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ɄɊɂɋɌȺɅɅɈȽɊȺɎɂɑȿɋɄɂȿ ɋȼəɁɂ ɐȿɆȿɇɌɂɌ–ȺɍɋɌȿɇɂɌ–
ɎȿɊɊɂɌ ɉɊɂ ȾɂɎɎɍɁɂɈɇɇɈɆ ɊȺɋɉȺȾȿ ȺɍɋɌȿɇɂɌȺ 

ȻɈɅɖɒȺɄɈȼ ȼ. ɂ.1 , ɞ. ɬ. ɧ., ɩɪɨɮ., 
ɋɍɏɈɆɅɂɇ Ƚ. Ⱦ.2, ɞ. ɬ. ɧ., ɩɪɨɮ.,  
ɋɍɏɈɆɅɂɇ ȼ. ɂ.3*

, ɫ. ɧ. ɫ. 
1 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ «ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 49005, ɍɤɪɚɢɧɚ,  
ɬɟɥ. +38 (056) 745 23 72, О-mail: bolshakov@mail.pgasa.dp.ua, ORCID ID: 0000-0003-0790-6473 
2 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ «ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 49005, ɍɤɪɚɢɧɚ,  
ɬɟɥ. +38 (0562) 47-02-62, e-mail: g_suhomlin@mail.ru, ORCID ID: 000-0001-5840-169X 
3 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ «ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 49005, ɍɤɪɚɢɧɚ,  
ɬɟɥ. +38 (0562) 47-39-56, e-mail: alma31@mail.ru, ORCID ID: 0000-0002-3673-1353 

Ⱥɧɧɨɬɚɰɢɹ. ɉɪɨɜɟɞɟɧ ɩɨɢɫɤ ɧɨɜɵɯ, ɛɨɥɟɟ ɬɨɱɧɵɯ ɨɪɢɟɧɬɚɰɢɨɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɤɪɢɫɬɚɥɥɢɱɟɫ-
ɤɢɦɢ ɪɟɲɺɬɤɚɦɢ ɜ ɩɟɪɥɢɬɧɵɯ ɢ ɛɟɣɧɢɬɧɵɯ ɩɪɨɞɭɤɬɚɯ ɪɚɫɩɚɞɚ ɚɭɫɬɟɧɢɬɚ. Ɇɟɬɨɞɢɤɚ. ɂɫɩɨɥɶɡɨɜɚɧɵ ɦɟɬɨɞɵ: 
ɬɪɚɧɫɦɢɫɫɢɨɧɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɦɢɤɪɨɞɢɮɪɚɤɰɢɢ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɚɬɪɢɱɧɨɝɨ ɢ ɫɬɟɪɟɨɝɪɚɮɢɱɟ-
ɫɤɨɝɨ ɚɧɚɥɢɡɨɜ. Цɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ, ɪɚɫɱɟɬɧɵɦɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ ɭɫɬɚɧɨ-
ɜɢɬɶ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 0,2 ɭɝɥɨɜɨɝɨ ɝɪɚɞɭɫɚ ɨɪɢɟɧɬɚɰɢɨɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɪɟɲɺɬɤɚɦɢ ɮɟɪɪɢɬɚ ɢ 
ɰɟɦɟɧɬɢɬɚ ɜ ɩɪɨɞɭɤɬɚɯ ɪɚɫɩɚɞɚ ɚɭɫɬɟɧɢɬɚ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 400…700ɋ. Ɋɟɡɭɥɶɬɚɬɵ. ɍɫɬɚɧɨɜɥɟɧɨ ɧɨ-
ɜɨɟ, ɭɬɨɱɧɺɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɪɟɲɺɬɨɤ ɩɪɢ ɞɢɮɮɭɡɢɨɧɧɨɦ ɪɚɫɩɚɞɟ γ→α+(α+θ). ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ. 
ɉɪɟɞɥɨɠɟɧɚ ɧɨɜɚɹ ɨɪɢɟɧɬɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɞɜɨɣɧɚɹ ɝɧɨɦɨɫɬɟɪɟɨɝɪɚɮɢɱɟɫɤɚɹ ɩɪɨɟɤɰɢɹ 
ɫ ɩɨɥɸɫɚɦɢ ɧɨɪɦɚɥɟɣ ɤ ɩɥɨɫɤɨɫɬɹɦ α ɢ θ ɮɚɡ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɡɚɤɨɧɨɦɟɪ-
ɧɨɫɬɟɣ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɪɟɲɺɬɨɤ ɩɪɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɚɯ, ɚ ɬɚɤɠɟ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɦɨɞɟɥɢɪɨɜɚ-
ɧɢɢ ɫɥɨɠɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɦɟɬɚɥɥɚɯ ɢ ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦɚɯ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɮɟɪɪɢɬɨ-ɩɟɪɥɢɬɧɵɟ  ɫɬɚɥɢ, ɪɚɫɩɚɞ ɚɭɫɬɟɧɢɬɚ, ɮɚɡɨɜɵɟ ɩɪɟɜɪɚɳɟɧɢɹ, ɨɪɢɟɧɬɚɰɢɨɧ-
ɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ, ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɹ ɩɟɪɥɢɬɚ 

ɄɊɂɋɌȺɅɈȽɊȺɎȱɑɇȱ Ɂȼ'əɁɄɂ ɐȿɆȿɇɌɂɌ–ȺɍɋɌȿɇȱɌ–ɎȿɊɂɌ  
ɉɊɂ ȾɂɎɍɁȱɃɇɈɆɍ ɊɈɁɉȺȾȱ ȺɍɋɌȿɇȱɌɍ 

ȻɈɅɖɒȺɄɈȼ ȼ. І.1, ɞ. ɬ. ɧ, ɩɪɨɮ., 

ɋɍɏɈɆɅɂɇ Ƚ. Ⱦ.2, ɞ .ɬ .ɧ., ɩɪɨɮ., 

ɋɍɏɈɆɅɂɇ ȼ. І.3, ɫ. ɧ. ɫ. 
1 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ ɬɚ ɨɛɪɨɛɤɢ ɦɚɬɟɪɿɚɥɿɜ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɿɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ «ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ 
ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, ɍɤɪɚʀɧɚ,  
ɬɟɥ. +38 (056) 745 23 72, e-mail: bolshakov@mail.pgasa.dp.ua, ORCID ID: 0000-0003-0790-6473 
2* Ʉɚɮɟɞɪɚ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ ɬɚ ɨɛɪɨɛɤɢ ɦɚɬɟɪɿɚɥɿɜ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɿɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ «ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ 
ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, ɍɤɪɚʀɧɚ,  
ɬɟɥ. +38 (0562) 47-02-62, e-mail: g_suhomlin@mail.ru, ORCID ID: 000-0001-5840-169X 
3* Ʉɚɮɟɞɪɚ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ ɬɚ ɨɛɪɨɛɤɢ ɦɚɬɟɪɿɚɥɿɜ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɿɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ «ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ 
ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, ɍɤɪɚʀɧɚ,  
ɬɟɥ. +38 (0562) 47-39-56, e-mail: alma31@mail.ru, ORCID ID: 0000-0002-3673-1353 

