complete building of mesh. Having estimated solutions timing engineer can continue to implementation
phase of the decision or, if the timing is not satisfied, return to the mesh settings. Upon completion of
Solutions Phase new data about solving the problem updates database of statistics, which make the
following prediction more accurate.

6. Conclusion
The present method of evaluation of FEM solution time can be easily integrated into CAE system. It
requires no additional computational costs small sized statistics DB storage.
Solutions time forecasting subsystem allows engineers to accurately estimate the time required for
FEM analyses. If timing does not satisfy, he can return to the correction of the model before start
calculation.

1. Farmaga |., Shmigelskyi P., Spiewak P., Ciupinski L. Evaluation of Computational Complexity of
Finite Element Analysis // CADSM’' 2011, February, 23-25, Lviv, Polyana, 2011. — P. 213-214. 2. Lobur
M., Farmaga I., Shmigelskyi P. Modelling of heat transfer in nanocomposites. Bulletin of the Na-tional
University "Lviv Polytechnic": Computer-aided design systems. The theory and the practice. — Ao 711, —
Lviv: "LPNU", 2011. — P. 101-104. 3. Larry J. Segerlind Appliend finite element analysis / Second
Edition. John Wiley and Sons, USA, 1984.
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In this paper the amplitude-phase spectra envelope method of multi-beam acoustic waves
Fabry-Perot interference in MEM S cavity-type structures without shear stress at nor mal and
oblique beam passing limits divisions is developed. It is found that the spectra analysis by the
envelope method significantly broadens the application of an appropriate approach for
nondestructive testing of thin film structure parameters. In addition, on the basis of the
envelope function regularities the angular conditions of Pseudo effect manifestation for the
binary interface in the spectra are grounded.

Key words: MEM S-structures, Fabry-Per ot inter fer ence, amplitude-phase spectra.

Po3pobieno meron o0BiZHMX aMIUIITYAHO-(Ga30BHX CHeKTpiB OaraTtonpoMeHeBoi
inTepgepenuii ®@adpi-Ilepo akyctnuynux xBuib A1 MEMC-cTpyKTyp pe30HATOPHOIO THIY
0e3 3CYBHUX HANPYr NPU HOPMAJLHOMY i MOXMJIOMY MPOXOJKEHHI MPOMEHEM MeXK MOIiTiB.
BcTanoBjieHo, 0 aHAJII3 CIEKTPIB MEeTO0M O0BITHMX ICTOTHO PO3LIMPIOE MEKi 3aCTOCYBAHHSA
BiAMoBiAHOro miaxoay st opraidamii HepyiiHiBHOI0 KOHTPOJII0 NapaMeTpiB MJIiBKOBHX
cTpykTyp. KpimM nboro, Ha ocHOBi 3axkoHOMipHoOcTeil 00BiTHHMX OOIPYHTOBAHO KYTOBi YMOBH
NPOSIBY B CHEKTPAX NMceBA00PIOCTEPIBCHLKOr0 edeKTy A5 OiHAPHOT Mexi moairy.

Karouosi cioBa: MEMC-cTpykTypH, iHnTepdepennia daodpi-Ilepo, ammiaityano-ga3osi
CHEKTPH.

I ntroduction
The Fabry-Perot interferometry principle was discovered in [1] and is considered to be well studied
in the acoustic and optical wave ranges [2, 3]. Nowadays this approach has formed the basis for a whole
class of technical solutions such as the reconstruction of parameters of heterogeneous media [4-11], sensor
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microelectromechanical systems (MEMS devices) [12], ensuring acoustic insulation [13], hydroacoustics
[4] etc.

Some interesting regularities of the amplitude-phase Fabry-Perot spectroscopy were established in
the works by [15-16]. It turned out that when the plane-parallel layer is surrounded on both sides by the
media with the same characteristics (symmetric structure) the difference between the reflected and

transmitted waves is % and the shear of the wave phase can be determined from the experimental

reflectance spectra. The method of multi-beam interference extrema envel opes has recently been developed
for the optical wave range [17-21].

