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B crarbe npuBOaNTCS TPUHUHIUIINAIBHOE OMMCAHUE MEXAHMI3-
Ma aBTOMATHYECKOTO DPACIIO3HABaHUs pedn. PacrnosmaBanme pedn
Ha aKyCTHYIECKOM U (POHETHIECKOM YPOBHSX B HACTOSIIEE BPEMS
JIOBEJIEHO JI0 COBEPIIEHCTBA, TO €CTh CPABHUMO 110 Ka4eCcTBY C Ha-
JIEYKHOCTBIO PACIIO3HABaHUS OT/EJIbHBIX 3BYKOB 4Y€JIOBEKOM, U CO-
OTBETCTBYIOIIHE OJIOKU PACIIO3HABATE/IS yKe IPUOOPETN KaHOHU e~
ckuit Buji. Terepb paboTa 110 CO3IaHIIO TUX HJIOKOB PACIIO3HABATE-
JISL JIJIsT PyCCKOT'0, PABHO KaK U JIJIsI JIIOOOTO JIPDYTOTO €CTECTBEHHOTO
sI3bIKA, MOYKET ObITh BBIIIOJIHEHA 10 TOTOBOMY PEIeNTy: CHAYA I 3a-
[IACATH MIPE/ICTABATEIHHYIO 023y JAHHBIX, 3aT€M HACTPOUTD 110 HEil
IIapaMeTPbl BEPOATHOCTHBIX aBTOMATOB — OIMcaTe el 3ByKOB U UX
coUYeTaHuil. TOT MOJIXOJ, U OIKMCAH B CTATHE.

C10KHOCTD 381491 PAaCIO3HABAHUS PEUYM IEpelIa B 00J1aCTh
COKpAIIleHUS YUCJIa TUIIOTE3 PACIIO3HABAHUS 11€JI0T0 TIPEJIJIOZKEHMS.
st aHTIMIACKOrO sA3BIKa 9Ta 3a]1a9a J0CTATOYHO 3(PPEKTUBHO pe-
IMAaeTCsl Ha OCHOBE CTATHUCTUYECKUX METOJOB. Jljist pycckoro si3bl-
Ka Tako# IMOAXOJ MPUBOINT K MEpedOpy, HEIIOMEPHOMY MTaKe st
COBPEMEHHBIX KOMITLIOTEPOB. Bosiee TOro, oKa3pBaeTCst, ITO B PyC-
CKOM #3BbIK€ IIPOCTO HET CTATUCTUYECKHU WU IBPUCTUYECKH IIPE/I-
CTaBUTEILHON BHIOOPKHM TEKCTOB JIJIsT TIOCTPOEHUS CTATUCTUIECKOIT
SI3BIKOBOI MO, M B 0003pUMOM OyIyIIieM HEBO3MOXKHO CO3/IaTh
TaKOI MacCCUB TEKCTOB.

ABTopsI ipejrararoT crrocob JTeKOMIO3UIIH PYCCKOi sI3IKOBOM
Moze/ i Ha (DOPMAJIBHYIO U COAEPAKATEIBHYIO, IPU KOTOPOM YIa€T-
CsI HAWTHU JIOCTOBEPHBINH KOIMDMUIIMEHT HEOPEIEIEHHOCTH CJIEIY IO
IIET0 CJIOBa IIPEJIOKEHN 110 JIBYM IPEJIbIIYIIIM €r0 CJIOBaM.
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1. BBenenue

3asatda pacmo3HaBaHUs PEUIN COCTOUT B ABTOMATHIECKOM BOCCTAHOB-
JIEHUH TEKCTa IPOU3HOCHMBIX YEJIOBEKOM CJIOB, (DPa3 WM IIPeJIOKEHNN
HA €CTECTBEHHOM $3bIKe. K BaXKHBIM IIPAKTUYECKUM 33/[a49aM, CBSI3aHHBIM
C PacCIIO3HABAHUEM DeY’, MOYKHO OTHECTU Pa3pabOTKy CHCTEM JUKTOBKU
TEKCTOB, CUCTEM PEYEeBOr'0 yIIpaBJICHUsI Pa3/IMYHLIMU yCTPOHCTBaAMU, CH-
creM pedeBoro jamajiora (Hampumep, 1o tesiedony). B macrosiiee Bpe-
Msl pacIlO3HABaHUE PEYU IIEPEKUBAET IIE€PUOJ[ OYPHOI'O pOCTa: JIECATKHI
KpyHbIX KomMmepueckux kommnanuii (IBM, Dragon, Philips, Microsoft,...)
CO3/IaJI1 U aKTUBHO Pa3BUBAIOT KOMMEPYECKHE CUCTEMBI PACIO3HaBAHUA
peun [14]. DKceprTsl B 06/1aCTH KOMIIBIOTEPHBIX TEXHOJIOTUIl HA3BIBAIOT
paclio3HaBaHNe pedn OJHON n3 BayKHeHmux 3a7a49 XXI Bexa.

Ncropuyeckn, MeTOJ[bI PACIO3HABAHUS PEYN PA3BUBAJINCH BMECTE C
pa3BUTHEM KOMIILIOTEPOB. 3a/1a4a PACIIO3HABAHUS PEUYH U3HAYAJIBHO CTa-
BIJIACh KakK 3a/lada BOCCTAHOBJIEHUS TEKCTa Pa3/ieJIbHO ITPOU3HOCUMBIX
cnoB. TonbKO B TOCTETHHUE ECATHIETHS KOMIIBIOTEpHAs TEeXHUKa JO-
CTUIJIa TAKOI'O yPOBHHA, KOrJIa CTajla OCMBICJACHHOHN 3aja4a paclo3HaBa-
HUs CJIMTHOW MJIM JlazKe CIIOHTaHHO# ycTHO# peun. Ha sTom srare BbI-
ACHUJIOCH, YTO JJId PEIIeHUs 3aJa49i PACIO3HaBaHUs PEYd HEeI0CTaTOY-
HO yMeTb DAacIo3HaBaTh OTJEJIbHbIe 3BYKH W CJI0Ba (KOMaHJbI) C Ha-
JE2KHOCTBIO, CPABHUMOM C HaJAC?KHOCTBHIO PACIIO3HABAHUA OTICIbHBIX KO-
MaHJ1 yesoBekoM. Kak 1mokasaJia mpakTHKa, 9ejJ0BeK IIPU PACIIO3HABAHUY
CJIMTHOI pedu Jjid yCTPaHEeHUsd HEOJHO3HAYHOCTU BOCCTAHOBJICHUA TEK-
cTa IIPeJIJIO?KEeHNs CYIIECTBEHHO UCIIOJIb3YyeT CBOU 3HAHUS O €CTECTBEHHOM
A3BbIKe, & TAaKKe CMBICTI Tpon3HocnMoro. [losromy 3a7a41y pacno3HaBaHus
peYr €CTECTBEHHO Pa3/Ie/IUTh Ha JIBe He3aBUCUMBIC 3a1a4u:

e 3aJia4y JIOKAJIHHOIO PACIIO3HABAHUSI peYn (TO €CTh PACIO3HABAHUSI
OTJIEJIbHO KOMAaH/IbI)

® 3a/Ia9y BOCCTAHOBJICHHA TEKCTa CJINTHOMI pedn 110 MHOXKECTBY BO3-
MOZKHBIX T'HIIOTE3 paCIIO3HaBaHMW.

Jl1s1 pemenus nepBoil 3a/1a41 CyMIeCTBEHHO 3HAHKE IIPUPO/IBI ITPOIIEC-
ca pedeobpasoBanusi [19]. CyIliecTByoT yHUBEPCATIBbHBIE MOJEIH ITOrO
nporiecca, obIue Jisi Pa3InIHbIX eCTeCTBEHHBIX s3bIKOB [13]. Perenne
BTOPOIi 3a/1a4u, HA0OOPOT, CUJILHO 3aBUCUT OT OCOOEHHOCTEl eCTeCTBEeH-
HOTO SA3BIKa, HA KOTOPOM IIPOU3HOCATCH cjioBa. DakTUUecKu, Ha 3TOM
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YPOBHE IIOCTPOEHUE CHUCTEMBI PACHO3HABAHUs PEYM JJId KaKJIOU HOBOM
SI3BIKOBOM T'PYIIbI TPEOYET CBOMX, OCOOBIX MATEMATUYIECKAX U TEXHUIE-
CKUX IOJIXOJIOB U CBOJUTCH K MCHOJIB30BAHUIO HEKOTOPOH I1OCJIE10BATE b=
HOIT POpMATBHON MOIEIN ITOTO €CTECTBEHHOIO SI3BIKA.

Ha 3amame 3agada pacrnosHaBaHus pedd BXOIUT B YHUCIO TEPCIEK-
TUBHBIX HAYYHO-TEXHUYIECKUX HAIPABJICHUII U XOPOIIO (pUHAHCUPYETCH,
9TO 0OYCIOBUIIO TOT (DAKT, ITO B MOC/IETHUE JIECITUIETUsT CO3IAHBI U 10~
CcTaTOIHO 3PPEKTUBHO PAOOTAIOT CUCTEMBI PACIIOZHABAHUSI PEUN JJIsT aH-
[JIMIACKOTO ¥ HEKOTOPBIX JPYIUX sI3bIKOB. CHCTEMBI paclo3HABAHUS PYC-
CKOIl pedn ¢ MOJOOHBIMHM XapaKTEPUCTUKAMHU He CyIecTByeT. AHaausy
IIEPCIEKTUB CO3/IaHUs CUCTEM aBTOMATHYCCKOI'O PACIIO3HABAHUA PYCCKOMN
CJINTHOM PEYM M ITOCBSIIEH HACTOAIINN 0030D.

2. YcrpoiicTBO cucTeMbl aBTOMaTHYECKOTO pac-
MO3HABAHUSA peun

OCHOBHBIMHI XapaKTEPUCTUKAMU COBPEMEHHBIX CHCTEM aBTOMATHYE-
CKOT'O PACIIO3HABAHUS PEYUU ABJIAIOTCS CJIETYIONIHE:

® CJIOBapHU pa3MepPOM B AECATKU U COTHU ThICAY CJIOB;
® pacliO3HaBaHUEe CJIMTHOU pedu;
e paboTa B peaJibHOM BPEMEHH;

® BO3MOXKHOCTH pabOThI KakK C MPEIBAPUTEILHON HACTPOUKON Ha To-
JIOC JIMKTOpPAa, Tak U 06€3 HaCTPONKH;

e HaJeKHOCTh paborbl 95-98% 1 rpaMMaTHYeCKW NPaBUJILHBIX
TEKCTOB.

CrpykTypHas cxemMa pabOThl THIUIHON COBPEMEHHOH CHCTEMbI pac-
[MO3HABAHUSA CJUTHON pedn m300pakeHa Ha pucyHke 1.

3. OPYHKIIMOHUPOBAHUE CHUCTEMbI IIPOUCXOAUT
CJIeAYIOIMUM 00pa30oM

OnudpoBaHHBIl peveBOil CUTHAJI TOCTYIAET HA BXOJ KOMIIBIOTEDA.
BareM cHrHaj C HEKOTOPBIM IIOCTOSIHHBIM IaroM pas30dmBaeTcs Ha OKHA,
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U JUId KaXKJOro OKHA B OJIOKEe aKyCTHYECKOIO aHAJN3a CUUTAETCS BEK-
TOP 3HAYEHUII HEKOTOPBIX CIEKTPAJIbHBIX IIapaMETPOB, Yallle BCETO Kell-
CTPAJIbHBIX KO(DMUIIMEHTOB, a TaKXKe HX IIePBOil 1 BTOPOH JTUCKPETHBIX
IIPOU3BOIHBIX.

