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B crarbe npuBoANTCS TPUHUHIIUIIHAIHHOE OIMCAHUE MEXAHI3-
Ma aBTOMATHYECKOTO PACIIO3HABAHUs pedn. Pacrmo3naBanue pedn
HA aKyCTHIECKOM U (POHETHIECKOM YPOBHSAX B HACTOSINEE BPEMS
JIOBEJIEHO JI0 COBEPIIEHCTBA, TO €CTh CPABHUMO 110 Ka4eCTBY C Ha-
JIEXKHOCTBIO PACIIO3HABAHUS OTJ/EJbHBIX 3BYKOB YE€JIOBEKOM, U CO-
OTBETCTBYOIIHE OJIOKU PACIIO3HABATEJIS YKe TPUoOpe/in KaHOHUYe-
ckuit Buj. Terepb pabora 110 CO3IaHIIO ITUX OJIOKOB paclio3HaBaTe-
JIST JIJIsT PYCCKOTO, PABHO KaK U JIJIsl JIIOOOTO JIPYTOro €CTECTBEHHOTO
S3bIKA, MOYKET OBITH BBITIOJIHEHA, TI0 TOTOBOMY PEIIEITY: CHAYA A 3a-
[IACATD MIPEJICTABATE/ILHYIO 023y JAHHBIX, 32T€M HACTPOUTH I10 Heit
mapaMeTPhl BEPOSITHOCTHBIX aBTOMATOB — OIHCATENEN 3BYKOB U X
cOYeTaHU. DTOT MOJIXO, U OMMCAH B CTAThE.

CJI0KHOCTD 33J1a49i PACIIO3HABAHUS PEYM Iepelia B 00JaCTh
COKpaIlleHUs YucJja TUI0TEe3 PACIIO3HABAHUS 11€JI0T'0 TIPEJITOKEHUS.
st aHrImiickoro sA3bIKa 3Ta 3a1a9a JOCTATOTHO (P PEKTUBHO pe-
IMAETCS Ha OCHOBE CTATUCTUYIECKUX METOJOB. it pycckoro si3bi-
Ka TaKOM IOJXO0J MPUBOANT K TEepedOopy, HEMOMEPHOMY [IazKe JIJIs
COBpPEMEHHBIX KOMIIBIOTEPOB. BoJiee TOro, 0Ka3bIBAETCsI, ITO B PYC-
CKOM $I3BIKE MMPOCTO HET CTATUCTUIECKU WJINM IBPUCTUYUECKU ITPE]I-
CTaBUTEHLHON BHIOOPKHM TEKCTOB JIJIsT TIOCTPOEHNUS CTATUCTUIECKOM
SA3BIKOBOIT MOJIe/I, U B 0003PUMOM OYIyIIEeM HEBO3MOXKHO CO3/IaTh
TaKOIf MaCCUB TEKCTOB.

ABTOpBI TpejIaraioT crnocod JIEKOMITO3UIUH PYCCKON I3BIKOBO
Mozesin Ha (DOPMAJIBHYIO U COEPKATEIbHYIO, DA KOTOPOM y/IaeT-
CsI HAWTHU JIOCTOBEPHBIN KOI(DMUIINEHT HEOIPEIETIEHHOCTH CJIETY IO
IIEeTO CJI0Ba MPEAJIOZKEHN 110 JIBYM IPEABbIIYIIUM €ro CJIOBaM.
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1. BBenenue

Sajiatda pacmo3HaBaHUs PETN COCTOUT B ABTOMATHIECKOM BOCCTAHOB-
JIEHMH TEKCTa IPOU3HOCHMBIX YeJIOBEKOM CJIOB, hpa3 WM IPeJIOKEHN
Ha eCTEeCTBEHHOM s3bIKe. K BaKHBIM IIPAKTUYECKUM 33/1a9aM, CBI3aHHBIM
C paclO3HAaBaHUEM DEYH, MOXKHO OTHECTH Pa3pabOTKy CHUCTEM JUKTOBKHU
TEKCTOB, CUCTEM PEYeBOr'0 yIIpaBJICHUs Pa3/IMYHbIMUA YCTPOICTBaMU, CH-
creM pedeBoro jamajora (Hampumep, 1o rejedony). B Hacrosiee Bpe-
Msl pacllo3HaBaHUE PEYH IEPEKUBAET IEPHUOJ] OYPHOI'O pPOCTA: JIECATKH
KpynHbIX KoMMepueckux Kommnanuit (IBM, Dragon, Philips, Microsoft,...)
CO3IaJIM U aKTUBHO Pa3BUBAIOT KOMMEDYECKHE CUCTEMBI PacIO3HaBaHUA
peun [14]. DxcrepTbl B 06JaCTH KOMIIBIOTEPHBIX TEXHOJIOIUI HA3BIBAIOT
pacrio3HaBaHUE pedn OJIHOM m3 BakHeHmux 3a7a4d XXI Beka.

Ucropuyecku, METO/IbI PACIIO3HABAHNUS PEYM PAa3BUBAJINCH BMECTE C
pPa3BUTHEM KOMIIBIOTEPOB. 3ajada PACIO3HABAHUS PEYM U3HAYAJIBLHO CTa-
BAJIaCh KakK 3a/lava BOCCTAHOBJICHUSI TEKCTa Pa3/ie/IbHO ITPOU3HOCUMBIX
cioB. TonbKO B TOCTETHUE JECATUIETHS KOMIBIOTEpHAs TEXHHUKA JO-
CTHUIJIa TAKOI'0 yPOBH#A, KOIrJla CTaJla OCMBICJICHHON 3ajada pacro3HaBa-
HU$l CJIMTHOW WMJIM JIa’Ke CIIOHTaHHO# ycTHO#l peun. Ha sToMm 3rame BbI-
ACHUJIOCH, YTO JJId PElIeHUd 3aJa4d PaCIlO3HaBaHWs PEYU HEIOCTaTOY-
HO yMeTh DacIO3HaBaTh OTJEJIbHbIE 3BYKH M CjI0Ba (KOMaHJbI) C Ha-
JEe2KHOCTBIO, CPDABHUMOI C HaAE?KHOCTBHIO PACIIO3HABAHUA OTICIbHLIX KO-
MaH1 yesioBekoM. Kak 1mokazaJia mpakTHkKa, 4ejJ0BeK IIPU PACIO3HABAHUH
CJIMTHOI pedu Jijisd yCTPaHEeHUs HEOJIHO3HAYHOCTU BOCCTAHOBJICHUA TEK-
cTa IIPeJIJIO?KeHNs CYIIeCTBEHHO UCIIOIb3YyeT CBOU 3HAHUS O €CTECTBEHHOM
A3BbIKe, & TaKzKe CMBICT Ipon3HocnMoro. [losTomy 3a1ady pacno3HaBaHus
pe4u eCTECTBEHHO Pa3Jie/IuTh Ha JBe HE3aBUCUMbBIE 3a/1a4U:

e 33144y JIOKAJLHOIO PACIO3HABAHUS Pedn (TO €CTh PACIHO3HABAHUS
OTJIEJIbHOf KOMAH/IbI )

® 3a/1a9y BOCCTaHOBJICHUA TEKCTa CJINTHOM pedn 110 MHOZKECTBY BO3-
MO2KHBIX T'HIIOTE3 paCIlIO3HAaBaHMI.

Jl1s1 perenus nepBoii 3a/1a41 CyIIeCTBEHHO 3HAHKE IIPUPO/BI IPOIIEC-
ca peueobpasosanusi [19]. CymiecTByOT yHUBEpCAJbHBIE MOJEIH ITOIO
nporiecca, obIue JJisi pa3aMIHbIX eCTEeCTBEHHbIX si3bIKOB [13]. Perenune
BTOpOIi 3a/1a41, HA0GOPOT, CUJILHO 3aBUCUT OT OCOOEHHOCTEH eCTeCTBEeH-
HOTO sI3bIKa, HA KOTOPOM IIPOM3HOCATCH cjoBa. PaKTHYeCKH, HA ITOM



O mepcrekTuBax CO3/aHUs CUCTEMbI PACIIO3HABAHUS PEIN 47

YPOBHE IIOCTPOEHUE CUCTEMbl pacCllO3HaBaHUdA pedd JJId KaxKJI0W HOBOH
SI3BIKOBOM T'PYHIIBI TPEOyeT CBOMX, OCOOBIX MATEMATUIECKUX U TEXHUYIE-
CKUX MOJIXO/IOB U CBOJUTCA K UCIHOJIB30BAHNIO HEKOTOPOH I10CJIE/10BATE Ib-
HOI opMaIbHON MOJEIN 3TOI0 €CTECTBEHHOTO SI3BIKA.

Ha 3amane 3amada pacrosnaBaHusi pedd BXOIUT B YUCIO IEPCIEK-
TUBHBIX HAYYHO-TEXHUYECKUX HAIPABJICHUI U XOPOIIO (DUHAHCHUPYETCH,
9T0 00YCJIOBIJIO TOT (PAKT, YTO B ITOCTETHUE AECITUICTAST CO3IaHbI U JI0-
CcTaTOIHO 3PHEKTUBHO PAbOTAIOT CUCTEMBI PACITO3HABAHUSI PEUN JIJIsT aH-
IJTICKOTO M HEKOTOPBIX JIPYTHX SI3bIKOB. CUCTEMBI PACIIO3HABAHUST PYC-
CKOIl peun ¢ MOomOOHLIMU XapaKTEePUCTUKAMU HE CyIIeCTBYeT. AHayusy
IIePCIEKTUB CO3/JaHUs CUCTEM aBTOMATUYECKOI'O PacClO3HaBaHUs PYCCKON
CJIUTHOW PEYM U MOCBSIIEH HACTOSIIUNA 0030p.

2. YcrpoiicTBO cuCTEMbI aBTOMAaTHUYECKOTO pac-
NO3HABAHUS pevdu

OcHoBHBIMU XapaKTEepUCTUKaM COBPEMEHHbLIX CUCTEM aBTOMaTHUYC-
CKOI'O paCllO3HaBaHUA PEYIUN ABJIAIOTCA CJIE/IYIOIINE:

® CJ/IOBapu pa3MepOM B JECATKU U COTHU ThICAY CJIOB;
® DACIIO3HaBaHUE CJIMTHON peyvu;
e paboTa B peaJibHOM BPEMEHU;

® BO3MOXKHOCTH pabOThI KaK C IMPEIBAPUTEILHON HACTPOUKOHN Ha TO-
JIOC JINKTOpPA, TaK u 6e3 HACTPOIKHY;

e HaJEKHOCTL paborbl 95-98% i rpaMMaTHYECKW NPaBUJIBHBIX
TEKCTOB.

CrpykTypHasi cxema pabOThl THIIMIHONA COBPEMEHHOM CHUCTEMBI Pac-
ITO3HABAHUS CJIUTHON peun m3o0pazkeHna Ha pucynke 1.

3. OYHKIIMOHUPOBAHUE CUCTEMBI IITPOUCXOIUT
CJEeAYIOIM 00pa3oM

OnudgpoBaHHBIl pevueBOil CUTHAJ TOCTYIAeT HA BXOJ, KOMIIBIOTEPA.
3areM cHrHajl ¢ HEKOTOPBIM IOCTOSIHHBIM IMAroM pa30dmBaeTcs Ha OKHA,
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7 ISt KayKJOr0 OKHA B OJIOKE aKyCTUYECKOI'O aHAJU3a CUUTACTCH BEK-
TOP 3HAYEHUI HEKOTOPBIX CIEKTPAJIbHBIX IIaPAMETPOB, Yallle BCEro Kell-
CTPAIBHBIX KOI(DMDUIUEHTOB, & TaAKXKE UX IIEPBON U BTOPOU JINCKPETHBIX
IIPOU3BOIHBIX.

