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AHHOTANUS

PaccmaTpuBaroTCsi OCHOBHBIC 3Tallbl Pa3BUTHSI CHCTEM aBTOMATHYECKOTO paclio3HaBaHMs peud 3a mepuon oxoio 50 net. Cre-
JIaHa TIOTIBITKA OLIEHUTH METOABI PEIICHHS 3aJayll C TOYKU 3PEHHS MPHOMIDKEHHS K (QYHKIHOHHPOBAHUIO OHOIOTHYECKUX
cUCTeM. 3a HayaJio OTCUETa B3STO BHEIPEHHE METOAAa, OCHOBAHHOTO HA alTOPUTME TWHAMHUYECKOTO MPOTPaMMHUPOBAHHA, B
1968 r. PaccMoTpeHbl HEIOCTAaTKU METO/A, MO3BOJISIOIIME HCIIONB30BaTh €ro TOJBKO JJISl pacno3HaBaHusi KomaHn. [lanee
paccMOTpeH METOJ, OCHOBaHHBIA Ha (opmaini3mMe MapKOBCKHX Ieneil. Ha oCHOBaHWM MpENCTaBICHHUS O KOAPTUKYIISIUH
MoKa3aHa HEeOOXOAMMOCTh TEPEXoia OT MOJCIUPOBaHMs (HPOHEM KaK IEIbHBIX KOHTEKCTHO HE3aBHCHUMbBIX OOBEKTOB K MOJIC-
JIMPOBAHHUIO KOHTEKCTHO 3aBUCHMBIX TPpU(GOHOB U OM(OHOB. Pa3bsicHEHbI POOIEMbl 00yUcHUs TPHU(GOHOB, OOBICHSIIOIIHECS
HEIOCTaTOYHOCTBIO PEUeBBIX 0a3 aHHBIX, KOTOpPhIE NMPHUBENH K METOHY CBA3bIBaHM cocTOsHUH. IlokazaHa poibp MeTomoB
aJlanTanuy MoJesieil 1 HopMaJu3aluu MPU3HAKOB, 00ECIEUHBAIOIINX JIyULIyl0 HHBAPHMAHTHOCTh K MHIAMBHUAYAIbHBIM OCO-
OCHHOCTSIM AMKTOpa, KaHAallaM CBS3H, aJJUTHUBHBIM ITyMaM. B kadecTBe caMOro COBPEMEHHOTO METOZa aBTOMAaTHYECKOTO
pacIio3HaBaHHs PEYH PacCMaTPUBAIOTCS ITyOOKHE HEHPOHHBIE CETH M PEeKyPPEHTHBIC HEHPOHHBIE ceTH. OTMEUEHO CXOACTBO
DIyOOKUX (MHOTOCIIOWHBIX) HEHPOHHBIX CETEH ¢ OMOJOrMYECKHMHU CHCTEMaMHy. B 3aKIIF0OYeHIH OMMCaHbI MPOOIEMBI U HEIOC-
TaTKW COBPEMEHHBIX CUCTEM PACIO3HABAHUS PEUM U IaH IPOTHO3 UX Pa3BUTHUS.
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Abstract

The main stages of automatic speech recognition systems over last 50 years are regarded. The attempt is made to evaluate
different methods in the context of approaching to functioning of biological systems. The method implementation based on
dynamic programming algorithm and done in 1968 is considered as a benchmark. Shortcomings of the method, which make
it possible to use it only for command recognition, are considered. The next method considered is based on a formalism of
Markov chains. Based on the notion of coarticulation the necessity of applying context dependent triphones and biphones
instead of context independent phonemes is shown. The problems of insufficiency of speech databases for triphone training
which lead to state tying methods are explained. The importance of model adaptation and feature normalization methods
providing better invariance to speakers, communication channels and additive noise are shown. Deep Neural Networks and
Recurrent Networks are considered as the most up-to-date methods. The similarity of deep (multilayer) neural networks and
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biological systems is noted. In conclusion, the problems and drawbacks of the modern systems of automatic speech
recognition are described and prognosis of their development is given.
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BBenenue

ABTOMaTHYECKOE PACIO3HABAHHUE PEUH SBIACTCS JHHAMHUYHO Pa3BHBAIOIIMMCS HAIPaBICHUEM B 00JIaCTH
HCKYCCTBEHHOTO MHTEJUIEKTa. 3a MOCIEIHUE MOJIBEKa B JAHHOIN 0071acTH TOCTUTHYTHI 3HAYUTENBHBIEC YCIIEXU —
MMEETCSI MHOYKECTBO KOMMEPYECKUX IPUIIOKEHHH, KOTOpbIE AEIal0T BIIOYKEHHS B JIAHHYIO OOJIACTh ONpaBaaH-
HBbIMU U BBII'OJHBIMH.

Cpem/l BO3MOXXHBIX O6J'IaCTel>i MMPUMEHCHUA, NPEKIAC BCETO, OTMETUM CUCTEMbI ITOMOLIW MHBAJIUAAM. 3TO
MOTYT OBITh YCTPOMCTBA yIpaBJICHHUs OBITOBBIMU NMPUOOPAMHU WIIM WHTEPAKTHBHEIC IMPOTPaMMBL. XapaKTepHOU
0COOCHHOCTBIO TAKUX CHUCTEM SIBIIICTCSI OUYSHB OOJBIIAsi 3aMHTEPECOBAHHOCTh JUKTOPA B MPABWIBHOCTH (DYHK-
[MUOHUPOBAHUS CUCTEMBI MU KOOIIEPATUBHOCTH, IOCKOJBKY aJbTEPHATHBOM SBIIACTCS OMOIIb IPYTOTO YEIIOBE-
Ka, 9TO HE BCerna yIoOHO I BO3MOKHO. TeXHONOTHH paclo3HaBaHUS PEUH y)KE HECKOIBKO JECSITKOB JIET Je-
JIAFOT TaKWE CHCTEMEI BIIOJHE PabOTOCTIOCOOHBIME (peYb HAET O PACIO3HABAHWM KOMAaHJ, a HE CIUTHOU pedn).
YnagHBIM ¥ OYEHb COBPEMEHHBIM IPUMEPOM TMOMOIIH CIA0OCIHBIMIAIINAM SBIACTCS aBTOMaTHUYECKas CHCTEMa
CO3JIaHMsI CYOTUTPOB B pealbHOM BpeMeHH [1].

Crenyromeil Tpynmoi NpruiIoKeHUH, TAe KOONEPAaTHBHOCTh TUKTOPA MOHIKAET ITOPOT MPHUEMIIEMOCTH Ka-
9YeCcTBa PACMO3HABAHUs, ABJSIETCSA TOMOIIb OMEPaTopaM C 3aHIATHIMU PyKaMH, KOTOPBIM B TO k€ BpeMs Tpebyercs
JIOKYMEHTUPOBATh CBOIO JIEATENBHOCTh. Takas cucTeMa HCIONB3yeTcs B psiie MeauimHckux IeHtpos CIIIA
PEHTreHoyioraMu. B 1oioOHbIX NpHIIoKeHHX 3a/1a4y OOBIYHO YHPOLIAET OrPaHUYEHHBIN CIIOBAph M CTaHIapTH-
30BaHHOCTh (DOPMYIHUPOBOK. 13 MEAMIIMHCKUX TMPIJIOKECHUN OTMETHM TaK)KE 3allOJHCHUE TOJIOCOM MEIHIIH-
CKUX KapT CPEIHUM IEPCOHAIOM B TIPOJIBUHYTHIX MEIUIIUHCKHUX YUpexxaeHusax. [IIupokuM BHEIpEHHEM PEYEBBIX
texHoyoruii B MemuiHy B CIIIA 3anumarorcs yxe oonee 15 mer [2-5].

Cpenu crenuanbHBIX MPWIOKEHHH CIeAyeT OTMETUTh ITOMCK KITFOYEBBIX CIOB WM (DParMeHTOB TEKCTa,
coZiep KaIIiX KITFOYEeBBIE CIIOBA, OTPENCIICHUE sI3bIKa, ONpeeNieHrne TeMbl coobmienus. [locienare qBa mpuio-
JKeHUST JOBOJHHO HETPeOOBATEIBHBI K KAYECTBY CHCTEMBI PACIIO3HABAHUS.

B nocnename roasl cucTeMbl paclio3HaBaHUS PEYH HAYMHAIOT MCIIOIB30BAaThCS B MPIIIOKECHUAX, TTPEIHA-
3HAUEHHBIX JUI MAaCCOBOTO, TPeOOBAaTEIbHOTO AUKTOpa. B niepByro ouepens, ato call-uentps wian IVR-cucrembr
(Interactive Voice Response) — ciucTeMbl aBTOMAaTH4eCcKOro JOCTyma K WH(pOpManuu, MUHYS omeparopa. B co-
BpeMeHHBIX call-ieHTpax Bonpockl GopMyIHpYIOTCs OJIb30BATEIEM Ha €CTECTBEHHOM SI3bIKE, U OTBET CUHTE3H-
pyeTcsi KOMIIBIOTEPOM TaKKe Ha SI3bIKe Mosb30BaTess. Buenpenue call-ieHTpOB MO3BOJNMIIO BBICBOOOIUTH OT-
POMHOC KOJIMYCCTBO OICPATOPOB U YIYUHIUTH Ka4€CTBO O6CJ’Iy)KI/IBaHI/IH BO MHOTHUX asporopTax U Ha KEJIE3HO-
JIOPOXKHBIX BOK3aJIaX, XOTS Ha MEPBBIX TAIlaX BBI3BIBAJIO MHOTO KPUTHKH U HACMEIIICK.

C nporpaMMamu TIOMCKa TI0 TOJIOCOBOMY 3ampocy B cMapT(dOHaX 3HAKOMBI, HaBepHOE, Bce. B mocnenHee
BpeMsl HAYMHAIOT TOSBISATHECS CUCTEMBI AWKTOBKH C MPHEMJIEMBIM YPOBHEM OIIUOOK, Hampumep, Siri [6] wim
Voco [7].

Oco0eHHOCTH ABTOMAaTHYECKOT0 PACIIO3HABAHMSA PevyH

ba3oBble MPHU3HAKK aKyCTHYECKOTO CHUTHAJa — XapaKTePUCTUKH OCHOBHOTO JJIEMEHTa Iepu(epuiecKon
CI[yXOBOH CHUCTEMBI — YITUTKH, 1 TOHOTONINYECKAsI OPraHM3aLUsl CITyXOBON CHCTEMBI [§] — MPEAIOonaratT UCIIOIb-
30BaHue criekrpa Pypbe Kak OCHOBBI Ul NOCTPOCHUS MMPU3HAKOB Oosiee BHICOKOTO ypoBHs. [lox ToHOoTOMMuE-
CKOI1 OpraHu3anyeil MoHNMMaeTcsl paclpoCTPaHEeHHE CIEKTPAIBHBIX KOMIIOHEHT aKyCTHYECKOIO CHI'Hala B MepH-
(hepuueckoii cucTemMe BIUIOTh 10 CIIyXOBOI KOPBI MPAakTHYeCKH 0e3 nepemeninBanus. [Ipu 3ToM cMexHbIE YacTo-
TBI PACIIPOCTPAHSIOTCS B TOTIOJIOTHYECKH CMEXHBIX HEHPOHHBIX KaHaJaX.

