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HcTopust ctatbu AHHOTanus. PaccMOTpeH Mmpoliecc aBTOMaTHYECKO# KiaccuuKanuu TeKcTa |
€ro COCTAaBIIIOMINE. AKTYaJIIbHOCTh JAQHHOW TeMBI OOYCIIOBIIEHAa CTPEMHTEIb-
HBIM POCTOM 00beMa JIaHHBIX M Pa3BHUTHUEM TEXHOJIOTHH MalIHHHOTO OOyUYCHHS.
Ilens uccnenoBaHus — OIpeeTIeHNe HAWTYYIINX METOIOB U MOJIeTIeif aBTOMAaTH-
4ecKOi KiacCH(UKAIMK TeKCTa. B KauecTBe MaTepHaioB Ul aHalU3a ObUIN
BbIGpaHLI Hay4YHBIC CTaTbH, HAIIUCAHHBIC B TCUCHUC IMMOCICAHUX YETBIPEX JICT,
3asiBiieHUE 0 KOH(JIMKTE HHTEPECOB HauboJiee NOAXOAALINE 10 TeMe. B pesynsrare onpeneneHo, 9To 3G QeKkTuBHas
penoOpaboTKa TEKCTOBBIX JAHHBIX JOJDKHA COCTOSTH M3 HOPMATH3allUH, TOKe-
HU3ALHUH, yIaIeHUs CTOI-CIIOB M CTEMMHHTA WU ke JleMMarn3anuu. s npen-
CTaBJICHUS TEKCTa [eJIeco00pa3Ho Ucoab30oBaTh Moaens BERT. Onnako ciemyer
OTTAJIKUBATHCS OT YCIOBUI KOHKPETHOMW 33/1a4H, B KOTOPBIX albTePHATHBHBIC O/
XOZIBl MOTYT OBITh HpENNOoYTHTENbHEe. HammydliiMH METOJaMH HEHoCpeN-
CTBCHHO KJIACCH(HMKAI[MH TEKCTa MOXKHO CYHTATh METOI JIOTHCTHYECKOH perpec-
cHuH, cBepTouHble HelpoHHble ceTH U ROBERTa. BriGop cpeau 3TuX Mozneneit
3aBUCHUT OT Ha3HAYEHHS U TEXHUYECKUX BO3MOXKHOCTEH.
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BeepeHue 1IecC MO3BOJISIET CHUCTEMAaTH3UpOBaTh WH(MOpMa-
LIMI0, o0Jierdasi ee MOMCK U aHaJIu3.

[Ipouecc wiaccudukanum TekcTa OOBIYHO
BKJIIOUAET B ceOs TPU KIIFOUEBBIX IIara, KaXkJbIi
M3 KOTOPBIX B TOW WJIM MHOW CTENEHH BIMSIET Ha
KOHEUHBIN pe3ynbTar. [logpoOHee 3T dTarmbl pac-
CMOTPEHBI B TEOPETUUECKOM pasziesie JaHHOU pa-

B coBpemeHHOM MHpe 00bEM TEKCTOBOW HH-
(dbopManuu pacTeT ¢ KaXKIbIM JHEM, 1 3D PeKTHB-
Hasi 00pabOTKa JaHHBIX CTAHOBUTCS OTHOM W3
KJTIOUEBBIX 33]1a4 B PA3IMYHBIX 00JIACTIX, OT OU3-
Heca 10 HayKu. IHCTpYMEHTHI, O3BOJISIONIHNE H3-
BJICKaTh TOJIC3HYI0 MH(GOPMALIUIO U3 HECTPYKTY-

PYPOBaHHBIX JJAHHBIX, TAKUX KaK TEKCTOBBIE JJOKY- OOTBL.

MEHTBI, CTaThbd, HOBOCTH M OT3BIBBI, CTAHOBITCS 3adauu uccnedosanus:

Bce Oosiee BocTpeOOBaHHBIMU. OJJHUM M3 KITIOYE- — (hopMyIMpOBaTh, U3 KaKMX IIAr0B JIOJDKCH

BEIX TIPOLIECCOB, MCIHOJNB3yeMBIX IS pelleHHss ~ COCTOAThH ONTHMANbHBIA IIPOLECC MPe/BAPUTEIIb-

TaKuX 3aJlad, SBJISCTCS KIacCHU(PHUKAIUI TEKCTO- HOW 00pabOTKH TEKCTOBBIX JIAHHBIX;

BBIX JAHHBIX. — OTIPEJICINTh MOJIENIN TPEJCTABICHUS TEK-
Knaccudukanus tekcra — 3T0 mporecc as- cra, Haubosee NOAXOISIIME IS PELICHUS 3a/1a4K

TOMAaTUYECKOTO pacIpe/ie]ieHus] TeKCTOBBIX JaH- KJTaCCHU(UKAIIMHI TEKCTOBBIX JaHHbIX;

