O mocTpoeHUM CTATUCTUYUECKUX
A3BIKOBBLIX MOIEJen IJsd CACTEM
pacno3HaBaHUA PYCCKOU pedn’

A.B. Xomxomzenko

ECTecTBeHHBIN A3LIK — PE3yJbTaT MHOTOBEKOBOU MapaJLIeab-
HOU PAbOTHI OPPOMHOIO YMCIA HOCUTEJNEU A3LIKA, — IMPUHIIUTAATD-
HO OTJIMYAETCA OT CAYyIalHBIX KOMOMHAIIME CJIOB U OT (hOPMAaJIb-
HO MIOCTPOEHHBIX A3BIKOB. OIHON M3 OCHOBHBIX €0 OCOOEHHOCTEN
ABIAECTCA M3OBITOMHOCTD, MO3BOJIAIONIAS MOHMMATH HCKAXKEHHYIO
peds. Popmanusanys >TOro Npouecca CTATKABACTCA ¢ TPYAHOCT-
MU GOJIBIINX 0OBEMOB TEKCTOB (TOJBKO B HUX MOXKHO BBIABUTH A3BI-
KOBBIE OCOGEHHOCTH, & He B IPOCTOM crucke ¢ppas). B rakux cayqa-
X €CTECTBEHHO MCCAENOBATH PA3IUIHLIE IPUMEHEHUSA TaCTOTHBIX
XapaKTEPUCTUK B TEKCTOBBIX 06a3aX NAHHBIX.

OTa CTAThA OMUCHIBAET PE3YIbTATH UCCICIOBAHUA PASIUIHBIX
CTATUCTUYIECKUX TOAX0J0B K Pa3pabOTKe A3LIKOBLIX MOIETEU /A
CO3MaHMA CUCTEM PACIO3HaBaHUA pycckou pedu. [lokaszamo, aTo
Takue OCOOEHHOCTH PYCCKOrO A3bIKA, KaK OOJBIIOE YUCIO CJIO-
BOOPM U CBOOOOHBIM MOPAMOK CJIOB B MPEIJIOXKEHUM, HE NAIOT
BO3MOXHOCTHU UCIOAb30BAThH CTAHJAPTHEIE U XOPOIIO pa3paboTaH-
HbIE [JsA IPYTUX SA3BIKOB METOMHLI, C YCIEXOM MPUMEHSIONINEC Ha,
npakTuke. /[ Kopimyca, COCTOAINEro u3 TEKCTOB JEJI0BOU IPO3H,
HAyIHO-TEXHUIECKOU TEMATHUKYU U I'a3eTHHIX IyOJUKAINN, Y IaJ0Ch
IPEONOETH CIOKHOCTH, CBA3AHHEBIE CO CBOOO THBIM MOPS IKOM CJIOB.
[na permmenus npobIeM, CBA3AHHLIX C OOJBIIMM KOIUIECTBOM CJIO-
BOOPM, IPENTAraeTCs PA3AeIuTh SA3BIKOBYIO MOAEIb HA U3MEHs-
eMyio (OCHOBaHHYIO Ha MOP(MOIOIMIECKON UHMOPMALUK) U IIOCTO-
SHHYIO (OCHOBAHHYIO HA HAYAJIBHBLIX (DOPMAX CIOB) YACTHU U PEIIATH

*Pabora BeimoareHa npu nogaepxke dupmer Intel Corporation, USA.
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3a0ady IJIA KaXIOU U3 HUX HE3aBUCHMO. [Ipym 5TOM CI0KHOCTD Ka-
K IOU MOArPAMMATUKN OKA3BEIBAETCA IPUEMAEMON I €€ PEeaTm3a-
uuu B paboraromen cucreme. Onucan pa3zpabOTaHHBIA TAKET [IPO-
rpaMM, NPEIHA3HAYEHHBIX [ MOCTPOSHUS BHIIIEYKA3AHHBIX 10/~
rpaMMaTHUK.

1. BBegenue

[l MHOMMX A3BLIKOB, TAKUX KAK AHIVIMACKNAN, (PPAHIY3CKUYU, KATAK-
CKHU ¥ T.I. Pa3pabOTAHBI CTATUCTUIECKWUE SA3BIKOBBIE MO/ETH, [TPWH-
[UIUAILHO yIyYIIAIMe PACIO3HABAHUE CAUTHOM peun. [lna pyccko-
r'0 A3BIKA PA3IUIHBIMU UCCACAOBATENAMI PA3PAbOTAHBI ABTOMATUIECKAEC
MO/YJId, TO3BOJIOUIME NPOBOAUTE MOpdoaorudeckuu (1], cuHTaKcuIe-
CKUY [2] ¥ 9aCTUYHO CEMAHTUYECKUN [3] AHAIU3 IPEIJIOKEHUN ¥ TEKCTOB.
HecMmoTps Ha TO, 9TO BTH MOAXOABI XOPOUIM B HEKOTOPBIX CUTYAIUAX,
CBA3AHHBIX ¢ 00Pa0OTKOW TEKCTOBBIX JAHHBIX HA €CTECTBEHHBIX A3BIKAX,
OHU MMEIOT OY€Hb ONPAHUYEHHOE IPUMEHEHUE [ 334a9U PACIO3HABA-
Husa peun. Kak mpaBuio, OHE 00€CIeIUBAIOT BEICOKYIO TOYHOCTD AHAIU3A,
OPENIOKEHNA, HO MPU 3TOM TPEeOYIOT 3HAIUTENbLHBIX BBIMUCIUTENLHBIX
PeCypCOB, HAIMYUA BCErO MPENIOKEHUA A Hadala aHAIA3A W HE pa-
60Tal0T ¢ MHOTOBAPUAHTHBIMA CIydagMu. HeqocTaTkw TpaauIrmOHHBIX
MOJeNel MPUBOAAT K HEOOXOAUMMOCTH Pa3pabOTKU AIbTEPHATUBHBLIX, B
TOM 9MCJe CTATUCTUYIECKUX, HOAXOM0B K MOAETupOBaHuIo a3bika. OqHa-
KO YIOBIETBOPUTEIbHBIX CTATUCTUIECKAX AZBIKOBBIX MOIEJIEH A CJIa-
BAHCKOU T'DYIIIBL A3BIKOB, U B TOM YHCJ€E A PYCCKOT'O A3BIKA, MO3BOJI-
IOIAX KCIOIb30BATh UX B CUCTEMAX PACIO3HABAHUA Pedd, MO CHX IOP
HET.