Jlnist monmyveHus CIeKTpa HMCIOJIb3YIOT «OKOHHBII» aHaJM3 C JUIMHOW OKHa B 15-25 Mc ¢ kakum-nmubo
CIJIKUBAIOLIMM OKHOM (X3MMuHra, XaHHHHTa U 11p.) [9] mmbo pekypcuBHBIE (QUIBTPBI C TAKUM e BpEMEHEM
3aryxaHus. J[nmmHa okHa 00ycCIIOBIEHA XapaKTepoM M3MEHEHHS PEYEeBOro CUIHAIA WM CHIUIA0NYECKOH 4acTOTOM
peun, KoTopasi HaxonuTcs B auana3oHe 8—12 I'm. OxHa aHamm3a oObrgHO casuraiorcs Ha 10 mc, obecneunBas
Y4acTOTy MONMy4YeHHsI BeKTOpoB-ipu3HaKkoB B 100 ', B Habope mormy sipHBIX MeT-9aCTOTHBIX KEICTPAIBHBIX TIPH-
3nakoB (mel-frequency cepstral coefficients, MFCC) [10] Hag cnekTpoM NpOU3BOIST MAHUITYJISLUH, UMHTH-
pyromne 0CoOeHHOCTH 00PabOTKHU CITyXOBOM CHCTEMOIL: COOMPAIOT KOMIIOHEHTHI CIIEKTPa B COOTBETCTBUH C Yac-
TOTHOM LIKaJON MeJ u JorapuMHUPYIOT 3HAYSHHUs SJHEPTUU B KakaoM kaHane. [llkana men npezcraBisier co0oi
TICEB0JIOTAPH(PMHUUECKYIO KAy YaCTOT, SKCIIEPUMEHTAIIBHO MOJYYEHHYIO B IICUX0aKyCTHYECKUX IKCIIEPUMEH-
Tax. Ee Ba)KHOCTH 3aKJIIOYaeTCs HE TOJBbKO B TOM, YTO OHAa COOTBETCTBYCT HAlIWM IPCACTABJICHUAM O pa60Te
CHyXOBOﬁ CHUCTEMbI, HO U B TOM, 4YTO, OG’beZlI/lHSIH CIICKTPAJIbHBIE KOMIIOHEHTBI BBICOKHMX YaCTOT BO BCE 60.]'166
IINPOKKX 30HaX, OHA ITO3BOJISIET CYIIECTBEHHO IIOHU3UTh Pa3MEpHOCTh BEKTOpa NpHu3HakoB. Jlorapugmuposanue
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MOJIETTUPYET aMILTUTYAHYIO KOMIIPECCHIO, XapaKTePHYIO IS PACIIPOCTPaHEHHSI CUTHAIOB TI0 HEPBHBIM KaHAIAM.
JlomoTHUTENBHO JIeNIaloT 00paTHOEe KOCHHYCHOE IpeoOpa3oBaHMe, Mepexoas K KEeTCTPY, U OCTaBISIFOT TONBKO
nepBeie 12 komnoHeHT. KocuHycHoe mpeoOpa3oBaHne MPUBOAWUT K ICKOPPEISIHMH CHEKTPANBHBIX KOMIIOHEHT
aHasorndHo npeodOpasoBanuio Kapynena—Jlossa [11]. CoOcTBeHHO, XapakTep BecoBbIX (yHKumii Kapynena—
JloaBa ¥ HaTOJIKHYJI Ha MBICJIb UCIIOJIb30BaTh KOCHHYCHOE MpeoOpa3oBanue. Ha Ham B3MIsi1, KOCHHYCHOE IPeod-
pa3oBaHUE HE UMEET aHaAJIora B MeXaHH3Max 00pabOTKU CUTHANIOB HEPBHOM CHCTEMOIA.

3nech BO3HUKAET BOIIPOC, KOTOPBIH CTAHOBUTCSI Bce 00Jiee BaXKHBIM 110 MEPE PAa3BUTHSI CUCTEM pacllo3Ha-
BaHMS: a HaJI0 JIU CTPEMHTHCS MOACTPANBATHCS 110]] (Pr3NOIOrHUecKie 0COOCHHOCTH CITyXOBOH CHCTEMBI?

Henp3st ckazarb, 4TO 10 Tak CHOPMYIUPOBAHHOMY BOIIPOCY BEJHCH TOpSiYME AUCKYCCHH, OJHAKO, KOTJa
HOSIBJISUINCH CTaThH MJIM MPEATIOKEHHUS UCIIONb30BaTh HEKMI METO/ MM ITpeo0pa3oBaHKe, He NMEIOLINE HUKAKO-
TO aHaJiora B HEPBHOH CHCTEME, aBTOPHI OIPAaBIBIBAIIICH CTAHAAPTHBIM 00pa3oM: « MBI HAyUIIINCh MOICIUPO-
BaTh MHOTHE (DYHKIMH KXHUBBIX CYIIECTB, HE KOIMUPYS PEIICHUS MPUPOMBI, U YaCTO JOOMBAJICH TyUIIAX PE3yib-
tatoB. CaMoIeT, HalpuMep, BO MHOTHX OTHOLICHHSAX COBEPIICHHEE NTHUI], HO OH BEIb HE MAIleT KPbUIbIMH!».
Kak mpaBuito, aBTOpsI Takux paboT HCIIOIB30BAIM METOJ, YCIIEITHO MPUMEHEHHBIH K COBEPIICHHO APYTOil 3a1a-
Yye, WIK He MOIJIM BBIUTH 32 PaMKH HOJTY4E€HHOTO 00pa30oBaHHUS (B KaueCTBE SKCTPEMAIbHBIX NMPHUMEPOB IpHBe-
JIEM TIOTIBITKH MCIOIb30BaTh peoOpa3oBaHue YOuIlla U TEOPUIO (PPaKTaIOB).

Ha stot Bompoc ucuepnsiBatomuii otBeT Aan X. I'epmaHckuii [12], ydeHsli, KOTOPBI BHEC, HaBEpHOE,
HauOOJBIINI BKJIQJ BO BHEIPEHUE OMOJIOTMYECKHX MEXaHM3MOB B amnmapar oOpaOoTku pedeBoro curnaia. He
nepeckasbiBasi JoBo#oB X. [epMaHCKOro, OTMETHM elie OfHO cooOpa)keHHe, MOJBepraroliee COMHEHHIO apry-
MEHTAIHIO C «MALIYIIUM KPBUIBSIMH camolieToM». Haso ydecTs, 4To 10 CHX MOp YeJIOBEK MOAEINPOBAJ B3aUMO-
JIEWCTBHE JKUBBIX CYILECTB C BHEIIHUM MHPOM B COOTBETCTBHH C XOPOIIO W3yYEHHBIMH (PM3MUECKHMH 3aKOHAMH.
Od4eBHIHO, YTO YEJIOBEK MOJIETeN OB, HCIIONB3Ys 3aK0oH bepHymn, naxe eciu Obl Ha 3eMile He BOIWIHCH ITHUIIBL.
AHaNOTUYHOE YTBEp)KIICHHE OTHOCHTEIEHO PACIIO3HABAHUS PEYH IMOJHOCTBHIO JIMIICHO CMBICTA. ABTOMAaTHYe-
CKOE€ pacrio3HaBaHHE PEUH SBISETCS YHUKAIBHOW 3a7avdell MOIENUPOBaHMS CHCTEMBI, pa3BUBIICHCS B IpoIiecce
(huoreHes3a 3a HECKOJIBKO COTEH THICSY JIET. B 3TO# cucTeMe «IepefaTdnk» U «IPUEMHHK)» CUTHAJIOB YIPaBIs-
FOTCSl OTHUM OPTaHOM — MO3TOM, M B T€UEHHE ITHX THICSUETCTUH OHH HAILIH «OOIMMH SI3BIK», KOTOPHIN U HAI0
pacummdpoBarb. OueHb COMHUTENIBHO, YTO paciinppoBKa JOIMYCKAeT albTepHATHBHBIC BapUaHThI, TeM Ooee
COMHHTECJIBHO, YTO OHH JIYULIC «HATYpPaJIbHBIX). O'-IeBl/IZLHI)IM CJICACTBUEM DTUX paCCy)KI[eHI/Iﬁ SABJISACTCS TAKXKE
TO, YTO MCPCHEKTUBHBIC CUCTEMBI paclio3HaBaHUA pCeUr IOJUKHBI B MaKCHUMAaJIbHOM CTEIIEHH HCIIOJIh30BaTh H0cC-
THOKeHUs! (PU3HOJIOTHH B 00JIaCTH CITyXOBOTO aHanu3a. OIHAKO CJIeyeT UMETh B BUJLY, YTO CJIENOE KOIMMPOBaHUE
OTKPBITBIX MEXaHU3MOB BOCIPHUATHS MOXET Jaxe YXYIIIUTh PAcliO3HaBaHUE, IMOCKOJIBKY B XKHBBIX CHCTEMax
MEXaHU3MBbl 00pabOTKN penKo (YHKIMOHUPYIOT W30JIMPOBAHHO Jpyr oT apyra. Ckopee pedb MOXKET MITH 00
00ImMX MpUHIHIIAX 00paOOTKH HHPOPMAINH B KHUBBIX CHCTEMaX — MHOTOSTAITHON HepapXudeckoil 00paboTke ¢
HCTIOJIE30BaHAEM OOJIBIIIOTO KOJTMYECTBA HEHPOHOB 1 OOPATHBIMU CBS3SIMU.

B cooTBeTcTBUH C BBHINICTIPHUBEICHHBIMEA PACCYXKICHUSAMH OyIeM OLIEHHBATH METOABI M JOCTIDKEHHS B
CHCTEMaxX PACIO3HABAHUS C TOUKH 3PCHUS UX «OHUOIOTUIHOCTH.

HauneMm co cnextpanbHoro ananusa B npuzHakax MFCC u 3ameTuM, 4TO MCIOIL30BaHUE M30JUPOBaH-
HBIX CIIEKTPAJIbHBIX BEKTOPOB, IMOJYYEHHBIX Ha OKHE B 15-25 Mmc, He ¢usnonornuHo. Jleno naxe He B TOM, 4YTO
YECJIOBCK BOCHIPUHUMACT TaKUEC (bpaFMeHTbI KaK HICJTYKH, HE3aBUCUMO OT CIICKTPaJIbHOT'O HAIIOJHCHUS. Ba)KHO,
YTO CJIyXOBasi CHCTEMa HaCTPOEHA Ha PacliO3HaBaHUE CYIIECTBEHHO 00Jiee JIUTENBHBIX ()PAarMEHTOB — OTKPBITHI,
HalpuMep, HEUMPOHBI, pEarupyrouiie Ha Mepexobl CIEKTPAIBHOIO MAKCUMYyMa BBEPX MJIM BHU3 YEPE3 HEKOTO-
pyto gacroty. Onpenennuts (akT nepexoaa MOXKHO, YUUTHIBas IUPUHY (POPMAHT 3a BPEMsl, CYyLIECTBEHHO 00JIb-
mee 15-25 mc. [lo-BHauMOMY, CYIIECTBYIOT HEHPOHBI 00Jice BBICOKOTO YPOBHS, KOTOPBIC OOBECIUHSIOT 3TH CUT-
HAJTBI ¥ BBIJCIISAIOT YK€ 3JICMEHTHI YPOBHS (JOHEMBI.

