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AJIAIITUBHA PEECTPAIISA I OBPOBJIIOBAHHA CUT'HAJTY
EJIEKTPOKAPAIOI'PAMH

Posnosciooacenicms cepyeso-cyOunnux 3axe0pro6ans NOCMIHO 3POCMAE, WO GUKIUKAE HE0D-
XiOHicmb po3po6n06aHHs 6ce DLNbUL eheKMUBHUX CYUACHUX 3dc00i6 iX 0laeHOCMUKU Ma NIKYE8AHHAL.
Ilepsunna diacnocmuxa 6a3yemvcs Ha 3aNUCYBAHHT eeKMPOKapOiocpamu, Juwe nicia 4020 1ikap 6u-
KOPUCMOBYE 000AMKOBI OaHI KAPOIONO2IYHUX NOKAZHUKIB, OMPUMAHUX i3 3A/1YUEHHAM THUUUX Memo0ie
docniddicenb. Po3gumox komn romepHux mexsonoeil, Cyu4acHux memoois yu@poeozo oopodoeanHs
Oanux ma KAIHIYHI 30044l 3yMOSUIU PO3POOTIOSAHHS | BUKOPUCTAHHS 8 NOBCAKOCHHIN NPpaKmuyi npo-
yecopuux 3acobis. Lle 00360110 nidsuwumu aKicme 00pobII08aHHA elekmpoxapoioepamu i 3abe3ne-
yumu KinekicHy oyinky smin EKT. Pazom 3 mum, ye 8UKIUKAE HeOOXIOHICMb NIOBUWEHHS MOYHOCI
ma uymaueocmi. Ilepcnekmugnum mMemooom po3a A3aHHsA Yux 3a0ay € CHeKMPalbHUll aHanis iz 3auy-
YeHHAM 3ac00i8 cyuacHux iHgopmayitinux mexuono2iu. OOnax npu ybomy He 0OIPYHMOBYIOMbCA Yac-
moma Ouckpemuzayii i 008xicuUHA pedanizayii. 3anponoHo8ano cmMpyKmypy npucmpor, aKa 0038015€
30iticHiosamu peecmpayito EKT komn tomepnoio cucmemoio.

Knwuogi cnosa: enexmpoxapoiozpama, Komn romepna cucmema, adanmayis.

Beryn. Amnaniz BapiaGenbHocTi (Marema- peectpamii Tta oOpoOmoBanHs EKIT na 06a3si
THYHUN aHali3) CepIeBOro PUTMY MoyaB OypX-  OCTaHHIX JOCSITHEHB (i3ioorii.
suBo po3ButHcs y CPCP B 60-x pokax MHHYJIOTO
CTOJITTS. 3acajaMu IbOr0 CTAIM YCIIXH KOCMid-  Compleo
HOl MemuuuHM. KriacnyHol cranma meroauka
P. M. BaeBcekoro, sika 103BOJISE 32 MiHIMyMOM
JIAHUX BH3HAYATH CTaH opraHizmy jtoauau [1-4].
Ha BigmiHy BiJ KOOPIUHOBaHUX CKOPOYEHb CEP-
1151, (GiOpUIIAILIIS NMUTYHOYKIB BiJ3HAYAETHCS HEKO-
OpPJIMHOBaHUMH CKOPOYCHHSIMH OKPEMHX TpPYII ‘ f
BOJIOKOH Miokapna. Enexrpoxapmiorpama (EKI) = Segmerto
Bi/UI3epKAIOE  TTI00ANBHY EIEKTPUYHY aKTHB- P
HICTh CepIis, T03BOJIIOUH OLIHIOBATH aKTUBHICTh P aN '
MioKap/a B [ijloMy npu QiOpHIIALlii TUTYHOUKIB. V
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Crnekrpanbuuii ananiz EKIT 103BoJIsie KiJIbKICHO bpres

OIIIHUTH YaCTOTHHUH CKJIa ii OCIIMIIAIIIH. _—
Y3araibHEHWI BUTIIAL €IeKTpOKapiiorpa- |

MU HaBeIeHu# Ha puc. 1. \
TakuM YUHOM, BaKJIUBOIO 3ajaveld €

(opMyBaHHsS HOBHX MiJXOJiB, METOJIB 1 3ac00iB Puc. 1. Y3aransuenuii surasg EKT
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JlocmiKeHHS B IIbOMY HalpPSMKY BEIyThCS
MOCTIHHO SIK 3 METOIO TiJIBUIICHHS TOYHOCTI pe-
€CTpaIlii, TaK i 3 METOIO 30UTBITICHHS e(pEeKTUBHOC-
Ti oOpoOmroBanHs nammx. [lpm mpoMy wacto 3a-
JIy4a€eThCsl MOTYKHUI MaTeMaTUYHUM amapar Te-
Opii aBTOMaTHYHOTO KEePyBaHH:, BEHBIET-aHATIZY
tomio [5-8]. Cepen BueHMX, SKi 3aMMArOTHCA IIH-
MU UTaHHSAMH, MOxkHa BuaimuTu B. L. Ilynerixa,
JI. C. daiizunsbepra, K. O. IBanbka. 3 MeauuHOi
TOYKH 30py TaKi MUTaHHS PO3risAaloThes Brace-
uxoM O. B., Honryxiscexum M. B. Ta in.

