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AnHoTanmsi. B nanHoii pabote paccMarpuBaeTcsi KOMILIEKCHBIH ITOIXO0]] JUIS BEISIBICHHUS napadpas B TEKCTax
MEIUIIMHCKUX MHCTPYKIUH, 00BEIUHSIONINN COBPEMEHHBIC METOIbI 00pabOTKH eCcTeCTBeHHOTO si3bika (NLP),
CHI)KEHHUS Pa3MEpHOCTH M KJIaCTEPHOT0 aHaiu3a 3MeOeINHIOB Ha3BaHUH BEPLIMH CEMaHTHYECKOTo rpada,
KOTODBIfl CTPOMTCSL Ui peUIeHMs 3ajayd IIOMCKa B3aHMOJCHCTBHH JICKApPCTBEHHBIX CPEACTB IIpU
nonudapmakoTepanuu. Hawmydimme pe3ynbTaThl OpoJeMOHCTpUpoBana kombunanms multilingual-momenu
distiluse _base multilingual ¢ amroputmom UMAP u ariomepatuBHO#H Kiactepu3anueir. OCOOCHHOCTBIO
METO/IMKU CTajl0 TPHUMEHEHHE CTPATerMH YMEHBIICHHS pPa3MEPHOCTH C MOCIEAYIOMNM J00aBiIeHHEM
nH(OpPMAIMU O KJacce, YTO IMO3BOJIMIO COXPAHUTh CEMAHTHYECKHE B3aHMOCBS3U M YIYYLIMTh KadeCTBO
Kiactepu3anuy. [IpoBeIeHHbIH CPaBHUTENBHbIA aHAIN3 Pa3JIMYHbIX S3bIKOBBIX Monenel (Bkirouas Clinical
Modern  BERT, paraphrase-multilingual u  rubert-tiny)  BBISBMJI ~ NPEMMYIIECTBA  MOJIEIH
distiluse _base multilingual mo mokasaTensM TOYHOCTH W BBIYHCINUTEIBbHOI 3G ekTHBHOCTH. Busyanmsanus
pe3yibTaToOB MOATBEPAMIA CIHOCOGHOCTh METOJa K YETKOMY BBIIEICHHIO CMBICIOBBIX KJIAaCTepOB, a
ucnionszoBanue JSON-opmara ast XpaHEeHHs Pe3yNbTaToB OOECIeYmiIo WX YHOOHYIO HHTETpaluio B
NPaKTHYECKUE TIPUIIOKEHHUS. Pa3paboTaHHBII METO/I MO3BOJISET ABTOMAaTH3UPOBATh 00PabOTKY METHUIIMHCKUX
TEKCTOB JUISl YHU(UKALIMH TEPMUHOJIOTUH B HHCTPYKIMAX K JIEKAPCTBAM.
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Abstract. The research developed an integrated approach for paraphrase detection in medical instruction texts,
combining modern methods of natural language processing (NLP), dimensionality reduction and cluster
analysis. The best results were demonstrated by the combination of the distiluse_base_multilingual model with
the UMAP algorithm (parameters: n_components=2, n_neighbors=10, min_dist=0.1, metric=cosine) and
agglomerative clustering (n_clusters=200, linkage=ward). A special feature of the methodology was the use of
a dimensionality reduction strategy followed by the addition of class information, which preserved semantic
relationships and improved the quality of clustering.A comparative analysis of different language models
(including Clinical Modern BERT, paraphrase-multilingual and rubert-tiny) revealed the advantages of the
distiluse_base_multilingual model in terms of accuracy and computational efficiency. Visualisation of the
results confirmed the ability of the method to clearly distinguish semantic clusters, and the use of JSON-format
for storing the results ensured their convenient integration into practical applications. The developed approach
has the potential to automate the processing of medical texts, especially in the tasks of unifying the terminology
of drug instructions.
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1. BeedeHue

B coBpemenHoit 00paboTke ecTecTBeHHOTO s3b1Ka (NLP) MoucK 6IM30CTH CIIOB ABISIETCS KIFOYEBOM
3ajadeld, KOTopas HaxXOJUT NPUMEHEHHWE B MAIIMHHOM IIepeBoje, WHPOPMAINOHHOM IIOWCKE,
KJaccu(UKaIMy TEKCTOB U APYTrux obmacTax. OCHOBHBIE METO/IbI ONPEEICHHUs] CEMaHTHYECKOH 1
CHHTAKCHYECKOH OJM30CTH CJOB BKIIOYAIOT KOCHHYCHOE CXOJICTBO, €BKIIHIOBO PACCTOSHUE,
HeWpoceTeBble MOJXOABI M BepoSTHOCTHBIE Mojenu [1-2]. KocuHycHOe CXOICTBO, M3MepsIoIiee
YTOJI MEXJIy BEKTOPaMHU CJIIOB B MHOTOMEPHOM IIPOCTPAHCTBE, IIMPOKO MPUMEHsIETCS Oiaromaps
CBOCH HMHTEPIIPETUPYEMOCTH M YCTOMYMBOCTH K DAa3IUUMSAM B JIMHE BEKTOPOB. EBKIHIOBO
paccTosiHie, XOTS M MEHee YCTOWYMBOE K BBICOKOI pa3MEepHOCTH, OCTaeTcs 0a30BBIM METOJOM
OLIEHKH T€OMETPHUECKO# Oam30cTr BeKTOpOB [3]. Bosee cioxubie moaxoapl, Takue kak Word2Vec
(Bximouast apxurektypsl Skip-Gram u CBOW), GloVe u FastText, ucrons3yloT HeHpOHHBIE CETH
JUIL  TIOCTPOCHUSI  IUIOTHBIX BEKTOPHBIX  MPEJACTABICHUH, YYHUTHIBAIONIMX KOHTEKCTHOE
yrnotpebnenne cioB [4-5] CoBpeMeHHbIE KOHTEKCTyalH3MpOBaHHbIE Mozenu, Bikimoudas BERT
(Bidirectional Encoder Representations from Transformers), ELMo u GPT, reHepupytot
JMHAMUYECKUE YHCIIOBBIC BEKTOPHBIC IPECTABICHHS CIIOB (3MOCAIMHIH), KOTOPBIC aJalTUPYIOTCS
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K KOHKPETHOMY OKPYXEHHUIO CI0Ba B TEKCTE, YTO 3HAUUTEIHHO IOBBIIIAET TOUHOCTh OMpPEACICHUS
CeMaHTH4eCKOH OJIM30CcTH. BeposaTHOCTHBIE MO/ENH, TaKUe KakK JIaTeHTHOe pazMmenienue Jupuxie
(LDA) wu nareHTHbI cemaHTuueckuii aHamu3 (LSA), omnmparoTcs Ha CTaTUCTHYECKHE
3aKOHOMEPHOCTH B KOPITycax TEKCTOB ISl BBISBJICHUS CKPBITBIX TEMAaTHUECKUX CTPYKTYP U OLIEHKH
GIIM30CTH CIIOB HA OCHOBE WX pacmpezeneHuii [3, 6].

