YK 81.33

https://doi.org/10.25076/vpl.36.01

N.H. Banyiinesa

N.E. ®unaros

MockoBckuii rocyJapcTBeHHbIH 00/1aCTHOH yHHBepCHTET

HoaxoAbl K A3bIKOBOMY U AKYCTUUYECKOMY
MOIEJHUPOBAHUIO B PACIIO3HABAHHUU PEUN

Hceceneoosanue NOC8AUeHO sonpocy agpghexmuerocmu
MPAOUYUOHHBIX U COBPEMEHHBIX HNOOX0008 K a8MOMAMUYECKOMY
pacnosnasanuio  peyu (ASR). B cmamve ananusupyemes o00was
CHPYKIIYPA — QI2OPUMMO8  MAUIUHHO20 — PACNO3HAGAMUSA — pedll, 6
YACHHOCIU, A3bIKO6020 U AKYCHUYECKO20 MOOCNUPOCAHUS, d MAKIICe
JIEKCUYECKUX OaHHBIX, NPOUTLTIOCHPUPOBAHO UCHOPUYECKOe PAa36UmiLe
ABMOMAMUYECKO20 PACNO3ZHABAHUS pedi U Npeocmasienvl Haubonee
cogpemenHvie no0xo0bl. 1Iposeden sxcnepumenm, 6 KOMOPOM C
HOMOUBIO ONPEOeNEHHO20 HADOPA MECMOBLIX NPUMEPOE HPOU3EOOUMCH
cpagHenue HeCKONbKUX NPUNONCeHUti Oas pacnosHaeanus pequ. B
evibopre npucymemeyem uemoipe pasmvie cucmemsl ASR, ocnoeannvie
HA PasHbIX aieOpUmMax aKkyCmu4ecko20 U 436108020 MOOCTUPOBAHU:
60 6CEX KOMNOHEHMAX MOILKO 8 08YX CUCHEMAX UCNONb3Yemcs OOUH U
mom JHce nooxoo, 6 08YX Opyeux RMPULONCEHUX aKYCHMUYeCKue U
A36IKOGLIE MOOCNU OCHOBAHBI HO DA3HLIX ANCOPUMMAX — MAKUM
00pasoM, CHPYKMYPbl 6CeX JEMEHMOE 6bl00PKU NPUHYUNUATLHO HE
noxoocu. Habop oOanuwix ananusupyemcs xaxcooi cucmemoti ¢
HOMOWBIO  npocpamm  Ha  A3vike  Python, 6uix0OHuIX — OanHvie
Hopmanusyromes u cpaguusaiomes no cmanoapmy WER ¢ sapanee
MPAHCKPUOUPOBAHHBIMIYL  IMATOHHBIMU  OaHHbIMY. [Ipoeeden amanus
Pe3YILmaAmos  MmeCmuposans, CcOeNansl 6vl600bl 0  346UCUMOCTIIL
IhPexmueHoOCHU CUCTIEMBI ABMOMAMUYECKO20 DPACNOIHABAHUS peyil
om onmumusayuu €€ INeMeHmo8 U O0yHeHus npu  NOMOWU
Heobx00uM020 HAOOPA OGHHBIX, 6 MO 6peMs KAK Helpocemesoll u
CIAMUCHUYeCcKuti NOOX00bl AGNAIOMCA OOUHAKOBO De3YTbMAMUGHBIMU
6 3a0a4ax A3bIKO6020 U AKYCIUYECKO20 MOOCTUPOBAHUS.

Knioueswie  cnosa:  pacnosmaeanue — pewu,  AKYCHUYECKOE
MOOenuposanue, A3bIK0BOE MOOCTUPOGAHUE, CKPbIMbIC MAPKOGCKUE
MoOenu, 2nybokoe o0yueHue, HelpOHHble CemiL.
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METHODS OF LANGUAGE AND ACOUSTIC MODELLING
IN SPEECH RECOGNITION

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 approach 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.

Beeaenne

Apromatnueckoe pacnozHasanue peun (ASR) — TexHomorus,
KCIIOIB3yEMasi B OTPOMHOM KOJMYECTBE COBPEMCHHBIX MPUIOKCHUH.
OnHa u3 1EaACH ABTOMATUYCCKOrO PACMO3HABAHUS PEYH — CO3AATh



MOAOOHE CCTCCTBCHHOIO, JKMBOTO OOMICHHS MCKIY MAIOHHAMH U
aroapmu. Ha manHOM astame passutus ASR momoraer orpomHOMY
KOITMYCCTBY MPUIOKCHUHA B3aWMOJCHCTBOBATH €  IMOJBb30BATEIICM.
COBpEMCHHBIC CHCTEMBI PACIIO3HABAHHS M CHHTE3a PCUH JTOCTATOYHO
Pa3BUTHl — KCMOJB3YSI HOBCHIIME TEXHOTOTHYCCKHUE Pa3pabOTKH, OHU
MOKA3BIBAIOT BBICOYANIINE PE3YIbTATHl TOYHOCTH PAOOTHI.

ASR - »3TO monesHblii HMHCTPYMEHT, MPUMCHACMBIA B PO
pasnuyHbiX pazpadotok. CeroaHs Ha PHHKE MPEACTABICHO OONBIIOE
pasHooOpasue Takux cHCTeM — paspaborkoii ASR 3amHTEpECOBaHBI
BEAYLIME TEXHOJOrHUCCKue kommanuu, Takue kak Google, Facebook,
Microsoft, Weibo, Apple, IBM, Amazon, Huaekc u Aapyrue.
JleHCTBUTEIBPHO,  HX  CCPBHCHI,  HCIONB3VIOLIME  TEXHOJIOTHU
ABTOMATHYCCKOTO PACIIO3HABAHMS PEUH, U3BECTHBI CBOCH TOYHOCTBIO, &
caMy KOMITAHHH CYUTAIOTCS (prarMaHaMu HHAYCTPHH.

HecmoTtps Ha 3HaumTenbHbIC yenexu B oOnactu paspadotku ASR-
CHCTEM, aBTOMATHYICCKOC PACIO3HABAHNC PEUH PadOTACT HE WACATIBHO.
PriHOUHAsS KOHKYPCHLIMSI 3aCTaBIsICT KOMIAHWH pas3BuBaTh ASR,
BHCIPSS. B HHUX HOBCHIIMC HWHCTPYMCHTHI, H3 KOTOPBIX CaMbIM
nomyAsIpHeIM U 3QdekTuBHEM sABIAOTCS Hehiponneie cetn (HC).
Pasubic BHIBI HEHPOHHBIX ceTell craHOBsATCS 4acThio ASR-cucrem,
yaydmas TOYHOCTE ux paborsl. OaHako 3Ta TEHACHUHS HE
MOBCEMECTHA — KOMIMaHuu orpannunBaoT padory HC BHyTpH cepBurca
pacro3HaBaHUSL PEUH, OCTABISSL YACTh AJITOPUTMOB TPAIHULIMOHHBIM
METOJAM CKPBITBIX MAapKOBCKHX MOJCICH, JHOO OTKAa3bIBAIOTCS OT
MOJIHOTO BHEAPEHU HEHPOCETEN BOBCE.

CeromHs Ha PBIHKE MPEICTABICHO OONBIIOE PAa3HOOOPA3HE CHCTEM
ASR, B OCHOBE KOTOPBIX JICKAT pPAa3HBIC AITOPHUTMEL PabOTHL OT
CTATUCTUICCKUX MOZICCH OO0 HEHPOHHBIX cereh. Hekoropele mx 3THX
CHCTEM IOKA3bIBAIOT BIICUAT/SIFOLINE PE3YIBTATHL B TOYHOCTH — MCHEC
10% owmmnbok mpu pacno3HABAHWU >KUBOH PEUH, W B KKIOH M3 HUX
HCTONB3VETCA CBOH MOAXOA K 00paboTKe S3BIKA € TMOMOINBIO
AKYCTHYCCKOTO M SI3BIKOBOT'O MOJCITHPOBAHUSL.

HcTopusi HHCTPYMEHTOB PACIO3HABAHHUS PeuH

TexHOIOrHH, KOTOPHIC JICKAT B OCHOBE COBPEMEHHBIX cucteM ASR,
pa3BHBAIOTCA V)K€ HA  MNPOTSDKCHHH — MOMyBeKa.  PasBurue
ABTOMATHYECKOTO  PACHO3HABAHMS PEYH  TEPEKUIO  HECKOIBKO
NCPHONOB PA3BHUTHS, KOTOPHIC CBS3aHHBI B ICPBYIO OUYCpPEIb C
nmoxxoAaMu K 00paboTKe ecrecTBeHHOH peun. MHTEpec 4enoBeka k



Paco3HABAHUIO U CHHTE3Y PEYH BO3ZHHK 33J0JIT0 JO CO3AAHHS MEPBBIX
ASR-MamuH, OJHAKO TIEPBBIC MONBITKH PEATH3ALNN  MPOCKTOB
CO3JaHHUS WHCTPYMCHTOB AaBTOMATHUCCKOTO PACIO3HABAHHS PCUH
MPOM30LIIM JHIOE B CEPSAMHE ABaAuaroro Beka. llepBeie cucteMebr
pacmosHaBaHUs PEYd MOLTH OIMPCACTATh HEKOTOPHIC CJI0BA WIH
pacmnosHaBaTh OTACIBHEIC 3BYKH — B OCHOBE HX PaOOTHI IEKal aHATU3
dopmant u ¢donem (Juang & Rabiner, 2004); Takue cucrembl HE
OTIHYAUCH MPAKTUYIHOCTHIO, HO 3TO OBIIM MEPBBIC IIArH K CO3JAHUIO
MOJTHOLICHHBIX TPUIOXKCHUH I aBTOMATHYCCKOI'O PACIIO3HABAHUS
peun.

