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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ Ɏɟɞɟɪɚɥɶɧɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɛɸɞɠɟɬɧɨɦ ɭɱɪɟɠɞɟɧɢɢ ɧɚɭɤɢ 
Ɉɛɴɟɞɢɧɟɧɧɨɦ ɢɧɫɬɢɬɭɬɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ (ɎȽȻɍɇ ɈɂȼɌ ɊȺɇ). 
 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ: ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ,  

ɡɚɜɟɞɭɸɳɢɣ ɥɚɛɨɪɚɬɨɪɢɟɣ №19 ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɩɪɨɰɟɫɫɨɜ 
ɎȽȻɍɇ Ɉɛɴɟɞɢɧɟɧɧɨɝɨ ɢɧɫɬɢɬɭɬɚ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊȺɇ, 

ɩɪɨɮɟɫɫɨɪ 

ȿɪɟɦɢɧ Ⱥɥɟɤɫɚɧɞɪ ȼɢɤɬɨɪɨɜɢɱ 

 

Ɉɮɢɰɢɚɥɶɧɵɟ ɨɩɩɨɧɟɧɬɵ: ɞɨɤɬɨɪ ɯɢɦɢɱɟɫɤɢɯ ɧɚɭɤ,  
ɡɚɜɟɞɭɸɳɢɣ ɥɚɛɨɪɚɬɨɪɢɟɣ ɤɢɧɟɬɢɤɢ ɩɪɨɰɟɫɫɨɜ ɝɨɪɟɧɢɹ ɎȽȻɍɇ 
ɂɧɫɬɢɬɭɬɚ ɯɢɦɢɱɟɫɤɨɣ ɤɢɧɟɬɢɤɢ ɢ ɝɨɪɟɧɢɹ ɢɦ. ȼ.ȼ. ȼɨɟɜɨɞɫɤɨɝɨ 
ɋɢɛɢɪɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ ɊȺɇ 

ɒɦɚɤɨɜ Ⱥɧɞɪɟɣ Ƚɟɧɧɚɞɶɟɜɢɱ 

 

ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ,  
ɝɥɚɜɧɵɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ ɨɤɢɫɥɟɧɢɹ 
ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɎȽȻɍɇ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɰɟɧɬɪɚ 
ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢɦ. ɇ.ɇ. ɋɟɦɟɧɨɜɚ ɊȺɇ 

ȼɥɚɫɨɜ ɉɚɜɟɥ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 

 

ȼɟɞɭɳɚɹ ɨɪɝɚɧɢɡɚɰɢɹ: Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ 
ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, ɝ. Ɇɨɫɤɜɚ 

 

 

Ɂɚɳɢɬɚ ɫɨɫɬɨɢɬɫɹ «_ИИИ» ИИИИИИИИИИ 2026 ɝ. ɜ ИИИИ ɱɚɫɨɜ ИИИИ ɦɢɧ. ɧɚ ɡɚɫɟɞɚɧɢɢ 
ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɫɨɜɟɬɚ 24.1.193.01 (Ⱦ 002.110.02), ɫɨɡɞɚɧɧɨɝɨ ɧɚ ɛɚɡɟ Ɏɟɞɟɪɚɥɶɧɨɝɨ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɛɸɞɠɟɬɧɨɝɨ ɭɱɪɟɠɞɟɧɢɢ ɧɚɭɤɢ Ɉɛɴɟɞɢɧɟɧɧɨɝɨ ɢɧɫɬɢɬɭɬɚ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ (ɈɂȼɌ ɊȺɇ), ɩɨ ɚɞɪɟɫɭ 125412, ɝ. Ɇɨɫɤɜɚ, ɂɠɨɪɫɤɚɹ ɭɥ., 
ɞ. 13, ɫɬɪ. 2, ɷɤɫɩɨɡɚɥ. 

 

ɋ ɞɢɫɫɟɪɬɚɰɢɟɣ ɦɨɠɧɨ ɨɡɧɚɤɨɦɢɬɶɫɹ ɜ ɛɢɛɥɢɨɬɟɤɟ ɢ ɧɚ ɫɚɣɬɟ Ɏɟɞɟɪɚɥɶɧɨɝɨ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɛɸɞɠɟɬɧɨɝɨ ɭɱɪɟɠɞɟɧɢɹ ɧɚɭɤɢ Ɉɛɴɟɞɢɧɟɧɧɨɝɨ ɢɧɫɬɢɬɭɬɚ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ: https://jiht.ru/science/dissert-council/. 

 

Ɉɬɡɵɜɵ ɧɚ ɚɜɬɨɪɟɮɟɪɚɬ ɜ ɞɜɭɯ ɷɤɡɟɦɩɥɹɪɚɯ, ɡɚɜɟɪɟɧɧɵɟ ɝɟɪɛɨɜɨɣ ɩɟɱɚɬɶɸ, ɩɪɨɫɶɛɚ 
ɧɚɩɪɚɜɥɹɬɶ ɩɨ ɚɞɪɟɫɭ: 125412, ɝ. Ɇɨɫɤɜɚ, ɂɠɨɪɫɤɚɹ ɭɥ., ɞ. 13, ɫɬɪ. 2, ɧɚ ɢɦɹ ɭɱɟɧɨɝɨ ɫɟɤɪɟɬɚɪɹ 
ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɫɨɜɟɬɚ. 
 

 

Ⱥɜɬɨɪɟɮɟɪɚɬ ɪɚɡɨɫɥɚɧ «ИИИИ» ИИИИИИИИИИ 2026 ɝ.  
 

 

ɍɱɟɧɵɣ ɫɟɤɪɟɬɚɪɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɫɨɜɟɬɚ 24.1.193.01 (Ⱦ 002.110.02) 
ɤɚɧɞɢɞɚɬ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ                Ⱥ.ȼ. Ɍɢɦɨɮɟɟɜ 
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Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɛɨɬɵ 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɇɟɫɦɨɬɪɹ ɧɚ ɭɠɟ ɞɨɫɬɢɝɧɭɬɵɣ ɡɧɚɱɢɬɟɥɶɧɵɣ ɩɪɨɝɪɟɫɫ ɢ ɦɚɫɲɬɚɛɧɵɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɟ 

ɢɧɜɟɫɬɢɰɢɢ ɜ ɪɚɡɜɢɬɢɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ, ɢɫɤɨɩɚɟɦɵɟ 

ɬɨɩɥɢɜɧɵɟ ɪɟɫɭɪɫɵ, ɫɨɝɥɚɫɧɨ ɟɠɟɝɨɞɧɵɦ ɨɬɱɟɬɚɦ ɢ ɨɛɡɨɪɚɦ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 

ɚɝɟɧɬɫɬɜ ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɟɞɨɦɫɬɜ [1], ɩɪɨɞɨɥɠɚɸɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɨɪɹɞɤɚ 80% ɦɢɪɨɜɨɝɨ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɩɪɨɫɚ. ɉɨɥɟɡɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɫɠɢɝɚɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɛɵɬɨɜɨɣ 

ɢ ɩɪɨɦɵɲɥɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ ɧɟɢɡɛɟɠɧɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɭɝɥɟɪɨɞɧɵɯ ɱɚɫɬɢɰ, ɜ ɫɜɨɟɣ ɲɢɪɨɤɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ ɧɚɡɵɜɚɟɦɵɯ «ɫɚɠɟɣ». 

ɗɦɢɫɫɢɹ ɬɚɤɨɝɨ ɪɨɞɚ ɱɚɫɬɢɰ ɜ ɩɪɨɰɟɫɫɚɯ ɝɨɪɟɧɢɹ ɢ ɩɢɪɨɥɢɡɚ – ɡɚɱɚɫɬɭɸ ɤɪɚɣɧɟ ɧɟɠɟɥɚɬɟɥɶɧɨ 

ɹɜɥɟɧɢɟ, ɫɜɹɡɚɧɧɨɟ ɫ ɭɳɟɪɛɨɦ ɝɥɨɛɚɥɶɧɨɦɭ ɤɥɢɦɚɬɭ [2], ɫɟɪɶёɡɧɵɦ ɧɟɝɚɬɢɜɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ 

ɡɞɨɪɨɜɶɟ ɱɟɥɨɜɟɤɚ [3] ɢ ɜɵɜɨɞɨɦ ɢɡ ɫɬɪɨɹ ɢ ɫɧɢɠɟɧɢɟɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 

ɭɫɬɚɧɨɜɨɤ [4]. ɉɨɦɢɦɨ ɷɬɨɝɨ, ɩɪɨɦɵɲɥɟɧɧɨ ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɝɥɟɪɨɞ ɧɚɯɨɞɢɬ 

ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɷɧɟɪɝɟɬɢɤɢ, ɮɚɪɦɚɤɨɥɨɝɢɢ ɢ ɫɢɧɬɟɡɚ 

ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ [5].  

ȼɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɮɚɤɬɨɪɨɜ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɫɟɝɨɞɧɹ ɫɚɠɚ 

ɹɜɥɹɟɬɫɹ ɨɩɚɫɧɵɦ ɬɟɯɧɨɝɟɧɧɵɦ ɡɚɝɪɹɡɧɢɬɟɥɟɦ, ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɨɬɨɪɨɝɨ ɜ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ 

ɧɚɧɨɫɢɬ ɫɟɪɶɟɡɧɵɣ ɭɳɟɪɛ ɱɟɥɨɜɟɱɟɫɬɜɭ ɢ ɜɫɟɣ ɛɢɨɫɮɟɪɟ ɢ ɨɛɨɫɧɨɜɵɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ 

ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɨɜ ɦɨɧɢɬɨɪɢɧɝɚ, ɤɨɧɬɪɨɥɹ ɢ ɩɨɞɚɜɥɟɧɢɹ ɬɚɤɨɝɨ ɪɨɞɚ ɜɵɛɪɨɫɨɜ. Ɉɞɧɢɦ ɢɡ 

ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɩɨɞɯɨɞɨɜ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɢɫɥɨɪɨɞɨɫɨɞɟɪɠɚɳɢɯ 

ɞɨɛɚɜɨɤ – ɨɤɫɢɝɟɧɚɬɨɜ, ɫ ɰɟɥɶɸ ɦɨɞɢɮɢɤɚɰɢɢ ɫɚɠɟɨɛɪɚɡɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɬɨɩɥɢɜɚ [6]. ȼ 

ɱɚɫɬɧɨɫɬɢ, ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɪɢɜɥɟɤɚɸɳɢɯ ɜɧɢɦɚɧɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɨɤɫɢɝɟɧɚɬɨɜ ɹɜɥɹɟɬɫɹ 

ɞɢɦɟɬɢɥɨɜɵɣ ɷɮɢɪ (ȾɆɗ) CH3OCH3 – ɩɪɨɫɬɟɣɲɢɣ ɢɡ ɷɮɢɪɨɜ, ɩɟɪɫɩɟɤɬɢɜɧɨɟ ɜɨɡɨɛɧɨɜɥɹɟɦɨɟ 

ɬɨɩɥɢɜɨ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟɫɹ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɢɫɥɨɪɨɞɚ (ɨɤɨɥɨ 35% ɩɨ ɦɚɫɫɟ) ɢ 

ɨɬɫɭɬɫɬɜɢɟɦ ɦɟɠɭɝɥɟɪɨɞɧɵɯ C-C ɫɜɹɡɟɣ ɜ ɟɝɨ ɫɨɫɬɚɜɟ [7], ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɝɨ ɤɪɚɣɧɟ ɧɢɡɤɭɸ 

ɫɤɥɨɧɧɨɫɬɶ ɤ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɸ. 

ȼɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ ɤɢɧɟɬɢɤɭ ɝɨɪɟɧɢɹ ɜ ɤɨɧɬɟɤɫɬɟ ɨɛɪɚɡɨɜɚɧɢɹ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɢ ɢɯ 

ɨɛɳɟɩɪɢɡɧɚɧɧɵɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ – ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɉȺɍ), 

ɛɵɥɨ ɲɢɪɨɤɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜ ɪɚɡɥɢɱɧɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɤɚɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ, ɬɚɤ ɢ 

ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ [8–13]. Ɋɟɡɭɥɶɬɚɬɵ ɛɨɥɶɲɢɧɫɬɜɚ ɪɚɛɨɬ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ 

ɢɧɝɢɛɢɪɭɸɳɢɣ ɩɪɨɰɟɫɫɵ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɷɮɮɟɤɬ ɞɨɛɚɜɨɤ ȾɆɗ ɩɪɢ ɝɨɪɟɧɢɢ ɥɟɝɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ [8–10], ɨɞɧɚɤɨ ɪɹɞ ɧɟɞɚɜɧɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɚɥ ɧɟɦɨɧɨɬɨɧɧɨɫɬɶ ɜɥɢɹɧɢɹ 

ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ ɩɪɨɰɟɫɫ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ [11–14] – ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɨɛɪɚɬɧɚɹ ɬɟɧɞɟɧɰɢɹ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɉȺɍ ɢ ɭɜɟɥɢɱɟɧɢɸ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɫɚɠɢ ɩɪɢ ɦɚɥɵɯ ɞɨɛɚɜɤɚɯ ȾɆɗ (ɞɨ з15%) ɜ 

ɭɫɥɨɜɢɹɯ ɥɚɦɢɧɚɪɧɵɯ ɩɥɨɫɤɢɯ ɷɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɵɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɟɪɟɦɟɲɚɧɧɵɯ ɩɥɚɦɟɧ. 
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ɋɭɳɟɫɬɜɭɸɳɢɟ ɪɚɡɥɢɱɢɹ ɜ ɨɩɢɫɚɧɢɢ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ ɜɵɯɨɞ ɫɚɠɢ ɜ ɩɥɨɫɤɢɯ 

ɦɨɞɟɥɶɧɵɯ ɩɥɚɦɟɧɚɯ ɭɤɚɡɵɜɚɸɬ ɧɚ ɧɟɞɨɫɬɚɬɨɱɧɨɟ ɩɨɧɢɦɚɧɢɟ ɦɟɯɚɧɢɡɦɚ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɢ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɧɚɞɟɠɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɛɵɬɶ 

ɩɪɨɜɚɥɢɞɢɪɨɜɚɧɵ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɤɢɧɟɬɢɱɟɫɤɢɟ ɦɟɯɚɧɢɡɦɵ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɞɥɹ ɥɭɱɲɟɝɨ ɩɨɧɢɦɚɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɜɥɢɹɧɢɹ ɦɚɥɵɯ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ ɩɪɨɰɟɫɫɵ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ 

ɩɪɢ ɝɨɪɟɧɢɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɬɪɟɛɭɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɫɚɠɟɜɵɯ 

ɩɥɚɦɟɧɚɯ, ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɵɯ ɧɟɨɞɧɨɤɪɚɬɧɨ ɢɡɦɟɪɟɧɵ ɪɚɡɥɢɱɧɵɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦɢ 

ɝɪɭɩɩɚɦɢ ɢ ɦɨɝɭɬ ɛɵɬɶ ɫ ɥɟɝɤɨɫɬɶɸ ɜɨɫɩɪɨɢɡɜɟɞɟɧɵ. 

Ɋɚɡɪɚɛɨɬɚɧɧɨɫɬɶ ɬɟɦɵ 

Ʉɢɧɟɬɢɤɚ ɝɨɪɟɧɢɹ ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɲɢɪɨɤɨ ɢɫɫɥɟɞɨɜɚɧɚ ɜ ɪɚɡɥɢɱɧɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ 

ɭɫɥɨɜɢɹɯ: ɜ ɭɞɚɪɧɵɯ ɬɪɭɛɚɯ [15], ɩɪɨɬɨɱɧɵɯ ɪɟɚɤɬɨɪɚɯ [16], ɪɟɚɤɬɨɪɚɯ ɫɬɪɭɣɧɨɝɨ ɫɦɟɲɟɧɢɹ [17] 

ɢ ɜ ɥɚɦɢɧɚɪɧɵɯ ɞɢɮɮɭɡɢɨɧɧɵɯ ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɟɪɟɦɟɲɚɧɧɵɯ ɩɥɚɦɟɧɚɯ [18]. ɂɫɫɥɟɞɨɜɚɧɢɹ 

ɜɥɢɹɧɢɹ ɞɨɛɚɜɤɢ ȾɆɗ ɧɚ ɦɟɯɚɧɢɡɦɵ ɨɛɪɚɡɨɜɚɧɢɹ ɉȺɍ ɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɩɪɨɜɨɞɢɥɢɫɶ ɜ 

ɪɚɡɥɢɱɧɵɯ ɩɥɚɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ, ɢ ɪɟɡɭɥɶɬɚɬɵ ɛɨɥɶɲɢɧɫɬɜɚ ɪɚɛɨɬ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ 

ɩɨɞɚɜɥɟɧɢɟ ɜɵɯɨɞɚ ɫɚɠɢ ɞɨɛɚɜɤɚɦɢ ȾɆɗ [8–12], ɱɬɨ, ɤɚɤ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɩɪɨɞɢɤɬɨɜɚɧɨ 

ɭɦɟɧɶɲɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɫɜɨɛɨɞɧɨɝɨ ɭɝɥɟɪɨɞɚ, ɞɨɫɬɭɩɧɨɝɨ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɟɤɭɪɫɨɪɨɜ ɫɚɠɢ 

ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɨɤɢɫɥɹɸɳɢɯ ɪɚɞɢɤɚɥɨɜ (OH ɢ O) [8].  ɉɨɥɭɱɟɧɧɵɟ ɤ ɧɚɫɬɨɹɳɟɦɭ 

ɜɪɟɦɟɧɢ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɨɛɚɜɥɟɧɢɟ ɧɟɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ȾɆɗ ɜ ɞɢɮɮɭɡɢɨɧɧɵɟ 

ɷɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɵɟ ɩɥɚɦɟɧɚ, ɧɚɨɛɨɪɨɬ, ɭɜɟɥɢɱɢɜɚɟɬ ɤɨɧɰɟɧɬɪɚɰɢɸ ɉȺɍ ɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ, 

ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɝɨɪɟɧɢɟ ɱɢɫɬɨɝɨ ȾɆɗ ɩɪɨɢɡɜɨɞɢɬ ɧɚɦɧɨɝɨ ɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɚɠɢ, ɱɟɦ 

ɝɨɪɟɧɢɟ ɱɢɫɬɨɝɨ ɷɬɢɥɟɧɚ [9,14,19,20]. Ⱦɨɛɚɜɤɚ ȾɆɗ ɤ ɩɥɚɦɟɧɚɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɟɪɟɦɟɲɚɧɧɵɯ 

ɝɚɡɨɜ, ɧɚɩɪɨɬɢɜ, ɫɧɢɠɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɉȺɍ, ɢ ɩɨɞɚɜɥɹɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɫɚɠɢ [21,22]. ɉɪɢ ɷɬɨɦ 

ɚɧɚɥɢɡ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɤɢɫɥɨɪɨɞɨɫɨɞɟɪɠɚɳɢɟ ɞɨɛɚɜɤɢ ɤ ɷɬɢɥɟɧɭ ɩɨɞɚɜɥɹɸɬ 

ɨɛɪɚɡɨɜɚɧɢɟ ɉȺɍ ɜ ɨɫɧɨɜɧɨɦ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɫɜɨɛɨɞɧɨɝɨ ɭɝɥɟɪɨɞɚ, ɫɩɨɫɨɛɧɨɝɨ 

ɫɮɨɪɦɢɪɨɜɚɬɶ ɛɟɧɡɨɥ – ɩɪɨɫɬɟɣɲɢɣ ɢ ɩɟɪɜɵɣ ɜ ɰɟɩɨɱɤɟ ɨɛɪɚɡɨɜɚɧɢɹ ɫɚɠɢ ɚɪɨɦɚɬɢɱɟɫɤɢɣ 

ɭɝɥɟɜɨɞɨɪɨɞ. Ⱦɥɹ ɩɥɚɦɟɧɢ ɱɚɫɬɢɱɧɨ ɩɟɪɟɦɟɲɚɧɧɵɯ ɝɚɡɨɜ ɞɨɛɚɜɤɚ 10% ȾɆɗ ɤ ɬɨɩɥɢɜɭ 

ɩɪɢɜɨɞɢɥɚ ɤ ɧɟɛɨɥɶɲɨɦɭ ɫɧɢɠɟɧɢɸ ɨɛɴɟɦɧɨɣ ɮɪɚɤɰɢɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ, ɤɨɬɨɪɚɹ 

ɩɪɨɞɨɥɠɚɥɚ ɭɦɟɧɶɲɚɬɶɫɹ ɫ ɞɚɥɶɧɟɣɲɢɦ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɞɨɛɚɜɥɹɟɦɨɝɨ ȾɆɗ. Ʉɪɨɦɟ 

ɷɬɨɝɨ, ɧɚɛɥɸɞɚɥɨɫɶ ɫɧɢɠɟɧɢɟ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ [20]. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɧɟɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜɥɢɹɧɢɹ ɞɨɛɚɜɤɢ ȾɆɗ ɤ 

ɨɫɧɨɜɧɨɦɭ ɤɨɦɩɨɧɟɧɬɭ ɬɨɩɥɢɜɧɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɧɚ ɩɪɨɰɟɫɫɵ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɨɬɥɢɱɚɸɬɫɹ 

(ɢɧɨɝɞɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵ) ɞɥɹ ɪɚɡɧɵɯ ɬɢɩɨɜ ɩɥɚɦɟɧ ɢ ɫɨɨɬɧɨɲɟɧɢɣ ɝɨɪɸɱɟɟ/ɨɤɢɫɥɢɬɟɥɶ. 