OCHOBHBIME OTIMIAAMHU CIABAHCKUX A3LIKOB OT, HAIIPUMEP, AHTIA-
CKOT'O SBIAIOTCA:

1) cymecTBeHHO GOIBLIIEE KOAMIECTBO CAOBOMOPM A KAXKAOTO CIOBA
n

2) cBOOOHBIN NOPAJTOK CJIOB.

IOTU 0COGEHHOCTU MPUBOAAT K CYIIECTBEHHBIM TPYMIHOCTAM DU CO-
3AHUU A3LIKOBLIX MOJEIEN, OCHOBAHHBIX HA CTATUCTUICCKUX MOAXOIAX,
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TAKWX KaK, HAPUMEp, n-rpaMMbl 1 ux Bapuanuu [4]. CBo6ogHBIN mOpPs-
IOK CJIOB «Pa3MBIBAET PETrYIAPHOCTHY B IPEIIOXKEHUAX A3BIKA, & 0O0Ib-
11oe KOJIUIeCTBO CJI0BOMOPM IPUBOAUT K 3HATUTEIHLHOMY POCTY CIOBapA.
Kpowme Toro, 60abumaCTBO CI0BOMOPM OMHOTO U TOTO XK€ CIOBA OTJIU-
qal0TCA TOIBKO B OKOHYAHUAX, KOTOPBIE IPOU3HOCATCA OOBITHO HE TaK
YeTKO, KAK HAYANa, CIOB. JTO HPUBOAUT K TOMY, 9TO KCIOAL30OBAHUE
cI0BOGOPM KaK OTAEIbHBIX HE3aBUCUMBIX CJIOB CIOBaps (KakK 5TO gera-
€TCsA, HAIIpUMEDP, BO MHOTHX CyMIECTBYIOIINX CUCTEMAaX PACIO3HABAHUA
[UIST AHDVIMUCKOT'O f3BIKA) IIPUBOAUT K OONBIIOMY KOIXYIECTBY OMIUOOK
pacno3HaBaHAA.

OCHOBHOU [ENTBIO TAHHOU PpabOTHL ABIAIACH TPOBEPKA, IIPUTOIHOCTHI
CYIIECTBYOMXX MTOAXO0I0B JJIA CO3 JAHUA S3BIKOBBIX MOIEJIEH I IOCTPO-
EHUA PYCCKHX CHCTEM DACIO3HABAHUA PevM (BO3MOXKHO, C HEKOTODBI-
MU JONOJHEHWAMH) U /Wi pa3paboTKa HOBBIX METOAOB, IPUTONHBIX I
oron memm. VccrnemoBaHWA BEMWCh B MPEATIONOXKEHUU, ITO pa3pabaThi-
BaeMble S3BIKOBBIE MOJENU MOJKHBI OBITH MPUTOAHBI K MCIOIb30BAHUIO
B MHOT'OIENEBBIX CUCTEMAX PACIO3HABAHWUA PEYM, HAIPUMED, MJIA [UK-
TOBKHU IIPOU3BOJbHBIX TEKCTOB M MODTOMY OCHOBHOE BHUMAHUE Y IEJA-
JOCh TAKUM MOJEMAM, KOTOPBIE MOI'YT OBITH aBTOMATUIECKH OOYyIEeHbI
Ha KOPILycax 00JbIIMX pasmMepos. [Ipyrue moaxonsl, TpeGyommue BMena-
TEABCTBO DKCIEPTA B MPOLECC 00yYeHUs, HAIPUMED, MOIEIN, OCHOBAH-
HBbIE HA, CEMAHTUKE, B 3TOU paboTe HE PACCMATPUBAINUCD.

Bce wuccregoBaHus, ONUCHIBAEMbIE ajee B HACTOAIIEH paboTe, Ipo-
BOAWINCH HA [BYX TEKCTOBBIX KOPIYCAX: YacTU TyOIUIHOU DIEK-
TpoHHOU OubrmoTexku Makcuma MamkoBa (pacIONOXEHHYIO IO anpecy
http://www.lib.ru, okono 70 muH. cioB) u apxuse «HezaBucumon rasersn
(oxono 30 maH. cI0B).

[a ucnoas3oBanusa Mopdoaorudeckon nadgopmanuu, ObL1a paspado-
TaHA OPUTUHAIBHAA CUCTEMA MOP(OJIOTIIECKOrO AaHAIN3A, BKIIIOTAIONIAL
MHCTPYMEHTHI IJaA MOP(OJOrHIECKOr'0 AHAJIU3A CJIOB, TO €CTh OIpeme-
JEHU MOP()OMIOruIeCKUX XapaKTEPUCTUK CIOBO(POPM, OIPEIEICHAs Ha-
JaIbHOU POPMEL CIOBA IO MI000M ero CI0BO(QOPME M HOCTPOEHHE CIIUCKA,
BCEX CJI0OBOOPM A 33, JaHHOI0 CI0Ba. ClI0BAPH IMOACUCTEMBL HA, JAHHBIN
MOMEHT BKIIO9aeT 0KOIo 150 Thic. c1oB (0KOIO 2,5 MIH. CIOBOHOPM).
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2. CoBpeMeHHO€e COCTOAHHE A3LIKOBBIX MOJe-
Jen