Kak mpeomoneBaroT 5T0 HECOOTBETCTBHE COBPEMEHHBIE CHCTEMBI, OyIeT CKa3aHO HIKe, a TIOKa HagHeM
U3JI0)KEHUE B XPOHOIIOTHYECKOM TTOPSIKE.

PacnosnaBanue komana. Meton IMHAMAYECKOT0 IPOrpaMMHPOBAHUSA

K cepennne XX Beka, ¢ pazsutieM DBM CTaHOBHUTCS BO3MOXHBIM PAcIiO3HABaTh OTPaHUYCHHBIM HAOOP
KOMaH/I B MPAaKTHYECKH PealbHOM BpeMeHU (KOM(OPTHOM Juis moiib3oBaress). Kaxkaas koMaHa npencraBieHa
OIHUM WJIM HECKOJBKHMH 3TaJIOHAaMH — HaOOpaMu CIIEKTPaJbHBbIX BEKTOpOB. KoinyecTBO BEKTOpPOB B Habope
JJIs1 Ka)KI[OfI KOMaH/Ibl U Ka)K[lOﬁ €€ pcajin3anuu, BOO6IJ_IC TOBOPs, pa3JIMYHO U 3aBUCUT OT AJIUTECIIBHOCTH ITPOU3-
HeceHus. [Ipuxonsmuii peueBoit curHan ‘X°, KOTOPBIA HaJl0 OTHECTH K OJHOW M3 KOMaH], PEJCTaBJIEH B TAKOM
ke Buze. Takum 00pa3oM, HaJO COMOCTABHUTH PA3JIMYHBIC 110 COACPIKAHUIO M JTUTEITBHOCTH HA0OPHI 3TaJOHOB C
HabopoM ‘X’ pemmnTh, K KakoMy dTajioHy ‘X Ommke. OCHOBHOM TPYITHOCTBIO B JaHHOM 3ajade SIBJSUIOCH pas-
JMYHOE KOJIMYECTBO BEKTOPOB B CPaBHUBAEMBIX HaOopax. OUeBUIHBINA aJrOPUTM, OCHOBAHHBIA HA TPaJUEHTHOM
METOJIe, KaK U MOoJIaraeTcs «KaJHOMY» alrOpPUTMY, JaBajl O4YeHb HECTAOWIBHBIC pPe3yIbTaThl 1aXe I OXHOTO U
TOTO k€ IUKTOpa U ObLT aOCOIMIOTHO HEPaOOTOCIIOCOOCH 1ake B HEOOIBIINX IITyMaX.

[lepBbIM perreHre, OCHOBAHHOE Ha ajJrOPUTME TMHAMHYECKOTO MTPOrPaMMHPOBaHUS, IPeAokmiI B 1968 1.
T.K. Bunirok [13]. DTOT rog MOXKHO cUMTaTh pyOeiKoM, C KOTOPOTO CTaj0 BO3MOXHBIM MIPAKTHUECKOE IIPUMEHEHHUE
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CUCTEM paclo3HaBaHus pedu. He3aBUcHMO, HO HECKONBKO MO3XKeE, 3TOT ke MeTon npemioxkuwin B.M. Benuuko u
H.T. 3aropyiixo [14]. Ha 3anmane meton 6pUT IpeUToXKeH Takxe He3aBucuMo, Ho 10 net crrycers [15].

ITockonbKy 3TOT aJIFOPUTM HE TOJIBKO CHI'PaJl YPE3BbIUAHHO BaXKHYIO POJIb HA HAYAJIbHOM 3Tl Pa3BUTHS
CHCTEM pacIlO3HABAaHUS PEUM, HO M MPOJOJDKAeT MCIOJIb30BAaThCS B COBPEMEHHBIX CHCTEMax B Ipyroi ¢opme
WK 1104 APYI'MM Ha3BaHHEM, a TaKKeE, LIT06}JI €ro MOXXHO 6bIJ'IO CyAuTb C TOYKH 3PCHUA ((6I/IOJ'IOFI/I‘IHOCTI/I», na-
JIIM ero omnucanue. Maest Metoaa npocra v A0IyCKaeT pacCMOTPEHUE Ha KaueCTBEHHOM ypOBHE. 3aj1a4ya COCTOUT
B TOM, YTOOBI CpaBHUTH JIBC COBOKYITHOCTHU BEKTOPOB pa3J’lH'~lH0171 JJIMHBI, TPUYEM Ha MPOCTPAHCTBE BCKTOPOB
€CTh MeTpHKa win Mepa omu3ocTd. [IpeacTaBuM, 4TO MBI CpaBHHBAEM 3TAJIOH caM ¢ COOOH: OTIIOKHMM BEKTOPEI
NPU3HAKOB 3TajioHa 1o ocu X u Y. Ha mockoct XY Ha nepeceueHny KOOpUHAT, COOTBETCTBYIOIUX BEKTOpaM
C HOMEpaMH i U j, TOCTPOUM BEPTHKAIBHBII OTPE30K (110 ocH Z), paBHBII pacCTOSHHIO (CTENEHU OIN30CTH) Me-
XKLy 9TUMHU BeKTopamH. Torna Ha KBajgpare CO CTOPOHOW, PaBHOM KOJIMYECTBY BEKTOPOB B 3TanoHe (N), BO3HHK-
HET «TOPHCTHIA JTaHAMAPT», CAMMETPHUYHBIA oTHOcUTensHO auaroHanu (0,0) (N,N), ogHako 1O AWaroHaiu Oy-
JeT TIpoJieraTb aOCONIIOTHO MpsiMasi «IOJIHHA» C BBICOTOH, paBHOI 0 (TOCKOIBKY PacCTOSHUE OT BEKTOpa 10 ca-
Moro cebst paBHO 0). Eciin MbI cpaBHMBaeM Ba pa3INYHBIX 3TAJI0HA, IPHHAATICKALINX OJHOMY U TOMY € CIIOBY,
TO «KapTHHA MECTHOCTH» HCKAa3UTCs, OJHAKO, €CIIM MCIOJIb3yeMble IMPU3HAKNA aJEKBATHO OTPAXAIOT IMPOLECC
BOCIIPHSTHS, MOXKHO HaJesIThCsI, YTO HEKOTOpas JOJIMHA IO-TIPEKHEMY OyAeT IpoJerarhb Mo JoMaHOH, OJIM3KOH K
JIMaroHaiiy, Telnepp yxe npsmoyroiabHuka N,M, rne M — jyyHa BTOpOro sTajoHa. MeTo JMHaMUYECKOIo IIpo-
TpaMMUPOBaHUA MMO3BOIACT COCUUTATH MUHHUMAJIbHYIO CYMMY BBICOT WJIM HAKOIIJICHHOC PAaCCTOsIHUC, Ha61/1pae-
Moe npu JBkeHnH u3 Touku (0,0) B Touxy (N,M) u, ecim 310 TpeOyeTcs s CerMEeHTalnH, BOCCTAaHOBUTh ITyTh,
M0 KOTOPOMY 3TO paccTostHie Habpano. [lomydeHHy0 cyMMy OOBIYHO HOPMHPYIOT JINOO Ha KOJIMYECTBO IPOH-
JICHHBIX Y3JIOB, JJM0O Ha CYMMY [UIMH CJIOB MJIM JUIMHY O0Jee KOPOTKOTO CJIOBa M PacCMaTpHBAIOT KaK paccTosi-
HHE MEXIy IByMsl Mpon3HeceHUsIMU. KoHeYHO, UCTIOIb3yeMble B MIPAKTHYECKUX CHCTEMAX Pealn3allid NMEIOT
MHOKECTBO YIPABISIEMBIX MTapaMETPOB, ONTUMU3UPYIONINX Ka4eCTBO PACIIO3HABAHMS M YMEHBINAIONINX BPEMs
cdera. PaccMOTpeHHBIH MeTo MO3BOJISET B JUKTOPO3aBUCHMOM BapuaHTe pacro3HaBath 100-300 cioB B uze-
AJIbHBIX YCJIOBHAX C BEPOSTHOCTHIO 90-98%.

Jnist npunaHys cucTeMe JUKTOPOHE3aBUCHMBIX Ka4eCTB JUIA KaXKJOTO CII0BA 3alMCHIBAIOT HECKOIBKO 3Ta-
JIOHOB OT Pa3HbIX JUKTOPOB (B IIpouecce 00yueHUs! JOOABNIAIOT ATAJIOH OT HOBOTO AWKTOPA, €CJIM OH HE Pacio-
3Hacs). Kpome Toro, CyIiecTByrOT cXeMbl HOpMaIM3alUK 3TaJTOHOB OTHOCHTENILHO JUKTOPOB, a TAKKe KiacTe-
pu3aliui JUKTOPOB. COBepIJ_IeHHO OYECBHUIHO, YTO ZlaHHblﬁ METOA HEC UMECT HUKAKUX aHAJIOTUH B pa60Te JKHBBIX
cucreM, Ooyiee TOro, OH MMEET psiJi HENOCTAaTKOB, KOTOpBIE AEIAIOT €ro HENMPUMEHHMBIM K Pacro3HaBaHHIO
OoJpIINX clIoBapeil, OOIBIIOro KOINYECTBAa HOBBIX JJUKTOPOB M, KOHEUHO, CIIMTHOM pedu.

[Tpexxne Bcero, OTMETHM ITPOM3BOJIBHBIM XapakTep MEphl OJIM30CTH B IPOCTPAHCTBE BEKTOPOB-TIPH3HAKOB.
B kagecTBe Mepbl OMM30CTH VI CIIEKTPAILHBIX BEKTOPOB HCIIOIb30BAINCH KBAPTAIbHO-OIOYHAS (CyMMa MOAY-
Je pa3HOCTe KOMIIOHEHT), eBKINIOBa, Maxananoouca. I KerncTpaabHbIX KO3 GHUIIMEHTOB HCIIOIH30BaIach
MmeTpuka Kynpbaka—Jleitonepa [16] wnm npoekumonnas [17], mist ko3pPUIIHEeHTOB THHEHHOTO TIPEACKa3aHusI —
MeTpuka Mrakypo—Canto [18], 4To HE CHIIBPHO CKa3bIBaJIOCh Ha KaueCTBE PaCcIIO3HABAHMS.

