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ȾАȼɅȿɇɂȿɆ ɇА ɎɈɊɆɂɊɈȼАɇɂȿ ɌȿɄɋɌɍɊɕ ɂ ɋȼɈɃɋɌȼ 

ɋɌАɅɂ 01ɘɌ 
ɄɍɐɈȼȺ ȼ.Ɂ., ɞ. ɬ. ɧ., ɩɪɨɮ., ɋɌȿɐȿɇɄɈ Ⱥ.ɉ., ɚɫɩ., ɄɈɌɈȼȺ Ɍ.ȼ., ɤ. ɬ. ɧ., ɞɨɰ.  
Ʉɚɮɟɞɪɚ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ, ɇɚɰɢɨɧɚɥɶɧɚɹ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɚɹ ɚɤɚɞɟɦɢɹ ɍɤɪɚɢɧɢ, ɩɪ. Ƚɚɝɚɪɢɧɚ, 4, ɝ. Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 
Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɚɹ  ɨɛɥ., ɍɤɪɚɢɧɚ, 49005, ɬɟɥ. +0 562 47-42-49, e-mail: root@lks.dp.ua 

 
Аɧɧɨɬɚɰɢɹ. Пɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ. ɉɪɨɝɪɟɫɫ ɦɢɪɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɟɫɬɪɨɟɧɢɹ ɫɬɚɜɢɬ ɩɟɪɟɞ ɪɚɡɪɚɛɨɬɱɢɤɚɦɢ 

ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɫɬɚɥɢ ɡɚɞɚɱɢ ɭɦɟɧɶɲɟɧɢɹ ɦɚɫɫɵ ɚɜɬɨɦɨɛɢɥɹ, ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ ɧɚ ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɩɨɜɵɲɟɧɢɹ ɫɬɟɩɟɧɢ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɭɤɚɡɚɧɧɵɯ ɰɟɥɟɣ ɧɚɯɨɞɹɬ 
ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɵɟ ɫɬɚɥɢ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ ɭɩɪɨɱɧɟɧɢɹ (ɢɡɦɟɥɶɱɟɧɢɟ ɡɟɪɧɚ, ɞɢɫɩɟɪɫɢɨɧɧɨɟ ɬɜɟɪɞɟɧɢɟ ɢ 
ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɨɟ ɭɩɪɨɱɧɟɧɢɟ), ɚ ɬɚɤɠɟ ɩɟɪɫɩɟɤɬɢɜɧɵɟ IF-ɫɬɚɥɢ. Ɉɞɧɚɤɨ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ɨɛɵɱɧɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɢɯ ɩɥɚɫɬɢɱɧɨɫɬɢ. Ⱦɨɫɬɢɠɟɧɢɟ ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɢ ɢ ɩɥɚɫɬɢɱɧɨɫɬɢ, 
ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ 

ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɩɪɨɛɥɟɦ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ. Пɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɟɤɫɬɭɪɵ ɫɬɚɥɢ 
01ɘɌ ɩɨɫɥɟ ɝɨɪɹɱɟɣ ɩɪɨɤɚɬɤɢ ɫ  ɩɨɫɥɟɞɭɸɳɟɣ  ɢɧɬɟɧɫɢɜɧɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɟɣ (ɂɉȾ) ɦɟɬɨɞɨɦ ɤɪɭɱɟɧɢɹ ɩɨɞ 
ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɢɦ ɞɚɜɥɟɧɢɟɦ (ɄȽȾ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 25°ɋ. Вɵɜɨɞɵ: ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɫɥɟ ɝɨɪɹɱɟɣ ɩɪɨɤɚɬɤɢ ɫ 
ɩɨɫɥɟɞɭɸɳɟɣ ɞɟɮɨɪɦɚɰɢɟɣ ɦɟɬɨɞɨɦ  ɄȽȾ ɫɨɯɪɚɧɹɟɬɫɹ ɬɟɤɫɬɭɪɚ ɫ  ɤɨɦɩɨɧɟɧɬɚɦɢ {100} ɢ {111}. ȼɟɪɨɹɬɧɨ ɩɥɚɫɬɢɱɟɫɤɨɟ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ ɜ ɦɟɬɚɥɥɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɞɜɭɦ ɦɟɯɚɧɢɡɦɚɦ: ɫɞɜɢɝ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ ɢ  ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɟ 

ɫɤɨɥɶɠɟɧɢɟ, ɯɨɬɹ ɜɤɥɚɞ ɩɨɫɥɟɞɧɟɝɨ ɜ ɮɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɫɬɭɪɵ ɦɟɧɟɟ ɜɵɪɚɠɟɧ. Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɬɜɟɪɞɨɫɬɢ 

ɝɨɪɹɱɟɤɚɬɚɧɨɣ ɫɬɚɥɢ 01ɘɌ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɞɟɮɨɪɦɚɰɢɟɣ ɦɟɬɨɞɨɦ ɄȽȾ ɩɨɜɵɲɚɸɬɫɹ ɜ 2 ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɝɨɪɹɱɟɤɚɬɚɧɵɦ ɫɨɫɬɨɹɧɢɟɦ, ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɚ ɩɥɚɫɬɢɱɧɨɫɬɶ ɫɨɯɪɚɧɹɟɬɫɹ ɧɚ ɜɵɫɨɤɨɦ 
ɭɪɨɜɧɟ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: IF-ɫɬɚɥɶ, ɩɪɹɦɵɟ ɩɨɥɸɫɧɵɟ ɮɢɝɭɪɵ (ɉɉɎ), ɧɚɧɨɢɧɞɟɧɬɢɪɨɜɚɧɢɟ, Ɇɨɞɭɥɶ ɘɧɝɚ, ɢɧɬɟɧɫɢɜɧɚɹ 
ɩɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ (ɂɉȾ), ɤɪɭɱɟɧɢɟ ɩɨɞ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɢɦ ɞɚɜɥɟɧɢɟɦ (ɄȽȾ). 
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ȼɉɅɂȼ ɄɊɍɌІɇɇə  ɉІȾ ȽІȾɊɈɋɌАɌɂЧɇɂɆ ɌɂɋɄɈɆ ɇА 
ɎɈɊɆɍȼАɇɇə ɌȿɄɋɌɍɊɂ І ȼɅАɋɌɂȼɈɋɌȿɃ ɋɌАɅІ 01ɘɌ  
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Аɧɨɬɚɰіɹ. Пɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. ɉɪɨɝɪɟɫ ɫɜɿɬɨɜɨɝɨ ɚɜɬɨɦɨɛɿɥɟɛɭɞɭɜɚɧɧɹ ɫɬɚɜɢɬɶ ɩɟɪɟɞ ɜɢɪɨɛɧɢɤɚɦɢ 

ɚɜɬɨɦɨɛɿɥɶɧɨʀ ɫɬɚɥɿ ɡɚɜɞɚɧɧɹ ɡɦɟɧɲɟɧɧɹ ɦɚɫɢ ɚɜɬɨɦɨɛɿɥɹ, ɡɧɢɠɟɧɧɹ ɜɢɬɪɚɬ ɧɚ ɣɨɝɨ ɜɢɪɨɛɧɢɰɬɜɨ, ɩɿɞɜɢɳɟɧɧɹ ɫɬɭɩɟɧɹ 
ɛɟɡɩɟɤɢ ɩɪɢ ɟɤɫɩɥɭɚɬɚɰɿʀ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ. ɇɚɣɛɿɥɶɲ ɲɢɪɨɤɟ ɡɚɫɬɨɫɭɜɚɧɧɹ ɞɥɹ ɜɤɚɡɚɧɢɯ ɰɿɥɟɣ ɡɧɚɯɨɞɹɬɶ 
ɧɢɡɶɤɨɥɟɝɨɜɚɧɿ ɫɬɚɥɿ ɡ ɬɪɚɞɢɰɿɣɧɢɦɢ ɦɟɯɚɧɿɡɦɚɦɢ ɡɦɿɰɧɟɧɧɹ (ɩɨɞɪɿɛɧɟɧɧɹ ɡɟɪɧɚ, ɞɢɫɩɟɪɫɿɣɧɟ ɬɜɟɪɞɿɧɧɹ ɿ 
ɬɜɟɪɞɨɪɨɡɱɢɧɧɟ ɡɦɿɰɧɟɧɧɹ), ɚ ɬɚɤɨɠ ɩɟɪɫɩɟɤɬɢɜɧɿ IF-ɫɬɚɥɿ. Ɉɞɧɚɤ ɡɛɿɥɶɲɟɧɧɹ ɦɿɰɧɨɫɬɿ ɦɟɬɚɥɟɜɢɯ ɦɚɬɟɪɿɚɥɿɜ ɡɚɡɜɢɱɚɣ 
ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɧɢɠɟɧɧɹ ʀɯ ɩɥɚɫɬɢɱɧɨɫɬɿ. Ⱦɨɫɹɝɧɟɧɧɹ ɜɢɫɨɤɨʀ ɦɿɰɧɨɫɬɿ ɿ ɩɥɚɫɬɢɱɧɨɫɬɿ, ɧɟɨɛɯɿɞɧɢɯ ɞɥɹ ɫɬɜɨɪɟɧɧɹ ɧɨɜɢɯ 
ɩɟɪɫɩɟɤɬɢɜɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣɧɢɯ ɿ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɦɚɬɟɪɿɚɥɿɜ, є ɨɞɧɿєɸ ʀɡ ɮɭɧɞɚɦɟɧɬɚɥɶɧɢɯ ɩɪɨɛɥɟɦ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ. 
Пɪɟɞɫɬɚɜɥɟɧі  ɪɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɧɹ ɮɨɪɦɭɜɚɧɧɹ ɬɟɤɫɬɭɪɢ ɫɬɚɥɿ 01ɘɌ ɩɿɫɥɹ ɝɚɪɹɱɨʀ ɩɪɨɤɚɬɤɢ ɡ ɧɚɫɬɭɩɧɨɸ  

ɿɧɬɟɧɫɢɜɧɨɸ ɩɥɚɫɬɢɱɧɨɸ ɞɟɮɨɪɦɚɰɿєɸ (ІɉȾ) ɦɟɬɨɞɨɦ ɤɪɭɬɿɧɧɹ ɩɿɞ ɝɿɞɪɨɫɬɚɬɢɱɧɢɦ ɬɢɫɤɨɦ (ɄȽɌ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ  25°ɋ. 

