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BEMBJIET-AHAJII3 3BYKOBUX CUTHAJIIB JISIIBHOCTI
CEPIIS

AycKynbTaniss — JOCIIKEHHs 3BYKOBUX CHTHAJB MISUIBHOCTI CEpIL 3 METOI0 PaHHBOL
IIarHOCTUKM CEepLEBUX 3aXBOPIOBAaHb 3HAWIILIA IMMPOKE 3aCTOCYBAHHS Y JIIKYBalbHIH MpPaKTHIL.
Han 3Bykamm cepiyi, 3HATAMH 3 CEHCOPIB 1 TepeTBOpeHHMH Yy LH(pPOBY (opmy
(ponokapmiorpama), 34iHCHIOETBCS CErMEHTAllis, BHIy4eHHS iH(QOPMAaTHBHUX IIapaMeTpiB Ha
OCHOBI BeliBIeT-aHaNi3y, (OpPMyBaHHS BEKTOpAa O3HAK JuIsl NpoBefeHHs kimacuikamii. Dm: 1.
Bi6miorp.: 10 Hass.

KurouoBsi coBa: ayckynbranis, poHOKapaiorpama, BeiBIeT-aHali3, CETMEHTAIIis.

IMocranoBka mpoGiaemMu i aHamiz Jireparypu. CepueBo-cyanHHI
3aXBOPIOBAHHS 3aliMalOTh OJJHE 3 MPOBIJHUX MICIb 1 € Cepio3HOI0 PoOIeMoIo B
OXOpOHI 37I0pOB’Sl. 3aTpaTH Ha JIKYBaHHS XBOPHMX Ha TaKi 3aXBOPIOBAHHS
00XOIAThCS 3aralbHOMY OroKeTy €Bpormeiickkoro Cor3y y COTHI MUTBSpPIiB
€BpO Ha pik. PaHHA miarHOCTHKa i TPOQITAKTHKA TAKUX 3aXBOPIOBaHb, KPIM
MpOMaraHay 30pOBOTO CHOCOOY JKUTTS, MOXYTh 3HAYHO CKOPOTHTH BTPATH 1
TIOJIIIINTHI CTaH OXOPOHH 37I0POB’S1.

[pocimyxoByBaHHs 3BYKOBHX CHUTHAJIB JisUTGHOCTI CEpI — ayCKyJbTarlis,
sKa BUHUKJIA ¢ Ha moyatky 19 cromitrst (1816 p.), mpomomxye BimirpaBatu
3HaYHY pOJIb Y PaHHIM AIarHOCTHUI MOPYLIEHb Y pOOOTI cepls 3aBISIKKA CBOIH
MPOCTOTI, IOCTYITHOCTI 1 BITHOCHO He3HayHuM 3atpatam [1 — 4]. Tumn texuosorii
JUISL TIaTHOCTHKH, SIKi 3aCTOCOBYIOTBCS Y CYYacHIW MEAWIHHI, — yIbTpa3ByKOBa
exokapmiorpadis, KOMIT'IOTEpHA PCHTTCHIBCbKA  ToMorpadis, MarHiTHO-
pe3oHaHCHa ToMorpadis 3HAYHO JOPOXKYI 1 MOXKYTH TPOBOJUTHCA Y
CTIeniaTi30BaHuX MEANYHNX LIEHTPaX.

MOXJIMBOCTI JIFOACBKOTO CIIyXy OOMEXeHI 1 TOMy 3a JIONOMOTOIO
MEXaHIYHOTO CTETOCKOIA MOYKHA CIIPUMHSTH JIMIIIE HE3HAYHY YaCTUHY 3BYKOBHX
CUTHAJIB  JsUIbHOCTI  cepiisl. IliZICHJIGHHS 1MX CUTHAIIB  €JIEKTPOHHHM
IMiJICUIIIOBaueM, Xoda 1 30UIblllye OOJIACTh CIPUMHSITHX CUTHANIB, BCE X HE
BUpilIye BCix npooieM. [IpaBuiibHUI J1iarHO3 HA OCHOBI ayCKYJIbTALll 3aJIEKUTh
BiJl HABMYOK 1 6AratopiyHOTro JOCBIiY JIKaps i y 3HAYHIH CTENeH] IPYHTYEThCS Ha

