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Ob6 aBsTOpe

Puuapa Pus (Richard M Reese) umeet ommbIT paboThl HE TOJBKO B TIPO-
MBITIIEHHOCTH, HO U B Hayke. B Teuenne 17 set om pabotas B oTpacin
Tesie)OHHON CBA3W W a9POKOCMWYECKON WH/LYCTPUH, BBITIOJIHSS pa3Hble
00SI3aHHOCTH, BKJIOYAS WCCIETOBATENBCKYIO M KOHCTPYKTOPCKYIO JIesi-
TETBHOCTD, Pa3paboTKy TPOTPAMMHOTO 0GeCTIeTeH sT, PYKOBOICTBO TPYTI-
maMu pazpaboTYMKOB U TpernofiaBanue. B Hactostiee Bpemst Prdap mpe-
mozaet B TapatorckoMm rocymapctBernom yanusepentete (Tarleton State
University), rjie mpuMeHsIeT CBOI GOraThlil MPaKTHUECKUH OTIBIT ISt YCO-
BEPIEHCTBOBAHNST KYPCOB 00YUEHSI.

Prraaps Hammcas HeCKOIbKO KHUT TI0 sI3BIKAM TIPOTPAMMUPOBAHUS Java
n C. O= n3naraeT Matepras B JaKOHUYHOM U MOHATHOM cTHJte. Cpesint ero
kHUT MOKHO 0T™MeTHTh <EJB 3.1 Cookbooks, kuurn o HOBBIX dymHKIIO-
HaJIbHBIX BO3MOKHOCTSIX Java 7 1 8, KHUTY O cepTUdUKAIUT Pa3padoTUm-
Ka Ha g3bike Java, kuury o jMonkey Engine, a Takske KHUTY 00 HCTTONB30-
BaHuM yKazareseil B a3bike C.

«{ 6narogapeH moein oovepu IkeHHndbep 3a MHOrO4YNCIEHHbIE 3aMeYaHns, No-
npaeku 1 AOMNOSIHEHVS. Ee Bknaa B co3gaHue AaHHON KHUMM HEBO3MOXHO nepe-
OLLEHUTb>.



O peueH3eHTax

Cypbsmpakam C. B. (Suryaprakash C. V.) sannmaerca 3agadamMu 06-
paboTKu ectecTBeHHOTO s13biKa ¢ 2009 roma. ITo okoHUaHUHU yueOHOTO 3a-
BeJIEHNST TIOMYINIT CTETEHb OakamaBpa o (hu3nke, 3aTeM B aCIUPAHTYPE
CTIETHATH3UPOBAIICS B 067aCTH PazpabOTKN KOMIBIOTEPHBIX TTPUITOsKe-
mwit. TTozke MOTYYUI BOBMOKHOCTD TIPOIOJKUTH Kaphepy B HamboJee
MIPUBJIEKATENHHOMN [T HETO 06J1acT — 06pabOTKe eCTECTBEHHOTO SI3BIKA.

B nacrosmee Bpemst Cypbsmpakali sBIIIETCS BeAYIINM HCCaeoBaTe-
sieMm B kKommanuu Senseforth Technologies.

«{] GnarogapeH Kosseram 3a MoCTOSHHYIO MOAAEPXKY BO BCeM. VX nMomolib
Oblnia BECbMa CYLLECTBEHHOM 1 MNPV COCTaB/IEHNM AAHHON PEeLEeH3UN».

IBan /lemncu (Evan Dempsey) — mporpammuct u3 Yorepdopzaa
(Upranaust). B peakue wackl, Korjga OH OTBJIeKaeTcst oT sisbika Python
(KOTOPBII HUCIOJB3YET He TOJBKO JIist 3apaboTKa, HO ¥ ¢ OOJIBIINM Y/I0-
BOJIBCTBUEM), DBaH JIIOOUT TTOCUAETh ¢ KPY/KKOI 3HAMEHUTOrO UPJIAH/I-
CKOTO TINBA, 3aHATHCS MporpaMmupoBanreM Ha Common Lisp u mountaTh
0 HOBEHIIMX JOCTHKEHMSIX B 06J1acTH MaliHHOro o0yuenus (machine
learning). OH TaksKe y4acTByeT B HECKOJIBKUX TIPOEKTAX ¢ OTKPBITHIM HC-
XOJTHBIM KOJIOM.

Anun OmanBap (Anil Omanwar) — BecbMa dHepruyHasi JUYHOCTh
C OTPOMHBIM WHTEPECOM K HOBEHIIMM HAMPABJICHUSM B TEXHOJOTHUSX
u uccrepoBanusax. O6mazaer Gojiee yeM 8-JT€THUM OIIBITOM HCCJIEN0Ba-
TEJNLCKON paboThl B O6JACTH KOTHUTUBHBIX (MHTE/IEKTYAJIbHBIX) BbI-
yrcsaeHunit. O6paboTKa eCTECTBEHHOTO s13bIKa, MAIIMHHOE 00yYeHMe, BU-
3yaJibHOE Tpe/iCTaBIeHrne WHGOPMAIUA W WHTEJJIEKTYaIbHBIH aHATN3
TEKCTOB — IJIaBHbBIE C(hepPhI €T0 UCCIET0BATEIHCKOTO HHTEPECA.

AHWI SIBJISIETCST 9KCTIEPTOM B aHATTM3€ HMOITNOHATBHOIN OKPACKH TEKCTa
(sentiment analysis), coctaBieHrn 1 aHAJIU3€ OTIPOCHBIX JIMCTOB, KJIacTe-
pHU3aIuu TeKCTOB (JIOKYMEHTOB) M M3BJIedeHn NHGOPMAIN (CBI3HBIX
(dhpas) B pasHO0OPasHbIX chepax 3HAHWI, TAKUX KaK HAyKK 0 sKu3Hu (6ro-
JIOTHST, METUTIHA, aHTPOTIOJIOTHS U T. T1.), TPOU3BOJICTBO, POSHUYHAS TOP-
TOBJIST, BJIEKTPOHHAS KOMMEPIIHUSI, TPEACTABUTEIBCTBO U padoTa ¢ KJINEH-
TaMiu, GAaHKOBCKOE JIEJI0, COIMATbHbBIE MEIHAKOMMYHUKAT[HH.

