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ʇʈɽɼʀʉʃʆɺʀɽ  
 

 

 

 
ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʩʦʜʝʨʞʠʪ ʩʚʝʜʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʢʫʨʩʦʚʳʭ ʧʨʦʝʢʪʦʚ ʧʦ ʜʝʪʘʣʷʤ ʤʘʰʠʥ ʚ ʪʝʭʥʠʢʫʤʘʭ. ʆʥʦ ʩʦʩʪʘʚʣʝʥʦ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʨʘʤʤʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʫʪʚʝʨʞʜʝʥʥʦʡ ʜʣʷ ʤʘʰʠʥʦ-

ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʝʭʥʠʢʫʤʦʚ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʠʟʜʘʥʠʝʤ, ʚʪʦʨʦʝ ʠʟʜʘʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʝʨʝʨʘʙʦʪʘʥʦ ʠ ʜʦʧʦʣʥʝʥʦ ʚ ʩʚʷʟʠ ʩ ʚʚʝʜʝʥʠʝʤ ʥʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ ʠ ʠʭ 

ʜʝʪʘʣʝʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ 

ʢʦʤʧʴʶʪʝʨʦʚ, ʚ ʧʦʩʦʙʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩ-

ʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ. 

ʇʨʠʣʦʞʝʥʠʷ ʜʦʧʦʣʥʝʥʳ ʥʦʚʳʤʠ ʩʧʨʘʚʦʯʥʳʤʠ ʩʚʝʜʝʥʠʷʤʠ. 

ɸʚʪʦʨʳ ʩ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴʶ ʧʨʠʤʫʪ ʚʩʝ ʟʘʤʝʯʘʥʠʷ ʠ ʧʦʞʝʣʘʥʠʷ ʧʦ 

ʥʘʩʪʦʷʱʝʤʫ ʠʟʜʘʥʠʶ. 

ʇʨʦʩʴʙʘ ʥʘʧʨʘʚʣʷʪʴ ʠʭ ʧʦ ʘʜʨʝʩʫ: 107076, ʄʦʩʢʚʘ, ʉʪʨʦʤʳʥʩʢʠʡ ʧʝʨ., ʜ. 

4, ʠʟʜʘʪʝʣʴʩʪʚʦ çʄʘʰʠʥʦʩʪʨʦʝʥʠʝè. 
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ɻʃɸɺɸ 1 

ʂʀʅɽʄɸʊʀʏɽʉʂʀʁ ʈɸʉʏɽʊ ʇʈʀɺʆɼɸ  
 

 

 

 

Ä 1.1. ʆʇʈɽɼɽʃɽʅʀɽ ʊʈɽɹʋɽʄʆʁ ʄʆʑʅʆʉʊʀ  

ʕʃɽʂʊʈʆɼɺʀɻɸʊɽʃʗ 

 

 

ɺ ʪʠʧʦʚʳʭ ʟʘʜʘʥʠʷʭ ʥʘ ʢʫʨʩʦʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʫʢʘʟʳ-

ʚʘʝʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʠʚʦʜʘ ʢ ʢʦʥʚʝʡʝʨʫ, ʩʤʝʩʠʪʝʣʶ, ʢʦʨʤʦʨʘʟʜʘʪʯʠ-

ʢʫ ʠ ʜʨʫʛʠʤ ʫʩʪʨʦʡʩʪʚʘʤ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʤ ʚ ʨʝʞʠʤʝ, ʙʣʠʟʢʦʤ ʢ ʧʦʩʪʦʷʥʥʦʤʫ. 

ʂ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʦʪʥʦʩʷʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ, ʟʘʛʨʫʟʦʯʥʳʝ ʠ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʋʯʘʱʠʝʩʷ ʪʝʭʥʠʢʫʤʘ ʜʦʣʞʥʳ ʨʘʩʩʯʠʪʘʪʴ ʚʩʝ ʵʣʝʤʝʥʪʳ ʧʨʠʚʦʜʘ ʠ ʨʘʟʨʘ-

ʙʦʪʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʟʫʙʯʘʪʦʛʦ ʠʣʠ ʯʝʨʚʷʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʜʥʫ ʠʟ ʛʠʙʢʠʭ ʧʝʨʝʜʘʯ ð ʨʝʤʝʥʥʫʶ ʠʣʠ ʮʝʧʥʫʶ. 

ʇʝʨʚʳʡ ʵʪʘʧ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ð ʘʥʘʣʠʟ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠ ʚʳʙʦʨ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʅʘ ʨʠʩ. 1.1 ʧʦʢʘʟʘʥʘ ʦʜʥʘ ʠʟ ʪʠʧʦʚʳʭ ʩʭʝʤ ʧʨʠʚʦʜʘ ʢ ʣʝʥʪʦʯʥʦʤʫ ʢʦʥʚʝʡ-

ʝʨʫ: ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚʨʘʱʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʚʘʣʫ ʙʘʨʘʙʘʥʘ ʯʝʨʝʟ ʨʝʤʝʥʥʫʶ 

ʧʝʨʝʜʘʯʫ, ʟʫʙʯʘʪʳʡ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʡ ʨʝʜʫʢʪʦʨ ʠ ʮʝʧʥʫʶ ʧʝʨʝʜʘʯʫ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ ʟʘʜʘʥʠʠ ʜʦʣʞ-

ʥʳ ʙʳʪʴ ʫʢʘʟʘʥʳ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʊʨ (ʅÅʤ) ʥʘ ʚʘʣʫ ʙʘʨʘʙʘʥʘ ʠ ʫʛʣʦʚʘʷ ʩʢʦ-

ʨʦʩʪʴ wʨ (ʨʘʜ/ʩ) ʵʪʦʛʦ ʚʘʣʘ ʠʣʠ ʞʝ ʩʠʣʘ ʪʷʛʠ F (ʅ) ʠ ʩʢʦʨʦʩʪʴ v (ʤ/ʩ) ʣʝʥʪʳ. 

ʀʩʢʦʤʫʶ ʤʦʱʥʦʩʪʴ ʈ (ɺʪ) ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʧʨʝʜʝʣʷʶʪ ʠʟ ʚʳʨʘʞʝʥʠʷ 

 

  
 

ɿʜʝʩʴ h ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʧʨʠʚʦʜʘ, ʨʘʚʥʳʡ ʧʨʦ-

ʠʟʚʝʜʝʥʠʶ ʯʘʩʪʥʳʭ ʂʇɼ ʧʝʨʝʜʘʯ, ʚʭʦʜʷʱʠʭ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ: 

 
 

ɿʥʘʯʝʥʠʷ ʂʇɼ ʧʝʨʝʜʘʯ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.1. 
 

ʇʝʨʝʜʘʯʘ  

 

 

ʂʇɼ 

 

ɿʥʘʯʝʥʠʷ ʂʇɼ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ  

ɿʫʙʯʘʪʘʷ ʚ ʟʘʢʨʳʪʦʤ ʢʦʨʧʫʩʝ (ʨʝʜʫʢʪʦʨ):  

ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʢʦʣʝʩʘʤʠ 

ʢʦʥʠʯʝʩʢʠʤʠ ʢʦʣʝʩʘʤʠ                                                      

ɿʫʙʯʘʪʘʷ ʦʪʢʨʳʪʘʷ 

 

 

0,97 ð 0,98  

0,96 ð 0,97 

0,95 ð 0,96 

(1.1) 

(1.2) 
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ʏʝʨʚʷʯʥʘʷ ʚ ʟʘʢʨʳʪʦʤ ʢʦʨʧʫʩʝ ʧʨʠ ʯʠʩʣʝ ʚʠʪʢʦʚ (ʟʘʭʦʜʦʚ) ʯʝʨ-

ʚʷʢʘ:  

z1 = !                                                                                   

z1 = 2                                                                                 

z1 =4                                                                                 

ʎʝʧʥʘʷ ʟʘʢʨʳʪʘʷ                                                                     

ʎʝʧʥʘʷ ʦʪʢʨʪrʘʷ                                                                  

ʈʝʤʝʥʥʘʷ :  

ʧʣʦʩʢʠʤ ʨʝʤʥʝʤ                                                                     

ʢʣʠʥʦʚʳʤʠ ʨʝʤʥʷʤʠ                                                          

 

 

0,70-0,75 

0,80-0,85 

0,85-0,95 

0,95 ð 0,97 

0,90 ð 0,95 

 

0,96 ð 0,98 

0,95 ð 0,97 

ʇʨʠʤʝʯʘʥʠʝ. ʇʦʪʝʨʥ ʥʘ ʪʨʝʥʠʝ ʚ ʦʧʦʨʘʭ ʢʘʞʜʦʛʦ ʚʘʣʘ ʫʯʠ-

ʪʳʚʘʶʪʩʷ ʤʥʦʞʠʪʝʣʝʤ  ho = 0,99 · 0,995. 

 

 

     
 
ʈʠʩ. 1.1. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʠʚʦʜʘ    ʈʠʩ. 1.2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʩʠʥʭʨʦʥʥʦʛʦ  

  ʣʝʥʪʦʯʥʦʛʦ ʢʦʥʚʝʡʝʨʘ       ʜʚʠʛʘʪʝʣʷ ʪʨʝʭʬʘʟʥʦʛʦ ʪʦʢʘ 

 

  

Ä  1.2.  ɺʓɹʆʈ ʕʃɽʂʊʈʆɼɺʀɻɸʊɽʃʗ 

ʄʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʧʦʜʙʠʨʘʝʤʦʛʦ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʧʨʠʚʦʜʘ, 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʥʠʞʝ ʪʦʡ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ (1.1). ʀʟ ʩʫʱʝʩʪʚʫ-

ʶɦ ʠʭ ʪʠʧʦʚ ʜʚʠʛʘʪʝʣʝʡ ʚʳʙʠʨʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʩʠʥʭʨʦʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠ-

ʛʘʪʝʣʠ ʪʨʝʭʬʘʟʥʦʛʦ ʪʦʢʘ ʝʜʠʥʦʡ ʩʝʨʠʠ 4ɸ. 

ʅʘ ʨʠʩ. 1.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʪʨʝʭ-

ʬʘʟʥʦʛʦ ʪʦʢʘ, ʚʳʨʘʞʘʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ n (ʦʙ/ʤʠʥ) ʚʘʣʘ ʜʚʠ-

ʛʘʪʝʣʷ ʦʪ ʚʝʣʠʯʠʥʳ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʊ (ʅ Å ʤ). ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥʳ 

ʟʥʘʯʝʥʠʷ ʊʥʦʤ - ʥʦʤʠʥʘʣʴʥʦʛʦ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʊʧʫʩʢ - ʧʫʩʢʦʚʦʛʦ ʠʣʠ 

ʥʘʯʘʣʴʥʦʛʦ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʨʘʟʚʠʚʘʝʤʦʛʦ ʧʨʠ ʧʫʩʢʝ ʜʚʠʛʘʪʝʣʷ, Tmʘʭ ð 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʤʦʤʝʥʪʘ; ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ʦʪʣʦʞʝʥʳ ʟʥʘʯʝʥʠʷ 

ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ: ʥʦʤʠʥʘʣʴʥʦʡ nʥʦʤ, ʢʨʠʪʠʯʝʩʢʦʡ ʧʢʨ ʠ ʩʠʥʭʨʦʥʥʦʡ ʧʩ, ʨʘʟʚʠʚʘ-

ʝʤʦʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘʛʨʫʟʢʠ ʠ ʨʘʚʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; ʦʥʘ 

ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʪʦʢʘ f ʠ ʯʠʩʣʘ ʧʘʨ ʧʦʣʶʩʦʚ ʨ: 

 

 



 6 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʘʜ/ʩ, 

          
 

ʇʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʯʘʩʪʦʪʝ ʪʦʢʘ f= 50 ʩ-1  ʠ ʯʠʩʣʝ ʧʘʨ ʧʦʣʶʩʦʚ ʨ = 1 · 6 

ʩʠʥʭʨʦʥʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ nʩ ʙʫʜʝʪ ʨʘʚʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 3000; 1500; 1000; 

750; 600 ʠ 500 ʦʙ/ʤʠʥ. ɼʣʷ ʧʨʠʚʦʜʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʢʫʨʩʦʚʳʭ ʧʨʦʝʢʪʘʭ, 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʙʠʨʘʪʴ ʜʚʠʛʘʪʝʣʠ ʩ ʯʠʩʣʦʤ ʧʦʣʶʩʦʚ ʥʝ ʙʦʣʝʝ ʚʦʩʴʤʠ, ʘ ʣʫʯʰʝ 

- ʥʝ ʙʦʣʝʝ ʰʝʩʪʠ, ʪ. ʝ. ʩ ʨ ¢  3 ʠ ʧʩ ² 1000 ʦʙ/ʤʠʥ. 

ʇʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʥʘʛʨʫʟʢʠ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʫʤʝʥʴʰʘʝʪʩʷ 

ʚʩʣʝʜʩʪʚʠʝ ʩʢʦʣʴʞʝʥʠʷ s, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ ʬʦʨʤʫʣʝ 

 

 
ʦʪʢʫʜʘ 

 

ʧ = nʩ (1- s).           (1.3.)

   

ʇʨʠ ʧʫʩʢʝ ʜʚʠʛʘʪʝʣʷ ʊ= Tʧʫʩʢ  (ʠʣʠ ʊʥʘʯ), s = 1 ʠ ʧ = 0; ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ 

ʨʝʞʠʤʝ ʊ = ʊʥʦʤ  s = 0,02 · 0,05; nʧʦʤ º (0,98 · 0,95)ʠʩ; ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘʛʨʫʟʢʠ 

ʊ=0 s = 0; n = nc. 

ʊʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʝʜʠʥʦʡ ʩʝʨʠʠ 4ɸ ʚ 

ʟʘʢʨʳʪʦʤ ʦʙʜʫʚʘʝʤʦʤ ʠʩʧʦʣʥʝʥʠʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ ʧʨʠʣʦʞʝʥʠʷ. 

 

Ä 1.3. ʇɽʈɽɼɸʊʆʏʅʆɽ ʆʊʅʆʐɽʅʀɽ ʇʈʀɺʆɼɸ 

 

ɺ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʢʫʨʩʦʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʘ ʫʢʘʟʳʚʘʶʪ ʯʘ-

ʩʪʦʪʫ ʚʨʘʱʝʥʠʷ nʨ (ʦʙ/ʤʠʥ) ʨʘʙʦʯʝʛʦ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʠʣʠ ʞʝ ʜʠʘʤʝʪʨ D (ʤ) ʙʘ-

ʨʘʙʘʥʘ ʢʦʥʚʝʡʝʨʘ ʠ ʩʢʦʨʦʩʪʴ v (ʤ/ʩ) ʣʝʥʪʳ; ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ ʥʘʭʦʜʷʪ 
 

     60v 
    np = ___________ , 
     pD 

 

ʦʧʨʝʜʝʣʷʶʪ ʦʙʱʝʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʚʩʝʛʦ ʧʨʠʚʦʜʘ i = nʥʦʤ  / np ʠ ʥʘʤʝ-

ʯʘʶʪ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʟʥʘʯʝʥʠʷ ʯʘʩʪʥʳʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʝʨʝʜʘʯ, ʚʭʦ-

ʜʷʱʠʭ ʚ ʧʨʠʚʦʜ, ʪʘʢ, ʯʪʦʙʳ ʧʨʦʠʟʚʝʜʝʥʠʝ ʠʭ ʙʳʣʦ ʨʘʚʥʦ ʦʙʱʝʤʫ ʧʝʨʝʜʘʪʦʯ-

ʥʦʤʫ ʦʪʥʦʰʝʥʠʶ: i1i2éIʢ = i. 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ i1 ʜʣʷ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʨʘʚʥʳ 2 ð 6, ʜʣʷ ʯʝʨʚʷʯʥʳʭ ʧʝ-

ʨʝʜʘʯ 8 ð 80, ʮʝʧʥʳʭ 3 ð 6, ʨʝʤʝʥʥʳʭ 2 ð 4. 

ʋʪʦʯʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʢʦʥʢʨʝʪʥʳʭ ʚʠʜʦʚ ʧʝ-

ʨʝʜʘʯ ʧʨʠʚʝʜʝʥʳ ʚ ʛʣ. III , IV  ʠ V. 

ʇʨʠʤʝʨ. ʇʨʦʚʝʩʪʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʨʠʚʦʜʘ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩ. 

1.1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʜʠʘʤʝʪʨ ʙʘʨʘʙʘʥʘ D = 500 ʤʤ; ʪʷʛʦʚʘʷ ʩʠʣʘ F = 4Å103ʅ; 
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ʩʢʦʨʦʩʪʴ ʣʝʥʪʳ v = 0,8 ʤ/ʩ. 

ʊʨʝʙʫʝʪʩʷ ʧʦʜʦʙʨʘʪʴ ʘʩʠʥʭʨʦʥʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʪʨʝʭʬʘʟʥʦʛʦ ʪʦʢʘ, 

ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʚʩʝʛʦ ʧʨʠʚʦʜʘ ʠ ʯʘʩʪʥʳʝ ʧʝʨʝʜʘʪʦʯʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʢʘʞʜʦʡ ʧʝʨʝʜʘʯʠ. 

ʈʝʰʝʥʠʝ 

ʇʨʠʥʠʤʘʝʤ ʟʥʘʯʝʥʠʷ ʂʇɼ ʧʦ ʪʘʙʣ. 1.1: 

ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ h1 = 0,98; 

ʟʫʙʯʘʪʦʡ ʧʘʨʳ h2 = 0,98; 

ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʠ h3 = 0,96; 

ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʚ ʦʧʦʨʘʭ ʪʨʝʭ ʚʘʣʦʚ 

h3
0=0,993. 

ʂʇɼ ʚʩʝʛʦ ʧʨʠʚʦʜʘ h = h1 h2 h3 h
3
0 = 0,98 Å 0,98 Å 0,96 Å 0,99

3 = 0,89. ʊʨʝ-

ʙʫʝʤʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦ ʬʦʨʤʫʣʝ (1.1) 

 

          
 

 ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʙʘʨʘʙʘʥʘ 

 

 
 

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣ. ʇ1 ʧʨʠʣʦʞʝʥʠʷ, ʧʦʜʭʦʜʷʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʯʝʪʳʨʝʭ ʤʘ-

ʨʦʢ: 4ɸ100S2ʋɿ, ʈ = 4 ʢɺʪ, ʧʩ = 3000 ʦʙ/ʤʠʥ, s = 3,3%; 4A100L4ʋɿ, ʈ = 4 

ʢɺʪ,  ʧʩ = 1500 ʦʙ/ʤʠʥ,  s = 4,7%;  4ɸ112ʄɺ6ʋɿ, ʈ = 4 ʢɺʪ, nʩ=1000 ʦʙ/ʤʠʥ, s =  

= 5,1%; 4ɸ132S8ʋɿ, ʈ = 4 ʢɺʪ, nʩ = 750 ʦʙ/ʤʠʥ, s = 4,1 %. 

ʇʨʠ ʚʳʙʦʨʝ ʧʝʨʚʦʛʦ ʠʟ ʫʢʘʟʘʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ nʩ = 3000 ʦʙ/ʤʠʥ 

ʚʦʟʥʠʢʥʫʪ ʟʘʪʨʫʜʥʝʥʠʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʙʦʣʴʰʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʧʦʨʷʜʢʘ 

100; ʜʚʠʛʘʪʝʣʴ ʩ nʩ = 750 ʦʙ/ʤʠʥ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʫ; ʧʨʝʜʧʦʯʪʠ-

ʪʝʣʴʥʝʝ ʜʚʠʛʘʪʝʣʠ ʩ ʧʩ = 1500 ʠ 1000 ʦʙ/ʤʠʥ. 

ʅʦʤʠʥʘʣʴʥʳʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ  ʚʘʣʦʚ ʵʪʠʭ ʜʚʠʛʘʪʝʣʝʡ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪ- 

ʚʝʥʥʦ: 

ʘ) nʥʦʤ = nc (1 ï s) = 1500 (1 ï 0,047) = 1430 ʦʙ/ʤʠʥ; 

ʙ) nʥʦʤ = 1000 (1 ï 0,051) = 949 ʦʙ/ʤʠʥ. 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʨʠʚʦʜʘ ʚ ʩʣʫʯʘʝ ʚʘʨʠʘʥʪʘ çʘè 

 

          
ʜʣʷ ʚʘʨʠʘʥʪʘ çʙè 
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ʈʘʟʙʠʚʢʘ ʦʙʰʝʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʨʠʚʦʜʘ ʜʦʧʫʩʢʘʝʪ ʤʥʦʛʦ ʨʝ-

ʰʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʚʘʨʠʘʥʪʘ çʘè ʤʦʞʥʦ ʧʨʠʥʷʪʴ 

 

i1 = 2,5; i2 = 5; i3 = 3,8; i = 2,5 Å 5 Å 3,8 = 47,5; 

 

ʜʣʷ ʚʘʨʠʘʥʪʘ çʙè 

 

i1 =2;   i2 = 4; i3 = 3,9;   i = 2 Ö 4 Ö 3,9 = 31,2. 

 

ʅʘʤʝʯʝʥʥʳʝ ʧʝʨʝʜʘʪʦʯʥʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʪʦʯʥʷʶʪʩʷ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʫʢʘʟʘʥʠʷʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʛʣ. III , IV ʠ V, ʧʨʠʯʝʤ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʨʘʩʯʝʪʥʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʨʠʚʦʜʘ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ Ñ 3 %. 
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ɻʃɸɺɸ II  

 ʉɺɽɼɽʅʀʗ ʆ ʈɽɼʋʂʊʆʈɸʍ 
 

Ä 2.1. ʆɹʑʀɽ ʉɺɽɼɽʅʀʗ 

 

ʈʝʜʫʢʪʦʨʦʤ ʥʘʟʳʚʘʶʪ ʤʝʭʘʥʠʟʤ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʟʫʙʯʘʪʳʭ ʠʣʠ ʯʝʨʚʷʯʥʳʭ 

ʧʝʨʝʜʘʯ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʠ ʩʣʫʞʘʱʠʡ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʚʨʘʱʝʥʠʷ ʦʪ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʢ ʚʘʣʫ ʨʘʙʦʯʝʡ ʤʘʰʠʥʳ. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʧʨʠʚʦʜʘ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ, ʧʦʤʠʤʦ ʨʝʜʫʢʪʦʨʘ, ʦʪʢʨʳʪʳʝ ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ, 

ʮʝʧʥʳʝ ʠʣʠ ʨʝʤʝʥʥʳʝ ʧʝʨʝʜʘʯʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʨʠʩ. 1.1). ʋʢʘʟʘʥʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʪʝʤʘʪʠʢʦʡ ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʅʘʟʥʘʯʝʥʠʝ ʨʝʜʫʢʪʦʨʘ ð ʧʦʥʠʞʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʦʚʳʰʝʥʠʝ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʚʝʜʦʤʦʛʦ ʚʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʜʫʱʠʤ. ʄʝ-

ʭʘʥʠʟʤʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʘʛ-

ʨʝʛʘʪʦʚ, ʥʘʟʳʚʘʶʪ ʫʩʢʦʨʠʪʝʣʷʤʠ ʠʣʠ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘʤʠ. 

ʈʝʜʫʢʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ (ʣʠʪʦʛʦ ʯʫʛʫʥʥʦʛʦ ʠʣʠ ʩʚʘʨʥʦʛʦ ʩʪʘʣʴʥʦʛʦ), 

ʚ ʢʦʪʦʨʦʤ ʧʦʤʝʱʘʶʪ ʵʣʝʤʝʥʪʳ ʧʝʨʝʜʘʯʠ ð ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ, ʚʘʣʳ, ʧʦʜʰʠʧʥʠ-

ʢʠ ʠ ʪ. ʜ. 'ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʚ ʢʦʨʧʫʩʝ ʨʝʜʫʢʪʦʨʘ ʨʘʟʤʝʱʘʶʪ ʪʘʢʞʝ ʫʩʪʨʦʡ-

ʩʪʚʘ ʜʣʷ ʩʤʘʟʳʚʘʥʠʷ ʟʘʮʝʧʣʝʥʠʡ ʠ ʧʦʜʰʠʧʥʠʢʦʚ (ʥʘʧʨʠʤʝʨ, ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ 

ʨʝʜʫʢʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʤʝʱʝʥ ʰʝʩʪʝʨʝʥʥʳʡ ʤʘʩʣʷʥʳʡ ʥʘʩʦʩ) ʠʣʠ ʫʩʪʨʦʡʩʪʚʘ 

ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʟʤʝʝʚʠʢ ʩ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʦʡ ʚ ʢʦʨʧʫʩʝ ʯʝʨʚʷʯʥʦ-

ʛʦ ʨʝʜʫʢʪʦʨʘ). 

ʈʝʜʫʢʪʦʨ ʧʨʦʝʢʪʠʨʫʶʪ ʣʠʙʦ ʜʣʷ ʧʨʠʚʦʜʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʰʠʥʳ, ʣʠʙʦ ʧʦ 

ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ (ʤʦʤʝʥʪʫ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ) ʠ ʧʝʨʝʜʘʪʦʯʥʦʤʫ ʯʠʩʣʫ ʙʝʟ ʫʢʘ-

ʟʘʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺʪʦʨʦʡ ʩʣʫʯʘʡ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʳʭ ʟʘʚʦʜʦʚ, ʢʘ ʢʦʪʦʨʳʭ ʦʨʛʘʥʠʟʦʚʘʥʦ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʝʜʫʢʪʦʨʦʚ. 

ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠ ʦʙʱʠʝ ʚʠʜʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʦʚ 

ʨʝʜʫʢʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.1-2.20. ʅʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʭʝʤʘʭ ʙʫʢʚʦʡ ɹ 

ʦʙʦʟʥʘʯʝʥ ʚʭʦʜʥʦʡ (ʙʳʩʪʨʦʭʦʜʥʳʡ) ʚʘʣ ʨʝʜʫʢʪʦʨʘ, ʙʫʢʚʦʡ ʊ - ʚʳʭʦʜʥʦʡ (ʪʠʭʦ-

ʭʦʜʥʳʡ). 

ʈʝʜʫʢʪʦʨʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʧʦ ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ ʧʨʠʟʥʘʢʘʤ: ʪʠʧʫ 

ʧʝʨʝʜʘʯʠ (ʟʫʙʯʘʪʳʝ, ʯʝʨʚʷʯʥʳʝ ʠʣʠ ʟʫʙʯʘʪʦ-ʯʝʨʚʷʯʥʳʝ); ʯʠʩʣʫ ʩʪʫʧʝʥʝʡ (ʦʜʥʦ-

ʩʪʫʧʝʥʯʘʪʳʝ, ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʠ ʪ. ʜ.); ʪʠʧʫ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ (ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ, 

ʢʦʥʠʯʝʩʢʠʝ, ʢʦʥʠʯʝʩʢʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʠ ʪ. ʜ.); ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ 

ʚʘʣʦʚ ʨʝʜʫʢʪʦʨʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ, ʚʝʨʪʠʢʘʣʴʥʳʝ); ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ (ʨʘʟʚʝʨʥʫʪʘʷ, ʩʦʦʩʥʘʷ, ʩ ʨʘʟʜʚʦʝʥʥʦʡ ʩʪʫʧʝʥʴʶ ʠ ʪ. ʜ.). 

ɺʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʯʠʩʝʣ ʧʨʠ ʤʘʣʳʭ ʛʘʙʘ-

ʨʠʪʘʭ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʣʘʥʝʪʘʨʥʳʝ ʠ ʚʦʣʥʦʚʳʝ ʨʝʜʫʢʪʦʨʳ (ʩʤ. ʛʣʘʚʳ V ʠ VI). 

 

Ä 2.2. ʆɹɿʆʈ ʆʉʅʆɺʅʓʍ ʊʀʇʆɺ ʈɽɼʋʂʊʆʈʆɺ 
 

ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʨʝʜʫʢʪʦʨʳ 
 

ʀʟ ʨʝʜʫʢʪʦʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʛʦʨʠʟʦʥ- 
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ʪʘʣʴʥʳʝ (ʨʠʩ. 2.1). ɺʝʨʪʠʢʘʣʴʥʳʡ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʡ ʨʝʜʫʢʪʦʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 

2.2. ʂʘʢ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ, ʪʘʢ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʨʝʜʫʢʪʦʨʳ ʤʦʛʫʪ ʠʤʝʪʴ ʢʦʣʝʩʘ ʩ 

ʧʨʷʤʳʤʠ, ʢʦʩʳʤʠ ʠʣʠ ʰʝʚʨʦʥʥʳʤʠ ʟʫʙʴʷʤʠ. ʂʦʨʧʫʩʘ ʯʘʱʝ ʚʳʧʦʣʥʷʁ ʪ ʣʠʪʳʤʠ 

ʯʫʛʫʥʥʳʤʠ, ʨʝʞʝ ð ʩʚʘʨʥʳʤʠ ʩʪʘʣʴʥʳʤʠ. ʇʨʠ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʣʠʪʳʝ ʢʦʨʧʫʩʘ. ɺʘʣʳ ʤʦʥʪʠʨʫʶʪ ʥʘ ʧʦʜh ʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ 

ʠʣʠ ʩʢʦʣʴʞʝʥʠʷ. ʇʦʩʣʝʜʥʠʝ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʚ ʪʷʞʝʣʳʭ ʨʝʜʫʢʪʦʨʘʭ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ 

ʨʝʜʫʢʪʦʨʘ ʧʦ ɻʆʉʊ 2185ð66 umʘʭ = 12,5. ɺʳʩʦʪʘ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʜʫʢʪʦʨʘ ʩ 

ʪʘʢʠʤ ʠʣʠ ʙʣʠʟʢʠʤ ʢ ʥʝʤʫ ʧʝʨʝʜʘʪʦʯʥʳʤ ʯʠʩʣʦʤ ʙʦʣʴʰʝ, ʯʝʤ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦ-

ʛʦ  ʩ  ʪʝʤ  ʞʝ  ʟʥʘʯʝʥʠʝʤ ʠ (ʨʠʩ. 2.3). ʇʦʵʪʦʤʫ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʜʫʢʪʦʨʳ ʩ ʧʝʨʝʜʘ- 

 

 
 

ʈʠʩ.   2.1.   ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʡ  ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ  ʨʝʜʫʢʪʦʨ    

ʩ   ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ   ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ: 
ʘ - ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ; ʙ - ʦʙʱʠʡ ʚʠʜ ʨʝʜʫʢʪʦʨʘ ʩ ʢʦʩʦʟʫʙʳʤʠ ʢʦʣʝʩʘʤʠ 

 

 
 

ʈʠʩ. 2.2. ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʡ  ʚʝʨʪʠʢʘʣʴʥʳʡ  ʨʝʜʫʢʪʦʨ 

ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʢʦʣʝʩʘʤʠ: 

ʘ ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ; ʙ ï ʦʙʱʠʡ ʚʠʜ 
 

 
 

ʈʠʩ. 2.3. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʛʘʙʘʨʠʪʦʚ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʜʫʢʪʦʨʦʚ  

ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʤʠ ʢʦʣʝʩʘʤʠ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʧʝʨʝʜʘʪʦʯʥʦʤ ʯʠʩʣʝ u = 8,5 
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ʪʦʯʥʳʤʠ ʯʠʩʣʘʤʠ, ʙʣʠʟʢʠʤʠ ʢ ʤʘʢʩʠʤʘʣʴʥʳʤ, ʧʨʠʤʝʥʷʶʪ ʨʝʜʢʦ, ʦʛʨʘʥʠʯʠʚʘ-

ʷʩʴ ʠ ¢ 6. ʅʦʚʦ-ʂʨʘʤʘʪʦʨʩʢʠʡ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ (ʅʂʄɿ) ʚʳʧʫʩʢʘʝʪ 

ʢʨʫʧʥʳʝ (ʤʝʞʦʩʝʚʳʝ ʨʘʩʩʪʦʷʥʠʷ ʘw= 300 · 1000 ʤʤ) ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʝ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʳʝ ʨʝʜʫʢʪʦʨʳ ʩ ʠ = 2,53 · 8,0. 

ɺʳʙʦʨ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʭʝʤʳ ʜʣʷ ʨʝʜʫʢʪʦʨʦʚ ʚʩʝʭ ʪʠ-

ʧʦʚ ʦʙʫʩʣʦʚʣʝʥ ʫʜʦʙʩʪʚʦʤ ʦʙʱʝʡ ʢʦʤʧʦʥʦʚʢʠ ʧʨʠʚʦʜʘ (ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʨʘʩʧʦ-

ʣʦʞʝʥʠʝʤ ʜʚʠʛʘʪʝʣʷ ʠ ʨʘʙʦʯʝʛʦ ʚʘʣʘ ʧʨʠʚʦʜʠʤʦʡ ʚ ʜʚʠʞʝʥʠʝ ʤʘʰʠʥʳ ʠ ʪ. ʜ.). 

 

ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʝ ʢʦʥʠʯʝʩʢʠʝ ʨʝʜʫʢʪʦʨʳ 

 

ʂʦʥʠʯʝʩʢʠʝ ʨʝʜʫʢʪʦʨʳ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʚʘʣʘʤʠ, 

ʦʩʠ ʢʦʪʦʨʳʭ ʧʝʨʝʩʝʢʘʶʪʩʷ ʦʙʳʯʥʦ ʧʦʜ ʫʛʣʦʤ 90Á. ʇʝʨʝʜʘʯʠ ʩ ʫʛʣʘʤʠ, ʦʪʣʠʯ-

ʥʳʤʠ ʦʪ 90Á, ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ. 

 

 
 

 
ʈʠʩ. 2.4. ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʡ ʨʝʜʫʢʪʦʨ ʩ ʢʦʥʠʯʝʩʢʠʤʠ ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ: 

ʘ ð ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ; 6 ð ʦʙʱʠʡ ʚʠʜ 

 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʪʠʧ ʢʦʥʠʯʝʩʢʦʛʦ ʨʝʜʫʢʪʦʨʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 

2.4; ʨʝʜʫʢʪʦʨ ʩ ʚʝʨʪʠʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʪʠʭʦʭʦʜʥʳʤ ʚʘʣʦʤ ʠʟʦʙʨʘʞʝʥ ʥʘ 

ʨʠʩ. 2.5. ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʥʝʥʠʝ ʨʝʜʫʢʪʦʨʘ ʩ ʚʝʨʪʠʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʙʳʩʪ-

ʨʦʭʦʜʥʳʤ ʚʘʣʦʤ; ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʚʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʬʣʘʥʮʝʚʦʛʦ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʷ. 
 

 
 

ʈʠʩ. 2.5. ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʡ ʢʦʥʠʯʝʩʢʠʡ ʨʝʜʫʢʪʦʨ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʚʝʜʦʤʳʤ ʚʘʣʦʤ: 

ʘ ð ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ; ʙ ð ʦʙʱʠʡ ʚʠʜ 



 12 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʠ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʢʦʥʠʯʝʩʢʠʭ ʨʝʜʫʢʪʦʨʦʚ ʩ ʧʨʷʤʦ-

ʟʫʙrʤʠ ʢʦʣʝʩʘʤʠ,  ʢʘʢ  ʧʨʘʚʠʣʦ,  ʥʝ ʚʳʰʝ ʪʨʝʭ; ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ u = 4. ʇʨʠ ʢʦ- 

ʩʳʭ ʠʣʠ ʢʨʠʚʦʣʠʥʝʡʥʳʭ  ʟʫʙʴʷʭ u = 5 (ʚ ʚʠʜʝ ʠʩʢʣʶʯʝʥʠʷ ʠ = 6,30). 

ʋ ʨʝʜʫʢʪʦʨʦʚ ʩ ʢʦʥʠʯʝʩʢʠʤʠ ʧʨʷʤʦʟʫʙʳʤʠ ʢʦʣʝʩʘʤʠ ʜʦʧʫʩʢʘʝʤʘʷ ʦʢʨʫʞ-

ʥʘʷ ʩʢʦʨʦʩʪʴ (ʧʦ ʜʝʣʠʪʝʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʩʨʝʜʥʝʛʦ ʜʠʘʤʝʪʨʘ) v ¢ 5 ʤ/ʩ. ʇʨʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʨʝʢʦʤʝʥʜʫʶʪ ʧʨʠʤʝʥʷʪʴ ʢʦʥʠʯʝʩʢʠʝ ʢʦʣʝʩʘ ʩ ʢʨʫʛʦ-

ʚʳʤʠ ʟʫʙʴʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʙʦʣʝʝ ʧʣʘʚʥʦʝ ʟʘʮʝʧʣʝʥʠʝ ʠ ʙʦʣʴʰʫʶ ʥʝʩʫ-

ʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 

 

ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʨʝʜʫʢʪʦʨʳ 

 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʨʝʜʫʢʪʦʨʳ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ ʨʘʟʚʝʨʥʫʪʦʡ ʩʭʝʤʝ (ʨʠʩ. 2.6). ʕʪʠ ʨʝʜʫʢʪʦʨʳ ʦʪʣʠʯʘʶʪʩʷ ʧʨʦʩ 

ʪʦʪʦʡ, ʥʦ ʠʟ-ʟʘ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʣʝʩ ʥʘ ʚʘʣʘʭ ʧʦʚʳʰʘʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʛʨʫʟʢʠ ʧʦ ʜʣʠʥʝ ʟʫʙʘ. ʇʦʵʪʦʤʫ ʚ ʵʪʠʭ ʨʝʜʫʢʪʦʨʘʭ ʩʣʝʜʫʝʪ ʧʨʠ-

ʤʝʥʷʪʴ ʞʝʩʪʢʠʝ ʚʘʣʳ. 

