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Аɧɧɨɬаɰиɹ. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɨɩɪɨɫɚ ɜ ɨɛɥɚɫɬɢ ɧɚɩɵɥɟɧɢɹ ɡɚɳɢɬɧɵɯ 
ɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɩɨɤɪɵɬɢɣ ɦɟɬɨɞɨɦ ɯɨɥɨɞɧɨɝɨ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɩɵɥɟɧɢɹ (ɏȽɇ) ɢ ɩɟɪ-
ɫɩɟɤɬɢɜ ɟɝɨ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ, ɤɨɬɨɪɵɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɪɚɡɜɢɬɢɟ ɯɨɥɨɞɧɨɝɨ ɧɚɩɵɥɟɧɢɹ ɬɪɟ-
ɛɭɟɬ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɤɨɪɨɫɬɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɱɚɫɬɢɰ ɧɚɩɵɥɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡ ɢɫɬɨɱɧɢɤɨɜ ɩɨɦɢɦɨ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ.  
Клɸɱевые ɫлɨва: ɯɨɥɨɞɧɨɟ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɟ ɧɚɩɵɥɟɧɢɟ, ɩɨɤɪɵɬɢɟ, ɩɨɞɥɨɠɤɚ, ɫɜɨɣɫɬɜɚ ɩɨ-
ɤɪɵɬɢɣ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ. 
 

 

əɜɥɟɧɢɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɤɪɵɬɢɹ ɏȽɇ 

ɜɩɟɪɜɵɟ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɜ ɂɧɫɬɢɬɭɬɟ ɬɟɨ-
ɪɟɬɢɱɟɫɤɨɣ ɢ ɩɪɢɤɥɚɞɧɨɣ ɦɟɯɚɧɢɤɢ ɢɦ. 

ɋ. Ⱥ. ɏɪɢɫɬɢɚɧɨɜɢɱɚ ɋɢɛɢɪɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ 
Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ (ɂɌɉɆ ɋɈ ɊȺɇ) 

ɜ ɧɚɱɚɥɟ 80-ɯ ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ ɜɟɤɚ ɩɪɢ ɢɡɭ-

ɱɟɧɢɢ ɨɛɬɟɤɚɧɢɹ ɡɚɬɭɩɥɟɧɧɵɯ ɬɟɥ ɫɜɟɪɯɡɜɭ-

ɤɨɜɵɦ ɞɜɭɯɮɚɡɧɵɦ ɩɨɬɨɤɨɦ (ɝɚɡ ɩɥɸɫ ɬɜɟɪ-
ɞɵɟ ɱɚɫɬɢɰɵ) [1]. Ɇɟɬɨɞ ɏȽɇ ɩɪɨɞɨɥɠɚɟɬ 
ɢɫɫɥɟɞɨɜɚɬɶɫɹ ɢ ɪɚɡɜɢɜɚɬɶɫɹ ɤɚɤ ɩɟɪɫɩɟɤɬɢɜ-
ɧɚɹ ɚɞɞɢɬɢɜɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɜ ɚɷɪɨɤɨɫɦɢɱɟ-
ɫɤɨɣ, ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɢ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɨɬɪɚɫ-
ɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

 

  

Ɂɚ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɬɟɯɧɨɥɨɝɢɹ 
ɏȽɇ ɩɨɞɜɟɪɝɚɥɚɫɶ ɪɚɡɧɨɫɬɨɪɨɧɧɟɦɭ ɢɫɫɥɟ-
ɞɨɜɚɧɢɸ. Ȼɨɥɶɲɢɧɫɬɜɨ ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɵ ɜɨ-
ɩɪɨɫɚɦ ɜɨɡɦɨɠɧɨɫɬɢ ɧɚɩɵɥɟɧɢɹ ɪɚɡɧɨɨɛɪɚɡ-
ɧɵɯ ɩɨɪɨɲɤɨɜ ɢ ɢɯ ɫɦɟɫɟɣ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɬɪɟɛɭɟɦɨɝɨ ɩɨɤɪɵɬɢɹ, ɨɩɢɪɚɹɫɶ ɧɚ ɢɫɫɥɟɞɨ-
ɜɚɧɢɹ ɦɚɧɢɩɭɥɹɰɢɹɦɢ ɞɚɜɥɟɧɢɟɦ ɢ ɬɟɦɩɟɪɚ-
ɬɭɪɨɣ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ ɢɥɢ ɫɦɟɫɟɣ ɝɚɡɨɜ [2–6], 

ɢɡ ɤɨɬɨɪɵɯ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨ-
ɥɭɱɢɥɢ ɜɨɡɞɭɯ, ɚɡɨɬ, ɝɟɥɢɣ ɢ ɢɯ ɫɦɟɫɢ ɜ ɪɚɡ-
ɧɵɯ ɩɪɨɩɨɪɰɢɹɯ. ɂɡɭɱɚɸɬɫɹ ɜɥɢɹɧɢɟ ɧɚ ɩɨ-
ɥɭɱɚɟɦɵɟ ɩɨɤɪɵɬɢɹ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ 
ɧɚɩɵɥɹɟɦɨɝɨ ɩɨɪɨɲɤɚ ɢ ɦɨɪɮɨɥɨɝɢɢ ɱɚɫɬɢɰ 

ɧɚɩɵɥɹɟɦɨɝɨ ɩɨɪɨɲɤɚ ɥɢɛɨ ɩɨɪɨɲɤɨɜɨɣ 

ɫɦɟɫɢ, ɚ ɬɚɤɠɟ ɫɜɨɣɫɬɜɚ ɢ ɦɨɪɮɨɥɨɝɢɹ ɦɚɬɟ-
ɪɢɚɥɚ ɩɨɞɥɨɠɤɢ [7–10]. Ȼɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ 
ɭɞɟɥɹɟɬɫɹ ɪɚɰɢɨɧɚɥɢɡɚɰɢɢ ɝɟɨɦɟɬɪɢɢ ɫɨɩɥɨ-
ɜɨɝɨ ɚɩɩɚɪɚɬɚ [11–13]. Ɍɚɤɠɟ ɟɫɬɶ ɧɟɫɤɨɥɶɤɨ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɜɧɟɞɪɟɧɢɸ ɜɫɩɨɦɨɝɚɬɟɥɶ-
ɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɫɜɟɧɧɨ ɫɩɨɫɨɛɫɬɜɭɸ-

ɳɟɝɨ ɩɨɥɭɱɟɧɢɸ ɥɭɱɲɟɝɨ ɪɟɡɭɥɶɬɚɬɚ ɩɪɢ 

ɧɚɧɟɫɟɧɢɢ ɩɨɤɪɵɬɢɹ [14–16]. 

    

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜ-
ɥɹɟɬɫɹ ɚɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɨ-
ɩɪɨɫɚ ɜ ɨɛɥɚɫɬɢ ɧɚɩɵɥɟɧɢɹ ɡɚɳɢɬɧɵɯ ɢ ɜɨɫ-
ɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɩɨɤɪɵɬɢɣ ɦɟɬɨɞɨɦ 

ɯɨɥɨɞɧɨɝɨ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɩɵɥɟɧɢɹ ɢ 

ɩɟɪɫɩɟɤɬɢɜɵ ɟɝɨ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ. 
Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛ-

ɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

– ɜɫɟɫɬɨɪɨɧɧɢɣ ɨɛɡɨɪ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨ-
ɰɟɫɫɚ ɯɨɥɨɞɧɨɝɨ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɩɵɥɟ-
ɧɢɹ; 

– ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡ-
ɜɢɬɢɹ ɬɟɯɧɨɥɨɝɢɢ ɏȽɇ.  

 

   

Ɇɟɬɨɞ ɏȽɇ ɨɫɧɨɜɚɧ ɧɚ ɫɩɨɫɨɛɧɨɫɬɢ ɪɚɫ-
ɲɢɪɹɟɦɨɝɨ ɜ ɫɨɩɥɟ Ʌɚɜɚɥɹ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ ɩɟ-
ɪɟɞɚɜɚɬɶ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɧɢɡɤɨɞɢɫ-
ɩɟɪɫɧɵɦ ɬɜɟɪɞɵɦ ɱɚɫɬɢɰɚɦ ɩɨɪɨɲɤɚ ɞɥɹ 
ɞɨɫɬɢɠɟɧɢɹ ɢɦɢ ɤɪɢɬɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ, ɬɨ 
ɟɫɬɶ ɫɤɨɪɨɫɬɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɱɚɫɬɢɰɵ ɩɪɢ ɫɨ-
ɭɞɚɪɟɧɢɢ ɫ ɩɨɞɥɨɠɤɨɣ ɮɨɪɦɢɪɭɸɬ ɭɫɬɨɣɱɢ-

ɜɭɸ ɫɜɹɡɶ. 
Ⱦɥɹ ɩɪɨɰɟɫɫɚ ɏȽɇ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɞɜɟ 

ɨɫɧɨɜɧɵɟ ɬɟɨɪɢɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɤɪɵɬɢɹ: 
ɞɢɮɮɭɡɢɨɧɧɭɸ ɢ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɭɸ [17].  

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɰɟɩɥɟɧɢɹ ɩɪɢ ɧɚɩɵɥɟ-
ɧɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɛɢɧɚɰɢɹ ɤɢɧɟɬɢɱɟɫɤɨɣ 

ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɝɞɟ ɬɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ 
ɪɚɡɦɹɝɱɚɟɬ ɢɥɢ ɩɥɚɜɢɬ ɧɚɩɵɥɹɟɦɵɣ ɦɚɬɟɪɢ-

ɚɥ, ɚ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɭɩɥɨɬɧɹɟɬ ɢ 

ɭɩɪɨɱɧɹɟɬ ɫɰɟɩɥɟɧɢɟ.  
ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɹ 

ɏȽɇ ɢɦɟɟɬ ɞɜɚ ɩɨɞɜɢɞɚ, ɨɬɥɢɱɢɬɟɥɶɧɵɦ 

ɩɪɢɡɧɚɤɨɦ ɤɨɬɨɪɵɯ ɜɵɫɬɭɩɚɟɬ ɞɢɚɩɚɡɨɧ ɪɚ-
ɛɨɱɢɯ ɞɚɜɥɟɧɢɣ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ ɨɬ 0,6 ɞɨ 1,0 

Ɇɉɚ ɢ ɨɬ 1,5 ɞɨ 6,0 Ɇɉɚ, ɧɚɡɵɜɚɟɦɵɟ «ɯɨ-
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ɥɨɞɧɨɟ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɟ ɧɚɩɵɥɟɧɢɟ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ» (ɏȽɇɇȾ) ɢ «ɯɨɥɨɞɧɨɟ ɝɚɡɨɞɢɧɚ-
ɦɢɱɟɫɤɨɟ ɧɚɩɵɥɟɧɢɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ» 

(ɏȽɇȼȾ) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɏȽɇȼȾ, ɛɥɚɝɨɞɚɪɹ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɦɭ 

ɡɚɩɚɫɭ ɷɧɟɪɝɢɣ ɞɥɹ ɩɟɪɟɞɚɱɢ ɧɚɩɵɥɹɟɦɨɦɭ 
ɩɨɪɨɲɤɭ, ɩɨɡɜɨɥɹɟɬ ɧɚɩɵɥɹɬɶ ɛɨɥɟɟ ɲɢɪɨɤɢɣ 

ɞɢɚɩɚɡɨɧ ɦɚɬɟɪɢɚɥɨɜ ɫ ɜɵɫɨɤɢɦɢ ɩɨɤɚɡɚɬɟ-
ɥɹɦɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ, ɬɚɤɢɦɢ ɤɚɤ 
ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ, ɚɞɝɟɡɢɨɧɧɚɹ / ɤɨɝɟɡɢɨɧɧɚɹ 
ɩɪɨɱɧɨɫɬɶ, ɩɨɪɢɫɬɨɫɬɶ ɢ ɬ.ɞ. 

