CeTreBoiil KJIaCTePHBIN I10JIX01 K aHAJI3Y
€CTECTBEHHOI'O fA3bIKA U €ro NpuMeHeHue

A. JI. Boromososat

Kactepmblit Toaxom K aHAIN3Y €CTECTBEHHOTO SI3BIKA, PEIIAET TIPO-
0J1eMy TPYJIOEMKOCTH U OOJIBIIMX BPEMEHHBIX 3aTPAT IIPU aHAJIU3E I10-
J106HOrO THIA JaHHbIX. OH [I03BOJISET YBUIETH OOIILYI0 OObEKTUBHYIO
KapTUHY HAYYHBIX UCCJIEJIOBAHUN KaK B JUHAMUYIECKO hopMe, TaK U B
MOMEHTE BPEMEHH [IjIsl aHAInu3a TeKyieil curyaruu. Merox coBmeriaer
B cebe BO3MOYKHOCTH MAITUHHOTO OOyYeHUsT M KOTHUTHBHBIX CIIOCOOHO-
creil YegoBeKa, ABIAICH IPPEKTUBHBIM CIIOCOOOM I aHAIN3a 00T
muxX 00beMOB JAHHBIX. MeTo MOAXOIUT JIsT Pa3HOOOPA3HBIX IeJiei
1 3J/IeCh IPEJCTABJICHBI IIPUMEPhI KCIIOJb30BAHUS B TPEX Pa3JIMIHBIX
MIPOEKTax.

KuroueBbie cioBa: Kiactepublil moxos, aHa 3 eCTeCTBEHHOIO
SA3bIKA, MATEHTHBIH aHaJIN3, TOKEHU3aIns, CeTeBoi rpad

[Ipobitema aHa/M3a TEKCTOBOH MH(MOPMAIIUN SBJISETCS CJIOYKHON U aKTy-
aJIbHOI 3aj1adeil. TekcT mMeer OoJiee CIIOXKHYIO CTPYKTYDPY, Y€M YHCJIOBBIE
WIN KaTeropuajbHble JIAHHBIE, TIO9TOMY €r0 TPY/IHEE aHAJU3UPOBATH METO-
JaM¥ MAITHHHOTO 00yeHus. TeMm He MeHee, B BEK TEXHOJIOTMIECKOTO MOCIIO -
€TBa HEOOXOJ/IMMO UCIIOIH30BATH BCIO JOCTYIIHYIO HHMOPMAIUIO, B TOM YHCJIE
TEKCTHI, COJIeprKallie O'POMHOE KOJINIeCTBO 3HaHuii [1].

CyecTByeT MHOXKECTBO MeTOJOB aHasim3a Tekcra [2]. Ilpexze Bcero,
sro meron, Word2Vec, 3atem ujer JUIMHHAS IEIb JEMEHTOB KPaTKOCPOU-
Hoit mamsitu (long short-term memory; LSTM), mozens xinaccuduramun K-
6mkaiimero cocena (K-Nearest Neighbor classification model), cBéprounsie
Heiiponnbie cetu (convolutional neural network, CNN) u apyrue momesnu,
ocHOBaHHBIE Ha HUX. OIHAKO aHAJIM3 TOJIHBIX TEKCTOB TPEOYeT OOJIBIINX BbI-
YUCJUTEJIBHBIX PECYPCOB U TPYI0EMKOI OUNCTKY JAHHBIX. J]j1st GOIBITUHCTBA
MeTO/I0B HeoOxouMa obydarolasi BbIOopKa. TakKe CTOUT 3aj1ada COCTABUTH
OOMIUPHBIN CJI0BAph YCTOMIUBBIX CJIOBOCOYETAHUN U «HEHYKHBIX CJIO», Ta-
KX KaK BBOJIHBIE CJIOBA, COIO3bI, apTuk/an u T.J. CeMaHTUYECKUil cJoBapb
MOXKET 3aHATb T'OJIbI, & 00yUeHne MOJE/N MOYXKET OKa3aTbCs HEIPOCTOH 3a-
nadgeit. Korjia peub ujer 06 ana mse HAy4YHBIX TPYJIOB, TAKUX KaK ITATEHTHI
u myOuKanuu, 3a1a4y ere 60JIbIe YCJIOXKHSAET ODUINe HAYYHBIX TEPMUHOB,
GOpPMYIT U CHeIUaAIbHBIX 0003HAYEHNH.