BekTopa mapameTrpoB mOCJe10BATENBHO MMOCTYHAIOT HA BXOJ, OJIOKA
JIOKAQJILHOT'O PACIO3HAaBAaHUsI, OOBIYHO MMEIOIIUI B CBOEl OCHOBE yHUBEP-
CaJIbHBII MOHOTOHHBI BepOsSITHOCTHBIN aBToMar |11, 13|, 06benunstommmii
3TAJIOHHBIC BEPOATHOCTHBIC aBTOMATBI BCEX CJIOB €CTECTBCHHOIO A3BIKA, C
KOTOpbIMHU paboTaeT pacro3Hatolas cucreMa. [Ipu nocryniennn Ha BX0o/T
3T0oro GJIOKa KaxK/JI0r0 HOBOIO OKHA aHAJIN3a MOJUMUIMPYETCS OPUEHTHU-
POBaHHBIN HATPYXKEHHDLI Tr'pad THIIOTE3 pacIO3HABaHUs — B HErO J0-
0AaBJIAIOTCS] HOBBIE THIIOTE3BI O IPOM3HECEHHO! TT0CJIeI0BATEILHOCTH CJIOB
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sI3bIKA U YAAJISIIOTCS CYIIECTBYIOIINE TMIIOTE3bI, BEPOATHOCTH KOTOPBIX
CTAHOBUTCSI MEHBIIIE HEKOTOPOTO (PUKCUPOBAHHOTO Topora. Korma mocry-
raeT MOCJEHUN BEKTOP 3HAYEHUI NMapaMeTpoB, B rpade OCTaBJISIIOTCS
TOJIBKO Te T'MIOTE3bl, KOTOPbIe 3aKAHYMBAIOTCS Ha, 11€J10€ (3aKOHUEHHOE)
cioBo s13bIKa. s sddexkruBHOro (byHKIMOHUPOBaHUs OJIOKA JIOKAJIb-
HOT'O PACIIO3HABAHUS CYIIECTBEHHYO POJIb UI'PAET BBIOOP (POHETHIECKOTO
asipaBuTa, YTO HABJISETCS OTIEIBHOI HCCI/IEIOBATEIBLCKON 3a1aueil.

st Bbienenust w3 rpada Iuiore3 paclo3HaBaHUS €JIUHCTBEHHOTO
[IPEJIOYKEHNST €CTECTBEHHOIO si3bIKa, KAK Pe3yJibTaTa PACIO3HABAHUS, C-
MTOJTB3YIOTCST HAIM 3HAHUSI O CTPYKTYPE €CTeCTBEHHOrO si3bika. Mojesb
si3bIKa (Jale BCero OCHOBAHHAs HA CTATHCTHYECKOM TIOJIXOJIE) MO3BOJISIET
BBIOpPATh Cped BCEro MHOXKECTBa, IyTeil B rpade THUIIOTe3 OJIUH, MMe-
IONUI MAKCUMAJIBHYIO UTOTOBYIO BEPOsiTHOCTb. HaiijienHast rumoresa u
CUUTAETCSI PE3YJIBTATOM PACIIO3HABAHUSI.

Cremyer oTMETUTH, YTO (DYHKIMOHUPOBAHUE OIMCAHHON DPACIIO3HAIO-
et cuctembl sijisieTcst 3 HEKTUBHBIM TOJIBKO [IOCJIe 00YIeHUsT Ha OCHO-
B€ TEKCTOBBIX U aKyCTHIECKUX 6a3 JJAHHBIX (KOPITYyCOB), 00Ia/Iai0MMIuX J10-
CTATOYHO DOJILITUM 0OBHEMOM U MPEJICTABUTEILHOCTHIO. TeKCTOBbIE Oa3bl
JAHHBIX HEOOXOAMMBI JIjIsi 00y9IeHUs U MPOBEPKN 3(MPEKTUBHOCTH SI3bI-
KOBBIX MOJIeJIel, a pedeBble — JIJIsT HACTPOWKH apaMeTPOB aJITOPUTMOB
JIOKAJIbHOTO PACIIO3HABAHUS, dYallle BCEI'O OCHOBAHHBIX HA [PUMEHEHUU
MOHOTOHHBIX BEPOSITHOCTHBIX aBroMaroB. COop um obpaboTKa Takux 6a3
JIAHHBIX SIBJISIETCS, TOXKAJIYH, OJIHUM U3 CAMBIX TPYJ/IOEMKHUX STAIOB B I10-
CTPOEHUH CUCTEM PACIO3HABAHUST PEUHU U TPEOYET, IOMUMO BCETO IIPOYETo,
HAJIMIHST JOCTATOYHOTO IMOJIHOTO CJIOBApsi €CTECTBEHHOTO SI3bIKA, CHCTEM
MOPQOJIOrTIECKOro aHAJIN3a, CUCTEMbl ABTOMATUIECKOI'0 TPAHCKPUOUPO-
BaHUsI TEKCTOB.

4. AxycTtuydeckmii ypoBeHb

Ha srane nepsudnoit 06paboTKN CUT'HAJIA OCHOBHOI 3a/1a9eil siBJISEeTCS
U3BJICUEHNE U3 peun Habopa MPU3HAKOB, OT KOTOPBLIX OOBITHO TpedyeTcs
BBITIOJTHEHUE CJICYIOIINX CBOWCTB:

1) Munnmusaiusi o6bemMa, TO €CTh MaKCUMAJIbHOE CxKaThe MH(pOpMa-
MM U CTATHCTHYECKAsT HEKOPPEJTUPOBAHHOCTD ITapaMETPOB;
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2) HeszaBucuMocTh OT JUKTOpPA, TO €CTh MaKCUMAJIBHO BO3MOXKHOE Yjla-
Jieare nHQMOPMAINU, CBI3aHHON ¢ MHIUBUYaJIbHBIMU OCOOCHHOCTSI-
MU T'OBOPAIIETO;

3) OJHOPOJHOCTD, TO €CTh MIAPAMETPHI JIOJZKHBI B CPEJIHEM UMETH OJIA-
HAKOBYIO JHCIIEPCHIO;

4) B03MOXKHOCTH TPUMEHEHHUs] MPOCTHIX METPUK THNa EBKJIMI0BOI
JIUIst OTIpeJIeIeHI s OJIM30CTU MEXK Ty HabOPaMU IIPU3HAKOB, IIPU STOM
6JIM30CTh YyYaCTKOB 3ByKa Ha CJIyX JIOJ?KHA OBITH COIVIACOBAHA C
6JIM30CTBIO B CMBICJIE 3TONH METPUKHU.

Hawubosiee pacrpocrpaneHubiME HabOpaMU TAPaMETPOB, UCIIOJIb3ye-
MBIMH B CHCTEMAax PaCIO3HABAHUS PEUU, SABJSIIOTCH KOI(DMUIUEHTDI TIpe-
obpazosanust Pypoe [10] (BIID [2]), koaddunuenTs! suneiiHoro npe-
ckaszaHust |18] u OCHOBaHHBI Ha HUX CIEKTD JMHEHHOIO MPECKA3AHMS
(criiaskeHHBIN CIIEKTD), & TakkKe KelcrpasbHble KodddurmenTsr [18].

Kosadbdunmenrsr kencrpa (MFCC — mel-frequency-scaled cepstral
coefficients), mosyvaroruecsi myreM HOC/IE0BATENHHOIO IIPUMEHEHUs K
AHAJIM3UPYEMOMY OTPE3KY CHTHaJja JUCKpeTHOro mpeobpaszobanust Dy-
pbe, CIEKTPAJIBHOTO CIVIAYKUBAHUS, IPUBEJICHUS K JIOTapuMUIECKO
IKaJIe U, HAKOHEIl, IIPUMEHEHUs JIeHCTBUTEIbHON JacTU MPSMOrO IIpe-
obpazopannsg Pypbe, ABIIIOTC Hanbosee 9P(MEKTUBHBIMU C TOYKH 3pe-
HUSI OIMCAHHBIX BhIIIe cBoiicTB 1-4. s omHO#l u TOM »Ke MOIApOOHOCTH
aHajm3a ux ducyio (06braHO 10-15) 3HAYUTESLHO MEHbINE YHcja Kodh-
durmentos cuekrpa BII®, qukToposaBucumas nndopMaliys yaaaeHa ¢
[IOMOIIBIO CIVIAXKUBAHUS CHEKTPa, a WHAMOPMAIUS CXKaTa 3a CUYeT MPH-
BeJIeHUs CIEKTpa K Jiorapudmudeckoii rmkajae dactor. C 1esbio ydera
M3MEHEHUsI ITapaMeTpoB BO BpPeMeHHN OOBITHO BMecTe ¢ KoadurmeHTa-
MH KellCTpa PacCMaTPUBAIOT TaKXKE WX IEPBYIO M BTOPYIO JINCKPETHBIE
TPOM3BO/THBIE.

Anmapar akycTHYecKOro aHajn3a JOCTATOYHO PA3BUT U MEPEHOCUM C
OJIHOTO $I3BbIKA Ha JIPYTOil, 9TO MO3BOJISIET 3(P(PEKTUBHO NMPUMEHSATH BCE
HapabOTaHHBIE B 3TON 0OJIACTH TPHUEMbI U TOJXOJIbI IIPU CO3JIAHUH PAC-
[TO3HABATEJIsI PYCCKO peun. B 9acTHOCTH, MPAKTUIECKH BCE OIMCAHHBIE
BBIIIIE CIIOCOOBI pacdera aKyCTHIECKUX [IapaMETPOB PEUEBOr0 CUTHAJIA, Pe-
AJIM30BAHBI B U3BECTHBIX OOINEIOCTYITHBIX MATEMATHIECKAX KOMITHIOTED-
HBIX Takerax oOpabOTKU CWTHAJj0B, Hanpumep, B nakerax SPL u IPPS
dbupmsr Intel [46].
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5. JlokanbHOoe pacrio3HaBanue pedu. MeTos
CKPBITBIX MapKOBCKHUX MoO/eJieil

Merosibl JIOKAJILHOIO pacro3HaBaHus pedn [12] MOXKHO yCJIOBHO pas-
JeJINTh Ha JIBe 60.}1]5]]_[1/16 TPYIIIIBI: HETapaMEeTPU1IeCKUue — C HUCHOJIb30-
BAHUEM HENapaMeTPUIeCKUX Mep OIM30CTH K TajJoHaM (K HUM MOXKHO
OTHECTH MeTOIbl Ha OCHOBE d)OpMaJH:)HbIX I'paMMaTHUK W MEeTOJIbl Ha OC-
HOBE€ METPpHUK Ha MHO2KECTBE€ pPEYEBbIX CI/IFHa.HOB) — W IIapaMeTpUuvIeCKue
(BEpOSITHOCTHBIE — Ha OCHOBE METOJIa CKPBITHIX MAPKOBCKHX IPOIECCOB,
HeiipoceTeBble).

