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Ƚɪɭɩɩɚ ɆɌ16-01Ȼ. ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ): 22.03.01 

«Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ» 

 
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ. 

 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 21639/ɫ ɨɬ27.12.2019ɝ. 

 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ: ȼ.ɂ. Ɍɟɦɧɵɯ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɡɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ Ɇɢ-

ɌɈɆ ɉɂ 

 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: ɦɨɧɨɥɢɬɧɵɟ ɨɛɪɚɡɰɵ ɢ ɫɬɪɭɠɤɚ (ɩɨɪɨɲɤɢ) ɚɥɸɦɢɧɢ-

ɟɜɵɯ ɛɪɨɧɡ, ɝɚɥɥɢɣ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ ɱɢɫɬɨɬɵ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 140÷270 °ɋ. Ʌɚɛɨɪɚɬɨɪɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɤɚɮɟɞɪɵ ɢ ɐɄɉ 

ɋɎɍ. Ɉɩɪɟɞɟɥɢɬɶ ɤɢɧɟɬɢɱɟɫɤɢɟ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɪɟɚɤɰɢɨɧɧɨɣ 

ɞɢɮɮɭɡɢɢ ɜ ɫɢɫɬɟɦɟ ɝɚɥɥɢɣ-ɚɥɸɦɢɧɢɟɜɚɹ ɛɪɨɧɡɚ ɜ ɡɚɞɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟ-

ɪɚɬɭɪ ɢ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. 

 
ɉɟɪɟɱɟɧɶ ɨɫɧɨɜɧɵɯ ɪɚɡɞɟɥɨɜ ȼɄɊ: ɚɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ; ɬɟɨɪɢɹ 

ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ; ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɩɚɣɤɚ ɪɚɡɧɨɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɢɧɟɬɢɤɢ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɢɯ ɚɧɚɥɢɡ. 

Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ. Ɂɚɤɥɸɱɟɧɢɟ, ɨɫɧɨɜɧɵɟ ɜɵɜɨɞɵ ɩɨ 

ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ.  

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                                    ___________          ȼ.ɂ. Ɍɟɦɧɵɯ                               

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ              ___________           ɇ. ɘ. ɘɲɤɨɜ 

                            

«10» ɹɧɜɚɪɹ 2020 ɝ. 
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ȺɇɇɈɌȺɐɂə 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɪɚɡɧɵɯ ɨɬɪɚɫɥɹɯ ɬɟɯɧɢɤɢ ɬɪɟɛɭɸɬɫɹ ɧɨɜɵɟ ɬɟɯɧɨ-

ɥɨɝɢɢ ɫɨɟɞɢɧɟɧɢɹ ɪɚɡɧɨɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ƚɚɥɥɢɟɜɵɟ ɩɚɫɬɵ-ɩɪɢɩɨɢ ɩɨɡɜɨ-

ɥɹɸɬ ɩɨɥɭɱɚɬɶ ɬɚɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɞɚɠɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɨɛɟɫɩɟɱɢ-

ɜɚɸɬ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ, ɜɚɤɭɭɦɧɭɸ ɩɥɨɬɧɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɵɣ ɤɨɦɩɥɟɤɫ ɦɟ-

ɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ ɩɨɥɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɜɵɫɨɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ.  

ȼ ɞɚɧɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɡɚɢɦoɞɟɣ-

ɫɬɜɢɹ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ. ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɩɪɨ-

ɜɟɞɟɧ ɚɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ. ȼɵɩɨɥɧɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ c ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 

140–270°ɋ. Ɉɩɪɟɞɟɥɟɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. Ɋɚɫɫɱɢ-

ɬɚɧɵ ɩɚɪɚɦɟɬɪɵ ɪɟɚɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɚɥɥɢɣ, ɩɚɫɬɵ-ɩɪɢɩɨɢ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ, ɪɟɚɤɬɢɜɧɚɹ 

ɞɢɮɮɭɡɢɹ, ɩɪɨɞɭɤɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɚɥɸɦɢɧɢɟɜɚɹ ɛɪɨɧɡɚ. 
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ɊȿɎȿɊȺɌ 

 

Ȼɚɤɚɥɚɜɪɫɤɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɡɚɢɦoɞɟɣɫɬɜɢɹ ɚɥɸɦɢɧɢ-

ɟɜɨɣ ɛɪɨɧɡɵ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ» ɫɨɞɟɪɠɢɬ 54 ɫɬɪɚɧɢɰɵ, 22 ɪɢɫɭɧɤɚ, 27 ɢɫɩɨɥɶ-

ɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ, 4 ɬɚɛɥɢɰɵ. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɥɸɦɢɧɢɟɜɨɣ 

ɛɪɨɧɡɵ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ. ɉɨɢɫɤ ɧɨɜɵɯ ɧɚɩɨɥɧɢɬɟɥɟɣ ɝɚɥɥɢɟɜɵɯ ɩɚɫɬ ɩɪɢ-

ɩɨɟɜ, ɤɨɬɨɪɵɟ ɩɪɢ ɞɢɮɮɭɡɢɨɧɧɨɦ ɬɜɟɪɞɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 100–300 

°ɋ ɞɚɸɬ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɫɩɚɹ ɫɜɵɲɟ 800 °ɋ. 

Ɂɚɞɚɱɢ: 

– ɩɪɨɜɟɫɬɢ ɥɢɬɟɪɚɬɭɪɧɵɣ ɚɧɚɥɢɡ ɩɨ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɟ; 

– ɜɵɩɨɥɧɢɬɶ ɤɨɦɩɥɟɤɫ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɪɨɲɤɨɜ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ; 

– ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ɢ ɩɪɨɞɭɤɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ; 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɢɡɭɱɟɧɚ ɤɢɧɟɬɢɤɚ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 

ɩɨɪɨɲɤɨɜ ɦɟɞɢ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ. Ɋɚɫɫɱɢɬɚɧɵ ɩɚɪɚɦɟɬɪɵ ɪɟɚɤɬɢɜɧɨɣ ɞɢɮɮɭ-

ɡɢɢ. Ɉɩɪɟɞɟɥɟɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɞɢ ɢ ɝɚɥɥɢɹ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 270 °ɋ.  

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɨɥɨɠɟɧɵ ɧɚ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɫɬɭɞɟɧɱɟɫɤɨɣ 

ɤɨɧɮɟɪɟɧɰɢɢ «ɉɪɨɫɩɟɤɬ ɫɜɨɛɨɞɧɵɣ» – 2020». 
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ȼȼȿȾȿɇɂȿ 
 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɜɟɪɞɵɯ ɢ ɠɢɞɤɢɯ ɫɨɫɬɚɜɥɹɸ-

ɳɢɯ ɞɢɮɮɭɡɢɨɧɧɨ-ɬɜɟɪɞɟɸɳɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɪɢɩɨɟɜ ɧɚ ɨɫɧɨɜɟ ɥɟɝɤɨ-

ɩɥɚɜɤɢɯ ɦɟɬɚɥɥɨɜ ɜɚɠɧɵ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɚɣɤɢ ɪɚɡɧɨɪɨɞ-

ɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɨɜɪɟɠɞɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɪɚɡɥɢɱɧɵɯ ɨɬɜɟɬ-

ɫɬɜɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. Ɋɚɡɪɚɛɨɬɤɚ ɢ ɢɡɭɱɟɧɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ 

ɧɚ ɨɫɧɨɜɟ ɝɚɥɥɢɹ, ɢɧɞɢɹ, ɨɥɨɜɚ ɢ ɰɢɧɤɚ ɫɬɚɧɨɜɹɬɫɹ ɜɫɟ ɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɦɢ.   

 ɂɫɩɨɥɶɡɨɜɚɬɶ ɝɚɥɥɢɣ ɤɚɤ ɨɫɧɨɜɧɨɣ ɤɨɦɩɨɧɟɧɬ ɞɥɹ ɞɢɮɮɭɡɢɨɧɧɨ-ɬɜɟɪ-

ɞɟɸɳɢɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ (ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɥɟɟɜ) ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɡ-ɡɚ ɪɹɞɚ ɩɪɟ-

ɢɦɭɳɟɫɬɜ: ɧɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ, ɫɩɨɫɨɛɧɨɫɬɶ ɯɨɪɨɲɨ ɫɦɚɱɢɜɚɬɶ ɪɚɡ-

ɥɢɱɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɚ ɬɚɤɠɟ ɚɤɬɢɜɧɨ ɜɫɬɭɩɚɬɶ ɜ ɪɟɚɤɰɢɢ ɫ ɬɭɝɨɩɥɚɜɤɢɦɢ ɦɟɬɚɥ-

ɥɚɦɢ ɢ ɫɩɥɚɜɚɦɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɇɚɪɹɞɭ ɫ ɞɨ-

ɫɬɨɢɧɫɬɜɚɦɢ, ɝɚɥɥɢɟɜɵɟ ɩɚɫɬɵ-ɩɪɢɩɨɢ ɢɦɟɸɬ ɧɟɞɨɫɬɚɬɤɢ. Ƚɥɚɜɧɵɟ – ɷɬɨ ɞɥɢ-

ɬɟɥɶɧɨɟ ɜɪɟɦɹ ɡɚɬɜɟɪɞɟɜɚɧɢɹ, ɞɢɮɮɭɡɢɨɧɧɚɹ ɩɨɪɢɫɬɨɫɬɶ ɢ ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ. 

Ɉɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɞɢɮɮɭɡɢ-

ɨɧɧɨ-ɬɜɟɪɞɟɸɳɢɯ ɝɚɥɥɢɟɜɵɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ ɜ ɫɢɫɬɟɦɚɯ Cu–Al–Ga ɢ (Cu–Al–

Mn) – Ga. 

ɐɟɥɶ ɪɚɛɨɬɵ.  ɐɟɥɶɸ ɞɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚ-

ɦɟɬɪɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ. ɉɨɢɫɤ ɧɨɜɵɯ 

ɫɨɫɬɚɜɨɜ ɧɚɩɨɥɧɢɬɟɥɟɣ ɝɚɥɥɢɟɜɵɯ ɩɚɫɬ ɩɪɢɩɨɟɜ, ɤɨɬɨɪɵɟ ɩɪɢ ɞɢɮɮɭɡɢɨɧɧɨɦ 

ɬɜɟɪɞɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 100–300 °ɋ ɞɚɸɬ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɫɩɚɹ 

ɫɜɵɲɟ   800 °ɋ. 

Ɂɚɞɚɱɢ. ȼɵɩɨɥɧɢɬɶ ɤɨɦɩɥɟɤɫ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɪɨɲɤɨɜ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ. 

Ɉɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ɢ ɩɪɨɞɭɤɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. 
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1 Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ  
 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɵ ɬɟɨɪɢɢ ɞɢɮɮɭɡɢɢ, ɨɫɧɨɜɵ ɧɢɡɤɨ-

ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɚɣɤɢ ɪɚɡɧɨɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɫɨɛɟɧɧɨɫɬɢ ɝɚɥɥɢɟɜɵɯ ɩɪɢ-

ɩɨɟɜ, ɢɡɥɨɠɟɧɵ ɫɨɜɪɟɦɟɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɪɟɚɤɰɢɨɧɧɨɣ (ɪɟɚɤɬɢɜɧɨɣ) ɞɢɮ-

ɮɭɡɢɢ ɜ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ, ɩɪɢɦɟɧɟɧɢɟ ɝɚɥɥɢɹ ɢ ɩɪɢɩɨɟɜ ɧɚ ɟɝɨ ɨɫɧɨɜɟ.  

1.1 ɉɚɣɤɚ ɦɟɬɚɥɥɨɜ 
 

ɉɚɣɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɧɟɪɚɡɴɟɦɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 

ɦɟɬɚɥɥɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ, ɪɚɫɩɥɚɜɥɟɧɧɵɦ ɩɪɢɩɨɟɦ. ɉɪɢ-

ɩɨɟɦ ɹɜɥɹɟɬɫɹ ɦɚɬɟɪɢɚɥ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟ-

ɧɢɹ ɩɚɹɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɪɢ ɩɚɣɤɟ ɩɥɚɜɢɬɫɹ ɬɨɥɶɤɨ ɩɪɢɫɚɞɨɱɧɵɣ ɫɩɥɚɜ – 

ɩɪɢɩɨɣ, ɚ ɦɟɠɞɭ ɩɚɹɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ ɢ ɩɪɢɩɨɟɦ ɩɪɨɬɟɤɚɟɬ ɩɪɨɰɟɫɫ ɜɡɚɢɦ-

ɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ [1]. 

Ɍɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɩɚɹɧɨɦɭ ɫɨɟɞɢɧɟɧɢɸ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ 

ɭɫɥɨɜɢɹ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɭɠɟɛɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢɡɞɟ-

ɥɢɹ/ɜ/ɰɟɥɨɦ: ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɝɟɪɦɟɬɢɱɧɨɫɬɶɸ, ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜ-

ɥɟɧɢɟɦ, ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ, ɫɬɨɣɤɨɫɬɶɸ ɩɪɨɬɢɜ ɬɟɪɦɨɭɞɚɪɨɜ, ɩɟɪɟɝɪɭ-

ɡɨɤ ɢ ɞɪ. 

ȼ ɩɪɨɰɟɫɫɟ ɩɚɣɤɢ ɪɚɫɩɥɚɜɥɟɧɧɵɣ ɩɪɢɩɨɣ ɜɜɨɞɢɬɫɹ ɜ ɡɚɡɨɪ ɦɟɠɞɭ ɧɚɝɪɟ-

ɬɵɦɢ ɫɨɟɞɢɧɹɟɦɵɦɢ ɞɟɬɚɥɹɦɢ. ɉɪɢɩɨɣ ɫɦɚɱɢɜɚɟɬ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɟɣ, ɪɚɫ-

ɬɟɤɚɟɬɫɹ ɢ ɡɚɩɨɥɧɹɟɬ ɡɚɡɨɪ ɦɟɠɞɭ ɧɢɦɢ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɪɢɩɨɹ ɫ ɦɚɬɟɪɢɚɥɨɦ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɪɚɫɬɜɨɪɟɧɢɟɦ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɜ ɠɢɞɤɨɦ ɩɪɢɩɨɟ ɫ ɨɛɪɚɡɨ-

ɜɚɧɢɟɦ ɷɜɬɟɤɬɢɤ ɢ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ, ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɟɣ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢ-

ɩɨɹ ɜ ɫɬɨɪɨɧɭ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɤɨɦɩɨɧɟɧɬɨɜ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɜ ɫɬɨɪɨɧɭ 

ɩɪɢɩɨɹ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɠɢɞɤɨɣ ɩɪɨɫɥɨɣɤɢ [1].  

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɩɪɨɱɧɨɝɨ ɢ ɧɚɞɟɠɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɯɢɦɢɱɟ-

ɫɤɨɝɨ ɫɨɫɬɚɜɚ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɦɟɬɚɥɥɨɜ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨ-

ɫɬɢ ɩɚɣɤɢ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ ɞɢɮɮɭɡɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ, 
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ɩɪɨɬɟɤɚɸɳɢɟ ɦɟɠɞɭ ɩɪɢɩɨɟɦ ɢ ɨɫɧɨɜɧɵɦ ɦɟɬɚɥɥɨɦ. ɑɟɦ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɚ 

ɩɪɨɰɟɫɫɚ ɢ ɟɝɨ ɞɥɢɬɟɥɶɧɨɫɬɶ, ɬɟɦ ɛɨɥɶɲɟ ɫɬɟɩɟɧɶ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɦɟɠɞɭ 

ɪɚɫɩɥɚɜɥɟɧɧɵɦ ɩɪɢɩɨɟɦ ɢ ɨɫɧɨɜɧɵɦ ɦɟɬɚɥɥɨɦ ɢ ɬɟɦ ɜɵɲɟ ɦɟɯɚɧɢɱɟɫɤɚɹ 

ɩɪɨɱɧɨɫɬɶ ɫɨɟɞɢɧɹɟɦɵɯ ɞɟɬɚɥɟɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɱɧɨɫɬɶ ɩɚɣɤɢ ɡɚɜɢɫɢɬ ɨɬ ɜɟ-

ɥɢɱɢɧɵ ɡɚɡɨɪɚ ɦɟɠɞɭ ɩɚɹɟɦɵɦɢ ɞɟɬɚɥɹɦɢ. Ɍɚɤ, ɩɪɢ ɦɚɥɵɯ ɡɚɡɨɪɚɯ ɭɥɭɱɲɚɟɬɫɹ 

ɡɚɬɟɤɚɧɢɟ ɩɪɢɩɨɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɚɩɢɥɥɹɪɧɵɯ ɫɢɥ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɡɧɚɱɟɧɢɟ 

ɜɪɟɦɟɧɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɛɨɥɶɲɟ ɡɧɚɱɟɧɢɹ ɜɪɟɦɟɧɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɚɦɨɝɨ ɩɪɢɩɨɹ. 

ɋɧɚɱɚɥɚ ɩɪɢɩɨɣ ɯɨɪɨɲɨ ɫɦɚɱɢɜɚɟɬ ɩɨɜɟɪɯɧɨɫɬɶ ɢɡɞɟɥɢɹ, ɚ ɩɨɫɥɟ ɷɬɨɝɨ 

ɩɪɨɱɧɨ ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɧɟɣ. Ⱦɥɹ ɷɬɨɝɨ ɩɨɜɟɪɯɧɨɫɬɶ ɞɨɥɠɧɚ ɛɵɬɶ ɬɳɚɬɟɥɶɧɨ ɨɱɢ-

ɳɟɧɚ ɨɬ ɡɚɝɪɹɡɧɟɧɢɣ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɞɥɹ ɭɞɚɥɟɧɢɹ ɩɥɟɧɨɤ ɨɤɫɢɞɨɜ ɫ ɩɨɜɟɪɯɧɨ-

ɫɬɟɣ ɩɚɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɩɪɢɩɨɹ ɢ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ 

ɩɚɣɤɟ ɢɫɩɨɥɶɡɭɸɬ ɩɚɹɥɶɧɵɟ ɮɥɸɫɵ. Ɏɥɸɫɵ, ɤɪɨɦɟ ɬɨɝɨ, ɫɩɨɫɨɛɫɬɜɭɸɬ ɥɭɱ-

ɲɟɦɭ ɡɚɬɟɤɚɧɢɸ ɩɪɢɩɨɹ ɜ ɡɚɡɨɪ ɦɟɠɞɭ ɫɨɟɞɢɧɹɟɦɵɦɢ ɞɟɬɚɥɹɦɢ ɢ ɪɚɫɬɟɤɚɧɢɸ 

ɩɨ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ [1].  

