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Ɇɟɬɨɞɢɱɧɿ ɜɤɚɡɿɜɤɢ ɞɨ ɜɢɤɨɧɚɧɧɹ ɞɨ ɜɢɤɨɧɚɧɧɹ ɩɪɚɤɬɢɱɧɢɯ ɪɨɛɿɬ ɧɚ ɬɟɦɭ: «Ɋɨɡɪɚ-
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ɦɚɲɢɧɢ» ɞɥɹ ɡɞɨɛɭɜɚɱɿɜ ɜɢɳɨʀ ɨɫɜɿɬɢ ɩɟɪɲɨɝɨ (ɛɚɤɚɥɚɜɪɫьɤɨɝɨ) ɪɿɜɧɹ ɡɚ ɫɩɟɰɿɚɥь-
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ɬɚ ɨɛɥɚɞɧɚɧɧɹ. 
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ɉɊȺɄɌɂɑɇȺ  ɊɈȻɈɌȺ  № 7 
 

ɊɈɁɊȺɏɍɇɈɄ  ɉȺɊȺɆȿɌɊІȼ  ȻɂɅЬɇɈȽɈ  ɌȺ  ɒɌɂɎɌɈȼɈȽɈ 

ɆɈɅɈɌɂɅЬɇɈȽɈ  ȺɉȺɊȺɌȺ 
 

Ɇɟɬɚ ɪɨɛɨɬɢ: ɧɚɜɱɢɬɢɫɹ ɜɢɡɧɚɱɚɬɢ ɨɫɧɨɜɧɿ ɝɟɨɦɟɬɪɢɱɧɿ ɬɚ ɤɿɧɟɦɚɬɢɱɧɿ 
ɩɚɪɚɦɟɬɪɢ ɛɢɥьɧɨɝɨ ɿ ɲɬɢɮɬɨɜɨɝɨ ɦɨɥɨɬɢɥьɧɢɯ ɚɩɚɪɚɬɿɜ, ɨɛɱɢɫɥɸɜɚɬɢ ɪɟɝɭɥɸ-
ɜɚɥьɧɿ ɩɚɪɚɦɟɬɪɢ; ɡɚɫɜɨʀɬɢ ɦɟɬɨɞɢɤɭ ɩɨɛɭɞɨɜɢ ɪɨɡɝɨɪɬɤɢ ɲɬɢɮɬɨɜɨɝɨ ɩɨɥɹ ɛɚ-
ɪɚɛɚɧɚ. 

Фɨɪɦɚɬ ɥɢɫɬɚ ɝɪɚɮɿɱɧɨʀ ɱɚɫɬɢɧɢ - А1 Ɋɟɤɨɦɟɧɞɨɜɚɧɢɣ ɦɚɫɲɬɚɛ -1:2 

 

ɁȺȽȺɅЬɇІ ɌȿɈɊȿɌɂɑɇІ ɉɈɅɈɀȿɇɇə 
 

Ɂɟɪɧɨ ɡ ɤɨɥɨɫɚ ɜɢɞɿɥɹɸɬь ɨɛɦɨɥɨɬɨɦ. Ɉɛɦɨɥɨɬ - ɰɟ ɧɚɧɟɫɟɧɧɹ ɭɞɚɪɿɜ ɩɨ ɪɨɫ-
ɥɢɧɧɿɣ ɦɚɫɿ ɿ ɩɪɨɬɹɝɭɜɧɧɹ ʀʀ ɦɿɠ ɩɨɜɟɪɯɧɹɦɢ. ȼɧɚɫɥɿɞɨɤ ɭɞɚɪɿɜ ɿ ɜɢɬɢɪɚɧɧɹ ɩɿɞ ɱɚɫ 
ɩɪɨɬɹɝɭɜɚɧɧɹ  ɩɨɪɭɲɭɸɬьɫɹ  ɡɜ’ɹɡɤɢ  ɩɥɨɞɭ (ɡɟɪɧɿɜɤɢ) ɿɡ ɤɜɿɬɤɨɥɨɠɟɦ ɿ ɥɭɫɤɚɦɢ ɤɨ-
ɥɨɫɤɚ. 

ɒɜɢɞɤɿɫɬь ɿ ɩɪɢɫɤɨɪɟɧɧɹ ɪɭɯɭ ɦɚɫɢ ɜ ɦɨɥɨɬɢɥьɧɨɦɭ ɚɩɚɪɚɬɿ є ɧɚɣɜɚɠɥɢɜɿ-
ɲɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɳɨ ɞɿɸɬь ɹɤ ɧɚ ɬɟɯɧɨɥɨɝɿɱɧɿ, ɬɚɤ ɿ ɧɚ ɟɧɟɪɝɟɬɢɱɧɿ ɩɨɤɚɡɧɢɤɢ 
ɪɨɛɨɬɢ ɦɨɥɨɬɢɥьɧɢɯ ɩɪɢɫɬɪɨʀɜ. əɤɿɫɬь ɪɨɛɨɬɢ ɦɨɥɨɬɢɥьɧɢɯ ɩɪɢɫɬɪɨʀɜ ɨɰɿɧɸɸɬь 
ɤɨɟɮɿɰɿєɧɬɚɦɢ: 

 

 - ɧɟɞɨɦɨɥɨɬ;    - ɩɨɞɪɿɛɧɟɧɧɹ; 
S - ɫɟɩɚɪɚɰɿɹ;   - ɡɚɫɦɿɱɟɧɿɫɬь. 
 

Ɉɫɧɨɜɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɛɢɥьɧɨɝɨ ɛɚɪɚɛɚɧɚ є ɞɨɜɠɢɧɚ Lɛ, ɞɿɚɦɟɬɪ Dɛ, ɱɢɫɥɨ 
ɛɢɥ i, ɱɚɫɬɨɬɚ ɨɛɟɪɬɿɜ ɩ, ɦɚɫɚ ɛɚɪɚɛɚɧɚ mɛ. 

Ɇɨɥɨɬɢɥьɧɿ ɩɪɢɫɬɪɨʀ ɩɨɜɢɧɧɿ ɡɚɛɟɡɩɟɱɭɜɚɬɢ ɦɚɤɫɢɦɚɥьɧɭ ɩɪɨɞɭɤɬɢɜɧɿɫɬь 
ɤɨɦɛɚɣɧɚ ɩɪɢ ɜɬɪɚɬɚɯ, ɳɨ ɧɟ ɩɟɪɟɜɢɳɭɸɬь ɡɧɚɱɟɧɧɹ, ɹɤɿ ɞɨɩɭɫɤɚɸɬьɫɹ: ɤɨɟɮɿɰɿєɧɬ 
ɧɟɞɨɦɨɥɨɬɭ  < 0,9 %, ɤɨɟɮɿɰɿєɧɬ ɩɨɞɪɿɛɧɟɧɧɹ  < 2,5 % ɞɥɹ ɩɪɨɞɨɜɨɥьɱɨɝɨ ɿ  < 

1,0 % ɞɥɹ ɧɚɫɿɧɧєɜɨɝɨ ɡɟɪɧɚ. 
Ⱦɨ ɪɟɝɭɥɸɜɚɥьɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɦɨɥɨɬɢɥьɧɢɯ ɩɪɢɫɬɪɨʀɜ ɧɚɥɟɠɚɬь ɱɚɫɬɨɬɚ ɨɛɟ-

ɪɬɿɜ ɛɚɪɚɛɚɧɚ n ɬɚ ɡɚɡɨɪɢ  ɦɿɠ ɛɢɥɚɦɢ ɿ ɩɨɩɟɪɟɱɧɢɦɢ ɩɥɚɧɤɚɦɢ ɩɿɞɛɚɪɚɛɚɧɧɹ. 
ɉɚɪɚɦɟɬɪɢ ɩɨɩɟɪɟɞɧьɨɝɨ ɧɚɫɬɪɨɸɜɚɧɧɹ ɛɢɥьɧɨɝɨ ɦɨɥɨɬɢɥьɧɨɝɨ ɩɪɢɫɬɪɨɸ 

ɧɚɜɟɞɟɧɿ ɜ ɬɚɛɥ. 7.1. 
Ɏɚɤɬɢɱɧɢɣ ɡɚɡɨɪ ɧɚ ɜɯɨɞɿ ɡɚɥɟɠɢɬь ɜɿɞ ɮɚɤɬɢɱɧɨʀ ɩɨɞɚɱɿ ɦɚɫɢ q (ɤɝ/ɫ), ɥɿɧɿɣ-

ɧɨʀ ɲɜɢɞɤɨɫɬɿ ɪɨɛɨɱɢɯ ɟɥɟɦɟɧɬɿɜ ɛɚɪɚɛɚɧɚ Vɛ (ɦ/ɫ), ɞɨɜɠɢɧɢ ɞɟɤɢ lɞ (ɦ), ɨɛ’єɦɧɨʀ 
ɦɚɫɢ ɫɨɥɨɦɢ ɿ ɡɟɪɧɚ  (ɤɝ/ɦ3), ɞɿɚɦɟɬɪɚ ɛɚɪɚɛɚɧɚ Dɛ (ɦ). 

 

       (7.1) 
 

' Ɏɚɤɬɢɱɧɭ ɩɨɞɚɱɭ ɦɚɫɢ q ɜɢɡɧɚɱɚɸɬь ɡɚ ɮɨɪɦɭɥɨɸ 
 

    
 

ɞɟ qɡ, qɫ - ɩɨɞɚɱɚ ɜɿɞɩɨɜɿɞɧɨ ɡɟɪɧɚ ɿ ɫɨɥɨɦɢ, ɤɝ/ɫ; 
ɉɨɞɚɱɭ ɡɟɪɧɚ ɿ ɫɨɥɨɦɢ ɪɨɡɪɚɯɨɜɭɸɬь ɡɚ ɡɚɥɟɠɧɨɫɬɹɦɢ, ɤɝ/ɫ: 
 

       (7.2) 
 

      (7.3) 
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ɞɟ  - ɭɪɨɠɚɣɧɿɫɬь ɜɿɞɩɨɜɿɞɧɨ ɡɟɪɧɚ ɿ ɫɨɥɨɦɢ, ɰ/ɝɚ; 
      - ɪɨɛɨɱɚ ɲɜɢɞɤɿɫɬь ɤɨɦɛɚɣɧɚ, ɦ/ɫ; 
      - ɲɢɪɢɧɚ ɡɚɯɜɚɬɭ ɠɚɬɤɢ ɤɨɦɛɚɣɧɚ, ɦ. 
 

ȼɿɞɧɨɲɟɧɧɹ         (7.4) 

ɧɚɡɢɜɚɸɬь ɤɨɟɮɿɰɿєɧɬɨɦ ɫɨɥɨɦɢɫɬɨɫɬɿ. 
 

Ɍɚɛɥɢɰɹ 7.1 
 

ɉɚɪɚɦɟɬɪɢ ɩɨɩɟɪɟɞɧьɨɝɨ ɧɚɫɬɪɨɸɜɚɧɧɹ ɛɢɥьɧɨɝɨ ɦɨɥɨɬɢɥьɧɨɝɨ ɩɪɢɫɬɪɨɸ 
 

Ʉɭɥьɬɭɪɚ 
Ʌɿɧɿɣɧɚ ɲɜɢɞɤɿɫɬь ɪɨɛɨɱɢɯ 
ɟɥɟɦɟɧɬɿɜ ɛɚɪɚɛɚɧɚ Vɛ, ɦ/ɫ 

Ɂɚɡɨɪɢ 8, ɦɦ 

ɧɚ ɜɯɨɞɿ ɧɚ ɜɢɯɨɞɿ 
ɉɲɟɧɢɰɹ, ɠɢɬɨ, ɹɱɦɿɧь 30-32 20 4 

Ɉɜɟɫ 28-30 17 4 

Ɋɢɫ 27-34 20 4 

ɉɪɨɫɨ, ɤɨɪɿɚɧɞɪ 21-24 14 4 

Ʉɭɤɭɪɭɞɡɚ 13-15 35 18 

Ƚɪɟɱɤɚ, ɛɨɛɢ 15-18 18 5 

Ƚɨɪɨɯ 12-15 18 10 

ɋɨɧɹɲɧɢɤ 10-12 40 25 
 

Іɡ ɮɨɪɦɭɥɢ (7.4) ɨɞɟɪɠɭєɦɨ, ɳɨ 
 

             (7.5) 
 

ɚɛɨ           
 

ɉɪɢɣɦɟɦɨ  ɬɨɛɬɨ ɦɚєɦɨ ɜɿɞɧɨɲɟɧɧɹ ɦɚɫɢ ɫɨɥɨɦɢ ɞɨ ɦɚɫɢ ɡɟɪɧɚ. 
 

Ɍɨɞɿ                          (7.6) 
 

ɚɛɨ                  (7.7) 
 

Ⱦɿɚɦɟɬɪ ɛɚɪɚɛɚɧɚ (ɦ) ɪɨɡɪɚɯɨɜɭɸɬь ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɡɚɥɟɠɧɨɫɬɿ 
 

             
 (7.8) 

 

ɞɟ і - ɤɿɥьɤɿɫɬь ɛɢɥ ɛɚɪɚɛɚɧɚ; і = 6; 8; 10; 12 (ɬɿɥьɤɢ ɩɚɪɧɟ ɡɧɚɱɟɧɧɹ); 
t - ɩɪɨɦɿɠɨɤ ɱɚɫɭ ɦɿɠ ɭɞɚɪɚɦɢ ɫɭɫɿɞɧɿɯ ɛɢɥ; t = 0,0045-0,0075 ɫ. Ⱦɨɜɠɢɧɚ ɦɨɥɨ-
ɬɢɥьɧɨɝɨ ɛɚɪɚɛɚɧɚ ɞɨɪɿɜɧɸє, ɦ 
 

         
 (7.9) 

 

ɞɟ qɨ - ɞɨɩɭɫɬɢɦɚ ɩɨɞɚɱɚ ɦɚɫɢ ɧɚ 1 ɦ ɞɨɜɠɢɧɢ ɛɢɥɚ; qɨ = 0,25-0,35 ɤɝ/ɫ-ɦ (ɡɚ ɜɨɥɨɝɨ-
ɫɬɿ ɦɚɫɢ 14-18%). Ɂ ɩɿɞɜɢɳɟɧɧɹɦ ɜɨɥɨɝɨɫɬɿ ɧɚ ɤɨɠɧɿ 5 % ɞɨ ɡɧɢɠɭɸɬь ɧɚ 15-20 %. 

ɑɚɫɬɨɬɚ ɨɛɟɪɬɿɜ ɛɚɪɚɛɚɧɚ 
 

                               
 (7.10) 

 

ɞɟ  ɦ. 

 
 
 
 
 
 
 
 
 
 

 



 5 

Ʉɭɬɨɜɭ ɲɜɢɞɤɿɫɬь ɛɚɪɚɛɚɧɚ ɜɢɡɧɚɱɚɸɬь ɡɚ ɮɨɪɦɭɥɨɸ, ɫ-1
 

 

                                
 (7.11) 

 

ɉɨɬɭɠɧɿɫɬь ɧɚ ɩɪɢɜɨɞ ɦɨɥɨɬɢɥьɧɨɝɨ ɩɪɢɫɬɪɨɸ ɞɨɪɿɜɧɸɜɚɬɢɦɟ 
 

                            
 (7.12) 

 

ɞɟ f - ɤɨɟɮɿɰɿєɧɬ ɩɪɨɩɨɪɰɿɣɧɨɫɬɿ, ɳɨ ɜɪɚɯɨɜɭє ɨɩɿɪ ɩɪɢ ɩɪɨɬɹɝɭɜɚɧɧɿ ɯɥɿɛɧɨʀ ɦɚɫɢ 
(ɤɨɟɮɿɰɿєɧɬ ɨɩɨɪɭ ɩɿɞɛɚɪɚɛɚɧɧɹ);  f = 0,6-0,75.  

ɉɨɬɭɠɧɿɫɬь ɧɚ ɯɨɥɨɫɬɢɣ ɯɿɞ ɛɚɪɚɛɚɧɚ 
 

                                         
 (7.13) 

 

ɞɟ Ⱥ ɬɚ ȼ - ɤɨɟɮɿɰɿєɧɬɢ ɩɪɨɩɨɪɰɿɣɧɨɫɬɿ; Ⱥ = 0,3 ɇ-ɦ, ȼ = 9,7-10-4 ɇ•ɦ/ɫ ɧɚ 1 ɦ ɞɨɜ-
ɠɢɧɢ ɛɚɪɚɛɚɧɚ. 

ɋɭɦɚɪɧɚ ɩɨɬɭɠɧɿɫɬь ɧɚ ɩɪɢɜɨɞ ɦɨɥɨɬɢɥьɧɨɝɨ ɛɚɪɚɛɚɧɚ 
 
 

                     (7.14) 
 

Ɇɨɦɟɧɬ ɿɧɟɪɰɿʀ ɛɚɪɚɛɚɧɚ ɜɢɡɧɚɱɚɸɬь ɡɚ ɮɨɪɦɭɥɨɸ ȼ.ɉ. Ƚɨɪɹɱɤɿɧɚ, ɤɝ•ɦ•ɫ2 

 

     (7.15) 
 

ɞɟ  - ɤɭɬɨɜɟ ɩɪɢɫɤɨɪɟɧɧɹ;  = 7,5-15 ɫ-2
. 

ȼɬɪɚɬɢ ɡɟɪɧɚ ɡɚ ɦɨɥɨɬɢɥьɧɢɦ ɛɚɪɚɛɚɧɨɦ ɦɨɠɥɢɜɨ ɜɢɡɧɚɱɢɬɢ ɡ ɜɢɪɚɡɭ 
 

                                      
 (7.16) 

 

ɞɟ  - ɜɦɿɫɬ ɡɟɪɧɚ, %. 
 

     (7.17) 
 

 - ɤɨɟɮɿɰɿєɧɬ ɫɨɥɨɦɢɫɬɨɫɬɿ ɤɭɥьɬɭɪɢ; 
 - ɤɨɟɮɿɰɿєɧɬ ɫɟɩɚɪɚɰɿʀ ɩɿɞɛɚɪɚɛɚɧɧɹ. ȼɢɡɧɚɱɚєɬьɫɹ ɡ ɪɿɜɧɹɧɧɹ, 1/ɦɦ 

 

                                         
 (7.18) 

 

lɞ - ɞɨɜɠɢɧɚ ɞɟɤɢ, ɹɤɭ ɪɨɡɪɚɯɨɜɭɸɬь ɡɚ ɮɨɪɦɭɥɨɸ, ɦɦ 
 

                                                            (7.19) 
 

ɞɟ  - ɦɿɧɿɦɚɥьɧɿ ɡɚɡɨɪɢ ɜɿɞɩɨɜɿɞɧɨ ɧɚ ɜɯɨɞɿ ɿ ɧɚ ɜɢɯɨɞɿ ɡ ɛɚɪɚɛɚɧɚ, ɦ. 
 - ɤɭɬ ɨɛɯɜɚɬɭ ɞɟɤɨɸ ɛɚɪɚɛɚɧɚ,  = 2,6 ɪɚɞ (150°). 

 

ɉɈɊəȾɈɄ  ȼɂɄɈɇȺɇɇə  ɊɈȻɈɌɂ 
 

ȼɢɡɧɚɱɚɸɱɢ ɨɫɧɨɜɧɿ ɝɟɨɦɟɬɪɢɱɧɿ ɬɚ ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɚɦɟɬɪɢ ɛɢɥьɧɨɝɨ ɿ ɲɬɢɮ-
ɬɨɜɨɝɨ ɦɨɥɨɬɢɥьɧɨɝɨ ɚɩɚɪɚɬɿɜ ɛɭɞɭɸɬь ɪɨɡɝɨɪɬɤɭ ɲɬɢɮɬɨɜɨɝɨ ɩɨɥɹ ɛɚɪɚɛɚɧɚ. ȼɢ-
ɩɢɫɭɸɬь ɜɢɯɿɞɧɿ ɞɚɧɿ ɤɨɠɧɢɣ ɡɚ ɫɜɨʀɦ ɜɚɪɿɚɧɬɨɦ (ɬɚɛɥ. 7.2-7.4). Ⱥ ɞɚɥɿ: 
  1) ɩɨ ɡɚɥɟɠɧɨɫɬɹɯ (7.2) ɿ (7.3) ɜɢɡɧɚɱɚɸɬь ɫɟɤɭɧɞɧɭ ɩɨɞɚɱɭ ɡɟɪɧɨɜɨʀ ɿ ɧɟɡɟɪ-
ɧɨɜɨʀ ɱɚɫɬɢɧɭ ɜɪɨɠɚɸ; 
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  2) ɡɚ ɮɨɪɦɭɥɚɦɢ (7.4), (7.6) ɿ (7.7) ɨɛɱɢɫɥɸɸɬь ɤɨɟɮɿɰɿєɧɬ ɫɨɥɨɦɢɫɬɨɫɬɿ ɦɚɫɢ 
 ɜɿɞɧɨɲɟɧɧɹ ɦɚɫɢ ɫɨɥɨɦɢ ɞɨ ɦɚɫɢ ɡɟɪɧɚ m; 

3) ɜɢɡɧɚɱɚɸɬь ɝɟɨɦɟɬɪɢɱɧɿ ɩɚɪɚɦɟɬɪɢ ɛɚɪɚɛɚɧɚ: ɞɿɚɦɟɬɪ Dɛ, ɞɨɜɠɢɧɭ Lɛ -

ɡɚɥɟɠɧɨɫɬɿ (7.8) ɬɚ (7.9), ɚ ɱɚɫɬɨɬɭ ɣɨɝɨ ɨɛɟɪɬɿɜ n - ɡɚɥɟɠɧɿɫɬь (7.10); 

  4) ɿɡ ɪɿɜɧɹɧɧɹ (7.11) ɜɢɡɧɚɱɚɸɬь  - ɤɭɬɨɜɭ ɲɜɢɞɤɿɫɬь ɛɚɪɚɛɚɧɚ; 
5) ɡɚ ɡɚɥɟɠɧɨɫɬɹɦɢ (7.12), (7.13), (7.14) ɬɚ (7.15) ɨɛɱɢɫɥɸɸɬь ɟɧɟɪɝɟɬɢɱɧɿ ɩɨ-

ɤɚɡɧɢɤɢ ɪɨɛɨɬɢ ɦɨɥɨɬɢɥьɧɨɝɨ ɛɚɪɚɛɚɧɚ: Nɨ - ɩɨɬɭɠɧɿɫɬь ɧɚ ɨɛɦɨɥɨɬ; Nх.х. - ɩɨɬɭɠ-
ɧɿɫɬь ɧɚ ɯɨɥɨɫɬɢɣ ɯɿɞ; N - ɫɭɦɚɪɧɭ ɩɨɬɭɠɧɿɫɬь ɧɚ ɩɪɢɜɨɞ ɛɚɪɚɛɚɧɚ ɿ ɣɨɝɨ ɩɪɢɜɟɞɟ-
ɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ J. 

