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ȼɂɁɇȺɑȿɇɇə ȼɉɅɂȼɍ ɊȿȺɄɌɂȼɇɈȽɈ ɇȺȼȺɇɌȺɀȿɇɇə 

ȿɅȿɄɌɊɈȿɇȿɊȽȿɌɂɑɇɈȲ ɋɂɋɌȿɆɂ ɇȺ ȼɂɌɈɄ ȲȲ ȿɅȿɄɌɊɈȿɇȿɊȽȱȲ 

 
Аɧɨɬаɰіɹ. ɉɪɨɩɨɧɭєɬɶɫɹ ɨɪɢɝɿɧɚɥɶɧɢɣ ɫɩɨɫɿɛ ɪɨɡɪɚɯɭɧɤɭ ɟɤɨɧɨɦɿɱɧɨɝɨ ɡɛɢɬɤɭ ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɢɱɧɨʀ ɫɢɫ-

ɬɟɦɢ ɜɿɞ ʀʀ ɧɚɞɥɢɲɤɨɜɨɝɨ ɪɟɚɤɬɢɜɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ, ɹɤɢɣ ɛɚɡɭєɬɶɫɹ ɧɚ ɮɿɡɢɰɿ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ ɬɚɤɨʀ 
ɫɢɫɬɟɦɢ ɿ ɡɚɛɟɡɩɟɱɭє ɦɨɠɥɢɜɿɫɬɶ ɞɨɫɬɚɬɧɶɨ ɩɪɨɫɬɨɝɨ ɞɨɫɬɟɦɟɧɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɜɚɪɬɨɫɬɿ ɩɪɢɫɬɪɨʀɜ ɤɨɦɩɟɧ-
ɫɚɰɿʀ ɬɚɤɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ.  

Кɥɸɱɨɜі ɫɥɨɜа: ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɢɱɧɚ ɫɢɫɬɟɦɚ, ɪɟɚɤɬɢɜɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ, ɦɿɧɿɦɿɡɚɰɿɹ ɜɬɪɚɬ ɟɧɟɪɝɿʀ ɜ ɟɥɟ-
ɤɬɪɨɟɧɟɪɝɟɬɢɱɧɢɯ ɫɢɫɬɟɦɚɯ. 
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ɗɅȿɄɌɊɈɗɇȿɊȽȿɌɂɑȿɋɄɈɃ ɋɂɋɌȿɆɕ ɇȺ ɉɈɌȿɊɂ ȿȿ ɗɅȿɄɌɊɈɗɇȿɊȽɂɂ 

 
Аɧɧɨɬаɰɢɹ. ɉɪɟɞɥɚɝɚɟɬɫɹ ɨɪɢɝɢɧɚɥɶɧɵɣ ɫɩɨɫɨɛ ɪɚɫɱɟɬɚ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɭɳɟɪɛɚ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ ɨɬ ɟɟ ɢɡɛɵɬɨɱɧɨɣ ɪɟɚɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɢ, ɤɨɬɨɪɵɣ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɮɢɡɢɤɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 
ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨɝɨ ɞɨɫɬɨɜɟɪɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɨɢɦɨɫɬɢ 
ɭɫɬɪɨɣɫɬɜ ɤɨɦɩɟɧɫɚɰɢɢ ɬɚɤɨɣ ɧɚɝɪɭɡɤɢ.  

Кɥɸɱɟɜɵɟ ɫɥɨɜа: ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ, ɪɟɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ, ɦɢɧɢɦɢɡɚɰɢɹ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɜ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ. 
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TO DETERMINE THE EFFECT OF REACTIVE LOADS 

POWER SYSTEM TURN ON HER POWER 

 
Abstract. We propose an original method of calculating the economic damage of the electric power system 

from excessive reactive load, which is based on physics of the electromagnetic field of the system and allows a suffi-

ciently accurate simple definition of the cost of the compensation devices such loads.  

Keywords: electric power system, reactive load, minimization of energy losses in electrical power systems. 

 

ȼɫɬɭɩ. Ⱦɹɤɭɸɱɢ ɫɜɨʀ ɦɨɛɿɥɶɧɨɫɬɿ ɿ ɭɧɿ-
ɜɟɪɫɚɥɶɧɨɫɬɿ, ɟɥɟɤɬɪɢɱɧɚ ɟɧɟɪɝɿɹ (ɟɥɟɤɬɪɨ-

ɟɧɟɪɝɿɹ) ɡɚɣɦɚє ɩɟɪɲɟ ɦɿɫɰɟ ɫɟɪɟɞ ɭɫɿɯ ʀʀ ɜɢ-

ɞɿɜ ɭ ɪɿɡɧɢɯ ɫɮɟɪɚɯ ɥɸɞɫɶɤɨʀ ɞɿɹɥɶɧɨɫɬɿ ɿ, 
ɩɟɪɲ ɡɚ ɜɫɟ, ɭ ɩɪɨɦɢɫɥɨɜɨɫɬɿ. ɋɚɦɟ ɬɨɦɭ 
ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɢɤɚ ɫɬɚɥɚ ɨɫɧɨɜɨɸ ɞɥɹ ɫɬɜɨ-

ɪɟɧɧɹ ɿ ɭɫɩɿɲɧɨɝɨ ɪɨɡɜɢɬɤɭ ɜɫɿɯ ɝɚɥɭɡɟɣ ɝɨɫ-

ɩɨɞɚɪɫɬɜɚ ɛɭɞɶ-ɹɤɨʀ ɤɪɚʀɧɢ, ɡ ɛɭɞɶ-ɹɤɢɦ ɟɤɨ-

ɧɨɦɿɱɧɢɦ ɿ ɩɨɥɿɬɢɱɧɢɦ ɭɫɬɪɨєɦ.  
ȿɥɟɤɬɪɨɟɧɟɪɝɿɸ ɜɢɪɨɛɥɹɸɬɶ ɩɪɨɦɢɫɥɨ-

ɜɢɦ ɫɩɨɫɨɛɨɦ (ɭ ɜɟɥɢɤɢɯ ɨɛɫɹɝɚɯ ɿ, ɩɨɦɿɪɤɨ-

ɜɚɧɨ, ɧɟɞɨɪɨɝɨ), ɩɟɪɟɪɨɛɥɹɸɱɢ ɞɥɹ ɰɶɨɝɨ 
ɟɧɟɪɝɨɪɟɫɭɪɫɢ  ɧɚ  ɟɥɟɤɬɪɨɫɬɚɧɰɿɹɯ  ɟɥɟɤɬɪɨ- 

ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɢɱɧɢɯ ɫɢɫɬɟɦ (ȿȿɋ), ɹɤɿ є ɬɟ-
ɯɧɨɥɨɝɿɱɧɢɦɢ ɩɿɞɪɨɡɞɿɥɚɦɢ ɟɥɟɤɬɪɨɟɧɟɪɝɟ-

ɬɢɤɢ. 
Ɉɱɟɜɢɞɧɨ, ɳɨ ɟɤɨɧɨɦɧɟ ɫɩɨɠɢɜɚɧɧɹ 

ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɜ ɫɢɫɬɟɦɚɯ ɟɥɟɤɬɪɨɩɨɫɬɚɱɚɧɧɹ 
ɩɪɨɦɢɫɥɨɜɢɯ ɩɿɞɩɪɢєɦɫɬɜ ɛɭɞɶ-ɹɤɨʀ ɝɚɥɭɡɿ 
ɩɪɨɦɢɫɥɨɜɨɫɬɿ ɍɤɪɚʀɧɢ ɦɨɠɧɚ ɪɨɡɝɥɹɞɚɬɢ ɭ 
ɹɤɨɫɬɿ ɞɿєɜɨɝɨ ɡɦɟɧɲɟɧɧɹ ɨɛɫɹɝɭ ɫɩɨɠɢɬɢɯ 
ɟɧɟɪɝɨɪɟɫɭɪɫɿɜ, ɳɨ є ɜɚɠɥɢɜɢɦ ɮɚɤɬɨɪɨɦ 
ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɡɚɞɚɱɿ ɞɟɪɠɚɜɧɨɝɨ ɫɬɪɚɬɟɝɿɱ-