ɉɨɦɢɦɨ ɷɬɨɝɨ, ɫɨɜɪɟɦɟɧɧɵɟ ɤɢɧɟɬɢɱɟɫɤɢɟ ɦɟɯɚɧɢɡɦɵ ɩɪɨɰɟɫɫɨɜ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɢ, ɜ ɱɚɫɬɧɨɫɬɢ 

ɝɨɪɟɧɢɹ ɢ ɩɢɪɨɥɢɡɚ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɤɢɫɥɨɪɨɞɨɫɨɞɟɪɠɚɳɢɯ ɬɨɩɥɢɜ ɢ ɢɯ ɞɨɛɚɜɨɤ, ɡɚɱɚɫɬɭɸ 
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ɨɛɥɚɞɚɸɬ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦɢ ɩɪɟɞɫɤɚɡɚɬɟɥɶɧɵɦɢ ɫɩɨɫɨɛɧɨɫɬɹɦɢ, ɱɬɨ ɜɵɡɵɜɚɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɢɯ ɜɚɥɢɞɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɞɟɠɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ.  

ɐɟɥɢ ɢ ɡɚɞɚɱɢ ɪɚɛɨɬɵ 

ɐɟɥɶ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɧɚ ɩɪɨɰɟɫɫɵ 

ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɝɨɪɟɧɢɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 

Ɂɚɞɚɱɢ ɪɚɛɨɬɵ: 

1. Ɋɟɚɥɢɡɚɰɢɹ ɤɨɦɩɥɟɤɫɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɢ 

ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɷɦɢɫɫɢɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɢɹ ɢɯ ɨɩɬɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɜ ɩɥɚɦɟɧɧɨɦ ɥɚɦɢɧɚɪɧɨɦ ɪɟɚɤɬɨɪɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɫɦɟɲɟɧɢɹ. Ɋɟɚɥɢɡɚɰɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɬɟɪɦɨɩɚɪɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɦɟɧɢ, ɦɟɬɨɞɚ ɥɚɡɟɪɧɨɣ 

ɷɤɫɬɢɧɤɰɢɢ (Ʌɗ), ɦɟɬɨɞɚ ɞɜɭɦɟɪɧɨɣ ɥɚɡɟɪɧɨ-ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɢɧɤɚɧɞɟɫɰɟɧɰɢɢ (2D - Ʌɂɂ) ɢ 

ɦɟɬɨɞɚ ɨɬɛɨɪɚ ɩɪɨɛ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɩɪɨɫɜɟɱɢɜɚɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ 

ɦɢɤɪɨɫɤɨɩɟ (ɉɗɆ). 

2. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ ɩɪɨɰɟɫɫɵ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɜ 

ɷɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɦ ɩɥɚɦɟɧɢ. Ɉɩɪɟɞɟɥɟɧɢɟ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɨɮɢɥɶ 

ɩɥɚɦɟɧɢ, ɨɛɴɟɦɧɵɣ ɜɵɯɨɞ ɫɚɠɢ, ɚ ɬɚɤɠɟ ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɪɚɡɦɟɪɵ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ. 

3. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ ɩɪɨɰɟɫɫɵ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɜ 

ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɦ ɩɥɚɦɟɧɢ. Ɉɩɪɟɞɟɥɟɧɢɟ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɨɮɢɥɶ 

ɩɥɚɦɟɧɢ, ɨɛɴɟɦɧɵɣ ɜɵɯɨɞ ɫɚɠɢ, ɚ ɬɚɤɠɟ ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɪɚɡɦɟɪɵ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ. 

4. ɉɪɨɜɟɞɟɧɢɟ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɨɰɟɧɤɢ ɬɟɩɥɨɜɵɯ ɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɷɮɮɟɤɬɨɜ 

ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɉȺɍ ɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɜ ɭɫɥɨɜɢɹɯ ɝɨɪɟɧɢɹ ɷɬɢɥɟɧɨ-

ɜɨɡɞɭɲɧɵɯ ɢ ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɵɯ ɫɦɟɫɟɣ. ɉɪɨɜɟɫɬɢ ɱɢɫɥɟɧɧɵɣ ɚɧɚɥɢɡ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ȾɆɗ 

ɧɚ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɜɵɯɨɞ ɫɚɠɢ ɢ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɪɚɡɦɟɪɚɦ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɪɚɛɨɬɵ  
ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ ɩɨ ɢɡɭɱɟɧɢɸ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ 

ɤɢɧɟɬɢɤɭ ɨɛɪɚɡɨɜɚɧɢɹ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɩɪɢ ɝɨɪɟɧɢɢ ɦɨɞɟɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɫɥɟɞɭɸɳɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɪɚɫɱɟɬɧɵɟ ɪɟɡɭɥɶɬɚɬɵ: 

1. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɦɟɬɨɞɨɦ Ʌɗ ɧɚ ɪɚɡɧɵɯ ɞɥɢɧɚɯ ɜɨɥɧ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɨɛɴɟɦɧɵɣ ɜɵɯɨɞ 

ɫɚɠɢ ɜ ɭɫɥɨɜɢɹɯ ɪɚɡɛɚɜɥɟɧɢɹ ɛɨɝɚɬɵɯ ɷɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɝɨ ɢ ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɝɨ ɩɥɚɦɟɧ 

ɪɚɡɥɢɱɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ȾɆɗ. ɉɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧ ɧɟɦɨɧɨɬɨɧɧɵɣ ɯɚɪɚɤɬɟɪ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ 

ȾɆɗ ɧɚ ɤɢɧɟɬɢɤɭ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɩɥɚɦɟɧɚɯ. 

2. Ɇɟɬɨɞ ɥɚɡɟɪɧɨɣ ɷɤɫɬɢɧɤɰɢɢ ɜ ɩɥɚɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɜɩɟɪɜɵɟ ɩɪɢɦɟɧɟɧ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ ɩɥɚɦɟɧɢ ɷɬɢɥɟɧɚ ɢ ɚɰɟɬɢɥɟɧɚ ɫ 

ɞɨɛɚɜɤɚɦɢ ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ. Ɉɰɟɧɟɧɨ ɜɥɢɹɧɢɟ ɪɚɡɛɚɜɥɟɧɢɹ ɬɨɩɥɢɜɚ ȾɆɗ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ 

ɞɢɫɩɟɪɫɢɢ ɢ ɨɩɬɢɱɟɫɤɭɸ ɲɢɪɢɧɭ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɨɛɪɚɡɭɸɳɢɯɫɹ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ. 
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3. ɉɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɚ ɞɜɭɦɟɪɧɨɣ ɥɚɡɟɪɧɨ-ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɢɧɤɚɧɞɟɫɰɟɧɰɢɢ ɜ ɩɥɚɦɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɜɩɟɪɜɵɟ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɨɛɪɚɡɭɸɳɢɯɫɹ ɫɚɠɟɜɵɯ 

ɱɚɫɬɢɰ ɢ ɢɯ ɪɚɡɦɟɪɵ. ɉɨɤɚɡɚɧ ɢɧɝɢɛɢɪɭɸɳɢɣ ɩɪɨɰɟɫɫɵ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɷɮɮɟɤɬ ɞɨɛɚɜɨɤ ȾɆɗ. 

4. ɉɪɨɜɟɞɟɧ ɱɢɫɥɟɧɧɵɣ ɚɧɚɥɢɡ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ ɤɢɧɟɬɢɤɭ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɜ 

ɷɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɦ ɢ ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɦ ɩɥɚɦɟɧɢ. ȼ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɩɨɥɭɱɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ 

Ʌɗ, 2D-Ʌɂɂ ɢ ɉɗɆ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ, ɨɩɪɟɞɟɥɟɧɨ ɜɥɢɹɧɢɟ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ 

ɤɨɧɟɱɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɢ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɪɚɡɦɟɪɚɦ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 

ɩɚɥɦɟɧɚɯ. 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ 

ɉɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɪɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɩɨ 

ɜɥɢɹɧɢɸ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ ɤɢɧɟɬɢɤɭ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɝɨɪɟɧɢɢ ɬɚɤɢɯ ɥɟɝɤɢɯ ɢ ɦɨɞɟɥɶɧɵɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɤɚɤ ɷɬɢɥɟɧ ɢ ɚɰɟɬɢɥɟɧ, ɦɨɝɭɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɰɟɧɧɨɫɬɶ ɫ ɬɨɱɤɢ 

ɡɪɟɧɢɹ ɪɚɡɜɢɬɢɹ ɤɢɧɟɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɩɪɨɰɟɫɫɨɜ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɜɚɥɢɞɚɰɢɢ 

ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɦɟɯɚɧɢɡɦɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ ɨɛɴɟɦɧɨɣ ɞɨɥɟ, 

ɨɩɬɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹɦ ɩɨ ɪɚɡɦɟɪɚɦ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ 

ɩɪɨɰɟɫɫɚɯ ɝɨɪɟɧɢɹ ɥɟɝɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɹɯ 

ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɭɬɨɱɧɟɧɢɹ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 

ɦɨɞɟɥɟɣ ɫ ɰɟɥɶɸ ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɚɷɪɨɡɨɥɶɧɵɯ ɡɚɝɪɹɡɧɟɧɢɣ 

ɚɬɦɨɫɮɟɪɵ. 

Ɇɟɬɨɞɨɥɨɝɢɹ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ 

ȾɆɗ ɧɚ ɤɢɧɟɬɢɤɭ ɨɛɪɚɡɨɜɚɧɢɹ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɩɪɢ ɝɨɪɟɧɢɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ «ɉɂɈɇ» ɧɚ ɛɚɡɟ ɫɬɚɧɞɚɪɬɧɨɣ ɩɥɨɫɤɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɝɨɪɟɥɤɢ ɬɢɩɚ 

ɆɚɤɄɟɧɧɚ, ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɜ ɥɚɛɨɪɚɬɨɪɢɢ № 19 «ɇɟɪɚɜɧɨɜɟɫɧɵɯ ɩɪɨɰɟɫɫɨɜ» ɈɂȼɌ ɊȺɇ. Ⱦɥɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɩɥɨɫɤɢɯ ɥɚɦɢɧɚɪɧɵɯ ɩɥɚɦɟɧɚɯ, ɚ ɢɦɟɧɧɨ ɩɨɥɭɱɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɪɨɮɢɥɟɣ ɩɥɚɦɟɧ, ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɜɵɯɨɞɚ ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ ɧɢɯ ɫɚɠɟɜɵɯ 

ɱɚɫɬɢɰ, ɢɯ ɫɪɟɞɧɢɯ ɪɚɡɦɟɪɨɜ ɢ ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ, 

ɩɪɢɦɟɧɹɥɢɫɶ ɩɟɪɟɞɨɜɵɟ ɦɟɬɨɞɵ ɨɩɬɢɱɟɫɤɨɣ ɞɢɚɝɧɨɫɬɢɤɢ. ɂɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɪɨɮɢɥɟɣ 

ɩɥɚɦɟɧɢ ɜ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ (300 – 900 Ʉ) ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɯɪɨɦɟɥɶ-

ɤɨɩɟɥɟɜɵɯ ɬɟɪɦɨɩɚɪ ɬɢɩɚ «Ʉ», ɚ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ (900 – 1800 Ʉ) – ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɥɚɬɢɧɨ-ɪɨɞɢɟɜɵɯ ɬɟɪɦɨɩɚɪ ɬɢɩɚ «ȼ» ɢ ɪɟɚɥɢɡɚɰɢɟɣ ɦɟɬɨɞɢɤɢ ɛɵɫɬɪɨɝɨ 

ɜɜɟɞɟɧɢɹ ɫɜɟɪɯɬɨɧɤɨɣ (~ 45 ɦɤɦ) ɬɟɪɦɨɩɚɪɵ ɜ ɫɚɠɟɜɨɟ ɩɥɚɦɹ. Ɉɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɨɣ ɞɨɥɢ 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ, ɚ ɬɚɤɠɟ ɢɯ ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ: ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɫɩɟɪɫɢɢ ɢ 

ɨɩɬɢɱɟɫɤɨɣ ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ, ɛɵɥɢ ɪɟɚɥɢɡɨɜɚɧɵ ɦɟɬɨɞɨɦ ɥɚɡɟɪɧɨɣ ɷɤɫɬɢɧɤɰɢɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɢɡɥɭɱɟɧɢɹ ɞɢɨɞɧɵɯ ɥɚɡɟɪɧɵɯ ɦɨɞɭɥɟɣ ɫ ɪɚɡɥɢɱɧɵɦɢ 
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ɞɥɢɧɚɦɢ ɜɨɥɧ ɝɟɧɟɪɚɰɢɢ (405, 450, 520, 633, 780, 850 ɧɦ), ɚ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɟɦɧɢɤɚ ɢɡɥɭɱɟɧɢɹ – 

ɮɨɬɨɞɟɬɟɤɬɨɪɚ, ɨɫɧɚɳɟɧɧɨɝɨ ɭɡɤɨɩɨɥɨɫɧɵɦɢ ɮɢɥɶɬɪɚɦɢ ɫ ɩɨɥɭɲɢɪɢɧɨɣ ɩɪɨɩɭɫɤɚɧɢɹ 10 ɧɦ. Ⱦɥɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɢ ɫɪɟɞɧɢɯ ɪɚɡɦɟɪɨɜ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ, 

ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɥɚɦɟɧɚɯ, ɦɟɬɨɞɨɦ ɞɜɭɦɟɪɧɨɣ ɥɚɡɟɪɧɨ-ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ 

ɢɧɤɚɧɞɟɫɰɟɧɰɢɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɧɚɧɨɫɟɤɭɧɞɧɵɣ Nd:Yag-ɥɚɡɟɪ (ɞɥɢɧɚ ɜɨɥɧɵ 1064 ɧɦ), ɥɭɱ 

ɤɨɬɨɪɨɝɨ ɫ ɩɨɦɨɳɶɸ ɨɩɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɡɟɪɤɚɥ,  ɥɢɧɡ, ɢ ɞɢɚɮɪɚɝɦ ɪɚɡɜɨɪɚɱɢɜɚɥɫɹ ɜ 

ɜɟɪɬɢɤɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɢ ɡɚɜɨɞɢɥɫɹ ɜ ɰɟɧɬɪɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ɩɥɚɦɟɧɢ ɞɥɹ ɨɛɥɭɱɟɧɢɹ ɱɚɫɬɢɰ 

ɫɚɠɢ. Ⱦɜɭɦɟɪɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɫɢɝɧɚɥɨɜ Ʌɂɂ ɫɨɛɢɪɚɥɢɫɶ ɫ ɧɚɤɨɩɥɟɧɢɟɦ ɩɨ 8 ɫɧɢɦɤɚɦ ɧɚ 

ɦɚɬɪɢɰɭ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɷɥɟɤɬɪɨɧɧɨ-ɨɩɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ (ɜɪɟɦɹ ɷɤɫɩɨɡɢɰɢɢ ɤɚɞɪɚ 10 ɧɫ) ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɴɟɤɬɢɜɚ, ɭɡɤɨɩɨɥɨɫɧɨɝɨ ɮɢɥɶɬɪɚ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 450 ɧɦ ɢ ɫɢɫɬɟɦɵ 

ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɥɚɡɟɪɚ ɫ ɤɚɦɟɪɨɣ. ɉɨɦɢɦɨ ɷɬɨɝɨ, ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɫɪɟɞɧɢɯ ɪɚɡɦɟɪɨɜ ɨɛɪɚɡɭɸɳɢɯɫɹ 

ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɛɵɥ ɪɟɚɥɢɡɨɜɚɧ ɦɟɬɨɞ ɨɬɛɨɪɚ ɩɪɨɛ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɢɡ ɩɥɚɦɟɧɢ ɧɚ ɦɟɞɧɵɟ 

ɪɟɲɟɬɤɢ (ɩɨɤɪɵɬɢɟ ɢɡ ɦɢɤɪɨɞɵɪɱɚɬɨɝɨ ɭɝɥɟɪɨɞɚ), ɩɨɦɟɳɚɟɦɵɟ ɜ ɩɥɚɦɹ ɩɧɟɜɦɨɰɢɥɢɧɞɪɨɦ 

(ɜɪɟɦɹ ɷɤɫɩɨɡɢɰɢɢ ɪɟɲɟɬɤɢ ɜ ɩɥɚɦɟɧɢ 100 ɦɫ) ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɫɜɟɱɢɜɚɸɳɟɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ «FEI Osiris», ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ɐɟɧɬɪɟ 

ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ Ɏɇɂɐ «Ʉɪɢɫɬɚɥɥɨɝɪɚɮɢɢ ɢ ɮɨɬɨɧɢɤɢ» ɊȺɇ. Ⱦɥɹ ɱɢɫɥɟɧɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɩɥɚɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɛɵɥɢ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɨɝɪɚɦɦɵ OpenSMOKE++ [23] ɢ Cantera [24] ɢ ɤɢɧɟɬɢɱɟɫɤɢɣ ɦɟɯɚɧɢɡɦ, 

ɨɩɢɫɵɜɚɸɳɢɟ ɝɨɪɟɧɢɟ ɩɪɨɫɬɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɫɩɢɪɬɨɜ ɢ ɷɮɢɪɨɜ (ɜ ɬɨɦ ɱɢɫɥɟ ȾɆɗ) [15], 

ɨɛɴɟɞɢɧɟɧɧɵɣ ɫ ɦɟɯɚɧɢɡɦɨɦ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɨɫɬɚ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɩɪɢ ɝɨɪɟɧɢɢ ɨɛɲɢɪɧɨɝɨ 

ɫɩɟɤɬɪɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ [25]. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɪɚɫɱɟɬɧɵɯ 

ɦɟɬɨɞɨɜ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ ɤɢɧɟɬɢɤɭ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɦɨɞɟɥɶɧɵɯ 

ɷɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɦ ɢ ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɦ ɩɥɚɦɟɧɚɯ. 