B Hacrosiiee BpeMst AHUJI aKTUBHO COTPYIHUYAET ¢ 1abOPaTOPUsIMU
06paboTku ecTecTBeHHOTO st3bika 1 IBM Watson B kopropariuu IBM. Te-
Ma €TO MCCJeIOBAaHUI — aBTOMATU3AIMS BAKHEHIITUX PYYHBIX OTlepaIuii
U [IOMOIIb 9KCIIEPTOB B COOTBETCTBYIOIIUX 00JIAaCTSIX 3HAHUN 171t OITH-
MU3aAH GyHKIIMOHATBHBIX BOBMOKHOCTEN CUCTEM «9eJI0OBEK—MAallTHHA Y.
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Cgoe cBoGogHOEe BpeMs AHUJI HocBsmaer o0IecTBeHHoN pabore, 1e-
MeXOHOMY Typu3My, dhoTtorpacduu u myremmectBusM. OH Bcerza TOTOB
3aHATHCS PelieHrueM 1000, caMOi CII0KHOM TEXHUYECKOH 3a1a4n.

Amura6x Illapma (Amitabh Sharma) — npodeccronanbHbIii iporpam-
MUECT. B ero akTiBe MHOKECTBO TIPOMBIIIJIEHHBIX TIPHJIOKEHUH B chepax
TEJIEKOMMYHUKAIIUN 1 OU3HeC-aHaUTUKN. [IpodheccruoHalbHble HHTEpPE-
cbl AMuTabxa — CepBUC-OPUEHTUPOBAHHBIE ADXUTEKTYPBI, XDaHEHHE JIaH-
HBIX U TaK1e SI3BIKU MPOTPaMMUPOBAHUS, Kak Java, Python u jip.
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O6paboTka TeKCTOB Ha ecTecTBeHHBIX si3bikax (Natural Language Proces-
sing, NLP) ucromb3yeTcst 171st peneHnst OOIIMPHOTO Kacca 3a/1ad, BKITO-
yas O/IePKKY MEXaHU3MOB IIOUCKA, aHHOTUPOBAHMS U KJIacCUDUKAIUN
TEKCTOB Ha BeG-CTPaHKIIAX, @ TAK/KE JIJIsST BHEAPEHUS METOI0B MAIIMHHOTO
06YUEHVSI ¢ TIETTBIO PEIeHNsT TAKUX HETPUBUATBHBIX 33/1a4, KaK Pacro3Ha-
BaHWE PEYN U aHaJIN3 3apPocoB. TeXHOmorust 06paboTKI eCTECTBEHHOTO
st3bIKa Harbosee ahdekTuBHA TTpH paboTe ¢ TOKYMEHTAMU, CO/IEPsKATIH-
MU TTOJIe3HY10 TH(MOPMAIIHIO.

O6paboTKa TEKCTOB Ha €CTECTBEHHBIX SI3BIKAX MPUMEHSIETCS /TSI pac-
MU peHust (PyHKIIMOHATbHBIX BO3MOKHOCTEH MMPUITOKEHUH, HAlpUMep /11t
VIIPOILEHHUST BBOJIA TIOJIb30BATEIEM MCXOIHBIX JJAaHHbIX 1 TIPEOOPasoBaHUsT
tekcra B 6ostee ynobubie popmbl. CyTh Textosornu NLP coctout B 06pa-
GOTKE TEKCTOB Ha ECTECTBEHHOM SI3bIKE, B3SITHIX M3 CAMbBIX Pa3HOOOPA3HBIX
ncTouHnKoB. [Ipn aToM Mcmonb3yeTcst mocie[0BaTeIbHOCTD KIIUYEBBIX
omeparii 06pabOTKN eCTECTBEHHOTO A3bIKA JIJIsT TPe0GPA30BAHMST HCXOJI-
HOTO TeKCTa WM U3BJIEUYEHUs U3 HETO T0JIe3HON MH(popMaInm.

B 210ii KHure noApo6HO paccMaTPUBAIOTCS KilodeBbie onepanun NLP,
KOTOpBIE ¢ GOJIBIION BEPOSTHOCTBIO MOKHO BCTpeTuTh B NLP-nipuiosxe-
Husx. [l ka0l ollepaliuy, paccMaTpuBaeMOl B KHUTe, CHaYasla JaeTcs
OTIICaHme 33/1a4¥ U 00JIaCTH ee MpuMeHeH . Jlaee mepeancisioTes Bee
HIOAHCHI, OTIPEESIONIIE CIOKHOCTD 33/[a4l, YTOOBI YUTATETh CMOT JIy4-
11e MOHATH JJAHHYIO 33/[a4y B II€JIOM. 3aTeM CJIeAYIOT MHOTOUNCJIEHHbBIE
MIpUMeEpPBI PeleHui Ha A3bIKe Java, a Takyke MPUMeEpPhl MCIOJb30BaAHUS
NPUKJIAHBIX TPOrpaMMHBIX HHTepdeiicos (API) moaaepxkku 06paboTKu
€CTeCTBEHHOI'O A3bIKa.

KpaTtknin 0630p coaep>kaHnst KHUMN

I'maBa 1 «OcHoBbI 06PaOOTKY €CTECTBEHHOTO SI3bIKA» OMUCHIBAET 0OIACTH
npuMeHeHnst 06paboOTKU eCTECTBEHHOTO SI3bIKA ¥ BasKHOE 3HAYECHUE DTOI
rexHojorun. Merogukn NLP, ucriosib3yembie B 9TOH ryiaBe, 00bsICHIIOTCS
HAa MMPOCTBIX MTPAKTUYECKUX TIPUMEPAX.

InaBa 2 «Ilouck ¢dparMeHToB TeKCTa» B OCHOBHOM TIOCBSIIEHA OTIe-
paiusM pasjiesieHus MOTOKa TEKCTAa Ha CMbICJIOBbIe (hparMeHThl ((hpassbi,
CJIOBA, CUMBOJIBI U T. I1.) ', DTO TIE€PBbIiT 3TAII TIOJITOTOBKU K PEIleH o HoJiee

! Takue onepanuu 0003HAYAOTCS TEPMUHOM TokeHusalus (tokenization). —

IHpum. nepes.
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cnoxubix 3a1a4 NLP. Takke ommceiBatoTest iporpaMMHbIe MHTEPGhErich
Java nuist pasnesieHust TekcTa Ha (DparMeHThI U IOMCKA 110 00pasIam.

InaBa 3 «Ilowck mpenokeHuit> IEMOHCTPUPYET BAKHYIO POJIb €IIle
OZTHOU 3aaun 00PadOTKK €CTECTBEHHOTO sI3bIKa — OIPE/eICHIE TPAHUI]
TIPETTOKEHN. ITOT ITaTt 06pabOTKY TIPe/IITecTBYeT MHOTHM ApyTiM NLP-
3a/1auaM, B KOTOPBIX TEKCTOBBIE 2JIEMEHTBHI He JI0JIKHBI BBIXO/IUTH 32 TPAHMU-
ITbI TIPEJITTO;KEHUT, BKITIOUAst TapaHTUX BXOXKIEHUS BceX (hpa3 B OIHO TIpel-
JIO’KEHNE, a TAaKKe YACTUIHYIO TO//IEPIKKY PACTIO3HABAHUS M aHAJINI3A PEUH.

