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ɇɚɱɚɥɨ 21-ɝɨ ɫɬɨɥɟɬɢɹ ɨɡɧɚɦɟɧɨɜɚɥɨ ɨɛɨɫɬɪɟɧɢɟ ɩɪɨɛɥɟɦɵ ɝɥɨɛɚɥɶɧɵɯ 

ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ, ɜɵɡɵɜɚɸɳɢɯ ɜɫɟɜɨɡɦɨɠɧɵɟ ɧɚɪɭɲɟɧɢɹ 

ɛɢɨɝɟɨɯɢɦɢɱɟɫɤɢɯ ɰɢɤɥɨɜ ɭɝɥɟɪɨɞɚ, ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ «ɩɚɪɧɢɤɨɜɵɯ» 

ɝɚɡɨɜ, ɨɛɟɞɧɟɧɢɟ ɛɢɨɪɚɡɧɨɨɛɪɚɡɢɹ ɢ ɭɯɭɞɲɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɤɨɫɢɫɬɟɦ. 

Ⱦɚɧɧɚɹ ɩɪɨɛɥɟɦɚ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɫɜɹɡɚɧɚ ɫ ɞɟɹɬɟɥɶɧɨɫɬɶɸ ɩɨɱɜɟɧɧɵɯ 

ɦɢɤɪɨɛɧɵɯ ɫɨɨɛɳɟɫɬɜ. 

ȼɨɩɪɨɫ ɨ ɜɥɢɹɧɢɢ ɝɥɨɛɚɥɶɧɨɝɨ ɩɨɬɟɩɥɟɧɢɹ ɧɚ ɩɪɨɰɟɫɫɵ ɪɚɡɥɨɠɟɧɢɹ 

ɩɨɱɜɟɧɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɢ ɷɦɢɫɫɢɸ ɩɚɪɧɢɤɨɜɵɯ ɝɚɡɨɜ ɜ ɚɬɦɨɫɮɟɪɭ 

ɢɡ ɦɟɪɡɥɨɬɧɵɯ ɩɨɱɜ ɞɨ ɫɢɯ ɩɨɪ ɨɫɬɚɟɬɫɹ ɧɟ ɞɨ ɤɨɧɰɚ ɪɚɡɪɟɲɟɧɧɵɦ [8, 24]. 

Ʉ ɩɪɹɦɨɦɭ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ, ɤɨɬɨɪɨɟ ɜɵɪɚɠɚɟɬɫɹ ɜ ɬɚɹɧɢɢ 

ɩɨɱɜ, ɩɪɢɛɚɜɥɹɟɬɫɹ ɤɨɫɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɩɨɬɟɩɥɟɧɢɹ, ɤɨɬɨɪɨɟ ɩɪɨɹɜɥɹɟɬɫɹ ɜ 

ɪɚɡɜɢɬɢɢ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ» – ɩɪɨɰɟɫɫɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ 

ɢɧɬɟɧɫɢɮɢɤɚɰɢɹ ɪɚɡɥɨɠɟɧɢɹ ɩɨɱɜɟɧɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɩɨɫɥɟ 

ɭɜɟɥɢɱɟɧɢɹ ɩɨɫɬɭɩɥɟɧɢɹ ɩɟɪɜɢɱɧɨɣ ɩɪɨɞɭɤɰɢɢ ɪɚɫɬɢɬɟɥɶɧɵɯ ɫɨɨɛɳɟɫɬɜ [8, 33]. 

ɉɨɫɥɟ ɛɨɥɟɟ ɱɟɦ ɞɜɭɯ ɞɟɫɹɬɢɥɟɬɢɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɭɫɢɥɢɣ ɩɨ 

ɢɡɭɱɟɧɢɸ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ» ɟɝɨ ɦɟɯɚɧɢɡɦɵ ɢ ɫɨɫɬɚɜɥɹɸɳɢɟ ɨɫɬɚɸɬɫɹ 

ɱɚɫɬɢɱɧɨ ɧɟɹɫɧɵɦɢ [24]. ɇɟɫɦɨɬɪɹ ɧɚ ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɟ, 

ɫɨɜɪɟɦɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢ ɢɧɫɬɪɭɦɟɧɬɚɦɢ, ɯɚɪɚɤɬɟɪ ɚɤɬɢɜɧɨɫɬɢ ɩɨɱɜɟɧɧɵɯ 

ɦɢɤɪɨɛɧɵɯ ɫɨɨɛɳɟɫɬɜ in situ ɧɟ ɢɡɭɱɟɧ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɟɞɢɧɨɝɨ ɫɢɫɬɟɦɧɨɝɨ 

ɩɨɞɯɨɞɚ ɤ ɢɡɭɱɟɧɢɸ ɪɨɫɬɚ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɩɨɱɜɟ. ɉɨ ɷɬɢɦ ɩɪɢɱɢɧɚɦ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɝɥɨɛɚɥɶɧɨɝɨ ɩɨɬɟɩɥɟɧɢɹ ɧɚ ɩɨɱɜɵ ɤɪɢɨɥɢɬɨɡɨɧɵ ɧɨɫɹɬ 

ɪɚɡɪɨɡɧɟɧɧɵɣ ɯɚɪɚɤɬɟɪ [1, 24]. 

Ⱦɚɧɧɵɟ ɜɨɩɪɨɫɵ ɦɨɝɭɬ ɛɵɬɶ ɩɪɨɹɫɧɟɧɵ ɧɚ ɩɪɢɦɟɪɟ ɢɧɤɭɛɚɰɢɨɧɧɵɯ 

ɩɨɱɜɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɢɦɢɬɢɪɭɸɳɢɯ ɟɫɬɟɫɬɜɟɧɧɵɟ ɭɫɥɨɜɢɹ ɫɪɟɞɵ. 

Ɍɚɤ ɤɚɤ ɛɨɥɶɲɚɹ ɱɚɫɬɶ Ɋɨɫɫɢɢ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɤɪɢɨɥɢɬɨɡɨɧɵ, 

ɚ ɩɪɨɛɥɟɦɚ ɝɥɨɛɚɥɶɧɨɝɨ ɩɨɬɟɩɥɟɧɢɹ ɧɚɛɢɪɚɟɬ ɜɫɟ ɧɨɜɵɟ ɢ ɧɨɜɵɟ ɨɛɨɪɨɬɵ ɫ 

ɤɚɠɞɵɦ ɝɨɞɨɦ, ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɞɚɧɧɵɟ ɩɨɱɜɵ 



4 

 

 

ɩɪɢɨɛɪɟɬɚɟɬ ɜɫɟ ɛɨɥɶɲɭɸ ɚɤɬɭɚɥɶɧɨɫɬɶ. Ɉɬɫɸɞɚ ɫɥɟɞɭɸɬ ɰɟɥɢ ɢ ɡɚɞɚɱɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹ:  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɚɫɶ ɨɰɟɧɤɚ ɭɪɨɜɧɹ ɩɨɬɟɪɢ ɭɝɥɟɪɨɞɚ 

ɤɪɢɨɝɟɧɧɵɦɢ ɩɨɱɜɚɦɢ ɜ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɜ ɨɬɜɟɬ ɧɚ ɩɨɜɵɲɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɨɫɬɭɩɧɨɫɬɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɭɛɫɬɪɚɬɚ. 

ȼ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɯɨɞɢɥɨ: 

– ɂɡɭɱɢɬɶ ɜɥɢɹɧɢɟ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɭɪɨɜɟɧɶ ɷɦɢɫɫɢɢ CO2 

ɤɪɢɨɝɟɧɧɵɦɢ ɩɨɱɜɚɦɢ. 

– ɂɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɩɨɫɬɭɩɥɟɧɢɹ ɥɟɝɤɨɞɨɫɬɭɩɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɧɚ 

ɜɵɞɟɥɟɧɢɟ ɋɈ2 ɤɪɢɨɝɟɧɧɵɦɢ ɩɨɱɜɚɦɢ ɩɪɢ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦɚɯ. 

– ȼɵɹɜɢɬɶ ɪɚɡɥɢɱɢɹ ɜ ɨɬɜɟɬɟ ɧɚ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɢ ɧɚ ɩɨɫɬɭɩɥɟɧɢɟ 

ɥɟɝɤɨɞɨɫɬɭɩɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɩɨɱɜ ɫɤɥɨɧɨɜ ɫɟɜɟɪɧɨɣ ɢ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɣ. 

Ɋɚɛɨɬɚ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɜ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ «ɗɤɨɮɢɡɢɨɥɨɝɢɹ 

ɛɢɨɝɟɨɰɟɧɨɡɨɜ ɤɪɢɨɥɢɬɨɡɨɧɵ» Ɏɟɞɟɪɚɥɶɧɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɛɸɞɠɟɬɧɨɝɨ 

ɧɚɭɱɧɨɝɨ ɭɱɪɟɠɞɟɧɢɹ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɰɟɧɬɪɚ «Ʉɪɚɫɧɨɹɪɫɤɢɣ 

ɧɚɭɱɧɵɣ ɰɟɧɬɪ ɋɢɛɢɪɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ" 

ɨɛɨɫɨɛɥɟɧɧɨɝɨ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɂɧɫɬɢɬɭɬ ɥɟɫɚ ɢɦ. ȼ.ɇ. ɋɭɤɚɱɟɜɚ ɋɢɛɢɪɫɤɨɝɨ 

ɨɬɞɟɥɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ (ɂɅ ɋɈ ɊȺɇ). 
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Ƚɥɚɜɚ 1. Ʌɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ 

1.1. ȼɥɢɹɧɢɟ ɝɥɨɛɚɥɶɧɨɝɨ ɩɨɬɟɩɥɟɧɢɹ ɧɚ ɫɨɫɬɨɹɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 

ɜɟɳɟɫɬɜɚ 

ɜ ɩɨɱɜɚɯ ɤɪɢɨɥɢɬɨɡɨɧɵ 

Ɂɚ ɩɨɫɥɟɞɧɢɟ ɫɬɨ ɥɟɬ ɷɤɨɫɢɫɬɟɦɵ ɫɟɜɟɪɧɵɯ ɲɢɪɨɬ ɩɪɨɲɥɢ ɱɟɪɟɡ ɛɨɥɶɲɢɟ 

ɢɡɦɟɧɟɧɢɹ ɜ ɫɜɹɡɢ ɫ ɝɥɨɛɚɥɶɧɵɦ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ. Ȼɨɥɟɟ ɧɚɝɥɹɞɧɨ 

ɝɥɨɛɚɥɶɧɨɟ ɩɨɬɟɩɥɟɧɢɟ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɡɨɧɟ Ⱥɪɤɬɢɤɢ – ɩɪɨɢɫɯɨɞɢɬ ɨɬɫɬɭɩɥɟɧɢɟ 

ɥɟɞɧɢɤɨɜ, ɬɚɹɧɢɟ ɦɟɪɡɥɨɬɧɵɯ ɩɨɱɜ. ȿɫɥɢ ɫɭɞɢɬɶ ɩɨ ɫɩɭɬɧɢɤɨɜɵɦ ɫɧɢɦɤɚɦ, 

ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɡɚ ɩɟɪɢɨɞ ɫ 1970 ɩɨ 2002 ɝɨɞ ɩɥɨɳɚɞɶ ɚɪɤɬɢɱɟɫɤɢɯ ɥɶɞɨɜ 

ɫɧɢɡɢɥɚɫɶ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ 25 % [7]. Ⱦɚɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɛɵɥɢ ɜɵɡɜɚɧɵ 

ɩɨɜɵɲɟɧɢɟɦ ɫɪɟɞɧɢɯ ɦɢɪɨɜɵɯ ɬɟɦɩɟɪɚɬɭɪ ɦɟɧɟɟ ɱɟɦ ɧɚ ɨɞɢɧ ɝɪɚɞɭɫ, ɧɚ 

ɬɟɪɪɢɬɨɪɢɢ Ⱥɪɤɬɢɤɢ ɠɟ ɞɚɧɧɵɟ ɩɪɨɰɟɫɫɵ ɜɵɪɚɠɟɧɵ ɫɢɥɶɧɟɟ ɢ ɡɚ ɩɨɫɥɟɞɧɢɟ 

ɫɬɨ ɥɟɬ ɬɟɦɩɟɪɚɬɭɪɚ ɬɚɦ ɜɵɪɨɫɥɚ ɧɚ 5ɋ◦ [7]. ɉɨɜɫɟɦɟɫɬɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɪɟɞɧɢɯ 

ɬɟɦɩɟɪɚɬɭɪ ɜɨɡɞɭɯɚ, ɜɨɞɵ ɢ ɩɨɱɜ ɩɪɢɜɟɥɨ ɢ ɤ ɭɜɟɥɢɱɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪ ɩɨɱɜ 

ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ [8]. 

Ʉɪɢɨɝɟɧɧɵɟ ɩɨɱɜɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɧɚ ɛɨɥɟɟ ɱɟɦ 14-ɬɢ ɩɪɨɰɟɧɬɚɯ ɫɭɲɢ, 

ɨɧɢ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɛɨɪɟɚɥɶɧɵɯ ɥɟɫɚɯ, ɬɭɧɞɪɚɯ ɢ ɚɪɤɬɢɱɟɫɤɢɯ ɩɭɫɬɵɧɹɯ [42]; 

ɨɧɢ ɡɚɧɢɦɚɸɬ ɨɤɨɥɨ 60% ɩɥɨɳɚɞɢ Ɋɨɫɫɢɢ, ɜɟɫɶ ɫɟɜɟɪ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ 

ɥɟɠɢɬ ɜ ɡɨɧɟ ɫɩɥɨɲɧɨɝɨ ɢɥɢ ɫɩɨɪɚɞɢɱɟɫɤɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ 

[6,12]. ɉɨɫɥɟɞɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɨɱɜɵ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ 

ɯɪɚɧɹɬ ɜ ɫɟɛɟ ɛɨɥɟɟ ɱɟɦ 1600×1012 ɤɝ ɭɝɥɟɪɨɞɚ, ɱɬɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 50% ɨɬ 

ɨɛɳɟɝɨ ɦɢɪɨɜɨɝɨ ɡɚɩɚɫɚ ɭɝɥɟɪɨɞɚ ɜ ɩɨɱɜɟɧɧɨɦ ɨɪɝɚɧɢɱɟɫɤɨɦ ɜɟɳɟɫɬɜɟ. ȼ 

ɰɟɥɨɦ, ɜ ɨɞɧɢɯ ɬɨɥɶɤɨ ɤɪɢɨɝɟɧɧɵɯ ɩɨɱɜɚɯ ɭɝɥɟɪɨɞɚ ɜɞɜɨɟ ɛɨɥɶɲɟ ɱɟɦ ɜɨ ɜɫɟɣ 

ɚɬɦɨɫɮɟɪɟ ɢ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ ɜɦɟɫɬɟ ɜɡɹɬɵɯ [2, 38, 42,]. 

Ɉɬɪɢɰɚɬɟɥɶɧɵɟ ɦɧɨɝɨɥɟɬɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɪɢɨɝɟɧɧɵɯ ɩɨɱɜ 

ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɚɤɬɢɜɧɨɟ ɪɚɡɥɨɠɟɧɢɟ ɪɚɫɬɢɬɟɥɶɧɵɯ ɨɫɬɚɬɤɨɜ ɢ ɩɨɱɜɟɧɧɨɝɨ 

ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɨɟ ɧɚɤɚɩɥɢɜɚɥɨɫɶ ɜ ɞɚɧɧɵɯ ɩɨɱɜɚɯ ɫ ɤɨɧɰɚ 

ɩɨɫɥɟɞɧɟɝɨ ɥɟɞɧɢɤɨɜɨɝɨ ɩɟɪɢɨɞɚ [30, 33]. ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɜ ɪɟɡɭɥɶɬɚɬɟ 
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ɝɥɨɛɚɥɶɧɨɝɨ ɩɨɬɟɩɥɟɧɢɹ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɜɟɥɢɱɟɧɢɸ ɞɨɫɬɭɩɧɨɫɬɢ ɷɬɢɯ 

ɨɝɪɨɦɧɵɯ ɡɚɩɚɫɨɜ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ ɞɥɹ ɪɚɡɥɨɠɟɧɢɹ ɦɢɤɪɨɛɧɵɦɢ 

ɫɨɨɛɳɟɫɬɜɚɦɢ [33]. Ɋɚɡɥɨɠɟɧɢɟ ɩɨɱɜɟɧɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɦɨɠɟɬ 

ɭɫɢɥɢɜɚɬɶɫɹ ɡɚ ɫɱɟɬ ɪɚɡɜɢɬɢɹ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ» ɩɪɢ 

ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɫɬɢɦɭɥɢɪɨɜɚɧɢɟ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɜɫɥɟɞɫɬɜɢɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ 

ɨɬɬɚɹɜɲɢɟ ɩɨɱɜɵ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɫɜɟɠɟɝɨ ɢ ɥɟɝɤɨɞɨɫɬɭɩɧɨɝɨ ɭɝɥɟɪɨɞɧɨɝɨ 

ɫɭɛɫɬɪɚɬɚ [8, 33].  

 

1.2. «ɉɪɚɣɦɢɧɝ-ɷɮɮɟɤɬ» ɢ ɟɝɨ ɪɨɥɶ ɜ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɩɨɱɜɟɧɧɨɝɨ 

ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ 

 

ɉɨɱɜɟɧɧɨɟ ɨɪɝɚɧɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ (ɉɈȼ) ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ, 

ɨɩɪɟɞɟɥɹɸɳɢɦ ɤɪɭɝɨɜɨɪɨɬ ɭɝɥɟɪɨɞɚ ɢ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ ɜ ɛɢɨɫɮɟɪɟ, ɨɧɨ 

ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ ɞɥɹ ɪɨɫɬɚ ɢ ɪɚɡɜɢɬɢɹ 

ɪɚɫɬɟɧɢɣ (ɩɨɫɥɟ ɦɢɤɪɨɛɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ), ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɥɭɱɲɟɧɢɸ ɤɚɱɟɫɬɜɚ 

ɩɨɱɜɵ, ɭɱɚɫɬɜɭɹ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɟё ɫɬɪɭɤɬɭɪɵ, ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɷɪɨɡɢɢ ɢ 

ɨɛɟɫɩɟɱɟɧɢɹ ɩɥɨɞɨɪɨɞɢɹ; ɚ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɫɧɨɜɧɨɣ ɪɟɡɟɪɜɭɚɪ 

ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ ɛɢɨɫɮɟɪɵ [24, 33]. 

ɇɚɤɨɩɥɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɩɨɱɜɟ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ 

ɚɤɬɢɜɧɨɫɬɢ ɩɨɱɜɟɧɧɨɣ ɛɢɨɬɵ: ɪɚɫɬɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɫɬɭɩɥɟɧɢɟ ɜ ɩɨɱɜɭ 

ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ, ɚ ɩɨɱɜɟɧɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ (ɛɚɤɬɟɪɢɢ, 

ɧɟɦɢɤɨɪɢɡɧɵɟ ɢ ɦɢɤɨɪɢɡɧɵɟ ɝɪɢɛɵ, ɚɤɬɢɧɨɦɢɰɟɬɵ) ɟɝɨ ɬɪɚɧɫɮɨɪɦɢɪɭɸɬ. ȼ 

ɩɨɱɜɟ ɛɨɥɶɲɢɧɫɬɜɨ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɟɪɟɪɚɛɚɬɵɜɚɟɬɫɹ 

ɝɟɬɟɪɨɬɪɨɮɧɵɦɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ ɨɪɝɚɧɢɱɟɫɤɢɣ 

ɭɝɥɟɪɨɞ ɜ ɤɚɱɟɫɬɜɟ ɩɢɬɚɬɟɥɶɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢ ɢɫɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɤɨɥɢɱɟɫɬɜɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ ɢ ɮɨɪɦɚ ɟɝɨ ɧɚɯɨɠɞɟɧɢɹ ɜ ɩɨɱɜɟ ɧɚɩɪɹɦɭɸ 

ɜɥɢɹɟɬ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ [13, 24, 36]. 
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ɉɨɱɜɟɧɧɵɣ ɨɪɝɚɧɢɱɟɫɤɢɣ ɭɝɥɟɪɨɞ ɹɜɥɹɟɬɫɹ ɞɜɢɠɭɳɟɣ ɫɢɥɨɣ ɞɥɹ 

ɛɨɥɶɲɢɧɫɬɜɚ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɞɥɹ ɩɨɱɜɟɧɧɨɝɨ 

ɞɵɯɚɧɢɹ ɢ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɚɡɨɬɚ. ɋɬɟɩɟɧɶ ɞɟɤɨɦɩɨɡɢɰɢɢ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ ɨɫɨɛɟɧɧɨ ɜɚɠɧɚ, ɩɨɫɤɨɥɶɤɭ ɨɬ ɷɬɨɝɨ ɡɚɜɢɫɢɬ ɤɨɥɢɱɟɫɬɜɨ ɞɨɫɬɭɩɧɨɣ 

ɷɧɟɪɝɢɢ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ ɪɨɫɬɚ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢ ɫɢɧɬɟɡɚ ɢɦɢ ɮɟɪɦɟɧɬɨɜ.  

Ɋɚɡɥɨɠɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɫɨɫɬɚɜɟ ɝɭɦɭɫɚ ɨɛɵɱɧɨ ɩɪɨɬɟɤɚɟɬ 

ɫɪɚɜɧɢɬɟɥɶɧɨ ɞɨɥɝɨ, ɩɨɫɤɨɥɶɤɭ ɩɨɥɭɱɟɧɢɟ ɷɧɟɪɝɢɢ ɢɡ ɬɚɤɨɝɨ ɫɭɛɫɬɪɚɬɚ 

ɩɪɨɢɫɯɨɞɢɬ ɦɟɞɥɟɧɧɨ, ɬɨ ɟɫɬɶ ɱɟɦ ɫɥɨɠɧɟɟ ɫɬɪɭɤɬɭɪɚ ɜ ɤɨɬɨɪɨɣ ɧɚɯɨɞɢɬɫɹ 

ɨɪɝɚɧɢɱɟɫɤɢɣ ɭɝɥɟɪɨɞ, ɬɟɦ ɞɨɥɶɲɟ ɢɞɟɬ ɩɪɨɰɟɫɫ ɟɝɨ ɪɚɡɥɨɠɟɧɢɹ. Ʌɨɝɢɱɧɨ, ɱɬɨ 

ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɭɪɨɜɧɹ ɭɝɥɟɪɨɞɚ, ɜ ɤɚɱɟɫɬɜɟ ɫɭɛɫɬɪɚɬɚ ɞɥɹ 

ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɬɪɟɛɭɟɬɫɹ ɩɨɫɬɨɹɧɧɵɣ ɟɝɨ ɩɪɢɬɨɤ ɢɡ 

ɪɚɫɬɢɬɟɥɶɧɵɯ ɨɫɬɚɬɤɨɜ [13, 24, 36].  

Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɤɥɸɱɟɧɢɟ ɜ ɩɨɱɜɭ ɫɜɟɠɟɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ, 

ɬɚɤɨɝɨ ɤɚɤ ɥɢɫɬɨɜɵɟ ɪɚɫɬɢɬɟɥɶɧɵɟ ɨɫɬɚɬɤɢ ɢɥɢ ɫɨɥɨɦɚ, ɦɨɠɟɬ ɭɫɢɥɢɜɚɬɶ 

ɦɢɧɟɪɚɥɢɡɚɰɢɸ ɩɨɱɜɟɧɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ. [8, 24, 40, 44]. 

ɋɬɢɦɭɥɢɪɨɜɚɧɢɟ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɉɈȼ ɡɚ ɫɱɟɬ ɩɨɫɬɭɩɥɟɧɢɹ 

ɥɟɝɤɨɞɨɫɬɭɩɧɨɝɨ ɫɭɛɫɬɪɚɬɚ, ɧɚɡɜɚɧɧɨɟ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɨɦ», ɦɨɠɧɨ ɨɬɱɟɬɥɢɜɨ 

ɧɚɛɥɸɞɚɬɶ ɧɚ ɭɪɨɜɧɟ ɪɢɡɨɫɮɟɪɵ.  Ɍɚɤ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, 

ɱɬɨ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɢɧɟɪɚɥɶɧɨɝɨ ɩɢɬɚɧɢɹ ɪɚɡɥɨɠɟɧɢɟ ɨɬɦɟɪɲɢɯ 

ɨɫɬɚɬɤɨɜ ɩɲɟɧɢɰɵ ɢ ɤɭɤɭɪɭɡɵ ɩɪɢɜɟɥɨ ɤ ɞɜɭɤɪɚɬɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɫɤɨɪɨɫɬɢ 

ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɪɚɧɟɟ ɢɦɟɸɳɟɝɨɫɹ ɜ ɩɨɱɜɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ [8, 24, 31].  

«ɉɪɚɣɦɢɧɝ-ɷɮɮɟɤɬ» ɢɥɢ «ɷɮɮɟɤɬ ɡɚɬɪɚɜɤɢ» ɫɱɢɬɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ 

ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɨɬɬɚɹɜɲɢɟ ɩɨɱɜɵ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɫɜɟɠɟɝɨ ɢ ɥɟɝɤɨɞɨɫɬɭɩɧɨɝɨ 

ɫɭɛɫɬɪɚɬɚ ɜ ɜɢɞɟ ɫɜɟɠɢɯ ɪɚɫɬɢɬɟɥɶɧɵɯ ɨɫɬɚɬɤɨɜ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ 

ɫɬɢɦɭɥɹɰɢɹ ɪɚɡɥɨɠɟɧɢɹ ɉɈȼ ɧɚɯɨɞɹɳɟɝɨ ɜ ɫɥɨɠɧɵɯ ɫɬɪɭɤɬɭɪɚɯ [8, 24, 41]. 

Ɋɚɫɬɟɧɢɹ ɫɧɚɛɠɚɸɬ ɦɢɤɪɨɛɧɵɟ ɫɨɨɛɳɟɫɬɜɚ ɩɨɱɜɵ ɪɹɞɨɦ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɜɟɳɟɫɬɜ, ɤɨɬɨɪɵɟ ɧɟɡɚɦɟɞɥɢɬɟɥɶɧɨ ɦɨɝɭɬ ɛɵɬɶ ɩɨɝɥɨɳɟɧɵ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ 

(ɫɚɯɚɪɚ, ɚɦɢɧɨɤɢɫɥɨɬɵ, ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɢɫɥɨɬɵ, ɜɵɞɟɥɹɟɦɵɟ ɤɨɪɧɹɦɢ), ɢɥɢ 

ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɥɟɝɤɨ ɪɚɡɥɨɠɟɧɵ (ɰɟɥɥɸɥɨɡɚ ɢ ɛɟɥɤɢ ɢɡ ɤɨɪɧɟɣ ɢ 



8 

 

 

ɩɨɞɫɬɢɥɤɢ). ɗɬɢ ɨɪɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ ɦɨɝɭɬ ɫɬɢɦɭɥɢɪɨɜɚɬɶ ɫɩɨɫɨɛɧɨɫɬɶ 

ɩɨɱɜɟɧɧɨɝɨ ɦɢɤɪɨɛɧɨɝɨ ɫɨɨɛɳɟɫɬɜɚ ɤ ɪɚɡɥɨɠɟɧɢɸ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɧɟɫɤɨɥɶɤɢɦɢ ɫɩɨɫɨɛɚɦɢ: 

‒ ɉɟɪɜɢɱɧɚɹ ɷɧɟɪɝɢɹ, ɩɨɥɭɱɟɧɧɚɹ ɨɬ ɪɚɡɥɨɠɟɧɢɹ ɷɬɢɯ 

ɥɟɝɤɨɞɨɫɬɭɩɧɵɯ ɜɟɳɟɫɬɜ, ɬɪɚɬɢɬɫɹ ɧɚ ɩɨɫɥɟɞɭɸɳɟɟ ɭɫɤɨɪɟɧɧɨɟ ɪɚɡɥɨɠɟɧɢɟ 

ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɜɟɳɟɫɬɜ ɩɨɱɜɟɧɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ, ɧɚ ɪɚɡɥɨɠɟɧɢɟ 

ɤɨɬɨɪɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɞɨ ɩɨɫɬɭɩɥɟɧɢɹ ɡɚɬɪɚɜɤɢ ɧɟ ɯɜɚɬɚɥɨ [24]. 

‒ ɋɧɚɛɠɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɜɟɳɟɫɬɜɚɦɢ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɦɢɤɪɨɛɧɨɝɨ 

ɪɨɫɬɚ. Ȼɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɫɬɢɦɭɥɢɪɭɟɬ ɛɨɥɶɲɟɟ ɪɚɡɥɨɠɟɧɢɟ 

ɉɈȼ [2]. 

– ɋɬɢɦɭɥɹɰɢɹ ɩɪɟɠɞɟ ɩɨɤɨɹɳɢɯɫɹ ɦɢɤɪɨɛɧɵɯ ɫɨɨɛɳɟɫɬɜ, ɨɫɧɨɜɧɵɦ 

ɤɨɦɩɨɧɟɧɬɨɦ ɩɢɬɚɧɢɹ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɫɥɨɠɧɵɟ ɜɟɳɟɫɬɜɚ ɜ ɫɨɫɬɚɜɟ ɉɈȼ 

(ɫɦɟɧɚ ɞɨɦɢɧɚɧɬɨɜ). Ɍɨ ɟɫɬɶ ɫɬɢɦɭɥɹɰɢɹ ɬɟɯ ɜɢɞɨɜ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɤɨɬɨɪɵɟ 

ɡɚɜɢɫɹɬ ɨɬ ɞɚɧɧɵɯ ɫɥɨɠɧɵɯ ɜɟɳɟɫɬɜ ɢ ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɥɭɱɲɟ ɢɯ 

ɩɟɪɟɪɚɛɚɬɵɜɚɬɶ. ɍɫɢɥɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɚɤɢɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɦɨɠɟɬ ɜɵɡɵɜɚɬɶ 

ɭɫɢɥɟɧɢɟ ɪɚɡɥɨɠɟɧɢɹ ɉɈȼ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɦɟɬɚɛɨɥɢɡɦɚ ɢ ɩɪɨɞɭɰɢɪɨɜɚɧɢɹ 

ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɮɟɪɦɟɧɬɨɜ [19]. 

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɧɢɡɤɨɟ ɤɚɱɟɫɬɜɨ ɉɈȼ ɨɝɪɚɧɢɱɢɜɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɞɨɫɬɭɩɧɨɣ 

ɷɧɟɪɝɢɢ ɞɥɹ ɩɨɱɜɟɧɧɵɯ ɦɢɤɪɨɛɧɵɯ ɫɨɨɛɳɟɫɬɜ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɫɤɨɪɨɫɬɶ 

ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɉɈȼ [8, 10, 41]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɱɚɫɬɨ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ 

ɷɮɮɟɤɬ «ɩɪɚɣɦɢɧɝɚ» ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɭɜɟɥɢɱɟɧɢɹ ɨɛɳɟɣ ɦɢɤɪɨɛɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɢɡ-ɡɚ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɞɨɫɬɭɩɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ, 

ɜɵɫɜɨɛɨɠɞɚɟɦɵɯ ɨɬ ɪɚɡɥɨɠɟɧɢɹ ɫɜɟɠɟɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ. Ɉɞɧɚɤɨ, ɜ 

ɧɟɫɤɨɥɶɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɩɨɫɥɟ 

ɜɜɟɞɟɧɢɟ ɥɟɝɤɨɭɫɜɨɹɟɦɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɩɨɱɜɭ, ɬɚɤɢɯ ɤɚɤ ɝɥɸɤɨɡɚ ɢɥɢ ɮɪɭɤɬɨɡɚ, 

ɧɚɛɥɸɞɚɥɨɫɶ ɦɟɧɶɲɟɟ ɭɫɤɨɪɟɧɢɟ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɉɈȼ, ɱɟɦ ɩɪɢ ɜɧɟɫɟɧɢɢ 

ɡɟɪɧɨɜɵɯ ɨɛɨɥɨɱɟɤ ɢɥɢ ɩɲɟɧɢɱɧɨɣ ɫɨɥɨɦɵ [8, 20, 39, 41]. Ɍɚɤɢɟ ɧɟ 

ɩɟɪɟɪɚɛɨɬɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢɡ-ɡɚ ɫɜɨɟɣ ɩɨɥɢɦɟɪɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɨɛɨɣ ɛɨɥɟɟ ɬɪɭɞɧɨɪɚɡɥɚɝɚɟɦɵɟ ɫɭɛɫɬɪɚɬɵ, ɱɟɦ ɝɥɸɤɨɡɚ ɢɥɢ ɮɪɭɤɬɨɡɚ, ɢ ɦɨɠɧɨ 
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ɛɵɥɨ ɨɠɢɞɚɬɶ, ɱɬɨ ɦɟɧɟɟ ɫɥɚɛɵɣ ɷɮɮɟɤɬ ɡɚɬɪɚɜɤɢ ɞɨɥɠɟɧ ɛɵɥ ɢɦɟɬɶ ɦɟɫɬɨ ɜ 

ɩɟɪɜɨɦ ɫɥɭɱɚɟ, ɧɟɠɟɥɢ ɜɨ ɜɬɨɪɨɦ [20, 39].  

Ȼɨɥɟɟ ɬɨɝɨ ɪɚɡɥɢɱɚɸɬ ɪɟɚɥɶɧɵɣ ɢ ɤɚɠɭɳɢɣɫɹ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬ». 

Ʉɚɠɭɳɢɣɫɹ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬ» ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɭɜɟɥɢɱɟɧɢɢ ɜɵɞɟɥɟɧɢɹ ɋɈ2 ɢɡ-

ɡɚ ɭɫɤɨɪɟɧɢɹ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɢ ɚɤɬɢɜɢɡɚɰɢɢ 

ɦɢɤɪɨɛɧɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ, ɧɟ ɡɚɬɪɚɝɢɜɚɸɳɟɟ ɫɬɚɛɢɥɶɧɵɣ ɩɭɥ ɉɈȼ [11]. 

Ɋɟɚɥɶɧɵɣ ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬ ɧɚɛɥɸɞɚɟɬɫɹ ɡɚ ɫɱɟɬ ɭɫɤɨɪɟɧɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ 

ɬɪɭɞɧɨɞɨɫɬɭɩɧɨɝɨ ɉɈȼ. Ɉɛɵɱɧɨ ɦɢɤɪɨɛɧɚɹ ɫɭɤɰɟɫɫɢɹ, ɢɧɢɰɢɢɪɨɜɚɧɧɚɹ 

ɩɨɫɬɭɩɥɟɧɢɟɦ ɫɜɟɠɟɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ, ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɚɤɬɢɜɢɡɚɰɢɟɣ 

ɩɪɟɠɞɟ ɩɨɤɨɹɳɢɯɫɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. ɗɬɨ ɨɩɪɟɞɟɥɹɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɩɪɨɜɟɞɟɧɢɹ ɨɰɟɧɨɤ ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɦɢɤɪɨɛɧɨɣ 

ɛɢɨɦɚɫɫɵ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɟ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɬɨɱɧɵɯ ɩɨɞɯɨɞɨɜ ɞɥɹ 

ɱɟɬɤɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɤɚɠɭɳɟɝɨɫɹ ɢ ɪɟɚɥɶɧɨɝɨ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɨɜ»; ɜɨɩɪɨɫ ɨ 

ɬɨɦ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɢɫɬɨɱɧɢɤɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɷɦɢɫɫɢɢ ɋɈ2 – ɷɧɞɨɝɟɧɧɵɣ 

ɦɟɬɚɛɨɥɢɡɦ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢɥɢ ɪɚɡɥɨɠɟɧɢɟ ɡɚɩɚɫɟɧɧɨɝɨ ɉɈȼ ɨɫɬɚɟɬɫɹ 

ɱɚɫɬɢɱɧɨ ɨɬɤɪɵɬɵɦ [1].  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɯɚɧɢɡɦɵ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ» ɡɧɚɱɢɬɟɥɶɧɨ ɫɥɨɠɧɟɟ, 

ɱɟɦ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ. 

 

1.3. Ɉɛɳɢɣ ɦɟɯɚɧɢɡɦ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ» 

 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ "ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ" ɫ ɭɱɟɬɨɦ ɟɝɨ ɪɚɡɦɟɪɚ ɢ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ, ɢɫɬɨɱɧɢɤɨɜ ɥɟɝɤɨɞɨɫɬɭɩɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɦɢɤɪɨɛɧɵɯ ɫɨɨɛɳɟɫɬɜ (ɪɢɫ. 1): 

1. Ⱦɨɛɚɜɥɟɧɢɟ ɫɭɛɫɬɪɚɬɚ ɛɨɥɟɟ ɥɟɝɤɨɭɫɜɨɹɟɦɨɝɨ, ɱɟɦ ɉɈȼ, ɫɬɢɦɭɥɢɪɭɟɬ 

ɪɨɫɬ ɚɤɬɢɜɧɨɣ ɱɚɫɬɢ ɦɢɤɪɨɛɧɨɝɨ ɫɨɨɛɳɟɫɬɜɚ, ɤɨɬɨɪɨɟ ɩɨɫɥɟ ɢɫɱɟɪɩɚɧɢɹ 

ɜɧɟɫɟɧɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɫɨɯɪɚɧɹɟɬ ɚɤɬɢɜɧɨɫɬɶ ɡɚ ɫɱɟɬ ɪɚɡɥɨɠɟɧɢɹ ɉɈȼ, ɤɨɬɨɪɚɹ 

ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɫɭɛɫɬɪɚɬɚ: 
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ɚ) ɉɪɢ ɧɟɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ ɜɧɟɫɟɧɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɦɢɤɪɨɛɧɨɣ ɛɢɨɦɚɫɫɵ ɧɚɛɥɸɞɚɟɬɫɹ ɤɪɚɬɤɨɫɪɨɱɧɨɟ, ɧɟɛɨɥɶɲɨɟ, ɧɨ ɪɟɡɤɨɟ 

ɭɜɟɥɢɱɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɷɦɢɫɫɢɢ ɋɈ2 (ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ "ɬɪɢɝɝɟɪɧɵɣ" ɷɮɮɟɤɬ), 

ɤɨɬɨɪɨɟ ɧɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɦɟɧɨɣ ɫɨɫɬɚɜɚ ɢ ɪɚɡɦɟɪɚ ɦɢɤɪɨɛɧɵɯ ɫɨɨɛɳɟɫɬɜ 

[1]; 

ɛ) ɉɪɢ ɜɧɟɫɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɫɭɛɫɬɪɚɬɚ, ɫɪɚɜɧɢɦɨɝɨ ɫ ɤɨɥɢɱɟɫɬɜɨɦ 

ɦɢɤɪɨɛɧɨɣ ɛɢɨɦɚɫɫɵ, ɬɪɢɝɝɟɪɧɵɣ ɷɮɮɟɤɬ ɦɨɠɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɱɚɫɬɢɱɧɵɦ 

ɡɚɦɟɳɟɧɢɟɦ ɷɧɞɨɝɟɧɧɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ ɧɚ ɪɚɡɥɨɠɟɧɢɟ ɉɈȼ [1]; 

ɜ) ȿɫɥɢ ɤɨɥɢɱɟɫɬɜɨ ɜɧɟɫɟɧɧɨɝɨ ɭɝɥɟɪɨɞɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɩɪɟɜɵɲɚɟɬ ɪɚɡɦɟɪ 

ɦɢɤɪɨɛɧɨɣ ɛɢɨɦɚɫɫɵ, ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɩɟɪɟɯɨɞɹɬ ɧɚ ɦɟɬɚɛɨɥɢɡɦ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɞɚɧɧɨɝɨ ɫɭɛɫɬɪɚɬɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɟɞɥɟɧɢɸ 

ɪɚɡɥɨɠɟɧɢɹ ɉɈȼ [1, 27]. 

ɋɢɬɭɚɰɢɢ "ɚ" ɢ "ɛ" ɩɪɢɜɨɞɹɬ ɤ ɪɚɡɜɢɬɢɸ ɤɚɠɭɳɟɝɨɫɹ "ɩɪɚɣɦɢɧɝ-

ɷɮɮɟɤɬɚ", ɤɨɬɨɪɵɣ ɡɚɜɟɪɲɚɟɬɫɹ ɡɚ 1-5 ɞɧɟɣ ɛɟɡ ɪɚɡɥɨɠɟɧɢɹ ɉɈȼ. ɋɢɬɭɚɰɢɹ "ɜ" 

ɫɨɡɞɚɟɬ ɭɫɥɨɜɢɹ ɞɥɹ ɪɚɡɜɢɬɢɹ ɫɥɟɞɭɸɳɢɯ ɩɪɨɰɟɫɫɨɜ: 

2. ɉɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɞɨɫɬɚɬɨɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɭɛɫɬɪɚɬɚ ɧɚɢɛɨɥɟɟ 

ɚɤɬɢɜɧɵɟ ɢ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɩɟɪɟɯɨɞɹɬ ɧɚ ɫɬɚɞɢɸ ɪɨɫɬɚ. 

Ɋɚɡɜɢɜɚɟɬɫɹ ɫɬɚɞɢɹ "ɦɢɤɪɨɛɧɨɣ ɚɤɬɢɜɚɰɢɢ", ɤɨɬɨɪɨɣ ɩɪɢɫɭɳɟ ɢɡɦɟɧɟɧɢɟ 

ɦɢɤɪɨɛɧɨɝɨ ɫɨɫɬɚɜɚ [17, 21, 27]. 