BekTopa napameTrpoB IOCJIE0BATENIBHO MOCTYIIAIOT Ha BXOJ OJIOKA
JIOKAJILHOTO PAaCIO3HaBaHUsI, OOBIYHO MMEIOIUI B CBOEH OCHOBE yHUBEP-
CaJIbHBIII MOHOTOHHBI BeposiTHOCTHBI aBToMar [11, 13|, obbeunstommmii
9TAJIOHHBIC BEPOATHOCTHBIC aBTOMATHI BCEX CJIOB €CTECTBEHHOI'O A3BIKA, C
KOTOPBIMHU paboTaeT paclio3Halomias cucreMa. I1pu nocrymiennn Ha BXog,
9TOro OJIOKA KaKJ0ro HOBOI'O OKHA aHAJIU3a MOIUMUIIMPYeTCs OPUEHTH-
POBaHHBIN HAIDYKEHHBIN T'pad TUIIOTE3 PACIO3HABAHUS — B HErO J0-
OaBJISIIOTCS] HOBBIE THIIOTE3BI O IPOU3HECEHHOMN TOC/IE0BATEILHOCTH CIOB
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SA3BIKA U YIAJIAIOTCS CYIIECTBYIONINE THIIOTE3bI, BEPOSTHOCTH KOTOPBIX
CTAHOBUTCSI MEHBIIIE HEKOTOPOTO (DUKCUPOBAHHOIO Topora. Korma mocry-
maeT IOCJAeIHNN BEKTOp 3HAYeHHUil ImapamMeTpoB, B rpade OCTaBJIAIOTCS
TOJIBKO T€ I'MIIOTE3bI, KOTOPhIE 3aKAHIMBAIOTCS Ha IeJ10e (3aKOHYEHHOe)
cioBo sizbika. Jiist adpdexkTuBHOrO OYHKIMOHUPOBAHUS OJIOKA JIOKAJIb-
HOT'O PACIIO3HABAHMS CYIIECTBEHHYIO POJIb UTPaeT BHIOOD (hOHETHIECKOTO
ajpaBuTa, UTO SIBJISIETCA OTIEIbLHON MCCIIeI0BATEILCKON 3a1adeii.

st BuLmeeHnst w3 rpada TUIoTe3 paclo3HABAHUS €IMHCTBEHHOIO
MIPE/IJIOYKEHHSA €CTECTBEHHOIO SI3bIKa, KaK Pe3yJIbTaTa paclo3HaBaHUsI, UC-
MOJIB3YFOTCST HAIM 3HAHUSI O CTPYKTYPE eCTECTBEHHOrO si3blika. Mosessb
si3bIKa (Jale BCero OCHOBaHHAs HA CTATHCTHYECKOM TIOJXOJIE) MO3BOJISIET
BBIOpaTh CpeIU BCEr0 MHOXKECTBa IyTell B rpade IUIoTes OWH, UMe-
IO MAaKCUMaJIbHYIO WTOINOBYIO BEPOSITHOCTH. HaidimeHHas rumoresa u
CUUTAETCS PE3YJIbTATOM PACIIO3HABAHUSI.

Cremyer oTMETUTH, UTO (DYHKIMOHUPOBAHWUE OIUCAHHON DPACIIO3HAO-
el cucTeMbl sBsIeTcst 9P (MEKTUBHBIM TOJIBKO II0CJIe 00y YeHUsT Ha, OCHO-
Be TEKCTOBBIX U aKyCTHYECKUX 6a3 JIAHHBIX (KOPITYCOB), 06JIa/1ai0MIuX J10-
CTATOYHO OOJIBIIUM O0OBEMOM U MPEJICTABUTEILHOCTHIO. TeKcTOBbIE Ha3bI
JAHHBIX HEOOXOIMMBI JIjisT 00yYeHUsI U HPOBEpPKU 3P(MEKTUBHOCTH S3bI-
KOBBIX MOJIeJIell, a pedeBble — JJIs HACTPOWKU ITapaMeTpoB aJIlOPUTMOB
JIOKAJIbHOTO PACIIO3HABAHMSI, Jallleé BCEIO OCHOBAHHBIX Ha NPUMEHEHUU
MOHOTOHHBIX BEPOSTHOCTHBIX aBToMaroB. COop um obpaboTka Takux Oa3
JAHHBIX ABJISI€TCS, TOKAJIY, OJHIM U3 CAMBIX TPYIOEMKUX 3TAIIOB B I10-
CTPOEHHH CUCTEM PACIO3HABAHUST PEUH U TPEOYET, IOMUMO BCErO ITPOYero,
HAJIMIHS JOCTATOYHOTO IIOJIHOTO CJIOBApsl €CTECTBEHHOTO SI3bIKA, CHCTEM
MOPQOJIOITIECKOI0 aHAJIN3a, CUCTEMbI aBTOMATHIECKOI'O0 TPAHCKPUOUPO-
BaHUsI TEKCTOB.

4. AxycTuvdecKnii ypoBeHb

Ha srarne nepsuanoii 06paboTKu CUTHAIA OCHOBHOM 33/1a9€il siBJIS€TCs
u3BjIeUYeHNEe U3 peun Habopa NMPU3HAKOB, OT KOTOPBIX OOBITHO TpebyeTcs
BBITIOJTHEHNE CJIEIYIONINX CBOUCTB:

1) Munumusanus obbema, TO eCTh MaKCUMAJIbHOE CKaThe MH(OpMa-
MU U CTATHUCTUYECKAsT HEKOPPEJIUPOBAHHOCTE ITapaMeTpOB;
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2) HeszaBucuMocThb OT JUKTOPA, TO €CTh MAKCUMATHLHO BO3MOXKHOE yla-
Jienre nHMOPMAITNH, CBA3AHHON C MHANBUIYAIbHBIMI OCODEHHOCTSI-
MU T'OBOPHIIETO;

3) OJHOPOJHOCTD, TO €CTh APAMETPBI JOJIZKHBI B CPEJIHEM MUMETb OJiU-
HAKOBYIO JIUCIIEPCUIO;

4) B03MOXXHOCTb IIPUMEHEHHsI IIPOCTHIX METPUK Tura EBKINI0BOM
JIJIST OTIpEJIeTICHIST OJIM30CTH MEXK Ty HaDOPAMU ITPU3HAKOB, IIPH STOM
GJIM30CTh YYaCTKOB 3ByKa Ha CJIYX JIOJDKHA OBITH COIVIACOBAHA C
OJIM30CTBIO B CMBICJIE 3TONH METPUKHU.

Hawubosiee pacmpocrpaneHubiMu HabOpaMu MMapamMeTpoB, KUCIOJIb3ye-
MBIMU B CHCTEMAaX PACIIO3HABAHUS PEUU, SABJISIOTCS KOI(MMUITUEHTHI IIpe-
obpazosanust Pypoe [10] (BIID [2]), koaddunuenrs! suneiiHoro npes-
ckaszanust [18] u OCHOBAHHBI Ha HUX CHEKTD JIMHEHHOrO IMPEJICKA3aHUs
(cryrazkeHHBII CIIEKTD), & TakxKe KelcTpasbHble KodddurmenTor [18].

Koaddurnuenrsr kerncrpa (MFCC — mel-frequency-scaled cepstral
coefficients), mosryvarormuecsi myTeM MOC/IE0BATENBHOIO IIPUMEHEHUs K
AHAJIM3UPYEMOMY OTPE3KY CHUTHAJja JUCKPETHOro mpeobpaszopanus Dy-
pbe, CIEKTPAJILHOIO CIVIAYKUBAHUS, IIPUBEJICHUS K JIOrapuMUIECKO
[KaJje W, HAKOHEIl, MPUMEHEHHUs JIeHCTBUTEIbHON YacTh IPSIMOIO IIpe-
obpazopanusi Pypbe, sBIIsAOTCH HanboJiee 3HPEKTUBHBIMU ¢ TOYKHU 3pe-
HUSI OIUCAHHBIX BhIMIEe cBoiicTB 1—4. st omHOM 1 TOi 2Ke mMOApPOOHOCTH
aHasm3a ux 9ucsio (06braHo 10-15) 3HAYUTESHHO MEHbINEe YHcIa Kodh-
duruentos crekrpa BII®, qukroposzaBucumas nHOOPMAIUS YIAJIE€Ha, C
[OMOITBIO CIVIAYXKUBAHUS CIEKTPa, a HH(MOPMAIMS CXKaTa 3a CYET IMPU-
BEJIEHUs CIEKTpa K Jorapudmudeckoin mkaje gactoT. C Ienbio ydera
U3MEHEHUs I1apaMeTPOB BO BPEMEHH OOBIYHO BMecTe ¢ Koddduimenrta-
MU KEICTPa PACCMATPUBAIOT TAKXKE UX IEPBYIO M BTOPYIO JINCKPETHBIE
[IPOU3BO/IHBIE.

Amnmapar aKyCTHYecKOTO aHaJi3a JOCTATOYHO PA3BUT U MEPEHOCUM C
OJTHOTO sI3bIKA Ha JIPYTOH, ITO MO3BOJISIET 3(DPEKTUBHO NMPUMEHSITh BCE
HapaboOTaHHBIE B 9TOH OOJIACTH MPHEMbI U TOJXOJIbI IIPU CO3JAHUNA PAC-
[MO3HABATENST PYCCKO pedn. B wacTHOCTH, TPAKTUIECKN BCE OIUCAHHBIE
BBIIIIE CIIOCOOBI pacueTa aKyCTHIeCKUX IapaMeTPOB PevIeBOro CUrHAJIA Pe-
AJIM30BAHbl B U3BECTHBIX OOINEIOCTYITHBIX MATEMATUICCKUX KOMITBIOTED-
HBIX ITaKeTax oOpabOTKH CHUTHAJIOB, Hampumep, B makerax SPL u IPPS
dbupmsr Intel [46].



O 1epCreKTUBAX CO3/IAHUsT CHCTEMBI PACTIOZHABAHUS PEIN ol

5. JIokaabHOe pacrio3HaBaHue pedun. MeTos
CKPBITBIX MapKOBCKHX Mo/eJieit

Merozbl JIOKAJIBHOIO pacro3HaBaHust pedn [12| MOXKHO yCIOBHO pas-
JIeJINTh Ha JiBe OOJIbIMe I'PYIIBL HelapaMeTpUdecKhe — C HCIIOJIb30-
BaHIEM HellapaMeTPUIeCKUX Mep OIM30CTH K STAJOHAM (K HEM MOXKHO
OTHECTH MeTOJIbI Ha OCHOBe (POPMAaJILHBIX T'DAMMATHK M MeTOJbI Ha OC-
HOBE METPHK Ha MHOYKECTBE PEUEBBIX CHUTHAJIOB) — U IAPAMETPUYECKUE
(BEPOATHOCTHBIE — Ha OCHOBE METOJa CKPBITBIX MapPKOBCKHX IIPOIIECCOB,
HefipoceTeBbIe).

