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Abstract: the article starts with the definition of electrocardiogram and its part QRS complex. Authors make
overview to algorithms for defining QRS complex. After that, Pan-Tompkins algorithm was described
specifically, which was chosen as algorithm for identifying QRS complex in system of electrocardiograph
“Komekshy”. Stages of algorithm were described by pictures. Conclusion of article contains reliability and
validity of the result Pan-Tompkins algorithm. A more accurate and accurate analysis of the position of QRS
complexes in the signal makes it possible to more accurately assess the state of the cardiovascular system of
man, which is an important factor in the treatment and diagnosis of heart disease in the early stages.
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AJITOPUTM ITAHA-TOMIIKUHCA B CUCTEME JJIEKTPOKAPAUOT' PA®A
«HEARTBIT»
Kepumoaes H.H.!, ManueBa B.A.?2 (Pecnyosnka Kasaxcran)

Kepumbaes Hypacoin Hypoimynvt — npogpeccop;
2Maoueea Bannyp A6Ounabuxeizsl — mazucmpanm,
gaxynvmem mexaHuku—mamemamuxuy, Kkageopa ungopmamuxi,
Kasaxcxuu HayuonanoHwiil ynugepcumem um. Ano-Papadu,

2. Anmamul, Pecnybnuxa Kazaxcman

Annomayun: 6 cmamve Kpamko 00vACHAEMCA, ymo makoe dnekmpoxapouoepamma u ee QRS-xomnnexc. B
cmamve asmopwsl 00vAcHAOM, nouemy oHu evliopanu aneopumm Ilana-Tomnxunca ons onpedenenus QRS-
komnnexca. Cmambvs codepacum onucanue peanuzayuu anreopumma Ilana-Tomnkunca. Imaner arcopumma
ULTTIOCIMPUPOBAHBL PUCYHKAMU. 3aKIOUeHUe Cmambl cO0epICUm 0eucmaumenbHoCmy, Ha0elCHOCMb, KOMOopou
nokazan anrcopumm Ilan-Tomnkunca. bonee kawecmeennuili u mounwiti anaius nonodicenus QRS-komniexcoe 6
cucHae no3eoasem 6onee MOYHO NPOU3EOOUMb OYEHKY COCMOAHUS CepOeiHO-COCYOUCION CUCMEMbl YeN06eKd,
YUMo AGIAEMCA 8ANCHLIM DAKMOPOM NPU JeveHuy u OuacHoCmuKe 3a0601e6anuti cepoya Ha paHHux Cmaousx.
Knroueswie cnosa: snekmpokapouocpamma, QRS-komnnexc, aneopumm Iana-Tomnkunca.

Cepaue paboTaeT B HalleM OpraHWU3ME IO/ PYKOBOJICTBOM COOCTBEHHOTO BOJMTENS PHTMa, KOTODPBIH
BBIpA0ATHIBACT  JJICKTPUYECKHE HMMITYJbChl M HampaBlsieT HMX B [OpoBoimlyro  cuctemy  [1].
OnekTpokapanorpaMMa — rpadudeckoe 0ToOpakeHue (perucTpanysi) NpPOX0oXKICHUS 3JEKTPUIECKOTO UMITYJIbca
N0 NpoBOAsAIIel cucTeme cepiua [1]. DiekTpokapanorpamma COCTOMT W3 3yOLIOB, MHTEPBaIOB. 3yOLBI U
uaTepBassl OKI npuaATO 0603HAYATH TATUHCKUMH OyKBaMH.

B cucreme snekrpokapamorpada Heartbit mpr xotum ananmsupoBats QRS-xommiekc. QRS-xommiexc
OIUCHIBAET BO30YKICHUsSI KelnynoukoB cepaua. [1o QRS-koMIuieKkcy MOXKHO OIPEEIUTh: YaCTOTY CepACHHBIX
COKpalleHuii, Hanunuue uHpapKTa MHOKapjaa, HaIW4Yhe apuUTMUN cepjlla, HaJIU4YUe IMOJIHOM OJIoKajbl JIBOH,
npaBod HOXKHW Tyuka ['mca. J{nst aHanmuza QRS-komiiekca HaM HYXKEH alllOPUTM, KOTOPBIH MOXKET BBISBISTH
QRS-kommieke cpeau apyrux vacreii OKI. EcTe psij anropurMoB, npejHa3HAYCHHBIX YIS PACHO3HABAHUS
QRS-kommiekca. Hampumep: anroputm, OCHOBaHHBIA Ha Mpou3BogHoW [2], amroputm ompeneneHus QRS-
KOMILIEKCa HCIONB3ysl OTBENCHWH 3JeKTpokapaunorpammel [3] (amroput™ siBisercs MOIUGHIHPOBAHHOM
Bepcueil anroputMa [lana-ToMIKiHCa), CBEPTOYHO-KOPPEIALUHOHHBIA anroput™ [4], MeToJ, OCHOBaHHBIN Ha
nojcuere yucia nepeceyeHuid Hyns [2], [an-Tomnkuue [2]. B cucreme snektpokapauorpada Heartbit mer
BeIOpann anroput™ [Tana-TomnkuHca st pacrio3HaBanust QRS-koMIuleKkca, IOTOMY 4YTO B JITOPUTME 3HAYEHUH
OKI" moryt OBITH 3apaHee HEM3BECTHBIMH, Yy [2] aNropuTM IOKa3ajl BBICOKYIO YYBCTBHTEIBHOCTBH, aJTOPUTM
MoxeT pacro3HaBate QRS- komrieke npu Hanuuuu nrymoB B OKT.

