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DETERMINATION OF CHARACTERISTIC POINTS OF ELECTROCARDIOGRAMS USING
MULTI-START OPTIMIZATION WITH A WAVELET TRANSFORM

Abstract. The description of the main steps of the method for determination of the coordinates of the extremums of non-
stationary periodic signals is given. This method is based on multi-start optimization using the wavelet transform. The main steps of
the base form of multi-start optimization method with using the wavelet transform are given. The results of investigation of noise
stability and error for the search of extremums of asymmetric and multi-modal test functions for such method are given. The main
steps of extremum search by such method in new method for determination of the coordinates of the extremum of non-stationary
periodic signals are implemented. This method is implemented for automated electrocardiograms (ECG) diagnostic systems in tele-
medicine. This method allowed us to determine characteristic fragments coordinates for electrocardiogram. The procedure for esti-
mation of the characteristic fragments coordinates and intervals between them is based on this multi-start optimization method with
using the wavelet transform. The main steps of this procedure are described. The error in estimating the duration of the intervals
between ECG characteristic fragments was estimated and the noise immunity of such estimation with increasing the noise level was
evaluated. The relative error in estimation of the intervals duration between characteristic fragments was less than 4% in the case of
the signal-to-noise ratio in amplitude up to 10. These results allow recommending the developed method for implementation in in-
formation technologies for automated decision support systems, including telemedicine, in condition of increasing noise level in ECG
signals. For further research, it is planned to develop a methodology for estimation the remaining parameters of characteristic

fragments and complexes in ECG, reducing the edge effects during the estimation of the extremums coordinates.
Keywords: multistart optimization; wavelet transform; electrocardiogram; arrhythmia; diagnostics

Introduction. An important task of modern in-
formation technologies in various applied areas of
medical diagnostics is the need to create methods for
analyzing non-stationary periodic signals.

Such signals are characteristic of diagnostic
systems based on the analysis of electrocardiograms
(ECG) in such an applied field as telemedicine. In
such systems at the stage of registering signals and
transmitting them over communication lines, the
signal is distorted by noise. In systems that analyze
signals only in the frequency or time domain, when
the spectra of the useful signal and noise overlap, the
reliability of the diagnostic solutions may decrease.

Therefore, an important modern trend is the
analysis of such signals using wavelet transform.
This approach allows us to localize the characteristic
fragments of the ECG signal by using the important
property of the wavelet transform — to change sign
when passing through the signal extremums. This
last property allows us to determine the coordinates
of the characteristic fragments and/or to determine
the coordinates of the extremums of the signal.
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This data can be used to determine the classifi-
cation vector and diagnostics in the decision support
system.

Characteristic fragments will be called the peri-
odically repeating sets of local extrema (minima and
maxima) of the ECG signal that are traditionally
used for diagnostics in this applied area (Fig. 1).
Characteristic points (CP) will be called the extre-
mums of the curvature functions of the ECG signal.
Analysis of the coordinates of the chemotherapy is
one of the important components in obtaining a di-
agnostic solution in the decision support system.

When determining the classification vector
based on wavelet ECG processing, several solutions
with conflicting features have been proposed. For
example, a number of authors proposed that the us-
age of the result of ECG wavelet processing as a
classification vector directly leads to a decrease in
the diagnostic speed. The use of intervals for this, in
which characteristic regions of the ECG signal are
located, requires large data sets processing, which
also reduces performance, and for some tasks, for
example, the detection of arrhythmias, can lead to a
decrease in the reliability of diagnostics.

At the present stage, several solutions with con-
flicting features have been proposed for determining
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the classification vector based on ECG wavelet pro-
cessing. For example, a number of authors suggest
using ECG wavelet processing result directly as a
classification vector. This approach leads to a de-
crease in the speed of diagnosis. Using the intervals
in which characteristic regions of the ECG signal are
located as a classification vector requires the pro-
cessing of large data sets. It also reduces perfor-
mance, and in some tasks, for example, when detect-
ing arrhythmias, it can lead to a decrease in the reli-
ability of diagnosis.

