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Relevance of the Research Topic
This research is particularly valuable in the context of modern machine learning techniques, such
as federated learning. Federated learning is an essential approach for analyzing sensitive and
distributed data, making it especially useful for applications in educational and medical institutions.
Unlike traditional machine learning models that require centralized data collection, federated
learning ensures data privacy by allowing decentralized model training while preserving
confidentiality. Moreover, it addresses challenges related to non-IID data (non-independent and
identically distributed), accommodating the diversity of individual students and enhancing the
accuracy of predictions and decision-making processes.
The modern educational process is associated with high mental and emotional stress on students,
significantly increasing the risk of emotional burnout syndrome. This condition negatively impacts
academic performance, motivation, and overall quality of life, making it a critical issue in both
education and healthcare. Given these challenges, research focused on developing solutions to
mitigate emotional burnout is highly relevant.
The rapid advancement of technology and the digitalization of education have created new
opportunities for analyzing factors influencing students' psychological well-being. Among these
factors are nutrition, physical activity, sleep patterns, and learning intensity. A comprehensive
analysis of such data allows for identifying key correlations that affect student well-being, enabling
the development of personalized recommendations to improve mental and emotional health.
Thus, the relevance of this research is twofold:

1. Itaddresses the urgent need for solutions to prevent emotional burnout among students.

2. Tt leverages advanced data analysis techniques, such as federated learning, to enhance

psychological and emotional well-being.

By integrating innovative methodologies with real-world challenges, this study contributes to both
the educational and healthcare sectors, offering a potential pathway for more personalized and
effective interventions.

Purpose of the Dissertation Research and Scientific Results

The research is of particular importance in the context of applying modern machine learning
techniques such as federated learning. This approach is relevant for analyzing sensitive and
distributed data, which makes it especially useful in educational and medical institutions. The
application of federated learning allows taking into account the heterogeneity of data (non-11D)
and the characteristics of each participant, increasing the accuracy of predictions and the quality
of decision-making,.

The results of the study have practical significance for educational institutions, providing an
opportunity to develop measures to support students based on predictions of their psychoemotional
state. This allows timely identification of students at risk of emotional burnout and taking measures
to reduce negative consequences, such as psychological support or adjustment of study load.
Predicting students' psycho-emotional state based on data on nutrition, sleep, physical activity and
study load contributes to the creation of personalized recommendations, improving students' well-
being and learning efficiency. The use of federated learning algorithms ensures the security of
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sensitive data processing, eliminating the transfer of raw data between nodes and complying with
the requirements of legislation on the protection of personal information.

As a example of this study we use to develop approaches and methodologies for predicting
students' psycho-emotional states based on the analysis of heterogeneous data, including nutrition,
physical activity, sleep patterns, and academic workload intensity, using federated learning
algorithms. The research focuses on identifying key factors influencing emotional burnout and
creating personalized solutions for its prevention.

Scientific Results

During the course of the dissertation research, several significant results were achieved:
Development of a Methodology for Analyzing Heterogeneous Student Data: Key data
categories were identified, including nutrition (meals such as breakfast, lunch, and dinner),
physical activity (intensity and duration), sleep patterns (measured in wellbeing hours), and
academic workload. The collected data underwent pre-processing and visualization, which enabled
a comprehensive assessment of how each factor contributes to students' emotional states.

Application and Analysis of Federated Learning Algorithms: The study adapted and evaluated
the effectiveness of several federated learning algorithms, including FedAvg, FedOpt, and
FedProx, for processing heterogeneous data. The comparative analysis revealed: FedProx
demonstrated the highest initial accuracy and stability when handling heterogeneous data. FedOpt
achieved faster convergence compared to the other models. FedAvg exhibited a stable increase in
accuracy throughout the training process.Development of a Predictive Model for Students'

Psycho-Emotional Well-Being: A federated machine learning model was developed to integrate
diet, sleep, physical activity, and study load data for predicting emotional burnout levels. Using
evaluation metrics such as Mean Squared Error (MSE), R?, accuracy, recall, and Fl-score, the
model achieved high predictive accuracy, reaching up to 99% by the 10th round of training.

Creation of a Data Visualization System: A comprehensive data visualization system was
developed, incorporating graphical reports (histograms, boxplots, etc.). This system enables
comparative analysis of various factors influencing emotional burnout, allowing educators and
decision-makers to derive meaningful insights from the data.

Practical Significance of the Results

The findings of this study hold significant practical value for educational institutions, offering a
framework for developing targeted student support measures based on predictive insights into their
psycho-emotional states. This approach enables the early identification of students at risk of
emotional burnout, allowing timely interventions such as psychological support services or
academic workload adjustments to mitigate negative consequences.

