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U cucTeMaM T000y4YeHHs S3BIKOBOW MOJENH ¥ PEIIeHHs 3a/1adil KIacCU(pHUKAINN TeKCTa J000yIeHHON
SI3BIKOBOH Mozenbio. TeXHUYIECKHM Pe3yIIbTaTOM OT pealli3alliil M300PETCHHS SIBISETCS O0eCIieueHUe
BO3MO)KHOCTH aBTOMATHYCCKOM T€HEepaIiK MOACKA3KH JIs TOOOYUYCHHUS SI3BIKOBOI MOJICITH Ha PCIICHHE
3a1auy KI1acCUpHUKanuy. B MpeanodTuTeTsHOM BapuaHTe pean3alliy 3asBJIeH Croco0 KiacCH(UKaIIH
TEKCTa A3BIKOBOI MOJIEIIBIO, BHITOMHSFOIIUIICS TI0 MEHBIIICH Mepe OTHIUM BBIYHCIUTEIBHBIM YCTPOHCTBOM
U CONEP AN 3TAIbI, HA KOTOPBIX MOJIYYalOT BXOJHOW HAOOp JAHHBIX, COOTBETCTBYIONIMIA TpeOyeMoi
3amade Kiaccuukanuy, B popMare, Ha OCHOBE KOTOPOTO J000ydanach S3bIKOBasi MOJEIb; BBITOTHSIOT
(hopmaTupoBaHHE BXOIHOTO Ha0Opa NAHHBIX, NOIMONHSS €r0 CHMBOJAMH, IPUYEM KaKIbI CHMBOII
COOTBETCTBYET a0CTPAKTHOMY IICCBIOCIIOBY; BBITIONHSIOT TOKCHH3AIIMI0O W BEKTOPH3AIMIO BXOIHOTO
Habopa MaHHBIX, MPUYEM CHMBOJBI, COOTBETCTBYIOIIME aOCTPaKTHBIM IICEBIOCIOBAM, 3aMEHSIOTCS
Ha OOydYCHHBIC BEKTOPHBIC TPEICTABIICHHUS CHMBOJIOB, COXpaHCHHBIC B (haiiiie NaHHBIX; BBITOIHSIOT
00pabOTKy JaHHBIX, MOJNYUYCHHBIX HA 3Tare C), JOOOYYCHHOW SI3BIKOBON MOJICIBIO, B XOJIE KOTOPOU
MOTYYalOT BEKTOP JIOTHUTOB, OTPAYKAIOIINI BEPOSTHOCTHOE pacIpeesieHIe KIIacCOB, COOTBETCTBYIOIIUX
CJIOBaM CJIOBapsl S3BIKOBOM MOJENH; BBIOMPAIOT IIEEeBbIC KOMIIOHEHTHI JIOTHTOB, COOTBETCTBYIOIIHE
TOKEHAM IIEJICBBIX KJIACCOB PEIIacMOil 3a7auu KJIACCHU(DHUKAIINH; OTPEIECIIAIOT U3 IIEJCBBIX KOMIIOHCHTOB
JIOTHTOB, TIONyYEHHBIX HA JTale €), KOMIIOHEHTY JIOTHTa, OTPAKAIOMIyI0 HauOoIbIIee 3HAUYCHHE
BEPOSATHOCTH TIPUHAIUICKHOCTH K IEJIEBOMY KJIacCy; TEHEpHUPYIOT OTBET B TEKCTOBOW (opme,
COOTBETCTBYIOIINI BBIOpAaHHOH Ha 3Tare f) KOMIIOHEHTE.
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MIIK: GO6F 40/00
CIIOCOBb U CUCTEMA KJTACCHO®OUKAIINU TEKCTA

OBJACTDb TEXHUKH

[0001] 3asiBICHHOE TEXHUYECKOE PelIeHHe B 00IeM OTHOCUTCS K 00J1aCTH BBIYUCTUTEIbHOM
TEXHUKH, & B YaCTHOCTU K CIOCO0AM U CHCTeMaM J0O0YYeHHs SI3bIKOBOM MOJAENTH U PeLICHHUs

3aauu KIaCCU(PUKALMH TEKCTa JOOOYUEHHOM SI3bIKOBOM MOJIENBIO.
YPOBEHb TEXHUKH

[0002] C pasButueM HH(POPMALMOHHBIX TEXHOJOTUH, HEOTHEMJIEMOW YaCThI0 MHOXECTBA
Pa3JIMYHBIX LU(PPOBBIX CEPBUCOB SIBIISFOTCS SI3BIKOBBIE MOZENH. TakK, ¢ MOMOIIBIO SI3BIKOBBIX
MozeNiell pelarTcs 3a4add MONAEpIKaHUS UAJIOra TOJOCOBBIMH MOMOIIHUKAMH, T'€HEpaLus
OTBETOB Ha BOMPOCHI MOJIb30BATENS HU(PPOBBIMU ACCUCTEHTAMH, ONpPENeIeHNe SMOIMOHAIBHON
OKpacKu TeKCTa, (OPMHUPOBAHHME AHHOTALMH K CTaThiIM W T.JI., T.€. TPHUKIAIHBIE 337a4d
kinaccupukaun Tekcta. COBpEMEHHBIE SI3BIKOBBIE MOJAETH COIEpXKAaT B ce0e JOCTAaTOYHOEe
KOJINYECTBO 3HAHUH (MHJUIMAPIBI NMPOCMOTPEHHBIX TEKCTOB) O MHUPE, UTO IO3BOJISIET pEIIaTh
TAKUMH MOJAEISIMH Pa3JIMYHbIE 33Ja4d IyTeM MPOAOJDKEHUs] BXOXHOro TekcTa. OCHOBHOM
OPUHIUIN pabOThl TAKUX MOJENEH 3aKJII0UaeTcs B ONpeAeNeHUH (MpeacKa3aHu) BEpOSTHOCTH
NOSIBJIEHUSI CJIEAYIOIIErO CJIOBAa Ha OCHOBE TEKCTOB, HA KOTOPBIX yKa3aHHasi MOJeNb 00yJanach
(3HaHUS MOIeNH).

[0003] Jlnst pelreHust KOHKPETHBIX 33a7a4 KJIaCCU(HKAIIMU TEKCTa C BBICOKOI TOYHOCTBIO, B
HACTOSILIIUIT MOMEHT, TpeOyeTcst ananTHpPOBaTh (1000YUUTh) MOAEIb B COOTBETCTBUH C peLIaeMOi
3a7a4ei, 4To SIBJISIETCS BBIUUCIUTEIBHO CJI0KHON U HETPUBUAJIBHOM 3a1a4ue.

[0004] Tak, ogHuUM 3 CHOCOOOB amanTalldd SI3bIKOBOW MOIEJM SIBJIIETCS MeTon (aiiH-
TioHuHT (fine-tuning), B X0Ome KOTOPOrO BBIMOJHSIOT MOJIHOE NOOOyYeHHE MOIETH Ha HOBBIX
00y4aroIuX JaHHBIX, COOTBETCTBYIOIIMX pelraeMoii 3anaue. Hemoctatkamu ykasaHHOTO criocoba
SIBJISIETCS] BBIYHCIIUTENBbHAS PECYPCOEMKOCTD N3-3a O0YUEHUs BCEX BECOB; yBEJINYCHUE TpeOyeMoi
NaMATH, BBUAY XPaHEHHs] KOMHMH TOOOYYEHHOH MOZEINH MO pa3Mepy PaBHON MCXOMHOH MOJENH,
BBICOKHE TPeOOBaHMUS K pazMepy OOyJaroIero 1aTacera.

[0005] Tax>ke, U3 yPOBHSI TEXHUKH U3BECTHBI CIIOCOOBI JOOOYUEHHUSI SI3BIKOBOM MOJIEINH, IJIsI
pemenust TpeOyemoil 3amaum kiaccudukanun, few-shot m zero-shot. YkazanHbele crmocoObl
OCHOBaHbI Ha TMOI00pe BXOAHOTO TEKCTa (MOACKA3KH), KOTOPBII MOAeNb OyAeT MPOAOIIKATh IS
NOJIy4eHHUs] OTBETAa Ha pelaeMyro 3anady kiaccudpukanuu. OpHako, mondop MpaBHIBHON

MOACKA3KU OCYLIECTBIISIETCS] BPYYHYIO U ABJISIETCS CIOKHOM U HETPUBUAJIBHOU 3a1a4el.



[0006] W3 ypoBHS TEXHUKH TaK)K€ U3BECTHO peELIeHUE, pacKpbIToe B 3asiBke Ha nateHt CIITA
Ne 2021/0280167 A1 (SMITH MARIA E [US] et all), omy6m. 09.09.2021. Vka3zaHHOe pelieHue,
B YACTHOCTH, PaCKpPbIBAET BO3MOKHOCTb T€HEPUPOBAHUs [TOICKA3KU C ITOMOILBIO ayAMO BBOAA IS
KOPPEKTHOIO CHHTE3UPOBAHUS peUH C MPUJaHUEM YKa3aHHOH pedn TpeOyeMbIX TMHIBUCTUYECKUX
XapaKTePUCTHK.

[0007] Henocratkamu JaHHOTO pelIeHUs SBJIAIOTCS HEBO3MOXKHOCTb pELIEHUs 3a1ad
KJIacCU(UKALMM TEKCTa BBHUAY OCOOEHHOCTH pELICHUs, HEBO3MOXKHOCTb aBTOMAaTUYECKOT'O
nondopa MOACKA3KH ISl perneHus 3aaa4 knaccudukammu. Kpome Toro, ykasaHHoe pelieHue He
o0nagaer yHUBEPCATbHOCTBIO.

[0008] OO0muMu  HEJOCTAaTKAMU  CYLIECTBYIOIUX — PEIIEHUH  SBJISETCS  OTCYTCTBHUE
3¢ (GHeKTUBHOTO ¥ TOYHOTO Cr1ocoba aBTOMATHUYECKON alalTalliH sI3bIKOBOW MOJEIH JUISl PELICHHUS
TpeOyeMbIX 3a1a4 KiacCuPUKALUU TeKcTa. TakxKe, YKa3aHHOE PELIeHHEe JOJDKHO 00ecIeYnBaTh
BO3MOXKHOCTh aJaNTalld{ SI3BIKOBOW MOIENIM Ha MaybiXx OObeMax OOydarolMX IaHHBIX C
COXPaHEHHEM BBICOKOI TOYHOCTH I pellaeMoil 3a1adM, 4TO, KaK CJEICTBUE, CHUXKAeT
HeoOxonuMblii 00beM M TpeOOBaHUS K BBIMHMCIHTEIBHBIM pecypcaMm, a Takke o0beM MamATH,
TpeOyeMbIii Ut XpaHeHUsT TOOOYUYeHHOHN S3bIKOBOH Monenn. Kpome Toro, Takoro poaa perieHue
IOJDKHO OOeCneynBaTh YHHUBEPCAIBHOCTh TEXHOJOTUH aJanTallid MOJAENH, MO3BOJSIOIIEH
reHepUpOBaTh TMPOU3BOJbHbIE (OpMATBl MOACKA30K, YTO O0ECHeYrBaeT MOAAEPIKKY

MIPOU3BOJIBHOU CTPYKTYPbI BXOJHBIX JaHHBIX.
PACKPBITHE U3OBPETEHUA

[0009] JlaHHOE TeXHUYECKOe PeIIeHNEe HAMIPABJIEHO HAa yCTPAHEHUE HENOCTATKOB, MPUCYLIUX
CYLIECTBYIOIIUM pELICHUSIM, H3BECTHBIM W3 YPOBHs TEXHUKU. B 3asdBIE€HHOM TEXHUYECKOM
peLIeHUH MPeNJIaraeTCsi HOBBIM MOAXOA K JOOOYYEHHIO SI3BIKOBOM MOJENH ISl KiacCu(UKauu
TEKCTa.

[0010] Takum oOpa3oMm, pemiaercs TeXHHYECKas MpobyieMa oOecreueHuss BO3MOKHOCTH
aBTOMATUYECKON MeHEepaIMH MOACKA3KH IS afanTallly sI3bIKOBOH MOAENH IS KilacCu(puKauuu
TEKCTa.

[0011] TexHU4eCKUM pe3yibTaTOM, MNPOSBISAIOIIMMCS IPU PELICHHH BBILIEYKA3aHHOU
npoOJIeMbl, SIBJISETCSI OOECTIeYeHHe BO3MOKHOCTH aBTOMATHYECKON T'€HEpaLWu IMOACKA3KH IS
n000y4YeHHS S3BIKOBOH MOZENH Ha PELICHNE 3a1a4H KJIacCCU()UKALINN.

[0012] JIONMOJHUTENBHBIM TEXHUYECKUM PE3yJbTaTOM, NOCTUTAKOLIUMCS IPU PELICHUH
TaHHOW TPOOJIEMBI, SIBJISETCS CHIKEHHE BBIYMCIUTEIBHON MOIIHOCTH Ha OOyYeHHE SI3bIKOBOM

MOJECIHN U o0bema maMsiTH AJI XpaHCHUA SI3BIKOBOM MOOECTIN OJIsA K.]'IaCCI/I(bI/IKaI_II/II/I TEKCTA.



[0013] VYka3aHHbIE TEXHUYECKHE Pe3yJIbTaThl JOCTUTAOTCS OJlaromapsi OCYIIECTBIICHUIO
ciocoba aBTOMATHYECKOTO JOOOYYEHHs SI3BIKOBOH MOAETH U1 KJIACCU(PHUKALUU TEKCTa,
BBIMOJHSIOLIUICS. IO MEHBIICH Mepe OIHUM BBIYHCIUTENIBHBIM YCTPOHCTBOM, M COIEpPIKALIHM
3TaIlbl, Hd KOTOPBIX:

a) TPUHUMAIOT S3BIKOBYIO MOZAEIb 1 00y4aroIuii BXOJHOW HA0Op JaHHBIX, COAEP KLU
IO MEHbIIEH Mepe CITUCOK MOoJel BXOAHOro Habopa JaHHbBIX;

b) BbIOMparOT (opMaT MOACKA3KH, HA OCHOBE CITHCKA IMOJjed O0y4Yarolero BXOMHOI'O
Ha0Opa MHaHHBIX, JJIsI 3aJaHHOW 3aJa4ud  KJACCH(PUKALKK, W  BBITOJHSIOT
dbopMaTupoBaHre OOYYarOIIero BXOMHOTO HaOOpa AaHHBIX, HA OCHOBE BBIOPAHHOI'O
(opmaTa MoACKa3Ku, B XOZ€ KOTOPOTO BBIMOJHSIIOT AOMOJHEHHE YIIOMSIHYTOro Habopa
JAHHBIX CHUMBOJIAMH, IMPHU 3TOM KaKIbIH CHMBOJI COOTBETCTBYET aOCTPaKTHOMY
TICEBIO-CJIOBY;

C) BBIMOJHSIOT TOKEHU3ALWI W BEKTOPH3ALMI0 OT(HOPMATHUPOBAHHOIO Ha 3Tame b)
00y4aroIIero BXOIHOro Habopa NaHHbIX, MPUYEeM BEKTOPHU3ALMS BBIOIHSIETCS TOJIBKO
1S TOKEHOB, KOTOpPbIE He OTHOCSITCS K CUMBOJIaM,;

d) wHMIMaTM3UPYIOT OOydyaeMble BEKTOPHBIC MPEICTABJICHHs il TOKEHH3UPOBAHHBIX
CHMBOJIOB, COOTBETCTBYIOIUMX aOCTPaKkTHBIM TMCEBIAO-CJIOBAM, U  3aMEHSIOT
YIIOMSIHYTbI€ TOKEHU3HPOBAHHbIE CHUMBOJIbI HA HHULHAIM3UPOBAHHBIE O0ydaeMmble
BEKTOPHBIE MPECTABICHHSI CHMBOJIOB;

€) TOMAIOT Ha BXOJA S3bIKOBOW MOJENH OT(POpPMaTHPOBAHHbIE OOYYAIOLIMI BXOIHOM
Ha0Op JaHHBIX B BHUAE BEKTOPHBIX NPEACTABICHUH, M IOJYYAIOT BEPOSTHOCTH
aHAJIOTOB LIEJIEBBIX KJIACCOB;

f) oOHOBHSIOT OOyuyaeMbie BEKTOPHBIE MPENCTABICHUS, HA OCHOBE UCTHHHBIX 3HAYCHHIM
LIeJIEBBIX KJIACCOB JJIsI KaXI0ro o0y4aroero o0bekTa, HTEPATHBHO TOBTOPSISL STAIIbI
e)-f) 10 BBIMOTHEHUST KPUTEPHSI OCTAHOBA;

g) bopmupyrT ¢aiia JaHHBIX M COXPAHSIOT OOyYEHHbIE BEKTOPHBIE IMPENCTaBJICHHUS
CHMBOJIOB, COOTBETCTBYIOLINE a0CTPAKTHBIM IICEBA0-CIOBAM.

[0014] B omHOM W3 dYacTHBIX BapHAHTOB peanm3aluu crnocoba QopmarupoBaHue
o0y4aroIiero BXOIHOTO Ha0Opa JaHHBIX BBITIONHSAETCS C KCIOJAb30BAaHHEM LIA0JNOHA [UIs
¢dbopmaTupoBaHusi.

[0015] B npyrom yacTHOM BapuaHTe peaiu3aluu criocoda madjaoH st (HOpMaTUPOBAHHS
BBIOMPAETCS HAa OCHOBE PEIaeMO 3a71a9 KIaCCU(PUKALHH.

[0016] B npyrom wacTHOM BapuaHTe peanm3aluu crocoda 3amava  KiaccuUKam
npeAcTaBisieT coOOH MO MeHbLIeH Mepe:

1. OWHapHBIE BOMPOCHO-OTBETHBIE CUCTEMBI,



1. OuHapHas KiaccU(UKaIMA Ha PAcIiO3HABAHWE MPUUYNHHO-CIIEICBEHHON CBSI3U

MEKIY ABYMsI MPENJIOKEHUAMU,
111. OuHapHas Ki1accuuKays Ha BBIOOP OHOM U3 ABYX albTEPHATUB,
1v. 3a/1a4a Ha MaIIMHHOE YTeHue B popme OMHAPHOH KiaccupuKaLum;

V. 3a7aya OuHApHOH  KjaccupuKaLMK HA  PACHO3HABAaHME  IMPHYHHHO-

CJIEICTBEHHBIX CBsI3€H MEXAY MOCBUIKONW U TMIOTE30M.

[0017] Kpome Toro, 3asiBjieHHbIE TEXHUYECKUE Pe3yJIbTaThl JOCTUTAIOTCS 3a CUET Crocoda
KJIacCU(UKAIMH TEKCTa SI3BIKOBOM MOJENbI0, HOOOYYEHHOH COMIacHO 3TamaMm crocoba
aBTOMATUYECKOTO  JOOOY4YeHHs  s3BIKOBOM  MOAENM ISl KiacCH(UKaMKU  TEKCTa,
BBITOJIHSIFOIIETOCS] IO MEHBIIEH Mepe OIHUM BBIYUCIHTEIBHBIM YCTPOHCTBOM, M COZIEpPIKAIIEro
3Tarbl, HA KOTOPBIX:
a) TONY4arOT BXONHOW Ha0Op MJaHHBIX, COOTBETCTBYIOIIMK TpeOyemMon 3amaye
knaccudukanuy, B popmare, Ha OCHOBE KOTOPOTO A000yHaIach sI3bIKOBasi MOJEIb;,
b) BBIMOJHSIOT ()OPMATUPOBAHUE BXOIHOTO HAOOpA NAHHBIX, HOTOJHSS €r0 CHMBOJIAMH,
NpUYEeM KaXIbIii CHMBOJI COOTBETCTBYET aOCTPAKTHOMY IICEBIO-CIIOBY;
C) BBINOJHAIOT TOKEHU3AIMI0O M BEKTOPU3ALMIO BXOAHOro Habopa NaHHBIX, MPHYEM
CHMBOJIBI, COOTBETCTBYIOIIME AaOCTPAKTHBIM IICEBIO-CIIOBAM, 3aMEHSIOTCS Ha
o0y4eHHbIe BEKTOPHBIE NIPEACTABICHUsI CUMBOJIOB, COXpaHEHHbIE B (aiie NaHHbIX;
d) BBMONHAIOT 00PabOTKY NAaHHBIX, MONYYEHHBIX HA dTare C), JOOOYYEHHOH SI3BIKOBOM
MOJIEJIbIO, B XOZ1€ KOTOPOH MOJIy4at0T BEKTOP JIOTUTOB, OTPAXKAIOLIUI BEPOATHOCTHOE
pacrpeneneHne KJIacCoB, COOTBETCTBYIOIIMX CJIOBAM CJIOBAPS SI3bIKOBOI MOJIEJIH;
€) BBIOMPAIOT LIEJIeBbIE KOMIIOHEHTHI JIOTUTOB, COOTBETCTBYIOIIME TOKEHAM IIEJIEBBIX
KJIACCOB peInaeMon 3a1a4uu Kiaccu(pukamy,
f) onpemensroT M3 1ENEBBIX KOMIIOHEHTOB JIOTUTOB, IIOJIyYE€HHBIX Ha J3Tame ¢e),
KOMIIOHEHTY  JIOTHTa, OTPaXAINYI0 HauOoJbllee 3HAYEHHE BEPOSITHOCTH
NPUHAJIEIKHOCTH K EJIEBOMY KJIaccy,
g) TeHEepUPYIOT OTBET B TEKCTOBOH (JOpPME, COOTBETCTBYIOLIMH BBIOpaHHOW Ha 3Tame f)
KOMITOHEHTE.
[0018] Kpome Toro, 3asiBieHHBIE TEXHUYECKUE PE3YJIbTAThl JOCTUTAOTCS 32 CUET CUCTEMBI
aBTOMAaTUYECKOTO TOOOYUYEHHS S3bIKOBOH MOJENH JIJIsI KJIacCH(PUKAMU TEKCTa, COepIKaIleH:

® 10 MEHBIIEN Mepe OUH MPOLIECCOD,

® 10 MeHbIIEH Mepe OJHYy MaMsATb, COEIMHEHHYI0 C NPOLECCOPOM, KOTOpas

COACPKUT MALIMHOYUTACMbBIC MHCTPYKLUH, KOTOPBIC IMPU HX BbIINIOJIHCHUU IO



MEHBLIEH Mepe OAHUM MPOIECCOPOM OOECTIEUMBAIOT BBIOJHEHWE Crocoda
aBTOMATHYECKOTO AOO0YUEHHS sI3bIKOBOM MOJIENH ISl KJIaCCU(MKALINY TEKCTA.
[0019] Kpome Toro, 3asiBieHHBIE TEXHUYECKUE PE3YJIbTAThl JOCTUTAIOTCS 32 CUET CUCTEMBI
KJIacCu(PUKAIIUN TeKCTa JOOOYUEHHOH SI3bIKOBOM MOJIEIIBIO, COIEePIKAIIeH:
® [10 MEeHbIIEH Mepe OAUH IPOLECCOp;
e 10 MEHbIIEH Mepe OAHy MNaMATb, COEAWHEHHYK) C IPOLECCOPOM, KOTOpas
CONIEP’)KUT MAIIMHOYMTAEMble WHCTPYKLMH, KOTOpbIe NMPHU WX BBINOJHEHUU IO
MEHbLICH Mepe OJHUM MPOLECCOPOM OOECIEeYHBAIOT BBIMOJIHEHHE Crocoda

KJIACCU(PHUKALIIH TEKCTA S3bIKOBON MOJEIBIO.