ImaBa 4 «ITouck moeit 1 IMEHOBAHHBIX 0OBEKTOB» TIOCBSIIIICHA TOMY,
4TO B IIMPOKOM CMbICJIE OOBIYHO 0003HAUAIOT TEPMUHOM «PaCIIO3HABaHIE
" uIeHTU(hUKAIS UMEHOBaHHBIX 00beKTOB> (named-entity recognition).
IT0 3a1a49a UACHTU(DUKAIINN JIFO/CH, MECTOTIONOKEHUI U MTPOUUX M0IT00-
HBIX 00BEKTOB B TeKCTE. JJlaHHAast METOMKA SIBJISIETCST TIO[TOTOBUTEIBHBIM
ATAIOM JIJIsT 00pabOTKY 3aIIPOCOB U ONEPAIil TTOUCKA.

I'maBa 5 «Otpenesienne yacTell pedr» pacCKa3bIBaeT, KaK OMPEIeIsIioT-
€SI YaCTHW PeYr rPAMMATHIECKIX 2JIEMEHTOB TEKCTA, TAKME KaK CYIIEeCTBU-
TeJTbHBIE W ITaroJibl. VIIeHTU(UKATIIS 9THX 2JIEMEHTOB SBIISETCS BAaKHBIM
ATAINOM B TIPOIECCE ONMPEAETEHUS 00IIEro CMBICIOBOTO 3HAUCHUST UCCIIE-
JIyeMOTO TEKCTa ¥ YCTAHOBJICHUSI CMBICJIOBBIX CBSI3€ll BHYTPHU TEKCTA.

I'naBa 6 «Kiaccuduraius TeKCTOB U JOKYMEHTOB» HATJISIZIHO TOKA3bI-
BaeT HEOOXOIMMOCTh KJIACCH(PUKAIINN TEKCTa JIJIST TAKUX 3ajiad, KaK Bbl-
SBJIEHNE cTlaMa W aHaJIu3 dMOIMOHATHHON OKpackm TekcTa (sentiment
analysis). ITogpo6Ho onmcbiBaet Metorku NLP, KoTopbie 00ecieunBaioT
MOJIEPIKKY KITacCU(pUKAINY TEKCTOB.

I'maBa 7 «Mcmosmb3oBaHne CHHTAKCHYECKOTO aHajau3aTopa (Tmapcepa)
JI7TST BBIJIEJIEHUST B3aNMOCBSI3€l» pacCMaTPUBAeT JIepeBbs CHHTAKCUIEeCKO-
TO aHa/M3a. /[epeBo CMHTaKCUYeCKOTO aHAIN3a NCITOIB3YeTCs ST MHOTHUX
1eJIeid, B TOM 9rcJie /it u3BJiedenus nagopmanuu. OHO COMEPIKUT TaHHbIE
006 OTHOIIEHUSIX MESKTY CBOUMU 3JieMeHTaMu. JIJIst HarJIsiiHOM IeMOHCTpa-
AU TIPOIecca B IJIaBe MPUBEIEH MPUMED Peasn3aiiiy ITPOCTOTO 3apoca.

I'maBa 8 «KoMILIEKCHBIE METOANKI» PACCMATPUBAET CIIOCOOBI M3BJICUe-
HUST JAaHHBIX U3 IOKYMEHTOB PAa3JINIHBIX TUTIOB, TaknX Kak PDF u daiispr,
coznanubie B MS Word. 3ech mokazano, kak oobenuntb NLP-meTonnku,
OIMCaHHbIE B TIPEIBIAYIINX TJIaBaX, B CBOCOOPA3HBIN «KOHBEHep» I pe-
1reHust Gosiee KpyImHOMACIITaOHbIX 3a/1a.

HTO HY)KHO AAS1 YTEHWS 3TON KHUMM

Jlns rleMoHeTpanuu paboThl METOAMK 0OPabOTKU eCTECTBEHHOTO SI3bIKa
ucnoassyercs Java SDK 7. Ilorpebyiorcest Takke pasHooOpasmbie NLP
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API, kotopbie HeTpyaHO OyneT HaliTh U ckadarh. Hasmmdare nHTETpUpo-
BaHHOII cpebl paspaboTku (IDE) He 00s13aTe/IbHO, HO JKEJATETBHO.

AN KOO 3Ta KHUra

Kuura Gymer mojie3Ha ONBITHBIM Pa3padOTYMKaM Ha Java, MHTEPECyo-
HIMMCS TEXHOJIOTUSIMU 00pabOTKHM eCTECTBEHHOTO sA3biKa. JIJis1 ee yreHus:
He TpeOyeTcs mpeaBapuTebHoe 3HaKoMCTBO ¢ NLP.

CornaweHus, NpUHATLIE B KHUre

B kHure Bl 06HAPYKUTE HECKOIBLKO CTHJIEH TEKCTA, KOTOPBIE TIO3BOJISIIOT
BBIJICJIATh Pa3IndHble BUABI nHMOpMaImy. Huke mpuBesieHBl IPUMeEpHI
ATUX CTHUJIEN W OTIMCAHNE X CMBICJIA.

KiouyeBpie cioBa g3bIka MPOrpaMMUPOBAHUS, UMEHA KJIACCOB, Tepe-
MEHHBIX, METO/IOB U T. I. OOPMJIIIIOTCS MOHOIIUPUHHBIM IPHPTOM:
«Meton keyset BosBparaer Habop BCexX KJIOYEH aHHOTAIINH, B TEKYIIHIT
MOMEHT CO/IePKaIInXcst B 00beKTe Annotations.

Nmena tabmui 6a3 MaHHBIX, KATAJIOTOB, (hailJioB, paciupenus daii-
JIOB, HOBbIE TEDMUHBI U BAXKHbIE 3aMevdanust 0ohopMIeHbl KypcuBoM: «/liist
nemoncrpaiuu nipuMmenennsi POI Bocmnosibdyemest aiiiom ¢ nmenem
TestDocument.pdf>.

