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Research in engineering, biology, economics and other areas is often associated
with the analysis of observed processes that are repetitive in time. One of the
promising approaches to solving the problem of analyzing and interpreting such
signals is based on converting the original cyclic signal into a sequence of sym-
bols of some alphabet, for which methods of mathematical linguistics can be
used. The linguistic approach to the processing of cyclic signals involves the
construction of a codogram that characterizes the dynamics of changes in the
shape of successive cycles. To construct codograms, it is proposed to use two-
valued and three-valued indicator variables. A procedure is proposed for deter-
mining the optimal value of the threshold of insensitivity to changes in signal
parameters, which provides a minimum of intra-class distances and a maximum
of inter-class distances. The construction of standards for recognizable classes is
based on the Levenshtein matrix of paired distances between the codograms of
the training sample of each of the classes and the definition of a codogram that is
at the minimum total distance from the rest of the codograms of the class under
consideration. Computational procedures are proposed that allow determining
the dominant patterns of classes in the form of three-character patterns of codo-
grams. Decision rules have been developed to classify processed cyclic signals
according to both codegram standards and dominant patterns. The effectiveness
of the proposed approach has been demonstrated using examples of processing
electrocardiograms. It has been established that the constructed decision rule
provides sensitivity and specificity in the classification of electrocardiograms of
patients with coronary heart disease and healthy volunteers, even in the absence
of generally accepted diagnostic signs of myocardial ischemia on the ECG. It is
advisable to continue research aimed at studying the possibility of further im-
proving the efficiency of the proposed approach, in particular, based on the pro-
cessing of codograms using sequence alignment algorithms that are actively
used in bioinformatics.
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Introduction

Fundamental and applied research in engineering, biology, economics and other
areas are often associated with the analysis of observed processes that are repetitive in
time [1, 2]. Such processes generate specific signals, which are usually called cyclic in
the scientific literature [3-5]. Typical examples of cyclic signals are electrocardiograms,
rheograms, photoplethysmograms and other biomedical signals reflecting to the cyclic
nature of the work of the circulatory and respiratory systems of a living organism.

Many scientific publications, in particular, works [6, 7], are devoted to the study of
the cyclic signals properties and the construction of mathematical models for their de-
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scription. One of the promising methods for processing such signals is based on con-
verting the original signal into a sequence of symbols that characterize the dynamics of
the cycles shape changes. For computer analysis of the obtained sequence, methods of
mathematical linguistics [8, 9] can be used, the effectiveness of which was demonstrat-
ed in [10] using the example of the electrocardiogram classification problem.

The purpose of the article is the further development of the linguistic method for
analysis and interpretation of cyclic signals.

Main idea of the proposed approach

The linguistic analysis of the cyclic signal z(t) is based on the transition from the
k -th realization z,(t) observed on a limited time interval t<[0,T] to the word
Sk =oyay ok which is a finite chain of characters a.j € A, j=1 .., K from the al-

phabet A. Each symbol a.j € A reflects the dynamics of shape change z, (t) from cy-

cle to cycle. To do this following [11] we will analyze the parameters x4, ..., Xy Cchar-
acterizing the shape of individual cycles zj (t) and by the difference of the m-th pa-
rameter (m=1,..., M ) on successive cycles, we will calculate the values of two-valued
indicator functions

+1, if XM —x{™ >0,

v{m = m=1.,M,n=2..,N. 1)
" -1 if x™ —x™ <o,

Possible combinations of values Vn(l),vn(z), ...,Vn(M) define 2M different symbols
o, € A, and the string of symbols S = oo, ---ay_ forms N -1 — bit word Sy
which uniquely encodes the processed signal z(t) .

In [10], the electrocardiogram (ECG) coding rule based on functions (1) is considered
which cycles describe two parameters — the duration of the RR -interval and the T -wave
symmetry index. In this simplest case, cycles encodes one of four characters of the al-
phabet A ={A, B, C, D}according to the rule presented in Table 1.

