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KHPHI (pancada goxropu (PhD) qucceprannsnca AHHOTAHICH)

JuccepTanus MaB3yCHHHAT Aon3ap6imra ma 3apypaThn. JKaxoHaa HYTK
CUTHAJLIAPHra PaKamiiM MILIOB GepHIN, HYTK CHTHalNapH acoch/ia IaxcHH TaHHO
ONMII, HYTKHM MATHra JTKA3WIl XamJa THMCOJ/JIapHM TaHHO OJHID yCya Ba
aNrOPHTMNAPHHH TAKOMWIBIITHPHIN, HIUIA6 YMKWIN Ba JKOpHIA KWIMIITa KaTTa
bTHOOp KapaTwiMokaa. «CYHITH HWnapaa HyTKra acociaHraH HHTE/UIeKTyan
TU3HMJIZDHM SPATHLI Xajal PUBOXUIAHASTTaH AyHanuuwiapaan Gupu 6§mH6, y
aHbaHaBHIl TAHKG ONMUI yCY/UTapH 10TyKNapuaaH oinananum Gunan 6upra ynap
opkanu eunb OynmaliavraH macananaphiu ednill HMKOHHATHIA sra»'. Ymby
#yHanumaa pakaMilH CHTHAVIAPHH HHTEIUICKTYa TaXJIHi KHWIMIDHHHT acocHi
dyHKuuoHan Macananapn  cuH@naurrpuw, TacHudnam, TaHuG omHW,
GamopaTnam Ba 6axonaml, KOHYHHAT/IADHH aHHK/IaM, Kapop KaOyJ1 KHJIHII YCyR Ba
aNrOPUTMIADHHH HULIA6 YWMKMID XaMia WIOBANIApDHHH APaTHI MYXHM
macananapaan Gupn 6ynu6 KonMoxaa. XO3Mpri KyHAa HYTKHM TaHMG oM
TeXHOJIOTHA/IAPHTA 8COCTAHTaH KYTab wiosanap Mmnab 4uKwiraH. Xopikwit
Mamnakatnapaa, kymnagaH Xwurod, Poccus @epepaums, AKI, Anrmms,
I'epmanns, Xuugucron, ®paHups Ba 60mKa JaBnaTiapia HYTK CHIHaLlapHra
gacTtnabky uuwoB GepHLl XamMaa HyTKHH TaHKO onAm HYHANTHILIAPHHHHE HasapHH
Ba aMaJIMii MacaslaJlapHHH eYHINra KaTTa 3bTHOOp KapaTWIMORIa.

axoHna HyTK CHMTHANIADHHM KaliTa WIINam, HYTK CHTHaTH GenrunapuHH
aKpaTHil, HYTKHU TAHKO ONMIN YCyJ Ba alirOPHTMJApHHH TAKOMHJUIALITUPHIO Ba
nmnab uMKMIm Xamga XMcoGnam anropHIMIapHHH spaTHIOra HYHaATHPHITaH
unMHA TagkMKOT uuuiapu onu6 GopuiMoxma. By Gopana, KymnajaH, HYTK
cHrHaJIapH cu(aTHHM OUIMpHIN, HYTK CHTHangard ¢ofinamu HyTK xoinamraH
COXACHHHM TOTIHII Ba YHH XapaKTep/ioBuu Genrunapuiu aHUKIam, TAHKWG onuin
aJirOpUTMIAPMHA HILIA6 YHKHIN, TAKOMWUIALITHPHIN XaMAa HYTK MOZE/UTapH Ba
ABTOMAT/AIITHPHITAH TAHUG OJIMIN TH3UMNAPHHM SPATHIN MyXHM BasndanapaaH
6upH XucobnaHany.

Pecny6nukamMusna Maskyp HyHanumaa y36ex THAHAArM HYTK CHrHAJUIApPHTa
NacTnabku HUUIOB Gepull, MHTENNEKTyaJ TAXNHN KHIHI Ba TaHMG onMmra
M¥/DKJUTAHTAH ABTOMATAALITUPHIFaH TH3WMIAPHH MIUTa0 UYHKHINra ajoxuia
¥pTHGOp KapaTHIMOKaa. 2017-2021 #unnapaa Y36exncron Pecny6maxacuu sHaxa
puBOXaHTHpH GYiinua Xapaxkatiap cTpaTernsicuia, XyMmiauaH «... HKTHCOAHET,
WKTHMoMli coxa Ba  GomkapyB TH3umura  axGopoT-koMMyHHKaLMs
TEXHOJNIOMMANAPHHK KOPHI 3THL, ... aX60pOT XaBCU3NHTHHM TALMHHIAII Ba
axGopOTHH XHMOA KWIMII TH3MMHHH TAKOMHILIAMITHpHI, axGopoT coxacHuarx
TAXAWANApra §3 BaKTHAA Ba MYHOCHO KAplIM XADAKATADHH TAMKMA STHIIN?
pasudanapu Genrunanran. Maskyp BasudanapHH aManra OLIMpHIIAA JKYMIaZaH,
HYTK CHrHasnapuigH dodinananné maxcHu MAeHTHOHKaLMANAT, HYTKHH MATHTa
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yTkasum Xamaa HyTK opKanM GomKapHil TH3HMNapuHM spatim ax6oport-
KOMMYHHKaLHsI TEXHOJNOTHANIAPHHH PHBOXUIAHTHPHIIHUHT MyXHM MacajlanapiaaH
6upn xucobnanamy. By Gopana, HyTK CHTHaJUIapHra 1acTnabky Hinnos Gepun ycysn
Ba aJropHTM/IAapHHH, IMAaXCHH TaHHO OJHMII Ba HYTK CHTHa/LlapH HH(OpMaTHB
GenrunapuHy aHMKIaWAM HHOGATra ONraH XONAa PHBOXKIAHTHPHIN LIyHHHIAEK,
KHPHII-YNKHIIHY HA30PAT KWJIMII XaMJIa OBO3IM MYpPOXAaaTAapHH TaX/IHI KHIHII
TH3MMJIapHAa KJ/iam MyXHM Basndanapnan 6Hpy xucobnaHaqy.

V36exucron PecmyGnukacu Tlpesupewrununr 2017 #un 7 ¢espanparu
TI®-4947-con «V36exucton PecrmybnuKacHHY sHala PUBOXJIAHTHpHII GYiuua
Xapakatnap ctpaterwsicH TyrpucHaanrn Dapmonu, 2017 #un 18 anpenparu
TIK-2898-con «Muk# Wmnap OPraHNapHHHHT JXHHOATJADHW TEproB KHIHII
coxacuar  GaomuATHHM  TyGAaH TAKOMH/UTAIITHPHIL  Yopa-TanGupnapu
TYFpucuna»Ty, 2018 #un 21 noabGpnarn ITK-4024-con «AxGopoT TexHONOrMsNap
Ba' KOMMYHHKALHSAIAPHHM JKOPHHA STHIHINMHH HA30paT KWIWIN, yNapHH XHUMOSA
KWMI ~ TH3UMHHH ~ TAaKOMHJUIAIITHPHII  4Opa-TaAGMpNapH ~ TYrpHCHma»rH
Kapopnapn xamza Maskyp ¢aommarra Ternmum Gomxa MEBEPHA-XYKyKHH
Xyxokatnapaa Genrmnanrad BasudanapHu amanra omHpHwra ym6y AHccepTaius
TaAKHKOTH MyalifH Japaxana XH3MaT KHJIakH. :

TaaxeaxoTHHHr pecny6anka ¢aH Ba TeXHONOrHE/ApH PHBOXIAHMIIH-
HHAT yCTyBOp #yHa/IHmIapAra MOCIHIA. MasKyp TaIKHKOT pecryGnnka daH Ba
TEXHOJIOTHAIAp PHBOXIAHHIHHHUHT Iv. «Ax6opoTaalmTHpum Ba
axGOpOT-KOMMYHHKALIMS ~ TEXHONOTHSUIADHHH  PHBOX/IAHTHPHII» ycTyBOp
HYHaTHmATa Moc paBHImKa GaxapHiraH.

Myammonunar jpranuaranaux aapaxacd. HyTk curnanura pactnaGku
HOUioB GepHim, KaiTa HIUIam Ba TAHWG ONMII Mofen, ycyn Ba anropHTMAapHHH
M6 YMKHIO Ba TAKOMWAIITHPHII MAacallallapuHH eYMID Xamia ynapHH
amamHéTra xopuh sTHl 6§#nya Xoprkuii onuMnapaan Muxaiinos B.I'., CanoxkoB
M.A., Hazapos M.B,, ITpoxopos IO.H., Jlauns A. A., I'paii A. X., Mapxken x. 1.,
Pa6uuep JI. P., Curnakosckuit U.B., lllagep P.B., Llanumos U.A., TTerposckuit
A.A,, Kosanrun [0.A., Utakypa ., Petigep Y., Maxxoyn JIx Ba GowkanapHuHr
HIMHH MIOLTapH JUKKATTa Ca30BOP. ‘

Y36exncTORNA TAHHG OMMII BA HYTK CHTHAIIADHHH TAX/HI KHIHII Ha3apHii
acocnapunn pusoxutaHTHpumra M.M.Kammnos, ILX.®osunoe, 3.M.Anues,
P.X.Xampamos, M.M.Mycae, H.A Hrnatees, C.C.Coamkos, H.C.Mamaros,
HM.Mupsaes, C.C.Pamka6os, IULE.TynaraHos Ba Gomxanap YanapuHuHT
XHuccanapHHi KYumn6 kenmokaanap.

Xo3Hpry KyHfia HYKT CHTHAJUIapHTa HULIOB GepHIn acocupia maxchu TaHHO
OJTHII TU3HMIBPH Ba HYTKHH TAHHG ONMLL TEXHONOTHANAPM XKafan cypwvatiap 6unaH
prBosicianMokaa. Y6y AyHanHm 6§inya JTrasunran TaakukoTIap Taxmmnm MYHH
K¥pcaTanvKky, HyTK CHTHa/L1apHHH TaxXJIMI KHIHII aCOCHAA HYTKHH TaHuG o/l
TEXHONOTHANAPH SHI AXIIH, HCTUKGOIUTH TEXHONOTHANAPHARH GHPH XHCo6aaHANM.
Brpok, OyHnali TEXHONOTHS acoCHHA INAXCHM BAa HYTKHH TaHwG ONMIN
aBTOMAT/ALITHPHIraH TH3UMIAPHHH APATHLI/A BYXYAra KeNaJuraH MyaMMOnap
XO3HpPrH KyHraua eTapi Jiapaxana Xan stuimaran: Bywnan tamkapu, nactnabku
HOUIoB GepHIn acocHAa MIAXCHM Ba HYTKHHM TaHu® onMm MxuyaM, MOIOHWIH,
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MYCTaKH/ Ba IOKOPH TE3IHKHW TALMMHIOBYH YCyN Ba AITOPUTMIIADHRR WILiaG
YHKHMII MyaMMOCH eTapJiH fapaxana YpraHuiaMaraH.

JuccepTauus TAAKHKOTHHHHI AHCCEPTANHA GaapH/Iral ONHH TabJIEM
B2 WIMHIi-TAAKHKOT MYyacCacACHHHHT HIMHH-TAAKHKOT HHLIAPH pexkajapH
6unan Goramxamrn. Jucceprauva TaAKMKOTH Myxamman an-XopasMmui
HoMuaarn TomkeHT ax6opoT TEXHONOrHsAJiapH YHMBEPCHTETH Xy3ypHAarH
Ax60pOT-KOMMYHHUKAUWUA TEXHONOTHANApH WIMHIH-HHHOBALMOH MapKasH Ba
Myxamman an-Xopasmuii  Homupard TomkeHT axGopoT TeXHONOrMsIapH
YHHBEPCHTETHHMHI WIMHMA-TANKMKOT WOLIapH pexacHHunr NeBB-Artex-2018
«lO3 TacBMpnapMHM OKMMIHM KalfTa HILIAI 2COCHAA INaXCHH HWIEHTH(HKALHA
KHJTHII aiTOpPHTMJIapH Ba AaCTYpHH TaBMWHOTHHM HILIa6 yuxkum» (2018-2020),
NeM-D4-09 «HopaBwan MyxuTaa Mypakka® Tysmiamanu axGopoTnapra MIUIOB
Gepum, TanuG onvn Ba GamopaTIAHUHT Gax0NapHHH MHTE/IEKTYaN TH3HMIapH»
(2015-2020), Nel13-201906202 «¥36ek THAMEATH MaTHIH axGOPOTNApHH TaXyTHI
KWnum Ba TacHMGam TH3MMHUHM HUaG gukem» (2019-2020) massynapiaru
HWMHIT ofixanapH noupacuna 6axapiiraH.

TaaKHKOTHHHI MAKCAJH TYp/IH INapoHTiiapAa &3H0 ONMHraH HYTK
CHIHAJUIADMHHM  XaJaKWTJapHHH KaMaliTHpHII Ba CH/UMKJAN,  9acTOTalH
coxajiapHra MUUIOB Gepwi, . HOpMaNANITHPHIN BA CErMEHTAALl AITOPHTMIAPH
XaM/ia AacTypHii MaXXMyacHHH MuLIab 9HKHINAaH HOopaT.

TaaKuKOTHHHT Ba3H(panapn:

HYTK CUFHAJIMAATM XanakuTiapHd KaMalTHPHIN Ba CHUTHK/IAI AJINrOPHTMHHH
HILTa0 YUKHID, )

HYTKHH 4acTOTaJlH CoXaJlapura H{I108 GepuIll yCyTHHH TAKOMHUIAUITHPHIN;

KHpYBYH CHTHAAaH HYTK XOM/IAIITaH COXaHH aHHKIaW aNTOPHTMHHH HIwTah
YHKHII,

HYTK CHFHAJIMHM HOPMaJUIALITHPHLI BA CErMEHT/IAIN aITOPHTMIIADHHH HIIIE0
YHKHII,;

MIAXCHH OBO3¥ acocHia HWAeHTHQHKaLMAnam Ba HYTKHH TaHKG onum
MacananapuHy equn ywyH Genrwap $pa3ocHHH mMaKk/UIAHTHPHI,;

HYTK CHTHaJUIapura Aactnabku HInoB GepHUIHUHT aNrOPHTMHEK Ba JacTypHit
Ma)XXMYaCHHH APaTHII.

TaakRKOTHHAT o6bekTH cHdaTHIAa TYpIH mapouTiapaa E3H0 ONMMHTAH HYTK
CHrHa/U1apH, ynapra ninnos Gepui ycyn Ba anropHTMNapH OJIMHTaH.

TanKHKOTHHHT NpPeAMETHHH CHTHaJ/Iapra fiacTinabku umnos Gepum, Kalfra
HIIjall, THMCO/UIAPHH TaHHO ONMIO YCYN Ba AFOPHTM/IGDH XaMma RAcTYpHi
TAbMHHOTH TalIKHI 3TajH.

Tankakoraunr ycyanapn. WIIHHHr Halapuil TaAKWKOTIApH TH3HMIH
TAXJIHA, HMMMTBLUMOH MO/AC/UIAIITHPHII, 3XTHMO/UIAD HA3apUSCH, MATEMAaTHK
CTATHCTHKA, IMCKPET MaTeMaTHKa, CHTHajlapra HiINoB GepHim Ba THMCOMNAPHH
TaHHO onuw ycynnapuaal doilganaHnnray.

TaaKAKOTHART BAMHIl ARMANAIA Kyiunarnnapaan uGopar:

XaNaKHTHUHT CMEKTpan 3HYIHIHHH HHOGaTra onraH Xo/ia HyTK CHTHATIMAAIH
XaNaKHT/IapPHH KaMalTHPHII Ba CWUTHK/IAIN aNTOPUTMH MInya YHKHWITAH,



SKCTPEMYMJIADHH TAPKAIHII KOHYHHAT/IapH acoCHIa HYTK *OHNaIIran coXaHn
AHUKJIAM aJITOPHTMH HILIa0 YHKMITaH;

CHTHAI-XAJIAKHT MYHOCaOAT/IADHHM &HMK/IAIl OpKalH HYTK YacTOTanH
COXaJIapHTa MIIOB GepHIN YCY/IH TaKOMHUTAIITHPHIITAH;

HYTK CHIHaIH cudarTvra TabcHp KWIYBUH OMMIUIApDHH MHOGaTra oniraH Xonaa
HOpMaJUIalITHPHII Ba CEFMEHTIIaM ANTOPHTMAAPH HINNA0 YHKHITaH;

- HYTK CHI'HATMHY JUCKPET/IMIHHH HHoGaTra o/iTaH X01/1a IMaxcHH OBO3H acocHaa
AAeHTHOUKALHSANAIT BA HYTKHH TAHKO ONMIN MacananapHHH eYHIl yYyH Gearunap
tha30CcHHH MAK/LNAHTHPHI ANTOPHTMH HIINA0 YHKHITAH.

TaaKHKOTHHAT aMaJifil HATICKAJAPH Kyliuaarunapaai ubopar:

HYTK  CHTHAJMARrH  XaNaKMTJIAapHH  KaMalfTHpHIm,  CHIUTHKJIaIm,
HOpMa/LIAINTHPMIL, CErMEHTNAl Ba TAHKOG ONHMIN MacanajapHHH €YWIH YYYH
Genrwiap ¢a3socHHH MAKLUIAHTHPHIN aJTOPHTMIIAPH XaMa HyTKHHHT 4aCTOTAIH
COXAJIAPHTa HILTOB GepHIN yCYNH HIMIab YHKHITaH;

MaBXKyJl XaMia HOuab YMKUIraH ycyn Ba alrOpUTMIIapra acoCNaHraH HYTK
CHMrHaj/apura AacTnabku Mmnos GepHIl Ba MAXCHM HYTKHM aCOCHAA TAHHO OMHIN
JAACTYpHii MOKMyacHd HILIGO YMKWIraH.