HBIX TI0 3apaHee ONpeIeICHHBIM KaTeTOPHsIM UITH — CpPaBHUTh M BbIOpaTh HAWMIYYIIIHE METOJbBI

KJlacCaM Ha OCHOBE MX colepkaHHus. JTOT Mpo- KJTacCHU(UKAIH TEKCTA.
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1. TeopeTnyeckume acnekTbl

1. 1. OcHoBHbI€E Warv npeaBapmuTesIbHOH
00pabOTKN TEKCTOBbIX AAHHbBIX

Jns paboThl C TEKCTaMU Ha €CTECTBEHHOM
s3bike (Natural Language Processing, NLP) Heo6-
XOMMa TIpeiBapuTeNibHasi 00padoTKa, TOCKOIBbKY
QJITOPUTMbl MAaTMHHOTO OOYYEHHsI HE CIOCOOHBI
paboTarh ¢ TAKUMH TaHHBIMHU.

[TpenobpaboTka TeKcTa, MO3BOJSIONIAS KOM-
MbIOTEpPaM MOHUMATh U MHTEPIPETUPOBATH YeIO-
BEUECKHI SI3bIK B TIOJIE3HBIN U 3HAYMMBIN (opmar,
BKJIIOYAET B ce0s1 HECKOJIBKO ATAIOB, KOTOPHIE MO-
TYT OTJIMYAThCS B 3aBUCUMOCTHU OT 3ada4u. Janee
NEPEYHCITUM OCHOBHBIC U3 HUX:

® Hopmanuzayus — 3Taml, MO3BOJISIONIUN
HCKIIIOYUTh M3 TEKCTa LIYMOBYIO HH(pOpPMAIUIO,
B pe3yJibTaTe KOTOPOTO TEKCThI MPUBOIATCS K HYXK-
HOMY DPETUCTpY (3a4acTylo K HIXKHEMY), ydals-
IOTCSl 3HAKHM MpPENMUHaHusA, NU(QPHI U IpodyHe He-
OyKBEHHbIE CHUMBOJIBI.

® ToxeHusayus — MPOLECC pa30MEHUs TEKCTa
Ha OTAEJbHBIC 2JIEMEHTHI, HA3bIBAEMbIE TOKEHAMHU
U TpeAcTaBisione coboil ciosa/dpazbl/cum-
BOJIBI/TIPEITIOKEHUS (B 3aBUCIMOCTH OT KOHKPET-
HOM 3aj1a4y ¥ MoAXo/a K TokeHu3anuu) [1].

® VianeHue CTON-CJIOB, T.€. CJIOB, HE HECy-
IIMX CMBICTIOBOM Harpy3ku. K HUM MOXXHO OTHe-
CTH YaCTHIIBL, TIPE/JIOTH, COI03bI U T.II. Takue cioBa
4acTO BCTPEYAIOTCS B TEKCTaX U 00eCleYrBarOT
CBSI3HOCTh NPEIOKEHUH, OTHAKO MPU MAITUHHON
00paboTKe €CTECTBEHHOTO S3bIKA SBIIAIOTCS IIy-
MOM [2].

® Cmemmune — METOJ HOpMaJIN3aIUH TOKe-
HOB, B XOJIe KOTOPOTO OT CJIOB OTCEKAaroTCs Ipe-
¢ukcel, cyhdUKCHI U OKOHYAHHWSA, B pe3yJbTare
4yero BhIZENSAETCS OCHOBa cioBa [2]. Llenp crem-
MUHTa 3aKJIF0YAeTCs B TOM, YTOOBI CBECTH pa3ny-
HbIe (POPMBI OTHOTO U TOTO XK€ CIIOBA K €IUHOU U
6a30BOM, UTO MO3BOJISIET YIPOCTUTH aHAJIN3 TEKCTA
Y YMEHBIIHUTD pa3Mep CI0Bapsl.

m Jleumamuzayus (anbTepHATUBA CTEM-
MUHTa) — METOJl, OCHOBHAsI /ISl KOTOPOTO 3aKJII0-

4arcsi B TOM, YTOOBI IIPUBECTH CJIOBA K CIIOBapHOU
dopme, Ha3pIBaeMoit «iemmay [3]. Jlemmaruzarus
0oJsiee TOHKUI MPOLIECC, UCTIONB3Y IO CII0BAph
u Mopdonorndeckuit aHanus [1]. B ormume or
CTEMMUHTa, KOTOPBI MPOCTO yAaNseT OKOHYAHUs
U cyQpPUKCHI, IeMMaTU3alMsl YYUTHIBAET TpaMMa-
TUYECKUE TIPABUIIA U KOHTEKCT, YTOOBI OMPENEIIUTh
IIPABWIBHYIO JIEMMY JUISl JAHHOTO CJIOBA.

