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Ɋɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɫɛɨɪɧɨɝɨ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɟɝɨ ɧɚɩɪɹɠɟɧɧɨ–
ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɫɬɟɦɵ ɫɢɥ ɪɟɡɚɧɢɹ ɢ ɫɢɥ ɡɚɤɪɟɩɥɟɧɢɹ ɫɦɟɧɧɵɯ ɪɟ-
ɠɭɳɢɯ ɩɥɚɫɬɢɧ (ɋɊɉ), ɚ ɬɚɤɠɟ ɭɫɥɨɜɢɹɦɢ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɩɥɚɫɬɢɧ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɧɚɝɪɭɡɨɤ, ɨɩɪɟɞɟɥɹɟɦɵɯ ɭɫɥɨɜɢɹɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ ɜ 
ɩɪɨɰɟɫɫɟ ɦɟɯɚɧɨɨɛɪɚɛɨɬɤɢ [1]. 

 

  
ɚ) 

 

     
ɛ) 

Ɋɢɫ. 1. ɂɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɟ ɤɚɪɬɢɧɵ ɩɨɥɨɫ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ (ɚ) ɢ ɬɟɪɦɨɝɪɚɦɦɵ ɜ ɋɊɉ (ɛ) ɩɪɢ ɪɚɡɥɢɱ-
ɧɵɯ  ɪɟɠɢɦɚɯ ɧɚɝɪɭɠɟɧɢɹ  ɫɛɨɪɧɨɝɨ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ 

 

Ʉɨɧɬɚɤɬɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɪɚɛɨɱɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɋɊɉ ɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɪɢɜɨ-
ɞɢɬ ɤ ɧɚɝɪɟɜɭ ɩɥɚɫɬɢɧ, ɢ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɜ ɧɢɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ (ɫɦ. ɪɢɫ. 1, ɛ), ɤɨɬɨɪɵɟ ɜ ɯɨɞɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɮɢɤɫɢɪɨɜɚɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɰɢɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɪɟɝɢɫɬɪɚ-
ɰɢɢ ɢɯ ɂɄ-ɢɡɥɭɱɟɧɢɹ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɬɟɩɥɨ-
ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɋɊɉ ɩɪɟɞɨɩɪɟɞɟɥɹɸɬ  ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɟɪɟɪɚɫɱɟɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɞɟɮɨɪɦɚɰɢɣ ɢ ɧɚɩɪɹɠɟɧɢɣ ɜ ɋɊɉ ɫ ɭɱɟɬɨɦ ɧɟɥɢɧɟɣɧɨɫɬɢ ɢɡɦɟɧɟɧɢɣ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ, ɤɨɷɮɮɢɰɢ-

ɟɧɬɚ ɉɭɚɫɫɨɧɚ ɢ ɞɪɭɝɢɯ ɩɪɨɱɧɨɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɬɜɟɪɞɵɯ 
ɫɩɥɚɜɨɜ WC-Co, WC-TiC-Co ɢ ɞɪ., ɱɬɨ ɜ ɪɚɛɨɬɟ ɪɟɚɥɢɡɨɜɚɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɆɄɗ [2, 3, 5]. 

ɍɱɢɬɵɜɚɹ ɜɚɪɢɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɱɧɨɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ, 
ɚ ɬɚɤɠɟ ɜɚɪɢɚɰɢɢ ɤɨɧɬɚɤɬɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɪɚɛɨɱɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɋɊɉ ɜ ɩɪɨɰɟɫɫɟ ɪɟɡɚɧɢɹ, ɨɩɪɟɞɟɥɟ-
ɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɚɪɢɚɰɢɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ , ɜ ɩɥɚɫɬɢɧɚɯ, ɤɨɬɨɪɵɟ 
ɭɫɬɚɧɨɜɥɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɪɢɬɟɪɢɹ ɉɢɫɚɪɟɧɤɨ-Ʌɟɛɟɞɟɜɚ (ɫɦ. ɪɢɫ. 2, ɚ). 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɯɟɦɨɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫ. 2, ɜ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɜɟɥɢɱɢɧ ɤɨ-
ɷɮɮɢɰɢɟɧɬɨɜ n ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ ɋɊɉ ɫɛɨɪɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɞɚɬɶ ɜɟɪɨɹɬɧɨɫɬɧɭɸ 

ɨɰɟɧɤɭ ɩɪɨɱɧɨɫɬɧɨɣ ɧɚɞɟɠɧɨɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ ɫ ɭɱɟɬɨɦ ɜɚɪɢɚɰɢɣ ɩɚɪɚɦɟɬɪɨɜ ɧɚɝɪɭɠɟɧɢɣ  ɢ ɩɚɪɚ-
ɦɟɬɪɨɜ ɩɪɨɱɧɨɫɬɢ b ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɬɜɟɪɞɵɯ ɫɩɥɚɜɨɜ WC-Co ɢ WC-TiC-Co.  

