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Pesiome

BeeneHue. PacctporictBo ronoca BcrpedaeTcs npumepHo y 30% xuteneit ctpaH. K Hanbonee M3yyaeMbiM XapakTepuCTMKaM ronoca
OTHOCATCA: OCHOBHAs 4acToTa, MoKa3aTeNu BbICOTbl TOHA M aMNAWTY/Lbl, COOTHOLLIEHWE FAPMOHMK K LLIYMY, BbIDAXKEHHOCTb KENCTPanb-
HOTO MUKa, MHAEKC aKyCTUYECKOrO Ka4YecTBa rooca, MakcMManbHoe BpeMs GOoHaLLMK, Bap1aLLMm OCHOBHOM YacTOTbl U KONMYECTBO
nay3 peyeBblX CUrHanos.

Uenb. [MpoBecTn nntepaTypHbIi 0630p OLEHKM BO3SMOXHOCTM aKyCTUYECKOrO aHanmn3a rofoca y NalmMeHToB C AUCHOHUSMMU.
Matepuanbl U MeToAbl. ABTOpbI NPOBENU NMOUCK NyBAMKALMIA B 31eKTPOHHbIX 6a3zax AaHHbIX PubMed, Web of Science, Google
Scholar u ELibrary. lMouck npoBoaMncs no cieaytolmMM KYeBbIM CloBaM: “voice acoustic analysis”, “voice disorder”, “artificial
neural network”, “dysphonia”, “standard deviation of fundamental frequency”, “voice quality”, «akyCTM4eCcKmMit aHanms ronoca.
Pesynbratbl M 06cykpeHne. OCHOBHas 4actoTa MoxeT 06nafath 6onee BbICOKOM YYBCTBMTENBHOCTbIO B OTHOLWEHMU 0ObeKTMB-
HOM KNMHWUYECKOM OLEHKM rofoca, YeM BbICOTa TOHA M aMnAMTYLA. BbipaeHHOCTb KenCTpanbHOro Nuka SBASETCS HeoTbeme-
MO 4aCTbto aKyCTMYECKOro aHanm3a ronoca, CnocobCTByoLLE ONpeaeneHmio Pas3nunii Mexay AUCHOHUYECKUM 1 HOPMANbHbIM
ronocom. KencrpanbHbiit aHanu3 6onee 4yBCTBUTENEH K C1TABOBbIPAXXEHHbIM AUCHOHNYECKMM U3MEHEHUAM, YEM METOLbl aHaNN3a
rNacHbIX. HECMOTPS Ha BbICOKYH aHANUTUYECKYH TOYHOCTb, YA0OCTBO MCMOAb30BAHUS MALIMHHOIO 0ByYeHMs, a Takke nepcrnek-
TMBHOCTb AaHHOIO0 NoAxXxoAa B AMArHOCTUKeE ,EI,I/ICd)OHl/Il/I, KNUHUYECKOoe NpuMeEHEHNE ,ELE]HHOI?I TexXHoNnornun Tpe6yr0T ,D,aﬂbHEVILLIVIX
NCCneaoBaHMin.

BbiBOAbI. AKYCTUYECKMI aHanun3 ronoca obnafaeT TakuMm NpeUMyLLECTBaMU, KaK HEMHBA3MBHOCTb, HU3Kas CTOMMOCTb M yA06CTBO
MCNONb30BaHMS, MO3BONSS MOAYYUTb OObEKTUBHbIE AaHHbIE A5 OLEHKM BbIPAXKEHHOCTU HapYLIEHWIA rofoca U SBNSSCb He3aMeH!-
MbIM METOAOM NS BbISIBAEHWS NATONOMMIA, CONPOBOXAAOLWMXCA HapyweHneM GoHaumm. Hanbonee nHdopmaTMBHbIMU Napame-
TPaMK aKyCTMYeCKOro aHanmsa ronoca, No AaHHbIM MTepaTypbl, ABASIOTCS: NapaMeTpbl OCHOBHOW YacTOTbl, MOKa3aTeNu BbICOTbI
TOHa W aMNAKUTYAbI, BbIPAXKEHHOCTb MUKOB NPU KENCTPanbHOM aHanu3e, MHAEKC aKyCTUYeCKOro KavyecTBa ronoca, MakcMmanbHoe
BpeMs GOHaLMK, OTHOCUTENbHbIN YPOBEHD LUYMa B PEYEBOM CUTHase.

KnioueBble cnoBa: aKyCTl/I‘-IECKMIZ dHanun3 ronoca, ,EI,MC(DOHMH, Ka4eCTBO rosioca, BbiICOTa TOHA, aMn/inTyAa TOHa, OCHOBHAA 4acCToTa,
BbIPpa>XE€HHOCTb KENCTpanbHOro nmka, MalWnHHOE o6yL|eHme
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Abstract

Introduction. Voice disorders occur in approximately 30% of the country’s population. The most studied characteristics of the
voice include fundamental frequency, pitch and amplitude, harmonic-to-noise ratio, cepstral peak severity, acoustic quality index
of voice, maximum phonation time, variations in fundamental frequency and number of pauses in speech signals.

Aim. Literature review assessing the possibility of acoustic voice analysis in patients with dysphonia.

Materials and methods. The authors searched for publications in the electronic databases PubMed, Web of Science, Google
Scholar and ELibrary. The search was carried out using the following keywords: “voice acoustic analysis”, “voice disorder”,
“artificial neural network”, “dysphonia”, “standard deviation of fundamental frequency”, “voice quality”, “acoustic voice analysis”.

Results and discussion. Fundamental frequency may be more sensitive to objective clinical assessment of voice than pitch
and amplitude. The severity of the cepstral peak is an integral part of the acoustic analysis of the voice, helping to determine
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the differences between dysphonic and normal voices. Cepstral analysis is more sensitive to subtle dysphonic changes than
vowel analysis methods. Despite the high analytical accuracy, ease of use of machine learning, as well as the promise of this
approach in the diagnosis of dysphonia, the clinical application of this technology requires further research

Conclusions. Acoustic Analysis of Voice offers numerous advantages such as non-invasiveness, cost-effectiveness, and ease
of use, facilitating the acquisition of objective data for evaluating the severity of voice disorders and serving as an indispensable
tool for identifying pathologies associated with phonation disturbances. According to the literature, the most informative
Acoustic Analysis of Voice parameters include fundamental frequency metrics, pitch and amplitude indices, cepstral peak
prominence, voice quality index, maximum phonation time, and the relative noise level in the speech signal.