ʉʦʦʩʥʘʷ ʩʭʝʤʘ (ʨʠʩ. 2.7) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʝʥʴʰʠʝ ʛʘʙʘʨʠʪʳ ʧʦ ʜʣʠʥʝ; 

ʵʪʦ ʝʝ ʦʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ. 

ɺ ʩʦʦʩʥʳʭ ʨʝʜʫʢʪʦʨʘʭ ʙʳʩʪʨʦʭʦʜʥʘʷ ʩʪʫʧʝʥʴ ʟʘʯʘʩʪʫʶ ʥʝʜʦʛʨʫʞʝʥʘ*, ʪʘʢ 

ʢʘʢ ʩʠʣʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʟʘʮʝʧʣʝʥʠʠ ʢʦʣʝʩ ʪʠʭʦʭʦʜʥʦʡ ʩʪʫʧʝʥʠ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʚ ʙʳʩʪʨʦʭʦʜʥʦʡ, ʘ ʤʝʞʦʩʝʚʳʝ ʨʘʩʩʪʦʷʥʠʷ ʩʪʫʧʝʥʝʡ ʦʜʠʥʘʢʦʚʳ (ʘwɹ 

= ʘwT). ʋʢʘʟʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʩʦ-

ʦʩʥʳʭ ʨʝʜʫʢʪʦʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʢ ʠʭ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʷʪ ʪʘʢʞʝ: 

ʘ) ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʩʝʡ ʚʘʣʦʚ, ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʨʝʜʫʢʪʦʨʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʧʦ ʨʘʟʚʝʨʥʫʪʦʡ ʩʭʝʤʝ; 

ʙ) ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʩʪʴ ʩʤʘʟʳʚʘʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ cʨʝʜ-

ʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ; 

ʚ) ʙʦʣʴʰʦʝ  ʨʘʩʩʪʦʷʥʠʝ   ʤʝʞʜʫ   ʦʧʦʨʘʤʠ   ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʚʘʣʘ, ʧʦʵʪʦ-

ʤʫ ʪʨʝʙʫʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʝʛʦ ʜʠʘʤʝʪʨ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ 

ʞʝʩʪʢʦʩʪʠ. 

ʆʯʝʚʠʜʥʦ, ʧʨʠʤʝʥʝʥʠʝ ʩʦʦʩʥʳʭ ʨʝʜʫʢʪʦʨʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʣʫʯʘʷʤʠ, ʢʦ-

ʛʜʘ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʤʝʪʴ ʜʚʘ ʚʳʭʦʜʥʳʭ ʢʦʥʮʘ ʙʳʩʪʨʦʭʦʜʥʦʛʦ ʠʣʠ ʪʠʭʦ-

ʭʦʜʥʦʛʦ ʚʘʣʘ, ʘ ʩʦʚʧʘʜʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʩʝʡ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʚʘʣʦʚ 

ʫʜʦʙʥʦ ʧʨʠ ʥʘʤʝʯʝʥʥʦʡ ʦʙʱʝʡ ʢʦʤʧʦʥʦʚʢʝ ʧʨʠʚʦʜʘ. 

ɺ ʦʪʥʦʰʝʥʠʠ ʪʠʧʘ ʟʫʙʴʝʚ ʠ ʧʦʜʰʠʧʥʠʢʦʚ ʚ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʨʝʜʫʢʪʦʨʘʭ 

ʩʧʨʘʚʝʜʣʠʚʦ ʩʢʘʟʘʥʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʨʝʜʫʢ-

ʪʦʨʦʚ; ʯʘʩʪʦ ʙʳʩʪʨʦʭʦʜʥʫʶ ʩʪʫʧʝʥʴ ʚʳʧʦʣʥʷʶʪ ʢʦʩʦʟʫʙʦʡ, ʘ ʪʠʭʦʭʦʜʥʫʶ ð 

ʧʨʷʤʦʟʫʙʦʡ (ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢʘʢ ʢ ʩʦʦʩʥʳʤ, ʪʘʢ ʠ ʢ ʥʝʩʦʦʩʥʳʤ ʨʝʜʫʢʪʦʨʘʤ). 

ʈʝʜʫʢʪʦʨ ʩ ʨʘʟʜʚʦʝʥʥʦʡ ʙʳʩʪʨʦʭʦʜʥʦʡ ʩʪʫʧʝʥʴʶ, ʠʤʝʶʱʠʡ ʢʦʩʦʟʫʙʳʝ 

ʢʦʣʝʩʘ, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2.8. ʊʠʭʦʭʦʜʥʘʷ ʩʪʫʧʝʥʴ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʠʤʝʪʴ ʣʠʙʦ 

ʰʝʚʨʦʥʥʳʝ ʢʦʣʝʩʘ, ʣʠʙʦ ʧʨʷʤʦʟʫʙʳʝ (ʨʠʩ. 2.8, ʙ). ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠ ʦʙ-

ʱʠʡ ʚʠʜ ʨʝʜʫʢʪʦʨʘ ʩ ʨʘʟʜʚʦʝʥʥʦʡ ʪʠʭʦʭʦʜʥʦʡ ʩʪʫʧʝʥʴʶ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.9. 
 

* ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ ʦʙʱʝʤ ʧʝʨʝʜʘʪʦʯʥʦʤ ʯʠʩʣʝ (ʠ º 8·16) ʤʦʞʥʦ (ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʫʜʦʚʣʝʪʚʦʨʠ-

ʪʝʣʴʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʨʝʜʫʢʪʦʨʘ) ʪʘʢ ʧʨʦʠʟʚʝʩʪʠ ʨʘʟʙʠʚʢʫ ʦʙʱʝʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʧʦ ʩʪʫʧʝʥʷʤ, ʯʪʦ ʥʘʛʨʫ-

ʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʳʩʪʨʦʭʦʜʥʦʡ ʩʪʫʧʝʥʠ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʦʣʥʦʩʪʴʶ. 
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ʈʠʩ. 2.6. ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʝʜʫʢʪʦʨ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʢʦʣʝʩʘʤʠ: 
ʘ ð ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ   ʩʭʝʤʘ;   ʙ ð ʨʝʜʫʢʪʦʨ   ʩʦ   ʩʥʷʪʦʡ   ʢʨʳʰʢʦʡ   (ʢʦʣʝʩʘ   ʢʦʩʦʟʫʙʳʝ);   

ʚ ð ʦʙʱʠʡ ʚʠʜ ʨʝʜʫʢʪʦʨʘ, ʫ ʢʦʪʦʨʦʛʦ ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʫʟʣʳ  ʟʘʢʨʳʪʳ ʚʨʝʟʥʳʤʠ  ʢʨʳʰʢʘʤʠ;  

ʛ ð ʦʙʱʠʡ  ʚʠʜ ʨʝʜʫʢʪʦʨʘ, ʫ ʢʦʪʦʨʦʛʦ ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʢʨʳʰʢʠ ʧʨʠʚʝʨʥʫʪʳ ʚʠʥʪʘʤʠ 

 

 
 

ʈʠʩ. 2.7. ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʦʦʩʥʳʡ ʨʝʜʫʢʪʦʨ: 
ʘ ð ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ; ʙ ð ʦʙʱʠʡ ʚʠʜ 

 

ʇʨʠ ʨʘʟʜʚʦʝʥʥʦʡ ʙʳʩʪʨʦʭʦʜʥʦʡ (ʠʣʠ ʪʠʭʦʭʦʜʥʦʡ) ʩʪʫʧʝʥʠ ʢʦʣʝʩʘ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʨ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʥʘʛʨʫʟʢʠ ʧʦ ʜʣʠʥʝ ʟʫʙʴʝʚ, ʯʝʤ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʦʙʳʯʥʦʡ ʨʘʟʚʝʨʥʫʪʦʡ ʠʣʠ 

ʩʦʦʩʥʦʡ ʩʭʝʤʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤʝʪʴ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʤʝʥʝʝ ʞʝʩʪʢʠʝ 

ʚʘʣʳ. ɹʳʩʪʨʦʭʦʜʥʳʡ ʚʘʣ ʨʝʜʫʢʪʦʨʘ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩ. 2.8, ʙ, ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʩʚʦʙʦʜʫ ʦʩʝʚʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ (çʧʣʘʚʘʶʱʠʡè ʚʘʣ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ; ʚ ʨʝʜʫʢʪʦʨʝ ʩ ʰʝʚʨʦʥʥʳʤʠ ʪʠ-

ʭʦʭʦʜʥʳʤʠ ʢʦʣʝʩʘʤʠ ʩʚʦʙʦʜʫ ʦʩʝʚʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʜʦʣʞʝʥ ʠʤʝʪʴ ʠ ʪʠʭʦʭʦʜ-

ʥʳʡ ʚʘʣ. ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ  ʫʢʘʟʘʥʥʦʛʦ  ʫʩʣʦʚʠʷ ʥʘʛʨʫʟʢʘ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦʨʦʚ- 
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ʈʠʩ. 2.8. ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ  ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ  ʨʝʜʫʢʪʦʨ ʩ ʨʘʟʜʚʦʝʥʥʦʡ ʧʝʨʚʦʡ ʙʳʩʪʨʦʭʦʜʥʦʡ) ʩʪʫʧʝʥʴʶ: 
ʘ ð ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ; ʙ ðʦʙʱʠʡ ʚʠʜ (ʙʝʟ ʢʨʳʰʢʠ) 

 

 
 

ʈʠʩ. 2.9.  ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʝʜʫʢʪʦʨ ʩ ʨʘʟʜʚʦʝʥʥʦʡ ʚʪʦʨʦʡ (ʪʠʭʦʭʦʜʥʦʡ) ʩʪʫʧʝʥʴʶ: 

ʘ ð ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ; ʙ ð ʦʙʱʠʡ ʚʠʜ (6eʟ ʢʨʳʰʢʠ) 

 

ʥʫ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʤʠ ʧʘʨʘʤʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ. 

ʉʭʝʤʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʨʝʜʫʢʪʦʨʦʚ ʧʨʠ-

ʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.10. 

ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʨʝʜʫʢʪʦʨʳ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʚ ʰʠ-

ʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʝʨʝʜʘʪʦʯʥʳʭ ʯʠʩʝʣ: ʧʦ ɻʆʉʊ 2185-66 u  = 6,3 · 63. ʂʨʫʧʥʳʝ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʨʝʜʫʢʪʦʨʳ, ʚʳʧʫʩʢʘʝʤʳʝ ʅʂʄɿ, ʠʤʝʶʪ u = 

7,33 · 44,02. 

ʆʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ ʨʘʟʙʠʚʢʠ ʦʙʱʝʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʜʚʫʭʩʪʫʧʝʥʯʘ-

ʪʦʛʦ ʨʝʜʫʢʪʦʨʘ  ʧʦ  ʝʛʦ ʦʪʜʝʣʴʥʳʤ ʩʪʫʧʝʥʷʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʛʘ- 

 

 
 

ʈʠʩ. 2.10. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʝʜʫʢʪʦʨʦʚ: 
ʘ ï ʚʳʧʦʣʥʝʥʥʦʛʦ ʧʦ ʨʘʟʚʝʨʥʫʪʦʡ ʩʭʝʤʝ (ʪʨʝʭʦʩʥʦʛʦ); ʙ ðʩʦʦʩʥʦʛʦ 
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ʙʘʨʠʪʳ ʨʝʜʫʢʪʦʨʘ, ʫʜʦʙʩʪʚʦ ʩʤʘʟʳʚʘʥʠʷ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ, ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʘ ʠ ʫʜʦʙʩʪʚʦ ʢʦʤʧʦʥʦʚʢʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʜʘʯ. ɼʘʪʴ ʨʝʢʦ-

ʤʝʥʜʘʮʠʠ ʨʘʟʙʠʚʢʠ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʚʩʝʤ ʫʢʘʟʘʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʥʝʚʦʟʤʦʞʥʦ, ʠ ʧʦʵʪʦʤʫ ʚʩʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʝ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʨʘʟʙʠʚʢʘ ʧʝʨʝʜʘʪʦʯʥʳʭ ʯʠʩʝʣ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʜʚʫʭʩʪʫ-

ʧʝʥʯʘʪʳʭ ʨʝʜʫʢʪʦʨʦʚ, ʚʳʧʫʩʢʘʝʤʳʭ ʅʂʄɿ: 

u . . . 8,05  9,83  10,92     12,25   13,83   15.60   17,78   20,49   22,12   23,15 

uɹ . . .  2,30  2,808  3,125    3,500   3,950   3.950   4,500   5,187   5,600   6,615 

 

ʂʦʥʠʯʝʩʢʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʨʝʜʫʢʪʦʨʳ 

 

ɺ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʢʦʥʠʯʝʩʢʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʨʝʜʫʢʪʦʨʘʭ (ʨʠʩ. 2.11 ð

2.13) ʢʦʥʠʯʝʩʢʘʷ ʧʘʨʘ ʤʦʞʝʪ ʠʤʝʪʴ ʧʨʷʤʳʝ, ʢʦʩʳʝ ʠʣʠ ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʟʫʙʴʷ. 

ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʘʨʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ ʧʨʷʤʦʟʫʙʦʡ, ʣʠʙʦ ʢʦʩʦʟʫʙʦʡ. 

ʅʘʠʙʦʣʝʝ ʫʧʦʪʨʝʙʠʪʝʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʧʝʨʝʜʘʪʦʯʥʳʭ ʯʠʩʝʣ ʜʣʷ ʪʘʢʠʭ ʨʝ-

ʜʫʢʪʦʨʦʚ u = 8 · 15. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʧʨʷʤʦʟʫʙʳʭ ʢʦʥʠʯʝʩʢʠʭ ʢʦʣʝʩʘʭ 

umax = 22; ʧʨʠ ʢʦʥʠʯʝʩʢʠʭ ʢʦʣʝʩʘʭ ʩ ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʷʤʠ umax = 34. 

 

 

 
 

 

 

 

 

 

 

ʈʠʩ. 2.11. ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʳʡ ʢʦʥʠʯʝʩʢʦ-

ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʨʝʜʫʢʪʦʨ: 

 

ʘ ð ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ;    

ʙ ï ʦʙʰʠʡ ʚʠʜ ʨʝʜʫʢʪʦʨʘ ʩ ʣʠʪʳʤ 

ʢʦʨʧʫʩʦʤ;    

ʚ ð ʦʙʱʠʡ ʚʠʜ ʨʝʜʫʢʪʦʨʘ ʩʦ ʩʚʘʨ-

ʥʳʤ ʢʦʨʧʫʩʦʤ 
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ʏʝʨʚʷʯʥʳʝ ʨʝʜʫʢʪʦʨʳ 

 

ʏʝʨʚʷʯʥʳʝ ʨʝʜʫʢʪʦʨʳ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʚʘʣʘʤʠ, 

ʦʩʠ ʢʦʪʦʨʳʭ ʧʝʨʝʢʨʝʱʠʚʘʶʪʩʷ. 

ʇʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʯʝʨʚʷʢʘ ʠ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ ʨʘʟʣʠʯʘʶʪ 

ʪʨʠ ʦʩʥʦʚʥʳʝ ʩʭʝʤʳ ʯʝʨʚʷʯʥʳʭ ʨʝʜʫʢʪʦʨʦʚ: ʩ ʥʠʞʥʠʤ, ʚʝʨʭʥʠʤ ʠ ʙʦʢʦʚʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʯʝʨʚʷʢʘ (ʨʠʩ. 2.14 ð 2.16). 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʦʙʜʫʚ ʨʝʙʨʠʩʪʳʭ ʢʦʨʧʫʩʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠ-

ʷʪʥʳʡ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʨʝʜʫʢʪʦʨʘ (ʨʠʩ. 2.14, ʚ ʠ ʛ). 

ɺʳʭʦʜ ʚʘʣʘ ʢʦʣʝʩʘ ʨʝʜʫʢʪʦʨʘ ʩ ʙʦʢʦʚʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʯʝʨʚʷʢʘ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʠ ʢʦʤʧʦʥʦʚʢʠ ʧʨʠʚʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥ ʚʚʝʨʭ (ʨʠʩ. 

2.16, ʘ) ʠʣʠ ʚʥʠʟ (ʨʠʩ. 2.16, ʙ ʠ ʚ). 

ʇʨʠ ʥʠʞʥʝʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʯʝʨʚʷʢʘ ʫʩʣʦʚʠʷ ʩʤʘʟʳʚʘʥʠʷ ʟʘʮʝʧʣʝʥʠʷ 

ʣʫʯʰʝ, ʧʨʠ ʚʝʨʭʥʝʤ ʭʫʞʝ, ʥʦ ʤʝʥʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʚ ʟʘʮʝʧʣʝʥʠʝ ʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ð ʧʨʦʜʫʢʪʦʚ ʠʟʥʦʩʘ. 

ɺʳʙʦʨ ʩʭʝʤʳ ʨʝʜʫʢʪʦʨʘ ʦʙʳʯʥʦ ʦʙʫʩʣʦʚʣʝʥ ʫʜʦʙʩʪʚʦʤ ʢʦʤʧʦʥʦʚʢʠ ʧʨʠ-

ʚʦʜʘ ʚ ʮʝʣʦʤ: ʧʨʠ ʦʢʨʫʞʥʳʭ ʩʢʦʨʦʩʪʷʭ ʯʝʨʚʷʢʘ ʜʦ 4 ð6 ʤ/ʩ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 

ʥʠʞʥʝʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʯʝʨʚʷʢʘ; ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʚʦʟʨʘʩʪʘʶʪ ʧʦʪʝʨʠ ʥʘ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʤʘʩʣʘ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʨʘʩʧʦʣʘʛʘʪʴ ʯʝʨʚʷʢ ʥʘʜ ʢʦʣʝʩʦʤ. 

ɺ  ʨʝʜʫʢʪʦʨʘʭ  ʩ  ʚʝʨʭʥʠʤ  ʨʘʩʧʦʣʦʞʝʥʠʝʤ  ʯʝʨʚʷʢʘ  ʧʨʠ ʚʢʣʶʯʝʥʠʠ   ʜʚʠʞʝʥʠʝ  

ʈʠʩ. 2.12. ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʢʦʥʠʯʝ-

ʩʢʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʨʝʜʫʢʪʦʨ  ʩ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʪʠʭʦʭʦʜʥʳʤ ʚʘʣʦʤ: 

ʘ ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ;  

ʙ ï ʦʙʱʠʡ ʚʠʜ 

ʈʠʩ. 2.13. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʢʦʥʠʯʝʩʢʦ-

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʜʫʢʪʦʨʘ ʩ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʙʳʩʪʨʦʭʦʜʥʳʤ 

ʚʘʣʦʤ 
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ʈʠʩ. 2.15.  ʏʝʨʚʷʯʥʳʡ ʨʝʜʫʢʪʦʨ ʩ ʚʝʨʭʥʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʯʝʨʚʷʢʘ: 

ʘ ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ:  ʙ ð ʦʙʱʠʡ ʚʠʜ ʨʝʜʫʢʪʦʨʘ ʩ  ʨʘʟʴʝʤʥʳʤ  ʢʦʨʧʫʩʦʤ;  

ʚ ð ʦʙʱʠʡ ʚʠʜ ʨʝʜʫʢʪʦʨʘ ʩ ʥʝʨʘʟʲʝʤʥʳʤ ʢʦʨʧʫʩʦʤ 

 

ʦʙʳʯʥʦ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʤʘʟʢʝ (ʟʘ ʚʨʝʤʷ ʦʩʪʘʥʦʚʢʠ ʧʨʠ ʨʝʜʢʠʭ 

ʚʢʣʶʯʝʥʠʷʭ ʤʘʩʣʦ ʫʩʧʝʚʘʝʪ ʩʪʝʯʴ ʩ ʟʫʙʴʝʚ ʢʦʣʝʩʘ). 

ʇʝʨʝʜʘʪʦʯʥʳʝ ʯʠʩʣʘ ʯʝʨʚʷʯʥʳʭ ʨʝʜʫʢʪʦʨʦʚ ʦʙʳʯʥʦ ʢʦʣʝʙʣʶʪʩʷ ʚ ʧʨʝʜʝ-

ʣʘʭ ʠ = 8 · 80 (ʩʤ. ɻʆʉʊ 2144-76). 

ʊʘʢ  ʢʘʢ  ʂʇɼ  ʯʝʨʚʷʯʥʳʭ  ʨʝʜʫʢʪʦʨʦʚ  ʥʝʚʳʩʦʢ, ʪʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʙʦʣʴʰʠʭ  

ʈʠʩ.  2.14. ʏʝʨʚʷʯʥʳʡ ʨʝʜʫʢʪʦʨ ʩ 

ʥʠʞʥʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʯʝʨʚʷʢʘ: 
ʘ ð ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ; 6 ð ʦʙ-

ʱʠʡ ʚʠʜ ʨʝʜʫʢʪʦʨʘ ʩ ʨʘʟʲʝʤʥʳʤ 

ʢʦʨʧʫʩʦʤ; ʚ ð ʦʙʱʠʡ ʚʠʜ ʨʝʜʫʢʪʦ-

ʨʘ ʩ ʨʝʙʨʠʩʪʳʤ ʨʘʟʲʝʤʥʳʤ ʢʦʨ-

ʧʫʩʦʤ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʙʜʫʚʦʤ; ʛ 

ð ʪʦ ʞʝ, ʩʦ ʩʥʪ̫ʦʡ ʢʨʳʰʢʦʡ; ʜ ð 

ʦʙʱʠʡ ʚʠʜ ʨʝʜʫʢʪʦʨʘ ʩ ʥʝʨʘʟʲʝʤ-

ʥʳʤ ʢʦʨʧʫʩʦʤ 
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ʤʦʱʥʦʩʪʝʡ ʠ ʚ ʫʩʪʘʥʦʚʢʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʥʝʧʨʝʨʳʚʥʦ, ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠʭ ʥʝʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ. ʇʨʘʢʪʠʯʝʩʢʠ ʯʝʨʚʷʯʥʳʝ ʨʝʜʫʢʪʦʨʳ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʤʦʱ-

ʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦ 45 ʢɺʪ ʠ ʚ ʚʠʜʝ ʠʩʢʣʶʯʝʥʠʷ ʜʦ 150 ʢɺʪ. 

 

 
 

ʈʠʩ. 2.16. ʏʝʨʚʷʯʥʳʡ ʨʝʜʫʢʪʦʨ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʚʘʣʦʤ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ: 
ʘ - ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ; ʙ - ʦʙʱʠʡ ʚʠʜ ʨʝʜʫʢʪʦʨʘ ʩ ʨʘʟʲʝʤʥʳʤ ʢʦʨʧʫʩʦʤ;  

ʚ -ʦʙʱʠʡ ʚʠʜ ʨʝʜʫʢʪʦʨʘ ʩ ʥʝʨʘʟʲʝʤʥʳʤ ʢʦʨʧʫʩʦʤ 

 
 

ɿʫʙʯʘʪʦ-ʯʝʨʚʷʯʥʳʝ, ʯʝʨʚʷʯʥʦ-ʟʫʙʯʘʪʳʝ 

ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʯʝʨʚʷʯʥʳʝ ʨʝʜʫʢʪʦʨʳ 

 

ʉʭʝʤʳ ʠ ʦʙʱʠʡ ʚʠʜ ʟʫʙʯʘʪʦ-ʯʝʨʚʷʯʥʳʭ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʯʝʨʚʷʯʥʳʭ 

ʨʝʜʫʢʪʦʨʦʚ ʧʦʢʘʟʘʥʳ  ʥʘ  ʨʠʩ. 2.17 ʠ 2.18. ʇʝʨʝʜʘʪʦʯʥʳʝ  ʯʠʩʣʘ ʟʫʙʯʘʪʦ-ʯʝʨʚʷʯ- 
 

 
 

ʈʠʩ. 2.17. ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʟʫʙʯʘʪʦ-ʯʝʨʚʷʯʥʳʡ ʨʝʜʫʢʪʦʨ: 

ʘ ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ;   ʙ ï ʦʙʱʠʡ ʚʠʜ 

 

 
 

ʈʠʩ. 2.18. ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʯʝʨʚʷʯʥʳʡ ʨʝʜʫʢʪʦʨ: 
ʘ ð ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ; ʙ ʠ ʚ ï ʚʘʨʠʘʥʪʳ ʦʙʱʝʶ ʚʠʜʘ 
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ʥʳʭ ʨʝʜʫʢʪʦʨʦʚ u ¢ 150, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʠ ʚʳʰʝ (ʜʣʷ ʫʯʝʙʥʦʛʦ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʛʨʘʥʠʯʠʪʴʩʷ ʠ = 35 · 80). 

ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʯʝʨʚʷʯʥʳʝ ʨʝʜʫʢʪʦʨʳ ʠʟʛʦʪʦʚʣʷʶʪ ʩ ʧʝʨʝʜʘʪʦʯʥʳʤʠ 

ʯʠʩʣʘʤʠ ʠ = 120 · 2500 (ʧʨʠ ʫʯʝʙʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʛʨʘʥʠ-

ʯʠʪʴʩʷ ʠ = 120 · 400). 

 

ʇʣʘʥʝʪʘʨʥʳʝ ʠ ʚʦʣʥʦʚʳʝ ʨʝʜʫʢʪʦʨʳ 

 

ʅʘ ʨʠʩ. 2.19, ʘ ʧʦʢʘʟʘʥʘ ʧʨʦʩʪʘʷ ð ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ ð ʧʣʘʥʝ-

ʪʘʨʥʘʷ ʧʝʨʝʜʘʯʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʝʩʘ 1, ʩʘʪʝʣʣʠʪʦʚ 2 ʠ ʢʦʨʦʥʯʘʪʦʛʦ 

ʢʦʣʝʩʘ 3, ʥʝʧʦʜʚʠʞʥʦ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʚ ʢʦʨʧʫʩʝ. ʉʘʪʝʣʣʠʪʳ ʩʦʚʝʨʰʘʶʪ ʩʣʦʞʥʦʝ  

 

 
 

ʜʚʠʞʝʥʠʝ: ʦʥʠ ʦʙʢʘʪʳʚʘʶʪʩʷ ʚʦʢʨʫʛ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʝʩʘ ʠ ʚʨʘʱʘʶʪʩʷ ʚʥʫʪʨʠ 

ʥʝʧʦʜʚʠʞʥʦʛʦ ʢʦʨʦʥʯʘʪʦʛʦ ʢʦʣʝʩʘ (ʥʝʢʦʪʦʨʘʷ ʘʥʘʣʦ-

ʛʠʷ ʩ ʜʚʠʞʝʥʠʝʤ ʧʣʘʥʝʪ ʜʘʣʘ ʥʘʟʚʘʥʠʝ ʵʪʠʤ ʧʝʨʝʜʘ-

ʯʘʤ). ʆʩʠ ʩʘʪʝʣʣʠʪʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʚʦʜʠʣʝ 4, ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʘʷ ʦʩʴ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʦʩʷʤʠ ʮʝʥʪʨʘʣʴʥʳʭ ʢʦʣʝʩ ð ʩʦʣʥʝʯʥʦʛʦ ʠ ʢʦʨʦʥʯʘʪʦ-

ʛʦ. ʏʘʱʝ ʜʨʫʛʠʭ ʚʩʪʨʝʯʘʶʪʩʷ ʧʝʨʝʜʘʯʠ ʩ ʯʠʩʣʦʤ ʩʘ-

ʪʝʣʣʠʪʦʚ nʩ = 3. 

ʇʣʘʥʝʪʘʨʥʳʝ ʧʝʨʝʜʘʯʠ ʢʦʤʧʘʢʪʥʝʝ ʦʙʳʯʥʳʭ 

ʟʫʙʯʘʪʳʭ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʩ ʩʘʪʝʣʣʠʪʘʭ ʚʨʘʱʘʶʱʠʡ ʤʦ-

ʤʝʥʪ ʧʝʨʝʜʘʝʪʩʷ ʥʝ ʦʜʥʠʤ, ʘ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʪʦʢʘʤʠ; 

ʚ ʨʘʩʯʝʪʘʭ ʥʘ ʧʨʦʯʥʦʩʪʴ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʶʪ ʧʨʠʚʝʜʝʥ- 

ʈʠʩ. 2.19. ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʡ ʧʣʘ-

ʥʝʪʘʨʥʳʡ ʨʝʜʫʢʪʦʨ: 

ʘ -  ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ; 

ʙ ï ʦʙʱʠʡ ʚʠʜ 

ʈʠʩ. 2.20.ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ 

ʩʭʝʤʘ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ 

ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ  
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ʥʦʝ ʯʠʩʣʦ ʩʘʪʝʣʣʠʪʦʚ nc = nʩ ð 0,7. 

ɼʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦ ʧʦʪʦʢʘʤ ʧʨʠ ʥʝʩʢʦʣʴʢʠʭ ʩʘʪʝʣʣʠʪʘʭ ʦʜʥʦ 

ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʢʦʣʝʩ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʙʝʟ ʦʧʦʨ, ʪ. ʝ. ʚʳʧʦʣʥʷʶʪ ʧʣʘʚʘʶʱʠʤ ʚ 

ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘ ʨʠʩ. 2.19, ʙ ʧʦʢʘʟʘʥ ʨʝʜʫʢʪʦʨ ʩ ʧʣʘʚʘʶʱʠʤ (ʩʘʤʦ-

ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤʩʷ) ʩʦʣʥʝʯʥʳʤ ʢʦʣʝʩʦʤ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʧʣʘʚʘʶʱʝʛʦ ʩʦʣ-

ʥʝʯʥʦʛʦ ʢʦʣʝʩʘ ʩ ʚʘʣʦʤ ʧʨʠʤʝʥʝʥʘ ʟʫʙʯʘʪʘʷ ʤʫʬʪʘ ʩ ʜʚʫʤʷ ʟʫʙʯʘʪʳʤʠ ʩʦʯʣʝʥʝ-

ʥʠʷʤʠ. 

ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʩʪʳʭ ʧʣʘʥʝʪʘʨʥʳʭ ʧʝ-

ʨʝʜʘʯ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʝʜʫʢʪʦʨ ʩ ʙʦʣʴʰʠʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ (ʨʠʩ. 

2.20). 

ɺʦʣʥʦʚʳʝ ʧʝʨʝʜʘʯʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʣʘʥʝʪʘʨ-

ʥʳʭ ʧʝʨʝʜʘʯ, ʠʤʝʶʱʠʭ ʛʠʙʢʦʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʢʦʣʝʩʦ, ʜʝʬʦʨʤʠʨʫʝʤʦʝ ʧʨʠ ʧʝ-

ʨʝʜʘʯʝ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ. 

ʅʘ ʨʠʩ. 2.21, ʘ ʧʦʢʘʟʘʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚʦʣʥʦʚʦʡ ʧʝʨʝʜʘʯʠ: ʚʭʦʜ-

ʥʦʡ ʚʘʣ 1 ʧʨʠʚʦʜʠʪ ʚʦ ʚʨʘʱʝʥʠʝ ʛʝʥʝʨʘʪʦʨ ʚʦʣʥ 2, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʦʜʠʣʦ ʩ ʜʚʫʤʷ ʨʦʣʠʢʘʤʠ; ʛʠʙʢʦʝ ʢʦʣʝʩʦ 3 ʚʳʧʦʣʥʝʥʦ ʚ ʚʠʜʝ ʪʦʥʢʦʩʪʝʥʥʦʛʦ 

ʩʪʘʢʘʥʘ, ʥʘ ʫʪʦʣʱʝʥʥʦʡ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʥʘʨʝʟʘʥʳ ʟʫʙʴʷ, ʚʭʦʜʷʱʠʝ ʚ ʟʘʮʝʧʣʝʥʠʝ 

ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʟʫʙʴʷʤʠ ʥʝʧʦʜʚʠʞʥʦʛʦ ʞʝʩʪʢʦʛʦ ʢʦʣʝʩʘ 4; ʚʳʭʦʜʥʦʡ ʚʘʣ 5 ʩʦ-

ʝʜʠʥʝʥ ʩ ʦʩʥʦʚʘʥʠʝʤ ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʩʪʘʢʘʥʘ. 

ɻʝʥʝʨʘʪʦʨ ʜʝʬʦʨʤʠʨʫʝʪ ʛʠʙʢʦʝ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʠ, ʧʨʠʜʘʚʘʷ ʝʤʫ ʬʦʨʤʫ ʵʣʣʠʧʩʘ, ʠ ʚʚʦʜʠʪ ʚ ʟʘʮʝʧʣʝʥʠʝ ʟʫʙʴʷ ʜʝʪʘʣʝʡ 3 ʠ 4 ʥʘ 

ʧʦʣʥʫʶ ʨʘʙʦʯʫʶ ʚʳʩʦʪʫ. 

ʇʨʠ ʚʨʘʱʝʥʠʠ ʛʝʥʝʨʘʪʦʨʘ ʟʘʮʝʧʣʝʥʠʝ ʟʫʙʴʝʚ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦʜʦʙʥʦ ʙʝ-

ʛʫʱʝʡ ʚʦʣʥʝ, ʯʪʦ ʠ ʜʘʣʦ ʥʘʟʚʘʥʠʝ ʵʪʠʤ ʧʝʨʝʜʘʯʘʤ. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʢʫʣʘʯʢʦʚʳʝ ʛʝʥʝʨʘʪʦʨʳ ʚʦʣʥ (ʨʠʩ. 

2.21,ʙ). ʅʘ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʡ ʢʫʣʘʯʦʢ ɸ ʥʘʩʘʞʝʥʦ ʚʥʫʪʨʝʥʥʝʝ ʢʦʣʴʮʦ ʛʠʙʢʦʛʦ 

ʧʦʜʰʠʧʥʠʢʘ ɹ. ʅʘʨʫʞʥʦʝ ʢʦʣʴʮʦ ʛʠʙʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʩʦʧʨʷʞʝʥʦ ʩ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʠʙʢʦʛʦ ʢʦʣʝʩʘ ɺ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʤʫ ʟʘʜʘʥʥʫʶ ʬʦʨʤʫ ʜʝʬʦʨʤʘʮʠʠ. 

ʂʦʣʴʮʘ ʛʠʙʢʦʛʦ ʧʦʜh ʠʧʥʠʢʘ ʠʤʝʶʪ ʤʘʣʫʶ ʪʦʣʱʠʥʫ ʠ ʧʦʵʪʦʤʫ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʣʝʛʢʦ ʜʝʬʦʨʤʠʨʫʶʪʩʷ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʟʤʝʨʳ ʜʚʫʭ ʧʦʜʰʠʧ-

ʥʠʢʦʚ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ: ʛʠʙʢʦʛʦ ʠ ʦʙʳʯʥʦʛʦ ʰʘʨʠʢʦʚʦ-

ʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʣʝʛʢʦʡ ʩʝʨʠʠ: 

 

 
 

ʄʦʜʫʣʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 3 ʠ 4 (ʩʤ. ʨʠʩ. 2.21, ʘ) ʦʜʠʥʘʢʦʚʳ, ʥʦ ʯʠʩʣʘ ʟʫʙʝɹʚ  

 

ʨʘʟʥʳʝ: z3 < z4. ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʚʦʣʥʦʚʦʡ ʧʝʨʝʜʘʯʠ ʨʘʚʥʦ  

 

   z3 

u = ____________ . 
z4 ï z3 
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ʈʠʩ. 2.21. ɺʦʣʥʦʚʦʡ ʟʫʙʯʘʪʳʡ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʡ ʨʝʜʫʢʪʦʨ: 
ʘ ð ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ; ʙ ð ʛʝʥʝʨʘʪʦʨ ʚʦʣʥ: ʚ ð ʧʨʦʜʦʣʴʥʳʡ ʨʘʟʨʝʟ 

 

ʇʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ (z4 - z3) = 2 ʠʣʠ 1 ʜʠʘʧʘʟʦʥ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝ-

ʥʠʡ ʚ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʚʦʣʥʦʚʳʭ ʨʝʜʫʢʪʦʨʘʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 80 ʜʦ 300 (ʠ ʙʦʣʝʝ). 