Tem HEe MeHee, aHAJIM3UPOBATHL HAYUIHBIE TPYILI — 9TO XOPOIIHI CIIOCOD
HalTH aKTyaJibHble TEXHUIECKHE TPeHJIbI, MOTEeHIMAJbHbBIE TOUYKHA POCTa B
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MEXKJIUCITUTINHAPHBIX TEMax U JIaXkKe MpeyrajiaTh NHHOBAIIUY B OT/EJIbHBIX
KOMIIaHUAX. C TOYKHU 3PCEHUA yHI/IBepCI/ITeTa, aHaJIn3 pa3BUTHA y3KI/IX Hay‘l—
HBIX HAIIPABJICHUN SBJISETCS ITOJIE3HOM BO3MOYKHOCTBIO JIJIS TTPEIBOCXUITICHUS
MOTPEOHOCTH B ONPEJIE/IEHHBIX KOMIETEHIINAX U, COOTBETCTBEHHO, oborarme-
HUs yIeOHBIX KYPCOB JjIsI ITOJATOTOBKH BOCTPEOOBAHHBIX criennaancTos. Ode-
BUJIHO, 9TO JJIsT 3(P(DEKTUBHOIO UCIIOIB30BaHNS PE3YIHTATOB aHAJIN3a TEXHO-
JIOTUYECKUX TPEHJIOB, UCCIEIOBAHIE HE MOXKET 3aHUMATh JI0JITOE€ BPEMH, TaK
KaK cuTyalusd MOXKeT U3MEHUTbCs 6yKBa.HbHO 3a MecCHdIlbl, TaK KaK Ka)K,Z[beI
JIeHb TOSIBJISIIOTCS IEeCSITKH U JaxKe COTHH cTaTeil m HOBBIX mareHToB. Obpa-
00TKa TaKUX 00bEMOB HayYHON MHMOPMAIINK Y2Ke IPEBBIIIAIOT BO3MOXKHOCTH
9eJI0BEeKa, HO MAITMHHOE 00y JIeHne TaKKe 3aiiMeT HeMaJI0 BpEMEHH U YCUJINiA,
€CJIU UCIIOJIb30BaTh PACIPOCTPAHEHHBIE METO/IBI.

Taxkum 0O6pazoM MOSIBIIsIETCS HEOOXOANMOCTD pa3padboTaTh METO AHAJIN3a
HayJIHBIX TEKCTOB, TAKNX, KaK HATEHTHI U IIyOJIUKAIINY, COeINHIOMII KOIHI-
THUBHBIE CHOCO6HOCTI/I YeJIOBEeKa U BbIMHUCJIUTEJIbHbIC MOIIMHOCTU MalllMHbI JIJI5
MTOJIYYeHUsT aKTYaJIbHbIX PE3YIbTaTOB.

CyTb mpejiaracMoro HaMH METOa COCTOUT B CJIEIYIOIEM aJTOPUTME
JIeiCTBUIL:

e IloaroroBka gJaHHBIX:

— OCHOBHBIM OT'DAHUYIEHUEM MOXKET OBITh y3Kast HaydHas TeMATHKA,
OJTHa WJIN HECKOJIBKO OPTaHM3aIlnil, NN JlayKe HEKOTopas IrpyIlIa
YVUEHBIX.

— Tun JaHHEBIX MOXKET COCTOATH KaK M3 IOJHBIX TEKCTOB IATEHTOB
Wi yOJUKaInil, TaK ¥ TOJbKO W3 Ha3BAHUM, KJIOYEBBLIX CJIOB
wiin agHoTaruii. OT BeIOOpA THUIIA JAHHBIX 3aBUCUT TPYI0EMKOCTH
U TOYHOCTBb PE3YJIbTATOB.