 

Ɍɚɛɥɢɰɹ 7.2 
 

ȼɢɯɿɞɧɿ ɞɚɧɿ ɞɨ ɪɨɡɪɚɯɭɧɤɭ ɩɚɪɚɦɟɬɪɿɜ ɛɢɥьɧɨɝɨ  
ɬɚ ɲɬɢɮɬɨɜɨɝɨ ɦɨɥɨɬɢɥьɧɨɝɨ ɚɩɚɪɚɬɚ 

 

ɉɨɤɚɡɧɢɤ 
ȼɚɪɿɚɧɬ 

1 2 3 4 5 6 7 8 9 10 

 
ɩɲ

ɟɧ
ɢɰ

ɹ 

ɠ
ɢɬ

ɨ 

ɩɪ
ɨɫ

ɨ 

ɫɨ
ɧɹ

ɲ
ɧɢ

ɤ 

ɝɪ
ɟɱ

ɤɚ
 

ɝɨ
ɪɨ

ɯ 

ɛɨ
ɛɢ

 

ɤɭ
ɤɭ

ɪɭ
ɞɡ

ɚ 

ɩɲ
ɟɧ

ɢɰ
ɹ 

ɠ
ɢɬ

ɨ 

 ɍɪɨɠɚɣɧɿɫɬь, ɰ/ɝɚ: 
 ɡɟɪɧɚ 20 18 25 15 17 20 18 45 25 12 

 ɫɨɥɨɦɢ 30 25 22 15 17 22 21 20 20 21 

 ,ɤɝ/ɫ-ɦ 0,25 0,27 0,28 0,29 0,3 0,31 0,32 0,33 0,34 0,26 

 f 0,6 0,65 0,7 0,75 0,62 0,63 0,72 0,75 0,79 0,7 

   7,5 8,0 7,6 10 11 9 8,5 8,7 9,0 9,3 

 , ɦ/ɫ 30 28 25 13 15 12 15 10 32 29 

 , ɦ/ɫ 3 3,5 2,4 2,5 2 2,3 2 2,8 2,5 3 

 , ɦ 6 7 6,6 5,6 6 6 7 4,2 6 7 

 Ʉɿɥьɤɿɫɬь ɩɥɚɧɨɤ 6 8 10 12 6 8 10 12 6 8 
 

6) ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɡɚɥɟɠɧɨɫɬɿ (7.19), (7.18), (7.17) ɬɚ (7.16), ɜɢɡɧɚɱɚɸɬь ɜɬɪɚ-
ɬɢ ɡɟɪɧɨɜɨʀ ɱɚɫɬɢɧɢ ɜɪɨɠɚɸ ɡɚ ɦɨɥɨɬɢɥьɧɢɦ ɩɪɢɫɬɪɨєɦ , 

7) ɞɥɹ ɩɨɛɭɞɨɜɢ ɬɟɨɪɟɬɢɱɧɢɯ ɡɚɥɟɠɧɨɫɬɟɣ  ɩɪɢɣɦɚɸɬь q = 

3 ɤɝ/ɫ; q = 4 ɤɝ/ɫ; q = 6 ɤɝ/ɫ; q = 8 ɤɝ/ɫ; q = 10 ɤɝ/ɫ ɬɚ q = 12 ɤɝ/ɫ. 
ɉɿɫɥɹ ɫɤɥɚɞɚɧɧɹ ɡɚɥɟɠɧɨɫɬɟɣ (7.2) ɬɚ (7.3) ɨɞɟɪɠɢɦɨ, ɳɨ  

 

Іɡ ɰɿєʀ ɡɚɥɟɠɧɨɫɬɿ, ɦ/ɫ 
           

 

ɉɿɫɥɹ ɜɢɡɧɚɱɟɧɧɹ Vɦ ɞɥɹ ɡɚɞɚɧɢɯ q ɛɭɞɭɸɬь ɝɪɚɮɿɤ  

 

ɉɈȻɍȾɈȼȺ  ɊɈɁȽɈɊɌɄɂ  ɒɌɂɎɌɈȼɈȽɈ  ȻȺɊȺȻȺɇȺ   
І  ɉІȾȻȺɊȺȻȺɇɇə 

 

1) ɉɿɞɪɚɯɨɜɭɸɬь ɡɚɝɚɥьɧɟ ɱɢɫɥɨ ɲɬɢɮɬɿɜ ɧɚ ɛɚɪɚɛɚɧɿ (ɪɢɫ.7.1, 7.2.) ɡɚ ɮɨɪɦɭɥɨɸ  
Z = q / q0, ɞɟ q0 - ɞɨɩɭɫɬɢɦɚ ɩɨɞɚɱɚ ɦɚɫɢ ɧɚ 1 ɲɬɢɮɬ; q0 = 0,025—0,04 ɤɝ/ɫ ɲɬ. Ʉɿɥь-
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ɤɿɫɬь ɲɬɢɮɬɿɜ ɨɤɪɭɝɥɹɸɬь ɞɨ ɰɿɥɨɝɨ ɡɧɚɱɟɧɧɹ ɤɪɚɬɧɨɝɨ Ɇ. 

2) Ʉɿɥьɤɿɫɬь ɩɥɚɧɨɤ ɞɥɹ ɤɪɿɩɥɟɧɧɹ ɲɬɢɮɬɿɜ: Ɇ = Ʉ • ɬ, ɞɟ Ʉ - ɤɿɥьɤɿɫɬь ɯɨɞɿɜ 
ɝɜɢɧɬɚ ɲɬɢɮɬɨɜɨɝɨ ɩɨɥɹ; Ʉ = 3; 4; 5; ɬ - ɤɿɥьɤɿɫɬь ɲɬɢɮɬɿɜ, ɳɨ ɩɪɨɯɨɞɹɬь ɩɨ ɤɨɠ-
ɧɨɦɭ ɫɥɿɞɭ; Ɇ = 8—10—12 ɩɥɚɧɨɤ, ɬɨɦɭ m = Ɇ / Ʉ. 

3) Ɂɚ ɮɨɪɦɭɥɨɸ (7.8) ɩɿɞɪɚɯɨɜɭɸɬь ɞɿɚɦɟɬɪ ɛɚɪɚɛɚɧɚ ɲɬɢɮɬɨɜɨɝɨ ɦɨɥɨɬɢɥь-
ɧɨɝɨ ɚɩɚɪɚɬɚ. 

4) ȼɢɡɧɚɱɚɸɬь ɞɨɜɠɢɧɭ ɛɚɪɚɛɚɧɚ, ɦɦ:  - ɜɿɞɫɬɚɧь ɦɿɠ 
ɤɪɚɣɧɿɦɢ ɫɥɿɞɚɦɢ ɲɬɢɮɬɨɜɨɝɨ ɩɨɥɹ, ɦɦ;  ɚɤ - ɜɿɞɫɬɚɧь ɦɿɠ ɫɭɫɿɞ-
ɧɿɦɢ ɫɥɿɞɚɦɢ ɲɬɢɮɬɿɜ, ɦɦ; ɚɤ = 28—30—32 ɦɦ;  - ɡɛɿɥьɲɟɧɧɹ ɞɨɜɠɢɧɢ ɩɥɚɧɤɢ 
ɛɚɪɚɛɚɧɚ ɞɥɹ ɡɚɤɪɿɩɥɟɧɧɹ ɧɚ ɧɿɣ ɤɪɚɣɧьɨɝɨ ɲɬɢɮɬɚ;  = 18 ɦɦ. Ɍɚɤɢɦ ɱɢɧɨɦ 

 

 
5) ɉɨɛɭɞɨɜɭ ɪɨɡɝɨɪɬɤɢ ɛɚɪɚɛɚɧɚ ɲɬɢɮɬɨɜɨɝɨ ɦɨɥɨɬɢɥьɧɨɝɨ ɩɪɢɫɬɪɨɸ ɜɢɤɨ-

ɧɚɬɢ ɜ ɬɚɤɿɣ ɩɨɫɥɿɞɨɜɧɨɫɬɿ: 
ɚ) ɭ ɦɚɫɲɬɚɛɿ (1:2 ɚɛɨ 1:2,5) ɩɪɨɜɨɞɹɬь Ɇ+1 ɩɚɪɚɥɟɥьɧɢɯ ɝɨɪɢɡɨɧɬɚɥьɧɢɯ ɥɿ-

ɧɿɣ ɧɚ ɜɿɞɫɬɚɧɿ 
 

 
 

ɞɟ h - ɪɨɛɨɱɚ ɞɨɜɠɢɧɚ ɲɬɢɮɬɚ; h = 72 ɦɦ; 
    d - ɞɿɚɦɟɬɪ ɛɚɪɚɛɚɧɚ, ɦɦ; 
    Ɇ - ɤɿɥьɤɿɫɬь ɩɥɚɧɨɤ, ɲɬ.; 

ɛ) ɧɚ ɧɢɠɧɿɣ ɥɿɧɿʀ (1-10) ɜ ɬɨɦɭ ɫɚɦɨɦɭ ɦɚɫɲɬɚɛɿ ɜɿɞɤɥɚɞɚɸɬь ɞɨɜɠɢɧɭ ɛɚɪɚ-
ɛɚɧɚ Lɛ; 

ɜ) ɱɟɪɟɡ ɬ. 1 ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɥɿɧɿʀ 1-10 ɩɪɨɜɨɞɹɬь ɥɿɧɿɸ 1-1'. Ɍɨɱɤɢ ɩɟɪɟɬɢɧɭ 
ɥɿɧɿʀ 1-1' ɡ ɝɨɪɢɡɨɧɬɚɥьɧɢɦɢ ɥɿɧɿɹɦɢ ɩɨɡɧɚɱɚɸɬь 2, 3, 4, ..., Ɇ. Іɡ ɬɨɱɤɢ 10 ɩɟɪɩɟɧɞɢ-
ɤɭɥɹɪɧɨ ɥɿɧɿʀ 1-10 ɩɪɨɜɨɞɹɬь ɥɿɧɿɸ 10-10' ɿ ɬɨɱɤɢ ɩɟɪɟɬɢɧɭ ɡ ɝɨɪɢɡɨɧɬɚɥɹɦɢ ɩɨɡɧɚ-
ɱɚɸɬь 20, 30, 40, ..., Ɇ0; 

ɝ) ɧɚ ɥɿɧɿʀ 1-10 (ɧɢɠɧɹ ɝɨɪɢɡɨɧɬɚɥь) ɜɿɞɤɥɚɞɚɸɬь ɡɥɿɜɚ ɿ ɫɩɪɚɜɚ ɜɿɞɪɿɡɤɢ 1- Ⱥ1 ɿ 
10 - Ⱥ2 ɞɨɪɿɜɧɸɸɬь , ɬɚ ɩɪɨɜɨɞɹɬь ɡ ɰɢɯ  ɬɨɱɨɤ ɩɟɪɩɟɧɞɢɤɭɥɹɪɢ ɞɨ  ɩɟɪɟɬɢɧɭ ʀɯ ɡ 
ɥɿɧɿєɸ 10-10'; 

ɞ) ɜɿɞ ɬ. Ⱥ1 ɜɩɪɚɜɨ ɜɿɞɤɥɚɞɚɸɬь ɜɿɞɪɿɡɤɢ ɞɨɜɠɢɧɨɸ  ɧɚ ɥɿɧɿʀ 1-

10 ɬɚ ɩɨɡɧɚɱɚɸɬь ɬɨɱɤɢ ȼ1, Ƚ1, Ⱦ1, Ȼ1, ȿ1, Ɂ1 ɿ ɬ. ɞ. 
Ɂɧɚɯɨɞɹɬь ɤɪɨɤ ɝɜɢɧɬɚ   ɬɚ ɜɿɞɩɨɜɿɞɧɭ ɬɨɱɤɭ ɧɚ ɥɿɧɿʀ 1-10 (ɧɚ ɪɢɫ. 7.2 - ɬ. 

Ȼ1), ɩɿɫɥɹ ɱɨɝɨ ɡ’єɞɧɭɸɬь ɬɨɱɤɢ Ȼ1 ɬɚ  ɉɪɹɦɚ, ɹɤɚ ɡ’єɞɧɭє ɰɿ ɬɨɱɤɢ, є ɩɨɜɧɨɸ ɪɨɡ-
ɝɨɪɬɤɨɸ ɝɜɢɧɬɚ ɡ ɤɿɥьɤɿɫɬɸ ɯɨɞɿɜ Ʉ; 

ɟ) ɱɟɪɟɡ ɬɨɱɤɢ ȼ1, Ƚ1, Ⱦ1, Ȼ1, ȿ1, Ɂ1,…, ɩɪɨɜɨɞɹɬь ɥɿɧɿʀ, ɹɤɿ ɩɚɪɚɥɟɥьɧɿ Ȼ1Ⱥ1; 

ɠ) ɬɨɱɤɢ ɩɟɪɟɬɢɧɭ ɩɨɯɢɥɢɯ ɥɿɧɿɣ ɡ ɝɨɪɢɡɨɧɬɚɥɹɦɢ є ɰɟɧɬɪɚɦɢ ɨɬɜɨɪɿɜ ɞɥɹ ɡɚ-
ɤɪɿɩɥɟɧɧɹ ɲɬɢɮɬɿɜ ɧɚ ɛɚɪɚɛɚɧɿ; 

ɡ) ɧɚ ɩɿɞɛɚɪɚɛɚɧɧɿ ɲɬɢɮɬɢ ɜɫɬɚɧɨɜɥɸɸɬь ɭ 4, 5 ɚɛɨ 6 ɪɹɞɿɜ, ɡɚɥɟɠɧɨ ɜɿɞ ɞɨɜ-
ɠɢɧɢ ɪɹɞɭ:  ɞɟ  - ɪɚɞɿɭɫ ɩɿɞɛɚɪɚɛɚɧɧɹ, ɦɦ; 

 - ɤɭɬ ɨɛɯɜɚɬɭ ɛɚɪɚɛɚɧɚ ɩɿɞɛɚɪɚɛɚɧɧɹɦ;  = 2,6 ɪɚɞ; 
ɿ) ɭ ɩɟɪɲɨɦɭ ɪɹɞɭ ɲɬɢɮɬɢ ɪɨɡɬɚɲɨɜɭɸɬь ɧɚ ɜɿɞɫɬɚɧɿ 4ɚɤ (ɞɥɹ ɡɦɟɧɲɟɧɧɹ 

ɨɩɨɪɭ ɡɚɬɹɝɭɜɚɧɧɹ ɦɚɫɢ ɜ ɦɨɥɨɬɢɥьɧɢɣ ɡɚɡɨɪ), ɚ ɜ ɭɫɿɯ ɿɧɲɢɯ - 2ɚɤ. ɍ ɤɨɠɧɨɦɭ ɪɹɞɭ 
ɲɬɢɮɬɢ ɪɨɡɬɚɲɨɜɭɸɬь ɩɨɫɟɪɟɞɢɧɿ ɫɭɦɿɠɧɢɯ ɫɥɿɞɿɜ ɲɬɢɮɬɿɜ, ɹɤɿ ɪɨɡɦɿɳɟɧɧɿ ɧɚ ɛɚ-
ɪɚɛɚɧɿ, ɜ ɩɨɞɚɥьɲɢɯ ɪɹɞɚɯ ɲɬɢɮɬɢ ɦɚɸɬь ɲɚɯɦɚɬɧɢɣ ɩɨɪɹɞɨɤ (ɪɢɫ. 7.2). 
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Ɋɢɫ.7.1. ɒɚɛɥɟɜɢɞɧɢɣ 
ɲɬɢɮɬ ɛɚɪɚɛɚɧɚ 

 

 

 

Ɋɢɫ. 7.2. Ɋɨɡɝɨɪɬɤɚ 
ɲɬɢɮɬɨɜɨɝɨ ɩɨɥɹ  
ɛɚɪɚɛɚɧɚ: ɤɿɥьɤɿɫɬь 
ɩɥɚɧɨɤ Ɇ = 12, ɯɨ-
ɞɿɜ ɫ = 4; ɞɿɚɦɟɬɪ 
ɛɚɪɚɛɚɧɚ ɩɨ ɨɫɧɨɜɿ 
ɲɬɢɮɬɿɜ d0 = 0,535 ɦ 

 

 

Ɂɜɿɬ ɡ ɩɪɚɤɬɢɱɧɨʀ ɪɨɛɨɬɢ ɜɢɤɨɧɭɸɬь ɭ ɪɨɛɨɱɨɦɭ ɡɨɲɢɬɿ, ɚ ɪɨɡɝɨɪɬɤɭ ɲɬɢɮɬɨ-
ɜɨɝɨ ɩɨɥɹ ɛɚɪɚɛɚɧɚ ɬɚ ɩɿɞɛɚɪɚɛɚɧɧɹ - ɧɚ ɥɢɫɬɿ ɮɨɪɦɚɬɭ Ⱥ1. 

ɒɚɛɥɟɜɢɞɧɢɣ ɲɬɢɮɬ ɛɚɪɚɛɚɧɚ ɩɨɞɿɥɹɸɬь ɧɚ ɲɬɢɮɬɢ ɧɨɪɦɚɥьɧɨɝɨ ɜɢɤɨɧɚɧɧɹ:  
L = 113 ɦɦ, h = 69 ɦɦ, k = 38 ɦɦ;  ɡ ɩɨɞɨɜɠɟɧɢɦ ɯɜɨɫɬɨɜɢɤɨɦ: L = 125 ɦɦ, h = 69 

ɦɦ, k = 38 ɦɦ; ɭɤɨɪɨɱɟɧɿ: L = 103 ɦɦ, h = 39 ɦɦ, k = 34 ɦɦ 
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Ɍɚɛɥɢɰɹ 7.3 
 

ɉɚɪɚɦɟɬɪɢ ɤɨɦɛɚɣɧɚ ɞɥɹ ɨɪɿєɧɬɨɜɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɤɥɚɫɭ ɤɨɦɛɚɣɧɚ 
 

Ʉɥɚɫ 

ɤɨɦɛɚɣɧɚ 

ɉɨɬɭɠɧɿɫɬь, 
ɤȼɬ 

ɒɢɪɢɧɚ 

ɡɚɯɜɚɬɭ 

ɠɚɬɤɢ, ɦ 

Ɇɚɫɚ, 
ɬ 

Ɇɿɫɬɤɿɫɬь 

ɛɭɧɤɟɪɚ, 
ɦ3

 

ɉɥɨɳɚ, ɦ2
 

ɨɱɢɫɧɢɤɚ ɫɨɥɨɦɨɬɪɹɫɚ 

3 59 3,1 4,9 2,4 2,37 3,44 

4 80 3,8 6,8 3,4 3,03 4,17 

5 106 4,1 8,4 4,7 3,59 4,84 

6 122 4,8 9,1 5,2 4,13 5,82 

7 133 5,1 9,7 6,0 4,49 5,99 

8 143 5,3 10,2 6,4 4,89 6,67 

9 165 5,7 11,0 6,7 5,00 6,67 

11 184 6,1 12,0 7,3 5,75 8,28 

 

Ɍɚɛɥɢɰɹ 7.4  
 

Ɍɟɯɧɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɛɚɣɧɿɜ ɬɚ ʀɯ ɤɥɚɫ 
 

Ɏɿɪɦɚ Ɍɢɩ 

ɒ
ɢɪ

ɢɧ
ɚ 

ɦɨ
ɥɨ

ɬɚ
ɪɤ

ɢ,
 

ɦ 
ɉ

ɥɨ
ɳ

ɚ 
ɫɨ

ɥɨ
ɦɨ

ɬɪ
ɹɫ

ɚ,
 

ɦ2
 

ȿɮ
ɟɤ

ɬɢ
ɜɧ

ɚ 
ɩɥ

ɨɳ
ɚ 

ɫɟ
ɩɚ

ɪɚ
ɰɿ

ʀ, 
ɦ2

 
ɉ

ɥɨ
ɳ

ɚ 
ɨɱ

ɢɫ
ɧɢ

ɤɚ
  

(ɪ
ɟɲ

ɿɬ
), 

ɦ2
 

Ɇ
ɿɫ

ɬɤ
ɿɫ

ɬь
 ɛ

ɭɧ
ɤɟ

ɪɚ
, 

ɦ3
 

ɉ
ɨɬ

ɭɠ
ɧɿ

ɫɬ
ь 

ɞɜ
ɢɝ

ɭɧ
ɚ,

 
ɤȼ

ɬ 
(ɤ

. ɫ
.) 