In a number of works, to improve performance,
the classification vector is reduced. The characteris-
tic points of the ECG signal are determined by gra-
dient search and fixed threshold processing. But this
approach is characterized by low noise immunity
and sensitivity to local extremes. In the case of the
diagnosis of cardiac arrhythmias, it can lead to a de-
crease in the reliability of the diagnosis.

To analyze noisy and multimodal functions, the
authors developed a multi-start optimization method
using wavelet transform. This method in the basic
setting is characterized by high noise immunity and
low sensitivity to local extremums and the starting
point of the search.

Literature review. Analysis of existing sys-
tems and methods in the application field

Methods for the analysis of non-stationary peri-
odic signals are sufficiently developed and are wide-
ly used in various applied fields of medical diagnos-
tics. For example, in telemedicine systems [1] when
analyzing local features of a pulse signal [2] and
when analyzing electrocardiograms (ECG) [3-11]
(Table 1) that method are necessary.

Important features of the software of such soft-
ware systems are the ability to recognize characteris-
tic ECG fragments and characteristic signal points,
measuring and analyzing changes in the intervals
between them.

ECG signals are usually distorted by noise.
These noises occur during the registration of signals
and during data transmission over communication
lines, which is typical for such systems. Therefore,
the traditional study of such signals based on the
analysis of only time or frequency characteristics is
a set of separately tunable complex algorithms [12].
Such approaches under conditions of overlapping
spectra [13] of the useful ECG signal and noise can
lead to a decrease in the reliability of diagnostic so-
lutions [5].

New methods are actively being developed, that
are aimed at identifying new features of the ECG
signals characteristics of various groups of diseases
[23-24]. For example, an approach aimed at pro-
cessing the ECG signal in the phase space [23],

when reconstructing the signals, uses the averaging
of consecutive ECG cycles in the time domain. This
approach requires the analysis of large data sets, but
can lead to a distortion of the values of the parame-
ters of the diagnostic signs of the ECG [24].

Table 1. Existing software systems for analysis
and interpretation of ECG signals

Name Manufacturer Key features

ECG Schiller Analysis of heart

interpretation | (Switzerland) rhythm changes

software C (more than 100 ECG

[6] interpretation
options)

Signal- Schiller Analysis of heart

Averaged (Switzerland) rhythm changes

ECG

Software

(SAECQ) [7]

Heart Rate Schiller Analysis of heart

Variability (Switzerland) rhythm changes

(HRV)

Software [8]

Marquette GE Healthcare Arrhythmia

12SL [9] (USA) Detection, ST
Segment Analysis

Cardiosoft GE Healthcare ST segment

[10] (USA) analysis, automatic
measurement of
ECG intervals,
arrhythmia analysis,
noise filtering

FP-804 [11] Fukuda (Japan) Analysis of changes
in PR, RR and QRS
intervals

Telecard TREDEX Analysis of heart

[25;26] (Ukraine) rhythm changes

The use of wavelet transform (WT) with the
ability to analyze local features of the ECG signal in
the time domain allows us to overcome these limita-
tions to a large extent [3; 12-15]. Often, with the sup-
port of a diagnostic solution, the results of processing
with WT are used directly as a classification vector
[15]. This approach leads to a decrease in perfor-
mance due to an increase in the dimension of the clas-
sification vector. For example, determining the inter-
vals in which the characteristic areas of the ECG sig-
nal and the wavelet functions (WF) scale are located.
At the same time, it is assumed that the range of WF
scales in a particular person during the day is un-
changed [16-17]. This approach is justified in the
analysis of large sets of signals, for example, when
using the Holter monitor, when the number of ECG
cycles can exceed 100,000 [16-17]. Performance can
be improved with small sets of analyzed signals, bat
that can lead to incorrect diagnostic decisions.
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To ensure high performance [5], the dimension
of the classification vector is reduced by determining
the coordinates of the characteristic points of ECG
fragments (Fig. 1).

They are determined by evaluating the extre-
mum of the signals according to the value of deriva-
tives and threshold processing of their period values
[13]. The procedure for determining derivatives is
characterized by low noise immunity [18-19], and
the assessment of the period with a fixed threshold
with high heart rate variability, for example, with
arrhythmia [16-17], can lead to a decrease in the re-
liability of diagnostic solutions.

