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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)

CnnaBu 3 mam’atTio popm (CIID) mMpPOKO 3aCTOCOBYIOTh Y MEIULMHI, MOTOPOOYIyBaHHi, LMBiLHOMY Ta IPOMHUCIIOBOMY
6yniBHuLTBI. Iif yac excrulyartanii Taki €1€MEeHTH KOHCTPYKLIN MifAaloThCsl TPUBAJIOMY LMKJIYHOMY HAaBaHTaXEHHIO, IO MOXKE
MPU3BOJUATH [0 BTPaTy (PYHKUiOHAJIBbHUX BJIACTUBOCTEH, BUYEPNAHHS pecypcy i ix pyiHyBaHHs. [l TakuxX €JIEMEHTIB
KOHCTPYKLi/l BaXJIMBO 3a06€3M€YUTH HEOOXimHi (PyHKLiOHa/NbHi BJIACTUBOCTI i BUTPUBAJICTb YNPOAOBX eKcIuyarauii. Tomy
aKTyaJbHUM € PO3BUTOK METO/IB ITPOrHO3yBaHHs A0BroBiyHOCTI CII®, Ha mifcTaBi BUSBIEHUX 3aKOHOMIPHOCTEN IICEBIONPYKHOI
TIOBEJIiHKY i JOBrOBiYHOCTI LMX MaTepiasliB, BpaxyBaBLIM TaKOX BIUIMB aCUMETPIi LMKy HAaBaHTaKE€HH. Y De3yJIbTaTi BUKOHAHHS
€Taly I[IPOEKTy PO3BUHYTO METOMOJIOTiI0 MPOTHO3YBaHHSI BTOMHOI JJOBFOBIYHOCTI Ta (PYHKLiIOHAJBHUX BJIACTUBOCTEH CILNaBiB 3
nam'siTTIo (popMHU, sika I'PYHTYETbCSI HA METOJAaX MAIIMHHOIO HapyaHHsS. OTPUMaHO OCHOBHi 3aKOHOMIPHOCTI BIIJIMBY acMMeTpii
LIMKJTy HaBaHTaXeHHs Ha QYHKLiOHAJbHI BIACTUBOCTI IICEBAOINPY>KHOTO HIKEJIETUTAHOBOTO CIJIABY 3 IaM’sITTIO popMmu. BussieHo
OCHOBHI 3aKOHOMIDHOCTI BIIJIMBY aCUMETPii LIMKJ/ly HABAHTa)KEHHs Ha BTOMHY JJOBIOBi4HICTb IICEBAONPYKHOIO HiKEJIETUTaHOBOTO
crjaBy 3 nam’sITTio gopmu. OTpHUMAHO Yy3arajbHeHi JaHi CTOCOBHO 3MiHM (PYHKIiOHAJIbHUX BJIACTUBOCTEN Ta BTOMHOI
JOBrOBIYHOCTI 3 ypaxyBaHHSIM BIUIMBY aCHMMETpii LMKIJIy HaBaHTaXeHHsd. Ha BigMiHy BiJl iCHyIOUMX METOIUK IPOrHO3YBaHHS
BTOMHOI JJOBIOBiYHOCTi CIIaBiB 3 Mam’sITTI0O GopmHU, MOOYZOBAHO MOAEJi Ta CTBOPEHO METONUKU 3 BUKOPHCTAHHSM pIi3HHX
METO/IiB MAIIMHHOTO HABYaHHS IIPOTHO3YBaHHS BTOMHOI JOBrOBIiYHOCTI CIJIaBiB 3 Mam’aTTi0 (GOPMU Ha OCHOBI 3aCTOCYBaHHS
KpUTEpiiB PyHHYBaHHS, BpaxyBaBIIM BIUJIMB AaCHMETPii LMWKy HaBaHTaXeHHd. OuiKyBaHa HAyKOBO-TIDAKTU4YHA LiHHICTb

pEe3yJIbTaTiB: 3a1106iraHHs MOXUIMBUM aBapisiM i pyHHyBaHHSIM eJIeMEeHTIB KOHCTPYKIIii i ciopy, BTpaTi oco6aMu Nnpare3iaTHOCTi.