KPATKOE OITHCAHUE YEPTEXXEN

[0020] [Ipy3HakM W MPEUMYLIECTBA HACTOALIEr0 W300pETEeHHs] CTaHyT OYEBHIHBIMU U3
NPUBOIUMOTO HIKE TIOAPOOHOTO ONMUCAHMS N300PETEHUS U MTPUIIAraeMbIX YePTEIKEH.

[0021] @ur. | wmwunocTpupyer OJOK-cxeMy OOIIero BHAAa 3asBJIEHHOW CHCTEMBI
aBTOMAaTUYECKOTO T0O0YUYEHHS S3bIKOBON MOZEIH IS KJIaCCU(UKALINU TEKCTA.

[0022] dur. 2 wunocTpupyeT OJok-cxeMy oOmero Buaa 3asBICHHOM CHCTEMBI
KJIaCCU(UKALIIH TEKCTA SA3bIKOBON MOJEINBIO.

[0023] @ur. 3 wurocTpUpyeT OJIOK-CXeMy BBINIOJHEHHUS Crocoba aBTOMATHYECKOTO
N000yUYeHHS A3BIKOBON MOZENH JIJIs KJIACCHU(PHUKALIUU TEKCTa.

[0024] @ur. 4 nmrOCTpUpyeT OJNIOK-CXEMy BBITOJHEHMs Crocoda KIacCU(PHUKALMHU TEKCTa
A3BIKOBOW MOJIEJIBIO.

[0025] @ur. 5 wurocTpUpyeT npumep OOIIero BUAA BBIYUCIUTEIBHOH CHCTEMBbI, KOTOPOE

obecrieunBaeT peanmr3anuio 3adBJICHHOIO pCIICHUA.

OCYHECTBJIEHHUE NU30BPETEHUA

[0026] Huxe OyayT onucanbl MOHATHS U TEPMUHBI, HEOOXOMMBIE IS TOHUMAHHSI TAHHOTO
TEXHUYECKOTO PeLIeHHUS.

[0027] Mopnens B MammuHHOM 00ydennn (MQO) — COBOKYITHOCTb METOJOB HCKYCCTBEHHOTO
UHTEJUIEKTA, XapaKTePHOU YePTOH KOTOPBIX SIBIISIETCS HE MPSIMOE PELICHUE 3a1a4H, a OOy4YeHHUE B
npoLecce NPUMEHEHUs] pellleHnH MHOKECTBA CXO/IHbIX 3a/1a4.

[0028] BektopHoe mnpencraenenue cioB (word embeddings, smbenmuarum) — oOmee
Ha3BaHME U PA3JIMYHBIX MMOAXOAOB K MOAETUPOBAHUIO SI3bIKA U OOYUYEHHIO MPENCTABJICHUI B
00paboTKe €CTECTBEHHOIO sI3bIKa, HANPAaBJIEHHBIX HAa COIOCTaBJIEHHE CJIOBaM (M, BO3MOJKHO,

¢dpazam) U3 HEKOTOPOT'O CIOBAPSI BEKTOPOB U3 N-MEPHOTO BEIIECTBEHHOI'O MPOCTpaHCcTBa R n.



[0029] TokeHU3aIuss — 3TO MpoIece pa3OMEeHUs TEKCTa HAa TEKCTOBbIE €MHUIIbI HJTH TOKEHBI
(vame BCero B KayeCTBE TAKMX €IMHUI] BBICTYMAIOT CJIOBA, HO 3TO MOTYT OBITH Takke OYKBBI,
YaCTH NMPEIOKEHNs, COUETaHHs CJIOB U T 1).

[0030] S3BIKOBast MOZIENIb - 3TO BEPOATHOCTHOE PACIPEAECICHUE Ha MHOXKECTBE CJIOBAPHBIX
HIOCJIEIOBATENIbHOCTeH. B aHHOM maTeHTe TepMHUH “S3BIKOBass MOJENb  YIOTpednsercs uis
ONMCAHUSI HEUPOCETEBbIX S3BIKOBBIX MOZENEH, KOTOpbIE BBIIOJIHEHBI € BO3MOXKHOCTBIO
MOJIEIMPOBAHMS A3bIKAa MOCPENCTBOM OLICHKU BEPOSITHOCTU TOM MUJIM MHOW MOCJIEI0BATENIbHOCTH
CHUMBOJIOB.

[0031] JIOrUTHI - B IAHHOM TATEHTE TEPMHUH yHoTpeOssercs: st 0003HAYEHUsT BBIXONIOB C
NIOCJIETHETO CJIOS HEHPOCETEBOW SI3BIKOBON MOJENH, KOTOPBIE MPENCTABISIOT CO0O0H Jiorapudpm
OTHOIIEHUs IAaHCOB. [IoHsTHE TIOrUTOB TECHO CBSI3aHO C BEPOSITHOCTHBIM pacIpeesieHHeM U, Kak
CJIEICTBUE, BEKTOP JIOTUTOB MOJKHO MPeoOpa3oBaTh B BEPOSITHOCTHOE PacIpeiesieHHE.

[0032] ITonckaska (prompt) —3TO MPOU3BOJIbHBIN BXOAHON TEKCT H/HMITH MOCIIEIOBATENbHOCTD
CHMBOJIOB W/MJIM COOTBETCTBYIOINAS MM IOCIENOBATEIBHOCTh BXOIOHBIX 3MOEIIUHTOB,
BCTpanBaeMasi B 00pabaThIBa€Mblil SI3BIKOBOH MOJEINBI0 TEKCT U O0ECIeunBaromas H3MEeHEHHE
pe3ynbraTa 00pabOTKH TEKCTA SI3bIKOBOH MOzenbio. bosee moapoOHO TepMHH MOACKa3Ka PACKPBIT
B ypOBHE TEXHHUKH, CM., HampuMep, HUCTOYHHUK, HaligeHo B LHTepHeT MO CChUIKE:

https://arxiv.org/pdf/2005.14165.pdf

[0033] 3asiBJIEHHOE TEXHUYECKOE PeIleHUe IMpensiaraeT HOBBIM MOAX0[, 00eCIeYnBAO LM
BO3MOXKHOCTh aBTOMATHUYECKOW T€HEepaluy IOJICKA3KHU AJIS SI3bIKOBOM MOJENH, YTO IO3BOJISET
3¢ ¢GexTuBHO N000YYUTh SI3BIKOBYIO MOJEIb Ha Kiaccuukauurp Tekcta. Takod mnoaxon
obecnieunBae CHW)KEHHE, 3aTPayMBaeMbIX Ha OOyueHHEe SI3BIKOBOH MOZENH KiIacCH(UKaLH
TEKCTa, TPeOyeMbIX BBIYHCIUTENbHBIX PECYPCOB, COXPAHssi MPH 3TOM BBICOKYK TOYHOCTD
kiraccudpukamun.. Kpome Toro, 3a cuer MUCKIIOYEHHsS] HEOOXOAMMOCTH XPAHEHHs MOJHOCTHEO
n000Y4YEHHOMH, B COOTBETCTBUH C M3BECTHBIM YPOBHEM TEXHUKH, SI3BIKOBOW MOJIENH, COKPALIAETCS
TpeOyeMblii 00beM maMsITH (Ha HECKOJIBKO MOPSIIKOB)..

[0034] 3asiBIEeHHOE TEXHUYECKOE pelleHHe MOKET ObITh peaju30BaHO HA KOMITBIOTEPE, B
BUIE AaBTOMATHU3UPOBAHHOH uH(pOpMaunoHHONH cuctembl (AWC) waum MallMHOYUTAEMOTO
HOCHUTEJS, COAEPIKALIero HWHCTPYKLUH JJIsl BBINOJHEHUS 3asBJICHHBIX IPEINOYTHTEIbHBIX
BAPUAHTOB PEATN3ALNHN PEIICHUS.

[0035] TexHUYEeCKOe pelleHHe TAKKe MOMKET OBbITh Peali30BaHO B BUAE PacCIpeNesIeHHOM
KOMITBIOTEPHOM CHCTEMBI MJTH BBIUUCIIUTENBHOTO YCTPOHCTBA.

[0036] B nanHOM perieHnn noj CUCTEMOM MOApa3yMeBaeTCsl KOMIbIOTEpHAas cucteMa, OBM
(3nexTpoHHO-BbIUKCIUTENBHAs MaminHa), UIIY (uucnoBoe mporpammHoe ympasienue), ITJIK

MIPOrpaMMHUPYEMBIN JIOTHYECKUIN KOHTPOJIJIE KOMIIBIOTEPU3HUPOBAHHBIC CUCTEMBbI YVIIPABJIICHUA
> y



U J0OBle Ipyrue yCTPOMCTBA, CIOCOOHBIE BBIMOJNHATH 33aHHYIO, YETKO OINPENeTIEHHYIO
MOCJIEIOBATEIBHOCTh BBIYUCIIUTEIBHBIX ONepannii (1elCTBUN, HHCTPYKITHH).

[0037] ITox ycrpotictBoM 00pabOTKH KOMaHA MOIPa3yMeBaETCs JIEKTPOHHBIN OJIOK JUOO
UHTeTpaJibHas cxeMa (MUKPOIIPOLIECCOP), UCTIONHSIOMAS MAIIMHHBIE HHCTPYKIHH (TIPOrpaMMbl )/
[0038] YcrpolicTBo 00pabOTKH KOMAaHI CUMTHIBAET M BBIMOJHSIET MALIMHHbIE HHCTPYKIHH
(mporpaMmel) ¢ OHOTO MM OoJiee YCTPOWCTBA XPAHEHUS TaHHBIX, HAPUMEP, TAKHX YCTPOMNCTB,
KaK OMNepaTuBHO 3amoMuHaromue ycrpoiictBa (O3Y) W/UIM MOCTOSIHHBIE 3arOMUHAIOIIHE
ycrpoiicta (IT3Y). B kadectse [13Y MOryT BBICTYNaTh, HO, HE OTPAHUYHBASCD, JKECTKUE TUCKU
(HDD), ¢pmsur-namsits, TBepAoTeNnbHbIe HakonuTenu (SSD), ontuyeckue Hocutenu nanHbix (CD,
DVD, BD, MD u T.11.) u zip.

[0039] IIporpamMa —  MOCHAEAOBATENBHOCT ~ MHCTPYKLUM, MNPEAHA3HAYEHHBIX IS
WCTIOJTHEHHUSI yCTPOUCTBOM YITPABJICHUS] BBIYUCITUTEIbHOM MAIIMHBI UJTH YCTPOUCTBOM 00padOTKH
KOMaHJI.

[0040] TepMUH «MHCTPYKIMNY, UCTIONB3YEMBIH B 3TOH 3asBKE, MOJKET OTHOCHTHCS, B 00IIEM,
K MIPOrPaMMHBIM HHCTPYKLHSIM WUJTH MPOTPAMMHBIM KOMaH/1aM, KOTOPbIE HATTUCAHBI HAa 3aIaHHOM
SI3bIKE TIPOrPAMMHUPOBAHUS IJIsl OCYINECTBJICHHS] KOHKPETHONW (DYHKLMU, TAaKOH Kak, HampuMmep,
KOIUPOBAHHUE W EKOAMPOBAHUE TEKCTOB, (DUIIbTpPALIUS, PAHKUPOBAHUE, TPAHCIISILIUS TEKCTOB B
IMAJIOTOBYIO0 CUCTEMY U T. 1. MHCTPYKIIMM MOTYT OBITh OCYINECTBJIEHBI MHOXKECTBOM CIIOCOOOB,
BKJTIOYAIOIINX B ce0s1, Harpumep, 00beKTHO-OPUEHTHPOBaHHBIE MeTOIbl. Hanpumep, HHCTpYKIIH
MOTyT OBITh pean30BaHbl, IOCPEACTBOM si3blka nporpammuposanus Python, C++, Java, Python,
pasnuunbix Oubnmuorek (Hanpumep, MFC; Microsoft Foundation Classes) u 1. 1. UHCTpyKLUH,
OCYLIECTBJISIFOIINE MPOLIECCh, OMUCAHHBIE B 3TOM pEIIEHUH, MOTYT IepenaBaThCsl Kak I10
NPOBOAHBIM, TaK M MO OECITPOBOIHBIM KaHaJaM nepenadu AaHHbxX, Harpumep Wi-Fi, Bluetooth,
USB, WLAN, LAN uT. m.

[0041] ITockonbKy, U3HAYANBHO S3bIKOBASI MOZEJb He NOOOYYeHa Ha KiTacCu() MKAIUIO TEKCTA,
a crocoOHa TOJIBKO BBIAABATH BEPOSITHOCTH NPEACKA3aHHS CIEAYIOLIEro CJIOBAa Ui BXOTHOTO
TEKCTa, TO, ISl PeIIeHus 3a71a4 KiaccurKkauy, HeoOXOAMMO BBITOJIHUTE JOOOYYEHHE SI3bIKOBOU
mozenu. Kak moHMMaeTrcss B JaHHOM TEXHHYECKOM PELICHHH, TOOOYYEHUE SI3BIKOBOH MOJENN
npeAcTaBisieT CcoOOH  amanTanio s3BIKOBOW MOIETH K OOECNEeYeHHI0 BO3MOXKHOCTH
KJIaccupuKauu TeKcTa. Tak, B HACTOSIIEM BapHaHTE peaTu3alliH 3asBJICHHOTO pELICHUS,
noo0Oy4YeHHEe SI3bIKOBOH MOZENH Ha KIACCH(PHKALMIO TEKCTa OCYLIECTBISIETCS C TOMOIIBIO
reHepalny TOACKa3ku (prompt) st ykazaHHo mozenn. Cama ske Kiaccu(UKAusi TEKCTa
OCYILIECTBISIETCS] C TOMOIIBIO 00PaOOTKH A3BIKOBON MOAEIBIO BXOJHBIX JAHHBIX, TOMOJHEHHBIX U
NOJAHHBIX B OMNpenejeHHOM BHAe (OOBENMHEHHBIX C MOJCKA3KOH). YKa3zaHHas IOACKa3Ka

o0ecrnieunBaeT TOUHYK 00pabOTKy MAaHHBIX SI3bIKOBOW MOJEJBIO, U, COOTBETCTBEHHO TOYHBIN U



KAQ4eCTBEHHbII pe3yJbTaT KIAacCU(MKALMKU, ONHAKO, KaK YKa3blBAJIOCh B YPOBHE TEXHUKH,
reHepalysi MOJCKA3KU SBJAETCS CJIOXHOW M TPYAOEMKOW 3anauedl. ACHEKTbl HACTOSLIErOo
TEXHUYECKOTO PpELICHUS HANpaBJIeHbl HA peLIeHHe YKa3aHHOH mpoOieMbl € MOMOIIBIO
aBTOMAaTUYECKON TeHepaliy MOACKa3Ku U Oosee MoApOOHO OMUCAHO HIDKE.

[0042] Ha ¢ur. 1 npusenen oOumit Bux cucrembl 100 aBTOMATHYECKOTO M000yYeHUSs
S3BIKOBOM MoOIeNu sl KiaccuUKalmMu Tekcta. B mepBOM NpennodYTUTENbHOM BapUaHTE
ocymectsieHus: cucrema 100 Bximouaer B ceOs OCHOBHBIE (PYHKIIMOHAJIBHBIE 3JIEMEHTHI, TaKHe
KaK: MOAyJb nosydeHus fJaHHbIX 101, mMoaynap XpaHeHus s3blkoBod monenu 102, monynb
¢dopmatuposanust 103, monynp BepOanu3anuu 1eneBbix kiaaccoB 104, monyns npenobpaboTku
105, monynp mapamerpusanuu obydaemMbix dMOennuHroB 106, Monysib HHBEKLIUH 00y4YaeMbIX
smbennunroB 107, moayae oOydenus 108. Bonee noapodHo snemenTsl cuctemsl 100 pacKkpbIThI
Ha ¢ur. S.

[0043] Monyne nonyyerns faHHbIX 101 MokeT OBbITh peani30oBaH Ha Oa3e o MEeHbLIeH Mepe
OHOTO BBIYHCIIUTENILHOIO YCTPOMCTBA, Hampumep, Ha Oase snemMeHTOB cucteMbl (500),
packpeITOd Ha (pUr. S, U BBHINOJHEH C BO3MOXHOCTBI) IOJYYEHUs SI3bIKOBOM MOJEIU U
o0yd4aromero BXOIHOrO HaOoOpa IAaHHBIX, CONIEPIKAINero MO MeHbIeH Mepe CIHCOK IoJyei
BXOJIHOTO HabOpa NaHHBIX.

[0044] Tax, sI3bIKOBOM MOJIENBIO, B YaCTHOM BapUAHTE OCYLIECTBICHUS U300PETEHUs], MOXKET
ABJISITBCS alanTupyemasi npenoOydeHHas s3bikoBast Mopenb, Hanpumep, BERT, GPT3, ELMo,
Transformer u T.1. B omHOM yacTHOM BapuaHTe OCYINECTBIICHUS, SI3bIKOBAsi MOJIENb BBIOUPAETCS
THIA TpaHCchopMep-AeKonep. B mpennoyTnTebHOM BapuaHTe peanu3alun Obula UCTIONB30BaHA
s3pikoBast  mogenb RuGPT3-Large, nmoctynHas mno cceuike, HaiineHo B MHTepHer:

https://huggingface.co/sberbank-ai/rugpt3large based_on_gpt2. OcHOBHO# mnpuHUUI padOTHI

SI3BIKOBOM  MOJEIM 3aKJIYaeTcss B TOM, YTO HA BXOA MOJAEIM TIONAETCsS TEKCTOBAsI
MIOCJIEIOBATEIbHOCTD, @ MOJIENb, HA OCHOBE HCTOPHUYECKHX IaHHBIX, MPEICKAa3bIBAET BEPOSITHOCTD
NIOSIBJIEHHS CIIEAYIOLIEero ciioBa. Kpome Toro, B MoieNnu y4UThIBAETCS KaKue KOMOWHALIUH CJIOB U
B KaKOM TIOpsIZIKE Yallle BCEro BCTPEUAIOTCS B si3bike BMecTe. M yem Gosblie U pasHOOOpasHee
HabOp TEKCTOB, HA KOTOPBIX OHA 00y4aercs, TeM Oojiee Ka4eCTBEHHBIE 3aBUCHMOCTH BO3MOKHO
yJIaBJIUBATh MOZAEJBIO U BOCIPOU3BOIUTD UX HA HOBBIX JAHHBIX.

[0045] Oby4aromum HAOOPOM HaHHBIX SIBJISIETCSI HAOOP NAHHBIX, COAEPIKAIIUH B ceOe CITUCOK
TNIOJIEH, OTIPENEIOIINX peIaeMyro 3aaady kiaccudukaunu. B kagecTse 3anaun kiaccupukanum
MOKET BBICTYNATh, HAMpUMep, OMHAPHBIA OTBET B BOMPOCHO-OTBETHBIX CHUCTEMaX; OWHAapHAs
K1accuuKalys Ha  pPAcloO3HABAHUE MPUYHMHHO-CIICACTBEHHOW CBS3M  MEXAY  JBYMs
NpeNIoKeHUAMHY; OWHapHas kiaccu(ukanys Ha BBIOOP OAHON M3 IBYX aJIbTEPHATHB; 3a7a4a Ha

MalIMHHOE YTeHHe B ¢opMme OmHapHON Kiaccupukaluy, 3anada OMHApHOHN Kiaccuukanuu Ha



pacCrno3dHaBaHuE€ MNPUYHUHHO-CICACTBCHHBIX CcBsI3el MECXKOY HOCBUIKOM W THIIOTE30H U T.A.
PeSy.]'IbTaTOM pe€UI€HUA TaAKOTO poaa 3aaav ABJIACTCA OTBET SI3BIKOBOU MOACIJIN.