Ⱥɧɨɬɚɰіɹ. ɉɪɨɜɟɞɟɧɨ ɩɨɲɭɤ ɧɨɜɢɯ, ɛɿɥɶɲ ɬɨɱɧɢɯ ɨɪɿєɧɬɚɰɿɣ ɧɢɯ ɫɩɿɜɜɿɞɧɨɲɟɧɶ ɦɿɠ ɤɪɢɫɬɚɥɿɱɧɢɦɢ ɪɟɲɿ-
ɬɤɚɦɢ ɜ ɩɟɪɥɿɬɧɢɯ ɿ ɛɟɣɧɿɬɧɢɯ ɩɪɨɞɭɤɬɚɯ ɪɨɡɩɚɞɭ ɚɭɫɬɟɧɿɬɭ. Ɇɟɬɨɞɢɤɚ. ȼɢɤɨɪɢɫɬɚɧɨ ɦɟɬɨɞɢ: ɬɪɚɧɫɦɿɫɿɣɧɨʀ 
ɟɥɟɤɬɪɨɧɧɨʀ ɦɿɤɪɨɫɤɨɩɿʀ, ɦɿɤɪɨɞɢɮɪɚɤɰɿʀ, ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɦɚɬɪɢɱɧɨɝɨ ɿ ɫɬɟɪɟɨɝɪɚɮɿɱɧɨɝɨ ɚɧɚɥɿɡɿɜ. Ɇɟɬɚ ɞɨɫɥі-
ɞɠɟɧɧɹ - ɬɟɨɪɟɬɢɱɧɢɦɢ, ɪɨɡɪɚɯɭɧɤɨɜɢɦɢ ɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɦɟɬɨɞɚɦɢ ɜɫɬɚɧɨɜɢɬɢ ɡ ɬɨɱɧɿɫɬɸ ɞɨ 0,2 ɤɭɬɨɜɨ-
ɝɨ ɝɪɚɞɭɫɭ ɨɪɿєɧɬɚɰɿɣɧɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɪɟɲɿɬɤɚɦɢ ɮɟɪɢɬɭ ɿ ɰɟɦɟɧɬɢɬɭ ɜ ɩɪɨɞɭɤɬɚɯ ɪɨɡɩɚɞɭ ɚɭɫɬɟɧɿɬɭ ɜ 
ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ 400...700ɋ. Ɋɟɡɭɥɶɬɚɬɢ. ȼɫɬɚɧɨɜɥɟɧɨ ɧɨɜɟ, ɭɬɨɱɧɟɧɟ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɪɟɲɿɬɨɤ ɩɪɢ ɞɢɮɭ-
ɡɿɣɧɨɦɭ ɪɨɡɩɚɞɿ γ → α + (α + θ). ɉɪɚɤɬɢɱɧɚ ɡɧɚɱɢɦɿɫɬɶ. Ɂɧɚɣɞɟɧɿ ɨɪɿєɧɬɚɰɿɣɧɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɬɚ ɩɨɛɭɞɨɜɚɧɚ 
ɩɨɞɜɿɣɧɚ ɝɧɨɦɨɫɬɟɪɟɨɝɪɚɮɿɱɧɚ ɩɪɨɟɤɰɿɹ ɡ ɩɨɥɸɫɚɦɢ ɧɨɪɦɚɥɟɣ ɞɨ ɩɥɨɳɢɧ α ɿ θ ɮɚɡ, ɹɤɚ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɚ 
ɩɪɢ ɞɨɫɥɿɞɠɟɧɧɹɯ ɡɚɤɨɧɨɦɿɪɧɨɫɬɟɣ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɢɯ ɡɜ'ɹɡɤɿɜ ɪɟɲɿɬɨɤ ɩɪɢ ɮɚɡɨɜɢɯ ɩɟɪɟɯɨɞɚɯ, ɚ ɬɚɤɨɠ ɩɪɢ 
ɧɚɫɬɭɩɧɨɦɭ ɦɨɞɟɥɸɜɚɧɧɿ ɫɤɥɚɞɧɢɯ ɮɿɡɢɱɧɢɯ ɩɪɨɰɟɫɿɜ ɫɬɪɭɤɬɭɪɨɭɬɜɨɪɟɧɧɹ  ɜ ɦɟɬɚɥɚɯ ɬɚ ɛɿɧɚɪɧɢɯ ɫɢɫɬɟɦɚɯ. 

Ʉɥɸɱɨɜі ɫɥɨɜɚ: ɮɟɪɢɬɧɨ-ɩɟɪɥɿɬɧɿ ɫɬɚɥɿ, ɪɨɡɩɚɞ ɚɭɫɬɟɧɿɬɭ, ɮɚɡɨɜɿ ɩɟɪɟɬɜɨɪɟɧɧɹ, ɨɪɿєɧɬɚɰɿɣɧɿ ɫɩɿɜɜɿɞ-
ɧɨɲɟɧɧɹ, ɤɪɢɫɬɚɥɨɝɪɚɮɿɹ ɩɟɪɥɿɬɭ 
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Summary. It was made a search for new and more accurate orientation relations between the crystal lattice in the 

pearlite and bainite austenite decomposition products. Methods. It were used the methods: transmission electron 

microscopy, the micro-, mathematical matrix and stereographic analysis. The purpose of the research is with 

theoretical, numerical and experimental methods to set up to a 0.2 degree angular orientation relations between the 

lattices of ferrite and cementite in the austenite decomposition products in the temperature range 400 ... 700ɋ. Results. 

It was established a new, refined value for grids in the diffusion decay of γ → α + (α + θ). Practical significance. It was 

proposed a new oriented dependence and the corresponding double gnomonic projection with poles to planes α and θ 

phases, which can be used in patterns of crystallographic lattices relations studies at phase transitions, as well as the 

subsequent modeling of complex physical processes of structure formation in metals and binary systems. 
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ȼɜɟɞɟɧɢɟ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɞɧɢɦ ɢɡ 
ɨɫɧɨɜɧɵɯ ɩɭɬɟɣ ɪɚɡɪɭɲɟɧɢɹ 
ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬɫɹ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɨɣ 
ɬɪɟɳɢɧɵ. ɉɪɢ ɷɬɨɦ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 
ɫɤɥɨɧɧɨɫɬɶ ɤ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɨɦɭ 
ɪɚɡɪɭɲɟɧɢɸ ɫɜɹɡɚɧɚ ɧɟ ɬɨɥɶɤɨ ɫ 
ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ, ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ 
ɦɚɬɟɪɢɚɥɚ ɢ ɚɝɪɟɫɫɢɜɧɨɫɬɶɸ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ, ɧɨ ɢ ɫ ɬɢɩɨɦ ɢ ɫɬɪɭɤɬɭɪɨɣ ɝɪɚɧɢɰ 
ɡɟɪɟɧ. ɋɬɪɨɟɧɢɟ ɝɪɚɧɢɰɵ ɨɩɪɟɞɟɥɹɟɬ ɦɟɪɭ ɟɺ 
ɞɟɮɟɤɬɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɟɡɞɟɮɟɤɬɧɨɣ 
ɪɟɲɺɬɤɨɣ, ɬ. ɟ. ɭɞɟɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɧɭɸ 
ɷɧɟɪɝɢɸ. ɗɧɟɪɝɢɹ ɝɪɚɧɢɰɵ ɢɝɪɚɟɬ 
ɞɨɦɢɧɢɪɭɸɳɭɸ ɪɨɥɶ ɜ ɟɺ ɫɩɨɫɨɛɧɨɫɬɢ 
ɜɥɢɹɬɶ ɧɚ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ 
ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ, ɬɚɤɢɟ, ɤɚɤ ɩɪɨɱɧɨɫɬɶ, 
ɩɥɚɫɬɢɱɧɨɫɬɶ, ɚɞɝɟɡɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, 
ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ 
Д1Ж. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɬɪɨɟɧɢɟ ɜɧɭɬɪɢɮɚɡɧɨɣ 
ɝɪɚɧɢɰɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɡɚɢɦɧɵɦ ɩɨɜɨɪɨɬɨɦ 
ɪɟɲɺɬɨɤ ɤɪɢɫɬɚɥɥɨɜ ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɞɪɭɝɚ, ɚ ɞɥɹ ɦɟɠɮɚɡɧɵɯ ɝɪɚɧɢɰ — ɟɳɺ ɢ 
ɩɚɪɚɦɟɬɪɚɦɢ ɪɟɲɺɬɨɱɧɵɯ ɷɥɟɦɟɧɬɚɪɧɵɯ 
ɹɱɟɟɤ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɤɪɢɫɬɚɥɥɨɜ. 

ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨɛ ɚɬɨɦɧɨɦ 
ɫɬɪɨɟɧɢɢ ɛɨɥɶɲɟɭɝɥɨɜɵɯ ɝɪɚɧɢɰ ɡɺɪɟɧ 