TokeHuzanus, Kak HayalbHBIHA 3Tall 00pabOTKU TEKCTa, UTPAeT KPUTUYECKYIO POJIb B HOATOTOBKE
JAHHBIX AN Hocienyromero asHanusa. Ilpocrteifmias cnoBHas TOKEHHW3allMs, OCHOBAHHAs Ha
pa3zesIieHHH TEKCTa Mo MpodesaM 1 3HaKaM MyHKTyaluH, ycTynaeT 0ojee MpoJIBHHYTEIM METOIaM
B SI3BIKAX €O CJIOKHOW Mopdomorueii. [lobaiitoBas TokeHuzamnms (Byte Pair Encoding, BPE) u eé
momudukanus WordPiece, umcmomszyembie B Mogmensx tuma BERT u GPT, addexruBHO
00pabaThIBAaIOT peIKHe W COCTaBHBIC CJIOBAa 3a CYET pPa3OMEeHHMs Ha YacTO BCTPEYAIOIIHECs
MOCJICI0BATEIBHOCTH CUMBOJIOB. JIJIsl arTyIIOTHHATHBHBIX M MOP(OIOTHYECKH OOTaThIX S3BIKOB,
TaKUX KaK PYyCCKUH WIM TYPELKHH, IpUMeHseTcss MopheMHas TOKeHU3anus, KoTopas pa3ouBaeT
CJIOBa Ha MHUHHMMAJIbHbIE 3HAUYMMble EAMHULBL B ciydasx, korma TpeOyeTcs MaKCHMalIbHO
JICTAIM3UPOBAHHOE IPEJCTABIICHUE TEKCTa, UCIONb3YeTCd CHMBOJbHAS TOKCHM3alUs, XOTA OHA
CYIIECTBEHHO YBEJIMUNBACT BEIUUCINTEIbHYIO HArPy3Ky H3-3a POCTA AJIMHBI OCIICI0BATEILHOCTEH.
Meroapl monydeHHss AIMOEIJMHIOB DBOJIIOIHOHUPOBAIM OT CTATHMYECKUX IIPEICTABICHHHA K
JUHAMUYECKHUM, YYHUTBHIBAIOUIUM KOHTEKCT. Ctatmdyeckue >MOCAMuHrd, Takue kak Word2Vec u
GloVe, o0y4aroTcss Ha OONBIINX KOPIyCax TEKCTOB M (PUKCHPYIOT 00OOIICHHBIE CEMaHTHYECKHE
OTHOIIICHHUS MeXIy cioBamu. Word2Vec, OCHOBaHHBIH Ha MpPEJCKa3aHUH CJIOB B OKPECTHOCTH
(Skip-Gram) nnu npezckasanuu 1efeBoro cinoa o koutekety (CBOW), addextuBHo ynaBmupaet
CHHTaKCHYEeCKHE M CEeMaHTH4YecKue 3akoHoMepHocTH. GloVe koMOMHHpYeT mnpenmylnecTsa
rII00aMbHOW CTATHCTUKM COBMECTHOH BCTPEYaEMOCTH CJIIOB C JIOKAJIBHBIMH KOHTEKCTHBIMH
METOAaMH, YTO MO3BOJISIET OOJIee TOYHO OTpaxkaTh ceMaHTHYeckue cBs3H [7]. FastText pacmupsier
3TOT MOJXOJl, YIUTHIBast MOP(HEMHYIO CTPYKTYPY CJIOB Uepe3 NPEACTABICHHE UX B BHJEC CyMMBI N-
rpaMM CHMBOJIOB, YTO OCOOEHHO ITOJIE3HO JUTS A3BIKOB C 00raToi CI10BO0Opa30BaTEIbHON CHCTEMOM.
Junaamudeckue smOennuaru, reaepupyemsie Monesimu tuna BERT, ELMo u GPT, ucnons3yrot
MexaHn3Mbl BHUMaHus (Transformer) amst co3paHuss KOHTEKCTYaJIM3UPOBAHHBIX TPEICTABICHUM,
KOTOPbIE BapbUPYIOTCS B 3aBUCHMOCTH OT OKpYyXeHus cioBa B mpemtoxenun [8-10] BERT,
o0yuyaeMbIii Ha 3ajadax MAacKHPOBAHHOTO S3bIKa M MPEICKa3aHWs CIEAYIOIIETro MpPeIoKeHHs,
JIEMOHCTPHPYET BBICOKYI0 3(dexkTuBHOCT, B pasnuuHblx NLP-3amauax Omaromapst cBoeit
CIIOCOOHOCTH YYUTHIBaTh TJIYOOKHE KOHTEKCTHbIE 3aBHCHMMOCTH. ELMoO, OCHOBaHHBIM Ha
nByHarpasieHHbIX LSTM, Takxke obecriednBaeT KaueCTBEHHOE KOHTEKCTYaJIbHOE TPEJICTaBICHHE
cioB, B To Bpems kak GPT wucronb3yeT aBTOperpecCHOHHBIE TpaHC(OpPMEPHI Ul TeHEpaLUH
ambenmuaroB [11]. [nst 3aga4, TpeOYOLIMX MPEICTABICHUS LebIX IPEJI0KESHHI HITH TOKYMEHTOB,
pa3paboTaHbl CrElMATM3UPOBaHHbIe MeToabl, Takue kak Sentence-BERT u Doc2Vec [12].
Sentence-BERT mpumensier cuamckue cetn Ha ocHoBe BERT it sddexruBHOTO CpaBHEHHS
npeoxxeHuid, a Doc2Vec pacmmpser moaxon Word2Vec, BkiTtodast HASHTH(PHUKATOP TOKyMEHTA B
Mojienb. BBIOOp KOHKPETHOrO0 MeTo/Aa TOKCHM3AallMM W TeHepaluu 3MOEIAMHTOB 3aBHCHUT OT
cnenn(UKKA perraeMoi 3aJadd, XapaKTEepHUCTHK S3BIKa W TpeOyeMOoro YpOBHS JeTaIu3aluy.
CoBpeMeHHbIE TOIXOJABI COYETAIOT B cebe TepeJoBble HEWPOCETEBBIE AapXHUTEKTYpPHl C
3¢ (HEeKTUBHBIMU aNTOPUTMAaMU TMPEA0OPaOOTKH, UTO MO3BOJISIET JOCTUTATh BHICOKOW TOYHOCTH B
3aj1a4ax ONpezeIeHUs] CeMaHTHYECKOH OIM30CTH U Ipyrux nprioxeHusx NLP.

2. MocmaHoeka 3adayqyu

AKTyabHOCTh HCCIEJJOBaHUS OOYCIIOBIIEHA HEOOXOAMMOCTBIO Pa3pabOTKH METOIOB aHAIH3a
B3anMoJieiicTBHil JekapcTBeHHBIX cpeacTB (JIC) B ycnoBusax mnommpapMakoTepamud, KOTOpas
IIMPOKO IPUMEHSETCS IPH JCUCHUH XPOHNIECKHUX 3a00meBanuil. OHOM U3 KIIFOYEBbIX 3a/1a4 B 3TOH
o0JiacTu sIBIISIETCS BBISBICHUE IMOTEHIMAIBHO OnacHbIX KomOnHanmit JIC, uto Tpedyer riy6okoro
aHaIM3a MX (apMaKOJOTMYECKUX CBOMCTB M CEMAaHTHYECKUX CBs3ed. J[is pemeHus stoi 3amaun
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UCTIONB3YIOTCS rpadOBBIC MOJICNN JTAHHBIX, KOTOPBIE ITO3BOJISIOT HATIISIHO MPEICTABUTD CII0XKHbBIE
B3aUMOCBSI3H MEXK/1y CYLIHOCTSIMH, OIIMCAHHBIMHU B HHCTPYKIHUSX 10 MEAUIIMHCKOMY MPUMEHEHHUIO
JIC [13].

B pamkax gaHHOTO HCclieoBaHHs Ipadbl CTPOSITCS Ha OCHOBE aHaNn3a MHCTPYKLUH kaxoro JIC,
TJIE y3JIbl COOTBETCTBYIOT (hapMaKOJIOTHYECKUM ITOHSATHSM (HarpuMep, JeHCTBYIOIIUM BEIIECTBaM,
MOKa3aHusIM, HOOOUHBIM 3 dekTam), a péopa OTpaKatOT CEMAHTUYECKUE CBSI3M Mex1y HUMHU. Ha
MOCJIEAYIONIEM dTalle MHAMBUAYaJIbHBIE Tpadbl OOBEIUHSAIOTCS B €IMHYI0 CEMaHTHYECKYIO CETb,
KOTOpas CIY’)KAT OCHOBOMW ISl BRISIBJICHUS B3aUMOICHCTBHUI Mex Ty pa3nuaabiMu JIC.

