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W3obpeTeHne OTHOCHUTCS K KOMITBIOTEPHO-pEaIn3yeMbIM criocobam aBromarmdeckoro axammza OKI.
TexHu4yeckum pE3yIbTaTOM OT peaIr3allun 3adBJICHHOT'O cnoco6a SABJIACTCA ITOBBINICHUC TOYHOCTH
agamm3za OKI. VYkazaHHBI TEXHHYECKHH pe3ynbTaT JOCTHUTaeTcs Omaromaps OCYIIECTBICHHUIO
KOMIIBIOTEPHO-PEATIN3yeMoro crocoba aBroMarndeckoro anaianza JKI, BBIMOIHAEMBIH ¢ TTOMOIIBIO 110
MEHBIIEH Mepe OJHOIo IMpoIeccopa M COAEpIKalluil dTambl, Ha KOTOphIX mosydatoT curHan OKI' mo
MEHBLIEH Mepe OHOTO MAMEHTa; OCYIIECTBIAIOT 00pPab0TKy MOIyYEHHOTO CHI'HAJIA C TIOMOIIBIO TIEPBOI
MozeH MamrHHOTo 00y4yeHus (MO), mpryeM B Xo/ie yKa3aHHON 00pabOTKH OCYIIECTBIISIETCS BBIJCTICHUE
BpeMeHHBIX KoopauHar QRS KOMIIEKCOB CHrHaNa; ¢ MOMOIIBIO BTOPOI MOJEIH MAlIMHHOTO OOyYeHUs
Ha 0a3e KIaccupuKanmoHHol cBEpTOUHOM HelipoHHOI ceTn (CNN) ocymiecTBIsAIOT 00pabOTKy OTpE3KOB
CHTHaJIa 3apaHee 33/1aHHOTO pa3Mepa, IICHTPUPOBAHHBIX 110 MojokeHnio QRS-koMIuiekca Ha OCHOBaHUH
BPEMEHHBIX KOODJMHAT, BBIICICHHBIX MepBoii momenbio MO; GopMupoBaHHE YCPETHEHHOTO BEKTOpPA
cepauebnennss QRS-koMIurekca; OCyImIEeCTBIAIOT KIACCH(HUKAIIMIO JAHHBIX CEpAIeONeHNs MaIleHTa ¢
romoIpio Tperbed mMonenu MO ¢ moMomblo 00paboTKM YHOMSIHYTHIX BpeMEHHBIX KoopawHar QRS
KOMIIJIEKCOB CUTHAJIA, TIOJTyYSHHBIX NepBoi Moaenbio MO u ycpenHeHHOro Bekropa cepaneduenns QRS-
KOMIUTEKca, popMupyeMoro BTopoit Moaensio MO.
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MIIK: GO6F 17/00;

CIHOCOBb 1 CUCTEMA ABTOMATHYECKOI'O AHAJIU3A DKI'
OBJACTDHb TEXHUKHN

[0001] 3asiBIICHHOE TeXHUYECKOE PEIIeHHe OTHOCUTCS K aBTOMATH3UPOBAHHOMY CIIOCOOY W
CHUCTeMe aBTOMATUYECKOTo aHanm3a djekTpokapauorpammbl (OKI') ¢ moMOIIbI0 anropuTMoB

MAIIHHHOTO O0y4YEeHHUsI.
YPOBEHb TEXHHUKH

[0002] XonTepoBCKOe MOHUTOPUPOBaHUE - 3T0 anuTenbHas 3anuck IKI (24 daca u Gonee),
KOTOpasi COAEP KUT OOJBIIOE KOJMUYECTBO LIEHHOW AMAarHOCTUYECKOW MH(POPMALIUK O TMaLUEHTE.
Wnrepnperanus AJUTENbHBIX CUTHAJIOB SIBJSIETCS  TPYAOEMKOH 3ajmauel 1Js  Bpaua
(YHKUMOHANBPHOH HArHOCTUKH, KOTOphld aHammsupyer OKI, moTtoMy dro Kaxkmoe

cepauedrienre T0JLKHO ObITh KTacCU(UIIMPOBAHO TIO OTAEIBHOCTH.

[0003] Cepneuno-cocyauctoie 3a00JeBaHMSI OCTAOTCS OCHOBHOH NPUYMHONW CMEPTH BO
BCEM MHpe 1O JaHHbIM BcemupHo#i opranusauuu 3apaBooxpanenuss (BO3) [1].
CBoeBpeMeHHbBIN CKPUHUHT U JHArHOCTUKA TAaKWX 3a00JIEBAHWUN MOTYT 3HAYUTEBHO CHHU3UTH

BBI3bIBAEMYIO UMH CMEPTHOCTb U MHBAJIMAU3ALUIO HACCIICHUA.

[0004] DJNeKTpOKapauorpaMMa  SIBJISIETCST  OJHUM M3 CaMbIX  JOCTYIHBIX |
pPacpOCTPAHEHHBIX WHCTPYMEHTOB [UJISl 3alCH CEPASYHOr0 PHUTMA, KOTOPBIA objerdaer
OUATHOCTHKY IIMPOKOTO CIEKTPa CePIEYHBIX MATOJOTHHA. YUUTBIBAas TOT (DAKT, 4TO HAPYIIEHUS
CEepIEYHOr0 pPUTMA  MOTYT TPOUCXOAWTH HEPEryJSIPHO, IJIsl BBISBJICHHUS TaKWX COOBITHI

HeO6XOI[I/IM MOHUTOPUHT B TCUCHUEC AJIUTEJIBHOTO NMEPHUOaa BPEMCHU.

[0005] 3amucu xonreposckoro DKI' comepskaT COTHU ThICSY CepaueOUeHU, U B upeaje
MOJIOXKEHWE KaKIOrO0 M3 HUX JODKHO OBbITh TOYHO ONPEAENeHO U KJIACCU(HUIIMPOBATHCS
uHauBuayanpHo. Ilo 3TON mpuYMHE KapAUOJOTHM HCIOJB3YIOT KOMMEPUECKOe IpPOrpaMMHOE
olecriedeHne sl KJIaCTepU3aliy cepAueOueHni Mo BHEIIHEMY BUAY M IUIsl UX JajbHeHmen
KJIacCU(UKALIUK, a 3aTEM BPYUYHYIO NPOBEPSIOT U KOPPEKTUPYIOT PE3yJIbTaThl aBTOMATHYECKOH

KJIacCU(UKALIUHL.

[0006] Kapanonor mpoBepsieT KakIplid KJIacTep W HCIPABISAET OMHUOKH KJIaCCU(DHUKALINH,
€clii 3TO HeoOXOOMMO, Kak OMHCAaHO B crarhe [3]. 3amaua MHTEpHNpETaluy JOITOCPOUHBIX
3anucedt XoJaTepa OCTaeTCsl CJIOKHOHM, 4TO PackpweiTo B crathe [15]. B ogHOM mccnenoBanum

aBTOMaTu4eckas uHreprperanus curaanoB DK BbIsIBUIA HECHHYCOBBIM PUTM CEPALIA TOJBKO C



TouHOCTBIO  53,5% [14]. [Hpyroe wuccnenoBanmne [S] mnokasamo, urto cpeau OKI ¢
ABTOMAaTHUYCCKUM AOUATHO30M MepuaTeanof/'I APUTMUHN WU TPEHIICTAHUA npe):[cep):u/li/'l AUArdo3

Obu1 HeBepHBIM TIOoUTH B 10% ciydaes.