3. ɉɨɫɥɟ ɩɨɥɧɨɝɨ ɢɫɱɟɪɩɚɧɢɹ ɜɧɟɫɟɧɧɨɝɨ ɫɭɛɫɬɪɚɬɚ, ɚɤɬɢɜɧɵɟ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɩɟɪɟɧɚɫɬɪɚɢɜɚɸɬ ɦɟɬɚɛɨɥɢɡɦ ɧɚ ɪɚɡɥɨɠɟɧɢɟ ɛɨɥɟɟ 

ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɜɵɞɟɥɹɹ ɩɪɢ ɷɬɨɦ ɮɟɪɦɟɧɬɵ, ɪɚɡɥɚɝɚɸɳɢɟ ɉɈȼ 

[32]. ɉɪɢ ɥɢɦɢɬɢɪɨɜɚɧɢɢ ɦɢɧɟɪɚɥɶɧɨɝɨ ɩɢɬɚɧɢɹ ɩɪɢ ɪɚɡɥɨɠɟɧɢɢ ɉɈȼ 

ɜɨɫɩɨɥɧɹɟɬɫɹ ɞɟɮɢɰɢɬ ɚɡɨɬɚ ɢɥɢ ɮɨɫɮɨɪɚ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɚɛɥɸɞɚɟɬɫɹ 

ɪɟɚɥɶɧɵɣ "ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬ". 

4. ȼ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɚɤɬɢɜɧɨɫɬɶ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɫɩɚɞɚɟɬ, ɜɟɥɢɱɢɧɚ 

ɦɢɤɪɨɛɧɨɣ ɛɢɨɦɚɫɫɵ ɩɪɢɯɨɞɢɬ ɤ ɢɫɯɨɞɧɨɦɭ ɫɨɫɬɨɹɧɢɸ, ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 

ɪɚɜɧɨɜɟɫɢɟ ɫɢɫɬɟɦɵ [32]. 
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Ɋɢɫɭɧɨɤ 1 – Ɇɟɯɚɧɢɡɦ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ» [Blagodatskaya, Kuzyakov, 

2013] 

 

1.4. Ɂɚɜɢɫɢɦɨɫɬɶ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ» ɨɬ ɤɚɱɟɫɬɜɚ ɫɭɛɫɬɪɚɬɚ  

 

ȼɟɥɢɱɢɧɚ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ» ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɨɫɬɭɩɧɨɫɬɶɸ, ɫɨɫɬɚɜɨɦ ɢ 

ɤɨɥɢɱɟɫɬɜɨɦ ɜɧɨɫɢɦɨɝɨ ɫɭɛɫɬɪɚɬɚ. Ɇɢɧɟɪɚɥɢɡɚɰɢɹ ɥɟɝɤɨɞɨɫɬɭɩɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 

ɭɝɥɟɪɨɞɚ (ɝɥɸɤɨɡɚ, ɮɪɭɤɬɨɡɚ) ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɞɨɥɠɧɚ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ 

ɛɨɥɶɲɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ, ɱɟɦ ɪɚɡɥɨɠɟɧɢɟ ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ 

ɫɭɛɫɬɪɚɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɳɚɜɟɥɟɜɚɹ ɤɢɫɥɨɬɚ ɢɥɢ ɪɚɫɬɢɬɟɥɶɧɵɟ ɨɫɬɚɬɤɢ [18, 29].  

Ʉɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɹɟɦɨɝɨ ɷɤɫɬɪɚ-ɋ ɬɚɤɠɟ ɡɚɜɢɫɢɬ ɨɬ ɞɨɫɬɭɩɧɨɝɨ 

ɩɨɱɜɟɧɧɨɝɨ ɚɡɨɬɚ ɢ ɟɝɨ ɤɨɥɢɱɟɫɬɜɚ. ɉɪɢ ɜɧɟɫɟɧɢɢ ɫɨɟɞɢɧɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɤɚɤ 

ɞɨɫɬɭɩɧɵɣ ɚɡɨɬ, ɬɚɤ ɢ ɭɝɥɟɪɨɞ, ɧɚɛɥɸɞɚɥɨɫɶ ɫɧɢɠɟɧɢɟ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ» [1, 

35]. ɗɬɨ ɩɪɨɢɫɯɨɞɢɥɨ ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɦɢɤɪɨɛɧɵɟ ɫɨɨɛɳɟɫɬɜɚ ɩɟɪɟɤɥɸɱɚɥɢɫɶ ɧɚ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɥɟɝɤɨɞɨɫɬɭɩɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɩɪɢ ɧɚɥɢɱɢɢ 

ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɦɢɧɟɪɚɥɶɧɨɝɨ ɩɢɬɚɧɢɹ. ɉɨɫɬɭɩɥɟɧɢɟ ɥɟɝɤɨɞɨɫɬɭɩɧɵɯ 
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ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɥɢɦɢɬɢɪɨɜɚɧɢɟ ɩɪɢ ɷɬɨɦ ɚɡɨɬɚ ɜɵɡɵɜɚɟɬ 

ɫɬɢɦɭɥɢɪɨɜɚɧɢɟ ɪɚɡɥɨɠɟɧɢɹ ɉɈȼ ɦɢɤɪɨɛɧɵɦɢ ɫɨɨɛɳɟɫɬɜɚɦɢ ɞɥɹ ɜɨɫɩɨɥɧɟɧɢɹ 

ɧɟɞɨɫɬɚɸɳɟɝɨ N [1, 28]. 

Ɍɚɤ ɠɟ ɞɨɫɬɭɩɧɨɫɬɶ ɢ ɫɨɨɬɧɨɲɟɧɢɟ ɋ ɢ N ɨɩɪɟɞɟɥɹɟɬ ɚɤɬɢɜɧɨɫɬɶ 

ɮɟɪɦɟɧɬɧɵɯ ɫɢɫɬɟɦ ɭɝɥɟɜɨɞɧɨɝɨ ɢ ɚɡɨɬɧɨɝɨ ɰɢɤɥɨɜ [15, 16]. Ʉ ɩɪɢɦɟɪɭ, ɩɪɢ 

ɞɨɛɚɜɥɟɧɢɢ ɚɡɨɬɚ ɩɪɨɢɫɯɨɞɢɬ ɫɬɢɦɭɥɹɰɢɹ ɚɤɬɢɜɧɨɫɬɢ ɰɟɥɥɸɥɨɥɢɬɢɱɟɫɤɢɯ 

ɮɟɪɦɟɧɬɨɜ. ɉɪɢ ɷɬɨɦ ɚɤɬɢɜɧɨɫɬɶ ɮɟɧɨɥɨɤɫɢɞɚɡ — ɮɟɪɦɟɧɬɨɜ, ɪɚɡɥɚɝɚɸɳɢɯ 

ɥɢɝɧɢɧ, ɜɟɫɨɦɨ ɫɧɢɠɚɥɚɫɶ ɫ ɩɨɜɵɲɟɧɢɟɦ ɧɚɥɢɱɢɹ ɞɨɫɬɭɩɧɨɝɨ N [15]. Ɍɚɤɢɦ ɠɟ 

ɨɛɪɚɡɨɦ ɚɤɬɢɜɧɨɫɬɶ ɚɦɢɞɨɝɢɞɪɨɥɚɡ ɢ ɞɪɭɝɢɯ ɮɟɪɦɟɧɬɨɜ ɚɡɨɬɧɨɝɨ ɰɢɤɥɚ 

ɧɚɯɨɞɢɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɞɨɫɬɭɩɧɨɝɨ ɜ ɩɨɱɜɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 

ɭɝɥɟɪɨɞɚ [27]. 

 

1.5. ɉɭɥɵ ɦɢɤɪɨɛɧɨɣ ɛɢɨɦɚɫɫɵ ɩɨɱɜ: ɚɤɬɢɜɧɚɹ, ɩɨɤɨɹɳɚɹɫɹ, ɦɟɪɬɜɚɹ 

ɛɢɨɦɚɫɫɚ ɢ ɢɯ ɭɱɚɫɬɢɟ ɜ ɩɪɨɰɟɫɫɚɯ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 

ɜɟɳɟɫɬɜɚ 

 

Ɍɚɤ ɤɚɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬ» ɢ ɛɨɥɶɲɢɧɫɬɜɨ 

ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɩɨɱɜɟ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɩɨɱɜɟɧɧɵɦɢ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ, ɦɢɤɪɨɛɧɚɹ ɛɢɨɦɚɫɫɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɢ ɜ ɤɚɱɟɫɬɜɟ 

ɞɜɢɠɭɳɟɣ ɫɢɥɵ ɷɬɢɯ ɛɢɨɝɟɨɯɢɦɢɱɟɫɤɢɯ ɰɢɤɥɨɜ [4]. ȼ ɷɬɨɣ ɫɜɹɡɢ ɧɟɨɛɯɨɞɢɦɨ 

ɡɧɚɬɶ, ɤɚɤɚɹ ɱɚɫɬɶ ɦɢɤɪɨɛɧɨɣ ɛɢɨɦɚɫɫɵ ɨɫɭɳɟɫɬɜɥɹɟɬ ɤɪɭɝɨɜɨɪɨɬ ɷɥɟɦɟɧɬɨɜ ɢ 

ɤɚɤɨɜɚ ɟё ɚɤɬɢɜɧɨɫɬɶ. 

ɉɨɱɜɟɧɧɵɟ ɦɢɤɪɨɛɧɵɟ ɫɨɨɛɳɟɫɬɜɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɧɚɯɨɞɹɬɫɹ ɜ ɱɟɬɵɪɟɯ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɫɨɫɬɨɹɧɢɹɯ, ɩɪɹɦɨ ɜɥɢɹɸɳɢɯ ɧɚ ɭɪɨɜɟɧɶ ɢɯ ɚɤɬɢɜɧɨɫɬɢ. 

ɉɟɪɜɵɟ ɬɪɢ ɫɨɫɬɨɹɧɢɹ ɹɜɥɹɸɬɫɹ ɠɢɡɧɟɫɩɨɫɨɛɧɵɦɢ [1, 4].  

ȼɨ-ɩɟɪɜɵɯ, ɷɬɨ ɚɤɬɢɜɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ, ɤɨɬɨɪɵɟ ɩɪɢɧɢɦɚɸɬ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭɱɚɫɬɢɟ ɜ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɩɨɱɜɟɧɧɨɝɨ 
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ɜɟɳɟɫɬɜɚ ɜ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ. Ⱥɤɬɢɜɧɚɹ ɦɢɤɪɨɛɧɚɹ 

ɛɢɨɦɚɫɫɚ ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɟɬ ɤɢɧɟɬɢɤɭ ɩɪɨɰɟɫɫɨɜ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 

ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɞɜɢɠɭɳɟɣ ɫɢɥɨɣ 

ɛɢɨɝɟɨɯɢɦɢɱɟɫɤɨɝɨ ɤɪɭɝɨɜɨɪɨɬɚ ɷɥɟɦɟɧɬɨɜ ɜ ɩɨɱɜɟ [1, 4].  

ȼɨ-ɜɬɨɪɵɯ, ɷɬɨ ɩɨɬɟɧɰɢɚɥɶɧɨ ɚɤɬɢɜɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ. Ⱦɚɧɧɚɹ ɝɪɭɩɩɚ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɨɠɢɞɚɧɢɹ ɢ ɦɨɠɟɬ ɩɟɪɟɤɥɸɱɚɬɶɫɹ ɧɚ 

ɩɨɞɯɨɞɹɳɢɣ ɩɨɫɬɭɩɢɜɲɢɣ ɫɭɛɫɬɪɚɬ ɡɚ ɫɪɚɜɧɢɬɟɥɶɧɨ ɤɨɪɨɬɤɨɟ ɜɪɟɦɹ ɨɬ 

ɧɟɫɤɨɥɶɤɢɯ ɦɢɧɭɬ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɨɜ. ɉɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ ɩɪɨɢɫɯɨɞɢɬ 

ɩɪɨɰɟɫɫ ɫɦɟɧɵ ɞɨɦɢɧɚɧɬɨɜ. ɉɟɪɟɯɨɞ ɜ ɫɨɫɬɨɹɧɢɟ ɩɨɤɨɹ – ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɚɹ 

ɫɬɪɚɬɟɝɢɹ ɜ ɩɪɢɪɨɞɟ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɪɚɡɥɢɱɧɵɦɢ ɨɪɝɚɧɢɡɦɚɦɢ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ 

ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɣ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ [1, 4]. 

ɉɨɤɨɹɳɢɟɫɹ ɮɨɪɦɵ ɹɜɥɹɸɬɫɹ ɬɪɟɬɶɢɦ ɠɢɡɧɟɫɩɨɫɨɛɧɵɦ ɫɨɫɬɨɹɧɢɟɦ, ɧɟ 

ɭɱɚɫɬɜɭɹ ɧɚɩɪɹɦɭɸ ɜ ɩɪɨɰɟɫɫɚɯ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ 

ɞɚɧɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɦɨɝɭɬ ɜɧɨɫɢɬɶ ɜɤɥɚɞ ɜ ɭɫɥɨɜɢɹ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɟ 

ɩɟɪɟɯɨɞɭ ɢɯ ɜ ɚɤɬɢɜɧɨɟ ɫɨɫɬɨɹɧɢɟ [1, 2, 4].  

ɉɨɫɥɟɞɧɟɟ ɫɨɫɬɨɹɧɢɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɩɨɱɜɟ — ɦɟɪɬɜɵɟ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ. Ɇɟɪɬɜɚɹ ɛɢɨɦɚɫɫɚ (ɢɥɢ ɧɟɤɪɨɦɚɫɫɚ) ɧɟ ɨɤɚɡɵɜɚɟɬ ɩɪɹɦɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɛɢɨɝɟɨɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɨɞɧɚɤɨ ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ ɜ 

ɤɚɱɟɫɬɜɟ ɞɨɫɬɭɩɧɨɝɨ ɫɭɛɫɬɪɚɬɚ, ɬɟɦ ɫɚɦɵɦ ɜɥɢɹɹ ɧɚ ɪɚɡɥɨɠɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 

ɜɟɳɟɫɬɜɚ ɩɨɱɜɵ [4].  

 

1.6. Ɇɟɬɨɞ ɚɧɚɥɢɡɚ ɫɬɚɛɢɥɶɧɵɯ ɢɡɨɬɨɩɨɜ ɭɝɥɟɪɨɞɚ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ 

ɞɢɧɚɦɢɤɢ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɩɨɱɜɟɧɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ 

 

ɍɝɥɟɪɨɞ ɢɦɟɟɬ ɞɜɚ ɫɬɚɛɢɥɶɧɵɯ ɢɡɨɬɨɩɚ: “ɥɟɝɤɢɣ” ɢɡɨɬɨɩ, ɜ ɹɞɪɟ ɚɬɨɦɚ 

ɤɨɬɨɪɨɝɨ ɫɨɞɟɪɠɢɬɫɹ ɦɟɧɶɲɟɟ ɱɢɫɥɨ ɧɟɣɬɪɨɧɨɜ (ɋ12), ɢ “ɬɹɠɟɥɵɣ” (C13).  

ɋɨɞɟɪɠɚɧɢɟ ɞɚɧɧɵɯ ɢɡɨɬɨɩɨɜ ɜ ɩɪɢɪɨɞɧɨɦ ɭɝɥɟɪɨɞɟ ɪɚɜɧɨ 98,93 % ɢ 1,07 % 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [5, 25].  
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Ɍɚɤ ɤɚɤ ɭɝɥɟɪɨɞ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜɨ ɜɫɟɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɹɯ, 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɡɨɬɨɩɧɨɝɨ ɦɚɪɤɢɪɨɜɚɧɢɹ ɞɥɹ ɚɧɚɥɢɡɚ ɞɢɧɚɦɢɤɢ ɫɨɞɟɪɠɚɧɢɹ 

ɢɡɨɬɨɩɚ 13C ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɫɤɨɪɨɫɬɢ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɪɚɡɧɵɯ ɩɭɥɨɜ 

ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɢ ɩɪɨɫɥɟɞɢɬɶ ɩɪɢɱɢɧɵ ɭɜɟɥɢɱɟɧɢɹ ɢɥɢ ɫɧɢɠɟɧɢɹ 

ɤɨɧɰɟɧɬɪɚɰɢɢ CO2 ɜ ɚɬɦɨɫɮɟɪɟ [1, 5].  

ȼ ɯɨɞɟ ɧɟɤɨɬɨɪɵɯ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɩɪɨɢɫɯɨɞɢɬ 

ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ (ɪɚɡɞɟɥɟɧɢɟ) ɢɡɨɬɨɩɨɜ. Ɍɚɤ, ɩɪɢ ɮɨɬɨɫɢɧɬɟɡɟ ɪɚɫɬɟɧɢɹ (ɢɥɢ 

ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɩɥɚɧɤɬɨɧɧɵɟ ɜɨɞɨɪɨɫɥɢ ɢ ɰɢɚɧɨɛɚɤɬɟɪɢɢ) ɩɨɬɪɟɛɥɹɸɬ ɜ 

ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɨɟɞɢɧɟɧɢɹ ɫɨɞɟɪɠɚɳɢɟ CO2 ɫ ɛɨɥɟɟ ɥɟɝɤɢɦ ɢɡɨɬɨɩɨɦ 

ɭɝɥɟɪɨɞɚ 12C, ɜɨɜɥɟɤɚɹ ɟɝɨ ɜ ɦɟɬɚɛɨɥɢɡɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɷɧɟɪɝɢɢ ɢ ɜ ɩɪɨɰɟɫɫɚɯ 

ɞɵɯɚɧɢɹ ɜɵɞɟɥɹɟɬɫɹ ɜ ɚɬɦɨɫɮɟɪɭ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 

ɬɹɠɟɥɨɝɨ, ɧɟɩɟɪɟɪɚɛɨɬɚɧɧɨɝɨ ɢɡɨɬɨɩɚ 13C ɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ (ɜɨɡɞɭɲɧɨɣ ɢɥɢ 

ɜɨɞɧɨɣ) ɩɨɜɵɲɚɟɬɫɹ [25, 37]. ɂɡ ɱɟɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɱɟɦ ɉɈȼ ɛɨɥɟɟ 

ɫɢɥɶɧɨ ɪɚɡɥɨɠɟɧɨ, ɬɟɦ ɛɨɥɶɲɟ ɬɹɠɟɥɨɝɨ ɢɡɨɬɨɩɚ ɭɝɥɟɪɨɞɚ ɛɭɞɟɬ ɜɫɬɪɟɱɚɬɶɫɹ ɜ 

ɩɨɱɜɟ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɡɨɬɨɩɧɨɝɨ ɫɨɫɬɚɜɚ ɭɝɥɟɪɨɞɚ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ 

ɜɟɥɢɱɢɧɵ δ13ɋ, ɜɵɪɚɠɟɧɧɨɣ ɜ ɩɪɨɦɢɥɥɟ (‰), ɤɨɬɨɪɚɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ [40]: 

δ = (R ɨɛɪɚɡɰɚ – R ɫɬɚɧɞɚɪɬɚ) 1000 / R ɫɬɚɧɞɚɪɬɚ              (1) 

ɝɞɟ R – ɨɬɧɨɲɟɧɢɟ 13ɋ/12ɋ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɷɬɚɥɨɧɨɜ. 

Ⱦɥɹ ɭɝɥɟɪɨɞɚ ɞɚɧɧɵɣ ɷɬɚɥɨɧ – ɤɚɪɛɨɧɚɬ VPDB (Vienna Pee Dee Belemnite, δ13C 

= 0). ɉɨɥɨɠɢɬɟɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɨɡɧɚɱɚɟɬ ɨɛɨɝɚɳɟɧɢɟ ɨɛɪɚɡɰɚ ɬɹɠɟɥɵɦ ɢɡɨɬɨɩɨɦ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɧɞɚɪɬɚ, ɨɬɪɢɰɚɬɟɥɶɧɚɹ – ɨɛɟɞɧɟɧɢɟ. Ɍɨ ɟɫɬɶ ɱɟɦ ɧɢɠɟ ɞɚɧɧɚɹ 

ɜɟɥɢɱɢɧɚ, ɬɟɦ ɦɟɧɶɲɟ ɩɪɢɫɭɬɫɬɜɢɟ ɬɹɠɟɥɨɝɨ ɢɡɨɬɨɩɚ ɜ ɨɛɪɚɡɰɟ, ɬɟɦ ɛɨɥɶɲɟ 

ɪɚɡɥɨɠɟɧɨ ɉɈȼ [40]. 
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Ƚɥɚɜɚ 2. Ɉɛɴɟɤɬɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
 

2.1. Ɉɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ  
 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɨɱɜɟɧɧɵɟ ɨɛɪɚɡɰɵ ɡɨɧɵ ɫɩɥɨɲɧɨɝɨ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɦɧɨɝɨɥɟɬɧɟɣ ɦɟɪɡɥɨɬɵ. 

ɉɨɱɜɟɧɧɵɟ ɨɛɪɚɡɰɵ ɛɵɥɢ ɨɬɨɛɪɚɧɵ ɜ ɪɚɣɨɧɟ ɩɨɫɟɥɤɚ Ɍɭɪɚ, ɐɟɧɬɪɚɥɶɧɚɹ 

ɗɜɟɧɤɢɹ, Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɣ, ɧɚ ɫɤɥɨɧɚɯ ɸɠɧɨɣ ɢ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɣ. 