B macrosmee BpemMs OCHOBHBIM IIOAXOAOM K ITOCTPOEHUIO A3BIKOBBIX
MOJIeTIeN I CUCTEM PACIO3HABAHUA PEUU SABIACTCA UCIOIL30BAHUE All-
mapaTa CTaTHCTUYIeCKuX MeTonoB. [Ipu 5ToM Mogens B TaKOM IOHEMA-
HUZ — IPOCTO PacCIpefeNeHne BEPOATHOCTN HA MHOXECTBE BCEX IIpe[-
JOXEHUN A3BIKA. KCTECTBEHHO, ITO XPAHUTH MOMEIb B TAKOM BHE He-
BO3MOXHO, II0DTOMY HUCIOIL3YIOT O0/lee KOMIAKTHBIE CIOCOOBI 33 aHUA.
PaccmoTpuMm BKpaTne, Kakue MOIEIN UCHOIL3YIOTCSI CETOTHA B KOMMED-
YeCKUX U DKCIEPUMEHTAIBHBIX CUCTEMAX PACIIO3HABAHUA PEYU C HEOTPA-
HU'IEeHHBIMU CIOBAPAMU.

2.1. n-rpaMMBbI

S3BIKOBBIE MO/Ienu, OCHOBAHHBIE HA 7-UPAMMAaX, UCIOAB3YIOT ABHOE
[OPEIOJOXKEHNE O TOM, ITO BEPOATHOCTD HOABICHUA OIEPEIHOTO CIOBA B
[IpPEeNIOKEHNHN 3aBUCUT TOJIHKO OT mpenbiayiux 1 — 1 cioB. Ha mpakTuke
HCIONB3YIOTCA MOzaeaun co 3uadeHmsavu n = 1,2, 3 u 4. Haubonee yna«-
HOU MOJENBI0 M3 DTOr0 KJIACCA IS AHTIMUCKOTO S3BIKA OKA3BIBACTCS
TpUrpaMMHaA MOAeTh. Bce HOBBIE MOMETN IPAKTUYIECKA BCErA OLEHU-
BAIOTCA MO OTHOIIEHUIO K TPUrPAMMHOUN Moxenu. Ha ceromHanHmm nenb
IPAKTUIECKN BCE KOMMEpPUECKNe CUCTEMbBI PACIO3HABAHUSA PEYIU UCIOIb-
3YIOT N-TPAMMHYIO MOJEIb B TOU miu uHOU (popme. [lpu pTom BeposaT-
HOCTB BCET'0 MPEIOXKEHNA BEIIUCAACTCA KaK IPOU3Be[eHre BEPOITHOCTHU
BXO/AIIIIUX B HE'O N-T'PAMM.

OCHOBHBIM [OCTOMHCTBOM JaHHOTO KJIACCA MOMENEN OKA3BIBACTCS
BO3MOXHOCTH ITOCTPOEHUA MOAEIU IO 00y IaoUEeMy KOPIIYCy AOCTATOqT-
HO OOJBLIOrO pa3Mepa X BBICOKAsA CKOPOCThH paboTel. OCHOBHBIE HE[O-
CTATKA — 33BEIOMO HEBEPHOE IMPE/IOJOXKEHNE O HE3aBUCHMOCTH BEPO-
ATHOCTU OYEPEIHOr'O CJIOBA OT (ojiee MIMHHOU HUCTOPUHU, ITO 3aTPY.I-
HiIeT pabOTy W He TO3BOJAET MOJEAUPOBATH Oosee ruybOKue CBA3U B
S3BIKE U KOJOCCAJIbHBIE, HO BCE-TaKW HEAOCTATOTHBIE IS IIOJIY ICHUSA [O-
CTOBEPHBIX OIEHOK 00BeMbl O0ydaromux AaHHBIX. B camoMm gnene, eciau
c10Bapb cogepxkuT N CIOB, TO YHCIO BO3MOXHBIX map CI0B Oyzer N2.
Maxe ecau ToabKo 0,1% 0T HUX pealbHO BCTPEYAIOTCA B A3BIKE, TO MHU-
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HUMAJIBHO HEOOXOTUMBIN 00BeM KOPITYCa I MOLY 9€HUA CTATACTAIECKN
ITOCTOBEPHBIX OIEHOK OyJeT MMeTbHb MOPAAOK 125 MJDA. CIOB MIA OKOJIO
1 TepabauTa mpU CIENUAIBLHO TOMOOpAHHOM Kopmyce. [lis Tpurpamm
MUHUMAJIbHBIE KOPIIyCa OyAyT AOCTATATH PA3MEPOB B COTHU W THICAYU
TepabauT.

[lJ1s1 TpeooNeHns STOT0 HEJOCTATKA UCIOAb3YeTCA PA3BUTHIA AIIIA-
paT TEXHUWK CIVIAXXWUBAHUA, KOTOPBIE IMO3BOJAIOT IIPOU3BOAUTH OLEHKY
mapaMeTpOB MOJENN B YCJIOBUAX HETOCTATOYHHIX WJIW BOBCE OTCYTCTBY-
OIUX JaHHBIX. [[pyruM moaxomaoM K PeIeHnto TOU ke TpoOaeMbl SBJs-
eTCA KIACTEePU3AIU CA0OBAPS, MO3BOIAIONIAA COKPATUTL MOENTb.