ɧɨɝɨ ɪɿɜɧɹ. Ȼɟɡɭɦɨɜɧɨ, ɪɿɲɟɧɧɹ ɬɚɤɨʀ ɡɚɞɚɱɿ 
ɩɨɬɪɟɛɭє ɧɟɨɛɯɿɞɧɨɫɬɿ Ⱦɟɪɠɚɜɧɨɝɨ ɤɨɧɬɪɨɥɸ 

ɡɚ ɟɤɨɧɨɦɧɢɦ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ, 
ɹɤɢɣ ɫɩɢɪɚєɬɶɫɹ ɧɚ ɮɿɡɢɱɧɨ ɨɛґɪɭɧɬɨɜɚɧɭ 
ɦɟɬɨɞɢɤɭ ɜɢɤɨɧɚɧɧɹ ɦɚɬɟɦɚɬɢɱɧɢɯ ɪɨɡɪɚɯɭ-
ɧɤɿɜ, ɡɪɨɡɭɦɿɥɭ ɫɩɨɠɢɜɚɱɚɦ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ. 

Ɉɛ’єɤɬɨɦ ɞɨɫɥɿɞɠɟɧɧɹ ɰɿєʀ ɪɨɛɨɬɢ є ɫɢɫ-



Ⱦɨɪɨɲɟɧɤɨ Ɉ.І. «ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɟ ɢ ɤɨɦɩɶɸɬɟɪɧɵɟ ɫɢɫɬɟɦɵ» № 20 (96) 2015 22 – 29 

ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ. ɉɪɢɝɥɚɲɟɧɢɟ ɤ ɞɢɫɤɭɫɫɢɢ 

 

23 
 

ɬɟɦɚ ɟɥɟɤɬɪɨɩɨɫɬɚɱɚɧɧɹ (ɋȿɉ) ɤɨɧɤɪɟɬɧɨɝɨ 
ɩɪɨɦɢɫɥɨɜɨɝɨ ɫɩɨɠɢɜɚɱɚ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ, ɹɤɚ 
є ɩɿɞɫɢɫɬɟɦɨɸ ȿȿɋ, ɚ ɦɟɬɚ ɰɶɨɝɨ ɞɨɫɥɿɞɠɟɧ-
ɧɹ – ɪɨɡɪɨɛɥɟɧɧɹ ɧɚɭɤɨɜɨʀ ɛɚɡɢ ɞɥɹ ɫɬɜɨɪɟɧ-
ɧɹ ɡɝɚɞɚɧɨʀ ɦɟɬɨɞɢɤɢ.  

Ⱥɧɚɥɿɡ ɜɿɞɨɦɢɯ ɪɿɲɟɧɶ. əɤ ɜɿɞɨɦɨ, ɡ ɬɟ-
ɨɪɟɬɢɱɧɢɯ ɨɫɧɨɜ ɟɥɟɤɬɪɨɬɟɯɧɿɤɢ, ɮɿɡɢɱɧɨ, 
ɟɥɟɤɬɪɢɱɧɚ ɟɧɟɪɝɿɹ (ɟɥɟɤɬɪɨɟɧɟɪɝɿɹ) є ɟɧɟɪɝɿ-
єɸ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɢ-
ɱɧɨʀ ɫɢɫɬɟɦɢ (ȿȿɋ) – ʀʀ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɸ 
ɟɧɟɪɝɿєɸ. ɉɪɢ ɰɶɨɦɭ, ɜ Д1, ɫ.640Ж ɫɬɜɟɪɞɠɭ-
єɬɶɫɹ: «…ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɷɧɟɪɝɢɹ ɨɬ ɦɟ-
ɫɬɚ ɟɟ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɩɟɪɟɞɚɟɬɫɹ ɤ ɦɟɫɬɭ ɩɨ-
ɬɪɟɛɥɟɧɢɹ ɩɨ ɞɢɷɥɟɤɬɪɢɤɭ (ɩɪɨɜɨɞɚ ɠɟ ɜ ɥɢ-
ɧɢɹɯ ɩɟɪɟɞɚɱɢ ɜɵɩɨɥɧɹɸɬ ɞɜɭɹɤɭɸ ɪɨɥɶ: ɨɧɢ 
ɹɜɥɹɸɬɫɹ ɤɚɧɚɥɚɦɢ, ɩɨ ɤɨɬɨɪɵɦ ɩɪɨɯɨɞɢɬ 
ɬɨɤ, ɢ ɨɪɝɚɧɢɡɚɬɨɪɚɦɢ ɫɬɪɭɤɬɭɪɵ ɩɨɥɹ ɜ ɞɢ-
ɷɥɟɤɬɪɢɤɟ)…».  

əɤ ɜɿɞɨɦɨ, ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɦ ɩɨɥɟɦ ɜ 
ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɢɰɿ ɧɚɡɢɜɚєɬɶɫɹ ɬɚɤɢɣ ɫɬɚɧ 
ɦɚɬɟɪɿɚɥɶɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ȿȿɋ, ɡɚ ɹɤɨɝɨ ɭ 
ɧɶɨɦɭ ɩɨɱɢɧɚɸɬɶ ɞɿɹɬɢ ɟɥɟɤɬɪɢɱɧɿ ɿ ɦɚɝɧɿɬɧɿ 
ɫɢɥɢ. Ɉɱɟɜɢɞɧɨ, ɳɨ ɬɚɤɟ ɦɨɠɥɢɜɟ ɥɢɲɟ ɭ 
ɞɿɟɥɟɤɬɪɢɱɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ, ɹɤɟ ɨɬɨɱɭє ɭɫɿ 
ɫɬɪɭɦɨɜɟɞɭɱɿ ɱɚɫɬɢɧɢ ɫɢɫɬɟɦɢ ɿ, ɧɚ ɜɿɞɦɿɧɭ 
ɜɿɞ ɧɢɯ, ɡɚ ɬɜɟɪɞɠɟɧɧɹɦ [2] є ɟɥɟɤɬɪɢɱɧɨ 
ɩɪɭɠɧɢɦ. 

əɤ ɜɿɞɨɦɨ, ɟɧɟɪɝɿɹ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ 
ɩɨɥɹ ɜɢɡɧɚɱɚєɬɶɫɹ ɬɟɨɪɟɦɨɸ ɉɨɣɬɢɧɝɚ, ɡɚ 
ɮɨɪɦɭɥɨɸ, ȼȺ/ɦ2 
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 , ɮɨɪɦɭɥɭ (1) ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɭ 
ɜɢɝɥɹɞɿ, ɤȼȺ 
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ɞɟ u  - ɦɢɬɬєɜɟ ɡɧɚɱɟɧɧɹ ɫɢɧɭɫɨʀɞɚɥɶɧɨʀ ɧɚ-
ɩɪɭɝɢ, ɤȼ; i  - ɦɢɬɬєɜɟ ɡɧɚɱɟɧɧɹ ɫɢɧɭɫɨʀɞɚ-
ɥɶɧɨɝɨ ɫɬɪɭɦɭ ɩɪɨɜɿɞɧɨɫɬɿ, ɳɨ ɜɿɞɫɬɚє ɜɿɞ 
ɫɢɧɭɫɨʀɞɚɥɶɧɨʀ ɧɚɩɪɭɝɢ ɧɚ ɮɚɡɨɜɢɣ ɤɭɬ  , 

Ⱥ; 
m

U  - ɚɦɩɥɿɬɭɞɧɟ ɡɧɚɱɟɧɧɹ ɡɝɚɞɚɧɨʀ ɧɚɩɪɭ-
ɝɢ, ɤȼ; 

m
I  ɚɦɩɥɿɬɭɞɧɟ ɡɧɚɱɟɧɧɹ ɡɝɚɞɚɧɨɝɨ 

ɫɬɪɭɦɭ, Ⱥ; U  - ɞɿɸɱɟ ɡɧɚɱɟɧɧɹ ɡɝɚɞɚɧɨʀ ɧɚ-
ɩɪɭɝɢ, ɤȼ; I  - ɞɿɸɱɟ ɡɧɚɱɟɧɧɹ ɡɝɚɞɚɧɨɝɨ 
ɫɬɪɭɦɭ, Ⱥ. 

