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Abstract. This article discusses the theoretical analysis of the process of unloading a scraper with a 

semicircular bottom with forced unloading. The theoretical analysis allows calculating dependence of 

the soil mass change on the position of the back wall relative to the scraper bottom length and the ef-

forts that are required for unloading. 
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ȼɫɬɭɩ 

 

ɋɭɱɚɫɧɟ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ ɫɩɪɹɦɨɜɚɧɟ ɧɚ 
ɫɬɜɨɪɟɧɧɹ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɢɯ ɦɚɲɢɧ ɞɥɹ ɜɢ-

ɤɨɧɚɧɧɹ ɪɿɡɧɢɯ ɪɨɛɿɬ. Ɉɫɧɨɜɧɢɦɢ ɧɚɩɪɹɦɚɦɢ 

ɪɨɡɜɢɬɤɭ є: ɡɧɢɠɟɧɧɹ ɟɧɟɪɝɨɡɚɬɪɚɬ ɧɚ ɪɨɡ-
ɪɨɛɤɭ ʉɪɭɧɬɭ; ɡɛɿɥɶɲɟɧɧɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ; 
ɩɿɞɜɢɳɟɧɧɹ ɞɨɜɝɨɜɿɱɧɨɫɬɿ ɬɚ ɧɚɞɿɣɧɨɫɬɿ; ɪɨɡ-
ɲɢɪɟɧɧɹ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɦɨɠɥɢɜɨɫɬɟɣ ɬɚ ɿɧ.  
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Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

 

Ⱥɧɚɥɿɡɭɸɱɢ ɤɨɧɫɬɪɭɤɰɿɣɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɜɞɨɫ-
ɤɨɧɚɥɟɧɧɹ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ, ɫɥɿɞ ɜɿɞɡɧɚɱɢɬɢ 

ɬɟɧɞɟɧɰɿɸ, ɫɩɪɹɦɨɜɚɧɭ ɧɚ ɩɿɞɜɢɳɟɧɧɹ ɟɮɟɤ-
ɬɢɜɧɨɫɬɿ ɡɚɩɨɜɧɟɧɧɹ ɤɨɜɲɚ [1–6]. ɉɪɢ ɰɶɨɦɭ 

ɧɟ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɩɪɨɛɥɟɦɚ ɡ ɪɨɡɜɚɧɬɚɠɟɧɧɹ 
ʉɪɭɧɬɭ ɡ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ, ɳɨ ɬɚɤɨɠ ɜɢɦɚɝɚє 
ɞɨɞɚɬɤɨɜɢɯ ɟɧɟɪɝɨɜɢɬɪɚɬ. ɉɿɞɜɢɳɟɧɧɹ ɟɮɟɤ-
ɬɢɜɧɨɫɬɿ ɩɪɨɰɟɫɭ ɜɢɜɚɧɬɚɠɟɧɧɹ ɦɨɠɥɢɜɟ ɡɚ 
ɪɚɯɭɧɨɤ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɮɨɪɦɢ ɟɥɟɦɟɧɬɿɜ 
ɤɨɜɲɚ. 
 

Ɍɪɚɞɢɰɿɣɧɿ ɫɩɨɫɨɛɢ ɪɨɡɪɚɯɭɧɤɭ ɫɢɥ, ɹɤɿ ɞɿ-
ɸɬɶ ɩɪɢ ɪɨɡɜɚɧɬɚɠɟɧɧɿ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ, ɧɟ 
ɞɚɸɬɶ ɦɨɠɥɢɜɨɫɬɿ ɨɩɢɫɚɬɢ ɩɪɨɰɟɫ ɩɨɜɧɿɫɬɸ, 

