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(Benopycckuii zocyoapcmeenHnblil yHUBEPCUmMen UHGOPMamuKu u paouodrieKmpoHuK)

Toxazana 803MOJNCHOCMb NPU UCNOIL30BAHUU AKYCIUYECKO20 AHAIU3A U36]eKAMb NApaMempbl peyl,
KOmopbie Mo2ym Obimb UCHOIB306AHbL OISl OUASHOCIUKY 2010C08bIX namoaoeuil. Ilpednacaemca memoouxa
PACRO3HABANUSL peydl ¢ UCNOTb30BAHUEM MEN-YACHOMHBIX KeNCmpaibHuIX Kod(dduyuenmos. Buissnenue pac-
CMPOTICME 2010C08020 ANNAPAMA NPEOIALACMCs C8eCMU K PEUEHUI0 3a0ayU KIACMePHO20 aHAU3d, 8 KOMOPOTl
0J151 KOUYECMBEHHOU OYEHKU CXOOCMBA UMY PAZTULUSL MENCOY KAACCUDUYUPYEeMbIMU 00bEKMAMU UCNONb3YEeMC sl
Esxnuooso paccmosinue medncoy nonyueHHbM 6eKMOPOM NPUSHAKOG PedeBo20 CUSHANA U 6EKMOPOM NPUSHAKOG
Habopa mecmosvix OanHwvix. Memoouka no3eoisiem onpederums pasiuyue meicoy 300P06biM Yel08eKOM U de-
JI0BEKOM C HapyuwieHuem pedesou QyHKyuu u modcem 0blmb UCHONb308AHA OIS pA3PAOOMKU YCMPOUCME, NPeo-
HA3HAYEHHBIX OJIs1 OUASHOCTMUKU OUCHOHUU Y TUY 20I0COPeUesbIX NPogheccuil.

Knrwouesvle cnosa: gvissnenue namonocuu pedu, pacnosHasanue pedu, OUc@hoHus, Mei-4acmomHule Ken-
cmpansusie Kodpuyuenmel, ouckpemuoe npeobpasosanue Pypve, Esxnudoso paccmosinue.

BBenenue. B HacTositee BpeMsi BO3pOCIIO YUCIIO JIUI] TOJIOCOPEUYEBBIX Mpodeccuii. TakuM JrIIM B CBO-
el IpoQeCcCHOHANBEHON NEATSIFHOCTH HEOOXOAMMO 00IaaTh roJI0OCOM JOCTATOYHON CHIIBI M MHTOHAIMOHHOU
BBIPA3UTEIBLHOCTH JJIS JOCTIDKEHUS YOSIUTSIBHOCTH, TaK KaK CMBICT BBICKa3bIBAHUS BO MHOT'OM OIPEACISCTCS
HE TOJNBKO JIGKCHKOH, HO M MHTOHAIIMEH. AKYCTHYECKHE XapaKTEPHUCTHKH Troji0Ca OKa3BIBAIOT 3HAYMTEIHFHOE
BIHMSHUE Ha HHTOHALIWIO, APTHKYJIISIIAIO U TUKIIHIO.

Peub — 3T0 CcHOXHBI NCHXO(PHU3UYECKHHA MPOIECC, pe3yabTaT pabOTHI MBI, CBS30K, IBIXaHUS, IICH-
TpaJIbHOM M mepudepudeckoil HepBHOU cUcTeMbl. HapymieHus rolocoBod (GYHKIMH OOBEIUHSIIOT MO OOIIUM
Ha3BaHHEeM «auchoHus». [loq00HbIE HApYIICHUS MOTYT HOCHTH BPOXKICHHBIM TN MPHOOPETEHHBIN XapakTep
B pPe3yJIbTaTe TPaBM, OIEpaIiii, HEPBHO-TICUXHYECKIX, NHPEKIIMOHHBIX MU WHBIX 3a001eBanuii. bomsmuHCTBO
3a00JICBaHUY TOPTAHU U MATOJOTHU TOJIOCOBBIX CBSI30K BBI3BIBAIOT 3HAYMTEIBHBIC M3MCHCHUS B pedud. Tarke
U3BECTHO, YTO HA TOJIOC B 3HAYUTEIBHON CTEIICHH BIIMACT TEKYIICE MCUXO(PU3UICCKOE COCTOSIHUC YesioBeka [1].

