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eTrekTupoBanne nepeBOJHbIX 3aMMCTBOBAHUIA B OOJIBIINX

MacCCuBaX HayYIHbIX rZ[OK}/'MEBHTOB1

PaccmarpuBaercst 3amatua 1eTeKTHPOBAHUST TIEPEBOIHBIX 3aNMCTBOBAHUI 17151

mapbl SI3bIKOB PyCCKUi-aurmiickuii. st pelenust mpemjaraercst UCIoIb30-
BaTh MOHOSI3BIKOBOH I10/IXOJT — CBOJUTH 3aJady JAeTeKTUPOBaHUs 3aUMCTBO-
BaHUI K OIHOMY SI3BIKY, HUCIIOJIb3Ysl MAIIMHHBINA IepeBoa. B ¢Bsa3u co cremy-
dukoii paccMaTpUBaEMOil 3aa41, IPEIIaraeMblil aJITOPUTM JE€TEKTUPOBAHUS
JOJIZKEH OBITh YCTONYINB K HEOJHO3HATHOCTSIM ITepeBoa. CHadasa oTOMpaioT-
Csl JIOKYMEHTBI-KaHIUIaThl, ¥ 9Ta YCTOWYMBOCTD JOCTUIAETCS 38 CYET 3aMEHbI
CJIOB Ha METKH KJIACCOB SKBUBAJEHTHOCTH, IOJIyIEHHBIE C TOMOIIBIO IUCTPH-
OyTHUBHOI MoJe/ M. 3aTeM IIPOUCXOIUT CpaBHEHHUs HaliIeHHBIX KaHINJIATOB U
paccMaTpuBaEMOro JIOKYMEHTa, IJIsl 9TOTO UCIIOJIb3YeTCsl 0TOOparKeHne TeK-
CTOBBLIX (PparMeHTOB IOKYMEHTOB B BEKTOPHOE IIPOCTPAHCTBO BBICOKON pas-
MEPHOCTH. BbI‘{I/ICHHTeJIbeIfI QKCIIEPpUMEHT IIPOBOJIUTC Ha ABYX BbI60pKaX —
CreHepUPOBAHHOM KOPILyCe M Ha CTaTbsX U3 »KyPHAJIOB, BXOAAMUX B Poccuii-
ckuil uHzeke Hayanoro nuruposanusi (PVHIT).

Karouesvie caosa: apromaTudeckasi oOpabOTKa TEKCTOB, MAITMHHBIN 11epeBojl, Ti1yboKoe
o0ydenwue, epPeBO/IHbIC 3aNMCTBOBAHNS, OOHAPYKEHIE TIePEBOIHBIX 3aUMCTBOBAHUM, JUC-
TpUOYTUBHAS CEMAHTUKA.

1. BBenenue

[IpobJiema HEKOPPEKTHBIX TEKCTOBBIX 3aMMCTBOBAHUI aKTyaJibHa Jjist cpepbl 00pa3o-
BaHWs 1 Hay4IHbIX ncciaenoBanunii [1]. [To nadopmarmu psaga By3os, He Menee 50 HporeH-
TOB JIUTIJIOMHBIX paboT, 3aIUINEeHHbIX Ha «OTJIndHO», B 2005 ro/1y ObLIN CKONMPOBAHbBI U3
nntepHera 6e3 u3Mmenenwnii. [lo marepuasam uccienoBanusd, mnposejaeraHoro B 2013 roay
KoMmmanueit Anrnmiarnar 1o 3akazy PT'B?, Gosee 1500 amccepTalyii 0 MCTOPHUECKIM
HaykaM, 3ammuieHHbix B Poccun nocste 2000 rojia, cojiepKaT 3HAYNTEIbHbIE 3aUMCTBOBA-
HUs U3 JPYTrUX Juccepranuit [5)].

g 3agaun oOHApYKeHWsl 3aiMCTBOBAHMII B pPaMKaX OJHOTO S3bIKA BBICOKYIO IOJI-
HOTY MOUCKA MOKA3BIBAIOT IIPOMBIILIEHHBIE HHCTPYMEHTHI [1], paboTa KOTOphIX OCHOBaHA
Ha aJIFOPUTMe TIOCTPOEHKsI MHBEPTUPOBAHHOTO MHEKCa [8, 9], rje JOKyMeHT u3 KOJLJIeK-
UK TTPEJICTABJISIETCS B BUJIe HAOOPa MEPEKPBIBAIONINX JIPYT JIPYTa MOCJIOBHBIX 1 -TPaMM

'Pa6ora BrImOTHEHA TTPH TIO/IepKKe Poccuiickoro donia dbyHIaMeHTaIbHBIX HCCae0Balmil (TPOeKT
18-07-01441).
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(rmaroB). Jluist oncKa KaHIUIATOB JIJIs 33/ JAHHOTO JOKYMEHTa TPOBOJINTCS TIOUCK 110 MH-
BEPTUPOBAHHOMY WHJIEKCY C JTAJbHEHIINM YOS IOIMBAHIEM KAH/IHIATOB B COOTBETCTBIE
¢ BBIOpaHHON (QyHKIMeH CXO0XKecTu COBHABINUX MUHIIOB. B paborax [10, 11| onuckiBa-
IOTCSI QJITOPUTMBI TTOMCKA, OCHOBAHHBIE Ha U3BJIEYEHUHN KJIFOUEBBIX CJIOB. IIpenmytinecTBo
TaKUX aJrOPUTMOB COCTOUT B IIPOCTOTE PEAJIUBAINKI U B BBIYUCIUTETBHON 3(DDEKTUBHO-
ctu. OIHAKO, y CYMIECTBYIONINX IPOMBIIIJIEHHBIX CHCTEM CYIIECTBYET YSI3BUMOCTb — OHU
HE MOT'YT OOHAPYKUBATH 3aMMCTBOBAHUSA U3 JIPYTOTO sI3bIKA.

Cy1iecTByeT HECKOJIBKO II0JIX0/I0B, OIMMCBHIBAIOIINX ITY IIPOOJIEMY JIJIs HEKOTOPBIX I1ap
SI3BIKOB |2, 3, 4], HampuMep JJIg mapbl UCIAHCKUH-aHTIHicKuit. B cratbe 2] 3ameqeno,
YTO KQIECTBO AJITOPUTMOB JIETEKTUPOBAHUST IEPEBO/IHBIX 3aNMCTBOBAHNIN CUJIBHO 3aBUCHUT
OT paccMaTpUBacMOil Imapbl S3bIKOB U CTENeHn uX pojcTBa. [losToMy 3a1ava ocraeTcs 1Mo
IIpexKHEMY aKTyaJbHOIW — B JIAHHOM paboTe pacCcMaTpUBaeTCs Mapa PYCCKUi-aHTJIMICKUA,
KOTOpasi He BXOJUT B OJIHY JUHIBHCTUYECKYIO T'PYIILY. DTO CO3HA€T JIOINOJTHUTE/IHHDbIE
TPYAHOCTH TIPU PA3pabOTKe aJIfOPUTMA JIE€TEKTHPOBAHUS.

Bribop mapbl g3bIKOB PyCCKHi-aHIVIMIACKUI 00yC/IOBJICH MTPeod/IalaHueM aHTJIOA3bIb-
HBIX IIyOJIMKAIUil B MHTepHeTe W JIyYIINM 3HAHHEM 9TOrO SI3bIKa 10 CPABHEHHIO C JIPY-
ruvu. KosmmdecTBo myOukamuii Ha aHIVIMHCKOM, ITPOMHIEKCUPOBAHHBIX TaKUMH Oa3aMu
naHHbIX Kak Web of Science m Scopus, moareepzkgatoT 5ToT (axT. Eime ogHnM BaxKHBIM
daKTOpOM SBJISETCS PA3BUTHE CHUCTEM MAIIMHHOIO IIEPEBOA, MCIIOJb30BAHIE KOTOPBHIX
MTO3BOJINT TOJIYINTH «OPUTHHAIBHYIO» PabOTy, He TPHUKJIAIbIBas MPAKTUIECKN HUKAKIX
yemmii. U, Kak yrmoMuHaIOCh paHHee, 3aMCTBOBATH B PAMKAX OJIHOIO sI3bIKa, CTAHOBUTCS
BCe CJIOXKHEe, 3HAYUT HYKeH JAPYToi crrocod 00Xoaa MPOMBIIIIEHHBIX CHCTEM.

