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ABSTRACT

Context. The proposed paper relates to the field of cardiac signal processing, in particular, to the segmentation of the cardiac
signal into cardiac cycles, as well as one of the most important features definition used in cardiac diagnosis, the T-wave end.

Objective. The purpose and object of study is to develop an algorithm for processing the cardiac signal in the presence of
interference that allows the identification of features necessary for diagnosis and, at the same time, does not distort the original signal
as is usually the case when it is processed by band-pass digital filters to exclude interference, which leads to the original signal
distortion and, possibly, loss of diagnostic features.

The proposed Method involves representing the cardiac signal as part of some image contour. Cardiac signal processing
consists first of all in segmentation into cardiac cycles. Usually, R-waves are used to segment the cardiac signal into cardiac cycles,
i.e., the sequence of R-waves in the processed part of the cardiac signal is determined. When determining the R-wave, a model is
used that assumes an increase in the signal followed by a decrease, and the increase (decrease) rate must be greater in absolute value
than a certain predetermined value. For a selected segment of the cardiac signal, the sequence of R-waves is determined at different
resolutions. The answer is the sequence that is repeated for the largest number of resolutions and that is used to segment the cardiac
signal into cardiac cycles. The T-wave model can be represented as a sequence of curved arcs without breaks. In one of the common
cases, the T-wave is determined by the largest maximum of the cardiac signal within the cardiac cycle, following the R-wave. The
end of the T-wave is determined by the first minimum following the already determined maximum for the T-wave. As in the case of
cardiac signal segmentation, the maximum of the T-wave and the T-wave end are determined at different resolutions, and the answer
is considered to be those values that coincide at the largest number of used resolutions.

Results. Algorithms for cardiac signal processing using variable resolution have been developed and experimentally verified,
namely, the algorithm for segmentation of the cardiac signal into cardiac cycles and the algorithm for T-wave end detection, which is
of great importance in cardiac diagnostics. Means of cardiac signal processing, using the proposed algorithms, do not change the
processed cardiac signal, unlike traditional means that use filtering of the cardiac signal, distorting the cardiac signal itself, which
leads to distortion of the processing result.

Conclusions. Scientific novelty consists in the fact that algorithms of cardiac signal processing in the presence of interference
using variable resolution typical of visual perception are proposed.

The practical significance consists in the fact that the means of cardiac signal processing, using the proposed algorithms, do not
change the processed cardiac signal, unlike traditional means that use filtering of the cardiac signal, distorting the cardiac signal
itself, which leads to distortion of the processing result. The use of the presented tools in practical medical practice will lead to an
improvement in the quality of cardiac diagnostics and, as a result, the quality of treatment.

KEYWORDS: cardiac signal, segmentation, cardiac cycles, T-wave end, variable resolution.

ABBREVIATIONS
ECG is an electrocardiogram.

NOMENCLATURE
P-wave is an electrocardiogram element;
Q-wave is an electrocardiogram element;
R-wave is an electrocardiogram element;
S-wave is an electrocardiogram element;
T-wave is an electrocardiogram element;
ST-segment is an electrocardiogram element;
QRS is a complex of three waves — Q, R, S;
Tpeak and Tend are some T-wave points;
(Xj,Yj) is a sample pair number i from a sequence

that are discrete realization of the function Y(X),
representing cardiosignal;
X1=a, Xi=b, (a,b) is a domain of signal definition;
| is a number of samples in the domain definition;
{R(e)} is a final list of R-waves;
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g is a number samples in the “coarse” sample, which
determine the current resolution;

J is a number of “coarse” samples at a given resolu-
tion m;

z; is a value of the “coarse” count j ;

w; is a sample sequence of the “coarse” count j, at a
given resolution m;

m is an one of the the current resolutions;

zM = {Z(jm)} is a discrete realization of the function

Y(X) at a resolution m;
i) is a sample number of the

corresponding to the “coarse” sample j at a resolution m,
which represent Q-wave;

sequence |,

iﬁj) is a sample number of the sequence |,

corresponding to the “coarse” sample j at a resolution m,
which represent R-wave;
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igj) is a sample number of the sequence |,

corresponding to the “coarse” sample j at a resolution m,
which represent S-wave;

Q is a value of Q-wave at sample ig) ;

R is a value of R-wave at sample iﬁj) ;

Q is a value of Q-wave at sample igj) ;
0 is a predetermined threshold to recognize R-wave;
r(M = iR%m)’ iRgm),..., irR{M,...is a preliminary an-

swer for R-wave sequence samples at resolution m;
d is a predetermined threshold to recognize T-wave.