[0046] Takum obpaszom, oOyuaromuii HaOOpP MAHHBIX COAEPXNKHUT B cede CIHCOK TOJeH,
KOTOpBIE ONPenesitoT PopMaT peraeMon 3amauu kiaccudukanuu. Tak, HAMPUMED, IS PELISHUs
JIOTMYECKOW 3aauu OMNpeAeNieHHs] MPUYMHHO-CJICICTBEHHONW CBS3M B BHIE IMPEIOCTABJICHUS
OuHapHOTO OTBeTa, O0y4aromuii Habop JaHHBIX OyIeT COAepPKATh CIEAYIOLINE MOJIs, HAPUMEp:
"mexcm 1": "Baca nosum peiby™», "mexcm 2": "Baca doma?", «"omeem": nem. CTOUT OTMETUTD, YTO
CIMCOK TIOJIEH 3aBHCUT OT 3adaud Kjaccudukaiuu. Tak, HanpuMmep, s OMHAPHON BOMPOCHO-
OTBETHOW CHCTEMBI, CIHCOK TOJIeH BXOAHOrO Habopa MaHHBIX OyIEeT COmepKaTh CIETYIOILIHE

noJisi: "mexcm ", "sonpoc”:, "omeem"”: . COOTBETCTBEHHO JJIsI KAXKIOTO TUIA PEIIAeMON 3a1aqu

,
nonbupaercss cBOW OOy4aroIui BXOAHOH HAOOp JAHHBIX Ha OCHOBE KOTOPOTO TE€HEPHPYETCs
noackaska. Tak, B KauecTBe NMpUMepa, MPUBEAEM pasMepsl U CTPYKTYpPY (popmar) obyuarormmx
HaOOpOB M1 HECKOJBKHUX 3aAad Kiaccupukamu Tekcra. Jna 3amaun OMHApHOrO OTBETa Ha
BOIIPOC MO TekcTy (OMHAapHAs BONPOCHO-OTBETHAsl CHCTEMa) ObUI HCHOJB30BAH pasMep

oOyuarorero Habopa 1aHHBIX B pa3mepe 1749 npumepoB, KaKIbli U3 KOTOPBIX ObUT PEACTaBICH

",
]

B Qopmare "mexcm "eonpoc”:, "omeem":. Jlns 3amaun OwHapHON KiacCupUKALUU HA
pacro3HaBaHWE€ NPUYUHHO-CIIECTBEHHOW CBSA3M MEXIy ABYMs MpPEUIOKEHUSIMH (3amada
OTIpENeNIEHUs], YUUThIBAsl 1BA TEKCTOBBIX (PparMeHTa, BBIBOAMTCS JIU (MOXET OBITh BBIBEIEHO)
3HauUeHUE OJHOTrO TEeKCTa M3 JPYroro TeKCTa) pasmep obOywaromiero Habopa cocraBisin 2616
npUMep, KaXKAbII U3 KOTOPBIX ObUI NMPENCTAaBIIEH CIEAYIOLIMM CIIUCKOM NOJNeH: "nonnviii mexcm
":, "ebig0d":, "omeem".

[0047] Vka3aHHbIi oOyuaroimuii Habop nanee mogaercst B MoAyib popmaruposanus 103.
[0048] Monynb XpaHeHHs si3bIKOBOM Mozenu 102 MoskeT ObITh peanu3oBaH Ha 0Oase Mo
MEHbLIeH Mepe OJHOTO BBIYHCIUTEIBHOIO YCTPOUCTBA M MPEAHA3ZHAYEH JJIsl XPAaHEHUST UCXOTHON
sI3IKOBOM Monenu. Tak, monmynb 102 MOKeT MPEACTaBsATH COOOW, HAMpUMeEp, MOCTOSHHOE
3anomuHaromiee ycrporictea (I13Y), koTopoe MOKET SBNATBCS OOHUM WK OoJiee CPEACTB st
MIOCTOSIHHOT'O XPaHEHUs! TaHHBIX, HanpuMep, xkectkuil 1uck (HDD), TBepaoTeNbHBIH HAKOITUTEND
nauabiX (SSD), ¢pmm-nmamsate (EEPROM, NAND u T.11.), ONTUYECKHE HOCUTENNU WHPOPMAIIUU
(CD-R/RW, DVD-R/RW, BlueRay Disc, MD) u np.

[0049] Monyne ¢popmatuposanus 103 MokeT ObITh peaji30BaH Ha Oa3e 1Mo MEHbLIEH Mepe
OJHOTO BBIUUCIIUTENBHOTO YCTPOMCTBA, OCHAIIEHHOIO COOTBETCTBYIOLIMM IPOTPAMMHBIM
o0ecrieueHreM, U IpeAHA3HAYEH IS OTpenieNieHns (hopMaTa NOACKa3K1, HA OCHOBE CITUCKA IO

oOyuJaromiero BXogqHoro Habopa MaHHBIX, Ul 3aJaHHON 3aa4ll KJIACCH(DUKAILINHN, U BBITIOJTHEHHSI

dbopmaTupoBaHus oOy4aroiiero Habopa JaHHbBIX, HA OCHOBE OMPEAEIeHHOTO (hopMaTa MoACKa3KH,



B XOJ/I€ KOTOPOT'O BBIMOJIHSIOT AOTOJHEHUE YIIOMSHYTOr0 HabOpa JAHHBIX CUMBOJIAMH, IIPH 3TOM
Ka)KJIbIi CHMBOJI COOTBETCTBYET a0CTPAKTHOMY TICEBJIO-CIIOBY.

[0050] OO6muii mpuHun padotel Moyt 103 3aximrodaercs B mpeoOpa3oBaHUU 00yHarOIIEro
HaOopa JaHHBIX B CTPOKY, COCTaBJIsIs €€ M3 CIHCKA IMOJIEH, KOTOPBIN COAEPIKUTCS B YKa3aHHOM
HaOope MAaHHBIX W J00aBIEHHMsS CHMBOJIOB MeEXIy HOIAMH oOydaroiiero Habopa, mnpuyeMm
KOJIMYECTBO NO0ABISIEMBIX CHMBOJIOB 3aBHCUT OT pelaeMod 3anauyd kiaccuduxaumu. Takum
obpasom, mnpu QopmatupoBaHumM oOyuarolero Habopa, cHadaja oOydaromuii Habop
npeoOpa3oBbIBAETCST B CTPOKY, U Jajee JOMOJIHSAETCS CHUMBOJIAMH, COOTBETCTBYIOIIUMU
aOCTpakTHBIM TICeBO-CioBaM. Tak, Hampumep, cUMBOJI {P} siBisieTcss aOCTPaKTHBIMU TICEBIO-
cloBamu, a )parMeHT { UMsi_TIOJIsI } SIBJISIETCS TIOJieM 00y4aroIero Hadbopa, ConepskMMoe KOTOPOTO
HEOOXOIUMO BKIIFOYHTh HA JAHHYIO TO3HMLUIO MpH (POPMUPOBAHUU TMOACKA3KH K KOHKPETHOMY
npuUMepy.

[0051] Tak, HanpuMep, B OJHOM YaCTHOM BAapHAHTE OCYLIECTBIICHUS, PE3YJbTaTOM PaOOThI
monyJisi 103 mpu dopmMaTHpoBaHUN O0yHAIOMEro BXOMHOrO Habopa MaHHBIX IS ONpPeNeICHHS
HAJIMYUsT TPUYUHHO-CJIENCTBEHHOW CBsi3u Oyner crenyromuii ¢opmar: "{P}{P}{P}{Tekct
1}{P}{P}{P}{rekct 2}{P}{P}{P}". I'ne cumBon {P} cooTBercTByeT aOCTPaKTHOMY IICEBIO-
CJIOBY, T.€. UL JAHHOTO CUMBOJIA HE CYLIECTBYET YEJIOBEKO-YUTAEMOTr0 TEKCTOBOTO aHajora. Tak,
cumBon ({P}), cooTBercTByeT aOCTPaKTHOMY CHMBOJY, Uil KOTOPOro OyIeT MEHSATbCS €ro
BEKTOPHOE TMpeacTaBieHne (OOyueHHe BEKTOPHOIO IPENCTAaBJIEHUs]), HE COOTBETCTBYIOINEE
HUKaKOMY DPEaJbHOMY CJIOBY (UEJIOBEKY-UUTAa€MOMY AaHAJOIy) B CJOBape SI3bIKOBOM MOJENH.
CTouT OTMETUTH, YTO YKA3aHHBIH YACTHBII BapUaHT MPHUBENEH Ul pelIaeMoil 3aJaun HaJIu4us
NPUYUHHO-CIIEACTBEHHON CBSI3H MEKIy ABYMsI ()parMEeHTaMu TeKCTa. Tak, B ele OAHOM YaCTHOM
BapUAHTE OCYIIECTBIIEHHUsS (POPMAT MOJACKA3KH MOXKET ONPENEeNATbCsS Ha OCHOBE MIA0JIOHA ISt
(opMaTHpOBaHUs, KOTOPBIH, B CBOIO OYEPEIb, 3aBUCHT OT PELIAeMO 3a7auu KIaCCUPUKALH.
[0052] Tak, B eme ONHOM 4YacTHOM BapUaHTe OCYINECTBJIEHUs, B KauecTBe (opmara
NIOJICKa3KH Ha OCHOBE KOTOPOro (opMaTHpyeTcsi 00y4aroIliuid BXOJHONW HAOOp NaHHBIX, madioH
3aTpaBKH MOXKET ObITh BbIpA)KEH B BHIE (PYHKIMH, COOTBETCTBYIOINEH peIIaeMoi 3amadu
kinaccudukanum, Hanpumep, <P>{rekcrt}<P>{Bomnpoc}<P> ¢ mOMOWIBIO KOTOPOIl MPOUCXOIUT
¢dopmaTupoBaHHEe BXOAHBIX MOJIeH OOywaromero BXOAHOro Habopa nmaHHbIX. Kpome Toro,
orpernesneHne BbIONpaeMoro madnoHa At GOpPMaTHPOBAHUS MOXKET OBITh IOJIYUYE€HO Ha OCHOBE
THUIA CTIIUCKA MOJIEH U3 BXOAHOTro 00yUaroero Habopa JaHHbIX, HAIIPUMED, TOCPEICTBOM aHAIN3A
Ha3BaHMs TOJIEH B YKa3aHHOM HaOope, HampuMep, € IMOMOIIBI0 PETYJISIPHBIX BBIPAKEHHH.
Bosppamasice k yka3aHHOMY TNpPUMEPY, IPU OIpENesNeHUH Ha3BaHUS BXOAHBIX TOJNEH Kak

{Tekct},{Bompoc}, Oyner npuMeHeH 1a0ioH Al OMHAPHOHN BOMPOCHO-OTBETHOM CUCTEMBI U T 1.



[0053] Monynb Bepbanmu3anuu 1eneBbix kiaccos 104 mosxeT ObITh pearn3oBaH Ha 0ase Io
MEHbIIIEH Mepe OJHOI0 BBMMUCIUTEIBPHOTO YCTPONCTBA, OCHALIEHHOIO COOTBETCTBYIOLIMM
IPOTrpaMMHBIM OOecrieueHHeM. YKa3aHHbIH MOAYJb SBJSETCS ONIMOHAIBHBIM U MpEeIHA3HAYEH
i 00pabOTKHU LENeBBIX KIACCOB OOyYaroiero Habopa JaHHBIX B Cllydyae HECOOTBETCTBHUS UX
¢dopmara TpeOyemomy. Tak, mpu Hammuuu B 0OydarolieM BXOTHOM Habope MaHHBIX LENEBBIX
KJIacCOB (TIOJIE «OTBETY), U3JIOKEHHBIX HE B TEKCTOBOM BHJI€, YKa3aHHBINH MOayb 104 BHIOIHEH
C BO3MOXKHOCTBIO COTIOCTABJICHHsI BO3MOKHBIM B 3aJaHHOH 3amaue KiIacCU(UKALUU LEJeBbIM
KJ1accam, CozeprKauMcsi B 00y4aroieM BXOAHOM HabOpe JaHHBIX, UX TeKCTOBbIC aHAJIOTH. Tak,
yka3aHHbIH Moaysb 104 mpeoOpa3oBbIBAET MHOXKECTBO LIEJEBBIX KJIACCOB B TEKCTOBYIO (OpMY.
JlaHHBIN MOAYJIb CTaBUT B COOTBETCTBHE KaXKAOMY LIEJIEBOMY KJIACCy TPU CYLIHOCTHU: CIIOBO,
COOTBETCTBYIOLIEE TIOHSITHIO KJIaCCa B €CTECTBEHHOH peun (Harmpumep, "na" s MOJOKUTEITbHOTO
KJjacca v "HeT" JUIsl OTPULIATEIHHOTO), HHAEKC TAHHOTO CJIOBA B CJIOBAPE BXOIHBIX 3MOEIIMHIOB
(BEeKTOPHBIX MpPENCTABICHHI), TOPAIKOBBIH MHIEKC Kiacca. CTOMT OTMETHTH, YTO IEJIEBBIMU
KJIaCCaMHU B pellaeMoi 3a1a4u sIBJISIETCS [10JIe KOTBETY.

[0054] Hanmpumep, mnponmomkas ONHCAaHHBIM IIPUMEP, LEJNEBbIMH KJACCaMU KOTOPOrO
sBisitorest  true/false (mone «otBeT» B oOyuaromem Habope HaHHBIX), OyAeT NPUCBOEHO
crenyromee: true/false => "ma"/"mer" => 349/1386, rae mocnenHue UQPPHI COOTBETCTBYIOT
MHJIEKCaM CJIOB J1a ¥ HET B CJIOBAPE A3bIKOBON MOJIENH.

[0055] Monynb npenodpadorku 105 Mosker ObITh peann3oBaH Ha 6a3e MO MEHbIIEH Mepe
OJTHOTO BBIYHCIIUTENBHOIO YCTPOMCTBA, OCHAIIEHHOIO COOTBETCTBYIOLIMM IPOrPAMMHBIM
obecnieyeHneM, M BKJIIOYaTb HA0Op Mopesned Uil TOKEHM3ALMM TEKCTa M BEKTOPU3ALUH
TOKEHU3MPOBAHHOT'O TEKCTA, HAIIPUMEp, OIHY WJIM HECKOJIbKO MOJENeH MAIIMHHOTO O0Yy4eHUsI
Uil IpeoOpa3oBaHus TEKCTOBOM MH(pOpManuu B BekTopHyto Gopmy, Hanpumep, BERT, ELMo,
ULMFit, XLNet, RoBerta, RuGPT3 u ngpyrue. B ogHOM 4acTHOM BapHWaHTe OCYIIECTBIIEHUS
monysib 105 mosker ObITh peanmu3oBaH Ha Oasze snemeHTOB cuctembl (500), kotopasi Oonee
noapoOHO packpeita HA ¢ur. 5. CTOUT OTMETUTH, YTO OMPEAEIEHHbIH METOA TOKSHU3AINH U
BEKTOpU3ALlMM 3aBUCUT OT S3BIKOBOII MOJENH, HCIOJb3yeMOH B 3asBJIE€HHOM pELIEHUH WU
xpanseiics B moayine 102. Hanpumep, npu ucnonb3oBanuu mozenu RuGPT3, toxenuzauus
ocymectsisiercss metonoM BPE (Byte Pair Encoding), a mocnenyromas BeKTopusanusi - myTemMm
3aMeHbl Ka)XJI0r0 TOKEHA Ha €ro MHJEKC B CIOBape A3bIKOBOI MOJENH, COCTaBJIEHHOM Ha 3Tare
U3HaYaIbHOTO 00y4eHus: Moaenu. Kpome Toro, B e11ie OTHOM 4YaCTHOM BapHAHTE OCYIIECTBICHUS,
B Ka4€CTBE METO/1a TOKEHU3AL[UH MOXKET UCIIONIb30BAThCS TOKEHU3ALUs IO CIIOBAM.

IIpumep TOKEHH3ALMH MO CIOBaM U BEKTOPU3alLlMU CJIOB MHAEKCAMU B CJIOBape:

‘mama meiia pamy’ 2 [‘mama’, ‘wmoina’, ‘pamy’] 2 [235, 376, 1056]



[0056] Kpowme Toro, B eme 0AHOM YaCTHOM BapUAHTE OCYIIECTBICHUS] MOKET BBINOJHATHCS
BEKTOPHU3aLMsl KaXKAOr0 TOKEHA, MMOJYYE€HHOT O B IPOLIECCE TOKEHU3ALUH, HAITPUMED, C MTOMOLIBIO
npsiMoro koxnupoBanus (one hot encoding). Tak, Hampumep, mpu TOKEHH3ALMM Ha OCHOBE
anroputMa BPE, kaxablii TOKEH, MOJIy4YEHHBbIM B XOA€ YKA3aHHOIO IpOLiecCa TOKEHU3ALUU,
IPENCTABICH B CJIIOBAPE CBOMM HHIEKCOM, OTOOpaXKarOIIMH MO3UIMIO B YKa3aHHOM CJIOBape.
Takum oOpazom, KaKablil TOKEH MpeAcTaBsieT OuHapHbIi BeKTop (3HaueHus O wiu 1), a equHMIA
CTaBUTCS TOMY 3JIEMEHTY, KOTOPBIH COOTBETCTBYET HOMEPY TOKEHAa B CJIOBApe, YTO IMO3BOJSAET
NPEACTAaBUTh KaKIAbli TOKEH B BUAE BEKTOpa (PUKCUPOBAHHON JJIMHBI, COOTBETCTBYIOIIEH
pa3MepHOCTH ciioBaps (Hanpumep, pasmepaoctu 3000 wHa 1). JIns cienmaircTa B JaHHOW 00acTH
TEXHUKA OyAeT OYEeBUIHO, YTO JJISi BEKTOPH3AIMU TOKEHOB MOTYT NPUMEHATb U JPYrHe
AJITOPUTMBbI BEKTOPHU3ALINH, HATIPUMep, aaroputMbl Word2vec u T. II., He OrpaHHYHBASICh.

[0057] Crout OTMETUTBH, UTO JJIi TOKEHU3ALUHA CUMBOJIOB, NOoOaBlIeHHBIX Monyyiem 103, B
OJHOM YaCTHOM BapHaHTE OCYINECTBJIICHUS, B TOKEHHU3AaTOP MOXET J00aBJIATHCS
COOTBETCTBYIOIIMA TOKEH, HAa KOTOPBI YKa3aHHbIE CHMBOJIbI OYyAyT 3aMEHSTHCA.  ITO
HEOOXOMMO BBHJIY TOTO, YTO B HCXOTHOM TOKEHH3ATOPE MOXKET OTCYTCTBOBAThH TAKOE CJIOBO, KaK
no0aBJIeHHBIH CUMBOJI, YTO IPUBENET K HEKOPPEKTHON TOKeHM3aIuu Tekcta. Kpome Toro, B ele
OJTHOM YaCTHOM BapHAHTE OCYIECTBJICHHs], IPUCBANBAEMbII TOKEH MOXET OBITh IIOJY4YEH BMECTE
¢ 00y4aroMM BXOJHBIM HAOOPOM JaHHBIX.

[0058] Monyne napamerpusanuy o0ydaeMbix sMOenauHros 106 Moxer ObITh peann3oBaH Ha
0aze 1o MeHblIei Mepe OTHOTO BBIUUCIUTENBHOTO YCTPONHCTBA, OCHAIIEHHOT'O COOTBETCTBYIOIIUM
NporpaMMHBIM ~ oOecriedeHueM, ¢ BKJIIOYaThb HaOOp Mozaened sl  BEKTOPU3ALUH
TOKEHU3UPOBAHHOI'O TEKCTa, HANpUMep, ONMMCaHHbIX B moayie 10S. Vkasanneii momynb 106
BBITIOJIHEH C BO3MOKHOCTHIO HWHHMLIMAIM3ALUH OOy4YaeMbIX BEKTOPHBIX MPEICTABICHUN MJIst
TOKEHH3HPOBAHHBIX CHMBOJIOB, COOTBETCTBYIOLIMX aOCTPAKTHBIM IICEBIO-CJIIOBAM, U 3aMEHbI
YIOMSTHYThIX TOKEHHU3UPOBAHHBIX CHMBOJIOB HA WHHUIMAJIM3HPOBAHHBbIE 00ydaeMble BEKTOPHBIC
npeacraBieHus: cuMBOJIOB. llog oOydaeMbIM BEKTOPHBIM MpeAcTaBiieHHeM (0Oydaembli
SMOEIIMHT) TIOHUMAETCsl BEKTOPHOE TIPEACTABJICHHE, BBIMOJIHEHHOE C BO3MOKHOCTBIO
OUHAMHYECKOTO (UTEPAaTUBHOIO) OOHOBJIEHUS JUIsl MPUOJIKEHHUS K 3TAJIOHHBIM pe3yJibTaTaM
pelraeMoit 3amaun KiacCH(UKALNK, BbIAIABAEMBIX SI3bIKOBOH MOAENbi0 (00ydaeMble BEKTOPHBIE
NPEACTaBJICHUS] — HWTEPATHBHO OOHOBJSIEMbIE B TpoLecce OOyUeHHs], C LEJbI0 IOBBILIICHUS
Ka4ecTBa permaeMoi 3a1a4n, BekTopa). T.e. 3HaueHns1 00y4aeMbIX BEKTOPHBIX MPEACTaBICHUH HE
3a(pMKCUPOBAHBI M MOTYT OOHOBJIATHCS B COOTBETCTBHH C BBIXOJHBIM CJIOEM SI3bIKOBOW MOJIEINH.
bonee monpoOHO yKa3aHHBIA TEPMUH PACKPBIT MO CCbUIKE, HalaeHo B LHTepHeT:

http://www.generalized.ru/Attention_Is_All_You_Need . [Ipunmun pabotsr monynst 106 cxox ¢

NPUHIUIOM paboTel Monyist 105 u 3akimouaercs B BEKTOPH3ALMU TOKEHU3HMPOBAHHOTO TEKCTA



(CHMBOIIOB), OJTHAKO COAEPKUT AOTIOJHUTEIBHBIN 3Tall MHILHAIN3AIUN 3HAYeHUs] SMOEATNHT OB
IJI YKa3aHHBIX CHUMBOJIOB BBUAY OTCYTCTBUSI BEKTOPHOTO MpPENCTABICHMsS B CTAaHAAPTHBIX
CPEINCTBAaX BEKTOPU3ALUU AJISA IICEBIO-CIIOB.