AJIropuTM JIeTEKTUPOBAHUST IEPEBOIHBIX 3aMMCTBOBAHUI JIJIsT TIAPBI I3BIKOB PYCCKUIi-
QHIJIMICKUIT TPAKTUYeCKN HE BCTPeYaeTCs B JIMTEpPAType W3-3a CJIOKHOU I'DaMMaTHUKU
PYCCKOT'O SI3bIKa U HEXBATKM JIAHHBIX KOHKPETHO JIJIsI 3TOTO CJIydas.

Kak u B paborax (6, 7| B 1aHHOI cTaThe Ipe/IaraeTCs OIUCAHNE BCEIO aJrOPUTMa —
CHavJaJsla BeJeTcsd IIOMCK JIOKYMEeHTOB-KaHUIaToB 110 BHeIIHeil KOJIJICKIIUH, 3aTeM IIPOUC-
XOJIUT UX JI€TaJbHOE CPABHEHHUE C IPOBEPAEMBIM JOKYMEHTOM.

Baxkabim TpeboBanmeM K pa3padaTbIBA€MOMY aJITOPUTMY SABJISIETCS YCTOWYMBOCTD K
HEOJTHO3HATHOCTSIM TIePEBOIa — MAIMMHHOTO WM PYyYIHOrO. AJITOPUTMBI, HCIIOTb3yeMbIe B
MIPOMBIIIJIEHHBIX PENIeHNX, SIBIAIOTCA HEYCTOWYNBBIMU K ITEPECTAHOBKE CJIOB M OOBITHO
UCIOJIB3YIOTCA I JIETEKTUPOBAHUS MOYTH -ay0ukaToB. [losromy, g sTamna momcka
TEKCTOB-KaH/IUJIATOB, B JIAHHOW CTAThE UCIIOJIb3yeTCsd MOInUKAIUS aJrOPUTMA IIHHIJIOB:
KazKJIOMY CJIOBY B IIIUHIJIE CTABUTCS B COOTBETCTBUE KJIacC IKBUBAJIEHTHOCTH, 10Ty YeHHbII
Ha OCHOBE KJIACTEPHU3AIMU BEKTOPOB CJIOB C HMCIIOJIb30BAHUEM MoJiesiell TUCTprOy TUBHOM
TUIIOTESHI.

Mmuorue paboThl 110 TeMe OOHAPYKEHUS IePEeBOJHBIX 3aMMCTBOBAaHUI paccMaTpuBa-
IOT I CpaBHEHUS JIOKYMEHTOB MeKJIy COOOi pelleHnusi, OCHOBAHHBIE Ha JIBYSI3bIYHBIX
WJIN MOHOSI3BIYHBIX BeKTOpax cjioB [12; 13|, HO mpakTHYeCKN HUKTO He UCIOJIb3yeT BEK-
Topsl dpa3. [Ipemraraercsa aaropuT™M, OCHOBAaHHBII HA MOHOS3BIKOBOM aHAJIM3€ JIOKYMEH-
TOB — IIPOBEPSIEMBIN JIOKYMEHT IePEBOIUTCS Ha AHTVIMMCKUI S3BIK C HMCIOJIHB30BAHUEM
CUCTEMBI MAIIMHHOTO IepeBojia. Tak Kak pelreHue J0JZKHO ObITh YCTOWYUBBIM K HEO/I-
HO3HAYHOCTAM TIE€PEBOJIA, IPEJIaraeTcd CPaBHUBATH MEXKJy CODOOIl He caMU TEKCTOBbLIE
dpparMeHnThl, & BEKTOPBI, UM COOTBETCTBYIOIUE. TaK KaK MbI HCIIOJIb3YeM MOHOSA3BIKOBOI
MIO/IXOJ, TIpejIaraeTcs pacCcMaTPUBATh IEPEeBOJl KaK YaCTHBIN caydail mepedpasnpoBKu
rekcra [14]. B jaHHOM MPEIIOIOKEHNH CTAHOBUTCST BO3SMOXKHBIM ONTHUMU3AINA MOJIEJIN



BEKTOPHOTO IIPEJICTAaBICHUS (ppas3 ¢ UCIOIb30BAHUEM CYIIECTBYIONINX AHTJIOSI3bITHBIX BbI-
OOPOK TIO oIIpeIeIeHUIO TlepedPasupOBOK.

PaccmarpuBaercs cirydaii, Korjia mpoBepsieMblii JOKYMEHT HAIIMCAH HA PYCCKOM s3bIKe
U COJIEPKUT BCTABKU TEKCTA, [IEPEBEJIEHHOIO ¢ aHIIUHCKOIO A3bIKa. DTOT Crydaii 0coGeHHO
BazKeH JIId HAYYHBIX PabOT, TaK KaK BBeJeHHUE, 0030D JIMTEPATypbl U JlaKe OCHOBHAS
9aCTh YacTO COJEPIKAT TEeKCTOBble 3auMcTBOBaHust. ObIas cxeMa ajJropuTMa [pUBEIeHa
Ha pucyHke (1) n BKJIIOYaeT CIIeyIoNnye Mar:

)

Mawunnoii nepesod — TepeBOJ IMPOBEPAEMOro JIOKyMEHTa Ha aHTJINACKUIA
A3bIK. /It 9TOro MCHo/Ib3yeTcss CUcTeMa CTaTUCTUYECKOr0 MAaIlllMHHOTO II€PEeBOJIA
Moses [15] ¢ OTKpPBITBIM HCXOTHBIM KOJOM.

IHouck doxymernmos-xarndudamos — JJisi TPOBEPSIEMOTO JIOKYMEHTa HaXOJIATCS Hau-
OoJiee pesieBaHTHBIC JTIOKYMEHTBI-KAH/IUIATDI, JIJIs 9TOTO UCIOIL3YeTCs MOIAuduKa-
sl ajiropur™a muHrIoB. Jleraiu npejpcrasiens: B (4.1).

Modeawv sexmoprozo npedcmasaerus pasv, —TeKCT pa3dbuBaeTcs Ha ppasbl U CTPO-
uTcst orobparkeHne Karkjoit (ppas3bl B BEKTOPHOE MPOCTpaHcTBO. [ljst mocTpoenust
9TOT0 OTOOPAXKEHUST UCTIOIB3YIOTCST ABTOKOIUPOBIIUKN, KOTOPHIE TOKA3BIBAET BBICO-
KOe KadeCcTBO pereHus 9T0ii 3amaan [16, 17|. g ontummusanuy mapaMerpoB aB-
TOKOJIMPOBINUKA [TPUMEHSAIOTCS AJITOPUTMbI 00ydeHus Oe3 yduTesas W aJropUTMbI
gacTuaHOro o0ydenusi. Beomures cocraBHast byrkmums omubku. Jleraau mpejcras-
neHbl B (4.2).

Cpasrenue dokymenmos — UCHOIB3YETC AJTOPUTM IPUOJTUKEHHOTO MTOUCKa OJIM-
JKAMIIero cocelia JIist TOro, 9To0bl HATH OrpaHnYeHHOe KOJIMIeCTBO OJIM3KIX (dpas.
Heramu upejncrasienst B (4.3).

ITocm-obpabomxka mexcma — 1oCae CPaBHEHHsI TEKCTOBBIX (DParMeHTOB MUCIOJIb3Y-
eTCsl aJITOPUTM KJIACCU(DUKAIINY JIJIs CHUZKEHUST JIOJIU JIOKHO-TIOJIOKUTEIbHBIX CPa-
6arbiBanuii. lerasm npescrasienst B (4.3).
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JI1st BBIYMC/IUTEIBHOIO SKCIEPUMEHTa IIpejjiaraeTcd MEeTOINKa T'eHepallui BbIOOPKU
JUUTsT TAphl A3BIKOB pycckuii-anrnuiickuii. Metonnka onucana B pasmese (5.1). Borancin-
TeJIbHBIN SKCIIEPUMEHT IPOBOJIUTCS Ha, JIBYX BBIOGOPKAX — CreHeprupoBaHHOM Kopiryce (5.3)
U Ha CTAaTbAX U3 KYPHAJOB, BXOJAMMX B PoccUilcKMil MHIEKC HAYYHOTO IUTUPOBAHUS
(PUHLI). PesynbraTs! skcriepuMeHTa U aHaIU3 OMUOOK [IpeJIcTaB/ieHbl B pasesie (6).

