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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

ɈɐȿɇɄȺ ɂɁɆȿɇȿɇɂɃ ɋɈɋɌȺȼȺ ɂ ɋȼɈɃɋɌȼ ȼɈɁȾɍɒɇɈ-ɋɍɏɈȽɈ ɊȺɁɇɈɌɂɉɇɈȽɈ 
ɌɈɊɎȺ ɆȿɌɈȾɈɆ ɎȺɄɌɈɊɇɈȽɈ ȺɇȺɅɂɁȺ 

Ⱥ.Ƚ. Ɂɚɪɭɛɢɧ, Ɉ.Ʌ. Ȼɭɥɝɚɤɨɜɚ 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ ɞɨɰɟɧɬ, ɇ.ȼ. ɑɭɯɚɪɟɜɚ 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

ɂɡɭɱɟɧɢɸ ɫɨɫɬɚɜɚ ɢ ɫɜɨɣɫɬɜ ɬɨɪɮɚ ɜɫɟɝɞɚ ɭɞɟɥɹɥɨɫɶ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɢɡ-ɡɚ ɰɟɧɧɨɫɬɢ ɟɝɨ 
ɨɪɝɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ [1-3]. Ɇɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɬɨɪɮɚ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɪɟɲɟɧɢɹ ɪɚɡɥɢɱɧɵɯ 
ɡɚɞɚɱ ɜ ɨɬɪɚɫɥɹɯ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ, ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɚ ɬɚɤ ɠɟ ɞɥɹ ɪɟɲɟɧɢɹ ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɵɯ 
ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɡɚɞɚɱ [4-7]. ɇɨ, ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɬɨɪɮ ɢɡɧɚɱɚɥɶɧɨ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɵɦ ɩɪɢɪɨɞɧɵɦ ɨɛɴɟɤɬɨɦ, 
ɜɤɥɸɱɚɸɳɢɦ ɨɪɝɚɧɢɱɟɫɤɭɸ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɭɸ ɫɨɫɬɚɜɥɹɸɳɢɟ, ɨɞɧɨɡɧɚɱɧɨɝɨ ɩɨɞɯɨɞɚ ɩɪɢ ɜɵɛɨɪɟ ɧɚɩɪɚɜɥɟɧɢɹ 
ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɧɟ ɫɭɳɟɫɬɜɭɟɬ. Ⱦɚɧɧɵɣ ɮɚɤɬ ɨɛɭɫɥɨɜɥɟɧ ɪɚɡɧɨɣ ɫɬɟɩɟɧɶɸ ɜɥɢɹɧɢɹ ɧɚ 
ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɚɟɦɵɯ ɤɨɧɟɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɛɨɬɚɧɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɬɢɩɚ ɬɨɪɮɚ, ɫɬɟɩɟɧɢ ɞɟɫɬɪɭɤɰɢɢ ɨɪɝɚɧɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɢ ɬ.ɞ. ɉɨɷɬɨɦɭ ɜɚɠɧɨ ɫɮɨɪɦɢɪɨɜɚɬɶ ɤɨɦɩɥɟɤɫɧɭɸ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɛɚɡɭ ɫɜɨɣɫɬɜ ɢɫɯɨɞɧɨɝɨ 
ɫɵɪɶɹ. ɇɨ ɫɨɜɨɤɭɩɧɨɫɬɶ ɦɧɨɠɟɫɬɜɚ ɪɚɡɥɢɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɨɪɮɚ ɧɚ ɨɫɧɨɜɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɢ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɧɟ ɜɫɟɝɞɚ ɩɨɡɜɨɥɹɟɬ ɢɫɤɥɸɱɚɬɶ ɱɚɫɬɶ ɧɟɤɨɪɪɟɤɬɧɨ ɩɨɥɭɱɟɧɧɵɯ 
ɞɚɧɧɵɯ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɜɨɣɫɬɜ, ɚ ɧɟ ɨɞɧɨɝɨ ɢɯ ɪɹɞɚ, ɧɟ ɜɫɟɝɞɚ ɩɨɡɜɨɥɹɟɬ ɜɵɞɟɥɢɬɶ ɫɩɟɰɢɮɢɱɧɨɫɬɶ 
ɨɛɴɟɤɬɚ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ – ɧɟ ɩɨɡɜɨɥɹɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɨɛɴɟɤɬɵ ɩɨ ɢɫɯɨɞɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, ɧɚɩɪɢɦɟɪ 
ɬɢɩɭ, ɟɫɥɢ ɬɚɤɨɜɵɟ ɞɚɧɧɵɟ ɨɬɫɭɬɫɬɜɭɸɬ ɩɟɪɜɨɧɚɱɚɥɶɧɨ. 

Ɉɞɧɢɦ ɢɡ ɪɟɲɟɧɢɣ, ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɮɚɤɬɨɪɧɨɝɨ 
ɚɧɚɥɢɡɚ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɜɨɡɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɨɛɴɟɤɬɨɜ ɩɨ ɧɚɛɨɪɭ ɪɚɡɥɢɱɧɵɯ ɫɜɨɣɫɬɜ. 
ɍɤɚɡɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɫɬɚɜɢɬɶ ɦɚɬɪɢɰɭ ɧɚɛɥɸɞɚɟɦɵɯ ɞɚɧɧɵɯ (ɏ) ɜ ɜɢɞɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɜɭɯ ɦɚɬɪɢɰ  
ɩɥɸɫ ɨɫɬɚɬɨɱɧɚɹ ɨɲɢɛɤɚ, errors – ȿ [8]: 

ESLX  , 
ɝɞɟ L – ɦɚɬɪɢɰɚ ɜɧɭɬɪɟɧɧɢɯ ɮɚɤɬɨɪɨɜ ɫɜɨɣɫɬɜ (ɧɚɝɪɭɡɨɤ, loadings), ɚ S – ɦɚɬɪɢɰɚ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ 

ɩɨɤɚɡɚɬɟɥɟɣ ɷɬɢɯ ɮɚɤɬɨɪɨɜ (ɫɱɟɬɨɜ, scores). ɂɧɫɬɪɭɦɟɧɬɚɪɢɣ ɮɚɤɬɨɪɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɡɜɨɥɹɟɬ ɩɨɧɢɡɢɬɶ 
ɪɚɡɦɟɪɧɨɫɬɶ ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ, ɩɨɫɪɟɞɫɬɜɨɦ ɜɵɞɟɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɯ ɮɚɤɬɨɪɨɜ ɢ ɩɨɞɨɣɬɢ ɤ 
ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɫɜɨɣɫɬɜ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɴɟɤɬɨɜ ɜ ɧɨɜɨɦ ɮɚɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ (principal 
component, PC) [9]. Ɋɟɚɥɢɡɚɰɢɹ ɮɚɤɬɨɪɧɨɝɨ ɚɧɚɥɢɡɚ ɜ ɬɚɛɥɢɱɧɨɦ ɪɟɞɚɤɬɨɪɟ Excel ɨɩɢɫɚɧɚ Ⱥ.Ʌ. ɉɨɦɟɪɚɧɰɟɜɵɦ 
[10]. Ɏɚɤɬɨɪɧɵɣ ɚɧɚɥɢɡ ɧɚɯɨɞɢɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɚɧɚɥɢɡɟ ɫɜɨɣɫɬɜ ɢ ɫɨɫɬɚɜɚ ɩɪɢɪɨɞɧɵɯ ɨɛɴɟɤɬɨɜ, ɬɚɤ ɜ 
ɪɚɛɨɬɟ Д11] ɚɜɬɨɪɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɮɚɤɬɨɪɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ ɞɥɹ ɨɛɴɹɫɧɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɬɨɪɮɨɜ ɧɚ ɦɟɫɬɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɨɰɟɧɤɚ ɢɡɦɟɧɟɧɢɣ ɫɨɫɬɚɜɚ ɢ ɫɜɨɣɫɬɜ ɜɨɡɞɭɲɧɨ-ɫɭɯɨɝɨ ɪɚɡɧɨɬɢɩɧɨɝɨ ɬɨɪɮɚ 
ɦɟɬɨɞɨɦ ɮɚɤɬɨɪɧɨɝɨ ɚɧɚɥɢɡɚ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɶɸ ɜɵɞɜɢɧɭɬɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 
ɜɵɱɢɫɥɟɧɢɟ ɦɚɬɪɢɰɵ ɮɚɤɬɨɪɨɜ ɩɨ ɫɜɨɣɫɬɜɚɦ ɜɨɡɞɭɲɧɨ-ɫɭɯɨɝɨ ɪɚɡɧɨɬɢɩɧɨɝɨ ɬɨɪɮɚ; 
ɜɵɛɨɪ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɯ ɮɚɤɬɨɪɨɜν 
ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɮɚɤɬɨɪɨɜ. 
Ɉɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹμ ɞɜɚɞɰɚɬɶ ɨɛɪɚɡɰɨɜ ɜɨɡɞɭɲɧɨ-ɫɭɯɨɝɨ ɪɚɡɧɨɬɢɩɧɨɝɨ ɬɨɪɮɚ ɨɞɢɧɧɚɞɰɚɬɢ  

