
Ɇɿɧɿɫɬɟɪɫɬɜɨ ɨɫɜɿɬɢ ɿ ɧɚɭɤɢ ɍɤɪɚʀɧɢ 

ɇɚɰɿɨɧɚɥьɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɜɨɞɧɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ ɬɚ 
ɩɪɢɪɨɞɨɤɨɪɢɫɬɭɜɚɧɧɹ 

Ʉɚɮɟɞɪɚ ɩɪɨɦɢɫɥɨɜɨɝɨ, ɰɢɜɿɥьɧɨɝɨ ɛɭɞɿɜɧɢɰɬɜɚ 

ɬɚ ɿɧɠɟɧɟɪɧɢɯ ɫɩɨɪɭɞ 

 

 

         

       03-01-75 
 

 

 

 

Ɇɟɬɨɞɢɱɧɿ ɜɤɚɡɿɜɤɢ 

ɞɨ ɜɢɤɨɧɚɧɧɹ ɤɭɪɫɨɜɨʀ ɪɨɛɨɬɢ ɡ ɧɚɜɱɚɥьɧɨʀ ɞɢɫɰɢɩɥɿɧɢ 

«Ȼɭɞɿɜɟɥьɧɿ ɤɨɧɫɬɪɭɤɰɿʀ» 

ɧɚ ɬɟɦɭ 

«Ɉɞɧɨɩɨɜɟɪɯɨɜɚ ɜɢɪɨɛɧɢɱɚ ɛɭɞɿɜɥɹ» 

ɞɥɹ ɡɞɨɛɭɜɚɱɿɜ ɜɢɳɨʀ ɨɫɜɿɬɢ ɩɟɪɲɨɝɨ 

(ɛɚɤɚɥɚɜɪɫьɤɨɝɨ) ɪɿɜɧɹ ɡɚ ɫɩɟɰɿɚɥьɧɿɫɬɸ 

191 «Ⱥɪɯɿɬɟɤɬɭɪɚ ɬɚ ɦɿɫɬɨɛɭɞɭɜɚɧɧɹ» 

ɞɟɧɧɨʀ ɮɨɪɦɢ ɧɚɜɱɚɧɧɹ 
 
 

 

 

 
 

Ɋɟɤɨɦɟɧɞɨɜɚɧɨ ɦɟɬɨɞɢɱɧɨɸ  
ɤɨɦɿɫɿєɸ ɡɚ ɫɩɟɰɿɚɥьɧɿɫɬɸ  
191 «Ⱥɪɯɿɬɟɤɬɭɪɚ ɬɚ 
ɦɿɫɬɨɛɭɞɭɜɚɧɧɹ» 

ɉɪɨɬɨɤɨɥ № 4 ɜɿɞ 16.04.2019 ɪ.  
 

 

 

 
Ɋɿɜɧɟ – 2019 

       

      



 2 

Ɇɟɬɨɞɢɱɧɿ ɜɤɚɡɿɜɤɢ ɞɨ ɜɢɤɨɧɚɧɧɹ ɤɭɪɫɨɜɨʀ ɪɨɛɨɬɢ ɡ ɧɚɜɱɚɥьɧɨʀ 
ɞɢɫɰɢɩɥɿɧɢ «Ȼɭɞɿɜɟɥьɧɿ ɤɨɧɫɬɪɭɤɰɿʀ» ɧɚ ɬɟɦɭ «Ɉɞɧɨɩɨɜɟɪɯɨɜɚ 
ɜɢɪɨɛɧɢɱɚ ɛɭɞɿɜɥɹ» ɞɥɹ ɡɞɨɛɭɜɚɱɿɜ ɜɢɳɨʀ ɨɫɜɿɬɢ ɩɟɪɲɨɝɨ 
(ɛɚɤɚɥɚɜɪɫьɤɨɝɨ) ɪɿɜɧɹ ɡɚ ɫɩɟɰɿɚɥьɧɿɫɬɸ 191 «Ⱥɪɯɿɬɟɤɬɭɪɚ ɬɚ 
ɦɿɫɬɨɛɭɞɭɜɚɧɧɹ» ɞɟɧɧɨʀ ɮɨɪɦɢ ɧɚɜɱɚɧɧɹ / ɑɨɪɧɨɥɨɡ ȼ. ɋ., 
Ɂɿɧɱɭɤ Ɇ. ɋ. – Ɋɿɜɧɟ : ɇɍȼȽɉ, 2019. – 52 ɫ. 
 

ɍɤɥɚɞɚɱɿ: ɑɨɪɧɨɥɨɡ ȼ. ɋ., ɤɚɧɞɢɞɚɬ ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɨɪ 
ɤɚɮɟɞɪɢ ɩɪɨɦɢɫɥɨɜɨɝɨ, ɰɢɜɿɥьɧɨɝɨ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɿɧɠɟɧɟɪɧɢɯ 
ɫɩɨɪɭɞ; Ɂɿɧɱɭɤ Ɇ. ɋ., ɤɚɧɞɢɞɚɬ ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɢ 
ɩɪɨɦɢɫɥɨɜɨɝɨ, ɰɢɜɿɥьɧɨɝɨ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɿɧɠɟɧɟɪɧɢɯ ɫɩɨɪɭɞ. 
 

 

 

ȼɿɞɩɨɜɿɞɚɥьɧɢɣ ɡɚ ɜɢɩɭɫɤ: Ȼɚɛɢɱ Є. Ɇ., ɞɨɤɬɨɪ ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ, 
ɩɪɨɮɟɫɨɪ, ɡɚɜɿɞɭɜɚɱ ɤɚɮɟɞɪɢ ɩɪɨɦɢɫɥɨɜɨɝɨ, ɰɢɜɿɥьɧɨɝɨ ɛɭɞɿɜɧɢɰɬɜɚ 
ɬɚ ɿɧɠɟɧɟɪɧɢɯ ɫɩɨɪɭɞ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 ɑɨɪɧɨɥɨɡ ȼ. ɋ., Ɂɿɧɱɭɤ Ɇ. ɋ., 2019 

 ɇɚɰɿɨɧɚɥьɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ 
ɜɨɞɧɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ ɬɚ 
ɩɪɢɪɨɞɨɤɨɪɢɫɬɭɜɚɧɧɹ, 2019 

  

       

      



 3 

Зɦɿɫɬ 

 ȼɫɬɭɩ 4 

 ȼɢɯɿɞɧɿ ɞɚɧɿ ɞɥɹ ɜɢɤɨɧɚɧɧɹ ɤɭɪɫɨɜɨʀ ɪɨɛɨɬɢ 6 

1. Ʉɨɧɫɬɪɭɤɰɿɹ ɪɨɛɨɱɨɝɨ ɦɚɣɞɚɧɱɢɤɚ ɬɚ ɪɨɡɪɚɯɭɧɤɨɜɿ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɿɚɥɿɜ 

 

7 

 1.1. Ʉɨɧɫɬɪɭɤɰɿɹ ɪɨɛɨɱɨɝɨ ɦɚɣɞɚɧɱɢɤɚ 7 

 1.2. Ɋɨɡɪɚɯɭɧɤɨɜɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɿɚɥɿɜ ɤɨɧɫɬɪɭɤɰɿɣ ɬɚ 
ʀɯ ɡ’єɞɧɚɧь  

 

8 

2. Ɋɨɡɪɚɯɭɧɨɤ ɫɬɚɥɟɜɨɝɨ ɧɚɫɬɢɥɭ 10 

3. Ɋɨɡɪɚɯɭɧɨɤ ɛɚɥɤɢ ɧɚɫɬɢɥɭ 11 

4. Ɋɨɡɪɚɯɭɧɨɤ ɫɤɥɚɞɟɧɨʀ ɡɜɚɪɧɨʀ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ 13 

 4.1. Ɂɛɿɪ ɧɚɜɚɧɬɚɠɟɧь ɬɚ ɜɢɡɧɚɱɟɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɡɭɫɢɥь 13 

 4.2. ɉɿɞɛɿɪ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟɪɿɡɭ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ 15 

 4.3. ɉɟɪɟɜɿɪɤɚ ɦɿɰɧɨɫɬɿ ɩɟɪɟɪɿɡɭ ɡɚ ɧɨɪɦɚɥьɧɢɦɢ ɬɚ 
ɞɨɬɢɱɧɢɦɢ ɧɚɩɪɭɠɟɧɧɹɦɢ 

 

17 

 4.4. ɉɟɪɟɜɿɪɤɚ ɩɪɨɝɢɧɭ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ 17 

 4.5. Ɂɦɿɧɚ ɩɟɪɟɪɿɡɭ ɩɨ ɞɨɜɠɢɧɿ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ 18 

 4.6. ɉɟɪɟɜɿɪɤɚ ɦɿɰɧɨɫɬɿ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ ɡɚ   ɩɪɢɜɟɞɟɧɢɦɢ 
ɧɚɩɪɭɠɟɧɧɹɦɢ 

 

19 

 4.7. ɉɟɪɟɜɿɪɤɚ ɡɚɝɚɥьɧɨʀ ɫɬɿɣɤɨɫɬɿ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ 20 

 4.8. ɉɟɪɟɜɿɪɤɚ ɦɿɫɰɟɜɨʀ ɫɬɿɣɤɨɫɬɿ ɟɥɟɦɟɧɬɿɜ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ 20 

 4.9. Ɋɨɡɪɚɯɭɧɨɤ ɡ’єɞɧɚɧɧɹ ɩɨɹɫɿɜ ɡɿ ɫɬɿɧɤɨɸ 24 

 4.10. Ɋɨɡɪɚɯɭɧɨɤ ɨɩɨɪɧɨʀ ɱɚɫɬɢɧɢ ɛɚɥɤɢ 24 

 4.11. ɉɪɨɟɤɬɭɜɚɧɧɹ ɦɨɧɬɚɠɧɨɝɨ ɫɬɢɤɭ 26 

 4.12. Ɋɨɡɪɚɯɭɧɨɤ ɤɪɿɩɥɟɧɧɹ ɛɚɥɤɢ ɧɚɫɬɢɥɭ ɞɨ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ  

27 

5. Ɋɨɡɪɚɯɭɧɨɤ ɰɟɧɬɪɚɥьɧɨ-ɫɬɢɫɧɭɬɨʀ ɧɚɫɤɪɿɡɧɨʀ ɤɨɥɨɧɢ 28 

 5.1. ȼɫɬɚɧɨɜɥɟɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɨʀ ɫɯɟɦɢ ɤɨɥɨɧɢ 28 

 5.2. Ɋɨɡɪɚɯɭɧɨɤ ɫɬɟɪɠɧɹ ɤɨɥɨɧɢ 28 

 5.2.1. Ɋɨɡɪɚɯɭɧɨɤ ɤɨɥɨɧɢ ɜɿɞɧɨɫɧɨ ɦɚɬɟɪɿɚɥьɧɨʀ ɨɫɿ 29 

 5.2.2. Ɋɨɡɪɚɯɭɧɨɤ ɤɨɥɨɧɢ ɜɿɞɧɨɫɧɨ ɜɿɥьɧɨʀ ɨɫɿ 30 

 5.2.3. Ɋɨɡɪɚɯɭɧɨɤ ɩɥɚɧɨɤ 33 

 5.3. Ɋɨɡɪɚɯɭɧɨɤ ɛɚɡɢ ɤɨɥɨɧɢ 34 

 5.4. Ɋɨɡɪɚɯɭɧɨɤ ɨɝɨɥɨɜɤɚ ɤɨɥɨɧɢ 37 

 5.5. Ʉɨɧɫɬɪɭɸɜɚɧɧɹ ɤɨɥɨɧɢ 39 

 Ʌɿɬɟɪɚɬɭɪɚ 41 

 Ⱦɨɞɚɬɤɢ 

 

42 

 

 

       

      



 4 

ȼɫɬɭɩ 

 

ȼ ɤɭɪɫɨɜɿɣ ɪɨɛɨɬɿ ɫɬɭɞɟɧɬɢ ɜɢɤɨɧɭɸɬь ɤɨɦɩɨɧɭɜɚɧɧɹ 
ɛɚɥɤɨɜɨɝɨ ɩɟɪɟɤɪɢɬɬɹ ɬɚ ɪɨɡɪɚɯɭɧɤɢ ɫɬɚɥɟɜɨɝɨ ɧɚɫɬɢɥɭ, ɛɚɥɤɢ 
ɧɚɫɬɢɥɭ ɭ ɜɢɝɥɹɞɿ ɩɪɨɤɚɬɧɨɝɨ ɞɜɨɬɚɜɪɚ, ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ ɫɤɥɚɞɟɧɨɝɨ 
ɞɜɨɬɚɜɪɨɜɨɝɨ ɩɟɪɟɪɿɡɭ ɬɚ ɰɟɧɬɪɚɥьɧɨ-ɫɬɢɫɧɭɬɨʀ ɧɚɫɤɪɿɡɧɨʀ ɤɨɥɨɧɢ, 
ɜɢɤɨɧɚɧɨʀ ɡ ɞɜɨɯ ɲɜɟɥɟɪɿɜ ɚɛɨ ɞɜɨɯ ɞɜɨɬɚɜɪɿɜ, ɡ’єɞɧɚɧɢɯ ɦɿɠ ɫɨɛɨɸ 
ɩɥɚɧɤɚɦɢ ɡ ɲɢɪɨɤɨɲɬɚɛɨɜɨʀ ɫɬɚɥɿ, ɚ ɬɚɤɨɠ ɜɢɤɨɧɭɸɬь ɪɨɡɪɚɯɭɧɨɤ 
ɬɚ ɤɨɧɫɬɪɭɸɜɚɧɧɹ ɜɭɡɥɿɜ ɤɨɧɫɬɪɭɤɰɿɣ. 

 

Ʉɭɪɫɨɜɚ ɪɨɛɨɬɚ ɫɤɥɚɞɚєɬьɫɹ ɡ ɪɨɡɪɚɯɭɧɤɨɜɨ-ɩɨɹɫɧɸɜɚɥьɧɨʀ 
ɡɚɩɢɫɤɢ ɨɛɫɹɝɨɦ 25…30 ɫɬɨɪɿɧɨɤ ɞɪɭɤɨɜɚɧɨɝɨ ɬɟɤɫɬɭ ɧɚ ɚɪɤɭɲɚɯ 
ɮɨɪɦɚɬɭ Ⱥ4 ɱɟɪɟɡ 1,5 ɿɧɬɟɪɜɚɥɢ, ɹɤɚ ɦɿɫɬɢɬь ɭɫɿ ɧɟɨɛɯɿɞɧɿ 
ɪɨɡɪɚɯɭɧɤɢ, ɫɯɟɦɢ ɬɚ ɪɢɫɭɧɤɢ, ɚ ɬɚɤɨɠ ɝɪɚɮɿɱɧɨʀ ɱɚɫɬɢɧɢ, 
ɜɢɤɨɧɚɧɨʀ ɧɚ ɨɞɧɨɦɭ ɚɪɤɭɲɿ ɮɨɪɦɚɬɭ Ⱥ1. ɋɤɚɧɨɜɚɧɿ ɪɢɫɭɧɤɢ, 
ɮɨɪɦɭɥɢ ɬɚ ɤɪɟɫɥɟɧɧɹ ɧɟ ɞɨɩɭɫɤɚɸɬьɫɹ. 

 

ɉɪɨɩɨɧɭєɬьɫɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɬɟɤɫɬɨɜɢɣ ɪɟɞɚɤɬɨɪ “Word”, 
ɪɟɞɚɤɬɨɪ ɮɨɪɦɭɥ “Micrsoft Equation”, ɲɪɢɮɬ “Times New Roman” 14 
ɩɬ. 

ȼɢɤɨɧɚɧɚ ɫɬɭɞɟɧɬɨɦ ɤɭɪɫɨɜɚ ɪɨɛɨɬɚ ɩɪɟɞɫɬɚɜɥɹєɬьɫɹ ɞɨ 
ɡɚɯɢɫɬɭ ɿ ɨɰɿɧɸєɬьɫɹ ɭ ɫɭɦɿ ɜɿɞ 60 ɞɨ 100 ɛɚɥɿɜ, ɡ ɹɤɢɯ ɜɿɞ 30 ɞɨ 50 
ɛɚɥɿɜ ɫɬɚɧɨɜɢɬь ɩɨɜɧɿɫɬɸ ɡɚɜɟɪɲɟɧɚ ɿ ɞɨɩɭɳɟɧɚ ɞɨ ɡɚɯɢɫɬɭ 
ɜɢɤɥɚɞɚɱɟɦ ɪɨɛɨɬɚ ɿ ɜɿɞ 30 ɞɨ 50 ɛɚɥɿɜ ɫɬɚɧɨɜɢɬь ɨɰɿɧɤɚ, ɨɬɪɢɦɚɧɚ 
ɫɬɭɞɟɧɬɨɦ ɩɿɞ ɱɚɫ ɡɚɯɢɫɬɭ. Ɋɨɡɪɚɯɭɧɤɨɜɨ-ɩɨɹɫɧɸɜɚɥьɧɚ ɡɚɩɢɫɤɚ ɿ 
ɤɪɟɫɥɟɧɧɹ ɨɰɿɧɸɸɬьɫɹ ɩɨ 15…25 ɛɚɥɿɜ. 

 

Ɂɚɜɞɚɧɧɹ ɞɥɹ ɜɢɤɨɧɚɧɧɹ ɤɭɪɫɨɜɨʀ ɪɨɛɨɬɢ ɫɬɭɞɟɧɬɢ ɞɟɧɧɨʀ 
ɮɨɪɦɢ ɧɚɜɱɚɧɧɹ ɨɞɟɪɠɭɸɬь ɧɚ ɤɚɮɟɞɪɿ ɩɪɨɦɢɫɥɨɜɨɝɨ, ɰɢɜɿɥьɧɨɝɨ  
ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɿɧɠɟɧɟɪɧɢɯ ɫɩɨɪɭɞ ɧɚ ɫɩɟɰɿɚɥьɧɨ ɪɨɡɪɨɛɥɟɧɢɯ 
ɛɥɚɧɤɚɯ. 
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Ɋɨɡɩɨɞɿɥɟɧɧɹ ɛɚɥɿɜ 

ɧɚ ɜɢɤɨɧɚɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɨ-ɩɨɹɫɧɸɜɚɥьɧɨʀ ɡɚɩɢɫɤɢ 
 

ɉɭɧɤɬ 
ɡɚɩɢɫɤɢ 

ɇɚɡɜɚ ɩɭɧɤɬɭ ɩɨɹɫɧɸɜɚɥьɧɨʀ ɡɚɩɢɫɤɢ Ȼɚɥɢ 

1. Ʉɨɧɫɬɪɭɤɰɿɹ ɪɨɛɨɱɨɝɨ ɦɚɣɞɚɧɱɢɤɚ ɬɚ ɪɨɡɪɚɯɭɧɤɨɜɿ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɿɚɥɿɜ 

1,0 

1.1. Ʉɨɧɫɬɪɭɤɰɿɹ ɪɨɛɨɱɨɝɨ ɦɚɣɞɚɧɱɢɤɚ 0,5 

1.2. Ɋɨɡɪɚɯɭɧɤɨɜɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɿɚɥɿɜ ɤɨɧɫɬɪɭɤɰɿɣ 
ɬɚ ʀɯ ɡ’єɞɧɚɧь  

0,5 

2. Ɋɨɡɪɚɯɭɧɨɤ ɫɬɚɥьɧɨɝɨ ɧɚɫɬɢɥɭ 0,5 

3. Ɋɨɡɪɚɯɭɧɨɤ ɛɚɥɤɢ ɧɚɫɬɢɥɭ 1,0 

4. Ɋɨɡɪɚɯɭɧɨɤ ɫɤɥɚɞɟɧɨʀ ɡɜɚɪɧɨʀ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ 10,5 

4.1 Ɂɛɿɪ ɧɚɜɚɧɬɚɠɟɧь ɿ ɜɢɡɧɚɱɟɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɡɭɫɢɥь 0,5 

4.2. ɉɿɞɛɿɪ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟɪɿɡɭ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ 2,5 

4.3 ɉɟɪɟɜɿɪɤɚ ɦɿɰɧɨɫɬɿ ɩɿɞɿɛɪɚɧɨɝɨ ɩɟɪɟɪɿɡɭ ɝɨɥɨɜɧɨʀ 
ɛɚɥɤɢ ɡɚ ɧɨɪɦɚɥьɧɢɦɢ ɬɚ ɞɨɬɢɱɧɢɦɢ ɧɚɩɪɭɠɟɧɧɹɦɢ 

1,0 

4.4. ɉɟɪɟɜɿɪɤɚ ɩɪɨɝɢɧɭ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ 0,5 

4.5. Ɂɦɿɧɚ ɩɟɪɟɪɿɡɭ ɩɨ ɞɨɜɠɢɧɿ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ 1,0 

4.6. ɉɟɪɟɜɿɪɤɚ ɦɿɰɧɨɫɬɿ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ ɡɚ ɩɪɢɜɟɞɟɧɢɦɢ 
ɧɚɩɪɭɠɟɧɧɹɦɢ 

0,5 

4.7. ɉɟɪɟɜɿɪɤɚ ɡɚɝɚɥьɧɨʀ ɫɬɿɣɤɨɫɬɿ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ 0,5 

4.8. ɉɟɪɟɜɿɪɤɚ ɦɿɫɰɟɜɨʀ ɫɬɿɣɤɨɫɬɿ ɟɥɟɦɟɧɬɿɜ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ 1,5 

4.9. Ɋɨɡɪɚɯɭɧɨɤ ɡ’єɞɧɚɧɧɹ ɩɨɹɫɿɜ ɡɿ ɫɬɿɧɤɨɸ 0,5 

4.10. Ɋɨɡɪɚɯɭɧɨɤ ɨɩɨɪɧɨʀ ɱɚɫɬɢɧɢ ɛɚɥɤɢ 1,0 

4.11. ɉɪɨɟɤɬɭɜɚɧɧɹ ɦɨɧɬɚɠɧɨɝɨ ɫɬɢɤɭ 0,5 

4.12. Ɋɨɡɪɚɯɭɧɨɤ ɤɪɿɩɥɟɧɧɹ ɛɚɥɤɢ ɧɚɫɬɢɥɭ ɞɨ ɝɨɥɨɜɧɨʀ 
ɛɚɥɤɢ 

0,5 

5. Ɋɨɡɪɚɯɭɧɨɤ ɰɟɧɬɪɚɥьɧɨ-ɫɬɢɫɧɭɬɨʀ ɧɚɫɤɪɿɡɧɨʀ ɤɨɥɨɧɢ 12 

5.1. ȼɫɬɚɧɨɜɥɟɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɨʀ ɫɯɟɦɢ ɤɨɥɨɧɢ 1,0 

5.2. Ʉɨɦɩɨɧɭɜɚɧɧɹ ɩɟɪɟɪɿɡɭ ɫɬɟɪɠɧɹ ɤɨɥɨɧɢ 0,5 

5.3. Ɋɨɡɪɚɯɭɧɨɤ ɫɬɟɪɠɧɹ ɤɨɥɨɧɢ 5,5 

5.3.1. Ɋɨɡɪɚɯɭɧɨɤ ɤɨɥɨɧɢ ɜɿɞɧɨɫɧɨ ɦɚɬɟɪɿɚɥьɧɨʀ ɨɫɿ 1,5 

5.3.2. Ɋɨɡɪɚɯɭɧɨɤ ɤɨɥɨɧɢ ɜɿɞɧɨɫɧɨ ɜɿɥьɧɨʀ ɨɫɿ 3,0 

5.3.3. Ɋɨɡɪɚɯɭɧɨɤ ɩɥɚɧɨɤ 1,0 

5.4. Ɋɨɡɪɚɯɭɧɨɤ ɛɚɡɢ ɤɨɥɨɧɢ 3,0 

5.5. Ɋɨɡɪɚɯɭɧɨɤ ɨɝɨɥɨɜɤɚ ɤɨɥɨɧɢ 1,5 

5.6. Ʉɨɧɫɬɪɭɸɜɚɧɧɹ ɤɨɥɨɧɢ 0,5 
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ȼɢɯɿɞɧɿ ɞɚɧɿ ɞɥɹ ɜɢɤɨɧɚɧɧɹ ɤɭɪɫɨɜɨʀ ɪɨɛɨɬɢ 

 

ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɡɚɜɞɚɧɧɹ ɩɪɢɣɧɹɬɨ ɬɚɤɿ ɜɢɯɿɞɧɿ ɞɚɧɿ:ɞɥɹ 

ɜɢɤɨɧɚɧɧɹ ɤɭɪɫɨɜɨʀ ɪɨɛɨɬɢ: 

- ɤɪɨɤ ɤɨɥɨɧ ɩɨɜɡɞɨɜɠɧɿɣ  1l  11,0 ɦ; ɩɨɩɟɪɟɱɧɢɣ 2l 5,5 ɦ; 

- ɬɢɩ ɛɚɥɤɨɜɨʀ ɤɥɿɬɤɢ – ɧɨɪɦɚɥьɧɢɣ; 

- ɜɿɞɦɿɬɤɚ ɜɟɪɯɭ ɧɚɫɬɢɥɭ – 0H 10,5 ɦ. 