2. O630p auTepaTypbl

[Tpeiaraemplii agroputm 6JIM30K K paccMaTpuBaeMbiM B paborax [18, 19| noxxoma-
MM, TJIe IPOBEPSEMBIil JJOKYMEHT EPEBOJIUTCS Ha s3BbIK BHEIIHEH KOJIJIEKITUNA C TTOMOIIBIO
cHUCTeM MAIUHHOTO TepeBoja. B pabore [20] momesns nepesoma IBM-1 ucnonbsyercst st
u3BJIedeHns WHOPMAIU 0 6JIM30CTH MEXK Ty TeKcTaMu. ABTOpBI pabor |21, 22| npeiara-
0T aJITOPUTMbI, OCHOBAHHBIE HA UCIIOJIb30BAHUU N -T'PAMM U Ha CTATUCTUKE UCIIOJIb3YEeMbIX
TEePMUHOB.

B psame paboT mCIoNb3yloTCA JIONOJHUTEILHBIE PECypChbl, TaKHe KaK Te3aypychl H
onrosiornu. B paborax [12, 3, 4] aBropsl npemaraor ucnosib3osarh BabelNet [23] u
WordNet [24] s ussiedenust nadopmalyu o 6mu30cTH MKy Tekcramu. B padore [12]
peJIaraeTest aJrOpPUTM, OCHOBAHHBINA Ha KOMOMHAIIMM HEHpPOHHBIX cereil n rpadoB 3Ha-
Huit. B HekoTOpBIX paborax [25, 26, 27| ajs ompejesieHus OJIM30CTH MKy TEKCTaMU
HA Pa3HBIX A3BIKAX UCIOJIL3YIOTCS aJTOPUTMBI OJIM3KHE K JATEHTHOMY CeMaHTHIECKOMY
aHasn3y 28|, ucrnosb3yromye pasiozkeHne MaTPUIlbl CJI0BO-JTO0KyMeHT. Tekyuii obrenpu-
SHaHHBIH Mox0/1 [29, 12|, moKasbIBaoOIIUii BHICOKOE KAYeCTBO OCHOBAH HA UCIIOJIb30BAHUN
CeMaHTUIECKUX IpadOB I KazkKJI0ro JOKYMEHTa. BIM30CTh MEXKy TEKCTaMU OLEHUBA-
eTcst Kak 0JIM30CTh MEXKJLy cOOTBeTCTBYIommMMHA rpadamu. OCHOBHBIM HEJIOCTATKOM 3TOIO
HOJIXO0/1a SABJIAETCS PECYPCOEMKOCTD: MCHOIb30BAHNE MY/JIbLTUASBIYHBIX OHTOJIOIHIT, TAKIX
kak BabelNet [23|, Tpebyer GobIIIX BBIYUCIUTETIHHBIX MOIIHOCTEH sl TOCTPOEHUST Ce-
MaHTHYECKUX I'PacoB I KarKJI0r0 TEKCTOBOIO (hparMeHTa, a TakyKe CPaABHEHUS IMOJIY-
YEHHBIX CEMAHTHIECKUX rapoB.

Hpyroit kiracc paboT MOCBIEH MOMCKY JOKYMEHTOB-KaHauaaToB. B padorax [10, 9|
[IPOU3BOJIUTCS CPABHEHUE HECKOJIBKUX aJI'OPUTMOB TOWMCKa. Psji paboT g 9Toit 3aja-
qu [30, 31| npemaraer UCnob30BaTh BEKTOPHI Haparpados win JoKyMeHToB. OiHoil 13
npobJieM TaKUX AJTOPUTMOB sIBJISIETCS BBIYUCMTE/IbHAS JOpOroBusHa. B paborax [32]
[IpEe/IJTAraeTcs aJITOPUTM MPUOJIMAKEHHOTO TIOMCKa, OJIMZKAMIIEro cocea, KOTOPBI O3BO-
JISIET OCYIIECTBJISITH MMOUCK JIOKYMEHTOB OBbICTpee 3a cUeT OOJIbIell HAarpy3Ku Ha MaMsTh.

Tax Kak B IpejjlaraeMOM aJrOPUTME HCIIOJIb3YeTCsl MOHOSI3BIKOBOW aHAJIM3, 3a/1a-
ya OJIM3Ka K 3aJiade JeTeKTUpoBaHue Iepedpa3upoBaHHOrO Tekcra. MHOorme Imomixo-
Il [33, 34, 17] s pereHnst 9TOi 3a/a49U UCHOJIB3YIOT BEKTOPBI (bpas, MOJIydeHHbIE C
HOMOIIBI0 HEHPOHHBIX cereil riybokoro obydenusi. B pabore [35] mpemnaraercs Neural
Bag-of-Words u deep averaging networks. B pa6orax |33, 36| aBrops! npeiaraior pekyp-
CUBHbBIC HEHPOHHBIE CETH, IIOCTPOCHHBIE 110 CTPYKTYPE JIEPEBbEB Paszdopa, MOJIyUIeHHBIX C
HOMOIIBIO IPAMMATHK 3aBUCUMOCTEl W IpaMMaTHK cOCTaBjdomux. B paborax [17, 37|
aBTOpBI npe/raraor ucnonb3oBath LSTM [38] u GRU [39]. B pa6orax [40| npemiaraer-
ca nepapxmaeckuiit LSTM 1151 mocTpoernst MOIe M BEKTOPHBIX IIPEJICTABICHNI maparpa-
doB Tekcta. s 3a1a4n JleTeKTUpOBaHus 1epepasupoBAHHOIO TEKCTA B CIydae pa3HbIX
sI3BIKOB TaK2Ke HCIIOJIb3YIOTCS aJITOPUTMbI, OCHOBAHHBIE Ha, UCIIOIH30BAHUU JIBYSI3bIUIHBIX
aBTOKOUPOBIIUKOB [41, 42| uin cuamckux HelpouHbix cereil [34]. B nporusosec pabo-
tam |17, 43, 44| B JaHHON cTaThe IMpe/IaraeTcs UCIOJIb30BaTh BBIXOJIbI HEHPOHHOI ceTn
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KaK BEKTOPHBIE IIpe/ICTaBIeHNs bpa3 s JJaIbHENIero npuOINKeHHOTO aJrOPUTMa I10-
ncKa OJiKaiiiero cocesa [45].

Pabora mocssiena oOHAPYKEHUIO MEPEBOJIHBIX 3aUMCTBOBAHUN /IS TTapbl S3bIKOB
pycckuit-anriuiickuii. /lannas mapa He gBJI€TCSA 9acTO BCTPEYAEMO B JUTeparype, Ha-
CKOJIBKO M3BECTHO, CYIIECTBYET TOIBKO OJHA PabOTa, MOCBAIIEHHAS PEIIEeHNIO JaHHOM 3a-
naan [19]. B nanuoit pabore TakzKe MpejjiaraeTcst MeTO/IMKa TeHepaIui KOPITyca, CoJepKa-
IETO TIepeBo/IHbIe 3anMcTBOBaHNA. /lannas paboTa MOXKET MOCIYKUTH OCHOBOW JIJIsT JAJTb-
HEHIINX UCCJIEJIOBAHNIT CIIOCOOOB OOHAPYKEHUs IMEPEBOHBIX 3aMMCTBOBAHUN st 9TOM
A3BIKOBOH II1apHbl.

3. PopmasibHasi NOCTAHOBKA 33/1a4N

3aj1aHa BEIGOPKA JJOKYMEHTOB KOJLIEKINY Ha aHriuiickoM s3bike D = {d’} u BeI60pKa
— i _ _
IIPOBEPAEMBIX JIOKYMEHTOB PYCCKOM Diygp = {dg,q}- Hyers C = {a} u Q = {q:} —
MHOXKECTBO TEKCTOBBIX (DParMeHTOB, HOJIYUEHHBIX B pesyibTaTe pazomeHusa D m Dy,
COOTBETCTBEHHO. 3a/IaHO OTHOIIeHNe NH(MOPMAITMOHHOTO ITOUCKA!:

g:QxC—{0,1},

re 1 cooTBETCTBYET pejieBaHTHOMY HaiijieHHoMy dparmenty, a () - HepeJeBaHTHOMY; § —
dyHKIM, 3a/1a101asd OTHOIICHIE HH(MOPMAIMOHHOTO TTOUCKA.

OrnpejieTuM MHOYKECTBO PeJIeBAHTHBIX (pparMeHTOB st (pparMenTa MpoBEPSIeMOro JI0KY-
MeHTa ¢ € (), T1e dparMeHT — 9TO MOCTIeI0BATEIbHOCTh CUMBOJIOB, MOIIHOCTH KaXKI0T0
dparmenTa onpeeasgeTcs ero JImHOI:

relevant(q) = {c € C' : g(q,¢c) = 1}.