Bioku mporpaMMHOTo KoJia ¥ IMCTUHTH 0(hOPMIIEHBI MOHOIITUPUHHBIM
mpudTom:

for (int index = 0; index < sentences.length; index++) {

String tokens[] = tokenizer.tokenize (sentences|[index]);
Span nameSpans[] = nameFinder.find (tokens);
for (Span span : nameSpans) {

list.add("Sentence: " + index

+ " Span: " + span.toString() + " Entity: "
+ tokens[span.getStart()]);

MonoummpuHHBIM IIPUGTOM TakKe 0OPMIISTIOTCS BBOJI TOJIH30BATES
1 BBIBOJL PE3YJIBTATOB PAabOTHI IPOTPAMM Ha 9KPaH:

Sentence: 0 Span: [0..1) person Entity: Joe
Sentence: 0 Span: [7..9) person Entity: Fred
Sentence: 2 Span: [0..1) person Entity: Joe

& Tak 0bopMASIOTCA NPeayNpPexXaeHNs Uv BaxHbIe NPUMeYaHus.

Y
Y/ Tak 0popmMAStoTCA COBEThI 1 PEKOMEHOALNN.
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OT3biBbl N NOXEASHUS

Mpl Bcerzia pajibl OT3bIBaM HAIIUX yuTareseil. Pacckaxure HaM, 4TO BbI
ayMaete 06 9TOi KHUTe — Y4TO MOHPABUJIOCH UJIH, MOKET ObITh, HE TOHPa-
BUI0CH. OT3BIBBI BaXKHBI /1711 HAC, YTOOBI BBITTYCKATh KHUTH, KOTOPbIE Oy-
JYT /U1 BaC MAaKCUMAJIBHO ITOJIC3HDL.

Bol Moskere HanucaTh OT3bIB IIPSIMO Ha HallleM caiiTe www.dmkpress.
com, 3ali/isl Ha CTPAHUILY KHUTU U OCTaBUB KOMMeHTapuii B paszene «Or-
3BIBBI U pelleH3nun». Takke MOKHO TT0CJIaTh MMChbMO TJIABHOMY PeIaKTOpy
1o azpecy dmkpress@gmail.com, Ipy 3TOM HallUIIATE Ha3BaHue KHUTU
B T€Me IIICbMa.

Ecam ectb Tema, B KOTOpOIT BBl KBaM(UITMPOBAHDI, U BbI 3aUHTEPECO-
BaHbI B HAIIMCAHUU HOBOW KHUTH, 3aM0JHUTE (hOPMY Ha HAIleM caliTe 110
anpecy http://dmkpress.com/authors/publish_book/ min Hanuinure B 13-
JIaTeJIbCTBO 110 aJpecy dmkpress@gmail.com.

CkaymBaHMe NCXOAHOMO KoAa Npumepos

CxavaTp (aiisibl ¢ OTOTHUTETbHON NHGOPMAITHEH 71T KHUT U3/aTelb-
ctBa «/IMK IlIpecc» MoxHO Ha caiiTe www.dmkpress.com WU WWW.AMK.
pd Ha CTPAHUIIE C OTIMCAHUEM COOTBETCTBYIONIENH KHUTH.

Cnncok onevyaTok

XOTs1 MBI TIPUHSAJIA BCE BO3MOKHBIE MEPBI JIJIs1 TOTO, 4UTOOBI YI0CTOBEPUTD-
Cs1 B KQ4eCTBe HAIMX TEKCTOB, ONTHMOKU BCE PABHO CJAYJAlOTCsT. EC/u BB
Haiizere omOKY B OJHOI M3 HAIIMX KHUT — BO3MOYKHO, OLIMOKY B TEKC-
Te WK B KOJIE, — MBI Oy/IeM O4eHb OJIaro[apHbl, €CJIU Bbl COOOUIUTE HAM
o neil. CziesaB a1o, Bbl M36aBUTE APYTUX YUTATEEH OT PACCTPOICTB 1 T10-
MOJKeTe HaM YJIYUIIUTD MOCAEYIONNEe BePCUN 9TOH KHUTH.

Eciu BbI HalineTe kakue-1u60 OmMUOKU B KOAE, IOKaIyiicTa, coobmuTe
0 HUX IVIaBHOMY peJaKTopy 110 azpecy dmkpress@gmail.com, 1 Mbl 1cIIpa-
BUM 9TO B CJIEYIONINX THPAKAX.

HapyweHve aBTopckux npas

[MupatcTBo B VIHTEpHETE MO-NIPEKHEMY OCTAETCs HACYIIHOM IIPOGIEMOi.
Nsparenncra « MK Ipece» u «Packt» oyenb cepbe3Ho OTHOCATCS K BO-
MIPOCaM 3alUThI ABTOPCKUX TIPAB U JIUIeH3UpoBaHus. Eciu Bbl cTOIKHE-
Tech B VIHTEpHETE ¢ He3aKOHHO BBITTOJHEHHON KoIuei 1060l Haleil KHii-



CornalleHns), NpyHSITLie B KHUre <+ 17

T, TOKATYHCTA, COOOTIITE HAM a/Ipec KOTTHH UK BebO-caiTa, YT0ObI MBI
MOTJIN TIPUHATH MEPDI.

[Toxkamyiicra, CBSXKUTECH C HAMU 110 aIpecy 9JIeKTPOHHOM 104Thl dmk-
press@gmail.com co CCBIITKON Ha MTO/I03PUTEIbHBIE MATEPUATIBI.

MBI BBICOKO INEHUM JIIO6yIO TIOMOIIH 10 3alUTE HAITNX aBTOPOB, ITIOMO-
ralolry1o HaM IIPEJOCTaBIATh BaM Ka4yeCTBEHHbIe MaTepHUaJbl.
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OcHoBbl 06paboTiin
ecTecTseHHOro $13blka

Ob6pabomxa ecmecmeennozo a3vika (Natural Language Processing, NLP) —
370 obtTMpHas o6acth U'T, cBsIzaHHAs ¢ UCTIONB30BAHNEM KOMITBIOTEPOB
[T aHAJN3a eCTECTBEHHBIX SI3BIKOB, K KOTOPOIl OTHOCSTCS TaKue IUC-
IUIITMHBL, KaK pacrio3HaBanue U 06paboTKa pedn, BBIIETECHUE CMBICJIO-
BbIX OTHOIIEHUI, KATErOPU3AIIHs JOKYMEHTOB, a TakKe pedeprpoBaHie
U aHHOTHpOBaHue Tekcta. Ho Bce aTw BUIBI aHATN3a OCHOBAHBI HAa OT-
HOCUTEJBHO HEGOIBION TpyTie 6a30BBIX METOAUK: Pas3/ejeHue MOTOKA
TekcTa Ha parMeHTsl — moxenusauus (tokenization), onpezesieHue rpa-
HUTL TIPEJIJIOKEHNH, KaaccuuKanms U BbljleJIeHre OTHOIEHN (MeKLy
aJIeMEHTAMU TeKCTa). VIMEHHO 3TH OCHOBOIIOJIAraoIe METOIUKY U STB-
JITIOTCS TIABHBIMU TeMaM¥ JIAHHOW KHUTH. MBI HauHEM ¢ MOAPOOHOTO
paccMoTpeHusi 06paboTKU eCTECTBEHHOTO SA3bIKA B IIEJIOM, MOMPOOyeM
pa3obpaThes, MOYEMyY OHA CTOJIb BaXKHA, U OMPEAETUM OOJIACTH ee Tpu-
MEHEHUsI.