Auaroputm Ilana-Tomnkunca

Anropurm ITana-ToMIKHHCa MOKET OBITh MCIOJIB30BaH, Koraa 3HaueHuss DK 3apanee HemsBecTHbI. QRS-
KOMIUIEKC OTIMYaeTcs OT APYTHX 3yOIOB T€M, YTO OH MMEET BBICOKYIO aMIUIUTYIy, €ro IIMpPHHA B HOpME
npocturaet 10 0.12 ¢ [5]. JlaHHbIi alrOpUTM YUHUTHIBAET 9TH CBOKMCTBA, YT00 onpeaenuTs QRS-komiiekc.



[lepBeiM 1marom anropurma [lana-TommkuHca sBisercs npoxoxienue 3Hauenuit DKIT wepes ¢unbtp
HIDKHUX 9acTOT. OUIBTP HIKHUX YaCTOT OMKCHIBaeTCs ypaBHeHueM (1):

1
y(n) =2y(n—1)—yn—-2) + = [x(n) —2x(n — 6) + x(n — 12)] (D)
[ne x(n)-BxoxHoii curnain. Ipu uactore auckperusamuu 200 I'Ll, GUILTP HUKHKUX YACTOT BHOCUT 3a[EPKKY

5 otcueroB win 25 Mc [3].Crremy oM 5TarmoM alropuT™Ma SIBJISICTCS IPOXOKICHHUS 3HAYEHUI HIDKHHAX YacTOT
gepe3 QUIBTP BEPXHHUX 9acTOT. PHIIBTP BEPXHUX YACTOT OTIMCHIBACTCS yYPABHEHHEM 2:
1 1
p(n) =p(n—-1)— = x(n) +x(n—16) —x(n —17) + P x(n—32) 2
3neck x(n), x(n-16),x(n-17), x(n-32) sBsttoTCS 3HAYECHUAMH (HIBTPA HIKHHX YacTOT. MHBIMH CIIOBaMH,
(GUIBTP BEPXHUX YaCTOT PABEH PasHUIIE MEKTY 3HAYSHHEM BCEMPOIMYCKAOMIETO GIIbTPA M 3HAUCHHEM (QHIIBTPa
HIDKHUX dYacToT. [laHHBIA ¢misTp naer 3amepxky 80 wmc. [lamee, 3HaueHWHd QUIbTpa BEPXHHUX YacCTOT

npeoOpa3oBeiBafoTCs  omepanueit  aupdepenmupoBanna. B amropurme Ilama-TommkmHca — omepamms
muddepeHInpoBaHUs BEIYUCISIETCS CIIEAYIOLIEeH (hOpMyIIoit:
y(n) = % [2x(n) + x(n — 1) —x(n — 3) — 2x(n — 4)] 3)

Oneparnust  nudepeHINpOBaHns MPUOIN3UTENFHO BBIYMCIACT Yroll HAKIOHa curHaia. Omneparus
muddepeHIMpOBaHU MOJABISET HU3KOYACTOTHBIE KOMIOHEHTHl 3youoB P u T. B nobGaBok, omepaums
muddepeHInpoBaHUs UMEeT BHICOKHH KO3()(UIIMEHT YCHIICHUS IS BHICOKOYACTOTHBIX KOMIIOHEHTOB, KOTOPBIE
BO3HHKAIOT MPH KPYTHIX ckIoHOB QRS-kommiekca[2]. B anropurme IMana-TommkiHca cuntaercs, uro 3yoer R
JNEKTPOKAPIUOTPaMMBbl IMEET aMILIUTyy Oosbiie 1MB 1 ero ammiurtyna oObIYHO HauOOJbLIAS CPEOH APYTUX
3younoB, cermeHtoB OKI'. J[lamee Hy)XHO BO3BECTH B KBaJApaT INOJy4YEeHHBIE 3HA4YEHHI OT omepanuu
muddepeHunpoBanus, 4To0 clenaTh pacCTOSHUE MEXAY 3yOuamu ¢ aMIuMTyoi Gosipmie 1MB u 3yOuamu, c
amMmuTynoil Menpnie IMB  Gompmre. CremyromyM IIaromM airopuTMa SBISETCS IMPOXOXKICHHS IOyYCHHBIX
3HAYEHUH OT OIEepaIy BO3BEACHHS B KBaJIpaT depe3 MHTErPHPYIOMHNI (QMIBTP CKOJB3AIMIEr0 OKHA. DHIbTp
OTIMCHIBAETCS CIIEAYIOLIEeH popMyIIoii:

y(n) = [x(n — (N — 1)) + x(n — (N - 2)) + -+ x(n)]/N (@)