ɨɫɧɨɜɚɧɵ ɧɚ ɤɨɧɰɟɩɰɢɢ ɪɟɲɺɬɨɤ 
ɫɨɜɩɚɞɚɸɳɢɯ ɭɡɥɨɜ (Ɋɋɍ), ɤɨɬɨɪɚɹ 
ɩɨɡɜɨɥɹɟɬ ɭɫɩɟɲɧɨ ɪɚɫɫɱɢɬɵɜɚɬɶ ɭɞɟɥɶɧɭɸ 
ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɷɧɟɪɝɢɸ ɝɪɚɧɢɰ ɡɺɪɟɧ, ɟɫɥɢ 
ɢɡɜɟɫɬɧɵ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɜɡɚɢɦɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɪɟɲɺɬɨɤ (ɨɫɶ ɢ ɭɝɨɥ 
ɩɨɜɨɪɨɬɚ) ɢ ɩɨɷɬɨɦɭ ɜɚɠɧɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ 
ɨɪɢɟɧɬɚɰɢɨɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ (Ɉɋ) ɫ 
ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ. Ɉɫɧɨɜɧɵɟ Ɉɋ ɦɟɠɞɭ 
ɪɟɲɺɬɤɚɦɢ ɮɚɡ ɜ ɦɟɬɚɥɥɚɯ ɢ ɫɩɥɚɜɚɯ ɛɵɥɢ 
ɭɫɬɚɧɨɜɥɟɧɵ ɟɳɺ ɜ ɩɪɨɲɥɨɦ ɫɬɨɥɟɬɢɢ, ɫ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɬɨɱɧɨɫɬɶɸ (ɞɨ 3…5 
ɝɪɚɞɭɫɨɜ, ɚ ɢɧɨɝɞɚ ɢ ɯɭɠɟ). Ɉɫɨɛɟɧɧɨ ɜɚɠɧɵ 
ɨɪɢɟɧɬɚɰɢɨɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɜ ɫɢɫɬɟɦɟ 
ɠɟɥɟɡɨ-ɭɝɥɟɪɨɞ, ɝɞɟ ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ 
ɩɨɥɢɦɨɪɮɧɵɟ ɩɟɪɟɯɨɞɵ (ɚɭɫɬɟɧɢɬ, ɮɟɪɪɢɬ, 
ɰɟɦɟɧɬɢɬ) ɢ ɜɵɞɟɥɹɸɬɫɹ ɛɨɥɟɟ 5 ɬɢɩɨɜ 
ɤɚɪɛɢɞɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ 
ɡɚɪɨɠɞɟɧɢɹ ɢ ɪɚɫɬɜɨɪɟɧɢɹ. ɇɚɩɪɢɦɟɪ, 
ɢɡɜɟɫɬɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ γ→α׳, 
ɪɟɚɥɢɡɭɸɳɟɟɫɹ ɩɪɢ ɫɞɜɢɝɨɜɨɦ ɩɪɟɜɪɚɳɟɧɢɢ 
ɚɭɫɬɟɧɢɬɚ [2], ɢɦɟɟɬ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ, 
ɨɫɧɨɜɧɵɟ ɢɡ ɤɨɬɨɪɵɯ ɨɬɥɢɱɚɸɬɫɹ ɧɚ 
ɧɟɫɤɨɥɶɤɨ ɝɪɚɞɭɫɨɜ ɜ ɩɪɟɞɟɥɚɯ 5 [2–4]. Ⱥ ɜ 
ɫɨɩɪɹɠɟɧɢɹɯ ɦɟɠɞɭ ɮɟɪɪɢɬɨɦ ɢ ɰɟɦɟɧɬɢɬɨɦ 
ɜ ɩɟɪɥɢɬɟ ɢ ɨɬɩɭɳɟɧɧɨɦ ɦɚɪɬɟɧɫɢɬɟ 
ɫɥɨɠɢɥɚɫɶ ɧɟɨɩɪɟɞɟɥɟɧɧɚɹ ɫɢɬɭɚɰɢɹ. ȿɳɟ ɜ 
1947 ɝɨɞɭ ɜ «ɀɭɪɧɚɥɟ ɬɟɯɧɢɱɟɫɤɨɣ ɮɢɡɢɤɢ» 
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ɛɵɥɚ ɨɩɭɛɥɢɤɨɜɚɧɚ ɨɛɫɬɨɹɬɟɥɶɧɚɹ ɪɚɛɨɬɚ ȼ. 
Ⱥ. ɂɫɚɣɱɟɜɚ [5], ɜ ɤɨɬɨɪɨɣ ɨɩɢɫɚɧɵ 
ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ 
ɨɩɪɟɞɟɥɟɧɢɹ ɨɪɢɟɧɬɚɰɢɨɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ 
ɚɭɫɬɟɧɢɬ-ɮɟɪɪɢɬ, ɮɟɪɪɢɬ-ɰɟɦɟɧɬɢɬ ɢ 
ɚɭɫɬɟɧɢɬ-ɰɟɦɟɧɬɢɬ ɪɟɧɬɝɟɧɨɜɫɤɢɦ ɦɟɬɨɞɨɦ. 
Ɉɧɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɚ ɨɞɧɨɦ 
ɦɨɧɨɤɪɢɫɬɚɥɥɟ ɫɬɚɥɢ, ɤɨɬɨɪɵɣ ɩɨɞɜɟɪɝɚɥɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɛɪɚɛɨɬɤɚɦ, ɮɢɤɫɢɪɭɹ 
ɪɟɧɬɝɟɧɨɝɪɚɦɦɵ ɜɪɚɳɟɧɢɹ ɢ ɫɬɪɨɹ ɩɨ ɧɢɦ 
ɫɬɟɪɟɨɝɪɚɮɢɱɟɫɤɢɟ ɩɪɨɟɤɰɢɢ ɩɨɥɸɫɨɜ 
ɩɥɨɫɤɨɫɬɟɣ ɮɟɪɪɢɬɚ, ɚɭɫɬɟɧɢɬɚ ɢ ɰɟɦɟɧɬɢɬɚ 
(θ- ɤɚɪɛɢɞɚ). Ʉ ɬɨɦɭ ɜɪɟɦɟɧɢ ɫɨɨɬɧɨɲɟɧɢɟ 
θ→γ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ Ɇ.ɗ. Ⱥɪɛɭɡɨɜɵɦ ɢ 
Ƚ.ȼ. Ʉɭɪɞɸɦɨɜɵɦ (Ɉɋ ȺɄ) [6], ɚ 
ɫɨɨɬɧɨɲɟɧɢɟ ɚɭɫɬɟɧɢɬ-ɦɚɪɬɟɧɫɢɬ — Ƚ.ȼ. 
Ʉɭɪɞɸɦɨɜɵɦ ɢ Ƚ. Ɂɚɤɫɨɦ (Ɉɋ ɄɁ) [2] ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɚɤɨɣ ɠɟ ɦɟɬɨɞɢɤɢ. ɉɪɢ 
ɷɬɨɦ, ɩɨɥɭɱɟɧɧɨɟ ɂ.ȼ. ɂɫɚɣɱɟɜɵɦ α→θ 
ɫɨɨɬɧɨɲɟɧɢɟ (Ɉɋɂ) Д5]:  

(103)θ ║ (101)α;      [010]θ ║ Д111Жα  (1) 

ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɩɨɥɭɱɢɥɨ 
ɩɨɥɧɨɝɨ ɩɪɢɡɧɚɧɢɹ. 

ɋɩɭɫɬɹ ɬɪɢ ɝɨɞɚ, ɜ 1950 ɝɨɞɭ ɋ.Ⱥ. 
Ȼɚɝɚɪɹɰɤɢɣ, ɤɨɥɥɟɝɚ ɂ.ȼ. ɂɫɚɣɱɟɜɚ, 
ɨɩɭɛɥɢɤɨɜɚɥ ɜ ɠɭɪɧɚɥɟ «Ⱦɨɤɥɚɞɵ Ⱥɇ 
ɋɋɋɊ» ɫɬɚɬɶɸ Д7Ж, ɜ ɤɨɬɨɪɨɣ ɪɚɫɫɦɨɬɪɟɧɵ 
ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɟ ɫɬɪɨɟɧɢɟ ɢ ɩɨɞɨɛɢɟ 
ɷɥɟɦɟɧɬɚɪɧɵɯ ɹɱɟɟɤ α ɢ θ ɮɚɡ ɢ ɩɪɟɞɥɨɠɟɧ 
ɜɟɪɨɹɬɧɵɣ ɦɟɯɚɧɢɡɦ ɩɟɪɟɫɬɪɨɣɤɢ α 
ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɪɟɲɺɬɤɢ ɦɚɪɬɟɧɫɢɬɚ ɜ 
ɨɪɬɨɪɨɦɛɢɱɟɫɤɭɸ ɪɟɲɺɬɤɭ ɰɟɦɟɧɬɢɬɚ. 
ɋɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɬɚɤɨɣ ɨɩɟɪɚɰɢɢ 
ɨɤɚɠɭɬɫɹ ɩɨɱɬɢ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɩɥɨɫɤɨɫɬɢ: 

(001)θ ║(112)α;  (100)θ ║ (110)α;   (010Жθ ║ 
(111Жα.    (2) 

ɉɨ ɧɟɢɡɜɟɫɬɧɵɦ ɩɪɢɱɢɧɚɦ ɷɬɨ 
ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɛɵɥɨ ɜɨɫɩɪɢɧɹɬɨ ɧɚɭɱɧɨɣ 
ɨɛɳɟɫɬɜɟɧɧɨɫɬɶɸ ɜ ɤɚɱɟɫɬɜɟ ɮɢɡɢɱɟɫɤɢ 
ɫɭɳɟɫɬɜɭɸɳɟɝɨ (ɈɋȻ), ɪɟɚɥɢɡɭɸɳɟɝɨɫɹ ɩɪɢ 
ɨɬɩɭɫɤɟ (ɜɵɲɟ 500ɋ) ɦɚɪɬɟɧɫɢɬɚ Д11Ж, ɩɪɢ 
ɩɟɪɥɢɬɧɨɦ ɪɚɫɩɚɞɟ ɚɭɫɬɟɧɢɬɚ [8–9Ж, ɜ 
ɛɟɣɧɢɬɟ (ɧɢɠɟ 500ɋ) Д10–11]. 