Вɵɜɨɞɵ: ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɩɿɫɥɹ ɝɚɪɹɱɨʀ ɩɪɨɤɚɬɤɢ ɡ ɧɚɫɬɭɩɧɨɸ ɞɟɮɨɪɦɚɰɿєɸ ɦɟɬɨɞɨɦ  ɄȽɌ ɡɛɟɪɿɝɚєɬɶɫɹ ɬɟɤɫɬɭɪɚ ɡ 

ɤɨɦɩɨɧɟɧɬɚɦɢ {100} ɢ {111}. ȼɿɪɨɝɿɞɧɨ ɩɥɚɫɬɢɱɧɟ ɞɟɮɨɪɦɭɜɚɧɧɹ ɜ ɦɟɬɚɥɿ ɡɞɿɣɫɧɸєɬɶɫɹ ɡɚ ɞɜɨɦɚ ɦɟɯɚɧɿɡɦɚɦɢ: ɡɫɭɜ ɩɨ 
ɝɪɚɧɢɰɹɯ ɡɟɪɟɧ ɬɚ  ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɟ ɤɨɜɡɚɧɧɹ, ɯɨɱ ɜɤɥɚɞ ɨɫɬɚɧɧɶɝɨ ɭ ɮɨɪɦɭɜɚɧɧɹ ɬɟɤɫɬɭɪɢ ɦɟɧɲ ɜɢɪɚɠɟɧɢɣ. 

ȼɢɡɧɚɱɟɧɨ, ɳɨ ɡɧɚɱɟɧɧɹ ɬɜɟɪɞɨɫɬɿ ɩɪɨɤɚɬɚɧɨʀ ɫɬɚɥɿ  01ɘɌ ɡ ɧɚɫɬɭɩɧɨɸ ɞɟɮɨɪɦɚɰɿєɸ ɦɟɬɨɞɨɦ ɄȽɌ ɩɿɞɜɢɳɭɸɬɶɫɹ ɜ 2 

ɪɚɡɢ ɜ ɡɪɿɜɧɹɧɧɿ ɡ ɝɚɪɹɱɟɤɚɬɚɧɢɦ ɫɬɚɧɨɦ, ɦɨɞɭɥɶ ɩɪɭɠɧɨɫɬɿ ɩɪɚɤɬɢɱɧɨ ɧɟ ɡɦɿɧɸєɬɶɫɹ, ɚ ɩɥɚɫɬɢɱɧɿɫɬɶ ɡɛɟɪɿɝɚєɬɶɫɹ ɧɚ 
ɜɢɫɨɤɨɦɭ ɪɿɜɧɿ. 

Ʉɥɸɱɨɜі ɫɥɨɜɚ: IF-ɫɬɚɥɶ, ɩɪɹɦɿ ɩɨɥɸɫɧɿ ɮɿɝɭɪɢ (ɉɉɎ), ɧɚɧɨɿɧɞɟɧɬɭɜɚɧɧɹ, Ɇɨɞɭɥɶ ɘɧɝɚ, ɿɧɬɟɧɫɢɜɧɚ ɩɥɚɫɬɢɱɧɚ 
ɞɟɮɨɪɦɚɰɿɹ (ІɉȾ), ɤɪɭɬɿɧɧɹ ɩɿɞ ɝɿɞɪɨɫɬɚɬɢɱɧɢɦ ɬɢɫɤɨɦ (ɄȽɌ). 
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Abstract. Formulation of the problem. The progress of the global automotive industry confronts developers of automotive 

steel task of reducing vehicle weight, reduce its production costs, increase security level during operation of the vehicle. The 

most widely used for this purpose are low alloy steels with conventional hardening mechanisms (grain refinement, precipitation 

hardening and solid solution hardening), as well as promising IF-steels. However, increasing the strength of metal materials 

usually leads to a decrease in their plasticity. Achieving high strength and ductility required for the creation of new advanced 

structural and functional materials, it is one of their basic materials science problems. Presented results of the texture researches 

of steel 01ɘɌ after severe plastic deformation (SPD) by torsion under hydrostatic pressure (HPT) at the 25 ° C. Conclusion: It is 

found that after hot rolling with the next deformation by HPT method saved texture with components stored texture {100} and 

{111}. It is shown that in the process of deformation has been actively developed mechanisms such as a shift along the grain 

boundaries and crystallographic slip, although its contribution to the formation of the texture is less pronounced. Hardness after 

HPT 2 times higher, modulus of elasticity hardly changes in comparison with the initial state, and the ductility is retained at a 

high level. 

Keywords: IF-steel, Pole Figures (PF), nanoindentation, Young's modulus, severe plastic deformation (SPD), under 

hydrostatic pressure torsion (HPT). 

 

 

ȼɜɟɞɟɧɢɟ. ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜɫɟ ɛɨɥɶɲɟɟ 
ɜɧɢɦɚɧɢɟ ɩɪɢɜɥɟɤɚɸɬ ɜɨɩɪɨɫɵ ɩɨɥɭɱɟɧɢɹ ɢ 
ɢɡɭɱɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɫ ɭɥɶɬɪɚɦɟɥɤɨɡɟɪɧɢɫɬɨɣ 
ɫɬɪɭɤɬɭɪɨɣ ɫ ɜɵɫɨɤɨɭɝɥɨɜɵɦɢ ɝɪɚɧɢɰɚɦɢ ɡɟɪɟɧ. 
Ɂɧɚɱɢɬɟɥɶɧɨɟ ɦɟɫɬɨ ɫɪɟɞɢ ɫɩɨɫɨɛɨɜ ɞɨɫɬɢɠɟɧɢɹ 
ɬɚɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɚɧɢɦɚɸɬ ɦɟɬɨɞɵ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ ɫɨ 
ɫɞɜɢɝɨɦ  [1-8]. ɉɨɞɬɜɟɪɠɞɟɧɢɟɦ ɷɬɨɦɭ ɦɨɠɟɬ 
ɫɥɭɠɢɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɭɛɥɢɤɚɰɢɣ ɡɚ 
ɩɨɫɥɟɞɧɢɟ 10 ɥɟɬ, ɜ ɤɨɬɨɪɵɯ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ 
ɩɪɨɰɟɫɫɵ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɢɡɦɟɧɟɧɢɟ 
ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɜ 
ɧɚɤɨɜɚɥɶɧɹɯ Ȼɪɢɞɠɦɟɧɚ – ɤɪɭɱɟɧɢɟ ɩɨɞ 
ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɢɦ ɞɚɜɥɟɧɢɟɦ (ɄȽȾ), 
ɪɚɜɧɨɤɚɧɚɥɶɧɨɟ ɭɝɥɨɜɨɟ ɩɪɟɫɫɨɜɚɧɢɟ (ɊɄɍɉ), 
ɜɢɧɬɨɜɨɟ ɩɪɟɫɫɨɜɚɧɢɹ ɢ ɞɪ. Ɉɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɚɤɠɟ 
ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɯɟɦ ɄɉȾɋ: 
ɜɫɟɫɬɨɪɨɧɧɟɣ ɤɨɜɤɢ, ɩɪɨɤɚɬɤɢ ɫɨ ɫɞɜɢɝɨɦ,  

ɩɨɥɭɧɟɩɪɟɪɵɜɧɵɯ ɫɯɟɦ ɊɄɍɉ, ɫɯɟɦ ɜɨɥɨɱɟɧɢɹ 
ɩɪɨɜɨɥɨɤɢ ɫ ɤɪɭɱɟɧɢɟɦ [9-15].  

ɐɟɥɶɸ ɞɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ 
ɨɩɪɟɞɟɥɟɧɢɟ ɜɥɢɹɧɢɹ ɝɨɪɹɱɟɣ ɩɪɨɤɚɬɤɢ ɫ 
ɩɨɫɥɟɞɭɸɳɟɣ ɞɟɮɨɪɦɚɰɢɟɣ ɦɟɬɨɞɨɦ ɄȽȾ ɧɚ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɫɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɫɬɚɥɢ 01ɘɌ. 

Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɣ. ȼ ɪɚɛɨɬɟ 
ɢɫɫɥɟɞɨɜɚɥɢ ɝɨɪɹɱɟɤɚɬɚɧɧɭɸ ɫɬɚɥɶ 01ɘɌ ɩɨɫɥɟ 
ɂɉȾ ɦɟɬɨɞɨɦ ɄȽȾ, ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɨɬɨɪɨɣ 
ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 1. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ 
ɭɫɥɨɜɢɣ ɩɪɨɤɚɬɤɢ ɩɪɨɜɨɞɢɥɢ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɦ 
ɩɪɨɤɚɬɧɨɦ ɫɬɚɧɟ ȾɍɈ 280. Ɍɟɦɩɟɪɚɬɭɪɧɨ-

ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɪɟɠɢɦɵ ɩɪɨɤɚɬɤɢ ɫɬɚɥɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. Ƚɨɪɹɱɟɤɚɬɚɧɵɟ ɨɛɪɚɡɰɵ 
ɫɬɚɥɢ 01ɘɌ ɩɨɞɜɟɪɝɚɥɢ ɄȽȾ, ɪɟɠɢɦ ɄȽȾ ɩɪɢɜɟɞɟɧ 
ɜ ɬɚɛɥɢɰɟ 3.  

 

 

Ɍɚɛɥɢɰɚ 1 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ 01ɘɌ/ Chemical composition of IF-steels 

ɋɨɞɟɪɠɚɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 

C Mn Si P S Cr Ni Cu Al Ti N2 Ca 

0,003 0,12 0,01 0,005 0,011 0,01 0,01 0,02 0,041 0,07 0,004 0,0003 

 