I'me N sBnsercs mupuHoil okHa. [llupuHa okHa He MMeeT MOCTOSHHOTO 3HaueHwus. lllupuHa OokHa JOKHA
ObITh TPUOIM3UTEIBHO paBHa mupuHe QRS-koMIUIeKca. B Moel peanmu3zamuy anropurMa MIMpUHA OKHA ObLIA
paBHo#t 100 mMc mns wactorel muckperm3anuu 1000 3amucedt B cexyHay. [Ipu BeIOOpe IMHMPHHBI OKHA HYXKHO
YUUTBHIBAaTh CIEIYIOIIHE COOOPaKEHWS: €CJIM IMMpPHUHA OKHAa OyJAeT CIMIIKOM OOJBIIONH, TO JrOpUTM OyaeT
knaccu¢unmpoats apyrue dacta OKI (manpumep: ST cerment, 3yben T) xak QRS-xommuieke. Ecnan mmpraa
OKHa OyJeT CIHUIIKOM MaJIeHBKOW, TO alrOpUTM OyIeT HempaBWIBHO KiaccudumupoBath QRS-komiieke, tak
KaK B O/THOM CEpJeYHOM IHKJIE OYAYT PErHCTPHPOBATHCS HECKOIBKO ITHKOB.

HUccaenoBanue anropurma Ilana-Tomnkunca

Msl TectupoBainu anroput™ [lana-ToMIKHHCA €O CIETYIOMIMME BXOJAHBIMH 3HAUSHHUSIMH
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Puc. 1. OKT ona mecmuposanus

[Mocne nmpoxoxaenus 3Hadenuit DKI" yepes GUIBTP HUKHUX YACTOT, HAIll rPpadMK MPUHSIT BUI:
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Puc. 2. Bvixoo gunvmpa Hudicnux yvacmom ons puc. 1

3amerbTe, 3HaueHHe 3y0ia R cTano uyTh Gosbiie. /lajgee Mbl MONPOOOBAIN U3MEHUTh HaYabHBIE 3HAUCHHUSI
OKT (puc. 1) v OTy4HIH CIICIYIONIHE TPeoOpa30BaHHbIC 3HAUCHUS:
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Puc. 4. Bvixoo ghunvmpa HudicHux yacmom OJist puc. 2

B amropurme Ilana-Tomnkmaca kaxnoit wactm OKI  cooTBeTcTByeT mpeoOpa3zoBaHHOE (HIbTPaMu
3HaveHue. Onepaiysi BO3BEJCHUS B KBaJpaT B alrOPUTME HY>KHA, YTOOBI clienaTh npeoOpa3oBaHHbIe 3HAYCHUIT
OKT', kotopsie He cooTBeTCTBYIOT QRS- koMIulekCy (OmpejieNneHHbIH anropuTMOM) MalleHBKUMH W C/IENaTh
3naveHus QRS monoxwurensHbIMU (Omepaiys Bo3BeneHUsT B kBajpaT B [3] 3amMeHeHa B3situeM Mojyisi). Hioke
PHUCYHKHU MILTIOCTPUPYIOT CKa3aHHOE.
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Puc. 5. Onepayus oughpepenyuposanus ons puc. 1
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Puc. 6. Onepayus 6o3sedenus 8 keadpam 041 puc. 1

B anropurme Ilana-TomnkuHca ¢uibTp BepxXHHX YacToT W (QWIBTP HIDKHHX YacTOT SIBISIOTCS
pekypcuBHBIMU. B anroputme HavansHble 12 3Havenuit Y(N) u 3Hauenue P(0) MbI MPUPaBHSITH HYITIO.