ɺʦʣʥʦʚʳʝ ʧʝʨʝʜʘʯʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʙʣʘʛʦʜʘʨʷ 

ʤʥʦʛʦʧʘʨʥʦʩʪʠ ʟʘʮʝʧʣʝʥʠʷ: ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʟʘʮʝʧʣʝʥʠʠ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʜʦ 

25-30% ʧʘʨ ʟʫʙʴʝʚ. 

ʅʘ ʨʠʩ. 2.21, ʚ ʧʦʢʘʟʘʥ ʚʦʣʥʦʚʦʡ ʨʝʜʫʢʪʦʨ ʩ ʢʫʣʘʯʢʦʚʳʤ ʛʝʥʝʨʘʪʦʨʦʤ 

ʚʦʣʥ 2 ʠ ʛʠʙʢʠʤ ʪʦʥʢʦʩʪʝʥʥʳʤ ʢʦʣʝʩʦʤ 3 ʩʚʘʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘ ʚʝʜʫʱʝʤ 

ʚʘʣʫ 1 ʥʘʭʦʜʠʪʩʷ ʢʫʣʘʯʦʢ, ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥ ʛʠʙʢʠʡ ʧʦʜʰʠʧʥʠʢ, ʩʦʧʨʷ-

ʞʝʥʥʳʡ ʩ ʛʠʙʢʠʤ ʢʦʣʝʩʦʤ, ʟʫʙʴʷ ʢʦʪʦʨʦʛʦ ʚ ʜʚʫʭ ʟʦʥʘʭ ʚʭʦʜʷʪ ʚ ʟʘʮʝʧʣʝʥʠʝ ʩ 

ʟʫʙʴʷʤʠ ʞʝʩʪʢʦʛʦ ʢʦʣʝʩʘ 4. ʂʫʣʘʯʦʢ ʛʝʥʝʨʘʪʦʨʘ ʚʦʣʥ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʘʣʫ ʩ ʨʘʜʠ-

ʘʣʴʥʳʤ ʟʘʟʦʨʦʤ; ʧʝʨʝʜʘʯʘ ʜʚʠʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʫʙʯʘʪʦʡ ʤʫʬʪʦʡ, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʘʤʦʫʩʪʘʥʦʚʢʫ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʨʘʙʦʪʝ ʨʝʜʫʢʪʦʨʘ. ʉ ʛʠʙʢʦʛʦ ʢʦʣʝ-

ʩʘ ʚʨʘɦ ʘʶʱʠʡ ʤʦʤʝʥʪ ʧʝʨʝʜʘʝʪʩʷ ʰʣʠʮʘʤʠ ʚʝʜʦʤʦʤʫ ʚʘʣʫ 5. 

 

ʄʦʪʦʨ-ʨʝʜʫʢʪʦʨʳ 

 

ʄʦʪʦʨ-ʨʝʜʫʢʪʦʨ ð ʵʪʦ ʘʛʨʝʛʘʪ, ʩʦʚʤʝʱʘʶʱʠʡ ʚ ʦʜʥʦʤ ʢʦʨʧʫʩʝ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʴ ʠ ʨʝʜʫʢʪʦʨ. ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʚʘʪʴʩʷ ʙʦʣʴ-
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ʰʦʡ ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʘʣʘ ʨʝʜʫʢʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘ-

ʪʝʣʷ ʠ ʫʤʝʥʴʰʘʝʪ ʯʠʩʣʦ ʜʝʪʘʣʝʡ ʧʨʠʚʦʜʘ. 

ʏʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʳ ʩ ʟʫʙʯʘʪʳʤʠ ʧʝʨʝʜʘʯʘʤʠ ʦʙʳʢʥʦʚʝʥ-

ʥʳʤʠ ʠ ʧʣʘʥʝʪʘʨʥʳʤʠ. 

 

 
 

ʈʠʩ. 2.23. ʄʦʪʦʨ-ʨʝʜʫʢʪʦʨ ʩ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʡ ʟʫʙʯʘʪʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝʡ 

 

 

ʅʘ ʨʠʩ. 2.22 ʧʦʢʘʟʘʥʳ ʦʙʱʠʝ ʚʠʜʳ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʦʚ. ʅʘ ʨʠʩ. 2.23 ʠʟʦʙ-

ʨʘʞʝʥ ʚ ʨʘʟʨʝʟʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ ʩ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʡ ʟʫʙʯʘʪʦʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝʡ. ʇʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 2.22, ʙ ʚʝʨʪʠʢʘʣʴʥʳʡ ʤʦʪʦʨ-

ʨʝʜʫʢʪʦʨ ʠʤʝʝʪ ʜʚʝ ʩʪʫʧʝʥʠ: ʧʝʨʚʫʶ ð ʟʫʙʯʘʪʫʶ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʦʙʳʢʥʦʚʝʥ-

ʥʫʶ ʠ ʚʪʦʨʫʶ ð ʧʣʘʥʝʪʘʨʥʫʶ. 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.22. ʄʦʪʦʨ-ʨʝʜʫʢʪʦʨʳ: 

ʘ ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ; ʙ ï ʚʝʨʪʠʢʘʣʴʥʳʡ  
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ɻʃɸɺɸ III   

ɿʋɹʏɸʊʓɽ ʇɽʈɽɼɸʏʀ 
 

 

Ä 3.1. ʆɹʑʀɽ ʉɺɽɼɽʅʀʗ 

 

ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʚʠʜʘ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ - ʟʘʢʨʳʪʳʝ ʠ ʦʪʢʨʳʪʳʝ. ʕʪʠ ʧʝʨʝ-

ʜʘʯʠ ʦʙʳʯʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʚ ʢʫʨʩʦʚʳʭ ʧʨʦʝʢʪʘʭ ʫʯʘʱʠʝʩʷ ʪʝʭʥʠʢʫʤʦʚ. 

ɿʘʢʨʳʪʳʝ, ʟʘʢʣʶʯʝʥʥʳʝ ʚ ʦʪʜʝʣʴʥʳʡ ʢʦʨʧʫʩ (ʥʘʧʨʠʤʝʨ, ʨʝʜʫʢʪʦʨʥʦʛʦ 

ʪʠʧʘ) ʠʣʠ ʚʩʪʨʦʝʥʥʳʝ ʚ ʤʘʰʠʥʫ. ʇʨʦʝʢʪʠʨʦʚʦʯʥʳʡ ʨʘʩʯʝʪ ʠʭ ʚʳʧʦʣʥʷʶʪ ʥʘ 

ʚʳʥʦʩʣʠʚʦʩʪʴ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʚʦ ʠʟʙʝʞʘʥʠʝ ʫʩʪʘʣʦʩʪʥʦʛʦ ʚʳʢʨʘ-

ʰʠʚʘʥʠʷ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ. ʆʧʨʝʜʝʣʠʚ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʨʘʩʯʝʪʘ ʨʘʟ-

ʤʝʨʳ ʢʦʣʝʩ ʠ ʧʘʨʘʤʝʪʨʳ ʟʘʮʝʧʣʝʥʠʷ, ʚʳʧʦʣʥʷʶʪ ʟʘʪʝʤ ʧʨʦʚʝʨʦʯʥʳʡ ʨʘʩʯʝʪ ʥʘ 

ʚʳʥʦʩʣʠʚʦʩʪʴ ʟʫʙʴʝʚ ʧʦ ʥʘʧʨʷʞʝʥʠʷʤ ʠʟʛʠʙʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʟʫʙʴʝʚ; ʦʙʳʯʥʦ ʥʘʧʨʷʞʝʥʠʷ ʠʟʛʠʙʘ ʚ ʟʫʙʴʷʭ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʢʦʥ-

ʪʘʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ, ʦʢʘʟʳʚʘʶʪʩʷ ʥʠʞʝ ʜʦʧʫʩʢʘʝʤʳʭ. ʆʜʥʘʢʦ ʧʨʠ ʚʳʙʦʨʝ 

ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʛʦ ʩʫʤʤʘʨʥʦʛʦ ʯʠʩʣʘ ʟʫʙʴʝʚ ʢʦʣʝʩ (ʙʦʣʝʝ 200) ʠʣʠ ʧʨʠʤʝʥʝʥʠʠ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ ʜʦ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ 

(HRC>45) ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʦʧʘʩʥʦʩʪʴ ʠʟʣʦʤʘ ʟʫʙʴʝʚ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʵʪʦʛʦ ʨʘʟʤʝʨʳ ʟʫʙʴʝʚ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ ʠʟ ʨʘʩʯʝʪʘ ʠʭ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ ʧʦ 

ʥʘʧʨʷʞʝʥʠʷʤ ʠʟʛʠʙʘ. 

ʆʪʢʨʳʪʳʝ ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ ʧʦ 

ʥʘʧʨ̫ʞʝʥʠʷʤ ʠʟʛʠʙʘ ʩ ʫʯʝʪʦʤ ʠʟʥʦʩʘ ʟʫʙʴʝʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʨʷʪʴ ʚʳʥʦʩʣʠʚʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ ʧʦ 

ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ, ʪʘʢ ʢʘʢ ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ 

ʧʨʝʜʦʪʚʨʘɦ ʘʝʪ ʚʳʢʨʘʰʠʚʘʥʠʝ ʠʭ ʦʪ ʧʝʨʝʤʝʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ɿʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʙʦʣʴʰʠʤʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤʠ (ʧʠʢʦ-

ʚʳʤʠ) ʧʝʨʝʛʨʫʟʢʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʷʪʴ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʦʧʘʩʥʦʩʪʠ ʭʨʫʧʢʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʠʣʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ ʦʪ 

ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʭʨʫʧʢʦʛʦ ʠʟʣʦʤʘ ʠʣʠ ʧʣʘʩʪʠ-

ʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʠʟʛʠʙʝ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʨʘʚʥʦ ʢʘʢ ʢ ʟʘʢʨʳʪʳʤ, ʪʘʢ ʠ ʦʪ-

ʢʨʳʪʳʤ ʧʝʨʝʜʘʯʘʤ. 

 

 
 

ʈʠʩ.   3.1.   ʂʦʥʪʘʢʪʥʳʝ   ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʦʥʝ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʮʠʣʠʥʜʨʦʚ ʚʜʦʣʴ ʦʙʨʘʟʫʶʱʝʡ 

 



 24 

ʂʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʠ ʦʙʱʫʶ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʟʫʙʴʝʚ. ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʡ, ʚʳʟʳʚʘʝʤʳʭ ʪʘʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦ-

ʚʝʨʢʫ ʟʫʙʴʝʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʠ ʦʙʱʫʶ ʩʪʘʪʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ. ʈʘʩʯʝʪʥʳʝ 

ʬʦʨʤʫʣʳ ʠʤʝʶʪ ʪʦʪ ʞʝ ʚʠʜ, ʯʪʦ ʠ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʦʚ ʥʘ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯ-

ʥʦʩʪʴ, ʥʦ ʟʥʘʯʝʥʠʷ ʜʦʧʫʩʢʘʝʤʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʠʥʠʤʘʝʤʳʭ ʚ ʵʪʠʭ ʨʘʩʯʝʪʘʭ, 

ʨʘʟʣʠʯʥʳ. 

ʈʘʩʯʝʪ ʟʘʢʨʳʪʳʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ ʟʫʙʴʝʚ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʦʩʥʦʚʘʥ ʥʘ ʬʦʨʤʫʣʝ ɻʝʨʮʘ. ʕʪʘ ʬʦʨ-

ʤʫʣʘ ʩʣʫʞʠʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʦʯ-

ʢʘʭ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʢʦʥʪʘʢʪʥʦʡ ʧʦʣʦʩʢʠ ʚ ʟʦʥʝ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʜʚʫʭ ʢʨʫʛʦʚʳʭ 

ʮʠʣʠʥʜʨʦʚ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʦʙʨʘʟʫʶʱʠʤʠ (ʨʠʩ. 3.1). ʇʨʠ ʚʳʚʦʜʝ ʬʦʨʤʫʣʳ 

ʙʳʣʠ ʧʨʠʥʷʪʳ ʜʦʧʫʱʝʥʠʷ: ʤʘʪʝʨʠʘʣ ʮʠʣʠʥʜʨʦʚ ʠʜʝʘʣʴʥʦ ʫʧʨʫʛʠʡ, ʚ ʪʦʯʢʘʭ 

ʢʦʥʪʘʢʪʘ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʙʲʝʤʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ð ʪʨʝʭ-

ʦʩʥʦʛʦ ʩʞʘʪʠʷ; ʥʘʠʙʦʣʴʰʝʝ (ʧʦ ʤʦʜʫʣʶ) ʥʘʧʨʷʞʝʥʠʝ ʩʞʘʪʠʷ ð ʛʣʘʚʥʦʝ ʥʘʧʨʷ-

ʞʝʥʠʝ s3 ð ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʘʪʴ smʘʭ; ʧʨʠ ʵʣʣʠʧʪʠʯʝʩʢʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʧʦ ʰʠʨʠʥʝ ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʘ 

 

 
ʛʜʝ q ï ʥʘʛʨʫʟʢʘ ʥʘ ʝʜʥʠʮʫ ʜʣʠʥʳ ʢʦʥʪʘʢʪʥʦʡ ʣʠʥʠʠ; ʩ ï ʰʠʨʠʥʘ ʢʦʥʪʘʢʪʥʦʡ 

ʧʣʦʱʘʜʢʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʠʟ ʚʳʨʘʞʝʥʠʷ 

 

 
 

 ʇʦʜʩʪʘʚʠʚ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚ ʬʦʨʤʫʣʫ (3.1.), ʧʦʣʫʯʠʤ 

 

 
    1           1         1          1  
ɿʜʝʩʴ ______ - ʧʨʠʚʝʜʝʥʥʘʷ ʢʨʠʚʠʟʥʘ ʮʠʣʠʥʜʨʦʚ, ______ = ______ + ______, ʛʜʝ r1 ʠ 
   rʧʨ          rʧʨ       r1         r2  

             r1 r2 

r2 ï ʨʘʜʠʩʳ ʮʠʣʠʥʜʨʦʚ; ʦʪʩʶʜʘ - rʧʨ = _________  ; v ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ, ʧʨʠ- 
            r1 + r2 

ʥʷʪʳʡ ʨʘʚʥʳʤ 0,3; ɽ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʮʠʣʠʥʜʨʦʚ; ʝʩʣʠ ʮʠʣʠʥʜʨʳ 

ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʦ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʚʝʜʝʥʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫ-

ʛʦʩʪʠ 

 

 

(3.1) 

(3.2) 
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Ä 3.2. ʈɸʉʏɽʊ ʎʀʃʀʅɼʈʀʏɽʉʂʀʍ ɿʋɹʏɸʊʓʍ ʂʆʃɽʉ ʅɸ 

ʂʆʅʊɸʂʊʅʋʖ ɺʓʅʆʉʃʀɺʆʉʊʔ 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʝʨʝʜʘʯ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ (ʨʠʩ. 3.2) 

ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ 

ʧʦʣʴʟʫʶʪʩʷ ʬʦʨʤʫʣʦʡ (3.2); ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ sʪax ʧʨʠʥʷ-

ʪʦ ʦʙʦʟʥʘʯʘʪʴ sʥ; ʠʥʜʝʢʩ H (ʣʘʪ.) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʚʦʡ ʙʫʢʚʝ ʬʘʤʠʣʠʠ ʟʥʘʤʝ-

ʥʠʪʦʛʦ ʬʠʟʠʢʘ Hertz'a; ʥʘʛʨʫʟʢʘ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʢʦʥʪʘʢʪʥʦʡ ʣʠʥʠʠ ʟʫʙʴʝʚ 

 

 
 

ʛʜʝ     ʥʦʨʤʘʣʴʥʘʷ ʩʠʣʘ ʚ ʟʘʮʝʧʣʝʥʠʠ;  

   - ʦʢʨʫʞʥʘʷ ʩʠʣʘ; aw ï ʫʛʦʣ ʟʘʮʝʧʣʝʥʠʷ; ʧʦ 

ɻʆʉʊ 13755-81 ʦʥ ʧʨʠʥʷʪ ʨʘʚʥʳʤ 20ʦ* ; b - ʫʛʦʣ ʥʘʢʣʦ- ʥʘ 

ʟʫʙʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʨʘʟʫʶʱʝʡ ʜʝʣʠʪʝʣʴ-ʥʦʛʦ ʮʠ-

ʣʠʥʜʨʘ;  ʂʥ ð ʢʦʵʬʬʠʮʠʝʥʪ,  ʫʯʠʪʳʚʘʶʱʠʡ  ʜʠ- 

ʥʘʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʟʫʙʴʷʤʠ ʠ ʧʦ ʰʠʨʠʥʝ ʚʝʥʮʘ; b ð ʠhʨʠ- 

ʥʘ ʚʝʥʮʘ; ke - ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʝʧʝʥʠ ʧʝʨʝʢʨʳʪʠʷ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʨʘʜʠʫʩ ʮʠʣʠʥʜʨʦʚ rʧʨ ʩʣʝʜʫʝʪ ʟʘʤʝʥʠʪʴ ʚʝʣʠʯʠʥʦʡ ʧʨʠʚʝ-

ʜʝʥʥʦʛʦ ʨʘʜʠʫʩʘ ʵʚʦʣʴʚʝʥʪʥʳʭ ʧʨʦʬʠʣʝʡ ʟʫʙʴʝʚ ʚ ʧʦʣʶʩʝ ʟʘʮʝʧʣʝʥʠʷ; ʪʘʢ ʢʘʢ 

 

 

ʪʦ 

 
 

ʇʦʜʩʪʘʥʦʚʢʘ ʧʨʠʚʝʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥ ʚ ʬʦʨʤʫʣʫ (3.2) ʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʚʳʨʘʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ sʥ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʚ ʚʠʜʝ 

 

 
 

ɼʘʣʴʥʝʡʰʠʝ ʨʘʩʯʝʪʳ ʜʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ɻʆʉʊ 

21354-75. ɼʦʧʫʱʝʥʥʳʝ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʩʪʫʧʣʝʥʠʷ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʶʱʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʠʤʝʶʪ ʮʝʣʴʶ ʥʝ-

ʢʦʪʦʨʦʝ ʫʧʨʦɦʝʥʠʝ ʨʘʩʯʝʪʘ. 
 

* ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ aw º a, ʛʜʝ a - ʜʝʣʠʪʝʣʴʥʳʡ ʫʛʦʣ ʧʨʦʬʠʣʷ ʠʣʠ ʫʛʦʣ ʧʨʦʬʠʣʷ ʠʩʭʦʜʥʦʛʦ ʢʦʥʪʫʨʘ 

 

Ft   

ʈʠʩ. 3.2. ɻʝʦʤʝʪʨʠʷ ʟʫʙʯʘ-

ʪʦʛʦ ʵʚʦʣʴʚʝʥʪʥʦʛʦ ʟʘʮʝʧ-

ʣʝʥʠʷ 

(3.3) 
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ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦ ɻʆʉʊ 21354-75 ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

 ð ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘ-

ʪʝʨʠʘʣʘ ʩʦʧʨʷʞʝʥʥʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ; ʝʛʦ ʨʘʟʤʝʨʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨ-

ʥʦʩʪʠ Õ E; 

 ï  ʙʝʟʨʘʟʤʝʨʥʳʡ  ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʬʦʨʤʫ ʩʦʧʨʷ-

ʞʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ ʚ ʧʦʣʶʩʝ ʟʘʮʝʧʣʝʥʠʷ; 

 ð ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʫʤʤʘʨʥʫʶ ʜʣʠʥʫ  
               3 
ʢʦʥʪʘʢʪʥʳʭ ʣʠʥʠʡ;  ʜʣʷ  ʧʨʷʤʦʟʫʙʳʭ  ʢʦʣʝʩ ke = __________ ; ʜʣʷ ʢʦʩʦʟʫʙʳʭ ʠ ʰʝʚ- 
            4 - ea 

ʨʦʥʥʳʭ ke = ea, ʛʜʝ ea - ʩʪʝʧʝʥʴ ʧʝʨʝʢʨʳʪʠʷ. 
ʉ ʵʪʠʤʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʬʦʨʤʫʣʘ (3.3) ʧʨʠʤʝʪ ʚʠʜ 

 

 
 

ɺʩʝ ʚʝʣʠʯʠʥʳ, ʚʭʦʜʷʱʠʝ ʚ ʵʪʫ ʬʦʨʤʫʣʫ, ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʝʜʠʥʠʮʘʭ. ɺ ɻʆʉʊ 21354-75 ʜʦʧʫʱʝʥʦ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʵʪʦʛʦ ʧʨʘ-

ʚʠʣʘ: ʤʦʤʝʥʪ ʚʳʨʘʞʝʥ ʚ ʅ Ö ʤ, a d ʠ b ʚ ʤʤ, ʥʘʧʨʷʞʝʥʠʝ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʚ 

ʄʇʘ (ʯʠʩʣʝʥʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʄʅ/ʤ2). 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʩʣʝʜʫʷ ʧʨʘʚʠʣʫ ʪʝʦʨʠʠ ʨʘʟʤʝʨʥʦʩʪʝʡ, ʙʫʜʝʤ ʚʳʨʘʞʘʪʴ 

ʤʦʤʝʥʪ ʚ ʅ Ö ʤʤ, d ʠ b ʚ ʤʤ, sʥ ʠ ɽ ʚ ʄʇʘ (ʯʪʦ ʯʠʩʣʝʥʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʅ/ʤʤ
2). 

ɼʣʷ ʩʪʘʣʠ ʧʨʠʥʠʤʘʶʪ: ɽ = 2,15 Ö 105 ʄʇʘ; ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ v = 0,3. 

ʇʨʠ ʵʪʠʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪ 

 

  

 

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ZH:  

ʜʣʷ ʧʨʷʤʦʟʫʙʳʭ ʢʦʣʝʩ ʧʨʠ a = 20Á, b = 0 ZH = 1,76;  

ʜʣʷ ʢʦʩʦʟʫʙʳʭ ʢʦʣʝʩ ʧʨʠ a = 20Á, b = 8·15Á ZH = 1,74·1,71;  

ʜʣʷ ʰʝʚʨʦʥʥʳʭ ʢʦʣʝʩ ZH = 1,57.  

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ Ze:  

ʜʣʷ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ ʧʨʠ a = 20Á Ze = 0,9 ;  

ʜʣʷ ʢʦʩʦʟʫʙʳʭ ʧʝʨʝʜʘʯ Ze = 0,8. 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʫʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʬʦʨʤʫʣʫ (3.4) ʠ 

ʟʘʤʝʥʳ ʚ ʥʝʡ d2 ʯʝʨʝʟ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ aw 

 

      

(3.4) 
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ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʳ ʜʣʷ ʧʨʦʚʝʨʦʯʥʦʛʦ ʨʘʩʯʝʪʘ:  

ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ 

 
 

ʢʦʩʦʟʫʙʳʭ ʧʝʨʝʜʘʯ 

 

 
 

ɺʳʨʘʞʘʷ ʚ ʵʪʠʭ ʬʦʨʤʫʣʘʭ ʚʝʣʠʯʠʥʫ b ʯʝʨʝʟ aw ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ    
 

ʰʠʨʠʥʳ   ʟʫʙʯʘʪʦʛʦ   ʚʝʥʮʘ       ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʦʯ-

ʥʦʛʦ ʨʘʩʯʝʪʘ aw, ʤʤ 
 

 
 

ɼʣʷ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ ʂʘ = 49,5; ʜʣʷ ʢʦʩʦʟʫʙʳʭ ʠ ʰʝʚʨʦʥʥʳʭ ʧʝʨʝʜʘʯ 

ʂʘ = 43,0. 

ʂʦʵʬʬʠʮʠʝʥʪ ʂH = ʂʅa,ʂʅbʂHv, ʛʜʝ ʂHa ð ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʟʫʙʴʷʤʠ; ʜʣʷ ʧʨʷʤʦʟʫʙʳʭ ʢʦ-

ʣʝʩ ʧʨʠʥʠʤʘʶʪ KHa = 1,0; ʜʣʷ ʢʦʩʦʟʫʙʳʭ ʢʦʣʝʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʢʨʫʞʥʦʡ ʩʢʦ-

ʨʦʩʪʠ v: ʧʨʠ v =10·20 ʤ/ʩ ʠ 7-ʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ ʂʅa ð 1,0·1,1, ʧʨʠ v ʜʦ 10 ʤ/ʩ 

ʠ 8-ʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ KHa = 1,05·1,15; ʂʅb ð ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʝ-

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦ ʰʠʨʠʥʝ ʚʝʥʮʘ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʟʘʢʨʳʪʳʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʨʝʜʫʢʪʦʨʥʦʛʦ ʪʠʧʘ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ KHb ʧʦ 

ʪʘʙʣ. 3.1. 

3.1.   ʆʨʠʝʥʪʠʨʦʚʦʯʥʳʝ    ʟʥʘʯʝʥʠʷ   ʢʦʵʬʬʠʮʠʝʥʪʘ KHb ʜʣʷ ʟʫʙʯʘʪʳʭ 

ʧʝʨʝʜʘʯ ʨʝʜʫʢʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʝ 
 
ʈʘʩʧʦʣʦʞʝʥʠʝ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʦʧʦʨ 

 

 

 

ʊʚʝʨʜʦʩʪʴ ʅɺ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ 

¢350 > 350 

ʉʠʤʤʝʪʨʠʯʥʦʝ 

ʅʝʩʠʤʤʝʪʨʠʯʥʦʝ  

ʂʦʥʩʦʣʴʥʦʝ  

1,00-1,15  

1,10-1.25  

1,20-1,35  

1,05-1,25  

1,15-1,35 

1,25-1,45  

ʄʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʨʠʥʠʤʘʶʪ ʜʣʷ ʧʝʨʝʜʘʯ ʩ ʦʪʥʦʰʝʥʠʝʤ ybd = b/d1 =  0,4: ʧʨʠ ʫʚʝ-

ʣʠʯʝʥʠʠ ybd ʜʦ 0,6 ʜʣʷ ʢʦʥʩʦʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢʦʣʝʩ ʠ ybd ʜʦ 0,8 ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʠʭ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʙʦʣʴh ʠʝ ʠʟ ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʟʥʘʯʝʥʠʡ KHb  . ʇʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʝ KHb = 1. 

ʆʧʨʝʜʝʣʝʥʠʝ ybd ʩʤ. ʬʦʨʤʫʣʫ (3.8). 

 

(3.5) 

(3.6) 

 

(3.7) 
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ɼʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ KHv ʦʧʨʝʜʝʣʷʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʢʨʫʞʥʦʡ 

ʩʢʦʨʦʩʪʠ v ʢʦʣʝʩ ʠ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ɼʣʷ ʧʨʷʤʦʟʫʙʳʭ ʢʦʣʝʩ ʧʨʠ v ʜʦ 5 ʤ/ʩ ʩʣʝʜʫʝʪ ʥʘʟʥʘʯʘʪʴ 8-ʶ ʩʪʝʧʝʥʴ ʪʦʯ-

ʥʦʩʪʠ ʧʦ ɻʆʉʊ 1643-81; ʧʨʠ ʵʪʦʤ KHv = 1,05·1,10. 

ɼʣʷ ʢʦʩʦʟʫʙʳʭ ʢʦʣʝʩ ʧʨʠ v ʜʦ 10 ʤ/ʩ ʥʘʟʥʘʯʘʶʪ ʪʘʢʞʝ 8-ʶ ʩʪʝʧʝʥʴ ʪʦʯʥʦ-

ʩʪʠ ʠ ʧʨʠʥʠʤʘʶʪ KHv= 1,0·1,05. ʇʨʠ v ʩʚʳʰʝ 10 ʜʦ 20 ʤ/ʩ ʠ 7-ʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦ-

ʩʪʠ ʂHv. = 1,05·1,1. ʄʝʥʴʰʠʝ ʠʟ ʫʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʣʝʩʘʤ ʩ 

ʪʚʝʨʜʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ ʅɺ ¢ 350, ʙʦʣʴʰʠʝ - ʧʨʠ ʪʚʝʨʜʦʩʪʠ ʅɺ > 350. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʂHa ʠ KHv  ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʟ-

ʚʝʩʪʥʳ ʨʘʟʤʝʨʳ ʧʝʨʝʜʘʯʠ (ʥʘʜʦ ʟʥʘʪʴ ʩʢʦʨʦʩʪʴ v). ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʦʯ-

ʥʳʭ ʨʘʩʯʝʪʘʭ ʧʦ ʬʦʨʤʫʣʝ (3.7) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪ ʦʜʠʥ ʢʦʵʬʬʠʮʠʝʥʪ 

KHb,  ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ   ʨʘʩʧʨʝʜʝʣʝʥʠʷ   ʥʘʛʨʫʟʢʠ   ʧʦ   ʰʠʨʠʥʝ  

ʚʝʥʮʘ (ʩʤ. ʪʘʙʣ. 3.1 ). 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʝʜʫʢʪʦʨʦʚ ʦʙʳʯʥʦ ʟʘʜʘʶʪʩʷ ʚʝʣʠʯʠʥʦʡ yba = b / a; 

ʜʣʷ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ ʧʨʠʥʠʤʘʶʪ yba = 0,125·0,25; ʜʣʷ ʢʦʩʦʟʫʙʳʭ yba = 

0,25·0,40; ʜʣʷ ʰʝʚʨʦʥʥʳʭ yba = 0,5·1,0. ʏʪʦʙʳ ʚʳʯʠʩʣʠʪʴ ybd ʧʦ ʚʳʙʨʘʥʥʦʤʫ  
 

ʟʥʘʯʝʥʠʶ yba ʩʣʝʜʫʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʚʝʥʩʪʚʦʤ         ; ʪʦʛʜʘ  

 

 
 

  ɼʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʤ 

ʨʘʩʯʝʪʝ ʧʦ ʬʦʨʤʫʣʝ   

 
 

ɿʜʝʩʴ sH lim b, ð ʧʨʝʜʝʣ ʢʦʥʪʘʢʪʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʧʨʠ ʙʘʟʦʚʦʤ ʯʠʩʣʝ ʮʠʢ-

ʣʦʚ (ʟʥʘʯʝʥʠʷ sH lim b, ʫʢʘʟʘʥʳ ʚ ʪʘʙʣ. 3.2); ʂHL ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ; 

ʝʩʣʠ ʯʠʩʣʦ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ ʢʘʞʜʦʛʦ ʟʫʙʘ ʢʦʣʝʩʘ ʙʦʣʴʰʝ ʙʘʟʦʚʦʛʦ, ʪʦ ʧʨʠ-

ʥʠʤʘʶʪ KHL = 1. ʀʤʝʥʥʦ ʪʘʢʦʡ ʩʣʫʯʘʡ ʪʠʧʠʯʝʥ ʜʣʷ ʢʫʨʩʦʚʳʭ ʧʨʦʝʢʪʦʚ, ʚʳʧʦʣ-

ʥʷʝʤʳʭ ʚ ʪʝʭʥʠʢʫʤʘʭ. 

ɺ   ʜʨʫʛʠʭ   ʫʩʣʦʚʠʷʭ,   ʢʦʛʜʘ   ʵʢʚʠʚʘʣʝʥʪʥʦʝ   ʯʠʩʣʦ   ʮʠʢʣʦʚ ʧʝʨʝʤʝʥʳ 

ʥʘʧʨʷʞʝʥʠʡ NHE ʤʝʥʴʰʝ ʙʘʟʦʚʦʛʦ NHO , ʪʦ 

 

 
 

ɽʩʣʠ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʣʝʩ ʠʟ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʠʣʠ ʫʣʫʯʰʝʥʥʦʡ ʩʪʘʣʠ ʂHL  

ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʴʰʝ 2,6, ʪʦ ʧʨʠʥʠʤʘʶʪ ʂHL = 2,6; ʜʣʷ ʢʦʣʝʩ ʠʟ ʟʘʢʘʣʝʥʥʦʡ ʩʪʘʣʠ 

ʂHL ¢  1,8; [SH] - ʢʦʵʬʬʠʮʠʝʥʪ ʙʝʟʦʧʘʩʥʦʩʪʠ; ʜʣʷ ʢʦʣʝʩ ʠʟ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʠ 

ʫʣʫʯʰʝʥʥʦʡ ʩʪʘʣʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʦʙʲʝʤʥʦʡ ʟʘʢʘʣʢʝ ʧʨʠʥʠʤʘʶʪ [SH] = 1,1·1,2; 

ʧʨʠ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʫʧʨʦʯʥʝʥʠʠ ʟʫʙʴʝʚ [SH ] = 1,2·1,3. 

 

(3.8) 

(3.9) 
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ɼʘʥʥʳʝ ʜʣʷ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.3. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘʟʥʘʯʘʪʴ ʜʣʷ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ ʩʪʘʣʴ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʘʨʢʠ, ʥʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ ʥʘ 20ð30 ʝʜʠʥʠʮ ɹʨʠʥʝʣʣʷ ʚʳʰʝ, ʯʝʤ ʢʦʣʝʩʘ. 

 

3.2. ʇpʝʜʝʣ ʢʦʥʪʘʢʪʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʧʨʠ ʙʘʟʦʚʦʤ ʯʠʩʣʝ ʮʠʢʣʦʚ 
 

ʉʧʦʩʦʙ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʟʫʙʴʝʚ 

ʉʨʝʜʥʷʷ ʪʚʝʨʜʦʩʪʴ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ 
ʉʪʘʣʴ 

sH lim b, 

ʄʇʘ 

ʅʦʨʤʘʣʠʟʘʮʠʷ ʠʣʠ ʫʣʫʯ- 

ʐʝʥʠʝ 

ʅɺ < 350 ʋʛʣʝʨʦʜʠʩʛʘʷ ʠ 

ʣʝʛʠʨʦʚʘʥʥʘʷ 

 

 

 

2 ʅɺ +  70 

ʆʙʲʝʤʥʘʷ ʟʘʢʘʣʢʘ HRC 38-50 

 

18 HRC + 150 

 
ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʟʘʢʘʣʢʘ HRC 40-50 17 HRC + 200 

 
ʎʝʤʝʥʪʘʮʠʷ ʠ ʥʠʪʨʦ- 

ʮʝʤʝʥʪʘʮʠʷ  

HRC > 56 ʃʝʛʠʨʦʚʘʥʥʘʷ 

 

23 HRC 

ɸʟʦʪʠʨʦʚʘʥʠʝ HV 550 -750 1050 

     ʇʨʠʤʝʯʘʥʠʝ.   ɹʘʟʦʚʦʝ ʯʠʩʣʦ  ʮʠʢʣʦʚ NHO ʦʧʨʝʜʝʣʷʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʚʝʨʜʦʩʪʠ ʩʪʘʣʠ, ʧʨʠ ʪʚʝʨʜʦʩʪʠ ʅɺ < 200  ʧʨʠʥʠʤʘʶʪ NHO = 107; ʧʨʠ ʪʚʝʨʜʦʩʪʠ 

ʅɺ 200-500 ʟʥʘʯʝʥʠʝ NHO  ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ʦʪ 10
7 ʜʦ 6 . 107.  

