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HNOAXOJbI K ASBIKOBOMY HW AKYCTHYUECKOMY

MOJEJIHPOBAHHEO B PACHOSHABAHHH PEYWH

Hecaedoeanue noceAujeHoO eonpocy agbqbexmuenocmu

MpPAaOUYUOHHbIX U COBpemMeHHbIX NOOXOOOG K aemomamuuecKOMY
pacnosnaeanuio pewu (ASR). Bo cmambe ananusupyemca obo1iyaa

cmpykmypd alzOopumMOo6 MauiuHHOZO pacno3sHaeauua peru, 6

YACMHOCMU, AZbIKOGOZO U AKYCMUYeCKOZO MOOeAUPOGAHUA, A maKoce
JEKCUYECKUX OAGHHbIX; NPOUIOCMpupoeaHoO UCMOpUuYecKOe pazseumue

AGMOMAMUYECKOZO PACNOZHABAHUA PeYUu Uu NpedcmaéBijeHol naubonee
coepemennoie nooxodsi. TIpoeeden axKcnepumeum, @ KOMOPOM C

NOMOI4 bIO OnpedeNeHHOZO HAbOpa MecMOGoIX NPUMePOG NPOUZBOOUMCA
cpaeHenue HeCKONbKUX NpUAOHCenUl ONA pacnosHaeanua peuu. B

eol0opKe Npucymemeyem uembipe pasuvoie cucmembi ASR, ocuoeannoie

HA PA3HbIX AAZOPUMMAX AKVCMUYECKOZO U AZbIKOBOZO MOOEAUPOCAHUA:
6O 6CEX KOMNOHEHMAX MONKO 6 OGYX CUCMeMAaX UCNONb3VeEMCA OOUH U

mom x#ce nooxood, 6 OByX Opyeux npuNooceHUAX aKycmuu4ecKUue U

AZbIKOGbIE MOOeNU OCHO6AHbI Ha pasHbix aneopummax — makum

OOpa30M, cmpyKmypbl 6CexX INeMeHMOG G6oIOOPKU NPUHYUNUaToHO He
noxoxcu. Habop Oannoix auanu3zupyemca Kaocooli cucmemoti c

NOMOW4bIO. =Nnpoezpamm ua sA3seike Python, e6vixodHoix Oannoie

HOPMaU3yIOMCA U cpaeHueaiomca no cmanoapmy WER c sapanee
MpaHCKpUoUpOsaHHbimMu gmanonHoimu OaHHeimu. TIpoeeden ananu3

pe3yibmamoe mecmuposaHUuA, COeCAAHbI BbIGOObI O 3a6uCcUMOCMU

agapexmuenocmu cucmemMbl aemomamuyecKkozo pacno3sHaeaHuA PeuU
om onmumusayuu eé alemeHmoe u obyYeHUA NpUu nomouu

Heobxo0umoz0 HabOpa OdHHbIxX, 6 MO epeMA KaK Helipoceme6ott Uu

cCMaMUCMUYECKUI NOOXOODI ABAAIOMCA OOUHAKOGO Pe3VAbMAMUGHoIMU

6 3AO0d4AX AZLIKOGOZO U AKYCMUYECKOZO MOOEIUPOCAHUA.
Kuroveevie choea: ~——spacnosHaeanue pew, aKycmuuecKoe

MoOeIUpOsaHue, AZb1IKOGOe MOOeIUpOBaHUue, CKPbiMole MapKOecKUe

Mooenu, etyOoKoe ObyuenHue, HelipoHNoie cemu.
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The research deals with the problem of efficiency of traditional and
modern methods of automatic speech recognition (ASR). In the article

the analysis of the common machine speech recognition algorithm

structure is conducted, particularly language and acoustic models, as
well as vocabulary data; the historical development of automatic

speech recognition is illustrated, and its most innovative approaches

are presented. The authors have conducted an experiment, in which

several ASR application programming interfaces are compared with
each other with a certain set of test cases. There are four different ASR-

systems based on different algorithms of acoustic and language

modelling: only two of them apply the same appreach for all the
elements in their structure, while in the other two applications acoustic

and language models are based on different algorithms — thus, the

structures of all the elements of the collection are not similar. The data

set is analyzed by each system with Python programs; the output data is
standardized and compared to the pre-transcribed reference data via

WER. The results of the research have been analysed and are leading

to a conclusion that the efficiency of ASR-system depends on its
elements optimization and learning with an applicable data set, while

neural net and statistical methods are both equally useful in acoustic

and language modelling tasks.
Key words: speech recognition, acoustic modelling, language

modelling, hidden Markov models, deep learning, neural nets.

Brpegzenne

ABTOMaTHYecKoe pacno3HaBaHue peu (ASR) —- TexHosorus,

HCHOUb3yeMad B OLPOMHOM KONMUCCTBE COBPeCMCHHBIX TPHOKeHHI.

OjHa “3 Werte aBTOMaTH4ecKoro pacno3HaBaHHa ped — Cco31aTb



ogoGve ecTecTBeHHOTO, 2%*HBOrTO OOWIeHHA MexKy MaliMHaMH u
miogpmu. Ha gaHHom 3Tame pa3BuTux ASR nomoraer orpoMHomMy

KONHYCCTBY UPHIOKCHHH B3aHMOJCHCTBOBaTh C MOUb30BaTCJICM.

CoppeMeHHbIe CHCTeMbI Pacno3HaBaHHaA H CHHTe3a ped AOcTAaTOUHO
pa3BHTbI — MCMOUb3yA HOBCMWMe TeXHOMOrHYeCKHe pa3spadoTKH, OHH

MOKa3bIBarOT BbICOUAMMIMe PesyIbTATHI TOUHOCTH paoorTEt.

ASR - 9TO mone3HbIii WHCTpyMcCHT, TIpHMcHAeCMBIM B paqe

pa3HUHEIX paspaboTok. CeroyqHa Ha pbIHKe UpeycTaBieHo Oombutoe
pa3HooOpa3ve Takux cucTem — pa3padoTrKori ASR 3anHTepecoBaHEr

BeaAylve TeXHOJOrM4eCcKHe KOMMaHHH, Takue KaK Google, Facebook,

Microsoft, Weibo, Apple, IBM, Amazon, Auazekc u apyrue.
JlciictBuTembHO, HX CepBHCbl,  HCMOMb3yIOWMe TexHONOrHH

ABTOMATHYCCKOFO pacno3HaBaHHA PCH, H3BECTHBI CBOCH TOUHOCTBIO, a

caMH KOMMaHH CuHTaioTca (buarMaHaMu HHAyCTpHH.
Hecmotpa Ha 3Ha4HTeIbHBIC ycoexu B OOnacTH pa3spaboTrKH ASR-

CHCTeM, AaBTOMATHUecKoe pacnosHaBaHHe ped paooTacT He HAcalbHo.

PpIHOUHad KOHKypeHuWa 3acTaBiaeT KOMMaHHH pa3BuBaTb ASR,

BHeApad B HMX HOBeHMIMe WHCTPyMeHTbI, H3 KOTOPbIX CaMBIM
NONYIApHbIM HW sPeKTHBHIM ABIAIOTCA HelipoHHEe ceTH (HC).

Pa3Hble BHbI HeipOHHBIX CeTeli cTaHoBaTca uacTbio ASR-cucTem,

yayuat TOUHOCTh Hux padoTHl. OgHako 93Ta TeHICHUHMA He
MOBCeMecTHa — KOMMaHHM orpaHHuuBaror padoty HC Buytpu cepBuca

pacno3HaBaHHa peu, OCTaBIAd YaCTb aNrOpHTMOB TpayHUMOHHBIM

MeTOJaM CKDPBITBIX MAaPKOBCKHX MOJeJei, mHOO OTKA3bIBAIOTCH OT

MIONHOPO BHEAPCHHA HeipoceTel BOBCE.
CerogHa Ha pbIHKe MpedcTaBieHoO SOombuloe pa3sHooOpa3He cHcTeM

ASR, B OCHOBe KOTOPBIX JIexKAaT pa3HbIC aTOpHTMbI paOoTsI: OT

CTATHCTHUCCKHX MOJCICH TO HCHpoHHEIx ceTeli. Hexotoppie Hx 3THX

CHCTEM MOKa3bIBaIOT BICYATIAIOMIMe Pe3yIbTaTbI B TOUHOCTH — MeHee

10% ommOok NpH pacno3HaBaHHH 2KHBOH peu, HW B kakKJOM H3 HHX

MCHOMb3yeTCA CBOH MoOgxoq Kk oOpadorKe «3bIKa C MOMOLIbIO
AKYCTHUCCKOFO H A3bIKOBOO MOACIMpOBaHHA.

Vcropust HHCTpyMeHTOB pacno3HaBaHHs pein
TexHOJOrHH, KOTOpbIe JexKAT B OCHOBE COBPeMeHHBIX cuctem ASR,

pa3BuBaroTca =yxKe H—C(ésdPOTKCHMHA TTOMyBexa.  Pa3BuTue
ABTOMAaTHYeCCKOrO pacno3HaBaHHa peu MepexkKHIO0 HeCKONbKO

TlepHOJOB pa3BHTHA, KOTOpPblc CBA3aHHbI B MepBylO O4epedb Cc

HOyAxosaMu K OOpadoTKe ecTecTBeHHOH peau. MutTepec uenopeka K



pacnosHaBaHHo H CHHTe3y PCH BO3HHK 3aJONTO JO cosqaHHd MepBbIx
ASR-mamuy, oOJHakO MepBbie MONbITKH peamH3alMH MpOecKTOB

cO3JaHHA WHCTpyMCHTOB aBTOMaTHYcCKorO pacno3HaBaHHa pedH

MpOH30WIIH IHMIb B CepequHe ABaquatToro Beka. Ilepprre cucTempr
pacnosHaBaHHa peuYH MOrIM ONpesedATb HeKOTOpbIe coBa HIM

pacnosHaBaTb OTJCIbHbIC 3BYKH — B OCHOBe HX paooTbI Mekal anamH3

dopmaHtT u douem (Juang & Rabiner, 2004); takue cucTempr He

OTIMYAIHCh WpakTHUHOCThIO, HO 3TO OBIMepBbIe War K CO3qaHH1O
MOWHOUCHHEIX MpHIOKeHHH JA aBTOMaTWMecKOrO pacio3HaBaHHs

ped.

Alo 1970-brx roxoB TexHONOrHH B oOONaCTH pa3BHBauHcb
KpHTHYeCKH MeAIeHHO — pa3spaboTuHkam He ObIT ACCH JanbHeiwuii

nyTb passuTud ASR, u cyljecTByIOWIMe MpOeCKTI TepsH HHBCCTOPOB.