OcraHHI JOCSTHEHHS B 00J1aCTi €IEKTPOHIKN 1 MIKpPOIPOLIECOPHOI TEXHIKH,
3acTocyBaHHs L(POBOI 0OPOOKM CHUTHANIB 33 CKJIAIHUMH aIrOpUTMaMH JAl0Th
3MOTY IITHATH ayCKyJbTAIlll0 Ha SIKICHO HOBWH piBeHb. Bisyamizaiis curxaiis,
30KpeMa Yy YaCTOTHO-YacOBiH 00JIacTi, MOXKIIMBICTb NIEPEIaBaTH CUTHAJ Ha BEJIMKY
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BiZICTaHb (TEJIEMEIWIMHA), 3aCTOCYBAHHS METONIB INTYYHOTO iHTENEKTY ISt
TITPAMKH TIPUAHATTS PIIICHb — OCH JIMIIE HETIOBHUH MEPeJIiK MOMITMBOCTEN IS
KapAWHATGHOTO TOJHINIICHHS SIKOCTI MIarHOCTYBAaHHS — CEPICYHO-CYIMHHHUX
3aXBOPIOBAaHb

Mera crarri. Po3pobutu mporenypy aHamizy 3BYKOBHUX CHTHAIB
CepleBOi MisTTBHOCTI HAa OCHOBI BEUBJICT-TICPETBOPCHHS 3 METOK PAaHHBOI
JIIarHOCTUKY BIIXHUIICHD y POOOTI cepis.

XapakTepucTUKH i mapaMeTpu 3BYKOBHX CHTHAJIB JisVIBHOCTI
cepus. 3Byku ceprst (amri. heart sound) BHHHKArOTH BHACIHIIOK CKIIIHHX
MEXaHIYHUX 1 TigpOAWHAMIYHUX IIPOILECIB, IO BiIOYBAIOTECA y CEpACYHO-
CYyIWHHIA CHCTEMi JIOAWHH, 30KpeMa y camMoMy cepui. Y 370pOBOMY CTaHi
ceple TeHepye By3bKocMyroBuit curHan S1 (puc.), sKuWii yTBOPIOETBCS B
pe3ynbTati 3aKpuBaHHS TpHUKychigaipHoro (71), mitpaisHoro (M1) kinanaHiB
Ta CKOPOYEHHS HITYHOUKIB, i CUTHaN S2, yTBOpEHUH B pe3yJsbTaTi 3aKpUBAHHS
KJIallaHiB JiereHeBoi apTepii Ta aopTH 1 BIIAKPUBaHHS MITPaIBHOTO Ta
TpUKycHiiankHOro KiamaiB. IHTepBanm wacy mix S1 i S2 Ha3zuBaeTbes
CHCTOJI010, a Mix S2 1 S1 — miacTomnoro.
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[Ipun mopymeHHAX y poOOTi cepsl, TaKWX SK CTEHO3W, perypriTarii,
Taxukapaii Tomo, curHamu S1 1 S2 CIOTBOPIOIOTHCS 1| BUHHUKAIOTH TOJATKOBI
curHany i mrymu. llymu ceprs (aHTIA. murmurs) CIpHYUHEHI TypOyJIEHTHUM
PYXOM KpOBi y 3BYXEHHX OTBopax. KoXXHe NOpYyHIEHHS YH IaTOJOTisA
OCOOJIBIIM YMHOM CIIOTBOPIOIOTH 3BYKOBI CHTHAIM TiSUTBHOCTI CEpIs i TOMY
IeTadpbHUN 1 TAMOOKWH aHami3 [UX 3BYKOBHX CHTHANiB Ja€ 3MOTY
JiarHOCTYBAaTH Pi3Hi 3aXBOpIOBaHHsI cepis [5 — 7].

O0OpoOka 3BYKOBUX CHUTHANIB JiSUTBHOCTI CEpI 3 METOI IarHOCTHUKU
3IIHCHIOETBCS Y KiJIbKa €TalliB: Mornepeans 00poOKa, CerMeHTallis, BUIyYeHHS
iHpOpMaTUBHUX MapaMeTpiB 1 Kiacudikais.

Ilonmepennsa o0poOka curHaniB. 3BYKOBMH CHTHaJu, IO Hece
iH(opMallito PO poOOTY ceplis, CIPUHMAETHCS CCHCOPAMHU, 3aKPIIJICHUMHU Ha
TUT TAami€HTa, 1 MICHIIOEThCS A0 TOTpiOHOTO piBHA. OCHOBHA €Hepris
CUTHAIIy 30CepelkKeHa y dYacToTHoMmy miamasoHi 10 — 750 I'm, Ttomy mis
3MCHIICHHS IIKi[UINBOTO BIUIMBY IIyMiB 3MiHCHIOETECS HH3HKOYACTOTHA
¢dinpTpamis curHaiy. [ng BHopsaKyBaHHS 0a3W JaHWX CHTHAIH HOPMYIOTH,
TOOTO TPHUBOIATh y €IWHUA AWHAMIYHUEN niama3oH. HopmoBaHWiA curHam
IICKPETH3YEThCA 1 TepeTBOPIOEThC 3a momomoroto ALl y mocmimoBHiCTE
nBifikoBux uwmcen. Hanm curHamom y 1mdposiid Gopmi, 3amucaHoMy Ha
CJICKTPOHHHI HOCIH, — (HOHOKApIOrpamMoro, 3MIIHCHIOETHCS HACTYMHUH eTar
00pOOKH — CerMeHTallis.