Xponuueckas quc(OHMS BO3HHKACT MPU OPTaHUYECKUX MOBPEKICHUAX T'OJOCOBBIX CBS30K, TAKUX Kak
noJui, oTek PelHKe W T.X., a TaKXKe MPH paKe ropiia, HEBPOJIOTMYSCKUX PACCTPOUCTBAX U XPOHUYECKOM pa3-
JIPaXCHUU, BEI3BAHHOM KYpPCHHEM.

B 4ncno TpaAMIHMOHHBIX TPOUENYyp AJS OCMOTpa TOPTaHH C KIMHUYECKUMH HIIH HCCIIEI0BATEIbCKIMH
HEJSIMH BXOJSIT THOKAs U jkecTKas (pudpockonmuyeckas JJapuHroCKomus (00CIe0BaHue ¢ TTIOMOIIHIO BOJIOKOHHO-
ONTHYECKOTO MHCTPYMEHTA), BUACOCTPOOOCKONHs (CTpOOOBOE OCBEUICHHWE TOPTAHH, IOJIE3HOE JUIS BH3yalln3a-
UM JBWKEHUH), dIeKTpoMuorpadus (KOCBeHHOE HaOoIeHHe 3a (YHKIMOHAIBHBIM COCTOSHHEM TOpPTaHH)
¥ BUCO(ITyOpOCKOIUs (peHTreHorpaduyeckas TEXHUKA, IPU KOTOPOH MAaIMeHT TI0TaeT PaIdOaKTUBHOE He-
MIPO3pavHOE BEIIECTBO IS OICHKH (DYHKIMH TII0TaHMA). Bce 0OHM MMEIOT MHBa3MBHEIHN XapakTep.

B mocnennue rompl BO3pOC MHTEPEC K aKyCTUYECKOMY aHAJHM3y T0JIOCa KaK allbTCPHATHBHOMY CPEIICTBY
JUATHOCTHKYU. DTOT THI aHalu3a 00JIaaeT MPESUMYIIECTBAMH Mepe]l CYNICCTBYIOIUMH METOJaMHU 00CIieIoBa-
HUSl W3-32 €r0 HEMHBA3WBHOI'O XapaKTepa, a TaKkKEe BO3MOXKHOCTH MPEJOCTABUTH KOJIUYCCTBCHHBIC IaHHBIC
0 KIIMHHYECKOM COCTOSHHH (PYHKIMH FOPTaHU U FOJIOCOBOTO TPAKTa ¢ COOTBETCTBYIOIIMMH PE3yJIbTaTaMH Bpe-
MEHHOTO aHain3a. B 4acTHOCTH, aKyCTHYCCKUI aHAIU3 HAXOIHUT IIUPOKOE MPUMEHEHHUE s 00CICIOBaHUS JIc-
Tel ¢ 3a7Iep KKOM HITH HAPYIICHUSMH PEUCBOTO Pa3BUTHS.

