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AnHoTanus

B CTaThe paCCManI/IBaIOTCﬂ COBpeMeHHBIe MeTOIbI MAIMTUHHOIO O6y‘IeHI/Iﬂ, HpI/IMeHﬂeMbIe B
3a/a4ax 06paboTku ecrecTBeHHOro a3bika. O6CYKAAOTCA KIACCUIECKHE 33,1291, B TOM YUCTIE
3aa9m MOPGOIOTUIECKOTO W CHHTAKCUYECKOTO aHam3a TeKcToB. Ocoboe BHUMAHME YIEIeHO
MeTOJaM MAIITUHHOTO O6y‘-IeHI/I$I7 HpI/IMeHﬂeMbIM JJIA HOCTpOeHI/Iﬂ OHTOJIOTUYECKUX MO,HeHefI.

KuroueBbie cyioBa: METOIBI MAINMMHHOTO O0yYEHWsl, aHAJIN3 ECTECTBEHHOTO si3bIKa, MOP-
domorus, CHHTAKCUC, CEMAHTUKA, OHTOJIOTHH.

BBenenue

Uccnenopanmss B o0JacTH pa3pabOTKM MTPOTPAMMHOTO obecmedenusa s 3a7aad
obpaborku ecrecrBennoro sa3bika (Natural Language Processing — NLP, Language
Engineering — LE) akruBHO pa3sBuBaIOTCd B PA3IMYHBIX UCCIIEIOBATEIbCKUX HAPAJIUL-
Max. YCTOWYMBBIE TEHIEHITNN TOCIeIHero necatuierus B obsactu LE cBasanwr ¢ mm-
POKOMACIITAOHBIMU UCCJIEIOBAHUSME B 00JACTH PA3pabOTKU U MPUMEHEHWsT CTATHCTH-
YECKUX METOJOB U MeToJ0B MamuuHoro o0ydenus (Machine Learning — ML). Xapaxk-
TEPHBIMU Y€PTAMH TAKUX UCCIEIOBAHUN SABIISIOTCS:

® UCII0JIb30BAHNE IMIUPUIECKUX METOOB C TOYHBIMU KPUTEPUAME OIEHOK;

e pacmupenne chepbl TPUMEHEHVST CTATUCTUYIECKUX METOIOB;

® KCII0/Ib30BAHUE DOJIBIINX PECYPCOB IAHHBIX (TEKCTOBbIE 6a3bl JAHHBIX, OHTOJIOTHH,
Te3aypyChl, KOPIYCa TEKCTOB);

e npumenenne NLP-TexHonornit B peanbHbIX 001aCTAX.

MOKHO BBIIETUTD PsiJT KIIOYEBBIX MPOBIEM TAHHOTO Moaxoaa. D¢ dHeKTUBHOCTE pas3-
PabOTKH HAMPSMYIO CBA3aHA C HATHIHEM OONBINNAX U CBEPXOOBIINX PECYPCOB — pa3Me-
YEeHHBIX KOPITYCOB TEKCTOB, OHTOJIOTHII U T€3ayPYyCOB. BechMa BayKHBIM SIBJISIETCS ACIEKT
CTAHIAPTU3ANNN Pa3pabOTKH, M B HACTOsAIIEE BpeMst fe-(haKkTo CIAOKNIICS sl cTaHaap-
toB, Hanpumep, crangapr WordNet [77] misg jekcu4eckux OHTOJIOIMIT MM CTAHIAPT
PennTreeBank [51, 60] a5 cunTakcuvecku pa3Mev4eHHbIX KOPIYCOB TEKCTOB U JIP.

Jpyroit mpobremoit aBisiercsa oneHka 3P(MEKTUBHOCTH HCIOTb3YEMbBIX SMIIHPHUIE-
ckux kpurepueB. MeTpuku d9ucjoBbIX ONMeHOK B LE momoOHBI XOpOIIO M3BECTHHIM B
cucTeMax u3BJeYeHUs MHMOPMAINY MOHATUAM <«TOYHOCTH» (precision) m «mojaHOTA»
(recall). B ocHOBe Moty YeHust OIEHOK JIEKUT CPABHEHUE PE3YIbTATOB PAGOTHI YeI0BEKA-
AHAJMTUKA U KOMIIBIOTEPHO TPOrpaMMbI TP PEIIeHUH Onpe/iesientoi 3aaaqu. Creayer
OTMETHTH, 9TO ODJACTH MPUMEHEHUs CPABHUTEIbHBIX OIeHOK B LE mocrosnno pacrm-
PSIFOTCS.

Bospacraroiiiee ncrnoib30BaHie CTAaTUCTUYECKUX MeTOMOB B 3a7a4ax LE mopoxmaer
HEKOTOPBIA OTXOJ OT METOIOB UCCJIEIOBAHUS U MOIEJIUPOBAHUS TJIyOMHHBIX MEXAHU3-
MOB, JIEYKAIIUX B OCHOBE MBIILJICHUS U sA3bIKa desioBeka. Crarucrtudeckue meronsl B NLP
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MO3BOJISIOT JJOCTUIHYTh OTNPEIEICHHBIX PE3Y/IbTATOB B PEIeHU: PAJa 331a49 (pacno3Ha-
BaHue pedu, pas3pellieHue MHOMO3HAYHOCTU, AHHOTUPOBAHUE TEKCTOB W JIP.), OJHAKO,
[IPEJICTABIISAETCS MEPCIEKTUBHBIM HCIIOIb30BAHIE TUOPUIHBIX MOJIEEH, B KOTOPBIX HC-
MOJIH3YETCsl PA3JINTIHASI TEXHUKA, B TOM YHCJI€ HHTPOCTEKTUBHBIE METO/IHI.

OHUM U3 MEepPCIeKTUBHBIX HAMPABJIEHUN MCCIIEIOBAHMI B 00/IACTH W3BJIEUCHUS MH-
dopmanuu (Information Extraction — IE) aBisgercs nanpasienne «MammHHOTO 00yde-
nnsgy. KoMmmbproTepHble cuctembl, peausyfomime mMeroabl ML, opueHTHpoOBaHbI Ha TO-
JIydeHue HOBBIX 3HAHWU B pe3yjabrare aBroMaru3anuu mnporecca obyuenus. Merombr
ABTOMATUYECKOT'O MOJTy4YeHrs HOBBIX 3HAHUI HA OCHOBE dMIIMPUIECKUX JAHHBIX MONK-
HO YCIIEITHO MPUMEHATh s (hopMupoBanus 6a3 3HAHWNA. ITO 0OCTOSITENIHCTBO JIE€/IAET
aKTyaJIbHBIME UCCIIEI0BaHUs B 00acTu o0yuenus s3biky (Language Learning), pesysn-
TaThl KOTOPBIX MPUMEHUMBI B TTpaKkTHdecKuX mpuiaoxennax NLP-cucrem. Moxkno yka-
3aTh HECKOJIBKO MPUYUH, IO KOTOPBIM uccaenoBanus mo ML cranoBsarcs mone3HbiMEu B
paspaborkax NLP.

1. CioxHOCTH 3a/1a4. YI3bIK ABJISETCS CJIOKHOOPTAaHM30BAHHBIM 00bekTOM. [TomHas
MO/IEJTh SI3bIKA MPEJICTABISIET CJI0YKHOE B3aMMOIEHCTBIE PEryasspHOCTel, HeperyaspHo-
cTeil, 30H WCKIIOYEHWH W Apyrux spjenuit. PazpaboTka Takoii Momenn MOXKeT ObITh
HaYaTa ¢ pa3paboTKu MOjesell OTIe/IbHBIX MOIbA3bIKOB, OMUCHIBAIOMIAX OTHOCUTEIHHO
LPOCTBIE CeMaHTUYecKue obsiactu (HanpuMep, MEeAMIMHCKAs JUarHOCTUKA U T. I1.).

2. Peanbmbie mpumoxKenus. B HacTosImee BpemMsi CyIecTByeT orpomMubiii ppiHok NLP-
npusoxkenuii (MamuHHELINA niepeBos, pedepuposanue u ap.). Meroasr ML wecomuenno
MOTYT OBITH TIOJIE3HBI B PEIIEHUH Psifia BayKHBIX mpobem NLP-cucrem.

3. JocrynHOCTh HOMBIIUX pecypcoB Janubix. CTaHAapTU3AINS U OTKPBITOCTH MHO-
UX Ba>KHBIX PECypCcoOB ODecrnednBaer HeOOXOAUMYIO PECYPCHYIO COCTABIILIONLYIO METO-

nos ML.

1. Kuaaccudukarumsa MeTog0B MAIIMHHOTO 00yYeHUs

MeToibI MANTUHHOTO OOYYeHNsT SIBJSIOTCS METOJAMU OOYUYeHMsT KIaCCHMDUKATINIM
00BEKTOB, MPEICTABIEHHBIX OMMCAHUSMN B MPU3HAKOBBIX TpocTpaHcTBax. Lleas oby-
YeHWsT €CTh MOJyYeHUe HEOOXOMUMBIX U JOCTATOYHBIX TPABUI, ¢ MOMOINBIO KOTOPBIX
MOYKHO MPOW3BECTH KJIACCUMDUKAIMIO HOBBIX OOBEKTOB, CXOIHBIX ¢ TEMH, KOTOPBIE CO-
CTaBJIsiiu O0y4aIoINLyo BHIOOPKY (00ydenue ¢ yuurensem — supervised learning). Ilpu
9TOM KaxKblil OOyuaiommii npumep (omucanue OOBHEKTA) UMEET METKY, MOKA3BIBAIO-
MIyI0, K KAKOMY KJIaCCy OH TIPUHAIEKUT. MOKHO CKa3aTh, YTO B 3TOM CJIy9Iae CTPOUTCS
kiaccudurarop (puc. 1), KOTOpBIii IPeCKA3bIBAET KJIACC HPEIbABIEHHOIO 00BEKTa 10
AHAJIOTHH C «yduTeseM». B ciydae HempepbIBHBIX MPU3HAKOB KJIACCU(DUKAIUIO HA3BIBA~
0T perpeccuei.

ITpu obyuenun Ge3 yumrens (unsupervised learning) crasurcsa 3amaua obbeauHe-
HUST 0OHEKTOB B TPYTITIBI, MOMAPHO He TIEPECEKAOITIECs, Ha OCHOBE 3aJaHHON Mephl WX
cxoncrBa/pasaudusg. Takyro 3azady 4acTo Ha3bIBAIOT Kiacrepudanuii o0bekTos. Mepa
CXOJICTBA/Pa3Jinuus B NPU3HAKOBOM [POCTPAHCTBE UCIOJb3YeTCs B PEIIAONIEM pa-
BUJIE MPU OTHECEHUH K OJHOM U3 TOJYYEHHBIX TPYTI HOBBIX O0BEKTOB, HE BXOIANIAX
B oOyuaroryio BeIOOPKY. OOyuenne 6e3 yunTesnst OObIYHO MPUMEHSeTCs I aHajIn3a
CTPYKTYPBI TAHHBIX, HO TAKYKE U JJIsT (DOPMUPOBAHUsT 00y IAIOMIEil BEIOOPKHU MPHU MOCTIe-
JIIOITIIeM MPUMEHEHNH O0YUeHUsl C YIUTeIeM C TeIhI0 HATH mpaBuia KiaccubuKaImm,
OIIMCBIBAOIIME IOJIyYeHHOE pa30ueHue 06beKTOB Ha IPYIIbl (KJIACCHI) B IPOCTPAHCTBE
[IPU3HAKOB.

