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Pedepar:

1. CTpiMKUI pO3BUTOK iH(POPMALIIIHUX TEXHOJIOTIH CIIPUYMHUB €KCIIOHEHIiliHe 3pOCTaHHS JaHUX, 10 NOTPeOYyIOTh
CY4aCHMX METOZiB aHasi3y. EkciepumeHTalbHi JOCTIIKeHHs y MexaHilli nedopMiBHOro TBeporo Tina, ¢pisui ta
Marepiasio3HaBCTBi € GiHaHCOBO 3aTPATHUMU 1 TPUBAJIMMH, TOMY BUKOPHCTaHHS MAlIMHHOTO HaBYaHHS HA OCHOBI
MaCUBIB JJaHUX [10CTa€ e(EeKTUBHOIO aJlbTePHATHBOI0. OCO6IMBUI iHTEPEC CTAHOBJISITh CIVIABU 3 TaM'SITTIO (POpMU
(CII®), siKi noegHYIOTb e(eKT nam’siTi Ta CEeBAONPYKHICTb, 3yMOBJIEHI ayCTEHITHO-MapPTEHCUTHUM
TepeTBOPEeHHSM. IxHi PyHKIiOHAIbHI BIACTUBOCTI — BiJIHOBJIEHHS, TICEBIOTIPYKHICTb, leMI(yBaHHS — IUPOKO
3aCTOCOBYIOTb Y ITPOMUCJIOBOCTI, MeAuLuHi Ta no6yTi. CII® xapakTepusyoTbcsl Ga3oBUMU EPETBOPEHHSIMHY,
TE€PMiYHUM TicTepe3nucoM, Bucokoro MinHicTio (NiTi nonagn 1200 MIla), Kopo3iliHOO CTilKiCTIO, 6i0CyMiCHICTIO Ta
crenrivHO BTOMHOIO TOBEIHKOI0. AHAJIi3 CY4aCHUX POOIT MI0Ka3aB, 10 IPOrHO3yBaHHS (PYHKLIOHATIBHUX

xapakTepucTuk i josrosiuHocti CI1® HepocTaTHLO JOCTiIKEeHe, 110 BU3HAYa€ aKTyaJIbHICTh 3aCTOCYBaHHS



aJrOpUTMIB MALIMHHOTO HABYaHHS 3 yuuTeseM. Y epmomy poszisi nuceprauii posrsinyTo Baactusocti CIIP ta
ixHi 3acTocyBaHHS. Y IPyroMy — METOJIMKY [IPOTHO3yBaHHS (PYHKLIOHATbHUX XapaKTePUCTHUK i3 BUKOPUCTAHHIM
Orange, nonepeHboi 06pobky gaHux (Hopmasnisauis y [0,1]) Ta ayrmenTauii (Ky6iuHi crisaitHy, iHTeprossanis Akima,
makima). [To6yoBaHo 6710K-CcXeMy NIPOrHO3yBaHHs Ta onucaHo merogu kNN, SVM, Random Forest, Gradient
Boosting, AdaBoost, HelipoHHiI MepexXi. Y TpeTbOMY PO37isi 3MOJeJIbOBAaHO PerpeciliHi 3a1e’KHOCT] 3aINIIKOBUX
nedopmaliiii Ta po3cisiHHOI eHeprii 115 3pa3kiB. Halikpami peaysnbratu nokasanu kNN, AdaBoost, Gradient Boosting
i Random Forest. [lng NiTi CII® 3Mo1e/1b0BaHO po3Max eHeprii, HanpykeHb Ta fedopMalliil, IPOBELEHO KPOC-
Baslifjallilo, OTPUMAaHO NOXMOKY Ta KoedilieHTn nerepMiHalii. HalitouHimum Bussuscs metog kKNN.
3anporoHOBaHO MO/EJb [IPOTHO3YBAaHHS BTOMHO]I JJOBrOBIYHOCTI TUTAHOBHUX CI1JIaBiB HA OCHOBI 6araTomapoBOro
nepcenTpoHa. BoHa TOYHO BiTBOPIOE NOBXUHY BTOMHOI TpiluHU (noMuiika <0,4 %), aganTyeTbcs 4O Pi3HUX YMOB
HABAaHTAXEHHS Ta HE CXUJIbHA [0 NlepeHaByaHHsl. lle 103B0JIsle OLiHIOBATU 3aJIMIIKOBUI PECypC Martepiany i
npuiiMaTy pillleHHs oo eKciryaTauii. [TobynoBaHO MaTeMaTUYHy MOZEb ONUCY IIeTeJlb FiCTepe3nucy METOOM
HalMEHIIVX KBaJlpaTiB, sIKa J0OPe y3ro[KyeTbCs 3 eKCIIepUMEHTaIbHUMU AaHUMU. J]04AaTKOBO 3MO[1€/1bOBAaHO
poscisny eHeprito NiTi CI1® 3 ypaxyBaHHSIM 4acTOTU LUKy HaBaHTaXeHHs (0,1-10 I'u). [I7ns 36inbI1eHHs HAOOPY
IAaHMX 3aCTOCOBaHO iHTepnoJnio makima. Cepen MeToiB HaliKpale cebe rnokasanu ancambiiesi AdaBoost (MAPE
= 0,074) ta Random Forest (MAPE = 0,144), Tozi six Gradient Boosting i Neural Network masnu 6inb11i TOXHOKHU.
TaxkuM YMHOM, BUKOPUCTAHHS MalIMHHOTO HAaBYaHHS 3 yYUTeJIeM [J1s1 MOJle/ltoBaHHs BiacTuBocTeit CIIP
3abe3rnevye BUCOKY TOUHICTb IPOTHO3YBaHHS, JO3BOJISIE IO€IHYBATU TPAOULiIIHI MOJIeJli MEXaHIKU PyMHYBaHHS 3
iHTeJIEeKTyaJlbHUMU QJITOPUTMaMU Ta 3MEHIIYE 3aJIEXKHICTh Bifl €KCIIEPUMEHTAIbHUX JaHuX. Lle BinkprBae