[0059] Monynb uabeKIMN 00ydaeMbIx dMOenauHroB 107 ucnons3yercs s 0ObeaMHEHHS
HIOCJIEIOBATEIbHOCTH SMOEAMHIOB, MOPOXKACHHBIX MoayineM 106, ¢ smMOenmuHramMu TOKEHOB
MOJIY4EHHBIX MOCJIe TOKEHU3anK o0y4aroinero Habopa moaysem 105, I[Tpu 3TOM 1Ba MHOKECTBa
SMOeIMHOTOB OOBENUHSAIOTCS C Y4E€TOM MOpSAKa, B KOTOPOM OHH DACIIOJIOKEHBI I1OCIE
dopmaruposanust monyJiem 103. Takum oOpazom, B pesynbrare padoThl MoayJisi 107 Bce TOKEHBI,
OTIIMYHBIE OT TOKEHOB, COOTBETCTBYIOINWH IICEBAO-CJIOBAM, 3aMEHSIOTCS Ha 3MOEAIUHTH,
NOJIyYCHHBbIE B pe3yJIbTaTe BEKTOpH3alMu OOydaromero Ha0opa HdaHHBIX, a TOKEHBI,
COOTBETCTBYIOIIHE TICEBIO-CIOBAM, MOCIEN0BATEIBHO 3aMEHSIOTCST Ha 00ydaeMble SMOeITUHT Y,
nopoxaeHHsle Moayaem 106.

[0060] Monyne obyuenuss 108. VYkazanneiii moxynb 108 MokeT mpencraBisiTh COOOH
BBIUNCJIUTENbHOE YCTPOMCTBO, BBINOJHSIOLIEE aJrOPUTM TIPaJUEHTHOrO CIyCKa C IOMOILBIO
NPOM3BOJIBHOTO aJITOPUTMA ONTUMHU3ALUH (HAPUMEpP, CTOXAaCTUYECKOTO TPAJUEHTHOTO CIYCKa,
Adam, AdamW), rae rpagueHTbl BBIMHUCISIFOTCS 1O JITOPUTMY OOpAaTHOTO pPacHpOCTPaHEHUs
OLIMOKH C IIeJTbI0 OOHOBIIEHUST 00y4YaeMbIX BEKTOPHBIX MPEICTaBIeHU. YKka3aHHbIH Moays 108
BBITTOJIHEH C BO3MOJKHOCTBIO OCYIIECTBIISITH NMOAOOP ONTHUMAJBHBIX 3HAUYEHUH Ui 00ydaeMbIX
SMOEIIMHTOB, HAIIPUMED, C IOMOLIBI0 CTOXAaCTHYECKOr0 IPaJueHTHOTrO cnycka. bonee moppoOHO
YKa3aHHbIE aNrOPUTMbl PACKPBITBI B  YpPOBHE TEXHMKH, HAIpuMep, MO  CCbLIKE!
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B4%D0%B8%D0%B5%D0%
BD%D1%82%D0%BD%D1%8B%D0%B9 %D 1%81%D0%BF%D1%83%D1%81%D0%BAh
ttps://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B4%D0%B8%D0%B5%D0%B
D%D1%82%D0%BD%D1%8B%D0%B9 %D1%81%D0%BF%D1%83%D1%81%D0%BA
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https://habr.com/ru/post/318970/ . KpaTko omuiem 3TOT MpoLecc.

[0061] Criucok BXOAHBIX dMOenauHTroB ¢ Moaysisi 107 momaercs B CJIOHM SI3bIKOBOW MOJIEIH,
KOTOpasi Ha BBIXOJE BBINACT paclpelesieHue BEpOSTHOCTEH cienyrouero TokeHa. Ha ocHoBe
LIEJIEBBIX  KJIACCOB, OMNpENeNeHHbIX MonyJeM 104, BbIOMpAarOTCS TONBKO BEPOSITHOCTH,
COOTBETCTBYIOIIHE LEJIEBBIM KJIACCaM, M BBIUUCIACTCS (PYHKLHUSA MOTEPh MEXIY BBIOPAHHBIMU
BEPOSITHOCTSIMU M MHIEKCOM ILIeJIeBOro kyacca. Ilocie uero ¢ momomso mpornenypsl 0OpaTHOro
pacrpoCcTpaHeHus] OIIMOKH BBIYHCISIFOTCS TPAAMEHTHI Uit OOydaeMbIX SMOENINHIOB, U
BBITIONTHsIETCS MX 0OHOBIIeHHE. B xone oOyuenust oOyuaembie sMOeaInHTH Oy Iy T MEHATHCS TAKUM
o0pazom, 4TOOBI MaTEMAaTUYECKOE OJKUAAHNE 3HaYeHNs (PYyHKIIMU NOTEPh HA JIFOOOM OOBEKTE U3
pacripeneneHus, COOTBETCTBYIOLIETO paclpeneleHn0 OObeKTOB OO0ydaroInero JaTacera,

YMEHBLIAIOCh.



[0062] Jnst cienmanucTa B NAHHON OOJIACTH TEXHUKH OYEBUIHO, YTO, XOTS M OIMHCAHHBIC
BBILIIE MOAYJIU MPEICTABJIEHBI KAK OTAENbHBIE YyCTPONHCTBA, YKa3aHHBIE MOYJIH TAK)KE MOTYT OBITh
00BEMHEHBI B COCTaBE OAHOMN CUCTEMBI, HanpuMep, cuctemsl (500).

[0063] Janee paccMoTpuM OOmMI BHA CHCTEMbI KJIacCU(HUKAIMH TEKCTa JTOOOyUYEHHOM
SA3BIKOBON MOJENBIO.

[0064] Ha ¢ur. 2 npusenen oOmuii Bua cucrems! 200 kiaccudukanuy TeKcTa sS3bIKOBOH
MOJIEIbI0. B TIpeanouTHTEeNbHOM BapuUaHTe OCyllecTBiIeHusi cucreMa 200 BkirodaeT B cels
OCHOBHBIE (PYHKLIMOHAJIbHBIE 3JIEMEHTBI, TAKHE KaK: MONYJb MOJy4YeHHs JaHHbIX 201, Momysb
XpaHeHUs I3bIKOBOI Monenu 202, MmonyJib npenoopadorku 203, Moayias oOpadoTku 204, Monyib
noctobpabdotku 205. Bonee noapodHo snemenTs! cucteMbl 200 packpbITh! Ha (ur. 5

[0065] Monaynp nojsydyeHus: 1aHHbIX 201 BBINOJHEH ¢ BO3MOKHOCTBIO MOJIYYEHUsI BXOAHOTO
HabOpa JaHHBIX, COOTBETCTBYIOIIErO TpeOyeMoil 3a1aue kiaccudukanuu, B opMaTe, Ha OCHOBE
KOTOPOTO 1000yyanach si3bIKOBast MOJEINb, M JOOOYUEHHYIO SI3bIKOBYIO MOZIENb.

[0066] BxonHoli HaOop HaHHBIX, COOTBETCTBYIOINN TpeOyeMoll 3anaue kiaccuukanum, B
¢dopMaTe, Ha OCHOBE KOTOPOro nooOydajach SI3BIKOBAsi MOJAEINb, MpencTaBiisieT codoit Habop
JAaHHBIX, KOTOPBIH CTPYKTYpPHO COBHanaer ¢ oOOy4aroImuM HaOOpPOM MHaHHBIX (COAEPIKUT
aHAJIOTHMYHBIE T10JIs), OJHAKO B HEM OTCYTCTBYET Pe3yJIbTaT pelnaeMoi 3a1auu KJIacCH(pUKaHH.
Tak, yka3zaHHBI BXOZHOH HAOOp MAHHBIX MOXKET OBbITh TMOJy4Y€H, HAalpuUMep, OT AUAJIOTOBOM
CUCTEMbI TIOCPEICTBOM KaHaja CBs3H, Hampumep, ceTu VHTepHET, U MOXET COAepKaTb,
HanpuMep, A pelnaeMol 3a1a4yu Kjiaccu(pUKaluy TEKCTa AJsi OTBeTa Ha OMHApPHBIM BOIPOC,

"

HaOop, cocrosmuii U3 ABYX mnogei: "mexcm ":, "eonpoc”:. T.e. BxogHOW HabOp mpeAcTaBiseT
co00il HeNOCPEeNCTBEHHBIN TEKCT, KOTOPBIH A0 3TOro He ObUI NMOAAH B SI3BIKOBYKO MOAENb, B
(dopmare, CXOKHUM IO CTPYKType ¢ 0OOYUArOIUM BXOAHBIM HAOOPOM JaHHBIX.

[0067] JlooOy4eHHast sI3bIKOBasi MOZENIb MOKET ObITh MOJydeHa u3 MoayJst 202. YkazaHHast
n000y4YeHHAs SI3BIKOBAsi MOJEITb SIBJSIETCS SI3BIKOBON MOJIEIBIO, ITOJYYEHHOH B pe3ysibTaTe padoThl
cucremsbl 100. Tak, 1ooOy4eHHas SI3bIKOBasi MOAEIb MOXKET MPENCTABJSATD SI3BIKOBYIO MOJENb U
NOACKAa3Ky ¢ OOydYeHHBIMH, U1 peIleHuss 3aJadyd  KiacCM()HWKAaLWM, BEKTOPHBIMHU
NPEACTaBICHUSIMU (C 3HAYCHUSMH OOYUYEHHBIX BEKTOPHBIX NPEACTABICHNUH CHMBOJIOB). B ogHOM
YaCTHOM BapHaHTE OCYINECTBJICHHs, NOOOYYEHHAs! SI3bIKOBAask MOAYJb MOXKET ObITh MOJydeHa
HEMOCPEACTBEHHO OT MoayJis 102.

[0068] Monynib XpaHeHUs S3BIKOBOH Mojean 202 MOKET MPenCcTaBisiTh COOOM, HApUMep,
NOCTOsSIHHOE 3arnomuHaromee ycrpoiicrea (II3Y), koTopoe MOXKET SIBIATBCS ONHUM MM Ooee
CPEACTB IS TOCTOSTHHOTO XPAaHEHMs TaHHBIX, Hanpumep, xkectkuii nuck (HDD), TBeprorenbHbIit

Hakorutenb MaHHbIX (SSD), ¢pmm-namsars (EEPROM, NAND wu T.11.), OnTHYECKHE HOCUTENN

unpopmarmu (CD-R/RW, DVD-R/RW, BlueRay Disc, MD) u ap. VYka3zaHHbII MOAYIJb



NpeAHa3Ha4YeH Ul XPAHEHUS S3bIKOBOH MopenH, NOOOy4YeHHOH B COOTBETCTBMM C paboToi
cucrtemsl 100.

[0069] Monynb npenodpadorku 203 MokeT ObITh peann3oBaH Ha 0a3e MO MEHbIIEH Mepe
OJTHOTO BBIUYUCIUTENBHOTO YCTPOWCTBA, OCHAIIEHHOTO COOTBETCTBYIOLIMM HPOrPaMMHBIM
obecnieueHueMm, U MpeAHa3HaueH i popMaTHpOBaHUS BXOJHOTrO HAOOpa AaHHBIX, JOTIOJHSIS €0
CHMBOJIAMU M TOKEHH3ALUHU U BEKTOPU3ALMH OT(HOPMATHPOBAHHOTO BXOAHOTO HAOOPA TaHHBIX.
[0070] Tak, ykazanHblii Monyjb 203 B OAHOM YaCTHOM BapUaHTE OCYIIECTBICHHUS MOXKET
comepkath B cebe monysu 103-105. B emie o1HOM 4acTHOM BapUaHTE OCYLIECTBICHHS MOIYJIb
203 comepxkutT B cebe cpenctBa, Oosee moapoOHO packpbiThie Ha ¢ur. S, obecrneunBaronye
BBINTOJIHEHHE TpennucanHbix GyHkimid. Tak, Ha Bxoxn Moxyds 203 moctymaer BXOIHOW HaOoOp
nanHbIx. Ha mepBom stane paGoTel, MOnyJib 203 BBITOJIIHEH ¢ BO3MOXKHOCTBIO (hOpPMaTHPOBAHUS
BXOAHOTrO Habopa JaHHBIX B COOTBETCTBHH C THUIIOM pelraeMoil 3amauu kinaccupuxanmu. Kak
OBLIO YKa3aHO paHee, s Pa3HbIX 3a7a4 KJIACCH(PHUKAIINA MOXKET ObITh CTeHEPUPOBAHHBIE Pa3HbIE
MOJACKA3KU MOJ COOTBETCTBYIOLIMI THI peliaeMo 3anadd. Tak, B OMHOM 4YaCTHOM BapHaHTE
ocyliecTBieHHs, (OpMATHPOBAHHWE BXOAHOTO HAOOpa MAHHBIX OCYIIECTBIISIETCS HAa OCHOBE
mabsona st popmarupoBanus. CTOUT OTMETHTb, UTO THUI PEIAeMO 3a/1a4H, a CIIEI0BATEIbHO,
U T 1a0JI0Ha POPMATHUPOBAHKS MOXKET TIOCTYIaTh, HAIPUMEP, COBMECTHO C BXOJHBIM HAOOpOM
naHHbIX. Kpome Toro, B e1e 01HOM 4aCTHOM BapUaHTE OCYLIECTBIIEHHSI (POpMAThI IA0IOHOB IS
Pa3NUYHBIX 3a7a4 MOTYT XPaHUTBCS B mamsTu cuctemsl 200, Hanpumep, B Buae daiina, 1 MOTYyT
BBIOMPATBCSI B COOTBETCTBUH C TUIIOM BXOJHBIX TOJIEH, ONPEeNsieMOro, Halpumep, ¢ IMOMOLIBIO
PEryJIIPHBIX BBIPAKEHUH.

[0071] OOmuit mpuHUMI (OPMATHPOBAHMS 3AKIFOYAETCS B NPEeoOpa3sOBAHUU BXOIHOIO
HaOopa MaHHBIX B CTPOKY, COCTABJISISl €€ U3 CIHCKA MOJIEH, KOTOPBIH CONEPIKUTCS B YKa3aHHOM
HaOope MaHHBIX U JOOABJIEHHUs] CAMBOJIOB MEKTy MOJISIMU BXOAHOTO Habopa, mpuvYeM, KOJTHYECTBO
U PacIOJIOKEHHE CUMBOJIOB B MpoLecce (OpMATHPOBAHUSI COOTBETCTBYET (POPMATy MOACKA3KH.
Takum oOpa3oM, npu ¢GopMATHPOBAHUH BXONHOrO HaboOpa, CHavaja BXOAHOH HaOOp
npeoOpa3oBbIBAETCS B CTPOKY, U AaJiee TOMOTHIETCS] CHMBOJIAMU, TPHYEM KOJIMYECTBO M TIO3HLIUS
YKa3aHHBIX CHMBOJIOB COOTBETCTBYET KOJHMYECTBY U TO3WLIMAM CHMBOJIOB, JOOABJIEHHBIX B
nporecce ¢opMaTupoBaHusi oOydaromero Hadbopa moxyiem 103 st KOHKpPETHOH 3amadu
kinaccudukarun. Tak, HampuMep, B OJHOM YaCTHOM BapHUaHTE OCYIUECTBJICHUS, PE3yJIbTATOM
¢dopmatupoBanusi BxonmHoro Habopa Oymer cnenyromuii  Qopmar:  "{P}{P}{P}{Tekct
1} {P}{P}{P}{rexct 2}{P}{P}{P}". Ilpuuem, yka3aHHbli QopmMaT COOTBETCTBYET (opmary,
BBIOpaHHOMY B Mporecce padoTel cucteMel 100 auis 3amaun knaccuduxanmu.

[0072] ITocne popmarrpoBaHus yKa3aHHOTO HAOOpa B COOTBETCTBUH € (POPMATOM peraeMoit

3aa4y MOAYJib 203 BBINIOJIHSET TOKCHN3AaIUIK0 U BEKTOPHU3ALUKO BXOAHOTO Ha6opa JaHHBIX.



[0073] TokeHU3aIus 1 BEKTOPU3ALMST MOYKET BBITTOJIHATHCS ¢ TIOMOII B0 Habopa Mozaenelt st
TOKEHU3aLlMd TEeKCTa U BEKTOPU3aLUMU TOKEHW3MPOBAHHOIO TEKCTA, HANpUMEpP, OAHY WU
HECKOJIbKO MOAIeNiel MAalIMHHOTrO OOy4eHMs Ul IpeoOpa3oBaHHUs TEKCTOBOM HH(OpMAaLH B
BekTOpHYIO (popmy, Hanpumep, BERT, ELMo, ULMFit, XL Net, RoBerta, RuGPT3 u npyrue.
Kpome TOro, B eme OIHOM YaCTHOM BapHaHTE OCYLIECTBJIECHUS MOXKET BBbIIOIHATHCS
BEKTOPU3ALMS KA KIOTO TOKEHA, MOJIYYEHHOIO B IPOLECCe TOKEHNU3AaLUH, HAIIPUMED, ¢ TOMOILBIO
npsimoro komupoBaHusi (one hot encoding). Tak, Hampumep, MPU TOKEHHU3ALUU HA OCHOBE
anroputma BPE, kaxaplil TOKeH, MOJy4YEHHBIN B XOA€ YKAa3aHHOIO IpolLiecca TOKEHU3ALUU,
NPEACTaBJICH B CJIOBape CBOMM HMHIEKCOM, OTOOPaKAIOIMMH MO3HMLHUI0 B YKA3aHHOM CJIOBape.
Takum 00pazom, Kax/Iblil TOKEH MpeACTaBIsieT OMHapHBIN BekTOp (3HaueHus O wiu 1), a exuHULA
CTaBUTCSI TOMY 3JIEMEHTY, KOTOpPbIHi COOTBETCTBYET HOMEPY TOKEHAa B CIIOBape, YTO MO3BOJSET
NPEACTAaBUTh KAKAbIH TOKEH B BUAE BEKTOpa (UKCHPOBAHHON MJIMHBI, COOTBETCTBYIOIIEH
pasmepHocTH cioBaps (Hanpumep, pasmepHoctr 3000 Ha 1). s cnennanmcra B TaHHOH o0iacTu
TEXHUKA OyAeT OYEeBHIHO, YTO MJISi BEKTOPH3AIMM TOKEHOB MOTYT NPUMEHATb U JPYrHe
ANTOPUTMBI BEKTOPU3ALIUH, HanpuMep, anroputmel Word2vec u T. 1., He orpaHnuuBasicb. CTOUT
OTMETHTb, YTO AJITOPUTM BEKTOPU3ALMU OYyAET 3aBHCETh OT KOHKPETHOH SI3BIKOBOH MOJENH,
NPUMEHSAEMOM JIJIs peanu3aliy JaHHOTO TEXHUUECKOI O PeLIeHHs.

[0074] CtouT OTMETUTH, YTO 3HAYEHMS ISl TOKEHU3ALUWU U TMOCJEeNYIOLEeH BEKTOPU3ALUU
CHUMBOJIOB TOJYYalOT U3 (aiijia NaHHBIX, XpaHsmero oOydeHHble SMOennuHru. Tak, B OTHOM
YaCTHOM BapHaHTE OCYINECTBJIEHHs, KakK YIOMHUHAJIOCh BbIle, (aill ¢ pa3sHbIMH THIIAMHU
Cr€HEepUPOBAHHBIX MOJICKA30K MOTYT XpaHUThCSA W/MiU noctynaTh B cucreMy 200. Tak, BmecTe ¢
THUIIOM NOZICKA3KH, U3 YKa3aHHOTO (paiiia, CO3JaHHOro ocpencTBoM paboTsl cuctems! 100, MoryT
TAKXKE W3BJICKATHCS 3HAYEHHUS TOKEHOB Ui CUMBOJIOB U 3HA4YeHHsT OOyUEHHBIX BEKTOPHBIX
NPEICTaBJIEHNH, KOTOPBIE, B MPOLIECCE BEKTOPU3ALUN U TOKEHU3ALUH, MTOACTABISIOTCS Ha MECTO
CHMBOJIOB, TOOABJICHHBIX B pe3yJbTaTe (GOPpMaTUPOBAHUSI.