Ho 1970-p1x romoB TEXHOJOTHH B ODJACTH  Pa3BUBAIHCH
KPUTHYCCKH MEIJICHHO — pa3pal0oTIuKaM He ObLT SCCH JATbHCHIIIHA
nyTe pa3ButHsd ASR, H CyIIeCTBYIOIINE MPOEKTH TEPSUTH HHBECTOPOB.
3actoii B cepe mpekparuics B kouie 70-bix, korga MHHHUCTEPCTBO
oboponsl  CoemuHeHHbIx  llTaroB  orkpeiio  mpoekt  «Speech
Understanding Research», B pamkax koToporo OBLIO CO3MAHO
HECKOJIBKO CHCTEM PACHO3HABAHMS PEUH — caMasl YCTICIIHAS W3 HHUX
Morua pacnosHats 6onee 1000 cnos. [pumepHo B 370 ke Bpems IBM u
AT&T 3axymeiBaroTcs 0 pa3paboTke KOMMEPUECKUX MPHIOKCHHH AT
ABTOMATHUYCCKONH O0pabOTKM CSCTECTBEHHOHM PEYH — peub muia oo
ABTOMATHYECKUX TENeOHHBIX ceTaX. HecMOoTps Ha JOCTUTHYTBIHA
mporpece, ASR-mammubl ObITH TAKKE AAICKH OT HKCIONIb30BAHUS
Cpeau NOTPEOUTEICH.

[ToBopotHo# ToukOH B passutud ASR cTan rmobanbHBIN NEPEXoa B
METOAOIOTHH OT HHTYUTHBHOTO TMMOAXO0Aa pPabOTEl € MOACTIMU
(mapagurMa HEMOCPEACTBCHHOrO paclo3HaBaHHUs 1WabIoHOB) K Gonee
TOYHOMY CTaTHCTHUCCKOMY Meroay moxemupoBanHus — CMM. Xora
koHuenuusd — paboret  CkpeITIX ~ MapkoBckux — Momened B
ABTOMATHYECKOM PACIO3HABAHUHM PEUH OBLTA yXKE H3yUCHA paHee B
HECKOJIBKHX HCCICAOBATEIBCKUX IPYIIAX, MOXX0J A0padaThIBAICH 10
cepeaunasl  1980-p1x. I'maBeHCTBYIOIIMHM B HMHAYCTPHUM A0 CHX IIOp,
npuHIun ucnonb3osanuss CMM B kauecTBE OCHOBBI ISl MEXaHHU3MOB
ABTOMATHYECKOTO PACIIO3HABAHUS PCUH MOSBUIICS UMEHHO B TC TOIBI; B
3TO e BpeMs B chepe BO3HUKACT MOHUMAHHUE TOTO, KAKHUM JOJDKCH
ObiTe MexaHuaM ASR: MmammmHa JO/KHA YMETh HHTCPIPETHPOBATH
A3bIK, TOHUMATh €r0 KaK CHCTEMY, HAYIUTh KOMIBIOTEP «TOBOPUTHY Ha
YETIOBECUCCKOM SI3BIKE HEBO3MOXKHO. [lo Oomeimeit wactu paseutue
ASR-cuctem ¢ xoHma 70-X rogoB ABaJUATOrO BEKA 3aKIIOYANOCH B
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COBCPLICHCTBOBAHUH KOMITBIOTEPOB, obOpadatrBatomux CKpbITEIC
Maprosckue mogenu (Juang & Rabiner, 2004).

CMM - 3T0 ABOWHOH BEPOATHOCTHBEIM MPOLECC, MOACTHPYIOIIUI
HUCTHHHYIO BO3MOXKHOCTb M3MCHCHHS PEUCBOr0 CcHrHama (M €ro
MPHU3HAKOB) U CTPYKTYPY E€CTECTBEHHOTO f3bIKa B HHTCTPHPOBAHHOH U
OJHOPOJHOU CPEAE CTATUCTUYICCKOr0 MOACTHPOBAHMSL.

Kax u3BecTHO, pealpHBIC PEUEBBIC CUTHAJBI MO CBOEMY XapakTepy
OYCHb PA3MUYHBI — OO TOBOPAT C PAa3HBIMH MPOH3HOLICHHEM,
AKLCHTAMH M JPYTHMH OCOOCHHOCTAMH, B ayauodaiiax MOryT
MPUCYTCTBOBAThH ITyMBbl. Koraa HECKOIBKO TIOAEH MPOM3HOCAT OXHO U
TO K€ CIIOBO, AaKYCTHYECKHC CHTHATbl WX PEYH 3HAYUTCIBHO
OTIHYAIOTCA APYT OT JApyra, JaKe eCIH JekKamas B OCHOBC
JMHTBHUCTHYCCKAS CTPYKTYpa (mpon3zHOLICHHE, CHHTAKCHC,
rpamMmaruka) ocraertca  oamHakoBod. @opmammm  CMM -
BEPOATHOCTHAS MeEpa, HCIONb3ylomas MapKOBCKYIO —LEmb IS
MPEACTABICHHUS JTUHIBUCTHICCKOH CTPYKTYPHI i HAOOP BEPOSATHOCTHBIX
pacmpeieneHul,  OTBCHAMOLMIMX 33  HM3MCHCHHE  aKYCTHYCCKOH
peanu3aIyu 3BYKOB.

BepoaraoctHas mozene CMM  okazanace ToJe3Ha B 3a4a4ax
JCKOAUPOBAHUSA OOBEMHBIX PEUEBBIX CTPYKTYP — S3BIKOBBIX MOJCICH.
Ucnonp3oBaHne  KOHEUHOH  IpaMMAaTHKH A7 HEIPEPHIBHOTO
pacro3HaBaHus pPeur C OONBIIUM OOBEMOM JICKCHUYCCKUX MAHHBIX
MPEACTABIACT  COOOH  NOTMYHOE  NPONODKCHHE — KOHLCILHU
ucnonb3oBanud MapkoBckux uened, kotopyio CMM nmpumenser pis
paboTEl €  aKyCTHYCCKMM  MOJCTHPOBAHHEM. TakoH  MOAXOX
3} (EKTUBHO CIIPABIACTCS U C A3BIKOBBIM MOACITUPOBAHHEM.

Takum  obpazom, CkpeiTeie MapkoBckHe  MOJENH — CTalIH
VHHBEPCATBbHBIM HHCTPYMECHTOM, CIOCOOHBIM 00pa0aThiBaTh pedb
10000 TOBOPSILIETO ¢ OFPOMHBIM HAOOPOM JIEKCHYECKUX JAHHBIX, 4 UX
BHCAPCHHUE B MCXAHHU3Mbl ABTOMATHYCCKOI'O PACIIO3HABAHHUS PEUn
o0o3Haunno BakHeHmui nepexoq ASR ot mpocroro pacmozHaBaHuS
00paboTaHHBIX MAOTOHOB K CTATHCTHYCCKOMY METOAY PACIO3HABAHUS
€CTECTBEHHOM peUH, UCHOAb3YEMBIN U O CEH JCHB.

[lepBric KOMMepueckue mpoaykThl ASR ObLTH OCHOBaHBI UMCHHO
Ha CMM: Dragon Dictate, Beimeaiuuii 8 1990, Obit caMbiM H3BECTHBIM
n3 HuX. Co crnoBapém o6béMom 80000 CrOB 3TOT MHCTPYMEHT yMEI
oOpabateiate 30-40 cmoB B MHHYTY, YTO IOYTH B HYETHIPC pasa
MemieHHee kuBod peun. Kpome toro, Dragon Dictate ymen
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pacmo3HaBaTh TOJBKO Peub, CKa3aHHYIO onpeaciaéHHbM obpasoM. Ho u
3TOro OBLIO JOCTATOYHO M TOrO, YTOOBI VCIEX CEPBHCA CPEIH
MOKyHatenel BbI3BAT HHTEPEC K pa3paboTKE MOXOXKHUX CHCTEM Y
JPYrUX KOMIIAHUH.

CoBpeMeHHbIE MOJEJIH PACTIO3HABAHHS PedH

CoBpeMEHHOE aBTOMATHYECKOE PACTIOZHABAHNC PEUH MPEACTABISCT
cOoOOM TPOICCC TMOWCKA JIYYMICH MOCICIOBATCABHOCTH CJIOB 10
MOJCTAM, MOJACTH BCErO0 JBE — AKYCTHUCCKAas W SI3bIKoBasg. 1perbs
ctopona cuctembl ASR — nekcuueckue AaHHbIE, TOA KOTOPBIMU
OOBIYHO TIOHMMACTCS TPAHCKPUOMPOBAHHBIN SI3BIKOBOM KOPIYC C
BBIICICHHBIMH  (POHEMaMH{; B NPHKIAJHBIX  33Ja49aX  HEPEAKO
HCTONB3VIOTCS CICLHATH3UPOBAHHEIC JeKcnieckue aaHHbie (Povey,
2012).

AxycTHdeckass MOZENb  BOCIPOU3BOAUT  IOCICAOBATCIBHOCTD
BEKTOPOB MPHU3HAKOB NPH 00padOTKE MOCICAOBATCIBHOCTEH 3BVKOB.
S3pikoBass ~ MoOmEMb  ONPEACTEICT  BEPOATHOCTH  KOHKPETHBIX
MOCICAOBATENBHOCTCH 37eMEHTOB (coB  wiam  Mopdem). Takum
oOpazoM, mnpH OOBCAMHCHUHM J3THX JABYX MOJENCH MONIyYaeTcs
HHCTPYMEHT I TOHCKA HauOomee BEPOATHOH MOCICAOBATEIBHOCTU
cnoB (Mohri, Pereira & Riley, 2002).