OrnpejiesTuM MHOXKECTBO HAlJIEHHBIX (hpParMeHTOB [ijisi (pparMeHTa MPOBEPsieMOro JTOKY-
MeHTa q € ():
retrieved(q) = {c € C': f(q,c) = 1},

e yHKIudg [ anmpoKCUMUpPYeT (PYHKIHIIO ¢.

Tpebyercst maiitu dpyuxnuo [ € F:

~

1 = F1 ).
(1) f = argmax(F1(f,9,Q,C))
e J — MHOXKECTBO PacCMaTPUBAEMBIX MOJIEIEN.
F1 -mepa:
2PR
Fl=——
P+ R’

P — precision, R — recall:

p_ lrelevant(q) N retrieved(q)| R
B |retrieved(q)| ’

_ [relevant(q) N retrieved(q)|

[relevant(q)|



4. Ilpennaraemsbiit aJIroputMm
Hexommosupyem 3amaay (1):

1) CseneM mposepsteMble TOKYMeHTHI Dy, U T0KyMeHTl Kosutekiun D = {d’} k ox-
HOMY S3BIKY C HUCIIOJIL30BAHUEM CHUCTEMbl MAIIMHHOIO IIEPEBO/IA.
2) Jljist KayKJioro mMpoBEpsieMOro JIOKYMEHTa d;usp € Dgysp Haiinem k naumboiiee pejie-

i L i
BaHTHBIX JOKYMEHTOB Kojnexkiun Ry (dy,,,) = {d}, ..., d}}.

3) s mpoBepsieMoro J0KyMeHTa deusp
ITOXOKHE TEKCTOBbIE (DPArMEHTHI.

U PeJIeBaHTHBIX JOKYMEHTOB [ (dy,,,) Haiiaem

4.1. Iouck doxymenmos-rxandudamos

3as1ana BHIOOPKA JIOKYMEHTOB KOJIEKIIMN Ha aHrmiickoM s3bike D = {d’} n Bpibopka
IPOBEPSAEMBIX JOKYMEHTOB PYCCKOM sI3bIKe Diysp = {d},,, }. 3a/aH MOKa3aTes peeBanT-
HOCTH MEXKJly IPOBepeMbIM JOKYMEHTOM U JOKYMEHTOM KOJUIEKIUH — oOInad JJInHa
3aMMCTBOBaHUil, HODMUPOBaHHAA Ha JJIMHY IIPOBEPAEMOIO JIOKYMEHTa:

Rel(d',,) = {d € D|p(d;d,, ) > 0}.

susp Susp
Tpebyercst maiitu ¢ — GYHKIMIO, TPUOINZKAIOILYIO

Ri(d.,,,) = {d € D|¢'(d; d.,,,,) > 0}, |Ri(dl,,,)| =k,

susp susp

| Ri(dyusp) N Rel(dy,g, )|

Susp

| Rel (déusp) |

— Imax.

1
Recall@k — 5 Z

sSusp .
déuspEDS"LSP

OcHoBHast mpobJieMa IIPH MTOUCKE JTOKYMEHTOB-KAHINIATOB 3aKJ/II0YAeTCA B TOM, UTO
3Tall MaIlIMHHOT'O IIEPEBOA MOPOXKJIAET TEKCTHI, KOTOPHIE MOT'YT CYIIIECTBEHHO OTJIMYATHCS
OT UCTOYHUKA 3auMCTBOBaHUs. Huxke NpuBOIUTCA NTpUMEP TAKUX TEKCTOB.

e Having considered the dimensions next the policy analyst has to identify various
indicators for each dimension.

e Having considered the size of the following political analyst should identify the
different indicators for each measurement.

OJHUM U3 aJrOPUTMOB IOUCKA JOKYMEHTOB-KAH/INJIATOB B 3aJa4axX OOHAPYKEHUS JJOCI0B-
HBIX 3aIMCTBOBAHUI U IIOUCKA HO‘-ITI/I—,Z[y6J_H/IKaTOB TEKCTa ABJIAETCA IIOCTPOCHU A NHBEPTU-
POBaHHOTO MHJIEKCA, B KOTOPOM KaXKJIbIil JIOKYMEHT KOJLICKITUHU IIPE/ICTaBIgeTCd HabopoM
wunzaos |9], T.e. HABOPOM TEPEKPBIBAIOIINXCsT N-IrpaMM. [IpoBepseMblil TOKYMEHT TaKkxkKe
pasbuBaeTcsd Ha HMIMHLJILL, II0C/IEe 9ero IIPOBOJUTCSA HOMCK JIOKYMEHTOB 110 WHBEPTUPOBAH-
HOMY MHJIEKCY C HamOOJIBIIUM COBIIAJCHUEM HIMHIVIOB. B TO 2Ke BpeMsd, B CIydae IOUCKA
JOKYMEHTOB-KaHAMJIAaTOB B 3aJa49€ JCTCKTUPOBaHUA IIEPEBOJHBIX 3alIMCTBOBaHUMI ,Z[a,HHbHU/I
AJITOPUTM MOZKET IOKA3LIBATEL CJab0e KAYeCTBO B CHUJIY HEOJIHOZHAYHOCTH IIEPEBOJIA.

,ZLJIH YMEHbIICHUA BJIMAHUA HEOAHO3ZHAYHOCTHU IIEpeBOJa Ha IIOMCK JOKYMEHTOB-
KaHIUAaTOB IIpe/jlaracTcda IIPOBOJUTDL IIPEJIABApPUTE/IbHOE pa36I/IeHI/Ie CJIOB Ha KJIaCCbl 9K-
BUBaJICHTHOCTHU M 3aM€HY CJIOB Ha COOTBETCTBYIOIIIHNE MM MCETKHU KJIaCCOB: {.231, . ,ZL’n} —
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{class(z),...,class(z,)},
e Ty, ..., T, — CJIOBa, class — (pyHKIMA 11epeBojia CJIOB B KJIACCHI SKBUBAJIEHTHOCTH.

Kaxkaplii Kjacc 95KBUBAJEHTHOCTU COJIEPKHUT CEMAHTHYECKH OJIM3KHe cjoBa. Takzke
JIJIsT YMEHBINEHUsT HEOTHO3HATHOCTHU MIEePEBO/Ia Tepei pa3dueHneM Ha N-TPaMMBbl [IPe/Ija-
raeTcd yJdaJIdTh U3 TeKCTa CTOII-CJIOBa WU IIPOBOAUTDL JIEMMAaTHU3aIUIO. I[,HH y4deTa BO3MO2K-
HBIX MIEPECTAHOBOK CJIOB, BO3HUKAIOIINX ITOCJIE TIEePEBOa TEKCTa, CJI0BA BHYTPHU KaXKJIOi
N-IPaMMBbI COPTUPYIOTCSI B JIEKCUKOIPAUIECKOM MTOPSIKE.

B nmammoit pabore st mosiydeHusi KJIACCOB SKBUBAJEHTHOCTU HCIIOJIB3YEeTCsT MOJIE/Ib
BEKTOPHOTO TIPEJICTAaBJIEHNS CJIOB, paboTa KOTOPO# OCHOBaHa HA JUCTPUOYTUBHON TUIIOTe-
3e. DopMupoBaHMe KJIACCOB IKBUBAJEHTHOCTH 3aK/TF0YAETCS B KJIACTEPU3AINA BEKTOPOB,
[IOJIYYE€HHBIX C HCIOJIB30BaHUEM IAHHON MOJE/H, C UCIOJIb30BaHUEM KOCHHYCHOW MepbI
KaK KJIaCTEPHOI Mepbl OJIM30CTH.

Huzxe IIpuBEJACHBI IIPUMEPDLI ITOJIYYEHHBIX KJIaCCOB 9KBUBAJIECHTHOCTHU!

o [beer, beers, brewing, ale, brew, brewery, pint, stout, guinness, ipa, brewed, lager,
ales, brews, pints, cask|

o [survey, assessment, evaluation, evaluate, examine, assess, surveys, analyze,
evaluating, assessments, examining, analyzing, assessing,  questionnaire,
evaluations, analyse, questionnaires, analysing|

e [brilliant, excellent, exceptional, finest, outstanding, super, terrific|

B kagecTBe (hyHKINN PEIEBAHTHOCTHU JOKYMEHTOB ¢ BBICTYIIAET CJIEIYIOIIEe BhIparKe-
HUE:

A = S 1[h € H(d)

= !/ .
heF i ans) |d € D:heH(d),]|

e H— Q)yHKHI/IH mepeBoia JJOKyMEHTa BO MHOXKECTBE T-I'DaMM.

