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ABSTRACT

This work is devoted to solving the scientific and practical problem of morphological analysis of electrocardiograms based on
an integral biomedical signal with locally concentrated features. In modern conditions of introduction of telemedicine in the health
care system of Ukraine the creation of cardiological decision support systems based on automatic morphological analysis of
electrocardiogram is of particular importance. The authors proposed a method for synthesizing an integral electrocardiogram in the
frontal plane from all limb leads, taking into account the lead angle in the hexaxial reference system and the position of the heart’s
electrical axis, since integral electrocardiological signals allow to obtain more accurate results compared to conventional
electrocardiogram, because they take into account the individual characteristics of patients, a wide variety of electrocardiogram
waveforms and complexes, which is associated not only with the presence of pathological processes in the myocardium, but also
with the position of the electrical axis of the heart, in particular, the electrocardiogram will not register a low-amplitude P wave in the
I department in the case of a horizontal electrical axis, but it will be clearly visible on the integral signal. To implement the method
proposed in the article, a program was written in the MATLAB language, , the high speed of computation and good optimization of
which allow to obtain results much faster and more accurate than using traditional approaches, and using the MATLAB Runtime
library, which does not require licensing and is distributed free of charge, it was possible to provide more economical development,
as well as to implement interaction with popular operating systems, which makes it more accessible and versatile. Verification of the
results was carried out using a database of electrocardiograms, which were recorded using a transtelephone digital 12-channel
electrocardiological complex “Telecard”, which is part of the medical diagnostic complex “TREDEX”. The paper shows that the
proposed method for the synthesis of an integral signal with locally concentrated features will improve the quality of morphological
analysis of electrocardiograms in cardiological decision support systems.
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INTRODUCTION

Telemedicine has become widespread in
connection with the health care system reform in
Ukraine. On April 1, 2020, the second stage of
medical reform started in Ukraine. This stage
involves the development and introduction of

implementation of medical care using telemedicine,
telemedicine consultations in the “doctor-doctor”
format, which aims to ensure equal access to quality
medical services for patients from any part of the
country [1].

The Telemedicine project involves the provision
of medical services in four nosologies [2]:

modern technologies for medical care in rural areas,
in particular with the use of telemedicine, especially
if distance and time are critical factors for the
provision of medical care, the implementation
of  adequate  resource  support for  the

© Filatova A., Povoroznyuk A., Nosachenko B.,
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e cardiovascular;

¢ endocrinological;

e respiratory diseases;
e dermatological.

Thus, one of the effective areas of telemedicine
application is cardiology. At the same time, for the
introduction of telemedicine into cardiology, it is
necessary to develop new and improve existing

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/deed.uk)

ISSN 2663-0176 (Print)
ISSN 2663-7731 (Online)

Theoretical aspects of computer science,
programming and data analysis

263


https://doi.org/
mailto:nosachenko.bogdan@gmail.com
http://orcid.org/0000-0002-4078-3519

Filatova A. Ye., Povoroznyuk A. 1., Nosachenko B. P., Fahs Mohamad / Herald of Advanced Information Technology

2022; Vol. 5 No.4: 263-274

medical diagnostic  systems, which include
cardiological decision support systems (DSS), for
example, the medical diagnostic complex
“TREDEX”, consisting of specialized equipment
and cardiological DSS “TREDEX telephone”
(produced by TREDEX Company LLC,
Kharkiv) [3].

ANALYSIS OF LITERARY DATA

The most common way to diagnose the state of the
heart and cardiovascular system is morphological
analysis of an electrocardiogram (ECG) [4, 5] with
the subsequent analysis of the amplitude-time
characteristics of found waves and complexes [6, 7]
their shapes [8, 9]. The main advantages of
electrocardiography are high diagnostic ability to
detect many acute or chronic cardiovascular
pathologies (coronary heart disease, acute myocardial
infarction, pulmonary thromboembolism, etc.), to
detect heart rhythm and conduction disorders (various
types of arrhythmias) and the accessibility, safety and
harmlessness of the method.