To search for the extremum of noisy polymodal
functions, a multi-start optimization method using
WT (MOWT) was developed, the noise immunity of
which was proved by the authors [18-19].

2
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Fig. 1. A standard ECG waveform with
PQRST complex

The purpose of the article. In this work, by bas-
ing on the method for searching the extremums of
non-stationary periodic signals with using a number
of stages of the multi-start optimization method with
wavelet transform, the method of search of ECG
characteristic points coordinates and of the intervals
is developed. This approach will automate the re-
ceipt of the classification vector, increase the noise
immunity and reduce the sensitivity to local extre-
mums during classification with the data obtained
during diagnosis.

——

-1.5
0

Main part. Method for finding the coordinates
of the extremum of periodic signals

In this work as a result of studies of noise im-
munity, convergence rate and error, it was concluded
that to estimate the direction of the search for the
extremum coordinates in (2), it is necessary to use
symmetric and non-stationary wavelet functions —
Haar’s wavelet [18].

According to the basic iterative scheme of the
multi-start method with wavelet transform, the coor-
dinate of the extremum is estimated as

c[n]=c[n—1]—y[nWT (Q(x[n], c[n-1])) , (1)

where: y[n]— iteration step; n — number of itera-
tions; k — number of a start; WT, determines the

direction of movement to the extremum and is calcu-
lated according to:

WT, (Q(X{n], c[n—1)={Gy. Gy, G 1 ()

where: G ;. determines the direction of movement to
the extremum and is calculated according to:
Sk
1 3 . .
G :_k Z;Q(X[n]vcj +ia) - ', (1), (3)
=Sk
i#0 2
S, — length of the WF carrier; a — step of discretiza-
tion of the WF; g (j) - WF at the k start (Table 2);

j=1,...,N —the dimension of the parameter vector.
WT, Q(n], cn~11)={Gy, Gyr-- G 1 (4)

determines the direction of motion to the extremum,
where

Sk

Gy == YQUinke, +ia) %), )

j=—2k
2

In (5) s, (an even number) is the length of the

carrier WF at the k-th start, a is the WF sampling
step, (i) is the WF on k-th start (Table 2, Fig. 2),

j=1 .., N
vector.

So, for example, at 1 start, this is the Haar
wavelet function, which is defined as

is the dimension of the parameter

R S
Y(i) = 2
_1if je-1..,->

2

At subsequent starts, except the last one, and —
at the next stages — unsteady WFs from the indicated
class (Fig. 2), which are obtained according to the
scheme given in Table. 2. The main stages of the
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basic method of multi-start optimization with wave-
let transform are given below.

Table 2. WF parameters for MOWT methods

Number of |k 2 |3 |4|516 |7
start
WEF scale s 1 |12 1314151
Carrier length | S 20 |10 |6 |4 |4 |2
Type of func- P, (i) 1 {1 it i=1
tion a -((i( +1 L=

Method MOWT with the initial data; 8, — error

of searching the optimum in the start (determined at
the priori studies of the goal function); &, — error of

searching the optimum for the application problem;

Knax — the maximum number of starts, is imple-

mented by the following steps.

g2
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Fig. 2. The impulse response and for WF (i)
(a); SU3(i) (b) to evaluate the search direction

Step 1. There are defined: c[0] — the initial ap-

proximation to the optimum coordinate, 1] — itera-
tion step, a form of WT and WF, a — a sampling step

of WF, S; — the carrier length for WF in the first

start, number of the start k=1, number of the iteration
n=1.

Step 2. The search direction is estimated on a
base of (4, 5) at a point closer to the optimum coor-
dinate for the start k. Under k=1 a weighted sum
with the WF (i) at the point c[0] (n=1) is used to
evaluate the direction of the search. The carrier

length L of the wavelet function #;(Z) is deter-
mined by analysis of the objective function. The in-
tegrated nature of this WF can reduce the sensitivity
towards local extremums and select a segment of the
objective function, which includes (with a high
probability) the global optimum, and (often) with a
high error of determine its coordinates.