ITepBble ycTpoiicTBa aBTOMATHYECKOro pacro3Haanust peun [30, 32,
33| 6bLIM AHAJIOTOBBIMH U HCIIOJIH30BAJIN OPOrOBYIO JIOTHKY, HOITOMY OHH
He 00J1a/1aJI BBICOKON HaJICKHOCTBIO M OBLIN y3KOCIeINAJIN3UPOBAHHDI-
mu. Iloce nosiBIenus: JIMHIBUCTUYECKOM TEOPUH PedH, IIPeiCTaBIAIonel
pedb KaK IPOM3BOJHYIO (POHETUIECKON TPAHCKPHIIIUI TEKCTa ITPOM3HO-
CHMOTI'O CJIOBa, JIIf PaCIHO3HABAHUSA CTaJ HMCIOJIb30BAThCA MeToJ (poHe-
THYecKoii cermentanun (39, 45|, 0AHAKO BIOCTIEICTBUN BBISICHUIOCH, 9TO
9Ta 3aJlada TPY/JIHO MOJIAeTCs TOYHOMY aBTOMATHYECKOMY PeIleHHUIO.

Clie iy IonmM 9TaloM CTajI0 pa3sBUTHE HEAPaMEeTPHIECKUX MTO/IXO0/I0B,
OCHOBAHHBIX Ha Mepax 0JIM30CTH Ha MHOXKECTBE pedeBbIX curHasios. [Tos-
xoz1, Bunigioka |6, 5|, ocHOBaHHDIH Ha METO/Ie JUHAMITIECKOTO [IPOrPAMMU-
posanus (Besmmvan, [1]), passursiit Urakypoit [35] u ap., mo3sosmi co-
KPATUTh BPeMsl BbIYUCJICHUs 3HAYEHUIT (DYyHKIMU GJIN30CTH K STAJOHHBIM
CHTHAJIAM C 9KCIIOHEHIIHAJIBLHOTO (OT JIMHBI CHTHAJIA) JI0 KB&[PATHIHOIO.
B cuny Toro, uro ocuoBHO# crienndukoil MeTOA SBJISIOCH HEJIUHEHHOE
HCKayKeHNe BPEMEHHOW OCH OJHOI M3 CpaBHUBAEMBIX (DYHKIHII, METOJ
HOJIyYMJI Ha3BaHUe <«JIuHaMu4ueckoil jedopmanuu Bpemenu» (JI/IB). K
OUeBHIHBIM jtocTonHcTBaM Merosa JIJIB orHocsTCst mpocToTa ero peasn-
3a1uu U 00yUYeHUsl, & OCHOBHBIMU HEJIOCTATKAME METOJIA sIBJISIETCS CJIOXK-
HOCTb BBIYHMCJIEHUS] Mepbl 61130CTH (IIPOIIOPIMOHAJIBHO KBaJ[PATy JJIMHBI
curnaja) u OOJIBINOI 00beM HAMSITH, HEOOXOANMMBIH JIJIs XPAHEHHs 9Ta-
JIOHOB KOMaH]1, (IIPOIIOPIMOHAJILHO JJINHE CUTHAJIA U KOJIMYECTBY KOMAaH]]
B CJIOBape).

Meto/pl, HCHOMB3YIONHEC B 33/1at€e JIOKAJILHOTO PACIIO3HABAHUS Pe-
9K B HACTOsIIEe BpeMsi, ObLIN BIEPBbIE HPEJIOZKEHbI PSIJIOM aMePUKaH-
ckux uccienoBareneit (Beiikep — CMU — cucrema «/paron» (23| n,
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oxemmuexk — IBM [7]) B 1970-e roxer npommioro Beka. OHE HpHMeHH-
JI TEOPUIO CKPBITBIX MapKoBckux mojesieit (CMM), coznannyio Baymowm
u kosuteramu |26, 40, 42, 17, 25|. CkpbiTble MapKOBCKHE MOJIEJN MPE/I-
CTaBJISIOT U3 ce0sT MBAXK/IbI CTOXACTUIECKHE MTPOIECChI — MapPKOBCKUE I1e-
nu [15] mo mepexomaM MeKLy COCTOSTHUSIMU U MHOXKECTBA CTAIIMOHAPHBIX
MIPOIECCOB B KaXKJIOM cocrosguuu tenu. s obydenus Momeieit u BbIUuC-
JIEHHMSI BePOSITHOCTH HabJIIoIeHus cioBa Ha Bbixoge CMM ObLIT TakKe Ipu-
MEHEH MeTO/ JMHAMIIECKOTO POrPAMMUPOBaHUs! (QJITOPUTMBI IIPSIMOTO-
obparroro xoza [25], Bayma-Yasua, win EM-amropurm |31, Burrepou
[44, 20]). Jocronncramu Meroga CMM sIBIISIIOTCST TOCTATOMHO OBICTPBIIT
C110cob BBIYHCIIEHUS 3HAUeHNUTT (DYHKIMN pacCTOsiHUs (BEPOSITHOCTH) U CY-
IIECTBEHHO MEHBINN, 1Mo cpaBHeHnio ¢ meroxoM JIJIB, obbem mamsiT,
HEeOOXOIMMBIIT JIJIs XPAHEHUs 9TaJIOHOB KOMaH,I (IIPOIIOPIIHOHATIBLHO KOJIU-
gecTBY poHeM, TpudOHOB U T.II. B S3bIKE), & OCHOBHBIMU HEJOCTATKAMMU
— JIOCTATOYHO DOJIBITIAs CJIOKHOCTD €r0 Peau3allii, a TaKzKe HeoOX0 -
MOCTB HCIOJIL30BAHUSA OOIBIINX (POHETHIECKH COAIaHCUPOBAHHBIX pede-
BBIX KOpItycoB (6a3 JaHHbIX) jis 00y denusi napamerpos CMM. Ilo cyTu,
meronbl JIJIB 1 CMM umeroT o4eHb MHOIO ODOIIErO U MOLYT CIUTATHCSI
Pa3HBIMU pean3alusMU OJTHOTO M TOrO Ke moaxoa |36).

CMM, BosuuKINME Kak 0000IIeHne Tieneii MapkoBa, TECHO CBSI3aHBI €
HOHSITHEM BepPOsITHOCTHOTO aBTOMaTa. BeposiTHOCTHBIE aBTOMATHI, BIIED-
BbIe BBeJennble B 00mieit popme k. Kapnaitiom (1963, [27]) u, nHesasn-
cumo ot Hero, P.Byxapaesbiv (1964, [3|) u IL.Irapke (1965, [43]), upes-
CTaBJIAIOT U3 Ce0s B IPAKTHIECKOM IUIaHe YCTPONCTBA ¢ KOHEYHOI maMsi-
TBIO, TIepepadaThIBaoline THHOPMAIUIO C BXOJHBIX KAHAJIOB B BBIXOJIHbBIE,
[IEPEXO/IbI U BBIXO/bI KOTOPBIX IPOUCXO/IAT HA OCHOBE BEPOSTHOCTHBIX 33~
KOHOB [4]. CKpbITble MApKOBCKHE MOJIEJIN SIBJISIFOTCS YACTHBIM CJIyYaeM
BEPOSITHOCTHBIX aBTOMATOB, & MMEHHO, BEPOSITHOCTHBIMI aBTOMaTaMu 0e3
Bxoza. CMM, ncnosb3yemble B cHCTEMax PACIIO3HABAHIS PEUl, 0018/ [al0T
JIOTIOJIHUTEJILHO T€M CBOMCTBOM, 4TO Ha KayKJIOM TaKTe paboThl aBroMaTa
IIEPEXOJL OCYIIECTBIISETCS B COCTOSIHIE C TEM K€ /I OOJIBIINM HOMEDOM.
Takue Mojesn, npejIozKeHHbIe BliepBble Bakucom [24, 7|, HasbiBatoTCs
neso-ipaBbivu (left-right), winm momensmu Bakuca. B [13] npemoxkeno
HA3bIBATH COOTBETCTBYIOIINE STUM MOJIEJISIM BEPOSITHOCTHBIE aBTOMATEI
MOHOTOHHBIMH.

Coryacno |13, MeTo/ CKPBITBIX MaPKOBCKHUX MoJjiesieit [26] MoxkHO n3-
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JIOXKUTH Ha SI3bIKE BEPOATHOCTHBIX aBTOMATOB. PaccmarpmBaeTcss dacT-
HBIA CiIydail BEPOSITHOCTHBIX ABTOMATOB — WHUIUAJIBbHbIE (3a/IaHbI Ha-
JajibHOE M (PUHAIBHOE COCTOSIHYSI) ABTOHOMHBIE (6€3 BX0J1a) MOHOTOHHbIE
aBromaTbl Mypa (BBIXOJ M [IEPEX0J] B CJIEJLYIOIIee COCTOSIHUST OCYIIeCTB-
JISTIOTCsT HE3ABUCUMO ).

Nuuma bHbiM aBTOHOMHBIM MOHOTOHHBIM BEPOSITHOCTHBIM aBTOMa-
ToM Mypa (z1a/1ee — MOHOTOHHBIM BEPOSITHOCTHBIM aBTOMATOM) HA3bIBA-
ercst mecrepka A = (C,Q,m, P,vy,vp), rie C — KOHEYHBIH BBIXOJIHOI
andasur (|C| = k), Q — xoneunstit andasur cocrosuuit (|Q| = m), ©
— CTOXacTHYecKas 1 X M-MaTpUIla, Takad 9TO T;; 3aJaeT BePOATHOCTD
nepexojia U3 COCTOAHUS @; B COoCTosiHMe q; ¥ 7;; = 0 upm ¢ > j u npu
i =j=m, my; <1lupui=j, P — croxactuieckag m X k-maTpurna,
Takasg 4TO Pj 3a/aeT BEpOSATHOCTH BBIIAYU OYKBLI ¢; B COCTOSHUU (;,
vo = (1,0,...0) — BEKTOp JIMHBI M, O3HAYAIONIHI, YTO ¢ — HAYAILHOE
cocrosmue, vp = (0,0,...,0,1)T — pexrop-cTosben AIHHL M, O3HAYAIO-
Ui, 970 ¢, — (PUHAIBHOE COCTOSHUE ABTOMATA.