Ɍɚɤɨɟ ɩɨɥɨɠɟɧɢɟ ɞɟɥ ɫɨɯɪɚɧɹɟɬɫɹ ɞɨ 
ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ, ɯɨɬɹ ɜ 60-70-ɵɯ ɝɨɞɚɯ 
ɩɨɹɜɢɥɢɫɶ ɩɭɛɥɢɤɚɰɢɢ, ɨ ɫɥɭɱɚɹɯ 
ɪɟɚɥɢɡɚɰɢɢ Ɉɋ ɂɫɚɣɱɟɜɚ ɜ ɩɟɪɥɢɬɧɵɯ 
ɫɬɪɭɤɬɭɪɚɯ [11–12]. 

ȼ ɪɚɛɨɬɚɯ ȼ.ɂ. Ȼɨɥɶɲɚɤɨɜɚ ɫ 
ɫɨɬɪɭɞɧɢɤɚɦɢ Д13Ж ɛɵɥɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɵ 
ɦɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɞɚɧɧɵɯ, 
ɩɨɜɵɲɚɸɳɢɟ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ 
ɚɡɢɦɭɬɚɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɞɨ 0,1 ɝɪɚɞɭɫɚ. 
ɗɬɨ ɩɨɡɜɨɥɢɥɨ ɧɚ ɛɨɥɶɲɨɦ ɦɚɫɫɢɜɟ 
ɦɢɤɪɨɞɢɮɪɚɤɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɫɜɵɲɟ 
150 ɫɥɭɱɚɟɜ ɫɨɩɪɹɠɟɧɢɣ) ɩɨɤɚɡɚɬɶ Д13Ж, ɱɬɨ 
ɩɨɞɚɜɥɹɸɳɟɟ ɛɨɥɶɲɢɧɫɬɜɨ (з81%) 
ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɤɚɪɬɢɧ ɨɬ ɩɟɪɥɢɬɚ ɢ 
ɨɬɩɭɳɟɧɧɨɝɨ ɦɚɪɬɟɧɫɢɬɚ ɦɨɝɭɬ ɛɵɬɶ 
ɨɞɧɨɡɧɚɱɧɨ ɨɬɧɟɫɟɧɵ ɤ Ɉɋ ɂɫɚɣɱɟɜɚ, ɚ 9% 
ɞɨɩɭɫɤɚɸɬ ɞɜɨɹɤɭɸ ɬɪɚɤɬɨɜɤɭ ɢɡ-ɡɚ 
ɫɩɟɰɢɮɢɤɢ ɮɨɪɦɢɪɨɜɚɧɢɹ  ɷɥɟɤɬɪɨɧɨɝɪɚɦɦ 
ɢ ɨɝɪɚɧɢɱɟɧɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ 
ɝɨɧɢɨɦɟɬɪɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ. ȼɚɠɧɨ 
ɚɤɰɟɧɬɢɪɨɜɚɬɶ, ɱɬɨ ɫɥɭɱɚɢ, ɤɨɬɨɪɵɟ ɧɚɞɺɠɧɨ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɛɵ Ɉɋ Ȼɚɝɚɪɹɰɤɨɝɨ Д7Ж, 
ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɧɟ ɛɵɥɢ. ɗɬɢ ɮɚɤɬɵ 
ɭɤɚɡɵɜɚɸɬ ɧɚ ɪɟɚɥɢɡɚɰɢɸ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ 
ɭɫɥɨɜɢɹɯ ɫɨɩɪɹɠɟɧɢɣ ɮɟɪɪɢɬɧɵɯ ɢ 
ɰɟɦɟɧɬɢɬɧɵɯ ɤɪɢɫɬɚɥɥɨɜ ɧɟ ɩɨ Ɉɋ 
Ȼɚɝɚɪɹɰɤɨɝɨ, ɚ ɩɨ Ɉɋ ɂɫɚɣɱɟɜɚ. 

ȼ ɩɟɪɥɢɬɧɵɯ ɫɬɚɥɹɯ ɧɚ ɟɞɢɧɢɰɭ ɨɛɴɺɦɚ 
ɫɨɞɟɪɠɢɬɫɹ ɨɫɨɛɟɧɧɨ ɦɧɨɝɨ ɦɟɠɮɚɡɧɵɯ 
ɝɪɚɧɢɰ ɮɟɪɪɢɬ-ɰɟɦɟɧɬɢɬ, ɨɞɧɚɤɨ ɬɪɟɳɢɧɵ 
ɩɨ α-θ ɝɪɚɧɢɰɚɦ ɨɛɪɚɡɭɸɬɫɹ ɪɟɞɤɨ ɢ ɥɢɲɶ ɜ 
ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɧɚɩɪɚɜɥɟɧɢɟ ɬɟɱɟɧɢɹ 
ɦɟɬɚɥɥɚ ɫɥɭɱɚɣɧɨ ɩɪɨɢɫɯɨɞɢɬ ɩɨɱɬɢ ɜɞɨɥɶ 
ɩɥɚɫɬɢɧ ɩɟɪɥɢɬɚ. ȼɨɩɪɨɫ ɨ ɧɚɫɥɟɞɨɜɚɧɢɢ 
ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɩɪɢ 
ɞɢɮɮɭɡɢɨɧɧɵɯ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɹɯ 
ɨɛɫɭɠɞɚɟɬɫɹ ɞɨɜɨɥɶɧɨ ɞɚɜɧɨ. ɉɪɢɦɟɪɚɦɢ 
ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɪɚɛɨɬɵ Ɉɦɨɪɢ Д9–10], 

Ʌ. Ɇ. ɍɬɟɜɫɤɨɝɨ Д11Ж, ɒɟɤɥɬɨɧɚ ɢ Ʉɟɥɥɢ 
Д12Ж, ɜ ɤɨɬɨɪɵɯ  ɞɥɹ ɜɵɹɫɧɟɧɢɹ ɷɬɨɝɨ 
ɜɨɩɪɨɫɚ ɛɵɥɢ ɩɪɢɦɟɧɟɧɵ ɦɚɬɪɢɱɧɵɟ 
ɭɪɚɜɧɟɧɢɹ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɚɥɶɧɟɣɲɚɹ ɪɚɛɨɬɚ ɜ ɷɬɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ ɚɤɬɭɚɥɶɧɚ ɢ ɟɺ ɫɥɟɞɭɟɬ  
ɩɪɨɞɨɥɠɚɬɶ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ — ɭɫɬɚɧɨɜɢɬɶ 
ɬɟɨɪɟɬɢɱɟɫɤɢɦ, ɪɚɫɱɟɬɧɵɦ ɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɦɟɬɨɞɚɦɢ ɫ ɬɨɱɧɨɫɬɶɸ 
ɞɨ 0,2 ɭɝɥɨɜɨɝɨ ɝɪɚɞɭɫɚ ɨɪɢɟɧɬɚɰɢɨɧɧɵɟ 
ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɪɟɲɺɬɤɚɦɢ ɚɭɫɬɟɧɢɬɚ, 
ɮɟɪɪɢɬɚ ɢ ɰɟɦɟɧɬɢɬɚ ɜ ɩɪɨɞɭɤɬɚɯ ɪɚɫɩɚɞɚ 
ɚɭɫɬɟɧɢɬɚ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 
400…700ɋ.  
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Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɢɤɢ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
ɂɫɫɥɟɞɨɜɚɥɢ ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɵɟ ɮɟɪɪɢɬɧɨ-