TagKHKOT HATHRAJAPHHHAT HIIOHWIHJAATH aNrOpuTMJIapHH Wumab
9HKHIIAA HYTK CHTHA/UIapHTa MIIOB GEpHII Ba THMCOJAPHH TAHHO ONMIDHHHT
MaTeMaTHK annapaTHHHHT TYFpH  KY/UIAHWIHIIM  Xamaa  Taxpubasuii
TAAKUKOTIAPHUHT FOKOOWMIA HaTIKanapH GriaH TacANKIaHAOM.

TagKAKOT BATIKAJAPHHHHET WIMAN Ba amananii axammsTh. Taakukor
HATIDKAJIaDHHHHT WIMHHA aXaMHATH HYTK CHTHaJUiapHra gactiabku vuutos Gepum
acocHzia maxcHH GHOMETpHK HIAeHTHHKALHANAL TEXHONIOrHANapHHUHT Haszapuii
aCOC/IApHHHHT MCTMKGOI PHBOXIAHHIINTA MILTA0 YMKHIITAH aNropUTMIapHHUHT
XHcca Ky IIHImK GHIaH H30XJTAHATH.

TanxuKOT HamKanapHHUHI aMaiMit axaMHSTH MIIab YUKKUAraH nacTypuii
MakMya IaxXCHH Ba HYTKHH TaHHO OJIHII aBTOMATAITHPHITAH 'msmwnapmm
ApaTHINAA KY/UIaHWIHIITH GUaH M30XJIaHagH. .

TagkHKOT HATHXRAJAPHHHHT xkopHii Kunmammy, HyTtk cnmannapnra
AacTnabku wmnos GepHMIIHMHr MaBkKyl XamMpa Takid JTHAraH ycyn Ba
aJIFOpPHTMJIAPH 8COCH/Ia APaTWIraH JacTypHil TAabMHHOT acocHaa:

HYTK CHTHAJIHJATH XaJaKWTIapHH KaMaliTHpHMIN Ba CHW/UIMKIAWM, HYTKHMHT
9aCTOTA/H coxXajlapura HuLIoB GepHin Ba TaHKWG ONMII MacajanapHHH eyl YUyH
Genrunap $asoCHHK WMAKIAHTHPHIN YCY/ Ba ATOPHTMIIADH acoCHaa SPATHATaH
RacTypuit maxxmya Kamkanap€ sunostu Lllaxprca63 maxap xamaa Kamamu tyman
XOKHMHSAT/IapHaa  xopuit  kunmnran  (Ax6opor  Texwonorusnapu  ea
KOMMYHWKALMANIBDHH PUBOMNUIAHTUPHII BasHpIHrHHuHT 2020 #un 22 gexabpaaru
33-8/7838-con ManmymoTHoManapH). HaTiokana aynuo MabiyMOTIAQpHH Taxjun
KHJIHII Y9yH KeTaJuraH BakTHH YpTada 15% KucKapTHpHII HMKOHHHH GepraH;

HYTK CHTHaJIHHH HOPMAa/MAIITHPHII Ba CETMEHTNALI, HYTK CHTHAJIApHAATH
XaNakHT/IapHH KaMaiTHpHIN, TaHKO ONMII MacalanapiHH eyHm YdyH Genrunap
¢a3oCHHH IMAKINMAHTHPHIN, CHUTHKJIAIN YCYJI Ba alTOPUTMIIAPH acoCH]ia ApaTHITaH
nactypuit Maxkmya Kamkapapé€ sunoaru Ilaxpuca63 tymannapapo ¢ykaposimk
cymu xamaa Illaxprca63 Tyman wukH moiap GomkapMacuaa OPHMI KWIMHTaH



(AxGopoT  TeXHOJOrMAJIApH Ba  KOMMYHHKaUMAIapHH  PHBOXJIAHTHPHIN
BasupnuruHuHr 2020 #un 22 pexabpparm 33-8/7838-con MamayMOTHOMANapH).
Harixapna HyTK cursannapura aactiaOky HiuioB Gepuimn, cuuKnam, GuisTpaan,
TypAH  XaNnakWThAapAaH To3ajall oOpKaMH HYTKHH IOKOPH aHHKJIAKAa
uonanaHWINIIHHH TAbMHHJIAL B 8yAHOMABIYMOTIapHH TaXJH KWIHII YYyH
KeTanguraH BakTHH 15% ra KHCKapTHpHII Ba YHHM TYIIYHHII caMapajOpJIHTHHH
ypraua 20% ra owHMpHIn UMKOHUHH GepraH. ,

TaaKHKOT HATHKANIAPHANHT anpobanusacH. Ma3kyp TaIKHKOT HaTrDKaMapH
5 Ta xankapo Ba 6 Ta pecnmyOnvka HMnMuA-amamui amKyMaHnapuiaa Mabpysa
KHJIHHTaH Ba MyXOKaMaziaH YTKasWIraf.

TaaKHKOT HATHXKAJIAPDHAAHT YBbJIOH KHIAHATamIHrH. TagKHKOT MaB3yCH
6y#uua xamu 21 Ta wiMui Mm don sTwiraH 6Ynu6, mynapnan V3Gekucron
PecriyGnukacu Onuii aTTecTaumns KOMHCCHACH TOMOHHMAH TABCHS STHTAH HIMHH
Hampnapaa 10 Ta maxona, xcymnamad 3 TacH Xopikuil Ba 7 TacH pecrmyOnHKa
KypHaJnapuila Halp KWiHHraH Xamia 2 ta OXM yuyn spaTunraH RacTypHii
BOCHTa/IapHHH Kaiix KWIHII TyBOXHOMAJApH ONIHHTaH. . '

JBccepTanMsHHHT TY3H/IHIUA Ba XamMH. JluccepTaims KApHII, TYpTTa 606,
xynoca, ¢o¥nananunran anabuérnap pyixatTh Ba wWnoBanapiaH HKGopart.
IuccepraumaHuur Xaxmu 118 GeTHH Tamkmun sTagn.

JUCCEPTALIISTHAHT ACOCHA MAZMYHH

KapAmga auccepTauys  MaB3yCHHHHP  J0n3apGnura  Ba  3apypHsTH
acocniaHTaH, TAAKHKOTHHUHT pecny6imika’faH Ba TEXHONOTHANIAPH TAPAKKHETHHHHT
yCTyBOp WyHanWmnapura MOCIHMTH KypcaTwiraH. TaOKMKOTHMHT MaKcal Ba
Basudanapu Genrunal onMHraH Xamia TaAKMKOT OOBEKTH Ba MpeAMETH
8HUKIAHTaH, O/IMHraH HATIKANADHWHI WINOHWIWIMTH acocnab Gepwiran,
yNapHUHI Ha3apHi Ba aMallHil aXaMHSTH KYpCaTHIraH, TaQKMKOT HATHRANAPURH
aMaTHETTa KOPMH KWIHID XOJNaTH, HAllp STHITAH HULIAD Ba JUCCEPTALTHS
Ty3unuHy 6iinua MabIyMoTNap KEITHPUATAH.

Anccepraupsiuir «HyTK carmannapara gactnabkm mmaos Gepmm
mMyammounapa» feb HomnaHraH 6HpuEuM GoGM, HYTK CHTHannapura JacTiaGku
umoB GepHITHUHT 3aMOHABHH XONATHHH Ypranumra GarumyiasraH. Veaa HYTK
CHTHAJUIapHra KyHHnanuraH Tanabnap sa vmnos Gepuin ycynnapH TaxTHISPH XaM
KENTHpWIraH Gynu6, HYTK CHIHa/apura HINNOB GEpPHINHWHI OMMANAraH
YCYJUTapUHHHE I0TYK Ba KaMUH/IHKIIADH XaMAia HYTK CHIHAJUTApHra HIUIoB GepHm
coxacHmard acocuit Myammonap Gadn oTunran. ByHmaw Tamkapu, HYTK
CHTHajlapura fgacTiabkH  HMULIOB GepHimm acocMia INAXCHH TaHWO OJHIN
MyammonapH §prannnu0, ynapuu Gaprapad sTHm RYurapu Ba TAAKHKOT MIIH
MacalaCHHHHT KYHWIHIIH KeJITHPHWITaH,

1.1-naparpadna HYTKHHM Y3aTHII KaHANMHHHT XOCcacH, JyraT Ymruamm,
HYTKHHMHT §3rapyBuaH/IHIH, aTpogaari XanakHT 1apaxacy, HyTK TypH KabH Kymiab
napameTpiiap TAXTWIH ACOCHAA HYTKHM 8BTOMATHK TAHWG ONMII TH3HMIApHTA
KMpYBUH N8CTNA6KHM HYTK CHTHAJUIpHTa KYHWIaAuraH Tanabap KeTHPHITAH.



1.2-naparpadnaa ¢oiinanaHyByn HyTK CHTHAJIMHHHT Y3Hra XOC XYCYCHSTIapH
BA HYTKHH TaHKO ONMII TH3MMJIADHHM APATHILAATH MyaMMoJap TaxJMIM acochaa
HYTK CHIHaJ1apiHK Huutos Gepui TH3HMIapHra 6¥nran acocuii Tanabnap mwnab
YHKWIFaH.

1.3-naparpa¢pna HyTK cHrHawnapura nactnabku wmnos Gepuin ycynnapu
TaXJIWI 3TWIraH 6/mb, ynaa HyTK TabHMaTH TAIIKHA 3TyBYMIapH TacHH(JaHraH,
HYTK CHTHAJINTE MIOUIOB OepHIIHHHT MaBXy[d TH3MMJIAPH KaMYHIIHK/Iapu
aHHKJIaHraH, WMOBKHHJIADHH KaMaHTHPHIN AJINOPHTMJapHHH PHBOMUIAHTHPHLU
sapypiurd  KypcatHb Geprsmad. ByHaaH Tamxapn, HyTK Ba XajaKHTJIapHH
MOJIe/NAIITHPHI, CNEKTPHH coanaml (YHKUMACH, HYTKHMHT CTaLHOHApIMK
HABPHHH HHOGaTra onraH Xonaa MaBXyXd AlrOPHTMIApHH TaKOMMANAIITHPHII
3apypJIMIH acOCIIaHraH.

l.4-naparpadna cyxaHOOHHM HREHTHOUKALMA KHNMID TH3HMIIAPHHHHT
XaJakuTHapra HucGaTaH GapKapop/MK AapajkaCHHH OIMpPHIN 60CKHWIapH Takmd
sTwiran 6¥nu6, ynap acocHna auccepTalus TAAKHKOTHHHHI MaKcaj Ba BasHbanapy
MAKIIAHTHPHIITAH.

Huccepraumannur «HyTk curaaanapara gacraabku nmios Gepum ycyn
Ba AJTOPATMIAPA TAXIAIM) 166 HOM/IaHYBYH MKKHHUM 606 3 Ta maparpadaan
nGopat 6¥1HG, HYTK CHIHATMHM HOPMaJLTAIITHPHLI Ba Gofinany HyTK xoiinawmran
COXaHH @KPAaTHOI, XANAaKHTJIapHW 8HHKJIAOl, CErMEHTNam Ba XapaKTep/ioBYH
napaMeTplapAHH 6axONAIIHWHT MaBXy[ YCyNl Ba anropHTMNapHH GaéH 3THmra
6arHmnanran.

2.]-naparpadna HyTK CHTHaJHHH AMCKpeTJalll, HOPMAJUTAIITHPHIN YCYN Ba
aNTOPHTMIIapPH TAXJIWIM aCOCHAA YNAPHHHT I0TYK Ba KAMUMIMK/IAPH aHUK/IAHTAH.

Tanu® onmm wMacanacH yJyH TeHr OynMaraH BakT JAaBOMHIENHMK
(bparMeHTnapHTa aBTOMATHK CETMEHT/AIIHH aMaira OLIHPHIN YYYH CerMeHT/am
aJIrOpHTMHAA KyHuaarwiapHu 6¥vumH Tanab stunanu:

1. HYTK cMTrHamM cerMEeHTIapHHHHT JETEKTHPNIAHTaH Typ/napH (HyTK CHTHan
¢parMeHTIapHHH TYXTAJIHILIAP, XaNaKUT/IH, NOPTIOBYH TOBYLLIAapHra
TacHM¢am);

" 2. CerMeHTNApHMHI BaKT uYerapalapHHH AHMKNAUTHpHLD (KaiTa YTHI
aNropHTMH);

3. HYTK cUTHaJ CErMeHT/IapHHH NapaMeTphain;

4. HYTK CHIHaJl CErMEHTJIAPMHHHT TADKMOWHHM TaxJwl KMIMID Ba CO3nall
(anoxuaa ¢oHeManapra Moc KeJIafHraH CErMeHTIapra aXpaTHI MyMKHH
6ynran Ky#Mu cermeHTIapHH GaTadcun TaX 1M KUINLL);

5. TaHnaHraH ¢oHeManapHu TacHHGnam,

2.2-naparpadnd HyTK CHTHAJUIADHHHM CerMEHTJIapra &XPpaTHll YCYjlapH
TaX)IMA KWIMHKG, TYpiM MAaTeMaTHK EHJamlyBjapra acociaHraH aJropuUTMiiap
TaxJIMA 3TWIraH GYnauG, yHma cerMeHT/IAII MacafaCHHY €YHIIAA acocHit ToH
IaBpHHH 6anaxoJalll ajJropHTMIAPHHHHT KyHugaru TacHHGHM TaBCHS STHATaH,
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ACOCIIAl TOH JABPHHH FAXOJIAI AJITOPHTMILAPH

[ OPROIIORYEYT

— | Ammpayom

-[ Cnexrpan ycya J

—-[ Kenctpaa yeya ]

1-pacm. HyTk cHraann acocHii TOH JaBpHHH 6axonam aJropaT™/apH
TacHHpH

2.3-naparpadaa HyTK cHriaanapH GeNTHIapHHA MAK/UIAHTHPHITHHHT MaBXy

Ba TaKIH} 3THITAH aNnropHTMIapH 6aHu keaTnpuiras 6YnHO, yHAA HYTK CUTHAITH

Genrnnap BEKTOPHHM WAKUIAHTHPHIN YYyH Al anzopumm taxiud >TUITaH Ba Y
Kyiingary KagamnapaaH nGopar.

1-xadam. Kupym cHrHanMHH HOpMasaIITHPHII, 6YHAA YHHHT aMIUTHTY8CH

TeKHcnaHuO, 10KopH yacToTanap KyuqaiitHpiwiaan. Kylin gactora dopmanranapu

IOKOpH 4acToTara HHcOaTaH KaTTa aMIUIHTyAara sra Oynamw, myHra xapamaif

JOKOPH YacToTa hopMaHTanapy XaM TaHHO onvm yayn Myxum axGopoTHH §3 wdaHTa

onagm. LLlyHHHT ydyH KMpHIN CHIHAaNHTa (SKYHUH HMIYyEC XapakTepucTHKa) SAAX-

$uneTpH KynaHunagu: )

s'(n) =5(n)-0.95-s(n-1).

2-kadam. CUTHATHMHT KHCKa BaKT/H (~ 32 Mc) KHCMMHH aXpaTnG onuin sa
CMeKTp TYyWHO KOJMIUMHH MHHHMA/UIAIITHPHIN y49yH ofiHa dyHKumsacH w(k)Hn
kYmraw. Xocun 6ynran 6y¥nak K y3yHnuknarm HamyHamaH uwGopaT ¢peidim neb
HoMnaHuG, Has6aTnaru amannap ¢peiim noupacuaa Gaxapriamu:

x(k)=s(k+t-K)-w(k),0sk<K-1.

ILlyHzaail KuAKG, KApHIN cHrHAMA s'(n) Xap 6up dpefimu yuyn 0 <z<T opanukaa
6enrunap Bemﬁu mauiaHTapunany. Ofina QynkumacH cudaTtaa opaTaa
XemmuHr ¢yHKuMscHIaH GolnataHANanH, THHH:

w(k)=0.54-0.46. cos(;Lkl)

3-xaoam. Opehim yuyH auckper Oyphe anMamTHpHIIHY Xucobnam;
K-l =f2amk
X, (m)=Yx(k)-e ¥
k=0

Huckper @ypre anMalITHPHIIHH Xucobnam yuyH Te3 Qyphe amMaIITHPHIN
AIrOpPHTMH K naHHanu.
4-xadam. Yacrora coxacu 6¥ituua Q men-punsrpnap tymnamuun ppedimra

Kynnamaa Xap 6up g —¢punbTp uMKHmMAA Y3uHMHT YTKA3Mm mojocacH GYiiHua
Y,(q) >Heprus onunanw. Llyngal xuaub, maxcCHUHT HyTKH MoJe/UTaIITAPHIAH:
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cnextp G6¥inab macT wacroTamaH roKopM yacToTara YTHINAA SIIMTHIN aHUKIHTH
owanu. Men-¢unsTpnapuuunr mapkasuit uactoranapu F, onatnaru norapudmux
KOHyHusTra GoFnMK OYnraH Men — wkanacu ne6 HomnaHran mkana 6Yiuua
TaHJIaHAOH (2-pacM):

F,
F,, =2095-log,, (l + _7_(%)

Onatna Men-¢unstpnapu 0 nan Fy, - =8kHz raua Gynran yactora opanukaa
*Koinamran 6Gynanu. Arap Fo;' Men — mkanaga Fy;" ra Moc KelysuM yactoTa
anuKIankO, 0 naH Fy.~ rava 6ynran opanuk O TeHr 6¥naknapra 6ynuun6, xap 6up
KHIMAaT y9yH yHra MOC F,,, 4acToTa MaBxKya 6¥ca, y xonaa Q uacroTa KuiiMataapu
aHWKJaHAOM Ba ynap opacHiarH Macoda NorapHPMHK KOHyHHHSTra MyBoGHK

ycanu. Men-mkananaH aHeaHaBHH Ikamara YTHm KyWugarn dopmyna opkanu
aMaJira OIHPHIAIH:

F
F,. =7oo-(1o=m -1].