Table 1
Values of indicator functions

Symbol

N A
v n(1) vV n(2) On €

RR-intervals T-wave symmetries

1 +1 +1 A
2 +1 -1 B
3 -1 +1 C
4 -1 -1 D

The transition from the observed signal z, (t) to the code word (codegram S; )

made it possible to use the methods of mathematical linguistics to solve the problem for
analyzing and interpreting z, (t). The proposed method provides an estimate of the

proximity between any pair of codegrams S, S, based on the Levenshtein distance
L(Sy. Sy) which determines the minimum number of editing operations (insertion, de-

letion and replacement of a character) that provides a transition from S, to S, [12].
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For the calculation L(S,S,) we use the Wagner-Fischer algorithm [13] based on
the dynamic programming method. To do this, we form N, xN, matrix U, where
N, and N, are the number of characters in words S, and S, , respectively.

Let us fill the first row and the first column of the matrix U as follows:
UG@,0)=i, Vi=1..N,, 2
Uuo,j)=j, Vvj=1...N,,

and the remaining elements of the matrix U (i>1, j>1) fill according to the rule:
UG, D=min{U(, j-D+1 UG-1 j)+L UG-1 j-D+m(S, (@), Sy ()}, ()

where
0, if S,(i)=S,(J)

L if  S,(1)#S,()) )

m(S,, (1), Sy (1)) ={

As a result, the Levenshtein distance L(S,, S,) between words S, and S, de-
termines the matrix element U(N, N,).

The Levenshtein distance has the traditional properties of a metric:

L(Su.Sy)20 and L(S,, S,)=0 ifand only if S, =S, ;

L(Sy, Sy) = L(Sy, S,);
L(S,, Sy) < L(S,, Sc)+L(Sc, Sy) , where S — character sequence o, € A

Based on the Levenshtein distance L(S, S,) between pairs of codegrams S, S,,,

algorithms that provide a solution to the problem of cyclic signals classifying can be
constructed. To do this we will use a training samples of signals with known belonging
to the classes ¥4, ..., ¥g -

Let as a result of the experiments Qg observations of the class Vg e{Vy,...,Vg}

be registered, which are encoded by the words Sl(g), Sgg), Ség) in accordance with
9

Table 1. Let us calculate the Levenshtein distances L(Sﬁg), Ssg))between each pair

s{9,5{9), u=1..,Q,, v=1..,Qy, of codegrams using formulas (2)~(4), which we
represent as a square Qg ng matrix:

L(s{®, 89y L(s{9), 589y . L(Sl(g),Sé?)

(9) g(9) (9) g(9) (9) g(9)
A _ L(S5%, ;%) L(S;*7,S5%) .. L(S; 'SQg) -

(9) <(9) (9) <(9) (9) <(9)
L(SQQ,S1 ) L(SQg,S2 ) .. L(SngSQg)

The class Vg €{Vy, ..., Vg }standard will determine as row of the matrix (5), which

sum of elements is minimal, i.e.
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Qg
Ség) =argmin > L(Sﬁg),Ssg)) . (6)
1SV§QQ n=1
Let’s define the standards S(()l), S(()G) of other classes ¥4, ..., ¥g inasimilar way.

The constructed standards ensure the adoption of subsequent decisions about the
current signal codegram S; according to the rule:

CLASS ¥, if L(S;, S§”) = min_L(S,5{9), o €[L G]. )
1<g<G

To evaluate the effectiveness of the rule (7), studies were conducted using a data-
base that included 100 ECG records from verified patients with chronic coronary artery
disease (CAD) and 100 ECG records from healthy volunteers [10]. The diagnosis was
previously established by the results of coronary angiography.

It is important to note that there were no traditional diagnostic features of myocar-
dial ischemia on the CAD patients ECG. Nevertheless, even on such a complex clinical
material, the proposed approach made it possible to classify the available data with sen-
sitivity Sg =72% and specificity Cp =79% according to the rule

CAD, if L(S;,S)<L(s;,s8?), (8)
HEALTHY, if L(S;,S{) > L(S;, 5{), 9)

where S; is the codegram of the analyzed ECG, and S(()l) , S(()Z) respectively are the stand-
ards of CAD patients and healthy volunteers codegrams, calculated according to (6).

Fig. 1 shows estimates of conditional distributions P(L(S;, S(()l))) and
P(L(S; , Sc()z))) of Levenshtein distances between the training sample codegrams with
respect to the standards Sél) and S(()Z). Testing the hypothesis about the homogeneity

of conditional distributions P(L(S; , Sél))) and P(L(S;, Séz))) according to the Kol-

mogorov-Smirnov criterion showed that the hypothesis about the equality of distribu-
tions should be rejected with high statistical significance (p <0,001) [10]. A similar

fact confirmed the Man-Whitney test for independent samples.