 

1.2 Ƚɚɥɥɢɟɜɵɟ ɩɪɢɩɨɢ 

 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɠɢɞɤɨɝɨ ɝɚɥɥɢɹ ɫ ɩɨɪɨɲɤɚɦɢ ɦɟɬɚɥɥɨɜ ɥɟɠɢɬ ɜ ɨɫɧɨɜɟ 

ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɚɣɤɢ ɪɚɡɧɨɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɩɪɨ-

ɢɡɜɨɞɫɬɜɟ ɚɜɢɚɰɢɨɧɧɨɣ, ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ, ɜɚɤɭɭɦɧɨɣ ɢ ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯ-

ɧɢɤɢ. [2] 

Ƚɚɥɥɢɣ ɨɛɥɚɞɚɟɬ ɭɧɢɤɚɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɦɚɱɢɜɚɬɶ ɤɚɤ ɦɟɬɚɥɥɢɱɟ-

ɫɤɢɟ, ɬɚɤ ɢ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɛɟɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɮɥɸɫɨɜ. ɇɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɝɚɥɥɢɹ (29,8 °ɋ) ɩɨɡɜɨɥɹɟɬ ɫɨɟɞɢɧɹɬɶ 

ɦɚɬɟɪɢɚɥɵ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɨɛɟɫɩɟɱɢɜɚɹ ɬɪɟɛɭɟɦɵɣ ɤɨɦɩɥɟɤɫ ɦɟ-

ɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɢɮɮɭɡɢɨɧɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ 

ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɤɨɦɩɨɡɢɬɨɜ-ɧɚɩɨɥɧɢɬɟɥɟɣ ɩɚɫɬɵ-ɩɪɢɩɨɹ ɢ ɫɨɟɞɢɧɹɟɦɨɝɨ ɦɚ-

ɬɟɪɢɚɥɚ. [2] 
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ȼ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɟɣ ɝɚɥɥɢɟɜɵɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ ɫɥɭɠɚɬ ɬɨɧɤɨɞɢɫɩɟɪɫ-

ɧɵɟ ɩɨɪɨɲɤɢ ɦɟɞɢ, ɧɢɤɟɥɹ, ɫɟɪɟɛɪɚ, ɠɟɥɟɡɚ, ɤɨɛɚɥɶɬɚ, ɬɢɬɚɧɚ, ɦɚɝɧɢɹ, ɩɪɢɝɨɞ-

ɧɵɟ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɩɨɟɜ ɞɥɹ ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɚɣɤɢ ɬɢɬɚɧɚ, ɦɟɞɢ, ɪɹɞɚ ɦɟɬɚɥɥɨɜ 

ɢ ɢɯ ɫɩɥɚɜɨɜ ɜɫɥɟɞɫɬɜɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɫ ɝɚɥɥɢɟɦ ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɢ ɬɜɟɪɞɵɯ ɪɚɫ-

ɬɜɨɪɨɜ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɚɡ. 

Ƚɥɚɜɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɝɚɥɥɢɟɜɵɯ ɩɚɫɬ – ɷɬɨ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɡɚɬɜɟɪɞɟɜɚ-

ɧɢɹ, ɨɛɪɚɡɭɸɳɚɹɫɹ ɞɢɮɮɭɡɢɨɧɧɚɹ ɩɨɪɢɫɬɨɫɬɶ ɢ ɞɨɪɨɝɨɜɢɡɧɚ. 

ɋɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɯɚɪɚɤɬɟɪɨɦ ɢ ɤɢɧɟɬɢɤɨɣ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɹ ɝɚɥɥɢɹ ɫ ɧɚɩɨɥɧɢɬɟɥɹɦɢ ɢ ɫɨɟɞɢɧɹɟɦɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ. [3] 

 

1.3 ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɥɸɦɢɧɢɹ ɢ ɠɢɞɤɨɝɨ ɝɚɥɥɢɹ 

 

Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɯɪɭɩɤɢɯ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɨɟɞɢɧɟ-

ɧɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɫɨɟɞɢɧɹɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɫɩɨɥɶɡɭɸɬ ɫɨɨɬɜɟɬ-

ɫɬɜɭɸɳɢɟ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɜɫɬɚɜɤɢ ɢɡ ɬɪɟɬɶɟɝɨ ɦɟɬɚɥɥɚ, ɜɫɬɚɜɤɢ ɹɜɥɹɸɬɫɹ 

ɫɜɨɟɨɛɪɚɡɧɵɦ ɞɢɮɮɭɡɢɨɧɧɵɦ ɛɚɪɶɟɪɨɦ ɦɟɠɞɭ ɫɜɚɪɢɜɚɟɦɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ. 

Ⱥɤɬɢɜɚɰɢɹ ɚɞɝɟɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫɨɟɞɢɧɹɟɦɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɫɭɳɟɫɬɜɥɹ-

ɟɬɫɹ ɧɚɧɟɫɟɧɢɟɦ ɫɥɨɹ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɝɚɥɥɢɹ ɢ ɩɨɫɥɟɞɭɸɳɢɦ ɧɚɝɪɟɜɨɦ ɜɫɟɝɨ 

ɭɡɥɚ.  

Ɍɚɤɚɹ ɬɟɯɧɨɥɨɝɢɹ ɫɨɟɞɢɧɟɧɢɹ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɪɨɱ-

ɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɛɟɡ ɪɚɫɩɥɚɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɢ ɯɢɦɢɱɟɫɤɭɸ ɨɱɢɫɬɤɭ ɫɨɟɞɢɧɹɟ-

ɦɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɬ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ [4].  

ȼɵɫɨɤɚɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɝɚɥɥɢɹ ɞɟɥɚɟɬ ɞɚɧɧɭɸ ɬɟɯɧɨɥɨ-

ɝɢɱɟɫɤɭɸ ɡɚɞɚɱɭ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɵɦ ɩɪɨɰɟɫɫɨɦ, ɡɚɜɢɫɹɳɢɦ ɨɬ ɪɹɞɚ ɤɚɤ ɩɨ-

ɥɨɠɢɬɟɥɶɧɵɯ, ɬɚɤ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɮɚɤɬɨɪɨɜ. Ƚɚɥɥɢɣ ɯɨɪɨɲɨ ɫɦɚɱɢɜɚɟɬ ɛɨɥɶ-

ɲɢɧɫɬɜɨ ɦɟɬɚɥɥɨɜ, ɩɨɷɬɨɦɭ ɢɯ ɥɟɝɤɨ «ɫɤɥɟɢɜɚɬɶ». Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ 

ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɚɥɥɢɹ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 30 ɞɨ 2200 °ɋ. Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɩɪɢɩɨɢ 

ɧɚ ɨɫɧɨɜɟ ɝɚɥɥɢɹ ɩɪɢɞɚɸɬ ɲɜɭ ɬɟɩɥɨ- ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɭɸ 

ɠɟɫɬɤɨɫɬɶ. ȼɫɥɟɞɫɬɜɢɟ ɫɨɟɞɢɧɟɧɢɹ ɞɟɬɚɥɟɣ ɜ ɭɡɥɵ ɛɟɡ ɨɩɥɚɜɥɟɧɢɹ ɨɫɧɨɜɧɨɝɨ 

ɦɟɬɚɥɥɚ ɪɟɡɤɨ ɫɧɢɠɚɟɬɫɹ ɫɬɟɩɟɧɶ ɟɝɨ ɤɨɪɨɛɥɟɧɢɹ ɢ ɨɤɢɫɥɟɧɢɹ. ɉɪɨɱɧɨɫɬɶ ɩɪɢ 
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ɪɚɜɧɨɦɟɪɧɨɦ ɨɬɪɵɜɟ ɫɨɟɞɢɧɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɝɚɥɥɢɟɜɵɯ «ɤɥɟɟɜ», 

ɫɨɫɬɚɜɥɹɟɬ 26-30 Ɇɉɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ.  

ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɢɮɮɭɡɢɹ ɝɚɥɥɢɹ ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɟɬ, ɚ ɫ ɟɟ 

ɩɨɧɢɠɟɧɢɟɦ ɩɪɢɩɨɣ ɬɜɟɪɞɟɟɬ ɢ ɩɪɢ ɫɯɜɚɬɵɜɚɧɢɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɨɟɞɢɧɟɧɢɸ 

ɞɟɬɚɥɟɣ, ɞɚɠɟ ɟɫɥɢ ɨɧɢ ɧɟ ɫɦɚɱɢɜɚɸɬɫɹ ɤɥɟɟɦ. 

Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɝɚɥɥɢɹ ɜ ɬɜɟɪɞɨɦ ɚɥɸɦɢɧɢɢ ɩɪɢ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚ-

ɬɭɪɟ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 15-20 %, ɩɪɢ ɷɬɨɦ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɚɥɸɦɢɧɢɹ ɜ ɝɚɥ-

ɥɢɢ ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ. ɂɫɤɥɸɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɝɚɥɥɢɹ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛ-

ɧɨɫɬɶ ɟɝɨ ɪɚɫɩɥɚɜɨɜ ɤ ɩɟɪɟɨɯɥɚɠɞɟɧɢɸ: ɩɪɢ ɫɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 10-30 

°ɋ ɧɢɠɟ ɬɨɱɤɢ ɩɥɚɜɥɟɧɢɹ ɨɧ ɨɫɬɚɟɬɫɹ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɪɢɱɢɧɚ ɬɚɤɨɣ ɚɧɨ-

ɦɚɥɢɢ ɫɨɫɬɨɢɬ ɜ ɨɫɨɛɟɧɧɨɫɬɹɯ ɫɬɪɨɟɧɢɹ ɦɨɥɟɤɭɥ ɢ ɫɜɹɡɟɣ ɦɟɠɞɭ ɧɢɦɢ ɜ ɪɚɡ-

ɧɵɯ ɚɝɪɟɝɚɬɧɵɯ ɫɨɫɬɨɹɧɢɹɯ [4, 5].  

ɋɨɟɞɢɧɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɨɦɨɳɶɸ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɝɚɥɥɢɹ ɹɜɥɹɟɬɫɹ 

ɬɪɟɯɫɬɚɞɢɣɧɵɦ ɩɪɨɰɟɫɫɨɦ: ɨɛɪɚɡɨɜɚɧɢɟ ɮɢɡɢɱɟɫɤɨɝɨ ɤɨɧɬɚɤɬɚ (ɫɦɚɱɢɜɚɧɢɟ 

ɫɨɟɞɢɧɹɟɦɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɚɫɩɥɚɜɥɟɧɧɵɦ ɝɚɥɥɢɟɦ); ɚɤɬɢɜɚɰɢɹ ɤɨɧɬɚɤɬɧɵɯ 

ɩɨɜɟɪɯɧɨɫɬɟɣ (ɭɞɚɥɟɧɢɟ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ); ɨɛɴɟɦɧɨɟ ɪɚɡɜɢɬɢɟ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɹ ɦɟɠɞɭ ɦɚɬɟɪɢɚɥɚɦɢ (ɩɪɢɠɚɬɢɟ ɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɧɚɱɚɥɨ ɞɢɮɮɭɡɢɢ). 

Ɇɟɯɚɧɢɡɦ ɞɢɮɮɭɡɢɢ ɝɚɥɥɢɹ ɜ ɚɥɸɦɢɧɢɣ ɜ ɨɫɧɨɜɧɨɦ ɫɜɹɡɚɧ ɫ ɫɨɨɬɧɨɲɟ-

ɧɢɟɦ ɚɬɨɦɧɵɯ ɪɚɞɢɭɫɨɜ ɞɢɮɮɭɡɚɧɬɚ ɢ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɬɜɨɪɢɬɟɥɹ: ɩɪɢɛɥɢɠɟ-

ɧɢɟ ɪɚɡɦɟɪɚ ɚɬɨɦɚ ɝɚɥɥɢɹ ɤ ɪɚɡɦɟɪɭ ɚɬɨɦɚ ɚɥɸɦɢɧɢɹ ɫɩɨɫɨɛɫɬɜɭɟɬ ɞɢɮɮɭɡɢɢ 

ɝɚɥɥɢɹ ɩɨ ɜɚɤɚɧɫɢɹɦ ɚɥɸɦɢɧɢɹ. ɋɤɨɪɨɫɬɶ ɩɪɨɞɜɢɠɟɧɢɹ ɚɬɨɦɨɜ ɝɚɥɥɢɹ ɩɨ ɝɪɚ-

ɧɢɰɚɦ ɡɟɪɟɧ ɚɥɸɦɢɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 27 °ɋ ɩɪɢɦɟɪɧɨ ɬɚɤɚɹ ɠɟ, ɤɚɤ ɢ ɞɢɮ-

ɮɭɡɢɢ ɝɚɥɥɢɹ ɜ ɠɢɞɤɨɦ ɚɥɸɦɢɧɢɢ (D = 1⋅ͳͲ−ହ смଶ/ɫ). ɗɧɟɪɝɢɹ ɩɨɜɟɪɯɧɨɫɬɢ 

ɪɚɡɞɟɥɚ ɧɟɜɟɥɢɤɚ ɢ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 0,06-0,3 ɇ/ɦ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɩɪɢɫɭɬ-

ɫɬɜɢɢ ɞɢɮɮɭɡɚɧɬɚ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɡɞɚɸɬɫɹ 

ɭɫɥɨɜɢɹ ɞɥɹ ɡɟɪɧɨ-ɝɪɚɧɢɱɧɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɫɦɚɱɢɜɚɧɢɹ. 

ɇɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ, ɤɨɝɞɚ ɫɬɟɩɟɧɶ ɞɢɮɮɭɡɢɢ ɧɟɫɭɳɟɫɬɜɟɧɧɚɹ, ɩɪɨɢɫɯɨ-

ɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɝɨɦɨɝɟɧɧɨɝɨ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɜɫɥɟɞɫɬɜɢɟ ɞɢɮɮɭɡɢɢ ɩɨ 

ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ. Ⱦɚɥɟɟ ɮɨɪɦɢɪɭɟɬɫɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɢɦɟɸɳɟɟ 
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ɧɟɫɤɨɥɶɤɨ ɫɧɢɠɟɧɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. ɋɤɥɨɧɧɨɫɬɶ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ 

ɩɨɧɢɠɟɧɢɸ ɩɪɨɱɧɨɫɬɢ ɨɛɭɫɥɨɜɥɟɧɚ ɧɚɥɢɱɢɟɦ ɷɮɮɟɤɬɚ Ɋɟɛɢɧɞɟɪɚ [6].  

 

1.4 Ɉɫɧɨɜɵ ɬɟɨɪɢɢ ɞɢɮɮɭɡɢɢ 

 

Ⱦɢɮɮɭɡɢɹ – ɷɬɨ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ ɩɪɨɰɟɫɫ ɜɵɪɚɜɧɢɜɚɧɢɹ ɤɨɧɰɟɧɬɪɚ-

ɰɢɢ ɱɚɫɬɢɰ ɜɨ ɜɫɟɦ ɨɛɴɟɦɟ ɤɨɥɥɨɢɞɧɨɣ ɫɢɫɬɟɦɵ ɢɥɢ ɦɨɥɟɤɭɥ ɜ ɪɚɫɬɜɨɪɚɯ [7].  

ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɞɢɮɮɭɡɢɹ ɢɞɟɬ ɢɡ ɫɥɨɹ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 

ɱɚɫɬɢɰ ɞɨ ɩɨɥɧɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢɹ ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɨ ɜɫɟɯ ɱɚɫɬɹɯ ɫɢɫɬɟɦɵ. 

ɉɟɪɜɵɣ ɡɚɤɨɧ Ɏɢɤɚ:  

 

          dm = −  DS 
∂C
∂x

 dt,  (1.1) 

 
ɝɞɟ ∂m – ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɨɟ ɩɪɨɯɨɞɢɬ ɡɚ ɜɪɟɦɹ dt 

ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ S, ɢɦɟɹ ɤɨɧɰɟɧɬɪɚɰɢɸ С(x);  

 D – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ, ɫɦ2/ɫ ɥɢɛɨ ɦ2/ɫ; 

 (∂C/∂x) – ɝɪɚɞɢɟɧɬ ɤɨɧɰɟɧɬɪɚɰɢɣ. 

Ɂɧɚɤ «ɦɢɧɭɫ» ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɨɬɨɤ ɧɚɩɪɚɜɥɟɧ ɢɡ ɨɛɥɚɫɬɢ ɫ ɛɨɥɶɲɟɣ ɤɨɧ-

ɰɟɧɬɪɚɰɢɟɣ ɜ ɨɛɥɚɫɬɶ ɫ ɦɟɧɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ. 

ɂɡ ɜɯɨɞɹɳɢɯ ɜ ɡɚɤɨɧ Ɏɢɤɚ ɜɟɥɢɱɢɧ ɬɨɥɶɤɨ ɨɞɧɚ ɡɚɜɢɫɢɬ ɨɬ ɫɜɨɣɫɬɜ ɞɢɫ-

ɩɟɪɝɢɪɨɜɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɵ – ɷɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭ-

ɡɢɢ D.  

Ⱦɢɮɮɭɡɢɹ ɨɱɟɧɶ ɦɟɞɥɟɧɧɵɣ ɩɪɨɰɟɫɫ, ɩɨɷɬɨɦɭ D ɬɚɤɠɟ ɦɚɥ. ɇɚɢɛɨɥɟɟ 

ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ D ɩɪɢɫɭɳɢ ɝɚɡɚɦ, ɩɨɞɜɢɠɧɨɫɬɶ ɱɚɫɬɢɰ ɤɨɬɨɪɵɯ ɧɚɢɛɨɥɶɲɚɹ 

[7].  

Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɤɨɥɥɨɢɞɧɵɯ ɱɚɫɬɢɰ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ 

ɗɣɧɲɬɟɣɧɚ [8]: 

ܦ           = 𝑘𝑇/𝑓 (1.2) 
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ɝɞɟ k – ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ; f – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɤɨɥɥɨɢɞɧɨɣ ɱɚ-

ɫɬɢɰɵ ɨ ɜɟɳɟɫɬɜɨ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɵ.  

ȼɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ Ɏɢɤɚ, ɤɨɬɨɪɨɟ ɜɵɜɨɞɢɬɫɹ ɢɡ ɩɟɪɜɨɝɨ, ɨɩɢɫɵɜɚɟɬ ɭɫɥɨ-

ɜɢɹ, ɤɨɝɞɚ ɝɪɚɞɢɟɧɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭ-

ɡɢɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ:  

            dC/dt = D ሺ∂ʹ C/∂xʹሻ. (1.3) 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ D (ɦ2/ɫ), ɹɜɥɹɸɳɢɣɫɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠ-

ɧɵɯ ɜɟɥɢɱɢɧ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɫɤɨɪɨɫɬɶ ɞɢɮɮɭɡɢɢ, ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ ɪɚɫɬɜɨ-

ɪɢɬɟɥɹ ɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɨɬ ɫɬɪɭɤɬɭɪɧɵɯ ɮɚɤɬɨɪɨɜ (ɪɚɡɦɟɪɚ ɡɟɪɧɚ, 

ɩɥɨɬɧɨɫɬɢ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɟɮɟɤɬɨɜ ɫɬɪɨɟɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟ-

ɫɤɨɣ ɪɟɲɟɬɤɢ), ɧɨ ɧɚɢɛɨɥɟɟ ɫɢɥɶɧɨ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɜɥɢɹɟɬ ɬɟɦɩɟ-

ɪɚɬɭɪɚ. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɱɢɧɹɟɬɫɹ ɡɚ-

ɤɨɧɭ Ⱥɪɪɟɧɢɭɫɚ [7]:           D = D0 exp ( −  Q/RT), (1.4) 

 ɝɞɟ Q – ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɞɢɮɮɭɡɢɢ (ɤɚɥ/ɦɨɥɶ); 

          D0 – ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɦɧɨɠɢɬɟɥɶ (ɦ2/ɫ), ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɫɢɥ 

ɫɜɹɡɢ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ;  

R – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ (ɤɚɥ /ɦɨɥɶ·Ʉ); 

T – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ (Ʉ). 