4.2. Cpasnerue doxymenmos

JI1s1 cpaBHEHMS MEzK Iy HailICHHBIMU JTOKYMEHTaMU-KAH I IATAMEI U IIPOBEPSEMbIM J10-
KYMEHTOM HCIIOJIb3YyeTCdA MOJE/Ib BEKTOPHOI'O IIPEACTaBJICHU A (bpasbl — TEKCThbI pa36HBa—
I0TCAd Ha (pparMeHTbl U CPABHUBAIOTCS COOTBETCTBYIOIME MM BeKTOpbI. IlycTh 3ajana
Boibopka S = {s;}, cocrosimas w3 dbpasz s; = (x1,...,X,) e X € X BEKTOP CJIOBA.
Tpebyercs HaiiTn oTOOpParKEHHE:

¢:s;—s; € R,

TaKoe, ITo

Q(Sa gb) = argd)max(cos(gb(si), ¢<8])) - COS(QS(SZ'), ¢(Sk>)),
Ll
(8i,8;) € S — napnl cxokux HparMenTos, (S;,S;) € D — napbl HECXOKUX (DPArMEHTOB,
® — MHOXKECTBO PEKYPPEHTHBIX MOJEJIell aBTOKOIUPOBIITUKOB.
[TepBoe ciaraemoe onTUMU3UPYEeMOit (DYHKITUN OMUOKU — OMTUOKA PEKOHCTPYKITHH MEK Ty



BXOJIHBIM 1 BBIXOJIHBIM BeKTOpoM. Ucmosbsyercs GRU-GRU aBrokogmposiuxk ||.
GRU —xoaupyromuit 6J10K:

z; = o(W.x; + W.h; 1 +b.),

r; =o(W,x; + W,h;_; +b,),

(2) h, = tanh(W,x, + W,h,_; +b),
hy=(1-2)oh; 1 +20 h,.

Brixon konupytomero 6j10ka — BekTop h!', coorBercrBylomuit Beeit BxogHoi dbpase, uc-

0JIb3YeTcs KaK HavaabHOe cOoCTOstHUe JleKoupyiomero 6/10ka, T.e. h” = he. Ucnonbays
JINHEeTHOe ITpeobpa3oBaHme, IIpeacKa3bIBaeTC sl CIeAY IOl BEKTOP ¢IoBa X,, = Wgh; +by.
Ha manbreiimux marax JeKoaupyommit 6JI0K MCIIOIb3yeT MPeICKAa3aHHbBI BEKTOP CJI0Ba
X, 1 cKpbIToe cocroguue h; ;. Munumusupyercs ommbKa peKOHCTPYKITHH:

(3) Eyree = Z % — % [[5 -
=1

unanrpHOE CKpBITOE cocTogHME h! coorBeTCTBYeT Beeit dpase s;.

Bropoe citaraemoe coctaBHoit (pyHKIUN OMUOKN — OIMMOKa orcTyna. s ontuMmusanmum
9TOi pyHKIME OMIOKN UCIONIb3yeTcs BbIOopKa S = {(s;, s;)}, cocrosimas U3 map cxoKux
dpas kak B [37].

1
(4) Ere = E Z max (0,0 — c_) + max(0,d — cy) |,
(Si,Sj)ES
where c_ = cos(s;, 8;) — cos(si,Sy), ¢y = cos(s;,s;) + cos(s;,s;), § — orery,
Sy = argmax,, cs,\(s,,s;) C08(8i,87), Sp € § — Texymuit batH.

Wrorosas dyHKINS OMMIOKN:
(5) aFree + (1 — a)Ee — min,

Ie o — HACTpanWBaeMbIil TUTIEepIIapaMeTp.

4.8. Kaaccugpuramop
s Kazxkmoro BeKTopa (hbpasbl 8; U3 MPOBEPSEMOro JIOKyMeHTa dy, ., HaXOAUTCst 1 Osn-
KafiTIX BEKTOPOB IO KOCHHYCHOI Mepe U3 JJOKYMeHTOB-KaHmaaTos [ (dy,,,) NCIOTb3yst
6ubmoreky Annoy3. OcnoBHag HeIb 3TOr0 — COKPATHTL KOJIMHUECTBO Hap (bparMeHToB

JIIST KJTaCCUDUKAIIAN.

[Jotst mapst (s;, $;) H COOTBETCTBYIOMINX TOU IApE BEKTOPOB (S;,S;) PACCMATPHBAECTCS
CJIe/IyIoIee peraioee IpaBuio:

)1, ecrm cos(s;, s5) >ty and p(sy, ;) > to,
f(si7 Sj) -
0 nmaue,
rje p — BEPOATHOCTL KJaccudukaropa, t; — MOPOr KOCUHYCHOW Mepbl U fy — MUHU-
MaJIbHBIH MOPOT BeposATHOCTH Kiaaccudukraropat. ['meTorpaMma KOCHHYCHBIX MEp MEZKILY
napaMu GpparMeHTOB ¥ BeJIMYMHON ¢ IIpUBEJeHA Ha PUC. 2.

3https://github.com/spotify/annoy
4t =0.6,t2 = 0.5.
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Puc. 2: 'ucrorpaMmma KOCHHYCHBIX Mep M€Ky ITapaMy CXOXKUX M HEeCX0XKUX (hpas

B kadecTBe NPU3HAKOB UCIIOJIB3yeTCs KOHKATEHAIUsT PAHUIIBI TI0 MOJLYJIIO U TIOKOMIIO-
HEHTHOe [IPOU3Be/IeHIe KOMIOHEHT BEKTOpa [|s; —s;|, s;*s;]. B kadecrse ki1accudukaropa
BeicTynaer Random Forest.

5. BpraucianTesibHBIN 3KCIIEPUMEHT

st anaimsa KadecTBa MPeJJIOYKEeHHOIO aJropuTMa ObLT TPOBEJICH PsiJl BEITUCIUTE b
HBIX 9KCIIEPUMEHTOB KaK Ha CreHEePUPOBAHHBIX BHIOOPKAX, TAK U HA PEAJIHHBIX KOJLICKITH-
X JIOKYMEHTOB. B jrannom pasjese mpuBOAATC JETAIU TMOPOKIEHUST CreHEPUPOBAHHBIX
BBIOOPOK, M 9KCIIEPUMEHTBI, ITPOBEJIEHHbIE HA HUX.

5.1. Ceenepuposartasn KoALEKUUA NEPEBOIHBLT 3AUMCMBEOBAHUT

JLnist IOpOYKJIeHUsT TIEPEBOJIHBIX 3aUMCTBOBAHUN OBLIN UCIOJIB30BAHBI JIOKYMEHTHI U3
AHTJINICKON 1 pycckoii Bepcuu caiira Wikipedia.

B kadectBe KosuteKimn JOKyMeHTOB D) ObLan ucrosb3oBanbl 100 ThIC. cTaTeil u3 aH-
rimiickoit Bepcun Wikipedia. B kagecTBe KoJlsieKinu IpoBepaeMbIX TIOKyMeHTOB Dg,sp 1c-
[I0JIb30BaJIaCh CIydaiiHas 1o IBbIOOPKa JJOKyMeHTOB u3 pycckoit Bepcun Wikipedia. s
MTOPOZKICHUS 3aMMCTBOBAHUN JI/II KAXKJIOTO JIOKYMEHTA d’;usp € Dgysp UCIOIB30BAJICA CIIE-
JIYIOIIHI a/IrOPUTM:

1) BeibpaTh J0KyMeHTbI-KanuaTel {d'} u3 kostekuun D. JIis yMeHbIIeHUs pas-
Opoca JIEKCMKH B JOKYMEHTaX-KaHIUJIATaX M IPOBEPSIEMOM JOKYMEHTe BBIOOD
JIOKYMEHTOB-KaHINIaTOB POU3BOIUIICS U3 10oBbi0OOpKU 500 HamboJiee pejieBaHT-
HBIX JIOKYMEHTOB JIJIs [IPOBEPAEMOr0 JTOKYMEHTA df;,usp. JList onipeiesieHnst pesieBaHT-

HOCTHU UCIOJIb30Bajach tf tdf-mepa. KomndecTBo T0KyMeHTOB-KaH/I1/1aTOB BbIOUpa-
Jioch cirydaitno or 1 jo 10.