—
. ) - = o ) =] . =)
Cromen

2-pacM. MeJI-mKaacH 9acTOTaNapHra oAauil mKaJja 9acToTAAPHHHHT
MOCJIHTH
Mapkasnii yacToTanap aHMKJaHraHnaH cyHr, yu6ypuyak waxkira sra Gynrad
(OWITpNapHUHT aMIUIHTYAa-4acTOTAa XapaKTepHCTHKANIAPHHH xucoﬁnam Tanab

tunagy (3-pacm):
_I.ﬂl ’Ik_Fvl<A¢’
AO

0k F|2A,.

QUILTPNAPHUHT YTKAIHII NOJOCajJapH XaM JiorapuMHK KOHYHHHATTa
MyBodHK Ycaam, KeHHHIH GUIBTPHHHT YTKA3HLI MOJOCACH OJIAUHIHN Xap OMPUHHHT
YTkasum nonocacu ypracuraya “cypwiagu". Bynaa men-gpunsTpnaptu yctma-ycr
Ky¥inm opkamm O pelMHHHT SHeprus KuMMaTH XHcobnaHagu:

OO RACE

ACE
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3-pacM. Q=24 men-puanTpaaparar AUXcu
S-xadam. Y, (q)HH norapudmiam Ba roMoMopdMK aNMaIITHPHII aMaira
ompunany. Kysranuin curHaniHu QWIbTp XapakTepHCTHKACHAAH ayXpaTHO o
yuyH Y,(g)monynu norapudmu xuco6nanaau:

L,(q)=loglr;(q)|
6-xadam. Teckapu guckper @ypbe amMamTupumu (THAPA) amanra
owmpunamu. Bynna L (q) yusyn THA®AHM Xucobnam oOpRaiu Kemcrpan
ko3¢duLmenTaap onmHany Ba L (q) XaKHKHH Ba CHMMETpPHK Gyranymru cababim,

TeckapH pauckper (dypbe anMalITHPUIIM ITHCKPET xocm-xyc aJMaIITHPHINUIa
SKBHBAJIEHT G¥nagu:

o,(p)= fL(q)co{ (q—%) %),p=0,...P.

Cynrpa P koagduumnentiap onnnany, P sa Q Tenr 6§mmmm MymkuH 6§nca-
na, onataa MFCC (Mel Frequency Cepstral Coefficients) kuiiMaTnapuassr dakar
Aapmupan Qoinananwiagu. ByHHAT caGabu, Ky3Fanuil CHrHATHAMHT KENCTPYMH
BOKaJl TPAKTUHHHT KENCTPYMUHKHT "YHr TOMoHHAR" GYnummaup. Illynaait KuiHG,
t —un (peliM yuyH Kenctpan Ko3$PHUMEHTIaPHHM ¥3 HMUra OJraH p-YIdaMiH
BEKTOP 0, ( p) TaHHG onyBumra kemamu. 4-pacmaa 32 Mc 1 dpedtm yayn MFCC /a/

YHJIHCHHHHT Ge1ora MHCOINapH yJyH KypcaTiiaraH.

4-pacm. /a/ yaarcurBar Gemra Macos1apn yayn 6ap ¢peiim MFCCa
4-pacmpaH Gutra Tanaddys xucmMu yuyH MFCC kuiimaTiapH Xap Xwi

Tanaddys Muconnapy yuyH sKUH SKAHIUTHHH KYPHII MyMKHH.
7-kadam. Tamom.
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Taxmd sThnaérran GenrunapH COHMHH KaMaliTHPHMID XMcOOHIa TH3MM
WILTAIH y4yH capdiaHaauraH BakTHU Kamalitupnm A2 anrzopummu xyinnaruua
amaira olIHpHJIaaH.

I-xaoam. HyTk curHanunmn Kabyn kunum. ByHunr yuyn 16000 I'y Ba 16
6utaa €3wnrad *wav gopmataaru dalin aparum.

2-xadam. HyTtk curHanmpaH KyliMparsn KOHYHHHMAT acocupa Gemrmnap
axpaTtub oyMm.

1
;S — X
' L J=i-L g
6y epnax; — 6epwiraH HyTK curHamd Genrunapuaiat u6opat Bektop. L —KajaM.

3-xadam. BerrunapHu axpaTHml SHHH Xap Oup § yuyH Men-uactotanu
kenctpan ko3pduumenTnap (MFCC) xucobnanaam.

4-Kadam. 1llaxc HYTKH MOJENHHH KYPHIIHH Ba Y aCOCHAA HYTK CHTHAJIHHM
TaHKWO OJIMIIHK amMaJira OIMIHPHI.

S-xaoam. TamoM.

Muccepraupsanudr «HyTK cRrEajiapara aactnabksa HuuioB Gepmi
JTOPHTMJIAPHHE HIMA26 wHKAm» Oe6 HOMIAHYBYM YYHHUH GoOH HYTK
CHTHAJUTADHHH  HOPMAJIAITHPHIN, HYTKIH COXaJapHH aHHKIam, HYTK
CHTHANHHMHT (oHNaNN Ba TYXTaNMID KHCMHHH @XDaTHIl XaMmla XaNaKuT/iapiaaH
TO3aJlall AITOPHTMJIAPHHH HOIab YHKHIIra GarHiIIaHTaH.

3.1-nmaparpadna HYTK CHTHA/IADMHH HOPMAJUTAIITUPHLI BA HYTK CHTHAaIIaH
doiinams KHCMHHH aXPaTHII aNrOPHTMIIApPH Ga8HH KEITHPUIITaH.

OBo3 OCanaHmmMKOarH KywIH V3rapuHmiapHH HYKOTHIN y4yH oJaTia
amMminTyna Gyiinda HOpMannalITHPHIN NpoueaypacH Kynnanunagu. Ym6y ycyn

€épAaMHia CHrHal aMIUTHTYNAacH [52\-,-—%] opall¥KKa KesTHpwiaau (5-pacM).

Hopmamnamrrupwiran curian $[n] samynanapunu onum KyHugaru ¢opmyina
8COCH/Ia aMaJira OLIHPHIIATH:

§[n]=@|ﬁ|ﬁ-s[n]

6y epma A —HopMayjslamTHpuin 6Ynarn keHraurk, abumcca ykura HucGaTaH
cuMMeTpHK (MacanaH, 5-pacMaa A=1).

5-pacm. Hopmasnamrapamraga (a) Ba RopMaaaamTeprmaan cyur (6)
PAaKaMJAIITHPH/IraH HYTK CHIHAJIH
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OBo3 Ganawamuru YarapyBuaHIuruHM G6axonam yayn Gup &ku OHp Heura
cyanap tanagdysununr Q Ta TYmNaMH KYpub YMKWIagM g —4H HaMyHa YYyH
M(q), 6ananpmmksnur Yprava xuitmaTHHn N HamyHanap ysywmirn 6unan sa Q
HaMyHa yuyH M(q) ypraua kuiiMaTH KyHingarnya aHHK/IaHagH:

N,
M@= \snll g=1,...0; (0))
=)

1 .
M =—Y'M 2

g=l
Xap 6Gup namyHa GanaHanuru Ba Ypra KuiMaT opacuuaru HHcOui dapk

D(q) xucobnananu:
M (4)|
D(q)=|1- .
(9) M,

(1), (2) dopmynanapnaH HaTWKara HaMyHAHMHT aGcomoT KHAMATH Ba
YNapHHHT YMyMH#H COHHM XaM TAbCHP KHIMIIMHM KYpHIn MyMkHH, LLIyHHWHT ydyH
6urra cuudpra Ternuum O6YnraH HaMyHanap TYmnaMH  GaJaHATHTHHH
y3rapyBuUaHIUT¥HH, YHUHT Y3YHJIMIH TaxMHHaH Oup xwn Gyaumu Ba TYIHK
6azanaru oBo3 GaaHIIMTH Y3rapyBYaHIHTHHH 6aXoNnaHNmN Tanab >THIaH.

OKCTpeMymaap TaKCHMOTHHHHT XyCycHATHAaH ¢oiinananuf, KHpHm
CHTHATHIAH HYTK CHTHAJTHHH aXpaTiO omm A3 anzopummu wininab 4MKHITAH.

By anroput™ Kyitunarnya aMara OMMpHIaIH.

1-xadam. HopmannalmITHpHID MOZYAH — MHKPOGOH OpPKAITH OJTMHTAH CHIHAN
amnautynack 10 Mc KeHrIHKEAarH CyprITyBYH OfiHa OpKaiH HopMauamanu. Yty
npolueaypa OBO3 Ba KYPWIMAaHHHI HHAMBHIYan XyCYCHSAT/IapWra Kypa CHIHa
Gananpnury Y3rapysuaHnmurunn 6aprapad stm y4yyH 3apyp. Bapua kucmnap Gup
Xunga oBo3 GanaHmAMFH  KMAMATHra KYTapuiaHMIK YJdyH oOfHA HYMIa
HOpMaJUTAIITHPHIN aMaJira OITHPHIAAH.

2-kaoam. CurHanHH KamMpa® ONyBUM OIPH YM3HKHH Kypuml MOKXYJH
KynnaHunagn. Bynna nact aMumiTyaanH TebpaHHOUIADHH TeKHCAHAMH.

3-xaoam. HopMannammuphm MOXynH Kymnanunanu. Bynaa kampa6 omyBun
3rPH YH3HK KYPHIMIDH Tydafinu CHIHATHH TaKpOPHil HOPMALTAIITHPHIN Kepak.

4-xkaoam. m-KMCM YYYH DKCTPEMYMJIAp TAaKCHMOTHHH TOTMIN MoayH
KYnnaHHnany.

5-Kaoam. Xan KWIyB4H MaHTHK MOXYNH KyNnaHWnamW. ByHma CHrHANHHHT
M- KHCMH HYTK €KW XanaKHTra 5ra 3KaHauru 6¥iiuua kapop xaGyn xuiunams. Xan
KWIYBYH MBHTHK cH(aTHia y4 KaT/iamiM THIHK GormaHraH TYFpH TapKalyBdH
He#poH TapMoru TawnaHay. Ly 6unan 6upra, TapMoKHH HIInaTMIIAH ONTHH, Y
JXUTHIHLIM Kepak, YHHHT YMYH YKHTHII MOYNH %aBo6 Gepamy.

3.2-naparpagna Wmnab YHKWIraH CErMEHTAl ANTOPHTMIAPHHWHT GagHH
KeNTHpHATaH.  CHIHaNHMHr CYHYBYH KHCMMHH QXpaTHIl ANrOPUTMIBPHHA
Xucobnawm MypaxkkaGMUrHHH KaMalTHPHIN yuyH GHpHHUM Kazamaa HYTK CHI'HANH
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noKan MakCHMyMNapH TyminamMi M Kyiinparu Koujia G¥iinda makuiaHTHpHnany,
6yHza nactnab M =< neb onuuanm. _
Arap (s(i)>s(i - 1) Ba s(i)>s(i +1)) 6¥nca, yxomna M =M Ui, i=1, N,
6y epaa i— HYTK CHTHANUHAHT GOIMAAHFHY CAHOKNAPH COHM, s(i)— HYTK CHTHAH
KuiMaTnapH. KelHHuanuK cyHyBYM KMCMHAHT CaHOK paKaMJiapH HTepaTHB
Kypunumga M T¥nnam sneMeHTNapuaaH ONMHagH. Arap s(n) -fia CYHyBYH
KHCMJIADHHHT XOpH# caHOK connapn cudati Kabyn xwiuHrau Gynca, y Xonana
KeltuHrH 5(n +1) CYHYBYHM KHCM CRHOKNapH KyWHIAarHya aHHK/IaHaIH:
K={meM|n<m<n+L},
s(n+l)ek,
VkeK|s(n+1)2s(k),
{keK|(s(n+1)=sk) A (n+1)<k}=12.
Bynna L mapameTpaaH cyHYBYH KHCM CaHOKJIap YpracHaard MacogacHHH
omH6 KeTMACTHIHHH TALMHHNIAM MaKcaauia Golizananunanm.
Taxnud 3THARETraH HYTK CHFHAHMHT CYHYBYM KHCMIGpPHHH ONMO6 Talunam
A4 anzopummu Kyinparnia aManra OIHpHIaIH.
1-kadam. Hytx daiinu acocuza f BEKTOp WAKINAHTHPHIAAH.
2-Kaoam. &ra KHiMaT J3NamMTHPHIALH.
3-xadam. yHAHT KUHMaTH XHcobMaHATK:
_Jo,r (<e,
YA 5 ()ze.
4-xadam. fBexTop YmuaMuHH KaMalTHpHI amanra owmmMpwnagd, seun Y =0
6¥nca, y X011a yHra Moc a/ieMeHT f BEKTOP/IaH YMKapH6 1oGopunany.
S-xaoam. Tamom.
Macanan, & =50 yuyH HaTiXa 6-pacMa KENMTHPHIITAH;

0 5000 10000 15000 20000 25000 30000 35000
6-pacm. C¥HyBUR KHCM/IH Ba CYHYBYH KHCMCH3 HYTK CHTHAJIH
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XalaKUTIapAaH  TO3JIAMIHHHT  TAKOMWJUIAIITHpUATaH

3.3-naparpadna
anropuTMiapy 6aguu kerTupunran 6¥m6, y nmaa 46 anropaT™ ae6 HoMIaHraH
XanakuTHu kamaiTHpHIL HkkH 6ockuunu A6 anzopummununz 6nox-cxemacH 7-

pacMaa KEJITHPpHITaH.
Xazxrm
=
Ofinaxra Xazaary
il e ( Taxox )
Tezazsroy
C{==}{=
Ao 0! bz
e
]
Tosa arrmay o Azpmop
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XanakuTHH KaMalTHDMI  aNTODHTMHHM  MOAH(HKALMANAHIAH WKKH
6OCKHWIN XaNaKHTHH TacallTHPHUI aNTOPUTMUHUHT GMpHHUM GockuuK cudatuna
KYJUTaHHIMIOH MYMKHH. MKKHHYH GOCKWY YYYH CREKTPHH TYFpHIai GpyHKUMACH
cndatHaa KMCKA MYQIATIH CHEKTP aMIUTMTYAaCHHUHI MHHHMan YpTakBaipaTHK
XATOJIMIY CMEKTPHH KoppeKruMsam ¢pyHKUNICHHH TaHNAll TAKNHG STHNaaH.

HuccepraumsHunr «JdacTypuii MasxkMya Ba YHHHI amaauii Macanajaapaa
Kyananungmy » Ae6 HoMNaHYBYH TYPTHHYHM 606H HYTK CHTHaNUTapHra AacTnabku
HUIOB  Gepuin AacTypuif MaXMyacHHH sparuin, Taxpubasuii TanxukoTiap
HaTiKanapuHH 6aéH >THIN Ba aMasHit MacaslanapHH eqHIra 6aFuUIaHTaH.

4.1-naparpadna Taxamd ITHNrAaH, MaBXyll Ba TAKOMH/NALITHPHITAH
AITOPHTMJIAp acOoCHEa MIUIA0 HHMKHNTaH AacTypui Maxmya Ga&€HM KenTpunrax
6ym6, y Hyrk cHrHamnapura nacTnabku uuuioB GepHlll, HYTK CHrHajUlapH
GenrunapHHH @XpaTHG OTHIN Ba MAXCHH TAHHG ONHINra MYIDKANIAHTaH.

9-pacMza MOAYUIMIMK TaMOWMIM acocHaa uuwiab YHMKMAraH AacTypuii
MaXKMYaHHHI acOCHIi OifHACH KEJITHPHIIIaH.
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9-pacm. lacrypnit MaskMyaHHHT acocHii oiiHach

4.2-naparpa¢aa TaxpubaBuit TaAKMKOT HaTHxXanapy kenrupuiarad. MFCC Ba
LPC (Lineer Predictive Coding) ko3¢ uuueHTIapHHH XHCOG a1 AIrOPUTMIAPHHH
MOZH(pHKAUMS HATWKAJapHHH TAAKMKOT KWIHI y4yH Pythonna omaui#t mapoutaa
€3uraH YeKaHraH Xap XWJI MAaTHIapHHHHT TOBYI CY¥371apHH TaHMO oJMm
TH3uMuIaH dolinananmnrad. Ymby umaa HyTK ¢oHorpaMManapyHHHI eTapianya
KaTTa TOBYml MaTHmapu OasacugaH ¢oiigananum 3apypat  Tydaiinu,
https://www.dropbox.com/s/8 7v8jxxu9tvbkns/development_set.zip?dl=0 Ba ¥36ex
THIHIAarH MabiymMomiap OasacHmaH gucKpuTesauusa uactoTacH 16kI'L] GYnran
17071a xap xun matH poHemanapuaaH GoiinaanaHuiira Kapop KHIHHAM.