[TockonmpKy OOIINI CHEKTP PEeUH CIagaeT NMPHOIN3UTENFHO CO CKOPOCThI0 6 1b/oKT [19], BKIam BEICOKHX
YacTOT B PAcCTOSIHUE MEKAY BEKTOPaMH OYEHb Maj MO CPABHEHMIO ¢ HU3KMMHU. J[11 OOpBOBI C 3TUM SIBIEHHEM
peueBoil curHan qudGepeHIMPOBaIn, X0Ts, YIYUThIBAas HCKYCCTBEHHBIN XapaKTep METO/a, CIICA0BAIO Obl BBECTH
MHOXHUTCJIb JJIs1 Ka)KILOfl Cl'[eKTpaﬂ]:HOﬁ KOMIIOHCHTBI U ONTUMH3HUPOBATH WX BCC MO pE3yJibTaTaM TCCTOB, YTO
yke TpeOoBaio OosbiInX 0a3 peyeBbIX AaHHBIX, KOTOPBIE B T€ IO/bI TOJIbKO HauMHaIu GopmupoBarkcs. Kakyro
OBl METPUKY W Kakue Obl KOA(QQUIIMEHTH HU UCIIOIb30BaIM, OTHOCUTEILHBIM BKJIAJ PA3IMYHBIX CIEKTPAIbHBIX
KOMITOHEHT B PAacCTOSIHUE OCTAETCs! MOCTOSHHBIM M OISITh-TaKW MPOU3BOJIEHBIM, B TO BpeMs Kak CIIyXOBas CHC-
TeMa BBLAEISET U3 CIIEKTPa HY)KHbIE KOMITOHEHTBI, HITHOPUPYS IpyTHE.

OpnHaKo ITIaBHBIM HEIOCTATKOM METOA SBISETCS €r0 «HepOrTU(PHIECKUID XapakTep, T.e. MPeACTaBICHUE
CJIOB CJIOBApsI LEIIOCTHBIMH OOBEKTaMHU 0€3 BHYTPEHHEW CTPYKTYPBI, YTO JAETaeT HEBO3MOXKHBIM HapaIllBaHUE
cioBaps. XoTs HapamuBaaue cioBaps 6omee 100—-300 croB yke He HIMEI0 CMBICIIA U3-3a HEBHICOKOU JUCKPUMHU-
HAHTHOW CHJIBI MeTO/1a (CJI0Ba MPOCTO MyTAaJIHCh).

OOparuM BHUMAaHHE, YTO IIOJ] CJIOBAMH «PAclO3HaBaHHE METOIOM ANHAMHYECKOTO IPOrPaMMHPOBAHHUS
O CYIIECTBY MOHUMAIOT COBOKYITHOCTD aJIrOPUTMa AUHAMUYECKOTO IIPOTPAMMUPOBAHUS U MIPEACTABICHUS PEUH
C TIOMOIIBIO 1IETIOYKH BEKTOPOB-IIPU3HAKOB 0€3 CTPYKTYpHPOBAHHUS CJIOB, YTO MOKET BBOIUTH B 3a0Jy)KIECHUE
OTHOCUTCJIbHO IEHHOCTHU UJACU MMPUMEHCHHS aJIrlOpUTMa JUHAMHUYCCKOT'O MPOrpaMMHUPOBAHUA. Kax YK€ TOBOpPU-
JIOCH BBIILIE, AJITOPUTM XKHUBET B OOJIee COBPEMEHHBIX CHCTEMaX paclio3HABaHMs, HECMOTPS Ha CBOIO MCKYCCTBEH-
HOCTb, TOJIbKO BMECTO MUHMMYMa HAaKOIUIEHHOTO PAcCTOSIHUS MOACUYNTHIBACTCS MAKCHMYM HaKOIUICHHOTO JIOTa-
pudmMa BepOsITHOCTH.

Pacno3HaBanmne pedun ¢ NOMOUIbI0O CKPBLITBIX MAPKOBCKHX Monenei/i

MeTon CKPBITBIX MAapKOBCKHX MOJETIEH MpPEeoioiieN HEAOCTaTKH METO/a AWHAMHUYECKOTO MPOTPaMMHpPO-
BaHMS: BBEJI NIPEACTABICHUE CJIOB CIOBapsl B BUAE (PparMeHTOB, OMUCHIBAEMBIX COCTOSHUSIMU, U BBEJ ONUCAHUE
COCTOSIHMH € TIOMOIIbIO (DYHKIIHI TNIOTHOCTH BEPOSITHOCTH B IPOCTPAHCTBE NPU3HAKOB.
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Maremarndeckuii anmapar oO0y4eH!s M paclio3HABaHUA T MApPKOBCKUX IIeTIeH B IPUMEHEHUH K CITydJaii-
HBIM TIporieccaM OBIT Pa3BHUT B KOHIIE 60-X roIOB MPOMIJIOTO BeKa M yke B Hawyaje 70-X MPUMEHEH K PeYeBOMY
curHany [20, 21]. Pa3nenss nayky B CCCP u Ha 3amane /Ui 3TOro mepuona, OTMETHM, YTO Ha 3amaje 3TOT To-
pasno 6osiee MEPCIEeKTUBHBINA METOJ ONEPEIMI METO TUHAMHYECKOTO MporpaMMupoBanus [15], T.e. meToxn au-
HAMHYECKOTO MPOrPAMMHPOBAHUS MOSIBUJICS, KOT/IA €r0 IIEHHOCTh YXKe CTPEMIIIACH K HYJIIO.

B npuiioykeHrnn K peueBOMY CHTHAY Iielb MapkoBa CTPOUTCS KaK OHOHAIIPABICHHBIN MPOIECC TePEeX0-
Jla MEXK]Ty COCTOSHHSIMU B JIUCKPETHBIC MOMEHTBI BPDEMCHH, ITPH 3TOM BEPOSATHOCTH MEPEX0/a B CICAYIOIIEe CO-
CTOSTHHE 3aBHUCHUT TOJBKO OT TEKYIIETO COCTOSIHUS M HE 3aBUCHUT OT TOTO, B KAKMX COCTOSHUIX IPEOBIBAII IIPOIIecC
B NIpEbLIyIIe MOMEHTHI BpeMeHH [22] (puc. 1). D10 TpeboBaHMe, OHAKO, IPUBOIUT K HENPABHIBHBIM I'HCTO-
rpaMMaM BPEMEHHU JKU3HU COCTOSIHUM [23—26], M OT HETro B COBPEMEHHBIX CHCTEMaX OTKazajluch. Moxenu, B Ko-
TOPBIX BEPOSITHOCTH MEPEX0a B CIEAYIONIEe COCTOSHUE 3aBHCUT OT BPEMEHH MPEOBIBAHUSA B TEKYIIEM COCTOS-
HUH, Ha3BIBAIOTCS HEOTHOPOIHBIMU MAPKOBCKUMH HJIH TOJTYMapKOBCKAMHU.

Puc. 1. MapkoBckas Lenb € YeTbIPbMS COCTOSTHUAMUN

Takum 00pa3oM, MapKOBCKasi MOJIEJIb HEKOTOPOTO 3ByKa WJIM CJIOBA MPEICTABISIET cOOOW OHO WM He-
CKOJIBKO TTOCIIEIOBATEIBHBIX COCTOSHHUH, IUTS KOTOPBIX OIpeesieHbl (DYHKIUHN TUIOTHOCTH BEPOSTHOCTH B IIPO-
CTPaHCTBE MPU3HAKOB M BEPOSATHOCTH NepexonoB. OYHKINHN IUIOTHOCTH BEPOSITHOCTH MOTYT OBIThH IIpeICTaBIIe-
HBI B INCKPETHOM BHJE IJIs1 IPOKBAHTOBAHHOTO MPOCTPAHCTBA MPU3HAKOB HJIM B HEMPEPEIBHOM BHE. Bo BTOpOoM
cirydae uX 0OBIYHO ammpOKCHMHPYIOT CYMMOH TayCCOBBIX (DYHKIHI C JUATOHAIFHBIMU MaTPHUIIAMHU KOBapHAIIHU.
JlmaroHaibHOCTh MaTpHIl KOBAPHALIMK YMEHBIIAET KOJIMYECTBO O0yIaeMBIX MapaMeTPOB M YIPOIIAET HEKOTOPEIE
AITOPUTMBI, O0ECIIeUrBasi aHAJUTUICCKIE PEIICHUS HEKOTOPHIX Ipo0ieM, KOTOpPBIE AJIS MOJIHBIX MaTPHUI] KOBa-
puanyu J0myCKaroT TOJBKO YHUCJICHHBIC PCUICHUA.

OnuurieM Ha Ka4eCTBEHHOM YPOBHE Ipoliecc o0y4eHHs, T.e. METO[| MoJdyueHHsl (PYHKIUI IUIOTHOCTH Be-
POSITHOCTH COCTOSTHUI M BEPOSITHOCTH TIEPEX0/ia B CIIEAYIOILIEE COCTOSIHUE.

Jiist 00y4eHHs MCHoNb3yIoT pedeByto 0a3y NaHHBIX (3alUCh PEYEBBIX CUTHAJIOB M COOTBETCTBYIOIUX UM
TEKCTOB), YaCTh KOTOPOW OTCETMEHTHPOBaHA (pa3MeUcHa) OMBITHBIMU JTMHTBUCTAMHU HA CAMHUIIBI WIH (parMeH-
TBI, JIJIs1 KOTOPBIX MBI COOMpaeMcsi CTPOUTHh MapKOBCKHE MOZIEIH (0OBIYHO 3TO (POHEMBI, HE BABasCh B TOHKOCTH
OTIpeIIeNIEHHUs 3TOTO CIIOKHOTO MOHATHSA). [locie Toro, Kak pedeBoil MaTepual mepeBeeH B MOCIeI0BaTeIEHOCTh
BEKTOPOB-TIPU3HAKOB, MIPOTpaMMa, WCIONB3Ys TPaHHIBI, IIPOCTABICHHBIC SKCIEPTAMH-ITHHTBHCTAMH, COOMpacT
BEKTOPBI MMPHU3HAKOB JJIsI KOKAOH (OHEMbI B OT/ENbHbIE MHOXKECTBA, ISl KOTOPBIX YK€ HETPYIHO HOCTPOUTH
(YHKIMH TUIOTHOCTH BEPOSTHOCTH, aIlllIPOKCHMUPOBAHHBIE HAOOPOM TaycCOBBIX (YHKLHMI. 3a0HO IporpaMma
AQHATM3UPYET UIUTENBHOCTH (ParMEHTOB M CTPOUT WX THCTOTPaMMBI. 3Has THCTOTPAMMBI UTUTEIBHOCTH VIS
K0 (POHEMBI, HETPYAHO BBIYUCIUTH BEPOSATHOCTH BBIXO/IAa U3 COCTOSIHHUS, COOTBETCTBYIOIIETO JTaHHOW (hoHe-
Me, TocJIe PEOBbIBAaHUS B HEM KaKOe-TO BPEMsI.

[TonyuuB mepBbIe OLIEHKHU MapaMeTpPoB COCTOSIHUI ((DYHKIMH INIOTHOCTH BEPOSTHOCTH M BEPOSITHOCTEH
nepexo/a), HCIoJIb3YIOT anroput™ bayma—Yanma [22, 27] unu Butep6u [22, 27] ni1st nepeolieHKH apaMeTpoB C
LEeNIbI0 MaKCUMM3AIMK BEPOSITHOCTEH ITOPOXKJICHHUS MOCIEA0BATEILHOCTEH BEKTOPOB-IIPU3HAKOB 0a3bl JTAHHBIX
LETTOYKaMHU COCTOSTHHH.