Keywords: acoustic voice analysis, dysphonia, voice quality, pitch, tone amplitude, fundamental frequency, cepstral peak

severity, machine learning
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BBELOEHME

PacctponcTso ronoca Bctpeyaetcs npumepHo y 30% xu-
Tenen ctpaH [1]. MpobneMbl C FONOCOM NPUBOAST Kak K 3KO-
HOMMYECKOMY, TaK M K coLManbHOMY yuiepby, BKoYas yse-
NIMYEHME YMCNa CYYaEeB AENPECCUMM U CHUXKEHWME KayecTBa
YXM3HW. HECMOTPS Ha 3T 3KOHOMMYECKMe 1 CoLManbHble No-
CNenCcTBUS, MULLIb HE3HAYUTENbHOE MEHBLUMHCTBO (MPUMEPHO
10%) ntopert c npobnemMamm ronoca ob6paLLakoTCs 3a JeYeH!-
eM [1, 2]. OCHOBHbIM 3BEHOM 06pa30BaHMs ronoca ABASIOT-
CS TONOCOBbIE CBA3KM, MEHSIOLWME MONOXKEHME B 3aBUCUMO-
CTV OT HaMpsHKEeHMS MbILLL, FOpTaHu. BeicTynas B ee nonocTb,
OHM 0BPa3yHT ronocoByto LWenb. [0TOK BblAbIXaEMOro BO3-
nyxa obycnaBnvBaeT konebaHWe ronocoBbIX CKAALAOK M 06-
pa3oBaHWe TypbyIeHTHOro MOTOKa BO34yXa, NPOpbIBatoLLe-
rocs Yepes 3aKpbITyl rOMIOCOBYHO LeNb, B pe3yabTaTe Yero
BO3HMKAIOT 3BYKOBble KonebaHus, NocTynatoLmne B NonoCTb
rNOTKM, HOCa M pTa. Npoxoas poToBYK MONOCTb, FONOCOBAS
BO/IHA MOABEPraeTcs U3MeHeHUIM, 00YCIOBNEHHBIM HANYK-
eM Heba, g3blka, ryd, MeHsIoLWMM CBOe NOoNoXeHne bnaroaa-
psi COKpATUTENbHOM CNOCOHBHOCTU MbiwwL, OBpa3oBaHHbIe Ka-
Hanbl NPensaTCTBYIOT CBOOOAHOMY MOTOKY FO/I0COBOW BOAHbI,
4TO CnocobcTBYET 06pPA30BaHMIO 3BYKOB.

PaccTpoiicTBa ronoca MoryT BapbnpoBaThCa OT He3Ha-
YMTENbHOrO rONOCOBOro AMCKOMMOPTA, XapaKTepusylLle-
ro QYHKUMOHANbHYIO AMCHOHMIO, 1O TSXKENon adboHUU, pas-
BMBLUENCS BCNEACTBME 3/10KAaYECTBEHHbIX 006pa3oBaHumid. Mon,
BO3PACT, @ TaKxe poA NpohecCcMoHanbHOM AeSTeNbHOCTU MO-
ryT 9BNSTbCS GakTopamu, NpeapacnonaralowmmMm K HapyLe-
HWto ronocoobpaszosanus [2, 3].

AKyCTMYeckuit aHanu3 ronoca (AAlN sBnsetcs o6bekTuB-
HbIM, HEMHBA3MBHbLIM METOAOM OLEHKM rofoca Kak npu co-
CTOSIHUSX, AaCCOLMUPYEMBIX C HapylleHueM ero hopMumpo-
BaHUS, NpefCTaBNEHHbIX NAPUHIUTAMM, NapUHIOCNa3Mamu,
OMyXONSMU rOpTaHu, CNACTUYECKON ANCHOHMEN U Napannyom
rofI0COBbIX CBSA30K, TaK M 63 BbISIBNEHHbIX NaTonoruii [4-7].

AAT npenctasnsieT 6onblion MHTepec AN GOHMATPOB
W KIMHULKCTOB, 4TO 0OYCNOBNEHO HEUHBA3MBHOCTbBIO, HU3-
KOM CTOMMOCTbIO M NPOCTOTON NpuMeHeHus [4]. B 2001 r. Es-
poneiickoe napuHronornyeckoe obuectso (E/10) npeanoxu-
N0 6330BbIii NPOTOKON A1 OLEHKM 3a60N1eBaHMI, CBA3AHHbIX
C rof0CoM, B KOTOPOM pEKOMEHA0BaN0o Mcnonb3oBaHue AlT
B KayecTBe AMArHOCTMYECKOro MHCTpyMeHTa. B npoTokone
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6bI1M OTMeYeHbl 0CHOBHas Yactota (OY), nokasaTtenu BbI-
COTbl TOHA M aMMNAUTYAbI, @ TAaKXKe COOTHOLWEHWE rapMOHMK
K LIYMY KaK 3HauuMble napaMeTpbl Npu OLEHKe KayecTBa ro-
noca [5]. K Hanbonee n3yyaembIM xapakTepucT1kaM roaoca
OTHOCSTCS: BbIPAXXEHHOCTb MUKOB NPWU KeNcTpasbHOM aHa-
nuse (CPP - cepstral peak prominence); nHaekc akyctude-
cKoro kayecta ronoca (AVQI - the Acoustic Voice Quality
Index), koTopbit N03BONSET OOLEKTUBHO OLEHWUTb CTEMEHb
TSHXKECTM ANCHOHMM C MOMOLLbIO YCTOMYMBbLIX TIACHBIX U He-
NpepbIBHOW peyun; MakcumanbHoe Bpems doHauun (MBOD),
OTHOCUTENbHBIM YPOBEHD WyMa B peyeBoM curHane (HNR -
Harmonic to Noise Ratio) [8].

LUenb nccnepoBaHms — NpoBeCTM nMTepaTypHbii 0630p
OLEHKM BO3MOXHOCTM AAT y NaumMeHTOB € ANCHOHUAMM.

MATEPWAJ1bl U METOAbI

ABTOpbI NPOBENN MOWUCK MYBNMKAUMIA B SNEKTPOHHBIX Oa-
3ax gaHHbix PubMed, Web of Science, Google Scholar u ELi-
brary. Monck NpoBoAMACA NO CNEAYIOLMM KITHOYEBBIM CJTIOBAM:
“voice acoustic analysis”, “voice disorder”, “artificial neural
network”, “dysphonia”, “standard deviation of fundamental
frequency”, “voice quality”, «<akyCTUYECKMIN aHANU3 roNnocay.
Bce pabotbl 6bi1m onybnnkoBaHbl B nepuog ¢ 2015 no 2024 r.
Mpu HeEOBXOAMMOCTH MCCNenoBaTENM NPOBOAMAN LOMONHM-
TENbHbIN NOUCK UHOM pEeNeBaHTHOW IMTEPATYPbI, KacaloLwen-
€A KNIMHMYECKOTO 3HAYEHMS aKyCTMYECKOro aHanumsa ronoca.

PE3YNbTATblI U OBCYXXOEHUE

CornacHo nMerLMMcs nMTepaTypHbIM AaHHbIM, AAT no-
3BonseT uccneposatb OY, BbicoTy M amnanTyny ToHa. B 2016 1.
L.W. Lopes et al. uccnenoBanu TOYHOCTb aKyCTUHECKMX MOKa-
3ateneit ans anddepeHUMpoBKM NALMEHTOB C PA3IUUHBIMK
3aboneBaHuamMu roptann [9]. Onm obHapyxunum, yto OY aBns-
eTCsq ONTMManbHbIM MapaMeTpPOM ANS BbIIBAEHUS PA3NNUMiA
MeX[y y3€enKaMu ronoCcoBbIX CBA30K U UX OAHOCTOPOHHUM
MapannyoM WK HapYLWEHUSIMU FrON0Ca, BbI3BAHHbIMYM racTpo-
330(areanbHbIM pedloKCOM, a TaKXKe Mexzay NoAnnaMm rop-
TaHu 1 BOpO34aMum ronoCcoBbIX CKNALOoK. [lokasaTenb BbICOTh
TOHa NPOAEMOHCTPMPOBAN BbICOKYK TOYHOCTb B AnddepeH-
LManbHOM AMArHOCTMKE MEXAY Y3eNKaMMu rofocoBbIX CBA30K
1 60p0o34aMu roNIOCOBbIX CKNAA0K, @ COYeTaHHbIM aHann3 OY
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M aMNAUTYAbl CNOCOBCTBOBAN BbISBMEHUIO OJHOCTOPOHHEro
napanunya ronocoBbix CBA30K. Bnocnencrasum, 0CHOBbLIBasCH
Ha ropa3go 6onbluei KoropTe, aBTOPbl NPeANnoNOXKMAN, YTO
KOMOMHUPOBaHHblE MeToAbl aKyCTUYECKOro aHanm3a MoryTt
obnerynTb onpefeneHne Natonornyeckux M3IMeHeHu rono-
Ca y nauneHToB ¢ auchoHwmen [9].

