PE®EPAT
AKTyaJbHiCTb TeMH. PO3BUTOK Cy4acHOTO CyCHIJIbCTBa TICHO IMOB'S3aHUN 3

aBTOMAaTH3alll€l0 Mpolecy o0poOku iHdopmallli, 0 O0COOIMBO MPOSBISETHCS B
CydacHii emoci mudpoBoi Tpanchopmariii Ta CTPIMKOTO IPOCYyBaHHS 1HGOpMAITITHIX
TEXHOJIOT1M, KOJU aHalli3 BEIMKUX OOCSTIB TEKCTOBUX JAHMX CTa€ KIOYOBUM
3aBJAaHHSM JIJII 0aratbox cdep AiSIbHOCTI.

Oco061BO BaXJIMBUM € po3Ii3HaBaHHs iMeHOBaHUX cyTHOCTeH (NER) B TekcTi,
a came ieHTudikaris ocid, MiCIlb, OpraHi3alliil Ta IHIINX BaXJIMBHX KaTeropii, sike
3HAXOJWTh 3aCTOCYBaHHS y 0araThOX Taly3sX, BKIIOYAIOYM KOMIT'IOTEPHI HAYKH,
JIHTBICTUKY, Ol0iH(popmaTuky Ta 1HII. Y 013Heci NER-cucteMu BUKOpHCTOBYIOTHCS
JUTSl aHAJII3y PUHKIB, IPOTHO3YBaHHS IOMUTY, PO3IOALTY PECypCiB Ta pu3uKiB. B cdepi
MEJIMIIMHU BOHU JIOTIOMAararoTh B 17ieHTU(]IKaIli]l Mali€HTiB, J1arHO31B Ta JIKyBaHHI. Y
IPaBOOXOPOHHIN AisuibHOCTI cucteMu NER BHUKOpHUCTOBYIOTHCA [IJIsl BUSIBJICHHS Ta
IIPOTHO3YBaHHS 3JIOUYMHIB, @ B TaJly3l HAYKH - JJI aHaji3y HAyKOBUX MyOJiKamiil Ta
BUSIBJICHHS TIPUXOBAaHUX a00 HEOUEBHUIHUX 3HAHD Y TPAIISIX.

[Ipu 1bOMy, 3 PO3BUTKOM TIJIHMOOKOIO HaBYaHHS Ta HEHUPOHHUX MeEpex
BIJIKDUBAIOTHCS HOBI MOJIMBOCTI JUISI MOKPAUIEHHS TOYHOCTI Ta MPOJYKTUBHOCTI
CUCTEM pO3Mi3HABAHHS IMEHOBAHMX CYTHOCTEH. [HTerpariis rMOMHHUX HEUPOHHUX
MEpeX y TO€JHAHHI 3 METOJaMH OOPOOKM MPHUPOTHOI MOBHU JO3BOJSE CYTTEBO
MIJBUILLUTH PeCypcoePEeKTUBHICTh 3a]]a4 OOPOOKH JaHUX y Harepe] BU3HAUYEHI KIacH
3aBJSIKA OLTbIN €()eKTUBHOMY BHSIBICHHIO CKJIAJIHUX 3aJIEKHOCTEH Ta IMIA0JIOHIB Y
TekcToBlM 1H(popmarii. OTxe, po3poOKka CHUCTEM pO3Mi3HABAHHS IMEHOBAHUX
CYTHOCTEH y TEKCTi 3 BUKOPHCTAHHSIM TIMOMHHUX HEUPOHHHX MEPEK 3aTHIIAE€THCS
aKTyaJIbHOIO 3a/1a4€l0, OCKIIBKH I TEXHOJOTIS MOKE 3HAYHO OINTHMI3yBaTH Ta
MIPUCKOPHUTH POOOTY 31 3HAUHUMHU MacCHBaMH TEKCTOBUX JIaHUX.

