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Abstract

Purpose: The aim of this article is to research of acoustic emission at composite material machining with not
controlled cutting depth and cutting tool from composite material wear. Methods: In the basis of researches lies the
simulation acoustic radiation, which appears at destruction of treated composite material surface layer and treating
tool wear. The case of prevailing treated composite material mechanical destruction surface layer was esteemed,
and tool wear descends without change of cutting depth. The statistical processing of acoustic emission amplitude
parameters for want and originating treating composite material wear was conducted. The analysis of acoustic
emission amplitude parameters legitimacies change, and as their sensitivity to treating composite material wear at
not controlled machining depth was conducted. Results: Is determined, that the ascending of treating composite
material wear is accompanied by decreasing of acoustic emission statistical amplitude parameters - amplitude
average level, its standard deviation and dispersion. Are obtained of acoustic emission amplitude parameters
regularity decreasing at increasing of treating composite material wears. The acoustic emission amplitude
parameters percentage decreasing at ascending of treating composite material wear, in relation to their values
without tool wear is determined. It is shown, that the decreasing of acoustic emission amplitude average level
dispersion advances decreasing of amplitude average level and its standard deviation. Discussion: The simulation
of acoustic radiation at prevailing mechanical destruction treated composite material surface layer with a not
controlled cutting depth and treating composite material wear is conducted. It is shown, that the ascending of tool
wear results in decreasing acoustic radiation statistical amplitude parameters. Is determined, that decreasing of
acoustic emission signals amplitude average level dispersion advances decreasing of amplitude average level and its
standard deviation. The decreasing of acoustic radiation amplitude average level and its spread values is
conditioned by the different contribution of acoustic emission signals components, which appears at treated material
destruction and treating composite material wear. Apparently, that at decreasing of treated composite material area
destruction the arising signals amplitude parameters decreasing advances ascending of signals amplitude
parameters, which appear at increase of treating composite material wear. The outcomes of the conducted
researches can be used at mining of cutting tool condition verification methods and control of technological process
machining parameters. These methods are of interest in the robotic technological processes, the monitoring and
control by which one is possible for conducting through neuronal networks.

Keywords: Acoustic emission; amplitude; composite material; machining; statistical characteristics; wear.

1. Introduction optimization the technological processes and mining
the methods of their control and monitoring. One of
the relevant directions is the cutting tool state
estimation.

The conventional methods have a low sensitivity
to internal processes descending in treated and
treating materials at different levels. It reduces

The conventional methods of testing’s composite
materials (CM) machining processes allow to
conduct measurements and analysis of cutting
forces, temperature, chattering parameters and other
characteristics. The researches are directed on
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veracity the control and monitoring of technological
processes for obtaining the items given quality.

The method of acoustic emission (AE) falls into
not to conventional methods. The outcomes of
researches demonstrate a sharp response the method
to change interplay conditions of treated and treating
materials. However advantage of AE method result
to the problem registered information interpretation.
The problem is aggravated by influencing on AE the
machining CM technological parameters, and as
treated and treating materials properties. It
complicates looking up the legitimacies of AE

parameters change for mining the methods
verification and monitoring of technological
processes.

The solution this problem is possible on the
basis of acoustic radiation analytical investigations
at CM machining. The models and simulation of AE
radiation processes, with allowance of different
factors operating, are the basis in definition of
acoustic radiation parameters legitimacies change,
and, as a consequent, basis in mining the methods
verification and monitoring of CM machining
technological processes. One of the influential
factors is the treating tool wear. Analysis of its
influencing on acoustic radiation parameter,
unconditionally, introduces scientific and practical

concern.

2. Analysis of the latest research and
publications

The AE method will widely be used for research of
CM machining processes and mining the methods of
their control and monitoring. The special value such
researches have at automation CM machining
processes and monitoring of cutting tool status with
neural networks usage.

At researches of AE, that registered during CM
machining, is carried out processing mean or root
mean square (RMS) AE signals amplitudes, stored
RMS AE amplitudes, low frequency and high
frequency components in spectra AE signals,
statistical amplitude characteristics AE signals,
amplitude and power AE signal distributions and
other parameters [1-4]. The parameters of AE
signals analyze in interconnection with parameters
of CM machining technological processes, and as
with cutting tool wear.