KiroueBbIMI MOMEHTAMH MAITHHHOTO OOYUEHWST SIBISTFOTCST:

1) BBIGOD ¥ hbOpMUpPOBaAHUE TTIPUIHAKOBOTO MPOCTPAHCTBA;
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Kaaccudguxarop:
* MeeTcs MHOXecTBO kareropuit Q = {Ky, Ky,..., Kp}h;
¢ IMEETCS MHOXKECTBO 00BekTOB X = {Oy, O,,..., Oy}

* HeW3BeCTHas TienteBast pyHkimsa F: Q x X - {0, 1}.

Heobxommo ocTpouTs knaccupukatop F*, MakcumanbHO Gmu3kuit k F.

Puc. 1

2) npoBepKa IHIOTE3 O Pa3IMYMMOCTH/CXOACTBE OOBEKTOB U KJACCOB OObLEK-
TOB; 3ajaHue OUHAPHBIX ONEepaIyii CXOJACTBA-PA3IUYNA OOBEKTOB; 3aJaHie Mep CXO-
CTBa/pa3J/uuus JIJis KJIACCOB OObEKTOB;

3) dbopmuposanue 06yuaionieil BLIGOPKY;

4) dbopmMupoBaHue KOHTPOJbHON BHIOOPKH;

5) a/leKBaTHBIN BHIOOP AJITOPUTMA 00YIEHHUS.

Ecan Bp160p mpr3HAKOBOTO MPOCTPAHCTBA ONMPEIENAeT 3a4ady 00yUeHNsI, TJIABHBIM
obpazom, cofepKaTenbHO, TO (bopMuUpOBaHTE 00y UAIOIIEHl 1 KOHTPOJIBHONH BHIOOPOK OT-
BEYaeT 3a TOYHOCTD, OBICTPOTY U 3 dekTuBHOCTH 00ydenus. C MOMOIIBIO MTPABUIBHO
BBIOPAHHBIX TTPUMEPOB MOYKHO HAMPABIATH TMpoIrecc odydenus. Ilomarossie mporemsy-
pbl 00y4eHusi u BHIOOP TOCIEIOBATEIHHOCTH TPUMEPOB (OT MPOCTOTO K CJIOXKHOMY )
[O3BOJIAIOT TAKYKE MUHUMH3UPOBATH YHCJIO MPUMEPOB, HEOOXOIUMBIX Jijisi O0YYeHUS.
KonTponbaas BBIOOpKA HEOOXOAWMA HE TOJBKO JJIsi TPOBEPKH MPABUIBLHOCTH PabOTHI
KaaccupuKaTOpa, HO U JJIs MEeJEeHANPABICHHOTO «/I0YIUBAHUs» KJIACCUPUKATOPA, €r0
UCTIPABJIEHNS, MOAMDUKAIINN, TTPUIAHUST €My TPeOyeMbIX CBONCTE.

JlocTaTouHo ecTecTBEHHO MOYKHO paccmarpuBarh NLP-3amaunm kak 3amadu Kiaaccu-
dukamnu ML. /leficTBuTenbHO, B 3aa9aX THATBUCTHICCKUX KIacCuUKAInii Tpedyercs
nocTpouTh (Paco3HaTh) KJIACC (KATeropuo) 00bLeKTOB, 33 JAHHBIX HEKOTOPBIM OLUCAHY-
eMm. Kareropus oObIvHO BBIOMpPAETCSA W3 HEKOTOPOTO MHOYKECTBA BO3MOXKHBIX 3HATEHHIA.
Tem camMbIM JIMHTBUCTHUYECKHE 33a4UU MOTYT OBITH TIEPEOTPEIe/IEHbI KAK 33/1a91 B KOH-
Texkcte ML.

[IpuBegem HECKOJIBKO MpUMEpPOB MOCTpoeHus kiaaccudukamnuii B8 NLP-3amauax.

1) Bagaua kiaccuduKayuu TEKCTOBBIX JOKYMEHTOB.

Obsexmui: Texcrosble nokymentst Dy, j=1,...,n;
3adaua: TlogyuuTs npasuia s KiaccuduKamum TeKCTOB (00yUYeHre ¢ yUuTe ieM);
Ilpusnaxu: Kaogeswie ciosa 1, i =1,...,t;

Bexmop npusnaros W ;, onuceiBatomuit JokymenT D;:

a) kommoHenTa BexTopa w;; O {1,0}, rae 1 o3navaer npucyTCTBUE KIIOIEBOTO CIOBA
T; B texcte Dj, 0 — ero orcyrcreue; mampumep, W; = [011110], to ects T3, Tp
orcyteryior B Dj; Ty, T3, Ty, Ts mpucyTCTBYIOT;

6) xommonenTa BekTopa w;; O {1,0} — MOKA3BIBAET TACTOTY BCTPETAEMOCTH KIIIO-
weBoro ciosa 1; B gokymente D;, mampumep, W, = [0.00 1.00 0.10 0.75 0.90
1.00].

2) 3azaua noCcTPOEHUs MPEIMETHON OHTOJOIMU HA OCHOBE TeKCTa (IpUMep B3dT U3
crarbu [19]).

Obsexmul: CyIIECTBUTEIBHBIE B POJISIX ar€HTA UJIU MPSIMOTO 00'HEKTA TJIaro/ia B IPeJl-
JIOYKEHUN.

IlpusHnakru: TIATOJBI, C KOTOPBIMHA ACCOIMUPOBAHDI CYIIIECTBUTE/IHHBIE.
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Tabn. 1

Buanus 00 ycayrax TyPHCTHYECKOrO areHTCTBA

Book Rent Drive Ride Join
(bookable) (rentable) (driveable) (rideable) (joinable)
Hotel X
Apartment X X
Car X X X
Bike X X X X
Excursion X X
Trip X X

Tak, n3 pPeKIaMHOrO TEKCTA TYPUCTHIECKOTO AT€HTCTBA, M3BJIEKAETCS CJIETYIOIINe
ornorenus (1ab. 1), cBga3piBarome 06beKThl (CTPOKU TabJIUIIbI) U NPU3HAKHU (CTOAOIBI
Tab/uIb):

Ha ocnose nostygennbix onucanuii 06beKTOB (TEPMUHOB IPEIMETHOI 00J1aCTH) MOXK-
HO TIOCTPONTH CJIEYIONIYI0 KAacCHbUKAIMIO (OHTOIOTHIO) 0O0bEKTOR (pHC. 2).

bookabl

Appartmen

driveable

Rideablt

Puc. 2

CuHTakcHYecKue 3aBUCHMOCTH, B YaCTHOCTH, MEK/Ly IVIATOJIOM M €10 apryMeHTaMH,
MCTIONIB3YIOTCS JIOBOJIBHO YACTO B KAUECTBE MPU3HAKOB MPU BBIJEJIEHUN CEMAHTHIECKUX
oTHOIeHNit U3 TekcTa. DTa Wiues pasBuBaercs B paborax [10, 17, 30, 41, 69]. 3xech
BaYKHO HANTH BEpHBINH yPOBEHb T€HEPAIM3AINY JJIs TJIATOJBHBIX apTyMEeHTOB TI0 OT-
HOIIEHHUIO K 33aHHOI KOHIENTYATbHON MepapXun. DTOMY MOAXOAY YAEASeTCs MHOTO
BHUMAaHNS B KOMIBIOTEPHO JIMHIBUCTHKE B KOHTEKCTE TaK HA3BIBAEMBIX CEEKTHBHBIX
orpanuuenuii [23, 64, 65]. Ipyras 3agaua — BbLIEJUTH [JIAr0/bl, 0003HAYAIOIIME OJI-
HO W TO ¥Ke OHTOJIOTHYECKOe OTHOIIeHNe (CeMaHTHYeCKast KIACTEPU3AIisi [JIAr0JIOB), —
PeIaeTcsi aHAJIOTHYHO, NCOJIB3YsT OTPAHNYEHNST HA apTyMeHTHI ryiarosa [67].

Jlarenrubiii cemantnaeckuii ananu3 (LSA) [46] ocHoBaH Ha cTATHCTHYECKON OIEHKE
CXOJICTBA CJIOB II0 MX 3HAYEHMIO. 3HAYECHHUS CJIOB CXOIHBI, €C/IH OHU YIOTPEOIAIOTCS B
CXO/JHBIX KOHTEKCTaX. 3/IeCh KOHTEKCT BBICTYIIAET B KadeCTBe MpH3HaKa caoBa. CMbIC-
JIOBOE CXOJICTBO KOHTEKCTOB Takuke orennBaercs B LSA. B cucreme iSTART [52], na-
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MpUMep, ¢ MOMOIbI0 LSA BLIUMCISAETCS CMBICIOBOE TIOZOOUE MEKIY MPEIJIOKEHUAMN
U3 Pa3HBbIX TEKCTOB, a TAKYKE MEXK/y JIOOBIMU TEKCTOBBIMU (DPATMEHTAMHU.

B 3amade cermenrtaruu npeioKeHuil, e Mo/l CEFMEHTOM MOHUMAETCsl 9acTh TPeJl-
JIOXKeHUs (B 4aCTHOM CJIydae HEJUKOM MPOCTOE MPEIJIOKEHNE), BIACICHHAA HA THCHME
3HAKAMU MYHKTYAIIUHA W OMUCHIBAIONIAs OTAEIBHYIO CHTYAIINI0, B KAYeCTBE KJaccudu-
KAIMOHHBIX MPU3HAKOB CJIOB WCIOIB3YeTCs X JIEKCHIECKU KOHTEKCT. [lo3unus caoBa
HA3BIBAETCS CEIMEHTHON MO3UINE, eC/Ii CJIOBO HAYMHAECT CEIMEHT WJIU ABJISETCSA [PAHU-
el MeXKy ABYMsi CEeIMEHTaMU. BBIAedioTcsa 1Ba BUAA JIEKCHIECKAX KOHTEKCTOB: aK-
TUBHBII 71 11€JIEBOTO CJI0BA B CEIMEHTHOI MO3UINU U HEAKTUBHBIA /JId JIPYTHUX CJIOB.
Jlekcuueckuit KOHTEKCT C/I0BA, KaK MPABUJIO, BKJIIOYAET MATH MO3UIUI: CAMO CJIOBO,
JIBa CJIOBA CIIPaBa W JBA CJI0BA CJIEBA OT HEro. JIeKCUYIeCKnii KOHTEKCT TAKKe COIEPIKUT
HEKOTOPYIO JOMOJTHUTEIHHY IO UH(DOPMAIIUIO, HATIPUMED, Ter (METKH) 9acTell pedn CJI0B
KOHTEKCTA.

