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ɇɚɝɪɟɜ ɩɨɝɥɨɳɚɸɳɢɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɜ ɩɪɨɡɪɚɱɧɨɦ ȼȼ ɱɚɫɬɢɱɧɨ 

ɢɫɫɥɟɞɨɜɚɥɫɹ ɪɚɧɟɟ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɡɚɠɢɝɚɧɢɹ ɚɡɢɞɚ ɫɜɢɧɰɚ ɥɚɡɟɪɧɵɦɢ 
ɢɦɩɭɥɶɫɚɦɢ ɪɚɡɥɢɱɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ [1,2,3,4] ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɬɨɝɨ, ɱɬɨ ɜ ɦɚɬɪɢɰɟ 
ȼȼ ɩɪɢɫɭɬɫɬɜɭɸɬ ɱɚɫɬɢɱɤɢ ɫɜɢɧɰɚ, ɜ ɨɛɴɟɦɟ ɤɨɬɨɪɵɯ ɥɨɤɚɥɢɡɭɟɬɫɹ ɷɧɟɪɝɢɹ 
ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ (Ʌɂ). ɉɪɢ ɷɬɨɦ ɜ ɪɚɦɤɚɯ ɬɟɩɥɨɜɨɣ ɦɢɤɪɨɨɱɚɝɨɜɨɣ ɦɨɞɟɥɢ 
ɢɧɢɰɢɢɪɨɜɚɧɢɹ, ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɤɪɢɬɢɱɟɫɤɢɣ ɡɚɩɚɫ ɬɟɩɥɚ ɜ 
ɨɱɚɝɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɟɝɨ ɨɤɪɟɫɬɧɨɫɬɢ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɞɥɢɬɟɥɶɧɨɫɬɟɣ 
ɜɨɡɞɟɣɫɬɜɭɸɳɟɝɨ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ (Ʌɂ) ɨɬ ɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ ɞɨ 
ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɝɨ ɪɟɠɢɦɨɜ. 

ȼ [3] ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɪɚɫɫɦɨɬɪɟɧ ɜɨɩɪɨɫ ɧɚɝɪɟɜɚ ɱɚɫɬɢɰ ɫɜɢɧɰɚ ɜ ɚɡɢɞɧɨɣ 
ɦɚɬɪɢɰɟ ɢ ɫɨɡɞɚɧɢɹ ɬɟɩɥɨɜɵɯ ɨɱɚɝɨɜ («ɝɨɪɹɱɢɯ ɬɨɱɟɤ») ɜ ɞɨɩɭɳɟɧɢɢ ɢɧɟɪɬɧɨɣ 
ɫɪɟɞɵ, ɩɨɥɭɱɟɧɵ ɩɪɨɮɢɥɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɦɢɤɪɨɜɤɥɸɱɟɧɢɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɞɥɢɬɟɥɶɧɨɫɬɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɥɚɡɟɪɧɵɦ ɢɡɥɭɱɟɧɢɟɦ (Ʌɂ). 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɚɛɨɬɵ 
ɩɨ ɥɚɡɟɪɧɨɦɭ ɢɧɢɰɢɢɪɨɜɚɧɢɸ ɬɷɧɚ, ɤɚɤ ɧɟ ɫɨɞɟɪɠɚɳɟɝɨ, ɬɚɤ ɢ ɫɨɞɟɪɠɚɳɟɝɨ 
ɜɤɥɸɱɟɧɢɹ ɧɚɧɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ ɫɚɠɢ ɢ ɱɚɫɬɢɰ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ. Ʉɚɤ ɩɪɚɜɢɥɨ, 
ɪɚɡɦɟɪɵ ɩɪɢɦɟɫɧɵɯ ɱɚɫɬɢɰ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ  
ɪɚɡɥɢɱɚɥɢɫɶ ɡɧɚɱɢɬɟɥɶɧɨ (ɨɬ 100 ɧɦ ɞɨ 1000 ɧɦ), ɢɫɤɥɸɱɚɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɩɨɪɨɝɨɜ ɢɧɢɰɢɢɪɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ⱦɥɹ ɜɵɛɨɪɚ 
ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɢɧɢɰɢɢɪɨɜɚɧɢɹ ɫɦɟɫɟɜɵɯ ɫɨɫɬɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɬɷɧɚ, 
ɧɟɨɛɯɨɞɢɦɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɫɨɡɞɚɧɢɹ ɬɟɩɥɨɜɵɯ ɨɱɚɝɨɜ ɧɚ ɷɬɚɩɟ ɢɯ ɫɨɡɞɚɧɢɹ 
ɜ ɭɫɥɨɜɢɹɯ ɢɧɟɪɬɧɨɝɨ ɨɤɪɭɠɟɧɢɹ. ɗɬɨɦɭ ɜɨɩɪɨɫɭ ɢ ɩɨɫɜɹɳɟɧɚ ɞɚɧɧɚɹ ɪɚɛɨɬɚ. 

ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɡɚɞɚɱɢ ɥɚɡɟɪɧɨɝɨ ɧɚɝɪɟɜɚ ɩɨɝɥɨɳɚɸɳɟɣ ɱɚɫɬɢɰɵ 
ɩɪɨɜɨɞɢɥɨɫɶ ɩɨ ɦɟɬɨɞɢɤɟ, ɢɡɥɨɠɟɧɧɨɣ ɜ [1, 2, 3]. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ 
ɢɧɟɪɬɧɨɝɨ ɧɚɝɪɟɜɚ ɧɚɝɪɟɜɚ  ɢɦɟɟɦ: 

 (1) 
ɝɞɟ ;  – ɫɟɱɟɧɢɟ ɩɨɝɥɨɳɟɧɢɹ ɱɚɫɬɢɰɵ 

ɪɚɞɢɭɫɨɦ , ɡɚɜɢɫɹɳɟɟ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ Ʌɂ , ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɫɪɟɞɵ ; 
ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɩɨɝɥɨɳɚɸɳɟɣ ɱɚɫɬɢɱɤɢ ; 

 ;   – ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ Ʌɂ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ȼȼ;  – 
ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɱɚɫɬɢɱɤɢ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɪɚɡɦɟɪɚ ɥɚɡɟɪɧɨɝɨ ɩɭɱɤɚ 

 ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ȼȼ, ɩɨɤɚɡɚɬɟɥɟɣ ɩɨɝɥɨɳɟɧɢɹ  ɢ ɪɚɫɫɟɹɧɢɹ , ɢɧɞɢɤɚɬɪɢɫɵ 
ɪɚɫɫɟɹɧɢɹ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɨɛɴɟɦɚ  [11]. 

Ɂɞɟɫɶ ɠɟ ɩɨɥɭɱɢɦ ɱɬɨ : 

 
(2) 

ɝɞɟ  – ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ Ʌɂ ( ). 
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Ɇɨɞɟɥɶ ɧɚɝɪɟɜɚ ɢɦɟɟɬ ɜɢɞ [2] 

 

(3) 

ɝɞɟ  – ɬɟɦɩɟɪɚɬɭɪɚ ɱɚɫɬɢɱɤɢ;  – ɬɟɦɩɟɪɚɬɭɪɚ ȼȼ;  – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ 
ɱɚɫɬɢɱɤɢ;  

 – ɩɥɨɬɧɨɫɬɶ ɱɚɫɬɢɱɤɢ;  – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ȼȼ;  – ɩɥɨɬɧɨɫɬɶ ȼȼ;  –
 ɤɨɨɪɞɢɧɚɬɚ ɬɨɱɤɢ ɧɚɝɪɟɜɚ ɜ ɫɮɟɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ;  – ɪɚɞɢɭɫ ɱɚɫɬɢɱɤɢ; 

 – ɬɟɦɩɟɪɚɬɭɪɚɩɪɨɜɨɞɧɨɫɬɶ ȼȼ;  – ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ Ʌɂ. 
Ɋɟɲɟɧɢɟ (3) ɜɵɩɨɥɧɹɥɨɫɶ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɞɥɢɬɟɥɶɧɨɫɬɟɣ ɧɚɝɪɟɜɚɸɳɟɝɨ ɢɦɩɭɥɶɫɚ 

ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɡɧɚɱɟɧɢɢ  ɢ ɪɚɜɧɵɦ , ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɦɟɪɟɧɧɨɣ [2] ɩɨɪɨɝɨɜɨɣ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢɧɢɰɢɢɪɨɜɚɧɢɹ 
ɱɢɫɬɨɝɨ (ɧɟ ɫɨɞɟɪɠɚɳɟɝɨ ɩɪɢɦɟɫɟɣ) ɬɷɧɚ ɩɪɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ 
10 ɧɫ (ɩɪɨɮɢɥɶ ɢɦɩɭɥɶɫɚ Ʌɂ ɩɪɢɧɢɦɚɥɫɹ ɩɪɹɦɨɭɝɨɥɶɧɵɦ). 