OpHaKO IpU MOCTPOSHHUHU TaKHUX rpadoB BOZHMKAET NpobieMa JyOiMpoBaHUs U BapUaTHBHOCTH
MIPEACTABICHUS CEMAHTHIECKN SKBUBAJIICHTHBIX CYIIHOCTEH. DTO NPUBOANT K N30BITOUHOMY POCTY
KOJIMYECTBA YHUKAIbHBIX BEPIIMH W3-32 HAIMYUS MHOXCECTBA JICKCHYECKHX BapHaHTOB
0003HaUCHHUS OJHUX W TeX XK€ MOHATHH (HampuMmep, CHHOHHMOB, aOOpeBHATYp WM Pa3IHIHBIX
¢dopm 3ammcu). Takas M3OBITOYHOCTh CHIKAET WH(GOPMATHBHOCTH W TPAKTHUYECKYIO IICHHOCTH
rpadoBoii MoJIeNH, 3aTpYAHss aHanu3 B3aumozencTeuit JIC.

Ilenpro maHHOW PabOTHI SBISAETCS pa3paboTKa METola YCTPaHCHHS YKa3aHHOH MPOOJIEMBI MyTEM
KJIaCTepH3aLUH U HOPMAIHU3AIH CEMaHTHUECKH YKBUBAJICHTHBIX CYITHOCTEH B rpad)0BOM MOIEIH.
OTO MO3BOJINT HAXOANUTH OOJIBIIIE HOBBIX OOIINX BEPIINH MU CIUSHUHU rpadoB (puc. 1), 9To B CBOIO
ouepesib MOXKET TOBBICHTh TOYHOCTD 1 3(ekTHBHOCTS aHanmm3a B3auMmozneiicteuii JIC B ycmoBusax
nosirpapMaKkoTepanum, YTo UMEeT BaKHOE 3HAYCHHUE JUI oOecreueH s 0e30MacHOCTH MalleHTOB
1 ONTUMH3ALNH CXEM JICUCHHS.

Puc. 1. Bvisgnenue napagpas ¢ yenvro ayuuie2o CiusHus 2pagos.
Fig. 1. Identifying paraphrases to better merge graphs.
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[Ipouenypa BbIsiBIeHUs mapadpa3 BKIOYAET YETHIPE IOCIECIOBATEIbHBIX dTama. IlepBblil atan
npeanosiaraer cOOp M TpeaBapUTENbHYI0 00pabOTKy TEKCTOBOTO KOpIyca WHCTPYKHIWH TI0
MeauuHckoMy npuMeHeHuto JIC U3 HafleKHBIX UCTOUHUKOB, BKIIIOYasl BCE 3HAUMMBbIE ONHCAHUS
CYIIHOCTEW, OTHOCSIIMXCS K MeXaHM3MaM JEHCTBHUS, B3aHMMOJCHCTBHIO ¢  Oeskamu,
(hapMaKOKMHETHKE W OpyruM acrekTam. Ha BTopom 3Tame pa3pabaThIBacTCs METOJ TCHEPAINH
BEKTOPHBIX MPEACTABICHUH (3MOEIIMHTOB) M TEKCTOBBIX OIMCAaHWH, OCHOBaHHBIM Ha
CPaBHUTEJIBHOM AaHAJIU3€ COBPEMEHHBIX S3BIKOBBIX Mozeneil, Takux kak BERT wu ero
CTHEIUATN3NPOBAHHBIC MEIUIMHCKHE MOAW(HKALUK, C TOCIHEAyIoImell uX 1000ydeHHEM Ha
coOpaHHOM Kopiryce. TpeTuii sTam 3aKiI04aeTcsl B CO3JaHAN allTOPUTMAa KIIACTEPU3AIIH, KOTOPHIHA
TPYNNUPYET CEMaHTHYeCKH OJM3KUE CYIIHOCTH HA OCHOBE HX BEKTOPHBIX MpPEJCTaBICHUH,
obecrieunBas OajlaHC MEXIy OOBEIUHEHHEM IyOIUPYIOMHXCS (GOPMYITHUPOBOK M COXpaHEHHEM
CMBICIIOBBIX Ppa3IMUYUil MeXAy NIPUHIMNUAIBHO Pa3HbIMU MNOHATHAMM. Peanuzanus AaHHOTO
MOJAX0Ja ONTHUMHU3UPYET HHTerpamuio JaHHeIX O JIC U3 pa3snuyHbIX MCTOYHHKOB 3a CUET
ABTOMATHYECKOTO OOHAPY)KEHHSI M CIUSHUS CXOKHX CYLIHOCTEH, YTO MOBbIMAeT 3 PEKTUBHOCT
paboTel ¢ 0ObeAMHEHHOW 0a30l JaHHBIX, B YaCTHOCTH NpH aHaJKM3€ JIeKapCTBEHHBIX
B3auMozeiicTBui. Ha 3akmounTeNbHOM 3Talle IMONYYEeHHBIH JaTaceT NPOXOIUT 3KCIEPTHYIO
OLICHKY MEIUIMHCKUX CHEIUAINCTOB ISl IPOBEPKH KOPPEKTHOCTH M MPAKTUYECKON 3HAYNMOCTH
pE3yJIbTaTOB.

3. Modenu u memodsi

3.1 Coop TeKcToBOro kopnyca

ITpouecc cozganus penpe3eHTaTUBHOIO TEKCTOBOTO KOPITyca AMs MOCIEIYOIEro CEMaHTUIECKOTO
aHalu3a BKJIIOYACT HECKOIBKO METOJOJIOTHUECKH BaXKHBIX JTamoB. VIcXongHble TaHHBIE
W3BJICKAIOTCS U3 JIByX OCHOBHBIX MCTOYHHKOB: opunuansHeix PDF-10KyMEHTOB MHCTPYKIHH 110
MeauuHcKkoMy npuMmenenuto JIC rocymapcTBeHHOTO peecTpa jiekapcTBeHHBIX cpencts (I'PJIC),
YTBEPKIACHHBIX PETYIUPYIOIUMH OPTaHAMH, W CTPYKTYPHUPOBAHHBIX IAHHBIX C aBTOPHTETHOTO
(dapmanieBTrueckoro moprana [14]. Takoit KOMOMHHPOBAHHBIM MOAXOJ MO3BOJISET OOECHIECYHTH
HEOOXOMMBI YPOBEHB TIOJIHOTHI M JIOCTOBEPHOCTH COOMPAEMBIX JaHHBIX. J{JIs M3BIICUCHNS TEKCTa
n3 ['PJIC wucnons3yercs mnapcuHr PDF-10kyMeHTOB ¢ NpUMEHEHHEM CHELHATM3UPOBAHHOU
6ubMoTeK A s13bIKa porpammuposanus Python Fitz.

KiroueBbIM 3TanioM sIBISIETCS CEEKIMs PEIeBaHTHBIX pa3/lelioB HHCTPYKuuil. B pamkax maHHOTO
UCCIIEJIOBaHUS OCHOBHOE BHIMaHME OBLIO Y/IEJIEHO TPEM KIIFOUEBBIM pa3/ienaMm:

e (dapMakoJMHAMHKAa — COJCPXKUT OIMCAHHE MEXAaHH3MOB JEHCTBHS, PELENTOPHON
AKTUBHOCTH, OMOXUMHYECKIX 3P PEKTOB;

o DapMaKkOKMHETHKA — BKJIIOYAET JIAHHBIC O BCACBIBAHWH, PACTIPECICHIUH, METa00IN3ME U
BBIBEJICHUH;
o Tlo6ounbie 3G ¢eKThl — OMUCHIBACT HEXKETATENbHBIC JIEKAPCTBEHHBIE PEAKIUH U HX
YacTOTY.
TekcToBbIi Kopmyc cocTouT u3 8359 npemnoxeHuit.