Kak u ama moboit 3azaun B cdepe MammaHoro ooyuenus (ML), ana
ASR Gonbmoe 3HauCHUE HMCIOT AAHHBIC — HE3ABHCHMEIC TPU3HAKH,
KOTOPBIC BBIACIIOTC U3 ayauodaiina. Jng 3amaun aBTOMaTHIeCKOro
pacmo3HaBaHUsl PEUH CaMBIM MOMYLIPHBIX MOAXOAOM K H3BICUCHHIO
mpu3HakoB sBiasercss merog MFCC: mas Kakaoro orpeska ayauo
CeMIUIa JUIMHOU 25 MUIIIMCEKYH BBLACTIIOTCS 39 XapaKTepPHUCTHK.

Ckpeiteic Mapkosckue mogenn mis ASR COCTOAT U3 CKPBITHIX
nepemeHHbx U npusnakoB MFCC. Kak n B oOprunoOM nenu Mapxkosa,
TCKYLIEE COCTOSHUE MOCIH  MPEACKA3BIBACTCS  MPCABLIYLIHM
COCTOSIHUEM, HO 3JICMCHTBI HA3BIBAKOTCS «CKPBITBIMID), TAK KaK HE BCC
COCTOSIHUS MOTYT OBITh HAOTIOIACMBL.

[Tpu ycmosum, uto CxpeiTas MapkoBckas MOAETb yKe OOYUCHA,
MOYKHO HCIIONB30BATh AJTOPUTM MPSMOrO X0Ja, YTOOBI PACCUUTATH
BeposaTHOCTH HaOmoAcHUH. (OCHOBHAasg LEMb STOr0 mpomecca —
CYMMHPOBATh BEPOATHOCTH BCEX HAOMIONCHHU U1 BCEX BO3MOXKHBIX
COCTOSHUH. JTOT Imar, OXHAKO, TPeOYET AOCTATOYHO HCKYCHOTO
MOAXO0J2, TAK KaK OJHOBPEMCHHOC CIOKCHUE IOCICIOBATEIBHOCTCH
BCEX BO3MOYKHBIX COCTOSHMHM — 3TO CIHIIKOM CIOKHBIH HpoLece — C
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KQOKABIH  IaroM  CIAOKHOCTE  CTPYKTYPBl  VBCIHYHBACTCS B
TFEOMETPUIECKON NPOTrPECCHH.

Pemenne npoOnemMel pa30uBacTCs HA HECKOIBKO MPOMEKYTOUHBIX
3TamoB, a BRIYHMCICHUA mpoBogsarca pekypcusHo. B CMM mpoGnema
pelaeTcs B MPOMEKYTOK BPEMCHH { C TMOMOINBIO PE3VIbTaTa OT
BpeMenH -1 w/wmn t+1. Takum oOpazoM, Jake HECMOTPS HA TO, YTO
KOITMYCCTBO  IMOCTIECAOBATCIBHOCTEH COCTOSHHUH — SKCIOHCHLUATBHO
VBEIMYHUBACTCS, PEKYPPCHTHBIH MOAXOA K BBIYHCICHHUIO MO3BOJSICT
BBIPAXKATh UX JTHHEUHO.

3ateM, ¢ IOMOIIBIO MOCICAOBATCIEHOCTH HAOMIOACHHH, HAXOIATCS
BHYTPCHHHE COCTOSHHE, KOTOpbie B ASR mpencTaBmsor coOol 3BYKH.
Tak aBTOMATHYECKOE PACIO3ZHABAHUE PEYH MOYKHO PaccMaTpUBAThH
HAXOXKICHUEC 3TUX BHYTPEHHUX COCTOSHUH B ayawodaiize. Itor
mpouecc  HaszeiBactcd  pacmmdpoBkoi.  KoMmoHeHTBI  Takke
BBIYHCIISIOTCS. PEKYPPEHTHO, U (PAKTHUCCKH, ITOT AJTOPUTM MOBTOPSICT
aJATOPUTM MPSAMOTO XOJa, OAHAKO BMECTO CIOXKCHHS HCIONB3YETCS
(GVYHKIHS MAKCHMyMa — CPEIH BCEX BO3MOKHBIX MOCIICA0BATEIBHOCTEH
cocTosHUE BbIOUpactcs cambiii BepoatHeld myTh (Chavan & Sable,
2013).

Creayromuii, caMblil COKHBIH 3Tan — o0yueHue CMM-moaenw, 3a
KOTOPBIM CTOUT ANTOPHTM NPAMOro u oOpatHoro xoma. OOyuchHue
BCPOSITHOCTSIM OMHCCHH M BEPOATHOCTSAM IEpexoja — HEOpocTas
3ajgada; 3To mpodieMa, TA¢ TPYAHO OTIACIHUTH MPUIHHY OT CICIACTBUSA:
00¢ BEPOSTHOCTH OYCHD CIIOKHO BBIUHUCIHTD, OMHAKO HX MOYKHO HAMTH,
€CIIM HM3BECTHA JUCTPHOYLHS COCTOSHHH B OTPE3KEC BPEMCHH I, MPH
3TOM caMa JAUCTPUOYLHMS COCTOSHHH TAKKe BBIMHCISCTCS MPH
M3BCCTHBIX BEPOSTHOCTSAX SMHUCCHH M Iepexoia. B maummHHOM
o0y4eHHH 3Ta npobiemMa OOBYHO  peIaeTcsi ¢ MOMOINBIO
kiaccuueckoro EM-anroputva, HO B aBTOMATHYECKOM PACIIO3HABAHHUH
peUH IpaMOTHEE HCIONb30BATh OAWH H3 €r0 BAPHAHTOB — AJITOPHTM
MpSIMOr0 U OOPaTHOrO XOJA; OH pelacT NmpoOieMy B KRKIOM IIare
LUK/, ONTHMH3UPYS OAHY CKPBITYIO MEPEMCHHYIO, B TO JKC BpPEMs
peryaupys octanbHee. CleIOBaTENIbHO, PEIICHHEC CTAHOBUTCS TYYLIC B
kaxaom mmare uukiaa (Chavan et al., 2013).
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3a mocaeaHME TogBl MPOrpece B cepe aaropuTMOB MAIIMHHOTO
OOYYCHHSI H CO3JAaHHUS KOMIBIOTCPHOI'O OOOPYAOBAHHS IOCTYKUIN
TOTYKOM K MOsBjCHUIO Ooniee 3(h(EKTUBHBIX CHOCO00B OOYUCHUS
ryOOKHUX HCHPOHHBIX CETCH, COACPKAIIMX MHOXKECTBO  CIIOEB
HCJMHCHHBIX CKPBITBIX 3JCMCHTOB M OTPOMHBIX CIOH C BBIXOTHBIMH
JAHHBIMH, HY’KHBIH A7 paOOThl C OTPOMHBIM KOJHYSCTBOM COCTOSIHUI
CMM, KOTOpEIC BO3HHKAIOT TNPH MOJCIHPOBAHUH KaKIOTO 3BVKA
OTIPCICITICHHBIM KOMUCCTBOM  PA3MUHBIX TPUrpaMMHBEIX CKPBITBIX
MapkoBckux MozeneH, VUHTHBAOMMX 3BYKH o00eux crtopoH. C
MOMOILIBED  HOBBIX ~ METOAOB  OOVUCHHS  cpady  HECKOIBKO
HCCIICAOBATCIBCKUX TPYII MO BCEMY MHPY CMOITH IOCTPOHUTH Kak
AKYCTHYCCKHE, TaK M SI3BIKOBBIC HCHPOCCTEBBIC MOJACTH, KOTOPBIN
crocoOHbl  mpeBocxoauTh B dddekrusHocTH CMM-momenu s
ABTOMATHYECKOTO  PAaCO3HABAHHMA  PEYH; B  HCCICAOBAHUAX
KCIIOIB30BAIOCh OOJBIIOS pa3HOOOpasue HAOOPOB JAHHBIX, BKIIFOUAS
OTrpPOMHBIC MacCHBHI jJekcuueckux ganabx (Hinton G. et al., 2012).

Obyuenne s3pikoBRIX W akyctuueckux HC-monenelt  oOpraHO
MPOUCXOAUT B ABA dTala: B HAYAJIC OMPCIACILIIOINM MPU3HAKU CIOSIM
MO OYEpPEAW MPHCBAWUBAIOTCA HAYANBHBIC YCTAHOBKH C TIOMOIINBIO
noadopa CTEKOB I'CHEPATUBHEIX MOJACTCH, KaKAas U3 KOTOPBIX HMECT
OAMH CJOH CKPBITHIH MEPEMCHHBIX — 3TH TCHCPATHBHBIC MOJCTH
oOyuarorcss 0e3 HWCHONB30BaHHMA KakOW-THOO wuHpopMammu o
cocrostHUAX CKpBITBIX MapKOBCKHUX MOJCICH, KOTOPHIC aKyCTHUCCKAs
WM SI3BIKOBAS. MOJENb JO/DKHA OYAET BBLACTIHTH, BTOPOH 3Tam
MPEATIOIAracT HCIONb30BaHHE KAXKIOH TCHEPATUBHOU MOJACTH B CTCKE
JUT TIPUCBAMBAHUS HAYAJIBHBIX VYCTAHOBOK OJHOMY CJIOK0 CKPBITBIX
3JCMCHTOB B TIIyOOKOW HEHPOHHOW CETH, MOCIC 4YEro BCSA CETh
muddepeHIMAIPHO HACTPAMBACTCS JUIS IPCIACKA3aHUS HCKOMBIX
cocrostHuii  CKpBITBIX MapKOBCKHX MOACACH. OTH  COCTOSHHS
BBIICIAIOTCS TP MOMOIOM OAa30BOM CTATUCTHYCCKOM CHCTEMBI IS
TOro,  4YToOBl  MPOM3BECTH  JUHAMHYCCKOE,  HMCKYCCTBCHHOC
BBIPABHUBAHUC,

Buabl HeHpOHHBIX ceTei

B cdepe aBTOMaTHUECKOrO pPACHO3HABAHUA PEUH HCHONB3VIOTCH
HCHUPOHHBIC CETH HECKONBKUX BHOB.