 

 
Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɫɮɟɪɢɱɟɫɤɨɣ ɫɚɠɧɨɣ 

(ɫɩɥɨɲɧɵɟ ɤɪɢɜɵɟ) ɢ ɚɥɸɦɢɧɢɟɜɨɣ (ɩɭɧɤɬɢɪ) ɱɚɫɬɢɱɟɤ ɨɬ ɪɚɞɢɭɫɚ . ɉɥɨɬɧɨɫɬɶ 
ɷɧɟɪɝɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɟɫɫɨɜɚɧɧɨɝɨ ɩɨɪɨɲɤɚ ɬɟɬɪɚɧɢɬɪɚɬɚ ɩɟɧɬɚɷɪɢɬɪɢɬɚ 

, , . Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ ɫ (1);  (2);  (3);  (4);  

(5);  (6);  (7). 
 

Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɧɚɝɪɟɜɚ ɱɚɫɬɢɰ  ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1. 
Ɉɛɪɚɳɚɸɬ ɧɚ ɫɟɛɹ ɜɧɢɦɚɧɢɟ ɨɛɳɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɧɚɝɪɟɜɚ ɱɚɫɬɢɰ ɜɧɟ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɦɚɬɟɪɢɚɥɚ. ɉɪɟɠɞɟ ɜɫɟɝɨ, ɷɬɨ ɬɨ, ɱɬɨ ɤɚɠɞɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ 
ɜɨɡɞɟɣɫɬɜɭɸɳɟɝɨ ɢɦɩɭɥɶɫɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɡɦɟɪ ɱɚɫɬɢɰ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɧɚ 
ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɡɨɝɪɟɜɚɟɬɫɹ. Ɍɚɤ ɩɪɢ ɞɥɢɬɟɥɶɧɨɫɬɢ Ʌɂ  ɦɚɤɫɢɦɚɥɶɧɨ 
ɪɚɡɨɝɪɟɜɚɸɬɫɹ ɫɚɠɧɵɟ ɱɚɫɬɢɱɤɢ ɫ , ɩɪɢ  –  ɢ ɩɪɢ 

 – . Ⱦɥɹ ɚɥɸɦɢɧɢɟɜɵɯ ɱɚɫɬɢɰ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɨɫɬɚɟɬɫɹ 
ɩɪɟɠɧɟɣ, ɨɞɧɚɤɨ ɪɚɞɢɭɫ ɱɚɫɬɢɰ, ɝɞɟ ɪɟɚɥɢɡɭɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɨɝɪɟɜ, ɧɟɫɤɨɥɶɤɨ 
ɦɟɧɶɲɟ, ɱɟɦ ɞɥɹ ɫɚɠɧɵɯ ɱɚɫɬɢɱɟɤ. 
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ȼ ɨɛɥɚɫɬɢ ɱɚɫɬɢɰ ɦɚɥɵɯ ɪɚɡɦɟɪɨɜ ɢɯ ɬɟɦɩɟɪɚɬɭɪɚ ɥɢɧɟɣɧɨ ɪɚɫɬɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɪɚɡɦɟɪɚ  ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ . Ɍɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɠɢɦɭ 
ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɝɨ ɧɚɝɪɟɜɚ (  ɝɞɟ  – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɚɬɪɢɰɵ) 
ɨɛɥɚɫɬɶ ɤɨɬɨɪɨɝɨ, ɬɟɦ ɲɢɪɟ, ɱɟɦ ɛɨɥɶɲɟ . ȼ ɨɛɥɚɫɬɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ  ɫ 
ɪɨɫɬɨɦ , ɪɟɚɥɢɡɭɟɬɫɹ ɚɞɢɚɛɚɬɢɱɟɫɤɢɣ ɪɟɠɢɦ: , ɝɞɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɚɞɢɚɛɚɬɢɱɟɫɤɨɦɭ ɪɟɠɢɦɭ ɧɚɝɪɟɜɚ,  ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɞɥɢɬɟɥɶɧɨɫɬɢ 
Ʌɂ. 