The aim of this work was to develop the method of multi-beam interference spectra envelopes of
acoustic waves by the plane-parallel layer without shear stress and establish new principles of promising
applications of this approach to the organization of non-destructive control of media parameters. Such a
task has been solved for the first time.

II. The Basic Model and Main Corréeations
The basic idea in the Fabry-Perot approach is the interaction between a plane or locally plane wave
and a plane-parallel single-layer structure (Figure 2.1) as a spatially homogeneous one. Due to the binary
interface there appears a system of coherent beams which interfere. Considering multi-beam interference
the resulting amplitude reflection coefficient # equals[2,3]:
- 2, +ﬁ23exp(- [ (%) 4
1+2,2,, exp(- [ (%) ’

Here ﬁlz and ﬁzs are correspondingly acoustic impedances of the media in which the wave is
reflected and absorbed.

_ ﬁzs + ﬁ1,2
12,23 — m .

1,2

2.1)

12
)
d
v 23

Fig. 2.1

Formula (2.1) is true at normal and oblique incidence of the interfaces by the beam if the layer does
not have shear stress. In the general case, at beam incidence at the angle q; with respect to the normal to
the interface acoustic impedances of the media with the density r ; and speed of sound propagation C; are
r C.

calculated as Z, =——- (j=12,3). In the case of the absorbing layer the complex speed will be
COSq .
J

calculated as 6/92 =14C-:'2h . Inthis case the shear of the plane wave phasein it equals
[

d=2PMW (1, ih)cosd, = Red +iImd, 2.2)

2
where the absorption index is considered to be h <1.
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Having applied the representation of the complex number as ﬁlm =S 150 exp(iflm) and having

taken the formulas of power reduction into consideration it is convenient to express the energy reflection
coefficient through two envelope functions R, i, as[17-21]:

Rmm+b20052f127_D Roa - a?sin? 122
R= 2 - 2 (2.3)
1+b?co f122+D 1- azsinzflziﬂ)
4 W 4 W
Here D=f,, - Red, W:exp(lmd\ﬁ), a’ :%,bz :L:‘z,
(1+SIZS 23W) (l' S .8 23VV)
and the functions
a12"'523\/\/0 _& - 523\/\/Q2

Roac = (24)

gl"' S oS 23Wﬂ ; gl' S 1.8 5 Wg
are multi-beam interference spectra envelopes. In them their contact points with the Fabry-Perot contours

correspond to the values R, i -

An important part in the calculation methods is the phase calculation [22]. In our work it was

calculated as the tangent of the ratio tgf _Rlz Since the arctangent function is defined in the plane
e

g-% F;H for the values of the argument zi [ ¥ +¥] its real value was calculated by the following
algorithm:
1 If Ret>0and Im#=0, then x =0, and Reft >0,

then x = arctgadmp/g,and Im# <0, then x =2p +arctgadrm)/O

8 8 Reft g
2. If Reft =0and Im#>0, then x = g and Im# <0, then x = 320 (2.5)
aamt o

3. If Reth <0 and Im#>0, then x =p +arctgg _,and Im#=0

then x = p,and Im#<0, then x =p +arctg§dF:nzo
et g

I11. Calculation Results, Their Analysis and Main Conclusions
The calculation of the amplitude-phase spectra envel opes was performed for the following parameter

values [19]: r,,=1000kg/m*, r,=793kg/m’, C,=1165m/s, C,,=1483m/s, h,=0.01, 0.04,
d=(1, 10)»¥0 *m. The analysis of the obtained results provided a possibility to draw the following most

important conclusions.