ɉɨɫɥɟ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɢɹ ɜɵɪɚɠɟɧɢɹ (1.4) ɩɨɥɭɱɚɟɦ 

           lnD = lnD0 - Q/RT.   (1.5) 

 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɞɢɮɮɭɡɢɢ D0 ɢ Q ɞɨɫɬɚɬɨɱɧɨ ɡɧɚɬɶ ɤɨɷɮɮɢɰɢ-

ɟɧɬɵ ɞɢɮɮɭɡɢɢ ɩɪɢ ɞɜɭɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɨɞɧɨɣ ɮɚɡɟ. 
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ɉɪɢ ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɩɪɨɰɟɫɫɚ ɞɢɮɮɭɡɢɢ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɜɝɥɭɛɶ ɢɡɞɟɥɢɹ 

(ɬɚɤɨɣ ɩɪɨɰɟɫɫ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɤɨɧɬɚɤɬɟ ɢɡɞɟɥɢɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ ɞɢɮɮɭɧ-

ɞɢɪɭɸɳɢɦ ɷɥɟɦɟɧɬɨɦ) ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɢɡɞɟɥɢɹ ɫɨɡɞɚɟɬɫɹ ɞɢɮɮɭɡɢɨɧ-

ɧɚɹ ɡɨɧɚ ɫ ɢɡɦɟɧɟɧɧɵɦ ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ. 

ɉɪɢ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ, ɢɡɦɟɪɹɹ ɝɥɭɛɢɧɭ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ, ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɩɨ ɮɨɪɦɭɥɟ [7]: 

           D = x2

2t
, (1.6) 

 

ɝɞɟ x – ɫɪɟɞɧɹɹ ɝɥɭɛɢɧɚ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ (ɞɥɹ ɪɚɫɱɟɬɚ ɛɟɪɟɬɫɹ ɩɨɥɨɜɢɧɚ 

ɝɥɭɛɢɧɵ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ), ɦɤɦ; 

t – ɜɪɟɦɹ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɫɟɤ. 

Ɋɚɫɫɦɨɬɪɢɦ ɞɢɮɮɭɡɢɨɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ. Ⱦɥɹ ɩɪɨɫɬɟɣɲɢɯ 

ɫɥɭɱɚɟɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɡɚɤɨɧɵ Ɏɢɤɚ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ [9]. 

ɉɟɪɜɵɣ ɡɚɤɨɧ Ɏɢɤɚ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ: 

  j = - DS
∂C(x)

∂x
, (1.7) 

 

ɝɞɟ j – ɩɨɬɨɤ ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɱɟɪɟɡ ɟɞɢɧɢɰɭ ɩɨɜɟɪɯɧɨɫɬɢ S. 

 Ɂɧɚɤ «ɦɢɧɭɫ» ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɩɨɬɨɤ ɧɚɩɪɚɜɥɟɧ ɢɡ ɨɛɥɚɫɬɢ ɛɨɥɶɲɟɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɨɛɥɚɫɬɶ ɫ ɦɟɧɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɷɥɟ-

ɦɟɧɬɚ. 

ɍɪɚɜɧɟɧɢɟ (1.7) ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɤɨɪɨɫɬɶ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɞɢɮɮɭɧɞɢɪɭɸ-

ɳɟɝɨ ɜɟɳɟɫɬɜɚ, ɱɟɪɟɡ ɟɞɢɧɢɰɭ ɩɨɜɟɪɯɧɨɫɬɢ ɫɪɟɞɵ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɦ ɫɨɫɬɨɹ-

ɧɢɢ ɩɨɬɨɤɚ. ɋɤɨɪɨɫɬɶ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜɵɪɚɠɚɟɬɫɹ ɱɟɪɟɡ ɝɪɚɞɢɟɧɬ   ɤɨɧɰɟɧɬɪɚ-

ɰɢɢ   ɢ   ɩɨɫɬɨɹɧɧɭɸ   ɜɟɥɢɱɢɧɭ –  ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ D.  

ȼɬɨɪɨɣ ɡɚɤɨɧ Ɏɢɤɚ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ [9]: 
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∂C(x,t)
∂t

=D
∂2C(x,t)

∂x2 . (1.8) 

 

ɍɪɚɜɧɟɧɢɟ (1.8) ɜɵɪɚɠɚɟɬ ɧɚɤɨɩɥɟɧɢɟ ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɜ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɨɱɤɟ, ɤɚɤ ɮɭɧɤɰɢɸ ɜɪɟɦɟɧɢ. Ⱦɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬ 

ɧɟɫɬɚɰɢɨɧɚɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɨɬɨɤɚ.  

ɉɨɜɵɲɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɧɟɫɨɜɟɪɲɟɧɫɬɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ ɡɚ-

ɦɟɬɧɨ ɜɥɢɹɸɬ ɧɚ ɩɪɨɰɟɫɫɵ ɞɢɮɮɭɡɢɢ ɜ ɦɟɬɚɥɥɚɯ, ɚ ɢɦɟɧɧɨ, ɩɪɨɢɫɯɨɞɢɬ ɭɜɟ-

ɥɢɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɢɮɮɭɡɢɢ. 

ȼ ɛɢɧɚɪɧɵɯ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɚɯ ɡɚɦɟɳɟɧɢɹ, ɞɢɮɮɭɡɢɨɧɧɵɣ ɦɚɫɫɨɩɟɪɟ-

ɧɨɫ ɩɪɨɬɟɤɚɟɬ ɩɨ ɜɚɤɚɧɫɢɨɧɧɨɦɭ ɦɟɯɚɧɢɡɦɭ. ȼ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɨɫɧɨɜɧɨɣ ɯɚ-

ɪɚɤɬɟɪɢɫɬɢɤɨɣ ɹɜɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹ-

ɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Ⱦɚɪɤɟɧɚ. 

ɇɚ ɨɫɧɨɜɟ ɨɩɵɬɚ Ʉɢɪɤɟɧɞɚɥɥɚ – ɒɦɢɧɟɥɶɫɤɚɫɚ Ⱦɚɪɤɟɧɨɦ ɛɵɥɚ ɫɮɨɪɦɭ-

ɥɢɪɨɜɚɧɚ ɮɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɚɹ (ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ) ɬɟɨɪɢɹ ɯɢɦɢɱɟɫɤɨɣ ɞɢɮ-

ɮɭɡɢɢ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɨɥɭɱɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɞɥɹ ɢɧɞɢ-

ɜɢɞɭɚɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ [9]: 

 Ď = ,ݔଵሺܥ 𝜏ሻĎଶ + ,ݔଶሺܥ 𝜏ሻĎଵܥ = 𝑁ଵĎଶ + 𝑁ଶĎଵ; 
 

(1.9) 

ɝɞɟ Ď – ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ,  ܥଵሺݔ, 𝜏ሻ ɢ ܥଶሺݔ, 𝜏ሻ – ɱɢɫɥɨ ɚɬɨɦɨɜ 

ɧɚ ɟɞɢɧɢɰɭ ɨɛɴɟɦɚ ɜ ɛɢɧɚɪɧɨɦ ɫɩɥɚɜɟ, 𝑁𝑖 – ɚɬɨɦɧɵɟ (ɦɨɥɶɧɵɟ) ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɷɥɟɦɟɧɬɨɜ. 

ɋɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɮɪɨɧɬɚ ɞɢɮɮɭɡɢɢ: 

 𝑉 = ሺĎଵ − Ďଶሻ · 𝑑𝑁ଵሺݔ, 𝜏ሻ𝑑ݔ  

 

(1.10) 
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ɍɪɚɜɧɟɧɢɹ (1.9) ɢ (1.10), ɢɡɜɟɫɬɧɵɟ ɤɚɤ ɭɪɚɜɧɟɧɢɹ Ⱦɚɪɤɟɧɚ, ɨɬɪɚɠɚɸɬ 

ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɣ ɢ ɚɬɨɦɧɨɣ ɜɡɚɢɦɧɨɣ 

ɞɢɮɮɭɡɢɢ. ɂɧɚɱɟ ɝɨɜɨɪɹ, ɟɫɥɢ Ď ɢ 𝑉 ɨɩɪɟɞɟɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ, ɬɨ Ďଵ ɢ Ďଶ ɦɨɝɭɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɵ [9].  

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɡɚɦɟɱɚɧɢɟ. ɇɚɛɥɸɞɚɟɦɵɣ ɷɮɮɟɤɬ Ʉɢɪɤɟɧɞɚɥɥɚ ɹɜɥɹ-

ɟɬɫɹ ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ ɝɢɩɨɬɟɡɵ ɜɚɤɚɧɫɢɨɧɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɞɢɮɮɭɡɢɢ ɜ ɫɩɥɚ-

ɜɚɯ ɡɚɦɟɳɟɧɢɹ, ɬ. ɟ. ɫɨɜɦɟɫɬɧɨ ɫ ɩɨɬɨɤɨɦ ɤɚɤɨɝɨ-ɥɢɛɨ ɤɨɦɩɨɧɟɧɬɚ ɜɨɡɧɢɤɚɟɬ 

ɪɚɜɧɵɣ, ɧɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɧɚɩɪɚɜɥɟɧɧɵɣ ɩɨɬɨɤ ɜɚɤɚɧɫɢɣ. Ɉɞɧɚɤɨ ɞɥɹ ɫɥɭ-

ɱɚɹ ɪɚɡɥɢɱɧɵɯ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɨɬɨɤɨɜ ɤɨɦɩɨɧɟɧɬɨɜ ɫɩɥɚɜɚ ɫɭɳɟɫɬɜɭɟɬ ɧɟɧɭ-

ɥɟɜɨɣ ɩɨɬɨɤ ɜɚɤɚɧɫɢɣ, ɩɪɢɜɨɞɹɳɢɣ ɤ ɪɨɫɬɭ ɱɢɫɥɚ ɜɚɤɚɧɫɢɣ ɬɚɦ, ɝɞɟ ɫɤɨɪɨɫɬɶ 

ɞɢɮɮɭɡɢɢ ɜɟɥɢɤɚ. ɗɬɨ ɜɟɞɟɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɨɪ ɢ ɢɡɦɟɧɟɧɢɸ ɜɟɳɟɫɬɜɚ ɜ ɨɛɴ-

ɟɦɟ, ɱɬɨ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɨɱɟɧɶ ɫɟɪɶɟɡɧɵɟ ɭɯɭɞɲɟɧɢɹ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ. ȼ 

ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɫɜɚɪɤɢ ɢɥɢ ɞɥɹ ɝɨɪɹɱɟɝɨ ɷɦɚɥɢɪɨɜɚɧɢɹ ɩɨɝɪɭɠɟɧɢɟɦ ɞɚɧɧɨɟ 

ɹɜɥɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ ɢɫɬɨɱɧɢɤɨɦ ɨɫɧɨɜɧɵɯ ɩɪɨɛɥɟɦ, ɢ ɧɟɨɛɯɨɞɢɦɵ ɫɩɟɰɢɚɥɶ-

ɧɵɟ ɦɟɪɵ ɞɥɹ ɢɯ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ [10].  

 

1.5 Ɋɟɚɤɰɢɨɧɧɚɹ ɞɢɮɮɭɡɢɹ ɜ ɦɟɬɚɥɥɚɯ ɢ ɫɩɥɚɜɚɯ, ɤɢɧɟɬɢɤɚ ɨɛɪɚɡɨ-
ɜɚɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɚɡ 

 

Ɋɟɚɤɰɢɨɧɧɚɹ ɞɢɮɮɭɡɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢɹ ɧɨɜɵɯ 

ɮɚɡ, ɤɨɬɨɪɵɟ ɨɬɥɢɱɧɵ ɨɬ ɢɫɯɨɞɧɵɯ. ɗɬɚ ɞɢɮɮɭɡɢɹ ɩɪɨɬɟɤɚɟɬ ɜɧɭɬɪɢ ɨɬɞɟɥɶ-

ɧɨɣ ɮɚɡɵ. ɇɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ɮɢɤɫɢɪɭɸɬɫɹ ɤɨɧɤɪɟɬɧɵɟ ɫɨɫɬɚɜɵ, ɤɨɬɨɪɵɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɝɪɚɧɢɰɚɦ ɞɜɭɯɮɚɡɧɨɣ ɨɛɥɚɫɬɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɮɚɡ ɧɚ ɞɢɚ-

ɝɪɚɦɦɟ ɫɨɫɬɨɹɧɢɹ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨ ɲɢɪɢɧɟ ɞɢɮɮɭɡɢɨɧɧɨɝɨ 

ɫɥɨɹ ɩɪɢ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɤɚɱɤɚɦɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜ ɦɟ-

ɫɬɚɯ ɩɟɪɟɯɨɞɨɜ ɨɞɧɨɣ ɮɚɡɵ ɜ ɞɪɭɝɭɸ. Ɋɟɡɭɥɶɬɚɬɨɦ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ ɹɜ-

ɥɹɸɬɫɹ ɯɢɦɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ [11].  

ȼɚɠɧɚɹ ɪɨɥɶ ɜ ɫɤɨɪɨɫɬɢ ɩɪɨɰɟɫɫɚ ɧɚɫɵɳɟɧɢɹ ɩɪɢɧɚɞɥɟɠɢɬ ɦɨɳɧɨɫɬɢ 

ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ. 
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Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɫɥɭɱɚɟɜ ɧɟɨɛɯɨɞɢɦɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟ-

ɫɬɜɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ ɱɟɪɟɡ ɝɪɚɧɢɰɭ ɪɚɡɞɟɥɚ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ, ɨɛɪɚɬɧɨ ɩɪɨ-

ɩɨɪɰɢɨɧɚɥɶɧɨ ɪɚɡɧɨɫɬɢ ɦɟɠɞɭ ɩɪɟɞɟɥɶɧɨ ɞɨɫɬɢɠɢɦɨɣ ɧɚ ɞɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɢ ɮɚɤɬɢɱɟɫɤɨɣ ɟɟ ɜɟɥɢɱɢɧɨɣ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɫɭɳɟɫɬɜɭɟɬ ɬɪɢ 

ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɫɵɳɚɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɩɨ ɝɥɭɛɢɧɟ ɫɥɨɹ: 

ɚ) ɦɨɳɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɞɢɮɮɭɡɢ-

ɨɧɧɨɝɨ ɨɬɜɨɞɚ; ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɢɫɯɨɞɢɬ ɧɚɤɨɩɥɟɧɢɟ ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɷɥɟ-

ɦɟɧɬɚ ɜ ɫɥɨɟ, ɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨ ɝɥɭɛɢɧɟ ɫɥɨɹ ɨɩɢɫɵɜɚɟɬɫɹ 

ɤɪɢɜɨɣ ɫ ɩɟɪɟɝɢɛɨɦ; 

ɛ) ɢɦɟɟɬ ɦɟɫɬɨ ɪɚɜɧɨɜɟɫɢɟ ɜɧɟɲɧɟɝɨ ɢ ɜɧɭɬɪɟɧɧɟɝɨ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɨ-

ɬɨɤɨɜ; ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɩɢɫɵɜɚɟɬɫɹ ɩɪɹɦɨɣ ɥɢɧɢɟɣ; 

ɜ) ɜɨɡɦɨɠɧɨɫɬɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɨɬɜɨɞɚ ɩɪɟɜɨɫɯɨɞɹɬ ɦɨɳɧɨɫɬɶ ɢɫɬɨɱ-

ɧɢɤɚ, ɩɪɢ ɷɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɚɫɵɳɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ 

ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ (ɫɧɢɠɟɧɢɹ ɟɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɩɪɨɢɫɯɨɞɢɬ), ɚ ɢɡɦɟɧɟɧɢɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨ ɝɥɭɛɢɧɟ ɨɩɢɫɵɜɚɟɬɫɹ ɜɨɝɧɭɬɨɣ ɩɚɪɚɛɨɥɨɣ [11].  

ɉɨɫɥɟɞɧɢɣ ɫɥɭɱɚɣ ɯɚɪɚɤɬɟɪɟɧ ɨɛɵɱɧɨ ɧɟ ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɦɟ-

ɬɚɥɥɚ ɢ ɚɤɬɢɜɧɨɣ ɫɪɟɞɵ, ɚ ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɞɜɭɯ ɮɚɡ ɜɧɭɬɪɢ ɫɥɨɹ. ȿɫɥɢ 

ɞɥɹ ɮɚɡɵ ɫ ɦɟɧɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɯɚɪɚɤɬɟɪɧɚ ɨɱɟɧɶ ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɨɬɜɨɞɚ 

ɧɚɫɵɳɚɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ, ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɫɬɟɩɟɧɧɨɦɭ ɫɞɜɢɝɭ ɝɪɚ-

ɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɜ ɫɬɨɪɨɧɭ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ, ɬ. ɟ. ɤ ɞɢɮɮɭɡɢɨɧɧɨɦɭ ɪɚɫ-

ɫɚɫɵɜɚɧɢɸ ɮɚɡɵ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ. 

ɍɫɬɚɧɨɜɥɟɧ ɩɚɪɚɛɨɥɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ ɝɥɭɛɢɧɵ ɞɢɮɮɭɡɢɨɧ-

ɧɨɝɨ ɫɥɨɹ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ. 