3.2 Nony4yeHue am6enanHros

[Mocne popMupoBaHust perpe3eHTaTHBHOTO TEKCTOBOT'O KOPITyCca OCYIIECTBIISIETCS KIIIOUEBOI Tal
ajlanTanyuy npe1o0y4eHHOH sI3IKOBOM MOJISITH K IIPeIMETHOM 00J1acTH (papMaKoIOruH € IOMOIIBIO.
JlaHHBIH IpoIiecc HAaNTpaBJIeH Ha ONTHUMHU3AIIUIO CIOCOOHOCTH MOEIIH TeHEpUPOBATh CEMAaHTHIECKHI
3HaYMMble BEKTOPHBIE NIPEJCTABICHUS AJIs1 Y3KOCIIELUAIU3UPOBAHHBIX MEIUIUHCKUX TEPMUHOB U
(hapmakomornueckux THOHATHH. B  kadectBe 0a30BOH  apXHUTEKTYphl pacCMaTpUBAIOTCA
coBpeMeHHbIe TpaHchopmepubie Moaenu tunia BERT u e€ cnenuanu3upoBaHHble MOIUPUKAILINH,
KOTOpBIE€ JEMOHCTPUPYIOT BBICOKYIO 3P GEKTUBHOCTH B 3a]ja4ax 00pabOTKHM €CTECTBEHHOTO SI3bIKa B
MEIHUITUHCKON 00JIaCTH.
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OMOEITMHTH — 3TO YHCIIOBbIE BEKTOPHBIE IIPECTABICHHS CIIOB, IIPEUIOKECHU I MITH IEJIBIX TEKCTOB,
KOTOPBIE COXPAaHSAIOT HX CEMAaHTHYCCKHE M CHHTaKcHueckue cBoiictBa [15]. OHH MO3BOISIOT
NEPEBOANUTDh €CTECTBEHHBIH SI3BIK B (hOPMY, MOHATHYIO QJITOPUTMaM MalIMHHOTO OOYYeHHs, U
UCTIONB3YIOTCS JUIS PeIIeHUs] MHOXKECTBA 3a/1a4, BKIIOUasl KJIACTepU3aIUI0 TEKCTOBBIX JaHHBIX. B
CiTydae KJIacTepU3alii CII0BOCOYETAaHNI Ha PyCCKOM SI3bIKE SMOEIIMHT Y TOMOTal0T IPYIITHPOBATh
CXO’KHE 0 CMBICITY (hpasbl, 1aXKe €CIIM OHH BBIPAXKEHBI Pa3HBIMH CIIOBAMH.

Jlist momydeHust SMOEAIMHIOB YaCcTO UCHONIB3YIOTCS TPEeA00yUeHHBIE S3BIKOBBIC MOJICTIH Ha OCHOBE
BERT, xoTOpHIe CTIOCOOHBI YUUTHIBATH KOHTEKCT CIIOB B MPEIIIOKEHUH U CO3aBaTh O0jiee TOYHEIC
BEKTOPHBIE MPEICTABICHHUS.

B nanHO# paboTe paccMaTpHBaIOTCs HECKOJIBKO MOITYIIIPHBIX MOAENEH, MOAXOISIINX AT pabOTEI
C PYCCKHUM SI3BIKOM:

e all-MiniLM-L6-v2 — »3To KoMmakTHas MoOJeidb Ha OCHOBe apxuTekTypsl BERT,
ONTUMH3UPOBAHHAS TS 3P PEKTHBHOTO co3nanust aMOenuHroB. OHa COXpaHSET BHICOKOES
KaueCTBO CEMAHTHYECKOTO TPE/ICTABICHHS TEKCTa, HECMOTPSI HA YMCHBILICHHBIH pa3Mep, i
XOPOLIO MOJXOAUT IS 32424 KJIACTEPU3ALMHL

o Clinical Modern BERT — crienmanu3upoBaHHas MOJEIb, 1000yUeHHAs HA MEAUIIMHCKUX
TekcTax. ECIH CIOBOCOYETAaHHSI OTHOCATCS K MEIUIHHCKONW TeMaTHKe, 3Ta MOJCIb
obecrieynT Oo0JIee pereBaHTHBIC IMOCIHIH 3 CYET y4eTa TSPMHUHOIOTUH 1 KOHTEKCTA.

o distiluse-base-multilingual — o6neruennass multilingual-Monmens, oOcHOBaHHasT Ha
apxurekrype DistilBERT. OHa monaep:kxuBaeT HECKOIBKO S3BIKOB, BKIFOYAs PYCCKHUH, U
a¢dexTuBHA I 33024, TIe Tpedyercs 00paboTKa TEKCTOB HA Pa3HBIX S3BIKAX.

e paraphrase-multilingual — mozaens, onTUMU3KUPOBAHHAS JJISI TOUCKA CXOXKHX IO CMBICITY
npemtoxennii (mapagpas). OHa XOpOIIO MOIXOMUT ISl KIaCTEPU3AldH, TaK KaK yMeeT
BBIICIIATE CEMaHTHUECKH OIIM3KHE (Gpashl Aaxe MPH Pa3IHInH B GOPMYyITUPOBKAX.

o rubert-tiny u rubert-tiny-2 — sto ymensiennsie Bepcun BERT mist pycckoro sizsika. OHu
ObicTpee pPaboOTalOT U TPEOYIOT MEHBIIEC BBIUMCIUTEIBHBIX PECYPCOB, HO IMPH 3TOM
COXpPaHSIOT CHOCOOHOCTh K KaY€CTBEHHOMY MPECTABICHHIO TEKCTA.

Knactepusanusi TEKCTOBBIX JaHHBIX TPEeOyeT, YTOOBI CXOXHE MO CMBICTY (pa3bl HAXOIMIHCH
OJIM3KO JIPYT K APYTY B BEKTOPHOM MPOCTPAHCTBE. DMOEIMHTH, TOTy4YeHHbIe ¢ ToMoInbio BERT-
MoOJelell, KOJIUPYIOT CEMaHTHUKY TEeKCTa, I03TOMY IIOClie UX IPUMEHEHHS aJITOPUTMBbI
KJIaCTEPHU3alMd MOTYT TPYIIIUPOBaTh (Ppasbl MO CMBICITY, OHH OOECIECYHUBAIOT HEOOXOIUMBII
YpOBEHb CEMaHTHYECKOH YYBCTBUTEIHHOCTH [UISI BBISIBJICHUS M OOBEIUHEHHUS] CXOXKHX
(hapMaKOJIIOTHIECKUX CYITHOCTEH.

O01ee KOHMIecTBO SMOCIMHTOB s Kiactepu3anud: 1050 TeKCTOBBIX CTPOK.

3.3 OnucaHme MeToaa Knacrepusauum amoeaouHros

B nanHOi#l paboTe HcCIEAyIOTCsl MOIXOJbI K YIIYUIISHHIO KauecTBa KJIACTEPU3AIMU BEKTOPHBIX
NPE/ICTABICHUI TEKCTOBBIX JaHHBIX (IMOEIJIUHIOB), TMOJYYEHHBIX C  HCIOJIb30BAHUEM
COBpPEMEHHBIX S3BIKOBBIX Mojeneil, Takux kak BERT u ero mpomsBogasie. OCHOBHOE BHHMaHHE
yZensAeTcs JBYM KIIFOUEBBIM aclleKTaM: PeABApUTEIbHOMY CHIKEHHIO pa3MepHOCTH SMOEIMHTOB
W MHTETPAIMHN JOTIOJHUTENBHBIX KaTeropruaibHbIX IPH3HAKOB B BUIE WHINKATOPHOTO BEKTOPHOTO
npencraenenus (one-hot encoding) xoaumpoBaHMst 1Jisi ydera CeMaHTHYECKUX Kareropuii [16].
PaccmaTpuBaroTcs TakKe BapHalHM IOpPSAKa KOMOWMHHPOBAaHHS YHCIOBBIX M KaTerOpPHAIbHBIX
MIPU3HAKOB C TIENBI0 ONTHUMH3AIMHU KiacTepusanuu [17-18].