ɏȽɇɇȾ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɢɦɟɹ ɛɨɥɟɟ ɭɡ-
ɤɢɣ ɞɢɚɩɚɡɨɧ ɩɪɢɦɟɧɹɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɦɟ-
ɟɬ ɩɪɟɢɦɭɳɟɫɬɜɚ ɜ ɦɨɛɢɥɶɧɨɫɬɢ, ɷɤɨɥɨɝɢɱ-
ɧɨɫɬɢ, ɧɢɡɤɨɣ ɲɭɦɧɨɫɬɢ, ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ 

ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɢ ɩɪɢɦɟɧɹɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚ-
ɧɢɹ, ɧɢɡɤɢɯ ɡɚɬɪɚɬɚɯ ɧɚ ɪɚɫɯɨɞɧɵɟ ɦɚɬɟɪɢɚ-
ɥɵ, ɚ ɬɚɤɠɟ ɧɟ ɬɪɟɛɭɟɬ ɜɵɫɨɤɨɤɜɚɥɢɮɢɰɢɪɨ-
ɜɚɧɧɨɝɨ ɩɟɪɫɨɧɚɥɚ. 
ȼɚɠɧɵɦ ɚɫɩɟɤɬɨɦ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɩɪɢ-

ɦɟɧɟɧɢɹ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɦɟɬɨɞɚ ɧɚɩɵɥɟɧɢɹ 
ɜɵɫɬɭɩɚɟɬ ɫɨɨɬɧɨɲɟɧɢɟ ɰɟɧɵ-ɤɚɱɟɫɬɜɚ ɩɨɥɭ-

ɱɚɟɦɵɯ ɩɨɤɪɵɬɢɣ. Ʉɚɤ ɭɠɟ ɭɩɨɦɢɧɚɥɨɫɶ ɪɚ-
ɧɟɟ, ɦɟɬɨɞ ɏȽɇ ɨɫɧɨɜɚɧ ɧɚ ɨɛɟɫɩɟɱɟɧɢɢ ɱɚ-
ɫɬɢɰɚɦ ɧɚɩɵɥɹɟɦɨɝɨ ɩɨɪɨɲɤɚ ɧɟɨɛɯɨɞɢɦɵɯ 
ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɤɨɪɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɟ-
ɪɟɞ ɫɨɭɞɚɪɟɧɢɟɦ ɫ ɩɨɞɥɨɠɤɨɣ. ɉɪɢ ɷɬɨɦ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɏȽɇȼȾ ɬɟɦɩɟɪɚɬɭɪɧɨ-
ɫɤɨɪɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɱɚɫɬɢɰ ɧɚɩɵɥɹɟ-
ɦɨɝɨ ɩɨɪɨɲɤɚ ɦɨɝɭɬ ɛɵɬɶ ɭɜɟɥɢɱɟɧɵ ɧɟɡɧɚ-
ɱɢɬɟɥɶɧɨ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɞɨɫɬɢɝɚɟɦɵɦɢ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɏȽɇɇȾ, ɧɨ ɡɚ ɫɱɟɬ ɡɧɚɱɢ-

ɬɟɥɶɧɨ ɛɨɥɶɲɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɢ ɡɚ-
ɬɪɚɬ ɧɚ ɪɚɫɯɨɞɧɵɟ ɦɚɬɟɪɢɚɥɵ.  

Ⱦɥɹ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɩɨɧɢɦɚɧɢɹ ɩɪɨɰɟɫɫɚ 
ɪɚɫɫɦɨɬɪɢɦ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɢ ɩɚɪɚɦɟɬɪɵ 

ɩɪɨɰɟɫɫɚ ɏȽɇ, ɜɥɢɹɸɳɢɟ ɧɚ ɞɨɫɬɢɠɟɧɢɟ ɧɟ-
ɨɛɯɨɞɢɦɵɯ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɤɨɪɨɫɬɧɵɯ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ ɱɚɫɬɢɰ ɧɚɩɵɥɹɟɦɨɝɨ ɩɨɪɨɲɤɚ. 

 

  

ɋɨɩɥɨɦ ɧɚɡɵɜɚɸɬ ɤɚɧɚɥ, ɜ ɤɨɬɨɪɨɦ ɩɪɨ-
ɢɫɯɨɞɢɬ ɭɫɤɨɪɟɧɢɟ ɝɚɡɚ ɡɚ ɫɱɟɬ ɟɝɨ ɪɚɫɲɢɪɟ-
ɧɢɹ ɫ ɩɚɞɟɧɢɟɦ ɞɚɜɥɟɧɢɹ. ȼ ɩɪɨɫɬɨɦ ɫɭɠɚɸ-

ɳɟɦɫɹ ɫɨɩɥɟ ɜɨɡɦɨɠɧɨ ɭɫɤɨɪɟɧɢɟ ɩɨɬɨɤɚ ɞɨ 
ɡɧɚɱɟɧɢɹ, ɪɚɜɧɨɝɨ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ. Ɍɚɤ ɤɚɤ 
ɩɪɨɰɟɫɫɭ ɏȽɇ ɧɟɨɛɯɨɞɢɦɵ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨ-
ɫɬɢ, ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɸɳɢɟ ɫɤɨɪɨɫɬɶ 
ɡɜɭɤɚ, ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɚɧɚɥɵ, 

ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɤɨɬɨɪɵɯ ɫɧɚɱɚɥɚ ɭɦɟɧɶɲɚ-
ɟɬɫɹ, ɚ ɡɚɬɟɦ – ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ɍɚɤɢɟ ɤɚɧɚɥɵ 

ɧɚɡɵɜɚɸɬ ɫɨɩɥɚɦɢ Ʌɚɜɚɥɹ. 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɝɟɨɦɟɬɪɢɢ 

ɫɨɩɥɚ Ʌɚɜɚɥɹ ɡɚɞɚɸɬɫɹ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɪɚɛɨ-
ɱɢɦɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɢ ɞɚɜɥɟɧɢɟɦ ɝɚɡɚ, ɚ ɬɚɤɠɟ 
ɫɜɨɣɫɬɜɚɦɢ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɷɮɮɟɤɬɚ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɩɥɚ Ʌɚɜɚɥɹ ɟɝɨ ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢɡɭɱɚɥɢɫɶ ɢ ɧɟɨɞɧɨɤɪɚɬɧɨ 
ɨɩɬɢɦɢɡɢɪɨɜɚɥɢɫɶ ɦɧɨɝɢɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ 

[2,11–13]. ȼ ɪɚɛɨɬɟ [2] ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫ-
ɫɥɟɞɨɜɚɧɢɟ ɩɨ ɫɨɡɞɚɧɢɸ ɫɨɩɥɚ ɫ ɩɨɥɧɨɣ ɞɥɢ-

ɧɨɣ <70 ɦɦ, ɤɨɬɨɪɨɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɫɨɡɞɚɧɢɟ 
ɤɨɪɨɬɤɢɯ ɫɨɩɟɥ ɞɥɹ ɪɚɛɨɬɵ ɜ ɨɝɪɚɧɢɱɟɧɧɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɜɨɡɦɨɠɧɨ. ɂɫɫɥɟɞɨɜɚɧɢɟ [11] 

ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɨɡɞɭɯɚ ɤɚɤ 
ɝɚɡɚ-ɧɨɫɢɬɟɥɹ ɫɭɳɟɫɬɜɭɟɬ ɨɝɪɚɧɢɱɟɧɢɟ ɱɢɫɥɚ 
Ɇɚɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɫɨɩɥɚ ɜ ɞɢɚɩɚɡɨɧɟ 1,5–3. 

ɇɢɠɧɹɹ ɝɪɚɧɢɰɚ ɞɢɚɩɚɡɨɧɚ ɩɪɨɞɢɤɬɨɜɚɧɚ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɢɡɛɟɠɚɬɶ ɫɥɢɲɤɨɦ ɜɵɫɨɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪ ɜɛɥɢɡɢ ɩɨɞɥɨɠɤɢ, ɚ ɜɟɪɯɧɹɹ -  

ɩɨɹɜɥɟɧɢɟɦ ɭɞɚɪɧɨɣ ɜɨɥɧɵ, ɫɭɳɟɫɬɜɟɧɧɨ 

ɫɧɢɠɚɸɳɟɣ ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰ. ȼ ɪɚɛɨɬɟ [12] 

ɛɵɥɨ ɫɦɨɞɟɥɢɪɨɜɚɧɨ ɫɨɩɥɨ ɫ ɨɩɬɢɦɚɥɶɧɨɣ 

ɝɟɨɦɟɬɪɢɟɣ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɦɹɝɤɢɯ ɦɚɬɟɪɢɚ-
ɥɨɜ (ɩɨɥɢɦɟɪɨɜ) ɦɟɬɨɞɨɦ ɏȽɇ. Ⱦɥɹ ɩɪɨɞɥɟ-
ɧɢɹ ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɨɩɥɚ ɛɵɥɨ ɩɪɨɜɟɞɟ-
ɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ [13] ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 

ɜɨɞɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɫɨɩɥɚ, ɤɨɬɨɪɨɟ ɩɨɤɚɡɚ-
ɥɨ, ɱɬɨ ɛɟɡ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɫɤɨ-
ɪɨɫɬɶ ɱɚɫɬɢɰ ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɧɤɢ 

ɫɨɩɥɚ ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɩɪɢɥɢɩɚɧɢɹ ɱɚ-
ɫɬɢɰ ɤ ɫɬɟɧɤɚɦ ɫɨɩɥɚ ɢ ɩɪɟɩɹɬɫɬɜɭɟɬ ɟɝɨ ɡɚ-
ɫɨɪɟɧɢɸ. 

 

   -  

Ɍɟɦɩɟɪɚɬɭɪɚ ɢ ɞɚɜɥɟɧɢɟ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ 
ɞɚɸɬ ɧɟɤɨɬɨɪɭɸ «ɝɢɛɤɨɫɬɶ» ɩɪɢ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɢ ɦɟɬɨɞɚ ɏȽɇ, ɬɨ ɟɫɬɶ, ɦɚɧɢɩɭɥɢɪɭɹ ɷɬɢɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ, ɜɨɡɦɨɠɧɨ ɭɩɪɚɜɥɹɬɶ ɩɪɨɰɟɫ-
ɫɨɦ ɧɚɩɵɥɟɧɢɹ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɟɝɨ ɪɟ-
ɡɭɥɶɬɚɬɚɦɢ. 

Ʉɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ ɪɚɧɟɟ, ɬɟɦɩɟɪɚɬɭɪɚ 
ɢ ɞɚɜɥɟɧɢɟ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ ɬɟɫɧɨ ɫɜɹɡɚɧɵ ɫ 
ɝɟɨɦɟɬɪɢɟɣ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɫɨɩɥɚ. ɗɧɟɪɝɢɹ 
ɝɚɡɚ-ɧɨɫɢɬɟɥɹ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɝɨ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ, ɫɪɚɛɚɬɵɜɚɟɬɫɹ ɜ ɫɨɩɥɟ, ɩɟ-
ɪɟɯɨɞɹ ɜ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɩɨɬɨɤɚ, ɬɨ 
ɟɫɬɶ ɜ ɟɝɨ ɫɤɨɪɨɫɬɶ. ɉɪɢ ɫɬɚɬɢɱɟɫɤɨɣ ɝɟɨɦɟɬ-
ɪɢɢ ɫɨɩɥɚ ɟɫɬɶ ɨɩɪɟɞɟɥɟɧɧɵɣ ɞɢɚɩɚɡɨɧ ɬɟɦ-

ɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɹ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ, ɩɪɢ ɤɨɬɨ-
ɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɵɣ ɩɟɪɟɯɨɞ ɷɧɟɪɝɢɢ ɜ 
ɤɢɧɟɬɢɱɟɫɤɭɸ, ɬɨ ɟɫɬɶ ɩɪɟɜɵɲɟɧɢɟ ɷɬɨɝɨ 
ɞɢɚɩɚɡɨɧɚ ɛɟɫɫɦɵɫɥɟɧɧɨ, ɬɚɤ ɤɚɤ ɫɤɨɪɨɫɬɶ 
ɩɨɬɨɤɚ ɪɚɫɬɢ ɧɟ ɛɭɞɟɬ, ɧɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɧɟɝɚɬɢɜɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɢ ɧɟɧɭɠɧɵɦ ɡɚɬɪɚ-
ɬɚɦ. Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ ɬɚɤɠɟ ɱɚ-
ɫɬɢɱɧɨ ɜɧɨɫɢɬ ɫɜɨɣ ɜɤɥɚɞ ɜ ɧɚɝɪɟɜ ɱɚɫɬɢɰ 

ɧɚɩɵɥɹɟɦɨɝɨ ɩɨɪɨɲɤɚ ɢ ɦɚɬɟɪɢɚɥɚ ɩɨɞɥɨɠ-

ɤɢ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɜɵɛɨɪɟ 
ɪɚɛɨɱɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ. 
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ȼɚɠɧɨ ɩɨɧɢɦɚɬɶ, ɱɬɨ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɪɚ-
ɛɨɱɟɝɨ ɞɚɜɥɟɧɢɹ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ ɫɤɨɪɨɫɬɶ ɱɚ-
ɫɬɢɰ ɜɨɡɪɚɫɬɚɟɬ ɧɟ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɛɨɥɟɟ ɜɵ-

ɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɝɚɡɚ, ɧɨ ɢ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ 
ɟɝɨ ɩɥɨɬɧɨɫɬɢ, ɚ ɡɧɚɱɢɬ, ɫɩɨɫɨɛɧɨɫɬɢ ɩɟɪɟɞɚ-
ɱɢ ɝɚɡɨɦ ɫɜɨɟɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɱɚɫɬɢ-

ɰɚɦ [2]. ɇɨ, ɤɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵɲɟ, ɩɨɜɵ-

ɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɦɨɠɟɬ ɢɦɟɬɶ ɢ ɧɟɝɚɬɢɜɧɵɟ 
ɷɮɮɟɤɬɵ. Ɉɫɧɨɜɧɵɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɞɚɜɥɟ-
ɧɢɹ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ ɹɜɥɹɸɬɫɹ ɝɟɨɦɟɬɪɢɹ ɫɨɩɥɚ 
ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ. 

