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Annortanus. [IpenioxkeHo MeToanveckoe W IMPOrpaMMHOE OOECICUCHHE s aHalli3a pPEYeBHIX CHTHAJIOB
IIPU HEBPOJIOTUYECKUX IATOJOTHAX, B YAaCTHOCTH, OynhOapHBIX HApyIICHHAX. B OCHOBe MmOaXoma — METOXBI
nuppoBoll 00pabOTKHM CHTHAJOB, AZANTUPOBAHHBICE K 3ajade aHalM3a PEeYd B KIMHHICCKOH MEIHITUHE.
Pesynprar mpejacrtaBiaser coboil mporpammy, paspabotanHyio B cpeme Matlab, Bemonmsronyro pacuer
U TIOCTPOEHHUE CIEKTPOTPaMMBbI, THCTOTPaMMBbI, KEICTPOrpaMMbI, YaCTOThI OCHOBHOT'O TOHA JUIS 3allMCAHHBIX
pEYeBBIX TECTOB. AmpoOaius pa3pabOTAaHHOTO aBTOPaMU METONa, BhiMoJiHeHHAs Ha 0ase PHIIL[ HeBposoruu
u HeHpoxupypruu MuHucTepcTBa 3apaBooxpaHeHus PecnyOmuku benapych, mokaszanga mepcHeKTUBHOCTD €ro
UCIIONIb30BaHUS JIJISL AMATHOCTHKH OyIb0apHOTO CHHIpOMA.

Kniouesvie cnosa: uudpoBas o0paboTka CHIHAJIOB, PEYEBOM CHUTHAJ, HEBPOJIOTHS, OyIbOAapHBIM CHHIPOM,
pe4eBbIC HAPYIIEHUS.

Abstract. The methodical and software for the speech signal analysis at neurological pathologies, in particular,
bulbar violations, has been offered. The approach is based on the digital signal processing methods adapted
to the problem of speech analysis in clinical medicine. The result is a program developed in MatLab that
performs the calculating and plotting spectrogram, histogram, kepstrogramm, frequencies of the main tone
for the recorded speech tests. Approbation of the method was performed on the basis of Republican research
and clinical center of neurology and neurosurgery and showed the prospects of its use for the diagnosis of bulbar
syndrome.
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BBenenune

B Hacrosimee BpeMs Aj1s pealu3anuy 3agadu ObICTpoi U 3¢ dexTuBHON aAuddepeHIraIbHON
JMAarHOCTHKH B MEIUIUHCKYIO TPAaKTUKy aKTUBHO BHEAPSIOTCS MeToabl IdpoBoit oOpaboTku
OMOMETUIIMHCKUX curHasoB. OpHako MHOrooOpasue MeToloB HU(PPOBOW 00pabOTKH CHTHAJIOB,
CYIIECTBYIOLINE OCOOCHHOCTH UCIIOJIB30BAHUS KaXKA0T0 U3 HUX, a TAKXKE CIOXKHOCTh MHTEPIpPETaluu
MOJTy9YaeMBbIX JIAHHBIX TPEOYIOT ajanTaiuy Takoro 3G(HeKTHBHOrO HHCTPYMEHTa K KOHKPETHOMY BHLY
OMOMETUIIMHCKUX CUTHaIOB. KpoMe Toro, HeoOX0JMMO YYHUTHIBAThH CHENU(UKY periaeMon 3a1add,
B YaCTHOCTH, 0COOEHHOCTH M3MEHEHHH OMOMEIUIIMHCKUX CHTHAJIOB IPH KOHKPETHBIX 3200JI€BaHUIX
1 MaTOJIOTMYECKHX MPOLeccax.