Ɍɚɛɥɢɰɚ 2  

Ⱦɟɮɨɪɦɚɰɢɨɧɧɵɟ ɪɟɠɢɦɵ ɩɪɨɤɚɬɤɢ ɫɬɚɥɢ 01ɘɌ/Temperatures and deformation modes of the 

rolling of steel 01ɘɌ 

Ɍɧɚɝɪ Ɍ1ɩɪ h0 h1  h1 1 Ɍ2ɩɪ h2  h2 2  h  Ɍɫɦ 

° C ɦɦ % ° C ɦɦ % ɦɦ % ° C 

1000 970 3,5 1,80 1,70 48,6 730 1,4 0,4 22,2 2,1 60,0 680 

ɉɪɢɦɟɱɚɧɢɟ: Ɍɧɚɝɪ - ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɥɢɫɬɨɜɨɣ ɫɬɚɥɢ; Ɍ1ɩɪ - ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɤɚɬɤɢ ɥɢɫɬɨɜɨɣ ɫɬɚɥɢ ɜ ɩɟɪɜɨɦ 
ɩɪɨɯɨɞɟ; Ɍ2ɩɪ - ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɤɚɬɤɢ ɥɢɫɬɨɜɨɣ ɫɬɚɥɢ ɜɨ ɜɬɨɪɨɦ ɩɪɨɯɨɞɟ; h0- ɢɫɯɨɞɧɚɹ ɬɨɥɳɢɧɚ ɨɛɪɚɡɰɚ; h1- ɬɨɥɳɢɧɚ 
ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɩɟɪɜɨɝɨ ɩɪɨɯɨɞɚ; h2 - ɬɨɥɳɢɧɚ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɜɬɨɪɨɝɨ ɩɪɨɯɨɞɚ; Δh1 - ɚɛɫɨɥɸɬɧɨɟ ɨɛɠɚɬɢɟ ɦɟɬɚɥɥɚ ɜ 
ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ; Δh2 - ɚɛɫɨɥɸɬɧɨɟ ɨɛɠɚɬɢɟ ɦɟɬɚɥɥɚ ɜɨ ɜɬɨɪɨɦ ɩɪɨɯɨɞɟ;  h - ɫɭɦɦɚɪɧɨɟ ɨɛɠɚɬɢɟ ɦɟɬɚɥɥɚ ɡɚ ɞɜɚ 
ɩɪɨɯɨɞɚ; İ1 - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɫɬɟɩɟɧɶ ɞɟɮɨɪɦɚɰɢɢ ɦɟɬɚɥɥɚ ɜ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ; İ2 - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɫɬɟɩɟɧɶ ɞɟɮɨɪɦɚɰɢɢ 
ɦɟɬɚɥɥɚ ɜɨ ɜɬɨɪɨɦ ɩɪɨɯɨɞɟ;  - ɫɭɦɦɚɪɧɚɹ ɫɬɟɩɟɧɶ ɞɟɮɨɪɦɚɰɢɢ ɦɟɬɚɥɥɚ ɡɚ ɞɜɚ ɩɪɨɯɨɞɚ; ɌɋɆ - ɬɟɦɩɟɪɚɬɭɪɚ ɫɦɨɬɤɢ. 



Ɍɚɛɥɢɰɚ 3 

Ɋɟɠɢɦ ɄȽȾ ɞɥɹ ɫɬɚɥɢ 01ɘɌ/ HPT mode of 08ɩɫ steel 

Ɍɢ ,ɋ D,ɦɦ S
0
, ɦɦ N P, ɤɝɫ/ɫɦ

2

 S
1
,ɦɦ 1 1 4 4 

25 9,0 0,7 5 310 0,3 3,8 44,85 6,0 403,0 
ɉɪɢɦɟɱɚɧɢɟ: Ɍɢ – ɬɟɦɩɟɪɚɬɭɪɚ ɢɫɩɵɬɚɧɢɹ, S0 - ɬɨɥɳɢɧɚ ɞɨ ɢɫɩɵɬɚɧɢɹ; S1 - ɬɨɥɳɢɧɚ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɹ; N - ɤɨɥɢɱɟɫɬɜɨ 

ɨɛɨɪɨɬɨɜ; D  - ɞɢɚɦɟɬɪ ɨɛɪɚɡɰɚ; P –ɞɚɜɥɟɧɢɟ; Ɛ - ɢɫɬɢɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɩɪɢ ɤɪɭɱɟɧɢɢ (1 – ɰɟɧɬɪ, 4 - ɩɟɪɢɮɟɪɢɹ ɨɛɪɚɡɰɚ);  
 - ɫɞɜɢɝɨɜɚɹ ɞɟɮɨɪɦɚɰɢɹ (1  – ɰɟɧɬɪ, 4 - ɩɟɪɢɮɟɪɢɹ ɨɛɪɚɡɰɚ). 

 

ȼ ɪɚɛɨɬɟ ɢɫɬɢɧɧɭɸ ɢ ɫɞɜɢɝɨɜɭɸ ɞɟɮɨɪɦɚɰɢɢ 
ɩɪɢ ɤɪɭɱɟɧɢɢ ɨɰɟɧɢɜɚɥɢ ɪɚɫɱɟɬɧɵɦ ɩɭɬɟɦ [16]. 

ɂɡɦɟɪɟɧɢɹ ɧɚɧɨɬɜёɪɞɨɫɬɢ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ 

ɧɚɧɨɢɧɞɟɧɬɟɪɚ «Nanoindenter G200» ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɋɒȺ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɦɚɡɧɨɣ ɬɪɟɯɝɪɚɧɧɨɣ 
ɩɢɪɚɦɢɞɤɢ Ȼɟɪɤɨɜɢɱɚ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ 
ɦɟɬɨɞɨɦ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɩɪɢ ɧɚɧɨɢɧɞɟɧɬɢɪɨɜɚɧɢɢ 
ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ Ɉɥɢɜɟɪɚ-Ɏɚɪɪɚ, ɩɨɡɜɨɥɹɸɳɢɣ 

ɧɚɯɨɞɢɬɶ ɬɜɟɪɞɨɫɬɶ ɢ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɨɛɪɚɡɰɚ ɛɟɡ 
ɢɡɦɟɪɟɧɢɹ ɟɝɨ ɪɚɡɦɟɪɨɜ ɩɪɹɦɵɦɢ ɦɟɬɨɞɚɦɢ. ȼ 
ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɨɜɨɞɢɥɢ ɢɫɩɵɬɚɧɢɹ, ɢɫɩɨɥɶɡɭɹ 
ɦɨɞɭɥɶ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɠɟɫɬɤɨɫɬɢ CSM 

(Continuous Stiffness Measurement), ɫ ɧɟɩɪɟɪɵɜɧɨɣ 
ɡɚɩɢɫɶɸ ɤɪɢɜɨɣ ɧɚɝɪɭɠɟɧɢɹ ɢ ɪɚɡɝɪɭɠɟɧɢɹ [17]. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚ 
ɞɢɮɪɚɤɬɨɦɟɬɪɟ ȾɊɈɇ–3Ɇ ɜ ɋuɄα - ɢɡɥɭɱɟɧɢɢ 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɉɪɟɢɦɭɳɟɫɬɜɟɧɧɵɟ 
ɨɪɢɟɧɬɢɪɨɜɤɢ (ɬɟɤɫɬɭɪɵ) ɢɦɟɸɬ ɫɭɳɟɫɬɜɟɧɧɨɟ 
ɜɥɢɹɧɢɟ ɧɚ ɫɬɪɭɤɬɭɪɨɡɚɜɢɫɢɦɵɟ ɫɜɨɣɫɬɜɚ 
ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. Ʉɚɤ ɩɨɤɚɡɚɥ 
ɨɛɡɨɪ ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ ɢɡɭɱɟɧɢɸ ɩɪɨɰɟɫɫɨɜ 
ɬɟɤɫɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɦɟɯɚɧɢɡɦɨɜ ɞɟɮɨɪɦɚɰɢɢ 
ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ ɫ ɈɐɄ ɫɬɪɭɤɬɭɪɨɣ, ɧɟ ɩɪɨɜɨɞɢɥɨɫɶ 
ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɟɤɫɬɭɪ, ɯɨɬɹ ɷɬɢ 
ɞɚɧɧɵɟ ɢɦɟɸɬ ɧɚɭɱɧɵɣ ɢ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ. 

ɇɚ ɪɢɫ. 1, ɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɥɸɫɧɵɟ ɮɢɝɭɪɵ 
ɝɨɪɹɱɟɤɚɬɚɧɨɣ ɫɬɚɥɢ 01ɘɌ ɞɥɹ ɩɥɨɫɤɨɫɬɟɣ (100), 
(110), (111). ɏɨɬɹ ɞɥɹ ɈɐɄ ɦɟɬɚɥɥɨɜ ɞɨɫɬɚɬɨɱɧɨ 
ɩɨɤɚɡɵɜɚɬɶ ɢɡɦɟɧɟɧɢɹ ɩɪɹɦɵɯ ɩɨɥɸɫɧɵɯ ɮɢɝɭɪ 
(ɉɉɎ) ɞɥɹ ɩɥɨɫɤɨɫɬɟɣ (110), ɦɵ ɩɪɢɜɨɞɢɦ 
ɩɨɥɸɫɧɵɟ ɮɢɝɭɪɵ ɞɥɹ ɬɪɟɯ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ 
ɧɚɩɪɚɜɥɟɧɢɣ ɤɭɛɢɱɟɫɤɨɝɨ ɤɪɢɫɬɚɥɥɚ. ɇɚɢɛɨɥɟɟ 
ɜɵɪɚɠɟɧɧɨɣ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɟ ɨɛɪɚɡɰɚ ɫɬɚɥɢ 
01ɘɌ ɹɜɥɹɟɬɫɹ ɬɟɤɫɬɭɪɚ ɫ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɦ 
ɨɪɢɟɧɬɢɪɨɜɚɧɢɟɦ ɮɟɪɪɢɬɧɵɯ ɡɟɪɟɧ ɩɥɨɫɤɨɫɬɶɸ 
{100} (ɪɢɫ. 1, ɚ). ɇɚɛɥɸɞɚɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ 
ɬɟɤɫɬɭɪɵ ɩɨ ɫɟɱɟɧɢɸ ɥɢɫɬɚ, ɩɪɨɤɚɬɚɧɧɨɝɨ ɡɚ ɞɜɚ 
ɩɪɨɯɨɞɚ: ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɣ 
ɹɜɥɹɟɬɫɹ ɬɟɤɫɬɭɪɚ ɬɢɩɚ {100}, ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɡɨɧɵ ɯɚɪɚɤɬɟɪɧɚ ɫɨɜɨɤɭɩɧɨɫɬɶ ɬɟɤɫɬɭɪ {100} ɢ 
{111}. 

Ɍɟɤɫɬɭɪɚ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɵ ɨɛɪɚɡɰɨɜ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɨɥɶɲɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ, ɱɟɦ 
ɬɟɤɫɬɭɪɚ ɦɟɥɤɨɡɟɪɧɢɫɬɨɝɨ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ: 
ɩɨɥɸɫɧɚɹ ɩɥɨɬɧɨɫɬɶ ɨɪɢɟɧɬɢɪɨɜɤɢ <100> 

ɫɧɢɠɚɟɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɫɥɨɟɦ ɫ 

Ɋ <100> = 6,2 ɞɨ Ɋ <100> = 4,3 (ɪɢɫ. 1).  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɪɚɛɨɬɵ [18], 

ɢɡ-ɡɚ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ ɫɤɨɪɨɫɬɶ 
ɬɟɱɟɧɢɹ ɦɟɬɚɥɥɚ ɜɨ ɜɧɭɬɪɟɧɧɢɯ ɫɥɨɹɯ ɛɨɥɶɲɟ, ɱɟɦ ɜ 
ɩɨɜɟɪɯɧɨɫɬɧɵɯ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɟɤɫɬɭɪɚ ɰɟɧɬɪɚɥɶɧɵɯ 
ɫɥɨɟɜ ɜɵɪɚɠɟɧɚ ɛɨɥɟɟ ɱɟɬɤɨ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ 
ɜɫɟɦɭ ɫɟɱɟɧɢɸ ɨɛɪɚɡɰɚ, ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɩɨ ɬɚɤɨɦɭ 

ɪɟɠɢɦɭ, ɮɨɪɦɢɪɭɟɬɫɹ ɨɛɵɱɧɚɹ ɬɟɤɫɬɭɪɚ ɩɪɨɤɚɬɤɢ, ɫ 
ɧɚɢɛɨɥɟɟ ɜɵɪɚɠɟɧɧɵɦɢ ɨɪɢɟɧɬɢɪɨɜɤɚɦɢ - {100} ɢ 
{111}. 

ɂɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ [19, 20] ɢɡɜɟɫɬɧɨ, 

ɛɥɚɝɨɩɪɢɹɬɧɨɣ ɹɜɥɹɟɬɫɹ ɬɟɤɫɬɭɪɚ, ɤɨɝɞɚ ɛɨɥɶɲɚɹ 
ɱɚɫɬɶ ɪɟɲɟɬɨɤ ɡɟɪɟɧ ɨɪɢɟɧɬɢɪɨɜɚɧɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɱɬɨ ɢɯ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɚɹ ɩɥɨɫɤɨɫɬɶ {111} 
ɩɚɪɚɥɟɥɶɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɥɢɫɬɚ. Ɍɟɯɧɨɥɨɝɢɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ IF-ɫɬɚɥɢ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɬɶ 
ɩɨɥɭɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɡɟɪɟɧ ɬɚɤɨɣ 

ɨɪɢɟɧɬɢɪɨɜɤɢ. Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ [20] ɪɚɡɧɢɰɭ 
ɬɟɤɫɬɭɪɵ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢ ɰɟɧɬɪɚɥɶɧɵɯ ɡɨɧɚɯ 
ɨɛɪɚɡɰɨɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ IF-ɫɬɚɥɟɣ ɨɛɴɹɫɧɹɸɬ 
ɨɛɟɡɭɝɥɟɪɨɠɢɜɚɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɩɨɞ 
ɨɤɚɥɢɧɨɣ. 

ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɵ ɉɉɎ ɫɬɚɥɢ 01ɘɌ ɩɨɫɥɟ 

ɝɨɪɹɱɟɣ ɩɪɨɤɚɬɤɢ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɞɟɮɨɪɦɚɰɢɟɣ 
ɦɟɬɨɞɨɦ ɄȽȾ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 
ɇɚɛɥɸɞɚɟɬɫɹ ɡɚɦɟɬɧɨɟ ɩɨɜɵɲɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɩɢɤɨɜ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɦɟɧɟɟ 
ɪɚɡɦɵɬɨɣ ɬɟɤɫɬɭɪɵ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɟ ɨɛɪɚɡɰɚ 
(ɪɢɫ. 2, ɚ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɨɣ ɜ 
ɝɨɪɹɱɟɤɚɬɚɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɪɢɫ.1,ɚ). 
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Ɋɢɫɭɧɨɤ 1 - Кɨɥɢɱɟɫɬɜɟɧɧɵɟ ɉɉɎ ɫ ɞɚɧɧɵɦɢ ɨɛ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɟɤɫɬɭɪɵ ɞɥɹ ɰɟɧɬɪɚɥɶɧɨɣ (ɚ) ɢ 

ɩɨɜɟɪɯɧɨɫɬɧɨɣ (ɛ) ɡɨɧ ɨɛɪɚɡɰɚ ɝɨɪɹɱɟɤɚɬɚɧɨɣ ɫɬɚɥɢ 01ɘɌ/ Figure 1 – The quantitative SPF with texture 

intensity data for central (a) and surface (b) zones of the hot rolled steel 01ɘɌ 
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Ɋɢɫɭɧɨɤ 2 - Кɨɥɢɱɟɫɬɜɟɧɧɵɟ ɉɉɎ ɫ ɞɚɧɧɵɦɢ ɨɛ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɟɤɫɬɭɪɵ ɞɥɹ ɰɟɧɬɪɚɥɶɧɨɣ (ɚ) ɢ 
ɩɟɪɢɮɟɪɢɣɧɨɣ (ɛ) ɡɨɧ ɝɨɪɹɱɟɤɚɬɚɧɨɣ ɫɬɚɥɢ 01ɘɌ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɦɟɬɨɞɨɦ КȽȾ/ Figure 2 – The 

quantitative SPF with texture intensity data for central (a) and peripheries  (b) zones of the steel 01ɘɌ after 

deformation by HTP method 

 



5 

Ⱥɧɚɥɢɡ ɉɉɎ ɫɬɚɥɢ 01ɘɌ ɩɨɫɥɟ ɝɨɪɹɱɟɣ 
ɩɪɨɤɚɬɤɢ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɞɟɮɨɪɦɚɰɢɟɣ ɦɟɬɨɞɨɦ 

ɄȽȾ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɟɮɨɪɦɚɰɢɹ, ɪɟɚɥɢɡɭɟɦɚɹ ɩɪɢ 
ɤɪɭɱɟɧɢɢ, ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɡɧɚɱɟɧɢɣ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚ ɩɟɪɢɮɟɪɢɢ ɨɛɪɚɡɰɚ ɞɨ ɡɧɚɱɟɧɢɣ 
Ɋmax = 13,64, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ 
ɛɨɥɟɟ ɱɟɬɤɨɣ ɬɟɤɫɬɭɪɵ ɫ ɜɵɪɚɠɟɧɧɵɦɢ 
ɤɨɦɩɨɧɟɧɬɚɦɢ {100} ɢ {111} (ɪɢɫ. 2). ɂɡɦɟɧɟɧɢɹ 

ɬɟɤɫɬɭɪɵ ɩɨɫɥɟ ɄȽȾ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɨɪɹɱɟɤɚɬɚɧɵɦ 
ɫɨɫɬɨɹɧɢɟɦ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ, ɬ.ɟ ɫɨɯɪɚɧɹɟɬɫɹ 
ɬɟɤɫɬɭɪɚ ɫ ɤɨɦɩɨɧɟɧɬɚɦɢ {100} ɢ {111}. 

ȼ ɬɚɛɥ. 4 ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ 
ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɫɬɚɥɢ 01ɘɌ ɜ 
ɝɨɪɹɱɟɤɚɬɚɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɥɟ ɪɚɡɥɢɱɧɵɯ 
ɪɟɠɢɦɨɜ ɄȽȾ. 

 

Ɍɚɛɥɢɰɚ 4 

Ⱦɚɧɧɵɟ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɫɬɚɥɢ 01ɘɌ ɜ ɝɨɪɹɱɟɤɚɬɚɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɥɟ 
ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɄȽȾ/ X-ray diffraction analysis data of 01ɘɌ steel after rolling and HTP 

d, ɦɦ 
S0, 

ɦɦ 

 

N 

Ɋ, 

ɤɝɫ/ɫɦ2
 

a, 

A 
L110, ɧɦ L220, ɧɦ 

L, 

ɧɦ 

M, 

 

ɇ/ɦ2
 

D110, 10
10 

ɫɦ-2
 

D220 

10
10 

ɫɦ-2
 

Ƚɨɪɹɱɟɤɚɬɚɧɨɟ ɫɨɫɬɨɹɧɢɟ 2,8661 90,4 69,3 118,1 0,91 6,7 23,4 

15 0,9 3 150 2,8665 105,8 73,9 137,4 0,98 4,93 20,2 

9 0,7 5 300 2,8642 73,1 53,2 95,5 1,26 10,3 39,7 

ɉɪɢɦɟɱɚɧɢɟ: ɚ – ɩɚɪɚɦɟɬɪ ɪɟɲɟɬɤɢ, L - ɪɚɡɦɟɪ ɤɪɢɫɬɚɥɥɢɬɨɜ, Ɇ – ɧɚɩɪɹɠɟɧɢɟ, D - ɩɥɨɬɧɨɫɬɶ ɞɢɫɥɨɤɚɰɢɣ 

 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɭɥɶɬɪɚɦɟɥɤɨɡɟɪɧɢɫɬɨɣ 
ɫɬɪɭɤɬɭɪɵ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ d = 15 ɦɦ, N = 3, P = 

150 ɤɝɫ/ ɫɦ2. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɩɪɢ ɄȽȾ 
ɩɪɢɜɨɞɢɬ ɤ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɢɡɦɟɥɶɱɟɧɢɸ ɡɟɪɧɚ, ɩɪɢ 
ɷɬɨɦ ɪɚɡɦɟɪ ɤɪɢɫɬɚɥɥɢɬɨɜ ɫɨɫɬɚɜɥɹɟɬ ɦɟɧɟɟ 100 ɧɦ 
ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɫɬɚɥɢ 01ɘɌ ɩɪɢ Ɋ 
= 300 ɤɝɫ/ ɫɦ2

 ɢ N =5. ɉɥɨɬɧɨɫɬɶ ɞɢɫɥɨɤɚɰɢɣ ɫɬɚɥɢ 
01ɘɌ ɩɨɫɥɟ ɄȽȾ ɩɪɢ Ɋ = 300 ɤɝɫ/ ɫɦ2

 ɜɨɡɪɚɫɬɚɟɬ 
ɞɥɹ ɩɥɨɫɤɨɫɬɢ (110) ɜ 1,5 ɪɚɡ, ɚ ɞɥɹ (220) ɜ 1,7 ɪɚɡ, 

Ɂɧɚɱɟɧɢɹ ɦɢɤɪɨɧɚɩɪɹɠɟɧɢɣ ɩɨɫɥɟ ɄȽȾ ɜɨɡɪɚɫɬɚɸɬ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɨɪɹɱɟɤɚɬɚɧɵɦ ɫɨɫɬɨɹɧɢɟɦ: ɧɚ 7% 
ɩɪɢ ɬɪɟɯ ɨɛɨɪɨɬɚɯ ɢ ɞɚɜɥɟɧɢɢ 150 ɤɝɫ/ ɫɦ2 

 ɢ ɧɚ 38% 
ɩɪɢ 5 ɨɛɨɪɨɬɚɯ ɢ ɞɚɜɥɟɧɢɢ 300 ɤɝɫ/ ɫɦ2

.
 
  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ 
ɩɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɬɜɟɪɞɨɫɬɢ 
(ɪɢɫ. 3, ɚ) ɢ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ (ɪɢɫ. 3, ɛ) ɨɬ ɝɥɭɛɢɧɵ 
ɜɧɟɞɪɟɧɢɹ ɢɧɞɟɧɬɨɪɚ ɞɥɹ ɢɫɫɥɟɞɭɟɦɨɣ ɫɬɚɥɢ 01ɘɌ. 