ȿɳё ɛɨɥɟɟ ɦɧɨɝɨɝɪɚɧɧɨ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɝɚɡɚ ɫɤɨɪɨɫɬɶ ɡɜɭɤɚ ɝɚɡɚ ɜɨɡɪɚɫɬɚɟɬ, ɚ 
ɡɚɬɟɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɛɳɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɢ, 

ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰ [3, 18]. Ȼɨɥɟɟ 
ɬɨɝɨ, ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ 
ɫɧɢɠɚɟɬ ɤɪɢɬɢɱɟɫɤɭɸ ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰ ɡɚ 
ɫɱɟɬ ɬɯ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɦɹɝɱɟɧɢɹ ɱɚɫɬɢɰ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ ɡɧɚɱɢɬɟɥɶɧɨ 
ɜɥɢɹɟɬ ɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɩɨɤɪɵɬɢɹ [4, 19, 

20]. Ʉɚɤ ɜɢɞɧɨ ɧɚ ɪɢɫ. 1, ɩɨɤɪɵɬɢɟ, ɩɨɥɭɱɟɧ-

ɧɨɟ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡɚ-
ɧɨɫɢɬɟɥɹ, ɩɨɥɭɱɚɟɬɫɹ ɛɨɥɟɟ ɩɥɨɬɧɵɦ, ɚ ɝɥɭ-

ɛɢɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɢ  – ɦɟɧɶɲɟɣ, ɡɚ ɫɱɟɬ 
ɥɭɱɲɟɣ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬɢ ɱɚɫɬɢɰ. 

 

 
 

Ɋɢɫ. 1. ɉɨɩɟɪɟɱɧɵɟ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɧɚɩɵ-

ɥɟɧɢɣ Ti ɜ ɭɫɥɨɜɢɹɯ ɧɚɩɵɥɟɧɢɹ ɩɪɢ 500°ɋ 

ɧɚ ɥɟɜɨɣ ɫɬɨɪɨɧɟ ɢ ɩɪɢ 830 °ɋ ɫ ɩɪɚɜɨɣ 

ɫɬɨɪɨɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ 
N2: ɚ, ɛ – ɜɟɪɯɧɢɣ ɫɥɨɣ; ɜ, ɝ – ɫɥɨɣ, ɛɥɢɡ-
ɤɢɣ ɤ ɩɨɞɥɨɠɤɟ [4] 

 

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɫɜɨɣɫɬɜ ɩɨɤɪɵɬɢɹ 
ɹɜɥɹɟɬɫɹ ɩɪɨɱɧɨɫɬɶ ɫɰɟɩɥɟɧɢɹ. Ʉɚɤ ɩɨɤɚɡɚɧɨ 

ɧɚ ɪɢɫ. 2, ɩɪɨɱɧɨɫɬɶ ɫɰɟɩɥɟɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬ-
ɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ.  
Ȼɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ-

ɧɨɫɢɬɟɥɹ ɢɦɟɟɬ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ 

ɧɚɩɵɥɟɧɢɹ, ɬɨ ɟɫɬɶ ɧɚ ɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ 
ɡɚɤɪɟɩɢɜɲɢɯɫɹ ɱɚɫɬɢɰ ɤ ɧɚɩɵɥɹɟɦɨɦɭ ɤɨɥɢ-

ɱɟɫɬɜɭ ɱɚɫɬɢɰ. Ʉɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 3, ɩɪɢ 

ɧɚɩɵɥɟɧɢɢ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɤɚɤ Cu, Al ɢ Ni, 

ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ ɧɚ 
150–200 °C ɩɨɜɵɲɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɬ 55 

ɞɨ 95 %. ɇɨ ɞɥɹ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɤɚɤ Nb, Ti, 

CoNiCrAlY ɢ ɧɟɪɠɚɜɟɸɳɚɹ ɫɬɚɥɶ 316 ɩɨɜɵ-

ɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ ɢɦɟɟɬ 
ɜɟɫɶɦɚ ɨɝɪɚɧɢɱɟɧɧɵɣ ɷɮɮɟɤɬ.  

 

 
 

Ɋɢɫ. 2. ɋɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ 

ɝɚɡɚ-ɧɨɫɢɬɟɥɹ ɢ ɩɪɨɱɧɨɫɬɶɸ ɫɰɟɩɥɟɧɢɹ Ni 

ɩɨɤɪɵɬɢɣ ɧɚ ɬɪɟɯ ɪɚɡɧɵɯ ɩɨɞɥɨɠɤɚɯ [4] 

 

 
 

Ɋɢɫ. 3. ɋɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ 

ɧɚɩɵɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ 
ɞɥɹ Cu, Al ɢ Ni [4] 

 

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 4, ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɧɚɩɵɥɟɧɢɹ Ti ɞɨɫɬɢɝɥɚ 90 % ɩɪɢ 500 °C ɢ ɧɟ 
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ɭɜɟɥɢɱɢɜɚɥɚɫɶ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɝɚɡɚ-ɧɨɫɢɬɟɥɹ, ɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɧɚɩɵɥɟɧɢɹ 
CoNiCrAlY ɨɱɟɧɶ ɧɢɡɤɚɹ ɞɚɠɟ ɩɪɢ ɜɵɫɨɤɨɣ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɢɯ ɦɚɬɟɪɢɚɥɨɜ ɬɟɦɩɟɪɚɬɭ-
ɪɟ ɜ 850 °C. 

 

 
 

Ɋɢɫ. 4. ɋɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ 

ɧɚɩɵɥɟɧɢɹ ɦɟɬɚɥɥɨɜ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɝɚɡɚ-
ɧɨɫɢɬɟɥɹ ɞɥɹ Nb, Ti, CoNiCrAlY ɢ ɧɟɪɠɚ-
ɜɟɸɳɟɣ ɫɬɚɥɢ 316 [4] 

 

ɂɬɚɤ, ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɚ-
ɧɨɫɢɬɟɥɹ ɢɦɟɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɨɥɨɠɢɬɟɥɶɧɨɟ 
ɜɥɢɹɧɢɟ ɧɚ ɫɜɨɣɫɬɜɚ ɩɨɤɪɵɬɢɣ, ɩɨɥɭɱɚɟɦɵɯ 
ɦɟɬɨɞɨɦ ɏȽɇ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɧɤɪɟɬɧɨɝɨ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɬɟɦɩɟɪɚɬɭɪ ɝɚɡɚ-
ɧɨɫɢɬɟɥɹ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɪɹɞɨɦ ɜɨɡɦɨɠɧɵɯ 

ɧɟɝɚɬɢɜɧɵɯ ɮɚɤɬɨɪɨɜ, ɨɫɧɨɜɧɵɦɢ ɢɡ ɤɨɬɨɪɵɯ 
ɹɜɥɹɸɬɫɹ: 

– ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢ-

ɚɥɚ ɧɚɩɵɥɹɟɦɵɯ ɱɚɫɬɢɰ ɩɪɢ, ɩɨɜɵɲɟɧɧɵɯ, 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ 
ɧɚ ɫɜɨɣɫɬɜɚ ɩɨɤɪɵɬɢɹ; 

– ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɧɚɩɵɥɹɟɦɭɸ ɩɨ-
ɜɟɪɯɧɨɫɬɶ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɝɚɡɚ-ɧɨɫɢɬɟɥɹ; 

– ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɧɚɩɵɥɹɟ-
ɦɵɯ ɱɚɫɬɢɰ ɤ ɩɨɜɵɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɚ-
ɧɨɫɢɬɟɥɹ (ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɧɚɩɵɥɟɧɢɹ);  

– ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɧɚɩɵɥɹɟ-
ɦɵɯ ɱɚɫɬɢɰ ɤ ɫɨɫɬɚɜɭ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɝɚɡɚ-
ɧɨɫɢɬɟɥɹ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ; 

– ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɨɩɥɨɜɨɝɨ 
ɚɩɩɚɪɚɬɚ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

 

 -  

Ⱦɥɹ ɦɟɬɨɞɚ ɏȽɇ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɬɪɢ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ: ɜɨɡɞɭɯ, ɚɡɨɬ, ɝɟɥɢɣ ɢ ɫɦɟ-
ɫɢ ɜɨɡɞɭɯɚ ɫ ɚɡɨɬɨɦ ɢ ɜɨɡɞɭɯɚ ɫ ɝɟɥɢɟɦ. 

ȼɨɡɞɭɯ – ɫɚɦɵɣ ɞɟɲɟɜɵɣ ɢ ɥɟɝɤɨɞɨɫɬɭɩ-

ɧɵɣ ɢɡ ɝɚɡɨɜ-ɧɨɫɢɬɟɥɟɣ; ɩɧɟɜɦɨɦɚɝɢɫɬɪɚɥɢ 

ɫɨ ɫɠɚɬɵɦ ɜɨɡɞɭɯɨɦ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɦɧɨɝɢɦɢ ɩɪɟɞɩɪɢɹɬɢɹɦɢ, ɱɬɨ ɞɟɥɚɟɬ ɟɝɨ ɮɚ-
ɜɨɪɢɬɨɦ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɦɟɬɨɞɟ ɏȽɇ, 

ɧɨ ɜɜɢɞɭ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɧɟɤɨɬɨɪɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ ɤ ɧɚɥɢɱɟɫɬɜɭɸɳɟɦɭ ɜ ɜɨɡɞɭɯɟ ɤɢɫɥɨ-
ɪɨɞɭ ɢ ɚɡɨɬɭ, ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭ-

ɪɚɯ, ɢ ɢɡɦɟɧɟɧɢɹ ɫɩɨɫɨɛɧɨɫɬɢ ɩɟɪɟɞɚɱɢ 

ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɱɚɫɬɢɰɚɦ ɧɚɩɵɥɹɟɦɨ-
ɝɨ ɩɨɪɨɲɤɚ, ɩɪɢɜɨɞɢɬ ɤ ɧɟɤɨɬɨɪɵɦ ɨɝɪɚɧɢ-

ɱɟɧɢɹɦ ɧɚ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ. 
Ⱥɡɨɬ – ɛɨɥɟɟ ɞɨɪɨɝɨɣ ɝɚɡ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 

ɜɨɡɞɭɯɨɦ, ɫ ɧɟɦɧɨɝɨ ɛɨɥɶɲɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɩɟɪɟɞɚɱɢ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɱɚɫɬɢɰɚɦ 

ɧɚɩɵɥɹɟɦɨɝɨ ɩɨɪɨɲɤɚ. ȿɝɨ ɲɢɪɨɤɨ ɩɪɢɦɟ-
ɧɹɸɬ ɩɪɢ ɧɚɩɵɥɟɧɢɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɩɨ-
ɤɪɵɬɢɣ ɢɡ ɦɚɬɟɪɢɚɥɨɜ, ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ 
ɤɢɫɥɨɪɨɞɭ. 

