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Abstract

Introduction. Non-linear methods of analysis have found widespread use in the Heart Rate Variability (HRV) technology, when
the long-term HRV records are available. Using one of the effective nonlinear methods of analysis of HRV correlation dimension D2
for the standard 5-min HRV records is suppressed by unsatisfactory accuracy of available methods in case of short records (usually,
doctors have about 500 RRs during standard 5-min HRV record), as well as complexity and ambiguity of choosing additional parameters
for known methods of calculating D2.

The purpose of the work. Building a robust estimator for calculating correlation dimension D2 with high accuracy for limited se-
ries of RR-intervals observed in a standard 5-minute HRV record, i. e. with N=~500. As well as demonstrating the capabilities of the D2
formula on a well known attractors (Lorenz, Duffing, Hennon and etc.) and in applications for Normal Sinus Rhythm (NSR), Congestive
Heart Failure (CHF) and Atrial Fibrillation (AF).

Materials and Methods. We used MIT-BIH long-term HRV records for normal sinus rhythm, congestive heart failure and atrial
fibrillation. In order to analyze the accuracy of new robust estimator for D2, we used the known theoretical values for some famous
attractors (Lorenz, Duffing, Hennon and etc.) and the most popular Grassberger-Procaccia (G-P) algorithm for D2.

The results of the study. We have shown the effectiveness of the developed D2 formula for time series of limited length
(N = 500 —1000) by some famous attractors (Lorenz, Duffing, Hennon and etc.) and with the most popular Grassberger-Procaccia (G-P)
algorithm for D2. It was demonstrated statistically significant difference of D2 for normal sinus rhythm and congestive heart failure
by standard 5 min HRV segments from MIT-BIH database. The promised technology for early prediction of atrial fibrillation episodes
by current D2 algorithm was shown for standard 5 min HRV segments from MIT-BIH Atrial Fibrillation database.

Conclusion. Robust correlation dimension D2 estimator suggested in the article allows for time series of limited length (N=500) to
calculate D2 value that differs at mean from a precise one by 5+ 4%, as demonstrated for various well known attractors (Lorenz, Duffing,

Hennon and etc.). We have shown on the standard 5-min segments from MIT-BIH database of HRV records:
- the statistically significant difference of D2 for cases of normal sinus rhythm and congestive heart failure;
- D2 drop significantly for the about 30 min. before of AF and D2 growth drastically under AF there was shown for HRV records with

Atrial Fibrillation (AF) episodes.

The suggested robust correlation dimension D2 estimator is perfect suitable for real time HRV monitoring as accurate, fast and

non-consuming for computing resources.
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Introduction

The Heart Rate Variability (HRV) is based on measuring (time)
intervals between R-peaks (of RR-intervals) of an electrocardio-
gram (ECG) and plotting a rhythmogram on their basis with its sub-
sequent analysis by various mathematical methods that are clas-
sified as Time-Domain, Frequency-Domain and Nonlinear [1, 2].
Using nonlinear methods in HRV and ECG analysis has proven to be
very advantageous, and they are reviewed in detail, for example,
in [3, 4]. The newest review [5] showed the most applied for HRV
nonlinear methods: Entropy (ApEn, SampEn, MSE), Dimensions
(Fractal or Correlation dimension D2) and Plot analysis (Poincare,
Recurrence). There are 263 numbers of papers and 10304 numbers
of citations registered in the PubMed at 01/2019 for «Correlation
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Dimension in HRV or ECG» queries [5], — D2 is one of three tops
nonlinear methods listed early. Applications of correlation dimen-
sion D2 for HRV of most cited papers are [5]: aging [6]; gender
[6]; stress [7]; sleep [8]; arrhythmia [9]; heart transplantation [10].
Meanwhile, correlation dimension D2 for ECG has much more
widespread medical applications [11]: atrial fibrillation, ventricular
tachycardia, ventricular fibrillation, dilated cardiomyopathy, ar-
rhythmias and sudden cardiac death. The high accuracy, sensitiv-
ity and specificity of D2 applications were shown in all cases [11].
This difference of correlation dimension D2 medical applications
accruing for HRV and ECG explained by highly dependency of cor-
relation dimension estimation on the length of the time series [12].
It is easy to retrieve a lot of ECG data points (N) in short medical
examination but insufficiently in a standard 5-minute HRV record