B 3amade obHapykenns ceMaHTUYeCKUX OTHOIIEHUN MEXK/Iy CJIOBAMU IIyTeM 3aroJi-
HEHWs MyCTBIX MO3UIMI B marTepHax (mmabjoHax), HanpuMep, « P; B3aummozeiicTByer
¢ Py», «P; akrtuBupyercss uepe3 Po», mpu3HAKaMu MOTYT OBITH MHOYKECTBO CJIOB —
Y1, MHOMKECTBO TeroB (uacreil peun) — Yo, CJIOBa, crosimue mnepex P u Py — Y3 u
1. 1. Torma ¢ Kaxkmoit mycToit mo3umnuei mabIoHa aCCOMUUPYETCsT BEKTOP MPU3HAKOB U3
MHOXKECTBA Y = X1 X Yo -+ X Y BCEX BO3MOXKHBIX BEKTOPOB TMPHU3HAKOB.

Teoperndecku J11000€ ONPEIETUMOE OTHOIIEHNE MOXKET PACCMATPUBATHCH KAaK IIPU-
3HAK, TAK YTO BBIIEJISEMbIe TATTEPHBI XapPAKTEPU3YIOT TEKCTHI, U CAMU CBOIATCS K
creruuIecKuM UINOMATHIECKUM, CHHTAKCHIECKUM, CEMAHTHIECKUM OTHOIIEHUSIM.

B Tabs. 2 npeacraBieHbl maTTEPHBI CEMAHTUYECKUX OTHOIIEHU, KOTOPHIE BbLIEIs-
I0TCsl TIPU ABTOMATUYECKOM AHHOTHPOBAHUU AHTJIOA3BIYHBIX TEKCTOB C HUCIIOIH30BAHUE
Web.

OTHU OTHOIIEHNS PACCMATPUBAIOTCS KAK OHTOJOTHIECKIE CTPYKTYPhI, TAK KAK TMEHA,
COOCTBEHHBIE COEMHSIOTCS ¢ KJIaccaMy Win KoHienTtamu [15, 20, 35, 37, 49].

MeTobr MAIMMHHOTO OOYUEHUS TIOAPA3IEISIIOTCS HA BEPOSITHOCTHBIE W JIOTHUIECKHE
B 3aBUCHUMOCTH OT TIPUPO/IbI OOBEKTOB U MPU3HAKOB U (DOPMBI IIPEICTABICHUS (DYHKITUN
WJIA PEIAONIero MPaBuiia, ¢ IMOMOIIbI0 KOTOPBIX MPUOINYKAETCH 33/ 1aHHast KaacCcudu-
KAIWSA.

Kparko paccMOTpuM HEKOTOpBIE TMHPOKO W3BECTHBIE BEPOSATHOCTHBIE METObI
MaIlMHHOTO 00yYeHusl.

Merox Baiieca [80, 86] onpe/iesisier BepOSTHOCTH HACTYILIEHMs COOBITUS B YCJIOBULAX,
KOr1a HADJTI0/IAeTCs JIUITb HEKOTOPAasd YacTudHasd nHPOPMAIysa O COOBITUAX, HATTPUMED,
0 HADJIIOMAEMBIM MPU3HAKAM OIPE/IEIIeTCs MPUHA/JIEXKHOCTh HEKOTOPOTO 00bEeKTa K
OJTHOMY M3 33JAHHBIX KJIACCOB.

Meros omoprbix BekTOpoB (Support Vector Machine) [25] orHocHTCst K nMHEHHBIM
pazuensomum Merogam. KaxKk/piii BEKTOp Npu3HakoB (00bEKT) HPEeJCTaBIAeTCs TOY-
KOl B MHOTOMEPHOM IMPOCTPAHCTBE MpHU3HAKOB. [Ipm 3amanHoi KraccupuKAIu 00b-
eKTOB CTPOATCS JIBE [apaJljeJibHble TUIEPILIOCKOCTH (MPAHHUIB), Pa3/Iesionye 00bek-
ThI PA3HBIX KJIACCOB, TAKUM 0DPA30M, UYTO PACCTOSTHUE MEYKIY STHUMU TUIEPIIIOCKOCTSI-
MU MaKCHMU3Upyercs. [IpuMepsl, pacrnooKeHHbIe BAOJb TUIEPTIOCKOCTEH, HA3BIBAIOT
OTMOPHBIMU BEKTOPAMU. JHAYEHUS MPU3HAKOB — BEINECTBEHHBIE UNCIIA.

K BepodTHOCTHBIM MeTOZAaM OTHOCUTCS CKpbiTasd Mapkosckas Mogenab (Hidden
Markov chaines) [63]. D10 craTuyeckas MO€/Ib, UMUTUPYIONIAs HEKOTOPBIH MOCJIE10-
BATEJIbHBIN MPOIECC, B KOTOPOM HA HADJIIOIaeMble TIEPEMEHHBIE OKA3BIBAIOT BIIUSTHUS
CKPBITHIE COCTOHUSA. [lepexom u3 OTHOTO COCTOSTHUS B IPYTO€ MPOUCXOIUT C HEKOTOPOit
BeposATHOCTHIO. [1o mocaenoBaTebHOCTH HAGIIOAEHUI MOYKHO MOJIYIUTh WH(MDOPMAIIIO
0 IOCJIE/IOBATETLHOCTU COCTOSTHUMA.
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Tabt. 2
IIpumepst maTTepHOB TIPM AHHOTHUPOBAHUM TEKCTOB € MCIOJIb30BamHneM Web
ITarTepn IIpumep marrepHa
<CONCEPT:>s such as <INSTANCE> Hotels such as Ritz
Such <CONCEPT>s as <INSTANCE> Such hotels as Hilton
<INSTANCE>> (and | or) other The Eiffel Tower and other sights in Paris

<CONCEPT>
<CONCEPT>s, (especially | including) Presidents, especially George Washington
<INSTANCE>

The <INSTANCE> <CONCEPT> The Hilton hotel

The <CONCEPT> <INSTANCE> The hotel Hilton

<INSTANCE>, a <CONCEPT> Excelsior, a hotel in the center of Nancy

<INSTANCE> is a <CONCEPT> The Excelsior is a hotel in the center of
Nancy

Hawnbomee pacapocTpaHeHHBIM METOIOM KIACTEPU3AINH ABISIETCS MeTO, k-OmsKaii-
miero coceza [83]. ror anropurm kiaaccudunupyer 00beKT 110 GOIBIIUHCTBY «OJI0COB»
€ro CoceHuX 0OOBEKTOB B MHOMOMEPHOM TPOCTPAHCTBE TPU3HAKOB. OOBEKT OTHOCAT K
KJIACCy, K KOTOPOMY MPHUHAJIEKUT HAUOOJbIIee YUCI0 u3 ero k mambosee OJM3KUX
coceneii, rme k — HEKOTOpOe 1esioe dnucio. B 3amade kjmacrepwsanuu i ABYX KJ1ac-
coB uncyo k eeibupaior HederHbiM. «Coceauy BBIOMPAIOTCS W3 MHOYKECTBA MPABUILHO
packaaccuUIUPOBAHHBIX OOHEKTOB. Jis BBIYNCIEHUS PACCTOSHUN 33/1a10T PA3IUIHBIE
MepbI, HAPUMED eBKJIUI0BO PACCTOSHUE WK paccrognne ManxerTana.

K meromam knaccumdukanmum ¢ yauTegeM MOKHO OTHECTH HUCKYCCTBEHHBbIE HEHpOH-
uble cetn [82]. HeiiponHasi ceTh COCTOMT W3 HECKOJIBKUX CJIOEB HEHPOHOB, CBSA3AHHBIX
Mesk Ty coboii. Beca cBsizeil mpu 00ydeHUN M3MEHSAIOTCS TaKUM 00Pa30M, YTOOBI BBIXOI-
HOIT 3s1eMeHT (jeMenTbl) ceTu JdaBaj(u) Obl HPABUILHBIA KIacCuDUKAIMOHHDIA OTBET
Ha BXOJHOI curaas. MaremMarndecku B OCHOBE 0Oy YeHUsl JIEKUT TOCTPOCHUE Pa3IeIsIio-
[IUX HEJMHEHHBIX (DYHKINI B MPOCTPAHCTBE MTPU3HAKORB, 9TO AT XOPOIIYI TOYHOCTH
MPEeJCKA3AHUS, HO MOJIyY€HHOE PEIIeHne He MOJIIAeTCs O0bsICHEHUIO B TEPMUHAX 3HAUE-
HUIT MPU3HAKOB.

K snormdeckum meromam OTHOCATCS METO/IbI, IPH KOTOPBIX B IIPOIECcce 00y YeHus
CTPOSATCS JIOTHYECKre npaBuyia B Gopme TPOAYKIUi uin B (GOpMe PEINaioux 1epe-
BbEB, B y3J7aX KOTOPBIX MPOBEPAIOTCS 3HAUEHUsI OTOOPAHHBIX TP OOy YEHUN MPU3HAKOB
U MPUHUMAETCS PEIeHrne O pa30neHnn 00beKTOB HA TMOIKJIACCHL. JIOrmYecKkune MeTo bl
paboTalT HA OMHUCAHUSX, KOTOPbIE MMEIT KAK CHUMBOJIBHYIO, TAK W IEJI0YUCIEHHYIO
PUPOJY, WK B MPOCTPAHCTBE OyneBbix npu3HakoB. C 3T0#l TOUKM 3pEeHUS ITU METO-
JIbl MOYKHO OTHECTH K METOJIaM KOHIENTYAJIbHBIX KIACCU(PUKAINN WM MeToJaM TOo-
CTPOEHUS MPABWJI PACCYKIeHUN Ha ypoBHE KoHIenToB. Ho dopMmupoBanue mpasBui B
MpaKTHYIECKUX 3amadax, B ocobernrnocTn B NLP-3amauax, gacto Biaeder 3a cobOi TPo-
MaIHYI0 PYYHYIO paboTy M 3aK/JII09aeT B cebe TBOPUECKYI0 U HEABTOMATHU3UPOBAHHYIO
KOMTIOHEHTY METOJIOB MAITUHHOTO 00y YeHW .

K merogam kouuenryasnpuoro obyudenus (U3BJ€UEHUE KOHIIENTOB M UX MEPapXuUde-
CKUX OTHOILIEHUT) OTHOCUTCs HAIPABJIEHUE MAIIMHHOIO OOydeHus, Ha3biBaeMoe hop-
MaJIbHBIM KOHIeNTyanbHbIM anann3om [31]. Yacro B smreparype dbopmanbHbIii KOH-
[ENTYAJbHBIN aHAJIN3 HA3BIBAETCS KOHIENTYaMbHON KiaacTtepu3anueii. [Ipumepom mpu-
MEHEHUs KOHIIENTYATbHOTO AHAIN3A MOYKET CJIYKUTH MOJEJINPOBAHNE JIEKCUIECKO Oa-
3bI JaHHBIX [59].