3actou B ctbepe mpekpatusica B kone 70-brx, Korga Muxucrepcrso
o6oponpsr CoeguHeHHprx LZtarop orkppiio §=mpoexr «Speech

Understanding Research», B pamkax koTOporo ObIIO cO3qaHO

HCCKONbKO CHCTeM pacno3HaBaHHa peu — caMasd yCreliHad 3 HHX

Moria pacno3HaTb Somee 1000 cnos. TpumepuoB 3To xe Bpema IBM u
AT&T 3ayympiBaroTca 0 pa3paOoTKe KOMMepYueCKHX NpHIOKecHHH AIA

AaBTOMATHYeCKOM OOpadoTKH eCTeCTBCHHOM peyH — peub wa 06

ABTOMATHYCCKHX TeIeCOHHEIX ceTax. Hecmorpa Ha JOCTHTHYTHIii
mporpecc, ASR-maumuHpr OblTaKKe AalmeKH OT HMCHOMb30BaHHA

cpequ norpeduTesei.
TloBopotTHot TouKkoli B pasBuTHH ASR cran rnoOanbHbIli mepexod B

MCTOJONOrHH OT HHTYHTHBHOrO oszxoga paooTbhl c MOyelIMnH
(mapaqurMa HenocpeCTBCHHOrTO pacio3HaBaHHa WaOOHOB) kK Oosee

TOUHOMY CTAaTHCTHYeCCKOMY MeTOAY MOJemHpoBanuad — CMM. Xora

KoHWenuHaA  padoTer Cxppitex Mapxopckux mogenci B
ABTOMAaTHYCCKOM pacno3sHaBaHHH peyH Obla yKe W3ydeHa paHee B

HCCKOJBKHX HCCHeAOBAaTeIbCKHX Tpynnax, MOAXoy AopadatTpiwanca Jo

cepequnHEr 1980-prx. [napenctByioumMii B MHAyCTpHH gO cHux Top,
NIpHHyAN Ucnonb30paHHa CMM B kayecTBe OCHOBbI JI MCXAHH3MOB

ABTOMATHYCCKOrO pacnoO3sHaBaHHa PedH NOABHIICA HMCHHO B Te FOUbI; B

93TO 2Ke BpeMaA B Cthepe BOSHHKacT NOHHMAHHe TOTO, KaKHM JOJDKCH

ObITh MexaHH3M ASR: MallwHa JOlKHa yMeTbh HHTepmpeTHpOBaTb
A3bIK, TOHHMATb CrO KaK CHCTCMY, HAYYHTb KOMUbIOTep “TOBOPHTb» Ha

YeOBCYCCKOM A3bIKe HeBO3MO2%KHO. Ilo Oonbutei yacTH pa3BHTHe

ASR-cuctem c konua 70-x roqoB ABagquaTorO Beka 3aKJKOUaIIOCk B
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COBCPIICHCTBOBaHHH KOMMbIOTepoB, OOpaOaTEIBaIOWHx CxKpBITEIC
Mapkoscxue Mogenu (Juang & Rabiner, 2004).

CMM - sTo JBOMHOM BepOsTHOCTHBIM Mmpoyecc, ModemMpyIoMHit

MCTHHHY}O BO3MO%KHOCTb H3MCHCHHA peyeporo curHala (H ero
IIpH3HAKOB) H CTPyKTypy CCTCCTBCHHOYO A3bIKa B HHTCrpHPOBAaHHOH H

OJHOPOAHOM cpeye craTHcTH4eCcKOrO MOJeMHpoBaHHa.

Kak H3BeCTHO, peabHble peveBble CHTHaIbI WO CBOeCMYy XapaKTepy

OUCHb pa3IH4HbI — HOH TOBOpAT C pa3HbIMH MpOH3HOLIeHHeM,
aKUCHTaMH HW QpyrHMH ocoOcHHOCTAMH; B aygModalinax MOryT

MIPHCYTCTBOBATb WyMbI. Korga HeCKONbKO JIO(eH MPpOM3HOCAT OHO H

TO %Ke COBO, akyCTH¥cCKHe CHTHaIbI HX pedH 3HaYHTeIbHO
oTMMYaIoTCa Apyr oT ~Apyra, JaKe ecm JexKalat B OCHOBE

JIMHTBHCTHUCCKat cTpykTypa (IpoH3HOLIeHHe, CHHTAKCHC,

TpaMMatTuka) ocTaeTca ogMHaKoBoli. W@opmanmu3m CMM -
BeCpOATHOCTHad Mepa, Hcnomb3syrouiat Mapkopckyio Uenb a

IIpeAcTaBcHHA JHHTBHCTHYCCKON CTpyKTypbI H HaOOp BEPOATHOCTHBIX

pacnpeyeieHHi,  OTBCYaIOWHX 34 H3MCHeHHe akYCTHUCCKOl

peamH3alHH 3BYKOB.
BepostHoctHaa mMogenb CMM oka3anacb none3Ha B 3aqa4qax

ACkOAMpOBaHHA OOBEMHBIX PCUCBLIX CTPYKTYP — ABbIKOBbIX MOJeICH.

Mcnonmp30paHHe KOHCUHOM rpaMMaTHKH Id HelpepbIBHOrO
pacno3HaBaHHa peu c OombIHM OObeMOM JICKCHUCCKHX J@HHbIX

Iipezctapiaer codoi mormyHoe mpoyomKenHe KoHUcHWHH

vicnonb30BaHHa MapKosckux yeneli, Koropyio CMM npumensaer a1

paOoTbr c¢ akycTHYeccKHM MoOJeTMpoBaHHemM. Takoii mnogzxog
adbiekTHBHO CiipaBAeTCA HC A3bIKOBbIM MOJCIHpOBaHHeM.

Takum oOpazom, Cxppitpie MapKxopcxue Moyen  cTalM

VYHMBepCasIbHbIM WHCTPYMCHTOM, CMOCOOHEIM oOpabaTHIBaTb pe4b
mroOoro TOBOpALero © OTPOMHbIM HAOOPOM JICKCHYCCKHX JAHHBIX, a HX

BHeJpeHHe B MCXAHH3Mbl aBTOMATHYCCKOrO pacno3HaBaHHa peu

o6o3HayHO BakHeiwHH mepexog ASR or nmpoctoro pacno3HaBaHHs
oOpa0oTaHHEIX WaOMOHOB K CTaTHCTHYCCKOMy MeTOAY pacno3sHaBaHHa

e€CTCCTBCHHOH ped, HCMOUb3yeMbI HW 0 Cel eH.

Tlepppre komMepyeckue mpogzyKTs1 ASR OpiOCHOBaHbI HMCHHO

Ha CMM:Dragon Dictate, Bpnmegumii B 1990, ObIm CaMbIM H3BECTHBIM
“3 Hux. Co cnoBapém oObémMom 80000 cnoB 3TOT HHCTpyMcHT yMeq

oOpadaTErBaTb 30-40 cnoB B MMHYTy, 4TO MOUTH B YeTEIPe pasa

MegieHHee  %kHBOH peyH. Kpome toro, Dragon Dictate ymer
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pacnosHaBaTb TOIbKO peub, CKa3saHHylo OpeszecHGHHEIM oOpa30m. Ho u
9Toro OBO WocTaTOYHO AA Toro, 4TOObI ycrex cepBuca cpeqH
okynatesei BbI3Ba HHTepec K pa3paOoTKe MOXO%KHX CHCTeM y

Apyrax KoMMaHHi.

CoppemMeHHble Mojepacno3HaBaHHa pedu

CoppeMeHHoe aBTOMaTH4ecKkoe pacnosHaBaHve pew MpeAcTaBlaer

cob6ol mpollecc ovcka syle WocneqOBaTeNbHOCTH COB 110
MOJe¢I4M; MOJenH Bcero Be — akycTHueckad H «3bIKOBaa. TpeTps
cTopoHa cuctempr ASR — uaeKcw4eckwe aHHble, MO KOTOpbIMH

oObIdHO NOHHMacTca TpaHCKpHOMpOBaHHbIli sA3bIKOBOH Kopmyc c

BbIJCICHHEIMH (OHCMaMH; B UpHKWayHbIX 3afauax HepeyKo
HMCHOMb3YIOTCA CHeCWHaNH3HpoBaHHble JIeKcuueckwe AaHHBIe (Povey,

2012).

AkycTw4eckat MOJCIb BOCMpOH3BOQHT mocieqOBaTeAbHOCTh
BCKTOPOB UPH3HaKOB UpH oOpaboTKe MOcMeZOBaTeCIbHOCTeH 3BYKOB.

ABbIKOBAT MOJCIb  OpesenieT BCPOATHOCTH KOHKPCTHBIX

MOCHeAOBATeMbHOCTeH 3IIeMeCHTOB (cnoB waM Mopdem). Takum

o6pa30M, pH oObeqHHCHHH 9THX JBYX Moench NomyuaeTca
WMHCTpyMCHT Aid NOoHcKa HaMOonee BeposATHOM MocieJOBaTeIbHOCTH

caoB (Mohri, Pereira & Riley, 2002).

Kak u aa 000 3aga4H B ccbepe MauiMHHoro oOyueHHa (ML), ana
ASR O6onbuice 3HaycHHe HMCIOT JaHHble — He3aBHCHMbIc UPH3HakuH,

KOTOpPbIe BbIZeCIAOTCA H3 ayquodaiina. na 3aqa4H aBToMaTHuecKoro

pacnosHaBaHHa peu CaMbIM MOMYIAPHEIX MOAXOOM K H3BsICUCHHIO

Wpu3Hakow aBasetca Metroq MFCC: aga kaxgoro oTpe3ka ayaHo
cemiiia AIMHOK 25 MunMcekyHA BbIAenaIoTCA 39 xapakTepHcTHK.