Ɋɿɜɧɹɧɧɹ (2) ɦɨɠɧɚ ɜɜɚɠɚɬɢ ɦɚɬɟɦɚɬɢɱ-
ɧɨɸ ɦɨɞɟɥɥɸ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɩɨɥɹ ȿȿɋ. ɇɚ 
ɪɢɫ.1 ɧɚɜɟɞɟɧɨ ɣɨɝɨ ɝɪɚɮɿɱɧɟ ɪɿɲɟɧɧɹ ɭ ɦɚ-
ɬɟɦɚɬɢɱɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ MATCHCAD ɡɚ 
ɭɦɨɜɢ 8U   ȼ ɬɚ 5I   Ⱥ.  

 
 

 
Ɋɢɫ.1. Ɇɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ 

           ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ ȿȿɋ 
 

ɉɪɢɣɦɚɸɱɢ ɞɨ ɭɜɚɝɢ ɜɿɞɨɦɟ ɫɩɿɜɜɿɞɧɨ-
ɲɟɧɧɹ  cos 2 sint    , ɪɿɜɧɹɧɧɹ (2), ɡɚ 
ɡɜɢɱɚɣ ɩɪɟɞɫɬɚɜɥɹɸɬɶ ɭ ɜɢɝɥɹɞɿ, ɤȼȺ 

                         2 2
S P Q  ,                       (3) 

ɞɟ P - ɩɨɡɞɨɜɠɧɚ ɫɤɥɚɞɨɜɚ ɟɧɟɪɝɿʀ ɟɥɟɤɬɪɨ-
ɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ ȿȿɋ – ɚɤɬɢɜɧɚ ɟɥɟɤɬɪɨɟɧɟɪ-
ɝɿɹ, ɹɤɚ ɩɟɪɟɞɚєɬɶɫɹ, ɡɚɜɠɞɢ, ɬɿɥɶɤɢ ɞɨ ɫɩɨ-
ɠɢɜɚɱɿɜ (ɧɚ ɪɢɫ.2 ɧɟɡɦɿɧɧɟ – ɞɿɸɱɟ ɡɧɚɱɟɧɧɹ, 
ɤȼɬ; Q  - ɩɨɩɟɪɟɱɧɚ (ɞɨ ɧɚɩɪɹɦɤɭ ɩɟɪɟɞɚɱɿ 
ɚɤɬɢɜɧɨʀ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ) ɫɤɥɚɞɨɜɚ ɟɧɟɪɝɿʀ 
ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ ȿȿɋ – ɪɟɚɤɬɢɜɧɚ 
ɟɥɟɤɬɪɨɟɧɟɪɝɿɹ, ɹɤɚ ɩɟɪɟɞɚєɬɶɫɹ, ɡɚɜɠɞɢ, 
ɬɿɥɶɤɢ ɭ ɫɟɪɟɞɢɧɭ ɫɬɪɭɦɨɜɟɞɭɱɢɯ ɱɚɫɬɢɧ ɫɢ-
ɫɬɟɦɢ (ɧɚ ɪɢɫ.2 ɡɦɿɧɸєɬɶɫɹ ɡ ɩɨɞɜɿɣɧɨɸ ɱɚɫ-
ɬɨɬɨɸ ɜɿɞ ɧɭɥɹ ɞɨ ɚɦɩɥɿɬɭɞɧɨɝɨ ɡɧɚɱɟɧɧɹ), 
ɤɜɚɪ. 

Ɋɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɧɹ. əɤ ɛɭɥɨ ɞɨɜɟ-
ɞɟɧɨ ɜɢɳɟ, ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɟɥɟɤɬɪɨɦɚɝ-
ɧɿɬɧɨɝɨ ɩɨɥɹ ɡɚ ɮɨɪɦɭɥɨɸ (2) ɦɚє ɩɨɯɢɛɤɭ, 
ɨɛɭɦɨɜɥɟɧɭ ɡɚɦɿɧɨɸ ɮɿɡɢɱɧɨɝɨ ɩɪɨɰɟɫɭ ɿɫ-
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ɧɭɜɚɧɧɹ ɣɨɝɨ ɦɚɬɟɦɚɬɢɱɧɢɦ ɨɩɢɫɨɦ. 
Ɂɜɚɠɚɸɱɢ ɧɚ ɬɟ, ɳɨ ɥɿɜɚ ɱɚɫɬɢɧɚ ɪɿɜɧɹɧɧɹ (2) 
– ɫɢɧɭɫɨʀɞɚ, ɚ ɩɪɚɜɚ є ɩɟɪɟɬɜɨɪɟɧɨɸ ɤɨɫɢɧɭ-
ɫɨʀɞɨɸ, ɣɨɝɨ ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɭ ɜɢɝɥɹɞɿ 
ɮɭɧɤɰɿʀ  sin cosx f x . Ɍɚɤɭ ɡɚɥɟɠɧɿɫɬɶ, 
ɩɨɛɭɞɨɜɚɧɨ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɚɬɟɦɚɬɢɱɧɨɝɨ 
ɫɟɪɟɞɨɜɢɳɚ MATCHCAD ɿ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 
ɪɢɫ.2. 
 

 
Ɋɢɫ.2. Ɋɟɚɥɶɧɨ-ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ 

            ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ ȿȿɋ 
 

Ɂɚ ɬɚɤɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɟɥɟɤɬɪɨɦɚɝɧɿɬ-
ɧɨɝɨ ɩɨɥɹ ȿȿɋ ɿ ɋȿɉ ɤɨɧɤɪɟɬɧɨɝɨ ɫɩɨɠɢɜɚ-
ɱɚ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɦɨɠɧɚ ɜɢɡɧɚɱɚɬɢ: 

Ⱥɦɩɥɿɬɭɞɧɟ ɡɧɚɱɟɧɧɹ ɩɨɜɧɨʀ ɣɨɝɨ ɩɨɬɭ-
ɠɧɨɫɬɿ, ɤȼȺ 

 

                  2 2

P P P
S P Q  ,                      (4)  

 

ɞɟ 
P

P - ɫɟɪɟɞɧɶɨ ɜɢɜɚɠɟɧɟ ɡɧɚɱɟɧɧɹ ɚɤɬɢɜɧɨʀ 
ɩɨɬɭɠɧɨɫɬɿ ɫɩɨɠɢɜɚɱɚ ɜɢɡɧɚɱɟɧɟ ɡɚ ɞɚɧɢɦɢ 
ɤɨɦɟɪɰɿɣɧɨɝɨ ɨɛɥɿɤɭ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɭ ɪɨɡɪɚ-
ɯɭɧɤɨɜɨɦɭ ɩɟɪɿɨɞɿ, ɤȼɬ; 

P
Q  - ɫɟɪɟɞɧɶɨ ɜɢɜɚ-

ɠɟɧɟ ɡɧɚɱɟɧɧɹ ɪɟɚɤɬɢɜɧɨʀ ɩɨɬɭɠɧɨɫɬɿ ɫɩɨ-
ɠɢɜɚɱɚ ɜɢɡɧɚɱɟɧɟ ɡɚ ɞɚɧɢɦɢ ɤɨɦɟɪɰɿɣɧɨɝɨ 
ɨɛɥɿɤɭ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɭ ɪɨɡɪɚɯɭɧɤɨɜɨɦɭ ɩɟ-
ɪɿɨɞɿ, ɤɜɚɪ. 