B nccnenoBaHmm, NOCBSALWEHHOM OLEHKE BAMSIHUS KypeHUs
Ha aKycTMyeckue napaMeTpsbl ronoca, M.R. Ayoub et al. He 06-
HapYXWK CTaTUCTUYECKM 3HAYUMbIX U3MEHEHWIA OCHOBHOW
4acCToTbl M aMMAUTYAbl, OAHAKO CpeAHee 3HayeHue Nepeoro
nokasartens 66110 3HAYUTENbHO CHUXEHO Y KypuabLumkos [10].

J. Searl et al. cpaBHMAK akycTMYeckMe nNapameTpbl A0
M nocne BbINMOAHEHMUS NevYebHbiX Npoueayp y nauuMeHToB
c 6onesHbto MMapKMHCOHA M OTMETWUAM, YTO MHTEHCMBHOCTb
rofioca 3HaunUTEeNbHO YBEIMYMAACH MOC/e NeYeHus, B TO Bpe-
M$ KaK OCHOBHAsi 4acToTa He npeTeprena 3HaYnTeNbHbIX U3-
MeHeHui [11].

Pan nccnenoBatenbCkux rpynn NpuLLEeN K BbIBOAY, YTO aM-
NAUTYAA TOHA U OTHOCUTENIBHOMO YPOBHS LUYMa B peyeBOM
curHane (OCLL) cBA3aHbl C pUCKOM acnMpaLmMu y NaLmMeHToB
C HapyLEeHUSIMU TNOTaHMS, @ OAHOCTOPOHHUI Napanuy ro-
NOCOBbIX CB30K MOXET BbI3blBATb 3HAUYUTENbHbIE N3MEHE-
HWUS Pa3fIMYHbIX aKyCTUYECKMX NapaMeTpoB, BKNOYAs cpea-
Hee 3HayveHune OY, BbicoTbl, amnanTyabl ToHa 1 OCLL [12,13].

OnucaHHble aKkyCcTMYeckue napameTpbl NOKasanu CBO
nepcneKTUBHOCTb, 0 CMX MOP CYLeECTBYeT Mano AaHHbIX,
CPaBHMBAIOWMX KIMHUYECKYID 3HaunMoCTb OY, BbICOTbI, aM-
nAuMTyabl TOHa. [1poBeAeHHble UCCnenoBaHns CBUAETENb-
CTBYKT 0 TOM, 4To OY MOxeT 06nafatb 6onee BbICOKOW 4HyB-
CTBUTENbHOCTbI B OTHOLWEHUWU OOBEKTUBHOM KIMHUYECKOW
OLLeHKM rofioca, YeM BbICOTa, aMNAUTYAA TOHA, XOTS ybeau-
TeNbHbIX [OKA3aTENbCTB MNO-NPEXHEMY He XBaTaeT.

JY.Lim et al. nccnepoBanu akyctMyeckue u 3neKTporno-
Torpaduyeckme xapakTepucTukM y NaumeHToB ¢ AMCHOHMEN
[0 M mocne Kypca fievyeHms Bokanotepanuein n obHapyxu-
NN CHWXEHWE BbICOTbl TOHA M Ka4YeCTBEHHbIX XapaKTepu-
cT1K [14]. Ta e rpynna aBTOpOB B APYroM MCCNefoBaHUK
npuLUNa K BbIBOLY O TOM, YTO MCMOMIb30BaHMeE Taknx napame-
TPOB, Kak amnanTyaa ToHa M OCLU, obneryatoT 06bEKTUBHYHO
OLLeHKY TSXKEeCTM HapylueHus ronocoobpasoBaHus 40 U nocne
onepauuu y naumeHToB c oTekoM PeiiHke [15]. B pamkax mc-
CNef0BaHUA NALMEHTOB C pacllennHoi Heba Bbio BbISIBAEHO
3HauuTeNbHOE MOBbILEHME YPOBHS OCHOBHOM 4acToThbl Yy Ma-
LMEHTOB C AAHHOW MATONOTMEN MO CPAaBHEHWMIO C KOHTPO/b-
HOM rpynnoi. Takxe Obl10 OTMEUYEHO 3HAYMTENIbHOE YBEU-
YeHue aMnAUTyAbl TOHA Yy NaLMeHTOB C HEBHO-TNOTOYHOWM
HeLoCTaTo4yHoCTbio [16]. OfHako B xo4e HeaaBHero uccne-
noBaHusa M. Segura-Hernandez et al., Takxe NpoOBOAMBLUMX
aKyCTUYECKMIA aHaNU3 AeTelt C aHaNorMYHbIMU NaToNormsaMu,
CTaTUCTUYECKM 3HAYUMbIX PA3NYMIA OCHOBHOWM YaCTOTbl MeX-
[ly NaUMEeHTaMM U KOHTPOIbHOM rpynmnoi BbISBNEHO He BObino.
Kpome Toro, 66110 0OTMEYEHO 3HAUYUTENbHOE YBEIUYEHWE Bbl-
COTbl ¥ aMMNAWUTYAbI TOHA Y BCEX MALMEHTOB B Hayane neveHns
M UX CHUXKEHME MO OKOHYaHuu Tepanuu [17]. 3T pesynbra-
Tbl YKa3bIBaOT Ha TO, YTO laHHble Noka3aTenu bonee YyBCTBU-
Te/bHbI, YeM OCHOBHAs 4acToTa. CTOUT OTMETUTB, 4TO BO BCEX
BbILLEYNOMSHYTbIX UCCNEA0BAHMAX HE M3y4anoCb CTaHAAPT-
HO€e OTK/IOHEHME OCHOBHOM 4acTOTbl.

[aHHble nccnepoBanmit nybepdoHUM CBUAETENLCTBYIOT
0 HecTabunbHOCTU KOHTPOAS ros0ca y UCcCneayeMblx AaH-
HOM rpynnbl. OueHKa pe3ynbTaToB JIeYEHMUS C MOMOLLbIO
NepLenTUBHOIO WM aKyCTMYECKOro aHanu3a BbIBUNA CHU-
xeHne OY, BbICOTbl M aMnauTyabl ToHa [18]. AHanu3 cTaH-
naptHoro otknoHeHnuns OY nposeneH He 6bin. Takke 6bi10
OTMEYEeHO OTCYTCTBME CYLLECTBEHHOM Pa3HuMLbl BbICOTbI U aM-
NAUTYAbI TOHA NPU NPOM3HOLLEHUM YCTOMYMBBIX FIACHBIX 3BY-
KOB, B TO BpEMS KaK CTaHLApTHOe oTkNoHeHWe OY BbisSBUNO
3HauuTenbHble n3MeHeHus [9]. JanbHerWwmnin aHanns nokasan,
4TO MCCnenyeMble NapaMeTpbl Pa3nMyaoTcs Mexay rpynnow
MaLMEeHTOB C KapLUMHOMOW MM MONMNaMuU FrOpTaHU U KOH-
TponbHOM rpynnon [9]. MonyyeHHble LaHHblE CBUAETENb-
CTBYIOT O TOM, YTO Ny6epdOHUS OTNINYAETCS OT OpraHU4eCKMX
3aboneBaHuit roptaHornoTku. [poTekatoLwmne Npu HUX NaTo-
dur3monormyeckne NpoLecchl MPUBOAAT K Pa3/IMUHbIM aKyCTU-
YECKMM M3MEHEHMSAM.