Cxppitpie Mapxopcxue mMogeau gaa ASR cocTosT 43 CKDPBITBIX

TICpeMeHHIX H MpH3HaKoB MFCC. Kak u B oOpraHot wen Mapxosga,
Tekyljee cOCTOMHHe MOJeIH MpescKa3piBacTcd  mpevbI.yIMM

COCTOMHHEM, HO 3ICMCHTEI Ha3bIBaIOTCA “CKPbITBIMM), TAK KaK He BCE

COCTOAHHA MOTYT ObITh HaOWIOJacME!.
IIpu ycnosuu, uro Cxpprtas Mapxosckaa Mogenb yxe oOyueHa,

MOKHO HCHONb30BaTb aITOPHTM UpsaMoro xoga, 4TOObI paccunTaTb

BeposTHOCTH HaOmogeHHi. OcHoBHad Uelmb 3TOTO mpolecca —

CYMMHPOBaTb BCPOATHOCTH BCCX HaOWIOJCHHM Id BCX BO3MO%KHBIX

cocTOsHHH. OToT war, ofHaKo, TpeOyer JocTaTouHO HCcKyCHoro

TOyXoya, Tak KaK OJHOBpeMecHHOe CNOKeHHe MOCIeOBAaTeMbHOCTEe!i
BCCX BO3MO%KHBIX COCTOMHHH — 3TO CHHUIKOM CIOXKHBIM Mpouecc — c
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KMKObI  WaroM CiIO*KHOCTb CTPyKTypbl YyBeNHYHBacTCA B
reOMeTPHYECKOH Oporpeccuu.

Pemenue npoOnemsbl pa3OHBacTca Ha HCCKONbKO MpOMeKYTOUHBIX

9TaNOB, a BLIYHCICHHA MpOBOAITcA pekypcuBHo. B CMM npoodmema
pelmaetca B MpoMexyTOK BpeMecHH f C MOMOL[bIO pe3yibTaTa OT
BpemenH ¢-/ v/unm t+/. Takum oOpa30m, Jaxke HeCMOTps Ha TO, 4TO

KONHYCCTBO TMOCICAOBaTeCMbHOCTeH COCTOAHHH 3KCIOHCHIHasbHO
YBCIMUMBacTCA, PCKYPPCHTHBIi MOAXOA K BbIMHCICHHIO MO3BONaeT
BbIpaxKaTb HX JIMHeEHHO.

3aTeM, C MOMOLIbIO MoceJOBaTeMbHOCTH HaOmOACHHH, HAaXOAATCH
BHYTpeHHHe cocTosHHe, KoTOppie B ASR npegcTapiaror coool 3ByKH.
Tak aBTOMaTHYecKoe pacnosHaBaHHe ped MO%KHO pacCMaTpHBaTb
HaxoKJeHHe 9THX BHYTPCHHHX COCTOSHHM B aygModaline. QTOT

Iipouecc Ha3biBaeTca pacuiMdpopKoli. KomnoHeHTsr TakKxKe
BBIMHCAAIOTCA PCKYPPCHTHO, H (aKTHUCCKH, STOT AITOPHTM NOBTOPACT
anropHTM paMoro xofja, OAHaKO BMCCTO CIOKCHHA MCHOMb3yCTCA
(pyHKUMaA MaKCHMyMa — CpeAH BCX BO3MOXKHBIX MOCICJOBATCMBHOCTEH
COCTOAHHH BbIOMpacTca CaMbIli BeposATHBIT MyTb (Chavan & Sable,
2013).

CrezyioulMit, caMblii cnoxKHbI stam — oOyaeHHe CMM-mogesn, 3a
KOTOPBIM CTOHT anropHTM upsmoro uw oOpaTHoro xoga. O6yueHne
BeCPOATHOCTAM 3MHCCHH H BePOATHOCTAM Mepexoga — Hempoctas
3aqaua; 9TO MpoOmema, rye TpyqHO OTACIMTb MpHYHHy OT CHeACTBHA:
o0€ BEPOATHOCTH O4CHb CIOHRKHO BLIYHCIHTb, OJHAKO HX MO2KHO HaiiTH,
eCIH H3BeCTHa JHCTpHOyUHaA COCTOsHHM B OTpe3ke BpeMeHH 7, IPH
3TOM caMa AMCTpHOyuMA COCTOSHHi TakKe BEMHCIAeTCA pH
W3BCCTHBIX BCPOATHOCTAX 9MHCCHH HM Mepexoga. B mamHHHOM
o6yueHHH 9Ta upoOmema oObm4HO pelmlacTcd ¢ MOMOLIbIO
Kmaccuyeckoro EM-anropHTma, HO B ABTOMATHYeCKOM pacno3HaBaHHH

ped rpaMoTHee HCMOIb30BaTb OAMH 3 ero BapHaHTOB — asIropHTM
IipsMoro Wu OOpaTHoro xoyJa; OH pelwaeT mpoOremy B kakOM ware
WHkIa, ONTHMH3Mpya OAHY CKPbITYIO TepeMeHHy!O, B TO %e BpeMa
peryaupys ocTanbHbie. CreqoBaTebHo, peLIcHHe CTaHOBHTCA Ty4le B
KaKOM Ware wuKia (Chavanet al., 2013).

13



 

akycTH4eckaa

MOZe.1b

sh —
3ByK

Puc. 1 HopmManbHoe pacipeyencnue 3ByKa

Jina peanu3aumu akycruueckoro pacmpesemeHua B ASR takxe

HMCHOMb3yIOTCA TaOMHUbl TpaHCKPHNUW, C MOMOLIbIO KOTOpBIX

cosgarorca akycTwyeckHe MOJeCIH Id 3BYKOB 3 JaHHoii
nlocnegqopaTembHoctn. Ha ceroqHaWHHi [eCHb TCXHOJOFHH MOB8BONAIOT

MaulMHaM 4HTaTb TacHbIc H COracHblc 3BYKH HampaAMyIO co

ciiekTporpamMpl. C nomompbr1o MFCC u3 orpe3ka ayaHo BbIAeMAIOTCH

39 npw3HaKos (Ganchev, Fakotakis & Kokkinakis, 2005). 3HaueHue

IIPH3HAKOB 3BYKOB, KaK STANOHHBIX, TaK H BbIACICHHbIX 43 aydHo-
(bpeliMa MoxwKHO MpeyCcTaBHTb B BHJe HOpMalbHoro pacnpeyencHua.

JI1a paOorbt c xapakrepucrukamu MFCC ucnomp3yetca KOHWenuHsa

MHOrOMepHoro HOpMalbHOrO pacipegzeneHua. BepoatHocts p(x\|q)

BEIJCICHHOM XapakTepHCTHKH X paccUMTEIBacTCd m0 cé

pacnoNoxKeHHIO OTHOCHTeMbHO HOpMabHoro pacmpegenenua q. [na
WpaBHibHoH padoTsr CxppiTerx Mapkopckux Mogenci B cHcTemMe

aBTOMaTHYecKOH oOOpaOoTKH pe4yH pH NOMOWH pga mpHMepoB

3BYKOB peUH paccuHTbIBACTCA COOTBETCTBYIOWIad HM IJOTHOCTb
pacnpeyeieHHa BepOosTHOCTH, KOTOpad 3aTeM Kilaccuduyupyerca B

OHH 3BYK C BbICOWaMLIMM 3HaYCHHCM BepOsATHOCTH — 3 9TOrO

CKIaQbIBaIOTCA JaHHbIe, HCHOMb3yemEIe B CMM kak BeposTHocTH
3MHCCHH.

Mertog ray6oKkoro o6yueHuA
B HactTosulee BpeMa B cibepe aBTOMaTHueCcKoro pacno3HaBaHHt

ped TakoKe HCHOMb3yIOTCA HOBbIC NOJXOUbl MaWIMHHOrO oOyycHHA
(ML), ormm4HbIe oT cTaTucTHueckoro MeToga CMM.IlonyaapHocts

cpequ pa3paSoTraukoB HaOupaeT MeTog rmyOokoro o6yyeHua (DL),

KOTOPBIH y2Ke WHPOKO HCHOMb3yeTCA WII PCLUICHHA MpHKTAaTHEIX 3aa4d
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(Deng & Liu, 2018). [ayOokoe o6yaeHue cocrouT 43 MHOKeCTBAa
aNPOPHTMOB MalWHHHOTO OOydcCHHA, MPHHHMarIOWHX JaHHbIe B BHC

MHOPOCJOMHBIX MOeteH. Oru mMogemmM — HelipoHHpe ceru (HC),

BKTOUaFOIUMe B CeCOd pa3sHblc YPOBHH HeMHHeHHEIX oOnepayHit (Weng,
& Yu, 2019). Anroputmer ML o6yyatorca rayOokumu Helfpoceramn,

IIpH 9TOM BEIJCIAcTCA HY2KHad HHPOpMalHA — XapakTepHbIe IPH3HAKH.

ASR crctTema, NOMHOCTbIO OCHOBaHHad Ha TeEXHONOrHH rryOoKoro
oOyueHn4, cmocoOHa HamlpsaMyt0 TIpeoOpa30BblBaTb

MOCHe€AOBATCMbHOCTh ayJHO aHHbIX B NOCMCJOBATeCMbHOCTH CJIOB.
CrpykTypa Takoro MexXaHH3Ma COCTOHT M3 CIICAVIOWHX 4acrTelt:

YCTPOHCTBO KOAMpoOBaHHa, UpeoOpaz0BblBalolce MOceOBaTebHOCTb
BXOJHBIX PCUCBIX JAHHBIX B MOCICAOBATCIbHOCTh MpH3HAaKOB; O0K

BbIPaBHHBaHHA, COBMCIaIOWIMH MOCHeHOBaTeMbHOCTh MPH3HaKOB C

S3bIKOBBIMH JaHHbIMH; AcKOZep, KOTOpEi pacwimdpoBbiBact
MOCI€AOBATEIbHOCTH B BbIXOJHbIC DaHHbIe. OnHako uHMeHHO B DL

ABTOMATHYCCKOM pacio3HaBaHHH peu Takad CTpyKTypa BcTpeuacTcsa

peako, Tak kak B MOJOOHBIX CHCTeMaxX 3a4aCcTyIO HeT AeeCHHA Ha

Mogyau. Ho Takada Mogenb JaéT mpeycTaBaeHue O TOM, kak paOoTaroT
Heiponupie ceTa B ASR, a TawKe MpoBOAHT aHawOrHIo co

CTaTHCTHYCCKHMH CHCTCMaMH, COCTOAIJHMH, Kak paBHylo, v3
MHO2KECTBA MOAyeH. CMM-mogymu ABTOMATH4eCKOTO

pacnosHaBaHHa ped Mory ObITb 3aMeICHbl OAHOW riyOoKoi ceTby,

IIpHueM 3TO KacacTCA KaK OTJCHbHBIX YacTeli CHCTCMBI, TaK H BCX

MCX@HH3MOB B LCJIOM.