Ƚɟɥɢɣ ɢɦɟɟɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɫɬɨɢɦɨɫɬɶ ɜ 
ɫɪɚɜɧɟɧɢɢ ɫ ɩɪɟɞɵɞɭɳɢɦɢ ɞɜɭɦɹ ɝɚɡɚɦɢ, ɧɨ 

ɟɝɨ ɩɪɟɜɨɫɯɨɞɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɟɪɟɞɚɱɢ ɤɢ-

ɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɱɚɫɬɢɰɚɦ ɧɚɩɵɥɹɟɦɨɝɨ 
ɩɨɪɨɲɤɚ ɢ ɢɧɟɪɬɧɨɫɬɶ ɤ ɦɚɬɟɪɢɚɥɚɦ ɱɚɫɬɢɰ 

ɧɚɩɵɥɹɟɦɨɝɨ ɩɨɪɨɲɤɚ ɢ ɩɨɞɥɨɠɤɢ ɞɟɥɚɟɬ ɟɝɨ 

ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɝɚɡɨɦ-ɧɨɫɢɬɟɥɟɦ ɞɥɹ ɲɢɪɨ-
ɤɨɝɨ ɫɩɟɤɬɪɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɦɩɟɪɚɬɭɪ. 
ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɚ ɢɡ: 
 

  V Ɇ RT  ,     (1) 	
ɝɞɟ Ɇ – ɱɢɫɥɨ Ɇɚɯɚ; ߛ – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚ-
ɬɵ; T – ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ; R – ɭɞɟɥɶɧɚɹ ɝɚɡɨ-
ɜɚɹ ɩɨɫɬɨɹɧɧɚɹ.  
ȼɵɲɟɩɪɢɜɟɞɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɨɤɚɡɵɜɚɟɬ, 

ɩɨɱɟɦɭ ɝɟɥɢɣ ɫɱɢɬɚɟɬɫɹ ɥɭɱɲɢɦ ɝɚɡɨɦ-

ɧɨɫɢɬɟɥɟɦ ɞɥɹ ɏȽɇ. Ɉɧ ɢɦɟɟɬ ɦɟɧɶɲɭɸ ɦɨ-
ɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ߤ (R= 8314/ߤ) ɢ ɛɨɥɟɟ ɜɵ-

ɫɨɤɢɣ ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ [5]. ɉɨɤɚɡɚɬɟɥɢ 

ɚɞɢɚɛɚɬɵ ɜɨɡɞɭɯɚ, ɚɡɨɬɚ ɢ ɝɟɥɢɹ ɫɨɫɬɚɜɥɹɸɬ 
1,4, 1,4 ɢ 1,66 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɭɞɟɥɶɧɵɟ 
ɝɚɡɨɜɵɟ ɩɨɫɬɨɹɧɧɵɟ ɞɥɹ ɜɨɡɞɭɯɚ, ɚɡɨɬɚ ɢ ɝɟ-
ɥɢɹ ɫɨɫɬɚɜɥɹɸɬ 287 Ⱦɠ/ɤɝ൉Ʉ, 296,8 Ⱦɠ/ɤɝ൉Ʉ ɢ 

2077 Ⱦɠ/ɤɝ൉K ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋɨɝɥɚɫɧɨ ɩɪɢ-

ɜɟɞɟɧɧɨɦɭ ɜɵɲɟ ɭɪɚɜɧɟɧɢɸ: ɫɤɨɪɨɫɬɶ ɚɡɨɬɚ 
ɛɭɞɟɬ ɧɢɠɟ ɫɤɨɪɨɫɬɢ ɝɟɥɢɹ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧ-

ɧɨ, ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ɛɭɞɟɬ ɧɢɠɟ, ɱɟɦ ɭ ɚɡɨɬɚ 
ɢ ɝɟɥɢɹ, ɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɚ 
– ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɜɨɡɪɚɫɬɚɟɬ. ȼɩɨɫɥɟɞɫɬɜɢɢ 

ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰ ɬɚɤɠɟ ɜɨɡɪɚɫɬɚɟɬ. ɋɢɥɚ ɥɨ-
ɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɱɚɫɬɢɰ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɞɚɜɥɟɧɢɹ ɝɚɡɚ, ɩɨɫɤɨɥɶɤɭ ɛɨɥɟɟ 
ɜɵɫɨɤɨɟ ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɭɜɟɥɢɱɢɜɚɟɬ ɩɥɨɬ-
ɧɨɫɬɶ ɝɚɡɚ, ɤɚɤ ɭɠɟ ɝɨɜɨɪɢɥɨɫɶ ɪɚɧɟɟ. 
ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ [6] ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜ-

ɧɟɧɢɟ ɚɡɨɬɚ ɢ ɝɟɥɢɹ ɜ ɤɚɱɟɫɬɜɟ ɝɚɡɨɜ-
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ɧɨɫɢɬɟɥɟɣ ɩɪɢ ɭɫɥɨɜɢɢ ɨɞɢɧɚɤɨɜɨɣ ɫɤɨɪɨɫɬɢ 

ɱɚɫɬɢɰ ɧɚɩɵɥɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ȼɵɥɨ ɭɫɬɚ-
ɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɬɨɣ ɠɟ ɫɤɨɪɨɫɬɢ ɱɚɫɬɢɰ ɷɮ-

ɮɟɤɬɢɜɧɨɫɬɶ ɧɚɩɵɥɟɧɢɹ ɢ ɩɥɨɬɧɨɫɬɶ ɩɨɤɪɵ-

ɬɢɹ ɡɚɜɢɫɟɥɢ ɜ ɨɫɧɨɜɧɨɦ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɱɚɫɬɢɰ ɢ ɩɨɞɥɨɠɤɢ, ɚ ɩɪɢ ɭɫɥɨɜɢɢ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɚ, ɩɨ-
ɤɪɵɬɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɡɨɬɚ 
ɤɚɤ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ, ɢɦɟɥɢ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɷɮ-

ɮɟɤɬɢɜɧɨɫɬɶ ɧɚɩɵɥɟɧɢɹ ɢ ɛɨɥɶɲɭɸ ɩɥɨɬ-
ɧɨɫɬɶ, ɱɟɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɟɥɢɹ. 

 

 ,   

   

ɋɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɧɚɩɵɥɹɟɦɵɯ ɱɚɫɬɢɰ ɜ 
ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɜɥɢɹɸɬ ɧɚ ɩɚɪɚɦɟɬɪɵ 

ɩɪɨɰɟɫɫɚ. ɋɨɝɥɚɫɧɨ ɨɫɧɨɜɧɵɦ ɬɟɨɪɢɹɦ ɩɪɨ-
ɰɟɫɫɚ ɧɚɩɵɥɟɧɢɹ ɦɟɬɨɞɨɦ ɏȽɇ, ɹɜɥɟɧɢɟ ɨɛ-

ɲɢɪɧɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɱɚɫɬɢɰ 

ɩɪɢ ɭɞɚɪɟ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɬɨɧɤɨɝɨ ɫɥɨɹ ɪɚɫ-
ɩɥɚɜɥɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɬɨɥɳɢɧɨɣ δ < 0,015d 

(d – ɞɢɚɦɟɬɪ ɱɚɫɬɢɰɵ) [1, 21, 22], ɜ ɤɨɬɨɪɨɦ 

ɬɟɦɩɟɪɚɬɭɪɚ ɛɥɢɡɤɚ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ 
ɦɚɬɟɪɢɚɥɚ ɱɚɫɬɢɰɵ, ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ 

ɩɪɢɱɢɧɚɦɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɤɪɵɬɢɹ. Ɉɱɟ-
ɜɢɞɧɨ, ɱɬɨ ɜɚɠɧɟɣɲɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɦɚɬɟɪɢ-

ɚɥɚ ɞɥɹ ɧɚɩɵɥɟɧɢɹ ɹɜɥɹɸɬɫɹ ɟɝɨ ɩɪɟɞɟɥ 
ɩɪɨɱɧɨɫɬɢ, ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɬɟɦɩɟɪɚɬɭɪɚ 
ɩɥɚɜɥɟɧɢɹ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɜɨɢɯ ɫɜɨɣɫɬɜ, 
ɤɚɠɞɵɣ ɦɚɬɟɪɢɚɥ ɢɦɟɟɬ ɨɩɪɟɞɟɥɟɧɧɵɣ ɞɢɚ-
ɩɚɡɨɧ ɫɤɨɪɨɫɬɟɣ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɰɟɫɫ ɷɪɨɡɢɢ 

ɩɟɪɟɯɨɞɢɬ ɜ ɩɪɨɰɟɫɫ ɧɚɩɵɥɟɧɢɹ. Ȼɨɥɟɟ ɧɢɡ-
ɤɚɹ ɫɤɨɪɨɫɬɶ, ɤɚɤ ɢ ɟё ɩɪɟɜɵɲɟɧɢɟ, ɩɪɢɜɟɞɭɬ 
ɤ ɷɪɨɡɢɢ. Ɇɟɬɨɞ ɏȽɇɇȾ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬ-
ɫɹ ɞɥɹ ɧɚɩɵɥɟɧɢɹ ɩɥɚɫɬɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɬɚɤɢɯ ɤɚɤ Zn, Cu, Al, Ni, Pb, Sn, ɚ ɬɚɤɠɟ ɢɯ 
ɫɦɟɫɟɣ ɢ ɫɩɥɚɜɨɜ; ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɚɤɬɢɜɧɨ 

ɩɪɨɜɨɞɹɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɧɚɩɵɥɟɧɢɸ ɩɨ-
ɥɢɦɟɪɧɵɯ, ɤɟɪɚɦɢɱɟɫɤɢɯ, ɤɨɦɩɨɡɢɬɧɵɯ ɢ 

ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɇɟɦɚɥɨɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ ɜ ɩɪɨɰɟɫɫɟ ɏȽɇ 

ɹɜɥɹɟɬɫɹ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɧɚɩɵɥɹɟɦɨɝɨ ɦɚɬɟɪɢ-

ɚɥɚ. Ɍɚɤ ɤɚɤ ɭɫɤɨɪɟɧɢɟ ɱɚɫɬɢɰɵ, ɛɚɡɢɪɭɹɫɶ ɧɚ 
ɡɚɤɨɧɟ ɇɶɸɬɨɧɚ, ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 

ɟё ɪɚɡɦɟɪɭ, ɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦɢ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɟ 
ɱɚɫɬɢɰɵ. Ⱦɥɹ ɏȽɇ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɱɚɫɬɢɰɵ ɪɚɡɦɟɪɨɦ 5–100 ɦɤɦ.  

Ɇɧɨɝɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɬɜɟɪɞɢɥɢ, ɱɬɨ 
ɩɥɨɬɧɨɫɬɶ, ɪɚɡɦɟɪ ɢ ɦɨɪɮɨɥɨɝɢɹ ɱɚɫɬɢɰɵ ɡɧɚ-
ɱɢɬɟɥɶɧɨ ɜɥɢɹɸɬ ɧɚ ɟɟ ɫɤɨɪɨɫɬɶ [7–9, 24, 25]. 