[TepBble ycTpoiicTBa aBTOMATHYECKOrO pacrosHaBanus peun |30, 32,
33| 6bLIM AaHAJIOTOBBIME U UCITOJIB30BAJIU IOPOTOBYIO JIOTHKY, TI09TOMY OHU
He 00J1a/1aJ11 BBICOKOH HAJIE2KHOCTHIO U OBLIN y3KOCIEINATN3UPOBAHHBI-
mu. Iocse osiB/IeHUS JTMHIBUCTUYIECKON TEOPUH Pedu, TIPEJICTABIAIONIEH
peUb KakK MPOU3BOMHYIO (DOHETUYIECKONW TPAHCKPUIIIUN TEKCTa ITPOU3HO-
CHMOI'O CJIOBa, JIJIsT PAacIO3HABAHUs CTaJl HCIIOJIb30BaThCA MeTOH (POoHe-
THaeckoit cermenTalmu [39, 45|, 0OHAKO BIIOCJIEICTBUN BbISICHIJIOCH, YTO
9Ta 3aja49a TPYJHO MOAJIAETCS TOYHOMY aBTOMATUYECKOMY PEIIEHHUIO.

ClreyIonumm 9TaroM CTajo pasBUTHE HelAPAMEeTPHIECKIX MO/IXO/0B,
OCHOBAHHBIX Ha Mepax OJIM30CTU Ha MHOXKeCTBE pedeBbX curHasios. [To-
xoz1 Bunigioka |6, 5|, ocHOBaHHBIH Ha MeTO/Ie JMHAMUYIECKOTO POIPAMMHU-
posanust (Besman, [1]), passursiit Urakypoit [35] u jap., mo3soimi co-
KPaTUTh BPEMsl BBIYUCJICHUS 3HAYEeHUIT (DYyHKIMI GJIN30CTH K STAJOHHBIM
cHUrHaJjaM C SKCIOHEHIAIBLHOTO (0T JIMHBI CUIHAJIA) JI0 KB [PATHIHOIO.
B cuny Toro, uro ocHOBHO# crienuduKOl MeTOJa SIBJISJIOCH HeJUHEHHOe
HCKayKeHNe BPEMEHHOIl OCH OJ[HON M3 CpaBHUBAEMBIX (DYHKIMIT, MeTO
HOJIyYnII Ha3BaHUe <«JIuHaMuudeckoil gedopmanuun Bpemenns ([IIB). K
OveBHIHBIM jocTonHcTBaM Merosa JIJIB orHOCsTCS IpocToTa ero peasu-
3anun U 06ydYeHUsl, & OCHOBHBIMU HEJOCTATKAME METOJI sIBJISIETCS CJIOK-
HOCTB BBIYHCJIEHUST MepPbl 6Jin30cTH (IIPONOPIMOHAJILHO KBaJIPaTy JJINHbI
curtnasa) u GOJIBINOI 00beM HAMSITH, HEOOXOJMMBIH /IS XPAaHEHHs 9Ta-
JIOHOB KOMaH/1 (IIPONOPIIMOHAJIBLHO JIMHE CUTHAJIA U KOJMYECTBY KOMAH/L
B CJIOBape).

MeTo/1pl, NCHOIL3YIONHECST B 33/[a9€ JIOKAILHOIO PACIIO3HABANIS pe-
Y1 B HACTOsIIIEE BPEMsl, ObLIN BIIEPBbIE HPEJIOXKEHBI PSJIOM aMepHKaH-
ckux uccienoBareneil (Beiikep — CMU — cucrema «/Iparons [23| u,
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xemnuex — IBM [7]) B 1970-e roxpt npormioro Beka. OHu mpumeHn-
JIM TEOPUIO CKPBITBIX MapkoBckux mojeseit (CMM), cozmannyo Baymom
u kosuteramu |26, 40, 42, 17, 25|. CKpbiTble MapKOBCKHE MOJEJU MPE/I-
CTABJISAIOT U3 ce0sT MBAXKbI CTOXACTUIECKHE MIPOIECChI — MaPKOBCKUE 116~
nu [15] mo mepexojiamMm MeKy COCTOSTHUSIMU M MHOXKECTBA CTAI[OHAPHBIX
IIPOIIECCOB B KAXKJIOM COCTOsiHUU Tienu. Jjist obydenust Mozesneil u Bbrauc-
JIEHWS BePOSITHOCTH HabJIIoIeHus cyioBa Ha Bbixoge CMM ObL1 Tak>Ke mpu-
MEeHEH MeTO/I JIMHAMIYECKOIO IPOrPAMMHUPOBaHHsI (aJIFOPUTMBI IIPSIMOIO-
obparnoro xoza [25|, Bayma-Yamua, nim EM-anropurwm [31], Burrepbu
[44, 20]). JocronucrBamu Meroga CMM sBIISIOTCST TOCTATOMHO OBICTPBIIT
Cc110co06 BBIYHMCJICHNS 3HAUeHU T (DYHKIMU paccTosiHust (BepOsSITHOCTH) U Cy-
IIECTBEHHO MEHBINNIA, 0 cpaBHeHnio ¢ meromoM JI/IB, obbem mamsaTu,
HeOOXOIMMBII JIJ1s XPAHEeHHsI STaJIOHOB KOMaH 1 (IIPOLOPIMOHAIIBHO KOJIH-
gecTBy poHeM, Tpr(OHOB U T.II. B sI3bIKE), & OCHOBHBIMU HEJIOCTATKAMMU
— JIOCTATOYHO OOJIBIIIAs CJ0YKHOCTD €0 Peau3allii, a TaKyKe HeoOX0Iu-
MOCTB HCIOJIB30BaHUsI OOIbINX (POHETHIECKH cOATAHCHPOBAHHBIX pede-
BBIX KOpITycoB (6a3 manubix) mist 00ydenus napamerpos CMM. Io cyrn,
merosbl JIJIB 1 CMM umeroT 04eHb MHOIO OOIIETO W MOLYT CUUTATHCS
Pa3HBIMU peaJin3alusMU OJTHOrO U TOro ¥Ke mmoxoya [36].

CMM, BosuuKInme Kak 0600IIeHne Tieneii MapkoBa, TECHO CBSI3aHBI C
HOHSITHEM BEPOSITHOCTHOIO aBTOMaTa. BeposiTHOCTHBIE aBTOMATHI, BIIEp-
Bble BBeJlenuble B obmieit popme k. Kapmaiinom (1963, [27]) u, nesasu-
cumo ot Hero, P.Byxapaesbiv (1964, [3]) u IL.Irapke (1965, [43]), upen-
CTABJIAIOT U3 Ce0sl B IPAKTHIECKOM IIAHe YCTPONHCTBA ¢ KOHETHOM MaMsi-
TBIO, TIlepepadaThiBaoIine HHHOOPMAIUIO C BXOIHBIX KAHAJIOB B BBIXOJIHBIE,
HEPEXOJIbI M BBIXOBI KOTOPBIX IPOUCXO/IAT HA OCHOBE BEPOSTHOCTHBIX 3a-
KOHOB [4]. CKpbITble MapKOBCKHE MOJIE/IH SIBJISIOTCS YACTHBIM CJIy9aeM
BEPOSITHOCTHBIX ABTOMATOB, & IMEHHO, BEPOSITHOCTHBIME aBTOMaTaMn 0e3
Bxoma. CMM, ncrosb3yemMble B cHCTEMax PACIO3HABAHIUS PEUn, 0018 [al0T
JIOTIOJIHUTEJILHO TeM CBOMCTBOM, YTO Ha KayKJIOM TaKTe paboThl aBToMaTa
HIEPEXOJT OCYIIECTBIISIETCS B COCTOSTHAE C TeM K€ HJIH OOJIBIIINM HOMEPOM.
Takue Mojesn, IpejIozKeHHble BliepBble bBakucom [24, 7|, HasbiBarTCs
neso-tipaBbiMu (left-right), wmn monensimu Bakuca. B [13] npeoxkeno
HA3bIBATH COOTBETCTBYIOIINE STUM MOJIEJISIM BEPOSITHOCTHBIE aBTOMATBI
MOHOTOHHBIMH.

Cormnacuo |13, MeTo/ CKPBITBIX MApKOBCKHUX Mojiesieit [26] MoxKHO n3-
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JIO’KUTH HA sI3bIKE BEPOSTHOCTHBIX aBTOMaToB. PaccmarpmBaercs dacT-
HBIl ciiydail BEpPOSTHOCTHBIX aBTOMATOB — HMHUIMAJbHbIE (3a/[@Hbl Ha-
JasbHOe M (DUHAIBHOE COCTOSIHUS) ABTOHOMHBIE (6e3 BX0OJ/1a) MOHOTOHHBIE
aromMaTbl Mypa (BBIXOJ ¥ [IEPEX0j B CJIEJLYIOIee COCTOSIHUSI OCYIIeCTB-
JISTIOTCST HE3ABUCUMO).

Maunnua bHbiM aBTOHOMHBIM MOHOTOHHBIM BEPOSITHOCTHBIM aBTOMa-
ToM Mypa (J1a/ee — MOHOTOHHBIM BEPOSITHOCTHBIM aBTOMATOM) HA3bIBa~
ercs mecrepka A = (C,Q,m, P,vy,vr), e C — KOHEYHBbIH BBIXOJIHOI
andasur (|C| = k), Q — xoneunstit andasur cocrosuuii (|Q| = m), 7
— CTOXacTHYecKas 1 X M-MaTpHIla, Takasd 9TO T;; 3aJaeT BePOATHOCTD
1epexojia U3 COCTOSIHUS ¢; B COCTOsHME ¢; U m;; = 0 npwm ¢ > j n 1npu
i =j=m,my; <1upui= j, P— croxactuueckas m X k-marpuna,
Takas 9TO0 Pj 3a1aeT BEpOSTHOCTL BBIJIAYU OYKBBI ¢; B COCTOSHUU (;,
vo = (1,0,...0) — BEKTOp JYIMHBI M, O3HAYAIONIMI, YTO ¢ — HAYATBHOE
cocrosme, vp = (0,0,...,0,1)7 — pekTop-cTosben AIMHb M, O3HAYAIO-
Ui, 970 ¢, — PUHATIBHOE COCTOSHHE ABTOMATA.