The outcomes of the conducted researches
demonstrate composite nature of acoustic radiation
at CM machining. However influencing of treating
tool wear or damage on AE is discordant. In articles

[5, 6] is shown, that at originating wear or damage
of the treating tool there is ascending amplitude or
RMS amplitude of AE signals. In article [7] is
marked, that at originating tool wear there is
ascending average value of AE signal amplitude,
and at further tool wear increase AE signal
amplitude average value decreases. The decreasing
of AE signals amplitude average level, its standard
deviation and amplitudes distribution coefficient at
increase of treating tool wear is shown in article [3].
However connection of AE amplitude parameters
with the treating tool wear has composite and not
steady nature. Thus is marked, that to ascending of
wear there is decreasing the main carrier frequency
amplitude in a spectrum of AE registered signals. In
articles [8, 9] is shown, that wear or damage of the
treating tool result in decreasing of AE signals RMS
amplitudes and value of their deviation. Thus
ascending speed of amplitudes low frequency and
high frequency components change in spectra of AE
signals is watched. In article [4] is marked, that at
ascending of treating tool wear there is decreasing b-
parameter, describing [ -distribution of AE signals

amplitudes. At the same time, in article [1] is shown,
that ascending of tool wear results in sharp
ascending of AE signals stored amplitude.

The analytical investigations of AE amplitude
parameters at cutting tool wear and controlled
cutting depth are conducted in article [10]. The
model of AE resultant signal is reviewed, in the
basis by which one lays the formation of AE signals

U, and U, at destruction, accordingly, elementary

areas treated CM and treating CM wear

D,
_70(6’”0& -1)
U, (1) = ugtowe” e 7 , (1)
t
4 IeRo-dt
Ui(t)=Uo Vo geRPe 10 .2

where uo - the maximum elastic displacement at
instantaneous destruction of the given treated CM
area consisting from Ny single elements; « — the
loading speed; wvo, r -

constant, determining

properties of treated CM; Up — maximum elastic
displacement at instantaneous destruction of the
given treating CM area consisting from N; single
elements; Vo, R — constants, dependent on the
treating CM characteristics;

o =at(l-an(l-gat)-at(-at)l-g|at);
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t, to — running time and time the beginning of CM

elements destruction; g — coefficient, dependent on
the geometrical sizes of CM elements.

Is conducted the simulation of AE signals,
reshaped at CM machining with controlled cutting
depth, for want of wear and with wear of the treating
tool. It is shown, that the increase of treating tool
wear and controlled cutting depth results in
increasing of all AE resultant signal amplitude
parameters (amplitude average level, amplitude
average level standard deviation and amplitude
average level dispersion). Thus with increasing of
treating CM wear the increase of AE signal
amplitude average level advances increase of
amplitude average level standard deviation and
amplitude average level dispersion.

In the actual CM machining technological
processes the cutting depth is constant (not
controlled). For a case of not controlled cutting
depth, with allowance researches, reviewed in article
[10], it is possible to conduct the analysis of
influencing treating CM tool wear on the AE signals
parameters. Such research introduces scientific and
practical concern.

3. Research tasks

The purpose of article is the research of AE at CM
machining with a not controlled cutting depth and a
cutting tool wear from CM.

For achievement the purpose of article the
following problems were put: - to conduct
simulation of acoustic radiation at cutting tool from
CM wear, arising during CM machining with a not
controlled cutting depth; - to conduct statistical
processing of AE amplitude parameters for want and
wear of treating tool from CM, arising at CM
machining with a not controlled cutting depth; - to
determine regularity of AE amplitude parameters
change at increasing the treating tool from CM wear,
arising at CM machining with a not controlled
cutting depth.

4. Researches results

For realization researches we shall accept CM
machining conditions and conditions of acoustic
radiation formation, as well as in article [10]. The
acoustic radiation without cutting tool wear is
reshaped at sequentially destruction of treated CM
elementary areas. The acoustic radiation with cutting
tool wear is reshaped at sequentially destruction of
treated CM elementary areas and sequentially wears
of treating CM elementary areas. In other words, the

acoustic radiation is reshaped at the expense of AE
signals pulse appearance at weep of two processes -
at sequentially destruction of treated CM elementary
arcas and sequentially wears of treating CM
elementary areas.