 

3.3.   ʄʝʭʘʥʠʯʝʩʢʠʝ   ʩʚʦʡʩʪʚʘ   ʩʪʘʣʝʡ,   ʧʨʠʤʝʥʷʝʤʳʭ   ʜʣʷ   ʠʟʛʦʪʦʚ-

ʣʝʥʠʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 

 
ʄʘʨʢʘ 

ʩʪʘʣʠ  

ɼʠʘʤʝʪʨ ʟʘ-

ʛʦʪʦʚʢʠ, ʤʤ 

ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ, 

sʚ, ʄʇʘ 

ʇʨʝʜʝʣ ʪʝ-

ʢʫʯʝʩʪʠ, 

sʪ, ʄʇʘ 

ʊʚʝʨʜʦʩʪʴ 

ʅɺ (ʩʨʝʜʥʷʷ)  

ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ  

45 100-500 570 290 190 ʅʦʨʤʘʣʠʟʘʮʠʷ  

45 ɼʦ 90 

90-120 

ʉʚ. 120 

780 

730 

690 

440 

390 

340 

230 

210 

200 

 

 

 

 

ʋʣʫʯʰʝʥʠʝ 
30ʍɻʉ ɼʦ 140 

ʉʚ. 140 

1020 

930 

840 

740 

260 

250 

40ʍ ɼʦ 120 

120-160 

ʉʚ. 160 

930 

880 

830 

690 

590 

540 

270 

260 

245 

40ʍʅ ɼʦ 150 

150-180 

ʉʚ.180 

930 

880 

835 

690 

590 

540 

280 

265 

250 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 3.3. 
ʄʘʨʢʘ ʩʪʘʣʠ  ɼʠʘʤʝʪʨ ʟʘʛʦ-

ʪʦʚʢʠ, ʤʤ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦ-

ʩʪʠ, 

sʚ, ʄʇʘ 

ʇʨʝʜʝʣ ʪʝʢʫ-

ʯʝʩʪʠ, 

sʪ, ʄʇʘ 

ʊʚʝʨʜʦʩʪʴ ʅɺ 

(ʩʨʝʜʥʷʷ) 

ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ 

40ʃ 

45ʃ 

- 520 

540 

290 

310 

160 

180 

ʅʦʨʤʘʣʠʟʘʮʠʷ  

35ɻʃ 

35ʍɻʉʃ 

- 590 

790 

340 

590 

190 

220 

ʋʣʫʯʰʝʥʠʝ 

ʄʘʨʢʘ ʩʪʘʣʠ  

 

ʊʚʝʨʜʦʩʪʴ,  

HRC 

ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ  

30ʍɻʉ, 35ʍʄ, 40ʍ, 40ʍʅ 

12ʍʅ3ɸ, 18ʍ2ʅ4ʄɸ, 20ʍʄ 

20ʍɻʄ, 25ʍɻʊ, 30ʍɻʊ, 35ʍ 

30ʍ2ʄʖɸ, 38ʍ2ʖ, 40ʍ 

40ʍ, 40ʍʅ, 35ʍʄ 

45 ï 55 

50 ï 63 

56 ï 63 

56 ï 63  

45 ï 63 

ɿʘʢʘʟʢʘ  

ʎʝʤʝʥʪʘʮʠʷ, ʟʘʢʘʣʢʘ 

ʅʠʪʨʦʮʝʤʝʥʪʘʮʠʷ  

ɸʟʦʪʠʨʦʚʘʥʠʝ  

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʟʘʢʘʣʢʘ ʩ 

ʥʘʛʨʝʚʦʤ ʊɺʏ 

 

ɼʣʷ ʥʝʧʨʷʤʦʟʫʙʳʭ ʢʦʣʝʩ ʨʘʩʯʝʪʥʦʝ ʜʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʞ̫ʝʥʠʝ 

 

 [sʥ] = 0,45 ([sʅ1] + [sʅ2]),                            (3.10) 

 

ʛʜʝ [sʅ1] ʠ [sʅ2]  ð ʜʦʧʫʩʢʘʝʤʳʝ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʜʣʷ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ; ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ ʩʣʝʜʫʝʪ ʧʨʦʚʝʨʠʪʴ ʚʳ-

ʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ 

 

[sʅ] ¢ 1,23 [sʅ  min], 

 

ʛʜʝ [sʅ  min], ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʚʥʦ [sʅ2]. 

 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʛʦ ʨʘʩʯʝʪʘ 

 

1. ʆʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʳ, ʚʭʦʜʷʱʠʝ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʬʦʨʤʫʣʳ (3.7), ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʧʨʷʤʦʟʫʙʳʭ ʠʣʠ ʢʦʩʦʟʫʙʳʭ ʧʝʨʝʜʘʯ; ʧʨʠ ʵʪʦʤ ʧʝʨʝʜʘʚʘʝʤʳʡ 

ʤʦʤʝʥʪ ʊ2 ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ ʟʘʜʘʥʥʳʭ (ʠʩʭʦʜʥʳʭ) ʚʝʣʠʯʠʥ; ʢʦʵʬʬʠʮʠʝʥʪ KHb ʠ 

ʜʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ [sʅ] ʥʘʭʦʜʷʪ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʜʘʥʥʳʤ; ʧʝʨʝʜʘ-

ʪʦʯʥʦʝ ʯʠʩʣʦ u ʨʘʚʥʦ ʦʪʥʦʰʝʥʠʶ ʯʠʩʝʣ ʟʫʙʴʝʚ ʢʦʣʝʩʘ ʠ ʰʝʩʪʝʨʥʠ; ʪʘʢ ʢʘʢ z1 ʠ 

z2  ʚ ʥʘʯʘʣʝ ʨʘʩʯʝʪʘ ʝʱʝ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ, ʪʦ ʧʨʠʥʠʤʘʶʪ 
 

 
ʛʜʝ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ w1, w2 ʠʣʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ n1, ʧ2 ʦʙʫʩʣʦʚʣʝʥʳ  ʟʘ-

ʜʘʥʠʝʤ.  ɽʩʣʠ ʧʦʩʪʘʚʣʝʥʦ ʫʩʣʦʚʠʝ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʩʪʘʥʜʘʨʪʥʳʭ ʟʥʘʯʝʥʠʡ ʠ, ʪʦ 

ʩʣʝʜʫʝʪ ʦʢʨʫʛʣʠʪʴ ʚʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʜʦ ʚʝʣʠʯʠʥʳ ʧʦ ɻʆʉʊ 2185-66: 

1-ʡ ʨʷʜ: 1;      1,25;   1,6;   2,0;    2,5;   3,15;   4,0;    5,0;    6,3;    8,0;   10,0; 

2-ʡ ʨʷʜ: 1,12; 1,4;     1,8;   2,24;  2,8;   3,55;   4,5;    5,6;    7,1;    9.0;   11,2. 
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ʇʝʨʚʳʡ ʨʷʜ ʩʣʝʜʫʝʪ ʧʨʝʜʧʦʯʠʪʘʪʴ ʚʪʦʨʦʤʫ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʥʦʤʠʥʘʣʴʥʳʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʟʥʘʯʝʥʠʡ z1 ʠ z2 ʫʪʦʯʥʷʶʪ ʬʘʢ-

ʪʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ u. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʰʠʨʠʥʳ ʚʝʥʮʘ yba ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʙʠʨʘʪʴ ʠʟ ʨʷʜʘ ʧʦ 

ɻʆʉʊ 2185-66: 0,10; 0,125; 0,16; 0,25; 0,315; 0,40; 0,50; 0,63; 0,80; 1,00; 1.25. 

ɼʣʷ ʧʨʷʤʦʟʫʙʳʭ ʢʦʣʝʩ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʛʨʘʥʠʯʠʚʘʪʴ yba¢ 0,25; ʜʣʷ ʢʦʩʦ-

ʟʫʙʳʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʨʠʥʠʤʘʪʴ yba =  0,25 · 0,63, ʧʨʦʚʝʨʷʷ (ʧʨʠ yba < 0,4) 

ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ 
 

 
 

2. ʆʧʨʝʜʝʣʷʶʪ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ aw ʧʦ ʬʦʨʤʫʣʝ (3.7) ʠ ʦʢʨʫʛʣʷʶʪ 

ʝʛʦ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ɻʆʉʊ 2185-66 (ʚ ʤʤ): 

1-ʡ ʨʷʜ: 40, 50, 63, 80, 100, 125, 160, 200, 250, 315, 400, 500, 630, 800, 1000, 

1250, 1600, 2000, 2500; 

2-ʡ ʨʷʜ: 71, 90, 112, 140, 180, 224, 280, 355, 450, 560, 710, 900, 1120, 1400, 

1800, 2240. 

ʇʝʨʚʳʡ ʨʷʜ ʩʣʝʜʫʝʪ ʧʨʝʜʧʦʯʠʪʘʪʴ ʚʪʦʨʦʤʫ. 

3. ɺʳʙʠʨʘʶʪ  ʤʦʜʫʣʴ  ʚ  ʠʥʪʝʨʚʘʣʝ (0,01ð0,02) aw ʠ ʚʳʨʘʚʥʠʚʘʶʪ ʝʛʦ 

ʧʦ ɻʆʉʊ 9563-60* (ʚ ʤʤ): 

1-ʡ ʨʷʜ: 1;  1,25;  2;   2,5;  3;   4;   6;   8;  10;  12; 16; 20. 

2-ʡ ʨʷʜ: 1,375;   1,75;    2,25;   2,75;   3,5;    4,5;   7;    9;  11;  14;  18;  22. 

ʇʝʨʚʳʡ ʨʷʜ ʩʣʝʜʫʝʪ ʧʨʝʜʧʦʯʠʪʘʪʴ ʚʪʦʨʦʤʫ. 

ɼʣʷ ʢʦʩʦʟʫʙʳʭ ʢʦʣʝʩ ʩʪʘʥʜʘʨʪʥʳʤ ʤʦʜʫʣʝʤ ʩʯʠʪʘʶʪ ʥʦʨʤʘʣʴʥʳʡ ʪʧ. ɼʣʷ 

ʰʝʚʨʦʥʥʳʭ ʢʦʣʝʩ ʩʪʘʥʜʘʨʪʥʳʤ ʤʦʜʫʣʝʤ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʥʦʨʤʘʣʴʥʳʡ ʤʦʜʫʣʴ 

ʪn ʪʘʢ ʠ ʦʢʨʫʞʥʦʡ mt. 

4. ʆʧʨʝʜʝʣʷʶʪ ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʟʫʙʴʝʚ zS = z1 + z2. 

ɼʣʷ ʢʦʣʝʩ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʦʢʨʫʞʥʳʤ ʤʦʜʫʣʝʤ (ʧʨʷʤʦʟʫʙʳʭ ʠ ʰʝʚʨʦʥ-

ʥʳʭ)  

 
 

ɼʣʷ ʢʦʩʦʟʫʙʳʭ  ʠ  ʰʝʚʨʦʥʥʳʭ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ  ʥʦʨʤʘʣʴʥʳʤ ʤʦʜʫʣʝʤ 

 

 
 

ʋʛʦʣ ʥʘʢʣʦʥʘ ʣʠʥʠʠ ʟʫʙʘ b ʧʨʠʥʠʤʘʶʪ ʜʣʷ ʢʦʩʦʟʫʙʳʭ ʢʦʣʝʩ ʚ ʠʥʪʝʨʚʘʣʝ 

b = 8·15ʦ, ʜʣʷ ʰʝʚʨʦʥʥʳʭ  b = 25·40ʦ (ʜʦ 45ʦ).  

 

 

 

(3.11) 

(3.12) 
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5. ʆʧʨʝʜʝʣʷʶʪ ʯʠʩʣʘ ʟʫʙʝɹʚ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ: 

 

 
 

ʇʦ ʦʢʨʫʛʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ z1 ʠ z2 ʫʪʦʯʥʷʶʪ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ 
 
 
 
 
ʈʘʩʭʦʞʜʝʥʠʝ ʩ ʧʨʠʥʷʪʳʤ ʨʘʥʝʝ ʥʦʤʠʥʘʣʴʥʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ 

ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 2,5 % ʧʨʠ u ¢ 4,5 ʠ 4 % ʧʨʠ ʠ > 4,5. 

ʇʦʩʣʝ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʦʢʨʫʛʣʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʤʝʞʦʩʝʚʦʝ ʨʘʩ-

ʩʪʦʷʥʠʝ: ʜʣʷ ʧʨʷʤʦʟʫʙʳʭ ʠ ʰʝʚʨʦʥʥʳʭ ʢʦʣʝʩ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʦʢʨʫʞʥʳʤ ʤʦ-

ʜʫʣʝʤ 

 

 
 
ʦʙʳʯʥʦ ʪʘʢʘʷ ʧʨʦʚʝʨʢʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʭʦʞʜʝʥʠʷ; ʜʣʷ ʢʦʩʦʟʫʙʳʭ 

ʠ ʰʝʚʨʦʥʥʳʭ ʢʦʣʝʩ ʩ ʥʦʨʤʘʣʴʥʳʤ ʩʪʘʥʜʘʨʪʥʳʤ ʤʦʜʫʣʝʤ 

 

 
 

ʇʨʠ ʧʨʦʚʝʨʢʝ ʤʦʞʝʪ ʦʙʥʘʨʫʞʠʪʴʩʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴ-

ʪʘʪʘ ʩ ʨʘʥʝʝ ʧʨʠʥʷʪʳʤ ʟʥʘʯʝʥʠʝʤ aw ʧʦ ʩʪʘʥʜʘʨʪʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʜʦ ʫʩʪʨʘ-

ʥʠʪʴ ʨʘʩʭʦʞʜʝʥʠʝ ʠʟʤʝʥʝʥʠʝʤ ʫʛʣʘ b: 

 

 
 

ɺʳʯʠʩʣʝʥʠʝ  ʥʘʜʦ   ʚʳʧʦʣʥʷʪʴ ʩ   ʪʦʯʥʦʩʪʴʶ ʜʦ  ʧʷʪʠ  ʟʥʘʯʘʱʠʭ ʮʠʬʨ. 

ɿʘʪʝʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʨʠʪʴ ʨʘʩʯʝʪʳ, ʦʧʨʝʜʝʣʠʚ 

 

 
 

 ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʩʦʪʳʭ ʜʦʣʝʡ  ʤʠʣʣʠʤʝʪʨʘ, ʠ  ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʨʠʥʷʪʦʝ ʨʘʥʝʝ 

 

 
 

(3.13) 

 

(3.14) 

(3.15) 

(3.16) 

(3.17) 
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6. ɺʦʟʤʦʞʝʥ ʠʥʦʡ ʚʘʨʠʘʥʪ ʨʘʩʯʝʪʘ: ʟʘʜʘʶʪʩʷ ʯʠʩʣʦʤ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ: 

ʦʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʴʰʝ zmin ʧʦ ʫʩʣʦʚʠʶ ʦʪʩʫʪʩʪʚʠʷ ʧʦʜʨʝʟʘʥʠʷ: ʜʣʷ ʧʨʷʤʦ-

ʟʫʙʳʭ ʢʦʣʝʩ 

 
ʜʣʷ ʢʦʩʦʟʫʙʳʭ ʠ ʰʝʚʨʦʥʥʳʭ 

 

 
 

ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʶʪ  

 
 

ʠʣʠ  

 
 

ʦʢʨʫʛʣʷʶʪ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʜʘʣʝʝ ʚʝʜʫʪ ʨʘʩʯʝʪ ʪʘʢ ʞʝ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳ-

ʰʝ. 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ ʥʝʦʙʭʦ-

ʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʚʝʣʠʯʠʥʫ ʨʘʩʯʝʪʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ [ʩʤ. ʬʦʨʤʫʣʫ 

(3.4), ʘ ʪʘʢʞʝ ʬʦʨʤʫʣʳ (3.5) ʠ (3.6)], ʪʘʢ ʢʘʢ ʧʦʩʣʝ ʦʢʨʫʛʣʝʥʠʡ ʠ ʫʪʦʯʥʝʥʠʡ 

ʨʘʟʤʝʨʦʚ ʧʝʨʝʜʘʯʠ ʢʦʵʬʬʠʮʠʝʥʪʳ Zʄ , Zʅ, Ze ʠ ʂʅ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʪʦʯʥʝʝ, 

ʯʝʤ ʵʪʦ ʙʳʣʦ ʧʨʠʥʷʪʦ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʤ ʨʘʩʯʝʪʝ. 

 

ʂʦʵʬʬʠʮʠʝʥʪ Zʄ ʜʣʷ ʩʪʘʣʴʥʳʭ ʢʦʣʝʩ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʚʳʰʝ  

 

ʇʦʜʩʪʘʥʦʚʢʘ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ Zʄ ʚ ʬʦʨʤʫʣʫ (3.4) ʠ ʟʥʘʯʝʥʠʷ                 ʧʨʠʚʦʜʠʪ 

ʝʝ ʢ ʚʠʜʫ 

 

 
 

ɿʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ, ʚʭʦʜʷʱʠʭ ʚ ʵʪʫ ʬʦʨʤʫʣʫ, ʠ ʝʜʠʥʠʮʳ ʠʭ ʠʟʤʝʨʝʥʠʷ ʙʳ-

ʣʠ ʫʢʘʟʘʥʳ ʚ ʧʦʷʩʥʝʥʠʷʭ ʢ ʬʦʨʤʫʣʝ (3.4). ʅʦ ʪʘʢ ʢʘʢ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʝ-

ʪʘʭ ʢʦʵʬʬʠʮʠʝʥʪʳ Ze ʠ ʂʅ ʦʧʨʝʜʝʣʷʣʠʩʴ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ, ʪʦ ʚ ʧʨʦʚʝʨʦʯʥʳʭ 

ʨʘʩʯʝʪʘʭ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʠʪʴ: 

ʜʣʷ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ 

 

 
 

 

(3.18) 

(3.19) 
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3.4. ɿʥʘʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʂʅa , ʜʣʷ ʢʦʩʦʟʫʙʳʭ ʠ ʰʝʚʨʦʥʥʳʭ ʧʝʨʝʜʘʯ 

 

ʉʪʝʧʝʥʴ 

ʪʦʯʥʦʩʪʠ 

ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ v, ʤ/ʩ 

ʜʦ  1 5 10 15 20 

6 

7 

8 

9 

1 

1,02 

1,06 

1,1 

1,02 

1,05 

1,09 

1,16 

1,03 

1,07 

1,13 

_ 

1,04 

1,10 

ï   

ï   

1,05 

1,12 

ï  

ï  

ʇʨʠʤʝʯʘʥʠʝ. ɼʣʷ ʧʨʷʤʦʟʫʙʳʭ ʢʦʣʝʩ ʂʅa = 1. 

  

3.5. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂʅb 

 

 
  

ʊʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ 

ʅɺ < 350 ʅɺ > 350 

I II III  I II III 

0,4 1,15 1,04 1,0 1,33 1,08 1,02 

0,6 1,24 1,06 1,02 1,50 1,14 1,04 

0,8 1,30 1,08 1,03 ð 1,21 1,06 

1,0 ð 1,11 1,04  ð_ 1,29 1,09 

1,2 ð 1,15 1,05 ð 1,36 1,12 

1,4 ð 1,18 1,07 ð ð 1,16 

1,6 ð 1,22 1,09 ð  ð_ 1,21 

1,8 ð 1,25 1,11 ð ð ð 

2,0 ð 1,30 1,14 ð ð ð 
          ʇʨʠʤʝʯʘʥʠʝ.  ɼʘʥʥʳʝ,  ʧʨʠʚʝʜʝʥʥʳʝ  ʚ ʩʪʦʣʙʮʝ I,  ʦʪʥʦʩʷʪʩʷ  ʢ  ʧʝʨʝʜʘʯʘʤ ʩ ʢʦʥʩʦʣʴʥʳʤ  ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʟʫʙʯʘʪʦʛʦ  ʢʦʣʝʩʘ:   II  ð ʢ  ʧʝʨʝʜʘʯʘʤ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ  ʢʦʣʝʩ ʧʦ ʦʪʥʦʰʝʥʠʶ   ʢ  ʦʧʦʨʘʤ:   

III ð ʢ ʧʝʨʝʜʘʯʘʤ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ. 

 

ʜʣʷ ʢʦʩʦʟʫʙʳʭ ʧʝʨʝʜʘʯ 

 
 

ʛʜʝ ʪʦʨʮʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʢʨʳʪʠʷ 

 

 
 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂʅ = ʂʅa ʂʅb ʂʅv, ʩʣʫʞʘʪ ʪʘʙʣ. 

3.4, 3.5 ʠ 3.6. 
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ʇʨʠ ʧʨʦʚʝʨʦʯʥʦʤ ʨʘʩʯʝʪʝ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʤʦʞʥʦ ʚʥʝʩʪʠ 

ʫʪʦʯʥʝʥʠʷ, ʚʚʝʜʷ ʚ ʬʦʨʤʫʣʫ (3.9) ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʥʦʞʠʪʝʣʝʡ: 

 

3.6. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂʅv, 

 
 

 

ʇʝʨʝʜʘʯʘ 

 

 

ʊʚʝʨʜʦʩʪʴ ʅɺ 

ʧʦʚʝʨʭʥʦʩʪʠ  ʟʫʙʴʝʚ 

ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ v, ʤ ʩ 

ʜʦ 5 10 15 20 

ʉʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ 

8 7 

ʇʨʷʤʦʟʫʙʘʷ  

 

ʂʦʩʦʟʫʙʘʷ ʠ ʰʝʚ-  

ʨʦʥʥʘʷ  

¢ 350 

> 35"0 

¢ 350 

> 350 

1,05 

1,10 

1,0 

1,0 

ð 

ð 

1,01 

1,05 

ð 

ð 

1,02 

1,07 

ð 

ð 

1,05 

1,10 

 

 
 

ɿʜʝʩʴ sʅ lim b ʠ ʂHL ʠʤʝʶʪ ʪʝ ʞʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʠ ʚ ʬʦʨʤʫʣʝ (3.9); ʪʝ ʞʝ ʟʥʘ-

ʯʝʥʠʷ ʠʤʝʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʙʝʟʦʧʘʩʥʦʩʪʠ [SH]. 

ʂʦʵʬʬʠʮʠʝʥʪ ZR ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ: ZR = 1,0 ʧʨʠ Ra ð 0,63·1,25 ʤʢʤ (ʙʦʢʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ ʟʫʙ-

ʯʘʪʳʭ ʢʦʣʝʩ 7-ʡ ʠ 6-ʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ); ZR = 0,95 ʧʨʠ Ra = 1,25·2,5 ʤʢʤ (ʙʦ-

ʢʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 7-ʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ); ZR = 0,9 ʧʨʠ 

RZ = 10·20 ʤʢʤ (ʙʦʢʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 8-ʡ ʠ 9-ʡ ʩʪʝʧʝʥʠ 

ʪʦʯʥʦʩʪʠ). 

ʂʦʵʬʬʠʮʠʝʥʪ Zv, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʪ 

ʚ ʪʦʯʥʳʭ ʨʘʩʯʝʪʘʭ ʧʦ ʛʨʘʬʠʢʘʤ ʠ ʵʤʧʠʨʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ 

ɻʆʉʊ 21354-75; ʧʨʠ ʢʫʨʩʦʚʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʪʦʯʥʳʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ: 

 

ʊʚʝʨʜʦʩʪʴ ʅɺ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙɹʝʚ 

ʂʦʵʬʬʠʮʠʝʥʪ Zv, ʧʨʠ v, ʤ/ʩ 

5 10 15 20 

¢ 350 

> 350 

1,0 

1,0 

1,04 

1,02 

1,07 

1,03 

1,10 

1,05 

 

ʂʦʵʬʬʠʮʠʝʥʪ KL, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʟʘ-

ʢʨʳʪʳʭ ʧʝʨʝʜʘʯ, ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʂʭʅ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʨʘʟʤʝʨʦʚ ʢʦʣʝʩʘ, ʧʨʠʥʠʤʘʶʪ 

ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ ʜʣʷ ʢʦʣʝʩ ʜʠʘʤʝʪʨʦʤ d2 ¢ 700 ʤʤ; ʧʨʠ ʙʦʣʴʰʝʤ ʜʠʘʤʝʪʨʝ 
 

 

(3.20) 
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ɼʣʷ ʟʘʢʨʳʪʳʭ ʧʝʨʝʜʘʯ, ʨʘʙʦʪʘʶʱʠʭ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʜʦ 5-10 ʤ/ʩ ʠ ʠʤʝʶ-

ʱʠʭ d2 ¢ 700 ʤʤ, ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ZR Zv K1K xH ʦʢʘʟʳʚʘʝʪʩʷ ʙʣʠʟ-

ʢʠʤ ʢ ʝʜʠʥʠʮʝ. ʇʦʵʪʦʤʫ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʠ ʧʨʠ ʧʨʦʚʝʨʦʯʥʦʤ ʨʘʩʯʝʪʝ ʧʨʠ-

ʥʠʤʘʪʴ ʟʥʘʯʝʥʠʝ [sʅ], ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ (3.9). 

ʇʝʨʝʜʘʯʠ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤʠ ʧʝʨʝʛʨʫʟʢʘʤʠ (ʧʠʢʦʚʳʤʠ 

ʥʘʛʨʫʟʢʘʤʠ), ʩʣʝʜʫʝʪ ʧʨʦʚʝʨʷʪʴ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠʣʠ 

ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ; ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, 

ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʧʠʢʦʚʦʡ ʥʘʛʨʫʟʢʝ, ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ 

 

 
 

ʦʥʦ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʧʨʝʜʝʣʴʥʦʛʦ ʜʦʧʫʩʢʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠ̫ [sH ʧʨ], ʧʨʠ-

ʥʠʤʘʝʤʦʛʦ ʜʣʷ ʩʪʘʣʴʥʳʭ ʢʦʣʝʩ ʧʨʠ ʪʚʝʨʜʦʩʪʠ ʅɺ ¢ 350 ʨʘʚʥʳʤ 3,1sʪ ʠ ʧʨʠ ʅɺ 

> 350 ʨʘʚʥʳʤ 4l,3 HRC; ʚ ʬʦʨʤʫʣʝ (3.21) sʅ - ʨʘʩʯʝʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʤ ʩʣʦʝ ʟʫʙʴʝʚ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʬʦʨʤʫʣʝ (3.19); ʊ2 max ʠ ʊ2 ð ʤʘʢʩʠʤʘʣʴ-

ʥʳʡ (ʧʠʢʦʚʳʡ) ʠ ʥʦʤʠʥʘʣʴʥʳʡ ʤʦʤʝʥʪʳ ʥʘ ʚʘʣʫ ʢʦʣʝʩʘ. 

 

Ä 3.3. ʈɸʉʏɽʊ ɿʋɹʔɽɺ ʎʀʃʀʅɼʈʀʏɽʉʂʀʍ ʂʆʃɽʉ 

ʅɸ ɺʓʅʆʉʃʀɺʆʉʊʔ ʇʈʀ ʀɿɻʀɹɽ 

 

ɺ ʨʘʩʯʝʪʘʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʷʤʦʟʫʙʳʭ ʢʦʣʝʩ ʟʫʙ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ 

ʙʘʣʢʫ, ʞʝʩʪʢʦ ʟʘʱʝʤʣʝʥʥʫʶ ʦʜʥʠʤ ʢʦʥʮʦʤ. ʉʠʣʫ ʩʯʠʪʘʶʪ ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʚʝʨ-

ʰʠʥʝ ʟʫʙʘ ʧʦ ʥʦʨʤʘʣʠ ʢ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ; ʩʠʣʫ ʪʨʝʥʠʷ ʥʝ ʫʯʠʪʳʚʘʶʪ. ʈʘʩʯʝʪʥʘʷ 

ʩʭʝʤʘ ʥʘʛʨʫʞʝʥʠʷ ʟʫʙʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.3. 

ʌʦʨʤʫʣʘ ʜʣʷ ʧʨʦʚʝʨʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʟʫʙʴʝʚ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ ʧʦ ʥʘʧʨʷʞʝ-

ʥʠʷʤ ʠʟʛʠʙʘ ʠʤʝʝʪ ʚʠʜ (ʩʤ. ɻʆʉʊ 21354-75) 

 

 
 

ʏʪʦʙʳ   ʚʳʚʝʩʪʠ   ʬʦʨʤʫʣʫ   ʜʣʷ   ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʛʦ   ʨʘʩʯʝʪʘ ʥʘ   ʠʟʛʠʙ   

(ʪʘʢʠʝ   ʩʣʫʯʘʠ   ʚʩʪʨʝʯʘʶʪʩʷ   ʚ   ʢʫʨʩʦʚʳʭ   ʧʨʦʝʢʪʘʭ ʨʝʜʢʦ), ʚʚʦʜʷʪ ʢʦʵʬʬʠ- 

 

ʮʠʝʥʪ ybm = b/m, ʟʘʤʝʥʷʶʪ    b = ybmm ʠ ʧʦʣʫʯʘʶʪ ʥʘ ʦʩʥʦʚʘʥʠʠ  

 

ʬʦʨʤʫʣʳ (3.22) 

 
 

 

(3.21) 

(3.22) 

 

(3.23) 
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ʈʠʩ.   3.3.  ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʥʘʛʨʫʞʝʥʠʷ ʟʫʙʘ 

ʧʨʤ̫ʦʟʫʙʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʣʝʩʘ 

 

ɿʜʝʩʴ ʤʦʤʝʥʪʳ ʊ (ʚ ʅ Å ʤʤ) ʠ ʯʠʩʣʘ ʟʫʙʴʝʚ z 

ʤʦʛʫʪ ʙʳʪʴ ʚʟʷʪʳ ʧʦ ʰʝʩʪʝʨʥʝ ʠʣʠ ʧʦ ʢʦʣʝʩʫ, ʪʘʢ ʢʘʢ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

                       
 

ʈʘʩʯʝʪ ʩʣʝʜʫʝʪ ʚʝʩʪʠ ʜʣʷ ʟʫʙʴʝʚ ʪʦʛʦ ʠʟ ʢʦʣʝʩ,  

 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʪʥʦʰʝʥʠʝ            ʤʝʥʴʰʝ; YF ð ʢʦʵʬ- 

 

ʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʬʦʨʤʫ ʟʫʙʘ. ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʠʭ ʤʝʭʘʥʠ-

ʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ YF ʙʦʣʴʰʝ ʜʣʷ ʰʝʩʪʝʨʥʠ, ʧʦʵʪʦʤʫ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ 

ʠʤʝʥʥʦ ʜʣʷ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ ʠ ʚʝʜʫʪ ʨʘʩʯʝʪ.  

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ YF ʜʘʥʳ ʚ ɻʆʉʊ 21354-75 ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʩ ʫʯʝ-

ʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʤʝʱʝʥʠʷ. ɼʣʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, ʚʳʧʦʣʥʝʥʥʳʭ ʙʝʟ ʩʤʝʱʝʥʠʷ, 

YF  ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ : 

 

z   .  .  .  17    20      25      30      40      50     60       70      80     100   ʠ ʙʦʣʝʝ  

 

YF .  .  .  4,28   4,09   3,90   3,80   3,70   3,66   3,62    3,61   3,61   3,60 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ ʂF ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ: ʂFb, ʫʯʠʪʳʚʘʶʱʝʛʦ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦ 

ʜʣʠʥʝ ʟʫʙʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʛʨʫʟʢʠ), ʠ KFv, ʫʯʠʪʳʚʘʶʱʝʛʦ ʜʠʥʘ-

ʤʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘʛʨʫʟʢʠ (ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ). 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂFb ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.7, ʩʦʩʪʘʚʣʝʥʥʦʡ ʥʘ ʦʩʥʦ-

ʚʘʥʠʠ ʛʨʘʬʠʢʦʚ ɻʆʉʊ 21354-75 ʩ ʥʝʢʦʪʦʨʳʤʠ ʫʧʨʦʱʝʥʠʷʤʠ. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʥʦʩʪʠ KFv ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.8. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʧʨʷʞʝʥʠʷ ʠʟʛʠʙʘ ʟʫʙʴʝʚ ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝ-

ʥʠ ʧʦ ʧʨʝʨʳʚʠʩʪʦʤʫ ʦʪʥʫʣʝʚʦʤʫ ʮʠʢʣʫ, ʧʦʵʪʦʤʫ ʜʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ sʦF lim b ï ʧʨʝʜʝʣʘ ʚʳʥʦʩʣʠʚʦʩʪʠ (ʧʨʠ ʦʪʥʫʣʝʚʦʤ 

ʮʠʢʣʝ), ʩʦʦʪʚʝʪʩʫʶʱʝʛʦ ʙʘʟʦʚʦʤʫ ʯʠʩʣʫ ʮʠʢʣʦʚ. 

ʄʝʪʦʜʠʢʫ ʚʳʙʦʨʘ ʜʦʧʫʩʢʘʝʤʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʠʟʣʦʞʝʥʥʫʶ ʚ ɻʆʉʊ 21354-

75, ʜʣʷ ʫʯʝʙʥʳʭ ʮʝʣʝʡ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʠ ʦʧʨʝʜʝʣʷʪʴ ʜʦʧʫʩʢʘʝ-

ʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʬʦʨʤʫʣʝ 

 
 

ʂʦʵʬʬʠʮʠʝʥʪ ʙʝʟʦʧʘʩʥʦʩʪʠ [SF] ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ: [SF] = [SF]¡ [SF ]". 

 

(3.24) 
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ʇʝʨʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ [SF]¡ ʫʯʠʪʳʚʘʝʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ 

ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ; ʝʛʦ  ʟʥʘʯʝʥʠʷ  ʧʨʠʚʝʜʝʥʳ  ʚ  ʪʘʙʣ 3.9. ʧʨʠ ʚʝʨʦʷʪʥʦʩʪʠ ʥʝʨʘʟʨʫ- 
 

3.7. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂFb 
 

ybm = 

= b/dw1 

ʊʚʝʨʜʦʩʪʴ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ 

ʅɺ ¢ 350 

 

ʅɺ > 50 

 I II III  IV I II III  IV 

0,2 

0,4 

0,6 

0,8 

1,0 

1,2 

1,4 

1,6 

1,8 

1,00 

1,03 

1,05 

1,08 

1,10 

1,13 

1,19 

1,25 

1,32 

1,04 

1,07 

1,12 

1,17 

1,23 

1,30 

1,38 

1,45 

1,53 

1,18 

1,37 

1,62 

ð 

ð 

ð 

ð 

ð 

ð 

1,10 

1,21 

1,40 

1,59 

ð 

ð 

ð 

ð 

ð 

1,03 

1,07 

1,09 

1,13 

1,20 

1,30 

1,40 

ð 

ð 

1,05 

1,10 

1,18 

1,28 

1,40 

1,53 

ð 

ð 

ð 

1,35 

1,70 

ð 

ð 

ð 

ð 

ð 

ð 

ð 

1,20 

1,45 

1,72 

ð 

ð 

ð 

ð 

ð 

ð 

         ʇʨʠʤʝʯʘʥʠʝ. ɼʘʥʥʳʝ ʚ ʩʪʦʣʙʮʝ I ʦʪʥʦʩʷʪʩʷ ʢ ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʟʫʙʯʘʪʳʭ   ʢʦʣʝʩ  ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ   ʦʧʦʨ;   II  ð ʢ  ʥʝʩʠʤʤʝʪʨʠʯʥʦʤʫ; III  ð ʢ   ʢʦʥʩʦʣʴʥʦʤʫ   ʧʨʠ   ʫʩʪʘʥʦʚʢʝ   ʚʘʣʦʚ   ʥʘ   ʰʘʨʠʢʦʚʳʭ 

ʧʦʜʰʠʧʥʠʢʘʭ; IV ð ʪʦ ʞʝ, ʥʦ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʚʘʣʦʚ ʥʘ ʨʦʣʠʢʦʚʳʭ ʧʦʜʰʠʧʥʠʢʘʭ. 

 

3.8. ʆʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ KFv 
 

ʉʪʝʧʝʥʴ 

ʪʦʯʥʦ-

ʩʪʠ 

ʊʚʝʨʜʦʩʪʴ ʅɺ ʨʘʙʦʯʝʡ 

ʇʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ 

ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʩ. ʤ ʩ 

3 3-8 8-12,5 

6 

 

7 

 

8 

¢350 

>350 

¢ 350 

> 350 

¢ 350 

> 350 

1/1 

1/1 

1,15/1 

1,15/1 

1,25/1,1 

1,2 / 1,1 

 

1,2 / 1 

1,15 / 1 

1,35 / 1 

1,25 / 1 

1,45 / 1,3 

1,35 / 1,2 

1,3/1,1 

1,25/1 

1,45 / 1,2 

1,35 / 1,1 

- /1,4 

- /1,3 

          ʇ ʨ ʠ ʤ ʝ ʯ ʘ ʥ ʠ ʝ.   ɺ  ʯʠʩʣʠʪʝʣʝ  ʫʢʘʟʘʥʳ   ʟʥʘʯʝʥʠʷ    KFv ʜʣʷ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï ʜʣʷ 

ʢʦʩʦʟʫʙʳʭ. 
 

3.9. ɿʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʚʳʥʦʩʣʠʚʦʩʪʠ ʧʨʠ  

ʦʪʥʫʣʝʚʦʤ ʮʠʢʣʝ ʠʟʛʠʙʘ sʦF lim b  ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʘ ʙʝʟʦʧʘʩʥʦʩʪʠ [SF]¡ 
 

ʄʘʨʢʘ ʩʪʘʣʠ 
ʊʝʨʤʠʯʝʩʢʘʷ ʠʣʠ  ʪʝʨʤʦ-

ʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʊʚʝʨʜʦʩʪʴ ʟʫʙʴʝʚ 

sʦF lim b, 

ʄʇʘ 
[ SF ]¡ 

ʅʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ 

ɺ ʩʝʨʜʮʝ-

ʚʠʥʝ 

40, 45, 50, 40ʍ, 40ʍʅ, 40ʍʌɸ  ʅʦʨʤʘʣʠʟʘʮʠʷ, ʫʣʫʯʰʝʥʠʝ 

 

ʅɺ 180-350 1,8 ʅɺ 1,75 

40ʍ, 40ʍʅ, 40ʍʌɸ  ʆʙʲʝʤʥʘʷ ʟʘʢʘʣʢʘ 

 

HRC  45-55 500-550 1,8 

40ʍʅ, 40ʍʅ2ʄɸ ɿʘʢʘʣʢʘ ʧʨʠ ʥʘʛʨʝʚʝ ʊɺʏ HRC  48-58 HRC  25-35 700 1,75 

20ʍʅ, 20ʍʅ2ʄ, 12ʍʅ2, 12ʍʅ3ɸ ʎʝʤʝʥʪʘʮʠʷ HRC  57-63 - 950 1,55 

ʉʪʘʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʘʣʶʤʠʥʠʡ ɸʟʦʪʠʨʦʚʘʥʠʝ  ʅɺ 700-950 HRC  24-40 300 + 1,2 HRC 

ʩʝʨʜʮʝʚʠʥʳ 

1,75 
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ʰʝʥʠʷ 99%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʦʪʨʘʞʝʥʘ ʠ ʩʪʝʧʝʥʴ ʦʪʚʝʪ-

ʩʪʚʝʥʥʦʩʪʠ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ; ʧʨʠ ʚʝʨʦ̫ ʪʥʦʩʪʠ ʥʝʨʘʟʨʫʰʝʥʠʷ ʙʦʣʴʰʝʡ, ʯʝʤ 

99%, ʟʥʘʯʝʥʠʷ [SF]' ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ. 