Step 3. The search is running for the optimum

of Q(xc) according (3) and k<k_. , otherwise

search is stopping.
Step 4. If the coordinate c[n] — found on itera-

tion n — differs from the optimum position c[n —1]

not more than the value of the error 51 , the search

ends at the current start, otherwise the increment
n=n+1 is making with a following transfer to step
2.

Step 5. If k >1 and the optimum coordinate —
found at the k-th start — differs from the result of the
optimum at the start k —1 not more than ¢, then a

process is stopping; otherwise (k <k ), the num-
ber of start increases as k = k +1 to evaluate WF for
selecting the search direction (for 1<k <k__ —WF
W, (i) (see Table 2), with k =k __the search direc-

tion is evaluated by the discrete differentiation (k=7
in Table 1)) and a process is switched to a step 2.
Experimental studies of this optimization meth-
od are carried out, and the rate of convergence, the
value of the accuracy and robustness are evaluated.
To estimate the error of the extremum deter-
mining by the method MOWT with both WF (i)

and WF P (i) the asymmetric test function

synthesized
500), where m=0...0,005 is the

f,(x) = x? %" is
with x e (-500;

adjustment coefficient of the asymmetry. Authors
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established that relative error of defining the opti-
mum f,(x) with WFw (), under the sampling step

a=50 and the carrier length of the WFs =10, does

not depend on the initial search point. Moreover it’s
directly proportional to the asymmetry factor, and it
equals 0.34 % for the maximum studied coefficient
m=0.005 (Fig. 3a curve 1), and the absolute error
equals 0.3. For evaluation with ¥ (i) these errors

are equal 0.1 % (see Fig. 3, a curve 2), and 0.08, re-
spectively.

d.% :

0,3

b

0,2

b

0,14

b

e
0,002 0,003 0,0040

[

0,001

Fig. 3. Relative error (d) of asymmetry coefficient
(m) at determining the extremum:

acurve 1 —with WF (W (i) ); a curve 2 — with ‘P 4(i)

The velocity of convergence for the method
MOWD was compared with the gradient descent
method using the test function “Rosenbrock valley”

f,(X) =100(x, — x*) +(1—x)?. This function for
X € (—2,048;
f,(x) =0 at thex =1, x, =1. Sampling step WF

2,048) has a global minimum

a=0.0005 and the carrier length s =10 were adopt-

ed. Thus, the method MOWT enabled to reach the
extremum up to 1.7 times faster (for the number of
iterations) compared with the gradient descent
method.

The sensitivity of the method MOWT towards
the local extrema at the search starting point was
studied. For this purpose we used the Shvefel’s func-
tion (with the false global minimum)

f,(X) = 418,9829 + (—x * sin /),

The starting point in this case was selected ran-
domly and the gradient descent method searched the
local optimum as the closest one to the starting
point. As the result the method MOWT enabled to

reach the global minimum with accuracy ¢ <107 in
123 cases out of 150. Meantime the global minimum
was not found by this method when the values x for
the start point were selected out of the inter-
val x e (-420; 470).

In the first step the noise immunity was investi-
gated using de Jong 1 function f,(x)=x?* for
X € (—205; 205) supplemented with a noise. The

noise has the normal distribution with zero mean and
standard deviation (sp) of 0 up to 40000, a maxi-

mum value of the function was f,(x) = 42000. As a

result it was established (for the signal/noise ratio in
amplitude lower than 1.05) the MOWT method ena-
bled to reach a domain of the global minimum with
an errors <1072 .

Thus, experimental studies have shown the de-
veloped method MOWT has the following ad-
vantages:

— sensitivity to local extremum and the starting
point of the search is reduced;

— minimum relative error is reduced for evaluat-
ing the search direction with WF w, (i) and k >1;

— optimum is reached in 1.7 times faster (for the
number of iterations) in a comparison with the gra-
dient descent method (for “valley” functions);

— noise immunity of this method is estimated.

When the relation signal/noise by amplitude is
larger than 1.05, the area of a global minimum is
reached. The most noise-resistant is the assessment
by convolution with WF (i) .