Pabotbl B 06nactu AAT Bce 6onblue NPUXOAAT K BbIBOLY,
YTO BbIPAXXEHHOCTb KencTpanbHoro nuka (BKIM) asnsetcs o06b-
€KTUBHbIM nokasaTeneM anchoHun. B 2018 r. pykoBOACTBO
AmMepukaHckom accoumnaumm noronenos (ASHA) pekomeHao-
Basio LAaHHbIA METOA KaK MHCTPYMEHT A1 OLEHKM BbIpaXKeH-
HocTu amchoHun [19]. bnarogaps AaHHOW pekoMeHAaumm
BKI1 npucoeonHseTcs K Ucnonb3yembiM paHee MeTonam AAT,
Bkatovatowmm OY, BbicoTy, amnanTyay ToHa 1 OCLU. JaHHble
noKasaTenu ycTynatT KeNCTpanbHOMY aHanumsy, 4to 0bycnos-
NEHO BO3MOXHOCTBIO MOMYYEHUS NNLLb YCTOMYMBbIX MACHBIX,
M MOXET ObITb HEHAAEXHbBIM NPU HU3KOW CTEMEHM BbIPaXeH-
HoCTW gucdoHmun. B otnmume ot Hnx faHHbie BKIT MoryT 6biTb
NOMYYEHbI U3 CBA3HOM PEYM 1 YCTOMUMBBIX NACHBIX U HE Tpe-
6yt0T noacyeTa CpefHero 3Ha4YeHns OCHOBHOWM 4acToTbl.

Bce 6onble paboT gemMoHCTpupytoT cnocobHocTs BKTI
omddepeHUMpoBaTh ronoca ¢ ANCHOHUYECKMMU M3MEHEHU-
AMU U 6€3 HUX B Pa3HbIX A3bIKOBbIX IPynmnax, BKIKYAKOLLMX
AHINIMNCKUR, TYPELKMIA, KOPENCKUI, MCMAHCKUIA, U NpW pas-
NINYHBIX TUNAxX paccTponcTs [20-22]. Pe3ynbTathbl AaHHBIX UC-
CNefoBaHWI AeKNapUpyoT O TOM, 4TO Bonee Hu3kune 3Haye-
Hus BKIT koppenvpytoT € yBENNYEHNEM TAXKECTU AUCHOHUM.
OnHaKo KAMHMYEeCKoe NMpUMeHeHUe MeTOAA OrPaHNYEHO BBU-
[ly OTCYTCTBMS pEKOMEHAAUMN, YKa3bIBAKOLLMX HA pedepeHc-
Hble 3Ha4YeHwus, 0GbEKTUBHO OTpaxatowwme AUCHOHMIO.

KencTtpanbHblit aHanM3 OCHOBAH Ha BpeMeHHOW 061acTu
C CUTHANOM, IBAAOLLMMCS 3aBUCUMOCTbI0 aMNAUTYAbI OT Bpe-
MeHW. [Ing BUOAOM3MEHEHUS CUTHANa OT BPEMEHHOrO TMNa
K YaCTOTHOMY MCMOMb3YeTCs MHTerpanbHoe npeobpasoBaHune
@ypbe, KOTOPOE LeNUT Kaxblii GparMeHT Ha paBHble NO [1K-
TeNbHOCTU OTPE3KU, YTO NMO3BONSET CO34aBATh CMEKTPaNbHblE
[Marpammbl, NO3BONSIOLLME OLEHMBATb GoHaumio [23].

C uenbio BbISIBNEHUS U3MEHEHWI (DOHALMMN HEMPEPBIBHbIN
[ManasoH 3HaveHmi BKI cnepyeT pa3gensatb Ha rpynmnbl C 04-
HWUM WK HECKONbKMMM MOPOroBbIMU 3HaueHUaMU. Kaxabli
MOTEHLMANbHbIA NOPOr MOXET AaBaTb Pa3/IUYHYIO YyBCTBU-
TeNbHOCTb M CNeumndUYHOCTb, MO3TOMY ANs NtHoro TecTupo-
BaHMS CneayeT BbIbpaTh Takow MOpPOr, 4TOObl KOAMYECTBO M TUM
olwKnboK BbIIM NpUEMAEMbIMU ONS LeNel AaHHOro TecTa.

K oCHOBHbIM MapameTpaM, UCMOMAb3yeEMbIM B HaCTOS-
wee BpeMsa ana AAT, OTHOCST MHAEKC BbIPAXKEHHOCTU AWC-
doHum (DSI), paccuntbiBaembit Ha ocHoBe OY ans oueHku
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HenpepbIBHbIX MMACHbIX B paMKax Ioroneanyeckon Tepanuu,
KeNnCTpanbHbIA CNekTpanbHbid MHAekc amchoHun (CSIDE),
BK/IOYAOLMIA NONOXEHME KENCTPANbHOIO NWKa WU ero CTaH-
[lapTHOE OTK/JIOHEHMe, MHLAEKC aKyCTMYECKOro KayecTBa ro-
noca (AVQI), asngwowmincs MHoronapaMeTpuyecknuM noka-
3aTefleM KayecTBa ronoca, Noay4YeHHbIM Ha OCHOBe pacyeTa
6 aKyCTMYeCKMX NMapaMeTpoB, U MHAEKC aKyCTUYEeCKOro Abl-
xaHus (ABI), oueH1BalOWmI ypoBEHb LWyMa BO34YLWHOMO No-
TOKa, onpenensieMblii Ha OCHOBE 9 aKyCTMYeCKMX MnokasaTe-
nen [24, 25]. CSIDE, AVQI 1 ABI mMoryT 6bITb MCMOMb30BaHbI
[LNS aHanu3a HenpepbIBHbIX MMACHbIX U HEMPEPLIBHOW peyn.

Mo ODaHHBIM HECKOMbKUX AMArHOCTUYECKUX TECTOB, KOH-
TPONMpPYyeMbIX CYObEKTUBHOM OLEHKOM MW pe3ynbTaTamu
NapUHroCKoNuM, IMAarHOCTMYECKas LEHHOCTb KaXAoro co-
CTaBHOro MapameTpa Mpu HapylweHUaX ronoca pasanyHa.
S. Aghadoost et al. cpasHunu DSI ¢ pesynbtatamun MHAEK-
Ca ronocoBbix HapyweHwui (VHI) y naumMeHToB C HapyLieHu-
MUK roNoca M 0B6HaAPYXKMMU OTCYTCTBME KOPPENSLUU MeX-
oy Humm [25]. M. Englert et al. npuwnmn K BbIBOAY O TOM, 4TO
AVQI n ABI koppenupytoT ¢ VHI [26].J.M. Lee et al. BbisBMAK
6onee cunbHyto kKoppensiumio Mexay CSID m oueHkown cybb-
€KTMBHOIO C/TYXOBOr0 BOCMPUATUS MO cpaBHeHuto C AVQI.
AVQI 6bin onpeaeneH kak napameTp, CNOCOOHbIN C BbICOKOM
TOYHOCTbIO OLLEHWTb Ka4eCTBO roa10ca M UMeLLMIA NoTeEHLMAnN
L9 MCNOMb30BaHUS B KIMHUYECKOW NpakTuke [27].