- ɬɢɩ ɫɩɨɥɭɱɟɧɧɹ ɛɚɥɨɤ – ɩɨɜɟɪɯɨɜɟ; 

- ɬɢɩ ɤɨɥɨɧɢ – ɧɚɫɤɪɿɡɧɚ ɡ ɩɥɚɧɤɚɦɢ; 

- ɬɢɩ ɛɚɡɢ ɤɨɥɨɧɢ – ɡ ɬɪɚɜɟɪɫɚɦɢ; 

- ɨɛɩɢɪɚɧɧɹ ɝɨɥɨɜɧɢɯ ɛɚɥɨɤ ɧɚ ɤɨɥɨɧɭ – ɱɟɪɟɡ ɬɨɪɰɟɜɟ ɨɩɨɪɧɟ 

ɪɟɛɪɨ; 

- ɬɢɦɱɚɫɨɜɟ ɧɨɪɦɚɬɢɜɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ – 
2

0 40 ɦɤɇp  

- ɬɢɩ ɧɚɫɬɢɥɭ – ɫɬɚɥьɧɢɣ ɩɥɨɫɤɢɣ; 

- ɦɨɧɬɚɠɧɢɣ ɫɬɢɤ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ – ɧɚ ɦɨɧɬɚɠɧɨɦɭ ɡɜɚɪɸɜɚɧɿ; 

- ɦɨɧɬɚɠɧɿ ɡ’єɞɧɚɧɧɹ – ɧɚ ɛɨɥɬɚɯ ɤɥɚɫɿɜ ɬɨɱɧɨɫɬɿ ȼ; 

- ɦɚɬɟɪɿɚɥ ɤɨɧɫɬɪɭɤɰɿɣ – ɫɬɚɥь ɡɚ ȽɈɋɌ 27772-88: ɧɚɫɬɢɥɭ ɿ 

ɛɚɥɨɤ ɧɚɫɬɢɥɭ –  ɋ255; ɝɨɥɨɜɧɢɯ ɛɚɥɨɤ – ɋ235; ɤɨɥɨɧ (ɫɬɟɪɠɟɧь, 

ɛɚɡɚ, ɨɝɨɥɨɜɨɤ) - ɋ245; ɮɭɧɞɚɦɟɧɬɢ ɩɿɞ ɤɨɥɨɧɭ – ɿɡ ɛɟɬɨɧ ɤɥɚɫɭ ȼ15. 
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1. Ʉɨɧɫɬɪɭɤɰɿɹ ɪɨɛɨɱɨɝɨ ɦɚɣɞɚɧɱɢɤɚ ɬɚ ɪɨɡɪɚɯɭɧɤɨɜɿ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɿɚɥɿɜ 

 

1.1. Ʉɨɧɫɬɪɭɤɰɿɹ ɪɨɛɨɱɨɝɨ ɦɚɣɞɚɧɱɢɤɚ 

 

ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɜɢɯɿɞɧɢɯ ɞɚɧɢɯ ɩɪɢɣɦɚєɦɨ ɧɨɪɦɚɥьɧɢɣ ɬɢɩ 
ɛɚɥɨɱɧɨʀ ɤɥɿɬɤɢ ɡ ɩɥɨɫɤɢɦ ɫɬɚɥьɧɢɦ ɧɚɫɬɢɥɨɦ (ɪɢɫ.1). 

Ƚɨɥɨɜɧɿ ɛɚɥɤɢ ɫɤɥɚɞɟɧɨɝɨ ɞɜɨɬɚɜɪɨɜɨɝɨ ɩɟɪɟɪɿɡɭ 
ɪɨɡɦɿɳɭєɦɨ ɜɡɞɨɜɠ ɛɿɥьɲɨʀ ɜɿɞɫɬɚɧɿ ɦɿɠ ɤɨɥɨɧɚɦɢ ɿ ɩɪɨɥɿɬ ʀɯ 
ɫɬɚɧɨɜɢɬь l1=11000 ɦɦ (ɪɢɫ.1,ɚ). 

 

Ɋɢɫ.1. ɋɯɟɦɚ ɛɚɥɨɱɧɨʀ ɤɥɿɬɤɢ  
ɚ – ɩɥɚɧ ɞɿɥьɧɢɰɿ ɛɚɥɨɱɧɨʀ ɤɥɿɬɤɢ; ɛ – ɩɨɜɟɪɯɨɜɟ ɫɩɨɥɭɱɟɧɧɹ ɛɚɥɨɤ; ɜ – 

ɫɩɨɥɭɱɟɧɧɹ ɛɚɥɨɤ ɜ ɨɞɧɨɦɭ ɪɿɜɧɿ 
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Ȼɚɥɤɢ ɧɚɫɬɢɥɭ ɩɪɨɟɤɬɭєɦɨ ɡ ɩɪɨɤɚɬɧɢɯ ɞɜɨɬɚɜɪɿɜ ɿ 
ɪɨɡɦɿɳɭєɦɨ ʀɯ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɞɨ ɝɨɥɨɜɧɢɯ ɛɚɥɨɤ. ɉɪɨɥɿɬ ɛɚɥɨɤ 
ɧɚɫɬɢɥɭ ɫɬɚɧɨɜɢɬь l2 = 5500 ɦɦ. Ʉɪɨɤ ɛɚɥɨɤ ɧɚɫɬɢɥɭ ɪɟɤɨɦɟɧɞɭєɬьɫɹ 
ɩɪɢɣɦɚɬɢ ɜ ɦɟɠɚɯ ɚ = 0,6...1,6 ɦ ɿ ɜɿɧ ɩɨɜɢɧɟɧ ɜɤɥɚɞɚɬɢɫɹ ɜ ɪɨɡɦɿɪ l1 

n ɪɚɡɿɜ ɛɟɡ ɡɚɥɢɲɤɭ. ɍ ɧɚɲɨɦɭ ɩɪɢɤɥɚɞɿ ɩɪɢ l1 = 11,0 ɦ ɩɪɢɣɦɚєɦɨ 
n=11, ɬɨɞɿ ɚ= l1/n=11,0/11=1,0 ɦ (ɞɢɜ. ɪɢɫ.1,ɚ). 

ȼɿɞɩɨɜɿɞɧɨ  ɞɨ ɡɚɜɞɚɧɧɹ ɩɪɢɣɦɚєɦɨ ɩɨɜɟɪɯɨɜɟ (ɪɢɫ.1,ɛ) ɿ, ɹɤ 
ɜɚɪɿɚɧɬ, ɜ ɨɞɧɨɦɭ ɪɿɜɧɿ (ɪɢɫ.1,ɜ) ɫɩɨɥɭɱɟɧɧɹ ɛɚɥɨɤ. 

Ɇɨɧɬɚɠɧɿ ɡ’єɞɧɚɧɧɹ ɦɿɠ ɫɨɛɨɸ ɡɞɿɣɫɧɸɸɬьɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɛɨɥɬɿɜ ɤɥɚɫɿɜ ɬɨɱɧɨɫɬɿ ȼ ɿ ɋ. 

 ɉɟɪɟɤɪɢɬɬɹ ɪɨɛɨɱɨʀ ɩɥɨɳɚɞɤɢ ɨɩɢɪɚєɬьɫɹ ɧɚ ɤɨɥɨɧɢ 
ɧɚɫɤɪɿɡɧɨɝɨ ɬɢɩɭ ɡ ɞɜɨɯ ɲɜɟɥɟɪɿɜ ɚɛɨ ɞɜɨɬɚɜɪɿɜ, ɡ’єɞɧɚɧɢɯ ɦɿɠ 
ɫɨɛɨɸ ɩɥɚɧɤɚɦɢ. 

 Ƚɟɨɦɟɬɪɢɱɧɚ ɧɟɡɦɿɧɧɿɫɬь ɤɨɧɫɬɪɭɤɰɿʀ ɪɨɛɨɱɨʀ ɩɥɨɳɚɞɤɢ 
ɡɚɛɟɡɩɟɱɭєɬьɫɹ  ɜ’ɹɡɹɦɢ ɦɿɠ ɤɨɥɨɧɚɦɢ ɜ ɩɥɨɳɢɧɿ ɤɨɠɧɨɝɨ ɪɹɞɭ 
ɤɨɥɨɧ ɭ ɞɜɨɯ ɜɡɚєɦɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɢɯ ɧɚɩɪɹɦɤɚɯ. 

 

1.2. Ɋɨɡɪɚɯɭɧɤɨɜɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɿɚɥɿɜ ɤɨɧɫɬɪɭɤɰɿɣ 

ɬɚ ʀɯ ɡ’єɞɧɚɧь 

 

Ȼɚɥɤɢ ɧɚɫɬɢɥɭ 

 

Ȼɚɥɤɢ ɧɚɫɬɢɥɭ ɩɪɨɟɤɬɭєɦɨ ɡ ɩɪɨɤɚɬɧɢɯ ɞɜɨɬɚɜɪɨɜɢɯ ɛɚɥɨɤ ɡɚ 
ȽɈɋɌ 8239-89 ɚɛɨ ɞɜɨɬɚɜɪɿɜ ɡ ɩɚɪɚɥɟɥьɧɢɦɢ ɝɪɚɧɹɦɢ ɩɨɥɢɰь ɡɚ 
ȽɈɋɌ 26020–83 ɡɿ ɫɬɚɥɿ ɋ255 ɡ ɪɨɡɪɚɯɭɧɤɨɜɢɦ ɨɩɨɪɨɦ Ry=240 Ɇɉɚ ɿ 
ɧɨɪɦɚɬɢɜɧɢɦ ɨɩɨɪɨɦ Ryu=245 Ɇɉɚ ɿ Ryn=370 Ɇɉɚ (ɬɚɛɥ. Ƚ. 2 [6], ɚɛɨ 
ɞɨɞɚɬɨɤ 1), ɮɚɫɨɧɧɢɣ ɩɪɨɤɚɬ  ɬɨɜɳɢɧɨɸ ɦɦtɦɦ 2010 ). 

Ɋɨɡɪɚɯɭɧɤɨɜɢɣ ɨɩɿɪ ɫɬɚɥɿ ɡɫɭɜɭ Rs=0,58Ry =0,58 240=139,2 Ɇɉɚ. 
 

Гɨɥɨɜɧɿ ɛɚɥɤɢ 

 

Ƚɨɥɨɜɧɿ ɛɚɥɤɢ ɩɪɨɟɤɬɭєɦɨ ɡ ɞɜɨɬɚɜɪɨɜɨɝɨ ɫɤɥɚɞɟɧɨɝɨ 
ɩɟɪɟɪɿɡɭ ɡ ɥɢɫɬɨɜɨʀ ɭɧɿɜɟɪɫɚɥьɧɨʀ ɲɢɪɨɤɨɲɬɚɛɨɜɨʀ ɫɬɚɥɿ ɡɚ 
ȽɈɋɌ 82–70* ɤɥɚɫɭ ɋ235  ɡ ɪɨɡɪɚɯɭɧɤɨɜɢɦ ɨɩɨɪɨɦ Ry=220Ɇɉɚ ɿ 
ɧɨɪɦɚɬɢɜɧɢɦ ɨɩɨɪɨɦ Run=360Ɇɉɚ (ɬɚɛɥ. Ƚ. 2 [6], ɚɛɨ ɞɨɞɚɬɨɤ 1),, 
ɥɢɫɬɨɜɢɣ ɩɪɨɤɚɬ ɬɨɜɳɢɧɨɸ ).4020 ɦɦtɦɦ  Ɋɨɡɪɚɯɭɧɤɨɜɢɣ 
ɨɩɿɪ ɫɬɚɥɿ ɡɫɭɜɭ Rs=0,58Ry=0,58 220=127,6Ɇɉɚ. Ɂ ɬɚɛɥ. Ƚ. 4 [6] 
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ɡɚɥɟɠɧɨ ɜɿɞ Run=360 Ɇɉɚ ɩɪɢɣɦɚєɦɨ ɪɨɡɪɚɯɭɧɤɨɜɢɣ ɨɩɿɪ ɫɬɚɥɿ 
ɡɿɦ’ɹɬɬɸ ɬɨɪɰɟɜɨʀ ɩɨɜɟɪɯɧɿ Rɪ=327 Ɇɉɚ. 

 

Кɨɥɨɧɢ 

 

Ʉɨɥɨɧɢ ɩɪɨɟɤɬɭєɦɨ ɧɚɫɤɪɿɡɧɨɝɨ ɬɢɩɭ ɡ ɞɜɨɯ ɩɪɨɤɚɬɧɢɯ 
ɲɜɟɥɟɪɿɜ (ɡɚ ȾɋɌɍ 3436–96) ɚɛɨ ɞɜɨɬɚɜɪɿɜ (ɡɚ ȽɈɋɌ 8239-89) ɡ 
ɩɥɚɧɤɚɦɢ ɡ ɭɧɿɜɟɪɫɚɥьɧɨʀ ɲɢɪɨɤɨɲɬɚɛɨɜɨʀ ɫɬɚɥɿ ɤɥɚɫɭ ɋ245 ɡɚ 
ȽɈɋɌ 82–70*. 

 Ʉɨɥɨɧɚ ɫɤɥɚɞɚєɬьɫɹ ɡ ɬɪьɨɯ ɱɚɫɬɢɧ : ɫɬɟɪɠɧɹ, ɨɝɨɥɨɜɤɚ ɬɚ 
ɛɚɡɢ. 

ɋɬɟɪɠɟɧь ɤɨɥɨɧɢ. Ⱦɥɹ ɮɚɫɨɧɧɨɝɨ ɩɪɨɤɚɬɭ 
ɬɨɜɳɢɧɨɸ ɦɦtɦɦ 202  ɡɿ ɫɬɚɥɿ ɋ245 ɩɪɢɣɦɚєɦɨ ɪɨɡɪɚɯɭɧɤɨɜɢɣ 
ɨɩɿɪ Ry=240 Ɇɉɚ. (ɬɚɛɥ. Ƚ. 2 [6], ɚɛɨ ɞɨɞɚɬɨɤ 1), 

Ɉɝɨɥɨɜɨɤ ɤɨɥɨɧɢ. Ɋɨɡɪɚɯɭɧɤɨɜɢɦ ɟɥɟɦɟɧɬɨɦ ɨɝɨɥɨɜɤɚ ɹɜɥɹєɬьɫɹ 
ɜɟɪɬɢɤɚɥьɧɟ ɪɟɛɪɨ ɡ ɥɢɫɬɨɜɨʀ ɫɬɚɥɿ ɋ245, ɞɥɹ ɹɤɨʀ ɪɨɡɪɚɯɭɧɤɨɜɢɣ 
ɨɩɿɪ Ry=240Ɇɉɚ ɿ ɧɨɪɦɚɬɢɜɧɢɣ ɨɩɿɪ Run=370Ɇɉɚ (ɬɚɛɥ. Ƚ. 2 [6], ɚɛɨ 
ɞɨɞɚɬɨɤ 1), ɥɢɫɬɨɜɢɣ ɩɪɨɤɚɬ ɬɨɜɳɢɧɨɸ ɦɦtɦɦ 3020 ), ɚ 
ɪɨɡɪɚɯɭɧɤɨɜɢɣ ɨɩɿɪ Rp=366Ɇɉɚ ɩɪɢɣɦɚєɦɨ ɡɚɥɟɠɧɨ ɜɿɞ 
Run=370Ɇɉɚ. 

Ɋɨɡɪɚɯɭɧɤɨɜɢɣ ɨɩɿɪ ɫɬɚɥɿ ɡɫɭɜɭ Rs=0,58Ry=0,58 240=139,2 Ɇɉɚ. 
Ȼɚɡɚ ɤɨɥɨɧɢ. Ɉɫɧɨɜɧɢɦ ɪɨɡɪɚɯɭɧɤɨɜɢɦ ɟɥɟɦɟɧɬɨɦ ɛɚɡɢ ɹɜɥɹєɬьɫɹ 

ɨɩɨɪɧɚ ɩɥɢɬɚ, ɬɨɜɳɢɧɚ ɹɤɨʀ ɩɨɜɢɧɧɚ ɛɭɬɢ ɧɟ ɦɟɧɲɟ 20 ɦɦ. 
Ɉɩɨɪɧɭ ɩɥɢɬɭ ɛɚɡɢ ɩɪɨɟɤɬɭєɦɨ ɡ ɥɢɫɬɨɜɨʀ ɫɬɚɥɿ ɋ245 ɬɨɜɳɢɧɨɸ 

ɦɦtɦɦ 3020 ɡ ɪɨɡɪɚɯɭɧɤɨɜɢɦ ɨɩɨɪɨɦ Ry=240Ɇɉɚ 

(ɬɚɛɥ. Ƚ. 2 [6], ɚɛɨ ɞɨɞɚɬɨɤ 1). 
Ɏɭɧɞɚɦɟɧɬɢ ɩɿɞ ɤɨɥɨɧɢ ɩɪɨɟɤɬɭєɦɨ ɡ ɛɟɬɨɧɭ ɤɥɚɫɭ ɤɥɚɫɭ C12/15  

ɡ ɪɨɡɪɚɯɭɧɤɨɜɢɦ ɨɩɨɪɨɦ ɫɬɢɫɤ .5,8 Ɇɉɚfcd  

 

Мɨɧɬɚɠɧɿ ɛɨɥɬɢ ɞɥя ɡ’єɞɧɚɧɧя ɛɚɥɨɤ ɧɚɫɬɢɥɭ ɡ ɝɨɥɨɜɧɢɦɢ 
ɛɚɥɤɚɦɢ 

 

ɉɨɜɟɪɯɨɜɟ ɫɩɨɥɭɱɟɧɧɹ ɛɚɥɨɤ. Ɂɚ ɩɨɜɟɪɯɨɜɨɝɨ ɫɩɨɥɭɱɟɧɧɹ 
ɛɚɥɨɤ ɦɨɧɬɚɠɧɿ ɛɨɥɬɢ ɧɟ ɪɨɡɪɚɯɨɜɭɸɬь, ɚ ɩɪɢɣɦɚɸɬь 
ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɞɿɚɦɟɬɪɨɦ 20ɦɦ ɤɥɚɫɭ ɬɨɱɧɨɫɬɿ ȼ (ɚɛɨ ɋ) 
ɳɨɧɚɣɦɟɧɲɟ ɤɥɚɫɭ ɦɿɰɧɨɫɬɿ 5.6. 
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ɋɩɨɥɭɱɟɧɧɹ ɛɚɥɨɤ ɜ ɨɞɧɨɦɭ ɪɿɜɧɿ. ȼ ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ ɞɥɹ 
ɦɟɧɲ ɦɿɰɧɨʀ ɫɬɚɥɿ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ ɋ235 (ɩɨɪɿɜɧɹɧɨ ɡ ɋ255 ɛɚɥɤɢ 
ɧɚɫɬɢɥɭ) ɧɨɪɦɚɬɢɜɧɿ ɨɩɨɪɢ ɫɬɚɧɨɜɥɹɬь Ryn= 230Ɇɉɚ ɿ Run=360 Ɇɉɚ. 

Ʉɨɟɮɿɰɿєɧɬɢ ɞɥɹ ɜɢɛɨɪɭ ɤɥɚɫɭ ɦɿɰɧɨɫɬɿ ɛɨɥɬɿɜ: 
 

 6,31003601001 unRk ; 53,636023510102 unyn RRk . 

Ɂɝɿɞɧɨ ɡ ɰɢɦɢ ɤɨɟɮɿɰɿєɧɬɚɦɢ ɡ ɬɚɛɥ. Ⱦ. 3 [6] ɩɪɢɣɧɹɬɨ ɤɥɚɫ 
ɦɿɰɧɨɫɬɿ ɛɨɥɬɿɜ 5.6, ɞɥɹ ɹɤɢɯ ɪɨɡɪɚɯɭɧɤɨɜɢɣ ɨɩɿɪ ɡɪɿɡɭ 

ɆɉɚRbs 210 . Ɂ ɬɚɛɥ. Ⱦ. 5 [6] ɞɥɹ ɛɨɥɬɿɜ ɤɥɚɫɿɜ ɬɨɱɧɨɫɬɿ ȼ ɿ ɋ 
ɡɚɥɟɠɧɨ ɜɿɞ ɯɚɪɚɤɬɟɪɢɫɬɢɱɧɨɝɨ ɨɩɨɪɭ ɆɉɚRun 360  ɩɪɢɣɧɹɬɨ 
ɪɨɡɪɚɯɭɧɤɨɜɢɣ ɨɩɿɪ ɡɦɢɧɚɧɧɸ ɫɬɚɥɿ ɡ’єɞɧɭɜɚɥьɧɢɯ ɟɥɟɦɟɧɬɿɜ ɛɚɥɨɤ 

ɆɉɚRbp 475 . 