ɩɟɪɥɢɬɧɵɟ ɫɬɚɥɢ 20, ɋɬ 3 ɢ 
ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɧɭɸ  ɫɬɚɥɶ 10Ƚ2ɎȻ. 
ɉɪɢɦɟɧɹɥɢ ɦɟɬɨɞɵ: ɬɪɚɧɫɦɢɫɫɢɨɧɧɨɣ 
ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, 
ɦɢɤɪɨɞɢɮɪɚɤɰɢɢ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɚɬɪɢɱɧɨɝɨ ɢ ɫɬɟɪɟɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɨɜ 
[11, 15, 16]. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɢɯ ɨɛɫɭɠ-
ɞɟɧɢɟ  

Ⱦɥɹ ɪɚɛɨɬɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɜɚɪɢɚɧɬɚɦɢ 
ɨɪɢɟɧɬɚɰɢɨɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɭɞɨɛɧɨ ɜɵ-
ɪɚɠɚɬɶ ɢɯ ɞɜɭɦɹ ɦɟɬɨɞɚɦɢ. ɉɟɪɜɵɣ ɢɡ 
ɧɢɯ — ɫɬɟɪɟɨɝɪɚɮɢɱɟɫɤɢɣ — ɧɟ ɨɛɟɫɩɟɱɢ-
ɜɚɟɬ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ (±2), ɧɨ ɩɨɡɜɨɥɹɟɬ 
ɧɚɝɥɹɞɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɨɛɳɭɸ ɤɚɪɬɢɧɭ ɪɚɫ-
ɩɨɥɨɠɟɧɢɹ ɦɧɨɝɢɯ ɩɥɨɫɤɨɫɬɟɣ ɢɥɢ ɜɟɤɬɨɪɨɜ 
ɦɟɠɞɭ ɫɨɛɨɣ Д11, 12, 15Ж.  

Ƚɨɪɚɡɞɨ ɛɨɥɶɲɟ ɢɧɮɨɪɦɚɰɢɢ ɩɨɡɜɨɥɹɟɬ 
ɩɨɥɭɱɚɬɶ ɢ ɨɛɪɚɛɚɬɵɜɚɬɶ ɦɟɬɨɞ ɦɚɬɪɢɰ 
[11, 16Ж, ɬɨɱɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɛɵɬɶ ɥɭ-
ɱɲɟ 5 ɭɝɥɨɜɵɯ ɦɢɧɭɬ. ȼ ɫɨɱɟɬɚɧɢɢ ɫ ɮɨɪɦɭ-
ɥɨɣ ɤɨɫɢɧɭɫɨɜ ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ 
ɭɝɥɵ ɦɟɠɞɭ ɪɟɮɥɟɤɫɚɦɢ ɮɚɡ ɫ ɬɚɤɨɣ ɬɨɱɧɨɫ-
ɬɶɸ, ɤɚɤɚɹ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ ɜ ɩɪɨɰɟɫ-
ɫɟ ɧɚɛɥɸɞɟɧɢɹ, ɸɫɬɢɪɨɜɚɧɢɹ ɢ ɮɢɤɫɚɰɢɢ 
ɦɢɤɪɨɞɢɮɪɚɤɰɢɨɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ Д15Ж.  

Ɋɭɤɨɜɨɞɫɬɜɭɹɫɶ ɩɪɚɜɢɥɚɦɢ, ɢɡɥɨɠɟɧɧɵ-
ɦɢ ɜ Д13, 16Ж, ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɤɨɦɩɨɧɟɧɬɵ 
ɦɚɬɪɢɰ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɺɧɧɵɯ ɨɪɢɟɧ-
ɬɚɰɢɨɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɮɚɡɚɦɢ ɜ 
ɫɬɚɥɹɯ.  

Ɉɞɢɧ ɢɡ ɲɟɫɬɢ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɪɚ-
ɜɧɨɰɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ Ɉɋ Ⱥ-Ʉ ɦɨɠɧɨ ɡɚɩɢ-
ɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

(100)ɰ║(545)γ;  (010)ɰ║(101)γ;  

(001)ɰ║(252)γ 

ȼɜɨɞɹ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɜɵɪɚɜɧɢɜɚɸɳɢɟ 

ɫɤɚɥɹɪɧɵɟ ɜɟɥɢɱɢɧɵ ɜɟɤɬɨɪɨɜ, 
ɩɚɪɚɥɥɟɥɶɧɵɯ ɨɫɟɜɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ Д11, 
16Ж, ɩɨɥɭɱɢɦ ɦɚɬɪɢɰɭ ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɢ 
ɪɚɡɦɟɪɧɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɞɥɹ Ɉɋ Ⱥɪɛɭɡɨɜɚ-

Ʉɭɪɞɸɦɨɜɚ: 
 

RȺ-Ʉ= 

0.48773

0.49825

0.18514

0.39018

0

0.46284
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0.18514











 

                

(3) 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɩɭɬɺɦ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɚ-
ɬɪɢɰɵ Ɉɋ Ʉɭɪɞɸɦɨɜɚ-Ɂɚɤɫɚ: 

RɄ-

Ɂ= 

0.59289

0.53300

0.05989

0.51953

0.59289
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0.05989

0.78603


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







, 

             

(4) 

Ɉɋ ɂɫɚɣɱɟɜɚ: 

Rɂ= 

0.03234

0.32526

0.34646

0.43098

0.32526

0.1920210

0.46331

0.32526

0.154444











, 

             

(5) 

ɢ Ɉɋ ɉɢɬɱɚ Д24Ж, ɤɨɬɨɪɨɟ ɯɚɪɚɤɬɟɪɧɨ 
ɞɥɹ ɩɟɪɥɢɬɚ: 

 

Rɉ= 

0.56618

0.14706

0.15524

0.21776

0.51895

0.07762

0.18292

0.18292

0.38811











. 

              

6) 

ɂɫɩɨɥɶɡɭɹ ɦɚɬɪɢɰɵ, ɨɩɢɫɵɜɚɸɳɢɟ 
ɪɚɡɧɵɟ ɜɢɞɵ ɮɨɪɦɨɢɡɦɟɧɟɧɢɣ ɪɚɡɥɢɱɧɵɯ 
ɪɟɲɺɬɨɤ, ɦɨɠɧɨ ɫɬɪɨɢɬɶ ɦɟɯɚɧɢɡɦɵ 
(ɦɨɞɟɥɢ) ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɫɬɚɞɢɣ ɮɚɡɨɜɵɯ 
ɩɟɪɟɯɨɞɨɜ. Ɍɚɤɢɟ ɦɟɬɨɞɵ ɦɚɬɪɢɱɧɨɝɨ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɛɵɥɢ ɩɪɢɦɟɧɟɧɵ ɜ ɪɚɛɨɬɚɯ 
Ɉɦɨɪɢ Д15Ж, ɒɟɤɥɬɨɧɚ ɢ Ʉɟɥɥɢ Д17Ж, ɀɚɧɝɚ 
ɢ Ʉɟɥɥɢ [20] ɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ.  

ȼ ɫɥɭɱɚɟ ɤɪɢɫɬɚɥɥɨɝɚɮɢɱɟɫɤɢɯ 
ɫɨɩɪɹɠɟɧɢɣ ɩɪɢ ɞɢɮɮɭɡɢɨɧɧɨɦ ɪɚɫɩɚɞɟ 
ɚɭɫɬɟɧɢɬɚ ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ Д15Ж, ɱɬɨ 
ɡɚɪɨɠɞɚɸɳɢɟɫɹ ɜ ɤɨɧɬɚɤɬɟ ɫ ɚɭɫɬɟɧɢɬɧɨɣ 
ɪɟɲɺɬɤɨɣ ɤɚɪɛɢɞɵ ɩɪɢɨɛɪɟɬɚɸɬ 
ɨɪɢɟɧɬɚɰɢɸ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɉɋ γ↔θ ɢ 
ɜɩɨɫɥɟɞɫɬɜɢɢ ɨɤɚɡɵɜɚɸɬɫɹ ɜ ɨɤɪɭɠɟɧɢɢ 
ɮɟɪɪɢɬɧɵɯ ɤɪɢɫɬɚɥɥɨɜ, ɨɪɢɟɧɬɚɰɢɹ ɤɨɬɨɪɵɯ 
ɞɢɤɬɭɟɬɫɹ Ɉɋ γ↔α. ȼ ɢɬɨɝɟ ɦɟɠɞɭ 
ɤɚɪɛɢɞɧɨɣ ɢ ɮɟɪɪɢɬɧɨɣ ɪɟɲɺɬɤɚɦɢ 
ɮɨɪɦɢɪɭɟɬɫɹ ɡɚɤɨɧɨɦɟɪɧɨɟ ɫɨɩɪɹɠɟɧɢɟ, 
ɩɨɞɱɢɧɹɸɳɟɟɫɹ ɢɡɜɟɫɬɧɵɦ ɫɜɹɡɹɦ. 
Ɋɟɡɭɥɶɬɚɬ ɦɨɠɟɬ ɛɵɬɶ ɫɨɩɨɫɬɚɜɥɟɧ ɫ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɢɥɢ 
ɜɵɜɨɞɚɦɢ ɞɪɭɝɢɯ ɪɚɛɨɬ ɢɥɢ ɫɨ ɫɯɟɦɚɦɢ, 
ɪɟɚɥɢɡɭɸɳɢɦɢɫɹ ɩɪɢ ɧɨɜɵɯ ɮɚɡɨɜɵɯ 
ɩɪɟɜɪɚɳɟɧɢɹɯ. 