INTRODUCTION

The electrocardiogram (ECQG) reflects the electrical
activation of the heart and is an important biomedical
signal for determining the functional state of the heart.
The ECG consists of a repetitive sequence of P, QRS and
T waves associated with each heartbeat (Fig. 1). The
detection of QRS complexes in the cardiogram is used to
break it down into a sequence of individual cardiac
cycles, i.e., primary segmentation. After determining the
location of QRS complexes in the cardiogram, this
information can be used to construct ECG-derived
signals, such as amplitude and rhythmograms, or to
further find individual components of the cardiac cycle.

QRS
Complex
e

R

PR Interval

QT Interval

Figure 1 — Cardiac cycle graph image

Various features of the ECG signal are useful for
diagnosing heart disease. Reliable detection of the P and
T waves is more difficult than the QRS waves for several
reasons, including their low amplitude, low signal-to-
noise ratio, amplitude and morphological variability, and
even possible overlap of the P-wave with the QRS
complex. A flattened or negative T wave is interpreted as
a symptom of coronary heart disease. P-wave
prolongation can be used to detect atrial fibrillation.
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Traditionally, the electrocardiac signal is filtered to
exclude interference. Since the frequency parameters of
interference cannot be determined, filtering often leads to
distortion of the electrocardiogram and, consequently, to a
decrease in the quality of diagnostics.

The human visual system processes the visual image
of a cardiac signal almost instantaneously, even in the
presence of interference.

The implementation of variable resolution means
processing an image, in particular an electrocardiac sig-
nal, using a certain number of resolutions. This paper
deals with the development of algorithms for segmenta-
tion and detection of cardiac signal elements using vari-
able resolution.

The subject of study is the processing of electrocar-
diograms as a special case of an image. The proposed
method uses a variable resolution, which should provide
satisfactory results in the presence of interference, without
the use of pre-filtering the electrocardiogram signal. Pre-
filtering with predefined and specified filter parameters is
typical for most electrocardiogram processing methods,
which significantly limits the application in the presence
of interference.

The purpose of the work is to develop an algorithm
for processing an electrocardiogram as a special case of
an image, in particular, to determine the end of the T
wave, which is an important diagnostic factor. Variable
resolution should be used in the development of the algo-
rithm to ensure satisfactory performance in the presence
of interference without using filtering of the electrocar-
diogram signal with predefined and specified filter pa-
rameters.

1 PROBLEM STATEMENT
Let the sequence of measurements of the cardiac

signal be given as (Xi_ Yi),i= I,_I; X;=a, X;=b, where (a,b)

is the signal detection domain, | is the number of
measurements in the detection domain.

The first task is to segment the cardiac signal into
cardiac cycles by determining the sequence of R-waves
{R(e)}, (e=1,...,E), where E is the number of R-waves.

The main task is to determine for each cardiac cycle in
the (R(e), R(e+1)), (e=1,...,E-1) interval the number of the
count corresponding to the end of the T-wave, that is, the
minimum signal value immediately following the
maximum signal value for the T-wave.

Commonly used approaches to cardiac signal segmen-
tation, T-wave recognition, and T-wave endpoint detec-
tion involve the use of bandpass filters to eliminate inter-
ference. There is an empirical understanding that useful
ECG signals belong to the frequency range of 0.5 Hz —
10 Hz. All frequencies outside of this range are consid-
ered interference. However, it is possible that the interfer-
ence appears in the same frequency range as the useful
ECG signal, as well as for certain parts of the ECG signal,
frequencies greater than 10 Hz are specific. As a result,
the processed signal may be distorted. In this case, either
the ECG signal processing may be refused, or errors in
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cardiac signal processing are possible, and, as a result, it
is impossible to provide the patient with a high-quality
ECG diagnosis.