IMosryyeHHe BeKTOpa NMPU3HAKOB HA OCHOBE MeJ-4ACTOTHBIX KeNncTpajabHbIX K03¢¢unuenton. Oc-
HOBHAs CYTh JAHHOM METOAWKH 3aKII0YACTCS B MOJIyY€HHH OCHOBHBIX XapaKTEPHUCTHK PEUEBOTO CHTHAJa U OT-
OpachIBaHNH WHINBUAYAIBHBIX OCOOCHHOCTEH MPOM3HOIICHUS CIIOB AUKTOpOM. [IpenmMyIecTBo KercTpaabHBIX
koadpdunmentoB (Mel-frequency cepstral coefficients — MFCC) nepex npyruMu MeTofaMu 3aKIIFO9aeTCs B PO-
CTOTE peaJM3alyy MPH TOCTATOYHO BEICOKOM Ka4eCTBE pPaclo3HaBaHUS pedd. Men — ncuxopu3ndeckas eIuHn-
11a BBICOTHI 3BYyKa [2]. J/laHHas OlLleHKa MO BBICOTE OMpEJIEIeHa dYMITUPHUYECKU, METOJJOM CTAaTUCTHUECKOH oOpa-
OOTKH OOJIBIIIMX CBEIICHHI O BOCIIPUATHH 3ByKa YCIIOBEKOM. BhICOTA 3BYKa JOrapu(pMUICCKH 3aBUCUT OT 4aCTO-
ThI 3ByKa. MCronb30BaHUE MEI-IIKAJIBI XOPOIIO PadOTaeT Ui YHCTOr0 TOHA, MPH HAIWYHUA MOCTOPOHHUX IIY-
MOB 3(p(PEeKTHBHOCTH TAHHOMN OICHKH CHIILHO MAJIaeT.

VY Ka)XI0oro 4enoBeKa OCHOBHBIC YAaCTOTBHI U YaCTOTHI ()OPMAHT WHAMBUAYAIBHBI, TOITOMY HEOOXOAMMO
HAWTH mapamerp, KOTOPBIA yYUTHIBAJI ObI 3Ty OCOOCHHOCTB. MCIonb3yst METOA CBSI3BIBAHUS C TAPMOHUKAMH,
MOXHO W30aBUTBLCS OT JOOBIX (PMKCHPOBAHHBIX 3HAUYEHUH aHAIM3MPYEMBIX IOJIOC YacTOT M HAOIIOAATh U3Me-
HCHUSI XapaKTEPUCTHK peur B AuHamuKe [3]. OMHAKO €CTh CIOXHOCTh B ONHMCAHUH MapaMETPOB KaXIOH (op-
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MaHTBI OTICJBHO, TIOCKOJIbKY OHHM HE BCEI/Ia SIBHO BBIpaKEHBI. [103TOMY OCHOBHBIM IapaMeTpOM B METOIAX
aHallu3a CUTHAJIA JTOJDKHA CYMTAThCSI OCHOBHAS YacTOTA rolioca yesioBeka. OTHOMICHHE HHTETPAIbHOTO CICKTpa
BBICOKOYACTOTHOM ITOJIOCHI K CHIEKTPY ITOJIOCH HI3KOW YacTOTHI C MIPHUBS3KOHM K TapMOHHKAM SIBIISIeTCS Hanboiee
3(h(HEeKTUBHBIM METOJIOM OIIPEHCIICHUS] PEUYCBBIX MATOJOrHiA. M3yueHre pe3ynbTaToB MPOBEICHHBIX HUCCIICI0BA-
HU OKa3aJI0 [eIeco00pa3HOCTh HCIOIB30BAHUS PEATIOKCHHOTO METOIa [T aHAJIN3a HapyIIeHUH peun [4].

Jlis 3TOTO MCTIOIB30BAJICSI PEUEBOM CHTHAJ, TONYYEHHBIN y IUKTOpa C HCIIOJIB30BAaHHEM MHUKpPO(OHA.
Bnok-cxema anroputma 00pabOTKK pedeBOT0 CHTHAJIA TIPEICTaBIeHa Ha pUCYHKE 1.
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PucyHok 1. — Biiok-cxema ajropurMa 06padoTKu pe4eBoro CHrHaja