Іɧ
ɞɟ

ɤɫ
 

Ʉ
ɥɚ

ɫ 

CLAAS 

NEW HOLLAND 
ɋ0228ɋS 

ɌF-46 

1,58 

1,56 

- 

- 

- 

- 
6,12 

6,50 

10,0 

9,15 

243 (330) 

243 (330) 

136 

134 

11 

11 

CLAAS DO 48 1,58 6,93 12,03 6,12 7,50 199 (270) 123 10 

JOHN DEERE 2066 1,67 7,68 10,62 5,83 7,50 199 (270) 114 9 

MASSEY-F ɆF 40 ɊS 1,68 6,69 10,43 5,40 7,90 195 (265) 112 9 

DEUTZ-F 4080 ɇɌS 1,52 6,69 9,97 5,75 7,50 194 (250) 108 8 

MDW 517 1,62 7,68 9,83 6,18 5,50 168 (228) 104 8 

FIATAGRI 3890 1,60 7,25 8,43 5,51 6,50 147 (200) 93 7 

CASE IH 8900 1,40 6,13 7,10 4,50 6,40 147 (200) 82 7 

MASSEY-F ɆF-30 1,40 6,30 7,20 4,50 5,20 110(150) 76 6 

JOHN DEERE 9440 1,36 5,56 6,51 4,11 6,40 123 (167) 75 6 

NEW HOLLAND Ɍɏ-30 1,04 3,48 6,21 3,70 4,90 103(140) 67 5 

JOHN DEERE 1166 1,04 3,90 5,39 3,5 4,40 92(125) 60 5 

SAMPO SR 2050 1,12 4,60 4,93 3,40 3,30 74(100) 53 4 

 DEUTZ-F 34.80 1,11 3,83 4,63 3,10 3,30 78(106) 52 4 

SȺɆɊɈ SR 2045 1,12 4,60 4,93 3,40 3,30 64 (87) 51 3 

FORD NH 8030 1,04 3,79 4,46 2,80 3,13 67 (91) 47 3 

CASE IH 3600 1,12 3,20 3,69 2,40 2,60 63 (85) 41 2 

SAMPO 680 1,03 5,52 4,32 1,04 2,50 62 (84) 39 2 

FIATAGRI 3300 0,87 3,07 3,70 2,17 2,30 56 (76) 38 1 

MASSEY-F ɆF-8 0,78 1,40 1,90 0,70 0,8 40 (55) 19 1 
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Ɋɢɫ. 7.3. Ɇɨɥɨɬɢ-
ɥьɧɿ ɚɩɚɪɚɬɢ:  

ɚ - ɲɬɢɮɬɨɜɢɣ;  

ɛ - ɛɢɥьɧɢɣ;  

ɜ - ɤɨɦɛɚɣɧɚ ɋК-5; 

ɝ - ɤɨɦɛɚɣɧɚ ɋК-6-

ІІ ɿ "ȿɧɢɫɟɣ-1200”; 

ɞ - ɤɨɦɛɚɣɧɿɜ ɪɢɫɨ-
ɜɨʀ ɦɨɞɢɮɿɤɚɰɿʀ 
ɋКɉɊ-6; 1 - ɛɚɪɚ-
ɛɚɧ; 2 ɿ 10 - ɩɥɚɧ-
ɤɢ; 3 ɿ 4 - ɲɬɢɮɬɢ;  
5 - ɩɿɞɛɚɪɚɛɚɧɧɹ;  
6,13 ɿ 14 - ɪɟɲɿɬɤɢ; 
7 - ɜɚɥ; 8 - ɩɚɥь-
ɰьɨɜɚ ɪɟɲɿɬɤɚ;  
9 - ɛɢɥɨ; 11 - ɜɿɞ-
ɛɿɣɧɢɣ ɛɿɬɟɪ;  
12 - ɩɪɨɦɿɠɧɢɣ ɛɿ-
ɬɟɪ; 15 ɿ 16 ɧɚɩɪɹ-
ɦɧɿ ɳɢɬɤɢ;  
17 - ɩɪɢɣɦɚɥьɧɢɣ 
ɛɿɬɟɪ 

 

 

 

Ɂɚɩɢɬɚɧɧɹ ɞɥɹ ɫɚɦɨɤɨɧɬɪɨɥɸ 
 

1. ȼɿɞ ɱɨɝɨ ɡɚɥɟɠɢɬь ɜɢɛɿɪ ɬɢɩɭ ɦɨɥɨɬɢɥьɧɨɝɨ ɩɪɢɫɬɪɨɸ ɡɟɪɧɨɡɛɢɪɚɥьɧɨɝɨ 
ɤɨɦɛɚɣɧɚ? 

2. əɤ ɜɢɡɧɚɱɢɬɢ ɫɟɪɟɞɧɸ ɩɨɞɚɱɭ ɯɥɿɛɧɨʀ ɦɚɫɢ ɜ ɦɨɥɨɬɢɥьɧɢɣ ɚɩɚɪɚɬ ɛɢɥьɧɨɝɨ 
ɬɢɩɭ? 

3. əɤ ɜɢɡɧɚɱɢɬɢ ɞɨɜɠɢɧɭ ɛɢɥьɧɨɝɨ ɛɚɪɚɛɚɧɚ? 

4. əɤ ɜɢɡɧɚɱɢɬɢ ɱɚɫɬɨɬɭ ɨɛɟɪɬɚɧɧɹ ɦɨɥɨɬɢɥьɧɨɝɨ ɛɚɪɚɛɚɧɚ? 

5. Ɂ ɹɤɨɸ ɦɟɬɨɸ ɛɭɞɭєɬьɫɹ ɪɨɡɝɨɪɬɤɚ ɲɬɢɮɬɨɜɨɝɨ ɛɚɪɚɛɚɧɚ ɦɨɥɨɬɢɥьɧɨɝɨ 
ɚɩɚɪɚɬɚ? 

 

Ɂɚɞɚɱɿ ɡɚ ɬɟɦɨɸ “Ɋɨɡɪɚɯɭɧɨɤ ɩɚɪɚɦɟɬɪɿɜ ɛɢɥьɧɨɝɨ ɬɚ ɲɬɢɮɬɨɜɨɝɨ  
ɦɨɥɨɬɢɥьɧɨɝɨ ɚɩɚɪɚɬɚ” 

 

1. ȼɢɡɧɚɱɢɬɢ ɦɚɤɫɢɦɚɥьɧɭ ɞɨɩɭɫɬɢɦɭ ɲɜɢɞɤɿɫɬь ɤɨɦɛɚɣɧɚ ɋɄ-5 “ɇɢɜɚ” ɩɪɢ 
ɡɛɢɪɚɧɧɿ ɩɲɟɧɢɰɿ ɡ ɭɪɨɠɚɣɧɿɫɬɸ ɡɟɪɧɚ 40 ɰ/ɝɚ ɿ ɜɿɞɧɨɲɟɧɧɿ ɡɟɪɧɚ ɞɨ ɫɨɥɨɦɢ 1:1,5. 
ɒɢɪɢɧɚ ɡɚɯɜɚɬɭ ɠɚɬɤɢ 4 ɦ. ɍ ɦɨɥɨɬɢɥьɧɢɣ ɚɩɚɪɚɬ ɩɨɬɪɚɩɥɹє 80 % ɫɨɥɨɦɢ ɜɿɞ ɭɫьɨ-
ɝɨ ɜɪɨɠɚɸ ɫɨɥɨɦɢ. 

2. Ɋɨɡɪɚɯɭɜɚɬɢ ɩɨɬɭɠɧɿɫɬь, ɳɨ ɣɞɟ ɧɚ ɨɛɦɨɥɨɬ ɯɥɿɛɧɨʀ ɦɚɫɢ ɛɢɥьɧɢɦ ɦɨɥɨɬɢ-
ɥьɧɢɦ ɚɩɚɪɚɬɨɦ, ɹɤɳɨ ɞɿɚɦɟɬɪ ɚɩɚɪɚɬɚ 600 ɦɦ, ɱɚɫɬɨɬɚ ɣɨɝɨ ɨɛɟɪɬɚɧɧɹ 900 ɯɜ-1, ɤɨɟ-
ɮɿɰɿєɧɬ ɩɟɪɟɬɢɪɚɧɧɹ 0,7. ɉɨɞɚɱɚ ɯɥɿɛɧɨʀ ɦɚɫɢ ɜ ɦɨɥɨɬɢɥьɧɢɣ ɚɩɚɪɚɬ ɫɬɚɧɨɜɢɬь 5 ɤɝ/ɫ. 

3. ȼɢɡɧɚɱɢɬɢ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɦɨɥɨɬɢɥьɧɨɝɨ ɛɚɪɚɛɚɧɚ, ɹɤɳɨ ɩɪɨɩɭɫɤɧɚ ɡɞɚɬ-
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ɧɿɫɬь ɦɨɥɨɬɢɥьɧɨɝɨ ɚɩɚɪɚɬɚ 5 ɤɝ/ɫ, ɞɿɚɦɟɬɪ ɛɚɪɚɛɚɧɚ 600 ɦɦ, ɤɨɥɨɜɚ ɲɜɢɞɤɿɫɬь ɣɨ-
ɝɨ ɛɢɥ 30 ɦ/ɫ, ɤɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɢɪɚɧɧɹ ɯɥɿɛɧɨʀ ɦɚɫɢ 0,7, ɤɭɬɨɜɟ ɩɪɢɫɤɨɪɟɧɧɹ ɛɚɪɚ-
ɛɚɧɚ 10 ɫ-2

. 

4. Ɉɛɱɢɫɥɢɬɢ ɩɨɞɚɱɭ ɯɥɿɛɧɨʀ ɦɚɫɢ ɜ ɦɨɥɨɬɢɥьɧɢɣ ɚɩɚɪɚɬ ɤɨɦɛɚɣɧɚ ɩɪɢ ɲɜɢ-
ɞɤɨɫɬɿ ɪɭɯɭ 3,6 ɤɦ/ɝɨɞ, ɭɪɨɠɚɣɧɨɫɬɿ ɡɟɪɧɚ 2 ɬ/ɝɚ, ɜɿɞɧɨɲɟɧɧɿ ɡɟɪɧɚ ɞɨ ɫɨɥɨɦɢ 1:1,5 
ɬɚ ɲɢɪɢɧɿ ɡɚɯɜɚɬɭ ɠɚɬɤɢ 6 ɦ. 

5. ȼɢɡɧɚɱɢɬɢ ɦɚɤɫɢɦɚɥьɧɭ ɞɨɩɭɫɬɢɦɭ ɩɨɞɚɱɭ ɯɥɿɛɧɨʀ ɦɚɫɢ ɜ ɦɨɥɨɬɢɥьɧɢɣ 
ɚɩɚɪɚɬ ɤɨɦɛɚɣɧɚ ɋɄ-5 “ɇɢɜɚ”, ɹɤɳɨ ɜɿɞɧɨɲɟɧɧɹ ɦɚɫɢ ɡɟɪɧɚ ɞɨ ɦɚɫɢ ɫɨɥɨɦɢ ɜɿɞɪɿɡ-
ɧɹєɬьɫɹ ɜɿɞ ɫɬɚɧɞɚɪɬɧɨʀ  ɿ ɫɬɚɧɨɜɢɬь . 

6. ȼɫɬɚɧɨɜɢɬɢ ɤɿɧɟɬɢɱɧɭ ɟɧɟɪɝɿɸ ɦɨɥɨɬɢɥьɧɨɝɨ ɛɚɪɚɛɚɧɭ ɡ ɦɨɦɟɧɬɨɦ ɿɧɟɪɰɿʀ 
J = 0,8 ɤɝɦ2

 ɩɪɢ ɱɚɫɬɨɬɿ ɨɛɟɪɬɚɧɧɹ 1200 ɯɜ-
1. ɇɚ ɫɤɿɥьɤɢ ɡɦɟɧɲɢɬьɫɹ ɟɧɟɪɝɿɹ ɛɚɪɚ-

ɛɚɧɚ, ɹɤɳɨ ɲɜɢɞɤɿɫɬь ɣɨɝɨ ɨɛɟɪɬɚɧɧɹ ɩɿɫɥɹ ɩɨɞɨɥɚɧɧɹ ɩɟɪɟɜɚɧɬɚɠɟɧɧɹ ɡɧɢɡɢɬьɫɹ 
ɧɚ 5 %? 

7. Ɋɨɡɪɚɯɭɜɚɬɢ ɦɚɫɭ ɜɚɥɤɚ, ɳɨ ɩɪɢɩɚɞɚє ɧɚ 1 ɦ2
 ɩɥɨɳɿ, ɿ ɲɜɢɞɤɿɫɬь ɤɨɦɛɚɣɧɚ 

ɩɪɢ ɨɛɦɨɥɨɬɿ ɜɚɥɤɚ, ɹɤɳɨ ɩɪɨɞɭɤɬɢɜɧɿɫɬь ɦɨɥɨɬɚɪɤɢ ɤɨɦɛɚɣɧɚ “ȿɧɢɫɟɣ-1200” 6,3 
ɤɝ/ɫ, ɠɚɬɤɚ ɀȼɇ-6Ⱥ, ɲɢɪɢɧɚ ɜɚɥɤɚ 1,1 ɦ, ɭɪɨɠɚɣɧɿɫɬь ɡɟɪɧɚ 2,5 ɬ/ɝɚ, ɜɿɞɧɨɲɟɧɧɹ 
ɦɚɫɢ ɡɟɪɧɚ ɞɨ ɦɚɫɢ ɫɨɥɨɦɢ 1 : 2. 

8. ȼɢɡɧɚɱɢɬɢ ɩɨɬɭɠɧɿɫɬь, ɳɨ ɜɢɬɪɚɱɚєɬьɫɹ ɧɚ ɪɨɛɨɬɭ ɦɨɥɨɬɢɥьɧɨɝɨ ɚɩɚɪɚɬɚ 
ɛɢɥьɧɨɝɨ ɬɢɩɭ, ɹɤɳɨ ɞɿɚɦɟɬɪ ɛɚɪɚɛɚɧɚ 550 ɦɦ, ɱɚɫɬɨɬɚ ɨɛɟɪɬɚɧɧɹ 1200 ɯɜ-

1, ɩɨɞɚɱɚ 
ɯɥɿɛɧɨʀ ɦɚɫɢ ɜ ɦɨɥɨɬɢɥьɧɢɣ ɚɩɚɪɚɬ 6 ɤɝ/ɫ, ɜɿɞɧɨɲɟɧɧɹ ɦɚɫɢ ɡɟɪɧɚ ɞɨ ɦɚɫɢ ɫɨɥɨɦɢ 1 
: 1,5, ɤɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɢɪɚɧɧɹ 0,7. 

9. ȼɢɡɧɚɱɢɬɢ ɦɚɫɭ ɜɚɥɤɚ, ɳɨ ɡɧɚɯɨɞɢɬьɫɹ ɧɚ ɩɥɨɳɿ 1 ɦ2, ɿ ɲɜɢɞɤɨɫɬɿ ɤɨɦɛɚɣ-
ɧɚ ɩɪɢ ɨɛɦɨɥɨɬɿ ɜɚɥɤɚ, ɹɤɳɨ ɜɪɨɠɚɣɧɿɫɬь ɦɨɥɨɬɢɥьɧɨɝɨ ɚɩɚɪɚɬɚ ɤɨɦɛɚɣɧɚ (ɋɄȾ -

5)  5,5 ɤɝ/ɫ, ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ ɠɚɬɤɚ ɀȼɇ-6, ɲɢɪɢɧɚ ɜɚɥɤɚ 1,1 ɦ, ɭɪɨɠɚɣɧɿɫɬь ɡɟɪɧɚ 
2,5 ɬ/ɝɚ, ɜɿɞɧɨɲɟɧɧɹ ɦɚɫɢ ɡɟɪɧɚ ɞɨ ɦɚɫɢ ɫɨɥɨɦɢ 1 : 1,5. 

 

 
 

ɉɊȺɄɌɂɑɇȺ  ɊɈȻɈɌȺ  № 8 
 

  

ɊɈɁɊȺɏɍɇɈɄ ɉȺɊȺɆȿɌɊІȼ ɈɑɂɋɌɄɂ ɁȿɊɇɈɁȻɂɊȺɅЬɇɈȽɈ 
ɄɈɆȻȺɃɇȺ 

 

Ɇɟɬɚ ɪɨɛɨɬɢ: ɩɨ ɪɟɡɭɥьɬɚɬɚɯ, ɨɬɪɢɦɚɧɢɯ ɭ ɪɨɛɨɬɿ 11, ɿ ɞɨɞɚɬɤɨɜɢɯ ɞɚɧɢɯ, 
ɜɢɡɧɚɱɢɬɢ ɩɚɪɚɦɟɬɪɢ ɬɚ ɪɟɠɢɦɢ ɪɟɲɿɬ ɝɪɨɯɨɬɚ ɿ ɜɟɧɬɢɥɹɬɨɪɚ. 

Фɨɪɦɚɬ ɥɢɫɬɚ ɝɪɚɮɿɱɧɨʀ ɱɚɫɬɢɧɢ - А3 Ɋɟɤɨɦɟɧɞɨɜɚɧɢɣ ɦɚɫɲɬɚɛ -1:5 

 

1.1. ɁȺȽȺɅЬɇІ ɌȿɈɊȿɌɂɑɇІ ɉɈɅɈɀȿɇɇə 
 

ɋɭɱɚɫɧɿ ɡɟɪɧɨɡɛɢɪɚɥьɧɿ ɤɨɦɛɚɣɧɢ ɤɨɧɫɬɪɭɸɸɬь, ɹɤ ɩɪɚɜɢɥɨ, ɡ ɨɞɧɿєɸ ɫɢɫɬɟ-
ɦɨɸ ɨɱɢɳɟɧɧɹ, ɳɨ ɫɤɥɚɞɚєɬьɫɹ ɡ ɜɟɧɬɢɥɹɬɨɪɚ, ɞɜɨɯ ɤɨɥɢɜɧɢɯ ɪɟɲɿɬ ɿ ɬɪɚɧɫɩɨɪɬɭ-
ɜɚɥьɧɢɯ ɩɪɢɫɬɪɨʀɜ (ɪɢɫ. 8.1). 

Ɋɟɲɟɬɚ ɜ ɛɿɥьɲɨɫɬɿ ɤɨɧɫɬɪɭɤɰɿɣ - ɡ ɪɟɝɭɥьɨɜɚɧɢɦ ɠɢɜɢɦ ɩɟɪɟɪɿɡɨɦ (ɠɚɥɸɡɿɣ-
ɧɿ), ɚ ɜɟɧɬɢɥɹɬɨɪ - ɜɿɞɰɟɧɬɪɨɜɨɝɨ ɬɢɩɭ. ȼɡɚєɦɧɟ ɪɨɡɬɚɲɭɜɚɧɧɹ ɜɢɯɿɞɧɨɝɨ ɤɚɧɚɥɭ ɿ 
ɜɟɪɯɧьɨɝɨ ɪɟɲɟɬɚ ɦɚє ɛɭɬɢ ɬɚɤɢɦ, ɳɨɛ ɩɨɬɿɤ ɩɨɜɿɬɪɹ ɨɛɪɨɛɥɹɜ ɪɟɲɟɬɨ ɩɨ ɭɫɿɣ ɣɨɝɨ 
ɞɨɜɠɢɧɿ Lɪ. əɤɳɨ ɜɟɪɯɧɹ ɤɪɨɦɤɚ ɤɚɧɚɥɭ ɪɨɡɬɚɲɨɜɚɧɚ ɩɪɢɛɥɢɡɧɨ ɧɚ ɪɿɜɧɿ ɪɟɲɟɬɚ ɿ 
ɧɚ ɜɿɞɫɬɚɧɿ ɚ ɜɿɞ ɧьɨɝɨ, ɬɨ  
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                                                     










)sin(

cos
0 


ksaLp ,       (8.1) 

 

ɡɜɿɞɤɢ         )sin(cos/)sin( 0   kaLs p      (8.2) 
 

ɞɟ s – ɜɢɫɨɬɚ  ɤɚɧɚɥɭ; į – ɤɭɬ ɧɚɯɢɥɭ  ɩɨɜɿɬɪɹɧɨɝɨ  ɩɨɬɨɤɭ ɞɨ  ɩɥɨɳɢɧɢ  ɪɟɲɟɬɚ;  

į = 25–30°; ȕ – ɤɭɬ ɪɨɡɲɢɪɟɧɧɹ ɫɬɪɭɦɟɧɹ; ȕ = 12–16°; k0 – ɤɨɟɮɿɰɿєɧɬ, ɳɨ 

ɜɪɚɯɨɜɭє ɜɿɞɯɢɥɟɧɧɹ ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ ɪɟɲɟɬɨɦ; k0 = 0,5–0,6. ɑɟɪɟɡ ɫɤɥɚɞɧɿɫɬь 

ɩɪɨɰɟɫɭ ɜɡɚєɦɨɞɿʀ ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ ɿ ɞɪɿɛɧɨɝɨ ɜɨɪɨɯɭ, ɳɨ ɩɨɫɬɭɩɚє ɧɚ ɪɟɲɟɬɨ, ɚ 

ɬɚɤɨɠ ɡɦɿɧɭ ɩɨɞɚɱɿ qɞ.ɜ.(t) ɞɪɿɛɧɨɝɨ ɜɨɪɨɯɭ ɿ ɣɨɝɨ ɫɬɚɧɭ, ɪɨɡɦɿɪɢ ɪɟɲɿɬ ɿ ɤɨɧɮɿɝɭ-
ɪɚɰɿɸ ɩɪɨɫɬɨɪɭ ɞɥɹ ɪɨɛɨɬɢ ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ ɜɫɬɚɧɨɜɥɸɸɬь ɧɚ ɨɫɧɨɜɿ ɟɤɫɩɟɪɢ-
ɦɟɧɬɚɥьɧɢɯ ɞɚɧɢɯ ɿ ɛɚɝɚɬɨɪɿɱɧɨɝɨ ɞɨɫɜɿɞɭ ɤɨɧɫɬɪɭɸɜɚɧɧɹ ɿ ɜɢɩɪɨɛɭɜɚɧɧɹ ɫɢɫɬɟɦ 

ɨɱɢɳɟɧɧɹ. 

 

 

ɚ           ɛ 
 

Ɋɢɫ. 8.1. ɋɯɟɦɢ ɫɢɫɬɟɦɢ ɨɱɢɳɟɧɧɹ ɡɟɪɧɨɡɛɢɪɚɥьɧɨɝɨ ɤɨɦɛɚɣɧɚ: 
ɚ - ɬɟɯɧɨɥɨɝɿɱɧɚ; ɛ - ɮɭɧɤɰɿɨɧɚɥьɧɚ 

  

ɑɟɪɟɡ ɫɤɥɚɞɧɿɫɬь ɩɪɨɰɟɫɭ ɜɡɚєɦɨɞɿʀ ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ ɿ ɞɪɿɛɧɨɝɨ ɜɨɪɨɯɭ, ɳɨ 
ɩɨɫɬɭɩɚє ɧɚ ɪɟɲɟɬɨ, ɚ ɬɚɤɨɠ ɡɦɿɧɭ ɩɨɞɚɱɿ qɞ.ɜ.(t) ɞɪɿɛɧɨɝɨ ɜɨɪɨɯɭ ɿ ɣɨɝɨ ɫɬɚɧɭ, ɪɨɡ-
ɦɿɪɢ ɪɟɲɿɬ ɿ ɤɨɧɮɿɝɭɪɚɰɿɸ ɩɪɨɫɬɨɪɭ ɞɥɹ ɪɨɛɨɬɢ ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ ɜɫɬɚɧɨɜɥɸɸɬь 
ɧɚ ɨɫɧɨɜɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɚɧɢɯ ɿ ɛɚɝɚɬɨɪɿɱɧɨɝɨ ɞɨɫɜɿɞɭ ɤɨɧɫɬɪɭɸɜɚɧɧɹ ɿ ɜɢ-

ɩɪɨɛɭɜɚɧɧɹ ɫɢɫɬɟɦ ɨɱɢɳɟɧɧɹ. 
ȼɢɛіɪ ɩɚɪɚɦɟɬɪіɜ ɪɟɲɟɬɚ. Ɋɿɜɧɹɧɧɹ ɦɚɬɟɪɿɚɥьɧɨɝɨ ɛɚɥɚɧɫɭ ɜɨɪɨɯɭ ɜ ɫɢɫɬɟɦɿ 

ɨɱɢɳɟɧɧɹ ɦɨɠɧɚ ɡɚɩɢɫɚɬɢ ɬɚɤ: 
 

qɞ.ɜ.(t) = qɡ(t) + ɉ0ɡ(t) + qɉ(t),     (8.3) 
 

ɞɟ qɡ(t), ɉ0ɡ(t) ɬɚ qɉ(t) - ɬɪɢ ɜɢɯɿɞɧɢɯ ɩɨɬɨɤɢ ɡɟɪɧɚ, ɜɬɪɚɬ ɜɿɥьɧɨɝɨ ɡɟɪɧɚ ɿ ɜɨɪɨɯɭ, ɳɨ 
ɣɞɟ ɧɚ ɩɨɜɬɨɪɧɢɣ ɨɛɦɨɥɨɬ (ɪɢɫ. 8.1). 

