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Abstract —The paper presents the application of special
algebraic algorithm. The objective of research isto evaluate the
fluctuations of ECG functional parameters of young physically
active men at two different ergometry tasks — constant power
cycling and incremental power cycling. We have evaluated the
fluctuations of functional parameters and the experimental data
has shown that the changes in physiological conditions canbe
very rapid, asynchronous atdifferent levels of the organism.
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1. INTRODUCTION

Physiological output signals such as heart rate, blood
pressure and others have fluctuating dynamics. We can
observe the human body as a complex system, in which the
organism adapts to an ever-changing environment. With the
help of integrated responses from three primary holistic
systems, execution P (skeletal and muscle system), supply S
(cardiovascular system) and regulatory R (neurohumoral
system), the organism is able to react to different stimuli
respectively [3] (Fig. 1). This integral model [17] allows one
to evaluate the body integrity and reflects the main functional
interactions while considering the body general functional
state and its adaptability.
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Fig. 1. The integral holistic system model.

The cardiovascular system, one of the holistic systems in
the human body, reveals peculiarities in physiological
functions when subjected to constant or gradually increasing
load tests [18]. At the onset of exercise, the cardiovascular
system adapts to variations of loads with a series of integrated
responses to meet the metabolic demands of the exercising
muscles. Interconnections and fluctuations in cardiovascular
system output can provide valuable information not only to

evaluate adaptation processes, but also to improve the
understanding of recovery processes. Certainly, the period of
recovery is influenced by the intensity of exercise. For
instance, there is difference between recovery after moderate
to high intensity exercise and low to moderate intensity
exercise. Thus, recovery processes and the best recovery method
search still attract interest. That is the reason why a number of
recovery methods have been systemically investigated in recent
studies [2]. Until now little information is available
concerning the interconnections between holistic systems
during such endurance and incremental exercises. A better
understanding of recovery processes can be achieved by
observing, analysing interconnections after exhausting tasks.
For better understanding of working capacity or exertion
dynamics during the tasks different scales were invented.
Rating of perceived exertion (RPE) measures one’s individual
(subjective) judgment of the personal working capacity. The
Borg 620 RPE Scale [4] is designed to estimate sensations of
exertion in relation to physiological markers that rise
commensurately with increments in exercise intensity. It is
widely cited that the duration of the task can be determined
not only objectively (e.g., heart rate) but also subjectively
(e.g., Borg’s Scale) or even by coupling the actual and
perceived exertion of the subjects during the exercise test
while comparing the ratio of heart rate and rating of perceived
exertion. Our society has learned to trust objective data;
however, in the case of exertion, controversial works can be
found, e.g. RPE predicts the maximal work capacity with less
error compared to heart rate [5]. The lack of consensus on the
use of only objective, subjective or objective and subjective
method still exists. Research is still conducted in studies
regarding organism fatigue, and recovery processes (after
physical loads) due to the peculiarity seen in the responses.
Constant power volitional exhaustion exercise testing
makes subjects continue working until they become
metabolically exhausted. Incremental power shows provoked
reactions at different load. While having a volitionally
exhausted subject or reactions towards provocative load, it is
interesting to observe recovery of different ECG functional
parameters that reflect processes at different levels of
organism, metabolism and heart regulation. The objective of
this research was to evaluate the fluctuations of ECG
functional parameters of young physically active men at two
different ergometry tasks — constant power cycling and
incremental power cycling. For this task an algebraic
algorithm was applied based on the concept of the rank of a
sequence [6], [9]. The concept of the rank of a sequence has
been successfully used to express solutions of nonlinear
differential equations in forms comprising ratios of finite
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sums of standard functions [10],[11],[15], for time series
forecasting [13], logistic-matrix representation [12] and
research of chaos [14],[16].

II. MATERIAL AND METHODS

Participants

Study groups were divided according to the physical feature
intoGroupl (endurance cohort) that performed constant power
cycling task and Group2 (sprint cohort) that performed
incremental power cycling.

Groupl included 9 healthy Spanish males (average age —
23+3). All experimental procedures were approved by the
local research ethics committee and carried out according to
the ethical guidelines laid down in the Declaration of
Helsinki.

Group2 involved10 healthy participants (20.1+2.23). Only
males with experience in sprint (practicing more than 2 years)
were chosen, as the cardiovascular system reactions to
physical load differ with gender. This was done in order to
obtain a relatively homogenous group for getting more
comparable data. When arriving at the laboratory, participants
were asked to dress in shorts and wear trainers.