It is relevant to develop methods and algorithms that
are capable of processing an ECG signal in the presence
of interference without the use of bandpass filters. In par-
ticular, methods and algorithms that use variable resolu-
tion do not affect the signal at all, and the cardiac signal
to be processed.

This paper presents an algorithm for segmenting the
cardiac signal, recognizing 7-waves and 7-wave end-
points with variable resolution.

2 REVIEW OF THE LITERATURE

Various methods for detecting 7- and P-waves can be
found in the literature: Discrete Fourier Transform,
Discrete Cosine Transform, and adaptive filters. The
distinction between P- and T-waves is considered in [1—
3]. An algorithm based on fractional-order digital
differentiation for detecting P- and T-waves is proposed
[4]. A method for detecting monophasic P- and T-waves
is described in [5]. A generalized and robust method for
P-and T-waves detection is described in [6]. The
identification of P-and 7-waves based on fuzzy theory is
discussed in [7]. A multi-stage methodology using
wavelet transform is used to determine the P-waves, as
proposed in [8]. The Discrete Wavelet Transform, which
uses the Haar wavelet to detect the peak of the T-waves
and the end of the T-wave, is considered in [9]. A
mathematical model based on 7-waves recognition is
proposed in [10]. The classification and identification of T
and P waves based on the support vector method is
discussed in [11]. In recent years, there has been a
significant use of systems based on field programmable
gate arrays for ECG processing [12] and QRS detection
[13].

In [14, 15], the algorithm for detecting P and T waves
implemented in real time is considered. The P and T
waves are identified based on their location in the non-
ORS region and the corresponding 7 and P waves search
zones are formed. The waves detection algorithm is
divided into two parts, namely, the training period and the
detection period. During the initial training period, the
characteristic of the R-wave, the R—R interval, the polarity
and the maximum slope of the 7 and P waves are
determined (Fig. 2). If i (point A) is the current reading,
then points B and C correspond to the i-30 and i-60
positions of the readings In Fig. 2 shows the probable
positions A, B, and C located in the 7-wave. The point B,
which corresponds to the (i-30th) count, is checked for the
presence of a valid T or P peak after the i-th count. The
slopes of segments BA and BC relative to point B must
correspond to certain predefined values.
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Figure 2 — T-peak detection
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Figure 3 — Determination of the 7- wave end (for a monophasic
wave) by calculating the areas of several trapezoids formed by
three fixed points and one moving point (x;, ;). The trend corre-
sponds to the point where the area A is maximized

Paper [16] presents a robust and numerically efficient
method based on two moving average filters developed to
detect P and T waves in electrocardiograms (ECGs). The
algorithm that implements the method detects P-and 7-
waves in the presence of interference.

It uses preliminary information about the duration of
the P-and 7T-waves to make decisions. Bandpass filtering
is applied to eliminate baseline drift and high frequencies.

Detection of 7-wave endpoints on an ECG is a basic
procedure for ECG processing and analysis[17,18].

In [19], an algorithm for detecting the end point of the
T-wave on the ECG in the presence of broadband noise
was investigated.

To detect the Tend point, various methods have been
proposed based on: line intersection [20], thresholding by
T-wave amplitude [21], thresholding by the first
derivative of the ECG signal [22], calculating distances
[23], angles [24], and areas [25], correlation with a pattern
[26], mathematical models of the ECG [27], wavelet
transform [28], and other methods. All of them have
certain advantages and disadvantages due to complexity,
computational costs, morphological variations of
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waveforms, sensitivity to noise, and dependence of Tend
on the threshold.

The trapezoidal area method assumes that 7-peaks are
found by searching for maxima and local minima in a
window that starts with the previous R-wave peak.