Konnenryanbinoe obydeHne mpeacTaBasgeT co00i 0coObIi KIacC METOA0B, OCHOBAH-
HBIX HA TOPOXKICHUN U UCIIOIb30BAHUN KOHIENTYATbHBIX 3HAHUMN, 3IEMEHTAMA KOTOPBIX
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Bri6pate ¢popMy m3BIEKaEMO 3aBUCHMOCTH:
— pyHKIMOHATEHAST,

— UMITTHKaTUBHAS,

— accoIMaTUBHAS;

— JIEPEBO PEILIEHU;

— HepapXusl KOHIIETITOB

Bri6paTts:

— OrpaHIYEHYE 10 MOIITHOCTYU IIOKPHITHS,

— OrpaHUYeHws 110 YHCITY aTpHOyTOB (3HaUeHMI aTprUGyTOB);
— 6e3 orpaHUYeHMI

Bri6paTs napameTphI Iporiefyps! 00y4eHusI:

— HalfTy Bce pelreHus], yI0BIETBOPSIONIHE YCIOBHSIM,;
— HaliTy XOT4 GBI O/THO PeEIlIeHKE;

— HCKATh MPUOITIKEHHBIE PETIeHUS

Bri6parts mporiecc 06y4eHus:

— MOMIATOBBIM € MOCTETIEHHBIM MOCTYIUIEHUEM O0YYalONUX IPUMEPOB;
— Bce IIPUMEPHI 33/1a0TCs Cpasy;

— MHTEePaKTUBHBIN JIeTyKTHBHO-UHYKTUBHEBII IIPOIIeCcC paccyKIeHUS

Peanuzayus 06y4enus

Puc. 3

SABJIAIOTCA OOBEKTHI, arpuOyThl (3HaueHus aTpubyTon), Kaaccuduxanuu (paszduenus
00BEKTOB HA KJIACCHI) U CBA3W MEXKJYy HUMH. DTH CBA3U BBHIPAKAIOTCS Y€PE3 UMILIH-
KATUBHBIE OTHOIIEHHUSI BU/IA «O0BEKT — KJACCY», «KIACC — 00BEKT», «O0BEKT — 3Ha-
gyenue arpubyra (CBOHCTBO)», «3Hadenue arpubyra (CBOWCTBO) — OOBEKT», «3HAYCHHE
arpubyTa — KJIACC», «KIACC — 3HAYEHHE aTPUOyTay, «MOJKIACC — KIACCY, KIACC —
nozkace». B padore [87] mokasaHo, 9TO MHAYKTHBHBIN BBIBOI KOHIENTYAIbHBIX 3HAHMU
CBOJWTCS K 3371a9€ BBIBOJA XOPOIIUX JIMATHOCTUYECKUX TECTOB JJIs 33JAHHBIX KJIACCH-
duxkarnmit 00beKTOB. XOPOIIHil THATHOCTHIECKUN TECT OMpPeIe/seTcss KaK COBOKYITHOCTh
arpubyToB (3HadeHuii arpuOyTOB), KOTOPas MOPOXK/IAET HAUIIYYIIYIO AlPOKCUMAIHIO
3asanHoil kiaaccudukanuu (pa3bueHus) HEKOTOPOrO 3aJaHHOIO MHOXKECTBA 00bEKTOB.
Kpurepuit moucka Hawmydieil anmpoKCUMANNKA 33JaHHON KjaccuUKAIUU CBS3aH C
BBIOOPOM TIOAHADOpPA aTPpUOYTOB, KOTOPBIH MOPOKIAET pa3OueHne 33 aHHOTO MHOYKEe-
cTBa OOBEKTOB, BIOYKEHHOE B 3aJaHHYIO KJIACCH(DHUKAINIO W WMEIOIIee HaWMeHbITee
BO3MOXKHOE 9HCJI0 KJIACCOB CPEIU BCEX BO3MOXKHBIX pa30HeHuil, BIOKEHHBIX B 33JIaH-
HYTO KIACCH(PUKAIINAIO U TOPOKIAEMBIX TOTHAOOPAME 33 JAHHOTO MHOYKECTBA aTPUOYTOB.
K mowucky XopoImuix TecToB CBOASATCS MOYTH BCE XOPOIIO U3BECTHBIE JTIOTHIECKUE METOIbI
MAIWHHOTO O0yYeHUsi. ITH METO/IbI OXBATHIBAIOT BHIBOJ, MMIIJTHKATUBHBIX U (DYHKIIW-
OHAJIBHBIX 3aBUCUMOCTE U3 JAHHBIX, BHIBOJ JIOTHYECKUX MPABUJ (MPABUIA «ECIU-TOY,
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«rpy0bIe» MHOYKECTBA), BBIBOJL ACCOIMATUBHBIX TPABUJI, KOHCTPYUPOBAHUE PEIIAIOIIAX
JIEPEBLEB, W3BJIEUEHUE HEPAPXUIECKUX KOHIENTYATbHBIX KIaccudukamuii u psj apy-
rux. Bee mepeducienabe 3aa9u OTIMYAOTCS 10 (DOPME TPEJICTABICHUS BBLIETAEMbIX
OTHOIIEHUI BKJIIOYUEHNS Ha MHOYKECTBE BCEX MOIMHOYKECTB 00HEKTOB M PENIaioTcst C MC-
MOJIb30BAHUEM OJTHOW U TOIl K€ CTPYKTYPHI JAHHBIX U OJHUX W TEX YKE AJTOPUTMOB,
KOTOpBIE MOYKHO Hafitn B [55, 56, 57].

Ha puc. 3 nokazano, uro Tpedyemas kouduUrypamus aJropurMa MaIImHHOTO 00y de-
HUS TIOPOXKIAETCs Ty TEeM 3a/IaHUs TAPAMETPOB, OIPEIeaoniux (hbopMy MpPeCTaBICHIs
pe3ysibraTra, KOJUIeCTBO U HEKOTOPbIE CBOWCTBA UCKOMBIX KOHIIEIITOB.

2. IIpumeHeHue MeToda0oB MammHHOrOo obyuenus B NLP-3amauax

OcnoBHbIE MeTO Bl B 06J1aCTH MAIMHHOTO 00yuenns 3agadam NLP moxno ornectn
K JByM Kjaccam: «jenusoe» obyduenue (lazy learning) m «kamnoe» obyuenue (greedy
learning). CyiiecrBeHHOe pasjimdue MeXK/ly STUMU HOAXOJAMY 3aKJII09aeTCsd B TOM, 9TO
IpHU «JEHUBOM» OOyUeHMM W3BIeKaeMas wHdOpMaIusg He 0000IMaeTcs, B TO BpeMs
KaK TP <«¥KATHOM» ODydeHWM wu3BjeKaemas uHpOpMaIms 0000IIAeTCsS MOCPEICTBOM
PECTPYKTYPUPOBAHUS U YIAJEHUS W30BITOUYHBIX W HECYIIECTBEHHBIX YaCTEN.

TMonxox lazy learning [4] ocHOBBIBaeTCS Ha THIOTE3€, YTO peEIIEHNE KOPHUTHBHBIX
3aza4 (00yueHue s3bIKYy, B 4aCTHOCTH) Oa3upyercsd Ha NOCTPOEHUU BBIBOJOB HA OCHOBE
aHAJIOrHii, a He HA OCHOBE aDCTPAKTHBIX MPABUI, TOJIYYEHHBIX U3 IKCIEPUMEHTOB. DTOT
[IO/IXO/T KCIIOIB3YeTCs B PA3IUIHBIX JUCIUILINHAX UCKYCCTBEHHOTO HHTEJIJIEKTA U JIE2KUT
B OCHOBE TAKWX METOJIOB, KaK BBIBOJ HA OCHOBE CXOJCTBA, BHIBOJ HA OCHOBE MPUMEPOB,
BBIBOJI Ha OCHOBE aHAJIOMH, BHIBOJ] HA OCHOBE npereaeHTos (case-based reasoning) u mp.
IIpu «mennBoM» OOyUeHHM 0OyUAIONIHE TPUMEPDBI JTO0ABIIOTCA B MAMATL 0e3 00001Ie-
Huil U pecrpykrypupoBanus. CXOICTBO HOBOIO MPUMEpPa € OCTATbHBIMU BBIYUCIISIETCS
[0 METPHUKE CXOJCTBA U KATErOpus OOJIBITMHCTBA CXOJHBIX IPUMEPOB UCIIOIb3YeTCs KaK
Oa3zoBas I MPeICKA3aHus KATErOPUNU HOBOTO MpuMepa. JaHHBII MOIXO0, MTPUMEHSIeT-
ca B (HOHOJOIUIECKUX U MOPMOIOTHIECKUX 3a4a9aX, 33a9aX PACMIO3HABAHWS DEUH,
MOPGOTIOrHYECcKOro W CHHTAKCHYIECKOTO aHajan3a, B 3a/atMaX paspertenuss MOpdOCHH-
TAKCUIEeCKON N CeMaHTHIeCKON MHOTO3HAYHOCTH.

OcuoBubIME MeToaMu TIOAx01a greedy learning sBasiroTcst o6ydYeHne Ha OCHOBE Jie-
PEBBEB PEIIeHn, WHIYKTUBHOTO BBIBOIA, O0yUYeHe HA HEHPOHHBIX CETAX W WHIYKTUB-
HOe JIormueckoe mporpammupoBanne. QOydeHne Ha OCHOBE JEPEBHEB PEIeHui OCHO-
BBIBAETCSI HA TPEINOJOKEHUN, UTO CXOJCTBO MPUMEPOB MOXKET OBITh HCIOJIb30BAHO
JIJTsi aBTOMATUYIECKOrO TOCTPOEHNUsI IEPEBbEB Pelllennil, Ha 6a3e KOTOPHIX MTOPOKIAIOTCSH
0000111eHIA U 00bACHEHHUI.

esibio MHIYKTUBHOTO BHIBO/IA SABJISIETCS MOCTPOEHUE OIPAHUYEHHOTO MHOXKECTBA MH-
TEPIPETUPYEMBIX TPABUJI HA OCHOBE O0YYAIOIINX MPUMEPOB WU JIEPEBbEB DPENIeHUi.
Ha ocHoBe anropuT™MoB WHIYKTHBHOTO JIOTHYECKOTO TPOrPAMMUPOBAHUSA (DOPMUDYIOT-
Cd TWIOTE3bI JIOTUKHU [EPBOIO MOPsiIKa Ha ocHoBe npumepos. Hambosee mnrepecHbie
pesysbrarbl B 3T0M Hanpasjenuu nouaydenbl B.K. @unnom [88].