[0007] IToutn B TMONOBUHE CllydyaeB OMIMOOYHBIN JMArHO3 HE ObLI HCHPABIEH BPAuoOM,
BEpUPHULIUPYIOINM aBTOMATHUYECKUH aHann3. KimmHnudeckoe BiMsHUE HEBEPHON MHTEPIPETALNU
OKI' Ha ocHOBe cyuiecTByrouero apromaruiaeckoro 110 Takke oleHUBANIOCh B cTaThe [6], TIe
OBUIO MPOAEMOHCTPUPOBAHO, YTO HETIPABIIIbHBIA aBTOMaTH4YeCKHi auarHo3 (A/l) 3HaunTenpHO
BIMsieT Ha To4yHOcTh wuHTepnperauuun OKI' 3amucu BpauomM. B wacTHOCTH, TOYHOCTB
IVAarHOCTHKH, JOCTHUTHYTas KapIuOJOraMU-OpAWHATOpaMH, ynana Ha 43,20%, xorma um Obut

nokasaH HeBepHbIil A/l

[0008] ABTOMaTU3UpOBaHHasl uHTepnperauns curdaina JKI' TpaauMOHHO peanusyercs ¢
MOMOIIBI0  QJTOPUTMOB H3BJICUEHHs TNPHU3HAKOB (HAYAJIO M CMELICHHE pPAa3JINYHbIX BOJIH,
U3MEPEHUs] Pa3IMYHBIX WHTEPBAJIOB, NMapaMETPOB aMIUIMTYIBI U T. [.), & TAKXKe PELIaroIlUMHU
NPaBUJIAMH, KOTOPBIE 3aJal0TCS HKCMEPTHO. UTOOBI MOBBICHTH TOYHOCTh TAKHX METOMOB, K
TaHHOM 3amade ObUT MPUMEHEH PsIZ AITOPUTMOB MAIIMHHOTO 00yUYeHHsI. ITH METOIbI TO3BOJIMIIN
UCTIONb30BaTh Ooee MHYOpMaTHUBHBIE IPU3HAKY, HAIPUMED, METOBI TpeoOpa30BaHUsl BPEMEHU
B 4YaCTOTy (Hampumep, BeHBIET-peoOpa3oBaHME) IJIsl M3BJICYCHUS MPHU3HAKOB W3 CUTHAJIOB
MEePEeMEHHOU JUTMHBI KakK Toka3aHo B cratbe [12]. Tem He MeHee, mpoOiemMa aBTOMAaTHYECKOM
uHTeprnperaiuu curfanos DKI' no-npekHeMy ocTaeTcs HeJOCTATOUHO U3YUEHHOM, HeCMOTps Ha
BCE YCUJIHSI, ONMCaHHbIE B cTaThsX [4] u [2]. Kpome Toro, ¢ mosiBjieHHEM METOIOB, OCHOBAHHBIX
Ha TayOOKOM OOy4YeHHH, BO3HHMKJIM HOBBIE OXHIAHHS, YTO KadeCTBO AaBTOMAaTHYECKOH
unTrepnperaunn JKI' ¢ ncrmonp3oBaHWEM COBPEMEHHBIX TIIYOOKHMX HEHPOHHBIX CETeH MOMKET

OBITH COMOCTABUMO ¢ Kapauosoramu [13].

[0009] B opHoli u3 Takux pabor [9] ommchIBaeTCs, KaK MHOTOCTyINEeH4YaTass MOIENb
NPUMEHSIACh K 3a/1a4e IEeTeKIUH MepLaTeabHON apuTMun. B qacTHOCTH, curHanm ObUT pasneneH
Ha 10-MUHYTHBIE CErMEHTBI, IJII KOTOPBIX ObUI BBIMOJHEHO IIYMOIIOAABJIEHHE M HYaCTOTHBIN
aHaM3 C UCIONBb30BAaHUEM BelBieT-peodpasosanusi. Kpome TOro, M3 CHEKTpOrpaMM C
ucnonp3oBanueM CNN (cokpamienue ot anria. Convolutional Neural Network — Cseprounas
HEeHpOHHas ceTh) ObUTM M3BIIEUYEHBI TPU3HAKH, B TO Bpems kak BRNN (cokpaiieHue oT aHri.
Bidirectional Recurrent Neural Network — /IsyHanpasneHHasi PekyppeHTHasi HeHpPOHHAsI CETh) C
MEXAHIU3MOM BHHMAHHUSl HCIOJB30BAIUCH Ui JETEKLHUH BPEMEHHBIX XapaKTePUCTUK B
U3BJICUEHHBIX MIPU3HAKAX, B PE3YJIbTATE YETO MOCIENHUN KIaCCU(PUKAITMOHHBIN CJIONW BBIYUCIISAET

BEPOATHOCTL HAJIUYUA MepuaTeanoi/'I ApUTMHUU. OI[HaKO, HEAOCTATKOM TMPUMEHEHUA TaKoit



MOIACIIHN ABJIACTCA CKIOHHOCTL K nepeo6yquI/I}0, IMOBBIIIEHHAA BbIYHCJIHUTCIIbHAA CIIOXKHOCTD,

BO3MOXKHOCTb PACCMOTPEHHS TOJBKO OAHOM NaTOJOTHHU.

[0010] Eme oxgna pabora mo npuMeHeHHIO TIIyOOKOTro OOy4YeHUs K 3aade UHTepIpeTaluu
OKI' mpencraBnena B crarbe [10], rme 34-cnotinas CNN mpeB3ouuia Kapauoyora B
OOHApY’KEHHH IIUPOKOrOo  CIEKTpa apUTMUH  CepAmna, HUCHONb3ys Oonbmioil  Habop
AHHOTHPOBAHHBIX JaHHBIX M O4ueHb ryOokyro CNN. Takol momxon MMeeT psii HeIOCTAaTKOB.
Bo-nepBrix, oOy4aromuii U TeCTOBBIH HaOOpBI AaHHBIX B craThe [10] Obum copmMHUpPOBaHBI
TakuM o0pa3om, 4ToOBI caenath Ux Oosiee cOATAHCHPOBAHHBIMH, TO €CTh, IPUHUMAs Ha BXOJ
TOJIbKO 2 TPUILATH CEKYHAHBIX OKHA JJIST KQXKIOTO MaLUeHTa, TAKUM 00pa3oM, BEPOSITHO, JAemast
METPHKY JIOKHOTIOJIOKUTENBHBIX PE3YJIbTATOB HETOUYHOH. BO-BTOPBIX, MPUBEACHHAS B CTAThe

monenb paboraeT ¢ 3amucsmu DK TONBKO ¢ OJTHUM OTBEACHHUEM.

[0011] Uro kacaercs mpobnembl myma B 3anucsx OKI', To ona usyuaercss B cratbe [11].
ABTOpPBI ONPENENTUIN 5 KJIACCOB IIYMa, YIOPAIOYEHHBIX MO KIMHUYECKOMY BIUSHHIO IIyMa Ha
KIIMHUYECKHE TapaMeTphl, KOTOpble HOKHBI ObIThb u3MepeHbl B OKI'. Bputn mpemnoskeHbl
pa3MYHbIe U3MEPEHHs YPOBHS IIIyMa, TAKUE KaK OTKJIOHEHHE 0a30BOW JIMHUU, TIOMEXHU B JIMHUU
3JIEKTpOIepeaul M CTaHJapTHOE OTKJIOHEHHE Iyma. A Takke, IMOCTpPOEHa KapTa LIyMa,
KOTOpasi XapaKTepu3yeT BpeMeHHOe pacmpeneneHue myma. B cratee [11] mokazano, drto
YPOBEHb IIyMa MOXKET OBbIThb YPEe3MEPHO BBICOKHUM JIJIi aBTOMATHYECKOW WJIM YeJIOBEYECKOMU

uHTeprperauuu cursanos JKI'.

[0012] O0muM HEemOCTATKOM CYIIECTBYIOIIUX PEIICHW B JAaHHOH OONacTH SIBJISAETCS
HU3Kash TOYHOCTh OMPENEICHUs] KIMHUYECKOW KApTHUHBI U OTCYTCTBUE BO3MOXKHOCTH aHAIM3a

LIYMHBIX JaHHBIX.
PACKPBITHE U3OBPETEHHA

[0013] B 3adBieHHOM TEXHUYECKOM pPEUIEHUM NPEeAJaraercsi HOBbIM MOOXOA, K
asromatudeckomy anainn3y JKI'. B nem npencrasnena apxurektypa CNN, koTopasi MO3BOJISIET
NOJIy4aTh OIWHAKOBBIE TMPU3HAKU I AaJbHEHIIeH MX KIacCU(UKALUM M CErMEHTALMH, YTO
MO3BOJIAET MPHUMEHATh €€ MpPU Pa3IMvHOM 4HCIe OTBEJEHHUH U B YCJIOBMUSX BPEMEHHOIO
OTCOEIMHEHUsl OAHOrO WJIM HECKOJNbKUX »3JeKkTponoB. Kpome Toro, B [JaHHOM peLIEHUH
ucronb3yercst Mopenb cermeHtauuu 1 kiaccudpukanun IKIT (CNN + GBDT (cokpamenue ot
anrn. Gradient Boosting Detection Tree — I'paguenTHbIli OyCTUHT Ha PEIIAIOLINX EPEBbAX)),
YTO MO3BOJISIET MOJAENU YUUTBHIBaThb HE TOJBKO JIOKalbHble npusHaku QRS-xommnekca - 370
JKEJTYJOYKOBBIA KOMIUIEKC, KOTOPBIH PErHCTPUPYETCs] BO BpeMs BO3OYKACHHUS JKENyIOYKOB

cepaua, HO U ri00aabHbIE MPU3HAKH, MMOJTYYCHHBIC MPU aHAJIU3EC BCEH 3aITMCH HEJIMKOM.
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[0014] O} dexkTHBHOCTh NaHHOTO pEIIeHHs MOATBEPKAAETCS CYIIECTBEHHBIM MPUPOCTOM
touyHocTd aHanmm3a OKI.  JlawHBIH momxox mNpuOIKAeTcss K YPOBHIO TOYHOCTHU ONBITHBIX

KapAHOJIOroB, YTO OyAeT MPOAEMOHCTPUPOBAHHO B SKCIIEPUMEHTE, OMMMCAHHOM HIKE.