The trapezoidal area method method is based on the
calculation of successive areas of a rectangular trapezoid
with three fixed vertices and one moving vertex: (x;, 1;),
which is shifted under the influence of the signal from
point (x,,, y,,) to point (x,, ¥;), and the total area is calcu-
lated. The T-wave is defined as the point where the area A
of the trapezoid is maximized (Fig. 3).

3 MATERIALS AND METHODS

In terms of image processing within the structural
model, the part of the cardiac signal to be processed is
part of a contour that delimits some imaginary object.
Like any contour, the cardiac signal can be described as a
cellular complex with a sequence of 1-cells and 0-cells
[29]. Cardiac signal processing consists primarily in
segmentation into cardiac cycles. Usually, R-waves are
used to segment the cardiac signal into cardiac cycles, i.e.,
the sequence of R-waves in the processed part of the
cardiac signal is determined. An R-wave can be
represented by a model (Fig. 4), which is determined by
two events: a rise along the OR line and a fall along the
RS line. The derivative of the rise and fall must be greater
than a certain value of 6 in absolute value.

4000 oR
3000
2000
1000
0
~1000 Qy OS

100 200 300 400 500 600 700
Figure 4 — The R- wave as a sequence of two events: 1) growth
along the QR line; 2) decline along the RS line.

The derivative of growth and decline in absolute value must be
greater than a certain value of 0

Further processing of the cardiac signal is performed
within cardiac cycles. A cardiac cycle is a part of the
cardiac signal between two adjacent R-waves. In
particular, the 7-wave is a part of the cardiac cycle
located next to the QRS complex or next to the S7-
segment, which is not always present in the cardiac
signal. The most accurate determination of the 7-wave
end is considered particularly important for diagnosis.
The T-wave can be monophasic — one wave is positive or
negative, or biphasic (positive-negative, or vice versa). In
this study, we consider the monophasic positive case. It is
believed that other configurations can be considered as
variants of this basic case. The complexity of determining
the T-wave end increases due to the presence of
interference.
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It should be noted that the 7-wave as a detection
object has certain differences from other cardiac signal
objects, in particular, from the R-wave. Usually, contour
objects that are sequences of line segments and curve arcs
have breakpoints in their composition, for example, like
an R-wave. A T-wave, on the other hand, usually does not
contain any breakpoints. Therefore, a T-wave is an object
without any specific points, in particular, without clearly
defined start and end points. Since we are considering the
monophasic positive case, the 7-wave is defined by the
following two events:

1. the presence of the first signal maximum after the
R-wave and

2. a minimum or a certain interval following it, the
signal level of which is close to the baseline level.

Determination of R-wave and 7-wave features is
complicated by the presence of interference. In the
presence of interference, the events that define the
elements of the cardiac signal are determined using
variable resolution [30].

Thus, the detection of both R-waves and T-waves is
conditioned by the determination of two events
characteristic for each of them.

The proposed algorithm defines a separate event for
the discrete realization of the ECG signal at variable
resolution. That is, two types of events should be defined
— rise and fall — to determine the R-wave, and two types
of events — maximum and minimum — to determine the 7-
wave. All types of events must be determined by the
proposed algorithm.

A discrete realization is a sequence of measurement

pairs (xi.7) izl,_l; xi1=a, x=b, where (a,b) is the

signal detection domain, / is the number of measurements
in the detection domain.

The definition area is divided into equal intervals, the
values of which are set and changed during the operation
of the algorithm. Each interval contains the same number
of samples ¢, which determines the resolution The num-
ber J of parts, containing ¢ samples, corresponding to the
function definition domain determines the number of
“coarse” samples at a given resolution. For each of the

parts ¢ Iz j:L_J, the value of the “coarse” counts

zj=g(w i) is calculated from the sequence of counts

W) =AY gr( o)1 Y g#(j—t)+2 Y g#(j—tyrq»  that are part
of this interval. All values of the coarse samples form a
discrete realization of the function z("™ = {zgm)}, j=1.J

at a given resolution m, where m=1M , is the total
number of resolutions used to solve the problem using
this algorithm.