%

P(L(St, )
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Fig. 1
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Continuation of the figure 1
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Useful improvements and generalizations

Procedures (2)—(4) make it possible to calculate the Levenshtein distance
L(Sy. Sy) in the general case, when the signals z,(t) and z,(t) have a different num-

ber of cycles, which means that the numbers N, and N, of symbols in both words
Sy and S, are not the same. Obviously, for N, # N, the Levenshtein distance satis-
fies the condition L(S,,,S,) > |Nu -N, | ,and L(S,,S,)= |Nu -N, | even if the sig-
nals are identical z,,(t) = z,(t) .

From this follows that at N, #N, , the Levenshtein distance L(S, S, ) charac-
terizes not only the difference in the shape z,(t) and z,(t), but also the difference in
the duration of the signals, which introduces ambiguity into the interpretation of
L(Sy, Sy) . Therefore, before forming the matrix (5), it is proposed to equalize the dura-

tion of observations, ensuring the same number of cycles Ny =min N, for all observa-
k

tions of the training sample.

Let us consider another possibility to improve the estimation of cycles shape dy-
namics which consists in the transition from two-valued indicator functions (1) to three-
valued ones:

+1, if XM —x(M > ¢,

vim =Jo, if ‘xgm)—x,ﬁT}‘Sg, m=1..M,n=2..,Np, (10)
-1, if xﬁm)—xr(ﬂ<—s,
where ¢ is threshold of insensitivity to the change of the m-th parameter
(m=1,..., M) on successive cycles.

Unlike (1), functions (10) evaluate not only the direction, but also the degree of
change in the values of the m-th parameter, which expands the possibilities of the

method. In this case the alphabet A already contains 3M various symbols o, €A,
with the help of which the Ny -1 bit codegrams Sy =ajo, -0,y of the signal
z, (t) are generated.

Table 2 shows the rule for coding ECG cycles based on the values of the indi-
cator functions Vn(l), Vn(z), Vn(3), characterizing the dynamics of three diagnostic

indicators — the duration of the RR -intervals, the symmetries of the T -waves and the
amplitudes of the R -waves. In this case, the alphabet A contains 27 characters.
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Table 2

Values of indicator functions Svmbol
Y|
N v v{? v® o € A
RR-intervals T-wave symmetries R-wave amplitudes
0 0 0 0 =
1 0 0 -1 A
2 0 0 +1 B
3 -1 0 0 C
4 -1 0 -1 D
5 -1 0 +1 E
6 +1 0 0 F
7 +1 0 -1 G
8 +1 0 +1 H
9 0 -1 0 |
10 0 -1 -1 J
11 0 -1 +1 K
12 -1 -1 0 L
13 -1 -1 -1 M
14 -1 -1 +1 N
15 +1 -1 0 (6]
16 +1 -1 -1 P
17 +1 -1 +1 Q
18 0 +1 0 R
19 0 +1 -1 S
20 0 +1 +1 T
21 -1 +1 0 U
22 -1 +1 -1 \%
23 -1 +1 +1 W
24 +1 +1 0 X
25 +1 +1 -1 Y
26 +1 +1 +1 VA

Fig. 2 shows the fragment of the signal z(t) and graphs of changes in the durations of
RR -intervals, the symmetries of the T -wave and the amplitudes of the R -wave.

R iRl R R R R R

| : ; : | [T-wave symmetries

: H . T T
1.0/~ 5%~ [ P - S ST - MUY SRR A SO, YU SO S s o A
) oy d ' ) e ) }

| R-wave amplitudes

Fig. 2
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As can be seen from Table 3, which shows the codegrams of the same signal for
different values of threshold, the variety of symbols participating in the codegram
decreases and at the same time the number of symbols «= » encoding stable fragments

of the signal increases with increasing threshold. Therefore, the problem is to choose an
acceptable value of threshold ¢ that provides control over only those changes in the