UckyccTBeHHbIe HeipoHHble CeTH pacCcMaTpHBaIOTCaA kak 3aMcHa
CMM B npHkiagHerx 3aqauax yoKe Ha MpOT#KCHHH JBYX WecsaTHIeTHH,

Tak Kak OHH, B OTHM4HH oT CxppiTerx MapKopckux Mogesel, IHIWCHEI

Takoro HefocTaTKa, Kak cTaTucTMyecKad HeaddekTHBHOCTb pH
MOJCIHpOBaHHH aHHBbIX, pacnOOXKCHHEIX Ha HIH OKOIO

HCMHHCHMHOTO MHOXKCCTBAa B IpOCTpaHCTBe JaHHBIX.

Emé B Hayamne 1990-brx uccnegoBaTemu CMormM AOOUTHCA ycrexa B

MCHOMb30BaHHH HCHpOHHOM ceTH C OHHM CNOCM B= 3aga4de

ipeqcka3aHua cocTrosHHii Cxpeitoit Mapkopckoli Moyen aia

akycTHyeckoro MogenHpoBaHua. OgHakKO B TO BpeMA HH

oOopyAOBaHHe, HH JIMHeHHbIC aNTOpHTMbI He ObINM MpHrOAHE! WIA
oOydeHHA HCHpPOHHBIX CeTeH C HCCKONbKHMH CKPbITbIMM CIIOAMH Ha

OombuIMxX OObeMaxX JaHHBIX, a HOTOMY MpakTHYeCCKOH NOMb3bI OT

vcnonb30BaHHia HC B aBToMaTHuecckoM pacno3sHaBaHHu peu He OBIIO.
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3a MocieqHHe Todbl mporpecc B cibepe auropHTMOB MalIMHHOro
o6ydeHHa H CO3JaHHA KOMObIOTepHOrTO OOopyAOBaHHa NocmyKHIn

TONTKOM K MOABeHHIO Oomee aideKTHBHBIX cnocoOoB obyseHHA

TayOoKHX HelPOHHBIX ceTei, COsepxallHX MHOXKECTBO CJIOGB

HeJIMHeCHHBIX CKPBITEIX 3JICMCHTOB HM OFPOMHBIX CJIOi C BbIXOJHbIMH

aHHbIMH, HYKHbIM At paOOTbI C OTPOMHBIM KOJHUCCTBOM COCTOAHH

CMM, xoropsie Bo3HHKaIoT OPH MOJcIMpOBaHHH KaxKJorOo 3Byka

OMPeAeMCHHEIM KONHYCCTBOM pa3IHUHbIX TPHTpaMMHBIX CKPBITBIX
MapkogpckHx MogeleiH, V4HTbIBAIOWMX 3ByYKH OOcHxX cTOpoH. C

TIOMOWbIO HOBBIX MCTOJOB OOyYCHHA  cpa3sy HeCKONbKO

HCCCJOBaTeIbCKHX Ipyni WO BCeMy MMpy CMOrIM MOCTpoHTb Kak
aKyCTH4eCKHe, TaK H sAB3bIKOBbIC HelipoceTeBble MOfeH, KOTOpBIIt

CHOCOOHBI TpeBpocxogquTh B 3pdexrupHocra CMM-mogenu ana

ABTOMAaTHYeCKOrO pacmo3sHaBaHH4t peyH; B HCCIe¢OBAHHAX
HCHOIb30BaIOCh OOMbIIOe pa3sHooOpa3ve HaOOPOB AaHHBIX, BKIHOUAT

OrPOMHBbIe MACCHBbI JeKCH4eCKHX JaHHbIx (Hinton G.et al., 2012).

OOyueHHe «B3bIKOBBIX HM akycTHueckHx HC-mogeneii oObmHo

IIpOHCXOAHT B ABa 3Tamla: B Hayae ONpeACIAIOWIMM MpH3HakH cOAM
TO OYepeAH MpHCBaHBaIOTCA HayaNbHbIc yCTAHOBKH © MOMOL[bIO

ToqOopa cTekoB reHepaTHBHbIX MOJeeH, KaxKIad 13 KOTOPbIX HMCeCT

OAMH CO CKPbITBIii TepeMeHHbIX — 3TH TeHepaTHBHbIc MOC
o6yyaroTca 6c3 Hcnomb30BaHHa Kakoli-mM60 6HtpopMalMH oO

coctosHuax CxppiTerx MapKxopckux Moseseii, KoTopble akycTHueckast

WIM s3bIKOBaI MOJeIb JoIKHa OyseT BbIACIMTb; BTOpoi 9Tan

IipeqnonaracT HCHOMb30BaHHe KaKIOH TehHepaTHBHOM MOZeIH B CTeKe
Id UpPHCBavBaHHaA HavabHbIX YCTAHOBOK OJHOMY CJIOKO CKPBITBIxX

30@MeCHTOB B IrmyOOKOl HeipOHHOM ceTH, Hocwe uero BCA CeTb

AubdepenuvatbHO HacTpawBacTca Wa peyqcka3aHHa HWCKOMbIX
coctosHHii CxppiTsrx Mapxopckux Mmogeseli. Oru cocTrosHus

BEIJCHAOTCA IPH MOMOWMH Oa30B0l CTaTHCTHYeCKOM CHCTeMBI Wa

TOTO, 4TOOBI Wpow3BecTH QHHaMHYCCKOec, MCKYCCTBCHHOe
BbIPaBHHBaHHe.

Buapl netipouupix ceteii
B cchepe apromaTwyeckoro pacno3HaBaHHA PCH MCHOMb3yIOTCH

HelPOHHbIe CCTH HECKONBKHX BUJOB.
Hetiponuere ceTH mpsmMoro pacpocTpaHeHua — MoJemM, HMcromHe

ONpeAeICHHY!IO CTPyYKTypy MH KOJMUCCTBO BXOJHBIX MH BbIXOJHBIX V3J10B

— 3TO Hadop CeHCOpoB, KOTOpPBIe cOOMparoT CHTHasIbl 1 MITHOBCHHO
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IipespawaroT HX B BbIXOJHbIC AaHHbIe. OOyacHHad HeiipoHHad CeTb
Takoro THMa Bcerga OyAeT BEIBOAMTh OAHH H TOT %Ke pesyIbTaT pH

BBoge. MHaye ropops, 3TO He 3aBHCAWad OT BPeMcHH MOgemb. K sTomy

THUY OTHOCATCA CBEPTOUHIC HepoHHble ceTH (CNN) — oH ABIAHOTCA
MON€3HbIM HHCTPYMCHTOM B 3aqauax paciio3HaBaHHa OOWHX Moserelt

curHanos. B aBToMaTH4cCKOM pacno3HaBaHHH pedH OHH MOTryT

MCHOMb30BaTbCA Ha BTale MpeqoOpaoorTKu, a TakoKe pH akyCTHYCCKOM

WM A3bIKOBOM MOJCIHpOBaHHH B TaHyemMe co CxppiTtpmu MapKopcKkumni
MogelamMH. B  wenoM, cCBépTOuHblIe HelMpoHHbIe ceTH ciado

addexrupypl B ASR, HW Hcnonb3yeTca B pacno3HaBaHHH ped TOMbKO

Aj BTOPHYHBIX 3a1a4.
TIpoOnembl aBTOoMaTHYecKoro pacno3HaBaHHa peyH moO cBOeMy

xXapakTepy CYUICCTBCHHO OTIMUYAIOTCA OT 3aa4, KOTOpbIe NPHXOAUTcsA

pemaTb cBépTOuHOM xHelipoHHoH ceTH. Bo-nepprrx, B ASR
HCBO3MOXKHO BLICTPOHTb HaOOp BXOJHEIX Y3I0B B COOTBETCTBHH C

ACHCTBHTCIbHONM JMHHOM MocTeqOBaTeIbHOCTH BXOJHBIX JAHHBIX —

ayquo (bali MOKeT OXBaTbIBATh MHJIMOHBI CJHHMW JaHHBIx. B To xe

BpeM4, KOHTeCKCT ompeyeNeHHOM 4YacTH BXOJHBIX JaHHbIX ¢ OombUelt
BCPOATHOCTHIO CBA3AH C BXOJHBIMH JaHHbIMH, OOpadaTEIBacMbIMH JO

tlocne Hero. EcTecTBeHHO, Jd peWeHHa 3THX MpOOMeM HCHONb3yIOT

yoke YOTOBbIC MHCTPyMCHTHI -— JOMONHAIOTCA cyecCTBYIOWHe
TCXHOJOPHH HeHpOHHBIX CeTeH: B MOJCIH BBOJHTCA 6pemaA.

Takue HelpoHHble ceTH Ha3bIBaroTCA pekyppeHTHbIMH (RNN).

BprxogHble TaHHbIe Ad ompezeneHHoro HaOopa BXOJHBIX JaHHBIX B

HHX OCHOBbIBaCTCA TakwoKe Ha Wpeyblyqyuiem BBoge. KoneuHo, Taka
CTpykTypa Toke MMeeT CBOH HeJOcTaTKH, WH co3qaéT MHOFO HOBBIX

mpo6mem. Hanpumep, He OYCBHAHO, HaCKONbKO CHIbHO B Tpomoe
WOWKHa CMOTpeTb CHCTeMa, YeHepHpylO BbIXOJHBIC aHHble.
Heiiponupie ceTH JONTOH KpaTKOCpOUHOM MaMATH TIBITAIOTCA PCLT

9Ty WpoOmemMy — OHH BBOAAT CHeMHabHble y3iIbl, KOTOpble CMCLIMBarOT

NOcHeqHHH BBO c Gomee paHHHMH BXOJHbIMH Ja@HHbIMH.
Kak mpaBuiio, BC¢ HCHPOHHEIC CCTH C BPCMCHHOM 3aBHCHMOCTbIO, TO

eCTb Te, YTO OOpabaTHIBaIOT NIPeALIAVLIMe BBObI Wt TeHepHpoBaHHa

BEIXOJHBIX JaHHbIX, CHHTaroTcd IyawHMU HC gana padorsl c peabio 1

TCKCTOM, HO p€KYPPCHTHbIC HCHPOHHBIC CCTH BbIACIMIOT Kak
Kpynuenimi Kyiacc TakKUX MOZeeH.