The resultant AE signal, agrees [10], it is
represented by the way

U,)=3XU,(t~1)+XU,(t~1,), 3)

where t; = jAt; £01 - instants of AE signals U ;

appearance at destruction of elementary CM treated
area; t; =iAt; £, - instants AE signals U;
appearance at wear (destruction) of elementary CM
treating area; j - number of CM treated destruction
areas or numbers of reshaped AE pulse signals U ; (j

=0,...... , n); i - number of CM treating destruction
areas or numbers of reshaped AE pulse signals U; (i

= 0,...... , m); At; - time interval between the

beginning of the subsequent AE pulse signal U,

formation in relation to the previous signal; Af; -
time interval between the beginning of the
subsequent AE pulse signal U; formation in relation

to the previous signal; 01 - random component in an

instant of each subsequent AE pulse signal U,

appearance; 02 - random component in an instant of

each subsequent AE pulse signal U; appearance.
The simulation of AE signals, agrees (3), we
shall conduct under condition of absence and
availability of treating tool wear in relative units. At
simulation we shall consider, that treating tool
wearing appear in some time #o. As we shall
consider, that the cutting depth is not controlled, i.e.
increase of wear (CM treating destruction area)
results in proportional decreasing of CM treated

destruction area. The parameters uo and Up are

proportional to the treated and treating CM
elementary destruction areas (are proportional to

quantity of No and Nj destruction elements). For
want of treating tool wear the values of parameters
uo and Up we shall accept equal: #p =1, Uo=0. At
appearance of treating CM wear in the moment of
time fo values of parameters uo and Uo we shall

accept equal: o =0,9, 170=0,1; 110 =08, (7():0,2;
710=0,7, U9=0,3; 1i0=0,6, U¢=0,4.

For realization of simulation all parameters,
which one enter in expressions (1), (2) and (3), we
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shall put to non-dimensional values, and their values
we shall accept same as well as in article [10]: Dy =

1000000; 7 = 10000; Vo=1000000; R =14000;
a=10; %0 =0,0001; g=0,1;

00=0,0009958408846174917, th =0,0000015;
At =0,0000015. Initial values of parameters 51 and

52 we shall change in range of sizes, accordingly,
from 0 up to 0,0000049 and from 0 up to 0,0000049
arbitrarily.

At simulation the calculations 5000 values of AE
signal amplitudes for each pair values of parameters u¢

and Uy were conducted. According to the conducted
calculations for adopted conditions of simulation, in a
fig. 1 the relations of AE signals amplitude change in
time in normalized units are shown.

The conducted simulation has shown (fig. 1) that
the CM treating wearing appearance and increase for
a case of not controlled cutting depth not influences
of acoustic radiation nature. The increase of treating
tool wear results to decreasing of AE signals

amplitude average level and value its deviation.
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Fig. 1 - Relations of AE signals amplitudes change in
relative units in time at CM machining with treating tool
from CM wear. Time periods: 0 ... .0,0001 - absence of
tool wear; 0,0001 ..... 0,0004 - availability of tool wear.

The values of parameters #( and U : on a time period
0....0,0001 - 7io=1, U =0; on a time period
0,0001.....0,0004 - a - 7i9=0,9, U¢=0,1; b - ii9=0,8,
U0=0,2; c - 1i0=0,7, Up=0,3; d - 7i0=0,6, Ug=0,4

As have shown outcomes data processing for
want of treating tool wear AE signal amplitude

average level (U ), its standard deviation (sg) and

. . 2 . . .
dispersion (Sﬁ) in relative units make:

~

U =504126; s =2,49876; s% =6,2438. At
appearance of treating tool wearing, the value makes
which one 0,1, there is decreasing of AE signal
amplitude average level (U ), its standard deviation