It should be noted that the ECG is a biomedical
signal (BMS) with locally concentrated features
(LCF), i.e. it is a signal with a structure in which
diagnostic features are concentrated on small
fragments of their definition area [10].

The main structural elements of the ECG that
characterize the work of the myocardium are the P,

Q, R, S, and T waves. Usually, the ECG is recorded
using 12 standard leads. In cardiological practice, all
basic  calculations of the amplitude-time
characteristics of structural elements are usually
carried out in lead Il (Fig. 1).

It should be noted that ECG even in norm is
characterized by variability, which depends on age,
sex, anatomical and constitutional features of the
person and other factors. And exactly the correct
interpretation of graphic representation of heart
activity, carried out by the doctor of functional
diagnostics, analysis of ECG waves, intervals,
allows making the correct clinical assessment and
differential diagnostics.

The task of the morphological analysis of BMS
with LCF is to isolate informative fragments
(structural elements) of the signal against the
background of noise [10, 11].

In medical practice, an ECG decoding scheme
has been adopted with a sequential study of the main
aspects of the heart [12, 13]:

1. Determining the source of the pacemaker (it
is performed based on morphological analysis of the
P waves and QRS complexes).

2. Determination of heart rate and rhythm
regularity (it is performed based on morphological
analysis of the R waves).

3. Conduction analysis (it is performed based
on morphological analysis of P waves and QRS
complexes).
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Fig. 1. The ECG waveform and segments in lead 11 (a normal cardiac cycle)
Source: https://litfl.com/st-segment-ecg-library/
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4. Determination of the position of the heart’s
electrical axis (it is performed based on
morphological analysis of QRS complexes).

5. Analysis of waves and intervals (it is
performed based on morphological analysis of all
structural elements).

It is easy to see from the above scheme that not a
single step of ECG analysis is completed by without
morphological analysis of the signal. As noted
above, in the context of the introduction of
telemedicine into the health care system of Ukraine,
the creation of cardiological DSSs based on
automatic morphological ECG analysis is of
particular importance, for which various methods
are used:

e ECG analysis in the time domain using
various classification methods, including
probabilistic classification [14, 15], cluster analysis
and pattern recognition [16, 17], neural networks
[18, 19], fuzzy clustering [20, 21] and others;

e ECG analysis in the time-frequency domain,
for example, local (window) Fourier transform
(spectral-time mapping) and wavelet transform [22,
23], as well as in the phase plane [10, 24];

e morphological filtration of ECG using the
multichannel matched morphological filter proposed
by the authors [25].

Despite the large number of works devoted to
automatic ECG analysis [26, 27], the problem of
improving the quality of automatic morphological
analysis of biomedical signals remains relevant,
especially in the case of a significant deviation of
the analyzed ECG from the norm [28, 29].

In addition, the shape of the main ECG waves in
one or another standard lead is also significantly
influenced by the location of the heart’s electrical
axis (QRS axis). This is due to the fact that if the
average electric vector of the heart (or the QRS axis)
makes an acute angle with the positive direction of
the lead axis then a positive complex is recorded on
the corresponding lead, and if it is dull — a negative
one 0. If the QRS axis is perpendicular to the lead
axis then an equiphasic and/or isoelectric complex is
recorded on the corresponding lead.

Thus, computer analysis of the ECG is
complicates a wide variety of shapes of ECG waves
and complexes, which is due not only to the
presence of pathological processes in the
myocardium, but also to the position of the heart’s
electrical axis.

FORMAL PROBLEM STATEMENT

The aim of the work is to improve the quality of
automatic morphological analysis of ECG based on

an integral biomedical signal with locally
concentrated features in cardiological decision
support systems.