HeiiponHeie ceTi mpsMoro pacimpocTpaHCHHUS — MOJCIH, HMCIOIIHUE
OIPEACIICHHYIO CTPYKTYPY U KOJMYCCTBO BXOJHBIX M BBIXOAHBIX V3JIOB
— 3T0 Ha0Op CEHCOPOB, KOTOPBIC COOMPAIOT CHUTHAJIB U MTHOBCHHO
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MPEBPALIAIOT UX B BBIXOJHBIC AaHHbBIC. OOyucHHAs HEHPOHHAs CETh
TAKOr0 THIA Bcerga OVACT BBHIBOAMTh OAWH H TOT XKE PE3yNbTaT MpPH
BBOZE. MHave roBops, 310 He 3aBUcALIAd OT BpeMeHH Moaenb. K atomy
THIY OTHOCATCA CBEPTOUHBIC HeMpoHHbIC ceTH (CNN) — OHU ABASIOTCS
MOJIC3HBIM MHCTPYMCHTOM B 32a4aX PaclO3HABaHHUS OOLIMX MOACTCH
curHanos. B aBTOMaTHUeCKOM pacmoO3HaBaHMM PEYH OHU MOTYT
HCIONB30BAThCs Ha 3Tane npeaodpadboTky, a TakkKe MPH aKyCTHICCKOM
U S3BIKOBOM MOJCTHPOBAHUH B TaHAeMe cO CKpbIThiMU MapKOBCKUMH
MoAensaMu. B memom, CBEPTOUHBIC HEHPOHHBIE CETH  c1ado
3¢ ¢exTuHb B ASR, U HCIOIB3yeTCS B PACHO3HABAHUU PEUYH TOIBKO
JUTS BTOPHYHBIX 33734,

[IpobnaeMBl aBTOMATHYCCKOTO PACHO3HABAHHSA PEUM MO CBOCMY
XapakTepy CYIIECTBCHHO OTIAMYAIOTCA OT 32434, KOTOPBIC MPUXOTUTCS
pemarb cBEpTouHOW HelponHod cetu. Bo-mepeeix, B ASR
HEBO3MOYKHO BBICTPOUTh HAOOP BXOAHBIX V3JIOB B COOTBETCTBHU C
JCUCTBUTCIBHON JUIHMHHOU IOCTCAOBATCIBHOCTH BXOMHBIX JAHHBIX —
ayauo Qain MOXKET OXBAaThIBATh MHJUTHOHBEI €IUHMI JaHHBIX. B TO ke
BpEMsI, KOHTEKCT ONPEACICHHON YacTH BXOTHBIX JAHHBIX ¢ OOmbIIcH
BEPOATHOCTBIO CBA3aH C BXOAHBIMH JaHHBIMH, 00padaThIBACMBIMU 10 U
nocne Hero. EcTecTBeHHO, AN pEeLIeHHs 3THX MPOONEM HCHOIb3YIOT
VXK€ TOTOBBIC MHCTPYMCHTBl — JONONHSIOTCA CYLICCTBYIOLIHC
TEXHOJOTHH HEWPOHHBIX CCTCH: B MOICITH BBOIUTCS 8PEMS.

Takue HEHpPOHHBIC CETH HA3BIBAKOTCA pekyppeHTHRIMH (RNN).
Beixoanbpie gaHHBIC A1 ONMPEACICHHOrO HAOOpa BXOOHBIX JAHHBIX B
HUX OCHOBBIBACTCS TAKKE Ha mpeaslayineM BBoac. KoneuHo, Takas
CTPYKTYpa TOXKE HUMEET CBOM HENOCTATKH, U CO3MAET MHOTO HOBBIX
npodneM. Hampumep, HE OYEBUAHO, HACKOIBKO CHIBHO B MPOLILIOC
JODKHA CMOTPETh CHUCTEMa, TCHEPHUPYIO BBIXOAHBIC JAHHBIC.
Hetiponnsie cetn f0aroi KpaTkOCPOUHOW MAMATH IBITAIOTCS PEIINTh
3TY MPOONEMY — OHH BBOAAT CHCHHANBHBIC Y37Ibl, KOTOPHIC CMEIIUBAIOT
MOCIECAHNN BBOJ ¢ 0ONee paHHUMHU BXOJHBIMH JAHHBIMU.

Kax mpaswmio, Bce HCHPOHHBIC CETH C BPEMCHHON 3aBUCUMOCTBIO, TO
€CTh T€, YTO 00padaTHIBAIOT MPEABIAYIINE BBOAB! LI TCHEPHPOBAHUS
BBIXOJHBIX AaHHBIX, cuuTarorcs ayuammmu HC ams paGoTsl ¢ peusio u
TCKCTOM, HO PEKYPPCHTHBIC HEHPOHHBIC CETH BBIOCISAIOT —Kak
KPYIHEUIINH KNAacC TAKUX MOJAECICH.

Hefiponunsie cetu  asddektuBHB B 337a4ax  MOJACIHPOBAHUS
HETUHEHHBIX U TIOYTH HEIWHEWHBIX (DYHKLUWH, OZHAKO OHU PadoTaroT
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KOPPEKTHO TOJBKO HpU 0OpabOTKE KOPOTKHX IO BPEMCHU CHTHANOB;
CCITH JENIO KAcaeTCs HEMPEPHIBHOW €CTECTBEHHOW PEUH, TO HEHPOCETH
MOYTH HE CIPABIIOTCA € MOCTaBICHHOH 3aiadei — DL HecmocobHO
MOJCTHPOBATh BPEMECHHBIC 3aBUCHMOCTH ISl MPOJOKUTCIBHBIX
curranoB (Audhkhasi et al., 2018). Ho, mecMoTpst Ha 3TO, HCWPOHHBIC
CCTH UIMPOKO HCIOJB3YIOTCS KAK HMHCTPYMCHT MpeaoOpaboTKu ist
ocHoBaHHBIX Ha CMM cucrem pacnozHaBanus peud (Abdel-Hamid et
al., 2014).

K mpenmymecrsam DL Hag CMM MOXKHO OTHECTH TO, 4TO
HelpoceTeBoil kommoHeHT ASR Beerga sBISICTCS CAUHON CHCTEMOM:. B
CTATHCTUYECCKOM PACIO3HABAHUM PCUU PA3HBIC MOIYIH TMPUIOKCHUS
HCIONB3VIOT Pa3HBIC METOABI OOYYCHHUS, a 3HAYUT BCC KOMITOHECHTEHI
TPeOYIOT OTACIBbHOM HE3aBUCHMON onTuMmuzaipu. OOyueHHUS TaKoH
CHCTEMBI — IIPOIIECC OUECHb CIIOJKHBIN M 3amyTaHHbIN. HelipoHHbIE cetn
HE OOMajaroT 3TUM HEAOCTATKOM H3-32 CBOCH LEIBHOCTH — JAXKE
THOPHIHBIC CHCTEMBl ONTHUMH3HPYIOTCS JErde HpU HATMYUM B HHUX
komroHeHToB DL mu3-3a Toro, uto ang ux oOy4eHHs TpeOyeTcs NHIIb
onHa (PYHKIMA, MOIXOMAINAS TIOA KPUTCPUH OKOHYATCIBHOU OLICHKH —
TpeOyeMbIil OOIIECH ONTUMH3ALMCH MOKA3ATEIIb.

Kpome Toro, ocHosanneiec Ha CMM monenu TpeOyIOT BTOPUYHOH
00paboTKH BBIXOTHBIX JAHHBIX, Tak Kak pe3ynpraTel ASR wmmeror
ocoboe mpeAcTaBIcHUES BHYTpH cucTeMbl. DL ke B CBOWO ouepenab
MO3BOJISICT TMOCICAOBATCIPHOCTH BXOAHBIX JAHHBIX COBMELIATHCS
HANPSMYIO C BBIXOTHBIMH JAHHBIMH, TCKCTOM.

Heiiponnple cetn, 0HAaKo, NPOUTPHIBAIOT  CTATHCTHUCCKHM
MozensiM B pabdore ¢ gekcuueckumu ganHeiva. CMM  umeroT
JOTIOTHUTCIIBHBIC A3BIKOBBIC MOJENH, LIETb KOTOPHIX — CO3JABAThH A
CHUCTEMBl HaOOpBl JNEKCHYECKUX JAaHHBIX. B Mogemsx raybokoro
OOy4YeHHsI 3Ta JNCKCHKA 3aJaHa Wb OOYYAIOIMUMH JAaHHBIMH —
TPaHCKPUOUPOBAHHBIMH BPYYHVIO UCTOBCKOM TEKCTaMHM, H3-32 UEro
OXBAT MOJC/IA OUYCHb OTPAHHMUCH, YTO BEACT K MpodjeMaM B paboTe ¢
JMHIBHCTUYCCKH Pa3HOPOIHON BEIGOPKOH.

K munycam neliponnwlii ceteii B ASR Takke MOXKHO OTHECTH TO,
4yT0 OHH, B oTianuuH 0T CMM, Tpedyer pa3paboTku MOYTH ¢ HYJS IS
OONIBIIMHCTBA CEPBUCOB — KOMIIAHHH HE TPATAT BPEMsl HA CO3JAHHC
HOBBIX aJTOPUTMOB PACIO3HABAHUS PeyH TONbKO paau sueapenus HC;
VIYVUIICHHE V)K€ HMCIOLMIMXCS MEXaHH3MOB CIOCOOHO TOKa3aTh
OOBCKTUBHO IVUIIMHA pPE3yNbTaT, KPOME TOro, 3T0 HE Tpedyer

18



ONITUMHU3ALIUHU BCCH CHCTEMBI K HOBBIM ajaropurmMam — O6HOBHCHI/IC
OJHOTO KOMITOHEGHTA HE BIHICT Ha CTpykTypy (Wang, Wang & Lv,
2019).