Heiipouupie ceru addexTuBHbl B 3afauax MOJeTMpOBaHHA

HCMHHCHHbIX H MOUTH HeOIMHCHHEIX (yHKUMH, OfHAaKO OHH paooTaioT
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KOPPCKTHO TOIbKO pH OOpaooTKe KOPOTKHX TIO BpeMcCHH CHTHAaIOB;
eCIH Jeo kacaeTcs HeMpepbIBHOM eCCTeCTBCHHOM ped, TO HelipoceTu

MOUTH He clipaBladoTca c MOcTaBIeHHOH 3agayelt — DL HecnocoOHo

MOJCIHPOBaTb BPCMCHHEIC 3aBHCHMOCTH Jd MpodOWKHTCIbHBIX
curHanos (Audhkhasi et al., 2018). Ho, Hecmotps Ha 3TO, HelpoHHbte

CTH UIMPOKO HCHOUb3yIOTCH KaK HHCTPyMeHT pesoOpaoorKu ANA

OCHOBaHHBIX Ha CMM cucrem pacno3HaBanua pew (Abdel-Hamid et

al., 2014).
K npeumyurectaam DL wag CMM moxHo oTHeCTH TO, 4TO

HelipocetreBoii KomMnoHeHT ASR Bcerga ABAMeTCA CQHHOM CHCTeMOm: B

CTATHCTHYCCKOM PachO3HaBaHHH peu pa3HbIc MOAYIH WpHtoKcHHA
HMCHOMb3YIOT pa3HbIec MeTOAbI OOyUCHHA, a 3HAYHT BCC KOMMOHCHTHEI

TpeOyrOT OTACIbHOM HesaBHCHMOM onTuMH3ayHH. OOyueHHa TaKOii

CHCTEMBI — MIPOLeCc OUCH CNOXKHBIM HW 3alyTaHHBIi. Hetipouupire ceTu

He OOMayaroT 3THM HeAOCTaTKOM ¥H43-3a CBOCH LWeNbHOCTH — JarKe
THOPHAHbIC CHCTeMbI ONTHMH3HpyIOTCA Terue pH HamWuHH B HX

koMNOHeHTOB DL u3-3a Toro, YTO Ad HX OOyaeHHA TpeOyeTca JHLIb

ogHa PYHKUMA, NOAXoAAWad HOA KpHTepHit OKOHYATCIBHOM OL|CHKH —
TpeOyembIii OOmei ONTHMH3alHeli MOKa3aTedb.

Kpome Toro, ocHoBaHHEIe Ha CMM mogenu Tpe6yroT BTOpH4Hol

oOpaOorkKH BBIXOJHbIX JaHHbIX, Tak kak pesyabTaTs1 ASR uMecroT
ocoOoe mpesctaBleHue BHyTpH cucTempl. DL xe B CBOKO O4epeyb

MO3BOMACT MOCHeCAOBaTCIbHOCTH BXOJHBIX JaHHbIX COBMCINaTbCs

HalpaMy}o © BbIXOJHbIMH JaHHBIMH, TCKCTOM.

HetiponHpre ceTH, OJHaKO, UpOHrpbiBarwoT cTaTHCTHueccKHM
MOJeIMM B padoTe c eKcHueckKHMH JaHHbIMu. CMM umeror

HONMONHHTCIBHBIC AZbIKOBbIC MOJCIH, UeMb KOTOPbIX — CO3JaBaTb AIA

CHCTeMBI HaOopbl JIeKcWuecKHX JaHHbIX. B Mmogelsx rayOoKoro
oO6ydeHHa 9Ta JIekcHka 3ayaHa JMUIb oOydaIolWjHMH JaHHbIMH —

TpaHCKpHOHpPOBaHHbIMH BPYYHY!O YeCOBCKOM TeKCTaMH, H3-3a 4ero

OXBaT MOJeIM OYCHb OFpaHHeH, 4TO BeseT K NpPOOemaM B paOore c
JMHTBHCTHYCCKH pasHoOpogyHoBbIOOpKOH.

K munycaM HeifpoHHpcereti B ASR TakoxKe MOoxKHO OTHCCTH TO,

YTO OHH, B OTIMUHH OT CMM,tpe6yer pa3paboTKH NOYTH Cc HYIA DAA

OONbLIMHCTBA CepBHCOB — KOMMaHHH He TpaTAT BpemMa Ha co3qaHHe
HOBBIX ATOPHTMOB pacnosHaBaHHsA peuH TOKO payu BHezApeHua HC;

yIYUWIeHHe yoke HMCKOLWUMXCH MeXaHH3MOB cHOcoOHO MOKa3aTb

OObCKTHBHO Jy4WH pe3yibTaT, KpoMe Toro, 9TO He TpeOyeT
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ONTHMH3alHun BCe€H CHCTCMbI K HOBbIM alrOpHTMaM — OOHOBJICHHE

OJHOrO KOMNMOHCHTa He BIHAeT Ha crpyKTypy (Wang, Wang & Ly,

2019).

JIna cpapHenus 3ddeKkTHBHOCTH CHCTeM pacno3HaBaHHa peu B

cdepe ASR cymlecTByeT HeCKOMbKO pa3HBbIX CTaHJapTOB H3MepeHHsA

TOUHOCTH, OHHM 3 KOTOpPbIX «BAseTca WER (worderror rate, acrota

OWHOOUHBIX COB) — OOMcTaHyJapT u3MepeHHaA TOUHOCTH paOoTEI

CHCTeM pacno3HaBaHHa ped HW aBTOMaTH4ECKOrO MepeBoga. B ocHoBe
9Toro cTaHyapTa jexKHT peyakuHMOHHOe paccTosHue JleBenuteiina,

paOotaroulee Ha ciOBecHOM ypoBHe. Konuenuua WER j”opoabHa

Tpocta H HHTYHTHBHA: HeMpaBHIbHO pacMo3HaHHble COBO WeaATCA Ha
TIPAaBHJIbHBIC CIIOBA.

BuyTpu 2xe cTaHyapTa W3MepeHHa OWMOOUHBIX COB MpOuecHT

HeBEPHOFO pesyAbTATa paCCUHTbIBACTCA MO KOMYCCTBY COB, KOTOpBIe

OblmH yaaneHpr (deleted), sameHeHpr (substituted) uma joOaBmeHbt
(inserted) B npoyecce oOpaSorkKu peau. AnropuTM JenMT CyMMy 3THX

CIOB Ha KONM4CCTBO COB, KOTOPbIC JOIDKHbI IPHCyTCTBOBaTb B

texcte. J] onpeszeneHua opaBuabHocTH oOpaOoTaHHoro TeKcTa
TpeOyeTca 3TaIOHHad pacumMdpopKka ayquo3amucu, mporu3BeqéHHas

YeIOBCKOM BPY4HYO.

HaneHve + 3aMeHa + WOOaBsIeHHe
WER = y 

KOJIMYECTBO CJIOB B Py4HOH paclunppoBKe

@Popmyaa |

WER umeeT HeCKONbKO HeOCTaTKOB: OH He padoTaeT ¢

NyHKTyayHel, © oOcoOcHHOCTAMH pe4HH YoBopsuiero; ommMOKH,

CBA3AHHBIC CO CJIyKCOHBIMH CHOBAMH, OH OOpabaTHIBAaeT HapaBHe CO

3HAMCHATCIIbHBIMH; 2KECTKO OMpedemsoTca Toone OWIMOKH B TeKCTEe

(TIOMHOCTBIO HEBEPHOe COBO OCOpadaTHIBacTCA TaloKe, KaK H COBO C
OJHUM HeBepHbIM CHMBOI0M). Ho Hecmorps Ha 3T0, WER cuntaetca

I[CHHbIM HM OUCH MOMe3HbIM MHCTPYMCHTOM CpaBHeHHA pa3HbIxX CHCTeM
oOpa6otKu peun (Wang, Acero & Chelba, 2003).

IKchepHMeHT
Cuctempr ASR cocTosT H3 JBYX OTHOCHTCIbHO He3aBHCHMBIX

KOMMOHCHTOB — AKYCTHUCCKONM WH A3bIKOBOM MOJeM; YaCTH CHCTeMBI

HepeykO HCMoOmb3yIOT ANA padorbl pa3Hbie TexHonormu. na
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cpaBpHeHua 2ddextuspHocra HC u CMM B= asromarwueckom

pacnosHaBaHHu peu cieAyeT aHaNH3HpOBaTb BbIOOPKy, COCTOMLLYIO
M3 C€pBHCOB, HCMOMb3yFOWMX kak CxppiTpre MapKopcKkve MoyemH, Tak

WM HeMpOHHbIe CeTH B AKYCTHYCCKOM H ABBIKOBOH Mogemax. CpaBHuBad
MexKAY COOOH CepBHCHI C OJHHAKOBbIM MCXaHH3MOM paOoTHI B OHOH

TOW %Ke MOJeNH, a 3aTCM CpaBHHB HX C CepBHCaMH, Te Ta %*Ke MOJCIIb
OCHOBBIBaACTCA Ha JPYFOM MeTOZC, MOXKHO CyelaTb BBbIBOZbI oO

yCMemHOcTH paOoTs! alrOopuTMoB.
TakuM o6pa30M, MHHHMaIbHoe KONMYeCTBO TpeOyeMBIX JIA

aHaM3a cuctem — 4: MONOBHHa M3 HHX HMCeT B OCHOBE CBOHX

ABbIKOBBIX MOgeneH HC, gpyrar — CMM; To xe camoe uc
AKYCTHYECKOH MOJCIIbIO.

 

 

      

AxkycTw4eckoe Heiipouuste ceTu Cxppirpie

MOJCTHAPOBaAHHe Mapkosckuve MoyemH
Souxonoe

MOJeIMpoBaHHe
Hetipouusre Google Cloud Microsoft Azure:

MOJenH Speech API Speech API

Cxppitaie Amazon IBM Watson

Mapkoscxkue Mogenn Transcribe AWS Speech To Text

Taésuya 1

JIugeppt oOmacTH HepeazKO mpesoctaBasaror pa3paO0oTauKaM
OTKPBITHIM JOCTyN K IporpaMMHOMy HHTepelicy cBOHX MpHoOxKeHHIt

(API); ero yaoOHO Hcnomb30BaTb B 3aaue CcpaBHeHHa TOUHOCTH
paOoTel pa3HbIX CHCTeM pacnlo3HaBaHHd ped.