    

2. Ɋɨɡɪɚɯɭɧɨɤ ɫɬɚɥьɧɨɝɨ ɧɚɫɬɢɥɭ 

 

ȼ ɞɚɧɨɦɭ ɩɪɢɤɥɚɞɿ ɩɪɨɥɿɬ ɧɚɫɬɢɥɭ (ɤɪɨɤ ɛɚɥɨɤ ɧɚɫɬɢɥɭ) 
ɫɬɚɧɨɜɢɬь ɚ=100 ɫɦ, ɪɨɡɪɚɯɭɧɤɨɜɟ ɟɤɫɩɥɭɚɬɚɰɿɣɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ 
ɧɚɫɬɢɥ Ɋɟ=40ɤɉɚ=40 2ɦɤɇ , ɜɿɞɧɨɲɟɧɧɹ ɩɪɨɥьɨɬɭ ɧɚɫɬɢɥɭ ɞɨ 
ɝɪɚɧɢɱɧɨɝɨ ɩɪɨɝɢɧɭ ɩɪɢɣɦɚєɦɨ n0= ufa =150.  

Ɉɫɤɿɥьɤɢ ɦɨɞɭɥь ɩɪɭɠɧɨɫɬɿ ɩɪɨɤɚɬɧɨʀ ɫɬɚɥɿ 

ɆɉɚE  1006,2 5
 ɿ ɤɨɟɮɿɰɿєɧɬ ɉɭɚɫɫɨɧɚ ,3,0  ɬɨ ɧɟɨɛɯɿɞɧɢɣ 

ɞɥɹ ɪɨɡɪɚɯɭɧɤɿɜ ɫɬɚɥɟɜɢɯ ɧɚɫɬɢɥɿɜ ɡɚ ɝɪɚɧɢɱɧɢɦɢ ɫɬɚɧɚɦɢ ɞɪɭɝɨʀ 
ɝɪɭɩɢ ɩɚɪɚɦɟɬɪ 

ɆɉɚEE  1026,2)3,01/(1006,2)1/( 5252
1 . 

Ɋɨɡɪɚɯɭɧɤɨɜɚ ɬɨɜɳɢɧɚ ɧɚɫɬɢɥɭ 

,ɫɦ,

,

ePn

En

a
t 3861

404150

51026272000
1

15

1504

100

4
0

172000
1

15

04

 

ɩɪɢɣɦɚєɦɨ ɬɨɜɳɢɧɭ ɧɚɫɬɢɥɭ t=14 ɦɦ. 

Ɍɨɜɳɢɧɭ ɫɬɚɥьɧɨɝɨ ɧɚɫɬɢɥɭ ɩɪɢɣɦɚɸɬь ɜ ɦɟɠɚɯ 6...14 ɦɦ, 
ɡɚɨɤɪɭɝɥɸɸɱɢ ɜ ɛɿɥьɲɭ ɫɬɨɪɨɧɭ ɞɨ ɰɿɥɨɝɨ ɡɧɚɱɟɧɧɹ, ɳɨ є ɭ 
ɫɨɪɬɚɦɟɧɬɿ. əɤɳɨ ɬɨɜɳɢɧɚ ɧɚɫɬɢɥɭ ɧɟ ɜɩɢɫɭєɬьɫɹ ɜ ɨɡɧɚɱɟɧɧɿ 
ɦɟɠɿ, ɬɨ ɧɟɨɛɯɿɞɧɨ ɩɟɪɟɝɥɹɧɭɬɢ ɤɪɨɤ ɛɚɥɨɤ ɧɚɫɬɢɥɭ. 
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3.Ɋɨɡɪɚɯɭɧɨɤ ɛɚɥɤɢ ɧɚɫɬɢɥɭ 

 
ȼ ɩɪɢɤɥɚɞɿ ɪɨɡɪɚɯɭɧɤɭ ɩɪɢɣɧɹɬɚ ɬɨɜɳɢɧɚ ɧɚɫɬɢɥɭ t=0,014 

ɦ, ɩɪɢɫɤɨɪɟɧɧɹ ɜɿɥьɧɨɝɨ ɩɚɞɿɧɧɹ g=9,81ɦ/ɫ2, ɝɭɫɬɢɧɚ ɫɬɚɥɿ =7,85 
ɬ/ɦ3

. 

ɏɚɪɚɤɬɟɪɢɫɬɢɱɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞ ɜɚɝɢ ɧɚɫɬɢɥɭ: 
S0=t g =0,014 9,81 7,85=1,078 ɤɇ/ɦ2

; 

Ɋɨɡɪɚɯɭɧɤɨɜɟ ɟɤɫɩɥɭɚɬɚɰɿɣɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞ ɜɚɝɢ 
ɧɚɫɬɢɥɭ: 

Sɟ= S0 fe
=1,078 

.
 1=1,078 ɤɇ/ɦ2

; 

ɞɟ 
fe

=1 – ɤɨɟɮɿɰɿєɧɬ ɧɚɞɿɣɧɨɫɬɿ ɡɚ ɧɚɜɚɧɬɚɠɟɧɧɹɦ. 
Ɋɨɡɪɚɯɭɧɤɨɜɟ ɩɨɝɨɧɧɟ ɟɤɫɩɥɭɚɬɚɰɿɣɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ 

ɛɚɥɤɭ ɧɚɫɬɢɥɭ: 
q1ɟ=(Pɟ

 
+ Sɟ) a=(40+1,078) 1,0= 41,078 ɤɇ/ɦ. 

Ɋɨɡɪɚɯɭɧɤɨɜɟ ɝɪɚɧɢɱɧɟ ɩɨɝɨɧɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɛɚɥɤɭ 
ɧɚɫɬɢɥɭ: 

q1=(Pn
.

fp+Sn
.

fs) a=(40 1,2+1,078 1,05) 1,0= 49,13 ɤɇ/ɦ. 
Ɋɨɡɪɚɯɭɧɤɨɜɚ ɫɯɟɦɚ ɛɚɥɤɢ ɧɚɫɬɢɥɭ ɡ ɟɩɸɪɚɦɢ Q, M ɩɨɤɚɡɚɧɚ 

ɧɚ ɪɢɫ.2.  
Ɇɚɤɫɢɦɚɥьɧɿ ɡɧɚɱɟɧɧɹ ɡɝɢɧɚɸɱɢɯ ɦɨɦɟɧɬɿɜ ɿ ɩɨɩɟɪɟɱɧɚ 

ɫɢɥɚ ɜ ɛɚɥɰɿ: 
- ɜɿɞ ɪɨɡɪɚɯɭɧɤɨɜɨɝɨ ɟɤɫɩɥɭɚɬɚɰɿɣɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ: 

82
21 leqeM 41,078 5,5

2/8=155,33 ɤɇ ɦ; 
- ɜɿɞ ɪɨɡɪɚɯɭɧɤɨɜɨɝɨ ɝɪɚɧɢɱɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ: 

82
21

lqM 49,13 5,5
2/8=185,77 ɤɇ ɦ; 

Q = q1 l2/2=49,13 5,5/2= 135,1 ɤɇ. 
Ȼɚɥɤɭ ɧɚɫɬɢɥɭ, ɹɤ ɩɪɚɜɢɥɨ, ɪɨɡɪɚɯɨɜɭɸɬь ɡ ɭɪɚɯɭɜɚɧɧɹɦ 

ɪɨɡɜɢɬɤɭ ɩɪɭɠɧɨ-ɩɥɚɫɬɢɱɧɢɯ ɞɟɮɨɪɦɚɰɿɣ. 
 

ɉɿɞɛɿɪ ɩɟɪɟɪɿɡɭ ɩɪɨɤɚɬɧɨʀ ɛɚɥɤɢ ɩɨɥɹɝɚє ɭ ɜɢɛɨɪɿ 
ɧɟɨɛɯɿɞɧɨɝɨ ɧɨɦɟɪɭ ɩɪɨɮɿɥɸ ɿɡ ɫɨɪɬɚɦɟɧɬɭ ɬɚ ɜɢɤɨɧɚɧɧɿ ɩɟɪɟɜɿɪɨɤ 
ɣɨɝɨ ɦɿɰɧɨɫɬɿ, ɫɬɿɣɤɨɫɬɿ ɬɚ ɠɨɪɫɬɤɨɫɬɿ. 

ɇɚ ɩɟɪɲɨɦɭ ɟɬɚɩɿ ɩɪɢɣɦɚɸɬь ɡɧɚɱɟɧɧɹ 10,1xɫ  ɿ 1 . 
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Ɋɢɫ.2. Ɋɨɡɪɚхɭɧɤɨɜɚ ɫхɟɦɚ ɛɚɥɤɢ ɧɚɫɬɢɥɭ ɡ ɟɩɸɪɚɦɢ Q i M.

q1=49.13 kH/ ɦ

l1=5500

M, kHɦ

Q, kH

185.77

135.1

y

x

145

12
,3

7.5

3
6
0

135.1

                 
Ɋɢɫ. 2 Ɋɨɡɪɚɯɭɧɤɨɜɚ ɫɯɟɦɚ ɛɚɥɤɢ ɧɚɫɬɢɥɭ ɡ ɟɩɸɪɚɦɢ Q, M 

 

ɇɟɨɛɯɿɞɧɢɣ ɦɨɦɟɧɬ ɨɩɨɪɭ 

3
3

7,703
0,12400,11,1

1077,185

/
ɫɦ

Rc

M
W

ncyx

max
nec , 

ɞɟ 1ɫ  – ɤɨɟɮɿɰɿєɧɬ ɭɦɨɜ ɪɨɛɨɬɢ (ɨɫɤɿɥьɤɢ ɤɨɧɤɪɟɬɧɿ 
ɭɦɨɜɢ ɪɨɛɨɬɢ ɤɨɧɫɬɪɭɤɰɿʀ ɧɟ ɨɛɭɦɨɜɥɟɧɨ). 

Ɂ ɬɚɛɥɢɰь ɫɨɪɬɚɦɟɧɬɭ ɩɪɢɣɦɚєɦɨ ɩɪɨɤɚɬɧɢɣ ɞɜɨɬɚɜɪ I 36 ɡ 
ɝɟɨɦɟɬɪɢɱɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

Wx=743 cɦ3, Іɯ=13380 ɫɦ4
, Sɯ=423 ɫɦ3, h=36 ɫɦ, bf=14,5 ɫɦ, 

tf=1,23 ɫɦ,     tw=0,75 ɫɦ, Ⱥ=61,9 ɫɦ2
. 

Ɉɫɤɿɥьɤɢ ɜ ɛɚɥɰɿ ɨɞɧɨɱɚɫɧɨ ɜɢɧɢɤɚɸɬь ɡɝɢɧɚɸɱɢɣ ɦɨɦɟɧɬ ɿ 
ɩɨɩɟɪɟɱɧɚ ɫɢɥɚ, ɬɨ ɞɨɬɢɱɧɿ ɧɚɩɪɭɠɟɧɧɹ ɜɢɡɧɚɱɚɸɬь ɡɚ ɮɨɪɦɭɥɨɸ 

Ɇɉɚ
ht

Q

ww
xy 9,53

42,3375,0

101,135
<

ɆɉɚRR ys 6,6958,05,05,0 , 

ɞɟ wh  –  ɜɢɫɨɬɚ ɫɬɿɧɤɢ, 
. 42,3323,12362 ɫɦthh fw  

Ɉɫɤɿɥьɤɢ ɭɦɨɜɚ ɜɢɤɨɧɭєɬьɫɹ, ɬɨ ɤɨɟɮɿɰɿєɧɬ .1  

Ɉɛɱɢɫɥɢɜɲɢ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ 
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,751,0
9,24

7,18

23,120,3675,0

23,15,14

2 fw

ff

w

f

tht

tb

A

A
 

ɡ ɬɚɛɥ. Ɇ. 1 [6] ɞɥɹ ɞɜɨɬɚɜɪɨɜɨɝɨ ɩɟɪɟɪɿɡɭ ɜɢɡɧɚɱɚɸɬь ɬɨɱɧɟ 
ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ . 0942,1xc  

ɉɟɪɟɜɿɪɤɚ ɛɚɥɤɢ ɩɪɢɣɧɹɬɨɝɨ ɩɟɪɟɪɿɡɭ: 
ɧɚ ɦɿɰɧɿɫɬь ɡɚ ɧɨɪɦɚɥьɧɢɦɢ ɧɚɩɪɭɠɟɧɧɹɦɢ 

 = Ɇ/(ɋx Wx) = 185.77 10
2
/(1,0942 743) = 22,79ɤɇ/ɫɦ2 

= 

227,9Ɇɩɚ<Ry c = 240Ɇɉɚ; 
ɧɚ ɦɿɰɧɿɫɬь ɡɚ ɞɨɬɢɱɧɢɦɢ ɧɚɩɪɭɠɟɧɧɹɦɢ ɜ ɨɩɨɪɧɨɦɭ 

ɩɟɪɟɪɿɡɿ: 
ɜ ɨɩɨɪɧɨɦɭ ɩɟɪɟɪɿɡɿ ɩɪɢ ɩɨɜɟɪɯɨɜɨɦɭ ɫɩɨɥɭɱɟɧɿ ɛɚɥɨɤ: 
 = Q/[tw(h - 2

.
tf)] = 135,1/[0,75 (36 - 2 1,23)] = 5,37ɤɇ/ɫɦ2 

= 

53,37Ɇɩɚ <Rs c = 139,2 Ɇɉɚ; 
ɬɟɠ ɫɚɦɟ ɩɪɢ ɫɩɨɥɭɱɟɧɿ ɛɚɥɨɤ ɜ ɨɞɧɨɦɭ ɪɿɜɧɿ (ɪɨɡɝɥɹɞɚєɬьɫɹ 

ɹɤ ɜɚɪɿɚɧɬ): 
= 1,5Q/[tw(h-2tf–ɚ1)] = 1,5 135,1/[0,75 (36 – 2  1,23 - 2)] = 

8,57ɤɇ/ɫɦ2 = 85,7Ɇɉɚ <  Rs c=139,2 Ɇɉɚ; 
ɞɟ ɚ1 = 2 ɫɦ – ɪɨɡɦɿɪ, ɹɤɢɣ ɜɪɚɯɨɜɭє ɡɦɟɧɲɟɧɧɹ ɜɢɫɨɬɢ 

ɫɬɿɧɤɢ ɱɟɪɟɡ ɜɢɪɿɡɢ ɩɨɥɢɰь; 
ɧɚ ɩɪɨɝɢɧ ɡɚ ɝɪɚɧɢɱɧɢɦɢ ɫɬɚɧɚɦɢ ɞɪɭɝɨʀ ɝɪɭɩɢ 

1338051006,2

55015533

48

52

48

5

xIE

leM

l

f

250

1

2310

1

l

uf
. 

 

4. Ɋɨɡɪɚɯɭɧɨɤ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ 

 

Ƚɨɥɨɜɧɭ ɛɚɥɤɭ ɩɪɨɟɤɬɭєɦɨ ɭ ɜɢɝɥɹɞɿ ɞɜɨɬɚɜɪɨɜɨɝɨ 
ɫɤɥɚɞɟɧɨɝɨ ɩɟɪɟɪɿɡɭ ɡ ɥɢɫɬɨɜɨʀ ɭɧɿɜɟɪɫɚɥьɧɨʀ ɲɢɪɨɤɨɲɬɚɛɨɜɨʀ ɫɬɚɥɿ 
ɡɚ ȽɈɋɌ 82–70* (ɪɢɫ. 3,ɛ ). 

 

4.1. Зɛɿɪ ɧɚɜɚɧɬɚɠɟɧь ɬɚ ɜɢɡɧɚчɟɧɧя ɪɨɡɪɚхɭɧɤɨɜɢх ɡɭɫɢɥь 

 

ɇɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɨɥɨɜɧɭ ɛɚɥɤɭ ɫɤɥɚɞɚєɬьɫɹ ɡ ɡɨɫɟɪɟɞɠɟɧɢɯ 
ɫɢɥ F, ɳɨ ɩɟɪɟɞɚɸɬьɫɹ ɜɿɞ ɛɚɥɨɤ ɧɚɫɬɢɥɭ ɿ ɪɿɜɧɨɦɿɪɧɨ 
ɪɨɡɩɨɞɿɥɟɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ qconst , ɨɛɭɦɨɜɥɟɧɨɝɨ ɜɚɝɨɸ ɝɨɥɨɜɧɨʀ 
ɛɚɥɤɢ. 
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Ɋɨɡɪɚɯɭɧɤɨɜɟ  ɟɤɫɩɥɭɚɬɚɰɿɣɧɟ ɡɧɚɱɟɧɧɹ ɡɨɫɟɪɟɞɠɟɧɨʀ ɫɢɥɢ: 
Fɟ = q1ɟ l2 = 41,078 5,5 = 225,93 ɤɇ; 

Ɋɨɡɪɚɯɭɧɤɨɜɟ  ɝɪɚɧɢɱɧɟ ɡɧɚɱɟɧɧɹ ɡɨɫɟɪɟɞɠɟɧɨʀ ɫɢɥɢ: 
F = q1 l2 = 49,13 5,5 = 270,22 ɤɇ. 

ȿɤɫɩɥɭɚɬɚɰɿɣɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞ ɜɚɝɢ ɛɚɥɤɢ ɩɪɢɣɦɚєɦɨ 
qconst, n=3 ɤɇ/ɦ ɡ ɤɨɟɮɿɰɿєɧɬɨɦ ɧɚɞɿɣɧɨɫɬɿ ɡɚ ɧɚɜɚɧɬɚɠɟɧɧɹɦ f=1,05. 

Ɋɟɚɥьɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɛɚɥɤɭ ɡɚɦɿɧɸєɦɨ ɟɤɜɿɜɚɥɟɧɬɧɢɦ 
ɪɿɜɧɨɦɿɪɧɨ ɪɨɡɩɨɞɿɥɟɧɢɦ ɩɨ ɩɪɨɥьɨɬɭ (ɪɢɫ. 3, ɚ): 

Ɋɨɡɪɚɯɭɧɤɨɜɟ ɟɤɫɩɥɭɚɬɚɰɿɣɧɟ  ɡɧɚɱɟɧɧɹ ɟɤɜɿɜɚɥɟɧɬɧɨɝɨ 
ɧɚɜɚɧɬɚɠɟɧɧɹ: 

3
11

93225

11

1211

1

12
,

n,const
q

l

e
F

n

n

e
q  230,8 ɤɇ/ɦ; 

ɪɨɡɪɚɯɭɧɤɨɜɟ ɝɪɚɧɢɱɧɟ ɡɧɚɱɟɧɧɹ ɟɤɜɿɜɚɥɟɧɬɧɨɝɨ 
ɧɚɜɚɧɬɚɠɟɧɧɹ: 

3051
11

22270

11

1211

1

12
,

,

n,const
q

fml

F

n

n
q 275,6ɤɇ/

ɦ, 
ɞɟ n=11– ɱɢɫɥɨ ɛɚɥɨɤ ɧɚɫɬɢɥɭ, ɳɨ ɨɩɢɪɚɸɬьɫɹ ɧɚ ɝɨɥɨɜɧɭ ɛɚɥɤɭ 
(ɞɢɜ.ɪɢɫ.1,ɚ). 

Ɋɨɡɪɚɯɭɧɤɨɜɚ ɫɯɟɦɚ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ ɡ ɟɩɸɪɚɦɢ  Q ɿ Ɇ 
ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 3, ɚ. 

Ɇɚɤɫɢɦɚɥьɧɢɣ ɡɝɢɧɚɥьɧɢɣ ɦɨɦɟɧɬ ɜ ɛɚɥɰɿ: 
ɜɿɞ  ɪɨɡɪɚɯɭɧɤɨɜɨɝɨ ɟɤɫɩɥɭɚɬɚɰɿɣɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ:  

82
1
l

e
q

e
M 230,8 11

2/8=3490,85 ɤɇ ɦ; 

ɜɿɞ ɪɨɡɪɚɯɭɧɤɨɜɨɝɨ ɝɪɚɧɢɱɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ: 

82
1
lqM 275,6 11

2/8=4168,45ɤɇ ɦ. 

Ɋɨɡɪɚɯɭɧɤɨɜɚ ɩɨɩɟɪɟɱɧɚ ɫɢɥɚ ɜ ɨɩɨɪɧɨɦɭ ɩɟɪɟɪɿɡɿ ɛɚɥɤɢ: 
Q = q l1 /2 = 275,6 11/2 = 1515,8 ɤɇ. 
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q1=275.6 kH/ ɦ

M, kHɦ

Q, kH

4168.45

1515.8

y

x

14

13
4

0

14
00

30
30

13
70 x

y

380

a.)
b.)

l1=11000

1515.8

Ɋɢɫ. 3. Ɋɨɡɪɚɯɭɧɤɨɜɚ ɫɯɟɦɚ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ ɡ ɟɩɸɪɚɦɢ  Q ɿ Ɇ (ɚ) ɬɚ ɩɨɩɟɪɟɱɧɢɣ 
ɩɟɪɟɪɿɡ ɛɚɥɤɢ (ɛ). 

 

 

4.2. ɉɿɞɛɿɪ ɩɨɩɟɪɟчɧɨɝɨ ɩɟɪɟɪɿɡɭ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ 

 

Ƚɨɥɨɜɧɭ ɛɚɥɤɭ ɩɪɨɟɤɬɭєɦɨ ɡɚ ɩɪɭɠɧɨʀ ɪɨɛɨɬɢ ɦɟɬɚɥɭ ɡɿ ɫɬɚɥɿ 
ɋ235, ɞɥɹ ɹɤɨʀ ɪɨɡɪɚɯɭɧɤɨɜɿ ɨɩɨɪɢ ɫɬɚɧɨɜɥɹɬь: Ry=220 Ɇɉɚ, 
Rs=127,6 Ɇɉɚ, Rɪ=327 Ɇɉɚ. 

ɇɟɨɛɯɿɞɧɿ ɦɨɦɟɧɬɢ ɨɩɨɪɭ: 
W0 = M/(Ry c) = 4168.45

.
10

3
/(220 1) = 18947,5 ɫɦ3

. 