(sg ) and dispersion (sl%) in relation to their values
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without tool wear, accordingly: in 1,17825 times, in
1,09083 times and in 1,18991 times. The increase of
treating tool wearing up to 0,2 (in 2 times) results in
decreasing of AE signal amplitude average level

(U), its standard deviation (si) and dispersion
(s%) in relation to their values without tool wear,

accordingly: in 1,25704 times, in 1,13627 times and
in 1,29111 times. As have shown outcomes data
processing at increasing tool wear up to 0,3 (in 3
times) the values of AE signal amplitude parameters

U,sg

times; in 1,36966 times and in 1,87598 times. At
increasing of tool wear up to 0,4 (in 4 times) the

and s% decrease, accordingly: in 1,32833

values of AE signals amplitude parameters U , s5

and s% decrease, accordingly: in 1,3633 times, in

1,8275 times and in 3,33977 times.

The outcomes statistical data processing by the
way of relations of AE signals amplitude parameters
change at treating tool wear increasing and their
percentage decreasing, in relation to AE signals
parameters without tool wear, are shown in fig. 2.

From fig. 2, a it is visible, that increasing of CM
treating tool wear results to not a scaling down
statistical AE signals amplitude parameters. With
increasing of tool wear decreasing of AE signals
amplitude average level speed change is watched. At
the some time, AE signals amplitude average level
standard deviation speed change and AE signals
amplitude average level dispersions speed change
are augmented. Thus the percentage decreasing of
AE signals amplitude average level standard
deviation advances percentage decreasing of AE
signals amplitude average level (fig. 2, b).

At the same time, the percentage decreasing of
AE signals amplitude average level dispersion
advances percentage decreasing of AE signals
amplitude average level and its standard deviation
(fig. 2, b).

The outcomes of the conducted researches
demonstrate, that at CM machining with a not
controlled cutting depth the originating of treating
tool wear from CM does not influence on acoustic
radiation nature. However is watched decreasing of
AE signal amplitude average level and value of its
deviation. The obtained outcomes will be agreed
experimental data by the obtained different writers
[8, 9]. The processing of outcomes simulation has
shown that at increasing tool wear all statistical AE
amplitude parameters decrease. Thus the decreasing

of AE signals amplitude average level dispersion
advances decreasing of AE signals amplitude
average level its standard deviation. So, at increase
of treating tool wear in 2 times percentage
decreasing of AE signals amplitude average level, its

~! ﬁ‘gz
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Fig. 2 - The graphs of AE signals amplitude parameters
change (@) and their percentage decreasing (b) at CM
machining with a not controlled cutting depth depending

on treating tool from CM wear Uy : B - AE signals

amplitude average level (17 ); ® - standard deviation
(sﬁ ) of AE signals amplitude average level; A -

dispersion (s% ) of AE signals amplitude average level

standard deviation and dispersions, accordingly,
make: 20,448 %, 15,995 % and 29,431 %. At
increase of treating tool wear in 4 times percentage
decreasing of AE signals amplitude average level, its
standard deviation and the dispersions, accordingly,
already make: 26,649 %, 45,281 % and 70,059 %.
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The decreasing of AE signal amplitude average
level and value of its deviation is conditioned by the
different contribution of AE signals components
from CM treated destruction and treating wear in
resultant acoustic radiation. Apparently, that dip of
AE signals amplitude parameters at decreasing the
CM treated destruction area advances increasing of
AE signals amplitude parameters at increase of CM
treating wear.

6. Conclusions

One of the tasks in a problem maintenance the given
quality items from CM at their machining is the
control and monitoring a cutting tool condition. For
the solution a problem the control and monitoring of
cutting tool condition usage AE method is possible.

The simulation of acoustic radiation at cutting tool
wear from a CM, which one arises during CM
machining with a not controlled cutting depth is
conducted. The statistical processing of outcomes
simulation with definition the AE signal amplitude
average level, its standard deviation and dispersion
values for want and availability treating tool wear from
CM and not controlled cutting depth is made. AE
signals amplitude parameters regularity change at
increase of treating tool wear, for a case of not
controlled cutting depth, are obtained. The relations of
AE signals amplitude parameters percentage decreasing
at increase of treating tool wear in relation to their values
for want of wear are determined. It is shown, that at
increase of tool wear decreasing of AE signals
amplitude average level dispersion advances decreasing
AE signals amplitude average level and value of its
standard deviation.