By leveraging data on nutrition, sleep patterns, physical activity, and academic workload, the
predictive model facilitates the development of personalized recommendations aimed at enhancing
student well-being and improving learning outcomes. The integration of federated learning
algorithms ensures the secure processing of sensitive data, eliminating the need for raw data
transfer between nodes and ensuring compliance with data protection regulations and privacy laws.
The developed system is highly adaptable and can be customized for various educational
institutions, providing scalable solutions and efficient data processing, even in environments with
limited computational resources. Additionally, the methodology and predictive model can be
seamlessly integrated with existing Learning Management Systems (LMS) to automate data
collection and generate real-time recommendations for student support.

Furthermore, the data analysis and visualization tools developed in this research provide valuable
insights for long-term strategic planning and the implementation of programs focused on
improving student mental health and well-being. Beyond the education sector, this approach has



broader applicability in corporate environments, healthcare, and sports organizations, where
personalized recommendations can enhance mental health monitoring, performance optimization,
and overall well-being.

Novelty and Contribution

The results obtained in this study are novel in both theoretical and practical terms. The research
not only advances the application of federated learning in psycho-emotional state prediction but
also provides a framework for personalized, data-driven interventions aimed at improving
students’ well-being while maintaining high standards of privacy and security.

Degree of Reliability and Validity of Scientific Results

The validity and reliability of the scientific results in this research are ensured by multiple factors,
including comprehensive data analysis, the use of heterogeneous data sources, and the application
of modern data processing techniques. The study incorporates diverse factors such as nutrition,
physical activity, sleep patterns, and study load, with data subjected to rigorous cleaning,
normalization, and visualization processes to enhance its accuracy and interpretability.

The application of scientifically recognized algorithms such as FedAvg, FedOpt, and FedProx
ensures the correctness of the federated leaming methodology. These algorithms, widely validated
in the field, were used for heterogeneous data analysis, demonstrating high accuracy and stable
model convergence. The study employed an integrated evaluation framework, utilizing metrics
such as accuracy, recall, F1-score, MSE, and R?, to objectively assess the performance of different
models. A comparative analysis of the algorithms further highlighted their strengths and
weaknesses across various heterogeneous data scenarios, allowing for an in-depth understanding
of their applicability.

The practical validation of the research findings was achieved through extensive testing across
multiple datasets and repeated experimental runs, reinforcing the reproducibility of results. The
research methodology aligns with modern analytical techniques, ensuring that the obtained results
are scientifically sound, reproducible, and applicable to real-world scenarios.

Scientific and Practical Significance

The dissertation addresses a highly relevant and timely research topic—the use of federated
learning algorithms for privacy-aware data analysis in education, healthcare, and related fields.
The findings of this study have substantial scientific and practical significance, as the proposed
approach can serve as a reference model for implementation in educational institutions, medical
organizations, and other sectors. By leveraging this approach, institutions can enhance data-driven
decision-making, support mental well-being, and develop targeted strategies to prevent
emotional burnout. The results of this study hold significant scientific and practical value, as the
developed approach can serve as a reference model for implementation in educational institutions,
medical organizations, and other sectors to help prevent emotional burnout and improve well-
being.

The author has successfully achieved the stated research objectives, demonstrating a high level of
professionalism, a strong scientific approach, and the ability to address pressing research problems.
The dissertation structure, research methods, and obtained results are cohesive and fully aligned
with the research purpose and objectives, reflecting internal consistency and scientific rigor.

Academic Contributions and Doctoral Qualification

Throughout the dissertation process, the doctoral candidate Bakirova G.S. has demonstrated
remarkable growth as a researcher, evolving into a mature specialist capable of independently
identifying and solving complex scientific problems. The candidate has exhibited high



professionalism, responsibility, and autonomy, reflecting her ability to contribute meaningfully to
the field.

Furthermore, the doctoral student has successfully published the required number of scientific
papers, and the research results have been presented and validated at international conferences,
further strengthening the credibility and impact of the study.