BasaHH WwaknnaHTHpmaa 34Ta cyxaHioH 0Bo3HAaH ¢oiiganannnrald. CHHOB Ba
TecTNnall TYPYXJapHHHIr CyXaHIOHNapu kecumMarad. Harmwxamap xyhuma 1-
®aaBanRa KeNTHPHIITAH.

1-xagBaj
Takomuanamrapuaran MFCC+VQ, LPC+VQ Ba MFCC+GMM

AJTOPHTMJIADH 2COCHAA MIAXCHH OBO3H OPKAJIH TAHHG OJIHNI AHHKAHTH
Acocnii 2->1 4->1 8->1 16->1

LPC+VQ’ 73% 82% - 81% 79% 72%

MFCC+VQ 84% 89% '85% 78% 73%

MFCC+GMM 86% 92% 87% 80% 84%

1-xapBanga Kypuo YMKHAraH MOAH(HKaUMANAHTaH alrOpHTMAAPHHHHT TaHHO
onnwparn Hamwkanapy MFCC  anroputvmra HucGatan AXITMNaHTaHIMIH
K¥pcaTriarad. RuuHr HucOwil sxumnanummM Kyiiupard ¢opmyna Gyiinua
XucobnaHanu:

RI .—.E&"—R&@Lx 100%.
100 - RR,

Takomwuamrnpwiran MFCC+VQ Ba LPC+VQ koaddHumeHTAapHHN
XHcobnaln anropHTMIapHHH 5 Ta CyXaHAOH TOMOHHAAH CTYAHAAA OUPXHI MaTHIAH
€310 onmHraH ToBywIapHHH 15 Ta ¢aiiny TaHKO onMID TAAKUKOT HaTHXanapu 2-
xaaBaiaa kearHpwirad. TakoMuanamrupunran MFCC+HVQ

2-xaxBaJ
Takomuramwrapuaran MFCC+VQ, LPC+VQ Ba MFCC+GMM
JITOPHTMJIAPH aCOCHAA HiAXCHH OBO3H OPKAJIH TAHEG OJTHIN AHBKIHTH

Acocnil 2->1 4->1 8->1 16->1
LPC+VQ 87% 93% 93% 90% 86%
MFCC+VQ 85% 85% . 83% 90% 89%
MFCC+GMM 98% 99% 99% 97% 96%

4.3-naparpadaa mactypuit maxmyanan ¢oliganann6 amannii MacanajiapHu
€YMII HATIKAJapH KENTHPWITaH. MaBXyn Ba JUcCepTalMs HITHAA Takand STHATAH
YCYN Ba aNropuTMIIAP 8COCHAA HYTK CUrHAJUTAPHAAry XallaKHTJIapHH KaMalTHpHI
BA CWUIMKIAll, HYTK CHMIHAJMHH HOPMA/JIaIITHPHIN Ba CErMEHTNam, HYTK
)Koinalrad coXaHn aHUKaul, Genrniap $a3oCHHH WaK/UIBHTHPHLI Ba TAHHUO OTHm
MacanacH Xan ITWAraH. By ayquoMabiyMOTAapHH TaxJiun KWINI Y49yH
capbnaHaauran BakTHH Ypraua 15% ra KMCKapTHpHIIra Ba YHH TYUIYHHIO
caMapajopiMruHy Ypraua 20% ra omHpHIra AMKOHHHH Gepay.

OnMHraH HaTHXanap MasKyp coXa MyTaXacCHCAapH TOMOHHJIaH SXIIH KaObyn
Kunmnan. Xynocajnap 3ca KeHHHIM TagKMKOTIapAa HYTKHW MaTHra YTkasum Ba
IIAXCHH TBHHO 0NN caMapaJop/INTHHY OIIHPHIN XamMAa HHdopmaTHB Genrunapra
HucOaTan onub GopunniK opKanu TaHKO onuil fapakaCHHH OLIMPHLI MaKcaira
MyBoOHK ne6 Tomwnau. Takiud STHATEH ycyn Ba aJropuTMiap 8COCHAA -HYTK
TEXHONOTHANAPHHY  PHBOXJ/IAHTHDHUI ‘ OpDKAJIH  aManuil  TAJKWMKOTNApAa
KENAKAKAArdH HOUIADHH peXalaliTHPHm KY¥mnab coxa MyraxaccHcnapura
Kynaillukiap TyFAUPAH Ba OPTHKYa capd-XapaxkaTiapHu KaMaiTip/in,
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XVJO0CA

“Hytx cursannapura aactinabku HiuuioB GepHin anroputmiapu’™ MaB3ycHaa
omu6  Gopunran  AMcCepTauMA  TAOKMKOTHHHHT  acocMii  HaTwXanapH
Ky¥naarunapaan uGopar:

1. Hytk curHannapura nacTiabxu MuwioB GepHm Mapxyn alropHTMIapH
TaXJIMJI KAIHHAM Ba YJapHHHT Ky'wWIH TOMOHJIADH XaMZia KaMYWIHKJIapH aHuK1ab
onmvHAH. By MaBkyJ, kaMuRTHIUIapHH GapTapad) STHIN KMKOHHHM Gepaii.

2. HyTK CHrHaNMHH CerMeHTIapra aXpaTHIIHHHT TYpAH XaNaKWTiapra
TYPFYH Ba Te3kop OYnran anmropurmiapH Huuiab yHkungu. Ymby anropurmiap
TYPAH XW INapoMTIapiaH &3u0 ONMHTAH HYTK CHTHAUIADHHM KaliTa HIiam
HMKOHHHH Gepanu.

3. Yacrotamap coxacHga Ba BaKTIH coxasa Oenrunap BeKTOPHHH
MaKIAHTHPUIIZIA TYPAH XWN EHOANIyBNAp TAXJHN KHIHHAM Ba Genrunap
BEKTOPHHH MAK/UIAHTHPHIN YCYJIH cHaTHAa TAKOMWIRAIITHPUIIraH MeJl KencTpan
ko3¢ dHIHEeHTap YCyIH MaKOyn SKaHANIH aHWKIaHAH. By HyTKHHM TaHH6 onnm
caMapajop TH3HMJIapHHH KILIa0 YHKHID HMKOHMHM Gepanm.

4. TynnaHran 3KkcnepuMeHTan HyTK Oasacupga kymnab omwmuiap Tydaiinu
103ara KelaauraH HyTK CHrHaJUIapH GanaHUTHIMHHMHT Y3rapyBYaHIury JpraHunau:
KYPHIIMaJIapHHHT CEe3rHpJIMTH, OBO3HHHT JOMMMIi pasminja Y3rapub Typamurad
Gananmiurn Ba GomKanap. HyTK GanaRWIHrH {3rapyBUaHIHTHHH KaMalTHpHI
HMKOHHHH GepaiyraH HOpMaJUIRIOTHPHII aIFOPHTMH TAaKJIN( STHIAH.

5. XanakaTnu HYTK CHTHaJIM derapanapvHu aHMKJamra WMKoH Gepannran
KHPHII CHTHAJTMHMHT JIOKAJ 3KCTpeMYyMJIapH TAKCUMOTHHH TaXJIMJI KWIHLI aCOCHa
HYTKHH aKpaTHO OJIHIIHHHT SHrH ycynu Takmud atrnau. HopmannawrHpum, xan
KWIYBYH MAaHTHK, KaMpal OJNyBdH OSrpH YH3NKHHM TONHII Ba 3KCTPEMyMiap
TaKCHMOTHHH TomHII OnoknapumaH HOopaT GYnraH HYTKHH xpaTtHG oM
aJTOPHTMH TaK( THIAH. Ma3Kyp alTOpHTM HYTKHH TaHHO OJIMII yuyH HHUcGaTaH
HH(OpMaTHB HYTK CHTHaJIMHH OJIMIN HMKOHHHU Gepafn.

6. YacToTanap coXacHa XaJJaKHTHH KaMalTHpHIN ycy/uiapH KYpHu0 auxunau.
HyTKk Ba xanakumiapHH MOIEANAIUTHPHIN, CMEKTp Koppekums (YHKUHACHHH
TaHJam, CHIHAL/XaNakKHT MYHOCHOATHHHMHI ampHop Gaxonam kaGu macananap
KypH6 wuKWIIH. HyTK cMrHammaa xanakuT Ba XanakHT/IapHH KaMaliTHpHUI y49yH
6unap HuKkoOnmapnaH ¢oilimanannm, mry OGunaH Gupra  XaJaKHTIapHH
KaMaRTHPHINJATH AHTH HYHaIHIIH IOMIIOK HMKOONap ycynnapu Kypu6 YHKHION.
ByHaaH TallKapH TaKOMHUIAINTHPHIraH YacTOTAalM COXaJa  XanaKMTHH
KaMalTHpALI HKkH GOCKUHITH QITOPHTMH Ba IOMYIIOK HHKOOTa 2COCNaHTaH MKKH
GocKuu/IH ANrOPUTMH TAKIHG STHIIH.

7. HyTK curnauiapura aacTiabki HILIOB GepUIIHHHT MaBXyZ Ba Takiud
3THATAaH AJTOPHTMIAPHH ATOHa HHTepdelicra GHpNAIITHPYBYH AacTypui
MakMyacH HUUIa6 wuumkungn. Jactypuif MaxMyaHH MuUIa6 YMKMIDAA YHMHT
HINOHYTWIHTH G1aH GHUpra TEIKOPIIMK MacaNacH XaM 3THO0pra ONIMHAH.
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BBEJIEHME (anrotanus anccepraunn xokropa dpanocopnn (PhD))

AKTyaJIbROCTD H BoCTpe6OBaHHOCTH TeMbl AuCcepTalHA. B Mupe Gonbinoe
BHHMaHHE yAe/seTcsi yCOBEpIIECTBOBAHHIO, pa3paboTKe H BHEAPEHHIO METONOB K
anropuTmoB LMdpoBoi 06paboTKH peueBBIX CUrHAIOB, HAEHTH(HKALMH THYHOCTH
Ha OCHOBE peueBRIX CHIHAJIOB, NMpeoGpa3oBaHHA peyH B TEKCT H PacMo3HaBaHMA
o6pa3oB. «B nocneaHue rofp! CO3aaHHE PeYEBRIX MHTEILIEKTYAIBHEIX CHCTEM CTalo
ONHHM H3 caMbIX OBICTPOPACTYIIMX HamnpaBieHuH, HCHONE3YIOMHM METOIEI
HCKYCCTBEHHOrO HHTeJUIEKTa AN peIleHHs MNpoGieM, KOTOpHE HEBO3MOMHO
PELUKTH C NOMOLLBIO TPAAHLIMOHHBIX METOAO0B» . B 3TOM HanpaB/eHHH OCHOBHEIMH
(bYHKUHOHANBHEIMHM 3aJ1a4aMH HHTEJIEKTYalbHOr0 aHau3a PeueBRIX CHIHAJoB
ABNAIOTCA  KiaccuHMKauus,  KiacTepusauus,  pacnossaBaHWe — o6pa3os,
TNIPOTHO3MpPOBaHHe H OLieHKa, ONpe/ie/ieHHe 3aKkoHOMepHocTel, pa3paboTka METOAOB
M anropuTMOB MpPHHATHA pellieHHid, a Taloke paspabotka mnpuioxeHuid. K
HACTOAIEMY BPEMEHM pa3pabGoTaHO MHOXKECTBO MpHJIOXKEHHH, OCHOBAHHBIX Ha
TeXHONOTHH pacrfio3HaBaHHs PEYEBEIX CHrHanoB. B 3apyOexHEIX CTpaHax, B TOM
yucne B Kurae, Poccuu, CILIA, Aurnum, Fepmanun, Unpuu, Gpanuvn # Ap.,
6onpmoe BHUMaHHE YACNAETCA PEeHICHHIO TEOPETHIECKNX M MPaKTHYECKHX 3anay
npeasapHTenbHOH 06paboTKH peyeBEIX CUTHAMOB M PACIIO3HABAHHSA PeYH.

B Mupe BeZyTCs HCCICAOBATENLCKHE PaGOTH MO YCOBEPIICHCTBOBAHRMIO H
CO3JAHHIO METOJ0B M aNropHTMoB OOpaGOTKH peueBHIX CHMTHAanoB, BEIAC/ICHHA
MPH3HAKOB peyeBbiX CHMHANOB H PACMO3HABAHHA peYH, a Taloke CO3/AHHIO
BEIMHCIHTENBHEIX  AMOPHTMOB. B o3roit cBA3sH, BaxkHoM 3apauei ABNAETCA
paspaGoTka M YCOBEpIIEHCTBOBAHME AIMOPHUTMOB PacrO3HABAHHSA, MOBHIMIEHHS
KayeCcTBa pEYEBBIX CHrHaJOB, ONpPEAC/ICHHA obnacty mosesHoH peun B pEYCBOM
CMrHajle M BRIIENICHHA €ro XapaKTepHRIX MPH3HAKOB, A TAKKE CO3N@HHE pedeBsX
MoZieneii 1 aBTOMATH3HPOBAHHEIX CHCTEM PacTio3HaBaHMS.

B PecnyGnuke  ocoboe  BHMMaHMe  ygensercs  paspaboTke
aBTOMATH3HUPOBAHHBIX CHCTEM PACMO3HABAHHS, WHTE/UIEKTYaNbHOTO aHaIW3a H
npejiBapHTeNbHOH 06pa6oTkH peuH Ha y3bekckoM s3bike. B Ctparervm aeitctahit
no panbHeifiimemy paspuTHio PecnyGnukm Vibexkncran B 2017-2021 rr.
onpefieNcHEl, B YacTHOCTH, 380a4H MO «... BHEAPEHHIO HH(POPMALMOHHO-
KOMMYHHKALIMOHHBIX TEXHONOTHI B 3KOHOMHKY, COUMANbHYIO cepy, cHcTeMy
ynpasjieHus, .. ofGecrieueHuio  uHGopmaumMoHHON  GesomacHocTM M
YCOBEPIICHCTROBAHKWIO  CHCTEM  3aMMTH  WHGOPMAUMH,  OPraHH3ALMIO
CBOEBPEMEHHOrO H 81eKBATHONO PearHpoBaHHsA Ha YTpo3b! B chepe HHpOpMaLUm»Z.
Jdna peanHsauMH  JaHHBIX  3aa4  BaXHBIMM  mnpoGneMaMH  pasBHTHA
nHPOpPMALIMOHHO-KOMMYHHKALIMOHHBIX TEXHOJIOTHI{ SBIMOTCH, B YaCTHOCTH,
CO3aHHE CHCTEM HACHTHOMKAUMM JHYHOCTH HA OCHOBE pEYEBEIX CHTHAJIOB,
npeo6pa3oBaHKs peuH B TEKCT M FOJNIOCOROTO YRpaBieHus. B 31oit cBA3H, OMHHM H3
BaXKHBIX 3a[84 ABJAETCA Pa3paGoTKa METOZOB M ANrOPHTMOB MpPEABAPHTETEHOM
06paboTKH peyeBLIX CHIHANIOB C YYETOM Pacrio3HaBaHHA THYHOCTH H OfpeeseHus

! https://www.tadviser.rw/index.php/Crares:PedcRLic_TEXHONOMHH: _HA MYTH_OT_pacROSHABRHHN_K_{TORHMAHHIO

2 Va3 Mpesnaenta PecyGnaxn V36exnctan ot 7 geapans 2017 roga NeYT1-4947 «O CTPaTerHH K0 JANLHEAmeMy
passATHIO PecyGnnxn V3bekncram
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HHPOPMATHBHBIX MPH3HAKOB pPEYEBEIX CHTHANOB, a TAKOKE MX TIPUMEHEHUE B
CHCTEMaX KOHTPOJIS IOCTYTIa ¥ aHAJIN3a IN'OJIOCOBEIX o6pameHHi.

Hactosimee muccepraumoHHoe HCCNENOBAHHE B ONpPEAENICHHON CTeneHu
CIYXXHT JJif peanH3aunus 3afgad, TNPeAyCMOTPEHHHX YykKasoM [lIpe3naenta
Pecnybnnkn VaGexucran NeVII-4947 ot 7 despans 2017 rona “O crpareruu
AefictBUi mno  panbHeiimmemy — pasBuTHIoO  PecnyGnmkun  V3Gekmcran”,
nocraHoBnieHuamu Ilpesnnenra NellI1-2898 ot 18 anpens 2017 roga “O Mepax no
KOPEHHOMY COBEPUICHCTBOBAHHIO JEATEILHOCTH OPraHOB BHYTPEHHHX Jien B cepe
paccieioBaHHa npecTyruieHHH”, NeITI1-4024 ot 21 HoA0ps 2018 roxa «O Mepax mo
COBEpIICHCTBOBAHHIO CHCTEMBI KOHTPOJIA 32 BHEOPeHHEM HH(POPMAIHOHHBIX
TEXHOJIOTHH H KOMMYHHKALWH, OpraHW3allMH HX 3alOATHI», a Talke APYTHMH
HOPMATHBHO-NIPaBOBLIMH AKTaMH, MPHHATEIMH B AaHHOI cepe.

CooTBeTcTBHE HCC/ICAOBAHHA ¢ NPHOPMTETHBIMH HaNpPaBJIeHHAMH
Pa3BHTHS HayKH H TeXHoJIOrHil pecy6nakn. JJaHHOE HCClleROBaHHE BHINOTHEHO
B COOTBETCTBHH C NMPHOPHTETHHIM HANpPaB/IICHHEM Pa3BHTHA HaYKH H TEXHOJNOIHiA
IV. “PasButHe wuHpoOpMaTH3aLMH H HHGOPMALMOHHO-KOMMYHHKALHOHHEIX
TEXHOJIOTHIA”.