Ha cremytommiem 3tare UCIONB3yOT OCTABIIYIOCS, HEOTCETMEHTUPOBAHHYIO YaCTh PEUeBOi 0a3bl JaHHBIX.
Jemo B TOM, 9TO, XOTS IOTYYEeHHBIE COCTOSIHUS €Il HEOCTATOYHO TOUHBI JUIS PACcIO3HABAHUS PEUH, OHH MOTYT
OYCHb TOYHO OTCETMEHTHPOBATH PEUCBON MaTepHall, KOTJa TEKCT IMPOM3HOCHUMOTO (pparMeHTa M3BECTeH. JTO
METOJI Ha3bIBAETCS «IIPUHYIUTEIbHBIM BeipaBHUBaHueM» (forced alignment), OH TO3BOJIMIT MCITOIB30BATh OYECHB
Ooubiiie 0a3bl JaHHBIX, a, KaK OyAeT BUIHO U3 JalbHellero, oobeMa pedeBbix 0a3 Bceraa He XBaTaer.

OpHako MPENCTaBICHNE CIIOB CIOBAPSI COCTOSHISIMU, COOTBETCTBYIOIIUMH (OHEMaM, He MPHUBEIO K CY-
LECTBEHHOMY YJIYYILIEHHUIO Ka4€CTBa PACIIO3HABAHUS 10 CPABHEHHIO C METOAOM AUHAMUYECKOTO IIPOrpaMMHUPO-
BaHMUA.

OrtoMy ecTb npoctoe oObsicHeHHe. To, YTO MBI MPEACTaBIIsieM Kak HeM3MeHsIeMyIo (JOHEMY, Ha CAMOM Jie-
Je mpejacTaBisieT coOol IIeJ0e CeMEeWCTBO 3BYKOB, WHOIZA CHJIBHO OTJIMYAMOLIMXCS II0 COCTaBY BEKTOPOB-
NpU3HaKoB. Benps pedeBoii anmapar He 3aCTHIBACT B KAKMX-TO IOJIOKEHMAX, YTOOBI 3a()MKCHPOBATH OYEPEIHYIO
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(hoHEMY, a HEIPEPBHIBHOE IBIDKCHHE PEede00pa3yIonX OPraHOB MOPOXKAAET HEMPEPHIBHYIO TPACKTOPHIO B MPO-
CTpaHCTBe Npu3HakoB. TakuMm oOpa3oM, cocennue (GOHEMBI BIUSIOT Ha IPOU3HECEHHE paccMaTpHBaeMoi (oHe-
MBI DTOT 3(PEeKT Ha3bIBACTCS «KOAPTHKYIALMeH». ViHaue ToBOps, Hamma (yHKIHS IUIOTHOCTH BEPOSTHOCTH CO-
CTOHUT U3 OOPE3KOB TPAEKTOPUIl B MPOCTPAHCTBE MPU3HAKOB, MEPECEKAIOMINX €€ B PA3IMUHBIX HAIPABICHUSIX.
OyHKIMYU IUIOTHOCTH BEPOSITHOCTH ISl Pa3iIMYHBIX (JOHEM CYIIECTBEHHO MEPECEKAIOTCS B IPOCTPAHCTBE IMPHU-
3HAKOB, YTO U BBI3BIBACT OOJIBIIIHNE OLTHOKH.

Takum oOpazom, aj1st OoJiee TOUHOTO ONUCAHUS CIIelyeT pacCMarpuBaTh BCE COUETAHUS AaHHOH (hOHEMBI
C TIPEIIECTBYIONINM | MOCIEAYIOMNM 3ByKaMH KaK OTAEIbHBIC aKyCTHYECKHE OOBEKTHI, JUIl KOTOPBIX HYKHO
CTPOUTH CBOM COCTOSIHMSA. Takue 0OBEKThI HA3bIBAIOTCS «TPH(OHAMM», TIOCKOJIBKY OHH CBSI3BIBAIOT TPH HOCIIE-
JIOBaTeJIbHBIX (POHEMBI. AHAJIOTUYHO ONPENEISIIOTCS «ON(pOHBDY, KOTOPBIE ONKCHIBAIOT (DOHEMY B COUETAaHHU C
npensiayIeit wim nocuenytomei Goremamu. brudoHb HCIONB3YIOTCS NPU OMMCAaHWM Hadajla WIM KOHIA pede-
BOTO ()parMeHTa, a TaKkke, KOrna AJsl MIOCTPOSHHUS COCTOSIHUH TprdoHa He XBaTHIIO NaHHBIX. POHEMEBI Oe3 yueTra
KOHTEKCTa, KOTOPBIE PACCMAaTPHBAINCH IO CUX IOP, TI0 aHAJIOTHH Ha3bIBAIOTCSI MOHO(OHAMH.

PaccMoTpuM TpaekTopuio B NMPOCTPAHCTBE MPU3HAKOB, MEPECEKAIOIIYI0 00MacTh (PyHKIUH IUIOTHOCTH
BEPOSATHOCTH JaHHOW (POHEMBI — OOPHIBOK TPACKTOPHH MPEICTABISIET COO0W HEKUU MPOTSHKEHHBIA OOBEKT, BEK-
TOPBI MPU3HAKOB B Havajle U KOHIIE KOTOPOTO OIPEEISIOTCs NpenblIyIleil U nocieayoei GoneMaMu 1 MOTyT
CYIIIECTBEHHO OTJIMYAThCS APYT OT Apyra. OnuUChIBaTh TAaKOW OOBEKT OTHUM COCTOSIHUEM HEPa3yMHO, MOCKOJIBKY
9TO BBI3OBET JOMNOJHUTENbHbIE OUIMOKHM M3-3a MEPECeYCHUI C IPYrUMHU TaKUMH Xe oO0bekramu. OObIYHO st
onucaHusl TpUQOHA HCTIONB3YIOT TPH cocTosiHUA. KpaliHne COCTOSIHMSI ONMCHIBAIOT YYacTKM CUTHajla, HaxXoJs-
IIMecs 0] BIMSHUEM COCEJHUX (pOHEM, a LEHTpaJIbHOE — Ty YacTh LEHTPAIbHON (POHEMBI, KOTOpas IOIBEp-
J1ach HaMMEHBLIEMY BIIMSHUIO coceneld. OnHaKo KOJIMYECTBO COCTOSHHMH He 00s3aHO COBMNAJarh C IIyOWHOH
KOHTEKCTHOW 3aBHCHMOCTH — MOXKHO paccMarpuBaTh neHTadoHsl [28, 29] 1 MomenupoBaTh HX TPEeMs COCTOS-
HUSIMH WJIM MOJICITUPOBATh HECKOIBKUMH COCTOSHUSIMH MOHO(OHBI.

HeobxomnmMocTh CTPOUTH COCTOSHUA Al TPU(OHOB, T.€. YUNTHIBATH KOHTEKCT, BbI3Baja HOBYIO TPYI-
HOCTb — KOJIMYECTBO (POHETHUECKHUX €IMHHIl HACTOJIBKO BO3PACTAET, YTO Ja)Ke OYeHb OONbIIMX 0a3 NaHHBIX He
XBaTaeT JJIs OLEHKH MX cTatucTuky. [IpuBenem manubie u3 padboTsl [30], oTHOCAIIEHCS K aHITTMACKOMY S3BIKY H
HIMPOKO HcHonb3yeMoii 0ase nanubix Wall Street Journal Pronunciation Lexicon. [[yis aHmIMiCKOTO si3bIKa KOJIHU-
4yecTBO (poHeM cocraisieT 0koso 50 (KOJIMUECTBO He SBISETCS (PMKCHPOBAHHBIM — PsiJi PacIipOCTPaHEHHBIX OU-
(hoHOB 1K TPH(POHOB MOXKHO 3apaHee OTHECTH K OTAebHbIM (poHemam). Torna mosHOE KOIM4ecTBO TPU(GOHOB
cocrasmser 50°=125000. Yacts 3THX TPH(OHOB 3amperieHa (OHETHUIECKUMH TIPABUIAMH JAHHOTO S3bIKA U HH-
Korga He Bcrpedaercs, ocraercs 95221 tpudoH. B ynomsiHyTol 0a3e naHHBIX, KOTOpasi COCTaBisieT Ooiee
57 gacoB peun u comepxxut 6onee 36000 npemioxkeHn, BcTpeyaercst Toiabko 22804 TpudoHa, U3 HUX TOJIBKO
14545 tpudonoB Bcrpeuarorcs Oonee 10 pa3. [lorATHO, 9TO AN OOyYEHHS] COCTOSHHUH CKPBITOW MapKOBCKOU
MozeNnn TpeOdyeTcsl 3HAUMTENbHOE KOJIMYECTBO 00pa3IoB MOAeIpyeMoro oobsekra. Yucmo 10 MOXXHO TPHU3HATH
MHUHHMAJIbHO NOCTAaTOYHBIM. TakuMm oOpazom, Oomee 80000 TpudoHOB SBIAIOTCS HEBUIUMBIMH WIH HEBCTpE-
YEHHBIMH (Unseen), HO MOTYT BCTPETUTHCS IIPU 3KCIUTyaTal[d CUCTEMBbI PAaCTIO3HABAHMS.

KonmnyecTBO mapaMeTpoB Uil OJHOW MapKOBCKOH Momenu MoxkeT mocturath 1000-2000 (croma BXomsiT
MAaTpHILBI IEPEXOOB U MapaMeTphl TayCCOBBIX (YHKLHM, allIPOKCUMHPYIOMNX (YHKLIUH IUIOTHOCTH BEPOSITHO-
ctH). Eciu yMHOXKHUTH 3TO Ynciio Ha KoimudecTBo TprudoHoB (50000—100000), To obliee KOIMYSCTBO MapameT-
POB, KOTOpOE HAJO OLEHHTh B Hpolecce o0yuennus, okassaercs nopsyaka 10°-10°. Takum 06pasom, BeTaeT He-
TpPHUBHAJIbHAS 33/1a4a — OLIEHUTh MUJIJIMOHBI 1apaMeTPOB, OOJIBIIMHCTBO U3 KOTOPBIX B 00y4Jaromiei 0a3e JaHHBIX
HE TPOSBIICTCA. ITY MPOOIeMy peIIaloT METOJOM CBs3biBaHUsS coctossHui [30, 31]. Cs3bBatoT Wi 00beIH-
HSIOT T€ COCTOSIHUS, (DYHKIMHU IJIOTHOCTH BEPOSITHOCTH KOTOPBIX IIEpEKphIBalOTCA Hanbomnee cuibHO. IIpomecc
Ha4YMHAIOT CHU3Y, OT MOHO(OHOB, paciIerisisi MOHO(OH Ha TPU(OHBI C HAaMMEHEEe IEePEKPHIBAIOIIMMUCS (YHK-
IUSIMU TTIOTHOCTH BEPOSITHOCTH, M 3aKaHUMBAIOT, KOTAA Al 00Oy4eHHs HOBBIX TPU(OHOB YK€ HE XBaTaeT JaH-
HBIX. TakuM 00pazoM, CO3MAIOT TOJMBKO TaKWe TPUGPOHBI, KOTOPHIE Pa3OMBAIOT (PYHKIHIO IUIOTHOCTH AAHHOTO
MOHO(OHA Ha KPYIHBIE, MAJIO TIEPECEKAIOIINECS YaCTH M KOTOPBIE MOKHO dPPEKTUBHO OOYUHTb.