(usually N~300—600). Generally the number of data points N
necessary for estimation of correlation dimension D2 with good
accuracy has upper bound [13]:

100”2 e™" (1

where h, — correlation entropy; t — time delay of the reconstruc-
tion;
and lower bound while entropy factor can be ignored [14]:

N= 42", (2)

So, we can easily estimate for normal sinus rhythm (D2 about
2.0) at least 1764 data points (RRs intervals) are necessary that
is about 3 times more than doctors have during standard 5-min
HRV examination. In case of arrhythmias or atrial fibrillation, when
D2 grow up to 8-10, the number of necessary N can be a hun-
dred thousand RRs. That is possible to accrue only by daily Holter
monitoring (ECG or HRV) and has heavy computation consumption
for D2 calculations.

The purpose of current article is to suggest robust correla-
tion dimension D2 estimator for short time series (e. g. N=500
as for standard 5-min HRV record) with good accuracy, fast
calculations and low consumptions of compute resources. Itis pos-
sible to make it suitable for real time HRV monitoring and widen
for standard 5-min HRV records.

Materials and Methods

We used long-term HRV records by Massachusetts Institute
of Technology — Boston’s Beth Israel Hospital (MIT-BIH) from
[15] (http://www.physionet.org), a free-access, on-line archive
of physiological signals. Normal Sinus Rhythm (NSR) RR Interval
Database includes beat annotation files for 54 long-term ECG
recordings of subjects in normal sinus rhythm (30 men, aged
28.5 to 76, and 24 women, aged 58 to 73). Congestive Heart
Failure (CHF) RR Interval Database includes beat annotation
files for 29 long-term ECG recordings of subjects aged 34 to 79,
with congestive heart failure (NYHA classes I, I, and I1l). Subjects
include 8 men and 2 women; gender of the remaining 21 subjects
is not known. The original electrocardiography (ECG) signals for
both NSR and CHF RR interval databases were digitized at 128 Hz,
and the beat annotations were obtained by automated analysis
with manual review and correction. The MIT-BIH Atrial Fibrillation
(AF) Database [16] was used for Correlation Dimension D2 ana-
lyzing with long and short RR’s subsets. This database includes 25
long-term ECG recordings of human subjects with atrial fibrillation
(mostly paroxysmal). The individual recordings are each 10 hours
in duration, and contain two ECG signals each sampled at 250
samples per second with 12-bit resolution over a range of £10 mil-
livolts. The original analog recordings were made at Boston’s Beth
Israel Hospital (now the Beth Israel Deaconess Medical Center) us-
ing ambulatory ECG recorders with a typical recording bandwidth
of approximately 0.1 Hz to 40 Hz.

Let us consider time series X={x,,x,,...x,} with N elements
which in HRV analysis will be the RR interval series with N being
the total number of beats. The goal of time-series analysisis tolearn
about the dynamics behind observed time-ordered data. Cor-
relation dimension D2 measures the degree of complexity of the
system that generates the time series [12] and estimates the number
of independent variables governing the behavior of the dynamical
system. The Grassberger-Procaccia (G-P) algorithm for D2 calcula-
tions is the most popular for now and shows very good accuracy
if obey the requirements for number of necessary data points
(1)=(2). G-P has pure accuracy in case of limited data series and in-
applicable for standard 5-min HRV records (tab. 1).

63

|
Heniniitunii aHanis
Bapia6enbHicTb cepueBoro puTMy

Let us define two invariants of isometric transformations of the
time series in order to construct new robust D2 estimator:
1. The length of times series polygonal chain A

N-1

A=Y J1+(x,, -x), (3)

i=0

2. Chirality of time series x (asymmetry about the mean)

Let's define two elements subset A = {a,b} with Euclidian
metric L2. Each element of subset A is the difference between
two nearby observations of X: a,=x,,, ~x; b,=x,7x, ,. Let
us construct a separable system A* and A from the elements of A:

A" ={la+b||a-bl}; A~ =-A";

where for all x, taking an extreme value in the triple x,, |, x, x, |

min(x;)
Vx, (X, >x,<x_,) = |a+b|;

i+l

max(x;)

vXi(Xi+1 <X; >XH) = —|a+b|;

where for all x, which is not taking an extreme value in the triple
X,,,. X, X, itis necessary to make minimal rotation to satisfy
the extremality condition of x,

min(x;)