2.2. Mojenu, OCHOBaHHBIE HA A€PEBbAX PeEIICHUN

ITOT KIACC MOJIEJIEN UCHIOIb3yeT NePEBb PEIIEHUN I OLEHKU PAC-
OpEeeNeHnA BEPOATHOCTEN OYEPENHOrO CIOBA, 10 M3BECTHOU WMCTOPWM.
ITox mepeBoM pelIeHUN MOHMMAETCA OMHAPHOE AEPEBO, KaXIOU JUCTO-
BOU BEPIIMHE KOTOPOrO HPUNUCHIBAETCA PACIPEAETEHUE BEPOATHOCTEN
HA CJIOBape, a OCTAILHLIM BEPIIMHAM IPUIIACHIBAIOTCA IPEIUKATHL, Ope-
IEJEHHBIE HA MHOXECTBE MCTOpUH. B mpomecce paGoOThl TAKOW MOLETH
BO3HHUKAET IIyTh OT KOPHA JepeBa OO ONHOU M3 ero JUCTOBLIX BEPIINH,
pacmpeneseHune B KOTOPOU U 00BABIACTCA PE3YAbTATOM PAOOTHl MOIEIH.

HecMoTpsa Ha TO, 9TO A€PEBbs PELIEHUN OYEHb MMOMYAAPHBI B PACIO-
3HABAHUHU PE4M, UX HCIOIL30BAHUE B 33Ja9aX A3BIKOBOIO MOIEIUPOBA-
HUA HATAJIKUBAETCA HA CyIIECTBEHHBIE TPYMAHOCTHU, B IEPBYIO OYepenb
13-33, KOJOCCAJILHOT'O0 00beMa aHAIM3NPYEMOU MHpOpMAIuu. XOTA Teo-
PETHYECKHU DTU MOJEMU CIOCOOHBI MOKA3aTh CyNIECTBEHHOE YJIyqIICHUE
IO CPABHEHUIO C, HAIIPUMED, N-TPAMMHBIMA MOIEIAMU, HA IPAKTUKE HE
M3BECTHO HU OJHOU YAAMHOrO MpUMeEpa UX MpUMeHeHHsa. B HacTosAmee
BPEMA DTOT THIT MOJENEN MPAKTUIECKA HE UCIOAb3YETCA.

2.3. Mogaeau, OCHOBaHHBIE Ha Teopuu (POPMAIbHBIX
A3LIKOB

K sTOMy KI1acCy OTHOCATCS MOAEIN, UCITOIB3YIONINE PA3BATHIN ATIIIA-
paT Teopuu POPMATLHBIX A3BIKOB LA TPEICTABICHUS JUHIBUCTUIECKOU
uadopmaruu. [Ipu 5TOM MOAXOME €CTECTBEHHBIN A3BIK OMMUCHIBAETCA IPU
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DOMOIIM CUCTEM MpaBwi. [IpuMepaMu TAKUX MOAEJEd MOLYT CIyXKUThb
cereBble rpaMMaTuku Byzaca [5] (o npumeHeHun sTUX MOnenen s Mo-
IeINpPOBAHUA €CTECTBEHHBIX A3BIKOB CMOTPH TakXe [6]) M rpaMMaTUKu
saBucumocren [7]. (Caegyer ormMeTuTsh, 9TO, KAK JOKA3AHO B yKA3aH-
HBIX paboTax, 06 MOAEIN MOPOXIAIT B TOYHOCTH KJIACC KOHTEKCTHO-
CBOOONHBIX SA3BIKOB).

OOBIYHO TpaBWIA, A TAKAX A3BIKOBBIX MOJEJEN CTPOATCA «BPYdU-
HYIO» HCCAEOBATENEM, UTO COIPAKEHO CO 3HAIUTEAbHBIMEU TPYIHOCT-
MN. O/IHa,KO TOYHOCTbH Ta,KOﬁ MOOEa OKa3bIBACTCA CYIIECTBCHHO BBIIIEC,
YeM TOYHOCTH IIPOCTBHIX IPAMMATHK, THUIA n-rpamMM. Tak, Hampumep,
B [7] yka3aHO, 9TO HOCTPOEHHAA TAKUM OOpPa3OM IDAMMATUKA AT AH-
DIMUCKOU «JEMIOBOM IPO3LI» MO3BOIAET MOCTPOUTDL MPABUILHOE IEPEBO
pa3bopa Qs GOJBIIEN YaCTU TECTOBOrO KOPIYCa, COCTABIEHHOIO U3 I'a-
3eTHBIX myOaukamui. [Ipu 5ToM o6ecmedmBaeTcsas MOCTATOYHO BHICOKAA
CKOPOCTB IPaAMMATUIECKOI'0 pa3bopa: aHAIN3 MPEIJIOKEHI IIPOBOJUATCS
3a BpeMsA HOPAAKA N>, Tae 1 - JIMHA TPe/I0XKeHNU.

K coxanenuioo, 5Tu A3BIKOBbIE MOJEIW TAaKXke 00IaJaroT PALOM He-
IOCTATKOB. Tak, HAIIPUMED, DTU MOAENN OKA3bIBAIOTCA U3JIUIIHE «KECT-
KUMW», TO €CTh HE MPOIMYCKAIOT IPEJIOXKEHNUA, HE YKIAABIBAOMINECA B
HuX. /1 OIpeomoneHns STUX OTPAHUYEHUN ObLIU Pa3pabOTAHBI BEPOAT-
HOCTHBIE 06001enus sTux Moaenen [8]. Onu coueraroT B ceGe npeumyie-
cTBa 06enx MOIeIel, TO3BOJIAA UCIOIb30BATh KaK 60jee NIyOOKNe CBA3M,
CYWIECTBYIOLUME B €CTECTBEHHOM A3BIKE, TaK U OOBIYHBIN 7-I'PAMMHBIN
HOAXO0J, 00ECIeIUBAIOIIAN (YHUBEPCATBHOCTEY IOCTPOEHHON A3BIKOBOU
MOIEJH.