Cuwnraercs, 9YT0 MOHOTOHHBIH aBTOMAT A BBITAT CJIOBO C1Co . . . Cy, €C-
JI aBTOMAT Hada/l paboOTy B COCTOSHUU (1, BBIJAJI B 9TOM COCTOSTHUU OYK-
By €] COIVIACHO pacrpejieieHuo Bepositaocreii (P, Pyo, ..., Pyy), namnee
IIepeITesl B CJIEIYIOIIee COCTOsIHUE COIVIACHO PACIPEIeIEHHIO0 BEPOSITHO-
creit (m1, T2, .-, Tm) U T.J., HAKOHEII, HAXOJsICb B HEKOTOPOM COCTOsI-
HUM ¢;, , BBLIAT OYKBY €y, COIVIACHO PACIIPE/IEJIEHNI0 BEPOSITHOCTEN B 9TOM
COCTOSIHUH ¥ C BEPOSITHOCTBIO T4,y TE€PEIIe) B (DUHAIBLHOE COCTOSTHUE Gy s
re u 3akon4um1 pabory. IIpu 3ToM BEpOSTHOCTH BBIIAYN ABTOMATOM CJIO-
BA Y = C1C2...Cp HOACUYUTHIBaeTCA 10 dopmyre (*), umerormeil cMbIc
751 JTIOOOr0 ABTOHOMHOI'O BEPOSITHOCTHOIO aBTomata [4]:

pa(y) = > P(v[q) =
a:qil‘hg---qin,l:
vE(gi,_)=1
= > vo(Giy ) Piy (€1)Tiyio Py (€2)Migig -+ Pry (Cn) iy =

q=Gi1 Gio iy _1*

vr(Qi,_1)=1
=M (y)(vr)",
e M(y) = M(ci)M(c2) - ... M(cp) = mi Py
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Yucsio onepaltuii, HEOOXOAUMBIX JIJIsl BEIYHCJICHHST (%) MOXKHO COKpa-
TUTb, UCIOJIB3Ysl METOJ{ JUHAMUYECKOro IporpaMmmuposanus [1]. Asro-
pUTM, peasusyomuii 5Tor 3G(EKTUBHBIN 110 BPEMEHH CIIOCOO BBIYUC/IE-
HUSI BEPOSITHOCTH BbIIAYH CJIOBA aBTOMATOM, HA3BIBACTCS AJTOPUTMOM
npsimMoro-obparaoro xozna [17]. C 1esbio ycKOpeHus BBIYHUCJIEHHI TacTo
BMECTO BBIYHCJICHHSI BEPOSITHOCTH II0 BCEM IIENOYKAM COCTOSHUIL, BeJLy-
II[IM OT HAYAILHOIO COCTOSIHUS K (PUHAIBHOMY, HAXOJAT [EHOUKY C MaK-
CHMAJIBHOI BEPOSITHOCTBIO JIst JAHHOI'O BBIXOJIHOIO CJIOBA M 9TY BEPO-
SITHOCTb OOBbSIBJIAIOT HCKOMON BeposiTHOCTBIO (anroputm Burepbu [20]).
Hecmorpst Ha TO, 9TO TeopeTHdIecKoe 060CHOBAHNE TAKOIO IIOIXO/[a HEsIC-
HO, OH JIa€T 3HAYUTE/IbHBI BBIUIPLIII BO BPEMEHH, YTO O0YCIIABIHBACT
IOILY/ISIPHOCTL 9TOTO METOIA.

OtniesibHON U, TTOXKAJIYH, caMONl HETPUBHAJIBLHOW 3ajladeil Ha 3Tare
JIOKQJIbHOIO PACIIO3HABAHUSI PEUN SIBJISIETCS 3a/iada cuHTe3a (00ydeHust
HapaMeTpOB) MOHOTOHHOTO BEPOSATHOCTHOTO aBToMaTa. I mosicHeHust
[MOCTAHOBKM U METOJIOB PENIEHUs ITON 3a/1a9u TpebyeTcs OIucaTh CONep-
2KaTeJIbHO, KaK IIPUMEHAIOTCA BEPOATHOCTHBIEC aBTOMATBI JJId PeIleHU g
3a/la4il JIOKAJILHOI'O pPacIlO3HaBaHUAd DEdU.

Nmest Tparckpunimio bibs . . . b, KaKoro-amdbo CJI0Ba CJIOBAPS, MOXKHO
HOCTPOUTH TIO Hell MOCJIeI0BATEILHOCTh TPUMOHOB (3BYKOB B KOHTEKCTE
JIBYX COCEJIHUX 3BYKOB), U3 KOTOPBIX COCTOUT IPOU3HECEHUE ITOTO CJIOBA:
_b1ba, b1babs, babsby, ... by_oby_1by,bp—1b, . Kaxgomy tpudony s
€CTEeCTBEHHOM $I3BbIKE (sICHO, 4TO TPU]OHOB B $I3bIKE MEHbIIE, Ye€M BCEX
BO3MOZKHBIX TPOEK 3ByKOB) COIIOCTaBJIACTCA 3TaJIOH B BHJAEC MOHOTOHHO-
I'0 BEPOSITHOCTHOI'O aBTOMATa M3 YETHIPEX COCTOSIHUI, TaK UTO 3BYKOBBIE
CHUTHAJIBI BCEX BO3MOYKHBIX ITPOM3HECEHUH KaXKJI0ro TPu@OHA pPaccMaT-
PUBAIOTCSI KaK CJIOBA, MOPOXKIEHHBIE STHUM BEPOATHOCTHLIM aBTOMATOM.
9Ta.HOHHbIe BEPOATHOCTHBLIE aBTOMATHI JIJIsd CJIOB €CTECTBEHHOI'O A3BIKA
COCTABJISIOTCSA IIyTEM ITOCJIE/IOBATE/TFHOIO COEITUHEHUST COOTBETCTBYIOIINAX
9TAJIOHHBIX aBTOMATOB TPU(OHOB, IIPU 3TOM (DUHAILHBIE COCTOSTHUSA BCEX
TaKUX aBTOMATOB, KpOMe ITOCJIeJHET'O, CKJICNBaIOTCA C IEPBBIM COCTOAHU-
eM CJIeyIONero TpudoHa.

OO06yueHne BepOSITHOCTHOTO aBTOMATa COCTOUT B TOM, UTOOBI IIPU 3a-
JIAHHOM YHUCJIEe COCTOSTHUII aBTOMAaTa U, OBITH MOXKET, HEKOTOPOM HAJaJIb-
HOM NpUO/IMZKEHUN 3HAUYEHUH TapaMeTpoB aBroMara (Marpur, P u ) 110
3a/IAHHOMY KOHEYHOMY HabOpy BBIXOJHBIX CJIOB (00OydJaromieil BBIOOpKE)
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TaKuM 06pa30M MOAUMUINPOBATEL MATPULLL P 1 7, YTOOBI HTOrOBasi BEPO-
SATHOCTDb BBIJAYN STUM aBTOMATOM KarKJIOT'O U3 CJIOB 00yUaroIieii BIOOp-
KI yBeJn4InsIach (U, o Kpaiineit Mepe, He ymenbinuiaach). CyriecrByer
PsLJT aJITOPUTMOB PEIIeHUsT ITON 3a/1a91, KOTOPhIE MMO3BOJISIOT 38 KOHEU-
HOE YHCJIO [IaroB HANTH HEKOTOPBIN (JTOKAIBHBIH) MakcuMyM (yHKIMO-
HaJIa BBIYHUCJIEHUsT BEPOSITHOCTHU Ha 00y vatoreil Bbioopke. CaMbIM pacipo-
CTpaHEHHBIM U3 9TUX METONOB siBjsiercsa [ M-ajJropuT™m, WiIM aaropuTM
Baywma-¥Yamua [31].

JlokajibHOE paclio3HaBaHWe PEYr C MOMOIINBIO MOHOTOHHBIX BEPOSIT-
HOCTHBIX aBTOMATOB IIPOM3BOAUTCS METOAOM CPABHEHMS C 3TaJOHAMHU.
Boruucisiercst BEpOSTHOCTL TOIO, UTO KayK/bI M3 STAJOHHBIX BEPOST-
HOCTHBIX aBTOMATOB BBLIAET PACIO3HABAEMBIHA OTPE30K PEUYEBOIO CUIHA-
Jla, U BLIOMPAETCsS aBTOMAT, MAKCUMUBUPYIOIIMIA 3Ty BEPOSATHOCTL. Pe-
3yJIBTATOM PACIIO3HABAHUS CUMTAETCS CJIOBO, COOTBETCTBYIOIEE HaiieH-
HOMY aBTOMATY.

Borpochl BBIIOJIHUMOCTH IIPEJIIIOIOKEHNI, JIeXKaIuX B OCHOBE IIPH-
MEHMMOCTHU METO/Ia CKPBITBIX MaPKOBCKUX MOJIEJIEH, ABJISIIOTCA OTKPBIThI-
Mu. Tem He MeHee, IpaKTUKa IOKA3LIBAET, UTO, HECMOTPs Ha HEaleKBaT-
HOCTB MOJIEJIU, 3TOT METOJ] JAET XOPOIIUe Pe3yJIbTaTh.

6. Beibop d¢donernyeckoro aJjidaBuTa, TpPaH-
CKpPUNTOP

Qonerndeckuit andaBuT SBJISETCH OCHOBON pabOThI BJI0OKA JIOKAJIHHO-
ro pacrosnaBanus peun. Kak y»ke roBOpHJIOCH, KaXK/JbIii TpudOH S3bI-
Ka MOJIEJIUPYETCs] MOHOTOHHBIM BEPOSITHOCTHBIM aBTOMATOM W3 U€TBIPEX
cocrosiamii. CiieroBaTesbHO, 00IIee YMCJIO TAPAMETPOB aBTOMATOB, KOTO-
pble HeOOXOIMMO HACTPOUTH B IIporiecce OOyYeHUsI Ha OCHOBE PEIEBOTO
KOpITyca, JUHEHHO 3aBUCUT OT YUCJIA 3BYKOB, TO €CTh OT MOITHOCTH (HO-
HETUYIECKOIO aJi(DaBUTa, U yMEHBIIEHNE ero pasMepa IMPUBOIUT K Ocjiab-
JIeHUIO TpeboBaHuit K 00beMy peueBoil 6a3br manHHbIX. C JIPyTroil CTOPOHBI,
[IPU COKPAIEHNH aJipaBUTa B HEM MOTYT OBITH OTOXKJIECTBJIEHBI T€ 3BYKH,
pasyindeHne KOTOPBIX MOYKEeT OBITh CYIECTBEHHBIM B IIPOIECCE JIOKAJThb-
HOTO pacrmo3HaBanusi. [losToMy MUHEUMEU3AIUS paszMepa (HOHETHIECKOTO
aidasuta 6e3 yiiepba i KavuecTBa PaclO3HaBaHUs JTOKHA OBITH ITPO-
BEJIEHA ITyTEeM OTOXKJIECTBJICHUS B aJipaBUTE TOJIHKO TE€X 3ByKOB, KOTOPbIE
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SIBJISTIOTCST Hanbosiee OJIM3KUMHI TI0 3BYYAHUIO C TOYKM 3PEHUsT UeTOBEKA.

B paGore [13| mokazaHo, 4TO HA MHOXKECTBE ABTOHOMHBIX BEPOSITHOCT-
HBIX aBTOMATOB, C ITOMOIIBI0 KOTOPBIX 9P MEKTUBHO MOJIETUPYIOTCS 3BY-
KNI U WX COYETAHUS, MOYKHO BBECTH METPHUKY, TECHO CBI3aHHYIO C BEpPO-
SITHOCTBIO «CITyTAThb» CJIOBA IPU PACIO3HABAHWUU, TO €CTh € OJIN30CTHIO
CJIOB €CTECTBEHHOI'O $I3bIKA «HA CJIyX». DTa MeTpuka Oblia 3hdexTus-
HO WCITOJIb30BAHA ABTOPAMU IPU PEIIEHUH 3aJIa91 ONTUMAJIbHOTO BBIOO-
pa doHeTmIecKoTo anrdaBuTa MpHU paspaboTKe CHCTEMbI PACTIOZHABAHUST
pycckoit pean B pamkax rpanTa ¢pupmbl Intel Corp., CITA. C momorpio
METPHUKH OBLIa TMOCTPOEHA MATPHUIA TOMAPHBIX PACCTOSTHUN MeXKITy (o-
HEMAMHU PYCCKOTO SI3BIKA, MPEJICTABICHHBIX B BUJE ABTOHOMHBIX BEPOSIT-
HOCTHBIX ABTOMATOB, KOTOPBIE OBLIN CHHTE3UPOBAHBI HA OCHOBE PYCCKOI
pedeBoit 6a3bl JAHHBIX. YIAI0Ch TOKa3aTh, 9To andasuT u3 150 dhoHem-
HBIX CHMBOJIOB JIJIsI PYCCKOTO $I3bIKA |9] MOXKHO COKpaTHTh 6€3 MOTEeHIH-
AJILHO TTOTepr TOYHOCTH MPH pachio3HaBaHuu 10 120 cHMBOJIOB.