Received results allow us recommend the de-
veloped method for a wide range of practically im-
portant optimization problems in case of the asym-
metric goal functions with the high level of a noise.

Method for determining the coordinates of
the extrema of unsteady signals

The determination of the coordinates of the ex-
tremum is carried out on the basis of the first stage
of the basic MOWT method with the estimation of
the direction of motion to the extremum of the cur-
vature function using the Haar wavelet function.

where x e (-500; 500), the global minimum o ] )

The initial data for this are: 6, — the error in the
f,(x) = 0 atx=420,9829. search for the optimum start (determined at the stage
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of a priori research of the quality functional); % _
the error in the search for the optimum of the applied
problem.

Step 1. The following are set: c[0] — initial ap-

proximation to the optimum coordinate in the first
period; y[1]- step; a— WF discretization step; S, —
the length of the carrier WF first start ‘P, (i); A, —

the step of changing the length of the WF ‘P, (i)

carrier when determining the range of coordinates of
the extremum; start number k =1; iteration number

n=1 A — value of the minimum amplitude of the

recorded extremum; AR — the initial approximation
to the value of the duration of the interval between
the recorded extremes.

Step 2. The direction of the search is estimated
by (2) at the point of approximation to the optimum
coordinate for start k. For this, the weighted sum
with the Haar WF (at the point at) is used). The
length of the carrier for the WF is determined in the
analysis of the objective function. The integral na-
ture of such airspace allows one to reduce sensitivity
to local extremes and to distinguish a segment of the
objective function, where, as studies have shown,
the signal maximum is most likely to be found in the
studied period. At this stage, the mark of evaluation
is checked according to (3)

Sk

2

G, =% Y Q0n¢; +ia)- ¥, ()
ot

In the case of a sign change, on the basis of the

known property of estimates of the direction of the

search on the basis of the gradient, change the sign

when crossing the optimum, at this stage the range

of changes in the coordinates of the extremum is
determined as c[n—1] <c" <c[n].

Step 3. The search is performed for the opti-
mum coordinate ranges Q(x,c) by (1) at K until

the end of the data sequence being studied, other-
wise it will stop.
Step 4. The coordinate of the extremum in the

study period is assigned a value ¢* =c[n—1].
Step 5. The value Q(x,c”) is compared with

AL if Q(x,c")>A, the coordinate of the period

extremum is recorded as RR [kK] and its coordinate
as cc[kk] (here kk is the number of the period under
study in the sequence).

Step 6. The length of the carrier s, is com-
pared with half the length of the interval between the

AR .
extrema: when S, £7 the carrier length of the

WF is determined as s, =S, +A,; when the
AR .
length of the WF s, > B carrier to search for the

extremum of the next period is determined as S;. In

this case, due to the integral nature of the Haar WF,
as the carrier wave length increases, the coordinate
of the next search step shifts to the extremum of the
next period. If the length of the carrier exceeds half
the length of the period at a subsequent extremum
with smaller amplitude than the previous one, the
search may go in the wrong direction.

Step 7. The initial approximation to the coor-
dinate of the extremum of the next period is deter-
mined as with c[n] = ¢ [kk] and the transition to step
2.

Method for determining of the ECG charac-
teristic points and the intervals between them

The main stage of determining of R-peaks and
intervals between them at multi-start optimization
with wavelet transform based are given below.

Stage 1. Wavelet transform of the analyzed
ECG signal. To reduce the noise level of the ECG
signal, when searching R-peaks with preserving in-
formation about the frequency and spatial localiza-
tion of QRS-complexes during automated processing
and taking into account the recommendations [21],
the Dobeshi WF is used in the work.

Stage 2. Determination of the spatial coordi-
nates of R-peaks by searching for the coordinates of
the extrema of periodic signals using the developed
method. The signals from the MIT / BIH Arrhythmia
Database [22] were investigated as such signals.

Stage 3. Determination of the intervals between
the R-peaks for the subsequent evaluation of the sta-
tistical characteristics of the ECG signals, classifica-
tion and diagnostic decision making.