Po3p’sizanHsa moctaBjieHoi 3axauvi. Pe-
€CTpaIlis JaHUX B KOMIT FOTEpPHUX CHCTEMax MO-
K€ 3MIHCHIOBATHUCS 3 PEaTi3alli€lo TPhOX PEeKUMIB
[9]:
MIPOTPaMHOTO, TIPH SIKOMY BUKOPHCTOBYETHCS
MIHIMYM amapaTypH, a OCHOBHI MPOLEIYpH
BUKOHYIOTBCSI CYTO TIPOTPaMHO;
MPOTrpaMHO-aapaTHOro, MOB’SI3aHOTO 13 pe-
JKUMOM TIEpEePUBaHb;
anapaTHoOro, SIKMM BHUKOPUCTOBYE IIPSIMUI
JIOCTYTI JIO T1aM’SITi.

i mpuHIMIN peanizoBaHi i I peecTpartii
Giomenuunux curaanis [10-12].

Jis minBuIeHHs eheKTUBHOCTI peecTpartii
EKI' neobOximHO onTuMmizyBaTu pexum. [lpu
FOMY MOTPIOHO BH3HAYNTH HEOOXITHWN TMepiof
JUCKpEeTH3allii CUTHATy. 3aHaATO BEIMKUI Yac
JIUCKPETH3allii IPU3BOAUTE 10 BTpaTH iH(Opma-
mil, a 3aHaATO MaJlMi — 70 3aiiBoi aeramizarfii i
BHACJIIJIOK I[LOTO J0 301IbIIECHHS KUIBKOCTI pe-
€CTPOBAaHMX 3HAYeHb, HEpAliOHATHLHUX BTpPaAT
00’eMy mam’sATi, YCKJIaJHEHHS OOpOOIIOBaHHS
pesynbTaTiB Tomo. Kpim mporo, HeoOXigHO BH-
3HAYUTH HEOOXIAHY KILTBKICTh PEECTPOBAHHX TIE-
pioniB EKI" (moBxuny peanizanii). 3aHaaro mana
iX KUTbKICTh MPU3BOAUTH JI0 3MEHIIIEHHS BipOTij-
HOCTI oTpuMaHOi iHQoOpMalii, a 3aHaATO BEJU-
Ka — JI0 HACIIAKIB, ONMMCAHUX BUIIIE.

3rigHo 3 TeopeMoro KorenpHuKOBa s Tie-
PETBOPEHHSI aHAIOTOBOTO CHTHANly Ha JHCKPET-
Hull 0e3 BTpaTu iH(OpMAaIlii YacTOTa IUKITY JTUC-
Kperusatii f, TOBHHHA 3a/I0BOJIBHATH YMOBY

f,>2f (1)

ne fomax — MakcumanbHa iHGOpMaATHBHA YacTOTa
CIIEKTpa IEPETBOPIOBAHOTO CUTHAITY.

[n]
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[Tepexonsun 10 TPUBAJIOCTEH YAaCOBMX iH-
TepBaJiB, MOXXHA OTPUMATH

T, <2T
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MaxkcuMalibHa TapMOHIKa BH3HAYAETHCS 3a
yMmoBHu 30epexeHHs 95 % eneprii iHpopmaTuB-
Horo curnany [13].

[NoxnOka KBaHTYBaHHS BU3HAYAETHCS PO3-
pannictio AL i 3a0e3medyeThes Ha eTarri mpoe-
KTYBaHHSL.

JlunamiuHa TIOXMOKAa XapaKTEPU3YEThCS
TPHUBATICTIO MUKy AMCKPETH3AIlil i MaKCHMAllb-
HOIO TIOXiTHOI PEECTPOBAHOTO JIUHAMIYHOTO
nporecy

_ T, dx
2 dt

3 puc. 1 BUAHO, [0 TOXiHA JOCATAE MaK-
CUMaJIbHOTO 3HadeHHA Ha 3yOmi R. Ilapamerpn
EKT 310poBoi momunn Bigomi [14]. Buxomsun 3
WX NaHWX, 3HAYCHHS IOXITHOI IS 3I0POBOI
JFOTUHY CTaHOBUTH 1666,7 MM/c, ajie ams pi3HUX
BHIIAJIKIB MOXKE BapirOBaTUCS B JJOCUTH IIUPOKO-
My Jiana3oHi.