ABToMaTmueckuit (hOHETHUECKUH TPAHCKPUIITOP PYCCKUX TEKCTOB IO
[paBUJIAM SIBJISIETCST JIDYTUM BasKHBIM 3JIEMEHTOM IIPU paspaboTKe cucTe-
MBI PACIIO3HABAHUS PYCCKOW pedn. [Ipu mocTpoeHnN pasMedeHHOH JacTu
peueBoii 6a3bl JaHHBIX (CM. HUZKe) KaK OCHOBBI JIJIsl 00y YeHHsI TapaMeTPOB
BEPOSITHOCTHBIX aBTOMATOB — STAJIOHOB (POHEM HEOOXOJMMO MOCTPOUTH
TPAHCKPHUIIIIHA TEKCTOB, COOTBETCTBYIOIINX 3TUM aKyCTHIECKUM JTAHHBIM.
ABTropamu 00630pa CO31aH TaKOil TPAHCKPUIITOP, CPABHUMBIA 110 CBOMM
mapaMeTrpaM C CyIIEeCTBYIONIME TPAHCKPUOUPYIONTUMHI CUCTEMAMU JIJIsT
pycckoro si3bika (|45, 46]).

7. TexcToBble 1 pedeBbie 0a3bl JdaHHDBIX

B nacrosmuit MOMEHT CaMbIMU CJIOYKHBIMU JIEMEHTAMU IIPU ITOCTPO-
€HUU CHCTE€M pacllO3HaBaHUA PEYU ABIAIOTCH, KaK 3TO HE IIOKaXKeTCd
CTPAHHBIM, HE PACIO3HAIONINE AJTOPUTMBI — WX IOAPOOHBIE OIUCAHUSI
MOXKHO MIPOYUTATH B MOHOTpadUsAX U MMATEHTAX, IIPEJIIECTBYIONUX MOsIB-
JICHUIO TO MJIM MHOU KOMMEPYECKOH CUCTEMbl pacllO3HaBaHULA, — & II0-
CTPOEHME aKyCTUYECKOI MOJIEJIN sI3bIKa U HadaJbHOE 0OyUYeHUe STAJIOHOB
CJIOB CJIOBapd, Yallle BCEr0o SABJIAIOIINXCA BEPOATHOCTHBIMHU aBTOMaTaMU.
JList HACTPOMKH TapaMeTpPOB SI3BIKOBBIX MOjIe/Iell 1 9Tajl0HOB (boHeTHI e~
CKUX €JIMHUIL S3bIKa B KAYMECTBE OCHOBBI JIjIsi 00yYeHUsi HEOOXO/IMMBI TEK-
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CTOBBIE U pedeBble 06a3bl JaHHLIX JOCTATOYHO OOJIBITIOro obbema. Heob-
XOJIMMO TIIATEJIbHO yYeCTh BCE BCTPEYAIOIIUECs B COBPEMEHHOM dA3bIKe
CJIOBa M SI3BIKOBBIE 00OPOTHI, TUILI TOJJOCOB W AKIIEHTOB, UMEIOIIIXCS Y
HOCHUTEJIEN SI3bIKA.

UccnenoBanune, npoeenennoe Ha Kademape Maremarudeckoil Teopun
MHTEJJIEKTYAJbHBIX CUCTEM, TO3BOJINJIO ITPOU3BECTH OIEHKY IapaMeTpPOB
CYIIECTBYIONINX PYCCKNX TEKCTOBBIX M PEUYEBBIX KOPIIYCOB.

Pesybprarer nccjeoBaHus TEKCTOBBIX 0a3 JaHHBIX CYMMHPOBAHBI B
CBOJIHOI TabJInIIe.

Peuenble 0a3bl JaHHBIX MPEICTABISIIOT 13 cebs MHOXKECTBa, 3amuceit
MIPOM3HECEHHBIX PA3/JINIHBIMU JUKTOPAMU CJIOB, dpas3, IPeIIOXKEHUIA.
CioBa MOT'yT NPOM3HOCHTBHCSI KaK Pas3JebHO, TAK U CJIMTHO; KaXKJ0e
IIPEJIOYKEHNE B PEYEBOM KOPIIyce OOBITHO COIPOBOXKIaeTCs (POHETUIe-
cKoli TpaHcKpuiimeit. [lapaMerpsl 3ammcu MOryT OBITH TAK¥Ke Pa3IUIHbI-
MM — OT Y3KOIIOJIOCHOI Te/Ie(pOHHOM 3aIucu (MOHO7 4acToTa JIUCKPETU3a-
mn 8 kI'1, 8 6uT HA OTCYET) W MMPOKOIOJOCHONH MUKPOMOHHON (MOHO,
22 kI'n, 16 6Gur Ha OTCYET) JI0O CHHXPOHHBIX MHOIOKAHAJIbHBIX 3aluceii
(renedon + MUKpPOGOH, HECKOIBKO MUKPOMOHOB 1 T.II.) Y3KOIMOJIOCHBIE
6a3bl MAHHBIX UCIOJIB3YIOTCH JIJIsT CO3/IAaHUsI CUCTEM PaCIO3HABAHUS pe-
91 110 TeseoHy, a IMMPOKOIOJIOCHBIE — JIJIsT O0yYEHUsT KOMITBIOTEPHBIX
CHACTEM JTUKTOBKH TEKCTOB.

ObbeM KopIlyca XapaKTepU3yeTCst JBYyMsi BaXKHBIMY [TapaMeTpaMu —
YUCJIOM JIMKTOPOB U ODIIel IIUTEIbHOCTBIO 3By4daHus Kopiyca. Jlukro-
PBI JIOJI’KHBI TIPEJICTABIATH BCE MOJIOBO3PACTHBIE T'PYIIIBI, JTUAJIEKTHI U
1.11. OO0Iast JYIMTEILHOCTh KOPILyCa JOJKHA 00eCIIeInBaTh JIOCTATOIHYIO
[IPE/ICTABUTEILHOCTD BBIOOPKU, ITO3BOJISIOINLY IO IIPOU3BECTH KAIECTBEHHOE
o0ydeHre TTapaMeTPOB BEPOSITHOCTHBIX aBTOMATOB.

Baxk#o, 4T00BI TekcTOBas 0a3a MAHHBIX, KOTOPas COCTABJISIET OC-
HOBY PEYEBOI'O KOPILyCa, COJeprKajia TaK Ha3bIBaeMble (DOHETHIECKU-
cOaTaHCUPOBAHHBIC ITPEJJIOKEHNUsI, TO €CTh TaKhe, B KOTOPLIX B CPE/IHEM
PaBHOMEPHO IIPEJCTAaBJIEHbI BCe 3BYKHM W TPU(OHBI si3blka. Kpome To-
ro, OOBIMHO TEKCTHI BKJIIOYAIOT KaK (pparMeHThl YCTHOTO JTUAJIOra, TaK U
MUCHLMEHHYIO PeUb. BayKHBIM 3JIEMEHTOM JII000# PACIIO3HAIOIIEH CUCTEMBbI
SBJISIETCS PACIIO3HABAHNE TOCIEI0BATEILHOCTEH drces U IUdP, IMOITOMY
4acTh 0a3bl JMAHHDLIX, COOTBETCTBYIONIAs HAOOPY UHCEN, TOJI2KHA TaKKe
MPUCYTCTBOBATH U OBITH JIOCTATOYHO OOJIBIION IO 0OBEMY.
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° | Kopmyc Tematuka O6mwmit | Kauecreo | Kommenrapun

n/u obbeM | Kopiyca

KOpITY-
ca

1 Bubaunoreka| Cospemennasi | 70 mun. | Kopiyc Bubsmoreka pacrmo-
Maxkcuma, XYI0Ke- CJIOB COJIEPKUT | JJoyKeHa B cetn UH-
MomkoBa | cTBeHHas OY€eHb TEpHET IO aJipecy

JITEpaTypa: MHOT'0 http://www.lib.ru.
daHTacTUKA, o1nb oK dABnsierca ob1Ie 0~
IepeBoJIHasl CTYIITHOM’

po3a u JIp.

2 | Poccuiickast | QnexkTponmbsie| 6osee Kopmyc Yacte  9JIeKTPOH-

nepuosmka | Bepcuu razet | 400 COCTOUT U3 | HBIX BepCuil ra3er u
U KYPHAJIOB | MJIH. TEKCTOB, JKyPHAJIOB 00IIe10-
Poccun  3a | cioB po- CTymHa, OOoJIbImast
IOCJIeTHIE TIEIITUX 4aCTh POCCUICKONI
10 et KOPPEKTY- | IIPECChI JOCTYII-
py HA  Yepe3  ILIAT-
HbIE NuTeprer-
OUOTMOTEKN.

3 Creno- Broicrynnenus| 30 mua. | Kopiyc Hocrymen B creHax
TpaMMBbI JIETy TATOB, CJTOB TIPOITIET Toc. dymbt
3acelaHmil | 3aKOHBI U T.II. KOPPEKTY-

JIEIIyTaTOB | 38 MHEPHUOJ, C py
Toc. dymsr | 1994 roxa
4 | HoBoctu Hosocrrere | 100 Kopmyc O061me10CTy ITHBI
JIEHTBI MUJTH. IIPOXOJIUT | TOJIBKO APXUBBI
WNureprer- CJIOB KOPPEKTy- |3a TOCHeIHue TIo-
cMHU py gl www.lenta.ru,
www.vesti.ru,
www.strana.ru,
WWW.Tuss.Iu,
www.utro.ru u T.II.

ITockosibky 0OyUeHme BEpPOSATHOCTHBIX ABTOMATOB IPOUCXOIUT HA
ypoBHE TPUGOHOB, HA BXOJ[ AJITOPUTMA 00YUEHUsT JOJIKHBI [IOCTYIIATH Pe-
YeBbIe CUTHAJIBI, pa3MeUeHHbIe Ha OT/Ie/bHble 3ByKu. Doneruyeckas pas-
METKA PEUEBBIX 3AIUCEHl SBJISETCS UPE3BLIYAIHO TPYI0EMKON paboToit u
TpedyeT TPY/ia BHICOKOKBAJIM(UITUPOBAHHBIX crienuaanctoB. K cuacrsbio,
HET HEOOXOMMMOCTH B (POHETHUIECKON pasmeTke Bceil 6a3bl JMaHHBIX, 10-
CTATOYHO Pa3METUTL TOJILKO €€ YacTb, & 3aTeM C IOMOIILIO aJrOPUTMa
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Burepbu mpousBectn aBTOMATHYECKYIO Pa3METKY BCEIO OCTAJIBLHOTO KO-
myca.