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɢɦɟɟɬɫɹ ɦɚɬɪɢɰɚ RȺ-Ʉ 

ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɢ ɪɚɡɦɟɪɧɨɝɨ 
ɫɨɨɬɜɟɬɫɬɜɢɹ, ɜɵɱɢɫɥɟɧɧɚɹ ɫ ɜɵɫɨɤɨɣ 
ɬɨɱɧɨɫɬɶɸ ɜ ɫɨɝɥɚɫɢɢ ɫ ɩɪɟɞɥɨɠɟɧɧɨɣ Ɇ. ɗ. 

Ⱥɪɛɭɡɨɜɵɦ ɢ Ƚ. ȼ. Ʉɭɪɞɸɦɨɜɵɦ ɞɥɹ 
ɩɟɪɟɯɨɞɚ ɨɬ ɢɧɞɟɤɫɨɜ ɩɥɨɫɤɨɫɬɟɣ ɰɟɦɟɧɬɢɬɚ 
ɤ ɢɧɞɟɤɫɚɦ ɩɥɨɫɤɨɫɬɟɣ ɚɭɫɬɟɧɢɬɚ (3), ɢ 
ɦɚɬɪɢɰɚ (4) ɩɟɪɟɯɨɞɚ ɨɬ ɚɭɫɬɟɧɢɬɚ ɤ 
ɮɟɪɪɢɬɭ RɄ-Ɂ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ Ʉɭɪɞɸɦɨɜɚ-

Ɂɚɤɫɚ. 
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ȼ ɢɬɨɝɟ, ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ ɪɟɲɺɬɤɚɦɢ 
ɰɟɦɟɧɬɢɬɚ ɢ ɮɟɪɪɢɬɚ α→RX→θ ɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ, ɭɦɧɨɠɚɹ ɦɚɬɪɢɰɭ Ɉɋ Ⱥ-Ʉ ɧɚ 
ɦɚɬɪɢɰɭ Ɉɋ Ʉ-Ɂ: 

[θ→RȺɄ→][→RɄɁ→α] = [α→RX→θ].             

(7) 

Ɂɞɟɫɶ ɭɦɟɫɬɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɚɭɫɬɟɧɢɬɧɭɸ ɪɟɲɺɬɤɭ ɦɨɠɧɨ ɧɚɥɨɠɢɬɶ ɧɚ 
ɰɟɦɟɧɬɢɬɧɭɸ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɉɋ ȺɄ 
ɬɨɥɶɤɨ ɲɟɫɬɶɸ ɜɚɪɢɚɧɬɚɦɢ (ɬɚɛɥ. 1): 

Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  1  

Вɚɪɢɚɧɬɵ ɧɚɥɨɠɟɧɢɹ ɚɭɫɬɟɧɢɬɧɨɣ ɪɟɲɟɬɤɢ 
ɧɚ ɰɟɦɟɧɬɢɬɧɭɸ / 

Variants of imposition of austenitic grate  

on a cementite one 
ȼɚɪɢɚɧɬɵ 1 2 3 4 5 6 

ɇɚ ɨɫɶ Д100Ж (5-45)   (5-45) (-455) (455) (554) (5-54) 

ɇɚ ɨɫɶ Д010Ж (-101)  (101) (011) (011) (110) (110) 

ɇɚ ɨɫɶ Д001Ж (2-52)  (2-52) (-522)  (-522) (2-25) (2-25) 

ɉɪɢ ɫɤɚɥɹɪɧɨɦ ɭɦɧɨɠɟɧɢɢ ɲɟɫɬɢ 
ɜɚɪɢɚɧɬɨɜ ɦɚɬɪɢɰ RȺɄ, ɨɬɜɟɱɚɸɳɢɯ ɬɚɛɥɢɰɟ 
1, ɧɚ ɨɞɢɧ ɜɚɪɢɚɧɬ ɦɚɬɪɢɰɵ Ɉɋ ɄɁ, 
ɩɨɥɭɱɟɧɵ ɲɟɫɬɶ ɜɚɪɢɚɧɬɨɜ ɦɚɬɪɢɰɵ RX, 

ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɬɪɺɯ ɩɚɪ. 
ȼ ɤɚɠɞɨɣ ɩɚɪɟ ɷɥɟɦɟɧɬɵ ɨɞɢɧɚɤɨɜɵɟ, ɧɨ 
ɨɬɥɢɱɚɸɬɫɹ ɩɟɪɟɫɬɚɧɨɜɤɨɣ ɫɬɨɥɛɰɨɜ. 
ɇɚɩɪɢɦɟɪ,  

 

Ɇɚɬɪɢɰɚ Ɉɋɂ   

0.03234

0.32526

0.34646

0.43098

0.32526

0.19202

0.46331

0.32526

0.15444









. 

ɉɟɪɜɵɟ ɞɜɚ ɜɚɪɢɚɧɬɚ RX ɨɬɥɢɱɚɸɬɫɹ 
ɰɢɤɥɢɱɟɫɤɨɣ ɩɟɪɟɫɬɚɧɨɜɤɨɣ ɫɬɨɥɛɰɨɜ: 
ɩɟɪɜɵɣ ɫɬɚɥ ɜɬɨɪɵɦ, ɜɬɨɪɨɣ – ɬɪɟɬɶɢɦ, ɚ 
ɬɪɟɬɢɣ – ɩɟɪɜɵɦ. ɇɢɠɟ ɷɬɢɯ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ 

RX ɩɪɢɜɟɞɟɧɚ ɦɚɬɪɢɰɚ Ɉɋɂ, ɫɪɚɜɧɟɧɢɟ ɫ 
ɤɨɬɨɪɨɣ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɷɬɢ ɜɚɪɢɚɧɬɵ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɚɬɪɢɰɚɦ Ɉɋ ɂɫɚɣɱɟɜɚ ɫ 
ɬɨɱɧɨɫɬɶɸ ɞɨ ɜɬɨɪɨɝɨ ɡɧɚɤɚ ɩɨɫɥɟ ɡɚɩɹɬɨɣ. 
Ɍɚɤɢɟ ɨɬɤɥɨɧɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɫɜɹɡɚɧɵ ɫ 
ɨɬɤɥɨɧɟɧɢɹɦɢ Ɉɋ Ʉɭɪɞɸɦɨɜɚ-Ɂɚɤɫɚ, ɱɬɨ 
ɨɬɦɟɱɚɟɬɫɹ ɜɨ ɦɧɨɝɢɯ ɪɚɛɨɬɚɯ [16-18]. 

Ɉɫɬɚɥɶɧɵɟ ɞɜɟ ɝɪɭɩɩɵ ɩɨ ɞɜɚ ɜɚɪɢɚɧɬɚ 
ɡɧɚɱɟɧɢɣ RX ɜ ɤɚɠɞɨɣ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ 
ɞɪɭɝɚ ɢ ɨɬ ɦɚɬɪɢɰɵ Rɂ ɧɟɫɤɨɥɶɤɢɦɢ 
ɩɟɪɜɵɦɢ ɡɧɚɤɚɦɢ ɩɨɫɥɟ ɡɚɩɹɬɨɣ. 