Thus, this dissertation is recommended for the awarding of the Doctor of Philosophy (PhD) degree
in the educational program 8D06102 - Computer and Software Engineering.
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OT3bIB
HAYYHOI0 KOHCY/ILTAHTA [10 AMCCEPTAMOHHOI padoTe
Baxuposoii 'ynsnas CailnayoBHbI
"PazpaboTka Mojeeil 1 METOJ0B ¢ IPHMeHennem
(de/lepaTUBHOI0 MALIKHHOYO 00yUeHus ',
NPeJICTABIEHHOM HA COMCKAHNME YYeHoii crenenn 10KTopa puiocopexux nayk (PhD)
no obpazosarensHoil nporpamme: 8D06102 - KomnprorepHas u nporpaMmMHas HHIKEHepHst

AKTyaJleOCTL TEeMbI HCCJIEA0BAHHUA
IT0 HCCNEeIOBAHHE OCODEHHO 1IEHHO B KOHTEKCTE COBPEMEHHBIX METOIOB MAIIMHHOTO 00y eHusl,
Takux kak QeneparusHoe obyuenue. DepepaTuBHOE 00ydYEHME - BAXKHBIH MOAXOJ K aHAIM3Y
KOH(UAEHIHAIBHEIX H PACHPECICHHBIX JAHHBIX, YTO JENAeT ¢ro OCOGEHHO MOIE3HBIM JUis
NpUMeHeHHs B 00pa3oBaTeNnbHBIX i MEJULMHCKUX YyIpexIeHusax. B otnuyne ot TpalHiHOHHbIX
MoJeNeil MalHEHOTo 06yueHust, TpeGyIONNX [IeHTPATH30BaHHOI0 cOopa NaHHbX, (herepaTHBHOS
obyuenue obecreunBaeT KOHGUICHIHATBHOCTE JAHHBIX, TIO3BOJIAS JACLEHTPAIH30BAHHO 00y4aTh
MOJIENY, COXPaHAA NpH 3TOM KOH(HASHIHANEHOCTE. Kpome TOro, OHO peliaet npobiemsl,
CBASAHHBIE ¢ HEHJECHTHYHBIMH JAHHBIMH (HE3aBHCHMBIMH H HIACHTHUHO DACTPEeNeleHHBIMH),
VUYHTBIBAET PasHOOOpasue MHIMBHIYAIBHBIX OCODEHHOCTEH ydallluXcs W IOBBIIIACT TOYHOCTH
MPOTHO30B U MPONECCOB MPUHATHS PEIIEHHH.
CoBpeMenHBlii  00pa3oBATENBHBIA  IIPOLECC CBA3AH € BBICOKUMH  [CHXHYCCKUMH W
IMOIMOHANBHEIMH HAIPY3KAMH HA CTY/IEHTOB, YTO 3HAUMTENBHO IOBBILIACT PHCK Pa3BUTHA
CHHIPOMAa SMOIMOHAIIBHOrO BBITOpaHHsA. OITO COCTOSHHE HEraTHBHO CKasbIBAacTCA Ha
YCIIeBAEMOCTH, MOTHBAIMH M OOIIEM KA4ecTBE JKM3HH, YTO JENAET €r0 KPUTHYECKH BaKHOH
npobneMoii Kak B 0Opa3OBaHMH, TAK M B 3IPABOOXDAHEHMM. YUHTHIBAS 3TH NPOOIEMBI,
HCCIENOBAHHS, HANPABICHHBIE HA pa3paboTKy pEWEHHA IO CMAMYEHHI0 SMOLHMOHAIBHOIO
BEITOPAHHUS, ARIAIOTCA BECHMA aKTyaTbHBIMH.
CTpeMHTENBHOE pa3BUTHE TEXHONOTHIT M Hu(poBH3aLMA 00pa3sOBaHUA CO3[AIM  HOBBIE
BO3MOIYKHOCTH JUTA aHaAM3a (PAKTOPOB, BIMAKOIIMX HA IICHXOJIOTHIECKOE DIIarononyyue yaammxcs.
Cpenu dTux (akTopoB - mHTaHue, (QU3MUECKAs AKTHBHOCTH, PEKHMM CHA M MHTEHCHBHOCTH
ob6yuenus. KOMIUIEKCHBIA aHATH3 TAKMX JaHHBIX TTO3BOJISET BBIABUTH K/IHOUEBBIE B3AUMOCBA3H,
BIIHAIONIME HA CAMOYYBCTBHC YUAIlMXCs, M pa3paboTaTh WHIMBHAYAJbLHBIC PEKOMEHIALMH I10
YIAYUIIEHHIO TICHXHYECKOTO M 3MOIHOHAIBHOTO 3110POBBS.
Taxum 06pazoM, AKTYalILHOCTL JAHHOTO MCCIIEI0BAHUS IIPOABIAETCA B JIBYX acTCKTax:

1. B Heil paccMarpuBaercs Hacyl[Has HOTPEOHOCTE B PEIICHHAX 10 NPEIOTBPAIICHHIO

3MOLIMOHATEHOTO BEIFOPAHUs CPEIH CTYEHTOB.
2. OHa WCIOJB3YET IEpeaoBbie METOIBl aHAIM3a NAHHBIX, TakHe Kak OOBEIUHEHHOE
o6yueHue, s NOBBIIEHHS TICHXOIOIHYECKOTr0 H SMOIMOHAIBHOTO BIarOnoIy Hs.