The main steps of the MOWT method are de-
scribed above. In the initial data the following are

additionally specified: A, — step for changing the
length of the WF carrier P, (i); A — threshold val-

ue of the amplitude of the extremum; AR — initial
approximation to the length of the interval between
extrema.

The determination of the coordinates of the ex-
trema is carried out in this sequence.
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Step 1. Search for R — extrema (R — peaks)

(Fig.1).
Step 1.1. When searching for R — peaks, the

starting length of the WF carrier is s, = 3.

Step 1.2. The analysis is carried out in accord-
ance with (1) with the assessment of the sign of the
WT before the end of the signal under study. When

the value of the WT sign changes, Q(x,c") it is
compared to A .

Step 1.3. The Q(x,c")>Ais
checked. If Q(X,c")>A - the amplitude of the ex-

tremum of the period and its coordinate are recorded.
Step 1.4. The carrier length of the wavelet
function is determined for further search the extre-

condition

mum. When s, < A—ZR the length of the carrier WF

AR
Sea =S¢ + A, when s, >7 the length of the
WEF carrier for the next period is determined as
and the transition to step 1.2 is carried out.
Step 2. Search for Q — signal extremes.
Step 2.1. When searching for Q — minima, the

starting length of the WF carriers, = 2.

Step 2.2. The starting point of the search for Q
— extremum in the interval is defined as R=R -4
(here R is the coordinate of the R peak obtained in
step 1) and the signal is analyzed according to (1) in
order to evaluate the sign of the WT.

Step 2.3. If the WT sign changes, the we are
fixed amplitude and the Q-extremum coordinate, the
interval number is increased by 1, and search return
to step 2.2.

Step 3. Search for S — extrema (minima) (Fig.1)
of signals.

Step 3.1. When searching for S — minima, the

starting length of the WF carrieris s, = 2.

Step 3.2. The starting point of the search is S -
extremum in the interval with R=R+5 (here R is
the coordinate of the R-maximum (obtained in step
1)) and the signal is analyzed according to (1) in or-
der to evaluate the sign of the WT.

Step 3.3. If the WT sign changes, the amplitude
and the S — extremum coordinate are fixed, the in-
terval number is increased by 1, and go to step 3.2.

Step 4. Determine the coordinates and amplitudes
Pand T of the extrema (similar to steps 2 and 3).

The developed algorithm was investigated in
the analysis of electrocardiogram signals with the
MIT / BIH Arrhythmia Database [22].

The relative errors in the determination were as
follows. Relative errors for the coordinates of R-
peaks no more than 1.4 %, for the coordinates of P-
peaks they are no more than 1.6 %, for the coordi-
nates of T-peaks no more than 1.7 %, for the coordi-
nates of Q and S troughs no more than 1.2 %, for the
length of RR intervals — no more than 2.4 % are. In
the study of noise immunity, the relative error in de-
termining the length of the RR intervals is less than 4
% at a signal-to-noise ratio in amplitude of 20 ... 10.
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0.8
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0.2

L LA

[ N A
0.6
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0.8
0 500 1000 1500 2000 2500
a
2 .
Amplitude
15
1
05
0
0.5
. M pA ﬂ/‘\ M\ A
! )
15
Samples
2
0 50 100 150 200 250 300

b
Fig. 4. ECG signal at different stage of analysis:
a) input ECG signal; b) approximation
coefficient at 3 level of WF Daubechies 1

Conclusions. The paper presents a method for
determining the coordinates of the extremums of
non-stationary periodic signals based on multistart
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optimization with wavelet transform. The proce-
dures for evaluating the determination of the coordi-
nates of the PQRST peaks and the intervals between
them for electrocardiograms, which are based on this
method of multi-start optimization with wavelet
transform, are presented. The error in estimating the
duration of the intervals in the studied set of signals
under the conditions of the noise is investigated. The
relative error in the duration of the intervals between
R — peaks was less than 4 % for a signal to noise
ratio in amplitude of up to 10. For the well-known
Pan — Tompkins algorithm, this value is at least 5 %
[25; 27-28].

Relative errors for the coordinates of R-peaks
not more than 1,4 %, for the coordinates of P-peaks
—no more than 1,6 %, for the coordinates of T-peaks
—no more than 1,7 %, for the coordinates of Q and S
troughs — no more than 1,2 %.