Meta poboTu Tmoyisirae B aHamizi Ta po3poOii eheKTHBHUX MOACICH s
pO3IMi3HaBaHHS IMEHOBAHUX CYTHOCTEH Ha 0a3i KiacudikatopiB 0OpOOKH MPUPOIHOL
MOBHU Ta TJIMOMHHUX HEHPOHHUX MEPEXK JJI MOKPAIICHHS TOYHOCTI Ta IIBHIKOIIT
CUCTEMU 3 OOMEXEHUMH BXITHUMH JaHUMH. JIOCHIIDKEHHS CHOpsSMOBAaHE Ha

MOPIBHSIHHSL PI3HUX TIJAXOAIB PO3MI3HABAHHS ISl BHU3HAYEHHS ONTUMAaJbHUX



apXITEKTyp Ta METOJIB ONTUMI3AIIl JIJIs1 JOCATHEHHS MaKCUMaIbHOT MTPOYKTUBHOCTI.

O0’eKTOM J0CTIIKEHHS € MPEIMETHO-OPIEHTOBAHA CHCTEMa PO3Ii3HABAHHS
imeHoBanux cytHocteil (NER) B TekcTi, 1m0 6a3yeTbcsi HA BUKOPUCTaHHI METOIB
00poOku mnpupoaHoi mMoBu (NLP) ta raubunHux HeuponHux Mepex (DNN) 3i

3JIATHICTIO 10 MacIITa0yBaHHS.

IIpenmeTroM JoOCHiIKeHHsI € MOJEN MANIMHHOTO [UJIsl PO3Mi3HABaHHS
IMEHOBAHUX 00’€KTIB B TEKCTI, apXITEKTYypH INIMOMHHUX HEUPOHHHUX MEPEXK, a TAKOK
OLIIHIOBAHHS ~ MPOJYKTHBHOCTI PO3POOJEHUX CHUCTEM LUISIXOM  EMIIPUYHHX

JIOCJTIJIPKEHD 1 €KCIIEPUMEHTIB.

Metoau noc/ilzKeHHs1 CKJIAIalOThCsl 13 3arajlbHOHAYKOBHX Ta CIEIiaJIbHUX
METO/IIB Mi3HAHHS, 30KpeMa:

1. AHaNITUYHUN METOJ: JUIsl KOMIUIEKCHOTO BHUBUEHHS Ta y3arajlbHCHHS
OCTaHHIX HAyKOBUX pPO3POOOK BITUM3HSIHMX Ta 3apyODKHHUX BYEHHX Yy cdepi
posmizHaBaHHsi 1MeHOBaHMX 00’ekTiB (NER) Ta po3poOku MacmiraboBaHuX 1
npeaMeTHo-opieHToBaHUX cucteM NER.

2. MeTton anani3y Ta CUHTE3Y: JIJIsl yTOUHEHHSI Ta KOHKPETH3allli MOHATIHHO-
KareropianbHoro amapary y chepi NLP, cucremaruzariii 3HaHb Mpo aqrOpuUTMHU Ta
nporpamie 3abe3neueHHa s NER, a takox s GopMyIrOBaHHS TEOPETUUHHUX
MOJIO’KEHb Ta BUCHOBKIB JIOCTIIKEHHS.

3. Meton aHayorii Ta TOPIBHSHHS: JJI1 BHUSBIICHHS Ta CIIBCTaBJICHHS
ocobnMBocCTel icCHYOUMX MeToAiB Ta miaxoaiB 7o NER, a Takox ais o0rpyHTyBaHHS
BHOOPY Ta pO3pOOKH IMOKPAIICHUX AJITOPUTMIB 1 POrPaMHOTO 3a0€3MeUeHHs.

4, Cucremarusartis: 1 pO3KpUTTS OCHOBHHUX TECHJICHITIN, 3aKOHOMIPHOCTEH
Ta npuHIUIB po3BUTKy cucteM NER, a Takox nmns dhopmyBaHHs kinacudikaiiii ta
THUIIOJIOTIH aJITOPUTMIB 1 IPOTPAMHOTO 3a0€3MeYCHHS.