Cuwnraercst, 9YT0 MOHOTOHHBIN aBTOMAT A BBIIAJ CIOBO €1C2 . . . Cp, €C-
JIM aBTOMAT Hadasl paboTy B COCTOSTHUU (1, BBIJAJ B 9TOM COCTOSTHUU OYK-
By €] COIVIACHO pacupejiesienuio Bepositnocreit (Pi1, Pio, ..., Pyy), namee
reperesi B CJIeyIoIee COCTOSHIE COIJIACHO PACIPEIEICHUI0 BEPOSTHO-
creit (m1,m12, ..+, Tm) U T.J., HAKOHEIl, HAXOJSICb B HEKOTOPOM COCTOsI-
HUU @;,,, BBLIAJ OYKBY C;, COIVIACHO PACIIPE/IeJIeHII0 BEPOSITHOCTE! B STOM
COCTOSIHHH U C BEPOSITHOCTDIO T, 1y TI€PEIIET B (DUHATBHOE COCTOSTHUE Gy,
rie u 3akonuusa paboty. Ilpu 5ToM BEpOATHOCTE BBIIAYH ABTOMATOM CJIO-
Ba 7 = €1C3...Cy MOACYUTBIBaeTCs 1o (opmysie (*), umMeromeit cMbICT
JIJIsT JTI060r0 aBTOHOMHOI'O BEPOSITHOCTHOTO aBToMaTa [4]:

pa(y) = > P(y[g) =
a:‘;h'l Qig-Qip_1°*

vr(gi,_4)=1

= > vo(Giy ) Piy (1) Tirio Py (€2)Tigis + -+ + Pryy (Cp) Wi =
q=Giq Qig--Qip,_1*

v (i, _1)=1
=M (7)(vr)",
rae M(vy) = M(c1)M(ca) - ...  M(cn) = mijPy.
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Yucso onepariuif, HeOOXOAUMBIX JJIsl BLIMHCICHUS (%) MOMKHO COKDa-
TUTDb, UCHOJIB3Ysl METOJ[ JUHAMIYECKOro Iporpammuposanus |1]. Asro-
pUTM, peanu3yiomuit 10T 3G dOEKTUBHbINA 10 BDEMEHHU CIIOCOO BLIMHCIIE-
HUSI BEPOSITHOCTH BBLJIAYH CJIOBA ABTOMATOM, HA3BIBACTCS AJITOPUTMOM
upsiMoro-obparHoro xozxa [17|. C 1e/bio yCKOPeHUs! BBIMHCJIECHHN YacTo
BMECTO BBLIMHCJICHHsI BEPOATHOCTU IO BCEM IIEIOYKAM COCTOSIHHUIL, Bey-
II[IM OT HAYAJIBLHOIO COCTOSIHUSL K (PUHAILHOMY, HAXOJAT LEHOUKY C MaK-
CHMAJIBHOIl BEPOSITHOCTBIO JIsl JAHHOIO BBIXOJIHOIO CJIOBA U 9TY BEPO-
STHOCTb OOBABIISIIOT HCKOMOM BeposiTHOCTBIO (anropurm Burep6u [20]).
Hecmorpst Ha TO, 9TO TeopeTHdeckoe 060CHOBAHNE TAKOIO IIOJIXOA HEsIC-
HO, OH JIa€T 3HAYUTEJILHDLIH BLIMTPBHIIT BO BPEMEHH, 9TO OOYC/IAB/IIBAECT
HOILY/IIPHOCTD 9TOIO METOJIA.

OrnenbHOI 1, TTOXKaJIyil, caMOil HETPUBHAJILHON 3ajadeil Ha 3Tare
JIOKAJILHOTO PACIIO3HABAHUSI PEUN sIBJISIETCS 3aJiada cuHTe3a (00ydeHust
napaMeTpOB) MOHOTOHHOI'O BEPOATHOCTHOI'O aBTOMAaTa. ZLHS[ IIOsICHEHU A
ITIOCTAHOBKY U METOJIOB PEIIeHUs ITOI 3a7a9u TpeOyeTcsi OMUcaTh Cojiep-
2KaTeJIbHO, KaK IIPUMEHAIOTCA BEPOATHOCTHBIEC aBTOMATBLI JIgd PEIIeHUd
3a/1a491 JIOKAJIbHOT'O PACIIO3HABAHUS PEUN.

Nmes Tpanckpumimio bibs . . . b, KaKOro-amdo CJI0Ba CJIOBAPS, MOXKHO
[OCTPOUTH O HEfl MOC/IeI0BATEILHOCTh TPUMOHOB (3ByKOB B KOHTEKCTE
JIBYX COCEJIHUX 3BYKOB), U3 KOTOPBIX COCTOUT IIPOU3HECEHHE 9TOTO CJIOBA!
_b1ba, b1babs, bobsby, . .. by_oby_1bn,bp—1b, . Kaxkmomy tpudony B
€CTEeCTBEHHOM $I3bIKe (SICHO, 4TO TPUQOHOB B S3bIKE MEHbBIIE, YeM BCEX
BO3MOXKHBIX TPOEK 3ByKOB) COIIOCTaBJIACTCA I3TaJIOH B BHJIEC MOHOTOHHO-
'O BEPOSITHOCTHOI'O aBTOMATa U3 YETBIPEX COCTOsTHMI, TaK UTO 3BYKOBLIE
CHUTHAJIBI BCEX BO3MOKHBIX IMPOM3HECEHUIT KaxKI0TO TPUQOHA PacCMaT-
PHUBAIOTCSI KaK CJIOBa, IMOPOKIEHHBIE 9THUM BEPOATHOCTHBIM aBTOMATOM.
ST&J'[OHHI)IG BEPOATHOCTHBIE aBTOMATBI [Jigd CJIOB €CTECTBEHHOI'O fA3BLIKa
COCTaBJISIIOTCSI ITyTEM II0CJIEI0BATEILHOIO COSIUHEHNS COOTBETCTBYIOITNX
9TAJIOHHBIX aBTOMATOB TPU(OHOB, IIPU 3TOM (DUHAILHBIE COCTOSTHUS BCEX
TaKUX aBTOMATOB, KpOMe IIOCJIeTHETO, CKJICNBAIOTCA C IIE€PBBIM COCTOsSHU-
eM CJIeIyIonero TpudoHa.

OObyueHne BepOSITHOCTHOTO aBTOMATa, COCTOUT B TOM, YTOOBI IIpHU 3a-
JIAHHOM YHUCJIE COCTOSHUI aBTOMAaTa U, OBITh MOYXKET, HEKOTOPOM HAYaJIb-
HOM TIpHOJINZKEHNU 3HAYeHUil apaMeTpoB aBroMara (Marpuil P u 7) 1o
3a/IAHHOMY KOHEYHOMY Ha0OPy BBIXOJIHBIX CJIOB (00ydaroreil BIOOpKe)
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TaKIM 06pa30M MOIUPUINPOBATEL MATPULLL P 1 7, YTOOBI HTOrOBas BEPO-
STHOCTD BBIJIAYU 3TUM aBTOMATOM KaXKJOT'O U3 CJIOB 00yUaroiieil BHIOOp-
KU yBeJUInIach (Um, o KpaitHeil Mepe, He yMenbimmiach). CyinecrByer
PsII @JITOPUTMOB PEIeHrsT 3TOI 3aJ1a9u, KOTOPhIe TTO3BOJISAIOT 3a KOHEU-
HOE YHCJIO0 MIAroB HANTH HEKOTOPBIN (JOKAIBHBI) MakcuMyM (yHKIMO-
HaJia BBIYUCJIEHNsT BEPOSITHOCTHU Ha 0Oy varoteit Bbibopke. CaMbIM pacpo-
CTpaHEHHBIM U3 9TUX METOMIOB siBjsercs EM-aaropur™m, WIK ajJropuTMm
Baywma-Yamua [31].

JlokajibHOEe paciio3HaBaHWE Pedr C MOMOIINBI0 MOHOTOHHBIX BEPOSIT-
HOCTHBLIX 4BTOMATOB IIPOM3BOIUTCS METOJOM CPABHEHHS C 3TaJIOHAMHU.
Broryucisiercss BEpOSITHOCTL TOIO, YTO KaXKJIbIi M3 STAJOHHBIX BEPOSAT-
HOCTHBLIX aBTOMATOB BBIIAET PACIO3HABAEMbINH OTPE30K PEUYeBOr0 CUIHA-
Jla, U BLIOMpAETCs aBTOMAT, MAKCUMU3UPYIOIINHA 3Ty BEPOSITHOCTL. Pe-
3yJIBTATOM PACIIO3HABAHMST CAUTAETCS CJIOBO, COOTBETCTBYIOIEE HallleH-
HOMY aBTOMATY.

Bormpochk! BBITIOJIHUMOCTH TIPEIIIOIOKEHNH, JIEXKAIUX B OCHOBE IIPH-
MEHHMMOCTH METO/a CKPBITBIX MAPKOBCKUX MOJIEJICH, SABJISIIOTCS OTKPBIThI-
mu. Tem He MeHee, IpaKTUKa IOKA3LIBAET, YTO, HECMOTPS Ha HEaIeKBaT-
HOCTB MO/JIEJIU, STOT METO/] JAET XOPOIIUe pe3y /IbTaThI.

6. Beibop donernveckoro aJjipaBuTa, TPaH-
CKpPUNITOP

DoneTndeckuit araBUT SIBJISIETCST OCHOBON paboThI H7I0Ka JIOKATHHO-
ro pacmo3HaBanusi pedn. Kak y»Ke NOBOPUIOCH, KaXKJIbIH TPUMOH S3bI-
K& MOJIEJIUPYETCsT MOHOTOHHBIM BEPOSITHOCTHBIM aBTOMATOM U3 YETHIPEX
cocrosinnii. Ciie/oBaTeIbHO, 00IIEe YUC/I0 TAPAMETPOB aBTOMATOB, KOTO-
pble HeOOXOIMMO HACTPOUTH B Ipollecce O0ydeHWsI Ha OCHOBE DPEYEBOTO
KOpPITyca, JUHEHHO 3aBUCUT OT YUCJa 3BYKOB, TO €CTh OT MOIIHOCTH (PO-
HETHYIECKOro ajipaBuTa, U yMEHBIIIEHUE ero pa3Mepa IPUBOJIUT K 0CIa0-
JIeHUIO TpeboBaHuil K 00beMy peueBoil 6a3bl janHbix. C JIPYTroit CTOPOHBI,
[IPU COKPAIIEHNN aJI(paBUTa B HEM MOTYT OBITH OTOXKJIECTBJIEHBI T€ 3BYKH,
pas/indeHrne KOTOPBIX MOXKET OBITh CYIECTBEHHBIM B IIPOIECCE JIOKAJIb-
HOrO pacrnozHaBanusi. [losTomy MuHUMHI3AIMS paszmMepa (POHETHIECKOTO
adasuta 6e3 yiiepba it KauecTBa PaCIO3HABAHUS JTOKHA OBITH IIPO-
BeJIEHA TIyTeM OTOXKIECTBJIEHUST B aJihaBUTE TOJHKO TEX 3BYKOB, KOTOPBIE
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SIBJISTIOTCST HanboJiee OJIM3KUMUI TI0 3BYYAHUIO C TOUKU 3PEHUsT JIeJI0BEKA.

B pabore [13| mokazaHo, 4T0 Ha MHOXKECTBE ABTOHOMHBIX BEPOSITHOCT-
HBIX ABTOMATOB, € MOMOIIBIO KOTOPBIX 3MDMEKTUBHO MOJCTUPYIOTCA 3BY-
K U WX COYETAHUsI, MOYKHO BBECTH METPHUKY, TECHO CBSI3aHHYIO C BEPO-
SITHOCTBIO «CIYTATb» CJIOBA MPU PACIIO3HABAHUHU, TO €CTh C OJU30CTHIO
CJIOB €CTECTBEHHOI'O fA3BIKA <«Ha CJIyX». DTa MeTpuka ObLia 3hdexTun-
HO WCIOJB30BAHA aBTOPAME TPH PEIIEHNN 331891 ONTUMAIHLHOTO BBIOO-
pa doHETHIECKOTO aahaBuTa TP pa3pabOTKe CHCTEMbBI PACTIO3HABAHWS
pycckoii peun B pamkax rpanta ¢pupmbl Intel Corp., CIITA. C nmomotbio
METPUKHU ObLJIa TOCTPOEHA MATPHUIA TOMAPHBIX PACCTOSHUN MeXK Ty (ho-
HEMaMU PYCCKOTO sI3BIKA, MPEJICTABIEHHBIX B BUJE aBTOHOMHBIX BEPOSIT-
HOCTHBIX aBTOMATOB, KOTOPBIE OBLIN CHHTE3NPOBAHBI HA OCHOBE PYCCKOI
pedeBoil 6a3bl JAHHBIX. YIAT0CH TIOKa3aTh, 4To andasut u3 150 donem-
HBIX CUMBOJIOB JIJISI PYCCKOTO $I3bIKa |9 MOXKHO COKpaTHTh 6e3 MOTeHI -
AJIbHOM MOTEpU TOYHOCTU TPU pacrmo3HaBaruu ;10 120 CHMBOJIOB.