Anroput™m Ilana-TomnkuHca TpeOyeT MNpaBUIIBHOTO OINPENENCHUs] MIMPUHBI OKHA WHTErPHPYIOIIETO
¢unbTpa. Kak OBbUIO CKa3aHO BhINNE, MBI IMPUPABHAIM 3HayeHWE WWIMPHHBI OokHa K 100 Mc. Anroputm
npuOIM3NTENbHO NpaBuibHO ompeneniy QRS-kommiexcsl. llluprHa okHAa HCTONB3yeTCs IS ONpEACICHHS
mMpUHBI U peructpanun QRS- koMIutekca.
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Puc. 7. lupuna oxna pasna 200 mc
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Puc. 9. Hlupuna oxna pasna 50 mc

YeM mmpuHa OKHa OyJeT MEHbIe, TeM OOJIbLIe ATOPUTM 3a)UKCUPYET MUKH(HAPUMEP: CYMMBI 3HAUCHHUH
untepBaioB 900-949 u 950-993 npubausuTensHO paBHbBI). B anroputme kaxnplii muk cootBercTByeT QRS-
komIniekcy. CrieoBaTesibHO, YT00 MPaBUIILHO OIPEAEINTh KoMuecTBO W uHTepBal QRS-kommekca, mupuHa
OKHA JIOJDKHA OBITH TPaBUIIbHO NOg00paHa.

3axkimo4enne



B nameit peajm3anu ajaropurma Ilana-ToMnkuHCca AJITOPUTM OIPCACIIUIT QRS-KOMHJ’IGKCH B CJICAYyHOIUX
HHTEpBaJiax:

Tabruya 1. Humepeanvt

QRS- 834- 1828- 2822- 3816- 4810- 5804- 6798- 7792- 8786 9780-
KOMILIEKC 936 mc | 1930 2924 3918 4912 5906 6900 7894 - 8888 | 9882

MC MC MC MC MC MC MC MC MC
Onpenenennbie | 900- 1900- 2900- 3900- 4900- 5900- 6900- 7800- 8800- 9800-
AITOPUTMOM 1000 2000 3000 4000 5000 6000 7000 7900 8900 9900
QRS- MC MC MC MC MC MC MC MC MC MC
KOMIIJICKC

B namewm cityyae HajgesxHOCTh anropurma coctasui 100%. UyBCTBUTENBHOCTS M CHENU(UYHOCTD aJITOpPUTMa
oIpeNieNieHsl B cuenytonield Tabnuie. UyBCTBUTENEHOCT M CHELM(HYHOCTD ONPEAENSIOTCS COOTBETCTBEHHO
CIEIYIOUTNMHA (GOPMYITaAMU:

TP TP
YYGCMBUMENLHOCHIbL = * 100% (6)
TP+FN P+FP

I'me TP — xoiM4ecTBO MpPaBWILHBIX OTBETOB, FN— KOIWYECTBO HEMpaBHILHO oOmpeneicHHBIX He QRS-
KOMIUIEKCOB OTBETOB, FP— KOJIM4ecTBO HENPaBUIBHO OMPE/ICICHHBIX TOJIOKHTEIbHBIX OTBETOB.

*100% (5) cneyupuunocmo = p

Tabnuya 2. Yyscmeumenvnocms u cneyupuyHoOCmy aneopumma

IIpumep UyBCTBUTEIILHOCTD CrnenuduaHOCTD
1 37% 35.92%
2 31% 30.1%
3 25% 24.27%
4 19% 18.45%
5 13% 12.62%
6 7% 6.8%

7 1% 0.97%
8 95% 92.23%
9 89% 86.41%
10 83% 80.58%
11 T7% 74.76%
12 71% 68.93%
13 65% 63.11%
14 59% 57.28%
15 53% 51.46%
16 47% 45.63%
17 41% 39.81%
18 35% 33.98%
19 29% 28.16%
20 23% 22.33%
21 11% 10.68%
22 5% 4.85%
23 0% 0%

24 93% 90.29%
25 87% 84.47%
26 81% 78.64%
27 75% 72.82%
28 69% 66.99%

Ilpu BeIOOpe anropurma ompeaenceHuss QRS-koMIIekca HYKHO YYHTBIBATH €r0  BBIYHCIHTEIBHYIO
CJIOYKHOCTh, PEATU3AIMOHHYIO CI0KHOCTh, HACKOJBKO TOYHO aJTOPHUTM MOXeET pacro3HaBath QRS-komruiekc
IIpY HAJTUIHUU IITYMOB.

B cucreme snekrpokapaunorpada «Heartbity Mbr xoTrM pa3zpaboTaTh MPUIIOKEHUE, KOTOPOE MOKET PHCOBATH
OKI' no moiny4eHHBIM 3HAYeHHEM OT IUIATPOPMBI. MBI XOTHM OTMEYaTh PACIO3HAHHBINA anroputMoM QRS-
KOMIUICKC KpPACHBIM IIBETOM, YTOO IIOJIb30BATENb IPHIOKCHHUS MOT IPOBEPUTh TOYHOCTH PACIIO3HABAHHS




amroput™Ma. B cucteme snektpokapauorpada «Heartbity mmanupyercst ompeaenuTh CIEAyOIINE: YacTOTy
CEep/ICUHBIX COKPALIEHUH, HATMYNH apUTMHU cep/la oleHuBast R-R uHTepBabl.
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