Anamusupys kpyr pemaembix NLP-3amad, Mo:KHO caenaTh npeiBapUTebHbIEe Bbl-
BOIBI 00 3(hHEKTUBHOCTH MPUMEHEHNST PACCMOTPEHHBIX BBIIIE MOIX0I0B. BHIOOP MeTo-
Jla CYIIECTBEHHO 3aBUCUT OT Iejieil cucrembl. Ecawm 1mens — TOYHOCTh, TO MeTon lazy
learning sBjIsIeTCS NPpEANTOYTUTEIBLHBIM. ATropuTMbl lazy learning, qomoiHEHHBIE METO-
JIaMU B3BEIINBAHUS MPU3HAKOB, BEPOATHOCTHBIME MMPABUIAMH, JAIOT XOPOIIUE Pe3y/ib-
TaThl i OOJIBIIONO KJIacca JMHIBUCTUYECKUX 3a/ad. Ecim menb MammHHOrO 00yde-
HUsI — CO3/IaHVE MPOBEPSEMBIX, O0bSICHSIOMNX 000OINEeHNI JAHHBIX, TPEANOYTUTETHHBI
metoibl greedy learning.

Paccvorpum tunoswsie NLP-3a1aum, g KOTOPBIX aKTUBHO TPUMEHSIIOTCS METO-
bl ML.
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B o6paboTke ecrecTBenno-a3bIKOBBIX (ES) TEKCTOB MOKHO BBIIEIUTD IBA TJABHBIX
HanpasJenus: uspiedenue undopmanuu u3 rexkcros (Information Extraction) u uzsie-
vyenue 3nanuil u3 rekcros (Text Mining). B nepsom citydae pedb mier o BblueseHUU
SIBHBIX CBEJIEHWil, MMEIONINXCs B TEKCTaX, HANPUMEp, KJIUYEBBIX CJIOB, AT, HA3BAHUN
OpraHm3aInii, UMeH, OMUCOK, OTOBOPOK ¥ T. 1. V3Bjedenne nHMOPMAIINNT MOYXKHO pPaC-
CMaTpUBaTh KaK HEM30eXKHbIi MpeBAPUTEIbHBIN 3Tan 0oJjiee Cephe3HbIX 3a/1a4 U3BJIe-
YeHWs 3HAHWN W3 TEKCTOB. DTOT ITAI UCIOIB3YET PAIUIHBIE CUCTEMbI KATETOPU3AIINN
U KiaaccupUKAIMKA TEKCTOB HA OCHOBE METOJIOB MAIIMHHOTO OOydYeHus, NJIaBHBIM 00pa-
30M, METO/ OIIOPHBIX BEKTOPOB U JIOIMYECKHE METO/IbI (PEIIaoIIUe JePeBbsl, U3BJI€YCHHE
NPaBUJI «ECJIU-TO» ) CO BCEMHU BBITEKAIONMMHU OTCIONA TPEOOBAHUAMHU K MPEIBAPUTEIb-
HOMY (DOPMUPOBAHUIO KJIACCU(DUKAINOHHBIX MPU3HAKOB TEKCTOB, (DPATMEHTOB TEKCTOB
U UX KJIACCOB.

K 3amauam u3Biedenns 3HaHUN W3 TEKCTOB OTHOCATCS 3329l MOHUMAHWS TEKCTOB
[5]. B uacTHOM ciryuae, 310 MOXKeT ObITh IPOOJIEMA BbIIEIEHHs B TEKCTAX MHEHHUI JII0 el
0 TeX WJIM WHBIX MPOAYKTaxX (TOBApax) € UX ONEHOYHBIM COJEPKAHUEM — TIOJIOKUTEIb-
HBIM WM OTpHIaTeabHbIM [58]. B Gostee obImiedi MOCTAaHOBKE 5TO BBIJEIEHNE CEMAHTHYE-
CKUX OTHOIIEHUN ME¥KIY 3aJAHHBIMU TIOHSITUSAME, HATIPUMED, ME¥XK/Iy OMOJIOTHIEeCKUMU
HOHATUAME <KJIETKa», «MeH», «0enok» [11], cemantnaeckux poieit [54].

B 3amauax m3Bneuenns 3nanmii n3 Ef-TekcToB wacTo mcmomab3yercs KOMOWHAINS
KaK TPAJUIMOHHBIX METOIOB MAIIMHHOIO OOY4YeHHUsl, TaK U HOBBIX MeToJ0B. Tak, B [54]
aBTOPBHI KOMOMHUPYET CHHTAKCUYIECKUiT pa300p CO CTATHCTUYECKUME METOJTAMU KJIACCH-
dukaruu. ObyueHne mpu pa3MeTKe CEMaHTUYECKUX POJiell, Ha3bIiBaeMoe B 3To# pabore
AKTUBHBIM 0DY4YEHHEM, COCTOUT U3 CJIETYTONINX ITAIOB:

1) 06beauHAIOTCH NPEJIOKEHUs C OJHUM U TEeM K€ LEJIEBbIM [JIAr0JI0M;

2) rpyNImUpPYIOTCs MPeJJIOXKEeHs ¢ OJMHAKOBBIM JIEPEBOM CUHTAKCUYIECKOIro pa3bopa;

3) pyuHas pa3merka NPUMEHSETCs K PYIIE ¢ OJHUM U TeM ¥Ke JIePEeBOM pa300pa;

4) Ha mpuUMepax pasMeTKu 00ydYaeTcs KIacCupUKaTop;

5) knaccudukaTop paboTaeT HA HEPA3MEYEHHBIX TIPEIJIOKEHUAX.

[Ipu 3ToM Ha 1mIare 4 UCMOMB3YIOTCS TPU PABTAIHBIX KAACCH(DPUKATOPA U KITACCHDH-
KAIMOHHBIE TIPU3HAKU BBIJIEISIOTCS HA JIEPEBe CHHTAKCUIECKOro pasbopa.

B mocienmrme roant chopMUpOBAIOCH HOBOE HAIMPABJIEHHE W3BJICUEHWS 3HAHWH W3
TEKCTOB, CBSA3AHHOE ¢ TTOCTpoeHneM oHTosornii [18]. TIpumepom 3a1a4um 3moro Kiacca sis-
JIsIeTCs 3a/1a9a MOCTPOeHNsT KiaaccuUKAIINN CYIECTBUTEIHHBIX HA OCHOBE MPEINKATHO-
aprymeHTHbIX cTpyKTyp [39]. B ocHOBe 310i1 paborhl JiexkuT qucTpulyTUBHASA TUIOTE3A,
B KOTOPOI CXOJICTBO UMEH CYyIIECTBUTEIbHBIX yCTAHABINBAECTCS HA OCHOBE CXOCTBA MX
CHHTAKCUYIECKUX KOHTEKCTOB yrnorpedienus. Takum o6pa3oM, CyIecTBUTEbHBIE TPYTI-
MUPYIOTCS, €CJIM OHU MOSBJISIOTCS B CXOJHBIX IJIATOJBHBIX (hpefiMax Kak IMojjerKaliee
u/nam mpsivoe JonosiHenne. B padore [21] ZOMOTHATEIBHBIM MIATOM SIBISETCS TOCTPO-
eHue uMepapxuil IOJIy4YeHHbIX TAKCOHOB. AHajorudublii moaxox naerca B [27]. Yame
BCErO, BBIJIEJICHUE CEMAHTHYECKUX OTHOMICHWH MeXK/y CI0BAMU OCHOBAHO HA WMCIOJIb-
30BAHUY JIEKCHKO-CHHTAKCUYECKUX MATTEPHOB WK (PPEAMOB CHHTAKCHYIECKOH KAaTero-
pusaruu (r1aroJasHO-00beKTHLIE oTHOmeHus) [67]. B pabore [7] mpm kiacrepusaun
TJIaTOJIOB C TIOMOIIHIO TOTMIArOBOT0 AJITOPUTMA YUUTHIBAETCS MOJUCEMUS TJIAr0JIOB, HO
BMECTO CHHTAKCUYECKUX OTHOIEHWH WCIOJIb3YIOTCS CEJIeKTUBHBIE OTPDAHUYEHWST, KOTO-
pble BBOJATCS BpYy4Hy0. B ureparype onuchIBAIOTCS HHCTPYMEHTAIbHBIE CHCTEMbI 110-
CTPOEHUS OHTOJIOTHI, HHTErPUPYIOIIUE PA3TUIHBIE METO/IbI KIACTePU3AINY, HATPUMED
cucrema Mo’K [8], cuctema OntoLearn [74].

Cucrema BoIeenns oHTOMOrMi 3 TekcToB OntoLearn [74] o6ecneunsaer:

1) BbIIE/IEHNE PEJIEBAHTHON TEPMUHOJIOTHN;

2) UMEHOBAHUEe MOCTPOEHHDIX KJIACCOB;

3) mocTpoeHre TAKCOHOMMHU 1O OTHOLIEeHHIO ‘1S a”;
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4) BBIJEIEHUE IPYTUX TUIOB CUHTAKCUYECKUX OTHOIIEHUIA.

N3Bnedenne 3HAHUN W3 TEKCTOB B YACTHBIX CJIydasix MOMKET He TpebOBaTh MOJ-
HOTO CHHTAKCHIECKOTO W CeMaHTHIEecKoro paszbopa mpemnoxkenuit. Ho rmobanbio, Ko-
HEYHO, 3a/1a9a M3BJAEYEHUs 3HAHUI W3 TEKCTOB HE MOXKET ObITh pernieHa 0e3 TMOJHOro
CUHTAKTHKO-CEMAHTUYIECKOTO aHasn3a mpe/oxkennii. Cuartakcndeckuit anann3 tpeby-
eTcsl I TAKUX 3aJad9, KaK M3BJAEYEeHNEe CEMAHTHUIECKNX OTHOIIEHUH MEKIYy CJIOBAMU
(OHATUSAME ), IOCTPOEHHUE OHTOJIOTUIl, MAIIUHHBIN IEPEBO/I, UCIIPABJIEHUE IPAMMATHYE-
CKUX OmuOO0K, pedpepupoBanme u ap.

TpamuimorHo mporecc aHanm3a u moHnMannsa EZ-TekcToB gBigeTcs mocaemoBa-
TEJILHOCTBIO CJIEAYIONUX ITAMOB: TPEIo0paboTKa (MpPeAnponeccsl), CUHTAKCUYECKU
anajn3, CeMaHTWYECKWH aHajin3, KOHTeKCTyajbHas wuHTeprperarws. Ilpeampornecch
BKJIIOYAIOT B celsi: BbIAEJEHUE TOKEHOB (tokenization), HOpMain3aIuio, JeMMaTH3a-
muio (lemmatization or stemming) (Mopdonoruveckuit ananus), pasmerky dacreil pedu
(part-of-speech tagging (POS)), pacnosnaBanue uMeH COOCTBEHHBIX (YHUKAIBHBIX 00b-
€KTOB B MUDE — [EPCOH, OPTaHU3AINii, MECT U JIaT U T. J.), pa3pelienne Kopedepenuii.

Tokenusanus (tokenization, lexical analysis, rpademaruveckuii anaaus, gexcude-
ckuil aHaju3) — BBIJEJEHUE B TEKCTE CJIOB, YHCEJ, W UHBIX TOKEHOB, a TaK¥Ke Ipa-
uut npeoxenunit. Q0men3BecTHb TPOGIEMbl MHOTO3HAYHOCTH, CBABAHHBIE CO 3HAKAMU
myHKTYanuu [26].