5. AOCTpakTHO-JIOTIYHUN  MeToh: il (GOPMYJIFOBaHHS  TIMOTE3,
TEOPETUYHUX TIOJIOKEHb Ta BUCHOBKIB JOCIIIKEHHS, @ TAaKOX JJIsi OOTpYHTYBaHHS
3alPONOHOBAHUX HOBITHIX MIAXOAIB 70 PO3POOKH MAacIITa0OBAaHUX 1 MPEIMETHO-

opientoBanux NER-cuctem.



6. Meton neaykiiii Ta MOACITIOBAHHS: /i1 BUPOOJIEHHS TIPOTMO3UIIINA 111010
ynockoHajgeHHs MexaHismMiB NER, po3poOku HOBHX anroputmiB Ta MPOrpamMHOTO
3a0e3MeYeHHs], a TAKOXK JUI OI[IHIOBAHHS iX €(DEeKTUBHOCTI.

7. ExcriepuMeHTanbHI METOIM: /I MPOBEICHHS AOCTIIKEHh 3 METOI0
OLIIHKH €(EeKTUBHOCTI PO3pOOIECHUX aIrOpUTMIB Ta Mporpamuoro 3ade3neueHHss NER
Ha TECTOBUX Habopax JaHHX.

8. MeTtoau  CTaTHCTUYHOTO  aHami3y: JUIsi  OOpOOKH  pe3ysbTaTiB
eKCIIEPUMEHTIB, BUSBJICHHS CTATUCTUYHHUX 3aKOHOMIpPHOCTEH Ta (HOpMyITIOBaHHS

BHUCHOBKIB PO €(EKTUBHICTH 3aITPOINIOHOBAHUX METO/IIB 1 IMiJIXO/IIB.

HaykoBa HOBHM3HA 0/IepKaHUX PE3YJIbTATIB MOJISITA€ B HACTYITHOMY:

1. IlpencraBieHHs] YJOCKOHAJIEHMX apXITEKTyp Ta TIOpPUIHUX MOJENEH, 10
MOEIHYIOTh Pi3HI TUIIM HEHPOHHHUX MEPEXK, JOJATKOBI IIApH Ta MEXaHI3MH 00pOOKU
JAHUX 3 METOI0 JOCSITHEHHS BUIIOI MPOAYyKTUBHOCTI B 3agadax NER mopiBasiHO 3

ICHYIOUUMH MOJICJISIMU TJIMOMHHOTO HABYAHHS.

2. IMmnemMeHTallis Ta omiHKa e(EeKTUBHOCTI PO3IIMPEHUX TEXHIK MOMEPEIHBOI
OOpoOKM BXIJHUX JaHUX 3 METOI ONTHUMIi3alii MNPOAYKTUBHICTh TIITMOMHHHUX

HEHEUPOHHUX MEPEK.

3. JlocaimkeHHs Ta 3aCTOCYBaHHS METO/IIB KOHTEKCTYaJIbHOTO BKJIaIaHHS CIIiB
(contextual embeddings) miast ToHKoro HajamTyBaHHs (fine-tuning) mpeameTHO-
OpPIEHTOBAaHUX MOJIeJIE€ 3 METOI0 IIJIBUILIEHHS €(QEKTUBHOCTI pO3MI3HABAHHS

IMEHOBAaHUX CYTHOCTEH y PI3HMX KOHTEKCTaX.

4, Apnamnramiss Mojeled HEHPOHHHMX MEpPeX JI0 KOHKPETHHX JIOMCHIB 3
ypaxyBaHHSM YHIKaJIbHUX OCOOJIMBOCTEH 1 TEPMIHOJOTI] X 00JacTel 3 MpeaMeTHO-

Opi€EHTOBaHUX 0a3 3HAHb.

5. IlpoBeneHHS KOMILJIEKCHOTO MOPIBHSUIBHOTO aHaJI3y ICHYIOUMX CUCTEM JJIs

JIeMOHCTpallii €eKTUBHOCTI 3aIIPONIOHOBAHUX METO/IIB.