To achieve this goal, the following tasks are solved:

e to develop a method for the synthesis of an
integral electrocardiological signal based on all
standard limb leads taking into account the angles of
leads in the hexaxial reference system and the
position of the heart’s electrical axis;

e to develop software of synthesis module of
the integral electrocardiogram for cardiological
decision support system;

e to perform verification of the developed
method with real electrocardiograms.

SYNTHESIS OF AN NTEGRAL
ELECTROCARDIOLOGICAL SIGNAL

Normally, the heart’s electrical axis is located at
an angle from +30° to+69°. In this case, the axis of
lead Il practically coincides with the QRS axis,
therefore, as noted above, the main calculations are
performed according to the amplitude-time
parameters of the waves of lead II.

However, the deviation of the heart’s electrical
axis from the normal position is not in itself a sign
of pathology but can significantly affect shape of the
waves in all standard leads. So, for example, if the
QRS axis is significantly deviated to the left
(counterclockwise) or to the right (clockwise) then
an equiphase QRS complex is recorded in lead Il
(Fig. 2). In this case, calculations can be carried out,
for example, by lead I.

The method of calculating the heart’s electrical
axis proposed by the authors in 0 is used for the
synthesis of an integral electrocardiological signal
based on all standard limb leads taking into account
the angles of leads in the hexaxial reference system
and the position of the QRS axis. Number the
standard limbs leads from 1 to 6 in the order they are
listed: I, Il, Ill, aVR, aVL, aVF.

Average the leads taking into account the lead
angle in the hexaxial reference system (Fig. 3)
presenting each count by the following vector

S;=(548):

1o
S. :_z _Slead. cos ;;
X i= 1 ! e

6= j=1N, 1)

1 .
S, =—EZLSIeadij sinj;
where: Slead; is the value of the j-th count of the

i-th lead; £ =(0°60°,120°~150°,-30°,90°) is the
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values vector of the leads angles in the hexaxial

1

reference system.

Fig. 2. Fragment of the normal ECG

(woman, 60 years old, HR 68 bpm, the heart’s electrical axis —11°)
Source: compiled by the authors

In (1) the angles S are taken into account with

where m =arg mkax|C7|.

a minus sign to match the polar and hexaxial

vaVF
reference systems. Vi —90° VIl
Then the angle 6; and norm A, of the vector -120° —-60°
S, =(S,.S,;) can be calculated using the following VR VL
expressions: —150° —30
0, =arctg2(S,,S,;) = ]
S vl _1800 0° al
tant 2, S; >0 +180
X
-1 Syj o
tan™—+180° S,;<0,S,=0; +150° +30°
B Sy ) vaVL vaVR
S.
tan™ -2 -180°, S, <0,S,<0; +120° . +60°
S, Alll +%°F ATl
AQ
90°, S >0; . .
_90° S <0 Fig. 3. The hexaxial reference system
1 yj ’

2 2
A =JSXj +3; .

All points S;=(S,,S,) are divided into K

XJ 1
clusters with centers C, = (X, Yio) » k=LK, using
cluster analysis. Studies have shown that, in terms of
clustering errors, the optimal number of clusters
K=5 0.

The center of mass of the cluster farthest from
the reference point is found:

C (%, Yo) = Cor (Xo» Yino) +

Source: https://en.wikipedia.org/wiki/Hexaxial_reference_system

The direction of the heart’s electrical axis in
polar reference system is determined using the
expression (2):

QRSaxis =arctg2(X,, Y,) - (3)

Knowing the direction of the heart’s electrical
axis, it is possible to calculate an integral signal, for
which it is necessary to rotate the polar reference
system by the angle QRSaxis .

Then in the new coordinate system XOY', the
coordinates ST:(S S;) of the original system

Xj?