ɇɚɭɱɧɵɟ ɩɨɥɨɠɟɧɢɹ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ  
1. Ɉɛɧɚɪɭɠɟɧ ɧɟɦɨɧɨɬɨɧɧɵɣ ɢ ɬɨɩɥɢɜɨ-ɡɚɜɢɫɢɦɵɣ ɯɚɪɚɤɬɟɪ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ 

ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɟ: ɩɨɤɚɡɚɧɨ, ɱɬɨ ɡɚɦɟɳɟɧɢɟ ɷɬɢɥɟɧɚ ȾɆɗ ɞɨ 15% ɧɟ ɩɪɢɜɨɞɢɬ ɤ 

ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɫɧɢɠɟɧɢɸ ɨɛɴёɦɧɨɣ ɞɨɥɢ ɫɚɠɢ, ɬɨɝɞɚ ɤɚɤ ɞɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɞɨɛɚɜɤɢ 

ɞɨ 30 – 60% ɜɵɡɵɜɚɟɬ ɪɟɡɤɨɟ ɩɚɞɟɧɢɟ ɜɵɯɨɞɚ ɫɚɠɢ ɜ 2 – 3 ɪɚɡɚ. Ⱦɥɹ ɚɰɟɬɢɥɟɧɨɜɵɯ ɩɥɚɦɟɧ, 

ɧɚɩɪɨɬɢɜ, ɞɚɠɟ ɦɚɥɵɟ ɞɨɛɚɜɤɢ ȾɆɗ (5,8%) ɨɛɥɚɞɚɸɬ ɡɚɦɟɬɧɵɦ ɢɧɝɢɛɢɪɭɸɳɢɦ ɷɮɮɟɤɬɨɦ. 

ɗɬɨ ɩɪɨɬɢɜɨɪɟɱɢɬ ɪɚɧɟɟ ɫɥɨɠɢɜɲɟɦɭɫɹ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɦɭ ɭɩɪɨɳёɧɧɨɦɭ ɩɪɟɞɫɬɚɜɥɟɧɢɸ 

ɨ ȾɆɗ ɤɚɤ ɨɛ ɨɞɧɨɡɧɚɱɧɨɦ ɢɧɝɢɛɢɬɨɪɟ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ. 

2. ɍɫɬɚɧɨɜɥɟɧ ɤɢɧɟɬɢɱɟɫɤɢɣ, ɚ ɧɟ ɬɟɪɦɢɱɟɫɤɢɣ ɦɟɯɚɧɢɡɦ ɩɨɞɚɜɥɟɧɢɹ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ 

ɞɨɛɚɜɤɚɦɢ ȾɆɗ: ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɜɚɪɶɢɪɨɜɚɧɢɟɦ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɪɨɮɢɥɟɣ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɫɧɢɠɟɧɢɟ ɜɵɯɨɞɚ ɫɚɠɢ ɩɪɢ ɡɚɦɟɳɟɧɢɢ ɬɨɩɥɢɜɚ ɧɚ 

ȾɆɗ ɨɛɭɫɥɨɜɥɟɧɨ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɟɧɢɟɦ ɯɢɦɢɱɟɫɤɢɯ ɩɭɬɟɣ ɨɛɪɚɡɨɜɚɧɢɹ ɩɟɪɜɵɯ 
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ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɨɥɟɰ, ɚ ɧɟ ɫɞɜɢɝɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɞɢɟɧɬɚ ɩɥɚɦɟɧɢ. Ɍɟɩɥɨɜɨɣ ɷɮɮɟɤɬ 

ɹɜɥɹɟɬɫɹ ɜɬɨɪɢɱɧɵɦ ɢ ɜɥɢɹɟɬ ɥɢɲɶ ɧɚ ɜɪɟɦɟɧɧɭɸ ɡɚɞɟɪɠɤɭ ɧɭɤɥɟɚɰɢɢ, ɧɨ ɧɟ ɧɚ ɤɨɧɟɱɧɭɸ 

ɦɚɫɫɭ ɨɛɪɚɡɭɸɳɟɣɫɹ ɫɚɠɢ. 

3. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢ ɪɚɫɱɟɬɧɨ ɩɨɤɚɡɚɧ ɷɮɮɟɤɬ ɩɨɞɚɜɥɟɧɢɹ ɪɨɫɬɚ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɞɨɛɚɜɤɚɦɢ 

ȾɆɗ: ɦɟɬɨɞɚɦɢ 2D-Ʌɂɂ ɢ ɉɗɆ ɜɩɟɪɜɵɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɩɪɟɞɟɥɟɧɵ ɨɛɴёɦɧɚɹ ɞɨɥɹ ɢ ɫɪɟɞɧɢɟ 

ɪɚɡɦɟɪɵ ɱɚɫɬɢɰ ɜ ɷɬɢɥɟɧɨɜɵɯ ɢ ɚɰɟɬɢɥɟɧɨɜɵɯ ɩɥɚɦɟɧɚɯ ɫ ɞɨɛɚɜɤɚɦɢ ȾɆɗ. Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ 

ɜ ɷɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɦ ɩɥɚɦɟɧɢ ɞɨɛɚɜɤɢ ɡɚɦɟɞɥɹɸɬ ɞɢɧɚɦɢɤɭ ɪɨɫɬɚ ɱɚɫɬɢɰ, ɩɪɢɜɨɞɹ ɤ 

ɫɭɠɟɧɢɸ ɡɨɧɵ ɢɯ ɚɤɬɢɜɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ, ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɜɥɢɹɹ ɩɪɢ ɷɬɨɦ ɧɚ ɢɯ ɤɨɧɟɱɧɵɟ 

ɪɚɡɦɟɪɵ. ȼ ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɦ ɩɥɚɦɟɧɢ ɞɨɛɚɜɤɢ ȾɆɗ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɸɬ ɤɨɧɟɱɧɵɣ 

ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ, ɜɵɫɬɭɩɚɹ ɡɞɟɫɶ ɷɮɮɟɤɬɢɜɧɵɦ ɩɨɞɚɜɢɬɟɥɟɦ ɢɯ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɪɨɫɬɚ 

ɢ ɤɨɚɝɭɥɹɰɢɢ. 

4. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ Ʌɗ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɜɥɢɹɧɢɟ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɢ ɦɨɪɮɨɥɨɝɢɸ ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɥɚɦɟɧɚɯ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ: ɩɨɤɚɡɚɧɨ, ɱɬɨ 

ɞɨɛɚɜɤɢ ȾɆɗ ɩɪɢɜɨɞɹɬ ɤ ɡɚɦɟɞɥɟɧɢɸ ɩɪɨɰɟɫɫɚ ɝɪɚɮɢɬɢɡɚɰɢɢ ɱɚɫɬɢɰ ɢ ɫɧɢɠɟɧɢɸ ɢɯ 

ɩɨɝɥɨɳɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɜ ɜɢɞɢɦɨɦ ɢ ɛɥɢɠɧɟɦ ɂɄ ɞɢɚɩɚɡɨɧɚɯ ɫɩɟɤɬɪɚ, ɨ ɱɟɦ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɭɜɟɥɢɱɟɧɢɟ ɢɯ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɫɩɟɪɫɢɢ ɢ ɲɢɪɢɧɵ ɡɚɩɪɟɳёɧɧɨɣ ɡɨɧɵ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ȾɆɗ ɜ ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ. 

ɋɬɟɩɟɧɶ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ  

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ, ɨɛɨɫɧɨɜɚɧɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ 

ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɜɵɜɨɞɨɜ ɨɛɭɫɥɨɜɥɟɧɵ ɤɨɦɩɥɟɤɫɧɵɦ ɩɪɢɦɟɧɟɧɢɟɦ ɫɪɟɞɫɬɜ ɫɨɜɪɟɦɟɧɧɨɣ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɢ ɦɟɬɨɞɨɜ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɂɫɫɥɟɞɨɜɚɧɢɟ 

ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɫɬɪɨɝɨɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɬɜɟɪɠɞɟɧɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɟɬɨɞɨɥɨɝɢɟɣ, ɱɬɨ 

ɨɛɟɫɩɟɱɢɥɨ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɢɯ ɫɨɝɥɚɫɢɟ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ 

ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɋɩɪɚɜɟɞɥɢɜɨɫɬɶ ɜɵɧɟɫɟɧɧɵɯ ɩɨɥɨɠɟɧɢɣ ɬɚɤɠɟ ɨɛɨɫɧɨɜɚɧɚ ɢɯ 

ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶɸ ɫ ɢɡɜɟɫɬɧɵɦɢ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ, ɚ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ 

ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ ɛɵɥɚ ɩɪɢɡɧɚɧɚ ɦɢɪɨɜɵɦ ɧɚɭɱɧɵɦ ɫɨɨɛɳɟɫɬɜɨɦ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ 

ɩɭɛɥɢɤɚɰɢɢ ɜ ɜɟɞɭɳɢɯ ɪɟɰɟɧɡɢɪɭɟɦɵɯ ɢɡɞɚɧɢɹɯ, ɚ ɬɚɤɠɟ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɨɬɡɵɜɵ ɩɨ ɢɬɨɝɚɦ 

ɜɵɫɬɭɩɥɟɧɢɣ ɧɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ ɡɚɪɭɛɟɠɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ. 

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɚɜɬɨɪɚ 

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɚɜɬɨɪɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɮɨɪɦɭɥɢɪɨɜɤɟ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɡɚɞɚɱ, ɪɚɡɪɚɛɨɬɤɟ 

ɩɥɚɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɪɚɫɱёɬɧɵɯ ɪɚɛɨɬ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɩɪɨɜɟɞɟɧɢɢ ɢɡɦɟɪɟɧɢɣ ɢ 

ɱɢɫɥɟɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɪɚɫɱɟɬɧɵɯ ɞɚɧɧɵɯ, ɚ ɬɚɤɠɟ ɜ 

ɩɨɞɝɨɬɨɜɤɟ ɩɭɛɥɢɤɚɰɢɣ ɜ ɪɚɦɤɚɯ ɬɟɦɵ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɞɢɫɫɟɪɬɚɰɢɢ 

ɪɟɡɭɥɶɬɚɬɵ ɢ ɡɚɳɢɳɚɟɦɵɟ ɩɨɥɨɠɟɧɢɹ ɩɨɥɭɱɟɧɵ ɚɜɬɨɪɨɦ ɥɢɱɧɨ ɢɥɢ ɩɪɢ ɟɝɨ ɨɩɪɟɞɟɥɹɸɳɟɦ 

ɭɱɚɫɬɢɢ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
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Ⱥɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 

ɉɨ ɦɚɬɟɪɢɚɥɚɦ ɞɢɫɫɟɪɬɚɰɢɢ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɞɨɤɥɚɞɵ ɧɚ ɫɥɟɞɭɸɳɢɯ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɢ 

ɪɨɫɫɢɣɫɤɢɯ ɧɚɭɱɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ: «The 4th International Conference on Physics and Chemistry of 

Combustion and Processes in Extreme Environments», ɋɚɦɚɪɚ, Ɋɨɫɫɢɹ, 30 ɢɸɧɹ – 4 ɢɸɥɹ 2026 ɝ.; 

«XL Fortov International Conference on Interaction of Intense Energy Fluxes with Matter», ɗɥɶɛɪɭɫ, 

Ʉɚɛɚɪɞɢɧɨ-Ȼɚɥɤɚɪɢɹ, Ɋɨɫɫɢɹ, 1-6 ɦɚɪɬɚ 2025 ɝ.; «XII ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɫ 

ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ «Ƚɨɪɟɧɢɟ ɬɨɩɥɢɜɚ: ɬɟɨɪɢɹ, ɷɤɫɩɟɪɢɦɟɧɬ, ɩɪɢɥɨɠɟɧɢɹ»», ɇɨɜɨɫɢɛɢɪɫɤ, 

Ɋɨɫɫɢɹ, 11-14 ɧɨɹɛɪɹ 2024 ɝ.; «The 3d International Conference on Physics and Chemistry of 

Combustion and Processes in Extreme Environments», ɋɚɦɚɪɚ, Ɋɨɫɫɢɹ, 2-6 ɢɸɥɹ 2024 ɝ.; «XXXVIII 

Fortov International Conference on Interaction of Intense Energy Fluxes with Matter», ɗɥɶɛɪɭɫ, 

Ʉɚɛɚɪɞɢɧɨ-Ȼɚɥɤɚɪɢɹ, Ɋɨɫɫɢɹ, 1-6 ɦɚɪɬɚ 2023 ɝ.; «XVI ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɫɢɦɩɨɡɢɭɦ ɩɨ ɝɨɪɟɧɢɸ ɢ 

ɜɡɪɵɜɭ», ɋɭɡɞɚɥɶ, Ɋɨɫɫɢɹ, 4-9 ɫɟɧɬɹɛɪɹ, 2022 ɝ.; «The 2d International Conference on Physics and 

Chemistry of Combustion and Processes in Extreme Enviroments», ɋɚɦɚɪɚ, Ɋɨɫɫɢɹ, 12-16 ɢɸɥɹ, 2022 

ɝ.; «XXXVII Fortov International Conference on Equations of State for Matter», ɗɥɶɛɪɭɫ, Ʉɚɛɚɪɞɢɧɨ-

Ȼɚɥɤɚɪɢɹ, Ɋɨɫɫɢɹ, 1-6 ɦɚɪɬɚ, 2022 ɝ.; «15-ɚɹ ɇɚɭɱɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɨɬɞɟɥɚ ɝɨɪɟɧɢɹ ɢ ɜɡɪɵɜɚ Ɏɂɐ 

ɏɎ ɊȺɇ», Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ, 9-11 ɮɟɜɪɚɥɹ 2022 ɝ. 

ɉɭɛɥɢɤɚɰɢɢ 

ɉɨ ɦɚɬɟɪɢɚɥɚɦ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɨɩɭɛɥɢɤɨɜɚɧɨ 5 ɧɚɭɱɧɵɯ ɫɬɚɬɟɣ ɜ 

ɪɟɰɟɧɡɢɪɭɟɦɵɯ ɧɚɭɱɧɵɯ ɢɡɞɚɧɢɹɯ, ɢɡ ɤɨɬɨɪɵɯ 5 ɫɬɚɬɟɣ ɩɪɢɧɚɞɥɟɠɚɬ ɠɭɪɧɚɥɚɦ ɢɡ ɩɟɪɟɱɧɹ ȼȺɄ 

ɊɎ, 4 – ɠɭɪɧɚɥɚɦ, ɢɧɞɟɤɫɢɪɭɸɳɢɦɫɹ ɜ ɫɢɫɬɟɦɚɯ ɰɢɬɢɪɨɜɚɧɢɹ SМopЮs, 4 – ɠɭɪɧɚɥɚɦ, 

ɢɧɞɟɤɫɢɪɭɸɳɢɦɫɹ ɜ ɫɢɫɬɟɦɚɯ ɰɢɬɢɪɨɜɚɧɢɹ АОЛ oП SМТОnМО. (ɋɩɢɫɨɤ ɩɭɛɥɢɤɚɰɢɣ ɩɪɢɜɟɞɟɧ ɜ 

ɤɨɧɰɟ ɚɜɬɨɪɟɮɟɪɚɬɚ) 

ɋɨɨɬɜɟɬɫɬɜɢɟ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 1.3.14 – ɬɟɩɥɨɮɢɡɢɤɚ ɢ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɬɟɩɥɨɬɟɯɧɢɤɚ 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɚɫɩɨɪɬɨɦ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 1.3.14, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɪɚɫɱɟɬɧɵɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɱɚɫɬɢɰ ɩɪɢ ɝɨɪɟɧɢɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɚɩɪɚɜɥɟɧɢɹɦ ɩ.1 «Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ, 

ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɥɟɤɭɥɹɪɧɵɯ ɢ ɦɚɤɪɨɫɜɨɣɫɬɜ ɜɟɳɟɫɬɜ ɜ 

ɬɜɟɪɞɨɦ, ɠɢɞɤɨɦ ɢ ɝɚɡɨɨɛɪɚɡɧɨɦ ɫɨɫɬɨɹɧɢɢ ɞɥɹ ɛɨɥɟɟ ɝɥɭɛɨɤɨɝɨ ɩɨɧɢɦɚɧɢɹ ɹɜɥɟɧɢɣ, 

ɩɪɨɬɟɤɚɸɳɢɯ ɩɪɢ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɚɯ ɢ ɚɝɪɟɝɚɬɧɵɯ ɢɡɦɟɧɟɧɢɹɯ ɜ ɮɢɡɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ» ɢ ɩ.4 

«ɇɟɨɞɧɨɪɨɞɧɵɟ ɚɷɪɨɞɢɫɩɟɪɫɧɵɟ ɫɢɫɬɟɦɵ».  