 

   
 ɚ ɛ 

1- ɝɨɪɹɱɟɤɚɬɚɧɨɟ ɫɨɫɬɨɹɧɢɟ; 2 – ɩɨɫɥɟ ɩɪɨɤɚɬɤɢ ɢ КȽȾ (ɰɟɧɬɪ); 3 – ɩɨɫɥɟ ɩɪɨɤɚɬɤɢ ɢ КȽȾ (ɩɟɪɢɮɟɪɢɹ) 
Ɋɢɫɭɧɨɤ 3 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɤɪɢɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɬɜɟɪɞɨɫɬɢ (ɚ) ɢ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ (ɛ) ɨɬ ɝɥɭɛɢɧɵ 

ɜɧɟɞɪɟɧɢɹ ɢɧɞɟɧɬɨɪɚ ɝɨɪɹɱɟɤɚɬɚɧɨɣ ɫɬɚɥɢ 01ɘɌ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɦɟɬɨɞɨɦ КȽȾ/ 1 – hot rolled state, 2 – 

after rolling and HPT (center), 3 - after rolling and HPT (peripheries), Figure 3 – Experimental curves of the 

hardness (a) and Young modulus (b) independents from the indenter displacement into the surface of the 01ɘɌ 
after deformation by HPT method  

 

ɉɥɚɫɬɢɱɟɫɤɨɟ ɬɟɱɟɧɢɟ ɜɨ ɜɫɟɯ ɨɛɪɚɡɰɚɯ 
ɧɚɱɢɧɚɟɬɫɹ ɬɨɥɶɤɨ ɫ ɝɥɭɛɢɧɵ 200 ɧɦ (ɪɢɫ. 3, ɚ), ɫ 
ɷɬɨɣ ɝɥɭɛɢɧɵ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɤɨɧɬɪɨɥɶ 
ɬɜɟɪɞɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɪɟɝɢɛ ɧɚ ɤɪɢɜɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɬɜɟɪɞɨɫɬɢ ɨɬ ɩɟɪɟɦɟɳɟɧɢɹ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɟɪɟɯɨɞɭ ɨɬ ɭɩɪɭɝɨɣ ɤ ɭɩɪɭɝɨ-

ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɜ ɡɨɧɟ ɨɬɩɟɱɚɬɤɚ. 
ɂɡɦɟɧɟɧɢɟ ɬɜёɪɞɨɫɬɢ ɫɬɚɥɢ 01ɘɌ ɩɨɫɥɟ ɝɨɪɹɱɟɣ 
ɩɪɨɤɚɬɤɢ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɞɟɮɨɪɦɚɰɢɟɣ ɦɟɬɨɞɨɦ 
ɄȽȾ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɯɚɪɚɤɬɟɪ: ɦɚɤɫɢɦɚɥɶɧɵɟ 
ɡɧɚɱɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɧɚɛɥɸɞɚɸɬɫɹ ɧɚ ɩɟɪɢɮɟɪɢɢ 
ɨɛɪɚɡɰɚ ɢ ɞɨɫɬɢɝɚɸɬ 5,8 Ƚɉɚ, ɱɬɨ 2 ɪɚɡɚ ɜɵɲɟ, ɱɟɦ 
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ɜ ɝɨɪɹɱɟɤɚɬɚɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɜɞɨɥɶ ɪɚɞɢɭɫɚ ɜɵɡɜɚɧɚ 
ɥɨɤɚɥɢɡɚɰɢɟɣ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɩɟɪɢɮɟɪɢɢ ɨɛɪɚɡɰɚ. 
Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɣ ɫɬɚɥɢ 01ɘɌ 

ɢɡɦɟɧɹɟɬɫɹ ɨɬ ȿɢɫɯ = 210 Ƚɉɚ ɞɨ ȿɩɟɪɢɮ. = 246 Ƚɉɚ 

(ɪɢɫ. 3, ɛ). ȼ ɥɢɬɟɪɚɬɭɪɟ [1-4, 15, 16] ɨɛɫɭɠɞɚɟɬɫɹ 
ɧɟɫɤɨɥɶɤɨ ɮɚɤɬɨɪɨɜ, ɨɤɚɡɵɜɚɸɳɢɯ ɜɥɢɹɧɢɟ ɧɚ 
ɭɩɪɭɝɢɟ ɫɜɨɣɫɬɜɚ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɚɦɢ ɂɉȾ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ 
ɨɩɪɟɞɟɥɹɸɳɭɸ ɪɨɥɶ ɜ ɭɦɟɧɶɲɟɧɢɢ ɭɩɪɭɝɢɯ 
ɫɜɨɣɫɬɜ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɢɝɪɚɸɬ ɝɪɚɧɢɰɵ ɡɟɪɟɧ ɢ 
ɬɪɨɣɧɵɟ ɫɬɵɤɢ, ɬ.ɤ. ɡɧɚɱɢɬɟɥɶɧɚɹ ɞɨɥɹ ɚɬɨɦɨɜ 
ɧɚɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɦɟɫɬɚɯ, 
ɨɬɥɢɱɧɵɯ ɨɬ ɢɯ ɧɨɪɦɚɥɶɧɵɯ ɩɨɡɢɰɢɣ ɜ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ, ɚ ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɝɪɚɧɢɰ 
ɡɟɪɟɧ, ɩɪɢɝɪɚɧɢɱɧɵɯ ɨɛɴɟɦɨɜ ɢ ɬɪɨɣɧɵɯ ɫɬɵɤɨɜ 
ɜɨɡɪɚɫɬɚɟɬ ɩɨ ɦɟɪɟ ɭɦɟɧɶɲɟɧɢɹ ɪɚɡɦɟɪɚ ɡɟɪɧɚ [3, 
10, 12]. 

ɋɨɝɥɚɫɧɨ ɦɟɬɨɞɨɥɨɝɢɢ ɘ.ȼ. Ɇɢɥɶɦɚɧɚ [21] ɞɥɹ 
ɢɧɞɟɧɬɨɪɚ Ȼɟɪɤɨɜɢɱɚ ɡɧɚɱɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɩɥɚɫɬɢɱɧɨɫɬɢ įɧ, ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 

        (1) 

 

ɝɞɟ: v- ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ, ɇɆ – ɬɜɟɪɞɨɫɬɶ, 
ȿ – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ. 

Ɂɧɚɱɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɫɬɢɱɧɨɫɬɢ įȺ 

ɨɩɪɟɞɟɥɹɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [21, 22] ɢ 
ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɩɥɨɳɚɞɟɣ ɧɚ 
ɞɢɚɝɪɚɦɦɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɜɞɚɜɥɢɜɚɧɢɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

        (2) 

 

ɝɞɟ: Ae – ɩɥɨɳɚɞɶ ɩɨɞ ɤɪɢɜɨɣ ɪɚɡɝɪɭɠɟɧɢɹ, At  – 

ɩɥɨɳɚɞɶ ɩɨɞ ɤɪɢɜɨɣ ɧɚɝɪɭɠɟɧɢɹ, Ⱥɪ= Ⱥt - Ae. 

ɂɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɩɥɚɫɬɢɱɧɨɫɬɢ įɧ ɢ įȺ ɩɨɫɥɟ ɝɨɪɹɱɟɣ ɩɪɨɤɚɬɤɢ ɫ 
ɩɨɫɥɟɞɭɸɳɟɣ ɞɟɮɨɪɦɚɰɢɟɣ ɦɟɬɨɞɨɦ ɄȽȾ ɜɞɨɥɶ 
ɪɚɞɢɭɫɚ ɨɛɪɚɡɰɚ ɫɬɚɥɢ 01ɘɌ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ 
ɮɨɪɦɭɥɚɦ (1) ɢ (2), ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 4. 

 

   

 ɚ ɛ 

1 – ɰɟɧɬɪ ɨɛɪɚɡɰɚ, 2 – ɫɟɪɟɞɢɧɚ ɪɚɞɢɭɫɚ ɨɛɪɚɡɰɚ, 3 – ɩɟɪɢɮɟɪɢɹ ɨɛɪɚɡɰɚ 

ɚ – ɪɚɫɱɟɬ ɩɨ ɮɨɪɦɭɥɟ (1), ɛ – ɪɚɫɱɟɬ ɩɨ ɮɨɪɦɭɥɟ (2) 
Ɋɢɫɭɧɨɤ 4 - Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɥɚɫɬɢɱɧɨɫɬɢ ɫɬɚɥɢ 01ɘɌ ɜɞɨɥɶ ɪɚɞɢɭɫɚ ɨɛɪɚɡɰɚ 

ɩɨɫɥɟ ɝɨɪɹɱɟɣ ɩɪɨɤɚɬɤɢ ɫ ɩɨɫɥɟɞɭɸщɟɣ ɞɟɮɨɪɦɚɰɢɟɣ ɦɟɬɨɞɨɦ КȽȾ (N=5)/ 1 – center of the sample, 2 – 

middle of the sample radius, 3 – peripheries; a- calculation by formula (1), b – calculation by formula (2), Figure 4 

- The calculated values of the characteristics of plasticity for steel 01ɘɌ after hot rolling with the next deformation 

by HPT method (N=5) along the sample radius 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɡɧɚɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɩɥɚɫɬɢɱɧɨɫɬɢ ɫɬɚɥɢ 01ɘɌ  įɧ ≈ įȺ.  

Ɂɧɚɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɥɚɫɬɢɱɧɨɫɬɢ ɫɬɚɥɢ 
01ɘɌ ɜ ɢɫɯɨɞɧɨɦ ɝɨɪɹɱɟɤɚɬɚɧɨɦ ɫɨɫɬɨɹɧɢɢ 

ɫɨɫɬɚɜɥɹɸɬ: įɧ = 0,928 ɢ .įȺ = 0,922. ɇɚɛɥɸɞɚɟɬɫɹ 
ɫɧɢɠɟɧɢɟ ɩɥɚɫɬɢɱɧɨɫɬɢ ɜɞɨɥɶ ɪɚɞɢɭɫɚ ɨɛɪɚɡɰɚ 

ɫɬɚɥɢ 01ɘɌ: ɜ ɰɟɧɬɪɟ įɧ = 0,899, įȺ = 0,884, ɧɚ 

ɩɟɪɢɮɟɪɢɢ įɧ = 0,814, įȺ = 0,727. ɉɪɢ ɷɬɨɦ 
ɨɩɪɟɞɟɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɫɬɢɱɧɨɫɬɢ įȺ ɩɨ 
ɮɨɪɦɭɥɟ (2), ɜ ɨɬɥɢɱɢɟ ɨɬ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ įɇ (ɮɨɪɦɭɥɚ 1), ɧɟ ɬɪɟɛɭɟɬ 
ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɞɭɥɹ ɘɧɝɚ, ɬɜɟɪɞɨɫɬɢ ɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɉɭɚɫɫɨɧɚ, ɜɧɨɫɹɳɢɯ ɧɟɤɨɬɨɪɭɸ 
ɩɨɝɪɟɲɧɨɫɬɶ. 