[TomyueHHBIE CUCTEMBI PACIIO3HABAHUS yXKE CYIIECTBEHHO IMPEBOCXOANIN CUCTEMBI, OCHOBAaHHbIE HA Me-
TOZIE€ AMHAMUYECKOTO MporpamMMupoBanust. OnHAKO Uit HOBOTO JUKTOpA WM APYTOro KaHalla Iepeaadn, KauecT-
BO paclO3HaBaHUs CyIIECTBEHHO Mazaano. Heo6xoaumo OblIO afantHpoBaTh KAKUM-TO 0Opa3oM CHCTEMY pacHo-
3HaBaHUS K HOBOMY JIMKTOPY Ha OCHOBE OY€Hb HEOOJIBIIIOr0 PEYeBOro Marepuasa Win B pouecce padoThl.

Pemennto aTux npoOiieM ObUIO MOCBSIIEHO OIPOMHOE KOJIMYECTBO PabOT, HAYMHAsSL C AEBSHOCTHIX TOJIOB
HPOIIUIOTO BEKA.

PaznnyaroT HOpMaNIM3aKio NPU3HAKOB M a1alTaIMIO0 MOJIENIEH.

[Tox HOpManu3alyeil MPU3HAKOB MOHMUMAIOT HCKa)KEHNE BXOJSILET0 PEYEBOr0 CUI'HAIA WIIN €r0 BEKTOPOB
MPU3HAKOB C LENbI0 COMMKEHNS IO CPEIHUM XapaKTEePUCTHKAM C BEKTOPaMH, COCTABISIOINMHY 0a3y AaHHBIX. C
9TOM LENbI0 HCIONB3YIOT BBIYUTAHHE CPEAHEr0 KENCTpa W HOPMAIM3AIMIO IO JUIMHE TOJIOCOBOTO TPaKTa
[32, 33].

[Tox apanTtanyell MOHUMAIOT CMEIIEHHE M HCKAKEHUE MOJIeIell CHCTEMbl PACIO3HABAHUS, T.e. (yHKLHUI
IUIOTHOCTH BEPOSTHOCTEH COCTOSHMM, YTOOBI OHM HAMIYYIIMM O0pa3oM COOTBETCTBOBAJIM PEUEBHIM JAHHBIM
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HOBOTO JWKTOpa. Vcrmonmp3ytoT 0aifleCOBCKYIO aNanTaldio WIH MAaKCHMHU3AIHIO allOCTEPHUOPHON BEPOSTHOCTU
[34] u nuneitHyIO perpeccuio MakCUMyMa mpasaonogoous [35-37].

W3 obnactu pacro3HaBaHWs IUKTOPOB M JIMI] IIPUIIET METO aJalTaIlldi C TOMOIIBI0 COOCTBEHHBIX TUK-
Topos [38, 39]. lns aganrraruu Moaesnei K IyMy MCIIOIb30BaJIM BEKTOpHBIE paas! Teitnopa [9, 40].

Bce atun YXUMPCHUA TMO3BOJUIA MOAHATH KaYC€CTBO PACIIO3HABaAHUA Ha JOCTATOYHO BBICOKHH YPOBCHbD,
TaK 4TO CHCTEMBI PAaCIIO3HABAHMSI CTAJI0 BO3ZMOXKHBIM HCIIOJIL30BaTh B CUCTEMAaxX IroJIOCOBOTO CaMOOOCITYKUBaHUS
(IVR) u cuctemax, npeaHa3HauYeHHBIX AJIS KOOIIEPATUBHOTO AUKTOPA.

Jlnist pacrio3HaBaHUs CIMTHOM PEYH IOMOJHUTENIFHO HCIIONB3YIOTCS MOJENH si3blka. [IponsBosibHas Mo-
JIeTIb SI3bIKa TT03BOJIAET (JOPMAJIbHO ONKCATh SI3bIK, & TOUHEE, T€ U3 €ro acIleKTOB, KOTOPble HEOOXOIUMBI JUIs MO~
BBILIEHUsI KaUeCTBa aBTOMATHYECKOTO pacrio3HaBaHus peud. Onpesensisi BO3MOXKHYIO II0CIIEI0BATEIBHOCTh CIIOB,
MBI TIOTHUMaeMcsl Ha 0oJiee BBICOKHE YPOBHHU ONHCAHUS sI3bIKa MO0 CPAaBHEHHIO C (DOHETHIECKUM W, KaK CIEICT-
BU€, JOJDKHBI YIUTHIBATh CHCTEMHBIE OTHOIICHHUS BBICIIUX MOPSAKOB. Mcmonp3yemMast MOIeIh OMTUCAHMUS CIOBa B
MPEIIOKECHUN MOXKET OBITh CIIOKHOMW, YUNTHIBAIONICH CHHTAKCHUECKYIO M CEMAaHTHYECKYIO CTPYKTYPY BBICKA3bI-
BaHU, 2 MOXKET OBITh OYEHB IIPOCTOM, MOJAraroIIeH, YTO MOSBJICHHUE JIFOOBIX CJIOB PABHOBEPOSITHO (B TAKOM CITy-
4yae MBI, 110 CyTH, OTKa3bIBAeMCs OT JIMHTBUCTUYECKOTO aHAJHM3a W y4eTa 3aKOHOMEPHOCTEH M 0COOEHHOCTEH
€CTECTBEHHOTI'O s3bIKa). SI3bIKOBasi MOJIEIb MTO3BOJISIET Y3HATh, KAKUE MTOCIIEJOBATEILHOCTH CIIOB B sI3BIKE Ooliee
BEpOSITHBI, a Kakue— MeHee. K cokalieHWIo, Bce MHOTOYMCIICHHbIE MOJEJH SI3bIKA Ul PYCCKOTO SI3bIKa JAlOT
HaMMEHBUIMH BKJIAJ] B Pacrio3HaBaHHE M3-3a JIOBOJILHO CBOOOIHOTO MOPS/IKA CJIOB B TIPEUIOKEHUN U €ro CUHTe-
THYECKOTO XapaKTepa, BHIPAKAIOIIET0Cs B MHOTOYHMCIEHHBIX CJIOBO(OpMax, KOTOpPbIE K TOMY JK€ IUIOXO pacHo-
3HAIOTCS M3-32 TPAAULHMOHHOTO ITOHM)KEHHSI TPOMKOCTH IPOM3HECEHHs K KOHIIaM (pa3. Bo3Bpamiasce k Hammm
OLIEHKaM METOJIOB C TOYKH 3PEHHs] «ONOJIOTMYHOCTH», OTMETHM a0COJIIOTHYIO HCKYCCTBEHHOCTh MeTona. OH co
Bceil HeOOXOAMMOCTBIO JIOJDKEH OBLT yIIePEeThCsl B HEKOTOPBIH MpeIelt, 4T0, COOCTBEHHO, U CHIEall.

I'ny0oxue HelipoHHbIE ceTH

TexHONOTHH pPAacCHO3HABAHUS PEUYHM SBISIOTCS JAOCTATOYHO MOJIOABIMH, HO OYEHBH IMEPCIIEKTUBHBIMHU B
KOMMEPYECKOM CMBICIIE, YTO IIPEAINoJaraeT 3HaunTeabHoe (pruHaHCHpoBaHKue U OypHbINA pocT. OHAKO, HECMOT-
ps Ha Xopomee (MHAHCHPOBAHME, CO BPEMEHHU, KOTJa ObUIO MPEeaoKEeHO HCIIOJb30BaTh MAPKOBCKHE MOAEIH
(cepenuHa meCTUACCITHIX TOJ0B XX BEeKa), MPOrpecc B KAYECTBE PACIIO3HABAHUS Ha MPOTHKEHUH okojio 40 et
ObUIT 10BOJILHO ManbiM. HOBBIM MeTo/iaM He yJaBajioch IPEOAOJIETh Pe3yIbTaTOB, JOCTUTHYTHIX HENPEPHIBHOM
MapKOBCKOH MOJIENIbI0 C I'ayCCOBOW alNpoKCHUManued (yHKUMH IJIOTHOCTH BEPOSTHOCTEH COCTOSHHM, KO0
yiIydiieHne ObUIO CTOJIb HE3HAYUTENBHBIM, YTO HE CTOMJIO CYILIECTBEHHOTO YCIIOKHEeHus cucteM. [1pu atom noc-
TUTHYTBIE Pe3yJIbTaThl HE MO3BOJISIIM HCIIOJIB30BATh CUCTEMBI PACIIO3HABAHMS PEYHM KaK MacCOBBIH KOMMepue-
CKHUH MPOIYKT, XOTA KOHKPETHBIE MPIIOKEHHS B Y3KUX MPEAMETHBIX 007acTsAX yKe TaBHO padOoTau.

MHOTHM HCCIIeN0BATENSIM MPECTABIIIOCH, YTO XapaKTep 3aadi COOTBETCTBYET BO3MOKHOCTSIM HCKYC-
CTBEHHBIX HEHPOHHBIX ceTel. [1onbITKY UCIIOIb30BaHUSI HEHPOHHBIX CETEN HayaJlUCh TOBOJIBHO JaBHO. B kaue-
CTBE IpUMepa MOXHO TpuBecTH cTatbio 1990 1. [41], B KOTOpO#l OBLIO MPEATIOKEHO MHOTO MEPCHEKTUBHBIX
uaen. B 4acTHOCTH, UCTIONB30BAIKCH JOJITOBPEMEHHBIE TIPU3HAKK B BU/I€ OJTHOTO CYTIEPBEKTOPA, COCTOSIIETO U3
9 mocnenoBaTeNbHBIX BEKTOPOB MEN-CHEKTPa, U PEKyPPEHTHAS CBSI3b MEKIY BBIXOIHBIM W BXOJHBIM CIIOSIMH,
IMO3BOJIABIINC YYUTHIBATH KOHTEKCTHBIC 3aBHUCHUMOCTU. OTMeTI/IM, 4TO HAOJITOBPEMCHHBIC MPU3HAKW BIIOJIHC
«OHMOJIOTHYHOY OMKCHIBAIOT (PParMEHThI TPACKTOPHUI B MPOCTPAHCTBE NPH3HAKOB. HecMOTpsi Ha TO, YTO B ATOM
crcreMe (PaKTHYECKU UCIIOIB30BAIMCH T€ e ITPU3HAKH, YTO M B CTaHIAPTHOM MapKOBCKOW MOJENH, IUTIOC YIO-
MSHYTBIE YCOBEPLIEHCTBOBAHUS, IPEB30UTH CTAHJAPTHYIO CUCTEMY HA OCHOBE T'ayCCOBBIX CMECEH HE yNanoch.
3TOT (aKT BEI3BAJI TaKOE HEIOYMEHHNE B HAyYHOH cpesie, uTo B 1996 T. BBINIIA CTaThsl C KPAaCHOPEUMBHIM HA3Ba-
Huem «Towards increasing speech recognition error rates» [42], B KOTOpO# ObLIa c/ieiaHa MOMBITKA OOBSICHUTH
JUTATEIIEHOE OTCYTCTBHE MPOrpecca B CO3JaHWU CHCTEM PACIO3HABaHHS Pedl. ABTOPHI OOBSCHSIIA OTCYTCTBHE
Tporpecca TeM, YTO MapKOBCKas MOJENh Ha OCHOBE TayCCOBBIX cMeceil Oblila IpUHATAa B KadecTBe 0a30BOW B
JIECSITKaX HAYYHBIX IIEHTPOB BO BCEM MHPE U B TEUEHHE HECKOIBKUX JIET ObLTa MPeAeTbHO ONITUMHI3HPOBAHA, TaK
YTO JIFO00W HOBOM, CBIPON CUCTEME Ha HAYAJILbHOM JTaIle MPEB30MTH €€ MOYTH HEBO3MOXKHO.