Hopmanuzanus 3ak/1049aercs B BbIIEJCHUN TOCTEI0BATEIBHOCTEH J1aT, BDEMEHU U
T. TI. ¥ TIEPEBOJIE UX B CTAHIAPTH3IOBAHHBIN BU/I. DTAIl MOXKET BKJIIOYATH PACTIN(POBKY
cokparrennii. Bosee feTaabHO 3Tanbl TOKEHU3AMH ¥ HOPMAJIH3AINKA PACCMATPUBAIOTCS
B [50].

Terrunr (tagging, part of speech disambiguation) — npunucsiBanue Kax oMy cJio-
By (TOKEHYy) rpaMMaTUYeCKON XapaKTePUCTUKU 4acTh pedu. TpajuiuoHHO Pa3IndaoT
MOJIXO/T HA OCHOBE TpaBWJI, Win TpanchOopMannoHHbIii moaxos [9], u craTncrnyeckuit
(BeposiTHOCTHBII) MOX0 Ha ocHOBe MapkoBcknx Mozeneit [14]. Dran TpeGyer moaHoro
WM YaCTUIHOrO pa3penierus MOpdOJOrnIecKol OMOHUMIN W yHUMDUKAIINYA 3HAUCHNH
rpammaruydeckux xapakrepucruk [48, 50]. CoBpeMeHHbIe METO/Ibl TEITUHIA OCHOBAHbBI HA,
meroie oOyuenus pematonum gepesbsam TreeTagger [66] u Qtag Tagger [73] u umeror
ToaHOCTH 95-97%.

Jlemmarusanusa (lemmatization, stemming) — npusegerne c1oBohOPMBI K HOPMAaJIb-
HO¥i hopme ciioBa, penpesenTupyiomieil sekcemy. B Monorpadwun [18] onmckiBaercs crie-
[UAJIbHBINA AHATU3ATOP U IpoBeAenns jemvaru3anun — LogPar-anammsarop. Jlemma-
TU3anUd MOXKeT ObITh HENOIHOH (Sstemming) u 1mosHoi, Tpedytomieil riry6okoro mopdo-
JIOTUYECKOTO AHAJN3a, BBIABIAIONIETO BHYTPEHHIOI CTPYKTYPY CIOBA.

Pacro3naBanmne yHUKaJIbHBIX UMEH, €CJIM OHW HE OTPAHUYEHBI 33/IaHHBIM CITHCKOM,
Tpebyer MCIoIb30BaHNe MPOIEIYp MaInHHOro o0yuenns [18]. Hapsay c 3amadeii pac-
MO3HABAHUS YHUKATLHBIX UMEH pacCMaTpuBaercs 3agada Kopedeperun nMeH. TombKo
HEKOTOPbIE YaCTHBIE 3a/a49u KOpedepeHIr OTHOCIATCS K MPEIIPOIeccaM, HalpuMep,
pacro3HaBaHue Pa3HbIX MMEH OJHON u Toil ke nepconbl (npodeccop Vsanos, Huko-
nait sanos, H.Msanos). B obmem ciyuae paspemienne anadopbl u 60j€e CI0KHBIX
oTHOITEHUH pedepeHnnm He OTHOCUTCS K TTPEITPOIIeCCaM.

CuHTakcnYecKkuit aHaIn3 TojpasiensieTcs Ha moBepxHocTHBIH (shallow) w mosHbit
(deep). IToBepxuocrHbiit ananu3 (chunking) npejnaszaden s BbLIEJEHUS CMBICIOBbIX
cocrapigomux (chunks), rakux, kak umennas rpynna (Noun Phrase (NP)), riaronbuas
rpynma (Verb Phrase (VP)), npenmoxnuas rpynmna (Prepositional Phrase (PP)). 9tn
CEeMaHTHUYIECKNEe eINHUIBI HE TIePEeCeKaloTCsi, He PeKYPCUBHBI W He M30bITouHbL. O1Ha
n3 cucreM SMES moBepXHOCTHOTNO CHHTAKCHYECKOTO aHAIN3a [T HEMEIIKOrO sI3hIKa
JleTaIbHO omucana B [48].
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[Monubiii cuaTaKCcHMUeckuii anaau3 (parsing) NpeJCTaBAAeT CTPYKTYPY MPEIJIO-
JKeHWsl B BHJIE CHHTAKCHYECKOrO JepeBa. B Hacrosiiee BpeMsi pazpabOTaHbl pa3ind-
Hble (DOpPMAJIBHBIE IPAMMATHYECKHE TEOPUH CHHTAKCUCA: TPAMMATHKA 3aBHCHMO-
crTeff, rpaMMaTHKa HEMOCPE/ICTBEHHBIX COCTABMIAIONINX, KaTeropmuaibHas rpaMMaTH-
Ka, jexkcuko-pyuknuonanbuas rpammaruka (Lexical Functional Grammar — LFG),
BepiuHHasg rpammaruka cocrasigiomux (Head-driven Phrase Structure Grammar —
HPSQG), BeposgrHocTHAas KOHTEKCTHO-cBOOOnHAsa rpammaruka (Probabalistik Context-
Free Grammar — PCFG) u np.

OrMedaercs, 9TO HAWIY YIIHE PE3yIbTaThl JAf0T CTATUCTUIECKHE METObI CHHTAKCH-
qeckoro awasn3a. CHHTAKCHYeCKWH aHAIN3 MPUBOANT K CJIO0KHOCTHOMY B3PBIBY W TO-
POYKA€T MHOYKECTBO BAPMAHTOB CHHTAKCHYECKOTO pa3zdopa MpeyioyKeHws, MPH 3TOM
OCHOBHbBIE TPYIHOCTH CBSI3aHBI MMEHHO C Pa3peIeHneM BO3HMUKAIOIINX MHOrO3HAYHO-
cTel.

OHOl U3 TepBhIX 33129 CHHTAKCUYIECKOIO aHAIN3A ABJISETC 33/1a9a CerMeHTAIlnN
npeioxkenus. [1o cerMeHTOM TOHUMAETCS YaCTh MPEJIoXKenus (B YaCTHOM Cydae —
POCTOE MPEJIOKEHNE), BBIJEICHHAA 3HAKAMU TTyHKTYAIUH U OTNUCHIBAIOIAS OTIE/b-
Hyio curyanuio. B cermente Boiensercs ero npeaukarusnas sepmuna (head), Boipa-
JKeHHas B OOJIBIIHHCTBE CydaeB (GUHUTHON (POPMOil NIaroaa uir IpyruM MpeIuKaTHB-
HBIM CJIOBOM (JIEENIPUYACTHEM, PUYACTHEM, UMEHEM C CEMAHTUYECKON XapaKTepUCTH-
KOii seficTBus).

B zanannoit TMHTBUCTUYECKON TPAJWIMK TIOHSITHE «CErMEHT» SKBUBAJEHTHO TEp-
MUHY «KJay3as: «KJIay30i» Ha3bIBaeTCs J0bast TpyTma, B TOM 9HCIe U HEMPeInKaTHB-
Hasi, BEPIIMHONW KOTOPOH ABJIAETCS NIArOJ, & TPYU OTCY TCTBUY MOJTHO3HAYHOTO [JIATOIA —
CBsI3KA WM TPAMMATHYECKUN 3JIEMEHT, UIPAOIuil pob cea3ku. Ha ciemyromem srarme
CHHTAKCUYIECKOrO aHAIN3a PEIAeTCs 3a/1a9a YCTAHOBICHUS BHY TPUCETMEHTHBIX CBA3el.

Sajavya CHHTAKCHYIECKOTO aHajIn3a PEeIaeTcss Ha OCHOBE PA3JIMYHBIX MeTOI0B (op-
MaJIbHBIX TPAMMATHK, YCTAHABINBAIOMINX ONpPEIeJeHHbIE TTPABNIA KOMIIO3UIINNA CHHTAK-
CUYECKUX CTPYKTYD. s MOmeanpoBannst pycCKOro CHHTAKCHCA Halle BCETO TTPUMEHSI-
I0TC IpaBuia rpaMmmaruku 3asucumocreii [81, 84, 85]. Onnako B nocsjennue roubl B
3a/1a9aX CHHTAKCHYECKOrO AHAJIN3a HAYUHAIOT MPUMEHATHCS METO/IbI MAIIMHHOTO 00Y-
YEHWS.

B crarbe [42] onrcan MeTO/T cerMeHTAINY JUTMHHBIX MTPEIOXKEHNH AHMINHICKOTO S3bI-
Ka, OCHOBAHHBII HA METOJAX MAIIUHHOTO OOydYeHus (MUCMIOJIL3YIOTCS DENIAIoNIue Jepe-
Bbs UM eHeTudeckue ajropurmbr). CerMenraiys Ha OCHOBE 00y YeHus! IIPOUCXOUT B JBA
JTala: ONpeJeleHue BO3MOXKHbBIX MO3UIINI CEIMEHTOB U ONpee/eHre JefiCTBUTETbHBIX
rpaHut] cerMenToB. IIporece AauTes 10 TexX mop, MOKa KayK/IbI CerMeHT He JIOCTUTHET
moporoBoii AuHbL. [Topor BRIONpaeTcs, HCXOS U3 OIEHOK CJI0KHOCTH CHHTAKCHYIECKOTO
pasbopa.

Ha mepBom 3Tame moreHnuaIbHbIe TO3UIMA CeMMEHTOB OMPEIEIAI0TC € TOMOIIBIO
KIaccupUKAINN: KAyKI0€ CJIOBO MPEJJIOKEHNsT OTHOCUTCS K OJHOMY M3 JBYX KJIACCOB:
«Mmozker ObIThb rpaHuieii cermentas (segmentable) u «me Moxker ObITh rpaHuneil cer-
MmenTtay (nonsegmentable). @yukuusa, koTopasd KiaaccupUIUPYeT CJI0BA, ONpEnesier-
cs ¢ TOMOIIBI0 00ydenns. OyHKINs KaacCuUKAINN MTPEICTABISAET CODON MHOKECTBO
MpaBwWJl B BUJE JepeBa perrenuii. VIcmonb3yiores XopoIno U3BecTHbIe 00ydJaloIiyue a-
ropurmbl ID3 [61], ASSISTAT [13], C4.5 [62]. O6yuaiomue npuMepsl IPeACTaBICHbI
KaK Mapbl «aTpuOyT — 3HAYEHHE» W BKJIOYAIOT aTPpUOYTHI, KOTOPBIE CHEIU(DUIUDYIOT
cnoBa. Uncao 3nadvenuit arpubyTOB OMpeessieTcsi 9NCIOM BXOIOB B cjioBape. UToOb!
YMEHBINNTH CJI0KHOCTH JIEPeBa PenieHwii i CBSI3KN 3HAYEHWH aTpuOyTOB, NCIOIL3Y-
ercst TONbKO (PYHKINS KOHBIOHKINKW. B oOydaromem TeKcTe MO3WINN CerMEHTOB pPac-
CTABJISIIOTCSA BPYIHYIO.