ɚ ɥɢɲɟ ɞɨɡɜɨɥɹɸɬɶ ɪɨɡɪɚɯɭɜɚɬɢ ɦɚɤɫɢɦɚɥɶɧɟ 
ɡɭɫɢɥɥɹ, ɩɨɬɪɿɛɧɟ ɩɪɢ ɪɨɡɜɚɧɬɚɠɟɧɧɿ  
[1, 2]. Ɍɨɦɭ ɡɭɫɢɥɥɹ, ɹɤɿ ɜɢɧɢɤɚɸɬɶ ɭ ɩɪɨɰɟɫɿ 
ɪɨɡɜɚɧɬɚɠɟɧɧɹ, ɧɟ ɜɿɞɨɦɿ. 
 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ 
 

ȼɢɪɿɲɟɧɧɹ ɩɪɨɛɥɟɦɢ ɦɨɠɥɢɜɟ ɩɪɢ ɫɬɜɨɪɟɧɧɿ 
ɧɨɜɨɝɨ ɬɟɨɪɟɬɢɱɧɨɝɨ ɫɩɨɫɨɛɭ ɪɨɡɪɚɯɭɧɤɭ, 
ɹɤɢɣ ɜɪɚɯɨɜɭɜɚɬɢɦɟ ɤɿɥɶɤɿɫɬɶ ɡɚɥɢɲɤɨɜɨɝɨ 
ʉɪɭɧɬɭ ɭ ɤɨɜɲɿ ɩɪɨɬɹɝɨɦ ɭɫɶɨɝɨ ɩɟɪɿɨɞɭ ɪɨɡ-
ɜɚɧɬɚɠɟɧɧɹ. 
 

Ɂɚɞɚɱɚɦɢ ɞɨɫɥɿɞɠɟɧɧɹ є: ɪɨɡɪɨɛɤɚ ɦɚɬɟɦɚɬɢ-

ɱɧɨʀ ɦɨɞɟɥɿ ɩɪɨɰɟɫɭ ɪɨɡɜɚɧɬɚɠɟɧɧɹ ɤɨɜɲɚ 
ɫɤɪɟɩɟɪɚ. ɉɪɨɜɟɞɟɧɧɹ ɬɟɨɪɟɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ 

ɩɪɨɰɟɫɭ ɪɨɡɜɚɧɬɚɠɟɧɧɹ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ ɡ 
ɦɟɬɨɸ ɚɧɚɥɿɬɢɱɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɞɿɸɱɨɝɨ 
ɨɩɨɪɭ. Ɋɨɡɪɨɛɤɚ ɚɥɝɨɪɢɬɦɭ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ 
ɜɢɡɧɚɱɟɧɧɹ ɨɩɨɪɭ ɪɨɡɜɚɧɬɚɠɟɧɧɹ. 
 

Ⱦɨɫɥɿɞɠɟɧɧɹ ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ ɪɿɲɟɧɶ  

ɪɨɡɜɚɧɬɚɠɟɧɧɹ ʉɪɭɧɬɭ ɡ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ 
 

Ⱦɥɹ ɬɟɨɪɟɬɢɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɫɢɥ, ɹɤɿ ɜɢɧɢ-

ɤɚɸɬɶ ɩɪɢ ɪɨɡɜɚɧɬɚɠɟɧɧɿ ɤɨɜɲɚ, ɡɚ ɨɫɧɨɜɭ 

ɛɭɥɨ ɜɡɹɬɨ ɫɤɪɟɩɟɪ Ⱦ-357 ɿɡ ɩɪɢɦɭɫɨɜɨɸ ɫɢɫ-
ɬɟɦɨɸ ɪɨɡɜɚɧɬɚɠɟɧɧɹ [3–5]. 

 

Ɂɚ ɨɫɧɨɜɭ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɩɪɨɰɟɫɭ ɪɨɡɜɚɧɬɚ-
ɠɟɧɧɹ ɛɟɪɟɦɨ ɮɨɪɦɭɥɢ, ɨɬɪɢɦɚɧɿ Ⱥɪɬɟɦ’є-
ɜɢɦ Ʉ.Ɉ. [2]. 