ɉɪɢ ɰɶɨɦɭ, ɭ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɩɚɪɚɦɟɬɪɿɜ 
ɫɤɥɚɞɨɜɢɯ ɟɧɟɪɝɿʀ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ 
ȿȿɋ, ɦɨɠɧɚ ɪɨɡɝɥɹɞɚɬɢ ɱɨɬɢɪɢ ɤɜɚɞɪɚɧɬɢ 
ɦɨɞɟɥɿ ɣɨɝɨ ɿɫɧɭɜɚɧɧɹ. Ɉɱɟɜɢɞɧɨ, ɤɜɚɞɪɚɧɬɢ 
1 ɬɚ 2 ɜɿɞɩɨɜɿɞɚɸɬɶ ɪɟɠɢɦɭ ɩɟɪɟɞɚɜɚɧɧɹ 
ɟɧɟɪɝɿʀ ɫɩɨɠɢɜɚɱɟɜɿ (ɚɤɬɢɜɧɚ ɫɤɥɚɞɨɜɚ ɩɨɥɹ 
ɩɨɡɢɬɢɜɧɚ), ɚ ɤɜɚɞɪɚɧɬɢ 3 ɬɚ 4 – ɪɟɠɢɦɭ ɝɟ-
ɧɟɪɚɰɿʀ (ɚɤɬɢɜɧɚ ɫɤɥɚɞɨɜɚ ɩɨɥɹ ɧɟɝɚɬɢɜɧɚ).  

əɤ ɜɿɞɨɦɨ, ɬɚɤɟ ɜɿɞɩɨɜɿɞɚє ɪɟɠɢɦɭ ɟɧɟɪ-
ɝɿʀ ɪɟɚɥɶɧɨʀ ɩɪɭɠɢɧɢ: ɩɪɭɠɢɧɭ ɪɨɡɬɹɝɧɟɧɨ – 

ɟɧɟɪɝɿɹ ɜɜɚɠɚєɬɶɫɹ ɫɩɨɠɢɬɨɸ, ʀʀ ɫɬɢɫɧɟɧɨ – 

ɟɧɟɪɝɿɹ є ɡɝɟɧɟɪɨɜɚɧɨɸ. əɤ ɛɭɥɨ ɞɨɜɟɞɟɧɨ ɜ 
Д4Ж, ɭɦɨɜɧɭ ɩɪɭɠɢɧɭ ɞɿɟɥɟɤɬɪɢɱɧɨɝɨ ɫɟɪɟɞɨ-
ɜɢɳɚ ȿȿɋ ɨɞɧɨɱɚɫɧɨ ɫɬɢɫɤɚє ɧɚɩɪɭɝɚ ɫɬɪɭ-
ɦɨɜɟɞɭɱɢɯ ɱɚɫɬɢɧ ɫɢɫɬɟɦɢ, ɿ ɪɨɡɬɹɝɭє ɫɬɪɭɦ 
ʀɯ ɩɪɨɜɿɞɧɨɫɬɿ. 

Ɂɚɡɜɢɱɚɣ, ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ ɩɪɚɰɸɸɬɶ ɡ 
ɜɿɞɫɬɚɸɱɢɦ ɜɿɞ ɧɚɩɪɭɝɢ ʀɯ ɫɬɪɭɦɨɜɟɞɭɱɢɯ 
ɱɚɫɬɢɧ ɫɬɪɭɦɨɦ ɩɪɨɜɿɞɧɨɫɬɿ, ɳɨ ɜɿɞɩɨɜɿɞɚє 
ɪɟɠɢɦɭ ɤɜɚɞɪɚɧɬɚ 1 ɦɨɞɟɥɿ ɪɢɫ.2. 

ɇɚ ɪɢɫ.3 ɧɚɜɟɞɟɧɨ ɪɟɚɥɶɧɨ-ɦɚɬɟɦɚɬɢɱɧɭ 
ɦɨɞɟɥɶ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ ɟɥɟɤɬɪɨɩɟ-
ɪɟɞɚɱɿ ɞɨ ɋȿɉ ɤɨɧɤɪɟɬɧɨɝɨ ɫɩɨɠɢɜɚɱɚ ɟɥɟɤ-
ɬɪɨɟɧɟɪɝɿʀ. 

 

 
Ɋɢɫ.3. Ɇɨɞɟɥɶ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ 

                     ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ 
 

Ⱦɿɸɱɟ ɡɧɚɱɟɧɧɹ ɩɨɜɧɨʀ ɣɨɝɨ ɩɨɬɭɠɧɨɫɬɿ, 
ɤȼȺ                  

 

  2
2 2 22 2Ⱦ P P P PS P Q P Q        (5) 

 

Ɂɜɚɠɚɸɱɢ ɧɚ ɬɟ, ɳɨ ɩɪɨɜɿɞɧɟ ɫɟɪɟɞɨɜɢ-
ɳɟ ɧɟ є ɩɪɭɠɧɢɦ – ɭ ɧɶɨɦɭ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨ-
ɝɨ ɩɨɥɹ, ɮɿɡɢɱɧɨ ɛɭɬɢ ɧɟ ɦɨɠɟ, [2]. Ⱥɥɟ, ɱɟɪɡ 
ɹɜɢɳɟ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨʀ ɿɧɞɭɤɰɿʀ ɭ ɧɶɨɦɭ 
ɫɬɜɨɪɸєɬɶɫɹ ɟɥɟɤɬɪɨɪɭɲɿɣɧɚ ɫɢɥɚ ɫɚɦɨɿɧɞɭ-
ɤɰɿʀ ȿɊɋ), ɹɤɚ ɭɬɜɨɪɸє ɫɬɪɭɦ ɫɚɦɨɿɧɞɭɤɰɿʀ – 

ɪɟɚɤɬɢɜɧɢɣ ɫɬɪɭɦ, ɹɤ ɪɟɚɤɰɿɸ ɟɥɟɤɬɪɢɱɧɨɝɨ 
ɤɨɥɚ ɧɚ ɜɥɚɫɧɟ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɟ ɩɨɥɟ. ɋɚɦɟ 
ɬɨɦɭ ɩɨɩɟɪɟɱɧɚ ɫɤɥɚɞɨɜɚ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ 
ɩɨɥɹ ȿȿɋ ɨɞɟɪɠɚɥɚ ɧɚɡɜɭ ɪɟɚɤɬɢɜɧɨʀ ɟɧɟɪɝɿʀ.    

əɤ ɜɿɞɨɦɨ, ɜɟɥɢɱɢɧɚ ȿɊɋ ɜɢɡɧɚɱɚєɬɶɫɹ 
ɡɚ ɜɿɞɨɦɨɸ ɮɨɪɦɭɥɨɸ, ɨɞ. 