ɦɟɫɬɨɪɨɠɞɟɧɢɣ Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢ ɛɵɥɢ ɢɡɭɱɟɧɵ ɧɚ ɛɨɬɚɧɢɱɟɫɤɢɣ ɫɨɫɬɚɜ [12], ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ [13], ɝɪɭɩɩɨɜɨɣ 
ɫɨɫɬɚɜ [14], ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɫɨɫɬɚɜ ɦɟɬɨɞɨɦ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ [15] ɢ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɚɪɚɦɚɝɧɢɬɧɨɝɨ 
ɪɟɡɨɧɚɧɫɚ [16]. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɴɟɤɬɨɜ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥ. 1. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɣɫɬɜ – ɜ ɬɚɛɥ. 2. 
Ɍɚɛɥɢɰɚ 1 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɜɨɡɞɭɲɧɨ-ɫɭɯɨɝɨ ɬɨɪɮɚ 
 

Ɇɟɫɬɨɪɨɠɞɟɧɢ
ɟ 

ȼɢɞ ɬɨɪɮɚ, ɲɢɮɪ Ƚɪɭɩɩɚ 
Ɋɚɫɬɟɧɢɹ-ɬɨɪɮɨɨɛɪɚɡɨɜɚɬɟɥɢ, 

(ɫɨɞɟɪɠɚɧɢɟ, ɦɚɫɫɨɜɚɹ ɞɨɥɹ, %) 

ɋɬɟɩɟɧɶ 
ɪɚɡɥɨɠɟɧɢɹ

, % 
ɜɟɪɯɨɜɨɣ ɬɢɩ ɬɨɪɮɚ (H) 

ɋɟɦɢɨɡɟɪɶɟ 
ɫɮɚɝɧɨɜɨ-

ɦɨɱɚɠɢɧɧɵɣ 
ȼɋɆ-5 

ɦɨɯɨɜɚɹ 

ɫɮɚɝɧɭɦ ɛɚɥɬɢɤɭɦ (θ0), ɫɮɚɝɧɭɦ ɮɭɫɤɭɦ (10), 
ɫɮɚɝɧɭɦ ɦɚɝɟɥɥɚɧɢɤɭɦ (10), ɫɮɚɝɧɭɦ 

ɚɧɝɭɫɬɢ-ɮɨɥɢɭɦ (10), ɫɮɚɝɧɭɦ ɦɚɣɭɫ (η), 
ɩɭɲɢɰɚ (η) 

5 

Ɍɟɦɧɨɟ 
ɮɭɫɤɭɦ-ɬɨɪɮ 

ȼɎ-5 

ɫɮɚɝɧɭɦ ɮɭɫɤɭɦ (80), ɫɮɚɝɧɭɦ 
ɚɧɝɭɫɬɢɮɨɥɢɭɦ (η), ɫɮɚɝɧɭɦ ɦɚɝɟɥɥɚɧɢɤɭɦ 

(10), ɧɟɨɩɪɟɞɟɥɟɧɧɵɟ ɨɫɬɚɬɤɢ (η) 
5 

Ȼɟɪɟɡɨɜɚɹ 
ɝɪɢɜɚ 

ɫɮɚɝɧɨɜɵɣ 
ȼɋ-5 

ɫɮɚɝɧɭɦ ɦɚɝɟɥɥɚɧɢɤɭɦ (40), ɫɮɚɝɧɭɦ 
ɩɚɩɢɥɥɨɭɡ (η), ɫɮɚɝɧɭɦ ɤɭɫɩɢɞɚɬɭɦ (10), 

ɫɮɚɝɧɭɦ ɮɚɥɥɚɤɫ (10), ɨɫɨɤɚ ɬɨɩɹɧɚɹ (10), 
ɨɫɨɤɚ ɜɡɞɭɬɚɹ (η), ɲɟɣɯɰɟɪɢɹ (η), ɯɜɨɳ (η), 

ɝɢɩɧɨɜɵɟ (η), ɤɭɫɬɚɪɧɢɱɤɢ (η) 

5 

Ⱥɣɝɚɪɨɜɨ 
ɮɭɫɤɭɦ-ɬɨɪɮ 

1 ȼɎ-10 
ɫɮɚɝɧɭɦ ɮɭɫɤɭɦ (80), ɫɮɚɝɧɭɦ ɦɚɝɟɥɥɚɧɢɤɭɦ 

(10), ɫɮɚɝɧɭɦ ɚɧɝɭɫɬɢɮɨɥɢɭɦ (η)ν 10 



 
 

651
 

ɋȿɄɐɂə 10. ɄɈɆɉɅȿɄɋɇɈȿ ɂɋɉɈɅɖɁɈȼȺɇɂȿ ɉɊɂɊɈȾɇɈȽɈ 
ɆɂɇȿɊȺɅɖɇɈȽɈ ɋɕɊɖə 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɜɨɡɞɭɲɧɨ-ɫɭɯɨɝɨ ɬɨɪɮɚ 
 

Ɇɟɫɬɨɪɨɠɞɟɧɢ
ɟ 

ȼɢɞ ɬɨɪɮɚ, ɲɢɮɪ Ƚɪɭɩɩɚ 
Ɋɚɫɬɟɧɢɹ-ɬɨɪɮɨɨɛɪɚɡɨɜɚɬɟɥɢ, 

(ɫɨɞɟɪɠɚɧɢɟ, ɦɚɫɫɨɜɚɹ ɞɨɥɹ, %) 

ɋɬɟɩɟɧɶ 
ɪɚɡɥɨɠɟɧɢɹ

, % 
ɤɭɫɬɚɪɧɢɱɤɢ (η) 