Crenens H3y49eHHOCTH npoGiembl. 3acnyXMBAlOT BHHMAaHHA HaydHbiE
pa6oThl pemeHus 3ama4 no pa3paboTke H YCOBEpUICHCTBOBAHHIO METOAOB,
aNTOPHTMOB H MoAeJie#t npeaBapHTeMbHOH 06paboTku ¥ PaCNO3HaBaHAA PeYEBOro
CHTHaNa TaKHX 3apyOeXHHIX y4uéHBIX, Kak Muxaiinos B.I'., Canoxko M.A,,
Hasapos M.B., IIpoxopos 10.H., Jlanns A. A., I'pait A. X., Mapken Jx.[., Pabunep
JI. P., Curnaxosckuii H.B., Wagep P.B., Illanumos HU.A., IlerpoBckuit A.A,,
Kosanrus I0.A., Utaxypa ®., Peiinep Y., Makxoyn JIx u ap.

B V30ekucraHe B Pa3sBUTHE TEOPETHYECKHX OCHOB PacNo3HaBaHUA o0pa3oB H
aHa/W3a pedYeBHIX CHTHANIOB BHechaH cBoi#t Bknag M.M.Kamunos, 111.X.®Pa3ssinos,
3.M.Annes, M.M.Mycae, H.A.Urnatees, C.C.CampikoB, H.C.Mamaros,
H.M.Mmupaaes, C.C.Pamkabos, LLI.E.TynsararoB u gpyrue yuéHeie,

Ha cerogHamnuii IeHb TeOpeTHYECKHE CCHOBE HAEHTH(HKALMH JIMYHOCTH H
TEXHOJIOTHH  paclo3HaBaHHA pPe4YH Ppa3BHBAIOTCA CTPEMHTENBHO. AHamH3
HccsieioBaHn#H B 3TO 06nacTH NOKa3HBAET, YTO TEXHOJIOIMH Paclo3HaBaHUS peyH
ABJIAIOTCA OMHON M3 HauGosee NMepCNEKTHBHBIX TexHosorui. OaHako npoGneMsl,
BO3HHKAIOIIHE NPH CO3JAHHM ABTOMATH3HPOBAHHBIX CHCTEM HWACHTHQHKAUHM
NAYHOCTH M pAacrno3HaBAHHA pCYH HA OCHOBC TaKHX TEXHOJIOrHil, B HacTosuee
BpeMs B JOCTATOYHOM CTeneHn He pemeHk. KpoMe TOro, HEAOCTATOYHO M3yueHa
npoGnema pa3paGOTKH METONOB M aJTOPHTMOB, OGECNeyMBAIOIINX HANEHKHYIO,
OHICTPYIO HACHTH(HKALMIO JIMYHOCTH M JHKTOPOHE3aBHCHMOE pacro3HaBaHHe
pedH Ha OCHOBE rpeaBapHTeNIbHOM 06paboTkH peueBoro CHruana.

Cpa3b JHCCEPTALHOHHOTO HCC/ICZOBAHHA ¢ MJAHAMH  HAYYHO-
HCC/ICJOBATE/ILCKHX PaboT HAYYRO-HCC/ICAOBATENBLCKONO YUpexaenHs, rie
BLINOABEHA JHCCEPTANEA. J{HMcCepTALMOHHOE HCC/ICHOBAHHE BEIMONHEHO B
paMKax IIpOEKTOB IUlaHa HaydHO-HCClenaoBaTenbckux paGor  HayuHo-
HHHOBALMOHHOIO LEHTPa HHPOPMALIHOHHO-KOMMYHHKALIMOHHEIX TEXHONOTHH npH
TamxeHTCKOM yHHBepcHTeTE HH(POPMAaLIMOHHEIX TEXHOJIOTHI MMeHH Myxammana
an-Xopasmuit # TalIKeHTCKOro YHHBEPCHTETa HMHPOPMALMOHHEIX TEXHONOTHWH
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nMenn Myxammana an-Xopasmuil 1o cnemyromuM Temam: Noe BB-Atex-2018
«PaspaboTka anTOpHTMOB M MpOrpaMMHOrO ofecneueHHs HaeHTH(HKAIHH
JMYHOCTH Ha OCHOBE NMOTOKOBOH 06paGoTkH H30Opaxkenmit mwuy (2018-2020),
Ne M-®4-09 «HHTeNNeKTyaNbHBIE CHCTEME! o6paboTkru
CJIOXHOCTPYKTYPHPOBBHHOH MH(OPMaLWH, pacrio3HaBAHMA M MPOTHO3NPOBAHHS
OCHOBaHHEIE Ha KJI2CCE JIOTHKO-3BPHCTHIECKHUX aJIFOPHTMOB BEIYKCIICHHS OLICHOK B
Heyetkoit cpeney (2015-2020), Ne I13-201906202 «Pa3paboTka CHCTEME! aHANH3a H
KnaccupuKalMH TeKcToBOM HH(pOpMaLHH Ha y30ekckoM A3sike» (2019-2020).

Ieabio Hec/tenoBaRHa ABNAETCA paspaboTKa aNTOPHTMOB H MPOTPaMMHOIO
KOMILIEKCa MPEABApHTENLHOM 06paboTKH PEeYeBLIX CHTHAJIOB.

3agaun HCC/IEAOBARAA:

pa3paboTKa anropHTMa CrIaKHBAHHA H LTYMOMNOAaRICHHSA B PEYEBOM CHTHAJIC;

yCOBepIIEHCTBOBAHHe MeTona 0OpaGoTKM peueBOro CHrHana B 4YacTOTHOM
obnacty;

pa3paboTka aNropuT™a BEIENIEHHS YHaCTKOB C peybio B HCXOMHOM CHIHaJIE;

pa3pafoTKa aNropHTMOB HOPMATH3ALHH H CETMEHTALMH PedeBoOro CHIHala;

(opMHpOBaHHE NpPOCTPAHCTBA MPH3HAKOB PEYeBOTr0 CHFHANA I/ pelleHHA
3a7a9 HACHTH(HUKALMY JITYHOCTH M0 TOJIOCY H PACMIO3HABAHMA PETH;

CO3JlaHHE  QNTOPHTMHYECKOr0 M mporpaMMHOro  ofecnevenus
TnpeABapHTeNBEHOK 00paGOTKH pedeBoro CHrHam.

O6nbexToM HCC/IEROBARHS ABJIIOTCA UH(POBEE peyeBsie CHTHAINE!.

IIpeamer ucc/le0BAHESA COCTABIAIOT METObI, ANTOPHTME! H TIPOrPAMMHOE
ofecneueHre npeaBapuTENsHOH 06paboTKH CHIHANOB, pacno3HaBaHHs 06pa3oB.

Mertoam  mccreoBantis, TeopernyeckHe mMccnegoBanma B paGote
6a3upoBanHCh Ha METOIAX CHCTEMHOTO aHaJTH3a, AMHTALHORHONO MOJACHPOBAHHA,
TEOPHH BEPOATHOCTEH, MaTeMaTHYECKOH CTaTHCTHKM, MMCKPETHOM MATEMATHKH,
o6paboTKa cHrHanoB H pacro3HaBalHs 06pa3os.

Hay4nas HOBH3HA HCC/IEOBAHHS 3aKTIOYAETCS B CHEAYIOMEM:

pa3paboTaH aNropuT™ CraXHBaHHA H WTYMOMO/IaB/IEHHS B PEYEBOM CHIHAE,
YUHTHIBAIOLH} CIEXTPANBHYIO MIOTHOCTD 3TOTO MIyMa;

pa3paGoTaH anrOpHTM BHIZENEHHA YYBCTKOB C PEYBIO B KCXOHOM CHIHANE Ha
OCHOBE 3aKOHOMEPHOCTEH pacnipoCTPaKEHHA SKCTPEMYMOB;

moandumposaH Metos o6paboTky peyesoro cHrHana B qacm'moﬁ obnactn
H& OCHOBE OTpe/IeNIeHHA OTHOIIEHHS CUTHAN-TIYM;

pa3paboTaHE! aNTOPHTME! HOPMAMM3ALUMWH M CErMEHTAllMH, YYHTEIBAIOIIHE
Biusiowye GakTopr! HA KAYECTBO PedYeBoro CHrHana;

paspabotan anroputv (OPMHPOBAHMA MPOCTPAHCTBA NPH3HAKOB PEYEBOTO
CHrHana, yYUTHIBAIOMKH €ro THCKPETHOCTD, MUIA PELIEHUA 38184 HACHTHOUKALMH
JHYHOCTH MO NONIOCY M Pacro3HABAHHA PeyH.

IIpaxkTHYecKHe pe3y/IbTATHI HCCEA0BAHHS 3aKIIOYAIOTCH B ClIEAYIOMEM:

pa3paboTaHE! aNrOPHTMB! CTIAXHBAHMS, IIyMOTIOAABNCHHS, HOPMATH3ALMH,
CerMeHTaliHH, (OpMHpOBAHHA MPOCTPAHCTBA NPH3HAKOB PEYEBOr0 CHIHANA, &
TaKke MeTof 06paboTky peueBOro CHrHANa B YACTOTHOM O6/MACTH /A pelleHHs
38784 HAEHTHOHUKALMH JTHYHOCTH IO FONOCY M PACHO3HABAHMA PedH;

paspa6otan nporpamMubii kommnekc “NID” Ha OCHOBe H3BECTHEHIX H
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TIpe/iNosKEHHEIX METOAOB H AITOPHTMOB, NPEAHA3HAYCHHENH A1 NpeABapHTEIbHOM
06paboTKH peyeBEIX CHIHAIOB M HACHTHOHKALMH JTHIHOCTH MO roNoCY.

JocroBepHOCTD pe3yJibTaToB Hccle0BaHHSA o6ocHOBEIBaeTCA
KOPPEKTHOCTEIO TNPHMEHEHHA MaTEeMaTHHECKOrO amnmnapata NpeABAPHTEIbHOM
06paboTKH peyeBHIX CHTHAJIOB M pacno3HaBaHHa o0pa3soB npm pa3paGoTke
ATOPHUTMOB, & TAKKE MOJNIOXHUTENEHEIMH PE3Y/IETATAMH 3KCIIePHMEHTAILHBIX.

Hayunas B npakTHYecKas 3HAYAMOCTL pe3y/ILTATOB HCC/IeAOBAHHS.
HayuHas 3HaYMMOCTb pe3yNBTATOB HCCENOBaHMA OGOCHOBEIBAETCA BKJIANOM
pa3paGoTaHHEIX aNTOPHTMOB B MEPCNEKTHBHOE PA3BHTHE TEOPETHHECKHMX OCHOB
TeXHONOrui GHoMETpHUECKOH HASHTHHKALHH 1O roJIoCy.

TlpakTHYeckas 3HaYHMOCTDb Pe3Y/IETATOB HCCIIEJOBAHMS 3aK/IOYacTCs B TOM,
470 pa3paboTaHHbIH NporpaMMHKIH KOMILIEKC MOXXHO HCMOJIB30BATh NPH CO3aHHH
aBTOMATH3UPOBAHHEIX CHCTEM MACHTHOHKALMH JIHYHOCTH MO Trofocy H
Pacro3HaBaHHA peqH.

BueapeHHe pe3syanTaToB Hccaeaosanus. Ha ocHoee nporpammuoro
ofecneueHns, CO3NAHHONO Ha 6a3e HU3BECTHHIX, a TAKKE MPENOXKEHHEIX B paboTe
METOJOB H &lrOpHTMOB NpeABapHTenbRo# 06paboTKH peueBIX CHTHANIOB:

NpOTPaMMHBIH KOMILIEKC, pa3paboTaHHEN Ha OCHOBE METOMIOB H aNTOPHTMOB
(OpMHpOBAHHS NPOCTPAHCTBA NMPH3HAKOB PEYEBOrO CHrHaNa ANA peuleHns 3afay
CTNaXHBaHHA, LOyMOMojAaBieHMs, oOpaGOTKH pedeBOro curHana B 4acTOTHOM
ofnacTH M pacro3HaBaHHA peyH BHEOpEH B XOKMMHMATH ropoga Illaxpuca6s u
Kamamusckoro patona Kamkagapsurckoit o6nactu (cnpaska MuHHCTepcTBa No
Pa3BUTHIO HHPOPMALMOHHEIX TEXHOJIOTHIA H KoMMyHHKaumi Ne33-8/7838 or 22
nexabps 2020 r.). Ha ocHoBe HCHO/b30BaHHs pe3y/IbTaTOB HAYYHOTO HCC/IENOBAHKSA
BpeMA MNpeaBapuTenbHOM 00paboTiH, crnakuBanusd, QUIBTPALMM, OYHCTKH
peUeBLX CHTHANOB OT pasiMYHEIX ITYMOB s ofecreueHusa Gonee HeTKOro
3BYYaHHA peYyd M aHauM3a ayAMOAAHHBEIX cokpaTwiock Ha 15% m TouHOCTH
BOCHPHSATHS pedH MOBEICHIIACK B CpeHeM Ha 20%;

NporpaMMHEI KOMILTEKC, pa3paGoTaHHELH Ha OCHOBE METOIOB H aJIrOPUTMOB
CTIaXKBAHHA, (GOPMHMpPOBaHHS MPOCTPAHCTBA MPU3HAKOB PEYEBOr0 CHUrHaaa s
pelneHns 3aAay HOPMANH3aLMH, CErMEHTALMY, YMEHBIIEHHUS MOMEeX peYeBhIX
CHTHANOB H pacnio3HaBaHuA peyH BHeApeH B Illaxprcab3ckoM mexpaltoHHOM cyze
no rpaxaaHcKuM AenaM H B Lllaxpucabzckom POBJI KamkanapsuHckoit obnactn
(cipaBka MHHHCTEpCTBA RO pa3BHTHIO HMHPOPMAUMOHHLIX TEXHONOTMA M
KoMMYHHKauR# Ne33-8/7838 ot 22 pexabps 2020 r.). Ha ocHoBe ncnonn3oranus
pe3yNbTATOB HAYYHOTO HCCNeJOBAHHA BpeMs aHalH3a ayAHOAaHHBIX COKPaTHIIOCh
B cpeaHeM Ha 15%.

AnpoSanaa pe3yibTaToB HecieaoBaHda. TeoperHueckne 1 NpakTHYECKHE
pe3yNbTaThl JHCCEPTALHOHHOTO HCCIIEJ0BaHUA AOKIANBLIBAIHCH H 00CYXARTHCE Ha
5 MEKIYHApPOAHHIX H 6 pecmyOaHKaHCKHX Hay4HO-NPaKTHYECKHX KOHpepeHUMsX.

Ony6aaxoBaRHOCTL pe3y/ibTaToB HecaegoBanus. ITo Teme mmcceprauun
omy6mxoBaHo 21 HayuHxle paGoTsl, B Tom uncie 10 cTaTeif B HayYHEIX H3ZAHHAX,
peKkoMeHROBaHHRIX  Bricmeit  aTrectaumonHoli  kommccHelt  PecryOnuxm
VabekucraH 1A MyOJIMKalM¥ OCHOBHBIX HAYYHBIX pe3y/NbTaTOB HOKTOPCKHX
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ouccepTanuii, U3 HUX 7 B pecnyONMKaHCKMX H 3 B 3apyGeXHHIX JKypHanax,
noxyueHo 2 cBHaeTeNbeTa 06 odHUHaNEHOM perucTpalyi nporpamMMet 4 DBM.

Crpykrypa u ofbem puccepranmud. J{HccepTalMs COCTOHT M3 BBEAEHHS,
YeTHIPEX TN1aB, 3aKMIOYEHHS, CIIMCKA HCMNOB30BaHHON JIMTEPaTYPH U NMPHIOXKEHHH,
O6beM aucceprauuu coctasnser 118 cTpanuiL.

OCHOBHOE COAEPXAHME JUCCEPTALIHHA

Bo BBegenun OOOCHOBaHEI aKTYalbHOCTh H BOCTPEOOBAHHOCTH TEMH
AHCCEpTALMH, ONpeleleHH LENb M 3afa4d, oOBEKT M MpEeaMET HCCIIEHOBaHHA,
TIPHBOQUTCA COOTBETCBHE HCC/IEAOBAaHNS NPHOPHTETHEIM HanpaBjlcHUAM Pa3BHTHS
HayKH W TexHonoruil PecmyGimkn VabekucTaH, H3NOXeHE Hay4yHad HOBH3Ha,
MpaKTHYeCKHE  pe3YNBTaTHl  MCCNEAOBaHHi, oOoCHOBaHa  [OCTOBEPHOCTB
NONYYeHHBIX pe3yibTaTOB, pacKpHIBAacTCA TeopeTHdeckad MW IpaKTHieckas
3HAYHMOCTb PE3yJIETATOB - HCCJIEAOBAHHSA, NMPHBEAEHBI CBEJEHHA O BHEIPEHHH
pe3yNETaTOB HMcc/lefoBaHus, 06 OMmyONHKOBAHHROCTH Pe3yNETATOB M CTPYKTYpe
AHCCepTaLHH.