 

ɋɢɥɚ, ɧɟɨɛɯɿɞɧɚ ɞɥɹ ɪɨɡɜɚɧɬɚɠɟɧɧɹ ʉɪɭɧɬɭ ɡ 
ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ, ɨɛɥɚɞɧɚɧɨɝɨ ɧɚɩɿɜɤɪɭɝɥɢɦ 

ɞɧɢɳɟɦ, ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ ɮɨɪɦɭɥɨɸ 

 

F = Fɞ+ Fɛ+ Fɫɬ+ Fj,  (1) 

 

ɞɟ Fɞ – ɫɢɥɚ ɬɟɪɬɹ ʉɪɭɧɬɭ ɩɨ ɞɧɢɳɭ ɤɨɜɲɚ;  
Fɛ – ɫɢɥɚ ɬɟɪɬɹ ʉɪɭɧɬɭ ɩɨ ɛɿɱɧɢɯ ɫɬɿɧɤɚɯ  
ɤɨɜɲɚ; Fɫɬ – ɫɢɥɚ ɨɩɨɪɭ ɪɭɯɭ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ; 

Fj – ɫɢɥɚ ɿɧɟɪɰɿʀ ɩɨɫɬɭɩɚɥɶɧɨɝɨ ɪɭɯɭ ɦɚɫɢ 

ʉɪɭɧɬɭ ɩɪɢ ɜɜɿɦɤɧɟɧɧɿ ɦɟɯɚɧɿɡɦɭ ɪɨɡɜɚɧɬɚ-
ɠɟɧɧɹ ʉɪɭɧɬɭ ɡ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ. 
 

ɋɯɟɦɭ ɡɭɫɢɥɶ, ɹɤɿ ɞɿɸɬɶ ɩɪɢ ɪɨɡɜɚɧɬɚɠɟɧɧɿ 
ʉɪɭɧɬɭ ɡ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ, ɨɛɥɚɞɧɚɧɨɝɨ ɧɚɩɿɜ-
ɤɪɭɝɥɢɦ ɞɧɢɳɟɦ, ɧɚɜɟɞɟɧɨ ɧɚ ɪɢɫ. 1. 

 

ɋɢɥɚ ɬɟɪɬɹ ʉɪɭɧɬɭ ɩɨ ɞɧɢɳɭ ɤɨɜɲɚ ɜɢɡɧɚɱɚ-
єɬɶɫɹ ɡɚ ɮɨɪɦɭɥɨɸ 

 

Ƚ
Ⱦ 1 ȽɊ 1 H

O

Ȗμ μ q
F G k

k

   ,  (2) 

 

ɞɟ µ1 – ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ʉɪɭɧɬɭ ɩɨ ɫɬɚɥɿ; q – 

ɝɟɨɦɟɬɪɢɱɧɚ ɦɿɫɬɤɿɫɬɶ ɤɨɜɲɚ ɜ ɦ3; Ȗɝ – 

ɨɛ’єɦɧɚ ɦɚɫɚ ʉɪɭɧɬɭ ɭ ɩɪɢɪɨɞɧɨɦɭ ɡɚɥɹɝɚɧɧɿ 
ɜ ɤɝ/ɦ3. 

 

Ɂɚ ɪɨɡɪɚɯɭɧɤɨɜɟ ɩɨɥɨɠɟɧɧɹ ɛɟɪɟɬɶɫɹ ɩɨɱɚɬɨɤ 
ɩɟɪɟɫɭɜɚɧɧɹ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ ɩɪɢ ɩɨɜɧɨɦɭ ɡɚ-
ɜɚɧɬɚɠɟɧɧɿ ɤɨɜɲɚ ʉɪɭɧɬɨɦ ɿ ɜɿɞɤɪɢɬɿɣ ɩɟɪɟɞ-

ɧɿɣ ɡɚɫɥɿɧɰɿ. 
 