ABromMarudeckuii hOHETUYECKUIT TPAHCKPUTITOP PYCCKUX TEKCTOB IO
MPABUIIAM SIBJISIETCST APYTHM Ba’KHBIM 9JIEMEHTOM TIPU Pa3paboTKe CUCTe-
MBI PaCIo3HABaHUsS PYCCKOil peun. [Ipu mocTpoeHnn pasMedeHHON JacTu
peveBoii 6a3bl JaHHBIX (CM. HUXKE) KaK OCHOBBI JJIsl 00y YeHHUsI 1apaMeTPOB
BEPOSITHOCTHBIX ABTOMATOB — 3JTAJIOHOB (DOHEM HEOOXOJUMO TOCTPOUTD
TPAHCKPHUIIIH TEKCTOB, COOTBETCTBYIOIINX THM aKyCTHIECKIM JIAHHBIM.
ApTopamMu 0030pa CO3JaH TAaKOl TPAHCKPHUIITOP, CPABHUMBIA 110 CBOUM
mapaMerpaM C CYIIECTBYIONIME TPAHCKPUOUPYIONUMHA CUCTEMAMU JIJIsT
pycckoro s3bika (|45, 46]).

7. TekcToBble 1 pedeBbie 0a3bI AdaHHDbIX

B nmacrogiuit MOMEHT caMbIMU CJIOXKHBIME 3JIEMEHTAMU [IPU ITOCTPO-
CHUM CHUCTEM DPACIO3HABaHUs PEYU SBJIAIOTCA, KaK 3TO HE MHOKarKeTCd
CTPAHHBIM, HE PACHO3HAIONINE AJTOPUTMbI — KX IOAPOOHBIC OIMUCAHWS
MO2KHO [IPOYHUTATH B MOHOI'DAMHUAX U IMATEHTAX, ITPEJIIIECTBYONINX OB~
JIGHUIO TON MM MHOUM KOMMEPYECKOHU CUCTEMbl pacllO3HaBaHus, — a IO0-
CTPOEHME aKyCTHYECKOI MOJIeJIN A3BbIKA U HadaJbHOE 00yUYeHHe STAJIOHOB
CJIOB CJIOBaPs, Yallle BCEI'O ABJIAIONIUXCA BEPOATHOCTHLIMU aBTOMAaTaMMU.
st HACTPOMKY TTapaMeTPOB SI3bIKOBBIX MOJE/eil U 9TaJTOHOB (pOHETHIe-
CKUX €JIUHUI] A3bIKa B KAIECTBE OCHOBBI JIJIsi 00yUeHUsT HEOOXOIUMBI TEK-
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CTOBBIE U pedeBble 0a3bl JaHHBIX JOCTATOYHO OOJIBIOrO obbeMa. Heob-
XOUMO TIATEIBHO YYeCTh BCE BCTPEUYAIOIINECS B COBPEMEHHOM SI3BIKE
CJIOBA U SI3BIKOBBIE O0OPOTHI, TUIBI TOJIOCOB U AKIIEHTOB, UMEIOIINXCA Y
HOCHUTEJIEN S3bIKA.

UccnenoBanue, nposesennoe Ha Kadegape Maremarudeckoii Teopun
WHTEIJEKTYAJbHBIX CUCTEM, TIO3BOJINJIO IIPOU3BECTH OIEHKY IMapaMeTpPOB
CYIIECTBYIONIUX PYCCKUX TEKCTOBBIX M PEYEBBIX KOPILYCOB.

Pesynbrarsl nccsegoBaHusl TEKCTOBBIX 0a3 JIAHHBIX CYMMHUPOBAHBI B
CBOJIHOI TabJiuIe.

Peduenblie 6a3bl JaHHBIX HPEICTABISIIOT U3 cebsT MHOXKECTBA, 3allnceit
[IPOUBHECEHHBIX PA3JIMIHBIMUA JIUKTOPAMH CJIOB, Ppas, MpeJIOXKEHHA.
CioBa MOTYT NPOU3HOCUTBCS KaK Pa3JeJIbHO, TaK U CJUTHO; KaXKJ0e
[IPEJIJIOKEHIEe B PEYEBOM KOPITyce OOBIYHO COIPOBOXKIAETCsI (DOHETHIe-
ckoit Tpanckputimeil. [lapaMerps! 3anncu MOr'yT OBITH TAKYKe PA3THIHDI-
MM — OT Y3KOIIOJIOCHOM TetebOHHON 3amucu (MOHO, 4acToTa IUCKPETU3a-
mn 8 kI'1, 8 6uT Ha OTCYET) U MIMPOKONOJOCHONH MUKPOMOHHON (MOHO,
22 k', 16 6ur Ha OTCYeT) JO CHHXPOHHBIX MHOTOKAHAJIBHBIX 3aIUCeii
(renedon + MUKpodOH, HECKOIBKO MUKPOMOHOB M T.II.) Y3KOIMOJIOCHBIE
0a3bl JAHHBIX KCIOJb3YIOTCS I CO3JAHUS CUCTEM PACIIO3HABAHUS Pe-
qu 110 TejaedOoHy, a ITUPOKOIOJIOCHbIE — JIJId 00yUeHNsT KOMIIBIOTEPHDBIX
CUCTEM JINKTOBKU TEKCTOB.

O6beM KopItyca XapaKTepU3yeTCs JBYyMsi BaXKHBIMH ITapaMeTpaMu —
YHUCJIOM JUKTOPOB U OOIIEH JINTEeIbHOCTHIO 3Bydanusa Kopiyca. JlukTo-
PBI JIOJIZKHBI MIPEJICTABISATH BCE TOJOBO3PACTHBIE T'PYIIIBI, JTUAJEKTHI U
1.11. OO0IIast [UINTEILHOCTh KOPILYCa JOJIKHA 00ECIIeYNBATh JOCTATOUHY IO
MIPEJICTABUTE/ILHOCTD BLIDOPKHU, ITO3BOJISIONTY IO ITPOU3BECTH KAaECTBEHHOE
o0yJeHre nmapaMeTpoOB BEPOSITHOCTHBIX aBTOMATOB.

BaxkHo, uT00OBI TekcTOBasi 0a3a JAHHBIX, KOTOpasl COCTABJSIET OC-
HOBY pE€YEBOr0 KOPIIyca, COJEprKajia TaK Ha3blBaeMble (POHETUIECKU-
cOaTaHCUPOBAHHbBIEC ITPEIJIOKEHNUsI, TO €CTh TaKhe, B KOTOPLIX B CPE/IHEM
PaBHOMEDHO IIPEJCTAB/IEHbI BCE 3BYKHM W TPHUMOHBI sA3bIKa. Kpome To-
r'0, OOBITHO TEKCTHI BKJIIOUAIOT KaK (pparMeHThl YyCTHOIO JTUAJIOra, TaK U
MMUCHbMEHHYIO PeUb. BasKHbIM 3j1eMeHTOM J1I000#1 pacio3HaIoNeil CucTeMbl
SIBJISIETCSI PACIIO3HABAHUE ITOC/IEI0BATEILHOCTEN YHCes U TP, TOITOMY
9acTh 0a3bl JAHHBIX, COOTBETCTBYIOIIAsT HAOOPY HUHCEs, JOKHA TaKIKe
[IPUCYTCTBOBATH U OBITH JIOCTATOIHO OOJIBIION 110 0OHEMY.
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o | Kopmyc Tematuka O6muit | Kagecro | Kommentapuu

/1 obbeM | Kopiryca

KOPILy-
ca

1 Bubaunoreka| CoBpemennasi | 70 muta. | Koprryc Bubsmoreka pacrmo-
Makcuma | Xymoxe- CJIOB COJIEPKUT | JJoKeHa B cetu MH-
MomkoBa | cTBEHHAas OY€Hb TEPHET TI0 aJIpecy

JIATEPATYPA: MHOI'O http://www.lib.ru.
daHTacTUKA, o1rnboK dAsnsiercs obiie 0~
IepeBoIHas CTYITHOM’

po3a u Jp.

2 Poccuiickast | Qnekrponnsie| 6oiee Kopmyc YacTh  3JIEKTpPOH-

nepnosuka | Bepcun razer | 400 COCTOUT M3 | HBIX BePCHil ra3eT u
U KyPHAJIOB | MJIH. TEKCTOB, 2KYPHAJIOB 00IIe/10-
Poccun  3a | cioB Ipo- CcTymHa, OoJbImast
IIOCJIeTHUE e IImx 4acTh POCCUIICKONI
10 ner KOPPEKTY- | IIPECCHI JOCTYII-
py HA  Yepe3  ILIaT-
HbIE Nureprer-
6ubJImoTEKN.

3 Creno- Broicrymienns| 30 mon. | Kopmyc Hocrymen B creHax
rpaMMBbI eIy TATOB, CJIOB IIpOTTIE Toc. dywmbr
3acelaHuil | 3aKOHBI U T.II. KOPPEKTY-

JIELIyTaTOB | 32 HEPHOJ C py
Toc. Oymsr | 1994 roma
4 | HoBocru Hosoctasle | 100 Kopmyc Ob61e0CTy ITHBI
JIEHTBI MUTH. IIPOXOJIUT | TOJILKO aPXUBBI
Warepuer- CJIOB KOPPEKTy- |3a IIOCaeIHue TOo-
CMI Py apl: - www.lenta.ru,
www.vesti.ru,
www.strana.ru,
WWW.TUSS.I'U,
www.utro.ru 1 T.II.

ITockosibky 0OydUeHHE BEPOSITHOCTHBIX AaBTOMATOB IPOUCXOIUT HA
ypoBHE TpudOHOB, Ha BXOJ| &JITOPUTMa 00y UEHUs JOJKHBI [IOCTYIIATH Pe-
YeBbIe CUTHAJIBI, pa3MeUeHHbIe Ha OT/e/IbHbe 3ByKu. DoHeTHuIecKast pas-
MeTKa PEUEBBIX 3AIUCeHl SBJISIETCS UPE3BhIYANHO TPYI0EMKOil paboToil u
TpedyeT TPy/a BHICOKOKBAIM(UITMPOBAHHBIX CIIENUaIucToB. K cyacTbio,
HeT HeoOXOMUMOCTH B (DOHETUUIECKON pa3MeTKe Bcell 0a3bl JAHHBIX, J0-
CTATOYHO Pa3METUTh TOJIBKO €€ YacThb, & 3aTeM C IIOMOIIBIO JITOPUTMa



O mepcrekTuBax CO3/aHUs CUCTEMbI PACIIO3HABAHUS PEIN 59

Burepbu mpoussectn aBTOMATHIECKYIO Pa3METKy BCErO0 OCTAJIBLHOTO KO-
Iyca.