OMOEITMHTH, TIOJTyYeHHBIE C TIOMOIIBIO COBPEMEHHBIX SI3BIKOBBIX MOJIENEH, 00JIa1aloT BBICOKON
pasmepHOCTEIO (00BIYHO OT 384 mo 1024 KOMIOHEHT), YTO MOKET HETaTHBHO BIMATH Ha
9 (HEKTUBHOCTh ANTOPUTMOB KJIACTEPU3ALMH U3-33a «IPOKJIATHA pasmepHocTu» (curse of
dimensionality). BblcokoMepHBIE JaHHBIE YacTO NHPUBOAAT K Pa3peKCHHOCTH IPOCTPAHCTBA
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NPU3HAKOB, 3aTPyIHSS BBIACICHHE KOMIIAKTHBIX KiacTepoB. [yt pemeHust 3Toil mpoOiembl
MPUMEHSIOTCS METOIBI CHIDKCHUS Pa3MEPHOCTH, CPEIN KOTOPBIX HanboJee pacpoCTPaHEHBI:

e Mertox rnaBubx koMmmoHeHT (PCA, Principal Component Analysis) — JIMHEHHbIH MeTOq,
MIPOCIMPYIOUINH JaHHBIE HAa OPTOTOHAJbHBIE HAMpaBJICHUS MaKCHUMAJbHOM quUclepcuu.
PCA mno3BoisieT COKpaTHTh Pa3MEpHOCTb, COXpaHsisi OCHOBHYIO HH(OPMAIHIO, HO MOXKET
TepsTh HeNMHEHHbIC 3aBrcUMocTH [19].

e (-SNE (t-Distributed Stochastic Neighbor Embedding) - Henuueiinsiii wmeton,
OpUEHTHUPOBAHHBII Ha BHU3yaJlN3allUI0, KOTOPHIM MHUHUMU3HPYET PACXOXKICHUS MEXKIY
pacIpeseneHIsAMH PacCTOSHUN B ICXOAHOM M PeIyIIMPOBaHHOM IIpocTpaHcTBax. OqHAKO
t-SNE 9yBCcTBHTENEH K THIIEprIapaMeTpaM M MOXKET MCKaKaThb IJI00ANBHYIO CTPYKTYPY
nanabix [20].

e UMAP (Uniform Manifold Approximation and Projection) — coBpeMeHHBIN HeTHMHEHHbIH
MeTOJI, coueTaromuii npenmymiecta t-SNE B coxpaHeHHH JTOKaIbHBIX CTPYKTYp ¢ Oojee
YCTOHYMBBIM MpEICTaBICHIEM TI00ambHBIX 3aBUcuMocTeil. UM AP gacTo memoHCTpHUpyeT
Jy4IIYI0 IPOM3BOJUTENBHOCTD IIPH KilacTepu3aruu [21].

[IprMeHeHHe 3THX METOJOB INEped KIacTepH3alfel IMO3BONSET YMEHBIINTH BBIYHCIUTEIBHYIO
CJIOKHOCTh M YNYYIIUTh KaueCTBO TI'PYNIHMPOBKH 3a CUYET YCTPAHCHMS IIYMOBBIX KOMIIOHEHT U
M30BITOYHOCTH B MAaHHBIX. [Ipumep wncmosb3oBanust anroputMa t-SNE 11 ymeHbIneHUS
pa3MepHOCTH AMOEIINHIOB C MOCIEAYIONIeH BU3yain3alyei moka3aH Ha puc. 2.

yRenWIGHNS CHHT: NpOCTAMaKANH €2

Puc. 2. Busyanusayus crudicenus pasmepHocmu s5moe00u206 neped Kiacmepuzayuell.
Fig. 2. Visualization of embeddig dimension reduction before clustering.

Jlnst moBbIIeHNsT WHHOPMATUBHOCTH SMOEIIMHTOB B 3ajjade KJIaCTEpPHU3AIlMU CIIOBOCOYECTAHUI
npeasaraeTcs 10NOJHATh UX KaTeropuaibHbIMU NPU3HAKAMHU, 3aKOIMPOBAHHBIMU B BUJIE BEKTOPOB
MHAUKATOPHOIO TMpeAcTaBieHus. B paccMaTpuBaeMOM KOHTEKCTE€ KaTerOpuHh COOTBETCTBYIOT
CEMaHTUYCCKUM IPYIINaM, TAKUM KaK MEXaHH3M, JICHCTBHE, MeTabO0JIN3M, BCAaChIBAHHE, BHIBEACHHUE,
cBs3b ¢ Oenkamu. One-hot komupoBaHue MpeoOpa3yeT KaKAYI0 KaTETOPUIO B BEKTOP, TIIe SANHHIIA
COOTBETCTBYET MPUHAJIEKHOCTH K OIPENEICHHOMY KJIacCy, & OCTAJIbHBIE 3JIEMEHTHI PaBHbI HYJIIO.
IIprMep HCIOIP30BAHUS HHIMKATOPHOTO BEKTOPHOTO NPEACTABICHHUS TIOKa3aH Ha puc. 3.

JlobaBneHne HHAUKATOPHOTO BEKTOPHOTO MPEACTABICHHUS TPU3HAKOB PEIIaeT JBE 3a7auu:

e VY4er npeaMeTHOH 00JaCTH — KATErOpHH MO3BOJISIOT SIBHO Pa3JEisiTh CIOBOCOYSTAHHS MO
TEMaTHKaM, YTO OCOOEHHO Ba)XKHO B Y3KOCIICIIMAIM3UPOBAHHBIX JOMEHaX (Hampumep, B
MenuIrHe i GpapMakoJIorun).
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Puc. 3. Hcnonvzosanue unoukamopho2o 6eKmopHo20 npedcmasiehust KOOUPOGAHUSL.
Fig. 3. Using one-hot encoding.

e ViydlleHHE WHTEPIPETHPYEMOCTH KIACTEPOB — MHTETPAlMs KaTerOpHH MOMOTaeT
OOBACHHUTH, MO KAaKUM IIPHU3HaKaM OOpPa30BAINCh TPYIIIBI, YTO KPUTHYHO IS aHAIH3a
PE3yJIBTaTOB.

BaxxHO y4ecTh, 4TO MCIOJIB30BaHUE 3HAUCHUH, 3HAUNTEIBHO MPEBBIIAIONIMNX 1, B HHIUKATOPHOM
BEKTOPHOM IPEICTABICHUN MOJKET MPUBECTH K HAPYIICHHUIO MacIITaOMpOBAaHUS NMPHU3HAKOB, YTO
HETaTHBHO CKaXETCs Ha paboTe aJropuTMOB MAMIMHHOTO 00y4IeHUs, 0COOCHHO UyBCTBUTEIBHBIX K
cOaaHCy BECOB, TaKMX KakK JIMHEHHBIE MOJENM W METOJbl, OCHOBAHHBIE HAa PACCTOSHHAX.
Upe3mepHO OOJIbIINE 3HAUCHMS HMCKAXKAIOT MPOLECC PEeryisipu3aldi, UCKYCCTBEHHO MOJaBIISIS
BKJIaJl OTHEJIbHBIX IIPU3HAKOB, 4 TAKXKE YCIIOKHAKT CXOAMMOCTh I'DaJUCHTHBIX METOLOB M3-3a
HECTaOMIBHOCTH TIpagueHToB. HeoOxoammo HacTpauBaTh 3HAYMMOCTh KaTeropuil uepes
B3BEIINBaHKE KJIACCOB, YTOOBI COXPAaHUTh HHTEPIIPETHPYEMOCTb.