ɋɬɪɭɤɬɭɪɚ ɢ ɨɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɢ 

Ⱦɢɫɫɟɪɬɚɰɢɹ ɜɤɥɸɱɚɟɬ ɜɜɟɞɟɧɢɟ, 4 ɝɥɚɜɵ, ɡɚɤɥɸɱɟɧɢɟ, ɫɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ (227 

ɧɚɢɦɟɧɨɜɚɧɢɣ). Ɋɚɛɨɬɚ ɢɡɥɨɠɟɧɚ ɧɚ 124 ɫɬɪɚɧɢɰɚɯ ɦɚɲɢɧɧɨɝɨ ɬɟɤɫɬɚ, ɫɨɞɟɪɠɢɬ 35 ɪɢɫɭɧɤɨɜ ɢ 4 

ɬɚɛɥɢɰɵ. 
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Ɉɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɪɚɛɨɬɵ 

ȼɨ ɜɜɟɞɟɧɢɢ ɢɡɥɨɠɟɧɨ ɨɛɨɫɧɨɜɚɧɢɟ ɚɤɬɭɚɥɶɧɨɫɬɢ ɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɫɜɟɳɟɧɚ ɫɬɟɩɟɧɶ 

ɪɚɡɪɚɛɨɬɚɧɧɨɫɬɢ ɬɟɦɵ, ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɰɟɥɢ ɢ ɡɚɞɚɱɢ ɪɚɛɨɬɵ, ɨɬɪɚɠɟɧɵ ɧɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɢ 

ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɢɡɥɨɞɟɧɵ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ, 

ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ. 

ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɩɪɢɜɟɞɟɧ ɥɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ 

ɬɟɦɟ ɞɢɫɫɟɪɬɚɰɢɢ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ ɢɫɬɨɪɢɹ ɪɚɡɜɢɬɢɹ ɧɚɭɤɢ ɨ ɝɨɪɟɧɢɢ, ɧɚɱɢɧɚɹ ɨɬ ɩɟɪɜɵɯ 

ɨɩɵɬɨɜ ɢ ɬɟɨɪɢɢ ɮɥɨɝɢɫɬɨɧɚ ɞɨ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɰɟɩɧɵɯ ɪɚɡɜɟɬɜɥɟɧɧɵɯ ɪɟɚɤɰɢɣ 

ɝɨɪɟɧɢɹ. ɉɨɞɪɨɛɧɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɢɡɜɟɫɬɧɵɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɦɟɯɚɧɢɡɦɵ ɨɛɪɚɡɨɜɚɧɢɹ 

ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɉȺɍ) – ɨɛɳɟɩɪɢɡɧɚɧɧɵɯ ɩɪɟɤɭɪɫɨɪɨɜ 

ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ. Ɋɚɫɫɦɨɬɪɟɧɵ ɢɡɜɟɫɬɧɵɟ ɢ ɚɤɬɢɜɧɨ ɪɚɡɪɚɛɚɬɵɜɚЫɟɦɵɟ ɦɟɯɚɧɢɡɦɵ ɨɛɪɚɡɨɜɚɧɢɹ 

ɤɥɸɱɟɜɨɝɨ ɭɱɚɫɬɧɢɤɚ ɩɪɨɰɟɫɫɨɜ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ, ɩɟɪɜɨɝɨ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ – ɛɟɧɡɨɥɚ. 

Ɋɚɫɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɩɭɬɢ ɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ, ɜɤɥɸɱɚɹ ɪɟɚɤɰɢɢ ɫ ɭɱɚɫɬɢɟɦ ɜɢɧɢɥɶɧɵɯ ɢ 

ɩɪɨɩɚɪɝɢɥɶɧɵɯ ɪɚɞɢɤɚɥɨɜ, ɚɰɟɬɢɥɟɧɚ, ɚ ɬɚɤɠɟ ɢɨɧɧɵɟ ɩɭɬɢ. Ɉɛɨɛɳɟɧɵ ɫɨɜɪɟɦɟɧɧɵɟ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɩɹɬɢ ɷɬɚɩɚɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɚɠɢ: ɩɢɪɨɥɢɡɟ ɬɨɩɥɢɜɚ, ɧɭɤɥɟɚɰɢɢ, ɤɨɚɥɟɫɰɟɧɰɢɢ, 

ɤɨɚɝɭɥɹɰɢɢ ɢ ɚɝɥɨɦɟɪɚɰɢɢ. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɤɫɢɝɟɧɚɬɧɵɯ ɞɨɛɚɜɨɤ ɞɥɹ 

ɩɨɞɚɜɥɟɧɢɹ ɜɵɯɨɞɚ ɫɚɠɢ ɩɪɢ ɝɨɪɟɧɢɢ ɢ ɩɢɪɨɥɢɡɟ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. Ɋɚɫɫɦɨɬɪɟɧɵ ɫɨɜɪɟɦɟɧɧɵɟ 

ɞɚɧɧɵɟ ɨ ɜɥɢɹɧɢɹɯ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ ɤɢɧɟɬɢɤɭ ɨɛɪɚɡɨɜɚɧɢɹ ɫɚɠɢ ɜ ɩɥɚɦɟɧɚɯ ɪɚɡɥɢɱɧɵɯ ɫɨɫɬɚɜɨɜ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ȾɆɗ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢɧɝɢɛɢɬɨɪɨɦ, ɨɞɧɚɤɨ ɟɝɨ ɜɥɢɹɧɢɟ ɧɟɦɨɧɨɬɨɧɧɨ: 

ɦɚɥɵɟ ɞɨɛɚɜɤɢ (ɞɨ з15%) ɦɨɝɭɬ ɭɫɢɥɢɜɚɬɶ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɟ, ɬɨɝɞɚ ɤɚɤ ɛɨɥɶɲɢɟ – ɩɨɞɚɜɥɹɬɶ ɟɝɨ. 

ȼ ɨɛɡɨɪɟ ɨɬɦɟɱɟɧɨ, ɱɬɨ ɧɟɫɦɨɬɪɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɵɣ ɩɪɨɝɪɟɫɫ ɜ ɢɡɭɱɟɧɢɢ ɦɟɯɚɧɢɡɦɨɜ 

ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɤɢɧɟɬɢɱɟɫɤɢɟ ɫɯɟɦɵ ɪɨɫɬɚ ɫɚɠɢ ɜ ɩɥɚɦɟɧɢ ɬɪɟɛɭɸɬ ɜɚɥɢɞɚɰɢɢ 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɞɟɠɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

ȼɬɨɪɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɨɩɢɫɚɧɢɸ ɩɪɢɧɰɢɩɚ ɪɚɛɨɬɵ 

ɩɥɚɦɟɧɧɨɣ ɭɫɬɚɧɨɜɤɢ «ɉɂɈɇ» ɜ ɈɂȼɌ ɊȺɇ ɢ ɪɟɚɥɢɡɚɰɢɢ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɫɚɠɟɜɵɯ ɷɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɵɯ ɢ 

ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɵɯ ɩɥɚɦɟɧ. Ɉɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɭɫɬɚɧɨɜɤɢ 

ɹɜɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɧɚɹ ɝɚɡɨɜɚɹ ɝɨɪɟɥɤɚ ɬɢɩɚ ɆɚɤɄɟɧɧɚ (ɪɢɫ. 1), 

ɞɨɫɬɭɩɧɚɹ ɞɥɹ ɩɪɢɨɛɪɟɬɟɧɢɹ ɢ ɫɥɭɠɚɳɚɹ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɟɪɟɦɟɲɚɧɧɵɯ ɥɚɦɢɧɚɪɧɵɯ ɩɥɚɦɟɧ. Ƚɨɪɟɥɤɚ 

ɨɫɧɚɳɟɧɚ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ, ɚ ɬɚɤɠɟ ɢɦɟɟɬ ɞɜɚ ɤɨɧɬɭɪɚ 

ɬɟɱɟɧɢɹ ɝɚɡɨɜ – ɨɫɧɨɜɧɨɣ (ɬɨɩɥɢɜɨ + ɨɤɢɫɥɢɬɟɥɶ + ȾɆɗ) ɢ ɷɤɪɚɧɢɪɭɸɳɢɣ (ɢɧɟɪɬɧɵɣ ɝɚɡ, ɚɡɨɬ). 

ȼɵɯɨɞ ɝɨɪɸɱɟɣ ɫɦɟɫɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɜɫɸ ɜɟɪɯɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɝɨɪɟɥɤɢ ɞɢɚɦɟɬɪɨɦ 60 

ɦɦ, ɢɡɝɨɬɨɜɥɟɧɧɭɸ ɢɡ ɦɢɤɪɨɩɨɪɢɫɬɨɣ ɛɪɨɧɡɵ. Ⱦɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɩɥɚɦɟɧɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 

ɥɚɬɭɧɧɵɣ ɞɢɫɤ ɞɢɚɦɟɬɪɨɦ 60 ɦɦ ɢ ɬɨɥɳɢɧɨɣ 20 ɦɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɧɚ ɜɵɫɨɬɟ 23 ɦɦ ɧɚɞ 

Ɋɢɫɭɧɨɤ 1. ɋɯɟɦɚ ɜɧɭɬɪɟɧɧɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɫɬɚɧɞɚɪɬɧɨɣ ɝɨɪɟɥɤɢ 
ɬɢɩɚ ɆɚɤɄɟɧɧɚ 
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ɝɨɪɟɥɤɨɣ. ɂɫɫɥɟɞɨɜɚɥɢɫɶ ɪɚɡɛɚɜɥɟɧɧɵɟ ȾɆɗ ɷɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɵɟ ɩɥɚɦɟɧɚ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 

ɩɪɟɜɵɲɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɹ ɬɨɩɥɢɜɨ/ɨɤɢɫɥɢɬɟɥɶ ɧɚɞ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɦ ߮ = 2.34 ɢ ɫɤɨɪɨɫɬɶɸ 

ɢɫɬɟɱɟɧɢɹ ɯɨɥɨɞɧɨɣ ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ 0.0615 ɦ/ɫ, ɚ ɬɚɤɠɟ ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɵɟ ɩɥɚɦɟɧɚ ɫɨ 

ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ߮ = 1.8 ɢ ɫɤɨɪɨɫɬɶɸ ɢɫɬɟɱɟɧɢɹ ɯɨɥɨɞɧɵɯ ɝɚɡɨɜ 0.039 ɦ/ɫ. 

ɋɨɫɬɚɜɵ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɥɚɦɟɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 1 ɢ 2. 

Ɍɚɛɥɢɰɚ 1. ɋɨɫɬɚɜɵ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɷɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɵɯ ɩɥɚɦɟɧ. 

ɉɥɚɦɹ 
№ 

ɋɨɫɬɚɜ 
Ɋɚɫɯɨɞɵ ɯɨɥɨɞɧɵɯ 

ɝɚɡɨɜ, ɥ/ɱ 

Ɇɨɥɶɧɵɟ ɞɨɥɢ ɜɟɳɟɫɬɜ ɜ 
ɫɦɟɫɢ 

1 100% C2H4 / ɜɨɡɞɭɯ 
C2H4 – 88, 

ɜɨɡɞɭɯ – 541 

C2H4 – 0.140, 

ɜɨɡɞɭɯ – 0.860 

2 
85% C2H4 + 15% ȾɆɗ / 

ɜɨɡɞɭɯ 

C2H4 – 75, 

ȾɆɗ – 13, 

ɜɨɡɞɭɯ – 541 

C2H4 – 0.119, 

ȾɆɗ – 0.021, 

ɜɨɡɞɭɯ – 0.860 

3 
70% C2H4 + 30% ȾɆɗ / 

ɜɨɡɞɭɯ 

C2H4 – 62, 

ȾɆɗ – 26, 

ɜɨɡɞɭɯ – 541 

C2H4 – 0.099, 

ȾɆɗ – 0.041, 

ɜɨɡɞɭɯ – 0.860 

4 
55% C2H4 + 45% ȾɆɗ / 

ɜɨɡɞɭɯ 

C2H4 – 48, 

ȾɆɗ – 40, 

ɜɨɡɞɭɯ – 541 

C2H4 – 0.076, 

ȾɆɗ – 0.064, 

ɜɨɡɞɭɯ – 0.860 

5 
40% C2H4 + 60% ȾɆɗ / 

ɜɨɡɞɭɯ 

C2H4 – 35, 

ȾɆɗ – 53, 

ɜɨɡɞɭɯ – 541 

C2H4 – 0.056, 

ȾɆɗ – 0.084, 

ɜɨɡɞɭɯ – 0.860 

6 
25% C2H4 + 75% ȾɆɗ / 

ɜɨɡɞɭɯ 

C2H4 – 22, 

ȾɆɗ – 66, 

ɜɨɡɞɭɯ – 541 

C2H4 – 0.035, 

ȾɆɗ – 0.105, 

ɜɨɡɞɭɯ – 0.860 

7 
10% C2H4 + 90% ȾɆɗ / 

ɜɨɡɞɭɯ 

C2H4 – 9, 

ȾɆɗ – 79, 

ɜɨɡɞɭɯ – 541 

C2H4 – 0.014, 

ȾɆɗ – 0.126, 

ɜɨɡɞɭɯ – 0.860 

8 100% ȾɆɗ / ɜɨɡɞɭɯ 
ȾɆɗ – 88, 

ɜɨɡɞɭɯ – 541 

C2H4 – 0.140, 

ɜɨɡɞɭɯ – 0.860 

 

Ɍɚɛɥɢɰɚ 2. ɋɨɫɬɚɜɵ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɵɯ ɩɥɚɦɟɧ. 

ɉɥɚɦɹ 
№ 

ɋɨɫɬɚɜ 
Ɋɚɫɯɨɞɵ ɯɨɥɨɞɧɵɯ 

ɝɚɡɨɜ, ɥ/ɱ 

Ɇɨɥɶɧɵɟ ɞɨɥɢ ɜɟɳɟɫɬɜ ɜ 
ɫɦɟɫɢ 

1 100% C2H2 / ɜɨɡɞɭɯ 
C2H2 – 84,  

ɜɨɡɞɭɯ – 545 

C2H2 – 0.131, 

ɜɨɡɞɭɯ – 0.869 

2 
94.2% C2H2 + 5.8% ȾɆɗ / 

ɜɨɡɞɭɯ 

C2H2 – 79,  

ȾɆɗ – 5,  

ɜɨɡɞɭɯ – 545  

C2H2 – 0.123, 

ȾɆɗ – 0.008, 

ɜɨɡɞɭɯ – 0.869 

3 
84.6% C2H2 + 15.4% ȾɆɗ / 

ɜɨɡɞɭɯ 

C2H2 – 71,  

ȾɆɗ – 13,  

ɜɨɡɞɭɯ – 545 

C2H2 – 0.111, 

ȾɆɗ – 0.020, 

ɜɨɡɞɭɯ – 0.869 

ȼ ɪɚɡɞɟɥɚɯ 2.2 – 2.5 ɩɪɢɜɨɞɢɬɫɹ ɨɩɢɫɚɧɢɟ ɢɫɩɨɥɶɡɨɜɚɜɲɢɯɫɹ ɦɟɬɨɞɨɜ ɞɢɚɝɧɨɫɬɢɤɢ 

ɷɦɢɫɫɢɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɜ ɩɥɚɦɟɧɧɨɦ ɪɟɚɤɬɨɪɟ: ɬɟɪɦɨɩɚɪɧɨɝɨ ɦɟɬɨɞɚ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɥɚɦɟɧɢ, ɦɟɬɨɞɚ ɥɚɡɟɪɧɨɣ ɷɤɫɬɢɧɤɰɢɢ (Ʌɗ) ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɜ 
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ɩɥɚɦɟɧɢ ɢ ɢɯ ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ (ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɫɩɟɪɫɢɢ ɢ ɨɩɬɢɱɟɫɤɨɣ ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ 

ɡɨɧɵ), ɦɟɬɨɞɚ ɞɜɭɦɟɪɧɨɣ ɥɚɡɟɪɧɨ-ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɢɧɤɚɧɞɟɫɰɟɧɰɢɢ (2D-Ʌɂɂ) ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɢ ɪɚɡɦɟɪɨɜ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɜ ɩɥɚɦɟɧɢ, ɦɟɬɨɞɚ ɨɬɛɨɪɚ ɩɪɨɛ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɞɥɹ 

ɚɧɚɥɢɡɚ ɧɚ ɩɪɨɫɜɟɱɢɜɚɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ (ɉɗɆ).  

Ⱦɥɹ ɢɡɦɟɪɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɜɵɫɨɬɟ ɩɥɚɦɟɧɢ ɜ 

ɞɢɚɩɚɡɨɧɟ 900 – 1800 Ʉ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɥɚɬɢɧɨ-ɪɨɞɢɟɜɵɟ 

ɬɟɪɦɨɩɚɪɵ ɬɢɩɚ «ȼ» ɫɨɛɫɬɜɟɧɧɨɪɭɱɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫ 

ɞɢɚɦɟɬɪɨɦ ɩɪɨɜɨɥɨɤɢ 45 ɦɤɦ ɞɢɚɦɟɬɪɨɦ ɫɩɚɹ 70 ɦɤɦ (ɪɢɫ. 2). 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɣ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 300 ɞɨ 900 Ʉ 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɯɪɨɦɟɥɶ-ɚɥɸɦɟɥɟɜɵɟ ɬɟɪɦɨɩɚɪɵ ɬɢɩɚ «Ʉ». 

Ɋɟɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɝɚɡɚ ɨɰɟɧɢɜɚɥɚɫɶ ɫ 

ɭɱɟɬɨɦ ɤɨɧɜɟɤɬɢɜɧɵɯ ɢ ɪɚɞɢɚɰɢɨɧɧɵɯ ɩɨɬɟɪɶ ɬɟɩɥɚ ɜ 

ɩɥɚɦɟɧɢ ɩɨ ɜɵɪɚɠɟɧɢɸ (1). ɍɱɟɬ ɨɬɥɨɠɟɧɢɹ ɫɚɠɟɜɵɯ 

ɱɚɫɬɢɰ ɧɚ ɫɩɚɟ 

ɬɟɪɦɨɩɚɪɵ ɩɪɨɢɡɜɨɞɢɥɫɹ ɩɨ ɦɟɬɨɞɢɤɟ ɨɩɪɟɞɟɥɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɚ ɜ ɫɢɥɶɧɨ ɫɚɠɟɜɨɦ ɩɥɚɦɟɧɢ ɛɵɫɬɪɵɦ ɜɜɨɞɨɦ 

ɫɜɟɪɯɬɨɧɤɨɣ ɬɟɪɦɨɩɚɪɵ, ɨɩɢɫɚɧɧɨɣ ɜ ɪɚɛɨɬɟ [26], ɩɭɬɟɦ 

ɷɤɫɬɪɚɩɨɥɹɰɢɢ ɩɟɪɜɵɯ ɫɟɤɭɧɞ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɢɫɬɨɪɢɢ ɫɩɚɹ 

ɬɟɪɦɨɩɚɪɵ (ɪɢɫ. 3) ɧɚɡɚɞ ɤ ɦɨɦɟɧɬɭ ɜɜɟɞɟɧɢɹ ɬɟɪɦɨɩɚɪɵ ɜ 

ɩɥɚɦɹ, ɭɱɢɬɵɜɚɹ ɩɪɢ ɷɬɨɦ ɢɡɦɟɧɟɧɢɹ ɜ ɩɨɝɥɨɳɚɬɟɥɶɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɞɢɚɦɟɬɪɟ ɫɩɚɹ ɢɡ-ɡɚ ɨɫɚɠɞɟɧɢɹ ɧɚ ɧɟɦ ɱɚɫɬɢɰ 

ɫɚɠɢ ɢɡ ɩɥɚɦɟɧɢ. ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɥɚɦɟɧɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɛɵɥɚ ɨɰɟɧɟɧɚ ɜ 5%.  