ɍ ɛɿɥьɲɨɫɬɿ ɜɢɩɚɞɤɿɜ ɞɚɧɿ ɳɨɞɨ ɞɿɣɫɧɨɝɨ ɯɚɪɚɤɬɟɪɭ ɡɦɿɧɢ qɞ.ɜ.(t) ɿ ɭɫɿɯ ɜɢɯɿɞ-
ɧɢɯ ɩɨɬɨɤɿɜ ɨɱɢɳɟɧɧɹ ɜ ɭɦɨɜɚɯ ɧɨɪɦɚɥьɧɨɝɨ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɤɨɦɛɚɣɧɚ ɜɿɞɫɭɬɧɿ. 
Ʉɨɧɫɬɪɭɸɜɚɧɧɹ ɿ ɪɨɡɪɚɯɭɧɨɤ ɟɥɟɦɟɧɬɿɜ ɫɢɫɬɟɦɢ ɨɱɢɳɟɧɧɹ ɜɢɤɨɧɭɸɬь ɡɚ ɭɫɟɪɟɞɧɟ-
ɧɨɸ ɩɨɞɚɱɟɸ qɪ

ɞ.ɜ.  ɞɪɿɛɧɨɝɨ ɜɨɪɨɯɭ, ɳɨ ɩɨɫɬɭɩɚє ɧɚ ɨɱɢɳɟɧɧɹ. 
Ɂɚɡɜɢɱɚɣ ɪɨɡɪɚɯɭɧɨɤ qɪ

ɞ.ɜ. (ɤɝ/ɫ) ɡɞɿɣɫɧɸɸɬь ɡɚ ɛɚɥɚɧɫɨɦ ɡɟɪɧɚ, ɳɨ ɧɚɞɯɨɞɢɬь 
ɜ ɦɨɥɨɬɚɪɤɭ, ɛɟɡ ɭɪɚɯɭɜɚɧɧɹ ɜɬɪɚɬ. əɤɳɨ ɪɨɡɪɚɯɭɧɤɨɜɚ ɩɨɞɚɱɚ ɪɨɫɥɢɧɧɨʀ ɦɚɫɢ 
qp(ɤɝ/ɫ), ɚ ɜɿɞɧɨɫɧɢɣ ɜɦɿɫɬ ɡɟɪɧɚ ɜ ɰɿɣ ɦɚɫɿ ȕ, ɬɨ qp ȕ = q

ɪ
ɞ.ɜ.ȕɜ, ɞɟ ȕɜ - ɜɿɞɧɨɫɧɢɣ ɜɦɿɫɬ 

ɡɟɪɧɚ ɜ ɞɪɿɛɧɨɦɭ ɜɨɪɨɯɭ; ɞɥɹ ɪɨɡɪɚɯɭɧɤɿɜ ɩɪɢɣɦɚɸɬь ȕɜ = 0,75-0,90. 
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Ɂ ɰɿєʀ ɪɿɜɧɨɫɬɿ ɨɬɪɢɦɚєɦɨ, ɳɨ 
 

                             
ɜ

pɪ
ɜɞ

q
q


 

.. .         (8.4)  

 

ȼɢɤɨɪɢɫɬɨɜɭɸɬь ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɿ ɿɧɲɭ ɮɨɪɦɭɥɭ 
 

pɫ
ɪ

ɜɞ qkq  )1(..  ,  (8.5) 

ɞɟ ȕɫ - ɜɿɞɧɨɫɧɢɣ ɜɦɿɫɬ ɫɨɥɨɦɢ ɜ ɪɨɫɥɢɧɧɿɣ ɦɚɫɿ; k - ɤɨɟɮɿɰɿєɧɬ, ɳɨ ɯɚɪɚɤɬɟɪɢɡɭє 
ɜɨɥɨɝɿɫɬь ɡɟɪɧɚ ωɡ. Ⱦɥɹ ɩɲɟɧɢɰɿ: 
 

ωɡ <10 10-15 >15 
 

                k               0,6-0,7           0,7-0,8 0,8-0,9 
 

ɉɥɨɳɭ ɪɟɲɟɬɚ Fɪ ɜɢɡɧɚɱɚɸɬь ɡɚ ɞɨɩɭɫɬɢɦɢɦ ɧɚɜɚɧɬɚɠɟɧɧɹɦ qɞ.ɜ.ɞɨɩ. ɧɚ 1 ɦ2
 

ɪɟɲɟɬɚ: 
 

                 

...

..

ɞɨɩɜɞ

ɪ
ɜɞ

ppp
q

q
LBF 

.   (8.6) 

 

Ɋɟɤɨɦɟɧɞɭєɬьɫɹ qɞ.ɜ.ɞɨɩ.= 1,5—2,5 ɤɝ/ɫ ɧɚ 1 ɦ2
 ɪɟɲɟɬɚ : 

ɒɢɪɢɧɭ ɪɟɲɟɬɚ ȼɪ ɩɪɢɣɦɚɸɬь ɪɿɜɧɨɸ ɲɢɪɢɧɿ ɫɨɥɨɦɨɬɪɹɫɚ ȼɫ ɿ ɭɡɝɨɞɠɭɸɬь ɡ 
ɞɨɩɭɫɬɢɦɢɦ ɧɚɜɚɧɬɚɠɟɧɧɹɦ qɞ.ɜ.ɞɨɩ., ɳɨ ɩɪɢɩɚɞɚє ɧɚ 1 ɞɦ ɲɢɪɢɧɢ 

 

                                                                       

...

..

ɞɨɩɜɞ

ɪ
ɜɞ

p
q

q
B 

.         (8.7) 

 

Ⱦɥɹ ɪɟɝɭɥьɨɜɚɧɢɯ ɠɚɥɸɡɿɣɧɢɯ ɪɟɲɿɬ ɩɪɢ ɡɛɢɪɚɧɧɿ ɫɭɯɢɯ ɧɟɡɚɫɦɿɱɟɧɢɯ ɯɥɿɛɿɜ 
qɞ.ɜ.ɞɨɩ = 0,15-0,17 ɤɝ/ɫ∙ɞɦ; ɞɥɹ ɜɚɠɤɢɯ ɭɦɨɜ ɡɛɢɪɚɧɧɹ ɧɚɜɚɧɬɚɠɟɧɧɹ ɡɦɟɧɲɭɸɬь ɞɨ 
qɞ.ɜ.ɞɨɩ ~ 0,10-0,12 ɤɝ/ɫ∙ɞɦ. 

ɍ ɤɨɦɛɚɣɧɿɜ ɜɿɬɱɢɡɧɹɧɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ ɄɁɋ-9 “ɋɥɚɜɭɬɢɱ” Lɪ = 1018 ɦɦ,  
ȼɪ = 1440 ɦɦ ɞɥɹ ɜɟɪɯɧьɨɝɨ ɪɟɲɟɬɚ ɿ ȼɪ = 1256 ɦɦ - ɞɥɹ ɧɢɠɧьɨɝɨ. 

ɓɨ ɫɬɨɫɭєɬьɫɹ ɿɧɲɢɯ ɩɚɪɚɦɟɬɪɿɜ ɫɢɫɬɟɦ ɨɱɢɳɟɧɧɹ, ɬɨ ɭ ɫɭɱɚɫɧɢɯ ɤɨɦɛɚɣɧɿɜ 
ɜɨɧɢ ɡɧɚɯɨɞɹɬьɫɹ ɜ ɬɚɤɢɯ ɦɟɠɚɯ: ɤɭɬ ɧɚɯɢɥɭ ɪɟɲɿɬ ɞɨ ɝɨɪɢɡɨɧɬɭ 3-7°; ɚɦɩɥɿɬɭɞɚ ɤɨ-
ɥɢɜɚɧь ɪɟɲɿɬ 60-80 ɦɦ ɞɥɹ ɜɟɪɯɧьɨɝɨ ɪɟɲɟɬɚ ɿ 30-40 ɦɦ ɞɥɹ ɧɢɠɧьɨɝɨ ɪɟɲɟɬɚ; ɱɚɫ-
ɬɨɬɚ ɤɨɥɢɜɚɧь ɪɟɲɿɬ 200-300 ɯɜ-1

. 

ȼɢɛіɪ і ɨɛґɪɭɧɬɭɜɚɧɧя ɨɫɧɨɜɧɢх ɩɚɪɚɦɟɬɪіɜ ɜɟɧɬɢɥяɬɨɪɚ. əɤ ɭɠɟ ɜɿɞɡɧɚ-
ɱɚɥɨɫɹ, ɜ ɫɢɫɬɟɦɚɯ ɨɱɢɳɟɧɧɹ ɡɟɪɧɨɡɛɢɪɚɥьɧɢɯ ɤɨɦɛɚɣɧɿɜ ɧɚɣɱɚɫɬɿɲɟ ɡɚɫɬɨɫɨɜɭ-
ɸɬьɫɹ ɜɿɞɰɟɧɬɪɨɜɿ ɜɟɧɬɢɥɹɬɨɪɢ. Ɍɟɨɪɟɬɢɱɧɨɸ ɨɫɧɨɜɨɸ ɪɨɡɪɚɯɭɧɤɭ ɨɫɧɨɜɧɢɯ ɩɚɪɚ-
ɦɟɬɪɿɜ ɜɟɧɬɢɥɹɬɨɪɚ є ɜɿɞɨɦɟ ɪɿɜɧɹɧɧɹ ȿɣɥɟɪɚ ɞɥɹ ɬɟɨɪɟɬɢɱɧɨɝɨ ɬɢɫɤɭ ɇT, ɹɤɢɣ 
ɫɬɜɨɪɸєɬьɫɹ ɜɟɧɬɢɥɹɬɨɪɨɦ ɩɪɢ ɞɨɩɭɳɟɧɧɿ, ɳɨ ɪɨɛɨɱɟ ɤɨɥɟɫɨ ɦɚє ɧɟɫɤɿɧɱɟɧɧɟ ɱɢɫ-
ɥɨ ɥɨɩɚɬɟɣ, ɚ ʀɯ ɬɨɜɳɢɧɚ ɞɨɪɿɜɧɸє ɧɭɥɸ. 

ɇɟɯɚɣ ɥɨɩɚɬь 1-2 (ɪɢɫ. 8.2) ɨɛɟɪɬɚєɬьɫɹ ɧɚɜɤɨɥɨ ɰɟɧɬɪɚ Ɉ ɡ ɤɭɬɨɜɨɸ ɲɜɢɞɤɿɫ-
ɬɸ ɲ. Ɏɨɪɦɚ ɥɨɩɚɬɿ ɜɢɡɧɚɱɚєɬьɫɹ ɡɦɿɧɨɸ ɤɭɬɚ  (ɜɿɞ 1 ɧɚ ɜɯɨɞɿ ɥɨɩɚɬɿ ɞɨ 2 ɧɚ ɜɢ-
ɯɨɞɿ) ɦɿɠ ɞɨɬɢɱɧɨɸ ɞɨ ɩɨɜɟɪɯɧɿ ɥɨɩɚɬɿ ɿ ɪɚɞɿɭɫ-ɜɟɤɬɨɪɨɦ r. Ʉɿɥьɤɿɫɬь ɪɭɯɭ ɦɚɫɢ ɬ' 
(ɤɝ/ɫ) ɩɨɜɿɬɪɹ, ɳɨ ɡɧɚɯɨɞɢɬьɫɹ ɧɚ ɜɿɞɫɬɚɧɿ r = Ɉ ɜɿɞ ɰɟɧɬɪɚ Ɉ, ɛɭɞɟ ɬ 'ɫ, ɚ ɦɨɦɟɧɬ 
Ɇ ɤɿɥьɤɨɫɬɿ ɪɭɯɭ ɜɿɞɧɨɫɧɨ ɰьɨɝɨ ɰɟɧɬɪɚ Ɇ = ɬ'ɫrsіɩȕ, ɩɪɢɱɨɦɭ ɫ - ɚɛɫɨɥɸɬɧɚ ɲɜɢ-
ɞɤɿɫɬь ɱɚɫɬɤɢ ɩɨɜɿɬɪɹ. 
 

 

 

 

 

 

 

 

 

 

 

 



 14 

 

Ɋɢɫ. 8.2. ȼɢɜɟɞɟɧɧɹ ɪɿɜɧɹɧɧɹ  
ɜɿɞɰɟɧɬɪɨɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ 

 

 

Ɉɫɤɿɥьɤɢ ɫrsіɩȕ = ct (ɪɢɫ. 8.2), ɬɨ ɡɦɿɧɚ ɦɨɦɟɧɬɭ ɤɿɥьɤɨɫɬɿ ɪɭɯɭ ɦɚɫɢ ɬ' ɩɨɜɿɬ-
ɪɹ ɩɪɢ ʀʀ ɩɟɪɟɦɿɳɟɧɧɿ ɜɿɞ ɬɨɱɤɢ 1 ɞɨ ɬɨɱɤɢ 2 ɦɨɠɟ ɛɭɬɢ ɜɢɡɧɚɱɟɧɚ ɡɚ ɡɚɥɟɠɧɿɫɬɸ 

 

 112212 tt crcrmMMM  ,  (8.8) 
 

ɚ ɟɧɟɪɝɿɹ, ɧɚɛɭɬɚ ɩɨɜɿɬɪɹɦ ɜ ɨɞɢɧɢɰɸ ɱɚɫɭ, ɞɨɪɿɜɧɸɜɚɬɢɦɟ 
 

                                                               1122 tt cucumML   ,                         (8.9) 
 

ɞɟ ɿɧɞɟɤɫɢ 1 ɿ 2 ɧɚɥɟɠɚɬь ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɬɨɱɨɤ 1 ɿ 2 ɥɨɩɚɬɿ; ɢ - ɤɨɥɨɜɿ ɲɜɢɞɤɨɫɬɿ. 
ɉɪɢ ɜɢɬɪɚɬɿ ɩɨɜɿɬɪɹ W (ɦ3/ɫ) ɦɚєɦɨ, ɳɨ ɬ' = Wρ (ρ - ɳɿɥьɧɿɫɬь ɩɨɜɿɬɪɹ, ɤɝ/ɦ3

). 

Ɍɨɞɿ ɞɥɹ ɬɟɨɪɟɬɢɱɧɨɝɨ ɬɢɫɤɭ (ɧɚɩɨɪɭ) ɪɿɜɧɹɧɧɹ ȿɣɥɟɪɚ ɦɚɬɢɦɟ ɜɢɝɥɹɞ 
 

 1122 ttT cucu
W

L
H   .  (8.10) 

 

ɉɿɞɫɬɚɜɥɹɸɱɢ ɜ ɰɟ ɪɿɜɧɹɧɧɹ ρ (ɤɝ/ɦ3
), ɢ ɿ ɫ( (ɦ/ɫ) ɨɬɪɢɦɚєɦɨ ɇɬ ɜ ɩɚɫɤɚɥɹɯ 

(ɉɚ). 
Ɂ ɬɪɢɤɭɬɧɢɤɚ ɲɜɢɞɤɨɫɬɟɣ (ɫ, ω, ɢ) ɦɚєɦɨ ɫt = ɢ - ɫrtgɚ, ɚ ɡ ɭɦɨɜɢ ɧɟɪɨɡɪɢɜɧɨɫ-

ɬɿ ɫɬɪɭɦɟɧɹ W = 2πrɫrȼɜ (ɪɢɫ. 8.2). (ȼɜ - ɲɢɪɢɧɚ ɥɨɩɚɬɿ). ɉɿɞɫɬɚɜɥɹɸɱɢ ɡɧɚɱɟɧɧɹ ɫt ɜ 
ɬɨɱɤɚɯ 1 ɿ 2 ɜ ɪɿɜɧɹɧɧɹ (8.10) ɿ ɜɜɚɠɚɸɱɢ ɢ = rω, ɡɧɚɣɞɟɦɨ 

 

WBHH TTT  0       (8.11) 
 

        
   

ɜ
TT

B

tgtg
BrrH




2
; 122

1

2

2

2

0




      (8.12) 

ɉɪɢ ω = ɫɨnst ɜ ɨɞɧɨɝɨ ɿ ɬɨɝɨ ɠ ɜɟɧɬɢɥɹɬɨɪɚ ɬɟɨɪɟɬɢɱɧɢɣ ɬɢɫɤ ɥɿɧɿɣɧɨ ɩɨɜ'ɹ-
ɡɚɧɢɣ ɡ ɜɢɬɪɚɬɨɸ ɩɨɜɿɬɪɹ W, ɿ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɡɧɚɤɚ ȼɌ (ɡɚɥɟɠɧɨ ɜɿɞ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ 
ɦɿɠ ɤɭɬɚɦɢ ɚ2 ɿ ɚ1) ɦɨɠɥɢɜɿ ɬɪɢ ɜɢɞɢ ɮɭɧɤɰɿʀ ɇT (ɪɢɫ. 8.3,ɚ). 

Ⱦɿɣɫɧɢɣ ɬɢɫɤ h (ɪɢɫ. 8.3,6), ɳɨ ɫɬɜɨɪɸєɬьɫɹ ɜɿɞɰɟɧɬɪɨɜɢɦ ɜɟɧɬɢɥɹɬɨɪɨɦ, ɜɿɞ-
ɪɿɡɧɹєɬьɫɹ ɜɿɞ ɬɟɨɪɟɬɢɱɧɨɝɨ ɱɟɪɟɡ ɤɿɧɰɟɜɟ ɱɢɫɥɨ ɥɨɩɚɬɟɣ ɿ ɜɬɪɚɬ. Ɍɢɫɤ h ɧɟɥɿɧɿɣɧɨ 
ɩɨɜ’ɹɡɚɧɢɣ ɡ ɜɢɬɪɚɬɨɸ ɿ ɦɨɠɟ ɛɭɬɢ ɜɢɪɚɠɟɧɢɣ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ 

 

2

0 WBWBhh       (8.13) 
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ɞɟ B , B   - ɤɨɟɮɿɰɿєɧɬɢ, ɳɨ ɜɪɚɯɨɜɭɸɬь ɜɿɞɩɨɜɿɞɧɨ ɤɿɧɰɟɜɟ ɱɢɫɥɨ ɥɨɩɚɬɟɣ ɿ ɜɬɪɚɬɢ 
ɭ ɜɟɧɬɢɥɹɬɨɪɿ. 

Ɋɿɜɧɹɧɧɹ ɧɟɜɚɠɤɨ ɩɪɢɜɟɫɬɢ ɞɨ ɜɢɞɭ 
 







 

n
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A

n

HT 2
12

5,0  ,       (8.14) 
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
     (8.15) 

 

Ⱦɥɹ ɨɞɧɨɝɨ ɿ ɬɨɝɨ ɠ ɜɟɧɬɢɥɹɬɨɪɚ ɩɪɢ ρ = const ɦɚєɦɨ HT / n
2
 =const; W / n =  

const. Ɉɬɠɟ, ɡɚ ɩɨɫɬɿɣɧɨɝɨ ɦɚɧɨɦɟɬɪɢɱɧɨɝɨ ɄɄȾ (η = h / HT) ɜɟɧɬɢɥɹɬɨɪɚ ɩɟɜɧɨʀ 
ɤɨɧɫɬɪɭɤɰɿʀ ɛɭɞɭɬь ɫɩɪɚɜɟɞɥɢɜɿ ɬɚɤɿ ɨɫɧɨɜɧɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ: 
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    (8.16) 

 

ɞɟ N - ɩɨɬɭɠɧɿɫɬь, ɩɨɬɪɿɛɧɚ ɞɥɹ ɫɬɜɨɪɟɧɧɹ ɩɨɬɨɤɭ ɡ ɜɢɬɪɚɬɨɸ W ɿ ɬɢɫɤɨɦ h. 
 

 
        ɚ         ɛ 
 

Ɋɢɫ. 8.3. ɇɚɩɿɪɧɿ ɥɿɧɿʀ: ɚ - ɬɟɨɪɟɬɢɱɧɿ; ɛ - ɞɿɣɫɧɚ 

 

Ɋɨɡɪɚɯɭɧɨɤ ɜɟɧɬɢɥɹɬɨɪɚ ɩɨɥɹɝɚє ɭ ɜɢɡɧɚɱɟɧɧɿ ɨɫɧɨɜɧɢɯ ɣɨɝɨ ɝɟɨɦɟɬɪɢɱɧɢɯ 
ɪɨɡɦɿɪɿɜ, ɱɚɫɬɨɬɢ ɨɛɟɪɬɚɧɧɹ ɩ ɿ ɧɟɨɛɯɿɞɧɨʀ ɩɨɬɭɠɧɨɫɬɿ N ɧɚ ɩɪɢɜɿɞ. ɉɨɱɚɬɤɨɜɢɦɢ 
ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ є ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬь ɫ” ɩɨɬɨɤɭ ɩɨɜɿɬɪɹ ɧɚ ɜɢɯɨɞɿ ɡ ɤɚɧɚɥɭ, ɜɢɬɪɚɬɚ 
ɩɨɜɿɬɪɹ W ɿ ɡɚɝɚɥьɧɢɣ ɬɢɫɤ h. 