[IpoBemenHoe HAMM MCCIEIOBAHNE TOKA3AJIO0, ITO B MUPE CYNIECTBYET
HECKOJIbKO PYCCKUX TeJe(MOHHBIX PEUEBLIX KOPIIYCOB, CO3JIAHHBIX 110 3a-
Kazy 3anaHbx pupMm. O6mmit 06beM 3TuX 6a3 JAHHBIX COCTABJISIET DOJIEee
100 gacos, a 0obIIee YUCTO JIUKTOPOB — HECKOJIBKO THICSY YEJIOBEK. DTU
6a3bl JJAHHBIX HE COJEPKAT (POHETUIECKH PA3MEUYCHHYIO YaCTh.

Yro Kacaercsi MUPOKOIIOJIOCHBIX PEUYEBbIX 0a3 JIAHHBIX, TO 3J/I€Ch CHU-
Tyalusi HECKOJIbKO Xyzke. MakcuMmajbHas 10 o0bemy 0aza JTaHHBIX U3
UMEIOIIUXCS Ha PBIHKE nMeeT obiee BpeMsi 3Bydanusi 50 4acoB, B Heil
3ajeficrBoBano 4yTh 6ojiee 200 qukTopoB. Tem He MeHee, B 9TOM YaCTOT-
HOM JIHAIIA30HE UMEIOTCST PedeBbIe KOpITyca, (DOHETHIECKN Pa3MedIeHHbIe
COCTABJISIONIIE KOTOPBIX UMEIOT 3HAYUTEIbHBIN 00bEeM 110 CPABHEHUIO CO
obbeMoM Kopiryca B 1eaoM (or 3 o 100%).

UsBectHo [34], uro Xoporne pe3ysibrarbl pabOThl CUCTEM PACIIO3HA~
BaHUs JIOCTUTAIOTCS TIOCe ODyUeHUs Ha PEedYeBOM Kopilyce 00beMOM He
Menee 80-100 yacoB. Y4UuTbIBas, YTO YUCIO 3BYKOB B PYCCKOM S3BIKE
MPEBBIIIAET YUCJI0 3BYKOB B aHTJIMHCKOM, MOYKHO CJeJIaTh BBIBOJL O TOM,
YTO B HACTOSINEE BPEMs MMEETCS HEJIOCTATOK B PYCCKUX PEYEBBIX Hazax
JIAHHBIX, 3allMCAHHBIX B IIMPOKOIIOJOCHOM JIHAIIA30HE.

8. J/lekomupoBaHue rpada rumnores

JlokaJibHOE pacro3HaBaHUE Pedu MO3BOJIAET I KasKJI0r0 OTJIEbHO-
r'o OTpe3Ka pedeBOro CUrHaJjia IMPOBEPUTH I'MIIOTE3Y O TOM, UTO STOT yda-
CTOK SIBJISIETCS IPOU3HECEHUEM KaKOr0-JIM00 CJI0BA €CTECTBEHHOI'O s3bI-
Ka. MOXKHO paccMaTrpuBaTh BCEBO3MOXKHBIE Pa30MEHUsI CUT'HAJIA, COOT-
BETCTBYIOIIEr0 IIPOM3HeceHnto (dbpasbl (IIPe/IoXKeH sl, TPYIIIbI I0CJIe10-
BATEJIbHBIX IPEJJIOXKEHNIT) Ha OTPE3KH U pellaTh 3ajady JOKAILHOTO
pacro3HaBaHus MOJO00HBIX OTPEe3KOB. [0CKOMbKY KaKIbIil pedeBoil cur-
HaJl MOXKHO pacCMaTpuBaTh 0e3 yiiepba i pe3yabTaToB paclo3HaBa-
HUsI KaK KOHEYHbIHi BEKTOD JleficTBUTEIbHBIX uncest [13], Takoil mepeGop
koHeueH. OToOpaB cpe/in BO3MOXKHBIX pa3sOHeHN CUTHAJIA U COOTBETCTBY-
IOIUX UM Pe3y/IbTaTOB PACIO3HABAHUS TOJBKO T€, KOTOPbIE MUMEIOT JI0-
CTATOYHO OOJIBIIYIO BEPOSITHOCTD, MBI IOJIyIUM MHOXKECTBO BO3MOXKHBIX
TUTIOTE3 PACIIO3HABAHUS CUTHAJIA, KOTOPOE TPAIUITHOHHO TIPEICTABIIAETCS
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B BUJe I'pada IUIoTe3 paclo3HaBaHUsI.

I'pad rumores oOBITHO SIBISIETCSI OPUEHTHPOBAHHBIM AITNKINIECKIM
rpadom 6€3 OpUEHTUPOBAHHBLIX IUKJIOB C JIByMsl OTMEUEHHBIMEU BEPIIHU-
Hamu (HOJTIOCAMM), KazK0e pedpo KOTOPOTo COOTBETCTBYET HEKOTOPOMY
CJIOBY s13bIKA U HAIPY?KEHO BEPOSITHOCTBIO 9TOr0 cjioBa. OJIMH MTOJTFOC 3TO-
ro rpada («HadasjbHAsi» BEPIIMHA) MMeEET TOJHKO HCXojsiue pebpa, a
JIpyToil («KOHeUHasi» BepIINHA ), HA0OOPOT, TOJBKO BXOJISIIHUE.

3ajiava JIEKOJUPOBAHUsI COCTOUT O BBIOOPE OPUEHTHPOBAHHOIO IIYTH,
HJIYIIEr0 U3 «HAYAJbHON» BEPIIUHBI B «KOHEYHYIO» M YIOBJIETBOPSIIOIIE-
T'O CJIEYIOIIEMY CBOMCTBY: MTOCIEI0BATEILHOCTE CJI0B, COOTBETCTBYIONIAST
9TOMY IYTH, ABJISIETCS IPEIIOKEHIEM €CTECTBEHHOI'O SI3bIKa, M BEPOSAT-
HOCTBH 3TOrO IIyTH MaKCHMaJjbHa. JTa 3ajada Tpedyer BBeleHUsi Hop-
MaJIbHOW MOJIE/IN 3bIKA, MO3BOJIAIONIEH OCYIIECTBIATHL MPOBEPKY IIPU-
HaJJIE?KHOCTHU sI3BIKY JII00OM ITOC/IeJ0BATETbHOCTH CJIOB.

[TpuHaI1e2KHOCTD SI3bIKY 3/1€Ch IMOHUMAETCs JITOO TPAIUIIMOHHO, KaK
PUHA/JIEZKHOCTh MHOXKECTBY, JTUO0 KaK (DYHKIUS BBIUUC/IEHUST BEPOSAT-
HOCTHU TPUHAJIE’KHOCTH A3BIKY. B IocieIHeM CiIydae BEPOATHOCTD IIYTH
U3 «HAYaJbLHOWY BEPIIUHBI B «KOHEYHYIO» OIPEJIE/IACTCA KaK IIPOU3BE-
JIeHMe BEpPOSITHOCTEM, MPUIIMCAHHBIX BCEM pedpaM, U3 KOTOPBIX COCTOHUT
9TOT IIyThb, U BEPOATHOCTUA COOTBETCTBYIOIIEH IIyTH MOC/IEI0BATEILHOCTH
CJIOB B A3BIKOBOH MOJIE/IN.

9. 43bIKOBEBIE MoJeJin 1 UX IIpuMeHeHune B pac-
IIO3HaBaHUM peYn

EcrecTBeHHbIN SI3BIK — pe3y/JIbTaT MHOT'OBEKOBON ITapaJiieIbHON pa-
6OTbI OI'POMHOI'O YUCJIa HOCUTEJIEN sI3bIKA. OH IIPUHITUIINAJIBHO OTJIMYaeT-
Cs OT CJIyYaiiHbIX KOMOMHAIINI CJIOB M OT (DOPMAJILHO ITOCTPOEHHBIX SA3bI-
koB. OJ1HOM M3 OCHOBHBLIX OCOOEHHOCTEH €CTECTBEHHOIO SI3LIKA SIBJISICTCS
M30BITOYHOCTD, TO3BOJISTIONIAA TOHUMATh MCKAaXKEHHYIO pedb. Popmasin-
3aIisi TOrO MPOIECCa CTAJKUBACTCA C TPYAHOCTSAME OOJIBIITNX 00HLEMOB
TEKCTOB (TOJIbKO B HUX MO>KHO BBIIBUTH A3BIKOBBIC OCO6€HHOCTI/I, a HE B
npoctoM crucke ¢pas). B rakux cirydasix Hanbosiee eCTeCTBeHHBIM sIBJIsI-
€TCe HNCCJIeJ0BaHne PA3JIMIHBIX HpI/Il\IeHeHI/Iﬁ JaCTOTHBIX XapaKTEePUCTUK
B TEKCTOBBIX 0a3ax JIaHHBIX.

Monenn ecTeCTBEHHOTO S3bIKAa WHTEPECOBAJIM MATEMAaTHUKOB HAYMHAA
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¢ koruna XIX — magasma XX Bekop. Cumraercs, yro Anapeit Auapeesund
MapxkoB (crapmmii) oHsITHE MAapKOBCKOIi IIelu BBeJ B IIPOIECCe CTaTh-
CTHYECKOIO MCCJIeIOBAHUsS PyccKoro sisbika [15, 16]. Bypmbiii Bemeck
TEOPUM MOCTPOEHUsT SI3BIKOBBIX MOJIEeHl BO3HUK IIOC/IC OKOHYAHUSI BTO-
pOit MUPOBOII BOWHBI U OBLI CBSI3aH C TEMATHUKON MAIIMHHOI'O II€PEBOJIA.
Bajaua MaIIMHHOIO IepeBojia ObL1a BIepBble chopmyaupoBana B 1946
roay (Byt, Yusep). Yike B 1954 roay B JIXKOP/KTAYHCKOM yHUBEPCHTE-
Te OBl [IPOBEJIEH ITIEPBbIH IKCIIEPUMEHT 10 MAIIMHHOMY IepeBoiy [38],
a B 1955 romy mporres NepBhIil SKCIEPUMEHT 0 MAITUHHOMY IEPEBOLY
B CCCP. CymecrBeHnnblii BKJIaJ| B aHAJIN3 €CTECTBEHHBIX SI3BIKOB BHEC/IN
paborsr H.XoMcKOro, KOTOpBIil SIBJIIETCA OCHOBATE/IEM HOBOTO HAIIPABJIE-
HUsI B CTPYKTYPHOIT JIMHIBUCTUKE — IIOPOKIAIOIIEH JTMHIBUCTHKY |28, 29)].
B 1966 roxy Komurer Hammonassroit Axkagemun Hayk CIIIA nenaer BbI-
BOJI O HEPEHTAOEJTHLHOCTH TPUMEHEHUSI CUCTEM MAIIUHHOIO [E€PEBOJia, U
paboThl BO BCEM MUpE B 9TOM HAIIpaBJICHUHU UIyT Ha yObLIb. Tem He me-
Hee, K TOMY BPEMEHH y»Ke ObLJI0 HAKOILICHO JOCTATOYHO 3HAHUN B ITON
obJracTn.

A3bIKOBBIE MOE/HN, UCIOJIL30BABIINECA B CUCTEMAaX MAIITHHHOTO IIe-
PEBOJIa, OCHOBBIBAJINCH HA JIMHI'BUCTUYECKUX 3HAHUSX U HE OBLIN ITOCIIE-
JIOBaTEJILbHBIMA B TOM CMBIC/IE, UTO aHAJU3 MPUHAJIEKHOCTH IEIMOUKN
CJIOB SI3BIKY MPOU3BOIUIICS C ITOMOIIBIO AHAJIN3a BCEH TETIOYKHU CJIOB B Iie-
siom. PacrniosnaBanue peun, Ha060pOT, TpebyeT TakKux Mojeiell, KOTOpbie
MO3BOJISIIOT JIJIsT KA2KJI0I'0 HOBOT'O MOCTYIIUBIIIEI0 HA BXOJ| CJIOBA OIIPEjie-
JIATH TIPUHAJIIEZKHOCTD (BEPOSITHOCTH IIPUHAJIEZKHOCTH) Oy YUBIIENCsT
[IOCJIE/IOBATE/ILHOCTH CJIOB SI3BIKY.