— Bribop BpeMeHHOTO ITPOMEXKYTKA TaKKe BIIUAET Ha PE3yIbTaT. XO-
TUM JIM MbI IPOCJEIUTH 3aPOXKJIEHNE U PA3BUTUE TEXHOJOTHIE-
CKUX MHHOBAIWIi B JIMHAMUKE (TOrJIa Mbl BBIOUPaeM HAOOp BPEMEH-
HBIX [POMEKYTKOB) WJIM IMOCMOTPETH B MOMEHTE TEMATHIECKYIO
OIM30CTD M MEXKAUCIUTIMHAPHBIN MOTEHIINAJ B PAMKaX OCHOBHO-
0 OIPAHIIECHUSI.

L] C60p JaHHDbIX 1 OII€HKa NX KadeCcTBa:: Ha JaHHOM 3Talle MbI IIPOBE-
pdeM JOCTOBEPHOCTDH JaHHBIX U UX HNPUTOJHOCTD JIJId aHaJJIN3a. Takke
Ha 3TOM 3Talle Mbl MO2KEM OIIEHUTDH ITOJTHOTY BbI60pKI/I.

o HeanqHaﬂ O4YNMCTKAa JaHHbIX BKJIIOYacT B cebs yYaaJjieHne 3HaKOB
OpennHaHUA U «HEHY2KHbBIX CJIOB», a TaK>Ke JIeMMaTUu3allud TEKCTOB.



o Tokenusarius rpecTapiseT coboil mpeBpaleHne KazK I0ro 0TI/ IbHO-
ro cjI0Ba B TOKeH (mim TOYKy). Bec miu BejimvymHa TOYKH 3aBUCHT OT
9aCcTOThI IPUCYTCTBHUSI CJI0Ba B MCCJIELYEMOIl BEIOOPKE.

e IlocTpoenue cereBoro rpada, BepIInHAMA KOTOPOTO SIBJISTIOTCS TO-
KeHbl. Pebpo MexKay AByMsi TOKEHAMHU CTPOUTCS B TOM CJIydae, €CJIi
9TH JIBa TOKEHA BCTPEYAIOTCA B OJHOM TEKCTOBOM 0ObekTe. TosrmuHa
pebpa MPOIOPIUOHAILHA, YACTOTE YIIOTPEOIEHNS IBYX TOKEHOB BMECTE.

e Kiacrepusanmst Touek ceTeBoro rpada OjHIM U3 KJIACCHIECKUX Me-
TOJIOB KJIacTepusanuu. B cBoeM mcciaegoBanun |1| MBI BBISICHIIIN, 9TO
Hanbosree MOXO/SAIIUM JJIs HAIUX TleJIell siBJIsioTCst MeTobl JIyBeiina
u Jleiinena [3] npu ycjoBUM HCIIOJIB30BaHNS TOKA3ATEIIsI MOLYJISIPHOCTH
[4] xax dbyukun kagecrsa (quality function).

[ ] I/IHTepHpeTaHI/Iﬂ Ppe3yJIbTaTOB ¢BJIAETCA IIOCJIECIHUM ITaroM JaHHO-
'O aJIrOpuTMa, U 3/1€Chb HeO6XO,ZLI/IMbI KOUHUTUBHLIE CIIOCOOHOCTH Y€JIO-
BeKa, NMEIOIIETO XOTd Obl HaYaJIbHLIE IIO3HAHUSI B HccnegyeMoﬁ TEeMe.
Nmenno IIO9TOMY ,II,&HHI)IP'I METO, HanboJIee MoJIe3eH JJIdd HayIHBIX CO-
TPYJHUKOB B YHHUBEPCUTETAX, TaK KaK OHU O6J’I&,ZL&IOT HeO6XO,ZLI/IMbIMI/I
SHaHUAMU B CBOUX TeMaX, a Hpe,ZLCTaBHeHHbIﬁ KJIaCTeprIfI Ioaxona K
AaHaJIN3y €CTECTBCEHHOI'O A3bIKa IIO3BOJIACT MM YBUIAETH KapTHUHY B IIE-
JIOM U IIPOAHAJIU3UPOBATHL COTHU U THICAYIN crareil be3 HEIIoCpeaCTBEH-
HOT'O YTeHUA ITOJTHBIX TEKCTOB.