Eme onqua BO3MOXHBIU MOAX0] K ucnoab3oBanuio KC-rpaMmaTuk B
KJIACCHIeCKOU hOpMe MOXKHO HauTH B [9].

2.4. ApmanTuMBHBIE MO JeJIN

ITOT KJIACC MOJEJIEH UCIOAb3YeTCA B CATYAIMAX, KO A2 00y Iatorme
U TECTOBBIE JAHHBIE CYMIECTBEHHO PA3IUTIAIOTCA UK HE XBATAET JAHHBIX
st 0Oy 9IeHUsT A3BIKOBOU MOJMENU IS KaKOU-Au00 IMpeaMeTHON 06macTu
U MPUXOIUTCA UCTIOAB30BATD TAHHBIE U3 APYTUX MPEIMETHBIX 00IaCTen.
[Tpu 5TOM OCHOBHAA MOJAEIH CTPOUTCA IO 00y IAIOUEMY KOPIIYCY, a IO Me-
pe paboTHI CAMOT0 PACIO3HABATENA MOIEIbL KOPPEKTUPYETCA «HA JETYH
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C yIeTOM TOU MHMOPMAINHN, KOTOPAA U3BICKACTCA U3 PACIO3HABAEMOTO
TEKCTA.

2.5. AHaau3 xadecTBa MO Je/Ien

XoTa mpu MOAEIMPOBAHUK CUCTEM PACIO3HABAHUA PETIM €CTECTBEH-
HO OGBLIO GBI UCIONB30BATH TAKOU MAPAMETD, KAK CPEIHUA YPOBEHD OIIH-
60K IpU PACHO3HABAHUY, OJHAKO [ €0 BBIYUCJACHUsA MOTPEOOBATIOCH
OBI IPOBOAUTD TOJHBIN HKCIIEPUMEHT C PACIO3HABATEIEM, ITO HE BCETA,
yno0u0 1 Bo3MOoxHO. (Bonee Toro, 3amad1a noCTpOEHWA A3BIKOBON MO/I€E-
JII MOXET PEIIATHCA U BOOOIIE B OTPHIBE OT KAKOT'O-TO (PUKCUPOBAHHOTO
pACIIO3HABATE/S ¥ TOT/A BBIYUCICHUE CPEIHErO YPOBHA OMUOOK PACIO-
3HABAHWA OKA3BIBAETCSA HEBO3MOXKHBIM).

[MosToMy mmsa aHaIW3a KAYECTBA SA3BIKOBBLIX MOIEIEU MPUHATO WUC-
NOML30BATH TAK HA3BIBAEMBIN KOX(DMUIMEHT HEOmpeaeJeHHOCTH (per-
plexity coefficient), BBegennsu B [10], KOTOpBIM MOXET GBITH IPOMHTED-
OPETUPOBAH KaK (FEOMETPUIECKOE) CPeqHee BETBICHUE B JAHHOU MO/Ie-
au [11].

[Lst n-rpaMMHOT MOAeTn KO3MPUIUEHT HEOIPEIEIEHHOCTH 33, [aeTCA
dopmy.ron:

-1
perplezity = < A\’/H P(w;, | wiy_, - wik—n+l)> ,

rle Wi, Wj,...W;, — T€CTOBBIU KOPIYC, WA

. 1
log perplexity = N Zlog Pwi, | wip_y - wip 1)

Herpynuo BugeTh, 1T0 KO PUIMEHT HEOUPEAEICHHOCTHU SIBIACTCS
(YHKIZEN OT MOCTPOEHHOU S3BIKOBOM MOJEIM U €CTECTBEHHO A3BIKA (U
TEKCTOBOrO Kopmyca). Takom 06pa3om, mpu (HPUKCUPOBAHHOM A3BIKE OH
[IO3BOJIIET CPABHUBATH PA3JIUTIHBIE A3BIKOBBIE MOMEIN, a TpU (PUKCAPO-
BAHHOM TUIIE MOJENIN — OIEHUBATE CIOKHOCTL CAMUX €CTECTBEHHLIX A3HI-
KOB.

2.6. TexHuku criiaxmBaHUA

Kak yxe HEOJHOKPATHO 0OTMEYAIOCH, HA MIPAKTUKE 00y Iafomme [aH-
HbIE BCEra HEIOJHBI, TO €CTh 3HAYUTENbHAA IaCTh TEOPETUIECKU BO3-
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MOXHBIX N-TpaMM Jub0 BOOOIe OTCYTCTBYIOT, 00 BCTPEIAETC CIUII-
KOM PEIKO [Js TOrO, YTOOBI MOXHO OBLIO IPUMEHUTH CTATUCTUUECKUE
MEeTOMBI A OIEHKU BEPOATHOCTH UX MOABIeHUA. Eeam Takas n-rpamma
BCTPETUTCA BO BpeMs PabOTHI, TO MIPABWIBHBIA BADUAHT PACIIO3HABAHUS
OyLeT OTKJOHEH WIU ero BepPOATHOCTHL OyAeT CYIIECTBEHHO 3aHUXKEHA.
(3ameTum Takxke, 9TO KO2(DPUIUEHT HEONPEAETEHHOCTH JJIA TECTOBOIO
KOPpILyca, CoJepXKallero OTCYTCTBYIOUIYIO B TECTOBOM KOPIIyce n-I'paMMy
OKaXeTCs PABHBIM OECKOHEYHOCTH).

st mpeo goserus 3Toro 3G @deKTa UCHOIb3YIOTCI TEXHUKA CIIaKUBa~
HUA, KOTOPBIE IePeonpeleNdioT BEPOATHOCTH N-I'paMM TaKuM 006pa3oM,
ITO BCE N-T'PAMMBbI IIOJAYYIAaI0T OTJAUTIHBIC OT HYJ/JAI BEPOATHOCTU IIOABJIEC-
Hus. [Ipy 5TOM BEepOATHOCTHM MOABIEHWS HE BCTPEYABIINXCA WIN PETKO
BCTPEYIABUINXCA N-I'PAMM KOPPEKTUPYIOTCA C YIETOM N-I'PaMM MEHbIIIE-
ro nopsazaka. [logpo6Hee 0 TexHuKax craaxusaHus cM. [11].