Pedepar (aHr1)



Shape memory alloys (SMAs) are widely used in medicine, motor engineering, civil and industrial construction. During
operation, such structural elements are subjected to long-term cyclic loading, which can lead to the loss of functional
properties, depletion of lifetime and their destruction. For such structural elements, it is important to ensure the necessary
functional properties and durability during operation. Therefore, the development of methods for predicting the durability of
SMA, that are based on the revealed patterns of pseudo-elastic behaviour and durability of these materials, considering the
influence of stress ratio is also relevant. As a result of the implementation of the project stage, a methodology for predicting the
fatigue life and functional properties of alloys with shape memory was developed, which is based on machine learning methods.
There were obtained the main regularities of the influence of the stress ratio on the functional properties of the pseudo-elastic
nickel-titanium shape memory alloy. The main regularities of the influence of the load cycle asymmetry on the fatigue life of
pseudo-elastic nickel-titanium alloy with shape memory have been revealed. For the first time, generalized data on the change
of functional properties and fatigue life, considering the influence of load cycle asymmetry, based on the use of strength,
deformation and energy criteria of destruction, were obtained. In contrast to the existing methods for predicting the fatigue life
of shape memory alloys, the models were built, and physically based methods were created using various machine learning
methods for predicting the fatigue life of shape memory alloys based on the application of failure criteria, taking into account
the influence of load cycle asymmetry. Expected scientific and practical value of the results: prevention of possible accidents
and destruction of structural elements and buildings, loss of working capacity of humans.

Inpgexkc YIK: 621, mexaHika maTepiasiB

Kopau TemarnyHux pyopuk HTI: 55
6. HaykoBo-TexHiyHa npoayKkuis (HTII)

HTII 1

Ba Il ii (YKp): TeI0BaHHS (PYHKIIIOHATBHUX i KOHCTPYKIIMHUX BJIACTUBOCTEN CIIJIaBiB 3 TaM’SITT MU METOJIaMU
Ha3ssa npo MopgemoBa OHa OHC aCTHUBOCTEH CIJIaBiB 3 MaM'aTTIO GO eTona

MAaIIMHHOTO HaBYaHHS

HasBa npoaykuii (anri): Modeling of functional and structural properties of shape memory alloys using machine learning
methods

OuikyBaHi pe3yabrati: MeTtonu, Teopii
T'anyss 3acTocyBaHHS: MeTasnypris; MalIMHOOYAyBaHHS