Ʉɨɥɩɚɲɟɜɫɤɨɟ 
ɦɚɝɟɥɥɚɧɢɤɭɦ 
-ɬɨɪɮ  ȼɆ-10 

ɋɮɚɝɧɭɦ ɦɚɝɟɥɥɚɧɢɤɭɦ (ηη), ɫɮɚɝɧɭɦ ɮɭɫɤɭɦ 
(βη), ɩɭɲɢɰɚ (10), ɨɫɨɤɚ ɬɨɩɹɧɚɹ (η), 

ɤɭɫɬɚɪɧɢɱɤɢ, ɫɨɫɧɚ (η) 
10 

ɋɚɢɦ 
ɫɮɚɝɧɨɜɨ-

ɦɨɱɚɠɢɧɧɵɣ, 
1 ȼɋɆ-15 

ɫɮɚɝɧɭɦ ɦɚɣɭɫ (1η), ɫɮɚɝɧɭɦ ɤɭɫɩɢɞɚɬɭɦ 
(βη), ɫɮɚɝɧɭɦ ɟɧɡɟɧɢɢ (1η), ɫɮɚɝɧɭɦ 

ɥɢɧɞɛɟɪɝɢɢ (1η), ɫɮɚɝɧɭɦ ɦɚɝɟɥɥɚɧɢɤɭɦ (10), 
ɫɮɚɝɧɭɦ ɩɚɩɢɥɥɨɭɡ (η), ɲɟɣɯɰɟɪɢɹ (10), 

ɜɟɪɟɫɤɨɜɵɟ (η) 

15 

Ɍɟɦɧɨɟ 
ɮɭɫɤɭɦ-ɬɨɪɮ, 

β ȼɎ-20 

ɫɮɚɝɧɭɦ ɮɭɫɤɭɦ (70), ɫɮɚɝɧɭɦ 
ɚɧɝɭɫɬɢɮɨɥɢɭɦ (10), ɫɮɚɝɧɭɦ ɦɚɝɟɥɥɚɧɢɤɭɦ 

(10), ɤɭɫɬɚɪɧɢɱɤɢ (η) 
20 

ɋɟɦɢɨɡɟɪɶɟ 
ɩɭɲɢɰɟɜɨ-
ɫɮɚɝɧɨɜɵɣ, 

ȼɉɋ-25 

ɬɪɚɜɹɧɨ-
ɦɨɯɨɜɚɹ 

ɩɭɲɢɰɚ (η0), ɫɮɚɝɧɭɦ ɚɧɝɭɫɬɢɮɨɥɢɭɦ (γ0), 
ɫɮɚɝɧɭɦ ɦɚɝɟɥɥɚɧɢɤɭɦ (10), ɫɮɚɝɧɭɦ ɮɭɫɤɭɦ 

(η), ɤɭɫɬɚɪɧɢɱɤɢ, ɫɨɫɧɚ (η) 
25 

Ʉɨɥɩɚɲɟɜɫɤɨɟ 
ɩɭɲɢɰɟɜɨ-
ɫɮɚɝɧɨɜɵɣ, 
1 ȼɉɋ-35 

ɬɪɚɜɹɧɚɹ 

ɩɭɲɢɰɚ (80), ɫɮɚɝɧɭɦ ɮɭɫɤɭɦ (η), ɫɮɚɝɧɭɦ 
ɦɚɝɟɥɥɚɧɢɤɭɦ (η), ɫɮɚɝɧɭɦ ɚɧɝɭɫɬɢɮɨɥɢɭɦ 

(η), ɤɭɫɬɚɪɧɢɱɤɢ, ɫɨɫɧɚ (η) 
35 

Ⱥɣɝɚɪɨɜɨ 
ɲɟɣɯɰɟɪɢɟɜɵɣ, 

ȼɒ-40 

ɲɟɣɯɰɟɪɢɹ (θ0), ɫɮɚɝɧɭɦ ɦɚɝɟɥɥɚɧɢɤɭɦ (10), 
ɫɮɚɝɧɭɦ ɚɧɝɭɫɬɢɮɨɥɢɭɦ (10) ɫɮɚɝɧɭɦ 

ɮɭɫɤɭɦ (η), ɩɭɲɢɰɚ (η), ɨɫɨɤɚ ɬɨɩɹɧɚɹ (η), 
ɨɫɬɚɬɤɢ ɞɪɟɜɟɫɢɧɵ ɫɨɫɧɵ (η) 

40 

ɩɟɪɟɯɨɞɧɵɣ ɬɢɩ ɬɨɪɮɚ (M) 

ɋɟɦɢɨɡɟɪɶɟ 
ɲɟɣɯɰɟɪɢɟɜɵɣ, 

ɉɒ-20 
ɬɪɚɜɹɧɚɹ 

ɲɟɣɯɰɟɪɢɹ (η0), ɩɭɲɢɰɚ (β0), ɫɮɚɝɧɭɦ 
ɫɭɛɫɟɤɭɧɞɭɦ (10), ɨɫɨɤɚ ɬɨɩɹɧɚɹ (η), ɨɫɨɤɚ 

ɜɡɞɭɬɚɹ (η), ɫɮɚɝɧɭɦ ɦɚɝɟɥɥɚɧɢɤɭɦ (η), 
ɤɭɫɬɚɪɧɢɱɤɢ (η) 

20 

Ȼɨɥɶɲɨɟ 
ɉɢɜɨɜɚɪɨɜɫɤɨ

ɟ 

ɩɭɲɢɰɟɜɨ-
ɫɮɚɝɧɨɜɵɣ, 

ɉɉɋ-25 ɬɪɚɜɹɧɨ-
ɦɨɯɨɜɚɹ 

ɩɭɲɢɰɚ (γη), ɫɮɚɝɧɭɦ ɮɭɫɤɭɦ (1η), ɫɮɚɝɧɭɦ 
ɦɚɝɟɥɥɚɧɢɤɭɦ) (β0), ɜɚɯɬɚ (1η), ɨɫɨɤɚ ɬɨɩɹɧɚɹ 

(η), ɨɫɨɤɚ ɜɡɞɭɬɚɹ (η), ɞɪɟɜɟɫɧɵɟ ɨɫɬɚɬɤɢ, 
ɛɟɪɟɡɚ (η) 

25 

ȼɚɫɸɝɚɧɫɤɨɟ 
ɨɫɨɤɨɜɨ-

ɫɮɚɝɧɨɜɵɣ, 
ɉɈɋ-30 

ɨɫɨɤɚ ɬɨɩɹɧɚɹ (γ0), ɨɫɨɤɚ ɜɡɞɭɬɚɹ (10), 
ɫɮɚɝɧɭɦ ɮɭɫɤɭɦ (β0), ɫɮɚɝɧɭɦ 

ɦɚɝɟɥɥɚɧɢɤɭɦ) (10), ɫɮɚɝɧɭɦ ɚɧɝɭɫɬɢɮɨɥɢɭɦ 
(η), ɩɭɲɢɰɚ ɦɧɨɝɨɤɨɥɨɫɤɨɜɚɹ (βη) 

30 

ɧɢɡɢɧɧɵɣ ɬɢɩ ɬɨɪɮɚ (L) 

Ƚɭɫɟɜɫɤɨɟ 
ɨɫɨɤɨɜɨ-
ɝɢɩɧɨɜɵɣ 
ɇɈȽ-25 ɬɪɚɜɹɧɨ-

ɦɨɯɨɜɚɹ 

ɝɢɩɧɨɜɵɟ ɦɯɢ (η0), ɨɫɨɤɚ ɬɨɩɹɧɚɹ (βη), ɨɫɨɤɚ 
ɜɡɞɭɬɚɹ (1η), ɜɚɯɬɚ (η), ɞɪɟɜɟɫɧɵɟ ɨɫɬɚɬɤɢ (η) 25 