ɑɚɫɬɢɰɵ ɢɡ ɦɚɬɟɪɢɚɥɨɜ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 

ɩɥɨɬɧɨɫɬɶɸ ɩɪɢɨɛɪɟɬɚɸɬ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶ-
ɲɭɸ ɫɤɨɪɨɫɬɶ. Ȼɨɥɟɟ ɦɟɥɤɢɟ ɱɚɫɬɢɰɵ ɩɪɨɳɟ 
ɭɫɤɨɪɹɸɬɫɹ, ɧɨ ɫɥɢɲɤɨɦ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɟ 
ɬɚɤɠɟ ɥɟɝɤɨ ɡɚɦɟɞɥɹɸɬɫɹ ɢ ɭɜɥɟɤɚɸɬɫɹ ɩɨɬɨ-
ɤɨɦ, ɧɟ ɞɨɫɬɢɝɚɹ ɩɨɞɥɨɠɤɢ. Ɍɚɤ ɤɚɤ ɬɟɦɩɟɪɚ-
ɬɭɪɚ ɜ ɤɨɧɬɚɤɬɟ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 
ɨɛɴɟɦɭ ɱɚɫɬɢɰɵ, ɭɫɩɟɜɚɸɳɟɦɭ ɡɚɦɟɬɧɨ ɩɪɨ-
ɝɪɟɬɶɫɹ ɡɚ ɜɪɟɦɹ ɭɞɚɪɚ, ɨɬ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɡɧɚ-
ɱɢɬɟɥɶɧɨ ɡɚɜɢɫɢɬ ɢɯ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɢɨɛɪɟɬɚɬɶ 
ɬɟɦɩɟɪɚɬɭɪɭ ɩɟɪɟɞ ɫɨɭɞɚɪɟɧɢɟɦ, ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɜɚɠɧɟɣɲɢɦ ɮɚɤɬɨɪɨɦ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɨɥɟɟ 
ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɟ ɱɚɫɬɢɰɵ ɢɦɟɸɬ ɛɨɥɟɟ ɜɵ-

ɫɨɤɭɸ ɤɪɢɬɢɱɟɫɤɭɸ ɫɤɨɪɨɫɬɶ. 
Ɉɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɡɦɟɪɭ ɱɚɫɬɢɰ ɢɦɟɟɬ ɦɟ-

ɫɬɨ ɜɜɢɞɭ ɢɯ ɫɥɢɩɚɧɢɹ ɢ ɭɦɟɧɶɲɟɧɢɹ ɫɢɥɵ 

ɜɨɡɞɟɣɫɬɜɢɹ, ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɱɚɫɬɢɰɭ ɩɪɨ-
ɩɨɪɰɢɨɧɚɥɶɧɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɚɷɪɨɞɢɧɚɦɢɱɟ-
ɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ȼ ɪɚɛɨɬɟ [23] ɛɵɥɢ 

ɪɚɫɫɱɢɬɚɧɵ ɤɪɢɬɢɱɟɫɤɢɟ ɞɢɚɦɟɬɪɵ ɱɚɫɬɢɰ 

(ɪɢɫ. 5), ɜɵɲɟ ɤɨɬɨɪɵɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɬɟɩ-

ɥɚ ɩɪɨɢɫɯɨɞɢɬ ɞɨɫɬɚɬɨɱɧɨ ɦɟɞɥɟɧɧɨ, ɱɬɨɛɵ 

ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɭɞɚɪɹɸɳɢɯɫɹ ɫɮɟɪɢɱɟɫɤɢɯ 

ɱɚɫɬɢɰ ɩɪɨɢɫɯɨɞɢɥ ɥɨɤɚɥɢɡɨɜɚɧɧɵɣ ɧɟ-
ɭɫɬɨɣɱɢɜɵɣ ɫɞɜɢɝ, ɤɨɬɨɪɵɣ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 
ɤɚɤ ɦɢɧɢɦɚɥɶɧɨɟ ɬɪɟɛɨɜɚɧɢɟ ɤ ɮɨɪɦɢɪɨɜɚ-
ɧɢɸ ɩɨɤɪɵɬɢɹ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɛɨɥɟɟ ɦɟɥ-
ɤɢɟ ɱɚɫɬɢɰɵ ɧɟ ɫɦɨɝɭɬ ɞɨɫɬɢɱɶ ɩɚɪɚɦɟɬɪɨɜ, 
ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɫɰɟɩɥɟɧɢɹ. 

 

 
 

Ɋɢɫ. 5. Ɇɢɧɢɦɚɥɶɧɵɟ ɞɢɚɦɟɬɪɵ ɱɚɫɬɢɰ ɞɥɹ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ ɫɞɜɢɝɚ ɩɪɢ ɭɞɚɪɟ, 
ɪɚɫɫɱɢɬɚɧɧɵɟ ɞɥɹ ɪɚɡɧɵɯ ɦɚɬɟɪɢɚɥɨɜ [23] 
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Ɋɢɫ. 6. Ʉɪɢɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɧɚɩɵɥɹɟɦɵɯ ɱɚɫɬɢɰ – vcrit ɢ ɫɤɨɪɨɫɬɶ ɧɚɩɵɥɹɟɦɵɯ ɱɚɫɬɢɰ ɩɟɪɟɞ 

ɭɞɚɪɨɦ ɨ ɩɨɞɥɨɠɤɭ – vimpact ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ. Ɉɩɬɢɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ ɞɥɹ ɏȽɇ [23]  

 

Ɍɚɤɠɟ ɜ [23] ɛɵɥ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɨɩɬɢ-

ɦɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ (ɪɢɫ. 6), ɫɨɝɥɚɫɧɨ 

ɤɨɬɨɪɨɦɭ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɨɩ-

ɬɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ, 
ɝɞɟ ɫɤɨɪɨɫɬɶ ɫɨɭɞɚɪɟɧɢɹ ɱɚɫɬɢɰɵ ɡɧɚɱɢɬɟɥɶ-
ɧɨ ɜɵɲɟ, ɱɟɦ ɤɪɢɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰɵ. 

ɋɥɟɜɚ ɨɬ ɷɬɨɝɨ ɞɢɚɩɚɡɨɧɚ – ɧɚɩɵɥɟɧɢɟ ɧɟ 
ɩɪɨɢɫɯɨɞɢɬ, ɚ ɫɩɪɚɜɚ – ɩɨɤɪɵɬɢɹ ɢɦɟɸɬ ɜɵ-

ɫɨɤɭɸ ɩɨɪɢɫɬɨɫɬɶ ɢ ɧɢɡɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɧɚɩɵɥɟɧɢɹ. 
ɋɪɚɜɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɱɚɫɬɢɰ ɫ ɪɚɡɧɨɣ ɦɨɪ-

ɮɨɥɨɝɢɟɣ [9] ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ 

ɭɫɥɨɜɢɹɯ ɱɚɫɬɢɰɵ ɫ ɧɟɪɚɜɧɨɦɟɪɧɨɣ ɮɨɪɦɨɣ 

ɢɦɟɸɬ ɛɨɥɶɲɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɥɨɛɨɜɨɝɨ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɪɢɨɛɪɟɬɚɸɬ 
ɛɨɥɶɲɟɟ ɭɫɤɨɪɟɧɢɟ, ɱɟɦ ɱɚɫɬɢɰɵ ɫɮɟɪɢɱɟ-
ɫɤɨɣ ɮɨɪɦɵ. 

Ɍɚɤ ɠɟ, ɝɨɜɨɪɹ ɨ ɜɥɢɹɧɢɢ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ, 

ɜɚɠɧɨ ɩɨɧɢɦɚɬɶ, ɱɬɨ ɱɚɫɬɢɰɵ ɩɨɪɨɲɤɚ, ɢɫ-
ɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɧɚɩɵɥɟɧɢɹ, ɡɚɱɚɫɬɭɸ ɢɦɟɸɬ 
ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɪɚɡɦɟ-
ɪɚɦ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɱɟɦ ɞɢɚɩɚɡɨɧ ɲɢɪɟ, ɬɟɦ 

ɬɪɭɞɧɟɟ ɩɪɚɜɢɥɶɧɨ ɩɨɞɨɛɪɚɬɶ ɨɩɬɢɦɚɥɶɧɵɟ 
ɪɟɠɢɦɵ ɧɚɩɵɥɟɧɢɹ [10]. 

 

  

ɋɜɨɣ ɜɤɥɚɞ ɜ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɧɚɩɵɥɟɧɢɹ 
ɜɧɨɫɢɬ ɤɨɧɰɟɧɬɪɚɰɢɹ ɱɚɫɬɢɰ ɜ ɩɨɬɨɤɟ. ȼ ɪɚ-
ɛɨɬɟ [1] ɩɪɨɜɨɞɢɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɷɮɮɢ-

ɰɢɟɧɬɚ ɧɚɩɵɥɟɧɢɹ (kd) ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɫɤɨ-
ɪɨɫɬɶ ɱɚɫɬɢɰɵ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɟɥɚ ɨɬ ɢɯ 
ɤɨɧɰɟɧɬɪɚɰɢɢ. Ȼɵɥɚ ɪɚɫɫɦɨɬɪɟɧɚ ɡɚɜɢɫɢ-

ɦɨɫɬɶ kd ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɤɪɢɬɢɱɟɫɤɨɣ ɤɨɧɰɟɧ-

ɬɪɚɰɢɢ Q1 = 1,0–2,0 ɝ/(ɫɦ2 ɫ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢ-

ɟɦ ɪɚɡɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɟɝɪɚɞɵ (ɪɢɫ. 7). 

Ȼɵɥɚ ɨɬɦɟɱɟɧɚ ɬɟɧɞɟɧɰɢɹ ɤ ɭɜɟɥɢɱɟɧɢɸ, 

kd ɞɥɹ ɨɛɪɚɡɰɨɜ ɢɡ ɛɨɥɟɟ ɬɜɟɪɞɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɩɪɢ ɷɬɨɦ ɢɦɟɸɳɢɯ ɛɨɥɟɟ ɧɢɡɤɭɸ ɬɟɩɥɨɩɪɨ-
ɜɨɞɧɨɫɬɶ.  
Ⱦɚɧɧɵɣ ɷɮɮɟɤɬ ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɝɪɟɜɨɦ ɩɨ-

ɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ ɢ ɱɚɫɬɢɰ ɡɚ ɫɱɟɬ ɩɟɪɟ-
ɯɨɞɚ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɬɟɩɥɨɜɭɸ ɩɪɢ 

ɫɨɭɞɚɪɟɧɢɢ, ɚ ɬɚɤɠɟ ɜɥɢɹɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɱɚɫɬɢɰ, ɬɨ ɟɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɞɚɪɚ ɥɟɬɹ-
ɳɟɣ ɫɥɟɞɨɦ ɱɚɫɬɢɰɵ.  

 
 

Ɋɢɫ. 7. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚɩɵɥɟ-
ɧɢɹ ɨɬ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɱɚɫɬɢɰ ɧɚ ɩɨɞ-

ɥɨɠɤɚɯ ɢɡ: 1 – ɫɬɚɥɢ ɏ18ɇ9Ɍ; 2 – ɫɬɚɥɢ 

ɋɬ. 35; 3 – ɛɟɪɢɥɥɢɟɜɨɣ ɛɪɨɧɡɵ Ȼɪ. Ȼ; 4 – 

ɥɚɬɭɧɢ Ʌɋ59; 5 – ɥɚɬɭɧɢ Ʌ 62 [1]  

 

Ɍɚɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɱɚɫɬɢɰ ɧɚɡɵɜɚɸɬ 
ɞɜɨɣɧɵɦ ɭɞɚɪɨɦ; ɨɧ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɟɣ 

ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ, ɢ ɬɚɤɠɟ ɩɨɫɥɟɞɭɸɳɚɹ 
ɱɚɫɬɢɰɚ ɩɪɟɩɹɬɫɬɜɭɟɬ ɨɬɪɵɜɭ ɩɪɟɞɲɟɫɬɜɭɸ-

ɳɟɣ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɧɚɩɵɥɟɧɢɹ. 
 

  

ȼɟɫɶɦɚ ɜɚɠɧɵɦ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɭɝɨɥ 
ɧɚɩɵɥɟɧɢɹ, ɬɨ ɟɫɬɶ ɭɝɨɥ ɦɟɠɞɭ ɩɨɞɥɨɠɤɨɣ ɢ 

ɧɚɩɵɥɹɟɦɵɦɢ ɱɚɫɬɢɰɚɦɢ. ɉɪɢ ɫɨɭɞɚɪɟɧɢɢ 

ɱɚɫɬɢɰ ɩɨɞ ɭɝɥɨɦ, ɨɬɥɢɱɧɵɦ ɨɬ ɧɨɪɦɚɥɢ, 

ɫɤɨɪɨɫɬɶ ɫɨɭɞɚɪɟɧɢɹ ɱɚɫɬɢɰ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡ-
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ɥɨɠɟɧɚ ɧɚ ɧɨɪɦɚɥɶɧɭɸ ɢ ɬɚɧɝɟɧɰɢɚɥɶɧɭɸ 

ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɨɞɥɨɠɤɟ, 
ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 8. 