[0075] Kpome toro, monyap 203, B emie 0OHOM YaCTHOM BapHaHTE OCYILLECTBJIEHUS], TAKKE
MOKET OIpEeNesATh BO3MOXKHbIE 1IeJIeBble KJIACChl U COMOCTABIATh UM TEKCTOBbIe aHasnoru. Kak
YKa3bIBaJIOCh BBILIE, LIEJIEBbIE KJACCHI (IIOJIE «OTBETY») HE BCErAa MOTYT OBbITh H3JIOXKEHBI B
TekcToBOM Buje. C yd4eToM TOro, 4To yKa3aHHbIM Moaynb 203 ucronb3yeT LiefieBble KIIACCH,
oTpenesieHHbIE TPU JOOOyUEHUH S3BIKOBOH MOAENH Ha oOydaromeM Habope HaHHBIX, TO MOTYT
BO3HHKHYTh CHTyallUH, KOTJa ILEeNeBbIMHA KJlaccaMd OOydYeHus: OyAyT SBISITBCS KJIACCHI,
U3JIO)KEHHBbIE HE B TEKCTOBOM BHJE. YKa3aHHbIM 3Tam paboTel Moxyist 203 MoxeT ObITh
peann30BaH, HapUMep, MOCPENCTBOM repedopa CiIoBaps sI3bIKOBOM MOZIENN W/WUJIH TIOUCKOM T10
Tabnume, copepkalield HMHAEKCHbIE 3HAYeHHs M TEKCTOBYI0 WHTEPIPETALMIO YKa3aHHbBIX

3HAa4eHUH, XpaHAIuxcs B (aiine cnosaps A3bIK0BONH Moaenu. CTOUT OTMETUTb, YTO aHAJIOTHYHBIE



cpeAcTBa NpuUMeHsIOTCA B moxayse 104, Tak, B OJHOM YacTHOM BAapUAaHTE OCYLIECTBJICHUS,
TEKCTOBbIE AHAJIOTH LIEJIEBBIX KJIACCOB MOT'YT TAK)KE COAEPIKATHCS B (paiiie JaHHBIX, COAEPIKALIIM
A3BIKOBYIO MOZI€Ib I CT€HEPUPOBAHHYIO Mojcka3kKy. OOmuil npuHIun paboThl 3aKIFOYAETCs B
TOM, YTO KaXJIOMy LEJIEBOMY Kjaccy (B clydae, €CiaM LejeBble Kiacchl B (haiine JaHHBIX
COIEpKaTbCsl HE B TEKCTOBOM BHJE) CTABUTCSA B COOTBETCTBHHM TPU CYLIHOCTH: CJIOBO,
COOTBETCTBYIOIIEE MOHATHIO KJIACCa B €CTECTBEHHO peun (Harmpumep, "na" s HOJI0XKUTEIBHOTO
Kjacca v "HeT" IJIsi OTPULIATEIBHOIO), HHAEKC TaHHOTO CJIOBA B CJIOBAPE BXOIHBIX IMOEIIMHIOB

(BEeKTOPHBIX MPEACTABJICHUH ), MOPSIAKOBBIM HHAEKC Kilacca.

[0076] Takum obOpazom, moxysib 203 ocyiecTBisieT mpenodpadoTKy BXOAHOro Habopa
TaHHBIX.
[0077] Monyne obpaborku 204 peann3oBaH Ha 0a3e SI3bIKOBOH MOJENH, MOJYYEHHOH OT

MozyJisi 202 U BBITIOJHEH C BO3MOKHOCTBIO OCYIIECTBJIEHUsT 00pabOTKH OT(HOPMATHPOBAHHOTO
BXOJIHOTO Ha0Opa NaHHBIX.

[0078] OO6wuii mpuHIMn paboTel yKa3aHHOTO MOAyJIs 204 3akiouaercsi B 00paboTke, myTeM
MOJIa4H Ha BXOJI SI3bIKOBOM MOJIETH OT(OPMATHPOBAHHOTO M BEKTOPU30BAHHOTO HAOOpa TaHHBIX.
Pesyiaprarom 00paboTku yka3aHHOro HaOopa (BBIXOA SI3BIKOBOM Mojenn) Oyner BEKTOp ¢
pacrpeneneHneM BEepPOSTHOCTEH TOKEHOB, TaK Ha3bIBAEMbI BEKTOp JIOruTOB. bosee monpoOHO
OOIIMi MPUHLIMIT PaOOTHI SI3LIKOBOW MOJIENTN PACKPHIT B YPOBHE TEXHHKE (CM., HAIPUMED, CChUIKA

B MuTteprer: https://arxiv.org/pdf/2005.14165 .pdf ).

[0079] Monynb nocrobpadorku 205 mMoxer ObITh peasin3oBaH Ha Oaze MO MEHbLIEH Mepe
OJTHOTO BBIYUCJIUTENILHOTO YCTPOMCTBA, OCHAIIEHHOTO COOTBETCTBYIOLIMM TMPOTrPAMMHBIM
obecrieyeHrem, U TpeaHa3HA4YeH Iy BbIOOpA LENIEBBIX KJIACCOB, MOJYYEHHBIX B Pe3yJIbTaTe
00paboTKku 0THOPMATUPOBAHHOTO BXOIHOTO HAO0Opa JAHHBIX TOOOYUEHHOU SI3BIKOBON MOJENBIO.

Tak, xak YIOOMHHAJIOCh BbIIIC, Ha BBIXOAEC SI3BIKOBOM MOACIN COACPKUTCA BEKTOP C

,
pacrpeneneHHeM BEPOSITHOCTEN CJIEMyIOIIero TOKEeHA, KOTOPBIA MpencTaBjsieT coboi Habop
JIOTUTOB IS K&KAOTO TOKEHAa BXOIHOW IOCJIEAOBATENbHOCTH. M3 maHHOrO BEKTOpa MOIYJIb
BBIOOpA IIENIEBBIX KOMIIOHEHT OTOHMPAET TOJBKO T€ KJIACCHI, KOTOPBIE COOTBETCTBYIOT TOKEHAM
BepOaTM3aLINK 1IENIEBOrO Kyacca (T.€. TOKEHaM, U3 TOJS «OTBETY 00ydaromero Habopa J1aHHBIX ).
Bbonee popmanbHo, B naHHOM MozyJie 205 nporCXOIUT BbIIEISHHE JIOTUTOB, UCTIOIb3YEMBbIX IS
(a) BBIUMCIIEHHS BEPOSITHOCTEH Ki1accoB U (0) BbruncieHus GyHKIH noteps. I [puHumaer Ha BXox
BEKTOP  BBIXOAHBIX  JIOTUTOB  JOOOYYEHHOH  S3BIKOBOH  MOAENH Ui  HECKOJBKHX
NOCJIEIOBATENIbHOCTEH, TA€ Ui KaKAOH IOCIENOBATENbHOCTH BEKTOP BBIXOAHBIX JIOTHTOB

COOTBETCTBYET MOCIICAHEMY TOKCHY. B kaxxnom BCKTOPEC JIOTUTOB, MMOCKOJIbKY €ro AJinHa paBHA

pa3MeEpy Ci1oBaps, BbI6I/IpaIOTC$I KOMITOHEHTDbI, COOTBETCTBYIOIIIHNE TOKEHAM TCKCTOBbLIX aHAJIOTOB



kjaccoB. Takum oOpa3om, IUisi KaKAOW BXOJHOW MOCJIEAOBATEIHHOCTH BBIXOIAOM SIBIISIETCS
€IMHCTBEHHBII BEKTOp, JAJIMHA KOTOPOTrO paBHA KOJMUYECTBY KJIACCOB.

[0080] Jnst cnenmanucTa B NAHHON OOJIACTH TEXHUKHU OYEBUIHO, YTO, XOTS M OIMHCAHHBIC
BBILIIE MOAYJIU NPENICTABJIEHBI KaK OTAENIbHbIE YyCTPONHCTBA, YKa3aHHBIE MOYJIH TAK)Ke MOTYT OBITh
0o0beIMHEeHbI B COCTABE OMHOM CHCTEMBbI, Harpumep, cucremsl (500).

[0081] Ha ¢ur. 3 mpencrasnena 00k cxema criocoba 300 aBTOMaTHYECKOTO JO000yUeHus
SI3BIKOBOW MOJENH I KJIACCU(HUKALIUK TEKCTa, KOTOPBIH PACKPBIT MO3TAMHO OoJiee MOAPOOHO
HwKe. YkKaszaHHbI crnocod 300 3akirovaercs B BBIMOJIHEHWM 3TAlOB, HAIMPABJIEHHBIX Ha
00paboTKy pa3MyHbIX U POBbIX AaHHBIX. OOpabOTKa, KaK MPABUIIO, BBIMOIHSIETCS C TTIOMOIIBIO
cucTeMbl, Hanpumep, cuctemel 100, KOTOpas Tak:ke MOXKET MPENCTaBJAThb, HAIPUMEP, CEPBEP,
KOMITBIOTEP, MOOMIJIBHOE YCTPOICTBO, BEIUUCIIUTENBHOE YCTPOHCTBO U T. .

[0082] Kak ynoMuHanocs Bblle, Jist JOOOYYEeHHUS SI3bIKOBOUM MOJIENH KIacCU(UKAITIN TEKCTA
oOyuaromuii Habop HEOOXOAUMO MPENCTABUTH B ONPENEICHHOM BHE (JIOTIOJIHUTH TOACKA3KOMH),
9T0OBI 00ECTIeYNTh BO3MOXKHOCTH TOYHO PEIIaTh SI3BIKOBOW MONENBI0 YKa3aHHYIO 3amady. B
HACTOSILIIMI MOMEHT, B U3BECTHOM YPOBHE TEXHUKH, TaKUE MOACKA3KU T'€HEPUPYIOTCSI BPYUHYIO,
YTO SIBJIIETCSI TPYAOEMKHM IIPOLIECCOM M HE O0ECIeuMBaeT BBICOKYIO TOYHOCTH pe3yJIbTara
pemaemoii 3amaun BBUAY uejioBeueckoro ¢akropa. Crocod 300, B 4aCTHOCTH, HANpaBJICH HA
peleHue yKa3aHHO! MpoOJIeMBL.

[0083] Ha stane 301 cucrema, takas kak cucrema 100, nmpuHMMaeT Ha BXOX SI3bIKOBYO
Mozenb, HanpuMep, oT moayis 102, u obydarouuii BXOAHOW HaOOp NaHHBIX, COAEp KALIUI 1O
MEHbIIIEi Mepe CITUCOK IoJIel BXOAHOro Habopa AaHHbIX. Y Ka3aHHbIH 3Tan 301, B OJHOM 4aCTHOM
BapUAHTE OCYINECTBIIEHUS] MOKET ObITh BbIMONHEH MoaysieM 101.

[0084] Kak ynoMuHajaoch BbIle, BXOIHON 0oOydaromuii Ha0Op MaHHBIX COAEPIKUT CITUCOK
NoJiel, ompenensomuii  Tpedyemyro 3amady kinaccupukauuu. S3bIKOBasi MOAETb MOXKET
MPEICTaBIATh COOOW amanTUPyeMyr MpenoOy4YeHHYIO S3bIKOBYKO Monelnb, Hampumep, BERT,
GPT3, ELMo, Transformer u T.n1. B npeanoyTuTeNnbHOM BapuaHTe peau3aluu  ObLia
UCTIONIb30BaHa s13bIkoBast Monesib RUGPT3-Large. BxogHoli oOy4aromiuii Habop TaHHBIX MOKET
ObITb COPMHPOBAH Ha OCHOBE peIIAaeMOH 3aladyd KJIacCU(UKALUK, HANpUMeEp, M CHCTEM
(buIbTpau HEHOPMATUBHOM JIEKCHKH, TUAJOTOBBIX ACCUCTEHTOB H T.JI.

ITockoIBKY M3HAYAIBHO SI3IKOBAst MOZIENb HE CIIOCOOHA Ha KJIACCH(UKALIUIO TEKCTA, a CIIOCOOHA
TOJIBKO BBIIABaTh BEPOSITHOCTH MPEACKA3AHUS CAEAYIOLIErO CJIOBA AJIs1 BXOJHOIO TEKCTa, TO, AJIs
peuennst 3ama4 KiacCUPUKAMKM, HEOOXOAMMO BBIMOJHUTH JOOOYYEHHE SI3BIKOBOW MOJIENH.
VYkazaHHOe 1000y4eHne 00ecrneunBaeT NOBBIIEHNE TOUHOCTH MeHEPALUY OTBETA MOJIEIH 33 CUET
NPaBWIBHOM alanTalliyd BECOB T'€HEPUPYEMOH IOACKA3KH (3HaueHUil 00y4aeMbIX BEKTOPHBIX

NPEJCTaBICHHH CHMBOJIOB) JJIsi KOHKPETHOTO THIA perraeMoil 3amaun kiaccudukauuu. J{s



3TOTO, Ha BXOJ SI3IKOBOM MOJIENH MOAAIOT 00ydaromue Habopbl, KOTOPbIE MPEACTABICHBI TAKIM
00pazom, 94TOOBI BBIXOA SI3bIKOBOH MOJEIH SBJISUICS OTBETOM Ha BXOJHOM TEKCT, T.€. GOPMHUPYIOT
NOJICKAa3Ky M JOTMOJHSIT o0ydaromue HaOOpbl yKa3aHHON MOACKA3KOM, MyTeM MPOJOJIKEHUS
KOTOPOIl s3BIKOBasi MOJAENb Ha BBIXOJE INpeAcTaBiseT oTBeT. Kpome TOoro, BO BXOIHOM
o0y4aroiem Habope COMEePIKUTCS MPABUIIbHBIN OTBET, YTO 00ECIeUNBAET aAANTALUIO TTOACKA3KH
ISl SI3BIKOBOW MOZENH B COOTBETCTBMM € OOYYAIOIIMMH JAAHHBIMM M pelIaeMod 3aaaqu
knaccudukanun. COOTBETCTBEHHO CIHMCOK ToJieil oOydvaroinero Habopa JaHHBIX CONEPIKHUT IO
MEHbLIeH Mepe OJWH BXOIHOW TEKCT B ompeneieHHON (opme u orser. Tak, Hampumep, mpu
pELIeHUH JIOTHUECKON 3a/1a4i OTBETA HA MOMCK IPUYUHHO-CJIEACTBEHHON CBS3H MEXKY TEKCTAMHU,
oOyuaromuii Habop MaHHBIX OyAeT Comep:KaTh cleAyomue noust: "mexcm 1": "Baca nosum peiby”,
"mexcm 2": "Baca doma?", «"omeem”: nem,

[0085] CooTBeTCTBEHHO, OIHOW W3 OCOOEHHOCTEeH yka3zaHHOro crocoba 300 sBisiercs
BO3MOYKHOCTh aBTOMATUYECKOH MeHEepaLNU TAaKOH IMTOACKA3KHU AJIs 000 3a1a4H KI1acCUPUKALMH.
[0086] Jlst atoro crioco6 300 nepexonut k stamy 302.

[0087] Ha stame 302 BhImonHsIOT BHIOOP opMaTa MOACKA3KH, HA OCHOBE CIHCKA TOJIEH
o0yd4aro1ero BXoJHOro Hadopa JaHHBIX, IS 3aJaHHOH 3a7aui KJIACCH(PUKALMH, U BBITOIHIIOT
¢dopmaTupoBaHre 00ydarOIIEero BXOMHOro HabOpa NaHHBIX, HA OCHOBE BbIOpaHHOrO Qopmara
NOJCKAa3KH, B XOA€ KOTOPOrO BBINOJHSKT MAOIMOJHEHWE YIOMSHYTOro Habopa JaHHBIX
CHMBOJIaMH, TIPU 3TOM KaX/IbIil CHMBOJI COOTBETCTBYET a0OCTPAKTHOMY IICEBIO-CJIOBY. Y Ka3aHHBIN
star 302 MOXKET BBINOJIHATLCS, Hanpumep, moayiem 103.

[0088] Ha stane 302 oOyuyaromumii BXOIHOH HaOOp JaHHBIX NMPeoOpa3OBBIBAETCS B CTPOKY,
KOTOpast COCTOMT W3 CIHCKAa IOJied yKa3aHHOro Habopa, U JIOMOJHSIETCS CHMBOJIAMHY,
COOTBETCTBYIOLIHE TICEBIO-CI0BaM. [T03UIIHSA U KOJIMYECTBO YKA3aHHBIX CUMBOJIOB OIPEIEseTCsI
Ha OCHOBE KOJIMUECTBA BXOHBIX MoJiel Habopa naHHbIX. Kpome TOoro, B OJHOM 4aCTHOM BapHaHTE
OCYLIECTBJICHHS Uil THIOBBIX 3a/1a4 Kiaccuukauuu GpopmaTt MOACKa3KH MOXKET ObITh 3apaHee
COXpaHeH B MaMsITH CUCTeMbI, Hanpumep, cuctembl 100, B Buae mabnona. Takum oOpazom, nmpu
dbopmaTupoBanun oOydaromero Habopa, cHadana oOydarommuii Habop TNpeoOpa3OBBIBAECTCS B
CTPOKY, U Jajiee IOTOJHIETCS CUMBOJIAMH, COOTBETCTBYIOLIMMH aOCTPAKTHBIM TCEBI0O-CIOBAM.
Tak, cumBon " {P}" siBisieTcst abCTpaKTHBIMH IICEBJIO-CIOBAMH, & PparMeHT {MMs_TIOJNA | SBISIETCS
nojieM oOydaromero Habopa, COIepKUMOE KOTOPOro HeOOXOOWMO BKIIFOYHTh HAa JAHHYIO
MO3ULIMIO TIPU (POPMHUPOBAHUH TTOACKA3KU K KOHKPETHOMY TIPUMEDY.

[0089] Tak, HanpuMep, B OHOM YaCTHOM BapHaHTe OCYLIECTBICHUS, IPU (GOPMATUPOBAHUH
oOyuaromero Habopa IJisl pelIeHHs] 3aJa4yu KiaccuUKaluu TeKCTa B OWHAPHOW BOMPOCHO-

orBeTHOH cucreme Oynmer crnepyroumii ¢opmatr: "{P}{P}{P}{Texcr 1}{P}{P}{P}{Texct



21 {P}{P}{P}". I'me cumBon {P} cooTBETCTByeT aOCTPAKTHOMY IICEBIO-CJIOBY, T.€. Ui JAHHOTO
CHMBOJIA HE CYIIECTBYET YEJIOBEKO-UYMTAEMOI'0 TEKCTOBOTO aHAJIOTA.

[0090] Takxum oOpa3om, Ha ykazaHHOM sTane 302 ¢popmupyercst opMaT MOACKAZKH.

[0091] B onHOM 4HacTHOM BapuaHTe OCYyIUECTBJIEHHMs, rmocie dtana 302 MOXET ClIenoBaTh
onuuoHanbHbd 3Tan 303. Ykaszanuseiii sTan 303 HeoOXOAMM B ciiy4ae, KOrma TOKEHU3aTop He
ONITHMMHU3UPOBAH JJIs1 TOKEHU3ALMY CHMBOJIOB, COOTBETCTBYIOLIMX a0CTPAKTHBIM IICEBAO-CIOBAM.
CToUT OTMETHTb, YTO ONTHMU3ALMUS TOKEHU3aTOPa MOXKET ObITh OCYIIECTBJICHA, HAPUMEp, 10
Hauana criocoba 300. I[Tpu HeoOxogumocTu onuuoHaabHOro 3Tana 303, Ha ykasaHHoM stare 303
n00aBISIOT B TOKEHH3aTOP IO MEHBbINEH Mepe OAMH TOKEH, COOTBETCTBYIOIIHMHA CHMBOJY,
nobasneHHOMY Ha 3Tane 302, 1 COXpaHsIOT ero HHAEKC B cioBape. Takum oOpa3oM, yKa3aHHBIN
stan 303 HEoOXOAMM TONBKO, €CJIU B UCXOAHOM TOKEHU3ATOpPe OTCYTCTBYET TaKOe CIIOBO, Kak
noOaBIeHHBIN CUMBOJI, YTO MPUBEAET K HEKOPPEKTHONW TOKEHU3ALUH TEKCTA.

[0092] Hanee cmocod 300 Takke MOMKET NEPEXOAUTh K OMIHOHAIbHOMY 3Tamy 304,
yKkas3aHHbIN 3Tan 304 MOXeT BBINONHATHCSA, MoayJeM 104, Kak ynmoMuHanoch Bbllle, YKa3aHHbIN
stan 304 HeoOXOAWM B Ciy4ae HECOOTBETCTBUs (hOpMaTa IIENIEBBIX KJIACCOB B OOydaroIeM
BXOIHOM Habope (mose «otrBer»). Tak, Ha sTane 304 CONMOCTABISIIOT BO3MOKHBIM B 3aJIaHHOU
3a1adye KJIacCHU(PUKALMU LEJeBbIM KjIaccaM, COAepKaIluMcs B OOydYaroIleM BXOZHOM Hadope
JAHHBIX, TOJy4eHHOM Ha otane 301, uX TEKCTOBbIE aHAJIOTH.

[0093] Tak, nns OWHApPHON BOMPOCHO-OTBETHOW CHUCTEMBI, LEJEBble KJIacChl OyayT
npeoOpa3oBaHbl B CJIOBA CIEAYIOIIUM O0pa3oM: { MONOKHUTENbHBIA => "na", oTpuLaTeNbHbIN =>
"Her"}. Iyl BBIYMCIIEHHMS MHAEKCA JAHHBIX CJIOB B CJIOBAPE BXOIHBIX AMOEIIMHIOB SI3bIKOBOH
MOJIEJH Jlajiee OCYIIECTBIISIOT MOCEOBATEIbHO TOKEHU3ALMIO KaKA0ro 13 ¢JioB (“ma” u “Het”).
VYkazaHHbIE HHIEKCHI 1ajiee COXpaHstoTCs B cucreMe 100 1 mpuMEHSIFOTCSI B TIpoliecce O0y4eHusl,
KOTOpBIi OoJiee moapOOHO OMKCAH HIKE.

[0094] Ha stane 305 BBIMONHSIOT TOKEHU3AIHUIO U BEKTOPU3ALUIO OTPOPMATUPOBAHHOTO HA
stane 302 o0yuaromero BXOAHOrO Hadopa JaHHBIX, IPUYEM BEKTOPHU3ALHS BBITIOJIHSIETCS TOJIBKO
11l TOKEHOB, KOTOPbIE HE OTHOCSITCSI K CUMBOJIAM.

