity of
creating methods for control, monitoring and
assessment of products condition. In solving the
above problems, first of all, the interpretation and
identification of processes in the material structure,
theoretical studies of AE signals formation and
radiation are importance. Models and modeling of
AE signals for the accepted models of materials
destruction, including CM, makes it possible to study
the influence of various factors on radiation processes
and generated signals parameters, as well as to
determine the patterns of their change. The results of
such studies are basis for the methods of control,
monitoring and assessment of material (product)
bearing capacity, taking into account the processes
that developing in material structure.

II. PROBLEM STATEMENT

The aim of this work is analyzing the effect of CM
properties dispersion on generated AE signals
parameters upon composite fracture by shear force
according to von Mises criterion.
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For achievement the purpose of article the

following problems were put:

e to simulate the process of CM destruction by
shear force according to von Mises criterion in
time and AE signals when changing the
composite properties dispersion;

e to process the data to determine the patterns of
generated AE signals maximum amplitude and
duration change when changing the CM
properties dispersion, which is destroyed by
shear force according to von Mises criterion.

III. REVIEW OF PUBLICATIONS

When studying the CM destruction processes,
various models are used, one of which is the fiber
bundle-model (FBM). The model was first
considered in [1]. The model was developed and used
to study a wide range of heterogencous materials,
including CM [2] — [8].

In the FBM model, the behavior of system is
considered as a result of given number single
elements (fibers) interaction.

Elements of the system have certain properties
(strength) that have a given distribution law. When
loading elements, the elastic deformation condition is
met.

To analyze the destruction process, two main
approaches to distribute the load on the remaining
elements are used: global distribution, i.e. even load
distribution on all remaining elements; local
distribution, i.e. load distribution on the nearest
(adjacent) elements. Thus the analysis of remaining
elements rate change in time depending on elements
stress change is carried out, as well as the analysis of
expected time distraction at a given load, i.e.
formation of a forecast.

In the majority works using the FBM model, the
conditions of inhomogeneous material uniaxial
tension are considered [2] — [8]. At the same time, the
FBM model is used when considering of material
destruction process under the action of shear force [9]
— [11], including granular materials [12], [13]. Thus,
the original positions of the FBM model remain
unchanged. In articles [9] — [11], it was assumed that
under the action of shear force, CM elements fracture
can occur upon reaching critical stresses in bending,
tension, or jointly bending and tension. Expressions
that describe of material elements equivalent stress
change for various fracture criteria are obtained. Thus
the analysis of remaining CM elements number
regularities changes during development of
destruction process was carried out. In articles [12],
[13] use the basic provisions of FBM model under the
action of shear force. However, during the elements

(granules) destruction they are considered as a new
group of elements with a new values of threshold
fracture stresses.

When analyzing the fracture process using the
FBM model, the AE is also considered [4], [5], [9],
[14], [15]. However, is considered not the process of
AE signal formation, but AE energy release rate or
AE energy accumulated, which is aimed at predicting
of material destruction.

In articles [16], [17], using the FBM model and
self-development destruction process when loading
CM with a shear force, expressions for the number of
remaining elements in time and generated AE signal
were obtained. The studies were carried out,
respectively, using destruction according to the “OR”
(“or rule”) rule and von Mises criterion. In both cases,
it was shown that with the development of CM
elements destruction process, the dependences of
remaining elements change in time have a continuous
character of falling. Thus continuous impulse AE
signals are formed. However, it was shown that for
simulating conditions of the same type, when using
the von Mises criterion, the amplitude of generated
AE signal is less, and its duration is longer than when
using the OR criterion. In article [18], studies the
influence of CM elements fracture process according
to von Mises criterion and the generated AE signals
with increase of deformation rate were carried out. It
is shown that with increase of CM deformation rate
the regularity of generated AE signals maximum
amplitude change has a linear character of increase,
and their duration is non-linear character of decrease.
Thus, a gradual transformation of AE signal form into
a triangular signal is observed.