PeueBoii curHa IMeeT KOHEYHYIO JUTHTEIFHOCTh U HE SBIAETCS NEPHOJUYECKIM, TIOATOMY HEOOX0ANMO
pa30HUTh STOT CUTHAJ Ha CErMEHTHI (KaJpbl) KOHEYHOW IJIMHBI, CIEKTPHI KOTOPBIX OCTAKOTCS OTHOCHTEIBHO
HCH3MCHHBIMU B TCUCHHE BBHIOPAHHOTO mHepuoja BpeMeHH. OOBIYHO 32 TaKOW MEPHOJ MPUHUMACTCS JITUTCIb-
HOCTh 5—100 Mc. Pa3zbuenne MCXOQHOTO CUTHANIA Ha KaApbl 3aJaHHOM IITUTEILHOCTH JENAeTCsl C TIOJIOBHHHBIM
TIEPEKPHITUEM JJIsI OOPHOBI ¢ HCKAXKEHUSMH, KOTOPBIE MOTYT OBITh BBI3BAHBI PACIIONIOKECHHBIMH PSIIOM KaJlpamH,
100 0e3 MEePEeKPHITHS, YTO 3HAYUTEIILHO SKOHOMUT BBIYHCIUTEIBHBIC PECYPCHl. B mpeaenax moiyueHHOTO Kaj-
pa BXOJHOW CHTHAI MOXKHO CYUTATh CTAllMOHAPHBIM. C TOUKU 3pEHUS TUHAMHUKH PEUd caMble ObICTphIC H3MEHE-
HHUSL MOTYT IPOHMCXOINTH BCErO 32 HECKOJIBKO MIJUIMCEKYHJ, TOT[a KaK HEKOTOPHIE TIACHBIC 3BYKH OCTAIOTCS
oTHOCUTENLHO cTabmibHbIMU B TedeHue 100-200 mc. Hacto ncnonb3yrores kaapsl anuaoi 10-25 mc [5].

B nanHo#1 paboTe MCIOMb30BAIMCH KaIphl JTUTEILHOCTIO 10 MC ¢ IMTOJIOBUHHBIM HAJIOXKEHHEM (5 MC).

Kpome Toro, BCieacTBUE KOHEYHOH JUTMTEIHLHOCTH W HETIEPHUOIUIECKOTO XapaKTepa pedeBOro CHTHaja
M3-3a Pa3phIBOB Ha KOHI[AX BPEMEHHOTO psfa MpH MPUMEHEHUU mpeodpazoBanus Dypbe mposisiercs 3ddekr
yreuku. D(P(GEKT CHeKTPaTbHON YTEUKH 3aTPYIHICT KOPPEKTHOE BBIICICHUEC TAPMOHHUYECKUX COCTABIISIOIINX,
ONMM3KHUX OPYT K APYTY 1O YacTOTe, M3-3a KOHEYHOW IIHPHUHBI TJIABHOTO JICTIECTKA, a TAK)Ke BHOCHUT MCKAKCHUS
B JIAJICKO PACIIOJIOKCHHBIC YaCTOThI, MEINas TOYHOMY H3MEPCHHIO aMIUIATYJbl OTACIBHBIX YacTOT B CBS3U
C HAJTMYHEeM OOKOBBIX JICTIECTKOB.

Jnst cHvokeHHsT BIUSHUS d(PQexTa yTeukn Ha KOHEUHBIM pe3ylbTaT MPUMEHSUIach BecoBas (PYHKIIHS
X3MMHUHTa, 4TO MO3BOJIUI0O MUHUMH3HPOBATH MAKCHMYMBI OOKOBBIX JICIICCTKOB:

w(n):0,54—0,46cos( 2101 J n=0,..,N-l, M

rae N -— uHa Kajapa.
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Janee muist KaXk0ro Kajipa BBIUUCIIOCH AUCKpeTHOE npeobpazosanue Pypoe (AI1D). 1D B3BemeHHOr0
CUTHaJIa UIMEEeT BUJ

N-1 .
27U
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CrnenyromuM IIaroM BBIYHCIAEM MNEPHOJOTPAaMMY — OICHKY CIIEKTPAJBbHOW IUIOTHOCTH MOIIHOCTH
(CIIM)

— 4acToTa AUCKPETU3allu CUTrHaJIaA.

