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Pedepar/anoTamnis:

1. Illeyenko [. O. [HpopmaliifiHa TEXHOJIOTiSI TEXHIYHOTO [IiarHOCTYBaHHS €JIEMEHTIB JUHAMIYHMX CUCTEM Ha
OCHOBI JaHUX MOHITOpUHTY. — KBasi¢ikaliiHa HayKoBa IIpalisd Ha IIpaBax pykonucy. Jluceprais Ha 3000yTTS
cTyneHs fokropa ¢inocodii 3a cneuianphicTio 122 Komm'totepHi Hayku (l'anmy3p 3HaHb 12 IHpopmauiiiHi TexHOOTI).
- XapKiBCbKUI1 HalliOHaIbHUI yHiIBepcUTeT imeHi B. H. Kapasina, MiHicTepCcTBO OCBiTH i HayKu YKpaiHu, XapKis,
2026. lucepTariifina po6oTa npucBsiyeHa po3poblii 6araTopiBHeBOi iHPOpMalliliHOI TEXHOJIOTii TEXHIYHOTO
IiarHOCTYBaHHS JUHAMIiUHUX CUCTEM Ta iX €JIEMEHTIB Ha OCHOBI JaHUX MOHITOPUHTY. AKTyaJIbHiCTb OOYMOBJIEHA
THM, L0 HerepenbadyBaHi BifMOBY AMHAMIYHUX TEXHIYHUX CHCTEM IPU3BOISTH 10 3HAYHMX €KOHOMIYHUX BTpaT Ta
0€e3I1eKOBUX PU3KKIB, a iCHYI0Ui METOJU [iarHOCTYBaHHS XapaKTepU3yoTbCs (PparMeHTapHiCTIO, TOMOT€HHICTIO
aHcam06J1eBUX MiTXOMiB, BiICYTHICTIO YHi(DIKOBaHMX METOAIB (POPMYBaHHS YaCOBUX NIPECTABJIEHD [JIs1 PI3HOPIIHUAX
KOMITOHEHTIB Ta HEJOCTAaTHHOIO CIIelliasizallielo KOMIIOHeHTIB 6araTopiBHEBUX TEXHOJIOTiN. MeTo1o poboTu €