B Hay4HOW nuTepaType UMeeTcs psaa MCCneLoBaHuWiA, no-
CBSLLEHHbIX OMpeaeneHunto Moporosoro 3HavexHms BKI. M. Yu
et al. cuMTaloT, YTO LaHHbIM NOKasaTeNb AO/MKEH ObiTb Bbille
12 nb npw npounsHoLwWweHMM rnacHbIX U 7 b — B pa3roBopHOM
peun y HocuTenewn Kopenckoro s3bika [28]. laHHbI ypoBeHb
NMoporoB HeCKONbKO Huxe, YeM yJ. Delgado-Hernandez et al.,
YbW pe3ynbTaThl NPOAEMOHCTPUMPOBANU MUHUMASbHOE 3Haye-
Hue CPP, paBHoe 13,96 nb ang rnacHbix 1 8,37 ob - ona He-
npepbiBHON peun [29].

B 3akntoueHue cnenyet oTMeTuTb, YTo CPP aBngetca He-
oTbemnieMow Yactbio AAT, cnocobeTBylowen onpeaeneHuio
pasnnunii Mexay AMCOOHMYHBIM U HOPMaJIbHbIM FOI0COM.
KenctpanbHblii aHanu3 6onee yyscTBUTENEH K C1aboBbipa-
EHHbIM AUCHOHUYECKMM M3MEHEHUAM, YEM METO[bI, OCHO-
BaHHble Ha aHaNM3e racHbIX.

3a nocnepHee gecstuneTve 6610 UCCNEA0BAHO HECKOb-
KO anropuTMOB MalmHHOro obyyeruns (MO), Lenbio KOTopbiX
SABNANOCH ONpeaeneHue HapylleHuin ronoca. CornacHo nuTe-
paTypHbIM AaHHbIM, MO MOXET C BbICOKOW TOYHOCTbHO BbISIB-
NATb AMCHOHMYECKME M3MEHEHMS, YTO NO3BONSET rOBOPUTH
0 MOTEHLUMANbHOM NOMOLLM BpayaM B aHaNu3e U OLEeHKe pe-
3yNbTaTOB NeYeHns PacCTPOMCTB, CONPOBOXAAMLMXCS Ha-
pyweHuem doHaumm [30, 31]. OgHako, HECMOTPS Ha MHO-
rOYMCNeHHble UCCNefoBaHUS, HU OAMH U3 aNrOpUTMOB He
0Ka3ancs LOCTaTOMHO HAAEXHbIM AN NPUMEHEHUS B KIU-
Huyeckunx ycnosusx [30]. HecMOTps Ha BbICOKYIO aHaNUTK-
Yyeckyk TOYHOCTb, YyBobcTBO Mcnonb3oBaHusa MO, a Takxe
nepcneKkTMBHOCTb AAHHOMO NMOAXOL4a B AMArHOCTUKe Ancdo-
HUW, KTMHWYECKOe NPUMEHEHWE AAHHOM TexHonornm Tpeby-
€T AaNbHENLLIMX UCCNeqoBaHMNM.

Ponb npumeHenns MO m MCKYCCTBEHHOTO MHTENNEK-
Ta Bbl1a NPOAEMOHCTPUPOBAHA B MCCNEA0BAHUAX, U3yYato-
LUMX NOrOHEBPO3, XOTb U OCHOBHbIM METOA0M B AMArHOCTUKe
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[LaHHOTO COCTOSIHMS, MO MHEHWIO aBTOPOB, ABASETCS Crek-
TpanbHbIf aHanms [32-34]. [lpu 3TOM CTOWUT OTMETUTb, YTO
CTaHAAPTHbINM aKyCTUYECKMIA aHANM3 He MO3BONSET AUMHAMM-
4ecKn KOMBUHMPOBATb BbIOPAHHbIE MPWU3HAKK, U3BIEYEHHbBIE
n3 6onblioro Habopa AaHHbIX, U He 0bnagaeT BO3MOXHO-
CTbKO CAMOODYYEHMS U COBEPLIEHCTBOBAHMS Ha OCHOBE MUMe-
owmxcs 6a3 faHHbIX. M3MEHEeHMS aKyCTUYeCKMX XapaKTepw-
CTUK, HabMo4aeMbIX N0 XO4Y NeYeHUS NAHHOIO COCTOSHUS,
yalle BCEro onpefenstTcs NOCPenCTBOM HEMEAMKAMEHTO3-
HbIX MOAXOL0B, OCHOBbIBAIOLLMXCA Ha NOCeleHun noroneaa
WK NPUMEHEHUN YCTPOWCTB, 3aMeISOLLMX TeMN peun bna-
rofaps HanMumio CyxoBor obpaTHoM cBs3m [35]. F. Asci et al.
B MCCNeO0BaHMM NOrOHEBPO3a BbISIBUAN 3HAUUMbIE KIMHUKO-
MHCTPYMEHTa/bHbIE 3aBUCMMOCTM: YEM BblLLE 3HAYEHUS KOID-
duumeHTa NpaBaonoaobums, MCMONb3YIOWerocs AN OLEHKK
LLeHHOCTW BbINMOMHEHUS LMArHOCTUYECKOro TecTa, NoMyYeH-
HOro ¢ nomoubio MO, TeM Bbille TSXKECTb CUMATOMOB /10r0-
HeBpo3a. TaknuM 06pa3om, Bbi10 NPOAEMOHCTPUPOBAHO, YTO
CTeneHb U3MEHEHUS ronoca y NauneHToB C NOFOHEBPO30OM
KOppenupyeT C THXeCTbio 3ab0neBanus, a 3HaueHns Koapdu-
LMeHTa NpaBaonoaobms MOryT CYMTaTbCs HaeXHbIMK MOKa-
3aTENAMM N1 BbIPAXKEHUS THKECTM AAHHOTO COCTOSAHMS [36].

P.Mahajan et al., ucnonb3zoBaswwne MO, BkatovatoLLee an-
ropuUTMbl CaMOOBYYeHMS C LEeNblo NoBbIWeHUs 3DdEKTUBHO-
CTV 0BHapYXeHUS ANCHOHNYECKMX U3MEHEHMI Y NALIMEHTOB
¢ bonesHbo AnbLreriMepa, BbISBUAW MOBbILEHWE TOYHOCTH
onpeneneHns akyCTMyeckux UameHeHuin Ha 2% [37].

Z. Ren et al. npoBenun nccnenoBaHme akycTUYeCKMX Xa-
pakTepucTmK Kawns y naumentos ¢ COVID-19, uensto koTo-
poro SBASA0Ch CO34aHMe MOLENM, CNOCOOHOM NPeanonoXnTb
Hanu4me unu OTCYTCTBME AAHHOM maTtonoruun y nogen [38].
Bbino BbIIBNEHO, YTO HECKOBKO XapaKTepUCTMK Kaluns, mpo-
aHaNM3MPOBAaHHbIX M BbIIBNEHHbIX C momouwbio MO, yawe
BCTpeyatoTca y naumeHTtoB ¢ COVID-19, yto MoxeT cTath 40-
MONMHUTENBHOM MepOoW AMArHOCTUKM AaHHOM natonorum [38].