ȼɵɜɨɞɵ. ɂɧɬɟɧɫɢɜɧɚɹ ɩɥɚɫɬɢɱɟɫɤɚɹ 
ɞɟɮɨɪɦɚɰɢɹ ɦɟɬɨɞɨɦ ɄȽȾ ɩɪɢɜɨɞɢɬ ɤ 
ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɩɨɜɵɲɟɧɢɸ ɡɧɚɱɟɧɢɣ ɬɜɟɪɞɨɫɬɢ 
ɝɨɪɹɱɟɤɚɬɚɧɨɣ ɫɬɚɥɢ 01ɘɌ ɨɬ 2 Ƚɉɚ ɞɨ 5,8 Ƚɉɚ. 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɄȽȾ ɫɨɯɪɚɧɹɟɬɫɹ 
ɬɟɤɫɬɭɪɚ ɫ ɤɨɦɩɨɧɟɧɬɚɦɢ {100} ɢ {111}, ɤɚɤ ɢ ɩɪɢ 

ɝɨɪɹɱɟɣ ɩɪɨɤɚɬɤɟ, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɩɨɜɵɲɟɧɧɨɣ ɩɨɥɹɪɢɡɨɜɚɧɧɨɫɬɶɸ. Ɉɩɪɟɞɟɥɟɧɢɟ 
ɩɥɚɫɬɢɱɧɨɫɬɢ ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ ɘ.ȼ. Ɇɢɥɶɦɚɧɚ 

ɩɨɤɚɡɚɥɨ ɯɨɪɨɲɭɸ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶ ɡɧɚɱɟɧɢɣ įɧ ≈ 
įȺ. ɋɨɱɟɬɚɧɢɟ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɤɫɬɭɪɵ, 
ɩɨɜɵɲɟɧɧɨɣ ɬɜɟɪɞɨɫɬɢ ɢ ɩɥɚɫɬɢɱɧɨɫɬɢ 



7 

ɝɨɪɹɱɟɤɚɬɚɧɨɣ ɫɬɚɥɢ 01ɘɌ ɫ ɩɨɫɥɟɞɭɸɳɟɣ 
ɞɟɮɨɪɦɚɰɢɟɣ ɦɟɬɨɞɨɦ ɄȽȾ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨ 

ɭɥɭɱɲɢɬ ɟɟ ɫɤɥɨɧɧɨɫɬɶ ɤ ɲɬɚɦɩɭɟɦɨɫɬɢ. 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼАɇɇɕɏ ɂɋɌɈЧɇɂɄɈȼ / 
REFERENCES 

 
1. Ȼɟɪɧɲɬɟɣɧ Ɇ.Ʌ., Ɂɚɣɦɨɜɫɤɢɣ ȼ.Ⱥ. 
Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ  ɦɟɬɚɥɥɨɜ. - Ɇɨɫɤɜɚ: 
Ɇɟɬɚɥɥɭɪɝɢɹ, 1979. - 495 ɫ.  
Bernshtein M.L., Zaimovsry V.A. Mekhanicheskie svoistva 

metallov [Mechanical properties of metals]. Mosɫow: 

Metallurgia. 1979, 495 p. (in Russian). 

http://www.studmed.ru/bernshteyn-ml-zaymovskiy-ma-

mehanicheskie-svoystva-metallov_511244ec9a7.html 

2. Ɍɪɟɮɢɥɨɜ ȼ.ɂ., Ɇɢɥɶɦɚɧ ɘ.ȼ., Ɏɢɪɫɬɨɜ ɋ.Ⱥ. 
Ɏɢɡɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɩɪɨɱɧɨɫɬɢ ɬɭɝɨɩɥɚɜɤɢɯ 
ɦɚɬɟɪɢɚɥɨɜ. - Ʉɢɟɜ: ɇɚɭɤɨɜɚ ɞɭɦɤɚ, 1975. - 315 ɫ.  

Trefiliv V.I., Milman U.V., Firstov S.A. Fisicheskie osnovy 

prochnosti tugoplavkikh materialov    [Physical basis of the 

strength of refractory materials]. Kiyv Naukova Dumka, 

1975, 315 p. (in Russian). 

http://www.twirpx.com/file/169674/ 

 

3. Ȼɟɪɧɲɬɟɣɧ Ɇ.Ʌ. ɋɬɪɭɤɬɭɪɚ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ 
ɦɟɬɚɥɥɨɜ. - Ɇɨɫɤɜɚ: Ɇɟɬɚɥɥɭɪɝɢɹ, 1977. - 431 ɫ. 

 

Bernshtein M.L. Structura deformirovannykh metallov [The 

structure of deformed metal] Mosɫow: Metallurgia. 1977, 

431 p. (in Russian). 

http://www.twirpx.com/file/675269/ 

4. Ƚɪɢɞɧɟɜ ȼ.ɇ., Ƚɚɜɪɢɥɸɤ ȼ.Ƚ., Ɇɟɲɤɨɜ ɘ.ə. 
ɉɪɨɱɧɨɫɬɶ  ɢ  ɩɥɚɫɬɢɱɧɨɫɬɶ 
ɯɨɥɨɞɧɨɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ ɫɬɚɥɢ. - Ʉɢɟɜ: ɇɚɭɤɨɜɚ 
ɞɭɦɤɚ, 1974. - 232 ɫ.  

 

Gridnev V.N., Gavriluk V.G., Meshkov U.Ya. Prochnost i  

plastichnost kholodnodeformirovannoy stali [The strength 

and ductility of cold steel ] Kiyv Naukova Dumka, 1974, 232 

p. (in Russian). 

 

http://ɧɷɛ.ɪɮ/catalog/000016_000021_CHONB-

RU_%D0%A7%D0%B5%D0%BB%D1%8F%D0%B1%D0

%B8%D0%BD%D1%81%D0%BA%D0%B0%D1%8F+%D

0%9E%D0%A3%D0%9D%D0%91_IBIS_669.14%3A539.4-

945145/ 

5. Ⱥɫɬɚɧɢɧ ȼ.ȼ. Ɇɚɫɲɬɚɛɧɵɣ ɮɚɤɬɨɪ ɢ 
ɫɜɟɪɯɩɥɚɫɬɢɱɧɨɫɬɶ ɫɩɥɚɜɚ Al-6%Cu-0,4%Zr // Ɏɢɡɢɤɚ 
ɦɟɬɚɥɥɨɜ ɢ ɦɟɬɚɥɥɨɜɟɞɟɧɢɟ. - 1995. - Ɍ. 79, № 3. - 

ɋ.166-173.  

Astanin V.V. Masshtabnyi factor I sverkhplastichnost splava 

Al-6%Cu-0,4%Zr [The scale factor and alloy superplasticity 

]. Fisika metallov i metallovedenie. 1995, vol. 79, no. 3, pp. 

166-173. (in Russian). 

http://impo.imp.uran.ru/fmm/Electron/vol79_3/abstract20.ht

ml 

6. Ɇɟɲɤɨɜ ɘ.ə., ɋɟɪɞɢɬɨɜɚ Ɍ.ɇ.  Ɋɚɡɪɭɲɟɧɢɟ 

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ ɫɬɚɥɢ. - Ʉɢɟɜ: ɇɚɭɤɨɜɚ ɞɭɦɤɚ, 1989. 

- 160 ɫ.   
Meshkov U.Ya., Serditova T.N. Razrushenie 

deformirovannoy stali [Destruction of deformed steel] Kiyv 

Naukova Dumka, 1989, 160 p. (in Russian). 

http://ɧɷɛ.ɪɮ/catalog/004971_000039_TUMNB-

RU__EK_34.22_%D0%9C55-447750/ 

7. Ɇɟɲɤɨɜ ɘ.Ⱥ., ɉɚɯɚɪɟɧɤɨ Ƚ.Ⱥ. ɋɬɪɭɤɬɭɪɚ ɦɟɬɚɥɥɚ ɢ 
ɯɪɭɩɤɨɫɬɶ ɫɬɚɥɶɧɵɯ ɢɡɞɟɥɢɣ. - Ʉɢɟɜ: ɇɚɭɤɨɜɚ ɞɭɦɤɚ, 
1985. - 268 ɫ.  

Meshkov U.Ya., Pakharenko G.A. Structura meyalla i 

khrupkost stalnykh izdeliy [Metal structure and the fragility of 

the steel products ] Kiyv Naukova Dumka, 1985, 268 p. (in 

Russian). 

http://www.twirpx.com/file/1702629/ 

8. ɋɤɭɞɧɨɜ ȼ.Ⱥ. ɉɪɟɞɟɥɶɧɵɟ ɩɥɚɫɬɢɱɟɫɤɢɟ ɞɟɮɨɪɦɚɰɢɢ  
ɦɟɬɚɥɥɨɜ. - Ɇɨɫɤɜɚ: Ɇɟɬɚɥɥɭɪɝɢɹ, 1988. - 176 ɫ. 

Scudnov V.A. Predelnie plasticheskie deformatzii metallov 

[Limit the plastic deformation of metals]. Mosɫow: 

Metallurgia. 1988, 176 p. (in Russian). 

http://www.twirpx.com/file/478187/ 

9. Ⱦɟɮɨɪɦɚɰɢɨɧɧɨɟ ɭɩɪɨɱɧɟɧɢɟ ɢ ɪɚɡɪɭɲɟɧɢɟ 
ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ / ȼ.ɂ. Ɍɪɟɮɢɥɨɜ, 
ȼ.Ɏ. Ɇɨɢɫɟɟɜ, ɗ.ɉ. ɉɟɱɤɨɜɫɤɢɣ, ɂ.Ⱦ. Ƚɨɪɧɚɹ, Ⱥ.Ⱦ. 
ȼɚɫɢɥɶɟɜ. - Ʉɢɟɜ: ɇɚɭɤɨɜɚ Ⱦɭɦɤɚ, 1989. - 256 ɫ. 

Trefilov V.I., Moiseev V.F., Pechkovskyi E.P., Gornaya I.D., 

Vasilev A.D. Deformatzionnoe uprochnenie i razrushenie 

policristallicheskikh materialov [Strain hardening and 

destruction of polycrystalline materials] Kiyv Naukova 

Dumka, 1989, 256 p. (in Russian). 