BaXHBIM acTieKTOM SIBISETCS MOCIEA0BATENbHOCTh OOBEIMHEHHS SMOSIIMHTOB U HHANKATOPHBIX
BEKTOpOB. PaccMaTpuBaroTcs /1Ba BapUaHTa:

o KonkaTeHaus nepe CHIKEHHEM Pa3MEePHOCTH — HHAWKATOPHBIE TPU3HAKH TOOABISIOTCS
K UCXOIHBIM 3MOemauaram, nocie yero npumensercs PCA, UMAP wmm apyroit meron.
Takoit moaxo/1 MO3BOJISIET COBMECTHO YUUTHIBATH YUCIIOBBIE M KATETOPUATbHBIE PU3HAKHI
Opu  peAYKIMHA, HO MOXET MPHUBOJUTH K JOMHUHUPOBAHWIO KAaTETOpUH H3-3a HX
JIMCKPETHOTO XapakTepa.

o KoHKaTeHaIHs TOCIE CHUKECHUSI PAa3MEPHOCTH — CHavasia SMOEIIUHTH PEIyITUPYIOTCS, a
3aTeM KOMOWHHUPYIOTCS ¢ BEKTOpaMH HMHIWKATOPHOTO MPEACTaBICHHs. DTO COXpaHSET
CTPYKTYPY YHUCIOBBIX MJAaHHBIX, HO TpeOyeT TIIATeJBHOTO TMOA00pa BECOBBIX
K03 PHUIUEHTOB IJIs GalaHCHPOBKH BKJIA/Ia TIPU3HAKOB.

OKcnepuMeHTa bHas OlleHKa 000MX MOAXO00B MO3BOJISIET ONPENEIUTh ONTUMANBHYIO CTPATETHIO
JUIsl KOHKPETHOM 3aaaun. Onucanue cTpaTeruii Noka3aHo Ha puc. 4.

B pamkax [aHHOTO HCCIIEIOBaHUS pAcCMATPUBAIOTCA JBa AalrOpUTMa KIAcTEpU3allny,
IIpUMEHsIeMbIe IS TPYNIIMPOBKY BEKTOPHBIX MTPEACTaBICHNUI TEKCTOBBIX JaHHBIX (3MOEIMHIOB):

o K-means [22];
e ArnoMepaTuBHas Kiaacrepuszanus [23].
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Puc. 4. Onucarnue npedobpabomku 3m6e00u206 neped Kiacmepusayuetl.
Fig. 4. Description of the preprocessing of the seed by forward clustering.

K-means mpencrapisier coboii Hanboee pacpoCTPaHSHHBIH ATOPUTM KJIACTEPHU3AIIH, OCOOCHHO
3¢ dexTUBHBIN TIpH paboTe ¢ 3MOEIIUHTAMH TIOCIE TIPEABAPUTENFHOTO CHIKEHHUS Pa3sMEpPHOCTH.
Ero riaBHOE MpEeMMYIIECTBO 3aKITIOYACTCS B HCKITFOUUTENHHOM BEITHCITUTENBHON 3P ()EKTUBHOCTH
— QITOPUTM JEMOHCTPHUPYET JHMHEWHyI0 clIokHOCTE O(n), 49To TO3BONIIET 0OpabaTsBaTh
3HAYUTEIbHEIE OOBEMBI JAHHBIX. BaXHBIM MPaKTHYECKMM TPEHMYIIECTBOM  SIBJISETCS
NpEICcKa3syeMOCTh PE3yJIbTaTOB M MPOCTOTA HWHTEPIPETAIMH — KaXIBIi KiIacTep TpeACTaBiIcH
YETKUM [EHTPOM, YTO 3HAYUTEIBHO YIPOIIAET aHAIU3.

ATyoMepaTHBHAs KJIacTepH3aIus NpeiaraeT MPUHIMIHAIBHO MHOMN, HepapXHIecKHid MOIX0I K
aHAN3y dMOEITMHTOB. MeTox 0COGEHHO TIEHEH MPH HEOOXOANMOCTH MHOTOYPOBHEBOTO aHAIH3a
JaHHBIX, TIO3BOJIAA HCCJICAOBATH CTPYKTYPbl Ha PA3JIMYHBIX YPOBHAX JACTAJIU3allHU. OCHOBHoe
MPEUMYIICCTBO — BO3MOKHOCTD UCIIOJIB30BaAHUA CCMAaHTHYCCKHU 3HAYUMbBIX METPUK paCCTOSAHUSA, B
YACTHOCTH KOCHHYCHOW MeEpbhI, Hauboiee aJeKBaTHO OTPAKAIOUMIEH CMBICIOBYIO OIH30CTh
TEKCTOBBIX Hpe[[CTaBHeHI/Iﬁ. Hpouecc MOCTPOCHUA ACHAPOIrpaMMBbl MPEIAOCTABIACT YHUKAJIbHBIC
BO3MOYKHOCTH JUIS BH3YaJlbHOTO aHAIM3a M HMHTEPIPETAIMH B3aMMOCBS3EH MEXIY KIACTEPaMH.
XoTs adropuT™M UMeeT Gojiee BBICOKYIO BBIYHUCIUTENBHYIO CIOKHOCTE O(N?), mpuMeHeHue ToCe
PEIYKINK PA3MEPHOCTH J€TaET €r0 TPAKTHIHBIM ISt GOBITMHCTBA PealbHBIX 3a1ad.

4. Pesynsmamsl Knacmepu3sayuu

Jist BBIOOpa ONTHMAaIbHOTO METO/Ia KJIACTEPU3AIIMU U CHIDKEHHSI pa3MEPHOCTH AMOEJINHIOB ObliIa
pa3paborana TporpaMMHas —peanu3anus Ha s3pike  Python, KkoTopas  ocymiecTBIsIIa
ABTOMATH3MPOBAHHOE TECTUPOBAHHE PA3UYHBIX KOMOUHAIMI anropuTtMoB. Kaxias koMOuHaims
AITOPUTMOB OIIEHUBAJACH C MCIOJIb30BAHUEM JIBYX KIFOUEBBIX METPHK: Ko3((duimeHTa cuiaysta
(silhouette score) u mrmekca J[3uca-bonauua (Davies-Bouldin index).

Koadpdunment cumyata (silhouette score) sBiseTcss METPHKOH, MO3BOJISIONICH OLCHUTH Ka4eCTBO
KJIACTEPH3alMU HA OCHOBE KOMIIAKTHOCTH M Pa3/ICIMMOCTU KJIACTepOB. 3HaUeHUe K03 duineHTa
BapbHPYETCS B AWAIa3oHe oT -1 1o 1, rae 3HadeHus1, Ou3Kue K 1, yKa3pIBarOT Ha YETKYIO CTPYKTYPY
KJIACTEPOB, 3HAYCHUS OKOJIO () CBUICTEIILCTBYIOT O IMIEPECEKAIOIIXCS KIIACTePax, a OTPUIATEIbHEIC
3HAYCHHUS TOBOPAT O HEKOPPEKTHOH kiactepuzanmu. DopmanibHO KOAPOUIMEHT CHIyITa IS
OT/EJBHOI0 O0BEKTa BHIYUCIISETCS KaK:

b(i) — a(i)

s() = —F——— (€Y)
max{a(i), b(i)}
rae a(i) — cpeaHee paccTossHUE OT O0OBEeKTa i 10 APYrux OOBEKTOB B TOM e Kiactepe, a b(i) —
CpeIHee pacCTOsSHIE OT 00BEKTa 1 10 0OBEKTOB OIMKAKIIEr0 COCETHETO KlacTepa.
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Nunexc Jpeuca-bonauna (Davies-Bouldin index) — ato meTprika, omeHHBaIOIIasi COOTHOIICHUE
BHYTpHKHaCTepHOfI JAUCTICPCUN U MEIKKIIACTCPHOT'O PACCTOAHMA. YeM HUKE 3HAYECHHE HHICKCA, TCM
JIy4IlI€ Ka4€CTBO KJIaCTECpU3allvuu. I/IHIICKC BBIYHCJIACTCA KaK CPEAHCC 3HAUCHUC IJId BCEX KJIaCTEPOB
COOTHOLICHHUA UX BHYTpeHHCﬁ KOMIIaKTHOCTH (HaanMep, CpCAHETO0 paCCTOAHUA MCKITY o0BbeKTaMu
BHYTPH KJIACTE€pa) W pPa3leIUMOCTH (HalpUMep, PAacCTOSHUS MEXKAYy ICHTPaMH KIIacTepoB).
(DopMlea JJIA BBIYMCIICHHUA MHACKCA II[BBI/Ica-BOJ’II[I/IHa HUMECT BUA:

k
1 S +5;
DB =—Zmax
k £ - j#i
i=

d(C i»C ]) (2)
riae K — KoJmuecTBO KIacTtepoB, Si — CpejlHee PacCTOsSHHE MEXIy OObeKTaMH KiacTepa i U ero
enTpom, a d(Ci,Cj) — paccTosHIE MEX Y IEHTPAMHU KIIACTEPOB | 1 j.