[IpoBesieHHOE HAMU HCCJIEIOBAHNE TIOKA3AJI0, UTO B MUPE CYIIECTBYET
HECKOJIBKO PYCCKHUX TeJe(POHHBIX PEUEBBIX KOPITYCOB, CO3JIAHHBIX 10 3a-
Kazdy 3anaaHbx pupM. OO0t 06beM 3TuX 6a3 JaHHBIX COCTABJISIET OoJIee
100 gacos, a obImee YUCIO IUKTOPOB — HECKOJIBKO THICSY YEJIOBEK. DTU
0a3bl TAHHBIX HE COJIEPKAT (POHETUUIECKH PA3ZMEUYCHHYIO YACTh.

Yro KacaeTcsi MUPOKOIOJOCHBIX PEUYEBBIX 06a3 JAHHBIX, TO 3/€Ch CH-
Tyalusi HECKOJIbKO Xy»ke. MakcumajbHas 1Mo obbemy 0aza JaHHBIX U3
MMEIONIUXCS Ha PbIHKE nMeeT obiiee BpeMsi 3Bydanusi 50 4acoB, B Hell
zajeficrBoBano 4yTh bosiee 200 rukTOpoB. Tem He MeHee, B 9TOM YaCTOT-
HOM /Halla30HE€ MMEIOTCA pevdeBble KOPITyCa, (bOHeTI/ILIeCKI/I pasMedeHHbIe
COCTABJISIONINE KOTOPBIX UMEIOT 3HAYUTEIbHBI 00beM 110 CDABHEHHUIO CO
obbemoM Kopiyca B nejaom (or 3 g0 100%).

UsBectHOo [34], uT0o XOpoIme pe3ynbraTbl paboThl CUCTEM DPACIIO3HA-
BaHUs JOCTUTAIOTCS TOCJE ODYUYeHUs] HA PEUEBOM KOPITyce OObeMOM He
menee 80-100 yacoB. Y4uTbIBasi, YTO YUCJIO 3BYKOB B PYCCKOM S3BIKE
HIPEBbINTACT YNUCJI0O 3BYKOB B ElHl—‘.)'II/II'-/'ICKOI\J7 MO2KHO CeJiaTb BBIBO/ O TOM,
9TO B HACTOSIIEE BPEMsI MMEETCsl HEJOCTATOK B PYCCKUX PEYEBBIX Oazax
JAHHBIX, 3alliCaHHbIX B HINXPOKOIIOJIOCHOM JIWalla30HE.

8. JlekonmupoBaHue rpada rurores

JlokanbHOE pacno3HaBaHUE pedu IMO3BOJIAET IS KayKJION0 OTIE/THHO-
'O OTpE3Ka PEYEeBOr0 CUTHAJIA IMPOBEPUTH TMIIOTE3Y O TOM, UTO STOT yda-
CTOK SIBJISIETCS MPOU3HECEHUEM KaKOIr0-JIM00 CJI0BA €CTECTBEHHOIO s3bI-
Ka. MOXKXHO paccMaTpuBaTh BCEBO3MOXKHBIE pPas3OHMEHUsl CUTHAJA, COOT-
BETCTBYIOIIErO IPOU3HECeHNIO (bpasbl (IIpe/JIoyKeH sl, TPYIIIbI TOCJIe10-
BATEJIbHBIX IPEJJIOKEHNIT) Ha OTPE3KH U pellaTh 3ajady JIOKATHLHOTO
pacno3naBanus M0I00HBIX OTPE3KOB. [I0CKOJIbKY KarK/blii PeUeBOil cur-
HaJl MOXKHO pacCMaTpuBaTh 0Oe3 yimepba sl pe3yabTraToB pPaclio3HaBa-
HUsI KAK KOHEYHbIi BEKTOD JeficTBUTeIbHBIX uncest [13], Takoil mepeGop
koHeueH. OToOpaB cpe/i BO3SMOYKHBIX pa30ueHuil CUTHAJIA U COOTBETCTBY-
IOIUX UM Pe3yJIbTATOB PACIO3HABAHUSA TOJIBKO T€, KOTOPbIE MMEIOT J0-
CTATOYHO OOJIBITYIO BEPOSITHOCTD, MBI IOJIyIUM MHOXKECTBO BO3MOXKHBIX
TUIIOTE3 PACIIO3HABAHUS CUI'HAJIA, KOTOPOE TPAIUIIMOHHO ITPEICTaBIISIETCS
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B BuJie Ipada rUIore3 paclo3HaBaHUs.

I'pad rumores OOBITHO SABJIAETCS OPUEHTUPOBAHHBIM AIlMKINIECKUIM
rpadoM 6e3 OpUEHTHPOBAHHDLIX ITUKJIOB C JIBYMs OTMEUYEHHBIMHU BEPIIU-
Hamu ([OJTIOCAMHM), KazKJoe pedbpo KOTOPOro COOTBETCTBYET HEKOTOPOMY
CJIOBY sI3bIKa U HAIPYKEHO BEPOSITHOCTBHIO 3TOr0 cjioBa. OJIUH MTOJIFOC 3TO-
ro rpada («HadajbHasi» BEPIINHA) MMeEeT TOJbKO HCXojsiue pebpa, a
JIpyToii («KOHEeYHasi» BEPIIUHA), HAOOOPOT, TOJBKO BXOJIAIINE.

Bajaua JIEKOIUPOBAHUSI COCTOUT O BBIOOPE OPUEHTHPOBAHHOIO IIYTH,
HUJIYIIEro U3 «HAdaJIbHOW» BEPIIUHBI B «KOHEYHYIO» M YIOBJICTBOPSIOIIE-
I'0 CJIeIYIOIEMY CBONCTBY: IOCIEI0BATEILHOCTD CJI0B, COOTBETCTBYIOIIAS
9TOMY IIyTH, SIBJIAETCS IPEIIOKEHNEM €CTECTBEHHOI'O SI3bIKa, W BEPOsIT-
HOCTB 3TOI0 IyTH MaKCHMaJibHa. JTa 3ajada TpebyeT BBejeHust (hop-
MaJIbHOW MOJIEJIM $I3bIKA, IMO3BOJIAIONIEH OCYIIECTBIIATL IIPOBEPKY IIPU-
HaJJIE?KHOCTH sI3BIKY JII00OM 1TOCIe0BATEILHOCTH CJIOB.

[Tpuna IeKHOCTD A3BIKY 37eCh MOHUMAETCA JIMOO TPAJIUIIMOHHO, KaK
MIPUHAJIE2KHOCTh MHOXKECTBY, JTU00 KaK (DYHKIIUsST BLIYUC/ICHUS BEPOSIT-
HOCTH NPUHAJIEKHOCTH A3BIKY. B IociieiHeM ciiydae BEpOATHOCTD IIYTH
U3 «HAYAJBHOWY» BEPIIUHBI B «KOHEUHYIO» OIPEIe/IsIeTcs KaK MPOu3Be-
JIeHHE BePOSITHOCTEN, MPUIIMCAHHBIX BCeM pedpaM, M3 KOTOPBIX COCTOHUT
9TOT IyTh, U BEPOSITHOCTU COOTBETCTBYIOIIEH IIyTU MTOCIEI0BATEILHOCTH
CJIOB B SI3BIKOBOI MOJIEJIN.

9. 43BIKOBBIE MOJeJIn 1 UX IIpuMeEeHeHunue B pac-
IIOBHaBaHUN pedn

EcrecTtBeHHbIit SI3BIK — pe3yJIbTaT MHOTOBEKOBO IapaJlIeIbHON pa-
6OTI)I OI'POMHOI'O YHUCJIa HOCHUTEJIEN A3bIKA. OH IPUHIUITNAJIBHO OTJIMYIaeT-
Cd OT CJIyYafiHbIX KOMOMHAIINI CJIOB M OT (DOPMAJILHO ITOCTPOEHHBIX SI3bI-
k0B. OHO# M3 OCHOBHBLIX OCODEHHOCTEH eCTECTBEHHOI'O SI3BIKA SIBJISICTCS
M30BITOYHOCTD, MTO3BOJISIONIASA TIOHUMATh HCKakKeHHyIo pedb. DopmaJin-
3aIUs 9TOrO IPOIECCa CTAJKUBACTCA C TPYAHOCTIME OOJIBIITHX 00HEMOB
TEKCTOB (TO.HBKO B HUX MO2KHO BBISIBUTH A3BIKOBBIC OCO6€HHOCTI/I7 a HE B
npocroM crimcke dpas). B rakux cirydasix Hanbosiee eCTeCTBeHHBIM sIBJIsi-
€TCs UCCJIeJOBaHNE PA3JIMNIHBIX HpI/IMeHeHI/IIU/I JaCTOTHBIX XapaKTEePUCTUK
B TEKCTOBBIX 6a3ax JAHHBIX.

Mogenmu ecTecTBEHHOTO SA3bIKa MHTEPECOBAIN MATEMATHKOB HATHHA
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¢ koura XIX — maganma XX Bekos. Cumraercst, yro Auapeit Anapeesund
Mapxkos (crapiimii) moHsiTHE MApPKOBCKOMW IEIM BBEJI B IIPOIECCE CTATU-
CTHYECKOIO MCCJIEJIOBAHUS PYCcCKoro sisbika |15, 16]. Bypwbiii Beruteck
TEOPUM TIOCTPOEHUST SI3LIKOBBIX MOJE/CH BO3HUK IIOCJIE OKOHYAHUSI BTO-
pOii MEPOBOIT BOIMHBI M OBLI CBSI3aH C TEMATUKONW MAITMHHOTO IIEPEBO/IA.
3ajiata MAIMHHOIO TepeBojia ObLIa BIlepBhle chopmyauposana B 1946
rony (Byt, Yusep). Yxe B 1954 roay B JXKOp/IZKTayHCKOM yHUBEPCHUTE-
Te OBl [POBEJIEH ITIEPBbIH IKCIEPUMEHT 110 MAIIUHHOMY IepeBoiy [38],
a B 1955 rojy mpores mepBhIil SKCIEPUMEHT 110 MAITUHHOMY II€PEBOLY
B CCCP. CyimecTBeHHBIN BKJIaJ B aHAJIN3 €CTECTBEHHBIX SI3LIKOB BHEC/IN
paborsr H.XoMCKOTO, KOTOPBI sIBJISIETCS OCHOBATEIEM HOBOT'O HaIlpaB/Ie-
HUsI B CTPYKTYPHO JIMHIBICTUKE — HOPOKJIAIONIEi TMHIBUCTHKY |28, 29].
B 1966 roxy Komurer Harmonansnoit Axkagemun Hayk CIIIA menmaer BbI-
BOJ[ O HEPEHTAOEJITbHOCTU MPUMEHEHUs] CHCTEM MAIUHHOTO IIepeBojia, U
paboThl BO BCEM MUpE B 9TOM HAIIPABJICHUU UIYT Ha yObLIb. TeM He Me-
Hee, K TOMY BPEMEHH y»Ke OBbLJI0 HAKOILUIEHO JOCTATOYHO 3HAHUN B 9TOH
obJracTH.