ɉɪɟɞɫɬɚɜɥɹɟɬ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɢ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɩɨɜɟɞɟɧɢɟ ɤɪɢɜɵɯ ɧɚɝɪɟɜɚ 
ɩɪɢ ɭɱɟɬɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ k ɢ F. Ɍɚɤ ɤɚɤ, ɨɱɟɜɢɞɧɨ, ɱɬɨ ɫɟɱɟɧɢɟ ɩɨɝɥɨɳɟɧɢɹ ɱɚɫɬɢɰ 
ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɢɯ ɧɚɝɪɟɜ ɨɫɨɛɟɧɧɨ ɜ ɨɛɥɚɫɬɢ ɦɚɥɵɯ 
ɪɚɡɦɟɪɨɜ. ɋ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɢɹɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ k, ɩɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɟɝɨ 
ɡɧɚɱɟɧɢɣ ɩɨ ɜɵɪɚɠɟɧɢɹɦ ɢɡ ɬɟɨɪɢɢ Ɇɢ ɞɥɹ ɫɚɠɧɵɯ ɢ ɚɥɸɦɢɧɢɟɜɵɯ ɱɚɫɬɢɰ ɜ 
ɜɵɛɪɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɪɚɡɦɟɪɨɜ  ɧɚ ɞɥɢɧɚɯ ɜɨɥɧ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 1064 ɧɦ, 
532 ɧɦ ɢ 354,7 ɧɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 1, 2 ɢ 3-ɣ ɝɚɪɦɨɧɢɤɚɦ ɢɡɥɭɱɟɧɢɹ ɧɟɨɞɢɦɨɜɨɝɨ 
ɥɚɡɟɪɚ ɢ ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɨɛɥɚɫɬɢ ɩɪɨɡɪɚɱɧɨɫɬɢ ɦɚɬɪɢɰɵ ɬɷɧɚ.  

 
Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɨɬ  ɩɪɢ  ɫ ɭɱɟɬɨɦ  ɩɪɢ 
 = 1064ɧɦ ɞɥɹ ɫɚɠɧɵɯ (ɫɩɥɨɲɧɵɟ ɤɪɢɜɵɟ) ɢ ɚɥɸɦɢɧɢɟɜɵɯ (ɩɭɧɤɬɢɪ) ɱɚɫɬɢɰ ɜ 

ɦɚɬɪɢɰɟ ɬɷɧɚ. ɛ – ɬɨ ɠɟ ɞɥɹ ; ɜ – ɬɨ ɠɟ ɞɥɹ . Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ ɧɫ: (1); (2); (3); (4); (5); (6); 

(7). 
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ɇɚ ɪɢɫ. 2 ɚ, ɛ, ɜ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɫ ɭɱɟɬɨɦ ɡɧɚɱɟɧɢɣ  ɢ . 
ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɟ F ɪɚɫɫɱɢɬɵɜɚɥɨɫɶ ɩɪɢ  (ɭɫɥɨɜɢɟ ɲɢɪɨɤɨɝɨ ɥɚɡɟɪɧɨɝɨ 
ɩɭɱɤɚ [1988]) ɢ ɫɨɫɬɚɜɢɥɨ, ɩɨ ɞɚɧɧɵɦ [ɦɨɹ] F=12, 11, 10 ɧɚ ɞɥɢɧɚɯ ɜɨɥɧ 1064 ɧɦ, 
532 ɧɦ, 354,7 ɧɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱥɧɚɥɢɡ ɪɢɫ. 2 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɫɧɨɜɧɵɟ 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɟɜɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɪɚɡɦɟɪɚ ɩɪɢ ɡɚɞɚɧɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɢɦɩɭɥɶɫɚ ɫɨɯɪɚɧɢɥɢɫɶ. Ɍɚɤ ɞɥɹ ɫɚɠɧɵɯ 
(ɭɝɥɟɪɨɞɧɵɯ) ɱɚɫɬɢɰ ɞɥɹ  ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɡɨɝɪɟɜɚɸɬɫɹ ɱɚɫɬɢɰɵ ɩɪɢ 