2) BoiGpaTh mpejioKeHust U3 JOKYMEHTOB-KaHuaaToB {d'} ciayvaitHbiM 06pasoM u
[IEPEBECTN UX HA PYCCKUI SI3BIK.

3) BaMmeHUTH corydaifHble MPeJIOKEHNsT U3 TPOBEPSIEMOro JTOKYMeHTa dy,sp HA TIEDEBE-

JIEHHBIE [IPEJJIOKEHUsT U3 JOKYMEHTOB-KaHINIaTOB. [IporeHT 3aMeHeHHbIX [TPeII0-

. i o
KEHUI 13 NPOBEpsIeMOro JIOKyMeHTa dg, ., Bhloupasca ciaydaitno or 20 10 80%.



[Tosryuennas BEIGOPKa JOCTYIHA IO apecy’.

5.2. Onmumusayus napamempos paccmampuaemMvis MoJeseti

B kadecTtBe Mojie/in BEKTOPHOI'O IIPEJICTABJIEHUsI CJIOB HCIIOJIB30BaJIC OMOJIMOTEKA
fastText, omTuMm3anMa ITapaMeTPOB KOTOPOW IIPOBOAMJIACH HA AHIJIMAUCKONW BeEpCHUU
Wikipedia. PasmepHocTh BEKTOPHOIO IPOCTPAHCTBA JJI BEKTOPHOT'O IIPEICTABIEHHUSI CJIOB
u ¢dpas 6buta yeranosiena Kaxk 1008, JIia mocTpoenns KIaccoB SKBHBAJCHTHOCTH ObLIa,
HCIIOJIb30BaHa arjioMepaTuBHAas KJIaCTepU3allis Ha BEKTopax cjIoB. B KadecTBe Mepsbl O.11-
30CTH CJIOB pacCMaTpUBaJjach KOCHHYCHasI Mepa MEKJIYy COOTBETCTBYIOIIUMU BEKTOPHBI-
MH TIpejicTaB/IieHusIME. VIToroBast Mo/iesib KJIaCCOB 9KBUBAJIEHTHOCTH cojepzkaJja 30 Thic.
KJ1accoB J10Jid 777 ThICAY CJIOB.

B kauecTBe cucTeMbl MAITHHHOIO TepeBojia ucnosb3osaics Moses [15], Momenb KoTo-
poro ObL1a ObLa o0yveHa Ha 18.5 MUJIIMOHAX TApaJIIETbHBIX MIPEJJIOKEHUI 13 KOPITYCOB
Opus [46]. B kadecTBe s3BIKOBOI MOJEIH /I CHCTEMbI MAIIHHOTO IE€PEBO/IA NCIIOIH30-
Basach 3-rpammuas Mozenb 3-gram IRSTLM [47].

B kauecTBe BBIOOPKHY JIjIst MEHUMU3AIUE OIMHOKN PEKOHCTPYKIUH F.. (3) ncmosb3oBa-
Jmch 10 MUIJIMOHOB TIpe iioxkennit u3 anrymiickoit Bepcun Wikipedia. Bropoe ciaraemoe
dyukImn n0Teps (5) UCIOIb3yeT HHPOMPAIIHIO O HOXOKHX IpeyIozkennax S = {(s;, s;)}.
B kadecTtBe BBIOOPKM TAKUX IPEJJIOKEHUI HCIIOIb30BAJINCH ITapbl MapaJsieIbHbIX TPe/I-
noxkenuit u3 kopiyca OpenSubtitles [46]. Huxke npusesieHbl IpUMEpPBI TOJIy Y€HHBIX [1PE/I-
JIOZKCHUM:

e You know, I remember you pitched me the idea for this thing five years ago.

o [ remember you pitched me the idea for this to the cause of 5 years ago.

st onTuMHU3AIN TApaMETPOB KJIAaCCUPUKATOPA TaKKe MCIIOJIb30BAJIACH MOJIBBIOOD-
Ka JIAHHOT'O KopIrtyca. Bribupasinch mapbl MOXOKUX MPEJJIOKEHUI ¢ BBICOKOI KOCHHYCHOI
MepOoii U IIapbl HEIIOXOXKUX IIPE/JIOXKEHUN ¢ HU3KO KOCUHYCHOI Mepoii.

5.8. Jlemaau 6bivucaumensiozo sKCnePUMEHMA

Brui0 poBeieHO TpU SKCIEPUMEHTa HA Cr€HEPUPOBAHHDBIX JTAHHBIX:

1) Tlouck kaumuIaTOB. B IaHHOM 3KCIIEpUMEHTE aHAIU3UPOBAJIOCH KAUECTBO MOJIYYeH-
HOIl MOJIEJIN KJIACCOB SKBUBAJEHTHOCTU CJIOB. B KadecTBe 0a30BOI0 3KCIEPUMEHTA,
JIJIS CpaBHEHUsT PACCMATPHUBAJICA aJITOPUTM, OCHOBaHHBII Ha IIMHIIAX 0e3 pUBeIe-
HUS CJIOB K KJIacCaM SKBUBAJIEHTHOCTH.

2) Cpasrenue ¢pparMeHToB TeKCTa. B JaHHOM SKCIIEpUMEHTe PacCMaTPUBAJICA CIydaii,
KoTJ1a 0TOOP KaH/IMIaTOB ObLI IIPOBEJEH MOJHOCThIO KoppeKTHO: Recall@10 = 1.0.
B kauecTBe 6a30BOT0 ajropuTMa TaKzKe BBICTYIIAJ aJIrOPUTM, OCHOBAHHBIN HA IIMH-

¢ ., IEPEeBOIIIICS Ha aHTJIHHCKH 351K, [locte 3Toro

JIaxX: IPOBEPAEMBbIA JTJOKYMEHT dsusp

5http://tiny.cc/cl_ru_en

6 TIy1s1 OITMMM3AITAN MOJIENIN BEKTOPHOTO IIPEeICTaBIIeHHs (dhpa3 ncrosb3osasics agroputM AdaDelta ¢
nmapamerpamu € = 1076 1 = 0.95 u L2-perynspusarus Ay = 1075, JIaa urorosoit dbyknmnum noreps (5)
OBLIN YCTAHOBJIEHBI CJIeIyIolue 3Hadenns rumeprapamerpos: 6 = 0.3, a = 0.1.
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[TOJIYIeHHBIN TEKCT ITPOXOJIMJ JIEMMATH3AINI0 U pa3duBaJiCss Ha MHOXKECTBO Ilepe-
KpbIBatoOIuxcsd 4-rpamm. /Iyt yaeTa BOBMOXKHBIX TIEPECTAHOBOK CJIOB IIPU TIEPEBO/IE,
CJIOBA BHYTPHU KaXKJ0# 4-rpaMMbl COPTHPOBAJIMCH. Pe3yibTaToM CpaBHEHHS JIBYX
JIOKYMEHTOB BBICTYIIAJI0 MHOYKECTBO COBHABIINX OTCOPTUPOBAHHBIX 4-IDaMM.

3) DKCIEePUMEHT, OIEHUBAIOIINI KAYeCTBO BCEro ajroputMma (IOUCK KaHJMJIATOB U
cpaBHeHne (parMeHTOB TeKCTa). J[aHHBINH IKCIIEPUMEHT MO3BOJISITT ONEHUTH Kade-
CTBO IIPEJICTABJIEHHOTO aJITOPUTMa B IIEJIOM.

PesynbraThl 9KCcIIeprMeHTa 110 MOUCKY KAaHIUIATOB IpejcTtaBienbl B Tada. 1. Ilpes-
CTaBJICHHDLIN aJI'OPUTM, OCHOBAHHLIN Ha IIOCTPOCHUUN MOJEJIei KJIACCOB 9KBUBAJIEHTHOCTH,
JIaeT JIydIilee KadecTBO, YeM 0a30BbIi aJI'OPUTM, OCHOBAHHBIN Ha IIAHTJIAX.

Aaropurm Recall@10
Bazossrit 0,93
IIpencraBieHHbIi 0,95

Ta6m/1ua 1: PeB}UH;TaTbI SKCIIEpUMEHTa II0 IIOMCKY KaHIWuIaTOB.