Junst omHOTO 1H(GOPMATHBHOTO KaHAITY TPH-
BaJIICTh IIUKITYy TUCKPETH3allii CTAHOBUTH

®)

TM:THyCK+TAUH+7—;V+TCKl (4)
1€ Tryex — TPUBANICTD MPOLIEAYPH BCTAHOBJICHHS
curnany «Ilycx» ALIL;
Ty — TPUBANICTh UUKIY TEPETBOPCHHS
ALIL;

T, — TpUBaNiCTh UMKILY 3YUTYBAaHHS JaHUX;
T, — TPUBAJIICTD TPOLIEAYPU CKUAAHHS CUTHA-
ay «ITycx» ALIL

Hnst G6ararokaHaibHOI cucTemMu BUpas (4)
HaOyBae BUIIIALY

TW = (Tﬂyczc +TA[[17 +T3l¢ +Tc;<)' K ’ (5)

ne K — kinpkicTh iHGOpPMAaTUBHUX BUMIPIOBAIIb-
HUX KaHaJiB.

OCKUIbKY 3/1€01IBIIOr0 TPUBAIICTD ITUKIIIB
BCTaHOBJICHHSI 1 ckuaaHHs curHany «[lyck» AT
OJTHAKOBA, MO’KHA OTPUMATH
T, = 2T+ Tag + T ) K. (6)

KinbkicTh HEOOXiTHMX PEECTPOBAHUX 3HA-
YEeHb BU3HAYAETHCS

N = DT ™
TW
Jie N — KUTBKICTh HEOOXIJIHUX PEECTPOBAHUX Iie-

pioxis EKT';
Tixr — TpuBaiicts nepiony EKIL;
T, — TpUBaliCThb LUKIYy peecTpalii 0IHOro
3HAYCHHSI.
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OnHi€r0 3 TONOBHUX 3a/1a4 Y 1[bOMY BHTIA/I-
Ky € 3B’SI30K JOBXKMHHU peanizalii i TOYHOCTI.
IIppy 1mpOMy  KOPHUCTYIOTBCS  IMOBIpHICHO-
cratuctiaauM migxoxom [15]. 3rigno 3 nenrpa-
JILHOIO TPAHUYHOK TEOPEMOIO Teopii HMOBIpHOC-
TEH TIPU JOCTATHBO BEJIMKIH KiJTBKOCTI JOCHTIIIB 7
MOYKHA TIPUITYCTHUTH, IO 3aKOH PO3MOJLITY BHIIA-
JIKOBOT BEeJIMYMHUA X € HOPMAIbHUM 13 Tapamer-
pamMu My = a Ta oy. s 1omycTUMOro 3HaueHHs
IMOBIPHOCTI p,,, 32 TabnuIer inTerpana Jlamma-
ca (iHTerpaya IMOBIPHOCTiI) HEOOXiTHO 3HAWTH
MOPOTOBE 3HAYCHHS

BI/IXOI[FILII/I 3 BCIIMYHMHU A0IyCKY

A= ‘mx — a‘ 1 BIZIOMOT'O 3HAY€HHS Oy, MOKHA BU-

3HAYUTH HEOOXigHMH 00csr BUOiIpKH 3a Gopmy-
JI010

2 2
n> h()on "Ox .

A2

©)

Tak, s py,, = 0,95 Ta ‘7% = 1, KUIbKICTh

PEECTPOBAHUX MEPIOJIIB CTAHOBUTH 1 = 4.
CTpyKTypa KOMIT'IOTEPHOI CHCTEMH IS
peectpauii EKI" HaBenena Ha puc. 2, a mponeny-

h. = A . (8) pa—mapuc. 3.
oon (O’% )
Jn
Ilepeteopiobay Amamoro-
1HDOP MATHEHOTO uHbpoBHE
CHTHAaIY IERETEOPICEAY
Mo cencopie |7 U4 " 2 "ETT
IIHEIFI:KII
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Puc. 2. Ctpykrypa 3aco0y peecrpanii EKI" 3 BUKOPUCTAHHSIM PeKAMY MPOrPaAaMHOT0 ONMUTYBAHHS