3. AHaIM3 TNPUMEHHMOCTH CyIIEeCTBYIOIIAX
A3BIKOBBIX MO/JeJer M UX MO AU(pUKAIIMNI

[lepBas 9acTh UCCICNOBAHUA COCTOATA B AHAIU3E PUMEHUMOCTH CY-
MIECTBYIOMMX MOMJENEd K PYyCCKOMY A3BIKY. DBLIM IPOBEPEHBI CIEAYIO-
mye: cTaHgapTHBIE n-rpaMMbl (1a1 n = 2 and 3) # n-rpaMMBL CO CBO-
GOMHBIM TIOPALKOM CJIOB (CMOTPH JATEE).

[l DKCIIEPUMEHTOB € DTUM KIACCOM A3BIKOBBEIX MOJENEN ObLI pa3pa-
60TaH IMaKeT IMPOrPaMM, KOTOPBLIX IMO3BOJIAET CTPOUTDH IIOJHBIN CIKCOK
n-TpaMM [0 JAaHHOMY TE€KCTOBOMY KOPIIyCy, HCIIOIb30BATH CIIAXKABAHIE
(peaam3oBaHa TEXHUKA JIUHEUHOTO COPACHIBAHUA U TOpMOXeHwWs, linear
discounting and back-off, cm. [11]), BEIYHCIATS BEPOATHOCTHU LPEIIOKE-
HUM, KOO (DUIUEHT HEONPEAEIEHHOCTH TECTOBOrO KOPIyCa, W T. 1.

3.1. CrargapTHbIE N-I'PaMMbI

[Ipm mpoBepke MpPOCTENIIEN AZBIKOBOU MOAemu (n-rpamm ¢ n = 2)
0Ka3aJI0Ch, 9TO YUCJIO Hap CJIOB, BCTPETUBIINXCA B MOAHOM Kopiryce (100
MJIH. CJIOB) IO OJHOMY a3y, COCTAaBMIO Goree 92koddbunmenT Heonpeae-
aernoctu npessicua 500. s n = 3 cuTyanus okasanach eme xyxe. Tem
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caMBIM OBLIO MOATBEPXKIEHO allPUOPHOE YTBEPXKIeHUe O HeIPUMEHUMO-
CTU CTAHLAPTHOI'O CTATUCTAICCKOrO NOAXOAA OId PYCCKOTO A3BIKA.

[Tocne 5TOro 66LIM TPOTECTUPOBAHHI €lle ABa ToAX0a. [lepBoint mo-
XO[l IPU3BAH YIAJIUTH U3 MPAMMATUYECCKON WH(POPMAIIUYU TOPALOK CJIOB,
a BTOPOU — IPE0NOJIeTh TPYAHOCTH, CBA3AHHBIE C GOJIBIINM KOJUIECTBOM
CJIOBO( OPM.

3.2. n-rpamMmsbl CO CBOOOAHBIM IHOPAIKOM CJIOB

OTHU SA3BIKOBBIE MOJEIN BBOIATCA CIeAyiomuM o6pasom. BepoaTHo-
CTH KIACCUICCKUX n-rpaMM P(wy, | wyp_1 . ..w1) 3aMEHAIOTCS BEPOATHO-
cramu P(wy | {wp—1...w1}), rae durypable ckoOku 0603HATAIOT MHO-
XKECTBO, TO €CTh A3BIKOBAA MOJEIb HE YIATHIBAET MOPALOK MEPBBIX 7 — 1
cioB B n-rpamme. Kak Ob10 MOKa3aHO, 3Ta MOAuUKALWI HE IPUBEIA K
CYIIECTBEHHBIM YTy IIIEHUAM.

Kpome Toro, SKCrepuMeHTHl MOKA3aId, ITO TAKOe ABICHUE, KAK CBO-
OOMHBIN TOPAJLOK CJIOB B MPENIOXKEHUN NPAKTUIECKU HE MPOABIAETCI
opu paboTe ¢ HAayIHO-TEXHUIECKAMHU UM NEJOBBLIME TeKcTaMu. Bcee oT-
KJIOHEHW, BBI3bIBAaE€MbIe CBOOOMHBIM IOPAAKOM CJIOB, MOI'YT OBITH IIPO-
MOJEIUPOBAHBL IIPY TOMOIIA METONO0B craaxupaHusd. CIOHTAHHAA pedb
yCTpOeHa 60/ee CI0KHO U B HEell TO ABICHWE OyAeT UrPATh CEPHLE3HYIO
poib. K coxanenuio, oHa MPAKTUYIECKN HE MPEICTABICHA B CYIIECTBYIO-
X TEKCTOBBIX KOPITyCaX U IUCJICHHAA OIICHKA HOFpeIHHOCTeﬁ, KOTOpPEIEC
oHa OyZeT BHOCUTH B A3LIKOBBIE MO/EJM, HA NAHHOM DTAIle HE MOXET
OBITH IPOBE/IEHA.