IIpakTuyHa 3HAYeHHS OJeP:KAHUX Pe3YJbTATIB 1€l poOOTH 3BOAUTHCS 10

PO3pOOKH Ta CTBOPEHHSI MPOTPAMHOT KOMITIOHEHTH Ha OCHOB1 apXITEKTYPH TTTUOMHHUX



HEHPOHHMX MeEpeX B paMKax 3a/Jadyl poO3Mi3HaBaHHS IMEHOBAHMX CYTHOCTEH.
Po3pobnena NER-cuctema xapakTepu3yeThCcsi BUCOKOIO TOUHICTIO Ta €()EeKTUBHICTIO
OOpOOKHM BEIMKHUX OOCATIB TEKCTOBUX JaHUX, IO POOUTH ii TPUAATHOIO IS
BUKOPHUCTAHHS B PI3HUX MPEJAMETHUX 00JACTAX, MIHIMIZYIOUH MOTpeOy B PyUYHOMY
BTPYYaHHI Ta 3MEHIIIYIOYH PU3HK JIIOJACHKUX MOMIIIOK. CHcTeMa 3/1aTHa A0 afanTaiii
Ta IHTErpallli 3 pi3HUMHU TUTIaMU 0a3 1aHuX, BKItoyatoun nomyssipai CYB/], uepes API
abo cremialibHl KOHEKTOPHU. 3aBASKH MOXIJIMBOCTI OOpPOOKH JaHUX Y peXKUMI
peaNbHOTO Yacy Ta aBTOMAaTHU3aIlil MPOIIECIB BUIYUYCHHS Ta 3alIOBHCHHS 0a3W JaHUX,
cuctemMa 3a0e3neuye €KOHOMIIO PecypciB Ta MiJIBUINYE €(PEKTUBHICTh MOIIYKY Ta
aHani3y iHpopmMmaiiii.

Amnpobanis pooorn. OCHOBHI TOJIOKEHHS 1 pe3ylbTaTd poboTu Oyiu
npe/cTaBlieHl Ta 00roBoproBaiuch Ha X VI HaykoBili KOH(EpEeHIlii MariCTpaHTiB Ta
acmipanTiB «[Ipukmagna marematuka Ta komm fotuHr» [IMK-2023 (Kuis, 28-23
muctonana 2023 p.), a Takox y 8-1i MI>KHAPO/IHIN HAYKOBO-TIPAKTHYHIA KOH(PEpEeHIIiT

BoScience, Bocron, CIITA. 2023.

Crtpykrypa Ta o00caAr podorm. Marictepcbka aucepTallis CKJIaJaeThCcs 31
BCTYITY, YOTHUPHOX PO3AUTB, BUCHOBKIB MO KOXHOMY PO3IiIy Ta TMOBHOIIIHHHX
BHCHOBKIB 3arajbHOi pOOOTH, CIHCKY BHKOPHUCTAHUX JIiTepaTypHHUX mKepen (42
HaliMeHyBaHb). [ToBHHIT 06csT nuceprarttii — 204 cropiHok, y Tomy uucii 102 cropinok
OCHOBHOT'O TE€KCTY, 25 PUCYHKIB, 6 TaOIUIH

YV ecmyni momaHo 3arajbHy XapakKTepUCTUKY poOOTH, 3pOOJIEHO OIIHKY
CYy4aCHOTO CTaHy MNpoOJjeMH, OOTPYHTOBAHO aKTYyaJbHICTh HAMPSIMKY JIOCHIIKEHb,
c(OpMyIBLOBAHO METY 1 3aJa4l JOCIIJKEHb, TIOKa3aHO HayKOBY HOBU3HY OTPUMAHUX
pe3ynbTaTiB 1 MPAKTUYHY IIHHICTH POOOTH, HABEJEHO BIJIOMOCTI MPO ampoOdarrio
pE3ynbTaTIB 1 IXHE BIPOBAKEHHS.