[0015] Takum o0OpaszoM, pemaercss TeXHHYECKas TNpodjieMa TOYHOIO ABTOMATHYECKOTO

anammsa OKI.

[0016] TexHHUeCKUM pe3ysIbTaTOM, NOCTUTANIIUMCS MPH PEIeHHH JAaHHOH NpoOieMsl,

SIBJISIETCS TTOBBIIIIEHE TOYHOCTH aHann3a DK .

[0017] VYKka3aHHBI TEXHUYECKHI pe3yJbTaT HOCTUTAeTCs Onaromaps OCYIIECTBICHUIO
KOMITBIOTEPHO-pEAT3yeMoro crocoba asromarndeckoro anamusza OKI', BemmomHsiemoro c

MOMOLIBIO, 110 MEHBIIEH MEPE, OJHOTO NMPOLIECCOPA U COAEPIKALIETO TAIbl, HA KOTOPBIX:
— mnonyyaroT cursai JKI', no menbineil Mepe, OJHOrO MalUeHTa,;

— OCYLIECTBISAIOT OOpabOTKy MONY4YEHHOrO CHrHaja C IIOMOIIBIO IEepBOH MOIENH
MamuHHOTO o0y4enus (MO), mpudeM B Xozxe yka3aHHOH oOpabOTKH OCYINECTBIISIETCS

BbIJIeJIEHHE BpeMeHHbIX kKoopauHaT QRS koMmiekcoB curxana;

— ¢ nomourkio BTopoit Mmogenu MO Ha 6a3ze kimaccu(pUKaLMOHHON CBEPTOYHON HEHPOHHOMN

cett (CNN) OCyIIECTBIISIOT:

0 00palboTKy OTPE3KOB CHTHAJla 3apaHee 3aJaHHOrO pPa3Mepa, [IEeHTPHPOBAHHBIX 110
MOJIO’KEHHUIO QRS-kommiekca Ha OCHOBAHHMM BPEMEHHBIX KOOpAMHAT,

BBbIJIEJIEHHBIX NepBoil Moaenso MO;

0 ¢dopMupoBaHUE yCPETHEHHOro BeKkTopa cepaueduenns QRS-kommekca,

—  OCYLIECTBIIIOT KJIACCU(UKALIUIO NAaHHBIX CepALICONEHUs MALMEHTa C IOMOLIBIO TPEThel
mogenn MO ¢ momompblo 00pabOTKM YHOMSIHYTBIX BpeMeHHbIX koopauHaT QRS
KOMILJIEKCOB CHTHAJIA, TMOJyYeHHbIX MepBoii Momenbto MO U yCpemHEeHHOro BeKTopa

cepauedbuenus QRS-kommekca, popmupyemoro BTopoii Mmoneasio MO.

[0018] B omHOM M3 YacTHBIX BapuaHTOB peannsauuu crocoda curHan OKI, mo MeHbimei
Mepe, OJHOrO TMalMeHTa COAEPXKUT II0KA3aHUs IPU OTKIIOYEHHBIX U MOJKIIOYEHHbBIX

ANEKTPOIAx.

[0019] B npyrom wactHOM BapuwaHTe peanusanuu criocoda mnoiydeHHbd curHan OKI

npenodpabaTeIBaIOT.



[0020] B npyrom uHacTHOM BapuaHTe peanu3aluH crnocoda Ha 3Tamne NpenBapUTEIbHON

00pabOoTKM MOJMYYEHHOTO CUTHAJIA BBITIOJHSIFOT:

— 3alOJHEHHWE CUTHAJA OT OTKJIKYEHHBIX 3JIEKTPOJAOB JIMHEMHOW WHTEPHOSLUECH MEXAY
MOCNEIHEH HEHYJIEBOM TOYKOM N0 OTKJIIOYEHHUs W MEePBON HEHYJIEBOM TOYKOM MOCie

pa3beAMHEHNS,

— YCTpaHCHUC 6J'Iy}KI[aHI/I$I HU30JIMHUU TYTEM BbIUYHUTAHHA ABYX MPOXOAOB YCPCAHANOILICTO

¢unbTpa ¢ okHOM B 400 MHUJUTUCEKYHL;
— TNpUMEHeHHue PUIbTpa HIKHHUX YacTOT C 4acTOTOH cpesa 40 I'w;
— TOHWXEHHE YacTOThI JUCKPETU3ALMHN CUTHAA.

[0021] B npyrom wuactHOM BapuaHTe peanmsanum crnocoba mnepsas wmozens MO

peann3oBaHa Ha 0a3e CerMeHTallMOHHON CBEPTOYHOMN HelpoHHOM ceTr (CNN).

[0022] B nmpyrom bacTHOM BapHMaHTe peanu3aluu crocoda 3apaHee 3aJaHHBIA OTPE30K

BPEMEHHU YCTAHOBJIEH B 2 CEKYHBL

[0023] B npyrom 4acTHOM BapuaHTe peajH3aliu Crocoda OCYIIEeCTBISIOT KIaCCU(DUKALIHIO
TaHHBIX CepaleOneHns MalueHTa ¢ MOMOIIbI0 TpeTheil Momean MO Ha OCHOBE TpagueHTHOTO

OyCTHHra HaJ PEIIAIOIUMHI JePEBbIMH.

[0024] Kpome TOro, 3asBIeHHBI TEXHUYECKUN PE3YJIbTAT JOCTUIAETCS 34 CUET CUCTEMBI

aBromatudeckoro aHanusa JDKI' conmepxarueit:
— 1O MEHbLIEH Mepe OJIMH MPOLECCop;

— IO MEHbIIEH Mepe ONHy MaMsiTh, COCOUHEHHYIO C MPOLIECCOPOM, KOTOpas CONEPIKUT
MAIIMHOYNUTAEMbIE WHCTPYKLUH, KOTOpPbIE NPHU WX BBINOJHEHUH IO MEHbIIEH Mepe
OIHUM TIPOLIECCOPOM O0ECIIeUUBAIOT BBIMOJIHEHHE CrOco0a aBTOMATHUYECKOTO aHAJIN3a

OKT.
KPATKOE OIIHCAHUE YEPTEXEN

[0025] [Ipu3HakKM W NpenMyLIeCTBa HACTOSIIEr0 H300pPETeHUs] CTaHyT OYEBUAHBIMH M3

MPUBOIUMOTO HUKE IOAPOOHOTO OMMCAHUS M300PETEHUS U TIPIIIAraeMbIX YepTEKeH.

[0026] dur. 1 WIIIOCTPUPYET MPHUMEP peau3alui crnocoda aBTOMATHYECKOTO aHaJH3a
OKT'.
[0027] ®ur. 2 nimoctpupyet aHanus curdana OKI nepsoit mopensio MO.



[0028] @ur. 3 niuroctpupyet aHanus curiana OKI' sropoii monesnsro MO.