1.2. KiroyeBbie mogesiv ripegcraB/ie HnUs 4aHHbIX

TexkcT Henmb3s HAMPSAMYIO MOAAaTh Ha BXOI
MOJIEJIH MAaIlTMHHOTO OOYYCHHMsI, €0 HAJI0 CHadaia
nepeBecTy B M(poBoit hopMar. ITOT miar Ha3bl-
BAIOT MpejicTaBiIeHreM TekcTa. COBpeMEeHHBIE MO-
JICJTA OTTUPAIOTCS HAa SMOCTUHTY (MITH BEKTOPHBIC
MPEICTaBIIEHUs) — CIOCO0 MPEICTaBIEHUS CIIOB,
¢bpa3 nim Apyrux 0ObEKTOB B BUE YUCIOBBIX BEK-
TOPOB B MHOTOMEPHOM ITPOCTpaHCTBE. Takoi nmoj-
XOJ] IO3BOJISIET 3aXBaThIBaTh CEMAHTUUECKHE U CUH-
TAaKCHYECKHE CBOICTBA A3BIKA' .

K Hanbosee n3BeCTHBIM MOJIENSIM BEKTOPH3a-
MU TEKCTa C MCIIOJIb30BAHUEM AMOCIJINHTOB, KO-
TOpBIE Yallle BCETO BCTPEYAIOTCS B HAYYHBIX HC-
CJIEIOBAHUAX TI0 KJIACCU(PHUKAIIUN TEKCTa, MOXKHO
OTHECTH CIICAYIOIIHUE:

® Word2Vec (Word to Vector) — monxon,
OCHOBaHHBIM Ha YHCIICHHOM TPECTABJICHUH CJIOB,
COXPAHSIONINX KOHTEKCTHYIO OJHM30CTh (CeMaH-
TUYECKYIO CBs3b). COMIaCHO aJIropuTMy: CIOBa,
4aCcTO BCTPEYAIONINECS B TEKCTE C OJMHAKOBBHIMH
CJIOBaMH, UMEIOT Ou3KHe (10 KOCHHYCHOMY pac-
CTOSIHUIO) BEKTOPHI [4].

® GloVe (Global Vectors for Word Repre-
sentation) — IOXOI, OMUPAIOIIMICS Ha TII00AITb-
HBIE€ CTAaTUCTHKH, B KaU€CTBE KOTOPBIX OepeTcs Be-
POSATHOCTH COBMECTHOTO TIOSIBJICHHS CJIOB B JIOKY-
MeHTax. OCHOBHAsI €ro UIes COCTOUT B TOM, YTOOBI
U3BJI€Yb CEMAaHTHUYECKUE OTHOIICHUS MEXIY CIIO-
BaMU HCIIOJNIB3YsI MAaTpPHUIly COBMECTHOTO HCTIONb-
30BaHUA [5].

O6a moaxoma OTHOCST K TPyIIe METOIOB,
KOTOPBIE UCTIONB3YIOT CTaTHUECKUE dIMOCITUHTH,
TIPE/ICTABIISIONINE KaXXI0€ CJIOBO OJTHUM M TEM K

! Knaccuukauus NOKyMEHTOB: 7 MPAaKTHYECKHX TOAXOIOB il HEOONMBINMX HabopoB HaHHbX // Habr: [caiit]. URL:
https://habr.com/ru/articles/504744/ (nata obpamenus: 19.01.2025).
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BEKTOPOM HE3aBUCUMO OT OKPY>KEHUSI. 3HAYUTEITh-
HBIM JOCTIKeHHeM B o0mactu NLP sBisieTcst Bo3-
MOXXHOCTh KOJAMUPOBAaHUS MHOTO3HAYHBIX (HMJIH T10-
JMCEMHUYHBIX) CJIOB Pa3HBIMH BEKTOPAMHU B 3aBH-
CUMOCTH OT KOHTEKCTa, B KOTOPOM OHHU UCIIOJIb3Y-
I0TCA. DTO A0CTUTaeTcs O6aarogaps KOHTEKCTyalb-
HBIM SMOEIIMHTraM, KOTOPBIE CO3MAIOTCS TpaHC-
¢dbopmepHbIME MonensaMu. K TakuM Monesnsim oT-
Hocutcs, Harnpumep, BERT (Bidirectional En-
coder Representations from Transformers) u GPT
(Generative Pre-trained Transformer) [6].

1.3. MeroasI, ucriosib3yemsie
npu Knaccuukaun TeKCToB

MeTozbl, KOTOPbIE HCIIOIB3YIOTCS IS perie-
HUS 33/1a4¥ KITacCU(pHUKAIUN TEKCTa, MOKHO pa3-
JIeNTUTH HA TPH OCHOBHBIE TPYIIIHL:

1) MamIMHHBIE METOMBL;

2) HelpoceTeBbIe METObI;

3) MeTO/IbI Ha OCHOBE TPaHC(POPMEPOB.