4. CocrTaBHbIE A3BIKOBbIE MO /€U

Bropon moaxojs, pa3paboTaHHBIN B XOj€ IIPOBEIEHHBIX MCCICTOBA-
HUU, MPU3BAH PEIUTEL Mpo6aeMy GOJBIIOro KOIMIeCcTBa CI0BOGopM. B
PYCCKOM S3BIKE CBA3K MEXIY CAOBAMU OIPENENAIOTCA HE MOPAIKOM CJIOB
B MPENIOKEHUN, & MOPPOIOTHICCKUMA XAPAKTEPUCTUKAMHI CJIOB. BoT
npocTou mpumep. PaccMoTpuMm crepyromee mpeIoxXeHue:

«YepHasa cobaka yKyCmIa KOIIKY»
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HecmoTpsa Ha TO, 9TO DTOT BapUaHT ABAAETCSI CAMBIM IaCTOTHHIM, B
PYCCKOM A3BIKE MOXHO IIEDECTABUTH CIOBA, B IPEJIOXEHUN, HAIPUMED:

«Komky ykycuna gepras cobaxar
W1 LaXKe
«YKycuIa TepHasd KOIIKY coOaka»

rge Mexay o0BeKToM (cobaka) M ero CBOUCTBOM (9UepHAS) HAXOMUTCA
Apyrou 06beKT (KOWIKA).

[lst TOro 9To6B IMETH BO3MOXHOCTD CBA3ATH MEX 1y COO0M, HAIIpU-
Mep, OOBEKT U ero CBOMCTBA, OHM JOMKHBEL OBITH MOP(MOIOIUIECKH CO-
raacoBaHel. Tak, B 9TOM IpUMepe, CYLUIeCTBATEILHOE U IPUIAraTeIbHOe
UMEIOT OJWHAKOBHIM HajJex, pox u 4duciao. Takum o6pa3oM, OIeBHIHO,
4T0 MOpdonornyeckas WHGOPMALMA TOMKHA ABIATHCA OYC€Hb BAXKHOU
JACTBIO A3BIKOBOM MO/IENIN.

Kpowme Toro, kak 9To yXe ynoMUHAJIOCH PaHee, MHOIHE CIOBOMOP-
MBI OY€eHb HE3HAIUTEIbHO PA3INIAITCA C aKyCTUIECKON TOYKY 3DEeHNU.
st Toro 9To66r O6IErIUTh 3343y PACIO3HABAHWI DTUX CJIOBO(OPM,
MBI MOXEM IOIBITATHCA PEeJBAPUTENLHO BBHIAEINTH MOP()OIOrHIECKYIO
COCTABIAIOUIYI0 "PAMMATHUKY B OTAEIbHYIO MOJIEIb.

Taxum 06pa3oM, MBI MOXKEM BBECTH IOHATHE KATETOPHOU S3bIKOBOM
MOJeI’, ¥ B 9aCTHOCTH KaTErOPHBIX n-rpamm. Kaxnoe cioBo B croBape
uMeeT 15 aTpubyToB, OIPEeNIIOMUX IPAMMATHIECKAE CBOMCTBA CIOBO-
dopmst (cm. Tabmumy 1).

Kax bt arpubyT MOXET MMETh OZHO U3 HECKOIbLKUX 3Ha4eHU! (Ha-
OpUMep, 3HAYCHUAME I ATPUOYTA (IACTh PNy ABIAIOTCA (CYIIECTBU-
TEIbHOE), (IPUIAraTelIbHOe), (IVIAr0My U TaK gatee). B Tom ciaydae, ecau
HEKOTOPHIN aTPUOYT OKA3LIBAETCA OECCMBICAEHHBIM JJIA JAHHOT'O CIOBA,
HAIpUMeED, aTPUOYT «BPEMs» A UMEHHU CYILECTBATEIBHOIO, OH IIOLY 9a-
eT CHeNUATbHOE 3HAYECHNE (He OIPEeNeIeHO).
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Tabauna 1. Cuncok UCHOIB3yEeMBbIX TPAMMATHAYECKAX KATETOPUA 1
npuMepsl pa3bopa.

XapaKTEePUCTUKHI

JIepPHEBIN

BapuaHT 1

BApUAHT 2

Urpaijo

9aCTh pevu

[IPUIArATEIBHOE

[IPUIATATEIBHOE

IaroJ

OyUIEBJEHHOCTD

cOOCTBEHHOCTD

INCJIO

€AIMHCTBEHHOE

€AIMHCTBEHHOE

€AIMHCTBEHHOE

pon

XKEHCKAN

XKEHCKAN

CpeqHun

maaex

AMCHUATEILHBIN

BUHUATEILHBIN

KPaTKOCTb

HEeT

HET

BUT

HECOBEPIIEHHBIN

3aJior

BpeMA

IpOoIIeAIIee

BO3BPATHOCTH

HAKJ/IOHCHUE

N3bABUTEIBHOE

JIAIIO

THUII IYUCIANTEIBHOIO

THUII MECTONMCHUA

MHOX€eCTBO 3HAYEHUN ONPEAEIIeT KIacC CI0BOGOPMEBI. BBeneHHBIN
Habop aTpubyTOB MO3BOIIET BHIAEIUTL B PYCCKOM A3BIKe 562 Mopdoio-
rudIeckux Kinacca. Takum 06pa3oM, Kax I0€ CIOBO B MIPEIJIOKEHUN MOXKET
paccMaTpUBATHCA KaK ero HadaibHasd GOopMa ILIIOC ero MOp@oJorute-
CKUU KJIACC, 9TO MO3BOIAET Pa3bUTh rPAMMATHUKY HA IBE COCTABIAIOLIAE:
U3MEHAEMYIO JaCTh (OCHOBAHHYIO HA MOP(MOIOrUM) U HOCTOSHHYIO YaCTh
(ocHOBaHHYIO Ha HAYATBHBIX (OpMax CI0B). Hampumep, CI0BO «I€pHBIT)
OyaeT npeo6pa30BaHO B HAYAALHYIO (OPMY («IEPHBINY) ILTIOC ABA Bapu-
aHTa cumucka Mopdoaorundeckux xapakrepuctuk (cm. Tabmumy 1).