Haunyuuive pe3yabTaThl, OIYYEHHBIE B X0/I€ KCIEPUMEHTAILHOTO HCCIIEIOBAHHS, IPEICTABIICHBI
Ha puc. 5-10.
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Puc. 5. l'ucmozpamma nepgoix cemu yuuiux pe3yavsmamos na ocioge mooeau all_MiniLM_L6_v2.
Fig. 5. Histogram of the first seven best results based on the all_Minilim_L6_v2 model.
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Puc. 6. lucmozpamma nepewix cemu ryuuiux pesyismamos wa ocHoge mooenu Clinical_ModernBERT.
Fig. 6. Histogram of the first seven best results based on the Clinical_ModernBERT.
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Puc. 7. lucmozpamma nepsvix cemu ayuuux pesyibmamos Ha ochose mooeau distiluse_base multilingual.
Fig. 7. Histogram of the first seven best results based on the distiluse_base_multilingual.
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Puc. 8. Nucmozpamma nepsvix cemu 1yuuiux pesyibmamos Ha ochose mooeau paraphrase_multilingual.
Fig. 8. Histogram of the first seven best results based on the paraphrase_multilingual.
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Puc. 9. l'ucmozpamma nepsoix cemu Iyuuiux pe3yavsmamos na ochose modeau rubert-tiny.
Fig. 9. Histogram of the first seven best results based on the rubert-tiny.
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Puc. 10. Tucmozpamma nepsvix cemu Iyvuiux pe3yivsmamos na ochose modenu rubert-tiny2.
Fig. 10. Histogram of the first seven best results based on the rubert-tiny2.

B xozme uccnenoBaHusi ObUT JAOCTUTHYT HAaWIIy4IIUA Pe3yNbTaT KIACTEPH3ALUH U YMEHBIICHHS
pa3MepHOCTH JaHHBIX NpU Hchojib3oBanuu multilingual-monmenu distiluse base multilingual B
COYETAaHUH C arJIOMEPaTUBHON KIacTepU3aIlield U alTOPUTMOM yMeHbIIeHus pasMepHoctn UMAP
¢ npumeHenueM crpaterud Reduce — One-hot (ymenbmieHue pasmepHocTH SMOEIIUHTA,
nobaBneHue MHGOPMATHBHOTO BEKTOpa € MOCHeAyrouledl kinactepuszanueil). JaHHBIH MOAXOI
O3B0 3P (PEKTHBHO CHU3UTH PA3MEPHOCTh IPOCTPAHCTBA MPU3HAKOB C COXPAHEHHEM KITFOUEBBIX
CTPYKTYp AaHHBIX, YTO B JaJIbHEHIIEM 00€CIeUNIIO BHICOKOE KaueCTBO KJIaCTepU3aliH.

Hnst anroputma UMAP Gbuti BbIOpaHsl ClienyIOIINE THIEePIapaMeTpbl: KOJIHYECTBO KOMIIOHEHT
(n_components = 2), 4TO MO3BOJIMIIO BU3yaTU3UPOBATH IAHHBIC B IByMEPHOM MPOCTPAHCTBE, YHCIIO
cocemeir (n_neighbors = 10), obecreunBaroniee OaxaHC MEXIy JOKAIBHOW M TI0OAITBHOW
CTPYKTYpOHl JlaHHBIX, MHHHMMaJbHOE paccTosHHe Mexay Toukamu (min dist = 0.1),
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CHOCOOCTBYIOIIEE ONTHMAIBHOMY pa3ieieHHI0 KIIaCTEpOB, a TaKKE METPHKa KOCHHYCHOTO
cxoJcTBa (metric = cosine), YUUTHIBAIOLIasl YIIIOBOE PACCTOSIHIE MEXKAY BEKTOPAMH U TEM CaMbIM
MOBBIIIAOMIAS. YCTOMYMBOCTD K PA3JIMUUsIM B JUIMHE TEKCTOBBIX SMOCAMHTOB.

Ha sramne knmactepusanyy NpUMEHSJICS arjioMEpaTHBHBIA aTOPUTM C MapaMeTpaMH: KOJIHMYECTBO
knactepoB (n_clusters = 200), 4TO COOTBETCTBOBAJIO INPEAINONATacMOMY YPOBHIO JETaIH3aLlUH
Kateropusanuu, u meron ces3u Ward (linkage = ward), MUHUMU3UPYIOIINI TUCTIEPCHIO BHYTPU
KJIaCTepOB U 00ECIeUNBAIONIMKA KOMITAaKTHBIE ¥ XOPOIIO paszeieHHble rpynmsl. Vicrnons3oBaHue
crpaterun Reduce — One-hot m03BoNMMIIO JONOTHUTENEHO 00OTaTUTH JaHHBIC 32 CUET JOOABIICHUS
MH(OPMATUBHOTO BEKTOPA, YTO YJIYUIIHIIO Pa3AeInMOCThb KIacTepOB.

[NomydeHHBIE pE3yNbTaTEl AEMOHCTPUPYIOT 3(D(HEKTHBHOCTh KOMOMHAINY COBPEMEHHBIX METOJIOB
NLP, HenMHENHOro yMEHBIIEHHS Pa3MEPHOCTH U HEPApPXUUECKOW KiIacTepu3aluu Ui 3aaad
aHanu3a MHOIOMEPHBIX TeKCTOBBIX AaHHbIX. [I[pumenenne UMAP B coueTaHuu ¢ arjioMepaTuBHON
KJIacTepH3alHel MOKa3aJl0 CBOI YCTOMYMBOCTh K IIYMY M CHOCOOHOCTb BBISBIISITH CIIOXKHBIC
3aBUCHMOCTH B JaHHBIX, 9YTO JE€NaeT MJaHHBI MOAXOJ MEPCIEKTUBHBIM ATl 00paboTKH
MHOTOSI3BIYHBIX TEKCTOBBIX KOPITYCOB.

Ha puc. 11 mnpencraBieHa Bu3yainsalus pe3yibTaToB KIACTCPH3ALMUM, IOJYYEHHBIX C
npuMeHeHHeM KoMmOumHammu wmogmenu distiluse base multilingual, amroputmMa yMEHBIICHUS
pasmepHoctu  UMAP u arnomepaTuBHOM KiacTepuzanuu. BusyanbHOe NpeicTaBIeHUE
JIEMOHCTPHUPYET pa3/ieliCHNE TaHHBIX Ha KJIACTEPHI.
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Puc. 11. Buzyauzayus kiacmepuszayuu 2mbeoounzoe ¢ nomouvio modenu distiluse_base_multilingual ¢
aneopummom AenomepamusHoii kiacmepusayuel, anrcopummom ymenvuenus pasmeprocmu UMAP co
cmpamezueti Reduce — One-hot.

Fig. 11. Visualization of embedding clustering using the distiluse_base_multilingual model with
Agglomerative clustering algorithm, UMAP dimensionality reduction algorithm with Reduce — One-hot
strategy.