Ɉɛɪɚɡɰɵ ɩɨɱɜ ɨɬɛɢɪɚɥɢɫɶ ɫɨɝɥɚɫɧɨ ɝɟɧɟɬɢɱɟɫɤɢɦ ɩɨɱɜɟɧɧɵɦ ɝɨɪɢɡɨɧɬɚɦ 

(ɨɪɝɚɧɢɱɟɫɤɢɣ, ɜɟɪɯɧɢɣ ɦɢɧɟɪɚɥɶɧɵɣ ɢ ɧɢɠɧɢɟ ɦɢɧɟɪɚɥɶɧɵɟ, ɜɫɟɝɨ ɱɟɬɵɪɟ 

ɝɨɪɢɡɨɧɬɚ ɧɚ ɤɚɠɞɨɦ ɫɤɥɨɧɟ), ɢɡ ɩɨɱɜɟɧɧɵɯ ɩɪɨɮɢɥɟɣ ɪɚɡɦɟɪɨɦ 2 ɯ 1 ɦ, ɜ 

ɬɪɨɟɤɪɚɬɧɨɣ ɩɨɜɬɨɪɧɨɫɬɢ ɜɞɨɥɶ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɝɨɪɢɡɨɧɬɚ.  

Ɉɩɢɫɚɧɢɟ ɬɟɪɪɢɬɨɪɢɢ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɨɮɢɥɟɣ: ɨɛɚ ɫɤɥɨɧɚ (ɫɤɥɨɧɵ 

ɫɟɜɟɪɧɨɣ ɢ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ) ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɡ ɫɟɛɹ ɬɪɚɧɫ-ɷɥɸɜɢɚɥɶɧɭɸ 

ɮɚɰɢɸ; ɪɚɫɬɢɬɟɥɶɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɝɨɥɭɛɢɱɧɨ-ɛɚɝɭɥɶɧɢɤɨɜɨ-ɥɢɲɚɣɧɢɤɨɜɨ-

ɡɟɥɟɧɨɦɨɲɧɵɦ ɥɢɫɬɜɟɧɢɱɧɢɤɨɦ.  

Ɉɩɢɫɚɧɢɟ ɩɨɱɜɟɧɧɵɯ ɝɨɪɢɡɨɧɬɨɜ ɩɪɨɮɢɥɹ ɫɤɥɨɧɚ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ:  

– Ƚɨɪɢɡɨɧɬ Ɉ (0-11 ɫɦ.) – ɨɪɝɚɧɢɱɟɫɤɢɣ ɝɨɪɢɡɨɧɬ – ɩɪɟɞɫɬɚɜɥɟɧ ɡɟɥɟɧɵɦ 

ɦɯɨɦ, ɥɢɲɚɣɧɢɤɨɦ, ɛɪɭɫɧɢɤɨɣ, ɚɪɤɬɨɭɫɨɦ, ɨɛɢɥɶɧɨ ɜɫɬɪɟɱɚɸɬɫɹ ɤɨɪɧɢ 

ɤɭɫɬɚɪɧɢɱɤɨɜɵɯ ɪɚɫɬɟɧɢɣ, ɟɞɢɧɢɱɧɨ – ɤɨɪɧɢ ɞɪɟɜɟɫɧɵɯ ɪɚɫɬɟɧɢɣ. ɉɪɨɮɢɥɶ 

ɬɟɦɧɨ-ɫɟɪɵɣ, ɪɵɯɥɵɣ, ɩɟɪɟɯɨɞ ɧɚ ɫɥɟɞɭɸɳɢɣ ɝɨɪɢɡɨɧɬ ɩɥɚɜɧɵɣ, ɝɪɚɧɢɰɚ 

ɪɨɜɧɚɹ. 

– Ƚɨɪɢɡɨɧɬ ȼ1 (11-20 ɫɦ.) – ɜɟɪɯɧɢɣ ɦɢɧɟɪɚɥɶɧɵɣ ɝɨɪɢɡɨɧɬ – ɫɟɪɵɣ, 

ɪɵɯɥɵɣ, ɩɪɟɞɫɬɚɜɥɟɧ ɥɟɝɤɨɣ ɫɭɩɟɫɶɸ, ɩɪɢɫɭɬɫɬɜɭɸɬ ɤɪɭɩɧɵɟ ɜɤɥɸɱɟɧɢɹ ɭɝɥɹ, 

ɨɛɢɥɶɧɨ ɜɫɬɪɟɱɚɸɬɫɹ ɤɨɪɧɢ ɤɭɫɬɚɪɧɢɱɤɨɜɵɯ, ɟɞɢɧɢɱɧɨ – ɤɨɪɧɢ ɞɪɟɜɟɫɧɵɯ. 

ɉɟɪɟɯɨɞ ɧɚ ɫɥɟɞɭɸɳɢɣ ɝɨɪɢɡɨɧɬ ɩɥɚɜɧɵɣ, ɝɪɚɧɢɰɚ ɩɟɪɟɯɨɞɚ ɜɨɥɧɢɫɬɚɹ. 
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– Ƚɨɪɢɡɨɧɬ ȼ2 (20-40 ɫɦ.) – ɧɢɠɧɢɣ ɦɢɧɟɪɚɥɶɧɵɣ ɝɨɪɢɡɨɧɬ – ɤɨɪɢɱɧɟɜɵɣ, 

ɭɩɥɨɬɧɟɧɧɵɣ, ɬɹɠɟɥɚɹ ɫɭɩɟɫɶ, ɨɛɢɥɶɧɨ ɥɢɬɨɦɨɪɮɵ d ɨɬ 0.5 ɞɨ 5 ɫɦ., ɪɟɞɤɨ 

ɜɫɬɪɟɱɚɸɬɫɹ ɤɨɪɧɢ ɤɭɫɬɚɪɧɢɱɤɨɜɵɯ ɪɚɫɬɟɧɢɣ, ɝɪɚɧɢɰɚ ɩɟɪɟɯɨɞɚ ɧɚ ɫɥɟɞɭɸɳɢɣ 

ɝɨɪɢɡɨɧɬ ɪɨɜɧɚɹ, ɩɟɪɟɯɨɞ ɧɟ ɜɵɪɚɠɟɧɧɵɣ. 

– Ƚɨɪɢɡɨɧɬ ɋ (40-… ɫɦ.) (ɦɢɧɟɪɚɥɶɧɵɣ, ɩɟɪɟɯɨɞ ɤ ɦɚɬɟɪɢɧɫɤɨɣ ɩɨɪɨɞɟ) – 

ɤɨɪɢɱɧɟɜɵɣ, ɩɥɨɬɧɵɣ, ɥɟɝɤɢɣ ɫɭɝɥɢɧɨɤ. Ɋɟɞɤɨ ɜɫɬɪɟɱɚɸɬɫɹ ɤɨɪɧɢ 

ɤɭɫɬɚɪɧɢɱɤɨɜɵɯ ɪɚɫɬɟɧɢɣ, ɨɛɢɥɶɧɨ ɩɪɢɫɭɬɫɬɜɭɸɬ ɥɢɬɨɦɨɪɮɵ d ɨɬ 0.5 ɞɨ 12 ɫɦ., 

ɧɢɠɟ 60 ɫɦ. ɪɚɫɩɨɥɨɠɟɧɵ ɨɛɢɥɶɧɵɟ ɜɤɥɸɱɟɧɢɹ ɭɝɥɹ d ɞɨ 2.5 ɫɦ. 

Ɉɩɢɫɚɧɢɟ ɩɨɱɜɟɧɧɵɯ ɝɨɪɢɡɨɧɬɨɜ ɩɪɨɮɢɥɹ ɫɤɥɨɧɚ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ:  

– Ƚɨɪɢɡɨɧɬ Ɉ (0-14 ɫɦ.) – ɨɪɝɚɧɢɱɟɫɤɢɣ ɝɨɪɢɡɨɧɬ – ɩɪɟɞɫɬɚɜɥɟɧ 

ɫɥɟɞɭɸɳɟɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɶɸ: ɦɨɯ, ɛɪɭɫɧɢɤɚ, ɲɢɤɲɚ (ɜɨɞɹɧɢɤɚ), ɨɛɢɥɶɧɨ 

ɜɫɬɪɟɱɚɸɬɫɹ ɤɨɪɧɢ ɤɭɫɬɚɪɧɢɱɤɨɜɵɯ ɪɚɫɬɟɧɢɣ, ɟɞɢɧɢɱɧɨ ɤɨɪɧɢ ɞɪɟɜɟɫɧɵɯ. 

Ƚɪɚɧɢɰɚ ɩɟɪɟɯɨɞɚ ɪɨɜɧɚɹ, ɩɟɪɟɯɨɞ ɪɟɡɤɢɣ. 

– Ƚɨɪɢɡɨɧɬ Ⱥ (14-20 ɫɦ.) – ɨɪɝɚɧɨɦɢɧɟɪɚɥɶɧɵɣ ɝɨɪɢɡɨɧɬ – ɱɟɪɧɵɣ, 

ɪɵɯɥɵɣ, ɨɛɢɥɶɧɨ ɩɪɢɫɭɬɫɬɜɭɸɬ ɤɨɪɧɢ ɤɭɫɬɚɪɧɢɱɤɨɜɵɯ ɪɚɫɬɟɧɢɣ. Ƚɪɚɧɢɰɚ 

ɩɟɪɟɯɨɞɚ ɜɨɥɧɢɫɬɚɹ, ɩɟɪɟɯɨɞ ɪɟɡɤɢɣ. 

– Ƚɨɪɢɡɨɧɬ ȼ (20-30 ɫɦ.) – ɦɢɧɟɪɚɥɶɧɵɣ ɝɨɪɢɡɨɧɬ – ɫɟɪɨɜɚɬɨ-ɤɨɪɢɱɧɟɜɵɣ, 

ɭɜɥɚɠɧɟɧɧɵɣ, ɭɩɥɨɬɧɟɧɧɵɣ, ɬɹɠɟɥɵɣ ɫɭɝɥɢɧɨɤ, ɨɛɢɥɶɧɨ ɜɫɬɪɟɱɚɸɬɫɹ ɤɨɪɧɢ 

ɤɭɫɬɚɪɧɢɱɤɨɜɵɯ ɪɚɫɬɟɧɢɣ. Ƚɪɚɧɢɰɚ ɩɟɪɟɯɨɞɚ ɪɨɜɧɚɹ, ɩɟɪɟɯɨɞ ɩɥɚɜɧɵɣ. 

– Ƚɨɪɢɡɨɧɬ ɋ (30-… ɫɦ.) (ɦɢɧɟɪɚɥɶɧɵɣ, ɩɟɪɟɯɨɞ ɤ ɦɚɬɟɪɢɧɫɤɨɣ ɩɨɪɨɞɟ) – 

ɫɟɪɨɜɚɬɨ-ɤɨɪɢɱɧɟɜɵɣ, ɩɥɨɬɧɵɣ, ɬɹɠɟɥɵɣ ɫɭɝɥɢɧɨɤ, ɫɢɥɶɧɨ ɭɜɥɚɠɧɟɧɧɵɣ, ɩɨ 

ɩɪɨɮɢɥɸ ɜɫɬɪɟɱɚɸɬɫɹ ɩɪɨɠɢɥɤɢ ɦɧɨɝɨɥɟɬɧɟɣ ɦɟɪɡɥɨɬɵ, ɝɥɭɛɢɧɚ ɡɚɥɟɝɚɧɢɹ 

ɦɟɪɡɥɨɬɵ ɨɤɨɥɨ 30 ɫɦ., ɨɛɢɥɶɧɨ ɩɪɢɫɭɬɫɬɜɭɸɬ ɡɚɦɟɪɡɲɢɟ ɤɨɪɧɢ ɞɪɟɜɟɫɧɵɯ 

ɪɚɫɬɟɧɢɣ, ɧɚɞ ɦɟɪɡɥɨɬɨɣ ɜɤɥɸɱɟɧɢɹ ɱɟɪɧɨɝɨ ɰɜɟɬɚ, ɤɨɬɨɪɵɟ ɧɟ ɹɜɥɹɸɬɫɹ ɭɝɥɟɦ, 

ɜɨɡɦɨɠɧɨ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɵɧɨɫ ɨɪɝɚɧɢɤɢ. 
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Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɤɥɨɧɚ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɫɨɫɬɚɜɥɹɥɚ 37°ɋ, 

ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɥɨɹ – 8,6°ɋ; ɧɚ ɫɤɥɨɧɟ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɞɚɧɧɵɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɫɬɚɜɥɹɥɢ 25,8°ɋ ɢ 2°ɋ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɉɨɞɪɨɛɧɵɟ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɥɭɛɢɧɵ ɩɪɨɮɢɥɟɣ 

ɨɛɨɢɯ ɫɤɥɨɧɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 1. 

Ɍɚɛɥɢɰɚ 1 – Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɱɜɵ ɨɬ ɝɥɭɛɢɧɵ 

ɋɤɥɨɧ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

Ƚɥɭɛɢɧɚ, ɫɦ 5 10 15 20 25 30 35 40 45 50 55 

Ɍɟɦɩɟɪɚɬɭɪɚ, °ɋ 7,3 7,1 6,6 5,7 5,2 4,8 4,5 3,8 3,4 3,3 2,5 

ɋɤɥɨɧ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

Ƚɥɭɛɢɧɚ, ɫɦ 5 10* 

Ɍɟɦɩɟɪɚɬɭɪɚ, °ɋ 0,8 0 

* ɝɥɭɛɠɟ 10 ɫɦ ɧɚ ɫɤɥɨɧɟ ɫɟɜɟɪɧɨɣ эɤɫɩɨɡɢɰɢɢ ɧɚɱɢɧɚɟɬɫя ɡɚɥɟɝɚɧɢɟ ɦɟɪɡɥɨɬы  

 

2.2. ɉɨɞɝɨɬɨɜɤɚ ɩɨɱɜɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɤ ɢɧɤɭɛɚɰɢɨɧɧɨɦɭ ɷɤɫɩɟɪɢɦɟɧɬɭ 

 

ɉɨɱɜɟɧɧɵɟ ɨɛɪɚɡɰɵ ɛɵɥɢ ɨɱɢɳɟɧɵ ɨɬ ɠɢɜɵɯ ɤɨɪɧɟɣ ɢ ɞɪɭɝɢɯ ɤɪɭɩɧɵɯ 

ɪɚɫɬɢɬɟɥɶɧɵɯ ɨɫɬɚɬɤɨɜ ɢ ɝɨɦɨɝɟɧɢɡɢɪɨɜɚɧɵ ɩɪɨɬɢɪɚɧɢɟɦ ɱɟɪɟɡ 2 ɦɦ ɫɢɬɨ, 

ɩɨɫɥɟ ɱɟɝɨ ɡɚɦɨɪɨɠɟɧɵ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɵ ɜ ɥɚɛɨɪɚɬɨɪɢɸ ɞɥɹ ɚɧɚɥɢɡɚ 

ɨɫɧɨɜɧɵɯ ɩɨɱɜɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ (pH, ɜɥɚɠɧɨɫɬɶ). ȼ ɥɚɛɨɪɚɬɨɪɢɢ ɧɟɛɨɥɶɲɚɹ 

ɱɚɫɬɶ ɤɚɠɞɨɝɨ ɨɛɪɚɡɰɚ ɛɵɥɚ ɜɵɫɭɲɟɧɚ ɩɪɢ 60ɋ◦, ɡɚɬɟɦ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ 

ɫɨɞɟɪɠɚɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ ɢ ɫɨɨɬɧɨɲɟɧɢɟ ɟɝɨ ɫɬɚɛɢɥɶɧɵɯ ɢɡɨɬɨɩɨɜ 

(12/13ɋ) ɜ ɨɬɞɟɥɶɧɵɯ ɝɨɪɢɡɨɧɬɚɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Picarro 2201-i ɫ ɦɨɞɭɥɟɦ 

ɨɬɛɨɪɚ ɨɛɪɚɡɰɨɜ ɦɚɥɨɝɨ ɨɛɴɟɦɚ.  

ɉɨ ɨɛɴɟɦɭ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɪɨɞɚ ɢ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ ɟɝɨ ɫɬɚɛɢɥɶɧɵɯ 

ɢɡɨɬɨɩɨɜ ɜɨɡɦɨɠɧɨ ɫɭɞɢɬɶ ɨ ɩɥɨɞɨɪɨɞɢɢ ɩɨɱɜɵ, ɞɨɫɬɭɩɧɨɫɬɢ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɜɟɳɟɫɬɜ, ɢ ɫɬɟɩɟɧɢ ɢɯ ɪɚɡɥɨɠɟɧɢɹ.  
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Ʉɨɥɢɱɟɫɬɜɨ ɨɛɪɚɡɰɨɜ-ɦɢɤɪɨɤɨɫɦɨɜ ɫɨɫɬɚɜɥɹɥɨ 48 (4 ɩɨɱɜɟɧɧɵɯ 

ɝɨɪɢɡɨɧɬɚ, 2 ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦɚ, 3 ɩɨɜɬɨɪɧɨɫɬɢ). 

Ɉɫɧɨɜɧɵɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɪɚɡɰɨɜ ɩɨɱɜ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 2. 

Ɍɚɛɥɢɰɚ 2 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɪɚɡɰɨɜ ɩɨɱɜ 

Ƚɨɪɢɡɨɧɬ 
Ɇɨɳɧɨɫɬɶ 

ɝɨɪɢɡɨɧɬɚ, ɫɦ 

ɋɨɞɟɪɠɚɧɢɟ 

ɭɝɥɟɪɨɞɚ, % 
pH 

ȼɥɚɠɧɨɫɬɶ, 

% 
δ 13C [‰] 

ɋɤɥɨɧ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

ɘɋ Oh 0-10 36.40 5.74 31 -28,21 

ɘɋ B1 11-20 0.95 6.50 10 -26,22 

ɘɋ B2 20-40 0.33 6.82 12 -26,07 

ɘɋ C 40-... 0.48 6.92 11 -25,03 

ɋɤɥɨɧ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

CC Oh 0-14 27.79 5.21 92 -28,24 

CC A 14-20 12.61 5.19 59 -28,53 

CC B 20-30 2.45 6.36 41 -26,80 

CC C 30-... 2.45 6.54 38 -26,16 

  

Ɂɚɜɢɫɢɦɨɫɬɶ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ» ɨɬ ɤɢɫɥɨɬɧɨɫɬɢ ɩɨɱɜɵ: ɛɨɥɟɟ ɜɵɫɨɤɢɟ 

ɡɧɚɱɟɧɢɹ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ» ɧɚɛɥɸɞɚɸɬɫɹ ɩɨɱɜɚɯ ɫ ɞɢɚɩɚɡɨɧɨɦ pH 5–8 

(Blagodatskaya, Anderson, 1998), ɱɬɨ ɜɯɨɞɢɬ ɜ ɞɢɚɩɚɡɨɧ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ 

 

2.3. ɂɧɤɭɛɚɰɢɨɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɤɚɤ ɦɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

ȼ ɯɨɞɟ ɪɚɛɨɬ ɩɪɨɜɨɞɢɥɫɹ ɢɧɤɭɛɚɰɢɨɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɪɢ ɞɜɭɯ 

ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦɚɯ (5°ɋ ɢ 23°ɋ) ɞɥɹ ɨɰɟɧɤɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ 
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ɫɬɟɩɟɧɢ ɦɢɤɪɨɛɧɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɩɨɱɜɟɧɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɢ 

ɢɡɭɱɟɧɢɹ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ».  

Ɍɟɦɩɟɪɚɬɭɪɵ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɤɚɦɟɪ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɩɨɞɞɟɪɠɢɜɚɥɢɫɶ ɧɟɢɡɦɟɧɧɵɦɢ.  Ɉɬɨɛɪɚɧɧɵɟ ɨɛɪɚɡɰɵ ɪɚɡɥɢɱɧɵɯ ɩɨɱɜɟɧɧɵɯ 

ɝɨɪɢɡɨɧɬɨɜ ɛɵɥɢ ɩɨɦɟɳɟɧɵ ɜ ɢɧɤɭɛɚɰɢɨɧɧɵɟ ɫɨɫɭɞɵ ɫ ɤɚɠɞɨɝɨ ɝɨɪɢɡɨɧɬɚ ɜ 

ɬɪɟɯɤɪɚɬɧɵɯ ɩɨɜɬɨɪɧɨɫɬɹɯ. ɉɪɨɰɟɫɫ ɢɧɤɭɛɚɰɢɢ ɩɪɢ 5°ɋ ɡɚɧɹɥ 156 ɞɧɟɣ, ɩɪɢ 

23°ɋ – 50 ɞɧɟɣ. Ⱦɚɧɧɚɹ ɪɚɡɧɢɰɚ ɨɛɴɹɫɧɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ 

ɦɢɤɪɨɛɧɵɯ ɫɨɨɛɳɟɫɬɜ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ.  

Ⱦɥɹ ɢɡɭɱɟɧɢɹ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ» – ɫɬɢɦɭɥɢɪɨɜɚɧɢɹ ɦɢɤɪɨɛɧɨɣ 

ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɉɈȼ ɩɪɢɬɨɤɨɦ ɥɟɝɤɨɞɨɫɬɭɩɧɨɣ ɨɪɝɚɧɢɤɢ, ɜ ɩɨɥɨɜɢɧɭ ɨɛɪɚɡɰɨɜ 

ɛɵɥɚ ɜɧɟɫɟɧɚ 13C-ɦɚɪɤɢɪɨɜɚɧɧɚɹ ɝɥɸɤɨɡɚ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 13C 10ɚɬɨɦ%. 

ɇɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɧɨɫɢɦɨɝɨ ɫɭɛɫɬɪɚɬɚ ɪɚɫɫɱɢɬɵɜɚɥɢ ɫɨɝɥɚɫɧɨ 

ɦɟɬɨɞɢɤɟ ȼɢɥɶɞ ɫ ɫɨɚɜɬɨɪɚɦɢ [43].  

ȼ ɷɤɫɩɟɪɢɦɟɧɬɟ ɩɪɢ 5°ɋ ɝɥɸɤɨɡɚ ɜɧɨɫɢɥɚɫɶ ɧɚ 12 ɫɭɬɤɢ ɩɨɫɥɟ ɧɚɱɚɥɚ 

ɢɧɤɭɛɚɰɢɢ, ɬɚɤ ɤɚɤ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɩɪɢ 5°ɋ ɡɚɧɢɦɚɸɬ ɛɨɥɶɲɟɟ ɜɪɟɦɹ. 

ȼɧɟɫɟɧɢɟ ɝɥɸɤɨɡɵ ɫ ɫɚɦɨɝɨ ɧɚɱɚɥɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɟ ɩɪɢɧɟɫɥɨ ɛɵ ɧɭɠɧɨɝɨ 

ɷɮɮɟɤɬɚ, ɬɚɤ ɤɚɤ ɦɢɤɪɨɛɧɵɟ ɫɨɨɛɳɟɫɬɜɚ ɧɚɯɨɞɢɥɢɫɶ ɜ ɭɝɧɟɬɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

ɉɪɟɞɢɧɤɭɛɚɰɢɨɧɧɵɣ ɩɟɪɢɨɞ ɩɨɡɜɨɥɢɥ ɦɢɤɪɨɛɧɵɦ ɫɨɨɛɳɟɫɬɜɚɦ ɩɟɪɟɫɬɪɨɢɬɶɫɹ 

ɞɥɹ ɧɨɜɵɯ ɭɫɥɨɜɢɣ. ɉɪɢ ɢɧɤɭɛɚɰɢɢ ɩɪɢ 23°ɋ ɝɥɸɤɨɡɚ ɜɧɨɫɢɥɚɫɶ ɫɪɚɡɭ ɧɚ 

ɩɟɪɜɵɣ ɞɟɧɶ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

Ɉɛɪɚɡɰɵ ɩɨɱɜɵ ɢɡ ɬɟɯ ɠɟ ɝɨɪɢɡɨɧɬɨɜ ɢ ɷɤɫɩɨɡɢɰɢɣ, ɢɧɤɭɛɢɪɭɟɦɵɟ ɛɟɡ 

ɜɧɟɫɟɧɢɹ ɦɟɱɟɧɧɨɣ ɝɥɸɤɨɡɵ, ɫɥɭɠɢɥɢ ɤɨɧɬɪɨɥɟɦ. ɗɦɢɫɫɢɹ ɋɈ2 ɜ ɤɚɠɞɨɦ ɢɡ 

ɦɢɤɪɨɤɨɫɦɨɜ ɪɟɝɢɫɬɪɢɪɨɜɚɥɚɫɶ ɧɚ 0, 2, 4, 6, 8, 10 ɞɧɢ ɩɨɫɥɟ ɧɚɱɚɥɚ ɢɧɤɭɛɚɰɢɢ, 

ɢ ɫ ɞɜɭɯɧɟɞɟɥɶɧɵɦ ɢɧɬɟɪɜɚɥɨɦ ɜ ɞɚɥɶɧɟɣɲɟɦ. 

ɉɟɪɟɞ ɢɧɤɭɛɚɰɢɟɣ ɛɵɥɚ ɩɨɫɱɢɬɚɧɚ ɜɨɞɨɭɞɟɪɠɢɜɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 

ɩɨɱɜɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɝɪɚɜɢɦɟɬɪɢɱɟɤɢɦ ɦɟɬɨɞɨɦ – ɨɛɪɚɡɰɵ ɜɵɫɭɲɢɜɚɥɢɫɶ ɩɪɢ 

105°C ɜ ɬɟɱɟɧɢɢ 6 ɱɚɫɨɜ, ɡɚɬɟɦ ɜɥɚɠɧɨɫɬɶ ɨɩɪɟɞɟɥɹɥɚɫɶ ɩɨ ɮɨɪɦɭɥɟ [3]: 
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                            (2) 

ɝɞɟ m1 – ɦɚɫɫɚ ɫɨɫɭɞɚ ɫ ɩɨɱɜɨɣ ɞɨ ɜɵɫɭɲɢɜɚɧɢɹ, ɝ;  

m2 – ɦɚɫɫɚ ɫɨɫɭɞɚ ɫ ɩɨɱɜɨɣ ɩɨɫɥɟ ɜɵɫɭɲɢɜɚɧɢɹ, ɝ;  

m – ɦɚɫɫɚ ɩɭɫɬɨɝɨ ɫɨɫɭɞɚ, ɝ. 

ɋ ɩɨɦɨɳɶɸ ɭɥɶɬɪɚɱɢɫɬɨɣ ɜɨɞɵ (MiliQ-water) ɞɚɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

ɩɨɞɞɟɪɠɢɜɚɥɚɫɶ ɧɚ ɭɪɨɜɧɟ 60-ɬɢ ɩɪɨɰɟɧɬɨɜ (ɧɚ ɭɪɨɜɧɟ ɩɨɥɟɜɨɣ ɜɥɚɝɨɟɦɤɨɫɬɢ) 

ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɉɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ɜɨɞɵ ɫɨɫɭɞɵ 

ɜɡɜɟɲɢɜɚɥɢɫɶ ɞɥɹ ɤɨɧɬɪɨɥɹ ɩɨɬɟɪɶ ɜɨɞɵ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ. Ɂɚɬɟɦ ɤɚɠɞɵɟ 6-7 

ɞɧɟɣ ɫɨɫɭɞɵ ɫɧɨɜɚ ɜɡɜɟɲɢɜɚɥɢɫɶ, ɢ ɢɫɩɚɪɟɧɧɚɹ ɡɚ ɷɬɨ ɜɪɟɦɹ ɜɨɞɚ ɡɚɦɟɳɚɥɚɫɶ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɭɥɶɬɪɚɨɱɢɳɟɧɧɨɣ (ɱɟɦ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɚ 

ɢɧɤɭɛɚɰɢɢ, ɬɟɦ ɜɵɲɟ ɩɨɬɟɪɢ ɜɥɚɝɢ). ȼɪɟɦɟɧɧɨɣ ɩɪɨɦɟɠɭɬɨɤ ɦɟɠɞɭ 

ɞɨɛɚɜɥɟɧɢɟɦ ɜɨɞɵ ɢ ɢɡɦɟɪɟɧɢɹɦɢ CO2 ɫɨɫɬɚɜɥɹɥ ɞɜɚ ɞɧɹ ɢ ɛɵɥ ɨɞɢɧɚɤɨɜɵɦ 

ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɞɨɛɚɜɥɟɧɢɹ ɜɨɞɵ. ɂɡɦɟɪɟɧɢɹ ɧɟ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɫɪɚɡɭ ɧɚ 

ɫɥɟɞɭɸɳɢɣ ɞɟɧɶ ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɜɵɲɟɧɢɟ ɩɨɱɜɟɧɧɨɝɨ ɞɵɯɚɧɢɹ, ɜɵɡɜɚɧɧɨɝɨ 

ɫɬɪɟɫɫɨɦ ɫɢɫɬɟɦɵ ɫɪɚɡɭ ɩɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ɜɨɞɵ, ɧɟ ɜɥɢɹɥɨ ɧɚ ɪɟɡɭɥɶɬɚɬɵ 

ɢɡɦɟɪɟɧɢɣ. 

ȼ ɢɧɤɭɛɚɰɢɨɧɧɵɟ ɫɨɫɭɞɵ ɨɛɴɟɦɨɦ 100 ɦɥ ɩɨɦɟɳɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ 

ɦɢɧɢɦɚɥɶɧɵɟ ɤɨɥɢɱɟɫɬɜɚ ɩɨɱɜɟɧɧɵɯ ɨɛɪɚɡɰɨɜ (ɜ ɩɟɪɟɪɚɫɱɟɬɟ ɧɚ ɫɭɯɨɣ ɜɟɫ): 

ɝɨɪɢɡɨɧɬ O – 5 ɝ; ɝɨɪɢɡɨɧɬ A – 10 ɝ; ɝɨɪɢɡɨɧɬɵ B/B1/B2/C – 15 ɝ. Ɍɚɤɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɨɪɝɚɧɢɱɟɫɤɢɟ ɢ ɨɪɝɚɧɨɦɢɧɟɪɚɥɶɧɵɟ 

ɝɨɪɢɡɨɧɬɵ ɫɨɞɟɪɠɚɬ ɜ ɫɟɛɟ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɱɜɟɧɧɨɝɨ ɭɝɥɟɪɨɞɚ ɜ 

ɫɪɚɜɧɟɧɢɢ ɫ ɦɢɧɟɪɚɥɶɧɵɦɢ ɝɨɪɢɡɨɧɬɚɦɢ ɢ ɞɥɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɷɦɢɫɫɢɢ 

ɋɈ2 ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɞɨɥɠɧɨ ɛɵɬɶ ɦɟɧɶɲɟ. 

Ⱥɧɚɥɢɡ ɨɛɪɚɡɰɨɜ ɩɪɨɢɡɜɨɞɢɥɫɹ ɩɪɢ ɩɨɦɨɳɢ ɚɧɚɥɢɡɚɬɨɪɚ Picarro 2201-i ɫ 

ɦɨɞɭɥɟɦ ɨɬɛɨɪɚ ɨɛɪɚɡɰɨɜ ɦɚɥɨɝɨ ɨɛɴɟɦɚ, ɩɨɡɜɨɥɹɸɳɢɦ ɨɞɧɨɜɪɟɦɟɧɧɨ 

ɨɫɭɳɟɫɬɜɥɹɬɶ ɪɟɝɢɫɬɪɚɰɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢ ɟɝɨ ɢɡɨɬɨɩɧɨɟ 

ɫɦɟɳɟɧɢɟ.  
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ɉɟɪɟɞ ɤɚɠɞɨɣ ɷɤɫɩɨɡɢɰɢɟɣ ɢɡ ɫɨɫɭɞɨɜ ɫ ɨɛɪɚɡɰɚɦɢ ɩɪɢ ɩɨɦɨɳɢ ɧɚɫɨɫɚ ɢ 

ɫɨɡɞɚɧɢɹ ɜɚɤɭɭɦɚ ɭɞɚɥɹɥɫɹ ɜɟɫɶ ɩɪɢɫɭɬɫɬɜɭɸɳɢɣ ɜɨɡɞɭɯ. Ɂɚɬɟɦ ɫɨɫɭɞɵ 

ɩɪɨɞɭɜɚɥɢɫɶ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɦɢɧɭɬɵ ɫɢɧɬɟɬɢɱɟɫɤɢɦ ɜɨɡɞɭɯɨɦ ɢɡ ɛɚɥɥɨɧɨɜ, ɜ 

ɤɨɬɨɪɨɦ ɨɬɫɭɬɫɬɜɭɸɬ ɤɨɦɩɨɧɟɧɬɵ ɞɚɥɶɧɟɣɲɢɯ ɢɡɦɟɪɟɧɢɣ (ɛɟɡ ɋɈ2 ɢ ɋɇ4). 

Ʉɨɥɢɱɟɫɬɜɨ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜɨɡɞɭɯɚ ɛɵɥɨ ɪɚɜɧɨ ɬɪɟɦ ɨɛɴɟɦɚɦ ɫɨɫɭɞɚ (3x100 

ɦɥ). Ⱦɚɥɟɟ ɤɪɚɧɵ ɤɪɵɲɟɤ ɫɨɫɭɞɨɜ ɝɟɪɦɟɬɢɱɧɨ ɡɚɤɪɵɜɚɥɢ ɢ ɨɬɩɪɚɜɥɹɥɢ 

ɨɬɫɬɚɢɜɚɬɶɫɹ ɧɚ ɱɚɫ ɩɪɢ ɧɟɨɛɯɨɞɢɦɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. Ɂɚ ɷɬɨ ɜɪɟɦɹ ɩɪɨɢɫɯɨɞɢɥɨ 

ɞɵɯɚɧɢɟ ɦɢɤɪɨɛɧɵɯ ɫɨɨɛɳɟɫɬɜ.  ɉɨɦɢɦɨ ɷɬɨɝɨ, ɛɵɥɨ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɬɨɪɢɬɶ 

ɞɚɧɧɭɸ ɩɪɨɰɟɞɭɪɭ ɫ ɬɪɟɦɹ ɩɭɫɬɵɦɢ (ɛɟɡ ɩɨɱɜɟɧɧɵɯ ɨɛɪɚɡɰɨɜ) ɫɨɫɭɞɚɦɢ, 

ɩɪɨɞɭɬɵɦɢ ɫɢɧɬɟɬɢɱɟɫɤɢɦ ɜɨɡɞɭɯɨɦ, ɞɥɹ ɤɨɧɬɪɨɥɹ ɡɚ ɫɨɫɬɚɜɨɦ ɜɨɡɞɭɯɚ ɢɡ 

ɛɚɥɥɨɧɨɜ. ȼɪɟɦɹ ɨɤɨɧɱɚɧɢɹ ɩɪɨɞɭɜɤɢ ɤɚɠɞɨɣ ɩɚɪɬɢɢ ɫɨɫɭɞɨɜ ɬɨɱɧɨ 

ɡɚɩɢɫɵɜɚɥɨɫɶ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɤɨɪɪɟɤɬɢɪɨɜɨɤ ɜ ɪɚɫɱɟɬɚɯ (ɞɥɹ ɬɨɱɧɨɝɨ 

ɩɟɪɟɪɚɫɱɟɬɚ ɡɚɜɢɫɢɦɨɫɬɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɵɯɚɧɢɹ ɧɚ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ). Ɇɟɠɞɭ 

ɢɡɦɟɪɟɧɢɟɦ ɤɚɠɞɨɝɨ ɨɛɪɚɡɰɚ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɛɟɥɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɡɚɦɟɪ 

ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɨɬɞɟɥɶɧɵɦ ɩɨɪɬɨɦ ɚɧɚɥɢɡɚɬɨɪɚ. 

Ɍɚɤ ɤɚɤ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ ɬɹɠɟɥɟɟ ɜɨɡɞɭɯɚ ɢ ɢɦɟɟɬ ɬɟɧɞɟɧɰɢɸ ɨɩɭɫɤɚɬɶɫɹ 

ɧɚ ɞɧɨ ɫɨɫɭɞɨɜ, ɞɥɹ ɬɨɱɧɵɯ ɢɡɦɟɪɟɧɢɣ ɜ ɤɪɵɲɤɚɯ ɫɨɫɭɞɨɜ ɛɵɥɢ ɩɪɟɞɭɫɦɨɬɪɟɧɵ 

ɞɥɢɧɧɵɟ ɬɪɭɛɤɢ, ɞɨɯɨɞɢɜɲɢɟ ɞɨ ɞɧɚ ɫɨɫɭɞɨɜ.  

Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɬɟɦɩɟɪɚɬɭɪ ɜɨ ɜɪɟɦɹ ɢɡɦɟɪɟɧɢɣ ɫɨɫɭɞɵ ɫ 

ɨɛɪɚɡɰɚɦɢ ɩɨɦɟɳɚɥɢɫɶ ɜ ɫɩɟɰɢɚɥɶɧɵɟ ɬɟɪɦɨɛɨɤɫɵ, ɫɬɟɧɤɢ ɤɨɬɨɪɵɯ ɛɵɥɢ 

ɢɡɨɥɢɪɨɜɚɧɵ ɩɟɧɨɩɥɚɫɬɨɦ.  

ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɩɚɪɬɢɹɦɢ ɩɨ 10 ɨɛɪɚɡɰɨɜ. ɋɧɚɱɚɥɚ ɤɚɠɞɵɣ ɫɨɫɭɞ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɞɤɥɸɱɚɥɫɹ ɤ ɚɧɚɥɢɡɚɬɨɪɭ, ɩɨɫɥɟ ɱɟɝɨ ɤɪɚɧɵ ɧɚ ɤɪɵɲɤɚɯ 

ɫɨɫɭɞɨɜ ɨɬɪɵɜɚɥɢɫɶ ɢ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɢɡɦɟɪɟɧɢɹ. ɉɨɫɥɟ ɢɡɦɟɪɟɧɢɣ ɫ ɫɨɫɭɞɨɜ 

ɭɛɢɪɚɥɢɫɶ ɝɟɪɦɟɬɢɱɧɵɟ ɤɪɵɲɤɢ, ɧɚ ɢɯ ɦɟɫɬɨ ɩɨɦɟɳɚɥɚɫɶ ɫɟɬɱɚɬɚɹ ɬɤɚɧɶ ɢ 

ɫɨɫɭɞɵ ɜɨɡɜɪɚɳɚɥɢɫɶ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɢɧɤɭɛɚɰɢɢ ɜ ɧɟɨɛɯɨɞɢɦɭɸ ɬɟɦɩɟɪɚɬɭɪɭ 

ɞɨ ɫɥɟɞɭɸɳɟɝɨ ɢɡɦɟɪɟɧɢɹ.  
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ɂɡɦɟɪɟɧɢɹ ɨɛɪɚɡɰɨɜ ɡɚɤɥɸɱɚɥɢ ɜ ɫɟɛɟ ɚɧɚɥɢɡ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɤɢɫɥɨɝɨ 

ɝɚɡɚ, ɭɝɥɟɪɨɞɚ ɢ ɟɝɨ ɫɬɚɛɢɥɶɧɵɯ ɢɡɨɬɨɩɨɜ (12ɋ ɢ 13ɋ). 

ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 

ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ Microsoft Excel 2013 ɞɥɹ 

Windows 8.  



23 

 

 

Ƚɥɚɜɚ 3. Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɹ 

3.1. ȼɥɢɹɧɢɟ ɞɨɛɚɜɥɟɧɧɨɣ ɦɟɱɟɧɧɨɣ ɝɥɸɤɨɡɵ ɧɚ ɷɦɢɫɫɢɸ ɋɈ2 ɜ 

ɢɧɤɭɛɚɰɢɨɧɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɩɪɢ 5°ɋ 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢ 5°ɋ ɩɨɤɚɡɚɧɨ, ɱɬɨ 

ɩɨɱɜɵ ɫɤɥɨɧɨɜ ɨɛɨɢɯ ɷɤɫɩɨɡɢɰɢɣ, ɤɨɬɨɪɵɟ ɢɧɤɭɛɢɪɨɜɚɥɢɫɶ ɜ ɤɚɱɟɫɬɜɟ 

ɤɨɧɬɪɨɥɶɧɵɯ (ɬ.ɟ. ɛɟɡ ɜɧɟɫɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɦɟɱɟɧɧɨɣ ɝɥɸɤɨɡɵ) ɢɦɟɥɢ 

ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɷɦɢɫɫɢɢ ɋɈ2.  ɇɚ ɩɪɨɬɹɠɟɧɢɢ 

ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɢɧɤɭɛɚɰɢɢ ɷɦɢɫɫɢɹ ɋɈ2 ɫɨ ɜɫɟɯ ɝɨɪɢɡɨɧɬɨɜ ɨɛɨɢɯ ɫɤɥɨɧɨɜ 

ɷɤɫɩɨɡɢɰɢɢ ɢɦɟɥɚ ɞɨɫɬɚɬɨɱɧɨ ɫɬɚɛɢɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɛɟɡ ɪɟɡɤɢɯ ɩɨɞɴɟɦɨɜ ɢɥɢ 

ɫɩɚɞɨɜ.  ɇɚɛɥɸɞɚɟɦɨɟ ɫɪɚɜɧɢɬɟɥɶɧɨ ɫɭɳɟɫɬɜɟɧɧɨɟ ɫɧɢɠɟɧɢɟ ɷɦɢɫɫɢɢ ɋɈ2 ɜ 

ɨɪɝɚɧɢɱɟɫɤɨɦ ɝɨɪɢɡɨɧɬɟ ɫɤɥɨɧɚ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɜ ɩɟɪɢɨɞ ɫ ɩɟɪɜɨɝɨ ɩɨ 

ɱɟɬɜɟɪɬɵɣ ɞɟɧɶ ɢɧɤɭɛɚɰɢɢ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɩɟɪɟɯɨɞɨɦ ɦɢɤɪɨɛɧɵɯ ɫɨɨɛɳɟɫɬɜ 

ɞɚɧɧɨɝɨ ɝɨɪɢɡɨɧɬɚ ɫ ɞɨɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɧɚ 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɷɤɫɩɟɪɢɦɟɧɬɚ.  