B macrositiiee BpeMsi MOXKHO BBIJIEJIUTH CJIEAYIONINAE TOJIXOABI K TIO-
crpoennio (OPMAJBHBIX MOjeJieli eCTeCTBEHHOIO si3blKa (31ech A =
{aj,...,as} — KOHEYHOE MHOXKECTBO CJIOB €CTECTBEHHOIO sI3bIKa (CJI0-
Baphb), a Yepe3 L obo3HAUYEHA A3BIKOBas MOJIEJD):

I. Tuckpernsie mopemu (L C A*).

1) Mozenu ¢ KOHEYHBIM YnCIOM cocrosiuuii (L — aBromarTHbIil (pery-
JISIPHBII) SI3DbIK);

2) Moguesnn, ocHOBaHHBIE Ha TeOpHH (DOPMAJIBHBIX $I3BIKOB (pasimd-
HBIE [IOJIXO/bL: IpuMeHeHne Kiraccndeckux KC-s3bIKoB, rpaMMaTiK
Bysca, rpaMMaTiK 3aBHCHMOCTEH; BCE TIEPEUNCTIEHHBIE [TOIX0/IbI 9K-
BUBaJIEHTHBI OObIIHBIM KC-s13b1KaM).
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Mogieni, OCHOBAHHbBIE HA JIMHIBUCTUYIECKUX 3HAHUSX (9KCIEPTHDHIE
CHCTEMBI, MOJIEJIN C CeMAHTUKON U T.;1.) OBBIYHO XapaKTepu3yoTCs
OYEHB CJIOXKHBIM (9KCIIOHEHIINAJIBHBIM) AJITOPUTMOM pa3bopa.

IT. Crarucruaeckue momenu (L — pacrpejiesienne BepositTHocTell Ha A™).

)

n-rpaMMmuas Mozesnb. OcnoBama na dopmyie Baiieca paszioxke-
uust BepositHocTH:  P(a Gy ... a;, ja;,) = P(ai)P(ai,la,)...
P(a; |ai,ai, ... a;, ,) W UPEIIOIOKEHUH, HYTO YCJIOBHAS BEPOSIT-
HOCTH MOSIBJICHUST OYEPEIHOrO CJI0BA 3aBUCUT TOJIBKO OT IIOCJICIHIX
n — 1 CJIOB 1 He 3aBUCUT OT NPEJBIAYIIIX CJIOB.

Moyesn, ocHOBaHHBIE Ha JIEPEBbsIX pellleHuil (371ech JIepeBo perie-
HUit — 3T0 OMHAPHOE JePeBO, KAXKJIOH JIMCTOBOM BEPIIUHE KOTOPO-
o HIPUINACAHa BEPOATHOCTD, & OCTAJbLHBIM BepIINHAM — IIPEeIUKATHI
P : A* — E»). Mojenb byHKIMOHUPYET CJIEYIONMM 00pa3oM: JIjist
CJI0Ba, IIOCTYHUBIIEr0 Ha BXOJ, BLIYUCIIACTCS 3HAUYCHUE IIPEAUKATA,
[IPUINUCAHHOI'O KOPHEBOW BepIINHE, U OCYILIECTBJIACTCA IIePeXo/] 110
JIEBOI MJIM 1IPaBOil CcTpeJIKe B 3aBUCUMOCTHU OT 3HAYCHUS IIPEIUKATA.
[Tporerypa moBTOpsieTcst 10 TEX MOP, MOKa He JOHAEM 10 JTUCTOBOI
BepmHLI. [Ipunucannas 3Toil BepIimmHe BEpPOSATHOCTL UCIIOIb3YeT-
Cs1 BMECTO BEPOSITHOCTHU BXOJIHOTO CJIOBa. PaboTaloniux peasin3armii
3TOIl MOJen JJI BCero gA3blKa HeT BBUJY PYYHOI'O IIpolecca IIo-
CTPOECHUA JepeBa.

Craructuyeckne 00001eHnst (GHOPMAJIbHBIX $I3BIKOB  (IpaBUIaM
[IPUTTACHIBAIOTCA BEPOSTHOCTH, TEM CAMBIM IIOMUMO BBIBOJIMMOCTU B
SI3bIKE TIOSIBJISIETCSL eIE BEPOSITHOCTD BBIBOJA). DTU MOJIETN UMEIOT
npeuMyIecTsa opMaIbHOM MOJIENIA U YCTONIUBOCTD N- TPAMMHOIA.

B HacCTodAIee BpeMdA OCHOBHBIM IIOJAXO/I0OM K ITOCTPOCHUIO A3BIKOBBIX
MOILeHeﬁ JJIgl CUCTEM PaCIIO3HaBaHUA pPEYN ABJIAETCA MCIIOJIb30BaHUE all-
ITapaTa CTaTUCTUYICCKUX METO/I0B. HpI/I 9TOM MOJI€JIb B TaKOM ITOHUMaHUN

— 9TO IIPOCTO paclIpeJiejieHrne BEPOATHOCTHU Ha MHO2KECTBE BCEX ITPEJIJIO-
JKEeHUU A3bIKA. E)CTGCTBGHHO7 YTO XPpaHUTHb MO/JEJIb B TaKOM BHUJIE HEBO3-
MO2KHO, IIO9TOMY HUCIIOJIB3YIOT 0oJ1ee KOMIIAKTHBIE CIIOCOOBI 3a/JJaHnd.

S3BIKOBBIE MOJIe/IM, OCHOBaHHBIE Ha T-TpaMMaX, HUCIOJIB3YIOT ABHOE

IpeaIoJIozZKeHne O TOM, 9TO BEPOATHOCTDL IIOABJIEHUA OYEPETHOI'O CJIOBA
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B IPEJIOKEeHUN 3aBUCHUT TOJIBKO OT IpedblayInux 1 — 1 ciaoB. Ha mpak-
TUKe KCIIOJIb3YIOTCA Momeau co 3uadenusmu n = 1, 2, 3 u 4. HauboJtee
VAAQIHON MOJIEJIBIO U3 9TOI0 KJIacca sl aHTJINACKOrO si3bIKa, OKA3bIBACTCSI
TpUrpaMMHasi MOJE/b. Bce HOBbIE MOJIE/IM IPAKTUYECKH BCEr/a OlEHUBA-
IOTCs IO OTHOIIEHMIO K TPHUIpaMMHONI Momenau. Ha ceromusinnuii meHb
HPAKTHYECKH BCE KOMMEPYECKUE CUCTEMbI PACIIO3HABAHMUS PEYU UCIIOJIb-
3yIOT N-TPAMMHYIO MOeIb B Toil min mHoil popme. Ilpu sTrom BeposiT-
HOCTBb BCEr0 IPEJIJIOXKEHNS] BHIYUC/ISIETCA KaK IIPOU3BEICHUE BEPOITHOCTH
BXOJIAIINAX B HEN'O N-T'PAMM.

OCHOBHBIM JIOCTOMHCTBOM JIAHHOTO KJIacca MOJIeJIell OKa3bIBAETCsI BO3-
MOXKHOCTB IIOCTPOEHUsI MOJIEJIN 10 OOYUAIONEMY KOPIYCY JOCTATOYHO
6OJIBIIIONO0 pa3Mepa U BBICOKas CKOPOCTb paboThl. OCHOBHBIE HEJIOCTAT-
KI — 3aBEJIOMO HEBEPHOE IIPEIITOIOKEHNE O HE3aBUCUMOCTHU BEPOSITHOCTH
0YEepEeHOrO CJI0Ba OT OoJiee JJIMHHON MCTOPHUH, UTO 3aTPYIHSET paboTy
U He IO3BOJIAET MOJEIUpPOBaTh Oojiee riybOKue CBA3U B d3bIKE; U KO-
JIOCCAJIbHBIE, HO BCE-TaK! HEJIOCTATOYHBLIE JJIS MOJIYUIEHUS JTOCTOBEPHBIX
OIIEHOK O0bEeMbI 0OYYaIoNInX JTAHHBIX. B caMoM Jejie, ecjii CJI0Baphb CO-
nepzxut N CJIOB, TO YMCIO0 BO3MOXKHEIX 1ap cioB oyaer N2. daxe eciu
tosbko 0,1% OT HUX peasbHO BCTPEYAIOTCS B S3bIKE, TO MUHUMAJBLHO
HEOOXOIUMBIIl 00beM KOPITYCa JIJIs TMOJIYIEeHUs CTATUCTUIECKU JTOCTOBED-
HBIX OIIEHOK OY/IeT UMeTh HOPSI0K 125 MJIp/I. ¢JI0B Uiin 0KoJio 1 Tepabaiita
pu CIenuaabHo nogodpanuoM kopiryce. Jlms TpurpaMm MuHUMAJIbHBIE
KopItyca OyJlyT JOCTUTaTh PA3MEPOB B COTHU U THICAYN TepabaiiT.

Uit IpeoioNieHnst 9TOro HeJIOCTATKa HMCIOIb3YeTCsl Pa3BUTHIN allia-
paT TEXHUK CIVIAXKUBAHUS, KOTOPbBIE TTO3BOJISIIOT TPOU3BOJINTH OIEHKY ITa-
paMeTpOB MOJEIN B YCJIOBHUSAX HEJIOCTATOYHBIX MJIM BOBCE OTCYTCTBYIO-
MUX JAHHBIX. JIpyruM oaxo10M K PEIeHnIO TOU »Ke IPO0JIeMbl SABJISIETCSI
KJIACTEPU3AIUASA CJI0BAPS, MTO3BOJISAIONIAA COKPATUTD MOJIE/Tb.

st ananmsa KavdecTBa CTATUCTUYECKUX SI3BIKOBBIX MOJIEJIEN pH-
HSITO MCIIOJIL30BATH TAK HAa3bIBaeMblii KO3(hMUIMEHT HEOlPe e/ IeHHOCTH
(perplexity coefficient), BBesennblii B [22|, KOTOpBIH MOXKeT OBITH IPO-
MHTEPIPETHPOBaH Kak (MreOMEeTPUYECKOe) CpejlHee BeTBJIEHHEe B JIAHHOI
Mojtestn [34].

st n-rpaMMHOIT Mojies i KO3(MAMUIINEHT HEOIPEIEIeHHOCTH 3a,1aeTCsI
dopmyIoii:
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-1
perplexity = ( IVH Plwiy |wiy_, - 'w’ikn+1)> J

TJe Wi Wi, - .- Wi, — €CTECTBEHHBIN A3bIK, 3aJaHHBIH HEKOTOPBIM KOPIIy-
COM TEKCTOB.