i BUILIEHHS SIKOCTI Ta CTIMKOCTI JiarHOCTYBaHHS €JIEMEHTIB TUHAMIYHUX CUCTEM B yMOBAaX CKJIaJHOCTI



onepauiiHuX PEXXUMIB LISIXOM PO3POOKM 6araTopiBHEBOI iH(POPMaLIifHOI TEXHOJIOTII 32 PaXyHOK iHTerparii
KOMIIJIEMEHTAPHUX MiAXOAiB MAIMHHOTO HaBYaHHS 3 aHCAMOJIIOBAaHHSIM [iaTHOCTUYHUX pimeHb. Y posmisi 1
IIPOBENIEHO aHaJli3 MOJiesIeN, METOLIB Ta TEXHOJIOTIN AiarHOCTYBaHHS 3a JaHUMU MOHITOPHHIY: ITONIEPESHbOI
00pOOKHY, BUBHAYEHHS CTaHy (ky1acudikallis, BUSBIEHHS] aHOMaliid, KJIaCTEpPU3allis), 3SMEHIIEHHS PO3MipHOCTI,
IIPOTHO3YBAHHS 3aJIMIIKOBOTO PECypCy Ta 6araTopiBHEBUX TEXHOJIOTIN 3 aHCaMbIeBUMU METOJaMU. BusiiieHi
HeBUpilleHi MpobeMyu MaloTb CUCTEMHUN XapaKTep Ta B3a€MHO MiICUIIIOITh OIHA OHY, 1110 OO PYHTOBYE
HEeOOXiJIHICTb HOBOI TEXHOJIOTi. Y po3aisi 2 Ha OCHOBI IPUHLIUIIIB KOMIIJIEMEHTAPHOCTI, 6araTopiBHEBOI OpraHizatiii,
MOJYJILHOCTI, aHCaMOJII0BaHHS, [1I0€JHAHHSI IPOTHO3YBAHHS Ta Kjacu@ikallii, BAKOPUCTaHHS YaCOBUX
IIpeJCcTaBjieHb PO3POOJIEHO TEXHOJIOTII0 Ta MOfeib ii GyHKIiOHyBaHHS y Tpu piBHI. Ha piBHI nonepenHb0i 06poOKu
PO3p06JI€HO METO, KOMIIJIEKCHOI 0OPOOKU JaHUX MOHITOPUHTY Ta POPMYBaHHS JudepeHLii0BaHUX YaCOBUX
npejncrasiieHb. Ha piBHI AiarHOCTYBaHHS CTaHy PO3POO0JIEHO II'SITh METO/IIB Y IBOX ITapajleIbHUX TijIKax:
ksacu@ikallii Ha OCHOBi aHCaMOJII0BaHHSI KOHTPOJIbOBAaHMX Ta HEKOHTPOJIbOBAHMX METO[iB KJIACUYHOTO MALIMHHOTO
HaBYaHHS; BUSIBJIEHHS] aHOMaJIill Ta 3MEHIIEHHs] PO3MIPHOCT] Ha OCHOBI aBTOKO/IyBaJIbHUKIB 3 AU epeHLilioBaHUM
HaBYaHHSM; HEUITKOI KjlacTepu3allii Ha OCHOBI ar€HTHO-OPi€HTOBAHOTO MiIX0LY 3 MiITPUMKOIO AEKIJIBKOX PEKUMIB
(PYHKLiOHYBaHHS; IPOTHO3YBAaHHS 3aJIMIIKOBOTO PECYPCY Ha OCHOBI PEKYPEHTHOI HEMPOHHOI MepeXxKi; Knacu@ikarlii
Ha OCHOBI Ti6puAHOI HEMPOHHOI MepexXi. Ha piBHI NpUUAHSATTS iHTErpoBaHOTO PillIeHHST PO3PO6JIEHO METO],
aHCaMOJIIOBAaHHS [IiaTHOCTUYHUX PillleHb 3 TPbOMA CTPATETisSIMU FOJIOCYBaHHSI Ta aBTOMATU30BaHUM Ii0OPOM
KoH@irypauii. JlBoeTanuuii npouec HajalTyBaHHS 3a0e3ledye afanTalilo 10 crnenr@iku 06'eKTa AiarHOCTyBaHHS. Y