[0029] @ur. 4 wurocTpupyeT o0l BUI CHCTEMBI aBTOMaTH4deckoro ananmsa JDKI.
OCYHECTBJIEHUE U30BPETEHHSA

[0030] JlaHHOE TEeXHHYECKOe PEIIeHHe MOXKET ObITh Peaju30BaHO HAa KOMITBIOTEPE, B BUJIE
aBTOMAaTH3MPOBaHHOW HH(pOpManoHHOH cucteMbl (AMC) mim MammHOYUTAEMOrO HOCHTEI,

COZepIKaIIero MHCTPYKIMH IS BBIMOJIHEHHS BBIIEYITOMSHYTOT'O CIIOco0a.

[0031] TexHu4yeckoe pelieHre MOXKeT OBbITh pPeau30BaHO B BUIE paclpeleseHHOM

KOMITBIOTEPHOU CUCTEMBL

[0032] B naHHOM pemieHMM MNOX CHUCTEMOM MNOAPA3yMEBAETCS KOMIBIOTEPHAs CHUCTEMA,
OBM (anekTpoHHO-BhIMUCUTEbHAS MammHa), UITY (4ucinoBoe mporpaMMHOE YMpaBJeHHE),
IIVIK (mporpaMMupyeMblii JIOTHUECKHUH KOHTPOJUIEP), KOMIBIOTEPU3UPOBAHHBIE CHCTEMBI
yOpaBJICHUs] M JIIOOBIE Ipyrue YCTPOWCTBA, CIIOCOOHBIE BBINONHATH 3aJaHHYIO, YETKO

OTPEAENIEHHYIO MOCIENOBATEIbHOCTD BBIMUCIUTENbHBIX ONepalnuii (1eHCTBUHN, HHCTPYKIIHIA).

[0033] ITox ycrpotictBoM 00OpaOOTKH KOMaH MOAPA3yMeBAETCs AJIEKTPOHHBINA OJ0K OO

UHTErpajibHas cxeMa (MUKPOIPOILIECCOp), UCTIOTHSOMAsT MALTMHHbBIE HHCTPYKLUUH (TIPOrpamMMBbl )/

[0034] YcrpoticTBo 00paboTKH KOMAaHZ CUUTBHIBAET U BBIMTOJHSAET MALIMHHbBIE HHCTPYKLHH
(mporpamMmbl) ¢ 0HOTO MK OoJiee YCTPOHCTBAa XpaHEHUs JaHHBIX, HAIPUMEP TaKUX YCTPOUCTB,
KaK OIEpaTUBHO 3anmoMuHaromue ycrpoiictea (O3Y) u/uiam TNOCTOSHHBIE 3aNOMHHAIOIINE
ycrpoiicta (I13Y). B xauectse 13V mMoryt BeICTynaTh, HO, HE OTPAHUYHBASICh, JKECTKHE TUCKU
(HDD), ¢nem-namsrs, TBepmorenbHble Hakonurenn (SSD), onTuueckne HOCHUTENN IaHHBIX

(CD,DVD, BD, MD u t.11.) u zip.

[0035] IlporpaMma - nOCIENOBATENbHOCTh  WHCTPYKLUM, MPEAHA3HAYEHHBIX A
UCIIOJIHEHUs] yCTPOHCTBOM  YIPABJEHUS BBMMUCIWUTEIBHON MAIIWMHBI WM YCTPONCTBOM

00paboTKM KOMaH]I.

[0036] Hanaele OKI, Obutn  coOpaHbl U3  HECKONBKHUX  KJIMHUK ~ ONHOM U3
BOCTOYHOEBpOIeiickux crpad. JlanHble cocrost u3 5095 amOynaropubix 3anuceit DKI' ¢ nByms
OTBEACHUSMH TPONOJUKHTEIbHOCTEIO 24 dYaca (B Tabmume 1 TpeacTaBIeHbl CTaTHCTHKHY,
OTHOCALIMECs K paracery) u dactoroil 250 I'n. Best mepconanbHas nHpoOpManus O MarueHTax
Obuta ynanena kiuHUKamu. Kaknas 3amuchk ObUla aHHOTHPOBAHA OIBITHBIMU KapAHOJIOTaMH C

HCTIONIb30BAHIEM KOMMEPUECKOro IPOrpaMMHOro odecrieuenns aist aHanusa JKI



[0037] Pasmertka mpencrasisier coOol monoxkeHust oTAeNbHbIX QRS-KkOMIIIEKCOB, a Takxke
METKU KJIACCOB, Takue Kak mupokue win y3kue QRS-xommiekchbl, apuTMuueckue COOBITHS
(3KCTPACHUCTOJIBI U TIAY3bI) M PA3IMYHBIC THIBI May3. PasmMerka mony4eHa mojyaBToMaTHIeCKUM
METOJOM - BHAuajie MPOMPUETAPHBI KOMMEPYECKHI ajJrOpUTM MPOBEN aBTOMATHYECKYIO
pPa3sMETKy 3aluCH, 3aTeM OIMBITHBIA CHeMUaUCT (PYHKIMOHAIBHON JTUATHOCTHKHU MPOBEN
BApPHUALIMIO ¥ WCIpaBJIeHHE OIMUOOK aNroputMa. AJITOPUTM, Y4YaCTBOBABIIMN B pa3MeTKe
JNaHHBIX, MPEACTaBJieH B UTOroBoi Tabmuie (cMm. Tabnuiy 2) nox HazBanueM “‘Kommepueckoe

o 17,

[0038] Kommiekc QRS — 3TO KenygouKOBBIM KOMILUIEKC, KOTOPBIA PETUCTPUPYETCS BO
BpeMsi BO3OYKIECHHsI KeJyIOYKOB cepAra. ITo cambiii Oombiiol komruiekec Ha OKI'. B Hem
Pa3IMYAI0T HECKOJIBKO OCTPOKOHEUHBIX 3yOLIOB — KaK MOJIOKUTEIbHBIX (HATPABICHBbI BBEPX),

TaK U OTPULIATEIBHBIX (HAIIPABIIEHB! BHU3).

[0039] Kpowme toro, 3anmucu IKI" comeprkat 601bII0e KOJUYECTBO ITYMHBIX U HEUUTAEMBIX
YUYaCTKOB, & TAKXKe YaCTO BCTpEUAaCh CUTYALUs, KOTZla OAMH U3 3JEKTPONOB OBLI OTKIJIIOYEH B
Te€4YeHHEe HEKOTOoporo BpeMeHu. Habop maHHBIX ObLT pazneneH Ha O0y4aroIyro, BaJHIAMOHHYIO
U TEeCTOBYIO BbIOOpKU B mipomopiuu 74%, 20% wu 6% coorBerctBenHo (3804, 1000 u 291

3amucel B KaKIOUW BBIOOPKE).

[0040] BanuparnonHast BeiOOpka ToONydeHa clydaliHbIM pa3bueHueM obmero Habopa
JaHHBIX, B TO BpeMs KaK TeCTOBas BbIOOpKAa BBIOpaHA TAaKUM OOpPa3OM, HYTO IUIOTHOCTH
naTojoruii B Heil yBenmudeHo Ha 50%. DTo HeoOXOmUMO MJii TOTO, YTOOBI OOECIEYUTH B
TECTOBOW BBIOOPKE JOCTATOYHOE KOJIMYECTBO penkux nartojiormid. IIpum 3ToM TecToBbI HabOp
3amuceil  ObUT  JOMOJHHUTENBHO AaHHOTHPOBAH KOMHTETOM M3 TPeX  HE3aBUCHMBIX
CepTH(HUIMUPOBAHHBIX TMPAKTHKYIOIINX KapAUOJOroB, M HTOroBoe pewieHue (aHri «ground
truthy) ompenensancsi mMyTeM TOJIOCOBAHHUS 3THUX S3KCIEPTOB. PeleHne crnenuain3upoBaHHBIX
Bpayel MPUMEHSUIOCH Ul TIOCIEAYIOUIeH TPEHUPOBKU U OTJIAJKH HUCIIOJIB3YEMbIX B HACTOSIIEM

peLeHn: MoJieNIel MaLTTHHOTO OOYYeHUsI.

Tabnunua 1. CTaTUCTMKa AaTaceTa.