Ɇɢɤɪɨɛɧɵɟ ɫɨɨɛɳɟɫɬɜɚ ɨɪɝɚɧɢɱɟɫɤɢɯ ɝɨɪɢɡɨɧɬɨɜ ɨɛɨɢɯ ɫɤɥɨɧɨɜ ɢɦɟɥɢ 

ɧɚɢɛɨɥɶɲɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɜɫɟɦɢ ɨɫɬɚɥɶɧɵɦɢ ɝɨɪɢɡɨɧɬɚɦɢ. 

Ɇɢɧɟɪɚɥɶɧɵɟ ɝɨɪɢɡɨɧɬɵ ɩɨɱɜɵ ɫɤɥɨɧɚ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɜɵɞɟɥɹɥɢ ɋɈ2 ɜ 

1,5 ɪɚɡɚ ɚɤɬɢɜɧɟɟ, ɱɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɝɨɪɢɡɨɧɬɵ ɫɤɥɨɧɚ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ.  

Ⱦɚɧɧɵɣ ɯɚɪɚɤɬɟɪ ɚɤɬɢɜɧɨɫɬɢ ɦɢɤɪɨɛɧɵɯ ɫɨɨɛɳɟɫɬɜ ɹɜɥɹɟɬɫɹ ɨɛɳɢɦ ɞɥɹ 

ɜɫɟɯ ɷɬɚɩɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɧɚ ɜɫɟɦ ɟɝɨ ɩɪɨɬɹɠɟɧɢɢ ɫɨɯɪɚɧɹɟɬɫɹ ɩɨɞɨɛɧɚɹ 

ɡɚɜɢɫɢɦɨɫɬɶ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɨɱɜɟɧɧɵɯ ɝɨɪɢɡɨɧɬɨɜ ɩɨ ɭɪɨɜɧɸ ɚɤɬɢɜɧɨɫɬɢ 

ɷɦɢɫɫɢɢ CO2. Ɍɚɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɦɢɤɪɨɛɧɵɯ ɫɨɨɛɳɟɫɬɜ ɩɪɹɦɨ 

ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ ɩɨɱɜɟɧɧɵɯ ɝɨɪɢɡɨɧɬɨɜ ɜ 

ɤɨɬɨɪɵɯ ɞɚɧɧɵɟ ɫɨɨɛɳɟɫɬɜɚ ɨɛɢɬɚɸɬ (ɪɢɫ2).  
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Ɋɢɫɭɧɨɤ 2 – ɗɦɢɫɫɢɹ ɋɈ2 ɜ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɦɢɤɪɨɤɨɫɦɚɯ ɩɪɢ 5°ɋ ɧɚ 

ɫɤɥɨɧɟ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ: ɚ – ɫɤɥɨɧ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ; ɛ – ɫɤɥɨɧ ɫɟɜɟɪɧɨɣ 

ɷɤɫɩɨɡɢɰɢɢ 

Ⱥɧɚɥɢɡɢɪɭɹ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɢɧɤɭɛɚɰɢɨɧɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɩɪɢ 5°ɋ 

ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɝɥɸɤɨɡɵ, ɛɵɥɨ ɜɵɹɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟ ɷɦɢɫɫɢɢ ɋɈ2 ɜ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɝɨɪɢɡɨɧɬɚɯ ɨɛɨɢɯ ɫɤɥɨɧɨɜ ɷɤɫɩɨɡɢɰɢɢ, ɢ ɭɜɟɥɢɱɟɧɢɟ ɷɦɢɫɫɢɢ ɜ 

ɦɢɧɟɪɚɥɶɧɵɯ ɝɨɪɢɡɨɧɬɚɯ ɧɚ ɫɤɥɨɧɟ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ. ȼɵɲɟɫɤɚɡɚɧɧɨɟ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɞɨɛɚɜɥɟɧɧɚɹ ɝɥɸɤɨɡɚ ɧɚ ɫɤɥɨɧɟ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

ɢɧɬɟɧɫɢɜɧɟɟ ɜɫɟɝɨ ɩɟɪɟɪɚɛɚɬɵɜɚɥɚɫɶ ɜ ɋɈ2 ɜ ɨɪɝɚɧɢɱɟɫɤɨɦ ɝɨɪɢɡɨɧɬɟ, ɬɨɝɞɚ ɤɚɤ 

ɧɚ ɫɤɥɨɧɟ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɜ ɷɬɨɬ ɩɪɨɰɟɫɫ ɛɵɥɢ ɜɨɜɥɟɱɟɧɵ ɜɫɟ ɝɨɪɢɡɨɧɬɵ 

ɩɨɱɜɵ (ɢ ɨɪɝɚɧɢɱɟɫɤɢɣ ɢ ɦɢɧɟɪɚɥɶɧɵɟ), ɯɨɬɹ ɢ ɫ ɦɟɧɶɲɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ. 

ɉɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɟ ɢɫɱɟɪɩɚɧɢɟ ɜɧɟɫɟɧɧɨɣ ɝɥɸɤɨɡɵ ɧɚ ɨɛɨɢɯ ɝɨɪɢɡɨɧɬɚɯ 

ɩɪɨɢɫɯɨɞɢɥɨ ɩɪɢɦɟɪɧɨ ɧɚ 17 ɫɭɬɤɢ ɩɨɫɥɟ ɧɚɱɚɥɚ ɷɤɫɩɟɪɢɦɟɧɬɚ (ɬ.ɟ. ɱɟɪɟɡ 5 
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ɫɭɬɨɤ ɩɨɫɥɟ ɜɧɟɫɟɧɢɹ ɦɟɱɟɧɨɣ ɝɥɸɤɨɡɵ). Ⱦɨɛɚɜɥɟɧɧɚɹ ɝɥɸɤɨɡɚ ɜ ɢɧɤɭɛɚɰɢɢ 

ɩɪɢ 5°ɋ ɧɟ ɜɵɡɜɚɥɚ ɩɨɜɬɨɪɧɵɯ ɜɫɩɥɟɫɤɨɜ ɚɤɬɢɜɧɨɫɬɢ ɞɵɯɚɧɢɹ ɧɟ ɧɚ ɨɞɧɨɦ ɢɡ 

ɫɤɥɨɧɨɜ, ɬ.ɟ. ɜ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ «ɩɪɚɣɦɢɧɝ»-ɷɮɮɟɤɬ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧ ɧɟ ɛɵɥ 

(ɪɢɫ. 3). 

 

 

Ɋɢɫɭɧɨɤ 3 – ɗɦɢɫɫɢɹ ɋɈ2 ɜ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɦɢɤɪɨɤɨɫɦɚɯ ɩɪɢ 5°ɋ ɫ 

ɜɧɟɫɟɧɢɟɦ ɦɟɱɟɧɧɨɣ ɝɥɸɤɨɡɵ: ɚ – ɫɤɥɨɧ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ; ɛ – ɫɤɥɨɧ ɫɟɜɟɪɧɨɣ 

ɷɤɫɩɨɡɢɰɢɢ 

ɉɨ ɞɚɧɧɵɦ, ɩɨɥɭɱɟɧɧɵɦ ɩɨɫɥɟ ɢɡɦɟɪɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ 13ɋ ɢɡɨɬɨɩɚ ɜ ɋɈ2 

(ɤɨɬɨɪɵɣ ɛɵɥ ɜɧɟɫɟɧ ɜ ɫɨɫɬɚɜɟ ɦɟɱɟɧɨɣ ɝɥɸɤɨɡɵ), ɛɵɥɢ ɩɨɞɬɜɟɪɠɞɟɧɵ 

ɪɟɡɭɥɶɬɚɬɵ ɨɛ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɦ ɢɫɱɟɪɩɚɧɢɢ ɜɧɟɫёɧɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɧɚ 17 

ɫɭɬɤɢ ɢ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɷɮɮɟɤɬɚ ɩɪɚɣɦɢɧɝɚ. Ɍɚɤ ɠɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɪɝɚɧɧɨ-
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ɦɢɧɟɪɚɥɶɧɵɣ ɝɨɪɢɡɨɧɬ ɫɤɥɨɧɚ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɨɛɥɚɞɚɟɬ ɛɨɥɶɲɟɣ 

ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɪɚɡɥɨɠɟɧɢɸ ɫɨɟɞɢɧɟɧɢɣ ɫɨɞɟɪɠɚɳɢɣ 13ɋ ɢɡɨɬɨɩ ɝɥɸɤɨɡɵ, ɱɟɦ 

ɨɪɝɚɧɢɱɟɫɤɢɣ ɝɨɪɢɡɨɧɬ ɬɨɝɨ ɠɟ ɫɤɥɨɧɚ ɢ ɜɫɟ ɦɢɧɟɪɚɥɶɧɵɟ ɝɨɪɢɡɨɧɬɵ ɨɛɨɢɯ 

ɫɤɥɨɧɨɜ (ɪɢɫ. 4). 

 

 

Ɋɢɫɭɧɨɤ 4 – ɋɨɞɟɪɠɚɧɢɟ 13ɋ ɜ ɋɈ2 ɜ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɦɢɤɪɨɤɨɫɦɚɯ ɩɪɢ 

5°ɋ ɫ ɜɧɟɫɟɧɢɟɦ ɦɟɱɟɧɧɨɣ ɝɥɸɤɨɡɵ: ɚ – ɫɤɥɨɧ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ; ɛ – ɫɤɥɨɧ 

ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɩɨɥɭɱɟɧɧɵɯ ɫɭɦɦɚɪɧɵɯ ɞɚɧɧɵɯ, ɦɨɠɧɨ ɩɪɢɣɬɢ ɤ 

ɡɚɤɥɸɱɟɧɢɸ, ɱɬɨ ɩɨɫɬɭɩɥɟɧɢɟ ɥɟɝɤɨɞɨɫɬɭɩɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɧɟ ɫɩɨɫɨɛɧɨ 
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ɩɨɫɥɭɠɢɬɶ ɪɚɡɜɢɬɢɸ «ɩɪɚɣɦɢɧɝ ɷɮɮɟɤɬɚ» ɩɪɢ ɩɨɧɢɠɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 

(5°ɋ). 

 ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɬɟɦ, ɱɬɨ ɞɚɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɹɜɥɹɸɬɫɹ 

ɨɛɵɱɧɵɦɢ ɞɥɹ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɷɬɢɯ ɩɨɱɜɟɧɧɵɯ ɝɨɪɢɡɨɧɬɚɯ, 

ɢ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɨɧɢ ɩɪɢɫɩɨɫɨɛɥɟɧɵ ɤ ɛɨɥɟɟ ɷɤɨɧɨɦɧɨɦɭ ɪɚɫɯɨɞɨɜɚɧɢɸ 

ɫɭɛɫɬɪɚɬɚ ɢ ɧɟ ɞɚɸɬ ɪɟɡɤɢɯ ɜɫɩɵɲɟɤ ɪɚɡɜɢɬɢɹ ɞɚɠɟ ɩɪɢ ɩɨɹɜɥɟɧɢɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɥɟɝɤɨɞɨɫɬɭɩɧɨɝɨ ɩɢɬɚɧɢɹ. Ɍɚɤ ɠɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ 

ɫɪɚɜɧɟɧɢɢ ɫ ɦɢɧɟɪɚɥɶɧɵɦ ɝɨɪɢɡɨɧɬɨɦ ɩɨɱɜɵ ɸɠɧɨɝɨ ɫɤɥɨɧɚ ɷɤɫɩɨɡɢɰɢɢ, 

ɦɢɧɟɪɚɥɶɧɵɣ ɝɨɪɢɡɨɧɬ ɩɨɱɜɵ ɫɤɥɨɧɚ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɩɨɤɚɡɚɥ ɛɨɥɟɟ 

ɢɧɬɟɧɫɢɜɧɨɟ ɞɵɯɚɧɢɟ ɤɚɤ ɛɟɡ ɜɧɟɫɟɧɢɹ ɝɥɸɤɨɡɵ, ɬɚɤ ɢ ɩɪɢ ɟё ɞɨɛɚɜɥɟɧɢɢ. 

Ⱦɚɧɧɨɟ ɪɚɡɥɢɱɢɟ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɧɚ ɫɟɜɟɪɧɨɦ ɫɤɥɨɧɟ ɝɨɪɢɡɨɧɬɵ 

ɢɦɟɸɬ ɦɟɧɶɲɭɸ ɦɨɳɧɨɫɬɶ (ɬɨɥɳɢɧɭ), ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɦɢɤɪɨɛɧɵɟ ɫɨɨɛɳɟɫɬɜɚ 

ɬɚɦ ɪɚɫɩɨɥɨɠɟɧɵ ɛɨɥɟɟ ɩɥɨɬɧɨ, ɱɬɨ ɜɨɡɦɨɠɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɢɯ ɚɤɬɢɜɧɨɫɬɶ.  

Ʉɪɨɦɟ ɬɨɝɨ, ɛɨɥɶɲɭɸ ɚɤɬɢɜɧɨɫɬɶ ɦɢɤɪɨɛɧɵɯ ɫɨɨɛɳɟɫɬɜ ɦɢɧɟɪɚɥɶɧɨɝɨ 

ɝɨɪɢɡɨɧɬɚ ɫɟɜɟɪɧɨɝɨ ɫɤɥɨɧɚ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɩɨɫɬɨɹɧɧɵɦ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɬɚɦ 

ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. Ɇɟɪɡɥɨɬɚ ɧɚ ɬɚɤɢɯ ɬɟɪɪɢɬɨɪɢɹɯ ɡɚɥɟɝɚɟɬ ɜɵɲɟ, ɢ 

ɦɢɧɟɪɚɥɶɧɵɟ ɫɥɨɢ ɩɪɨɝɪɟɜɚɸɬɫɹ ɦɟɧɶɲɟ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɜ 

ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɹɜɥɹɟɬɫɹ ɞɥɹ ɞɚɧɧɵɯ ɫɨɨɛɳɟɫɬɜ ɧɟɢɡɦɟɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɢɯ 

ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ. ɇɢɡɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɧɭɠɞɚɸɬ ɞɚɧɧɵɟ ɫɨɨɛɳɟɫɬɜɚ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɪɟɫɭɪɫɵ ɧɚ ɦɚɤɫɢɦɭɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɜɨɟɣ 

ɜɵɠɢɜɚɟɦɨɫɬɢ, ɞɥɹ ɱɟɝɨ ɨɧɢ ɜɵɪɚɛɨɬɚɥɢ ɨɩɬɢɦɚɥɶɧɵɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ. ȼ 

ɞɚɧɧɵɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ, ɜɟɪɨɹɬɧɨ, ɜɯɨɞɢɬ ɢɞɟɚɥɶɧɨ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɚɹ ɩɨɞ 

ɜɧɟɲɧɢɟ ɭɫɥɨɜɢɹ ɮɟɪɦɟɧɬɧɚɹ ɫɢɫɬɟɦɚ, ɱɟɬɤɨ ɧɚɫɬɪɨɟɧɧɚɹ ɧɚ ɦɚɤɫɢɦɚɥɶɧɨ 

ɜɨɡɦɨɠɧɭɸ ɩɟɪɟɪɚɛɨɬɤɭ ɩɪɟɨɛɥɚɞɚɸɳɢɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɢɡɨɧɬɨɜ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. Ɍɚɤɠɟ ɨɬɫɭɬɫɬɜɢɟ «ɩɪɚɣɦɢɧɝ ɷɮɮɟɤɬɚ» ɝɨɜɨɪɢɬ ɨ 

ɬɨɦ, ɱɬɨ ɩɟɪɟɫɬɪɨɣɤɢ ɦɟɬɚɛɨɥɢɡɦɚ ɢɥɢ ɫɦɟɧɵ ɞɨɦɢɧɚɧɬɨɜ ɜ ɦɢɤɪɨɛɧɵɯ 

ɫɨɨɛɳɟɫɬɜɚɯ ɧɟ ɩɪɨɢɡɨɲɥɨ. 
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3.2. ȼɥɢɹɧɢɟ ɞɨɛɚɜɥɟɧɧɨɣ ɦɟɱɟɧɧɨɣ ɝɥɸɤɨɡɵ ɧɚ ɷɦɢɫɫɢɸ ɋɈ2 ɜ 

ɢɧɤɭɛɚɰɢɨɧɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɩɪɢ 23°ɋ 

 

ɉɪɢ ɚɧɚɥɢɡɟ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɩɨɫɥɟ ɢɧɤɭɛɚɰɢɢ ɩɨɱɜɟɧɧɵɯ ɨɛɪɚɡɰɨɜ 

ɩɪɢ 23°ɋ (ɤɨɧɬɪɨɥɶɧɵɣ ɜɚɪɢɚɧɬ ɛɟɡ ɜɧɟɫɟɧɢɹ ɝɥɸɤɨɡɵ), ɛɵɥɨ ɩɨɤɚɡɚɧɨ 

ɭɜɟɥɢɱɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɷɦɢɫɫɢɢ ɋɈ2 ɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɝɨɪɢɡɨɧɬɚɯ ɨɛɨɢɯ 

ɫɤɥɨɧɨɜ, ɫɩɚɞ ɞɚɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢɲёɥɫɹ ɧɚ 15 ɞɟɧɶ ɫ ɞɚɬɵ ɧɚɱɚɥɚ 

ɢɧɤɭɛɚɰɢɢ, ɩɨɜɬɨɪɧɵɯ ɜɫɩɥɟɫɤɨɜ ɚɤɬɢɜɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɨ ɧɟ ɛɵɥɨ. ɉɪɢ 

ɫɪɚɜɧɟɧɢɢ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɩɪɢ ɢɧɤɭɛɚɰɢɢ ɩɪɢ 5°ɋ, ɛɵɥɨ 

ɜɵɹɜɥɟɧɨ, ɱɬɨ ɨɪɝɚɧɢɱɟɫɤɢɣ ɫɤɥɨɧ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɩɪɢ ɩɨɜɵɲɟɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɭɜɟɥɢɱɢɜɚɟɬ ɭɪɨɜɟɧɶ ɚɤɬɢɜɧɨɫɬɢ ɷɦɢɫɫɢɢ ɋɈ2 ɩɪɚɤɬɢɱɟɫɤɢ ɜɞɜɨɟ, 

ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɧɚ ɫɟɜɟɪɧɨɦ ɫɤɥɨɧɟ ɞɚɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɪɚɡɧɹɬɫɹ ɧɟ ɫɭɳɟɫɬɜɟɧɧɨ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ 23°ɋ ɚɤɬɢɜɧɨɫɬɶ ɷɦɢɫɫɢɢ ɋɈ2 ɧɚ ɦɢɧɟɪɚɥɶɧɵɯ ɝɨɪɢɡɨɧɬɚɯ ɧɟ 

ɨɬɥɢɱɚɥɚɫɶ ɧɚ ɫɟɜɟɪɧɨɦ ɢ ɸɠɧɨɦ ɫɤɥɨɧɚɯ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢ 5°ɋ, 

ɝɞɟ ɦɢɧɟɪɚɥɶɧɵɟ ɫɥɨɢ ɫɟɜɟɪɧɨɝɨ ɝɨɪɢɡɨɧɬɚ ɩɨɤɚɡɵɜɚɥɢ ɛɨɥɶɲɭɸ ɷɦɢɫɫɢɸ ɋɈ2, 

ɧɟɠɟɥɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɝɨɪɢɡɨɧɬɵ ɸɠɧɨɝɨ ɫɤɥɨɧɚ (ɪɢɫ. 5). 
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Ɋɢɫɭɧɨɤ 5 – ɗɦɢɫɫɢɹ ɋɈ2 ɜ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɦɢɤɪɨɤɨɫɦɚɯ ɩɪɢ 23°ɋ: ɚ – 

ɫɤɥɨɧ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ; ɛ – ɫɤɥɨɧ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

ɉɨɫɥɟ ɜɧɟɫɟɧɢɹ ɦɟɱɟɧɧɨɣ ɝɥɸɤɨɡɵ ɨɬɱɟɬɥɢɜɨ ɧɚɛɥɸɞɚɥɨɫɶ ɪɟɡɤɨɟ ɢ 

ɩɪɚɤɬɢɱɟɫɤɢ ɦɨɦɟɧɬɚɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɞɵɯɚɬɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 

ɝɨɪɢɡɨɧɬɚ ɫɤɥɨɧɚ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ, ɡɚ ɤɨɬɨɪɵɦ ɜɩɨɫɥɟɞɫɬɜɢɢ ɩɨɫɥɟ 

ɬɪɟɯɞɧɟɜɧɨɝɨ ɩɟɪɟɪɵɜɚ ɩɨɫɥɟɞɨɜɚɥ ɜɬɨɪɢɱɧɵɣ ɜɫɩɥɟɫɤ ɚɤɬɢɜɧɨɫɬɢ. Ɂɚ ɞɚɧɧɵɣ 

ɩɟɪɟɪɵɜ ɩɪɨɢɡɨɲɥɚ ɥɢɛɨ ɩɟɪɟɫɬɪɨɣɤɚ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɚɩɩɚɪɚɬɚ ɦɢɤɪɨɛɧɵɯ 

ɫɨɨɛɳɟɫɬɜ, ɥɢɛɨ ɫɦɟɧɚ ɞɨɦɢɧɚɧɬɨɜ, ɩɨɫɥɟ ɱɟɝɨ ɜɟɪɨɹɬɧɨ ɧɚɱɚɥɨɫɶ ɪɚɡɥɨɠɟɧɢɟ 

ɪɚɧɟɟ ɡɚɩɚɫɟɧɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɭɛɫɬɪɚɬɚ.  

ɉɟɪɢɨɞ ɜɬɨɪɢɱɧɨɝɨ ɪɨɫɬɚ ɚɤɬɢɜɧɨɫɬɢ ɨɤɚɡɚɥɫɹ ɞɨɜɨɥɶɧɨ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɦ ɢ ɡɚɧɹɥ 23 ɞɧɹ, ɜ ɬɨɦ ɜɪɟɦɹ ɤɚɤ ɢɫɱɟɪɩɚɧɢɟ ɩɟɪɜɢɱɧɨ 

ɜɧɟɫɟɧɧɨɣ ɝɥɸɤɨɡɵ ɩɪɨɢɡɨɲɟɥ ɡɚ ɞɜɚ ɞɧɹ. ɇɚɛɥɸɞɚɟɦɚɹ ɫɢɬɭɚɰɢɹ ɝɨɜɨɪɢɬ ɨ 

ɜɨɡɦɨɠɧɨ ɨɛɧɚɪɭɠɟɧɧɨɦ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɟ».  
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Ɍɚɤɨɣ ɠɟ ɷɮɮɟɤɬ, ɧɨ ɜ ɬɪɢ ɪɚɡɚ ɦɟɧɟɟ ɚɤɬɢɜɧɵɣ ɧɚɛɥɸɞɚɥɫɹ ɢ ɭ ɩɨɱɜ 

ɫɟɜɟɪɧɨɝɨ ɫɤɥɨɧɚ, ɩɪɢ ɷɬɨɦ ɧɚ ɞɚɧɧɨɦ ɫɤɥɨɧɟ ɜ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬ» ɛɵɥɢ 

ɜɨɜɥɟɱɟɧɵ ɧɟ ɬɨɥɶɤɨ ɨɪɝɚɧɢɱɟɫɤɢɣ, ɧɨ ɢ ɦɢɧɟɪɚɥɶɧɵɟ ɫɥɨɢ.  

ɇɚ ɫɤɥɨɧɟ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɜɟɥɢɱɢɧɚ ɷɦɢɫɫɢɢ ɋɈ2 ɜɨ ɜɬɨɪɢɱɧɨɦ 

ɜɫɩɥɟɫɤɟ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɢɡɦɟɪɢɦɚ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɜɟɥɢɱɢɧɨɣ ɩɟɪɜɢɱɧɨɝɨ 

ɨɬɜɟɬɚ ɦɢɤɪɨɛɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɧɚ ɩɨɫɬɭɩɢɜɲɢɣ ɥɟɝɤɨɞɨɫɬɭɩɧɵɣ ɫɭɛɫɬɪɚɬ. Ɍɚɤɢɟ 

ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɧɨɦ ɜɨɜɥɟɱɟɧɢɢ ɦɢɤɪɨɛɧɵɯ 

ɫɨɨɛɳɟɫɬɜ ɜ ɪɚɡɥɨɠɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɩɪɢ ɜɬɨɪɢɱɧɨɦ ɜɫɩɥɟɫɤɟ, ɤɚɤ 

ɢ ɩɪɢ ɩɟɪɜɢɱɧɨɦ ɨɬɜɟɬɟ.  

ɉɨɥɭɱɟɧɧɵɟ ɫɜɟɞɟɧɢɹ ɬɚɤɠɟ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɫɜɢɞɟɬɟɥɶɫɬɜɚ 

ɞɥɹ ɪɚɧɟɟ ɧɚɡɜɚɧɧɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɥɭɱɲɟɣ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɦɢɤɪɨɛɧɵɯ 

ɫɨɨɛɳɟɫɬɜ ɩɨɱɜ ɫɟɜɟɪɧɨɝɨ ɫɤɥɨɧɚ ɷɤɫɩɨɡɢɰɢɢ ɤ ɨɤɪɭɠɚɸɳɟɣ ɢɯ ɫɪɟɞɟ (ɪɢɫ. 6). 
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Ɋɢɫɭɧɨɤ 6 – ɗɦɢɫɫɢɹ ɋɈ2 ɜ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɦɢɤɪɨɤɨɫɦɚɯ ɩɪɢ 23°ɋ ɫ 

ɜɧɟɫɟɧɢɟɦ ɦɟɱɟɧɧɨɣ ɝɥɸɤɨɡɵ: ɚ – ɫɤɥɨɧ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ; ɛ – ɫɤɥɨɧ ɫɟɜɟɪɧɨɣ 

ɷɤɫɩɨɡɢɰɢɢ 

ɉɪɢ ɚɧɚɥɢɡɟ ɞɚɧɧɵɯ ɨ ɞɢɧɚɦɢɤɟ ɢɡɦɟɧɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ 13ɋ ɢɡɨɬɨɩɚ ɜ ɋɈ2 

ɜ ɢɧɤɭɛɚɰɢɨɧɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɩɪɢ 23°ɋ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɨɥɧɨɟ 

ɢɫɱɟɪɩɚɧɢɟ ɜɧɟɫɟɧɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɩɪɨɢɡɨɲɥɨ ɡɚ ɞɜɚ ɞɧɹ, ɱɬɨ ɜɞɜɨɟ ɛɵɫɬɪɟɟ, ɱɟɦ 

ɩɪɢ 5 °ɋ. Ɍɚɤɠɟ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɧɚɥɢɱɢɟ ɜɬɨɪɨɝɨ ɜɫɩɥɟɫɤɚ ɚɤɬɢɜɧɨɫɬɢ – 

«ɩɪɚɣɦɢɧɝ»-ɷɮɮɟɤɬɚ.  Ɍɚɤɠɟ ɞɚɧɧɵɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɢɤɪɨɛɧɵɟ ɫɨɨɛɳɟɫɬɜɚ 

ɨɪɝɚɧɨ-ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɥɨɹ Ⱥ ɩɪɢɧɢɦɚɸɬ ɫɚɦɨɟ ɚɤɬɢɜɧɨɟ ɭɱɚɫɬɢɟ ɜ ɩɟɪɟɪɚɛɨɬɤɟ 

ɫɨɟɞɢɧɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɜ ɫɟɛɟ 13ɋ ɢɡɨɬɨɩ (ɪɢɫ. 7). 
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Ɋɢɫɭɧɨɤ 7 – ɋɨɞɟɪɠɚɧɢɟ 13ɋ ɜ ɋɈ2 ɜ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɦɢɤɪɨɤɨɫɦɚɯ ɩɪɢ 

23°ɋ ɫ ɜɧɟɫɟɧɢɟɦ ɦɟɱɟɧɧɨɣ ɝɥɸɤɨɡɵ: ɚ – ɫɤɥɨɧ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ; ɛ – ɫɤɥɨɧ 

ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

Ⱥɧɚɥɢɡɢɪɭɹ ɫɭɦɦɚɪɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɩɨɫɥɟ ɢɧɤɭɛɚɰɢɨɧɧɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɢ 5°ɋ ɢ 23°ɋ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɜɵɜɨɞ ɨ ɩɪɢɪɨɞɟ 

«ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ» ɩɨɱɜ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ – ɤ ɪɚɡɜɢɬɢɸ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ» 

ɩɪɢɜɨɞɹɬ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɨɫɬɭɩɥɟɧɢɟ ɜ ɩɨɱɜɵ ɥɟɝɤɨɞɨɫɬɭɩɧɨɝɨ 

ɫɭɛɫɬɪɚɬɚ, ɤɨɬɨɪɨɟ ɩɪɨɜɨɰɢɪɭɟɬ ɭɜɟɥɢɱɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɦɢɧɟɪɚɥɢɡɚɰɢɢ 

ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɦɢɤɪɨɛɧɵɦɢ ɫɨɨɛɳɟɫɬɜɚɦɢ. 
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ȼ ɩɨɱɜɚɯ ɸɠɧɵɯ ɫɤɥɨɧɨɜ ɜ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬ» ɜ ɨɫɧɨɜɧɨɦ ɜɨɜɥɟɱɟɧɵ 

ɦɢɤɪɨɛɧɵɟ ɫɨɨɛɳɟɫɬɜɚ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɩɨɱɜɟɧɧɨɝɨ ɝɨɪɢɡɨɧɬɚ; ɜ ɩɨɱɜɚɯ ɛɨɥɟɟ 

ɯɨɥɨɞɧɵɯ ɬɟɪɪɢɬɨɪɢɣ, ɬɟɪɪɢɬɨɪɢɣ ɫɟɜɟɪɧɵɯ ɫɤɥɨɧɨɜ, ɜ «ɩɪɚɣɦɢɧɝ»-ɷɮɮɟɤɬ 

ɜɨɜɥɟɱɟɧɵ ɜɫɟ ɩɨɱɜɟɧɧɵɟ ɝɨɪɢɡɨɧɬɵ, ɫ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ ɦɢɤɪɨɛɧɵɯ 

ɫɨɨɛɳɟɫɬɜ ɜ  ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɥɨɹɯ ɩɨɱɜ.  

ɇɚɛɥɸɞɚɟɦɵɣ ɞɨɜɨɥɶɧɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɜɬɨɪɢɱɧɵɣ ɜɫɩɥɟɫɤ 

ɚɤɬɢɜɧɨɫɬɢ ɝɨɜɨɪɢɬ ɨ ɜɨɡɦɨɠɧɨɦ ɨɛɧɚɪɭɠɟɧɢɢ ɪɟɚɥɶɧɨɝɨ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ», 

ɩɪɢ ɤɨɬɨɪɨɦ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɨɫɬɭɩɥɟɧɢɟ ɥɟɝɤɨɞɨɫɬɭɩɧɨɝɨ 

ɫɭɛɫɬɪɚɬɚ ɚɤɬɢɜɢɡɢɪɨɜɚɥɨ ɧɚɢɛɨɥɟɟ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɟ ɝɪɭɩɩɵ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɤɨɬɨɪɨɟ ɜɩɨɫɥɟɞɫɬɜɢɢ ɫɦɨɝɥɢ ɩɟɪɟɧɚɫɬɪɨɢɬɶ ɫɜɨɣ 

ɦɟɬɚɛɨɥɢɡɦ ɧɚ ɪɚɡɥɨɠɟɧɢɟ ɛɨɥɟɟ ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɜɵɞɟɥɹɟɦɵɟ 

ɩɪɢ ɷɬɨɦ ɜɧɟɤɥɟɬɨɱɧɵɟ ɮɟɪɦɟɧɬɵ ɧɚɱɚɥɢ ɪɚɡɥɚɝɚɬɶ ɡɚɩɚɫɟɧɧɨɟ ɉɈȼ. 

ɉɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɚɧɧɵɟ ɩɨ 

ɨɰɟɧɤɟ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɡɜɢɬɢɹ «ɩɪɚɣɦɢɧɝ»-ɷɮɮɟɤɬɚ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪ 

ɜ ɦɟɪɡɥɨɬɧɵɯ ɩɨɱɜɚɯ ɧɚ ɩɪɢɦɟɪɟ ɩɨɱɜ ɐɟɧɬɪɚɥɶɧɨɣ ɗɜɟɧɤɢɢ ɜ ɩɨɥɧɨɣ ɦɟɪɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɢɪɨɜɨɦɭ ɭɪɨɜɧɸ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɞɨɩɨɥɧɹɬ ɩɨɧɢɦɚɧɢɟ ɜɥɢɹɧɢɹ 

ɩɨɫɥɟɞɫɬɜɢɣ ɝɥɨɛɚɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɤɥɢɦɚɬɚ ɧɚ ɦɟɪɡɥɨɬɧɵɟ ɷɤɨɫɢɫɬɟɦɵ. 
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ȼɕȼɈȾɕ: 

 

1. ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɪɢɨɝɟɧɧɵɯ ɩɨɱɜ ɧɚ ɩɪɢɦɟɪɟ ɪɚɣɨɧɚ 

ɐɟɧɬɪɚɥɶɧɨɣ ɗɜɟɧɤɢɢ ɜɵɡɜɚɥɨ ɧɟɛɨɥɶɲɨɟ ɭɜɟɥɢɱɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ 

ɦɢɤɪɨɛɧɵɯ ɩɨɱɜɟɧɧɵɯ ɫɨɨɛɳɟɫɬɜ, ɤɨɬɨɪɚɹ ɜɵɪɚɠɚɥɚɫɶ ɜ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ 

ɢɯ ɞɵɯɚɧɢɹ, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɷɦɢɫɫɢɢ ɜ ɚɬɦɨɫɮɟɪɭ ɋɈ2. 

2. ɉɨɫɬɭɩɥɟɧɢɟ ɥɟɝɤɨɞɨɫɬɭɩɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɬɟɦɩɟɪɚɬɭɪɵ ɤɪɢɨɝɟɧɧɵɯ ɩɨɱɜ ɫ 5 ɞɨ 23°ɋ ɨɛɧɚɪɭɠɢɥɨ ɜɨɡɦɨɠɧɨɫɬɶ 

ɪɚɡɜɢɬɢɹ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ». ɉɪɢ ɩɨɫɬɭɩɥɟɧɢɟ ɥɟɝɤɨɞɨɫɬɭɩɧɨɝɨ ɫɭɛɫɬɪɚɬɚ 

ɩɪɢ ɩɨɧɢɠɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ «ɩɪɚɣɦɢɧɝ-ɷɮɮɟɤɬɚ» ɧɟ ɪɚɡɜɢɥɫɹ. Ȼɵɥɨ 

ɩɨɞɬɜɟɪɠɞɟɧɨ, ɱɬɨ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɪɟɞɵ ɩɨɱɜɟɧɧɵɟ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɩɪɢɫɩɨɫɨɛɥɟɧɵ ɪɚɫɯɨɞɨɜɚɬɶ ɫɭɛɫɬɪɚɬ ɷɤɨɧɨɦɧɨ ɢ ɧɟ ɞɚɸɬ 

ɪɟɡɤɢɯ ɜɫɩɵɲɟɤ ɪɚɡɜɢɬɢɹ ɩɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɥɟɝɤɨɞɨɫɬɭɩɧɨɝɨ ɩɢɬɚɧɢɹ. 

3. ɋɪɚɜɧɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɷɦɢɫɫɢɢ ɋɈ2 ɦɢɤɪɨɛɧɵɦɢ ɫɨɨɛɳɟɫɬɜɚɦɢ ɫɤɥɨɧɨɜ 

ɫɟɜɟɪɧɨɣ ɢ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɣ ɩɨɤɚɡɚɥɨ: ɦɢɤɪɨɛɧɵɟ ɫɨɨɛɳɟɫɬɜɚ 

ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɩɨɱɜɟɧɧɨɝɨ ɝɨɪɢɡɨɧɬɚ ɸɠɧɨɝɨ ɫɤɥɨɧɚ ɷɤɫɩɨɡɢɰɢɢ ɨɛɥɚɞɚɸɬ 

ɜɞɜɨɟ ɛɨɥɶɲɟɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɱɟɦ ɦɢɤɪɨɛɧɵɟ ɫɨɨɛɳɟɫɬɜɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɝɨɪɢɡɨɧɬɚ ɫɟɜɟɪɧɨɝɨ ɫɤɥɨɧɚ. ɋɟɜɟɪɧɵɣ ɫɤɥɨɧ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɢɦɟɟɬ ɛɨɥɟɟ 

ɚɤɬɢɜɧɵɟ ɦɢɤɪɨɛɧɵɟ ɫɨɨɛɳɟɫɬɜɚ ɦɢɧɟɪɚɥɶɧɵɯ ɝɨɪɢɡɨɧɬɨɜ. ɇɚ ɬɟɩɥɵɯ 

ɬɟɪɪɢɬɨɪɢɹɯ «ɩɪɚɣɦɢɧɝ»-ɷɮɮɟɤɬ ɜɵɪɚɠɟɧ ɛɨɥɟɟ ɹɜɧɨ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɧɚ 

ɯɨɥɨɞɧɵɯ ɦɟɫɬɧɨɫɬɹɯ ɨɧ ɨɯɜɚɬɵɜɚɟɬ ɛɨɥɶɲɟ ɩɨɱɜɟɧɧɵɯ ɝɨɪɢɡɨɧɬɨɜ.  
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ɢɡɦɟɧɹɸɳɢɯɫɹ ɭɫɥɨɜɢɹɯ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ / ȿ.ȼ. Ȼɥɚɝɨɞɚɬɫɤɚɹ, Ɇ.ȼ. 

ɋɟɦɟɧɨɜ, Ⱥ.ȼ. əɤɭɲɟɜ // Ɇɨɫɤɜɚ: Ɍɨɜɚɪɢɳɟɫɬɜɨ ɧɚɭɱɧɵɯ ɢɡɞɚɧɢɣ ɄɆɄ. – 

2016. –  243 ɫ. 

2. Ȼɥɚɝɨɞɚɬɫɤɚɹ ȿ.ȼ. ɂɡɦɟɧɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɫɬɪɚɬɟɝɢɢ ɦɢɤɪɨɛɧɨɝɨ 

ɫɨɨɛɳɟɫɬɜɚ ɩɨɱɜɵ, ɢɧɢɰɢɢɪɨɜɚɧɧɨɟ ɜɧɟɫɟɧɢɟɦ ɝɥɸɤɨɡɵ / ȿ.ȼ. 

Ȼɥɚɝɨɞɚɬɫɤɚɹ, ɂ.ɇ. Ȼɨɝɨɦɨɥɨɜɚ // ɉɨɱɜɨɜɟɞɟɧɢɟ. –  2001. – №5. – ɫ. 600-

608.  

3. ȽɈɋɌ Ɋ ɂɋɈ 11465-2011 Ʉɚɱɟɫɬɜɨ ɩɨɱɜɵ. Ɉɩɪɟɞɟɥɟɧɢɟ ɦɚɫɫɨɜɨɣ ɞɨɥɢ 

ɫɭɯɨɝɨ ɜɟɳɟɫɬɜɚ ɢ ɦɚɫɫɨɜɨɝɨ ɨɬɧɨɲɟɧɢɹ ɜɥɚɝɢ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɦ 

ɦɟɬɨɞɨɦ. – ȼɜɟɞ. 01.01.2013. – Ɇɨɫɤɜɚ: ɋɬɚɧɞɚɪɬɢɧɮɨɪɦ, 2006. – 7 ɫ. 

4. Ⱦɨɛɪɨɜɨɥɶɫɤɚɹ Ɍ.Ƚ. Ɋɨɥɶ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɮɭɧɤɰɢɹɯ 

ɩɨɱɜ / Ɍ.Ƚ. Ⱦɨɛɪɨɜɨɥɶɫɤɚɹ, Ⱦ.Ƚ. Ɂɜɹɝɢɧɰɟɜ, ɂ.ɘ. ɑɟɪɧɨɜ, Ⱥ. ȼ. 

Ƚɨɥɨɜɱɟɧɤɨ // ɉɨɱɜɨɜɟɞɟɧɢɟ. – 2005. – №9. – ɫ.1087 – 1096.  

5. ɉɨɞɝɨɪɧɵɣ Ⱦ.Ⱥ. ɍɝɥɟɪɨɞ ɜɨ ɜɫɟɦ ɫɜɨɟɦ ɦɧɨɝɨɨɛɪɚɡɢɢ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / 

Ⱦ.Ⱥ. ɉɨɞɝɨɪɧɵɣ– ɑɟɥɹɛɢɧɫɤ. –  2014. – 31 ɫ.   

6. ɋɟɦɟɧɨɜ ɋ. Ɇ. Ɇɟɬɨɞɵ ɨɰɟɧɤɢ ɩɨɫɥɟɞɫɬɜɢɣ ɢɡɦɟɧɟɧɢɹ ɤɥɢɦɚɬɚ ɞɥɹ 

ɮɢɡɢɱɟɫɤɢɯ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ: ɦɨɧɨɝɪɚɮɢɹ / ɋ. Ɇ. ɋɟɦɟɧɨɜ. – 

Ɇɨɫɤɜɚ: Ɋɨɫɝɢɞɪɨɦɟɬ. –  2012. –  508 ɫ.  

7. ɋɬɭɩɢɧ Ɏ. ɉ. ɂɡɛɪɚɧɧɵɟ ɜɨɩɪɨɫɵ ɷɤɨɥɨɝɢɢ: ɢɧɮɨɪɦɚɰɢɨɧɧɨ-

ɦɟɬɨɞɢɱɟɫɤɢɣ ɫɛɨɪɧɢɤ / Ɏ. ɉ. ɋɬɭɩɢɧ, Ɉ. ȼ. Ɍɚɬɤɨɜ – 2017. – 120 c.  

8. Bingeman, C.W. The effect of the addition of organic materials on the 

decomposition of an organic soil / Bingeman, C.W., Varner, J.E., Martin, 

W.P., //Soil Science Society America Proceedings. – 1953. – vol. 29. – pp. 

692–696.  

9. Blagodatskaya E., Kuzyakov Y.  Active microorganisms in soil: Critical 

review of estimation criteria and approaches / Soil Biology & Biochemistry. 