ɒɜɢɞɤɿɫɬь ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ ɨɛɭɦɨɜɥɟɧɚ ɚɟɪɨɞɢɧɚɦɿɱɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ 
ɤɨɦɩɨɧɟɧɬɿɜ ɞɪɿɛɧɨɝɨ ɜɨɪɨɯɭ, ɳɨ ɩɨɫɬɭɩɚє ɧɚ ɨɱɢɳɟɧɧɹ. Ⱦɥɹ ɜɿɞɞɿɥɟɧɧɹ ɥɟɝɤɢɯ 
ɞɨɦɿɲɨɤ (ɩɨɥɨɜɢ, ɱɚɫɬɨɤ ɫɨɥɨɦɢ) ɜɿɞ ɡɟɪɧɚ ɲɜɢɞɤɿɫɬь ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ ɦɚє ɛɭɬɢ 
ɞɟɳɨ ɦɟɧɲɨɸ ɡɚ ɤɪɢɬɢɱɧɭ ɲɜɢɞɤɿɫɬь ɡɟɪɧɚ. Ʉɪɢɬɢɱɧɚ ɲɜɢɞɤɿɫɬь ɡɟɪɧɚ ɡɦɿɧɸєɬьɫɹ 
ɜ ɲɢɪɨɤɢɯ ɦɟɠɚɯ ɿ ɨɩɢɫɭєɬьɫɹ ɧɨɪɦɚɥьɧɢɦ ɡɚɤɨɧɨɦ ɪɨɡɩɨɞɿɥɭ. Ɇɿɧɿɦɚɥьɧɚ ɤɪɢ-

ɬɢɱɧɚ ɲɜɢɞɤɿɫɬь ɧɚɫɿɧɧɹ ɩɲɟɧɢɰɿ, ɠɢɬɚ ɿ ɹɱɦɟɧɸ ɫɬɚɧɨɜɢɬь 8-9 ɦ/ɫ. 
Ȼ.Ƚ. Ɍɭɪɛɿɧ ɩɪɨɩɨɧɭє ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɲɜɢɞɤɨɫɬɿ ɩɨɬɨɤɭ ɩɨɜɿɬɪɹ ɩɿɞ ɱɚɫ ɨɱɢ-

ɳɟɧɧɹ ɜɨɪɨɯɭ ɧɚ ɠɚɥɸɡɿɣɧɨɦɭ ɪɟɲɟɬɿ ɬɚɤɭ ɮɨɪɦɭɥɭ: 
 

 
,

cos

sin
min 

 
 kpVc      (8.17) 
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ɞɟ minkpV - ɧɚɣɦɟɧɲɚ ɤɪɢɬɢɱɧɚ ɲɜɢɞɤɿɫɬь ɡɟɪɧɚ; φ- ɤɭɬ ɬɟɪɬɹ; α - ɤɭɬ ɧɚɯɢɥɭ ɟɥɟɦɟɧ-
ɬɚ ɠɚɥɸɡɿ ɞɨ ɝɨɪɢɡɨɧɬɭ. 

ȼɢɬɪɚɬɭ ɩɨɜɿɬɪɹ ɨɛɱɢɫɥɸɸɬь ɡɚ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ 
 

csBW B
 . (8.18) 

 

ɉɪɢɱɨɦɭ ɲɢɪɢɧɚ ɜɟɧɬɢɥɹɬɨɪɚ ȼȼ ɩɪɢɣɦɚєɬьɫɹ ɪɿɜɧɨɸ ɲɢɪɢɧɿ ɪɟɲɟɬɚ ȼɪ. 

Ʉɪɿɦ ɬɨɝɨ, ɞɥɹ ɜɿɞɰɟɧɬɪɨɜɢɯ ɜɟɧɬɢɥɹɬɨɪɿɜ ɫɿɥьɫьɤɨɝɨɫɩɨɞɚɪɫьɤɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ 
 

 sBB 43  
 

ɉɨɜɧɢɣ  ɬɢɫɤ Ⱥ  ɫɤɥɚɞɚєɬьɫɹ  ɡ ɞɢɧɚɦɿɱɧɨɝɨ hɞ ɿ ɫɬɚɬɢɱɧɨɝɨ hs, ɬɢɫɤɭ, ɬɨɛɬɨ h 

= hɞ + hs. Ⱦɢɧɚɦɿɱɧɢɣ ɬɢɫɤ ɪɨɡɪɚɯɨɜɭɸɬь ɡ ɨɝɥɹɞɭ ɧɚ ɫɟɪɟɞɧɸ ɲɜɢɞɤɿɫɬь ɩɨɬɨɤɭ 
ɩɨɜɿɬɪɹ: hɞ =0,5ρɫ"2

, ɚ ɫɬɚɬɢɱɧɢɣ - ɧɚ ɨɩɨɪɢ, ɳɨ ɜɢɧɢɤɚɸɬь ɜ ɫɢɫɬɟɦɿ ɨɱɢɳɟɧɧɹ. 
ɋɸɞɢ ɜɯɨɞɢɬь ɨɩɿɪ ɤɚɦɟɪɢ, ɪɟɲɿɬ ɬɚ ɿɧɲɢɯ ɟɥɟɦɟɧɬɿɜ ɤɨɧɫɬɪɭɤɰɿʀ ɫɢɫɬɟɦɢ ɨɱɢɳɟɧ-
ɧɹ, ɹɤɿ ɦɨɠɭɬь ɛɭɬɢ ɜɫɬɚɧɨɜɥɟɧɿ ɬɿɥьɤɢ ɞɨɫɥɿɞɧɢɦ ɲɥɹɯɨɦ. əɤ ɟɤɜɿɜɚɥɟɧɬ ɨɩɨɪɭ ɩɨ-
ɜɿɬɪɹɧɢɯ ɦɟɪɟɠ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɪɟɠɢɦɭ 

 

         ɞs

ɞ

hh

h
k


     (8.19) 

 

ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɜɿɞɨɦɿ ɜɟɥɢɱɢɧɢ k ɿ hɞ, ɡɧɚɣɞɟɦɨ, ɳɨ 
 

                                                                                 ɞs h
k

h 










1

1
2       (8.20) 

 

Ɂɚ ɞɨɫɥɿɞɧɢɦɢ ɞɚɧɢɦɢ ɞɥɹ ɜɟɧɬɢɥɹɬɨɪɿɜ ɡɟɪɧɨɡɛɢɪɚɥьɧɢɯ ɦɚɲɢɧ,  
k = 0,22-0,24, ɬɨɞɿ  
 

  ɞs hh 205.16  . 

ɓɨ ɫɬɨɫɭєɬьɫɹ ɪɨɡɦɿɪɿɜ ɪɨɛɨɱɨɝɨ ɤɨɥɟɫɚ ɜɟɧɬɢɥɹɬɨɪɚ (ɜɧɭɬɪɿɲɧьɨɝɨ ɞɿɚɦɟɬɪɚ 

D1 ɿ ɡɨɜɧɿɲɧьɨɝɨ D2) ɬɚ ɜɯɿɞɧɨɝɨ ɜɿɤɧɚ (ɞɿɚɦɟɬɪ D0), ɬɨ ɞɨɫɜɿɞ ɩɪɨɟɤɬɭɜɚɧɧɹ ɿ ɟɤɫ-
ɩɥɭɚɬɚɰɿʀ ɜɿɞɰɟɧɬɪɨɜɢɯ ɜɟɧɬɢɥɹɬɨɪɿɜ ɩɨɤɚɡɭє, ɳɨ ɧɚɣɛɿɥьɲ ɩɪɢɣɧɹɬɧɿ ɬɚɤɿ ɫɩɿɜɜɿɞ-
ɧɨɲɟɧɧɹ 

 

D1 = (0,35-0,5) D2;   D0 = (0,65-0,8) D2;   D2 = (1,65-2,5)s. 
 

ɑɚɫɬɨɬɚ ɨɛɟɪɬɚɧɧɹ ɪɨɛɨɱɨɝɨ ɤɨɥɟɫɚ ɪɟɝɭɥɸєɬьɫɹ ɜ ɦɟɠɚɯ ɩɤ = 450-1000 ɯɜ-1
. 

 

ȼɢɡɧɚɱɟɧɧɹ ɲɢɪɢɧɢ ɿ ɞɨɜɠɢɧɢ ɪɟɲɟɬɚ ɨɱɢɫɬɤɢ 

Ⱦɨ ɤɨɦɩɥɟɤɬɭ ɪɨɛɨɱɢɯ ɨɪɝɚɧɿɜ ɨɱɢɫɬɤɢ ɜɯɨɞɹɬь: ɫɬɪɹɫɧɚ ɞɨɲɤɚ, ɜɟɧɬɢɥɹɬɨɪ, 
ɜɟɪɯɧє ɪɟɲɟɬɨ ɨɱɢɫɬɤɢ, ɩɨɞɨɜɠɭɜɚɱ ɪɟɲɟɬɚ ɨɱɢɫɬɤɢ, ɧɢɠɧє ɪɟɲɟɬɨ ɨɱɢɫɬɤɢ ɬɚ ɫɤɚ-
ɬɧɚ ɞɨɲɤɚ. 

Ɋɨɡɪɚɯɭɧɨɤ ɩɚɪɚɦɟɬɪɿɜ ɬɚ ɪɟɠɢɦɿɜ ɪɨɛɨɬɢ ɨɱɢɫɬɤɢ ɩɪɨɜɨɞɹɬь ɭ ɩɟɜɧɿɣ ɩɨɫɥɿ-
ɞɨɜɧɨɫɬɿ. 

1) ȼɢɡɧɚɱɚɸɬь ɲɢɪɢɧɭ ɪɟɲɟɬɚ ɨɱɢɫɬɤɢ ȼɝɪ ɜ ɧɟɩɪɹɦɨɬɨɱɧɨɦɭ ɤɨɦɛɚɣɧɿ ɡ ɜɢ-
ɪɚɡɭ: 
 

ВBɝɪ  9,0                                                      (8.21) 
 

ȼɝɪ - ɲɢɪɢɧɚ ɪɟɲɟɬɚ ɝɪɨɯɨɬɭ, ɦ; 
ȼ – ɲɢɪɢɧɚ ɫɨɥɨɦɨɬɪɹɫɚ, ɦ; 

 

 

 

 

 

 

 

 

 

 

 



 17 

Ɂɚ ɦɨɥɨɬɢɥьɧɨɝɨ ɚɩɚɪɚɬɚ ɛɢɥьɧɨɝɨ ɬɢɩɭ ɩɪɢɣɦɚєɦɨ 
 

  BLВ  1,10,1                                                 (8.22) 
 

ɞɟ Lȼ – ɞɨɜɠɢɧɚ ɛɚɪɚɛɚɧɚ ɦɨɥɨɬɢɥьɧɨɝɨ ɚɩɚɪɚɬɚ, ɦ (ɜɡɹɬɨ ɡ ɩɨɩɟɪɟɞɧьɨʀ ɪɨɛɨɬɢ). 
əɤɳɨ ɦɨɥɨɬɢɥьɧɢɣ ɚɩɚɪɚɬ ɲɬɢɮɬɨɜɨɝɨ ɬɢɩɭ, ɬɨ 
 

  BLВ  4,12,1                                                (8.23) 
 

2) Ɉɛɱɢɫɥɸɸɬь ɦɚɫɭ ɜɨɪɨɯɭ, ɳɨ ɧɚɞɯɨɞɢɬь ɧɚ ɝɪɨɯɨɬ ɜ ɨɞɢɧɢɰɸ ɱɚɫɭ, 
 

ɝɪ
ɝɪ

ɝɪ qq



                                                   (8.24) 

 

ɞɟ qɝɪ – ɦɚɫɚ ɜɨɪɨɯɭ, ɳɨ ɧɚɞɯɨɞɢɬь ɧɚ ɝɪɨɯɨɬ, ɤɝ/ɫ; 
ȕ – ɤɨɟɮɿɰɿєɧɬ, ɳɨ ɯɚɪɚɤɬɟɪɢɡɭє ɜɦɿɫɬ ɡɟɪɧɚ ɜ ɡɚɝɚɥьɧɿɣ ɦɚɫɿ, 

 

ɫqq

q




3

3  

 

qɡ, qɫ – ɩɨɞɚɱɚ ɜɿɞɩɨɜɿɞɧɨ ɡɟɪɧɚ ɿ ɫɨɥɨɦɢ, ɤɝ/ɫ; (ɜɡɹɬɢ ɡ ɩɪɚɤɬɢɱɧɨʀ ɪɨɛɨɬɢ № 7); 

ȕɝɪ – ɤɨɟɮɿɰɿєɧɬ, ɳɨ ɯɚɪɚɤɬɟɪɢɡɭє ɜɦɿɫɬ ɡɟɪɧɚ ɭ ɜɨɪɨɯɭ, ɳɨ ɧɚɞɯɨɞɢɬь ɧɚ ɨɱɢɫɬɤɭ; 
ȕɝɪ = 0,75–0,90. ɇɢɠɧє ɡɧɚɱɟɧɧɹ ɩɪɢɣɦɚєɬьɫɹ ɭ ɪɚɡɿ ɪɨɛɿɬ ɧɚ ɡɚɫɦɿɱɟɧɢɯ ɦɚɫɚɯ, ɜɟɪ-
ɯɧє – ɧɚ ɱɢɫɬɢɯ ɦɚɫɚɯ; 
qɫɪ – ɫɟɪɟɞɧɹ ɩɨɞɚɱɚ ɯɥɿɛɧɨʀ ɦɚɫɢ ɜ ɦɨɥɨɬɢɥьɧɢɣ ɩɪɢɫɬɪɿɣ, ɤɝ/ɫ. 

 


301,0

QVВ
q Ɇɀ

ɪɫ


                                               (8.25) 

 

ɞɟ ȼɠ – ɲɢɪɢɧɚ ɡɚɯɜɚɬɚ ɤɨɦɛɚɣɧɚ, ɦ; 
Vɦ – ɲɜɢɞɤɿɫɬь ɪɭɯɭ ɤɨɦɛɚɣɧɚ, ɦ/ɫ; 
Qɡ – ɭɪɨɠɚɣɧɿɫɬь ɡɟɪɧɚ, ɰ/ɝɚ. 

3) ȼɫɬɚɧɨɜɥɸɸɬь ɞɨɜɠɢɧɭ ɨɱɢɫɬɤɢ Lɝɪ ɡɚ ɮɨɪɦɭɥɨɸ 
 

                                                            (8.26) 

 

ɞɟ Lɝɪ – ɞɨɜɠɢɧɚ ɨɱɢɫɬɤɢ, ɦ; 
qɝɪ – ɦɚɫɚ ɜɨɪɨɯɭ, ɳɨ ɧɚɞɯɨɞɢɬь ɧɚ ɨɱɢɫɬɤɭ, ɤɝ/ɫ; 
ȼɝɪ – ɲɢɪɢɧɚ ɨɱɢɫɬɤɢ, ɦ; (ȼɝɪ = 1,27 ɦ); 
q" – ɫɟɤɭɧɞɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɨɞɢɧɢɰɸ ɩɥɨɳɿ ɪɟɲɟɬɚ (ɤɝ/ɫ); ɞɥɹ ɠɚɥɸɡɿɣɧɢɯ ɪɟ-
ɝɭɥьɨɜɚɧɢɯ ɪɟɲɿɬ q'' = (0,8–1,4) ɤɝ/ɫ/ɦ2

. 

Ɉɱɢɫɬɤɚ ɜ ɦɨɥɨɬɚɪɤɚɯ ɩɪɚɰɸє ɡɚɞɨɜɿɥьɧɨ, ɹɤɳɨ ɬɨɜɳɢɧɚ ɲɚɪɭ ɜɨɪɨɯɭ ɧɟ ɩɟ-
ɪɟɜɢɳɭє 4–6 ɫɦ, ɬɨɦɭ ɡɚɜɠɞɢ ɩɿɫɥɹ ɜɢɡɧɚɱɟɧɧɹ ɪɨɡɦɿɪɿɜ ɪɟɲɟɬɚ ɨɱɢɫɬɤɢ ɩɟɪɟɜɿɪɹ-
ɸɬь ɬɨɜɳɢɧɭ ɲɚɪɭ ɜɨɪɨɯɭ. 

4) Ɋɨɡɪɚɯɨɜɭɸɬь ɬɨɜɳɢɧɭ ɲɚɪɭ ɜɨɪɨɯɭ h' ɧɚ ɪɟɲɟɬɿ ɨɱɢɫɬɤɢ 
 

                                                         (8.27) 

 

ɞɟ h` – ɬɨɜɳɢɧɚ ɲɚɪɭ ɜɨɪɨɯɭ, ɦ; 
Bɝɪ  – ɲɢɪɢɧɚ ɝɪɨɯɨɬɭ, ɦ; 
qɝɪ  – ɩɨɞɚɱɚ ɜɨɪɨɯɭ ɧɚ ɨɱɢɫɬɤɭ, ɤɝ/ɫ; 
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Vcp  – ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬь ɜɿɞɧɨɫɧɨɝɨ ɩɟɪɟɦɿɳɟɧɧɹ ɜɨɪɨɯɭ ɩɨ ɪɟɲɟɬɭ, ɦ/ɫ; 
Ȗɜ  – ɳɿɥьɧɿɫɬь ɜɨɪɨɯɭ, ɹɤɢɣ ɪɭɯɚєɬьɫɹ ɩɨ ɩɨɜɟɪɯɧɿ ɪɟɲɟɬɚ, ɤɝ/ɦ3

.  
 

ɍ ɮɨɪɦɭɥɿ (8.27) ɧɟɜɿɞɨɦɨɸ ɜɟɥɢɱɢɧɨɸ є Vɫɪ – ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬь ɩɟɪɟɦɿ-
ɳɟɧɧɹ ɜɨɪɨɯɭ ɩɨ ɪɟɲɟɬɭ, (ɦ/ɫ). 
 

 

Ɋɢɫ. 8.4. ɋɯɟɦɚ ɦɟɯɚɧɿɡɦɭ  
ɩɪɢɜɨɞɭ ɨɱɢɫɬɤɢ 

 

 

5) ȼɢɡɧɚɱɚɸɬь ɫɟɪɟɞɧɸ ɲɜɢɞɤɿɫɬь ɜɿɞɧɨɫɧɨɝɨ ɩɟɪɟɦɿɳɟɧɧɹ ɜɨɪɨɯɭ ɩɨ ɪɟɲɟ-
ɬɭ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɪɿɜɧɿɫɬь:  

 

                                                       (8.28) 
 

ɞɟ S1, S2 – ɩɟɪɟɦɿɳɟɧɧɹ ɜɨɪɨɯɭ ɩɨ ɩɨɜɟɪɯɧɿ ɪɟɲɟɬɚ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɜɢɯɨɞɭ ɬɚ ɩɨ 
ɧɚɩɪɹɦɤɭ ɞɨ ɛɚɪɚɛɚɧɚ, ɦ; 
n – ɱɢɫɥɨ ɨɛɟɪɬɿɜ ɩɪɢɜɨɞɧɨɝɨ ɜɚɥɚ, ɯɜ-1

. 

ɉɟɪɟɦɿɳɟɧɧɹ ɜɨɪɨɯɭ ɩɨ ɪɟɲɟɬɭ ɡɚ ɨɞɧɟ ɤɨɥɢɜɚɧɧɹ ɜɢɡɧɚɱɚɸɬь ɝɪɚɮɨɚɧɚɥɿ-
ɬɢɱɧɢɦ ɦɟɬɨɞɨɦ, ɡɚɩɪɨɩɨɧɨɜɚɧɢɦ ɩɪɨɮ. Ȼ.Ⱥ. Ȼɟɪɝɨɦ. 

Ɋɨɡɝɥɹɧɟɦɨ ɜɢɩɚɞɨɤ, ɤɨɥɢ ɪɟɲɟɬɨ ɨɬɪɢɦɭє ɝɨɪɢɡɨɧɬɚɥьɧɨ ɫɩɪɹɦɨɜɚɧɿ ɤɨɥɢ-
ɜɚɧɧɹ (ɪɢɫ. 8.4) ɿ ɣɨɝɨ ɪɭɯ ɦɚɥɨ ɜɿɞɪɿɡɧɹєɬьɫɹ ɜɿɞ ɩɪɹɦɨɥɿɧɿɣɧɨɝɨ ɝɚɪɦɨɧɿɣɧɨɝɨ ɤɨ-
ɥɢɜɚɥьɧɨɝɨ ɪɭɯɭ. Ⱦɥɹ ɰьɨɝɨ ɛɭɞɭɸɬь ɜ ɩɪɹɦɨɤɭɬɧɢɯ ɤɨɨɪɞɢɧɚɬɚɯ ɞɿɚɝɪɚɦɭ ɡɦɿɧɢ 
ɲɜɢɞɤɨɫɬɿ v ɿ ɩɪɢɫɤɨɪɟɧь j ɪɟɲɟɬɚ, ɚ ɬɚɤɨɠ ɲɜɢɞɤɨɫɬɿ ɜɨɪɨɯɭ u ɜ ɩɟɪɿɨɞ ɣɨɝɨ ɩɟ-
ɪɟɦɿɳɟɧɧɹ ɩɨ ɩɨɜɟɪɯɧɿ ɪɟɲɟɬɚ. 

Ɂɚ ɩɨɫɬɿɣɧɨʀ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ɨɛɟɪɬɚɧɧɹ ɜɚɥɚ ɤɪɢɜɨɲɢɩɚ ɩɪɢɜɨɞɭ ɨɱɢɫɬɤɢ 
ɤɭɬ ɩɨɜɨɪɨɬɭ ɨɫɬɚɧɧьɨɝɨ φ' ɛɭɞɟ ɩɪɨɩɨɪɰɿɣɧɢɣ ɱɚɫɭ φ' = ωt. 

ɉɨ ɨɫɿ ɚɛɫɰɢɫ ɜɿɞɤɥɚɞɚɸɬь ɱɚɫ ɭ ɫɟɤɭɧɞɚɯ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɤɭɬɿɜ ɩɨɜɨɪɨɬɭ ɤɪɢ-
ɜɨɲɢɩɚ (ɪɢɫ. 8.5): π / 4; π / 2 ... 3π. ɑɚɫ t = φ' / ω ɜɿɞɩɨɜɿɞɧɨ ɞɨɪɿɜɧɸɜɚɬɢɦɟ π / 4ω;  

π / 2ω ... 3π / ω. ɉɨ ɨɫɿ ɨɪɞɢɧɚɬ ɜɿɞɤɥɚɞɚɸɬь ɲɜɢɞɤɨɫɬɿ ɪɟɲɟɬɚ V, ɣɨɝɨ ɩɪɢɫɤɨɪɟɧ-
ɧɹ j ɿ ɲɜɢɞɤɿɫɬь ɪɭɯɭ ɜɨɪɨɯɭ ɩɨ ɪɟɲɟɬɭ u. 