Vx, (XM >x,>x, &|x,, —x,|>|x, —XHD =
min(x;)

= |a+b-2(x, —x_,)|=|a—b|;

i+l

min(x;)
in(x -x|<|x, —XHD =
min(x;)

= |a+b-2(x

i+l < Xi < Xi—l & |Xi+1

_Xi)|=|a_b|;

i+1

max(x;)
Vx, (X Xl.| > |X,. —XHD =
max(x;)

= —la+b-2(x,-x,_,)|=-|a-b|;

i <X <Xy &|Xi+1 -

max(x;)

VX, (Xi+1 > X, > X, &|X.+1 —Xl.| < |Xl. - XH|) =

i
max(x;)

= —la+b-2(x,,—x,)|=-|a-b|.

Counting over all elements A, we determine the degree of chira-
lity of time series y:

1= {A"A}. (4)
N-2

Finally, we express the value of the correlation dimension D2
in terms of the two introduced invariants A and ¥, as a function
of theratio of the degree of symmetry breaking of the time series
per unit length of the polygonal chain:

T anh(an %y

D2 =2e? r (5)

The best result in accuracy is obtained when the separable
system A* and A~ is constructed from normalized elements with
the norm |A]:

la+b| |a—b|
la] " lA]

A" ={ VA =— A"
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Results and Discussion

First of all we need to estimate the accuracy of suggested for-
mula (5) and its dependency from time series length. We compare
in Table 1. the results of calculations for correlation dimension D2
by formula (5), G-P algorithm and theoretical values for the some
famous attractors.

The suggested robust correlation dimension D2 estimator
(5) in compare with theoretical D2 for some famous attractors
has shown mean error at 5% for N =500, 3% for N = 1000
and 1% for N=10000; the G-P algorithm does not convergence
for N =500 and show mean error for D2 estimation at 126%
for N= 1000 and 2% for N = 10000. We can make a conclusion
about good quality of correlation dimension D2 estimator (5)
for D2 analyzing of standard 5-min HRV record.

Now we can analyze different RR records from MIT-BIH data-
base for short subsets only.

In tab. 2 we use MIT-BIH RR data for Normal and CHF groups
and compare qualitative reactions in dif ferent groups for two non-
linear indexes, — Entropy (EnRE [19]) and Correlation dimension
D2 (5). The same qualitative behavior was shown in all cases:
both EnRE [19] and D2 (5) show significant drop for CHF group
in compare with Normal group; for Normal group no significant
differences between Men aged less 50 y.0., Men aged older 60 y.o.

and Women aged older 60 y.o. This is exactly what was expected
for these nonlinear indexes in examined groups.

The MIT-BIH Atrial Fibrillation (AF) Database with 10-hours
records was divided for N = 500 subsets and researched for Cor-
relation Dimension D2 evolution before AF episodes and during AF.

Fig. 1 shows typical pattern of correlation dimension D2
evolution before atrial fibrillation episode: each epoch on the
fig. 1. consists of short RRs records (N = 500); epoch with # ‘0’
is the beginning of AF according to MIT-BIH reference rhythm
annotations. Correlation dimension D2 does not have significant
difference from mean record value under Normal rhythm intervals
except 5-6 epochs before and after AF episodes. The D2 signifi-
cantly drop for about 30 minutes (or 5-6 epoch by N = 500 RRs)
before AF: D2 drop shown from epoch # ‘=5’ on the fig. 1. During
AF the D2 growth 4=5 times over the mean value. This is the clue
for real time automatic AF prediction for the about 30 minutes
before AF episodes.

Conclusions

Correlation dimension D2 estimator (5) suggested in the article
allows for time series of alimited length (N = 500) to find D2 value
with high accuracy M = 5=+4%, which has been demonstrated
for some famous attractors with known theoretical D2 values

Tab. 1. Comparison of proposed estimator (5) and Grassberger-Procaccia algorithm for different time series length
and theoretical correlation dimension D2 values for attractors.