An R-wave is characterized by two events. Event (R1)
is an increase in the signal from the value of Q corre-

sponding to the sample i(Qj)

to the value of R correspond-
ing to the sample 15{). Event (R2) is a decrease in the

signal from the value of R corresponding to the sample
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The value of growth and decline (first derivative) by ab-
solute value must exceed a predetermined threshold

(R-Q) ~if) >0 and (R-S) /i)~ i) >6.

The list of sample numbers for R-waves that form a
preliminary answer for resolution m:

to the value of S corresponding to the sample ig/).

ROM) = iRY”), iRgm),..., iRﬁl’”),... Two preliminary answers
for resolutions m and m + 1 are the same if:

1. The number of R-waves for R("™ is equal to the
number of R-waves for RV, i.e. the lengths of the both

lists are equal.
2 The

(R — g™y <i Rm D < (i g + ™) is  fulfilled.
That is, the count number of the R,-wave from the list

condition

RUm+1) corresponds to the count number of the R,-wave

from the list R™™ , if the count number i RO+D of the R-
wave does not differ from the count number i R of the

R- wave by more than ¢ .

The allocation of the 7-wave end immediately follow-
ing the QRS complex is considered on the case of a posi-
tive monophasic 7-wave. It should be noted that the
maximum value of the 7-wave is the largest after the R-
wave, and the end of the 7-wave is determined by the
beginning of the minimum value following the maximum
of the T-wave.

The T-wave is the part of the cardiac cycle following
the ST-segment and is characterized, in particular, by two
events. The event (7)) is defined as the determination of
the maximum signal value in the definition area. Event
(Ty) is characterized by the corresponding “exact” count

i) = jxq and the bounds of the cardiac cycle at which

the event was recorded. The event (T2) is defined as the
determination of the minimum signal value within the
current cardiac cycle or one that does not exceed a prede-
termined threshold d, with i»>> i), i.e., the event (T3)
occurs significantly after the event (77).

Next, we present an algorithm for segmenting the
ECG into cardiac cycles and an algorithm for determining
the 7-wave endpoints for discrete realization of the ECG
signal at variable resolution.

The main steps of the algorithm are:

1. Determine the number of “coarse” samples J, the
number of resolutions M, and the values of the variables
at the initial resolution m=1.

2. For each value of the resolution m (m=1,...,M), the
lists of events {R(m)}, {R,(m)} are formed, which de-
termine the list of R-waves — {R(m)}, more precisely the
list of their sample numbers {jg(m} .

3. Determine the lists of R-waves — {R(m)}, which are
appropriate, that is, the same for the largest number of
resolutions, which form the answer to the final list of R-
wave samples — {R(e)}, (e=1,...,F), more precisely the list
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of their sample numbers {iz“}, where e is the number of
R-waves in the final list.

4. For each of the cardiac cycles having an inter-
val(i R©,i M), (e=l,..,E-1), the maximum signal
value located in the sequence of samples after the QRS
complex at all resolution values is determined. These val-
ues are preliminary answers to the maximum value of the
T wave.

5. For each of the cardiac cycles having an interval
(iR®,i R (e=1,..,E-1), determine the minimum
signal value (or one that is close to the baseline) located
in the sequence of samples after the maximum value de-
termined in the previous step at all resolution values.
These values are preliminary answers to the end of the 7
wave.

6. For each of the cardiac cycles, among the prelimi-
nary responses to the maximum value and the end of the
T-wave, determine those that are appropriate, that is, the
same for the greatest number of resolutions. The obtained
values of the T-wave ends are considered final and a list
of T-wave end values is formed.

4 EXPERIMENTS

In the process of experimental verification of the pro-
posed algorithm using variable resolution, more than 100
fragments of cardiograms were processed, each contain-
ing about 30 cardiac cycles. Although the selected frag-
ments of cardiograms were distorted by noise, no pre-
processing of the cardiac signal, in particular, filtering,
was used. Cardiograms with monophasic 7-waves were
selected for the experiment, which does not affect the
generalizability of the results to other types of T-waves.
An example of cardiac signal fragment segmentation in
the presence of interference is shown in Fig. 5. Fig. 6
shows examples the T-waves endpoint determining.

o
t
T T
o m—(
r—h

Figure 5 — An example of cardiac signal fragment segmentation
in the presence of interference
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Figure 6 — Examples the T-waves endpoint determining

5 RESULTS

Algorithms for cardiac signal processing using vari-
able resolution have been developed and experimentally
verified, namely, the algorithm for segmentation of the
cardiac signal into cardiac cycles and the algorithm for 7-
wave end detection, which is of great importance in car-
diac diagnostics.