Thus, we can conclude that the developed
method for the coordinates of extremums determin-
ing has an noise immunity and error which meets the
requirements of this applied task.

These results allow us to recommend the devel-
oped method for decision support systems infor-
mation technology, including telemedicine, in condi-
tions of increasing noise level in the ECG signal.

With further research, it is planned to develop a
methodology for the remaining parameters of the
QRS ECG complexes, assess the influence of the

magnitude of I on the efficiency and eliminate
the influence of edge effects on determining the co-
ordinates of the extremums.
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BU3HAYEHHA XAPAKTEPHUX TOYOK EJIEKTPOKAPAIOI'PAM 3
JOIIOMOI'OI0O MYJBTUCTAPTOBOI OIITUMI3AII 3 BUKOPUCTAHHSAM BEUBJIET-
HEPETBOPEHH:

Anomauia. IIpusedenuii onuc ocHOBHUX emanie Memooy BU3HAUEHHs KOOPOUHAM HeCAayioHapHux nepioduyHux cuenanie. Llei
Memoo 3aCHOBAHUL HA MYIbIMUCMAPMOSIli ONMuMi3ayii' 3 BUKOPUCIAHHAM 8eliglem-nepemsopertst. [Ipugedeni ocHosHi emanu 6a30601
Gdopmu mynemucmapmoso2o memoody onmumizayii 3 UKOPUCManHaM eeligiem-nepemeopenns. Ilpugeoeni pezynbmamu 00cioNcenHs
3a6A00CMIUKOCMI, NOZPIUHOCIME NOWYKY eKCIMpPeMyMy acumMempudrol i myibmumooanvroi mecmosux @yuxyiu. OcHoeni emanu
HOWYKY eKCMPeMymMy 3 6UKOPUCIAHHAM Yb020 Memoody GUKOPUCMAHT OJil BUSHAYEHHs. KOOPOUHAM eKCIMPeMyMi6 HeCmayioHapHux
nepioouyHux cuenanis. Lleit memoo euxopucmanuti 015 0iaeHOCMY8anHs Ha 6a3i erekmpokapoiocpam y meaemeouyuni. Llett memoo
00360116 GU3HAYUMU KOOPOUHAMU XAPAKMEPHUX (pazmenmis Ois enekmporapoiozpam. Memoouka oyinKu KOOPOUHAM YUX XAPAKMEPHUX
@pazmenmis enexkmpoxapoiospam ma iHMepPeanie Mixc HUMU 3ACHOBAHA HA MYTbMUCIMAPMOGILl ONMUMU3AYTT 3 BUKOPUCTNAHHAM 6elieliem-
nepemeopenns. Onucani ocHo6Hi emanu yiei memoouxu. Ilposedena oyiHKa NOSPIUHOCTI OYIHKU OO0BX’CUHU [HMEPBANI8 MidC
XapaxmepHux gppazmenmis i oyineHo 3a8a00CMItIKicmb maxKoi OYiHKY npu 3pOCMAanHi pieHs wiymis. Bionocna noepiwmicmes eusHaueHnHs
008JCUHU THMEPBANLI8 MIdIC XapaKmepHumMy pazmenmamu ckiana menuie Hixe 4% npu eionowenHi cuenan/utym no amnainyoi oo 10.
L]i pesynomamu 003601:210Mmb peKOMeHOY8amu po3pooieHuti Memoo 015 6UKOPUCTNAHHA 8 THPOPMAYTUHUX MeXHON02IAX 0
ABMOMAMU308AHUX CUCTNEM RIOMPUMKU RPULHAIMMA PilieHb 8 PIZHUX 001ACMAX, YKIIOYaIouy meneMeOuyuny, 6 yMo8ax 3pOCmants pigHs
3a6a0 EKI cuenany. /[na nooanvuiux 00Cniodicenvb NIAHYEMbCS po3pobumu memooonoeiio oyinku inwux napamempie QRS i PT
xomnnexcie 6 EKT, snujicyiouu eniue Kpatlogux egpexmis npu OyiHyi KOOPOUHAM eKCmpemMyMIs.
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ONPEAEJIEHUE XAPAKTEPHBIX TOUEK 3JIEKTPOKAPIUOI'PAMM C
MOMOIIBIO MYJbTAUCTAPTOBOI ONTUMM3AILIAU C
WCHOJIb30BAHUEM BEMBJIET-IIPEOBPA3OBAHUSA