 

 
Ɋɢɫ. 8. Ɋɚɡɥɨɠɟɧɢɟ ɫɤɨɪɨɫɬɢ ɫɬɨɥɤɧɨɜɟɧɢɹ 
ɱɚɫɬɢɰ ɩɨɞ ɭɝɥɨɦ ɧɚɩɵɥɟɧɢɹ θ [26] 

 

ɇɨɪɦɚɥɶɧɚɹ (Vn) ɢ ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ (Vt) 

ɫɤɨɪɨɫɬɢ ɦɨɝɭɬ ɛɵɬɶ ɜɵɪɚɠɟɧɵ ɤɚɤ: 
 

sinn pV V   ,    (2) 

cost pV V  ,    (3) 

 

ɝɞɟ Vp – ɫɤɨɪɨɫɬɶ ɫɨɭɞɚɪɟɧɢɹ ɱɚɫɬɢɰ;  θ – 

ɭɝɨɥ ɧɚɩɵɥɟɧɢɹ ɦɟɠɞɭ ɨɫɶɸ ɫɨɩɥɚ ɢ ɩɨɜɟɪɯ-
ɧɨɫɬɶɸ ɩɨɞɥɨɠɤɢ; Vn ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɦɟɧɶ-
ɲɟɧɢɟɦ θ ɨɬ 90º ɞɨ ɧɭɥɹ.  
ȼ ɪɚɛɨɬɚɯ [1, 26] ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 

ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɝɥɨɜ ɧɚɩɵɥɟɧɢɹ, ɫɨɝɥɚɫɧɨ 

ɤɨɬɨɪɵɦ ɨɩɬɢɦɚɥɶɧɵɣ ɞɢɚɩɚɡɨɧ ɧɚɩɵɥɟɧɢɹ 
ɥɟɠɢɬ ɜ ɩɪɟɞɟɥɚɯ 80–90 ° ɞɥɹ ɩɥɚɫɬɢɱɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ, ɬɚɤɢɯ ɤɚɤ ɦɟɞɶ, ɢ ɧɟɦɧɨɝɨ ɲɢɪɟ 
70–90 ° ɞɥɹ ɦɟɧɟɟ ɩɥɚɫɬɢɱɧɵɯ, ɬɚɤɢɯ ɤɚɤ ɬɢ-

ɬɚɧ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɭɜɟɥɢɱɟ-
ɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɪɨɡɢɢ C0 ɞɥɹ ɭɝɥɨɜ 40–

70° [27], ɭɦɟɧɶɲɟɧɢɟɦ ɧɨɪɦɚɥɶɧɨɣ ɫɨɫɬɚɜ-
ɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ ɫɨɭɞɚɪɟɧɢɹ ɱɚɫɬɢɰɵ ɫ ɩɨɞ-

ɥɨɠɤɨɣ ɢ ɧɚɥɢɱɢɟɦ ɫɢɥɶɧɨɝɨ ɜɪɚɳɚɸɳɟɝɨ 

ɦɨɦɟɧɬɚ ɩɪɢ ɤɨɧɬɚɤɬɟ ɱɚɫɬɢɰ ɫ ɩɨɞɥɨɠɤɨɣ. 

ɇɚ ɪɢɫ. 9 ɢ 10 [26] ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɭɝɥɚ 
ɧɚɩɵɥɟɧɢɹ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɧɚɩɵɥɟɧɢɹ ɦɟɞɢ ɢ ɬɢɬɚɧɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

 
 

Ɋɢɫ. 9. ȼɥɢɹɧɢɟ ɭɝɥɚ ɧɚɩɵɥɟɧɢɹ ɧɚ 
ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɧɚɩɵɥɟɧɢɹ 
ɦɟɞɢ (15–37 ɦɤɦ) [26] 

 

Ʉɚɤ ɝɨɜɨɪɢɥɨɫɶ ɪɚɧɟɟ, ɧɚ ɩɨɞɥɨɠɤɭ ɧɚɩɵ-

ɥɹɸɬɫɹ ɬɨɥɶɤɨ ɱɚɫɬɢɰɵ, ɢɦɟɸɳɢɟ ɫɤɨɪɨɫɬɶ 
ɜɵɲɟ ɤɪɢɬɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ 

ɭɞɚɪɟ. ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɭɝɥɚ ɧɚɩɵɥɟɧɢɹ 
ɧɨɪɦɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɬɚɤɠɟ 
ɛɭɞɟɬ ɭɦɟɧɶɲɚɬɶɫɹ, ɚ ɤɨɝɞɚ ɟɟ ɡɧɚɱɟɧɢɟ ɫɬɚ-
ɧɟɬ ɦɟɧɶɲɟ ɤɪɢɬɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ, ɱɚɫɬɢɰɚ 
ɧɟ ɛɭɞɟɬ ɧɚɩɵɥɹɬɶɫɹ ɧɚ ɩɨɞɥɨɠɤɭ. 

 

 
 

Ɋɢɫ. 10. ȼɥɢɹɧɢɟ ɭɝɥɚ ɧɚɩɵɥɟɧɢɹ ɧɚ ɨɬɧɨ-
ɫɢɬɟɥɶɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɧɚɩɵɥɟɧɢɹ 
ɬɢɬɚɧɚ (37–44 ɦɤɦ) [26] 

 

ɑɬɨ ɤɚɫɚɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɧɚɩɵɥɟɧɢɹ ɨɬ ɭɝɥɚ ɧɚɩɵɥɟ-
ɧɢɹ, ɭɝɨɥ ɧɚɩɵɥɟɧɢɹ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ 

ɭɝɥɚ: ɞɢɚɩɚɡɨɧ ɭɝɥɨɜ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɵ-

ɥɟɧɢɹ, ɞɢɚɩɚɡɨɧ ɭɝɥɨɜ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ɢ ɞɢɚɩɚɡɨɧ ɭɝɥɨɜ ɛɟɡ ɧɚɩɵɥɟɧɢɹ (ɪɢɫ. 11) 

 

 
 

Ɋɢɫ. 11. Ɉɛɳɚɹ ɫɯɟɦɚ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɧɚɩɵɥɟɧɢɹ ɨɬ ɭɝ-
ɥɚ ɧɚɩɵɥɟɧɢɹ [26] 

 

Ʉɪɨɦɟ ɬɨɝɨ, ɛɨɥɟɟ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ ɩɪɢɜɨ-
ɞɢɬ ɤ ɛɨɥɶɲɟɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɫɤɨɪɨɫɬɟɣ, 

ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɜɥɢɹɬɶ ɧɚ ɞɢɚɩɚɡɨɧ ɭɝɥɨɜ ɦɚɤ-
ɫɢɦɚɥɶɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨ-
ɰɟɫɫɚ, ɱɬɨ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɧɚ ɪɢɫ. 9 ɢ 10. 

ɑɚɫɬɢɰɵ ɬɢɬɚɧɚ ɢɦɟɸɬ ɛɨɥɶɲɢɣ ɞɢɚɩɚɡɨɧ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɵɥɟɧɢɹ ɢ ɦɟɧɶɲɢɣ ɞɢɚɩɚ-
ɡɨɧ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢɡ-ɡɚ ɢɯ ɛɨɥɟɟ ɭɡ-
ɤɨɝɨ ɞɢɚɩɚɡɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɪɚɡɦɟɪɭ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɞɧɵɦɢ ɱɚɫɬɢɰɚɦɢ [26]. ɍɝɨɥ 
ɧɚɩɵɥɟɧɢɹ ɬɚɤɠɟ ɜɥɢɹɟɬ ɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ 
ɩɨɤɪɵɬɢɹ, ɩɨɫɤɨɥɶɤɭ ɧɚɩɪɚɜɥɟɧɢɟ ɞɟɮɨɪɦɚ-
ɰɢɢ ɱɚɫɬɢɰ ɜ ɩɨɤɪɵɬɢɢ ɢɡɦɟɧɹɟɬɫɹ ɜ ɫɨɨɬ-
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ɜɟɬɫɬɜɢɢ ɫ ɭɝɥɨɦ ɧɚɩɵɥɟɧɢɹ. Ɍɚɤ ɜ  ɪɚɛɨɬɟ 
[1] ɨɬɦɟɱɟɧɨ, ɱɬɨ ɤɨɫɨɣ ɭɞɚɪ ɩɪɢ ɭɝɥɚɯ 
ɧɚɩɵɥɟɧɢɹ < 90 ° ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɥɭɱɲɟ-
ɧɢɸ ɫɜɨɣɫɬɜ ɩɨɤɪɵɬɢɹ ɜɜɢɞɭ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ ɜ ɤɨɧɬɚɤɬɟ ɜ ɦɨɦɟɧɬ ɫɨɭɞɚ-
ɪɟɧɢɹ ɢ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɩɪɨɹɜɥɟɧɢɹ ɷɮɮɟɤɬɚ 
ɪɚɡɪɭɲɟɧɢɹ ɨɤɫɢɞɧɵɯ ɫɥɨɟɜ. ɋɬɨɢɬ ɬɚɤɠɟ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɩɪɨɢɫɯɨɞɢɬ ɫɟ-
ɥɟɤɰɢɹ ɱɚɫɬɢɰ, ɩɪɢ ɤɨɬɨɪɨɣ ɱɚɫɬɢɰɵ ɫɨ ɫɥɚ-
ɛɨɣ ɫɜɹɡɶɸ ɨɬɪɵɜɚɸɬɫɹ ɢ ɭɧɨɫɹɬɫɹ ɩɨɬɨɤɨɦ, 

ɚ ɩɨɤɪɵɬɢɟ ɮɨɪɦɢɪɭɸɬ ɥɢɲɶ ɩɪɨɱɧɨ ɡɚɤɪɟ-
ɩɢɜɲɢɟɫɹ ɱɚɫɬɢɰɵ. 

 

  

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɜɥɢɹɟɬ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɧɚɩɵɥɟɧɢɹ 
ɬɨɥɶɤɨ ɞɥɹ ɩɟɪɜɵɯ ɧɟɫɤɨɥɶɤɢɯ ɫɥɨɟɜ ɱɚɫɬɢɰ, 

ɧɚɩɵɥɹɟɦɵɯ ɧɚ ɩɨɞɥɨɠɤɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɫɬɚɧɨɜɢɬɫɹ ɜɚɠɧɵɦ ɨɩɪɟɞɟɥɟɧɢɟ ɧɚɱɚɥɶɧɨɝɨ 

ɫɜɹɡɭɸɳɟɝɨ ɦɟɯɚɧɢɡɦɚ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ 
ɩɨɞɥɨɠɤɚ / ɩɨɤɪɵɬɢɟ. 
Ɉɞɧɚ ɢɡ ɩɪɟɞɥɨɠɟɧɧɵɯ ɬɟɨɪɢɣ ɦɟɯɚɧɢɡɦɚ 

ɫɰɟɩɥɟɧɢɹ ɩɨɤɪɵɬɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ 

ɯɨɥɨɞɧɨɝɨ ɧɚɩɵɥɟɧɢɹ, ɫɜɹɡɚɧɚ ɫ ɦɟɯɚɧɢɱɟ-
ɫɤɢɦ ɫɰɟɩɥɟɧɢɟɦ ɱɚɫɬɢɰ ɧɚɩɵɥɹɟɦɨɝɨ ɩɨ-
ɪɨɲɤɚ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɨɞɥɨɠɤɢ [1]. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɨɜɵ-

ɲɟɧɧɚɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠ-

ɤɢ ɟɳɟ ɛɨɥɶɲɟ ɩɨɜɵɫɢɬ ɫɰɟɩɥɟɧɢɟ, ɩɨɫɤɨɥɶ-
ɤɭ ɨɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɚɫɫɢɜ ɫ ɛɨɥɶɲɢɦ 

ɤɨɥɢɱɟɫɬɜɨɦ ɭɝɥɨɜ ɢ ɭɝɥɭɛɥɟɧɢɣ, ɜ ɤɨɬɨɪɵɟ 
ɦɨɝɭɬ ɛɵɬɶ ɩɨɦɟɳɟɧɵ ɧɚɩɵɥɹɟɦɵɟ ɱɚɫɬɢɰɵ. 