Ʉɚɤ ɩɨɤɚɡɚɥɢ ɪɚɫɱɟɬɵ ɫ ɭɱɟɬɨɦ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɨɜ ɦɟɯɚɧɨɨɛɪɚ-
ɛɨɬɤɢ ɠɚɪɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ ɢ ɫɩɥɚɜɨɜ ɢ ɩɚɪɚɦɟɬɪɨɜ ɧɚɝɪɭɠɟɧɢɹ ɫɛɨɪɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ, ɨɫɧɚɳɟɧɧɨɝɨ 
ɋɊɉ ɢɡ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɬɜɟɪɞɵɯ ɫɩɥɚɜɨɜ ȼɄ6, ȼɄ8, Ɍ15Ʉ6 ɢ ɞɪ., ɪɚɰɢɨ-
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ɧɚɥɶɧɵɣ ɪɟɠɢɦ ɧɚɝɪɭɠɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɫ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ 90% ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɷɮɮɢ-

ɰɢɟɧɬɭ ɡɚɩɚɫɚ ɟɝɨ ɩɪɨɱɧɨɫɬɢ n=1,181,23, ɢ ɜɟɪɨɹɬɧɨɫɬɢ ɟɝɨ ɛɟɡɨɬɤɚɡɧɨɣ ɪɚɛɨɬɵ P=9296% ɩɪɢɦɟ-
ɧɢɬɟɥɶɧɨ ɤ ɭɫɥɨɜɢɹɦ ɦɧɨɝɨɧɨɦɟɧɤɥɚɬɭɪɧɨɝɨ ɫɪɟɞɧɟɫɟɪɢɣɧɨɝɨ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ.  

 

 

ɚ)       ɛ) 

Ɋɢɫ. 2. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɧɚɝɪɭɠɟɧɢɹ , ɩɪɨɱɧɨɫɬɢ ɫɦɟɧɧɵɯ ɩɥɚɫɬɢɧ b (ɚ) ɢ ɜɟɪɨɹɬɧɨɫɬɢ 

ɢɯ ɨɬɤɚɡɚ P ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɚɯ n ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ ɪɟɠɭɳɟɣ ɱɚɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ (ɛ) 
 

Ⱥɧɚɥɢɡ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɫɦɟɧɧɨɣ ɪɟɠɭɳɟɣ ɩɥɚɫɬɢɧɵ (ɋɊɉ) ɫɛɨɪɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɩɪɢ ɟɝɨ ɧɚ-
ɝɪɭɠɟɧɢɢ ɫɢɥɚɦɢ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ ɫ ɭɱɟɬɨɦ ɫɢɥ ɡɚɤɪɟɩ-

ɥɟɧɢɹ ɩɥɚɫɬɢɧɵ ɜ ɤɨɪɩɭɫɟ ɫɛɨɪɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɨɦɢɦɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɜ ɩɥɨɫɤɨɫɬɢ 

ɋɊɉ ɢɦɟɟɬ ɦɟɫɬɨ ɩɨɤɚɡɚɧɧɵɣ ɧɚ ɪɢɫ. 3 ɢɡɝɢɛ   (z,y) ɩɥɚɫɬɢɧ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɪɟɡɚɧɢɹ R. Ʉɪɨɦɟ 
ɬɨɝɨ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢɥɨɠɟɧɢɟ ɫɢɥɵ ɤɪɟɩɥɟɧɢɹ N ɩɨ ɧɨɪɦɚɥɢ ɤ ɩɟɪɟɞɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɋɊɉ ɩɪɢ-

ɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɜɟɥɢɱɢɧ ɟɟ ɩɪɨɝɢɛɨɜ  (z,y) ɢ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɫɧɢɠɟɧɢɸ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚ-
ɩɪɹɠɟɧɢɣ ɧɚ ɩɟɪɟɞɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɠɭɳɟɣ ɩɥɚɫɬɢɧɵ [4, 6]. 