Ȼɟɪɟɡɨɜɚɹ 
ɝɪɢɜɚ 

ɨɫɨɤɨɜɨ-
ɝɢɩɧɨɜɵɣ, 
1 ɇɈȽ-45 

ɝɢɩɧɨɜɵɟ ɦɯɢ (θη), ɜɚɯɬɚ (10), ɨɫɨɤɚ ɜɡɞɭɬɚɹ 
(10), ɨɫɨɤɚ ɬɨɩɹɧɚɹ (η), ɫɮɚɝɧɭɦ 

ɦɚɝɟɥɥɚɧɢɤɭɦ (η), ɤɭɬɫɚɪɧɢɤ ɛɟɪɟɡɵ (η) 
45 

ɉɨɥɭɞɟɧɨɜɫɤɨ
ɟ 

ɨɫɨɤɨɜɵɣ 
β ɇɈ-25 

ɬɪɚɜɹɧɚɹ 

ɜɚɯɬɚ (ηη), ɨɫɨɤɚ ɬɨɩɹɧɚɹ (γ0), ɨɫɨɤɚ ɜɡɞɭɬɚɹ 
(10), ɯɜɨɳ (η), ɤɚɥɥɢɟɪɝɨɧ (η), ɞɪɟɜɟɫɧɵɟ 

ɨɫɬɚɬɤɢ, ɛɟɪɟɡɚ (η), ɧɟɨɩɪɟɞɟɥɟɧɧɵɟ ɨɫɬɚɬɤɢ 
(5) 

25 

Ɍɚɝɚɧ 
ɨɫɨɤɨɜɵɣ 

ɇɈ-35 
ɨɫɨɤɚ ɜɡɞɭɬɚɹ (θη), ɨɫɨɤɚ ɬɨɩɹɧɚɹ (η), ɯɜɨɳ 

(η), ȼɚɯɬɚ (10), ɬɪɚɜɹɧɵɟ ɨɫɬɚɬɤɢ (1η) 35 

ȼɚɫɸɝɚɧɫɤɨɟ 
Ɉɫɨɤɨɜɵɣ, 

1 ɇɈ-35 

ɨɫɨɤɚ ɜɡɞɭɬɚɹ (4η)ν ɨɫɨɤɚ ɬɨɩɹɧɚɹ (4η), 
ɫɮɚɝɧɭɦ ɦɚɣɭɫ (η), ɮɭɫɤɭɦ (η), ɝɢɩɧɨɜɵɟ ɦɯɢ 

(+) 
35 

ɉɨɥɭɞɟɧɨɜɫɤɨ
ɟ 

ɞɪɟɜɟɫɧɨ-
ɨɫɨɤɨɜɵɣ, 
ɇȾɈ-30 

ɞɪɟɜɟɫɧɨ
-

ɬɪɚɜɹɧɚɹ 

ɞɪɟɜɟɫɢɧɚ ɫɨɫɧɵ  (γη), ɤɭɫɬɚɪɧɢɱɤɢ  ɛɟɪɟɡɵ 
(η), ɨɫɨɤɚ ɬɨɩɹɧɚɹ (10), ɨɫɨɤɚ ɜɡɞɭɬɚɹ (10), 
ɨɫɨɤɚ ɫɛɥɢɠɟɧɧɚɹ (10), ɨɫɨɤɚ ɜɵɫɨɤɚɹ (10), 
ɯɜɨɳ (10), ɩɚɩɨɪɨɬɧɢɤ (η), ɤɚɥɥɢɟɪɝɨɧ (η) 

30 

Ʉɥɸɤɜɟɧɧɨɟ 
Ⱦɪɟɜɟɫɧɵɣ, 

ɇȾ-30 
ɞɪɟɜɟɫɧɚ

ɹ 

ɞɪɟɜɟɫɢɧɚ ɫɨɫɧɵ (40), ɩɚɩɨɪɨɬɧɢɤ (βη), ɜɚɯɬɚ 
(10), ɨɫɨɤɚ ɬɨɩɹɧɚɹ (η), ɯɜɨɳ (10), ɬɪɨɫɬɧɢɤ 

(10), ɫɮɚɝɧɨɜɵɟ ɦɯɢ (+) 
30 
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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

Ɍɚɛɥɢɰɚ 2 
ɋɜɨɣɫɬɜɚ ɜɨɡɞɭɲɧɨ-ɫɭɯɨɝɨ ɪɚɡɧɨɬɢɩɧɨɝɨ ɬɨɪɮɚ 

 

ɒɢɮɪ 
ɨɛɪɚɡɰɚ 

lg(S) Ȼ ȽɄ ɇȽɈ 
ȼɊȼ+
ɅȽȼ 

ɎɄ ɐ C H N O+S 

D
34

00
/ 

16
20

-1
60

0 

D
29

20
/ 

16
20

-1
60

0 

D
12

50
-1

20
0/

 

16
20

-1
60

0 

ȼɋɆ-5 18,29 4,6 9 8,2 53,6 15,6 9 52,1 6,3 0,88 40,8 2,76 1,66 0,98 
ȼɎ-5 16,14 4,4 10 9,6 52,6 16,2 7,2 49,6 6,0 0,58 43,8 2,84 1,75 0,88 
ȼɋ-5 15,62 3,7 18 8,9 47,7 14,7 7 45,0 5,7 3,12 46,1 1,60 1,25 0,77 
1 ȼɎ-10 16,31 3,9 20 10 40,2 18,8 7,1 52,2 5,4 0,74 41,6 2,48 1,49 0,77 
ȼɆ-10 16,27 4 10,1 8 52,4 18,5 7 54,3 4,2 1,74 39,7 2,26 1,31 0,71 
1 ȼɋɆ-15 16,41 4,6 14,3 9,9 49,8 16,1 5,3 56,0 6,4 2,39 35,2 1,40 1,38 0,72 
β ȼɎ-20 15,96 4,4 16,2 10,2 46,1 17,5 5,6 48,6 5,7 3,03 42,6 1,33 1,02 0,54 
ȼɉɋ-25 16,38 6,3 25 12,4 32,6 18,3 5,4 55,8 6,0 1,54 36,7 1,48 1,49 0,80 
1 ȼɉɋ-35 16,56 8,2 28 8,2 31,3 18,6 5,7 57,1 6,1 1,31 35,5 1,41 1,45 0,82 
ȼɒ-40 16,56 8 28,9 10,3 30,3 19,7 2,8 57,9 5,9 2,47 33,8 1,23 1,19 0,74 
ɉɒ-20 16,54 4,3 30,4 12,9 33,2 17,2 2 53,8 6,1 2,85 37,3 1,33 1,18 0,66 
ɉɉɋ-25 16,53 3,4 34,1 12 35,9 11,1 3,5 55,9 5,2 2,01 36,9 1,65 1,71 0,82 
ɉɈɋ-30 16,37 5 25,2 10 39,2 18,6 3 56,9 5,9 2,06 35,1 1,32 1,15 0,75 
ɇɈȽ-25 15,81 3 30 18,2 33,5 13 2,3 43,4 5,6 5,89 45,2 1,25 0,90 0,46 
β ɇɈ-25 16,27 2,2 38 17,5 28,5 11,8 2 58,1 6,7 3,76 31,4 1,19 1,15 0,62 
ɇȾ-30 16,10 4 43,9 11,9 27,5 10,6 2,1 56,0 6,0 3,05 35,0 1,19 1,01 0,62 
ɇȾɈ-30 16,19 4,2 35 14,1 28,7 12,1 1,9 63,3 6,1 4,38 26,3 1,16 1,10 0,63 
ɇɈ-35 15,00 2,9 40 16,5 26 12,7 1,9 52,8 6,3 4,45 36,5 1,60 1,21 0,58 
1 ɇɈ-35 16,06 3,1 38,3 17 27,6 12 2 54,1 6,4 3,56 35,9 1,21 1,05 0,59 
1 ɇɈȽ-45 15,97 3,1 38 15,9 28,3 13 1,7 53,7 6,1 2,91 37,3 1,49 1,15 0,62 
ɉɪ ɢɦ ɟɱɚɧɢɟ  – lg(S) – ɥɨɝɚɪɢɮɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɚɪɚɦɚɝɧɢɬɧɵɯ ɰɟɧɬɪɨɜ (ɦɟɬɨɞ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɚɪɚɦɚɝɧɢɬɧɨɝɨ ɪɟɡɨɧɚɧɫɚ)ν Ȼ – 
ɫɨɞɟɪɠɚɧɢɟ ɛɢɬɭɦɨɜ, % ɧɚ daf; ȽɄ – ɫɨɞɟɪɠɚɧɢɟ ɝɭɦɢɧɨɜɵɯ ɤɢɫɥɨɬ, % ɧɚ daf; ɇȽɈ – ɫɨɞɟɪɠɚɧɢɟ ɧɟɝɢɞɪɨɥɢɡɭɟɦɨɝɨ ɨɫɬɚɬɤɚ, % 
ɧɚ daf; ȼɊȼ+ɅȽȼ – ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɢ ɥɟɝɤɨɝɢɞɪɨɥɢɡɭɟɦɵɯ ɜɟɳɟɫɬɜ, % ɧɚ daf; ɎɄ – ɫɨɞɟɪɠɚɧɢɟ ɮɭɥɶɜɨɤɢɫɥɨɬ, % 
ɧɚ dafν ɐ – ɫɨɞɟɪɠɚɧɢɟ ɰɟɥɥɸɥɨɡɵ, % ɧɚ daf (ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɭɩɩɨɜɨɝɨ ɫɨɫɬɚɜɚ)ν C – ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ, % ɧɚ daf; H – 
ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɨɞɚ, % ɧɚ daf; N – ɫɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ, % ɧɚ daf; O+S – ɫɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɢ ɫɟɪɵ, % ɧɚ daf 
(ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ)ν D3400/1620-1600, D2920/1620-1600, D1250-1200/1620-1600 – ɨɬɧɨɲɟɧɢɹ ɨɩɬɢɱɟɫɤɢɯ ɩɥɨɬɧɨɫɬɟɣ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ ɥɢɧɢɣ ɂɄ-ɫɩɟɤɬɪɚ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɢɡ ɬɚɛɥ. β ɛɵɥɢ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɮɚɤɬɨɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɞɥɹ ɞɜɟɧɚɞɰɚɬɢ 

ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ, ɢɧɮɨɪɦɚɰɢɨɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɨɬɨɪɵɯ ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɩɨɥɧɨɣ ɢ ɨɛɴɹɫɧɟɧɧɨɣ ɞɢɫɩɟɪɫɢɢ 
ɨɫɬɚɬɤɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1. 

Ɋɢɫ. 1. Ƚɪɚɮɢɤ ɩɨɥɧɨɣ (TRV) ɢ ɨɛɴɹɫɧɟɧɧɨɣ (ERV) 
ɞɢɫɩɟɪɫɢɢ ɨɫɬɚɬɤɨɜ 

Ɋɢɫ. 2. Ɏɚɤɬɨɪɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ PC1–PC2 ɞɥɹ 
ɜɨɡɞɭɲɧɨ-ɫɭɯɨɝɨ ɪɚɡɧɨɬɢɩɧɨɝɨ ɬɨɪɮɚ 

 
ɇɚ ɪɢɫ. 1 ɜɢɞɧɨ, ɱɬɨ ɩɪɨɫɬɪɚɧɫɬɜɨ PC1–PC2 (Ɍɚɛɥɢɰɚ γ) ɦɨɞɟɥɢɪɭɟɬ 70 % ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɹɜɥɹɟɬɫɹ 

ɛɨɥɟɟ ɢɧɮɨɪɦɚɬɢɜɧɵɦ, ɱɟɦ ɨɫɬɚɥɶɧɵɟ ɩɪɨɫɬɪɚɧɫɬɜɚ PC3–PC1β, ɤɨɬɨɪɵɟ ɦɨɞɟɥɢɪɭɸɬ ɨɫɬɚɜɲɢɟɫɹ γ0 % ɞɚɧɧɵɯ 
ɬɚɛɥɢɰɵ β. 
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ɋȿɄɐɂə 10. ɄɈɆɉɅȿɄɋɇɈȿ ɂɋɉɈɅɖɁɈȼȺɇɂȿ ɉɊɂɊɈȾɇɈȽɈ 
ɆɂɇȿɊȺɅɖɇɈȽɈ ɋɕɊɖə 

Ɍɚɛɥɢɰɚ 3 
Ɏɚɤɬɨɪɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ PC1–PC2 ɞɥɹ ɜɨɡɞɭɲɧɨ-ɫɭɯɨɝɨ ɪɚɡɧɨɬɢɩɧɨɝɨ ɬɨɪɮɚ 

 
ɒɢɮɪ ɨɛɪɚɡɰɚ PC1 PC2 

ɜɟɪɯɨɜɨɣ ɬɢɩ ɬɨɪɮɚ (H) 
ȼɋɆ-5 5,168 0,618 
ȼɎ-5 4,179 -1,127 
ȼɋ-5 1,509 -2,750 

1 ȼɎ-10 2,837 -0,655 
ȼɆ-10 3,168 -1,308 

1 ȼɋɆ-15 1,130 0,614 
β ȼɎ-20 0,423 -2,005 
ȼɉɋ-25 1,101 1,457 

1 ȼɉɋ-35 1,603 2,576 
ȼɒ-40 0,078 2,414 

ɩɟɪɟɯɨɞɧɵɣ ɬɢɩ ɬɨɪɮɚ (M) 
ɉɒ-20 -0,903 0,370 
ɉɉɋ-25 0,379 0,490 
ɉɈɋ-30 0,267 1,174 

ɧɢɡɢɧɧɵɣ ɬɢɩ ɬɨɪɮɚ (L) 
ɇɈȽ-25 -3,075 -3,753 
β ɇɈ-25 -3,368 0,798 
ɇȾ-30 -2,639 0,511 

ɇȾɈ-30 -3,075 2,088 
ɇɈ-35 -3,288 -1,022 

1 ɇɈ-35 -3,139 -0,172 
1 ɇɈȽ-45 -2,355 -0,318 

 
ɉɨɫɬɪɨɟɧɢɟ ɮɚɤɬɨɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ PC1–PC2 ɞɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɬɨɪɮɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɬɢɩɚ 

(ɪɢɫ. β) ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɜɡɚɢɦɨɫɜɹɡɶ ɫɨɫɬɚɜɚ ɢ ɫɜɨɣɫɬɜ ɜɨɡɞɭɲɧɨ-ɫɭɯɨɝɨ ɪɚɡɧɨɬɢɩɧɨɝɨ ɬɨɪɮɚ. 
ɂɡ ɪɢɫ. β ɜɢɞɧɨ, ɱɬɨ ɜɫɟ ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɧɢɡɢɧɧɵɟ ɬɨɪɮɚ ɧɚɯɨɞɹɬɫɹ ɜ ɧɚɱɚɥɶɧɨɣ ɱɚɫɬɢ ɮɚɤɬɨɪɧɨɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɚ PC1–PC2 (ɞɨ ɥɢɧɢɢ a), ɩɟɪɟɯɨɞɧɵɟ ɜ ɫɪɟɞɧɟɣ ɱɚɫɬɢ (ɦɟɠɞɭ ɥɢɧɢɹɦɢ a ɢ b), ɚ ɜɟɪɯɨɜɵɟ ɜ ɜɟɪɯɧɟɣ 
ɱɚɫɬɢ (ɩɨɫɥɟ ɥɢɧɢɢ b). Ɍɚɤ ɠɟ ɧɚ ɪɢɫ. β ɡɚɦɟɬɧɨ ɫɢɦɛɚɬɧɨɟ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɚɜɚ ɢ ɫɜɨɣɫɬɜ ɜɨɡɞɭɲɧɨ-ɫɭɯɨɝɨ 
ɪɚɡɧɨɬɢɩɧɨɝɨ ɬɨɪɮɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɜɟɤɬɨɪɚ c. 

ȼɵɜɨɞɵ 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɬɨɞ ɮɚɤɬɨɪɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢɦɟɧɟɧ ɞɥɹ ɨɰɟɧɤɢ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɚ ɢ ɫɜɨɣɫɬɜ 

ɜɨɡɞɭɲɧɨ-ɫɭɯɨɝɨ ɬɨɪɮɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɝɨ ɬɢɩɚ. ɍɫɬɚɧɨɜɥɟɧɚ ɜɟɤɬɨɪɧɚɹ ɜɡɚɢɦɨɫɜɹɡɶ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɚ ɢ 
ɫɜɨɣɫɬɜ ɜɨɡɞɭɲɧɨ-ɫɭɯɨɝɨ ɪɚɡɧɨɬɢɩɧɨɝɨ ɬɨɪɮɚ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɮɚɤɬɨɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ PC1–PC2. 

ɋɬɚɬɶɹ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɤɨɧɤɭɪɫɚ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɩɪɨɟɤɬɨɜ BP Exploration 
Operating Company Limited («BP») ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɨɝɨɜɨɪɚ ɨ ɉɨɠɟɪɬɜɨɜɚɧɢɢ ɤɨɦɩɚɧɢɢ «Ȼɢɩɢ 
ɗɤɫɩɥɨɪɟɣɲɧ Ɉɩɟɪɟɣɬɢɧɝ Ʉɨɦɩɚɧɢ Ʌɢɦɢɬɟɞ» ʋ5255 ɨɬ 04.04.2013ɝ. (ɉɪɨɟɤɬ «Ɋɚɡɪɚɛɨɬɤɚ 
ɦɟɬɨɞɢɤɢ ɩɨɥɭɱɟɧɢɹ ɫɨɪɛɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɬɨɪɮɨɜ Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢ» ɩɨɞ 
ɪɭɤɨɜɨɞɫɬɜɨɦ ɇ. ȼ. ɑɭɯɚɪɟɜɨɣ, ɤ.ɯ.ɧ.). 

 
Ʌɢɬɟɪɚɬɭɪɚ 

 
 Ⱥɪɯɢɩɨɜ ȼ.ɋ. Ȼɢɬɭɦɢɧɨɡɧɵɟ ɬɨɪɮɚ Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢ / ȼ.ɋ. Ⱥɪɯɢɩɨɜ, ɋ.Ƚ. Ɇɚɫɥɨɜ, ȼ.Ʉ. Ȼɟɪɧɚɬɨɧɢɫ  ɢ ɞɪ. – 1.

Ɍɨɦɫɤ: STT, 2008. – 240 ɫ. 
 Ʌɢɲɬɜɚɧ ɂ.ɂ. Ɉɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɬɨɪɮɚ ɢ ɦɟɬɨɞɵ ɢɯ ɨɩɪɟɞɟɥɟɧɢɹ / ɂ.ɂ. Ʌɢɲɬɜɚɧ, ɇ.Ɍ. Ʉɨɪɨɥɶ. – Ɇɢɧɫɤ: 2.

ɇɚɭɤɚ ɢ ɬɟɯɧɢɤɚ, 1975. – 320 ɫ. 
 Kauko K., Matti S., Teuvo H. Physical properties of peat and palsa formation // Cold Regions Science and 3.

Technology. – V. 52, 2008. – p. 408-414. 
 Peat in National Economy / Under the General Direction of B.N. Sokolov. – M.: Nedra, 1988. – 268 p. 4.
 Shishmina L.V. Influence of peat humates on flotation of coal / L.V. Shishmina, N.V. Chukhareva, A.V. Kravtsov // 5.
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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

 ȽɈɋɌ 28245-89. Ɍɨɪɮ. Ɇɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɛɨɬɚɧɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɬɟɩɟɧɢ ɪɚɡɥɨɠɟɧɢɹ [ɗɥɟɤɬɪɨɧɧɵɣ 12.
ɪɟɫɭɪɫ] // Ɏɟɞɟɪɚɥɶɧɨɟ ɚɝɟɧɬɫɬɜɨ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɪɟɝɭɥɢɪɨɜɚɧɢɸ ɢ ɦɟɬɪɨɥɨɝɢɢ: – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
http://protect.gost.ru. 

 Fadeeva V.P., Tikhova V.D., Nikulicheva O.N. Elemental analysis of organic compounds with the use of 13.
automated chns analyzers Journal of Analytical Chemistry, 2008. – V. 63. – ʋ 11. – p. 1094-1106. 

 Ʌɢɲɬɜɚɧ ɂ.ɂ. Ɉɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɬɨɪɮɚ ɢ ɦɟɬɨɞɵ ɢɯ ɨɩɪɟɞɟɥɟɧɢɹ / ɂ.ɂ. Ʌɢɲɬɜɚɧ, ɇ.Ɍ. Ʉɨɪɨɥɶ. – Ɇɢɧɫɤ: 14.
ɇɚɭɤɚ ɢ ɬɟɯɧɢɤɚ, 1975. – 320 ɫ. 

 ɑɭɯɚɪɟɜɚ ɇ.ȼ., Ɍɢɯɨɜɚ ȼ.Ⱦ., Ɂɚɪɭɛɢɧɚ Ɉ.ɇ., ɒɢɲɦɢɧɚ Ʌ.ȼ. ɂɡɦɟɧɟɧɢɟ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɨɩɬɢɱɟɫɤɢɯ 15.
ɫɜɨɣɫɬɜ ɬɨɪɮɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɬɟɪɦɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ// ȼɟɫɬɧ. ɄɪɚɫȽȺɍ. – Ʉɪɚɫɧɨɹɪɫɤ, 2013. – ʋ 11. – 
ɋ. 85-93. 

 ɋɚɪɬɚɤɨɜ Ɇ.ɉ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɝɭɦɢɧɨɜɵɯ ɤɢɫɥɨɬ ɬɨɪɮɨɜ ɋɪɟɞɧɟɝɨ ɉɪɢɨɛɶɹ: ɞɢɫɫ. … ɞɨɤɬ. ɛɢɨɥ. ɧɚɭɤ. – 16.
Ɍɸɦɟɧɶ, 2012. – 295 ɫ. 
 