He ɜɨɡɧɢɤɚɟɬ ɫɨɦɧɟɧɢɣ ɜ ɬɨɦ, ɱɬɨ ɢɡ ɬɪɟɯ ɜɨɡɦɨɠɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɞɢɮ-

ɮɭɡɢɢ – ɨɛɦɟɧɧɨɝɨ, ɩɨ ɦɟɠɞɨɭɡɥɢɹɦ ɢ ɜɚɤɚɧɫɢɨɧɧɨɝɨ – ɩɪɚɤɬɢɱɟɫɤɢ ɪɟɚɥɢɡɭ-

ɟɬɫɹ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɜ ɞɢɮɮɭɡɢɨɧɧɵɯ ɫɥɨɹɯ ɪɚɫɬɜɨɪɨɜ ɡɚɦɟɳɟɧɢɹ ɢ ɫɨɟɞɢɧɟ-

ɧɢɣ ɥɢɲɶ ɩɨɫɥɟɞɧɢɣ – ɜɚɤɚɧɫɢɨɧɧɧɵɣ ɦɟɯɚɧɢɡɦ. 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɧɚ ɫɤɨɪɨɫɬɶ ɞɢɮɮɭɡɢɢ ɡɧɚɱɢɬɟɥɶ-

ɧɨɝɨ ɱɢɫɥɚ ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ. ȼ ɱɟɬɤɨɣ ɮɨɪɦɟ ɨɫɧɨɜɧɵɟ ɢɡ ɷɬɢɯ ɡɚɜɢɫɢɦɨ-

ɫɬɟɣ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ȼ.Ɂ. Ȼɭɝɚɤɨɜɵɦ [11]. ɇɟɡɚɜɢɫɢɦɨ ɨɬ ɦɟɯɚɧɢɡɦɚ ɞɢɮɮɭ-

ɡɢɢ ɧɚ ɟɟ ɫɤɨɪɨɫɬɶ ɜɥɢɹɸɬ ɫɥɟɞɭɸɳɢɟ ɮɚɤɬɨɪɵ: 

1. ɇɚɩɪɚɜɥɟɧɢɟ ɨɫɟɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɡɟɪɧɚ ɦɟɬɚɥɥɚ. ɇɚɢɛɨɥɶ-

ɲɚɹ ɫɤɨɪɨɫɬɶ ɞɢɮɮɭɡɢɢ ɩɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜ ɫɢɦɦɟɬɪɢɱɧɨ ɪɚɜɧɵɯ 

ɧɚɩɪɚɜɥɟɧɢɹɯ, ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɥɨɫɤɨɫɬɢ (001) ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪ-

ɞɢɧɚɬ. Ɉɞɧɚɤɨ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɚɧɢɡɨɬɪɨɩɢɹ ɞɢɮɮɭɡɢɢ 

ɭɬɪɚɱɢɜɚɟɬɫɹ ɢ ɜ ɧɢɡɤɨɫɢɦɦɟɬɪɢɱɧɵɯ ɫɬɪɭɤɬɭɪɚɯ. ȼ ɤɭɛɢɱɟɫɤɢɯ ɤɪɢɫɬɚɥɥɚɯ 

ɚɧɢɡɨɬɪɨɩɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɨɬɫɭɬɫɬɜɭɟɬ.  

2. Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ, ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɸɳɢɣ ɟɟ ɫɤɨɪɨɫɬɶ, ɟɫɬɶ 

ɫɜɨɣɫɬɜɨ ɫɬɪɭɤɬɭɪɧɨ-ɱɭɜɫɬɜɢɬɟɥɶɧɨɟ. ɉɨ ɞɚɧɧɵɦ, ɦɟɠɞɭ lg D ɢ I/Ɍ ɫɭɳɟɫɬɜɭɟɬ 

ɩɪɹɦɚɹ ɩɪɨɩɨɪɰɢɹ; ɤɨɷɮɮɢɰɢɟɧɬ ɷɬɨɣ ɩɪɨɩɨɪɰɢɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɜɟɥɢɱɢɧ 

ɡɟɪɧɚ ɦɟɬɚɥɥɚ ɪɚɡɥɢɱɟɧ ɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨ ɦɟɪɟ ɢɡɦɟɥɶɱɟɧɢɹ ɡɟɪɧɚ. 

3. ȼɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɜ ɞɜɭɯɤɨɦ-

ɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɟ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ. ȼ ɨɛɳɟɦ 

ɫɥɭɱɚɟ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɜɵɪɚɠɟɧɚ 

ɫɥɚɛɨ, ɟɫɥɢ ɞɢɮɮɭɧɞɢɪɭɸɳɢɟ ɦɟɬɚɥɥɵ ɛɥɢɡɤɢ ɩɨ ɫɜɨɣɫɬɜɚɦ, ɢ – ɞɨɫɬɚɬɨɱɧɨ 

ɪɟɡɤɨ, ɟɫɥɢ ɨɧɢ ɨɛɧɚɪɭɠɢɜɚɸɬ ɦɚɥɨɟ ɫɯɨɞɫɬɜɨ. 

4. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɩɪɨɰɟɫɫɭ ɪɟɚɤɬɢɜɧɨɣ (ɪɟɚɤɰɢɨɧɧɨɣ) ɞɢɮ-

ɮɭɡɢɢ, ɢɝɪɚɸɳɟɣ ɨɩɪɟɞɟɥɹɸɳɭɸ ɪɨɥɶ ɩɪɢ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ. 

ɉɨɞ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɟɣ ɩɨɧɢɦɚɟɬɫɹ ɧɟ ɩɪɨɰɟɫɫ ɭɜɟɥɢɱɟɧɢɹ ɨɛɳɟɝɨ ɱɢɫɥɚ 

ɮɚɡ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɭɠɟ ɩɨɥɭɱɟɧɧɨɝɨ ɫɥɨɹ, ɚ ɩɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢɹ ɧɨɜɨɣ ɮɚɡɵ 

ɩɪɢ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɢ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ – ɧɚɫɵɳɚɸɳɟɝɨ ɢ ɧɚɫɵɳɚɟɦɨɝɨ. Ɉɫɧɨɜ-

ɧɵɦ ɩɨɥɨɠɟɧɢɟɦ ɬɟɨɪɢɢ ɪɟɚɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ, ɩɨ ɦɧɟɧɢɸ ȼ. 3. Ȼɭɝɚɤɨɜɚ, ɹɜ-

ɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɞɢɮɮɭɡɢɨɧɧɵɣ ɫɥɨɣ ɧɟ ɞɨɥɠɟɧ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɬɨɱɧɵɣ «ɩɨ-

ɩɟɪɟɱɧɵɣ ɫɪɟɡ» ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɟɣ ɩɚɪɵ ɷɥɟɦɟɧɬɨɜ: ɜ 

ɫɥɨɟ ɞɨɥɠɧɚ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɬɚ ɮɚɡɚ, ɤɨɬɨɪɚɹ ɨɛɥɚɞɚɟɬ 

ɧɚɢɛɨɥɶɲɟɣ ɬɟɩɥɨɬɨɣ ɨɛɪɚɡɨɜɚɧɢɹ [14].  
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ȼ ɭɫɥɨɜɢɹɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɬɚɥɥɨɜ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɨɛɪɚɡɭɟɬɫɹ 

ɮɚɡɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ, ɧɟ ɡɚɜɢɫɹɳɚɹ ɨɬ ɩɪɟɞɟɥɶɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜ ɪɟɲɟɬɤɚɯ 

ɞɢɮɮɭɧɞɢɪɭɸɳɢɯ ɦɟɬɚɥɥɨɜ. ɂɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɟ ɮɚɡɵ ɨɛɪɚɡɨɜɵɜɚɥɢɫɶ ɜ ɪɟ-

ɡɭɥɶɬɚɬɟ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɪɟɚɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ. 

ȼ. Ɂ. Ȼɭɝɚɤɨɜɵɦ ɛɵɥɚ ɩɨɞɪɨɛɧɨ ɢɡɭɱɟɧɚ ɤɢɧɟɬɢɤɚ ɪɨɫɬɚ ɧɨɜɵɯ ɮɚɡ ɩɪɢ 

ɪɟɚɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ. Ȼɵɥɨ ɜɵɹɫɧɟɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɧɨɜɵɯ ɮɚɡ, ɤɚɤ ɩɪɚ-

ɜɢɥɨ, ɩɨɞɱɢɧɹɟɬɫɹ ɩɚɪɚɛɨɥɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ [11]: 

 

 y2=2pτ  , (1.9) 

  

ɝɞɟ y – ɬɨɥɳɢɧɚ ɫɥɨɹ (ɦɤɦ); 

           𝜏 – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɞɢɮɮɭɡɢɢ (ɫɟɤ); 

          2ɪ – ɩɚɪɚɦɟɬɪ ɩɚɪɚɛɨɥɵ (ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ, ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ 

ɤɨɷɮɮɢɰɢɟɧɬɭ ɞɢɮɮɭɡɢɢ) (ɦ2/ɫ). 

Ɍɚɤɠɟ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɚɜɬɨɪɨɦ ɫɢɫɬɟɦ, ɫɨɯɪɚɧɹɟɬɫɹ ɷɤɫɩɨɧɟɧ-

ɰɢɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ: 

 
 2p ≅ D = D0

-Q/RT, (1.10) 

 
ɝɞɟ Q – ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɞɢɮɮɭɡɢɢ (ɤɚɥ/ɦɨɥɶ); 

          D – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ (ɦ2/ɫ); 

          D0 – ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɦɧɨɠɢɬɟɥɶ; 

          R – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ (Ⱦɠ/ɦɨɥɶ·Ʉ); 

          T – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ (Ʉ). 

ɉɚɪɚɦɟɬɪɵ D0 ɢ Q ɩɪɢ ɞɢɮɮɭɡɢɢ ɜ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ ɮɚɡɟ ɫɱɢɬɚɸɬɫɹ 

ɛɨɥɟɟ ɩɨɫɬɨɹɧɧɵɦɢ, ɬɚɤ ɤɚɤ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɨɥɟɟ ɨɝɪɚɧɢɱɟɧɚ, ɱɟɦ ɩɪɢ 

ɚɬɨɦɧɨɣ ɞɢɮɮɭɡɢɢ. 

Ⱦɢɮɮɭɡɢɨɧɧɚɹ ɤɢɧɟɬɢɤɚ ɪɨɫɬɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ ɩɪɢ ɤɨɧɬɚɤɬɟ ɬɨɧɤɢɯ 

ɫɥɨɟɜ ɦɟɬɚɥɥɚ ɢɡɭɱɟɧɚ ɜ ɪɚɛɨɬɟ [15]. ȼ ɩɪɨɰɟɫɫɟ ɨɬɠɢɝɚ ɞɜɭɯɫɥɨɣɧɨɣ ɩɥɟɧɤɢ ɜ 



20 
 

ɨɛɥɚɫɬɢ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ ɫɥɨɟɜ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ ɨɛɪɚɡɭɟɬɫɹ ɢ ɪɚɫɬɟɬ ȕ-

ɮɚɡɚ (ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɪɢɫ. 1). 

 

 
Ɋɢɫɭɧɨɤ 1 – Ɉɛɳɢɣ ɜɢɞ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ ɩɪɨɮɢɥɹ ɤɨɦɩɨɧɟɧɬɚ ȼ ɩɪɢ ɦɧɨɝɨɮɚɡɧɨɣ 

ɞɢɮɮɭɡɢɢ ɜ ɞɜɭɯɫɥɨɣɧɨɣ ɫɢɫɬɟɦɟ Ⱥ–ȼ 

ɉɪɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɢɡɭɱɟɧɢɢ ɢɡɦɟɧɟɧɢɹ ɬɨɥɳɢɧɵ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ 

(x) ɫɱɢɬɚɥɨɫɶ, ɱɬɨ: 

 
x = xA + xB = ( √a`A + √a`B )√t  = √D`t,  (1.11) 

 
ɝɞɟ D` – ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ (ɦ2/ɫ); 

         a A`   ɢ a B
`  – ɩɨɫɬɨɹɧɧɵɟ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɞɥɹ ɥɟɜɨɣ ɢ ɩɪɚɜɨɣ ɝɪɚɧɢɱɧɵɯ ɩɨ-

ɜɟɪɯɧɨɫɬɟɣ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ (ɦ2/ɫ); 

t – ɜɪɟɦɹ ɪɨɫɬɚ ɮɚɡɵ (ɫɟɤ). Ⱦɢɮɮɭɡɢɨɧɧɵɟ ɫɥɨɢ, ɩɨɥɭɱɚɟɦɵɟ ɩɪɢ ɛɨɥɶ-

ɲɢɧɫɬɜɟ ɜɢɞɨɜ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɩɪɟɞɫɬɚɜ-

ɥɹɸɬ ɫɨɛɨɣ ɪɟɡɭɥɶɬɚɬ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ ɧɚɫɵɳɚɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɜ ɦɧɨ-

ɝɨɮɚɡɧɨɣ ɫɢɫɬɟɦɟ. Ⱦɚɠɟ ɟɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɦɟɯɚɧɢɡɦ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɥɨ-

ɤɚɥɶɧɨ – ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɤɚɤɢɯ-ɥɢɛɨ ɞɜɭɯ ɮɚɡ, – ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, 

ɱɬɨ ɜ ɯɨɞɟ ɩɪɨɰɟɫɫɚ ɢɦɟɸɬ ɦɟɫɬɨ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ: 

ɚ) ɞɢɮɮɭɡɢɹ ɧɚɫɵɳɚɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɝɪɚɞɢɟɧɬɚ ɤɨɧɰɟɧ-

ɬɪɚɰɢɢ; 

ɛ) ɜɫɬɪɟɱɧɚɹ ɞɢɮɮɭɡɢɹ ɧɚɫɵɳɚɟɦɨɝɨ ɦɟɬɚɥɥɚ; 

ɜ) ɯɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɮɚɡ; 
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ɝ) ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɧɚ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ: ɭɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɚ ɨɞɧɨɣ 

ɮɚɡɵ ɡɚ ɫɱɟɬ ɨɛɴɟɦɚ ɞɪɭɝɨɣ. 

Ɋɟɡɭɥɶɬɚɬ ɜɫɟɯ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɧɚ ɝɪɚɧɢɰɚɯ ɪɚɡɞɟɥɚ ɪɚɡ-

ɥɢɱɧɵɯ ɩɨ ɩɪɢɪɨɞɟ ɮɚɡ, ɜ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɩɪɢ 

ɪɚɡɥɢɱɧɨɣ ɦɨɳɧɨɫɬɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɩɨ-ɜɢɞɢ-

ɦɨɦɭ, ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɤɚɡɚɧ ɜ ɨɛɳɟɦ ɜɢɞɟ. ɉɟɪɜɵɦ ɩɪɢɛɥɢɠɟɧɢɟɦ ɤ ɨɛɴ-

ɹɫɧɟɧɢɸ ɭɫɥɨɜɢɣ ɩɨɥɭɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɞɢɮɮɭɡɢɨɧɧɵɯ ɫɥɨɟɜ ɦɨɝɭɬ ɫɥɭ-

ɠɢɬɶ ɢɦɟɸɳɢɟɫɹ ɞɚɧɧɵɟ ɨ ɩɪɢɱɢɧɚɯ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɯɚɪɚɤɬɟɪɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɩɨ ɝɥɭɛɢɧɟ ɫɥɨɹ 

[16].  

 

1.6 ɇɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɩɚɣɤɚ ɪɚɡɧɨɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

 

ɉɚɣɤɚ – ɫɥɨɠɧɵɣ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɧɟɪɚɡɴёɦɧɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɜɟɪɞɨɝɨ ɩɚɹɟɦɨɝɨ ɦɟ-

ɬɚɥɥɚ (ɞɟɬɚɥɶ) ɢ ɠɢɞɤɨɝɨ ɩɪɢɫɚɞɨɱɧɨɝɨ ɦɟɬɚɥɥɚ (ɩɪɢɩɨɣ), ɩɭɬёɦ ɢɯ ɪɚɫɩɥɚɜ-

ɥɟɧɢɹ ɩɪɢ ɫɦɚɱɢɜɚɧɢɢ, ɪɚɫɬɟɤɚɧɢɢ ɢ ɡɚɩɨɥɧɟɧɢɢ ɡɚɡɨɪɚ ɦɟɠɞɭ ɧɢɦɢ ɫ ɩɨɫɥɟ-

ɞɭɸɳɟɣ ɟɝɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ [1].  

Ɉɛɪɚɡɨɜɚɧɢɟ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɩɚɟɦ ɦɟɠɞɭ ɩɪɢɩɨɟɦ 

ɢ ɩɚɹɧɵɦ ɦɚɬɟɪɢɚɥɨɦ. ɉɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɦɟɠɞɭ ɩɨɝɪɚɧɢɱɧɵɦɢ ɫɥɨ-

ɹɦɢ ɩɪɢɩɨɹ ɢ ɩɚɹɟɦɨɝɨ ɦɟɬɚɥɥɚ (ɚɞɝɟɡɢɟɣ), ɚ ɬɚɤɠɟ ɫɰɟɩɥɟɧɢɟɦ ɱɚɫɬɢɰ ɜɧɭɬɪɢ 

ɩɪɢɩɨɹ ɢɥɢ ɩɚɹɟɦɨɝɨ ɦɟɬɚɥɥɚ ɦɟɠɞɭ ɫɨɛɨɣ (ɤɨɝɟɡɢɟɣ). 

ɉɪɢɩɨɣ – ɦɟɬɚɥɥ ɢɥɢ ɫɩɥɚɜ, ɜɜɨɞɢɦɵɣ ɜ ɡɚɡɨɪ ɦɟɠɞɭ ɞɟɬɚɥɹɦɢ ɢɥɢ ɨɛ-

ɪɚɡɭɸɳɢɣɫɹ ɦɟɠɞɭ ɧɢɦɢ ɜ ɩɪɨɰɟɫɫɟ ɩɚɣɤɢ ɢ ɢɦɟɸɳɢɣ ɛɨɥɟɟ ɧɢɡɤɭɸ ɬɟɦɩɟ-

ɪɚɬɭɪɭ ɧɚɱɚɥɚ ɩɥɚɜɥɟɧɢɹ, ɱɟɦ ɩɚɹɟɦɵɟ ɦɚɬɟɪɢɚɥɵ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɩɨɹ ɢɫɩɨɥɶ-

ɡɭɸɬɫɹ ɱɢɫɬɵɟ ɦɟɬɚɥɥɵ ɢ ɢɯ ɫɩɥɚɜɵ [1].  

Ⱦɨɫɬɨɢɧɫɬɜɚ ɩɚɣɤɢ: 

1) ɩɨɡɜɨɥɹɟɬ ɫɨɟɞɢɧɹɬɶ ɦɟɬɚɥɥɵ ɜ ɥɸɛɨɦ ɫɨɱɟɬɚɧɢɢ; 
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2) ɫɨɟɞɢɧɟɧɢɟ ɜɨɡɦɨɠɧɨ ɩɪɢ ɥɸɛɨɣ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɚɹɟɦɨɝɨ 

ɦɟɬɚɥɥɚ; 

3) ɜɨɡɦɨɠɧɨ ɫɨɟɞɢɧɟɧɢɟ ɦɟɬɚɥɥɨɜ ɫ ɧɟɦɟɬɚɥɥɚɦɢ; 

4) ɛɨɥɶɲɢɧɫɬɜɨ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɹ ɦɨɠɧɨ ɪɚɫɩɚɹɬɶ; 

5) ɛɨɥɟɟ ɬɨɱɧɨ ɜɵɞɟɪɠɢɜɚɟɬɫɹ ɮɨɪɦɚ ɢ ɪɚɡɦɟɪɵ ɢɡɞɟɥɢɹ, ɬɚɤ ɤɚɤ ɨɫɧɨɜ-

ɧɨɣ ɦɟɬɚɥɥ ɧɟ ɪɚɫɩɥɚɜɥɹɟɬɫɹ; 

6) ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɫɨɟɞɢɧɟɧɢɹ ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɵɯ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹ-

ɠɟɧɢɣ ɢ ɛɟɡ ɤɨɪɨɛɥɟɧɢɹ; 

7) ɛɨɥɶɲɚɹ ɩɪɨɱɧɨɫɬɶ ɢ ɜɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɤɚɩɢɥɥɹɪɧɨɣ 

ɩɚɣɤɟ. 