 

                    
i

E L
t


 


,                         (6) 

 

ɞɟ L  - ɿɧɞɭɤɬɢɜɧɿɫɬɶ ɟɥɟɤɬɪɢɱɧɨɝɨ ɤɨɥɚ 
ɫɬɪɭɦɭ ɩɪɨɜɿɞɧɨɫɬɿ ɫɬɪɭɦɨɜɟɞɭɱɢɯ ɱɚɫɬɢɧ 
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ȿȿɋ, ɹɤ ɜɥɚɫɬɢɜɨɫɬɿ, ɹɤɨʀ ɜɨɧɢ ɧɚɛɭɜɚɸɬɶ 
ɱɟɪɟɡ ɦɨɠɥɢɜɿɫɬɶ ɪɭɯɭ ʀɯ ɜɿɥɶɧɢɯ ɟɥɟɤɬɪɨɧɿɜ, 
ɳɨ ɫɬɜɨɪɸɸɬɶ ɫɬɪɭɦ ɩɪɨɜɿɞɧɨɫɬɿ, ɡɚ ɫɩɿɪɚ-
ɥɶɧɨɸ ɬɪɚєɤɬɨɪɿєɸ, Ƚɧ; i t   - ɲɜɢɞɤɿɫɬɶ 
ɪɭɯɭ ɜɿɥɶɧɢɯ ɟɥɟɤɬɪɨɧɿɜ, ɹɤɚ ɜɢɡɧɚɱɚєɬɶɫɹ ʀɯ 
ɤɭɬɨɜɨɸ ɲɜɢɞɤɿɫɬɸ, ɹɤɚ ɜɢɡɧɚɱɚєɬɶɫɹ ɜɿɞɨ-
ɦɨɸ ɮɨɪɦɭɥɨɸ, 1/ɫ 

 

                         2 f  ,                         (7) 

 

ɞɟ f - ɱɚɫɬɨɬɚ ɡɦɿɧɢ ɧɚɩɪɭɝɢ ɡɚ ɫɢɧɭɫɨʀɞɚɥɶ-
ɧɨɸ ɤɪɢɜɨɸ, Ƚɰ. 

Ɂɚ ɫɬɪɭɦɭ ɿɧɞɭɤɬɢɜɧɨɝɨ ɯɚɪɚɤɬɟɪɭ (ɜɿɧ 
ɜɿɞɫɬɚє ɡɚ ɮɚɡɨɸ ɜɿɞ ɧɚɩɪɭɝɢ) ȿɊɋ ɦɚє ɧɟɝɚ-
ɬɢɜɧɢɣ ɯɚɪɚɤɬɟɪ ɿ ɧɚɡɢɜɚєɬɶɫɹ ɜɬɪɚɬɨɸ ɧɚ-
ɩɪɭɝɢ, ɹɤɭ ɜɢɡɧɚɱɚɸɬɶ ɡɚ ɜɿɞɨɦɨɸ ɮɨɪɦɭ-
ɥɨɸ, ȼ 

 

            
L L L

U E L I X I         ,          (8) 

 

ɞɟ 
L

X - ɭɦɨɜɧɢɣ ɪɟɚɤɬɢɜɧɢɣ ɨɩɿɪ ɫɬɪɭɦɨɜɟ-
ɞɭɱɢɯ ɱɚɫɬɢɧ ȿȿɋ, Ɉɦ; 

L
I - ɞɿɸɱɟ ɡɧɚɱɟɧɧɹ 

ɫɬɪɭɦɭ ɩɪɨɜɿɞɧɨɫɬɿ ɫɬɪɭɦɨɜɟɞɭɱɢɯ ɱɚɫɬɢɧ 
ȿȿɋ, ɳɨ ɜɿɞɫɬɚє ɡɚ ɮɚɡɨɸ ɜɿɞ ɧɚɪɭɝɢ, Ⱥ. 

ɉɪɢ ɰɶɨɦɭ, ɡɚɝɚɥɶɧɚ ɜɬɪɚɬɚ ɧɚɩɪɭɝɢ ɟɥɟ-
ɤɬɪɨɩɟɪɟɞɚɱɿ ɜɿɞ ɩɨɬɭɠɧɨɫɬɿ ʀʀ ɩɨɜɧɨɝɨ ɧɚɜɚ-
ɧɬɚɠɟɧɧɹ ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ ɜɿɞɨɦɨɸ ɮɨɪɦɭ-
ɥɨɸ, ɤȼ 

 

               310
P E Ⱦ E

HOM

P R Q X
U

U

  
   ,           (9) 

 

ɞɟ 
P ȾP P  - ɪɨɡɪɚɯɭɧɤɨɜɚ ɚɤɬɢɜɧɚ ɩɨɬɭɠ-

ɧɿɫɬɶ ɟɥɟɤɬɪɨɩɟɪɟɞɚɱ, ɤȼɬ; / 2Ⱦ PQ Q  - 

ɞɿɸɱɟ ɡɧɚɱɟɧɧɹ ɪɟɚɤɬɢɜɧɨʀ ɩɨɬɭɠɧɨɫɬɿ ɟɥɟɤ-
ɬɪɨɩɟɪɟɞɚɱɿ, ɤɜɚɪ; 

E
R  - ɟɤɜɿɜɚɥɟɧɬɧɢɣ ɚɤɬɢɜ-

ɧɢɣ ɨɩɿɪ ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ, ɩɪɢɜɟɞɟɧɢɣ ɞɨ ʀʀ 
ɧɨɦɿɧɚɥɶɧɨʀ ɧɚɩɪɭɝɢ, Ɉɦ; E

X  - ɟɤɜɿɜɚɥɟɧɬ-
ɧɢɣ ɪɟɚɤɬɢɜɧɢɣ ɨɩɿɪ ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ, ɩɪɢ-
ɜɟɞɟɧɢɣ ɞɨ ʀʀ ɧɨɦɿɧɚɥɶɧɨʀ ɧɚɩɪɭɝɢ, Ɉɦ. 

Ɋɿɜɧɹɧɧɹ (9) ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɭ ɜɢ-
ɝɥɹɞɿ, ɤȼ  

 

  

33 1010 Ⱦ EP E

HOM HOM

Q XP R
U

U U

 
       

         A P
U U   ,                               (10) 

ɞɟ 
A

U  - ɜɬɪɚɬɢ ɧɚɩɪɭɝɢ ɫɬɪɭɦɨɜɟɞɭɱɢɯ ɱɚɫ-
ɬɢɧ ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ ɬɿɥɶɤɢ ɜɿɞ ʀʀ ɚɤɬɢɜɧɨɝɨ 
ɧɚɜɚɧɬɚɠɟɧɧɹ, ɤȼ; 

P
U  - ɜɬɪɚɬɢ ɧɚɩɪɭɝɢ 

ɫɬɪɭɦɨɜɟɞɭɱɢɯ ɱɚɫɬɢɧ ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ ɬɿɥɶ-
ɤɢ ɜɿɞ ʀʀ ɪɟɚɤɬɢɜɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ, ɤȼ. 

ɉɪɢɣɦɚɸɱɢ ɡɚ ɭɦɨɜɧɭ ɨɞɢɧɢɰɸ 
A

U , 

ɮɨɪɦɭɥɭ (10) ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɭ ɜɢɝɥɹɞɿ, 
ɜ.ɨ. 

* 1A P E
Ⱦ

A A T

U U X
U tg

U U R
 

      
 

 

                 1
M Ⱦɚ tР   ,                             (11) 

 

ɞɟ 
M

a  - ɯɚɪɚɤɬɟɪɢɫɬɢɱɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɟɥɟɤɬ-
ɪɨɩɟɪɟɞɚɱɿ, ɹɤɢɣ ɜɢɡɧɚɱɚєɬɶɫɹ ɜ [5] ɞɥɹ ʀʀ ɬɢ-
ɩɨɜɢɯ ɫɯɟɦ, ɜ.ɨ.; Ⱦtg  - ɞɿɸɱɟ ɡɧɚɱɟɧɧɹ ɫɟ-
ɪɟɞɧɶɨ ɜɢɜɚɠɟɧɨʀ, ɭ ɪɨɡɪɚɯɭɧɤɨɜɨɦɭ ɩɟɪɿɨɞɿ, 
ɜɟɥɢɱɢɧɢ ɤɨɟɮɿɰɿєɧɬɚ ɪɟɚɤɬɢɜɧɨɝɨ ɧɚɜɚɧɬɚ-
ɠɟɧɧɹ ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ, ɳɨ ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ 
ɮɨɪɦɭɥɨɸ ɜ.ɨ. 