YV nepwomy po30ini poO3TIAHYTO ICTOPUYHUN PO3BUTOK Ta Cy4dacH1 TEHJEHIII1
y Traiy3l po3Mi3HaBaHHS IMEHOBAaHUX CYTHOCTEH. JleTalbHO pO3MIISIHYTO METOIU Ha
OCHOBI TIPaBWJI, CTATUCTUYHI METOJM (BKIIOYAIOYH MPUXOBAaHY MapKOBCHKY MOJICIIb,
YMOBHI1 BUITaJIKOBI MOJISI Ta METOJ] OTIOPHUX BEKTOPIB), METOJAN HA OCHOBI MAIlIMHHOTO

HABYaHHS, a TAKOXK 3aCTOCYBAHHSI TIMOMHHUX HEHPOHHUX MEPEX JJIsi PO3Ii3HABAHHS



IMEHOBAaHUX CyTHOCTEW. PoO3/11 3aBepuIyeThCS OIVISJIOM Cy4YacHUX MpoOJieM Ta
MIEPCIIEKTUB PO3BUTKY 00JIaCTI TPHUPOJHOI OOpOOKM MOBH Yy paMKax 3ajadi
poO3Mi3HaBaHHS IMEHOBAaHMX OO ’€KTIB Ta TOPIBHSJIBHUM aHATI30M METOIIB
pO3Ii3HaBaHHS IMEHOBAHUX CYTHOCTEH.

YV opyeomy po3din. neTaibHO PO3TIITHYTO METONM HABYAHHS Ta ajamnTailii B
CHCTEMax pO3Ii3HaBaHHS IMEHOBAaHUX CyTHOCTeH. BucBiTIeHO monepeaHiit aHami3 Ta
MIJTOTOBKY JTAHWX, TIEPETBOPEHHS JaHUX Yy BEKTOPHI MPEJCTABICHHS CIIB, a TaAKOX
OTJIsil apxiTeKTyp HehpoHHuX Mepex mii NER (Bkirodarouwm 3ropTKoBI HEHpPOHHI
Mepexi, pEeKypeHTHI HEMpOHH1 Mepeski Ta TpaHchopMaTopHi Mojeni). Po3risHyTo Xin
HABYaHHS Ta OI[IHKY METPUK €(hEKTUBHOCTI MOJIEIICH.

Y mpemvomy po30ini po3risHyTO TPOTPaMHE CEPEAOBHUIIE IS PO3POOKH Ta
BHOIp mporpaMHoro 3adesnedeHHs. OnucaHo BUOIp Ta MomepeaHto 00poOKy Habopy
TAHUX, BKJIIOYAlOYM (POPMYBaHHsS Ta XapaKTEPUCTUKY KOPIYCY TEKCTiB, METOIM
norepeIHb01 00poOKM TaHmX Ta 30ip JaHuX. JleTaTbHO PO3TISHYTO MPOSKTYBAHHS Ta
apXxITeKTypy CHCTEMH pO3IMi3HaBaHHS 1MEHOBAaHUX CYTHOCTEH, IHTETpPaIlilo
KOHTEKCTYaJbHUX TMPEACTABICHb [JIS TOJANBIIOI0 BUKOPUCTAHHS Yy MOJEII
MalTMHHOTO HABUaHHSA, a TaKOX peali3alilo apXITeKTyp MoOJeNed TITUuOMHHUX
HEHPOHHMUX Mepexk. PO3IIsiHyTO HanalITyBaHHS NMapaMeTpiB Ta ONTHUMI3ALI0 POOOTH
cucteMu. OnucaHO HAYKOBY HOBU3HY JOCIIKEHHS. .

YV uemeepmomy po30ini onvcano HaOOPH JAHUX JIJISl TPOBEIEHHS JOCIHKEHHS.
BukoHaHO TecTyBaHHS TOYHOCTI Ta IMIBUAKOAIT CHCTEMH Ha peabHUX JTaHUX, a TAKOXK
MOPIBHSHHS 3alPOTIOHOBAHOI CUCTEMU 3 ICHYIOUYMMHU MeTo/laMu. ExcriepuMeHTaIbHO
MIITBEPKCHO TTOKPAISHHS MOJICJICH Ta 1X JOIIJIBHICTb.