[IpuMeHUTENBEHO K PEYEBBIM CUTHAIIAM METOMBI IIUQPOBOH 00pabOTKU TPaJUIIMOHHO PEIIatoT
3aJaud aHalM3a, pPAclo3HaBaHMs, CHHTE3a M CXartusi peud. PaspaboTaHHele C TPUMEHEHHEM
WHPOPMALMOHHBIX TEXHOJIOTHH CHCTEMbI IIUPOKO HCIONB3YIOTCS KaK 3(PQEKTHBHBIH HHCTPYMEHT
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JUAarHOCTHKH M KOPPEKIIMHN PEUYEBBIX HApyIIeHUH aeTed miuaamero Bospacrta [1]. Ho cymecTtByromue
WHCTPYMEHTHI HE IO3BOJIIIOT ITUArHOCTHPOBATH HEBPOJIOTUYECKHE MATOJOTHH, COMPOBOKIAIOIIUECS
HapylmIeHWsIMH pedeBo (yHKimu. Pemenme npanHOW mpoOiieMbl TpeOyeT JOTONHUTENBHBIX
HCCIICIOBAaHUH MEXaHM3MOB PEUEBBIX PACCTPONCTB W aJalTaludl METOJ0B LU(poBOil 00paboTku
CUTHAJIOB IS aHAJIN3a PEYH B HOPME W ITPH KOHKPETHBIX HEBPOJIOTHYECKUX HAPYIICHUSX.

PeueBpie HapylieHHs HEBPOJOTHYECKOTO XapakTepa KIMHUYECKH TIPOSIBIAIOTCS IMOTepei
BHSITHOCTH, CMa3aHHOCTBIO, 3aMEIJICHHOCTBIO, MOHOTOHHOCTBIO, CKYJHOCTBIO peueBOd (DyHKIMH Ha
(oHe TUCHOHNH U COMMYTCTBYIOIIMX PACCTPOMCTB IINOTaHUs. PaziuyHble HapylmeHNs MPOU3HOLICHHUS
OOBENMHSAIOT TOJA OOIMM TOHSATHEM «IOU3apTpus». B HEBponorum BBIAEIAIOT OyIb0apHYIO
IU3apTPHUIO, OOYCIOBIEHHYIO TIOPAKEHHEM YEPEIHO-MO3TOBBIX HEPBOB OYyJIhO0ApHOW TPYIIIHL.
Bonesnn moaBeprkeHs! M Jr000r0 Bo3pacTa: OT HOBOPOKACHHBIX /0 TIyOOKO MOXKUIIBIX JIFOACH.
VY B3pocnbix OynbbapHas AW3apTpusi HanOoOJIee 4acTO BO3HHUKAET ITOCIE NMEePEeHECEeHHOTO HHCYIBTA,
TSDKETION YeperrHO-MO3TOBOM TPaBMBI, B IETCKOM BO3pacTe — BCICIACTBHE HEHPOWH(EKITNH, TpaBM,
nepeOpanpHbix omyxosiedd. [Iporpeccupyromue OynpO0apHbIE HapyIIEHUS CIIOCOOHBI MPHBECTU
K CEpPbE3HBIM OTKJIOHEHHSM JIIXaTEJIbHOW U CEpPACUHON NEeATEIBbHOCTH, B 0CO00 TSHKEJBIX CITydasx —
K CMepTH mnarnuenra [2].

BynebapHas qu3apTpusi AUATHOCTUPYETCS TO AaHHBIM BCECTOPOHHETO HEBPOJIOTHYECKOTO
oOclieloBaHMs: NS BBUIBICHHS NPUYMHBl TATOJIOTHM  TMPOBOJMWTCS Psii  UCCIEIOBaHUH,
YTO CYIIECTBEHHO OCJOXHSET TIOCTAaHOBKY nuarHosa [3]. Jlms aHanmm3a pedeBbIX CHTHAIOB
mpu Oynb0apHON HAW3apTpUu aBTOPHI pa3paboTaTy METOAWKY W CIICUAIbHBIE MPOrpaMMHBIC
cpencTra. B ocHOBe monxoma — MeTobl IU(POBON 00padOTKKU CUTHAJIOB, aJalTHPOBAHHBIC K 3a/1aue
aHaIlM3a PeYr B KIIMHUYECKON METUITNHE.

