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ɊȿɀɂɆɍ Ɋɍɏɍ ɇȺ ɆȱɋɖɄɈɆɍ ȺȼɌɈȻɍɋɇɈɆɍ ɆȺɊɒɊɍɌȱ 

 

Ɍɚɪɚɧ ȱ. Ɉ., Ʌɢɬɜɢɧ ȼ. ȼ. 

ɇɚɰɿɨɧɚɥɶɧɢɣ ɬɟɯɧɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ «Ⱦɧɿɩɪɨɜɫɶɤɚ ɩɨɥɿɬɟɯɧɿɤɚ» 

 
Аɧɨɬɚɰіɹ. ɍ ɪɨɛɨɬɿ ɪɨɡɝɥɹɧɭɬɿ ɩɢɬɚɧɧɹ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɬɟɯɧɨɥɨɝɿʀ ɩɪɨɰɟɫɭ ɩɟɪɟɜɟɡɟɧɧɹ ɩɚ-

ɫɚɠɢɪɿɜ ɡɚ ɪɚɯɭɧɨɤ ɨɪɝɚɧɿɡɚɰɿʀ ɧɚ ɦɿɫɶɤɢɯ ɚɜɬɨɛɭɫɧɢɯ ɦɚɪɲɪɭɬɚɯ ɤɨɦɛɿɧɨɜɚɧɨɝɨ ɪɟɠɢɦɭ. Ɋɨɡ-
ɪɨɛɥɟɧɨ ɟɤɨɧɨɦɿɤɨ-ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ, ɹɤɚ ɞɨɡɜɨɥɹє ɞɨɫɥɿɞɠɭɜɚɬɢ ɿ ɜɢɡɧɚɱɚɬɢ ɞɨɰɿɥɶɧɿɫɬɶ ɿ 
ɪɚɰɿɨɧɚɥɶɧɿ ɩɚɪɚɦɟɬɪɢ ɜɜɟɞɟɧɧɹ ɤɨɦɛɿɧɨɜɚɧɢɯ ɲɜɢɞɤɿɫɧɢɯ ɮɨɪɦ ɫɩɨɥɭɱɟɧɧɹ. ɇɚɜɟɞɟɧɿ ɪɟɡɭɥɶ-
ɬɚɬɢ ɦɨɞɟɥɸɜɚɧɧɹ ɬɚ ɨɰɿɧɤɚ ɟɮɟɤɬɢɜɧɨɫɬɿ ɜɜɟɞɟɧɧɹ ɲɜɢɞɤɿɫɧɨɝɨ ɫɩɨɥɭɱɟɧɧɹ ɧɚ ɦɿɫɶɤɨɦɭ  
ɦɚɪɲɪɭɬɿ № 70 (ɦ. Ⱦɧɿɩɪɨ). 

Кɥɸɱɨɜі ɫɥɨɜɚ: ɤɨɦɛɿɧɨɜɚɧɢɣ ɪɟɠɢɦ, ɧɟɩɪɨɞɭɤɬɢɜɧɚ ɬɪɚɧɫɩɨɪɬɧɚ ɪɨɛɨɬɚ, ɩɚɫɚɠɢɪɨɩɨɬɿɤ, 
ɿɧɬɟɪɜɚɥ, ɤɨɟɮɿɰɿєɧɬ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɿɫɬɤɨɫɬɿ, ɦɚɬɪɢɰɹ ɦɿɠɡɭɩɢɧɨɱɧɢɯ ɤɨɪɟɫɩɨɧɞɟɧɰɿɣ. 

 

ȼɫɬɭɩ 

ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɩɟɜɧɭ ɛɸɞɠɟɬɧɭ ɩɿɞɬɪɢɦ-
ɤɭ, ɜ ɭɦɨɜɚɯ ɬɪɢɜɚɥɨʀ ɿɧɮɥɹɰɿʀ ɜ ɤɪɚʀɧɿ, ɟɮɟɤ-
ɬɢɜɧɿɫɬɶ ɪɨɛɨɬɢ ɦɿɫɶɤɨɝɨ ɝɪɨɦɚɞɫɶɤɨɝɨ ɬɪɚɧ-
ɫɩɨɪɬɭ (ɆȽɌ) ɜ ɦɿɫɬɚɯ ɡɚɥɢɲɚєɬɶɫɹ ɧɢɡɶɤɨɸ. 
ɇɟɞɨɫɬɚɬɧɿɫɬɶ ɤɨɲɬɿɜ ɧɚ ɨɧɨɜɥɟɧɧɹ (ɭɬɪɢ-
ɦɚɧɧɹ) ɪɭɯɨɦɨɝɨ ɫɤɥɚɞɭ, ɫɬɢɯɿɣɧɟ ɮɨɪɦɭ-
ɜɚɧɧɹ ɦɚɪɲɪɭɬɧɨʀ ɦɟɪɟɠɿ, ɜɟɥɢɤɚ ɧɟɪɟɝɭɥɶɨ-
ɜɚɧɚ ɤɨɧɤɭɪɟɧɰɿɹ ɦɿɠ ɨɮɿɰɿɣɧɢɦɢ ɬɚ ɧɟɥɟɝɚ-
ɥɶɧɢɦɢ ɩɟɪɟɜɿɡɧɢɤɚɦɢ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɛɢɬ-
ɤɨɜɨɫɬɿ ɬɚ ɧɢɡɶɤɨʀ ɪɟɧɬɚɛɟɥɶɧɨɫɬɿ ɛɿɥɶɲɨɫɬɿ 
ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɢɯ ɩɿɞɩɪɢєɦɫɬɜ (ȺɌɉ) [1]. 

Ⱥɥɟ ɫɥɿɞ ɡɚɭɜɚɠɢɬɢ, ɳɨ, ɨɤɪɿɦ ɩɟɪɟɪɚɯɨ-
ɜɚɧɢɯ ɜɢɳɟ ɨɛ’єɤɬɢɜɧɢɯ ɱɢɧɧɢɤɿɜ ɧɢɡɶɤɨʀ 
ɟɮɟɤɬɢɜɧɨɫɬɿ ɪɨɛɨɬɢ ɆȽɌ, ɜ ɍɤɪɚʀɧɿ ɫɩɨɫɬɟ-
ɪɿɝɚɸɬɶɫɹ ɧɟɝɚɬɢɜɧɿ ɹɜɢɳɚ, ɳɨ ɫɭɬɬєɜɨ ɭɩɨ-
ɜɿɥɶɧɸɸɬɶ ɡɚɩɪɨɜɚɞɠɟɧɧɹ ɧɨɜɢɯ ɩɪɨɝɪɟɫɢɜ-
ɧɢɯ ɦɟɬɨɞɿɜ ɨɪɝɚɧɿɡɚɰɿʀ ɩɪɨɰɟɫɭ ɩɟɪɟɜɟɡɟɧɧɹ 
ɩɚɫɚɠɢɪɿɜ. ɉɪɨɚɧɚɥɿɡɭєɦɨ ɨɫɧɨɜɧɿ ɩɪɢɱɢɧɧɨ-
ɧɚɫɥɿɞɤɨɜɿ ɡɜ’ɹɡɤɢ ɬɚɤɢɯ ɹɜɢɳ: ɜɿɞɫɭɬɧɿɫɬɶ 
ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ ɨɛɥɿɤɭ ɩɚɫɚɠɢɪɿɜ 
ɩɪɢɡɜɨɞɢɬɶ ɞɨ «ɡɚɧɢɠɟɧɧɹ» ɩɟɪɟɜɿɡɧɢɤɚɦɢ 
ɪɟɚɥɶɧɨʀ ɤɿɥɶɤɨɫɬɿ ɩɚɫɚɠɢɪɿɜ ɿ, ɹɤ ɧɚɫɥɿɞɨɤ, 
ɩɨɫɬɿɣɧɨʀ (ɱɚɫɨɦ ɧɟɨɛʉɪɭɧɬɨɜɚɧɨʀ) ɜɢɦɨɝɢ 
ɧɟɨɛɯɿɞɧɨɫɬɿ ɩɿɞɜɢɳɟɧɧɹ ɜɚɪɬɨɫɬɿ ɩɪɨʀɡɞɭ. 
ɍ ɪɚɡɿ ɜɿɞɫɭɬɧɨɫɬɿ ɤɨɧɞɭɤɬɨɪɚ ɜɨɞɿʀ ɩɿɞ ɱɚɫ 
ɪɭɯɭ ɛɟɪɭɬɶ ɭ ɩɚɫɚɠɢɪɿɜ ɝɪɨɲɿ, ɪɚɯɭɸɬɶ ɬɚ 
ɜɢɞɚɸɬɶ ɪɟɲɬɭ, ɳɨ ɫɭɬɬєɜɨ ɜɩɥɢɜɚє ɧɚ ɛɟɡ-
ɩɟɤɭ ɩɨʀɡɞɤɢ. ȼ ɭɦɨɜɚɯ ɜɿɞɫɭɬɧɨɫɬɿ ɪɟɚɥɶɧɨɝɨ 
ɤɨɧɬɪɨɥɸ ɡɚ ɜɢɤɨɧɚɧɧɹɦ ɬɟɯɧɨɥɨɝɿʀ ɩɪɨɰɟɫɭ 
ɩɟɪɟɜɟɡɟɧɧɹ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɧɢɡɶɤɚ ɪɨɛɨɱɚ 
ɞɢɫɰɢɩɥɿɧɚ ɫɟɪɟɞ ɜɨɞɿʀɜ, ɹɤɿ ɞɨɡɜɨɥɹɸɬɶ ɫɨɛɿ 
ɡɞɿɣɫɧɸɜɚɬɢ ɩɨɫɚɞɤɭ (ɜɢɫɚɞɤɭ) ɩɚɫɚɠɢɪɿɜ ɭ 
ɦɿɫɰɹɯ, ɧɟ ɩɟɪɟɞɛɚɱɟɧɢɯ ɉȾɊ ɬɚ ɫɯɟɦɨɸ ɦɚ-
ɪɲɪɭɬɭ, ɫɚɦɨɜɿɥɶɧɨ ɡɦɿɧɸɜɚɬɢ ɲɥɹɯ ɪɭɯɭ, ɧɟ 

ɡɞɿɣɫɧɸɜɚɬɢ ɜɫɿ ɪɟɣɫɢ, ɳɨ ɩɟɪɟɞɛɚɱɟɧɿ ɪɨɡɤ-
ɥɚɞɨɦ ɪɭɯɭ ɬɨɳɨ. 

ȼɢɪɿɲɟɧɧɸ ɧɚɜɟɞɟɧɢɯ ɜɢɳɟ ɩɪɨɛɥɟɦ ɦɨ-
ɠɟ ɩɨɫɩɪɢɹɬɢ ɜɜɟɞɟɧɧɹ ɜ ɭɤɪɚʀɧɫɶɤɨɦɭ ɦɿɫɶ-
ɤɨɦɭ ɬɪɚɧɫɩɨɪɬɿ ɛɟɡɝɨɬɿɜɤɨɜɨɝɨ ɪɨɡɪɚɯɭɧɤɭ. 
ɇɚɩɪɢɤɿɧɰɿ ɫɿɱɧɹ 2017 ɪɨɤɭ ȼɟɪɯɨɜɧɚ Ɋɚɞɚ 
ɍɤɪɚʀɧɢ ɭɯɜɚɥɢɥɚ ɪɿɲɟɧɧɹ, ɹɤɟ ɩɟɪɟɞɛɚɱɚє 
ɦɨɠɥɢɜɿɫɬɶ ɜɩɪɨɜɚɞɠɟɧɧɹ ɟɥɟɤɬɪɨɧɧɢɯ ɤɜɢ-
ɬɤɿɜ ɭ ɆȽɌ ɧɚ ɬɟɪɢɬɨɪɿʀ ɜɫɿєʀ ɍɤɪɚʀɧɿ. 

ɍ ɪɚɡɿ ɪɟɚɥɿɡɚɰɿʀ ɰɿєʀ ɤɨɧɰɟɩɰɿʀ ɡ’ɹɜɥɹєɬɶɫɹ 
ɦɨɠɥɢɜɿɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ ɛɿɥɶɲ ɫɤɥɚɞɧɢɯ, 
ɚɥɟ ɟɮɟɤɬɢɜɧɢɯ ɫɩɨɫɨɛɿɜ ɨɪɝɚɧɿɡɚɰɿʀ ɩɪɨɰɟɫɭ 
ɩɟɪɟɜɟɡɟɧɧɹ ɩɚɫɚɠɢɪɿɜ. Ɉɞɧɢɦ ɿɡ ɬɚɤɢɯ ɩɪɨ-
ɝɪɟɫɢɜɧɢɯ ɫɩɨɫɨɛɿɜ є ɨɪɝɚɧɿɡɚɰɿɹ ɧɚ ɦɿɫɶɤɢɯ 
ɚɜɬɨɛɭɫɧɢɯ ɦɚɪɲɪɭɬɚɯ ɟɤɫɩɪɟɫɧɨɝɨ (ɲɜɢɞɤɿ-
ɫɧɨɝɨ) ɫɩɨɥɭɱɟɧɧɹ [2]. ȼɿɧ ɞɨɡɜɨɥɹє ɫɤɨɪɨɬɢ-
ɬɢ ɜɢɬɪɚɬɢ ɱɚɫɭ ɩɚɫɚɠɢɪɿɜ ɧɚ ɩɟɪɟɫɭɜɚɧɧɹ, 

ɩɿɞɜɢɳɢɬɢ ɫɬɭɩɿɧɶ ɜɢɤɨɪɢɫɬɚɧɧɹ ɪɭɯɨɦɨɝɨ 
ɫɤɥɚɞɭ ɬɚ ɪɿɜɟɧɶ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɨɛɫɥɭɝɨɜɭ-
ɜɚɧɧɹ ɧɚɫɟɥɟɧɧɹ [3–8]. ȼɜɟɞɟɧɧɹ ɤɨɦɛɿɧɨɜɚ-
ɧɢɯ ɪɟɠɢɦɿɜ ɪɭɯɭ ɚɜɬɨɛɭɫɿɜ (ɿɡ ɜɢɤɨɪɢɫɬɚɧ-
ɧɹɦ ɟɤɫɩɪɟɫɧɨɝɨ (ɲɜɢɞɤɿɫɧɨɝɨ) ɫɩɨɥɭɱɟɧɧɹ) 
ɧɚ ɦɿɫɶɤɢɯ ɦɚɪɲɪɭɬɚɯ ɞɨɡɜɨɥɹє ɞɨɫɹɝɬɢ ɜɢ-
ɳɟɡɚɡɧɚɱɟɧɨɝɨ ɟɤɨɧɨɦɿɱɧɨɝɨ ɬɚ ɫɨɰɿɚɥɶɧɨɝɨ 
ɟɮɟɤɬɭ ɛɟɡ ɡɛɿɥɶɲɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɚɜɬɨɛɭɫɿɜ 
[9–12], ɧɚɜɩɚɤɢ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɜɿɞɩɨɜɿɞɧɭ-
ɫɬɪɭɤɬɭɪɭ ɩɚɫɚɠɢɪɨɩɨɬɨɤɭ ɧɚ ɦɚɪɲɪɭɬɿ, 
ɡ’ɹɜɥɹєɬɶɫɹ ɦɨɠɥɢɜɿɫɬɶ ɡɧɹɬɢ ɡ ɦɚɪɲɪɭɬɿɜ 

ɞɟɹɤɭ ɤɿɥɶɤɿɫɬɶ ɚɜɬɨɛɭɫɿɜ ɛɟɡ ɩɨɝɿɪɲɟɧɧɹ 
ɹɤɨɫɬɿ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɩɚɫɚ-
ɠɢɪɿɜ [9–12]. Ɉɫɤɿɥɶɤɢ ɲɜɢɞɤɿɫɧɿ ɬɚ ɟɤɫɩɪɟɫ-
ɧɿ ɚɜɬɨɛɭɫɢ ɦɚɸɬɶ ɦɟɧɲɟ ɡɭɩɢɧɨɤ (Ɂɉ) ɧɚ 
ɲɥɹɯɭ ɩɪɹɦɭɜɚɧɧɹ, ɜɨɧɢ ɦɟɧɲɟ ɡɞɿɣɫɧɸɸɬɶ 
ɝɚɥɶɦɭɜɚɧɶ ɿ ɪɨɡɝɨɧɿɜ, ɳɨ ɫɩɪɢɹє ɡɦɟɧɲɟɧɧɸ 
ɚɦɨɪɬɢɡɚɰɿʀ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ (ɌɁ), ɫɭɬ-
ɬєɜɨɦɭ ɫɤɨɪɨɱɟɧɧɸ ɜɢɬɪɚɬ ɧɚ ɩɚɥɢɜɨ-
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ɦɚɫɬɢɥɶɧɿ ɦɚɬɟɪɿɚɥɢ, ɩɨɬɨɱɧɢɣ ɪɟɦɨɧɬ ɿ ɬɟɯ-
ɧɿɱɧɟ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ, ɚ ɬɚɤɨɠ ɡɧɢɠɟɧɧɸ 
ɤɿɥɶɤɨɫɬɿ ɲɤɿɞɥɢɜɢɯ ɜɢɤɢɞɿɜ ɜ ɚɬɦɨɫɮɟɪɭ 
ɦɿɫɬɚ [13, 14]. 

 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

ȼɢɛɿɪ ɪɟɠɢɦɿɜ ɪɭɯɭ ɌɁ ɧɚ ɦɚɪɲɪɭɬɚɯ є 
ɨɞɧɢɦ ɡ ɧɚɣɜɚɠɥɢɜɿɲɢɯ ɡɚɜɞɚɧɶ ɭɞɨɫɤɨɧɚ-
ɥɟɧɧɹ ɩɟɪɟɜɟɡɟɧɶ ɩɚɫɚɠɢɪɿɜ, ɨɫɤɿɥɶɤɢ ɜɿɧ 
ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɜɩɥɢɜɚє ɧɚ ɹɤɿɫɬɶ ɨɛɫɥɭɝɨɜɭ-
ɜɚɧɧɹ ɧɚɫɟɥɟɧɧɹ ɬɚ ɫɨɛɿɜɚɪɬɿɫɬɶ ɩɪɨɰɟɫɭ ɩɟ-
ɪɟɜɟɡɟɧɧɹ. ȼɿɞɩɨɜɿɞɧɨ ɞɨ Ɂɚɤɨɧɭ ɍɤɪɚʀɧɢ 
«ɉɪɨ ɚɜɬɨɦɨɛɿɥɶɧɢɣ ɬɪɚɧɫɩɨɪɬ» ɪɨɡɪɿɡɧɹɸɬɶ 
ɩɟɪɟɜɟɡɟɧɧɹ ɩɚɫɚɠɢɪɿɜ ɭ ɡɜɢɱɚɣɧɨɦɭ, ɟɤɫ-
ɩɪɟɫɧɨɦɭ ɪɟɠɢɦɚɯ ɬɚ ɭ ɪɟɠɢɦɿ ɦɚɪɲɪɭɬɧɨɝɨ 
ɬɚɤɫɿ. Ɂ ɬɟɯɧɨɥɨɝɿɱɧɨʀ ɬɨɱɤɢ ɡɨɪɭ ɧɚ ɆȽɌ 
ɦɨɠɥɢɜɟ ɜɩɪɨɜɚɞɠɟɧɧɹ ɬɚɤɢɯ ɪɟɠɢɦɿɜ ɪɭɯɭ 
ɚɜɬɨɛɭɫɿɜ: ɡɜɢɱɚɣɧɢɣ, ɲɜɢɞɤɿɫɧɢɣ, ɟɤɫɩɪɟɫ-
ɧɢɣ, ɧɚɩɿɜɟɤɫɩɪɟɫɧɢɣ, ɫɤɨɪɨɱɟɧɢɣ ɬɚ ɪɟɠɢɦ 
ɦɚɪɲɪɭɬɧɨɝɨ ɬɚɤɫɿ [9]. ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɡɚɡɧɚ-
ɱɟɧɿ ɩɟɪɟɜɚɝɢ, ɧɚ ɫɶɨɝɨɞɧɿ ɬɚɤɿ ɜɚɪɿɚɧɬɢ ɨɪ-
ɝɚɧɿɡɚɰɿʀ ɩɟɪɟɜɟɡɟɧɶ ɧɚ ɦɚɪɲɪɭɬɚɯ ɧɟ ɧɚɛɭɥɢ 
ɲɢɪɨɤɨɝɨ ɩɨɲɢɪɟɧɧɹ ɜ ɩɟɪɲɭ ɱɟɪɝɭ ɱɟɪɟɡ 
ɜɿɞɫɭɬɧɿɫɬɶ ɞɨɫɢɬɶ ɬɨɱɧɢɯ ɿ ɞɨɫɬɨɜɿɪɧɢɯ ɦɟ-
ɬɨɞɿɜ ɫɜɨɝɨ ɨɛʉɪɭɧɬɭɜɚɧɧɹ. 