. http://www.any-book.ru/book/show/id/1196181 

10. Ɉɫɨɛɟɧɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ  
ɫɬɪɭɤɬɭɪɵ ɜ ȽɐɄ - ɦɟɬɚɥɥɚɯ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 
0,05-0,5Ɍɩɥ. / ɋ.ɇ. Ʉɚɜɟɪɢɧɚ, ɗ.ɉ. ɉɟɱɤɨɜɫɤɢɣ, Ƚ.Ɏ. 
ɋɚɪɠɚɧ, ɋ.Ⱥ. Ɏɢɪɫɬɨɜ // Ɇɟɬɚɥɥɨɮɢɡɢɤɚ ɢ ɧɨɜɟɣɲɢɟ 
ɬɟɯɧɨɥɨɝɢɢ. - 2002. - Ɍ. 24. –  № 2. - ɋ. 251-269.  

Kaverina S.N., Pechkovskiy E.P., Sargan G.F., Firstov S.A 

Osobennosti formirovaniya deformatzionnoi structury v 

GTZK-metallakh v intervale temperature 0,05-0,5Ɍpl 

[Features of formation of the information structure in the fcc - 

lattice in the range of temperatures 0,05-0,5Tpl]. 

Metallofizika i Noveishie Tekhnologii. 2002, vol. 24, no. 2, 

pp. 251-269. (in Russian). 

http://mfint.imp.kiev.ua/ru/browse.html 

11. Mishra R.S., Bieler T.R., Mukherjee A.K. Mechanism of 

high strain rate superplasticity in aluminum alloy 

composites // Acta Mater. - 1997. - Vol. 45, № 2. - P. 

561-568.   

http://serials.unibo.it/cgi-ser/start/en/spogli/df-

s.tcl?prog_art=348118&language=ENGLISH&vie

w=articoli 

12. Ɇɚɥɢɧɢɧ  ɇ.ɇ.  ɉɪɢɤɥɚɞɧɚɹ  ɬɟɨɪɢɹ  ɩɥɚɫɬɢɱɧɨɫɬɢ  ɢ 
ɩɨɥɡɭɱɟɫɬɢ. - Ɇɨɫɤɜɚ: Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1975. - 400 c. 

Malinin N.N. Prikladnaya teoriya plastichnosti I polzuchesti 

[Applied theory of plasticity and creep]. Mosɫow: 

Mashinostroenie, 1975, 400 p. (in Russian).    

https://dwg.ru/dnl/6393 

13. Mazurski M.I., Enikeev F.U. A New Theoretical Concept 

for Micrograin Superplasticity Providing the Prediction of  

the Optimum  Conditions for  Superplastic Deformation // 

Physica Status Solidi. - 1998. - Vol. 206. - P. 519-534.  

http://documents.tips/documents/a-new-theoretical-

concept-for-micrograin-superplasticity-providing-

the-prediction.html 

14. Kuhlmann-Wilsdorf D. Theory of Plastic Deformation: 

properties of low energy dislocation structures // Mat. Sci. 

and Eng. A. - 1989. - Vol. 113A. - P. 1-41.  

 

http://www.studmed.ru/bernshteyn-ml-zaymovskiy-ma-mehanicheskie-svoystva-metallov_511244ec9a7.html
http://www.studmed.ru/bernshteyn-ml-zaymovskiy-ma-mehanicheskie-svoystva-metallov_511244ec9a7.html
http://???.??/catalog/000016_000021_CHONB-RU_%D0%A7%D0%B5%D0%BB%D1%8F%D0%B1%D0%B8%D0%BD%D1%81%D0%BA%D0%B0%D1%8F+%D0%9E%D0%A3%D0%9D%D0%91_IBIS_669.14%3A539.4-945145/
http://???.??/catalog/000016_000021_CHONB-RU_%D0%A7%D0%B5%D0%BB%D1%8F%D0%B1%D0%B8%D0%BD%D1%81%D0%BA%D0%B0%D1%8F+%D0%9E%D0%A3%D0%9D%D0%91_IBIS_669.14%3A539.4-945145/
http://???.??/catalog/000016_000021_CHONB-RU_%D0%A7%D0%B5%D0%BB%D1%8F%D0%B1%D0%B8%D0%BD%D1%81%D0%BA%D0%B0%D1%8F+%D0%9E%D0%A3%D0%9D%D0%91_IBIS_669.14%3A539.4-945145/
http://???.??/catalog/000016_000021_CHONB-RU_%D0%A7%D0%B5%D0%BB%D1%8F%D0%B1%D0%B8%D0%BD%D1%81%D0%BA%D0%B0%D1%8F+%D0%9E%D0%A3%D0%9D%D0%91_IBIS_669.14%3A539.4-945145/
http://???.??/catalog/000016_000021_CHONB-RU_%D0%A7%D0%B5%D0%BB%D1%8F%D0%B1%D0%B8%D0%BD%D1%81%D0%BA%D0%B0%D1%8F+%D0%9E%D0%A3%D0%9D%D0%91_IBIS_669.14%3A539.4-945145/
http://???.??/catalog/004971_000039_TUMNB-RU__EK_34.22_%D0%9C55-447750/
http://???.??/catalog/004971_000039_TUMNB-RU__EK_34.22_%D0%9C55-447750/
http://www.twirpx.com/file/1702629/
http://www.twirpx.com/file/478187/
http://www.any-book.ru/book/show/id/1196181
https://dwg.ru/dnl/6393


8 

https://www.researchgate.net/publication/243771726_Theory

_of_plastic_deformation_properties_of_low_energy_dislocati

on_structures_Mater_Sci_Eng_A_1131-41 

15.  Ȼɨɱɜɚɪ Ⱥ.Ⱥ. Ɉ ɪɚɡɧɵɯ ɦɟɯɚɧɢɡɦɚɯ ɩɥɚɫɬɢɱɧɨɫɬɢ ɜ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɩɥɚɜɚɯ// Ɇɟɬɚɥɥɨɜɟɞɟɧɢɟ ɢ 
ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɦɟɬɚɥɥɨɜ. - 2002. - № 11. - ɋ. 
53-56. 

Bochvar A.A. O raznykh mekhanizmakh plastichnosti v 

metallicheskikh splavakh [About the various mechanisms of 

plasticity in metal alloys]. Metallovedenie i termicheskaya 

obrabotka metallov, 2002, no. 11, pp. 53-56. (in Russian). 

http://elibrary.ru/item.asp?id=20180497 

16. Ʉɭɡɧɟɰɨɜ Ɋ.ɂ. ɉɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ ɬɜɟɪɞɵɯ ɬɟɥ 

ɩɨɞ ɞɚɜɥɟɧɢɟɦ/ Ɋ.ɂ.Ʉɭɡɧɟɰɨɜ, ȼ.ɂ.Ȼɵɤɨɜ, 

ȼ.ɉ.ɑɟɪɧɵɲɟɜ, ȼ.ɉ. ɉɢɥɸɝɢɧ, ɇ. Ⱥ. ȿɮɪɟɦɨɜ, Ⱥ.ȼ. 

ɉɚɲɟɟɜ // ɉɪɟɩɪɢɧɬ 4/85, ɂɎɆ ɍɊɈ Ⱥɇ ɋɋɋɊ. 

ɋɜɟɪɞɥɨɜɫɤ. ɋɋɋɊ. -1985. 

 

17. Oliver W., Pharr G. Measurement of hardness and elastic 

modulus by instrumented indentation: Advances in 

understanding and refinements to methodology//J. Mater. 

Res. – 2004. – Vol. 19, № 1. – P. 3-20. 

 

http://www.msm.cam.ac.uk/mechtest/docs/untitled/

MTS%20Info/Oliver%20Pharr%20Paper.pdf 

18.  Ȼɨɪɨɞɤɢɧɚ Ɇ.Ɇ.  Ɋɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 
ɬɟɤɫɬɭɪɵ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ / Ɇ.Ɇ. Ȼɨɪɨɞɤɢɧɚ, ɗ.ɇ. 
ɋɩɟɤɬɨɪ // – Ɇ.: Ɇɟɬɚɥɥɭɪɝɢɹ, 1981. – 272 ɫ. 

Borodkina M.M., Spektor E.N. Rentgenograficheskiy analiz 

textury metallov i splavov [Radiographic analysis of the 

texture of metals and alloys]. Mosɫow: Metallurgia. 1981, 

272 p. (in Russian). 

 

http://www.twirpx.com/file/230816/ 

19. Ⱦɟɞɟɤ ȼɥ. ɉɨɥɨɫɨɜɚɹ ɫɬɚɥɶ ɞɥɹ ɝɥɭɛɨɤɨɣ ɜɵɬɹɠɤɢ / 
ȼɥɚɞɢɦɢɪ Ⱦɟɞɟɤ // – Ɇ.: Ɇɟɬɚɥɥɭɪɝɢɹ, 1970. – 208 ɫ.  

Dedek Vl. Polosovaya stal dlya glubokoy vytyagki [Steel strip 

for deep drawing]. Mosɫow: Metallurgia. 1970, 208 p. (in 

Russian). 

http://search.rsl.ru/en/record/01007107443 

20. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɬɟɤɫɬɭɪɵ ɜ 
ɥɟɝɢɪɨɜɚɧɧɵɯ ɬɢɬɚɧɨɦ IF–ɫɬɚɥɹɯ / ɘ.ɋ.Ʌɭɤɢɧ, ɋ.ȼ. 
Ȼɚɯɬɢɧ, Ⱥ.ɋ. Ʌɭɤɢɧ [ɢ ɞɪ.] // ɋɬɚɥɶ. – 2009. – №11. – 

ɋ. 85–87. 

Lukin U.S., Bakhtiv S.V., Lukin A.S. Formirovanie 

kristallograficheskoy tekstury v legirovannykh titanom IF-

stalyah [The formation of crystallographic texture in titanium 

alloyed IF-steels]. Stal, 2009, no. 11, pp. 85-87. 

http://www.imet.ru/STAL/2009/11/16/STAL_102.html 

21. ɘ.ȼ. Ɇɢɥɶɦɚɧ, ɋ.ɂ. ɑɭɝɭɧɨɜɚ, ɂ.ȼ. Ƚɨɧɱɚɪɨɜɚ 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɥɚɫɬɢɱɧɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɦɟɬɨɞɨɦ 
ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ / ȼɨɩɪɨɫɵ ɚɬɨɦɧɨɣ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ. 
2011. – №4. – C. 182-187.  

Milman U.V. Chugunova S.I., Goncharova I.V. 