ɺʪʦʨʦʡ ʤʥʦʞʠʪʝʣʴ [SF]" ʫʯʠʪʳʚʘʝʪ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʟʫʙʯʘʪʦʛʦ 

ʢʦʣʝʩʘ: ʜʣʷ ʧʦʢʦʚʦʢ ʠ ʰʪʘʤʧʦʚʦʢ [SF]" = 1,0; ʜʣʷ ʧʨʦʢʘʪʘ [SF]" = 1,15; ʜʣʷ ʣʠʪʳʭ 

ʟʘʛʦʪʦʚʦʢ [SF]" = 1,3. 

ʉʚʝʜʝʥʠʷ ʦ ʧʨʝʜʝʣʘʭ ʚʳʥʦʩʣʠʚʦʩʪʠ sʦF lim b  ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.9; ʚ ʜʦ-

ʧʦʣʥʝʥʠʝ ʢ ʥʝʡ ʩʣʝʜʫʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʢʞʝ ʪʘʙʣ. 3.3, ʚ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ ʤʝ-

ʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʠʜʘ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙ-

ʨʘʙʦʪʢʠ, ʥʦ ʠ ʦʪ ʨʘʟʤʝʨʦʚ ʟʘʛʦʪʦʚʢʠ. 

ɼʣʷ ʨʝʚʝʨʩʠʨʫʝʤʳʭ ʧʝʨʝʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʟʫʙʴʷ ʨʘʙʦʪʘʶʪ ʧʦʧʝʨʝʤʝʥʥʦ ʦʙʝ-

ʠʤʠ ʩʪʦʨʦʥʘʤʠ, ʜʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʣʝʜʫʝʪ ʩʥʠʞʘʪʴ ʥʘ 25%. 

ʇʨʠ ʧʨʦʚʝʨʦʯʥʳʭ ʨʘʩʯʝʪʘʭ ɻʆʉʊ ʧʨʝʜʣʘʛʘʝʪ ʚʳʙʠʨʘʪʴ ʜʦʧʫʩʢʘʝʤʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ 

 
ʛʜʝ sF lim ï ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ʧʨʠ ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʯʠʩʣʝ ʮʠʢʣʦʚ; 
 

 
ʛʜʝ KFg ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʰʣʠʚʦʬʘʥʠʷ ʧʝʨʝʭʦʜʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ; ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʰʣʠʬʦʚʘʥʠʷ KFg = 1; KFd  - ʢʦʵʬʬʬʠʮʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʠʣʠ ʵʣʝʢʨʦʭʠʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʝʨʝʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʘʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ KFd = 1; 

KFc ð ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟ-

ʢʠ. ʇʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʤ ʧʨʠʣʦʞʝʥʠʠ ʥʘʛʨʫʟʢʠ KFc = 1; ʂFL ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʣ-

ʛʦʚʝʯʥʦʩʪʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʙʘʟʦʚʦʛʦ ʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʯʠʩʝʣ ʮʠʢ-

ʣʦʚ. ʇʦʩʢʦʣʴʢʫ  ʜʣʷ  ʚʩʝʭ  ʩʪʘʣʝʡ  ɻʆʉʊ  ʧʨʠʥʠʤʘʝʪ  ʙʘʟʦʚʦʝ  ʯʠʩʣʦ ʮʠʢʣʦʚ   

NFO = 4 . 106, ʘ ʧʨʠ ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʯʠʩʣʝ ʮʠʢʣʦʚ, ʙʦʣʴʰʝʤ ʙʘʟʦʚʦʛʦ, ʢʦʵʬʬʠʮʠ-

ʝʥʪ KFL =1,0, ʪʦ ʧʨʠ ʫʯʝʙʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʝʨʝʜʘʯ, ʠʤʝʶʱʠʭ NF ʵʢʚ > NFO, 

ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ. Ys - ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳ-

ʚʘʶʱʠʡ ʛʨʘʜʠʝʥʪ ʥʘʧʨʷʞʝʥʠʡ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʤʦʜʫʣʷ; ʧʨʠ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ 

ʫʯʝʙʥʦʤ  ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ  ʟʥʘʯʝʥʠʷʭ  ʤʦʜʫʣʷ  ʦʪ  1  ʜʦ  8  ʤʤ ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ  

 

3.10. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ,  

ʚʳʧʦʣʥʝʥʥʳʭ ʙʝʟ ʩʤʝʱʝʥʠʷ (ʩʤ. ʨʠʩ. 3.2) 
 

ʇʘʨʘʤʝʪʨ  r

 

 

ʐʝʩʪʝʨʥʷ ʂʦʣʝʩʦ 

ʈʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ 

ɼʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ  
  

ɼʠʘʤʝʪʨ ʦʢʨʫʞʥʦʩʪʠ ʚʝʨʰʠʥ ʟʫʙʴʝʚ    
ɼʠʘʤʝʪʨ ʦʢʨʫʞʥʦʩʪʠ ʚʧʘʜʠʥ ʟʫʙʴʝʚ    

ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ  
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ʫʙʳʚʘʝʪ ʦʪ 1,1 ʜʦ 0,92; YR ð ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʝʨʝ-

ʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ʦʥ ʦʪʣʠʯʝʥ ʦʪ ʝʜʠʥʠʮʳ ʣʠʰʴ ʚ ʩʣʫʯʘʝ ʧʦʣʠʨʦʚʘʥʠʷ ʧʝʨʝ-

ʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; KxF ð ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʨʘʟʤʝʨʳ ʟʫʙʯʘʪʦʛʦ ʢʦ-

ʣʝʩʘ; ʧʨʠ da ¢ 300 ʤʤ  KxF = 1,0: ʧʨʠ da = 803 ʤʤ KxF = 0,95. 

ʀʟ ʘʥʘʣʠʟʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʬʦʨʤʫʣʳ ɻʆʉʊʘ ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ [sF] ʠ sF lim, ʩʣʝʜʫʝʪ, ʯʪʦ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʧʝ-

ʨʝʜʘʯ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʚ ʢʫʨʩʦʚʳʭ ʧʨʦʝʢʪʘʭ ʪʝʭʥʠʢʫʤʦʚ, ʚʝʩʴʤʘ ʙʣʠʟʢʠ ʢ ʝʜʠ-

ʥʠʮʝ. ʇʦʵʪʦʤʫ ʚ ʫʯʝʙʥʳʭ ʮʝʣʷʭ ʨʘʮʠʦʥʘʣʴʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʜʦʧʫʩʢʘʝʤʦʶ ʥʘʧʨʷʞʝʥʠʷ ʬʦʨʤʫʣʦʡ (3.24). 

ʌʦʨʤʫʣʳ ʜʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.10. 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʯʝʪʘ ʢʦʩʦʟʫʙʳʭ ʠ ʰʝʚʨʦʥʥʳʭ ʧʝʨʝʜʘʯ 

 

ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʩʦʟʫʙʳʭ ʠ ʰʝʚʨʦʥʥʳʭ ʢʦʣʝʩ ʚʳʰʝ, ʯʝʤ ʧʨʷʤʦʟʫ-

ʙʳʭ. ʇʦʚʳʰʝʥʠʝ ʚʳʥʦʩʣʠʚʦʩʪʠ ʟʫʙʴʝʚ ʦʪʨʘʞʝʥʦ ʚ ʬʦʨʤʫʣʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʩʯʝʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʚʫʤʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʥʝ ʚʩʪʨʝʯʘ-

ʶʱʠʤʠʩʷ ʚ ʬʦʨʤʫʣʝ (3.22) ʜʣʷ ʧʨʷʤʦʟʫʙʳʭ ʢʦʣʝʩ. 

ɼʣʷ ʧʨʦʚʝʨʦʯʥʦʛʦ  ʨʘʩʯʝʪʘ  ʢʦʩʳʭ  ʟʫʙʴʝʚ   ʩʣʫʞʠʪ   ʬʦʨʤʫʣʘ 

 
 

ɿʜʝʩʴ ʢʦʵʬʬʠʮʠʝʥʪ YF ʠʤʝʝʪ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ, ʯʪʦ ʠ ʚ ʬʦʨʤʫʣʝ (3.22), ʩ 

ʪʦʡ, ʦʜʥʘʢʦ, ʨʘʟʥʠʮʝʡ, ʯʪʦ ʝʛʦ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʧʦ ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʯʠʩʣʫ 

ʟʫʙʴʝʚ 

 
ʂʦʵʬʬʠʮʠʝʥʪ Yb ʚʚʝʜʝʥ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʛʨʝʰʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʠʟ-

ʟʘ ʧʨʠʤʝʥʝʥʠʷ ʪʦʡ ʞʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʟʫʙʘ, ʯʪʦ ʠ ʚ ʩʣʫʯʘʝ ʧʨʷʤʳʭ ʟʫʙʴʝʚ. 

ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ 

 

 
ʛʜʝ bʦ ð ʫʛʦʣ ʥʘʢʣʦʥʘ ʜʝʣʠʪʝʣʴʥʦʡ ʣʠʥʠʠ ʟʫʙʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ KFa ʫʯʠʪʳʚʘʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ 

ʤʝʞʜʫ ʟʫʙʴʷʤʠ. ɼʣʷ ʫʟʢʠʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, ʫ ʢʦʪʦʨʳʭ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʝʚʦʛʦ ʧʝ-

ʨʝʢʨʳʪʠʷ 

 
ʢʦʵʬʬʠʮʠʝʥʪ KFa = 1,0. ʇʨʠ eb ² 1 ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ  

 

(3.25) 
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ʛʜʝ ea - ʢʦʵʬʬʠʮʠʝʥʪ ʪʦʨʮʝʚʦʛʦ ʧʝʨʝʢʨʳʪʠʷ; n ð ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʟʫʙʯʘʪʳʭ 

ʢʦʣʝʩ.  ʇʨʠ  ʫʯʝʙʥʦʤ  ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ  ʤʦʞʥʦ  ʧʨʠʥʠʤʘʪʴ  ʩʨʝʜʥʝʝ  ʟʥʘʯʝʥʠʝ  

ea = 1,5 ʠ ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ 8-ʶ; ʪʦʛʜʘ KFa  = 0,92; b - ʰʠʨʠʥʘ ʚʝʥʮʘ ʪʦʛʦ ʟʫʙʯʘ-

ʪʦʛʦ ʢʦʣʝʩʘ, ʟʫʙʴʷ ʢʦʪʦʨʦʛʦ ʧʨʦʚʝʨʷʶʪ ʥʘ ʠʟʛʠʙ. 

ʇʨʠ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʚʝʨʜʦʩʪʠ ʟʫʙʴʝʚ ʠ ʙʦʣʴʰʦʤ ʩʫʤʤʘʨ-

ʥʦʤ ʯʠʩʣʝ ʠʭ (zS > 200) ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʤ 

ʨʘʩʯʝʪʝ ʟʫʙʴʝʚ ʥʘ ʠʟʛʠʙ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʦʜʫʣʷ mn. ʀʟ ʬʦʨʤʫʣʳ (3.25) ʧʦʩʣʝ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʘʶʪ ʪʨʝʙʫʶʱʫʶʩʷ ʟʘʚʠʩʠʤʦʩʪʴ 

 
ɿʜʝʩʴ ʟʥʘʯʝʥʠʷ ʊ/z ʤʦʞʥʦ ʙʨʘʪʴ ʢʘʢ ʧʦ ʰʝʩʪʝʨʥʝ, ʪʘʢ ʠ ʧʦ ʢʦʣʝʩʫ. ʂʦʵʬ-

ʬʠʮʠʝʥʪ ybm = b/ʪn. ʈʘʩʩʯʠʪʳʚʘʪʴ ʩʣʝʜʫʝʪ ʪʦ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʪ-

ʥʦʰʝʥʠʝ [sF] / YF ʤʝʥʴʰʝ. 

 

 

Ä 3.4. ʈɸʉʏɽʊ ʂʆʅʀʏɽʉʂʀʍ ɿʋɹʏɸʊʓʍ ʂʆʃɽʉ 
 

ʍʦʪʷ ʨʘʩʯʝʪ ʢʦʥʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ɻʆʉʊʦʤ ʝʱʝ ʥʝ ʨʝʛʣʘʤʝʥʪʠ-

ʨʦʚʘʥ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʧʦʣʥʷʪʴ ʝʛʦ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʟʘʚʠʩʠʤʦ-

ʩʪʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʫʣ (3.4) ʠ (3.5) ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ ʢʦʥʠ-

ʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ (ʨʠʩ. 3.4) ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫ-

ʯʘʶʪ ʬʦʨʤʫʣʫ ʜʣʷ ʧʨʦʚʝʨʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʢʦʥʠʯʝʩʢʠʭ ʧʨʷʤʦʟʫʙʳʭ ʢʦʣʝʩ ʥʘ ʢʦʥ-

ʪʘʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ: 

 
 

 

 

    

     

 

 

 

 

 
ʈʠʩ. 3.5. ʉʭʝʤʘ ʢʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʩʘ ʩ ʢʨʫ-

ʛʦʚʳʤʠ ʟʫʙʴʷʤʠ  

 

 

 

 

(3.26) 

(3.27) 

ʈʠʩ. 3.4. ʉʭʝʤʘ ʧʝʨʝʜʘʯʠ ʢʦʥʠʯʝ-

ʩʢʠʤʠ ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ  
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ʇʨʠ ʨʘʩʯʝʪʝ ʧʦ ʩʨʝʜʥʝʤʫ ʢʦʥʫʩʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ R = Re ï 0,5 b ʬʦʨʤʫʣʘ 

(3.27) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

 
ɿʜʝʩʴ Re ʠ R ð ʚʥʝʰʥʝʝ ʠ ʩʨʝʜʥʝʝ ʢʦʥʫʩʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʤʤ; ʂʅ ð ʢʦʬɻ-

ʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ, ʧʨʠʥʠʤʘʝʤʳʡ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʷʤʦ-

ʟʫʙʳʭ ʧʝʨʝʜʘʯ (ʩʤ. Ä 3.2), ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʢʦʥʠʯʝʩʢʠʭ ʢʦʣʝʩ 

ʥʘ  ʝʜʠʥʠʮʫ  ʚʳʰʝ,  ʯʝʤ  ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ; ʊ2 ð ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʢʦʣʝʩʝ, 

ʅ . ʤʤ; h ð ʰʠʨʠʥʘ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ, ʤʤ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʨʘʩʯʝʪ ʜʣʷ ʢʦʥʠʯʝʩʢʠʭ ʢʦʣʝʩ ʩ ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʷʤʠ ʦʩʥʦʚʳ-

ʚʘʝʪʩʷ ʥʘ ʬʦʨʤʫʣʘʭ (3.4) ʠ (3.6). ʈʝʢʦʤʝʥʜʫʶʪ ʧʨʠʥʠʤʘʪʴ ʩʨʝʜʥʠʡ ʫʛʦʜ ʥʘʢʣʦʥʘ 

ʟʫʙʘ b = 35o (ʨʠʩ. 3.5). ʇʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʬʦʨʤʫʣʫ ʩʦʧʨʷ-

ʞʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ, ZH = 1,59. ʂʦʵʬʬʠʮʠʝʥʪ Ze ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʪʘʢʠʤ 

ʞʝ, ʢʘʢ ʠ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʩʦʟʫʙʳʭ ʢʦʣʝʩ, ʪ. ʝ. Ze = 0,8. ʊʦʛʜʘ ʜʣʷ ʧʨʦʚʝ-

ʨʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʩʪʘʣʴʥʳʭ ʢʦʥʠʯʝʩʢʠʭ ʢʦʣʝʩ ʩ ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʷʤʠ ʥʘ ʢʦʥʪʘʢʪ-

ʥʫʶ ʧʨʦʯʥʦʩʪʴ ʬʦʨʤʫʣʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

 

 
 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ ʂʅ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʠʟʚʝʜʝʥʠʝ ʪʨʝʭ ʯʘʩʪ-

ʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʩʦʟʫ-

ʙʳʭ ʢʦʣʝʩ: 

 
ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʤ ʨʘʩʯʝʪʝ ʦʧʨʝʜʝʣʷʶʪ ʚʥʝʰʥʠʡ ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘ-

ʤʝʪʨ ʢʦʣʝʩʘ, ʤʤ: 
 

 
 

ʜʣʷ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ Kd = 99: ʜʣʷ ʢʦʣʝʩ ʩ ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʷʤʠ Kd = 86. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ de2 ʦʢʨʫʛʣʷʶʪ ʧʦ ɻʆʉʊ 12289-76 (ʚ ʤʤ): 50; (56); 

63; (71); 80; (90); 100; (112); 125; (140); 160; (180); 200; (225): 250; 280; 315; 355; 

400; 450; 500; 560; 630; 710; 800; 900; 1000; 1120; 1250; 1400; 1600. 

ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʙʝʟ ʩʢʦʙʦʢ. 

ʌʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ de2 ʥʝ ʜʦʣʞʥʳ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʙʦʣʝʝ 

ʯʝʤ ʥʘ 2%. 

ʅʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʳʭ ʯʠʩʝʣ ʠ ʞʝʣʘʪʝʣʴʥʦ ʦʢʨʫʛʣʠʪʴ ʧʦ 

ɻʆʉʊ 12289-76: 1; (1,12); 1,25; (1,40); 1,60: (1,80); 2,00; (2,24); 2,50; (2,80); 3,15; 

(3,55); 4,00; (4,50); 5,00; (5.60): 6,30. 

ɿʥʘʯʝʥʠʷ ʙʝʟ ʩʢʦʙʦʢ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ. 

(3.28) 

(3.29) 
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ʌʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʠ ʥʝ ʜʦʣʞʥʳ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʙʦʣʝʝ 

ʯʝʤ ʥʘ 3%. 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʰʠʨʠʥʳ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ     

 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʝʜʫʢʪʦʨʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ ɻʆʉʊ 12289-76 ʨʝʢʦ-

ʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ybRe = 0,285. 

ʂʦʵʬʬʠʮʠʝʥʪ ʂʅb ʧʨʠʥʠʤʘʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʣʷ ʢʦʣʝʩ ʩ ʪʚʝʨʜʦʩʪʴʶ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ ʅɺ ¢ 350 ʦʪ 1,2 ʜʦ 1,35: ʧʨʠ ʪʚʝʨʜʦʩʪʠ ʅɺ > 350 ð ʦʪ 1,25 

ʜʦ 1,45 (ʩʤ. ʪʘʙʣ. 3.1). 

ʇʨʠ ʧʨʦʚʝʨʦʯʥʦʤ ʨʘʩʯʝʪʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʛʨʫʟʢʠ ʫʪʦʯʥʷʶʪ. 

ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʶʪ ʯʠʩʣʘ ʟʫʙʴʝʚ ʢʦʣʝʩ. ɼʣʷ ʰʝʩʪʝʨʥʠ 

 

 
 

ʈʝʢʦʤʝʥʜʫʶʪ ʚʳʙʠʨʘʪʴ  z1 º 18·32. 

ʏʠʩʣʦ   ʟʫʙʴʝʚ   ʢʦʣʝʩʘ   z2 = z1u.   ʊʘʢ   ʢʘʢ   ʥʘʡʜʝʥʥʳʝ   ʟʥʘʯʝʥʠʷ  z1 ʠ z2  

 

ʦʢʨʫʛʣʷʶʪ  ʜʦ  ʮʝʣʳʭ  ʯʠʩʝʣ,  ʪʦ  ʧʦʩʣʝ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʫʪʦʯʥʠʪʴ                 ʠ ʫʛʦʣ   

 

d2 = arctg ʠ. ɺʥʝʰʥʠʡ ʦʢʨʫʞʥʦʡ ʤʦʜʫʣʴ   ʦʢʨʫʛʣʷʪʴ  ʧʦʣʫʯʝʥʦʝ ʟʥʘ- 

 

ʯʝʥʠʝ me ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ. 

 ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʯʠ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʪʘʙʣ. 3.11. ʇʨʦʚʝʨʢʫ ʟʫʙʴ-

ʝʚ ʢʦʥʠʯʝʩʢʠʭ ʧʨʷʤʦʟʫʙʳʭ ʢʦʣʝʩ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ ʧʦ ʥʘʧʨʷʞʝʥʠʷʤ-ʠʟʛʠʙʘ ʚʳ-

ʧʦʣʥʷʶʪ ʧʦ ʬʦʨʤʫʣʝ 

 

 
 

ɿʜʝʩʴ ʂF ð ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘ ʠʟʛʠʙ, ʚʳʙʠʨʘʝʤʳʡ ʪʘʢ 

ʞʝ, ʢʘʢ ʠ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʷʤʦʟʫʙʳʭ ʢʦʣʝʩ; Ft ð ʦʢʨʫʞʥʘʷ ʩʠʣʘ, ʢʦʪʦʨʫʶ 

ʩʯʠʪʘʶʪ ʧʨʠʣʦʞʝʥʥʦʡ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʩʨʝʜʥʝʡ ʜʝʣʠʪʝʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʠ 

 

 
 

YF ð ʢʦʵʬʬʠʮʠʝʥʪ   ʬʦʨʤʳ   ʟʫʙʴʝʚ   (ʩʤ.   ʩ.   42),   ʚʳʙʠʨʘʝʤʳʡ   ʚ ʟʘʚʠ- 

 

ʩʠʤʦʩʪʠ ʦʪ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʯʠʩʣʘ ʟʫʙʴʝʚ             JF º 0,85 ï ʦʧʳʪʥʳʡ ʢʦɻ ʬ- 

 

ʬʠʮʠʝʥʪ,  ʫʯʠʪʳʯʚʘʶʱʠʡ  ʧʦʥʠʞʝʥʠʝ  ʥʘʛʨʫʟʦʯʥʦʡ  ʩʧʦʩʦʙʥʦʩʪʠ  ʢʦʥʠʯʝʩʢʦʡ  

 

(3.30) 

 

 

(3.31) 
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3.11. ʂʦʥʠʯʝʩʢʠʝ ʧʨʷʤʦʟʫʙʳʝ ʢʦʣʝʩʘ ʧʦ ɻʆʉʊ 19325-73  

ʠ ɻʆʉʊ 19624-74 (ʧʨʠ d1 + d2 = 90ʦ ʠ a=20ʦ) 

 
ʇʘʨʘʤʝʪʨʳ ʆʙʦʟʥʘʯʝʥʠʝ  ʌʦʨʤʫʣʘ 

ɺʥʝʰʥʠʡ ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ  de2 (3.29) 

ɺʥʝʰʥʝʝ ʢʦʥʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ  Re 

 
ʐʠʨʠʥʘ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ  b  

ʉʨʝʜʥʝʝ ʢʦʥʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ  R 
 

ʉʨʝʜʥʠʡ ʦʢʨʫʞʥʦʡ ʤʦʜʫʣʴ  m 

 
ʉʨʝʜʥʠʡ ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ  d 

 
ʋʛʦʣ ʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ  d 

 
ɺʥʝʰʥʷʷ ʚʳʩʦʪʘ ʟʫʙʘ  he  

ɺʥʝʰʥʷʷ   ʚʳʩʦʪʘ   ʛʦʣʦʚʢʠ ʟʫʙʘ  hae 
 

ɺʥʝʰʥʷʷ ʚʳʩʦʪʘ ʥʦʞʢʠ ʟʫʙʘ  hfe  

ʋʛʦʣ ʛʦʣʦʚʢʠ ʟʫʙʘ  qa  

ʋʛʦʣ ʥʦʞʢʠ  ʟʫʙʘ  qf 
 

ɺʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʚʝʨʰʠʥ  ʟʫʙʴʝʚ  dae  

 

ʧʨʷʤʦʟʫʙʦʡ ʧʝʨʝʜʘʯʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ: ʪ ð ʩʨʝʜʥʠʡ ʤʦʜʫʣʴ. 

ɼʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ [sF] ʚʳʙʠʨʘʶʪ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʫʙ-

ʯʘʪʳʭ ʢʦʣʝʩ. 

ɼʣʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ 

ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʠʭ ʨʘʟʤʝʨʳ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʨʦʯʥʦʩʪʴʶ ʟʫʙʴʝʚ ʥʘ ʠʟ-

ʛʠʙ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʡ ʨʘʩʯʝʪ ʥʘ JBI ʠʙ ʚʳʧʦʣʥʷʶʪ ʜʣʷ ʩʨʝʜʥʝʶ 

ʤʦʜʫʣʷ 
 

 
 

ʂʦʵʬʬʠʮʠʝʥʪ ʰʠʨʠʥʳ ʚʝʥʮʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʨʝʜʥʝʤʫ ʤʦʜʫʣʶ 

 
 

(3.32) 
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ʇʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

 
ʈʘʩʯʝʪ ʚʝʜʫʪ, ʢʘʢ ʠ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ, ʧʦ ʪʦʤʫ ʢʦʣʝ-

ʩʫ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʪʥʦʰʝʥʠʝ [sF]/YF ʤʝʥʴʰʝ. 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʯʝʪʘ ʢʦʥʠʯʝʩʢʠʭ ʢʦʣʝʩ ʩ ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʷʤʠ 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʥʠʯʝʩʢʠʭ ʢʦʣʝʩ ʩ ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʷʤʠ (ʩʤ. ʨʠʩ. 3.5) ʠʭ ʟʘ-

ʤʝʥʷʶʪ ʙʠʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʧʨʷʤʦʟʫʙʳʤʠ ʢʦʣʝʩʘʤʠ: ʚʦ-

ʧʝʨʚʳʭ, ʢʨʫʛʦʚʳʝ ʟʫʙʴʷ ʧʨʠʚʦʜʷʪʩʷ ʢ ʧʨʷʤʳʤ, ʚʦ-ʚʪʦʨʳʭ, ʢʦʥʠʯʝʩʢʠʝ ʢʦʣʝʩʘ 

ʧʨʠʚʦʜʷʪʩʷ ʢ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ. 

 

3.12.  ʂʦʥʠʯʝʩʢʠʝ   ʟʫʙʯʘʪʳʝ  ʢʦʣʝʩʘ   ʩ   ʢʦʩʳʤʠ   ʠ   ʢʨʫʛʦʚʳʤʠ   

ʟʫʙʴʷʤʠ ʧʨʠ ʤʝʞʦʩʝʚʦʤ ʫʛʣʝ 90Á (ʩʤ. ʨʠʩ. 3.4 ʠ 3.5) 

 

ʇʘʨʘʤʝʪʨʳ ʆʙʦʟʥʘʯʝʥʠʝ ʠ ʨʘʩʯʝʪʥʳʝ ʬʦʨ-

ʤʫʣʳ 

ɺʥʝʰʥʠʡ    ʜʝʣʠʪʝʣʴʥʳʡ    ʜʠʘʤʝʪʨ  
 

ɺʥʝʰʥʠʡ ʪʦʨʮʦʚʳʡ ʤʦʜʫʣʴ  
 

ɺʥʝʰʥʝʝ ʢʦʥʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ  
 

ʐʠʨʠʥʘ ʚʝʥʮʘ  
 

ʉʨʝʜʥʝʝ ʢʦʥʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ   

ʉʨʝʜʥʠʡ ʥʦʨʤʘʣʴʥʳʡ ʤʦʜʫʣʴ  
 

ʉʨʝʜʥʠʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʟʫʙʘ  
 

ɺʥʝʰʥʷʷ ʚʳʩʦʪʘ ʟʫʙʘ   

ɺʥʝʰʥʷʷ ʚʳʩʦʪʘ ʛʦʣʦʚʢʠ ʟʫʙʘ  
 

ɺʥʝʰʥʷʷ ʚʳʩʦʪʘ ʥʦʞʢʠ ʟʫʙʘ   
ʋʛʦʣ ʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ  

 
ʋʛʦʣ ʥʦʞʢʠ ʟʫʙʘ  

 
ʋʛʦʣ ʛʦʣʦʚʢʠ ʟʫʙʘ   

ɺʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʚʝʨʰʠʥ ʟʫʙʴʝʚ  
 

ʂʦʵʬʬʠʮʠʝʥʪ     ʨʘʜʠʘʣʴʥʦʛʦ ʩʤʝʰʝʥʠʷ  ʫ  ʰʝ-

ʩʪʝʨʥʠ   (ʨʝʢʦʤʝʥʜʫʝʤʳʡ)   

ʂʦʵʬʬʠʮʠʝʥʪ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ   ʩʤʝʱʝʥʠʷ   ʫ   

ʰʝʩʪʝʨʥʠ ʧʨʠ ʠ > 2,5  
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ʈʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʣʝʩ ʧʨʠʚʦʜʷʪʩʷ ʧʦ ʘʥʘʣʦʛʠʠ 

ʩ ʬʦʨʤʫʣʘʤʠ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʩʦʟʫʙʳʭ ʢʦʣʝʩ. 

ʅʘʠʤʝʥʦʚʘʥʠʷ ʠ ʦʙʦʟʥʘʯʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʘʥʳ ʧʦ ɻʆʉʊ 

19326-73. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʩʨʝʜʥʠʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʟʫʙʘ b=35Á. ʌʦʨʤʫ-

ʣʳ ʜʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.12. 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʩʣʫʞʠʪ ʬʦʨʤʫʣʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʪʨʝʙʫʝ-

ʤʫʶ ʚʝʣʠʯʠʥʫ ʚʥʝʰʥʝʛʦ ʜʝʣʠʪʝʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ ʢʦʣʝʩʘ [ʩʤ. ʬʦʨʤʫʣʫ (3.29)]. 

ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ de2 ʦʢʨʫʛʣʷʶʪ ʧʦ ɻʆʉʊ 12289-76 (ʥʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ  

de2 ʩʤ. ʩ. 49). 

ʂʦʵʬʬʠʮʠʝʥʪ ʰʠʨʠʥʳ ʟʫʙʯʘʪʦʶ ʚʝʥʮʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʥʝʰʥʝʤʫ ʢʦʥʫʩ-

ʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ybRe ¢ 0,3. 

ʇʨʠ ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʯʠ ʥʘʜʦ ʩʣʝʜʠʪʴ ʟʘ ʚʳʧʦʣʥʝʥʠʝʤ ʫʩʣʦʚʠʷ  

b ¢ 10 mte, ʛʜʝ ʪteð ʚʥʝʰʥʠʡ ʦʢʨʫʞʥʦʡ ʤʦʜʫʣʴ ʟʫʙʴʝʚ. 

ʌʦʨʤʫʣʘ ʜʣʷ ʧʨʦʚʝʨʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʢʨʫʛʦʚʳʭ ʟʫʙʴʝʚ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ ʧʦ 

ʥʘʧʨʷʞʝʥʠʷʤ ʠʟʛʠʙʘ ʘʥʘʣʦʛʠʯʥʘ ʬʦʨʤʫʣʝ (3.25) ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʩʦʟʫʙʳʭ 

ʢʦʣʝʩ. ʂʦʵʬʬʠʮʠʝʥʪʳ KF, KFa, Yb ʠ YF   ʧʨʠʥʠʤʘʶʪ ʧʦ ʪʝʤ  ʞʝ ʜʘʥʥʳʤ,  ʯʪʦ ʠ 

ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʩʦʟʫʙʳʭ ʢʦʣʝʩ (ʩʤ. Ä 3.3). ʆʢʨʫʞʥʦʝ ʫʩʠʣʠʝ  

 
 

ʛʜʝ mn  ð ʩʨʝʜʥʠʡ ʥʦʨʤʘʣʴʥʳʡ ʤʦʜʫʣʴ ʟʫʙʴʝʚ. ɼʣʷ ʨʝʜʫʢʪʦʨʥʳʭ ʢʦʥʠʯʝ-

ʩʢʠʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʥʘʜʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʟʥʘʯʘʪʴ 7-ʶ ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʠʟ-

ʛʦʪʦʚʣʝʥʠʷ, ʥʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʙʨʘʪʴ ʪʘʢʠʝ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 8-

ʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʟʫʙʴʝʚ YF ʥʘʜʦ ʚʳʙʠʨʘʪʴ ʧʦ ʙʠʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʯʠʩ-

ʣʫ ʟʫʙʴʝʚ  

 
 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ KFa [ʩʤ. ʬʦʨʤʫʣʫ (3.25)], ʫʯʠʪʳʚʘʶʱʝʛʦ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʷʤʠ, ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʦʨʮʦʚʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʚ ʩʣʫʯʘʷʭ ʫʯʝʙʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʞ-

ʥʦ ʧʨʠʥʠʤʘʪʴ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ea º 1,3 ·1,4. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ. ʯʪʦ ʥʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ ʩ ʢʨʫʛʦ-

ʚʳʤʠ ʟʫʙʴʷʤʠ ʚʳʰʝ, ʯʝʤ ʢʦʥʠʯʝʩʢʠʭ ʧʨʷʤʦʟʫʙʳʭ, ʚ ʬʦʨʤʫʣʝ ʦʪʩʫʪʩʪʚʫʝʪ ʢʦ-

ʵʬʬʠʮʠʝʥʪ JF [ʩʤ. ʬʦʨʤʫʣʫ (3.31)]. 
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ɻʃɸɺɸ IV   

 

ʏɽʈɺʗʏʅʓɽ ʇɽʈɽɼɸʏʀ 
 

 

 

Ä 4.1. ʆɹʑʀɽ ʉɺɽɼɽʅʀʗ ʀ ʂʀʅɽʄɸʊʀʂɸ ʇɽʈɽɼɸʏ 
 

ʏʝʨʚʷʯʥʳʝ ʧʝʨʝʜʘʯʠ ʧʨʠʤʝʥʷʶʪ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʠ ʚʝ-

ʜʫʱʝʛʦ ʠ ʚʝʜʦʤʦʛʦ ʚʘʣʦʚ ʧʝʨʝʢʨʝʱʠʚʘʶʪʩʷ (ʦʙʳʯʥʦ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ). 

ʇʦ ʬʦʨʤʝ ʯʝʨʚʷʢʘ ʨʘʟʣʠʯʘʶʪ ʧʝʨʝʜʘʯʠ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʠ ʩ ʛʣʦʙʦʠʜ-

ʥʳʤʠ (ʚʦʛʥʫʪʳʤʠ) ʯʝʨʚʷʢʘʤʠ. ʇʝʨʚʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʝ-

ʨʝʜʘʯʠ ʩ ʘʨʭʠʤʝʜʦʚʳʤʠ, ʢʦʥʚʦʣʶʪʥʳʤʠ ʠ ʵʚʦʣʴʚʝʥʪʥʳʤʠ ʯʝʨʚʷʢʘʤʠ. ɿʜʝʩʴ 

ʨʘʩʩʤʦʪʨʝʥʳ ʪʦʣʴʢʦ ʧʝʨʝʜʘʯʠ ʩ ʘʨʭʠʤʝʜʦʚʳʤʠ ʯʝʨʚʷʢʘʤʠ (ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ 

ʧʨʦʬʠʣʴ ʚʠʪʢʘ ʪʨʘʧʝʮʝʠʜʘʣʴʥʳʡ; ʚ ʪʦʨʮʦʚʦʤ ʩʝʯʝʥʠʠ ʚʠʪʢʠ ʦʯʝʨʯʝʥʳ ʘʨʭʠʤʝ-

ʜʦʚʦʡ ʩʧʠʨʘʣʴʶ). 

ʏʝʨʚʷʯʥʳʝ ʧʝʨʝʜʘʯʠ ʚʳʧʦʣʥʷʶʪ ʚ ʚʠʜʝ ʨʝʜʫʢʪʦʨʦʚ, ʨʝʞʝ ð ʦʪʢʨʳʪʳʤʠ. 

ʏʝʨʚʷʯʥʳʝ ʨʝʜʫʢʪʦʨʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʛʣ. 

II. 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ 

 

 
 

ʛʜʝ w1, n1 ʠ w2,  n2 ð ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ, ʨʘʜ/ʩ, ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, 

ʦʙ/ʤʠʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʝʨʚʷʢʘ ʠ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ; z2 ð ʯʠʩʣʦ ʟʫʙʴʝʚ ʯʝʨʚʷʯ-

ʥʦʛʦ ʢʦʣʝʩʘ; z1 ð ʯʠʩʣʦ ʚʠʪʢʦʚ ʟʘʭʦʜʦʚ) ʯʝʨʚʷʢʘ. 