ɑɬɨ ɤɚɫɚɟɬɫɹ ɜɬɨɪɨɝɨ Ɉɋ ɜ ɩɟɪɥɢɬɧɵɯ 
ɫɬɪɭɤɬɭɪɚɯ – Ɉɋ ɉɢɬɱɚ, ɬɨ ɨɧɨ ɛɵɥɨ ɭɫɬɚ-
ɧɨɜɥɟɧɨ Д17Ж ɛɟɡ ɬɳɚɬɟɥɶɧɨɝɨ ɫɬɟɪɟɨɝɪɚɮɢ-

ɱɟɫɤɨɝɨ ɢ ɦɚɬɪɢɱɧɨɝɨ ɚɧɚɥɢɡɨɜ ɢ ɟɝɨ ɧɟɫɨ-
ɜɟɪɲɟɧɫɬɜɨ ɨɛɳɟɢɡɜɟɫɬɧɨ. ȼ ɪɚɛɨɬɟ ɀɚɧɝɚ 
ɢ Ʉɟɥɥɢ Д14Ж  ɞɚɠɟ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɬɪɢ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɜɚɪɢɚɧɬɚ Ɉɋ ɉɢɬɱɚ: 

 (103)ɰ ║(101)ɮ 

 ɈR-1    

1Ж ɮ 

 

 (011)ɰ ║(101)ɮ  
 ɈR-1         Д311Жɰ ║Д111Жɮ 

 

 

(210)ɰ║(101)ɮ 
ɈR-1      Д001Жɰ║Д131Жɮ 

 

 

ɋɨɩɨɫɬɚɜɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ Ɉɋ ɂɫɚɣɱɟɜɚ 
ɢ Ɉɋ ɉɢɬɱɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɢɯ ɨɫɧɨɜɧɨɟ ɪɚɡɥɢ-
ɱɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɮɟɪɪɢɬɧɚɹ ɪɟɲɺ-
ɬɤɚ ɩɨ Ɉɋɉ ɩɨɜɺɪɧɭɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ Ɉɋɂ 
ɧɚ 32 ɜɨɤɪɭɝ ɨɫɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ 
(103)ɰ║(101)ɮ. ȼ ɤɨɧɰɟɩɰɢɢ ɪɟɲɺɬɨɤ ɫɨɜ-
ɩɚɞɚɸɳɢɯ ɭɡɥɨɜ ɩɨɜɨɪɨɬ ɧɚ ɬɚɤɨɣ ɭɝɨɥ (ɬɨ-
ɱɧɟɟ 31,59°) ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɺɬɤɢ ɜɨɤɪɭɝ 
[101Ж ɫɨɡɞɚɺɬ ɫɩɟɰɢɚɥɶɧɭɸ ɨɪɢɟɧɬɚɰɢɸ ɫ 
ɨɛɪɚɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɫɨɜɩɚɞɚɸɳɢɯ ɭɡɥɨɜ 
Σ27. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɟɫɥɢ ɜɧɭɬɪɢ ɰɟɦɟɧɬɢɬ-
ɧɨɝɨ ɤɚɪɤɚɫɚ ɫɭɳɟɫɬɜɭɸɬ ɮɟɪɪɢɬɧɵɟ ɡɺɪɧɚ 
ɩɟɪɥɢɬɧɨɝɨ ɮɟɪɪɢɬɚ, ɬɨ ɦɟɠɞɭ ɧɢɦɢ ɮɨɪɦɢ-
ɪɭɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɧɢɡɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ 
ɝɪɚɧɢɰɵ Σ27. Ʉɪɨɦɟ ɬɨɝɨ, ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɜ 
ɨɞɧɨɦ ɡɟɪɧɟ ɮɟɪɪɢɬɚ ɡɚɪɨɠɞɚɬɶɫɹ ɧɟɫɤɨɥɶ-
ɤɢɦ ɨɪɢɟɧɬɚɰɢɹɦ ɰɟɦɟɧɬɢɬɚ, ɱɬɨ ɱɚɫɬɨ ɧɚ-
ɛɥɸɞɚɟɬɫɹ ɜ ɞɨɷɜɬɟɤɬɨɢɞɧɵɯ ɫɬɚɥɹɯ. ɇɚ 
ɨɫɧɨɜɟ ɷɬɢɯ ɚɪɝɭɦɟɧɬɨɜ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ 
ɨɫɧɨɜɧɚɹ ɮɨɪɦɭɥɚ ɢ ɩɨɫɬɪɨɟɧɚ ɫɬɟɪɟɨɩɪɨɟ-
ɤɰɢɹ ɫɨɨɬɧɨɲɟɧɢɹ ɮɟɪɪɢɬ-ɰɟɦɟɧɬɢɬ ɜ ɩɟɪ-
ɥɢɬɟ, ɹɜɥɹɸɳɟɝɨɫɹ ɛɨɥɟɟ ɨɛɨɫɧɨɜɚɧɧɵɦ ɢ 
ɛɨɥɟɟ ɫɬɪɨɝɨ ɨɩɢɫɵɜɚɸɳɢɦ ɮɢɡɢɱɟɫɤɭɸ 
ɫɭɬɶ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɪɚɫɩɚɞɚ ɚɭɫɬɟɧɢɬɚ. ȼ 
ɧɨɜɨɦ ɜɚɪɢɚɧɬɟ ɫɨɨɬɧɨɲɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ 
ɡɚɩɢɫɚɧɨ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ.  

(100)ɰ║(16.7.5)ɮ   (010)ɰ║(131)ɮ     

(001)ɰ║(215)ɮ    (8) 

ɗɬɨ ɫɨɨɬɧɨɲɟɧɢɟ ɨɬɥɢɱɚɟɬɫɹ ɧɟ ɬɨɥɶɤɨ 
ɨɬ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ, ɩɪɟɞɥɨ-
ɠɟɧɧɵɯ ɜ ɪɚɛɨɬɟ Д14Ж, ɧɨ ɢ ɨɬ ɨɪɢɝɢɧɚɥɶɧɨɝɨ 
Ɉɋ ɉɢɬɱɚ [17] ɩɨɜɨɪɨɬɨɦ ɧɚ 2,8 ɜɨɤɪɭɝ ɧɨ-
ɪɦɚɥɢ ɤ (103)ɰ, ɩɪɢ ɷɬɨɦ ɛɵɥɨ ɩɪɢɧɹɬɨ, ɱɬɨ 
(103)ɰ ║ (101)ɮ. 
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0.49825
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0.32524

0.20290

0.47172

0.32525

0.14247










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ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɦɚɬɪɢɰɚ Ɉɋ ɮɟɪɪɢɬ-

ɰɟɦɟɧɬɢɬ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  

RPN

= 

0.59289

0.53300

0.05989

0.51953

0.59289

0.13324

0.13324

0.05989

0.78603











, 

                

(7) 

ɗɥɟɤɬɪɨɧɨɝɪɚɦɦɵ ɨɬ ɤɨɥɨɧɢɣ ɩɟɪɥɢɬɚ 
ɜɨ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɬɚɥɹɯ ɩɨɞɬɜɟɪɠɞɚ-
ɸɬ, ɱɬɨ ɜɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɞɜɭɯ ɫɢɫɬɟɦ 
ɪɟɮɥɟɤɫɨɜ ɫɨɝɥɚɫɭɟɬɫɹ ɫ Ɉɋ, ɩɪɟɞɫɬɚɜɥɟɧ-
ɧɵɦ ɦɚɬɪɢɰɟɣ (9) ɢ ɫɬɟɪɟɨɩɪɨɟɤɰɢɟɣ ɧɚ ɪɢ-
ɫɭɧɤɟ 1. 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫɭɧɤɟ 2ɚ ɩɪɢɜɟɞɟɧɚ 
ɦɢɤɪɨɞɢɮɪɚɤɰɢɨɧɧɚɹ ɤɚɪɬɢɧɚ ɨɬ ɤɨɥɨɧɢɢ 
ɩɟɪɥɢɬɚ ɜ ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɧɨɣ ɫɬɚɥɢ 20, ɚ ɧɚ 
ɪɢɫɭɧɤɟ 2ɛ – ɟɺ ɫɯɟɦɚ ɢɧɞɢɰɢɪɨɜɚɧɢɹ ɪɟɮ-
ɥɟɤɫɨɜ ɮɟɪɪɢɬɚ, ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɡɨɧɟ 
[103Жɮ ɢ ɪɟɮɥɟɤɫɨɜ ɰɟɦɟɧɬɢɬɚ, ɪɚɫɩɨɥɨ-
ɠɟɧɧɵɯ ɜ ɡɨɧɟ Д013Жɐ. Ɉɛɟ ɨɫɢ ɷɬɢɯ ɡɨɧ ɨɬ-
ɦɟɱɟɧɵ ɡɚɬɟɦɧɺɧɧɵɦ ɨɜɚɥɨɦ ɜɛɥɢɡɢ (001)ɐ 