KinpKicTh peecTpoBaHMX 3HAY€Hb PO3pa-
xoByeTbes 3a hopmynoro (9). [epiox EKI™ mori-
JHHO BU3HAuUaTH 3a 3yOueMm R, sk moka3aHo Ha
y3aranpHeHOMY Bursiai EKT (puc. 1). [Ipu npo-
My 3B€ZICHA IIOXHUOKa HE MEePEBUILY€E 3HAUCHHS

S5 (10)

3

_ T4

-100% -

EKT

Jiist tocsrHeHHsT eDEKTUBHOTO Pe3yJIbTaTy
peectpariro EKI' momuiibHO 3ilicHIOBaTH B JiBa
eranu. Ha mepimoMy 31iHCHIOETHCS MOTEPEIHS
peectpartisi npotsiroM asox nepioaie EKI'. Ila-
pamerpu EKI' 3mopoBoi mtoaumuu Bimomi [14].

Buxozsiun 3 nux AaHuX, Nepioj] CTAHOBUTH MpPHU-
omzHo 0,8 ¢. Peectpariist mpotarom 2 ¢ 103BOJIsIE
3apeecTpyBaTH J[Ba MEPioj, HABITh 3 ypaxyBaH-
HSIM aHOMAaJIii.

ITicis LPOro TOYHO BU3HAYAETHCS MEPIOT
KapaiorpaMu i po3paxoBYEThCSl HEOOXiHA KiJib-
KICTh PEECTpOBaHUX 3Ha4YeHb. KpiM 1boro, mpo-
BOJIUTHCSI CIIEKTPAIBHUI aHai3 3apeecTPOBAHUX
3HA4YeHb 1 BH3HAYAETHCS ONTUMAILHUIA Yac JucC-
KpeTH3aLii.

Ha apyromy erami BBOAMTBHCS 4acoBa 3a-
TPUMKa, SIKa JIO [LOTO JIOPiBHIOBaja HYJIO, Ta-
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KHM YHHOM, 100 IWKJI OMUTYBAaHHS BIANOBiZaB  a0o IS OJJHOTO KaHATY
ONITUMAJILHOMY 4acy IUCKpETH3allii. _
y Y p T,= ZTH}W + Tyt T+ 1. (12)

= + + T, +T,) L
Ty = @Tmyex + Tz + T+ ) N, (11) B onruManbHOMY pexuMi 3AiHCHIOETHCS
ne T, — 4ac 3aTpUMKH JUJIsI TOCSATHEHHS ONTHMa-  peecTpalis HeoOXiTHOI KiNBKOCTI MepioliB Kap-
JHEHOTO PEKUMY JUCKPETH3AIlii; miorpamu auisi 3a0e3nedeHHs MoTpiOHOI Biporia-
HOCTI.
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Jns peamizanii omucaHOToO MigXoxy HEoO-
X1JTHO peai3yBaTH TaKi omepartii:
O MIJKITIOYAI0Th JATYUKH 3a CTAHIAPTHOI METO-
JIMKOIO;
O 3MIWCHIOIOTE 1HIMIAJI3AIII0 TapaleIbHOTO 1H-
Tepdeiicy MIKpOITpOIIECOPHOI CUCTEMU;
O 3HiHCHIOIOTH momepennto peectpamito  EKT,
IUISL 90TO:
® BCTaHOBJIIOIOTH TaiiMep Ha 4ac 2 c;
NEepeXoaiTh A0 BKJIAAEHOI IPOLEIYPH PEeECT-
partii EKT, ms goro:
= popmyrote curnan  «llyck»
IU(pPOBOTO IEPETBOPIOBAYA;
JaH1 MiUTal0Th 00POOITFOBAaHHIO 32 JTOIIOMO-
r'OI0 aHAJIOTO-IIM(POBOTO MEPETBOPEHHS;
MpoIeC MEPEeTBOPEHHS JaHUX KOHTPOJIIO-
I0Th 32 BCTAHOBJCHHsM curHany «Kineus
MIEPETBOPEHHSY,
npu BcraHoBneHHi curHanmy «KID» 3miiic-
HIOIOTh 3UUTYBaHHS JAHHUX 3 TIAPaTICIILHOTO
inTepdeicy;
MEePEeBIpAIOTh BMICT JIYMJIBHHUKA 3apPEECT-
pOBaHUX 3HAa4YeHb, BU3HAYAIOYH, YU BCI Ja-
Hi 3apeecTpoBaHi;
SKIIO Hi, TO CKUAalTh curHai «llyck»
ALJT i UK TOBTOPIOIOTE;
3MIACHIOIOTh PO3PAaxXyHOK HEOOXIMTHOT Kilib-
KOCTI peectpoBanux nepioais EKT;
BHU3HAYAIOTh HEOOXiTHY KITBKICTH PeecTpo-
BaHHUX 3HAUCHb;
3IIHCHIOIOTh CIEKTPaJbHUN aHali3 3apeect-
POBaHOT TOCITIIOBHOCTI JIaHUX;
BHU3HAYAIOTh MaKCHMAJbHY TapMOHIKY iH(O-
PMaTUBHOI'O CHTHAIY;
BU3HAYAIOTh ONTUMAJIbHUNA Yac JUCKPETH3a-
uii 7,,;
BU3HAYAIOTh Yac 3aTpUMKH 7,
O 3AIMCHIOITh OCHOBHY peectpamito EKI, mis
40ro:
® BCTaHOBIIOIOTH HEOOXiJHY KUTBKICTh PEECT-
POBaHHX 3HAYCHD;
® BCTaHOBJIIOIOTh 3aTPUMKY 1, PIBHOIO