[0095] BxonHOI TeKCT MOXKeT OBITh pa3iesieH Ha TOKEHbI. 1101 TOKeHOM B JAHHOM pPeLIeHUH
ciefyeT TMOHHUMATh IOCJIEN0BATEbHOCTh CUMBOJIOB B TEKCTE, KOTOpas UMeEEeT 3HaueHue ISl
aHanu3a. CTOUT OTMETUTb, UYTO OIpe/leJIeHHbIN METO] TOKEHU3ALH U BEKTOPU3aLlu1 3aBUCUT OT
SI3BIKOBOM MOJENM, HMCHOJIb3yEMOH B 3asBJICHHOM pELICHHM U XpaHsuleicsa B monyje 102.
Hanpumep, npu ucnonszoBanuu moaenu RuUGPT3, Tokennsanus ocyectsisiercs merogom BPE
(Byte Pair Encoding), a mocnenyromas BEKTOpU3aLUs - MyTEM 3aMEHbI KaXKIOT0 TOKEHa Ha ero
MHJIEKC B CJIOBApe SI3bIKOBOM MOJIENH, COCTABIEHHOM Ha 3Tare N3HA4aJIbHOrO OOYYeHHs MOJENH.

B €II€ OAHOM YaCTHOM BApHUAHTC OCYHICCTBJICHUSA TOKCHU3ALUA MOXKET MNPEACTABJIATH coboii



pa3OueHne TeKCTa Ha CJIOBa IO Mpodeny Mexxy ciaoBaMu. [lanee cocTaBisieTcs CIoBapb TOKEHOB
¢dukcupoBarHoro pazmepa (aHarpumep, 30000 TOKEHOB), TIe KaKAOMY TOKEHY COMOCTABIISETCS
ero MHAEKC B ciosape. Kpome Toro, B emje ONHOM YaCTHOM BApPHUAHTE OCYLIECTBJIEHUS MOXKET
BBIMOJHATBCS BEKTOPU3aLUsA KaXJOro TOKEHA, MOJY4YEHHOIO B TMpoLiecce TOKEHU3aLuHy,
HampuMmep, ¢ MOMOLIBI0 mpsiMoro koauposaHusi (one hot encoding). Tak, Hampumep, mpu
TOKeHM3aLuu Ha ocHOBe ainroputMa BPE, kaxaplii TOKEH, MOJY4YEHHBIN B XOJ€ YKa3aHHOIO
npoIecca TOKeHU3ALUH, MPEICTaBIEH B CIOBAPE CBOUM MHAEKCOM, OTOOPXKAIOINUI MO3ULIMIO B
yKa3aHHOM cjioBape. Takum 00pa3oM, KaxIblil TOKEH MPeACcTaBisieT OMHAPHBINA BEKTOP (3HAYCHUS
0 wiu 1), a eqUHMLIA CTABUTCS TOMY SJIEMEHTY, KOTOPBIH COOTBETCTBYET HOMEpPY TOKEHA B
CJIOBApe, YTO MO3BOJISIET MPEACTABUTh KAXKABII TOKEH B BUAE BEKTOpa (PUKCHPOBAHHON IJIUHBI,
COOTBETCTBYIOIIEH pa3sMEepHOCTH cyoBaps (Hampumep, pasmepHoctd 3000 wa 1), s
CTHEeLMAINCTA B JAHHOW 00JIaCTH TEXHUKU OYAET OUE€BUIHO, UTO JUIS BEKTOPU3ALUN TOKEHOB MOTYT
NPUMEHSTh U JPYTUe alTOPUTMbI BEKTOPU3ALIMH, HAMIpUMEp, aaroputMsl Word2vec u T. 1., He
OTPaHUYHUBASIC.

[0096] CooTBeTCTBEHHO 11JIsl NOOABJICHHBIX CHMBOJIOB HE CYIIIECTBYET WHACKCA B CIOBape, B
CBSI3U C YeM Ha JaHHOM 3Tane 30S ux BeKTOpu3anus He MPOBOAUTCS.

[0097] Ha »srane 306 wHuUNMamu3upyroT oOydaeMble BEKTOPHBbIE MPEACTABJICHUS IS
TOKEHM3MPOBAHHBIX CHMBOJIOB, COOTBETCTBYIOIINX a0CTPAKTHBIM IICEBIO-CJIOBAM, U 3aMEHSIOT
YIIOMSIHyTbl€ TOKEHW3MPOBAHHBIE CHUMBOJIBI Ha MHUIMATU3UPOBaHHbIE OOydaeMble BEKTOPHBIE
NPECTAaBJICHUs] CUMBOJIOB.

[0098] Ha stane 306 1y TOKEHU3UPOBAHHBIX CHMBOJIOB 33JJal0T UX HAa4YaJIbHOE BEKTOPHOE
npeacTaBleHue B ciosape. Tak, B OJHOM YaCTHOM BapHUaHTE OCYLIECTBJIEHUS YKa3aHHOE
BEKTOPHOE MpencTaByieHne (o0ydyaeMblie SMOSIIMHIN) MOKET ObITh 33JaHO CIYYalHBIM YHCIOM
U3 cjoBaps. YKasaHHbIe 3aJaHHbIE 3HAUYEHUs IIOJCTABISAIOTCS HAa MECTO TOKEHH3MPOBAHHBIX
CHMBOJIOB, T.€. NMPOUCXOAUT BekTopu3auus. B xome oOyueHust smOeqnuHru OyayT M3MEHEHbI
TakUM 00pa3oM, YTOObI MOIENIb C HAauOOJNbIIEH BEPOSTHOCTBIO BbIAaBaja BEPHBIH OTBET B
3aJ1aHHOM 3a/1a4e.

[0099] Ha stane 307 monaroT Ha BXOJ SI36IKOBOUM MOAeNN OT(HOPMATUPOBAHHBIE O0YUArOIIHIe
BXOJIHbIE JAHHBIE B BUJIE YMOCIIMHTOB, U MOJIYYAIOT BEPOATHOCTH TEKCTOBBIX aHAJIOTOB IIEJIEBBIX
KJIACCOB.

[0100] Ha stame 307 BekTOpHBIE MpencTaBieHUs OT(HOPMATHPOBAHHOTO OOYYAIOIIETO
Habopa MJaHHBIX, MOJNydyeHHble Ha Jtane 305 OO0BeNUHSIOTCS € WHHIHATU3UPOBAHHBIMHU
o0y4JaeMbIMH BEKTOPHBIMH MIPECTABICHUSMH CUMBOJIOB, MOJy4eHHbIe Ha dTane 306. YkazaHHOe
OoObEeMHEHNE MOXKET OBITh BBINIOJHEHO, Hampumep, monyieMm uHbekiuu 107. OO0wpenuHeHMe

MOXET OBITb BBIMIOJIHEHO IyT€M BCTAaBKM (MHBEKIMM) OOydaeMbIX SMOEIMHIOB HAa MECTa,



cooTBeTcTByIOIHEe cuMBOJY (cuMBod {P}). [onydeHHbIl 0O0OBENUHEHHBIH TEH30pP 3MOCIIHHIOB
3aTeM HUCTOJIb3YETCs B KAUECTBE BXOAHOT'O CIIOs AJIs T0OOyUaeMOi sI3bIKOBOH MOZIEIH (HAIIPUMED,
nns RuGPT3-Large).

[0101] Crout oTmMeTuTh, 4TO NpU 00pabOTKe TEH30pa SMOEAUHIOB SI3BIKOBON MOJIEINbIO,
BeCa S3bIKOBOHM MOnenu (PUKCUPYIOTCSI B HEM3MEHHOM COCTOsTHMU. [Ipu oOydeHun, HecMOTpst Ha
TO, YTO BXOJIHbIE BEKTOPHBIE MPECTABIICHHS, B TOM YHCIIE U 00y4aeMble, TPOXOAST Yepe3 MOIeIb
Y UCTIOJIb3YIOTCSI TIPH BBIYUCIICHUHU (QYHKIIMU MMOTEPh, BECA CAMOI MOJAETH He OOHOBIISFOTCS TIPU
miare rpaaneHTHOro cnycka. OcoO0eHHOCThIO yka3aHHOro crocoda 300 sBsSeTCS BO3MOKHOCTD
I000y4YeHHS SI3BIKOBOM MOZEIH (aBTOMAaTHYECKOT0 Moa00pa MoACKa3ku) Oe3 M3MEHEHHsI €€ BECOB,
YTO CYIIECTBEHHO CHH)KAET BBIUMCIIUTENbHBbIE PECypChl, HEOOXOAMMble Ha OOyYeHHEe M, Kak
CJIEZICTBUE, CHIDKAET 00BEM MaMATH, TpeOyeMbli sl XpaHEHHs alalTHPOBAHHOW MO peLIeHHe
3aa4u KIaCCU(PUKALIIH MOJIEIH.

[0102] Ha »tane 308 oOHOBHsIOT OOy4aemble BEKTOPHBIE MPENCTABJICHHS, HAa OCHOBE
UCTUHHBIX 3HAUEHUH IeNIeBBIX KJIACCOB MJsI KaXKIOro OOyYaromero OObEeKTa, HUTEPATHBHO
noBTopss otanbl 307-308 10 BEIMOIHEHUS KPUTEPUST OCTAHOBA.

[0103] Jist mooOy4eHusi S3bIKOBOM MOZENU MOKeT OBITh HCIONIb30BaH Moxayib 108. B
pesynbraTe oOydeHHst OyAyT MOJy4eHbl ONTUMAJbHbIE M JAHHOW 3a7a4yd Kiaccuukamuu
3Ha4eHUs1 00y4aeMbIX 3MOEIIMHIOB, KOTOPbIE B AabHEHIIIEM MOKHO OyAeT MCIONb30BaTh IS
pelLIeHns 3aa4u KiacCHu(puKauu.

[0104] Ha yxasanHom stane 308 ocyiuecTBisercsi moadOp ONTHUMANbHBIX 3HAUEHUH AJIs
o0y4aeMbIX SMOEIIMHIOB, HAITPUMED, C IOMOIIBIO CTOXACTHYECKOTO MPaIueHTHOro cnycka. Tax,
HarpuMmep, CHUCOK BXOAHBIX S3MOEIIMHIOB, MOJY4YeHHBIX Ha dSTarne 307, MOCTymaeT B CIIOU
nooOy4yaemMoil (amanTHpyemMoii) MOIENH, Ha BBIXOAE KOTOPOHM COAEPIKUTCS TEH30p MAHHBIX C
pacripeneneHreM BEPOSITHOCTEH CleAyIoLero TokeHa. M3 yka3aHHOrO TEH30pa BBIOMPAOTCS
TOJIBKO BEPOSTHOCTH, COOTBETCTBYIOIIUE LIEJEBBIM KJIACCAM U BBIMHCISETCS (PYHKLIHS MOTEPb
MEKAy BBIOPAaHHBIMH BEPOSTHOCTSIMH M MHAEKCOM IieNieBOoro kiacca. Ilocie 4ero ¢ moMouibio
NpOLEAypbl OOPATHOrO PACHPOCTPAHEHUS] OMIMOKH BBIYHCISIOTCS TPAJAHEHTHI JJIsT 00y4aeMbIX
SMOEIIMHTOB U BBITIONIHSETCS UX OOHOBNeHHE. B xone oOyueHust smOeniuHru OyIyT MEHSThCS
TaKUM 00pa3oM, 4ToObI MaTeMaTH4eCKOe OKUIAAHWE 3HAYCHUS (PYHKLUUH TMOTEph Ha JIFOOOM
00BeKTE U3 paclpeesieH s, COOTBETCTBYIOIIETO pacpeneeHHI0 00beKTOB 00yUaromnero Habopa
TaHHBIX, YMEHBIIAJIOCH.

PaccmotpuM B kauecTBe mpuMepa ciaenyroimmi odydaromuii Habop TaHHBIX

oOyuaromnuii Habop HaHHBIX: [ {MaMa MbLIa paMy?, na}, {€cTh JIn Ha Mapce KU3Hb?, HeT} |

OOyuenne 5MOeINMHIOB, NEMOHCTPUPYIOLIEE KaK IOBBIMIACTCS BEPOSTHOCTH IPABHIBHOTO

KJacca:



GPT(<P=[0.33, 0.11, 0.1]>Mawma wmbina pamy?) => [na: 0.1, met: 0.5, Bo3amoxkno: 0.0, me6o: 0.1]
=> BEPOATHOCTb NpaBUIbHOro oreera: 0.1

GPT(<P=[0.32, 0.12, 0.1]>Mawma wmbina pamy?) => [na: 0.2, net: 0.4, Bo3amoxHo: 0.0, vHe6o: 0.1]
=> BEPOATHOCTb MPaBUIBLHOrO oTBeTa: 0.2

GPT(<P=[0.35, 0.09, 0.1]>Mama mpi1a pamy?) => [na: 0.4, Het: 0.2, Bo3moxHO: 0.0, HeGo: 0.1]
=>BEepOSITHOCTb PAaBUJILHOTO oTBeTa: 0.4

GPT(<P=[0.2, 0.3, 0.1]>Mama mbia pamy?) => [ma: 0.5, "er: 0.1, Bo3moskno: 0.0, Hebo: 0.1] =>
BEPOSITHOCTb MPaBUIIbHOTO oTBeTa: 0.5

GPT(<P=[0.1, 0.5, 0.1]>Mama mbu1a pamy?) => [ga: 0.5, vet: 0.1, Bosmoxno: 0.0, Hebo: 0.1] =>
BEPOSTHOCTH MPaBUIIbHOrO oTBeTa: 0.5

[0105] Kak BumHO w3 mnpumepa, oOyueHHe SMOEIAMHIOB OCTAHOBJIIEHO B CBSI3U C
BBIITOJIHEHHEM KPUTEPUS] OCTAHOBA. YKAa3aHHBIH KPUTEPHH OCTAHOBA, MOXET INPENCTaBIATH,
Hanpumep, GUKCUPOBAHHOE YHUCIIO UTEPALIUI, JOCTIKEHHE 3HAUEHUS 3aJaHHOIN BEPOSITHOCTH JJISt
LIEJIEBOTO KJ1acca M T.1. XOTS M YKa3aHHbBIN npuMep oOydeHus: SMOeIIMHIOB IPUBEIECH HA OTHOM
o0yd4aroiem npuMepe, BXKHO OTMETHTD, YTO TPH KaXKIOM OOHOBJICHUN 3HAYEHUI SMOEITNHTOB
YUUTBIBAKOTCS CPa3y HECKOJIBKO MPUMEPOB M3 00y4aroIero Hadopa JaHHBIX.

[0106] Ha stane 309 QopmupyroT (aiinm naHHBIX U COXPAHSIOT OOYUEHHBIE BEKTOPHBIE
NPEACTaBJICHUS] CHMBOJIOB, COOTBETCTBYIOIINE a0CTPAKTHBIM MICEBIO-CIIOBAM.

[0107] OOyuennbie sMOenIeHr Y, oyuyeHHbIe Ha dTarne 309, coxpaHsoTcs B aiil JaHHBIX.
VkazaHHbIe 3MOENIUHIU SBJSIIOTCA ONTUMAJBHBIMU U JAHHON 3amauM kiaccupuxkauuu u
NpeAHa3Ha4YeHbl JI MOBBIMIEHHUsS] TOYHOCTU SA3BIKOBONH MOJENU IPU PEIIEeHHH IOCIEAYIOIINX
3a7a4 KJIacCU(UKAIMU CXOXKero THIa. B OHOM 4acTHOM BapuaHTe OCYIIECTBIIEHHs, O0y4eHHbIE
SMOeIIMHTH (3HaYeHHsT BEKTOPHBIX MPEICTABICHHUN) COXPAHSIOTCS BMecTe ¢ (opmaTom
TIOJICKA3KU ISl YKAa3aHHOU 3anaun kiaccupukaumu. Crnenuanucty B JaHHOH OOJIaCTH TEXHUKHU
OYEBHIHO, YTO JJISl Pa3HbIX 3a7ad KJIACCH(PUKALMU MOXKET XPAHUTBHCS HECKOJBKO (hailioB ¢
00y4YeHHBIMH SMOEITUHTAMU.

[0108] Takum 0Opa3zoM, 3a CHET aBTOMATHYECKOW TeHepaluy MOJCKA3KU IS 000yUYeHus
S3BIKOBOM MOJIENIM Ha pEIleHUe 3aaHHOW 3a7a4yl KJIACCU(PHUKALMM TEKCTa, 00eCreunBaeTcs
BO3MOXKHOCTh JTOOOYYEHHsI SI3bIKOBOH MOJENU Ha MAaJbIX BBIUYHUCIUTENBbHBIX MOLIHOCTSX C
COXpPaHEHUEM BBICOKOW TOYHOCTH JJisl peraeMon 3azaur. Kpome TOro, ykasaHHbBIA MPOLECC
n000y4YeHHsT CHUKAET HEOOXOAMMBIH 00beM mamsATH, TpeOyeMblil il XpaHeHUs1 Jo0OyUeHHOH
S3BIKOBON Mozienu (TpeOyeTcst XpaHUTh TOJIBKO OOyUEHHbIE SMOESITNHTH).

[0109] Ha ¢wur. 4 npencrasnena 6ok cxema criocoda 400 knaccuduKkaiuy TeKCTa siI3bIKOBOM
MOJIEJTbI0, KOTOPBIA PACKpBIT MO3TANHO Oojiee moApoOHO Hmpke. YKa3aHHBIA crocod 400

3aKJIFOYAETCsl B BBIMIOJHEHUHM 3TAIlOB, HANPABIEHHbIX Ha OOpabOTKy pas3iMuHBIX LH(POBBIX



nauabIX. O0paboTKa, Kak MPaBUIIO, BHIMIOJIHSIETCS C IIOMOIIBIO CHCTEMBI, HarpuMep, cuctemsr 200,
KOTOpasi TAK’K€ MOKET MPEACTABIATh, HAPHUMED, CEPBEP, KOMITBIOTEP, MOOUIIBHOE YCTPOICTBO,
BBIYMCJIUTEJIBHOE YCTPOUCTBO U T. A.

[0110] Ha stane 401 mony4aroT BXOAHOW HAOOp NAHHBIX, COOTBETCTBYIOLINI Tpedyemoii
3amave kjaccudukanuu, B ¢popmMare, Ha OCHOBE KOTOPOro H000ydanach SI3bIKOBAsi MOJEINb, H
TOOOYYEHHYIO SI3BIKOBYIO MOJIEIb.

[0111] BxonHoii HaOop HaHHBIX, COOTBETCTBYIOIIUN TpeOyeMoi 3anaue kiaaccuukaluu, B
dbopMaTe, Ha OCHOBE KOTOPOro noo0ydajach SI3bIKOBAsi MOJAENb, MpencTaBiisieT coboit Habop
JAaHHBIX, KOTOPBIH CTPYKTYpPHO COBHanaer ¢ OOy4aroImuM HaOOpPOM MHaHHBIX (COAEPIKUT
AHAJIOTHYHBIE TOJIS), OJHAKO B HEM OTCYTCTBYET Pe3yJIbTaT peIiaeMoi 3aJa4u KJIacCH(pUKAIH.
Tak, yka3aHHBI BXOAHOH HAOOP MAHHBIX MOXKET OBbITh TOJY4Y€H, HANpPUMeEp, OT AUAIOTOBOM
CUCTEMbl TIOCPEICTBOM KaHaja CBsI3M, Hampumep, ceTu HVHTepHeT, U MOXET COAepKaTb,
HanpuMep, JJIsl pelaeMon 3a1a4n KiJacCU(UKAUN TEeKCTa JAJIST OTBeTa Ha OMHApPHBIA BOIPOC,
Habop, cocTosmmid u3 ABYX mosed: "mexcm ":, "eonpoc”:. T.e. BxogHOH HaOOp mpencraBiseT
co0OH HemOoCpPeNCTBEHHBINH TEKCT, KOTOPBIH 1O 3TOro He ObUI MOJAH B SI3bIKOBYIO MOZEIb, B
¢dopmare, CXOKHUM IO CTPYKTYpe ¢ 00YHArOINUM BXOAHBIM HAOOPOM JAHHBIX.

[0112] JlooOy4eHHast sI3bIKOBasi MOZEIb MOXKET ObITh MOJy4eHa U3 MoayJss 202. YkazaHHast
n000y4YeHHas 3bIKOBAst MOJIEIIb SIBJISIETCS SI3bIKOBON MOJIEIbIO, ITOJYYEHHOH B pe3ysbTaTe padoThl
cucremsl 100. Tak, B OJHOM YaCTHOM BapHaHTe OCYIECTBIICHUS, 1OOOyUEHHAs S3bIKOBAst MOJIENb
NpeCTaBiIsIeT COOOM S3BIKOBYIO MOJENb CO CreHepUpOBaHHOHN mozackaskoi. Tak, Hampumep,
nooOy4deHHasl SI3bIKOBasi MOJENb CO CreHepUPOBAHHBIM (popMaToM MOACKAa3KU (OOyYEeHHBIMH
sMOeIIMHIaMu ), MOXKET OBITh MosydeHa ot cuctemsl 100 nmocie BeinonHeHus crocoda 300.
[0113] Ha stane 402 BBIMOSHSIOT (OPMATUPOBAHHE BXOIHOTO HAOOpa NaHHBIX, JOTMOJHSIS
€ro CHMBOJIAMH, MpPHYEM KaXIblii CHMBOJ COOTBETCTBYeT aOCTPAKTHOMY IICEBIO-CIIOBY.
VYkazanHbIi1 5Tan 402 MOXET BBINOJHATLCS, HaIpuMep, moaysem 203.