Bnarofaps WHTErpaliy WHHOBAIMOHHBIX METOIMK C pealbHBIMH  3aJlauaMH, JaHHOE
MCCIeIOBAaHME BHOCHT BKJIAJ Kak B cgepy oOpasoBanus, Tak W B chepy 3[paBOOXpaHEHHS,
npejTaras  TIOTEHIUANBHBIA MyTh K OONee IIePCOHANM3MPOBAHHBIM M 3 (EKTHBHBIM
BMELIATENBCTBAM.

Ilejb qUCCEPTAMOHHOIO MCCAEJOBAHNUSL H HAYYHBIE Pe3yJIbTAThI

Uccnenosanue HMMeer ocoboe 3HaueHHE B KOHTEKCTE NPHMEHEHHHS COBPEMEHHBIX METO/0B
MaIIHHHOTO 00ydeHHs, TakiX kaKk denepaTusHoe oOydeHue. DTOT MOAXO aKTyamleH JUlsl aHalu3a
KOH(HICHIMANBHBIX M PACHpEIeIeHHbIX [aHHBIX, YTO MENAaeT €ro 0CODEHHO IIOJIE3HEIM B
06pa3oBaTeNEHEIX M MeJHIHMHCKHX YyupexneHusx. [IprMeHeHmHe dbenepaTHBHOTO O0YUYEHHSA
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[MO3BOIIACT YYUTHIBATH HEOMHOPOLHOCTE JaHHEX (non-1ID) i 0COBeHHOCTH KaXIOTO YHACTHHKA,
OBLIIIAS TOYHOCTS TPOTHO30B H KAYECTBO MPUHHMAEMbIX PEIICHHI.

Pe3yabTaThl  MCCIEIOBAHMA HMEIOT IPaKTHIECKYIO 3HATHMOCTE UL 00pa3oBaTeTbHEIX
yapeRTeHUH, TPEOCTABIAS BOIMOKHOCTE Pa3pabaThiBaTh MEPBI MOANCPNKKH CTYICHTOR Ha
OCHOBE TMPOTHO3a HMX [CHXOIMOIMOHANBHOTO COCTOSHHS. OTO IO3BONSET CBOCBPEMCHHO
BBIABJIATH CTYIEHTOB ¢ PHCKOM 3MOLHOHANBHOTO BEITOPAHMA U MPHHAMATE MEPHI 110 CHIDKEHHIO
HETaTHBHEIX IOCIEACTBHM, TakWe KaK MCHXOIOTHYECKas IOLNEpKKAa HIH KOPPEKTHPOBKA
yuefHoi Harpysku. IIporHO3HpoBaHKE NCHXOIMOLUOHATBHOTO COCTOAHMSA CTY ICHTOB Ha OCHOBE
JAHHBIX 0 IHTAHHH, CHE, DU3HUECKON aKTHBHOCTH i y4eGHOM Harpy3ke crioco0CTBYET CO3LAHUIO
NEepCOHATH3MPOBAHHBIX PEKOMEHIAINH, YITyqIIeHHI0 CaMOYyBCTBUS CTYICHTOB M TIOBBIIEHUIO
shdexrirrocTH  06ydeHus. Mcmomp3oBaHme  airOpHTMOB  (eepaTHBHOTO  OOYUCHHS
obecrieunBaeT 0€30MacHOCTE 0OpabOTKH KOH(UIECHIMATLHEIX NAaHHBIX, WCKIIOHYas Mepeaady
HCXOMHBIX JAaHHBIX MEXIy y3TaMH U cobmofas TpeOOBaHMA 3aKOHOAATENBCTBA O 3aIlUTE
HEePCOHAMBHBIX JaHHBIX.

B kadecTBe MpUMepa JAHHOTO HCCIEIOBAHMA MBI HCIIOIB3YEM paspaboTKy MOAXOIOB H METOIHK
IPOTHO3UPOBAHHS ICHXOIMOUMOHATBHOIO COCTOSHHS CTY[GHTOB Ha OCHOBE aHAlIM3a
Pa3HOPONHBIX [AHHBIX, BKIIOYAd IUTaHHe, (GHUIHICCKYH dAKTHBHOCTB, PERHM CHA H
WHTEHCHBHOCTh AKAJEMHUECKOH HArpy3KH, C HCIOIb30BAHMEM AITOPUTMOB (ENepaTHBHOTO
o6yuenns. ViccnenopaHne HaNpaBIeHO Ha BBIABICHWE KITIOYEBBIX (DAKTOPOB, BIMAIOIMMX HA
SMOLMOHANBHOE BBITOPAHHE, W CO3JAaHHE I[EPCOHATM3MPOBAHHBIX pEMICHWi I ero
IPOQUITAKTUKH.