Ɇɟɬɨɞ ɥɚɡɟɪɧɨɣ ɷɤɫɬɢɧɤɰɢɢ (Ʌɗ) (ɪɢɫ. 4) ɧɚ 

ɞɥɢɧɚɯ ɜɨɥɧ 405, 450, 520, 633, 780 ɢ 850 ɧɦ 

ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɨɣ ɞɨɥɢ 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ ɢ ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

(ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɫɩɟɪɫɢɢ ɢ ɨɩɬɢɱɟɫɤɨɣ ɲɢɪɢɧɵ 

ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ) ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ ɩɥɚɦɟɧɢ 

ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ. Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɱɚɫɬɢɰ 

ɨɩɪɟɞɟɥɹɥɚɫɶ ɩɨ ɡɚɤɨɧɭ Ʌɚɦɛɟɪɬɚ – Ȼɭɝɟɪɚ – Ȼɷɪɚ 

ɢɡ ɩɪɢɛɥɢɠɟɧɢɹ ɞɥɹ ɮɪɚɤɬɚɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ 

ɬɟɨɪɢɢ Ɋɷɥɟɹ – Ⱦɟɛɚɹ – Ƚɚɧɫɚ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ (2).   

TG = Tt + σεTtସα , (1) 

ɝɞɟ �ܶ − ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɜ ɩɥɚɦɟɧɢ,  ௧ܶ − ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɤɚɡɚɧɢɹ 
ɬɟɪɦɨɩɚɪɵ, � − ɩɨɫɬɨɹɧɧɚɹ ɋɬɟɮɚɧɚ-

Ȼɨɥɶɰɦɚɧɚ, � − ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ 
ɩɪɨɜɨɞɚ, � − ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ. 

Ɋɢɫɭɧɨɤ 2. ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ 

ɫɜɟɪɯɬɨɧɤɨɣ ɬɟɪɦɨɩɚɪɵ ɧɚɞ ɝɨɪɟɥɤɨɣ. 

Ɋɢɫɭɧɨɤ 4. ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ 
ɥɚɡɟɪɧɨɣ ɷɤɫɬɢɧɤɰɢɢ. 1 – ɥɚɡɟɪɧɵɣ ɦɨɞɭɥɶ, 2 – 

ɞɢɚɮɪɚɝɦɚ 1 ɦɦ, 3 – ɩɥɚɦɹ, ɱɚɫɬɢɰɵ ɫɚɠɢ, 4 – 

ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɟ ɬɟɥɨ, 5 – ɭɡɤɨɩɨɥɨɫɧɵɣ ɮɢɥɶɬɪ, 6 

– ɮɨɬɨɞɟɬɟɤɬɨɪ, 7 – ɫɬɚɧɞɚɪɬɧɚɹ ɝɨɪɟɥɤɚ ɬɢɩɚ 
ɆɚɤɄɟɧɧɚ. 

Ɋɢɫɭɧɨɤ 3. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɢɫɬɨɪɢɹ 
ɫɩɚɹ ɬɟɪɦɨɩɚɪɵ. 1 – ɷɬɚɩ ɩɟɪɟɯɨɞɧɨɝɨ 
ɨɬɤɥɢɤɚ, 2 –ɷɬɚɩ ɩɟɪɟɦɟɧɧɨɣ 
ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, 3 – ɷɬɚɩ 
ɩɟɪɟɦɟɧɧɨɝɨ ɞɢɚɦɟɬɪɚ. 



13 

Ɉɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɱɚɫɬɢɰ ɫɚɠɢ ɬɚɤɠɟ 

ɨɩɪɟɞɟɥɹɥɢɫɶ ɦɟɬɨɞɨɦ Ʌɗ. Ʉɨɷɮɮɢɰɢɟɧɬ 

ɞɢɫɩɟɪɫɢɢ ɨɩɪɟɞɟɥɹɥɫɹ ɩɭɬɟɦ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɩɟɤɬɪɚɥɶɧɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɝɥɨɳɟɧɢɹ ɱɚɫɬɢɰ 

ɫɚɠɢ ɫɬɟɩɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ (3), ɚ ɨɩɬɢɱɟɫɤɚɹ 

ɲɢɪɢɧɚ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɱɚɫɬɢɰ ɨɩɪɟɞɟɥɹɥɚɫɶ 

ɩɨ ɦɟɬɨɞɭ Ɍɚɭɤɚ [27] ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ (4) ɩɭɬɟɦ 

ɷɤɫɬɪɚɩɨɥɹɰɢɢ ɝɪɚɮɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɤɨɦɩɥɟɤɫɚ ሺℎ� ∗ �௔௕௦ሻଵ/ଶ ɨɬ ℎ� ɤ ɧɭɥɟɜɨɦɭ 

ɭɪɨɜɧɸ ɩɨɝɥɨɳɟɧɢɹ. ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɦɟɬɨɞɨɦ Ʌɗ 

ɛɵɥɚ ɨɰɟɧɟɧɚ ɜ 13%, ɩɨɝɪɟɲɧɨɫɬɶ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɫɩɟɪɫɢɢ – ɜ 5%, ɚ 

ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ – ɜ 12%.  

Ɇɟɬɨɞ ɞɜɭɦɟɪɧɨɣ ɥɚɡɟɪɧɨ-

ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɢɧɤɚɧɞɟɫɰɟɧɰɢɢ (2D-

Ʌɂɂ) (ɪɢɫ. 5) ɩɪɢɦɟɧɹɥɫɹ ɞɥɹ 

ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɴёɦɧɨɣ 

ɞɨɥɢ ɢ ɫɪɟɞɧɢɯ ɪɚɡɦɟɪɨɜ ɫɚɠɟɜɵɯ 

ɱɚɫɬɢɰ. Ɇɟɬɨɞ ɬɚɤɠɟ ɨɫɧɨɜɚɧ ɧɚ ɡɚɤɨɧɟ 

Ʌɚɦɛɟɪɬɚ – Ȼɭɝɟɪɚ – Ȼɷɪɚ ɢ ɪɟɲɟɧɢɢ 

ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɢ 

ɦɚɫɫɵ ɫɮɟɪɢɱɟɫɤɨɣ ɱɚɫɬɢɰɵ ɫɚɠɢ. 

ɋɪɟɞɧɢɟ ɪɚɡɦɟɪɵ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ, 

ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ ɩɥɚɦɟɧɢ, ɨɩɪɟɞɟɥɹɥɢɫɶ 

ɩɨ ɜɪɟɦɹ-ɪɚɡɪɟɲɟɧɧɵɦ ɫɢɝɧɚɥɚɦ 

ɢɧɤɚɧɞɟɫɰɟɧɰɢɢ ɩɭɬɟɦ ɢɯ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 

ɪɚɫɱɟɬɧɨɣ ɤɪɢɜɨɣ (5) ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ 

ɥɨɝɧɨɦɚɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɱɚɫɬɢɰ 

ɫɚɠɢ ɩɨ ɪɚɡɦɟɪɚɦ (6) ɫ ɜɚɪɶɢɪɨɜɚɧɢɟɦ 

ɩɚɪɚɦɟɬɪɨɜ ݀ۃ௣ۄ ɢ � ɢ ɩɨɢɫɤɨɦ 

ɧɚɢɥɭɱɲɟɝɨ ɫɯɨɠɞɟɧɢɹ ɪɟɡɭɥɶɬɚɬɚ 

ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ. 

Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɱɚɫɬɢɰ ɫɚɠɢ ɢɫɯɨɞɹ ɢɡ 

ɩɪɢɧɰɢɩɚ ɦɟɬɨɞɚ Ʌɂɂ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 

ɚɦɩɥɢɬɭɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɫɢɝɧɚɥɨɜ 

�� = � �௔௕௦6��ሺ�, �ሻ = − ln ቀ ��଴ቁ �6��ሺ�, �ሻ�, (2) 

�௔௕௦  = ܿ�−�, (3) ሺℎ� ∗ �௔௕௦ሻଵ/ଶ~(ℎ� − ��), (4) 

ɝɞɟ �� – ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɱɚɫɬɢɰ,  � – ɞɥɢɧɚ ɜɨɥɧɵ, �௔௕௦ 

– ɫɩɟɤɬɪɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ,  �ሺ�, �ሻ 

– ɤɨɦɩɥɟɤɫɧɚɹ ɮɭɧɤɰɢɹ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ 
ɱɚɫɬɢɰ,  �, �଴ − ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɪɨɲɟɞɲɟɝɨ ɢ 
ɩɚɞɚɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ, � – ɞɥɢɧɚ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ, ܿ – ɮɭɧɤɰɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɱɚɫɬɢɰ, � – ɤɨɷɮɮɢɰɢɟɧɬ 
ɞɢɫɩɟɪɫɢɢ ɱɚɫɬɢɰ, ℎ� – ɷɧɟɪɝɢɹ ɩɚɞɚɸɳɟɝɨ ɮɨɬɨɧɚ, �� – ɨɩɬɢɱɟɫɤɚɹ ɲɢɪɢɧɚ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ. 

ܵሺ�ሻ = ∫ ܵௗሺ�ሻ݀�ௗమௗభ , (5) 

݀� = ͳ√ʹ�݀௣ ln � exp [(ln ݀௣ − ln݀ۃ௣ۄ)ଶʹሺln �ሻଶ ] ݀݀௣, (6) 

߯ = ℏܿ��� �ܶ, (7) 

ܵௗሺ�ሻ = � [  
 ݀௣ଷ exp ( ߯ �ܶ௣ܶሺ�ሻ) − ͳ − ݀௣଴ଷ  expሺ߯ሻ − ͳ]  

 , (8) 

�ሺ�ሻ = �௖௔�ܵ��� = �ሺ�ሻ௖௔��ሺ�ଶ − �ଵሻ∫ ܵ���ሺ�ሻ݀��మ�భ ܵ���, (9) 

ɝɞɟ ܵௗሺ�ሻ – ɪɚɫɱɟɬɧɵɣ ɫɢɝɧɚɥ ɨɬ ɨɞɧɨɣ ɱɚɫɬɢɰɵ, ݀௣௢ – 

ɩɟɪɜɨɧɚɱɚɥɶɧɵɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰɵ, � – ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ 
ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɫɪɟɞɧɟɝɨ, ݀ۃ௣ۄ – ɢɫɤɨɦɵɣ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ 
ɱɚɫɬɢɰ ɫɚɠɢ, �௖௔� -ɤɚɥɢɛɪɨɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, � – 

ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɤɨɨɪɞɢɧɚɬɚ, ܵ��� – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ 
ɫɢɝɧɚɥ Ʌɂɂ. 

Ɋɢɫɭɧɨɤ 5. ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ 2D-Ʌɂɂ. 
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Ʌɂɂ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɥɢɛɪɨɜɨɱɧɵɯ ɡɧɚɱɟɧɢɣ ��௖௔�, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ Ʌɗ, ɦɟɬɨɞɨɦ 2D-

Ʌɂɂ ɬɚɤɠɟ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɱɚɫɬɢɰ ɫɚɠɢ ɜ ɩɥɚɦɟɧɢ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ (9). 

ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɦɟɬɨɞɨɦ 2D-Ʌɂɂ ɛɵɥɚ ɨɰɟɧɟɧɚ ɜ 

20%, ɢɯ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ – ɜ 30%.  

Ɇɟɬɨɞ ɨɬɛɨɪɚ ɩɪɨɛ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɢɡ ɩɥɚɦɟɧɢ ɞɥɹ ɢɯ 

ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ ɧɚ ɩɪɨɫɜɟɱɢɜɚɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ 

ɦɢɤɪɨɫɤɨɩɟ (ɉɗɆ) ɛɵɥ ɪɟɚɥɢɡɨɜɚɧ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ 

ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɜ ɡɨɧɚɯ ɤɨɧɟɱɧɵɯ ɷɬɚɩɨɜ ɢɯ ɮɨɪɦɢɪɨɜɚɧɢɹ 

(ɪɢɫ. 6). Ɉɬɛɨɪ ɩɪɨɛ ɱɚɫɬɢɰ ɫɚɠɢ ɞɥɹ ɉɗɆ-ɚɧɚɥɢɡɚ 

ɩɪɨɜɨɞɢɥɫɹ ɧɚ ɦɟɞɧɵɟ ɪɟɲɟɬɤɢ ɫ ɩɨɤɪɵɬɢɟɦ ɢɡ ɦɢɤɪɨ-

ɞɵɪɱɚɬɨɝɨ ɭɝɥɟɪɨɞɚ. ȼɡɹɬɢɟ ɩɪɨɛ ɩɪɨɢɫɯɨɞɢɥɨ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɧɟɜɦɨ-

ɰɢɥɢɧɞɪɚ ɢ ɝɟɧɟɪɚɬɨɪɚ ɢɦɩɭɥɶɫɨɜ ɢ ɡɚɞɟɪɠɟɤ ɫ ɩɨɫɬɨɹɧɧɵɦ 

ɜɪɟɦɟɧɟɦ ɷɤɫɩɨɡɢɰɢɢ ɪɟɲɟɬɤɢ ɜ ɩɥɚɦɟɧɢ, ɪɚɜɧɵɦ 100 ɦɫ. 

Ɉɬɨɛɪɚɧɧɵɟ ɨɛɪɚɡɰɵ ɫɚɠɢ ɡɚɬɟɦ ɚɧɚɥɢɡɢɪɨɜɚɥɢɫɶ ɧɚ ɉɗɆ 

«FEI Osiris», ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ɐɟɧɬɪɟ ɤɨɥɥɟɤɬɢɜɧɨɝɨ 

ɩɨɥɶɡɨɜɚɧɢɹ Ɏɇɂɐ «Ʉɪɢɫɬɚɥɥɨɝɪɚɮɢɢ ɢ ɮɨɬɨɧɢɤɢ» ɊȺɇ. ɂɡ 

ɩɨɥɭɱɟɧɧɵɯ ɉɗɆ-ɢɡɨɛɪɚɠɟɧɢɣ (ɪɢɫ. 7) ɫɬɚɬɢɫɬɢɱɟɫɤɢ 

ɢɡɜɥɟɤɚɥɢɫɶ ɪɚɡɦɟɪɵ 

ɩɟɪɜɢɱɧɵɯ ɱɚɫɬɢɰ ɫɚɠɢ ɢ 

ɫɬɪɨɢɥɚɫɶ ɝɢɫɬɨɝɪɚɦɦɚ ɢɯ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɪɚɡɦɟɪɚɦ, ɤɨɬɨɪɚɹ ɨɩɢɫɵɜɚɥɚɫɶ 

ɥɨɝɧɨɪɦɚɥɶɧɨɣ ɮɭɧɤɰɢɟɣ (ɪɢɫ. 8). Ɉɬɛɨɪ ɩɪɨɛ ɫɚɠɟɜɵɯ 

ɱɚɫɬɢɰ ɢɡ ɩɥɚɦɟɧɢ ɷɬɢɥɟɧɚ ɫ ɞɨɛɚɜɤɚɦɢ ȾɆɗ ɩɪɨɢɡɜɨɞɢɥɫɹ 

ɧɚ ɜɵɫɨɬɚɯ 15 ɢ 20 ɦɦ. Ⱦɥɹ ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɝɨ ɩɥɚɦɟɧɢ ɫ 

ɞɨɛɚɜɤɚɦɢ ȾɆɗ ɨɬɛɨɪ ɩɪɨɛ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɧɚ ɜɵɫɨɬɚɯ 11 ɢ 

19 ɦɦ.  

Ⱦɥɹ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɩɥɚɦɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɨɝɪɚɦɦɵ OpenSMOKE++ [23] ɢ Cantera [24], ɚ ɬɚɤɠɟ 

ɫɨɜɪɟɦɟɧɧɵɟ ɜɟɪɫɢɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɦɟɯɚɧɢɡɦɨɜ, ɚɤɬɢɜɧɨ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɝɪɭɩɩɨɣ «CRECK»: 

CRECK_2003_TPRF_HT_IT_ALC_ETHERS [15] ɢ CRECK_2003_TOT_HT_LT_SOOT_NOX [25]. 

ɉɟɪɜɵɣ ɢɡ ɦɟɯɚɧɢɡɦɨɜ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɝɨɪɟɧɢɹ ɩɪɨɫɬɵɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɫɩɢɪɬɨɜ ɢ ɷɮɢɪɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ȾɆɗ, ɢ ɫɨɫɬɨɢɬ ɢɡ 256 ɜɟɳɟɫɬɜ ɢ 10171 ɪɟɚɤɰɢɢ. 

ȼɬɨɪɨɣ ɦɟɯɚɧɢɡɦ ɪɟɚɥɢɡɭɟɬ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɨɫɬɚ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɩɪɢ ɝɨɪɟɧɢɢ ɨɛɲɢɪɧɨɝɨ 

ɫɩɟɤɬɪɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢ ɜɤɥɸɱɚɟɬ 621 ɜɟɳɟɫɬɜɨ ɢ 27829 ɪɟɚɤɰɢɣ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɜɚ 

Ɋɢɫɭɧɨɤ 6. ɋɯɟɦɚ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ 
ɨɬɛɨɪɚ ɩɪɨɛ ɞɥɹ ɉɗɆ. 1 – ɝɨɪɟɥɤɚ, 2 – 

ɱɚɫɬɢɰɵ ɫɚɠɢ, ɮɨɪɦɢɪɭɸɳɢɟɫɹ ɜ 
ɩɥɚɦɟɧɢ, 3 – ɫɬɚɛɢɥɢɡɚɬɨɪ ɩɥɚɦɟɧɢ, 4 – 

ɦɟɞɧɚɹ ɪɟɲɟɬɤɚ, 5 – ɩɧɟɜɦɨ-ɰɢɥɢɧɞɪ. 

Ɋɢɫɭɧɨɤ 7. ɉɪɢɦɟɪ ɉɗɆ-ɢɡɨɛɪɚɠɟɧɢɹ 
ɨɬɨɛɪɚɧɧɨɝɨ ɜ ɩɥɚɦɟɧɢ ɨɛɪɚɡɰɚ ɫɚɠɢ. 