All of the participants were familiarized with Borg‘s RPE6-
20 scale and testing procedure prior the test.

Cycling Task and RPE Procedure

Groupl performed constant power cycling task (Sport
Excalibur 925900), which was started with individually hard
corresponding RPE = 15 (Borg‘s RPE 6-20 scale) constant
power. Test was divided into 4 parts: 1) rest — 1 minute
interval before the test; 2) constant power cycling (70 rpm) at
an individual intensity until reaching value of 15 in RPE;
3) cycling and reporting the RPE (every 15 sec.) until
reaching the volitional exhaustion; 4) 5 minutes of recovery
after the volitional exhaustion.From the onset of exercise the
participants had to self-monitor received exertion and report it
for the first time when they felt that exertion reached RPE =
15. After the first report, participants continued reporting the
score of perceived exertion every 15 seconds. To ensure
accurate perception of RPE and maximal focus on the task,
the participants were asked to “report” every 15 seconds. The
chosen intensity had to be kept until volitional exhaustion was
reached without loss of determined pacing. When pacing was
lost for longer than 30 seconds, the end of the task was
recorded. The total time differed from participant to
participant.

Group2 underwent the test protocol, which consisted of
three main parts — rest, load and recovery. In this study, the
rest part took 1 minute while participants were just sitting on
the bike without pedalling. After the rest it proceeded to
physical work that included computer-based bicycle
ergometry test based on a provocative incremental increase in
the load. Bicycle ergometry test began with 50 W and in every
minute the load was increased by 50 W. The test was
continued till 250 W that made 5 minutes of pedalling at
60 cycles per minute. Although the maximum load was not
reached, the test should end earlier if the distressing
cardiovascular symptoms appeared. Finally, the last part of
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the protocol was recovery that took five minutes. The total
time of the protocol was eleven minutes.

ECG Monitoring

A computerized ECG analysis system ‘“Kaunas-load”
developed by the Institute of Cardiology of Kaunas Medical
University was applied for 12-lead ECG recording and
analysis.“Kaunas-load” helps to reveal and evaluate the
synergistic aspects of essential systems of the human body
and extends the possibilities of functional diagnostics
[11,[8L,[19]. The arterial blood pressure was measured
utilizing Korotkov’s method in the area of upper left arm and
the following functional parameters were gathered: heart rate,
RR interval, JT interval, QRS interval (at rest), cycle
ergometer test and recovery (after volitionalexhaustion).
Different duration ECG parameters were used for the
investigation of dynamic physiological processes in the heart
during tests.

Algebraic Analysis Algorithm

In this section, we present the concept of the rank of a
sequence and its application for the ECG parameter analysis.

Let us consider a sequence: Y, Y,,...:=(Y;; ] € Z,)
where elements Y; can be real or complex numbers. Then, a

sequence of Hankel matrices reads:

Yo i - Yoo
Yoo Y2 o Y 1
Ho= Oy =| 0 0 , =12,
yn—l yn y2n—2
The sequence of determinants of Hankel matrices

(d,;n e N) reads:
d,=detH, (2
Definition 1. The sequence (yj;j EZO) has a rank
meZ,;m<+o:
Hr(y;;jeZy)=m (3

if the sequence of determinants of Hankel matrices has the
following structure:

(d,,d,,...,d,,,0,0,...) (4

where d, #0 and d,, =d_ ,, =...=0.

Definition 2. Let Hr(y;;jeZ,)=m . Then the
characteristic Hankel determinant for the sequence
(Y;;J €Z,) is defined as [9]

yO yl ym
A A i s Y1
d,=detH_ =|.. .. .. .. |=0. (5)
Y1 Ym Yomai
1 g .. q"
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The expansion of the determinant in (5) yields an m-th
order algebraic equation for the determination of roots of the
characteristic equation:

Ap"+A, P "+ +Ap+A =0 (6)
where A, # 0 because A, =d_, #0.

We have assumed that /Urg( JJ 8 =0 if( Jj = ( that
9 9

is true when 0<j<g Moreover, 0°=1
0' =0° =... = 0. Then the following theorem holds.