Hs cpaBueHus 3G QGEKTUBHOCTH CHCTEM PACHO3HABAHUS PCUU B
chepe ASR cymecTByeT HECKOMBKO PA3HBIX CTAHIAPTOB HM3MCPCHUS
TOYHOCTH, OAHUM 13 KOTOpHIX sBjsiercss WER (word error rate, uacrora
OMMOOYHBIX CJIOB) — OOIIUE CTAaHAAPT MU3MEPCHHUSA TOUYHOCTH PaboTHI
CHCTEM PaCIO3HABAHMS PCUM M aBTOMATHYCCKOro nepesoa. B ocHose
3TOr0 CTaHZApPTA JICKUT PEHAKLHOHHOE paccrosiaue JIeBeHIuTeiHa,
pabotaromee Ha crnoBecHoM yposHe. Konnenuus WER noBoasHa
MPOCTa U MHTYMTHUBHA. HCIIPABUIIBHO PACIIO3HAHHBIC CJIOBO JACSTCS HA
OPaBUIBHBIC C/IOBA.

Buytpu ke craHmapra u3MEpeHHS OMMOOYHBIX CJIOB MPOLICHT
HECBEPHOT'O PE3yJIbTaTa PACCUUTHIBACTCS MO KOIMUCCTBY CJIOB, KOTOPHIC
osutn yaamensr (deleted), samenensr (substituted) wim  goGaBneHBI
(inserted) B mpouecce 06pabOTKH pedr. ANTOPUTM JCIHT CYMMY 3THX
CIOB HAa KONHYECTBO CIIOB, KOTOPBIC JO/KHBI NPHCYTCTBOBATH B
Tekere. Jmst ompenenacHus npaBUIbHOCTH 00pPabOTAHHOTO TEKCTA
TpeOyeTcss 3TanoHHAs paciudpoBKa ayIHO3AMKMCH, MPOU3BCACHHAS
YCTIOBEKOM BPYUHYIO.

JajsieHUe + 3aMeHa + Ao6aBJjieHHe
WER = Y

KOJIMYECTBO CJIOB B py4HOH paclinppoBKe
Dopmyna 1

WER wumeer HECKOIBKO HEAOCTATKOB. OH HE padortaet ¢
MYHKTYallUeH, ¢ OCOOCHHOCTSAMH PEYd TOBOPAINCIO, OLIUOKH,
CBSI3aHHBIC CO CIYKCOHBIMH COBaMH, OH 00pabarhiBacT HAPABHE CO
3HAMCHATEITBHBIMH;, KECTKO OMPEICTAIOTCS THOOBIC OMMHOKH B TEKCTE
(OMHOCTBIO HEBEPHOE CI0BO 0OpadATHIBACTCS TAKKE, KaK U CJIOBO C
OMHUM HEBEpHBIM cuMBO;IOM). Ho HecmoTps Ha 310, WER cumraercs
LICHHBIM M OYCHb MOIC3HBIM HHCTPYMCHTOM CPABHCHHS PA3HBIX CHCTEM
obpadorku peun (Wang, Acero & Chelba, 2003).

IKCnepUMeHT

Cuctemsl ASR coctosT W3 ABYX OTHOCHUTEIBHO HE3aBHCHMBIX
KOMITOHCHTOB — AKVCTHYCCKOW W SI3BIKOBOH MOJACTH; YaCTH CHCTEMBI
HEPEAKO UCHOMB3YIOT A  paldoTHl  pasHele TexHonoruu. s
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cpaBueaus dddektuBroctu  HC u CMM B aBTOMarHyuecKOM
Pacmo3HABAHUU PEUU CICAYET AHAIM3HPOBATH BEIOOPKY, COCTOSINYIO
W3 CEPBUCOB, UCOMb3YIOMMX Kak CKpeITEIe MapKOBCKHE MOACTH, TaKk
U HCHPOHHBIC CETH B aKYCTHUCCKOH W A3bIKOBOH Monensax. CpaBHUBas
MEKAY COOOH CEPBUCH C OMUHAKOBBIM MEXaHH3MOM PabOThl B OJHOH U
TOM 7K€ MOJEIH, a 3aTEM CPaBHHB HX C CEPBHCAMH, A€ Ta KE MOJEIbD
OCHOBBIBACTCSL HA JPYIOM METOAC, MOXKHO CIETaTh BBIBOAB 00
YCICUIHOCTH PabOThI AJITOPUTMOB.

Takum oOpazoM, MHUHHMAIBPHOE KOJNUYECCTBO TPEOVEMBIX s
aHanm3a cucreM — 4. TOMOBHMHA W3 HHUX HMEET B OCHOBE CBOHX
sa3pikoBbIX  Moaened HC, gpyras — CMM; 1o ke camoe H ¢
AKyCTUYECKOM MOJENBIO.

AKycTHYECKOES Hetiponnsie cetn CKphITHIE
MOJACTHHPOBAHUC MapkoBCcKHE MOICTH

Hsbmo::cl\

MOJCIHPOBAHUC

Hetiponnrie Google Cloud Microsoft Azure:
MOJEH Speech API Speech API

CkphiThIC Amazon IBM Watson
Mapkosckue mogenu | Transcribe AWS Speech To Text

Tabauya 1
Jlumeppr  o0macTH  HEPSAKO  MPEAOCTABISIOT  Pa3pabOTUHKAM

OTKPBITBIH JOCTYI K NPOrPaMMHOMY HHTEPEHCY CBOMX MPUIOKCHAN
(API); ero yao0OHO HCHONB30BATH B 334a4Y¢ CPABHCHHS TOYHOCTH
paboTEl Pa3HBIX CHCTEM PACIIO3HABAHHS PCUH.

[Mpunoxenune Google Cloud Speech API or xommanum Google
MO3BOJISICT pa3padoTINKaM UConb30Bath npocrod APl ana mepeBoaa
JKABOHM peun B TekcT Ha 120 s3pikax v apanektax. Bce KOMITOHEHTHI
ASR ot Google paGotaror Ha OCHOBE HCHPOHHBIH ceTell rayOoKoro
OOYYCHHUs, B YACTHOCTH, PEKYPPCHTHBIX HEHUPOHHBIX CETAX OMTOU
kparkocpounoii mamsata (LSTM RHC).

LSTM RHC Takke HUCHONB3VIOTCA B  OPUIOKCHUU IS
ABTOMATHYECKOTO PACIIO3HABAHUS PEUH OT Amazon MpH aKyCTHICCKOM
moxenupoanun. Transcribe AWS mnomaepxkusBact 24 s3pika
JHATICKTA, 2 OCOOCHHOCTBIO CEPBUCA SBIACTCS MPOCTOC M MHTYUTHBHO
MOHIATHOC [J00AaBACHHE COOCTBCHHOrO CjoBaps. SI3bIKOBOC  IKe
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MOJCTHPOBAHHE CHCTEMA BHIMIOTHSCT ¢ moMompro CMM.

CkpriTeic MapkoBcKHE MOIENTH COBMECTHO CO CBEPTOYHBIMH
HECUPOHHBIMH  CETSIMH  COCTaBISIOT  OCHOBY  aKYCTHUCCKOTO
moaenuposannus B ASR-cepsuce or Microsoft (Képuska & Bohouta,
2017). B Azure Speech API s3pikoBOS MOAEIUPOBAHKE TPSACTABICHO
toapko cBEprouneiMH HC. ASR-cucrema Microsoft pacmoznaer 8
S3BIKOB U AUATCKTOB.

IMpunoxkenue Watson Speech To Text, B cBOW ouepep,
OCHOBBIBACTCSl TOJHOCTBIO HA TPAAULUHOHHOM  CTATHCTHYCCKOM
Merozae. M akyctuueckas MoAenb, W S3bIKOBas paboTalOT C MOMOINBIO
texHonornn CxpeIThix Mapkosckux Mozenedl. Cepsuc ot IBM
TIOAACPKUBACT 14 A3BIKOB WJIN AUATICKTOB.

Jns cpaBHEHHUS CHCTEM aBTOMATHUYECKOTO PACHO3HABAHUS PEUH HX
aJIrOPUTMBEL TECTHPYIOTCS HA ayauo ceMIviax »xuBod peun. [lpu
paspabotke ASR paspaborurikiy 3a4aTyi0 TONB3VIOTCS KPYITHBIMH
A3BIKOBBIMM MEIHA KOPIYCAMH — B HHX MPCICTABICHB JaHHEIC,
MOJOOHBIC TEM, C KOTOPBIMH CHCTEME mpuxoAuTtcs paborare B e
OOBIYHOM CIICHAPUHU HCIONB30BAHUSA; HANPHUMEP, CAMBIH H3BECTHBIN
Habop maHHBIX [ TectupoBaHus ASR, xopmyc Switchboard,
BKJIFOUACT B ce0s mpumepHo 260 dYacoB ayauo 3amMCaHHBIX
Tene(h)OHHBIX PA3rOBOPOB.

Onnaxko st cpaHeHus 3(dexTuBHOCTH PAOOTHI KOMIIOHCHTOB
ASR-cucTembl, ropa3mzo TPAKTHYHEE HCIONB30BATh  CHELHATBHO
CO3JaHHbIC HAOOPHI JAHHBIX MEHBIIErO O0BEMA, VAOBICTBOPSIOLINC
TpeOYEMBIM KPUTEPHUSIM JAHHOTO UCCIICIOBAHU.