In articles [17], [18], it is shown that when CM
distraction at the expressions of remaining elements
number in time and generated AE signal include
parameters that effect on rate destruction process and
generated AE signal parameters. One of these
parameters is the CM properties dispersion. Of
course, it is of interest to study the effect of CM
properties dispersion on AE upon its destruction
according to von Mises criterion.

IV. RESULTS OF RESEARCHES

Modeling the composite destruction process by
shear force according to von Mises criterion (the
number of remaining elements in time N(¢)) and
generated AE signal U(f) will be carried out
according to the expressions considered in article
[17], in the form

t

A

N(f)=N,e * : (1)
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strain input € = o (o is the strain rate) and threshold

tension corresponding to a time point ¢, of CM
beginning destruction;
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U, = N,86, maximum possible displacement during
instantaneous destruction of a CM sample consisting
of N, elements; P proportionality coefficient
between the fracture stress and amplitude single
disturbance impulse at single CM element
destruction; &  parameter, the numerical value of
which is determined by shape of single impulse
disturbance during of CM single element destruction;
v,, r constants depending from CM
physical-mechanical characteristics.

Parameter that characterizes of CM properties
dispersion is the parameter 7. Increase of parameter »
corresponds to decrease of CM properties dispersion.

Modeling the number of remaining elements at
CM destruction in time and the generated AE signals
will be carried out in relative units. In this case, the
value of the parameter » will be changed in the range
of values from 7 = 10000 to 7 = 26000 with an
increment step of A7 =40000.

When modeling value of sizes v, and o in
expressions (1), (2), (3) and (4) we will accept the
equal: v, = 100000, o = 10. Let's consider that at
deformation speed & = 10 destruction of CM
elements begins in a time point 7,. We will accept the
time ¢ of CM beginning destruction equal
t,=0.001.

According to the carried-out calculations of
equivalent stresses dependence change in time
according to (3) at a =10 (Fig. 1), to a time point
1, =0.001 there corresponds the threshold stress of
CM beginning destruction equal
G, =0.008897277688462064.

The results calculations in the form of quantity
remained elements dependences change in relative

units (N(z):N(t)/NO), agrees (1), at CM

destruction for modeling accepted conditions are
shown in Fig. 2.

Let's carry out calculations of AE signals
amplitude dependence change in time at reduction of
CM properties dispersion. Results of carried-out
calculations in the form of AE signal amplitude
dependences change in relative units

(U(z):U(t)/UO), for the accepted modeling

conditions, agrees (2), are shown in Fig. 3.

The received results (Fig. 3) show that reduction
of CM properties dispersion does not lead to a change
of acoustic radiation character, the formed of AE
signals are continuous pulse signals.

In Figure 4 dependences of formed AE signal
maximum amplitude and duration change with
reduction of cm properties dispersion are shown.
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Fig. 1. Dependence of equivalent stress change in time,
agrees (3), at linear deformation speed change a =10
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Fig. 2. Graphs of quantity remained elements change,
agrees (1), in relative units at CM destruction by shear
force. Value of parameter »: 1—7 =10000; 1—7 =14000;
1-7=18000; 1-7=22000; 1-7 =26000.

0, =100000, & =10. 5, =0.008897277688462064.
Time of beginning destruction 7, = 0.001



S. F. Filonenko, A. P. Stakhova Acoustic Emission During Composites Fracture According von Mises

Criterion and Changing of its Properties Disperstion

31

1

0.001000 0.001008 0.001016 0.001024 0.001032 T

Fig. 3. Graphs of AE signals amplitude change AE in time,
agrees (2), in relative units at CM elements destruction by
shear force. Value of parameter 7: 1—7 =10000;

1-7=14000; 1-7=18000; 1-7 =22000;
1-7=26000. 5, =100000, o =10.
G, =0.008897277688462064. U, =100000, a=10.
6,=0.008897277688462064. Time of beginning

destruction 7, =0.001
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Fig. 4. Dependences of AE signals maximum amplitude
(a) and duration (b) change in relative units at CM
elements destruction by shear force with reduction of
composite properties dispersion (increase of parameter r)
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The obtained results show that with reduction of
CM properties dispersion dependence of formed AE
signals maximum amplitude change has nonlinear
nature of increase (Fig. 4a).