 
ɚ 

 
ɛ 

Ɋɢɫ. 1. ɋɯɟɦɚ ɡɭɫɢɥɶ, ɹɤɿ ɞɿɸɬɶ ɩɪɢ ɪɨɡɜɚɧ-

ɬɚɠɟɧɧɿ ʉɪɭɧɬɭ ɡ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ, ɨɛɥɚ-
ɞɧɚɧɨɝɨ ɧɚɩɿɜɤɪɭɝɥɢɦ ɞɧɢɳɟɦ: ɚ – ɜɢɞ 

ɡɛɨɤɭ; ɛ –  ɜɢɞ ɫɩɟɪɟɞɭ; 1 – ɤɿɜɲ ɭ ɡɚ-
ɩɨɜɧɟɧɨɦɭ ɫɬɚɧɿ; 2 – ɨɛ’єɦ ʉɪɭɧɬɭ ɭ ɤɨ-
ɜɲɿ ɩɪɢ ɜɿɞɤɪɢɬɿɣ ɩɟɪɟɞɧɿɣ ɡɚɫɥɿɧɰɿ  
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Ⱦɥɹ ɪɨɡɪɚɯɭɧɤɭ ɦɚɫɢ ʉɪɭɧɬɭ, ɹɤɚ ɡɚɥɢɲɢɥɚɫɹ 
ɭ ɤɨɜɲɿ ɫɤɪɟɩɟɪɚ, ɩɨɬɪɿɛɧɨ ɡɪɨɛɢɬɢ ɪɹɞ ɞɨ-
ɩɭɳɟɧɶ: ɩɿɫɥɹ ɜɿɞɤɪɢɬɬɹ ɩɟɪɟɞɧɶɨʀ ɡɚɫɥɿɧɤɢ ɭ 

ɩɟɪɟɞɧɿɣ ɱɚɫɬɢɧɿ ɤɨɜɲɚ ʉɪɭɧɬ ɧɚɛɭɜɚє ɮɨɪɦɢ 

ɩɪɢɪɨɞɧɶɨɝɨ ɜɿɞɤɨɫɭ; ɱɚɫɬɢɧɚ ʉɪɭɧɬɭ, ɹɤɚ 
ɡɚɥɢɲɢɥɚɫɹ ɭ ɤɨɜɲɿ, ɭ ɜɟɪɯɧɿɣ ɱɚɫɬɢɧɿ ɡɚɩɨ-
ɜɧɸє ɤɿɜɲ ɩɨɜɧɿɫɬɸ ɛɟɡ ɜɿɞɤɨɫɿɜ ɜɿɞ ɫɟɪɟɞ-

ɧɶɨʀ ɱɚɫɬɢɧɢ. 

 

ɉɨɩɟɪɟɱɧɢɣ ɩɟɪɟɪɿɡ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ ɞɚє ɦɨ-
ɠɥɢɜɿɫɬɶ ɜɢɡɧɚɱɢɬɢ ɩɥɨɳɭ S(αd), ɹɤɭ ɡɚɣɦɚє 
ʉɪɭɧɬ ɭ ɤɨɜɲɿ (ɪɢɫ. 2).  

Ɋɢɫ. 2. ɋɯɟɦɚ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɩɥɨɳɿ ɩɨɩɟɪɟ-
ɱɧɨɝɨ ɩɟɪɟɪɿɡɭ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ, ɹɤɭ ɡɚ-
ɣɦɚє ʉɪɭɧɬ ɭ ɤɨɜɲɿ ɫɤɪɟɩɟɪɚ 

 

Ⱦɥɹ ɪɨɡɪɚɯɭɧɤɭ ɩɨɬɪɿɛɧɿ ɩɨɱɚɬɤɨɜɿ ɞɚɧɿ: ɇɩɥ – 

ɜɢɫɨɬɚ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ; h – ɜɿɞɫɬɚɧɶ ɜɿɞ ɨɫɿ 
ɩɿɞɜɿɫɭ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ ɞɨ ɪɿɜɧɹ ʉɪɭɧɬɭ ɜ ɤɨɜ-
ɲɿ; R – ɪɚɞɿɭɫ ɞɨɧɧɨʀ ɱɚɫɬɢɧɢ ɤɨɜɲɚ ɫɤɪɟɩɟ-
ɪɚ; r – ɪɚɞɿɭɫ, ɹɤɢɣ ɨɩɢɫɭє ɬɨɱɤɚ E, ɪɨɡɬɚɲɨ-
ɜɚɧɚ ɧɚ ɫɟɪɟɞɢɧɿ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ; ρ – ɳɿɥɶɧɿɫɬɶ 
ʉɪɭɧɬɭ; Ȗɝɪ – ɤɭɬ ɩɪɢɪɨɞɧɨɝɨ ɜɿɞɤɨɫɭ ʉɪɭɧɬɭ; 