Means of cardiac signal processing, using the pro-
posed algorithms, do not change the processed cardiac
signal, unlike traditional means that use filtering of the
cardiac signal, distorting the cardiac signal itself, which
leads to distortion of the processing result.

6 DISCUSSION

ECG is most often distorted by noise in the
measurement process and analog-to-digital conversion.
The predominant noise in ECG is baseline wander, power
line noise and electromyogram. Baseline wander is caused
by the patient's movements due to breathing; the
frequency range of baseline wander is usually below 0.5
Hz, which is in the same frequency range of ST segments.
Power line noise is the 50 Hz/60 Hz component caused by
parasitic electromagnetic fields from power lines and
interferes with the analysis of low-amplitude components.
It is necessary to place power lines as far away as possible
or shield them, since improper electrical insulation will
cause such noise. Electromyogram is a signal caused by
muscle activity in the body, its frequency band is in the
range of (5 Hz — 2 kHz) or (1 Hz — 5 kHz), its influence is
difficult to exclude because its frequency band overlaps
with the frequency band of ECG. In addition, there are
other sources of interference due to motion artifacts,
electrode contacts and electronic devices.

There are 4 typical filter processes in an ECG device:
(a) anti-aliasing and upper-frequency cutoff, (b) baseline
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wander suppression and lower-frequency cutoff, (c) line-
frequency rejection, and (d) muscle artifact reduction.

All types of frequency filtering affect the original
cardiac signal to one degree or another, which leads to its
distortion and loss of diagnostic features. At the same
time, when processing the cardiac signal by algorithms
using variable resolution, the original cardiac signal does
not change in principle, all diagnostic features are
preserved, can be identified and used.

Algorithms for cardiac signal processing using vari-
able resolution have been developed and experimentally
verified, namely, the algorithm for segmentation of the
cardiac signal into cardiac cycles and the algorithm for 7-
wave detection, which is of great importance in cardiac
diagnostics. The probability of a correct answer for tradi-
tional algorithms using pre-filtering is up to 98%. No er-
rors were found in the experimental validation of the pro-
posed algorithms. This makes it possible to eliminate
distortion of the cardiac signal during ECG acquisition
and improve the quality of cardiac diagnostics.

CONCLUSIONS

The article deals with algorithms of cardiac signal
processing.

Scientific novelty consists in the fact that algorithms
of cardiac signal processing in the presence of
interference using variable resolution typical of visual
perception are proposed.

The practical significance consists in the fact that the
means of cardiac signal processing, using the proposed
algorithms, do not change the processed cardiac signal,
unlike traditional means that use filtering of the cardiac
signal, distorting the cardiac signal itself, which leads to
distortion of the processing result. The use of the
presented tools in practical medical practice will lead to
an improvement in the quality of cardiac diagnostics and,
as a result, the quality of treatment.

Prospects for further research are as follows. It is
supposed to develop tools for selecting all objects of the
cardiac cycle.
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OBPOBJIEHHSA KAPJAIOCUT'HAJTY AJITOPUTMAMM, IO BUKOPUCTOBYIOTH 3MIHHY PO3ALJIbBHY
3JATHICTb

KanmuxoB B. I'. — kaHZ. TeXH. HayK, CTapUINii HAYKOBUI CHIBPOOITHUK [HCTHTYTY mpoOiieM MaTeMaTHYHUX MAIIHH 1 CUCTEM,
Kuis, Ykpaina.