 

 

 R  -  ɫɢɥɚ ɪɟɡɚɧɢɹ; 
  

  -  ɩɪɨɝɢɛ ɩɥɚɫɬɢɧɵ ɜ 
    ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ; 
  

q1 - ɤɨɧɬɚɤɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 
   ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɋɊɉ; 

  

q2 - ɤɨɧɬɚɤɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 
        ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɋɊɉ; 

  

N  -  ɫɢɥɚ ɡɚɤɪɟɩɥɟɧɢɹ ɋɊɉ; 

  

h  -  ɜɵɫɨɬɚ ɫɦɟɧɧɨɣ ɪɟɠɭɳɟɣ 
        ɩɥɚɫɬɢɧɵ (ɋɊɉ) 

 

Ɋɢɫ. 3. Ɇɨɞɟɥɶ ɧɚɝɪɭɠɟɧɢɹ ɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɫɦɟɧɧɵɯ 
 ɪɟɠɭɳɢɯ ɩɥɚɫɬɢɧ ɜ ɤɨɪɩɭɫɟ ɫɛɨɪɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɨɠɟɧɢɣ ɬɟɨɪɢɢ Ɋɟɣɫɧɟɪɚ [8], ɞɨɩɭɫɤɚɹ ɪɚɜɟɧɫɬɜɨ ɩɪɨɝɢɛɨɜ 
ɩɥɚɫɬɢɧɵ ɢ ɭɩɪɭɝɨɝɨ ɨɫɧɨɜɚɧɢɹ, ɪɚɜɟɧɫɬɜɨ ɩɥɨɳɚɞɟɣ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɨɪɞɢɧɚɬɚɦɢ ɫɪɟɞɢɧɧɨɣ ɩɥɨɫɤɨ-
ɫɬɢ ɢ ɛɨɤɨɜɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɩɥɚɫɬɢɧɵ, ɪɚɜɟɧɫɬɜɨ ɜɬɨɪɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɨɛɟɢɯ ɮɭɧɤɰɢɣ ɩɪɨɝɢɛɨɜ ɜ 
ɫɪɟɞɢɧɧɨɣ ɩɥɨɫɤɨɫɬɢ ɢ ɧɚ ɤɨɧɬɭɪɟ ɪɟɛɪɚ ɦɧɨɝɨɫɜɹɡɧɨɣ ɩɥɚɫɬɢɧɵ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ: 



 

 

 

 

 

 

ɋɟɤɰɢɹ 2: ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ 
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ɝɞɟ ȝ, ȿ – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ ɫɦɟɧɧɨɣ ɪɟɠɭɳɟɣ ɬɜɟɪɞɨɫɩɥɚɜɧɨɣ ɩɥɚɫɬɢɧɵ. 

 

     
ɚ) 

ɛ) 
 

ɜ) 
Ɋɢɫ. 4. ɂɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɟ ɤɚɪɬɢɧɵ ɩɨɥɨɫ (1-2) = const, ɢɧɬɟɪɮɟɪɨɝɪɚɦɦɵ (ɚ, ɛ) ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɣ 1,2,3 (ɜ) ɜ ɫɦɟɧɧɵɯ ɪɟɠɭɳɢɯ ɩɥɚɫɬɢɧɚɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɯɟɦɚɯ ɢ ɪɟɠɢɦɚɯ ɢɯ ɧɚɝɪɭɠɟɧɢɹ 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɮɭɧɤɰɢɣ ɜɬɨɪɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɪɨɝɢɛɨɜ ɋɊɉ ɜ ɪɚɫɱɟɬɧɵɯ ɬɨɱɤɚɯ ɜ ɪɚɛɨɬɟ ɩɪɨ-
ɢɡɜɟɞɟɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɜɢɫɢɦɨɫɬɹɦɢ: 
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ɝɞɟ ∆ – ɲɚɝ ɪɚɫɱɟɬɧɨɣ ɫɟɬɤɢ; 

     
ɛ) 

 



 

 

 

 

 

V Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 
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       i,j – ɩɨɪɹɞɤɨɜɵɟ ɧɨɦɟɪɚ ɪɚɫɱɟɬɧɵɯ ɫɟɱɟɧɢɣ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɟɣ  x, z ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 
         – ɩɪɨɝɢɛɵ ɩɥɚɫɬɢɧɵ ɜ ɪɚɫɱɟɬɧɵɯ ɬɨɱɤɚɯ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨ ɞɚɧɧɵɦ 

ɢɧɬɟɪɮɟɪɨɦɟɬɪɢɢ. 