Tlepas rnasa nMccepraumn “IlpoGiemMa npeasapHTensHOl 06paboTkn
pedeBhbIX CHTHAJIOBY NOCBAILCHA H3YYEHHIO COBPEMEHHOTO COCTOAHMA NPoOneMB!
npeapapuTenbHoii o6paboTku peueBbx curHanoB. Takke B JAHHOM riaBe
NIpHBENleHE TPeOOBaHMA K HCXOAHBIM peveBEIM CHIHANaM, TNPOBENCH aHANH3
H3BECTHRIX METOAOB OOpaloOTKM 3THX CHTHAJOB, TMIPMBEJEHE! HX AOCTOMHCTBA M
HEJIOCTATKH, & Talke OCHOBHEIE mpobneMul B obnacti 06paloTkM pedeBRIX
curHanos. Kpome Toro, pAtcMoTpeHsl BONPOCH pAacTO3HABAHHA JHYHOCTH Ha
OCHOBE aHAJIN3a peyeBHIX CHIHANOB, NMPHBEAEHH! CMOCOOH MX pelICHHS, a TaKKe
MOCTAHOBKA 3a1a4YH JHCCEPTALMOHHOM paGoTHI.

B nmaparpade 1.1 Ha ocHOBe aHa/H3a TAKHX NapaMeTpoB KaK CBOMCTBA KaHaNa
nepellayH pedH, pasMep CROBApHOTO 3anaca, H3MEHYWBOCTb peYH, YPOBEHb
OKpYXaIOWero uyma, THN peyH, NpHBeJeHE! TpeOOBAHMA K peueBRIM CHIHaNaMm,
SABJIAIONIMMCS BXOAHKIMH IaHHBIMH J15 CHCTEM aBTOMATHYECKOTO PACTO3HABAHHSA
peyn.

B naparpade 1.2 npuBescHE! OCHOBHEIE TpeGoBaHus K cHecTeMaM o6paGoTkh
peUeBOTO CHFHala HAa OCHOBE aHamM3a ocoGeHHocTel peueBOro CHTHana
NoNb30BaATEC/IA H ﬁp06HeM TNPpH CO3JaHHH CHCTEM pacliio3HaBaHHA peun.

B naparpage 1.3 npoBegeH aHann3 meToNOB NpeaBapHTeNbHoi o6paGoTkn
PEYEBLIX CHTHANOB, KIACCHHULMPOBAHBI KOMNOHEHTH peYM, NPHBEAEHEI
BHISIBJICHHEIE HEJJOCTATKH CYMECTBYIOMMX CHCTEM 06paGoTKM peueBEIX CHIHANOB,
ofocHoBaHa Heo6X0AMMOCTb paspaGOTKHM aArOpMTMOB IDYMONOAARBNEHHA M
YCOBEpIIEHCTBOBAHHA CYWIECTBYIOIIMX ANTOPHTMOB C yueioM MOJETHPOBAHHA
peyn ¥ mwyMa, GyHKUMH KOPPEKLMH CIIEKTPa U NEPHO/IA CTALIMOHAPHOCTH PeyH.

B naparpade 1.4 npeanoxeHs! 3Tambl MOBBLIEHHA YCTOWYHBOCTH CHCTEM
MICHTHHKALMM MKTOPA K IOMEXaM, Ha OCHOBE KOTOPIX (JOpMyTHpYIOTCA LieNb H
3a/189H AHCCEPTAUMOHHOIO HCC/Ie0BaHMA,

Bropas rnaBa fauccepTauMH  “AHanM3 MeToNOB H ANTOPHTMOB
npegeapuTennnoil 06paboTKH pevenLIX CHrHANOB” cOCTOMT U3 3 naparpaos u
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B AaHHOM rNaBe PacCMOTPEHHl H3BECTHHIE METOAH H AJITOPHTMH HOPMaIH3alHH
peveBOro CHUrHaija, BhAENEHHA HA HEM YYacTKOB, B KOTOPHIX HaXOAHTCA peds,
obHapyKeHHs MOMeX, CerMEHTALHH H OLEHKH XapaKTEpPHHIX NapaMeTpoB 3TOro
CHIHaja.

B naparpade 2.1 mposeaeH anajH3 METOA0B H aNrOpHTMOB AUCKPETH3ALMHU H
HOPMAITH3a1LIMH PeyeBBIX CHIHANIOB, MPHBEAEHH MX JOCTOHHCTBA W HEOCTATKH.

Ipu pemennu 3aga4M pacno3HaBaHUsl pedyH AJITOPHTM aBTOMAaTHYECKOH
CErMEHTaLMH Ha (pparMeHTE! HEPaBHOH JUTHTENBHOCTH JUIA 3a[]aUH pacnio3HaBaHHs,
oblnas noc/enoBaTENBHOCT PAGOTE! aNTOPHTMOB CETMEHTaLMM JOJDKHA OHITh
cnenyromeit:

1. neTexTHpOBaHHEIC THITE! CETMEHTOB PedeBOrO CHTHana (KnacchHkaums

(parMeHTOB pedeBOro CHIHANA Ha Nay3kl, INyMHEIE, B3PEIBHEIE 3BYKH);

2. YyTOYHEHHE BPEMEHHEIX FPaHHI] CErMEHTOB (AITOPHTM MIOBTOpEHHS);

3. mapaMeTpH3alMA CErMEHTOB PEYEBOrO CHIHANA;

4. aHanM3 M KOPPEKTHPOBKA COAEPXKAHHA CErMEHTOB peyeBOro CHIrHaja
(AeranbHEIM aHANTH3 HIKHMX CETMEHTOB, KOTOPHIE MOXKHO pasfe/MTh Ha
CErMEHTBI, COOTBETCTBYIOLIHE OTACNLHEIM oHeMaM);

5. wnaccHdHraumA BHOPaHHEIX GoHEM.

B naparpaje 2.2 npoBefeH aHalH3 METOROB M aNMOPHTMOB CerMeHTaLHH
pEueBHIX CHTHAJIOB, OCHOBAHHEIX HA PAlTHYHEIX MaTeMaTHYECKHX moAxofax, a
TalKe MpEeUIoKeHa cienyiomas kiaccHdHKaus aNrOpHTMOB OLUEHKH Tiephosa
OCHOBHOTO TOHa MPH pelIeHHH 3aJ{a4y CErMEeHTallHy pe4eBoro CHrHasna.

ANFOPATMB! GUEHKM NEPMOIA OCHOBHOIO TOHA ]

_.L KopponaukoKKuA HoToR ] L e P
—-‘L PasnocTMA MOTOR ]
AnropuTMY 603 MpXEATKH
% 0] HoR
“" Crpyxrypusie uetoan j m m&vﬂv;})m
h‘{7‘:f“m’vnman:m uevoqy ]
—‘( Koncvpenskuf soton ]

Puc.1. Knaccnpukanasa airopuTMoB OleHKH NepHOAR] OCHOBHOIO TOHA
PevieBoro cHrHana

B naparpage 2.3 paccMOTpeHH M3BECTHHE AalropMTMH (HOPMHpPOBAHHA
NPH3HAKOB PEYEBOrO CHIHaNa H MpPeAJIOKEH aNropHT™, 0603HaueHHLIH! yepe3 Al n
cocTosmuit 3 cieqyIOMHX Maros.

a2 1. OcymecTBisieTcs HOpManu3aumus BXOAROIO CHIHana, MpH KOTopOo# ero
aMIUIHTYa BEIPABHMBAETCH, a BRICOKHE YaCTOTH yCHiHBaloTcA. HuzkouactomHeie
dopmaHTel MMeEOT GOMbINYIO aMIUIMTYAY, 4E€M BBHICOKOYAaCTOTHBIE, XOTA
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BHICOKOYACTOTHLIE (JOPMAHTH TAIOKE COAEPXAT BKHYIO HHpOpMaUMio Jid
pacro3HaBanms peun. [T03ToMy [ BXOJHOTO CHIHaNla pHMeHseTCs GrIbTpaLms
KOHeuHO# uMmynbcHoit xapakrepuctiki (KHX):

s'(n)=s(n)-0.95-s(n-1).

IMaz 2. Tlpumenensercs OKOHHas GYHKUMS w(k) IS BBUICNCHHS
KpATKOBPEMEHHOH 4acTH CHTHana (~ 32 Mc.) ¥ MHHHMH3ALMH MaJieHHs CTIEKTpa.
TMonmyyenHEIi OTpe3ok HasbiBaeTcA pefiMoM oTcueTa AHHEI K, M nocneayloumue
OMepaLHK BHIMONHAIOTCA B paMKax ¢peiiMa:

x (k)=s'(k+t-K)-w(k),0<sk<K-1.
Taxnm o6pasom, musi Kaworo ¢peiiMa BXOZHOrO CHrhana s'(m) BhiGHpaetcs
BexTop npusnakos 0 <¢<T. OyHxums XemMHHra oOGEIMHO HCHOJB3YeTCA Kak
OKOHHast PYHKuHS: :

w(k)=0.54-0.46- cos( ;”kl )

Ilaz 3. Bruucnsercs AuCKpeTHoe mnpeoOpasoBanne ®ypee (JIID) mnsa
¢peiima:

K=l —J2amk
X,(m)=Zx,(k)-e X
k=0

Jna seruncnenus JIIP ncnonb3yeTcsa anroput™ GHCTporo npeobpasoBanus
@ypee (BITD).

Ilfaz 4. Tipumensiercs Habop O Men-QpHUILTPOB K (peiiMy B 9acTOTHOM 06nacTv
H Ha BEIXOZE Kaxkaoro GHILTpa g Mo €ro NnoJioce NPoITyCKaHus NONy4aeTCs SHEPTHs
Y (q). Takum o6pasom, MOTETHPYETCS BOCHPHATHE YeN0BedeCcKol peuH: YeTKOCTb
3BYYaHHS PeUH YBEJHUHMBAETCA MO Mepe Mepexo/ia OT HU3KOH YACTOTH K BEICOKOH
no BceMy crextpy. Lientpansiiie uactotel F, Men-¢pwistpos BHGHpaioTca mo

mKane, HasniBaeModt Mej-mkasoi M 3aBucHMolt oT ofimero norapHMHYECKOTO
3aKOHa (PHCYHOK 2):

F,,, =2095-log, (l +%)
Men-¢punsTpa MIMeHAIOTCS B AManasoHe 4acToT ot 0 no F™ =8kHz. Takum
o6pa3oMm, ec/ii COOTBETCTBYIOMIASA YaCTOTa Fj™ HalingHa Ha MeJ-mikane F>r>, 10
unrepsan ot 0 no F;™ fAenuTca Ha paBHble O uacTelt, U Qi KOKAOTO 3HAYCHHSA
onpefenseTcs COOTBETCTBYowas wactota F, . B pesynstate MH nomydvaem

3HaYCHHA YacTOTH (J), PAacCTOSAHHE MEXIY KOTOPHIMH YBEJIHYHBAETCH IO
norapudmuueckomy 3akony. Ilepexon oT Men-mKank K TPaAWLMOHHOH MIKane
OCYLIECTBIIAETCA MO chefytowme# Gopmyne:

ot
Fy= 700-(1025” —l].
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Puc.2. CooTHOmEHRE YACTOT OOLINAOH MIKAIBLI K YACTOTAM MEJ-IIKA/hI

Tocne onpemeneHHs LEHTPaNBHEIX YacTOT HeOGXOAMMO NOCTPOMTH
aMILTHTYIHO-Y2CTOTHEIE XapaKTepucTHKH (AUX) ¢uisTpoB TpeyroasHoH Gopmel

(pucynox 3):
|-I¥l Je-F|<a,
q

0)k-F|2A,.

TMonoca npomyckaRHA (GHILTPOB TakKe YBENHYMBAETCA MO JOrapHOMHUECKOMY
3aKOHY, MpH ITOM F0JI0ca NPONYCKaHHA ciaeayouero GunsTpa «MoATaNIKHBAETCHA»
K cepeaWHe TONOCH TNpPOMyCKAaHHA NpeAnaymero. B 3ToM ciyyae 3HaueHHe
SHeprum ¢peimMa O BLIMHCIAETCS [TyTEM HANOXKEHHA MeN-DHABTPOB:

(@)= 3 (), 0

U, (k)=

Puac.3. AYX men-puastpos Q=24

Ilaz 5. TipouseoauTes NorapudMu3sauys 1 romoMopdHas samena ¥, (q). na
OTAENEHNA CHTHANA BO3GYXKIEHHS OT XapaKTEPHCTHKH (WILTpa, BHIYHCHSETCHA
norapudm moayns ¥, (g):
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L,(g)=log|r,(q)]-
Ilaz 6. Tlpoussogutca obpaTHoe AUCKpeTHoe mpeoOpaszosanne @ypbe
(OATI®d). Kenctpansusie x03¢gdHuUMEHTE NOMyyaloTcs myTeM seraucnenns OATID
ans L(q), u, nockonsky L,(g) sBnsercs nefCTBHTENLHEIM H CHMMETPHUHBIM,

OITII® 3KkBHBaNieHTEH AHCKPETHOMY KOCHHYCHOMY NpecGpa3oBaHuIO:

0.(17)=fl,(q)-co{p-(q-%)-%),pw,...r.

g=l

B pesymerare nomyualor P kospduumenros. Ilpn s10M, 06EIIHO
HCIIONIB3YETCA TONBKO TMOJIOBHHA 3HAYEHHH MEN-4acCTOTHHIX KeNCTPafbHEIX
ko3 duuuertos (MFCC), xoTa P MokeT 6bITs paBHO . 3TO MOTOMY, YTO KENCTP
CHrHana BO36YXIECHHUA HAXOAWTCA «MpaBee» KENCTpa pedyeBOro Tpakra. Takum
o6pa3oM, B pacniosHaBaTeNb MOCTynaeT p-MepHsiii Bektop o,(p), comepxaummit
KencTpaibHble koaddHLHeHT ! a4 f-ro ¢petima. Ha prcyHKe 4 npHBeOeHH NATH
npumepos MFCC raacHoro /a / ana dpetima mnunoit 32 mc.

c X TRY

Puc.4. MFCC oagnoro ¢peiima gns NATH IPHEMEPOB rAacHoro /a/

Ha pucynke 4 nokasaHo, 4yro 3uavenus MFCC ans oasoro yudacTka
TIPOM3HOLIEHHUS GIM3KH Ui pa3HBIX MPAMEPOB MPON3HOLIEHHSA,

Hlaz 7. Koueu,

Mpennaraemelit anroput™, o6Go3HaueHHHIA uepes A2, cokpamaer BpeMs,
3aTpaunBaeMoe Ha paGoTy CHCTEME], 3a cYeT YMEHBHIEHMNA YHC/a BELIENEHHEIN
MIPH3HAKOB H COCTOHT M3 CJIEAYIOIHX IIAroB.

Ilaz 1. BeoauTes peyeBo#t curHan. Jins storo cospgaercs daitn B gopmare
*wav, 3anncanHsii B 16000 'y u 16 6ur.

LiTaz 2. BeyiensioTcs MPH3HAKH U3 pe4EBOTO CHIHANA HA OCHOBE ClEAYIomeH
3aKOHOMEPHOCTH

1
5== ). x,,
' L juirl !
FAe x; ~BEKTOp, COCTOAMMI U3 MPU3HAKOB BXOZHOTO PEYEBOro curHana, L — mar.,
IIaz 3. Beigensiorcst IPU3HAKH, T.€. IS KaXI0ro § Beraucasiorcs MFCC.
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Hlaz 4. CrpoWtcs MOAENb YeNnOBEYECKOW pedd M Ha ee OCHOBE
OCYIIECTBJIAETCS Pacro3HaBaHHE PEYeBOTO CHIHANA,

Iaz 5. Koneu.

Tperssn rnaBa guccepraumonHo# paGoTel “Pa3paGoTka aaropaTvosn
npenBapHTeNbHOH 00paGoTkn pewueBbIX CHrHANOB” noceillcHa pa3paboTke
aNTOPHTMOB HOPMAJTM3ALIMM PEYEBEIX CHTHAJIOB, BHIAENIEHMS Ha HMX y4acTKOB C
peubio, OMpeAeNneHHs Ha HHX MoJe3HOH JacTH M YYacTKOB OCTaHOBa, a TakoKe
IIyMONOJaBAEHHUS.

B naparpade 3.1 npHBeieHE! aNTOPHTME! HOPMaJIH3aLUHH PEYEBBIX CHTHAMOB
H BhUICNIEHHA M0/Ie3R0H 4acTi Ha peYeBOM CHrHaJIE.

Ins ycTpaHeHRA GONbIIMX H3MEHEHMH IPOMKOCTH OOGBIYHO HCHONB3yercs
npoLieaypa HOPMaTH3alMH CHrHaja Mo aMmauTyAe. C ee MOMOWIBIO aMILIMTYAa

CHIHajla CBOJMTCA K HHTEpBary [- -—] (puc. 5). Obpa3sel, HOpManH3OBaHHOIO

curhana §[n]nonyuaerca no cnenyromei popmyne:

U= e

rie A-—UHMpHHa OTpe3ka HOpManu3al{H, CHMMETPHYHOTO OTHOCHTENIBHO OCH
abcunce (HanpuMep, Ha pHc.5 A=1).

0 2000 4000 6000 6000 10000 12000 1000 0 2000 4000 6X00 $000 19500 12000 1000

a)

Prc.5. Onadpopannniii pevenoit caraan ao (a) u nocie (6) RopmaaHzauHH

JIns oueHKH BapHaTHBHOCTH 'POMKOCTH pedH paccMaTpuBaeTcs Habop w3 O
oGpaauon TMPOH3HOIMCHHA OOHONO HIM HECKOJBKHUX CJIOB. Cpenﬂee 3Ha4YCHHEC
rpoMKocTH M(g) ansa q-ro obpasua mIHHOM N OTCYETOB H CpejHee 3HAuEHHE

Mg nna Q o6pasios onpeaensioTcs cAexyonmm ofpazoM:
N
M(g)= ZI snll, g=1,...0;

M 1
leg (@ 1)

Beraucnsercs  OTHOCHTENBHOE OTKIOHeHMe D(g) TPOMKOCTH KaXaoro
ofpasia oT cpeaHero:
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M(q)|

D(q)= l—' 7,

H3 (1) n (2) BUAHO, YTO Ha Pe3yNbTAT BIHAIOT 86COMOTHOE 3HAYEHHE OTCYETOB
M HX KonudecTBo B o6pasue. ITo3ToMy Heo6XoAWMO OLEEHWTH BapHATHBHOCTH
TpOMKOCTM Habopa o00pa3uoB OAHOro Kiacca, IUIHHA xompmx NpHMEPHO
OIHHAKOBA, H BapEHPOBAaHKE IPOMKOCTH 623kl B LIENOM.