Annomanusn. [lpusedeno onucanue OCHOGHLIX YMAN08 Memood ONPeoeieHUss KOOPOUHAN HeCMAYUOHAPHBIX NePUOOUHeCKUX
CUSHAN08. DMOM Memood OCHOBAH HA MYIAbMUCMAPMOBOL ONMUMUZAYUU C UCNOTb3068AHUEM Geligiem-npeobpazosanus. TIpusedeHvl
OCHOBHblE IMansl 6A30680U POPMbL MYTLMUCIAPMOBO20 MEMOOd ONMUMUIAYUU C UCNOTIL308AHUEM 8eligem-npeobpazosanus. TIpusedenvi
Pe3ynbmamyl UCCIe08AHUS NOMEXOYCIMOUYUBOCHIU, NOSPEUHOCIU NOUCKA SKCIMPEMYMA ACUMMEMPUYHOU U MYAbMU MOOAIbHOU
mecmogvix Qynkyuil. OCHOBHbBIE IMAnvl NOUCKA IKCIPEMYMA NOCPEOCHEOM HNO20 MEMOo0a NPUMEHEHbl /il ONPeOeNeHUsl KOOPOUHAM
IKCMPEMYMO8 HECMAYUOHAPHBIX NEPUOOUUECKUX CUSHATI08. Dmom Memoo npumeHeH OJisi OUASHOCIMUKY JJIeKIMPOKAPOUOSPAMM 8
menemeduyune. Imom mMemoo NO3604UlL ONPeOenuntb KOOPOUHAMbL XAPAKMEPHbIX PpacMeHmos OJis JIeKMpPOKapOUOSPAMM.
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Memoouxa oyenxu KOOpOUHAM SMUX XAPAKMEPHBIX PPAsMEHnO8 INeKMPOKAPOUOSPAMM U UHIMEPBANO8 MedHcOY HUMU OCHOBAHA HA
MYTbMUCIMAPMOBOL ONMUMU3AYUU C UCNOIL306AHUEM 6etigrem-npeodpasosanus. Onucanvbl 0CHOGHble dMAnbl IMOU MEMOOUKU.
IIposedena oyenka nozpewtHocmu OYeHKU OTUMETbHOCHU UHMEPBANO8 MeXHCOY XAPAKMEPHLIMU (pasMeHmamu U OYeHeHa nOMexo-
VCMOU4U80Cmy MAaKol OYeHKU Npu B03PACMAHUU YPOBHA wymMo8. OMHOCUMENbHASL NOSPEWHOCTIb OAUMETbHOCIY UHMEPBANO8
MeNHCOY XapaKmepHuiMu Gpazmenmamu cocmasuia menee 4 % npu omuoweHuy cueHan/wym no amnaumyoe oo 10. Smu pesynoma-
mbl NO360AI0M PEKOMEHO08AMb PA3PAOOMAHHBLIL MEMOO 05l NPUMEHEHUS 8 UHPOPMAYUOHHBIX MEXHOLOUAX 05 ABMOMAMUSUDO-
BAHHBIX CUCTEM NOOOEPIHCKU NPUHAMUS PEUEHUI] 8 PA3TUYHBIX 0OIACMAX, 6KIIOYAS MeNeMeOUYUHY, 8 YCI08UAX 603PACMAHUS YPOSHSL
nomex OKI cuenana. J[ns 0anbreiumux uccie008anull NAGHUPYemcs paspabomams Memoo0I02UI0 OYeHKU OCMANbHbIX NApaAMempos
xapakmepuuvix ¢ppazmenmos u komniexcos ¢ IKI, cnudcas kpaesvie s¢pdexmbl npu oyernke KOOPOUHAM IKCIMPEMYMOS.
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