IIpunoxenue Google Cloud Speech API or komnanuu Google

MO3BONAeT paspaooTuNkaM HCMoMb30BaTb upoctow API ana nepeBoga
%KHBOH pew B TekcT Ha 120 a3pIkax HM AManeKTax. Bce KOMNOHCHTEI

ASR or Google pa6oraror Ha OCHOBe HeHpoOHHbI ceTeli riyOoKoro

oOydeHHA, B YACTHOCTH, PeCKYPPCHTHBIX HeHPOHHBIX ceTAX oNroit

kpaTkocpouHon namatu (LSTM RHC).
LSTM RHC taxwxe ucnomp3yroTca «8B pHnoKeHHM ANA

ABTOMaTHYeCKOrO pacnosHaBaHHa pew or Amazon pv akycTH4ecKOM

MogemuposBaHun. Transcribe AWS noggepxupaet 24 s3pka H

WualeKTa, a OCOOCHHOCTbHO CepBHca ABIACTCA NpPOCTOe H HHTYHTHBHO

NOHATHOe oCaBIeHHe cOOcTBeHHOrO)§ cioBaps. A3bIKOBOe xe
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MOJCIHpOBaHHe CHCTeMa BbITIONHAeT Cc TOMOLbIO CMM.
Cxppitpie Mapkospckue Moyen COBMeCTHO CO CBépTOUHBIMH

HCHpOHHBIMH cCCTAMH COCTaBIMIOT OCHOBY  akyCTHuecKoro

MogenupospaHua B ASR-cepsuce ot Microsoft (Képuska & Bohouta,
2017). B Azure Speech API a3p5rkoBpoe MoJemupoBaHHe WpeACTaBleHo

ToIbKkO cBéprouHpimMa HC. ASR-cuctrema Microsoft pacno3Haet 8

ABbIKOB H AHAsICKTOB.

IIpunoxenue Watson Speech To Text, B cBor oueperp,
OCHOBBIBACTCA OHOCTbIO Ha TpadHWHOHHOM cCTaTHCTHMeCKOM

mMetoge. WM axyctwueckad MOJeIb, H A3bIKOBat padoTaKOT C MOMOLIbIO

TexHonorHH CxppiTprx Mapkopcxux mogeseli. Ceppuc or IBM
nozyepxuBactT 14 s3bIKOB HH AMalcKTOB.

JIna cpaBHeHHa CHcTeéM aBTOMaTHYeCKOrO pacno3sHaBaHHa ped Hx

arOpHTMbI TecCTHpyHOTCa Ha aygHo cemmiax »xMBOH ped. IIpu
paspaborke ASR pa3pa6oTaHKH 3ayaTylO HONb3yIOTCA KPyNHbIMH

S3bIKOBLIMH Mea kKopmycaMH — B HHX MpeCTaBIcHbl aHHble,

MOQOOHEIC TeM, C KOTOPbIMH CHcTeMe MpHxoguTca paOotaTb B cé

OOBIMHOM CLUcHapHH HCNONb30BaHHA; HaMpHMep, CaMbIii H3BCCTHBII
HaOop JaHHBIxX ia TecrupopanHa ASR, xKopnyc Switchboard,

BKIFOUaeT B ceOs UpHMepHo 260 yacoB ayqHO 3amHCaHHBIx

TeMePOHHbIX PasrOBOPoOB.
OqjHako 4a cpaBHeHua 3dcdexTHBHOCTH paOOTbI KOMMOHEHTOB

ASR-cvcTembl, ropa3g0 UpakTH4Hee MCHOMb30BaTb  CIICWHasbHO

cO3JaHHble HaOOpbl JaHHbIX McHbUIero OObéMa, yAOBJICTBOpAFOWMe

TpeOyeMbIM KpHTepHaM JaHHoro HcceqOBaHHA.
Ina oskcnepuMenta Opimm orodpanpr 14 ayguo  paiinos

MpoOMKUTeMbHOCTHIO OT | Wo 10 mMunyT. B BEIGopKe npHcyTCTByIOT

IIPHMepbI 2KHBOH CCTCCTBCHHOM ped pa3HbIX AHasICKTOB HW AKICHTOB
aHTIMMCKOrO, 3aMHcaHHbIe B pa3HbIX YCIOBHAX: OT BbIpe30K H3

HOBOCTHBIX ONOKOB JO ayHOCOoOuIcHHH, 3amMMcaHHbIX C MOMOLIbIO

MOOHNbHOrO ycTpolicTBa. AyaMO CeMIIbI ObIIH H3BICYCHbI 43 BUCO

Ha YouTube (sce ponuku uMeroT mHMeH3uIO Creative Commons) 4
KOHBepTHpoBaHb! B (bopMar WAV, Tak kak ceppucer ASR xyxe

paOoTaror co CoKaTBIM ayAHO.

Kaxjomy ayauo dbaiiny Obla npHcBOeH HHAeKC — KOpOTKOe uMa,
Ooee NpakTHYHOS Wy HCMOMb3OBaHHA B 9KCIICPHMeHTe:

“afr” WpeazcTaBlacT UpuMep ecTecTBCHHOM ped Ha atbpHkaHCKOM

BapHaHTe aHIMHiickoro a3blka ToBOpsMci-KcHUMHE. B cemnue
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MIpHCyTCTByeT MY3bIKAJIbHBIM (POH HM UIyYMbI, Ha 3a0HeM TaHe TakxKe

pa3iIH4HMpI ronoca Apyrux ropopswmHx. TpozomxutTenbHocTb ayo —

6 muHyT 5 cekyHZ.

@Maiimbr c WHAeKCOM “am” -— puMepbl aMmMepHKaHCKOrO

pa3sroBopHoro aHrmMlickoro:
“amnews” — OTpbIBOK 43 HOBOCTHOrTO O0Ka; B_ dpaiie

IIpHCyTCTByeT PCUb HCCKONbKHX TOBOPALIMX, MY3bIKaIbHBI (pou,

pasnHuHpte utyMBl. [TTpogomxutenbHocTa ayauo — 9 MunyT 25 cexyH.
“am_rus” — (palit c MpHMepoM peyH My2K4HHbI, ropopsljero Ha

AMePHKaHCKOM aHTJIMHCKOM, KOTOPbIM HMMeeT aKIeHT, XapaKTepHblit

Aa HocuTeneH BOCTOUHOCNaBAHcCKorO a3biKa. Ha 3aqHeM muaHe
HpucyTcTByroT wyMpl. [poxzomxutTenbHocTb ayquo — 3 MuHyTHI 27

CCKYH.

“amtalk” — orpbIBOK AMatora 43 AMePHKAHCKOrO Te/IeBH3HOHHOTO
moy. Tosopsmue - MYykKIHHa HW KCHUIMHa, HOCHTCIH pa3HbIx

WWaneKTOB aMepHkaHcKoro aHrumiicxoro. Ha tone mpyHcyTcTByIOT

HeSHAUHTeIbHBIC LIMB. [IpoqomKuTenbHOCT ayqHo — 3 MHHyTEI 26

CCKYH.
“amrl”  -— upumep %x*HBOrO MOHONOra HOCHTeIbBHHIBI

KalHopHHickoro BapHaHTa aMepHkaHcKoro aHrmHiicKoro. B datine

HWpakTHeCKH OTCYTCTBYHOT KakiHie-1H60 uyMBI. [TpogomKuTenbHOCT
ayquo — 2 mMunyTsl 40 cexyHa.

Vugexc “br” o603HayaeT mpHMepEI ped Ha OpHTaHCKOM BapHaHTe

aHTIMHCKOro:

“brnews” — OTPbIBOK 43 OPHTaHCKOrO HOBOCTHOrO Woy — Hape3ka
M3 WHTCpBbIO MCCTHBIX HomMTHKOB. B ayguo mpescTaBneHa peub

HCCKOJIBKHX TOBOPALIHX; Ha 3aHeM Mahe MpHCyTCTBYIOT pa3IH4HBIC

LIVYMBI HW My3bIKabHbI cou. TpoyomKutTenbHocTb ayaqHo — 2 MHHYTEI
55 cekyHA.

“brpodcast” — OTpbIBOK AHatora HOCHTeIeH My2KCKOrO Hola 3
moy-nogKacta. B dbaiine mupakTwecku OTCYTCTByOT KakHe-11H60
wyMbl. [IpoaqomKuTenbHocTb ayquo — 2 MuHyTpI 51 cexyHya.

“br_rl” — 2%HBOH MOHONOr HOCHTCIbHHUBI CycceKcKoro JHaleKta

aHrmulickoro a3bika. Ha done NpHcyTCTBYIOT He3HAYHTesIbHBIC LWIYMBI.

TIpogqomxutenbHoctTs ayguo — | Munyta 32 cexyHABI.
“brvoicemess” — romocoBoe coobmleHHe, MOHOJOr, 3alHCcaHHblit

MYX4HHOH-HOCHTeNeM  OpHTancKoro  aHrmHiicxoro. B  daline

HWpakTH4eckH OTCYTCTBYIOT KakHe-1H60 WYMbI, HO ayqHO oTmMuacTcsa
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HH3KHM kKayecTBoM 3amucH. [TpogomKuTembHOcTh cemmma — 1 MuHyTa
22 CeKYHABI.

“hk” — mpejactaBisaer coOoli 3amvch rooca MyKYHHbI, rOBOpALero

Ha TOHKOHICKOM BapHaHTe aHrmuiickoro. Ha cone mpHcyTcTBy1oT
HeSHAUHTeIbHBIC LIMB. [IpoqomKuTenbHOCTb ayqHo — 2 MuHyTEI 47

CCKYH.

Cemmibl ¢ HHOeKcoM “ind” — npwMepbl peyH aHTIOroBopsLHx,

MMCHOWUMX aKUCHT, XapakTepHbi Qa a«KuTeneH Maguu u Maxuctana:
“ind_br” — MoHnonor HocHTeId OpuTaHcKoro§ aHraMiicKoro

MyKCKoro noma, oOnafarowero HHXHcKHM aKuecHToM. B  dpaline
IIPHCYTCTBYIOT HC3HAYHTCIbHbIC LIYMbI, HO aYHO OTMMMACTCA HH3KHM
KayecTBoM 3amHcH. IIpogyomKutenbHocTb cemmna — | MuHytTa 27

CCKYH.

“ind_news” — OTpbIBOK 43 HHJHiickoro TeleBH3HOHHOrO Woy. B
CeMIIe MpHcCyTCTByeT pc4b HCCKOJbKHX YTOBOPALWIMX, a TakxKe

MY3BIKQJIbBHBIM (POH HW pa3mH4Hble WyMbI. KayecrBo 3anvicH — HH3Koe.

TIpogqomxutenbHocTs aygquo — 2 MuHyTpI 24 cekyHIBI.

“mpl” -— qbaiin, koTopplii upeycTraBaaer coOol HHTepBbIO Cc
HCCKOIBKHMH HOCHTCIHMH pa3HbIX BapHaHTOB 4H aKICHTOB

aHrTmulickoro s3bika. B 3amHcH MPHCyTCTByeT MY3bIKalbHbI (oH u

pasnmuHpre wymet. [IpoqomxutembHocTtb aygquo — 5 munyT 32
CCKYHAEI.