Jlst mopepRKY 3aa4 06paboTKY eCTECTBEHHOTO SI3bIKA CYIECTBYET
MHOKECTBO IOCTYITHBIX MHCTPYMEHTAIBHBIX CPeACTB. MBI cCOCPEIOTOUNM
BHUMAaHMeE Ha NCIIOJIh30BAHUN SI3bIKA TPOTPAMMHIPOBAHUS Java 1 pa3ind-
HBIX NPUKIAOHDIX npozpammivix unmepgeiicos (Application Programming
Interface, API) Ha a3bike Java noguep:xku NLP. B aroii riase 6yayT kpart-
KO OTIMCaHbl OCHOBHBIE TIPOrpaMMHubIe nHTepdeiich, Bkmodas OpenNLP
(Apache), 6ubanoreku Stanford NLP, LingPipe u GATE.

3arem 6yIyT 06CYKAATHCSA OCHOBHBIE METOMKY 060PabOTKI €CTECTBEH-
HOTO $5I3BIKA, pacCMaTpPUBaeMble B aHHOI KHUTe. C MOMOIIBIO OHOTO U3
MPUKJIAHBIX TPOrPAMMHBIX HHTEPhEiicoB OYAYT TPEACTABICHBI U MTPO-
JEMOHCTPUPOBAHBI CYITHOCTD U TIPUMEPHI UCIIOIB30BAHUS 9TUX METO/IHK.
MHorue 13 9TUX METOINK UCIIOIB3YIOT TAK Ha3blBaeMble Moziesin. Mozmenn
MOX0KU Ha HAGOPBI MPABHII, TPUMEHSEMBIX JIJIS1 BBITIOJTHEHUS, HATIPUMED,
Takoil 3a/[aur, KaKk pasjieJiecHue TeKcTa Ha (hparMeHThbl, W 0OBIYHO TIPE/i-
CTaBJIEHBI B BHJE KJIACCOB, 9K3EMILIAPbI KOTOPBIX XPAHATCS B haiiiax.
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3aBepInaercs TJIaBa KPaTKUM OTMCAHUEM MPOIIeCcca MOJATOTOBKU JTaHHbBIX
IS TIoIepsKKy 3aad NLP.

B miestom ripobiiemy 06paboTKU TEKCTOB Ha €CTECTBEHHBIX SI3bIKAX HEJIb-
351 Ha3BaTh MPOCTOil. HecMOTPSI Ha TO UTO HEKOTOPBIE €€ 3a/1aUK PEIatoT-
€Sl OTHOCHUTEJIBHO JIETKO, MHOTHE IPYTHE MOTYT MOTPeOOBATh MPUMEHEHHMST
M3OIIPEHHBIX METOAWK. B 9TOI KHMTe ceaHa TONBITKA MPEJOCTABUTD
BCIO HEOOX0AMMYI0 (DyHAAMEHTANbHYI0 MHMOPMAIINIO, YTOOBI YUTATED
CMOT JIYYIIIE TIOHSATH, KAKKE METOANKH JOCTYITHBI ¥ TIPUMEHUMBI LIS KaK-
JI0iT KOHKPETHO MOCTABJICHHON 3a/1auH.

O06paboTKa eCTECTBEHHOTO S3bIKa IIPEJCTaB/IseT cOO0i BecbMa 00IInp-
HYIO U cioskHYI0 06acTh VT, B gaHHOI KHUTE pacCMaTpUBaeTCs JIUIIb
HeOoITbIas ee 4acTh. MbI COCPEOTOUMMCS Ha KJIIOUEBbBIX 3ajauax NLP,
KOTOpBIE MOTYT ObITh Peajin30BaHbI Ha sI3bIKE MPOTPAMMHUPOBAHUS Java.
Ha nporszkennn Beeit KHUrM GyeT AeMOHCTPUPOBATHCS TTPAKTUYECKOE
npuMereHne Metoauk NLP ¢ ncnonpsoBarnem Java SE SDK n apyrux
6ubnmorek, Takux kak OpenNLP u Stanford NLP. /I paboTbl ¢ KOHK-
PETHBIME OMOJMOTEKAMU B TIPOEKT JTOJIKHBI OBITH BKJIIOYEHDBI CHEI[UAITb-
mbie JAR-daiiasr. Omncanne 6ubaoTek MOKHO Hafiti B pasmene «O6-
30p MHCTPYMEHTAIBHBIX CPEACTB 06PabOTKY €CTECTBEHHOTO SI3bIKa», TJIe
TaKKe MPUBEAEHBI CCBIIKM Ha 9T Gubamnortekn. [Ipumepsr, MpUBOANMbIE
B KHWre, ObLT pazpaboranbl ¢ momolnsio IDE NetBeans 8.0.2. Tlepen
c60PKOH TIPOEKTOB HEOOXOMMMO T06aBUTEL TpebGyembre JAR-baiimbl B Ka-
teropuio Budanorexu (Libraries) B auasoroBom okHe CBOACTBa IPOEK-
toB (Projects Properties).