ﬂaHHbeI METO/ UCIIOJIb3yeTCAd HaMU JJId PA3JINIHBIX aHAJIUTUICCKUX IIPO-
eKTOB. /lajlee mpUBOAATCS TPUMEPHI MPAKTUYIECKOTO MCIOJIH30BAHUS.

Bo-miepBoIx, JaHHBIN METOJ HMOJAXOANUT I aHAIN3a Y3KUX HAYIHBIX Ha-
npasieHuii. B Harem ciydae Mbl IPOBOJIUJIN aHAJIM3 TIATEHTOB 10 T€ME BO3-
ob6HOBIIsIeMOit sHepreTuky [5]. B aroM ncciejoBaHnE MBI pACCMOTPEIIN IATEH-
ThI, CBsABAHHBIE C HEProadPEeKTUBHOCTHIO, Bhlanubie ¢ 1973 mo 2019 rog.
B xome paborsl Mbl poanaansuposaan 6omee 108 000 maTeHTOB, BbIIAHHBIX
3a 9TOT EPHUOJ| 10 BCEMY MHUPY. TOOBI IIPOJIEMOHCTPUPOBATD TEHIECHINH B
JAHHON HAyJHOI O0JIACTU, MBI PA3JE/IUJIN MMATEHTLl Ha CeMb T'PYIII, IepBas
rpyIIa OXBATBIBAET BOMPOCHI maTeHTOB ¢ 1973 mo 1989 rom, a ocrajbHbBIE
OXBaTBIBAIOT OCTABIIHUIICS [MEPUOJ BPEMEHHU C IIAroM B 1Tk JieT. Ctout ot1-
METUTh, 9TO KOJUYIECTBO HATEHTOB B dTON 00JIACTH CTPEMHUTE/IHLHO PACTET,
OCODEHHO B IMOCJIETHUE TOJIHI.

B pe3ysibTaTe Mbl gICHO BUJIUM, 9TO UCCJI€JOBaHUA, BEAYIIINE K ITOBBIIIC-
HUTO 9HeProdddEeKTUBHOCTH U, CJIEI0BATEHHO, JOCTUKEHUIO IeJeil B 00J1a-
CTH yCTOMYUBOIO PA3BUTHSI, OBICTPO PACIIUPSAIOTCS 3a IOCJCIHUE TPU Ie-
caTUIeTUs. B 110C/1€/IHIe HECKOJIBKO JIET ITPOU30IIes 3HAYNTE/IbHBII C/ABUT B
TeMaX UCCJIeIOBaHUM ¢ 3(PDEKTUBHOCTH CKUTAHUS ITPUPOIHOTO raza B 1970-x



u 1980-x romax Ha UCCJIEIOBaHUS TOILIMBHBIX 3JIEMEHTOB U COJIHETHON SHEP-
ruu. MOXKHO ¢ yBEPEHHOCTBIO CKa3aTbh, UTO TEXHOJIOTUU, CBSI3aHHBIE C BO3-
OOHOBJISIEMOI SHEPTHEH, SIBJIAIOTCH OCHOBHBIM HAIIPABJIEHUEM TATEHTOBAHUS
B obJracTu, cBA3aHHON ¢ dHEProdddekTuBHOCTHIO. Jlasee MOXKHO MOIPOOHO
paccMoTpeTh TpaHChOPMAIINIO KaXKJI0r0 KjacTepa TeM U BBIJIEJIUTb OoJiee
KOHKpPETHBIC TEXHOJIOTUYIECKHNE DPeIleHNnsd, KOTOPhIE B 6y,£LymeM MOryT CTaTb
XOPOINUM KOHKYPEHTHBIM MPEUMYIIECTBOM JIJIsi KOMITAHUIA.

]_D)O—BTOprX7 OIIUCAHHBIN HaAMI MeTOd MOXKHO HCIIOJIb30BaTh JJIfd aHaJIU3a
JIeATeJIbHOCTH KOHKPETHBIX KoMIaHuil. [ljis Toro, 4Tobbl MpojgeMOHCTPUPO-
BaTh paboTy aJropuTMa Mbl B3s1i KoMnanuio Apple B kadectse npumepa [1].
TaxuMm 06pa3oM MbI aHAJIU3UPOBAJIN [IATEHTHI, HpuHaLIexkaiue Apple Inc.,
onybukoBaHHble ¢ stHBapst 2019 roga mo centsiops 2020 roga. B BeiObOpKY
Born 13 500 maTeHTOB MO Pa3TUIHBIM TEMAaM.