IpeanoseH aNTOpHTM BEIACAECHHS YUaCTKOB C Peubio Ha HCXOJHOM CHTHAJE ¢
HCTONB30BaHHEM (YHKLMH DacmpelenicHHA 3KCTPeMyMOB, 0GO3HAUEHHBIN depes
A3. laHHBI# aNrOpHTM COCTOHT H3 CNEAYIONIHX IIATOB.

Hlgz 1. Hcnonbsyercs OnOK HOpMalH3aliM — 3aMHCAHHBIA CHIHan
HOpMaH3yeTcs MO aMIUIMTYAE CKOMB3AINHM OKHOM MMpuHOM 10 mc. [Jannas
TipoLeaypa HeoGxoguMa JUii MCKIOYEHHS BapHATHBHOCTH TPOMKOCTH CHMIHana,
3aBHCSIOYIO OT MHAMBHIYAJBHEIX XapaKTepHCTHK ycTpoiictsa. Hopmammsaums
BEINOJIHAETCSA B TIpEAEsiaX OKHa IJIsA TOTO, YTOOE Bce y4acTKy GBUIH BOPOBHEHH! 0
OIMHAKOBOIO 3HAYEHHA MPOMKOCTH.

Hlaz 2. Hicnonb3yerca GnOoK MOCTpoeHMs orubatomel, criaaxusaromei
xoneGaHHA Masoii aMIUIMTY B! pe4eBOTO CHrHala.

IIaz 3. Tlpumensierca 610k Hopmanusauui. CHrHan HeoGXOAUMO TMOBTOPHO
HOPMAJTH30BaTh H3-3a NOCTPOEHHs orubameit.

IIaz 4. Ucnone3syercst 610K HAXOXKICHHA pacnpeleNieHHs SKCTPEMYMOB [
M-ro y4acTKa CHTHana.

Ilfa: 5. Tlpumensetcs pemalomuii sorndeckuit 6nox. B HeM npuumMaetcs
pElICHHE, COICPXKHUT JIH B mesri Y4aCTOK CHrHania pedys Win myMm. B kauectse
pewatoiueit yorukn 6ena BriGpaHa TpeXcioitHas MONHOCBA3HAsA HelpoHHas ceTs
NpAMOro PacipoCTPAHEHHs!, KOTOPYIO Nepe]] MPHMEHEHHEM HEoGX0AUMO o6yUHTS.
O6yuenne HeftpoHROM ceTH MPOU3BOAHTCSA B G1I0KE 0GyUYeHN.

B naparpage 3.2 npHuBeneHO onMcaHMe pa3pabOTAHHHIX ANTOPHTMOB
CErMEHTALMH PeYEBLIX CHUrHANOB. JIA CHIDKEHHS BRIMMCIIMTENBHON CIOMHOCTH
aNropuTMOB  BLUICNIEHHA 3aTyXalollel yacTH CHrHana Ha TNEpBOM 3Tame
¢opmHpyeTCs MHOXKECTBO NTOKANLHEIX MAKCHMYMOB M pedeBoro CHIHala, KOTopoe
BHAYa/e MHHLMANH3HPYETCA KaK MyCToe — M =@, N0 CACAYIOmeMY NpaBuITy:

Ecnn (s(i)>s(i—1) u s(i)>s(i+1)) , 7o M =M Ui, i=1, N,
rAe i~ MMCJIO OTCYETOB PEYEBOro CHrHaNa, s(i)— 3HAYEHHMS OTCYECTOB pPEYEBOrO

CHTHaJIa. 3aTeM OTCUETHI 3aTyXalomeH YacTH HTEPATHBHO YAANAIOTCH U3 MHOXKECTBA
M. .

¢))

Ecnn npuHaTs TeKymuit Homep oTcueTa 3aTyxalomel 3a s(n), TO HOMep
s(n+1)cnenytomero oTcuera 3aTyxalouiel onpeaenseTcs cieaylomum o6pasom:
K={meM|n<m<n+L},
s(n+1)ek,
Vk e K|s(n+1)25(k),
{keKls(n+1)=st)A(n+1)<k}=02
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3necs napametp L Hcnone3yercs ana obecniedyeHns TOro, 4To6k 3aTyxXalolnas 4acThb
He NpeBHIMAalia PacCTOSTHHE MEXAY OTCUETaMH.

IlpennoxkeH anropuT™ yHaneHHs 3aTyXalOMX 4YacTedl pedyeBoro CHrhana,
ofo3HaueHHHH B aHcceprauH 4epe3 A4. JIaHHHH anropuT™M COCTOHT M3
ClIeYIOIHHX IIaroB.

IlIaz 1. ®opmupyercs BEKTOp f Ha OCHOBe pedeoro (afina.

a2 2. IprucBanBaeTCH 3SHAYCHHE £.

HlIaz 3. BeraucnseTcs 3Ha4EHHE -

{0 f(i)<s,
L f(i)zs.

Hlaz 4. OcymecTBNAETCA yMEHBIIEHHE Pa3Mepa BEKTOpa [, T. €. €CIH y =0,
TO COOTBETCTBYIOLIMH 3IEMEHT HCKUIIOYACTCH W3 BEKTOpa f .

IlIaz 5. Koreu.

Hanpumep, pe3yiasTaT pealM3auiH JAaHHHOTO aJiropHIMa MpH £=50
NpHBEJIEH Ha PHCYHKe 6. :

° 10000 20000 30000 40000 50000 60000

0  S000 10000 15000 z0000 25C00 30000 35000

PHc.6. PeueBoil cHrHaA 10 H NOC/Ie YAQJICHAA 3aTyXal0MHX dacred

B naparpade 3.3 npuBoaHTCA omHcaHHe MOAH(PHLIMPOBAHHEIX AJIFOPHTMOB
IIyMOTIOAAB/IEHHA B peueBoM cHrHane. Biok-cxema anroputma, 0603HaueHHOTO B
ZMccepTalMy 9epe3 A6, npusesicHa Ha PHCYHKe 7.



CE) ey

Pufrecxe 52 Ogesza
cxma @xIpEnssd -
EWTROCTS TG Komen
cxc peeesod caraay
Nonvwze OCooa
ane : oc
CaTR
Ouaxa DTy O
: Pace
mamp 2
REIZTVIARKOFO okc oan
arnan
— o o
oan Pacecr R
szl GKC ] = '
Dagece: oot
Obgaruoe NS ho——q  SoOCRIANATAT

Puc.7. Biok-cxemMa ByX3TanHOIro a1rOpATMA MIyMONOJAB/ICHAS

Brnok-cxema npeanaraemoro npyxsTamHoro anropHTMa ITYMOMONABNCHHS B
PeueBOM CHrHaJle Ha OCHOBE MATKO#H Mack#, 0503HaYeHHOrO B AHCCEPTALMH Yepes
A8, npuBeneHa Ha pucynke 8. 3z

Puc.8. Bnox-cxema aJiropHTMAa HIYMOMOAQB/ICHHS HA OCHOBE MEIKHX
MAacok

35



HManHwuii anroputM MoxeT OBITH HCMONB30BaH KAK NEPBBI  3Tan
MOIHGHLMPOBAHHOIO [BYX3TAlHOTO aNropHTMa ImyMomnoAaBieHus. B kauecTse
(YHKLMH KOppPEeKLMH CNEKTpa U BTOPOIo 3Tana npeanaraeTca BuiopaTh GyHKuUMK
KOPPEKLHH cnexrpa MHHHMAaIBLHON cpeaHeKBaapaTHYHOM omHbxH
KpaTKOBPEMEHHOH aMIUIMTYAR CHEKTpa.

Yersépran rnasa aucceprauvd “IIporpamMmublii xKoMmilekc H H ero
NpaxKTHYecKoe NpAMeHeAne” MoCBAMeHa pa3paboTke NpOorpaMMHOrO KOMILIEKCa
npeABapHTeNbHON 00paboTKM pevyeBRIX CHrHANOB, OMNHCAHHIO Ppe3yNLTATOB
IKCMEPHMEHTANBHBIX HCCNIEJOBaHHH H PEUICHHIO MPAKTHYECKHX 3a/1aY.

B naparpage 4.1 gpaercas onHcaHWe MpPOrpaMMHOrO  KOMILIEKcCa,
pa3paGoTaHHOTO  Ha  OCHOBE  MPELIOKEHHBIX,  CYWIECTBYIOWIMX H
YCOBEpIIEHCTBOBAHHEIX AJTOPHTMOB NpeABapHTENLHOH 06paboTk, BIAEneHUs
TIPH3HAKOB PEYEBEIX CHTHAJIOB M PACMO3HABAHHS pEYH.

Ha puHcynke 9 npHBefeH BHA TJIABRONO OKHA NPOFPpaMMHOI0 KOMILIEKCa,
Ppa3paGoTaHHOIO No MOAYNLHOMY MPHHLHKITY.

- W s Gt ahion bt - a x
Ryl Ghiov berth  Selg! chekitantirich Tanibolsh Yordam
e S 8B WOFJIBL WL O

* IshlovOortsth: o Ialdov berksh aatiysasts  ~ Beig) shaXctitsh

R el Teepd G ek Gomd Y 5 T

-
1!’
"w
-

< v o o

‘eatan Guame

Prc.9. I'1aBHOE OKHO NPOrpaMMEOro KoMILIekca

B naparpage 4.2 npeiacTaBICHH pe3yNbTaThHl  9KCNEPHMEHTaNbHOIO
HccnienoBaHHA. [JinA  wM3ydeHMs pe3ynbTaToB  MOAWGPHKALMH  alrOpHTMOB
BeMHcneHHs kodddmmenros MFCC u LPC ncnions3oBanack pealnsoBaHHas Ha
saeike Python cHcTemMa pacrio3HaBaHHA OTpaHHYEHHOTO YMHC/A CJIOB U3 CUTHAJNOB,
3aMHCAHHKIX B OOBLIMHEIX ycnoBHAX. J[Na 3Toro, B CBA3H ¢ HeoOXOMHMOCTBIO
MCMONB30BAHMSA AOCTaTOYHO Gomsmolfi Gasml  peueBbix ¢oHorpamm, Onina
HCIMONB30BaHA 6a3a u3
https://www.dropbox.comy/s/87v8jxxu9tvbkns/development_set.zip?dl=0 u 170
Pa3MYHLIX TEKCTOBEIX doHeM ¢ AMCKpeTHOM uyacToToil 16KGT W3 Ga3kl AaHHBIX
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y306€eKCcKOro A3nka.

Ba3a peueBrrx curnanos ¢opMmHpoBaNack Ha OCHoBe 3anmceli peun 34
aukropoB. ITpu s3ToM AukTOpEl Fpynn o6yYeHHS H KOHTPONA He MEpeceKaluch.
Pe3ynbTaTE! 9KCREpUMEHTOB NpeACTaBCHE! B Tabnuue 1.

Ta6aana 1

TouYHOCTL HAeHTH(OAKANHH JHIHOCTH N0 roJiocy H3 6a3bl JAHHLIX MOJH-

dnunapoBannbiMa aaroparmama MFCC + VQ, LPC + VQ s MFCC + GMM

OcHosHoi | 2->1 4->1 8->1 | 16->1
LPC+VQ' ™ 73% 82% 81% 79% - T2%
MFCC+VQ 84% 89% 85% 78% 73%
MFCC+GMM 86% 92% 87% 80% 84%

W3 oToit Tabnuuel BHEHO, 4TO pe3y/NbTATH pacrno3HaBaHHA Ha OCHOBE
APeAJIOKEHHBIX MOAMGHLMPOBAHHBIX AJITOPHTMOB YJNYYUICHE MO CPAaBHEHHIO C
anroputMoM MFCC. OTHOoCHTeNbHOE YTy4IIeHHE pacrio3HaBaHuA R BEYHCAETCS

no dopmyne
~BR —RRpee.
Rl = 100~ RR,pee x100%.

Pe3ynbTaTh! HCCNEAOBaHHSA pacno3HaBaHHs PEYEBbIX CHIHANIOB, 3aNTHCAHHEIX B
CTyAMH TPH YTEHHH OZHOTO M TOTO Xe TeKCTa 5 JUKTOpaMH Mo 3 pasa, ¢ MOMOIBIO
MoAHHUHPOBAHHBIX alrOPHTMOB pacyera ko3 dummuento MFCC + VQ u LPC +
VQ npeacraBneHs B Tabauue 2.

Ta6auma 2
TouHOCTH HIeRTHOHKARAH JHTHOCTH L0 r'oJIocy, 3aNHCAHABIX B CTYXHH,
MoaEOHRIHPOBAHALIMA ajaropaTmama MFCC+VQ, LPC+V(Q 1 MFCC+GMM

OcHoBHoii | 2->1 4->1 8->1 16->1
LPC+VQ 87% 100% 93% 90% 86%
MFCC+VQ 85% 85% 83% 90% 89%
MFCC+GMM 98% 99% 99% 97% 96%

B naparpade 4.3 mpHBeJeHH pe3yNnbTaThl pemIeHUA NpaKTHYECKHX 3aj]a4 ¢
KCTMONB30BaHHEM pa3paboTaHHOTO MPOrpaMMHOIO KOMILIEKCA.

Ha ocHoBe H3BECTHBIX H NPEUTOKEHHBIX B ARCCEPTAaLMOHHO# paboTte MeTooB
H aJirOPHTMOB PeLIalOTCs 3a5a4H CrIaXHBaHHS, WIyMOMNOABICHHS, HOpMaIM3aLHs,
CEerMEHTALMM pedeBOro CHTHaja, BRUIENICHHA Ha HEM Y4acTKOB C pedbio,
d)OpMHpOBBHHSI NMPH3HAKOBOMO NMPOCTPaAHCTBa pCYCBOro CHrHajla M pacno3HaBaHHA
peuH. ITO MO3BOJHIIO COKPATHTE BPEMS aHAJM3A ayJHOJAaHHEIX B cpeaneM Ha 15%
H MOBEICHTHL TOYHOCTD BOCTIPHATHA PeyH B cpesHeM Ha 20%.

Tlonyuennsie pe3ynsrats 661K 0n06peHE! 3KcnepTaMK B 3TO# 06nacTy.

B nocnemyrommx uccnenoBaHusX OBUIO NPH3HAHO  LENECOOOPA3HEM
TNOBLIIATL YPOBEHb Pacno3HaBaHHA 3a CYET npeoGpasoBaHMs peyH B TEKCT H
NOBHIMEHUA 3((PEKTHBHOCTH pACTO3HABAHMA NMMHOCTH, & Taloke 3a CYeT
TIPOBE/IEHHS €70 B OTHOMEHUH MH(OPMATHBHEIX pu3HakoB. [LnaHnporanKe paboT
B obnacth npUKIAAHBIX HMCCNENOBAHMH TOCPENCTEOM PpasBHTHS PedeBBIX
TEXHONOTMl Ha OCHOBE MPEMTOKEHHEIX METONOB M a/iFOPHTMOB MPHHECIO
yRO6CTBO MHOTHM CMICLHANIMCTAM B 5TOH 06NacTh M CHH3WIO HAaKNATHEIE PACXOAHL.
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3AK/IIOYEHHE

Pesynirarel MpOBENEHHOTO JMCCEPTAUMOHHOTO HCCNEOBAHMA HA TeMy
«AJITOPUTME! TIPeNBAPHTENLHON 06pabOTKM peueBLIX CHFHANOB» CBOASTCH K
CHERYIOMHM OCHOBHEIM BEIBOJIaM:

1. TlpoBeseH aHanM3 CymECTBYIONMX &JTOPHTMOB NpeBAPHTENLHOM
06paboTkM peyeBHIX CHIHAJNOB, HA OCHOBE PE3YNETATOB KOTOPONO BEIBNEHEI
NPEHMYINECTBA H HEAOCTATKH STHX a/lNOPUTMOB. 3T N03BOHAC CHOPMYTHPOBATE
LielTs ¥ 3a/1a9H JaHHOH AHcCepTaLyy. :

2. PaspaGotansl 3¢ exTHBHEIE B CMEICIE GHICTPOREHCTBHS H YCTONYHBOCTH K
PasnHYHEIM TIOMEXAM alOPHTMBI CErMEHTALMH. 3TH aNTOpHTME! obecneaHBaoT
BO3MOXKHOCTb 06paGoTKM 3amMCAHHBIX TpH DA3MUYHBIX YCNOBHSX pPEYEBBIX
CHTHANOB.

3. TlpoBeneH aHanM3 pPalTHYHEIX TONXOAOB K (OPMHUPOBAHHIO BEKTOpa
NMPH3HAKOB PEYEBRIX CHIHAJIOB B YAaCTOTHOM M BpPEMeHHOM 061acTiX, Ha OCHOBE
Ppe3ynLTaToB KOTOpOro BHOpaH HauGonee >¢dheKTHBHEIR (B CMBICIE TOMHOCTH
pacrosHasaHns) MOLWGHLUMPOBAHHLIN METOJ BBIMHCIEHUS MeN-Ko3(DHLMEHTOB
aroro curHana. [IpHMenenHe 3Toro MeTola MO3BONAET Pa3pabaThiBaTh CHCTEMBI
Pacro3HaBaHHA PEYH € BRICOKOH TOUHOCTEIO.