BbiBOAbI

AAT obnapaeT TakKMMU NpenMyLLeCTBaMU, KaK HEMHBA3MB-
HOCTb, HM3Kast CTOMMOCTb M YA0HCTBO MCMONb30BAHMS, MO3BO-
N9 NONYYUTb OObEKTUBHBIE AAHHbIE A1 OLEHKM BblpaXKeH-
HOCTM HapyLUEHWI ronoca 1 9BngsCb HeE3aMEHNMbIM METOLOM
NS BbIIBIEHWUS MATONOMMM, CONPOBOXAAIOLLMXCS HapyLe-
HueM doHauuun. Hanbonee MHPOPMATUBHbLIMM NapamMeTpa-
Mu AAT, No AaHHBIM NUTEPATYPbI, SBASKOTCA: NapaMeTpbl 0C-
HOBHOM 4acTOTbl, NOKA3aTeNM BbICOTbl TOHA U aMNAUTYAbI,
BbIPaXXEHHOCTb MMKOB MpPU KENCTPaNIbHOM aHanu3e, MHAEKC
aKyCTMYeCKOro KayecTBa ronoca, MakcMMmanbHoe Bpems Go-
HaLMKW, OTHOCUTENbHbIA YPOBEHb LWyMa B PEYEBOM CUTHa-
ne. Kpome 1oro, AAl MOXXHO NPUMEHSTb NS OLUEHKU pe3ynb-
TaTOB /JleveHnsa psaaa 3aboneBaHMin Kak NpU OpraHUYecKmnx
(pa3nmyHble GOpPMbl TAPUHIUTOB, HOBOOOPA30BaHMS, Mape3bl,
napanuuv 1 T. 4.), Tak u GYyHKLMOHANbHBIX (TMMOTOHYCHBbIE, Tn-
nepTOHYCHble, CMELIAHHble, CnacTuyeckne AMcHoHun) 3abo-
NeBaHMIX rOpTaHMU.

Moctynuna / Received 03.05.2024

Moctynuna nocne peueHsnposanms / Revised 21.05.2024
MpunsTa B neyats / Accepted 04.02.2025



1

10.

1

[N

1

1

W

14.

1

O]

16.

17.

N

Cnucok nutepatypbl / References

Lenell C, Shao Q,Johnson AM. Identifying Concomitant Health Conditions in
Individuals With Chronic Voice Problems.J Voice. 2021;35(5):810.e1-810.e5.
https://doi.org/10.1016/j.jvoice.2020.01.007.

Cohen SM, Kim J, Roy N, Asche C, Courey M. Prevalence and causes of dys-
phonia in a large treatment-seeking population. Laryngoscope.
2012;122(2):343-348. https://doi.org/10.1002/lary.22426.

Gunjawate DR, Chacon AM, Nguyen DD, Madill C.Vocal tasks for acoustic
and/or auditory perceptual analysis for discriminating individuals with
and without voice disorders: a systematic review protocol. BMJ Open.
2023;13(12):e077398. https;//doi.org/10.1136/bmjopen-2023-077398.
Gorris C, Ricci Maccarini A, Vanoni F, Poggioli M, Vaschetto R, Garzaro M et al.
Acoustic Analysis of Normal Voice Patterns in Italian Adults by Using Praat.
J Voice. 2020;34(6):961.e9-961.e18. https;//doi.org/10.1016/].jvoice.2019.04.016.
Lee SH, Hong KH, Kim JS, Hong YT. Perceptual and Acoustic Outcomes

of Early-Stage Glottic Cancer After Laser Surgery or Radiotherapy: A Meta-
Analysis. Clin Exp Otorhinolaryngol. 2019;12(3):241-248. https://doi.org/
10.21053/ce0.2018.00990.

Yang Y, Wang YL, Wei LZ, Wang JX, Huang FT, Huang GW. Is CO2 laser micro-
surgery better than radiotherapy in early glottic cancer: a meta-analysis.

Lasers Med Sci. 2023;38(1):223. https://doi.org/10.1007/s10103-023-03890-3.

CrapoctuHa CB, CeuctywkmH BM, PakyHosa EB. lMocneonepaunorHas pea-
6uAnTaLMa ronoca y naLumMeHToB ¢ A06POKAYECTBEHHbBIMM 1 OMyX0nernoao6-
HbIMM 3360/1€BAHUSMM TOPTaHM MO LAHHBIM aKyCTUYECKOro aHanu3a.
MeduyuHckuii cosem. 2019;(8):122-126. https;//doi.org/10.21518/2079-
701X-2019-8-122-126.

Starostina SV, Svistushkin VM, Rakunova EB. Rehabilitation of a voice func-
tion in patients with benign laryngeal lesions after surgical treatment.
Meditsinskiy Sovet. 2019;(8):122-126. (In Russ.) https://doi.org/10.21518/
2079-701X-2019-8-122-126.

Karlsen T, Sandvik L, Heimdal JH, Aarstad HJ. Acoustic Voice Analysis

and Maximum Phonation Time in Relation to Voice Handicap Index Score
and Larynx Disease./ Voice. 2020;34(1):161.e27-161.e35. https;//doi.org/
10.1016/j.jvoice.2018.07.002.

Lopes LW, Batista Simdes L, Delfino da Silva J, da Silva Evangelista D, da
Nobrega E Ugulino AC, Oliveira Costa Silva P et al. Accuracy of Acoustic
Analysis Measurements in the Evaluation of Patients With Different
Laryngeal Diagnoses.J Voice. 2017;31(3):382.e15-382.e26. https://doi.org/
10.1016/j.jvoice.2016.08.015.

Ayoub MR, Larrouy-Maestri P, Morsomme D. The Effect of Smoking on the
Fundamental Frequency of the Speaking Voice. J Voice. 2019;33(5):802.
e11-802.e16. https;//doi.org/10.1016/j.jvoice.2018.04.001.

. SearlJ, Wilson K, Haring K, Dietsch A, Lyons K, Pahwa R. Feasibility

of group voice therapy for individuals with Parkinson’s disease./ Commun
Disord. 2011;44(6):719-732. https://doi.org/10.1016/j.jcomdis.2011.05.001.
Kang YA, Kim J,Jee SJ,Jo CW, Koo BS. Detection of voice changes due to aspi-
ration via acoustic voice analysis. Auris Nasus Larynx. 2018;45(4):801-806.
https://doi.org/10.1016/j.an.2017.10.007.

. Takatsu J, Higaki E, Abe T, Fujieda H, Yoshida M, Yamamoto M et al. Critical

swallowing functions contributing to dysphagia in patients with recurrent
laryngeal nerve paralysis after esophagectomy. Esophagus.
2024;21(2):111-119. https;//doi.org/10.1007/s10388-023-01041-9.

Lim JY, Lim SE, Choi SH, Kim JH, Kim KM, Choi HS. Clinical characteristics
and voice analysis of patients with mutational dysphonia: clinical signifi-
cance of diplophonia and closed quotients.J Voice. 2007;21(1):12-19.
https://doi.org/10.1016/j.jvoice.2005.10.002.

