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1. lTuxmaT A.O. MeToau Ta 3aco6U iarHOCTUKY HECITPABHOCTEN CiJIbChbKOTOCIIONAPCHKOI TexHikM. — KBasmidikamiiiHa
HayKoBa Ipalsl Ha IIpaBax pyKonucy. Jlucepralis Ha 3100yTTs HAYKOBOTO CTyIIeHs oKTopa ¢inocodii 3a
crienianbHicTio 123 “KoMmm'ioTepHa inxeHepia”. - Hauionansauil yHiBepcureT “JIbBiBCbKa MoJliTexHiKa”, JIbBiB, 2026.
Y nuceprauiiiHiii po60Ti po3B’sI3aHO aKTyaJibHe HAyKOBO 3aBJaHHS MiTBUIIEHHS TOYHOCTI OL[iHIOBAaHHS TEXHIYHOTO
CTaHy Ta paHHbOI'O BUSIBJIEHHS HECIIPABHOCTEH CiJIbCbKOIOCIOAPChKOI TEXHIKY IIJISIXOM PO3POOJIEHHS Ta
YAOCKOHAJIEHHS METOZIB IIPOTrHO3YBaHHS 3aJINIIKOBOrO PeCypcCy ii KOMIIOHEHTIB Ha OCHOBI iHTerpalii
TeJIEMETPUYHUX, €KCIUIyaTalliIHUX i TeONPOCTOPOBUX JAHUX, a TAKOXK CTBOPEHHS iHTEJIEKTyasIbHOI iH(pOpMaLiiHOI
CHCTEMHU JiarHOCTUKU. [JucepraLiiiHa po6oTa CKIafa€eThCs 3i BCTYIy, YOTUPBHOX PO3[LiJiB, BUCHOBKIB, CIIUCKY
BUKOPUCTAHUX JKEPEJI Ta NOJATKIB. Y MEPIIOMY PO3Liji MIPOBENEHO aHali3 TUIIOBUX HECIIPABHOCTEN
CiJIbCBKOTOCIIONAPCHhKOI TEXHIKU Ta YMHHUKIB, 1110 BIJINBAIOTh Ha X BUHUKHEHHS. BCTaHOBJIEHO, 1110 HAUO6iIbII
MOMIMPEHNMU € HECTIPABHOCTI €JIEKTPUYHOI CUCTEMU Ta ABUTYHA, & KJIIOYOBUMU IPUYMHAMU — YMOBU €KCILTyaTallii,

00CJIyrOByBaHHS Ta SIKiCTb pecypciB. [IpoBefieHO aHasi3 Cy4acHMX METOMIB JiarHOCTUKY HECIIPAaBHOCTEH, SIKUI



