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5. HaykoBo-TexHi4Ha podoTa

Hasga po6oTH (YKp)

MogemoBaHHs QYHKIIOHAIPHUX | KOHCTPYKUIMHUX BJIACTUBOCTEN CIIJIaBiB 3 MaM'ATTI0O POPMHU METOJaMU MAIIMHHOTO HABYaHHS

Ha3zBa po6oTH (aHTIJI)

Modelling of functional and structural properties of shape memory alloys by machine learning methods

Pedepar (ykp)

Cnnasu 3 nam’atTio popmu (CIID) yTpumMyIOTh CBOIO 1T0YaTKOBY GOPMY Mif, Ai€l0 TepMOMEXaHiYHMX HaBaHTakeHb. CIIQ mupoko
3aCTOCOBYIOTh 3aBASIKM IXHIM yHIKaZbHUM BJIACTMBOCTSIM, HANPUKIAZ, B €JeMEHTax KOHCTPYKIiil, aBTOMOOine6yayBaHHI,
aepOKOCMIYHIN iHKeHepii, MIKpOEJIEKTPOMEXaHIYHMX cucCTeMax Ta iH. Haj3BuyailHO BaXJIMBO BMBYMTHM iXHi KOHCTPYKIIiiHI
BJIACTUBOCTI, 30KpeMa, B3aJIeKHOCTI HamnpyXeHb Ta jAedopMaliil Bif KiIbKOCTI LUKIIB HaBaHTaXeHHS. OCKiNbKU
€KCIIEPUMEHTAJIbHI MIPOLENypU 4acTO [NOCUTb HOPOrOBApTiCHI, IOLJIBHO KOPUCTYBATUCS METOJAMU MALIMHHOIO HAaBYaHHS.
TakyuM YMHOM, BaXKJIMBO 3MOJIEIOBATH 3aJIeXKHOCTI Halpy>KeHb Ta AedopMaliiil Bif KiIbKOCTI IMKJIiB HaBaHTa’Ke€HHS IS HiKeJlb-
TATAHOBOTO CIIaBy 3 MaM’ATTIO POPMHU, 3aCTOCOBYBaBIIM METOJY MAIIMHHOTO HaBYaHHS. 3aJIeKHOCTi pO3Maxy HalpyKeHb Ta
Iedopmaliii Bif KiIbKOCTI IIUKJIiB HAaBaHTaKEHHS 1J11 YOTUPbOX 3Pa3KiB, B3SITUX i3 IOCTYIHUX JITEpaTypHUX JaHUX, 1epe0adeHo
METOJJaM/ MAIIMHHOIO HaBYaHHS y CIIeljiali30BaHOMY IPOTPAMHOMY CEpeNoBUILi 11 aHaiyidy ganux Orange. 3arasiom, g
KO>KHOTO i3 YOTUPBbOX 3Pa3KiB, 100y0BaHO ABi Mojeri. Ha Bxin KOXHOI 3 MoZieslel [10iaBajiy 3aeXXKHOCTI BinnoBigHoi diznyHOi
BEJINYMHU Bijj KiJIbKOCTI LMKJIiB HAaBaHTaKeHHS. KiJIbKICTh LMKIIiB HABAHTAKEHHS PO3IJISLAIM SIK He3aJIeJKHY 3MiHHY, a BiZlIOBiIHY
disuuHy BeJMYMHY TPaKTyBald SIK 3aJIeXKHy 3MIHHY. [l 306i/bIlIeHHSI TOYHOCTI PEe3yJIbTaTiB MOZEJIOBaHHS, Habip JaHuX
IIOOATKOBO 30iMbIINIIN, CKOPUCTABIINCH iHTEPIOJISIEI0 BUXIIHUX eKCIIepUMEHTAIbHUX JAHUX OJHOBHMIiPDHUM CIJIAHOM AKiMa.
Jl7st KoKHOTO 3paska, Habip JaHuX PO3AIMMIM HA IBi HEpiBHI YaCTWMHM O HaBYaJbHY BHUOIpPKy Ta TecToBY BUOipKy. PerpeciiiHi
3aJIeXXHOCTi OyAyBajsyu METOJOM BHUIIQAKOBUX JIiCiB, HEMPDOHHUMU MeEpeXaMHW, TPaJi€eHTHUM OYyCTiHIOM, METOJIOM OIIOPHHUX
BekTopiB, AdaBoost, Ta mMeromom k HanbmmK4mx cyciniB. Ko>kHy 3 OTpUMaHUX MOJeJeil NOJATKOBO IEPEBIPSIA METOLOM

IepexpecHoi Basigalii jecsats pasis.