Grassberger-Procaccia algorithm, D2 Robust D2 estimator (5), D2
Attractor

N=500 N=1000 N=10000 N=500 N=1000 N=10000

Duffing, D2=12,3 N/A 2,12 2,38 2,20 2,22 2,29
Err=8% Err=3% Err=9% Err=3% Err=0%

Lorenz, D2=2,02 N/A 2,94 2,10 2,01 2,03 2,02
Err=46% Err=4% Err=0% Err=0% Err=0%

Hennon, D2=1,25 N/A 7,12 1,23 1,36 1,15 1,25
Err=484% Err=1% Err=9% Err=8% Err=0%

Logistic, D2= 8,2 N/A 1,07 8,21 8,56 8,25 8,05
Err=89% Err=0% Err=4% Err=1% Err=2%

Rossler, D2=1,99 N/A 1,95 1,91 2,05 2,04 2,03
Err=2% Err=4% Err=3% Err=3% Err=2%

Mean Err = SD N/A 126 +£203% 2+2% 5+4% 3+3% 1£1%

Tab. 2. Entropy EnRE [19] and correlation dimension D2 (5) for MIT-BIH Normal group and Congestive Heart Failure group.

Entropy EnRE [19] Correlation dimension D2 (5)
Test N=500 N=500
Mean +SD Reaction Mean+SD Reaction
MIT-BIH Normal 1,72+0,47 Significantly drop 2,50£0,28 Significantly drop
RR database (p<0,05) (p<0,05)
CHF 0,65+0,76 1,93+0,22
MIT-BIH Men<50y.o. 1,73+0,33 2,24+0,49
Men>60 y.0. 1,70+0,55 Difference 2,08+0,18 Difference
Normal group insignificant insignificant
Women >60y.o. 1,78 £0,51 2,05+0,25
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Fig. 1. Typical pattern of Correlation Dimension D2 (5) before atrial fibrillation episode (MIT-BIH AF Database [16]).

(tab. 1). The accuracy of correlation dimension D2 estimator (5)
for big chunks of data (N = 10000) is about the same as for well
known and popular Grassberger-Procaccia algorithm (tab. 1).

Using the proposed correlation dimension D2 estimator (5)
for MIT-BIH database of HRV records, we show for short records
(N = 500) in compare with Entropy (EnRE[19]) for classification
of Normal Sinus Rhythm (NSR) and Congestive Heart Failure (CHF)
cases (tab. 2). It demonstrated the same qualitative behavior
for all cases: both EnRE [19] and D2 (5) shows significant drop
for CHF group in compare with Normal group; for Normal group
no significant differences between Men aged less 50 y.o., Men
aged older 60 y.o. and Women aged older 60 y.o. This is exactly
that was expected for these nonlinear indexes in examined groups.

The MIT-BIH Atrial Fibrillation (AF) Database records was di-
vided for a short epochs (N = 500) and researched for correlation
dimension D2 evolution before AF episodes and during AF. Cor-
relation dimension D2 does not have significant difference from
mean record value during Normal rhythm intervals except 5-6
epochs before and after AF episodes (fig. 1). The D2 significantly
drop about for 30 minutes before AF and drastically growth under
AF (fig. 1). This is the clue for real time automatic AF prediction
for the about 30 minutes before AF episodes.

Let us summarize:

1) the new approach for correlation dimension D2 estimator
was suggested in (5);

2) formula (5) is based on two introduced invariants A (3) and
x(4), as a function of the ratio of the degree of symmetry breaking
of the time series per unit length of the polygonal chain;

3) the accuracy of correlation dimension D2 estimator (5) was
shown by the some famous attractors in the wide diapason of time
series length (N = 500 — 10000);

4) qualitative behavior correlation dimension D2 estimator (5)
and Entropy (EnRE[19]) are the same for the groups of Normal Si-
nus Rhythm (NSR) and Congestive Heart Failure (CHF). It is shown
significant difference between NSR and CHF groups for both;

5) D2 significantly drop for the about 30 minutes before Atrial
Fibrillation (AF). This is the clue for real time automatic AF predic-
tion for the about 30 minutes before AF episodes (fig. 1).

6) the suggested robust correlation dimension D2 estimator (5)
is perfect suitable for real time HRV monitoring as accurate, fast
and non-consuming for computing resources.