ʇʦ ɻʆʉʊ 2144-76 (ʧʝʨʝʜʘʯʠ ʯʝʨʚʷʯʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ) ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʜʚʘ ʨʷʜʘ ʧʝʨʝʜʘʪʦʯʥʳʭ ʯʠʩʝʣ ʠ ʚ ʧʨʝʜʝʣʘʭ 8 ð 80, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʧʨʠ z1 = 1,2 

ʠʣʠ 4 (ʯʝʨʚʷʢʠ ʩ z1 = 3 ʚ ɻʆʉʊ ʥʝ ʚʢʣʶʯʝʥʳ) ʠ z2 = 30· 80: 

1-ʡ ʨʷʜ: 8;  10;  12,5;  16; 20; 25:  31,5; 40; 50; 63; 80: 

2-ʡ ʨʷʜ: 9: 11,2;  14;  18; 22,4; 28; 35,5; 45; 56; 71. 

ʇʝʨʚʳʡ ʨʷʜ ʩʣʝʜʫʝʪ ʧʨʝʜʧʦʯʠʪʘʪʴ ʚʪʦʨʦʤʫ. ʆʪʢʣʦʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʠ 

ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʦʧʫʩʢʘʝʪʩʷ ʥʝ ʙʦʣʝʝ 4%. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʭ ʠ ʧʨʠʤʝʥʷʶʪ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʧʝʨʝʜʘʯʠ (ʩʤ. ʛʣ. 

II). 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʚʠʪʢʦʚ z1 ʚʦʟʨʘʩʪʘʝʪ ʫʛʦʣ ʧʦʜʲʝʤʘ ʚʠʪʢʘ ʯʝʨʚʷʢʘ ʠ 

ʧʦʚʳʰʘʝʪʩʷ ʂʇɼ ʧʝʨʝʜʘʯʠ. ʇʨʠʤʝʥʝʥʠʝ ʦʜʥʦʟʘʭʦʜʥʳʭ ʯʝʨʚʷʢʦʚ ʙʝʟ ʢʨʘʡʥʝʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. ʈʝʢʦʤʝʥʜʫʶʪ ʥʘʟʥʘʯʘʪʴ:  z1 = 4 ʧʨʠ u = 8·15; 

z1 =2 ʧʨʠ  u = 15 · 30 ʠ z1= 1 ʧʨʠ ʠ > 30. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʝʩʪʠ ʧʘʨʘʣʣʝʣʴʥʦ ʜʚʘ ʨʘʩʯʝʪʘ ʧʝʨʝʜʘ-

ʯʠ ʧʨʠ ʨʘʟʥʳʭ ʯʠʩʣʘʭ ʟʫʙʴʝʚ ʢʦʣʝʩʘ ʠ ʟʘʭʦʜʦʚ ʯʝʨʚʷʢʘ ʠ ʟʘʪʝʤ ʫʞʝ, ʠʩʭʦʜʷ ʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʛʘʙʘʨʠʪʦʚ ʠ ʂʇɼ ʧʝʨʝʜʘʯʠ, ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ. 

(4.1) 
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ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠ = 16 ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪʳ, ʧʨʠʥʠʤʘʷ z1 = 2, z2 = 32 ʠ z1 

= 4, z2 = 64 (ʚ ʫʯʝʙʥʳʭ ʧʨʦʝʢʪʘʭ ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ z1 = 3 ʠ z2 = 48). 

 

 

Ä 4.2. ʆʉʅʆɺʅʓɽ ʇɸʈɸʄɽʊʈʓ ʇɽʈɽɼɸʏʀ 
ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʝʨʝʜʘʯʠ ʙʝʟ ʩʤʝʱʝʥʠʷ ʩ ʘʨʭʠʤʝʜʦʚʳʤ ʯʝʨʚʷʢʦʤ, 

ʠʤʝʶʱʠʤ ʫʛʦʣ ʧʨʦʬʠʣʷ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ a = 20ʦ. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝ-

ʜʘʯ ʜʘʥʳ ʚ ʪʘʙʣ. 4.1. 

ʏʝʨʚʷʢ. ʆʙʦʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʨʘʟʤʝʨʦʚ ʯʝʨʚʷʢʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 4.1. 

ʉʚʷʟʴ ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤ ʰʘʛʦʤ ʯʝʨʚʷʢʘ ʨ1, ʤʦʜʫʣʝʤ ʪ ʠ ʭʦʜʦʤ ʚʠʪʢʘ ʯʝʨʚʷʢʘ pz1  

ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

 
 

4.1. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ, ʚr -

ʧʦʣʥʝʥʥʳʭ ʙʝʟ ʩʤʝʱʝʥʠʷ (ʧʦ ɻʆʉʊ 2144 ð 76*) 

 
 

 

 

 

 

 

 

(4.2) 
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4.2. ʉʦʯʝʪʘʥʠʷ ʤʦʜʫʣʝʡ ʪ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ q ʣʠʘʤʝʪʨʘ ʯʝʨʚʷʢʘ  

(ʧʦ ɻʆʉʊ 2144-76*) 
 

ʪ, ʤʤ q m, ʤʤ q m, ʤʤ q m, ʤʤ q 

 

1,6 

 

 

10,0 

12,5 

16,0 

20,0 

 

 

3,15 

 

 

8,0 

10,0 

12,5 

16,0 

20,0 

 

 

6,30 

 

 

 

8,0 

10,0 

12,5 

14,0 

16,0 

20,0 

 

 

12,50 

 

 

8,0 

10,0 

12,5 

16,0 

20,0  

 

2,0 

 

 

8,0 

10,0 

12,5 

16,0 

20,0 

 

 

4,00 

 

 

8,0 

10,0  

12,5 

16,0 

20,0 

 

16,00 

 

 

8,0 

10,0 

12,5 

16,0 

 

 

8,00 

 

8,0  

10,0 

12,5 

16,0 

20,0 
 

 

2,50 

8,0 

10,0 

12,5 

16,0 

20,0 

 

20,00 

8,0 

10,0 

12,5 

16,0 

 

 

5,00 

8,0 

10,0 

12,5 

16,0 

20,0 

 

 

10,00 

8,0 

10,0 

12,5 

16,0 

20,0 

ʇʨʠʤʝʯʘʥʠʝ. ɼʣʷ ʤʦʜʫʣʝʡ ʪ ¢ 10 ʜʦʧʫʩʢʘʝʪʩʷ q = 25.  

 

ʇʨʠʤʝʥʷʪʴ ʯʝʨʚʷʢʠ ʩ ʣʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʨʝʟʢʠ ʙʝʟ ʩʧʝʮʠʘʣʴʥʳʭ ʦʩ-

ʥʦʚʘʥʠʡ ʥʝ ʩʣʝʜʫʝʪ. 

ɼʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʯʝʨʚʷʢʘ, ʩʦʚʧʘʜʘʶʱʠʡ ʚ ʥʝʢʦʨʨʠʛʠʨʦ-ʚʘʠʥʳʭ ʧʝ-

ʨʝʜʘʯʘʭ ʩ ʥʘʯʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ, ʙʝʨʫʪ ʢʨʘʪʥʳʤ ʦʩʝʚʦʤʫ ʤʦʜʫʣʶ ʯʝʨʚʷʢʘ: 

 

  d1 = dw1 = qm,             (4.3) 

 

ʛʜʝ q = d1 /m ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʘʤʝʪʨʘ ʯʝʨʚʷʢʘ. 
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ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʘ ʨʘʟʤʝʨʦʚ ʬʨʝʟ ʜʣʷ ʥʘʨʝʟʘʥʠʷ ʯʝʨʚʷʯʥʳʭ ʢʦʣʝʩ ʚ 

ʩʪʘʥʜʘʨʪʝ ʦʛʨʘʥʠʯʝʥʳ ʟʥʘʯʝʥʠʷ q (ʪʘʙʣ. 4.2). 

ɼʝʣʠʪʝʣʴʥʳʡ ʫʛʦʣ ʧʦʜʲʝʤʘ ʚʠʪʢʘ ʯʝʨʚʷʢʘ g ʩʚʷʟʘʥ ʩ z1  ʠ q ʩʦʦʪʥʦʰʝʥʠʝʤ 

 

 
 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ q ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʞʝʩʪʢʦʩʪʴ ʯʝʨʚʷʢʘ, ʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʫʛʦʣ 

g ʠ ʩʥʠʞʘʝʪʩʷ ʂʇɼ ʧʝʨʝʜʘʯʠ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʤʠ-

ʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ q, ʦʜʥʘʢʦ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʜʦʩʪʘʪʦʯʥʦʡ ʞʝʩʪʢʦʩʪʠ. 

ʇʨʠ ʙʦʣʴʰʠʭ z2 ʚʦʟʨʘʩʪʘʝʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʧʦʨʘʤʠ ʯʝʨʚʷʢʘ; ʜʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʡ ʞʝʩʪʢʦʩʪʠ ʯʝʨʚʷʢʘ ʧʨʠʭʦʜʠʪʩʷ ʫʚʝʣʠʯʠʚʘʪʴ q ʠʣʠ ʪ. 

ɿʥʘʯʝʥʠʷ g ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ q ʠ z ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4.3. 

 

4.3. ɿʥʘʯʝʥʠʷ ʫʛʣʘ ʧʦʜʲʝʤʘ g ʥʘ ʜʝʣʠʪʝʣʴʥʦʤ ʮʠʣʠʥʜʨʝ ʯʝʨʚʷʢʘ 

 

z1 ʂʦʬɻʬʠʮʠʝʥʪ q  

8 10 12,5 14 16 20 

1 7o07' 5o43' 4o 35' 4o 05' 3o 35' 2o 52' 

2 14o02' 11o19' 9o 05' 8o 07' 7o 07' 5o 43' 

3 20o33' 16o42' 13o 30' 12o 06' 10o 37' 8o 35' 

4 26o34' 21o48' 17o 45' 15o 57' 14o 02' 11o 19' 

 

ɼʠʘʤʝʪʨ ʚʝʨʰʠʥ ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ (ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʳʩʦʪʳ ʛʦʣʦʚʢʠ, 

ʨʘʚʥʦʤ ʝʜʠʥʠʮʝ) 

 

 da1 = d1  + 2 ʪ = ʪ (q + 2)                            (4.5) 

 

ɼʠʘʤʝʪʨ ʚʧʘʜʠʥ ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ (ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ 

0,2 m) 

 df1 = d1 ï 2,4 m = ʪ (q ï 2,4)                            (4.6) 

 

ɼʣʠʥʫ ʥʘʨʝʟʘʥʥʦʡ ʯʘʩʪʠ ʯʝʨʚʷʢʘ b1 , ʧʨʠʥʠʤʘʶʪ:  

 

ʧʨʠ z1 = 1 ʠʣʠ 2     b1 ² (11 + 0,06 z2) m; 

ʧʨʠ z1=3 ʠʣʠ 4     b1 ² (12,5 + 0,09 z2) m. 

 

 ɼʣʷ ʰʣʠʬʫʝʤʳʭ ʠ ʬʨʝʟʝʨʫʝʤʳʭ ʯʝʨʚʷʢʦʚ ʚʝʣʠʯʠʥʘ b1, ʧʦʣʫʯʝʥʥʘʷ ʧʦ 

ʫʢʘʟʘʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ, ʜʦʣʞʥʘ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʧʨʠ m < 10 ʤʤ ʥʘ 25 ʤʤ; ʧʨʠ 

ʪ = 10·16 ʤʤ ʥʘ 35 ð 40 ʤʤ ʠ ʧʨʠ ʪ > 16 ʤʤ ʥʘ 50 ʤʤ. 

ʏʝʨʚʷʯʥʦʝ ʢʦʣʝʩʦ. ʉʝʯʝʥʠʝ ʯʝʨʚʷʢʘ ʠ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ ʧʣʦʩʢʦʩʪʴʶ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʦʩʠ ʯʝʨʚʷʢʘ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.2. 

 

(4.4) 

(4.7) 
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ɼʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ 

 

            
 

ɼʠʘʤʝʪʨ ʚʝʨʰʠʥ ʟʫʙʴʝʚ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ (ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʳʩʦʪʳ 

ʛʦʣʦʚʢʠ, ʨʘʚʥʦʤ ʝʜʠʥʠʮʝ) 

 

 da2 = d2 + 2ʪ = m(z2 + 2).           (4.9) 

 

ɼʠʘʤʝʪʨ ʚʧʘʜʠʥ ʟʫʙʴʝʚ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ (ʧʨʠ ʨʘʜʠʘʣʴʥʦʤ ʟʘʟʦʨʝ 0,2ʪ) 

 

 d f 2 =d2  ð 2,4m = m(z2 ð 2,4).                 (4.10) 

 

ʅʘʠʙʦʣʴʰʠʡ ʜʠʘʤʝʪʨ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ 

 

 
 

ʐʠʨʠʥʫ ʚʝʥʮʘ ʢʦʣʝʩʘ b2 ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ 

 

 
 

ʋʩʣʦʚʥʳʡ ʫʛʦʣ ʦʙʭʚʘʪʘ 2d ʯʝʨʚʷʢʘ ʚʝʥʮʘ ʢʦʣʝʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʢʘʤʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ ʜʠʘʤʝʪʨʦʤ d¡ = da1 ð 0,5 m ʩ ʢʦʥʪʫʨʦʤ ʚʝʥʮʘ (ʩʤ. 

ʨʠʩ. 4.2): 

 
 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʯʝʨʚʷʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʩ ʫʯʝʪʦʤ ʧʦ-

ʪʝʨʴ ʚ ʟʘʮʝʧʣʝʥʠʠ, ʚ ʦʧʦʨʘʭ ʠ ʥʘ ʨʘʟʙʨʳʟʛʠʚʘʥʠʝ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʤʘʩʣʘ 

 

ʛʜʝ r' ð ʧʨʠʚʝʜʝʥʥʳʡ ʫʛʦʣ ʪʨʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʦʧʳʪʥʳʤ ʧʫʪʝʤ. 

ʂʇɼ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ (ʫʚʝʣʠʯʠʚʘʝʪʩʷ g) ʠ 

ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ f ' ʠʣʠ ʫʪʣʘ ʪʨʝʥʠʷ r'. 

ʇʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʂʇɼ, ʢʦʛʜʘ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʯʠ ʝʱʝ 

ʥʝʠʟʚʝʩʪʥʳ, ʜʣʷ ʩʪʘʣʴʥʦʛʦ ʯʝʨʚʷʢʘ ʠ ʙʨʦʥʟʦʚʦʛʦ ʚʝʥʮʘ ʢʦʣʝʩʘ ʤʦʞʥʦ ʧʨʠʥʠ-

ʤʘʪʴ f ' º 0,04·0,06, ʧʨʠ ʩʪʘʣʴʥʦʤ ʯʝʨʚʷʢʝ ʠ ʯʫʛʫʥʥʦʤ ʚʝʥʮʝ f ' º 0,08·0,12 

(ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʦʪʢʨʳʪʳʭ ʧʝʨʝʜʘʯ). 

(4.7) 

(4.8) 

(4.11) 

(4.12) 

(4.13) 

(4.14) 



 52 

ʇʨʠ   ʙʦʣʝʝ   ʪʦʯʥʳʭ   ʨʘʩʯʝʪʘʭ   ʨʝʜʫʢʪʦʨʦʚ   ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ   

ʟʥʘʯʝʥʠʷ   f ¡  ʠ   r'   ʚ   ʟʘʚʠʩʠʤʦʩʪʠ   ʦʪ   ʩʢʦʨʦʩʪʠ ʩʢʦʣʞɹʝʥʠʷ vs ʧʦ ʪʘʙʣ. 4.4. 

 

 
ʉʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ (ʤ/ʩ), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʨʘʟʥʦʩʪʴ ʦʢʨʫʞʥʳʭ ʩʢʦʨʦʩʪʝʡ ʯʝʨʚʷʢʘ ʠ ʢʦʣʝʩʘ, ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʘʤ 

 

 
ʠʣʠ 

 
 

ʛʜʝ v1 = 0,5 w1d110-3 ʠ v2 = 0,5 w2d210-3 - ʦʢʨʫʞʥʳʝ ʩʢʦʨʦʩʪʠ ʯʝʨʚʷʢʘ ʠ ʢʦʣʝʩʘ, 

ʤ/ʩ: w1 ʠ w2 ð ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʯʝʨʚʷʢʘ ʠ ʢʦʣʝʩʘ, ʨʘʜ/ʩ; dt ʠ d2 ð ʜʝʣʠʪʝʣʥɹʳʝ 

ʜʠʘʤʝʪʨʳ ʯʝʨʚʷʢʘ ʠ ʢʦʣʝʩʘ, ʤʤ. 

ɼʣʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʡ ʦʮʝʥʢʠ ʂʇɼ ʯʝʨʚʷʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʤʦʞʥʦ ʚʦʩʧʦʣʴ-

ʟʦʚʘʪʴʩʷ ʜʘʥʥʳʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʛʣ. 1. 

ɺʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʛʦ ʂʇɼ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ ʠʭ ʧʨʠʤʝʥʷʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʤʦʱʥʦʩʪʠ ʥʝ ʩʚʳʰʝ 45 ʢɺʪ ʠ ʣʠʰʴ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʜʦ 

120ð150 ʢɺʪ. 

 

Ä 4.3. ʈɸʉʏɽʊʓ ʅɸ ʂʆʅʊɸʂʊʅʋʖ ɺʓʅʆʉʃʀɺʆʉʊʔ 

ʀ ʅɸ ɺʓʅʆʉʃʀɺʆʉʊʔ ʇʈʀ ʀɿɻʀɹɽ 
 

ɿʫʙʴʷ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ ʷʚʣʷʶʪʩʷ ʨʘʩʯʝʪʥʳʤ ʵʣʝʤʝʥʪʦʤ ʟʘʮʝʧʣʝʥʠʷ, ʪʘʢ 

ʢʘʢ ʦʥʠ ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʠ ʦʙʱʫʶ ʧʨʦʯʥʦʩʪʴ, ʯʝʤ ʚʠʪʢʠ ʯʝʨʚʷ-

ʢʘ. 

(4.15) 

(4.16) 
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ɿʫʙʴʷ ʯʝʨʚʷʯʥʳʭ ʢʦʣʝʩ ʨʘʩʩʯʠʪʳʚʘʶʪ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʟʫʙʴʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 

ð ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʚʳʥʦʩʣʠʚʦʩʪʴ ʠ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ: ʨʘʩʯʝʪ ʥʘ ʢʦʥ-

ʪʘʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪʩʫʪʩʪʚʠʝ ʚʳʢʨʘʰʠʚʘʥʠʷ ʨʘ-

ʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ, ʥʦ ʠ ʦʪʩʫʪʩʪʚʠʝ ʟʘʝʜʘʥʠʷ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʟʘʜʠʨʘʤ 

ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ. 

ʈʘʩʯʝʪ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʚʳʥʦʩʣʠʚʦʩʪʴ ʚʝʜʫʪ ʢʘʢ ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʡ, 

ʦʧʨʝʜʝʣʷʷ ʪʨʝʙʫʝʤʦʝ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ: 

 

 
 

ʛʜʝ z2 - ʯʠʩʣʦ ʟʫʙʴʝʚ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ; q ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʘʤʝʪʨʘ ʯʝʨ-

ʚʷʢʘ; [sʅ] ð ʜʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ: ʊʨ2 = ʊ2ʂ ð ʨʘʩʯʝʪʥʳʡ ʤʦ-

ʤʝʥʪ ʥʘ ʚʘʣʫ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ; 

 

            -  ʧʨʠʚʝʜʝʥʥʳʡ ʤʦʜʫʣʴ  ʫʧʨʫʛʦʩʪʠ (E1 ð ʤʦʜʫʣʴ  ʫʧʨʫʛʦʩʪʠ  ʤʘʪʝ- 

 

ʨʠʘʣʘ ʯʝʨʚʷʢʘ, ɽ2 ð ʪʦ ʞʝ, ʚʝʥʮʘ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ). ʌʦʨʤʫʣʘ ʩʧʨʘʚʝʜʣʠʚʘ ʧʨʠ 

ʣʶʙʳʭ ʚʟʘʠʤʥʦ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ ʚʭʦʜʷʱʠʭ ʚ ʥʝʝ ʚʝʣʠʯʠʥ. 

ʌʦʨʤʫʣʘ (4.17) ʠ ʧʨʠʚʝʜʝʥʥʳʝ ʥʠʞʝ ʬʦʨʤʫʣʳ (4.19), (4.21), (4.22) ʠ (4.23) 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʬʦʨʤʝ ʚʝʥʮʘ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʫʩʣʦʚʥʳʡ ʫʛʦʣ ʦʙʭʚʘʪʘ 28 = 100Á (ʩʤ. ʨʠʩ. 4.2). ʇʨʠ ʠʥʦʤ ʟʥʘʯʝʥʠʠ d 

ʯʠʩʣʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʢʘʟʘʥʥʳʭ ʬʦʨʤʫʣʘʭ ʩʣʝʜʫʝʪ ʫʤʥʦʞʠʪʴ ʥʘ ʢʦʵʬ-

ʬʠʮʠʝʥʪ 

 

 
 

ɼʘʥʥʳʝ ʧʦ ʚʳʙʦʨʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʛʨʫʟʢʠ ʂ ʧʨʠʚʝʜʝʥʳ ʚ Ä4.4. 

ɺ ʥʘʯʘʣʝ ʨʘʩʯʝʪʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʥʠʤʘʶʪ q = 8 ʠʣʠ 10, ʘ ʜʣʷ ʩʣʘʙʦʥʘ-

ʛʨʫʞʝʥʥʳʭ ʧʝʨʝʜʘʯ (ʊ2 ¢ 300 ʅ Å ʤ) q = 12,5 ʠʣʠ 16. 

ɿʥʘʯʝʥʠʷ [sʅ] ʚʳʙʠʨʘʶʪ ʧʦ ʪʘʙʣ. 4.8-4.10, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʥʠʤʘʷ vs = 

2,5 · 4 ʤ/ʩ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ Eʧʨ  ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʠʟʚʝʩʪʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʯʝʨʚʷʢʘ ʠ ʚʝʥʮʘ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ. ɼʣʷ ʩʪʘʣʠ 

E1 º 2,15 Ö 105 ʄʇʘ; ʜʣʷ ʯʫʛʫʥʘ ɽ2 º (0,885·1,18) 105 ʄʇʘ: ʜʣʷ ʙʨʦʥʟʳ               

ɽ2 º (0,885·1,13) ʭ 105 ʄʇʘ (ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ð ʜʣʷ ʪʚʝʨʜʳʭ ʙʝʟʦʣʦʚʷʥʥʳʭ 

ʙʨʦʥʟ). 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʯʫʛʫʥʘ ʠ ʙʨʦʥʟʳ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦ-

ʚʳ, ʧʦʵʪʦʤʫ ʜʣʷ ʩʦʯʝʪʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩʪʘʥʴ ð ʙʨʦʥʟʘ   ʠ   ʩʪʘʣʴ ð ʯʫʛʫʥ   

ʬʦʨʤʫʣʫ   (4.17)   ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ, ʚʚʝʜʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ɽʧʨ º 1,32Ö105 ʄʇʘ: 

 

(4.17) 

 

(4.18) 
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ʛʜʝ ʊ2 ï ʚ ʅ Ö ʤʤ; ʘw -  ʤʤ; [sʅ] ï ʚ ʄʇʘ. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʘw ʩʣʝʜʫʝʪ ʥʘʡʪʠ ʤʦʜʫʣʴ ʟʘʮʝʧʣʝʥʠʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 
 

 
 

ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʦʢʨʫʛʣʷʁ ʪ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ 

(ʩʤ. ʪʘʙʣ. 4.2). ʆʢʨʫʛʣʝʥʠʝ ʤʦʜʫʣʷ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ ʤʝʞʦʩʝʚʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ. ʇʦʩʣʝ ʚʳʙʦʨʘ ʩʪʘʥʜʘʨʪʥʳʭ ʟʥʘʯʝʥʠʡ m ʠ q ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ 

ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʠʥʷʪʳʤ ʧʘ-

ʨʘʤʝʪʨʘʤ. 

ʇʫʩʪʴ, ʥʘʧʨʠʤʝʨ, ʧʨʠ z1 = 2, z2 = 32 ʠ q = 10 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʦ ʬʦʨʤʫʣʝ 

(4.19) ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʘw  = 78 ʤʤ. ɺʳʯʠʩʣʷʝʤ ʤʦʜʫʣʴ 
 

 
 

ʇʦ ʪʘʙʣ. 4.2 ʧʨʠʥʠʤʘʝʤ m = 4 ʤʤ ʠ ʫʙʝʞʜʘʝʤʩʷ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʩʪʘʥʜʘʨʪ-

ʥʦʤ ʟʥʘʯʝʥʠʠ ʤʦʜʫʣʷ ʠʤʝʝʪʩʷ q = 10. ʊʦʛʜʘ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ 

 

 
 

ɾʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʨʠʥʷʪʦʝ ʟʥʘʯʝʥʠʝ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦ-

ʷʥʠʷ ʚʳʨʘʞʘʣʦʩʴ ʮʝʣʳʤ ʯʠʩʣʦʤ ʤʠʣʣʠʤʝʪʨʦʚ (ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʟ ʩʪʘʥʜʘʨʪʥʦ-

ʛʦ ʨʷʜʘ. ʪʘʙʣ. 4.1). ɼʣʷ ʵʪʦʛʦ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ (ʝʩʣʠ ʜʦʧʫʩʪʠʤʦ ʥʝʢʦʪʦʨʦʝ 

ʦʪʩʪʫʧʣʝʥʠʝ ʦʪ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ) ʥʘʜʦ ʫʚʝʣʠʯʠʪʴ ʠʣʠ 

ʫʤʝʥʴh ʠʪʴ z2  ʥʘ ʦʜʠʥ-ʜʚʘ ʟʫʙʘ*. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ 15,5 ʙʳʣʦ ʧʨʠʥʷʪʦ z1 = 2; 

z2 = 31; ʧʦʩʣʝ ʦʢʨʫʛʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥʦ m = 5 ʤʤ ʠ q = 10. ʊʦʛʜʘ 

 

 
 

ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʥʷʪʴ z2 = 32; ʪʦʛʜʘ 

 

 
 

* ɼʣʷ  ʧʝʨʝʜʘʯ,  ʚʳʧʦʣʥʝʥʥʳʭ   ʩʦ   ʩʤʝʰʝʥʠʝʤ,  ʤʦʞʥʦ   ʧʦʣʫʯʠʪʴ  ʘw ,    ʚʳʨʘʞʘʶʱʝʝʩʷ ʮʝʣʳʤ ʯʠʩʣʦʤ 

ʤʠʣʣʠʤʝʪʨʦʚ, ʙʝʟ ʠʟʤʝʥʝʥʠʷ z2 [10,17]. 

(4.19) 

(4.20) 
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ʇʨʠ ʵʪʦʤ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ 32 / 2 = 16. 

 

ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʜʘʥʥʦʛʦ       ʧʨʠ ʜʦʧʫʩʪʠʤʦʤ ʦʪʢʣʦ-

ʥʝʥʠʠ ʜʦ 4%. 

ɽʩʣʠ ʚ ʟʘʜʘʥʠʠ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʝʢʪʠʨʫʝʤʳʡ ʨʝ-

ʜʫʢʪʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʝʨʠʡʥʦʛʦ ʚʳʧʫʩʢʘ, ʪʦ ʩʣʝʜʫʝʪ ʩʦʛʣʘʩʦʚʘʪʴ ʩ ɻʆʉʊʦʤ 

ʥʝ ʪʦʣʴʢʦ ʪ ʠ q, ʥʦ ʠ ʚʝʣʠʯʠʥʳ aw ,  z1 ʠ z2 (ʩʤ. ʪʘʙʣ. 4.1). 

ʊʘʢ, ʨʝʜʫʢʪʦʨ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ ɻʆʉʊ 2144-76 ʙʫʜʝʪ 

ʠʤʝʪʴ aw = 100 ʤʤ, ʪ= 5 ʤʤ, q= 8, ,  z1 : z2 = 32 : 2. 

ʇʦʩʣʝ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʟʘʮʝʧʣʝʥʠʷ ʩʣʝʜʫʝʪ 

ʫʪʦʯʥʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ ʠ ʜʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʝʩʣʠ ʦʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ) ʠ ʧʨʦʚʝʨʠʪʴ ʨʘʩʯʝʪʥʳʝ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. 

ʇʨʠ ʣʶʙʦʤ ʩʦʯʝʪʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʯʝʨʚʷʢʘ ʠ ʢʦʣʝʩʘ 

 

 
ʇʨʠ ʩʪʘʣʴʥʦʤ ʯʝʨʚʷʢʝ ʠ ʯʝʨʚʷʯʥʦʤ ʢʦʣʝʩʝ, ʠʟʛʦʪʦʚʣʝʥʥʦʤ ʠʟ ʯʫʛʫʥʘ ʠʣʠ 

ʠʤʝʶʱʝʤ ʙʨʦʥʟʦʚʳʡ ʚʝʥʝʮ 

 

 
ʠʣʠ  

 
 

ʛʜʝ sʅ ʠ [sʅ]  - ʚ ʄʇʘ: d1, d2, aw ð ʚ ʤʤ ʠ ʊ2 ð ʚ ʅ Ö ʤʤ. ʈʝʟʫʣʴʪʘʪ ʧʨʦʚʝ-

ʨʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ, ʝʩʣʠ sʅ ʧʨʝʚʳʰʘʝʪ 

[sʅ]  ʙʦʣʝʝ ʯʝʤ ʥʘ 5% (ʧʝʨʝʜʘʯʘ ʧʝʨʝʛʨʫʞʝʥʘ), ʘ ʪʘʢʞʝ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʘʩʯʝʪʥʦʝ 

ʥʘʧʨʞ̫ʝʥʠʝ ʥʠʞʝ ʜʦʧʫʩʢʘʝʤʦʛʦ ʥʘ 15% ʠ ʙʦʣʝʝ (ʧʝʨʝʜʘʯʘ ʥʝʜʦʛʨʫʞʝʥʘ). ɺ   

ʪʦʤ   ʠ   ʜʨʫʛʦʤ   ʩʣʫʯʘʝ   ʥʘʜʦ  ʠʟʤʝʥʠʛʴ   ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʯʠ ʧ ʧʦʚʪʦʨʠʪʴ 

ʧʨʦʚʝʨʢʫ ʥʘʧʨʷʞʝʥʠʡ. 

ʈʘʩʯʝʪ ʟʫʙʴʝʚ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ ʧʦ ʥʘʧʨʷʞʝʥʠʷʤ 

ʠʟʛʠʙʘ (ʟʫʙʴʷ ʢʦʣʝʩʘ ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ ʧʨʦʯʥʦʩʪʴʶ, ʯʝʤ ʚʠʪʢʠ ʯʝʨʥʷʢʘ) ʚʳ-

ʧʦʣʥʷʶʪ ʧʦ ʬʦʨʤʫʣʝ 

 

 
 

 

(4.21
 (4.20) 

) 

(4.22) 

(4.23) 

(4.24) 
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ʛʜʝ sF ð ʨʘʩʯʝʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʟʛʠʙʘ; ʊ2 ʂ ð ʨʘʩʯʝʪʥʳʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʯʝʨ-

ʚʷʯʥʦʛʦ ʢʦʣʝʩʘ; Ft2 ð ʦʢʨʫʞʥʘʷ ʩʚʣʘ ʥʘ ʯʝʨʚʷʯʥʦʤ ʢʦʣʝʩʝ: ʂ ð ʢʦʵʬʬʠʮʠʝʥʪ 

ʥʘʛʨʫʟʢʠ (ʩʤ. Ä 4.4): ʚʝʣʠʯʠʥʫ Ft2 ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ 

ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ: 

 
 

YF ð ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʟʫʙʘ, ʧʨʠʥʠʤʘʝʤʳʡ ʥʦ ʪʘʙʣ. 4.5 ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʯʠʩʣʘ ʟʫʙʴʝʚ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ 

 

 
 

x - ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʦʩʣʘʙʣʝʥʠʝ ʟʫʙʴʝʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʥʦʩʘ; 

ʜʣʷ ʟʘʢʨʳʪʳʭ ʧʝʨʝʜʘʯ x = 1,0, ʜʣʷ ʦʪʢʨʳʪʳʭ ʧʝʨʝʜʘʯ x º 1,5; [sF] ð ʜʦʧʫʩʢʘʝ-

ʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʟʛʠʙʘ ([s0F] ð ʧʨʠ ʨʘʙʦʪʝ ʟʫʙʴʝʚ ʦʜʥʦʡ ʩʪʦʨʦʥʳ. [s-1F] ð ʧʨʠ 

ʨʘʙʦʪʝ ʟʫʙʴʝʚ ʦʙʝʠʤʠ ʩʪʦʨʦʥʘʤʠ): ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ Ä 4.4. 

 

4.5. ʂʦʵʬʬʠʮʠʝʥʪ  YF  ʬʦʨʤʳ ʟʫʙʘ ʜʣʷ ʯʝʨʚʷʯʥʳʭ ʢʦʣʝʝ 

 

zv 28 30 35 40 45 50 65 80 100 150 

YF 2,43 2,41 2,32 2,27 2,22 2,19 2,12 2,09 2,08 2,04 

 

ʂʘʢ ʬʦʨʤʫʣʘ (4.24), ʛʘʢ ʠ ʧʨʠʚʝʜʝʥʥʘʷ ʥʠʞʝ ʬʦʨʤʫʣʘ (4.25) ʩʧʨʘʚʝʜʣʠʚʳ 

ʧʨʠ ʣʶʙʳʭ ʚʟʘʠʤʥʦ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ-

ʥʷʪʴ sF  ʠ [sF] ʚ ʄʇʘ; m, d1 ʠ  d2  ʚ ʤʤ; Ft2 ʚ ʅ; ʊ2 ʚ ʅ Å ʤʤ. 

ʆʙʳʯʥʦ ʨʘʩʯʝʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠʟʛʠʙʘ ʚ ʟʫʙʴʷʭ ʢʦʣʝʩ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ, ʦʢʘʟʳʚʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʥʠʞʝ ʜʦʧʫʩʢʘʝʤʳʭ. 

ɺ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ, ʜʣʷ ʦʪʢʨʳʪʳʭ ʧʝʨʝʜʘʯ ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʟʫʙʴʝʚ ʢʦʣʝ-

ʩʘ (z2 > 80) ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʠʟʛʠʙʥʘʷ ʧʨʦʯʥʦʩʪʴ ʥʝʜʦʩʪʘʪʦʯʥʘ. ɺ ʪʘʢʦʤ 

ʩʣʫʯʘʝ ʤʦʜʫʣʴ ʟʘʮʝʧʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʠʟ ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʟʫʙʝɹʚ ʥʘ 

ʠʟʛʠʙ (ʧʨʠ x = 1,5) ʧʦ ʬʦʨʤʫʣʝ 

 

 
 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʥʠʤʘʶʪ q= 12,5; ʚ ʜʘʣʴʥʝʡʰʝʤ ʝʶ ʟʥʘʯʝʥʠʝ ʫʪʦʯʥʷʶʪ 

ʧʦ ɻʆʉʊʫ (ʩʤ. ʪʘʙʣ. 4,2). 

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚ ʧʝʨʝʜʘʯʝ ʚʦʟʥʠʢʘʶʪ ʧʠʢʦʚʳʝ ʥʘʛʨʫʟʢʠ, ʩʣʝʜʫʝʪ 

ʧʨʦʚʝʨʷʪʴ ʨʘʙʦʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ: ʪʦ ʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʱʝʡ (ʠʟʛʠʙʥʦʡ) ʧʨʦʯʥʦʩʪʠ 

(4.25) 
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ʟʫʙʴʝʚ. ʕʪʠ ʧʨʦʚʝʨʢʠ ʧʨʦʠʟʚʦʜʷʪ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ (ʩʤ. ʛʣ. 

III); ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʜʦʧʫʩʢʘʝʤʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ Ä 4.4. 

ʇʦʤʠʤʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʚʳʥʦʩʣʠʚʦʩʪʴ ʠ ʠʟʛʠʙ, 

ʜʣʷ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ ʦʙʷʟʘʪʝʣʴʥʘ ʧʨʦʚʝʨʢʘ ʥʘ ʞʝʩʪʢʦʩʪʴ (ʩʤ. ʛʣ. VIII ) ʠ ʪʝʧ-

ʣʦʚʦʡ ʨʘʩʯʝʪ ʨʝʜʫʢʪʦʨʘ (ʩʤ. ʛʣ. X). 

 

Ä 4.4. ʂʆʕʌʌʀʎʀɽʅʊ ʅɸɻʈʋɿʂʀ. 

ʄɸʊɽʈʀɸʃʓ ʀ ɼʆʇʋʉʂɸɽʄʓɽ ʅɸʇʈʗɾɽʅʀʗ 
 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ ʜʣʷ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ  
 

 
ʛʜʝ ʂb ð ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟ-

ʢʠ ʧʦ ʜʣʠʥʝ ʢʦʥʪʘʢʪʥʳʭ ʣʠʥʠʡ; ʂv ð ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʜʠʥʘʤʠʯʝ-

ʩʢʫʶ ʥʘʛʨʫʟʢʫ, ʚʦʟʥʠʢʘʶʱʫʶ ʚ ʟʘʮʝʧʣʝʥʠʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʂb ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʠ ʦʪ ʜʝʬʦʨʤʘ-

ʮʠʡ ʯʝʨʚʷʢʘ. 