                       
2

P
Ⱦ

P

WQ
tg

WP
 


;                   (12) 

 

P
WP  - ɜɢɬɨɤ ɚɤɬɢɜɧɨʀ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɟɥɟɤɬ-
ɪɨɩɟɪɟɞɚɱɿ ɭ ɪɨɡɪɚɯɭɧɤɨɜɨɦɭ ɩɟɪɿɨɞɿ, ɡɚɮɿɤ-
ɫɨɜɚɧɨɝɨ ɤɨɦɟɪɰɿɣɧɢɦ ɨɛɥɿɤɨɦ ɟɥɟɤɬɪɨɟɧɟɪ-
ɝɿʀ ɤȼɬ∙ɝ; 

P
WQ  - ɜɢɬɨɤ ɪɟɚɤɬɢɜɧɨʀ ɟɥɟɤɬɪɨɟ-

ɧɟɪɝɿʀ ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ ɭ ɪɨɡɪɚɯɭɧɤɨɜɨɦɭ ɩɟ-
ɪɿɨɞɿ, ɡɚɮɿɤɫɨɜɚɧɨɝɨ ɤɨɦɟɪɰɿɣɧɢɦ ɨɛɥɿɤɨɦ 
ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɤɜɚɪ∙ɝ. 

Ƚɪɚɮɿɱɧɨ, ɡɚɥɟɠɧɿɫɬɶ ɡɚ ɮɨɪɦɭɥɨɸ (11) 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ.4. 

 

 

Ɋɢɫ.4. Ɂɚɥɟɠɧɿɫɬɶ  *

ȾU f tg  : 

 

1 – 6HOMU   ɤȼ; 2 – 10HOMU   ɤȼ; 
       3 – 35HOMU   ɤȼ; 4 – 110HOMU   ɤȼ 
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ȼɿɞɨɦɨ, ɳɨ ɜɬɪɚɬɢ ɚɤɬɢɜɧɨʀ ɩɨɬɭɠɧɨɫɬɿ 
ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ ɜɢɡɧɚɱɚɸɬɶɫɹ ɡɚ ɜɿɞɨɦɨɸ 
ɮɨɪɦɭɥɨɸ, ɤȼɬ 

 
2 2 2

3 3

2 2
10 10

P Ⱦ P E
E

HOM HOM

P Q P R
P R

U U

  
        

             
2

3

2
10

Ⱦ E
A P

HOM

Q R
P P

U


     ,                  (13) 

 

ɞɟ 
A

P  - ɜɬɪɚɬɢ ɚɤɬɢɜɧɨʀ ɩɨɬɭɠɧɨɫɬɿ ɜ ɫɬɪɭ-
ɦɨɜɟɞɭɱɢɯ ɱɚɫɬɢɧ ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ ɬɿɥɶɤɢ ɜɿɞ 
ʀʀ ɚɤɬɢɜɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ, ɤȼɬ; 

P
P  - ɜɬɪɚɬɢ 

ɚɤɬɢɜɧɨʀ ɩɨɬɭɠɧɨɫɬɿ ɜ ɫɬɪɭɦɨɜɟɞɭɱɢɯ ɱɚɫɬɢɧ 
ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ ɬɿɥɶɤɢ ɜɿɞ ʀʀ ɪɟɚɤɬɢɜɧɨɝɨ ɧɚ-
ɜɚɧɬɚɠɟɧɧɹ, ɤȼɬ. 

ɉɪɢɣɦɚɸɱɢ ɡɚ ɭɦɨɜɧɭ ɨɞɢɧɢɰɸ 
A

P , 

ɮɨɪɦɭɥɭ (12) ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɭ ɜɢɝɥɹɞɿ, 
ɜ.ɨ. 

 

    

2

* 2

2
1 1

ȾA P
Ⱦ

A A P

QP P
P tg

P P P
 

      
 

.     (14) 

 

Ƚɪɚɮɿɱɧɨ, ɡɚɥɟɠɧɿɫɬɶ ɡɚ ɮɨɪɦɭɥɨɸ (14), 
ɭ ɩɪɨɰɟɧɬɚɯ ɜɿɞ 

P
P , ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ.5. 

 

Ɋɢɫ.5. Ɂɚɥɟɠɧɿɫɬɶ  *

ȾP f tg   

 

Ɉɫɤɿɥɶɤɢ ɫɩɨɠɢɜɚɱɚɦ ɩɟɪɟɞɚєɬɶɫɹ ɬɿɥɶɤɢ 
ɚɤɬɢɜɧɚ ɫɤɥɚɞɨɜɚ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ, ɬɨ ɦɨɠɧɚ 
ɜɜɚɠɚɬɢ, ɳɨ ɩɪɨɩɭɫɤɧɚ ɫɩɪɨɦɨɠɧɿɫɬɶ ɛɭɞɶ-

ɹɤɨʀ ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɪɨɡ-
ɪɚɯɭɧɤɨɜɢɦ ɡɧɚɱɟɧɧɹɦ ʀʀ ɚɤɬɢɜɧɨɝɨ ɧɚɜɚɧɬɚ-
ɠɟɧɧɹ. Ɂɜɚɠɚɸɱɢ ɧɚ ɮɨɪɦɭɥɭ (5), ɞɿɸɱɟ ɡɧɚ-
ɱɟɧɧɹ ɩɨɜɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɟɥɟɤɬɪɨɩɟɪɟɞɚ-
ɱɿ ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɭ ɜɢɝɥɹɞɿ, ɤȼȺ 

 

           2 2 21Ⱦ P Ⱦ P ȾS P Q P tg     .       (15) 

ɉɪɢɣɦɚɸɱɢ ɡɚ ɭɦɨɜɧɭ ɨɞɢɧɢɰɸ ɡɧɚɱɟɧ-
ɧɹ 

P
P , ɪɿɜɧɹɧɧɹ (15) ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɭ 

ɜɿɞɧɨɫɧɢɯ ɨɞɢɧɢɰɹɯ, ɜ.ɨ. 

                  * 21
Ⱦ

Ⱦ
P

S
S tg

P
   .                 (16) 

 

ɉɪɢ ɰɶɨɦɭ, ɡɦɟɧɲɟɧɧɹ ɩɪɨɩɭɫɤɧɨʀ 
ɫɩɪɨɦɨɠɧɨɫɬɿ ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ ɜɿɞ ʀʀ ɪɟɚɤɬɢ-
ɜɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɩɪɟɞɫɬɚɜɥɹєɬɶɫɹ ɭ ɜɢ-
ɝɥɹɞɿ, ɜ.ɨ. 
                   * 21 1 ȾS tg    .                   (17) 

Ƚɪɚɮɿɱɧɨ, ɡɚɥɟɠɧɿɫɬɶ ɡɚ ɮɨɪɦɭɥɨɸ (17), 
ɭ ɩɪɨɰɟɧɬɚɯ ɜɿɞ ȾS , ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ.6. 