Theorem 1. Let Hr(yj;j eZO)zm and the recurrence
indices of roots (;,0,,0;,...,0, of the characteristic equation

(6) are m,,m,,...Mm, (C=123,...)  respectively;

Mn

M, = M. Then the following equality holds true:

m, -1 J .
#rg[ J )
1g=0 g

where 4,0, eC; M 1 # 0.

r=1

Mn

yj:

r

Rigorous proof of this theorem is given in [9].
Corollary 1. In case when all roots of the characteristic
equation are different, Eq. (7) obtains a more simple form:

m .
yi=xud  ®
r=
Coefficients 4., (or just £4 ) can be found solving the

linear algebraic system of equations ( 0, 0,,..., O, are

determined beforehand):

2 (;j POuy =y, i=0L..m=1 (9

This linear system of algebraic equations has one and the
only one solution [9].

Corollary 2. Let Hr(y;; j € Z,) =m and the first 2m

elements of that series are known. Then it is possible to use
(6), (9) and (7) to calculate all elements of that sequence.

Definition 3. A sequence (Y;; ] €Z,) is an algebraic

progression if elements of that sequence can be expressed in
the form of (7).

III. ALGEBRAIC ALGORITHM FOR THE ECG PARAMETER
ANALYSIS

IfY =(Yy, Yy»-er Yy ) that is the time series of ECG

parameter of length N consisted of several segments of
algebraic progressions (Eq. (7)),then Y could be segmented
into k non-overlapping contiguous segments by using the
segmentation method for algebraic progressions [7]. This
method was proposed for sequences without noise.
Unfortunately, time series of ECG parameters are noisy; thus,
this method cannot be applied directly. The main problem is
that the rank of a noisy sequence does not exist.

Let us consider that time series of ECG parameters Y is
segmented manually into k non-overlapping contiguous
segments (Fig. 2):

s:=Js,.1=Lk
[

where S, =S, (u;,Vv,) = (yU| s Yy Yy, ), U=V,

is the start and V; - the end position of segment S, | =1,k.

Amplitude of

My

W J

015 k
ol oM A

01 B
\'\r\
S Sz [ Sk
005 -4

0

MMVM\ w‘

L 1 ' N ! L
0 200 400 600 800 1.000 1.200 minules

Fig. 2. ECG parameter segmentation into k segments.

The main task of the algorithm is to find an algebraic
progression )72'), j=0,n, n =v, —u, +1 of segment
S,, 1 =LK with the condition:

L35 -yf <a a0

N 5%
The detailed
(9?)5 J =0,n, ) construction is given in [6].

algorithm for algebraic progression

m, -1 i
Al _ <L J).ice
Let yﬁ):z Z/’lrg(g] rjgﬁ Jzoynlﬁﬂrg’qrEC9
r=
,Urmr,l #0 bean algebraic progression of the segment

S,, | = 1,_k . It has been noted in [6] that the algebraic
progression consists of components:
y =0 ol +ol), jez, an
Everycomponent represents (accordingly to parameter
&, 2 0) the different nature of fluctuation: (b) inhibitory, (c)
stationary and (d) stimulant:

EI)—] = Zﬂtqtjs jeZ,,(b)

t:a,|< 1+e,

oy = 2 .m0, j€Zy.(0)

t:‘q“: Ite,

Z,utqtjv jeZ,(d)

t:|ay| > I+,

(4]

M _
;=

Imaginary and real parts of parameters are placed on the
unit circle (Fig. 3, (a)). It can be noted that values of
parameter inside the unit circle (Fig. 3 (b)) represent the
inhibitory, on the unit circle — stationary (Fig. 3 (c)) and
outside the unit circle — stimulant (Fig. 3 (d)) processes [6].
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Fig. 3. Parameter values qt of algebraic progression: (a) all; representing

different nature of fluctuation: (b) inhibitory, (c) stationary, (d) stimulant

IV. RESULTS

In Groupl participants’ constant cycling power was M =
175 £ 30 W and time till volitional exhaustion was M = 23 +
2.25min. During rest, load and recovery a time series of ECG
parameters was evaluated: RR interval (the interval between
two beats of the heart), JT interval (JT interval is associated
with intensity of metabolic processes in heart), QRS complex
(describes the inner heart regulation system). It is necessary
to remind that the examined ECG parameters reveal different
complexity levels, e.g., RR interval helps to characterize the
state of the organism atits regulatory level, JT interval
represents the metabolic reactions of the systems and the QRS
parameter reflects the intrinsic regulatory state of the organ.