HecmoTps Ha TO, 94TO NMPHUBEICHHBIA apryMEeHT TPYAHO OCIIOPUTH, IMOCIEAHNUE PAOOTHI, NCHOIB3YIOIIIE
MHOTOCJIOIHbIE HEHPOHHBIE CETH PAa3TUYHBIX THIIOB, TOKA3BIBAIOT, UTO OBIIA €IIe OIHa, YIEMEHTapHAas MPUIHHA
— HeWpOHHBIE CETH He 00J1aJjali 10CTaTOYHOH MH(POPMAIIMOHHON MOIIHOCTBIO, TOCKOJIBKY MOLIHOCTh KOMIIbIO-
TEPOB HE IMT03BOJISUIA UCIOIB30BATh CETH C HECKOJIBKUMHU CIOSIMU U BBIXOJHBIM CJIOEM, COCTOSIINM U3 HECKOJIb-
KHX TBICSIY HEWPOHOB, COOTBETCTBYIOIIMX TpH(OHaM (a HE HECKOJBKHM JECSTKaM MOHO(OHOB, KaK B PaHHHX
CHCTEMaX).

HeiipoHHast ceTb MM NEPLENTPOH C JIFOOBIM KOJMYECTBOM CKPBITHIX CIIOEB SIBIISIETCS YHHBEPCAIBHBIM
anmpoxcumaropoM [43], T.e. Jaxe CeTH C OIHUM CKPBHITBIM CJIOEM, HCIIONB30BaBIINECS IO STOTO 3Tara, MOTYT
aNMpOKCUMHUPOBATH JIOOYI0 MOBEPXHOCTH B MPOCTPAHCTBE MpHU3HAKOB. ONHAKO YCIEX B PACHO3HABAHWH pPEYd
MIPUIIEN TOJIBKO C WCIONB30BaHHEM MHOTOCIOHHBIX CeTeld. DTO OOBSCHICTCS HEBO3MOXKHOCTBIO WM KpaifHen
TPYZHOCTBIO CO3IAHUS Pa3yMHOW METOAWKH WHUIMAJH3AIMHA BECOB ISl CETeH C OIHUM CKPBITBIM CJIOEM, YTO
MIPHUBOIUT K JAJIEKOMY OT ONTHMyMa HabOpy BECOB P OOYICHUH.
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Hcnonp3oBaHne MHOTOCTIOWHBIX HEHPOHHBIX CETEH IMOCTABMIIO HOBYIO 33/1a4y — pa3padOTKy HOBBIX alro-
PUTMOB 00yuCHHS, YTO, BOZMOXKHO, OyJET TPEHAOM paboT, CBA3aHHBIX C UCIIOJIb30BAHUEM HEHPOHHBIX CETEH B
Oymyrem.

OnHUM 13 METOJOB SBJISETCS MHUIMAIN3AIMS C IIOMOIIBIO MOCIOHHOr0 00y4YeHHsI, HAUMHAs C HIDKHHX
cinoeB [44, 45]. B xadecTBe 11esieBOM (YHKIMHU IS IEPBOTO CKPBITOTO CJIOS PACCMATPUBACTCSI BXOJIHON BEKTOP
npu3HakoB. VCXOAHBIH BEKTOpP MOXET COJepkKaTh HECKOJIbKo mocienoBarensHbix MFCC wnnmm  men-
CIEKTPAIBbHBIX BEKTOPOB-NPU3HAKOB. UTOOBI M30€XkaTh TOXIECTBEHHOI'O MPEeoOpa3oBaHUs, BXOIHOH BEKTOD
samrymisiiorT. Clleyromuii ciioif HeMpoHHOHM ceTH 00y4aloT TaKUM jke€ 00pa3oM BOCIPOW3BOJIHUTH BBIXOJIHBIC
CHTHAJIBI TIPebILAyIero cios. Beero, Takum obpazom, o0y4atoT 10 5—7 cioes. [Tocie Toro, kak MHAIMATH3AHS
MEPBBIX CJIOEB MPOBEICHA, BKIIOYAIOT CTAHAAPTHBIN aJITOPUTM 0OpaTHOTO PAcIpPOCTPAHEHHUS OIIMOKH ISl BCEH
CeTH C neneBoi (yHKIMEH, OTpaXkaronield IpUHAIIEKHOCTh BXOJHOTO CHTHAJIA K COOTBETCTBYIOIIEMY TPU(OHY.
JlaHHBII MOIX0 MOKa3aJl SBHOE IPEUMYIIECTBO 10 CPABHEHHIO € KJIACCHYECKUM IOAXOAOM C IayCCOBBIMU CMe-
CSIMM — pE3YNbTaThl PACIO3HABAHUS BCETla OKA3bIBAINCH JIy4Ille, IPUYEM MHOTOCIIOWHAs CeTh, OOy4eHHas Ha
peueBom Mmartepuanie B 309 yacoB peud, mokaszaja JIydIIHE Pe3yJbTAaThl, YEM METOJ| C TayCCOBBIMH CMECSIMH,
oOyuensbIii Ha 2000 gacax pequ.

Crienyer OTMETHTBH, YTO NpelaraeMblii aliTOpUTM OOY4YEHHSI CO3JIaeT CHUCTEMY, HAIIOMHUHAIOLIYIO IO
(YHKIIMOHMPOBAHHUIO CIIyXOBYI0. B ciyXxoBoii cucteme oOHapy>KeHbl HEHPOHBI, pearnpyrome Ha OINpeaeseH-
Hble COOBITHS B aKycTHYeckoM curHaie [8, ri1. 9]. [To Mepe «yriryOnieHHs» cCUrHajia B HEHTPAJIbHbIE OTJEIbI CITy-
XOBOW CHCTEMBI XapakTep IIPU3HAKOB, BBLACIAEMBIX CIEIUATM3UPOBAHHBIMI HEHPOHAMH, IPUHUMAET Bce Oosee
CJIOKHBIM ¥ M30upaTenbHbId xapakrep. [IpensapurensHoe 00ydeHHE OTHENBHBIX CIOCB HEHPOHHOW CETH BBI-
MIOJIHACT TY )K€ 3a7ady — OT/AENbHBIE CIION 00y4aroTCsi HaXOAWTh PU3HAKN CUTHajla Bce 0oJiee BHICOKOTO ypOB-
HSL.

Ecnu BHyTpeHHHE CI0M HEHPOHHBIX CETEH BBIIENSIOT HMPU3HAKH PEUEBOTO CHI'HANA, XapaKTEPHBIE IS
peun BooOIIe, TO MX MOXHO YHH(UIIMPOBATH ISl BCEX SI3BIKOB, 00y4ast AJIsl KayKA0TO HOBOTO SA3bIKA TOJIBKO BBI-
XOJHOW CJIOM HelpoHHO# ceTu (puc. 2). ITo ObUIO ObI YPE3BBIYAHHO BaXKHO, MOCKOJIBKY AJIsl O0YUYEHUs TOIBKO
OJJHOTO CIIOSl HEHpOHHOW ceTH TpeOoBanachk Obl TOpa3[o MeHbLIas peueBas 0aza JAAaHHBIX, YeM UL OOyUYeHUS
Bcex 5—7 cloeB.

Cenonsl 1 sa3b1ka CeHOHBI 2 A3bIKa CenoHsl 3 sA3bIKa CeHOHEI 4 A3bIKa CeHOHBI 5 A3bIKa

©0...00] ©0...:00] (0O :::00) [0O:..00][©O...00)

OO0mui MeXaHu3M Mmpeodpa3zoBaHUs
JTAHHBIX, 00YYCHHBIN Ha OCHOBE
MEPBBIX YETHIPEX A3BIKOB

OO61me I BCEX SA3BIKOB
CKPBITBIE CTION

He 3aBucsmmii ot A361Ka
BXOJHOM CIIO#

@ang D @ang?® TCang? @angd Qang® Tecrosas BhiGOpKa

CeHOHBI — CBsI3aHHBIE COCTOSTHUS TPHU(OHOB
Puc. 2. ObyyeHre cuctemMbl, 0Oy4eHHOM YeTbIpeM A3blkaM, NATOMY A3bIKY [45]

DKCHEPUMEHTHI MMOJHOCTHIO TMOATBEPAMIN TAKYI0 BO3MOXHOCTh. VICIONB30BaHHE COBMECTHO PEYEBBIX
0a3 maHHBIX U (PPAHIY3CKOI0, HEMEIKOTO M UTAJbSHCKOTO SI3bIKOB MO3BOJIIO YMEHBIIUTh OUIMOKY pacro-
3HaBaHus Ha 3,3—5,4% B OTHOCUTEIEHOM BBIPA)KEHUH IO CPABHEHUIO C MOHOSI3BIKOBBIMU MOJENSIMH [45].

Crnenyer OTMETUTh, YTO COACPIKAIIAsCS BO BHYTPCHHUX CIIOSIX Helpocereil MHGOpMAIUs 0 MpU3HAKAX
PpCUCBOTO CUT'HAJIa MOXKET 6bITb HCIOJIb30BaHa JJid pacrio3HaBaHus pe€ur Ha HEPOACTBEHHBIX SA3BbIKAX. by no-
CTaBJICHBI PKCIICPUMEHTBI 10 MCIIOJH30BAHUIO BHYTPSHHUX CJIOEB HEHPOHHOM ceTH, 00y4eHHO! Ha 0a3e JaHHBIX
EBPONCHCKHUX SA3BIKOB, JJISI JOOOYUYCHHUS BBIXOIHOTO CJIOS HEMPOCETH U KHTAHCKOTO si3bIKa. OTHOCHUTENBHBIN
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BeIMTPHI cocTtaBmi oT 21,1% no 8,3% mnpu yBenuueHun 0a3bl JaHHBIX KUTAHCKOTO sA3bIKa OoT 3 70 139 gacos
[45]. PaccmoTpeHHBII IpHeM OTKPBIBAET BO3ZMOKHOCT CO3/IaBaTh CUCTEMbI PACIIO3HABAHMSA [T BCEBO3MOKHBIX
SI3BIKOB, B TOM YHCJI€ MAJIOPECYPCHBIX.