Approximation of the obtained dependence shows
that it is well described by a power function of a look

U=ar’, 5)

where a and b approximating expression coefficients
which values make: a = 0.3691, b = 0.26221.

At description dependence that shown in Fig. 4a,
expression (5) determination coefficient R*> made
R* = 0.99862. Thus residual dispersion SD* made
SD*=0.0004. For description dependence on Fig. 4a
criterion for choice approximating expression (5) was
minimum of residual dispersion.

At the same time, with reduction of CM properties
dispersion dependence of AE signal duration change
has not linear nature of reduction (Fig. 4b).

Approximation of the obtained dependence shows
that it is well described by a power function of a look

T=ci, (6)

where ¢ and d approximating expression coefficients
which values make: ¢ = 0.00117, d =—0.01418.

At description dependence that shown in Fig. 4b,
expression (6) determination coefficient R* made
R* = 0.99516. Thus residual dispersion SD* made
SD*=1.9177 - 10°"°. For description dependence on
Fig. 4b criterion for choice approximating expression
(6) was minimum of residual dispersion.

For comparison the obtained regularities of AE
signals maximum amplitude and duration change at
reduction of CM properties dispersion at composite
destruction by von Mises criterion calculations of
similar regularities at composite destruction by OR
criterion was carried out. Calculations were moved,
according to expression of AE signal amplitude
change in time considered in work [17] for conditions
approach model of CM destruction by OR criterion to
model of composite destruction by von Mises
criterion. The carried-out calculations results are
shown in Fig. 5.

From Figure 5 it is visible that at CM destruction
by OR criterion and von Mises criterion with
reduction of CM properties dispersion dependence of
AE signals amplitude and duration change are
similar.

V. DISCUSSION OF RESEARCHES RESULTS

Modeling of stress change by von Mises criterion
at linear deformation input shows that it has nonlinear
nature of change (see Fig. 1). At reduction of CM
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properties dispersion (increase value of parameter r)
the remained CM elements curve changes in time
have the continuous and accelerated nature of falling.
Thus the bigger value has parameter r, the more
steepness falling of remained CM eclements
dependence change in time, i.e. is higher the speed of
CM clements destruction. Such increase in speed of
destruction at constant quantity CM elements N,
leads to reduction of course CM destruction process
time (see Fig. 2).
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Fig. 5. Dependences of AE signals maximum amplitude
(a) and duration (b) change in relative units at CM
elements destruction a shear force with reduction of
composite properties dispersion (increase parameter r):
1 is the composite destruction by von Mises criterion;
2 is the composite destruction by OR criterion

. . \
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The carried-out calculations also show (see Fig. 3)
that reduction of CM properties dispersion does not
lead to deviation in nature of formed AE signals
change. Signals of AE are continuous pulse signals.
However, reduction of CM properties dispersion
leads to increase of AE signal amplitude and
reduction of its duration (compression of AE signal in
time) (see Fig. 3). Such change of AE signal
parameters is caused by increase in speed of CM
destruction process (see Fig. 2) and reduction of its
course time. Thus AE signals amplitude and duration

have nonlinear nature of change. Processing the
results modeling showed that dependences of AE
signals amplitude and duration change are well
described by power functions.

The researches results show that dependences of
AE signals amplitude and duration change at CM
destruction by von Mises criterion and OR criterion
at reduction of composite properties dispersion are
similar. Regularities of a.e. signals maximum
amplitude change have a nonlinear nature increase,
and regularities of AE signals duration change have a
nonlinear nature reduction.