Hna  okcrmepumenta Oputn orobpanbl 14 aymuwo  dalinos
MPOXOKATENBHOCTBIO OT 1 10 10 MuHYT. B BBHIOOpKE MPHCYTCTBYIOT
MPUMEPHI SKHBOM €CTECCTBEHHOH PEUH Pa3HBIX AUAICKTOB W aKLCHTOB
AHITIMACKOTO, 3allMCaHHBIC B Pa3HBIX VCIOBUAX. OT BBIPE30K U3
HOBOCTHBIX OIIOKOB A0 ayIHOCOOOIICHHUH, 3alUCAHHBIX € MOMOIIBIO
MOOHIIBHOTO YCTPOHCTBA. AVANO CEMIUTBI OBLTH W3BICUCHBI M3 BUACO
Ha YouTube (Bce pomuku mmeror jmueH3uio Creative Commons) u
KOHBEpTHpPOBaHE B (opmar WAV, tak kak cepucel ASR xyxe
paboTaroT co CKATHIM ayAHO.

Kaxxgomy ayauo ¢aiiay OblI OPUCBOSH HHIACKC — KOPOTKOS HMSI,
OoJiee MPaKTUYHOE JUTS UCTIOIB30BAHHS B SKCIICPUMCHTE:

“aft” mpeacTaBigeT MPUMEP SCTCCTBCHHOW peuH Ha ahpUKAHCKOM
BAPHAHTC AHIIIMMCKOTO fA3BIKA TOBOPSIICH-KEHIIMHBI. B cemmuie
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MPUCYTCTBYET MY3BIKAJIbHBIN (DOH M IIYMBI, HA 3aMHCM ILIAHEC TAKKS
Pa3IHIAMBI TOJ0CA APYTUX TOBOPSIMKX. [ [poXomKUTEIRHOCTD ayano —
6 MHHYT 5 CCKVHLI.

Qaiinel ¢ uHACKCOM  “am”’  — OpPUMEPBl  AMCPHUKAHCKOTO
Pa3roBOPHOrO AHTTIHHCKOTO!
“am _news” — OTPBIBOK ©3 HOBOCTHOro Ojoka, B (aiiie

MPHUCYTCTBYET PEYb HECKOIBKUX TOBOPSALIMX, MY3BIKATBHBIA (OH,
pasaudHbIe yMBL. [[poomKHUTEIPHOCTD ayANO — 9 MUHYT 25 CEKYHI.

“am_rus” — ¢ain ¢ mpUMEpPOM PEUH MYKYHHBI, TOBOPSILETO HA
AMEPUKAHCKOM AHTJIMHCKOM, KOTOPBIM HMEET AKLEHT, XapaKTEpHbIN
JUII HOCHTENCH BOCTOYHOCHABSHCKOrO s3blka. Ha 3agHeMm moiaHe
MPUCYTCTBYIOT ITyMBI. [IpOoAOmKUTCIRHOCTE ayauo — 3 MHHVTH 27
CEKYHA.

“am_talk” — oTpBIBOK AMAIOra U3 AMEPUKAHCKOTO TCICBH3MOHHOTO
moy. [oBopsmue - MyK4YMHA W IKCHIUMHA, HOCHTEIH Pa3HBIX
JHACKTOB aMEPUKAHCKOro aHriuiickoro. Ha ¢ore mpucyTCTBYIOT
He3HauuTenbHbIE yMBbl. [IpogomwkuTensHOCTE ayauo — 3 MHHYTH 26
CEKYHA.

“am _rl” - Opumep  KMBOrO  MOHOIOTA  HOCHTCIBHHIIBI
KaTu(OPHUICKOr0 BapHaHTa aMEPHKAHCKOrO aHriwickoro. B daiine
MPAKTHICCKH OTCYTCTBYIOT Kakue-1u0o mymsl. [IpogomkurensHOCTD
ayauo — 2 muayTH 40 CexyH.

Wuzaeke “br” obo3HavaeT npuMepsl peur Ha OPUTAHCKOM BapHAHTE
AHTIMICKOrO:

“br news” — OTPBIBOK U3 OPUTAHCKOTO HOBOCTHOIO IOy — HAPE3KA
W3 WHTEPBBIO MECTHBIX IONUTHKOB. B ayauo mnpeacrasmeHa pedb
HECKOJIBKHUX TOBOPSIINX, HA 33JHEM IJIAHE MPUCYTCTBYIOT PA3THIHBIC
LIYMBl U MY3BIKaTbHBIA GoH. [IpoaomKuTeIbHOCTE ayAnO — 2 MHHYTHI
55 cexyHA.

“br_podcast” — OTpPBIBOK AMAIOra HOCHUTEICH MYKCKOrO Moja U3
moy-nogkacrta. B daline npakTUYeCKH OTCYTCTBYIOT —KaKHE-THOO
myMsl. [IpoxomkuTensHOCT ayamo — 2 MUHYTH 51 cexyHpa.

“br_rl” — KHBOH MOHOJOT HOCHTEIBHHLBI CYCCEKCKOTO IHANCKTA
aHrMickoro a3eika. Ha (hoHe MpHCYTCTBYIOT HE3HAYUTEIBHEIC IIYMEI.
IIpoaomwxkurenpHOCTD ayano — | MuHyTa 32 CEKYHMBI.

“br_voicemess” — TOIOCOBOE COOOIICHUE, MOHOJIOT, 3alMCAHHBIN
MYKYHHOH-HOCHUTENEM  OpHUTaHCKOro  aHrimiickoro. B daiine
MPAKTHICCKH OTCYTCTBYIOT KaKUE-THOO IIYMBI, HO ayAHO OTIHYACTCS
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HU3KHM KauecTBoM 3amucH. [IpomomkurensHocTh cemmia — | MuHyTa
22 CCKYHIBIL.

“hk” — mpeacTaBiseT COOOH 3aMUCh rOI0CA MYKUHUHBI, TOBOPSIIETO
Ha TOHKOHICKOM BapuaHte anrimickoro. Ha ¢one npucyrctByior
HezHauuTenbHbIe yMBbl. [IpogomwkurensHOCTs ayamo — 2 MUHYTH 47
CEKYHA.

Cemmnbel ¢ HHACKCOM “ind” — MpHMEpPHl PEYH AHITIOrOBOPSILIHX,
HMMCIOLINX aKICHT, XapakTepHbli qns sxkutenei Munuu u [Nakucrana:

“ind_ br” - wMoHOmor HocuTensd OPUTAHCKOTO AHTIMHCKOIO
MYXKCKOTO TMONa, OONaJarLero WHAMHCKHUM axueHToM. B daiine
MPHUCYTCTBYIOT HE3HAYUTENBHEIC IIIYMBI, HO ayIH0 OTIHYACTCS HU3KHM

kauecctBoM 3armcu. [lpomomxurensHOCTE cemmia — 1 mumayTa 27
CEKYHA.
“ind_news” — OTPBIBOK W3 HHIWMCKOrO TEICBU3HOHHOrO wmoy. B

CEMILIC TMPUCYTCTBYET PEUb HECKONBKUX TOBOPALIMX, a TaKXKe
My3bIKaNTbHEIH (GOH W pasmuuHbie myMbl. KauecTBo 3amuicu — HH3KOE.
IIpoaomwxkurenbHOCTD ayAu0 — 2 MAHYTH 24 CEKYHIHI.

“mpl” — aiin, xotopelii npeacraBmiecT coOOM HHTCPBBIO C
HECKOTBKMMH ~ HOCHTCISIMH ~ PasHbIX  BAPHAHTOB W aKICHTOB
AHTTIMHCKOrO S3bIKAa. B 3amucH mpUCYTCTBYET MVY3BIKANbHBIA (OH H
pasnuanble mymel. [IpogomwkurensHOCTE ayawio — 5 wmuHYT 32
CCKYHABL.

Jis kaskaoro anemeHTa HabOpa JaHHBIX ObUT cCo3AaH daitn dhopmaTa
TXT c¢ TpaHCKPpHOHPOBAHHBIM BPVUHYIO ayaAuO. JTH TEKCTHI
NpUHUMAKOTC 34 dtamoHHbie gaHHbie (Ground Truth) — ¢ HuMEH
CpaBHHUBAIOTCH pe3yabTarhl paboret ASR-cucrem. [lnst tectupoBanus
BAXXHO HMETh MAKCHMANbHO TIOXOKHE JAHHBIC, IO3TOMY IIPH
TPAaHCKPUOUPOBAHUH  TEKCT OBIT  HOPMANH30BaH C  YUYETOM
0COOCHHOCTEH HAIIMX CHCTEM — B HUX OTCYTCTBYIOT IYHKTYALIHOHHBIC
3HAKH, MPOMUCHBIC OYKBBI U YnC/Ia (Kak mudpsl, TaK U CIOBA).

Hna  paborer ¢ APl mpunokeHnid Ams  aBTOMATHYECKOTO
pacro3HaBaHUs PEUH ayJHO CEMILIBI U3 BRIOOPKH 00pabaThIBArOTCS ¢
MOMOIIBIO MPOrpaMMBbl Ha sI3e1ke Python.

Google Cloud Speech APl

Hoctynm k APl Google Cloud Speech ycmoBHO OecmmaTHbiii —
UACHTH(HKALKS TONB30BATENBCKOr0 Tapu(da ocymecTBIIETCS C
MOMOIIBIO CIICLUATBHOTO Kiaroua. Ha calite mpoekTa npeacTaBicHa Bes
HYXHAs JOKYMCHTALMS O CEPBHCE, a TAKXKE MOAPOOHAA WHCTPYKLIHS
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JUTsE pa3pabOTIHKOB.