4. TpeanoxeH alrOpUTM HOPMaNM3aUMH PEYEBOTO CHIHANA, MO3BOMSIOLIMI
CHH3HTb  BADHATMBHOCTb TPOMKOCTH pe€4H, Ha OCHOBE pE3yILTAaTOB
SKCTICPHMEHTANbHEIX HCCNENI0BaHHil, MpoBeAeHHBIX Ha chopMmHpoBaHHOH Gase
PEHEBLIX CHTHANIOB, N0 ONPENENCHHIO CTENeHH BIMSHHA Ha AMILTHTYLy CHTHana
TakuXx (JaKTOpOB KAK WYyBCTBHTENBHOCTh 3BYKO3aNMCHIBAIOMENO YCTPOHCTBA,
FPOMKOCTD 0JIOCa ZHKTOpa, €ro yAaleHHOCTh OT MHKpodioHa U T. 4. [Ipumenenue
DaHHOTO AJINOPHTMa MO3BONAET CHH3HTD BIIMAHHE 'POMKOCTH PedH Ha TOYHOCTD €ro
pacriosHaBaHHA.

5. TIpepnoxeH MeTOX BEIAENEHHs YYACTKOB PeYM Ha HCXOJHOM CHrHale,
OCHOBaHHHI/i Ha aHAJIW3€E pacnpeneneHHs OKANBHEIX 3KCTPEMYMOB 3TON0 CHrHaJla.
Ha ocHoBe naHHOro MeTosa pa3paGoTaH auropuT™ BHIAENEHHS YYAaCTKOB PeYd Ha
HCXOIHOM CHTHalle, COCTOSmMIt H3 GIOKOB HOPMANM3ALMH, pelatomedi JToruKy,
HaxXOXAEHHA orwbaromeif KpHBOH M pacnpefeNcHHA JOKAJNBHBIX 3KCTPEMYMOB.
JlarHEi aNTOpHTM TO3BOMAET NOMY4YHTH Gonee HH(popMaTHBHEI pedyesoii curHan
JUISt €r0 pacno3HaBaHus.

6. TIpeanoXeHE! aTOPHTMEL, MOAARJISIONMHME IyM B YacTOTHOM 06/acTH H Ha
OCHOBE MArKMX MAacOK. DTH aJropHTMBl 00ecREeYHBaIOT MOBHIIEHHE TOYHOCTH
Ppacro3HaBaHUA pedH.

7. Coagan nporpaMMHEIi KOMIUIEKC Ha OCHOBe pa3paboTaHHEIX,
YCOBEPILIEHCTBOBAHHLIX, & TaKkKe CYIIECTBYIOIIMX METOAOB M QJIIrOpPHTMOB
npeasapuTesbHOA  06paGoTkH pedeBsix curHanoB. JlaHHOEe mnporpamMMHoOE
obecneyeHHe MOXET GBITh HCMIONB30BaHO NPH CO34aHHH NPOrpaMMHO-aNNapaTHLIX
KOMIUIEKCOB MACHTHGMKAUMH NHIHOCTH 4delIoBEKa MO Tojlocy M pacro3HaBaHus
pedH.
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INTRODUCTION (abstract of PhD dissertation)

The aim of the research work is to develop algorithms and software for
smoothing and reducing noise, processing frequency domains, normalizing and
segmentation of speech signals recorded in various conditions of preliminary
processing of speech signals.

The object of research work is digital signals recorded in various conditions,
as well as methods and algorithms for processing speech signals.

The scientific novelty of the research work is as follows:

an algorithm for smoothing and reducing noise in a speech signal has been
developed, taking into account the spectral density of the noise;

an algorithm for determining the area of speech location based on the patterns

- of distribution of extrema has been developed;

improved method of processing frequency domains of speéch based on
determination of noise ratios;

an algorithm for normalization and segmentation was developed, taking into
account the factors affecting the quality of the speech signal;

an algorithm for the formation of the feature space for solving recognition
problems has been developed, taking into account the discreteness of the speech
signal.

Implementation of the research results. Based on the software created on
the basis of existing, as well as proposed in the work, methods and algorithms for
preprocessing speech signals:

a software package developed on the basis of methods and algorithms for the
formation of a space of features for solving problems of smoothing and reducing
noise of a speech signal, processing frequency domains of speech and recognition
has been introduced into the khakimiyats of the city of Shakhrisabz and Kamashi
district of the Kashkadarya region (Certificate of the Ministry for the Development
of Information Technologies and Communications of the Republic of Uzbekistan
No. 33-8/783 of December 22, 2020). Based on the use of the results of scientific
research, the time for preliminary processing of speech signals, smoothing, filtering,
cleaning from various noises to ensure high-precision speech expression and
analysis of audio data was reduced by 15% and the understanding efficiency
increased by an average of 20%;

a software package developed on the basis of methods and algorithms for
smoothing and forming the feature space for solving problems of normalization and
segmentation, reducing noise of speech signals, recognition was introduced in the
Shakhrisabz interdistrict court for civil cases and in the Shakhrisabz district police
department of the Kashkadarya region (Certificate of the Ministry for the
Development of Information Technologies and Communications of the Republic of
Uzbekistan No. 33-8/783 of December 22, 2020). Using the results of scientific
research, the audio data analysis time has been reduced by an average of 15%.

Structure and volume of the dissertation. The dissertation consists of an
introduction, four chapters, conclusion, the list of used literature and appendix. The
volume of the dissertation is 118 pages.

41



9BJIOH KIWIMHT AH HIIUIAP PYIXATH
CIIHCOK OIIYBJINKOBAHHRIX PABOT
LIST OF PUBLISHED WORKS

I 6¥nam (I gacrs; I part)

1. BaGomypanor O.)K., Mamatos H.C., IOnpomes IO.111., Typakynos 0.X.,
OraxoxoBa B.H. HyTkHy TaHH6 oM TH3UMIAPHHY HILNAG YHKHII EHAALUYBIapH
/l Myxamman an — Xopasmuit aBnoanapu. — Tomkent, Ne 3(5)/2018. — B. 36-40.
(05.00.00; No10)

2. Mamaros H.C., IOnpomes IO.II. Hyrkuu tauuG onum THaumnapn //
Xypnan «MadopmaTiKa Ba SRepreTHKa MyaMMmonaphu». — TomkeHT, 2018. — Ne 3.
B. 38-43. (05.00.00; Ne5)

3. Mamatov N.S., Yuldoshev Yu. Sh., Abdullaev Sh.Sh., Abdurazzaqov F.B.
Methods and algorithms for the analysis of speech signals // Problems of
computational and applied mathematics. — Toshkent, Ne 1(19) 2019. pp. 90-100.
(05.00.00; N223)

4. Mamaros H.C., FOngowes 10.111., TypakynoB O.X. HyTkHH aBTOMaTHK
TaHUO onwm Tanabuapy Ba EHpamysnapu // Myxammag an — XopasMuii aBloiapH.
— TouxenT, Ne 4(10)/2019. — B. 23-26. (05.00.00; No10)

5. MamaroB H.C., AGgyinnaes LLLIH., Ongomes FO.111. HyTkHn aBTOMaTHK
TaHHO o/MID MyaMMmojapn Ba eunmiapH // TomkeHT axGopoT TexHonMOrHsIapH
yHuBepcuteTH «TATY xaGapnapu». — TowmkeHt, 2019. — Ne 4. - B. 105-118.
(05.00.00; Ne31)

6. Huéamarora H.A., CammxonoB A.H., FOngomes [O. 111., Annanos H.M.,
Hemannosa A.C. HyTk curnamnapu 6enrunapuHH uaxpaTHb onum ycymnapw //
XKypHan «lngopmaTHKa Ba 3HEpreTHKa MyamMMmonapy». — Tomkent, 2019. - Ne 1 —
B. 80-90. (05.00.00; NeS5)

7. Ongomes FO.1I. HyTK cHrHaniapHHH ROpMaJUIalDTHPHII B8 COXaNaPHHH
axpaThb onnmn anroput™y // Myxamman an — Xopasmuii aBnognapi. — TOIKEHT,
2020. — Ne 3(13). — B. 24-30. (05.00.00; N210)

8. Samijonov A., Mamatov N., Niyozmatova, N., Yuldoshev Yu. and Asraev
M. Gradient method for determining non-informative features on the basis of a
homogeneous criterion with a positive degree // IOP Conference Series: Materials
Science and Engineering. — Russia, 2020.— pp. 1-5. (Ne3; Scopus; IF=0.6).

9. Mamatov N., Samijonov A., Niyozmatova N., Yuldoshev Yu., Mamadalieva
N. Algorithm For Identification Based On Voice // International Journal of
Innovative Technology and Exploring, Volume-9 Issue-2. - India, December 2019.
— pp. 3431-3434. (Ne3; Scopus; IF=0.6).

10. Mamatov N., Payazov M., Niyozmatova N., Yuldoshev Yu., Mamadalieva
N. Definition of Speech Intelligibility of the Uzbek Language //International Journal
of Innovative Technology and Exploring Engineering, Volume-9 Issue-3. — India,
January 2020. — pp. 2863-2865. (Ne3; Scopus; IF=0.6).

42



II 6yaum (II wacrs; II part)

11. Mamatov N.S., Samijonov A.N., Yuldoshev Yu.Sh. and Rashidov Kh.Sh.
Selection the Informative Features on the Basis of Interrelationship of Features //
«Techno-Societal 2018», Proceedings of the 2nd International Conference on
Advanced Technologies for Societal Applications, Volume 2. — India, 2020. pp.
121-129.

12. Mamaros H.C., IOnaomes [0.111., T¥pakynos O.X. HyTkHH TaHub omm
TH3UMNapH // «WuHoBauma-2018», Xanxkapo wimuli-amManuit amxyMmaH HIMmH
MakoJanap tymnamu. — Tomkenr, 2018 if. — B-225.

13. BaGomypanos O.X., Mamatos H.C., FOngomes 10.111., T¥paxynos O.X.
HyTknu TaHnG onvw TH3UMNapuHyn Huwiab unkuim Eupamysnapyn // « iHHROBaLMA-
2018», Xankapo unMuii-aMaiuii aHxyMaH HIMHI MakoNauap TYnnaMn. — TolkeHT,
2018 #. — B-229.

14. Hu&marosa H.A., Hypumos T1.B., IOnaomes 10.111., A6aynnaes IILIII.
ABTOMaTHYecKas MACHTH(QHKALMA IUKTOPA MO TrOJIOCY C HCIMONB30BAaHHEM
BEKTOPHOTO KBaHTOBaHHs // MexIyHapoaHad Hay HO-NPaKTHIECKasA KOH(epeHIHsA
«HHHOBaLMOHHEIE MAEH, Pa3paboTKH H COBpeMeHHBIe MPOGIEME! HX MPHMEHEHHUS B
TIPOM3BOACTBE a ‘Taloke B 00yueHHM». — AHAMKOH, 2019 #. —B. 69-71.

15. Mamaros H.C., FOngomes [O.111., CammxonoB A.H. HyTK cHrHannaapuau
HOpMaJLIAIUTHPHLI Ba COXaJIApDHH ajoKpaTHO onMui anropuT™naph // «Amanwi
MaTeMaTHKa Ba HWH(OPMALHOH TEXHONOTHANAPHHHT HON3apd MyaMMomnapm»
MaB3yCHAAry XanKkapo aHxyMaH Tesnapi Tynnamu. 14-15 nos6p 2019 ii. Tomkenr,
2019 #. - B. 250-251.

16. Mamaroe H.C., IOnnomes 10.11L., T¥pakynos O.X., CammkonoB A.H.
HyTknu aBTomaThk TaHMG omumn Tanabnapu Ba Enmamysnapu / «Marematnk
MOJC/NalTHPHIL, AINOPHTMIIAII Ba AACTYPNAMHHMHT OON3ap6 MyamMmonap»
maB3ycunaru  Pecmybnuka  Mukgcupard  unMui-amanuii  KoHdepeHLms.
17-18 cenrabpp 2018. — Towkent, 2018. - B. 544-549.

17. A6aypassakos ®.5., lOngomes 10.111., Hypumos I1.5. HyTk curnamnapura
pakamMiM Mmnos Gepum HasapuAcH Ba TexHonmoruscH // «HMKTHCOAMETHMHT
TAPMOK/IAPHHH  MHHOBAUMOH  DHBOMUIAHMIOHAZ  aX60pOT-KOMMYHHKALHs
TEXHONOTHIAPHHHHT  aXaMHATH» MaB3ycugaru PecryGnuka MAMHN-TEXHMK
aIKXyYMaHHHHHT Mabpy3anapH Tynaamu. 12-15 mapt 2019 i, — Tamkenr, 2019. - B.
16-18.

18. Mamaros H.C., IOnnomes 10.111., A6xynnaes LILIIL, Hypumos IT.5. HyTx
CHIHaJUIapH 8COCHAa LIAXCHHU TaHKO onnun aacTypu // «AXGOpOT KOMMYHHKALMS
TEXHOJIOTHANIAPH BAa JAaCTYpHH TABMHHOT SAPaTHIAA HMHHOBALHOH FOSNAp»
map3ycunary Pecriy6nuka niMui-TEXHHK aHKYMaHHHHT Mabpysanap TYmnamu 1-
KHcM. 16-17 anpen 2019 #. — Camapkann, 2019. — B. 373-377.

19. Mamatos H.C., IOnnowes IO.IL., A6xynnaes LLLILL, Hypumos T1.B.
HyTkHu aBTOMaTHK TaHHG onuwaa MapkoB Moaeny // JToxnagos Pecry6GnukaHCKo#H
HayYyHO TeXHH4eckol koHpepeHuun «CoBpeMeHHOE COCTOSHME M NMEPCTEKTHBHI
NPUMEHEHHA HHPOPMALMOHHEIX TEXHONOTHIA B yTipaBneHnn». 5-6 cenTiopa 2019 r.
~ Camapkang, 2019. C - 305-312.

43



20. Huéamarosa H.A., IOnzomes [O.111., A6xynnaes LILIIL, Hypumos I1.B.
HyTk curnanu 6enrunapnum axpati6 omim ycynapu // «<AX60poT KOMMYHHKaLHsA
TEXHONOTHANADA B3 JAacTypHi TabMHHOT SApATHIIAA HWHHOBAUMOH FOSANap»
MaB3ycHAarH Pecriybnnka WiMHi-TeXHHK aHKyMaHHHHI Mabpy3anap Tymiamu 1-
KHCM. 16-17 anpen 2019 #. — Camapkaua, 2019. — B. 388-391.

2l. Cavioxono A.H., [IOmpomes IO1ll, A6gypaumor JK.F.
TIpensapuTenshas o6paGoTka peuessix curnanos // «Y36exucToH pannoTexHuka,
SNEKTPOHHKA Ba ANOKA HIIMHA-TEXHHMKA KAMUATH, HKTHCORHETHHHT TAPMOKJIaDHHH
WHHOBALHOH PHBOXJIAHMIMIA aXGOpOT-KOMMYHHMKALMA TEXHONOTHANAPUHHHT
axaMuATH» MaB3ycHaaru PecryGnmka MIMHA-TEXHUK atKYMaHHHUHT Mabpy3anap
Tymnamu 2-xHcM. 14-15 mapt 2019 #. — Tomkent, 2019. - B, 20-21.

22 Mamaros H.C., IOnpomes 0.1, Cammxonos A.H., Taszos M.M. Hytx
CHTHaJapHra AacTnabku o Gepum mactypu // Y36exucron PecnyGmmkacy ammis
Ba3HP/IATH XY3ypHIArH HWHTE/UIEKTyal MYyJIK AreHTINTH, 3MEKTPOH Xucobnam
MalllHHa/llapH Y9YyH SpaTWiraH NRCTYPHMHT pacMHi pyiixathan {Taswarawmru
TYrpHcHaa rysoxsoma DGU 07063, 23.09.2019.

23. Mamaroe H.C., Hypumos ILB., IOnmomes [O.Ill, Caminkonos A.H.,
Huésmarosa H.A. MFCC Ba VQ ayropHT™IapHTa acociaHTad maxcHM TaHMG omm
nactyph // Y3GekncTon Pecry6nmkacH amms BA3HPJINTH XY3YPHAArH HHTEJUIEKTyan
MyJIK areHT/IMrH, 3NIEKTPOH XHcOOnam MallMHanapH yuqyH SPaTHAraH JacTypHHHK
pacMult py¥ixaTaan §TKasHATaHJIMIH TYFpHCHAa ryBoXHoMa DGU 07064, 23.09.2019.



AsTtopedepar “Xpucobnam Ba amanuit MaTeMaTHKa MyaMMonapi” WIMHI )KypHan

TaxpHpHATHAA TAXPHPAAH YTKA3WIAK XaMaa ¥30eK, pyc Ba MHITH3 THINApHIarH
MAaTHNApHHH MOCIHMIH TEKIIMPHUALH.

Odcer koro3n. Buuumu 60x84/16 1llaptiu 6ocma Taborm 3,5
Times rapuuTypacuaa odcer ycynn.
Byloptma Ne 16. Anaawm 100 Hycxana
«MUNIS DESIGN GROUP» MY)K 6ocMaxoHacHza Yon 3THIAM.
Bocmaxona Man3uau: 100000 Tomkent m., By3-2 mMas3se, 17-A yii.