 
 

 

Ɋɢɫ.6. Ɂɚɥɟɠɧɿɫɬɶ  *

ȾS f tg   

 

Ɂɜɚɠɚɸɱɢ ɧɚ ɟɤɨɧɨɦɿɱɧɢɣ ɡɛɢɬɨɤ ɜɿɞ ɪɟ-

ɚɤɬɢɜɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ȿȿɋ ɛɭɞɶ-ɹɤɨɝɨ ɪɿ-
ɜɧɹ ɭ ɧɨɪɦɚɬɢɜɧɨɦɭ ɞɨɤɭɦɟɧɬɿ [6], ɳɨ ɞɿє 
ɫɶɨɝɨɞɧɿ ɜ ɍɤɪɚʀɧɿ, ɜɫɬɚɧɨɜɥɟɧɨ ɞɿɸɱɟ ɧɨɪ-

ɦɚɬɢɜɧɟ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ ɪɟɚɤɬɢɜɧɨɝɨ 
ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɪɿɜɧɿ 0,25

H
tg   ɜ.ɨ. 

Ɉɱɟɜɢɞɧɨ, ɳɨ ɡɚɝɚɥɶɧɢɣ ɜɩɥɢɜ ɪɟɚɤɬɢɜ-
ɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ ɧɚ ʀʀ 
ɟɤɨɧɨɦɿɱɧɿɫɬɶ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɡɚ ɮɨɪɦɭ-
ɥɨɸ, ɜ.ɨ. 
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a tg tg tg

  

  

    


    
.     (18) 

 

Ɉɱɟɜɢɞɧɨ, ɳɨ ɡɚɝɚɥɶɧɭ ɜɚɪɬɿɫɬɶ ɡɛɢɬɤɭ 
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ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ ɜɿɞ ʀʀ ɪɟɚɤɬɢɜɧɨɝɨ ɧɚɜɚɧɬɚ-
ɠɟɧɧɹ, ɭ ɝɪɨɲɨɜɨɦɭ ɟɤɜɿɜɚɥɟɧɬɿ ɦɨɠɧɚ ɜɢ-
ɡɧɚɱɢɬɢ ɿɡ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ 

                      1

q

q

CeP K

Ceq K

 


  
,                     (19) 

 

ɞɟ CeP - ɜɚɪɬɿɫɬɶ ɫɩɨɠɢɬɨʀ ɭ ɪɨɡɪɚɯɭɧɤɨɜɨɦɭ 
ɩɟɪɿɨɞɿ, ɡɚ ɤɨɦɟɪɰɿɣɧɢɦ ɨɛɥɿɤɨɦ, ɚɤɬɢɜɧɨ 
ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ, ɝɪɧ.;Ceq  - ɩɪɢɯɨɜɚɧɚ ɜɚɪ-
ɬɿɫɬɶ ɟɤɨɧɨɦɿɱɧɨɝɨ ɡɛɢɬɤɭ ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ 
ɜɿɞ ʀʀ ɪɟɚɤɬɢɜɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ, ɳɨ ɜɢɡɧɚ-
ɱɚєɬɶɫɹ ɿɡ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ (19), ɝɪɧ.  
 

                
 1

q

q

K
Ceq CeP

K


  .                    (20) 

 

Ɇɟɬɨɞɢɤɭ ɜɢɡɧɚɱɟɧɧɹ ɡɛɢɬɤɭ ɜɿɞ ɧɚɞɥɢ-
ɲɤɨɜɨɝɨ ɪɟɚɤɬɢɜɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɋȿɉ 
ɤɨɧɤɪɟɬɧɨɝɨ ɫɩɨɠɢɜɚɱɚ ɩɟɪɟɜɿɪɢɦɨ ɧɚ ɩɪɢɤ-
ɥɚɞɿ, ɹɤɚ ɩɟɪɟɞɛɚɱɚє ɣɨɝɨ ɠɢɜɥɟɧɧɹ ɜɿɞ ɫɢɫ-
ɬɟɦɧɨʀ ɩɿɞɫɬɚɧɰɿʀ 110/6 ɤȼ. 

ȼɢɯɿɞɧɿ ɞɚɧɿ ɋȿɉ ɭ ɪɨɡɪɚɯɭɧɤɨɜɨɦɭ ɩɟ-
ɪɿɨɞɿ – ɜɟɪɟɫɟɧɶ 2015 ɪ.: 

1. ȼɢɬɨɤ ɚɤɬɢɜɧɨʀ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ 
 

26273
P

WP   ɤȼɬ∙ɝ. 
2. ȼɚɪɬɿɫɬɶ ɫɩɨɠɢɬɨʀ ɚɤɬɢɜɧɨʀ ɟɥɟɤɬɪɨ-

ɟɧɟɪɝɿʀ 
39462,05CeP   ɝɪɧ. 

3. ȼɢɬɨɤ ɪɟɚɤɬɢɜɧɨʀ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ 
 

11656
P

WQ   ɤɜɚɪ∙ɝ. 
 

4. ɉɥɚɬɚ ɡɚ ɪɟɚɤɬɢɜɧɭ ɟɥɟɤɬɪɨɟɧɟɪɝɿɸ 

 

710,81CeQ   ɝɪɧ. 
 

5. ɏɚɪɚɤɬɟɪɢɫɬɢɱɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɟɥɟɤɬ-
ɪɨɩɟɪɟɞɚɱɿ, ɡɚ ɞɚɧɢɦɢ ɬɚɛɥ.1. ɡ [5] 

 

2,5922
M

a   ɜ.ɨ. 
 

6. ɇɨɪɦɚɬɢɜɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɪɟɚɤɬɢɜɧɨʀ 
ɩɨɬɭɠɧɨɫɬɿ ɫɩɨɠɢɜɚɱɚ, ɡɚ ɞɚɧɢɦɢ [6] 

 

0,25
H

tg   ɜ.ɨ. 
 

Ɇɟɬɨɞɢɤɚ ɪɨɡɪɚɯɭɧɤɭ: 
1. Ɂɚ ɮɨɪɦɭɥɨɸ (12) ɜɢɡɧɚɱɚєɬɶɫɹ ɞɿɸɱɟ 

ɡɧɚɱɟɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ ɪɟɚɤ-
ɬɢɜɧɨʀ ɩɨɬɭɠɧɨɫɬɿ ɫɩɨɠɢɜɚɱɚ 
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2. Ɂɚ ɮɨɪɦɭɥɨɸ (18) ɜɢɡɧɚɱɚєɬɶɫɹ ɟɤɨ-
ɧɨɦɿɱɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɜɩɥɢɜɭ ɪɟɚɤɬɢɜɧɨɝɨ ɧɚ-
ɜɚɧɬɚɠɟɧɧɹ ɫɩɨɠɢɜɚɱɚ 
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2. Ɂɚ ɮɨɪɦɭɥɨɸ (20) ɜɢɡɧɚɱɚєɬɶɫɹ ɡɛɢɬɨɤ 
ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ ɜɿɞ ɪɟɚɤɬɢɜɧɨɝɨ ɧɚɜɚɧ-
ɬɚɠɟɧɧɹ ɋȿɉ ɫɩɨɠɢɜɚɱɚ ɭ ɪɨɡɪɚɯɭɧɤɨ-
ɜɨɦɭ ɩɟɪɿɨɞɿ 

3. 
 1

q

q

K
Ceq CeP

K


    

        
 1,0583 1

39462,05 2173,90
1,0583


    ɝɪɧ. 

 

 

 

 

4. ɇɟɞɨɩɥɚɬɚ ɫɩɨɠɢɜɚɱɚ ɡɚ ɡɛɢɬɨɤ ɟɥɟɤɬɪɨ-
ɩɟɪɟɞɚɱɿ ɜɿɞ ɪɟɚɤɬɢɜɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ  
ɋȿɉ ɫɩɨɠɢɜɚɱɚ ɭ ɪɨɡɪɚɯɭɧɤɨɜɨɦɭ ɩɟɪɿɨ-
ɞɿ 

  

Ceq Ceq CeQ     

2173,90 710,81 1463,09    ɝɪɧ. 
 