αa, αc – ɤɭɬɢ, ɹɤɿ ɡɚɞɚɸɬɶɫɹ ɡɚɥɟɠɧɨ ɜɿɞ ɩɚɪɚ-
ɦɟɬɪɿɜ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ ɬɚ ɜɤɚɡɭɸɬɶ ɧɚ ɩɨɱɚɬ-
ɤɨɜɟ ɬɚ ɤɪɚɣɧє ɩɨɥɨɠɟɧɧɹ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ; Q – 

ɩɨɱɚɬɤɨɜɢɣ ɨɛ’єɦ ʉɪɭɧɬɭ; S´(αd) – ɨɛ’єɦ ɜɢ-

ɜɚɧɬɚɠɟɧɨɝɨ ʉɪɭɧɬɭ; A – ɬɨɱɤɚ ɤɪɚɣɧɶɨɝɨ ɩɨ-
ɥɨɠɟɧɧɹ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ; B, B1– ɬɨɱɤɢ, ɹɤɿ ɜɢ-

ɡɧɚɱɚɸɬɶ ɪɿɜɟɧɶ ʉɪɭɧɬɭ ɜ ɤɨɜɲɿ ɫɤɪɟɩɟɪɚ; C – 

ɬɨɱɤɚ ɩɨɱɚɬɤɨɜɨɝɨ ɩɨɥɨɠɟɧɧɹ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ; 

D – ɞɟɹɤɟ ɩɨɥɨɠɟɧɧɹ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ, ɩɪɢ 

ɹɤɨɦɭ ɡɦɿɧɸєɬɶɫɹ ɪɿɜɟɧɶ ʉɪɭɧɬɭ ɜ ɤɨɜɲɿ (ɡɛɿ-
ɥɶɲɭєɬɶɫɹ ɡɧɚɱɟɧɧɹ h); S1– ɩɥɨɳɚ ɜɟɪɯɧɶɨɝɨ 
ɫɟɤɬɨɪɚ; S2 – ɩɥɨɳɚ ɧɢɠɧɶɨɝɨ ɫɟɤɬɨɪɚ. ɉɿɞ-

ɪɚɯɭɧɤɢ ɞɚɧɨʀ ɩɥɨɳɿ ɜɢɤɨɧɭɜɚɥɢɫɶ ɡɚ ɞɨɩɨ-
ɦɨɝɨɸ ɩɪɨɝɪɚɦɢ MathCad15. 

Ɉɫɤɿɥɶɤɢ ɨɬɪɢɦɚɧɿ ɡɧɚɱɟɧɧɹ ɞɚɸɬɶ ɪɟɡɭɥɶɬɚɬ 
ɥɢɲɟ ɡɚ ɩɥɨɳɟɸ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟɪɿɡɭ ɤɨɜ-
ɲɚ, ɹɤɭ ɡɚɣɦɚє ʉɪɭɧɬ, ɜɢɪɚɯɨɜɭєɦɨ ɦɚɫɭ ʉɪɭ-

ɧɬɭ: Gɝɪ=VȖɝ – ɦɚɫɚ ʉɪɭɧɬɭ, V=BS(αd) – ɨɛ’єɦ 

ʉɪɭɧɬɭ, ɞɟ ȼ – ɲɢɪɢɧɚ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ; S(αd) 

– ɩɥɨɳɚ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟɪɿɡɭ ɤɨɜɲɚ, ɹɤɭ 
ɡɚɣɦɚє ʉɪɭɧɬ. 
 