Pedepar (aHr1)

Shape memory alloys (SMAs) retain their original shape under the influence of thermomechanical loading. SMAs are widely used

due to their unique properties, for example, in structural elements, automotive engineering, aerospace engineering,
microelectromechanical systems, etc. It is extremely important to study their structural properties, in particular, the
dependence of stresses and strains on the number of loading cycles. Since experimental procedures are often quite expensive, it
is advisable to use machine learning methods. Thus, it is important to model the dependence of stresses and strains on the
number of load cycles for a shape memory nickel-titanium alloy utilizing machine learning methods.Dependences of the stress
and strain ranges on the number of loading cycles for four samples taken from available literature data are predicted by machine
learning methods in a specialized software environment for data analysis named Orange. In general, two models were built for
each of four samples. The dependence of the corresponding physical quantity on the number of load cycles was applied to the
input of each model. The number of load cycles was considered as an independent variable, and the corresponding physical
quantity was interpreted as a dependent variable. To increase the accuracy of the simulation results, the data set was further
increased by interpolating the original experimental data with a one-dimensional Akima spline.For each sample, the data set was
divided into two unequal parts - the training sample and the test sample. Regression dependencies were built by the method of
random forests, neural networks, gradient boosting, the method of support vectors, AdaBoost, and the method of k nearest
neighbors. Each of the obtained models was additionally checked ten times by the method of cross-validation.

Inpekc YIK: 621, mexaHika maTepiaiis

Kozu tremarnynux pyopuk HTI: 55
6. HaykoBo-TexHiyHa npoaykuis (HTII)

HTII 1

Ha3sBa npoaykuii (yKp): Mozie/110BaHHSI METOIaMU MAlIMHHOTO HaBYaHHS (PYHKIIOHATbHUX BIACTUBOCTEN i BTOMHO]

IOBrOBIYHOCTI HiK€JIETUTAHOBOTO CILJIaBY 3 MaMSITTIO (POPMHU 3 YPaxyBaHHIM BIUIMBY aCUMETPIil UKy HaBaHTaKEHHSI

Hassa npoaykuii (aurJi): Modeling of the functional properties and fatigue life of nickel-titanium alloy with shape memory,
taking into account the influence of stress ratio, by machine learning methods.

OuikyBaHi pe3yJybTaTi: MeTou, Teopii
T'anyss 3acrocyBaHHsS: MeTanypris; MalImHOOYAyBaHHS