YTo Takoe obpaboTka ecTteCTBEHHOro $S13bIKa

DopmasbHOE ompesiesieHre 06paboTKU TEKCTOB HA eCTECTBEHHBIX A3bIKAX
YacTo MPEICTABJIEHO B TAKOM W3JI0KEHUU: 00JaCTh UCCIEA0BAHUN, UC-
noJib3yioniasg uuopmaTuky (computer science), UCKyCCTBECHHBIN MHTEJI-
JIEKT ¥ TIOHATHS (DOPMAIBLHOM JIMHTBUCTUKH JIJI aHAJIN3a €CTECTBEHHOTO
si3bika. Menee (hopMasibHOE OMpe/iesieHre MoJIaraeT, 4YTo 9T0 Habop WH-
CTPYMEHTAJIbHBIX CPE/ICTB /LI N3BJICUCHUS COIEPIKATETHHON U TI0JIE3HOM
nHpopMaIK 13 UCTOYHUKOB, C(hOPMUPOBAHHBIX HA €CTECTBEHHOM SI3bI-
Ke, TAaKUX, HAITPUMEp, KaK BeO-CTPAHUIIBI 1 TEKCTOBBIE JIOKYMEHTBI.
XapaKTepuCcTUKN «COjlepKaTebHasT» U <«II0JIe3HasT» 03HAYaloT, 4TO
urbOpMAaIHst 10JKHA 06J1a/IaTh HEKOTOPOH KOMMEPYECKO# TIEHHOCTHIO,
XOTS 4acTo Takasd MH(GOpMaIUs UCIOJNb3YeTCs TaKkKe 711 PelieHns Ha-
YUYHBIX TeopeTrudecknx mpobiaem. Hanbosiee 04eBUIHO 9TO MPOSBIAETCS
B MOJIIEPIKKE TOUCKOBBIX MeXaHU3MOB. [osib3oBaTeibekuii 3arpoc obpa-
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GaThIBACTCS C MPUMEHEHIEM METOANK 00pabOTKU €CTECTBEHHOTO SI3bIKA,
4TOOBI CTEHEPUPOBATH CTPAHUILY PE3YJIBTATOB, Hanbosee yA0OHYIO st
nosib3oBaresist. CoBpeMeHHbIE MEXaHI3MbI TIOMCKaA B 9TOM OTHOIIEHUH 06-
JIAIATOT BeChMa BIEUATIISIONUMU OCTHKEHUSIMU. KpoMe TOTro, MeTOANKN
06pabOTKU €CTECTBEHHOTO SI3bIKA HAIIJIM TIPUMEHEHUE B aBTOMATH3UPO-
BaHHBIX CHCTEMaX MOMOIIH (TIOZICKA3KH ) U B TIOJIEPIKKE CJIOKHBIX CHCTEM
3aMpOCOB, HATIPUMEP B M3BEeCTHOM TIpoekTe Watson xopmoparuu [BM.

ITpu paboTe ¢ JHOOBIM SI3BIKOM 4aCTO BCTPEUAIOTCS TEPMUHBI «CUHMAK-
cucs (syntax) n «cemanmuras (semantics). CHHTaAKCHUC S3bIKA OTPEETSET
MIPaBUJIA, YIIPABJISIONINE TPABUIBHON CTPYKTYPOIl peiokenus. B anr-
JIMICKOM $I3bIKe, HAmpuMep, o0Iiast CTPYKTYPHAsh CXeMa TIPEJIOKEeHUsT
HAUMHAETCS C MOJIEKAIIEero (CYIIeCTBUTENBHOE), 32 KOTOPBIM CJIEIYET
ckasyemoe (Tirarout) u ganee — gomnossaenue: «Tim hit the balls> (Tum yna-
pun o M4y ). ViamMeHneHne mMopsijika cJIOB B MTPEJIOKEHUU B aHTIUICKOM
st3biKe (M B HEKOTOPBIX JPYTUX) CYUMTACTCS HEITPABUIBHBIM U HE YIIOTPeO-
asiercst: «Hit ball Tim»!. HeeMoTpst Ha TO 4TO CHHTaKCHYECKHE MTPaBUIIa
AHTJINIACKOTO S3bIKA HE CTOJb CTPOTU, KaK WX aHAJIOTH JIJIsI KOMITBIOTEP-
HBIX SI3BIKOB, MBI BITPAaBE OKH/IATh, UTO MPEIJIOKEHHE OYIET COOTBETCTBO-
BaTh OCHOBHOI CTPYKTYPHOI CXeMe.

CeMaHTHKA TIPEJIOKEHUS — 3TO €ro CMbIC. JITo/u, TOBOpSIIHE TO-
AQHTJIMICKH, TIOHUMAIOT CMbICT mpeaiokerns «Tim hit the ball». 1 Bee
JKe KaK aHTJIMICKUN, TaK U JAPYTHE €CTECTBEHHbIE SI3BIKW WHOTA MOTYT
OBITh HECOTHO3HAUHBIMI, TIO3TOMY CMBICJI TIPE/ITIOKEHUST MOSKHO MTPABUJIb-
HO ONIPEJIEJIUTD TOJIBKO U3 €T0 KOHTEKCTa. Jlajee Mbl yBUANM, KaK UCTIOJb-
30BaTh Pas3JUYHBIC METOIUKH MAIIUHHOTO OOYUEHUS JIJisl OTpe/eeHUsT
CMBICTIA TEKCTA.

B mporecce uTeHWS BbI BCTPETHTE MHOXKECTBO JIMHTBUCTUYECKHUX
TEPMUHOB, KOTOPBIE TTOMOTYT JIydllle TIOHUMAaTh €CTECTBEHHbIE S3bIKN
1 cHOPMUPYIOT HEOOJBIION CHEUATU3UPOBAHHBIN CJIOBAPD, TOJE3HBII
JUUIST OTTUCAHUS PA3JIMUHBIX METOANK 00PabOTKHU €CTECTBEHHOTO SI3bIKa. BbI
y3HaeTe, KaK Pas/IeIuTh TEKCT Ha OTAEJIbHBbIE 2JIEMEHTHI U KaK MPOBECTH
KJIaCCU(DUKAINIO ITUX HTEMEHTOB.

Boobiiie roBOpst, paccMarpuBaeMble METOAMKH WCIHOJIB3YIOTCS ISt
VIIYUIIEHUST TPUJIOKEHUIL, TO €CTh JJIST TOTO, YTOOBI IPUJIOKEHUSI CTAJIN
6ouiee mostesHbiMEL, O0TacTh IPUMEHEHHUST 0O0PAdOTKH €CTECTBEHHOTO SI3bI-

! B aTOM OTHOIIIEHN IIpaBUJIa PyCCKOT'O A3bIKa 6omee CBO60I[HI)I 1 3a49aCTylo 110~

3BOJIAIOT IIPOU3BOJIbHO MEHATH MOPAAOK CJIOB B IPEAJOKEHUN — HaAIIpUMED,
3HaMeHuThle (pasbl U3 OykBapst: «Mama Mblia pamy» — «PaMy Mblia Mama»
u T. . — IIpum. nepes.
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Ka OXBaThIBAET IMMUPOKUN INATTA30H: OT OTHOCUTEJIBHO MTPOCTHIX CIydaeB
IO «TEXHOJIOTUH 3aBTPAITHETO AHS>. B KHUTE TOKa3aHbl TPUMEPHI, TeMOH-
CTPUPYIONIME TIPOCTBIC METOJNKH, KOTOPBIX BIIOJHE JJOCTATOYHO IS pe-
IIEHUsT HEKOTOPBIX MPAKTHUECKUX 3a/1a4, a TaKKe OMOINOTEKN U KJTACCHI,
obsaatorue 6ojiee PasBUTHIME (QYHKITHOHAIBHBIMU CBOHCTBAMM, TI03BO-
JISTIOTITIMU CIIPABUTHCS ¢ KOMIIJICKCHBIMU CJIOKHBIMU TPOOTIEMAMHU.