4.1. Kareropusie a3bIKOBbIE MO Jeau (M3MeHaeMas J4acTh
rpaMMAaTHKN)

OcHOBHOE BHUMAHVE B JaHHOU paboTe OBLIO yIeJeHO pa3spaboTKe Ka-
TErOPHOU 9aCTH A3BIKOBOU MO genu. [1o momaomy kopmycy (100 maa. cioB)
6BLIa TOCTPOEHA KaTeropHad TPUrPaMMHAA MO/eNb, IOCIe Iero 1mo Gop-
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myie (1) 6buIr BHIYUCACHBI KOX(DPUIUEHTHI HEONPeACMeHHOCTH UL BO3-
pacTalIIel MOCAeI0BATEAbHOCTH BIOXEHHBIX APYT B IPyra KOPILYCOB.

Urorosbin k03 PUIUEHT HEONPENEIEHHOCTH OKa3aica pased 21,93.
CrenyeT M[OMOMHATEIHLHO OTMETUTH, UTO IOCTPOEHHAS KAaTeropHasd
rpaMMaTHKa HO3BOJsIET HaM OBICTPO pemaTb mpobaeMy OIpenereHus
OKOHYAHUN, KOTOPA MPEICTABIIET 3HAUUTEIbHBIE TPYAHOCTA B PAMKAX
TPAAUIIOHHOTO MOAXOIA.

4.2. fIspikoBas MoOJgeab AJA HAYAIBLHBIX (POpM cJaOB (IIO-
CTOSHHAA 9aCThb 'PAMMATUKH )

Bropas cocrapisomas rpaMMaTUKA CTPOUTCSI OOBIYHBIM 00paszoMm,
9TO N-IrPaMMHAA A3BIKOBAA MOJENb, IOCTPOSHHAA Ha HAYAIHLHBIX (hOpMaX
cioB. B pesyipTaTe SKCOEPUMEHTOB yAAJI0Ch YCTAHOBUTH, 9TO KO du-
[UEHT HEOMPEeAEIeHHOCTH 3TOU MONEIN ITPUMEPHO B 2-2.5 pasa BHIIIE,
geM B caydae anrmmickux (okoao 230 B Hamen mogenu vs. npumepro 100
B, Hanpumep, [12]). K coxanenuio, Tounble 3HAYCHUSI KO3(DPUIMEHTA BbI-
YUCAUTH HEBO3MOXHO B CBA3M C OTCYTCTBUEM TEKCTOBBIX KOPIIYCOB 10-
CTATOYHBIX Pa3Mepsl miaa oby<ueHus u TecTupoBaHuA. [j1a mocTwxeHws
60ee TOIHBIX PE3yIbLTATOB HEOOXOIUMO CO31aBATH OOJBIINX PA3MEPOB.

5. 3akJaoYeHue

Jra paboTa mpeAcTaBIsfeT ONWH U3 BO3MOXHBIX IOAXONOB K pelle-
HUIO IPOOJIEM, IPENATCTBYIOMIUX CO3AAHUIO TPOMBINIIEHHBIX CUCTEM PaC-
MO3HABAHUA CIUTHOU PEYM A PYCCKOro sa3biKa. [lokazamo, 9To mpen-
JIOXKEHHOE B HEU PA3JIOXKEHUE OOIIEN A3BIKOBOU MOIEIN HA JBE COCTABIA-
Iolye: MOgeIb, OCHOBAaHHYIO Ha MOP(OIOTUN ¥ MOJeNb, OCHOBAHHYIO HA
HAYAJBbHBIX (POPMaX CJIOB, IIO3BOJAET PAa3pabOTUYMKAM UCIOIL30BATH BCE
IpenMyIecTBa N-rpaMMHOrO0 noaxonxa. Kpome Toro, Bergenenue Mopdo-
JOrM9eCKOU MH(MOPMALNY B HE3ABUCUMY IO MO/IEJAb MO3BOJAET CIIPABUTHCSA
¢ TpOo6GIEMON AKYCTUYIECKON MOXOKECTH PA3MUIHBIX CIOBO(POPM OTHOTO
¥ TOT'O XK€ CJIOBA.

[Ipenmoxennoe pemenme npobaeMbl MOXeT ObITH d3hdEKTUBHO HUC-
IIOTB30BAHO JJIA MHOT'HMX A3BIKOB, I'IE YUCIO CIOBOGOPM AOCTATOYHO Be-
JIUKO, HATIPUMED, UIA A3BIKOB CIABAHCKOU TPYIIIHI.
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B pesyabTaTe mpoBeeHHBIX TEOPETUICCKUX U3BICKAHUYN ObLT CO3MaH
ODakKeT IIPporpaMM AJad MOCTPOCHUA PA3JINTIHBIX BAPDUAHTOB A3BIKOBBIX MO-
IeJed i PYCCKOTO S3BIKA, B TOM YHCIE COCTABHBIX MOENEH, OCHOBAH-
HBIX Ha KaTeropHoMm moaxoge. Takxe Ob110 pa3paboTaHO TPOrPaAMMHOE
obecredeHue I OCYIIECTBICHUA MOP(OIOrUIECKOr0 AaHAJIN3A U CHHTE3A,
co caoBapeMm 150 ThwIC. CJIOB.

ApTop BrIpaxaeT 61aroJapHOCTH CBOEMY HAYYHOMY PYKOBOIUTEIO,
a.¢.-m.u. [I. H. Babury n m.1.c. U. JI. Ma3ypeHKo 3a moMomb B IpOBe-
OEHUU KUCCICIOBAHUY Y HANUCAHUM MAKETa MPOrPDAMM, a TaKXe (pupme
Intel Corporation (USA) 3a npegocraBieHHbIE TEKCTOBEIE GA3BI TAHHBIX
7 000pyIOBAaHUE A PACIETOB.
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