Ɉɱɟɜɢɞɧɨ, ɳɨ ɜɟɥɢɱɢɧɚ Ceq  ɰɟ ɜɚɪ- 

ɬɿɫɬɶ ɦɚɪɧɨ ɜɢɬɪɚɱɟɧɢɯ ɟɧɟɪɝɨɪɟɫɭɪɫɿɜ, ɹɤɿ 
ɞɥɹ ɞɟɪɠɚɜɢ ɦɚɸɬɶ ɫɬɪɚɬɟɝɿɱɧɟ ɡɧɚɱɟɧɧɹ.
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ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ 
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ȼɢɫɧɨɜɤɢ. ɉɨɜɧɚ ɟɧɟɪɝɿɹ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ 
ɩɨɥɹ ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɢɱɧɨʀ ɫɢɫɬɟɦɢ ɰɟ ɯɜɢɥɹ 
ɟɧɟɪɝɿʀ ɩɨɥɹɪɢɡɚɰɿʀ ɟɥɟɤɬɪɢɱɧɨ ɩɪɭɠɧɨɝɨ ɞɿ-
ɟɥɟɤɬɪɢɱɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ, ɹɤɟ ɨɬɨɱɭє ɭɫɿ ʀʀ 
ɫɬɪɭɦɨɜɟɞɭɱɿ ɱɚɫɬɢɧɢ ɨɞɧɨɱɚɫɧɨɸ ɞɿєɸ ɧɚ 
ɧɶɨɝɨ ɧɚɩɪɭɝɢ ɿ ɫɬɪɭɦɭ ɩɪɨɜɿɞɧɨɫɬɿ ɡɝɚɞɚɧɢɯ 
ɱɚɫɬɢɧ, ɳɨ ɛɿɠɢɬɶ ɜɿɞ ɝɟɧɟɪɚɬɨɪɿɜ ɟɥɟɤɬɪɨ- 

ɫɬɚɧɰɿɣ ɫɢɫɬɟɦɢ ɞɨ ɟɥɟɤɬɪɨɩɪɢɣɦɚɱɿɜ ɫɩɨ-
ɠɢɜɚɱɿɜ, ɡɦɿɧɸɸɱɢɫɶ ɭ ɩɨɩɟɪɟɱɧɨɦɭ ɧɚɩɪɹ-
ɦɤɭ ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ ɜɿɞ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚ-
ɱɟɧɧɹ ɞɨ ɡɧɚɱɟɧɧɹ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɡɧɚɱɟɧɧɸ ʀʀ 
ɫɤɥɚɞɨɜɨʀ ɭ ɩɨɡɞɨɜɠɧɶɨɦɭ ɧɚɩɪɹɦɤɭ (ɚɤɬɢɜ-
ɧɨʀ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ). 

əɤ ɮɿɡɢɱɧɟ ɹɜɢɳɟ, ɟɥɟɤɬɪɢɱɧɚ ɟɥɟɤɬɪɨɟ-
ɧɟɪɝɟɬɢɱɧɨʀ ɫɢɫɬɟɦɢ є ɟɧɟɪɝɿєɸ ɩɨɥɹɪɢɡɚɰɿʀ  
ʀʀ ɟɥɟɤɬɪɢɱɧɨ ɩɪɭɠɧɨɝɨ ɞɿɟɥɟɤɬɪɢɱɧɨɝɨ ɫɟ-
ɪɟɞɨɜɢɳɚ. əɤ ɬɨɜɚɪɧɚ ɩɪɨɞɭɤɰɿɹ ɟɥɟɤɬɪɨɟɧɟ-
ɪɝɟɬɢɱɧɨʀ ɫɢɫɬɟɦɢ, ɟɥɟɤɬɪɢɱɧɚ ɟɧɟɪɝɿɹ є ɪɨ-
ɛɨɬɨɸ, ɹɤɭ ɜɢɤɨɧɭɸɬɶ ɝɟɧɟɪɚɬɨɪɢ ʀʀ ɟɥɟɤɬɪɨ-
ɫɬɚɧɰɿɣ ɞɥɹ ɫɬɜɨɪɟɧɧɹ ɪɿɡɧɢɰɿ ɟɥɟɤɬɪɢɱɧɢɯ 
ɩɨɬɟɧɰɿɚɥɿɜ (ɧɚɩɪɭɝ) ɧɚ ɫɜɨʀɯ ɡɚɬɢɫɤɚɱɚɯ.  

ɇɚɩɪɭɝɭ ɦɨɠɧɚ ɜɜɚɠɚɬɢ ɩɨɬɟɧɰɿɣɧɨɸ 
ɮɨɪɦɨɸ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ, ɹɤɭ ɟɥɟɤɬɪɨɩɨɫɬɚɱɚ-
ɥɶɧɿ ɨɪɝɚɧɿɡɚɰɿʀ ɡɚ ɞɨɩɨɦɨɝɨɸ ɜɥɚɫɧɢɯ ɟɥɟɤ-
ɬɪɢɱɧɢɯ ɦɟɪɟɠ ɩɟɪɟɞɚɸɬɶ ɫɩɨɠɢɜɚɱɚɦ ɞɥɹ 
ɫɩɨɠɢɜɚɧɧɹ (ɩɟɪɟɬɜɨɪɟɧɧɹ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɯ ɩɨɥɿɜ ɟɥɟɤɬɪɨɩɪɢɣɦɚɱɿɜ ɭ 
ɿɧɲɿ ɜɢɞɢ ɟɧɟɪɝɿʀ ɞɥɹ ɜɢɤɨɧɚɧɧɹ ɩɟɜɧɨɝɨ ɜɢ-
ɞɭ ɤɨɪɢɫɧɨʀ ɪɨɛɨɬɢ). 

Ɇɟɬɨɞɢɤɚ ɜɢɡɧɚɱɟɧɧɹ ɜɩɥɢɜɭ ɪɟɚɤɬɢ-

ɜɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɫɩɨɠɢɜɚɱɿɜ ɧɚ ɟɤɨɧɨ-

ɦɿɤɭ ɟɥɟɤɬɪɨɩɟɪɟɞɚɱɿ, ɳɨ ɩɪɨɩɨɧɭєɬɶɫɹ, ɞɨ-

ɡɜɨɥɹє ɜɢɡɧɚɱɢɬɢ ɪɟɚɥɶɧɢɣ ɜɩɥɢɜ ɫɢɫɬɟɦɢ 
ɟɥɟɤɬɪɨɩɨɫɬɚɱɚɧɧɹ ɤɨɧɤɪɟɬɧɨɝɨ ɫɩɨɠɢɜɚɱɚ 
ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɜɢɤɨɪɢɫɬɚɧɧɹ 
ɟɧɟɪɝɨɪɟɫɭɪɫɿɜ ɿ ɫɩɪɢɹє ɜɢɪɿɲɟɧɧɸ ɡɚɞɚɱɿ 
ɞɟɪɠɚɜɧɨɝɨ ɡɧɚɱɟɧɧɹ – ɟɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ ɜ 
ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɢɰɿ. 
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ɫɩɟɤɰɿɹ ɡ ɟɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ. Ɇɟɬɨɞɢɤɚ ɜɢ-

ɡɧɚɱɟɧɧɹ ɧɟɪɚɰɿɨɧɚɥɶɧɨɝɨ (ɧɟɟɮɟɤɬɢɜɧɨɝɨ) 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɚɥɢɜɧɨ-ɟɧɟɪɝɟɬɢɱɧɢɯ ɪɟɫɭɪ-

ɫɿɜ [Ɍɟɤɫɬ] / – Ʉɢʀɜ, 2009. – 117 ɫ. 

 

Ɉɞɟɪɠɚɧɨ 03.11.2015 
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