ɍ ɡɜ’ɹɡɤɭ ɡ ɬɢɦ, ɳɨ ɧɚɣɛɿɥьɲɢɣ ɩɪɨɤɚɬɧɢɣ ɞɜɨɬɚɜɪ I 60 

(ȽɈɋɌ 8239-89) ɦɚє Wx=2560 ɫɦ3
 < W0=18947,5 ɫɦ3, ɬɨɦɭ ɝɨɥɨɜɧɭ 

ɛɚɥɤɭ ɩɪɨɟɤɬɭєɦɨ ɡ ɫɤɥɚɞɟɧɨɝɨ ɞɜɨɬɚɜɪɨɜɨɝɨ ɩɟɪɟɪɿɡɭ (ɪɢɫ. 3, ɛ). 
ȼɢɫɨɬɚ ɩɟɪɟɪɿɡɭ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ ɭ ɩɟɪɲɨɦɭ ɧɚɛɥɢɠɟɧɿ: 

 110011000
10

1

110

1
lh  ɦɦ;   

 ɩɪɢɣɦɚєɦɨ h=1100 ɦɦ. 
Ɉɪɿєɧɬɨɜɧɟ ɡɧɚɱɟɧɧɹ ɬɨɜɳɢɧɢ ɫɬɿɧɤɢ: 
 tw1=7+3 h=7+3 1,1=10,3 ɦɦ. 
Ɋɨɡɪɚɯɭɧɤɨɜɟ ɡɧɚɱɟɧɧɹ ɬɨɜɳɢɧɢ ɫɬɿɧɤɢ ɡɚɨɤɪɭɝɥɸɸɬь ɭ 

ɛɿɥьɲɭ ɫɬɨɪɨɧɭ ɿ ɩɪɢɣɦɚɸɬь ɫɬɚɧɞɚɪɬɧɢɦ ɿɡ ɫɨɪɬɚɦɟɧɬɚ. Ɍɨɦɭ ɞɥɹ 
ɩɨɩɟɪɟɞɧɿɯ ɪɨɡɪɚɯɭɧɤɿɜ ɩɪɢɣɧɹɬɨ .11 ɦɦtw  

Ɉɩɬɢɦɚɥьɧɚ ɜɢɫɨɬɚ ɛɚɥɤɢ: 

 

 

 

 

 

 

 

 

 

 

 

 

 



 16 

 1,15,18947110 wtWkopth 135,6ɫɦ; 

ɩɪɢɣɦɚєɦɨ hopt=140 ɫɦ. (əɤ ɩɪɚɜɢɥɨ, opth  ɡɚɨɤɪɭɝɥɸɸɬь ɭ ɛɿɥьɲɭ 

ɫɬɨɪɨɧɭ ɞɨ ɱɢɫɥɚ ɤɪɚɬɧɨɝɨ ɫɦ10 ). 

ɉɟɪɟɜɿɪɹєɦɨ ɞɨɫɬɚɬɧɿɫɬь ɩɨɩɟɪɟɞɧьɨ ɩɪɢɣɧɹɬɨʀ ɬɨɜɳɢɧɢ 
ɫɬɿɧɤɢ: 

ɩɪɢ ɪɨɛɨɬɿ ɧɚ ɡɫɭɜ: 
 tw, min 2= 1,5 Q/(hw Rs c) = 1,5 1515,8/(133 12,76 1) = 1,34 ɫɦ, 
ɞɟ hw=0,95 h=0,95 140= 133 ɫɦ. 

ɞɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɭɦɨɜɢ, ɡɚ ɹɤɨʀ ɧɟ ɩɨɬɪɿɛɧɨ ɫɬɿɧɤɭ ɛɚɥɤɢ 
ɭɤɪɿɩɥɸɜɚɬɢ ɩɨɡɞɨɜɠɧɿɦɢ ɪɟɛɪɚɦɢ ɠɨɪɫɬɤɨɫɬɿ: 

51006,2220
6

133

63min, EyR
h

wt
w  0,72 ɫɦ. 

Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɫɨɪɬɚɦɟɧɬɭ ɧɚ ɭɧɿɜɟɪɫɚɥьɧɭ ɥɢɫɬɨɜɭ ɫɬɚɥь 
ɩɪɢɣɦɚєɦɨ ɫɬɿɧɤɭ ɬɨɜɳɢɧɨɸ tw=14 ɦɦ. 

Ɇɿɧɿɦɚɥьɧɚ ɜɢɫɨɬɚ ɛɚɥɤɢ ɡ ɭɦɨɜɢ ɡɚɛɟɡɩɟɱɟɧɧɹ 
ɧɨɪɦɚɬɢɜɧɨɝɨ ɩɪɨɝɢɧɭ fu/l=1/400: 

51006,25,18947

10400110085.3490

24

5

024

5
min

3
1

lufEW

lM
h e 82,0 ɫɦ. 

Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɜɢɤɨɧɚɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɩɪɢɣɦɚєɦɨ ɨɫɬɚɬɨɱɧɭ 
ɜɢɫɨɬɭ ɛɚɥɤɢ h=140 ɫɦ. 

Ɉɛɱɢɫɥɸєɦɨ ɧɟɨɛɯɿɞɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɩɟɪɟɪɿɡɭ ɛɚɥɤɢ: 
І0 = 0,5 Wo·h = 0,5·18947,5·140 = 1326325 ɫɦ4

. 

ɉɪɢɣɧɹɜɲɢ ɨɪɿєɧɬɨɜɧɨ ɜɢɫɨɬɭ ɫɬɿɧɤɢ hw = 0,95 h = 0,95 140 

= 133,5ɫɦ, ɜɢɡɧɚɱɚєɦɨ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɫɬɿɧɤɢ:  

.ɫɦ,
w

h
w

t
w

I
427447412313341123

 

ɇɟɨɛɯɿɞɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɩɨɹɫɧɢɯ ɥɢɫɬɿɜ: 
Іf = I0 - Iw = 1326325 - 274474 = 1051851 ɫɦ4

. 

ɉɪɢɣɧɹɜɲɢ ɨɪɿєɧɬɨɜɧɨ ɜɿɞɫɬɚɧь ɦɿɠ ɰɟɧɬɪɚɦɢ ɜɚɝɢ ɩɨɹɫɿɜ 
hf= 0,97·h = 0,97·140 = 135,8ɫɦ, ɨɛɱɢɫɥɸєɦɨ ɧɟɨɛɯɿɞɧɭ ɩɥɨɳɭ 
ɩɟɪɟɪɿɡɭ ɨɞɧɨɝɨ ɩɨɹɫɚ: 

Ⱥf = 2·If/hf
2 = 2·1051851/135,8

2 
= 114,0 ɫɦ2

. 

ɒɢɪɢɧɚ ɩɨɹɫɧɨɝɨ ɥɢɫɬɚ ɩɨɜɢɧɧɚ ɛɭɬɢ ɜ ɦɟɠɚɯ 
bf=(1/3…1/5)·h=(1/3…1/5)·140= 46,7…28 ɫɦ. 
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Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɫɨɪɬɚɦɟɧɬɭ ɧɚ ɭɧɿɜɟɪɫɚɥьɧɭ ɫɬɚɥь ɩɪɢɣɦɚєɦɨ 
bf=380 ɦɦ. ɇɟɨɛɯɿɞɧɚ ɬɨɜɳɢɧɚ ɩɨɹɫɧɨɝɨ ɥɢɫɬɚ: 

tf = Af/bf = 114,0/38 = 3,0 ɫɦ. 
Ɂɝɿɞɧɨ ɫɨɪɬɚɦɟɧɬɭ ɩɪɢɣɦɚєɦɨ tf = 30 ɦɦ. 

Іɡ ɭɦɨɜɢ ɡɜɚɪɸɜɚɧɨɫɬɿ ɩɨɹɫɚ ɡɿ ɫɬɿɧɤɨɸ ɩɨɜɢɧɧɚ 
ɜɢɤɨɧɭɜɚɬɢɫɹ ɭɦɨɜɚ: tf/tw = 30/14 = 2,14 < 3,0. 

ɉɟɪɟɜɿɪɤɚ ɭɦɨɜɢ ɡɚɛɟɡɩɟɱɟɧɧɹ ɦɿɫɰɟɜɨʀ ɫɬɿɣɤɨɫɬɿ ɫɬɢɫɧɭɬɨɝɨ 
ɩɨɹɫɚ: 

220510062338 ,yREftɫɦb f 91,8 ɫɦ. 

 

4.3. ɉɟɪɟɜɿɪɤɚ ɦɿɰɧɨɫɬɿ ɩɟɪɟɪɿɡɭ ɡɚ ɧɨɪɦɚɥьɧɢɦɢ 

ɬɚ ɞɨɬɢɱɧɢɦɢ ɧɚɩɪɭɠɟɧɧɹɦɢ 

 

Ƚɟɨɦɟɬɪɢɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɟɪɟɪɿɡɭ ɛɚɥɤɢ (ɪɢɫ. 3, ɛ): 
ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ: 
Іɯ = tw·hw

3/12 + 2·bf·tf
3/12 + 2·bf·tf·hf

2/4 = 1,4·1343
/12 

+2·38·33/12+ 2·38·3·137,22
/4  = 1350716ɫɦ4

, 

ɞɟ hw = h-2·tf = 140-2·3 = 134 ɫɦ – ɜɢɫɨɬɚ ɫɬɿɧɤɢ; 
hf = h-tf = 140-3 = 137 ɫɦ – ɜɿɞɫɬɚɧь ɦɿɠ ɰɟɧɬɪɚɦɢ ɜɚɝɢ ɩɨɹɫɿɜ. 

Ɇɨɦɟɧɬ ɨɩɨɪɭ 
Wx = 2·Ix/h = 2·1350716/140 = 119296 ɫɦ3

 > W0 = 11199,8 ɫɦ3
. 

ɇɨɪɦɚɥьɧɿ ɧɚɩɪɭɠɟɧɧɹ ɜ ɩɟɪɟɪɿɡɿ ɛɚɥɤɢ ɡ ɦɚɤɫɢɦɚɥьɧɢɦ ɦɨɦɟɧɬɨɦ 

/19296104168.45 2
xWM 21,6 ɤɇ/ɫɦ2 

= 216 

Ɇɩɚ < RyȖc=220 Ɇɉɚ. 
Ɇɚɤɫɢɦɚɥьɧɚ ɩɨɩɟɪɟɱɧɚ ɫɢɥɚ Q=1515,8 ɤɇ. Ɉɛɩɢɪɚɧɧɹ 

ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ ɧɚ ɤɨɥɨɧɭ ɡɞɿɣɫɧɸєɬьɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɬɨɪɰɟɜɨɝɨ 
ɪɟɛɪɚ ɿ ɩɨɩɟɪɟɱɧɚ ɫɢɥɚ ɭ ɰьɨɦɭ ɜɢɩɚɞɤɭ ɫɩɪɢɣɦɚєɬьɫɹ ɬɿɥьɤɢ 
ɫɬɿɧɤɨɸ: 

Ĳ = 1,5Q/(tw · hw) = 1,5 · 1515,8 / (1,4·134) = 12,12ɤɇ/ɫɦ2  
= 

121,2Ɇɉɚ < RsȖc= 127,6 Ɇɉɚ. 
 

4.4. ɉɟɪɟɜɿɪɤɚ ɩɪɨɝɢɧɭ ɛɚɥɤɢ 

400

1

626

1

135071651006,29,0

1100103490.85

48

51

48

5 3

l

uf

xIE

leM

l

f
, 

ɞɟ =0,9 – ɤɨɟɮɿɰɿєɧɬ, ɳɨ ɜɪɚɯɨɜɭє ɡɦɟɧɲɟɧɧɹ ɩɟɪɟɪɿɡɭ ɛɚɥɤɢ. 
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4.5. Зɦɿɧɚ ɩɟɪɟɪɿɡɭ ɩɨ ɞɨɜɠɢɧɿ ɛɚɥɤɢ 

 

Ɂɦɿɧɭ ɩɟɪɟɪɿɡɭ ɛɚɥɤɢ ɡɞɿɣɫɧɸєɦɨ ɡɚ ɪɚɯɭɧɨɤ ɡɦɟɧɲɟɧɧɹ 
ɲɢɪɢɧɢ ɩɨɹɫɧɢɯ ɥɢɫɬɿɜ (ɪɢɫ.4). Ɂɦɿɧɭ ɩɟɪɟɪɿɡɿɜ ɩɨɹɫɿɜ 
ɪɟɤɨɦɟɧɞɭєɬьɫɹ ɪɨɡɦɿɳɭɜɚɬɢ ɧɚ ɜɿɞɫɬɚɧɿ ɫ=l1/6=11000/6=1833,3 ɦɦ 
ɜɿɞ ɨɩɨɪ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ ɩɪɢɣɦɚєɦɨ ɫ=1800 ɦɦ. 

ɍ ɦɿɫɰɹɯ ɡɦɿɧɢ ɩɟɪɟɪɿɡɿɜ ɩɨɹɫɿɜ ɨɛɱɢɫɥɸєɦɨ: 
ɡɝɢɧɚɥьɧɢɣ ɦɨɦɟɧɬ: 

Ɇ1 = q·c·(l1-c)/2 = 275,6·1,8·(11-1,8)/2 = 2282,0 ɤɇ·ɦ; 
ɩɨɩɟɪɟɱɧɚ ɫɢɥɚ: 

Q1 = q·(0,5 · l1-c) = 275,6·(0,5·11-1,8) = 1019,72 ɤɇ. 
q1=275.6 kH/ ɦ

M, kHɦ

Q, kH

1800 1800

M,=2282

Q,=1019.72

26
0

26
0

38
0

ɫɬɢɤɨɜі шɜɢ

Q,=1019.72

M,=2282

 
Ɋɢɫ.4. Ɂɦɿɧɚ ɩɟɪɟɪɿɡɭ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ. 

 

 ɇɟɨɛɯɿɞɧɿ ɝɟɨɦɟɬɪɢɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɦɿɧɟɧɨɝɨ ɩɟɪɟɪɿɡɭ 
ɛɚɥɤɢ: 
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ɦɨɦɟɧɬ ɨɩɨɪɭ: 
W1 = M1/(Ry·Ȗc) = 228200/(22·1) = 

10372,7 ɫɦ3
; 

ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ: 
І1 = 0,5·W1·h = 0,5·10372,7 ·140 = 

726091 ɫɦ4
; 

ɩɥɨɳɚ ɡɦɟɧɲɟɧɨɝɨ ɩɨɹɫɧɨɝɨ ɥɢɫɬɚ: 
Af1=2·(I1 - 123 /ht ww )/hf

2 = 2·(726091 – 

1.4
.
134

3
/12)/137

2 = 77,4 ɫɦ2
; 

ɲɢɪɢɧɚ ɡɦɟɧɲɟɧɨɝɨ ɩɨɹɫɧɨɝɨ ɥɢɫɬɚ: 
bf1=Af1/tf=77,4/3= 25,8 ɫɦ. 

ȼɪɚɯɨɜɭɸɱɢ, ɳɨ ɲɢɪɢɧɚ ɡɦɟɧɲɟɧɨɝɨ 
ɩɨɹɫɧɨɝɨ ɥɢɫɬɚ ɩɨɜɢɧɧɚ ɛɭɬɢ: 

bf1>20, bf1>h/10=140/10=14 ɫɦ ɿ 
bf1>0,5·bf=0,5·38=19 ɫɦ, ɡ ɭɪɚɯɭɜɚɧɧɹɦ 
ɫɨɪɬɚɦɟɧɬɭ ɩɪɢɣɦɚєɦɨ bf1=260 ɦɦ. 

Ɂɦɟɧɲɟɧɢɣ ɩɟɪɟɪɿɡ ɛɚɥɤɢ ɩɨɤɚɡɚɧɢɣ ɧɚ ɪɢɫ. 5.  
 

4.6. ɉɟɪɟɜɿɪɤɚ ɦɿɰɧɨɫɬɿ ɛɚɥɤɢ ɡɚ ɩɪɢɜɟɞɟɧɢɦɢ ɧɚɩɪɭɠɟɧɧɹɦɢ  
 

ɍ ɧɟɛɟɡɩɟɱɧɨɦɭ ɩɟɪɟɪɿɡɿ, ɡɦɿɧɢ ɲɢɪɢɧɢ ɩɨɹɫɧɢɯ ɥɢɫɬɿ, 
ɞɿɸɬь ɡɝɢɧɚɥьɧɢɣ ɦɨɦɟɧɬ Ɇ1=2282,0 ɤɇ·ɦ ɿ ɩɨɩɟɪɟɱɧɚ ɫɢɥɚ 
Q1=1019,72 ɤɇ. 

Ɇɨɦɟɧɬ ɿɧɟɪɰɿʀ ɡɦɿɧɟɧɨɝɨ ɩɟɪɟɪɿɡɭ ɛɚɥɤɢ: 
Іɯ1 = tw·hw

3·/12+ bf1·tf
3
/6 + bf1·tf·hf

2/2 = 1,4·1343
/12 + 

26·33/6 + 26·3·172/2 = 1012820 ɫɦ4
. 

ɋɟɪɟɞɧє ɞɨɬɢɱɧɟ ɧɚɩɪɭɠɟɧɧɹ: 
Ĳ = Q1/(tw·hw) = 1019,72/(1,4·134 ) = =5,44ɤɇ/ɫɦ2  

= 54,4 

Ɇɉɚ. 
ɇɨɪɦɚɥьɧɟ ɧɚɩɪɭɠɟɧɧɹ ɧɚ ɪɿɜɧɿ ɩɨɹɫɧɢɯ ɲɜɿɜ ɛɚɥɤɢ: 
ı = Ɇ1·hw/(2·Ix1) = 228200· 134/(2·1012820) = 15,1ɤɇ/ɫɦ4 

= 

151 Ɇɉɚ. 
ɍɦɨɜɚ ɦɿɰɧɨɫɬɿ ɩɟɪɟɪɿɡɭ ɛɚɥɤɢ ɡɚ ɩɪɢɜɟɞɟɧɢɦɢ 

ɧɚɩɪɭɠɟɧɧɹɦ 

24,5432151232
red 178 Ɇɉɚ < 1,15·220·1= 

253 Ɇɉɚ. 

Ɋɢɫ.5. Ɂɦɟɧɲɟɧɢɣ ɩɟɪɟɪɿɡ 
ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ. 
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4.7. Зɚɝɚɥьɧɚ ɫɬɿɣɤɿɫɬь ɛɚɥɤɢ 

 

Ɂɝɿɞɧɨ ɡ ɩɭɧɤɬɨɦ 9.4.4 [6] ɡɚɝɚɥьɧɚ ɫɬɿɣɤɿɫɬь ɛɚɥɤɢ ɛɭɞɟ 
ɡɚɛɟɡɩɟɱɟɧɚ, ɹɤɳɨ ɡɚ ɩɨɜɟɪɯɨɜɨɝɨ ɫɩɨɥɭɱɟɧɧɹ ɛɚɥɨɤ ɜɢɤɨɧɭєɬьɫɹ 
ɭɦɨɜɚ: 

yR

E

h

fb

ft

fb
,,

ft

fb
,,fba 016073000320410100

 

220

510062

140

38

3

38
0160730

3

38
0032041038

,
,,,, 690,3 ɫɦ. 

Ɂɚ ɫɩɨɥɭɱɟɧɧɹ ɛɚɥɨɤ ɜ ɨɞɧɨɦɭ ɪɿɜɧɿ ɧɚ ɜɫɿ ɛɚɥɤɢ ɡɜɟɪɯɭ 
ɛɟɡɩɟɪɟɪɜɧɨ ɨɩɢɪɚєɬьɫɹ ɠɨɪɫɬɤɢɣ ɦɟɬɚɥɟɜɢɣ ɧɚɫɬɢɥ, ɬɨɦɭ ɡɝɿɞɧɨ ɡ 
ɩɭɧɤɬɨɦ 9.4.4 [6] ɛɚɥɤɚ ɹɜɧɨ ɫɬɿɣɤɚ ɿ ɧɟ ɩɨɬɪɟɛɭє ɩɟɪɟɜɿɪɤɢ. 

 

4.8. Ɇɿɫɰɟɜɚ ɫɬɿɣɤɿɫɬь ɟɥɟɦɟɧɬɿɜ ɛɚɥɤɢ 

 

ɋɬɢɫɧɭɬɢɣ ɩɨɹɫ є ɫɬɿɣɤɢɦ, ɬɚɤ ɹɤ ɪɨɡɦɿɪɢ ɣɨɝɨ ɩɟɪɟɪɿɡɭ 
ɩɪɢɣɧɹɬɿ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɭɦɨɜɢ ɫɬɿɣɤɨɫɬɿ (ɞɢɜ. ɩ. 4.2). ɉɨɩɟɪɟɱɧɿ 
ɪɟɛɪɚ ɪɨɡɦɿɳɭєɦɨ ɩɿɞ ɤɨɠɧɨɸ ɛɚɥɤɨɸ ɧɚɫɬɢɥɭ (ɪɢɫ.6). Ɍɚɤɢɦ 
ɱɢɧɨɦ, ɤɪɨɤ ɩɨɩɟɪɟɱɧɢɯ ɪɟɛɟɪ ɿ ɛɚɥɨɤ ɧɚɫɬɢɥɭ ɫɩɿɜɩɚɞɚє ɿ ɫɬɚɧɨɜɢɬь 
ɚ=1000 ɦɦ. ɍ ɤɭɪɫɨɜɨɦɭ ɩɪɨɟɤɬɿ hef=hw=1340 ɦɦ. 

ɒɢɪɢɧɚ ɜɢɫɬɭɩɚɸɱɨʀ ɱɚɫɬɢɧɢ ɪɟɛɪɚ ɡɝɿɞɧɨ ɡ ɩ. 9.5.9 [6] 

 bh = hef/30+40 = 1340/30+40=84,7 ɦɦ.  
ȼɪɚɯɨɜɭɸɱɢ ɡɚɥɟɠɧɿɫɬь ɦɿɠ ɲɢɪɢɧɨɸ ɪɟɛɪɚ bh ɿ ɲɢɪɢɧɨɸ 

ɡɦɟɧɲɟɧɨɝɨ ɩɟɪɟɪɿɡɭ ɩɨɹɫɧɨɝɨ ɥɢɫɬɚ bf1=2 bh+tw (ɜ ɞɚɧɨɦɭ ɩɪɢɤɥɚɞɿ 
bf1=260 ɦɦ), ɩɪɢɣɦɚєɦɨ bh=100 ɦɦ. 

 Ɍɨɜɳɢɧɚ ɪɟɛɪɚ:  
51006,222010022 EyRhbst 6,54 ɦɦ; 

ɩɪɢɣɦɚєɦɨ ts=8 ɦɦ. 
ɍɦɨɜɧɚ ɝɧɭɱɤɿɫɬь ɫɬɿɧɤɢ:  

51006,2220
14

1340
EyR

wt

efh

w 3,1. 
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ɍ ɡɜ’ɹɡɤɭ ɡ ɬɢɦ, ɳɨ 
w

=3,1<3,2, ɬɨ ɩɨɩɟɪɟɱɧɿ ɪɟɛɪɚ 
ɜɿɞɿɝɪɚɸɬь ɬɿɥьɤɢ ɤɨɧɫɬɪɭɤɬɢɜɧɭ ɮɭɧɤɰɿɸ ɿ ɤɪɨɤ ɦɿɠ ɧɢɦɢ ɧɟ 
ɧɨɪɦɭєɬьɫɹ. Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɪɨɡɦɿɳɟɧɧɹ ɛɚɥɨɤ ɧɚɫɬɢɥɭ ɩɪɢɣɦɚєɦɨ ɚ 
= 100ɫɦ (ɪɢɫ.6). 

