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PE®EPAT
Junnomuas pabota, 40 ctp., 13 puc., 11 ucTouHUKOB.

KiaroueBbie cJIoBa: PEKOMEH/IATEJIbHBIE CUCTEMBI,
JIBYXBAIIIEHHASA APXUTEKTYPA, DEEP LEARNING, OPTUNA,
BERT4REC, SasRec.

O0beKkT HCCIeI0BAHMA — CHUCTEMa PEKOMEHIATENBHBIX CEPBUCOB,
UCIIONIb3yIONIasl  JBYXOAIIeHHYIO apXUTEKTYpy M1  NEPCOHAIM3ALNU
pPEKOMEHJAlUi, aAITOPUTMBI U MOJIETH, HEOOXOAUMBIE 1715 €€ (PYyHKIIMOHUPOBAHUS.

Lear padorbl — BBACIUTH OCHOBHBIE MPOOJIEMBI  MOCTPOCHHS
PEKOMEHJATENbHBIX CUCTEM, ONMKCATh JABYXOAIICHHYIO apXUTEKTYpy, pa3padoTarh
MOJENb  PEKOMEHAATENBHOM  CHCTEMBI,  BKJIIOYAIOIIYIO  HCIIOJIb30BaHUE
ONTUMHU3ALMOHHBIX METOIOB U MPOABUHYTHIX IMOAX0N0B, Takux kak BERT4Rec n
MHorocyorasle LSTM s yyeta AMHaMHUKY TPEAIIOYTEHUH TOJIb30BATEIEH.

MeToa0/10rMsl MCCJIEOBAHUA — AHAIIN3 JIUTEPATypPbl, CACTEMHBIN TOAXOJ,
MalIMHHOE 00y4YeHUe, HEMPOHHBIE CETH, TEXHOJIOTMH Pa3padOTKH KOMIBbIOTEPHBIX
CUCTEM, THIIepIIapaMeTpUUIECcKasl ONTUMH3AaLMs C Ucnonb3oBanueM Optuna.

PesyabTarel  padorel —  MOJENIH, QJITOPUTMBI, MOPOTPAMMHBIN
MHCTPYMEHTAPUA U METOAUKA €ro NMPUMEHEHUS Ul IIOCTPOEHUS BBICOKOTOYHBIX
PEKOMEHAATENBHBIX CUCTEM. BKIIOYaeT aHanu3 CyLIECTBYIOIIUX PELICHUM,
CPaBHEHME C MPEIIIOKEHHON apXUTEKTYPOU, a TAKKE BHEAPEHHUE U TECTUPOBAHUE
NpOABUHYTHIX MeToAO0B, Takux kKak BERT4Rec u muorocnoiitneie LSTM mis
MOJEIUPOBAHUS BPEMEHHBIX NPEANIOYTEHNN IT0OJIB30BATENEH.

O0JsiacTh NMpUMEHEHUs] — OHJIANH-TUIAT(QOPMBI, CTPUMHHIOBBIE CEPBUCHI,
MHTEpPHET-MarasuHbl U Jpyrue NpeAanpusTHs, HyKaaromuecs B 3P(EKTUBHBIX U
TOYHBIX PEKOMEHIALMAX IS YIIy4YIICHHS I10JIb30BaTEIBCKOTO OIBITA U ITOBBIIECHHUS
YPOBHS [IEPCOHATIU3AIUY IPEAOCTABIAEMBIX YCIIYT.



PO®EPAT
Jemnomuas npana, 40 ctp., 13 man., 11 kpsIHi.

KuouaBbis cj10BbI — pokameHganbiiineis cictambl, JIBYXBEXABAS
Apxitaktypa, DEEP LEARNING, OPTUNA, BERT4REC, SasRec.