B Tabn. 1 otoOpakeHbl 4acTO BCTpEUArOIIH-
€Csl B HayYHBIX UCCIICIOBAHUSAX METO/IbI aBTOMATH-
YeCKO# KitacCu()UKAINH TEKCTOBBIX JaHHBIX.

Tabnya 1
00630p MeToA0B, UCMOJIb3YyEMbIX NPU Knaccudukaumm TekcTa
Ne MeTop O6Go3HauyeHue | Fpynna OnucaHue metopa
HauBHbIA OcHoBbIBaeTcsl Ha Teopeme baieca ¢ npeanonoxeHnemMm 0 He3aBMCUMOCTU
1 BalieCOBCKMI NB 1 NMPU3HAKOB 1 NO3BOJIIET ONPEAENUTL KNlacC 00bekTa, OnNnupasch Ha npeaLe-
METO CTBYIOLLEE pacrnpeneneHne BeposaTHOCTM [4]. Xopolo paboTaeT ¢ TEKCTO-
A BbIMW J@HHBIMU 1 3aaa4amu, rae Tpebyetcs ObicTpas knaccudukaums
Mcnonb3yeT APEBOBUAHYIO CTPYKTYPY AN NPUHSATUSA PELLEHNI HA OCHOBE
2 Lepeso DT 1 3HavYeHu NpuaHakoB. Kaxabli y3en aepesa npeacrasnsieT coboii Bonpoc o
peLwenui 3HaYeHMM NpU3Haka, a BETBU — BO3MOXHbIe OTBeThI [7]. lepeBbsa nerko nH-
TepnpeTpyeMsbl, HO MOryT ObITb NOABEPXEHLI NEPeoby4eHnIo
CTpOUT MHOXECTBO AEPEBLEB PELUEHNIN N 06bEAVHSET UX pe3ynbTaTthl ANs
CryuaiiHbiii YAYYLWEHUS TOYHOCTU N YCTOMYMBOCTM Moaenun. Micnonb3yeT cnyyariHyio
3 nec RF 1 BbIOOPKY NOAMHOXECTB AaHHbIX U MPU3HAKOB A1 CO34aHUS Kaxaoro ne-
peBa, 4To noMoraeTt usbexaTb NnepeodyyeHns 1 nosbilaeT 0600LLatoLLYI0
crnocobHocTh [8]
MoaenunpyeT BepOSITHOCTb NMPUHAANIEXHOCTN 0ObEKTA K KNACCy, NCMONb3ys
4 Jlornctuyeckas LR 1 noructmnyeckyio ¢pyHkumio [1]. Moaxoant ana 3apay, roe 3asmcumas nepe-
perpeccus MEHHas ABASETCS KaTeropuanbHOM 1 NO3BONSET NHTEPNPETUPOBATL KO3P-
GULMEHTBI KakK BIVSIHWE NPEeOUKTOPOB Ha BEPOSITHOCTb COObITUS
MeTo OnpepensieT knacc 06bekTa Ha OCHOBE KJTaCcCOoB ero k-6nanxanwmx cocenen
5 k-6 alu' KNN 1 B NPOCTpaHCcTBe Npu3HakoB [4]. MpocT B peanudauumn u He TpedyeT oby4e-
K V'”m"v'x HUS1, HO MOXET ObITb YyBCTBUTEJIEH K LLUYMY 1 TPEOYET 3HAUYUTENbHbIX BbIYUC-
cocene JNINTENbHbIX PECYPCOB NP 60MbLLMX 06beMaXxX AaHHbIX
MueT rmnepniockoCTb, MakCUManbHO Pa3fensioLLyto Knacchl B MPOCTPaH-
MeTOm ONODHbIX CTBE NpM3HaKoB [8]. MoxeT ncnonb3oBaTb PasfnyHble 9apa 419 06paboTkm
6 Be‘?'(TO o?s SVM 1 HENIMHENHbIX OAaHHBIX U XOPOLLO paboTaeT B BbICOKOPA3MEPHbIX MPOCTPaH-
p CTBaX, HO MOXET ObITb HyBCTBUTEJIEH K BLIOOPY NapaMeTpoB 1 TpebyeT Twa-
TeJIbHO HACTPOIKN
COCTOUT 13 OJHOrO UM HECKOJIbKUX CKPbITLIX CNIOEB, KOTOPbLlE 0b6pabaThl-
7 MHoOrocnomHole MLP 2 BalOT BXOAHbIE JAaHHbIE U MepeaatoT NX Ha BbIXOAHOWM cnoi. Kaxabli HEMPOH
nepuenTpoHbl B CJI0€ CBSI3@aH C HEMPOHaMM CNeayLwero cros, 1 0by4yeHrne NponucxXoamT
C MCMONb30BaHNEM anropmuTMa 0bpaTHOro pacnpocTpaHeHus owmnokm [1]
MpepHasHaveH ansg 06paboTkm NocnenoBaTesbHbIX AAaHHbIX, TAKUX Kak TEKCT
P nnu BpemMeHHble psgbl. RNN nmeloT unknnyeckme CBsisn, 4TO NO3BONSIET
eKYPPEHTHbIE
8 HEMPOHHBIE CETI RNN 2 COXPaHATb MHMOPMALMIO O NpedblayLimMX COCTOAHUAX WU YY4UTbIBATb KOH-
TekcT [1]. OgHako, MoryT cTpagaTh OT NpobsieMbl 3aTyXaloLWero rpagneHTa,
YTO 3aTPyOHSET 0Oy4YEHNE Ha ANIMHHBIX MOCIe[0BaTENbHOCTSX
OOyyaloTcs pacno3HaBaTb MPU3HAKM BO BXOAHbIX AAHHbBIX C MCMONb30Ba-
CBepToYHble HUEM CBEPTOYHbIX C/I0EB, MOC/E YEero Bbl4MCIIEHHbIE MPU3HAKN NepenaTcs
9 HEeNpOHHbIE CNN 2 B MOJIHOCBSI3HYIO CeTb. NS pelueHns 3aaa4, KOTopble CBsi3aHbl ¢ 06paboT-
cetn KO nocnepoBaTeslbHOCTEN, BMECTO ABYMEPHbIX CBEPTOK MCMONb3YKOTCH
ogHOMepHble [1]
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OkoH4aHmne 1abi.