KonuuecTso 3anucei 5095

0Obuwan NpoAoKUTE/IBHOCTD 5232 gHAa 21 yac 6 MMHYT
Obuwee Konnvectso QRS 554 057 612

Konunuectso wmnpokmnx QRS 6 515 633 (1,2%)




[0041] UroObl yMEHBIIUTH IOYM B CHrHajue, ObUIM TPHUMEHEHBl CIEAVIOIINE LIaru
npeaBapuTeNIbHON 00pabOTKM K AaHHbIM. llepBbiM mmmarom ObUIO 3alONHEHHWE CHUTHAIA OT
OTKJIFOYEHHBIX 3JIEKTPOAOB JUHEHHON HHTEPHOJSALUEH MEXAY MOCIEAHEN HEHYJIEBON TOYKOHN A0
OTKJIFOYEHUS] U MEPBON HEHYJIEBOW TOYKON MOcie pasbeAuHeHus. L{enapro 3Toro mara sBiseTcs
yCTpAaHEHUE 3KCTPEMAaJIbHBIX BBICOKOYACTOTHBIX BCILIECKOB B TOUKaX, [I/€ BJEKTPOAbI
OTKJIFOYEHBI M TIOBTOPHO MOJKJIFOUEHBI. BTOPBIM 11arom ObII0 yCTpaHEHO Ony)KOaHHe U30JHHUU
NyTEM BBIUUTAHUS ABYX MPOXOAOB ycpeasswomero ¢uiabsrpa ¢ okHOM B 400 MHJUTMCEKYHI.
Tperbum marom ObUIO NMPUMEHEHHE (PHUIBTPAa HIDKHUX YacTOT C 4acToToi cpesa 40 I'm
[TocnenHuM 1maroM OBLIO TMOHIIKEHHE HYacTOThI JUCKPETH3ALMH CHrHaja. Bo Bpemsi sTama
O0y4YeHHsI BBIYMTAIM MEIHAHY MOKAHAJIBHO U KAKAOro OKHa oOydeHus, uyToOb! emme OoJblue
npuOJU3UTE HW30JIMHUIO K HYJII0 W HOPMAJIM3OBBIBAIM aAMIUIUTYAY TyTEM pa3fesieHus

AMIUINTY bl CUTHAJIA HAa CTAHAAPTHOC OTKJIOHCHUEC aMITJIMTY bl B KAXKIOM OKHE O6yLIeHI/I$[.

[0042] Kak mokazano Ha @ur. 1 crmocobd aeromarmdeckoro anamusza OKIT coctout u3
Heckonbpkux 3tanoB. Ha Bxox nepeoit MO nopaercs curnan OKI', mo MeHbIeit Mepe, OHOTO
narpeHTa. IlepBeiM 3tamom seisiercs obpadorka curHama OKIT ¢ momombio  Mopenu
cerMeHTal CNN ¢ apXuUTeKTypoi 3HKOAEp-IeKoep, Ha KOTOPOM OCYLIECTBIISIIOT BblAETIEHHUE
BpeMeHHbIX koopauHaT QRS kommnekcoB curHana. Jljas kaxaoro kaHaja UMeeTcsl OTAEIbHBIN
CNN o»HKOZEpP € HAEGHTUYHONH CTPYKTYpO#l, HO pa3sHbIMM BecaMu. BbIXomapl 3HKOIEpOB
YCPENHSIOTCS AJI TOTO, YTOOBI FAPAHTUPOBATH, YTO 00a PHKOAEpA T€HEPUPYIOT OAMHAKOBBIC

MPU3HAKK U3 Pa3HBIX KAHAJIOB U NOMOJHSIOT APYT Apyra (cMm. dur. 2).

[0043] DTO pelieHne OCHOBAaHO HAa TOM (hpaKTe, YTO MPAKTHUECKH B KaXIOH 3amuch
UMEIOTCS JUINTeNbHbIe iepruosl (mHorna 1o 100% BpeMeHH), B KOTOPBIX OAWH U3 3JIEKTPOAOB
OTCOEIMHEH WIJIM KaHaJI UMeeT OUeHb HU3KUI MHAekc kKauecTBa currana (SQI). B To Bpems kak B
cTatbe [9] aBTOpPBI, CTANKHUBAsICh C AHAJOTUYHOW MPoOieMod W O0y4arOT HEHPOHHYIO CETh
TOJIBKO Ha KaHajiax ¢ cambIM BbICOKMM SQI. B 3asBneHHOM pemeHnn Obuto 0OHAPYKEHO, YTO
UCTIOJIb30BAHME BCEX KAHAJIOB B JIFOOOE BpEeMsl MO3BOJSIET HEMPOHHOW CETH CaMOW HAay4HUTHCS
pacrio3HaBaTh LIYM WJIM OTCYTCTBYIOLIME CHrHaJbl Llenb 3akmouanach B TOM, 4TOOBI CO3AATh
MoJIeJTb, KOoTOpasi padoTaer Ha JIOOOM KOJMYECTBE OTBEACHHM, a KaXIbIH MPUCOSTUHEHHBIN
3JIEKTPO TIOBBILIAET O0INee Ka4eCTBO, B TO BPEMs KaK OTCOETUHEHHE 3JIEKTPOAA HE MPUBOIUT K
€ro yXyALIEHUIO. DTO JOCTUraeTcsl 3a CYeT CIEeLMaJbHOM apXUTEKTyphl HEHpPOHHON ceTH, B
KOTOPOH KaX/IbIil BXOAHOHM KaHa o0pabaThIBaeTCsl OTHENbHON HEHPOHHOM CETBHIO - SHKOAEPOM.

BexoaHple NpU3HAKH HHKOAEPOB 3aTE€M YCPEOHSOT M MOAAKTCA B €IMHBIA JEKOAEp-



knaccudukaTop. YcpenHeHHe BBbIXONOB HKONEPOB OOS3BIBAET CETh YYHUTh ONHU U TE Ke

BBIXOAHBIC MPU3HAKU AJIA PA3HBIX KAHAJOB.

[0044] Ha BTopom »sTame ¢ mnomompto Bropod kimaccudpukamuonnoin MO CNN,
OCYILIECTBISIFOT 00PabOTKY OTPE3KOB CHUTHANA 3apaHee 3aJaHHOrO pa3Mepa, EHTPUPOBAHHBIX 110
nonoxkeHuto  QRS-komrmiekca Ha OCHOBAaHMHM BPEMEHHBIX KOOPIAWHAT, BBIIEJIEHHBIX IEPBOMN
mMoznepi0 MO U oCymecTBIsIFOT GOpMUpPOBaHUE YCPETHEHHOro BekTopa cepaueduenus QRS-

KOMILJICKCA.

[0045] Ha TperbeM 5Tame OCYIIECTBISIOT KJIACCU(UKALMIO HAa OCHOBE TPAJIUEHTHOTO
OyCTHHra HaJ pelarlliMHU JIepeBbsMH. M Cnomp30BaHME TPAagHEHTHOro OyCTHHTa Haj
peLIaroIUMHU  IepeBbsIMU MOBBIIIAET 3P (EKTUBHOCTh 3Tana KiacCU(pUKALUN cepareOneHni
MyTeM BKJIFOUEHHUS B MOJIeJNIb IPU3HAKOB MAaLMEHTa, IOJIYYeHHbIX CO BCell 3anmucu LeaukoM. B To
BpeMs1 kak CNN Ha nepBoM stane obpabareiBaeT Tonbko 30 cekyHa curHana, a CNN BTopoi
cTyneHn oOpabarTbIBaeT 2 CEKYHIbl CHTHAJA, B PE3yJbTaTe 4ero ObUIO BBIIBJICHO, YTO BaXKHO
N00aBIATh XAPAKTEPUCTHKH LEJIOH 3amucl M HCIOJNb30BaTh WX B OKOHYATENbHOU

KJIacCU(UKALIUHL.
[0046] AyrmMeHTauus

JlokazaHo, YTO ayrMeHTauusi sBisercs S((EKTHBHBIM METOAOM VIIyUILIeHHs OOydeHUs
HEHPOHHBIX ceTel. B 3asBIEHHOM peLIeHHH OCHOBHAsl ayrMEHTALMs BbIOpaHA 3MITUPHUYECKH:
OOHyJIEHHEe OIHOTO W3 KaHaJOB C BepOSTHOCTHIO 0,9 m nmobaBieHHWE BMECTO HEro CHIIBHOTO
rayCCOBCKOTO IIYMa, YTO BBIHY)KIAET MOJENb O0y4aTbCs, MCIONB3Ysl TOJNBKO NeHCTBYIOIINE

KaHaJIbI.