[I0Ka3as, 10 OiNbIIICTh 3 HUX HE € aAalITUBHUMU, HE BPaxOBYIOTh IPUPOJHUX YMOB B SIKUX MPALjl0€ TEXHIKa, HE
ineHTn}iKyOTh IKepeJsio HeCITPaBHOCTI, He JO3BOJISIIOTh BUSIBJISITH HOBI TUIIM HECIIPABHOCTE! Ta HE OINKCYIOTh
apXiTeKTypHi pillleHHs, 10 YCKJIAIHIOE IOBTOPHE BUKOPUCTAHHS NTixoiB. OOrPyHTOBaHO HEOOXiNHICTh iHTerpariii
Pi3HOPiIHMX NaHUX i 3aCTOCYBaHHSI METOLiB MAIMHHOTO HaBYaHHY, C(OOPMYJIbOBAHO METY Ta 3a4adi JOCIiI>KEHHS.
Y npyromy po3zisi o6IpyHTOBAHO MigX0AU [0 o0yA0BY MacmTaboBaHoi iHpopMaLifiHOI cuCTeMU OiarHOCTUKY Ha
OCHOBI MiKpOCEPBiCHOI apXiTeKTypH Ta XMapHUX 004YMCIIeHb. 3alIpOIIOHOBAHO BUKOPUCTaHHS poTokony MQTT y
cepenosulii AWS IoT Core 11 nepenadi TesieMeTpUYHUX AaHux, Apache Spark - 114 ix moTokoBoi 06pO6KU Ta
Accumulo - gyis 36epeskeHHs1. Po3po6JieHO Ta yI0CKOHAJIEHO METOAM ITPOrHO3YBaHHS 3aJIMIIKOBOTO PECYPCY
KOMIIOHEHTIB TEXHIK/ Ha OCHOBI IEKOMITIO3U1lil Ha MiICUCTEMH, iIHTETpallii TEJIEMETPUYHUX, EKCIIITyaTalliiHUX i
reol1poOCTOPOBUX JIAHUX, @ TAKOXK (POPMYBaHHSI O3HAK i3 3aCTOCYBaHHSIM JAUCKPETHOTO BEWBIIET-I1€PETBOPEHHSI.
[TokaszaHo, 10 3alIPOINIOHOBAHI MiAX0AY 3a6€3M€e4yI0Th MiIBUILIEHHS TOYHOCTI IIPOrHO3YBAHHS, 1O MiJTBEPIPKEHO
eKkcriepuMeHTanbHO (3MeHIeHHs MAE, MAPE, RMSE ta 3poctanss R?). BcTaHOBIEHO AOLINIBHICT BUKOPUCTAHHS
LSTM-mogeneil 1151 aHai3y 4aCOBUX 3aJIeXKHOCTEN. Y TpeTbOMY PO3isi po3p0o6seHO apXiTeKTypHO-iHpOopMaLifiHy
MOJI€JIb IHTE€JIEKTYaIbHOI CUCTEMU [iarHOCTUKY TEXHIYHOI'O CTaHy CijIbCbKOTOCIIONAPCHKOI TEXHIKMU.
3arporoHOBaHO CTPYKTYPY CUCTEMH Ha OCHOBI MiKpOCEPBICHOI apXiTeKTypH 3 BUKOPUCTAHHSIM XMapHOTO
cepenoBuiia AWS, Bu3HaueHO QyHKIiOHAIbHI KOMIIOHEHTH Ta iX B3aeMozio. OGrpyHTOBaHO Miaxin no inTerparii
MoJeJsiell MalllMHHOTO HaBYaHHS, OpraHisalilo o6poOKu JaHuX i MexaHi3mu 6e3nevyHoi aBTeHTUdikalii kopucTysayis
Ha ocHOBi OAuth 2.0. Po3po6sieHa mozesb 3a6e3nedye iHTerpauiio TeJIeMeTPUYHUX, €KCIUIyaTalliHUX i
reonpoCTOPOBUX JAHUX Ta iX BUKOPUCTAHHS Y 3a/1a4ax [IPOrHO3YBAHHS. Y YETBEPTOMY PO3JiJi peai3oBaHO
iHdopmaliiiHy cucTeMy IiarHOCTUKY HECIIPABHOCTEH CilbChbKOrOCIOAaPChKOi TEXHIKY BiITIOBIHO 10
3aIPOIIOHOBAHOI apXiTeKTypu. 3abe3nedyeHo iHTerpalio loT-npuctpois, TOTOKOBY 06pOOKY JaHUX, 30€pEsKEeHHS,
IIPOTHO3yBaHHS Ta HaJICUJIaHHS CIOBillleHb Y pEXKUMIi peasibHOro 4yacy. [IpoBeieHO eKClieprMeHTaIbHe
IOCJIiIKeHHS TPOAYKTUBHOCTI, MacIITAb0BAaHOCT] Ta TOYHOCTI CUCTeMU. BcTaHOBJIEHO, 10 cucTema epeKTUBHO
006p06J1sie BEJIMKI 06CATY aHUX i3 HU3bKUMU 3aTPUMKAMU, a MOJIeJli IPOrHO3YBaHHS 3a0€311€4yI0Th BUCOKY
TOYHICTb. [TiATBEPAKEHO NOLINBHICTh BUKOPUCTAHHS NEKOMITIO3M1Iii TEXHIKM Ha MiJCUCTEMU Ta iHTErpauii pisHHUx
TUIIB JAHUX [J1S MiABUILEHHS TOYHOCTI IPOrHO3yBaHHA. OTpYMaHi pe3yabTaTy MalOTh NTPAKTUYHY LiHHICTB,
OCKiJIbKY pO3pO06JIeHi METONIM, MOJIeJli Ta IIPOTrPaMHi 3aCO0U MOXKYTb OYTH BUKOPUCTAHI 17151 CTBOPEHHS
iHTEeJIeKTyaJIbHUX CUCTEM MOHITOPUHIY Ta IPOTHO3HOI 1iarHOCTUKM HECIIPABHOCTEN TEXHIKU B arpapHOMY CEKTOPi.
3arporioHOBaHi pileHHs 3a6€3Ne4y0Th NiABUINEHHS TOYHOCTI OLiHIOBaHHS TEXHIYHOTO CTaHy, 3MEHIIEHHS BUTPaT
Ha OOGCJIyroByBaHHS Ta IMiABUILEHHS HANIMHOCTI eKcItyaTanii TexHiku. [[pakTuyHy NpuAaTHICTb MiATBEPAKEHO
€KCIIEPUMEHTAJIbHUMU JOCIIIPKEHHSIMY Ta BIIPOBAI KEHHSIM PE3yJIbTATIB y IPUKIAAHUX NTpoeKTax. Kio4oBi cioBa:
CiZIbCBPKOTOCIIOAAPChKa TEXHIKA; F€ONPOCTOPOBI aHi; IHTepHeT peueil; apxiTektypa loT; 06pobka faHuX; aHali3
IaHuX; U1u(ppoBa IiarHOCTUKA; IPOTHO3YBAHHS; IPOTHO3HE 0OCJIyTOBYBAHHS; 3aJIMIIKOBUIA PECYPC €KCILTyaTallii;
aHaJli3 4acoBUX PSIiB; MOHITOPUHT; CEHCOPH; iHTeJIeKTyaslbHi cucTemuy; iHpopmalliiiHi cucTremMu; MallluHHe
HaBYaHHS; [MIMOVMHHE HaBYaHHS; PEKyPEHTHA HEIIPOHHA MepeXXa; 06'eKTHO OpieHTOBaHE IIPOrpaMyBaHH;
IMCKPETHE BEUBJIET IEPETBOPEHHS; HECIIPABHOCTI; BaXKJIMBICTh O3HAK; iH)KEHEPisl 03HAK; IPOTOKOJY Nlepeaadi