The outcomes of conducted researches can be
used at mining the methods verification cutting tool
condition and control the CM machining parameters.
These methods are of interest in the robotic
technological processes, the monitoring and control
by which one is possible for conducting through
neuronal networks. It is necessary to conduct further
AE researches, under a not controlled cutting depth
condition, with the analysis of influencing cutting
tool wearing on AE signals energy parameters.
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C.D. Dinonenko

AKYyCTHYHA eMicisi Ipu 3HOCi 00POOHOr0 IHCTPYMEHTY 3 He KEPOBAHOI0 INIMONHOK0 Pi3aHHS
HarionanspHuii aBianifinuil yaisepceutet, npoci. Kocmonasra Komaposa, 1, Kuis, Ykpaina, 03680
E-mail: fils0101@gmail.com

Mera: MeTtowo poOOTH € NOCTIKSHHS aKyCTHYHOI eMicii Mpu MexaHiuHid oOpoOIli KOMITO3HUIIHHOIO
MaTepialy 3 HE KEpOBaHOK TIMOWHOK pi3aHHS 1 3HOCI PIXKY4YOro IHCTPYMEHTY 3 KOMITO3UIIIIHOTO
Matepiamy. Meroau JociaimkeHHss: B 0CHOBI IOCHIIUKEHb JIEKHTH MOJCIIOBAHHS —aKyCTHYHOTO
BUIIPOMIHIOBAaHHS, $Ky BHHUKa€E TIpH pyHHYBaHHI IOBEPXHEBOTO MpPOIIApKy 0OpoOIIOBaHOTO
KOMITO3UIIHHOTO Martepiainy 1 3Hoci 0OpoOHOro iHCTpyMeHTy. PosrmsgaBcs BHMAZOK TEpeBa)KHOTO
MEXaHIYHOI'O pYHHYBaHHS MOBEPXHEBOTO MPOLIAPKY OOPOOIIOBAHOTO KOMITO3MLIHHOTO MaTepiany, a 3HOC
IHCTpYMEHTY BimOyBaeThcs 03 3MIHM TJIMOWHHM pi3aHHA. bynma mpoBemeHa cratucTHdHa 00poOKa
aMIUTITYIHUX TapaMeTpiB aKyCTHYHOI emicii mpuM BiCYTHOCTI 1 BHHHKHEHHI 3HOCY OOpOOHOTrO
KOMIIO3HIIIHHOTO MaTepiany. byB mpoBeieHWH aHalli3 3aKOHOMIPHOCTEH 3MiHM aMILTITyJHUX IapaMeTpiB
aKyCTUYHOI eMicii, a TakoX iX YyTIWBOCTI 0 3HOCY OOpPOOHOTO KOMITO3HIIIMHOTO Martepiaay IpH He
KepoBaHill rmOuHI MexaHi4HOi 00poOku. Pe3yabTatm: BusHaueHo, MO 3pOCTaHHS 3HOCY OOpPOOHOTO
KOMITO3UIIIHHOTO Marepiany CyNpOBOJUKYETHCS 3MEHIIEHHSM CTAaTHCTUYHUX AaMIUTITyJHHX IapaMeTpiB
aKyCTHYHOI eMiCii — CepeTHhOTO PiBHS aMILTITYIH, HOTO CTAHJAPTHOTO BiAXMIEHHS Ta quctepcii. OTpuMaHo