The length of the time series of each ECG parameter was
individual. Time series were segmented into 9 segments: 1 -
the rest minute, 2 - 4 minutes represent the load (2 is the
moment in time when the subjects first reported RPE = 15),
3 — the minute between PRE = 15 and the end of the task, 4 -
the last minute before the end of the load), 5 - 9 represents
five minutes of recovery (Fig. 3-5 x-axes). Then algebraic

progressions were constructed (with parameter & =0.01)

for each segment and accordingly to parameter &, =0.01

distinguished their components with different nature of
fluctuation. The same procedure was repeatedly done for all
times series of ECG parameters of all participants. Then for
the every ECG parameter segment the total count of
components and count of components with different nature of
fluctuationwere calculated. Dividing counts of components of
each process of each segment by the total number of
components of the current segment, the normalized values of
different processes (inhibitory (value — a), stationary (value -
B) and stimulant (value — y) (Fig. 4-6 y-axes) were calculated.
The procedure to find normalized values of inhibitory,
stationary, and stimulant processes was separately performed
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Fig. 4. Inhibitory (a), stationary (b) and stimulant (c) processes and their
fluctuations in RR interval dynamics during volitional exhaustion ergometry
test. 1 is the rest minute, 2 is the moment in length of one minute when the
subject reported RPE = 15 for the first time, 3 — middle minute between
PRE = 15 and the end of the task, 4 — the last minute before the end of the
load, 5 - 9 represents five minutes of recovery.
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Fig. 5.Inhibitory (a), stationary (b) and stimulant (c) processes and their
fluctuations in JT interval dynamics during volitional exhaustion ergometry
test. 1 is the rest minute, 2 is the moment in length of one minute when the
subject reported RPE = 15 for the first time, 3 — middle minute between
PRE = 15 and the end of the task, 4 — the last minute before the end of the
load, 5 - 9 represents five minutes of recovery.

During the evaluation of fluctuations, greater attention was
focused on the last 5 minutes of recovery in the dynamics of
inhibitory, stationary and stimulatory process for RR, JT and
QRS intervals. The dynamics of stationary and stimulatory
processes showed moderately similar dynamics in recovery.
At the end of recovery stage, there was a visible increase in
stationary and decrease in stimulatory processes in RR, JT and
QRS intervals. The inhibitory processes showed differing
dynamics in RR, JT, and QRS intervals. While the JT interval
remained relatively stable, QRS and RR intervals displayed
unique characteristics. In the QRS interval, the inhibitory
processes started to decrease in the 3" recovery minute. These
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actions were antagonistic to what was seen in the RR interval
where the inhibitory processes increased. This illustrates that
recovery processes are not synchronous at different levels of
the organism.
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Fig. 6. Inhibitory (a), stationary (b) and stimulant (c) processes and their
fluctuations in QRS interval dynamics during volitional exhaustion ergometry
test. 1 is the rest minute, 2 is the moment in length of one minute when the
subject reported RPE = 15 for the first time, 3 — middle minute between
PRE = 15 and the end of the task, 4 — the last minute before the end of the
load, 5 - 9 represents five minutes of recovery.

In Group?2 the test was performed in eleven minuteswhere
1-2 minutes represented rest interval, 2-7 were the load
minutes and 7-11 were the interval of recovery of the test
(Fig. 7-9 x-axes). In every minute of the test the normalized
values of those different processes (inhibitory (value - « ),
stationary (value - ) and stimulant (value - y )) were

calculated (y-axes) dividing counts of components of each
process of each segment by the total number of components of
the current segment. The procedure to find normalized values
of inhibitory, stationary and stimulant process was separately
performed for RR interval (Fig. 7), JT interval (Fig. 8) and
QRS interval (Fig. 9).

In the last minute of load RR interval showed the
overturned situation of influencing process — stimulant
processes rapidly increased (Fig. 7(c) from 6-th to 7-th
minute) while inhibitory process reacted (Fig. 7(a) from 6-th
to 7-th minute) to opposite direction.

An interesting finding was related to complexity of ECG
intervals RR, JT and QRS was the delay in recovery
processes. For JT and QRS intervals there was a clearly
expressed delay of stimulant processes in recovery interval
(Fig. 8(c), Fig. 9(c) 7-th to 8-th minute). It can illustrate that
recovery processes are not synchronous in different organism
systems.