[0047] Jlpyrue WMCronb30BaHHBIE ayrMEHTALMU PAaCIpPOCTpaHeHbl B oOnacTu 00padoTKH
OKI' m gpyrux curHamoB [17]; mobOaBieHue TraycCOBCKOrOo ImymMa K OOOMM KaHajaMm,
pacTsokeHue/cxkatine ¢ kodpdurmentom  (0,7-1,3) W yMHOXKEHHE aMIUIMTYAbl KaHajua Ha

ciyvaitabiiit koadpument (0,5-1,5).
[0048] ComnuinpoBanue U GyHKIUH NOTepPb

U3z-3a Oonpinoro aucbananca MMPOKUX/y3KUX cepaLedrennii B nanabx (mpumepHo 1:100), mpu
0o0y4eHHH B HEHPOHHYIO CETh IMONABAJINCH NMPUMEPBI C MCKYCCTBEHHO 3aBBIMIEHHOH 4YacTOTON
IIMPOKUX KOMILJIEKCOB. B 3KCniepuMeHTax 3asBJI€HHOrO PeIIeHHs] HAWTYYILIHE PE3yJIbTaThl ObLTH
IOCTUTHYTHI IIPH COOTHOLIEHUH MHUPOKKX/y3Kkux 3:17. IIpu TecCTHpOBaHUN PAa3NUYHBIX (PYHKIUH
notepb Dice loss mokasan gydmme pesynbraTel Ha dtane cermentanuy, a BCE loss Ha stame

KJIacCU(UKALIH.



[0049] OO0yuyeHue HellpOHHBIX ceTel

B 3assnennom pemennn ode CNN HeiipoHHble cetu obydammch 100 000 maroB ¢ pasmepom
Oatua 64. Ucnonp3osaincs ontumuzarop Anama ¢ B1 = 0,9 u B2 = 0,999, ckopocts 00yueHus =
0,001 ¢ 3KCTIOHEHIMANBHBIM 3aTyxaHueM ¢ koddpuruentom 0,97 kaxabie 1000 maros. Kakabrit
0aty ¢popMUpOBaAIN MyTeM OTOOpa IMUPOKUX CEPIEYHBIX COKpAIIEHHH ¢ BepOsSTHOCTHIO 0,15 u

V3KHX € BEpOATHOCTHIO 0,85.

[0050] Tperuii stan knaccudukanmui ObUT CHAENAH C WCIMOJIb30BAHMEM T'PATUEHTHOTO
OyCcTHHra HajJ pellarolIUMHU JEPEBbIMU C HCIONb3oBaHMeM OuOmuoreku LightGBM [18].
Monens Obuta oOydeHa Ha BaJMJALMOHHOM HaOOpe AaHHBIX, KOTOPBIHA ObLT pasnmeneH Ha 700
naueHToB it oOydenus u 300 malueHTOB Ui MPOBEPKU HA TeKymel ctaauu. O0y4deHne ObuU1o
ocTaHOBJEeHO mocne 461 urepaunn Ha ocHoBe Merpuku loU (amrm. Intersection over Union),
MOJIYY€HHOHW Ha BATMIALIMOHHOM Habope naHHbIX. HaOop mpu3HAKOB I TEKyIIero 3tama Obul

CT€HEPUPOBAH C UCIOJIb30BAHUEM MPU3HAKOB, MOJYUECHHBIX Ha MPEAbITYIINX STanax.
[0051] Ha sTom sTane ObUTH UCTIOIB30BAHBI CIEAYIOIINE MPU3HAKH:

1. Bextop pazMepHOCTH 32, B3STBIN ¢ IPEAMOCIEAHETO CIOS KJIACCU(UKAITMOHHON HEHPOHHOM
ceTu

. BekTop cpennero 3HaueHUs1 BEKTOPOB U3 1-ro myHKTa 11t Bcex QR S-kommiekcoB mamueHTa.

. CTaHmapTHOE OTKJIOHEHHE BEKTOPOB U3 1-ro myHkTa as Bcex QR S-koMIiiekcoB nauueHra.

. MeananHoe 3HaueHNE BEKTOPOB U3 1-ro myHkTa ajisi Becex QR S-KoMIiekcoB nauueHra.

AW

. MenuanHas yacToTa cepAeuHbIx cokpaiieHuii B okHe 100 u 10 ynapos cepana okoso
tekyuero QRS-kommekca.
6. OtHomenne RR-unTepaBana texymero QRS-koMriekca k 3HaU€HUAM 5-TO TTYHKTA.

[0052] Taku oOpa3oM, Mozmenbp MOJyYHJA BO3MOMKHOCTb HCIIOJB30BAaTh KaK JIOKAJIbHBIC
npusHaku kaxgoro QRS-xomruiekca, Tak M NMpHU3HAKH, MOJYYEHHBIE B pe3yJsibTare oOpaboTku

BCEH 3aMMUCH LEIUKOM, YTO CYLIECTBEHHO MOBBIIIAET €€ TOUHOCTD.
[0053] PesynbTaTel mpoBeEeHHBIX HKCIIEPUMEHTOB MPUBENECHBI B TaOIHLE 2.

[0054] JInsg cpaBHEHWs] NAaHHOW MOIEIH ObUTM BBIOPAHBI JBAa INUPOKO HCIOJb3YEMbIX
kommepueckux [10 mnsa aBromarmueckod pacmmdposku DKI, co3maHHBIX OBYMs pa3sHbIMHU

MMoCTaBUIMKaMU.

[0055] Kpome TOro, mozenp 3asiBJEHHOIO PELIEHUs CPABHUBAIN C PA3METKON OMBITHBIX
KapAUOJIOrOB, KOTOPBIE BAIUAUPYIOT aBTOMATHYECKYH) PAa3METKY, MOJYYEHHYHO C IMOMOIIBIO

koMmMepueckoro I10, mpon3BeIeHHOTO MOCTABUTUKOM 2.
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[0056] B 3asgBIeHHOM  peIIEHUMHM KA4eCTBO MOJAENEH M3MEPSIM C  MOMOIUBIO
cerMeHTalluoOHHON MeTpuku loU. Pe3ynbraT CcUMTANCAd UCTUHHO MOJOKUTENbHBIM IS 3aaud
nerekuu QRS-komriekca, eciiu Moaens oOHapyskuBaja cepaneduenue B uHTepBaje 150 Mc ot
ucTHHHOTO. CpaBHEHUE BBIMOHIOCH HA TECTOBOM Ha0Ope JaHHBIX, COCTOAEM U3 291 3amucy,
AHHOTHPOBAHHON KOMHUTETOM U3 TPEeX KapAUOJIOrOB. DTOT HA0OP MAaHHBIX ObLT aHHOTHPOBAH
HE3aBUCUMO OT HMCXOJHOr0o Habopa NMaHHBIX it OOYYEHUs, 4TO TO3BOJMJIO OLEHUTH PadoTy

OTACJIBHOT'O KapauoJjora.

[0057] Kakx BumHO w3 TaOMUIBl 2, B 3asBJIEHHOM pPEIIEHWH MOJENb MPEBOCXOAHT JIBE
BeIOpaHHbIe KoMMepueckne 11O pans aBromarmdeckoil wuHTepnperaunu OKIT B 3amaue
omnpeneneHus noioxenuss QRS-kommekca, a Takke B KIacCU(PUKALIUN CEPIEYHBIX COKpPAIIeHUH
Ha y3khe U wmupokue. bonee Toro, mpeamaraemMas MOAENb OOCTUINIA YPOBHS TOYHOCTH,

CONOCTABUMOT'O C ONBbITHBIMU KapAHUOJIOTaMH IO 5TUM 3adavaM, KaK MOKa3aHO B Ta6J'II/ILIe 2.

Tabmuma 2. CpaBHenune 5((PEKTUBHOCTH MEXKAY BBIOPAHHBIMH METOJAMHU JETEKIUH U

kiaccudpukanueit QRS-komrekcos.

MeTog, Detekums QRS- Kcnaccudumkaums (loU)
Komnnekca (loU)
Kommepyeckoe N0 1 0.939 0.078
Kommepueckoe NO 2 0.966 0.190
HelipoHHas ceTb 0.980 0.740
HelpoHHas ceTb + [pagVeHTHbIN DYyCTUHI 0.980 0.801
Kapawonor 0.978 0.863
[0058] Kpowme Toro, 3asBieHHbli MeTon nposepsuics Ha 0asze naHHbx aputmun MIT BIH u

CpaBHHUBAJIM PE3YyJbTAThl PA3JIMYHBIX IMOAXOHOB, OMHCAHHBIX B JIMTCPATYPEC, C aHAJIOTMYIHbIMU

NoKa3aTessiMU 3asBlieHHOH Monenn (ecm. Tadbmuiy 3) [20].