Ɋɢɫɭɧɨɤ 8. Ƚɢɫɬɨɝɪɚɦɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɨɬɨɛɪɚɧɧɵɯ ɱɚɫɬɢɰ ɫɚɠɢ ɩɨ ɪɚɡɦɟɪɚɦ. 
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ɦɟɯɚɧɢɡɦɚ ɛɵɥɢ ɨɛɴɟɞɢɧɟɧɵ ɩɭɬɟɦ ɢɫɤɥɸɱɟɧɢɹ ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɜɟɳɟɫɬɜ ɢ ɪɟɚɤɰɢɣ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɰɟɧɬɪɚɥɶɧɚɹ ɝɚɡɨ-ɮɚɡɧɚɹ ɱɚɫɬɶ ɨɛɴɟɞɢɧɟɧɧɨɝɨ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɦɟɯɚɧɢɡɦɚ ɫɨɫɬɨɹɥɚ ɢɡ 

200 ɜɟɳɟɫɬɜ ɢ 6300 ɪɟɚɤɰɢɣ [28]. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɡɚɪɨɠɞɟɧɢɹ ɢ ɞɚɥɶɧɟɣɲɟɝɨ ɪɨɫɬɚ 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ ɜ ɩɥɚɦɟɧɢ ɩɪɢɦɟɧɹɥɚɫɶ ɞɢɫɤɪɟɬɧɨ-ɫɟɤɰɢɨɧɧɚɹ ɦɨɞɟɥɶ [29], ɫɭɬɶ ɤɨɬɨɪɨɣ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɜɫɟɯ ɬɹɠɟɥɵɯ ɉȺɍ ɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɱɚɫɬɢɰ ɧɚ 25 ɤɥɚɫɫɨɜ, ɬ.ɧ. 

BINn, ɫ ɭɞɜɨɟɧɢɟɦ ɦɚɫɫɵ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɨɞɧɨɝɨ ɤɥɚɫɫɚ ɤ ɫɥɟɞɭɸɳɟɦɭ. ɉȺɍ, ɫɨɫɬɨɹɳɢɟ ɢɡ 

ɛɨɥɟɟ, ɱɟɦ 20 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ, ɩɪɟɞɫɬɚɜɥɹɥɢ ɩɟɪɜɵɟ ɱɟɬɵɪɟ ɤɥɚɫɫɚ BIN1 – BIN4. ɉɟɪɜɵɦɢ 

ɫɚɠɟɜɵɦɢ ɱɚɫɬɢɰɚɦɢ ɜ ɦɟɯɚɧɢɡɦɟ ɩɪɟɞɩɨɥɚɝɚɥɢɫɶ ɤɥɚɫɬɟɪɵ, ɫɨɞɟɪɠɚɳɢɟ 320 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ – 

BIN5. ɉɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɱɚɫɬɢɰɵ ɦɟɠɞɭ ɤɥɚɫɫɚɦɢ BIN5 ɢ BIN12 ɢɦɟɸɬ ɫɮɟɪɢɱɟɫɤɭɸ ɮɨɪɦɭ ɢ 

ɩɥɨɬɧɨɫɬɶ 1.5 ɝ/ɫɦ3, ɯɚɪɚɤɬɟɪɧɭɸ ɞɥɹ “ɦɨɥɨɞɵɯ” ɱɚɫɬɢɰ ɫɚɠɢ, ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ 

ɩɪɟɜɵɲɚɟɬ 10 ɧɦ. Ʉɥɚɫɫ BIN12 ɫɨɫɬɨɢɬ ɢɡ ɱɚɫɬɢɰ ɞɢɚɦɟɬɪɨɦ ~10 ɧɦ. Ʉɥɚɫɫɵ BIN13 – BIN25 ɫɨɫɬɨɹɬ 

ɭɠɟ ɢɡ ɚɝɪɟɝɚɬɨɜ ɱɚɫɬɢɰ, ɜ ɤɨɬɨɪɵɯ ɪɚɡɦɟɪ ɩɟɪɜɢɱɧɵɯ ɱɚɫɬɢɰ ɫɬɚɛɢɥɟɧ ɢ ɪɚɜɟɧ 10 ɧɦ. Ɉɛɳɚɹ 

ɪɚɫɫɱɢɬɚɧɧɚɹ ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ ɨɛɳɢɟ ɨɛɴɟɦɵ ɱɚɫɬɢɰ 

ɤɥɚɫɫɨɜ ɫ BIN5 ɩɨ BIN25 ɫ ɪɚɡɦɟɪɚɦɢ ɛɨɥɟɟ 2 ɧɦ. 

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɢɡɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢ ɱɢɫɥɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɧɚ ɩɪɨɰɟɫɫ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɝɨɪɟɧɢɢ ɷɬɢɥɟɧɨ-

ɜɨɡɞɭɲɧɨɝɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɩɟɪɟɦɟɲɚɧɧɨɝɨ ɥɚɦɢɧɚɪɧɨɝɨ 

ɩɥɚɦɟɧɢ. Ⱦɨɛɚɜɤɢ ȾɆɗ 

ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɹɸɬ ɫɬɪɭɤɬɭɪɭ ɢ 

ɫɜɟɱɟɧɢɟ ɷɬɢɥɟɧɨɜɨɝɨ ɩɥɚɦɟɧɢ 

(ɪɢɫ. 9), ɪɚɫɬɹɝɢɜɚɹ ɡɨɧɭ ɧɭɤɥɟɚɰɢɢ 

ɩɟɪɜɢɱɧɵɯ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ.  

Ⱥɧɚɥɨɝɢɱɧɵɣ ɷɮɮɟɤɬ ɩɨɤɚɡɚɥɢ 

ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɪɨɮɢɥɢ ɷɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɵɯ 

ɩɥɚɦɟɧ ɫ ɪɚɡɥɢɱɧɵɦɢ ɞɨɛɚɜɤɚɦɢ ȾɆɗ (ɪɢɫ. 10). 

Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɫɦɟɳɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɝɪɚɞɢɟɧɬɚ ɩɥɚɦɟɧɢ ɫ ɪɨɫɬɨɦ ɞɨɛɚɜɤɢ ȾɆɗ ɜɜɟɪɯ 

ɩɨ ɩɨɬɨɤɭ ɩɥɚɦɟɧɢ ɨɬ 0 ɞɨ 9 ɦɦ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ 

ɪɚɡɧɢɰɟɣ ɜ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɬɟ ɫɝɨɪɚɧɢɹ ɷɬɢɥɟɧɚ 

(47.2 ɆȾɠ/ɤɝ) ɢ ȾɆɗ (28.4 ɆȾɠ/ɤɝ) ɢ ɪɚɡɥɢɱɢɹɦɢ 

ɜɨ ɜɪɟɦɟɧɚɯ ɢɧɞɭɤɰɢɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɤɨɧɟɱɧɵɯ 

ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ. ȼ ɰɟɥɹɯ ɩɪɨɜɟɞɟɧɢɹ 

ɤɨɪɪɟɤɬɧɨɝɨ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɨɫɬɚ 

Ɋɢɫɭɧɨɤ 10. ɉɪɨɮɢɥɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɷɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɵɯ ɩɥɚɦɟɧ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ 
ɧɚɞ ɫɪɟɡɨɦ ɝɨɪɟɥɤɢ. 

Ɋɢɫɭɧɨɤ 9. ɂɡɦɟɧɟɧɢɹ ɜ ɫɬɪɭɤɬɭɪɟ ɢ ɫɜɟɱɟɧɢɢ ɫɚɠɟɜɨɝɨ ɷɬɢɥɟɧɨ-

ɜɨɡɞɭɲɧɨɝɨ ɩɥɚɦɟɧɢ ɫ ɪɚɡɥɢɱɧɵɦɢ ɞɨɛɚɜɤɚɦɢ ȾɆɗ. 
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ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɫɚɠɢ ɜ ɢɫɫɥɟɞɭɟɦɵɯ 

ɩɥɚɦɟɧɚɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 

ɢɡɦɟɪɟɧɧɵɟ ɩɪɨɮɢɥɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɜ ɤɚɱɟɫɬɜɟ ɝɪɚɧɢɱɧɵɯ 

ɭɫɥɨɜɢɣ ɪɚɫɱɟɬɚ.  

Ɉɛɴɟɦɧɵɟ ɞɨɥɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ 

ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɥɚɦɟɧɚɯ ɛɵɥɢ 

ɨɩɪɟɞɟɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 

ɦɟɬɨɞɨɦ Ʌɗ ɢ ɩɭɬɟɦ ɤɢɧɟɬɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɪɢɫ. 11). ȼ ɫɦɟɫɹɯ 

ɷɬɢɥɟɧɚ ɫ ɛɨɥɟɟ ɱɟɦ 60% ɞɨɛɚɜɤɨɣ ȾɆɗ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɫɢɝɧɚɥɵ ɨɤɚɡɚɥɢɫɶ 

ɧɢɠɟ ɩɪɟɞɟɥɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɟɬɨɞɚ 

Ʌɗ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɧɚ ɝɪɚɮɢɤɚɯ ɨɧɢ ɧɟ 

ɩɪɢɜɟɞɟɧɵ. ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ 

ɞɚɧɧɵɯ, ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɤɨɧɟɱɧɨɟ 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɨɛɴɟɦɧɨɣ 

ɮɪɚɤɰɢɢ ɫɚɠɢ ɧɚ ɜɵɫɨɬɟ ɩɥɚɦɟɧɢ 22 ɦɦ 

– ɜ ɨɛɥɚɫɬɢ ɤɨɧɱɟɧɵɯ ɷɬɚɩɨɜ ɪɨɫɬɚ 

ɱɚɫɬɢɰ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ 

ȾɆɗ ɜ ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ (ɪɢɫ. 12). ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɪɚɡɛɚɜɥɟɧɢɟ 15% 

ɷɬɢɥɟɧɚ ȾɆɗ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɫɧɢɠɟɧɢɸ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɫɚɠɢ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 

ɨɩɪɟɞɟɥɟɧɧɚɹ ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɫɚɠɢ, 

ɩɪɟɞɩɨɥɚɝɚɸɳɚɹ ɩɨɫɬɨɹɧɧɨɟ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 

ɤɨɦɩɥɟɤɫɧɨɣ ɮɭɧɤɰɢɢ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ 

ɱɚɫɬɢɰ ɫɚɠɢ �ሺ�ହଶ଴ሻ = 0.3, ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫɨ 

ɡɧɚɱɟɧɢɹɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ. 

ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ȾɆɗ ɞɨ 

30% ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɫɚɠɢ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢɦɟɪɧɨ ɜ 

2 ɪɚɡɚ ɧɚ ɤɨɧɟɱɧɨɣ ɜɵɫɨɬɟ ɩɥɚɦɟɧɢ, ɱɬɨ ɬɚɤɠɟ 

ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɚɫɱɟɬɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ. 

Ⱦɨɛɚɜɥɟɧɢɟ 45% ȾɆɗ ɫɧɢɠɚɟɬ ɨɛɴɟɦɧɭɸ ɞɨɥɸ 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ ɟɳɟ ɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɨ – ɩɪɢɦɟɪɧɨ ɜ 3 ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɱɢɫɬɵɦ 

ɷɬɢɥɟɧɨɜɵɦ ɩɥɚɦɟɧɟɦ. Ⱦɚɥɶɧɟɣɲɟɟ ɪɚɡɛɚɜɥɟɧɢɟ ɬɨɩɥɢɜɚ ɞɨ 60% ȾɆɗ ɩɪɢɜɨɞɢɬ ɤ ɩɚɞɟɧɢɸ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɦɟɪɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɫɚɠɢ ɞɨ 0.04 – 0.01 ɦɥɧ-1, ɬ.ɟ. ɧɚ 

Ɋɢɫɭɧɨɤ 11. Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɫɦɟɫɹɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ ɧɚɞ ɫɪɟɡɨɦ ɝɨɪɟɥɤɢ. 

Ɋɢɫɭɧɨɤ 12. Ʉɨɧɟɱɧɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɫɚɠɢ ɧɚ ɜɵɫɨɬɟ 22 ɦɦ ɧɚɞ ɫɪɟɡɨɦ 
ɝɨɪɟɥɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ȾɆɗ. 
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ɩɨɪɹɞɨɤ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɭɤɚɡɵɜɚɸɬ ɧɚ 

ɞɚɥɶɧɟɣɲɟɟ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɨɛɴɟɦɧɨɣ 

ɞɨɥɢ ɫɚɠɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ȾɆɗ 

ɜɩɥɨɬɶ ɞɨ ɡɧɚɱɟɧɢɣ �� = 6×10-3 ɦɥɧ-1 ɜ ɩɥɚɦɟɧɢ 

100% ȾɆɗ. Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɜɥɢɹɧɢɹ 

ɨɛɧɚɪɭɠɟɧɧɨɝɨ ɫɞɜɢɝɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɞɢɟɧɬɚ 

ɩɥɚɦɟɧɢ ɫ ɞɨɛɚɜɤɚɦɢ ȾɆɗ ɧɚ ɬɚɤɨɟ ɩɚɞɟɧɢɟ 

ɫɢɥɶɧɨɟ ɩɚɞɟɧɢɟ ɜɵɯɨɞɚ ɫɚɠɢ, ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ 

ɚɧɚɥɨɝɢɱɧɵɟ ɪɚɫɱɟɬɵ �� ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ 

ɤɚɱɟɫɬɜɟ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɞɜɭɯ ɤɪɚɟɜɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɪɨɮɢɥɟɣ ɞɥɹ 

ɩɥɚɦɟɧ 100% C2H4 ɢ 100% ȾɆɗ (ɪɢɫ. 13). Ȼɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɫɞɜɢɝ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɞɢɟɧɬɚ 

ɩɨ ɜɵɫɨɬɟ ɩɥɚɦɟɧɢ ɜɥɢɹɟɬ ɧɚ ɜɪɟɦɹ ɨɛɪɚɡɨɜɚɧɢɹ ɫɚɠɢ, ɧɨ ɧɟ ɧɚ ɤɨɧɟɱɧɨɟ ɡɧɚɱɟɧɢɟ ɟɟ ɨɛɴɟɦɧɨɣ 

ɞɨɥɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɪɨɞɚ ɨɫɧɨɜɧɨɝɨ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ ɜɟɥɢɱɢɧɭ ɨɛɴɟɦɧɨɣ ɞɨɥɢ 

ɫɚɠɢ ɩɪɢ ɡɚɦɟɳɟɧɢɢ ɷɬɢɥɟɧɚ ɢɦɟɟɬ ɤɢɧɟɬɢɱɟɫɤɢɣ, ɚ ɧɟ ɬɟɪɦɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ.  

Ɉɛɴɟɦɧɵɟ ɞɨɥɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɜ ɷɬɢɥɟɧɨ-

ɜɨɡɞɭɲɧɨɦ ɩɥɚɦɟɧɢ ɫ ɞɨɛɚɜɤɚɦɢ ȾɆɗ ɨɬ 0% ɞɨ 

30% ɛɵɥɢ ɬɚɤɠɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɵ 

ɦɟɬɨɞɨɦ 2D-Ʌɂɂ ɢ ɫɨɩɨɫɬɚɜɥɟɧɵ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ 

ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɚ Y5 (ɪɢɫ. 

14). ȼɫɟ ɩɥɚɦɟɧɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɪɨɫɬ 

ɜɵɯɨɞɚ ɫɚɠɢ ɩɨ ɜɵɫɨɬɟ ɤɚɤ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ, ɬɚɤ ɢ 

ɜ ɪɚɫɱɟɬɟ. ɇɚ ɜɵɫɨɬɚɯ 12 – 18 ɦɦ ɧɚɢɛɨɥɶɲɭɸ 

ɜɟɥɢɱɢɧɭ �� ɢɦɟɟɬ ɩɥɚɦɹ ɱɢɫɬɨɝɨ ɷɬɢɥɟɧɚ, 

ɧɚɢɦɟɧɶɲɭɸ – ɫ 30% ɞɨɛɚɜɤɨɣ ȾɆɗ. Ɉɛɴɟɦɧɚɹ 

ɞɨɥɹ ɫɚɠɢ ɜ ɩɥɚɦɟɧɢ ɱɢɫɬɨɝɨ ɷɬɢɥɟɧɚ ɬɚɤɠɟ 

ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɜɵɯɨɞ ɩɚɪɚɦɟɬɪɚ ɧɚ ɩɥɚɬɨ ɧɚ 

ɭɪɨɜɧɟ 0.25 ɦɥɧ-1 ɜ ɨɛɥɚɫɬɢ 14 – 18 ɦɦ, ɬɨɝɞɚ ɤɚɤ 

ɞɥɹ ɩɥɚɦɟɧ ɫ ɞɨɛɚɜɤɚɦɢ ȾɆɗ ɯɚɪɚɤɬɟɪɟɧ 

ɦɨɧɨɬɨɧɧɵɣ ɪɨɫɬ ��. Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɯɨɪɨɲɟɟ 

ɤɚɱɟɫɬɜɟɧɧɨɟ ɫɨɝɥɚɫɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɫ ɪɚɫɱɟɬɨɦ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɦ, ɨɞɧɚɤɨ, ɛɨɥɶɲɟɟ 

ɩɨɞɚɜɥɟɧɢɟ ɜɵɯɨɞɚ ɫɚɠɢ ɩɪɢ ɞɨɛɚɜɤɚɯ ȾɆɗ. 

 

Ɋɢɫɭɧɨɤ 13. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɫɚɠɢ 
ɨɬ ɜɵɫɨɬɵ ɧɚɞ ɝɨɪɟɥɤɨɣ ɜ ɩɥɚɦɟɧɢ ȾɆɗ-ɜɨɡɞɭɯ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɜɭɯ ɤɪɚɣɧɢɯ ɩɪɨɮɢɥɟɣ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 10. 

Ɋɢɫɭɧɨɤ 14. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɦɟɪɟɧɧɚɹ ɨɛɴɟɦɧɚɹ 
ɞɨɥɹ ɱɚɫɬɢɰ ɫɚɠɢ ɢ ɪɚɫɱɟɬɧɵɣ ɜɵɯɨɞ ɫɚɠɢ Y5 ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ ɧɚɞ ɝɨɪɟɥɤɨɣ. 



18 

ȼ ɪɚɦɤɚɯ ɩɪɨɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɫɪɟɞɧɢɟ 

ɪɚɡɦɟɪɵ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɦɟɬɨɞɨɦ 2D-Ʌɂɂ ɢ ɉɗɆ (ɪɢɫ. 15). 

Ⱦɚɧɧɵɟ ɞɥɹ ɩɥɚɦɟɧɢ ɱɢɫɬɨɝɨ ɷɬɢɥɟɧɚ ɛɵɥɢ ɜɡɹɬɵ ɢɡ ɪɚɛɨɬɵ [30]. 