266 Theoretical aspects of computer science,
programming and data analysis

ISSN 2663-0176 (Print)
ISSN 2663-7731 (Online)



Filatova A. Ye., Povoroznyuk A. 1., Nosachenko B. P., Fahs Mohamad / Herald of Advanced Information Technology

2022; Vol. 5 No.4: 263-274

XO0Y obtained from (1) are calculated by the known
expressions:

S, =S,; cosQRSaxis + S ; sin QRSaxis; 4)
S;; =—S,;SiNQRSaxis + S ; cosQRSaxis.  (5)

Since in the new coordinate system the axis 0 X'
coincides with the heart’s electrical axis, taking into
account the angles of the leads in the hexaxial
reference system and the position of the QRS axis
the integral signal is determined by (4):

Sint; =S, .

The points of the perpendicular axis OY’'
obtained by (5) represent the isoelectric complex
and are not used in further calculations.

Since the positive axis of lead Il coincides with
the normal position of the QRS axis, then after
turning the polar reference system by the angle

QRSaxis, the integral signal Sint; will have a

standard waveform of lead I, i.e. P, R, T waves will
be positive and Q, S waves will be negative.

To implement the method proposed in the article,
a program was written in MATLAB presented
below:

o

the values vector of
% the leads angles
% in the hexaxial reference system
LeadAngle=...

[0 60 120 =150 =30 90]1*pi/180;
% integral signal calculation by (1)
LeadAxisX=Slead (1l:6,:).*...

repmat (cos (-LeadAngle) ,Nsignal,1l)';
LeadAxisY=Slead(l:6,:).%*

repmat (sin (-LeadAngle) ,Nsignal,1l)';
Sx=mean (LeadAxisX, 1) ;
Sy=mean (LeadAxisY, 1) ;
% transition to polar coordinates
th=atan2 (Sy, Sx) ;
A=(Sx."2+Sy."2) .70.5;
% sort by vector norm
[sort A,sorti]=sort(A);
% finding the greatest vector norm
max ln=sort A(end);
% finding initial cluster centers
nl=round(0.95*Nsignal) ;
n2=round (0.1*Nsignal) ;
cl=[mean (Sx(sorti(nl:Nsignal))) ...

mean (Sy (sorti (nl:Nsignal)))];
c2=[mean (Sx (sorti(1:n2)))...
mean (Sy (sorti(1l:n2)))1;

% cluster analysis

Kcl=5; % number of clusters

[ind,C]l=kmeans ([Sx' Sy'],Kcl, ...
'Start', [cl;repmat (c2,Kcl-1,1)1);

% calculating the QRS axis
normC=(C(:,1).72+C(:,2).72).70.5;
[m, Im]=max (normC) ;

% the heart’s electrical axis

% in polar coordinates
QRSaxis=atan2 (C(Im,2),C(Im,1));

% integral signal calculation by (4)
Sxl=(Sx*cos (QRSaxis)+Sy*sin (QRSaxis));

Sint=Sx1.

The use of MATLAB makes it possible to
significantly reduce the time for the development of
software for specialized modules of the developed
cardiological DSS, allowing us to focus on the
development of the algorithm.

High computation speed and good optimization
make it possible to get results much faster and more
accurate than using traditional approaches such as
spreadsheets or using programming languages such
as C/C ++, Java, Pascal, or so on, without sacrificing
computational accuracy. The MATLAB core makes
it as easy as possible to work with vectors and
matrices of both real and complex data types. All
MATLAB core built-in functions are designed and
optimized by experts and work faster or in the same
way as their C/C ++ equivalent.

In addition, using MATLAB (together with the
client part — Parallel Computing Toolbox), it is
possible to build a complex of distributed computing
of the client-server type, which allows us to develop
distributed applications, transfer data to the server
and control their execution in networks with
distributed computing resources. The advantage of
this approach can be considered the simplification of
further development, debugging and optimization of
real decision-making systems.