Ɍɟɯɧɨɥɨɝɢɹ ɩɚɣɤɢ 

ɉɨɥɭɱɟɧɢɟ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɷɬɚɩɨɜ: 

ɚ) ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɩɨɞɝɨɬɨɜɤɚ ɩɚɹɟɦɵɯ ɫɨɟɞɢɧɟɧɢɣ; 

ɛ) ɭɞɚɥɟɧɢɟ ɡɚɝɪɹɡɧɟɧɢɣ ɢ ɨɤɢɫɧɨɣ ɩɥёɧɤɢ ɫ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɚɹɟɦɵɯ ɦɟ-

ɬɚɥɥɨɜ ɫ ɩɨɦɨɳɶɸ ɮɥɸɫɚ; 

ɜ) ɧɚɝɪɟɜ ɫɨɟɞɢɧɹɟɦɵɯ ɞɟɬɚɥɟɣ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜ-

ɥɟɧɢɹ ɩɚɹɟɦɵɯ ɞɟɬɚɥɟɣ; 

ɝ) ɜɜɟɞɟɧɢɟ ɜ ɡɚɡɨɪ ɦɟɠɞɭ ɩɚɹɟɦɵɦɢ ɞɟɬɚɥɹɦɢ ɠɢɞɤɨɣ ɩɨɥɨɫɤɢ ɩɪɢɩɨɹ; 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɩɚɹɟɦɵɦɢ ɞɟɬɚɥɹɦɢ ɢ ɩɪɢɩɨɟɦ; 

ɞ) ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɠɢɞɤɨɣ ɮɨɪɦɵ ɩɪɢɩɨɹ, ɧɚɯɨɞɹɳɟɣɫɹ ɦɟɠɞɭ ɫɨɟɞɢɧɹ-

ɟɦɵɦɢ ɞɟɬɚɥɹɦɢ. 

ɇɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɩɚɣɤɚ 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɦɟɧɹɟɦɨɝɨ ɩɪɢɩɨɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɛɭɞɟɬ ɪɚɡ-

ɥɢɱɧɚ. Ʉ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦ (ɞɨ 450°ɋ) ɩɪɢɩɨɹɦ ɨɬɧɨɫɹɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨ 

ɥɟɝɤɨɩɥɚɜɤɢɟ ɢ ɨɛɥɚɞɚɸɳɢɟ ɧɢɡɤɨɣ ɩɪɨɱɧɨɫɬɶɸ. Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ 

ɩɚɣɤɢ ɢ ɩɨɜɵɲɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɚɞɝɟɡɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞ ɩɚɣɤɭ ɩɪɟɞɜɚɪɢ-

ɬɟɥɶɧɨ ɡɚɱɢɳɚɸɬɫɹ [17].  
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1.7 ɉɪɢɦɟɧɟɧɢɟ ɝɚɥɥɢɹ ɢ ɩɪɢɩɨɟɜ ɧɚ ɟɝɨ ɨɫɧɨɜɟ 

 

Ƚɚɥɥɢɣ ɢɦɟɟɬ ɧɢɡɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ (29,8 °ɋ), ɯɨɪɨɲɨ ɫɦɚɱɢ-

ɜɚɟɬ ɩɨɜɟɪɯɧɨɫɬɶ ɦɟɬɚɥɥɨɜ, ɨɛɪɚɡɭɟɬ ɷɜɬɟɤɬɢɤɭ ɫɨ ɦɧɨɝɢɦɢ ɦɟɬɚɥɥɚɦɢ – ɨɥɨ-

ɜɨɦ, ɢɧɞɢɟɦ, ɤɚɞɦɢɟɦ, ɰɢɧɤɨɦ, ɫɜɢɧɰɨɦ, ɚɥɸɦɢɧɢɟɦ, ɨɛɥɚɞɚɟɬ ɧɟɨɛɵɱɚɣɧɨ 

ɛɨɥɶɲɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɪɨɧɢɤɚɬɶ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ ɦɟɬɚɥɥɚ, ɜɵɡɵɜɚɹ ɨɯɪɭɩ-

ɱɢɜɚɧɢɟ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ [18].  

ɉɨɞɨɛɧɨɟ ɞɟɣɫɬɜɢɟ ɨɤɚɡɵɜɚɸɬ ɝɚɥɥɢɟɜɵɟ ɩɪɢɩɨɢ ɩɪɢ ɩɚɣɤɟ ɦɟɬɚɥɥɨɜ, 

ɤɨɬɨɪɵɟ ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɩɪɢɩɨɟ ɢ ɧɟ ɨɛɪɚɡɭɸɬ ɫ ɧɢɦ ɥɟɝɤɨɩɥɚɜ-

ɤɢɯ ɷɜɬɟɤɬɢɤ. ɗɜɬɟɤɬɢɱɟɫɤɢɟ ɫɩɥɚɜɵ ɝɚɥɥɢɹ ɫ ɢɧɞɢɟɦ, ɨɥɨɜɨɦ, ɰɢɧɤɨɦ ɢ ɬɚɥ-

ɥɢɟɦ ɢɦɟɸɬ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ ɧɢɠɟ 30 °ɋ ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ 

ɤɚɱɟɫɬɜɟ ɩɪɢɩɨɟɜ. 

ɉɚɫɬɵ-ɩɪɢɩɨɢ ɧɚ ɨɫɧɨɜɟ ɝɚɥɥɢɹ (ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɩɪɢɩɨɢ) ɩɪɢ ɬɟɦɩɟɪɚ-

ɬɭɪɟ 20-30 °ɋ ɫɨɫɬɨɹɬ ɢɡ ɩɚɫɬɨɨɛɪɚɡɧɨɣ ɫɦɟɫɢ ɝɚɥɥɢɟɜɨɝɨ ɫɩɥɚɜɚ ɫ ɩɨɪɨɲɤɨɦ 

ɦɟɬɚɥɥɚ-ɧɚɩɨɥɧɢɬɟɥɹ. Ɍɚɤɚɹ ɩɚɫɬɚ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ ɫɨɯɪɚɧɹɟɬɫɹ ɩɪɢ ɤɨɦɧɚɬ-

ɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɜɟɪɞɨɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ, ɚ ɡɚɬɟɦ ɡɚɬɜɟɪɞɟɜɚɟɬ ɩɨɞɨɛɧɨ 

ɚɦɚɥɶɝɚɦɚɦ, ɨɛɪɚɡɭɹ ɫɩɥɚɜ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɤɨɬɨɪɨɝɨ ɡɧɚɱɢɬɟɥɶɧɨ 

ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɥɥɢɹ. Ƚɚɥɥɢɟɜɵɟ ɩɚɫɬɵ-ɩɪɢɩɨɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨ-

ɜɚɧɵ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɦɟɬɚɥɥɨɜ ɢ ɦɟɬɚɥɥɨɜ ɫ ɧɟɦɟɬɚɥɥɚɦɢ ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ 

ɧɚɝɪɟɜɟ. 

Ƚɚɥɥɢɟɜɵɟ ɩɚɫɬɵ-ɩɪɢɩɨɢ ɩɨɥɭɱɚɸɬ ɩɭɬɟɦ ɫɦɟɲɢɜɚɧɢɹ ɠɢɞɤɨɝɨ ɝɚɥɥɢɹ 

ɫ ɩɨɪɨɲɤɚɦɢ ɦɟɬɚɥɥɨɜ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɷɬɢɯ ɩɪɢɩɨɟɜ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ, ɡɚɬɜɟɪ-

ɞɟɜɚɹ ɩɪɢ Ɍ= +20 °ɋ, ɨɧɢ ɫɨɯɪɚɧɹɸɬ ɫɜɨɢ ɫɜɨɣɫɬɜɚ ɢ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦ-

ɩɟɪɚɬɭɪɚɯ [18].  

ȼɪɟɦɹ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɩɪɢɩɨɟɜ ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɚɜɚ ɫɩɥɚɜɚ ɢ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 

ɧɟɫɤɨɥɶɤɢɯ ɦɢɧɭɬ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ɱɚɫɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɡɚɬɜɟɪɞɟɜɚɧɢɹ 

ɨɛɪɚɡɭɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ, ɨɛɥɚɞɚɸɳɟɟ ɜɵɫɨɤɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ ɢ 

ɫɬɨɣɤɨɫɬɶɸ ɩɪɨɬɢɜ ɤɨɪɪɨɡɢɢ. ɉɪɢɩɨɢ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɩɚɣɤɢ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ 

ɤ ɧɚɝɪɟɜɭ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ ɜ ɷɥɟɤɬɪɨɧɢɤɟ, ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɞɪɚɝɨɰɟɧɧɵɯ ɤɚɦ-

ɧɟɣ.  
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ɋɩɥɚɜɵ ɩɨɪɨɲɤɚ ɦɟɞɢ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɩɚɫɬ-ɩɪɢɩɨɟɜ ɩɪɢ ɫɥɨɠɧɨɣ ɦɨɧɬɚɠɧɨɣ ɩɚɣɤɟ ɛɟɡ ɮɥɸɫɚ, ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɫɥɨɠɧɨ ɧɚɝɪɭɠɟɧɧɵɯ ɭɡɥɨɜ, ɞɟɬɚɥɟɣ ɷɥɟɤɬɪɨɜɚɤɭɭɦɧɵɯ ɩɪɢɛɨɪɨɜ, ɪɚɛɨɬɚɸ-

ɳɢɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 1000 °ɋ ɛɟɡ ɧɚɪɭɲɟɧɢɹ ɜɚɤɭɭɦɧɨɣ ɩɥɨɬɧɨɫɬɢ. ɇɚɩɨɥ-

ɧɢɬɟɥɟɦ ɩɚɫɬ-ɩɪɢɩɨɟɜ ɫɥɭɠɚɬ ɬɨɧɤɨɞɢɫɩɟɪɫɧɵɟ ɩɨɪɨɲɤɢ ɦɟɞɢ, ɧɢɤɟɥɹ ɫ ɞɨ-

ɛɚɜɤɚɦɢ ɢɧɞɢɹ ɢ ɨɥɨɜɚ [19].  
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2 Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɣ  
 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɢɡɥɨɠɟɧɵ ɦɟɬɨɞɢɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, 

ɦɟɬɨɞɢɤɚ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɫɨ-

ɫɬɚɜɥɹɸɳɢɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ ɢ ɝɚɥɥɢɹ, ɨɛɨɪɭɞɨ-

ɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ.  

 
2.1 Ⱦɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɵ 
 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ Cu-Ga [24]. Ⱦɥɹ ɧɚɲɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɞɜɟ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɮɚɡɵ – 

CuGa ɢ CuGa2, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɩɨ ɩɟɪɟɬɟɤɬɢɱɟɫɤɢɦ ɪɟɚɤɰɢɹɦ: 

ɀ + Cu = Ȗ-ɮɚɡɚ ɞɨ 836 °ɋ; 

ɀ + CuGa = CuGa2 ɩɪɢ 254 °ɋ. 

 

 
 

Ɋɢɫɭɧɨɤ 2 – Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ Cu-Ga 

 

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ Ga-Al [24] 
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Ɋɢɫɭɧɨɤ 3 – Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ Ga-Al  

 

ɇɚ ɪɢɫɭɧɤɟ 4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ Cu-Al [24] 

 

 
Ɋɢɫɭɧɨɤ 4 – Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ Cu-Al  
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ɇɚ ɪɢɫɭɧɤɟ 5 ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɪɨɣɧɚɹ ɞɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ Cu-Al-Mn 

[24] 

 

 

 

Ɋɢɫɭɧɨɤ 5 –Ɍɪɨɣɧɚɹ ɞɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ Cu-Al-Mn 

 

Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ – ɝɪɚɮɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ 

ɫɩɥɚɜɚ ɜ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨɜɟɫɢɹ ɢɥɢ ɛɥɢɡɤɨɦ ɤ ɧɟɦɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚ-

ɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɩɥɚɜɟ ɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɇɚ ɞɢɚɝɪɚɦɦɚɯ ɫɨɫɬɨɹɧɢɣ ɨɬɨɛɪɚɠɚɸɬɫɹ ɠɢɡɧɟɧɧɵɟ ɰɢɤɥɵ ɫɩɥɚɜɨɜ, 

ɧɚɱɢɧɚɹ ɫ ɦɨɦɟɧɬɚ ɢɯ ɫɨɡɞɚɧɢɹ ɢ ɡɚɤɚɧɱɢɜɚɹ ɪɚɡɪɭɲɟɧɢɟɦ. 

Ƚɥɚɜɧɨɟ ɧɚɡɧɚɱɟɧɢɟ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɣ – ɨɩɢɫɚɬɶ ɜɨɡɦɨɠɧɵɟ ɩɨɫɥɟ-

ɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɨɫɬɨɹɧɢɣ ɢ ɩɟɪɟɯɨɞɨɜ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɉɪɢɜɟɞɟɧɧɵɟ ɞɢɚɝɪɚɦɦɵ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɚɧɚɥɢɡɚ ɨɛɪɚɡɭɸɳɢɯɫɹ ɮɚɡ 

ɩɪɢ ɤɨɧɬɚɤɬɟ ɝɚɥɥɢɹ ɫ ɢɫɫɥɟɞɭɟɦɵɦɢ ɨɛɴɟɤɬɚɦɢ [25]. 

 
2.2 ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚ 
  

Ⱦɥɹ ɜɵɹɫɧɟɧɢɹ ɩɪɢɪɨɞɵ ɢ ɦɟɯɚɧɢɡɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɧɨɜɵɯ ɮɚɡ ɩɪɢ ɜɡɚɢ-

ɦɨɞɟɣɫɬɜɢɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ ɧɚ ɨɫɧɨɜɟ ɦɟɞɢ ɢ 
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ɝɚɥɥɢɹ ɧɟɨɛɯɨɞɢɦɨ ɜɵɹɜɢɬɶ ɩɚɪɚɦɟɬɪɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɩɪɨɰɟɫɫ, ɪɚɡɦɟɪ ɩɟɪɟ-

ɯɨɞɧɨɝɨ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ, ɫɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɨɫɬɚ ɧɨɜɵɯ ɮɚɡ, ɤɨɷɮ-

ɮɢɰɢɟɧɬɵ ɜɡɚɢɦɧɨɣ ɢ ɩɚɪɰɢɚɥɶɧɨɣ ɞɢɮɮɭɡɢɢ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɫɨ-

ɫɬɚɜɥɹɸɳɢɯ ɝɚɥɥɢɟɜɵɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɬɜɟɪɞɵɣ ɫɩɥɚɜ – ɪɚɫ-

ɩɥɚɜ ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɟ ɨɬ 5 ɞɨ 60 ɱɚɫɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 140, 

200 ɢ 270 °ɋ, ɫɨɫɬɚɜ ɢ ɫɬɪɭɤɬɭɪɚ ɧɨɜɵɯ ɮɚɡ, ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɪɟɚɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ ɜ ɨɛɪɚɡɭɸɳɢɯɫɹ ɧɨɜɵɯ ɮɚɡɚɯ.   

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɢɹɧɢɹ ɫɨɫɬɚɜɚ ɬɜɟɪɞɨɣ ɢɫɯɨɞɧɨɣ ɮɚɡɵ ɧɚ ɤɢɧɟɬɢɤɭ 

ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢɦɟɧɹɥɢ ɦɨɪɫɤɭɸ ɛɪɨɧɡɭ (ȻɪȺɆɰ9-2) ɢ ɥɢɬɟɣɧɭɸ 

(ȻɪɈ8ɐ4). Ɂɚ ɨɫɧɨɜɭ ɠɢɞɤɨɣ ɮɚɡɵ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɪɚɥɢ ɱɢ-

ɫɬɵɣ Ga. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɞɟɬ ɩɨ ɫɯɟɦɟ: 

 

A + B → ܣ௠ܤ௡;     (2.1) 

 

ɝɞɟ   А – (ɋu + Al + Mn); B – Ga.   

 

2.3 ɂɫɯɨɞɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɨɛɪɚɡɰɵ 
 

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɢɦɟɧɹɥɢɫɶ ɤɨɦɩɨ-

ɧɟɧɬɵ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 1.  

 

Ɍɚɛɥɢɰɚ 1 – ɂɫɯɨɞɧɵɟ ɦɚɬɟɪɢɚɥɵ 
 

Ɇɟɬɚɥɥ Ɇɚɪɤɚ 

Ƚɚɥɥɢɣ ȽɅ-0 ȽɈɋɌ 12797-77 

Ɇɟɞɶ Ɇ1 ȽɈɋɌ 859-2014 

ȻɪɈ8ɐ4 ȽɈɋɌ 613 - 79 

ȻɪȺɆɰ9-2 ȽɈɋɌ 18175 - 78 

Ⱥɥɸɦɢɧɢɣ ȽɈɋɌ 1131-76 
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Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɢɧɟɬɢɤɢ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɩɚɫɬ-ɩɪɢ-

ɩɨɟɜ (Cu–Al–Mn) – Ga ɪɚɡɧɨɝɨ ɫɨɫɬɚɜɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɡɚɝɨ-

ɬɨɜɤɢ ɢɡ ɦɟɞɢ Ɇ1 ɞɢɚɦɟɬɪɨɦ 10 ɦɦ., ɜɵɫɨɬɨɣ 15 ɦɦ., ɫ ɰɟɧɬɪɚɥɶɧɵɦ ɭɝɥɭɛɥɟ-

ɧɢɟɦ 14 ɦɦ., ɢ ɞɢɚɦɟɬɪɨɦ 5 ɦɦ. 

ɉɚɫɬɵ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɢɝɨɬɚɜɥɢɜɚɥɢɫɶ ɩɪɹɦɵɦ ɫɦɟɲɢɜɚɧɢɟɦ 

ɠɢɞɤɨɝɨ ɝɚɥɥɢɹ ɫ ɩɨɪɨɲɤɚɦɢ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ ɪɚɡɧɨɣ ɞɢɫɩɟɪɫɧɨɫɬɢ ɜ ɬɟ-

ɮɥɨɧɨɜɨɦ ɬɢɝɥɟ ɢɥɢ ɫ ɩɨɦɨɳɶɸ ɚɦɚɥɶɝɚɦɚɬɨɪɚ (ɪɢɫ. 6). 