Herpynuo Buierh, 9T0 KOI(DDUIMEHT HEOUPEIETEHHOCTU SIBJISETCS
dbyHKIMEH 0T TOCTPOEHHON SI3BIKOBON MOJIEM M €CTECTBEHHO si3bIKa (1
TEKCTOBOIO Kopiyca). Takom 00pa3om, npu (hUKCUPOBAHHOM $I3bIKE OH
[IO3BOJISIET CPABHUBATL PA3JIMYHBIE A3bIKOBBIE MOJE/H, & IIPU (PUKCHPO-
BaHHOM THIIE MOJIEJI — OIEHUBATDH CJIOKHOCTH CAMUX €CTECTBEHHBIX SI3bI-
KOB.

«YHucreie» n-rpaMMHBIE MOJIEIN HE TPUMEHUMBI JIJIsI KCITOJIb30BAHMUSI
B paclio3HaBaTe/sIX PyccKoil peun (cMm., Hampumep, [37]), uro Tpebyer
ux MonuduKaIruu. ABTOpaMu pejIoXKeH OIUH U3 MOIXOI0B K CO3TaHUIO
dopMaILHBIX MOJIE/IEl PYCCKOTO SI3bIKa HA OCHOBE N-TPAMM, O UeM IOHIeT
pedb HUXKeE.

10. OcHOBHBIE OTINYNS PYCCKOTO sI3bIKa OT aH-
I[JINAICKOT'O

OcHOBHBIC OTJINYMS PYCCKOT'O 4d3bIKa OT AHTJINICKOTO

caeyromeil Tabsine:

OpuBEJICHLI B

Awnrymiickuit| Pycckuit
MomnocTs cioBapsi HavaabHbIX Gopm cioB | 70-90 Teic., | 120-150
(TMnMYHAA ¥ MAKCUMAJILHAA) 10 120 TeiCc. | THIC., J10

200 ToIC.

MomnocTs coBapst ciioBoopM 120-150 2.5-3.5

TBIC. MUTH.
YHucso ciaoBodopm Ha 1 ciaoBo 1.7 o 100
Mudopmanus o cBA3M CJIOB BBIPAXKAETCH IPU | MOPSIIKA Caosodopm
ITOMOTITA CJIOB
Heompesienénnoctsd (Gurpammbl) ~ 100 >> 700

Hamu 6bL1m TpoBeIeHBI UCCIEIOBAHNSI, KOTOPhIE COCTOSIIN B aHAJIN3E
IPUMEHUMOCTH CYIIECTBYIONMX MOJIeJiell K pycckoMmy si3biKy |21]. Bouam
IIPOBEPEHBI CJEAYIONe MOAE/IN: CTaHIapTHBIE N-IPaMMbL (/:LJIH n=2mu
3) U n-rpaMMbl CO CBOOOJIHBIM TIOPSIIKOM CJIOB. [[Jist 9KCIIepUMEHTOB ObLIT
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pa3paboTaH MMakeT IPOrpaMM, KOTOPBIH MO3BOJISET CTPOUTD HOJIHBIA CIIU-
COK M-T'PaMM I10 JAHHOMY TEKCTOBOMY KOPITYCY, UCIIO/IL30BATH CIJIaKNBa~
Hre (pean30BaHa TEXHUKA JHHEHOrO cOpachiBaHust U TOpMOXKeHUs [34]),
BBIUNCJISITh BEPOSITHOCTH TIPETOXKEHU, KOIMDPUIIHMEHT HEOIpeIeIeHHO-
CTH TeCTOBOI'O KOpITyCa, W T.J. DblIa TakxKe co3jaHa cucreMa Mopdo-
JIOTUYIECKOTO aHAJN3a PYCCKUX TEKCTOB, PADOTAIONIASI IO/ YIIPABICHUEM
cioBaps Ha 150 TBIC. OCHOB.

[Tpu mpoBepke mpocTeiiieil A3bIKOBON MOJen (n-rpamMMm ¢ n = 2)
0Ka3aJI0Ch, YTO YHCJO Map CJIOB, BCTPETUBINUXCA B Kopiryce u3 100 muH.
CJIOB IO OJHOMY pasy, coctasuso Gomee 92%, a koaddunment neompe-
nenennoctu mpeBbicu 500. s n = 3 curyanust okasajach €le Xy2Ke.
Tem camMbIM OBLIO TOATBEPKIECHO AIIPUOPHOE YTBEP:KIEHUE O HEIPUMeE-
HUMOCTH CTAHIAPTHOTO CTATUCTUIECKOrO IOJIXO0JIA JJIsi PYCCKOTO SI3BIKA.
[Tocste aTOrO 6GBHLIM MPOTECTHPOBAHBI €Ille ABa MoAX0aa. 1lepBblil MOIX0T
— C HCIIOJIb30OBAHUEM N-TPAMM CO CBOOOIHBIM TOPSITKOM CJIOB — OBLT ITPH-
3BaH yAAJUTH U3 IPAMMATHIECKOH HH(MOPMAIINK TOPSIIOK CJIOB, a BTOPOM
— IIPEOJIOJIETh TPYIHOCTHU, CBA3AHHDLIE ¢ OOJIBITUM KOJUYIECTBOM CJIOBO-
dopmM.

N-TPAMMBI CO CBOOO/IHBIM TIOPSIJIKOM CJIOB BBOJIATCS CJIELYIOIINM 00pa-
30M. BepogTnocrn knaccmaecknx n-rpamm P(w;, [wi, .. wy, ) 3aMe-
HsroTcsa sepoarnoctavn P(w;, [{wi, | ... wi,_, , }), nae durypube ckob-
K 00O3HAYAIOT MHOXKECTBO, TO €CTb SI3bIKOBasl MOJIEJb HE YUIUTHIBAET
MOPAIOK MEPBBIX 1 — 1 CJIOB B n-IrpamMe. BbIIo moka3aHo, 9Ta Moandu-
Kallisl He MIPUBEJIA K CYIECTBEHHBIM YJIYYIIeHUIM.

Bropoit moaxo 661 OCHOBaH Ha PA3JIOKEHUH ODINEl sI3bIKOBOH MO-
JIeJIV Ha JIBE COCTABJISIIONINE: MO/JIE/Ib, OCHOBAHHYIO Ha, MOP(OJIOTHU U MO-
JleJib, OCHOBAHHYIO Ha HadaJbHBIX (popMax cjaoB. g KaxKmooil m3 3Tux
MoJiesielt 3aTeM ObLIT MMPUMEHEH IOIXO Ha OCHOBe n-rpamm. Mojenb, nc-
HOJIB3YIOIIAsi TOJILKO MOPdOIornio (Ha3BaHHAsI HAME KATETOPHOIl 9acThio
SI3BIKOBOM MOjiesin ), Oblia mocrpoena st n = 3. Vtorossrit koaddurm-
€HT HEeONPEJICJIEHHOCTH JIJIsi 9TOW MOJIeJIn oKa3aJicsd paseH 21,93. B kaue-
CTBE BTOPO#l COCTaBJSIONIEl TpaMMaTUKN ObLITa B3sITa N- TPAMMHAS S3bI-
KOBasl MOJIe/Ib, IIOCTPOCHHAs HA HAYaJbLHBIX popMax cIoB. B pesyibrare
SKCIIEPUMEHTOB VIAJIOCh YCTAHOBUTH, YTO KOI(MPUIMEHT HEOIpeIesIeH-
HOCTH 3TOW MOJIeIM NMPUMEPHO B 2-2,5 pa3a BbBIIIE, 9YeM B CJIydae aH-
riiickoro si3bika (okos1o 230 B Hamieir Mogesn nporus mpumepHo 100
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B, Hanpumep, [41]). Panee nosmyvanuch jmmb HuzKHEE ONeHKEH KO3hdhU-
[IMeHTa HeolpeaeaeHHOCTH. MOXKHO HAHIesIThCsI, ITO MPUMEHEHHEe 3TOTO
IIO/IX0/1a, TTO3BOJIUT Pa3pabOTIYNKaM HCIIOJIb30BaTh BCE IMPEUMYIIECTBA 7~
FPAMMHBIX MOJIeJIell PUMEHUTE/ILHO K PYCCKOMY sI3BIKY. Kpome Toro,
BbIjIejIeHIe MOP]OI0rndecKoil nHMOPMAINA B HE3ABUCUMY IO MOJIE/Ib 103~
BOJISIET CIPABUTLCS C MIPODJIEMON aKyCTUICCKON IMOXOXKECTU PASTHIHBIX
CJI0BOhOPM OJTHOT'O M TOTO Ke CJIoBa. 1IpeyioxkenHoe perenne mpobieMbl
MOYKeT OBITh 3(PHEKTUBHO MCIOJIB30BAHO JJIsT MHOTUX SI3BIKOB, TIIE€ UNC-
JIO CJIOBOOPM JOCTATOYHO BEJUKO, HAIIPUMED, IJIsT SI3HIKOB CJIABIHCKOMN
TPYIIIIGL.

11. 3akJrouyeHue

B Hacrosimee BpeMst UMEIOTCSI YCJIOBUST JIJIsSI CO3JIAHUST TOJTHOTEKCTO-
BOI'O PACIIO3HABATEJIS CJIMTHON PYCCKoit peun. OTIMIuTeIbHON 0COOCHHO-
CTBIO PACIIO3HABAHUS PEUM Ha PYCCKOM SI3bIKE sIBJISIETCS] HEIIPUMEHUMOCTD
SAABBIKOBBIX 7-IPAMMHBIX MOJIEJICH, YCIEIHO HUCIOJb3yEeMbIX B CHCTEMAaX
pacIioO3HaBaHUS Ha aHTJINHACKOM si3bike. C paspaboTKOil SI3BIKOBBIX MOJIE-
Jiefl PyCCKOTO sI3bIKA W WX MPOBEPKON M MpUMEHEHHEM Ha MPAKTHKE ITO
6eJioe MATHO JOJIPKHO OBITH 3aKpbITO. JIpyruM y3KuM MeCcTOM 3TOro Ha-
MPABJIEHUST JIOJITOE BPEMsl SIBJISIIOCH OTCYTCTBHE TEKCTOBBIX U PEUEBBIX
6a3 JIAHHBIX, CyMMAapHbBI# 00beM KOTOPBIX OBbLT ObI JOCTATOYEH JIJIsi 00Y-
TeHMsT TAPAMETPOB peteBoil Mojiesin. B mocieame roipl Hadaaach paboTa
0 CO3JIAHUIO TTOJIOOHBIX 6a3 TAHHDBIX, OJTHAKO TIOKa, X OOIIHIit 06beM HeJ10-
craroueH. Kpome TOro, co3jtanne CucTeM paciio3HABAHUST PEYU HEBO3ZMOXK-
HO 6€3 COOTBETCTBYIONIEro (PUHAHCHPOBAHUS TUX Pa3pabOTOK.

Kadeapa maremaTutieckoit Teopun UHTEJUIEKTYAJIBHBIX CUCTEM HMEET
KOJIJIEKTHB MCCeI0BaTEell 1 pa3pabOTINKOB, 3aHUMAIOIIIXCST CO3/IAHI-
€M IMPUKJIAJHBIX CUCTEM B OOJIACTH PACHO3HABAHUSI U CUHTE3a PEUEBBIX
obpa3oB B Teuenwue nocjeauux 10 jeT, B TOM YUC/I€ B pAMKaX COTPYIHU-
YeCTBA ¢ OTEYECTBEHHBIMU U 3aPYOEKHBIMU [TAPTHEPAMU, U OTKPBITA JJIsI
JIaJjiora ¢ 3aKa3dyuKaMiu U paspaboTInKaMU.
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