The studies were carried out in compliance with international
bioethical standards and the provisions of the Helsinki Declaration
(as amended in 2013). The author of the article, A. Martynenko,
confirm that they have no conflict of interest.
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Pob6acTtHa hopMyna Kopenauintoi po3MipHOCTI ajia aHanisy
BapiabenbHOCTI CePIEBOTO PUTMY

0. B. Maptunesko

XapkiBcbkuit HalioHanbHU YHiBepeuTeT iMeni B. H. Kapasina, Ykpaina

Pesiome

Beryn. Heniniiini MeTonu aHanisy 3Haium LMpoke 3aCToCyBaHHA B TeXHOJOT11 BapiabenbHocTi cepueBoro putMy (BCP) mpu HasBHOCTL
noBrux 3amucis BCP. BukopucratHa onHoro 3 eheKTuBHNUX MeTOLIB HeniniiHux ananisy BCP, — kopenauiittoi posmipxocti D2 ans 5-xs.
3armcis BCP cTpuMyeTbcs He3anoBiNbHOW TOYHICTIO HAABHUX METOAIB B pasi KOPOTKUX 3amuciB (3a3BUYail, CTAaHAAPTHA 5 XB. 3aMUC
BCP micTutb 300-600 KoMmnekciB RR), a Takox cknapHicTio 1 HeofHo3HauHiCTIO BUOOPY AOLATKOBUX MTApaMeTpiB Anf BiOMUX MeTOZIB
06uuncneHHs KopenauinHoi posmipHocti D2.

Mera po6oru. [lobynysatu pobacTHy GopMyny o6uncnenHs KopensauiiHoi posmiprocti D2 3 BUCOKO0 TOUHICTIO A1l 06MEXKEHOTO ALY
RR-iHTepBanis, AKi criocTepiraloThes B CTAHAAPTHIN 5-xBunmuHHOrO0 3amucy BCP. A Takox ITpofeMOHCTPOBAHI MOXIIUBOCTI 3aIIPOIIOHOBAHO1
bopmynu D2 na npuknapi nobpe Binomux arpakropis (Jlopenua, Jaddinra, XenHona i iH.) i B MeAMYHUX BopaTKax Aif HOPMaNbHOTO
CepLeBOTO PUTMY, CepleBoi HepocTaTHOCTI Ta Gibpunsauii nepencepnb.

Marepianu Ta merogu. V crarTi 6yna Bukopucrada 6asa ganux MIT-BIH 3 TpuBanumu 3anmcamu BCP B pasi HOpManbHOrO CUHYCO-
Boro putmy (NSR), mpw cepuesiit HepocratHocti (CHF) i pi6punauii nepencepab (AF). llo6 mpoananisysatu TouHicTs HOBOI pobacTHOi
OLiHKM KopenauinHoi po3mipHocTi D2, MM BUKOPWUCTOBYBAW BiOMi TEOPETUYHI 3HAUEHHA 1A JeAKUX BifoMux arpakTopoi (Jlopexua,
Dacbdinra, XenHoH i iH.) i mopiBHAHHA 3 Habinbur nomynapHUM anropurmoM Ipaccbeprepa-Ilpokayui.

Pe3ynbTaru. Byna mokasana epekTuBHicTb po3pobnexoi popmynu D2 ans yacoBux pApiB ooMexenoi gosxunn (N = 500 — 1000)
Ha mpuknapi sBinomux arpakropis (Jlopeua, laddinra, XenHoniin.) i 3a gonomoroto Haibinbu monynapHoro anroputmy Ipaccéeprepa-
[Ipokayui. Byno mpogemMoHcTpoBaHa CTATUCTUYHO 3HAYyWa BigMiHHicTh D2 AnA HOpManbHOrO CUHYCOBOTO PUTMY Ta ceplieBoi
HeJ0CTaTHOCTI 1 CTAHAAPTHUX 5-XBUWIMHHUX CEIMeHTIB 3 6a3u narux MIT-BIH 3anucis BCP. 3a ;010MOro10 3alPONIOHOBAHOT0 aTrOPUTMY
D2 6yna mokasaHa MOXIUBICTb PaHHbLOTO Mepef6aueHHA emisonis bi6punauii mepeacepab Ha CTAHAAPTHUX 5-XBUIMHHUX CETMeHTaX
3 6a3u gauux MIT-BIH samucis BCP.