V' sucnosxax mpencraBiieHl pe3yJbTaTH MPOBENEHOT poOOOTH, BUCHOBKH OO
e(heKTUBHOCTI pO3pOOJICHOI CUCTEMHU PO3Mi3HABAHHS IMEHOBAHUX CYTHOCTEH Ha OCHOBI
TIMOMHHUX HEUPOHHUX MEPEXK, a TAKOK PEKOMEHAIT IS MOAANIBIIUX TOCHIKEHD Y
iH Tamy3i.

KurouoBi cjioBa: po3nizHaBaHHS IMEHOBAHUX CYTHOCTEH, MIMOWHHI HEWPOHHI
Mepexi, 00poOka MpUPOoHOT MOBH, MAIIMHHE HaBYaHHS, aHANII3 TEKCTY, BUITYUYEHHS

CYTHOCTEH, KOHTEKCTHO-3aJIeKH1 BEKTOPHI MPEICTABIEHHS, BUITyUYeHHs 1HPOpMallii.



ABSTRACT

Relevance of the topic. The development of modern society is closely related
to the automation of the information processing process, which is especially evident in
the modern era of digital transformation and rapid advancement of information
technologies, when the analysis of large volumes of text data becomes a key task for
many fields of activity.

Particularly important is named entity recognition (NER) in text, namely the
identification of persons, places, organizations, and other important categories, which
finds application in many fields, including computer science, linguistics,
bioinformatics, and others. In business, NER systems are used for market analysis,
demand forecasting, resource and risk allocation. In the field of medicine, they help in
patient identification, diagnosis and treatment. In law enforcement, NER systems are
used to detect and predict crimes, and in science - to analyze scientific publications and
identify hidden or non-obvious knowledge in works.

At the same time, with the development of deep learning and neural networks,
new opportunities are opening up to improve the accuracy and performance of named
entity recognition systems. The integration of deep neural networks in combination
with natural language processing methods makes it possible to significantly increase
the resource efficiency of data processing tasks into predefined classes due to more
effective detection of complex dependencies and patterns in textual information.
Therefore, the development of systems for recognizing named entities in text using
deep neural networks remains an urgent task, since this technology can significantly
optimize and speed up work with large arrays of text data.

The purpose of the work is to analyze and develop more effective models for
recognizing named entities based on natural language processing classifiers and deep
neural networks to improve the accuracy and speed of the system. The research is
aimed at comparing different recognition approaches to determine optimal
architectures and optimization methods to achieve maximum accuracy and system

speed.



The object of the research is the named entity recognition (NER) system in the
text, which is based on the use of natural language processing (NLP) and deep neural
networks (DNN).

The subject of the research is the development of algorithms and software for
the recognition system of named entities in the text based on deep neural networks
(DNN).

Research methods consist of general scientific and special methods of
cognition, in particular:

1. Analytical method: for the comprehensive study and generalization of the
latest scientific developments of domestic and foreign scientists in the field of named
object recognition (NER) and the development of scalable and subject-oriented NER
systems.

2. Method of analysis and synthesis: to clarify and specify the conceptual and
categorical apparatus in the field of NLP, to systematize knowledge about algorithms
and software for NER, as well as to formulate theoretical propositions and research
conclusions.

3. Method of analogy and comparison: to identify and compare the features of
existing methods and approaches to NER, as well as to justify the selection and
development of improved algorithms and software.

4. Systematization: to reveal the main trends, patterns and principles of
development of NER systems, as well as to form classifications and typologies of
algorithms and software.

5. Abstract-logical method: for the formulation of hypotheses, theoretical
propositions and research conclusions, as well as for the justification of the proposed
latest approaches to the development of scalable and subject-oriented NER systems.

6. The method of deduction and modeling: to develop proposals for improving
NER mechanisms, developing new algorithms and software, as well as for evaluating
their effectiveness.

7. Experimental methods: to conduct research to evaluate the effectiveness of

the developed algorithms and NER software on test data sets.



8. Methods of statistical analysis: for processing the results of experiments,
identifying statistical regularities and formulating conclusions about the effectiveness
of the proposed methods and approaches.

The scientific novelty of the obtained results is as follows:

1. Presentation of improved architectures and hybrid models combining different
types of neural networks, additional layers and data processing mechanisms to achieve
higher performance in NER tasks compared to existing deep learning models.