əɤɳɨ w >3,2, ɬɨ ɩɨɩɟɪɟɱɧɿ ɪɟɛɪɚ ɹɜɥɹɸɬьɫɹ 
ɤɨɧɫɬɪɭɤɬɢɜɧɢɦɢ ɟɥɟɦɟɧɬɚɦɢ, ɳɨ ɩɿɞɜɢɳɭɸɬь ɫɬɿɣɤɿɫɬь ɫɬɿɧɤɢ. 
ȼɿɞɫɬɚɧь ɦɿɠ ɩɨɩɟɪɟɱɧɢɦɢ ɪɟɛɪɚɦɢ ɜ ɰьɨɦɭ ɜɢɩɚɞɤɭ ɩɨɜɢɧɧɚ 
ɩɨɝɨɞɠɭɜɚɬɢɫɹ ɡ ɤɪɨɤɨɦ ɛɚɥɨɤ ɧɚɫɬɢɥɭ ɿ ɧɟ ɩɟɪɟɜɢɳɭɜɚɬɢ 
ɦɚɤɫɢɦɚɥьɧɨɝɨ ɡɧɚɱɟɧɧɹ ɚmax= 2·hef  (ɞɥɹ ɡɜɚɪɧɢɯ ɛɚɥɨɤ hef = hw). 

ɉɟɪɟɜɿɪɤɚ ɫɬɿɣɤɨɫɬɿ ɫɬɿɧɤɢ. əɤɳɨ 
w

> 3,5, ɬɨ ɧɟɨɛɯɿɞɧɨ 
ɩɟɪɟɜɿɪɹɬɢ ɫɬɿɣɤɿɫɬь ɫɬɿɧɤɢ, ɭɤɪɿɩɥɟɧɨʀ ɩɨɩɟɪɟɱɧɢɦɢ ɪɟɛɪɚɦɢ 
ɠɨɪɫɬɤɨɫɬɿ. 

ȼ ɤɭɪɫɨɜɨɦɭ ɩɪɨɟɤɬɿ ɰɹ ɩɟɪɟɜɿɪɤɚ ɡɞɿɣɫɧɸєɬьɫɹ ɬɿɥьɤɢ ɜ 
ɭɱɛɨɜɢɯ ɰɿɥɹɯ. 

ɉɟɪɟɜɿɪɤɭ ɫɬɿɣɤɨɫɬɿ ɜɢɤɨɧɭєɦɨ ɥɢɲɟ ɞɥɹ ɨɞɧɨɝɨ ɜɿɞɫɿɤɭ, ɞɟ 
ɪɨɡɬɚɲɨɜɚɧɟ ɦɿɫɰɟ ɡɦɿɧɢ ɩɟɪɟɪɿɡɭ ɩɨɹɫɿɜ. Ɋɨɡɪɚɯɭɧɤɨɜɢɣ ɜɿɞɫɿɤ ɦɚє 
a 1000ɦɦ ɿ ɜɢɫɨɬɭ 1340wef hh ɦɦ, ɬɨɛɬɨ 

13401000 wef hha , ɬɨɦɭ ɪɨɡɪɚɯɭɧɤɨɜɿ ɩɟɪɟɪɿɡɢ І ɬɚ ІІ 
ɪɨɡɦɿɳɭєɦɨ ɧɚ ɝɪɚɧɢɰɹɯ ɜɿɞɫɿɤɭ (ɪɢɫ 6). 

əɤɳɨ efha > , ɬɨ ɜ ɪɨɡɪɚɯɭɧɨɤ ɜɜɨɞɢɬьɫɹ ɭɦɨɜɧɢɣ ɜɿɞɫɿɤ 

ɞɨɜɠɢɧɨɸ efh . 

ɍ ɧɚɲɨɦɭ ɩɪɢɤɥɚɞɿ ɜɿɞɫɬɚɧɿ ɜɿɞ ɥɿɜɨʀ ɨɩɨɪɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ 
ɩɟɪɟɪɿɡɿɜ І ɬɚ ІІ 15001x  ɦɦ ɬɚ 25002x  ɦɦ. 

Ɂɝɢɧɚɥьɧɿ ɦɨɦɟɧɬɢ ɬɚ ɩɨɩɟɪɟɱɧɿ ɫɢɥɢ ɜ ɩɟɪɟɪɿɡɚɯ І ɬɚ ІІ: 

651963
2

5111516275

2

111 ,
,,,xlxq

M ɟɤɜ
I ɤɇɦ; 

252928
2

5211526275

2

212 ,
,,,xlxq

M ɟɤɜ
II ɤɇɦ; 

ɫɟɪɟɞɧє ɡɧɚɱɟɧɧɹ ɦɨɦɟɧɬɿɜ: 
95,244525,292865,19635,05,0 III MMM ɤɇɦ. 

41102511150627550 11 ,,,,xl,qQ ɟɤɜI ɤɇ; 
8826521150627550 21 ,,,,xl,qQ ɟɤɜII ɤɇ; 
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ɫɟɪɟɞɧє ɡɧɚɱɟɧɧɹ ɩɨɩɟɪɟɱɧɢɯ ɫɢɥ: 
69648826411025050 ,,,,QQ,Q III ɤɇ. 

ɋɬɢɫɤɚɸɱɟ ɧɨɪɦɚɥьɧɟ ɧɚɩɪɭɠɟɧɧɹ ɜ ɫɬɿɧɰɿ ɧɚ ɪɿɜɧɿ ɩɨɹɫɧɢɯ 
ɲɜɿɜ 

1816
10128202

134244595

2
1

,
I

hM

x

w  ɆɆɉ,
ɫɦ
ɤɇ

8161
2

; 

145
13441

6964
,

,

,

ht

Q

ww

 ɆɆɉ,
ɫɦ
ɤɇ

451
2

. 

ɉɪɢ ɩɨɜɟɪɯɨɜɨɦɭ ɫɩɨɥɭɱɟɧɿ 8,0  (ɬɚɛɥ. 9.3 [6]). 

23,2
4,1

3

134

38
8,0

33

w

r

ef

f

t

t

h

b
 

Ɂɚɥɟɠɧɨ ɜɿɞ ɤɨɟɮɿɰɿєɧɬɚ 232,  ɡ ɬɚɛɥ. 9.2 [6] ɜɢɡɧɚɱɚєɦɨ 
ɤɨɟɮɿɰɿєɧɬ 4533,ccr . 

Ɂɚ ɫɩɨɥɭɱɟɧɧɹ ɛɚɥɨɤ ɜ ɨɞɧɨɦɭ ɪɿɜɧɿ, ɹɤ ɜɚɪɿɚɧɬ, 
ɤɨɟɮɿɰɿєɧɬ (ɬɚɛɥ9.3 [6]), ɚ ɤɨɟɮɿɰɿєɧɬ ɨɛɱɢɫɥɸєɬьɫɹ ɡɚ 
ɮɨɪɦɭɥɨɸ  

33

41

3

134

30

,t

t

h

b

w

r

ef

f
. 

Ɂɚɥɟɠɧɨ ɜɿɞ ɤɨɟɮɿɰɿєɧɬɚ ( 30> ) ɡ ɬɚɛɥ. 9.3 [6] 

ɜɢɡɧɚɱɚєɦɨ ɤɨɟɮɿɰɿєɧɬ 535,ccr . 

Іɡ ɞɜɨɯ ɪɨɡɦɿɪɿɜ ɪɨɡɪɚɯɭɧɤɨɜɨɝɨ ɜɿɞɫɿɤɭ ɦɟɧɲɭ ɫɬɨɪɨɧɭ 
ɩɨɡɧɚɱɚєɦɨ 1000ad ɦɦ. Ƚɧɭɱɤɿɫɬь ɫɬɿɧɤɢ: 

32
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ȼɿɞɧɨɲɟɧɧɹ ɛɿɥьɲɨʀ ɫɬɨɪɨɧɢ ɫɬɿɧɤɢ ɞɨ ɦɟɧɲɨʀ 
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1000

1340 ,
d

hef . 

Ʉɪɢɬɢɱɧɿ ɧɚɩɪɭɠɟɧɧɹ: 
ɧɨɪɦɚɥьɧɿ 
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ɞɨɬɢɱɧɿ 
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q    ɟ    ɤ    ɜ    =    2    7    5    ,    6    ɤ    ɇ    /    ɦ    

l     1    =    1    1    0    0    0    

5    0    0    1    0    *     1    0    0    0    =    1    0    0    0    0    5    0    0    

Ɇ    ɨ    ɧ    ɬ    ɚ    ɠ    ɧ    ɢ    ɣ    ɫ     ɬ    ɢ    ɤ    

ɜ     і     ɞ    ɫ     і     ɤ    ɢ    ,    ɜ    ɹ     ɤ    ɢ    х     ɡ    ɦ    і     ɧ    ɸ    ɸ    ɬ    ь     ɫ     ɹ     
ɩ    ɟ    ɪ    ɟ    ɪ    і     ɡ    ɢ    ɩ    ɨ    ɹ     ɫ     і     ɜ     

І    

І    

І    І    

І    І    

1    5    0    0    

2    5    0    0    

M    ,    ɤ    ɇ    ɦ    

Ɇ    І     =    1    9    6    3    ,    6    5    

Ɇ    І     І     =    2    9    2    8    ,    2    5    

Q    ,    ɤ    ɇ    

Q    І     =    1    1    0    2    ,    4    Q    І     І     =    8    2    5    ,    8    

 
Ɋɢɫ.6. Ɋɨɡɦɿɳɟɧɧɹ ɩɨɩɟɪɟɱɧɢɯ ɪɟɛɟɪ ɠɨɪɫɬɤɨɫɬɿ  

ɬɚ ɩɟɪɟɜɿɪɤɚ ɦɿɫɰɟɜɨʀ ɫɬɿɣɤɨɫɬɿ ɫɬɿɧɤɢ 
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ɉɟɪɟɜɿɪɹєɦɨ ɫɬɿɣɤɿɫɬь ɫɬɿɧɤɢ ɛɚɥɤɢ 
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4.9. Ɋɨɡɪɚɯɭɧɨɤ ɡ’єɞɧɚɧɧɹ ɩɨɥɢɰɿ ɡɿ ɫɬɿɧɤɨɸ 

 

ɉɨɹɫɧɿ ɲɜɢ ɜɢɤɨɧɭɸɬьɫɹ ɚɜɬɨɦɚɬɢɱɧɢɦ ɡɜɚɪɸɜɚɧɧɹɦ. 
ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɦɚɪɤɢ ɫɬɚɥɿ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ ɋ235 ɡ ɬɚɛɥ. Ⱦ. 1 [6] 
(ɞɨɞɚɬɨɤ 8)  ɩɪɢɣɦɚєɦɨ ɡɜɚɪɸɜɚɥьɧɢɣ ɞɪɿɬ ɦɚɪɤɢ ɋɜ-08Ⱥ, ɞɥɹ ɹɤɨɝɨ 
ɪɨɡɪɚɯɭɧɤɨɜɢɣ ɨɩɿɪ ɆɉɚRwf 180 , ɚ 

ɆɉɚRR unwz  5,16637045,045,0 . Ɂ ɬɚɛɥ. 16.2 [6] ɞɥɹ 
ɧɢɠɧьɨɝɨ ɩɨɥɨɠɟɧɧɹ ɲɜɚ, ɜɢɤɨɧɚɧɨɝɨ ɚɜɬɨɦɚɬɢɱɧɢɦ ɡɜɚɪɸɜɚɧɧɹɦ ɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɞɪɨɬɭ ɞɿɚɦɟɬɪɨɦ ɦɦd 2...4,1 , ɞɥɹ ɤɚɬɟɬɭ ɲɜɚ 

ɦɦk f 8...3  ɜɢɡɧɚɱɚɸɬь ɤɨɟɮɿɰɿєɧɬɢ 9,0f  ɿ 

05,1z (ɞɨɞɚɬɨɤ 7). 
Ɉɫɤɿɥьɤɢ 

Ɇɉɚ,RβɆɉɚ,Rβ wzzwff 83,1745,16605116218090 , 

ɬɨ ɲɜɢ ɪɨɡɪɚɯɨɜɭɸɬь ɥɢɲɟ ɜ ɩɟɪɟɪɿɡɿ ɩɨ ɦɟɬɚɥɭ ɲɜɚ. 
ɋɬɚɬɢɱɧɢɣ ɦɨɦɟɧɬ ɡɦɟɧɲɟɧɨɝɨ ɩɟɪɟɪɿɡɭ ɩɨɹɫɧɨɝɨ ɥɢɫɬɚ 

ɜɿɞɧɨɫɧɨ ɝɨɪɢɡɨɧɬɚɥьɧɨʀ ɰɟɧɬɪɚɥьɧɨʀ ɨɫɿ ɩɟɪɟɪɿɡɭ ɛɚɥɤɢ: 
 Sf1 = 0,5·bf1·tf·hf = 0,5· 26·3·137 = 5343 ɫɦ3

. 

Ɇɨɦɟɧɬ ɿɧɟɪɰɿʀ ɡɦɿɧɟɧɨɝɨ ɩɟɪɟɪɿɡɭ ɛɚɥɤɢ Іɯ1 = 1012820 ɫɦ4
. 

ɇɟɨɛɯɿɞɧɢɣ ɤɚɬɟɬ ɩɨɹɫɧɢɯ ɲɜɿɜ: 
kf = Q· Sf1/(2·Ix1·ȕf·Rwf) = 1515,8·5343/(2·1012820·18·0,9) = 0,25 ɫɦ. 

Ɂɝɿɞɧɨ ɡ ɬɚɛɥ. 16.1 [6] (ɞɨɞɚɬɨɤ 9)  ɩɪɢɣɦɚєɦɨ kf=8,0 ɦɦ. 
 

4.10. Ɋɨɡɪɚɯɭɧɨɤ ɨɩɨɪɧɨɝɨ ɪɟɛɪɚ 

 

Ƚɨɥɨɜɧɚ ɛɚɥɤɚ ɨɩɢɪɚєɬьɫɹ ɧɚ ɤɨɥɨɧɭ ɡɜɟɪɯɭ ɱɟɪɟɡ ɬɨɪɰɟɜɟ 
ɨɩɨɪɧɟ ɪɟɛɪɨ (ɪɢɫ. 7.). Ɉɩɨɪɧɚ ɪɟɚɤɰɿɹ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ F = Q = 

1515,8 ɤɇ. Ɋɨɡɪɚɯɭɧɤɨɜɢɣ ɨɩɿɪ ɫɬɚɥɿ ɡɦɢɧɚɧɧɸ ɬɨɪɰɟɜɨʀ ɩɨɜɟɪɯɧɿ 
ɨɩɨɪɧɨɝɨ ɪɟɛɪɚ Rp = 327 Ɇɉɚ.  

ɇɟɨɛɯɿɞɧɚ ɩɥɨɳɚ ɩɟɪɟɪɿɡɭ ɨɩɨɪɧɨɝɨ ɪɟɛɪɚ : 

       

      



 25 

Ⱥs = F/(Rp·Ȗc) = 1515,8/(32,7·1) = 46,4 ɫɦ2
. 

ɒɢɪɢɧɭ ɨɩɨɪɧɨɝɨ ɪɟɛɪɚ ɩɪɢɣɦɚєɦɨ ɪɿɜɧɨɸ ɲɢɪɢɧɿ 
ɩɨɹɫɧɨɝɨ ɥɢɫɬɚ ɜ ɨɩɨɪɧɿɣ ɱɚɫɬɢɧɿ ɛɚɥɤɢ bs = bf1 = 260 ɦɦ. 

Ɍɨɜɳɢɧɚ ɪɟɛɪɚ ts = As/bs = 46,4/26 =1,78 ɫɦ;  
ɩɪɢɣɦɚєɦɨ ts = 20 ɦɦ.  

(Ɍɨɜɳɢɧɭ ɪɟɛɪɚ ɩɪɢɣɦɚɸɬь ɧɟ ɦɟɧɲɟ ɡɚ ɪɨɡɪɚɯɭɧɤɨɜɟ ɡɧɚɱɟɧɧɹ ɡ 
ɭɪɚɯɭɜɚɧɧɹɦ ɪɨɡɦɿɪɿɜ, ɧɚɜɟɞɟɧɢɯ ɭ ɫɨɪɬɚɦɟɧɬɿ, ɿ ɧɟ ɦɟɧɲɟ ɡɚ 
ɬɨɜɳɢɧɭ  ɦɦt 20 ). 

ɉɟɪɟɜɿɪɹєɦɨ ɫɬɿɣɤɿɫɬь ɨɩɨɪɧɨʀ ɱɚɫɬɢɧɢ ɛɚɥɤɢ ɹɤ ɭɦɨɜɧɨɝɨ 
ɫɬɨɹɤɚ ɬɚɜɪɨɜɨɝɨ ɩɟɪɟɪɿɡɭ  ɞɨɜɠɢɧɨɸ l = hw = 1340 ɦɦ  ɿ  
ɡɚɜɚɧɬɚɠɟɧɨɝɨ  ɨɩɨɪɧɨɸ ɪɟɚɤɰɿєɸ F = 1515,8 ɤɇ (ɪɢɫ. 7). 

Ƚɟɨɦɟɬɪɢɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɚɜɪɨɜɨɝɨ ɩɟɪɟɪɿɡɭ ɫɬɨɹɤɚ 
(ɪɢɫ7,ɚ ɩɟɪɟɪɿɡ 2-2): 

ɩɥɨɳɚ ɩɟɪɟɪɿɡɭ: 
A = bs·ts+s·tw = 26·2+27,8·1,4 = 90,92 ɫɦ2

; 

ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ: 
Ix = ts·bs

3/12+S·tw
3
/12 = 2·263/12+27,8·1,43/12 = 2935,7 ɫɦ4

; 

ɪɚɞɿɭɫ ɿɧɟɪɰɿʀ: 
929072935 ,,AxIxi

5,68 ɫɦ, 

ɞɟ 22051006,24,165,065,0 yREwtS 27,8 ɫɦ; 

ɩɪɢɣɦɚєɦɨ S = 240 ɦɦ. 
Ʉɨɟɮɿɰɿєɧɬ ɫɬɿɣɤɨɫɬɿ  ɡɚɥɟɠɢɬь ɜɿɞ ɭɦɨɜɧɨʀ ɝɧɭɱɤɨɫɬɿ 

ɫɬɟɪɠɧɹ ERy  ɬɚ ɬɢɩɭ ɤɪɢɜɨʀ ɫɬɿɣɤɨɫɬɿ, ɹɤɚ, ɭ ɫɜɨɸ ɱɟɪɝɭ, 

ɡɚɥɟɠɢɬь ɜɿɞ ɬɢɩɭ ɩɟɪɟɪɿɡɭ ɿ ɜɢɡɧɚɱɚєɬьɫɹ ɡ ɬɚɛɥ. ɀ. 1 [6] (ɞɨɞɚɬɨɤ 
3,4)   . 

Ƚɧɭɱɤɿɫɬь ɫɬɨɹɤɚ 
 Ȝɯ = lef/ix = hw/ix = 134/5,68 = 23,6. 

 770,0
1006,2

220
6,23

5
ERy . 

Ⱦɥɹ ɬɢɩɭ ɤɪɢɜɨʀ ɫɬɿɣɤɨɫɬɿ ɫ  ɤɨɟɮɿɰɿєɧɬ ɫɬɿɣɤɨɫɬɿ φ = 0,953 ɿ 
ɩɟɪɟɜɿɪɹєɦɨ ɫɬɿɣɤɿɫɬь ɫɬɨɹɤɚ: 

σ = F/(φ·A) = 1515,8/(0,953·90,92) = 17,49 ɤɇ/ɫɦ2 =174,9 Ɇɉɚ 
< Ry·γc=220 Ɇɉɚ. 
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ȼɢɫɬɭɩɚɸɱɚ ɞɨɧɢɡɭ ɱɚɫɬɢɧɚ ɨɩɨɪɧɨɝɨ ɪɟɛɪɚ ɩɪɢɣɦɚєɬьɫɹ 
ɜɢɫɨɬɨɸ rtd 5,1  ɿ ɡɚɡɜɢɱɚɣ ɫɬɚɧɨɜɢɬь 15…30 ɦɦ. ɍ ɞɚɧɨɦɭ 
ɜɢɩɚɞɤɭ; ɩɪɢɣɧɹɬɨ ɦɦd 26  (ɞɢɜ. ɪɢɫ. 7). 
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Ɋɢɫ.7. Ɉɩɨɪɧɚ ɱɚɫɬɢɧɚ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ. 

 

 

4.11. Ɇɨɧɬɚɠɧɢɣ ɫɬɢɤ 

 

Ɇɨɧɬɚɠɧɢɣ ɫɬɢɤ ɜɥɚɲɬɨɜɭɸɬь ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɪɨɡɦɿɳɟɧɧɹ 
ɩɨɩɟɪɟɱɧɢɯ ɪɟɛɟɪ ɠɨɪɫɬɤɨɫɬɿ. əɤɳɨ ɛɚɥɤɚ ɪɨɡɞɿɥɟɧɚ ɩɨɩɟɪɟɱɧɢɦɢ 
ɪɟɛɪɚɦɢ ɧɚ ɧɟɩɚɪɧɟ ɱɢɫɥɨ ɜɿɞɫɿɤɿɜ, ɬɨ  ɦɨɧɬɚɠɧɢɣ ɫɬɢɤ 
ɩɟɪɟɞɛɚɱɚєɬьɫɹ ɩɨɫɟɪɟɞɢɧɿ ɩɪɨɥьɨɬɭ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ. əɤɳɨ ɱɢɫɥɨ 
ɜɿɞɫɿɤɿɜ ɩɚɪɧɟ, ɬɨ ɦɨɧɬɚɠɧɢɣ ɫɬɢɤ ɩɪɨɟɤɬɭɸɬь ɭ ɩɟɪɲɨɦɭ ɜɿɞ 
ɫɟɪɟɞɢɧɢ ɩɪɨɥьɨɬɭ ɜɿɞɫɿɰɿ ɥɿɜɨʀ ɱɢ ɩɪɚɜɨʀ ɱɚɫɬɢɧɢ ɛɚɥɤɢ. 

ɍ ɧɚɲɨɦɭ ɩɪɢɤɥɚɞɿ ɡ ɩɚɪɧɢɦ ɱɢɫɥɨɦ ɜɿɞɫɿɤɿɜ ɦɨɧɬɚɠɧɢɣ 
ɫɬɢɤ ɪɨɡɦɿɳɭєɦɨ ɜ ɥɿɜɨɦɭ ɜɿɞ ɫɟɪɟɞɢɧɢ ɩɪɨɥьɨɬɭ ɜɿɞɫɿɰɿ ɛɚɥɤɢ (ɞɢɜ. 
ɪɢɫ. 6 ). 
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ɋɬɢɤɢ ɜɢɤɨɧɭєɦɨ ɡɜɚɪɧɢɦ ɩɪɹɦɢɦ ɲɜɨɦ ɡ ɩɨɜɧɨɸ 
ɩɪɨɜɚɪɸɜɚɧɧɹɦ ɡ’єɞɧɭɜɚɥьɧɢɯ ɟɥɟɦɟɧɬɿɜ ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɮɿɡɢɱɧɢɯ 
ɦɟɬɨɞɿɜ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɲɜɚ. Ɍɚɤɢɣ ɲɨɜ ɹɜɥɹєɬьɫɹ ɪɿɜɧɨɦɿɰɧɢɦ ɡ 
ɨɫɧɨɜɧɢɦ ɦɟɬɚɥɨɦ ɿ ɦɨɠɟ ɧɟ ɪɨɡɪɚɯɨɜɭɜɚɬɢɫɹ. 