ɒɜɢɞɤɿɫɬь ɪɟɲɟɬɚ V ɿ ɩɪɢɫɤɨɪɟɧɧɹ j ɪɨɡɪɚɯɨɜɭɸɬь ɜɿɞɩɨɜɿɞɧɨɡɚ ɮɨɪɦɭɥɚɦɢ: 
 

;         ; 
 

;        

Ʉɪɢɬɢɱɧɿ ɩɪɢɫɤɨɪɟɧɧɹ, ɡɧɚɣɞɟɧɿ ɡ ɭɦɨɜɢ ɪɿɜɧɨɫɬɿ ɫɢɥ, ɞɿɸɱɢɯ ɭɡɞɨɜɠ ɩɨɜɟɪɯ-
ɧɿ ɪɟɲɟɬɚ, ɜɢɡɧɚɱɚɸɬь ɡ ɪɿɜɧɹɧɧɹ: 

ɚ) ɩɪɢ ɪɭɫɿ ɞɨɝɨɪɢ ɩɨ ɪɟɲɟɬɭ: 
 

; 
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ɚ) ɩɪɢ ɪɭɫɿ ɞɨɧɢɡɭ ɩɨ ɪɟɲɟɬɭ: 
 

; 
 

ɞɟ φ1, φ2 – ɤɭɬɢ ɬɟɪɬɹ ɜɨɪɨɯɭ ɩɨ ɪɟɲɟɬɭ ɩɪɢ ɪɭɫɿ ɜɿɞɩɨɜɿɞɧɨ ɩɨ ɧɚɩɪɹɦɤɭ ɩɨɜɿɬɪɹɧɨ-
ɝɨ ɩɨɬɨɤɭ (φ1 = 25°) ɬɚ ɧɚɡɭɫɬɪɿɱ ɣɨɦɭ (φ2 = 40°–50°). ɐɿ ɩɪɢɫɤɨɪɟɧɧɹ ɜɿɞɩɨɜɿɞɚɬɢ-
ɦɭɬь ɝɪɚɧɢɱɧɨɦɭ ɜɢɩɚɞɤɭ, ɤɨɥɢ ɫɢɥɚ ɬɟɪɬɹ ɜɨɪɨɯɭ ɩɨ ɪɟɲɟɬɭ ɿ ɪɭɲɿɣɧɚ ɫɢɥɚ ɪɿɜɧɿ. 
Ⱦɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɪɭɯɭ ɜɨɪɨɯɭ ɩɨ ɪɟɲɟɬɭ ɜɟɥɢɱɢɧɚ ɩɪɢɫɤɨɪɟɧɧɹ ɦɚє ɛɭɬɢ ɞɟɳɨ 
ɛɿɥьɲɨɸ, ɧɿɠ ɭ ɝɪɚɧɢɱɧɨɦɭ ɜɢɩɚɞɤɭ (ɧɚ 10 %). Ɍɨɞɿ ɩɪɢɫɤɨɪɟɧɧɹ, ɡɚ ɹɤɢɯ ɜɿɞɛɭɜɚ-
ɬɢɦɟɬьɫɹ ɪɭɯ ɜɨɪɨɯɭ ɞɨɝɨɪɢ ɿ ɞɨɧɢɡɭ ɩɨ ɪɟɲɟɬɭ, ɨɛɱɢɫɥɸɸɬь ɜɿɞɩɨɜɿɞɧɨ: 
 

;     (8.29) 
 

 

     ;    (8.30) 
 

Ʉɪɢɬɢɱɧɿ ɩɪɢɫɤɨɪɟɧɧɹ j'1 ɿ j'2 ɩɪɟɞɫɬɚɜɥɹɸɬьɫɹ ɧɚ ɞɿɚɝɪɚɦɿ ɩɪɹɦɢɦɢ, ɩɚɪɚ-
ɥɟɥьɧɢɦɢ ɨɫɿ ɚɛɫɰɢɫ. ɍ ɪɚɡɿ ɪɭɯɭ ɜɩɟɪɟɞ (ɞɨ ɜɢɯɨɞɭ ɡ ɦɨɥɨɬɚɪɤɢ) ɩɪɨɬɹɝɨɦ ɱɚɫɭ t 

ɨɱɢɫɬɤɚ ɿ ɜɨɪɨɯ ɦɚɸɬь ɨɞɧɚɤɨɜɭ ɲɜɢɞɤɿɫɬь ɞɨ ɬɨɱɤɢ Ʉ. ȼɨɪɨɯ ɭ ɬɨɱɰɿ Ʉ ɜɿɞɪɢɜɚєɬь-
ɫɹ ɜɿɞ ɩɨɜɟɪɯɧɿ ɪɟɲɟɬɚ ɿ ɜɟɥɢɱɢɧɢ ɜɿɞɧɨɫɧɨʀ ɲɜɢɞɤɨɫɬɿ ɿ ɩɨɱɢɧɚє ɫɚɦɨɫɬɿɣɧɢɣ ɪɿɜ-
ɧɨɦɿɪɧɨ ɭɩɨɜɿɥьɧɟɧɢɣ ɪɭɯ. ɉɿɫɥɹ ɰьɨɝɨ ɦɨɦɟɧɬɭ ɲɜɢɞɤɿɫɬь ɪɟɲɟɬɚ ɡɦɿɧɸєɬьɫɹ ɡɚ 
ɡɚɤɨɧɨɦ ɫɢɧɭɫɨʀɞɢ (V = ωr sinωt), ɚ ɲɜɢɞɤɿɫɬь ɜɨɪɨɯɭ – ɡɚ ɡɚɤɨɧɨɦ ɩɪɹɦɨʀ ɥɿɧɿʀ, ɞɨ-
ɬɢɱɧɨʀ ɞɨ ɫɢɧɭɫɨʀɞɢ ɜ ɬɨɱɰɿ Ʉ. Ⱦɥɹ ɩɨɥɟɝɲɟɧɧɹ ɩɪɨɜɟɞɟɧɧɹ ɞɨɬɢɱɧɨʀ ɜɢɡɧɚɱɚɸɬь 
ɱɚɫ, ɩɪɨɬɹɝɨɦ ɹɤɨɝɨ ɲɜɢɞɤɿɫɬь ɜɨɪɨɯɭ u ɡɦɟɧɲɢɬьɫɹ ɜɿɞ ɲɜɢɞɤɨɫɬɿ ɣɨɝɨ ɜ ɬɨɱɰɿ Ʉ, 

ɪɿɜɧɨʀ Vk, ɞɨ ɧɭɥɹ. ɐɟ ɞɚє ɦɨɠɥɢɜɿɫɬь ɡɧɚɣɬɢ ɧɚ ɨɫɿ ɚɛɫɰɢɫ ɞɪɭɝɭ ɬɨɱɤɭ ɩɪɹɦɨʀ, ɡɚ 
ɡɚɤɨɧɨɦ ɹɤɨʀ ɡɦɿɧɸɜɚɬɢɦɟɬьɫɹ ɲɜɢɞɤɿɫɬь ɪɭɯɭ ɜɨɪɨɯɭ ɩɨ ɪɟɲɟɬɭ. 

ɑɚɫ t1 ɜɢɡɧɚɱɚɸɬь ɨɪɿєɧɬɨɜɧɨ ɿɡ ɡɚɥɟɠɧɨɫɬɟɣ: 
 

                   u = 0;                 u = Vk -                       0 = Vk -  
 

ɡɜɿɞɤɢ t1 = Vk / j'1. 

Ɂɧɚɱɟɧɧɹ ɱɚɫɭ t1 ɜɿɞɤɥɚɞɚɸɬь ɩɨ ɨɫɿ ɚɛɫɰɢɫ ɜɿɞ ɬɨɱɤɢ ȼ. Ʌɿɧɿɹ Ʉɚ ɭɹɜɥɹє ɝɪɚ-
ɮɿɤ ɡɦɿɧɢ ɲɜɢɞɤɨɫɬɿ ɤɨɜɡɚɧɧɹ ɜɨɪɨɯɭ ɩɨ ɩɨɜɟɪɯɧɿ ɪɟɲɟɬɚ. 

Ɂɚ ɱɚɫ, ɡɨɛɪɚɠɟɧɢɣ ɜɿɞɪɿɡɤɨɦ ba (ɪɢc.8.5), ɪɟɲɟɬɨ ɪɭɯɚєɬьɫɹ ɜɩɟɪɟɞ, ɚ ɜɨɪɨɯ, 
ɳɨ ɜɿɞɿɪɜɚɜɫɹ ɜɿɞ ɪɟɲɟɬɚ, ɩɪɨɞɨɜɠɭє ɪɭɯ ɜɩɟɪɟɞ ɿ ɡɭɩɢɧɹєɬьɫɹ, ɤɨɥɢ ɡɦɿɧɚ ɱɚɫɭ ɞɨ-
ɫɹɝɧɟ ɬɨɱɤɢ ɚ, ɞɟ ɲɜɢɞɤɿɫɬь ɜɨɪɨɯɭ ɞɨɪɿɜɧɸє ɧɭɥɸ. Ɂ ɰьɨɝɨ ɦɨɦɟɧɬɭ ɪɟɲɟɬɨ, ɳɨ 
ɪɭɯɚєɬьɫɹ ɧɚɡɚɞ, ɩɨɱɢɧɚє ɡɚɯɨɩɥɸɜɚɬɢ ɡɿ ɫɨɛɨɸ ɜɨɪɨɯ, ɧɚɞɚɸɱɢ ɣɨɦɭ ɪɿɜɧɨɦɿɪɧɨ 
ɩɪɢɫɤɨɪɟɧɨɝɨ ɪɭɯɭ ɧɚɡɚɞ. ɒɜɢɞɤɿɫɬь ɜɨɪɨɯɭ ɡɦɿɧɸɜɚɬɢɦɟɬьɫɹ ɡɚ ɡɚɤɨɧɨɦ ɬɿєʀ ɠ 
ɩɪɹɦɨʀ ɥɿɧɿʀ ɳɨ є ɩɪɨɞɨɜɠɟɧɧɹɦ ɥɿɧɿʀ Ʉɚ. Ɂɧɚɱɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɪɭɯɭ ɜɨɪɨɯɭ u ɛɭɞɭɬь 

ɧɟɝɚɬɢɜɧɢɦɢ, ɨɫɤɿɥьɤɢ ɪɭɯ ɜɿɞɛɭɜɚєɬьɫɹ ɭ ɡɜɨɪɨɬɧɨɦɭ ɧɚɩɪɹɦɤɭ. 
ɍ ɬɨɱɰɿ m, ɞɟ ɰɹ ɩɪɹɦɚ ɩɟɪɟɬɢɧɚєɬьɫɹ ɡɿ ɫɢɧɭɫɨʀɞɨɸ, ɲɜɢɞɤɨɫɬɿ ɪɟɲɟɬɚ ɿ ɜɨ-

ɪɨɯɭ ɛɭɞɭɬь ɨɞɧɚɤɨɜɢɦɢ. Ɍɨɦɭ ɡɦɿɧɚ ɧɚɩɪɹɦɤɭ ɪɭɯɭ ɜɨɪɨɯɭ u, ɳɨ ɜɿɞɿɪɜɚɜɫɹ ɜɿɞ 
ɩɨɜɟɪɯɧɿ ɪɟɲɟɬɚ, ɩɪɟɞɫɬɚɜɥɹєɬьɫɹ ɧɚ ɞɿɚɝɪɚɦɿ ɩɪɹɦɨɸ ɥɿɧɿєɸ Km, ɞɨɬɢɱɧɨɸ ɞɨ ɫɢ-
ɧɭɫɨʀɞɢ ɜ ɬɨɱɰɿ Ʉ. ȼɿɞɧɨɫɧɟ ɩɟɪɟɦɿɳɟɧɧɹ ɜɨɪɨɯɭ ɩɨ ɩɨɜɟɪɯɧɿ ɪɟɲɟɬɚ ɩɪɢ ɪɭɫɿ ɣɨɝɨ 
ɜɩɟɪɟɞ ɡɨɛɪɚɠɟɧɨ ɧɚ ɞɿɚɝɪɚɦɿ ɩɥɨɳɟɸ Kab, ɚ ɩɪɢ ɪɭɫɿ ɪɟɲɟɬɚ ɧɚɡɚɞ – ɩɥɨɳɟɸ abm. 

ɉɨɜɧɟ ɜɿɞɧɨɫɧɟ ɩɟɪɟɦɿɳɟɧɧɹ ɜɨɪɨɯɭ ɩɨ ɩɨɜɟɪɯɧɿ ɪɟɲɟɬɚ ɩɪɟɞɫɬɚɜɢɬьɫɹ ɩɥɨ-
ɳɟɸ: 

. 
 

Ɂɚ ɱɚɫ ɨɞɧɨɝɨ ɨɛɟɪɬɭ ɜɚɥɚ ɪɟɲɟɬɨ ɩɨɜɟɪɧɟɬьɫɹ ɜ ɩɨɱɚɬɤɨɜɟ ɩɨɥɨɠɟɧɧɹ, ɬɨɛɬɨ 
ɩɨɜɧɟ ɩɟɪɟɦɿɳɟɧɧɹ ɣɨɝɨ ɩɟɪɟɬɜɨɪɢɬьɫɹ ɧɚ ɧɭɥь ɿ ɜɿɞɧɨɫɧɟ ɩɟɪɟɦɿɳɟɧɧɹ ɜɨɪɨɯɭ ɩɨ 
ɩɨɜɟɪɯɧɿ ɪɟɲɟɬɚ ɞɨɪɿɜɧɸɜɚɬɢɦɟ ɚɛɫɨɥɸɬɧɨɦɭ ɩɟɪɟɦɿɳɟɧɧɸ. 
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Ɋɢɫ. 8.5. Ƚɪɚɮɿɱɧɟ ɜɢɡɧɚɱɟɧɧɹ ɯɚɪɚɤɬɟɪɭ ɜɿɞɧɨɫɧɨɝɨ ɪɭɯɭ ɜɨɪɨɯɭ ɿ ɜɟɥɢ-
ɱɢɧɢ ɜɿɞɧɨɫɧɨʀ ɲɜɢɞɤɨɫɬɿ 

 
 

ɉɟɪɟɦɿɳɟɧɧɹ S1 ɜɨɪɨɯɭ ɩɨ ɪɟɲɟɬɭ ɜɩɟɪɟɞ ɜɢɡɧɚɱɢɬьɫɹ ɩɥɨɳɟɸ F1 ɭ ɩɪɢɣɧɹ-
ɬɨɦɭ ɦɚɫɲɬɚɛɿ, ɳɨ ɹɜɥɹє ɫɨɛɨɸ ɞɨɛɭɬɨɤ ɦɚɫɲɬɚɛɿɜ ɲɜɢɞɤɨɫɬɿ [V] ɿ ɱɚɫɭ [t]: 

 

 
 

Ⱥɧɚɥɨɝɿɱɧɨ ɜɢɡɧɚɱɚɸɬь ɩɟɪɟɦɿɳɟɧɧɹ ɜɨɪɨɯɭ S2 ɧɚɡɚɞ ɩɨ ɩɨɜɟɪɯɧɿ ɪɟɲɟɬɚ. ɇɚ 
ɞɿɚɝɪɚɦɿ ɰɟ ɩɟɪɟɦɿɳɟɧɧɹ ɡɨɛɪɚɡɢɬьɫɹ ɩɥɨɳɟɸ F2, ɳɨ ɿ ɞɚє ɜɟɥɢɱɢɧɭ S2 ɜ ɦɚɫɲɬɚɛɿ 
ɞɿɚɝɪɚɦɢ:         

 
 

ɉɨɜɧɟ ɩɟɪɟɦɿɳɟɧɧɹ ɜɨɪɨɯɭ ɩɨ ɪɟɲɟɬɭ ɡɚ ɨɞɢɧ ɨɛɟɪɬ ɜɚɥɚ ɤɪɢɜɨɲɢɩɚ ɛɭɞɟ 
ɫɬɚɧɨɜɢɬɢ: 

 

S = S1 – S2. 
 

ɋɟɪɟɞɧɸ ɲɜɢɞɤɿɫɬь ɩɟɪɟɦɿɳɟɧɧɹ ɜɨɪɨɯɭ ɩɨ ɪɟɲɟɬɭ ɜɢɡɧɚɱɚɸɬь ɡ ɜɢɪɚɡɭ:   
 

                                                     (8.31) 
 
 

 

ɉɪɢɤɥɚɞ. Ʉɭɬ ɧɚɯɢɥɭ ɪɟɲɟɬɚ ɞɨ ɝɨɪɢɡɨɧɬɭ α = 3° (ɪɢɫ. 8.1), ɤɭɬ ɬɟɪɬɹ ɜɨɪɨ-
ɯɭ ɩɨ ɪɟɲɟɬɭ ɩɪɢ ɪɭɫɿ ɡɚ ɧɚɩɪɹɦɨɦ ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ φ1  = 25°, ɤɭɬ ɬɟɪɬɹ ɜɨɪɨɯɭ 

ɩɨ ɪɟɲɟɬɭ  ɩɪɢ ɪɭɫɿ  ɧɚɡɭɫɬɪɿɱ  ɩɨɜɿɬɪɹɧɨɦɭ ɩɨɬɨɤɭ  φ2 = 45°,  ɪɚɞɿɭɫ  ɤɪɢɜɨɲɢɩɚ 

r = 20° ɦɦ,  ɱɢɫɥɨ  ɨɛɟɪɬɿɜ  ɜɚɥɚ  ɩɪɢɜɨɞɭ  ɪɟɲɟɬɚ n = 270 ɯɜ-1
,  ɳɿɥьɧɿɫɬь  ɜɨɪɨɯɭ  

Ȗɜ = 150 ɤɝ/ɦ2
. 

1) ȼɢɡɧɚɱɢɦɨ ɜɟɥɢɱɢɧɢ, ɧɟɨɛɯɿɞɧɿ ɞɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɮɿɤɿɜ ɲɜɢɞɤɨɫɬɿ Vі ɩɪɢ-
ɫɤɨɪɟɧɧɹ j (ɬɚɛɥ. 8.1). 
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2) Ɉɛɱɢɫɥɢɦɨ ɡɧɚɱɟɧɧɹ ɩɪɢɫɤɨɪɟɧɧɹ j'1, ɡɚ ɹɤɨɝɨ ɜɿɞɛɭɜɚɬɢɦɟɬьɫɹ ɩɟɪɟɦɿ-
ɳɟɧɧɹ ɜɨɪɨɯɭ ɞɨ ɜɢɯɨɞɭ ɡ ɦɨɥɨɬɚɪɤɢ, ɡɚ ɮɨɪɦɭɥɨɸ (8.29)  

 

j'1 = 1,1·9,81·tg(25–3) = 1,1·9,81·0,4 = 4,33 ɦ/ɫ2
.    (8.32) 

 

3) Ɉɛɱɢɫɥɢɦɨ ɡɧɚɱɟɧɧɹ ɲɜɢɞɤɨɫɬɿ Vk, ɜɿɞɩɨɜɿɞɧɟ ɩɪɢɫɤɨɪɟɧɧɸ j'1, ɡɚ ɪɿɜ-
ɧɹɧɧɹɦ 

 

Vk = BK · ȝɲɜ,      (8.33) 
 

ɞɟ Vk – ɲɜɢɞɤɿɫɬь ɪɭɯɭ ɪɟɲɟɬɚ, ɜɿɞɩɨɜɿɞɧɚ ɩɪɢɫɤɨɪɟɧɧɸ j'1, ɦ/ɫ; 
 

Ɍɚɛɥɢɰɹ 8.1 
 

Ɋɟɡɭɥьɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɩɪɨɦɿɠɧɢɯ ɡɧɚɱɟɧь ɲɜɢɞɤɨɫɬɿ ɬɚ ɩɪɢɫɤɨɪɟɧɧɹ ɪɟɲɟɬɚ 
 

Ʉɭɬ ɩɨɜɨɪɨɬɭ 
ɤɪɢɜɨɲɢɩɚ 

φ' = ωt, ɝɪɚɞ 

ɑɚɫ 
ɩɨɜɨɪɨɬɭ 

t , ɫ 

ɒɜɢɞɤɿɫɬь 
ɪɟɲɟɬɚ 

V = ωr sinωt, ɦ/ɫ 

ɉɪɢɫɤɨɪɟɧɧɹ 
ɪɟɲɟɬɚ 

j = ω2r cosωt, ɦ/ɫ2
 

0 0 0 15,9 
45 0,0278 0,394 11,13 
90 0,0556 0,564 0 
135 0,0834 0,394 -11,13 
180 0,1112 0 -15,9 

 

ɑɚɫ t ɩɪɢɣɦɚɬɢ ɜ ɿɧɬɟɪɜɚɥɿ π / 4ω; π / 2ω … 3π / ω. 

ȼɄ – ɡɧɚɱɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɜ ɦɚɫɲɬɚɛɿ; 
ȝɲɜ – ɦɚɫɲɬɚɛ ɲɜɢɞɤɨɫɬɿ; ȝɲɜ = 0,075 ɦ/ɫ ɜ ɨɞɧɨɦɭ ɫɚɧɬɢɦɟɬɪɿ. 

 

ɉɿɞɫɬɚɜɥɹɸɱɢ ɱɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɭ ɮɨɪɦɭɥɭ (8.9), ɨɬɪɢɦɚєɦɨ,  
 

Vk = 7·0,075 = 0,525 ɦ/ɫ. 
 

4) Ɋɨɡɪɚɯɭєɦɨ ɱɚɫ t1, ɩɪɨɬɹɝɨɦ ɹɤɨɝɨ ɲɜɢɞɤɿɫɬь ɩɟɪɟɦɿɳɟɧɧɹ ɜɨɪɨɯɭ u ɡɦɟ-
ɧɲɢɬьɫɹ ɜɿɞ ɜɟɥɢɱɢɧɢ Vk ɞɨ ɧɭɥɹ: 

t1 Vk / j฀1, 

ɞɟ t1 – ɱɚɫ, ɡɚ ɹɤɢɣ ɲɜɢɞɤɿɫɬь ɪɭɯɭ ɜɨɪɨɯɭ u ɡɧɢɡɢɬьɫɹ ɜɿɞ Vk ɞɨ ɧɭɥɹ, ɫ; 
 j'1 – ɩɪɢɫɤɨɪɟɧɧɹ ɪɟɲɟɬɚ, ɦ/ɫ2

. 
 

t1 = 0,525 / 4,33 = 0,121 ɫ. 
 

5) ȼɿɞɤɥɚɞɟɦɨ ɡɧɚɱɟɧɧɹ ɱɚɫɭ t1 = 0,121 ɫ ɭ ɩɪɢɣɧɹɬɨɦɭ ɦɚɫɲɬɚɛɿ ɜɿɞ ɬɨɱɤɢ ȼ 
ɿ ɡɧɚɯɨɞɢɦɨ ɬɨɱɤɭ ɚ 

 

ɞɟ ȼɚ – ɱɚɫ ɭ ɦɚɫɲɬɚɛɿ; 
ȝɱ – ɦɚɫɲɬɚɛ ɱɚɫɭ; ȝɱ = 0,01 ɜ ɨɞɧɨɦɭ ɫɚɧɬɢɦɟɬɪɿ. 
ɉɪɹɦɚ Km ɯɚɪɚɤɬɟɪɢɡɭɜɚɬɢɦɟ ɡɦɿɧɭ ɲɜɢɞɤɨɫɬɿ ɪɭɯɭ ɦɚɫɢ ɜɡɞɨɜɠ ɪɟɲɟɬɚ. 