At the same time, both for amplitude, and for
duration of AE signals at CM destruction by von
Mises criterion smaller values of calculated
parameters are observed, than at composite
destruction by OR criterion. As show calculations,
the deviation in values of AE signals maximum
amplitudes at CM destruction by OR criterion OR
and von Mises criterion is not exceeded by 2%, and
deviations in duration of AE signals do not exceed
1%. Such deviation of AE signals parameters as it is
noted in article [17], is caused by distinction in the
equivalent stress speed change with approach to the
moment of the destruction beginning time 7, = 0.001
— equivalent stress speed increase by OR criterion is
higher, than by von Mises criterion. At the same time,
at smaller values of beginning destruction threshold
stress the smaller values of AE signals parameters
deviations are observed. So, it agrees [17], at CM
beginning destruction time 7, =0.01 (the beginning
destruction threshold stress made
G, =0.05862777965495844 ) amplitude deviation

made 7.86%, and duration deviation made 3%. Such
reduction of AE signals parameters deviations at
reduction of beginning destruction threshold stress is
connected with reduction of distinctions in equivalent
stress speeds change by von Mises criterion and OR
criterion with approach to the moment of time CM
elements beginning destruction.

VI. CONCLUSION

Results of modeling CM elements destruction
process by shear force by von Mises criterion and
formed AE signals at reduction of composite
properties dispersion are considered. It is shown that
to reduction of composite properties dispersion there
is increase in the steepness of falling curves CM
remained number elements in time. Thus there is
reduction of CM elements destruction process time.
Such change regularities of CM remained number
elements in time and reduction of composite
destruction process time course is caused by increase
of CM destruction process speed course.
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It is shown that reduction of CM properties
dispersion does not lead to change of formed acoustic
radiation character. AE signals are pulse continuous
signals. Regularities of AE signals maximum
amplitude and duration change at reduction of CM
properties dispersion are received. Description
regularities of AE signals maximum amplitude
increase and duration decrease at reduction of CM
properties dispersion is carried out. It is defined that
the received regularities well are described by power
functions. Comparison of the received regularities
with similar regularities at CM destruction by shear
force with using OR criterion is carried out. It is
shown that dependences of formed AE signals
amplitude and duration change with reduction of
composite properties dispersion at its destruction by
von Mises criterion and OR criterion are similar. At
the same time, it is observed deviations in values
parameters of formed AE signals. It is shown that
when using OR criterion value of AE signals
amplitudes and duration is higher, than when using
von Mises criterion. Such distinctions in AE signals
parameters are caused by distinctions in equivalent
stress speeds change with approach to the moment of
CM elements beginning destruction time. Thus with
reduction of beginning destruction threshold stress
level percentage deviation of formed AE signals
parameters at composite destruction by von Mises
criterion and OR criterion is decreases.

In further researches influence of CM square
(quantity elements) at destruction processes and
formed AE signals parameters is of interest.

REFERENCES

[1] F. T. Peirce, “Tensile tests for cotton yarns: “the
weakest link” the-orems on the strength of long and of
composite specimens,” J. Textile Inst., 1926, vol. 17,
pp- 355-368.
https://doi.org/10.1080/19447027.1926.10599953

[2] S. D. Zhang and E. J. Ding, “Failure of fiber bundles
with local load sharing”, Phys. Rev., B, 1996, vol. 53,
no. 2, pp- 646—654.
https://doi.org/10.1103/PhysRevB.53.646

[3] F. Kun, S. Zapperi, and H. Herrmann, “Damage in
fiber bundle models,” Eur. Phys. J., B, 2000, vol. 17,
pp. 269-279. https://doi.org/10.1007/PL00011084

[4] D. L. Turcotte, W. I. Newman, and R. Shcherbakov,
“Micro- and macroscopic models of rock fracture,”
Geophys. J. Int, vol. 152, pp. 718-728, 2003.
https://doi.org/10.1046/j.1365-246X.2003.01884.x

[5] S. Pradhan, A. Hansen, and B. K. Chakrabarti,
“Failure processes in elastic fiber bundles,” Rev. Mod.
Phys., 2010, vol. 82, no 1, pp. 499-555.
https://doi.org/10.1103/RevModPhys.82.499

[6] Z. Danku, F. Kun, “Record breaking bursts in a fiber
bundle model of creep Rupture”, Frontiers in Physics,
2014, vol. 2, no. 8, 8 p.
https://doi.org/10.3389/fphy.2014.00008