[0114] Ha stane 402 ocymecTpiisieTcs: mpeodpa3zoBaHue BXOAHOTO HAO0Opa TaHHBIX B CTPOKY,
COCTaBNIsII €€ W3 CIHUCKA TNOJeH, KOTOpBIH COAEpPKHUTCS B yKa3aHHOM HaOope HaHHBIX U
no0aBIeHNsI CHMBOJIOB MEXKAY MOJSIMUA BXOAHOTO HAOOpa, MpUUeM, KOJIMYECTBO U PACTIONIOKEHNE
CHMBOJIOB B Iporiecce (opMaTUPOBAHUS COOTBETCTBYET (hopmMaTy noackasku, Kak Obuio ykasano
paHee, IS pa3HBIX 3a7a4 KJIACCH(PHUKALNUK MOTYT OBITh CT€HEPUPOBAHBI Pa3HbIE MOICKA3KHU MO
COOTBETCTBYIOLMI THUIl peumaeMoi 3ana4du. Tak, B OJHOM 4YaCTHOM BAapHUAaHTE OCYLIECTBJICHMUS,
¢dopmaTupoBaHHe BXOAHOTO HaOOpa MAaHHBIX OCYLIECTBISIETCS HAa OCHOBE IMAa0JOHA st
¢dopmatupoBanusi. CTOUT OTMETHTb, YTO THIl PEIIAeMON 3ajadd, a CJIEAOBATENbHO, U THUI
mabioHa (GopMaTUPOBAHUS MOXKET MOCTYIaTh, HAaIpPUMeEpP, COBMECTHO C BXOAHBIM HabOpPOM

naHHbIX. KpoMe Toro, B e11e 0JHOM 4aCTHOM BapUaHTe OCYLIECTBICHUs (POPMAThI IIA0JIOHOB JJIs



Pa3NMYHBIX 3a7a4 MOTYT XPAaHUTBCS B mamsiTu cuctemsl 200, Hanpumep, B Buae daiina, 1 MOTYT
BBIOMPATHCSI B COOTBETCTBUH C TUIIOM BXOJHBIX TOJIEH, ONPENeNsieMOro, HalpuMep, ¢ ITOMOLIBIO
pEeryJIsipHBIX BBIPAKEHUH.

[0115] OOmwmit mpuHIMN (QOpPMAaTUPOBAHUA 3aKJIIOYAETCS B NPEe0oOpa3sOBaHUHM BXOJHOTO
HaOOpa aHHBIX B CTPOKY, COCTaBIISISl €€ M3 CIUCKA MOJeH, KOTOPbIH COAEPKUTCS B YKa3aHHOM
HaOope JaHHBIX U J00ABJIEHHs CHMBOJIOB MEXXAY MOJSIMU BXOAHOTO HAOOPa, MpUUeM, KOJTHIECTBO
U PacCIOJIOKEHHe CUMBOJIOB B Ipouecce GOpMaTHPOBAHMs COOTBETCTBYET (HOPMATy MOACKA3KH.
Takum oOpa3om, npu (¢HopMATHPOBAHUH BXONHOrO HabOpa, CHavaja BXOAHOH HaOop
npeoOpa3oBbIBAETCS B CTPOKY, U AaJiee TOMOTHIETCS] CHMBOJIAMU, TPUYEM KOJIMYECTBO M TIO3HLIUS
YKa3aHHBIX CHMBOJIOB COOTBETCTBYET KOJIHMYECTBY W TO3WLMAM CHMBOJIOB, JOOABJIEHHBIX B
npouecce ¢opMaTupoBaHusi oOydvaromero Hadopa moxyiem 103 st KOHKpPETHOH 3amadu
kinaccudukanun. Tak, HampuMep, B OJHOM YaCTHOM BapHUaHTE OCYIIECTBJICHUS, PE3yJIbTATOM
¢dopmatupoBanusi BxomHoro Habopa Oymer cnenyromuii  Qopmar:  "{P}{P}{P}{Texct
1} {P}{P}{P}{rexct 2}{P}{P}{P}". Ilpuuem, yka3aHblii popmaT COOTBETCTBYeT (opmary,
BBIOpaHHOMY B Tporecce padoTel cucteMel 100 st 3agaun KinaccuuKamy.

[0116] Ha stamne 403 BBIMOJHSAIOT TOKEHU3ALUIO U BEKTOPH3ALUIO BXOAHOTO HA0Opa TaHHBIX,
IPUYEM CHMBOJIBL, COOTBETCTBYIOLIE a0CTPAKTHBIM MICEBIO-CIIOBAM, 3aMEHSFOTCS] HA OOyUEHHBIE
BEKTOPHBIE MPEJICTABJIEHHSI CHMBOJIOB, COXPAHEHHBIX B (paiiie NaHHBIX.

[0117] Ha strame 403 ocyuiecTBisieTcss TOKEHH3ALUsl M BEKTOPH3aLMsl BXOAHOrO Habopa
JAHHBIX, Hamnpumep, nocpencrsom moayias 203. IIpuyem B Xonme mpouecca TOKEHU3ALUU U
BEKTOPHU3aLlUK, YKa3aHHAas TOKEHU3alMsi U BEKTOPU3ALUsl BBIMOJHAETCS AJIsl BCErO BXOIHOIO
Ha0Opa JaHHBIX, TI€ CUMBOJIbIL, COOTBETCTBYIOIIME A0CTPAKTHBIM IICEBI0-CIOBAM, 3AMEHSFOTCS Ha
OoOy4eHHbIE BEKTOPHbIC TMPENCTABJIECHUs] CHMBOJIOB, TOJy4eHHble OT cuctembl 100, a
BEKTOPH3ALHsI TOKCHU3UPOBAHHBIX CHMBOJIOB OCYIIECTBJISIETCSI HA OCHOBE 3HAUYEHHH, O0YYEHHBIX
smbennunroB. Kak ykas3plBajoCh, BbIIE, 3HAYEHUs] OOYYEHHBIX SMOEIIMHIOB, MOJYYEHHBIC B
pesynbraTe BeIMoSHEeHHs criocoba 100 moryt ObiTh oTmpasieHsl B cuctemy 200 mocpeacTsom
KaHaJla Tepelayi JaHHbIX. Tak, BMECTe C THIIOM IOACKA3KH, MOXKET ObITh OTHpaBiieH (ain u3
KOTOPOTO U3BJIEKAIOTCS 3HAYEHHS] TOKEHOB JUII CUMBOJIOB M 3HAYEHUS] OOYUYEHHBIX BEKTOPHBIX
MPENCTABJICHUN, KOTOPBIE, B IPOLIECCE BEKTOPU3ALNN U TOKEHU3ALNH, MTOACTABIISIFOTCS HA MECTO
CHMBOJIOB, TOOABJIEHHBIX B pe3yJbTaTe (OPMATUPOBAHUS.

[0118] Ha stame 404 BuIMOTHSIOT OOpaOOTKY MAaHHBIX, MONYYeHHbIX Ha Jtame 403,
T000YYEHHOH SI3bIKOBOM MOJIENBIO, B XOJ1€ KOTOPOH MOJIyHar0T BEKTOP JIOTUTOB, OTPAKAFOIIUH
BEPOSITHOCTHOE PACIPENENICHUE KIACCOB, COOTBETCTBYIOLINX CJIOBAM CJIOBAPS sI3IKOBOU MOAEIIH.
[0119] Tak, Ha ykasanHoMm ostane 404 ordopmaTupoBaHHBII HAOOP BXOIHBIX JTAHHBIX

NOCTYIaeT Ha BXOJA AOOOYYEHHOH SI3bIKOBOM MOJENH, Izie NMPOUCXOAUT 00pabOoTKa yKa3aHHBIX



naHHbIX. Ha BbIXOZE S3BIKOBOM MOJEIH CONEPIKUTCS TEH30P C PaCIpenesieHUeM BEpOATHOCTEN
CJIEAVIOIIErO TOKEHA, KOTOPBIH MpencTaBiseT cOOOH HaOOp JIOTUTOB IUISI KaXIOTrO TOKEHA
BXOIHOH MOCJIEOBATEIbHOCTH.

[0120] PaccmorpuM ykaszanHbli 3Tan Ha npumepe. [Ipumep pernenus 3agauu OnpeaeseHus
UCTMHHOCTH BXOJHOTO TeKCTa. B KauecTBe LEJEBBIX KJACCOB MAJsl PEIIAeMOM 3adauu U3
oOy4aroero Habopa JaHHBIX ObUIH OMpPEAeeHbI CIEAYIOLIHNe KIacchl: | - TekcT uctuHHbIM, 11 -
TEKCT JIOJKHBIN, COOTBETCTBEHHO UM ObUTH MPUCBOEHBI CIENYIOIIHE TeKCTOBbIe aHajory: I - na, 11
— HeT. PesynbraToM 00paboOTKu HOOOYYEHHOH S3BIKOBOM MOIENIBE) BXOMHOTO HAaOOpa MaHHBIX,
NPEACTaBJICHHOTO B CIEIYIOIIEM BHIE. KTEKCT». «BOMPOCY»: OyIeT CIEAYIOLIHA BEKTOP JOTHTOB:
v =[0.1, 0, 0, 0.3, 0.5] == [B, Ha, na, HeT, HaBepHOe]|. JlIMHA yKa3aHHOTO BEKTOpPA POBHSETCS
JUTMHE CIIOBaps A3bIKOBOUM Monenu, Hanpumep, S0000 cios.

[0121] Takxum 0Opa3om Ha ykazaHHOM 3Tarne 404 BBITIOTHSIETCS MOJy4YeHUEe BEKTOPA JIOTUTOB,
OTpa’karoIlEro BEPOSTHOCTHOE pacIpelielleHHe KJIACCOB, COOTBETCTBYIOIIMX CJIOBAM CJIOBaps
SI3BIKOBOM MOJIEJIH.

[0122] B kauecTBe eme oOgHOro mnpuMepa pPacCMOTPHUM peELIEHUE 3aJa4d CPaBHEHUs
KOJIMYECTBA CJIOB «MyXa» M «CTEKJIO» B Tekcre. LleneBbie kmaccol: 1 - cIOBO Myxa BCTpedaeTcs
qawe, II - cioBo crekno Berpevaercs dame. Tekcrosble aHanoru: I - myxa, II - crekino. Beixon
noobydeHHOH s13p1k0BOM Momenu v = [0.1, 0, 0, 0.3, 0.5] == [B, Ha, MyXa, CTEKJIO, HaBepHOE].
JlivHa BBIXOIHOTO BeKTOpa |[v| = const = |V|, T.e. paBHA JUIMHE CJIOBapsI.

[0123] Ha stane 405 BriONparoT 11e51€Bble KOMIIOHEHTHI JIOTUTOB, COOTBETCTBYIOLINE TOKEHAM
LIeJIeBbIX KJIACCOB peIIaeMOn 3a1a4n KiIacCH(puKaLmm.

[0124] Ha ykxasannom stane 405 u3 BekTopa JOrHUTOB, HAlIpUMeEp, ¢ MOMOLIBI0 MoAyst 208,
OCYLIECTBJISIFOT BBIOOP LIEJEBBIX KOMIIOHEHT, KOTOPbIE COOTBETCTBYIOT LIEJIEBBIM Kjaccam. Tak,
NpOAOJIKas MPUMep pealiu3aluy A pelaeMou 3a1adil OIpeneseHHs] UICTUHHOCTH BXOJHOTO
Tekcta OynyT otoOpanbl cieayromue tenesblie komroHeHtsl: [I, II] = [ma, wer] = [0, 0.3].
COOTBETCTBEHHO sl APYTOTO MPUMEPA CPABHEHUS KOJIMUECTBA CIIOB «MyXa» U «CTEKJIO» B TEKCTE
OyayT orobpansl cienyromue neiesbie komnoneHtsl: [I II] = [myxa, crekso] = [0, 0.3].

[0125] Ha stane 406 onpenensiroT U3 LENEBbIX KOMIIOHEHTOB JIOTUTOB, OJIyYEHHBIX Ha 3Tare
€), KOMIIOHEHTY JIOTHTa, OTPAKAIOIIYI0 HAUOOJbIee 3HAUEHHE BEPOSATHOCTH MPUHAIIEKHOCTH K
LIEJIEBOMY KJIacCy.

[0126] Ha ykasanHom »stame 406 u3 OTOOpPaHHBIX IIEJIEBBIX KOMIIOHEHT BBIOHUPAIOT
KOMIIOHEHTY ¢ HaubOoJjbiIell BepOATHOCTHIO. Tak, MpomoypKas MpUMeEp 3aJaddl ONpeneICHHS
HCTUHHOCTH BXOJIHOTO TEKCTa BTOPOH LeNIeBON KJlacC MMeEeT 3Ha4eHHE BEPOSTHOCTH Oobliee,

4yeM nepBblii, cinenoBatesibHO I > I === Her > ma => otser Il (TekcT noxHbIH). s mpumepa



CPaBHEHUSI KOJIMYECTBA CJIOB «MyXa» U «CTEKJIO» B TEKCTE COOTBETCTBEHHO II > I === crekno >
Myxa => otBeT I (CJI0BO CTEKIIO BCTpedaeTcs vaine).

[0127] Ha sTane 407 reHepupyrOT OTBET B TEKCTOBOI (hOpMe, COOTBETCTBYIOLIHNI BRIOPAaHHOMN
Ha 5Tane 406 KOMIIOHEHTE.

[0128] Tak, Ha yka3aHHOM 5Tarne 407 TEKCTOBBI aHAJOT BbIOPAHHOTO LIEJIEBOTO KJjacca,
UMEIOINEro HauOOJNBINYI0 BEPOSITHOCTb MOXET ObITh OTIpPABI€H B CHCTEMY Ul KOTOPOH
pelanach nmocTaBieHHas 3a1a4a Kiraccuukayy. Tak, yKa3aHHBIMU CUCTEMAaMH MOTYT SIBJIATBCS
JMAJIOTOBbIE ACCUCTEHTBI, CHCTEMbI (PHIIbTPALIMN HEHOPMATHBHOMN JIEKCUKH, BOMPOCHO-OTBETHBIE
cuctemsl U T.71. Ilepenada creHepUpOBAaHHOIO OTBETA MOXKET OCYLIECTBIATHCS MO KaHAJY CBSI3H,
takoMy kak MHatrepuer. Kpome TOro, B OIHOM YaCTHOM BapHUaHTe OCYLIECTBJIEHUS
Cr€HEepUPOBAHHBII OTBET MOKET OBITh COXPAHEH B MIAMSTU CHCTEMBI, TaKOH Kak cuctema (500).
[0129] Takum 00pa3oM, B BBIIENPHUBEACHHBIX MaTepHajax ObLUIM OMHCAHBI CHCTEMbI U
CIIOCOOBI ABTOMATHYECKOTO JOOOYUEHHS SI3BIKOBOM MOJIEINH JJIsl pEIIEHHs 3a/1a4 KilacCu(pUKaum
U KJIaCCU(PHMKALNS TEKCTA SI3bIKOBOH MOAETIBIO.

[0130] Tenepp pacCMOTPUM NPUMEPBI PEATU3ALUHN 3asIBJIEHHOTO TEXHUYECKOIO PELIEHUS.
[0131] Kak ynomuHamoch Bbllle, 3asBJICHHAs TIPyIna H300pPETEHUH BBINOJHEHA C
BO3MOYKHOCTBIO PEIICHUS] NMPUKJIAIHBIX 3a1a4 KIacCU(pHUKALMKA. AmanTtanusi U300peTeHus Mox
KOHKPETHYIO 3a/ady KJIacCU(UKALMHM BBIMONHAETCS W3MEHEHHeM Qopmara IOACKAa3KH, U,
COOTBETCTBEHHO H3MEHEHHeM TIpouecca (OpMATHUPOBAHUS MCXOAHOTO TEKCTa, M IIEJIEBBIX
KJIACCOB, MPEACTABIIOLINX OTBET Ha peuiaemyro 3anady. PaccMOTpuM pasiuyHbIe BapUaHThI
peanu3aluy 3asBJIEHHOTO pelneHusi Ha HabOope 3amad u3 RussianSuperGLUE (mocrymHo mo

ccbUIKe, HalineHo B MiHTepHer: https://russiansuperglue.com/tasks/).

[0132] Jnst mpumepa Bo3bMeM 3amaHue Terra (3amgada oOmpeneNieHus, Y4YUTbIBas ABa
TEKCTOBBIX ()parMeHTa, BBIBOJUTCS JIU (MOKET OBITh BBIBEACHO) 3HAYEHHE OJHOTO TEKCTa U3
apyroro Tekcta). Jlns peuieHHs yKa3aHHON 3amadd, SI3bIKOBas MOZeENb Jaoo0ydainach Ha
oOyuaromem Habope naHHbIX, copepskamum 2016 npumepos. [1pu obyuennn monenu RuGPT3 XI
(moctymHa o cepiike: https://huggingface.co/sberbank-ai/rugpt3large based on gpt2). Yaanocek
NOOUTbCS 3HAYUTENBHOTO COKPAIIECHUS 3aTPaueHHBbIX pPECypcoB Ha OOy4YeHHE Tak Kak
BBITIOJTHSIOCH OOYYEeHHE TOJBKO 3.2 MIIJTHOHOB MapamMeTpoB (moadop odydaeMbix SMOETMHTOB)
BMecTO 760 MHJUTHOHOB TTapameTpoB (Togdop BECOB S3bIKOBON MOAEIH IS PELICHHs YKa3aHHON
3amaun). IIpu 3TOM KauecTBO (TOYHOCTB) SI3BIKOBOH MOJAENH TPEBBICHIIO KAYECTBO SI3BIKOBOU
Mozenu, 00y4eHHOH craHmapTHbIME MeTonamu (76.1 accuracy BmecTo 65.4 accuracy).

IIpumep 3amanus:

“mexcm’”’: “Aemop nocma Hanucan 8 KOMMeHmMapuu, Ymo NPOPEANACt KaAHAIU3AYUs.

’

“6v1600"": “Aemop nocma nanucan npo Kananuzayuo.’



“omeem”: “Cessb ecms”.

[0133] Ha ®wur. S npexncrasnen npumep oOmero Buaa BBMHCIUTENbHON cuctemsl (500),
KOTOpasi o0ecreunBaeT peann3aluio 3asBieHHbIX crmocoOoB 300 u 400 win SIBISIETCS] YacThIO
KOMITBIOTEPHOM cucTembl, Hanpumep, cucremel 100 unu cuctems 200, 1/uny peanusyer MOIAYJIH
ykasanHbix cucreM 100 u 200. Kpome toro, ykazannas cucrema (500) MOKET SIBJIATHCS CEPBEPOM,
NePCOHAJIbHBIM ~KOMITBIOTEPOM, YacThI BBIMUCIUTENBPHOIO Kjactepa, oOpadaThIBaroIINM
HEOOXOIMMBbIE TAHHBIE JUIsI OCYIIECTBIICHUS 3asIBJICHHOTO TEXHUYECKOTO PEIIEHUSI.

[0134] B obuiem cinyuae cucrema (500) CONEpsKUT TaKHMe KOMIIOHEHTbI, KaK: OJIMH Wiu OoJee

npoueccopos (501). no MeHbLuel Mepe onuy namsaTth (502). cpencTtBo xpaHeHus aaHHbIX (503),

unrepdeiicel BBoaa/Beioaa (504). cpencrso B/B (505), cpeacTBo CETEBOr0 B3aUMOICHCTBUS

(506). KOTOPBIE OOBEAUHATCS MTOCPEACTBOM VHUBEPCAJbHON ITUHBL

[0135] Ipoueccop (501) BBIMOIHAET OCHOBHBIE BRIYUCIUTEIbHBIE OMEPAIIUU, HEOOXOIUMBbIe

st o0pabOTKU NaHHBIX Opu BblnojgHeHun crnocoba 300 u criocoba 400. IIpoueccop (501)

HUCIIOJHACT HGO6XOI[I/IMI:>IG MAIIMHOYNTAEMbIE KOMAHJIBL, COIEP:KANINECS B ONEPATHBHOM IMAMSITH

(302).

[0136] IMamsate (502), kak mpaBwio, BbimojHeHa B Buae O3Y U cOnepkUT HEOOXOTUMYIO

IPOrPAMMHYVIQ JIOTHKY., 00ECIIeUNBAONIYI0 TpeOVeMbIi (hYVHKIIMOHAIL.

[0137] CpenctBo xpaHeHus naHHBIX (503) Moxker BemonHAThes B Buae HDD, SSD nuckos,

perin MaccuBa, QusLI-maMsITH, onTuyeckux Hakonurteseil uudopmauuu (CD, DVD. MD. Blue-

Ray muckoB) uT. 1. Cpencraa (503) HO3BOISOT BBINOJHATE AOJTOCPOYHOE XPAHEHUE PA3JIUYHOTO

BHJA I/IHd)ODMaLII/II/I, HaIlpUMep, SI3bIKOBLIX MOAEJIEH, O6V‘{eHHbD( 3M6eZ[I[I/IHFOB UT. II

[0138] JUnsi opraHu3anui padoThl KOMIIOHEHTOB cucTeMbl (500) M OpraHM3aluu pPadoThI

BHEIIHUX MNOAKJIIOYAEMBbIX VCTPOUCTB MPUMEHSIOTCS pasanunble Buabl uatepdeiicos B/B (504).