ȼɚɪɬɨ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɩɟɪɟɜɚɠɧɚ ɛɿɥɶɲɿɫɬɶ 
ɧɚɹɜɧɢɯ ɦɟɬɨɞɢɤ ɨɪɝɚɧɿɡɚɰɿʀ ɤɨɦɛɿɧɨɜɚɧɨɝɨ 
ɪɟɠɢɦɭ ɪɭɯɭ ɧɚ ɦɚɪɲɪɭɬɚɯ ɛɭɥɢ ɪɨɡɪɨɛɥɟɧɿ 
ɜ 70–90 ɪɪ. ɦɢɧɭɥɨɝɨ ɫɬɨɥɿɬɬɹ ɞɨ ɧɚɫɬɚɧɧɹ 
ɡɦɿɧ ɟɤɨɧɨɦɿɱɧɢɯ ɭɦɨɜ ɧɚ ɬɪɚɧɫɩɨɪɬɿ, ɬɨɦɭ 
ɧɟ ɜɪɚɯɨɜɭє ɡɚɰɿɤɚɜɥɟɧɨɫɬɿ ȺɌɉ ɜ ɟɤɨɧɨɦɿɱ-
ɧɢɯ ɪɟɡɭɥɶɬɚɬɚɯ ɫɜɨєʀ ɞɿɹɥɶɧɨɫɬɿ. Ⱦɟɬɚɥɶɧɢɣ 
ɚɧɚɥɿɡ ɰɢɯ ɦɟɬɨɞɿɜ, ʀɯ ɝɚɥɭɡɿ ɡɚɫɬɨɫɭɜɚɧɧɹ, 
ɩɟɪɟɜɚɝ ɬɚ ɧɟɞɨɥɿɤɿɜ ɧɚɜɟɞɟɧɨ ɭ ɪɨɛɨɬɿ [2]. 

ȼ ɨɫɬɚɧɧɿ ɞɟɫɹɬɢɪɿɱɱɹ ɩɢɬɚɧɧɹɦ ɨɪɝɚɧɿɡɚ-
ɰɿʀ ɤɨɦɛɿɧɨɜɚɧɨɝɨ ɪɟɠɢɦɭ ɪɭɯɭ ɚɜɬɨɛɭɫɿɜ ɧɚ 
ɦɿɫɶɤɢɯ ɦɚɪɲɪɭɬɚɯ ɩɪɢɫɜɹɱɟɧɿ ɱɢɫɟɥɶɧɿ ɪɨɛɨ-
ɬɢ ɬɚɤɢɯ ɜɿɬɱɢɡɧɹɧɢɯ ɧɚɭɤɨɜɰɿɜ ɹɤ ȼ. Ʉ.Ⱦɨɥɹ, 
ɉ. Ɏ. Ƚɨɪɛɚɱɟɜ, Ɉ. ɋ. ȱɝɧɚɬɟɧɤɨ, ɘ. Ɉ. Ⱦɚɜɿ-
ɞɿɱ, Ɉ.ȱ. Ʌɟɠɧɟɜɚ,  Ʉ. Є. ȼɚɤɭɥɟɧɤɨ ɬɚ ɿɧ.  

ɍ ɪɨɛɨɬɿ [12] ɩɨɞɚɧɨ ɦɟɬɨɞ ɜɢɛɨɪɭ ɪɟɠɢ-
ɦɿɜ ɪɭɯɭ ɜɧɚɫɥɿɞɨɤ ɩɨɜɧɨɝɨ ɩɟɪɟɝɥɹɞɭ ɦɨɠ-
ɥɢɜɢɯ ɜɚɪɿɚɧɬɿɜ ɨɪɝɚɧɿɡɚɰɿʀ ɫɩɨɥɭɱɟɧɧɹ ɧɚ 
ɦɚɪɲɪɭɬɿ. əɤ ɨɛɦɟɠɟɧɧɹ ɩɪɢɣɦɚɸɬɶɫɹ ɦɿɧɿ-
ɦɚɥɶɧɚ ɲɜɢɞɤɿɫɬɶ ɫɩɨɥɭɱɟɧɧɹ, ɦɚɤɫɢɦɚɥɶɧɚ 
ɜɟɥɢɱɢɧɚ ɩɚɫɚɠɢɪɨɨɛɨɪɨɬɭ ɧɚ ɡɭɩɢɧɤɚɯ ɬɚ 
ɦɚɤɫɢɦɚɥɶɧɢɣ ɿɧɬɟɪɜɚɥ ɪɭɯɭ. 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɛɨɬɢ [15] ɞɨɡɜɨɥɹɸɬɶ ɜɢɪɿ-
ɲɭɜɚɬɢ ɩɪɨɛɥɟɦɢ ɜɢɡɧɚɱɟɧɧɹ ɜɢɯɿɞɧɨɝɨ ɧɚ-
ɛɨɪɭ Ɂɉ ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ ɩɟɪɟɝɥɹɞɭ ɜɚɪɿɚɧɬɿɜ. 

Ⱥɥɟ ɡɚɩɪɨɩɨɧɨɜɚɧɿ ɩɿɞɯɨɞɢ ɞɨ ɪɨɡɩɨɞɿɥɭ ɩɚ-
ɫɚɠɢɪɨɩɨɬɨɤɿɜ ɦɨɠɭɬɶ ɩɪɢɡɜɟɫɬɢ ɞɨ ɧɟɪɚɰɿ-
ɨɧɚɥɶɧɨɝɨ ɪɨɡɩɨɞɿɥɭ ɌɁ ɦɿɠ ɦɚɪɲɪɭɬɚɦɢ ɬɚ 
ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɡɧɚɱɧɨɸ ɬɪɭɞɨɦɿɫɬɤɿɫɬɸ. 

Ⱥɜɬɨɪɨɦ [16] ɭɬɨɱɧɟɧɨ ɫɮɟɪɭ ɡɚɫɬɨɫɭɜɚɧ-
ɧɹ ɦɚɪɲɪɭɬɧɢɯ ɬɚɤɫɨɦɨɬɨɪɿɜ ɿ ɪɨɡɪɨɛɥɟɧɨ 

ɦɟɬɨɞɢɤɭ ɨɪɝɚɧɿɡɚɰɿʀ ɪɭɯɭ ɧɚ ɦɚɪɲɪɭɬɚɯ 
ȽɉɌ, ɹɤɚ ɞɨɡɜɨɥɹє ɨɛɢɪɚɬɢ ɪɚɰɿɨɧɚɥɶɧɿ ɩɚ-
ɪɚɦɟɬɪɢ ɦɚɪɲɪɭɬɧɢɯ ɩɟɪɟɜɟɡɟɧɶ ɡ ɤɨɦɛɿɧɨ-
ɜɚɧɢɦ ɪɟɠɢɦɨɦ ɪɭɯɭ. ɇɟɞɨɥɿɤɨɦ ɰɿєʀ ɪɨɛɨɬɢ 
є ɬɟ, ɳɨ ɹɤ ɫɮɟɪɚ ɡɚɫɬɨɫɭɜɚɧɧɹ ɡɚɩɪɨɩɨɧɨɜɚ-
ɧɨʀ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ 
ɦɚɪɲɪɭɬɭ ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɬɚɤɫɨɦɨɬɨɪɧɿ ɦɚɪ-
ɲɪɭɬɢ, ɧɚ ɹɤɢɯ ɟɤɫɩɥɭɚɬɭɸɬɶɫɹ ɬɪɚɧɫɩɨɪɬɧɿ 
ɡɚɫɨɛɢ, ɦɿɫɬɤɿɫɬɸ ɞɨ 30 ɩɚɫɚɠɢɪɿɜ. 

ɍ ɪɨɛɨɬɿ [17] ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɤɪɢɬɟɪɿɣ 
ɨɰɿɧɤɢ ɟɮɟɤɬɢɜɧɨɫɬɿ ɟɤɫɩɪɟɫɧɢɯ ɦɚɪɲɪɭɬɧɢɯ 
ɩɟɪɟɜɟɡɟɧɶ, ɳɨ ɞɨɡɜɨɥɹє ɜɪɚɯɨɜɭɜɚɬɢ ɫɨɰɿɚ-
ɥɶɧɨ-ɟɤɨɧɨɦɿɱɧɿ ɧɚɫɥɿɞɤɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɩɪɨɰɟɫɭ ɞɥɹ ɫɭɫɩɿɥɶɫɬɜɚ ɜ ɰɿɥɨɦɭ. Ⱥɥɟ ɧɟɨɛ-
ɯɿɞɧɨ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɪɨɡɪɨɛɥɟɧɿ ɦɚɬɟɦɚɬɢɱɧɿ 
ɦɨɞɟɥɿ ɪɨɡɩɨɞɿɥɭ ɦɿɠɡɭɩɢɧɨɱɧɢɯ ɤɨɪɟɫɩɨɧ-
ɞɟɧɰɿɣ ɦɿɠ ɮɨɪɦɚɦɢ ɫɩɨɥɭɱɟɧɧɹ, ɩɨ-ɩɟɪɲɟ, 

ɦɚɸɬɶ ɞɢɫɤɪɟɬɧɢɣ ɯɚɪɚɤɬɟɪ, ɚ ɩɨ-ɞɪɭɝɟ, ɧɟ 
ɜɪɚɯɨɜɭɸɬɶ ɜɡɚєɦɨɜɩɥɢɜ ɫɬɪɭɤɬɭɪɢ ɩɚɫɚɠɢ-
ɪɨɨɛɦɿɧɭ Ɂɉ ɿ ɩɟɪɟɥɿɤɭ ɡɭɩɢɧɨɱɧɢɯ ɩɭɧɤɬɿɜ, 
ɳɨ ɧɚɥɟɠɚɬɶ ɞɨ ɫɤɥɚɞɭ ɟɤɫɩɪɟɫɧɨɝɨ ɦɚɪɲɪɭ-
ɬɭ. 

Ⱥɜɬɨɪɨɦ [18] ɩɨɞɚɧɚ ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ 
ɜɢɡɧɚɱɟɧɧɹ ɜɢɛɨɪɭ ɪɚɰɿɨɧɚɥɶɧɨɝɨ ɫɩɿɜɜɿɞɧɨ-
ɲɟɧɧɹ ɌɁ ɞɥɹ ɨɪɝɚɧɿɡɚɰɿʀ ɤɨɦɛɿɧɨɜɚɧɨɝɨ ɪɟ-
ɠɢɦɭ ɪɭɯɭ ɚɜɬɨɛɭɫɿɜ, ɳɨ ɜɪɚɯɨɜɭє ɿɧɬɟɪɟɫɢ 
ɩɚɫɚɠɢɪɿɜ ɬɚ ȺɌɉ. ɇɟɞɨɥɿɤɨɦ ɰɿєʀ ɪɨɛɨɬɢ є 
ɬɟ, ɳɨ ɩɿɞ ɱɚɫ ɦɨɞɟɥɸɜɚɧɧɹ ɡɚɝɚɥɶɧɚ ɤɿɥɶ-
ɤɿɫɬɶ ɚɜɬɨɛɭɫɿɜ ɧɚ ɦɚɪɲɪɭɬɿ ɡɚɥɢɲɚɥɚɫɶ ɧɟ-
ɡɦɿɧɧɨɸ, ɚ ɨɬɠɟ, ɧɟ ɛɭɜ ɞɨɫɥɿɞɠɟɧɢɣ ɨɞɢɧ ɿɡ 
ɦɨɠɥɢɜɢɯ ɧɚɫɥɿɞɤɿɜ ɜɜɟɞɟɧɧɹ ɤɨɦɛɿɧɨɜɚɧɨɝɨ 
ɪɟɠɢɦɭ ɧɚ ɦɚɪɲɪɭɬɿ ɡɚ ɪɚɯɭɧɨɤ ɡɦɟɧɲɟɧɧɹ  
ɤɿɥɶɤɨɫɬɿ ɌɁ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɛɿɥɶɲɿɫɬɶ ɿɡ ɧɚɹɜɧɢɯ ɪɨɡɪɨ-
ɛɨɤ ɬɚ ɩɿɞɯɨɞɿɜ ɦɨɠɭɬɶ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ 
ɞɥɹ ɭɡɚɝɚɥɶɧɟɧɢɯ ɬɚ ɩɪɢɛɥɢɡɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ 
ɜɚɪɿɚɧɬɿɜ ɨɪɝɚɧɿɡɚɰɿʀ ɪɿɡɧɢɯ ɮɨɪɦ ɫɩɨɥɭɱɟɧɧɹ 
ɧɚ ɦɿɫɶɤɢɯ ɚɜɬɨɛɭɫɧɢɯ ɦɚɪɲɪɭɬɚɯ ɚɛɨ ɜɿɞɪɿ-
ɡɧɹɸɬɶɫɹ ɜɟɥɢɤɨɸ ɧɚɭɤɨєɦɧɿɫɬɸ, ɳɨ ɡɧɚɱɧɨ 
ɭɫɤɥɚɞɧɸє ʀɯ ɜɩɪɨɜɚɞɠɟɧɧɹ ɧɚ ȺɌɉ. Ⱥ ɜɿɞ-
ɫɭɬɧɿɫɬɶ єɞɢɧɨʀ ɦɟɬɨɞɨɥɨɝɿʀ, ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɹɤɨʀ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɪɚɰɿɨɧɚɥɶɧɿ ɩɚɪɚɦɟɬɪɢ 
ɨɪɝɚɧɿɡɚɰɿʀ ɤɨɦɛɿɧɨɜɚɧɢɯ ɮɨɪɦ ɫɩɨɥɭɱɟɧɧɹ, 
ɩɨɹɫɧɸє ʀɯ ɧɟɡɧɚɱɧɭ ɩɢɬɨɦɭ ɜɚɝɭ ɜɿɞ ɡɚɝɚɥɶ-
ɧɨʀ ɤɿɥɶɤɨɫɬɿ ɦɚɪɲɪɭɬɿɜ ɭ ɜɟɥɢɤɢɯ ɬɚ ɫɟɪɟɞ-
ɧɿɯ ɦɿɫɬɚɯ ɍɤɪɚʀɧɢ. 

 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ 
ȼɪɚɯɨɜɭɸɱɢ ɤɪɢɬɢɱɧɢɣ ɚɧɚɥɿɡ ɧɚɹɜɧɢɯ ɧɚ 

ɫɶɨɝɨɞɧɿ ɦɟɬɨɞɢɤ, ɦɟɬɨɸ ɪɨɛɨɬɢ є ɪɨɡɪɨɛɤɚ 
ɟɤɨɧɨɦɿɤɨ-ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ, ɳɨ ɞɨɡɜɨɥɹє 
ɡɚ ɨɛɪɚɧɢɦɢ ɤɪɢɬɟɪɿɹɦɢ ɟɮɟɤɬɢɜɧɨɫɬɿ ɞɨɫɥɿ-
ɞɠɭɜɚɬɢ ɬɚ ɜɢɡɧɚɱɚɬɢ ɞɨɰɿɥɶɧɿɫɬɶ ɿ ɪɚɰɿɨɧɚ-
ɥɶɧɿ ɩɚɪɚɦɟɬɪɢ ɜɜɟɞɟɧɧɹ ɤɨɦɛɿɧɨɜɚɧɢɯ ɲɜɢ-
ɞɤɿɫɧɢɯ ɮɨɪɦ ɫɩɨɥɭɱɚɧɧɹ ɧɚ ɨɤɪɟɦɨɦɭ ɦɿɫɶ-
ɤɨɦɭ ɦɚɪɲɪɭɬɿ. Ⱦɥɹ ɨɰɿɧɤɢ ɪɟɡɭɥɶɬɚɬɿɜ ɦɨ-
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ɞɟɥɸɜɚɧɧɹ ɬɚɤɨɠ ɧɟɨɛɯɿɞɧɨ ɪɨɡɪɨɛɢɬɢ ɫɬɪɭ-
ɤɬɭɪɭ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɤɚɡɧɢɤɚ ɟɮɟɤɬɢɜɧɨɫɬɿ 
ɜɜɟɞɟɧɧɹ ɤɨɦɛɿɧɨɜɚɧɢɯ ɮɨɪɦ ɫɩɨɥɭɱɟɧɧɹ, 
ɹɤɢɣ ɛɢ ɜɪɚɯɨɜɭɜɚɜ ɨɫɧɨɜɧɿ ɟɤɨɧɨɦɿɱɧɿ, ɬɟɯ-
ɧɨɥɨɝɿɱɧɿ ɬɚ ɫɨɰɿɚɥɶɧɿ ɫɤɥɚɞɨɜɿ ɩɪɨɰɟɫɭ ɩɟ-
ɪɟɜɟɡɟɧɧɹ ɩɚɫɚɠɢɪɿɜ. 

 

ɍɦɨɜɢ ɡɚɫɬɨɫɭɜɚɧɧɹ ɤɨɦɛɿɧɨɜɚɧɢɯ ɮɨɪɦ 
ɫɩɨɥɭɱɟɧɧɹ ɧɚ ɦɚɪɲɪɭɬɚɯ 

Ⱦɨɰɿɥɶɧɿɫɬɶ ɨɪɝɚɧɿɡɚɰɿʀ ɬɿєʀ ɱɢ ɿɧɲɨʀ ɮɨɪ-
ɦɢ ɫɩɨɥɭɱɟɧɧɹ ɧɚ ɦɚɪɲɪɭɬɚɯ ɜɢɡɧɚɱɚєɬɶɫɹ 
ɤɨɟɮɿɰɿєɧɬɚɦɢ ɧɟɪɿɜɧɨɦɿɪɧɨɫɬɿ ɩɚɫɚɠɢɪɨɩɨ-
ɬɨɤɭ [2, 6, 9], ɞɨ ɹɤɢɯ ɧɚɥɟɠɚɬɶ ɤɨɟɮɿɰɿєɧɬ 
ɡɦɿɧɸɜɚɧɨɫɬɿ ɩɚɫɚɠɢɪɿɜ ɿ ɤɨɟɮɿɰɿєɧɬ ɧɟɪɿɜ-
ɧɨɦɿɪɧɨɫɬɿ ɧɚ ɞɿɥɹɧɤɚɯ ɦɚɪɲɪɭɬɭ. Ʉɨɟɮɿ-
ɰɿєɧɬ ɡɦɿɧɸɜɚɧɨɫɬɿ ɩɚɫɚɠɢɪɿɜ: 

 

ɫɟɪ

ɦ
ɡɦ

l

L
 , (1) 

 

ɞɟ ɦL  – ɞɨɜɠɢɧɚ ɦɚɪɲɪɭɬɭ, ɤɦ; ɫɟɪl  – ɫɟɪɟɞ-
ɧɹ ɞɚɥɶɧɿɫɬɶ ɩɨʀɡɞɤɢ ɨɞɧɨɝɨ ɩɚɫɚɠɢɪɚ, ɤɦ. 