 

 
Ɋɢɫɭɧɨɤ 6 – ɐɢɮɪɨɜɨɣ ɫɦɟɫɢɬɟɥɶ Amalgamator 

Ɂɚɩɨɥɧɟɧɧɵɟ ɩɚɫɬɚɦɢ ɦɟɞɧɵɟ ɡɚɝɨɬɨɜɤɢ-ɨɛɪɚɡɰɵ ɩɨ ɰɟɧɬɪɚɥɶɧɨɦɭ 

ɭɝɥɭɛɥɟɧɢɸ ɩɨɞɜɟɪɝɚɥɢɫɶ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɟ ɨɬ 5 ɞɨ 60 ɱɚɫɨɜ ɩɪɢ ɬɟɦ-

ɩɟɪɚɬɭɪɚɯ 140, 200 ɢ 270 °ɋ. 

ɉɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɤɪɭɝɥɵɟ ɨɛɪɚɡɰɵ ɪɚɡɪɟɡɚɥɢɫɶ ɩɨ ɞɢɚɦɟɬ-

ɪɚɥɶɧɨɦɭ ɫɟɱɟɧɢɸ ɞɥɹ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɷɥɟɦɟɧɬɧɨɦɭ ɢ ɮɚ-

ɡɨɜɨɦɭ ɚɧɚɥɢɡɭ. 

ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɨɛɪɚɡɰɨɜ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɜɤɥɸɱɚɟɬ 

ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ: ɲɥɢɮɨɜɚɧɢɟ, ɩɨɥɢɪɨɜɚɧɢɟ. 

ɒɥɢɮɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɜɪɭɱɧɭɸ ɢ ɧɚ ɫɬɚɧɤɟ ɧɚ ɧɚɠɞɚɱɧɨɣ ɛɭɦɚɝɟ, ɩɨ-

ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫ ɩɨɫɬɟɩɟɧɧɵɦ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɡɦɟɪɚ ɚɛɪɚɡɢɜɧɵɯ ɡɟɪɟɧ 
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ɧɚɠɞɚɱɧɨɣ ɛɭɦɚɝɢ (400, 800, 1000, 1200, 1500, 2000, 2500). ɉɨɫɥɟ ɲɥɢɮɨɜɚɧɢɹ 

ɨɛɪɚɡɰɵ ɩɪɨɦɵɜɚɥɢɫɶ ɜɨɞɨɣ ɢ ɩɪɨɬɢɪɚɥɢɫɶ ɫɩɢɪɬɨɦ. 

ɉɨɥɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɜɪɭɱɧɭɸ ɢ ɦɟɯɚɧɢɱɟɫɤɢ ɫ ɩɨɦɨɳɶɸ ɩɨɥɢ-

ɪɨɜɚɥɶɧɨɣ ɩɚɫɬɵ ɤɨɦɩɚɧɢɢ 3ton, ɩɨɥɢɪɨɜɤɚ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɧɚ ɬɤɚɧɢ Micro Fi-

ber, ɩɨɫɥɟ ɩɨɥɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɵ ɩɪɨɦɵɜɚɸɬ ɜɨɞɨɣ, ɩɨɥɢɪɨɜɚɧɧɭɸ ɩɨɜɟɪɯ-

ɧɨɫɬɶ ɩɪɨɬɢɪɚɥɢ ɫɦɨɱɟɧɧɨɣ ɫɩɢɪɬɨɦ ɜɚɬɨɣ ɢ ɩɨɞɜɟɪɝɚɥɢ ɫɭɲɤɟ. 

 

2.4 Ɍɟɪɦɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ  
 

ɂɡɨɬɟɪɦɢɱɟɫɤɚɹ ɜɵɞɟɪɠɤɚ ɨɛɪɚɡɰɨɜ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ 

ɆɂɉɆ-17ɉ (ɪɢɫ. 7), ɨɧɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɪɚɛɨɬ 

c ɪɚɡɥɢɱɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, a ɬɚɤɠɟ ɞɥɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɜ ɩɨɫɬɨɹɧɧɵɯ ɭɫɥɨ-

ɜɢɹɯ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɩɟɱɢ ɞɨ 1250 °ɋ. 

 

 

 

Ɋɢɫɭɧɨɤ 7 – ɉɟɱɶ ɦɭɮɟɥɶɧɚɹ ɆɂɆɉ-17ɉ 

 

2.5 Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
 

ɉɨɫɥɟ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ ɢ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɲɥɢɮɨɜ ɩɪɨɜɨɞɢɥɢɫɶ 

ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɦɢɤɪɨɫɤɨɩɟ AXIO – Observer Zlm (ɪɢɫ.8) 

ɢ ɷɥɟɤɬɪɨɧɧɨɦ ɫɤɚɧɢɪɭɸɳɟɦ ɦɢɤɪɨɫɤɨɩɟ HITACHI TM –1000 (ɪɢɫ. 9). Ɂɚɞɚɱɟɣ 
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ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɨ ɜɵɹɜɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ, ɮɨɪɦɵ ɢ ɲɢ-

ɪɢɧɵ ɞɢɮɮɭɡɢɨɧɧɵɯ ɫɥɨɟɜ.  

 

 
Ɋɢɫɭɧɨɤ 8 – Ɇɢɤɪɨɫɤɨɩ Axio Obserwer Zlm 

 

 
Ɋɢɫɭɧɨɤ 9 – Ɇɢɤɪɨɫɤɨɩ HITACHI TM - 1000 

 

Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɧɨɜɵɯ ɨɛɪɚɡɨɜɚɜ-

ɲɢɯɫɹ ɮɚɡ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɪɚɜɢɬɟɥɶ ɫ ɫɨɫɬɚɜɨɦ: ʜଶʝଶ– 5 ɦɥ, NʜସOH – 25 ɦɥ, ʜଶO – 20 ɦɥ, ɥɢɛɨ 5 % ɪɚɫɬɜɨɪ HNʝଷ. 
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2.6 ɂɡɭɱɟɧɢɟ ɷɥɟɦɟɧɬɧɨɝɨ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɞɢɮɮɭɡɢɨɧɧɵɯ ɡɨɧ  
 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɦɢɤɪɨɲɥɢɮɵ ɢɡɭɱɚɥɢɫɶ ɧɚ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ 

Carl Zeiss Jena (ɪɢɫ. 10) ɩɪɢ ɭɜɟɥɢɱɟɧɢɹɯ ɨɬ ɯ70 ɢ ɜɵɲɟ, ɛɨɥɟɟ ɞɟɬɚɥɶɧɨ ɢɫ-

ɫɥɟɞɨɜɚɧɵ ɜ ɫɤɚɧɢɪɭɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ (ɋɗɆ) JEOL JSM 7001F 

(ɪɢɫ. 11)   ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ 10 ɢ 15 ɤȼ, ɧɚ ɪɚɡɧɵɯ ɭɜɟɥɢɱɟɧɢɹɯ.  

 

 
Ɋɢɫɭɧɨɤ 10 – Ɉɩɬɢɱɟɫɤɢɣ ɦɢɤɪɨɫɤɨɩ Carl Zeiss Jena 

 

 
Ɋɢɫɭɧɨɤ 11 – ɋɤɚɧɢɪɭɸɳɢɣ ɷɥɟɤɬɪɨɧɧɵɣ ɦɢɤɪɨɫɤɨɩ (ɋɗɆ) JEOL JSM 7001F 
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ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨ-

ɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɠɢɦɵ: 

– SEI – ɞɥɹ ɫɨɡɞɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɜɨ ɜɬɨɪɢɱɧɵɯ ɷɥɟɤɬɪɨɧɚɯ, ɤɨɬɨɪɵɟ ɨɛ-

ɥɚɞɚɸɬ ɧɢɡɤɨɣ ɷɧɟɪɝɢɟɣ (ɦɟɧɟɟ 50 ɷȼ), ɢɡɨɛɪɚɠɟɧɢɟ ɨɬɪɚɠɚɟɬ ɜɫɸ ɦɨɪɮɨɥɨ-

ɝɢɸ ɩɨɜɟɪɯɧɨɫɬɢ; 

– COMPO – ɞɥɹ ɫɨɡɞɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɨɛɪɚɬɧɨ ɪɚɫɫɟɹɧɧɵɯ ɢɥɢ ɨɬɪɚ-

ɠɟɧɧɵɯ ɷɥɟɤɬɪɨɧɚɯ (ɷɧɟɪɝɢɹ ɛɨɥɟɟ 50 ɷȼ), ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ ɫɢɝɧɚɥɚ ɩɨɡɜɨɥɹɟɬ 

ɩɨɥɭɱɚɬɶ ɢɡɨɛɪɚɠɟɧɢɟ ɫ ɜɵɫɨɤɢɦ ɮɚɡɨɜɵɦ ɤɨɧɬɪɚɫɬɨɦ; 

– TOPO – ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɣ ɤɨɧɬɪɚɫɬ ɨɬ ɪɟɥɶɟɮɚ ɩɨɜɟɪɯɧɨɫɬɢ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɟ ɢɫɫɥɟɞɨɜɚɥɢ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜ-

ɧɨɣ ɱɚɫɬɶɸ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɧɚ ɛɚɡɟ JEOL JSM 7001F. Ⱦɟɬɟɤɬɨɪ 

ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ ɫɩɨɫɨɛɟɧ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɞɨ 50 ɷɥɟɦɟɧ-

ɬɨɜ ɡɚ ɢɡɦɟɪɟɧɢɟ. ɋɩɟɤɬɪɨɦɟɬɪ ɩɨɡɜɨɥɹɟɬ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɯɢɦɢɱɟɫɤɢɟ ɷɥɟ-

ɦɟɧɬɵ ɨɬ B ɞɨ U. 

ɋɤɚɧɢɪɨɜɚɧɢɟ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɜɨɞɢɥɢ ɩɨ ɩɥɨɳɚɞɢ, ɜ ɬɨɱɤɟ, ɩɨ 

ɥɢɧɢɢ, ɡɚɞɚɜɚɹ ɧɟɨɛɯɨɞɢɦɵɣ ɲɚɝ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɲɢɪɢɧɵ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ 

ɩɨɫɬɪɨɟɧɵ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫ ɧɚɥɨɠɟɧɢɟɦ ɧɚ 

ɷɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪ [20].  

 

2.7 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ 
 

ɂɫɩɵɬɚɧɢɹ ɧɚ ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɚ ɉɆɌ–

3 (ɪɢɫ. 12).  
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Ɋɢɫɭɧɨɤ 12 – Ɇɢɤɪɨɬɜɟɪɞɨɦɟɪ ɉɆɌ–3 

 

Ɂɚɦɟɪɵ ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɩɭɬɟɦ ɜɞɚɜɥɢɜɚɧɢɹ ɱɟɬɵɪɟɯɝɪɚɧɧɨɣ ɚɥɦɚɡɧɨɣ 

ɩɢɪɚɦɢɞɤɨɣ ɩɪɢ ɧɚɝɪɭɡɤɟ 20 ɝ. Ʉɚɠɞɨɟ ɢɡɦɟɪɟɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɧɟ ɦɟɧɟɟ ɬɪɟɯ 

ɪɚɡ, ɩɪɢ ɪɚɫɱɟɬɚɯ ɩɨ ɤɚɠɞɨɣ ɬɨɱɤɟ ɧɚɯɨɞɢɥɨɫɶ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟ-

ɧɢɟ.  ɂɫɫɥɟɞɨɜɚɥɚɫɶ ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ ɩɨ ɫɟɱɟɧɢɸ ɨɛɪɚɡɰɚ ɨɬ ɤɪɚɹ (ɢɫɯɨɞɧɵɣ 

ɦɚɬɟɪɢɚɥ) ɤ ɡɨɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ (ɞɢɮɮɭɡɢɨɧɧɨɦɭ ɫɥɨɸ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



35 
 

3 Ɉɫɨɛɟɧɧɨɫɬɢ ɤɢɧɟɬɢɤɢ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ ɩɪɢ ɤɨɧɬɚɤɬɟ 
ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ 

 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɢɧɟɬɢɤɢ ɮɚɡɨɨɛ-

ɪɚɡɨɜɚɧɢɹ ɩɪɢ ɤɨɧɬɚɤɬɟ ɚɥɸɦɢɧɢɟɜɵɯ ɛɪɨɧɡ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ. ȼɡɚɢɦɨɞɟɣ-

ɫɬɜɢɟ ɝɚɥɥɢɹ ɢ ɦɟɞɢ ɤɚɤ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɥɟɝɤɨɩɥɚɜɤɢɯ ɞɢɮɮɭɡɢɨɧɧɨ-

ɬɜɟɪɞɟɸɳɢɯ ɩɪɢɩɨɟɜ ɢɡɭɱɟɧɵ ɞɨɫɬɚɬɨɱɧɨ ɩɨɞɪɨɛɧɨ [21]. ȼ ɷɬɨɣ ɫɜɹɡɢ ɧɚɦɢ 

ɢɡɭɱɚɥɢɫɶ ɩɚɪɚɦɟɬɪɵ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ ɦɟɠɞɭ ɚɥɸɦɢɧɢɟɜɵɦɢ ɛɪɨɧɡɚɦɢ 

ɢ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ ɫɢɧɯɪɨɧɧɨ ɢ ɜ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ ɫ ɩɚɪɨɣ ɦɟɞɶ-ɝɚɥɥɢɣ. 

 

3.1 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ 
 

 ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ 12 ɨɛɪɚɡɰɨɜ ɫ ɪɚɡɧɨɨɛɪɚɡɧɵɦɢ ɫɨɫɬɚ-

ɜɚɦɢ ɞɥɹ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. Ɍɚɛɥɢɰɚ 2 ɨɬɪɚɠɚɟɬ ɜɫɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɞɚɧɧɵɟ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ, ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ, ɦɚɬɟɪɢɚɥɨɜ 

ɨɛɨɣɦ ɢ ɫɨɫɬɚɜɨɜ ɩɚɫɬ-ɩɪɢɩɨɟɜ. ɉɨɪɨɲɨɤ ɦɟɞɢ ɜɤɥɸɱɚɥɫɹ ɜ ɫɨɫɬɚɜ ɩɪɢɩɨɟɜ 

ɤɚɤ ɢɧɞɢɤɚɬɨɪ. 

 
Ɍɚɛɥɢɰɚ 2 – Ɋɟɠɢɦɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ ɫɨɫɬɚɜɵ ɩɚɫɬ-ɩɪɢɩɨɟɜ 
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1 Ɇ1 50 35 15 –  –  200 8 
2 Ɇ1 50 35 15 –  –  140 12 
3 Ɇ1 50 35 15 –  –  270 6 
4 Ɇ1 25 50 25 –  –  140 12 
5 Ɇ1 55 30 –  –  15 200 58 
6 ȻɪɈ8ɐ4 55 30 –  –  15 200 58 
7 ȻɪȺɆɰ9-2 50 35 –  15 –  200 10 
8 ȻɪȺɆɰ9-2 25 50 –  25 –  200 16 
9 ȻɪȺɆɰ9-2 50 35 –  15 –  140 35 
10 ȻɪȺɆɰ9-2 25 50 –  25 –  140 35 
11 ȻɪȺɆɰ9-2 50 35 –  15 –  270 10 
12 ȻɪȺɆɰ9-2 25 50 –  25 –  270 10 
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3.2 ɂɫɫɥɟɞɨɜɚɧɢɟ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɟ (Cu–Al–Mn) – Ga 

 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚɦɢ ɛɵɥɢ ɨɛɴɟɞɢɧɟɧɵ ɨɛɪɚɡɰɵ ɫ 

ɨɞɢɧɚɤɨɜɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ ɫɪɚɜɧɟɧɵ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɢɧɬɟɪ-

ɦɟɬɚɥɥɢɞɧɨɝɨ ɫɥɨɹ. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 270 °C ɩɨɥɭɱɟɧɵ ɧɚ ɨɛɪɚɡɰɚɯ: №3 ɱɚ-

ɫɬɢɰɵ ɥɢɬɨɣ ɛɪɨɧɡɵ (ȻɪɈ8ɐ4) ɢ ɦɟɞɢ ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥ-

ɥɢɟɦ ɜ ɦɟɞɧɨɣ ɨɛɨɣɦɟ ɩɪɢ t = 270 °C, ɜ ɬɟɱɟɧɢɢ 6 ɱ.; №11 ɱɚɫɬɢɰɵ ɚɥɸɦɢɧɢɟ-

ɜɨɣ ɛɪɨɧɡɵ (ȻɪȺɆɰ9-2) ɢ ɦɟɞɢ ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɫɨ-

ɞɟɪɠɚɧɢɟ ɝɚɥɥɢɹ 35% ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ) ɜ ɛɪɨɧɡɨɜɨɣ ɨɛɨɣɦɟ (ȻɪȺɆɰ9-

2) ɩɪɢ t = 270 °C, ɜ ɬɟɱɟɧɢɢ 10 ɱ. ɢ №12 ɱɚɫɬɢɰɵ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ 

(ȻɪȺɆɰ9-2) ɢ ɦɟɞɢ ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɫɨɞɟɪɠɚɧɢɟ ɝɚɥ-

ɥɢɹ 50% ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ) ɜ ɛɪɨɧɡɨɜɨɣ ɨɛɨɣɦɟ (ȻɪȺɆɰ9-2) ɩɪɢ t = 270 

°C, ɜ ɬɟɱɟɧɢɢ 10 ɱ., ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 13. 

 

 

ɚ 
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ɛ 

 

ɜ 

Ɋɢɫɭɧɨɤ 13 – ɉɪɨɞɭɤɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɛɪɚɡɰɚɯ: ɚ – №3; ɛ – №11; ɜ – 

№12. 