Kharakteristika plastichnosti, opredelyaemaya metodom 

indentirovaniya [Plasticity characteristic defined indentation 

method]. Voprosy atomnoy nauki i tekhniki, 2011, no. 4, pp. 

182-187. 

http://vant.kipt.kharkov.ua/ARTICLE/VANT_2011_4/article

_2011_4_182.pdf 

22. International Standard ІSɈ 14577-1-2002(ȿ). 
http://www.iso.org/iso/catalogue_detail.htm?csnum

ber=30104 

23. Yu. V. Milman, B. A. Galanov, and S. I. Chugunova, 

Acta Metall. Mater., 41, No. 9: 2523 (1993). 

https://books.google.com.ua/books?id=yeUM3eEF4jMC&pg

=PA402&lpg=PA402&dq=23.%09Yu.+V.+Milman,+B.+A.+

Galanov,+and+S.+I.+Chugunova,+Acta+Metall.+Mater.,+41,

+No.+9:+2523+(1993).&source=bl&ots=iQXsvMyqGG&sig

=um4kAzAsaoQU0XgUaxbUN2vq_vE&hl=ru&sa=X&ved=

0ahUKEwiGgIvKlpHOAhUBHCwKHcv3DoMQ6AEIKTAC

#v=onepage&q=23.%09Yu.%20V.%20Milman%2C%20B.%

20A.%20Galanov%2C%20and%20S.%20I.%20Chugunova%

2C%20Acta%20Metall.%20Mater.%2C%2041%2C%20No.

%209%3A%202523%20(1993).&f=false 

 

Cɬɚɬɶɹ ɪɟɤɨɦɟɧɞɨɜɚɧɚ ɤ ɩɭɛɥɢɤɚɰɢɢ ɞ-ɪɨɦ ɬɟɯɧ. 
ɧɚɭɤ, ɩɪɨɮ. Ɋ.ɉ. Ⱦɢɞɵɤɨɦ (ɍɤɪɚɢɧɚ); ɞ-ɪɨɦ ɬɟɯɧ. ɧɚɭɤ, 
ɩɪɨɮ. Н.ȿ. Кɚɥɢɧɢɧɨɣ (ɍɤɪɚɢɧɚ) 

 

http://elibrary.ru/item.asp?id=20180497
http://www.twirpx.com/file/230816/
http://www.imet.ru/STAL/2009/11/16/STAL_102.html
https://books.google.com.ua/books?id=yeUM3eEF4jMC&pg=PA402&lpg=PA402&dq=23.%09Yu.+V.+Milman,+B.+A.+Galanov,+and+S.+I.+Chugunova,+Acta+Metall.+Mater.,+41,+No.+9:+2523+(1993).&source=bl&ots=iQXsvMyqGG&sig=um4kAzAsaoQU0XgUaxbUN2vq_vE&hl=ru&sa=X&ved=0ahUKEwiGgIvKlpHOAhUBHCwKHcv3DoMQ6AEIKTAC#v=onepage&q=23.%09Yu.%20V.%20Milman%2C%20B.%20A.%20Galanov%2C%20and%20S.%20I.%20Chugunova%2C%20Acta%20Metall.%20Mater.%2C%2041%2C%20No.%209%3A%202523%20(1993).&f=false
https://books.google.com.ua/books?id=yeUM3eEF4jMC&pg=PA402&lpg=PA402&dq=23.%09Yu.+V.+Milman,+B.+A.+Galanov,+and+S.+I.+Chugunova,+Acta+Metall.+Mater.,+41,+No.+9:+2523+(1993).&source=bl&ots=iQXsvMyqGG&sig=um4kAzAsaoQU0XgUaxbUN2vq_vE&hl=ru&sa=X&ved=0ahUKEwiGgIvKlpHOAhUBHCwKHcv3DoMQ6AEIKTAC#v=onepage&q=23.%09Yu.%20V.%20Milman%2C%20B.%20A.%20Galanov%2C%20and%20S.%20I.%20Chugunova%2C%20Acta%20Metall.%20Mater.%2C%2041%2C%20No.%209%3A%202523%20(1993).&f=false
https://books.google.com.ua/books?id=yeUM3eEF4jMC&pg=PA402&lpg=PA402&dq=23.%09Yu.+V.+Milman,+B.+A.+Galanov,+and+S.+I.+Chugunova,+Acta+Metall.+Mater.,+41,+No.+9:+2523+(1993).&source=bl&ots=iQXsvMyqGG&sig=um4kAzAsaoQU0XgUaxbUN2vq_vE&hl=ru&sa=X&ved=0ahUKEwiGgIvKlpHOAhUBHCwKHcv3DoMQ6AEIKTAC#v=onepage&q=23.%09Yu.%20V.%20Milman%2C%20B.%20A.%20Galanov%2C%20and%20S.%20I.%20Chugunova%2C%20Acta%20Metall.%20Mater.%2C%2041%2C%20No.%209%3A%202523%20(1993).&f=false
https://books.google.com.ua/books?id=yeUM3eEF4jMC&pg=PA402&lpg=PA402&dq=23.%09Yu.+V.+Milman,+B.+A.+Galanov,+and+S.+I.+Chugunova,+Acta+Metall.+Mater.,+41,+No.+9:+2523+(1993).&source=bl&ots=iQXsvMyqGG&sig=um4kAzAsaoQU0XgUaxbUN2vq_vE&hl=ru&sa=X&ved=0ahUKEwiGgIvKlpHOAhUBHCwKHcv3DoMQ6AEIKTAC#v=onepage&q=23.%09Yu.%20V.%20Milman%2C%20B.%20A.%20Galanov%2C%20and%20S.%20I.%20Chugunova%2C%20Acta%20Metall.%20Mater.%2C%2041%2C%20No.%209%3A%202523%20(1993).&f=false
https://books.google.com.ua/books?id=yeUM3eEF4jMC&pg=PA402&lpg=PA402&dq=23.%09Yu.+V.+Milman,+B.+A.+Galanov,+and+S.+I.+Chugunova,+Acta+Metall.+Mater.,+41,+No.+9:+2523+(1993).&source=bl&ots=iQXsvMyqGG&sig=um4kAzAsaoQU0XgUaxbUN2vq_vE&hl=ru&sa=X&ved=0ahUKEwiGgIvKlpHOAhUBHCwKHcv3DoMQ6AEIKTAC#v=onepage&q=23.%09Yu.%20V.%20Milman%2C%20B.%20A.%20Galanov%2C%20and%20S.%20I.%20Chugunova%2C%20Acta%20Metall.%20Mater.%2C%2041%2C%20No.%209%3A%202523%20(1993).&f=false
https://books.google.com.ua/books?id=yeUM3eEF4jMC&pg=PA402&lpg=PA402&dq=23.%09Yu.+V.+Milman,+B.+A.+Galanov,+and+S.+I.+Chugunova,+Acta+Metall.+Mater.,+41,+No.+9:+2523+(1993).&source=bl&ots=iQXsvMyqGG&sig=um4kAzAsaoQU0XgUaxbUN2vq_vE&hl=ru&sa=X&ved=0ahUKEwiGgIvKlpHOAhUBHCwKHcv3DoMQ6AEIKTAC#v=onepage&q=23.%09Yu.%20V.%20Milman%2C%20B.%20A.%20Galanov%2C%20and%20S.%20I.%20Chugunova%2C%20Acta%20Metall.%20Mater.%2C%2041%2C%20No.%209%3A%202523%20(1993).&f=false
https://books.google.com.ua/books?id=yeUM3eEF4jMC&pg=PA402&lpg=PA402&dq=23.%09Yu.+V.+Milman,+B.+A.+Galanov,+and+S.+I.+Chugunova,+Acta+Metall.+Mater.,+41,+No.+9:+2523+(1993).&source=bl&ots=iQXsvMyqGG&sig=um4kAzAsaoQU0XgUaxbUN2vq_vE&hl=ru&sa=X&ved=0ahUKEwiGgIvKlpHOAhUBHCwKHcv3DoMQ6AEIKTAC#v=onepage&q=23.%09Yu.%20V.%20Milman%2C%20B.%20A.%20Galanov%2C%20and%20S.%20I.%20Chugunova%2C%20Acta%20Metall.%20Mater.%2C%2041%2C%20No.%209%3A%202523%20(1993).&f=false
https://books.google.com.ua/books?id=yeUM3eEF4jMC&pg=PA402&lpg=PA402&dq=23.%09Yu.+V.+Milman,+B.+A.+Galanov,+and+S.+I.+Chugunova,+Acta+Metall.+Mater.,+41,+No.+9:+2523+(1993).&source=bl&ots=iQXsvMyqGG&sig=um4kAzAsaoQU0XgUaxbUN2vq_vE&hl=ru&sa=X&ved=0ahUKEwiGgIvKlpHOAhUBHCwKHcv3DoMQ6AEIKTAC#v=onepage&q=23.%09Yu.%20V.%20Milman%2C%20B.%20A.%20Galanov%2C%20and%20S.%20I.%20Chugunova%2C%20Acta%20Metall.%20Mater.%2C%2041%2C%20No.%209%3A%202523%20(1993).&f=false
https://books.google.com.ua/books?id=yeUM3eEF4jMC&pg=PA402&lpg=PA402&dq=23.%09Yu.+V.+Milman,+B.+A.+Galanov,+and+S.+I.+Chugunova,+Acta+Metall.+Mater.,+41,+No.+9:+2523+(1993).&source=bl&ots=iQXsvMyqGG&sig=um4kAzAsaoQU0XgUaxbUN2vq_vE&hl=ru&sa=X&ved=0ahUKEwiGgIvKlpHOAhUBHCwKHcv3DoMQ6AEIKTAC#v=onepage&q=23.%09Yu.%20V.%20Milman%2C%20B.%20A.%20Galanov%2C%20and%20S.%20I.%20Chugunova%2C%20Acta%20Metall.%20Mater.%2C%2041%2C%20No.%209%3A%202523%20(1993).&f=false
https://books.google.com.ua/books?id=yeUM3eEF4jMC&pg=PA402&lpg=PA402&dq=23.%09Yu.+V.+Milman,+B.+A.+Galanov,+and+S.+I.+Chugunova,+Acta+Metall.+Mater.,+41,+No.+9:+2523+(1993).&source=bl&ots=iQXsvMyqGG&sig=um4kAzAsaoQU0XgUaxbUN2vq_vE&hl=ru&sa=X&ved=0ahUKEwiGgIvKlpHOAhUBHCwKHcv3DoMQ6AEIKTAC#v=onepage&q=23.%09Yu.%20V.%20Milman%2C%20B.%20A.%20Galanov%2C%20and%20S.%20I.%20Chugunova%2C%20Acta%20Metall.%20Mater.%2C%2041%2C%20No.%209%3A%202523%20(1993).&f=false