BucHoBKuU. Y cTaTTi MpornoHyeThes pobacTHa Gopmyna Ans 06uucneHts Kopenauinioi posmipHocti D2. BoHa 03BoNAE A8 YaCOBUX
pAnis 06MexeHol foBKUHN (N=~500) 3HaX0AUTU 3HAYeHHA D2, ke B CePeAHbOMY Biipi3HAETHCA Bifl TOUHOrO Ha 5+ 4%, 110 TPOJEMOH-
CTPOBAHO ANA pisHux nobpe BimoMux arpakropax (Jlopeny, fJaddinr, XennoH i ix.). Ha craHpapTHUX 5-XBUIMHHUX CETMEHTax 3 6asn
nanux MIT-BIH 3amucis BCP Mu mokasanu CTaTUCTWYHO 3HAUyWy BigMinxicTs D2 pna BUMapkiB HOPManbHOT'O CUHYCOBOTO PUTMY Ta
cepueBoi HepocTarHoCTi; AnA 3amucis BCP 3 emisopamu i6punanii nepencepnb (AF) 6yno mokasaHo, wo D2 3HaYHO 3HWKYETHCA MTPU-
6nm3Ho 3a 30 xB. mepen AF i pisko 3pocrae mpu AF. IIponoxoBaHa po6acTHa hopMyna AN po3paxyHKY KopensauiiiHoi posmiprocti D2
ineanbHo miaxXoAnTb Ans MoHiTopuHry BCP B peanbHOMY 4aci, OCKiNIbKU [03BOJIAE WIBUAKO i TPAKTUYHO 6€3 BUTPAT 06UNCII0BANIbBHUX
pecypciB 3HaxoanTI D2 3 BUCOKO10 TOYHICTIO.

Kniwouosi cnosa: sapiabenbHicmb cepyeso2o pummy,; KopenayitiHull posmipHicms, cepyesa HedocmamHicms,; Qibpunsayia nepedcepob.

PobGacTHas GhopMyna KOppensaiuoHHON pasMepPHOCTU
1S aHaNU3a BapuabenbHOCTU CepAEeYHOr0 PUTMA

A. B. MapTbhiHeHKO

XapbKOBCKUit HauMOHaNbHbIN YHUBepcuTeT umenu B. H. Kapasuna, Ykpanxa

Pesiome

BBepenue. HennHeliHble MeTOAB aHanW3a Halllv LINPOKOe PUMEHEHWE B TEXHOJIOIMU BapuabenbHOCTU cepreyHoro purMa (BCP)
IIPU HaNWunu AAuHHbIX 3anuceit BCP. Acrionb3oBanue opHoro n3 3pdekTUBHLIX METOA0B HeNMHeHbIX aHanu3sa BCP, — koppenanunonton
pa3mepHocTu D2 ana 5-mun. 3anuceit BCP cnepxuBaeTca HeYA0BNLETBOPUTENbHON TOYHOCTHI0 UMEIOWUXCA METOLOB B C/IyYae KOPOTKUX
3ammuceit (06bMHO, cTaHAapTHas 5 MuH. 3amuch BCP copepxut 300-600 komrekcoB RR), a TakKe CLOKHOCTbIO U HEOAHO3HAYHOCTbIO
BLEI6OPA JOTTONHUTEIbHLIX TAPAMETPOB AJls U3BECTHLIX METOJ0B BEIUMC/IEHUS KOPPEALNOHHOI pasmepHocTv D2,

Ilensb pa6orst. IlocTponTs pobacTHyo GOPMYNY BHYUCIEHWUA KOPPEALNOHHOM pasMepHocTi D2 ¢ BEICOKO TOYHOCTbIO 1Sl OTPAHU-
YeHHOTO pAfa RR-unTepBanos, Habn0[AEMBIX B CTAHAAPTHOW 5-MUHYTHOM 3amucy BCP. A TakKe ITPoJieMOHCTPUPOBAHLT BO3MOXHOCT
npensioxenHon Gopmynst D2 Ha mpumepe X0pouo U3BECTHLIX aTTpakTopoB (JlopeHnua, labdunra, XeHHOHa U AP.) 1 B MEAULMNHCKUX
TIPUJI0KEHUAX [l HOPMAJIbHOTO CEPLLEYHOT0 PUTMA, CEPAEUHON HELOCTATOYHOCTI U GUOPUANALUN TTPELCEPANTA.