OcHoBHAasl YacTh

JU1st iAeHTU(UKALINK TATOJOTHYSCKUX W3MEHEHHH PEYH BBIMOIHSINCH PEYEBBIC TECTHI (CUET
OT OJIHOTO JIO JECSTH, MPOU3HOILICHUE CIIOB, HOT, AJIMTEIBHOTO 3ByKa «iW»). Perucrpaims peueBbix
CHT'HAJIOB TPOU3BOAMIACH TIOCPEICTBOM pa3pabOTaHHOro aBTopamu mox miatdopmy Android
MOOWIIBHOTO ~IPHJIOKCHHUsI, KOTOpPOE pealn3yeT (GYHKIHH BOCIPOU3BCICHHUS HCIBITYEMOMY
BUJICOpsiZIa C pEYEeBHIMA TECTaMH M OJHOBPEMEHHOH perucTpanv JaHHbIX € MHUKpo(hOHA
nocpenctBom  Bluetooth-unrepdeiica. MoOuIbHOE NPHIOKEHHE aBTOMATHYECKH — COXpPaHSET
3alKMCaHHbIC peYeBbIe CUTHAIIBI B popmare .wav [4].

Jlst mocneyromieil 06pabOTKH 3aperuCTPUPOBAHHBIX PEYEBBIX CHTHAIOB aBTOPAMU B Cpejie
MatLab pa3paborana nporpamma c rpadudeckum uarepdeiicom (puc. 1).
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Puc. 1. BHemHui BUJ OKHA IPOrpaMMHOTO oOecriedyeHHs st 00pabOTKM peyeBbIX CUTHAIIOB
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[Iporpamma mo3BOJISIET aBTOMAaTHUECKU BBIICINTh UHTEPECYIOUIH PEUYEeBOM TECT W3 OOLIEH
3amucu ¢ Tmocnedyromeil ero oOpaborkoi. ['padmdeckme pesymbraTel 0OpaOOTKH BKIIOYAIOT:
M3MEHEHHE aMIUTUTYIbl PEUeBOT0 CHTHAJAa BO BPEMEHH C OTOOpak€HHWEM PACMO3HAHHBIX PEUeBBIX
(parMeHTOB, H3MEHECHHE AaMIUTUTYIHO-YaCTOTHBIX XapaKTEPUCTHK CHTHaja BO  BpPEMEHHU
(ciexTporpaMma), 9aCTOTy OCHOBHOTO TOHA ISl PACTIO3HAHHBIX PEUYEBBIX (DparMeHTOB, THCTOTPAMMYy
pedn, KemcTporpaMMBbl Ul Paclo3HaBaHUS pedeBhIX (parmMeHToB. KommdecTBeHHBIE pe3yNbTaThI
00pabOTKM BKJIIOYAIOT: YHCJIO PACHO3HAHHBIX PEUeBBIX (parMeHToB, OOIIee BpeMsl pPEYeBBIX
(parMeHTOB, CPEAHIO aMIUIUTYAY peyH, Ko3(pHUINEHT BapHallld OCHOBHOTO TOHA, KO3()(UIIMEHT
ACCHUMETPHUH THCTOTPaMMBI, KO3 (HUITUEHT KCI[eCca THCTOTPAMMEI.

Amnpobanmsi pa3pabOTaHHOTO METOIWYECKOTO W IPOrPaMMHOTO OOECIEYECHMs BBITOJTHEHA
B rpymme 310poBbIX Jull (36 YenoBek), a Takke B IPyMIe MAlUCHTOB ¢ OyabOapHBIM CHHIPOMOM
(24 yenoseka, Haxoxsmuecs Ha neuyennu B PHIILL HeBponoruu 1 HEHpOXUPYPrin).

Jns BBIOENeHUsT W3 PEYEeBOTO CUTHAJa TOJIOCOBBIX M HETOJOCOBBIX YYaCTKOB HCXOJHBIH
CUTHAJI pasfernsuics Ha (parmentsl muuHOW 45,4 mc. Ilpm mpeBBIICHWHM 3HEpPrHEH ¢parMeHTa
MOPOrOBOr0 3HAYEHUS MPHUHUMAIOCh DPEHICHHWE O NPHHAIJICKHOCTH NAaHHOTO (parMeHTa K pPedyH.
[Tomo6HBIM 06pa30M BHITIOIHSIIOCH BBIACIIEHHE CIIOB W/MIIM OTACNBHBIX (POHEM B CUTHAJIE.