Omnuc npogykuii (ykp): CriziaBu 3 nam’sittio popmu (CIIQ) «3anaM’sITOBYIOTh» 260 YTPUMYIOTh CBOIO TI0YAaTKOBY OPMY IIifl Ali€o
TepMOMeXaHiYHMX a60 MarHiTHUX noJiB. CII® m1uPOoKo 3aCTOCOBYIOTh 3aBJSKY IXHIM YHIKQJIbHUM BJIACTUBOCTSIM, HAIIPUKJIAT, B
€JIeMeHTaX KOHCTPYKIIill, aBTOMOGi1e6yIyBaHHi, aepPOKOCMIUHiH iH>KeHepil, MiHi-akTyaTopax, MiKpOeJIeKTPOMEeXaHIYHUX
crucTtemMax Ta iH. TakuM 4MHOM, 4epe3 iXHe MOBCIOHE NOMMUPEHHS, HAI3BUYATHO BayKJIMBO BUBYMTH IXHiI KOHCTPYKLiNHI
BJIACTUBOCTI, 30KpeMa, 3aJIeXKHOCTI Hallpy>KeHb Ta JePopMallill Bifi KiZIbKOCTI IMKJIiB HaBaHTaKeHHs1. OCKiNbKU
€KCIIepUMEHTaJIbHI IPOLeSYPH 4aCTO JOCUTDh JOPOrOBAPTiCHI Ta BUMAraloTh 6araTo 4aCoOBUX PECYPCiB, JOLIIbHO KOPUCTYBATUCS
METOJaMH IITYYHOTO iHTEJIEKTY, a CaMe, METOAAMM MAIIMHHOTO HaBYaHHS. TakKMM YMHOM, BaXKJIMBO 3MOJIE/IIOBATH 3aJI€5KHOCTI
HaIpy>keHb Ta AedopmMalliil Bif KiJIbKOCTI IMKJIiB HABAHTAXKEHHSI IJ1s1 HiKeJIb-TUTAaHOBOTO CIIJIAaBY 3 IaM’sITTIO GOpMH,
32CTOCOBYBABLIM METO/IM MAIIMHHOIO HABYAHHS 3 yYUTeIeM. 3aJIeXKHOCTI po3Maxy Hallpy>XeHb Ta Aedopmaniil Bifj KiJIbKOCTi
LMKJIiB HAaBaHTAXXEHHS IJ151 YOTUPbOX 3Pa3KiB, B3SITUX i3 JOCTYITHUX JITePaTypHUX JAHUX, IEPedad4eHO METOJAMU MAIIMHHOTO
HaBYaHH$ Y CIIELliajli30BaHOMY IIPOTPaMHOMY CE€PEJOBUIL sl aHasli3y gaHux Orange 3.34.0. Lle nporpaMHe 3a6€31e4eHHS
JIO3BOJISIE BizyaJsibHO OyZyBaTU 6JI0K-CXEMU Ta OTPUMYBATU PE3YyJIbTaTH Y BUTJISAL MOZEJIEH, YNCIIOBUX AaHUX Ta rpadikis.
[To6ymoBaHO 3a71€KHOCTI CIIPOTHO30BAHUX Ta €KCIIEPUMEHTAJIbHUX JaHUX LUX ABOX (Pi3SMYHUX BEJIMYMH. BUSBIIEHO, IO TOYKM HA
uux rpadikax gayske 6;113bKi 10 6iCEKTpUCH MEPIIOro KOOPAUHATHOTO KyTa, 10 MiATBEPAKY€E BUCOKY TOUHICTh IIPOTHO3YBAHHS.
Harninmi pe3ysnstaTi nporuodyBaHHs y Tepminax KCIT i CAIT orpumano metogom Ada Boost ta meTomom k Haitb6anxK4ux cycinis
17151 po3aMaxy aedopmauiil An, i METOIOM BUNAIKOBUX JIiciB Ta k HallbIMKIMX CycifiB A4J1 po3maxy HanpyKeHb An. 3Biicu MOXKHA
3pOOUTU BUCHOBOK, 1II0 METOJAMU HaBYAHHS 3 YUUTEJIEM MOKHA €(PEeKTHBHO IIPOrHO3YBATH 3rafiaHi BUllle 3aJIEXKHOCTI, i BOHU €

6araToo6iLgI09M METO/IOM [1JIs1 PO3B’sI3yBaHHSI TAKOTO POIY 33/1aY.
ConianpHOo-eKOHOMIYHA cripsimoBaHicTe HTII: [TinBunieHHs aBTOMAaTH3aLii BUPOOGHUYNX IIPOIIECiB

Cragis 3aBepmenocti HTII: [ToGyoBaHi Moziesi MalIMHOTO HAaBYaHHS 3 YIUTEJIEM.



Bnposazykennsa HTII: He BnpoBamkeHO

CTpoKH BIIPOBaZI>KEHHS!

Bupo6uuk npoaykuii: THTY

CnoskuBayi npogykuii: [IpoTsrom BUKOHaHHs 1-ro etamny nepepada HTII He nepen6avanacs T3
IlepcrneKTHBHI pUHKHU: PUHKY PO3BUHYTUX KpaiH

IIpaBa iHTeIeKTyasIbHOI BJacHOCTi: [Io1laHO 3as1BKY Ha BUZAYy OXOPOHHOTO JOKYMEHTY, B YkpaiHi

dopmu Ta ymoBHu nepepavi npogykiii: [Ipotsarom BukoHaHH4 1-ro erany nepepnada HTII He nepen6avanacs T3.
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