ɆȺȽɇɂɃ ɋɂɅɂɄȺɌɇɕȿ ȼəɀɍɓɂȿ ɄɈɆɉɈɁɂɐɂɂ 

ɋ.Ʉ. Ʉɚɡɚɧɰɟɜɚ 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ ɞɨɰɟɧɬ ɇ.Ⱥ. Ɇɢɬɢɧɚ 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ.Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

Ɇɚɝɧɟɡɢɚɥɶɧɵɟ ɜɹɠɭɳɢɟ ɜɟɳɟɫɬɜɚ — ɬɨɧɤɨɦɨɥɨɬɵɟ ɩɨɪɨɲɤɢ, ɫɨɫɬɨɹɳɢɟ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɨɤɫɢɞɚ ɦɚɝɧɢɹ 
MgO, ɤɚɭɫɬɢɱɟɫɤɢɣ ɦɚɝɧɟɡɢɬ ɩɨɥɭɱɚɸɬ ɨɛɠɢɝɨɦ ɩɪɢɪɨɞɧɨɝɨ ɦɚɝɧɟɡɢɬɚ εР(CO3) , ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɰɟɫɫɚ ɞɨ 
7η0…8η0°ɋ, ɤɚɪɛɨɧɚɬ ɦɚɝɧɢɹ ɞɢɫɫɨɰɢɢɪɭɟɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɫɢɞɚ ɦɚɝɧɢɹ ɆРɋɈγ = ɆРɈ + ɋɈβ. Ɉɛɨɠɠɟɧɧɵɣ 
ɩɪɨɞɭɤɬ ɪɚɡɦɚɥɵɜɚɸɬ. 

Ɉɫɧɨɜɧɵɦɢ ɦɢɧɟɪɚɥɚɦɢ ɦɚɝɧɟɡɢɚɥɶɧɵɯ ɩɨɪɨɞ, ɤɪɨɦɟ ɦɚɝɧɟɡɢɬɚ, ɹɜɥɹɸɬɫɹ ɞɢɨɩɫɢɞ CКεРSТ2O6, 
ɬɪɟɦɨɥɨɢɬ βCКOāηεРOā8SТO2āH2O, ɫɟɪɩɟɧɬɢɧɢɬ γεРOāβSТO2āβH2O (ɫɨɞɟɪɠɚɧɢɟ ɦɢɧɟɪɚɥɚ ɜ ɩɨɪɨɞɟ 70–80 % 
ɦɚɫ.). Ⱦɢɨɩɫɢɞ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɰɟɩɨɱɟɱɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɩɢɪɨɤɫɟɧɨɜ, ɬɪɟɦɨɥɢɬ – ɥɟɧɬɨɱɧɨɣ ɫɬɪɭɤɬɭɪɨɣ 
ɚɦɮɢɛɨɥɨɜ, ɫɟɪɩɟɧɬɢɧɢɬ – ɫɥɨɢɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫ ɨɬɤɪɵɬɵɦ ɞɜɭɯɫɥɨɣɧɵɦ ɩɚɤɟɬɨɦ ɫɥɨɟɜ. Ʉɪɢɫɬɚɥɥɵ ɞɢɨɩɫɢɞɚ ɜ 
ɩɨɪɨɞɚɯ ɢɦɟɸɬ ɭɞɥɢɧɟɧɧɨ-ɩɪɢɡɦɚɬɢɱɟɫɤɭɸ ɮɨɪɦɭ, ɤɪɢɫɬɚɥɥɵ ɬɪɟɦɨɥɢɬɚ ɢ ɫɟɪɩɟɧɬɢɧɢɬɚ – ɜɨɥɨɤɧɢɫɬɭɸ ɢ 
ɢɝɨɥɶɱɚɬɭɸ. Ɉɧɢ ɬɜɟɪɞɟɸɬ ɩɪɢ ɡɚɬɜɨɪɟɧɢɢ ɜɨɞɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ ɫɨɥɟɣ ɦɚɝɧɢɹ. Ɇɚɝɧɟɡɢɚɥɶɧɵɟ ɜɹɠɭɳɢɟ, 
ɡɚɬɜɨɪɟɧɧɵɟ ɫɨɥɟɜɵɦ ɪɚɫɬɜɨɪɨɦ, ɨɬɥɢɱɚɸɬɫɹ ɢɧɬɟɧɫɢɜɧɵɦ ɬɜɟɪɞɟɧɢɟɦ, ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɶɸ ɢ 
ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ.  

Ɉɫɧɨɜɧɵɦ ɨɝɪɚɧɢɱɟɧɢɟɦ  ɲɢɪɨɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɝɧɟɡɢɚɥɶɧɵɯ ɜɹɠɭɳɢɯ ɹɜɥɹɟɬɫɹ ɜɥɚɠɧɨɫɬɶ 
ɩɨɦɟɳɟɧɢɹ ɢɥɢ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, ɬɚɤ ɤɚɤ ɜ ɜɨɞɟ ɢɥɢ ɜɥɚɠɧɨɣ ɚɬɦɨɫɮɟɪɟ ɩɪɨɱɧɨɫɬɶ ɡɚɬɜɟɪɞɟɜɲɟɝɨ 
ɦɚɬɟɪɢɚɥɚ ɪɟɡɤɨ ɩɚɞɚɟɬ, ɩɪɢɱɢɧɨɣ ɷɬɨɦɭ ɹɜɥɹɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɚɬɚɰɢɢ ɢ 
ɬɜɟɪɞɟɧɢɹ. Ɇɧɨɝɢɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɩɪɨɜɨɞɹɬɫɹ ɨɛɲɢɪɧɵɟ ɪɚɛɨɬɵ ɩɨ ɩɨɜɵɲɟɧɢɸ ɜɨɞɨɫɬɨɣɤɨɫɬɢ ɢɡɞɟɥɢɣ ɧɚ 
ɨɫɧɨɜɟ ɦɚɝɧɟɡɢɚɥɶɧɵɯ ɜɹɠɭɳɢɯ, ɧɨ ɨɧɢ ɜ ɨɫɧɨɜɧɨɦ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɩɨɞɛɨɪ ɫɨɫɬɚɜɚ ɡɚɩɨɥɧɢɬɟɥɹ ɥɢɛɨ ɞɨɛɚɜɨɤ ɜ 
ɜɹɠɭɳɟɟ [4]. 