Google npeanaraer Tpu Buga ASR: moTokoBOE pacmo3HaBaHHE,
pacro3HaBaHUE UIMHHBIX (DaijioB (Yepe3 ChCHHAIBPHOS OOIAYHOS
xpanuauine Google Cloud) u pacriosnaBanue koporkux ¢ainos (1o 60
cekyHn). Jimst HCCieOBAHHST MBI MOYKEM BOCITOIB30BATHCS MOCIICIHHM
BapPHAHTOM 00pa0aThIBas CEMILIBI TIO YACTSIM.

OO6paboTtaeM HaImM ayguO CEMIUIBl C MOMOINBIO IMPOrPaMMBl Ha
Python  (Google  Tawke  mpeamaraer em€ 9  A3BIKOB
nporpamMMuposanuns). Ham ¢aiin nomkeH OBITh TPaHCKPHUOHPOBAH, H
pesyastar ASR 3anucan B ¢aiin dopmara TXT ¢ Tem ke HHACKCOM,
YTO U OPUTHHAIBHBIH, HO ¢ mpedukcom “gc”.

IBM Watson Speech To Text

B ASR-cepsuce ot IBM pacniosnaBaHue JIUHHBIX ayAHO AOCTYITHO
JA0KaIRHO, mO3TOMY mporpamma st Watson Speech To Text paGortaet
C UemeIMH ceMiuiamMH. KoMmaHus TakKe MPEAOCTABISCT  BCIO
JOKYMCHTAITHIO M WHCTPYKIUIO Ui CUCTEMBI HA CBoéM caiite. IBM
Watson Speech To Text — 3T0 ycnoBHO OeCIUIATHBI NPOCKT;
MO/Tb30BATEIb HACHTH(DULMPYETCS M0 HHAUBUAYATbHOMY Kiarody. Kak
U MPEABIAYINAS, JAHHAS MPOrpaMMa 3alMChIBACT BBIXOTHBIC JAHHBIC B
HOBBIN (paiil ¢ MHACKCOM OPUTHHAIBHOIO TEKCTA, HO ¢ J00aBJICHHBIM
npedukcoM “ibm”.

Microsoft Azure: Speech APl

Kak w npempiapymme cepsucel, Azure: Speech APl - ycnoBHO
OecrIaTHBIH. Kommnanus TaKKE npeaaract MOTOKOBOC
pacro3HaBaHUE, U PACIO3HABAHHUE OONMBIIMX W Mabix (ailnos, cpeau
KOTOPBIX MbI CHOBa BblOupacMm mociaeanee. asi uacHTHHUKALIH
nomnb3oBatens Microsoft ucmomeszyer muuHBIE Koa. BeiBox maHHBIX
MPOUCXOAUT B (aiiisl ¢ npedurcoM “ms”.

Amazon Transcribe AWS

B cepBuce pacnoszHaBanus peun ot Amazon ecte (YHKIMSA
obOpaborku ayauo (alioB ¢ MOMOIIBK BUPTYaIbHONM MamuHbl, Hammn
Ha0OpP JaHHBIX 3arPyKacTCs B OOJAYHOS XPAHWJIMINEG AMmAazon, rAe Ml
U paboracM ¢ HUM. ['OTOBBIC BBIXOJAHBIC JAHHBIC MBI MOJIYYACM B
dopmare JSON - xonBeprupyeM mx B TXT daiiner ¢ npeduxcom
“amazon”.

He Bce mpeacraBicHHBIC B BBIOOPKE NPHIOKCHHS MMCIOT OILIHAIO
BBIOOpA THANICKTA sI3bIKA IS PACIIO3HABAHUS, [MOITOMY IS YHUCTOTHI
SKCIICPUMEHTA HCIIONB3YETCs JUOO PACMO3HABAHHE C IOMOLIBIO
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CTaHAAPTHOH OMNLMK IS AHTJIMHACKOTO SI3bIKA, THOO aMCPUKAHCKHMA
BapPHAHT AHTJIMHCKOTO — BBIOOP 3TOH OMIMEH MOTUBHPOBAH TEM, YTO,
mist paborel Ha peiHke crpaH CesepHoit Amepuku, ASR-cucrembr
JODKHBl 007amaTh BO3MOMKHOCTBIO PACIO3HABATH OOJCC ITHPOKHH
auana3oH (HOHOMOTMYECKHX KOHCTPYKLMH; 3TO CBS3AHO € TEM, YTO B
Kanane u CIIA npucyrctByeT OOMBIIOS KOAHYSCTBO PA3THUHBIX
AKLICHTOB U AHATCKTOB.

PesynpraTel pacnozHaBaHUs TPAHCKPUOUPYIOTCS TEM KE CITIOCOOOM,
YTO W 3TajJoHHBIC TeKCcThl. Kak yxke ymomunanock, Bce ASR-cepBHCH
paboTaroT Mo-pa3sHOMY: OJHU PACIO3HAIOT YUCIA KaK CI0Ba, JPYTHE —
Kak IU(PBI; HEKOTOPBIC CUCTEMBI VMEIOT PAcliO3HABATE WHTOHALUIO U
paccTaBiATh MYyHKTYAMOHHBIC 3HAKH, OCTANBHEIC — HET. Bce TekcThl
MPOBEPSIIOTC M PEIAKTHPYIOTCS BPYUHVIO — JAHHBIC NPUBOIATCA K
MaKCHMAITBHO MOXOKEMY BUAY, TIPU 3TOM B HHUX HE H3MCHSIIOTCS CaMH
TPaHCKPUOUPOBAHHBIC CIIOBA — MPUHIMITHAIGHO BAXKHO COXPAHHTH
owmudOkH, kotopeie cacaanu ASR-cepsucer (Zechner & Waibel, 2000).

C mnomompr wmMmmopruposanHoro Mmoayias WER B Python
TPaHCKPUOUPOBAHHBIC TEKCTHl CPAaBHUBAIOTCA C OPUTHHAIBHBIMU
ganabiMA.  [lomydeHHBIE pe3ynpTaTel BHOCATCS B OOBCIUHEHHYIO
TabnmuLy, TAC TaKKe PACCUUTHIBACTCH CpPeAHee apuMETHUCCKOC
3HAUCHUH — OueHKa o0meid Tounoctu cuctem. Jis ypoGctea
PE3VIbTaThl TCCTHPOBAHMS MPEACTABISIOTCS B NPOLCHTaX, a JPoOH
COKpPAIIAOTCA IO COTHIX.

PesyabTaThl 1 00cyKACHHE

[To uroram tectupoBanms cucteM ASR MOXHO CYIUTB O TOM,
KaKkoOH M3 METOOOB aBTOMATHYCCKOTO PACIO3HABAHHUS PEYH SBIACTCS
oonee >¢dexruabiM. OO0IAs OLUCHKA TOYHOCTH TOBOPUT O TOM, HTO
npuaokeHdss o Amazon u IBM nyume ocTambHBIX Pacmo3HAIOT
JKUBYIO peub;, XyKe BceX — cepBUC oT Microsoft. To ectb cuctemel ¢
SI3BIKOBBIMHM MOJCIIAMH, ocHOBaHHbIMH HA CMM, sBmsrorcs Hanbolce
spdexkruBapivu  cpeacteamu  ASR. Google Cloud Speech API
MOKA3bIBACT YIOBICTBOPHUTCIBHBIC PE3YIBTATHl, W3 YEr0 MOXKHO
cAenaTe BBIBOA O TOM, YTO IyOOKOE OOYUCHHE TAIOKE MOJIE3HO IS
A3BIKOBOH M aKyCTHYCCKOM Mojened, a mpoOmema Microsoft Azure:
Speech API zaknrouaercs B MI0X0H ONTUMH3ALNN AKYCTHICCKOH YacTh
MPUIOKEHHUS THOO €€ COBMECTHOH paboThI € A3BIKOBOH MOJACTBIO.
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amazon ibm gc ms
afr 37.56% 4939% | 53.26% | 45.53%
am_news 7.76% 21,34% 16,73% | 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% 3325% |  48.34% 100%
aus 36,53% 56.62% |  68.37% | 42.52%
br_news 24.74% 4123% | 5154%| 67.35%
o br_podca 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%
me:’S"—VO‘ce 10,66% 11,33% 1333% | 44,66%
O6was 25.66% 36,16% 41,88 50,38
OLICHKA % %
Tabnuya 2

HeiipoceteBas akyctuueckas MOACTb TMOKA3BIBACT CEOS JTydIIC B
pacmo3HaBaHUU PA3HBIX [JHAICKTOB M AaKICHTOB $3bIKa, CKpPBITHIE
MapkoBckue MOJCTH NPOUTPHIBAIOT TIyOOKOMY OOYUCHHIO B
AKYCTHYCCKOM MOJCIHUPOBAHUH. XYKE BCEX CHCTEMBI CIPABHIMCH C
aQppuKaHCKUM MW OPHTAHCKMMH BapHAHTAMH AHIIIHICKOrO, OJHAKO,
CTOHT 3aMETUTh, YTO C PACIO3HABAHHEM OPHUTAHCKOTO AHTIHHCKOrO
HEMJIOXO COPABUICA CEPBUC OT Amazon — 3TO T'OBOPHUT O TOM, YTO
o0y4YeHHE MoAeTcH MPOHCXOAWIO HA OrPaHWYCHHOH B JHAJICKTHOM
paszHooOpasuu BEIOOPKE JAHHBIX.

Kpome Toro, axycrmieckoMy MOIACTHPOBAHHIO HAa  OCHOBE
HEHUPOHHBIX CETEH JIydlle AAETCsS PACIO3HABAHUE HEUETKOM U IIIIOXO
PasIHUMMON PEUM C MY3BIKOW H IIyMOM Ha (OHE. 3TO MOXKHO
HaOMIOAATek TPU CPABHCHHM PE3YIbTATOB PACHO3HABAHUS CEMILIOB
“aft”, “am_news”, “br_11”, “br_podcast”, “ind_news”.