 

4.12. Ɋɨɡɪɚɯɭɧɨɤ ɩɪɢɤɪɿɩɥɟɧɧɹ ɛɚɥɨɤ ɧɚɫɬɢɥɭ ɞɨ 
ɝɨɥɨɜɧɢɯ ɛɚɥɨɤ 

 

ɉɪɢ ɩɨɜɟɪɯɨɜɨɦɭ ɫɩɨɥɭɱɟɧɧɿ ɛɚɥɤɢ ɧɚɫɬɢɥɭ ɨɩɢɪɚєɬьɫɹ ɧɚ 
ɝɨɥɨɜɧɿ ɛɚɥɤɢ ɡɜɟɪɯɭ ɿ ɩɪɢɤɪɿɩɥɸєɬьɫɹ ɞɨ ɧɢɯ ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɜɨɯ 
ɛɨɥɬɿɜ ɞɿɚɦɟɬɪɨɦ d=20 ɦɦ ɤɥɚɫɿɜ ɬɨɱɧɨɫɬɿ ȼ ɿ ɋ ɛɟɡ ɪɨɡɪɚɯɭɧɤɭ 
(ɞɢɜ. ɪɢɫ. 1,ɛ). 

Ɋɨɡɝɥɹɧɟɦɨ ɹɤ ɜɚɪɿɚɧɬ ɫɩɨɥɭɱɟɧɧɹ ɛɚɥɨɤ ɜ ɨɞɧɨɦɭ ɪɿɜɧɿ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɛɨɥɬɿɜ ɤɥɚɫɭ ɦɿɰɧɨɫɬɿ ɦɿɰɧɨɫɬɿ 5.6 ɡ ɪɨɡɪɚɯɭɧɤɨɜɢɦɢ 
ɨɩɨɪɚɦɢ ɆɉɚRbs  160 ɿ ɆɉɚRbp  475 . Ʉɨɟɮɿɰɿєɧɬ ɪɨɛɨɬɢ 

ɡ’єɞɧɚɧɧɹ b=0,9 (ɬɚɛɥ. 35* [1], ɤɿɥьɤɿɫɬь ɛɨɥɬɿɜ ɡ’єɞɧɚɧɧɹ n 2). 
Ɍɨɜɳɢɧɚ ɫɬɿɧɤɢ ɛɚɥɤɢ ɧɚɫɬɢɥɭ ɿɡ ɞɜɨɬɚɜɪɚ І 36 tw=7,5 ɦɦ, 

ɬɨɜɳɢɧɚ ɩɨɩɟɪɟɱɧɨɝɨ ɪɟɛɪɚ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ ts=8,0 ɦɦ, ɬɨɛɬɨ ɦɟɧɲɚ 
ɿɡ ɞɜɨɯ ɬɨɜɳɢɧ t =7,5 ɦɦ. ɑɢɫɥɨ ɡɪɿɡɿɜ ɨɞɧɨɝɨ ɛɨɥɬɚ ns=1. 

ɉɪɢɣɦɚєɦɨ ɞɿɚɦɟɬɪ ɛɨɥɬɿɜ d=20 ɦɦ ɡ ɩɥɨɳɟɸ ɩɟɪɟɪɿɡɭ 
Ⱥ=3,14 ɫɦ2

 (ɬɚɛɥ. Ⱦ.8 [6]), (ɞɨɞɚɬɨɤ 8). 
ɇɟɫɭɱɚ ɡɞɚɬɧɿɫɬь ɛɨɥɬɚ ɩɪɢ ɞɿʀ ɡɫɭɜɧɨɝɨ ɡɭɫɢɥɥɹ: 

ɧɚ ɡɪɿɡ: Nbs = Rbs·A·ns· b = 16·3,14·1·0,9 = 45,22 ɤɇ; 

ɧɚ ɡɿɦ’ɹɬɬɹ: Nbɪ = Rbs·d· t · b = 45·2·0.75·0,9 = 60,75 ɤɇ. 
Ɍɚɤɢɦ ɱɢɧɨɦ ɦɟɧɲɚ ɿɡ ɧɟɫɭɱɢɯ ɡɞɚɬɧɨɫɬɟɣ ɛɨɥɬɚ ɫɬɚɧɨɜɢɬь 

Nb,min = 45,22 ɤɇ. 
Ɋɨɡɪɚɯɭɧɤɨɜɟ ɡɭɫɢɥɥɹ, ɹɤɟ ɩɟɪɟɞɚєɬьɫɹ ɜɿɞ ɛɚɥɤɢ ɧɚɫɬɢɥɭ ɧɚ 

ɛɨɥɬɨɜɟ ɡ’єɞɧɚɧɧɹ, ɫɬɚɧɨɜɢɬь F = Q = 135,1 ɤɇ. 
ɇɟɨɛɯɿɞɧɚ ɤɿɥьɤɿɫɬь ɛɨɥɬɿɜ ɭ ɡ’єɞɧɚɧɿ 
 n F/ Nb,min = 135,1/45,22 = 2,99. 

ɩɪɢɣɦɚєɦɨ n = 3 ɛɨɥɬɢ. 
Ʉɨɧɫɬɪɭɸɜɚɧɧɹ ɡ’єɞɧɚɧɧɹ, ɬɨɛɬɨ ɩɪɢɡɧɚɱɟɧɧɹ ɜɿɞɫɬɚɧɿ ɦɿɠ 

ɰɟɧɬɪɚɦɢ ɛɨɥɬɿɜ, ɚ ɬɚɤɨɠ ɜɿɞ ɰɟɧɬɪɿɜ ɛɨɥɬɿɜ ɞɨ ɤɪɚɸ ɟɥɟɦɟɧɬɿɜ ɭ 
ɧɚɩɪɹɦɤɭ ɬɚ ɩɨɩɟɪɟɤ ɞɿʀ ɡɭɫɢɥɥɹ ɜɢɤɨɧɭєɬьɫɹ ɡɝɿɞɧɨ ɡ  ɬɚɛɥ. 16.3  

[6]. Ɉɫɤɿɥьɤɢ ɭ ɡ’єɞɧɚɧɧɿ ɡɚɫɬɨɫɨɜɚɧɨ ɛɨɥɬɢ ɞɿɚɦɟɬɪɨɦ  ɦɦdb 20 , 

ɬɨ ɞɥɹ ɤɥɚɫɭ ɬɨɱɧɨɫɬɿ ɛɨɥɬɿɜ ɋ ɡɝɿɞɧɨ ɡ ɜɢɦɨɝɚɦɢ ɬɚɛɥ. 16.3 [6] 

ɞɿɚɦɟɬɪ ɨɬɜɨɪɭ ɩɪɢɣɧɹɬɨ  ɦɦd 23 . (ɞɨɞɚɬɨɤ 15). 
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5. Ɋɨɡɪɚɯɭɧɨɤ ɤɨɥɨɧɢ 

 

Ʉɨɥɨɧɢ ɩɪɨɟɤɬɭɸɬьɫɹ ɧɚɫɤɪɿɡɧɨɝɨ ɬɢɩɭ ɡ ɞɜɨɯ ɩɪɨɤɚɬɧɢɯ 
ɲɜɟɥɟɪɿɜ ɡɚ ȾɋɌɍ 3436–96 ɚɛɨ ɞɜɨɬɚɜɪɿɜ ɡɚ ȽɈɋɌ 8239-89 ɬɚ 
ɥɢɫɬɨɜɢɯ ɟɥɟɦɟɧɬɿɜ ɡ ɭɧɿɜɟɪɫɚɥьɧɨʀ ɲɢɪɨɤɨɲɬɚɛɨɜɨʀ ɫɬɚɥɿ ɡɚ 
ȽɈɋɌ 82–70*. 

 

5.1. ȼɫɬɚɧɨɜɥɟɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɨʀ ɫɯɟɦɢ ɤɨɥɨɧɢ 

 

ȼɢɛɿɪ ɪɨɡɪɚɯɭɧɤɨɜɨʀ ɫɯɟɦɢ ɩɟɪɟɞɛɚɱɚє ɜɢɡɧɚɱɟɧɧɹ ɨɫьɨɜɨɝɨ 
ɡɭɫɢɥɥɹ, ɝɟɨɦɟɬɪɢɱɧɨʀ ɞɨɜɠɢɧɢ ɤɨɥɨɧɢ ɬɚ ɫɩɨɫɨɛɭ ɡɚɤɪɿɩɥɟɧɧɹ ʀʀ 
ɤɿɧɰɿɜ. 

Ɋɨɡɪɚɯɭɧɤɨɜɟ ɡɭɫɢɥɥɹ ɜ ɤɨɥɨɧɿ: N=2·Q=2·1515,8=3031,6 ɤɇ. 
Ƚɟɨɦɟɬɪɢɱɧɚ ɞɨɜɠɢɧɚ ɤɨɥɨɧɢ: 
ɡɚ ɩɨɜɟɪɯɨɜɨɝɨ ɫɩɨɥɭɱɟɧɧɹ ɛɚɥɨɤ:  

lc=H+d1-(h0+d)=10500+150-(1774+26)=8850 ɦɦ, 
ɡɚ ɫɩɨɥɭɱɟɧɧɹ ɛɚɥɨɤ ɜ ɨɞɧɨɦɭ ɪɿɜɧɿ:  

lc=H+d1-(h0+d)=10500+150-(1414+26)=9210ɦɦ, 
ɞɟ ɇ=10500 ɦɦ – ɜɿɞɦɿɬɤɚ ɩɿɞɥɨɝɢ ɪɨɛɨɱɨʀ ɩɥɨɳɚɞɤɢ;  

d1=150 ɦɦ – ɡɚɝɥɢɛɥɟɧɧɹ ɛɚɡɢ ɧɢɠɱɟ ɜɿɞɦɿɬɤɢ ɱɢɫɬɨʀ ɩɿɞɥɨɝɢ;  
h0 – ɛɭɞɿɜɟɥьɧɚ ɜɢɫɨɬɚ ɩɟɪɟɤɪɢɬɬɹ ɪɨɛɨɱɨʀ ɩɥɨɳɚɞɤɢ, ɡɚɥɟɠɢɬь 

ɜɿɞ ɫɩɨɫɨɛɭ ɫɩɨɥɭɱɟɧɧɹ ɛɚɥɨɤ: 
ɡɚ ɩɨɜɟɪɯɨɜɨɝɨ ɫɩɨɥɭɱɟɧɧɹ ɛɚɥɨɤ: 

h0=h+h1+t=1400+360+14= 1774 ɦɦ, 
ɡɚ ɫɩɨɥɭɱɟɧɧɹ ɛɚɥɨɤ ɜ ɨɞɧɨɦɭ ɪɿɜɧɿ: 

h0=h+t=1400+14= 1414 ɦɦ, 

ɞɟ h=1400 ɦɦ – ɜɢɫɨɬɚ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ; h1=360 ɦɦ – ɜɢɫɨɬɚ ɛɚɥɤɢ 
ɧɚɫɬɢɥɭ; t=14 ɦɦ – ɬɨɜɳɢɧɚ ɧɚɫɬɢɥɭ. 

ȼɪɚɯɨɜɭɸɱɢ ɤɨɧɫɬɪɭɤɰɿɸ ɨɛɩɢɪɚɧɧɹ ɛɚɥɨɤ ɧɚ ɤɨɥɨɧɢ ɬɚ 
ɤɨɥɨɧ ɧɚ ɮɭɧɞɚɦɟɧɬɢ, ɩɪɢɣɦɚєɦɨ ɲɚɪɧɿɪɧɟ ɡɚɤɪɿɩɥɟɧɧɹ ɤɿɧɰɿɜ 
ɤɨɥɨɧɢ. Ɋɨɡɪɚɯɭɧɤɨɜɚ ɫɯɟɦɚ ɤɨɥɨɧɢ ɩɨɤɚɡɚɧɚ ɧɚ    ɪɢɫ. 8. 

Ɋɨɡɪɚɯɭɧɤɨɜɿ ɞɨɜɠɢɧɢ ɤɨɥɨɧɢ: 
lef = lx1 = ly1 = ȝ·lc = 1·8850 = 8850 ɦɦ. 

 

5.2. Ɋɨɡɪɚɯɭɧɨɤ ɫɬɟɪɠɧɹ ɤɨɥɨɧɢ 

 

ɋɬɟɪɠɟɧь ɧɚɫɤɪɿɡɧɨʀ ɤɨɥɨɧɢ ɤɨɦɩɨɧɭєɦɨ ɿɡ ɞɜɨɯ ɩɪɨɤɚɬɧɢɯ 
ɲɜɟɥɟɪɿɜ ɚɛɨ ɞɜɨɬɚɜɪɿɜ ɡ’єɞɧɚɧɢɯ ɦɿɠ ɫɨɛɨɸ ɩɥɚɧɤɚɦɢ (ɪɢɫ. 9). 
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Ɋɢɫ. 8. Ɋɨɡɪɚɯɭɧɤɨɜɚ  
ɫɯɟɦɚ ɤɨɥɨɧɢ. 

F    =    3    0    3    1    ,    6    ɤ    ɇ    
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ȼ ɞɚɧɨɦɭ ɩɪɢɤɥɚɞɿ ɪɨɡɪɚɯɨɜɚɧɚ ɤɨɥɨɧɚ ɿɡ ɞɜɨɯ ɞɜɨɬɚɜɪɿɜ 
(ɪɢɫ. 9,ɛ).  

ɋɬɟɪɠɟɧь ɤɨɥɨɧɢ ɩɪɨɟɤɬɭєɦɨ ɡɿ ɫɬɚɥɿ ɋ245 ɡ ɪɨɡɪɚɯɭɧɤɨɜɢɦ 
ɨɩɨɪɨɦ Ry=240 Ɇɉɚ. 

 

5.2.1. Ɋɨɡɪɚɯɭɧɨɤ ɤɨɥɨɧɢ ɜɿɞɧɨɫɧɨ ɦɚɬɟɪɿɚɥьɧɨʀ ɨɫɿ Х1-Х1  

 

ɉɪɢɣɧɹɜɲɢ ɩɨɩɟɪɟɞɧьɨ ɤɨɟɮɿɰɿєɧɬ 
ɫɬɿɣɤɨɫɬɿ ɡ ɬɚɛɥ. ɀ. 1 [6], (ɞɨɞɚɬɨɤ 3,4) ɞɥɹ 
ɬɢɩɭ ɤɪɢɜɨʀ ɫɬɿɣɤɨɫɬɿ  b ɞɥɹ ɡɧɚɱɟɧɧɹ 

5,2 , ɳɨ ɜɿɞɩɨɜɿɞɚє ɝɧɭɱɤɨɫɬɿ 50  

φ=0,852, ɜɢɡɧɚɱɚєɦɨ ɧɟɨɛɯɿɞɧɭ ɩɥɨɳɭ 

ɩɟɪɟɪɿɡɭ ɜɿɬɤɢ ɤɨɥɨɧɢ: 
Ⱥ1=N/(2·φ·Ry·γc)= 

3031,6
.
10/(2·0,852·240·1)=74,1ɫɦ2

. 

ɇɟɨɛɯɿɞɧɢɣ ɪɚɞɿɭɫ ɿɧɟɪɰɿʀ ɩɟɪɟɪɿɡɭ 
ɤɨɥɨɧɢ ɡɝɿɞɧɨ ɡ ɩɪɢɣɧɹɬɨɸ ɝɧɭɱɤɿɫɬɸ: 

 ɿɯ1=lx1/λ=885/50= 17,7 ɫɦ. 
Ɂɚ ɧɟɨɛɯɿɞɧɢɦɢ ɩɥɨɳɟɸ ɩɟɪɟɪɿɡɭ ɜɿɬɤɢ 

Ⱥ1=74,1 ɫɦ2
 ɿ ɪɚɞɿɭɫɨɦ ɿɧɟɪɰɿʀ ɿɯ1=17,7ɫɦ ɡ 

ɬɚɛɥɢɰь ɫɨɪɬɚɦɟɧɬɭ ɩɪɢɣɦɚєɦɨ ɩɪɨɤɚɬɧɢɣ 

ɞɜɨɬɚɜɪ І № 45 ɡ ɝɟɨɦɟɬɪɢɱɧɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

Ⱥb=84,7 ɫɦ2, Іɯ=27696 ɫɦ4, Іy=808 ɫɦ4, ɿɯ=18,1 ɫɦ, ɿy=3,09 ɫɦ, 
bf=160 ɦɦ, tf=14,2 ɦɦ, tw=9,0 ɦɦ. 

ɉɟɪɟɜɿɪɤɚ ɫɬɿɣɤɨɫɬɿ ɩɿɞɿɛɪɚɧɨɝɨ ɩɟɪɟɪɿɡɭ ɤɨɥɨɧɢ ɜɿɞɧɨɫɧɨ 
ɦɚɬɟɪɿɚɥьɧɨʀ ɨɫɿ Х1-Х1, ɞɥɹ ɱɨɝɨ: 

ɨɛɱɢɫɥɸєɦɨ ɝɧɭɱɤɿɫɬь ɤɨɥɨɧɢ:  
Ȝɯ1 = lx1/ix1 = 885/18,1 = 48,9 < Ȝu=127,8; 

ɍɦɨɜɧɚ ɝɧɭɱɤɿɫɬь 

60,11006,2/2409,48 5
ERyxx  

Ɍɨɱɧɟ ɡɧɚɱɟɧɧɹ ɝɧɭɱɤɨɫɬɿ ɫɬɟɪɠɧɹ ɤɨɥɨɧɢ 

,8,127870,06018060180u  

,870,0
2409.164881,0

106,3031
        ɞɟ

ncyRA

N
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2
1 4.1697,8422 ɫɦAA  – ɩɥɨɳɚ ɩɟɪɟɪɿɡɭ ɫɬɟɪɠɧɹ ɤɨɥɨɧɢ. 

Ɂɚɥɟɠɧɨ ɜɿɞ ɜɿɞ 60,1x  ɡ ɬɚɛɥ. ɀ. 1 [6] ], (ɞɨɞɚɬɨɤ 3,4)  

ɩɪɢɣɦɚєɬьɫɹ ɤɨɟɮɿɰɿєɧɬ 881,0 ɿ ɩɟɪɟɜɿɪɹєɦɨ ɫɬɿɣɤɿɫɬь ɤɨɥɨɧɢ: 
ı = N/(2·φ·Ab) = 3031,6/(2·0,881·84,7) = 20,88 ɤɇ/ɫɦ2

=208,8 Ɇɉɚ 
< RyȖc=240 Ɇɉɚ. 

 

5.2.2. Ɋɨɡɪɚɯɭɧɨɤ ɫɬɟɪɠɧɹ  ɤɨɥɨɧɢ ɜɿɞɧɨɫɧɨ ɜɿɥьɧɨʀ ɨɫɿ 
 

Ⱦɥɹ ɩɨɩɟɪɟɞɧɿɯ ɪɨɡɪɚɯɭɧɤɿɜ ɩɪɢɣɦɚєɦɨ ɝɧɭɱɤɿɫɬь ɨɤɪɟɦɨʀ 
ɜɿɬɤɢ ɤɨɥɨɧɢ ɧɚ ɜɿɞɫɬɚɧɿ ɦɿɠ ɩɥɚɧɤɚɦɢ ɭ ɩɪɨɫɜɿɬɿ Ȝb=30.  

ȼɢɯɨɞɹɱɢ ɡ ɭɦɨɜɢ ɪɿɜɧɨɫɬɿɣɤɨɫɬɿ Ȝɯ1= Ȝef , ɜɢɡɧɚɱɚєɦɨ 
ɝɧɭɱɤɿɫɬь ɫɬɟɪɠɧɹ ɤɨɥɨɧɢ ɜɿɞɧɨɫɧɨ ɜɿɥьɧɨʀ ɨɫɿ ɩɟɪɟɪɿɡɭ: 

Ȝy1=
230294822

1 ,bx
 38,6. 

ɇɟɨɛɯɿɞɧɢɣ ɪɚɞɿɭɫ ɿɧɟɪɰɿʀ ɩɟɪɟɪɿɡɭ ɤɨɥɨɧɢ ɜɿɞɧɨɫɧɨ ɜɿɥьɧɨʀ 
ɨɫɿ: 

iy1=ly1/Ȝy1=885/38,6=22,93 ɫɦ. 
ɇɟɨɛɯɿɞɧɚ ɲɢɪɢɧɚ ɩɟɪɟɪɿɡɭ ɤɨɥɨɧɢ: b = iy1/αy1 ɞɟ αy1 – 

ɤɨɟɮɿɰɿєɧɬ ɮɨɪɦɢ ɩɟɪɟɪɿɡɭ, ɩɪɢɣɦɚєɬьɫɹ αy1 =0,44 - ɞɥɹ ɩɟɪɟɪɿɡɭ ɿɡ 
ɞɜɨɯ ɲɜɟɥɟɪɿɜ ɿ αy1 =0,6 – ɞɥɹ ɩɟɪɟɪɿɡɭ ɿɡ ɞɜɨɯ ɞɜɨɬɚɜɪɿɜ. ɉɨɬɪɿɛɧɭ 
ɲɢɪɢɧɭ ɩɟɪɟɪɿɡɭ ɡɚɨɤɪɭɝɥɸɸɬь ɜ ɛɿɥьɲɢɣ ɛɿɤ ɧɚ 10 ɦɦ ɡ ɬɚɤɢɦ 
ɪɨɡɪɚɯɭɧɤɨɦ, ɳɨɛ ɡɚɡɨɪ ɦɿɠ ɜɧɭɬɪɿɲɧɿɦɢ ɤɪɨɦɤɚɦɢ ɩɨɥɢɰь ɜɿɬɨɤ 
ɤɨɥɨɧɢ ɛɭɜ ɧɟ ɦɟɧɲɟ α2= b - 2bf 100 ... 150 ɦɦ; ɞɥɹ  ɤɨɥɨɧɢ  ɿɡ  
ɞɜɨɯ  ɞɜɨɬɚɜɪɿɜ  α2=b - 2bf 100 ... 150 ɦɦ; ɬɭɬ bf – ɲɢɪɢɧɚ ɩɨɥɢɰɿ 
ɲɜɟɥɟɪɚ ɱɢ ɞɜɨɬɚɜɪɚ. 

ɍ ɧɚɲɨɦɭ ɩɪɢɤɥɚɞɿ (ɩɟɪɟɪɿɡ ɿɡ ɞɜɨɯ ɞɜɨɬɚɜɪɿɜ)  
b =iy1/αy1=22,93/0,6=38,2 ɫɦ. 