,  ɢ  ɩɪɢ ɨɛɥɭɱɟɧɢɢ 1, 2 ɢ 3 ɝɚɪɦɨɧɢɤɚɦɢ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɥɹ ɚɥɸɦɢɧɢɟɜɵɯ ɱɚɫɬɢɱɟɤ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɨɝɪɟɜ ɢɫɩɵɬɵɜɚɸɬ 
ɱɚɫɬɢɰɵ ɪɚɡɦɟɪɨɦ ,  ɢ  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨ ɩɪɟɠɧɟɦɭ, ɜ 
ɨɛɥɚɫɬɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ  ɩɪɟɨɛɥɚɞɚɟɬ ɚɞɢɚɛɚɬɢɱɟɫɤɢɣ ɪɟɠɢɦ ɧɚɝɪɟɜɚ 
( ), ɨɞɧɚɤɨ ɜ ɨɛɥɚɫɬɢ ɦɚɥɵɯ ɡɧɚɱɟɧɢɣ  ɭɱɟɬ ɫɟɱɟɧɢɹ 
ɩɨɝɥɨɳɟɧɢɹ ɪɟɡɤɨ ɢɡɦɟɧɹɟɬ ɯɨɞ ɤɪɢɜɵɯ, ɬɚɤ ɱɬɨ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ . Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɷɧɟɪɝɢɢ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ ɪɚɡɥɢɱɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ 
ɧɚɛɥɸɞɚɟɬɫɹ ɫɥɨɠɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɩɨɝɥɨɳɚɸɳɢɯ ɰɟɧɬɪɨɜ 
ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɡɚɩɚɫɚ ɬɟɩɥɚ ɜ ɨɱɚɝɚɯ ɪɚɡɨɝɪɟɜɚ ɨɬ ɪɚɡɦɟɪɚ 
ɷɬɢɯ ɰɟɧɬɪɨɜ. ɍɤɚɡɚɧɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ 
ɮɨɪɦɢɪɨɜɚɧɢɢ ɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɦɟɫɟɜɵɯ ɫɨɫɬɚɜɨɜ ɤ ɥɚɡɟɪɧɨɦɭ 
ɢɦɩɭɥɶɫɧɨɦɭ ɢɡɥɭɱɟɧɢɸ. 

ɉɨɫɤɨɥɶɤɭ ɭɱɟɬ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ, ɜɵɝɨɪɚɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɤɨɧɫɬɚɧɬ, ɱɪɟɡɜɵɱɚɣɧɨ ɫɥɨɠɟɧ ɢ ɫɤɨɪɟɣ ɜɫɟɝɨ ɧɟɨɫɭɳɟɫɬɜɢɦ, 
ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɢɧɟɪɬɧɨɝɨ ɧɚɝɪɟɜɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɫɨɛɵɣ ɢɧɬɟɪɟɫ ɤɚɤ ɤɚɱɟɫɬɜɟɧɧɚɹ 
ɤɚɪɬɢɧɚ, ɨɩɢɫɵɜɚɸɳɚɹ ɧɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹ ɧɚɝɪɟɜɚ ɞɥɹ ɱɚɫɬɢɰ 
ɨɫɨɛɨɝɨ ɪɚɞɢɭɫɚ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɩɪɢɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɧɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɣ ɧɚɝɪɟɜɚ 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɫɚɠɧɵɯ ɱɚɫɬɢɰ ɜ ɤɨɧɰɟ ɜɨɡɞɟɣɫɬɜɢɹ Ʌɂ ɦɨɠɟɬ 
ɩɪɟɜɨɫɯɨɞɢɬɶ ɧɚɝɪɟɜ ɚɥɸɦɢɧɢɟɜɵɯ ɧɚ ɩɨɪɹɞɨɤ ɜɟɥɢɱɢɧɵ, ɢ ɞɨɫɬɢɝɚɬɶ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ (ɞɨ 1000 ɝɪɚɞɭɫɨɜ). Ⱦɥɹ ɩɪɢɦɟɫɧɵɯ ɱɚɫɬɢɰ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ (ɭɝɥɟɪɨɞ, 
ɚɥɸɦɢɧɢɣ) ɞɥɹ ɤɚɠɞɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɭɸɳɟɝɨ ɢɦɩɭɥɶɫɚ ɫɭɳɟɫɬɜɭɟɬ ɫɜɨɣ 
ɨɩɪɟɞɟɥɟɧɧɵɣ ɪɚɡɦɟɪ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɧɢ ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɡɨɝɪɟɜɚɸɬɫɹ. Ɍɚɤ ɞɥɹ ɱɚɫɬɨ 
ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɞɥɢɬɟɥɶɧɨɫɬɢ Ʌɂ ɨɤɨɥɨ 10 ɧɫ ɦɚɤɫɢɦɚɥɶɧɨ 
ɪɚɡɨɝɪɟɜɚɸɬɫɹ ɱɚɫɬɢɱɤɢ ɭɝɥɟɪɨɞɚ ɪɚɡɦɟɪɨɦ ,  ɢ  ɧɦ ɩɪɢ 
ɨɛɥɭɱɟɧɢɢ ɫɦɟɫɢ ɢɡɥɭɱɟɧɢɟɦ ɞɥɢɧɨɣ ɜɨɥɧɵ 1064, 532 ɢ 354,7ɧɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ⱦɥɹ ɚɥɸɦɢɧɢɟɜɵɯ ɱɚɫɬɢɰ ɦɚɤɫɢɦɭɦ ɧɚɝɪɟɜɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ,  ɢ 

 ɧɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ɂɟɥɟɧɵɟ ɦɢɤɪɨɜɨɞɨɪɨɫɥɢ ɪɨɞɚ Chlorella ɧɟɞɚɜɧɨ ɩɪɢɜɥɟɤɥɢ ɜɧɢɦɚɧɢɟ ɦɢɪɨɜɨɝɨ 

ɧɚɭɱɧɨɝɨ ɫɨɨɛɳɟɫɬɜɚ ɤɚɤ ɦɧɨɝɨɨɛɟɳɚɸɳɢɟ ɨɪɝɚɧɢɡɦɵ. 
Ɉɱɟɧɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɢɡ ɯɥɨɪɟɥɥ ɹɜɥɹɟɬɫɹ Chlorella vulgaris. Ɉɧɚ ɩɨɫɬɨɹɧɧɨ 

ɜɫɬɪɟɱɚɟɬɫɹ ɦɚɫɫɚɦɢ ɜ ɜɨɞɟ ɢ ɜ ɝɪɹɡɢ ɥɭɠ, ɤɚɧɚɜ ɢ ɩɪɭɞɨɜ.  
Ɉɝɪɨɦɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɬɟɪɟɫ ɭɱɟɧɵɯ ɜɫɟɝɨ ɦɢɪɚ ɤ ɷɬɨɣ ɜɨɞɨɪɨɫɥɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɛɨɝɚɬɟɣɲɢɦ ɫɨɫɬɚɜɨɦ ɜɫɟɝɨ ɫɩɟɤɬɪɚ ɛɢɨɥɨɝɢɱɟɫɤɢ 
ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ, ɜɵɫɨɤɨɣ ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɩɪɨɫɬɨɣ ɬɟɯɧɨɥɨɝɢɟɣ 
ɩɨɥɭɱɟɧɢɹ ɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜ ɟɟ ɛɢɨɦɚɫɫɵ.  