CaMplii Ty4IIMid pe3yabTaT Paclo3HABAHUS JAHHBIX MPUHALICIKHT
Amazon Transcribe AWS B oaiine “am news”. Hauxyamee
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pacnosHaBanue nokaszan Microsoft Azure: Speech API B “am rl” -
nnaeke WER mnokassiBaeT CTONPOICHTHYH) HETOUYHOCTh. (QUEBHAHO,
YTO JAHHBIA PE3yNbTAT — OMIMOKA M3MEPCHHUsS, TAK KaK MPU PYIHOM
AHAJIU3C JOKYMCHTOB MOXKHO BHACTh, YTO TCKCTHI YaCTHYHO
COBIAJAIOT; NPUYMHA TAKOrO NPOCUETA CKOPEEC BCErO KPOETCd B
HeOesympeunom amroputve WER u B cmaboii  akyCTHUCCKOM
obpaborke cepsuca Microsoft — npuUIOKESHHST HE CMOTJIO PACIIO3HATH
LICNBIC PEIUTUKY ayauo (aita.

Boisoasl

AHaM3 MOTYYCHHBIX PE3YIbTATOB CPABHCHHS IMOKA3AJ, UTO CAMOU
3¢(deKTUBHON  ABIAETCI CHUCTEMa, Y KOTOPOH  aKyCTHYECKOE
MOJCTHPOBAHNE OCHOBAHO Ha padoTe HEUPOHHBIX CETCH, a SI3BIKOBOC —
Ha CMM. HeiipoceTeBbie S3bIKOBBIE MOACTH B LICIOM OKa3a7IHCh MCHEES
3pdexkTuBHB ueM craTHCTHUYCCKHE. HanpoTwe k€, aKyCTHUCCKUC
MOJCNU, OCHOBaHHbIC Ha Mexanuamax CkpeiThix  MapKOBCKUX
MOJAEACH, CHPaBIAIOTCA ¢ 33Ja4ell  pacmo3HABaHUS PEUU  XYKe
HEUPOCCTEBBIX AHANOIOB — B OCOOCHHOCTH 3TO KacaeTcs MPHUMEPOB
HECTaHJAPTHOH peun.

B menom, MOXKHO cAenate BBIBOJ O TOM, YTO TOYHOCTh PabOTHI
CHUCTCMbI aBTOMATHYCCKOTO0 PACIO3HABAHUS PEYH OUYCHb CHIIBHO
3aBHCHT OT ONTUMH3aUMH paboThl €€ DSIEMEHTOB — Kak IIo
OTACTBPHOCTH, TaK U BMecTe. OTCYTCTBUC ONTHMH3ALMH B CTPYKTYPE
ABTOMATHYCCKOTO PACMO3HABAHUS PCYH MPHBOAUT K TOMY, H9TO
pe3yapTaThl PabOThl MPUIQKCHUS MOTYT MOKA3bIBATh CTOMPOLICHTHYIO
HCTOYHOCTh PACIO3HABAHUS MPH KSCTKOM CPAaBHCHHH CTaHAAPTOM
WER HecMOTpPS HA TO, 9TO aKYCTHUCCKOC U SI3BIKOBOC MOICTHPOBAHHUS
cucreMa BoonHAeT yememHo. M rmyOokoe obyuennie, u CkpbiThic
MapkoBck#re MOJCIH, U THOPHAHBIC METOABI — BCE OHU S((ECKTHUBHBI
TOJIBKO TIPH YCJIOBHH, €CIIA MPHUJIOKCHUE OBIIO MPABHIBHO OOYUYCHO,
3AECh TAKIKE BAXKHYIO UTPACT pojib HaOop oOyuarommx gaHabix. Camu
Mo ce0C 3TH HHCTPYMCHTBI KAaK TAKOBBIC HCBO3MOXKHO OOBCKTHBHO
CPaBHUTb MEXKIY COOOM.

CpaBHUTCIBHBIA aHAIN3 CHCTEM PACO3HABAHUS PCUH  TAKKE
MOKA3BIBACT, YTO HA JAHHOM OJTAIl¢ PAa3BUTHS HCHPOHHBIC CETH (B
YACTHOCTH, TEXHOJOTHS TIyOOKOro oOy4ueHHs) camMu 1o ceOe He
ABISIOTC Oosice 3((EKTUBHBIM TMOAXOJOM K JIHHIBHCTHICCKOMY U
akycruueckomy mozeaupoBanutd B ASR yem Ckpertbic MapKoBCKuE
mMoaenn. O0a MeToAa MOKA3BIBAIOT BEICOKYIO TOUYHOCTh PACIO3HABAHUS
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PCUH MPH NPaBHIBHOH ONTUMH3ALUU cUCTeMBI U e¢ uacTed. [myGokoe
o0y4cHue MOKa3bIBACT JIYUIIVIO MTPOU3BOUTEBHOCTD B
ompenenéHHbIX caydasx B To Bpems, kak CxkpeiTeie MapkoBckue
MOJIENIN TAKKE ITOKA3BIBAIOT YIOBJICTBOPUTENBHBIM PE3YIBTAT IPH 3THX
JKE YCIOBUAX M OTJIMYHBIHN NPH IPYTHX.

B xoHeuHOM HWTOr¢ — TOMBKO pa3pabOTYMKAM PEIIATh, KAKOH
MEXaHW3M JOJDKEH JIEKaTh B OCHOBE AaKyCTHUECKOTO M S3BIKOBOTO
mMoaenupoanus ASR-CHCTEMEI — HEHPOCETEBBIC MM CTATHCTHUCCKUC
MallWHbI, JUIIb B HX pPYKaX CHAETaTh WX MAaKCHMAIBHO TOYHBIMH.
Onnako crout ormeruth, uTo TexHonmorun HC ceromns passuBaroTcs
OUCHb CTPEMUTENIBHO, MO3TOMY mepeBon Moaencii ASR Ha HOBbII
anaroputM 0e3 YBETHYCHHS TOYHOCTH PACMO3HABAHMS MOXKET CTaTh
MOJIC3HOM MHBECTULIUCH B OYAYyIIECE PA3BHTHE CHCTEMEL.
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MockoBckHii rocyJapcTBeHHbIH 00/1aCTHOH YHHBEPCHTET

JIMHI'BOITPAT'MATUKA HEMELIKHUX MY3bIKAJIbBHO-
HOITUYECKHUX TEKCTOB

B cmamwe aunanusupyemcs 6iuUAHUE MY3bIKANLHO-NOIMUYECKUX
mexcmoe Ha cayuwameneil. JI000T no3mMu4ecKuil mexcm MOMCem
BOCNPUHUMAMBCS NO-PAHOMY, O 6 COCOUMEHUU C MY3bIKOH 6IuAHUe
Moxcem  ycunumuved. Ha smo  enusem  MHOJCECMEO  (DAKMOPOS,
3A6UCAUUX HEe MOTLKO OM AOPeCanmd, HO U OM PeYunUeHmd, d MaKice
opyeux oxpydcaiowux paxmopos. Jannas paboma ocHoevieaemes Ha
SHAYUMOCHIU PONU SA3bIKOGOT COCMAGHAIOUel 6 npoyecce co30anusd u
6OCNpUAMUS ~ MEKCMO8  NECeH  COBPEMEHHO20  MY3bIKANbHO2O0
UCNOTHUMENS MY3bIKAILHOSO CHIUISA «MEMAN-MY3bIKA Y, AGIAI0Ue20CH
HA OGHHBIN MOMEHM OOHUM U3 UHCHPYMEHMOE G030elicmeus, Kax HA
KOMMYHUKAMUGHYIO AKMUGHOCHIb HENI08EKA, MAK U HA €20 GOCnpuimue.
Ilpeomemonm OanHo020 UCCIEO08GHUS AGNAIOMCA  MEKCMbl  NeceH
6CEMUPHO U36ECMHOI HeMeyKoll Meman-epynnol Rammstein. B 3a0auu
OaHHO20 UCCIe006AHUA 8X00AM ONpeOeieHIe NOHAMUI « NOIMUYECKO20
U MY3bIKATBHOS0 OUCKYPCAY, «MEMAn-MYy3bIKuy, UOCTUHLIH CMbICT
mexcmoe Rammstein; 0cobeHHOCHU GOCHPUAMUS, UHMepNpemayuu u
POIb  pUmMMA 6  MY3bIKANbHO-NOIMUHECKOM — COOOUWeHUU,  OHANU3
JUHESBUCTIUYECKUX OCODEHHOCEN MY3bIKANLHO-NOIMUHECKO20 MEKCHA
HA NpuMepe mMexcma OOHOU U3 necer Rammstein, a maxaice onpoc Ha
memy 60CHpuAmUL meopuecmeda Oannot epynnel. B xo0e uccnedosanus
Meopemu4ecky U IKCHEPUMEHMANbHO 0blI0 OOKA3AHO, YMO 6CAKUL
MOIMUYeCKUti MeKCcH  OeliCMEUMENbHO  MONCEMm  60CHPUHUMAMBCA
COBEPULEHHO NO-DASHOMY, HA YMO GAUSEeM MHOIICECHBO (DAKMOPOS,
3G6UCAUUX HE MOTBKO OM AOPECanHmd, HO i OM peyunueHmd.

Knroueswie cnosa: nosmuueckuti mexcm, NOIMUYECKUT OUCKYPC,
MY3IKANbHBIE OUCKYPC, MeMan-My3biKd, Hemeyxuil 13vik, Rammstein,
eruAHUe, 00pa3 MLIULTEHUS, COSHAHUE.
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