ɗɬɢ ɱɚɫɬɢɰɵ ɡɚɬɟɦ ɩɨɞɜɟɪɝɚɸɬɫɹ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɨɦɭ ɭɩɥɨɬɧɟɧɢɸ, ɤɨɝɞɚ ɧɚ ɩɨɞɥɨɠɤɭ 
ɜɨɡɞɟɣɫɬɜɭɸɬ ɩɨɫɥɟɞɭɸɳɢɟ ɱɚɫɬɢɰɵ. ɗɬɨ 

ɹɜɥɟɧɢɟ ɢɥɥɸɫɬɪɢɪɭɟɬɫɹ ɧɚ ɪɢɫ. 12. 

 

 
 

Ɋɢɫ. 12. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɛɨɥɶ-
ɲɢɯ ɱɚɫɬɢɰ Al-Mg, ɩɚɞɚɸɳɢɯ ɧɚ ɩɨɜɟɪɯ-
ɧɨɫɬɶ ɩɨɞɥɨɠɤɢ ɫ (ɚ) ɧɢɡɤɨɣ ɲɟɪɨɯɨɜɚɬɨ-
ɫɬɶɸ ɩɨɜɟɪɯɧɨɫɬɢ ɢ (ɛ) ɜɵɫɨɤɨɣ 

ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ ɩɨɜɟɪɯɧɨɫɬɢ [28] 

 

Ⱦɥɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫ ɧɢɡɤɨɣ ɲɟɪɨɯɨɜɚɬɨ-
ɫɬɶɸ ɩɟɪɜɵɟ ɱɚɫɬɢɰɵ, ɩɨɞɜɟɪɝɚɸɳɢɟɫɹ ɫɨ-
ɭɞɚɪɟɧɢɸ, ɢɦɟɸɬ ɧɟɛɨɥɶɲɭɸ ɩɥɨɳɚɞɶ ɩɨ-

ɜɟɪɯɧɨɫɬɢ, ɫ ɤɨɬɨɪɨɣ ɨɧɢ ɦɨɝɭɬ ɫɰɟɩɥɹɬɶɫɹ, 
ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɫɥɚɛɵɦ ɫɜɹɡɹɦ. ɗɬɢ 

ɱɚɫɬɢɰɵ ɢɦɟɸɬ ɦɟɧɶɲɭɸ ɜɟɪɨɹɬɧɨɫɬɶ ɜɨɣɬɢ 

ɜ ɫɰɟɩɥɟɧɢɟ ɫ ɩɨɞɥɨɠɤɨɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɩɟɪɜɨɧɚɱɚɥɶɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨ-
ɫɬɢ ɧɚɩɵɥɟɧɢɹ. 
Ⱦɪɭɝɢɟ ɚɜɬɨɪɵ [29] ɫɨɨɛɳɚɸɬ, ɱɬɨ ɞɥɹ 

ɩɨɞɥɨɠɤɢ ɫ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ Ra≈2,6 ɦɤɦ 

ɩɪɨɱɧɨɫɬɶ ɫɰɟɩɥɟɧɢɹ ɜɵɲɟ, ɱɟɦ ɞɥɹ ɨɬɩɟɫ-
ɤɨɫɬɪɭɟɧɧɨɣ ɩɨɞɥɨɠɤɢ ɫ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ 

Ra≈3,5 ɦɤɦ, ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
37 ɢ 32 Ɇɉɚ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ 
ɭɩɪɨɱɧɟɧɢɟɦ, ɩɨɥɭɱɟɧɧɵɦ ɜɨ ɜɪɟɦɹ ɩɟɫ-
ɤɨɫɬɪɭɣɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠ-

ɤɢ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɫɰɟɩɥɟɧɢɟ ɩɨɤɪɵɬɢɹ ɫ 
ɩɨɞɥɨɠɤɨɣ. 

 

    

 

Ⱥɧɚɥɢɡɢɪɭɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɥɟɦɟɧɬɨɜ ɢ 

ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɏȽɇ, ɪɚɫɫɦɨɬɪɟɧɧɵɯ 
ɜɵɲɟ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɛɨɥɶɲɢɧ-

ɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɪɚɰɢɨɧɚɥɢɡɚɰɢɢ ɩɪɨ-
ɰɟɫɫɚ ɏȽɇ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɢɡɭɱɟɧɢɟ ɩɪɹɦɵɯ 
ɢ ɤɨɫɜɟɧɧɵɯ ɩɭɬɟɣ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɤɪɢɬɢɱɟ-
ɫɤɭɸ ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰ ɧɚɩɵɥɹɟɦɨɝɨ ɦɚɬɟɪɢɚ-
ɥɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɩɪɚɜɥɟɧɢɟ ɫɜɨɣɫɬɜɚɦɢ 

ɩɨɥɭɱɚɟɦɵɯ ɩɨɤɪɵɬɢɣ. 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɱɚɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɣ, 

ɩɨɫɜɹɳɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɸ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨ-
ɫɤɨɪɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɱɚɫɬɢɰ ɧɚɩɵɥɹɟ-
ɦɨɝɨ ɩɨɪɨɲɤɚ, ɫɨɜɦɟɫɬɧɨ ɫ ɝɚɡɨɞɢɧɚɦɢɱɟ-
ɫɤɢɦ ɩɪɨɰɟɫɫɨɦ, ɧɟɡɧɚɱɢɬɟɥɶɧɚ. 
ɂɦɟɸɬɫɹ ɫɜɟɞɟɧɢɹ ɨɛ ɢɫɫɥɟɞɨɜɚɧɢɹɯ 

ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɧɚɧɨ-
ɪɚɡɦɟɪɧɵɟ ɱɚɫɬɢɰɵ ɧɚɩɵɥɹɟɦɨɝɨ ɩɨɪɨɲɤɚ 
[14, 15], ɚ ɬɚɤɠɟ ɩɨɥɭɱɟɧɢɹ ɩɨɤɪɵɬɢɹ ɫ ɫɨɜ-
ɦɟɳɟɧɢɟɦ ɯɨɥɨɞɧɨɝɨ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɧɚɩɵɥɟɧɢɹ ɫ ɥɚɡɟɪɧɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ [16]. 

ɗɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɭɫɤɨɪɟɧɢɟ, ɛɟɡɭɫɥɨɜ-
ɧɨ, ɫɩɨɫɨɛɧɨ ɪɚɫɲɢɪɢɬɶ ɞɢɚɩɚɡɨɧ ɪɚɡɦɟɪɨɜ 
ɱɚɫɬɢɰ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɧɚɩɵɥɟɧɢɹ, ɞɨ 
ɧɚɧɨɪɚɡɦɟɪɨɜ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɥɭɱɟ-
ɧɢɸ ɩɨɤɪɵɬɢɣ ɫ ɫɨɜɟɪɲɟɧɧɨ ɧɨɜɵɦɢ ɷɤɫɩɥɭ-

ɚɬɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɇɨ ɧɟɨɛɯɨɞɢɦɨ 
ɪɚɫɲɢɪɢɬɶ ɷɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɥɹ ɜɨɡɦɨɠɧɨ-
ɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɱɚɫɬɢɰ ɦɢɤɪɨɪɚɡɦɟɪɧɨɝɨ 
ɞɢɚɩɚɡɨɧɚ, ɤɨɬɨɪɵɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢ 

ɤɨɦɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɵ. 

ɑɬɨ ɤɚɫɚɟɬɫɹ ɥɚɡɟɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ [30], 

ɬɨ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɤɪɚɣɧɟ ɨɝɪɚɧɢɱɟɧɧɨ ɜɜɢɞɭ 

ɟɝɨ ɧɟɝɚɬɢɜɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɱɬɨ 

ɧɢɜɟɥɢɪɭɟɬ ɩɪɟɢɦɭɳɟɫɬɜɚ ɏȽɇ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɨɫɨɛɟɧ-

ɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɏȽɇ, ɧɭɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɞɥɹ ɪɚɫɲɢɪɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɟɣ ɦɟɬɨɞɚ ɏȽɇ, 
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ɚ ɬɚɤɠɟ ɭɥɭɱɲɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɟɝɨ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɹ ɟɫɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɜɨɡɦɨɠɧɨɫɬɟɣ ɝɢɛɪɢɞɢɡɚɰɢɢ ɟɝɨ ɫ ɞɪɭɝɢɦɢ 

ɦɟɬɨɞɚɦɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɱɚɫɬɢɰɵ ɧɚɩɵɥɹɟ-
ɦɨɝɨ ɩɨɪɨɲɤɚ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɥɟɞɭɟɬ 
ɪɚɫɫɦɨɬɪɟɬɶ ɜɨɡɦɨɠɧɨɫɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɜɥɢɹɧɢɹ ɧɚ ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰɵ ɧɚɩɵɥɹɟɦɨɝɨ 

ɩɨɪɨɲɤɚ, ɬɚɤ ɤɚɤ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ 
ɧɚɩɵɥɹɟɦɵɯ ɱɚɫɬɢɰ ɨɝɪɚɧɢɱɟɧɨ ɫɜɨɣɫɬɜɚɦɢ 

ɦɚɬɟɪɢɚɥɚ ɱɚɫɬɢɰ. 

 

 

ȼɫɟɫɬɨɪɨɧɧɢɣ ɨɛɡɨɪ ɏȽɇ ɩɨɤɚɡɚɥ, ɱɬɨ ɡɚ 
ɩɨɫɥɟɞɧɢɟ ɱɟɬɵɪɟ ɞɟɫɹɬɢɥɟɬɢɹ ɞɟɫɹɬɤɚɦɢ 

ɧɚɭɱɧɵɯ ɝɪɭɩɩ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɪɚɡɥɢɱɧɵɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɚ, ɪɚɰɢɨ-
ɧɚɥɢɡɚɰɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɢ ɨɛɨɪɭɞɨ-
ɜɚɧɢɹ. ȼɫɟ ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɹɦɨ 
ɢɥɢ ɤɨɫɜɟɧɧɨ ɛɵɥɢ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɢɡɦɟɧɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɤɨɪɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɱɚ-
ɫɬɢɰ ɧɚɩɵɥɹɟɦɨɝɨ ɩɨɪɨɲɤɚ ɞɥɹ ɩɨɩɚɞɚɧɢɹ ɜ 
ɞɢɚɩɚɡɨɧ ɤɪɢɬɢɱɟɫɤɢɯ ɫɤɨɪɨɫɬɟɣ ɧɚɩɵɥɹɟɦɨ-
ɝɨ ɦɚɬɟɪɢɚɥɚ. 
Ɉɬɦɟɱɟɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɦɨɞɟɪɧɢɡɚɰɢɢ 

ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɧɟɞɨɫɬɚɬɨɱ-
ɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɝɢɛɪɢɞɢɡɚ-
ɰɢɢ ɦɟɬɨɞɚ ɯɨɥɨɞɧɨɝɨ ɧɚɩɵɥɟɧɢɹ ɢ/ɢɥɢ ɜɨɡ-
ɞɟɣɫɬɜɢɹ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɤɨɪɨɫɬɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɱɚɫɬɢɰ ɧɚɩɵɥɹɟɦɨɝɨ ɦɚɬɟɪɢ-

ɚɥɚ ɫɬɨɪɨɧɧɢɦɢ (ɧɟ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɦɢ) 

ɩɪɨɰɟɫɫɚɦɢ.  

Ɉɝɪɚɧɢɱɟɧɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɬɟɦɩɟɪɚ-
ɬɭɪɭ ɩɨɞɥɨɠɤɢ ɢ ɱɚɫɬɢɰ ɧɚɩɵɥɹɟɦɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɜɵɲɟɧɢɹ 
ɫɤɨɪɨɫɬɢ ɫɨɭɞɚɪɟɧɢɹ ɱɚɫɬɢɰ ɧɚɩɵɥɹɟɦɨɝɨ 
ɩɨɪɨɲɤɚ ɫ ɩɨɞɥɨɠɤɨɣ. ɋɬɨɪɨɧɧɟɟ ɜɨɡɞɟɣ-

ɫɬɜɢɟ ɧɚ ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰ ɧɚɩɵɥɹɟɦɨɝɨ ɩɨ-
ɪɨɲɤɚ ɩɨɡɜɨɥɢɬ ɧɟ ɬɨɥɶɤɨ ɭɦɟɧɶɲɢɬɶ ɬɟɦɩɟ-
ɪɚɬɭɪɧɨɟ ɜɥɢɹɧɢɟ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 
ɜɨɡɦɨɠɧɵɟ ɧɟɝɚɬɢɜɧɵɟ ɷɮɮɟɤɬɵ, ɧɨ ɢ ɡɧɚɱɢ-

ɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɢ ɦɚɬɟɪɢ-

ɚɥɶɧɵɟ ɪɚɫɯɨɞɵ ɩɪɨɰɟɫɫɚ, ɡɚ ɫɱɟɬ ɨɬɤɚɡɚ ɨɬ 
ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɵɫɨɤɨɝɨ ɞɚɜ-
ɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨ-
ɰɟɫɫɚ ɩɪɢ ɪɚɛɨɬɟ ɫ ɧɢɡɤɢɦ ɞɚɜɥɟɧɢɟɦ. 
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ɩɨɤɪɢɬɬɿɜ ɛɭɜ ɩɪɨɜɟɞɟɧɢɣ ɚɧɚɥɿɡ ɫɭɱɚɫɧɨɝɨ ɫɬɚɧɭ 
ɩɢɬɚɧɧɹ ɜ ɝɚɥɭɡɿ ɯɨɥɨɞɧɨɝɨ ɝɚɡɨɞɢɧɚɦɿɱɧɨɝɨ 
ɧɚɩɢɥɟɧɧɹ ɧɢɡɶɤɨɝɨ ɬɢɫɤɭ (ɏȽɇɇɌ) ɡ ɦɨɠ-

ɥɢɜɿɫɬɸ ɩɨɞɚɥɶɲɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɧɚɤɨɩɢɱɟɧɨɝɨ 
ɞɨɫɜɿɞɭ ɞɥɹ ɩɪɨɜɟɞɟɧɧɹ ɞɨɫɥɿɞɠɟɧɶ ɭ ɞɚɧɿɣ ɫɮɟɪɿ. 
ȼ ɧɚɲ ɱɚɫ ɦɟɬɨɞ ɯɨɥɨɞɧɨɝɨ ɝɚɡɨɞɢɧɚɦɿɱɧɨɝɨ 
ɧɚɩɢɥɟɧɧɹ ɞɥɹ ɧɚɧɟɫɟɧɧɹ ɡɚɯɢɫɧɢɯ ɬɚ ɜɿɞɧɨɜɥɸ-

ɜɚɥɶɧɢɯ ɩɨɤɪɢɬɬɿɜ ɞɨɫɢɬɶ ɲɢɪɨɤɨ ɡɚɫɬɨɫɨ-
ɜɭєɬɶɫɹ ɜ ɚɟɪɨɤɨɫɦɿɱɧɿɣ, ɚɜɬɨɦɨɛɿɥɶɧɿɣ ɬɚ ɿɧɲɢɯ 
ɝɚɥɭɡɹɯ ɬɟɯɧɿɤɢ. Ɋɚɡɨɦ ɡ ɜɿɞɦɿɧɧɢɦɢ ɟɤɫɩɥɭɚɬɚ-
ɰɿɣɧɢɦɢ, ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɨɛɥɚɞɧɚɧɧɹ ɞɥɹ ɦɟɬɨɞɭ 
ɏȽɇɇɌ ɿɫɧɭɸɬɶ ɿ ɧɟɞɨɥɿɤɢ: ɧɢɡɶɤɢɣ ɤɨɟɮɿɰɿєɧɬ 

ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɚɬɟɪɿɚɥɭ, ɦɨɠɥɢɜɚ ɩɨɪɢɫɬɿɫɬɶ, 
ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɧɢɠɟɧɧɹ ɦɿɰɧɨɫɬɿ ɬɚ ɩɨɝɿɪ-
ɲɟɧɧɹ ɤɨɪɨɡɿɣɧɨʀ ɫɬɿɣɤɨɫɬɿ. Ⱦɥɹ ɭɫɭɧɟɧɧɹ ɩɟɪɟɪɚ-
ɯɨɜɚɧɢɯ ɜɢɳɟ ɧɟɞɨɥɿɤɿɜ ɡɚɫɬɨɫɨɜɭɸɬɶ ɨɛɥɚɞɧɚɧɧɹ 
ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ, ɳɨ ɞɨɡɜɨɥɹє ɡɚɛɟɡɩɟɱɢɬɢ ɡɚɞɚɧɿ 
ɜɥɚɫɬɢɜɨɫɬɿ ɩɨɜɟɪɯɨɧɶ ɿ ɪɨɡɲɢɪɢɬɢ ɝɚɥɭɡɿ ɡɚ-
ɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɭ ɯɨɥɨɞɧɨɝɨ ɝɚɡɨɞɢɧɚɦɿɱɧɨɝɨ 
ɧɚɩɢɥɟɧɧɹ; ɪɚɡɨɦ ɡ ɬɢɦ ɧɚ ɤɿɥɶɤɚ ɪɿɜɧɿɜ ɡɪɨɫɬɚ-
ɸɬɶ ɜɢɬɪɚɬɢ ɧɚ ɨɛɥɚɞɧɚɧɧɹ ɬɚ ɫɭɩɭɬɧɿ ɜɢɬɪɚ-
ɬɢ. ȼ ɧɚɲ ɱɚɫ ɯɨɥɨɞɧɟ ɝɚɡɨɞɢɧɚɦɿɱɧɟ ɧɚɩɢɥɟɧɧɹ 
ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ ɦɚє ɩɨɤɚɡɧɢɤɢ ɤɨɟɮɿɰɿєɧɬɚ ɜɢɤɨ-
ɪɢɫɬɚɧɧɹ ɦɚɬɟɪɿɚɥɭ ɛɥɢɡɶɤɨ 85–90 ɜɿɞɫɨɬɤɿɜ. Аɥɟ 
ɰɟɣ ɦɟɬɨɞ ɦɚє ɧɟɞɨɥɿɤɢ: ɜɢɫɨɤɚ ɜɚɪɬɿɫɬɶ ɨɛɥɚɞ-
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ɧɚɧɧɹ ɿ ɩɪɨɰɟɫɭ ɧɚɩɢɥɟɧɧɹ, ɧɢɡɶɤɚ ɦɨɛɿɥɶɧɿɫɬɶ 
ɨɛɥɚɞɧɚɧɧɹ, ɡɚɝɪɨɡɚ ɡɞɨɪɨɜ'ɸ ɩɟɪɫɨɧɚɥɭ ɿ ɬ.ɞ. 
Ɂɪɨɫɬɚɸɱɢɣ ɩɨɩɢɬ ɧɚ ɧɢɡɶɤɨɟɧɟɪɝɟɬɢɱɧɿ, ɟɤɨ-
ɥɨɝɿɱɧɨ ɛɟɡɩɟɱɧɿ, ɟɮɟɤɬɢɜɧɿ ɣ ɧɟɞɨɪɨɝɿ ɩɪɨɰɟɫɢ 
ɧɚɧɟɫɟɧɧɹ ɩɨɤɪɢɬɬɿɜ ɫɬɢɦɭɥɸɸɬɶ ɩɨɲɭɤ ɿ ɪɨ-
ɡɪɨɛɤɭ ɧɨɜɢɯ ɚɥɶɬɟɪɧɚɬɢɜɧɢɯ ɦɟɬɨɞɿɜ, ɨɞɧɢɦ ɡ 
ɹɤɢɯ є ɏȽɇɇɌ. ɉɪɨɜɟɞɟɧɢɣ ɚɧɚɥɿɡ ɫɭɱɚɫɧɨɝɨ ɫɬɚ-
ɧɭ ɩɢɬɚɧɧɹ ɜ ɝɚɥɭɡɿ  ɜɩɥɢɜɭ ɧɚ ɤɿɥɶɤɿɫɧɿ ɬɚ ɹɤɿɫɧɿ 
ɩɨɤɚɡɧɢɤɢ ɭɬɜɨɪɸɜɚɧɢɯ ɡɚɯɢɫɧɢɯ ɬɚ ɜɿɞɧɨɜɥɸ-

ɜɚɥɶɧɢɯ ɩɨɤɪɢɬɬɿɜ ɿ ɜɢɜɱɟɧɧɹ ɜɥɚɫɬɢɜɨɫɬɟɣ ɬɚ-
ɤɢɯ ɩɨɤɪɢɬɬɿɜ, ɨɬɪɢɦɚɧɢɯ ɦɟɬɨɞɨɦ ɏȽɇɇɌ, ɩɨ-
ɤɚɡɚɥɢ, ɳɨ ɧɟɨɛɯɿɞɧɟ ɛɿɥɶɲ ɝɥɢɛɨɤɟ ɜɢɜɱɟɧɧɹ 
ɜɩɥɢɜɭ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɲɜɢɞɤɿɫɧɿ ɩɚɪɚɦɟɬɪɢ 
ɱɚɫɬɨɤ ɧɚɩɢɥɸɜɚɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ɝɚɡɨɞɢɧɚɦɿɱɧɢɯ 
ɬɚ ɫɬɨɪɨɧɧɿɯ ɩɪɨɰɟɫɿɜ. 
Клɸɱɨві ɫлɨва: ɯɨɥɨɞɧɟ ɝɚɡɨɞɢɧɚɦɿɱɧɟ ɧɚɩɢɥɸ-

ɜɚɧɧɹ, ɩɨɤɪɢɬɬɹ, ɩɿɞɤɥɚɞɤɚ, ɜɥɚɫɬɢɜɨɫɬɿ ɩɨ-
ɤɪɢɬɬɿɜ, ɟɮɟɤɬɢɜɧɿɫɬɶ. 
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Overview of cold gas dynamic dusting: problems 

and prospects 

Abstract. Problem. At present, the method of cold 

gas-dynamic coating for application of protective 

and restorative coatings is widely used in aerospace, 

automotive and other industries. Along with the ex-

cellent operational properties of the equipment for 

the method of CS there are also disadvantages: low 

coefficient of material use, possible porosity, which 

leads to a decrease in strength and deterioration of 

corrosion resistance. To eliminate the aforemen-

tioned shortcomings, high-pressure equipment is 

used to ensure the specified properties of surfaces 

and expand the application of the method of cold 

gas-dynamic spraying, at the same time, the costs of 

equipment and associated costs are multiplied by 

several levels. Goal. The analysis of the current state 

of the problem in the field of low pressure cold gas-

dynamic spraying (CS) on the possibility of influenc-

ing the quantitative and qualitative indices of the 

protective and restorative coatings created by this 

method and the study of the properties of such coat-

ings was conducted in order to gain experience for 

further research in this field. Methodology. An anal-

ysis of literary sources led to the conclusion that it is 

necessary to revise the principle of modeling and 

development of equipment for producing coatings by 

the method of cold gas-dynamic spraying.. Results. 

The analysis of the current state of the issue in the 

field of influence on the quantitative and qualitative 

indicators of the protective and restorative coatings 

created by this method and the study of the properties 

of such coatings obtained by the method of CS 

showed that a more profound study of the influence 

on the temperature-speed parameters of particles of 

the spray material by gas-dynamic and external forc-

es is required.Originality. The increasing demand for 

low-energy, environmentally safe, efficient and low-

cost coating processes stimulates the search for and 

development of new alternative methods, one of 

which is cold spraying. Practical value. A third-party 

effect on the particle speed of the sprayed powder 

will not only reduce the temperature effect and, as a 

result, possible negative effects, but also significantly 

reduce the energy and material costs of the process, 

due to the rejection of expensive high-pressure 

equipment, as well as increase the efficiency of the 

process when working with low pressure. 

Key words: cold gas-dynamic spraying, coatings, 

substrate, coating properties, efficiency. 
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