ɉɪɢɣɦɚєɦɨ b = 400 ɦɦ, ɳɨ ɡɚɛɟɡɩɟɱɭє ɧɟɨɛɯɿɞɧɢɣ ɡɚɡɨɪ ɦɿɠ 
ɜɧɭɬɪɿɲɧɿɦɢ ɤɪɨɦɤɚɦɢ ɩɨɥɢɰь ɜɿɬɨɤ ɤɨɥɨɧɢ: ɚ=b-2·bf=400-160=240 

ɦɦ > 150 ɦɦ. 
ɉɪɢɡɧɚɱɚєɦɨ ɪɨɡɦɿɪɢ ɩɥɚɧɨɤ (ɪɢɫ.9): ɲɢɪɢɧɚ ɩɥɚɧɤɢ  
ds= (0,5…0,8)b = (0,5…0,8)·400 = 200 … 320 ɦɦ, 

ɩɪɢɣɦɚєɦɨ ds = 280 ɦɦ;  

ɞɨɜɠɢɧɚ ɩɥɚɧɨɤ   bs = a2 + +2 · 50 = 240 + 2 · 50 = 340 ɦɦ; 
ɬɨɜɳɢɧɭ ɩɥɚɧɨɤ ɩɪɢɣɦɚєɦɨ ts= (1/30..1/50)·ds = (1/30…1/50)·280 
=9,3…5,6 ɦɦ, 
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Ɋɢɫ.9. Ɏɪɚɝɦɟɧɬ ɤɨɧɫɬɪɭɤɬɢɜɧɨʀ ɫɯɟɦɢ ɫɬɟɪɠɧɹ ɤɨɥɨɧɢ. 
 

ɩɪɢɣɦɚєɦɨ ts = 9 ɦɦ > 6 ɦɦ. 
Ƚɟɨɦɟɬɪɢɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟɪɿɡɭ ɩɥɚɧɤɢ: 
 Is = Ix = ts·ds

3/12 = 0,8·283
/12 = 1646,4 ɫɦ4

; 

Ws = Wx = ts·ds
2/6 = 0,9·282 /6 = 117,6 ɫɦ3

. 
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ȼɿɞɫɬɚɧь ɦɿɠ ɩɥɚɧɤɚɦɢ ɭ ɩɪɨɫɜɿɬɿ: 
09,330yibl 92,7 ɫɦ, ɩɪɢɣɦɚєɦɨ ɞɥɹ ɩɨɩɟɪɟɞɧɿɯ 

ɪɨɡɪɚɯɭɧɤɿɜ lb=90 ɫɦ. 
Ɉɛɱɢɫɥɸєɦɨ ɜɿɞɫɬɚɧɿ:  

ɦɿɠ ɨɫɹɦɢ ɩɥɚɧɨɤ: l=lb+ds=90+28= 118 ɫɦ; 
ɦɿɠ ɨɫɹɦɢ ɜɿɬɨɤ:  
ɞɥɹ ɤɨɥɨɧ ɿɡ ɞɜɨɯ ɲɜɟɥɟɪɿɜ: ɫ = b - 2·z0; 

ɞɥɹ ɤɨɥɨɧ ɿɡ ɞɜɨɯ ɞɜɨɬɚɜɪɿɜ ɡɝɿɞɧɨ ɡ ɩɪɢɤɥɚɞɨɦ ɪɨɡɪɚɯɭɧɤɭ ɫ = b = 

40 ɫɦ. 
ȼɟɥɢɱɢɧɚ ɜɿɞɧɨɲɟɧɧɹ ɩɨɝɨɧɧɢɯ ɠɨɪɫɬɤɨɫɬɟɣ ɜɿɬɤɢ ɤɨɥɨɧɢ ɿ 

ɩɥɚɧɤɢ: 
n = Is·l/(Ib·c) = 1646,4·118/(808·40) = 6,0 > 5,  ɞɟ Ib = Iy =808 ɫɦ4

. 
Ɇɨɦɟɧɬ ɿɧɟɪɰɿʀ ɬɚ ɪɚɞɿɭɫ ɿɧɟɪɰɿʀ ɩɟɪɟɪɿɡɭ ɤɨɥɨɧɢ ɜɿɞɧɨɫɧɨ 

ɜɿɥьɧɨʀ ɨɫɿ Y1-Y1: 

Iy1 = 2·[Iy+Ab·(c/2)2] = 2·[808+84,7·(40/2)2] = 69376 ɫɦ4
; 

),/()bA/(yIyi 784269376211 20,24 ɫɦ. 

Ƚɧɭɱɤɿɫɬь ɤɨɥɨɧɢ ɜɿɞɧɨɫɧɨ ɜɿɥьɧɨ ɨɫɿ Y1-Y1: 

Ȝy1 = ly1/iy1 = 885/20,24 = 43,7. 

Ƚɧɭɱɤɿɫɬь ɜɿɬɤɢ ɤɨɥɨɧɢ ɧɚ ɜɿɞɫɬɚɧɿ ɦɿɠ ɩɥɚɧɤɚɦɢ ɭ ɩɪɨɫɜɿɬɿ: 
Ȝb = lb/iy = 90/3,09 = 29,1. 

ɉɪɢɜɟɞɟɧɭ ɝɧɭɱɤɿɫɬь ɤɨɥɨɧɢ ɜɿɞɧɨɫɧɨ ɜɿɥьɧɨʀ ɨɫɿ Y1-Y1 

ɨɛɱɢɫɥɸɸɬь ɡɚɥɟɠɧɨ ɜɿɞ ɜɟɥɢɱɢɧɢ ɜɿɞɧɨɲɟɧɧɹ ɩɨɝɨɧɧɢɯ 
ɠɨɪɫɬɤɨɫɬɟɣ ɹɤɳɨ: ɩɪɢ n < 5, ɬɨ: 

;)n(b,yef 128202
1

 

ɹɤɳɨ: ɩɪɢ n > 5, ɳɨ ɦɚє ɦɿɫɰɟ ɭ ɧɚɲɨɦɭ ɩɪɢɤɥɚɞɿ (n=6,0 > 5), ɬɨ: 
2129274322

1 ,,byef 52,5. 

ɍɦɨɜɧɚ ɝɧɭɱɤɿɫɬь 

712,11006,2/2405,52 5
ERyxx  

Ɂɚɥɟɠɧɨ ɜɿɞ  712,1x  ɡ ɬɚɛɥ. ɀ. 1 [6] ], (ɞɨɞɚɬɨɤ 3,4)  ɩɪɢɣɦɚєɬьɫɹ 
ɤɨɟɮɿɰɿєɧɬ 840,0  

Ɍɨɱɧɟ ɡɧɚɱɟɧɧɹ ɝɧɭɱɤɨɫɬɿ ɫɬɟɪɠɧɹ ɤɨɥɨɧɢ 
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,8,127870,06018060180u  

,870,0
2409.164881,0

106,3031
        ɞɟ

ncyRA

N
 

2
1 4.1697,8422 ɫɦAA  – ɩɥɨɳɚ ɩɟɪɟɪɿɡɭ ɫɬɟɪɠɧɹ 

ɤɨɥɨɧɢ. 

ɋɬɿɣɤɿɫɬь ɤɨɥɨɧɢ ɜɿɞɧɨɫɧɨ ɜɿɥьɧɨʀ ɨɫɿ: 
ı = N/(2· φ·Ab) = 3031,6/(2·0,84·84,7) = 21,3 ɤɇ/ɫɦ2

=213Ɇɉɚ < 
Ry·Ȗc=240 Ɇɉɚ. 

 

5.2.3. Ɋɨɡɪɚɯɭɧɨɤ ɩɥɚɧɨɤ 

 

Ɉɛɱɢɫɥɸєɦɨ ɭɦɨɜɧɭ ɩɨɩɟɪɟɱɧɭ ɫɢɥɭ: 

84,0

6,3031

240

51006,2
233061015,7233061015,7

N

yR

E
ficQ

38,0 ɤɇ. 

ɍɦɨɜɧɚ ɩɨɩɟɪɟɱɧɚ ɫɢɥɚ, ɳɨ ɩɟɪɟɞɚєɬьɫɹ ɧɚ ɫɢɫɬɟɦɭ ɩɥɚɧɨɤ, 
ɪɨɡɦɿɳɟɧɢɯ ɜ ɨɞɧɿɣ ɩɥɨɳɢɧɿ: 

Qs = Qfic/2 = 38/2 = 19,0 ɤɇ. 
Ɋɨɡɪɚɯɭɧɤɨɜɟ ɡɭɫɢɥɥɹ ɜ ɩɥɚɧɰɿ: 
ɩɟɪɟɪɿɡɭɸɱɚ ɫɢɥɚ: Fs = Qs ·l/c = 19·118/40 = 56,0 ɤɇ; 
ɡɝɢɧɚɥьɧɢɣ ɦɨɦɟɧɬ: Ms = Qs·l/2 = 19·118/2 = 1121 ɤɇ·ɫɦ. 
ɉɟɪɟɜɿɪɤɚ ɦɿɰɧɨɫɬɿ ɩɥɚɧɨɤ ɧɚ ɡɝɢɧ ɡɚ ɧɨɪɦɚɥьɧɢɦɢ 

ɧɚɩɪɭɠɟɧɧɹɦɢ: 
ı = Ms/Ws = 112.1

.
10

2/117,6 = 9,53 ɤɇ/ɫɦ2 = 95,3 Ɇɉɚ < Ry·Ȗc = 

=240 Ɇɉɚ, 
ɞɟ Ry  – ɩɪɢɣɦɚєɦɨ ɡ ɬɚɛɥ. (ɞɨɞɚɬɨɤ 1)  ɞɥɹ ɥɢɫɬɨɜɨɝɨ ɩɪɨɤɚɬɭ 
ɬɨɜɳɢɧɨɸ, ɪɿɜɧɨɸ ɬɨɜɳɢɧɿ ɩɥɚɧɨɤ ɡ ɬɿєʀ ɠ ɫɬɚɥɿ, ɳɨ ɿ ɤɨɥɨɧɚ.  

Ɋɨɡɪɚɯɭɧɨɤ ɤɭɬɨɜɢɯ ɲɜɿɜ, ɹɤɿ ɩɪɢɤɪɿɩɥɸɸɬь ɩɥɚɧɤɢ ɞɨ ɜɿɬɨɤ 
ɤɨɥɨɧɢ (ɞɢɜ. ɪɢɫ.9). 

 ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɦɚɪɤɢ ɫɬɚɥɿ ɤɨɥɨɧɢ ɋ245 ɲɜɢ ɜɢɤɨɧɭєɦɨ 
ɪɭɱɧɢɦ ɡɜɚɪɸɜɚɧɧɹɦ ɡɚ ɞɨɩɨɦɨɝɨɸ ɟɥɟɤɬɪɨɞɿɜ ɬɢɩɭ Э42 (ɬɚɛɥ. 55* 
[1]). 

Ɋɨɡɪɚɯɭɧɨɤ ɤɭɬɨɜɢɯ ɲɜɿɜ ɜɢɤɨɧɭєɦɨ ɡɚ ɦɟɬɚɥɨɦ ɲɜɚ ɜ ɬɚɤɿɣ 
ɩɨɫɥɿɞɨɜɧɨɫɬɿ: 

ɚ) ɡ ɬɚɛɥ. (ɞɨɞɚɬɨɤ 7) ɩɪɢɣɦɚєɦɨ ɤɨɟɮɿɰɿєɧɬ ȕ=0,7, ɚ ɡ ɬɚɛɥ. 
(ɞɨɞɚɬɨɤ 8) – ɪɨɡɪɚɯɭɧɤɨɜɢɣ ɨɩɿɪ ɲɜɚ Rwf=180 Ɇɉɚ; 
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ɛ) ɩɪɢɣɦɚєɦɨ ɤɚɬɟɬ ɤɭɬɨɜɨɝɨ ɲɜɚ kf=8 ɦɦ ɿ ɞɨɜɠɢɧɭ ɲɜɚ 
lw=ds=280 ɦɦ; 

ɜ) ɨɛɱɢɫɥɸєɦɨ ɝɟɨɦɟɬɪɢɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɲɜɚ: 
ɩɥɨɳɚ ɩɟɪɟɪɿɡɭ: Aw = ȕf·kf·lw = 0,7·0,8·28 = 15,68 ɫɦ2

; 

ɦɨɦɟɧɬ ɨɩɨɪɭ: Ww = ȕf·kf·lw
2/6 = 0,7·0,8·282

/6 = 73,17 ɫɦ3
. 

ɝ) ɧɨɪɦɚɥьɧɿ ɬɚ ɞɨɬɢɱɧɿ ɧɚɩɪɭɠɟɧɧɹ ɜ ɩɟɪɟɪɿɡɿ ɤɭɬɨɜɨɝɨ ɲɜɚ: 
ıw = Ms/Ww = 1121/73,15 = 15,3 ɤɇ/ɫɦ2 = 153 Ɇɉɚ; 

Ĳw = Fs/Aw = 56/15,68 = 3,57 ɤɇ/ɫɦ2 = 35,7 Ɇɉɚ. 
ɞ) ɩɟɪɟɜɿɪɹєɦɨ ɦɿɰɧɿɫɬь ɤɭɬɨɜɨɝɨ ɲɜɚ ɩɥɚɧɤɢ ɧɚ ɞɿɸ 

ɪɿɜɧɨɞɿɸɱɨɝɨ ɧɚɩɪɭɠɟɧɧɹ: 
27,35215322

wwf 157,1Ɇɉɚ < RwfȖwfȖc=180 Ɇɉɚ. 

 

5.3. Ɋɨɡɪɚхɭɧɨɤ ɛɚɡɢ ɤɨɥɨɧɢ 

 

Ɋɨɡɪɚɯɭɧɨɤ ɛɚɡɢ ɡɞɿɣɫɧɸєɬьɫɹ ɡɝɿɞɧɨ ɡ ɜɢɯɿɞɧɢɦɢ ɞɚɧɢɦɢ ɞɨ 
ɩɪɢɣɧɹɬɨɝɨ ɩɪɢɤɥɚɞɭ. 

ɉɪɨɟɤɬɭєɦɨ ɛɚɡɭ ɡ ɬɪɚɜɟɪɫɨɸ (ɪɢɫ. 10) ɡɿ ɫɬɚɥɿ ɋ245 ɡ 
ɪɨɡɪɚɯɭɧɤɨɜɢɦ ɨɩɨɪɨɦ ɞɥɹ ɨɩɨɪɧɨʀ ɩɥɢɬɢ Ry=240 Ɇɉɚ (ɥɢɫɬɨɜɢɣ 
ɩɪɨɤɚɬ ɬɨɜɳɢɧɨɸ t>20 ɦɦ). 

Ɋɨɡɪɚɯɭɧɤɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɛɚɡɭ ɫɬɚɧɨɜɢɬь N=3031,6 ɤɇ. 
Ɏɭɧɞɚɦɟɧɬɢ ɩɿɞ ɤɨɥɨɧɢ ɩɪɨɟɤɬɭɸɬьɫɹ ɡ ɛɟɬɨɧɭ ɤɥɚɫɭ C12/15 ɡ 

ɪɨɡɪɚɯɭɧɤɨɜɢɦ ɨɩɨɪɨɦ ɧɚ ɫɬɢɫɤ ..5,8 Ɇɉɚfcd  

ɉɨɫɥɿɞɨɜɧɿɫɬь ɪɨɡɪɚɯɭɧɤɭ ɛɚɡɢ. 
Ɉɛɱɢɫɥɸєɦɨ ɲɢɪɢɧɭ ɨɩɨɪɧɨʀ ɩɥɢɬɢ (ɪɢɫ. 10) 

ȼɩɥ = h+2·(tɬɪ+ɫ1) = 450+2·(10+65) = 600 ɦɦ, 
ɞɟ h – ɜɢɫɨɬɚ ɞɜɨɬɚɜɪɚ ɜɿɬɤɢ ɤɨɥɨɧɢ; tɬɪ – ɬɨɜɳɢɧɚ ɥɢɫɬɿɜ ɬɪɚɜɟɪɫɢ, 
ɭ ɩɟɪɲɨɦɭ ɧɚɛɥɢɠɟɧɿ ɩɪɢɣɦɚєɬьɫɹ 8 ... 16 ɦɦ; ɫ1 – ɡɜɢɫ ɨɩɨɪɧɨʀ 
ɩɥɢɬɢ, ɩɪɢɣɦɚєɬьɫɹ ɜ ɦɟɠɚɯ 50 ... 120 ɦɦ. Ɉɫɬɚɬɨɱɧɨ ɲɢɪɢɧɭ ɩɥɢɬɢ 
ȼɩɥ ɩɪɢɣɦɚєɦɨ ɤɪɚɬɧɨɸ 50 ɦɦ.  

Ɉɫɤɿɥьɤɢ ɩɥɨɳɚ ɨɩɨɪɧɨʀ ɩɥɢɬɢ ɛɚɡɢ ɤɨɥɨɧɢ ɦɟɧɲɚ ɡɚ ɩɥɨɳɭ 
ɜɟɪɯɧьɨɝɨ ɨɛɪɿɡɭ ɮɭɧɞɚɦɟɧɬɭ, ɬɨ ɪɨɡɪɚɯɭɧɤɨɜɢɣ ɨɩɿɪ ɡɧɚɱɧɨ 
ɡɛɿɥьɲɭєɬьɫɹ ɿ ɫɬɚɧɨɜɢɬь 

202,12,105,82,1 ɫɦɤɇɆɉɚfcd , 

ɞɟ 2,1  – ɤɨɟɮɿɰɿєɧɬ, ɳɨ ɜɪɚɯɨɜɭє ɡɛɿɥьɲɟɧɧɹ ɦɿɰɧɨɫɬɿ 
ɛɟɬɨɧɭ ɡɚ ɦɿɫɰɟɜɨɝɨ ɡɿɦ’ɹɬɬɹ  (ɡɚɝɚɥɨɦ ɩɪɢɣɦɚɸɬь  5,1...2,1 ). 
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ɇɟɨɛɯɿɞɧɚ ɩɥɨɳɚ ɨɩɨɪɧɨʀ ɩɥɢɬɢ ɛɚɡɢ: 
Ⱥɩɥ = N/ cdf = 3031,6/1,02 = 2972,2 ɫɦ2

. 

Ɋɨɡɪɚɯɭɧɤɨɜɚ ɞɨɜɠɢɧɚ ɩɥɢɬɢ: 
Lɩɥ = Ⱥɩɥ/ȼɩɥ = 2972,2/60 = 49,54 ɫɦ. 

Ɂ ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ ɦɿɪɤɭɜɚɧь ɞɨɜɠɢɧɚ ɨɩɨɪɧɨʀ ɩɥɢɬɢ 
ɩɨɜɢɧɧɚ ɛɭɬɢ (ɞɢɜ. ɪɢɫ. 10) Lɩɥ  b+2C2,  
ɞɟ b – ɲɢɪɢɧɚ ɩɟɪɟɪɿɡɭ ɤɨɥɨɧɢ; C2 – ɪɨɡɦɿɪ, ɹɤɢɣ ɡɚɛɟɡɩɟɱɭє 
ɡɪɭɱɧɿɫɬь ɪɨɡɦɿɳɟɧɧɹ ɨɬɜɨɪɿɜ ɞɥɹ ɚɧɤɟɪɧɢɯ ɛɨɥɬɿɜ, ɩɪɢɣɦɚєɬьɫɹ ɞɥɹ 
ɤɨɥɨɧ ɿɡ ɞɜɨɯ ɲɜɟɥɟɪɿɜ C2 = 70 ... 80 ɦɦ, ɚ ɞɥɹ ɤɨɥɨɧ ɿɡ ɞɜɨɯ 
ɞɜɨɬɚɜɪɿɜ - C2 =bf / 2+(30...50) ɦɦ (ɬɭɬ bf – ɲɢɪɢɧɚ ɩɨɥɢɰɿ ɞɜɨɬɚɜɪɚ). 

Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɧɚɜɟɞɟɧɢɯ ɪɟɤɨɦɟɧɞɚɰɿɣ ɪɨɡɦɿɪ Lɩɥ ɬɚɤɨɠ 
ɡɚɨɤɪɭɝɥɸɸɬь, ɩɪɢɣɦɚɸɱɢ ɤɪɚɬɧɢɦ 50 ɦɦ. ɍ ɧɚɲɨɦɭ ɩɪɢɤɥɚɞɿ 
ɩɪɢɣɦɚєɦɨ Lɩɥ=650 ɦɦ. 

ɇɚɩɪɭɠɟɧɧɹ ɜ ɛɟɬɨɧɿ ɩɿɞ ɨɩɨɪɧɨɸ ɩɥɢɬɨɸ: 
ıf = N/(ȼɩɥ·Lɩɥ) = 3031,6/(60·65) = 0,78 ɤɇ/ɫɦ2=7,8 Ɇɉɚ < Rb, loc=  

=10,2  Ɇɉɚ. 
ȼɢɡɧɚɱɚєɦɨ ɜɟɥɢɱɢɧɭ ɪɨɡɪɚɯɭɧɤɨɜɨɝɨ ɦɨɦɟɧɬɭ ɜ ɨɩɨɪɧɿɣ 

ɩɥɢɬɿ ɛɚɡɢ, ɞɥɹ ɱɨɝɨ ɜ ɦɟɠɚɯ ɨɩɨɪɧɨʀ ɩɥɢɬɢ ɜɢɞɿɥɹєɦɨ ɬɪɢ 
ɪɨɡɪɚɯɭɧɤɨɜɿ ɞɿɥɹɧɤɢ (ɞɢɜ. ɪɢɫ. 10):  

1 – ɤɨɧɫɨɥьɧɿ, 2 – ɨɩɟɪɬɿ ɧɚ ɬɪɢ ɫɬɨɪɨɧɢ, 3 – ɨɩɟɪɬɿ ɧɚ 
ɱɨɬɢɪɢ ɫɬɨɪɨɧɢ. 

Ⱦɥɹ ɤɨɠɧɨʀ ɿɡ ɜɢɞɿɥɟɧɢɯ ɞɿɥɹɧɨɤ ɨɩɨɪɧɨʀ ɩɥɢɬɢ ɜɢɡɧɚɱɚєɦɨ 
ɦɚɤɫɢɦɚɥьɧɢɣ ɡɝɢɧɚɥьɧɢɣ ɦɨɦɟɧɬ: 

ɞɥɹ 1 - ɞɿɥɹɧɤɢ: Ɇ1= ıf·1·c1
2/2 = 0,78·1·6,52/2 = 16,48 ɤɇ·ɫɦ. 

