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In addition, after irradiation, there is no segregation of elements on the surface, as can be seen in the results 
of the SEM (fig. 6). As well as in the initial samples, a homogeneous distribution of elements over the surface is 
observed (fig. 7).

To quantify the effect of radiation damage on the structure of samples, changes in micro- and macrostresses 
relative to non-irradiated samples were calculated. Orientation (110) was used to determine macrostresses. The ob-
tained dependences were approximated by a linear function to obtain stress values. 

Figure 8 shows the values of the received stress. Compressive stresses prevail in all initial samples. The ad-
dition of niobium and tantalum in VNb and VNbTa samples leads to an increase in the level of compressive 
stresses, which is associated with a large atomic radius of these elements compared to vanadium. In the VNbTaTi 
alloy, due to the presence of Ti, which has a lower atomic radius, and also reduces the modulus of elasticity 
of the alloy, a lower level of compressive stresses is observed. Irradiation by krypton ions leads to a decrease 
in macrostresses, which can be explained by several reasons. Probably difference in atomic size between the 
elements leads to the reduction of electron and phonon mean free paths, which can affect the formation ener
gy and migration barriers of defects in the material [31]. The atomic size difference of the elements in the 
solid solutions also contributes to an increase in atomic scattering and a decrease in the focused movement 
of interstitials along the close-packed direction, which prevents interstitials from moving quickly out of the 
region with a high concentration of vacancies. This promotes defect recombination in these alloys. Besides, 
lattice distortion can also reduce defect mobility therefore many of the interstitial clusters were stationary and 
remained in the region where defects were formed, resulting in a higher rate of defect recombination [32; 33]. 
As a result, a large number of interstitial clusters of small size are formed, which causes tensile stresses and 
leads to a decrease in the overall level of compressive stresses [34]. In contrast, an increase in compressive stres
ses is observed in microstresses, which may be due to radiation-stimulated diffusion of lighter elements to the 
boundaries of the coherent scattering region [35]. However, it is not possible to assess which of the elements 
is more stable at the moment. It is also hard to say with certainty that there is a dependence of stresses on the 
complexity of the composition.

Fig. 6. Surface morphology in the samples surface  
V (a), VNb (b), VNbTa (c), VNbTaTi (d ) irradiated by Kr14+ ions with an energy of 280 keV