Another advantage of the MATLAB package is
the ability to export the developed algorithm into a
dynamic link library (DLL) for using the system
code as an independent development with the ability
to connect to third-party data processing and
visualization complexes. Despite the fact that the
difficulty of integrating the MATLAB library with
C++ and JAVA applications is often noted as
disadvantages, we managed to overcome this
complexity and create an application that has all the
positive qualities that an application can provide
using modules and algorithms provided by
MATLAB.

It should be noted that using MATLAB it is
possible to create DLL not only for applications
running under the Windows operating system, but
also for applications running under *NIX operating
system by installing MATLAB Compiler Runtime.
MATLAB Compiler Runtime compiles the
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developed code into an executable library that can
be used to write applications for a specific operating
system. A significant advantage of the MATLAB
Runtime library is that it does not require licensing
and is distributed free of charge, which makes it
possible to significantly reduce the financial costs of
developing a cardiological DSS.

Therefore, to connect the developed module to
the cardiological DSS “TREDEX telephone”, the
program was exported to a dynamic link library.

EXPERIMENTS AND RESULTS

Verification of the results was carried out using
the database of electrocardiograms which were
recorded using the transtelephone digital 12-channel
electrocardiological complex “Telecard” (produced
by TREDEX Company LLC, Kharkiv). To verify the
results, a number of experiments were
performed on the synthesis of integral signals for
normal ECGs with different QRS axis positions. In
total, 678 ECGs of all age categories (from 3 to 85
years old) are analyzed, of which 397 (58.55%) ECGs
are recorded in men and 281 (41.45%) in women.

I

Fig. 4 shows a normal ECG with a normal
position of the QRS axis and the corresponding
integral signal. It is easy to see here that the
synthesized integral signal has a waveform of lead
I, i.e. positive P, R, T waves and negative Q, S ones
(Fig. 1).

As noted earlier, if the QRS axis is deviated to
the left then the equiphase QRS complex is recorded
in lead Il (Fig. 2), while calculations have to be

made in other lead, which can significantly
complicate automatic morphological analysis of the
ECG. However, the integral signal (Fig. 5)

synthesized for the ECG shown in Fig. 2 shape as a
standard waveform of lead Il. This allows to time
mark the signal using the synthesized integral signal.

Fig. 6 shows the normal ECG with the
horizontal heart’s electrical axis and the
corresponding integral signal. It is easy to see that
due to the horizontal position of the QRS axis, a
low-amplitude P wave is not recorded in lead Il (Fig.
6a). At the same time, the boundaries of the P wave
are clearly visible on the integral signal (Fig. 6b),
which, as in the previous case, has shape as a
standard waveform of lead II.
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Fig. 4. The normal ECG (man, 43 years old, HR 67 bpm, the heart’s electrical axis +94°):

a - signal fragment; b — the integral signal
Source: compiled by the authors
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Fig. 5. The integral signal synthesized by normal ECG with the heart’s electrical axis —11°

Source: compiled by the authors
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Fig. 6. The normal ECG (man, 31 years old, HR 63 bpm, the heart’s electrical axis +14°):

a —signal fragment; b — the integral signal
Source: compiled by the authors

This makes it easy to perform automatic Analysis of the integral signals synthesized from
detection of this structural element, which is normal ECGs with different values of heart’s
impossible to do with lead 1. electrical axis showed that the amplitude

Fig. 7 shows the normal ECG with the QRS axis characteristics of the structural elements of various
deviated to the right and the corresponding integral ~integral signals are comparable, which makes it
signal. This experiment also synthesizes the integral ~ possible to determine the general indicators of the
signal that has the waveform typical for lead Il. norm.
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Fig. 7. The normal ECG (woman, 12 years old, HR 73 bpm, the heart’s electrical axis +95°):

a —signal fragment; b — the integral signal
Source: compiled by the authors

CONCLUSION

The scheme of ECG transcripts with consecutive
studying of the main aspects of the heart's work is
analyzed in the work. It is noted, that at all stages of
decoding: (definition of a rhythm driver; definition of
heart rate and rhythm regularity; conductivity analysis;
definition of position of an electric axis; analysis of
waves and intervals) the morphological analysis of
various elements of ECG signal is carried out.