Marepuanst u MeToabI. B cTaThe 6bU1a UCIIONb30BaHa 6a3a faHubix MIT-BIH ¢ mpopnomxurensHsMu 3amucamu BCP B cnyyae HopmanbHOro
cunycosoro purma (NSR), mpu ceppeuroit HegocraroutocT (CHF) n dubpunnsumn mpencepaunit (AF). Uto6bt TpoaHanu3nposaTh TOYHOCTb
HOBOL pO6ACTHO O1leHKW KOPPENALUOHHON pa3MepHOCTY D2, MET MCIT0N1b30BANIU U3BECTHbIE TEOPETUYECKUE 3HAUEHWA A1 HEKOTOPHIX U3-
BECTHBIX aTTpakTopos (Jlopenua, lahdwira, XeHHOHA W Ap. ) U CpaBHEHUSA C HanboJlee Oy AspHLIM anroputmoM [paccoeprepa-IIpokavun.
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Pesynbrarsl. Brina mokasaxa 3ddekTuBHoCTb paspaborantoit Gopmynst D2 Ans BpeMeHHHIX PAJOB OTPAHWYEHHOW ANUHBL
(N = 500 — 1000) Ha mpMepe TEOPETUIECKUX 3HAUEHWN 1 N3BECTHBIX aTTpakTopoB (Jlopenua, faddutra, XeHHoHa v ap.) 1 ¢ TOMOLmbIO
Haubonee monynsapHoro anropurma I'paccéeprepa-IIpokayun. Briio nponeMoHCTPUPOBAHO CTATUCTUYECKU 3HAYUMOe pa3nuyue D2 ans
HOPMaJIbHOTO CUHYCOBOTO PUTMA U CEPAEYHON HE[OCTATOUHOCTU Il CTAHALAPTHBIX 5-MUHYTHLIX CETMEHTOB U3 6a3bl fannbix MIT-BIH
3anuceit BCP. C momMouibio pefi0KeHHOro anropurma D2 6r11a okasaHa BO3MOXHOCTb PAHHET0 MPeCKa3aHus 3MN30[08B GUOpuaniumumu
IIpefCepAniA Ha CTAaHAAPTHLIX 5-MUHYTHEIX CerMeHTax U3 6a3sl gaHHsix MIT-BIH 3amuceit BCP.

BbiBoabl. B crarbe mpepnaraerca po6actHas GopMyna LA BHUUCIEHUA KOPPENALNOHHON pasmepHocTu D2. OHa mo3Bonfer ans
BPEMEHHBIX PAAOB OIPAaHUYEHHON ANnHbL (N~ 500) HaxonuTb 3HaueHue D2, KoTopoe B CpeHeM OTINYAETCA OT TOYHOTO Ha 5 + 4%, 4TO
IIPOJIEMOHCTPUPOBAHO JJ1l HEKOTOPLIX XOPOLIO U3BECTHBIX aTTpakTopoB (Jlopenua, fadbdwnra, XenHoHa u fp. ). Ha craHpapTHbIX 5-MUHYT-
HBIX CerMeHTax u3 6asbi aanHbix MIT-BIH 3amuceit BCP Mbl mOKa3anu CTaTUCTUYECKU 3HAYUMOE pasnunuve D2 ans cnyyaes HOPMaLbHOTO
CUHYCOBOTO PUTMA W CEPAEYHON HELOCTATOYHOCTY; Ans 3amuceit BCP ¢ smm3opamu dubpunnauuu npencepznit (AF) 610 mokasaHo,
yT0 D2 3HAUNTENbHO CHUKAETCA TpuMepHo 3a 30 MuH. mepen AF u pesko Bospactaer nipu AF. IIpepnaraemas pobactHas Gpopmyna ans
pacuera KOpPpeNAUMOHHON pasmepHocTM D2 upeanbHo nmoaxoput mpu monnTopuure BCP B peanbHOM BpeMeHW, TOCKOIBKY [O3BOJIAET
OLICTPO W IIPAKTUYECKN 6e3 3aTPaT BLIYUCAUTENbHLIX PECYPCOB HAXOAUTb D2 ¢ BEICOKOW TOUHOCTbIO.

Kniouesvie cnosa: sapuabensHocmb cep0eyH020 pumma, KoppenayuoHHaA pasmMepHOCb,; cepieuHan HedocmamoyHocmy, GubpUNNAYUA
npeodcepoutl.

KniHi4Ha iHpopmaTuka i Tenemeamumna. 2020, 1.15, BKN.16.