CoriacHO TOJTyYeHHBIM PE3yJIbTATaM, MOXKHO OBLIO IIPEIIOIOKUTh, ITO
KOMIIAHUS [TPOBeJIa OOIBIMTUHCTBO UCCJIEIOBAHNIM 38 9TU OJITOPA T'OJa B CJe-
JIYIOIUX 00IaCTsIX: KOMMYHUKAIIUK (TO €CTh HAJIAYKMBAHUE TEXHOJIOTHIT CBsi-
3M M PACIPOCTPaHEHUsI CUI'HaJa), busuueckuii naTepdeiic u 3JIeKTPOHNKA,
[10JIb30BATEIbCKUI WHTEep(dEic U BUPTYAJIbHBIM MOMOIITHAK. TakyKe MOXKHO
00HAPYXKUTH 3aJieJl Ha pas3paboTKy 0oJiee COBEPINEHHON CUCTEMbl OHOMET-
pudeckoil uieHTUMUKAIMA U PsiJi [TATEHTOB, IOCBHAIIEHHBIX TEME CHUXKE-
HUsT 9HEPronoTped/IeHusT SKPAHOM. BOJIBIIUHCTBO U3 3TUX PEIITOJIOXKEHU T
OIPaBAJIUCH U HAIIJIU CBOE OTPaKEHHE B BBIIIEIIEM Y2Ke I0CJIe IIyO/ImKa-
muu crarsu iPhone 13.

N nakowner TpeTuii IpuMep UCIOJB30BAHMS JAHHOTO aJIropuTMa 00padboT-
K1 uHGOpMaAI B GOPME €CTECTBEHHOTO SI3bIKA — 9TO aHAJN3 KOMIIECTEHITNH
" MEeKJIUCIIUITJIMHapPHOT'O B3aI/IMO,[LeI7ICTBI/IH BHYTPpU OJHOT'O M3 KPYIHBIX TEX-
HUYECKUX PErMOHAJBHBIX YHUBEPCUTETOB, BIIOCJIEICTBUU BOIIEIIIEM B IIPO-
rpammy «IIpuopurer 2030». 3a OCHOBY OBLIN B3sITHI IIyOJIUKAIUN COTPY/IHU-
KOB YHUBEPCUTETA B PEHTUHIOBBIX YKypHAJIAX.

B XO/ie IIPpOEeKTa 6bI.HI/I BBIJICJICHBI 5 CHUJIbHBIX HayYIHbIX IIKOJI Ha 6&3@ yHu-
BepCUTETA, & TAKXKe NHTEHCUBHOCTH MEXKIMCIUILINHAPHOTO B3ANMOIeHCTBAA
MeK/ly 9TuMU mikojiamMu. CaMblii OCHOBATEJIbHBIN U eMKU XUMUIECKUN Ha-
VUHBIN KJIaCTep B TOXKe BPEMs sIBJISIETCsI HAmOOJIee 3aKPBITHIM U 000CO0 IeH-
HBIM. B Hem Tak»Ke He 3aJIefiCTBOBAHO HOBBIX IE€PCIHEKTUBHBIX TEXHOJIOTUM,
TaKNX KaK HCKYCCTBQHHbeI NHTEJIJIEKT U MallIlMHHOE o6yquHe. HOSTOMy MOZK-
HO CJIeJIATb BBIBOJI O TOM, UTO JJIsi PA3BUTHS ITOU HAYUIHON IIKOJIBI HA yIKe
CYIIECTBYIOIIEM KPENKOM (DYHIAMEHTE UCCIIe0BaHN HEOOXOIUMO BBIXO/INTh
3a paMKU IIPUBBIYHBIX TEM U BECTHU OOJIBIIIE COBMECTHBIX IIPOEKTOB C JIPDYTUMU
IIKOJIaMM JIJIs1 O6OFaH.[eHI/IH 1 aKTyaJIu3allun TeM U METOJ/I0B. HayKa O MaTe-
praJjax, KOTopas Yallle BCEro siBJISeTCS CBA3YIOMNUM 3BeHOM MeK/ Ty (hU3nKoit
¥ XUMUeR B JJAHHOM CJIydae OUeHb TECHO MHTErpUpPOBaHa ¢ (pU3nKOil, HO HE C
xumueit. Maremaruka Takke B OOJIBITUHCTBE CJIyYa€B BCTPEIAETCSH B CTATHAX