. Lim JY, Choi JN, Kim KM, Choi HS. Voice analysis of patients with diverse

types of Reinke’s edema and clinical use of electroglottographic measure-
ments. Acta Otolaryngol. 2006;126(1):62-69. https://doi.org/10.1080/
00016480510043927.

Singh H, Maurya RK, Sharma P, Kapoor P, Mittal T, Atri M. Effects of maxil-
lary expansion on hearing and voice function in non-cleft lip palate

and cleft lip palate patients with transverse maxillary deficiency:

a multicentric randomized controlled trial. Braz J Otorhinolaryngol.
2021;87(3):315-325. httpsy//doi.org/10.1016/j.bjorl.2019.09.010.
Segura-Hernandez M, Valadez-Jiménez VM, Ysunza PA, Sanchez-Valerio AP,
Arch-Tirado E, Lino-Gonzalez AL et al. Acoustic analysis of voice in children
with cleft lip and palate following vocal rehabilitation. Preliminary report.
Int J Pediatr Otorhinolaryngol. 2019;126:109618. https;//doi.org/10.1016/j.
ijporl.2019.109618.

Bknad aesmopos:

KoHuenyus u ousatiiH uccnedosarusi — U.C. Tumep6bynatoB
Hanucanue mekcma - P.M. Mectoea, P.C. Tumepbynartos
Cbop u o6pabomka mamepuana - E.E. CaBenbeBa, P.M. lNectoBa

18.

19.

2

o

21.

22.

2

W

24.

2

%2}

2

o

2

~

28.

29.

30.

31

3

N

3

W

34.

35.

36.

3

~N

38.

Chen S,Han C,Wang S, Liu X, Wang B, Wei R et al. Hearing the physical
condition: The relationship between sexually dimorphic vocal traits

and underlying physiology. Front Psychol. 2022;13:983688. https://doi.org/
10.3389/fpsyg.2022.983688.

Patel RR, Awan SN, Barkmeier-Kraemer J, Courey M, Deliyski D, Eadie T et al.
Recommended Protocols for Instrumental Assessment of Voice: American
Speech-Language-Hearing Association Expert Panel to Develop a Protocol
for Instrumental Assessment of Vocal Function. Am J Speech Lang Pathol.
2018;27(3):887-905. https;//doi.org/10.1044/2018_AJSLP-17-0009.

. Delgado-Hernandez J, Ledn-Gémez N, Jiménez-Alvarez A. Diagnostic accu-

racy of the smoothed cepstral peak prominence (CPPS) in the detection

of dysphonia in the Spanish language. Loquens. 2019;6(1):e058-e058.

Lee Y,Kim G, Kwon S.The Usefulness of Auditory Perceptual Assessment
and Acoustic Analysis for Classifying the Voice Severity.J Voice.
2020;34(6):884-893. https;//doi.org/10.1016/j.jvoice.2019.04.013.

Esen Aydinli F, Ozcebe E, incebay O. Use of cepstral analysis for differentiat-
ing dysphonic from normal voices in children. Int J Pediatr Otorhinolaryngol.
2019;116:107-113. https://doi.org/10.1016/j.ijporl.2018.10.029.

. Randall RB. A history of cepstrum analysis and its application to mechani-

cal problems. Mech Syst Signal Process. 2017;97:3-19.

Chernobelsky SI, Petrova IA. Evaluation of the results of treatment of patients
with functional dysphonia using a cepstral test. Vestn Otorinolaringol.
2023;88(5):23-26. https;//doi.org/10.17116/0torino20238805123.

. Aghadoost S,Jalaie S, Dabirmoghaddam P, Khoddami SM. Effect of Muscle

Tension Dysphonia on Self-perceived Voice Handicap and Multiparametric
Measurement and Their Relation in Female Teachers.J Voice.
2022;36(1):68-75. https://doi.org/10.1016/j.jvoice.2020.04.011.

. Englert M, Latoszek BBV, Behlau M. Exploring The Validity of Acoustic

Measurements and Other Voice Assessments. J Voice. 2024;38(3):567-571.
https://doi.org/10.1016/j.jvoice.2021.12.014.

Lee JM, Roy N, Peterson E, Merrill RM. Comparison of Two Multiparameter
Acoustic Indices of Dysphonia Severity: The Acoustic Voice Quality Index and
Cepstral Spectral Index of Dysphonia.J Voice. 2018;32(4):515.e1-515.e13.
https://doi.org/10.1016/j.jvoice.2017.06.012.

Yu M. Predicting normal and pathological voice using a cepstral based
acoustic index in sustained vowels versus connected speech. Commun

Sci Disord. 2018;23(4):1055-1064. https://doi.org/10.12963/csd.18550.
Delgado-Hernandez J, Ledn-Gémez N, Jiménez-Alvarez A. Diagnostic accu-
racy of the smoothed cepstral peak prominence (CPPS) in the detection

of dysphonia in the Spanish language. Loguens. 2019;6(1):e058-e058.
Gupta R, Gunjawate DR, Nguyen DD, Jin C, Madill C. Voice disorder recogni-
tion using machine learning: a scoping review protocol. BM/ Open.
2024;14(2):e076998. https://doi.org/10.1136/bmjopen-2023-076998.
Al-Hussain G, Shuweihdi F, Alali H, Househ M, Abd-Alrazaq A.

The Effectiveness of Supervised Machine Learning in Screening

and Diagnosing Voice Disorders: Systematic Review and Meta-analysis.

J Med Internet Res. 2022;24(10):e38472. https://doi.org/10.2196/38472.

. Bakhtiar M, Zhang C, Sze Ki S. Impaired processing speed in categorical

perception: Speech perception of children who stutter. PLoS ONE.
2019;14(4):e0216124. https;//doi.org/10.1371/journal.pone.0216124.

. Maruthy S, Feng Y, Max L. Spectral Coefficient Analyses of Word-Initial Stop

Consonant Productions Suggest Similar Anticipatory Coarticulation

for Stuttering and Nonstuttering Adults. Lang Speech. 2018;61(1):31-42.
https://doi.org/10.1177/0023830917695853.

Guttormsen LS, Kefalianos E, Naess KA. Communication attitudes in chil-
dren who stutter: A meta-analytic review.J Fluency Disord. 2015;46:1-14.
https://doi.org/10.1016/j.jfludis.2015.08.001.

Hickok G, Venezia J, Teghipco A. Beyond Broca: neural architecture and evo-
lution of a dual motor speech coordination system. Brain. 2023;146(5):
1775-1790. https://doi.org/10.1093/brain/awac454.

Asci F, Marsili L, Suppa A, Saggio G, Michetti E, Di Leo P et al. Acoustic
analysis in stuttering: a machine-learning study. Front Neurol.
2023;14:1169707. https;//doi.org/10.3389/fneur.2023.1169707.

Mahajan P, Baths V. Acoustic and Language Based Deep Learning Approaches
for Alzheimer’s Dementia Detection From Spontaneous Speech. Front Aging
Neurosci. 2021;13:623607. https://doi.org/10.3389/fnagi.2021.623607.

Ren Z, Chang Y, Bartl-Pokorny KD, Pokorny FB, Schuller BW. The Acoustic
Dissection of Cough: Diving Into Machine Listening-based COVID-19
Analysis and Detection. J Voice. 2024;38(6):1264-1277. https;//doi.org/
10.1016/j.jvoice.2022.06.011.