T,=T,-2Tec — Tagr — Tous

aHaJioro-

(13)

® TIEPEeXO/IATh J0 BKJIAJICHOI MPOLEIYPH PEECT-

paii EKT, mist goro:

= popmyrore curHan  «Ilyck»
r(poOBOTO EPETBOPIOBAYA;
JIaHi TiIIal0Th 00pOOIIIOBAHHIO 33 JIOIOMO-
r'OI0 aHAJIOrO-1IU(POBOTO MEPETBOPEHHS;
MPOIIEC TIEPETBOPEHHS JaHUX KOHTPOIIO-
I0OTh 3a BCTAHOBJICHHAM CHUI'HATY ((KiHeIH)
MIEPETBOPEHHS;

aHaJoro-

7

npu BcraHoBieHHi curHainy «KII» 3miiic-

HIOIOTh 3YUTYBaHH JJaHUX 3 IIapaJIeIbHOTO

inTepdeticy;

NEPEBIPSIOTh BMICT JIYMWJIBHUKA 3apEecT-

pPOBaHUX 3HAYECHb, BU3HAYAIOUYH, YU BCI Ja-

Hi 3apeecTpoBaHi;

AKIIO Hi, TO CKUAAlTh curHan «llyck»

ALIT i QUK TOBTOPIOIOTH;

O aHaJli3 CepIeBOr0 PUTMY 3IIHCHIOIOTH 3 BHUKO-
PHUCTaHHSM CTaHAAPTHOI METOAMKH;

O pe3yNbTaTu 30epiraroTh B MaM’SATi i BUBOJSTH
Ha MOHITOp YH IPUHTED.

BucHoBku. BBejeHHA ajanTHBHOI peecT-
pauii 103BoJIsiE ONTUMI3YBaTH MPOLEAYPY, MiHi-
Mi3yBaTl TUHAMIYHY MOXHOKY, 3MEHIIUTH Killb-
KICTh PEECTPOBAHMX 3HAU€Hb, CKOPOTUTH BHKO-
PHUCTOBYBaHHI 0OCAT IMaM’sITi, COPOCTUTH OOPO-
OJIFOBaHHS PE3yJIbTATIB TOIIIO.
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ELECTROCARDIOGRAM SIGNAL ADAPTIVE REGISTRATION AND PROCESSING

The prevalence of cardiovascular diseases is constantly increasing, which calls for the
development of more and more effective modern methods for their diagnostics and treatment. The
primary diagnostics is based on the recording of electrocardiogram, after which the doctor uses
additional data from cardiological indicators obtained using other methods of research. The
development of computer technologies, modern methods of data processing and clinical problems
have led to the development and use of processor tools in everyday practice. This has allowed to
improve the quality of electrocardiogram processing and to provide a quantitative assessment of ECG
changes. Research in this area is constantly being conducted to improve the accuracy of the re-
registration, and to increase the efficiency of data processing. In this case, a powerful mathematical
apparatus for automatic control, wavelet analysis, etc. However, this raises the need to improve
accuracy and sensitivity. Spectral analysis using modern information technologies is a promising
method for solving these problems. But, it does not substantiate the sampling rate and the length of the
implementation.

To improve the efficiency of ECG registration, optimize the mode. In this case, it is necessary to
determine the required period of sampling a signal. Too much time for sampling leads to loss of
information, and too small - to excessive detail, and as a result to increase the number of registered
values, inappropriate memory loss, difficult processing of results, etc. In addition, it is necessary to
determine the required number of registered ECG episodes (length of implementation). Too small
number of them leads to a decrease in the probability of the information received, and too much - to
the consequences described above. The structure of the device, which allows to register ECG
computer system is proposed.

Keywords: electrocardiogram, computer system, adaptation.
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