 

 
 

ʛʜʝ  q ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʬʦʨʤʘʮʠʠ ʯʝʨʚʷʢʘ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʪʘʙʣ. 4.6;  ʭ ð 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ   ʢʦʵʬʬʠʮʠʝʥʪ,  ʟʘʚʠʩʷʱʠʡ  ʦʪ  ʭʘʨʘʢʪʝʨʘ  ʠʟʤʝʥʝʥʠʷ  ʥʘʛʨʫʟ-  

 

4.6.  ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʬʦʨʤʘʮʠʠ ʯʝʨʚʷʢʘ q 

 

z1 

 

ɿʥʘʯʝʥʠʷ q 

8 10 12,5 14 16 20 

1 72 108 154 176 225 248 

2 57 86 121 140 171 197 

3 51 76 106 132 148 170 

4 

 

47 70 98 122 137 157 

 

ʢʠ: 

 
 

Ti, ti, ni - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʧʨʠ ʨʝʞʠʤʝ i : Tmʘʭ ð ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʣʠʪʝʣʴʥʦ ʜʝʡʩʪʚʫʶʱʠʡ ʚʨʘ-

ʱʘʶʱʠʡ ʤʦʤʝʥʪ. ɺ ʨʘʩʯʝʪʘʭ, ʢʦʛʜʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʦʩʦʙʘʷ ʪʦʯʥʦʩʪʴ, ʤʦʞʥʦ ʧʨʠ-

ʥʠʤʘʪʴ: ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʝ ʭ=1,0; ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ 

ʥʘʛʨʫʟʢʠ ʭ º 0,6; ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʥʘʛʨʫʟʢʠ ʭ º 0,3. 

(4.26) 

(4.27) 
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ʇʨʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʝ ʢʦʵʬʬʠʮʠʝʥʪ  ʂb = 1,0. 

ʂʦʵʬʬʠʮʠʝʥʪ ʂv ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʨʝʜʘʯʠ ʠ ʦʪ ʩʢʦʨʦ-

ʩʪʠ ʩʢʦʣʴʞʝʥʠʷ vs (ʪʘʙʣ. 4.7). ʇʦ ʵʪʦʡ ʪʘʙʣʠʮʝ ʤʦʞʥʦ ʥʘʟʥʘʯʘʪʴ ʩʪʝʧʝʥʴ ʪʦʯʥʦ-

ʩʪʠ ʧʝʨʝʜʘʯʠ. 
 

4.7. ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʂv  
 

ʉʪʝʧʝʥʴ 

ʪʦʯʥʦʩʪʠ 

ʉʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ vs ,ʤ/ʩ 

ʜʦ  1,5 ʉʚ.  1,5   ʜʦ  3 ʩʚ. 3 ʜʦ 7,5 ʩʚ.  7,5 ʜʦ  12 

6 ½ ½ 1,0 1,1 
7 1,0 1,0 1,1 1,2 

8 1,15 1,25 1,4 ½ 

9 1,25 ½ ½ ½ 
          ʇʦ ɻʆʉʊ 3675 -8I ʫʩʪʘʥʦʚʣʝʥʦ 12 ʩʪʝʧʝʥʝʡ ʪʦʯʥʦʩʪʠ ʜʣ ʷʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ; ʜʣ ʷʩʠʣʦʚʳʭ ʧʝʨʝʜʘʯ ʧʨʝʜ-

ʥʘʟʥʘʯʘʶʪʩʷ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ  ʦʪ 5-ʦʡ ʜʦ 9-ʡ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʪʦʯʥʦʩʪʠ; ʜʣʷ ʨʝʜʫʢʪʦʨʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝ-

ʥʠʷ ʧʨʠʤʝʥʷʶʪ ʚ ʦʩʥʦʚʥʦʤ 7-ʶ ʠ 8-ʶ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ. 

 

ʄʘʪʝʨʠʘʣʳ ʯʝʨʚʷʢʘ ʠ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ ʚʳʙʠʨʘʶʪ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʨʘ-

ʙʦʪʳ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʧʝʨʝʜʘʯʠ ʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ: ʧʨʠ vs ¢ 2 ʤ/ʩ ʜʦʧʫʩʪʠʤʦ 

ʧʨʠʤʝʥʷʪʴ ʯʫʛʫʥʥʳʝ ʯʝʨʚʷʯʥʳʝ ʢʦʣʝʩʘ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʧʘʨʝ ʩʦ ʩʪʘʣʴʥʳʤʠ ʯʝʨ-

ʚʷʢʘʤʠ. ʇʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ vs ʯʝʨʚʷʯʥʦʝ ʢʦʣʝʩʦ ʜʝʣʘʶʪ ʩʦʩʪʘʚʥʳʤ: ʚʝʥʝʮ 

(ʙʘʥʜʘʞ) ʠʟ ʙʨʦʥʟʳ, ʘ ʢʦʣʝʩʥʳʡ ʮʝʥʪʨ ð ʠʟ ʯʫʛʫʥʘ. ʅʘʠʣʫʯʰʠʤʠ ʘʥʪʠʬʨʠʢʮʠ-

ʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʦʣʦʚʷʥʥʦ-ʬʦʩʬʦʨʥʳʝ ʙʨʦʥʟʳ (ɹʨʆ10ʌ1, 

ɹʨʆ10ʅ1ʌ1). ʏʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʪʘʢʞʝ ʦʣʦʚʷʥʥʦ-ʮʠʥʢʦʚʦ-ʩʚʠʥʮʦʚʳʝ ʙʨʦʥʟʳ 

(ʥʘʧʨʠʤʝʨ, ɹʨʆ5ʎ5ʉ5) ʠ ʙʝʟʦʣʦʚʷʥʠʩʪʳʝ ʙʨʦʥʟʳ (ɹʨɸ9ɾɿʃ, ɹʨɸ10ɾ4ʅ4ʃ). 

ʆʣʦʚʷʥʥʳʝ ʙʨʦʥʟʳ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʩʢʦʣʴʞʝʥʠʷ ʜʦ 25 ʤ/ʩ. ɹʝ-

ʟʦʣʦʚʷʥʥʳʝ ʙʨʦʥʟʳ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ ʦʣʦʚʷʥʥʳʭ, ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠ-

ʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʦ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠʭ ʥʝʩʢʦʣʴʢʦ ʭʫʞʝ. ɼʣʷ 

ʙʝʟʦʣʦʚʷʥʥʳʭ ʙʨʦʥʟ ʜʦʧʫʩʢʘʝʤʘʷ ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʜʦ 7 ð 8 ʤ/ʩ (ʚ  ʢʨʘʡʥʝʤ 

ʩʣʫʯʘʝ ʜʦ 10 ʤ/ʩ) ʧʨʠ ʨʘʙʦʪʝ ʚ ʧʘʨʝ ʩʦ ʩʪʘʣʴʥʳʤ ʰʣʠʬʦʚʘʥʥʳʤ ʠʣʠ ʧʦʣʠʨʦʚʘʥ-

ʥʳʤ ʯʝʨʚʷʢʦʤ, ʠʤʝʶʱʠʤ ʪʚʝʨʜʦʩʪʴ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʝ ʥʠʞʝ HRC 45 (ʟʘ-

ʢʘʣʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ HRC 45 ð 50. ʘ ʮʝʤʝʥʪʘʮʠʷ ʠ ʟʘʢʘʣʢʘ ð HRC 56-62). 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʯʝʨʚʷʢʦʚ ʧʨʠʤʝʥʷʶʪ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʫʶ ʢʦʥʩʪʨʫʢʮʠ-

ʦʥʥʫʶ ʩʯʘʣʴ (ʩʪʘʣʴ 45, 50) ʠ ʨʘʟʣʠʯʥʳʝ ʤʘʨʢʠ ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ (12ʍʅ3ɸ, 

15ʍ, 20ʍ, 20ʍʅ3ɸ ð ʮʝʤʝʥʪʫʝʤʳʝ, ʘ ʟʘʪʝʤ ʟʘʢʘʣʠʚʘʝʤʳʝ: 40ʍ, 40ʍʅ, 30ʍɻʉ, 

35ʍʄ ï ʧʦʜʚʝʨʛʘʝʤʳʝ ʟʘʢʘʣʢʝ ʠʣʠ ʫʣʫʯʰʝʥʠʶ: 38ʍʄʖɸ ð ʘʟʦʪʠʨʫʝʤʫʶ). 

ʊʝʨʤʠʯʝʩʢʘʷ ʠʣʠ ʪʝʨʤʦʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʯʝʨʚʷʢʘ ʜʦ ʪʚʝʨʜʦʩʪʠ ʚʳʰʝ HRC 

45 ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʰʣʠʬʦʚʘʥʠʝ ʠʣʠ ʧʦʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʜʦʧʫʩʢʘ-

ʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʯʝʨʚʷʯʥʳʭ ʧʘʨ (ʪʘʙʣ. 4.8). 

ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦʧʫʩʢʘʝʤʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠʟʛʠʙʘ [s0F] ʠ [s-1F] ʠ ʢʦʥ-

ʪʘʢʪʥʳʭ (ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʵʪʠ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʩʦʧʨʦʪʠʚʣʝʥʠʶ 

ʫʩʪʘʣʦʩʪʥʦʤʫ ʚʳʢʨʘʰʠʚʘʥʠʶ ð ʩʤ. ʪʘʙʣ. 4.8) ʧʦʣʫʯʘʶʪ ʫʤʥʦʞʝʥʠʝʤ ʯʘʙʣʠʯ-

ʥʳʭ ʟʥʘʯʝʥʠʡ [s0F]¡, [s-1F]¡, [sʅ]¡ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʦʣʛʦʚʝʯʥʦʩʪʠ:   
 

[sʅ] = [sʅ]¡ ʂHL ; 
 

[s0F] = [s0F]¡ KFL    ʠ  [s-1F] = [s-1F]¡  KFL 
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4.8. ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʩʥʦʚʥʳʝ ʜʦʧʫʩʢʘʝʤʳʝ  

ʢʦʥʪʘʢʪʠʳʝ ʥʘʧʨʷʞʝʥʠʷ  [sʅ]¡ ʠ  ʦʩʥʦʚʥʳʝ  ʜʦʧʫʩʢʘʝʤʳʝ  ʥʘʧʨʷʞʝ-

ʥʠʷ ʠʟʛʠʙʘ [s0F]¡ ʠ [s-1F]¡ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʯʝʨʚʷʯʥʳʭ ʢʦʣʝʩ,  ʄʇʘ 

 

 
 

ɿʥʘʯʝʥʠʷ  KFL   ʧʨʠ ʙʨʦʥʟʦʚʦʤ ʚʝʥʮʝ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʬʦʨʤʫʣʝ 

 
 

ʛʜʝ NS ð ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʧʝʨʝʤʝʥ ʥʘʧʨʷʞʝʥʠʡ. 

ɼʣʷ ʧʝʨʝʜʘʯ ʤʘʰʠʥʥʦʛʦ ʧʨʠʚʦʜʘ ʧʨʠ ʯʠʩʣʝ ʮʠʢʣʦʚ ʢʘʞʜʦʛʦ ʟʫʙʘ ʢʦʣʝʩʘ 

ʤʝʥʴʰʝʤ, ʯʝʤ 106, ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ NS = 106; ʝʩʣʠ ʦʢʘʞʝʪʩʷ, ʯʪʦ ʯʠʩʣʦ ʮʠʢ-

ʣʦʚ ʙʦʣʴʰʝ 25Ö107, ʥʘʜʣʝʞʠʪ ʧʨʠʥʠʤʘʪʴ NS = 25 Å 107. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʥʘʯʝʥʠʷ 

KFL  ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ max KFL = 1,0; min KFL = 0,543. 

ɼʣʷ ʧʝʨʝʜʘʯ ʩ ʯʫʛʫʥʥʳʤʠ ʯʝʨʚʷʯʥʳʤʠ ʢʦʣʝʩʘʤʠ, ʨʘʙʦʪʘʶʱʠʭ ʜʣʠʪʝʣʥɹʦʝ 

ʚʨʝʤʷ, ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ KFL  = 1,0. 

ʇʨʠ ʨʫʯʥʦʤ ʧʨʠʚʦʜʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʘʪʝʨʠʘʣʘ ʚʝʥʮʘ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ KFL = 1,5. 

ɺʝʣʠʯʠʥʫ NS  ʚʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ 

 

 
 

(4.28) 

(4.29) 
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ʛʜʝ n2 ð ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ, ʦʙ/ʤʠʥ;  t ð ʩʨʦʢ ʩʣʫʞʙʳ ʧʝʨʝ-

ʜʘʯʠ, ʯ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ [sʅ]  ʦʧʨʝʜʝ ʣʷʶʪ ʧʦ ʬʦʨ-

ʤʫʣʝ 

 
 

ʇʨʠ ʥʝʨʝʚʝʨʩʠʚʥʦʡ ʨʘʙʦʪʝ ʧʝʨʝʜʘʯʠ ʟʥʘʯʝʥʠʝ NS ʚʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ 

(4.29). ɺ ʩʣʫʯʘʝ ʨʝʚʝʨʩʠʚʥʦʡ ʥʘʛʨʫʟʢʠ ʩ ʦʜʠʥʘʢʦʚʳʤ ʚʨʝʤʝʥʝʤ ʨʘʙʦʪʳ ʚ ʦʙʦʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʚ ʬʦʨʤʫʣʫ (4.30) ʩʣʝʜʫʝʪ ʧʦʜʩʪʘʚʣʷʪʴ ʟʥʘʯʝʥʠʝ NS ʚʜʚʦʝ ʤʝʥʴ-

ʰʝʝ, ʯʝʤ  ʚʳʯʠʩʣʝʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ (4.29). 

ʇʨʠ ʯʠʩʣʝ ʮʠʢʣʦʚ, ʧʨʝʚʳʰʘʶʱʝʤ 25 Ö 107, ʚ ʬʦʨʤʫʣʫ (4.30) ʩʣʝʜʫʝʪ ʧʦʜ-

ʩʪʘʚʣʷʪʴ NS = 25 Ö 107; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ min ʂHL = 0,67. 

ʅʘʡʜʝʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ (4.30) ʟʥʘʯʝʥʠʝ ʂHL ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʩʚʦʝʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ max ʂHL = 1,15; ʝʩʣʠ ʧʦʣʫʯʠʪʩʷ ʂHL > max ʂHL , ʪʦ ʥʘʜʦ 

ʧʨʠʥʠʤʘʪʴ ʂHL = 1,15. 

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ KFL  ʠ ʂHL ʦʪʥʦʩʷʪʩʷ 

ʢ ʧʝʨʝʜʘʯʘʤ, ʨʘʙʦʪʘʶʱʠʤ ʩ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʦʡ; ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ 

ʥʘʛʨʫʟʢʝ ʩʣʝʜʫʝʪ ʠʩʭʦʜʠʪʴ ʠʟ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʯʠʩʣʘ ʮʠʢʣʦʚ 
 

 
 

4.9.    ɼʦʧʫʩʢʘʝʤʳʝ    ʢʦʥʪʘʢʪʥʳʝ    ʥʘʧʨʷʞʝʥʠʷ    ʜʣʷ    ʯʝʨʚʷʯʥʳʭ    

ʢʦʣʝʩ ʠʟ ʫʩʣʦʚʠʷ ʩʪʦʡʢʦʩʪʠ ʧʨʦʪʠʚ ʟʘʛʜʘʧʠʷ 

 
ʄʘʪʝʨʠʘʣ [sʅ], ʄʇʘ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ vs , ʤ/ʩ 

 ʚʝʥʮʘ ʯʝʨʚʷʯʥʦʛʦ 

ʢʦʣʝʩʘ 

 

 

ʯʝʨʚʷʢʘ 

 

 
0 0.25 0.5 1 '  

 

 

 
ɹʨɸ9ɾɿʃ  

 

ɹʨɸ10ɾ4ʅ4ʃ 

ʉʏ15 ʠʣʠ  

ʉʏ18  

 

ʉʏ10 ʠʣʠ  

ʉʏ15  

ʉʪʘʣʴ, ʪʚʝʨʜʦʩʪʴ 

HRC > 45  

ʊʦ ʞʝ  

ʉʪʘʣʴ   20   ʠʣʠ  

20ʍ ʮʝʤʝʥʪʦ-  

ʚʘʥʥʘʷ  

ʉʪʘʣʴ   45   ʠʣʠ  

ʉʪ.ʙ  

ð 

 

ð 

184 

 

 

170 

ð 

 

ð 

155 

 

 

141 

182 

 

196 

128 

 

 

113 

179 

 

192 

113 

 

 

98 

173 

 

187 

84,5 

 

 

71 

167 

 

181 

ð 

 

 

ð 

161 

 

175 

ð 

 

 

ð 

150 

 

164

ð 

 

 

ð 

138 

 

152 

ð 

 

 

ð 

 

4.10.   ʇʨʝʜʝʣʴʥʳʝ ʜʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʢʘʭ 

 
ʄʘʪʝʨʠʘʣ [sʅ] ʧʨʝʜ [sF] ʧʨʝʜ 

ʆʣʦʚʷʥʥʳʝ ʙʨʦʥʟʳ  

ɹʝʟʦʣʦʚʷʥʥʳʝ ʙʨʦʥʟ r 
4 sʪ,  

2 sʪ 

0,8 sʪ 

ʏʫʛʫʥ  260-300 ʄʇʘ 0,6 sʚ 

(4.30) 
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ʛʜʝ ʊi, ti, ni  ð ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʝʛʦ ʜʝʡ-

ʩʪʚʠʷ ʠ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʧʨʠ i-ʤ ʨʝʞʠʤʝ; ʊmax - ʥʘʠʙʦʣʴʰʠʡ ʜʣʠʪʝʣʴʥʦ ʜʝʡ-

ʩʪʚʫʶʱʠʡ ʤʦʤʝʥʪ; ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʭ=9 ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ KFL ʠ ʭ = 4 ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ KFL. 

ɼʦʧʫʩʢʘʝʤʳʝ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʝʩʣʠ ʦʥʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ ʫʩʣʦʚʠʶ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʝʜʘʥʠʶ ʠ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ, ʚʳʙʠʨʘʶʪ ʧʦ ʪʘʙʣ. 

4.9. ʊʘʙʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʨʘʩʯʝʪʥʳʤʠ, ʪʘʢ ʢʘʢ ʜʦʧʫʩ-

ʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʩʚʷʟʘʥʳ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʫʩʪʘʣʦʩʪʥʦʤʫ ʚʳʢʨʘh ʠʚʘʥʠʶ 

ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴʩʷ. 

ʇʨʝʜʝʣʴʥʳʝ ʜʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʦ ʢʦʪʦʨʳʤ ʚʝʜʝʪʩʷ ʨʘʩʯʝʪ ʧʨʠ 

ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʢʘʭ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4.10. 
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ɻʃɸɺɸ V 

ʇʃɸʅɽʊɸʈʅʓɽ ɿʋɹʏɸʊʓɽ ʇɽʈɽɼɸʏʀ  
 

 

 

Ä 5.1. ʆɹʑʀɽ ʉɺɽɼɽʅʀʗ  

ʀ ʂʀʅɽʄɸʊʀʏɽʉʂʀʁ ʈɸʉʏɽʊ 
 

ʇʣʘʥʝʪʘʨʥʳʤʠ ʥʘʟʳʚʘʶʪ ʧʝʨʝʜʘʯʠ, ʢʦʣʝʩʘ ʢʦʪʦʨʳʭ ʜʚʠʞʫʪʩʷ ʧʦʜʦʙʥʦ 

ʧʣʘʥʝʪʘʤ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ. 5.1): ʮʝʥʪʨʘʣʴʥʳʝ ʢʦʣʝʩʘ ʚʨʘʱʘʶʪʩʷ ʪʦʣʢɹʦ 

ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ (ʥʘʟʳʚʘʝʤʦʡ ʮʝʥʪʨʘʣʴʥʦʡ), ʘ ʩʘʪʝʣʣʠʪʳ 2, ʚʭʦʜʷʱʠʝ ʚ ʟʘʮʝʧ-

ʣʝʥʠʝ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʢʦʣʝʩʘʤʠ, ʚʨʘʱʘʶʪʩʷ ʚʦʢʨʫʛ ʦʩʝʡ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʩʚʦʝʡ. 

ʆʩʠ ʩʘʪʝʣʣʠʪʦʚ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʚʦʜʠʣʝ, ʚʨʘʱʘʶʱʝʤʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴ-

ʥʦʡ ʦʩʠ. 

ɺ ʧʝʨʝʜʘʯʝ ʧʦ ʨʠʩ. 5.1 ʢʦʣʝʩʦ 3 ʟʘʢʨʝʧʣʝʥʦ ʚ ʢʦʨʧʫʩʝ, ʢʦʣʝʩʦ 1 ð ʚʝʜʫ-

ʱʝʝ, ʚʝʜʦʤʦʝ ʟʚʝʥʦ ð ʚʦʜʠʣʦ ʅ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʝʧʦʜʚʠʞʥʳʤ ʜʝʣʘʶʪ 

ʮʝʥʪʨʘʣʴʥʦʝ ʢʦʣʝʩʦ 1 (ʩʤ. ʩʭʝʤʫ 2 ʪʘʙʣ. 5.1). ɽʩʣʠ ʥʝʧʦʜʚʠʞʥʳʤ ʩʜʝʣʘʪʴ ʚʦʜʠ-

ʣʦ, ʪʦ ʦʩʠ ʩʘʪʝʣʣʠʪʦʚ ʩʪʘʥʫʪ ʥʝʧʦʜʚʠʞʥʳʤʠ ʠ ʧʣʘʥʝʪʘʨʥʘʷ ʧʝʨʝʜʘʯʘ ʧʨʝʚʨʘʪʠʪ-

ʩʷ ʚ ʧʨʦʩʪʫʶ ʩʦʦʩʥʫʶ ʧʝʨʝʜʘʯʫ ʩ ʧʘʨʘʟʠʪʥʳʤʠ ʢʦʣʝʩʘʤʠ. ʇʝʨʝʜʘʯʘ ʧʦ ʨʠʩ. 5.2 

ʠʤʝʝʪ ʜʚʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ: ʦʥʘ ʤʦʞʝʪ ʠʤʝʪʴ ʜʚʘ ʚʝʜʫʱʠʭ ʟʚʝʥʘ ʠ ʦʜʥʦ ʚʝʜʦʤʦʝ 

(ʨʠʩ. 5.3) ʠʣʠ ʦʜʥʦ ʚʝʜʫʱʝʝ ʠ ʜʚʘ ʚʝʜʦʤʳʭ (ʨʠʩ. 5.4). ʇʝʨʝʜʘʯʠ ʧʦ ʨʠʩ. 5.4 ʧʨʠ-

ʤʝʥʷʶʪ ʜʣʷ ʧʨʠʚʦʜʘ ʜʚʫʭ ʩʦʦʩʥʳʭ ʚʝʜʦʤʳʭ ʟʚʝʥʴʝʚ, ʥʘʧʨʠʤʝʨ ʚʠʥʪʦʚ ʩʘʤʦʣʝ-

ʪʦʚ. ʅʘ ʨʠʩ. 5.5 ʧʨʠʚʝʜʝʥʳ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʟʘʤʢʥʫʪʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʦʚ 

ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ, ʚ ʥʠʭ ʧʨʦʩʪʘʷ ʟʫʙʯʘʪʘʷ ʧʝʨʝʜʘʯʘ ʩʦʝʜʠʥʷʝʪ ʮʝʥ-

ʪʨʘʣʴʥʳʝ ʢʦʣʝʩʘ ʠʣʠ ʦʜʥʦ ʠʟ ʥʠʭ ʩ ʚʦʜʥʣʦʤ. ʆʩʥʦʚʥʘʷ ʧʣʘʥʝʪʘʨʥʘʷ ʧʝʨʝʜʘʯʘ 

ʧʦʢʘʟʘʥʘ ʞʠʨʥʳʤʠ ʣʠʥʠʷʤʠ, ʟʘʤʳʢʘʶʱʘʷ ð ʪʦʥʢʠʤʠ. 

 
 

 

ʈʠʩ. 5.1. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʣʘʥʝʪʘʨʥʦʡ ʧʝʨʝʜʘʯʠ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ 

 

ʈʠʩ. 5.2. ʂʠʥʝʤʘ ʛʠʯʩʩʢʘʷ ʩʭʝʤʘ ʧʣʘʥʝʪʘʨʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʥʝʨʝʣʘʯʠ 

 

ʈʠʩ. 5.3. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʣʘʥʝʪʘʨʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʩ ʜʚʫ-

ʤʷ ʚʝʜʫʱʠʤʠ ʟʚʝʥʴʷʤʠ (1 ʠ 4) 
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5.1. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʣʘʥʝʪʘʨ-

ʥʳʭ ʧʝʨʝʜʘʯ ʠ ʠʭ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

 
ˉ 

ʩʭʝʤ  r

ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʝʨʝʜʘʯʠ ʇʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʠ 

eʛʦ ʨʘʮʠʦʥʘʣʴʥʳʝ ʧʨʝʜʝʣʳ. 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʩʘʪʝʣʣʠʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʜʠʣʘ 

ʂʇɼ ʠ ʛʦ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʝ 

ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

1.  

 
 

2. 

   
3. 

 
  

4. 

   
5. 

   
       ʇ ʨ ʠ ʤ ʝ ʯ ʘ ʥ ʠ ʷ : ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʬʦʨʤʫʣʘʭ ʚʝʨʭʥʠʡ ʠʥʜʝʢʩ, ʩʪʦʷʱʠʡ ʚ ʩʢʦʙʢʘʭ ʧʨʠ i, n, h ʠ y, ʦʙʦʟʥʘʯʘ-

ʝʪ ʥʝʧʦʜʚʠʞʥʦʝ ʟʚʝʥʦ. ʇʝʨʳʡ ʥʠʞʥʠʡ ʠʥʜʝʢʩ ʦʙʦʟʥʘʯʘʝʪ ʚʝʜʫʱʝʝ ʟʚʝʥʦ, ʚʪʦʨʦʡ ï ʚʝʜʦʤʦʝ. 

      2. ʆʨʠʝʥʪʠʨʦʚʦʚʯʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ ʚ ʦʜʥʦʡ ʧʘʨʝ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ y(ʅ) = 0,025. 
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ʈʠʩ. 5.4. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʣʘʥʝʪʘʨʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʩ ʜʚʫʤʷ ʚʝʜʦʤʳʤʠ 

ʟʚʝʥʴʷʤʠ (3 ʠ ʅ) 

 

 
 

ʈʠʩ.   5.5.   ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʧʣʘʥʝʪʘʨʥʳʭ ʟʘʤʢʥʫʪʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʧʝʨʝʜʘʯ. ɿʘʤʳ-

ʢʘʶʱʘʷ  ʧʝʨʝʜʘʯʘ ʩʦʝʜʠʥʷʝʪ: 
 

ʘ ï ʢʦʣʝʩʘ 1 ʠ 3; ʙ ï ʢʦʣʝʩʦ 3 ʠ ʚʦʜʠʣʦ ʅ; ʚ ï ʢʦʣʝʩʦ 1 ʠ ʚʦʜʠʣʦ ʅ 

 

ɺ ʪʘʙʣ. 5.1 ʧʨʠʚʝʜʝʥʳ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʥʝʪʘʨʥʳʭ ʧʝʨʝʜʘʯ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʧʝ-

ʨʝʜʘʯʘ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʩʭʝʤʝ 1. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʦʥʘ ʠʤʝʝʪ ʤʘʣʳʝ ʛʘʙʘ-

ʨʠʪʳ, ʙʦʣʴʰʫʶ ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʚʩrʦʢʠʡ ʂʇɼ. 

ʇʝʨʝʜʘʯʫ ʧʦ ʩʭʝʤʝ 2 ʧʨʠʤʝʥʷʶʪ ʦʙʳʯʥʦ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʧʝʨʝʜʘʯʘʤʠ ʧʨʦ-

ʩʪʦʡ ʟʫʙʯʘʪʦʡ ʠ ʧʦ ʩʭʝʤʝ 1 ʚ ʧʨʠʚʦʜʘʭ ʧʦʚʳʰʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ (ʩʤ. ʨʠʩ. 5.3). 

ʇʝʨʝʜʘʯʠ ʧʦ ʩʭʝʤʝ 3 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤʠ ʧʝʨʝʜʘʪʦʯʥʳʤʠ ʦʪʥʦ-

ʰʝʥʠʷʤʠ, ʥʦ ʠʤʝʶʪ ʥʠʟʢʠʡ ʂʇɼ ʠ ʤʘʣʫʶ ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ (ʦʥʠ ʦʜʥʦ-

ʧʦʪʦʯʥʳʝ). ʀʭ ʧʨʠʤʝʥʷʶʪ ʚ ʧʨʠʚʦʜʘʭ ʩ ʤʘʣʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʠʣʠ ʢʨʘʪʢʦʚʨʝʤʝʥ-

ʥʦʛʦ ʚʢʣʶʯʝʥʠʷ. 

ʇʝʨʝʜʘʯʠ ʧʦ ʩʭʝʤʝ 4 ʧʨʠʤʝʥʷʶʪ ʢʘʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ (ʩ ʚʝʜʫʱʠʤ ʚʦ-

ʜʠʣʦʤ ʠ ʚʝʜʦʤʳʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ ʢʦʣʝʩʘʤʠ 1 ʠ 3) ʚ ʚʝʜʫʱʠʭ ʤʦʩʪʘʭ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʤʘʰʠʥ, ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʧʨʠʙʦʨʦʚ (ʩ ʚʝʜʫʱʠʤʠ ʮʝʥ-

ʪʨʘʣʴʥr ʤʠ ʢʦʣʝʩʘʤʠ 1 ʠ 3, ʘ ʚʦʜʠʣʦʤ ð ʚʝʜʦʤʳʤ) ʠ ʢʘʢ ʨʝʜʫʢʪʦʨʥʫʶ (ʩ ʦʜʥʦʡ 

ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ). 

ʇʝʨʝʜʘʯʠ ʧʦ ʩʭʝʤʝ 5 ʠʤʝʶʪ ʜʠʘʧʘʟʦʥ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʢʘʢ ʠ ʧʝ-

ʨʝʜʘʯʠ ʧʦ ʩʭʝʤʝ 3, ʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʂʇɼ ʠ ʙʦʣʴʰʫʶ ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙ-

ʥʦʩʪʴ (ʙʣʘʛʦʜʘʨʷ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʠ). ʊʝʭʥʦʣʦʛʠʯʝʢʠ ʩʣʦʞʥʳ ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠ-

ʯʠʷ ʙʣʦʢʘ ʩʘʪʝʣʣʠʪʦʚ 2 - 2¡. ʇʨʠʤʝʥʷʶʪ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʩʠʣʦʚʳʭ ʧʨʠʚʦʜʘʭ.  

ɺʩʝ ʧʣʘʥʝʪʘʨʥʳʝ ʧʝʨʝʜʘʯʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʢʨʫʛʣʳʝ, ʧʦʵʪʦʤʫ ʠʭ 

ʫʜʦʙʥʦ ʩʪʳʢʦʚʘʪʴ ʩ ʬʣʘʥʮʝʚʳʤʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ ʚ ʦʜʥʫ ʩʙʦʨʦʯʥʫʶ ʝʜʠʥʠ-

ʮʫ ï ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ. ʇʣʘʥʝʪʘʨʥʳʝ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʳ ʜʝʣʘʶʪ ʚ ʜʚʫʭ ʠʩʧʦʣʥʝʥʠ-

ʷʭ: ʥʘ ʣʘʧʘʭ (ʨʠʩ. 5.6.) ʠ ʥʘ ʦʧʦʨʥʦʤ ʬʣʘʥʮʝ (ʨʠʩ. 5.7.). ɺ ʧʨʠʣʦʞʝʥʠʠ ʧʨʠʚʝʜʝ-
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ʥʳ ʧʘʨʘʤʝʪʨʳ ʧʣʘʥʘʪʘʨʥʳʭ ʨʝʜʫʢʪʦʨʦʚ ʠ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʦʚ ʦʙʱʝʛʦ ʧʨʠʤʝʥʝ-

ʥʠʷ. 
 

 
   

ʈʠʩ. 5.6. ʏʝʨʪʝʞ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘ ʚ ʠʩʧʦʣʥʝʥʠʠ çʥʘ ʣʘʧʘʭè 

 

 
 

ʈʠʩ. 5.7. ʏʝʨʪʝʞ ʤʦʪʦʨʘ-ʨʝʜʫʢʪʦʨʘ ʚ ʠʩʧʦʣʥʝʥʠʠ çʥʘ ʦʧʦʨʥʦʤ ʬʣʘʥʮʝè 

 

 

Ä 5.2. ʋʉʃʆɺʀʗ ʉʆɹʀʈɸɽʄʆʉʊʀ ʉʆʆʉʅʓʍ  

ʀ ʄʅʆɻʆʇʆʊʆʏʅʓʍ ʇɽʈɽɼɸʏ 
 

ʇʣʘʥʝʪʘʨʥʳʝ ʧʝʨʝʜʘʯʠ ʧʦ ʩʭʝʤʘʤ ʪʘʙʣ. 5.1 (ʢʨʦʤʝ ʧʝʨʝʜʘʯʠ ʧʦ ʩʭʝʤʝ 3) 

ʤʥʦʛʦʧʦʪʦʯʥʳʝ ʩʦʦʩʥʳʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʠʭ ʩʦʙʠʨʘʝʤʦʩʪʠ ʧʨʠ ʚʳʙʦʨʝ ʯʠʩʝʣ ʟʫʙʴ-

ʝʚ ʢʦʣʝʩ ʥʘʜʦ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ. 

ʋʩʣʦʚʠʝ ʩʦʦʩʥʦʩʪʠ. ɼʣʷ ʧʝʨʝʜʘʯ, ʛʜʝ ʩʘʪʝʣʣʠʪ ʠʣʠ ʧʘʨʘʟʠʪʥʦʝ ʢʦʣʝʩʦ 

ʚʭʦʜʷʪ ʚ ʟʘʮʝʧʣʝʥʠʝ ʩ ʩʦʣʥʝʯʥʳʤ ʠ ʢʦʨʦʥʯʘʪʳʤ ʢʦʣʝʩʘʤʠ (ʩʭʝʤʳ 1, 2, ʪʘʙʣ. 5.1) 

ʵʪʦ ʫʩʣʦʚʠʝ ʚʳʨʘʞʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ ʤʝʞʦʩʝʚʳʭ ʨʘʩʩʪʦʷʥʠʡ 
 

 
 

ɽʩʣʠ ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ ʥʘʨʝʟʘʥʳ ʙʝʟ ʩʤʝʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʪʦ 
 

 
 

ɺʳʨʘʞʘʷ ʘ12 ʠ ʘ23 ʯʝʨʝʟ ʤʦʜʫʣʴ ʠ ʯʠʩʣʘ ʟʫʙʴʝʚ, ʧʦʣʫʯʠʤ  

 

 
 

ʏʠʩʣʘ ʟʫʙʴʝʚ ʢʦʨʦʥʯʘʪʦʛʦ ʢʦʣʝʩʘ 3 ʠ ʩʘʪʝʣʣʠʪʘ 2 
 

 

(5.1) 

(5.2) 
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ɼʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʩʭʝʤʝ 3, ʛʜʝ ʢʦʣʝʩʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʣʦʩʢʦʩʪʷʭ, ʫʩʣʦʚʠʝ ʩʦʦʩʥʦʩʪʠ 

 
 

ɽʩʣʠ ʤʦʜʫʣʠ ʦʙʝʠʭ ʧʘʨ ʢʦʣʝʩ ʨʘʚʥʳ ʠ ʦʥʠ ʥʘʨʝʟʘʥʳ ʙʝʟ ʩʤʝʱʝʥʠʷ ʠʥ-

ʩʪʨʫʤʝʥʪʘ, ʪʦ ʫʩʣʦʚʠʝ ʩʦʦʩʥʦʩʪʠ 
 

 
 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʩʭʝʤʝ 5, ʛʜʝ ʢʦʣʝʩʘ ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʜʚʫʭ ʧʘʨʘʣ-

ʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʫʩʣʦʚʠʝ ʩʦʦʩʥʦʩʪʠ 
 

 
 

ʠʣʠ (ʧʨʠ ʨʘʚʥʳʭ ʤʦʜʫʣʷʭ ʠ ʟʫʙʴʷʭ, ʥʘʨʝʟʘʥʥʳʭ ʙʝʟ ʩʤʝʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ) 

 

 
 

ɺ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʧʝʨʝʜʘʯʘʭ ʜʣʷ ʠʭ ʩʙʦʨʢʠ, ʢʨʦʤʝ ʫʩʣʦʚʠʷ ʩʦʦʩʥʦʩʪʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʝʱʝ ʜʚʘ ʫʩʣʦʚʠʷ. 