Ⱦɥɹ ɟɤɫɩɪɟɫɧɨʀ ɮɨɪɦɢ ɫɩɨɥɭɱɟɧɧɹ ɯɚɪɚɤ-
ɬɟɪɧɨ, ɳɨ ɦɫɟɪ Ll  , ɜ ɬɚɤɨɦɭ ɜɢɩɚɞɤɭ 

1ɡɦ  . Ⱥ ɞɥɹ ɡɜɢɱɚɣɧɨʀ ɮɨɪɦɢ ɫɩɨɥɭɱɟɧɧɹ 
ɫɟɪɟɞɧɹ ɞɚɥɶɧɿɫɬɶ ɩɨʀɡɞɤɢ ɩɚɫɚɠɢɪɿɜ ɦɨɠɟ 
ɞɨɪɿɜɧɸɜɚɬɢ ɞɨɜɠɢɧɿ ɲɥɭɯɭ: ɩɟɪɫɟɪ ll  . ɍ ɜ 
ɰɶɨɦɭ ɜɢɩɚɞɤɭ nɡɦ , ɞɟ n  – ɤɿɥɶɤɿɫɬɶ ɜɿɞ-
ɪɿɡɤɿɜ ɧɚ ɦɚɪɲɪɭɬɿ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɨɛɥɚɫɬɸ 
ɞɨɩɭɫɬɢɦɢɯ ɡɧɚɱɟɧɶ ɡɦ  є ɞɿɚɩɚɡɨɧ 

 

],1[ɡɦ n . (2) 

 

Ɉɬɠɟ, ɹɤɳɨ 1ɡɦ  , ɬɨ  ɤɿɥɶɤɿɫɬɶ ɩɚɫɚɠɢ-
ɪɿɜ, ɹɤɭ  ɩɪɹɦɭɸɬɶ ɡɚ ɦɚɪɲɪɭɬɨɦ ɛɟɡ ɡɭɩɢ-
ɧɨɤ, ɡɛɿɥɶɲɭєɬɶɫɹ, ɬɨɞɿ ɣ ɨɪɝɚɧɿɡɚɰɿɹ ɲɜɢɞɤɿ-
ɫɧɨɝɨ ɫɩɨɥɭɱɟɧɧɹ ɫɬɚє ɟɮɟɤɬɢɜɧɿɲɨɸ. 

Ʉɨɟɮɿɰɿєɧɬ ɧɟɪɿɜɧɨɦɿɪɧɨɫɬɿ ɧɚ ɞɿɥɹɧɤɚɯ 
ɦɚɪɲɪɭɬɭ ɞɿɥ  ɜɢɡɧɚɱɚєɬɶɫɹ ɜɿɞɧɨɲɟɧɧɹɦ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɚɫɚɠɢɪɨɩɨɬɨɤɭ maxH  (ɧɚ 
ɧɚɣɛɿɥɶɲ ɡɚɜɚɧɬɚɠɟɧɨɦɭ ɜɿɞɪɿɡɤɭ ɦɚɪɲɪɭɬɭ) 
ɞɨ ɣɨɝɨ ɫɟɪɟɞɧɶɨɝɨ ɡɧɚɱɟɧɧɹ ɫɟɪH  ɡɚ ɜɫɿɦɚ 
ɞɿɥɹɧɤɚɦɢ ɦɚɪɲɪɭɬɭ: 

 

ɫɟɪ

max
ɞɿɥ

H

H
 . (3) 

 

Ⱦɥɹ ɟɤɫɩɪɟɫɧɨʀ ɮɨɪɦɢ ɫɩɨɥɭɱɟɧɧɹ (ɹɤɳɨ 
1ɡɦ  ) ɯɚɪɚɤɬɟɪɧɚ ɜɿɞɫɭɬɧɿɫɬɶ ɤɨɥɢɜɚɧɶ ɩɚ-

ɫɚɠɢɪɨɩɨɬɨɤɭ ɩɨ ɞɿɥɹɧɤɚɯ ɦɚɪɲɪɭɬɭ, ɬɨɦɭ 
ɫeɪmax HH   ɿ 1ɞɿɥ  . ɍ ɪɚɡɿ ɡɧɚɱɧɢɯ ɤɨɥɢ-

ɜɚɧɶ ɩɚɫɚɠɢɪɨɩɨɬɨɤɭ ɜɡɞɨɜɠ ɞɿɥɹɧɨɤɯ ɦɚɪ-

ɲɪɭɬɭ ɞɨɰɿɥɶɧɨ ɜɜɟɞɟɧɧɹ ɫɤɨɪɨɱɟɧɨʀ ɮɨɪɦɢ 
ɫɩɨɥɭɱɟɧɧɹ. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ (ɤɨɥɢ 

ɫeɪmax HH  ) ɦɨɠɧɚ ɩɪɢɣɧɹɬɢ, ɳɨ 
nHH /maxɫeɪ  , ɬɨɞɿ nHH  ɫɟɪmaxɞɿɥ / . 

Ɍɚɤɢɦ ɱɢɧɨɦ: 

],1[ɞɿɥ n . (4) 

 

ɉɪɚɜɚ ɦɟɠɚ ɞɿɥɹɧɤɢ ]1[ n  ɜ (2) ɿ (4) ɩɥɚ-
ɜɚɥɶɧɚ, ɜɨɧɚ ɡɚɥɟɠɢɬɶ ɜɿɞ ɤɿɥɶɤɨɫɬɿ ɜɿɞɪɿɡɤɿɜ 

ɧɚ ɦɚɪɲɪɭɬɿ, ɳɨ ɩɿɞ ɱɚɫ ɚɧɚɥɿɡɭ ɩɚɫɚɠɢɪɨɩɨ-
ɬɨɤɭ ɧɟ ɡɚɜɠɞɢ ɡɪɭɱɧɨ. Ɍɨɦɭ ɞɨɰɿɥɶɧɨ ɜɜɟɫɬɢ 
ɞɥɹ ɪɨɡɝɥɹɧɭɬɢɯ ɜɢɳɟ ɤɨɟɮɿɰɿєɧɬɿɜ ɧɟɪɿɜɧɨɦɿɪ-
ɧɨɫɬɿ ɜɿɞɩɨɜɿɞɧɿ ʀɦ ɧɨɪɦɨɜɚɧɿ ɤɨɟɮɿɰɿєɧɬɢ ( ɡɦk , 

ɞɿɥk ) ɹɤ ɜɿɞɧɨɲɟɧɧɹ /1 . Ɂɜɿɞɤɢ ɜɢɩɥɢɜɚє: 

 

ɡɦɡɦ /1 k ;          ]1...0(ɡɦk . (5) 

  

ɞɿɥɞɿɥ /1 k ;          ]10(ɞɿɥ k . (6) 

 

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɡɚɥɟɠɧɨɫɬɹɦɢ (5, 6) ɦɨɠɧɚ 
ɫɤɥɚɫɬɢ ɬɚɛɥɢɰɸ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɦɿɠ ɤɪɚɣɧɿɦɢ 
ɡɧɚɱɟɧɧɹɦɢ ɧɨɪɦɨɜɚɧɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ ( ɡɦk , 

ɞɿɥk ) ɿ ɜɿɞɩɨɜɿɞɧɢɦɢ ʀɦ ɮɨɪɦɚɦɢ ɫɩɨɥɭɱɟɧɧɹ 
(ɬɚɛɥ. 1). Ɍɚɤɨɠ ɩɪɨɩɨɧɭєɬɶɫɹ ɜɢɞɿɥɢɬɢ ɡɨɧɢ 
ɩɨɩɟɪɟɞɧɶɨʀ ɨɰɿɧɤɢ ɞɨɰɿɥɶɧɨɫɬɿ ɨɪɝɚɧɿɡɚɰɿʀ 
ɜɿɞɩɨɜɿɞɧɢɯ ɮɨɪɦ ɫɩɨɥɭɱɟɧɧɹ (ɪɢɫ. 1). 

 

Ɍɚɛɥɢɰɹ 1 – ȼɿɞɩɨɜɿɞɧɿɫɬɶ ɦɿɠ ɤɪɚɣɧɿɦɢ ɡɧɚɱɟɧɧɹ-
ɦɢ ɧɨɪɦɨɜɚɧɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ ɿ ɮɨɪɦɚɦɢ ɫɩɨɥɭɱɟɧɧɹ 

 

Ɂɧɚɱɟɧɧɹ ɡɦk  Ɂɧɚɱɟɧɧɹ ɞɿɥk  
Ɏɨɪɦɚ 

ɫɩɨɥɭɱɟɧɧɹ 

ɡɦk → 1 ɞɿɥk → 1 
ɟɤɫɩɪɟɫɧɚ 

ɮɨɪɦɚ 

ɡɦk → 0 ɞɿɥk → 1 
ɡɜɢɱɚɣɧɚ 

ɮɨɪɦɚ 

ɡɦk → 0 ɞɿɥk → 0 
ɫɤɨɪɨɱɟɧɚ 

ɮɨɪɦɚ 

ɡɦk → 1 ɞɿɥk → 0 
ɫɤɨɪɨɱɟɧɨ-
ɲɜɢɞɤɿɫɧɚ 

ɮɨɪɦɚ 
 

1,0

kɞɿɥ→0

kɞɿɥ

kɡɦ→1

kɡɦ→0 kɡɦ→1

kɞɿɥ→1
Зɜɢɱɚɣɧɟ 

ɫɩɨɥɭɱɟɧɧɹ

Сɤɨɪɨɱɟɧɨ-
ɲɜɢɞɤɿɫɧɟ 

ɫɩɨɥɭɱɟɧɧɹ 

Еɤɫɩɪɟɫɧɟ 
(ɲɜɢɞɤɿɫɧɟ) 
ɫɩɨɥɭɱɟɧɧɹ

Сɤɨɪɨɱɟɧɟ 
ɫɩɨɥɭɱɟɧɧɹ

kɡɦ

kɞɿɥ→0

1,0

0,5

0,5

kɞɿɥ→1kɡɦ→0

0  
 

Ɋɢɫ. 1. Ɂɨɧɢ ɩɨɩɟɪɟɞɧɶɨʀ ɨɰɿɧɤɢ ɞɨɰɿɥɶɧɨɫɬɿ 
ɨɪɝɚɧɿɡɚɰɿʀ ɮɨɪɦ ɫɩɨɥɭɱɟɧɧɹ ɧɚ ɦɚɪɲɪɭ-
ɬɚɯ 
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Ɂɚɩɪɨɩɨɧɨɜɚɧɿ ɪɟɤɨɦɟɧɞɚɰɿʀ (ɪɢɫ. 1) ɞɨ-
ɡɜɨɥɹɸɬɶ ɨɰɿɧɸɜɚɬɢ ɞɨɰɿɥɶɧɿɫɬɶ ɨɪɝɚɧɿɡɚɰɿʀ 
ɜɿɞɩɨɜɿɞɧɢɯ ɮɨɪɦ ɫɩɨɥɭɱɟɧɧɹ ɧɚ ɩɿɞɫɬɚɜɿ 
ɪɟɡɭɥɶɬɚɬɿɜ ɨɛɫɬɟɠɟɧɧɹ ɩɚɫɚɠɢɪɨɩɨɬɨɤɿɜ. 

 

Ʉɪɢɬɟɪɿʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɨɪɝɚɧɿɡɚɰɿʀ 
ɤɨɦɛɿɧɨɜɚɧɢɯ ɮɨɪɦ ɫɩɨɥɭɱɟɧɧɹ 

Ɉɫɧɨɜɧɢɦ ɬɟɯɧɨɥɨɝɿɱɧɢɦ ɟɮɟɤɬɨɦ ɜɿɞ 
ɜɩɪɨɜɚɞɠɟɧɧɹ ɤɨɦɛɿɧɨɜɚɧɨɝɨ ɪɟɠɢɦɭ ɪɭɯɭ 
ɧɚ ɦɚɪɲɪɭɬɚɯ є ɫɤɨɪɨɱɟɧɧɹ ɧɟɩɪɨɞɭɤɬɢɜɧɨʀ 
ɬɪɚɧɫɩɨɪɬɧɨʀ ɪɨɛɨɬɢ ɚɜɬɨɛɭɫɿɜ: 

 

minɮɚɤɬɢɱɧɚɧɚɞɚɧɚ   ii
N PPW , (7) 

 

ɞɟ  i
Pɧɚɞɚɧɚ – ɫɭɦɚɪɧɚ ɬɪɚɧɫɩɨɪɬɧɚ ɪɨɛɨɬɚ, 

ɧɚɞɚɧɚ ɡɚ ɤɨɠɧɨɸ ɿ-ɸ ɮɨɪɦɨɸ ɫɩɨɥɭɱɟɧɧɹ, 
ɩɚɫ.∙ɤɦ;  i

Pɮɚɤɬɢɱɧɚ  – ɫɭɦɚɪɧɚ ɮɚɤɬɢɱɧɚ ɬɪɚ-
ɧɫɩɨɪɬɧɚ ɪɨɛɨɬɚ ɡɚ ɤɨɠɧɨɸ ɿ-ɸ ɮɨɪɦɨɸ ɫɩɨ-
ɥɭɱɟɧɧɹ, ɩɚɫ. ɤɦ. 

ȼ ɨɪɝɚɧɿɡɚɰɿʀ ɩɪɨɰɟɫɭ ɩɟɪɟɜɟɡɟɧɧɹ ɧɚ ɦɚ-
ɪɲɪɭɬɚɯ ɦɿɫɬɚ ɛɟɪɭɬɶ ɭɱɚɫɬɶ ɞɜɿ ɨɫɧɨɜɧɿ ɫɬɨ-
ɪɨɧɢ: ɬɪɚɧɫɩɨɪɬɧɿ ɩɿɞɩɪɢєɦɫɬɜɚ ɿ ɩɚɫɚɠɢɪɢ, 
ɿɧɬɟɪɟɫɢ ɹɤɢɯ ɧɟ ɡɚɜɠɞɢ ɭɡɝɨɞɠɭɸɬɶɫɹ [4, 6]. 
Ʉɨɦɩɪɨɦɿɫɧɢɦ ɜɢɯɨɞɨɦ ɿɡ ɰɶɨɝɨ ɩɪɨɬɢɪɿɱɱɹ 
ɦɨɠɭɬɶ ɛɭɬɢ ɡɚɯɨɞɢ, ɦɟɬɭ ɹɤɢɯ ɦɨɠɧɚ ɫɮɨɪ-
ɦɭɥɸɜɚɬɢ ɬɚɤɢɦ ɱɢɧɨɦ: 

– ɩɨɥɿɩɲɢɬɢ ɩɨɤɚɡɧɢɤɢ ɪɨɛɨɬɢ ȺɌɉ, ɧɟ 
ɩɨɝɿɪɲɭɸɱɢ ɹɤɿɫɬɶ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɩɚɫɚɠɢ-
ɪɿɜ; 

– ɩɨɥɿɩɲɢɬɢ ɹɤɿɫɬɶ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɩɚɫɚ-
ɠɢɪɿɜ, ɧɟ ɩɨɝɿɪɲɭɸɱɢ ɟɤɨɧɨɦɿɱɧɢɯ ɩɨɤɚɡɧɢ-
ɤɿɜ ɪɨɛɨɬɢ ȺɌɉ. 

Ɍɚɤɢɣ ɛɚɝɚɬɨɤɪɢɬɟɪɿɚɥɶɧɢɣ ɩɿɞɯɿɞ ɞɨɡɜɨ-
ɥɹє ɜɪɚɯɭɜɚɬɢ ɪɿɡɧɨɫɩɪɹɦɨɜɚɧɿɫɬɶ ɰɿɥɟɣ ɫɬɨ-
ɪɿɧ ɩɪɨɰɟɫɭ ɩɟɪɟɜɟɡɟɧɧɹ, ɚɧɬɚɝɨɧɿɫɬɢɱɧɿɫɬɶ ɭ 
ɫɤɥɚɞɨɜɢɯ ɟɮɟɤɬɭ (ɹɤ ɟɤɨɧɨɦɿɱɧɨɝɨ, ɬɚɤ ɿ ɫɨ-
ɰɿɚɥɶɧɨɝɨ). ɍɫɩɿɲɧɟ ɜɢɡɧɚɱɟɧɧɹ ɦɟɬɢ ɬɚ ɜɢ-
ɪɿɲɟɧɧɹ ɛɭɞɶ-ɹɤɨɝɨ ɟɤɫɬɪɟɦɚɥɶɧɨɝɨ ɟɤɨɧɨɦɿ-
ɱɧɨɝɨ ɡɚɜɞɚɧɧɹ ɛɚɝɚɬɨ ɜ ɱɨɦɭ ɡɚɥɟɠɢɬɶ ɜɿɞ 
ɩɪɚɜɢɥɶɧɨɝɨ ɜɢɛɨɪɭ ɤɪɢɬɟɪɿɸ ɟɮɟɤɬɢɜɧɨɫɬɿ 
[19]. ɍ ɧɚɲɨɦɭ ɤɨɧɤɪɟɬɧɨɦɭ ɜɢɩɚɞɤɭ ɨɛɪɚ-
ɧɢɣ ɤɪɢɬɟɪɿɣ ɟɮɟɤɬɢɜɧɨɫɬɿ ɩɨɜɢɧɟɧ ɜɪɚɯɨɜɭ-
ɜɚɬɢ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɿɧɧɹ ɦɿɫɶɤɢɦ ɩɚɫɚɠɢɪɫɶ-
ɤɢɦ ɬɪɚɧɫɩɨɪɬɨɦ ɬɚ ɬɟɯɧɿɤɨ-ɟɤɨɧɨɦɿɱɧɿ ɩɨɤɚ-
ɡɧɢɤɢ, ɳɨ ɿɫɧɭɸɬɶ ɭ ɰɿɣ ɫɢɫɬɟɦɿ, ɨɰɿɧɸɜɚɬɢ 
ɟɮɟɤɬɢɜɧɿɫɬɶ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɬɪɚɧɫɩɨɪɬɭ, 
ɞɨɩɭɫɤɚɬɢ ɨɰɿɧɤɭ ɜɚɪɿɚɧɬɿɜ, ɹɤɿ ɦɨɠɧɚ ɩɨɪɿɜ-
ɧɸɜɚɬɢ, ɬɚ ɛɭɬɢ ɞɨɫɢɬɶ ɿɧɮɨɪɦɚɬɢɜɧɢɦ. 

əɤ ɨɫɧɨɜɧɢɣ ɩɨɤɚɡɧɢɤ ɪɨɛɨɬɢ ȺɌɉ ɳɨ 
ɜɢɡɧɚɱɚє ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɪɨɛɨɬɢ ɚɜɬɨɛɭɫɿɜ ɿ 
ɫɨɛɿɜɚɪɬɿɫɬɶ ɩɪɨɰɟɫɭ ɩɟɪɟɜɟɡɟɧɧɹ, ɩɪɨɩɨɧɭ-
єɬɶɫɹ ɩɪɢɣɧɹɬɢ ɜɟɥɢɱɢɧɭ ɧɟɩɪɨɞɭɤɬɢɜɧɨʀ 
ɪɨɛɨɬɢ ɪɭɯɨɦɨɝɨ ɫɤɥɚɞɭ NW  (7), ɚ ɡɚ ɨɫɧɨɜ-
ɧɢɣ ɩɨɤɚɡɧɢɤ ɹɤɨɫɬɿ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɨɛɫɥɭɝɨ-

ɜɭɜɚɧɧɹ ɩɪɢɣɦɚєɬɶɫɹ ɜɟɥɢɱɢɧɚ, ɳɨ ɞɨɪɿɜɧɸє 
ɫɭɦɚɪɧɢɦ ɜɢɬɪɚɬɚɦ ɱɚɫɭ, ɹɤɢɣ ɜɢɬɪɚɱɚɸɬɶ  
ɩɚɫɚɠɢɪɢ ɧɚ ɩɟɪɟɫɭɜɚɧɧɹ ɬɚ ɨɱɿɤɭɜɚɧɧɹ. Ɍɨɞɿ 
ɦɨɠɥɢɜɢɣ ɩɿɞɯɿɞ ɞɨ ɜɢɪɿɲɟɧɧɹ ɡɚɜɞɚɧɧɹ ɩɨ-
ɲɭɤɭ ɪɚɰɿɨɧɚɥɶɧɢɯ ɜɚɪɿɚɧɬɿɜ ɤɨɦɛɿɧɨɜɚɧɨɝɨ 
ɪɟɠɢɦɭ ɪɭɯɭ ɧɚ ɦɚɪɲɪɭɬɿ ɩɪɨɩɨɧɭєɬɶɫɹ ɫɮɨ-
ɪɦɭɥɸɜɚɬɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɨɞɟɥɟɣ, ɹɤɿ ɜɪɚ-
ɯɨɜɭɸɬɶ ɿɧɬɟɪɟɫɢ ȺɌɉ (8) ɿ ɩɚɫɚɠɢɪɿɜ (9) 
ɜɿɞɩɨɜɿɞɧɨ: 

 

minNW ; 0NW ;  iAAA ɩɞ ; 

 maxmin i ; maxɨɛmin / ItA
ɁВ  . 