signal that are of diagnostic value.
Table 3

Threshold € Codegram

[N

QSMWNVMZPQYOQ=MXWVZQYKZVKWMZGMZZV I ZYPTDMWMZQYJTMNTPSQY

QSMWNVDZAQS 1Q=MRWVZQGKZVKWMZAMTZS I1ZG I TCMWMZQY I TINTPSKS

QSJIRNDAZAQS1Q=MRTSTOAKZSKWLZAJTTRIZAITCMTLXQSITINTJISKR

QSJIRNDAZAOSIK=MRTATIAKTSKTLZAJTTRIZAITCMTLXQSITIKTJ=BR

QSJRNDATAORIK=MRTATIAKTSKRLT=JTTRIZAIT=JRLXKSITJITJI=BR

OSJRKD=TAORIB=JRTATIAKTSKRLT=JTTRIZAIT=JRLXISITJIRI=BR

I1SIRKD=TAIRIB=JRBATIAITSKRIT=JTBRIZAIT=JRLXISITJIRI=BR

ISIRKD=TA=RIB=JR=ATIAITSKRIT=JT=RITAIR=A=LXISITJIRI=BR

O]l o Nl B~ W] DN

IRIRID=TA=RIB=JR=ABIAITSKRIT=JT=RITAIR=A=LXIR=TJIRI=BR

[N
o

IRIRID=TA=RI1===R=ABIAITSKRIT=JR=RITAIR=A=IXIR=TJIRI==R

While constructing a binary classifier when obeserved signal belongs to one of two
classes ¥, or ¥, the following procedure for determining the optimal threshold e

value is proposed.
Let us assume that we have training sample Q, of observations from the class ¥;

and Q,, observations from the class ¥, . We will encode ‘P class observations in ac-
cordance with (10) for different fixed threshold ¢ wvalues from given interval

0<g&<gna With a certain step A¢. As a result, we construct Zax matrices of intra-
tt
class Levenshtein distances for various discrete values ¢ :
) o ) o ) o
L s L sf) . Ls?sg)
L (3(1) 3(1)) L (5(1)15(1)) L (5(1)75(1))
A(g) = ! ez T2 R ,e=0,.,gmax-  (11)

LS S L6 s . L. s§)

Using each of the matrices (11), we calculate depending on ¢ the average intra-
class distance:

[0 = L.(sP,sMy. (12)
Q Q- 1));1;121

Similarly, by the elements of the matrices A(gz) , we calculate the average intraclass
distance for the second class depending on ¢ :

-2 5 L0s®). (13)
X uzl
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Now let us construct Q;xQ, matrices of interclass distances Lg(SS), 852))be—
tween all pairs of codegrams for classes ¥, and W, with fixed values ¢ in the interval
0<e<egmx:

1) <2 1) (2 1) (2
L5, 5 L(sP,s?) .. L(sP, séz))

L5, 8) LsP. ) . LS, sH)

ALD) _ 6=0, ... emax. (14)

LS 8 LsEsP) . L(6E 8§

Using the elements of matrices (14), we calculate the average interclass distance
depending on ¢:

Q

1

2= > > 6P, s, (15)
Q1Q2 p=1pu=1

Using quantities (12), (13) and (15) we will form the optimality criterion

_. 0@

n(g) - E(l’ 2) (16)

The criteria (16) allows, by enumeration of discrete values ¢ given with a certain
step in the interval 0 <& < e, , to determine the optimal value

gy = argmin n(e), @an

0<e<E mx

Since Egl) >0, Egz) >0, Egl’ 250 the optimization procedure (17) simultane-

ously provides the minimum of average intraclass distances LW, @ and the maxi-

mum of average interclass distance 2,

Validity of cyclic signals classification can be increased by additionally analyzing
individual parts of the code word in the form of characteristic patterns (substrings), for
example, three-character patterns n=ip3, where A,p, 3 € A [14]. A simplified sys-

tem structure that implements this technology is shown in Fig. 3.
To build a classification algorithm, we calculate the average frequency of patterns
n=ApY occurrence in the Qg observation codegrams of each class

\Ijg E{lPl,..., \'PG}:
1 % W;Eg)(nl)

PO(m)==3

=1L, (18)
Qg u=1 N0_2

here WLEg)(Tq) is the number of the |-th three-character pattern m; occurrences in the
w-th codegram of the training sample for class Vg e{Vy, .., Vg}, and L is the number

of three-character patterns ©=2Ap3 variants from the elements of the alphabet A.
To speed up the procedure (18) it is advisable to use the Boyer-Moore string
matching algorithm [15] for determining Wig)(n|) .
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Cyclical signal z(t)

g

Parameters xl(l)

i

Indicator variables Vz(l), V,SIM)

i

Coding word Sy =oyap -0y

U

Selection Patterns n=21p$

g

The rule for determ class ¥y

o x()