6) ȼɢɡɧɚɱɢɦɨ ɜɟɥɢɱɢɧɭ ɩɪɢɫɤɨɪɟɧɧɹ j'2, ɩɪɢ ɹɤɨɦɭ ɜɿɞɛɭɜɚɬɢɦɟɬьɫɹ ɩɟɪɟɦɿ-
ɳɟɧɧɹ ɜɨɪɨɯɭ ɧɚɡɭɫɬɪɿɱ ɩɨɜɿɬɪɹɧɨɦɭ ɩɨɬɨɤɭ, ɡ ɜɢɪɚɡɭ (8.28) 

 

j'2 = 1,1·9,81·tg(45+3) = 1,1·9,81·1,11 = 12,0 ɦ/ɫ2
. 

 

7) Ɋɨɡɪɚɯɭєɦɨ ɡɧɚɱɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɪɟɲɟɬɚ Vk1, ɳɨ ɜɿɞɩɨɜɿɞɚє ɩɪɢɫɤɨɪɟɧɧɸ 
j'2, ɡ ɜɢɪɚɡɭ Vk1 = ȼ1Ʉ1ȝɲɜ 

 

 

 

 

 

 

 

 

 

 

 



 22 

Vk1=5,2·0,075 =0,39 ɦ/ɫ. 
 

8) ȼɫɬɚɧɨɜɢɦɨ ɱɚɫ t2, ɩɪɨɬɹɝɨɦ ɹɤɨɝɨ ɲɜɢɞɤɿɫɬь ɩɟɪɟɦɿɳɟɧɧɹ ɜɨɪɨɯɭ u ɡɦɟ-
ɧɲɢɬьɫɹ ɜɿɞ ɢk1 ɞɨ ɧɭɥɹ 

t2= = =0,032 c. 

9) ȼɿɞɤɥɚɞɟɦɨ ɡɧɚɱɟɧɧɹ ɱɚɫɭ t2 = 0,032 ɫ ɭ ɩɪɢɣɧɹɬɨɦɭ ɦɚɫɲɬɚɛɿ ɜɿɞ ɬɨɱɤɢ 
ȼ1, ɡɧɚɣɞɟɦɨ ɧɚ ɨɫɿ ɚɛɫɰɢɫ ɬɨɱɤɭ ɚ' ɿ ɩɪɨɜɟɞɟɦɨ ɱɟɪɟɡ ɬɨɱɤɭ Ʉ1 ɿ ɚ' ɩɪɹɦɭ ɞɨ ɩɟɪɟ-
ɬɢɧɭ ɡ ɬɪɚɟɤɬɨɪɿєɸ ɡɦɿɧɢ ɲɜɢɞɤɨɫɬɿ ɪɟɲɟɬɚ ɜ ɬɨɱɰɿ m'. 

ɍ ɧɚɲɨɦɭ ɜɢɩɚɞɤɭ ɪɭɯ ɜɨɪɨɯɭ ɩɪɨɬɢ ɞɿʀ ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ ɩɨɱɧɟɬьɫɹ ɡ ɬɨ-
ɝɨ ɦɨɦɟɧɬɭ, ɤɨɥɢ ɡɚɤɿɧɱɢɬьɫɹ ɪɭɯ ɜɨɪɨɯɭ ɞɨɧɢɡɭ. 
Ɍɨɦɭ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɥɨɳɿ F2 ɧɟɨɛɯɿɞɧɨ ɿɡ ɬɨɱɤɢ m ɩɪɨɜɟɫɬɢ ɥɿɧɿɸ mm', ɩɚɪɚɥɟɥь-
ɧɭ ɥɿɧɿʀ K1m'. 

ɉɥɨɳɚ F1 ɭ ɩɪɢɣɧɹɬɨɦɭ ɦɚɫɲɬɚɛɿ ɹɜɥɹє ɩɟɪɟɦɿɳɟɧɧɹ ɜɨɪɨɯɭ ɩɨ ɪɟɲɟɬɭ ɞɨ 
ɜɢɯɨɞɭ, ɚ ɩɥɨɳɚ F2 – ɩɟɪɟɦɿɳɟɧɧɹ ɜɨɪɨɯɭ ɧɚɡɭɫɬɪɿɱ ɩɨɜɿɬɪɹɧɨɦɭ ɩɨɬɨɤɭ. 

10) Ɉɛɱɢɫɥɢɦɨ ɩɥɨɳɿ F1 ɿ F2. ɍ ɧɚɲɨɦɭ ɩɪɢɤɥɚɞɿ ɩɥɨɳɚ 

F1 = 6600 ɦɦ2, ɚ ɩɥɨɳɚ F2 = 600 ɦɦ2
. 

11) ȼɢɡɧɚɱɢɦɨ ɩɟɪɟɦɿɳɟɧɧɹ ɜɨɪɨɯɭ S ɩɨ ɪɟɲɟɬɭ ɡɚ ɨɞɢɧ 

ɨɛɟɪɬ ɜɚɥɚ ɡ ɜɢɪɚɡɭ 
 

S = F1ȝɱȝɲɜ – F2ȝɱȝɲɜ ,      (8.34) 
 

ɞɟ ȝɱ – ɦɚɫɲɬɚɛ ɱɚɫɭ; ȝɱ = 0,001 ɫ ɜ 1 ɦɦ. 
μɲɜ – ɦɚɫɲɬɚɛ ɲɜɢɞɤɨɫɬɿ; ȝɲɜ = 0,0075 ɦ/ɫ ɜ 1 ɦɦ. 

Ɂɚ ɮɨɪɦɭɥɨɸ (8.33) ɦɚєɦɨ, ɳɨ 
 

S = (6600–600) ȝɱȝɲɜ = 6000·0,001·0,0075 = 0,045 ɦ 
 

12) ȼɫɬɚɧɨɜɢɦɨ ɫɟɪɟɞɧɸ ɲɜɢɞɤɿɫɬь ɪɭɯɭ ɜɨɪɨɯɭ ɩɨ ɪɟɲɟɬɭ,ɫɤɨɪɢɫɬɚɜɲɢɫь 
ɜɢɪɚɡɨɦ (8.28). 
 

 
 

13) Ɋɨɡɪɚɯɭєɦɨ ɬɨɜɳɢɧɭ ɲɚɪɭ ɜɨɪɨɯɭ ɧɚ ɪɟɲɟɬɿ ɩɪɢ 

 ȼɝɪ = 1,27 ɦ, qrp = 1,67 ɤɝ/ɫ, Ȗɜ =150 ɤɝ/ɦ3
 ɡɚ ɮɨɪɦɭɥɨɸ (8.27) 

 

h' =0,044 ɦ. 
 

ȼɢɡɧɚɱɟɧɧя ɩɚɪɚɦɟɬɪіɜ ɜɟɧɬɢɥяɬɨɪɚ ɨɱɢɫɬɤɢ ɤɨɦɛɚɣɧɚ. 
ɉɚɪɚɦɟɬɪɢ ɜɟɧɬɢɥɹɬɨɪɚ ɨɛɱɢɫɥɸɸɬь ɭ ɬɚɤɨɦɭ ɩɨɪɹɞɤɭ. 
1) ȼɢɡɧɚɱɢɦɨ ɩɪɨɞɭɤɬɢɜɧɿɫɬь ɜɟɧɬɢɥɹɬɨɪɚ, 
 

Wɩɨɜ = Ȝ · İ · qcp , ɦ3/ɫ,     (8.35) 
 

ɞɟ Wɩɨɜ – ɩɪɨɞɭɤɬɢɜɧɿɫɬь, ɦ3/ɫ; 
Ȝ – ɤɨɟɮɿɰɿєɧɬ, ɹɤɢɣ ɜɪɚɯɨɜɭє ɧɟɨɛɯɿɞɧɭ ɤɿɥьɤɿɫɬь ɩɨɜɿɬɪɹ ɜ ɦ3, ɹɤɚ ɩɨɜɢɧɧɚ ɩɨɞɚ-

ɜɚɬɢɫɹ ɧɚ 1 ɤɝ ɫɟɪɟɞɧьɨʀ ɩɨɞɚɱɿ ɜɨɪɨɯɚ Qcp;  Ȝ = 1,6–2,2 ɦ3/ɫ; 
İ – ɤɨɟɮɿɰɿєɧɬ, ɳɨ ɜɪɚɯɨɜɭє ɤɿɥьɤɿɫɬь ɩɨɥɨɜɢ, ɹɤɭ ɧɟɨɛɯɿɞɧɨ ɜɢɞɚɥɢɬɢ ɩɨɜɿɬɪɹ-

ɧɢɦ ɩɨɬɨɤɨɦ ɡ ɨɱɢɫɬɤɢ;  İ = (0,2–0,25); 

qcp – ɫɟɪɟɞɧɹ ɩɨɞɚɱɚ ɯɥɿɛɧɨʀ ɦɚɫɢ ɜ ɛɚɪɚɛɚɧ, ɤɝ/ɫ. 
ɉɪɢ qcp = 3,58 ɤɝ/ɫ, Ȝ = 2,2, İ = 0,2 ɡɚ ɮɨɪɦɭɥɨɸ (8.35) ɨɬɪɢɦɚєɦɨ 
 

 

 

 

 

 

 

 

 

 

 

 



 23 

Wɩɨɜ = 2,2 · 0,2 · 3,58 = 1,57 ɦ3/ɫ. 
 

2) ȼɫɬɚɧɨɜɢɦɨ ɲɜɢɞɤɿɫɬь ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ ɭ ɜɢɯɿɞɧɨɦɭ ɨɬɜɨɪɿ Vɜɢх (ɦ/ɫ). 
ɒɜɢɞɤɿɫɬь ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ ɭ ɜɢɯɿɞɧɨɦɭ ɨɬɜɨɪɿ ɜɟɧɬɢɥɹɬɨɪɚ ɡɚɥɟɠɢɬь ɜɿɞ 

ɤɪɢɬɢɱɧɢɯ ɲɜɢɞɤɨɫɬɟɣ ɮɪɚɤɰɿɣ ɜɨɪɨɯɭ (ɡɟɪɧɨ, ɧɚɫɿɧɧɹ ɛɭɪ’ɹɧɿɜ, ɩɨɥɨɜɚ ɿ ɡɛɨʀɧɢ) ɿ 
ɜɢɡɧɚɱɚєɬьɫɹ ɡɚ ɮɨɪɦɭɥɨɸ: 

 

Vɜɢх = αɤ · Vɤɪ,      (8.36) 
 

ɞɟ αɤ – ɤɨɟɮɿɰɿєɧɬ, ɳɨ ɜɪɚɯɨɜɭє ɡɛɿɥьɲɟɧɧɹ ɤɪɢɬɢɱɧɨʀ ɲɜɢɞɤɨɫɬɿ; 
Vɤɪ – ɤɪɢɬɢɱɧɚ ɲɜɢɞɤɿɫɬь, ɦ/ɫ. (ɬɚɛɥ. 8.2) 

ɍ ɧɚɲɨɦɭ ɜɢɩɚɞɤɭ ɜɟɧɬɢɥɹɬɨɪ ɩɨɜɢɧɟɧ ɜɢɞɿɥɢɬɢ ɡɛɨʀɧɢ ɿ ɩɨɥɨɜɭ. ɒɜɢɞɤɿɫɬь 
ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ ɩɪɢ Vɤɪ = 5 ɦ/ɫ ɿ αɤ = 2 ɡɚ ɮɨɪɦɭɥɨɸ (8.35) ɫɬɚɧɨɜɢɬь 

 

Vɜɢх = 2 ∙ 5 = 10 ɦ/ɫ. 
 

Ɍɚɛɥɢɰɹ 8.2 
 

Ɂɧɚɱɟɧɧɹ ɤɪɢɬɢɱɧɢɯ ɲɜɢɞɤɨɫɬɟɣ ɞɥɹ ɫɤɥɚɞɨɜɢɯ ɜɨɪɨɯɭ 
 

ɋɤɥɚɞɨɜɿ ɮɪɚɤɰɿʀ ɜɨɪɨɯɭ Vɤɪ, ɦ/ɫ αɤ 
ɋɨɥɨɦɢɫɬɿ ɱɚɫɬɢɧɤɢ ɡɚɜɞɨɜɠɤɢ ɞɨ 100 ɦɦ 5,0–6,0 1,1–1,7 
ɉɨɥɨɜɚ 1,0–4,0 1,9–3,7 
Ɂɛɨʀɧɢ 4,0–5,0 2,5–5,0 

 

3) ȼɢɡɧɚɱɢɦɨ ɞɢɧɚɦɿɱɧɢɣ ɬɢɫɤ, ɳɨ ɫɬɜɨɪɸєɬьɫɹ ɜɟɧɬɢɥɹɬɨɪɨɦ, ɡɚ ɪɿɜɧɹɧɧɹɦ: 
 

    ,                                           (8.37) 
 

ɞɟ hɞ - ɞɢɧɚɦɿɱɧɢɣ ɬɢɫɤ, ɤɝ/ɦ2
; 

Ȗȼ – ɩɢɬɨɦɚ ɦɚɫɚ ɩɨɜɿɬɪɹ, ɤɝ/ɦ3
 (ȖВ= 1,2 ɤɝ/ɦ3

); 
Vɜɢх – ɲɜɢɞɤɿɫɬь ɩɨɜɿɬɪɹ ɭ ɜɢɯɿɞɧɨɦɭ ɨɬɜɨɪɿ ɜɟɧɬɢɥɹɬɨɪɚ, ɦ/ɫ; 
g – ɩɪɢɫɤɨɪɟɧɧɹ ɫɢɥɢ ɬɹɠɿɧɧɹ, ɦ/ɫ2

. 
Ɂɚ ɮɨɪɦɭɥɨɸ (8.36) ɨɬɪɢɦɚєɦɨ, ɳɨ: 

 

 
 

4) Ɉɛɱɢɫɥɢɦɨ ɫɬɚɬɢɱɧɢɣ ɬɢɫɤ hɫɬ. ɋɬɚɬɢɱɧɢɣ ɬɢɫɤ hɫɬ ɜɢɬɪɚɱɚєɬьɫɹ ɧɚ ɨɩɿɪ ɭ 
ɦɟɪɟɠɿ ɿ ɡɚɥɟɠɢɬь ɜɿɞ ɛɚɝɚɬьɨɯ ɱɢɧɧɢɤɿɜ, ɭ ɬɨɦɭ ɱɢɫɥɿ ɜɿɞ ɤɨɧɫɬɪɭɤɰɿʀ, ɪɨɡɦɿɪɿɜ ɪɟ-
ɲɿɬ ɿ ɬ. ɩ. 

ɍ ɧɚɲɢɯ ɪɨɡɪɚɯɭɧɤɚɯ ɦɨɠɧɚ ɩɪɢɣɦɚɬɢ, ɳɨ ɫɬɚɬɢɱɧɢɣ ɬɢɫɤ ɜ 2–5 ɪɚɡɿɜ ɛɿɥьɲɟ 
ɡɚ ɞɢɧɚɦɿɱɧɢɣ: 

 

hcm = 2 hȾ = 2∙6,12 = 18,36 ɤɝ/ɦ2
. 

 

5) Ɋɨɡɪɚɯɭєɦɨ ɩɨɜɧɢɣ ɞɿɣɫɧɢɣ ɬɢɫɤ, ɳɨ ɫɬɜɨɪɸєɬьɫɹ ɜɟɧɬɢɥɹɬɨɪɨɦ, 
 

ɇȾ= hcm + hȾ = 6,12 + 18,36 = 24,48 ɤɝ/ɦ2
. 

 

6) ȼɢɡɧɚɱɢɦɨ ɬɟɨɪɟɬɢɱɧɢɣ ɬɢɫɤ, ɳɨ ɫɬɜɨɪɸєɬьɫɹ ɜɟɧɬɢɥɹɬɨɪɨɦ, ɤɝ/ɦ2
: 

 

,      (8.38) 
 

ɞɟ ɇȾ – ɩɨɜɧɢɣ ɞɿɣɫɧɢɣ ɬɢɫɤ, ɤɝ/ɦ2
; 

η – ɤɨɟɮɿɰɿєɧɬ ɤɨɪɢɫɧɨʀ ɞɿʀ ɜɟɧɬɢɥɹɬɨɪɚ; η = 0,3–0,6.  

Ɍɟɨɪɟɬɢɱɧɢɣ ɬɢɫɤ ɡɚ ɮɨɪɦɭɥɨɸ (8.38) ɞɨɪɿɜɧɸɜɚɬɢɦɟ: 
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. 

 

7) ȼɫɬɚɧɨɜɢɦɨ ɜɢɫɨɬɭ ɜɢɯɿɞɧɨɝɨ ɨɬɜɨɪɭ S3 (ɪɢɫ. 8.6) ɜɟɧɬɢɥɹɬɨɪɚ ɡ ɜɢɪɚɡɭ, ɦɦ 
 
 

S3 = (Lɝɪ + ɚ) / (cosȕ / sin(į–ȕ) – k0).    (8.39) 
 

ɞɟ į – ɤɭɬ ɧɚɯɢɥɭ ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ ɞɨ ɩɥɨɳɢɧɢ ɪɟɲɟɬɚ; į = 22°–34°; 
ȕ – ɤɭɬ ɪɨɡɲɢɪɟɧɧɹ ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ; ȕ = 12°–16°; 
ɚ – ɤɨɨɪɞɢɧɚɬɚ ɩɟɪɟɞɧьɨɝɨ ɤɿɧɰɹ ɪɟɲɟɬɚ ɜɿɞɧɨɫɧɨ ɜɟɪɯɧьɨɝɨ ɪɟɛɪɚ ɤɚɧɚɥɭ, ɦɦ; 
Lɝɪ – ɞɨɜɠɢɧɚ ɪɟɲɟɬɚ, ɦɦ; (Lɝɪ = 1020 ɦɦ); 
k0 – ɤɨɟɮɿɰɿєɧɬ ɜɿɞɯɢɥɟɧɧɹ ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ ɪɟɲɟɬɨɦ; (k0 = 0,5 – 0,6). 
Ʉɨɨɪɞɢɧɚɬɢ ɚ ɿ b ɩɨɜ’ɹɡɚɧɿ ɦɿɠ ɫɨɛɨɸ ɡɚɥɟɠɧɿɫɬɸ: 
 

. 
 

 
 

Ɋɢɫ. 8.6. ɋɯɟɦɚ ɞɨ ɜɢɡɧɚɱɟɧɧɹ ɜɢɫɨɬɢ ɜɢɯɿɞɧɨɝɨ ɤɚɧɚɥɭ ɜɟɧɬɢɥɹɬɨɪɚ 
 
ȼɢɫɨɬɚ S3 ɡɚ ɮɨɪɦɭɥɨɸ (8.39) ɛɭɞɟ ɦɚɬɢ ɧɚɫɬɭɩɧɟ ɱɢɫɥɨɜɟ ɡɧɚɱɟɧɧɹ: 

    (8.40) 

 

8) Ɉɛɱɢɫɥɢɦɨ ɞɿɚɦɟɬɪ ɜɯɿɞɧɨɝɨ ɨɬɜɨɪɭ Dɜх ɞɥɹ ɞɜɨɫɬɨɪɨɧɧьɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ 
ɡɚ ɪɿɜɧɹɧɧɹɦ, ɦ: 

 

,      (8.41) 

 

ɞɟ Wɩɨɜ – ɤɿɥьɤɿɫɬь ɩɨɜɿɬɪɹ, ɳɨ ɩɨɞɚєɬьɫɹ, ɦ3/ɫ; 
    Vɜх – ɲɜɢɞɤɿɫɬь ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ ɭ ɜɯɿɞɧɨɦɭ ɨɬɜɨɪɿ, ɦ/ɫ; Vɜх = 8 ɦ/ɫ. 

Ɂɚ ɮɨɪɦɭɥɨɸ (8.41) ɞɿɚɦɟɬɪ ɜɯɿɞɧɨɝɨ ɨɬɜɨɪɭ ɫɬɚɧɨɜɢɬɢɦɟ: 
 

 

 

9) ȼɢɡɧɚɱɢɦɨ: 
- ɜɧɭɬɪɿɲɧɿɣ ɞɿɚɦɟɬɪ ɪɨɛɨɱɨɝɨ ɤɨɥɟɫɚ ɡɚ ɜɢɪɚɡɨɦ: 

D1 = 0,95 Dɜх = 0,95∙0,335 = 0,32 ɦ; 
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- ɡɨɜɧɿɲɧɿɣ ɞɿɚɦɟɬɪ ɪɨɛɨɱɨɝɨ ɤɨɥɟɫɚ: 

D1 = 1,6 Dɜх = 1,6∙0,335 = 0,534 ɦ; 
- ɱɢɫɥɨ ɨɛɟɪɬɿɜ ɜɚɥɚ ɜɟɧɬɢɥɹɬɨɪɚ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɡɚɥɟɠɧɿɫɬь, ɯɜ-1

: 
 

,     (8.42) 

 

ɞɟ r2 –ɡɨɜɧɿɲɧɿɣ ɪɚɞɿɭɫ ɪɨɛɨɱɨɝɨ ɤɨɥɟɫɚ, ɦ; 
     r1 – ɜɧɭɬɪɿɲɧɿɣ ɪɚɞɿɭɫ ɪɨɛɨɱɨɝɨ ɤɨɥɟɫɚ, ɦ. 

ɉɿɞɫɬɚɜɥɹɸɱɢ ɜɟɥɢɱɢɧɢ ɭ ɮɨɪɦɭɥɭ (8.42), ɨɬɪɢɦɚєɦɨ:  
 

ɯɜ-1
. 

 

10) ȼɢɡɧɚɱɚєɦɨ ɩɨɬɭɠɧɿɫɬь ɞɜɢɝɭɧɚ ɞɥɹ ɪɨɛɨɬɢ ɜɟɧɬɢɥɹɬɨɪɚ ɡɚ ɮɨɪɦɭɥɨɸ, ɤȼɬ: 
 

,      (8.43) 

 

ɞɟ Nɞ – ɩɨɬɭɠɧɿɫɬь ɞɜɢɝɭɧɚ, ɤȼɬ.; 
ηɩɟɪ – ɤɨɟɮɿɰɿєɧɬ ɤɨɪɢɫɧɨʀ ɞɿʀ ɩɟɪɟɞɚɱɿ; ηɩɟɪ = 0,95–0,98. 