Hay4nbie pesyabTaThl

B X0€ JUCCEePTAIMOHHOTO HeCeJOBAaH A OBITO IOCTHIHYTO HECKOITBKO 3HAYMMBIX PE3yNbTaTOB:
PaspaGoTka METOI0IOTHH AHAIN3A PASHOPOJHBIX IAHHBIX 0 CTyAeHTax: Bt onpeaeneHbl
KIIOYERble KATErOpHH TANHBIX, BKIIOYAS [UTaHKe (TIPHEMBI IHINH, TaKHMe Kak 3aBTpak, obes
yKUE), (UIMUECKYI AKTHBHOCTH (MHTEHCHBHOCTh M TPONOJDKHTENBHOCTS), PEKMM CHA
(M3MepAeTCA B 9acax XOpPOIIEro CaMOWyBCTBHS) U AKAJEMMYECKYH) HArDY3KY. Cobpannsle
JaHHBIE [ONBEPIIIMCH IMpeIBapUTeNbHOH 00paboTke X BH3YanW3alUMM, 4YTO IO3BOIMIO
BCECTOPOHHE OLEHUTh, KaK KaX/IBIH (aKTOp BIUAECT HA IMOLHOHAIBHOE COCTOAHME CTYAEHTOB.
IlpuMeHeHre ¥ AHATH3I ANTOPHTMOB (eePATHBHOI0 00y4enusi: B Xoe HCCIeI0BaHks Obina
MpoBeJEHA ANANTANI M OLEHKa 3(QHEKTHBHOCTH HECKOIBKMX anTOpHTMORB (benepaTuBHOIO
obyuerns, simouas FedAvg, FedOpt u FedProx, mis 00paboTkd IeTepOreHHBIX JAHHBIX.
CpaBHUTENbHBI aHAMA3 mokazan, 4ro: FedProx mpoJeMOHCTpHpOBaTa Camylo BBICOKYHO
HAYaNbHYIO TOIHOCTH U CTAGHILHOCTS IpH pafoTe ¢ pasHOpoAnbIMU fanHbvMu. FedOpt nocrurna
Goiee GBICTPOI CXOMMMOCTH O CPaBHEHHIO C JPYTMMK MofnensMu. FedAvg nemMoHCTprpoBaia
cTaBHITBHOE YBEIHYEHVE TOYHOCTH Ha IPOTSKEHHH BCETO TIPOLecca 00y IeHH L.

Pa3pa6oTka NPeXHKTHBHOW MOJETHM NCHXO0IMOUMOHANLHOr0 DIATONONYHMs CTYNEHTOR:
Boina paspaborana (eepaTHBHAS MOIENb MAIIMHHOrO O0ydeHHs, OOBEMMHAIOMAA JAHHBIE O
MTaHUH, CHE, QU3MYECKOH aKTHBHOCTH M y4cOHOH Harpyske Wi [POTHO3MPOBAHHA YPOBH:
AMOIMOHATEHOTO BRITOpanus: FCIonb3ys Takue MoKazaTemu OLECHKH, Kak CPEIHAA KBaApaTuHas
omubka (MSE), R?, TownocTs, oT36B ¥ Fl-score, MOAenb NOCTHIIA BBICOKOH TOYHOCTH
TIPOTHO3UPOBAHHMSL, ToX0oasmmIeH 10 99 % k 10-My payHiy 00ydeHHS.

Co3naHue CHCTeMbl BH3YaNM3auMM JaHHbIX: Beuta paspaboTaHa KOMIUIEKCHAs CHCTEMA
BH3yaIM3alHH JAHHBIX, BKIIFOYAIOIIad B ce0s rpadudecKue OTIeThl (rEcTorpaMMBl, GOKCIUTOTEL U
7). DTa CHCTEMA TO3BOMNAET IPOBOZMTH CPABHMTENBHBIH AHAIM3 PA3NAYHBIX (AKTOPOB,
BITHSIONIAX HA 3MOIMOHATEHOE BBEITOPAHHIE, UTO TIO3BONAET NEAAroraM | THLAM, IPHHUMAKOIIM
penieHus, H3BIEKaTh 3HAYMMBIE BHIBOIBI H3 [IOTYICHHBIX TaHHBIX.