Fig. 3
Let us introduce the notation of the g -th class dominant pattern

ngg) —argmaxP@(m)), g=1,...G. (19)
1<I<L
If the differences in average frequencies pw (ngl)), p@ (ngz)), ﬁ(G)(ngG))
are statistically significant, and the patterns themselves ngl) , ngz), ng@) are not the

2)

same, then this allows us to use ngl), rcg ngG) found according to (19) as

¥, ..., ¥ classes standards for the following decision rule:

CLASS W, if L(ny, n{”) = argmin L(x, n{®), (20)
1<g<G

where m; is the pattern that has the largest number of occurrences in the analyzed signal

codegram S; and L(m, n(()g)) are the Levenshtein distances between =, and the refer-

ence patterns Tcg'), Tcgz), 5 Tch).

Let us show that the rule (20) makes it possible to increase the reliability of the
decisions made. According to the training sample set of codegrams built on the ba-
sis of two-valued indicator functions (1), it was found that with high statistical sig-

nificance ( p<0,01) the pattern ngl) = DAD dominates on the codegrams of CAD pa-

tients (class W;) and the pattern ngz) =CAA dominates on the codegrams of healthy
volunteers (class W, ). This made it possible to expand the decision rule (8), (9), sup-
plementing it with analysis of the number of dominant patterns occurrences G;(DAD)
and G;(CAA) in the analyzed codegram S;.
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Fig. 4 shows two examples of real ECG whose codegrams contain patterns
ngl) = DAD and ngz) = CAA. Despite the fact that fragments are visually almost indis-
tinguishable, the proposed computer procedures provide an unambiguous assignment of
such fragments to the pattern ngl) = DAD or to the pattern ngz) =CAA

DAD
I--:‘-------T------T‘-------ﬁ----|
| i ' 1 |
i l .‘R'.,
| ; | \
| B R i L S R e A R e e [ e |
CAA
i
1 ! I
',J = \ ll .
A - bff A | B0 W | 2 W& | 57 N
1 Q. ¢ '{ Q% Q= | Qs
e e e e e el
Fig. 4

This allowed us to expand the decision rule on the basis of which screening exami-
nations can identify patients with an increased risk of coronary artery disease:

CAD, if L(S;,S{)<L(S;,S{?) and G(DAD)> G (CAA),

Healthy, if L(S;,S{) > L(S;, {?) and G,(DAD) < G;(CAA), (21)
Else uncertain.

It has been established that in 87,5% of cases the rule (21) allows making unam-
biguous decisions regarding classes W; and ¥, with sensitivity Sg = 74,7% and speci-

ficity Sp =79,5% even if generally accepted features of myocardial ischemia on the
ECG — ST -segment depression or a negative T -wave are absent.

Conclusion

The article shows that the transition from an observed cyclic signal to a code word
that characterizes the dynamics of changes in the shape of successive cycles makes it
possible to increase the reliability of signal classification results based on the use of
methods of mathematical linguistics. In particular, the proposed approach made it pos-
sible to make diagnostic decisions about an increased risk of coronary heart disease us-
ing electrocardiograms that do not show traditional signs of myocardial ischemia.

It is advisable to continue theoretical research aimed at finding additional methods
for analyzing and interpreting codegrams. In particular, it is useful to study the possibil-
ity of further development of the proposed approach based on the use of sequence
alignment algorithms, which are actively used in bioinformatics [16].
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KITACU®IKALTA HUKIITYHUX CUT'HAJIIB
3A KOAOTPAMAMUY, 1110 XAPAKTEPU3YIOTbH
JMHAMIKY 3MIHN ®OPMMU [TUKJIIB

Daiinzinboepr Jleonin CoroMoHOBUY

MixHapoaHUI HAayKOBO-HABUAIBHHWHA IEHTP 1H(QOpPMAIiHHUX TEXHO-
noriii i cuctem HAH Ykpainun ta MOH Vkpaian, M. Kuis,