0630p numepamypes — U.C. Tumep6ynatos, E.E. CaBenbeBa, P.M. MNectoBa, U.WU. 3arupaynnuua, P.C. TumepbynatoB

AHanuz mamepuana - U.C. Tumep6ynaros, E.E. CapenbeBa
Cmamucmuyeckas o6pabomxka - WU.WU. 3arupynnnmna
PedakmuposaHue - WU.C. Tumep6ynatos, P.C. TumepbynaTtos

2025;19(7):185-190 | MEDITSINSKIY SOVET | 189


https://doi.org/10.1016/j.jvoice.2020.01.007
https://doi.org/10.1002/lary.22426.
https://doi.org/10.1136/bmjopen-2023-077398
https://doi.org/10.1016/j.jvoice.2019.04.016
https://doi.org/10.21053/ceo.2018.00990
https://doi.org/10.21053/ceo.2018.00990
https://doi.org/10.1007/s10103-023-03890-3
https://doi.org/10.21518/2079-701X-2019-8-122-126
https://doi.org/10.21518/2079-701X-2019-8-122-126
https://doi.org/10.21518/2079-701X-2019-8-122-126
https://doi.org/10.21518/2079-701X-2019-8-122-126
https://doi.org/10.1016/j.jvoice.2018.07.002
https://doi.org/10.1016/j.jvoice.2018.07.002
https://doi.org/10.1016/j.jvoice.2016.08.015
https://doi.org/10.1016/j.jvoice.2016.08.015
https://doi.org/10.1016/j.jvoice.2018.04.001
https://doi.org/10.1016/j.jcomdis.2011.05.001
https://doi.org/10.1016/j.anl.2017.10.007
https://doi.org/10.1007/s10388-023-01041-9
https://doi.org/10.1016/j.jvoice.2005.10.002
https://doi.org/10.1080/00016480510043927
https://doi.org/10.1080/00016480510043927
https://doi.org/10.1016/j.bjorl.2019.09.010
https://doi.org/10.1016/j.ijporl.2019.109618
https://doi.org/10.1016/j.ijporl.2019.109618
https://doi.org/10.3389/fpsyg.2022.983688
https://doi.org/10.3389/fpsyg.2022.983688
https://doi.org/10.1044/2018_AJSLP-17-0009
https://doi.org/10.1016/j.jvoice.2019.04.013
https://doi.org/10.1016/j.ijporl.2018.10.029
https://doi.org/10.17116/otorino20238805123
https://doi.org/10.1016/j.jvoice.2020.04.011
https://doi.org/10.1016/j.jvoice.2021.12.014
https://doi.org/10.1016/j.jvoice.2017.06.012
https://doi.org/10.12963/csd.18550
https://doi.org/10.1136/bmjopen-2023-076998
https://doi.org/10.2196/38472
https://doi.org/10.1371/journal.pone.0216124
https://doi.org/10.1177/0023830917695853
https://doi.org/10.1016/j.jfludis.2015.08.001
https://doi.org/10.1093/brain/awac454
https://doi.org/10.3389/fneur.2023.1169707
https://doi.org/10.3389/fnagi.2021.623607
https://doi.org/10.1016/j.jvoice.2022.06.011
https://doi.org/10.1016/j.jvoice.2022.06.011

Contribution of authors:

Study concept and design - Ilgiz S. Timerbulatov

Text development — Rimma M. Pestova, Rail S. Timerbulatov

Collection and processing of material - Elena E. Savelieva, Rimma M. Pestova

Literature review - lIlgiz S. Timerbulatov, Elena E. Savelieva, Rimma M. Pestova, llziya |. Zagidullina, Rail S. Timerbulatov
Material analysis - Ilgiz S. Timerbulatov, Elena E. Savelieva

Statistical processing - llziya |. Zagidullina

Editing - Ilgiz S. Timerbulatov, Rail S. Timerbulatov

Ungpopmayus 06 aemopax:

Tumep6ynatoB Unbrus CannuxoBuy, acCUCTEHT Kadenpbl OTOPUHONAPUHIONOMMM, ballKMpCKKiA roCyaapCTBEHHbIN MEAULMHCKUIA YHUBEPCUTET;
450008, Poccus, Yoa, yn. JleHuHa, 4. 3; timerbulatov-i@mail.ru

CaBenbeBa EneHa EBreHbeBHa, 4.M.H., IOLEHT, 3aBefytoLas Kahenpoi 0TOPUHONAPUHIONOTUK C KYPCOM LOMOAHUTENbHOMO NPOdeccCHoHanbHOro
06pa3oBaHus, balKMpCKuii rocyaapCTBEHHbIN MeAUUMHCKMI YyHUBepcuTeT; 450008, Poccus, Yoa, yn. JleHuHa, 4. 3; surdolog@yandex.ru
MectroBa PumMa MapartoBHa, accucTeHT kadenpbl OTOPUHONAPUHIONOTrMU, BalWKMPCKMIA TOCYAapCTBEHHbIA MEAULUHCKUIA YHUBEPCUTET;
450008, Poccus, Yba, yn. JlenuHa, 4. 3; aisha_prm@mail.ru

3arupynnuHa Unb3ua UnbluaTtoBHa, acCUCTEHT Kadeapbl OTOPUHONAPUHIONOTMK, BaKMPCKUI rOCYAapCTBEHHBIA MEAULMHCKUIA YHUBEPCUTET;
450008, Poccus, Yoa, yn. JleHuHa, 4. 3; ilzia.zagid7997 @yandex.ru

Tumep6ynatoB Paunb CanuxoBuu, CTyAeHT, balkMpckuii rocynapcTBeHHbI MeanUMHCKMiA yHnBepcuteT; 450008, Poccus, Yda, yn. JleHuHa, 4. 3;
yfhhfjjffdc@gmail.com

Information about the authors:

Ilgiz S. Timerbulatov, Assistant of the Department of Otorhinolaryngology, Bashkir State Medical University; 3, Lenin St., Ufa, 45008, Russia;
timerbulatov-i@mail.ru

Elena E. Savelieva, Dr. Sci. (Med.), Associate Professor, Head of the Department of Otorhinolaryngology with the course of Medical Education,
Bashkir State Medical University; 3, Lenin St., Ufa, 45008, Russia; surdolog@yandex.ru

Rimma M. Pestova, Assistant at the Department of Otorhinolaryngology, Bashkir State Medical University; 3, Lenin St., Ufa, 45008, Russia;
aisha_prm@mail.ru

Ilzia I. Zagidullina, Assistant of the Department of Otorhinolaryngology, Bashkir State Medical University; 3, Lenin St., Ufa, 45008, Russia;
ilzia.zagid7997 @yandex.ru

Rail S. Timerbulatov, Student, Bashkir State Medical University; 3, Lenin St., Ufa, 45008, Russia; yfhhfjjfdc@gmail.com

190 | MEULIMHCKIUI COBET | 2025;19(7):185-190


mailto:timerbulatov-i@mail.ru
mailto:surdolog@yandex.ru
mailto:aisha_prm@mail.ru
mailto:ilzia.zagid7997@yandex.ru
mailto:yfhhfjjfdc@gmail.com
mailto:timerbulatov-i@mail.ru
mailto:surdolog@yandex.ru
mailto:aisha_prm@mail.ru
mailto:ilzia.zagid7997@yandex.ru
mailto:yfhhfjjfdc@gmail.com