(8) 

  

minɩ T ;   ɩɞ TT ; 

 iAAA ɩɞ ;  maxmin i , 
(9) 

 

ɞɟ ɞA , ɩA  – ɤɿɥɶɤɿɫɬɶ ɚɜɬɨɛɭɫɿɜ ɞɨ ɬɚ ɩɿɫɥɹ 
ɨɪɝɚɧɿɡɚɰɿʀ ɪɿɡɧɨɦɚɧɿɬɧɢɯ ɮɨɪɦ ɫɩɨɥɭɱɟɧɧɹ 
ɜɿɞɩɨɜɿɞɧɨ; iA  – ɤɿɥɶɤɿɫɬɶ ɚɜɬɨɛɭɫɿɜ i -ʀ ɮɨɪ-
ɦɢ ɫɩɨɥɭɱɟɧɧɹ;  ɞT ,  ɩT  – ɫɭɦɚɪɧɿ ɜɢɬɪɚ-
ɬɢ ɱɚɫɭ ɩɚɫɚɠɢɪɿɜ ɧɚ ɩɟɪɟɫɭɜɚɧɧɹ ɦɚɪɲɪɭ-
ɬɨɦ ɞɨ ɿ ɩɿɫɥɹ ɨɪɝɚɧɿɡɚɰɿʀ ɪɿɡɧɢɯ ɮɨɪɦ ɫɩɨɥɭ-
ɱɟɧɶ; ɁВ

Amin  – ɦɿɧɿɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚ ɤɿɥɶɤɿɫɬɶ 
ɚɜɬɨɛɭɫɿɜ ɡɜɢɱɚɣɧɨʀ ɮɨɪɦɢ ɫɩɨɥɭɱɟɧɧɹ ɧɚ 
ɦɚɪɲɪɭɬɿ; maxI  – ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɢɣ 
ɿɧɬɟɪɜɚɥ ɪɭɯɭ; i  – ɤɨɟɮɿɰɿєɧɬ ɜɢɤɨɪɢɫɬɚɧɧɹ 
ɦɿɫɬɤɨɫɬɿ i -ʀ ɮɨɪɦɢ ɫɩɨɥɭɱɟɧɧɹ, ɚ 
 maxmin   – ɣɨɝɨ ɞɨɩɭɫɬɢɦɟ ɦɿɧɿɦɚɥɶɧɟ ɬɚ 
ɦɚɤɫɢɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ. 

Ɇɨɞɟɥɶ (8) ɭ ɜɢɩɚɞɤɭ ɫɤɥɚɞɧɢɯ ɟɤɨɧɨɦɿɱ-
ɧɢɯ ɭɦɨɜɚɯ ɪɨɛɨɬɢ ȺɌɉ є ɤɪɚɳɨɸ, ɬɨɦɭ ɳɨ 
ɦɿɧɿɦɿɡɚɰɿɹ ɧɟɩɪɨɞɭɤɬɢɜɧɨʀ ɬɪɚɧɫɩɨɪɬɧɨʀ ɪɨ-
ɛɨɬɢ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɧɢɠɟɧɧɹ ɬɪɚɧɫɩɨɪɬɧɢɯ 
ɜɢɬɪɚɬ, ɚ ɡɚ ɭɦɨɜɢ ɜɢɤɨɪɢɫɬɚɧɧɹ ɟɮɟɤɬɢɜɧɨʀ 
ɬɚɪɢɮɧɨʀ ɫɢɫɬɟɦɢ – ɿ ɞɨ ɩɿɞɜɢɳɟɧɧɹ ɩɪɢɛɭɬ-
ɤɨɜɨɫɬɿ ɬɪɚɧɫɩɨɪɬɧɢɯ ɩɿɞɩɪɢєɦɫɬɜ. 

 

Ɇɟɬɨɞɢɤɚ ɪɨɡɪɚɯɭɧɤɭ Ɍȿɉ ɧɚ ɦɚɪɲɪɭɬɿ ɡɚ 
ɭɦɨɜɢ ɡɚɞɚɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɨɪɝɚɧɿɡɚɰɿʀ 

ɲɜɢɞɤɿɫɧɨɝɨ ɫɩɨɥɭɱɟɧɧɹ 
ȼɢɯɿɞɧɢɦɢ ɞɚɧɢɦɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɟɤɫ-

ɩɥɭɚɬɚɰɿɣɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɩɪɨɰɟɫɭ ɩɟɪɟɜɟɡɟɧ-
ɧɹ ɡɚ ɭɦɨɜɢ ɡɚɞɚɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɨɪɝɚɧɿɡɚɰɿʀ 
ɲɜɢɞɤɿɫɧɨɝɨ ɫɩɨɥɭɱɟɧɧɹ є: 

1) ɦɿɫɬɤɿɫɬɶ ɪɭɯɨɦɨɝɨ ɫɤɥɚɞɭ q , ɩɚɫ; 
2) ɤɿɥɶɤɿɫɬɶ ɌɁ, ɹɤɿ ɩɪɚɰɸɸɬɶ ɭ ɡɜɢɱɚɣɧɨ-

ɦɭ Ɂȼ
A  ɿ ɲɜɢɞɤɿɫɧɨɦɭ ɒȼ

A  ɫɩɨɥɭɱɟɧɧɿ; 
3) ɱɚɫ, ɹɤɢɣ ɚɜɬɨɛɭɫ ɜɢɬɪɚɱɚє ɧɚ ɩɪɨɦɿɠ-

ɧɢɯ ɩɡt  ɿ ɤɿɧɰɟɜɢɯ ɡɭɩɢɧɤɚɯ ɦɚɪɲɪɭɬɭ ɤɡt , ɯɜ; 

4) ɦɚɬɪɢɰɹ ɞɨɜɠɢɧɢ ɩɟɪɟɝɨɧɿɜ ɦɿɠ ɛɭɞɶ-

ɹɤɢɦɢ Ɂɉ ɧɚ ɦɚɪɲɪɭɬɿ 1, iil , ɤɦ; 
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5) ɦɚɬɪɢɰɹ ɦɿɠɡɭɩɢɧɨɱɧɢɯ ɤɨɪɟɫɩɨɧɞɟɧ-
ɰɿɣ ɞɥɹ ɪɨɡɪɚɯɭɧɤɨɜɨɝɨ ɩɟɪɿɨɞɭ ijK , ɩɚɫ; 

6)  ɦɚɬɪɢɰɹ ɧɨɪɦ ɱɚɫɭ ɪɭɯɭ ɚɜɬɨɛɭɫɿɜ 
ɜɡɞɨɜɠ ɩɟɪɟɝɨɧɿɜ ɦɚɪɲɪɭɬɭ ɜ ɪɟɠɢɦɿ ɣɨɝɨ 
ɪɨɛɨɬɢ ɭ ɡɜɢɱɚɣɧɨɦɭ ɫɩɨɥɭɱɟɧɧɿ Ɂȼ

ijt ; 

7) ɩɟɪɟɥɿɤ ɡɭɩɢɧɨɱɧɢɯ ɩɭɧɤɬɿɜ, ɹɤɿ ɡɧɚɯɨ-
ɞɹɬɶɫɹ ɧɚ ɲɜɢɞɤɿɫɧɨɦɭ ɦɚɪɲɪɭɬɿ. 

ɍ ɡɜ’ɹɡɤɭ ɡ ɬɢɦ, ɳɨ ɭ ɜɢɩɚɞɤɭ ɲɜɢɞɤɿɫɧɨʀ 
ɮɨɪɦɢ ɫɩɨɥɭɱɟɧɧɹ ɚɜɬɨɛɭɫɢ ɡɭɩɢɧɹɸɬɶɫɹ ɧɟ 
ɧɚ ɜɫɿɯ Ɂɉ, ɬɨ ɲɜɢɞɤɿɫɧɢɣ ɦɚɪɲɪɭɬ ɞɨɰɿɥɶɧɨ 
ɧɚɜɟɫɬɢ ɭ ɜɢɝɥɹɞɿ ɛɭɥєɜɚ ɜɟɤɬɨɪɚ, ɟɥɟɦɟɧɬɢ 
ɹɤɨɝɨ ɦɨɠɭɬɶ ɧɚɛɭɜɚɬɢ ɡɧɚɱɟɧɶ 1 ɚɛɨ 0: 

 

Z { 1 , 2 , 3 … j … n }, (10) 

 

ɞɟ j = 1 – ɹɤɳɨ j -ɣ ɡɭɩɢɧɨɱɧɢɣ ɩɭɧɤɬ ɡɧɚ-
ɯɨɞɢɬɶɫɹ ɧɚ ɲɜɢɞɤɿɫɧɨɦɭ ɦɚɪɲɪɭɬɿ; j = 0 – 

ɹɤɳɨ j -ɣ ɡɭɩɢɧɨɱɧɢɣ ɩɭɧɤɬ ɧɟ ɡɧɚɯɨɞɢɬɶɫɹ 
ɧɚ ɲɜɢɞɤɿɫɧɨɦɭ ɦɚɪɲɪɭɬɿ. 

Ɉɫɧɨɜɧɢɦɢ ɜɢɯɿɞɧɢɦɢ ɞɚɧɢɦɢ ɞɥɹ ɜɢɡɧɚ-
ɱɟɧɧɹ Ɍȿɉ ɧɚ ɦɚɪɲɪɭɬɿ є ɦɚɬɪɢɰɹ ɦɿɠɡɭɩɢ-
ɧɨɱɧɢɯ ɤɨɪɟɫɩɨɧɞɟɧɰɿɣ. Ⱥ ɨɫɧɨɜɧɚ ɩɪɨɛɥɟɦɚ 
ɩɨɥɹɝɚє ɭ ɧɟɨɛɯɿɞɧɨɫɬɿ ʀɯ ɩɨɫɬɿɣɧɨɝɨ ɩɟɪɟ-
ɪɨɡɩɨɞɿɥɭ ɦɿɠ ɮɨɪɦɚɦɢ ɫɩɨɥɭɱɟɧɧɹ ɡɚɥɟɠɧɨ 

ɜɿɞ ɤɿɥɶɤɨɫɬɿ Ɂɉ, ɳɨ ɡɧɚɯɨɞɹɬɶɫɹ ɧɚ ɲɜɢɞɤɿɫ-
ɧɨɦɭ ɦɚɪɲɪɭɬɿ, ɞɨɜɠɢɧɢ ɩɟɪɟɝɨɧɿɜ ɿ ɤɿɥɶɤɨɫ-
ɬɿ ɚɜɬɨɛɭɫɿɜ, ɳɨ ɟɤɫɩɥɭɚɬɭɸɬɶɫɹ ɜ ɜɿɞɩɨɜɿɞ-
ɧɢɯ ɪɟɠɢɦɚɯ. Ⱦɥɹ ɪɟɚɥɿɡɚɰɿʀ ɩɪɨɰɟɞɭɪɢ ɬɚɤɨ-
ɝɨ ɩɟɪɟɪɨɡɩɨɞɿɥɭ ɚɜɬɨɪɚɦɢ ɭ ɪɨɛɨɬɿ [20] ɡɚ-
ɩɪɨɩɨɧɨɜɚɧɨ ɦɟɬɨɞ, ɥɨɝɿɱɧɨɝɨ ɚɧɚɥɿɡɭ ɞɜɨɯ 
ɦɚɬɪɢɰɶ: ɦɚɬɪɢɰɿ ɦɿɠɡɭɩɢɧɨɱɧɢɯ ɤɨɪɟɫɩɨɧ-
ɞɟɧɰɿɣ ɿ ɦɚɬɪɢɰɿ ɧɨɪɦ ɱɚɫɭ ɩɪɨɯɨɞɠɟɧɧɹ ɚɜ-
ɬɨɛɭɫɿɜ ɦɿɠ Ɂɉ. 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɩɚɫɚɠɢɪɿɜ, ɹɤɿ 
ɦɨɠɭɬɶ ɤɨɪɢɫɬɭɜɚɬɢɫɹ ɬɿɥɶɤɢ ɡɜɢɱɚɣɧɨɸ ɮɨ-
ɪɦɨɸ ɫɩɨɥɭɱɟɧɧɹ, ɧɟɨɛɯɿɞɧɨ ɜɢɞɿɥɢɬɢ ɡ ɦɚɬ-
ɪɢɰɿ ɦɿɠɡɭɩɢɧɨɱɧɢɯ ɤɨɪɟɫɩɨɧɞɟɧɰɿɣ ijK  ɬɿ 
ɤɨɪɟɫɩɨɧɞɟɧɰɿʀ ɩɚɫɚɠɢɪɿɜ, ɹɤɿ ɡɚ ɧɚɩɪɹɦɤɚɦɢ 
ɩɪɨɯɨɞɠɟɧɧɹ ( i → j ) ɡɚ ɭɦɨɜ ɡɚɞɚɧɨɝɨ iZ  

ɦɨɠɭɬɶ ɤɨɪɢɫɬɭɜɚɬɢɫɹ ɬɿɥɶɤɢ ɡɜɢɱɚɣɧɨɸ ɮɨ-
ɪɦɨɸ ɫɩɨɥɭɱɟɧɧɹ. Ɇɧɨɠɢɧɭ ɬɚɤɢɯ ɧɚɩɪɹɦɤɿɜ 
ɩɨɡɧɚɱɢɦɨ ɹɤ A . Ⱦɨ ɧɟʀ ɧɚɥɟɠɚɬɶ ɩɟɪɟɝɨɧɢ, 
ɧɚ ɹɤɢɯ ɯɨɱɚ ɛ ɨɞɢɧ ɡ ɤɿɧɰɟɜɢɯ ɩɭɧɤɬɿɜ ( ij ) 

ɧɟ ɧɚɥɟɠɢɬɶ ɦɧɨɠɢɧɿ ɡɭɩɢɧɨɱɧɢɯ ɩɭɧɤɬɿɜ 
ɲɜɢɞɤɿɫɧɨɝɨ ɦɚɪɲɪɭɬɭ, ɬɨɛɬɨ ɞɨɬɪɢɦɭєɬɶɫɹ 
ɭɦɨɜɚ ( 1ɚɛɨ1  ji ). ȼ ɿɧɲɨɦɭ ɜɢɩɚɞɤɭ 
ɩɚɫɚɠɢɪɢ ɚɛɨ ɧɟ ɡɦɨɠɭɬɶ ɡɞɿɣɫɧɢɬɢ ɩɨɫɚɞɤɭ 
ɞɨ ɚɜɬɨɛɭɫɿɜ, ɨɫɤɿɥɶɤɢ, ɹɤ ɜ i -ɦɭ ɩɭɧɤɬɿ, ɜɨɧɢ 
ɧɟ ɡɭɩɢɧɹɸɬɶɫɹ, ɚɛɨ ɧɟ ɩɨɬɪɚɩɥɹɬɶ ɞɨ ɩɭɧɤɬɭ 

ɩɪɢɡɧɚɱɟɧɧɹ, ɩɪɨʀɯɚɜɲɢ j -ɣ ɩɭɧɤɬ ɛɟɡ ɡɭɩɢ-
ɧɤɢ. ɉɚɫɚɠɢɪɢ, ɹɤɿ ɧɚɥɟɠɚɬɶ ɞɨ ɦɧɨɠɢɧɢ A , 

ɭɬɜɨɪɸɸɬɶ ɦɚɬɪɢɰɸ, ɟɥɟɦɟɧɬɢ ɹɤɨʀ ɜɢɡɧɚ-
ɱɚɸɬɶɫɹ ɡɚ ɬɚɤɨɸ ɡɚɥɟɠɧɿɫɬɸ: 

 

 




 


0

11,Ɂȼ jiij

ij

ORIFK
Aq . (11) 

 

ɇɚ ɿɧɲɢɯ ɧɚɩɪɹɦɤɚɯ ɪɭɯɭ ( i → j ) ɞɥɹ ɡɭ-
ɩɢɧɨɱɧɢɯ ɩɭɧɤɬɿɜ, ɞɥɹ ɹɤɢɯ ɿɫɧɭє ɭɦɨɜɚ 
( 1ɬɚ1  ji ), ɩɚɫɚɠɢɪɢ ɦɨɠɭɬɶ ɤɨɪɢɫ-
ɬɭɜɚɬɢɫɹ ɹɤ ɡɜɢɱɚɣɧɨɸ, ɬɚɤ ɿ ɲɜɢɞɤɿɫɧɨɸ 
ɮɨɪɦɚɦɢ. ɉɨɡɧɚɱɢɦɨ ɦɧɨɠɢɧɭ ɬɚɤɢɯ ɧɚɩɪɹ-
ɦɤɿɜ ɹɤ B . ɉɚɫɚɠɢɪɢ, ɹɤɿ ɧɚɥɟɠɚɬɶ ɞɨ ɦɧɨ-
ɠɢɧɢ В, ɭɬɜɨɪɸɸɬɶ ɦɚɬɪɢɰɸ, ɟɥɟɦɟɧɬɢ ɹɤɨʀ 
ɜɢɡɧɚɱɚɸɬɶɫɹ ɡɚ ɡɚɥɟɠɧɿɫɬɸ 

 

 




 


0

11,ɒȼɚɛɨɁȼ jiij

ij

ANDIFK
Bq . (12) 

 

ɉɚɫɚɠɢɪɢ, ɜɢɛɢɪɚɸɱɢ ɮɨɪɦɢ ɫɩɨɥɭɱɟɧɧɹ, 
ɡɚ ɿɧɲɢɯ ɪɿɜɧɢɯ ɭɦɨɜɚɯ ɤɟɪɭɸɬɶɫɹ ɩɪɢɧɰɢ-
ɩɨɦ ɦɿɧɿɦɿɡɚɰɿʀ ɜɢɬɪɚɬ ɱɚɫɭ ɧɚ ɩɨʀɡɞɤɭ. ȼɢ-
ɯɨɞɹɱɢ ɡ ɰɶɨɝɨ ɩɪɢɧɰɢɩɭ, ɨɛɫɹɝɢ ɩɟɪɟɜɟɡɟɧɶ 
ɩɚɫɚɠɢɪɿɜ, ɹɤɿ ɤɨɪɢɫɬɭɸɬɶɫɹ ɩɟɜɧɨɸ ɮɨɪɦɨɸ 
ɫɩɨɥɭɱɟɧɧɹ, ɦɨɠɧɚ ɜɢɡɧɚɱɚɬɢ ɡɚ ɬɚɤɢɦɢ ɩɪɚ-
ɜɢɥɚɦɢ: 

1) ɹɤɳɨ ɞɥɹ ɧɚɩɪɹɦɤɿɜ ɪɭɯɭ ( i → j ) ɜɢɤɨ-

ɧɭєɬɶɫɹ ɭɦɨɜɚ Ɂȼɒȼ
ijij TT   (ɩɨɡɧɚɱɢɦɨ ɦɧɨ-

ɠɢɧɭ ɬɚɤɢɯ ɧɚɩɪɹɦɤɿɜ ɱɟɪɟɡ ɋ), ɬɨ ɩɚɫɚɠɢɪ, 
ɹɤɢɣ ɪɭɯɚєɬɶɫɹ ɜɡɞɨɜɠ ɰɶɨɝɨ ɧɚɩɪɹɦɤɭ, ɤɨ-
ɪɢɫɬɭєɬɶɫɹ ɬɿɥɶɤɢ ɲɜɢɞɤɿɫɧɢɦ ɫɩɨɥɭɱɟɧɧɹɦ; 

2) ɹɤɳɨ ɞɥɹ ɧɚɩɪɹɦɤɿɜ ɪɭɯɭ ( i → j ) ɜɢɤɨ-

ɧɭєɬɶɫɹ ɭɦɨɜɚ Ɂȼɒȼ
ijij TT   (ɩɨɡɧɚɱɢɦɨ ɦɧɨ-

ɠɢɧɭ ɬɚɤɢɯ ɧɚɩɪɹɦɤɿɜ ɱɟɪɟɡ D), ɬɨ ɩɚɫɚɠɢɪ 
ɦɨɠɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɛɭɞɶ-ɹɤɭ ɮɨɪɦɭ ɫɩɨ-
ɥɭɱɟɧɧɹ ɿ ɛɭɞɟ ɡɞɿɣɫɧɸɜɚɬɢ ɩɨɫɚɞɤɭ ɞɨ ɬɨɝɨ-
ɚɜɬɨɛɭɫɚ, ɹɤɢɣ ɩɪɢɛɭɜ ɞɨ ɡɭɩɢɧɨɱɧɨɝɨ ɩɭɧɤ-
ɬɭ ɩɟɪɲɢɦ. 