po3zini 3 BUKOHAHO MaTeMaTHU4Hy (GopMalisallilo TeXHOJIOri Ta ii KOMIOHEeHTIB. [ly11 MeToy IonepeiHbOI 06POOKU
crienidikoBaHO NOCiTOBHICTb onepaLiiil Ta Ba MeToAu GOPMYBaHHS YaCOBUX IIPEJCTaBJI€Hb: KOB3HOTO BiKHA Ta
4aCOBUX BIKOH 3 arperati€lo CTaTUCTUK. [I71s II'9TU MeTOLiB PiBHS [4iarHOCTYBaHHS BU3HAYEHO MEXaHi3MU
dbopmyBaHH# pimieHb Ta 069KCcIIeHHS iX focToBipHOCTI. CrienydikoBaHO MeTOH, aHCaMOJIIOBaHHS 3 TPhOMa
CTpaTerisMu rojlocyBaHHs: 6iHapHe, 3Ba’keHe 3a IOCTOBIpHicTIO Ta ribpuaHe. PopMasizoBaHO iHTErpoBaHe
(YHKLiIOHYBaHHS TEXHOJIOTII Ta ABOETANHUI Ipoliec ii HajamTyBaHHA. Y po37ii 4 BUKOHAHO €KCIIEPUMEHTAJIbHY
IepeBipKy TEXHOJIOTII Ha JaHuX Aerpajalii TypOOBEeHTWISTOPHUX IBUTYHIB Ha60opy C-MAPSS NASA (nmigMHOXUHI
FDO0O01 3 ogaum ta FD004 3 micTeMa pexxuMaMu i IBOMa MexaHi3MaMH Jierpajauii). BusBieHo 3a1eXXHiCTb SKOCTi
HEKOHTPOJIbOBAaHMUX KOMITOHEHT BiJl CKJIaAHOCTI CLi€HapiiB Ta BUCOKY CTiMKiCTb METOLiB HA OCHOBi HEUDOHHUX
MepeK; MiITBEPA KEHO 3pOCTaHHS L[iHHOCTI aHCaMOJII0BaHHS 3i CKJIafIHICTIO TaHuX. TexHoJoris nocsarnaa Fl-mipu
94.12% na FDOO1 ta 92.31% Ha FD004 3i 3HMKeHHIM Jmie 1.81%, mo niarsepisKye CTiMKiCTh 10 MHOXKXUHHUX
peskumiB. [TopiBHgHHS 3 15 nigxomamu no 6iHapHOi kacudikauii nigTBepauio HaBumy Fl-mipy Ha
0araTOpeKMMHUX JJaHUX Ta HallMeHIle 3H>KEHHSI SIKOCTi [1pY yCKIanHeHHi ymoB. OLiiHKa pecypciB niaTsepania
IPUIATHICTb O IPAKTUYHOTO 3aCTOCYBAHHS: [IIKOBE CIIO>KMBAaHHS nam'ari — 10 1,4 I'B, yac onpaiioBaHHs 3pasKa —
1o 41 mc. IopiBHsAHHA 3 27 NiAX0mamMu [0 IIPOrHO3YBAaHHA 3aJIMIIKOBOTO PECYPCY MiATBEPANIIO HAMBUILY CTIMKICTB i3
pizauneto RMSE mix nigmHo>xxnHamu 1.59 nukiis (y 4.1 pasa MeHIle 3a Hall6IVDKYMN KOHKYPEHT) [TPU KOHKYPEHTHIN
akocti Ha FD004. Po3po6yieHa TeXHOJIOTis 3a6€e311e4ye BUCOKY TOYHICTh JIiarHOCTYBaHHS KDUTUYHUX CTaHiB i3
HaMBUIIOIO CTiMKICTIO O MHOXKVHHUX PEXXUMIB Ta KOHKYPEHTOCIIPOMOXKHY TOYHICTb TPOTHO3YBAHHS 3aJIMIIKOBOTO
pecypcy. [IpakTiyHa 3HaUyILiCTh NOJISITAE Y MOXKJIMBOCTI BUKOPUCTAHHS PE3YJIbTATiB IIPU CTBOPEHHI CUCTEM
IIPOTHOCTUYHOIO O6CIIYTOBYBaHHS TYPOOBEHTUIIITOPHUX ABUTYHIB, IPOMUCJIOBUX TYPOiH, MiJIINITHUKIB, peyKTOPiB