[0059] baza nmanueix MIT-BIH - 510 TecToBBIE HaOOp niisi oueHKH 3(PQPEeKTUBHOCTH
IETeKLUU apUTMHM, a TakXke Ay (PYHOAMEHTAIbHBIX HCCIEIOBAHUN CEPIEeYHON ITUHAMUKH,
KOTOPBIN MCHOJB30BAICS NPUMEPHO Hcciaenosarensamu okoio 500 pas nmo scemy mupy ¢ 1980
rozna [21]. B cBsi3u ¢ TeM, 4TO 3TOT HAOOp JAHHBIX HE MOAXOAUT JJIS 3aa4yM Kiaccupukanmy,

3asBJICHHYIO MOJCIIb OLICHUBAJIU TOJIBKO B KOHTEKCTE 3aAa4u ACTCKIUN QRS-KOMHJ’IeKca.
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[0060] Kakx mnokazano B Tabmuie 3, 3asBJICHHBIH MONXON K MNpoOjieMe AEeTeKIUH
cepauebreHnss ToOKaszajn OoJiee BBICOKUN YPOBEHb KadecTBa (COTJIACHO METPHKAaM), 4YeM

CpaBHHUBACMbIC C HUM NTOAXOAbI AJIA PCIICHUA aHAJIOTUYHOMN 3aga4u.

Tabmuua 3. Cpasaenune > dexruBHOCcTH 00OHapy)eHnst QRS-kommiekcoB Ha 6aze naHHbIX MIT-
BIH.

PaboTa Recall (%) Precision (%)
Pan and Tompkins (1985) 90.95 99.56
Elgendi et al. (2009) 87.90 97.60
Chouakri et al. (2011) 98.68 97.24
Rodriguez-Jorge et al. (2014) 96.28 99.71
NN + GBDT (Hawa paborTa) 98.11 99.91
[0061] Pesynbrarel cpaBHeHHsT 3((EKTHBHOCTH TOKA3BIBAIOT, YTO 3asBJICHHBIA CHOCOO

aBroMarnyeckoro aHamusa JKI' sBisiercss Gojiee TOUHBIM U 3(PEKTUBHBIM O CPABHEHHUIO C
CYIIECTBYIOIIUMH aHAJOTaMH. 3asBICHHOE PEUICHHE MpeiaraeT KaHaIbHYI0 apxuTektypy CNN
u obwenunsier ee ¢ moaensto GBDT, xoropas MOXKeT HMCIONB30BaTh NMPU3HAKH MALIMEHTOB.
Kpowme Toro, 6bu10 mpogeMoHCcTprpoBaHO Ha Habope u3 291 24-dacoBoii aMOyIaTOpHOM 3amucu
OKI' ¢ nByMsi OTBENEHHUSIMU, 4YTO 3asBJIICHHBIH Croco0 aBTroMmarmueckoro aHammsza OKI
3HAYUTEIBHO TIPEBOCXOAMT JABa KOMMEpUecKH nAocTymHbIX 110, IMHMPOKO HCMONB3yeMbIX
KapIuOJIOTaMH B CTpaHe, MNPHOMIDKAsCh K YPOBHIO KA4yeCTBA OIBITHBIX CIIEUAIHUCTOB

(YHKLNOHATBHON TUArHOCTUKH.

[0062] Ha ®ur. 4 npencrasnen npumep oOIIero BUAa BBIUUCIUTENbHOH cuctemsl (300),
KOoTOpast oDOecreumMBaeT pealM3alUI0 3asABJIEHHOTO Crnocoda WM SIBJISIETCS  YacThIO
KOMIIBIOTEPHOH CHCTEMBI, HAIlpPUMEp, CEPBEPOM, IEPCOHANBHBIM KOMIBIOTEPOM, YACTHIO
BBIYUCIIUTENFHOTO KjacTepa, 00padaThIBAIOLINM HEOOXOAUMBIC NaHHBIE IUISI OCYINECTBJICHUS

3asBJICHHOIO TEXHUYECKOTO PCIICHUA.

[0063] B obmem cnyudae, cucrema (300) comepxkutr OObeqUHEHHBIE OOINEH IIMHOMN
UH(POPMAILTMOHHOTO OOMEHa ONHMH WJIM HECKOJIbKO Tiporeccopos (301), cpeacTBa maMsiTH, Takue
kak O3Y (302) u I3V (303), unrepdeticel BBoma/BeiBoga (304), ycTpoiicTBa BBOIA/BBIBOIA

(1105), u ycrpoiictBo mist cereBoro B3aumoneiicraus (300).
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[0064] ITpoueccop (301) (Mau HECKOJIBKO MPOIECCOPOB, MHOTOSIEPHBIN MPOLECCOp U T.11.)
MOJKET BbIOUPATBCS M3 ACCOPTHMEHTA YCTPOMCTB, MIUPOKO MPUMEHSEMBIX B HACTOSINEE BPeMs,
HampuMep, Takux npousBoaurtenedi, kak: Intel™, AMDT™  Apple™, Samsung Exynos™,

MediaTEK™, Qualcomm Snapdragon™ wu t.m Ilog mnpoueccopoM WM OOHUM U3

2
UCTIONIb3YeMBIX TpoueccopoB B cucrteMe (300) Taxxke HEOOXOOMMO YUYUTBIBATH IpaduuecKuit
npoueccop, Hampumep, GPU NVIDIA wmu Graphcore, Tunm KOTOPBIX TakKKe SIBJISIETCS
NPUTOAHBIM JJIs1 TOJTHOTO MJTM YaCTUYHOTO BBIMOJIHEHHSI CIIOC00a, a TAKXKe MOXKET MPUMEHSATHCS

it 0OyYeHUs] U MPUMEHEHHs MOZIeNiell MAIIMHHOTO OOyUeHHUs B Pa3IMYHBbIX HH(POPMALMOHHBIX

CHCTEMAX.

[0065] O3Y (302) mpencrasnsier coOOll ONMEPaTUBHYIO MaMSAThb M MPEIHA3HAUEHO IS
XpaHEHHUsI UCTIONHAEMBIX rpoueccopoM (301) MalmMHOYUTAEMBIX UHCTPYKUMH ISl BBIMTOJIHEHUE
HEOOXOAUMBIX oOmepanuil 1o Jjorudeckor obpadorke manHbix. O3V (302), kak mnpaBuio,
COIEPKUT HCIIOJNHSEMblE WHCTPYKIHMU OINEPALMOHHOW CHCTEMBl M  COOTBETCTBYIOLIHX
NPOTPAMMHBIX KOMIIOHEHT (IIPHJIOKEHUS, TPOrPaMMHBbIE MOAYJH | T.11.). [Ipu 3TOM, B KauecTBe
O3Y (302) moxer BBICTYNaTh JOCTYIHBIH O0BEM mNaMATH TrpaUIecKod KapThl WU

rpapUYeCcKOro mpomeccopa.

[0066] I13V (303) npencrasnsier codoi OMHO MK OoJiee YCTPOHCTB MOCTOSTHHOTO X PaHSHHSI
IaHHBIX, Hanpumep, skecTkuil auck (HDD), TBepaorenbHblil HakonuTeab AaHHBIX (SSD), ¢ua-
namsite (EEPROM, NAND wu 1.1.), ontuueckue Hocutrenu uHpopmauuu (CD-R/RW, DVD-
R/RW, BlueRay Disc, MD) u ap.

[0067] Jnsa opranuzaumu padoTbl KOMIIOHEHTOB cucTeMbl (300) u opraHm3anuu padoThI
BHEIITHUX TOAKJIIOYaEMbIX YCTPOWCTB MPUMEHSIOTCS pa3iindHble BUAbI nHTepdeticoB B/B (304).
Beibop  cooTBercTByROIIMX  HMHTep(EHCOB  3aBHCHT OT  KOHKPETHOTO  HMCIIOJHEHHS
BBIYUCIUTEBHOTO YCTPONCTBA, KOTOPBIE MOTYT MPENCTaBIATh COOOH, He orpannumBasich. PCI,
AGP, PS/2, IrDa, FireWire, LPT, COM, SATA, IDE, Lightning, USB (2.0, 3.0, 3.1, micro, mini,
type C), TRS/Audio jack (2.5, 3.5, 6.35), HDMI, DVI, VGA, Display Port, RJ45, RS232 u T.1iw.