Ʉɚɭɫɬɢɱɟɫɤɢɣ ɦɚɝɧɟɡɢɬ ɩɨɥɭɱɚɸɬ ɢɡ ɩɪɢɪɨɞɧɨɝɨ ɦɚɝɧɟɡɢɬɚ εРCO3 ɨɛɠɢɝɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 700- 800 
°ɋ ɢ ɩɨɫɥɟɞɭɸɳɢɦ ɬɨɧɤɢɦ ɢɡɦɟɥɶɱɟɧɢɟɦ. ȼ ɫɨɫɬɚɜɟ ɤɚɭɫɬɢɱɟɫɤɨɝɨ ɦɚɝɧɟɡɢɬɚ ɧɚɯɨɞɢɬɫɹ ɧɟ ɦɟɧɟɟ 7η% ɨɤɫɢɞɚ 
ɦɚɝɧɢɹ εРO. ȿɫɥɢ ɤɚɭɫɬɢɱɟɫɤɢɣ ɦɚɝɧɟɡɢɬ ɡɚɬɜɨɪɢɬɶ ɜɨɞɨɣ, ɬɨ ɩɪɨɰɟɫɫ ɝɢɞɪɚɬɚɰɢɢ ɢɞɟɬ ɨɱɟɧɶ ɦɟɞɥɟɧɧɨ, ɚ 
ɡɚɬɜɟɪɞɟɜɲɢɣ ɦɚɬɟɪɢɚɥ ɢɦɟɟɬ ɧɢɡɤɭɸ ɩɪɨɱɧɨɫɬɶ. ɇɚ ɩɪɚɤɬɢɤɟ ɤɚɭɫɬɢɱɟɫɤɢɣ ɦɚɝɧɟɡɢɬ ɡɚɬɜɨɪɹɸɬ ɪɚɫɬɜɨɪɚɦɢ 
ɯɥɨɪɢɞɚ ɢɥɢ ɫɭɥɶɮɚɬɚ ɦɚɝɧɢɹ. ȼ ɬɚɤɢɯ ɪɚɫɬɜɨɪɚɯ ɩɨɜɵɲɚɟɬɫɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ εРO ɢ ɪɟɡɤɨ ɭɫɤɨɪɹɟɬɫɹ ɩɪɨɰɟɫɫ 
ɬɜɟɪɞɟɧɢɹ. Ʉɚɭɫɬɢɱɟɫɤɢɣ ɦɚɝɧɟɡɢɬ ɜɤɭɩɟ ɫ ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɞɚ ɦɚɝɧɢɹ ɚɤɬɢɜɢɡɢɪɭɟɬ ɤɪɟɦɧɟɡɟɦɫɨɞɟɪɠɚɳɢɟ, 
ɚɥɸɦɨɫɢɥɢɤɚɬɧɵɟ ɢ ɞɪɭɝɢɟ ɩɪɢɪɨɞɧɵɟ ɢ ɬɟɯɧɨɝɟɧɧɵɟ ɜɟɳɟɫɬɜɚ. ɏɥɨɪɢɫɬɵɣ ɦɚɝɧɢɣ ɞɥɹ ɷɬɢɯ ɰɟɥɟɣ ɩɨɥɭɱɚɸɬ 
ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ Ʉɚɪɚɛɨɝɚɡɫɤɨɣ ɪɚɩɵ (ɦɢɧɟɪɚɥ ɛɢɲɨɮɢɬ) ɢɥɢ ɜɵɩɚɪɢɜɚɧɢɟɦ ɢɡ ɜɨɞɵ ɥɢɦɚɧɨɜ ɢ ɧɟɤɨɬɨɪɵɯ 
ɫɨɥɟɧɵɯ ɨɡɟɪ. Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ ɢɫɩɨɥɶɡɭɸɬ ɬɚɤɠɟ ɩɪɢɪɨɞɧɭɸ ɤɚɦɟɧɧɭɸ ɫɨɥɶ — ɤɚɪɧɚɥɥɢɬ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɫɦɟɫɢ 
ɯɥɨɪɢɞɨɜ ɦɚɝɧɢɹ ɢ ɤɚɥɢɹ. ɇɚɱɚɥɨ ɫɯɜɚɬɵɜɚɧɢɹ ɦɚɝɧɟɡɢɬɧɨɝɨ ɬɟɫɬɚ ɞɨɥɠɧɨ ɧɚɫɬɭɩɚɬɶ ɧɟ ɪɚɧɟɟ β0 ɦɢɧ, ɚ ɤɨɧɟɰ — 
ɧɟ ɩɨɡɞɧɟɟ θ ɱ ɩɨɫɥɟ ɡɚɬɜɨɪɟɧɢɹ. ɍɠɟ ɱɟɪɟɡ ɫɭɬɤɢ ɩɪɨɱɧɨɫɬɶ ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɜɹɠɭɳɟɝɨ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 1,η 
Ɇɉɚ. Ɇɚɪɨɱɧɚɹ ɩɪɨɱɧɨɫɬɶ ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɤɚɭɫɬɢɱɟɫɤɨɝɨ ɦɚɝɧɟɡɢɬɚ 40…η0 Ɇɉɚ. 

Ⱥɧɚɥɢɡ ɧɚɭɱɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɞɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɜ 
ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɩɨ ɩɨɜɵɲɟɧɢɸ ɜɨɞɨɫɬɨɣɤɨɫɬɢ ɦɚɝɧɟɡɢɚɥɶɧɵɯ ɜɹɠɭɳɢɯ. Ɉɞɧɨ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ 
ɭɜɟɥɢɱɟɧɢɹ ɜɨɞɨɫɬɨɣɤɨɫɬɢ ɜɨɡɞɭɲɧɵɯ ɜɹɠɭɳɢɯ – ɩɪɢɦɟɧɟɧɢɟ ɞɨɛɚɜɨɤ, ɞɚɸɳɢɯ ɪɚɡɥɢɱɧɵɟ ɷɮɮɟɤɬɵ, ɧɚɩɪɢɦɟɪμ 

- ɜɜɟɞɟɧɢɟ ɮɨɫɮɨɪɫɨɞɟɪɠɚɳɢɯ ɞɨɛɚɜɨɤ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɤɨɦɩɥɟɤɫɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣν 

- ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɩɨɪɬɥɚɧɞɰɟɦɟɧɬɨɦ ɜɨɞɨɫɬɨɣɤɨɫɬɶ ɨɛɭɫɥɨɜɥɟɧɚ ɬɜɟɪɞɟɧɢɟɦ ɤɥɢɧɤɟɪɧɵɯ ɦɢɧɟɪɚɥɨɜν 
- ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɞɨɛɚɜɤɢ (ɇɋХ, HβSO4, HγBOγ) ɫɩɨɫɨɛɫɬɜɭɟɬ ɮɨɪɦɢɪɨɜɚɧɢɸ ɦɟɥɤɨɩɨɪɢɫɬɵɯ ɩɥɨɬɧɵɯ 

ɫɬɪɭɤɬɭɪν 
- ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɡɚɳɢɳɚɸɬ ɩɨɜɟɪɯɧɨɫɬɶ ɡɚɬɜɟɪɞɟɜɲɢɯ ɮɚɡ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɣ 

ɩɥɟɧɤɨɣ [2,3]. 
ɗɬɢ ɜɢɞɵ ɞɨɛɚɜɨɤ ɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɵ, ɧɨ ɛɨɥɶɲɢɧɫɬɜɨ ɢɡ ɧɢɯ ɞɨɪɨɝɢ ɢ ɞɟɮɢɰɢɬɧɵ. 
ɇɟɞɨɫɬɚɬɤɨɦ  ɢɡɞɟɥɢɣ  ɧɚ ɦɚɝɧɟɡɢɚɥɶɧɵɯ ɜɹɠɭɳɢɯ, ɩɨɥɭɱɚɟɦɵɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɡɚɬɜɨɪɢɬɟɥɹ 

ɪɚɫɬɜɨɪɚ ɯɥɨɪɢɫɬɨɝɨ ɦɚɝɧɢɹ, ɹɜɥɹɟɬɫɹ ɢɯ ɩɨɜɵɲɟɧɧɚɹ ɝɢɝɪɨɫɤɨɩɢɱɧɨɫɬɶ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɝɢɝɪɨɫɤɨɩɢɱɧɨɫɬɢ ɢ 
ɭɜɟɥɢɱɟɧɢɹ ɜɨɞɨɫɬɨɣɤɨɫɬɢ, ɧɚɪɹɞɭ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɢɧɟɪɚɥɶɧɵɯ ɞɨɛɚɜɨɤ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɪɭɝɢɟ 
ɜɢɞɵ ɡɚɬɜɨɪɢɬɟɥɟɣ. Ɉɫɧɨɜɧɚɹ ɰɟɥɶ ɩɪɢɦɟɧɟɧɢɹ ɡɚɬɜɨɪɢɬɟɥɟɣ ɨɬɥɢɱɚɸɳɢɯɫɹ ɨɬ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɦɚɝɧɢɹ – 
ɩɨɥɭɱɟɧɢɟ ɜɨɞɨɧɟɪɚɫɬɜɨɪɢɦɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɧɚɦɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɢɤɚɪɛɨɧɚɬ ɦɚɝɧɢɹ, ɩɨɥɭɱɟɧɧɵɣ 
ɤɚɪɛɨɧɢɡɚɰɢɟɣ ɝɚɡɚ ɋɈβ ɜ ɚɜɬɨɤɥɚɜɟ ɩɪɢ ɞɚɜɥɟɧɢɢ 0,λ Ɇɉɚ.  