IMlapunanos A. B. — xanxa. TexH. HayK, 3aBifyBad jabopaTopii Megu4Hoi i Gionoriynoi iHpopMaTuku IHCTHTYTY HpobiIeM Ma-
TeMaTHYHHUX MaluH i cucteM, Kuis, Ykpaina.

BummneBcbkuii B. B. — kana. TexH. HayK, IPOBIIHUI HAyKOBHI CIiBPOOITHUK [HCTUTYTY mpobieM MaTeMaTHYHMUX MAlIKH i CHC-
teM, KuiB, Ykpaina.

AHOTANIA

AKTYyalIbHiCTh. 3alIPOIIOHOBaHa poOOTa BITHOCUTHCS 10 00JIACTi OOPOOKH KapIiOCHTHAJIB, 30KpeMa, 10 CETMEHTaLli Kapaio-
CUTHAJTy Ha CEpILEBi IIMKIIH, a TAKOX 0 BU3HAUCHHS OJHI€T 3 HAMBAXIMBIIINX O3HAK, [0 BUKOPUCTOBYETHCS B KapaiOdiarHOCTHUII, —
KiHIs 3yous 7.

Meta. MeToro i 3aBJaHHSIM JOCIIDKEHHS € po3po0Ka alropuTMy 00poOKM KapAiOCHUTHATY B IPUCYTHOCTI 3aBaj, KU 103BO-
JIsi€ BUAUTMTH HEOOXIIHI JUIS TIarHOCTUKH O3HAKH 1, B TOW K€ 4Yac, HEe CIIOTBOPIOE BUXIJHUN CUTHAJI, SIK 1€ 3a3BUYail Bi0OyBa€ThCS
npH Horo o6po6Li cMyroBuMY IU(GPOBUMH (BiTbTPaMK A BUKIIOUSHHS 3aBaJl, 10 HIPU3BOAUTE 10 CIIOTBOPEHHS 1 MOXKJIMBOI BTPATH
JiarHOCTHYHHUX O3HAK.

3anponoHOBaHMIT MeTO] MOJIATae y NPEICTABICHHI CEPLEBOr0 CUTHANY SIK YACTHMHM KOHTYPY NEBHOT'O YSBHOTO 300pa)KeHHS.
O0poOKa cepleBoro CHUrHalIy IOJISTae MEpIl 3a BCE Y CErMEHTaIlil Ha cepreBl IUKIN. 3a3Bu4ail R-3y0OLi BUKOPUCTOBYIOTh ISl CET-
MEHTAIlil CepIIeBOr0 CUTHAIY Ha CEPLEBi IIUKIU, TOOTO BU3HAYAIOTH OCIIAOBHICTH R-3yOIliB B HaCTHHI CEPIIEBOT0 CUTHAIY, IO Mif-
nsirae 00po6nennio. [1pu BuzHadeHHi R-3y0Isi BHKOPHCTOBYETBCS MO, KA Nepenbadae 301IbIICHHS] CUTHATY 3 HACTYITHAM HOTO
3MEHIIEHHSM, IIPHYIOMY MIBUAKICTH 30UIBIICHHS (3MEHIICHHS) Mae OyTH 3a aOCONIOTHOIO BEIMYNHOIO OILIBIION0, HIX TIEBHE 3aJjaHe
3HaueHHs. [|y1s1 0OpaHOro cerMeHTa CepleBOro CUTHAILY MOCIHIIOBHICTh R-3yOIiB BU3HAYAETHCS 3 PI3HUMHU PO3IUIBHUMH 31aTHOCTS-
MHU. BiIMoBiAai0 € MOCIiI0OBHICTh, KA MOBTOPIOETHCS [UI HAWOUIBIIOI KiTBKOCTI PO3MUIBHUX 3AaTHOCTEH 3 THX, IO OyJH 3aiisHi
JUIsL CETMEHTALlii CepleBOTrO CUTHAIY Ha cepleBi uukin. Mozenb 7-3y0Ls MOXKHA NPEICTAaBUTHU SK MOCIIIOBHICTh Oy KpUBUX 0e3
po3puBiB. B ofHOMY 3 mommpeHux BUMaAKiB 7-3y0elb BU3HAYAEThCA HAHOUIBIINM MaKCUMYMOM CEPLIEBOTO CUIHAy B MEXax cep-
LIEBOTO LUKy, HACTYMHUM 3a R-3yOuem. Kinenp 7-3y0us BU3HAYAETHCS MEPIIUM MiHIMyMOM, HACTYITHUM 32 BXKE BH3HAUCHHM MaK-
cumyMoM [t 7-3yOns. Sk 1 y BUMaAKy CerMeHTallii CepleBOro CUTHAITY, MaKCUMyM 7-3yOIst 1 KiHenb 7-3y0Is BU3HAYAIOTHCS MPU
PI3HUX PO3IUILHHUX 3[JATHOCTSX, a BIJIIOBIIII0 BBAKAIOTHCS Ti 3HAYCHHS, SIKI 30IrarOThCS MPU HAWOUIBININA KUTBKOCTI PO3ALUIBHUX
3[1aTHOCTEH 3 THX, IO OyJIN BHKOPHCTAHI.