 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 270 °C ɨɬɱɟɬɥɢɜɨ ɜɢɞɧɨ, ɱɬɨ ɬɨɥɳɢɧɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞ-

ɧɨɝɨ ɫɥɨɹ ɡɚɜɢɫɢɬ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɝɚɥɥɢɹ ɜ ɩɚɫɬɟ-ɩɪɢɩɨɟ, ɱɟɦ ɛɨɥɶɲɟ ɝɚɥɥɢɹ, 

ɬɟɦ ɛɨɥɶɲɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɣ ɫɥɨɣ. ȼ ɨɛɪɚɡɰɟ №12 ɤɨɥɢɱɟɫɬɜɨ ɝɚɥɥɢɹ 50% 

ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ ɢ ɫɪɟɞɧɹɹ ɬɨɥɳɢɧɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɥɨɹ ɪɚɜɧɚ 19 

ɦɤɦ. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɛɪɚɡɰɚɯ: №1 ɱɚɫɬɢɰɵ ɥɢɬɨɣ ɛɪɨɧɡɵ 

(ȻɪɈ8ɐ4) ɢ ɦɟɞɢ ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ ɜ ɦɟɞɧɨɣ ɨɛɨɣɦɟ 

ɩɪɢ t = 200 °C, ɜ ɬɟɱɟɧɢɢ 8 ɱ.; №7 ɱɚɫɬɢɰɵ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ (ȻɪȺɆɰ9-2) 

ɢ ɦɟɞɢ ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɫɨɞɟɪɠɚɧɢɟ ɝɚɥɥɢɹ 35% ɩɨ 

ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ) ɜ ɛɪɨɧɡɨɜɨɣ ɨɛɨɣɦɟ (ȻɪȺɆɰ9-2) ɩɪɢ t = 200 °C, ɜ ɬɟɱɟɧɢɢ 

10 ɱ. ɢ №8 ɱɚɫɬɢɰɵ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ (ȻɪȺɆɰ9-2) ɢ ɦɟɞɢ ɩɨɫɥɟ ɜɡɚɢɦɨ-

ɞɟɣɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɫɨɞɟɪɠɚɧɢɟ ɝɚɥɥɢɹ 50% ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ) 

ɜ ɛɪɨɧɡɨɜɨɣ ɨɛɨɣɦɟ (ȻɪȺɆɰ9-2) ɩɪɢ t = 200 °C, ɜ ɬɟɱɟɧɢɢ 16 ɱ., ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɧɚ ɪɢɫɭɧɤɟ 14.  
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ɚ 

 

ɛ 

 

ɜ 

Ɋɢɫɭɧɨɤ 14 – ɉɪɨɞɭɤɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɛɪɚɡɰɚɯ: ɚ – №1; ɛ – №7; ɜ – №8. 

 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɨɜ ɫɨɫɬɨɢɬ ɢɡ ɨɛɨɣɦɵ, ɫɦɟɫɢ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ 

ɱɚɫɬɢɰ ɚɥɸɦɢɧɢɟɜɨɣ (ȻɪȺɆɰ9-2) ɢɥɢ ɥɢɬɨɣ (ȻɪɈ8ɐ4) ɛɪɨɧɡ ɫ ɦɟɞɶɸ ɢ ɫɥɨɟɜ 

ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ.  
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ɋɪɟɞɧɹɹ ɝɥɭɛɢɧɚ ɢɧɬɟɪɦɢɬɚɥɥɢɞɧɨɝɨ ɫɥɨɹ ɜ ɦɟɞɧɨɣ ɨɛɨɣɦɟ ɪɚɜɧɚ 9 ɦɤɦ, 

ɜ ɛɪɨɧɡɨɜɨɣ ɨɛɨɣɦɟ ɪɚɜɧɚ 6 ɦɤɦ. ɂɡ ɪɢɫɭɧɤɚ 14 ɜɢɞɧɨ, ɱɬɨ ɬɨɥɳɢɧɚ ɢɧɬɟɪɦɟ-

ɬɚɥɥɢɞɧɨɝɨ ɫɥɨɹ ɩɪɢ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɛɪɨɧɡɨɜɨɣ ɨɛɨɣɦɟ ɧɚ 

1/3 ɦɟɧɶɲɟ, ɱɟɦ ɜ ɦɟɞɧɨɣ. 

Ⱦɥɹ ɛɪɨɧɡɨɜɨɣ ɨɛɨɣɦɵ, ɫɨɞɟɪɠɚɧɢɟ ɝɚɥɥɢɹ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ 

ɞɥɹ ɪɨɫɬɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɥɨɹ.  

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɛɪɚɡɰɚɯ: №2 ɱɚɫɬɢɰɵ ɥɢɬɨɣ ɛɪɨɧɡɵ 

(ɫɨɞɟɪɠɚɧɢɟ ȻɪɈ8ɐ4 15% ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ) ɢ ɦɟɞɢ ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɫɨɞɟɪɠɚɧɢɟ ɝɚɥɥɢɹ 35% ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ) ɜ 

ɦɟɞɧɨɣ ɨɛɨɣɦɟ ɩɪɢ t = 140 °C, ɜ ɬɟɱɟɧɢɢ 12 ɱ.; №4 ɱɚɫɬɢɰɵ ɥɢɬɨɣ ɛɪɨɧɡɵ (ɫɨ-

ɞɟɪɠɚɧɢɟ ȻɪɈ8ɐ4 25% ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ)  ɢ ɦɟɞɢ ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɫɨɞɟɪɠɚɧɢɟ ɝɚɥɥɢɹ 50% ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ) ɜ ɦɟɞɧɨɣ 

ɨɛɨɣɦɟ ɩɪɢ t = 140 °C, ɜ ɬɟɱɟɧɢɢ 12 ɱ.; №9 ɱɚɫɬɢɰɵ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ 

(ȻɪȺɆɰ9-2) ɢ ɦɟɞɢ ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɫɨɞɟɪɠɚɧɢɟ ɝɚɥ-

ɥɢɹ 35% ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ) ɜ ɛɪɨɧɡɨɜɨɣ ɨɛɨɣɦɟ (ȻɪȺɆɰ9-2) ɩɪɢ t = 140 

°C, ɜ ɬɟɱɟɧɢɢ 35 ɱ. ɢ №10 ɱɚɫɬɢɰɵ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ (ȻɪȺɆɰ9-2) ɢ ɦɟɞɢ 

ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɫɨɞɟɪɠɚɧɢɟ ɝɚɥɥɢɹ 50% ɩɨ ɦɚɫɫɟ 

ɩɚɫɬɵ-ɩɪɢɩɨɹ) ɜ ɛɪɨɧɡɨɜɨɣ ɨɛɨɣɦɟ (ȻɪȺɆɰ9-2) ɩɪɢ t = 140 °C, ɜ ɬɟɱɟɧɢɢ 35 

ɱ., ɩɨɫɥɟ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ ɱɚɫɬɢɰ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ ɢ ɦɟɞɢ ɫ ɠɢɞɤɢɦ ɝɚɥ-

ɥɢɟɦ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 15. 

 

 

ɚ 
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ɜ 

 

ɝ 

Ɋɢɫɭɧɨɤ 15 – ɉɪɨɞɭɤɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɛɪɚɡɰɚɯ: 

a – №2; ɛ – №4; ɜ – №9; ɝ – №10. 

 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɨɜ ɫɨɫɬɨɢɬ ɢɡ ɦɟɞɧɨɣ ɢ ɛɪɨɧɡɨɜɨɣ (ȻɪȺɆɰ9-2) 

ɨɛɨɣɦ, ɫɦɟɫɢ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɚɥɸɦɢɧɢɟɜɨɣ (ȻɪȺɆɰ9-2) ɢɥɢ ɥɢɬɨɣ 

(ȻɪɈ8ɐ4) ɛɪɨɧɡ ɫ ɦɟɞɶɸ ɢ ɫɥɨɟɜ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ. 
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ɂɡ ɪɢɫɭɧɤɚ 15 ɜɢɞɧɨ, ɱɬɨ ɬɨɥɳɢɧɵ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɥɨɟɜ ɩɪɢ ɪɚɜɧɵɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɦɟɞɧɨɣ ɢ ɜ ɛɪɨɧɡɨɜɨɣ ɨɛɨɣɦɚɯ ɡɚɜɢɫɹɬ ɨɬ ɤɨ-

ɥɢɱɟɫɬɜɚ ɝɚɥɥɢɹ ɜ ɩɚɫɬɟ, ɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɧɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɬɚɤ ɤɚɤ ɧɢɡɤɚɹ ɬɟɦ-

ɩɟɪɚɬɭɪɚ 140 °C ɧɟɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɨɥɳɢɧɵ ɢɧɬɟɪɦɟ-

ɬɚɥɥɢɞɧɨɝɨ ɫɥɨɹ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɛɪɚɡɰɚɯ.  

ȼɫɟ ɞɚɧɧɵɟ ɬɨɥɳɢɧ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɥɨɟɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ: ɬɟɦɩɟ-

ɪɚɬɭɪɵ, ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ, ɦɚɬɟɪɢɚɥɨɜ ɨɛɨɣɦ ɢ ɫɨɫɬɚɜɨɜ ɩɚɫɬ ɩɪɢɩɨɟɜ ɫɜɟ-

ɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3. 
 

Ɍɚɛɥɢɰɚ 3 – Ⱦɚɧɧɵɟ ɬɨɥɳɢɧ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɥɨɟɜ 
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Ȼɪ
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Ɇ
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, %

 

3 12 Ɇ1 50 35 15 –  270 6 
11 12 ȻɪȺɆɰ9-2 50 35 –  15 270 10 
12 18 ȻɪȺɆɰ9-2 25 50 –  25 270 10 
1 8 Ɇ1 50 35 15 –  200 8 
7 5 ȻɪȺɆɰ9-2 50 35 –  15 200 10 
8 5 ȻɪȺɆɰ9-2 25 50 –  25 200 16 
4 8 Ɇ1 25 50 25 –  140 12 
2 4 Ɇ1 50 35 15 –  140 12 
9 3 ȻɪȺɆɰ9-2 50 35 –  15 140 35 
10 5 ȻɪȺɆɰ9-2 25 50 –  25 140 35 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɬɨɥ-

ɳɢɧɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɥɨɹ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɟɫɥɢ ɢɡɦɟɧɢɬɶ 

ɨɞɢɧ ɢɡ ɧɢɯ, ɦɟɧɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɟ-

ɧɹɟɬɫɹ ɢ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɥɨɹ.  

ɍɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɝɚɥɥɢɹ ɩɨ ɦɚɫɫɟ ɜ ɩɚɫɬɟ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɟɦɩɟɪɚ-

ɬɭɪɵ ɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɬɨɥɳɢɧɵ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɥɨɹ. Ɍɚɤɠɟ ɭɜɟɥɢɱɟ-

ɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɧɨɜɵɯ ɮɚɡ ɢ, ɫɥɟɞɨ-

ɜɚɬɟɥɶɧɨ, ɭɦɟɧɶɲɚɟɬ ɜɪɟɦɹ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɩɪɢɩɨɟɜ. ɉɪɢ ɷɬɨɦ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ 

ɧɨɜɵɯ ɮɚɡ ɧɚ ɦɟɞɢ ɜ 1,5 % ɛɨɥɶɲɟ, ɱɟɦ ɧɚ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɟ. 

 

3.3 ɗɥɟɦɟɧɬɧɵɣ ɢ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

 

ɗɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɵɦ ɦɢɤɪɨɚɧɚɥɢɡɨɦ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɷɥɟɦɟɧɬɧɵɣ ɫɨ-

ɫɬɚɜ ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɡɨɧ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɥɨɹ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ 

ɞɚɧɧɵɦ ɩɨɫɬɪɨɟɧɵ ɜ ɩɪɨɝɪɚɦɦɟ Excel ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɥɢɧɢɢ ɫɤɚɧɢɪɨɜɚɧɢɹ. 

ɇɚ ɪɢɫɭɧɤɟ 16 ɨɬɱɟɬɥɢɜɨ ɜɢɞɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ CuGa2 ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 200 °ɋ. ɋɨɞɟɪɠɚɧɢɟ ɝɚɥɥɢɹ ɜ ɧɟɦ 

65% ɚ ɦɟɞɢ 35% (ɩɨ ɦɚɫɫɟ). 

 

 
ɚ 
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Ɋɢɫɭɧɨɤ 16 – ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ (Cu–Al–Mn)–

Ga (ɚ) ɢ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ (ɛ), ɥɢɧɟɣɧɵɟ ɫɩɟɤɬɪɵ, ɲɚɝ 

20 ɦɤɦ, ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ 200 °C, ɨɛɪ. №7 

 

ɇɚ ɪɢɫɭɧɤɟ 17 ɬɚɤɠɟ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɧɚɥɢɱɢɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ CuGa2 ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 200 °ɋ.  
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Ɋɢɫɭɧɨɤ 17 – ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ (Cu–Al–Mn)–

Ga (ɚ) ɢ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ (ɛ), ɥɢɧɟɣɧɵɟ ɫɩɟɤɬɪɵ, ɲɚɝ 

20 ɦɤɦ, ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ 200 °C, ɨɛɪ. №8 

 

Ⱥɧɚɥɢɡɢɪɭɹ ɤɪɢɜɵɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɥɟɦɟɧɬɨɜ (ɪɢɫ. 16 ɢ ɪɢɫ. 17) ɢ ɫɨɩɨ-

ɫɬɚɜɢɜ ɢɯ ɫ ɞɢɚɝɪɚɦɦɨɣ ɫɨɫɬɨɹɧɢɹ Cu–Ga, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɩɪɢ ɬɟɦɩɟ-

ɪɚɬɭɪɟ 200 °C ɨɛɪɚɡɭɟɬɫɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞ CuGaଶ. Ɉɬ ɫɨɞɟɪɠɚɧɢɹ ɝɚɥɥɢɹ ɜ ɩɪɢ-

ɩɨɟ ɡɚɜɢɫɹɬ ɬɨɥɳɢɧɵ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɥɨɹ ɢ ɤɨɥɢɱɟɫɬɜɨ ɮɚɡɵ CuGaଶ. ɑɟɦ 

ɛɨɥɶɲɟ ɤɨɥɢɱɟɫɬɜɚ ɝɚɥɥɢɹ, ɬɟɦ ɬɨɥɳɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɣ ɫɥɨɣ (ɫɦ. ɬɚɛɥ. 3; 

ɨɛɪ. 3, 4 ɢ 5). 

ɇɚ ɪɢɫɭɧɤɟ 18 ɩɨɤɚɡɚɧ ɥɢɧɟɣɧɵɣ ɫɩɟɤɬɪ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɬɟɪɦɨɨɛɪɚ-

ɛɨɬɤɟ 140 °ɋ, ɧɚ ɪɢɫɭɧɤɟ ɧɚɛɥɸɞɚɟɬɫɹ ɮɚɡɚ CuGaଶ, ɢɞɟɧɬɢɱɧɚɹ ɮɚɡɟ, ɤɨɬɨɪɚɹ 

ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 200 °ɋ. 
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Ɋɢɫɭɧɨɤ 18 – ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ (Cu–Al–Mn)–

Ga (ɚ) ɢ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ (ɛ), ɥɢɧɟɣɧɵɟ ɫɩɟɤɬɪɵ, ɲɚɝ 

20 ɦɤɦ, ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ 140 °C, ɨɛɪ. № 10 

 

Ⱥɧɚɥɢɡɢɪɭɹ ɤɪɢɜɵɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɥɟɦɟɧɬɨɜ (ɪɢɫ. 16, 17 ɢ 18) ɢ ɫɨɩɨ-

ɫɬɚɜɥɹɹ ɢɯ ɫ ɞɢɚɝɪɚɦɦɨɣ Cu–Ga, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɨɛɪɚ-

ɡɨɜɚɥɚɫɶ   ɮɚɡɚ CuGaଶ, ɬɚɤ ɤɚɤ ɷɬɨ ɫɨɟɞɢɧɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɷɥɟɦɟɧɬɨɜ ɧɚ ɞɢɚɝɪɚɦɦɟ ɫɨɫɬɨɹɧɢɹ (Cu – 33÷35 %; Ga – 65÷67 %). 

ɇɚ ɪɢɫɭɧɤɟ 17 ɢɦɟɸɬɫɹ ɬɨɱɟɱɧɵɟ ɫɩɟɤɬɪɵ 1, 2, 3 ɢ ɥɢɧɟɣɧɵɣ ɫɩɟɤɬɪ 5. 1 

ɬɨɱɟɱɧɵɣ ɫɩɟɤɬɪ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɨɫɬɚɜɭ ɢɫɯɨɞɧɨɣ ɛɪɨɧɡɵ (ȻɪȺɆɰ9-2), ɚ 

ɫɩɟɤɬɪ 3 ɫɨɨɬɜɟɬɫɬɜɭɟɬ CuGaଶ. Ɍɨɱɟɱɧɵɣ ɫɩɟɤɬɪ 2 ɢɦɟɟɬ ɫɨɫɬɚɜ: Cu – 53,33; Ga 
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– 40,58; Al – 4,29; Mn – 1,79 ɜ ɦɚɫɫɨɜɵɯ % ɢ ɥɢɧɟɣɧɵɣ ɫɩɟɤɬɪ 5 ɫɨɫɬɚɜ ɤɨɬɨ-

ɪɨɝɨ: Cu – 56,61; Ga – 36,98; Al – 4,37; Mn – 2,03 ɜ ɜɟɫɨɜɵɯ %. ɋɨɩɨɫɬɚɜɥɹɹ ɷɬɢ 

ɫɨɫɬɚɜɵ ɜɢɞɧɨ, ɱɬɨ ɷɬɨ ɨɞɧɚ ɢ ɬɚ ɠɟ ɮɚɡɚ, ɤɨɬɨɪɚɹ ɨɛɪɚɡɭɟɬɫɹ ɡɚ ɫɱɟɬ ɪɟɚɤɰɢ-

ɨɧɧɨɣ ɞɢɮɮɭɡɢɢ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ (Cu, Ga, Al, Mn). ɂ ɦɨɠɧɨ ɬɨɥɶɤɨ ɩɪɟɞɩɨɥɨ-

ɠɢɬɶ, ɱɬɨ ɨɛɪɚɡɨɜɚɜɲɚɹɫɹ ɧɨɜɚɹ ɮɚɡɚ ɹɜɥɹɟɬɫɹ ɪɚɡɧɨɜɢɞɧɨɫɬɶɸ Ȗ-ɮɚɡɵ ɞɢɚ-

ɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ Cu–Ga. 

ɗɥɟɦɟɧɬɧɵɣ ɚɧɚɥɢɡ ɩɪɨɞɭɤɬɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɩɨɤɚɡɵɜɚɟɬ ɫɥɨɠɧɵɣ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɫɨɫɬɚɜ ɝɚɥɥɢɟɜɨɝɨ ɩɪɢɩɨɹ ɩɨɫɥɟ ɬɟɪɦɨ-

ɨɛɪɚɛɨɬɤɢ. ɇɚɪɹɞɭ ɫ ɧɨɜɵɦɢ ɨɛɪɚɡɨɜɚɜɲɢɦɢɫɹ ɮɚɡɚɦɢ ɩɪɢɫɭɬɫɬɜɭɟɬ ɨɫɬɚɬɨɱ-

ɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɟɞɧɨɝɨ ɩɨɪɨɲɤɚ ɢ ɱɚɫɬɢɰ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ.  

 

3.4 Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ ɮɚɡɨɜɵɯ ɢ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ 

 

ɇɚ ɪɢɫɭɧɤɚɯ 19, 20 ɢ 21 ɢɡɨɛɪɚɠɟɧɵ ɞɢɚɝɪɚɦɦɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɚɧɧɵɯ 

ɩɨ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɧɚ ɝɪɚɧɢɰɚɯ ɪɚɡɞɟɥɚ ɨɬ ɦɚɬɟɪɢɚɥɚ ɨɛɨɣɦɵ ɤ ɩɚɫɬɟ-ɩɪɢɩɨɸ, 

ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 270 °C, 200 °C ɢ 140 °C.  