PesysibraTbl 9KCIIEpUMEHTOB 110 CPAaBHEHUIO (PArMEHTOB TEKCTa IIPEJICTABIECHbI B
tabsa. 2. [IpemcraBiieHHBINI aJIrOPUTM TOKA3BIBAET TOYHOCTDH, CPABHUMYIO C TOYHOCTHIO
©a30BOro aJrOpUTMa ¥ IOJIHOTY, 3HAYUTEHLHO TPEBOCXOJIAIONLYIO ITOJTHOTY 0A30BOTO aJl-
ropurMa. TOYHOCTH 0A30BOTO aaropuTMa OObICHAETCS TEM, YTO JIAHHBIH aJrOPUTM YUK~

ThIBa€T CXOXKECTb TOJIBKO HO“ITHjZLY@HHK&TOB TEKCTa.

Aaropurm Precision Recall F1
Bazossrit 0,99 0,15 0,26
IIpencrasieHubIit 0,93 0,80 0,85

Tabsuma 2: Pe3y/ibTaThl 9KCIIEPUMEHTOB 110 ITOUCKY CXOXKUX (PPArMEeHTOB TEKCTA.

Ha TpeTbeEM SKCIIEPpUMEHTE, YIUTbIBaBIIEM Ka4Y€CTBO IIPEACTaBJICHHOI'O aJITOPpUTMa B
1IeJIOM, OBLIU TOJIyYeHbI cieaytonme nokaszaresan: Precision = 0.83, Recall = 0.79, F'1 =
0.80.

6. PeBy.TIbTaTbI JKCIIEpMMEHTOB Ha peaﬂbHOﬁ KOJIJIEKIIA HAyYHbIX
AOKYMEHTOB

Jlnst anpobaruy mpeJICTaBJIEHHOIO aJITOPUTMa OBLT ITPOBEJICH SKCIIEPUMEHT I10 TTOUC-
Ky IePEeBOJIHBIX 3aMMCTBOBAHUI HA KOJIEKITUU JIOKYMEHTOB U3 3JIEKTPOHHON ONOIHMOTEKN
eLibrary.ru’. Jlannas 6u6/M0TeKa COJIEPKUT HaydHbIEe JIOKYMEHTHI, BXojgdnme B Poccnii-
ckuit uHjeke Hayanoro ruruposanus (PVTHIT). Tanubiit pecype Takzke cOmepzKuT JOMOJI-
HUTEJIbHBIE METaJaHHbIE JIId KaXK/I0r0 JOKYMEHTA: 3ar0JI0BOK, aBTOPOB JIOKYMEHTa, SI3bIK
JIOKyMEHTa W HMPUHAJJIEKHOCTh K TeMaTHKe, COOTBeTCTBYIomeil ['ocynapcTBennomy pyo-
pukaropy HayuHo-rexHudeckoil undopmarun (IPHTUW). Tng anpobamun ajgropurma B
KauecTBe IIPOBEPAEMBIX JTOKYMEHTOB Dg,g, OBIIHM HOATOTOBJICHBI 2,5 MUJJIMOHA JIOKYMEH-
TOB Ha PYCCKOM S3bIKE.

Thttp://elibrary.ru
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B kauecTrBe KOJLIEKIUN JIOKYMEHTOB [) HCIIOJIB30BaJINUCh JOKYMEHTHI U3 aHIJINHCKOM
Bepcun Wikipedia, 1oKyMeHTHI Ha aHruiickoMm sg3bike u3 eLibrary.ru um cratbu pecypcbl
arXiv.org®. CymMapHOe KOJMIECTBO TIOMYICHHEIX JTOKYMEHTOB: 7,6 MIJIJINOHOB.

B cuity 60s1b1110r0 KoJImgecTsa IpoBepaAeMbIX JOKYMEHTOB Dgygp JUIA JabHeRIIero ana-
JIN3a paccMaTPUBAJIICH JIOKYMEHTHI, COJeprKalllie 3HAUNTEIbHOE KOJIMIECTBO HalIeHHBIX
zamMCcTBOBaHUi. bolia nosydena 21 Thicsg4da JIOKYMEHTOB CO 3HAYUTE/IHLHBIM KOJTHIECTBOM
zamMcTBOBaHuil. V3 HUX OBLIO ITpoaHAIU3UPOBAHO 7,6 ThICAY JOKYMEHTOB, BHIODAHHBIX
caydaitio. OCHOBHOM IEJIbIO IKCIIEPUMEHTa ObLIO JeTeKTUPOBAHUE KPOCC-I3bIKOBBIX 3a-
MMCTBOBaHMIA, KOTIa 3aMMCTBOBAHIE OBLIO IIPOU3BEICHO M3 AHIJIOS3BITHOIO JTOKYMEHTa, B
PYCCKOSI3BIIHBIN JJOKYMEHT. B To ke BpeMsi, BO BpeMs aHaJIn3a [I0JIyIeHHbIX Pe3YJIbTaToB,
OBLT BBISBJICH PsJI JIPYTUX cpabaThIBAHUI ITPEJICTABICHHOTO aJrOPUTMAa, KOTOPbIE ObLIN B
JaJIbHENIeM pa3/ie/IeHbl Ha HECKOJIBKO THUIIOB:

[} HepeBOILHble 3aUMCTBOBaHUA — JOKYMEHT CO/IEP2KUT 3aMMCTBOBaHHdd, II€PEBEICH-
HBIE€ C aHTJIMICKOI'O A3bIKa, BblJJaHHBIE 3a OpI/IFI/IHaJIbeIﬂ TEKCT.

e /Ipyrue 3aMMCTBOBAHUSA — 3aMMCTBOBAHUS U3 PYCCKOA3BIUYHBIX PECYPCOB UJIN 3aUM-
CTBOBaHWdA, HAIIPABJICHAE KOTOPOT'O HEJAb3d ONPEACIUTD 110 JTaTaM JOKYMEHTOB.

e J[BysI3bIYHBIE CTATHU — PAOOTHI OJIHOTO M TOTO YK€ aBTOPa Ha JBYX s3bIKAX.
o CaMoIUTHpPOBaHNE — IIUTUPOBAHUE aBTOPOM €r'0 AHTJIOSA3BITHON PabOTHI.
e [[uTupoBanue 3aKOHOB — HCIIOJIb30BaHUE (POPMYIUPOBOK HOPMATUBHBIX AKTOB.

e Omubounble cpabaTbIBaHUS — JIOXKHO-TIOJIOKUTEIbHBIE cpabaThIBAHUS MTPEICTAB-
JIEHHOT'O aJITOPUTMA.

e JIpyroe — cpabarbiBaHMsI, KOTOPbIE CJIO)KHO OTHECTH K KaKOM-/T1M00 KaTeropuu mu3-3a
HEXBATKHA METAJaHHBIX WM I1IJIOXOIO KadeCTBa TEKCTOB.

PesyapraThl 9KCIIepUMEHTOB TIpeCTaB/IeHbl B Tab/1. 3. 3aMeTuM, 9TO OBbLIO IIPOAHA -
3UPOBAHO TOJBKO 36% Beex cpabaTblBaHuil aaropuTMa, IIO3TOMY MOYKHO IPEIBAPUTETHLHO
OTIEHUTH KOJIMYECTBO JIOKYMEHTOB C II€PEBO/IHBIMU 3aMMCTBOBAHUSIMHI 110 BCeMl KOJLIEKITIT
B 2,5 Thicaum, uro cocraiger 0.1% Bcex A0KymMeHTOB. JIaHHYIO OIEHKY MOYXKHO CyTIle-
CTBEHHO YBEJIMYUTD, IPOMHICKCUPOBAB OOJIbIIIEe KOJTUICCTBO aHIVIOS3bIUYHbBIX JIOKYMEHTOB.
3aMeTuM TakKe, 9TO PE3YIbTATHI ObLIU Oy IeHbl B ABTOMATUIECKOM PEXKUME U TPEOYIOT
JIaJIbHEHIeil SKCIepTHOM BepuUKAIIUN.

Pacnipesienienne mporienTa 3anMCTBOBAHUM B ITPOAHAJIM3UPOBAHHBIX JJOKYMEHTaX TPE/I-
crapyieHo Ha puc. 4. Cpeaguuii uporenT 3auMcrsoanuii cocrasiuger 20%.