MAHWX; aHCaMObJIeBa MOJIEJIb, XMapHi OOYMCIIEHHST; XMaPHi TeXHOJIOTi{; XMapHi rmiathopMu.

2. Shykhmat A.O. Methods and tools for diagnosing faults in agricultural machinery. on the rights of a manuscript.
The thesis for the degree of Doctor of Philosophy (PhD) in specialty 123 “Computer Engineering” . — Lviv
Polytechnic National University, Lviv, Ukraine, 2026. The thesis addresses the actual scientific and technical
problem of improving the accuracy of technical condition assessment and early fault detection in agricultural
machinery by developing and enhancing methods for predicting the remaining useful life of its components based
on the integration of telemetry, operational, and geospatial data, as well as by creating an intelligent diagnostic
information system. The dissertation consists of an introduction, four chapters, conclusions, a list of references,
and appendices. The first chapter analyzes typical failures of agricultural machinery and the factors influencing
their occurrence. It is established that the most common failures are related to the electrical system and engine,
while the key causes include operating conditions, maintenance quality, and resource quality. An analysis of
existing fault diagnosis methods is carried out, showing that most of them lack adaptability, do not consider



environmental operating conditions, fail to identify the source of faults, are unable to detect new types of failures,
and do not provide architectural solutions, which complicates their reuse. The necessity of integrating
heterogeneous data and applying machine learning methods is substantiated, and the research goal and objectives
are formulated. The second chapter substantiates approaches to building a scalable diagnostic information system
based on microservices architecture and cloud computing. The use of the MQTT protocol within AWS IoT Core for
telemetry data transmission, Apache Spark for stream processing, and Accumulo for data storage is proposed.
Methods for predicting the remaining useful life of machinery components are developed and improved based on
system decomposition into subsystems, integration of telemetry, operational, and geospatial data, and feature
extraction using discrete wavelet transform. It is shown that the proposed approaches improve prediction
accuracy, which is confirmed experimentally (reduction of MAE, MAPE, RMSE, and increase in R?). The feasibility of
using LSTM models for analyzing temporal dependencies is demonstrated. The third chapter presents a
component-oriented architectural and informational model of an intelligent system for diagnosing the technical
condition of agricultural machinery. The system structure based on microservices architecture deployed in the
AWS cloud environment is proposed, and its functional components and their interactions are defined. The
approach to integrating machine learning models, organizing data processing, and implementing secure user
authentication using OAuth 2.0 is substantiated. The developed model ensures effective integration of telemetry,
operational, and geospatial data and their use in prediction tasks. The fourth chapter describes the
implementation of a software system for diagnosing faults in agricultural machinery based on the proposed
architecture. Integration of IoT devices, real-time data processing, storage, prediction, and notification
mechanisms is ensured. Experimental evaluation of system performance, scalability, and prediction accuracy is
conducted. The system is shown to efficiently process large volumes of data with low latency, while prediction
models demonstrate high accuracy. The effectiveness of subsystem decomposition and integration of
heterogeneous data sources for improving prediction accuracy is confirmed. The obtained results have practical
significance, as the developed methods, models, and software tools can be used to create intelligent systems for
monitoring and predictive diagnostics of machinery in the agricultural sector. The proposed solutions improve the
accuracy of technical condition assessment, reduce maintenance costs, and increase operational reliability. The
practical applicability is confirmed by experimental studies and implementation in real-world projects. Keywords:
Agricultural machinery; geospatial data; Internet of Things; IoT architecture; data processing; data analysis; digital
diagnostics; forecasting; predictive maintenance; remaining useful life; time series analysis; monitoring; sensors;
intelligent systems; information systems; machine learning; deep learning; recurrent neural network; object-
oriented programming; discrete wavelet transform; faults; feature importance; feature engineering; data
transmission protocols; ensemble model; cloud computing; cloud technologies; cloud platforms.
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