Ɋɟɡɭɥɶɬɚɬɵ ɨɛɟɢɯ ɦɟɬɨɞɢɤ ɜ ɩɥɚɦɟɧɢ ɱɢɫɬɨɝɨ ɷɬɢɥɟɧɚ 

ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɪɨɫɬ ɱɚɫɬɢɰ ɫɚɠɢ ɨɬ ɪɚɡɦɟɪɨɜ з15 ɧɦ ɧɚ ɜɵɫɨɬɚɯ 

ɩɥɚɦɟɧɢ 10 – 11 ɦɦ ɞɨ ɪɚɡɦɟɪɨɜ з23 ɧɦ ɧɚ ɜɵɫɨɬɚɯ 19 – 20. ȼ 

ɫɥɭɱɚɟ ɫ 15% ɞɨɛɚɜɤɨɣ ȾɆɗ ɦɟɬɨɞ 2D-Ʌɂɂ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɪɨɫɬ 

ɪɚɡɦɟɪɨɜ ɨɬ 17 ɧɦ ɧɚ ɜɵɫɨɬɟ 11 ɦɦ ɞɨ 24 ɧɦ ɧɚ ɜɵɫɨɬɟ 19 ɦɦ, 

ɉɗɆ ɩɨɤɚɡɚɥ ɪɨɫɬ ɨɬ 20 ɧɦ ɧɚ ɜɵɫɨɬɟ 15 ɦɦ ɞɨ 27 ɧɦ ɧɚ 20 ɦɦ. 

Ⱦɥɹ 30% ɞɨɛɚɜɤɢ ȾɆɗ ɨɛɟ ɦɟɬɨɞɢɤɢ ɬɚɤɠɟ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɪɨɫɬ 

ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ ɫ ɜɵɫɨɬɨɣ ɩɥɚɦɟɧɢ: ɞɚɧɧɵɟ 2D-Ʌɂɂ – ɨɬ 8 ɧɦ 

ɧɚ ɜɵɫɨɬɟ 13 ɦɦ ɞɨ 23 ɧɦ ɧɚ ɜɵɫɨɬɟ 19 ɦɦ, ɞɚɧɧɵɟ ɉɗɆ – ɨɬ 17 

ɧɦ ɧɚ ɜɵɫɨɬɟ 15 ɦɦ ɞɨ 24 ɧɦ ɧɚ ɜɵɫɨɬɟ 20 ɦɦ. Ⱦɚɧɧɵɟ ɉɗɆ ɧɚ 

ɫɪɟɞɧɢɯ ɜɵɫɨɬɚɯ ~15 ɦɦ ɜɨ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɥɚɦɟɧɚɯ 

ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɫɚɠɢ ɫɨɫɬɚɜɥɹɟɬ 22, 20 ɢ 

17 ɧɦ ɩɪɢ ɞɜɢɠɟɧɢɢ ɜ ɫɬɨɪɨɧɭ ɪɚɡɛɚɜɥɟɧɢɹ ȾɆɗ. Ɉɞɧɨɜɪɟɦɟɧɧɨ 

ɫ ɷɬɢɦ ɪɚɡɦɟɪɵ ɧɚ ɜɵɫɨɬɟ 20 ɦɦ ɩɪɢɦɟɪɧɨ ɪɚɜɧɵ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɥɚɦɟɧɢ ɢ ɢɦɟɸɬ 

ɪɚɡɛɪɨɫ ɡɧɚɱɟɧɢɣ 24 – 27 ɧɦ. Ɍɨ ɟɫɬɶ, ɫ ɪɨɫɬɨɦ ɞɨɛɚɜɨɤ ȾɆɗ ɫɭɠɚɟɬɫɹ ɡɨɧɚ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ, ɧɨ 

ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ (ɪɨɫɬɚ) ɱɚɫɬɢɰ ɜ ɩɥɚɦɟɧɢ ɨɤɚɡɵɜɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɢɦɢ 

ɛɥɢɡɤɢɯ ɞɪɭɝ ɤ ɞɪɭɝɭ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ.  

ȼ ɪɚɦɤɚɯ ɚɧɚɥɢɡɚ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ 

ȾɆɗ ɧɚ ɪɚɡɦɟɪɵ ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɫɚɠɟɜɵɯ 

ɱɚɫɬɢɰ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

ɦɨɥɶɧɵɯ ɞɨɥɟɣ ɭɫɥɨɜɧɵɯ ɩɫɟɜɞɨ-ɱɚɫɬɢɰ 

ɞɢɫɤɪɟɬɧɨ-ɫɟɤɰɢɨɧɧɨɣ ɦɨɞɟɥɢ BINn, 

ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ (ɪɢɫ. 16). Ɋɚɫɱɟɬ 

ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚ ɜɵɫɨɬɟ 13 ɦɦ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɤɪɭɩɧɵɯ ɱɚɫɬɢɰ ɫɚɠɢ (≥ BIN17) ɦɚɤɫɢɦɚɥɶɧɵ 

ɜ ɩɥɚɦɟɧɢ ɱɢɫɬɨɝɨ ɷɬɢɥɟɧɚ ɢ ɭɛɵɜɚɸɬ ɫ 

ɪɚɡɛɚɜɥɟɧɢɟɦ ɬɨɩɥɢɜɚ, ɩɪɢ ɷɬɨɦ ɪɚɡɧɢɰɚ 

ɦɟɠɞɭ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɪɚɫɬɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɧɨɦɟɪɚ BINn. ɇɚ ɜɵɫɨɬɟ ɩɥɚɦɟɧɢ 20 ɦɦ 

ɫɭɳɟɫɬɜɟɧɧɵɟ ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɱɚɫɬɢɰ ɞɥɹ ɪɚɡɧɵɯ ɩɥɚɦɟɧ ɧɚɛɥɸɞɚɸɬɫɹ ɬɨɥɶɤɨ 

ɧɚɱɢɧɚɹ ɫ BIN21 ɢ ɜɵɲɟ. Ɇɨɥɶɧɵɟ ɞɨɥɢ ɱɚɫɬɢɰ BIN12 – BIN19 ɧɚ ɜɵɫɨɬɟ 13 ɦɦ ɜɵɲɟ, ɱɟɦ ɧɚ 

ɜɵɫɨɬɟ 20 ɦɦ, ɨɞɧɚɤɨ, ɞɥɹ ɜɵɫɨɬɵ 20 ɦɦ ɯɚɪɚɤɬɟɪɧɚ ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ BIN20 – BIN25. 

Ɋɢɫɭɧɨɤ 16. Ɋɚɫɱɟɬɧɵɟ ɦɨɥɶɧɵɟ ɞɨɥɢ ɭɫɥɨɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 
BINn, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɩɨ 
ɪɚɡɦɟɪɚɦ ɧɚ ɜɵɫɨɬɚɯ 13 (ɫɥɟɜɚ) ɢ 20 ɦɦ (ɫɩɪɚɜɚ) ɧɚɞ 
ɝɨɪɟɥɤɨɣ. 

13 ɦɦ 20 ɦɦ 

Ɋɢɫɭɧɨɤ 15. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 
ɢɡɦɟɪɟɧɧɚɹ ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɱɚɫɬɢɰ 
ɫɚɠɢ ɢ ɪɚɫɱɟɬɧɵɣ ɜɵɯɨɞ ɫɚɠɢ Y5 ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ ɧɚɞ 
ɝɨɪɟɥɤɨɣ. 
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ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɞɢɫɩɟɪɫɢɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ � ɦɟɬɨɞɨɦ Ʌɗ 

ɨɛɧɚɪɭɠɟɧɨ ɟɝɨ ɭɛɵɜɚɧɢɟ ɫ ɪɨɫɬɨɦ ɜɵɫɨɬɵ 

ɩɥɚɦɟɧɢ ɢ ɫɞɜɢɝɢ ɟɝɨ ɤɪɢɜɵɯ ɜɜɟɪɯ ɩɨ ɩɨɬɨɤɭ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɞɨɛɚɜɤɢ ȾɆɗ. ȼ ɱɢɫɬɨ ɷɬɢɥɟɧɨɜɨɦ 

ɩɥɚɦɟɧɢ � ɦɨɧɨɬɨɧɧɨ ɭɛɵɜɚɟɬ ɫ 1.8 ɜ ɧɢɠɧɟɣ 

ɱɚɫɬɢ ɩɥɚɦɟɧɢ ɞɨ 1.0 ɧɚ ɜɵɫɨɬɟ 20 ɦɦ, ɬ.ɟ. ɲɢɪɨɤɨɟ 

ɩɨɥɢɞɢɫɩɟɪɫɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɩɟɤɬɪɚɥɶɧɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɝɥɨɳɟɧɢɹ ɱɚɫɬɢɰ ɜ 

ɡɨɧɟ ɚɤɬɢɜɧɨɣ ɧɭɤɥɟɚɰɢɢ ɩɨɫɬɟɩɟɧɧɨ ɫɭɠɚɟɬɫɹ, 

ɜɵɯɨɞɹ ɧɚ ɩɨɱɬɢ ɦɨɧɨɞɢɫɩɟɪɫɧɵɣ ɪɟɠɢɦ ɜ 

ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɩɥɚɦɟɧɢ. ɉɪɢ 15% ɞɨɛɚɜɤɟ ȾɆɗ � 

ɦɟɧɹɟɬɫɹ ɨɬ 1.62 ɧɚ ɜɵɫɨɬɟ 13 ɦɦ ɞɨ 0.9 ɧɚ ɜɵɫɨɬɟ 20 ɦɦ, ɬ.ɟ. ȾɆɗ ɡɞɟɫɶ ɬɚɤɠɟ ɫɭɠɚɟɬ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɢɰ ɩɨ ɢɯ ɨɩɬɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɞɨɥɶ ɜɵɫɨɬɵ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɹ ɩɪɢ ɷɬɨɦ 

ɤɨɧɟɱɧɵɟ ɡɧɚɱɟɧɢɹ �. ȼ ɫɥɭɱɚɟ 30% ɞɨɛɚɜɤɢ ȾɆɗ � ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɹ 1.45 ɧɚ ɜɵɫɨɬɟ 17 ɦɦ ɢ 

ɪɟɡɤɨ ɫɧɢɠɚɟɬɫɹ ɞɨ ɭɪɨɜɧɹ 1.2 ɧɚ ɜɵɫɨɬɟ 20 ɦɦ., ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɟɪɶɟɡɧɨɦ ɬɨɪɦɨɠɟɧɢɢ 

ɪɚɡɜɢɬɢɹ ɦɨɪɮɨɥɨɝɢɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɜ ɩɥɚɦɟɧɢ ɢ ɭɦɟɧɶɲɟɧɢɢ ɢɯ ɤɨɧɟɱɧɨɝɨ ɪɚɡɦɟɪɚ.  

Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ 

ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ �� 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ �� 

ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɭɜɟɥɢɱɟɧɢɟ ɞɨɛɚɜɤɢ ȾɆɗ 

ɭɜɟɥɢɱɢɜɚɟɬ ɧɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ �� ɢ ɫɤɨɪɨɫɬɶ ɟɝɨ 

ɩɚɞɟɧɢɹ ɜɞɨɥɶ ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ. ɍɛɵɜɚɧɢɟ �� ɫ 

ɜɵɫɨɬɨɣ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɩɪɨɰɟɫɫɨɦ ɝɪɚɮɢɬɢɡɚɰɢɢ 

ɱɚɫɬɢɰ – ɩɟɪɟɯɨɞɚ ɨɬ ɚɦɨɪɮɧɨɣ ɫɬɪɭɤɬɭɪɵ ɤ 

ɱɚɫɬɢɱɧɨ ɭɩɨɪɹɞɨɱɟɧɧɨɣ, ɛɥɢɡɤɨɣ ɤ ɫɬɪɭɤɬɭɪɟ 

ɝɪɚɮɢɬɚ, ɫ ɯɚɪɚɤɬɟɪɧɵɦ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ 

ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɡɨɧɚɯ 

ɩɥɨɬɧɨɭɩɚɤɨɜɚɧɧɵɯ ɝɪɚɮɟɧɨɜɵɯ ɩɥɨɫɤɨɫɬɟɣ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɪɚɫɬɟɬ ɩɨɝɥɨɳɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 

ɱɚɫɬɢɰ ɜ ɜɢɞɢɦɨɦ ɢ ɛɥɢɠɧɟɦ ɂɄ-ɞɢɚɩɚɡɨɧɚɯ ɫɩɟɤɬɪɚ. 15% ɞɨɛɚɜɤɚ ȾɆɗ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɧɨɫɢɬ 

ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɜ ɤɨɧɟɱɧɵɟ ɡɧɚɱɟɧɢɹ ��, ɧɨ ɩɪɢ ɷɬɨɦ ɫɞɜɢɝɚɟɬ ɤɪɢɜɭɸ ɜ ɨɛɥɚɫɬɶ 

ɛɨɥɶɲɢɯ ɜɵɫɨɬ. 30% ɞɨɛɚɜɤɚ ȾɆɗ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɤɨɧɟɱɧɵɟ ɡɧɚɱɟɧɢɹ �� ɞɨ ɭɪɨɜɧɟɣ 

~0.14 ɧɚ ɜɵɫɨɬɚɯ 20 – 22 ɦɦ ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɨɞɚɜɥɟɧɢɢ ɬɚɤɨɣ ɞɨɛɚɜɤɨɣ ɪɚɡɜɢɬɢɹ 

ɦɨɪɮɨɥɨɝɢɢ ɱɚɫɬɢɰ ɢ ɨɬɞɚɥɟɧɢɢ ɢɯ ɤɨɧɟɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɨɬ ɝɪɚɮɢɬɨ-ɨɛɪɚɡɧɨɣ. 

Ɋɢɫɭɧɨɤ 17. Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɫɩɟɪɫɢɢ ɫɚɠɟɜɵɯ 
ɱɚɫɬɢɰ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ ɷɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɦ 
ɩɥɚɦɟɧɢ ɫ ɞɨɛɚɜɤɚɦɢ ȾɆɗ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ 
ɩɥɚɦɟɧɢ. 

Ɋɢɫɭɧɨɤ 18. Ɉɩɬɢɱɟɫɤɚɹ ɲɢɪɢɧɚ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ 
ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ ɷɬɢɥɟɧɨ-

ɜɨɡɞɭɲɧɨɦ ɩɥɚɦɟɧɢ ɫ ɞɨɛɚɜɤɚɦɢ ȾɆɗ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ. 
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ȼ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ ɢɡɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢ ɱɢɫɥɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ɞɢɦɟɬɢɥɨɜɝɨ ɷɮɢɪɚ ɧɚ ɩɪɨɰɟɫɫ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɝɨɪɟɧɢɢ ɚɰɟɬɢɥɟɧɨ-

ɜɨɡɞɭɲɧɨɝɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɟɪɟɦɟɲɚɧɧɨɝɨ 

ɥɚɦɢɧɚɪɧɨɝɨ ɩɥɚɦɟɧɢ. Ɇɚɥɵɟ ɞɨɛɚɜɤɢ ȾɆɗ ɧɟ 

ɨɤɚɡɚɥɢ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ 

ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɪɨɮɢɥɢ ɩɥɚɦɟɧ (ɪɢɫ. 19), ɯɨɬɹ 

ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɧɟɛɨɥɶɲɨɟ ɫɦɟɳɟɧɢɟ ɝɪɚɞɢɟɧɬɚ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɞɢɚɩɚɡɨɧɟ ɜɵɫɨɬ 0 – 2 ɦɦ ɩɪɢ 

15.4% ɞɨɛɚɜɤɟ ȾɆɗ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɪɚɡɧɢɰɟɣ ɜ 

ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɬɟ ɫɝɨɪɚɧɢɹ ɚɰɟɬɢɥɟɧɚ (50.4 

ɆȾɠ/ɤɝ) ɢ ȾɆɗ (28.4 ɆȾɠ/ɤɝ) ɢ ɪɚɡɥɢɱɢɹɦɢ ɜɨ 

ɜɪɟɦɟɧɚɯ ɢɧɞɭɤɰɢɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɤɨɧɟɱɧɵɯ 

ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ. ȼ ɰɟɥɨɦ ɫ ɭɱɟɬɨɦ ɩɨɝɪɟɲɧɨɫɬɢ ɦɟɬɨɞɚ (±50 Ʉ) ɞɨɛɚɜɤɢ ȾɆɗ ɜɥɢɹɸɬ ɧɚ 

ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɪɨɮɢɥɢ ɧɟ ɫɭɳɟɫɬɜɟɧɧɨ, ɬ.ɟ. ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ 

ɝɨɪɟɧɢɟ ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɝɨ ɩɥɚɦɟɧɢ ɩɪɟɞɩɨɥɚɝɚɸɬɫɹ ɢɡɦɟɧɟɧɢɹ ɜ ɤɢɧɟɬɢɤɟ 

ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ, ɚ ɧɟ ɜ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɪɨɮɢɥɹɯ.  

Ɉɛɴɟɦɧɵɟ ɞɨɥɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɜ 

ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɦ ɩɥɚɦɟɧɢ ɫ ɞɨɛɚɜɤɚɦɢ ȾɆɗ 

ɛɵɥɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɵ ɦɟɬɨɞɨɦ Ʌɗ ɢ 

ɫɨɩɨɫɬɚɜɥɟɧɵ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɱɢɫɥɟɧɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɚ В5 (ɪɢɫ. 20). 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ 

ɭɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɫɚɠɢ ɫ ɪɨɫɬɨɦ ɜɵɫɨɬɵ 

ɜɨ ɜɫɟɯ ɪɟɠɢɦɚɯ, ɩɪɢ ɷɬɨɦ ɜ ɩɥɚɦɟɧɢ ɱɢɫɬɨɝɨ 

ɚɰɟɬɢɥɟɧɚ ɧɚɛɥɸɞɚɥɫɹ ɧɚɢɛɨɥɶɲɢɣ ɜɵɯɨɞ ɫɚɠɢ –  

0.58 ɦɥɧ-1, ɜ ɩɥɚɦɟɧɢ ɫ 5.8% ɞɨɛɚɜɤɨɣ ȾɆɗ – 0.53 

ɦɥɧ-1, ɚ ɜ ɩɥɚɦɟɧɢ ɫ 15.4% ɞɨɛɚɜɤɨɣ ȾɆɗ – 0.41 

ɦɥɧ-1. Ɉɛɧɚɪɭɠɟɧɨ ɯɨɪɨɲɟɟ ɤɚɱɟɫɬɜɟɧɧɨɟ ɫɨɝɥɚɫɢɟ 

ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, 

ɨɞɧɚɤɨ ɪɚɫɱɟɬ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɦɟɧɶɲɟɟ ɩɨɞɚɜɥɟɧɢɟ 

ɜɵɯɨɞɚ ɫɚɠɢ ɞɨɛɚɜɤɚɦɢ, ɱɟɦ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ, 

ɬɚɤɠɟ ɞɟɦɨɧɫɬɪɢɪɭɹ ɪɨɫɬ ɡɧɚɱɟɧɢɣ Y5 ɜɞɨɥɶ ɜɵɫɨɬ 

ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɥɚɦɟɧ ɢ ɬɚɤɠɟ ɩɨɜɬɨɪɹɹ 

ɝɪɚɞɚɰɢɸ ɪɟɠɢɦɨɜ ɩɨ ɜɵɯɨɞɭ ɫɚɠɢ.  