There are considered the task (separation of
informative structural elements of the signal on the
background of disturbances) and peculiarities of
morphological analysis of electrocardiograms for
subsequent diagnostics of cardiovascular diseases. It
is noted that in cardiological practice, ECG
registration is performed according to 12 standard
leads. The shape of the main ECG waves in a
particular standard lead is significantly influenced
by the location of the electrical axis of the heart.

Normally, the electrical axis of the heart is
located at an angle from +30° to +69°. In this case,

the axis of lead Il practically coincides with the
electrical axis of the heart, so the main calculations
are performed according to the amplitude-time
parameters of lead Il waves. However, deviation of
the electrical axis of the heart from its normal
position is not a sign of pathology in itself, but may
significantly affect the appearance of the waves in
all standard leads.

If the electrical axis of the heart is deflected to
the left, an equiphase QRS complex is recorded at
lead Il, and the calculations have to be performed
using another lead, for example, lead I, which
significantly complicates the automatic
morphological analysis of the ECG. Proceeding
from the above stated, the relevance of detecting
electrical axis of the heart already at the first stage of
ECG transcription and synthesis of the integral
electrocardiological signal, which is directed along
the electrical axis of the heart on the basis of
analysis of the available signals of 12 standard leads
is substantiated in this work.
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The integral electrocardiological signal thus
obtained is used for further ECG interpretation
instead of lead Il in the traditional approach.

A method for synthesis of the integral
electrocardiological signal from all limb leads taking
into account the lead angles in the hexaxial reference
system and the position of the cardiac electrical axis
has been developed, which will improve the quality
of morphological analysis of ECG in cardiac
decision support systems and reduce the number of
medical errors.

The authors have developed software for the
module of synthesis of integral electrocardiogram in
MATLAB. To connect the developed module to the
cardiological decision support system “TREDEX
telephone”, which works as part of the medical
diagnostic complex “TREDEX” (produced by the
“TREDEX” company, Kharkov), exported the
program to DLL.

Verification of the developed method was
performed in this work on real ECGs, which were

recorded with the transtelephonic digital 12-channel
electrocardiological complex “Telecard”, which is
part of the medical diagnostic complex “TREDEX”.

To verify the results, a number of experiments on
the synthesis of the integral signal for ECG in norm
with different positions of electrical axis of the heart
were performed.

It was shown, that at different positions of
electrical axis of the heart, the synthesized integral
signal has the standard appearance for lead II, i.e.
positive P, R, T waves and negative Q, S waves. The
amplitude characteristics of the structural elements
of different integral signals are commensurable,
which enables to determine general indexes of the
norm. And it is recommended to use this signal for
the automatic morphological analysis of ECG.

Further researches are aimed to study
morphological properties of integral signal for ECG
with different pathologies in order to enhance
morphological analysis of ECG in cardiological
decision support systems.
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AHOTALIS