Stationary processes (Fig. 7(b), Fig. 8(b), Fig. 9(b)) varied
insignificantly during the load and the first four minutes of
recovery. They suddenly went up and reached their highest
values at the last minute of recovery becoming the
predominant processes influencing the RR, JT and QRS
interval dynamics. This fact may confirm that the recovery
processes are over.
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Fig. 7. Inhibitory (a), stationary (b) and stimulant (c) processes and their
fluctuations in RR interval dynamics during bicycle ergometry test.The test
was performed in eleven minutes, where 1 minute represented a rest interval,
2-7 represented the load minutes and 7-11 represented the interval of recovery
of the test (x-axes).
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Fig. 8. Inhibitory (a), stationary (b) and stimulant (c) processes and their
fluctuations in JT interval dynamics during bicycle ergometry test.The test
was performed in eleven minuteswhere 1 minute represented a rest interval,
2-7 represented the load minutes and 7-11 represented the interval of recovery
of the test (x-axes).

Fig. 9. Inhibitory (a), stationary (b) and stimulant (c) processes and their
fluctuations in QRS interval dynamics during bicycle ergometry test.The test
was performed in eleven minuteswhere 1 minute represented a rest interval,
2-7 represented the load minutes and 7-11 represented the interval of recovery
of the test (x-axes).
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V. DISCUSSION

Even though the test duration in (Groupl) was different and
individual for all participants, the endpoint was achieved and
subjects were volitionally exhausted at the last minute of
pedalling. Special mathematical methods can be useful for
extracting dynamics of physiological data during the recovery
period (after physical load constant or incremental) using a
combination of both objective and subjective methods.
Inhibitory and stationary processes are at the same level,
while in less exhausting tasks (incremental test) only the
stationary processes predominate. A significant decrease in
inhibitory processes was found during the first five recovery
minutes. Results indicated that the changes in physiological
conditions could be very rapid. Algebraic analysis reveals
intervals with stable and/or unstable physiological features in
different ECG functional parameters.

VI. CONCLUSIONS

In the analysis of medical or biological investigations it is
important to separate data sequences into intervals where
similar physiologic situations can be observed. In theliving
organisms, changes of physiologic conditions can be very
quick and application of statistical technologies or Fuorie
analysis is not possible. The proposed algebraic analysis can
be the technology, which can help in the analysis of short
intervals of data, which allow revealing intervals with stable
or unstable physiological features. The out-of-phase reactions
were exhibitedin the results of ECG functional parameters.
The peculiarities of physiologic processes at different fractal
levels of organism in the human body after different tasks
were caught with the proposed algebraic algorithm. We
confirmed that the proposed algebraic algorithm could be
effectively exploited for the analysis of ECG parameters
during different tasks, although noisy time series were
analysed.
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Agne Slapsinskaite, Alfonss Vainoras, Liepa Bikulciene. EKG sarezgitibas analize veloergometrijas testa laika

Raksta izklastits Ipasa algebriska algoritma pielietojums EKG (elektrokardiografijas) liknu analizei. Algoritms balstas uz laika mainigu procesu rangu analizi.
Algoritms izmantots, lai analiz&tu fiziologiskos procesus diviem pielietojumiem (diviem protokoliem). Pirmais protokols (izturibas) domats veloergometrijas
testam ar pastavigu slodzi. Otrais protokols (sprinta) domats veloergometrijas testam ar augstu slodzi.

Datoranalizei paklautas EKG visas 12 novadijumu liknes veloergometrijas testa laika jauniem veseliem virieSiem. Eksperimenta meérkis — novértét EKG
funkcionalo parametru svarstibas katram sportistam individuali. Par EKG parametriem izvéléti: RR intervals, JT intervals, QRS intervals. P& pirma protokola
slodze ir 175 =30 W, testa laiks 23 + 2,25 min. P&c otra protokola testa laiks ir 11 min.

Testa slodzes, atplitas un atjaunoSanas laika intervalos notiek EKG mingto intervalu lielumu fiksacija un analize. RR intervals raksturo organisma stavokli
regulativa limeni. JT intervals raksturo metabolisko reakciju. QRS intervals raksturo iek$gjo regulacijas stavokli.

Eksperimenta analize rada, ka EKG parametru maina var biit Joti strauja un asinhrona dazados ITmenos. Algebriskais algoritms lauj atklat stabilas un nestabilas
intervalu izmainas. Lidz ar to metode kopuma var kalpot par tehnologiju laika intervalu analizei, lai atklatu stabilas un nestabilas parametru izmainas slodzes
testa apstak]os.