Pe3yabsTaTn. Po3po0ieHo Ta eKcliepiMEeHTaIbHO MEePeBIpeHO aIropUTMU 0OpOOIIEHHST KapAiOCUTHANY, 0 BUKOPUCTOBYIOTh
3MIiHHY PO3JJIbHY 3JIaTHICTb, a CaMe JTOPHTM CErMEHTalil CepLEeBOro CUTHAIYy Ha KapIiOLMKIM Ta ajJrOPUTM BUSIBICHHS KiHILL
3yomst T, o Mae BenuMke 3Ha4YEHHs B KapAiojorivyHiil miarHocTuii. 3acobu 0OpOOIEHHS CepLEeBOro CUIHAITY, IO BUKOPHUCTOBYIOTh
3anpOIOHOBAHI aJrOPUTMH, HE 3MIHIOIOTH 00pOOIeHHI KapIioCHrHAll, HA BiAMIHY BiJ TpamuUiiiHUX 3ac00iB, sIKi BUKOPUCTOBYIOTh
GinpTpaLiio CepleBoro CUrHaty, CIIOTBOPIOIOYH CaM CEPLEBHI CUTHAI, 10 MIPU3BONTH 10 CIIOTBOPESHHSI Pe3yJIbTaTy 0OpOOICHHS.

BucnoBku. HaykoBa HOBH3HA NOJISITA€ B TOMY, 1[0 3aPOIIOHOBAHO aJIrOPUTMU 0OPOOKHU CEpLIEBOTO CUTHAITY 32 HasBHOCTI Ie-
PEIIKON i3 BUKOPUCTAHHAM 3MIHHOT PO3ALTBHOI 31aTHOCTI, XapaKTEPHOI I 30pOBOT0 CIpUHHATTS. [IpakTHdHe 3HAYCHHS HOJIATAE B
TOMY, IO 3aco0M 0OpOOICHHS KapAiOCHTHAILY, sIKi BUKOPUCTOBYIOThH 3alPOIIOHOBAHI aJTOPHTMH, HE CHOTBOPIOIOTH KapAiOCUTHAI,
mo oOpoOIIoeThCS, Ha BIAMIHY Bifl TpaJUIiHKUX 3aC00IB, SKi BHKOPUCTOBYIOTH (DIIBTPAIiI0 CEPLEBOTO CUTHANY, IO MPU3BOAUTD 0
CIIOTBOPEHHS pe3yJbTaTy 00poOieHHs. BUkoprcTaHHs NpeCTaBIeHOr0 IHCTPYMEHTAPIl0 B MPaKTHYHI MeIMYHIN NPAKTHIL IPH3Be-
JIe 10 TIIBUILCHHS SIKOCTI Kap/Ai0JOTiuHOI JIarHOCTHKH 1, SIK HACIIIOK, SKOCTI JIIKyBaHHSI.

KJIIOYOBI CJIOBA: xapaiocursai, cerMeHTalisi, KapAiOLUKIH, KiHelb 3yous 7, 3MiHHa pO3/iibHA 30aTHICTb.
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