[7] A. Header, Y. Boughaleb, I. Achik, and K. Sbiaai,
“Failure kinetic and scaling behavior of the composite
materials: Fiber Bundle Model with the local
load-sharing rule (LLS),” Optical Materials, 2014,
vol. 36, Pp. 3-7.
https://doi.org/10.1016/j.optmat.2013.07.035

[8] A. Capelli, 1. Reiweger, P. Lehmann, and J.
Schweitzer, “Fiber-bundle model with time-dependent
healing mechanisms to simulate progressive failure of
snow,” Physical Review, E., vol. 98, no. 023002, 11 p.
2018, https://doi.org/10.1103/PhysRevE.98.023002

[9] F. Raischel, F. Kun, and H. J. Herrmann, “Simple
beam model for the shear failure of interfaces,” Phys.
Rev. E., vol. .72, no 046126, 11 p. 2005.
https://doi.org/10.1103/PhysRevE.72.046126

[10]F. Raischel, F. Kun, and H. J. Herrmann, “Local load
sharing fiber bundles with a lower cutoff of strength
disorder,” Phys. Rev. E., vol. 74, no. 035104, 4 p.
2006. https://doi.org/10.1103/PhysRevE.74.035104

[11]D.Cohen, P. Lehmann, and D. Or, “Fiber bundle
model for multiscale modeling of hydromechanical
triggering of shallow landslides,” Water Resour. Res,
vol. 45, no. WI10436, 20 p., 2009.
https://doi.org/10.1029/2009WR007889

[12]G.Michlmayr, D. Or, and D. Cohen, “Fiber bundle
models for stress release and energy bursts during
granular shearing,” Phys. Rev. E., vol. 86, no. 061307,
7 p. 2012b,
https://doi.org/10.1103/PhysRevE.86.061307

[13]G. Michlmayr, D. Cohen, and D. Or, “Shear-induced
force fluctuations and acoustic emissions in granular
material,” J. of Geophysical Research: Solid Earth,
vol. 118, pp. 6086—6098, 2013.
https://doi.org/10.1002/2012JB009987

[14]F. Bosnia, N. Pugno, G. Lacidogna, A. Carpinteri,
“Mesoscopic modeling of Acoustic Emission through
an energetic approach,” International Journal of
Solids and Structures, vol. 45, pp. 5856-5866, 2008.
https://doi.org/10.1016/j.ijsolstr.2008.06.019

[15]N. Pugno, F. Bosnia, and A. Carpinteri, “Size effects
on the strength of nanotube bundles,” Meas. Sci. and
Technol, vol. 20, no. 084028, 5 p., 2009.
https://doi.org/10.1088/0957-0233/20/8/084028

[16]S. Filonenko, V. Kalita, and A. Kosmach,
“Destruction of composite material by shear load and
formation of acoustic radiation,” Aviation, vol. 16,
no. 1, pp- 5-13, 2012.
https://doi.org/10.3846/16487788.2012.67983 1



ISSN 1990-5548 Electronics and Control Systems 2022. N 1(71): 28-35

[17]S. Filonenko, and A. Stakhova, “Studying acoustic

emission by fitting the destruction models of a
composite according to the OR criterion and Mises
criterion,” Eastern-European Journal of Enterprise
Technologies, mno. 3/9(105), pp. 39-45, 2020.
https://doi.org/10.15587/1729-4061.2020.204820

[18]S. Filonenko, and V Stadnichenko, “Influence of

Loading Speed on Acoustic Emission During
Destruction of a Composite by Von Mises Criterion,”
American Journal of Mechanical and Materials
Engineering, 2020, vol. 4(3), pp. 54-59.
https://doi.org/10.11648/j.aymme.20200403.13

Received December 11, 2021

Filonenko Sergii. ORCID 0000-0002-9250-1640. Doctor of Engineering Science. Professor.
Aerospace Faculty, National Aviation University, Kyiv, Ukraine.

Education: Kiev Polytechnic Institute, Kyiv, Ukraine, (1977).