ɑɚɫ ɩɟɪɟɦɿɳɟɧɧɹ ɩɚɫɚɠɢɪɚ ɭ ɲɜɢɞɤɿɫɧɨ-
ɦɭ ШВ

ijT  ɚɛɨ ɡɜɢɱɚɣɧɨɦɭ ɁВ
ijT  ɫɩɨɥɭɱɟɧɧɿ ɦɿ-

ɫɬɢɬɶ ɱɚɫ ɪɭɯɭ ( ШВ
ijɪɭɯt    ɚɛɨ ɁВ

ijɪɭɯt   ) ɧɚ ɞɿɥɹɧɰɿ 
( i , j ) ɬɚ ɱɚɫ ɨɱɿɤɭɜɚɧɧɹ ɚɜɬɨɛɭɫɿɜ ɧɚ ɡɭɩɢ-

ɧɨɱɧɢɯ ɩɭɧɤɬɚɯ ( ШВ
ɨɱt , ɁВ

ɨɱt ) ɿ ɪɨɡɪɚɯɨɜɭєɬɶɫɹ 
ɡɚ ɬɚɤɢɦɢ ɡɚɥɟɠɧɨɫɬɹɦɢ: 

 

2    

ШВШВ
ijɪɭɯ

ШВ
ɨɱ

ШВ
ijɪɭɯ

ШВ
ij

ItttT  . (13) 

  

2    

ɁВɁВ
ijɪɭɯ

ɁВ
ɨɱ

ɁВ
ijɪɭɯ

ɁВ
ij

ItttT  . (14) 
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ɑɚɫ ɪɭɯɭ ɚɜɬɨɛɭɫɿɜ ( ШВ
ijɪɭɯt   , ɁВ

ijɪɭɯt   ) ɞɥɹ ɜɿɞ-
ɩɨɜɿɞɧɨʀ ɮɨɪɦɢ ɜɢɡɧɚɱɢɦɨ ɧɚ ɩɿɞɫɬɚɜɿ ɧɨɪɦ 
ɱɚɫɭ ɪɭɯɭ ШВ

ijt  ɬɚ ɁВ
ijt : 

 




















 



12
11

   

i

i

iɩɡ

j

j

jɩɡ
ШВ
ij

ШВ
ijɪɭɯ tttt . (15) 

   12    itjttt ɩɡɩɡ
ɁВ
ij

ɁВ
ijɪɭɯ . (16) 

 

ɉɚɫɚɠɢɪɢ, ɳɨ ɧɚɥɟɠɚɬɶ ɞɨ ɦɧɨɠɢɧɢ C , 

ɭɬɜɨɪɸɸɬɶ ɦɚɬɪɢɰɸ  Cqij
ɒȼ , ɟɥɟɦɟɧɬɢ ɹɤɨʀ 

ɜɢɡɧɚɱɚɸɬɶɫɹ ɡɚ ɡɚɥɟɠɧɿɫɬɸ 

 

   




 


0

,ɒȼ CBIFBq
Cq

ijij

ij . (17) 

 

Ⱦɥɹ ɩɚɫɚɠɢɪɿɜ ɦɧɨɠɢɧɢ D ɲɜɢɞɤɿɫɧɟ 
ɫɩɨɥɭɱɟɧɧɹ ɜɠɟ ɧɟ є ɩɪɿɨɪɢɬɟɬɧɢɦ, ɨɫɤɿɥɶɤɢ 

Ɂȼɒȼ
ijij TT  , ɬɨɦɭ ɩɚɫɚɠɢɪ ɛɭɞɟ ɡɞɿɣɫɧɸɜɚɬɢ 

ɩɨɫɚɞɤɭ ɞɨ ɚɜɬɨɛɭɫɚ (ɲɜɢɞɤɿɫɧɨʀ ɚɛɨ ɡɜɢɱɚɣ-
ɧɨʀ ɮɨɪɦɢ ɫɩɨɥɭɱɟɧɧɹ), ɹɤɢɣ ɩɪɢɛɭɜ ɩɟɪɲɢɦ 
ɞɨ ɡɭɩɢɧɨɱɧɨɝɨ ɩɭɧɤɬɭ. Ɉɬɠɟ, ɤɿɥɶɤɿɫɬɶ ɩɚ-
ɫɚɠɢɪɿɜ, ɩɟɪɟɜɟɡɟɧɢɯ ɲɜɢɞɤɿɫɧɢɦɢ ɚɛɨ ɡɜɢ-
ɱɚɣɧɢɦɢ ɮɨɪɦɚɦɢ ɫɩɨɥɭɱɟɧɧɹ, ɩɪɹɦɨ ɩɪɨɩɨ-
ɪɰɿɣɧɚ ɱɚɫɬɨɬɿ ʀɯ ɪɭɯɭ ɚɛɨ ɤɿɥɶɤɨɫɬɿ ɪɟɣɫɿɜ 
( ɒȼ , Ɂȼ ). 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɪɨɡɩɨɞɿɥ ɩɚɫɚɠɢɪɿɜ ɦɧɨɠɢ-
ɧɢ D  ɧɚ ɲɜɢɞɤɿɫɧɟ  Dqij

ɒȼ  ɬɚ ɡɜɢɱɚɣɧɟ 

 Dqij
Ɂȼ  ɫɩɨɥɭɱɟɧɧɹ ɡɞɿɣɫɧɸɜɚɬɢɦɟɬɶɫɹ ɡɚ 

ɬɚɤɢɦɢ ɡɚɥɟɠɧɨɫɬɹɦɢ: 
 

   















0

,Ɂȼɒȼ

ɒȼ

ɒȼ DBIFBq
Dq

ijij

ij . (18) 

  

   















0

,Ɂȼɒȼ

Ɂȼ

Ɂȼ DBIFBq
Dq

ijij

ij

. 

(19

) 

 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɤɿɥɶɤɿɫɬɶ ɩɟɪɟɜɟɡɟɧɢɯ ɩɚɫɚ-
ɠɢɪɿɜ ɦɨɠɧɚ ɪɨɡɩɨɞɿɥɢɬɢ ɦɿɠ ɮɨɪɦɚɦɢ ɫɩɨ-
ɥɭɱɟɧɧɹ ɬɚɤɢɦ ɱɢɧɨɦ:  DɋQ ɒȼ  ɬɚ 

 DAQ Ɂȼ . Ɋɨɡɝɥɹɧɟɦɨ ɞɨɤɥɚɞɧɿɲɟ ɫɬɪɭɤ-
ɬɭɪɭ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɚɥɝɨɪɢɬɦɭ ɪɨɡɪɚɯɭɧɤɭ 
Ɍȿɉ ɩɪɨɰɟɫɭ ɩɟɪɟɜɟɡɟɧɧɹ ɧɚ ɦɚɪɲɪɭɬɿ ɡɚ 
ɭɦɨɜ ɡɚɞɚɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɨɪɝɚɧɿɡɚɰɿʀ ɲɜɢɞɤɿ-
ɫɧɨɝɨ ɫɩɨɥɭɱɟɧɧɹ: 

1) ɜɢɡɧɚɱɟɧɧɹ ɱɚɫɭ ɪɭɯɭ ɚɜɬɨɛɭɫɿɜ ɞɥɹ 
ɤɨɠɧɨʀ ɮɨɪɦɢ ɫɩɨɥɭɱɟɧɧɹ: 

 

 ɤɡ
Ɂȼ
ɫ

Ɂȼ
ɨɛ 2 ttt  ;      ɤɡ

ɒȼ
ɫ

ɒȼ
ɨɛ 2 ttt  , (20) 

 

ɞɟ Ɂȼ
ɫt , ɒȼ

ɫt  – ɱɚɫ ɪɭɯɭ ɚɜɬɨɛɭɫɿɜ ɩɪɨɬɹɝɨɦ 
ɪɟɣɫɭ ɜɿɞɩɨɜɿɞɧɨʀ ɮɨɪɦɢ ɫɩɨɥɭɱɟɧɧɹ, ɯɜ; 

2) ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɪɜɚɥɿɜ ɪɭɯɭ ɚɜɬɨɛɭɫɿɜ 
ɞɥɹ ɤɨɠɧɨʀ ɮɨɪɦɢ ɫɩɨɥɭɱɟɧɧɹ: 

 

Ɂȼ

Ɂȼ
ɨɛɁȼ

A

t
I  ;           ɒȼ

ɒȼ
ɨɛɒȼ

A

t
I  ; 

)( ɒȼɁȼ

ɒȼɁȼ
ɋȼ

II

II
I




 ; 

(21) 

 
3) ɜɢɡɧɚɱɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɲɜɢɞɤɿɫɧɢɯ ɿ ɡɜɢɱɚɣ-

ɧɢɯ ɪɟɣɫɿɜ ɩɪɨɬɹɝɨɦ ɪɨɡɪɚɯɭɧɤɨɜɨɝɨ ɩɟɪɿɨɞɭ: 
 

Ɂȼ
Ɂȼ 60

I
 ;          ɒȼ

ɒȼ 60

I
 ; (22) 

 

4) ɜɢɡɧɚɱɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɩɚɫɚɠɢɪɿɜ, ɹɤɿ 
ɦɨɠɭɬɶ ɤɨɪɢɫɬɭɜɚɬɢɫɹ ɬɿɥɶɤɢ ɡɜɢɱɚɣɧɨɸ 
ɮɨɪɦɨɸ ɫɩɨɥɭɱɟɧɧɹ (ɦɧɨɠɢɧɚ А), ɡɚ (11); 

5) ɜɢɡɧɚɱɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɩɚɫɚɠɢɪɿɜ, ɹɤɿ 
ɦɨɠɭɬɶ ɤɨɪɢɫɬɭɜɚɬɢɫɹ ɹɤ ɡɜɢɱɚɣɧɨɸ, ɬɚɤ ɿ 
ɲɜɢɞɤɿɫɧɨɸ ɮɨɪɦɚɦɢ ɫɩɨɥɭɱɟɧɧɹ (ɦɧɨɠɢɧɚ 
В), ɡɚ (12); 

6) ɪɨɡɩɨɞɿɥ ɩɚɫɚɠɢɪɿɜ ɦɧɨɠɢɧɢ В ɦɿɠ 
ɲɜɢɞɤɿɫɧɨɸ ɿ ɡɜɢɱɚɣɧɨɸ ɮɨɪɦɚɦɢ ɫɩɨɥɭɱɟɧɧɹ 
ɡɚ (17–19); 

7) ɜɢɡɧɚɱɟɧɧɹ ɛɚɡɨɜɢɯ ɟɤɫɩɥɭɚɬɚɰɿɣɧɢɯ 
ɩɨɤɚɡɧɢɤɿɜ  ɩɪɨɰɟɫɭ ɩɟɪɟɜɟɡɟɧɧɹ: 

ɡɚɝɚɥɶɧɚ ɧɚɞɚɧɚ ɬɪɚɧɫɩɨɪɬɧɚ ɪɨɛɨɬɚ ɧɚ 
ɜɫɶɨɦɭ ɦɚɪɲɪɭɬɿ ɿ ɡɚ ɜɿɞɩɨɜɿɞɧɢɦɢ ɮɨɪɦɚɦɢ 
ɫɩɨɥɭɱɟɧɧɹ: 

 

ɒȼ
ɧɚɞɚɧɚ

Ɂȼ
ɧɚɞɚɧɚɧɚɞɚɧɚ PPP  ; (23) 

  
Ɂȼ

ɦ
Ɂȼ

ɧɚɞɚɧɚ  LqP ; ɒȼ
ɦ

ɒȼ
ɧɚɞɚɧɚ  LqP ; (24) 

 

ɡɚɝɚɥɶɧɚ ɮɚɤɬɢɱɧɚ ɬɪɚɧɫɩɨɪɬɧɚ ɪɨɛɨɬɚ ɧɚ 
ɜɫɶɨɦɭ ɦɚɪɲɪɭɬɿ ɿ ɡɚ ɜɿɞɩɨɜɿɞɧɢɦɢ ɮɨɪɦɚɦɢ 
ɫɩɨɥɭɱɟɧɧɹ: 

 

ɒȼ
ɮɚɤɬɢɱɧɚ

Ɂȼ
ɮɚɤɬɢɱɧɚɮɚɤɬɢɱɧɚ PPP  ; (25) 

  

    ijijijij lDqlAqP   ɁȼɁȼɁȼ
ɮɚɤɬɢɱɧɚ ; (26) 

  

    ijijijij lDqlɋqP   ɒȼɒȼɒȼ
ɮɚɤɬɢɱɧɚ ; (27) 

 

ɧɟɩɪɨɞɭɤɬɢɜɧɚ ɬɪɚɧɫɩɨɪɬɧɚ ɪɨɛɨɬɚ ɧɚ ɦɚ-
ɪɲɪɭɬɿ ɪɨɡɪɚɯɨɜɭєɬɶɫɹ ɡɚ (7);  
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ɤɨɟɮɿɰɿєɧɬɢ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɿɫɬɤɨɫɬɿ ɚɜɬɨ-
ɛɭɫɿɜ ɞɥɹ ɤɨɠɧɨʀ ɮɨɪɦɢ ɫɩɨɥɭɱɟɧɧɹ: 

 

Ɂȼ
ɧɚɞɚɧɚ

Ɂȼ
ɮɚɤɬɢɱɧɚɁȼ

P

P
 ;     ɒȼ

ɧɚɞɚɧɚ

ɒȼ
ɮɚɤɬɢɱɧɚɒȼ

P

P
 ; (28) 

 

8) ɜɢɡɧɚɱɟɧɧɹ ɫɭɦɚɪɧɢɯ ɜɢɬɪɚɬ ɱɚɫɭ ɩɚ-
ɫɚɠɢɪɿɜ ɧɚ ɩɟɪɟɫɭɜɚɧɧɹ: 

ɫɭɦɚɪɧɿ ɜɢɬɪɚɬɢ ɱɚɫɭ ɩɚɫɚɠɢɪɿɜ, ɹɤɿ ɤɨɪɢ-
ɫɬɭɸɬɶɫɹ ɬɿɥɶɤɢ ɡɜɢɱɚɣɧɨɸ ɮɨɪɦɨɸ ɫɩɨɥɭ-
ɱɟɧɧɹ ɧɚ ɧɚɩɪɹɦɤɚɯ ( i → j ) A : 

 

     
2

Ɂȼ
ɁȼɁȼ

ɪɭɯ
ɁȼɁȼ I

AQtAqAT ijij  ; (29) 

 

ɫɭɦɚɪɧɿ ɜɢɬɪɚɬɢ ɱɚɫɭ ɩɚɫɚɠɢɪɿɜ, ɹɤɿ ɤɨɪɢ-
ɫɬɭɸɬɶɫɹ ɬɿɥɶɤɢ ɲɜɢɞɤɿɫɧɨɸ ɮɨɪɦɨɸ ɫɩɨɥɭ-
ɱɟɧɧɹ ɧɚ ɧɚɩɪɹɦɤɚɯ ( i → j ) C : 

 

     
2

ɒȼ
ɒȼɒȼ

ɪɭɯ
ɒȼɒȼ I

CQtCqCT ijij  ; (30) 

 

ɫɭɦɚɪɧɿ ɜɢɬɪɚɬɢ ɱɚɫɭ ɩɚɫɚɠɢɪɿɜ, ɹɤɿ ɤɨɪɢ-
ɫɬɭɸɬɶɫɹ ɬɿɥɶɤɢ ɡɜɢɱɚɣɧɨɸ ɮɨɪɦɨɸ ɫɩɨɥɭ-
ɱɟɧɧɹ ɧɚ ɧɚɩɪɹɦɤɚɯ ( i → j ) D : 

 

     
2

ɁȼɁȼ
ɪɭɯ

ɁȼɁȼ
ɋВ

ijij

I
DQtDqDT  ; (31) 

 
ɫɭɦɚɪɧɿ ɜɢɬɪɚɬɢ ɱɚɫɭ ɩɚɫɚɠɢɪɿɜ, ɹɤɿ ɤɨɪɢ-

ɫɬɭɸɬɶɫɹ ɬɿɥɶɤɢ ɲɜɢɞɤɿɫɧɨɸ ɮɨɪɦɨɸ ɫɩɨɥɭ-
ɱɟɧɧɹ ɧɚ ɧɚɩɪɹɦɤɚɯ ( i → j ) D : 

 

     
2

ɒȼ
ɒȼɒȼ

ɪɭɯ
ɒȼɒȼ I

CQtCqCT ijij  ; (32) 

 
ɡɚɝɚɥɶɧɿ ɜɢɬɪɚɬɢ ɱɚɫɭ ɩɚɫɚɠɢɪɿɜ ɡɚ ɜɫɿɦɚ 

ɮɨɪɦɚɦɢ ɫɩɨɥɭɱɟɧɧɹ: 
 

       DTDTCTATT
ɒȼɁȼɒȼɁȼ  . (33) 

 

ȼɢɡɧɚɱɟɧɧɹ ɪɚɰɿɨɧɚɥɶɧɢɯ ɩɚɪɚɦɟɬɪɿɜ 
ɤɨɦɛɿɧɨɜɚɧɨɝɨ ɪɟɠɢɦɭ ɪɭɯɭ 

ɧɚ ɦɿɫɶɤɨɦɭ ɦɚɪɲɪɭɬɿ  
əɤ ɨɛ’єɤɬ ɞɨɫɥɿɞɠɟɧɧɹ ɞɥɹ ɚɩɪɨɛɚɰɿʀ ɡɚ-

ɩɪɨɩɨɧɨɜɚɧɨʀ ɦɟɬɨɞɢɤɢ ɛɭɜ ɨɛɪɚɧɢɣ ɦɿɫɶɤɢɣ 
ɚɜɬɨɛɭɫɧɢɣ ɦɚɪɲɪɭɬ № 70 (ɠ/ɦ ɉɪɢɞɧɿɩ-
ɪɨɜɫɶɤ – ɩɥ. ɋɬɚɪɨɦɨɫɬɨɜɚ). 

ɇɚ ɰɶɨɦɭ ɦɚɪɲɪɭɬɿ ɟɤɫɩɥɭɚɬɭɸɬɶɫɹ 
Ɂȼ

A = 25 ɚɜɬɨɛɭɫɿɜ ɦɚɥɨɝɨ ɤɥɚɫɭ Ȼɨɝ-
ɞɚɧ Ⱥ092, ɦɿɫɬɤɿɫɬɸ q  = 46 ɩɚɫɚɠɢɪɿɜ, ɹɤɿ 
ɩɪɚɰɸɸɬɶ ɭ ɡɜɢɱɚɣɧɨɦɭ ɪɟɠɢɦɿ.  

Ɉɫɧɨɜɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɪɲɪɭɬɭ: ɦL = 

20,4 ɤɦ; ɬɪɢɜɚɥɿɫɬɶ ɪɟɣɫɭ ɪt =63 ɯɜ (ɭ ɬ.ɱ. 
ɩɪɨɫɬɿɣ ɧɚ ɤɿɧɰɟɜɢɯ ɡɭɩɢɧɤɚɯ ɤɡt = 5 ɯɜ); ɬɟɯ-
ɧɿɱɧɚ ɲɜɢɞɤɿɫɬɶ ɌV = 33,2 ɤɦ/ɝɨɞ; ɟɤɫɩɥɭɚɬɚ-
ɰɿɣɧɚ ɲɜɢɞɤɿɫɬɶ ȿV = 19,4 ɤɦ/ɝɨɞ. ɇɚ ɦɚɪɲ-
ɪɭɬɿ ɨɛɥɚɲɬɨɜɚɧɨ ɡɭɩn = 27 ɡɭɩɢɧɨɤ. 

Ɉɛɫɬɟɠɟɧɧɹ ɩɚɫɚɠɢɪɨɩɨɬɨɤɿɜ ɧɚ ɦɚɪɲɪɭ-
ɬɿ № 70 ɛɭɥɢ ɩɪɨɜɟɞɟɧɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɬɚɛɥɢ-
ɱɧɨɝɨ ɦɟɬɨɞɭ ɭ ɪɚɧɤɨɜɭ ɝɨɞɢɧɭ «ɩɿɤ» ɞɥɹ 
ɩɪɹɦɨɝɨ (ɧɚɣɛɿɥɶɲ ɡɚɜɚɧɬɚɠɟɧɨɝɨ ɧɚɩɪɹɦɭ). 
Ɂ 700

 ɞɨ 800
 ɝɨɞɢɧ ɿɧɬɟɪɜɚɥ ɪɭɯɭ ɧɚ ɦɚɪɲɪɭɬɿ 

ɫɬɚɧɨɜɢɬɶ I = 5 ɯɜ, ɳɨ ɞɨɡɜɨɥɹє ɡɞɿɣɫɧɸɜɚɬɢ 
 = 12 ɜɿɞɩɪɚɜɥɟɧɶ ɚɜɬɨɛɭɫɿɜ. Ɍɚɤɢɦ ɱɢɧɨɦ, 

ɧɚɞɚɧɚ ɦɿɫɬɤɿɫɬɶ ɧɚ ɦɚɪɲɪɭɬɿ ɫɬɚɧɨɜɢɬɶ 
12∙46 = 552 ɩɚɫ. Ɂɝɿɞɧɨ ɡ ɪɟɤɨɦɟɧɞɚɰɿɹɦɢ, 
ɧɚɜɟɞɟɧɢɦɢ ɜ ɪɨɛɨɬɿ [6] (ɜɪɚɯɨɜɭɸɱɢ, ɳɨ 

Ɂȼ
I = 5 ɯɜ), ɛɭɥɨ ɨɛɫɬɟɠɟɧɨ 4 ɪɟɣɫɢ (33 %), 

ɳɨ ɝɚɪɚɧɬɭє ɞɨɫɬɚɬɧɸ ɞɨɫɬɨɜɿɪɧɿɫɬɶ ɨɬɪɢɦɚ-
ɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. Ɋɟɡɭɥɶɬɚɬɢ ɩɪɨɜɟɞɟɧɨɝɨ ɨɛ-
ɫɬɟɠɟɧɧɹ ɩɨɞɚɧɿ ɧɚ ɪɢɫ. 2. 

ɇɚ ɩɿɞɫɬɚɜɿ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚ-
ɯɨɜɚɧɿ ɛɚɡɨɜɿ Ɍȿɉ ɩɪɨɰɟɫɭ ɩɟɪɟɜɟɡɟɧɧɹ: 

maxH  = 543 ɩɚɫ.; ɫɟɪH = 421,5 ɩɚɫ.; 

ɫɟɪl = 10,6 ɤɦ; ɡɦ = 1,92;  = 0,78; ɜɫɶɨɝɨ ɧɚ 
ɦɚɪɲɪɭɬɿ ɩɿɞ ɱɚɫ ɨɛɫɬɟɠɟɧɧɹ ɛɭɥɨ ɩɟɪɟɜɟɡɟ-
ɧɨ 829 ɩɚɫɚɠɢɪɿɜ. ɋɬɪɭɤɬɭɪɚ ɪɨɡɩɨɞɿɥɭ ɡɞɿɣ-
ɫɧɟɧɨʀ ɬɪɚɧɫɩɨɪɬɧɨʀ ɪɨɛɨɬɢ ɧɚ ɦɚɪɲɪɭɬɿ ɧɚ-
ɜɟɞɟɧɚ ɧɚ ɪɢɫ. 3. 

Ⱥɧɚɥɿɡ ɪɢɫ. 3 ɡɚɫɜɿɞɱɭє, ɳɨ ɧɚ ɩɟɪɟɜɚɠɧɿɣ 
ɛɿɥɶɲɨɫɬɿ ɩɟɪɟɝɨɧɿɜ ɦɚɪɲɪɭɬɭ ɚɜɬɨɛɭɫɚɦɢ 
ɡɞɿɣɫɧɸєɬɶɫɹ ɧɟɩɪɨɞɭɤɬɢɜɧɚ ɬɪɚɧɫɩɨɪɬɧɚ 
ɪɨɛɨɬɚ, ɩɢɬɨɦɚ ɜɚɝɚ ɹɤɨʀ ɫɬɚɧɨɜɢɬɶ ɜɿɞ 10 ɞɨ 
70 %. ȼɡɚɝɚɥɿ ɧɚ ɦɚɪɲɪɭɬɿ ɧɚɞɚɧɚP  ɫɬɚɧɨɜɢɬɶ 
11 260,8 ɩɚɫ.∙ɤɦ (21), ɚ ɮɚɤɬɢɱɧɚP (ɡɚ ɪɟɡɭɥɶɬɚ-
ɬɚɦɢ ɨɛɫɬɟɠɟɧɧɹ) – 8 789,6 ɩɚɫ.∙ɤɦ. Ɍɚɤɢɦ 
ɱɢɧɨɦ, ɧɟɩɪɨɞɭɤɬɢɜɧɚ ɬɪɚɧɫɩɨɪɬɧɚ ɪɨɛɨɬɚ 

NW  (7) ɞɨɪɿɜɧɸє 2 471,2 ɩɚɫ.∙ɤɦ, ɳɨ ɫɬɚɧɨ-
ɜɢɬɶ 23 % ɜɿɞ ɧɚɞɚɧɚP , ɳɨ ɫɭɬɬєɜɨ ɡɦɟɧɲɭє 
ɟɮɟɤɬɢɜɧɿɫɬɶ ɪɨɛɨɬɢ ɚɜɬɨɛɭɫɿɜ. 

Ɋɨɡɪɚɯɨɜɚɧɿ ɡɚ (5)–(6) ɡɧɚɱɟɧɧɹ ɧɨɪɦɨɜɚ-
ɧɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ ɡɦɿɧɧɨɫɬɿ ɡɦk  ɬɚ ɧɟɪɿɜɧɨɦɿ-
ɪɧɨɫɬɿ ɩɚɫɚɠɢɪɨɩɨɬɨɤɿɜ ɧɚ ɞɿɥɹɧɤɚɯ ɦɚɪɲɪɭ-
ɬɭ ɞɿɥk  ɫɬɚɧɨɜɥɹɬɶ 0,52 ɬɚ 0,77 ɜɿɞɩɨɜɿɞɧɨ, ɳɨ 
ɞɨɜɨɞɢɬɶ ɞɨɰɿɥɶɧɿɫɬɶ ɜɜɟɞɟɧɧɹ ɧɚ ɦɚɪɲɪɭɬɿ 
ɤɨɦɛɿɧɨɜɚɧɨɝɨ ɪɟɠɢɦɭ ɡɿ ɲɜɢɞɤɿɫɧɢɦ ɫɩɨɥɭ-
ɱɟɧɧɹɦ (ɪɢɫ. 1). 

Ɂɝɿɞɧɨ ɡ ɦɟɬɨɞɢɤɨɸ [9] ɛɭɥɢ ɜɢɡɧɚɱɟɧɿ 
6 ɩɪɨɦɿɠɧɢɯ ɡɭɩɢɧɨɱɧɢɯ ɩɭɧɤɬɿɜ, ɹɤɿ ɩɨɜɢɧ-
ɧɿ ɛɭɬɢ ɧɚ ɲɜɢɞɤɿɫɧɨɦɭ ɦɚɪɲɪɭɬɿ (ɧɚ ɪɢɫ. 1 

ɜɨɧɢ ɩɨɡɧɚɱɟɧɿ ɲɬɪɢɯɨɦ),  ɡɚ ɬɚɤɨɸ ɡɚɥɟɠ-

ɧɿɫɬɸ: 
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ɞɟ jF  – ɤɿɥɶɤɿɫɬɶ ɩɚɫɚɠɢɪɿɜ, ɹɤɿ ɩɪɨʀɠɞɠɚ-
ɸɬɶ ɩɨɜɡ j -ʀ Ɂɉ; jQ  – ɩɚɫɚɠɢɪɨɨɛɦɿɧ j -ɝɨ 
Ɂɉ; I  – ɿɧɬɟɪɜɚɥ ɪɭɯɭ ɚɜɬɨɛɭɫɿɜ ɭ ɡɜɢɱɚɣɧɨ-
ɦɭ ɪɟɠɢɦɿ ɫɩɨɥɭɱɟɧɧɹ. 

Ɇɚɬɪɢɰɹ ɦɿɠɡɭɩɢɧɨɱɧɢɯ ɤɨɪɟɫɩɨɧɞɟɧɰɿɣ 
ɛɭɥɚ ɜɿɞɧɨɜɥɟɧɚ ɡɚ ɡɚɥɟɠɧɿɫɬɸ [6]: 
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ɞɟ ia , jb  – ɤɿɥɶɤɿɫɬɶ ɩɚɫɚɠɢɪɿɜ, ɹɤɿ ɜɜɿɣɲɥɢ ɿ 
ɜɢɣɲɥɢ ɧɚ ɡɭɩɢɧɨɱɧɢɯ ɩɭɧɤɬɚɯ ɦɚɪɲɪɭɬɭ 
ɜɿɞɩɨɜɿɞɧɨ; kH  – ɧɚɩɨɜɧɟɧɧɹ ɫɚɥɨɧɭ ɚɜɬɨɛɭ-
ɫɚ ɧɚ k -ɦɭ ɩɟɪɟɝɨɧɿ ɦɚɪɲɪɭɬɭ. 
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Фɚɤɬɢчɧɚ ɬɪɚɧɫɩɨɪɬɧɚ ɪɨɛɨɬɚ ɇɟɩɪɨɞɭɤɬɢɜɧɚ ɬɪɚɧɫɩɨɪɬɧɚ ɪɨɛɨɬɚ ɉɢɬɨɦɚ ɜɚɝɚ ɜɢɤɨɧɚɧɨʀ ɧɟɩɪɨɞɭɤɬɢɜɧɨʀ ɪɨɛɨɬɢ  

Ɋɢɫ. 3.  ɋɬɪɭɤɬɭɪɚ ɪɨɡɩɨɞɿɥɭ ɜɢɤɨɧɚɧɨʀ ɬɪɚɧɫɩɨɪɬɧɨʀ ɪɨɛɨɬɢ ɧɚ ɦɚɪɲɪɭɬɿ № 70 
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ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɜ ɪɨɛɨɬɚɯ ɛɚɝɚɬɶɨɯ ɞɨ-
ɫɥɿɞɧɢɤɿɜ [18–19] ɧɚɜɨɞɹɬɶɫɹ ɪɟɡɭɥɶɬɚɬɢ ɦɨ-
ɞɟɥɸɜɚɧɧɹ ɪɨɛɨɬɢ ɦɚɪɲɪɭɬɭ ɿɡ ɤɨɦɛɿɧɨɜɚ-
ɧɢɦ ɪɟɠɢɦɨɦ ɪɭɯɭ ɡɚ ɭɦɨɜɢ ɧɟɡɦɿɧɧɨʀ ɡɚɝɚ-
ɥɶɧɨʀ ɤɿɥɶɤɨɫɬɿ ɚɜɬɨɛɭɫɿɜ, ɳɨ ɩɪɚɰɸɸɬɶ ɧɚ 
ɦɚɪɲɪɭɬɿ: 

 

constAAA  ɒȼɁȼ ; 

];1[Ɂȼ
AA  ;             Ɂȼɒȼ

AAA  . 
(36) 

 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɭɧɟɦɨɠɥɢɜɥɸєɬɶɫɹ ɪɟɚɥɿɡɚ-
ɰɿɹ ɨɞɧɿєʀ ɿɡ ɝɨɥɨɜɧɢɯ ɩɟɪɟɜɚɝ ɜɿɞ ɜɜɟɞɟɧɧɹ 
ɤɨɦɛɿɧɨɜɚɧɨɝɨ ɪɟɠɢɦɭ ɧɚ ɦɚɪɲɪɭɬɿ – ɡɦɟɧ-
ɲɟɧɧɹ ɞɟɹɤɨʀ ɤɿɥɶɤɨɫɬɿ ɚɜɬɨɛɭɫɿɜ ɡɚ ɪɚɯɭɧɨɤ 
ɩɿɞɜɢɳɟɧɧɹ ɩɪɨɜɿɡɧɨʀ ɡɞɚɬɧɨɫɬɿ ɦɚɪɲɪɭɬɭ. 
ɇɚ  ɩɿɞɬɜɟɪɞɠɟɧɧɹ ɰɶɨɝɨ ɛɭɥɨ ɡɞɿɣɫɧɟɧɨ ɦɨ-
ɞɟɥɸɜɚɧɧɹ ɪɨɛɨɬɢ ɦɚɪɲɪɭɬɭ №70 ɡɚ ɭɦɨɜɢ 
(36), ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɧɚɜɟɞɟɧɿ ɧɚ 
ɪɢɫ. 4. 
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ɇɟɩɪɨɞɭɤɬɢɜɧɚ ɬɪɚɧɫɩɨɪɬɧɚ ɪɨɛɨɬɚ Ʉɨɟɮ. ɜɢɤɨɪɢɫɬɚɧɧя ɦіɫɬɤɨɫɬі (ɡɜɢɱɚɣɧɢɣ ɪɟɠɢɦ) Ʉɨɟɮ. ɜɢɤɨɪɢɫɬɚɧɧя ɦіɫɬɤɨɫɬі (ɲɜɢɞɤіɫɧɢɣ ɪɟɠɢɦ)
 

Ɋɢɫ. 4. Ɋɟɡɭɥɶɬɚɬɢ ɦɨɞɟɥɸɜɚɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɤɨɦɛɿɧɨɜɚɧɨɝɨ ɪɟɠɢɦɭ ɡɚ ɭɦɨɜ  ɧɟɡɦɿɧɧɨʀ ɤɿɥɶɤɨɫɬɿ 
ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ 

 

Ⱥɧɚɥɿɡ ɪɢɫ. 4 ɡɚɫɜɿɞɱɭє, ɳɨ: 
 ɜɜɟɞɟɧɧɹ ɤɨɦɛɿɧɨɜɚɧɢɯ ɪɟɠɢɦɿɜ ɫɩɨɥɭ-
ɱɟɧɧɹ ɛɟɡ ɡɦɿɧɢ ɤɿɥɶɤɨɫɬɿ ɌɁ, ɹɤɿ ɩɪɚɰɸɸɬɶ 
ɧɚ ɦɚɪɲɪɭɬɿ, ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɫɭɬɬєɜɨɝɨ ɡɛɿɥɶ-
ɲɟɧɧɹ ɧɟɩɪɨɞɭɤɬɢɜɧɨʀ ɬɪɚɧɫɩɨɪɬɧɨʀ ɪɨɛɨɬɢ. 
 ɡɧɚɱɧɟ ɡɧɢɠɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɌɁ, ɹɤɿ ɩɪɚ-
ɰɸɸɬɶ ɜ ɡɜɢɱɚɣɧɨɦɭ ɪɟɠɢɦɿ, ɩɪɢɡɜɨɞɢɬɶ ɞɨ 
ɟɤɫɩɨɧɟɧɰɿɚɥɶɧɨɝɨ ɡɪɨɫɬɚɧɧɹ ɡɧɚɱɟɧɧɹ ɤɨɟ-
ɮɿɰɿєɧɬɚ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɿɫɬɤɨɫɬɿ. 

ɇɚ ɞɭɦɤɭ ɚɜɬɨɪɿɜ, ɦɨɞɟɥɸɜɚɧɧɹ ɧɟɨɛɯɿɞɧɨ 
ɡɞɿɣɫɧɸɜɚɬɢ ɞɥɹ ɞɟɤɿɥɶɤɨɯ ɝɪɭɩ ɞɚɧɢɯ, ɜ ɤɨ-
ɠɧɿɣ ɡ ɹɤɢɯ Ɂȼ const 1A А    (ɜɚɪɿɚɧɬ 

АA Ɂȼ
 – ɜɿɞɩɨɜɿɞɚє ɡɜɢɱɚɣɧɨɦɭ ɪɟɠɢɦɭ 

ɪɭɯɭ ɧɚ ɦɚɪɲɪɭɬɿ), ɚ ];1[ Ɂȼɒȼ ААA  . ɇɚ-
ɩɪɢɤɥɚɞ, ɧɚ ɦɚɪɲɪɭɬɿ №70 ɩɪɚɰɸɸɬɶ 25 ɚɜ-
ɬɨɛɭɫɿɜ, ɨɬɠɟ, ɤɿɥɶɤɿɫɬɶ ɫɩɿɜɜɿɞɧɨɲɟɧɶ 
(

Ɂȼ
A , 

ɒȼ
A ) ɞɥɹ ɧɶɨɝɨ ɫɬɚɧɨɜɢɬɶ 300 ɜɚɪɿɚɧ-

ɬɿɜ Ɋɨɡɪɚɯɭɧɨɤ ɛɚɡɨɜɢɯ Ɍȿɉ ɞɥɹ ɜɫɿɯ ɰɢɯ ɜɚ-
ɪɿɚɧɬɿɜ ɛɭɥɨ ɡɞɿɣɫɧɟɧɨ ɡɚ ɞɨɩɨɦɨɝɨɸ ɪɨɡɪɨɛ-

ɥɟɧɨɝɨ ɞɨɞɚɬɤɚ ɭ ɫɟɪɟɞɨɜɢɳɿ Microsoft Excel. 

Ⱥɧɚɥɿɡ ɨɬɪɢɦɚɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɜɢɡɧɚɱɚє ɦɨ-
ɠɥɢɜɭ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɢɯ ɡɧɚɱɟɧɶ ɧɟɩɪɨɞɭ-
ɤɬɢɜɧɨʀ ɬɪɚɧɫɩɨɪɬɧɨʀ ɪɨɛɨɬɢ 

N
W . Ɂɜɟɪɯɭ ɰɹ 

ɨɛɥɚɫɬɶ ɨɛɦɟɠɭєɬɶɫɹ ɪɿɜɧɟɦ ɧɟɩɪɨɞɭɤɬɢɜɧɨʀ 
ɬɪɚɧɫɩɨɪɬɧɨʀ ɪɨɛɨɬɢ, ɳɨ ɜɢɡɧɚɱɚє ɜɚɪɿɚɧɬ 
ɨɪɝɚɧɿɡɚɰɿʀ ɩɟɪɟɜɟɡɟɧɶ ɧɚ ɦɚɪɲɪɭɬɿ ɿɡ ɜɢɤɨ-
ɪɢɫɬɚɧɧɹɦ ɬɿɥɶɤɢ ɡɜɢɱɚɣɧɨʀ ɮɨɪɦɢ ɫɩɨɥɭ-
ɱɟɧɧɹ (ɭ ɩɪɢɤɥɚɞɿ, ɳɨ ɪɨɡɝɥɹɞɚєɬɶɫɹ (ɜɫɿ ɚɜ-
ɬɨɛɭɫɢ, ɳɨ ɧɚɥɟɠɚɬɶ ɨɪɝɚɧɿɡɚɰɿʀ, ɩɪɚɰɸɸɬɶ ɭ 
ɡɜɢɱɚɣɧɨɦɭ ɪɟɠɢɦɿ), 

N
W = 2 471,2 ɩɚɫ.∙ɤɦ). 