¢ dpusnaeckoil TeMaTUKOi. Bruosiorust u reosiorust sIBJsIIOTCsT 000COOIEHHBIMU
U CJ1aDOpa3BUTHLIMU ITKOJIAME. TakuM 00pa3oM pu3ndeckas: HayIHas KO
SIBJISIETCsI OCHOBHOM JIBUTATEILHON CUJION YHUBEPCUTETA, ITPUMEHSIET COBPE-
MEHHbIC METO/bI 1 BSaHNIOILefICTByeT C KOJIJIeTaMU U3 JIPyTI'ux chep HayKH.
Jlajiee moJiydeHHBbIE BBIBOJBI Ha OCHOBE TaKO 0O0OIell KapTHHBI HAYIHOMN Jie-
ATEJLHOCTH OBLIU UCIIOJb30BAHDLI i (DOPMUPOBAHUS CTPATErUN PA3BUTUSL
yHuBepcuTeTa U 3(PPEKTUBHBIX MEP 10 CTUMYJISIIIANA UCCIEI0BATEIHCKON JTe-
ATEeJIbHOCTU.

Takum 06pasoM, B JaHHOI paboTe OLLT PpacCMOTPEH METO, KIACTEPHOIO
aHaJIN3a eCTECTBEHHOTO sI3bIKA M BO3MOXKHOCTHU €r0 MPUMEHEHUs Ha, IPAKTH-
Ke. B Hammx mpoexTax MBI UCIIOJB30BAJIM €r0 Jallle BCEro /I aHAIn3a Ha-
3BaHMIl U aHHOTAIUI [TATEHTOB M IIyOJIMKAIINI, HO TAKXKe CYIIeCTBYeT IOTEH-
[UAJT JIJTsT UCIIOJIB30BaHUSI 3TOI0 METO/a Ha JApyruX popMax JTaHHBIX B (popMe
€CTECTBEHHOI'O SI3bIKA. [JIaBHOE MPENMYIIECTBO 9TOI0 METOHa aHAJIU3a - €ro
CKOPOCTh, MIPOCTOTa U YHUBEPCAJIbHOCTD. Takum 00pa30oM, 3TOT METO/I - JIy -
K BBIOOP J1j1sT OBICTPOIl OIEHKH CUTYaIlud B OIPEIETeHHON KOMIIAHUN WJIN
cepe pesarenbvHocTu. JlanbHeiinme uccienoBanus OYIyT CBSI3aHBI C YIyU-
[ITEHNEM METO/O0B OYNCTKU JAHHBIX M YIIPOIIEHNEM aHaJIn3a 0oJiee JJIMHHBIX
TEKCTOB C HCIIOJIb3OBaAaHUEM TOT'O 2Ke MeTO/La KJ/laCTepUu3alluu. MI)I TaK>Ke 3a-
MHTEPECOBAHBI B COKPAIEHNH IKCIIEPTHOTO 3JIEMEHTa B &JITOPUTME ITPUHSI TS
peIleHuil, HO IIPU TOM C COXPaHEHUEM IIPEUMYIIEeCTBa HEOOJIBIINX BPEMEH-
HBIX 3aTPaT HA PEaN3aIUIO.
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Cluster network approach to natural language analysis and its
applications
Bogomolova A.D.

The cluster approach to natural language analysis solves the
problem of labor and time consuming in this data form analysis. It gives



(1]
12l

opportunity to see the overall objective picture of scientific research
in both dynamic form and in static to analyze the current situation.
The method combines the capabilities of machine learning and human
cognitive abilities which is an efficient way to analyze large amounts
of data. The method is suitable for a variety of purposes and in this
article there are some examples of its applications.

Keywords: Cluster approach, natural language analysis, patent
analysis, tokenization, network
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