Research interests: diagnostics of technological processes, automatic diagnostic systems.
Publications: 322.

E-mail: fils0101@gmail.com

Stakhova Anzhelika. ORCID 0000-0001-5171-6330. Candidate of Engineering Science. Associate Professor.
Aerospace Faculty, National Aviation University, Kyiv, Ukraine.

Education: National Aviation University, Kyiv, Ukraine, (2005).

Research interests: systems for technical diagnosing of friction units, the control and forecasting of the technical
condition, information-measuring systems.

Publications: 72.

E-mail: Angelik2003@ukr.net

C. ®. Dinonenko, A. II. CtaxoBa. AKycTHYHA eMicisi Ipu pylHHYBaHHI KoMno3uTa 3a KpuTepiem Mi3seca i 3miHi
JHCIEPCHOCTI i0ro BJIaCTUBOCTEIH

Po3risiHyTO pe3ynbTaTH MOJIENIOBAHHS NPOLIECY PyWHYBAaHHS €IEMEHTIB KOMIIO3UTA MOMIEPEYHOI0 CHIIOK0 33 KpUTEpieM
Mizeca i (OpMOBaHMX CHUTHAJIB aKyCTHYHOI eMicii NpH 3MEHIIEHHI AWCIIEPCHOCTI BJIACTHBOCTEH KOMIIO3UTA.
BuzHaueHo, 1110 3MEHIIEHHSI JUCIIEPCHOCTI BJIACTUBOCTEH KOMIIO3UTa IPHBOIUTH IO 3POCTaHHS MIBHIKOCTI MaJliHHS
KPHUBHX 3MiHH €JIEMEHTIB, II0 3aJIMIIAIOTHCS, B Yaci 1 3SMEHIIIEHH] Yacy IPOTiKaHH: npolecy pyiHyBaHHs. OTpUMaHO, 0
13 3MEHILEHHSIM JIUCIIEPCHOCTI BJIACTHBOCTEH KOMIIO3MTa BiJIOYBA€THCS 3pOCTAHHS aMIUTITYAX (POPMOBAHOTO CHIHATY
aKyCTHYHOI eMicii 1 3MeHIIIeHHsT oro TpuBajocTi. BusHaueHo, 1110 3aKOHOMIPHOCTI 3pOCTaHHS MaKCUMAaIIbHOT aMILTITy/IH
(OPMOBaHUX CUTHAJIIB aKyCTHYHOI eMicii i 3MEHIIEHHs TPUBAJIOCTI CHTHAIB aKyCTUYHOI eMicii 0Ope OMHCYIOTHCS
creneHeBUMH (QYHKIisMU. [IpoBeieHO TMOpIBHSHHS OTPUMAaHWMX AaHUX 3 JaHUMH TPU PYWHYBaHHI KOMIIO3UTA IIO
kpurepito OR. Bu3HadeHo, 110 3aKOHOMIPHOCTI 3MiHM MaKCHMAJBbHOI aMIUIITYOH 1 TPUBAJIOCTI CUTHAIIIB aKyCTHYHOI
emicii moxiOHi. OmHak npu BUKOpUCTaHHI KpuTepito OR 3HaYeHHs aMILTITY/ 1 TPUBAJIOCTI CHTHAIB aKyCTHYHOI eMicii
OiJibIlie, HIXK IIPU BUKOPUCTaHHI KpuTepito Mizeca.

Karwu4oBi cioBa: akycTHyHa eMicis; aMIDIiTyda aKyCTHYHOI eMicii; TpHBaJiCTh CHUTHANy; KpHUTepiii pyiHyBaHHS;
KOMIIO3HITIIHHAN MaTepiall.
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AepokocMivnuii hakynbrer, HarioHanbHWMiA aBialiiHuid yHiBepcuTeT, KuiB, Ykpaina.

Ocsirta: KuiBcbkuit momitexHiunuii incturyt, Kuis, Ykpaina, (1977).