P (k) :@ @)

[TonmyueHHOE TpEACTaBICHUE CUTHATA B YACTOTHOW OOJIACTH Pa30MBAIOT HA IHMANA30HBI C ITOMOIIBIO
Habopa (6anka) U3 26 TpeyroybHbIX QUIHTPOB. [ paHUIEl PUIBTPOB pacCUYMTHIBAIOT B IIKaye Mei. Ilepexon ot
YAaCTOTHOM IIKAaJIbI K MEJI-LIKaJIe OCYLIECTBISETCS 10 hopmyIie

- S
M(f)—11271n[1+700], )

rne  M(f) — yacrora B Menax.
ITepexon 0OpaTHO K YACTOTHOM HIKaJe OCYMIECTRBIBIETCS 1O Gopmyie

F(m) =700 exp(%}—l . ©6)

OMIBTPE YMHOXKAIOTCS HAa IEPHOIOTPAMMYy KaJapa M BEIYHUCISIETCS SHEPTHS I KaKI0Tro GuiasTpa (1o 26
IUTS Kaxaoro kanpa). [TomydenHsie sHEpTruM T0rapupMHUPYIOTCS:

N
ep =In| S Xi Hypge |s m=0,0e, N —1, %
k=0

rae Npp — KOIM4eCTBO (UIBTPOB;
H,, ; — BecoBble KOY(Q(UIIMEHTHI MOTyYEHHBIX (QUILTPOB.

Ha 3akmtounrtensaoM 3tane pacueta MFCC npumeHsieTcs: JUCKPETHOE KOCUHYCHOE mpeoOpa3osanue. Ha
BBIXOJIC TIOJIy4aeM MHOTOMCPHBIH BEKTOP MPU3HAKOB CHUTHAJA, KOTOPBIC M SIBIIIOTCS MEJ-YaCTOTHBIMH KETl-
CTPaTLHBIMH KO3 (HUTIHEHTAMU:

Npp-l ni(m+0,5)

¢ = Z €,, Cos . 1:1,,NMFCC (8)
=0

Npgp

KoadduiueHT ¢y He HCOMB3yeTcs, TaK Kak MPeACTaBIsIeT OO0 SIHEPTUI0 CUT'HATIA.

MeTtoanka mpoBeIeHNs IKCIEPUMEHTA. B kauecTBe 3TaJOHHBIX UCTIONB30BAHCEH (Ppa3bl, IPUBEICHHBIC
B nipuwiioxkerne JI TOCT P 50840-95. TectoBble (hpa3sl ObLIH 3aImicaHbl ¢ UCToNb3oBaHueM Mukpodona AKG P120,
MOAKITIOYEHHOTO K ayauouHTepdericy Focusrite Scarlett 2i2. JlaHHBIE COXpaHSINCh W 00pabaThIBaINCh Ha
MEPCOHANTBHOM KOMITbIOTEepe. UTEHUE OCYIICCTBISIOCH JUKTOPAMHU POBHBIM TOJIOCOM, YETKO, HO 0e3 moauep-
KUBAaHHA OTIEIBHBIX 3BYKOB C IIOCTOSTHHBIM ypOBHEM pedd. Ha mpoTshkeHuH dTeHus Bce TaOIumbl JUKTOpa-
MU BBIJICPKUBAJICS TIOCTOSIHHBIN puTM peun [6]. IIpeanonaraeTcs co3manne HECKOIbKUX TECTOBBIX 0a3. OqHa
U3 HUX CO3JaeTCs U3 3alucel JIUI 0e3 MaToNOrHid ped, aApyras (MId IpYrue) co3facTcs U3 3amucei Jronei
¢ nuchoHueii.
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Jlanee mpOBOIUTCS CPaBHCHHE aKyCTHUYECKUX MMapaMeTPOB HMCXOIHBIX TECTOBBIX (pa3 M MapaMETpPOB
(pa3, MONyYCHHBIX MPU MPOU3HONICHUH JIUIIOM, TIPOXO/ISIIUM JUATHOCTHKY. BO BpeMsl mpoBeIcHUS TUATrHOCTH-
KH{, TUKTOpaM OBLIO MPEI0KEHO MPOYNTATh B 00IIei crokHocTH 80 pa3muyHbIX (pa3, B KOTOPHIX MpeacTaBie-
HBI HanboJice 3HAYUMBIC TJaCHBIC B BHUIC YAapHBIX (hoHeM. [Ipu 3TOM BO3MOXKHO OICHHTH PabOTy T'OJOCOBBIX
CKJIaJIOK.