AA9 Yero ncnonb3yeTtcs obpaboTka
eCcTecTBeHHOro S3blKa

O6paboTKa ecTeCTBEHHOTO SI3BIKA WCIONB3YETCS BO MHOTMX HAYYHBIX
U TIPUKJIATHBIX AUCTIUTIIHAX JIJIST PEIEeHsT PasHO0OPa3HbIX TUIIOB 3a/1a4.
AHaym3 TeKcTa BBITOJHIETCS W MPW BBOJIE TIOJB30BaTEIeM JIAaHHBIX, CO-
CTOSATIUX U3 HECKOJBKUX CJIOB, ¥ TPU (POPMUPOBAHUK UHTEPHET-3a11POCa
JUIST IOUCKA MHOTOYMCJIEHHBIX IOKYMEHTOB, KOTOPbIe HEOOXOAMMO 06pa-
6orarb. B mocsennue rojbl HabIOAAETCS TABUHOOGPA3HBIH pocT 0ObeMa
JIOCTYIIHBIX HECTPYKTYPUPOBAHHBIX JIAHHBIX, [IPE/ICTABICHHBIX B TaKUX
opmax, kak 6JOTH, TBUTHI U TPOYKE COMMATbHbIE ceTh. TexHomorus 06-
PabOTKH €CTECTBEHHOTO SI3bIKA SIBJISIETCSI HAMOOJIee TTOXOISIIITM HHCTPY-
MEHTOM JIJTsl aHAJIN3a HTOTO ThTa WHGOPMAIUH.

MarmHHOe 00yYeHre 1 aHAJIN3 TEKCTA YaCTO UCTIOJIb3YIOTCS ST Pac-
mupenust GyHKITMOHAIBHBIX BO3MOKHOCTEN MpUJIoKeHuit. Bot kpaTkuit
crucok obJracteii mpruMeHeHnss 06pabOTKM €CTECTBEHHOTO A3bIKA:

O  nouck: upeHTHGhUKANA 33[AHHBIX 2TIEMEHTOB TeKCTa. MOKeT OBITh

MPOCTBIM, HAIPUMEP TMOWCK BCEX BXOKICHUN 33aJaHHOTO WMEHU
B JIOKYMEHTE, WJIA BBITIOJHATHCS C UCIIOJb30BAHIEM CHHOHUMOB,
a Tak’Ke Pas/IMdyHOTO U Jla)Ke HeBEPHOro (HETOUHOTO) HAIMCAHUS
JUIS TIOWCKA OOBEKTOB, H0JIee NN MEHEE COBIMAIAIONINX ¢ UCXOHOM
CTPOKOiT-06pasiom;

O mawunnvli nepeod: OGBITHO TIPEATIOTATAET TEPEBOJL C OTHOTO €CTe-
CTBEHHOTO s3bIKa Ha IPYTOH;

O annomuposanue, ni pegepuposanue (summation): 1y absales,
cTareii, JOKYMEHTOB WJIM TMOJIIUBOK JOKYMEHTOB MOXKET MOTpe-
GosaTbes anHoTHpoBanue (pedepuposanue). NLP-rexnosmorus
YCIIEITHO CIIPaBJISIETCS C 9TON 3a/1a4eii;

O pacnosnasanue u udenmugpurayus umenosannvix 06sexmos (Named
Entity Recognition, NER): mMeeTcsl B BUly U3BJIedeHNE N3 TEKCTa
WMeEH JIo/Iell, Ha3BaHUil reorpaduueckux u mpounx oobekToB. Kak
MIPaBUJIO, 3TA METO/IMKA UCIIOJIb3YETCS B COUETAHUY C JIPYTUMU 3a-
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JadaMu 06pabOTKU eCTECTBEHHOTO A3bIKa, HAIIpUMeEp ¢ 06paboTKOi
3a1pPOCOoB;

ZpYNnUPosanUe UHGOPMauUY: 3TO BaXKHBIA aTan 00paboTKM — Ha
OCHOBE HCXOJHBIX TEKCTOBBIX JAHHBIX CO3/1acTCsl HAbOp KaTero-
pHii, 0TOOPAKAIINX COAEPKaHUe TOKYMEHTa. BaMm HaBepHsKa
BCTPEYAIICH BeG-CaThI, T HH(MOPMAIIHS [OCTATOUHO yI0GHO Op-
raHU30BaHa 110 KATETOPHSIM, a CIIUCOK ITUX KATETOPUN pa3MereH
B JIEBOI YaCTH CTPAHMUIIbT;

mopgponozuueckas pasmemxa (Parts of Speech Tagging, POST): nipu
pelleHnn JaHHOU 3a1a4ll TeKCT pa3dUBaeTCs Ha PasiMdHble TPaM-
MaTUYeCKUEe IJIEMEHTDL CYIIECTBUTEJNbHBIE, TJIATOJNBI U T. M. JTO
YIOGHO TSI IaTbHEHIIIET0 aHAIN3a TEKCTa,;

AHATU3 SIMOUUOHATLHOU OKpacku mekcma (sentiment analysis): ¢ mo-
MOIIIBIO ITOI METOAUKHI MOYKHO OTIPE/IEJISITh, KAKUe YyBCTBA JIIOAN
UCTIBITHIBAIOT U KAK OTHOCSITCS K (PUIbMaM, KHUTaM 1 MHOTHM J[PY-
MM BelaM (B TOM YHCJIe U K ITpearaeMbiM ToBapam ). C koMmmMep-
YeCKOI TOYKU 3PEHUST MOJE3HO 3HATH, KAK MMOKYATEJNH BOCIIPUHU-
MAfOT TOT WJIM WHOHU IPOAYKT, MPUMEHSST aBTOMATU3UPOBAHHYIO
METOIIUKY;

omeemvl Ha BONPOCHL: HTOT TUI 0OPAOOTKU OBLIT HATJISIIHO TPOJIE-
MOHCTPUPOBAH, Korja mporpamMMa Watson, paspaboTaHHast KOPIIO-
parmeit IBM, Boiurpasa teseurpy Jeopardy!. Ho obmacts npume-
HEHUs 9TOH METOIUKU BOBCE HE OTPAHUYUBAETCSI UTPOBBIMU IIIOY,
OHa UCIOJIB3YETCST BO MHOTUX 00JIaCTSIX YETOBEUECKON JeATENbHO-
CTH, HATPUMED B MEIAUITITHE;