J[na kaxxqoro 3nemMeHTa HaOopa JaHHbIXx OI co3qaH (bali cbopmata
TXT c TpaHckpHOupopaHHbIM BpyYHy!O aygqHo. OTH TeKCTEI

TIPHHHMarFOTCa’ 3a 3TAaNOHHbIe AaHHbIe (Ground Truth) — c Humu
CpaBHuBaloTca pesyubTaTHI paGoTEr ASR-cuctem. Jaa TecrupoBaHusa

BaKHO VMMCTb MaKCHM@aIbHO OxoxKHe JaHHbIc, OSTOMY MpH

TpaHcKpHOupoBaHHH TeKCT ObIT HOpMaH30BaH Cc y4éTOM
OcoOCHHOCTeH HaLIMX CHCTeM — B HHX OTCYTCTBYIOT IVHKTYal[HOHHEIC

3HaKH, IpOmucHbie OyKBbI 4 4MCa (KaK WHdpbl, Tak H COBa).

YIna padotsr c API mnpwnoxKenui gala aBromaTwuecKkoro
pacno3HaBaHHa ped ayqHo ceMMmIb 43 BbIOOpKH COpabaTHIBaIoTca C

MOMOLMbIO NporpaMMBI Ha A3bIKe Python.

Google Cloud Speech API

Jlocryn x API Google Cloud Speech ycnosHo OecnmaTupi —
WACHTHpUuKaWMA OMb30BaTeMbCKOrO Tapudba OcyecTBAAeTCA Cc

MOMOWbIO CieywambHoro Koroua. Ha calire mpoekta npeycTaBlecHa BCA
HyKHad JOKYMCHTAalMaA O CepBHce, a TakxKe MOApoOHad HHCTpyKuUMA
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Aa paspaOoTdHKoB.

Google mpeaznaraer Tp Buga ASR: noroKoBoe pacno3HaBaHue,
pacno3HaBaHve JIMHHBIX (baiimoB (4epe3 crelMatbHoe oOmadHOe

xpanuaume Google Cloud) u pacno3HaBaHue KOpoTKHx dbaiimoB (70 60
cekyH). Ja uccieqOBaHHA MbIl MOXKEM BOCIIONb30BaTbCA MOCIeCHHM

BapHaHToM oOpaOaTEIBad COMIMIbI 10 YacTaM.

OOpaoTaem HalayJHO CeMIMIbI C MOMOMIbIO MporpaMMbl Ha

Python (Google Take mpengnaractT cmé 9  aAB3bIKOB
porpamMMuposanna). Ham dain gomKen Obirb TpancKpHOupoBaH, u

pesyaprat ASR 3anucan B cbaiin dopmata TXT c Tem »%e HHAeCKCOM,

YTO H OPHIHMHaIbHbIi, HO C mpedbuKcom “gc”.

IBM Watson Speech To Text
B ASR-cepsuce ot IBM pacno3HaBaHHe JMHHBIX ayAMO JOCTYNHO

JOKaJIbHO, HO3TOMy porpammaja Watson Speech To Text paSoraer
c wUerbimMu cemimamu. KommaHua TakxKe mpeqocTraBiaeT BCIO

AOKYMCHTallHio H HHCTPYKUHIO Id CHCTeMBI Ha cBoémM calite. IBM

Watson Speech To Text - 9To ycnoBHO OecnnaTHbIi mpoeKT;

HOMb30BaTeIb HACHTHPUuUMpyeTca NO HHAMBUAyanbHOMy Kurody. Kak
MW MpevAbIAyulad, JaHHad MporpaMMa 3aMHCbIBacT BbIXOAHIC JaHHBbIC B

HOBbIM (bali C HHACKCOM OPHTHHaIbHOrO TeKCTa, HO c 4OOaBJIGHHbIM

ipedbuKcom “ibm”.

Microsoft Azure: Speech API

Kak wu upegprqyume ceppucsi, Azure: Speech API — ycnoBHo

OecnaTHBIit. Komnanua TaKKe mpeymaraet TIOTOKOBOe

pacno3HaBaHHe, H pacno3HaBaHve OombINHxX HM MalBIx (paiioB, cpequ
KOTOPBIX MBI CHOBa BbIOMpaem nocmegzHee. JIia uscHTHpuKaynn

nonb30Batena Microsoft ucnomp3yeT muuHbii Kod. Berwogx JaHHblx

IpOHCXxoguT B (balic upeduKcom “ms”.
Amazon Transcribe AWS

B ceppuce pacno3HaBanHua peaH or Amazon ecTb dyHkKuMA

oOpaSoTKu ayavo dbaiinoB Cc NOMOIMbIO BUPTyaIbHOH MamwuHp. Har
HaOop JaHHBIX 3arpyxKaeTca B OOMadHOe xpaHHaMmje Amazon, rye MBI

wu paOotaem c HMM. Torosple BbIXOZHbIC JaHHbIe MbI MOyyaeM B

tbopmate JSON - koxnpeptupyem ux B TXT dbaiimnr c mpedbuKcom

“amazon”.
He Bee mpeactaBieHHble B BEIOCOPKe NPHIOKeHHA HMeCIOT OMLIHIO

BbIOOpa AHaeKTAa A3bIKa JA pacMO3HaBAaHHA, MOSTOMY AA YHCTOTEI

SKCMepHMeHTa HCHOMb3yeTca HOO pacmo3HaBaHHe C MOMOLIbIO
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CTaHAapTHOH ONWHH It aHrMiickoro #3bIka, MHO00 aMepHKaHCKuli

BapHaHT aHrIMicKoro — BbIOOp sTOM ONWHell MOTHBHPOBaH TeM, TO,

Aaa paOoTbl Ha pbIHKe cTpaH CepepHot Amepuxu, ASR-cucrempr

HOWKHI OONayaTb BO3MOXKHOCTbIO pacnosHaBaTb Oonee WHpoKHii
Wuama30H (POHONOTHYCCKHX KOHCTPYKUMH; 9TO CBA3AHO C TEM, TO B

Kanage u CIUA mpucytcrsyer Oompuioe KOaHYeCTBO pa3HUHBbIxX

AKICHTOB H AHasICKTOB.

PesyibTaTb pacno3sHaBaHHa TpaHCKpHOupyroTca TeM 2Ke CIOCOOOM,
YTO H 9TANOHHEIe TekcTH. Kak yxe ynomMuHanocn, Bce ASR-cepBHcer

paOoTaroT M0-pa3HOMy: OHH pacno3HaroT 4Hca Kak cOBa, Apyrue —

Kak UHMpbl; HEKOTOPbIc CHCTeMbI YMCIOT pacno3HaBaTb HHTOHALHIO
paccTaBIATb MYHKTyaHOHHbIe 3HAKH, OCTaIbHbIe — HeT. Bce TeKcTEI

IIpoBepsiOTcaA H peakTHpy!IOTCA BPYYHYIO — JaHHble UPHBOAATCA K

MaKCHMalIbHO TOXOXKEMY BHAY, MPH 3TOM B HHX He H3MeHAIOTCA CaMH
TpaHcKpHOHpoBaHHble CAOBAa — MPHHUMMHaIbHO BakKHO COXpaHHTb

omuOKu, KoTopble cAenamu ASR-cepsucer (Zechner & Waibel, 2000).

C nomoubro MMnopTHpoBpanHoro) =Mogzyia WER Bs Python

TpaHCKpHOMpoBaHHbIc TeKCTh! CpaBHHBaIOTCA C OpHTHHasIbHbIMH
qaHHpmu. TlomyaeHHbie pe3yibTaTbl BHOCATCA B OObeCJHHGHHYIO

TaOmMuy, rye TakkKe paccuHTbIBAcTCA cpegzHee apudmMerwueckoe

3HayYeHHH — oeHka oOmeli TouHOcTH cucrem. Jina yaoOcTBa
pe3yIbTaTbBl TeCTHPOBaHHA TpeACTAaBIAIOTCA B UPOWcCHTax, a Wpoou

cokpalaroTca JO COTBIX.

Pe3yabTaTbi H o6cyaaeHHe
Ilo uroram TecTHpopaHua cuctem ASR MooxKHO CYJHTb O TOM,

KakOH H3 MCTOJOB aBTOMaTHYCCKOrO pacio3HaBaHHA peu ABIACTCA

Oonee scbibekTHBHEIM. OOmjad OlleHKa TOUHOCTH TOBOPHT O TOM, 4TO

pwHioxesua or Amazon u IBM amyume octrambHpIx pacmosHaroT
XKHBYIO pedb; xy2Ke Bcex — cepBuc oT Microsoft. To ecTb cucTempI c

A3bIKOBbIMH MOJ.CAMH, OCHOBAHHEIMH Ha CMM,apmarorca HanOomce

addexTuBHbimu cpezctBamu ASR. Google Cloud Speech API
MOKa3bIBAacCT YOBNCTBOPHTCIbHBIC pe3yIbTAaTHI, W3 4eTO MOMKHO

ClelaTb BbIBOX O TOM, 4TO rayOokoe oOyyeHHe TaloKe Nome3HO Wa

AB3bIKOBOH WH akyCTH4ecKOH Mogelel, a mpoOmema Microsoft Azure:

Speech API 3akmroyaetca B MIOXO ONTHMH3alHH akycTHueckol YacTH
IIpHAOKeHHA WHOO cé COBMECTHOH paooTEI C A3bIKOBOM MOJCIBIO.
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amazon ibm ge ms

afr 37,56% 49.39% 53.26% 45.53%
am_news 7,16% 21,34% 16.75% 31.21%
am_rus 21,83% 26.42%} 30.45%  36,33%
am_talk 29.92% 37,95% 57,12%| 37,69%
am_rl 24.52% 33,25% _48,34% 100%
aus 36,53% 56,62% 68.37% 42.52%
br_news 24.74% 41.23%]  51,54%|  67,35%

st br_podea 42.11% 55,63% 69,36%  61,93%

br_rl 27,84% 51,89% 44.30%  40,50%
mpl 21,35% 26,82%  36,58%|  46,60%
hk 16,80% 18.13% 20.53% 43.46%
ind_br 18.11% 25,66% 32.07% 27,16%
ind_news 39.57% 50,63% 44.25% 80.42%

nenee 10,66% 11,33% 13,33%|  44,66%

Oomas 35.66% 36.16% 41,88 50,38
ouenKa , , % %

Tabésuya 2
 

Hetipocetepaa akycTHucckad MOJelb NWoKa3biBaecT ceOd MyaMe B
pacnosHaBaHHH pa3HbIX HaICKTOB HM aAKUCHTOB s3bIKa; CxpbiTbIC
Mapkosckve MogeqH mpourppiBaror riayOoKoMy oOy4deHHIO B

AKYCTHYCCKOM MOJeIMpoBaHHH. XyxKe BCCX CHCTeMbI CMpaBHJIMCh C

adpukaHCKHM H OpHTaHCKHMH BapvaHTaMH aHTIMlcKoro, OJHaKo,
CTOHT 3aMCTHTb, UTO C pacno3sHaBaHHeM OpHTaHckoro aHrmHMiicKoro

Hemmoxo copaBusica ceppuc or Amazon - 3TO FOBOpHT oO TOM, 4TO

o6yueHHe MOoyenelH mpowcxogMao Ha orpaHWueHHo B HaleKTHOM
pa3HooOpa3HH BEIOOpPKe AaHHBIX.