BBI60[) COOTBETCTBVYIOIIIHNX I/IHTeDd)efICOB 3aBUCHUT oT KOHKPETHOTI'O HNCITIOJTHECHUA

BBIYNUCJIUTEJLHOIO YCTPOMCTBA, KOTOPBIE MOIYT IIPEACTABISATL COO0M, He orpanuuuBasichk. PCL
AGP, PS/2. IrDa, FireWire, LPT, COM., SATA_ IDE. Lightning, USB (2.0. 3.0, 3.1. micro, mini,
type C). TRS/Audio jack (2.5, 3.5, 6.35), HDMI, DVIL. VGA, Display Port. RJ45. RS232 u 1. .

[0139] Bribop unTepdeiicoB (504) 3aBUCHT OT KOHKPETHOTO MCHOJHEHUs: cuctembl (500),

KOTOpasi _MOKET ObITh _peajr30oBaHa Ha 0a3e IIMPOKO KJIACCA YCTPOWCTB, HAMPUMED,

NEPCOHAILHBIN KOMIIBIOTED, MelH(pelM, HOVTOVK, CepBEPHBIA KJacTep, TOHKWM KJIUEHT,

cMapTdOH, CepBep U T. IL.

[0140] B xavectBe cpencts B/B pmannbix (505) MOXeT WCHOIB30BATHCS. KJIABUATYPA,

JDKOWCTUK, nucIuiel  (CEHCOPHBINM  OUCIUIEeil), MOHHUTOD, CEHCODHBLIM NUCIUIEH, Tadmaj,

MAaHUNYJIATOP MBbIIIb, CBCTOBOC TICPO, CTUIYC, CCHCOPHAasA TIAaHEIb, TDeK60.]'[, JHMHAMHWKH,

MI/IKDOd)OH, CPEICTBA JIONOJHEHHON PeajbHOCTH, ONTHYSCKHE CEHCOPHI, IIJIAHINET, CBETOBBLIC




HUHAWKATOPLI, IMIPOCKTOP, KaMEpad, CPpEaACTBaA 6I/IOM6TDH‘IGCKOI>'I I/II[eHTI/Id)I/IKaLII/II/I (CKaHeD CCTYATKH

rjas3a, CKaHEep OTINCYATKOB NAJbLHCB, MOAVYJDb PACITIO3HABAHUA FOJ'IOC&) UT. II

[0141] CpencTtBa _ cereBoro  B3aumonecTBusi  (506)  BBIOUPAKOTCS M3 VCTPOWCTB,

obecrieuynBarOIUi CETEBOM IIPUEM U Iepenauy nagueix, Hanpumep, Ethernet kapty, WLAN/Wi-

Fi monyase, Bluetooth moaviab, BLE moavib, NFC monyiab, IrDa, RFID moayas, GSM monem u

1. 1. C nmomompo cpencts (505) obecrieunBaercss opragusanis 0OMeHa JaHHBLIMU MEXKIY.

HAaIIpUMEpP, CUCTEMOH (500), MPEACTABIEHHON B BUJIE CEPBEPA M BHIUMCIHUTEIbHBIM YCTPOHCTBOM

OOJIb30BAaTEIsl, HA KOTOPOM MOIVT OTO6Da>KaTbC$[ NOJIVUYCHHBIC AAaHHBIC (OTBeT B BOIIPOCHO-

OTBETHOM CI/ICTeMe) 1O MPOBOAHOMY WJIN 66CHDOBOI[HOMV KaHaJgy nepeaaydr JaHHBbIX, HAITPUMEDP,

WAN. PAN. JIBC (LAN). UaTpaner, Uurepaer, WLAN., WMAN wiu GSM.

[0142] KoHkpeTHbIN BBIOOP 3JeMeHTOB cuctembl (500) jans  peanw3anil Pa3JIddHbBIX

IPOrPaMMHO-ANIAPATHLIX apPXUTEKTYPHBIX PEINEHUNA MOXKET BapbUPOBATLCS C COXpPaHEHHEM

obecnieunBaemMoro TpedyemMoro GyHKIMOoHAIA.

[0143] IlpencraBiaeHHblE MaTepUalbl 3asBKH PACKPHIBAIOT NPEANOUYTUTEJbHBIE MNPUMEPHI

peaJan3ani TEXHUYCCKOI'0 PEHICHUA M HE AOJI’KHBI TPAKTOBATHCA KAK OI'PAHUMYMBAIOIINEG WHBIC,

YAaCTHBIE TIPUMEDPHI €ro BOMJONIEHWs, He BBIXOISANIME 3a NpeJiesibl MCIPAaIluBAEMON IIPABOBOM

OXpaHbBl, KOTOPHLIE SIBIASIOTCS OYEBHAHBIMH JUIS CHEIHUATNCTOB COOTBETCTBYIOIIEH obnactu

TeXHUKH. Takum O6D&30M, 00BeM HaCTOAIICTO TEXHHUYCCKOIO PCIICHHA OIrpaHUYCH TOJIBKO

00BEMOM IIpuiaraeMoi HOopMyJIbL.




DPOPMYIJIA

1. Cmoco® aBTOMAaTH4YECKOro TOOOYYEHHs S3BIKOBOW MOAENH I KJacCU(UKALUU TEKCTa,

BbIl'IOJ'IHHI-OH.[PIﬁCS[ 110 MeHbIIeH MEpPE€ OAHUM BbIMHUCIUTCIIbHBIM YCTpOﬁCTBOM, " CoACpIXKalIUM

9Talbl, HA KOTOPBIX:

a)

b)

d)

g)

NPUHUMAIOT S3bIKOBYIO MOZIENb U 00YYarOLUINi BXOJHOH HAOOp aHHBIX, COAEPIKALIHIH
IO MEHbIIEH Mepe CIICOK MOJIel BXOAHOrO Habopa JaHHBIX;

BbIOMpAIOT (popMaT MOACKA3KHM, Ha OCHOBE CITUCKA MOJieH OOyYarolero BXOJHOTO
Ha0Opa MHaHHBIX, JJIsI 3aJaHHOW 3aJa4yd  KJACCH(PUKALKKM, W  BBITOJHSIOT
¢dbopMaTupoBaHre OOYYarOIIero BXOMIHOTO HaOOpa AaHHBIX, HA OCHOBE BBIOPAHHOI'O
(opmaTa MoACKa3Ku, B X0 KOTOPOTO BBIMTOJHSIOT AOMOJHEHHE YIIOMSIHYTOro Habopa
JAHHBIX CHUMBOJIAMH, IMPHU 3TOM KaKIbI CHMBOJI COOTBETCTBYET aOCTPaKTHOMY
TICEBIO-CJIOBY;

BBIMOJTHSIFOT TOKEHM3AIMIO W BEKTOPU3AIMI0 OT(HOPMATUPOBAHHOTO Ha dTame b)
o0y4aroIiero BXOIHOro Habopa NaHHbIX, MPUYEM BEKTOPHU3ALMS BBIIOIHSIETCS TOJIBKO
I TOKEHOB, KOTOpPbIE He OTHOCSITCS K CUMBOJIAM,;

VMHULHATH3UPYIOT OOydaeMble BEKTOPHbIC MPENCTABICHUS JJIsi TOKCHU3UPOBAHHBIX
CHMBOJIOB, COOTBETCTBYIOIIMX aOCTPaKTHBIM TMCEBIO-CJIOBAM, U  3aMEHSIOT
YIIOMSIHYTbI€ TOKEHU3HPOBAHHbIE CUMBOJIbI HAa HHUIHAJIM3UPOBAHHBIE O0OydaeMble
BEKTOPHBIE MPECTABICHHSI CHMBOJIOB;

MONAIOT Ha BXOJA $3bIKOBOH MOAEIM OT(HOPMATUPOBAHHBIN OOy4arOUIUi BXOAHOM
Ha0Op JaHHBIX B BHUAE BEKTOPHBIX NPEACTABICHUH, M IOJYYAIOT BEPOSTHOCTH
TEKCTOBBIX aHAJIOTOB LIEJIEBBIX KJIACCOB,

OOHOBJISIIOT O0y4YaeMble BEKTOPHbIE MPENCTABJIEHHUS, HA OCHOBE UCTHHHBIX 3HAUYEHHIA
LEJIEBBIX KJIACCOB JUIA KaXIOro 00y4aroIero o0beKTa, UTEPATHBHO MOBTOPSIST STAITbI
e)-f) 10 BBIMOJTHEHUST KPUTEPHSI OCTAHOBA;

dbopmupyroT (aiil TaHHBIX U COXPAHSIOT OOYYEHHbIE BEKTOPHBIE MPEICTABICHUS

CHUMBOJIOB, COOTBETCTBYIOIIIUEC a6CTpaKTHbIM ICEBJO-CJIOBaM.

Crnocob mo m. 1, xapakTepusyroomuiicss TeM, 4To (popMaTupoBaHne OOYHYAIOLIEr0 BXOIHOTO

HaOopa TaHHBIX BBITMOIHSAETCS ¢ UCIIOJIb30BAaHMEM MIa0I0HA 11 (POPMATHPOBAHUSI.

Croco0 mo 1. 2, XapakTepU3YIOLIHHCA TeM, YTO mAadIoH Uit (OPMAaTUPOBAHUS BBIOUPAETCS

Ha OCHOBE peIaeMoi 33141 KJIacCUPHUKALHN.

Criocob mo 1. 3, XapaKTepu3yOMIHICS TeM, UTO 3a/1a4a KIacCU(UKANH MTPEeNCTaBisieT COO0H

10 MEHBILEH MepeE:

1. OWHApHBIE BOMPOCHO-OTBETHBIE CUCTEMBI,



1. OuHapHas Ki1accUpHUKAIM HA PACIO3HABAHUE IPUYHHHO-CIIEACTBEHHON CBSI3U
MEKIY ABYMS IPEAJIOKEHUSMHY,

1i1. OuHapHas Ki1accuuUKaMs Ha BBIOOP OHOM U3 ABYX albTEPHATHUB,

1v. 33/1a4a Ha MalLIMHHOE YTeHue B (popme OuHapHOI kiaccuduxanmy,

V. 3a7aya OWHApHOM  KjaccUpuKALMK HA  PAaCHO3HABaHME INPHYHMHHO-

CJIEICTBEHHBIX CBSI3€H MEXIYy MOCBUIKON U TUIIOTE30M.

5. Cnoco0® kmaccudukaiuu TeKCTa SI3bIKOBOM MOIEJbIO, MOOOYYEHHOW COTJIACHO ATaram

cnocoba mno mobomy w3 nn  1-4, BBINONHSIOWMICA IO MEHbLIEH Mepe OIHHM

BBIYUCJIUTEIIBHBIM YCTpOfICTBOM, u COI[ep)KaH_II/Iﬁ STallbl, HaA KOTOPbIX:

a)

b)

d)

g)

MOJIYYarOT BXONHOW HA0Op JaHHBIX, COOTBETCTBYIOIIUN TpeOyemol 3amade
kyaccudukanuy, B popmare, Ha OCHOBE KOTOPOTO A000yYaIach sI3bIKOBasi MOJEINb;,
BBINOJIHSIOT (POPMATUPOBAHUE BXOIHOTO HA0OPA JAHHBIX, JOMOJHSSI €r0 CHMBOJIAMH,
NPUYEM KaXIbIii CHMBOJI COOTBETCTBYET aOCTPAKTHOMY IICEBIO-CIIOBY;

BBIMOJIHSIOT TOKEHHM3ALMIO M BEKTOPH3ALMI0 BXOAHOTO HaOopa MAaHHBIX, MPUYEM
CHMBOJIBI, COOTBETCTBYIOIINE AaOCTPAKTHBIM TIICEBIO-CIIOBAM, 3aMEHSIOTCS Ha
o0y4eHHbIe BEKTOPHBIE IPEACTABICHNS CHMBOJIOB, COXpAaHEHHBIE B (aiiyie NTaHHbBIX;
BBINOJIHSIOT 00pabOTKY HAaHHBIX, MOJYYEHHBIX HA 3Tame C), JOOOYUEHHOH s3BIKOBOH
MOJIEJIBIO, B XO/I€ KOTOPOH MOJIY4at0T BEKTOP JIOTHTOB, OTPAXKAIOIIUI BEPOATHOCTHOE
pacrpeneneHne KJIacCoB, COOTBETCTBYIOIIMX CJIOBAM CJIOBAPs SI3bIKOBOI MOZIEIIH;
BBIOMPAIOT IIeJIEBbleé KOMIIOHEHTHI JIOTHTOB, COOTBETCTBYIOIIHME TOKEHAM LIEJIEBBIX
KJIACCOB PeIlaeMOon 3a1a4n KiIacCu(PpUKaLum;

ONPEAEISIIOT M3 ILeJIEBbIX KOMIIOHEHTOB JIOTMTOB, IOJNYYEHHBIX Ha JTame e),
KOMIIOHEHTY  JIOTHTa, OTPaXKAOIyl0 HauOoJbllee 3HAYEHHE BEPOSITHOCTH
MPUHAJIEIKHOCTH K LIEJIEBOMY KJIAcCy,

TeHEPUPYIOT OTBET B TEKCTOBOW (hOpMe, COOTBETCTBYIOIIUI BBIOpaHHON Ha 3Tare f)

KOMIIOHCHTE.

6. Cucrema aBTOMAaTHYECKOrO JOOOYYEHMs SI3BIKOBOH MOIENM sl KJIAaCCH(HMKAIMU TEKCTa,

coacpIKalas.

® [0 MEHbIIEH Mepe OANH MPOLIECCOD;

® 10 MeHbLIeH Mepe OIHYy NaMsATh, COSIMHEHHYID C IPOLIECCOPOM, KOTOpas
COACPKUT MAIIMHOYUTACMbBIEC HMHCTPYKLHU, KOTOPBIC NPHU HUX BBIINOJIHEHUU I10
MEHbLIEH Mepe ONHHMM IPOLECCOPOM OOECIEYHBAIOT BBINOJIHEHHE Crocoda Mo

mrobomy u3 . 1-4.

7. Cucrema kiaccupuKaluy TEKCTa JOOOYUEHHOM SI3bIKOBON MOJENbBIO, COep Karasi:

® [10 MEHBIIEH Mepe OAUH MPOLIECCOD;



MO MEHbIIEH Mepe OAHY MaMATh, COEAWHEHHYI C IIPOLIECCOPOM, KOTOpas
COIEPKUT MAIIMHOUYUTAEMbIE HWHCTPYKLUHU, KOTOPbIE MPU HUX BBITOJHEHUH IO

MEHBILEH Mepe OJHUM IIPOLECCOPOM OOECHEUNBAIOT BBIIOJIHEHHE CIIOco0a Mo II.

5.



YEPTEKHU K OIINCAHHUIO

100
101 102 103 104
105 106 107 108
Qur. 1
200
201 202
203 204 205

dur. 2




300

a
MHOJIVUEHHE SI3bIKOBOM MOAENH U
301 Y A
oOyuaro1ero Habopa JaHHbBIX
¢dbopmaTupoBanue oOydaromero Hadbopa
3020 P

JaHHbIX

303\ nobaBneHHe TOKEHA B TOKEHU3ATOP

304 COIIOCTABJIEHUE TEKCTOBBIX aHAJIOI'OB
Vv IeJIEBBIM KJIaccaM

TOKEHU3AIMST M BEKTOPHU3ALIUS
305~/ ordopmaTHpPOBaHHOrO OOYHAOIIETO
Habopa JaHHBIX

UHHULHATH3ALUS 00y4aeMbIX

306/ 8
BEKTOPHBIX MPEICTaBICHUH
00paboTKa TaHHBIX S3BIKOBOU
MOJIEJTBIO
308 U~ OOHOBJIEHHE 00YyYaeMbIX BEKTOPHBIX
MPEACTaBJICHU N
A
300~ Ccoxpanenne OOY4YEeHHBIX BEKTOPHBIX

MPEACTABJICHUIN

Qur. 3



400

401 - noJyiyueHue Habopa JaHHBIX

402 (dbopmaTupoBanue HabOpa JTaHHBIX

/] Tokenmszanwms u BekTOpH3aIus Habopa

403 JaHHBIX
_/ .
404 00paboTKa JaHHBIX S3BIKOBOH MOJENBIO
—/
405 BbI60p LECJICBBIX KOMIIOHCHT
v
y ornpeneseHne HanboIee BEPOSITHOM
406 LEeJIEBOU KOMIIOHEHTHI
v
407 ~/ reHepaLys OTBETa B TEKCTOBOH hopme

dur. 4



IIponeccop o3y 3y
501 502 503
A
v y
ITuna
\ 4
y
) CpencTso ceTeBOro
Unrepdeticet B/B Cpencrsa B/B B3anuMozeticTBus
504 505 506

500

dur. 5




OTYET O TIATEHTHOM IIOUCKE  [Homep espasuickol 3assku:

(cratea 15(3) EATIK u npasuno 42 [TateHTHO# HHCTPYKIHH K

EAIIK) 202293416

[A. KJTACCUGHKAIVA IIPEJMETA U30BPETEHMA:
GOGF 40/00 (2020.01)
GOGF 18/2431 (2023.01)
GOGF 40/169 (2020.01)
GOGF 40/20 (2020.01)
GOG6F 40/274 (2020.01)
GOGF 40/284 (2020.01)
GOGF 40/30 (2020.01)
GOG6N 20/00 (2019.01)
GOGL 15/16 (2006.01)
GIOL 15/183 (2013.01)

CornacHo MexaynapoaHoit narentHol kiaccudukanun (MITK)

b. OBJIACTD ITOUCKA:

[IpocMoTpennas nokyMeHTanus (CucTeMa knaccnduxauun 1 naaekcs MITK)
GO6F 40/00 — 40/30; GO6F 18/00-18/2431; GO6N 20/00; GO6L15/00-15/183

DeKTpoHHas 6a3a NAHHBIX, HCTIONB30BABIIASCS NIPU NOUCKE (Ha3BaHHE Ga3bl H, ECIH, BO3MOXKHO, HCIIONB3YEMBIC IOMCKOBBIE TCPMHHEI)
EAPATIS, GOOGLE PATENTS, USPTO, YANDEX

B. IOKYMEHTBI, CYUTAIOLLIUECA PEJJTEBAHTHBIMU

Kareropus* CcBUIKH Ha IOKYMEHTBI C YKa3aHHEM, 1€ 3T0 BO3MOXHO, PENIeBAaHTHBIX YacTel OTHOCHTCA K IYHKTY Ne

A US9959272 B1 (MEMSOURCE AS) 01-05-2018 1-7
pedepar; onucaHue: KOJIOHKa 6, CTpoka 46 — KONOHKa 9, crpoka 19; xonoka 11, ctpoka 53
—c1p. 12, xonouka 23

A |US20190340235 A1 (CAPITAL ONE SERVICES LLC) 07-11-2019 1-7
pedepar, onncanne, aGsaust: [0003]; [0004], [0018-0022], [0063], [0066], [0078], [0083]

P,A US20220245354 A1 (ELABORATION INC) 04-08-2022
pedepar; onucanue, a6zausi: [0005], [0047-0055]; [0064-0067], [0072-0079], [011 1], 1-7
[0112]; [0243-0247], [0257], [0258], [0263-0266]

A US20210209300 Al (SAP SE) 08-07-2021 1-7
pedepar; popmyna usobperenus, nyHkr 40; onucanue, aGzamsr: [0022-0042], [0043],
[0045-0047)

A US20200380301 Al (APPLE INC) 03-12-2020 1-7
pedepar; popmyia nso6perenns, HesaBucuMBle yHkT! [0003-0005], [0004], [0021], [0022],
[0035-0042], [0060-0067], [0085], [0094], [0105-0110]

I:l NOCJICAYIOIIHE JOKYMCHTEI YKa3aHb! B IPOJOJDKCHUH

«T» - 6onee NO3HMIA IOKYMERT, ONyGNHKOBAHHEIH NIOC/E AATE IPHOPHTETA U

* Oco0bie KATErOpHH CCBUIOYHBIX JOKYMEHTOB:
APUBEACHHBIN 11 MOHHMaHUA H306pETeHNs

[«A» - TOKYMEHT, Onpeaensiomuii 061ul ypoBeHs TEXHUKH

«D» - ROKyMEHT, NPHBENICHHBII B eBPA3MHCKOH 3aABKe «X» - HOKYMEHT, uMeIomuii HanGonee GIM3KOE OTHOMIEHHE K NPEAMETY MOHCKA,
«E» - Goslee paHHHIt HOKYMEHT, HO ONTyGIMKOBAHHBI Ha ATy MOXAYH NOpoYalltHil HOBU3HY HIIH H300pETaTeNbCKHUIt YPOBEHD, B3ATHIN B OTAEIHHO-
CTH

eBpasHiicKoit 3aABKH UM TIOCTIE Hee

«O» - ROKYMEHT, OTHOCAIIHMICA K YCTHOMY PACKPBITHIO, SKCTIOHHPO-
BAHHUIO H T.IL.

"P" - BOKYMEHT, OnyGIMKOBAHHBIH /0 ATl OAAYH EBPA3HHCKOH
3a4BKH, HO MOC/IE aThl HCMPAIIHBACMOTO NPHOPHTETA"

«Y» - JOKYMEHT, HMEIomKi HauGonee GM3KOE OTHOLIEHNHE K NPEAMETY NOHCKA,
nopoyauui H306peTaTeNsCKHil YPOBECHE B COYCTAHHH C APYTHMH TOKyMEH-
TaMH TOH )K€ KaTeropuH

«&» - IOKYMEHT, ABJIIOMUICS NATEHTOM-aHANOTOM

«L» - IOKYMEHT, NPHBECHHbIN B APYTHX LEIAX

Jlarta nposexeHus narenrnoro noucka: 12/08/2023

VYRoJIHOMOYEHHOE JIULIO:
Hauansuuk oTaena Mmexanuxy,
(GU3MKH M 3NEKTPOTEXHUKH
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