Jlns aHamM3a HAy YHBIX TEMATHK, B KOTOPBIX IIEPEBOIHBIE 3aNMCTBOBaHUs TTPOU3BOJIAT-
¢ HamboJIee 9acTo OBLIN TPOAHAJTM3UPOBAHBI JIOKYMEHTHI, paciipe/ie/iecHabie B Tull [lepe-
sodnvie 3aumcemeosarus. Okoao 70% aHaIU3MPOBAHHBIX JIOKYMEHTOB OBLIN PaCKJ/IaCcCH-
duruposans! 1o 10 mayunbiM pybpukam. Hanbosibinas 4acTb JJOKyMeHTOB ObLila pacipe-
JleJieHa MexK Iy pyopukamu “DKoHOMEKA. HapoaHoe X03giCTBO. IKOHOMIUIECKIE HAYKNA 1
“IIpaBo. FOpummaeckne Hayku’. 3aMeTnM, 9TO pacipejeerne pyOpruK, pacipe/ e eHHbIX
B THII B TUII /[6YA3bI4HbIE CMAMbY SHATUTEIHHO OTIHYAECTCA OT JAHHOTO PACIIPeIeIeHUS.
Jnarpammbl 10 HanOoIbIINX PYOPUK JJIsl JTAHHBIX TUIIOB CpabaTbIBAaHUN IIPEJICTAB/IEHbI
Ha puc. 3.

S8http://arxiv.org
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Tabmuma 3: Pe3yapTaThl 9KCIEpUMEHTOB T KOJIIEKITUN JTOKYyMeHTOB on eLibrary.ru

Tun KoauyectBo
[IepeBosiHbIe 3anMCTBOBaHUSA 921
JIpyrue 3amMcTBOBAHUSA 2462
JIBysSI3bIYHbBIE CTATHU 788
[uTnpoBanue 3aKOHOB 1567
OmubovHbIe cpabaTbIBAHUS 507
Hpyroe 423
’ Bcero ‘ 7689 ‘
a 0

[ocynapcTBo 1 Npaso Ddusnka

KynbTypa
HaykoBepneHune
KomnnekcHoe usy4yeHvie oTaenbHbIX

— CTpaH 1 PernoHos
—
Monntuka
Z M
aTeMaTuka
4.6% Monntuka
\ MeauunHa

KynbTypa

Couwnonorus

>

dunocodusa

28.0%
DKOHOMUKa 8.1%

8.6% 14.6%

DKOHOMUKa
Couwonorus AcTpoHOMUSA

HapogHoe obpa3oBaHue FocynapcTBo 1 NpaBo

Puc. 3: Pacnpenenenne py6puk 'PHTU nnaga tunos: a) Ilepesonubie 3anmMcrBoBanus, 6)
JIBysI3BIYHBIE CTATHH.

250

200

150

100

KonnyecTBo AOKYMEHTOB

0
0.0 0.2 0.4 0.6 0.8 1.0
MpoueHT HaAeHHbIX 3aUMCTBOBaHN

Puc. 4: I'ucrorpamma pacupejesieHusi IporeHTa 3anMMCTBOBAHHBIX TEKCTOB.

AHanu3  JIOXKHO-OTPUIATEJIbHBIX  cpabarbiBanuii. Jlog axHajmmsa  JIOXKHO-
OTPUIATETHHBIX CPadATHIBAHUI MPEJICTABIEHHOIO aJrOPUTMa OblIa MPOAHAIM3NPOBAHA
[IOJTHOTA HAXOXKJEHUS JIBYA3BIYHBIX JOKyMeHTOB. OIleHKa IMOJIHOTHI ObLIa MPOBEIEeHa C
IIOMOIIBIO METaIAHHBIX, MoJyueHHbIX u3 elibrary.ru B npesamnosoxkenun. Ananus cpaba-
TBIBAHUI aJropuTMa oKa3aJj, 9T0 TOJBKO 85% JOKYyMEHTOB ObLIN HANIEHBI aJIIOPUTMOM
KOPPEKTHO. 3aMeTHUM, UTO IIPeJICTaB/IeHHAs OIEHKA IOJTHOTHI SIBJIsieTCs Tpyboif, T.K.
YYIUTHIBAET TOJIBKO TOJIHBIE TIEPEBOJBI TEKCTOB.

OcHOBHasi PUYNHA JIOXKHO-OTPUIATE/ILHBIX CPAOATBIBAHUI — HU3KOE KavdeCTBO Ma-
IIUHHOTO TlepeBojia. JIpyroit mpob/iemMoii, 3HaunuTe/IbHO MMOBIUABINEH HA KAYeCTBO HAXOXK-
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JEeHUsl ABYSA3bIYHBIX CTATEl, ABJIIE€TCS UCIIOJIb3YEMBbII aJITOPUTM OUCKA KaHIUAATOB, 103-
BOJIAIONIEM HAXOJIUTh TOJBKO OJIM3KHUE IO CTPYKType 3amMcTBOBaHusd. Kpome Toro, 3ua-
quTeJbHad 9aCTh YaCTh NIPOAHAJM3UPOBAHHBIX JOKYMEHTOB MMeJa HEKOPPEKTHYIO KOJIH-
POBKY, UTO TaKKe IOBJIUAIO Ha MOJHOTY MOUCKA JJOKYMEHTOB.

Anaiu3  JIO>KHO-TIOJIOXKUTEJIbHBIX  cpabarbiBanmuii. Jljag ananmsa  J10XKHO-
[IOJIOYKUTEJIbHBIX CpabdaThiBaHUN OBLIO TpPoaHAJIU3UPOBAHO Bpy4IHYIO 90 JTOKYyMEHTOB,
oupeneneHubix B Tuil  Quubounwvie cpabamusanus. OcHOBHasE 1pobjeMa  JIOXKHO-
MTOJIOZKATEIbHBIX CpadaThIBAHUN COCTOsJIa B HEKOPPEKTHOM BEKTOPHOM IIPEJICTaBICHUT
IIPEJIJIOYKEHUHN, COoJIepKaIllnX MMEHOBAHHBIE CYIHOCTH, HE BCTpedaeMmble B oOydarorieit
BBIOOPKE, a TakKKe COAeprKalluil cjIoBa, He3HAKOMBbIE MOJIE/IM MAIIMHHOIO IIepeBo/ia.
Takzke OBLIO 3aMeUeHO, UTO AJTOPUTM CPaBHEHUs JIOKYMEHTOB YAaCTO HAXOJMJI ODIue
dpazbl Bujia “Pabora nocssamena cirepyromeir pobseme: ..."7 u .. Hecmorpsa ma Kop-
PEKTHOCTD JIAaHHBIX cpabaTbIBaHUii, 0bIre dpasbl IpeacTaBIeHHOIO BUIa BCTPEIAOTC B
OOJIBITIOM KOJIMYECTBE JOKYMEHTOB, M MOTOMY HE JIOJIZKHBI PACCMATPUBATHCA KaK KPOCC-
sI3BIKOBBIE 3amMCcTBOBaHUs. OOMIMIT HPOIEHT JOKYMEHTOB C JIOXKHO-TIOJIOKUATETbHBIMU
cpabaTbIBAHUSIMU COCTABHIL 7 %0.

7. 3akJiroueHue

B pabore ObL1 mpeIoKeH aJrOPUTM JIETEKTHPOBAHUSA KPOCC-A3BIKOBLIX 3aMM-
crBoBaHmil. [y aHamm3a KadecTBe IIPEICTABIEHHOIO AJTOPUTMa OBLIM IIPOBEIECHBI
9KCIEPUMEHTBI Ha CUHTETUYECKUX JIAHHDLIX /I [Mapbl sA3bIKOB ‘‘PyCCKUI-aHTIHHACKU .
KaugecTBo ajsiropurMma ObLIO TaKKe IPOJIEMOHCTPUPOBAHO Ha KOJIIEKIIUKA PYCCKOSA3BITHBIX
JIOKYMEHTOB, BXosAmux B Poccuiickuii nnaekc nayanoro nuruposanust (PUHIL). B nasn-
HelIeM ILUIAHUPYETCsl Pa3BUTHE IIPEJIOKEHHOTO aJI'OPUTMAa: KCIIOJIb30BAaHIE MOIEIN
BEKTOPHOTO IIPEICTABACHUsI IIPEII0KEeHUN AT 3aa4UN [ONCKA KAHIUIATOB U Y1y IIIeHIe
KadecTBa OTOOPaKEHNsI, CTABSIIIETO B COOTBETCTBHE (hpase BEKTOP.

Asropsr BbipazkaioT coio Ostarogapaocts [.O. Epemenko, OO0 «Hayunas ssilekrponnas
Oub/ImoTeKa» 3a MPEIOCTAB/ICHHBIE MATEPUAJIBI.
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