7

10

BERT

BERT

OOyyaetca Ha 3apadye Masked Language Model (MLM), roe HekoTopble
CrioBa B MPEAIOXEHMM 3aMELLAITCS MackaMu, U MOAENb NpeackasbiBaeT
nx [1]. YunTbIBaeT KOHTEKCT KaK C/ieBa, Tak U cnpasa OT C/I0Ba, YTO NMO3BO-
NSET NyyLle NOHUMATb 3HAYEHME CNOB B 3aBMCYMOCTU OT UX OKPYXXEHUS

11

SciBERT

SciBERT

Mcnonb3ayeT Kopryc Hay4HbIX NyOAnKaunin onsa yaydweHns npon3soanTesib-
HOCTM B 3aa4ax, CBA3aHHbLIX C HAY4YHOW TEPMUHONIOIMEN N KOHTEKCTOM [9].
MpumeHseT ToT e noaxon, 4To u BERT, HO € y4yeToM cneumdukm Hay4yHoOro
A3blKa, YTO AeflaeT ee 0COOEHHO MONEe3HOM ANa 3a4a4, Takux Kak n3sneye-
HUe nHdopMaLMn N3 Hay4HbIX CTaTen, knaccudukauma n aHanam3 TEKCTOB B
obnactu Haykum

12

RoBERTa

RoBERTa

OnTummnaupyeT npouecc npenobyyeHns BERT, ncnonb3ysa 6onee KpynHbie
06beMbl AaHHbIX, 6onee ganTenbHoe Bpems 0by4eHnst 1 pasinyHble name-
HEeHUs1 B apxutekType. LleMOHCTpUpYyeT nydllne pedynbTaTtbl Ha MHOMMX 3a-
nadax NLP no cpaBHeHuio ¢ opurnHansHbiM BERT, 6narogaps 6onee ag-
dekTMBHOMY 00y4eHMto 1 6onee rnybokoMy NoOHUMaHMo KoHTekcTa [10]

13

T5

T5

MpeobpasyeT Bce 3anaum NLP B popmaT «TEKCT B TEKCT» — 3TO O3HAYaeT,
4YTO KaK BXOAHble AaHHble, Tak N BbIXOAHbIE AaHHble NPencTaBeHbl B BUAE
TEeKCTa, 4YTO MO3BONSET UCMONb30BATbh OLHY U Ty Xe apXUTEKTYpy Ans pas-
JINYHBIX 3a4a4, TakUX Kak NepeBod, CyMMUPOBaHue, knaccudukaumsa u re-
Hepaumsa Tekcta [11]

M ¢ T0o4HuMK: BeINONHEHO A.B. 3axapoBoii

Table

Overview of the methods used in text classification

~

Method

Designation

Group

Method description

Naive Bayes
classifier

NB

This approach is founded on Bayes' theorem, operating under the
assumption of feature independence. It facilitates the determination of an
object’s class based on its prior probability distribution [4]. It is well-suited
for text data and tasks that require rapid classification