3amady BBISBICHHS PacCTPOICTBA TOJIOCOBOTO ammapaTa IpeaaraeTcs CBECTH K 3ajade KIacTepHOTO
aHalM3a, TMPH KOTOPOH JJIsI KOJIMYECTBEHHON OIEHKH CXOJCTBA WM PAa3HUMsA MEXKIY KIaCCHPHUIMPYEMBIMU
00BEKTaMU UCTIONB3YeTCS MOHITHE METPUKHU. B kadecTBe TakOH METPHKH HCIOIB30BAIOCH EBKITHIOBO paccTos-
HHUE MEXIY IOJyIeHHBIM BEKTOPOM MPHU3HAKOB PEUEBOT0 CHUTHAJIA H BEKTOPOM IIPU3HAKOB CHTHajla Habopa Te-
CTOBBIX JTaHHBIX. EBKIIMZIOBO paccTOsIHAE pacCUUTHIBAETCA 1Mo hopMyIe

N
D, (a,b) =Z«/(b,-2 -a), )
i=1

rae D, — paccTosiHue MeXIy 00beKTaMu b U a;

a; — 3HaUEHHE [-CBOICTBA 00LEKTA

b; — 3HaYCHHUE i-CBOICTBa 00BEKTA .

Heo0xoanMo mpoBecTH KIacTepH3annio MPHU3HAKOB C OJHUM HIIH HECKOJIBKAMH IIEHTPaMH JUTS 3I0POBBIX
mojei u moael ¢ auconneid. B pesynabpTate Wero moiayduMm 2 Kiactepa. BBRIYHCITUTH 3HAYCHUS BEKTOpA IS
JIIA, MPOXOJsero odcienopanue. HaiiTu paccTossHHe OT 3TOTO BEKTOpa JO IIEHTPOB TECTOBBIX KIIACTEPOB.
B 3aBucHMOCTH OT TOTO, K KAKOMY W3 KIIACTEPOB OKAXETCs ONMKE MOJTyYeHHBIH «IHarHOCTHIECKHIT» BEKTOD,
TMPUHUMAETCS pelIeHNe HAININH U 00 OTCYTCTBUH PacCTPOHCTBA PeUeBON (QYHKIIHH.

Peanu3zanus o0padoTku JaHHBIX cpeacTBaMu nakera MatLab 2017.

Jist  uTeHWsT 3BYKOBBIX (QaitlioB B cpene paspabotkm  Matlab mpemycMoTrpeHa  QyHKITHS
[sig, fs, b] = wavread (‘filename.wav’). @ynkius wavread 3arpyxaeT 3ByKOBOH (paiir u Bo3BpamiaeT BHIOpaH-
HBIC JIAHHBIC: Sig — 3BYKOBOW CHUTHAJ CO 3HaYeHHsMU OT —1 1o 1, fs — yacrtora muckperusaimu, b — KOJIHMYECTBO
OUT Ha O/IHY BBIOODKY.