IIpakru4uecKkas 3HAYUMOCTb Pe3yIbTaToB
Pesy/pTaThl [AHHOTO HCCIENOBAHMA HMMEKT BLKHOE MPAKTHYECKOE 3HAYCHHE JUIA
0BpasoBaTENbHBIX YIPEKAEHHHA, IPEIITaras OCHOBY AT Pa3pabOTKK Mep aJpecHOH MOMIEPHKH



CTYIEHTOB, OCHOBAaHHBIX Ha TPOTHOCTHYECKOM MOHMMAHMH HX TICHXO3MOLMOHAIIBHOTO
cocTostHAA. Tako#d MOAXOJ [IO3BONSET BHIABAATE CTYHEHTOB, TOJBEPKEHHBIX PHCKY
AIMOLHOHAIILHOTO BRITOPAHKSA, HA pAHHEH CTaUH, 4TO 1aeT BO3MOKHOCTh CBOEBPEMEHHO MPHHATE
TakWe Mepbl, KAK OKA3aHWE ICHXOTOTHYeCKOl TIOMNEPKKH WIH KOPPEKTHPOBKA YueOHOM
Harpy3K{ QI CMATHEHMS HETaTHBHBIX [IOCIEICTBIH.

Wcnonb3ys NaHHBIE O IHTaHUM, PEKUME CHA, (DU3MYECKOH AKTUBHOCTH W aKaJeMHYECKOH
HAarpys3ke, IIPOrHOCTHYECKas  MOMEeNb  II03BOMAET  pa3pabarbiBaTh — HHIMBHIYaIBHBIC
peKOMEHIAlMK, HalpaBicHHbIE Ha YIYYIIEHHE CAMOYYBCTBHUA CTYAEHTOB M IIOBBIIECHUE
pe3ympTaroB o0yueHus. HHTerpanus amroputMoB GenepaTHBHOTO 00ydeHHs 00eCIeUHBACT
OesonacHyio 00padOTKY KOH(DHUACHIMATBHBIX NAHHBIX, YCTPaHAS HEOOXOIMMOCTHL Mepemadu
HeoOpadOTaHHBIX JaHHBIX MEXTY Y3/1aMH i 00ecriedlBas COOTBETCTBHE HOPMAM 3alTHTHI JAHHBIX
W 3aKOHAaM O KOH(HIECHIIHMATBHOCTH.

PaspaboTanHas cucreMa 00/1a1aeT BRICOKOH aJallTHBHOCTBIO B MOXET OBIThH aJanTHpOBaHa s
pasMHYIHBIX y49eOHBIX 33aBeACHHH, ofecreunBas MacIITaOWpyeMmble pemieHus ¥ 3hHEeKTHBHYIO
00paboTKy HaHHBIX JaXe B YCIOBHUSAX OrPAHHYEHHBIX BEIYHCIHTEILHBIX pecypcoB. Kpome Toro,
METOJOIOTHA U IPOTHOCTHYECKAs MOJETE MOTYT OBITh 1€TKO HHTET PHPOBAHEI C CYIIECTBYIOLIIHMH
cucteMaMH ynupapieHus ofydenuwem (LMS) mia aBToMaruzamuu c6opa JaHHBIX U TeHEparuu
pEKOMEH,HaHHI\:I I10 OO OCPKKE CTYICHTOB B PEXKUME PEAILHOI0 BpEMCHH.

Kpome TOro, HMHCTPYMEHTHI aHagM3a M BH3YAIM3alMH JAHHBIX, pPa3pabOTaHHBIE B 3TOM
UCCIeI0BAHHH, MTO3BOJISIOT TONYYUTE [EHHBIE CBEACHMUS U AONTOCPOYHOTO CTPATErH4ecKoro
MTAHWPOBAHHS H PeANH3aIMK TPOTPaMM, HATIPABICHHEIX Ha YITyUIIEHHE TICHXHIECKOTO 3MOPOREA
i Onaromomyuus yuammxcs. [Tomumo chepsl oOpasoBaHus, NaHHBIA MOIXOH HMeeT Golee
MIMPOKOE NPHMEHEHHE B KOPIIOPATHBHOU cpelie, 30PaBOOXPAHEHHH U CIOPTHEHEBIX OPraHU3aIlisIX,
re TepCOHATH3HPORAHHBIE PEKOMEHJAIIMH MOTYT YIYYIIHUTh MOHHTOPHHT TCHXHYECKOTO
340pOBBS, ONTUMH3H POBATh TIPOM3BOIUTENBEHOCTE U 00MIEe HIAr OOy He.