Ɂɚɜɢɫɢɦɨɫɬɢ (3 - 5) ɩɨɡɜɨɥɹɸɬ ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɢɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɨɫɬɚɜɥɹɸɳɢɯ ɧɚɩɪɹɠɟ-
ɧɢɣ x, y, xy, ɧɚ ɩɟɪɟɞɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɋɊɉ (ɬ.ɟ. ɜ ɨɩɚɫɧɨɣ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɡɨɧɟ ɩɪɢ ɢɡɝɢ-

ɛɟ) ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɨ ɧɟɣ ɩɪɨɝɢɛɨɜ (x,z). Ɋɚɫɱɟɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ 

x, y, xy, 1, 2, 3  ɜ ɋɊɉ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɯɟɦɚɯ ɢɯ ɧɚɝɪɭɠɟɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɥɹ ɪɟɠɭɳɢɯ ɩɥɚ-
ɫɬɢɧ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɦɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɱɚɳɟ ɜɫɟɝɨ ɹɜɥɹɸɬɫɹ ɧɚɩɪɹɠɟɧɢɹ ɪɚɫɬɹɠɟɧɢɹ 1, 

ɞɟɣɫɬɜɭɸɳɢɟ  ɜɞɨɥɶ ɝɥɚɜɧɨɣ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ ɋɊɉ. ȼ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɷɬɢɦ ɜɵɜɨɞɚɦ ɜ ɪɚɛɨɬɟ [9] ɛɵ-

ɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɩɥɚɫɬɢɧɵ, ɢɫɤɥɸɱɚɸɳɢɟ ɩɨɹɜɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɪɚɫɬɹɠɟɧɢɹ ɢ 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɩɨɥɭɱɟɧɢɟ ɪɚɜɧɨɩɪɨɱɧɵɯ ɩɥɚɫɬɢɧ. Ⱦɥɹ ɋɊɉ ɤɪɭɝɥɨɣ ɮɨɪɦɵ, ɩɨɦɢɦɨ ɬɨɝɨ, ɨɩɚɫɧɵ-

ɦɢ ɹɜɥɹɸɬɫɹ ɧɚɩɪɹɠɟɭɧɢɹ ɪɚɫɬɹɠɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɧɚ ɤɨɧɬɭɪɟ ɰɟɧɬɪɚɥɶɧɨɝɨ ɨɬɜɟɪɫɬɢɹ (ɫɦ. ɪɢɫ. 4). 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɫɯɟɦ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɧɚ-
ɝɪɭɠɟɧɢɹ ɋɊɉ ɩɪɟɞɥɨɠɟɧɵ ɨɪɢɝɢɧɚɥɶɧɵɟ, ɡɚɳɢɳɟɧɧɵɟ ɩɚɬɟɧɬɚɦɢ ɧɚ ɢɡɨɛɪɟɬɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ 

ɫɛɨɪɧɨɝɨ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ, ɜ ɤɨɬɨɪɵɯ ɪɟɚɥɢɡɨɜɚɧɵ ɪɚɰɢɨɧɚɥɶɧɵɟ ɫɯɟɦɵ ɧɚɝɪɭɠɟɧɢɹ ɋɊɉ, 

ɩɨɡɜɨɥɹɸɳɢɟ ɭɜɟɥɢɱɢɬɶ ɞɨɩɭɫɤɚɟɦɵɟ ɩɪɢ ɪɟɡɚɧɢɢ ɬɨɥɳɢɧɵ ɫɪɟɡɚ ɧɚ 1825%. 
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ゑçñÑñÖóñ 
ɋɢɥɢɰɢɞɵ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɞɥɹ ɪɟɚ-

ɥɢɡɚɰɢɢ ɫɩɟɰɢɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɥɢ ɫɨɡɞɚɧɢɹ ɢɡɞɟɥɢɣ ɫ ɨɫɨɛɵɦɢ ɫɜɨɣɫɬɜɚɦɢ [1]. 

ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɫɟɝɨɞɧɹ ɩɨɥɭɱɢɥɢ ɫɢɥɢɰɢɞɵ ɬɭɝɨɩɥɚɜɤɢɯ ɦɟɬɚɥɥɨɜ (ɬɢɬɚɧɚ, ɦɨɥɢɛɞɟ-
ɧɚ, ɜɨɥɶɮɪɚɦɚ) [2]. Ɇɚɬɟɪɢɚɥɵ ɧɚ ɢɯ ɨɫɧɨɜɟ ɫɨɫɬɚɜɥɹɸɬ ɞɨɫɬɨɣɧɭɸ ɤɨɧɤɭɪɟɧɰɢɸ ɫɩɟɰɢɚɥɶɧɵɦ ɫɩɥɚ-