Pa3Onenne 3ammMcaHHOTO PEUYEBOTO CHTHANAa Ha (PpeiMBI MPOM3BOIUTCA C HCIIONB30BAaHUEM (DYHKITHH
enframe (sig, win, inc), e win — okOHHasi GyHKIUS (XIMMHHTA), inC — CMEIIEHUE, a TAKKe I YMHOKCHHSI Ha
OKOHHYIO (pyHKIHIO (popmyna 1).

Pacuer npeobpazoBanus @ypre B NEHCTBUTENBHON 00JacTH B cpene Matlab mpousBoauTes GyHKITUEH
rfft (sig), rue sig — yMHOKEHHBII Ha OKOHHYIO (DYHKIHIO CHT'HAL.

®ynkuust melbank (p, n, fs, flow, fhigh, w) cozgaer Habop Men-GpuiabTpoB, Iae p — KOJUYECTBO (HIIb-
TPOB, n — IIHHA TIpeoOpa3oBanus Pypre, fs — gacTota auckpernzanun, flow/fhigh — HIDKHAA/BEPXHSSA TPAHUIIBI
buUIBTPOB, W — THIT QHIBTPOB.

Oynkuus rdet (x) peanusyeT AUCKPETHOE KOCHHYCHOE peoOpa3oBaHHUe.

Oynkusa melcepst (s, fs, w, nc, p, n, inc, flow, thigh) Bo3Bpamaer men-kerncrpanbHble K03()PHUITHEHTEL,
WCTIOJNB3YSl BhIIIEHA3BaHHbBIE QYHKITHH [7].

\ Pa36uenue curHaia Ha Kaphbl Pacuer cniextpa curnana ¢
[ PeueBoii curnan U YMHOXKEHUE HA OKHO _| TOMOLIBIO IIPeoOpa3oBaHusl
wavread() X3MMHHTA 4 dypse

enframe() rffi()
N A 4
/ Beiaenenue sHepruu s
/ KKIOr0 OKHA H [TonyuyeHue HaGopa
| Koo duiureHTs! paccurTaHbl f€— TPEYTOJIbHBIX MeN-QUIBTPOB
\ JorapumMUpoBaHue
melbank()
melcepst()

PucyHok 2. — AJIrOpuT™M BBIYHCJIEHUS MeJI-4ACTOTHBIX KellCTPaabHbIX ko3¢ duumuentos B Matlab 2017

AKYCTHYECKHE XapaKTePUCTHKHU peun npu auconnu. Ha pucynke 3 npuBeieHsl pparMeHTH 3BYKO-
3aMKCH PEYH 3JJ0POBOTO YeIOBeKa (a) M deloBeKka ¢ quconueii (6). 3anuch roJioca BHIMOIHIIACH B THXOW KOM-
HaTe ¢ MUKPO(OHOM, pacmoI0KEeHHBIM Ha paccTtostHud 10 cM oTo pTa. [IpoBeeHue 3amucy MPOUCXOIUIO C Ya-
cTotoit nuckperuzauuu 44,1 kl'm.
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B kauecTBe AUKTOPOB OBLIM MpUrIalIeHbl npenogasarenu bI'YUP, B ToMm drcie uMmeromue B aHaMHe3e
JINarHo3 quc(oHmH.
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Pucynok 3. — ®parMeHT 3ByKO3aIHCH Pe4eBOro CHrHAJIA:
a — 310POBBIii YeJI0BeK; 6 — YeJ0BeK ¢ AuchoHueii

Taxoit ronoc uMeer Oosee HU3KYIO aMILIUTYIy U IO CBOUM XapaKTepHCTHKaM HallOMHMHAET MIenoT. Peys
¢ aucdoHueit OTIMYaeTcsl OT HOPMaJIbHOW MO 3BYYaHHIO TOHAJILHOCTHIO M (popMaHTHOM cTpykTypoid. Ha pucyn-
Ke 4 TIPUBEJICHBI CIIEKTPOTPaMMBbI 3/I0POBOTO YEJIOBEKA M YEIOBEKA C TUC(HOHUEH.
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Pucynok 4. — CiekTporpamMma pedu:
a —3/10pOBOI0 YeJI0BeKa; 6 — YesloBeKa ¢ JuchoHuei