 

Ɋɢɫɭɧɨɤ 19. ɉɪɨɮɢɥɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɵɯ ɩɥɚɦɟɧ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɵɫɨɬɵ ɧɚɞ ɫɪɟɡɨɦ ɝɨɪɟɥɤɢ. 

Ɋɢɫɭɧɨɤ 20. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɦɟɪɟɧɧɚɹ ɨɛɴɟɦɧɚɹ 
ɞɨɥɹ ɱɚɫɬɢɰ ɫɚɠɢ (ɫɜɟɪɯɭ) ɢ ɪɚɫɱɟɬɧɵɣ ɜɵɯɨɞ ɫɚɠɢ 
(ɫɧɢɠɭ) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ ɧɚɞ ɝɨɪɟɥɤɨɣ. 
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ȼ ɪɚɦɤɚɯ ɚɧɚɥɢɡɚ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ 

ɪɚɡɦɟɪɵ ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɛɵɥɨ 

ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɦɨɥɶɧɵɯ ɞɨɥɟɣ 

ɭɫɥɨɜɧɵɯ ɩɫɟɜɞɨ-ɱɚɫɬɢɰ ɞɢɫɤɪɟɬɧɨ-ɫɟɤɰɢɨɧɧɨɣ 

ɦɨɞɟɥɢ BINn, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ (ɪɢɫ. 

21). ɇɚ ɜɵɫɨɬɟ ɩɥɚɦɟɧɢ 10 ɦɦ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɤɪɭɩɧɵɯ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ (≥ BIN16) ɜ ɩɥɚɦɟɧɢ 

ɱɢɫɬɨɝɨ ɚɰɟɬɢɥɟɧɚ ɢɦɟɸɬ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ. 

Ⱦɨɛɚɜɤɚ 5.8% ȾɆɗ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɧɟɫɥɚ 

ɢɡɦɟɧɟɧɢɣ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɚ ɞɨɛɚɜɤɚ 15.8% ȾɆɗ 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɚ ɧɚɢɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɦɨɥɶɧɵɯ ɞɨɥɟɣ ɤɪɭɩɧɵɯ ɱɚɫɬɢɰ, ɩɪɢ ɷɬɨɦ ɪɚɡɧɢɰɚ ɜ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ. ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɣ BINn ɞɥɹ ɪɚɡɧɵɯ 

ɜɵɫɨɬ ɩɥɚɦɟɧɢ ɜɢɞɧɨ, ɱɬɨ ɧɚ ɜɵɫɨɬɟ 10 ɦɦ ɦɨɥɶɧɵɟ ɞɨɥɢ BIN12 – BIN18 ɜɵɲɟ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɥɹ 

ɜɵɫɨɬɵ 20 ɦɦ ɯɚɪɚɤɬɟɪɧɵ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ BIN19 – BIN25, ɱɬɨ ɧɚɝɥɹɞɧɨ ɨɬɪɚɠɚɟɬ 

ɩɪɨɰɟɫɫ ɪɨɫɬɚ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɜɞɨɥɶ ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ.  

ɉɭɬɟɦ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 

ɮɨɬɨɝɪɚɮɢɣ ɉɗɆ ɛɵɥɢ ɩɨɭɱɟɧɵ ɞɚɧɧɵɟ ɨ ɫɪɟɞɧɢɯ 

ɪɚɡɦɟɪɚɯ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ 

ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɵɯ ɩɥɚɦɟɧɚɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɫɨɞɟɪɠɚɧɢɹ ȾɆɗ (ɪɢɫ. 22). Ɉɬɛɨɪ ɩɪɨɛ ɫɚɠɟɜɵɯ 

ɱɚɫɬɢɰ ɩɪɨɢɡɜɨɞɢɥɫɹ ɧɚ ɜɵɫɨɬɟ 19 ɦɦ ɞɥɹ ɜɫɟɯ 

ɩɥɚɦɟɧɧɵɯ ɪɟɠɢɦɨɜ ɢ ɧɚ ɜɵɫɨɬɟ 11 ɦɦ ɜ ɩɥɚɦɟɧɢ 

ɱɢɫɬɨɝɨ ɚɰɟɬɢɥɟɧɚ. Ⱦɚɧɧɵɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨ ɦɟɪɟ 

ɭɜɟɥɢɱɟɧɢɹ ɞɨɛɚɜɤɢ ȾɆɗ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɫɚɠɟɜɵɯ 

ɱɚɫɬɢɰ ɧɚ ɜɵɫɨɬɟ 19 ɦɦ ɭɦɟɧɶɲɚɟɬɫɹ ɨɬ 23.6 ɧɦ ɜ 

ɩɥɚɦɟɧɢ ɱɢɫɬɨɝɨ ɚɰɟɬɢɥɟɧɚ ɞɨ 18.9 ɧɦ ɜ ɩɥɚɦɟɧɢ ɫ 

15% ɞɨɛɚɜɤɨɣ ȾɆɗ, ɱɬɨ ɩɪɢɦɟɪɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɚɦ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ, 

ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ ɩɥɚɦɟɧɢ ɱɢɫɬɨɝɨ ɚɰɟɬɢɥɟɧɚ ɧɚ ɜɵɫɨɬɟ 11 ɦɦ – 19.3 ɧɦ. ɉɨɫɤɨɥɶɤɭ ɫɪɟɞɧɢɣ 

ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɠɟɬ ɫɱɢɬɚɬɶɫɹ ɦɚɪɤɟɪɨɦ ɢɯ “ɡɪɟɥɨɫɬɢ”, ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ 

ɫ ɞɚɧɧɵɦɢ ɨɛ ɢɯ ɨɛɴɟɦɧɨɣ ɞɨɥɟ ɢ ɪɚɫɱɟɬɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɨ ɪɚɡɦɟɪɚɦ ɜ ɪɚɡɛɚɜɥɟɧɧɵɯ 

ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɵɯ ɩɥɦɟɧɚɯ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɦɚɥɵɟ ɞɨɛɚɜɤɢ ȾɆɗ ɷɮɮɟɤɬɢɜɧɨ 

ɩɨɞɚɜɥɹɸɬ ɩɪɨɰɟɫɫ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɪɨɫɬɚ ɢ ɤɨɚɝɭɥɹɰɢɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɜ ɩɥɚɦɟɧɢ, ɮɚɤɬɢɱɟɫɤɢ 

ɨɫɬɚɧɚɜɥɢɜɚɹ ɫɬɪɭɤɬɭɪɧɨɟ ɪɚɡɜɢɬɢɟ ɱɚɫɬɢɰ ɧɚ ɪɚɧɧɢɯ ɫɬɚɞɢɹɯ. 

Ɋɢɫɭɧɨɤ 21. Ɋɚɫɱɟɬɧɵɟ ɦɨɥɶɧɵɟ ɞɨɥɢ ɭɫɥɨɜɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ BINn, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ ɧɚ ɜɵɫɨɬɚɯ 10 (ɫɥɟɜɚ) ɢ 
20 ɦɦ (ɫɩɪɚɜɚ) ɧɚɞ ɝɨɪɟɥɤɨɣ. 

10 ɦɦ 20 ɦɦ 

Ɋɢɫɭɧɨɤ 22. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɫɚɠɢ, 
ɢɡɦɟɪɟɧɧɵɣ ɢɡ ɮɨɬɨɝɪɚɮɢɣ ɉɗɆ, ɧɚ ɜɵɫɨɬɟ 19 ɦɦ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ȾɆɗ. Ɍɚɤɠɟ ɩɪɢɜɟɞɟɧ 
ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɜ ɩɥɚɦɟɧɢ ɱɢɫɬɨɝɨ ɚɰɟɬɢɥɟɧɚ ɧɚ 
ɜɵɫɨɬɟ 11 ɦɦ. 
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ȼ ɪɚɦɤɚɯ ɪɚɛɨɬɵ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ 

ɨɩɬɢɱɟɫɤɚɹ ɲɢɪɢɧɚ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɫɚɠɟɜɵɯ 

ɱɚɫɬɢɰ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɦ 

ɩɥɚɦɟɧɢ ɫ ɞɨɛɚɜɤɚɦɢ ȾɆɗ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɜɵɫɨɬɵ ɧɚɞ ɝɨɪɟɥɤɨɣ (ɪɢɫ. 23). Ɍ.ɤ. ɞɚɧɧɵɟ 

ɪɚɫɱɟɬɨɜ ɧɟ ɩɨɤɚɡɚɥɢ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ 

5.8% ɞɨɛɚɜɤɢ ȾɆɗ, ɚ ɪɚɡɥɢɱɢɹ ɦɟɠɞɭ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɩɥɚɦɟɧɢ 

ɱɢɫɬɨɝɨ ɚɰɟɬɢɥɟɧɚ ɢ ɦɚɥɨɣ ɞɨɛɚɜɤɢ ɥɟɠɚɬ ɜ 

ɩɪɟɞɟɥɚɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ, 

ɫɪɚɜɧɢɜɚɥɢɫɶ ɡɧɚɱɟɧɢɹ �� ɬɨɥɶɤɨ ɦɟɠɞɭ 

ɩɥɚɦɟɧɚɦɢ ɱɢɫɬɨɝɨ ɚɰɟɬɢɥɟɧɚ ɢ ɫ ɞɨɛɚɜɤɨɣ 15.4% ȾɆɗ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ 

ɧɟɦɨɧɨɬɨɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ �� ɨɬ ɜɵɫɨɬɵ, ɚ ɫ ɭɱɟɬɨɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɦɟɬɨɞɚ 

(±0.1 ɷȼ) ɛɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ ɨ ɧɟɡɚɜɢɫɢɦɨɫɬɢ �� ɨɬ ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɪɟɞɧɹɹ 

ɜɟɥɢɱɢɧɚ �� ɞɥɹ ɩɥɚɦɟɧɢ ɱɢɫɬɨɝɨ ɚɰɟɬɢɥɟɧɚ ɫɨɫɬɚɜɢɥɚ 0.27 ± 0.1 ɷȼ, ɚ ɞɥɹ ɪɟɠɢɦɚ ɩɥɚɦɟɧɢ ɫ 

ɞɨɛɚɜɤɨɣ 15.4% ȾɆɗ – 0.38 ± 0.1 ɷȼ. ɂɡ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɞɨɛɚɜɤɚ 15.4% 

ȾɆɗ ɤ ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɦɭ ɩɥɚɦɟɧɢ ɡɚɦɟɬɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ �� ɱɚɫɬɢɰ, ɱɬɨ 

ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɫɪɟɞɧɢɯ ɪɚɡɦɟɪɨɜ ɫɚɠɟɜɵɯ ɜ ɷɬɢɯ ɪɟɠɢɦɚɯ. ɍɦɟɧɶɲɟɧɢɟ ɫɪɟɞɧɟɝɨ 

ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɢɯ ɩɨɝɥɨɳɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɭɜɟɥɢɱɟɧɢɸ ��, ɱɬɨ 

ɫɦɹɝɱɚɟɬ ɧɟɝɚɬɢɜɧɵɣ ɤɥɢɦɚɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɷɦɢɫɫɢɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɜ ɩɪɨɰɟɫɫɚɯ ɝɨɪɟɧɢɹ. 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɨɛɨɛɳɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɜɵɜɨɞɵ ɢ 

ɡɚɤɥɸɱɟɧɢɹ ɪɚɛɨɬɵ. 

 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɜɵɜɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɛɵɥɢ ɫɞɟɥɚɧɵ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ ɢ 

ɡɚɤɥɸɱɟɧɢɹ ɨ ɜɥɢɹɧɢɢ ɞɨɛɚɜɨɤ ȾɆɗ ɧɚ ɤɢɧɟɬɢɤɭ ɩɪɨɰɟɫɫɨɜ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɩɥɨɫɤɢɯ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɟɪɟɦɟɲɚɧɧɵɯ ɥɚɦɢɧɚɪɧɵɯ ɷɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɵɯ ɢ ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɵɯ 

ɩɥɚɦɟɧɚɯ: 

1. ȾɆɗ ɞɟɣɫɬɜɭɟɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɤɚɤ ɯɢɦɢɱɟɫɤɢɣ ɢɧɝɢɛɢɬɨɪ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ, ɜɥɢɹɹ ɧɚ 

ɩɪɨɰɟɫɫɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɪɨɫɬɚ ɱɚɫɬɢɰ ɤɢɧɟɬɢɱɟɫɤɢɦ, ɚ ɧɟ ɬɟɪɦɢɱɟɫɤɢɦ ɩɭɬɟɦ. Ⱦɥɹ ɨɛɨɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɞɨɛɚɜɤɢ ȾɆɗ ɩɪɢɜɨɞɹɬ ɤ ɫɧɢɠɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ ɢ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɡɚɦɟɞɥɟɧɢɸ ɢɯ ɧɭɤɥɟɚɰɢɢ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɩɭɬɟɣ ɨɛɪɚɡɨɜɚɧɢɹ 

ɩɟɪɜɵɯ ɚɪɨɦɚɬɢɱɫɟɤɢɯ ɤɨɥɟɰ. Ɍɟɦɩɟɪɚɬɭɪɧɨɟ ɜɥɢɹɧɢɟ ɡɞɟɫɶ ɹɜɥɹɟɬɫɹ ɜɬɨɪɢɱɧɵɦ: ɜ ɷɬɢɥɟɧɨɜɵɯ 

ɩɥɚɦɟɧɚɯ ɢɡɦɟɧɟɧɢɟ ɩɪɨɮɢɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɪɚɠɟɧɨ ɫɢɥɶɧɟɟ ɢɡ-ɡɚ ɛɨɥɶɲɟɝɨ ɪɚɡɥɢɱɢɹ ɜ ɬɟɩɥɨɬɟ 

Ɋɢɫɭɧɨɤ 23. Ɉɩɬɢɱɟɫɤɚɹ ɲɢɪɢɧɚ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ 
ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ ɚɰɟɬɢɥɟɧɨ-

ɜɨɡɞɭɲɧɨɦ ɩɥɚɦɟɧɢ ɫ ɞɨɛɚɜɤɚɦɢ ȾɆɗ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ. 
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ɫɝɨɪɚɧɢɹ, ɨɞɧɚɤɨ ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɢɦɟɧɧɨ ɤɢɧɟɬɢɤɚ ɨɩɪɟɞɟɥɹɟɬ ɤɨɧɟɱɧɨɟ 

ɫɧɢɠɟɧɢɟ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɫɚɠɢ. 

2. ɗɬɢɥɟɧɨɜɵɟ ɩɥɚɦɟɧɚ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɛɨɥɟɟ ɜɵɪɚɠɟɧɧɭɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɞɨɛɚɜɤɚɦ 

ȾɆɗ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɪɚɡɥɢɱɢɹɦɢ ɜ ɦɟɯɚɧɢɡɦɚɯ ɪɚɡɥɨɠɟɧɢɹ ɬɨɩɥɢɜ: ɷɬɢɥɟɧ ɬɪɟɛɭɟɬ ɛɨɥɶɲɟɝɨ 

ɱɢɫɥɚ ɫɬɚɞɢɣ ɞɥɹ ɩɟɪɟɯɨɞɚ ɤ ɚɪɨɦɚɬɢɱɟɫɤɢɦ ɫɬɪɭɤɬɭɪɚɦ, ɱɟɦ ɚɰɟɬɢɥɟɧ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɩɪɹɦɵɦ 

ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɦ ɉȺɍ. 

3. ɉɪɢ ɞɨɛɚɜɤɚɯ 15% ȾɆɗ ɤ ɷɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɦɭ ɩɥɚɦɟɧɢ ɪɚɡɦɟɪɵ ɧɚ ɪɚɡɧɵɯ ɜɵɫɨɬɚɯ 

ɨɫɬɚɸɬɫɹ ɛɥɢɡɤɢɦɢ ɤ ɤɨɧɬɪɨɥɶɧɵɦ, ɧɨ ɡɨɧɚ ɪɨɫɬɚ ɫɭɠɚɟɬɫɹ, ɬ.ɟ. ɧɚ ɤɨɧɟɱɧɵɯ ɜɵɫɨɬɚɯ ɩɥɚɦɟɧɢ 

ɪɚɡɦɟɪɵ ɫɨɩɨɫɬɚɜɢɦɵ, ɨɞɧɚɤɨ ɞɢɧɚɦɢɤɚ ɪɨɫɬɚ ɢɡɦɟɧɹɟɬɫɹ, ɡɚɦɟɞɥɹɹɫɶ ɧɚ ɧɚɱɚɥɶɧɵɯ ɷɬɚɩɚɯ. ȼ 

ɫɥɭɱɚɟ ɞɨɛɚɜɤɢ 15% ȾɆɗ ɤ ɚɰɟɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɨɦɭ ɩɥɚɦɟɧɢ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɧɚ ɤɨɧɱɟɧɵɯ ɷɬɚɩɚɯ 

ɢɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɧɢɠɚɟɬɫɹ ɞɨ ɡɧɚɱɟɧɢɣ ɪɚɡɦɟɪɨɜ ɜ ɩɥɚɦɟɧɢ ɱɢɫɬɨɝɨ ɚɰɟɬɢɥɟɧɚ ɧɚ 

ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɬɚɞɢɹɯ, ɬ.ɟ. ɞɨɛɚɜɤɚ ȾɆɗ ɩɨɞɚɜɥɹɟɬ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɪɨɫɬ ɢ ɤɨɚɝɭɥɹɰɢɸ ɱɚɫɬɢɰ 

ɫɚɠɢ, ɷɮɮɟɤɬɢɜɧɨ “ɡɚɞɟɪɠɢɜɚɹ” ɪɚɡɜɢɬɢɟ ɱɚɫɬɢɰ ɧɚ ɛɨɥɟɟ ɪɚɧɧɢɯ ɫɬɚɞɢɹɯ. 

4. Ⱦɨɛɚɜɤɚ ȾɆɗ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɨɩɬɢɱɟɫɤɨɣ ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ �� ɢ 

ɢɡɦɟɧɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɫɩɟɪɫɢɢ �, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɨɛɳɢɣ ɞɥɹ ɨɛɨɢɯ ɬɨɩɥɢɜ ɷɮɮɟɤɬ 

ɩɨɞɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɝɪɚɮɢɬɢɡɚɰɢɢ ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 

ɜɥɢɹɧɢɢ ȾɆɗ ɧɟ ɬɨɥɶɤɨ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɫɚɠɢ, ɧɨ ɢ ɧɚ ɟё ɦɨɪɮɨɥɨɝɢɸ ɢ ɜɧɭɬɪɟɧɧɸɸ 

ɧɚɧɨɫɬɪɭɤɬɭɪɭ, ɫɧɢɠɚɹ ɫɬɟɩɟɧɶ ɝɪɚɮɢɬɢɡɚɰɢɢ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɨɝɥɨɳɚɬɟɥɶɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɜ 

ɜɢɞɢɦɨɣ ɢ ɂɄ-ɨɛɥɚɫɬɹɯ ɫɩɟɤɬɪɚ. 
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