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Pedepar:

1. ChopMmysiboBaHO Ta OGIPYHTOBAHO HAYKOBi pe3yJIbTaTH, SIKi 3a6€e311e4yi0Th BUPillIeHHS BaKJIMBOI HAYKOBO-
TexXHIYHOI MpobseMy MiABUILEHHS HAAIMHOCTI €KCIlyaTallii IPUCTPOiB 3 KOHCTPYKTUBHUMU €JIEMEHTAMU 3i CIJIaBiB
3 NaM’sITTI0 (POPMHU, BKJIIOYAIOTh KPUTEPIi iX BTOMHOTO PYHHYBaHHS Ta METOAUKY ITPOTHO3YBaHHSI iX JOBrOBIUHOCTI 3
ypaxyBaHHSM BILUIMBY acCUMeTPil HUKIy i 3MIHHOI aMILIiTYyu HaBaHTaXXeHHs. BusiBjieHO e(eKT 3HaYHOr0 3HM>KEHHS
HaIpYXEHHS [1049aTKy ayCTEeHITHO-MapTEHCUTHOTO NepeTBOpeHHs AM (Ha 14%) Ta Hanpy>KeHHs pyiHYyBaHH: (Ha

24%) HaBOJHEHOTO CIJIABY [IOPiBHSIHO 3 HEHABOJHEHUM. 3POCTaHHSIM iHTEHCUBHOCTI HABOJHIOBAHHS Ta



301IbLIIEHHSM MOTO TPUBAJIOCTI MOXKHA JOCSITH BiICYTHOCTI IiNISTHKY IIJIACTUYHOI AedopMallii Ha KpUBil PO3TTY
3pa3Ka 4epe3 MOoeJHAHHS MPOLECiB CIPMYMHEHOTO HABOJHIOBAHHSIM iHTEHCMBHOTO MAPTEHCUTHOTO IIEPETBOPEHHS
Ta [IPOSIBY BOJHEBOI KPMXKOCTi MaPTEHCUTHOI CTPYKTYPU. BHSBIIEHO TEHAEHIIIIO [0 I€peopieHTallii MoBepxHi
MaKpo3J1aMy 3 NepIIeHIUKYJISIPHOI 10 OCi 3pa3KiB 10 pyHHYBaHHS 110 TBUHTOBIH JIiHil, 1110, 04€BUIHO, TIOB’S13aHO 3
IIPOSIBOM YMHHVKIB [IOCUJIEHHSI MAPTEHCUTHOIO IEPETBOPEHHS B IUIOMMHI Iii MAKCMMAJIbHUX JOTUYHUX
HaIpy>KeHb. BCTAaHOBJIEHO OCHOBHi 3aKOHOMIPHOCTI BIUIMBY [TapaMeTpiB ABOCTYIIIHYACTOTO LIUKJIIYHOTO
HaBaHTaXEHHS 3i 3BMiHHOIO aMILIITY010 Ha (PYHKIiOHAJIbHI BJIACTUBOCTI Ta KOHCTPYKLiMHY BTOMY IICE€BIIONPYKHOTO
CII®. 3anumkosa gedpopmallis 3HAYHO 30ibLUIYETHCS 31 301/IbIIEHHSIM KiIbKOCTI IMKJIIB HaBaHTaXeHHs rpu Ro= 0,09
- 0,13, 3a paxyHoK ii mpornopiiiiHoro 36ibLIeHHS Ha CTYIEeHsIX |, i nepen pyliHyBaHHAM Jocsirae maibke 7%. [lepexin,
Biz, Bucokoi (I) mo Hu3bKoi cTyneHi (II) 4acTKOBO BifHOBIIOE (PYHKIIOHATIbHI BIACTUBOCTI CIJIaBY, 3JIMLIKOBA
Iedopmaliiio 3MEHLIYETbCSI B MeXax CTyIeEHi 11, 1o Mo>ke 6yTU CIpUYMHEHE 3MEHIIEHHSM 3aJIMIIKOBOTO
MapTeHcuTy. 3i 30ibIIeHHSIM KiIbKOCTI [IMKJIiB HABAaHTa)KEHHS €Heprisl [yucumarnii 3pocTae Ha IO4YaTKy Ta B KiHII
crynedi I, i 3MeHIIyeTbCs Ha 1TOYaTKy Ta B KiHLi cTyneHi I. Ha BinMiny Big uporo npu Ro= 0,33 - 0,51 enepris
Iycunallii mponopujiiiHa KiJIbKOCTi IMKJIiB HABaHTaKEHHSI Ha 1104aTKY, B KiHIi Ta B MeXax cTyneHi I. O6IpyHTOBaHO
KpUTEPili BTOMHOTO PyVHYBaHHS [ICEBAOIPYKHOTO HITUHOJY 32 MaJIOLIMKJIOBOTO HABAHTAKEHHS - CYMapHOI
nuToMoi eHeprii npyxHoi gedopmauii. [TokazaHo, 0 HA BiAMIiHY Bif TpaaULiIHUX KOHCTPYKLUINHUX MaTepiaiB
IVICUIIOBaHA €HEPTisl He BIUIMBA€ Ha BTOMHY JJOBrOBiuHiCTb iceBnonpyxHoro CII®. Po3pobieHo METOIUKY
IIPOTHO3YBAaHHS JOBrOBiYHOCTI nceBonpykHoro CII® B ymoBax MajiOLMKIIOBOi BTOMU 32 CTaJIOl aMILITy I 3
ypaxyBaHHAM aCUMETPIl LIMKJy HaBaHTaKEHHS Ta 3MIHHOI aMIUIITYY, IKa I'PYHTYETLCA Ha KPUTEPii BTOMHOTO
PYVHYBaHHS, BUBHAYEHOMY 3a CTaJI0i aMILIITyAu — CyMapHii NUTOMIil eHeprii npykHoi fegopmarii. BinHocHa
oXMOKa MiXK pO3PaxyHKOBMMU M €KCIIEPUMEHTAIbHUMU JaHUMU He nepesuiiye 30,1 %, a Bci po3paxyHKOBi
IIOBTOBIYHOCTI JIe>KaTh BCEPEMHI 2,5 MPOrHO30BaHOrO Aiarna3oHy. 3aliporoHOBAHO METOUKY ITPHUCKOPEHOTO
BU3HAYEHHS CTAJINX Y MOJIEJIi BTOMHOTO PYHMHYBaHHS, 3aCHOBAaHY Ha KPUTEPii CyMapHOi MUTOMOI €Heprii Npy>KHOi
nedopmalii 3a pesyabTaTamyu BUIIPOOYBAaHHS KBa3iCTATUYHUM OJJHOBICHUM PO3TAroM i 3a ¢pikcoBaHOi cTanoi