I'paduk peueBoro curHama (puc. 2) AEMOHCTPUPYET H3MEHEHHE AMIUIUTYABI PEUeBOTO
CHTHajla BO BpeMeHH. B HOpMe pedeBble CHTHAJbl HMEIOT BBICOKYIO aMIuuTydy (puc. 2, a),
NPHU MATOJIOTHH PEUYCBBIC CHTHAJBI JEMOHCTPUPYIOT CIa0yro aMruuTyny (puc. 2, 6). AMIUIUTYIbI
B HOpME | IIPH MATOJIOTHUH pa3InyaroTcs Oonee 4yeM B 1,5 pasa.
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a 7]

Puc. 2. I'paduk peueBoro curuana B HopMme (a) U Mpu Hatooruu (6)
(TecT Ha OCHOBE MPOU3HOIICHUS OHOCIIOKHBIX CIIOB)

CriektporpamMma (puc. 3) TOKa3bIBaeT M3MEHEHHE AMILTUTYIHO-YaCTOTHBIX XapaKTEPUCTHK
CUrHajlla BO BpeMeHH. Ha cmekTporpamMme amIuiUTyJa CHUTHala TOKa3aHa IIBETOM: YBEIHYCHHE
AMIUTHTY/bl CHTHAllA COOTBETCTBYET M3MEHEHHIO 1BeTa OT TeMHo-cuHero (—80 dB) mo kpacHoro
(20 dB); B uepHo-OenmOM BapHaHTEe — OT CBETJIIO-CEPOro JI0 YEPHOrO COOTBETCTBEHHO. B HOpMe
peueBbie (OHEMBI YETKO pa3IMuMMbI, HMMEIOT BBICOKOYACTOTHBIE CcoOCTaBistomme (puc. 3, a).
[Tpm maronmorum pedeBble (OHEMBI HA CHEKTPOrpaMMe CMa3aHbl, HE MMEIOT YETKOTO OYepTaHW,
HpeICTaBICHbl HU3KOYACTOTHBIMU COCTABIISIONIMMHE (pHC. 3, 6).

Cnextporpamma Cnextporpamma

Frequency
Frequency

Puc. 3. CnektporpaMmma pe4eBoro curiasia B HopMe (a) 1 Ipu natojioruu (6) (TecT Ha OCHOBE
MIPOU3HOLICHUS OJTHOCIIOKHBIX CJIOB)

YacToTa OCHOBHOTO TOHA oTpeJieNIsieTCsl KaK 4YacToTa BHOpAIMHM TOJIOCOBBIX CBS30K.
[Ipu maronoruu B mpoiiecce MPOM3HECEHHsI 3ByKa 4acTOTa OCHOBHOI'O TOHA MEHSETCS, YTO XOPOIIO
BUAHO Ha rpaduke (puc. 4, 6). B HOpMe 3HAYCHHS YACTOTHI OCHOBHOTO TOHA Pa3IHUYAOTCS
He3HauuTeabHO — B mipefenax 10—15 T'r (puc. 4, a).

JI71st OLICHKH CTaTUCTHUYECKOTO paclpeie/ieHUs] OTCYETOB CUTHAJla BBIMOJIHSIOCH OCTPOSHHE
THCTOTPAaMMBI ISl MacCHBa BCEX pedeBbIX (hparMeHToB. I'mcTorpamma peun (prc. 5) oreHnBaeT
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(hYHKITMIO TJIOTHOCTH BEPOSITHOCTH OTCYETOB PEUYCBOTO CUTHAA, HATJISIHO MMOKA3bIBACT Pa3ivyus
W CHMMETPHYHOCTh pACTpENCICHUS UCCIeIyeMbIX 3HaueHuil. PacmpenencHue —siBIsieTcs
CUMMETPUYHBIM, €CITH Cpe/IHEE 3HAUCHHE U MAKCUMYM THCTOTPaMMbI COOTBETCTBYIOT Cepe/iiHe pa3bera
nMaHHBIX. Takas (opMa CBUACTEIBCTBYET O CTaOMJIBHOCTH PEUeBON (DYHKIIMM U COOTBETCTBYET HOPME
(puc. 5, a). Hecummerpuunas (opMa THCTOTpaMMBbI BO3HHKACT, KOT/IA CpEIHEE 3HAUCHHUE THCTOIPaMMBI
pacnonaraercst TuO0 mpasee, TH00 JieBee cepenuHbl pa3dera maHHbIX. Takas popma oOpa3yercs, Koraa
KpaifHee 3HaUeHUE HEBO3MOKHO JIOCTUTHYTh W3-3a HAJIMYUS ACHMMETPHHU PACIPE/ICIICHUS, UYTO B TAHHOM
cllydae yKas3bIBaeT Ha HATHYHE PEYEBBIX OTKIOHEHUH (puc. 5, 6).
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Puc. 5. T'ucrorpamMma peun B HopMme (@) 1 ipu natosoruu (6)
(TecT Ha OCHOBE MPOM3HOIICHHS OJHOCIOKHBIX CJIOB)