3aKOHOMIPHOCTI 3MCHIIIEHHS aMILTITYJHUX MapaMeTpiB aKyCTHYHOI eMicil pH 3pOcTaHHi 3HOCY 00poOHOTO
KOMITO3UIIHHOTO MaTepiany. Bu3Ha4eHO NPOLEHTHE 3MEHIICHHS aMIUIITYAHUX MapaMeTpiB aKyCTHYHOI
eMicii mpu 3pocTaHHI 3HOCY OOpPOOHOTO KOMITO3UIIIHOTO MaTrepialy, MO BiJHOIIEHHIO IO iX 3Ha4eHb 0e3
3HOCY iHCTpyMeHTy. IlokazaHo, 1Mo 3MEeHIIeHHS TUCIIePCii CEPeIHBOTO PIBHSA aMIUTITYAN aKyCTHYHOI eMicil
BUIIEpEIKAa€ 3MEHIICHHSI CEPEHBOT0 PIBHS aMIUIITYM ¥ HOTO CTaHIAPTHOTO BiaxwieHHs. OOGroBopeHHs:
[IpoBeneHO MoOJENOBaHHS aKyCTHYHOTO BUIIPOMIHIOBAHHS TNPH MEPEBAXHOMY MEXaHIUHOMY pyHHYBaHHI
TTOBEPXHEBOTO TPOIIApKy 00pPOOIIOBAHOTO KOMITO3HIIIITHOTO MaTepiary 3 He KepOBAaHOIO TIIMOMHOIO pi3aHHs
i 3HOCI 00pOOHOTO KOMMO3UIiitHOrO Matepiany. [Toka3aHo, M0 3pOCTaHHS 3HOCY IHCTPYMEHTY MPUBOIUTH
10 3MCHLICHHS CTaTHUCTHYHHUX aMIUTITYJHHUX MapaMeTpiB akyCTHYHOTO BHUIPOMIHIOBaHHA. Bu3HaueHo, 1o
3MEHIIICHHS IUCTepCii CepeTHhOro PiBHSA aMIUNITYAW CUTHAJIIB aKyCTHYHOI eMicii BUIepeIKae 3MEHIICHHS
CEPEeIHBOTO PIiBHS aMILTITYIU i HOTO CTAaHAAPTHOTO BiAXHMIICHHS. 3MEHIICHHS CEPEIHBOTO PIBHSI aMILTITYIH
aKyCTUYHOTO BUIPOMIHIOBAaHHA 1 BEIWYMHU HOTO PO3KUAY OOYMOBJIEHO pI3HMM BKJIAaIOM CKJIaJOBUX
CUTHATIB aKyCTHYHOI eMicii, fKi BHHHKAIOTh NPU pyHHYBaHHI 0OpoOIIOBaHOTO 1 3HOCI OOpPOOHOTO
KOMITO3HMINIMHNX MarepiaiiB. OUeBHIHO, IO NPH 3MCEHIICHHI IUIONI pPYWHYBaHHS OOPOOIFOBAHOTO
KOMITO3UIIHHOTO MaTepialy 3MEHIICHHS aMIUTITyJHUX I[apaMeTpiB BUHHUKAIOUUX CUTHAIIIB BHIIEPEIKAE
3pOCTaHHSl AaMIUNITyIHUX IapaMeTpiB CHUTHaJiB, SKi BHHHUKAIOTb NPW 3POCTAaHHI 3HOCY OOpPOOHOTO
KOMIIO3HIIIHHOTO Matepiany. Pe3yiapTaTi mpoBeieHuX JOCTiKEHb MOXKYTh OYTH BUKOPUCTAaHI ITPH PO3poOITi
METOMIB KOHTPOIIIO CTaHy PIXY4Yoro iHCTPYMEHTY i YNpaBIiHHI MapaMeTpaMy TEXHOJOTIYHOIO IMpoIecy
MexaHiuHoi 00poOku. JlaHi MEeTOOM MPEACTaBISAIOTh iHTEpeC B pOOOTH30BAHMX TEXHOJIOTIYHUX MpoLecax,
KOHTPOJIb 1 YIIPABIiHHS SIKUMH MOXJIMBO IPOBOAMTH Yepe3 HEHPOHHI MEPexi.

KarouoBi cjioBa: akycTHYHA €MicCis; aMIUTITya; 3HOC; KOMITO3UIlIMHMI MaTepiair, MexaHiyHa 00poOKa;
CTATUCTUYHI XapAKTCPUCTHUKH.