Omnuc npoaykiii (YKp): 3a pesyabTaTamMmu JOcCifkeHb QYyHKI[iOHATBHUX BIACTUBOCTE CIJIaBiB 3 TaM'STTIO POPMU OTPUMAaHO
HaCTYIHI pe3yJbTaTy. 3aIpONOHOBaHO MOIEIIOBATH (PYHKIIOHABHI BJIaCTUBOCTI CIJIaBiB 3 TaMm’siTTI0 GOpPMH, a caMe, po3Max
po3cigHoi eHeprii, Aedopmaliil Ta HANPy>KeHb METOJAMHU MAMIMHHOTO HaBYaHHS. [106yOBaHO 3a/1€3KHOCTI (PYyHKLIOHATBHUX
BJIACTUBOCTEN CIUIAaBY 3 TaM'SITTIO OPMHU Ha OCHOBI niceBaonpysxkHoro NiTi criyaBy, 30Kpema, 3a71eXKHOCTI po3maxiB po3cisiHOi
eHeprii, Jedopmaliiii Ta HaNpyXeHb BiJ] KiILKOCTI IJUKJIiB HABAaHTXKEHHSI METOAAMU MAIIMHHOTO HAaBUYaHHS 3 YUUTEJIEM.
MogenoBaHHS 3ilICHIOBAJIN Y CII€Liali30BaHOMY IIPOTPaMHOMY CEPELOBUILI 17151 aHai3y gaHux Orange. Llg nporpama go3BoJisie
Bi3yasIbHO 6y[yBaTH 6JI0K-CX€MU Ta OTPUMYBATH Pe3yJIbTaTH Y BUIJISZI MoZesiel, YMCTIOBUX AaHUX Ta rpadikiB 175 KO>KHOI
diznyHOi BemunHYU NO6YAOBaHO TpU 6JI0K-cXeMu. Ha BXifj KOSKHOI 3 HUX ITOJaHO 3aJIeXKHOCTI BiANoBigHOi (isyHOi BeJIMYNHY Bif,
KiJIbKOCTi LMKJIiB HaBaHTa)KeHHs. KiIbKiCTb LIMKJIiB HaBaHTKEHHSI PO3IJIANN K He3a/leXKHY 3MiHHY, a BiinoBigHy QisndHy
BEJIMUMHY SIK 3aJIEXKHY 3MiHHY. 17151 36iIbIIIEHHSI TOYHOCTI pe3yJIbTaTiB MOAEIIOBAHHS, HAbip JaHUX JJOJATKOBO 30ibUINIIY,
iHTepI10/1I0BaBIIN €KCIIEPUMEHTAJbHI 3aJIEXKHOCTI KyOiYHMMU CIUIaiiHaMu. PerpeciiiHi 3aj1exkHOCTi 6yiyBaiu MeTogamMu
BUIAAKOBHUX JIiCiB, HEHPOHHUX MepeX, rpajiieHTHOro 6ycTiHry, AdaBoost Ta MeTozioM k-Hall6mmxuux cycifis. Ko>kHy oTpumaHy
MOJIeJIb I0JATKOBO TECTYBAJIU METO/IOM IepexpecHoi rnepesipku (cross-validation) 5 pazis. /1711 KO>)KHOTO HabOpy DaHUX
MOOYAOBAHO ITSITh MOJIEJIell METOJIOM HEMPOHHUX MepesK, BUTIaIKOBUX JIiCiB, rpafiieHTHOro 6ycTinry, AdaBoost Ta metony k-
HanomK4YKx cycigis. OTpUMaHO BifIOBiHI perpeciiiti 3a71e>XHOCT Ta 3[1iliICHEHO [TepexpecHy NepeBipKy Pe3ysbTaTiB 5 pasiB.
OpeprkaHO IOMUJIKY pe3yJbTaTiB Ta KoedillieHT JeTepmiHallii MOAeTI0BaHHSIM 3a3HaY€HUMU BUIIE METOAAMU MAIIMHHOTO
HaBYaHHS JI1 PO3Maxy po3CisiHOi eHeprii, Harpy>keHb Ta Aedopmaliil 3aJ71eXXKHO Bif, KiJIbKOCTI LIKJIiB HABAHTA>KE€HHS, BifTIOBIIHO.

J71s1 KOXHOI Pi3NYHOI BEJIMYMHY, HANJTIMIII pe3yIbTaTH y TEPMiHaX IIOMUJIOK METO/LY OTPMMAHO METO/IOM k-HalGIMKIUX CyCifiB.
ConjianibHO-eKOHOMIYHa cipsimoBaHicTh HTII: IlinBuinenHs apromarrsanii BUpOGHMYMX TIPOLECiB
Cragis 3aBepumeHocti HTII: [To6ynoBaHi Mozesi MAaIIMHHOTO HaBYaHHS 3 yYUTeJIeM

Buposagskenns HTII: He BnposamkeHo



CTpoKH BIIPOBaZ >KEHHS!

Bupo6Huk npoaykuii: THTY

CnoskuBayi npogykuii: [IpoTsarom BUKoHaHHs 1-ro etamny nepepada HTII He nepen6ayanacs T3
IepcneKTHBHI pUHKHU: PUHKY PO3BUHYTUX KpaiHM

IpaBa iHTeJIEKTYyaIbHOI BjIacHOCTI: [I0aHO 3asBKy Ha BUIa4y OXOPOHHOTO NOKYMEHTY, B YkpaiHi

dopmu Ta ymoBH nepepavi npogykiii: [Ipotsarom BukoHaHHs 1-ro etamny nepepnada HTII He nepen6avasnacs T3.
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