Kencrporpammel Ajisi pacrio3HaBaHHs peveBbIX (hparMeHToB (prc. 6) OTPaKaroT 3aBUCUMOCTb
CIEKTPAJIbHON IUIOTHOCTH MOIIHOCTH CHUTHAJIa OT BpeMeHH. lIpuHIMNNaIbHO OTIMYaeTcsl XapakTep
KEIICTPOrpaMMbl B HOPME M TpU MATOJOTHUHU: IHKOBBIE 3HAYEHHS B HOPME CKOHLIEHTPHPOBAHBI
B HauaJlbHOM Tieproze curHana (ot 0 1o 50) (puc. 6, a), Ipu HATMYNH PEYECBBIX OTKIOHEHUH — B OoJiee
anmitenbHOM nieprojie curnana (ot 0 1o 320) (puc. 6, 6).
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Puc. 6. KencrporpaMmsl [U1sl pacrio3HaBaHKs peyeBbIX (ParMEHTOB B HOPME (@) U MPHU MATOJIOTUH (6)
(TecT Ha OCHOBE MPOM3HOIICHHUS OTHOCIOXKHBIX CIIOB)

3akiaoyenue

[pemiokeHO MeTOAMYECKOE W MPOrpaMMHOE OOecrieueHHe Uil aHATN3a PEYEBhIX CHUTHAIIOB
MPY HEBPOJIOTHUYECKUX TATOJIOTHSX, B YaCTHOCTH, OyIbOapHBIX HapymieHUsSX. B ocHOBe moaxona —
MeToJIbl II(PpoBOH 00pabOTKH CHTHANIOB, aJIallTUPOBAHHBIE K 33/Iaye aHalN3a PeYd B KIMHUYECKOUH
MeauiuHe. PesymsTar mpeacraBiaser coboif  mporpaMmy, paspabortaHHyro B cpeme Matlab,
BBITIOJHSIONIYIO Pac4eT U MOCTPOCHHE CIEKTPOTrPaMMEBI, THCTOTPAMMEI, KEICTPOTPAMMBI, 4aCTOTHI
OCHOBHOTO TOHA JIJIsl 3alTUCAHHBIX PEUEBBIX TECTOB. Ampolarus pa3paboTaHHOTO aBTOpaMU METO/a,
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BeIMONHEeHHass Ha Oasze PHIIL] HeBponmormu u HEHpOXUpYypruu, IMOKaszajda IMEPCIEKTHBHOCTh €ro
WCTIONIF30BAHUS ISl JAMAarHOCTHUKK OymnpOapHOTO CHHApOMa. PesympTaTsl ampoOanuy MO3BOJIMIA
BBISIBUTh Ka4deCTBEHHbIE (Ha OCHOBE TIOJNYYCHHBIX TpaQUKOB CHEKTPOTPamMM, KEICTPOTPAMM,
TUCTOTpaMM) M KOJIHMYCSCTBCHHBIC (HA OCHOBE BBIYMCICHHBIX IapaMETPOB) Pa3IM4YUs MEKIY
rapaMeTpaMy PeYeBBIX CUTHAJIOB B HOPME | ITPH OyI0apHOM CHHIPOME.
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