C.®. ®UjI0HEHKO

AKyCTHYECKAs] IMUCCHSI TIPH M3HOCE 00PadaTHIBAIOIIEr0 HHCTPYMEHTA € He YNpPaBJsieMoil IIyOMHOI
pe3aHus

HanuonanpHBIN aBUAlIMOHHBIN YHUBEpCHUTET, Ipoctt. KocmonasTa Komaposa, 1, Kues, Ykpanna, 03680
E-mail: fils0101@gmail.com

Hean: llenpo paboTH SBISIETCS HMCCICAOBAHHME aKyCTHUSCKONH SMHCCHH TP MEXaHWIECKOH 00paboTke
KOMITO3UIIMOHHOI'O MaTepualia ¢ He yNpaBiIsieMOi TIyOMHOU pe3aHus U U3HOCE PEKYINEro HHCTPYMEHTA U3
KOMITO3UIIMOHHOTO MaTepuaiia. MeToasl ucciaenoBanus: B ocHOBe ucclieioBaHUH JIEXKHUT MOJISTHPOBAHUE
aKyCTHYECKOTO M3ITyUYeHHS, KOTOPOE BO3HMUKAET MPH Pa3pyIlICHWH IMOBEPXHOCTHOTO CIIOsi 00padaTeiBaeMOro
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KOMITO3UIIMOHHOTO MaTepualia ¥ H3HOce oOpabaThIBalollero HWHCTpyMEHTa. PaccmarpuBancs ciydai
peo0IIaaroIIero MEXaHU4IECKOTO paspyiieHus MTOBEPXHOCTHOTO cIost o0OpabaTsiBaeMoro
KOMITO3UIIMOHHOT'O MaTepraia, a M3HOC HHCTPYMEHTa MPOUCXOIUT 0e3 M3MeHEeHHs TITyOnHBI pe3anus. beura
MpoBelieHa cTaTHCTHUYeCKast 00paboTKa aMIUIMTYAHBIX apaMEeTPOB aKyCTHUECKOW SMHUCCUH TIPH OTCYTCTBUU
¥ BO3HHKHOBEHHHM W3HOCA 00pabaThIBAIONIETO KOMIIO3WIIMOHHOTO MaTepuana. bplnl TpoBeneH aHamu3
3aKOHOMEpPHOCTEHl W3MEHEHHUS aMIUIMTYAHBIX I1apaMeTpoB aKyCTHYECKOW OMHCCHH, a Tak Je WX
YyBCTBHUTEIBHOCTH K HW3HOCY 00padaThIBalONIEr0 KOMITO3MIIMOHHOIO MaTepualla MpH He YMpaBlsieMOn
rnyOuHe  MexaHudeckod  oOpaborku. Pesyabrartei:  OmpeneneHo, dYTO  BO3pacTaHHE  HM3HOCA
00pabaThIBAIOMIETO KOMIIO3UIIMOHHOTO MaTephalia COIMPOBOXKIACTCS YMEHBIIEHHEM CTaTUCTHYECKUX
aMIUTUTYIHBIX TMApaMeTPOB aKyCTUYECKOW 3MHUCCHH — CPETHEro ypOBHS aMIUIMTYABI, €ro CTaHAapTHOTO
OTKJIOHEHHs U paucnepcud. IlomydeHBl 3aKOHOMEPHOCTHM YMEHBIIEHHS aMIUIMTYIHBIX IapaMeTpoB
AKyCTHYECKOW 3MHCCHU TPH BO3pACTaHWU H3HOCAa 00pabaTHIBAIOMIEr0 KOMITO3UIIHOHHOTO MaTepHuala.
OmnpeneneHo TMPOIEHTHOE YMEHBIIEHHWE aMIDIUTYAHBIX MapaMeTpoOB AaKyCTHYECKOH OMHCCHH TIPH
BO3pacTaHUM M3HOCA 00pabaTHIBAIOIIEr0 KOMIO3MIIMOHHOTO MaTepuaia, M0 OTHOUICHHIO K MX 3HauYeHHUSIM
0e3 m3HOca HHCTpyMeHTa. [loka3zaHo, 4YTO YMEHBLICHHWE AHMCIEPCHH CPEIHEr0 YPOBHS aAMILIUTYIBI
aKyCTHYECKOW SMHUCCHH OTlepekaeT yMEHBIIEHHE CPEeIHEr0 YPOBHS aMIUIUTYABl M €ro CTaHAapTHOTO