Decision tree

DT

It employs a tree structure to make decisions based on feature values. Each
node of the tree represents a question regarding the meaning of a feature,
and the branches represent possible answers [7]. Trees are easily
interpretable but may be susceptible to overfitting

Random Forest

RF

It creates multiple decision trees and combines their results to improve the
accuracy and stability of the model. The approach involves a random
selection of subsets of data and features to create each tree, which helps to
avoid overfitting and increases generalizing ability [8]

Logistic
regression

LR

This approach utilizes a logistic function to simulate the probability of an
object belonging to a given class [1]. This is an appropriate solution for
situations in which the dependent variable is categorical. It allows for the
interpretation of coefficients as the influence of predictors on the probability
of an event

K-nearest
neighbor
algorithm

KNN

This method utilizes the classes of its k-nearest neighbors in the feature
space to define the class of an object [4]. The implementation of this system
is straightforward and does not require specialized training. However, it is
sensitive to noise and requires substantial computing resources for effective
operation, particularly when dealing with large volumes of data

Support vector
machine

SVM

It looks for a hyperplane that maximizes the separation of classes in the
feature space [8]. The method utilizes multiple cores to process non-linear
data and functions effectively in high-dimensional spaces. However, it is
susceptible to parameter selection and requires thorough configuration

Multilayer
perceptron

MLP

It consists of one or more hidden layers that process the input data and
transmit it to the output layer. Each neuron in a layer is connected to the
neurons of the subsequent layer, and learning is enabled by the error
backpropagation algorithm [1]
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Recurrent neural
network

RNN

It is designed to process sequential data, such as text or time series. These
systems have a cyclical relationship, which allows for the storage of
information about previous states and the consideration of context [1]. They
may experience a decaying gradient issue, which can hinder learning
effectiveness on long sequences
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Ending of the Table 1

Convolutional
neural network

CNN 2

The model is trained to recognize features in the input data using
convolutional layers. The calculated features are then transmitted to a fully
connected network. To solve problems related to sequence processing,
one-dimensional convolutions are used instead of two-dimensional
convolutions [1]

10

BERT

BERT 3

It is trained on the Masked Language Model (XML) task, where some words
in a sentence are replaced by masks, and the model predicts them [1].
It considers the context both to the left and to the right of the word, which
allows you to better understand the meaning of words depending on their
environment

11

SciBERT

SciBERT 3

This tool utilizes the extensive collection of scientific publications to enhance
productivity in tasks related to scientific terminology and context [9]. The
model employs a similar approach to BERT, but it is tailored to the nuances
of scientific language. This makes it particularly well-suited for tasks such as
extracting information from scientific articles, classifying and analyzing texts
in the scientific field

12

RoBERTa

RoBERTa 3

It optimizes the BERT retraining process by leveraging larger data sets,
extended training times, and diverse architectural modifications. This model
has been shown to achieve superior outcomes in numerous NLP applications
when compared to the original BERT model. This enhancement can be
attributed to its more effective training methods and a more profound
understanding of the context [10]

13

T5

T5 3

2. PeaynbTaTtbl M 00CyXaeHue

J1nist omipenienieHust HaWTyqIlero MeTo1a ObLTi
M3Yy4EHbl HAy4yHBIE CTAaThbU 10 TEME aBTOMATHYe-
CKOM KJTacCU(pHKaIMU TEKCTa 3a [ocaeiHue 4 roaa.
Ha ocHoBaHMM pe3ynbTaTOB HCCIEIOBaHUI,
a UMEHHO 3Ha4yeHui nokasatens F1, 6pun cdop-
MHPOBaHbl CBOJAHBIE TAOJMIBI JIJIs MAIIWHHBIX

It converts all NLP tasks into a text-to-text format, ensuring that both input
and output data are presented as text. This allows for the use of a common
architecture for various tasks, such as translation, summation, classification,
and text generation [11]

Source:byA.V. Zakharova

(Tabn. 2), HelipoceteBbix (Tabu. 3) u TpaHcdop-
MEpHBIX METOJIOB (TabiI. 4).

W3 Tabin. 2 BUOHO, YTO HAWBBICILIEE 3HAUYCHHUE
nokasarens F1 coorBerctByer LR u npumepHo pas-
ustercs 82,2 %.

W3 Tabi. 3 BHAHO, YTO HAUBBICIIEE 3HAUCHHE
nokazarensa F1 coorBerctByer CNN u paBHseTCs
npumMepHo 85,6 %.