AO'eKT nacielaBaHHA — CICTAMa pAKaMEHJALBIMHBIX COPBIcAY, sKas
BBIKapBICTOYBAE JBYXBEKABYIO apXiTIKTYpPY AJI MepcaHaIizaibll pIKaMeHaallbli,
aJrapbITMBI 1 MaJdI11, HEAOXOIHBIS IS sie (DYHKIbITHABAHHS.

MsTa mnpambl —  BBUIYYBIL  ACHOYHBIS  MpabiieMbl  1a0yaOBbI
pPAKaMEHJIalbIIHBIX CICTAM, allicallb JABYXBEKaBYIO apXITIKTYpy, pacrpalraBalb
MaJ3Jib  pIKaMeHAAlbliHal  CICTAMBI,  sKasg  YKIIO4Yae  BBIKAPHICTAHHE
anThIMI3albIIHBIX MeTanay 1 IpacyHyThIX mnaabixonay, Takix sk BERT4Rec 1
mmaTcioiubis LSTM nis yiiky blHamMiKi epaBar KapbICTaJIbHIKAY .

MeTanagoris xaciegaBaHHs — aHali3 JiTapaTypbl, CICTAIMHBI MaJbIXOI,
MalllbIHHAae HaBy4YaHHE, HEHPOHABBISl CETK1, TAXHAJIOT11 paciparioyKi KaMI'FOTIPHBIX
CICTAM, rurepnapameTpuyeckas anTbiMi3albls 3 BbIkapeicTaHHEM Optuna.

BeiHiki mpanbl — Mangdii, anrapeiTMbl, HparpamMHbl I1HCTPYMEHTap 1
METO/JIbIKA ATO MPBIMSIHEHHS 1J1 a0y JOBbI BEICOKAIAKIAHBIX PIKAMEHAAIBIHBIX
cictom. Vkmouae aHali3 iCHYIOUBIX pANIdHHSY, MapayHAaHHE 3 IIpalaHABaHAil
apXxITIKTypail, a TaKcaMa yKapaHEHHE 1 TACTaBaHHE NMPAaCyHYThIX METaJay, TaKixX sK
BERT4Rec 1 mmMarcnovabis LSTM aias MampiasBaHHS YacOBBIX IepaBar
KapbICTaJbHIKaY.

BoOsacub npbIMsiHEHHSI — OHJIANHH-TIIaT(QOPMBI, CTPUMUHTOBBIE CIPBICHI,
IHTAIPHAT-KPaMBbI 1 1HIIBIA MPAJIPHIEMCTBEI, SIKisl Matollb NaTp30y ¥ 3PEKTHIVHBIX 1
JAKJIaIHBIX ~pAKaMEHJAlbIAX JUIs MalsANIIdHHSA KapbicTalkara JOCBeay 1
MaBBIIIBHHS Y3POVHIO MepcaHaIizallbll MpaicTayIsIoIa MacIyT.



ABSTRACT
Thesis, 40 pages, 13 figures, 11 sources.

Keywords: RECOMMENDATION SYSTEMS, TWO-TOWER
ARCHITECTURE, DEEP LEARNING, OPTUNA, BERT4REC, SasRec.

The object of the study a system of recommendation services using a two—
tower architecture to personalize recommendations, algorithms and models
necessary for its functioning.

The purpose of the work is to identify the main problems of building
recommendation systems, describe a two—tower architecture, and develop a
recommendation system model that includes the use of optimization methods and
advanced approaches such as BERT4Rec and multilayer LSTMs to account for the
dynamics of user preferences.

The research methodology includes literature analysis, a systematic
approach, machine learning, neural networks, computer system development
technologies, hyperparametric optimization using Optuna.

The result of the work are models, algorithms, software tools and methods of
its application for building high—precision recommendation systems. It includes
analysis of existing solutions, comparison with the proposed architecture, as well as
the implementation and testing of advanced methods such as BERT4Rec and
multilayer LSTMs for modeling user time preferences.

The scope of application is online platforms, streaming services, online
stores and other enterprises that need effective and accurate recommendations to
improve the user experience and increase the level of personalization of the services
provide.