otknoHeHus. Odcy:xaenue: [IpoBeeHo MOJEIMPOBAHNE aKyCTHUECKOTO U3IyUEHHS MPH Mpeodiagaromem
MEXaHMUYECKOM Pa3pyLICHUH MOBEPXHOCTHOTO CIOSI 00pabaThIBAeMOTO KOMITO3HLIMOHHOTO MaTepHajia ¢ He
yHOpaBsieMON TIIyOMHOUM pe3aHus U W3HOCe 00pabaThIBaloONIer0 KOMIO3UIIMOHHOTO Marepuana. [lokazaHo,
YTO BO3pacTaHWE W3HOCA WHCTPYMEHTa MPHBOANT K YMEHBIIECHHIO CTATUCTHYECKUX aMIUIATYIHBIX
MapaMeTpoB aKyCTUYECKOro H3iydeHus. OIpeneieHo, YTO YMEHBIIEHUE TUCIEPCHH CPEIHEro YpOBHS
aAMIUTUTY/IBl CUTHAJIOB aKyCTUYECKON AMUICCHHU OTepekaeT YMEHBIICHHE CPEIHEr0 YPOBHS aMILTUTY/IbI U €ro
CTaHJAPTHOTO OTKJIOHEHHS. YMEHBIIEHHE CPEJHEr0 YPOBHS aMIUIUTYABl aKyCTHYECKOTO H3IY4YeHUS U
BEJIMYUHBI €ro pa3dpoca OOYCIOBIEHO pPa3lWYHBIM BKJIAJOM COCTABIAIONIMX CHUTHAJIOB aKyCTHYECKOM
SMHCCHH, KOTOPBIE TOSBISIIOTCS MpU paspylieHHd o0padaTbiBaeMOro M H3HOCE 00pabaTHIBAIOILETO
KOMIIO3UIIMOHHOTO ~ MarepuanoB. (OdYeBHIHO, 4YTO TMPH yMEHBIICHHH IUIOMIAAN  pa3pylIeHUs
00pabaThIBa€MOro KOMIO3MIIMOHHOTO MaTepHaja yMEHbIICHHE aMIUTUTYIHBIX MapaMeTpOB BO3HHUKAIOIINX
CUTHAJIOB OIlepeXaeT BO3pacTaHWE AaMIUIUTYJIHBIX IapaMeTpOB CHUTHAJOB, KOTOpBIE BO3HUKAIOT TPHU
YBEIMYEHUH W3HOCA O00pabaThIBArOIIEr0 KOMIO3WIIMOHHOTO MaTepuana. Pe3ynbTaThl TPOBEACHHBIX
WCCIIEJOBAHNH MOTYT WCIIOJIb30BAaThCS TpPH pa3pabOTKe METOAOB KOHTPOJS COCTOSHHUS PEXYIIEro
WHCTPYMEHTAa W YNpaBICHHSA IapaMeTpaMH TEXHOJIOTHMYECKOTro IIpollecca MEXaHM4YECKOW 00paboTKH.
JlaHHBIE METOMBI MPEACTABISIOT HHTEPEC B POOOTU3UPOBAHHBIX TEXHOJIOTHYECKHX MpoIleccaX, KOHTPOJIb U
yHpaBieHne KOTOPHIMU BO3MOXHO TIPOBOJIUTH Yepe3 HEHPOHHBIE CETH.

KiioueBble cioBa: AKyCTUYCCKad OSMHUCCUA; aMIUIMTyda; HU3HOC, KOMHOBHHHOHHBIﬁ Marcpual;
MEXaHHUYCCKasa 06pa60TKa; CTAaTUCTUYCCKUC XapAKTCPUCTUKH.

Filonenko Sergii. Doctor of Engineering. Professor.

Director of the Institute of Information-Diagnostic Systems, National Aviation University, Kyiv, Ukraine.
Education: Kyiv Polytechnic Institute, Kyiv, Ukraine (1977).

Research area: diagnostics of technological processes and objects, automatic diagnostic systems.
Publications: 285.

E-mail: fils0101@gmail.com




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /UKR ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