Pesynbrarel moucka mapadpas coxpaneHsl B (opmare JSON (puc. 12), yto obecneunBaet
CTPYKTYPHPOBAaHHOE XpaHEHWE [aHHBIX W YyOOOCTBO MX MJajbHEHIIero aHamm3a. B daiine
coJieprkaTcs CrpyIIMpPOBaHHbIE TEKCTOBbIE (hparMeHThl, 00beIMHEHHbIE HA OCHOBE CEMaHTHIECKON
OIM30CTH.
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5. 3aknroyeHue

[IpoBeneHHOE McciIe10BaHUE TPOAEMOHCTPUPOBAIIO 3P PEKTUBHOCTE KOMOMHUPOBAHHOTO ITOJIX0/12,
00BeANHSIONEr0 MeToAbl 00paboTku ectecTBeHHOro sizbika (NLP), HenMHEHHOro CHMXKEHHS
Pa3MEpHOCTH U NepapXU4ecKor KllacTepU3aliy, 1JIs pELIeHUs 3a1a41 TToMCcKa napadpas B TEKCTax
WHCTPYKIHUH 110 MeTUIMHCKOMY puMeneHuro JIC.

kWe kapbosHrwogpasa”,
“unr Th KCAHTAHOKCKAAZE",

HEWATS EXTUBHOCTE Ki
nTop”,

AN EEECAMT et
"EAOKKPOEKS ANMHHOUENOYEYHER 3-KETOBLMN-KOB-THONES"

BPAMOCENEKTHEHLIR"

N5 OXOMBILE Y HsIl
NGO OMBIIE S HbIR
F 5K OMBILE Y HIl
FNBAKOMBILE HeIi
NGO OMBIIE S HbIR
rABAKOMEILEYHEI KAETKS MOYSSHIECAAUMIA NyTe" e HE COKPATHMOCTE MHOKEPA™,

oH Ha MHOKEDA" .

"CHHKEHHE CEXPEUWA ansAoCTepoH",
"crmkerme 34",

UCHHKETS B4 CHCTOMMYECKKA™ ,
"cawkaTs 8",

UCHUKERHE B4 CUCTOMNHYRCKHA",

YAYUNETE NOKESE
KUHA UMTOKWHE",
ykuHA ige”

Puc. 12. Ipumep pezynromama noucka napagpas ¢ nomowwio mooenu distiluse_base_multilingual
¢ aneopummom Aenomepamueroil Kiacmepusayuel,
aneopummom ymenvuienust pasmeprnocmu UMAP co empameeueii Reduce - One-hot.
Fig. 12. An example of a paraphrase search result using the distiluse_base_multilingual model
with the Agglomerative clustering algorithm,
the UMAP dimensionality reduction algorithm with the Reduce - One-hot strategy.

Hcnonb3oBanue multilingual-moznenu distiluse_base multilingual B couyeranun c anropurmMom
UMAP u ariomepaTHBHOM KiIacTepu3aliiei HO3BOIMIN JOCTHYb BEICOKOM TOYHOCTH TPYIIITHPOBKHI
CeMaHTHUYECKH OJIM3KHUX TEKCTOBBIX (pparmenToB. KirtoueBsIM (hakTopoM ycrexa cTajlo IpUMEHEHHE
crparerun Reduce — One-hot, xoTopass oOecrieumsia COXpaHE€HHE CTPYKTYPHOH II€IOCTHOCTH
JIAHHBIX TT0CJI€ CHIDKEHMS Pa3MEPHOCTH | YITyUIIIIa Pa3eIMMOCTh KIIaCTEPOB 33 CUET HHTETPALUH
KaTeropruaJibHbIX IPU3HAKOB.

OnrtumaibHble pe3yNbTaThl ObUTH MOJTYYSHbI IPU CIEAYIOMINX apaMeTpax:

e Jlnn UMAP: merpuka KOCHHYCHOTO paccTosHHsI (metric = cosine), KOJIHYeCTBO
KOMITOHEHT (n_components = 2), uyncio coceneit (n_neighbors = 10) u MuHMMaBEHOE
paccrostane (min_dist = 0.1). DTn HACTpOWKM NO3BOJMIM COXPAaHWUThH JIOKAaJIbHBIE U
riio0ajbHBIE 3aBUCHMOCTH B JaHHBIX, YTO KPUTHYECKH Ba)KHO ISl IOCIERyrouien
KJIaCTepHU3ALHH.

e Jlns arnmomepaTtuBHOH kiactepusanuu: Meton csi3u Ward (linkage = ward) u xonudectBo
knactepoB (n_clusters = 200), 49ro oOecmeYHIO0 MHUHHUMH3ALIUIO BHYTPHUKIACTEPHOU
Jucriepcud 1 GOpMHUPOBaHWE KOMITAKTHBIX, XOPOIIIO Pa3/IeiIeHHBIX IPYIIIL.

Buzyanuzanus pe3ynsraToB (puc. 11) noarsepania ¢ 10cTaTOYHOM TOYHOCTHIO YETKOE pa3/iesicHue
JIaHHBIX Ha KJIACTEPEbl, & COXpaHeHHe pe3yapTaToB B popmate JSON (puc. 12) obecnieunsio yno0cTBO
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UX JajbHEHIIero MCHOJIb30BaHUS B NMPUKJIAIHBIX 3a/adaX, TAKMX KaK aHaIN3 B3aUMOJCHCTBHNA
JICKAPCTBEHHBIX CPEJACTB WIIM aBTOMaruyeckoe pedepupoBanue. [IpeasoxkeHHbII MeTon
JIEMOHCTPUPYET MOTEHIMAJ JJIsi aBTOMaTH3aluid 00padOTKH MEAMIIMHCKUX TeKcToB. [IpennoxeH
yHUBepcaJbHBIN pipeline 11 00paboTKH MEAUIIMHCKUX TEKCTOB, COYETAIOIIHH coBpeMeHHbIe NLP-
MOJENH, METOABl CHIDKCHUS PAa3MEPHOCTH M KJIAacTepU3aliH. OTOT IOAXOA MOXKET OBITh
auanTHpPOBaH UL JAPYTHX  Y3KOCHELHMaJIW3UPOBAHHBIX JOMEHOB. PemieHwe mpoOieMbl
OyOnMpoBaHMS ¥ BapUATHBHOCTH TEPMHHOJOTHMHM B HHCTPYKIMAX JIC MNOBBILIAET TOYHOCTH
MHTETpaluM JaHHBIX, YTO BAXKHO JUI CHCTEM IIOJJICP)KKM BpaueOHBIX pEIICHHH W aHAIN3a
nmondapmakorepanui. CpaBHUTeNbHBIN aHamm3 mopener (Bkmtodas Clinical Modern BERT,
paraphrase-multilingual u rubert-tiny u T.1.) mnokazan, uto distiluse base multilingual
obecrieunBaeT HaWwIy4ylInii OajlaHC MEXAYy KayecTBOM KJIACTEPH3alMM W BBIYHCIUTEIBHON
s dekTuBHOCTRIO. JlaHHOE WCClIeOBaHME HANpaBlICHO Ha pPa3pabOTKy METOJOB aHaIHu3a
B3aUMOJICHCTBUI JICKAPCTBEHHBIX CPEJCTB IPH MOJU(APMAKOTEPallMd C HCIOJIB30BaHUEM
rpadoBBIX MOJIENIeil JaHHbIX, MO3BOJISIONIMX BBISABIATH MOTEHIMAILHO OonacHele komOuHamu JIC
IyTEM CEMAaHTUYECKOIO AaHalW3a HHCTPYKLHUH U YCTPAHEHUS JIEKCUYECKOH BAapUAaTUBHOCTH
omucanuil. HccrnenoBaHue BBIMOJIHEHO NMPU (MHAHCOBOI monnep)kke Poccuiickoro HaydHOro
¢onma (mpoekt Ne 23-75-30012).
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