3.1. Functions (2.4) are the Fabry-Perot amplitude spectra envel opes at hormal and oblique incidence
of the interfaces by the acoustic wave (Figure 3.1,a). The phase spectra envelopes are functions (Figure
3.1,b)

(1 s )><523Wmslz(1 si\/\f)smf
slz(l+sz3V\/2)cosf12

f =2p +

max,min

: 3.1

At that the values R, i, and f do not necessarily have to coincide with the extrema vertices as by

their essence they correspond to the contact points of the envelopes with the spectra contours.

max,min
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Fig. 3.1

R = R g changed from O to +¥ passing at

3.2. For the arbitrary geometry of experiment theratio
that the unit value at the frequencies wg on both sides with respect to the interference maximum. At the
frequencies wg the value of energy reflection equals

St =5 (R + Roun): 32

An analogous (3.2) condition is realized in the oblique spectrum for the angles of incidence g5 on
both sides with respect to the interference maximum (Figure 3.1). The phase width of the reflection
contour on the leve (3.2) equals

Hg, = Redﬁ‘sz - Rec%Ll @Z(p - Red|s). (3.3

Therefore, the experimentally measured value Hg, provides a possibility of determining Red |s and

the speed of sound in the layer.
3.3. Animportant criterion of the clarity of the interference bandsis their visibility.

According to Michelson it equals V :% Therefore, having substituted the value R, i,
from (2.4) we obtain that
2
V= . 34
s, &@- s§3vxﬁo s2Weael-s2 © (34

523Wg 1-s5 g Su gl 523W2ﬂ

. . . . & o!
We ascertain that by introducing the variable W =¢——x2 1- 52 223\ we obtain the following
&l- s ZW gs
expression for the visibility
v 2 (35)

i+VVR
WR

Let us establish the content of the parameter W . For this let us apply the transformation

x+y Xy, Ry
oy XY VK

as a result of which we obtain that

_V I:zmax Y Rmin
W= Vo (3.6)

V I:gnax + V I:inin
In the approximation s ,,W<<1 the inclinations InW and Imd coincide (Figure 3.2). Therefore,
having determined the visibility of the Fabry-Perot interference bands as (3.6) we have a possibility to

evaluate the complex value Imd .

120



10° w 530
Fig. 3.2

According to the wave refraction law on the interface 12 with the absorbing medium

1. 1 . . . N . .
—sing = @smc%2 we obtain that in the approximation h <<1 the sine of the angle of refraction can be
2

1

expressed as sin&g:&sinql_lh >>&sinq§-iL22: sinng-iLQ and its cosine as
@

Cl 1+h?  C 1+h 1+h? g
Cosﬂ“2 » €0SQ, +|tg q2 ~. Then the complex shear of the wave phase in the layer will equal
& &)
d=Red+iimd = 2P w(1+ih)cos&“2 » 4|Odwcosq2+i WAy P hence its redl part will be
CZ CZ CZ COSqZ
e l]1/2 "20-1/2
determined as Red @—wél Q—Zsmqg g and Imd @—wh ?;{ismqO G . Thus in the
G, g eC d g eC QH

0 .
frequency spectrum Red|sW: -, and in the angular spectrum

2
&d O . . ,
Red|sq@p+4pggw; sin(ds; - 9s)sin(2(as; - 9s)ds ), and the product Red'Xmd  will be
1

2
determined only by the level of wave absorption in the layer Red xmd @;aerlgd 2 w?h . The obtained
e g
relation allows determining the index of absorption of the acoustic wave by the layer.
3.4. A criterion of the display of multi-beam interference in the spectrum is the width of the gap
between the maximum and minimum envelopes [17-21]

4s 2523\/\/(1 slz)(l s§3VV2)

3.7
1-sZs LW S

DR:(Rnax - I:zmin)

If the elasticities of the contacting media coincide r ,C? =r ,C} and r ,C; =1 ,C but C,,* C,, the
structure is considered to be symmetric Z, =Z, and this case is analogous to p - polarization in optics
[24]. As can be seen in Figure 3.3, there is such an angle of incidence g at which the envelopes R, i
touch each other. At this angle of incidence DR=0 and multi-beam interference is not observed.
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Fig. 3.3,

r,C2=r,(ReC,)’ =r,C,, C, = /%Red@z, C,= /;—ZRe@'z, r,=r,iC=C,.
1 3

In its essence the angle q; corresponds to the well-known Brewster’s angle for a single interface.
Since in the case of a single-film structure there are two interfaces — 12 and 23 — there can also be two
angles for it — g, and gg,,. IN the approximation h <1 their values are related to the velocities of travel
of the acoustic wave in the contacting media with the following relations:

(.j
U2 @ICSH# CIB23 @J’CSHQ
JCZ +Re®? é [cz+ Re@2
For the symmetric structure g, =0,, the described regularities of the ampl |tude-phase spectra of oblique
reflection are presented in Figure 3.3.
Since the values of the Brewster’s angles q;,, and gg,, do not depend on the real component of the

(3.9)

phase thickness Red the experimentally measured values Oso; allow determining the acoustic
impedance of the media which form the single-layer structure. It should be noted that like in the optical
range acoustic waves are also characterized by the phenomenon of total internal reflection [25], which
should also be taken into consideration at the corresponding analysis. In optics a different angular
regularity of the reflection spectra is known, namely that in s- polarization at the increase in the angle of
incidence the reflection coefficient increases gradually. For the acoustic range the corresponding analogue
is the equality of the densities of the material media r, =r , which contact between itself [24].

3.5. The plane wave multi-beam interference in the plane-parallel layer causes the fact that at a
certain angle g, the extrema minimum envelope can also display a minimum if the following equality is
satisfied

Sy, =W5 5. (3.9)

The analysis of formulas (2.4) testifies to the fact that at the angle g, the difference (s, - Ws ;)

ae; - S ,WE

in the expression R ;. = - changes the sign passing at that the zero value. Depending on the

el S 1S xWg
acoustic impedances of the media there can be several angles g . In contrast to g, and gg,; at theangle
d,s Multi-beam interference is observed but the values of g, like g, and gg,;, do not depend on the

phase thickness of the layer. Therefore, the angle g, can be connected with the display of the so called
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pseudo-Brewster’s condition for the binary interface in the Fabry-Perot spectra which is a corresponding
analogue of the Brewster’s ones for asingle interface.

3.6. The Fabry-Perot interference spectra have a 2p -periodicity. Therefore, the experimentally
measured parameter is also the area under the contour of the reflection maximum in the gap between the
two neighbouring minima which is limited at the bottom by the minima envelope which is expressed as the
integral [26]

Srac = QR AX - (Ryin dX (3.10)

where 2x =Red . Integral (3.10) is tabulated [27, formula 446.5], and it should be noted at its calculation
that R;, and f ., ,; do not depend on the phase thickness of the layer Red .
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This paper studies the approaches commonly used for sentiment analysis and defines an
optimal approach for Ukrainian language analysis.
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OnucaHo MixAXoau 10 eMOUiliHO-CMUCIO0BOr0 aHAJI3Y, a TAKOK BU3HAYEHHS HAKPAIIoro
NMiAXoay /15l YKPaiHChKOI MOBH.

Kuro4ogi cjioBa: eMouiiino-cMuc/J0Buii aHAI3 HA OCHOBI MpaBuWJI, rIIMOOKUI eMolliiiHO-
CMUCJIOBHIi aHAJII3, TOHAIbHI CJIOBHUKH.

1. Problem

Sentiment analysis is the task of natural language processing, which is widely used nowadays in
such areas as sociology (e.g. collecting data from social networks about peopl€e's likes and dislikes),
political science (e.g. collecting data about political views of certain social groups), marketing (e.g.
creating ratings of products/companies/people), medicine and psychology (eg. detecting signs of
psychological illnesses or signs of depression in users messages, detecting bullies with the help of
messages in microblogs, like Twitter), etc. [1].

Unfortunately, no matter how useful such a tool would be, there is no available sentiment analysis
system for Ukrainian language yet. The aim of this paper is to study the most effective approaches to
sentiment analysis and thus find the optimal approach for implementing such an analyser for Ukrainian.
The approaches researched in this paper include a rule-based approach, statistical analysis based on
sentiment dictionaries and approaches based on machine learning algorithms.

2. Recent Research Analysis
The previous decade showed arising interest in the area of sentiment analysis. This has been proven
with a large number of projects, which appear every day: sentiment analysis of hotel reviews [9], bank
reviews [5], restaurant reviews, comments on movies [21], products, messages about political events in
blogs and social networks, etc. A big number of studies are dedicated to sentiment analysis of messages in
microblogs (e.g. Twitter, Google Buzz).
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