ɉɨ ɫɜɨɟɣ ɩɢɬɚɬɟɥɶɧɨɫɬɢ ɜɨɞɨɪɨɫɥɶ ɧɟ ɭɫɬɭɩɚɟɬ ɦɹɫɭ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɨɫɯɨɞɢɬ 
ɩɲɟɧɢɰɭ. ȿɫɥɢ ɜ ɩɲɟɧɢɰɟ ɫɨɞɟɪɠɢɬɫɹ 12 % ɛɟɥɤɚ, ɬɨ ɜ ɯɥɨɪɟɥɥɟ ɟɝɨ ɛɨɥɟɟ 50 %. 
ɉɪɢ ɚɦɢɧɨɤɢɫɥɨɬɧɨɦ ɚɧɚɥɢɡɟ ɤɥɟɬɨɱɧɨɝɨ ɫɨɞɟɪɠɢɦɨɝɨ ɨɛɧɚɪɭɠɟɧɨ 40 
ɚɦɢɧɨɤɢɫɥɨɬ, ɜ ɬɨɦ ɱɢɫɥɟ ɜɫɟ ɧɟɡɚɦɟɧɢɦɵɟ.  ȼ ɦɚɤɪɨ- ɢ ɦɢɤɪɨɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ 
ɫɭɫɩɟɧɡɢɢ ɯɥɨɪɟɥɥɵ ɜɯɨɞɹɬ ɤɚɥɶɰɢɣ, ɮɨɫɮɨɪ, ɦɚɝɧɢɣ, ɤɚɥɢɣ, ɦɟɞɶ, ɠɟɥɟɡɨ, ɫɟɪɚ, 
ɰɢɧɤ, ɤɨɛɚɥɶɬ, ɦɚɪɝɚɧɟɰ, ɰɢɪɤɨɧɢɣ, ɪɭɛɢɞɢɣ, ɣɨɞ ɢ ɞɪ. ɦɢɤɪɨɷɥɟɦɟɧɬɵ [1].  

ɉɪɢɦɟɧɟɧɢɟ ɯɥɨɪɟɥɥɵ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ ɨɱɟɧɶ 
ɲɢɪɨɤɨɟ:  

- ɜ ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ ɞɥɹ ɩɨɞɤɨɪɦɤɢ ɪɚɫɬɟɧɢɣ, ɩɬɢɰ ɢ ɠɢɜɨɬɧɵɯ, ɜ 
ɩɱɟɥɨɜɨɞɫɬɜɟ ɢ ɪɵɛɧɨɦ ɯɨɡɹɣɫɬɜɟ; 

- ɜ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ; 
- ɜ ɦɟɞɢɰɢɧɟ, ɤɨɫɦɟɬɨɥɨɝɢɢ ɢ ɩɚɪɮɸɦɟɪɢɢ; 
- ɞɥɹ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɢ ɪɟɚɛɢɥɢɬɚɰɢɢ ɜɨɞɨɺɦɨɜ; 
- ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɢɫɥɨɪɨɞɚ; 
- ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɢɨɬɨɩɥɢɜɚ. 
Ʉɥɟɬɤɢ ɞɟɥɹɬɫɹ ɤɚɠɞɵɟ ɞɜɟɧɚɞɰɚɬɶ ɱɚɫɨɜ. ɗɬɨ ɢ ɩɨɡɜɨɥɹɟɬ ɫɨɛɢɪɚɬɶ 

ɮɚɧɬɚɫɬɢɱɟɫɤɢɟ ɭɪɨɠɚɢ. Ɂɚ ɝɨɞ ɫ ɤɚɠɞɨɝɨ ɝɟɤɬɚɪɚ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɛɚɫɫɟɣɧɨɜ 
ɦɨɠɧɨ ɫɧɹɬɶ ɞɨ 600 ɰɟɧɬɧɟɪɨɜ ɫɭɯɨɣ ɛɢɨɦɚɫɫɵ [2]. 

Ⱦɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɢɨɦɚɫɫɵ ɯɥɨɪɟɥɥɵ ɬɪɟɛɭɟɬɫɹ ɫɨɛɥɸɞɚɬɶ ɧɟɫɤɨɥɶɤɨ ɭɫɥɨɜɢɣ. 
ɗɬɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɩɪɟɞɟɥɟɧɧɚɹ ɩɢɬɚɬɟɥɶɧɚɹ ɫɪɟɞɚ, ɧɚɥɢɱɢɟ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ, 
ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɫɜɟɬ. 

ɉɢɬɚɬɟɥɶɧɚɹ ɫɪɟɞɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ ɦɢɧɟɪɚɥɨɜ ɢ ɨɪɝɚɧɢɤɢ, 
ɧɚɫɵɳɟɧɧɭɸ ɭɝɥɟɤɢɫɥɵɦ ɝɚɡɨɦ. Ɋɨɫɬ ɛɢɨɦɚɫɫɵ ɦɢɤɪɨɜɨɞɨɪɨɫɥɢ ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ 
ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɚ ɢɦɟɧɧɨ 30-36°ɋ. 