Ha pucyHke 4 OTYETIMBO BHIHO, YTO B CPAaBHEHHU C HOPMaJBHOH peyblo B BOKAJIM30BaHHBIX (POHEMAX
yejoBeka ¢ auchoHueil He HabIrogaeTcss Nepuoa OCHOBHOTO TOHA. B NomonHeHHWe K 3TOMY BOKAIH30BaHHBIE
(OHEMBI OTIMYAIOTCSI OT O3BYYEHHBIX (POHEM HOPMAIBHON pEeYd C TOYKM 3peHHsI (POPMAHTHOTO HCKa>KEHUS.
Hlupuna nonocsl aucoHudeckux poHeM Ooiibine, a UX (POPMaHTHBIE YacTOTH Bbille. OJHAKO B HEBOKAJIU30-
BaHHBIX (poHEMax MUC(HOHMUECKONW pedn He HaOIroMaeTCsl 3HAUNTENFHBIX (POPMAHTHBIX HCKaKeHHH. CpaBHHUBAS
JUC(OHUYECKYIO PeYb C HOPMAIBLHON C TOYKHM 3PEHUS XapaKTEPUCTUK TOHAJILHOCTH, O3BYYHMBAHHSA M (POPMaHT-
HOTO HCKa)KeHWUsi, OBbIJIO YCTAaHOBIICHO, YTO JJISi HEBOKAJIM30BAaHHBIX (POHEM NUC(HOHHUECKOW pedd HE JOJIKHO
OBITh HUKAKUX M3MEHEHUH.

3akaouyenune. B nanHoi paboTe mpeacTaBeHa cHCTEMa paHHEH TUArHOCTUKH JIKI ¢ qucdoHmer. B ee
OCHOBY TIOJIO’KEHBI OOHapY)KEHHE U CPaBHEHHE MEJI-YaCTOTHBIX KEICTPAIbHBIX KO UIIMEHTOB peur, a TaKkKe
KJIaCTEpHBIA aHaiHM3. MeTonuKa MMO3BOJSET MONOJIHUTH TPaJULMOHHBIE MHBAa3HBHBIE METOIbl. B mambpHeiinem
MOXeT OBITh pacIIVpeHa I AUarHOCTHKH OOJIBIIETro YMCia HapyLIeHWH pedd, HalpuMmep, TaKuX Kak Au3apT-
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pyst, OTpeNeNIeHNs] CTETICHN TSDKECTH 3a00JIeBaHMH WM BUJa PacCTPONCTB (TMIOTOHYCHAs, THIIEPTOHYCHAs WIN
THIIO-TUIEPTOHYCHAs TUCHOHUS).
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ACOUSTICAL ANALYSIS OF THE SPEECH OF PERSONS WITH DYSFONIA
S. GOROSHCKO, S. PETROV

The possibility of using acoustic analysis to extract speech parameters that can be used for the diagnosis
of voice disability is shown. The method of speech recognition using Mel-frequency cepstral coefficients is pro-
posed. Detection of voice disorders is reduced to solving a cluster analysis problem, in which the Euclidean distance
between the received speech feature vector and the feature vector of the test data set is used to quantify the similarities
or differences between the classified objects. The technique allows to determine the difference between a healthy per-
son and a person with impaired speech function and can be used to develop devices designed to diagnose dysphonia in
persons of voice-speech professions.

Keywords: detection of speech pathology, speech recognition, dysphonia, mel-frequency cepstral coeffi-
cients, discrete Fourier transform, Euclidean distance.

44



