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Pedepar:

1. Inceprawiiiti focsinkeHHs prucBsSYeHi po3pob1ii Ha OCHOBI Cy4aCHUX IIiIXO/IiB MeXaHiK1 PyiHyBaHHS HOBUX
PO3PaxyHKOBUX METOAMK OLiHIOBAHHS 3aJIMIIKOBOTO PECYPCY €JIEMEHTIB 3a/1i3HUYHOI KOJIICHOI ITapy Ta PEUKU.
CdopMysiboBaHy MOZENb 3aPOAKEHHS] BTOMHOI TPIlIMHY i3 OBEPXHI IT1aIKOTO MiKDOKOHLIEHTPATOPa MEXaHIYHUX
Harpy>XKeHb 3aCTOCOBAHO [JIs1 PO3PAXyHKY 3aJIMIIKOBOIO PECYPCY OCi KOJIICHOI Mapu i3 Ir1agKo0 MIKpDOPaKOBHUHOIO
Ha ii noBepxHi. [Io6yoBaHy B po6OTi pOo3paxyHKOBY MOZEJIb ITOMKUPEHHSI BTOMHOI MAaKpOTPILIUHU Y METAJIEBOMY
Marepiai 3 ypaxyBaHHSIM 3MilllaHUX MaKPOMEXaHi3MiB il pO3BUTKY 3aCTOCOBAHO [1J1s1 IOOY0BM HOBUX METOJIUK
PO3PpaxyHKY 3aJIMIIKOBOI JOBrOBIYHOCTI 3aJ1i3HMYHOI KOJIICHOI IIapy 3 TOBEPXHEBMMU TPIlIMHAMU HA Pi3HUX
IinsiHKax ii oci. BUKOHaHI 3 BUKOPMCTAHHSAM LIMX METOJIMK PO3PaxyHKH [10Ka3asy, o HasABHi y MaTepiasi MUNUKK oci
3CYBHI MaKpOMEXaHi3MU ii pyHYBaHHS MOXYTb MaTU 3HAYHUH BIUIMB Ha MIOMIMPEHHS BTOMHOI TPIlIMHY,
MIOHWKYIOUU TaKMM YMHOM 3aJIMIIKOBUI pecypc oci npubansHo Ha 20%. Ha 0CHOBI eHepreTM4HOro niaxony
MEXaHiK/ PyIHyBaHHS 106YJOBAaHO HOBY MaTEMATUYHY MOJI€JIb PO3PaXyHKY MePiofy JOKPUTUYHOTO POCTY

TPIIIMHY B 3aJIi3HUYHIN penlLi, o Ja€ MOKJIUBICTb OLIHIOBATH ii 3a/IMIIKOBUI PECYPC 3QJIEXKHO BiJl TOYaTKOBOI



BEJINYMHY BTOMHOI TPIlIMHY Ta YMOB €KCIUIyaTallii, HaGIDKeHUX [0 peanbHuX. Ha 6a3i 3ar1ponoHoBaHoi Mogei
Oy pOBeJieHi pO3PaxyHKY 3a/IMLIKOBOI JOBrOBIiYHOCTI 3a/1i3HUYHOI pefKY 3 TUIIOBUMU MONIEPEYHUMH TPillIHAMU
B i roJIoBILi Ta MimomBi. 3a JOIIOMOTrOI0 METOYy CKIHUEHHUX €JIEMEHTIB PO3PAax0OBaHO I10JI1S1 MEXaHIYHUX HAIIPY>KEHb
Ta IPY>KHO-MIJIACTUYHMX AedopMaliil y 6aHHaXi 3a/1i3HUYHOT0 KoJleca 32 10ro BCTAaHOBJIEHHSI Ha KOJIICHUAN LIEHTP.
[TokazaHo, 110 MOBEPXHI Ta MiATIOBEPXHEBI IiISIHKU 00'eMy MaTepiainy 6ij11 IPUTUCKHOTO 6ypTa 6aHOaKa €
MOTEHUiTHUMU MiCLSIMU 3aPOJI’)KEHHSI BTOMHUX TPILllMH MiJ YaC 10T0 BCTAHOBJIEHHS HA KOJIICHUH LIEHTP
3aJ1i3HUYHOrO KoJjieca. Pe3ysibTaTy IpOBeleHUX Y IUCEPTAalliliHii pobOTi JOCTigKeHb 6y BUKOPUCTaHI 11715

IiarHOCTYBAaHHS MEXaHIYHUX BY3JliB JIOKOMOTHUBIB Ha [TpAT “JIbBIBCbKUII IOKOMOTUBOPEMOHTHUI 3aBOJ,.

2. Estimation of reliability and safe operation of mechanical elements of rail transport is an important and
challenging scientific and engineering problem. In order to prevent possible failure of such objects, there is a
necessity of reliable prediction of their residual life. Consequently, the aim of the dissertation is to present
theoretical and experimental models for calculating the period of fatigue cracks initiation and growth kinetics in
the mechanical elements of rail transport and to develop residual life estimation technique for the wheelset
elements and rail based on the energy approach of fracture mechanics. Basing on calculation model of a sharp-tip
defect initiation in a vicinity of a smooth concentrator of mechanical stress, which is formulated in the
dissertation, for the first time, the calculation of the period of fatigue crack initiation at the top of the microdefect
on the wheelset axle is performed. New calculation methods for the residual lifetime estimation of wheelsets with
surface cracks on the axle are developed by making use of the computational model for the mixed-mode (I+II+III)
fatigue crack propagation. The formulated models allow for taking into account the additional influence of the
materials fracture macromechanisms of transverse and longitudinal shear on the kinetics of transverse fatigue
crack growth on the surface of wheelset axle during its operation. The calculations have shown that the
mechanical stresses caused by the weight of the loaded rail car in the transversal section of the wheelset axle
journal can significantly accelerate the growth of the transverse fatigue crack on its surface reducing the axle
residual life up to about 20%. Therefore, when calculating the wheelset axle residual life with a crack on the
surface of its journal, it is necessary to take into account the transverse shear mechanism effect on the kinetics of
fatigue crack growth. The dissertation presents a new mathematical model for the fatigue transverse macrocrack
growth in a rail basing on the energy approach of fracture mechanics. The rail is simulated by an elastic-plastic
beam laying on an elastic basis, that makes it possible to determine the stress state in the material of the rail under
operational loads with a sufficient approximation to the real one. On the basis of this model, the calculations of the
subcritical growth periods of typical transverse crack-like defects under the rail operation mode are performed.
The suggested calculation model can be used as a basis for the development of methods of estimating the
frequency of defectoscopy control of rails with defects such as ‘transverse crack’. Based on the finite element
method, calculations of the distribution of elastic-plastic deformations in the vicinity of geometric concentrators
of mechanical stresses in a tire material during its installation on the wheel centre of the electric locomotive are
performed. The calculations show that the local concentrations of mechanical stresses (their maximum values) and
the zones of plastic deformation arise on the outer surface of the wheel tire clamp, where, in practice, the fatigue
cracks most often occur. The obtained results make it possible to identify the most possible zones of the initiation
of fatigue failure in the volume of the tire material prior to its exploitation. The results of the conducted research
were used to technical diagnostics implementation of the locomotive mechanical units at the Lviv Locomotive
Repair Plant PJSC.
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