2. Implementation and evaluation of the effectiveness of advanced techniques of
preprocessing input data in order to optimize the performance of deep neural networks.

3. Research and application of methods of contextual embeddings for fine-tuning
object-oriented models in order to improve the recognition efficiency of named entities
in different contexts.

4. Adaptation of neural network models to specific domains, taking into account
the unique features and terminology of these areas, potentially including subject-
oriented knowledge bases.

5. Development and evaluation of new methods of data augmentation (data
augmentation) to increase the robustness and generalization ability of models,
especially in scenarios with a low resource of training data. In addition, research on the
possibilities of using transfer learning to transfer knowledge from related tasks or
domains in order to improve the performance of NER systems.

6. Carrying out a comprehensive comparative analysis of existing systems to
demonstrate the effectiveness of the proposed methods.

The practical significance of the obtained results of this work is reduced to the
development and creation of a software component based on the architecture of deep
neural networks within the framework of the task of recognizing named entities. The
developed NER system is characterized by high accuracy and efficiency of processing
large volumes of textual data, which makes it suitable for use in various subject areas,
minimizing the need for manual intervention and reducing the risk of human errors.
The system is capable of adaptation and integration with various types of databases,

including popular DBMS, through APIs or special connectors. Due to the possibility



of real-time data processing and automation of database extraction and filling
processes, the system saves resources and increases the efficiency of information
search and analysis.

Approbation of work. The main provisions and results of the work were
presented and discussed at the XV Scientific Conference of Master's and Postgraduate
Students "Applied Mathematics and Computing" PMK-2023 (Kyiv, November 28-23,
2023). Also, in a scientific article, on the pages of the journal "Visnyk KhPI National
Technical University. Series: System analysis of management and information
technologies™.

Structure and scope of work. The master's thesis consists of an introduction,
four chapters, conclusions on each chapter and full conclusions of the general work, a
list of used literary sources (42 names). The full volume of the dissertation is 204 pages,
including 102 pages of the main text, 25 figures, 6 tables

The introduction provides a general description of the work, assesses the current
state of the problem, substantiates the relevance of the research direction, formulates
the purpose and tasks of the research, shows the scientific novelty of the obtained
results and the practical value of the work, provides information about the approbation
of the results and their implementation.

The first chapter examines the historical development and modern trends in the
field of recognition of named entities. Rule-based methods, statistical methods
(including hidden Markov model, conditional random fields, and support vector
method), machine learning-based methods, and the application of deep neural networks
for named entity recognition are discussed in detail. The chapter concludes with an
overview of modern problems and prospects for the development of natural language
processing within the framework of the task of recognizing named objects and a
comparative analysis of methods for recognizing named entities.

In the second chapter, the methods of training and adaptation in systems of
recognition of named entities are considered in detail. Preliminary data analysis and
preparation, transformation of data into vector representations of words, and an

overview of neural network architectures for NER (including convolutional neural
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networks, recurrent neural networks, and transformer models) are covered. The course
of training and assessment of model performance metrics are considered.

The third chapter discusses the software development environment and software
selection. Data set selection and pre-processing are described, including corpus
formation and characterization, data pre-processing methods, and data collection. The
design and architecture of the named entity recognition system, the integration of
contextual representations for further use in machine learning models, as well as the
implementation of deep neural network model architectures are considered in detail.
Parameter settings and optimization of system operation are considered. The scientific
novelty of the study is described.

The fourth chapter describes the data sets for conducting the study. The accuracy
and speed of the system were tested on real data, as well as a comparison of the
proposed system with existing methods. The improvement of the models and their
expediency have been confirmed experimentally.

The conclusions present the results of the work carried out, conclusions
regarding the effectiveness of the developed named entity recognition system based on
deep neural networks, as well as recommendations for further research in this field.

Keywords: Named entity recognition (NLP), deep neural networks (DNN),
natural language processing (NLP), machine learning, text analysis, entity extraction,

context-sensitive vector representations, information extraction