ɞɥɹ  2 – ɞɿɥɹɧɤɢ - ɜɢɡɧɚɱɚєɦɨ ɞɨɜɠɢɧɭ ɜɿɥьɧɨɝɨ ɤɪɚɸ ɩɥɢɬɢ, ɹɤɚ 
ɩɪɢɣɦɚєɬьɫɹ ɪɿɜɧɨɸ ɜɢɫɨɬɿ ɜɿɬɤɢ ɤɨɥɨɧɢ d2=h=45 ɫɦ; ɞɨɜɠɢɧɭ 
ɡɚɤɪɿɩɥɟɧɨʀ ɫɬɨɪɨɧɢ ɩɥɢɬɢ ɜɢɡɧɚɱɚєɦɨ ɡɚɥɟɠɧɨ ɜɿɞ ɬɢɩɭ ɩɟɪɟɪɿɡɭ 
ɤɨɥɨɧɢ: 

ɞɥɹ ɤɨɥɨɧɢ ɿɡ ɞɜɨɯ ɲɜɟɥɟɪɿɜ: b2 = (Lɩɥ-b)/2;   

ɞɥɹ ɤɨɥɨɧɢ ɿɡ ɞɜɨɯ ɞɜɨɬɚɜɪɿɜ (ɩɪɢɤɥɚɞ ɪɨɡɪɚɯɭɧɤɭ): 
b2=[Lɩɥ-(b+tw)]/2=[650-(400+9)]/2=120,5 ɦɦ; 

ɞɟ Lɩɥ – ɞɨɜɠɢɧɚ ɨɩɨɪɧɨʀ ɩɥɢɬɢ, b – ɲɢɪɢɧɚ ɩɟɪɟɪɿɡɭ ɤɨɥɨɧɢ, tw – 

ɬɨɜɳɢɧɚ ɫɬɿɧɤɢ ɞɜɨɬɚɜɪɚ (ɞɢɜ. ɪɢɫ. 10). 
Ɉɛɱɢɫɥɸєɦɨ ɜɟɥɢɱɢɧɭ ɜɿɞɧɨɲɟɧɧɹ ɞɨɜɠɢɧɢ ɡɚɤɪɿɩɥɟɧɨʀ 

ɫɬɨɪɨɧɢ ɩɥɢɬɢ ɞɨ ɜɿɥьɧɨʀ: b2/a2 = 120,5/450 = 0,268. ɍ ɡɜ’ɹɡɤɭ ɡ ɬɢɦ, 
ɳɨ b2/a2 = 0,268 < 0,5, ɬɨ Ɇ2=ıf·1·b2

2/2=0,78·1·12,052
/2=56,63 

ɤɇ·ɫɦ. 
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Ɋɢɫ. 10. Ȼɚɡɢ ɤɨɥɨɧɢ. 

ɞɥɹ  3 – ɞɿɥɹɧɤɢ - ɜɢɡɧɚɱɚєɦɨ ɞɨɜɠɢɧɭ ɤɨɪɨɬɤɨʀ ɫɬɨɪɨɧɢ 
ɩɥɢɬɢ, ɹɤɚ ɜ ɧɚɲɨɦɭ ɩɪɢɤɥɚɞɿ d3 = b-tw = 400-9 = 391 ɦɦ; ɞɨɜɠɢɧɭ 
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ɛɿɥьɲɨʀ ɫɬɨɪɨɧɢ ɩɥɢɬɢ b3=h=450 ɦɦ ɜɢɡɧɚɱɚєɦɨ ɡɚɥɟɠɧɨ ɜɿɞ 
ɤɨɧɫɬɪɭɤɰɿʀ ɫɬɟɪɠɧɹ ɤɨɥɨɧɢ: 

Ɉɛɱɢɫɥɸєɦɨ ɜɟɥɢɱɢɧɭ ɜɿɞɧɨɲɟɧɧɹ ɛɿɥьɲɨʀ ɫɬɨɪɨɧɢ ɩɥɢɬɢ 
ɞɨ ɦɟɧɲɨʀ b3/a3 =  450/391 = 1,15. Ɂɚ ɬɚɛɥ. Ɇ.2 [6] ɡɚɥɟɠɧɨ ɜɿɞ 
ɜɟɥɢɱɢɧɢ ɜɿɞɧɨɲɟɧɧɹ ɫɬɨɪɿɧ b3/a3  = 1,15 ɩɪɢɣɦɚєɦɨ ɤɨɟɮɿɰɿєɧɬ 
α=0,059 ɿ ɨɛɱɢɫɥɸєɦɨ ɡɝɢɧɚɥьɧɢɣ ɦɨɦɟɧɬ: 

Ɇ3 = α ·ıf·1·a3
2 = 0,059·0,78·1·39,12 

= 72,4 ɤɇ·ɫɦ. 
Ɋɨɡɪɚɯɭɧɤɨɜɢɦ ɹɜɥɹєɬьɫɹ  Mmax = M3 = 72,4 ɤɇ·ɫɦ. 
ȼɟɥɢɱɢɧɭ ɡɝɢɧɚɸɱɨɝɨ ɦɨɦɟɧɬɭ ɜɢɡɧɚɱɚɸɬь ɞɥɹ ɫɦɭɝɢ 

ɲɢɪɢɧɨɸ 1ɫɦ, ɥɿɧɿɣɧɢɦ ɪɿɜɧɨɦɿɪɧɨ ɪɨɡɩɨɞɿɥɟɧɢɦ ɧɚɜɚɧɬɚɠɟɧɧɹɦ. 

ɇɟɨɛɯɿɞɧɚ ɬɨɜɳɢɧɚ ɨɩɨɪɧɨʀ ɩɥɢɬɢ:  
2647266 ,yRmaxMɩɥt 4,25 ɫɦ. 

ɍ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɿɡ ɫɨɪɬɚɦɟɧɬɨɦ ɧɚ ɥɢɫɬɨɜɭ ɫɬɚɥь ɩɪɢɣɦɚєɦɨ 
tɩɥ=45 ɦɦ. 

ȼɢɡɧɚɱɚєɦɨ ɜɢɫɨɬɭ ɬɪɚɜɟɪɫɢ: ɩɟɪɟɞɚɱɚ ɡɭɫɢɥɥɹ ɜɿɞ ɫɬɟɪɠɧɹ 
ɤɨɥɨɧɢ ɧɚ ɬɪɚɜɟɪɫɭ ɡɞɿɣɫɧɸєɬьɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɱɨɬɢɪьɨɯ 
ɜɟɪɬɢɤɚɥьɧɢɯ ɤɭɬɨɜɢɯ ɲɜɿɜ, ɞɨɜɠɢɧɚ ɹɤɢɯ ɿ ɜɢɡɧɚɱɚє ɜɢɫɨɬɭ 
ɬɪɚɜɟɪɫɢ (ɞɢɜ. ɪɢɫ. 10). Ɂɚɥɟɠɧɨ ɜɿɞ ɬɨɜɳɢɧɢ ɥɢɫɬɿɜ ɬɪɚɜɟɪɫɢ tɬɪ = 

10 ɦɦ ɩɪɢɣɦɚєɦɨ ɤɚɬɟɬ ɤɭɬɨɜɢɯ ɲɜɿɜ kf=12 ɦɦ ɿ ɨɛɱɢɫɥɸєɦɨ 
ɧɟɨɛɯɿɞɧɭ ʀɯ ɞɨɜɠɢɧɭ: 

lw= N/(4·ȕf·kf·Rwf) = 3031,6/(4·0,7·1,2·18) =50,1 ɫɦ. 
ɉɪɢɣɦɚєɦɨ lw=51 ɫɦ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɤɨɧɫɬɪɭɤɬɢɜɧɢɦ 

ɜɢɦɨɝɚɦ: 
lw= 51 ɫɦ < 85· ȕf·kf=85·0,7·1,2= 71,4 ɫɦ. 

ȼɢɫɨɬɚ ɬɪɚɜɟɪɫɢ ɡ ɭɦɨɜɢ ɪɨɡɦɿɳɟɧɧɹ ɡɜɚɪɧɢɯ ɲɜɿɜ:  
hɬɪ = lw+10 ɦɦ = 510+10= 520 ɦɦ. 

Ɂ ɦɿɪɤɭɜɚɧь ɡɚɛɟɡɩɟɱɟɧɧɹ ɧɟɨɛɯɿɞɧɨʀ ɠɨɪɫɬɤɨɫɬɿ ɜɭɡɥɚ 
ɜɢɫɨɬɭ ɬɪɚɜɟɪɫɢ ɩɪɢɣɦɚɸɬь: hɬɪ =( 0,5…0,7)·b = (0,5…0,7)·400 = 
200…280 ɦɦ. 

Ɉɫɬɚɬɨɱɧɨ ɩɪɢɣɦɚєɦɨ ɜɢɫɨɬɭ ɬɪɚɜɟɪɫɢ hɬɪ=520 ɦɦ. 
 

5.4. Ɋɨɡɪɚɯɭɧɨɤ ɨɝɨɥɨɜɤɚ ɤɨɥɨɧɢ 

 

Ʉɨɧɫɬɪɭɤɰɿɹ ɨɝɨɥɨɜɤɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 11. 
Ɋɨɡɪɚɯɭɧɤɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɨɝɨɥɨɜɨɤ ɫɬɚɧɨɜɢɬь 

N=3031,6 ɤɇ. 
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ȼɟɪɬɢɤɚɥьɧɟ ɪɟɛɪɨ ɨɝɨɥɨɜɤɚ ɩɪɨɟɤɬɭєɦɨ ɡ ɥɢɫɬɨɜɨʀ ɫɬɚɥɿ 
ɋ245 ɡ ɪɨɡɪɚɯɭɧɤɨɜɢɦ ɨɩɨɪɨɦ Rp=366 Ɇɉɚ ɿ Rs=139,2 Ɇɉɚ. 

1. Ɋɨɡɦɿɪɢ ɩɥɢɬɢ ɨɝɨɥɨɜɤɚ. Ɍɨɜɳɢɧɭ ɩɥɢɬɢ ɨɝɨɥɨɜɤɚ 
ɩɪɢɣɦɚєɦɨ ɿɡ  ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ ɦɿɪɤɭɜɚɧь tɩɥ1=25 ɦɦ (ɩɪɢɣɦɚєɦɨ ɧɟ 
ɦɟɧɲɟ 20 ɦɦ). 

Ɋɨɡɦɿɪɢ ɩɥɢɬɢ ɜ ɩɥɚɧɿ: 
ɞɥɹ ɤɨɥɨɧɢ ɿɡ ɞɜɨɯ ɲɜɟɥɟɪɿɜ (ɪɢɫ. 11,ɚ): Lɩɥ1=b+40 ɦɦ, 

ȼɩɥ1=h+40 ɦɦ,  
ɞɥɹ ɤɨɥɨɧɢ ɿɡ ɞɜɨɯ ɞɜɨɬɚɜɪɿɜ ɡɝɿɞɧɨ ɡ ɩɪɢɤɥɚɞɨɦ ɪɨɡɪɚɯɭɧɤɭ 

(ɪɢɫ. 11,ɛ): 
Lɩɥ1=b+bf+40 ɦɦ = 400+160+40 = 600 ɦɦ, 
ȼɩɥ1=h+40 ɦɦ = 450+40 = 490 ɦɦ, 

ɞɟ b – ɲɢɪɢɧɚ ɩɟɪɟɪɿɡɭ ɤɨɥɨɧɢ, h – ɜɢɫɨɬɚ ɜɿɬɤɢ ɤɨɥɨɧɢ, bf – 

ɲɢɪɢɧɚ ɩɨɥɢɰɿ ɞɜɨɬɚɜɪɚ. 
ɉɪɨɟɤɬɧɟ ɩɨɥɨɠɟɧɧɹ ɝɨɥɨɜɧɢɯ ɛɚɥɨɤ ɧɚ ɤɨɥɨɧɚɯ ɮɿɤɫɭєɬьɫɹ 

ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɨɧɬɚɠɧɢɯ ɛɨɥɬɿɜ ɞɿɚɦɟɬɪɨɦ d=20 ɦɦ, ɞɥɹ ɱɨɝɨ ɜ 
ɩɥɢɬɿ ɨɝɨɥɨɜɤɚ ɩɟɪɟɞɛɚɱɚєɦɨ ɧɟɨɛɯɿɞɧɿ ɨɬɜɨɪɢ ɞɿɚɦɟɬɪɨɦ do=23 ɦɦ 

(ɪɢɫ. 11). 
2. Ɋɨɡɦɿɪɢ ɜɟɪɬɢɤɚɥьɧɨɝɨ ɪɟɛɪɚ. 
Ɍɨɜɳɢɧɭ ɜɟɪɬɢɤɚɥьɧɨɝɨ ɪɟɛɪɚ ɨɝɨɥɨɜɤɚ ɨɛɱɢɫɥɸєɦɨ ɡ ɭɦɨɜɢ 

ɪɨɛɨɬɢ ɣɨɝɨ ɧɚ ɡɿɦ’ɹɬɬɹ ɩɨ ɤɨɧɬɚɤɬɭ ɡ ɨɩɨɪɧɨɸ ɩɥɢɬɨɸ: 
ts1 = N/(lef·Rp) = 3031,6/(31·33,6) =2,9 ɫɦ, 

ɞɟ lef= bs+ tw = 260+2·25 = 310 ɦɦ    (ɬɭɬ bs – ɲɢɪɢɧɚ ɨɩɨɪɧɨɝɨ 
ɪɟɛɪɚ ɝɨɥɨɜɧɨʀ ɛɚɥɤɢ, tɩɥ1 – ɬɨɜɳɢɧɚ ɩɥɢɬɢ ɨɝɨɥɨɜɤɚ). 

Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɫɨɪɬɚɦɟɧɬɭ ɧɚ ɥɢɫɬɨɜɭ ɫɬɚɥь ɩɪɢɣɦɚєɦɨ 
ɬɨɜɳɢɧɭ ɜɟɪɬɢɤɚɥьɧɨɝɨ ɪɟɛɪɚ ɨɝɨɥɨɜɤɚ ts=30 ɦɦ. 

ȼɢɡɧɚɱɚєɦɨ ɜɢɫɨɬɭ ɪɟɛɪɚ ɨɝɨɥɨɜɤɚ. 
Ɂɜɚɪɧɿ ɲɜɢ ɨɝɨɥɨɜɤɚ, ɹɤ ɿ ɛɚɡɢ, ɜɢɤɨɧɭєɦɨ ɪɭɱɧɢɦ 

ɡɜɚɪɸɜɚɧɧɹɦ ɟɥɟɤɬɪɨɞɚɦɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɟɥɟɤɬɪɨɞɿɜ ɬɢɩɭ Э42 ɡ 
Rwf=180 Ɇɉɚ ɿ ȕf=0,7. 

Ɋɟɛɪɨ ɨɝɨɥɨɜɤɚ ɩɪɢɜɚɪɸєɬьɫɹ ɞɨ ɫɬɿɧɨɤ ɜɿɬɨɤ ɤɨɥɨɧɢ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɱɨɬɢɪьɨɯ ɜɟɪɬɢɤɚɥьɧɢɯ ɲɜɿɜ, ɞɨɜɠɢɧɚ ɹɤɢɯ ɿ ɜɢɡɧɚɱɚє 
ɜɢɫɨɬɭ ɪɟɛɪɚ (ɪɢɫ. 11). 

ɉɪɢɣɧɹɜɲɢ ɤɚɬɟɬ ɤɭɬɨɜɢɯ ɲɜɿɜ kf=11 ɦɦ, (kf=1,2 tw – 

ɬɨɜɳɢɧɚ ɫɬɿɧɤɢ ɜɿɬɤɢ ɤɨɥɨɧɢ) ɨɛɱɢɫɥɸєɦɨ ɧɟɨɛɯɿɞɧɭ ʀɯ ɞɨɜɠɢɧɭ: 
lw= N/(4·ȕf·kf·Rwf) = 3031,6/(4·0,7·1,1·18) = 54,7 ɫɦ. 

ɉɪɢɣɦɚєɦɨ lw=55 ɫɦ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɤɨɧɫɬɪɭɤɬɢɜɧɢɦ 
ɜɢɦɨɝɚɦ: 
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lw = 55 ɫɦ < 85·ȕf·kf = 85·0,7·1,1 = 65,5 ɫɦ. 
Ɍɨɞɿ  ɜɢɫɨɬɚ ɜɟɪɬɢɤɚɥьɧɨɝɨ ɪɟɛɪɚ: 

hs1 = lw+10 ɦɦ = 550+10 = 560 ɦɦ. 
ɉɟɪɟɜɿɪɤɚ ɦɿɰɧɨɫɬɿ ɜɟɪɬɢɤɚɥьɧɨɝɨ ɪɟɛɪɚ ɡɪɿɡɭ: 
Ĳ = N/(2·hs1·ts1) = 3031,6/(2·56·3)= 9,02 ɤɇ/ɫɦ2=90,2 Ɇɉɚ < 

RsȖc=139,2 Ɇɉɚ. 
Ɋɨɡɪɚɯɭɧɨɤ ɝɨɪɢɡɨɧɬɚɥьɧɢɯ ɡɜɚɪɧɢɯ ɲɜɿɜ, ɳɨ ɩɪɢɤɪɿɩɥɸɸɬь 

ɜɿɬɤɢ ɤɨɥɨɧɢ ɞɨ ɩɥɢɬɢ ɨɝɨɥɨɜɤɚ. 
ɉɥɢɬɚ ɨɝɨɥɨɜɤɚ ɨɩɢɪɚєɬьɫɹ ɧɚ ɮɪɟɡɟɪɨɜɚɧɿ ɬɨɪɰɿ ɜɿɬɨɤ 

ɤɨɥɨɧɢ, ɬɨɦɭ ɝɨɪɢɡɨɧɬɚɥьɧɿ ɲɜɢ ɜɿɞɿɝɪɚɸɬь ɬɿɥьɤɢ ɤɨɧɫɬɪɭɤɬɢɜɧɭ 
ɮɭɧɤɰɿɸ ɿ ɧɟ ɪɨɡɪɚɯɨɜɭɸɬьɫɹ, ɚ ɤɚɬɟɬ ʀɯ ɩɪɢɣɦɚєɬьɫɹ ɦɿɧɿɦɚɥьɧɢɦ ɭ 
ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɡ ɬɚɛɥ. ɞɨɞɚɬɨɤ 9. 

ɍ ɧɚɲɨɦɭ ɩɪɢɤɥɚɞɿ ɪɨɡɪɚɯɭɧɤɭ kf min=8 ɦɦ. 

əɤɳɨ ɠ ɬɨɪɰɿ ɜɿɬɨɤ ɤɨɥɨɧɢ ɧɟ ɮɪɟɡɟɪɭɸɬьɫɹ, ɬɨ 
ɝɨɪɢɡɨɧɬɚɥьɧɿ ɲɜɢ ɫɩɪɢɣɦɚɸɬь ɞɿɸɱɟ ɧɚ ɤɨɥɨɧɭ ɧɚɜɚɧɬɚɠɟɧɧɹ N ɿ 
ɩɨɬɪɿɛɧɢɣ ɤɚɬɟɬ ʀɯ ɜɢɡɧɚɱɚɸɬь ɡɚ ɮɨɪɦɭɥɨɸ: 

kf = N/( f  Rwf   lw), 

ɞɟ f ɿ Rwf  - ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɲɜɚ, ɩɪɢɣɦɚєɬьɫɹ ɬɚɤɢɦɢ ɠ, ɹɤ ɿ ɞɥɹ 

ɜɟɪɬɢɤɚɥьɧɢɯ ɲɜɿɜ ɪɟɛɪɚ ɨɝɨɥɨɜɤɚ; lw – ɫɭɦɚɪɧɚ ɪɨɡɪɚɯɭɧɤɨɜɚ 
ɞɨɜɠɢɧɚ ɝɨɪɢɡɨɧɬɚɥьɧɢɯ ɲɜɿɜ ɩɨ ɩɟɪɢɦɟɬɪɭ ɩɥɢɬɢ ɨɝɨɥɨɜɤɚ, ɹɤɚ 
ɩɪɢɣɦɚєɬьɫɹ ɞɥɹ 

ɤɨɥɨɧɢ ɿɡ ɞɜɨɯ ɲɜɟɥɟɪɿɜ lw = 2(b+h), ɚ ɞɥɹ ɤɨɥɨɧ ɿɡ ɞɜɨɯ 
ɞɜɨɬɚɜɪɿɜ - lw = 2(b+2bf+h); (ɬɭɬ b – ɲɢɪɢɧɚ ɩɟɪɟɪɿɡɭ ɤɨɥɨɧɢ, h – 
ɜɢɫɨɬɚ ɩɟɪɟɪɿɡɭ ɜɿɬɤɢ, bf – ɲɢɪɢɧɚ ɩɨɥɢɰɿ ɞɜɨɬɚɜɪɚ).   

 

5.5. Ʉɨɧɫɬɪɭɸɜɚɧɧɹ ɤɨɥɨɧɢ 

 

ɉɿɫɥɹ ɪɨɡɪɚɯɭɧɤɭ ɨɝɨɥɨɜɤɚ, ɫɬɟɪɠɧɹ ɬɚ ɛɚɡɢ ɜɢɤɨɧɭєɦɨ 
ɤɨɧɫɬɪɭɸɜɚɧɧɹ ɤɨɥɨɧɢ, ɹɤɟ ɡɞɿɣɫɧɸєɬьɫɹ ɡɚ ɪɟɡɭɥьɬɚɬɚɦɢ 
ɪɨɡɪɚɯɭɧɤɿɜ. 

Ƚɟɨɦɟɬɪɢɱɧɚ ɞɨɜɠɢɧɚ ɤɨɥɨɧɢ lc=8350 ɦɦ ɩɨɜɢɧɧɚ 
ɞɨɪɿɜɧɸɜɚɬɢ ɫɭɦɿ ɪɨɡɦɿɪɿɜ ɭɫɿɯ ɟɥɟɦɟɧɬɿɜ ɜɡɞɨɜɠ ɜɢɫɨɬɢ ɤɨɥɨɧɢ. 

Ɋɨɡɪɚɯɭɧɤɨɜɚ ɤɿɥьɤɿɫɬь ɩɥɚɧɨɤ 

.58,6
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ɉɪɢɣɧɹɬɨ n=7. ȼɿɞɫɬɚɧь ɦɿɠ ɩɥɚɧɤɚɦɢ 
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.57,828280
7
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1

ɦɦ
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ɉɪɢɣɧɹɬɨ .830 ɦɦlb  ȼɿɞɫɬɚɧь ɦɿɠ ɬɪɚɜɟɪɫɨɸ ɿ ɩɟɪɲɨɸ 
ɡɧɢɡɭ ɩɥɚɧɤɨɸ 

.82028072545520830178350

1 11

ɦɦ

hntthlnll sɩɥɩɥɬɪbɫb
 

Ƚɟɨɦɟɬɪɢɱɧɚ ɞɨɜɠɢɧɚ ɤɨɥɨɧɢ  

lc=(n-1)·(ds+lb)+hɬɪ+tɩɥ+tɩɥ1+ lb 1= 

=(7-1)·(280+830)+520+45+25+820+280= 8350 ɦɦ, 
ɳɨ ɜɿɞɩɨɜɿɞɚє ɨɛɱɢɫɥɟɧɿɣ ɪɚɧɿɲɟ ɭ ɩ. 5.1. 
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