Hoeu3na u BKJIAJ

Pe3yneTarhl, MoTyYeHHEIe B JAHHOM UCCIIeIOBaHHH, SIBIFOTCS HOBBIMU KaK C TEOPETHYECKOH, TaK
H C TPakTHYeCKOH TOYKH 3peHHdA. MccnemorRaHue He TONBKO MPOABMIaeT NpPUMEHEHHE
00BENUHEHHOTO OOYYeHHS B TIPOTHO3WPOBAHWH TICHXO3MOIIMOHATLHOIO COCTOSHHS, HO M
obecriequBaeT OCHOBY INA TEePCOHATM3MPOBAHHBIX, YIPABISEMBIX JaHHBIMH BMEUIATENbCTB,
HATPABJICHHBIX HA YIIy4YIlIeHHe CAMOTYBCTBHA YUaIIUXCs IIPH COOTI0IEHHH BRICOKMX CTaHIApTOB
KOH(UIECHITHATEHOCTH H 0e30I1aCHOCTH.

CreneHb JOCTOBEPHOCTH M 000CHOBAHHOCTH HAYYHBIX Pe3yJbTATOB

OGOCHOBAHHOCTE M JIOCTOBEPHOCTE HAyYHBIX pPE3YNMBLTATOB HCCIENOBaHHMA obecrieduBaeTcs
MHOECTBOM (haKTOPORB, BKITFOYAA KOMITIEKCHBIH aHAIH3 JaHHEBIX, HCTIOIB30BAHHE PA3HOPOJHBIX
HUCTOYHWKOB HMHMOPMAITMH H TPHMEHEHHE COBPEMEHHBIX METONOBR 0OpaboTKH [JaHHBIX. B
HCCIIeOBAaHUH YIHTHIBAIOTCS PasIUyUHbIe (aKTOPBI, TAKKUE KaK MMTaHKe, PHU3HdecKas akTHBHOCTB,
pexuM cHa U ydebHas Harpyska, a JaHHbIe TIOJBEPraroTcs TIIaTeNbHOM OulCcTKe, HOpMaTH3aLHK
W BURYATM3ALWH [UIS TOBBIIIEHHS HX TOYHOCTH M HHTEPIPETHPYEMOCTH.

[TprMeHeHNe HAYYHO TMPHU3HAHHBIX aNToOpHTMOBR, Takux kak FedAvg, FedOpt u FedProx,
obecrieynBaeT KOPPEKTHOCTH METOONOTHH (heAEPATHBHOTO 00yYEeHHA. DTH aNTOPHTMEI, IIHPOKO
anpoOUpOBaHHBIE B NaHHOM 00JacTy, OBUIM HCTIONL30BAHBI N1 aHATH3a Pa3HOPOJHEIX HaHHBIX,
MPOIEMOHCTPHPOBAR  BBICOKYK) TOYHOCTE M CTaOMNBHYI0 CXOOMMOCTL Momenei. Jins
00BEKTHBHONW OLEHKH 3()(MEKTHBHOCTH pPAa3MYHBIX MOJENeH B HCCIENIOBAHMH HCIONB30BAIIACk
KOMILIEKCHAST CHCTEMA OLIEHKH, B KOTOPOH NPUMEHSITHCE TaKHe METPHKH, KaK TOYHOCTE, OT3BIR,
Fl-score, MSE u R?. CpaBHHTEIBHBINH aHAW3 aJTOPUTMOB ITO3BOJMII BBEIABHTE MX CHIIBHBIE U
crabpre CTOPOHBI B pa3jIHYHBIX CLUEHAPHAX padoThl ¢ reTeporeHHLIMU JaHHBIMH, YTO [allo
BOSMOXKHOCTB TITy03Ke MOHATH MX MPHMEHHMOCTS.

[IpakTHUecKOe TMOATBEPXKICHHE pE3y/IbTaTOB HCCHENOBAHUA OBUIO TOCTHIHYTO IIyTEM
OOTTHPHOTO TECTUPOBAHHUS HA HECKONBKUX HA0Opax NAaHHBIX H MHOIOKPATHOI'O IIPOBEICHHA



3KCIIEPUMEHTOB, YTO YCHIHIO BOCIPOH3BOAHMOCTE PE3YTbTATOB. MeTononorus UccremoBanus
COOTBETCTBYET COBPEMEHHBIM aHATMTHYECKHM METOJAaM, HTO obecIreunBaeT HAYIHYIO
060CHORAHHOCTH, BOCIIPOM3BOAMMOCTD U IPUMEHUMOCTD MOTYIEHHBIX PE3YIHTATOBR K PCAITbHBIM
VCIOBHSAM.