ɋɢɥɚ ɬɟɪɬɹ ʉɪɭɧɬɭ ɨ ɛɿɱɧɿ ɫɬɿɧɤɢ ɤɨɜɲɚ ɜɢ-

ɡɧɚɱɚєɬɶɫɹ ɡɚ ɮɨɪɦɭɥɨɸ  
 

Fɛ = 2 µ1ȿɚ,   (3) 
 

ɞɟ ȿɚ – ɚɤɬɢɜɧɢɣ ɬɢɫɤ ʉɪɭɧɬɭ ɧɚ ɛɿɱɧɭ ɫɬɿɧɤɭ 

ɤɨɜɲɚ. 
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ɞɟ Lk – ɞɨɜɠɢɧɚ ɞɧɢɳɚ ɤɨɜɲɚ; H – ɜɢɫɨɬɚ 
ɧɚɩɨɜɧɟɧɧɹ ɤɨɜɲɚ ʉɪɭɧɬɨɦ. 

 

ɋɢɥɚ ɨɩɨɪɭ ɪɭɯɭ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ [6, 7, 8] 

 

ɫɬ
M

F
h

  ,     (5) 

 

ɞɟ M·– ɦɨɞɭɥɶ ɦɨɦɟɧɬɭ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ; h – 

ɩɥɟɱɟ ɫɢɥɢ Fɫɬ. 
 

ɋɢɥɚ ɿɧɟɪɰɿʀ ʉɪɭɧɬɭ ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ ɮɨɪɦɭ-

ɥɨɸ 
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ɞɟ vc – ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ  

(0,2 ɦ/ɫ); t – ɱɚɫ ɪɨɡɝɨɧɭ (2 ɫ). 
 

ɉɿɫɥɹ ɩɿɞɫɬɚɧɨɜɤɢ ɫɤɥɚɞɨɜɢɯ ɜɟɥɢɱɢɧ ɨɫɬɚ-
ɬɨɱɧɨ ɨɬɪɢɦɚєɦɨ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɞɥɹ 
ɜɢɡɧɚɱɟɧɧɹ ɡɭɫɢɥɥɹ ɪɨɡɜɚɧɬɚɠɟɧɧɹ 
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Ⱦɥɹ ɪɨɡɪɚɯɭɧɤɭ ɩɪɨɰɟɫɭ ɪɨɡɜɚɧɬɚɠɟɧɧɹ ɡɚ-
ɫɬɨɫɨɜɭɜɚɥɚɫɹ ɩɪɨɝɪɚɦɚ MicrosoftExcel. 

 

Ⱥɥɝɨɪɢɬɦ ɪɨɡɪɚɯɭɧɤɭ ɡɭɫɢɥɥɹ ɪɨɡɜɚɧɬɚɠɟɧɧɹ 
ʉɪɭɧɬɭ ɡ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ ɡ ɧɚɩɿɜɤɪɭɝɥɢɦ 

ɞɧɢɳɟɦ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 3. 
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Ɋɢɫ. 3. Ⱥɥɝɨɪɢɬɦ ɪɨɡɪɚɯɭɧɤɭ ɡɭɫɢɥɥɹ ɪɨɡɜɚɧ-
ɬɚɠɟɧɧɹ ʉɪɭɧɬɭ ɡ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ, ɨɛɥɚ-
ɞɧɚɧɨɝɨ ɧɚɩɿɜɤɪɭɝɥɢɦ ɞɧɢɳɟɦ 

 

ɍ ɪɟɡɭɥɶɬɚɬɿ ɪɨɡɪɚɯɭɧɤɿɜ ɨɬɪɢɦɚɧɨ ɡɚɥɟɠɧɨ-
ɫɬɿ ɡɦɿɧɢ ɦɚɫɢ ʉɪɭɧɬɭ ɜ ɤɨɜɲɿ ɫɤɪɟɩɟɪɚ ɭ 

ɩɪɨɰɟɫɿ ɣɨɝɨ ɪɨɡɜɚɧɬɚɠɟɧɧɹ (ɪɢɫ. 4). Ⱦɚɧɿ 
ɡɚɥɟɠɧɨɫɬɿ ɞɨɡɜɨɥɹɸɬɶ ɜɢɡɧɚɱɢɬɢ ɤɿɥɶɤɿɫɬɶ 
ʉɪɭɧɬɭ ɜ ɤɨɜɲɿ ɫɤɪɟɩɟɪɚ ɡɚ ɛɭɞɶ-ɹɤɨɝɨ ɩɨɥɨ-
ɠɟɧɧɹ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ. 