Ɉɱɟɜɢɞɧɨ, ɳɨ ɩɟɪɟɜɢɳɟɧɧɹ ɰɿєʀ ɦɟɠɿ, ɡ ɬɨɱɤɢ 
ɡɨɪɭ ɨɛɪɚɧɨɝɨ ɤɪɢɬɟɪɿɸ ɟɮɟɤɬɢɜɧɨɫɬɿ 

min
N

W  , ɨɪɝɚɧɿɡɚɰɿɹ ɲɜɢɞɤɿɫɧɢɯ ɮɨɪɦ 
ɫɩɨɥɭɱɟɧɧɹ ɧɚ ɦɚɪɲɪɭɬɿ є ɧɟɞɨɰɿɥɶɧɨɸ. 

Ɂɧɢɡɭ ɰɹ ɨɛɥɚɫɬɶ ɨɛɦɟɠɭєɬɶɫɹ ɪɿɜɧɟɦ 
0

N
W , ɨɫɤɿɥɶɤɢ ɡɚ ɭɦɨɜ ɧɟɝɚɬɢɜɧɢɯ ɡɧɚɱɟɧɶ 

N
W  ɧɚɞɚɧɚ ɬɪɚɧɫɩɨɪɬɧɚ ɪɨɛɨɬɚ є ɦɟɧɲɨɸ ɡɚ 
ɧɟɨɛɯɿɞɧɭ. Ⱦɥɹ ɰɢɯ ɜɚɪɿɚɧɬɿɜ ɨɪɝɚɧɿɡɚɰɿɹ 
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ɲɜɢɞɤɿɫɧɢɯ ɮɨɪɦ ɫɩɨɥɭɱɟɧɧɹ ɨɞɧɨɡɧɚɱɧɨ 
ɩɪɢɡɜɟɞɟ ɞɨ ɩɨɝɿɪɲɟɧɧɹ ɹɤɨɫɬɿ ɬɪɚɧɫɩɨɪɬɧɨ-
ɝɨ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ, ɭ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɫɟɪɟɞɧɿ 
ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɿɜ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɿɫɬɤɨɫ-
ɬɿ ɛɭɞɭɬɶ ɡɧɚɱɧɨ ɩɟɪɟɜɢɳɭɜɚɬɢ ɞɨɩɭɫɬɢɦɢɣ 
ɪɿɜɟɧɶ ( 1  ). Ⱦɥɹ ɫɤɨɪɨɱɟɧɧɹ ɤɿɥɶɤɨɫɬɿ 
ɜɚɪɿɚɧɬɿɜ, ɳɨ ɩɨɬɪɟɛɭɸɬɶ ɩɨɞɚɥɶɲɨɝɨ ɚɧɚɥɿ-
ɡɭ, ɡ ɤɨɠɧɨʀ ɛɟɡɥɿɱɿ Ɂȼ constA   ɛɭɜ ɨɛɪɚɧɢɣ 
ɨɞɢɧ, ɹɤɢɣ ɡɚɛɟɡɩɟɱɭє min

N
W (ɬɚɛɥ. 2). 

Ⱥɧɚɥɿɡ ɿɧɮɨɪɦɚɰɿʀ, ɧɚɜɟɞɟɧɨʀ ɭ ɬɚɛɥ. 2, 
ɫɜɿɞɱɢɬɶ ɩɪɨ ɬɟ, ɳɨ ɫɤɨɪɨɱɟɧɧɹ ɧɟɩɪɨɞɭɤɬɢ-
ɜɧɨʀ ɬɪɚɧɫɩɨɪɬɧɨʀ ɪɨɛɨɬɢ ɦɨɠɟ ɛɭɬɢ ɞɨɫɹɝ-
ɧɭɬɨ ɡɚ ɭɦɨɜ ɪɿɡɧɢɯ ɜɚɪɿɚɧɬɿɜ ɨɪɝɚɧɿɡɚɰɿʀ 
ɲɜɢɞɤɿɫɧɢɯ ɮɨɪɦ ɫɩɨɥɭɱɟɧɧɹ, ɜ ɬɨɦɭ ɱɢɫɥɿ ɿ 
ɬɚɤɢɯ, ɹɤɿ ɧɟɩɪɢɣɧɹɬɧɿ ɡɚ ɹɤɿɫɬɸ ɬɪɚɧɫɩɨɪɬ-
ɧɨɝɨ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɧɚɫɟɥɟɧɧɹ. Ⱦɿɣɫɧɨ, ɪɟɚ-

ɥɿɡɭɜɚɬɢ ɧɚ ɩɪɚɤɬɢɰɿ ɩɪɨɰɟɫ ɩɟɪɟɜɟɡɟɧɧɹ ɧɚ 
ɦɚɪɲɪɭɬɿ ɡ ɧɚɩɨɜɧɟɧɧɹɦ ɚɜɬɨɛɭɫɿɜ 2   

ɩɪɚɤɬɢɱɧɨ ɧɟɦɨɠɥɢɜɨ, ɚ ɧɚɣɛɿɥɶɲɢɣ ɟɤɨɧɨ-
ɦɿɱɧɢɣ ɿ ɫɨɰɿɚɥɶɧɢɣ ɟɮɟɤɬ ɛɭɞɟ ɫɩɨɫɬɟɪɿɝɚɬɢ-
ɫɹ ɜ ɬɨɦɭ ɜɢɩɚɞɤɭ, ɤɨɥɢ ɤɨɟɮɿɰɿєɧɬɢ ɜɢɤɨɪɢ-
ɫɬɚɧɧɹ ɦɿɫɬɤɨɫɬɿ ɡɚ ɨɛɨɦɚ ɮɨɪɦɚɦɢ ɫɩɨɥɭ-
ɱɟɧɧɹ ɛɭɞɭɬɶ ɩɪɚɝɧɭɬɢ ɞɨ 1. Ⱦɨ ɬɨɝɨ ɠ ɧɟɨɛ-
ɯɿɞɧɨ ɜɪɚɯɨɜɭɜɚɬɢ ɿ ɬɚɤɢɣ ɩɨɤɚɡɧɢɤ ɹɤɨɫɬɿ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ, ɹɤ ɡɚɝɚɥɶɧɿ 
ɜɢɬɪɚɬɢ ɩɚɫɚɠɢɪɿɜ ɧɚ ɩɟɪɟɦɿɳɟɧɧɹ. 

ȼɪɚɯɨɜɭɸɱɢ ɜɫɟ ɜɢɳɟɫɤɚɡɚɧɟ, ɜɢɧɢɤɚє 
ɧɟɨɛɯɿɞɧɿɫɬɶ ɜ ɤɨɦɩɥɟɤɫɧɿɣ ɨɰɿɧɰɿ ɨɬɪɢɦɚɧɢɯ 
ɪɟɡɭɥɶɬɚɬɿɜ ɧɚ ɩɿɞɫɬɚɜɿ ɭɡɚɝɚɥɶɧɟɧɨɝɨ ɩɨɤɚɡ-
ɧɢɤɚ ɟɮɟɤɬɢɜɧɨɫɬɿ, ɳɨ ɜɪɚɯɨɜɭɜɚɜ ɛɢ ɜɫɿ ɛɚ-
ɡɨɜɿ ɩɨɤɚɡɧɢɤɢ ɩɪɨɰɟɫɭ ɩɟɪɟɜɟɡɟɧɧɹ.  

 

Ɍɚɛɥɢɰɹ 2 – Ʉɪɚɳɿ ɜɚɪɿɚɧɬɢ ɨɪɝɚɧɿɡɚɰɿʀ ɤɨɦɛɿɧɨɜɚɧɨɝɨ ɲɜɢɞɤɿɫɧɨɝɨ ɪɟɠɢɦɭ 

ɡɚ ɭɦɨɜɢ, ɹɤɳɨ minNW , 0NW  (ɮɪɚɝɦɟɧɬ) 
 

Ʉɿɥɶɤɿɫɬɶ ɚɜɬɨɛɭɫɿɜ 
N

W , 

ɩɚɫ.∙ɤɦ 

Ʉɨɟɮɿɰɿєɧɬ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɿɫɬɤɨɫɬɿ T , 

ɝɨɞ 
Ɂȼ

A  
ШВ

A  
Ɂȼ  

ɒȼ  

1 15 616,7 11,43 0,38 902,7 

2 14 428,8 5,72 0,41 608,0 

3 13 237,0 4,08 0,44 510,3 

4 12 120,0 3,01 0,48 462,0 

5 11 9,5 2,38 0,52 434,2 

6 11 478,7 1,97 0,52 414,4 

7 10 327,7 1,68 0,58 402,2 

8 9 138,6 1,50 0,64 394,0 

9 9 607,8 1,33 0,64 385,5 

10 8 446,1 1,19 0,72 381,9 

11 7 323,9 1,08 0,82 378,8 

12 6 216,7 0,99 0,96 378,4 

13 5 85,7 0,91 1,15 380,9 

14 5 461,0 0,86 1,15 377,9 

 

əɤ ɩɨɤɚɡɧɢɤ ɞɥɹ ɨɰɿɧɤɢ i -ɝɨ ɜɚɪɿɚɧɬɚ ɨɪ-
ɝɚɧɿɡɚɰɿʀ ɤɨɦɛɿɧɨɜɚɧɨɝɨ (ɲɜɢɞɤɿɫɧɨɝɨ) ɪɟɠɢ-
ɦɭ ɫɩɨɥɭɱɟɧɧɹ ɚɜɬɨɪɢ ɩɪɨɩɨɧɭɸɬɶ ɜɢɤɨɪɢɫ-
ɬɨɜɭɜɚɬɢ ɬɚɤɢɣ ɤɪɢɬɟɪɿɣ: 

 

 
     

min
0,0













TKKWK

KIF
K

ɿɿ
N

ɿ

ɿ
ɿ , (37) 

 

ɞɟ  N
i

WK  – ɩɨɤɚɡɧɢɤ, ɳɨ ɜɪɚɯɨɜɭє ɡɧɢɠɟɧ-
ɧɹ ɧɟɩɪɨɞɭɤɬɢɜɧɨʀ ɬɪɚɧɫɩɨɪɬɧɨʀ ɪɨɛɨɬɢ; 

 i
K  – ɩɨɤɚɡɧɢɤ, ɹɤɢɣ ɜɪɚɯɨɜɭє ɨɩɬɢɦɚɥɶɧɟ 
ɧɚɩɨɜɧɟɧɧɹ ɚɜɬɨɛɭɫɿɜ;  TK

i  – ɩɨɤɚɡɧɢɤ, 

ɹɤɢɣ ɜɪɚɯɨɜɭє ɡɦɟɧɲɟɧɧɹ ɜɢɬɪɚɬ ɱɚɫɭ ɪɭɯɭ 

ɬɚ ɨɱɿɤɭɜɚɧɧɹ ɩɚɫɚɠɢɪɿɜ. 
ɋɤɥɚɞɨɜɿ ɤɪɢɬɟɪɿɸ (37) ɩɪɨɩɨɧɭєɬɶɫɹ ɪɨɡ-

ɪɚɯɨɜɭɜɚɬɢ ɡɚ ɬɚɤɢɦɢ ɡɚɥɟɠɧɨɫɬɹɦɢ: 
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ȼɿɞɩɨɜɿɞɧɨ ɞɨ  ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɫɬɪɭɤɬɭɪɢ 
ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɤɚɡɧɢɤɚ ɟɮɟɤɬɢɜɧɨɫɬɿ ɜɚɪɿɚ-
ɧɬɿɜ ɨɪɝɚɧɿɡɚɰɿʀ ɤɨɦɛɿɧɨɜɚɧɨɝɨ ɪɟɠɢɦɭ ɫɩɨ-
ɥɭɱɟɧɧɹ (37–42), ɣɨɝɨ ɡɧɚɱɟɧɧɹ ɞɥɹ «ɿɞɟɚɥɶ-
ɧɢɯ» ɭɦɨɜ ɫɬɚɧɨɜɢɬɶ 4,00, ɚ ɞɥɹ ɧɚɣɝɿɪɲɨɝɨ 
ɜɚɪɿɚɧɬɭ – 8,00. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɡɚ 
(37)–(42) ɞɥɹ ɦɚɪɲɪɭɬɭ, ɳɨ ɪɨɡɝɥɹɞɚєɬɶɫɹ, 
ɧɚɜɟɞɟɧɿ ɧɚ ɪɢɫ. 5 (ɤɪɚɳɿ ɜɚɪɿɚɧɬɢ ɩɨɡɧɚɱɟɧɿ 
ɲɬɪɢɯɨɦ). 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɧɚɣɛɿɥɶɲ ɪɚɰɿɨɧɚɥɶɧɿ ɩɨɤɚ-
ɡɧɢɤɢ ɩɪɨɰɟɫɭ ɩɟɪɟɜɟɡɟɧɧɹ ɛɭɞɭɬɶ ɞɨɫɹɝɧɭɬɿ 
ɭ ɪɚɡɿ  ɜɢɤɨɪɢɫɬɚɧɧɹ ɧɚ ɦɚɪɲɪɭɬɿ № 70 
12 ɚɜɬɨɛɭɫɿɜ, ɹɤɿ ɩɪɚɰɸɸɬɶ ɭ ɡɜɢɱɚɣɧɨɦɭ 
ɪɟɠɢɦɿ, ɿ 6, ɳɨ ɩɪɚɰɸɸɬɶ  ɭ ɲɜɢɞɤɿɫɧɨɦɭ. 
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Ɋɢɫ. 5. Ɂɧɚɱɟɧɧɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɤɚɡɧɢɤɚ ɟɮɟɤɬɢɜɧɨɫɬɿ ɜɚɪɿɚɧɬɿɜ ɨɪɝɚɧɿɡɚɰɿʀ ɤɨɦɛɿɧɨɜɚɧɨɝɨ 
(ɲɜɢɞɤɿɫɧɨɝɨ) ɪɟɠɢɦɭ ɫɩɨɥɭɱɟɧɧɹ ɧɚ ɦɚɪɲɪɭɬɿ № 70 

 

ȼɢɫɧɨɜɤɢ 
ɍ ɪɨɛɨɬɿ ɩɪɨɚɧɚɥɿɡɨɜɚɧɿ ɦɟɬɨɞɢ ɜɢɛɨɪɭ 

ɪɟɠɢɦɭ ɪɭɯɭ ɚɜɬɨɛɭɫɿɜ ɿɡ ɡɚɡɧɚɱɟɧɧɹɦ ʀɯ 
ɫɮɟɪɢ ɡɚɫɬɨɫɭɜɚɧɧɹ, ɩɟɪɟɜɚɝ ɬɚ ɧɟɞɨɥɿɤɿɜ. 
ɇɚ ɩɿɞɫɬɚɜɿ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ ɧɟ-
ɪɿɜɧɨɦɿɪɧɨɫɬɿ ɩɚɫɚɠɢɪɨɩɨɬɨɤɿɜ ɨɬɪɢɦɚɧɿ ɡɨ-
ɧɢ ɩɨɩɟɪɟɞɧɶɨʀ ɨɰɿɧɤɢ ɞɨɰɿɥɶɧɨɫɬɿ ɨɪɝɚɧɿɡɚ-
ɰɿʀ ɜɿɞɩɨɜɿɞɧɢɯ ɮɨɪɦ ɫɩɨɥɭɱɟɧɧɹ ɧɚ ɦɚɪɲɪɭ-
ɬɚɯ, ɫɮɨɪɦɭɥɶɨɜɚɧɿ ɤɪɢɬɟɪɿʀ ɟɮɟɤɬɢɜɧɨɫɬɿ 
ɨɪɝɚɧɿɡɚɰɿʀ ɤɨɦɛɿɧɨɜɚɧɢɯ ɮɨɪɦ ɫɩɨɥɭɱɟɧɧɹ. 

Ⱦɥɹ ɪɟɚɥɿɡɚɰɿʀ ɩɪɨɰɟɞɭɪɢ ɩɟɪɟɪɨɡɩɨɞɿɥɭ 
ɩɚɫɚɠɢɪɿɜ ɦɿɠ ɮɨɪɦɚɦɢ ɫɩɨɥɭɱɟɧɧɹ ɡɚɩɪɨ-
ɩɨɧɨɜɚɧɨ ɦɟɬɨɞ, ɜ ɨɫɧɨɜɿ ɹɤɨɝɨ ɥɟɠɢɬɶ ɥɨɝɿ-
ɱɧɢɣ ɚɧɚɥɿɡ ɞɜɨɯ ɦɚɬɪɢɰɶ: ɦɚɬɪɢɰɿ ɦɿɠɡɭɩɢ-
ɧɨɱɧɢɯ ɤɨɪɟɫɩɨɧɞɟɧɰɿʀ ɿ ɦɚɬɪɢɰɿ ɧɨɪɦ ɱɚɫɭ 
ɩɪɨɯɨɞɠɟɧɧɹ ɚɜɬɨɛɭɫɿɜ ɦɿɠ ɡɭɩɢɧɨɱɧɢɦɢ 

ɩɭɧɤɬɚɦɢ. Ɋɨɡɪɨɛɥɟɧɨ ɟɤɨɧɨɦɿɤɨ-ɦɚɬɟɦɚ-
ɬɢɱɧɭ ɦɨɞɟɥɶ, ɳɨ ɞɨɡɜɨɥɹє ɞɨɫɥɿɞɠɭɜɚɬɢ ɿ 
ɜɢɡɧɚɱɚɬɢ ɞɨɰɿɥɶɧɿɫɬɶ ɿ ɪɚɰɿɨɧɚɥɶɧɿ ɩɚɪɚɦɟɬ-
ɪɢ ɜɜɟɞɟɧɧɹ ɤɨɦɛɿɧɨɜɚɧɢɯ ɲɜɢɞɤɿɫɧɢɯ ɮɨɪɦ 
ɫɩɨɥɭɱɟɧɧɹ ɧɚ ɨɤɪɟɦɨɦɭ ɦɿɫɶɤɨɦɭ ɦɚɪɲɪɭɬɿ,  
ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɫɬɪɭɤɬɭɪɭ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨ-
ɤɚɡɧɢɤɚ ɟɮɟɤɬɢɜɧɨɫɬɿ, ɹɤɢɣ ɞɨɡɜɨɥɹє ɡ ɛɚɝɚ-
ɬɶɨɯ ɜɚɪɿɚɧɬɿɜ ɜɢɛɪɚɬɢ ɧɚɣɤɪɚɳɢɣ ɬɚ ɜɪɚɯɨ-
ɜɭє ɨɫɧɨɜɧɿ ɟɤɨɧɨɦɿɱɧɿ, ɬɟɯɧɨɥɨɝɿɱɧɿ ɬɚ ɫɨɰɿ-
ɚɥɶɧɿ ɩɨɤɚɡɧɢɤɢ ɩɪɨɰɟɫɭ ɩɟɪɟɜɟɡɟɧɧɹ ɩɚɫɚ-
ɠɢɪɿɜ. 