S3BIKOBBIE MOJEIN, UCIOJIB30BABIINECT B CUCTEMAaX MAIUHHOTO IIe-
pPEeBOJIa, OCHOBBIBAJIMNCH HA JIMHIBUCTUYECKUX 3HAHUSX U HE OBLIN IOCJIe-
JIOBATE/IbHBIMU B TOM CMBICJIE, UTO AHAJIU3 MPUHAJIEZKHOCTH IEIIOYKN
CJIOB SI3BIKY ITPOU3BOJIHUIICS C IIOMOIIBIO aHAJIM3a BCEH TETOYKHU CJIOB B Iie-
jioM. PacnosnaBanue peun, Ha060poT, TpedyeT TaKux MojeJiel, KOTOpbIe
[TO3BOJISIIOT JIJIS KarKJ[0I0 HOBOT'O MOCTYIIMBIIETO Ha BXOJ[ CJIOBA OIpee-
JISTh IPUHAJIIEXKHOCTD (BEPOSITHOCTH NIPUHAJJIEZKHOCTH) [OJIy YUBIIEHCsT
[IOCJIE/IOBATEILHOCTH CJIOB SI3BIKY.

B macrosiniee BpeMsi MOXKHO BBIJICJIUTH CJEIYIOIIME MTOJXOIbI K I0-
crpoennio (pOPMAJBHBIX MOjiesieli eCTeCTBEHHOIO sI3blKa (31ech A =
{aj,...,as} — KOHEYHOE MHOXKECTBO CJIOB €CTECTBEHHOIO sI3bIKA (CJIO-
Baphb), a yepe3 L o6o3HAUEHA SI3BIKOBasi MOJIEJIb):

I. Juckpernbie mogenun (L C A¥).

1) Mojenu ¢ KOHEYHBIM YnCaOM cocTositnii (L — aBromarHBIi (pery-
JISIDHBI) SI3bIK);

2) Mogesn, ocHOBaHHBIE Ha TeopuU (DOPMAJIBHBIX S3BIKOB (pasimd-
HbIE TOJIXO/IbL: IpuMeHeHne Kjiaccndeckux KC-s3bIKoB, rpaMMaTiK
Byca, rpamMmMmaTuk 3aBUCHMOCTEIR; BCE TEPEUUCIEHHBIE ITOIXOIbI 9K~
BUBaJIeHTHBI 00bIIHBbIM KC-s13bIKaM).
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Mojiesin, OCHOBaHHBIE HA JIMHIBUCTUYECKUX 3HAHUSAX (IKCIEPTHBIE
CHCTEMBI, MOJIEJIU C CeMAHTHKOM 1 T.;1.) OOBIYHO XapaKTepu3yTcst
OYEHb CJIOXKHBIM (9KCIIOHEHIINAIBHBIM) aJIFOPUTMOM pa3bopa.

I1. Crarucruveckue mogenu (L — pacnpejiesienue BeposiTHOCTEl Ha A*).

)

n-rpamMmHasi Mojesb. OcnoBana na dopmyie bBaiteca pasioxke-
Hust BepositHocTH: P(ag i, ... a;, ja;,) = Plai)P(ai,la;,)...
P(a; |ai,ai, ... a;, ,) W IPEIIIOTIOKEHUH, HUTO YCJIOBHASI BEPOST-
HOCTD MOSIBJICHUS O9EPEJIHOIO CJI0BA 3aBUCUT TOJIBKO OT IIOCJIETHUX
n — 1 cJIOB U He 3aBUCAT OT HPEJBIAYIHUX CJIOB.

Moyiesin, ocHOBaHHBIE Ha JIEPEBbsIX pelleHnil (371echb JIepeBo periie-
HUMl — 9TO OMHAPHOE JIEPeBO, KayKJIOH JINCTOBOW BEPIIUHE KOTOPO-
o HPUIHKCAHA BEPOATHOCTD, & OCTAJbLHBIM BepUIMHAM — IPEIUKATHI
P : A* — E). Mojenb GbyHKIMOHUPYET CJIeLyOMUM 00pa3oM: JIst
CJIOBA, HOCTYIIMBIIErO HA BXOJl, BBIYUCJIACTCH 3HAUYCHUE 1IPEJIUKATA,
IIPUIIICAHHOI'0 KOPHEBOM BEpIIMHE, U OCYIIECTBIISCTCS IIePexoJl 110
JIEBOH MJIM LIPABOI CTPEJIKE B 3aBUCUMOCTHU OT 3HAYCHUA IIPEIUKATA.
IIporienypa nmoBTopsieTcst 0 TEX IOP, MOKA He JOHIEM 0 JTUCTOBOM
BepiuHbI. [Ipunucannas 3Toil BepInmHe BEPOATHOCTH UCIIOJIL3YeT-
CsI BMECTO BEPOSITHOCTH BXOJIHOT'O CJIOBa. PaboTaionux peanin3aiuit
9TONM MOJICJIM JJIsSI BCEro A3bIKa HET BBHUJY PYyYHOIO IIpoIecca IIo-
CTPOEHUA JIepeBa.

Craructudeckune 00001eHnst (GOPMaJIbHBIX $3BIKOB  (IPaBUIIAM
[PUITACHIBAIOTCHA BEPOSTHOCTH, TEM CAMBIM IIOMUMO BBIBOJIUMOCTU B
SI3bIKE TOSIBJISIETCS €IIE BEPOSITHOCTD BBIBOJIA). DTHU MOJIEJIN UMEIOT
npeuMyIecTBa opMaIbHON MOJIEN U YCTONIUBOCTD - TPAMMHOI.

B HacTodIee BpeMd OCHOBHBIM IIOJAXOIOM K IIOCTPOCHUIO A3BIKOBBLIX
MO,ZLeJ'[efI JJIgd CUCTEM pacCllO3HaBaHUA peYdn ABJIFAETCA MCIIOJIb30BaHUE all-
IIapaTa CTATUCTUYICCKUX METO/I0B. HpI/I 9TOM MOJI€JIb B TaKOM ITOHUMaHNN
— 9TO IPOCTO pacHupeacieHue BEPOATHOCTH Ha MHOXKECTBE BCEX IIPEIJIO-
JKEeHUN S3bIKAa. ECTGCTBGHHO, 9TO XPpaHUTHb MO/IEJIb B TaKOM BHJIE€ HEBO3-
MO2KHO, IIO9TOMY HCIIOJIB3YIOT 0oJ1ee KOMIIAKTHBIE CIIOCOOBI 3alaHnAd.

ABbIKOBBIE MO/JIeJ/I1, OCHOBaHHbLIE Ha T-I'paMMaX, UCIOJIB3YIOT ABHOE
IIPEAIIOJIOZKEHUE O TOM, YTO BEPOATHOCTDL IIOABJICHULA OYEPEIHOI'O CJIOBA
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B IPEJIOXKEHUH 3aBUCUT TOJILKO OT Hpeblaymux 1 — 1 cjios. Ha npax-
TUKE UCIOJb3YIOTCA MOje u co 3uadenusmu n = 1, 2, 3 u 4. HauboJree
YAAYHON MOIEJIBIO U3 9TOT0 KJIACCa, IJIsk AHIVIMIACKOrO SI3bIKa OKA3bIBAETCS
TpUrpaMMHas MOJe/b. Bce HOBbIe MOJIE/IN IIPAKTUYECKH BCErJa OI€HUBa-
IOTCsl 110 OTHOIIEHMIO K TpHUrpaMMHONI Momenu. Ha ceromggsimnuii neHb
[IPAKTHYECKU BCE KOMMEPYECKUE CUCTEMbI PACIIO3HABAHUS PEYU UCIIOJIb-
3yIOT N-IPaAMMHYIO MOJEIb B TOH wmim uHoit ¢dpopme. Ilpu sroMm BeposT-
HOCTB BCErO IPE/IJIOXKEHNUST BLIYUCISIETCS KAK IIPOU3BEIECHNE BEPOSITHOCTHI
BXOJMINMX B HEFO N-IPAMM.

OCHOBHBIM JJOCTOMHCTBOM JAHHOTO KJIacca MOJIesIel OKa3bIBAeTCsI BO3-
MO2KHOCTb TIOCTPOEHUSI MOJIECJIA I10 ODYYAaIoIeMy KOPIYCy JOCTATOTHO
0OJIBIIIONO pa3Mepa U BBICOKasl CKOPOCTH PaboThl. OCHOBHBIE HEIOCTAT-
KU — 3aB€JIOMO HEBEPHOE IIPE/IITOJIOKEHNE O HE3aBUCUMOCTH BEPOSITHOCTH
0YepEJIHOTO CJIOBa OT 0OoJiee JIMHHON MCTOPHUH, UTO 3aTPyJHSET paboTy
U HE IO3BOJISIET MOJIEJIUPOBATEL Oojiee IiyOOKMe CBA3U B SA3BIKE; W KO-
JIOCCAJIbHBIE, HO BCE-TAK! HEIOCTATOUHBIE I TOJIYYEHUS TOCTOBEPHDLIX
OIIEHOK O00beMbl 00y4alonnx JaHHbIX. B camMom jiejie, ecjau CJIoBapb CO-
nepxxuT N CJIOB, TO YMCIIO BO3MOXKHBIX map cios oyuer N2. Jlaxe ecim
rosibko 0,1% OT HUX peaslbHO BCTPEYAIOTCA B SA3BIKE, TO MUHUMAJBLHO
HEOOXOUMBIN 00'beM KOPITyCa, JIjIst MOJIYY€HUs] CTATUCTUIECKU JIOCTOBEP-
HBIX OIICHOK OY/IET MMEThb MOPsiIoK 125 MyIpL. ¢10B miin okoJio 1 Tepabaiita
IIpU CIeNUaIbHO MOI0OpaHHOM Kopiryce. s TpurpaMm MUHUMAJIHLHBIE
Kopityca Oy/iyT JOCTUTaTh PA3MEPOB B COTHHU U THICTYIHN TepabailT.

st mpeoosiennst 9TOro HeJOCTATKA HMCIOJIL3YeTCsl PA3BUTLIN alla-
paT TeXHUK CIVIaKUBaHUs, KOTOPBIE IT03BOJIAIOT IIPOU3BOJIUTH OIEHKY IIa-
PaMeTpOB MOJIENIA B YCJIOBUAX HEJIOCTATOYHBIX WM BOBCE OTCYTCTBYIO-
UX JaHHBIX. JpyruM mojixomoM K PereHuio Toi 2Ke TpobJIeMbl siBJISAeTCs
KJIACTEPU3AIHS CJIOBapPS, MTO3BOJIAIONAs COKPATUTh MOJIEb.

Jng ananusa KadecTBa CTATHCTHYECKUX SI3BIKOBBIX MOJIENell Mpu-
HSITO MCIIOJIb30BATh TaK HA3bIBAEMblil KO3(hDMUIMEHT HEOIPeIe/IeHHOCTH
(perplexity coefficient), BBemennblii B [22|, KOTOpBIH MOXKeT OBITH HPO-
MHTEPIPETUPOBAH KakK (PeOMeTPUYECKOe) CpeJlHee BEeTBJIEHHE B JIAHHOI
moztenn [34].

st n-rpaMMHOI Mojies i KoM UIINEHT HEOTIPEIeJIeHHOCTH 33, 1aeTCs
dopmy.ioii:
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-1
perplexity = < JVH P(wi, |wip_, - - -wikn+1)> ,

e Wi, Wi - -
COM TEKCTOB.