fainzilberg@gmail.com

JlocmikeHHsT B TEXHIMi, 010JIOTii, CKOHOMIIl Ta IHIIMX O0OJACTAX YacTO
OB’ s13aH1 3 aHAII30M CIIOCTEPEKYBAHHX MPOLIECIB, SKI MAIOTh XapakTep, U0
MOBTOPIOEThCA B vaci. OAWH 13 MEpCHeKTUBHUX MiAXOAIB J0 BUPILICHHS
Mpo0JeMy aHaji3y Ta iHTepIpeTalil TaAKHX CUTHAJIIB 3aCHOBAaHUI Ha mepe-
TBOPEHHI BHXIJIHOTO LUKJIIYHOT'O CUTHAIIy Ha IOCJIIOBHICTH CHMBOIIIB Jie-
skoro angaity, A AKOI MOXKYTb OyTM BUKOPUCTAHI METOAU MaTeMaTu4-
HOT JiHrBicTUKHU. JIIHTBICTHYHHMN TiaXig 10 00pOOPOJICHHS HUKITIYHUX CHT-
HaJiB nependadae noOyA0BY KOAOIPaMH, L0 XapaKTepU3ye TUHAMIKY 3MiHU
(dbopmu mociioBHUX MUKITIB. [y moOyI0BH KOJOTpaM 3arporOHOBaHO BH-
KOpPHUCTOBYBAaTH JBO3HAUHI Ta TPU3HAYHI IHAUKATOPHI QyHKLIi. 3apOnOHO-
BaHO MpOILEAYPY BH3HAUCHHS ONTUMAJIHFHOTO 3HAYCHHS MOPOTY HEUYTIIH-
BOCTI JI0 3MiHHU MapaMeTpiB CUTHAIY, 10 3a0e3Neuye MiHIMyM BHYTPIIIHbOKIIA-
COBUX BiJCTaHell Ta MaKCUMyM MDKKJIAcOBUX Binctaned. I[loOynoBy
€TaJIOHIB KJIACIB, 10 PO3IMI3HAIOTHLCS, 3aCHOBAHO HA MATpPHUIll MapHHUX BiJCTa-
Hell JleBeHmITellHa MiX KOJOrpaMaMy HABYAJIbHOI BUOIPKM KOXHOIO 3
KJIaciB 1 BM3HAYEHHI KOJOTPaMH, sKa 3HAXOAWUTHCS Ha MIiHIMaJbHIA Cy-
MapHii BiJCTaHI BiJ] IHIINX KOJOTPaM aHAJI30BaHOTO KJacy. 3alporoHOBa-
HO 00YHCIIOBAJIBbHI MPOLEAYPH, IO AO3BOJISIOTh BU3HAYATH TOMIHAHTHI Ta-
TEPHHU KJIAaCiB y BHIJISI TPUCHMBOJILHHX MATEPHIB KogorpaM. Po3poOieHo
BUpiIIaNIbHI NpaBUia, IO JO3BOJLIIOTH KiacudikyBatd 0oOpoOIroBaHi
LUKJIIYHI CHTHAIM 33 €TaJlOHAMHU KOJOTpaM Ta JAOMIHAHTHUMH MaTePHAMU.
Ha npuknagax oOpoOJieHHS €lIeKTPOKapIiorpaM MpoJeMOHCTPOBAHO edek-
TUBHICTb 3allPOIIOHOBAHOIO MiAxoxy. BcraHoBineHo, o noOynoOBaHE
BHpIlIAJIbHE TPABUIIO 3a0e3Mevye YyTIUBICTh 1 CIenU(IUHICTh TPU Kia-
cudikallii ereKTpoKapAiorpaM XBOpHX Ha iIIEMIiYHY XBOpoOy cepus i 3110-
poBUX 0OpOBOJBLIB HaBiTh 3a BincyTHocTi Ha EKI' 3aranpbHONpHHHATHX
JMIarHOCTHMYHHMX O3HaK imeMii Miokapaa. JIOUWNBHO TPOIOBXKHUTH JI0-
CII/DKCHHS, CIPSIMOBAHI Ha BUBUCHHS MOXKJIMBOCTI TOJANBIIOTO ITiIBUILICH-
HS1 €()eKTHBHOCTI 3alpONOHOBAHOTO MIIXOMAY, 30KpeMa, Ha OCHOBI 00po0-
JICHHS KOJIOTPaM 3 BHKOPHCTAHHSM aJrOPUTMIB BHUPIBHIOBAHHS IMOCII/IOB-
HOCTEH, sIKi aKTUBHO 3aCTOCOBYIOTbH y 0i0iH(OpMaTHIL.

KiiouoBi cjioBa: NUKITIYHUIA CUTHAI, KOJOTpama, BifcTaHb JIeBeHITeHHa,
BHUpIIIIyBaJbHE TPABHJIO.
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