Jana poGoTa mpHCBsiUCHA BHUPIIICHHIO HAYKOBO-IPAKTUYHOI MpoOiieMH MOP(OJOridHOro aHamizy elieKTpoKapaiorpaM Ha
OCHOBI IHTErpaJbHOTO 0iOMEAMYHOIrO CHTHANy 3 JIOKAJIbHO-KOHIEHTPOBAaHMMM O3HaKaMH. B cydacHMX yMmoBax BIpPOBAJUKEHHS
TeJIeMEIMIIMHY B CHUCTEMY OXOPOHH 3/0poB's YKpaiHM 0COONMBOrO 3HaueHHs HaOyBae CTBOPEHHs KapaiOJOTIYHMX CHCTEM
MATPUMKH MPUIHATTS pillleHh HA OCHOBI aBTOMaTtndHoro mopdosoriuHoro ananizy EKI. ABTopammy 3ampornoHOBaHO METOIMKY
CHHTE3y IHTeTpajJbHOI eJeKTpOKapaiorpaMr y (ppOHTANBHIN TUIOIIMHI BiJl yCiX BiIBeIeHb KiHIIIBOK 3 YpaxXyBaHHSIM KyTa BiIBEICHHS
B TEKCaKCiaJbHI CHCTEMi BIIUTIKY Ta IOJIOXKEHHS EJIEKTPUYHOI OCi CepIs, OCKUIBKU 1HTeTpaibHI €IeKTPOKapIiOIOTiuHI CHUTHAIH
JO3BOJIIIOTH OTPUMATH OUIBII TOYHI pe3yibTaTd B MOpiBHAHHI 31 3BHUaiiHOr0 EKI', OCKiNTBPKM BpaxoBYIOTh iHIWBiAyalbHi
0COOJNMBOCTI TAIliEHTIB, BeNMKa pi3HOMaHITHICTE (opm i kommuiekcie EKI, mo moB's3aHO HE TiIbKH 3 HASBHICTIO MaTOJOTIYHHUX
HPOLECiB B MiOKap/Ii, ajie i 3 MOJOKEeHHIM eJIeKTpUYHOI oci cepis, 30kpeMa, Ha EKI' He Oyne peecTpyBaTHcss HU3bKOAMIUTITYTHHIA
3ybens P y II BinBeneHHI y pa3i TOpH30HTAIBHOTO PO3TALIyBaHHS €IEKTPUYHOI OCi, aje BiH Oy[e Y4iTKO BHIHO Ha iHTErpaJbHOMY
curHami. J{ns peanisanii 3ampornoHoBaHOTO B cTaTTi MeToAy Oynia HamucaHa nporpama Ha MoBi MATLAB, Bucoka mIBHIKICTH
004YHMCIIeHb 1 XOpoIlla ONTUMI3allis K0T 103BOJISIFOTH OTPUMYBATH Pe3yJIbTaTh HabaraTo MIBUJIIE | TOUHIIIe, HiXK IPH BUKOPHCTaHHI
TpamuIidHUX MiAXOAiB, a BHUKopucTaHHS Oi0miorekn MATLAB Runtime, ska He BuUMarae IICH3YBaHHS 1 MOIIMPIOETHCS
OE3KOMITOBHO, JIO3BOJIMIIO 3a0€3MEYUTH OLTBII EKOHOMIYHY po3poOKy, a TaKOXK pealli3yBaTH B3aEMOJII0 3 TOMYJSIPHUMH
ONepalifHUMH CHCTEMaMH, [I0 POOWUTH Ii OUIBII JOCTYIHOK 1 YHiBepcalbHOW. Bepudikamito pe3ynpTaTiB MPOBOIWIN 32
JIOTIOMOTOI0  0a3M JaHUX eJEeKTPOKapiorpaM, 3alMC SKUX 3/AifCHIOBaBCS 3a JOMOMOroK TpaHcrenedoHHOro uudposoro 12-
KaHAJIBHOTO EJICKTPOKAapAiooridHoro Komiuiekcy «Tenmekapa», 10 BXOAWTH 10 CKJIAAy JiKyBaJbHO-AIarHOCTHYHOTO KOMIUIEKCY
«TPEJJEKC». IToka3aHo, 1110 3alpONOHOBAHUI METO/ CHHTE3y IHTErpalbHOr0 CHIHAY 3 JIOKAJIBHO CKOHIIEHTPOBAHMMH O3HAKaMH
JO3BOJIUTH MiJBHIIUTH SKICTh MOPQOIOTIYHOTO aHaji3y eNeKTPOKapAiorpaM y Kap/ioJIOTiYHHX CHCTEeMaX MiATPUMKH MPHHHSATTS
pillieHs.
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