. Wiy — €CTeCTBEHHBIN S3BIK, 38/IAHHBIA HEKOTOPBHIM KOPIIy-

Herpynao Buiers, uTo K03DDUINEHT HEOUPEIETEHHOCTU SIBJISETCS
dbyHKIMER 0T TOCTPOEHHOI SI3BIKOBON MOJIEN W €CTECTBEHHO si3bIKa (U
TeKCTOBOro Kopiryca). Takom obpasoM, 1npu (DUKCHPOBAHHOM SI3bIKE OH
[TO3BOJISIET CPABHUBATH PA3J/IMYHBIE S3BIKOBBIE MOJE/H, & IPU (PUKCHPO-
BAHHOM THIIE MOJIEJI — OI[EHUBATH CJIOKHOCTH CAMUX €CTECTBEHHBIX S3bI-
KOB.

«YHucreie» n-rpaMMHBIE MOJIEIN HE TPUMEHUMBI JIJIs UCIIOJIb30BaHUSI
B pacro3HaBaTelisIX PyccKoil pedn (cM., Hampumep, [37]), 1aro Tpebyer
ux MojmduKauu. ABTopaMu IpejIoXKeH OIUH U3 ITOJIXOI0B K CO3TaHIIO
dopMaILHBIX MOJIEIEl PYCCKOTO SI3bIKa, HA OCHOBE N-TPAMM, O YeM IIOHIeT
peUb HUXKeE.

10. OcHoOBHBbIE OTJIMYUS PYCCKOT'O SI3bIKA OT aH-
IJINICKOT'O

OcHOBHEBIC OTJINYUMSI PYCCKOT'O 4A3bIKa OT AHIJIMICKOTO IpuBEJICHbI B

caeytomeii Tabsme:

Awnrymitckuit | Pycckwuii
MomrocTs citoBapsi HadasbHbIX GopM ciaoB | 70-90 Teic., | 120-150
(THIMYHAST 1 MAKCUMAJIBHAS ) 1o 120 Teic. | ThIC., J10
200 TsIC.
MormrOCTD C10Bapsi CJI0BOHOpM 120-150 2.5-3.5
TBIC. MUTH.
Yucsio ciioBodopM Ha 1 cjioBo 1.7 o 100
WNudopmanus 0 ¢BA3U CI0B BBIPAXKAETCS IPHU | HOPSIKA Cnosodopm
ITOMOIITA CJIOB
Heormpenenénnocts (Gurpammel) ~ 100 >> 700

Hamu 6p1111 TpOBEIeHbBI UCCIIEI0BAHMSI, KOTOPHIE COCTOSIIN B aHAJIM3E
OPUMEHIMOCTHU CYIIECTBYIONIMX MOJIeieli K pycckoMy si3bIKy [21]. Bouiu
[IPOBEPEHBI CJIYIOIIUE MOJIEJIN: CTaHAPTHBIE N-I'PaMMbl (JiIst . = 2 u
3) U n-rpaMMbl CO CBOOOJIHBIM TIOPSIIKOM CJIOB. [IJisi 9KCIIepUMEHTOB ObLIT
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pazpaboTa makeT IPOrPaMM, KOTOPBI MO3BOJISET CTPOUTD HOJIHBII CIIH-
COK N-IPaMM IO JJAHHOMY TEKCTOBOMY KODILYCY, UCIIOJIb30BATh CIUIAXKIBA~
ure (peasn3oBana TEXHUKA JTHHEHHOIO cOpachIBaHus 1 TOpMOoxKeHust [34]),
BBIUHC/ISTh BEPOSITHOCTH MPEJJIOKEHNH, KOd(MDPUIIMEHT HeOpeaeIeHHO-
CTH TECTOBOrO Koplyca, W T.J. Bblra Takke cozmama cmcrema Mopdo-
JIOTUYECKOI0 aHAJIN3a PYCCKUX TEKCTOB, paboTalolast Mo/l YIPABIEHHEM
cioBaps Ha 150 TBIC. OCHOB.

ITpu mpoBepke mpocreiiineil sI36IKOBON Mojien (n-rpaMm ¢ n = 2)
O0Ka3aJI0Ch, 9TO YHCJIO I1ap CJIOB, BCTPETUBIIUXCs B Kopiryce u3 100 murH.
CJIOB IO OJHOMY Ppa3y, cocrasmio Gosee 92%, a koaddunment meompe-
nenerroctu mnpebicu 500. [Iast n = 3 curyalus okKa3ajgach eIne XyrxKe.
Tem cambIM OBLIO TOATBEPXKICHO allPUOPHOE YTBEPXKJIECHUE O HEIIPUMe-
HUMOCTH CTaHJIAPTHOTO CTATHCTUIECKOTO IOJIX0JIa JIJIsI PYCCKOIO si3bIKA.
ITocste aTOro 6BHUIM TPOTECTUPOBAHBI €IIle ABa M0aX0/a. 1IepBbIil MOIXO
— C HCIIOJIb30BAHUEM N-TPAMM CO CBOOOIHBIM MOPSITKOM CJIOB — OBLIT IIPH-
3BaH yAAJATh U3 IPAMMATHIEeCKON NH(MOPMAIINK HOPSIIOK CJIOB, 8 BTOPOit
— TIPeoJIoJIeTh TPYIHOCTH, CBS3aHHBIE ¢ OOJIBIIINM KOJIMIECTBOM CJIOBO-
dopm.

N-IPaMMBbI CO CBOOOJIHBIM TOPSIJIKOM CJIOB BBOJISITCSI CJIEITY FOITIM OOpa-
30M. BepoaTnocru knaccmaecknx n-rpamm P(w;, [wi, .. wi, ., ) 3aMe-
ngtorcs sepoaTHocTavn P(w;, [{wi,_, .. wi,_, ., }), nae dburypube ckob-
K ODO3HAYAIOT MHOXKECTBO, TO €CTb sI3bIKOBasl MOJIE/Ib He yUIUTHIBAET
MTOPSIZIOK MEPBBIX N — 1 CJIOB B m-rpamMMe. BbLio moka3aHo, 3Ta Momupm-
Kalldsi He MPUBeJia K CyIIeCTBEHHBIM YJIy IIIeHUsIM.

Bropoit mogxom 6611 OCHOBaH Ha pa3jioyKeHUH OOINeil sI3LIKOBOM MO-
JIeJTH Ha JIBE COCTAB/ISIONINE: MOJIC/Ib, OCHOBAHHYIO Ha MOP(OJIOTUU U MO-
JieJTb, OCHOBaHHYIO Ha HadaJbHBIX popMmax cjioB. s KaxKaoi n3 sTux
MoJIeselt 3aTeM OBbLIT MPUMEHeH IOAXO Ha OCHOBe n-rpamMm. Mojesnb, nc-
HOJIB3YI0ITAsT TOJIBKO MOPMOIOruIio (Ha3BAaHHASI HAME KATEIOPHOI 4acThio
SI3BIKOBOM MOJIesin), 6blia nocrpoena jyist n = 3. Vrorosslii koaddurm-
€HT HEeONPeJIeJIEHHOCTH JIJIsT 9TOM MOJIesin oKa3aJica paeH 21,93. B kade-
CTBE BTOPOIl COCTABJISIIOIIENl TpaMMAaTUKK ObLIIa B3sITa N- TPAMMHAST I3bI-
KOBasl MOJIE/Ib, IOCTPOEHHAs Ha HadaJIbHBIX (popMax cjioB. B pesyibrare
9KCIEPUMEHTOB YIAJIOCHh YCTAHOBUTH, UTO KOIDPUIINEHT HEOIpeIe/IeH-
HOCTHU 3TOI MO/ NMPUMEPHO B 2-2,5 pa3a BBINIE, YeM B CJIydae aH-
rimiickoro si3pika (okoJio 230 B Hammeidt Mogesan nportus npumMepro 100
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B, Hanpumep, [41]). Panee nosyvanuch jmmib HUXKHEE ONEHKEH KO3(bbhu-
IIMeHTa HeomnpeaeseHHOCTH. MOXKHO HAAesIThCsI, ITO NIPUMEHEHNe 3TOrO
ITO/IX0/1a, ITO3BOJIUT Pa3paboTUYrMKaM HMCIIOJIb30BaTh BCE IMPEUMYIIECTBA Ti-
IPaMMHBIX MOjesell MPUMEHUTEJILHO K PYCCKOMY s3bIKy. Kpome Toro,
BBIJEIeHIE MOPQOIOTHIECKON NHMOPMAIIN B HE3ABUCUMYIO MOJIEJIb 103~
BOJISIET CIIPABUTLCS C MPOOJEMOI aKyCTUYIECKONW ITOXOXKECTU Pa3IUIHBIX
cs10BOhOPM OJIHOT'O M TOTO 2Ke cjioBa. IIpeioxkentnoe pereHne mpob/IeMbl
MOXKeT OBITh 3(PHEKTUBHO MCIOJB30BAHO JJIsT MHOTUX S3BIKOB, III€ UNC-
JIO CJIOBOOPM TOCTATOTHO BEJIUKO, HAIIPUMED, IJIsl SI3BIKOB CJABSTHCKOI
IPYIIIIbL.

11. 3akJroueHue

B Hacrosiiee Bpemsi UMEIOTCsT YCJIOBUST JIJIsI CO3/IAHMST TOJTHOTEKCTO-
BOI'O PACIIO3HABATES CJUTHOM pyccKoit peun. OTaInIuTebHON 0COOEHHO-
CTBIO PACIIO3HABAHUSI PEUH Ha PYCCKOM SI3bIKE SIBJISIETCSI HEPUMEHUMOCTD
SI3BIKOBBIX NM-TPAMMHBIX MOJIEJIEH, YCITEIHO WMCIOJb3YEMbBIX B CHCTEMaX
pacro3HaBaHUsI Ha aHIVIMICKOM si3bike. C pa3pabOTKON sI3BIKOBBIX MOJIe-
Jiefl PyCCKOTro sI3bIKA M WX MPOBEPKON U MPUMEHEHHEM Ha MPAKTHUKE ITO
0eJioe TSITHO JIOJIKHO OBITH 3aKpbITO. JIpyruM y3KMM MECTOM 5TOTO Ha-
[IPABJIEHUSI JIOJITOE BPEMSI SIBJISJIOCH OTCYTCTBHE TEKCTOBBIX M PEUEBBIX
0a3 JaHHBIX, CyMMapHBI 00beM KOTOPBIX ObLI OBbI JOCTATOYEH I 00Y-
JeHUsl [IapaMeTPOB pedeBoil Mojiesn. B mociie iHue To/pl Hadagach pabora
10 CO3IAHUIO MOJOOHBIX 6a3 JAHHBIX, OJHAKO ITOKa UX OOl 06beM HeIo-
cratodeH. Kpome TOro, co3aHne CUCTeM PACIIO3HABAHUST PEIN HEBO3MOXK-
HO 6€3 COOTBETCTBYIOIIEr0 (PUHAHCHPOBAHUST ITUX PazpabOTOK.

Kadenpa maTemaTndeckoit TeOPUM WHTEIIEKTYATBHBIX CHCTEM UMEET
KOJIJIEKTHB UCCJIeIoBaTE el 1 pa3spabOTINKOB, 3aHUMAOIINXCST CO3/aHU-
eM MPUKJIATHBIX CUCTEM B OOJIACTH PACIO3HABAHUS W CHHTE38 PEUEBBIX
obpa3oB B Teuenue nociaeannx 10 Jjier, B TOM YuC/ie B PAMKaX COTPY/IHU-
YeCTBa C OTEUECTBEHHBIMY U 3apyOEesKHBIMU TTAPTHEPAMHU, U OTKPBITA JIJIsT
JINAJIOTa € 3aKa3YMKaMU U Pa3pabOTIMKAMU.
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