HamnpsiMm HayKoBOi JisUTBHOCTI: IIarHOCTUKA TEXHOJIOTIYHUX TPOLIECiB, aBTOMATH30BaHI A1arHOCTUYHI CHCTEMHU.
Kinpkicts myomikamii: 322.

E-mail: fils0101@gmail.com

CraxoBa Amxkeiika IlerpiBaa. ORCID 0000-0001-5171-6330. Kanmunat TexHiyHUX HayK. J{OICHT.

AepokocMmivnnii dhakyierer, HanionansHui aBianiiinuii yHiBepcuret, Kuis, Ykpaina.

Ocgita: HanionanpHu# aBiamiiuuii yHisepcutet, Kuis, Ykpaina, (2005).

Hampsimok HaykoBoi misutbHOCTI: CHCTEMHM TEXHIYHOTO JiarHOCTYBAaHHs BY3JIIB TEpTs, KOHTPOJIb 1 MPOrHO3YBaHHS
TEXHIYHOTO CTaHy, iHQOpMaIiiHO-BUMipIOBAIbHI CHCTEMH.

Kinpkicts myomikarii: 72.

E-mail: Angelik2003@ukr.net

C. ®. dunonenko, A. II. CtaxoBa. AKycTH4YeCKAasi SMHCCUS NMPU pa3pyllieHUH KOMIIO3UTA N0 KpuTepuio Museca n
HM3MEHEHNH ANCIEePCHOCTH ero CBOWCTB

PaccMoTpeHs! pe3ynbTaTbl MOJEIMPOBAHMS IpOLECCa pPa3pyLICHUs] 3JIEMEHTOB KOMIIO3UTA IONEPEYHOH CHWIION IO
KpuTepu0 Muszeca ¥ (OPMUPYEMBIX CHUTHAJIOB aKyCTUYECKOHW SMHCCHU IIPH YMEHBIIEHWW AMCIEPCHOCTH CBOMCTB
komno3uta. OnpesneneHo, 4To YMEHbIICHHE IUCIIEPCHOCTH CBOMCTB KOMIIO3UTA MPHUBOAUT K BO3PACTAHUIO CKOPOCTHU
MaJeHus] KPUBBIX M3MEHEHHS OCTaBLIMXCSI 3JIEMEHTOB BO BPEMEHHM M YMEHBIIEHHE BpPEMEHM INpOTeKaHMs Ipoliecca
paspymenus. IlonydeHo, 4To ¢ yMEHBIIEHUEM AUCIEPCHOCTH CBOMCTB KOMITO3UTA IIPOUCXOAUT BO3PACTAHUE AMILIUTY b
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(hOopMHUpPYEMOro CUrHajia aKyCTHIECKOM IMUCCHH U YMEHBIIIEHUE €T0 JUTHTENbHOCTH. OTpeaeeHo, YTO 3aKOHOMEPHOCTH
BO3pACTaHMs MAaKCUMAaJbHOW aMIUTUTYIABl (OPMHUPYEMBIX CUTHAJIOB aKYCTHYECKOH OMHCCHMH W YMEHBIIEHHUS
JUTMTENBHOCTH CUTHAJIOB aKyCTHYECKOH SMHUCCHHM XOpOIIO OIMCHIBAIOTCSA CTENEeHHBIMH (yHKIusMu. IIpoBemeHO
CpaBHEHHUE TOJNYYEHHBIX MaHHBIX C JAHHBIMU NPH pa3pylleHuH Komiosurta mo kpurepuio OR. Ompeneneno, uto
3aKOHOMEPHOCTH U3MEHEHHS] MAaKCUMAJIbHBIX aMILIUTY/I U JJIUTEILHOCTEH CHTHAIOB aKyCTHYECKON SMUCCHH MTOOOHBI.
OpHaKo MpH MCIONb30BaHUK KpuTepuss OR 3HAYEHUs] aMIUTUTY M JUTUTEIHOCTEN CUTHAIIOB AKyCTHYECKON SMHCCHH
BBIIIIE, YEM IIPU MCIOJIL30BaHUK KpuTepHs Museca.
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