Kpome Toro, akycTH4ecKOMy MOJCIHpOBaHHIO Ha OCHOBE

HeHpOHHBIX CceTeH yume AaéTca pacnosHaBaHHe HeYEéTKOH HW TOXO

pa3iM4uMoH pew Cc MYy3bIKOM HW IWyMOM Ha (OHe: 3TO MO2XKHO

HaOMOcaTb UpH cpaBHeHHH pe3yibTaTOB pacno3sHaBaHHa CeMIMIOB

“afr”, “am_news’”, “br_rl’, “br_podcast’, “ind_news”.

Camplii Iyape3syibTaT pacnosHaBaHH JaHHbIX MpHHaAexKuT
Amazon Transcribe AWS Bs aiime “amnews”. Hanxyaumeec
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pacnosHapaHHe nmoKa3an Microsoft Azure: Speech API 8 “am_rl” -
uuyekc WER noka3biBaeT CTONPOLeCHTHy!O HeTOUHOCTh. OueBuzHo,

YTO JaHHBIi pe3syibTaT — oumMOKa W3MepeHHa, Tak Kak IPH PpydHOM

aHav3e JOKYMCHTOB MOXKHO BHAeCTb, 4TO TeCKCTBI 44aCTHUHO
cOBNagqarwoT; UpHuHna Takoro mupocuéTa ckopee BCcero kpoeTca B

HeOe3ympedHOoM amroputmwe WER uu B cabo akycTu4eckoli

oOpa6otKe ceppuca Microsoft — npunoxeHua He CMOrdO pacno3HaTpb

Ueble Penk ayAuo caiina.

Barworbi

AHasIM3 NOWY4CHHBIX Pe3yIbTAaTOB CpaBHCHHA MoKa3al, YTO CaMoli

adiekTHBHOH sBIeTCH cHCTeMa, y KOTOpOM akycTH4ecKoe
MOJe¢IHpOBaHHve OCHOBAHO Ha paOoTe HelpPOHHBIX CeTeH, a A3bIKOBOe —

Ha CMM.Heiipocerespie a3bIKOBbIC MOJCIH B ICOM OKa3aIHcb McHee

acddexTuBHbI 4em ctTaructuueckue. Hanporup xe, akycTHueckue
MOJeM, OCHOBaHHBI¢c Ha MexaHH3Max Cxppireix MapKxoscKkux

MOJeleH, CHpaBaKOTcCaA Cc 3afauell pacno3HaBaHHa peyH xyxe

HeHpocereBbix aHaOroB — B OCOOeHHOCTH 3TO KacaeTCa TIpHMcpoB
HeCTaHAapTHOH peau.

B esoM, MOxKHO CelaTb BbIBOA O TOM, 4YTO TOUHOCTh padorsl

CHCTeMbI ABTOMATHYECKOrO pacno3HaBaHHA pedH O4eCHb CHIIbHO

3aBHCHT OT ONTHMH3alMH paOoThI eé 93ICMCHTOB — kak M0
OTICNIbHOCTH, Tak H BMecTe. OTCYTCTBHe ONTHMH3alIMH B CTpyKType

AaBTOMATHYeCKOrO pacno3HaBaHHA pedH MpHBOAHT K TOMY, 4TO

Pe8yIbTATHI paOOTHI NPHIOXKeHUA MOTYT MOKA3bIBATh CTOMPOLMeCHTHYO

HCTOUHOCTh pacho3HaBaHHA MPH %KeCTKOM CpaBHeHHH cCTaHJapTOM
WER HecMmoTps Ha TO, 4TO AKYCTHUCCKOE H ABBIKOBOC MOACTHPOBaHHA

cucTeMa BbInoMHAeT ycnemHo. M rayOoxoe oOyucHHe, H CxppITEIe

MapkosckHe Moje, H THOpHAHBIC MeTOABI — BCe OHH 3(pdeKTHBHbI

TOIbKO TPH yCIOBHH, eCIH MpHoKeHHe ObII0 MpaBHIbHO OOy4eHO;

30Cb TaKKE BAKHYIO HTpacT podb HaOop oOyyarouHx AaHHBIx. Camu

0 ceOe 3TH HHCTPYMCHTHI KaK TaKOBbIC H€BO3MO2%KHO OObCKTHBHO
CpaBHHTb Mexkay coool.

CpaBHUTeIbHbIii aHamW3 CHCTeM pacnosHaBaHHa peyu TaKxKe

OKa3bIBacT, 4TO Ha JAHHOM 3Talle pa3BUTHA HelpOHHble ceTH (B

YaCTHOCTH, TeXHOOrHa rayOokoro oOyyeHHa) camu IO cede He
ABIAFOTCA Oomee 3dCKTHBHBIM TOAXOJOM K JHHIBHCTHUeCKOMy H

aKyCTHuecKOMy MOsJemMpoBaHHTO B ASR vem Cxpsitpie MapkoscKue

MogenH. OOa MeToJa NOKa3bIBaIOT BbICOKYIO TOUHOCTb pacno3sHaBaHHa
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ped Ip npaBHIbHOH ONTHMHB3aLMH CucTeMbI u ecé uacTei. Cry6oKoe
o6yueHne noKa3bIBacT ILVULTVIO MPOH3BOHTEIbHOCTb B

ompeqenéHHEIX ciyyaix B TO BpeMa, kak CxppiTpie MapkopcKne

MOJCIIM TakoKe MOKA3bIBAIOT YJOBJICTBOPHTCIbHBIM PeSyIbTAaT IPH 9THX
2%Ke YCNOBHAX HW OTIHUHBIM Ip APyrux.

B koHedHOM HTore — TOMbKO pa3paOoTuHKaM pellaTb, kakoli

MCXaHH3M JOJDKCH JI@KATb B OCHOBE AKYCTHYCCKOTO H A3bIKOBOTO

MogenuHpopaHua ASR-cuctemsl — HelipoceTeBble WIM cTaTHCTHuecKHe
MalUHHbl, IHWIb B HX pyKax CJelaTb MX M@KCHMaIbHO TOUHBIMH.

OqHakO CTOHT OTMCTHTb, UTO TexHOnorHH HC cerogHa pa3BHBaloTca

OYCHb CTPCMHTEMIbHO, MOsTOMy TepeBog Mmoemeii ASR Ha HOBBIii
alropHTM 6¢3 yBeIHYCHHA TOUYHOCTH pacno3HaBaHHA MO%KeCT CTaTb

MONe3HOH HHBCCTHYHeH B Oyyee pa3sBHTHe CHCTeMEI.
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ILH. Xpomenkos

Mockoscknii rocyqapcTBeHHbIii o61acTHOH yHHBepcHTer

JIMHTBONPATMATHKA HEMEHKHX MY3bIKAJIBHO-

MOSTHYECKHX TEKCTOB

Bo cmambe auanu3zupyemcA eAUAHUe MY3bIKAbHO-NOIMUYECKUX

mexcmoe ua caymameneti. JItobot noamuueckuli mexcm moocem

GOCHPUHUMAMbCA NO-Pa3HOMY, @ 6 COeCOUHEHUU C My3bIKOI BUAHUe
Moucem ycunumeca. Ha 9mo eiusem muoncecmeo daxmopos,

BABUCAIUX HE MON’KO OM aOpecauma, HOU OM peyunueHma, a maKoice

Opyeux oxpyacaroyux daxmopos. Haunaa paboma ocnoevieaemca ua

3HAYUMOCMU PONU A3ZbIKOBO COCMaBIAIOIeN 6 NpoYyecce cozdaHuA U
eocnpuamua  meKcmoe neceH CcOepeMeHHOZO MY3bIKAIbHOZO

UCNOMHUMENA MY3bIKANbHO2O CMUIA «MEMAI-MY3bIKA», AGILUOULEZOCA

Hd OdHHbIli MOMeHM OOHUM U3 UNCMPYMeHMOGB GO3O0eliCMeUA, KAK Ha
KOMMYHUKAMUBHYIO AKMUBHOCMb YeObeKA, MAK U Ha e2o 6OCHpUAMUe.

IIlpeomemom OdHHoz2zo uccnedogdHuA AelAIOMCA meKCMbIl NneceH

6CceMUpHO UZ6eCMHON HeMeYyKOt Meman-epynnot Rammstein. B 3adauu

OdHHoOzo uUCcHeOOeaHUA BxOOAM ONPedeNeHUe NOHAMUI KnNOIMUYeCKOZO
Uo MY3bIKaIbHOZO OUCKypca», «Memail-my3bikKu»; udeliHoIli CMbICI

mexcmoe Rammstein; ocobexuocmu eocnpuamua, unmepnpemayuU Uu

polb pummMa 6 MYy3bIKaNbHO-NOImUYeCKOM coobljeHUU; ananUu3Z
JUHeBUCMUYeCKUX OCObeHHOCMel MY3ZbIKANbUO-NOIMUYeCKOZO MeKcma

Ha npumepe mexcma oduoli uz necen Rammstein, a maxoice onpoc ua

memy eocnpuamuna meopyecmed Cannot epynnei. B xode uccnedoeanua
meopemuyecku u aKcnepumMenmanbHo Ovlio OoKa3saHO, 4YMO BCAKUt

nosmuueckull mekcm Oelicmeumenbuo Mo2cem BeocnpunuMambCA

cOoeepuleHHO NO-pasHOMy, Ha umo elunem mMuOICecmeo Gbaxmopos,

BABUCAIUX HE MOIbKO OM aOpecanma, HOU OM peyunueuma.
Kuroveevie cioea: nosmuueckuli mexcm, nogmuueckuli OucKypc,

MY3bIKGIbHbI OUCKYpC, Memail-my3bika, HemMeyKut A3o1K, Rammstein,

GHUAHUC, OOPA MbIULIEHUA, COZHAHUE.
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