ɍ ɪɨɛɨɬɿ ɧɚɜɟɞɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɦɨɞɟɥɸɜɚɧ-
ɧɹ ɞɥɹ ɦɿɫɶɤɨɝɨ ɦɚɪɲɪɭɬɭ №70, ɨɪɝɚɧɿɡɚɰɿɹ 
ɤɨɦɛɿɧɨɜɚɧɨɝɨ ɪɟɠɢɦɭ ɧɚ ɹɤɨɦɭ ɞɨɡɜɨɥɢɬɶ 

ɡɦɟɧɲɢɬɢ ɩɪɨɰɟɫ ɩɟɪɟɜɟɡɟɧɧɹ ɧɚ 7 ɚɜɬɨɛɭɫɿɜ, 

ɚ ɬɚɤɨɠ  ɡɦɟɧɲɢɬɢ ɧɟɩɪɨɞɭɤɬɢɜɧɭ ɬɪɚɧɫɩɨɪ-
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ɬɧɭ ɪɨɛɨɬɭ ɡ 2471,2 ɞɨ 216,7 ɩɚɫ.∙ɤɦ ɬɚ ɡɚɝɚ-
ɥɶɧɿ ɜɢɬɪɚɬɢ ɱɚɫɭ ɩɚɫɚɠɢɪɿɜ ɧɚ ɩɟɪɟɫɭɜɚɧɧɹ ɡ 
385,6 ɞɨ 378,4 ɝɨɞ. ɿ  ɡ 351,0 ɞɨ 296,9 ɝɨɞ. ɧɚ ɪɭɯ. 

 

Ʌɿɬɟɪɚɬɭɪɚ 
1. Ɍɚɪɚɧ ɂ. Ⱥ., ɇɨɜɢɰɤɢɣ Ⱥ. ȼ., Ʌɢɬɜɢɧ ȼ. ȼ. 

ȼɵɹɜɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɩɪɢɱɢɧ ɜɵɫɨɤɨɣ ɫɟɛɟ-
ɫɬɨɢɦɨɫɬɢ ɩɟɪɟɜɨɡɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɚɫɫɚɠɢ-
ɪɨɜ ɧɚ ɝɨɪɨɞɫɤɢɯ ɚɜɬɨɛɭɫɧɵɯ ɦɚɪɲɪɭɬɚɯ ɝ. 
Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɚ. Ɇɚɬɟɪɿɚɥɢ VIІІ ɦɿɠɧɚɪɨɞ-
ɧɨʀ ɧɚɭɤɨɜɨ-ɩɪɚɤɬɢɱɧɨʀ ɤɨɧɮɟɪɟɧɰɿʀ «ɋɭɱɚɫɧɿ 
ɬɟɯɧɨɥɨɝɿʀ ɬɚ ɩɟɪɫɩɟɤɬɢɜɢ ɪɨɡɜɢɬɤɭ ɚɜɬɨ-
ɦɨɛɿɥɶɧɨɝɨ ɬɪɚɧɫɩɨɪɬɭ». Вɿɧɧɢɰɹ: ВɇɌɍ, 
2015. ɋ. 235–238. 

2. Ⱦɨɥɹ ȼ. Ʉ. ɉɚɫɚɠɢɪɫɶɤɿ ɩɟɪɟɜɟɡɟɧɧɹ: ɩɿɞɪɭɱ-
ɧɢɤ. ɏɚɪɶɤɨɜ : Ɏɨɪɬ, 2011. 504 ɫ. 

3. Griskeviciene D., Griskevicius A. Public 

transport passenger’s social problems and their 

solution. In: Transport: Technologies, economics, 

environment, health: collective monograph. Vil-

nius: Technika, 2003. P. 623-685. 

4. Paulley N. et al. The demand for public transport: 

The effects of fares, quality of service, income 

and car ownership. Transport Policy, 2006. Vol. 

13. No. 4. P. 295–306. 

5. Mesjasz-Lech A. Development of public transport 

in the city – a challenge for urban logistics in 

terms of sustainable development. Forum 

Scientiae Economic, 2014. Vol. 2. No 4. P. 63–
75. 

6. ȱɝɧɚɬɟɧɤɨ Ɉ. ɋ. Ɉɪɝɚɧɿɡɚɰɿɹ ɚɜɬɨɛɭɫɧɢɯ ɩɟɪɟ-
ɜɟɡɟɧɶ ɭ ɦɿɫɬɚɯ. Ʉ.: ɍɌɍ, 1998. 196 ɫ. 

7. Silman L. A., Barzily Z., Passy V. Planning the 

Route System for Urban Buses. Afinity, 2009. 

Vol. 1. Ɋ. 36–39. 

8. Ortuzar J. de D., Willumsen L. G. Modelling 

transport. Fourth edition. John Wiley & Sons Ltd, 

2011. P. 586. 

9. Ⱥɧɬɨɲɜɢɥɢ Ɇ. ȿ., Ʌɢɛɟɪɦɚɧ ɋ. ɘ., Ⱥɧɬɨɲɜɢ-
ɥɢ Ɇ. ȿ. Ɉɩɬɢɦɢɡɚɰɢɹ ɝɨɪɨɞɫɤɢɯ ɚɜɬɨɛɭɫɧɵɯ 
ɩɟɪɟɜɨɡɨɤ. Ɇ.: Ɍɪɚɧɫɩɨɪɬ, 1985. 102 ɫ. 

10. Burinskiene, M. Urban transport systems plan-

ning: monograph. Vilnius: Technika. 2005. P. 

352. 

11. White P. Public Transport: Its Planning, Man-

agement and Operation. London: Routledge, 

2008. P. 240. 

12. ȼɚɪɟɥɨɩɭɥɨ Ƚ. Ⱥ. Ɉɪɝɚɧɢɡɚɰɢɹ ɞɜɢɠɟɧɢɹ ɢ 
ɩɟɪɟɜɨɡɨɤ ɧɚ ɝɨɪɨɞɫɤɨɦ ɩɚɫɫɚɠɢɪɫɤɨɦ ɬɪɚɧɫ-
ɩɨɪɬɟ. Ɇ.: Ɍɪɚɧɫɩɨɪɬ, 1990. 208 ɫ. 

13. Ɍɚɪɚɧ, ɂ. Ⱥ., Ʌɢɬɜɢɧ ȼ. ȼ. Ɉɛɨɫɧɨɜɚɧɢɟ ɧɟɰɟ-
ɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɚɜɬɨɛɭɫɨɜ ɜ ɪɟ-
ɠɢɦɟ ɦɚɪɲɪɭɬɧɨɝɨ ɬɚɤɫɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɦɨɞɟ-
ɥɢɪɨɜɚɧɢɹ ɩɟɪɟɜɨɡɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɚɫɫɚɠɢ-
ɪɨɜ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
«ɆȼɄ». ɋɭɱɚɫɧɿ ɬɟɯɧɨɥɨɝɿʀ ɜ ɦɚɲɢɧɨɛɭɞɭɜɚɧ-
ɧɿ ɬɚ ɬɪɚɧɫɩɨɪɬɿ: ɧɚɭɤɨɜɢɣ ɠɭɪɧɚɥ, 2016. 

№1. ɋ. 157–162. 

14. Banister D. Transport Planning. Spon Press, 

2002. P. 317. 

15. Ɂɢɥɶɛɟɪɛɪɚɧɞɬ ɘ. Ɉɪɝɚɧɢɡɚɰɢɹ ɭɫɤɨɪɟɧɧɨɝɨ ɢ 
ɷɤɫɩɪɟɫɫ-ɫɨɨɛɳɟɧɢɹ ɜ ɋɚɧ-Ɏɪɚɧɰɢɫɤɨ. Аɜɬɨ-
ɬɪɚɧɫɩɨɪɬ ɢ ɩɟɪɟɜɨɡɤɢ, 2004. № 11. ɋ. 42–43. 

16. Ƚɭɥɶɱɚɤ Ɉ. Ⱦ. ɉɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɦɿɫɶ-
ɤɢɯ ɩɚɫɚɠɢɪɫɶɤɢɯ ɩɟɪɟɜɟɡɟɧɶ ɧɚ ɨɫɧɨɜɿ ɭɞɨɫ-
ɤɨɧɚɥɟɧɧɹ ɨɪɝɚɧɿɡɚɰɿʀ ɪɭɯɭ ɚɜɬɨɛɭɫɿɜ: ɚɜɬɨɪɟɮ. 
ɞɢɫ. ... ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ. Ʉɢʀɜ, 2005. 19 ɫ. 

17. Ʌɟɠɧɟɜɚ Ɉ. ȱ. ȿɮɟɤɬɢɜɧɿɫɬɶ ɟɤɫɩɪɟɫɧɢɯ ɦɚɪɲ-
ɪɭɬɧɢɯ ɩɟɪɟɜɟɡɟɧɶ ɩɚɫɚɠɢɪɿɜ ɭ ɧɚɣɛɿɥɶɲɢɯ 
ɦɿɫɬɚɯ: ɚɜɬɨɪɟɮ. ɞɢɫ. … ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ. 
ɏɚɪɤɿɜ, 2007. 18 ɫ. 

18. ȼɚɤɭɥɟɧɤɨ Ʉ. Є., Ɏɚɥɟɰɶɤɚ Ƚ. ȱ. ȼɢɛɿɪ ɪɟɠɢɦɭ 
ɪɭɯɭ ɚɜɬɨɛɭɫɿɜ ɭ ɦɿɫɶɤɨɦɭ ɫɩɨɥɭɱɟɧɧɿ. Ɂɛɿɪɧɢɤ 
ɧɚɭɤɨɜɢɯ ɩɪɚɰɶ ɍɤɪɚʀɧɫɶɤɨʀ ɞɟɪɠɚɜɧɨʀ ɚɤɚɞɟ-
ɦɿʀ ɡɚɥɿɡɧɢɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɭ, 2014. ȼɢɩ. 
148(1). ɋ. 176–181. 

19. Taha H. A. Operations Research: An Introduc-

tion. 10th. Pearson. 2017. P. 830. 

20. Ɍɚɪɚɧ ɂ. Ⱥ., ɇɨɜɢɰɤɢɣ Ⱥ. ȼ., Ʌɢɬɜɢɧ ȼ. ȼ. 
Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɨɩɬɢɦɚɥɶɧɨɣ ɨɪɝɚɧɢɡɚ-
ɰɢɢ ɫɤɨɪɨɫɬɧɵɯ ɮɨɪɦ ɫɨɨɛɳɟɧɢɹ ɧɚ ɝɨɪɨɞ-
ɫɤɢɯ ɚɜɬɨɛɭɫɧɵɯ ɦɚɪɲɪɭɬɚɯ. Вɿɫɧɢɤ ɏɚɪɤɿɜɫɶ-
ɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɬɟɯɧɿɱɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ 
ɫɿɥɶɫɶɤɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ ɿɦ. ɉ. Вɚɫɢɥɟɧɤɚ, 

2015. ȼɢɩ. 160. ɋ. 244–255. 

 

References 
1. Taran, I. A. & Novitsky, A. V. & Litvin, V. V. 

(2015). Vyiyavlenie osnovnyih prichin vyisokoy 
sebestoimosti perevozochnogo protsessa passazhi-

rov na gorodskih avtobusnyih marshrutah g. Dne-

propetrovska [Identification of the main reasons 

for the high cost of transportation of passengers on 

city bus routes in Dnepropetrovsk]. Proceedings 

from Modern technologies and prospects of motor 

transport development: VIII Mizhnarodna nauko-

vo-praktichna konferentsIya (19–21 zhovtnya 

2015) – 8nd VIІІ International scientific-practical 

conference. (pp. 235–238). Vinica: VinNTU [in 

Ukrainian]. 

2. Dolya, V. K. (2011). Pasazhirski perevezennya 

[Passenger transportation]. Kharkiv: Fort [in 

Ukrainian]. 

3. Griskeviciene, D. & Griskevicius, A. Public 

transport passenger’s social problems and their 

solution. In: Transport: Technologies, economics, 

environment, health: collective monograph. Vil-

nius: Technika. 2003. P. 623–685. 

4. Paulley, N. & et al. The demand for public 

transport: The effects of fares, quality of service, 

income and car ownership. Transport Policy. 

2006. Vol. 13. No. 4. P.295–306. 

5. Mesjasz-Lech, A. Development of public 
transport in the city – a challenge for urban logis-

tics in terms of sustainable development. Forum 

Scientiae Economic. 2014. Vol. 2. No 4. P. 63–
75. 

6. Ignatenko, A. S. & Marunich, V. S. (1998). Or-

ganizatsiya avtobusnih perevezen u mistah [Or-

ganization of bus transportation in cities]. Kiev: 

NTU [in Ukrainian]. 



Вісник ХНАДУ, вип. 85, 2019 105 

7. Silman, L. A. & Barzily, Z. & Passy V. Planning 

the Route System for Urban Buses. Afinity. 2009. 

Vol. 1. Ɋ. 36–39. 

8. Ortuzar, J. de D. & Willumsen L. G. Modelling 

transport. Fourth edition. John Wiley & Sons Ltd. 

2011. P. 586. 

9. Antoshvili, M. E. & Liberman, S. Yu. & Spirin, 

I.V. (1985). Optimizatsiya gorodskih avtobusnyih 

perevozok [Optimization of city bus transport]. 

Moscow: Transport [In Russian]. 

10. Burinskiene, M. Urban transport systems plan-

ning: monograph. Vilnius: Technika. 2005.  

P. 352. 
11. White, P. Public Transport: Its Planning, Man-

agement and Operation. London: Routledge. 

2008. P. 240. 

12. Varelopulo G. A. (1990). Organizatsiya dvizheni-

ya i perevozok na gorodskom passazhirskom 

transporte [The organization of movement and 

traffic on urban passenger transport]. Moscow: 

Transport [In Russian]. 

13. Taran, I. A. & Novitsky, A. V. & Litvin. (2015). 

Obosnovanie netselesoobraznosti ekspluatatsii 

avtobusov v rezhime marshrutnogo taksi na osno-
vanii modelirovaniya perevozochnogo protsessa 

passa-zhirov s pomoschyu programmnogo kom-

pleksa «MVK» [Substantiating inexpediency to 

use buses in the mode of route taxis on the basis 

of passenger transportation modeling with the 

help of MVK software]. Suchasni tehnologiyi v 

mashinobuduvanni ta transporti. – Modern tech-

nologies for machine-building and transport, 1, 

157–162 [in Ukrainian]. 

14. Banister, D. Transport Planning. Spon Press. 

2002. P. 317. 

15. Zilberbrandt, Yu. (2004). Organizatsiya uskoren-

nogo i ekspress-soobscheniya v San-Frantsisko 

[Organization of the accelerated and express 

transportation in San Francisco]. Avtotransport i 

perevozki. – Vehicles and transportation, 11, 42-

43 [In Russian]. 

16. Gulchak, O. D. (2005). Pidvischennya efektivnos-

tI miskih pasazhirskih perevezen na osnovi 

udoskonalennya organizatsiyi ruhu avtobusiv 

[Improving the efficiency of urban passenger 
transportation on the basis of the advanced bus 

traffic management]. Extended abstract of candi-

date’s thesis. Kyiv [in Ukrainian]. 

17. Lezhneva, O. I. (2007). Efektivnist ekspresnih 

marshrutnih perevezen pasazhiriv u naybilshih 

mistah [Efficiency of express route transportation 

of passengers in the largest cities]. Extended ab-

stract of candidate’s thesis. Kharkiv [in Ukraini-

an]. 

18. Vakulenko, K. E. & Faletska, G.I. (2014). Vibir 

rezhimu ruhu avtobusiv u miskomu spoluchenni 
[Choosing the movement of buses on urban 

routes]. Zbirnik naukovih prats UDAZT. – Col-

lection of scientific works of the USART, 148, 1, 

176–181 [in Ukrainian]. 

19. Taha, H. A. Operations Research: An Introduc-

tion. 10th. Pearson. 2017. P. 830. 

20. Taran, I. A. & Novitsky, A.V. & Litvin. (2015). 

Razrabotka metodiki optimalnoy organizatsii 

skorostnyih form soobscheniya na gorodskih avto-

busnyih marshrutah [Development of methods for 
the optimal implementation of high-speed trans-

portation types within urban bus routes]. Visnik 

HhNTUSG im P. Vasilenka. – Bulletin of KhNTU 

of Agriculture named after P. Vasilenko, 160,  

P. 244–255. 

 

Ɍɚɪɚɧ ȱɝɨɪ Ɉɥɟɤɫɚɧɞɪɨɜɢɱ, ɞ.ɬ.ɧ., ɩɪɨɮ. ɤɚɮ. 
ɭɩɪɚɜɥɿɧɧɹ ɧɚ ɬɪɚɧɫɩɨɪɬɿ, taran7077@gmail.com, 

ɬɟɥ. +38066-418-67-89, 
Ʌɢɬɜɢɧ ȼɚɞɢɦ ȼɿɤɬɨɪɨɜɢɱ, ɫɬ. ɜɢɤɥ. ɤɚɮ. ɭɩɪɚɜ-
ɥɿɧɧɹ ɧɚ ɬɪɚɧɫɩɨɪɬɿ, litvin.v.v.79@gmail.com, ɬɟɥ. 
+38050-453-20-25, 

ɇɚɰɿɨɧɚɥɶɧɢɣ ɬɟɯɧɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ 
«Ⱦɧɿɩɪɨɜɫɶɤɚ ɩɨɥɿɬɟɯɧɿɤɚ», 49005, ɦ. Ⱦɧɿɩɪɨ,  
ɩɪ. Ⱦ. əɜɨɪɧɢɰɶɤɨɝɨ 19. 

 

Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɢ ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
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Methods to calculate and evaluate the efficiency of 

combined traffic mode in the context of urban bus 

routes 
Problem. Despite certain governmental support, 

the efficiency of urban passenger transport remains 

low under the current inflation. Improved economic 

feasibility of AOCs is possible if only combined op-

eration mode for buses is implemented. Implementa-

tion of the measure results in the accelerated trans-

portation, efficient use of road transport vehicles, 

and transportation services as well as significant 
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reduction in combustible and lubrication materials, 

and current repair and maintenance of buses. How-

ever, lack of uniform methodology and reliable sub-

stantiation techniques, neglected basic economic and 

social factors of transportation process as well as 

high labour intensity of the available developments 

complicate seriously determination of rational pa-

rameters of the combined transportation forms im-

plementation hindering their wide use. Goal is to 

develop methods as well as economic and mathemat-

ical model making it possible to study and determine 

both expediency and rational parameters of imple-

mentation of combined speedy transportation forms 

in terms of certain urban route using the selected 

efficiency criteria.  To estimate the modeling results, 

it is also required to develop a structure of the effi-

ciency complex index while implementing combined 

transportation forms which would involve basic eco-

nomic, technologic, and social components of pas-

senger transportation process. Methodology. The 

paper has applied calculation and experimental ap-

proaches.  With the help of mathematical modeling, 

calculation technique has analyzed the effect of dif-

ferent ratios of buses, involved in customary and 

speedy transportation forms, on the estimation crite-

rion of the combined transportation mode efficiency. 

Experimental technique studied characteristics of 

passenger flows within a route, determined average 

distances of passenger trips, turnover coefficient, and 

transportation velocity for various types of bus traf-

fics. Results. The proposed nonequilibrum passenger 

flow coefficient made it possible to obtain zones of 

preliminary estimation of expediency to implement 

corresponding transportation forms within certain 

routes.  Efficiency criteria to implement such com-

bined transportation forms have been formulated. A 

structure of complex efficiency index has been pro-

posed helping select the best variant of numerous 

ones while involving basic economic, technological, 

and social indices of passenger transportation pro-

cess. Originality. To implement a procedure of pas-

senger number redistribution between customary 

transportation type and speedy one (depending upon 

the number of buses of corresponding form), a tech-

nique has been proposed. The technique is based 

upon logic analysis of the two matrices: a matrix of 

interstop correspondence, and a standard time ma-

trix for buses to travel between stopping points of 

their route. Practical value. Rational parameters to 

implement the combined transportation type in terms 

of urban route 70 (city of Dnipro) substantiating re-

lease of 7 buses from transportation process and 

making it possible to reduce unproductive transpor-

tation from 2 471.2 down to 216.7 pas. ∙km as well as 

transportation passenger time consuming from 385.6 

down 378.4 hours (including transportation time 

reduce from 351.0 down to 296.9 hours). 

Key words: combined transportation mode, un-

productive transportation, passenger traffic, traffic 

interval; capacity use coefficient, inter-stop commu-

nication matrix. 
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