Ɂɚ ɮɨɪɦɭɥɨɸ (8.43) ɩɨɬɭɠɧɿɫɬь ɞɜɢɝɭɧɚ ɫɬɚɧɨɜɢɬɢɦɟ: 
 

 ɤȼɬ. 
 

Ɋɟɡɭɥьɬɚɬɨɦ ɜɢɤɨɧɚɧɨʀ ɪɨɛɨɬɢ є ɪɨɡɪɚɯɭɧɨɤ ɩɚɪɚɦɟɬɪɿɜ ɿ ɪɟɠɢɦɿɜ ɪɨɛɨɬɢ 
ɨɱɢɫɬɤɢ ɡɧɨɡɛɢɪɚɥьɧɨɝɨ ɤɨɦɛɚɣɧɚ ɬɚ ɝɪɚɮɿɱɧɿ ɩɨɛɭɞɭɜɚɧɧɹ ɞɨ ʀɯ ɜɢɡɧɚɱɟɧɧɹ. Ɂɚ ɪɟ-
ɡɭɥьɬɚɬɚɦɢ ɪɨɛɨɬɢ ɮɨɪɦɭɥɸɸɬьɫɹ ɜɢɫɧɨɜɤɢ. 

ɍ ɜɫɿɯ ɜɚɪɿɚɧɬɚɯ ɡɚɜɞɚɧь ɩɪɢɣɦɚєɬьɫɹ, ɳɨ ɪɟɲɟɬɭ ɧɚɞɚɸɬьɫɹ ɝɨɪɢɡɨɧɬɚɥьɧɨ 
ɫɩɪɹɦɨɜɚɧɿ ɤɨɥɢɜɚɧɧɹ, ɿ ɣɨɝɨ ɪɭɯ ɦɚɥɨ ɜɿɞɪɿɡɧɹєɬьɫɹ ɜɿɞ ɝɚɪɦɨɧɿɣɧɨɝɨ ɤɨɥɢɜɚɥьɧɨɝɨ 
ɪɭɯɭ. 
 

Ɍɚɛɥɢɰɹ 8.3 
 

ȼɢɯɿɞɧɿ ɞɚɧɿ ɞɨ ɪɨɡɪɚɯɭɧɤɭ ɩɚɪɚɦɟɬɪɿɜ ɿ ɪɟɠɢɦɿɜ ɪɨɛɨɬɢ 
ɨɱɢɫɬɤɢ ɡɟɪɧɨɡɛɢɪɚɥьɧɨɝɨ ɤɨɦɛɚɣɧɚ 

 

№ 

ɜɚɪɿɚɧɬɚ 

Ʉɭɬ ɧɚɯɢɥɭ 

ɪɟɲɟɬɚ ɞɨ 
ɝɨɪɢɡɨɧɬɭ 

α, ɝɪɚɞ 

Ʉɭɬ ɬɟɪɬɹ ɜɨɪɨɯɭ ɩɨ ɪɟɲɟɬɭ 

(ɝɪɚɞ) ɩɪɢ ɪɭɫɿ ɜɿɞɧɨɫɧɨ 
ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ 

Ɋɚɞɿɭɫ 

ɤɪɢɜɨɲɢɩɚ 
r, ɦɦ 

ɑɢɫɥɨ ɨɛɟɪɬɿɜ 

ɜɚɥɚ ɩɪɢɜɨɞɚ 
ɪɟɲɟɬɚ n, ɯɜ-1

 

ɩɨ ɧɚɩɪɹɦɭ φ1 ɩɪɨɬɢ ɧɚɩɪɹɦɭ φ2 

1 3 25 45 20 270 

2 5 25 40 25 250 

3 4 27 43 22 260 

4 6 25 40 20 240 

5 3 26 42 25 300 

6 5 25 45 25 250 

7 4 26 43 20 260 

8 6 27 45 20 240 
9 5 25 43 30 250 

10 4 25 43 20 260 
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Ɂɚɩɢɬɚɧɧɹ ɞɥɹ ɫɚɦɨɤɨɧɬɪɨɥɸ 

1.  ɍ ɱɨɦɭ ɩɨɥɹɝɚє ɫɭɬɧɿɫɬь ɦɟɬɨɞɢɤɢ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɬɚ ɪɟɠɢɦɿɜ ɪɨ-
ɛɨɬɢ ɪɟɲɿɬ? 

2.  əɤ ɧɚɩɪɚɜɥɟɧɿ ɫɢɥɢ ɿɧɟɪɰɿʀ, ɹɤɿ ɞɿɸɬь ɧɚ ɦɚɬɟɪɿɚɥ, ɳɨ ɡɧɚɯɨɞɢɬьɫɹ ɧɚ ɪɟ-
ɲɟɬɿ? Ɂɚ ɹɤɢɯ ɭɦɨɜ ɦɨɠɥɢɜɢɣ ɪɭɯ ɦɚɬɟɪɿɚɥɭ ɩɨ ɪɟɲɟɬɭ? 

3.  Ɋɨɡɤɪɢɣɬɟ ɮɿɡɢɱɧɭ ɫɭɬɧɿɫɬь ɪɿɜɧɹɧɧɹ ȿɣɥɟɪɚ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɬɟɨɪɟɬɢɱɧɨɝɨ 
ɬɢɫɤɭ, ɳɨ ɫɬɜɨɪɸєɬьɫɹ ɜɟɧɬɢɥɹɬɨɪɨɦ. 

4.  ɑɨɦɭ ɞɨɪɿɜɧɸє ɩɨɜɧɢɣ ɬɢɫɤ ɩɨɜɿɬɪɹ ɩɪɢ ɪɨɛɨɬɿ ɜɟɧɬɢɥɹɬɨɪɚ? ɓɨ ɬɚɤɟ ɫɬɚ-
ɬɢɱɧɢɣ ɿ ɞɢɧɚɦɿɱɧɢɣ ɬɢɫɤ? 

5.  əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɩɨɬɭɠɧɿɫɬь ɩɿɞ ɱɚɫ ɪɨɛɨɬɢ ɜɟɧɬɢɥɹɬɨɪɚ? 

6.  Ɋɨɡɤɚɠɿɬь ɩɪɨ ɪɨɡɪɚɯɭɧɨɤ ɧɟɨɛɯɿɞɧɨʀ ɜɢɬɪɚɬɢ ɩɨɜɿɬɪɹ ɜɟɧɬɢɥɹɬɨɪɨɦ? 

7. əɤ ɨɛɱɢɫɥɢɬɢ ɝɟɨɦɟɬɪɢɱɧɿ ɩɚɪɚɦɟɬɪɢ ɜɟɧɬɢɥɹɬɨɪɚ? 

 

Ɂɚɞɚɱɿ ɡɚ ɬɟɦɨɸ 

“Ɋɨɡɪɚɯɭɧɨɤ ɩɚɪɚɦɟɬɪɿɜ ɨɱɢɫɬɤɢ ɡɟɪɧɨɡɛɢɪɚɥьɧɨɝɨ ɤɨɦɛɚɣɧɚ” 
 

1. ȼɢɡɧɚɱɢɬɢ ɯɚɪɚɤɬɟɪ ɜɿɞɧɨɫɧɨɝɨ ɪɭɯɭ ɲɚɪɭ ɧɚɫɿɧɧɹ ɩɨ ɪɟɲɟɬɭ, ɹɤɟ ɜɫɬɚɧɨ-
ɜɥɟɧɨ ɞɨ ɝɨɪɢɡɨɧɬɭ ɩɿɞ ɤɭɬɨɦ 8° ɿ ɡɞɿɣɫɧɸє ɤɨɥɢɜɚɧɧɹ ɩɿɞ ɤɭɬɨɦ 4°. Ⱥɦɩɥɿɬɭɞɚ ɤɨ-
ɥɢɜɚɧь 7,5 ɦɦ, ɱɚɫɬɨɬɚ ɨɛɟɪɬɚɧɧɹ ɜɚɥɚ ɤɪɢɜɨɲɢɩɚ 500 ɯɜ-1, ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɧɚɫɿɧɧɹ 
ɩɨ ɪɟɲɟɬɭ 0,437. 

2.  Ɋɟɲɟɬɨ ɜɫɬɚɧɨɜɥɟɧɨ ɩɿɞ ɤɭɬɨɦ 8° ɞɨ ɝɨɪɢɡɨɧɬɭ, ɤɭɬ ɧɚɩɪɹɦɤɭ ɤɨɥɢɜɚɧь 
5°, ɚɦɩɥɿɬɭɞɚ ɤɨɥɢɜɚɧь ɪɟɲɟɬɚ 5 ɦɦ, ɤɭɬ ɬɟɪɬɹ ɧɚɫɿɧɧɹ ɨɛ ɩɨɜɟɪɯɧɸ ɪɟɲɟɬɚ 30°. 
ȼɢɡɧɚɱɢɬɢ ɱɚɫɬɨɬɭ ɨɛɟɪɬɚɧɧɹ ɜɚɥɚ ɤɪɢɜɨɲɢɩɚ, ɡɚ ɹɤɨɝɨ ɲɚɪ ɧɚɫɿɧɧɹ: 

ɚ) ɬɿɥьɤɢ ɜɧɢɡ; 
ɛ) ɭɧɢɡ ɿ ɞɨɝɨɪɢ ɩɨ ɪɟɲɟɬɭ. 
3.  Ʉɭɬ ɧɚɯɢɥɭ ɪɟɲɟɬɚ ɞɨ ɝɨɪɢɡɨɧɬɭ 8°, ɤɭɬ ɧɚɩɪɹɦɤɭ ɤɨɥɢɜɚɧь 12°, ɚɦɩɥɿɬɭ-

ɞɚ ɤɨɥɢɜɚɧь 10 ɦɦ. ȼɢɡɧɚɱɢɬɢ ɱɚɫɬɨɬɭ ɨɛɟɪɬɚɧɧɹ ɜɚɥɚ ɤɪɢɜɨɲɢɩɚ, ɡɚ ɹɤɨʀ ɲɚɪ ɧɚ-
ɫɿɧɧɹ ɩɟɪɟɦɿɳɭєɬьɫɹ ɡ ɜɿɞɪɢɜɨɦ ɜɿɞ ɩɨɜɟɪɯɧɿ ɪɟɲɟɬɚ. 

4.  Ɋɟɲɟɬɨ ɜɫɬɚɧɨɜɥɟɧɨ ɩɿɞ ɤɭɬɨɦ 8° ɞɨ ɝɨɪɢɡɨɧɬɭ, ɤɨɥɢɜɚєɬьɫɹ ɜ ɝɨɪɢɡɨɧɬɚ-
ɥьɧɨɦɭ ɧɚɩɪɹɦɤɭ ɡ ɚɦɩɥɿɬɭɞɨɸ 10 ɦɦ. Ⱦɨ ɹɤɨʀ ɱɚɫɬɨɬɢ ɦɨɠɥɢɜɨ ɞɨɜɟɫɬɢ ɤɨɥɢɜɚɧɧɹ 
ɪɟɲɟɬɚ, ɳɨɛ ɧɚɫɿɧɧɹ, ɹɤɟ ɧɚ ɧьɨɦɭ ɡɧɚɯɨɞɢɬьɫɹ (ɤɭɬ ɬɟɪɬɹ 19°), ɧɟ ɩɟɪɟɫɭɜɚɥɨɫɹ ɞɨ-
ɝɨɪɢ ɩɨ ɪɟɲɟɬɭ? 

5.  Ɋɟɲɟɬɨ ɜɫɬɚɧɨɜɥɟɧɨ ɡ ɧɚɯɢɥɨɦ 9° ɞɨ ɝɨɪɢɡɨɧɬɭ, ɤɨɥɢɜɚєɬьɫɹ ɜ ɝɨɪɢɡɨɧɬɚ-
ɥьɧɨɦɭ ɧɚɩɪɹɦɤɭ ɡ ɚɦɩɥɿɬɭɞɨɸ 12 ɦɦ. Ɂɚ ɹɤɨʀ ɦɚɤɫɢɦɚɥьɧɨʀ ɱɚɫɬɨɬɢ ɤɨɥɢɜɚɧь ɪɟ-
ɲɟɬɚ ɧɚɫɿɧɧɹ, ɳɨ ɧɚ ɧьɨɦɭ ɡɧɚɯɨɞɢɬьɫɹ (ɤɭɬ ɬɟɪɬɹ 15,5°), ɛɭɞɟ ɪɭɯɚɬɢɫɹ ɜɧɢɡ, ɧɟ 
ɩɨɫɭɜɚɸɱɢɫь ɞɨɝɨɪɢ? 

6.  Ɋɟɲɟɬɨ ɜɫɬɚɧɨɜɥɟɧɨ ɡ ɧɚɯɢɥɨɦ 12° ɞɨ ɝɨɪɢɡɨɧɬɭ, ɤɨɥɢɜɚєɬьɫɹ ɜ ɝɨɪɢɡɨɧ-
ɬɚɥьɧɨɦɭ ɧɚɩɪɹɦɤɭ ɡ ɚɦɩɥɿɬɭɞɨɸ 11 ɦɦ ɿ ɱɚɫɬɨɬɨɸ 216 ɯɜ-1. ȼɢɡɧɚɱɢɬɢ ɤɨɟɮɿɰɿєɧɬ 
ɬɟɪɬɹ ɡɟɪɧɨɜɨɝɨ ɜɨɪɨɯɭ ɩɨ ɪɟɲɟɬɭ, ɹɤɳɨ ɡɚ ɞɚɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɩɨɱɢɧɚєɬьɫɹ ɥɟɞь ɩɨ-
ɦɿɬɧɟ ɩɟɪɟɫɭɜɚɧɧɹ ɜɨɪɨɯɭ ɞɨɝɨɪɢ ɩɨ ɪɟɲɟɬɭ. 

7.  Ɋɨɡɪɚɯɭɜɚɬɢ ɱɚɫ ɨɞɧɨɝɨ ɤɨɥɢɜɚɧɧɹ ɪɟɲɟɬɚ, ɹɤɳɨ ɩɟɪɟɦɿɳɟɧɧɹ ɱɚɫɬɤɢ ɞɨ-
ɝɨɪɢ 6 ɫɦ, ɭɧɢɡ 10 ɫɦ ɿ ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬь ɪɭɯɭ ɱɚɫɬɤɢ ɩɨ ɪɟɲɟɬɭ 0,1 ɦ/ɫ. 

8. ȼɢɡɧɚɱɢɬɢ ɩɪɨɞɭɤɬɢɜɧɿɫɬь ɜɟɧɬɢɥɹɬɨɪɚ ɿ ɩɨɜɧɢɣ ɬɢɫɤ ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ, 
ɹɤɳɨ ɩɨɩɟɪɟɱɧɢɣ ɩɟɪɟɪɿɡ ɤɚɧɚɥɭ 0,25 ɦ2, ɬɢɫɤ, ɳɨ ɜɢɬɪɚɱɚєɬьɫɹ ɧɚ ɨɩɿɪ ɜ ɤɚɧɚɥɿ, 
ɫɬɚɧɨɜɢɬь 50 ɇ/ɦ2

 ɿ ɲɜɢɞɤɿɫɬь ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ 10 ɦ/ɫ. 
9.  ȼɟɧɬɢɥɹɬɨɪ ɡɚ ɱɚɫɬɨɬɢ ɨɛɟɪɬɚɧɧɹ ɥɨɩɚɬɟɜɨɝɨ ɤɨɥɟɫɚ 840 ɯɜ-1

 ɩɨɞɚє ɜ ɬɪɭ-
ɛɨɩɪɨɜɿɞ 0,5 ɦ3/ɫ ɩɨɜɿɬɪɹ, ɫɬɜɨɪɸє ɬɢɫɤ 208 ɇ/ɦ2

 ɿ ɫɩɨɠɢɜɚє 0,41 ɤȼɬ ɩɨɬɭɠɧɨɫɬɿ. 
ȼɢɡɧɚɱɢɬɢ, ɡɚ ɹɤɨʀ ɱɚɫɬɨɬɢ ɨɛɟɪɬɚɧɧɹ ɥɨɩɚɬɟɜɨɝɨ ɤɨɥɟɫɚ ɜɟɧɬɢɥɹɬɨɪ ɛɭɞɟ ɦɚɬɢ ɩɪɨ-
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ɞɭɤɬɢɜɧɿɫɬь 0,8 ɦ3/ɫ. əɤɿ ɛɭɞɭɬь ɩɪɢ ɰьɨɦɭ ɩɨɜɧɢɣ ɬɢɫɤ ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ ɿ ɫɩɨ-

ɠɢɜɚɧɚ ɜɟɧɬɢɥɹɬɨɪɨɦ ɩɨɬɭɠɧɿɫɬь? 

10.  ȼɢɡɧɚɱɢɬɢ ɤɨɟɮɿɰɿєɧɬ ɪɟɠɢɦɭ ɪɨɛɨɬɢ ɜɟɧɬɢɥɹɬɨɪɚ, ɹɤɳɨ ɬɢɫɤ ɩɨɜɿɬɪɹɧɨ-
ɝɨ ɩɨɬɨɤɭ, ɳɨ ɜɢɬɪɚɱɚєɬьɫɹ ɧɚ ɩɨɞɨɥɚɧɧɹ ɨɩɨɪɭ ɜ ɫɢɫɬɟɦɿ, ɫɬɚɧɨɜɢɬь 200 ɇ/ɦ2

, 

ɲɜɢɞɤɿɫɬь ɩɨɜɿɬɪɹ ɞɨɪɿɜɧɸє 12 ɦ/ɫ. 
11.  Ɉɛɱɢɫɥɢɬɢ ɩɨɬɭɠɧɿɫɬь, ɳɨ ɩɨɞɚєɬьɫɹ ɧɚ ɩɪɢɜɿɞ ɜɟɧɬɢɥɹɬɨɪɚ, ɹɤɳɨ ɩɪɨ-

ɞɭɤɬɢɜɧɿɫɬь ɜɟɧɬɢɥɹɬɨɪɚ 2,4 ɦ3/ɫ, ɤɨɟɮɿɰɿєɧɬ ɪɟɠɢɦɭ ɪɨɛɨɬɢ 0,56, ɲɜɢɞɤɿɫɬь ɩɨɜɿɬ-
ɪɹ 9,5 ɦ/ɫ ɿ ɄɄȾ ɜɟɧɬɢɥɹɬɨɪɚ 0,4. 

12.  ȼɫɬɚɧɨɜɢɬɢ ɩɪɨɞɭɤɬɢɜɧɿɫɬь ɜɟɧɬɢɥɹɬɨɪɚ, ɹɤɳɨ ɞɢɧɚɦɿɱɧɢɣ ɬɢɫɤ ɩɨɜɿɬɪɹ 
ɩɪɢ ɜɢɯɨɞɿ ɡ ɜɟɧɬɢɥɹɬɨɪɚ 8,4 ɉɚ, ɩɟɪɟɪɿɡ ɜɢɯɿɞɧɨɝɨ ɨɬɜɨɪɭ 260 ɯ 900 ɦɦ, ɳɿɥьɧɿɫɬь 
ɩɨɜɿɬɪɹ 1,22 ɤɝ/ɦ3

. 

13.  Ɉɛɱɢɫɥɢɬɢ ɤɨɟɮɿɰɿєɧɬ ɪɟɠɢɦɭ ɪɨɛɨɬɢ ɜɟɧɬɢɥɹɬɨɪɚ, ɹɤɳɨ ɬɢɫɤ ɩɨɜɿɬɪɹɧɨ-
ɝɨ ɩɨɬɨɤɭ ɧɚ ɩɨɞɨɥɚɧɧɹ ɨɩɨɪɭ ɩɨɜɿɬɪɨɩɪɨɜɨɞɭ 120 ɉɚ, ɲɜɢɞɤɿɫɬь ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨ-
ɤɭ 8 ɦ/ɫ. 

14.  ȼɢɡɧɚɱɢɬɢ ɩɨɬɭɠɧɿɫɬь, ɳɨ ɩɨɞɚєɬьɫɹ ɧɚ ɩɪɢɜɿɞ, ɹɤɳɨ ɩɪɨɞɭɤɬɢɜɧɿɫɬь ɜɟ-
ɧɬɢɥɹɬɨɪɚ Wɩɨɜ = 1,9 ɦ3/ɫ, ɫɬɚɬɢɫɬɢɱɧɢɣ ɬɢɫɤ ɧɚ ɜɢɯɨɞɿ ɡ ɜɟɧɬɢɥɹɬɨɪɚ 25 ɉɚ, ɲɜɢɞ-
ɤɿɫɬь ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ 10 ɦ/ɫ, ɳɿɥьɧɿɫɬь ɩɨɜɿɬɪɹ 1,22 ɤɝ/ɦ3, ɄɄȾ ɜɟɧɬɢɥɹɬɨɪɚ 0,4. 

15.  ȼɢɡɧɚɱɢɬɢ ɤɨɟɮɿɰɿєɧɬ ɩɚɪɭɫɧɨɫɬɿ, ɹɤɳɨ ɞɢɧɚɦɿɱɧɢɣ ɬɢɫɤ ɩɨɜɿɬɪɹɧɨɝɨ ɩɨ-
ɬɨɤɭ, ɡɚ ɹɤɨɝɨ ɡɟɪɧɨ ɡɧɚɯɨɞɢɬьɫɹ ɭ ɡɚɜɢɫɥɨɦɭ ɫɬɚɧɿ, ɞɨɪɿɜɧɸє 7,2 ɦɦ ɜɨɞ. ɫɬ., ɳɿɥь-
ɧɿɫɬь ɩɨɜɿɬɪɹ 1,22 ɤɝ/ɦ3

. 

16.  Ɋɨɡɪɚɯɭɜɚɬɢ ɤɨɟɮɿɰɿєɧɬ ɫɟɩɚɪɚɰɿʀ ȝ ɞɥɹ ɤɨɦɛɚɣɧɚ “ɇɢɜɚ”, ɹɤɳɨ ɜɿɞɨɦɨ, 
ɳɨ ɡɚɜɚɧɬɚɠɟɧɧɹ ɦɨɥɨɬɢɥьɧɨɝɨ ɚɩɚɪɚɬɭ 5 ɤɝ/ɫ, ɬɨɜɳɢɧɚ ɲɚɪɭ 0,15 ɦ ɜɿɞɩɨɜɿɞɚє 

 ȝ = 1,1 ɦ-1
. 

 

 
 
 
 
 
 
 
 
 
 

 