aMHJIiTy,ZII/I HaBaHTa>XKE€HHSI.

2. To solve an important scientific and technical problem, which consists in increase the reliability of structural
elements operation devices made of shape memory alloys, results was formulated and substantiated. The results
include fatigue failure criteria and methods for predicting their durability, taking into account the influence of
stress ratio and variable amplitude loading. The significant decrease in stress of austenitic-martensitic
transformation 0AM (up to 14%) and the fracture stress (up to 24%) of the SMA NiTi alloy after electrolytic
hydrogenation compared to the material in virgin state was observed. Increasing the intensity and duration of
hydrogenation can lead to absence of plastic deformation region on the stress-strain curve due to a combination
of processes caused by hydrogenation of intensive martensitic transformation and hydrogen embrittlement of
martensitic structure. There is a tendency to reorientation of the macrofracture surface from perpendicular, to
the axis of specimens, to the screw dislocation line, which is obviously due to the intensification of martensitic
transformation in the plane of maximum shear stresses. The basic regularities of the influence of the parameters
under variable amplitude loading sequence with two blocks on the functional properties and structural fatigue of
the pseudoelastic SMA are established. Residual strain significantly increases with the increase of loading cycles
number at stress ratio Ro= 0,09 - 0,13 due to its proportional increasing on the block I and reaches almost 7%
before failure. The transition from high (I) to low (II) block partially restores the functional properties of the NiTi
alloy, the residual strain decreases within the block II, which can be caused by a decrease in residual martensite.
With the increase of loading cycles’number, the dissipation energy increases at the start and end of block II, and
decreases at the start and end of block I at the stress ratio Ro = 0.09 - 0.13. In contrast to this, the dissipation
energy is proportional to the number of loading cycles at the start and end of block I at stress ratio Ro = 0.33-0.51.
The elastic strain energy density, as a criterion of pseudoelastic nitinol fatigue failure under low-cycle loading is
substantiated. It is shown that, unlike traditional structural materials, the dissipated energy does not affect the
fatigue life of pseudoelastic SMA. A method for predicting the durability of a pseudoelastic SMA under low-cycle
fatigue with constant amplitude taking into account the stress ratio and the variable amplitude is developed. This



method is based on the fatigue fracture criterion, total elastic energy density determined under constant
amplitude. The relative error between calculated and experimental data does not exceed 30.1% and all calculated
durability values are within the 2.5 predicted range. The method for quick determination of parameters in the
fatigue fracture model based on the criterion of total elastic energy density according to the test results under
quasi-static uniaxial tensile loading at constant amplitude.
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