Hay4yHoe 1 npaKTUYecKoe 3HaAYeHIE

Jluccepranus [OCBAIEHA aKTyaTbHOH B CBOEBPEMEHHOH TeMe HCCIENOBAHNA - HCIIONB30BAHHMIO
00bEIHHEHHBIX AITOPUTMOB 00yUeHUs [T aHATM3A TAHHBIX ¢ YYETOM KOHQHICHIMAILHOCTH B
00pa30BAHMY, 30PABOOXPAHEHHH M CMEKHBIX 00macTax. Pe3ynbraThl JAAHHOTO HCCIEHOBAHI
MMEIOT CYIIECTBEHHOE HAYYHOE i MPAKTHIECKOE 3HAUCHHE, IOCKONLKY MPEAIOKEHHBIH TOXXO0T
MOXET CITYHUTh 3TANTOHHOH MONENBI0 IIA BHEApeHHs B 00pasoBaTENBHBIX YUPEKICHHAX,
MEIUIMHCKIX OpPraHi3alusaX ¥ APYyTUX oTpacnax. Fcnonbsys 3TOT NOAXOM, YIPEKIECHAS CMOTYT
YUYYIIUTE [POUECC TPHHATHA pelleHHil Ha OCHOBE JAHHBIX, MOUIEPXKATH [CHXHUYECKOe
Onarormonydde W paspaboTaTh  LENEHANpABICHHBIE CTPaTerHd MO  NPETOTBPATIEHHIO
IMOLMOHAIBHOIO BBITOpaHUs. Pe3ynbTaThl JaHHOIO HCCIEN0BaHMA MMEIOT Ba)KHOE HAYYHOE H
IPaKTHIECKOE 3HAUEHHE, TOCKOJBKY pa3pabOTaHHBIA MOAXOM MOMKET CIYKUTH 3TaTOHHOH
MOJIENBIO Ul BHEApEHHA B 00pasoBaTENbHBIX YUPEKIEHUAX, MEIHIMHCKHX OpraHu3alusax W
JIpPYTHX OTPacisX ¢ UENbid IPOPHIAKTHKM 3MOLMOHANBLHOTO BBICOPAHHA M yIy<IICHHA
O1aronoryans.

ABTOp YCIEIIHO CHOPABMICH C MOCTABICHHEIMH 3a1a9aMH HCCIIEJ0OBAHUSA, POJAEMOHCTPUPOBAB
BEICOKHiT yPOBEHL TMPOMECCHOHATH3MA, CHNLHBIH HAyJHBIH TOAXOA U CIOCOOHOCTH pPEmIaTh
aKTyalbHbIe UCCIEN0BATeNIbCKHE MpobneMbl. CTPYKTYpa AHCCEPTALHH, METOIBI HCCIIENOBAHHA H
IMOTyYeHHEIE PE3YTHTATHl LENOCTHBI K MOTHOCTHO COOTBETCTBYIOT LENH U 3a7a9aM HCCIIETOBAHHS,
OTPAXKAIOT BHYTPEHHIOK COTJIACOBAHHOCTE W HAYYHYHO CTPOTOCTb.

AxafeMHYeCKHH BKJIAN M JOKTOPCKAA KBAMNPUKANHS

B mportecce paGoThl Haj Auccepranmed nokropanT bakuposa I.C. mpojeMOHCTpHpOBasa
3HAYMTENBHBIH POCT KaK MCCIEJOBATENb, TPEBPATHBIIMCE B 3PEIIOr0 CIEIHANCTA, CLIOCOGHOrO
CAMOCTOSITENBHO BBIBIATh M pEINaTh CIIOXKHBIE HaydHele npoGneMpl. CoHCKATENbHHIIA
IPOJEMOHCTPUPOBAlla BBICOKHIH TPO(hECCHOHAIU3M, OTBETCTBEHHOCTE K CAMOCTOATENBHOCTS,
OTpaKAIOIINE €€ CIOCOOHOCTE BHECTH 3HAUMMBIH BKJIaJl B Pa3BUTHE OOIACTH.

KpoMe TOTO, TOKTOPAHT YCIELIHO OMyOGIMKOBAN HEOGXOMMMOe KOTMYECTBO HAYYHBIX paboT, a
pe3ynbTaThl WCCIeNOBaHUSL OBLTH MPENCTABIEHBI H IMOATBEPXICHBI HA MEMKIYHAPOIHEIX
KOH(bepeHIHsX, YTO ellie OOMNbIIe MOBBIIIAET ABTOPUTET 1 BIHSHHE HCCIENOBAHHA.

Taxum 06pa3oMm, JaHHAS QHCCEPTAIMA PEKOMEHIOBAHA K IIPUCY)KACHHIO CTCHEHH NOKTOpa
dunocopun (PhD) mo o6pasosarensHoit mporpamme 8D06102 - KommproTepHas 1 nporpaMMHast
HEKEHEPHS.
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