Ha Bropowm 3rane mpouCXOAuT BbIIEIEHUE AeHCTBUTENbHBIX MO3UIUNA CEIMEHTOB W3
MOJIy9eHHOTO MHOYKECTBA, BO3MOXKHBIX TDAHUIL HA OCHOBE (DYHKIIUH <«HAUDOJEEe MOIXO0-
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JIAIIET0 CErMEHTHPOBaHUs». Takas (DyHKIMS eCTh JIMHEHHAS CyMMa B3BEIIEHHBIX TIe-
PEeMEeHHBIX, OTOOpazKaomuXx (GaKTOPhI, KOTOPBIE BIAUIIOT HA BLHIOOp. Beca mepemMeHHbIX
BBIOMPAIOTCsI HA OCHOBE HEKOTOPBIX KPUTEPHUEB ONTUMATbHOCTH (DyHKIUU. [lisi moncka
BECOB WCIMOJIB3YIOTCS TeHETUYIECKUE aJITOPUTMbI MATIIMHHOTO 00y YeHUs .

[Ipemioxkenne paccMaTpuBaeTCs KaK KOHKATEHAIUS TIOCIEI0BATETHHBIX CETMEHTOB.
CermMeHT COOTBETCTBYeT 3JeMeHTapHOI (dpasze, MIN «KJIay3es, B MPETI0KEHUHN, OTHOIIIe-
HUS MEXK/y CerMEHTaMU OMHMCHIBAIOTCS C MOMOINBIO KOHTEKCTHO-CBODOIHOM rpaMMaTh-
k. KOHTEeKCTHO-CBOOOIHDBIN CHHTAKCHIECKHUIT aHATH3aTOP 0003pPeBaeT CerMEHThI CIIPABa
HaJseBo, nogobuo «chuck by chunks crparerun [1-3, 38].

PaboTrs! Mo ceMaHTHYMECKOMY aHAJIN3y TEKCTOB, TJIABHBIM 00pa30M, CBSI3aHBI C TIO-
BEPXHOCTHBIM CEMAHTHYECKAM AHAIN30M. TUNHUUIHON 3a1aUeil SBIsIeTCS MaAPKUPOBAHNE
cemanTHueckux poseii [12, 34, 45, 71, 72]. Bosee ambunmosHas 3amava ceMaHTHUE-
CKOTO pa3bopa, KOTOPBI KOHCTPYUPYET MOTHOe (hOPMATbHOE MPEICTABICHUE CMbBICIA
upejuioxkenus, peinaerca B [75]. aes nocrpoenusi CHHTaAKCUYECKU OPUEHTUPOBAHHOIO
06y4aeMoro ceMaHTH9IeCKOr0 aHAIM3aToOpa paccMaTpuBaeTcs B [53].

B mocnennee nmecarmierne pa3pabOTaHbI METOMBI MAIMHHOTO OOYyYEHUs [JIsT WH-
JNYKTUBHOTO TIOCTPOEHWS CEMAHTHYECKUX AHAIU3ATOPOB TIO MPUMEPAM TIPEJIOKEHNUIH,
CMBICJT KOTOPBIX TPEJICTABJIEH HA CHENUaTbHOM (DOPMATLHOM SI3BIKE.

Hawubosee pannss cucrema CHILL g o6y4aeMoro ceMaHTHYIECKOrO AHAIU3ATOPA
[78] ucmonb3yer MHIAYKTUBHOE JIOPMYECKOE IIPOrPAMMUPOBAaHUE /it O0ydeHus jerep-
MUHUDPOBAHHOTO aHAIN3ATOPa, HanmucanHoro Ha s3bike Prolog. Cucrema CHILL mo3xe
pacrupena B [70] mo cucrembr COCKTAIL, koTOpast HCMOIb3yeT KOHCTPYKTOP MHOMKe-
cTBa «Kay3» B passurue uzeir cucrembr CHILL.

CpaBHUTEHHO HEJABHO pa3paboTaHbl MOIXO/Abl K O0YyYEHHUIO CTATHCTUYECKUX Ce-
MAaHTHYECKUX AHAJIM3ATOPOB, paboratonmx Ha Goibmux obydaomux Beibopkax. Onu
UCTIOJIB3YIOT Pa3Hble TEXHOJOIWU craTtuctudeckoin oopaborku Ed-tekcror. Cucrema
SCISSOR [32, 33] nmobapisier MOAPOOHYIO CEMAHTHKY K COBDPEMEHHOMY CTATHCTHYE-
ckoMy cuHTakcndeckomy anamnsaropy Collins parser [24]. O6yuaembrii ceManTHYIeCK i
anasmzarop WASP [76] azantupyer Mero/ craTucTuIecKoro MalMHHOrO HepeBoia JJist
3aja4n ceMaHTHdeckoro anamu3a. Cemanrundecknii anammsarop KRISP [40] ncrons3yer
MeTOJI OTIOPHBIX BEKTOPOB [25] ¢ mocienoBaTeabHbIMI sapaMu [47].

B [79] mnpemoskena cucremMa 00ydaeMoOro CEMaHTHYECKOrO aHajn3aTtopa Ha
OCHOBE BEPOATHOCTHONW KOMOMHATOPHOI Kareropuasbhoii rpammaruku (Probabilistic
Combinatorial Categorial Grammars — CCG).

ObsracTu npuMeHeHns CEeMaHTHIECKUX aHATU3aTOPOB orpanndensl Ef-3ampocavu K
cnenududeckuM 6azaM JTAHHBIX ¥ HEKOTOPBIMU CIIEITHATbHBIMU TIPUIOKEHUSIMHU, HATPH-
Mep MHTepIpeTanneil HHCTPYKIuii (pyTOOTLHOrO TpeHepa.

B [53] obcyxmaercs BO3MOKHOCTH MCIOJIB30BAHWST KOHTEKCTOB [IJIsi Pa3peIeHust
MHOT'O3HAYHOCTH. ABTOD mperaraer 00beINHUTH CHHTAKCUIECKH YIIPABIAEeMbIil 00y da-
eMblii ceMaHTHYeCKuil anamu3 ¢ pOPMAaTbHBIM MPEICTABICHIUEM CMbBICTIA PETOKEHUH 1
omucaHueM KOHTeKCTa. B kagecTse 061aCTH NPUMEHEHUS TAKOTO TIOIX0/A TPE/TIAraeTCs
BBIOMPATH JUHAMUYECKUE 3319l C OrPAHMYEHHBIM KOHTEKCTOM. B 9acTHOCTH, MOXKHO
HCrnonb30BaTh cncreMy [16], kKoropasi obecriednBaer geTaabHoe GU3NIECKOe MOIETNPO-
BaHMEe POOOTOB — (PyTOOTBHBIX DOJIETBITUKOB UM CHCTEMY KOMMEHTATOPOB YEMITMOHATA
poboros (Robocup “commentator” systems) [6].

MoKHO yKa3aTh U Jpyrue 3aJa49d, B KOTOPBIX UCIOIB3YETCs KOHTEKCTHOE 00y YeHne
sa3piky [29]. K raknm 3amadam oTHOCHTCS 0OydeHWe s3BIKY TO KapTWHKaM, 00ydeHne
3HAUEHNIO OTJEJIBHBIX CJIOB TIO CHMBOJIBHBIM ONMCAHWAM KOHTeKcTa [68] m obyuenne
omnMcaHusAM OObEKTOB U JefCTBII, N3BJIeKaeMbIX U3 BUEO0 n300parkenuit [28].

Becbma akryanbras 3a1a9a aHHOTUPOBAHKS TEKCTOB TAKYKE PEIIAETCsI HA OCHOBE Me-
TOJOB MAIMMHHOTO 00y4uenus. [Ipu 3TOM MeTOmbI MAITUHHOTO 00y YeHNsT TPEOYIOT CyIIe-
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CTBEHHBIX 3aTPAT Ha CO3/Janne 00yJalonmx BpI00pOK. IIpeonosenne aToro 3aTpyHenns
Be/leTCs ByMs myTsiMu. [lepBblil IyTh NIPUBOAUT K BKJIIOYEHUIO B IIPOIECC AHHOTUPOBA-
HUsi aBTOMATU3UPOBAHHOIO ITara COOPKHU Pe3y/IbTATOB AHHOTUPOBAHUSA [IJIsi CO3IAHUS
o0y4aoIeil BHIOOPKH NPEJIOKEHU TeKCTa C TAKUM YKe JepeBOM pa3bopa (aHHOTHPOBa-
aue ¢ o0yuenunem). Bropoii nyTh BeeT K HCKII0YEHUIO (TIOJTHOMY UM 9aCTUIHOMY ) Py U-
HOTO AHHOTHPOBAHUS MyTEM HCIO/Jb30BAaHUs PECYPCOB HHTEpHETA (aHHOTHpOBaHUE 6e3
o6yuenus). IIpu 310M pasinvaiOT aHHOTUPOBAHUE JIMHIBUCTUYECKOE (CHHTAKCHYECKOE)
u cemanTudeckoe. K mepsomy orHOCST pa3zmMeTky MOPQOIOruIeCKIX U CHHTAKCHIECKUX
MIPU3HAKOB CJIOB, MOCTPOEHNE AHHOTAIINU Ha OCHOBE /epesa paszbopa. Ko Bropomy — npu-
MUCHIBAHUE CJIOBAM WJIM BHIPAYKEHUSIM CEMAHTUIECKUX KATETOPUil WJIH OHTOJIOTHIECKUX
MeTOK. [IpumMepom cHCTeMBbI BTOPOTO THIA SABJSETCS CHCTEMa TMOJIYyaBTOMATHYIECKOrO
annornposannss PANKOW [20], B koTopoii nMeHaM cOGCTBEHHBIM TIPUITHCHIBAIOTCS OH-
TOJIOTUYECKUE KATErOPUK HA OCHOBE OOpAIeHrs K PecypcaM MHTEPHETA, COIEPIKAIIUM
y2Ke TOTOBbIe OHTOJorHYecKue cxembl. CHadama depes 3anpoc K ITUM PecypcaM reHe-
PUPYIOTCS THUMOTE3BI O BO3MOXKHBIX OHTOJIOTHYECKUX OTHOIIEHUSIX JIJIs BBIIEJIEHHOTO
UMEHU COOCTBEHHOTO, 3aTE€M BBIOMPAETCs OHA U3 TMIOTE3 HA OCHOBE CTATHCTUYECKOTO
MPABUIA MAKCUMAJILHOTO TIPABIONOI00MS.