2013. – vol. 67 – 192 – 211.  



36 

 

 

10. Broadbent F.E. Nitrogen release and carbon loss from soil organic matter 

during decomposition of added plant residues / Soil Science Society of 

America Proceedings. 1947.  – № 12. – pp. 246–249.  

11. Brookes P.C., Kragt J.F., Powlson D.S., Jenkinson D.S. 1985. Chloroform 

fumigation and the release of soil nitrogen: the effects of fumigation time and 

temperature // Soil Biol. Biochem. Vol.17. No.6. P.831–837.  

12. Brown J. Circum-Arctic Map of Permafrost and Ground Ice Conditions 

/Brown J., Ferrians O.  J., Heginbottom J.  A, Melnikov E.  S. // CircumPacific 

Map Series. – 1997.  

13. Campbell, C.A. Influence of fertilizer and straw baling on soil organic matter 

in a thick black chernozem in Western Canada / Campbell, C.A., Lafond, G.P., 

Zentner, R.P. // Soil Biology and Biochemistry. – vol. 23. – pp. 443–446.  

14. Capek P. The effect of warming on the vulnerability of subducted organic 

carbon in arctic soils / P. Capek, K. Diakova, J. Dickopp, J. Barta // Soil 

Biology & Biochemistry. 2015. – vol. 90 – pp. 19-29.  

15. Carreiro M. M. Microbial enzyme shifts explain litter decay responses to 

simulated nitrogen deposition / M. M. Carreiro, R. L. Sinsabaugh, D. A. 

Repert, D. F. Parkhurst. 2000. – vol. 81. – pp. 2359-2365.  

16. Chander. K. Organic matter, microbial biomass and enzyme activity of soils 

under different crop rotations in the tropics / K. Chander, S. Goyal, M. C. 

Mundra K. K. Kapoor // Biology and Fertility of Soils. 1997. – vol. 24. – pp 

306–310.  

17. Cheng W., Coleman D. C. Effect of living roots on soil organic matter 

decomposition / Soil Biol. Biochem. – 1990. – vol. 22. – pp. 781-787.  

18. Conde E. The impacts of inorganic nitrogen application on mineralization 

of 14C-labelled maize and glucose, and on priming effect in saline alkaline soil 

/ Conde E., Cardenas M., Ponce-Mendoza A., Luna-Guido M.L., Cruz-

Mondragón C., Dendooven L. // Soil Biology and Biochemistry. 2005. – vol 

37. – pp. 681-691.  

https://esajournals.onlinelibrary.wiley.com/toc/19399170/2000/81/9
https://www.sciencedirect.com/science/article/pii/S0038071704003700#!
https://www.sciencedirect.com/science/article/pii/S0038071704003700#!
https://www.sciencedirect.com/science/article/pii/S0038071704003700#!
https://www.sciencedirect.com/science/article/pii/S0038071704003700#!
https://www.sciencedirect.com/science/article/pii/S0038071704003700#!
https://www.sciencedirect.com/science/article/pii/S0038071704003700#!
https://www.sciencedirect.com/science/article/pii/S0038071704003700#!
https://www.sciencedirect.com/science/article/pii/S0038071704003700#!


37 

 

 

19. Craine J., Fierer N. Microbial nitrogen limitation increases decomposition / 

Ecological Society of America. – 2007. № 88 – pp. 2105–2113.  

20. Dalenberg J.W., Jager G., Priming effect of some organic additions to 14C-

labelled soil / Soil Biology and Biochemistry. 1989. – vol. 21. – pp 443–448.  

21. De Nobili, M., Soil microbial biomass is triggered into activity by trace 

amounts of substrate/ De Nobili, M., Contin, M., Mondini, C., and Brookes, P. 

C. // Soil Biology and Biochemistry. 2001. – vol. 33. – pp. 1163–1170.  

22. Deng S. P., Tabatabai M. A. Effect of tillage and residue management on 

enzyme activities in soils: I. Amidohydrolases / Biology and Fertility of Soils. 

1996. – vol. 22. – pp 202–207.  

23. Derrien D. Does the addition of labile substrate destabilise old soil organic 

matter? / D. Derrien, C. Plain, P. Courty, L. Gelhaye, Tanja C.W. // Soil 

Biology & Biochemistry. 2014. – vol. 76. – pp. 149 – 160.  

24. Fontainea S. The priming effect of organic matter: a question of microbial 

competition? / Fontainea S., Mariottib A., Abbadie L. // Soil Biology & 

Biochemistry. – 2003. – vol. 35. – pp. 837–843.  

25. Fry B. Stable Isotope Ecology / New Yor: Library of Congress. – 2006. – 316 

p.  

26. Gentsch N. Storage and transformation of organic matter fractions in 

cryoturbated permafrost soils across the Siberian Arctic / N. Gentsch, R. 

Mikutta, R. J. E. Alves, J. Barta, P. Capek, A. Gittel // Biogeosciences. 2015. – 

vol. 12. – pp. 4525–4542.  

27. H. M. HelalD. R. SauerbeckInfluence of plant roots on C and P metabolism in 

soil Plant and Soil February 1984, Volume 76, Issue 1–3, pp 175–182. 

28. Hamer U, Marschner B. Priming effects in soils after combined and repeated 

substrate additions / Geoderma. 2005. – № 128. – pp. 38–51. 

29. Hamer U., Marschner B. Priming effects in different soil types induced by 

fructose, alanine, oxalic acid and catechol additions / Soil Biology and 

Biochemistry 2005. – vol. 37. – pp. 445-454. 

https://www.sciencedirect.com/science/article/pii/S0038071704002901#!
https://www.sciencedirect.com/science/article/pii/S0038071704002901#!
https://www.sciencedirect.com/science/journal/00380717
https://www.sciencedirect.com/science/journal/00380717


38 

 

 

30. Harden J.W. Dynamics of soil carbon during deglaciation of the Laurentide 

ice-sheet / Harden J.W., Sundquist E.T., Stallard R.F., Mark R.K. // Science. – 

1992. – № 258. – pp. 1921–1924.  

31. Jingguo W., Bakken L.R. Competition for nitrogen during mineralisation of 

plant residues in soil: microbial response to C and N availability / Soil Biology 

and Biochemistry. 1996. – № 29, pp. 163–170.  

32. Kuzyakov Y., Bol R. Sources and mechanisms of priming effect induced in 

two grassland soils amended with slurry and sugar/ Soil Biology & 

Biochemistry. 2006. – № 38. – pp. 747 – 758.  

33. Lee H. The rate of permafrost carbon release under aerobic and anaerobic 

conditions and its potential effects on climate/ Lee H.,  Schuur E., Inglett K., 

Chanton J. // Global Change Biology. – 2012, – vol. 18. – pp. 515-527.  

34. Lee H. The rate of permafrost carbon release under aerobic and anaerobic 

conditions and its potential effects on climate / Lee H., E.A.G. Schuur, K.S. 

Inglett // Global Change Biology. 2012. – vol. 18. – pp. 515 – 527. 45 

35. Liljeroth E. Carbon translocation to the rhizosphere of maize and wheat and 

influence on the turnover of native soil organic matter at different soil nitrogen 

levels / E. LiljerothP. KuikmanJ. A. Van Veen // Plant and Soil. 1994. vol. 161. 

–pp 233–240.  

36. Nyborg, M. Fertiliser N, crop residue, and tillage alter soil C and N content in 

a decade / Nyborg, M., Solberg, E.D., Malhi, S.S., Isauralde, R.C. // Soil 

Management and Greenhouse Effect. – 1995. – pp. 93–101. (11) 

37. Schmitt J. Rise from Ice Cores Carbon Isotope Constraints on the Deglacial 

CO2 / Science. 2012. – vol. 336. – pp. 711 – 714.  

38. Schuur E.A.G. Vulnerability of permafrost carbon to climate change: 

implications for the global carbon cycle/ Schuur E.A.G., Bockheim J, Canadell 

J.G.// BioScience. – 2008. – № 58. – pp. 701–714.  



39 

 

 

39. Shen J.K., Bartha R. Priming effect of glucose polymers in soilbased 

biodegradation tests / Soil Biology and Biochemistry. 1997. – vol. 29. – pp. 

1195–1198.  

40. Shibistova O. Rate of belowground carbon allocation differs with successional 

habit of two afromontane trees / Shibistova O., Yohannes Y., Boy J., Richter 

A., Wild B., Watzka M., Guggenberger G. // Plos one. – 2012. – vol. 7. – pp. 1 

– 11.  

41. Sorensen L.H.Rate of decomposition of organic matter in soil as influenced by 

repeated air drying-rewetting and repeated additions of organic material/ Soil 

Biology and Biochemistry. – 1974. – pp. 287–292.  

42. Tarnocai C. Soil organic carbon pools in the northern circumpolar permafrost 

region /Tarnocai C., Canadell J.G., Schuur E.A.G., Kuhry P., Mazhitova G., 

Zimov S.// Global Biogeochemical Cycles. – 2009. – №. 23. – p. 11.  

43. Wild B. Input of easily available organic C and N stimulates microbial 

decomposition of soil organic matter in arctic permafrost soil / B.Wild, J. 

Schnecker, R. J. Eloy Alves, P. Barsukov, J. Bárta, P. Capek // Soil Biology & 

Biochemistry. 2014. vol. 75. – pp.143 – 151.  

44. Wu J. Formation and destruction of microbial biomass during decomposition 

of glucose and ryegrass in soil / Wu J., Brookes P.C., Jenkinson D.S. // Soil 

Biology and Biochemistry. – 1993. – vol. 25. – pp. 1435–1441.  

45. Zhu Z. Fate of rice shoot and root residues, rhizodeposits, and microbial 

assimilated carbon in paddy soil - part 1: Decomposition and priming effect/ Z. 

Zhu, T. Ge, Y. Hu, O. Shibistova, G. Guggenberger //  Biogeosciences. 2016. – 

vol. 13. – pp. 4481– 4489.  

46. Zhu Z. Fate of rice shoot and root residues, rhizodeposits, and microbial 

assimilated carbon in paddy soil - part 2: turnover and microbial utilization / Z. 

Zhu, T. Ge, Y. Hu, P. Zhou, T. Wang, O. Shibistova, G. Guggenberger //  

CrossMark. 2017. – vol. 426. – pp. 243 – 257.  

 



40 

 

 

ɉɊɂɅɈɀȿɇɂȿ 

 

ɉɪɢɥɨɠɟɧɢɟ 1 ɗɦɢɫɫɢɹ ɋɈ2 ɜ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɦɢɤɪɨɤɨɫɦɚɯ ɩɪɢ 5°ɋ, 

ɤɨɧɬɪɨɥɶɧɵɣ ɜɚɪɢɚɧɬ, ppm 

Ƚɨɪɢɡɨɧɬ 
Ⱦɧɢ 

0,5 4 13 14 24 32 46 80 156 
ɋɤɥɨɧ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

Ɉ (0-10) 206,22 104,75 77,33 54,64 60,91 73,67 78,71 90,17 75,82 
ȼ1 (11-20) 20,60 5,69 20,88 5,61 18,41 22,60 24,31 28,45 21,00 
ȼ2 (20-40) 5,62 4,20 12,04 1,38 12,82 3,88 11,47 15,97 21,37 
ɋ (40-…) 5,98 2,27 11,68 11,09 13,29 9,49 10,86 21,51 10,91 

ɋɤɥɨɧ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 
Ɉ (0-14) 93,41 82,69 115,85 114,66 87,88 75,43 78,43 72,12 73,68 
Ⱥ (14-20) 32,88 28,14 48,28 54,86 33,78 29,64 30,87 40,28 28,34 
ȼ (20-30) 15,83 13,97 32,04 31,80 20,61 17,05 17,41 26,03 19,10 
ɋ (30-…) 9,85 7,56 18,21 16,19 14,06 15,11 16,25 18,88 16,28 
 

ɉɪɢɥɨɠɟɧɢɟ 2 ɗɦɢɫɫɢɹ ɋɈ2 ɜ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɦɢɤɪɨɤɨɫɦɚɯ ɩɪɢ 5°ɋ ɫ 

ɜɧɟɫɟɧɢɟɦ ɦɟɱɟɧɧɨɣ ɝɥɸɤɨɡɵ, ppm 

Ƚɨɪɢɡɨɧɬ 
Ⱦɧɢ 

0,5 4 
12 (1 

ɱ) 
12 

(4ɱ) 
13 (24 

ɱ) 
14 (48 

ɱ) 17 24 32 46 80 122 156 

ɋɤɥɨɧ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

Ɉ (0-10) 
214,2

6 
105,6

6 
443,4

7 
378,8

1 
425,57 264,47 

66,4
2 

46,7
9 

56,7
3 

60,6
4 

62,6
8 

58,1
5 

65,8
2 

ȼ1 (11-20) 13,06 7,17 16,04 14,95 23,99 20,21 9,57 
13,1

6 
8,21 

10,4
4 

19,8
5 

15,7
0 

21,0
0 

ȼ2 (20-40) 6,73 3,53 7,64 5,93 11,22 14,34 5,59 7,36 2,84 5,66 
10,8

5 
17,3

8 
21,3

7 

ɋ (40-…) 5,54 3,12 7,82 6,68 11,84 16,56 6,58 7,87 3,14 7,86 
17,1

8 
11,9

7 
10,9

1 
ɋɤɥɨɧ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

Ɉ (0-14) 
118,0

3 
75,09 

230,3
4 

136,2
0 

126,13 132,03 
60,9

3 
72,2

4 
29,3

1 
45,4

6 
48,5

1 
57,5

2 
63,6

8 

Ⱥh (14-20) 36,62 29,42 98,39 
106,8

4 
111,74 87,74 

36,1
6 

23,8
0 

16,7
2 

19,2
3 

29,6
0 

28,6
5 

28,3
4 

ȼ (20-30) 12,00 8,39 25,08 25,05 30,57 33,13 
18,1

2 
10,3

8 
7,67 

10,0
9 

17,3
5 

20,3
4 

19,1
0 

ɋ (30-…) 7,94 7,13 12,10 14,18 26,58 28,66 
11,5

2 
10,3

3 
7,49 

12,6
4 

21,6
3 

17,6
5 

16,2
8 
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ɉɪɢɥɨɠɟɧɢɟ 3 ɋɨɞɟɪɠɚɧɢɟ 13ɋ ɜ ɋɈ2 ɜ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɦɢɤɪɨɤɨɫɦɚɯ ɩɪɢ 5°ɋ ɫ 

ɜɧɟɫɟɧɢɟɦ ɦɟɱɟɧɧɨɣ ɝɥɸɤɨɡɵ, ppm 

Ƚɨɪɢɡɨɧɬ 
Ⱦɧɢ 

0,5 4 
12 (1 

ɱ) 
12 

(4ɱ) 
13 (24 

ɱ) 
14 (48 

ɱ) 17 24 32 46 80 122 156 

ɋɤɥɨɧ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

Ɉ (0-10) 
15,9

2 
10,4

7 
122,67 105,97 179,40 99,57 

13,1
9 

7,9
8 

11,6
4 

16,2
8 

6,1
9 

3,9
8 

4,7
6 

ȼ1 (11-
20) 

4,70 3,95 6,80 7,38 8,50 5,40 3,31 
4,2
2 

3,71 5,06 
4,5
4 

3,8
1 

4,0
9 

ȼ2 (20-
40) 

3,22 2,87 3,22 3,43 5,91 6,12 2,96 
3,2
1 

2,40 3,53 
2,6
3 

4,4
7 

4,5
3 

ɋ (40-…) 2,97 2,76 2,83 2,99 4,93 6,90 3,96 
3,8
7 

2,57 4,94 
4,1
3 

3,8
6 

3,6
0 

ɋɤɥɨɧ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

Ɉ (0-14) 8,76 7,44 51,08 33,45 19,92 12,00 5,04 
5,0
8 

4,09 5,80 
2,3
3 

3,7
7 

3,9
4 

Ⱥh (14-
20) 

7,35 7,78 47,58 62,83 103,20 60,30 
10,7

1 
7,1
2 

4,85 8,19 
5,1
6 

4,9
6 

4,4
9 

ȼ (20-30) 4,51 4,23 8,13 11,62 17,10 27,50 7,95 
5,0
7 

3,67 5,76 
5,0
1 

5,4
7 

5,5
6 

ɋ (30-…) 3,89 3,72 5,93 9,98 20,77 19,63 7,20 
5,1
3 

4,71 5,88 
6,0
9 

4,9
5 

5,0
3 

 

ɉɪɢɥɨɠɟɧɢɟ 4 ɗɦɢɫɫɢɹ ɋɈ2 ɜ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɦɢɤɪɨɤɨɫɦɚɯ ɩɪɢ 23°ɋ, 

ɤɨɧɬɪɨɥɶɧɵɣ ɜɚɪɢɚɧɬ, ppm 

Ƚɨɪɢɡɨɧɬ 
Ⱦɧɢ 

0,5 3 4 8 5 15 31 50 

ɋɤɥɨɧ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

Ɉ (0-10) 35,31 49,16 120,23 180,73 150,32 85,16 73,02 83,29 
ȼ1 (11-
20) 

19,53 20,20 21,21 22,42 21,20 20,75 19,67 25,88 

ȼ2 (20-
40) 

19,50 23,33 20,10 16,97 17,11 17,48 17,87 19,19 

ɋ (40-…) 13,96 17,48 15,21 9,96 10,33 10,79 12,69 19,44 

ɋɤɥɨɧ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

Ɉ (0-14) 15,54 73,50 100,31 132,00 90,12 72,48 52,28 60,65 

Ⱥ (14-20) 16,98 13,90 14,51 14,75 13,14 12,10 9,43 15,75 

ȼ (20-30) 14,15 24,72 23,32 22,33 22,32 22,66 21,20 30,91 

ɋ (30-…) 13,68 21,28 18,23 16,22 14,52 15,23 14,65 17,03 
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ɉɪɢɥɨɠɟɧɢɟ 5 ɗɦɢɫɫɢɹ ɋɈ2 ɜ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɦɢɤɪɨɤɨɫɦɚɯ ɩɪɢ 23°ɋ ɫ 

ɜɧɟɫɟɧɢɟɦ ɦɟɱɟɧɧɨɣ ɝɥɸɤɨɡɵ, ppm 

Ƚɨɪɢɡɨɧɬ 
Ⱦɧɢ 

0,5 3 (1 ɱ) 3 (4 ɱ) 4 (24 ɱ) 5 (48 ɱ) 8 15 31 50 
ɋɤɥɨɧ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

Ɉ (0-10) 46,22 419,50 470,04 692,73 89,61 29,22 314,64 106,83 46,88 
ȼ1 (11-20) 21,57 24,01 28,29 30,55 15,99 15,54 24,18 28,83 26,85 
ȼ2 (20-40) 21,74 17,24 18,45 21,81 14,32 19,11 20,89 22,84 24,95 
ɋ (40-…) 15,49 15,92 14,96 12,53 12,83 12,23 10,78 12,73 13,60 

ɋɤɥɨɧ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 
Ɉ (0-14) 29,87 200,62 181,34 148,22 89,88 40,35 174,09 52,55 43,52 
Ⱥh (14-20) 26,99 171,03 191,70 92,76 45,83 25,31 65,22 40,16 40,74 
ȼ (20-30) 20,00 49,75 48,39 29,44 24,78 24,63 19,31 16,34 22,55 
ɋ (30-…) 18,87 36,85 27,44 26,31 20,12 19,56 18,99 16,58 18,34 
 

ɉɪɢɥɨɠɟɧɢɟ 6 ɋɨɞɟɪɠɚɧɢɟ 13ɋ ɜ ɋɈ2 ɜ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɦɢɤɪɨɤɨɫɦɚɯ ɩɪɢ 23°ɋ 

ɫ ɜɧɟɫɟɧɢɟɦ ɦɟɱɟɧɧɨɣ ɝɥɸɤɨɡɵ, ppm 

Ƚɨɪɢɡɨɧɬ 
Ⱦɧɢ 

0,5 3 (1 ɱ) 3 (4 ɱ) 4 (24 ɱ) 5 (48 ɱ) 8 15 31 50 
ɋɤɥɨɧ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

Ɉ (0-10) 2,867 101,267 133,267 232,167 22,557 1,847 32,020 8,200 2,880 
ȼ1 (11-20) 4,163 12,153 20,017 15,083 5,423 3,343 5,677 5,527 5,213 
ȼ2 (20-40) 4,700 4,667 7,183 7,250 4,157 3,540 4,243 4,223 4,503 
ɋ (40-…) 4,393 3,693 4,397 8,367 4,787 3,787 4,410 4,057 4,160 

ɋɤɥɨɧ ɫɟɜɟɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 
Ɉ (0-14) 2,18 16,23 15,58 13,87 4,72 2,74 10,34 3,28 2,80 
Ⱥh (14-20) 3,72 76,95 114,73 77,18 18,39 4,77 15,59 7,54 6,80 
ȼ (20-30) 4,84 13,88 17,14 20,02 7,31 7,34 6,21 4,61 6,19 
ɋ (30-…) 4,71 8,67 6,69 10,32 6,27 6,25 5,70 4,74 5,14 
 