 

 
Ɋɢɫɭɧɨɤ 19 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ  

ɮɚɡ (Cu–Al–Mn) – Ga ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ 270 °C ɢ ɜɵɞɟɪɠɤɢ 6 ɱ. 
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Ɋɢɫɭɧɨɤ 20 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ  

ɮɚɡ (Cu–Al–Mn) – Ga ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ 200 °C ɢ ɜɵɞɟɪɠɤɢ 10 ɱ. 

 

 
Ɋɢɫɭɧɨɤ 21 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ  

ɮɚɡ (Cu–Al–Mn) – Ga ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ 140 °C ɢ ɜɵɞɟɪɠɤɢ 12 ɱ. 

 

Ⱦɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɡɧɚɱɟɧɢɹ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɢɧɬɟɪɦɟ-

ɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ ɜɵɲɟ ɡɧɚɱɟɧɢɣ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ ɧɚ ɝɪɚ-

ɧɢɰɚɯ ɪɚɡɞɟɥɚ ɦɟɧɹɟɬɫɹ ɫɤɚɱɤɨɨɛɪɚɡɧɨ. ɉɪɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ 
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ɩɪɢ 270 °C ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɦɟɠɞɭ ɦɟɞɶɸ ɢ ɝɚɥɥɢɟɦ, ɛɪɨɧɡɨɣ ɢ ɝɚɥɥɢɟɦ 

ɨɛɪɚɡɭɟɬɫɹ ɮɚɡɚ ɫ ɧɚɢɛɨɥɶɲɟɣ ɬɜɟɪɞɨɫɬɶɸ 1800 Ɇɉɚ. ɗɬɚ ɬɜɟɪɞɨɫɬɶ ɩɪɢɦɟɪɧɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ Ȗ-ɮɚɡɟ ɞɢɚɝɪɚɦɦɵ Cu–Ga. Ⱦɚɧɧɵɟ ɩɨ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɫɬɪɭɤɬɭɪ-

ɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɨɞɬɜɟɪɠɞɚɸɬ ɩɪɚɜɢɥɶɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ 

ɮɚɡ [22]. 
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4 Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ 

 

Ⱥɜɬɨɪɨɦ ɪɚɛɨɬɵ [11] ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɢ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɨɩɢɫɚɧɢɹ ɤɢ-

ɧɟɬɢɤɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɚɡ (ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ) ɜ ɞɜɨɣɧɵɯ ɫɢɫɬɟ-

ɦɚɯ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɭɸ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ:  

             y2=2D∙
∆C
a

∙τ, 
 

ɝɞɟ y – ɬɨɥɳɢɧɚ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ ɡɚ ɜɪɟɦɹ τ;  

           a – «ɧɟɤɨɬɨɪɵɣ» ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ;  

          Δɋ – ɪɚɡɧɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɚ ɨɛɟɢɯ ɝɪɚɧɢɰɚɯ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ, 

ɤɨɬɨɪɚɹ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɨɣ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ ɪɨɫɬɚ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, 

ɬ.ɟ. Δɋ – const. 

Ʌɨɝɢɱɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ «ɚ» ɷɬɨ ɩɥɨɬɧɨɫɬɶ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɢɧɬɟɪɦɟ-

ɬɚɥɥɢɞɚ, ɬ.ɤ. ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɞɢɮɮɭɧɞɢɪɭɸɳɢɯ ɧɚɜɫɬɪɟɱɭ ɞɪɭɝ ɞɪɭɝɭ 

ɚɬɨɦɨɜ Ⱥ ɢ ȼ, ɨɛɪɚɡɭɟɬɫɹ ɧɨɜɨɟ ɜɟɳɟɫɬɜɨ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɥɨɬɧɨɫɬɶɸ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ ɜ ɞɜɨɣɧɨɣ ɫɢɫɬɟɦɟ 

ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɩɨ ɮɨɪɦɭɥɟ: 

             D = y2d
2 ∆Cτ

, 

 

ɝɞɟ y – ɬɨɥɳɢɧɚ (ɦ) ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɵ, ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ ɡɚ ɜɪɟɦɹ τ (ɫɟɤ) ɜ 

ɧɚɫɵɳɟɧɧɨɦ ɪɚɫɬɜɨɪɟ ɤɨɦɩɨɧɟɧɬɚ Ⱥ ɤɨɦɩɨɧɟɧɬɨɦ ȼ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɢɚ-

ɝɪɚɦɦɨɣ ɫɨɫɬɨɹɧɢɹ Ⱥ–ȼ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, (y – ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɨ); 

            d – ɩɥɨɬɧɨɫɬɶ ɮɚɡɵ ܣ௠ܤ௡, ɤɨɬɨɪɚɹ ɛɟɡ ɭɱɟɬɚ ɢɡɦɟɧɟɧɢɹ ɪɚɡɦɟɪɨɜ ɚɬɨ-

ɦɨɜ Ⱥ ɢ ȼ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɷɬɨɣ ɮɚɡɵ, ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɢɡɜɟɫɬɧɵɦ 

ɮɨɪɦɭɥɚɦ; 

(4.1) 

(4.2) 
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           Δɋ – ɩɟɪɟɩɚɞ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɩɪɟɞɟɥɚɯ ɜɡɚɢɦɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɤɨɦɩɨ-

ɧɟɧɬɨɜ Ⱥ ɢ ȼ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɟ (ܣ௠ܤ௡), ɨɩɪɟɞɟɥɹɟɦɨɦ ɬɚɤɠɟ ɩɨ ɞɚɧɧɨɣ 

ɞɢɚɝɪɚɦɦɟ ɫɨɫɬɨɹɧɢɣ [ɤɝ/ɦ3]. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɟɚɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɪɚ-

ɠɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ Ⱥɪɪɟɧɢɭɫɚ [7]: 

 

 D = D0e-Q/ RT, 

 

ɝɞɟ D – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ [мଶ/ɫ]; 

        D଴ – ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɦɧɨɠɢɬɟɥɶ;  

        Q – ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ [ɤɚɥ/ɦɨɥɶ]; 

        R – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ [ɤɚɥ/ɦɨɥɶ·ºɄ];  

        T – ɬɟɦɩɟɪɚɬɭɪɚ [Ʉ].  

ɗɬɢ ɩɚɪɚɦɟɬɪɵ ɹɜɥɹɸɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɜ ɩɪɨɰɟɫɫɟ ɞɢɮɮɭɡɢɢ, ɢɦɟɹ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ ɩɪɢ ɞɜɭɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ 

ɨɩɪɟɞɟɥɟɧɢɟ ɢ ɨɫɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ: 

 

 𝑎ሻ ln D =ln D0 - Q
2,3RT

 (ɩɪɢ 140 °ɋ); 

 

 ɛሻ ln D =ln D0 - Q
2,3RT

 (ɩɪɢ 200 °ɋ). 

 

ɉɨɥɭɱɚɟɬɫɹ ɫɢɫɬɟɦɚ ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ ɫ ɞɜɭɦɹ ɧɟɢɡɜɟɫɬɧɵɦɢ, ɤɨɬɨɪɭɸ ɦɵ 

ɢ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ. 

ȼ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɧɚɦɢ ɧɟ ɧɚɣɞɟɧɚ ɞɢɚɝɪɚɦɦɚ ɮɚɡɨɜɨɝɨ ɪɚɜ-

ɧɨɜɟɫɢɹ Cu–Ga–Al–Mn, ɧɟ ɭɫɬɚɧɨɜɥɟɧɵ ɬɨɱɧɨ ɫɨɫɬɚɜɵ ɬɪɟɯ, ɱɟɬɵɪɟɯ ɤɨɦɩɨ-

ɧɟɧɬɧɵɯ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɚɡ (ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ) ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ. ȼ ɷɬɨɣ 

ɫɜɹɡɢ ɬɨɱɧɨ ɪɚɫɫɱɢɬɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɢɥɢ ɩɚɪɰɢɚɥɶɧɵɟ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ ɷɥɟɦɟɧɬɨɜ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɧɟ ɩɪɟɞ-

ɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ.  

(4.3) 

(4.4) 
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ɇɨ ɩɨɫɤɨɥɶɤɭ ɩɪɨɰɟɫɫɵ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ ɧɚɦɢ ɢɡɭɱɚɥɢɫɶ ɫɢɧ-

ɯɪɨɧɧɨ ɢ ɜ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ ɜ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɤɨɦɩɨɡɢɰɢɹɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ 

ɷɮɮɟɤɬɢɜɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ (ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ) 

ɦɨɠɧɨ ɨɰɟɧɢɬɶ, ɫɪɚɜɧɢɜɚɹ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɧɨɜɵɯ ɮɚɡ ɜ ɫɢɫɬɟɦɟ Cu–Ga ɫɨ ɫɤɨ-

ɪɨɫɬɹɦɢ ɨɛɪɚɡɨɜɚɧɢɹ ɢɯ ɜ ɫɢɫɬɟɦɟ ɛɪɨɧɡɚ-ɝɚɥɥɢɣ. 

ɇɚ ɪɢɫɭɧɤɟ 22 ɩɪɢɜɟɞɟɧɵ ɭɠɟ ɩɨɥɭɱɟɧɧɵɟ ɧɚɦɢ ɪɚɧɟɟ ɤɪɢɜɵɟ ɪɨɫɬɚ ɩɪɨ-

ɦɟɠɭɬɨɱɧɵɯ ɮɚɡ ɜ ɫɢɫɬɟɦɟ Cu–Ga ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 200 ºɋ ɢ 140 ºɋ, ɩɨ ɤɨɬɨ-

ɪɵɦ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ, ɷɧɟɪɝɢɢ ɚɤɬɢ-

ɜɚɰɢɢ (Q) ɢ ɱɚɫɬɨɬɧɵɣ ɮɚɤɬɨɪ (D଴). Ɍɭɞɚ ɠɟ ɩɨɦɟɳɟɧɵ ɤɪɢɜɵɟ ɪɨɫɬɚ ɩɪɨɦɟ-

ɠɭɬɨɱɧɨɣ ɮɚɡɵ ɢɡ ɫɢɫɬɟɦɵ (Cu–Al–Mn) – Ga ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɞɚɧɧɵɦ ɧɚɫɬɨɹ-

ɳɟɣ ɪɚɛɨɬɵ. Ʉɚɤ ɭɤɚɡɚɧɧɨ ɜ ɪɚɡɞɟɥɟ 3.2 ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ ɜ ɫɢ-

ɫɬɟɦɟ Cu–Ga ɜ 1,5 ɛɨɥɶɲɟ ɱɟɦ ɜ ɫɢɫɬɟɦɟ (Cu–Al–Mn) – Ga ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

200 ºɋ, ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɧɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 140 ºɋ. 

 

 
Ɋɢɫɭɧɨɤ 22 – Ʉɪɢɜɵɟ ɪɨɫɬɚ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɚɡ ɜ ɫɢɫɬɟɦɚɯ Cu–Ga ɢ (Cu–Al–Mn) – Ga ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɚɯ 200 ºɋ ɢ 140 ºɋ 

 

ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ Ȼɭɝɚɤɨɜɚ [11]: 
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ɝɞɟ ʹ𝑝 ɨɩɪɟɞɟɥɟɧ ɢɦ ɤɚɤ ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮ-

ɮɭɡɢɢ ɢ ɧɚɦɢ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ʹ𝑝 ɤɚɤ 

ɷɮɮɟɤɬɢɜɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɟɚɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ ɜɨ ɜɡɹɬɨɣ ɦɧɨɝɨɤɨɦɩɨ-

ɧɟɧɬɧɨɣ ɫɢɫɬɟɦɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 200 ºɋ ɢ 140 ºɋ, ɚ ɡɚɬɟɦ ɢ ɩɚɪɚɦɟɬɪɵ ɜɡɚ-

ɢɦɧɨɣ ɞɢɮɮɭɡɢɢ Q ɢ D଴. 

ɗɬɢ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4  

 

Ɍɚɛɥɢɰɚ 4 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ  ɩɚɪɚɦɟɬɪɨɜ  ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ ɜ ɫɢɫɬɟɦɟ 

(Cu–Al–Mn) – Ga (140÷200 ºɋ) 

 

ɂɫɫɥɟɞɭɟɦɚɹ ɫɢ-

ɫɬɟɦɚ 

ɉɪɨɦɟɠɭɬɨɱɧɚɹ 

ɮɚɡɚ, % (ɚɬɨɦɧɵɟ) 

Ɂɧɚɱɟɧɢɟ ɷɮɮɟɤ-

ɬɢɜɧɨɝɨ ɤɨɷɮɮɢ-

ɰɢɟɧɬɚ ɪɟɚɤɰɢ-

ɨɧɧɨɣ ɞɢɮɮɭɡɢɢ ʹp ≅ Ď, [ɦ2/ɫ] 

ɗɧɟɪɝɢɹ ɚɤ-

ɬɢɜɚɰɢɢ 

Q, 

[ɤɚɥ/ɦɨɥɶ] 

D଴, 
[ɦ2/ɫ] 

 

(Cu–Al–Mn) – Ga 

(140 ºɋ) CuହଷGaସଵAlସMnଶ 

7,38∙10-15 

 ∙10
-12

 
(Cu–Al–Mn) – Ga 

(200 ºɋ) 
1,75∙10-14 

 

ɉɨɥɭɱɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ ɞɨɫɬɚɬɨɱɧɵ ɞɥɹ ɨɩɪɟɞɟ-

ɥɟɧɢɹ ɜɪɟɦɟɧɢ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɝɚɥɥɢɟɜɨɣ ɩɚɫɬɵ-ɩɪɢɩɨɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɟё ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɠɢɞɤɨɣ ɢ 

ɬɜɟɪɞɨɣ ɮɚɡ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɪɨɲɨɤ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ ɦɨɠɟɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɨɫɧɨɜɧɨɣ ɢɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɧɚɩɨɥɧɢɬɟɥɶ ɝɚɥɥɢɟɜɵɯ ɩɚɫɬ-

ɩɪɢɩɨɟɜ, ɛɥɚɝɨɞɚɪɹ ɩɪɢɫɭɬɫɬɜɢɸ ɜ ɧɟɣ ɚɥɸɦɢɧɢɹ, ɩɪɢɞɚɸɳɟɝɨ ɩɚɫɬɟ ɩɨɜɵ-

ɲɟɧɧɭɸ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɢ ɧɟɤɨɬɨɪɨɟ ɫɧɢɠɟɧɢɟ ɟё ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɢɡ-

ɡɚ ɡɚɦɟɧɵ ɱɚɫɬɢ ɦɟɞɢ ɧɚ ɚɥɸɦɢɧɢɣ. 

ଶݕ = ʹ𝑝𝜏, (4.5) 
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Ƚɚɥɥɢɟɜɵɟ ɩɚɫɬɵ-ɩɪɢɩɨɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɪɚɡɧɨɪɨɞɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ, ɧɚɩɪɢɦɟɪ, ɤɟɪɚɦɢɤɚ-ɦɟɞɶ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɚɣɤɢ 

(ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ) ɧɟ ɛɨɥɟɟ 100–120 ºɋ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ ɛɨɥɶɲɟɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɨɛɵɱɧɨɣ ɚɬɦɨɫɮɟɪɟ ɢɞɟɬ ɛɵɫɬɪɨ ɩɪɨɰɟɫɫ ɟё ɨɤɢɫɥɟɧɢɹ. ɉɪɢ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɢ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ ɜ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɹ ɡɚɦɟɬɧɨɝɨ ɨɤɢɫɥɟ-

ɧɢɹ ɩɚɫɬɵ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 250 ºɋ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



54 
 

ɁȺɄɅɘɑȿɇɂȿ 
 

ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ ɫ ɠɢɞ-

ɤɢɦ ɝɚɥɥɢɟɦ ɧɚ ɩɪɟɞɦɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɨɝɨ ɞɢɮɮɭɡɢɨɧɧɨ-ɬɜɟɪɞɟɸɳɟɝɨ 

ɫɩɥɚɜɚ ɜ ɤɚɱɟɫɬɜɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ (ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɥɟɹ), ɤɨɬɨɪɵɣ ɩɪɢ ɡɚɬɜɟɪɞɟ-

ɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 100–300 °ɋ ɞɚёɬ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɫɩɚɹ ɫɜɵɲɟ 800 

°ɋ. 

Ɉɩɪɟɞɟɥɟɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɥɸɦɢɧɢɟɜɨɣ 

ɛɪɨɧɡɵ ɢ ɝɚɥɥɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 300 °ɋ. 

ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɨɫɬ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ ɩɨɞ-

ɱɢɧɹɟɬɫɹ ɩɚɪɚɛɨɥɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ ݕଶ = ʹ𝑝𝜏 , ɝɞɟ y – ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɨɜɵɯ ɮɚɡ,  𝜏 – ɜɪɟɦɹ ɤɨɧɬɚɤɬɚ, 2𝑝 – ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɡɚɢɦɧɨɣ ɪɟɚɤɰɢɨɧɧɨɣ 

ɞɢɮɮɭɡɢɢ (ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ). 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɩɪɟɞɟɥɟɧɵ ɩɪɨɞɭɤɬɵ 

ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ.  ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ ɫ ɠɢɞɤɢɦ 

ɝɚɥɥɢɟɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 140 °ɋ ɢ 200 °ɋ ɨɛɪɚɡɭɟɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɚɹ ɮɚɡɚ  CuହଷGaସଵAlସMnଶ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 270 °ɋ ɨɛɪɚɡɭɟɬɫɹ ɧɟɢɡɜɟɫɬɧɚɹ ɮɚɡɚ ɫ ɛɨɥɶ-

ɲɟɣ ɬɜɟɪɞɨɫɬɶɸ. 

Ɋɚɫɫɱɢɬɚɧɵ ɩɚɪɚɦɟɬɪɵ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ (D, D0, Q) ɩɪɢ ɤɨɧɬɚɤɬɟ 

ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ (ȻɪȺɆɰ9-2) ɢ ɝɚɥɥɢɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 100–300 

°ɋ. 

ɉɨɫɤɨɥɶɤɭ ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 

ɚɥɸɦɢɧɢɟɜɨɣ ɛɪɨɧɡɵ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ ɨɛɪɚɡɭɟɬɫɹ ɧɨɜɚɹ ɮɚɡɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 

ɝɚɥɥɢɹ ɨɤɨɥɨ 40 % (ɚɬɨɦɧɵɯ), ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɨɛɪɚɡɭɟɬɫɹ ɩɪɨɬɨɬɢɩ 

Ȗ-ɮɚɡɵ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɋu–Ga ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɡɥɨɠɟɧɢɹ 700–800 °ɋ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɨɥɨɠɟɧɵ ɧɚ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɫɬɭɞɟɧɱɟɫɤɨɣ 

ɤɨɧɮɟɪɟɧɰɢɢ «ɉɪɨɫɩɟɤɬ ɫɜɨɛɨɞɧɵɣ» – 2020». 
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