 

Ɂɚɥɟɠɧɿɫɬɶ ɡɦɿɧɢ ɡɭɫɢɥɥɹ ɪɨɡɜɚɧɬɚɠɟɧɧɹ ɜɿɞ 

ɩɨɥɨɠɟɧɧɹ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ ɜɿɞɧɨɫɧɨ ɞɨɜɠɢɧɢ 

ɞɧɢɳɚ ɫɤɪɟɩɟɪɚ ɨɬɪɢɦɚɧɨ ɧɚ ɪɢɫ. 5. 

 

ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɬɪɚɞɢɰɿɣɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ, ɬɟ-
ɨɪɟɬɢɱɧɿ ɡɧɚɱɟɧɧɹ ɡɭɫɢɥɥɹ, ɹɤɿ ɜɢɧɢɤɚɸɬɶ ɭ 

ɩɟɪɿɨɞ ɪɨɡɜɚɧɬɚɠɟɧɧɹ, ɦɨɠɧɚ ɪɨɡɪɚɯɭɜɚɬɢ 

ɞɥɹ ɩɪɨɦɿɠɧɨɝɨ ɩɨɥɨɠɟɧɧɹ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ 

ɜɿɞɧɨɫɧɨ ɞɧɢɳɚ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ. 

 

Ɋɢɫ. 4. Ɂɚɥɟɠɧɿɫɬɶ ɡɦɿɧɢ ɦɚɫɢ ʉɪɭɧɬɭ G ɜɿɞ 

ɩɨɥɨɠɟɧɧɹ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ ɜɿɞɧɨɫɧɨ ɞɨɜ-
ɠɢɧɢ ɞɧɢɳɚ Lɞɧ ɫɤɪɟɩɟɪɚ Ⱦ-357 (q = 8 ɦ3): 

1 – ʉɪɭɧɬ ɳɿɥɶɧɿɫɬɸ 2000 ɤɝ/ɦ3; 2 – ʉɪɭɧɬ 
ɳɿɥɶɧɿɫɬɸ 1700 ɤɝ/ɦ3; 3 – ʉɪɭɧɬ ɳɿɥɶɧɿɫ-
ɬɸ 1500 ɤɝ/ɦ3 

 

Ɋɢɫ. 5. Ɂɚɥɟɠɧɿɫɬɶ ɡɦɿɧɢ ɡɭɫɢɥɥɹ ɪɨɡɜɚɧɬɚ-
ɠɟɧɧɹ F ɜɿɞ ɩɨɥɨɠɟɧɧɹ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ 

ɜɿɞɧɨɫɧɨ ɞɨɜɠɢɧɢ ɞɧɢɳɚ Lɞɧ ɫɤɪɟɩɟɪɚ 
Ⱦ-357 (q=8 ɦ3): 1 – ʉɪɭɧɬ ɳɿɥɶɧɿɫɬɸ 

2000 ɤɝ/ɦ3; 2 – ʉɪɭɧɬ ɳɿɥɶɧɿɫɬɸ 

1700 ɤɝ/ɦ3; 3 – ʉɪɭɧɬ ɳɿɥɶɧɿɫɬɸ 

1500 ɤɝ/ɦ3 

 

ȼɢɫɧɨɜɤɢ 

 