[0068] s obecrieueHus] B3aUMOICHCTBUS TOJIb30BATENSI C BBIUYUCIUTEIBHOW CHCTEMOM
(300) mpumensirorest pasnuusble cpeactsa (305) B/B unopmauunu, Hampumep, KiaBuaTypa,
aucIie (MOHHUTOp), CEHCOPHBIM AHCIUICH, Tad-1aj, JHKOWCTHK, MAHUIYJIATOP MBIIIb, CBETOBOE
nepo, CTHIIYC, CEHCOpHAas MaHeNb, TPEeKOOJ, TUHAMHMKH, MHUKPO(OH, CPEeNCcCTBa IOIOJHEHHON
peanbHOCTH, ONTHYECKHE CEHCOpPBI, IUIAHIIET, CBETOBbIE WMHIMKATOPBI, MPOEKTOpP, Kamepa,
cpeacTtsa OMoMeTpu4eckoil uaeHTHgUKauuu (CKaHep CEeTYaTKU TJla3a, CKaHep OTIEYaTKOB

najbueB, MOAYJIb paClliO3HaBaHUsA FOJ'IOC&) H T.IIL
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[0069] CpenctBo cereBoro B3aumopeiictBusi (306) oOecneumBaer mepenady IaHHBIX
MOCPENCTBOM BHYTPEHHEH WM BHEIIHEH BBIMUCIUTENBHOW ceTH, Hampumep, HHTpaner,
Hurepner, JIBC u T.n1. B xayectBe onHoro win 6osee cpencts (300) MOKET UCTIOIB30BATHCS, HO
He orpanuumBarbes: Ethernet kapra, GSM monem, GPRS monem, LTE monem, 5G mozgem,

MoayJb criyTHukoBol cBsi3u, NFC monyinb, Bluetooth n/umn BLE monyne, Wi-Fi monyne u np.

[0070] IlpencraBnenHble MaTepuanbl 3asBKH PACKPBIBAIOT IMPEANOYTUTENbHBIE MPUMEPHI
peanusaly TEXHUYECKOTO PELIEHUs U He AOJIKHBI TPAKTOBATHCS KaK OIPAaHMYUBAIOLINE UHBIE,
YaCTHBIE MPUMEPBI €ro BOIUIOLICHUS, HE BBIXOAAIINE 3a MpeAeibl UCIPAIIUBAEMON NMPABOBON
OXpPaHbl, KOTOpPBIE SIBJISIOTCS OYEBHIHBIMU U CHELMAJHCTOB COOTBETCTBYIOIIEH oOjacTu

TEXHUKH.
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DPOPMYVYIJIA

KowmrmbrotepHo-peanusyemsiii ¢crmocod aBromarudeckoro aHanusza K[, BBIMOIHIEMBIH C

MIOMOIIBIO IO MEHBLIEH MEPe OAHOTO MPOLIECCOPA U COAECPIKALIUM HTAMbl, HA KOTOPBIX:
nosy4atoT curHan JKI' no MeHbIell Mepe OHOTO NMalUeHTa,;

OCYIIECTBISIFOT  00pa0OTKy MOJyYEHHOrO CHIHAja C IIOMOLIBI IIepBOi  Mozenu
MamuHHOrO oOydenus (MO), mpuyeM B XOAe yKa3aHHOH OOpabOTKH OCYIIECTBISIETCS

BbIJIEJIEHNE BpeMeHHbBIX koopanHaT QRS koMriekcoB curnana,

C TMOMOIIBI0 BTOPOH MOAETM MAIIMHHOrO oOydeHus Ha 0as3e KiIacCU(pUKAIIMOHHON

cBépTouHOi HelipoHHOH ceTr (CNN) oCcymecTBasoT

0 00paboTKy OTPE3KOB CHrHAJIa 3apaHee 3aJaHHOTO pa3Mepa, LEHTPHPOBAHHBIX I10
TIOJIO’KEHHUIO QRS-koMmiekca Ha OCHOBaHMM BPEMEHHBIX KOOpIUHAT,

BbIJIEJIEHHBIX MepBoil Moaenso MO;

0 (¢opMupoBaHHE yCPEIHEHHOTrO BeKTopa cepauednenust QRS-kommekca;

OCYILIECTBISIFOT KJIACCH(PUKALMIO NaHHBIX CepALICONEeHNs MaLMeHTa C IOMOIIBI0 TPEThei
mogenu MO ¢ momombplo 00pabOTKM YHOMSIHYTBIX BpeMeHHbIX koopauHaT QRS
KOMIUJIEKCOB CHTHaNa, MOJyYeHHbIX MepBoil Momenbto MO M yCpenHeHHOro BeKTopa

cepnueduenus: QRS-kommiekca, popmupyemoro Bropoii mozensio MO.

Crnoco6 mo 1.1, xapakrepusyromuiics Tem, 4to curHan DKI' mo MeHbluel Mepe OIHOro

NnanyueHTa COACPKUT MOKa3aHUA MPHU OTKJIIOYCHHBIX U MMOAKIFOYCHHBIX JICKTPOAAX.

Crmoco6 mno m.l, XapakTepusyrOIIMICS TeM, 4YTO moaydeHHbli curHan OKI

npenodpabaTeIBatOT.

Crioco0 mo 1.3, XapakTepH3YIOLIMNCSA TEM, UYTO Ha 3Tale MpeIBapUTEIbHON 00paboTKH

MOJIYYEHHOI'0 CMI'HaJia BBIITOJIHAKOT:

3aMOJIHEHUE CUTHAJIA OT OTKJIOYEHHBIX 3JIEKTPOJAOB JIMHEMHOW MHTEPHOJSALUEH MEXAY
MOCJIEIHEN HEHYJIEBOW TOYKOM N0 OTKJIIOYEHHUs] W MEePBOM HEHYJEBOM TOYKOM MOCie

pPa3beIMHEHUS,

YCTPAaHCHHE 6J'Iy>KI[aHI/I$[ HU30JIMHUU TYTEM BBIUMUTAHHUA ABYX MPOXOAOB YCPECAHANOLICTO

¢unbTpa ¢ okHOM B 400 MUIITTCEKYHI;

npuMeHeHHe QUIbTPa HIKHUX YacTOT C 4acToTOH cpesa 40 I'w;



MOHWXKCHUEC YaCTOThI AUCKPETU3allUU CUTHAJIA.

Cnocob mo m.1, XapakTepusyrIIUNHCsS TeM, YTO TepBas MOJEb MAIIMHHOTO OO0y4YeHUs

(MO) peanuzoBaHa Ha Oa3e CerMEeHTAIllMOHHON CBEPTOUHOI HeliponHoH cetu (CNN).

Crnocob mo m.1, xapakTepu3yrOIIUICS TeM, YTO 3apaHee 3aJaHHbIH OTPE30K BPEMEHH

YCTaHOBJIEH B 2 CEKYH/IBI.

Cnocob 1o 1.1, XapakTepU3yIOIMUNUCS TeM, YTO OCYLIECTBIISIFOT KJIACCU(PUKALIMIO TaHHBIX
cepaueOreHus MalKueHTa ¢ MOMOIIBIO TPEThel MOJENN MAITMHHOTO O0YYeH s HA OCHOBE

rpaau€HTHOrO 6yCTI/IHFa Hag peiIar0oMH A€PEBbAMU.
Cucrema aBromatuueckoro ananuza JKI comepkammast:
M0 MEHBIIEN MepPe OIUH MPOLIECCOp;

O MeHbIllel Mepe OJHY NaMmsTb, COEIMHEHHYIO C IPOLIECCOPOM, KOTOpas COAEP>KUT
MAITMHOYNUTAEMbIE HHCTPYKIMH, KOTOPbIE NPU UX BBIMOJHEHUM IO MEHbILIEH Mepe

OITHUM TIPOILIECCOPOM OOECIIEYHBAIOT BBIMOJIHEHHE criocoda 1o irodomy u3 .. 1-6.
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