Tab/muya 2
Pe3ynbTaTbl UCCEeA0BaHNIA MaLLMHHBIX METOA0B Kilaccudukaumm tekcrta, %
MeTop
Uccneposanue
KNN DT NB RF SVM LR
BobuHa T.C [12] — - 53,7 72 - 69,8
ManbyeHko H0.B. [13] — — 80,6 — - 89,8
NHomoB B.6. [14] 70,3 65,6 - 63,8 - 81,8
Kycakun U.K. [15] — — - 80,6 80,8 79,8
MuHaes B.A. [16] - - 85,4 - 87,5 87,4
MoToBckux J1.B. [17] — — - 86 - -
MoTtoBckux J1.B. [18] - - - - 60 -
Mnewakosa E.C., Maraynnud C.T., Ocunos A.B., o
PomaHoga E.B., Cambypos H.C. [19] 2 70 65 & 88 7%
Pawmntos T.®d. [20] - - - 72,7 - -
Yenbiwes 3.A., Ouokos LLL.A., PackaTtosa M.B., B B o B
LLlérones . [21] 5% 88 90
CpepnHee 3HavyeHne 49,7 67,8 71,9 76,9 79,1 82,2

M cTo4HuMK: BbinonHeHo A.B. 3axapoBoii
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Table 2
Results of research on machine methods of text classification, %
Method
Research
KNN DT NB RF SVM LR
Bobina T.S. [12] — — 53.7 72 — 69.8
GalchenkoY.V. [13] - - 80.6 - - 89.8
Inomov B.B. [14] 70.3 65.6 — 63.8 — 81.8
Kusakin I.K. [15] — — — 80.6 80.8 79.8
Minaev V.A. [16] - - 85.4 - 87.5 87.4
Motovskikh L.V. [17] - — - 86 — -
Motovskikh L.V. [18] — — — - 60 —
Pleshakova E.S., Gataullin S.T., Osipov A.V.,
Romanova E.V., Samburov N.S. [19]p 29 70 65 5 88 77
Rashitov T.F. [20] - - - 72.7 - -
Chelyshev E.A., Otsokov S.A., Raskatova M.V.,
Shchyegolev P.[21] - - 7 88 - 90
The average value 49.7 67.8 71.9 76.9 79.1 82.2
Source:byAV. Zakharova
Tabmya 3
Pe3ynbTaThl UCCNEeAOBaHNI HEeAPOCeTeBbIX MeTOA0B kKnaccudukaumm Tekcrta, %
MeTon
Uccneposanue
MLP RNN CNN
BobuHa T.C [12] 70 68,2 —
BHykoB UN.A. [22] 78,4 75,8 82,3
ManbuyeHko H0.B. [13] - 89,2 -
NHomoB B.6. [14] 81,5 — -
Kynukos A.A. [23] - 92,5 -
KycaknH U.K. [15] 75 84,5 -
MwuHaes B.A. [16] — 89,7 89,6
HexHukos P.N. [10] - 83,5 85
Mnewakosa E.C., Mataynnuu C.T., Ocunos A.B., PomaHosa E.B., 79 B _
Cambypos H.C. [19]
CpepnHee 3HavyeHne 76,8 83,3 85,6
M c 704 H MK BbinonHeHo A.B. 3axapoBori
Table 3
Results of research on neural network methods of text classification, %
Research Method
MLP RNN CNN
Bobina T.S. [12] 70 68.2 -
Nepotes |.A. [22] 78.4 75.8 82.3
GalchenkoYu.V. [13] - 89.2 -
Inomov B B. [14] 81.5 - -
Kulikov A.A. [23] - 92.5 -
Kusakin I K. [15] 75 84.5 -
Minaev V.A. [16] - 89.7 89.6
Nezhnikov R.l. [10] - 83.5 85
Pleshakova E.S., Gataullin S.T., Osipov A.V., Romanova E.V., 79 _ _
Samburov N.S. [19]
The average value 76.8 83.3 85.6
Source:byAV. Zakharova
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Tabmya 4
Pe3ynbTaTbl UICCEeAOBaHNA MeTOAO0B Kilaccudukaumm TeKkcTa Ha ocHoBe TpaHchopmMmepoB, %
MeTon
UccnepoeaHue
SciBERT BERT T5 RoBERTa
BonpapeHrko B.U. [9] 71,6 64,8 - -
BHykos U.A., dunnnnos ®.B. [22] - 75,7 - -
KycaknH U.K. [15] - 86,5 - -
HexHukos P.U. [10] - 90 - 92,5
MpowuHa M.B. [11] - 69 78 90
CpepnHee 3HayeHne 71,6 77,2 78 91,3
M cTo4HuMK: BbinonHeHo A.B. 3axapoBoii
Table 4
Results of research on text classification methods based on transformers, %
Method
Research
SciBERT BERT T5 RoBERTa
Bondarenko V.I. [9] 71.6 64.8 - -
Vnukov I.A., Philippov F.V. [22] - 75.7 - -
Kusakin I.K. [15] - 86.5 - -
Nezhnikov R.l. [10] - 90 - 92.5
Proshina M.V. [11] - 69 78 90
The average value 71.6 77.2 78 91.3

Source:byA.V. Zakharova

W3 tabin. 4 BUIHO, YTO HaWBBICIIEE 3HAYCHHE
nokazarenst F1 coorBeTcTByeT ynmydilleHHON Bep-
cun monenmu BERT — RoBERTa u mpumepno
paBHo 91,3. OnHako cieayeT OTMETUTh, YTO IO
METO/IaM Ha OCHOBE TpaHc(hopMepoB OBLIO pac-
CMOTpPEHO MEHBIIIE HCCIIEIOBAHMIA, YTO CBUICTEIb-
CTBYET O MEHEE TOUHBIX CPETHUX 3HAUEHUAX MOKa-
3arens F1.