Arne CianmuHckaiite, Angoncac Baiinopac, Jluena bukyiaunene. Anann3s kommiexkciocru JKI' Bo Bpemsi BesiodpromMerpum.

B crartee paccMOTpPEHBI BONPOCH NMPHMEHEHWS CIENUAIBHOIO aNreOpandecKoro ajiropuTMa, OCHOBAaHHOTO Ha IIOHSATHM paHra IociemoBaTensbHOCTH. OH
MPUMEHSUICA Ul aHalu3a (QU3HONIOTHYECKUX IMPOLECCOB BO BpeMs HCIIONHEHHs ABYX HPOTOKONOB. I'pymma 1 (koropra BBIHOCIMBOCTH) BBIIOIHSET 3a4ady
TIOCTOSIHHOIT e37151, a I'pynma 2 (koropTa CIpHHTa) eleT ¢ IHOBLIIeHHeM Harpy3ku. KommbioTepHslii ananu3 cucreMoil «KayHac - Harpy3ka» ObLI IPUMEHEH JUIs
12-tu orBenenuit DKI'. PeHTHHr BOCHPHUHSTOrO NMPUMEHEHHs ObLI HCIIOJIB30BAH JUIS M3MEPEHUS KaXJIOr0 CIIOPTCMEHA WHIUBHIYalbHO (CYOBEKTHBHO) 110
JINYHOM NMEePEeHOCUMOCTH Harpy3ku. Llenbro 1aHHOroO HMccinenoBaHus ObUIO OLEHUTH KosiebaHus GyHKUMOHANBbHBIX HapamerpoB DKI' aist Monozasix dusmuecku
AKTHUBHBIX MY>KYHH IIPU JIBYX Pa3HBIX 3a[adaXx spromerpur. OCHOBHOE BHUMAaHHUE y/IE/sUIOCh TUHAMUKE U KOMIUIEKCHOCTH (DYHKIIHOHANBHEIX mapameTpoB DKI':
RR nnrepsany, JT unrepsany, QRS unrepsany. B rpynne 1 cuna e3nsl yuactHukos 175 + 30 Br, a Bpems e3asl - 23 + 2,25 muH. B rpynmne 2 tectupoBanue
npoBoamwiock 11 MuHyT. Bo Bpemst oTabIxa, HArpY3KH U BOCCTaHOBJICHUS aBTOPBI OLIEHUBAIIM BpeMeHHOH psin nmapamerpoB DKI: RR unTepBana, unrepsana JT u
QRS xommiekca. Otu mapamerps! DKI' mokasbiBaeT pa3IHYHBIE YPOBHH KOMIUIEKCHOCTH, HampuMep, RR mMHTepBan moMoraeT B XapaKTepPUCTHKU COCTOSHHS
opraHu3Ma B HOPMAaTHBHOM ypoBHe, JT HMHTepBai mpeicTaBisieT MeTaboIMYecKue peakuui cucreM, a mapamerp QRS orpaxkaeT BHyTpeHHE peryaHpylolye
COCTOSIHHE OpraHa. ODKCIEePUMEHTATbHOE HCCIEIOBAaHME IOKAa3alo, YTO H3MEHEHHS B (DH3HOIOTHUECKHX YCIOBUSX MOTYT OBITH OUYeHb OBICTPBIMU H
ACHHXPOHHBIMH B pa3HBIX yPOBHSX opraHm3Mma. TeM He MeHee, anreOpaHdecKHil alrOpUTM aHalIW3a IIOKA3bIBAeT HHTEPBAIBI CO CTAOMIBHBIMH H/HIH
HEeCTaOWIBHBIMA (DH3UOJIOTHYECKIMHI OCOOCHHOCTSMH B Pa3INyYHBIX (yHKInMOHaNBHBEIX mapamerpoB OKI'. IlpennmaraeMslii anreOpandeckuil aHaum3 sBISETCS
TEXHOJIOTHEH, KOTOpask MOXET IOMOYb B aHAJIM3€ KOPOTKHX MHTEPBAJIOB JAHHBIX M KOTOpas MO3BOJIIET HAHTH HHTEPBAJIOB CTAOMIBHON MM HECTAOMIBbHOU
¢u3nonornueckoil 0COOEHHOCTH.
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