CermenTanisi curHagiB. CerMeHrallisi — ¢ CKJIaJHUI mporec 00poOKu
iHpopMmaii, KU MOXKHa MOAUIMTH HA JBa BUJAW: 30BHIIIHIO 1 BHYTPILIHIO
cermeHTanito. [lpyn 30BHIMHIN cerMeHTamii BHIUISIETHCS OKpPeMHH Mepion
PUTMY ceplis, a IpH BHYTPIMIHIN — curHamm S1 1 S2, moyaTok i KiHeIb CHCTONH
Ta miactonn. CerMeHTamis YCKIAQTHIOETHCS 3a HAsBHOCTI IIYMIB CepId,
CTOPOHHIX ITyMiB, JOAaTKOBUX TOHIB S3 i S4.

Haiimpocrimmii cnoci6 30BHINIHBOT CETMEHTAIlil — CHHXPOHI3AIs
(hoHOKapIiOTpaMHU 1 EIIEKTPOKApIiOTpaMH, OCKIIBKH B €IEKTpPOKapIiorpami
PI3KO BUIISIOTHCS IMIKOBI 3HAYEHHS HA MOYATKy CHCTOJU. HemomikoM 1poro
METOJly € HEOOXiIHICTh JOJATKOBOTO  yCTaTKyBaHHS JUISl  3HATTS
enekTpokapmiorpamu. Y iteparypi [7 — 10] omucaHa HU3Ka METOIIB
30BHINIHBOT CETrMEHTAIlil 13 3aCTOCYBaHHsIM Jiniie (OHOKApAiOrpaM, 0
IPYHTYIOTbCSI Ha OOYMCICHHI €HEepreTMYHUX mapaMmeTpiB curHany. Ilepiox
CepleyHOro pUTMY (IKCYeTbCS TPH MEPEBUIIEHHI IEBHOTO TIOPOTY
MOTYKHICTIO curHaiy. [Ipu 3pocTanHi piBHSA HIyMy SIKICTh CErMEHTalii Pi3KO
HOTipPIIYETHCS.

Jnst miiBUIIEHHsT poOacTHOCTI CErMEHTAIli] TPOMIOHYEThCS TaKa METOIMKA.
Han curnamoM, mo npoHImIoB mnomepenHio 0OpoOKy, BHKOHYEThCS BEHBIIET
MIEPETBOPEHHS. 1 BHAUIETBCS YaCTOTHO-4acoBa 00JacTh, Jie 30CepeDKeHa
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OCHOBHa ¢Heprist KoMmoHeHT S1 1 S2. Jlani BU3HAYAETHCS B3aEMHA CIIEKTPaIbHA
TYCTHHa TIOTY)KHOCTI BHAUIEHOI 00JacTi 1 BCHOTO CHTHALY Yy MIOMY.
Obeprennm  mieperBopeHHAM Dyp’e BHU3HAYAEThCA B3a€MHA KOpEILAMiHA
(hyHKIIISA 1 IO iHTepBaNTy Yacy MiX ii MIKOBUMH 3HAYEHHIMHU BUIUIIETHCS TIEPioa
CEepIeYHOro PUTMY.

Bunyuyennsi indopmaruBHEHX mnapamerpiB curnagiB  (Feature
Extraction). IapopmaTrBHI napameTpu 3ByKOBHX CHTHAJIB HisUTBHOCTI Ceplis
MOXHA MOJIUINTH Ha TPU TPYINU: MOponoziyni, WO ONHUCYIOTh (opmy
CHUTHAJIB, YacmomHi, 0 HeCYTh 1H(OPMAIIIIO PO YaCTOTHUH CKJIAJl CUTHAIY 1
yacogi, sIKi BiMOOpaXaroThb SIK YacOBi CITiBBiTHOIICHHS MK KOMIIOHCHTaMHU
CHUTHAITy, TaK i TpWBANOCTi camux KommoHeHT. "Cupa" doHOKapmiorpama
MICTHTh SK IIi BAaXJIMBI TapaMeTpH, TaKk 1 JPYropsAHi, IO HE MAalTh
BOXJIMBOTO 3HAYEHHS JUIA JiarHOCTHKW. BuiydeHHs iHpopMaTHBHHX
IapaMeTpiB Jla€ 3MOT'Y 3HAYHO 3MEHIIUTH OOCST TaHWX MOAAJBIIOTO aHaTi3y.