Ta iHIIOrO KPUTUYHOTrO 00JIaJHAHHY B aBialliliHill, eHepreTU4Hiil Ta OOpPOOHiN MPOMUCIIOBOCTI.

2. Shevchenko D. O. Information technology for technical diagnosis of dynamic system elements based on
monitoring data. - Qualification scholarly paper: a manuscript. The dissertation submitted for the Doctor of
Philosophy degree in Information Technology: Speciality 122 Computer Science. V. N. Karazin Kharkiv National
University, Ministry of Education and Science of Ukraine, Kharkiv, 2026. The dissertation is devoted to developing
a multilevel information technology for technical diagnosis of dynamic systems and their elements based on
monitoring data. The relevance is determined by the fact that unpredictable failures of dynamic technical systems
cause significant economic losses and safety risks, while existing diagnostic methods are characterized by
fragmentation, homogeneity of ensemble approaches, lack of unified methods for temporal representation

construction for heterogeneous components, and insufficient specialization of components within multilevel



technologies. The objective is to enhance accuracy and ensure robustness of diagnosis of dynamic system
elements under complex operational regimes by developing a multilevel information technology through the
integration of complementary machine learning approaches with ensemble-based aggregation of diagnostic
decisions. Chapter 1 analyzes models, methods, and technologies for diagnosis from monitoring data:
preprocessing, state determination (classification, anomaly detection, clustering), dimensionality reduction,
remaining useful life prediction, and multilevel technologies with ensemble methods. The identified unresolved
problems are of a systemic nature and mutually reinforce one another, substantiating the need for a novel
technology. Chapter 2, based on the principles of complementarity, multilevel organization, modularity,
ensembling, combination of forecasting and classification, and use of temporal representations, develops the
technology and a model of its functioning at three levels. At the preprocessing level, a method of comprehensive
monitoring data processing and formation of differentiated temporal representations is developed. At the state
diagnosis level, five methods are developed in two parallel branches: classification based on ensembling of
supervised and unsupervised classical machine learning methods; anomaly detection and dimensionality reduction
based on autoencoders with differentiated training; fuzzy clustering based on an agent-oriented approach
supporting multiple operating regimes; remaining useful life prediction based on a recurrent neural network;
classification based on a hybrid neural network. At the integrated decision-making level, a method of diagnostic
decision ensembling with three voting strategies and automated configuration selection is developed. A two-stage
tuning process ensures adaptation to a specific diagnostic object. Chapter 3 presents mathematical formalization
of the technology and its components. For the preprocessing method, a sequence of operations and two methods
of temporal representation construction are specified: sliding window and time window with statistical
aggregation. For the five diagnosis-level methods, mechanisms for generating decisions and computing their
confidence are defined. The ensembling method with three voting strategies is specified: binary, confidence-
weighted, and hybrid. Integrated functioning of the technology and its two-stage tuning process are formalized.
Chapter 4 presents experimental verification on turbofan engine degradation data from the NASA C-MAPSS
dataset (FDOO1 with one regime and FD004 with six regimes and two degradation mechanisms). A dependence of
unsupervised component quality on scenario complexity and high robustness of neural network-based methods
were revealed; the increasing value of ensembling with data complexity was confirmed. The technology achieved
an Fl-score of 94.12% on FDO0O1 and 92.31% on FD004, with a decrease of only 1.81%, confirming robustness to
multiple regimes. Comparison with 15 approaches to binary state classification confirmed the highest F1-score on
multi-regime data and the smallest quality drop under increasing complexity. Resource evaluation confirmed
practical applicability: peak memory consumption up to 1.4 GB, per-sample processing time up to 41 ms.
Comparison with 27 approaches to remaining useful life prediction confirmed the highest robustness with an
RMSE difference between subsets of 1.59 cycles (4.1 times less than the nearest competitor) and competitive
performance on FD004. The developed technology ensures high accuracy in diagnosing critical states with the
highest robustness to multiple regimes and competitive accuracy in remaining useful life prediction. The practical
significance lies in applicability of the results to predictive maintenance of turbofan engines, industrial turbines,
bearings, gearboxes, and other critical equipment in the aviation, energy, and manufacturing industries.
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VIII. 3aKkJIr04Hi BiZoMOCTi

BaacHe IIpizBume Im's I10-6aTbKOBI sIkoBnies Cepriit Bcepononosuy
rOJIOBM pajau

BaacHe IlpizBuime Im's [10-6aTbKOBI Skosnies Cepriit Bcepononosud
roJIOBYIOYOroO Ha 3acigaHHi

BiamoBiganbHHUE 32 MiZITOTOBKY [llepyenKo AHzIpiit OeKCaHapOBUY
00JIIKOBHX JJOKYMEHTIB

PeecTparop IOpueHko TetsiHa AHaTOJiiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