ɧɚ ɫɬɟɪɟɨɩɪɨɟɤɰɢɢ (ɪɢɫ. 1). 
ɇɚ ɫɯɟɦɟ (ɪɢɫ. 2ɛ) ɩɨɤɚɡɚɧ ɭɝɨɥ 

2,1 ± 0,2, ɢɡɦɟɪɟɧɧɵɣ ɦɟɠɞɭ ɧɚɩɪɚɜɥɟɧɢɹ-
ɦɢ ɪɹɞɨɜ ɪɟɮɥɟɤɫɨɜ (020)ɮ ɢ (131)ɰ. ɂɦɟɧ-
ɧɨ ɬɚɤɨɣ ɭɝɨɥ ɦɟɠɞɭ ɷɬɢɦɢ ɩɨɥɸɫɚɦɢ 
ɩɥɨɫɤɨɫɬɟɣ  ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɧɚ ɫɬɟɪɟɨɩɪɨɟɤ-
ɰɢɢ ɧɚ ɪɢɫɭɧɤɟ 1. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɧɚ ɫɬɟɪɟɨɩ-
ɪɨɟɤɰɢɢ, ɩɨɫɬɪɨɟɧɧɨɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɨɪɢɝɢɧɚɥɶɧɨɣ ɪɚɛɨɬɵ ɉɢɬɱɚ 
Д17Ж, ɷɬɨɬ ɠɟ ɭɝɨɥ ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɟɧ ɧɭɥɸ. 
ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ, ɱɬɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɤɚɪɬɢɧɵ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸ-
ɬɫɹ ɫ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦɢ, ɨɩɢɫɵɜɚɟɦɵɟ ɦɚɬ-
ɪɢɰɟɣ (9), ɜɵɪɚɠɟɧɢɟɦ (8) ɢ 
ɫɬɟɪɟɨɩɪɨɟɤɰɢɟɣ ɧɚ ɪɢɫɭɧɤɟ 1.  

ɉɨɫɬɪɨɟɧɢɟ ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɭɡɥɨɜ ɪɟɲɺɬɨɤ ɮɟɪɪɢɬɚ ɢ ɰɟɦɟɧɬɢɬɚ ɜ  ɩɥɨɫ-
ɤɨɫɬɹɯ (100)ɮ ɢ (311)ɰ ɩɨɤɚɡɵɜɚɟɬ ɜɢɞ ɫɨ 
ɫɬɨɪɨɧɵ Д100Жɐ (ɪɢɫ. 3), ɱɬɨ ɭɡɥɵ, ɛɥɢɡɤɢɟ ɤ 
ɫɨɜɩɚɞɟɧɢɸ ɨɛɪɚɡɭɸɬ ɪɟɝɭɥɹɪɧɵɣ, ɩɟɪɢɨ-
ɞɢɱɟɫɤɢɣ ɭɡɨɪ, ɭɤɚɡɵɜɚɸɳɢɣ ɧɚ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɧɢɡɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɦɟɠɮɚɡɧɵɯ ɝɪɚɧɢɰ ɜ ɫɥɭɱɚɟ ɪɟɚɥɢɡɚɰɢɢ ɫɨɨ-
ɬɧɨɲɟɧɢɹ ɮɟɪɪɢɬ-ɰɟɦɟɧɬɢɬ, ɩɪɟɞɫɬɚɜɥɟɧɧɨ-
ɝɨ ɦɚɬɪɢɰɟɣ (9). 

 

 
ɚ 

 
ɛ 

Ɋɢɫ. 2. Ɇɢɤɪɨɞɢɮɪɚɤɰɢɨɧɧɚɹ ɤɚɪɬɢɧɚ (ɚ) ɢ ɫɯɟɦɚ ɟɺ 
ɢɧɞɢɰɢɪɨɜɚɧɢɹ (ɛ) ɨɬ ɤɨɥɨɧɢɢ ɩɟɪɥɢɬɚ ɜ ɫɬɚɥɢ 20 ɩɨɫɥɟ 

ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ ɩɪɢ 550ɋ. 
ȼɡɚɢɦɧɵɣ ɪɚɡɜɨɪɨɬ ɞɜɭɯ ɫɢɫɬɟɦ ɪɟɮɥɟɤɫɨɜ ɫ ɬɨ-

ɱɧɨɫɬɶɸ ɞɨ 0,2 ɫɨɝɥɚɫɭɟɬɫɹ ɫ Ɉɋ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ 

ɦɚɬɪɢɰɟɣ (7) ɢ ɫɬɟɪɟɨɩɪɨɟɤɰɢɟɣ ɧɚ ɪɢɫ. 1 
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Ɋɢɫ. 3. Ɉɛɪɚɡɨɜɚɧɢɟ ɪɟɲɺɬɤɢ ɛɥɢɡɤɢɯ ɤ ɫɨɜɩɚɞɟ-

ɧɢɸ ɭɡɥɨɜ ɩɪɢ ɧɚɥɨɠɟɧɢɢ ɩɥɨɫɤɨɫɬɟɣ (100)ɰ ɢ 
(311)ɮ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɉɋ (7). 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚ-
ɧɢɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ. 

ȼɵɜɨɞɵ.  

1. ɉɪɢ ɫɬɪɭɤɬɭɪɧɵɯ ɩɪɟɜɪɚɳɟɧɢɹɯ, ɜ 
ɤɨɬɨɪɵɯ ɜɨɡɧɢɤɚɟɬ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɚɹ 
ɫɜɹɡɶ ɮɟɪɪɢɬ-ɰɟɦɟɧɬɢɬ, ɪɟɚɥɢɡɭɟɬɫɹ 
ɨɪɢɟɧɬɚɰɢɨɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɂɫɚɣɱɟɜɚ Д5Ж, 
ɚ ɧɟ Ȼɚɝɚɪɹɰɤɨɝɨ Д3Ж.  

2.ɍɫɬɚɧɨɜɥɟɧɨ ɧɨɜɨɟ ɨɪɢɟɧɬɚɰɢɨɧɧɨɟ 
ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɮɟɪɪɢɬɨɦ ɢ 
ɰɟɦɟɧɬɢɬɨɦ ɜ ɩɟɪɥɢɬɟ. 

3. ɉɪɟɞɥɨɠɟɧɵ ɧɨɜɵɟ, ɜɵɫɨɤɨɬɨɱɧɵɟ 
(ɧɟ ɯɭɠɟ 0,1) ɦɚɬɪɢɰɵ ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɢ 
ɪɚɡɦɟɪɧɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɞɥɹ 
ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɫɜɹɡɟɣ: 

ɚ) ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ 
ɚɭɫɬɟɧɢɬ-ɰɟɦɟɧɬɢɬ ɩɨ Ⱥɪɛɭɡɨɜɭ-

Ʉɭɪɞɸɦɨɜɭ; 
ɛ) ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ 

ɚɭɫɬɟɧɢɬ-ɮɟɪɪɢɬ ɩɨ Ʉɭɪɞɸɦɨɜɭ-Ɂɚɤɫɭ; 
ɜ) ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ 

ɮɟɪɪɢɬ-ɰɟɦɟɧɬɢɬ ɩɨ ɂɫɚɣɱɟɜɭ; 
ɝ) ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ 

ɮɟɪɪɢɬ-ɰɟɦɟɧɬɢɬ, ɩɪɟɞɥɨɠɟɧɧɨɦɭ ɜ ɷɬɨɣ 
ɪɚɛɨɬɟ. 

4. ȼɵɩɨɥɧɟɧɚ ɪɚɛɨɱɚɹ ɞɜɨɣɧɚɹ 
ɫɬɟɪɟɨɝɪɚɮɢɱɟɫɤɚɹ ɩɪɨɟɤɰɢɹ ɧɨɜɨɝɨ Ɉɋ 
ɮɟɪɪɢɬ-ɰɟɦɟɧɬɢɬ ɜ ɩɟɪɥɢɬɟ. Ɉɧɚ ɩɪɢɝɨɞɧɚ 
ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɫɥɟ 
ɭɜɟɥɢɱɟɧɢɹ ɟɺ ɞɢɚɦɟɬɪɚ ɞɨ 200 ɦɦ. 

5.ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɦɟɠɞɭ 
ɮɟɪɪɢɬɨɦ ɢ ɰɟɦɟɧɬɢɬɨɦ ɩɪɟɞɥɨɠɟɧɧɨɝɨ 
ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɜ ɩɟɪɥɢɬɟ 
ɜɨɡɧɢɤɚɟɬ ɪɟɲɺɬɤɚ ɛɥɢɡɤɢɯ ɤ ɫɨɜɩɚɞɟɧɢɸ 
ɭɡɥɨɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɟɪɢɨɞɢɱɟɫɤɢ 
ɩɨɜɬɨɪɹɸɳɟɝɨɫɹ ɭɡɨɪɚ. 
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