Hus BIJTYYCHHS iH(pOpPMATHBHUX mapamMeTpiB JIOLLITBHO
BUKODHCTOBYBaTH, SIK 1 Ha eTami CerMeHrauii, 4YacTOTHO-4acoBe
NPE/ICTAaBJICHHS CUTHAJIB, OTPUMaHe 3a JONOMOTOI0 BEHBIIET-IIEPETBOPEHHS,
BPaxOBYIOUH JIOKAJi3allifo iH)OPMATUBHUX MAapaMETPiB HA YaCTOTHO-YACOBIH
TUIOLIHHI.

BucHoBKH. 3BYKOBi CHTHamW, IO YTBOPIOIOTHCA HPH POOOTI cepus,
HEeCyTh IiHHY iH(QopMaIio mpo ioro crad. BimxwienHs y poOoti cepus,
CIOPUYMHCHI PI3HUMH 3aXBOPIOBAHHIMH, BiZOOpakaloThCs y 3MiHI (Gopmu
CHTHANly, MHOro0 YacTOTHOTO CKJIagy, YacOBHX CIIBBIJHOLNIEHb  MiX
KOMIIOHEHTAaMH CHTHaNy. 3aCTOCOBYIOUM OCTaHHI JIOCSTHEHHs B 00JacTi
€JIEKTPOHHOT Ta MIKPOIPOLECOPHOT TEXHIKM 1 BHKOPHUCTOBYIOUH Cy4YacHi
MeTOM OOpOOKH CUTHaJiB, MOXKHA YCHIIIHO JIarHOCTYBaTH BIAXHMJICHHS BiJl
HOpPMH y poOOTI cepiis 1 MOMEpeKyBaTH 3aXBOPIOBAHHS CEpPIsi HA PaHHIN
cranii. OJHUM 3 TaKUX METOJIB € BelBJeT-aHaIi3 (pOHOKApIIOrpam, sIKUil J1ae
3MOTYy JOCTI/DKYBaTH CHTHAJIUM Y YaCTOTHO-YAaCOBIi 00JacTi 3 BHCOKOIO
PO3IUIBHOIO 3HATHICTIO SK IO YacTOTi, TaKk 1 3a 4acoM. Y CEpeIOBHIII
Mathlab/Simulink OyB mpoBemeHU# aHami3 3BYKOBHX CHTHAJIB isSUIEHOCTI
3M0POBOTO cepus i 3 pI3HAMH MATOJOTisIMH. AHaNi3 II0Ka3aB BHUCOKY
e(eKTHBHICTb 3aPOIIOHOBAHUX METOMUK.
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BeiiBieT-aHaIM3 3BYKOBBIX CHTHAJIOB jAesiTeibHOCTH cepaua / IMosoposnok H.U.,
Yepusiii K.B. // // Becruuk HTY "XITN". Cepusi: Mupopmaruka u MoenupoBanue. — XapbKoB:
HTY "XIIN". — 2013. — Ne 19 (992). — C. 134 — 138.

AyckynbpTalsi — HCCIIEJOBaHHE 3BYKOBBIX CHIHAJOB JEATEIBHOCTH CEpALA C LENbI0
paHHeW IMarHOCTHKM CEeplEeYHbIX 3a00JIEBaHUIM — Hallla IIMPOKOE NPUMEHEHHE BO BpaueOHOM
npakrtuke. Hax 3Bykamu cepya, CHITEIME CEHCOpaMH U ITpeoOpa3oBaHHEIMU B IU(PoBYI0 GopMy
((poHOKapaMOrpaMma), BBIIOJIHIETCS CErMEHTALMs, U3BJIeYeHHE HHPOPMATHBHBIX TaApaMETPOB Ha
OCHOBaHMH BeiiBneT-aHaIM3a M (QOPMUPOBAHMS BEKTOpA IIPU3HAKOB [UIS  [IPOBEACHUS
kinaccudurarmu. M. 1. bubmumorp.: 10 Ha3s.

KutoueBble ciioBa: ayckynpTanus, (OHOKapAMorpamma, BeiiBieT-npeoOpazoBaHue,
CEerMEHTALIUSL.

UDC 621.317

Wavelet analysis of heart sound signals / Povorozniuk N.I., Chornyi K.V. // Herald of
the National Technical University "KhPI". Subject issue: Information Science and Modelling. —
Kharkov: NTU "KhPI". — 2013. — Ne 19 (992). — P. 134 — 138.

Auscultation — a study of the heart sound signals for early detection has been widely used in
medical practice. Above the sounds of the heart, removed from the sensor and converted to digital
form (phonocardiogram), the segmentation is performed, the extraction of informative parameters
on the basis of wavelet analysis and the formation of the feature vector for classification. Figs.: 1.
Refs.: 10 titles.

Keywords: auscultation, phonocardiogram, wavelet analysis, segmentation.
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