Taxum oOpaszom, ecii paccMaTpuBaTh MO OT-
JIeTbHOCTH TPYIITHI METOJIOB aBTOMATUIECKON KJ1ac-
cu(UKAIUN TEKCTOBBIX JAHHBIX, MOYKHO BBIJICIIUTh
Hanbosee TOYHbIE:

— Cpely MAaIIMHHBIX METOJOB HAWITYYIIIHM SIB-
asieTcst noructuueckas perpeccust (Flir = 82,2);

— CpeI HEMPOCETEBBIX METONOB HAVITY I —
9TO CBEPTOUYHBIC HEWPOHHBIE ceTH (F1cvy = 85,6);

— CpeIu METOJI0B Ha OCHOBE TpaHC(hopMepoB
HawyqiM siBisiercsi ROBERTa (F1roBerta = 91,3).

3aknioyeHve

Ha ocHoBanuu HN3YYCHHBIX HAYy4YHBIX HCCJIC-
I[OBaHI/II\/'I 10 TEME aBTOMAaTHUYECKOM KJ'IaCCI/I(l)I/IKa-
oUW TCKCTAa MOXXHO CACJIATh CIACAYIOIHE BbIBOIbI:

1. OntumaneHbIil mporecc npenoOpadboTku
JAHHBIX JJIsl pelIeHUs 3aJa4d KIacCH(PHUKAIUH
TEKCTa COCTOUT U3 HECKOJIBKHUX IIar0B U BKJIIOYAET
B ce0sl KaKk MUHUMYM HOpMaJlM3alnio, TOKEHU3a-
LUIO0, yAJIEHUE CTOI-CJIOB U CTEMMUHI/JIEeMMaTH-
3anuio. OJTHAaKO B 3aBUCUMOCTH OT KOHKPETHOM 3a-
JIa4¥ 3TU IIard MOTYT ObITh CKOPPEKTHPOBAHBI.

2. 1ns nepeBona TekcTa B U poBoit popmar
nyuure Beioupats BERT, Tak kak ata Mozens uc-
MOJIb3YET JIByHANpPAaBICHHbBI KOHTEKCT U JIEMOH-
CTPUPYET BBICOKYIO TOYHOCTb B Pa3jIMYHBIX 3a/1a-
yax NLP. Ecnu pecypcbl orpaHuYeHbl, MOXHO
paccmarpuBats GPT kak ansrepHaTuBy, HO 3Ta MO-
JieNib OOoJIbIlle OPUEHTUPOBAaHA HAa TEHEPALIUIO TEK-
CTa, MO3TOMY MeHee 3 PeKTUBHA A 3a7a4, Tpeoy-
IOIIUX [TYOOKOTO MOHUMaHus KoHTekcTa. Word2 Vec
n GloVe Moryt OBITh HCHONB30BaHBI B MECHEE
CJIOXKHBIX 33/1a4aX, IJIe KOHTEKCT HE TaK KPUTUYEH.

3. Haunmy4dmmmMuy MeTogaMu aBTOMaTHYECKON
KJIacCU(UKAIIMM TEKCTa SBISIOTCS METOJ| JIOTH-
CTHUYECKOM perpeccuu, CBEpPTOYHbIE HEHPOHHBIE
cetr © RoBERTa. TouyHOCTh KaXX/10TO U3 HUX Mpe-
BBIIIAET 82, YTO SABJSETCS JOCTATOYHO XOPOIIUM
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pe3yiabTaToM, MO3TOMY BCE 3TH METOJBl MOTYT
paccMaTpuBaThCs TIPH PEIIEHUH YK€ KOHKPETHBIX
3a7a4:

— LR Oomnbliie moaxoauT ISl IPOCTHIX 3a1a4y
1 HEOOJIBIITX HAOOPOB JaHHBIX;

—CNN u RoBERTa moryT ucnonb30BaThCst
JUISL CJIOKHBIX TEKCTOB M OOJIBIIUX HAOOPOB JaH-
HBIX, BBIOOP 3aBHCHUT OT JIOCTYITHOCTH PECYpPCOB H
TpeOOBaHUM K TOYHOCTH.
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