Nurepecuplit moaxo/1, CBOAAININI CHHTAKCHYIECKOE AHHOTUPOBAHUE K CEMAHTUYIECKO-
My 110JIyaBTOMAaTHYECKOMY AHHOTUPOBAHUIO (6€3 PyYHOro AaHHOTUPOBAHMUS ), IPUBOAUTCS
B pabore [22]. JluHrBucTHUeCKasd AHHOTAIMS PACCMATPUBAECTCA KaK YaCTHBIN ciydail ce-
MaHTHYECKON aHHOTaINu, peannsopannoii B cucreme CREAM [36]. Hanpumep, Terruur
CBOJINTCST K 3aj/iave BHIOOPA COOTBETCTBYIONIETO Tera Jijisi CJI0BAa W3 OHTOJIOTUH KaTero-
puii cioB. 3a/1a9a MOHUMAHUS CMBICTIA CJIOB ¥ PA3PEIIEeHUsT HEOJHOZHATHOCTEH CBOIUTCS
K BBIOOPY NMPABUILHOTO CEMAHTUYECKOrO KJIACCA MJIM KOHIIENTA JIJI CJI0BA U3 COOTBET-
crByiorieit oaronorun 8 WordNet. 3anosnenue mabaoHOB B CHCTEMAX W3BJICYCHUS WH-
dopMarmm CBOIUTCS K 3aJa4e HAXOXKIEHWS W PA3METKH BCEX aTPUOYTOB 3aJaHHOTO
OHTOJIOTMYECKOrO KOHTIENTa (HAPUMED, I KOHIENTA «IIEPCOHAY 3aJAI0TCA aTpubyTh
«UMsI», «MECTO PabOThbI», «IOJKHOCTH»). Takum o6paszoM, rpammarudeckas UHQOP-
Marus BBOAWTCHA 4Yepe3 aTpubyThl KOHIENTA, W CXEMbl AaHHOTAIUU MPE/ICTABISIOTCH B
OHTOJIOTUYECKUX CTPYKTYPaxX.

PaccmarpuBaroTcst Tpu myTH aHHOTHPOBAHUS:

1) JIUHrBUCTHYECKOE BBHIPAKEHUE MOYKET AHHOTUPOBATHCA KAK TPUMEP HEKOTOPOTO
OHTOJIOTUYECKOTO KOHIIETITA,;

2) JIMHIBUCTUYECKOE BBIPDAYKEHUE MOXKET AHHOTUPOBATHCS Kak Hpumep arpubyra
HEKOTOPOTO JIMHIBUCTHYECKOTO KOHIIEITA, TPEBAPUTETHHO AHHOTHPOBAHHOTO KAK HEKO-
TOPBIA KOHIIENT;

3) ceMaHTHUYECKOE OTHOIIEHUE MEK/TY JBYMS JIMHTBUCTUICCKAMY BHIPAYKECHUSIMHU, aH-
HOTUPOBAHHBIMU KAaK TIPUMEPHI JBYX KOHIIENTOB, MOYKET AHHOTHPOBATHCS KAK MPUMEDP
OTHOIIIEHUS.

Ecnu ucnonnzosars 361k OWL kak crangaprabiii popManmsm st 3anucu OHTOIO-
ruii, TO MOXKHO BBIYHUCJIATH COTJIACOBAHHOCTH MEKIY PA3IUIHBIMU AaHHOTAIUSAMU, OIIPe-
JIeJIUB MepbI OJIM30CTH MEXKy mepapxusiMu KOHIenToB. OmucaHHBIN B paboTe moaxosn,
MPUMEHSIETCS JIJIsi AHHOTUPOBAHWS aHA(OPUUIECKUX OTHONICHUH. AHHOTHPOBAHNWE aHA-
bOpPUIECKOTO OTHOTIEHUST MKy JBYMS BBIPAYKEHUSIMI MOYKET COOTBETCTBOBATH 0DOJIEE
00IIIEMY OTHOIIEHHIO B OHTOJIOTUYIeCKO# nepapxun. M meHTuaHoCTh 1 KopedepeHIins pac-
CMATPUBAIOTCA KaK Clieruaibable ciaydan anadgopsl. Ha ocHoBe nekiapupoBanHOTO 1101~
X0/13, BO3MOYKHO Pa3pPEIeHne HesBHO BBIPAYKEHHOTO OTHOMIEeHU UAeHTuIHOCTH («/I:K0oH
KynuI Buepa maiuny»; «“Tauka” B XOpoIieM COCTOSAHUM ).

[MonyaBTOMaTHUIECKOE CEMAHTUYIECKOE AaHHOTUPOBAHNE JOKYMEHTOB UY€pPEe3 NMHTEPHET-
oHTosI0rUK paccmarpubaercd rakxke B [43]. Ilepblil mar — cemanTHYeCKas AHHOTAIMS
C OIOPO#l HA CEMAHTUYECKYIO MOJIEIb: OHTOJIOTUIO WK KOHIIENTYa bHYI0 cxemy. BTopoii
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ar — py9YHasi KOPPEKITUs PEe3yIbTaTOB MepBOro mara. O purunHaIbLHOCTh TOIXO0A, TIPEI-
JIO?KEHHOTO B 3TOi padoTe, COCTOUT B TOM, 94TO /it CEMAHTUIECKOrO0 AHHOTHPOBAHUS HA
[IEPBOM ITIare MPUMEHSETCs MOAMMDUITUPOBAHHBIN IPOIECC AHAIU3A TPOrPAMMHOTO KO/Ia
[44]. Ha mepBoii cTagnm WCIOIb3yeTcst TIPUOIIMIKEHHAS KOHTEKCTHO-CBOOOHAST HEOTHO-
3HAYHAS TPAMMATHUKA JIJIs TIOJIyYeHUsT TPUOInKeHHON (hpa3oBoii cTpyKTyphl. [Ipn 3mom
UCTIOJIB3YETCS OBICTPBIN AEeTePMUHUPOBAHHBINA MAPCUHT, MO CJIOKHOCTHU JIMHEHHO 3aBU-
CUMBIH OT BxOja. Pe3ynbTaThl aHHOTHPOBaHUA TepeBoadaTcs B XML u momemaiorcs B
0a3y MAHHBIX /s JAJbHEHIINEero MCIoMb30BaHusd I oTBeToB Ha EfZ-3ampochr k 6asze
JTAHHBIX.

3akJiroueHne

MeTob MAIITUHHOTO O0YYeHHUsI, XOTsI U HAXOIAAT BCE OOJIBbIIEe TPUMEHEHUE IS Pa3-
JINYHBIX 337129 00paboTku EZ-TexcToB, moka eré 0CTarTCss Ype3BbIYaiiHO CJI0KHBIMU U
TPYJOEMKUMHU [1J1si PEATHHOTO IPUMEHEHUs. JTO 00bICHAETCS HE CTOIBKO CIIOKHOCTHIO
aJArOpuTMOB 00ydYeHust, CKOIbKO, BO3MOXKHO, HEYTA9HBIMI METOI0JIOITIECKUMHU [TO/IX0-
JaMu K OOyUeHuIo. 3a1adu OOyUIeHUs MPUMEHSIOTCS (PparMeHTapHO, K KaKOMY-JIu00
OTEJILHOMY JTAILy MOCJIEI0BATEILHOTO MPOIecca 00paboTku TekcTa. VIMEeHHO To3TOMY
MPUXOIUTCS 3aHUMATHCS PYTIHON pa3MeTKOI, & He MCIOIb30BATh PE3YIbTaThI TPEIbIITY-
ero 00y4enns CUCTEMBI HA MIPE/IIIECTBYONIUX U B3ANMOCBA3aHHBIX dTANax 00paboTKu.

Hampumep, ycnermibie pe3yabTaTbl MOPGOJIOrHIecKoro pa3bopa MOKHO OBLIO ObI
HCII0JIB30BATH IPU O0YYEeHUN CHUCTEMbI PACIO3HABAHUIO CHHTAKCUYECKUX 3aBUCAMOCTEN
Mexk Iy cioBamu. Ilo-Bugmmomy, 11e1ecoo0pa3Ho MOIETNPOBATE TOBEIEHNE «00ydaeMO-
ro JINHTBUCTUYECKOTO areHTa», KOTOPHII HAKAMIMBAET 3HAHUS O TOM, KaK B3aMMOCBSI-
3aHbl CHHTAKCUYECKHUE COCTABJIAIONINE MEXKIy COOOH M KaK OHU CBS3aHBI CO CMBICIIOM
npeanoxkennit. Takum o6pa3om, HyKHa MPOrpaMMa MOCTEITEHHOT0 00y IeHNs TUHIBUCTH-
YECKOr0 areHTa OT <«IIPOCTOr0 K CJOXKHOMY», MPUYeM ODydYeHue JOJKHO yIPABIATHCS
CEMAHTUYECKOM KOMITIOHEHTON aHaIN3aTOpa. B TaKOM Mporecce TpU3HAKU JIJIsT KA¥KI0TO
MOIITPOIecca MOTJIA Obl POPMUPOBATHCS ABTOMATHYECKN HA MPEIBIAYIINX ITATax.

CymiecTByer BazkKHas mpodIeMa MPOBEPKY MPABUILHOCTH pabOThI 00y9YeHHON Mpo-
rpamMmbl. Becbma Baxk#HO, 9TOOBI caMa MporpaMMa MOIJIa «IMOHMMATh», YTO OHA HE MO-
KeT CIpPaBUTHCA ¢ 3amadeii. Takoe «moOHMMaHHE» MOXKET 0A3MPOBATLCA HA TOM OOCTO-
ATEJIHCTBE, YTO JJjI KAKOT0-JIM0O0 Iara HeT OJHO3HAYHOIO PEIIeHWs WJIM UMEET MECTO
MpOTUBOpeYNe, KOH(MIUKT HEKOTOPHIX MpaBwmjI. B 3TOM ciryuae mporpamMmma J0JIKHa, 3a-
MpAIUBATH HOBBIE MPUMEPHI UJIN JOMOTHUTEIHHBIE 3HAHUS IKCIEPTOB-JTMHTBUCTOR.

Marmunnbie MeTo/1bl 00y YeHrs KOHIIENTYATbHBIM 3HAHUAM MPECTABIIAIOT COO0H MO-
JIeJib TIPABIOMOIOOHBIX WHIYKTUBHBIX U J€IyKTUBHBIX PACCYKICHUH, B KOTOPBIX BBIBOJ,
3HAHWI W WX HCIOJIB30BAHUE HE OTIEIUMBI APYr OT JApyra. Peanuszamnums oOydeHus B
pekuMe MPABIOMOIOOHBIX PACCYKIEHHI MO3BOJUT OPTaHW30BAThH B3aUMOIEHCTBUE HE
TOJIBKO JAHHBIX W 3HAHUI B MPOIECCax 00pabOTKU TEKCTOB, HO W MOJEJIUPOBATH MPO-
[IeCC B3aUMOJEHCTBUI yIUTEN W YIeHUKA B TPOIEcce MPUOOPETeHNs 3HAHNN B CXeMax
MHOTOAreHTHBIX B3aMMOJIEHCTBUAM.

Summary

X.A. Naidenova, O.A. Nevzorova. Machine Learning for Natural Language Processing:
Contemporary State.

Contemporary methods of machine learning used for natural language processing tasks are
discussed in the paper. Various classic tasks of natural language processing are considered,
including the tasks of morphological and syntactical analysis. Special attention is given to the
methods of machine learning used for construction of ontological models.

Key words: methods of machine learning, natural language processing, morphology,
syntax, semantics, ontology.
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