[MockonbKy HEHpOHHBIE CETH HE MOTYT UACHTU(DHULIUPOBATh JUHAMUYECKHAE OOBEKTHI, JJIsl CPABHEHHST MO-
JIeJiel ¢ CUTHAJIOM TIO-TIPEXKHEMY HCHONb3yeTcs (opMain3M MapKOBCKHX MOJEJNeH, OJHAKO Tenepb B Ka4yecTBE
BEKTOpa MPU3HAKOB HCIOJIB3YeTCsl HA0Op alloCTEPUOPHBIX BEPOSTHOCTEH TPU(OHOB, MOIYUYSHHBIH HA BBIXOJC
HEHpPOHHOM ceTh. Takoil METO/ MCIONBb30BaHKUS HEUPOHHBIX CETEH OMHUM U3 MEPBBIX MPEIIOKUI T MOHO(O-
HoB X. ['epmanckuii ¢ coaBropamu [46].

CoBepIICHHO OYEBHUIHO, YTO Pa3padOTKa MHOTOCIONHBIX HEUPOHHBIX CeTeH ¢ MOCIOWHBIM 00yYeHUEM —
9TO caMbIi OOJBIION AT B CTOPOHY OHMOJIOTHYECKUX MEXaHU3MOB 00paboTKu curHanos. [1o cymecTy, ocraet-
Csl TONTBKO OJTUH YPE3BBIYAITHO MCKYCCTBEHHBIN AIIEMEHT — 3TO BCE TOT XK€ AITOPHTM TUHAMHYIECKOTO IIPOTpaM-
MHUpPOBaHHA B paMKaX MapKOBCKHX MOJEINeil, HO TI0J IMeHeM ButepOu, ¢ KOTOPOro MBI Ha4ajH H3JI0KEHHE, TM0-
CKOJIBKY aIlOCTEPHOPHBIE BEPOSATHOCTH TPH(POHOB, MOTYICHHBIE HEHPOHHBIMU CETSIMH, BCE €IIe «HATATHBAIOT-
Cs» Ha MOJIEJH C €TO ITOMOIIBIO.

MHorue crenuaiucTbl CYUTAIOT, YTO UACHTU(UIHMPOBATh (OHEMBI BOZMOXKHO C MOMOIIBIO PEKYPPEHT-
HBIX HEHPOHHBIX ceTell. PekyppeHTHbIe HEHPOHHBIE CETH COJEPIKAT HEHPOHBI, 00bEANHEHHbBIE B HAIIPABJICHHBIH
KPYroBO# mporiecc. DTo HaJessieT HEHPOHHYIO CETh MaMsThIO U, CIIEJ0BATENILHO, CIIOCOOHOCTHIO PAcIiO3HABATh
MPOLIECCHI, & HE TOJILKO CTaTHYEeCKUE OOBEKTHI, KAK PACCMOTPEHHBIE BBIIE TITyOOKHE HEHpOHHBIE ceTH. MOXKHO
HAJICATHCS, YTO TAKUE CETH CMOTYT BEIHOCHTH PEIICHUE O HAIMYAU (POHEMBI WM JAPYTOr0 aKyCTHYECKOTO 00b-
€KTa, HAKAILTHBAsl IIPUXOISANIYI0 HHPOPMAIIHIO, YTO MO3BOJIKUT OTKA3aThCS OT METOAA TUHAMHYCCKOTO MPOTpaM-
MUpPOBaHHS U (opMaliu3Ma MapKOBCKUX Mojenel. Mies ucnoiap30BaTh peKyppeHTHBIC HEHPOHHEBIC CETH Havaia
HCCIIeIOBAThCA JOBOJIBHO MaBHO [47, 48], HO HEZOCTaTOYHAsI MOIIHOCTH KOMITBIOTEPOB U 31€Ch HE IO3BOJIMIIA
JOOUTHCS IPEUMYIIECTBA HAJl TOMUHHUPOBABIIUMHE B TO BPEMs METOIaMHU.

Eme omHIM IpenMyIiecTBOM PeKyppEeHTHBIX CEeTe MOXKET OBITh paboTa ¢ BEKTOPaMH MEHBIIEH pa3Mep-
HocTH. KOHTEKCTHas! 3aBUCHMOCTb, T.€. BIMsSHHE (JOHEM JIPYyr Ha Jpyra, B paCCMOTPEHHBIX MHOTOCJIOHHBIX Ce-
TAX MOJEIHMPYETCS TOCTPOSHHEM BXOJTHOTO BEKTOPA M3 HECKOJBKUX IMOCIEI0BATENBHBIX BEKTOPOB-IIPH3HAKOB,
OTIMCHIBAIOIIMMHU OTPE30K CHTHANA JITUHOW 0Kojo 25 Mc. OkHa aHanm3a cMmematores Ha 10 mc. J{ias Toro 9To0s
0TO0pa3suTh OTpe30K curHana jumHou 300 Mc (Takue pa3Mepbl KOHTEKCTHON 3aBUCHMOCTH OBLIH BBISBICHBI B
pabote [49]), Tpebyetcst 0koii0 30 BEKTOPOB-IIPU3HAKOB, TAKUM 00pa3oM, pa3MEPHOCTh PE3YJIbTUPYIOIIETO Cy-
nepBekTopa MoxkeT coctariath oT 300 mo 1000. Pabortarhk ¢ BekTOpamu Takod pa3MepHOCTH Heyno0Ho. ITo-
BUANMOMY, d(PPEKTHBHEE CO3/IaTh HEHPOHHYIO CETh C PEKYPPEHTHBIMH CBSI3SIMH, KOTOpasi OyIeT COXPaHATh MH-
(hopMmarmro 0 cUrHalle Kak PpeKyppeHTHBIN (DMIBTP-UHTETPaTOp C YTeUKoi. IMEHHO Ha OCHOBE TaKUX HHTCTPH-
PYIOLINX HEHPOHOB C YTEUKOIl IOCTPOCHEI pe3epByapHble HelipoHHbIe ceTH [50]. Takue cetn comepkar Cliod, B
KOTOPBIX HEHPOHBI CBA3aHBI MEXKIy COOOM, B OTIHYNE OT «IIEPIETITPOHOBY», B KOTOPHIX CBSA3H BO3MOKHBI TOJIBEKO
MEXIy HEHpOHAMH pPa3MYHBIX CioeB. B paboTe mccienoBaHBl TBYHANpaBICHHBIC HEHPOHHBIE CETH, ITO3BO-
JSIFOLIME y4YeCTh MPEIBIAYIIUA U MOCIEAYIONM KOHTEKCT OTHOCUTENBHO paccMmarpuBaeMoro (parmenra. Ko-
JIMYECTBO CJIOEB, KAXKIBIH M3 KOTOPHIX BKIIIOYACT PE3EPBYApHBIN CIIOH, paBHAIOCH TpeM. HauanpHOe 00yueHme
TaKXKe MMPOBOIMIIOCH ITOCTIOWHO. Pe3yIpTaThl MOKa3aiu MepCIeKTUBHOCTh METOIA.

3akjoueHnne

HecmoTpst Ha O4eHb 3HAYUTEIBHBIN POrpecc B aBTOMAaTUYECKOM PACIO3HABAHUH PEUYH, JOCTUTHYTOM B
nocneanue 3—4 roga Ha GoHe Oosee YeM TPUALATHIETHETO 3aCTOSl, BOSMOKHOCTH CHCTEM PAcIIO3HABAHMS €IIe
OUYECHb OIPAaHMYEHBI II0 CPABHEHUIO C YEJIOBEKOM. B OCHOBHOM IPEMMYIIECTBA CIYXOBOM CHCTEMBI ONPENEISIOT-
sl Upe3BBIYAMHO MOIIHBIMHM BO3MOXKHOCTSIMH IO aJIalTalluy U, INIABHOE, «OKOHEUHBIM yCTPONCTBOMY CIIyXOBOU
CHCTEMBbI, CIIOCOOHBIM NOHHMMAaTh CKa3aHHOE, Oiaromapsi KOTOPBIM YEJOBEK HE HCIIBITHIBACT TPYAHOCTEH NpH
pacro3HaBaHUM yNAJIEHHOH, peBepOepUpPOBAHHOM, aKIEHTHOW pEedH, peud B IUIOXMX KaHalaxX CBS3H, a TaKkKe
MOXKXET BBIIEJIATH PeYb OJHOTO JUKTOPA W3 MHOTOTOJIOCHS M paclio3HaBaTh CIIOHTaHHYIO pedb. Bee aTu 3agaun, a
OCOOCHHO TOCIEJHNE JBE, MPECTABISIOT OTPOMHBIE TPYIHOCTH [UISI COBPEMEHHBIX CHCTEM pacllO3HABAaHUS.
ABTOMAaTHYECKHE CHCTEMBI PACIIO3HABAHUS PEYHU MOKA YTO MPEBOCXOAT YEJIOBEKA TOJIBKO B 3a/ladax, I1e IOHH-
MaHHUE U MOJIEIb A3bIKAa HE UTPAOT POJIU, HAIIPUMED, IIPU PACIIO3HABAHUH N30JIMPOBAHHBIX KOMAH TN YHCEL.

Pa3Butne cucteM pacro3HaBaHHs peuH, KaK HaM IMPECTaBIseTCs, OyeT CBsI3aHO C YCOBEPIIEHCTBOBAHU-
€M CTPYKTYpbl HEHPOHHBIX CETei, 00s3aTeIbHBIM HAJIMUMeM OOpaTHBIX CBS3EH Ha Pa3iIMuHBIX YPOBHSIX U pa3pa-
0OTKOH HOBBIX METOJIOB 00Y4EHHsI TaKUX HEWPOHHBIX ceTeid. CTpyKTypa HEHPOHHBIX ceTel JoimkHa Oyner oba-
JaTh MEXaHU3MaMM aJanNTalllu U BO3BpaTa A KoppeKuuil. byner HeyIuBUTENbHBIM, €CIIM B aPXUTEKType Hell-
POHHBIX ceTel MOSABATCS HEKOTOPHIE AJIEMEHTHI CIIyXOBOH CHCTEMBI, & METO/IbI O0yUYEeHUs I03aUMCTBYIOT YTO-TO
oT o0ydeHust peOeHKa, HANpHMep, NMPEABSIBICHAE Ha MEPBOM 3TAIE HMPOCTEHIINX 3BYKOB — MOIYIHPOBAHHBIX
IVIaCHBIX M COUYETAHUH COTIACHBIN-TIIACHBIN (XOTS HAa 3TOM IPOPOYECTBE MBI HE HACTAUBAEM).

Haxoner, 10/KHBI HAWTH IPIMEHEHUE pa3pabOTKK B 00IACTH CEMAHTHKH, YTO TTO3BOJIUT O0Jiee TOYHO U
THOKO OTIPENEISITh TEMY COOOIICHUS U OTOPACHIBATh HENOIY CTUMBIE TUIIOTE3bI.
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BeposiTHO, MapKOBCKasi MOZIEIb, & TAKXKE MOHATHE COCTOSHHS y)Ke He OyIyT UCIIOIb30BaThCS, MOCKOIBKY
OHHU O4YeHb Ipy00 OTPaXKAIOT BPEMEHHYIO CTPYKTYPY PEUEeBBIX CHTHAJIOB, BMECTE C HHUMH 3aKOHYHUT CBOM JKU3-
HEHHBIN IIMKJI B paMKax 3a/ladll paclio3HABaHMUS PEUd M aJrOPUTM JTUHAMHYECKOrO MporpaMMUpOBaHus win Bu-
TepOom.
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