NEePCHEKTUBY 117151 €(PEKTUBHOTO aHali3y 1 MPaKTUYHOro 3acTocyBaHHs CIID y pisHuUX ramyssx.

2. The rapid development of information technology has led to exponential growth in data, requiring modern
methods of analysis. Experimental studies in the mechanics of deformable solids, physics, and materials science
are expensive and time-consuming, so the use of machine learning based on datasets appears to be an effective
alternative. Of particular interest are shape memory alloys (SMAs), which combine the memory effect and
superelasticity, caused by the austenitic-martensitic transformation. Their functional properties — recovery,
superelasticity, damping — are widely used in industry, medicine, and everyday life. SMAs are characterized by
phase transformations, thermal hysteresis, high strength (NiTi over 1200 MPa), corrosion resistance,
biocompatibility, and specific fatigue behavior. Analysis of modern works showed that the prediction of functional
characteristics and durability of SMAs is not sufficiently studied, underscoring the relevance of supervised
machine learning algorithms. In the first section of the dissertation, the properties of SMAs and their applications
are considered. In the second section, the methodology for predicting functional characteristics using Orange,
data preprocessing (normalization in [0,1]) and augmentation (cubic splines, Akima interpolation, makima). A
prediction flowchart is constructed, and the methods kNN, SVM, Random Forest, Gradient Boosting, AdaBoost, and
neural networks are described. In the third section, the regression dependences of residual strains and dissipated
energy for samples are modeled. The best results were shown by kNN, AdaBoost, Gradient Boosting, and Random
Forest. For NiTi SMAs, the range of energy, stresses, and strains was modeled, cross-validation was performed,
errors and coefficients of determination were obtained. The kNN method turned out to be the most accurate. A
model for predicting the fatigue life of titanium alloys based on a multilayer perceptron is proposed. It accurately
reproduces fatigue-crack length (error < 0.4%), adapts to different loading conditions, and is not prone to
overfitting. This allows estimating the residual resource of the material and making operational decisions. A
mathematical model for describing hysteresis loops using the least-squares method was constructed and agrees
well with the experimental data. Additionally, the dissipated energy of NiTi SMA was modeled, accounting for the
loading cycle frequency (0.1-10 Hz). Makima interpolation was used to expand the dataset. Among the methods,
the ensemble AdaBoost (MAPE = 0.074) and Random Forest (MAPE = 0.144) performed best, while Gradient
Boosting and Neural Network had larger errors. Thus, the use of supervised machine learning to model the
properties of SMAs provides high prediction accuracy, enables the combination of traditional fracture mechanics
models with intelligent algorithms, and reduces dependence on experimental data. This opens the door to
effective analysis and practical application of SMAs across various industries.
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