Ppacno3nasanie peyu: 9eI0BeIeCKyio pedb aHATU3UPOBATD TPYIHO.
BOJIBIIMHCTBO OCTHKEHUI B 9TOH 00JIACTH SIBJISIIOTCS PE3YJIbTa-
TaMK IPUMEHEHUS TEXHOJIOTUU 00PabOTKU €CTECTBEHHOTO S3bIKA;
eenepayus. mexcmog na ecmecmsennom ssvike (Natural Language
generation, NLG): 9T0 TIpoliecc reHepaliy CBSI3HOTO TeKCTa U3 JIaH-
HBIX VI M3 CIEINaTN3NPOBAHHOTO NCTOYHIKA JaHHBIX (3HAHMIT),
Harpumep 13 6asbl JaHHBIX. MeToAMKa 03BOJISIET aBTOMATH3UPO-
BaTh CO3/IaHME OTYETOB M MH(MOPMAIMOHHBIX CBOIOK, TAKUX KaK
METEOPOJIOTHYECKIE OIJIJICTEHN WA PE3YJIBTaThl MEAMITHHCKITX
obcieoBaHni.

B 3aiauax 06pabOTKN €CTECTBEHHOTO SI3bIKA YACTO HCIIOJIb3YIOTCS Me-
TOJMKU MAIINHHOTO 00yYenust. B 060001eHHOM Brjie CyTh 9TOTO MIOAX0/1a
TAKOBA: CHAYAJIA MOJIEJIb 00YIAeTCsI BBIITOJHEHHUIO TOCTABICHHOI 3a/1a4n,

1

B Poccun ananornunast resieurpa naszoizaercst «CBost urpay. — IIpum. nepes.
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MTPOBEPSIETCST KOPPEKTHOCTH BEIOPAHHON MOJIEIH, 3aTEM 9Ta MOJIEJb TIPH-
MEHSIETCSI JIJIS PElieH st peaibHON 3aaun. Bosee opoOHO MBI PacCMOT-
PHIM 9TOT TIpotiece B paszesie «OCHOBBI HCIIOIb30BaHUs Mojiesell B o6pa-
GOTKE eCTECTBEHHOTO SI3bIKa» HITKE.

TpyaHocTn 0bpaboTikn ecTtecTBeHHOro $13bika

Kax ormeuasnoch Bbiiie, mpobiaemy 06pabOTKM €CTECTBEHHOTO sI3bIKA
HeJIb3s Ha3BaTh TPOCTON. TPyAHOCTH BOZHUKAIOT IO PSALY 0OBEKTUBHBIX
npuurH. Hanpumep, CylecTByioT COTHH eCTECTBEHHBIX S3BIKOB, B KakK-
JIOM 13 KOTOPBIX UMEIOTCS CBOM CHHTaKcuueckue mpasusaa. CiroBa MOTyT
MMETb Pa3HbIii CMBICJ B 3aBUCUMOCTH OT KOHTEKCTa yrnoTpebaenus. Huske
MBI TOIPOOHEE OCTAHOBUMCS HA HEKOTOPBIX HanboJiee BaKHBIX (haKTOpax,
3aTPYAHAIONNX 06PaAbOTKY €CTECTBEHHOTO SI3bIKA.

Jlaxke Ha yPOBHE OT/IEJBHBIX CUMBOJIOB BCTPEUYAIOTCSA HEKOTOPBIE TPY/I-
Hoctu. Harpumep, Beeria ciie/lyer yuuThbiBaTh KOAUPOBKY, UCTIOIb3YEMYIO
B KOHKPETHOM JIOKyMeHTe. TeKCT MOKeT XPaHUThCA B PA3JTMYHBIX KOJIH-
poskax: ASCII, UTF-8, UTF-16 miau Latin-1. Takske Heo6X0AUMO MpH-
HUMAaTh BO BHUMaHUeE ¥ Apyrue GakTopbl, HATPUMED 3aBUCUMOCTH TEKCTa
ot peructpa 6ykB. Ocobble BUAbI 06pabOTKE MOTYT IMOTPeGOBATHCS IS
3HAKOB MYHKTYaI[MK U JUIsA Yncest. VIHoTa puxoauTest oTaeabHo obpa-
GaTBIBATH MCIIOJIB30BAHNE 3HAYUKOB, OTPAXKAIONINX IMOIUU (KOMOMHATIUH
CHMBOJIOB WJIH CTIEIIUAIBHbBIE CUMBOJIBI ), TUIEPCCHLIOK, TIOBTOPSIIOIIUXCSE
3HAKOB MYHKTyaIuu (... WK ---), pacipenuii pailioB 1 UMeH MOJIb30-
Baresieil, CoiepsKalMX TOUKU. BOJIbITMHCTBO ATHUX 3a/1a4 PeraeTcs ¢ 1mo-
MOTI[BIO TIPEABAPUTENBHO 06pabOTKM TeKCTa, KOTOpast 6yeT 00CyKaaTh-
cs B pasgienie <I10AroToBKa JAHHBIX> HIKE.

Iox nenenuem Tekcta Ha (PArMEHTBI WM JIEMEHTBI OOBIYHO MO/
pasyMeBaeTcs TPECTaBIeHNue TeKCTa B BUJIE MOCJAE0BATEIBHOCTH CJIOB.
B sTOoM ciryyae cioBa 0603HAYAIOTCSA TEPMUHOM «IeKCUUECKULL dTeMeNm >,
«JleKcema», WM TpocTo «moxens (token), a mporece e IeHust TeKeTa —
«mokenusauus> (tokenization). ITOT MPOIECC HE BBI3BIBACT OCOOBIX 3a-
TPYJHEHUT B I3bIKAX, UCHOJIB3YIONMX TPOGETbHBIE CUMBOJIBI LIS pas/ie-
JIEHWSI CJIOB, HO B SI3bIKAX, MOJOOHBIX KUTAiICKOMY, 3TO C/IeJIaTh rOPa3/i0
TPyJIHEE, MOCKOJIbKY Heporiaudbl MOryT 0603HaUaTh U CJOTH, U TIEJIbIE
cJIoBa.

CrioBa u MOpheMbl MOTYT GBITH 0003HAYEHBI METKAMU, UACHTU(DUIIN-
PYIOIIUMHU COOTBETCTBYIOILYIO YacTh peun. Mopgema (morpheme) — ato
MUHUMaJIbHast 3HAYNMast 4acTh coBa (texcra). [Ipumepamu Mmopdem siB-
JITIOTCST TPUCTABKH, KOPHU U cyhpuKcst ¢iioB. [Ipu paboTe ¢ OTAETbHBIMI
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