Ⱦɥɹ ɪɨɡɝɥɹɧɭɬɨɝɨ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ ɪɨɡɪɨɛɥɟ-
ɧɨ ɦɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ ɩɪɨɰɟɫɭ ɪɨɡɜɚɧɬɚ-
ɠɟɧɧɹ, ɹɤɿ ɜɪɚɯɨɜɭɸɬɶ: ɫɢɥɭ ɬɟɪɬɹ ʉɪɭɧɬɭ ɩɨ 
ɞɧɢɳɭ ɤɨɜɲɚ; ɫɢɥɭ ɬɟɪɬɹ ʉɪɭɧɬɭ ɩɨ ɛɿɱɧɢɯ 
ɫɬɿɧɤɚɯ ɤɨɜɲɚ; ɫɢɥɭ ɨɩɨɪɭ ɤɨɱɟɧɧɸ ɪɨɥɢɤɿɜ 
ɩɿɞɜɿɫɭ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ; ɫɢɥɭ ɿɧɟɪɰɿʀ ɩɨɫɬɭɩɚ-
ɥɶɧɨɝɨ ɪɭɯɭ ɦɚɫɢ ʉɪɭɧɬɭ ɿ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ ɩɪɢ 

ɜɜɿɦɤɧɟɧɧɿ ɦɟɯɚɧɿɡɦɭ ɪɨɡɜɚɧɬɚɠɟɧɧɹ ʉɪɭɧɬɭ 
ɡ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ; ɞɨɜɠɢɧɭ ɞɧɢɳɚ; ɜɢɫɨɬɭ 
ɤɨɜɲɚ; ɳɿɥɶɧɿɫɬɶ ɧɚɛɪɚɧɨɝɨ ʉɪɭɧɬɭ; ɤɭɬ ɩɪɢ-
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ɪɨɞɧɨɝɨ ɨɫɢɩɚɧɧɹ ʉɪɭɧɬɭ ɿ ɞɨɡɜɨɥɹɸɬɶ ɪɨɡ-
ɪɚɯɨɜɭɜɚɬɢ ɡɚɥɟɠɧɿɫɬɶ ɡɦɿɧɢ ɦɚɫɢ ʉɪɭɧɬɭ ɜɿɞ 

ɩɨɥɨɠɟɧɧɹ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ ɜɿɞɧɨɫɧɨ ɞɨɜɠɢɧɢ 

ɞɧɢɳɚ ɫɤɪɟɩɟɪɚ, ɚ ɬɚɤɨɠ ɡɭɫɢɥɥɹ, ɧɟɨɛɯɿɞɧɿ 
ɞɥɹ ɣɨɝɨ ɪɨɡɜɚɧɬɚɠɟɧɧɹ. 
 

Ɍɟɨɪɟɬɢɱɧɢɣ ɪɨɡɪɚɯɭɧɨɤ ɞɨɡɜɨɥɹє ɜɢɡɧɚɱɚɬɢ: 

ɨɩɿɪ ɪɨɡɜɚɧɬɚɠɟɧɧɹ ɞɥɹ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ ɡ 
ɧɚɩɿɜɤɪɭɝɥɢɦ ɞɧɢɳɟɦ; ɡɦɿɧɭ ɦɚɫɢ ʉɪɭɧɬɭ ɜ 
ɤɨɜɲɿ ɜɿɞ ɩɨɥɨɠɟɧɧɹ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ ɜɿɞɧɨɫɧɨ 
ɞɨɜɠɢɧɢ ɞɧɢɳɚ ɫɤɪɟɩɟɪɚ ɞɥɹ ɳɿɥɶɧɨɫɬɿ ʉɪɭ-

ɧɬɭ 1500–2000 ɤɝ/ɦ3. 

 

Ɋɨɡɪɨɛɥɟɧɢɣ ɚɥɝɨɪɢɬɦ ɞɥɹ ɪɨɡɝɥɹɧɭɬɨɝɨ ɤɨ-
ɜɲɚ ɫɤɪɟɩɟɪɚ ɞɨɡɜɨɥɹє ɪɨɡɪɚɯɭɜɚɬɢ ɫɢɥɭ 
ɨɩɨɪɭ ɪɨɡɜɚɧɬɚɠɟɧɧɹ. 
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