ʋʩʣʦʚʠʝ ʩʦʩʝʜʩʪʚʘ. ʏʪʦʙʳ ʩʦʩʝʜʥʠʝ ʩʘʪʝʣʣʠʪʳ ʠʣ ʠ ʧʘʨʘʟʠʪʥʳʝ ʢʦʣʝʩʘ 

ʥʝ ʢʘʩʘʣʠʩʴ ʜʨʫʛ ʜʨʫʛʘ (ʨʠʩ. 5.8). ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʫʩʣʦʚʠʝ 

 

ʆ2ʆ2 > da2 

 

ʛʜʝ 02 02 ð ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʘʪʝʣʣʠʪʘʤʠ: da2 ð ʜʠʘʤʝʪʨ 

ʦʢʨʫʞʥʦʩʪʠ ʚʳʩʪʫʧʦʚ ʩʘʪʝʣʣʠʪʦʚ. 

ɺʳʨʘʞʘʷ ʆ2ʆ2   ʯʝʨʝʟ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ aw12 ʧʦʣʫʯʠʤ 

 

 
 

ʛʜʝ ʧʩ ð ʯʠʩʣʦ ʩʘʪʝʣʣʠʪʦʚ. 

       ɽʩʣʠ ʟʫʙʴʷ ʥʘʨʝʟʘʥʳ ʙʝʟ ʩʤʝʱʝʥʠʷ, ʪʦ 

 

 
 

 

 

 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʟʦʨʘ ʤʝʞʜʫ ʦʢʨʫʞʥʦʩʪʷʤʠ ʚʝʨʰʠʥ ʟʫʙʴʝʚ ʩʦ-

ʩʝʜʥʠʭ ʩʘʪʝʣʣʠʪʦʚ "ʈʧʥʠʤʘʶʪ ʨʘʚʥʳʤ ʤʦʜʫʣʶ ʧʝʨʝʜʘʯʠ, ʥʦ ʥʝ ʤʝʥʝʝ 2 ʤʤ. 

ʋʩʣʦʚʠʝ ʚʭʦʞʜʝʥʠʷ ʟʫʙʴʝʚ ʚ ʟʘʮʝʧʣʝʥʠʷ ʧʨʠ ʨʘʚʥʳʭ ʫʛʣʘʭ ʨʘʩʧʦʣʦ-

ʞʝʥʠʷ ʩʘʪʝʣʣʠʪʦʚ. ɼʣʷ ʧʝʨʝʜʘʯ, ʛʜʝ ʢʦʣʝʩʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

(5.3) 

(5.9) 

(5.8) 

(5.7) 

(5.6) 

(5.5) 

(5.4) 

ʈʠʩ. 5.8. ʂ ʫʩʣʦʚʠʶ ʩʦʩʝʜʩʪʚʘ ʩʘʪʝʣ-

ʣʠʪʦʚ ʠʣʠ ʧʘʨʘʟʠʪʥʳʭ ʢʦʣʝʩ ʚ ʤʥʦ-

ʛʦʧʦʪʦʯʥʳʭ ʧʝʨʝʜʘʯʘʭ 
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ʠʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʫʣʳ (5.2) 

 
 

ɺ ʧʝʨʝʜʘʯʘʭ, ʛʜʝ ʢʦʣʝʩʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʟʫʙʴʷ ʚʩʝʭ ʮʝʥʪʨʘʣʴʥʳʭ ʢʦʣʝʩ ʥʘʜʦ ʚʳʙʠʨʘʪʴ 

ʢʨʘʪʥʳʤʠ ʯʠʩʣʫ ʩʘʪʝʣʣʠʪʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʟʫʙʴʝʚ ʚʦ ʚʩʝʭ ʩʘ-

ʪʝʣʣʠʪʘʭ ʩ ʜʚʫʤʷ ʚʝʥʮʘʤʠ ʜʦʣʞʥʦ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤ. 

 

Ä 5.3. ʆʇʈɽɼɽʃɽʅʀɽ ʏʀʉɽʃ ɿʋɹʔɽɺ ʂʆʃɽʉ 
 

ʏʠʩʣʘ ʟʫʙʴʝʚ ʧʦʜʙʠʨʘʶʪ ʧʦʩʣʝ ʚʳʙʦʨʘ ʧʝʨʝʜʘʪʦʯʥʦʶ ʦʪʥʦʰʝʥʠʷ ʠ ʯʠʩʣʘ 

ʩʘʪʝʣʣʠʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʝʨʝʜʘʯʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ 

(ʨʝʜʫʢʪʦʨ ʠʣʠ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ). 

ʇʦʜʙʦʨ ʯʠʩʝʣ ʟʫʙʴʝʚ ʢʦʣʝʩ ʜʣʷ ʩʭʝʤ 1, 2 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʩʪʫ-

ʧʝʥʝʡ ʩʣʦʞʥʳʭ ʧʝʨʝʜʘʯ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʩʭʝʤʝ 5 (ʩʤ. ʪʘʙʣ. 5.1.). ʇʨʠʥʠʤʘ-

ʶʪ ʯʠʩʣʦ ʟʫʙʴʝʚ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʝʩʘ z1 ² 13 (ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʦʜʨʝʟʘʥʠʷ ʥʦʞʝʢ 

ʟʫʙʴʝʚ); ʯʠʩʣʘ ʟʫʙʴʝʚ ʩʘʪʝʣʣʠʪʦʚ z2 ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ 

 

 
 

ʦʢʨʫʛʣʷʷ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ. ʏʠʩʣʦ ʟʫʙʴʝʚ ʢʦʨʦʥʯʘʪʦʛʦ ʢʦʣʝʩʘ z3 

ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ (5.2). 

ʇʦ ʬʦʨʤʫʣʘʤ ʪʘʙʣ. 5.1 ʫʪʦʯʥʷʶʪ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʠ ʩʨʘʚʥʠʚʘʶʪ 

ʝʛʦ ʩ ʟʘʜʘʥʥʳʤ. ɼʦʧʫʩʢʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 4% ʜʣʷ ʦʜʥʦʩʪʫʧʝʥʯʘ-

ʪʳʭ ʨʝʜʫʢʪʦʨʦʚ, 5% ðʜʣʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ. ɼʘʣʝʝ ʧʨʦʚʝʨʷʶʪ ʚʳʧʦʣʥʝʥʠʝ 

ʫʩʣʦʚʠʡ ʚʭʦʞʜʝʥʠʷ ʟʫʙʴʝʚ ʚ ʟʘʮʝʧʣʝʥʠʝ ʠ ʩʦʩʝʜʩʪʚʘ. 

ʇʨʠʤʝʨ 1. ʇʦʜʦʙʨʘʪʴ ʯʠʩʣʘ ʟʫʙʴʝʚ ʢʦʣʝʩ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʧʦ ʨʠʩ. 

5.1 ʩ ʧʝʨʝʜʘʪʦʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ i(3)
1H  = 5,6 ʠ ʯʠʩʣʦʤ ʩʘʪʝʣʣʠʪʦʚ nʩ = 3. 

1. ɺʳʙʠʨʘʝʤ ʯʠʩʣʦ ʟʫʙʴʝʚ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʝʩʘ z1 = 15. 

  2. ʆʧʨʝʜʝʣʷʝʤ  ʯʠʩʣʦ ʟʫʙʴʝʚ ʩʘʪʝʣʣʠʪʦʚ ʧʦ ʬʦʨʤʫʣʝ (5.11) 

 

 
 

ʇʨʦʚʝʨʷʝʤ ʫʩʣʦʚʠʝ ʚʭʦʞʜʝʥʠʷ ʟʫʙʴʝʚ ʚ ʟʘʮʝʧʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ (5.10) 

 

 
ʋʩʣʦʚʠʝ ʚʳʧʦʣʥʝʥʦ. 

 

 

(5.10) 

(5.11) 
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4. ʇʨʦʚʝʨʷʝʤ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ʩʦʩʝʜʩʪʚʘ ʧʦ ʬʦʨʤʫʣʝ (5.9) 
 

 
ʋʩʣʦʚʠʝ ʚʳʧʦʣʥʝʥʦ. 

5. ʏʠʩʣʦ ʟʫʙʴʝʚ ʢʦʨʦʥʯʘʪʦʛʦ ʢʦʣʝʩʘ ʧʦ ʬʦʨʤʫʣʝ (5.2) 
 

 
 

6. ʋʪʦʯʥʷʝʤ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʦ ʬʦʨʤʫʣʝ ʪʘʙʣ. 5.1 

 

 
ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʥʥʦʤʫ. 

ʇʦʨʷʜʦʢ ʧʦʜʙʦʨʘ ʯʠʩʝʣ ʟʫʙʴʝʚ ʧʝʨʝʜʘʯʠ ʧʦ ʩʭʝʤʝ 1, ʚʳʧʦʣʥʝʥʥʦʡ ʢʘʢ 

ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʥʝ ʨʝʛʣʘʤʝʥʪʠʨʦ-

ʚʘʥʳ ɻʆʉʊ) ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʦʷʩʥʝʥʥʳʝ ʥʠʞʝ ʯʠʩʣʝʥʥʳʤ ʧʨʠʤʝʨʦʤ. 

ʇʨʠʤʝʨ 2. ʇʦʜʦʙʨʘʪʴ ʯʠʩʣʘ ʟʫʙʴʝʚ ʢʦʣʝʩ ʤʦʪʦʨ-ʨʝʜʫʢʛʦʨʘ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʧʦ ʩʭʝʤʝ 1 (ʩʤ. ʪʘʙʣ. 5.1) ʩ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ i(3)
1H  = 6,3 ʠ 

ʯʠʩʣʦʤ ʩʘʪʝʣʣʠʪʦʚ ʧʩ = 3. ʇʨʠʩʦʝʜʠʥʷʝʤʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ 4ɸ112ʄ2ʋɿ, 

ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʬʣʘʥʮʘ D = 300 ʤʤ. 

1. ʆʧʨʝʜʝʣʷʝʤ ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ d3, ʢʦʨʦʥʯʘʪʦʛʦ ʢʦʣʝʩʘ 

d3 º D ½ (30·40) = 300 ½ (30·40) = 270·260 ʤʤ. 

ʈʷʜ ʜʝʣʠʪʝʣʴʥʳʭ ʜʠʘʤʝʪʨʦʚ (ʚ ʤʤ) ʧʦ ɻʆʉʊ 25022-81 ʩʣʝʜʫʶʱʠʡ: 100; 

125; 160; 200; 250; 315; 400; 500; 630; 800; 1000. ʇʨʠʥʠʤʘʝʤ ʙʣʠʞʘʡʰʝʝ ʟʥʘʯʝ-

ʥʠʝ  d3 = 250 ʤʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪ = 2 ʤʤ. 

2. ʆʧʨʝʜʝʣʷʝʤ ʯʠʩʣʦ ʟʫʙʴʝʚ ʢʦʨʦʥʯʘʪʦʛʦ ʢʦʣʝʩʘ 
 

 
 

3. ʏʠʩʣʦ  ʟʫʙʴʝʚ  ʩʦʣʥʝʯʥʦʛʦ  ʢʦʣʝʩʘ  ʦʧʨʝʜʝʣʷʝʤ  ʥʘ  ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʫʣʳ 

 

         (ʩʤ. ʪʘʙʣ. 5.1.), ʦʪʢʫʜʘ       

 
 

ʇʨʠʥʠʤʘʝʤ z1 = 24. 

4. ʏʠʩʣʦ ʟʫʙʴʝʚ ʩʘʪʝʣʣʠʪʘ ð ʧʦ ʬʦʨʤʫʣʝ (5.2) 
 

 
 

ʇʨʠʥʠʤʘʝʤ z2 = 51, ʪʦʛʜʘ z3 = z1 + 2z2 = 24 + 2 Ö 51 = 126. 

5. ʇʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ ʚʭʦʞʜʝʥʠʷ ʟʫʙʴʝʚ ʚ ʟʘʮʝʧʣʝʥʠʝ: 
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6. ʇʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ ʩʦʩʝʜʩʪʚʘ 

 
 

7. ʋʪʦʯʥʷʝʤ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ 

 

 
 

8. ʆʪʢʣʦʥʝʥʠʝ ʝʛʦ ʦʪ ʟʘʜʘʥʥʦʛʦ 

 

 
ʯʪʦ ʜʦʧʫʩʪʠʤʦ (Di max = 4%). 

 ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʝʣ ʟʫʙʴʝʚ:  z1 = 24; z2 = 51; z3 = 126; m = 2 ʤʤ; 

d3 = mz3 = 2 Ö 126 = 252 ʤʤ. 

 

ɻʆʉʊ 250022-81 ʜʦʧʫʩʢʘʝʪ ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʜʝʣʠʪʝʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ 

ʢʦʨʦʥʯʘʪʦʛʦ ʢʦʣʝʩʘ 3 ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʢʘʝʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ʧʝ-

ʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ. 

ɼʣ̫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ ʯʠʩʝʣ ʟʫʙʴʝʚ ʢʦʣʝʩ ʧʣʘʥʝʪʘʨʥʳʭ ʧʝʨʝʜʘʯ 

ʧʦ ʩʭʝʤʘʤ 1 ʠ 2 (ʩʤ. ʪʘʙʣ. 5.1) ʫʜʦʙʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʙʣ. 5.2. 

 

5.2. ʊʘʙʣʠʮʘ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʠ ʯʠʩʝʣ ʟʫʙʴʝʚ ʢʦʣʝʩ ʜʣʷ ʩʭʝ-

ʤʳ ʨʠʩ. 5.1 

 

z1 z2 z3   
50 

55 

60 

63 

65 

68 

70 

75 

80 

85 

90 

95 

100 

105 

110 

115 

120 

16-20 

15-23 

16-24 

15-27 

15-27 

16-28 

16-30 

15-31 

16-34 

15-35 

16-38 

15-39 

16-42 

17-45 

18-46 

19-40 

18-50 

17-15 

20-16 

22-18 

24-18 

25-19 

26-20 

27-20 

30-22 

32-23 

35-25 

37-26 

40-28 

42-29 

44-30 

46-32 

48-33 

51-35 

4,125-3,500 

4,670-3,391 

4,750-3,500 

5,200-3,333 

5,333-3,407 

5,250-3,429 

5,375-3,333 

6,000-3,419 

6,000-3,353 

6,667-3,429 

6,625-3,368 

7,333-3,346 

7,250-3,381 

7,176-3.333 

7,111-3,391 

7,053-3,347 

7,666-3,400 

1,320-1,400 

1,273-1,418 

1,267-1,400 

1,238-1,429 

1,231-1,415 

1,235-1,412 

1,229-1,429 

1,200-1,413 

1,200-1,425 

1,176-1,412 

1,178-1,422 

1.158-1,411 

1.160-1,420 

1,162-1,428 

1,163-1,418 

1,165-1,426 

1,150-1,418 

ʇʨʠʥʷʪʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: z1 ð ʯʠʩʣʦ   ʟʫʙʴʝʚ   ʩʦʣʥʝʯʥʦʛʦ   ʢʦʣʝʩʘ (ʠʟʤʝʥʷʝʪʩʷ    ʯʝʨʝʟ   ʜʚʘ    ʟʫʙʘ);  z2 ð ʯʠʩʣʦ   

ʟʫʙʴʝʚ   ʩʘʪʝʣʣʠʪʘ    (ʠʟʤʝʥʷʝʪʩʷ ʯʝʨʝʟ ʦʜʠʥ ʟʫʙ):  z3  ð ʯʠʩʣʦ ʟʫʙʴʝʚ ʢʦʨʦʥʯʘʪʦʛʦ ʢʦʣʝʩʘ: ʅðʚʦʜʠʣʦ.  
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ʇʦʜʙʦʨ ʯʠʩʝʣ ʟʫʙʴʝʚ ʢʦʣʝʩ ʧʝʨʝʜʘʯ ʧʦ ʩʭʝʤʝ 3 (ʩʤ. ʪʘʙʣ. 5.1). ʇʝʨʝʜʘʯʘ 

ʧʦ ʩʭʝʤʝ 3 ð ʦʜʥʦʧʦʪʦʯʥʘʷ, ʧʦʵʪʦʤʫ ʧʦʜʙʦʨ ʯʠʩʝʣ ʟʫʙʴʝʚ ʢʦʣʝʩ ʦʙʫʩʣʦʚʣʠʚʘ-

ʝʪʩʷ ʪʦʣʴʢʦ ʩʦʦʩʥʦʩʪʴʶ ʜʚʫʭ ʧʘʨ ʢʦʣʝʩ 1-2 ʠ 2'-3, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʠʝʤ ʟʘʜʘʥ-

ʥʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ. ɽʩʣʠ ʤʦʜʫʣʠ ʟʘʮʝʧʣʝʥʠʡ ʦʙʝʠʭ ʧʘʨ ʢʦʣʝʩ ʨʘʚ-

ʥʳ ʠ ʟʫʙʴʷ ʥʘʨʝʟʘʥʳ ʙʝʟ ʩʤʝʱʝʥʠʷ ʟʫʙʦʨʝʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʪʦ ʫʩʣʦʚʠʝ ʩʦʦʩ-

ʥʦʩʪʠ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʯʠʩʣʘ ʟʫʙʴʝʚ 
 

 
 

ɿʘʚʠʩʠʤʦʩʪʴ ʯʠʩʝʣ ʟʫʙʴʝʚ ʦʪ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 

 

 
 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʘʥʦ ʥʘ ʛʨʘʬʠʢʘʭ (ʨʠʩ. 5.9), ʛʜʝ ʧʦ ʟʘ-

ʜʘʥʥʦʤʫ ʧʝʨʝʜʘʪʦʯʥʦʤʫ ʦʪʥʦʰʝʥʠʶ, ʟʘʜʘʚʘʷʩʴ ʨʘʟʥʦʩʪʷʤʠ ʯʠʩʝʣ ʟʫʙʴʝʚ zc = z1 

ð z2 = z3 ð z2¡  ʠ ʝ = z3 ð z1 = z2¡ ð z2, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ z3. 

ʇʦ ʛʨʘʬʠʢʫ (ʨʠʩ. 5.10) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ zc, ʧʨʠ 

ʢʦʪʦʨʳʭ ʥʝ ʙʫʜʝʪ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʛʦʣʦʚʦʢ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ; ʝʩʣʠ ʟʥʘ-

ʯʝʥʠʝ zc ʤʝʥʴʰʝ ʫʢʘʟʘʥʥʦʛʦ ʥʘ ʛʨʘʬʠʢʝ, ʪʦ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʢʦ-

ʣʝʩʘ ʥʘʜʦ ʥʘʨʝʟʘʪʴ ʩʦ ʩʤʝʱʝʥʠʝʤ ʟʫʙʦʨʝʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʣʠ (ʢʦʛʜʘ zc ²  3) 

ʧʨʠʤʝʥʷʪʴ ʟʫʙʦʨʝʟʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩ ʫʛʣʦʤ ʧʨʦʬʠʣʷ 30ʦ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʳ-

ʩʦʪʳ ʛʦʣʦʚʢʠ ʟʫʙʘ h* a = 0,8. 

1. ʇʨʠʥʠʤʘʝʤ  zc = z1 ð z2 = z3 ð z2¡  ʠ ʝ = z3 ð z1 = z2¡ ð z2 = 5. 

2.  ʇʦ ʛʨʘʬʠʢʫ (ʨʠʩ. 5.9) ʥʘʭʦʜʠʤ z3 = 84. 

3.  ʆʧʨʝʜʝʣʷʝʤ 
 

 
 

4. ʌʘʢʪʠʯʝʩʢʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ 

 

 
 

5. ʆʪʢʣʦʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ  ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ   ʦʪ ʟʘʜʘʥʥʦʛʦ 

 

 
 

(5.12) 

(5.13) 
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Ä 5.4. ʈɸʉʏɽʊ ɿʋɹʔɽɺ ʇʃɸʅɽʊɸʈʅʓʍ ʇɽʈɽɼɸʏ  

ʅɸ ʇʈʆʏʅʆʉʊʔ 
 

ɺ ʧʣʘʥʝʪʘʨʥʳʭ ʧʝʨʝʜʘʯʘʭ, ʛʜʝ ʩʘʪʝʣʣʠʪ ʚʭʦʜʠʪ ʚ ʟʘʮʝʧʣʝʥʠʷ ʩ ʜʚʫʤʷ ʮʝʥ-

ʪʨʘʣʴʥʳʤʠ ʢʦʣʝʩʘʤʠ (ʩʦʣʥʝʯʥʳʤ ʠ ʢʦʨʦʥʯʘʪʳʤ) ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʤʘʪʝʨʠʘʣʘ ʢʦʣʝʩ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳ, ʨʘʩʩʯʠʪʳʚʘʶʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʪʦʣʢɹʦ 

ʚʥʝʰʥʝʝ ʟʘʮʝʧʣʝʥʠʝ (ʩʦʣʥʝʯʥʦʝ ʢʦʣʝʩʦ ð ʩʘʪʝʣʣʠʪ). ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʯʠʩʣʘ 

ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ ʟʫʙʴʝʚ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʯʘʩʪʦʪʫ ʚʨʘ-

ʱʝʥʠʷ ʢʦʣʝʩ, ʪ. ʝ. ʧʨʠ ʦʩʪʘʥʦʚʣʝʥʥʦʤ ʚʦʜʠʣʝ. ɼʣʷ ʧʝʨʝʜʘʯ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʮʝʥ-

ʪʨʘʣʴʥʳʤ ʢʦʣʝʩʦʤ 1 ʠ ʥʝʧʦʜʚʠʞʥʳʤ ʧ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩ 

ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʘʤ 
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ɺ ʪʘʙʣ. 5.1 ʜʣʷ ʢʘʞʜʦʡ ʧʝʨʝʜʘʯʠ ʧʨʠʚʝʜʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʩʘʪʝʣʣʠʪʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʠ ʨʘʩʯʝʪʝ ʜʦʣʛʦʚʝʯ-

ʥʦʩʪʠ ʝʶ ʧʦʜʰʠʧʥʠʢʦʚ. 

ʇʦʨʷʜʦʢ ʨʘʩʯʝʪʘ ʟʫʙʴʝʚ ʧʣʘʥʝʪʘʨʥʳʭ ʧʝʨʝʜʘʯ ʥʘ ʧʨʦʯʥʦʩʛʴ ʟʘʚʠʩʠʪ ʦʪ ʟʘ-

ʜʘʥʠʷ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʣʘʥʝʪʘʨʥʦʡ ʧʝʨʝʜʘʯʠ ʢʘʢ ʦʪ-

ʜʝʣʴʥʦʡ ʩʙʦʨʦʯʥʦʡ ʝʜʠʥʠʮʳ ʨʘʩʯʝʪ ʩʣʝʜʫʝʪ ʥʘʯʠʥʘʪʴ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʞʦʩʝʚʦ-

ʛʦ ʨʘʩʩʪʦʷʥʠʷ ʛʦ ʫʩʣʦʚʠʷ ʢʦʥʪʘʢʪʥʦʡ ʧʨʦʯʥʦʩʪʠ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʦʪʦʨ-

ʨʝʜʫʢʪʦʨʘ ʜʠʘʤʝʪʨ ʧʝʨʝʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʘʤʝʪʨʦʤ ʢʦʨʧʫʩʘ ʧʨʠʩʦʝʜʠʥʷʝʤʦ-

ʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʧʦʵʪʦʤʫ ʨʘʩʯʝʪ ʫʜʦʙʥʦ ʥʘʯʠʥʘʪʴ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʰʠʨʠʥʳ 

ʢʦʣʝʩ ʠʟ ʫʩʣʦʚʠʡ ʢʦʥʪʘʢʪʥʦʡ ʠ ʠʟʛʠʙʥʦʡ ʧʨʦʯʥʦʩʪʠ. ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʰʠʨʠʥʘ 

ʢʦʣʝʩ ʦʧʨʝʜʝʣʠʪʩʷ ʧʦʩʣʝ ʧʦʜʙʦʨʘ ʧʦʜʰʠʧʥʠʢʦʚ ʩʘʪʝʣʣʠʪʦʚ. 

ʌʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʟʫʙʴʝʚ ʧʣʘʥʝʪʘʨʥʳʭ ʧʝʨʝʜʘʯ ʧʨʠʚʝʜʝ-

ʥʳ ʚ ʪʘʙʣ. 5.3. 

ɺʝʣʠʯʠʥʳ ʩʠʣ ʠ ʚʨʘʱʘʶʱʠʭ ʤʦʤʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʟʚʝʥʴʷ ʧʣʘʥʝ-

ʪʘʨʥʳʭ ʧʝʨʝʜʘʯ, ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ɺ ʧʝʨʝʜʘʯʘʭ ʩ ʦʜʥʦʡ 

ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʥʝʧʦʜʚʠʞʥʦʝ ʮʝʥ-

ʪʨʘʣʴʥʦʝ ʢʦʣʝʩʦ, ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ ʨʝʘʢʮʠʷʤʠ ʤʝʩʪ ʟʘʢʨʝʧʣʝʥʠʷ. 

ɺ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʧʝʨʝʜʘʯʘʭ (ʨʠʩ. 5.11) ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʙʦʪʳ 

ʩʠʣʳ ʚ ʟʘʮʝʧʣʝʥʠʷʭ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʮʝʥʪʨʘʣʴʥʳʝ ʢʦʣʝʩʘ ʠ ʚʦʜʠʣʦ, ʫʨʘʚʥʦʚʝ-

ʠhʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʠ ʧʦʵʪʦʤʫ ʚʘʣʳ ʥʘʛʨʫʞʝʥʳ ʪʦʣʴʢʦ ʚʨʘʱʘʶʱʠʤ ʤʦʤʝʥʪʦʤ. 

ʉʠʣʳ ʟʘʮʝʧʣʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʘʪʝʣʣʠʪʳ, ʧʨʠʣʦʞʝʥʳ ʥʘ ʜʠʘʤʝʪʨʘʣʴʥʦ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥʘʭ, ʧʦʵʪʦʤʫ ʠʭ ʨʘʜʠʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʫʨʘʚʥʦʚʝ-

ʰʠʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʘ ʦʢʨʫʞʥʳʝ ʩʢʣʘʜʳʚʘʶʪʩʷ, ʪʘʢ ʢʘʢ  

 

 
 

ʈʠʩ. 5.11. ɺʟʘʠʤʥʦʝ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʝ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʧʝʨʝʜʘʯʘʭ 

(5.14) 
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5.3. ʌʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʟʫʙʴʝʚ ʧʣʘʥʝʪʘʨʥʳʭ ʧʝʨʝʜʘʯ  

 
ʈʘʩʯʝʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɽʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ 

ˉ ʬʦʨʤʫʣʳ  

ʇʨʦʯʥʦʩʪʴ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ  

 

ʇʨʦʝʢʪʠʨʦʚʦʯʥʳʡ ʨʘʩʯʝʪ 

ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ  
 

 
ʐʠʨʠʥʘ ʢʦʣʝʩ  

 
ʇʨʦʚʝʨʦʯʥʳʡ ʨʘʩʯʝʪ 

ʈʘʩʯʝʪʥʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ  
 

 
 

ʀʟʛʠʙʥʘʷ ʧʨʦʯʥʦʩʪʴ  

 

ʇʨʦʝʢʪʠʨʦʚʦʯʥʳʡ ʨʘʩʯʝʪ  

ʐʠʨʠʥʘ ʢʦʣʝʩ  

 
ʄʦʜʫʣʴ  
 

 
 

ʈʘʩʯʝʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʟʛʠʙʘ  
 

 

 

 

 

 

 

 

 

ʤʤ 

 

 

 

ʤʤ 

 

 

 

ʄʇʘ 

 

ʄʇʘ 

 

 

 

 

 

 

ʤʤ 

 

 

 

 

ʤʤ 

 

 

 

ʄʇʘ 

 

ʄʇʘ 

 

 

 

 

 

 

(5.15) 

 

 

 

(5.16) 

 

 

 

(5.17) 

 

(5.18) 

 

 

 

 

 

 

(5.19) 

 

 

 

 

(5.20) 

 

 

 

(5.21) 

 

(5.22) 

ʇ ʨ ʠ ʤ ʝ ʯ ʘ ʥ ʠ ʷ:  1. ʈʘʩʰʠʬʨʦʚʢʘ ʦʙʦʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʠʭ ʚʝʣʠʯʠʥʳ ʠ ʨʘʟʤʝʨʥʦʩʪʠ, ʢʨʦʤʝ ʫʢʘʟʘʥʥʳʭ ʥʠʞʝ, ʩʤ. ʚ 

Ä3.2. ʠ 3.3. 

2. ɺ ʬʦʨʤʫʣʘʭ (5.16)-(5.21) ʟʥʘʢ ʧʣʶʩ ʜʣʷ ʥʘʨʫʞʥʦʛʦ ʟʘʮʝʧʣʝʥʠʷ, ʟʥʘʢ ʤʠʥʫʩ ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ. 

3. u = z2 / z1 ï ʦʪʥʦʰʝʥʠʝ ʯʠʩʝʣ ʟʫʙʴʝʚ ʙʦʣʴʰʝʛʦ ʢʦʣʝʩʘ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʧʘʨʳ ʢ ʤʝʥʴʰʝʤʫ (u ² 1). 

4. ʊ2 ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʙʦʣʴʰʝʝ ʢʦʣʝʩʦ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʧʘʨʳ. 

5. ʇʨʠʚʝʜʝʥʥʦʝ ʯʠʩʣʦ ʩʘʪʝʣʣʠʪʦʚ (ʩ ʫʯʝʪʦʤ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʥʠʤʠ) n¡c = nc ï 0,7 
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ʈʠʩ. 5.12. ʉʠʣʦʚʦʡ ʨʘʩʯʝʪ ʧʝʨʘʜʯʠ ʧʦ ʩʭʝʤʘʤ 1 ʠ 2 ʪʘʶʣ. 5.1. ʠ ʨʠʩ. 5.1 ï 5.4: 

 

 
 

ʦʥʠ ʧʘʨʘʣʣʝʣʴʥʳ ʠ ʥʘʧʨʘʚʣʝʥʳ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ; ʩʫʤʤʘʨʥʘʷ ʥʘʛʨʫʟʢʘ ʜʝʡʩʪʚʫʝʪ 

ʥʘ ʧʦʜʰʠʧʥʠʢʠ ʠ ʦʩʠ ʩʘʪʝʣʣʠʪʦʚ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʠʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʫʜʦʙʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʦʜʦʤ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩ. 5.12 ʠ 5.13, ʛʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝ-

ʩʠʝ ʢʘʞʜʦʛʦ ʟʚʝʥʘ ʧʝʨʝʜʘʯʠ. ʅʘʯʠʥʘʪʴ ʨʘʩʯʝʪ ʩʣʝʜʫʝʪ ʩʦ ʟʚʝʥʘ, ʥʘ ʢʦʪʦʨʦʤ ʟʘ-

ʜʘʥ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ, ʧʦ ʝʛʦ ʟʥʘʯʝʥʠʶ ʠ ʨʘʟʤʝʨʘʤ ʢʦʣʝʩ ʥʘʭʦʜʷʪ ʫʨʘʚʥʦʚʝ-

ʰʠʚʘʶʱʫʶ ʩʠʣʫ; ʟʘʪʝʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʚʝʥʩʪʚʘ ʜʝʡʩʪʚʫʶʱʝʡ ʠ ʧʨʦʪʠʚʦʜʝʡ-

ʩʪʚʫʶʱʝʡ ʩʠʣ ʥʘʭʦʜʷʪ ʩʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʟʚʝʥʦ, ʚʭʦʜʷʱʝʝ ʚ ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʫʶ ʧʘʨʫ. ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʨʘʚʥʦʚʝʩʠʝ ʚʪʦʨʦʛʦ ʟʚʝʥʘ, ʥʘʭʦʜʷʪ ʫʨʘʚʥʦʚʝ-

ʰʠʚʘʶʱʫʶ ʩʠʣʫ ʠʣʠ ʤʦʤʝʥʪ ʠ ʪ. ʜ., ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʨʘʚʥʦʚʝʩʠʝ ʚʩʝʭ 

ʟʚʝʥʴʝʚ ʧʝʨʝʜʘʯʠ. 

ɺʩʝ ʩʠʣʳ ʦʙʦʟʥʘʯʝʥʳ ʙʫʢʚʦʡ F ʩ ʜʚʫʤʷ ʥʠʞʥʠʤʠ ʮʠʬʨʦʚʳʤʠ ʠʥʜʝʢʩʘʤʠ: 

ʧʝʨʚʳʡ ʫʢʘʟʳʚʘʝʪ  ʥʦʤʝʨ  ʟʚʝʥʘ,  ʩʦ ʩʪʦʨʦʥʳ  ʢʦʪʦʨʦʛʦ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ, ʚʪʦʨʦʡ -  

 

 
ʈʠʩ. 5.13. ʉʠʣʦʚʦʡ ʨʘʩʯʝʪ ʧʝʨʝʜʘʯʠ ʧʦ ʩʭʝʤʝ 3 ʪʘʙʣ. 5.1: 

 

 
 

ð ʟʚʝʥʦ, ʥʘ ʢʦʪʦʨʦʝ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ. ʅʘʧʨʠʤʝʨ, F12 ð ʦʢʨʫʞʥʘʷ ʩʠʣʘ, ʩ ʢʦʪʦʨʦʡ 

ʢʦʣʝʩʦ 1 ʜʝʡʩʪʚʫʝʪ ʥʘ ʢʦʣʝʩʦ 2. 

ʇʨʦʚʝʨʢʦʡ ʧʨʘʚʠʣʴʥʦʩʪʠ ʩʠʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʩʣʫʞʠʪ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ 

ʚʥʝʰʥʠʭ ʚʨʘʱʘʶʱʠʭ ʤʦʤʝʥʪʦʚ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʧʝʨʝʜʘʯʝ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʦʧʦʨʥʳʡ ʤʦʤʝʥʪ). 

ʇʨʠʤʝʨ. ɼʣʷ ʧʝʨʝʜʘʯ ʧʦ ʨʠʩ. 5.1 ð 5.4 ʦʧʨʝʜʝʣʠʪʴ ʦʢʨʫʞʥʳʝ ʩʠʣʳ ʚ ʟʘ-

ʮʝʧʣʝʥʠʷʭ, ʚʥʝʰʥʠʝ ʚʨʘʱʘʶʱʠʝ ʤʦʤʝʥʪʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʮʝʥʪʨʘʣʴʥʳʝ ʟʚʝ-
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ʥʴʷ, ʠ ʩʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʧʦʜʰʠʧʥʠʢ ʩʘʪʝʣʣʠʪʘ ʠ ʝʛʦ ʦʩʴ. ɿʘʜʘʥ ʤʦʤʝʥʪ ʊʥ 

ʧʦʣʝʟʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʨʠʣʦʞʝʥʥʳʡ ʢ ʚʦʜʠʣʫ, ʨʘʟʤʝʨʳ ʢʦʣʝʩ ʠ ʯʠʩʣʦ ʩʘ-

ʪʝʣʣʠʪʦʚ ʧʩ. 

1. ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʨʘʚʥʦʚʝʩʠʝ ʚʦʜʠʣʘ ʠ ʥʘʭʦʜʠʤ ʩʠʣʫ F2ʅ (ʩʤ. ʨʠʩ. 5.12) 

 

 
 

2. ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʨʘʚʥʦʚʝʩʠʝ ʩʘʪʝʣʣʠʪʘ, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʠʝ ʧʘʨʳ ʩ ʚʦʜʠʣʦʤ ʠ ʮʝʥʪʨʘʣʴʥʳʤʠ ʢʦʣʝʩʘʤʠ 1 ʠ 3, ʠ ʥʘʭʦʜʠʤ ʩʠʣʳ F12 ʠ F32 

 

 
 

ʋʩʣʦʚʠʝ ʨʘʚʝʥʩʪʚʘ ʤʦʤʝʥʪʦʚ ʩʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʩʘʪʝʣʣʠʪʘ 

 

 
 

3. ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʨʘʚʥʦʚʝʩʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʣʝʩʘ 3 ʠ ʥʘʭʦʜʠʤ ʚʨʘʱʘʶ-

ʱʠʡ ʤʦʤʝʥʪ 

 
 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʨʠʩ. 5.2 ʤʦʤʝʥʪ ʊ3 ð ʚʝʜʫʱʠʡ, ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʨʠʩ. 5.3 

ð ʧʦʣʝʟʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʨʠʩ. 5.1 ð ʦʧʦʨʥʳʡ. 

4. ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʨʘʚʥʦʚʝʩʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʣʝʩʘ 1 ʠ ʥʘʭʦʜʠʤ ʤʦʤʝʥʪ 

 

 
 

ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʊ1, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʨʠʩ. 

5.1, 5.2, 5.3 - ʜʚʠʞʫʱʠʡ (ʙʝʟ ʫʯʝʪʘ ʧʦʪʝʨʴ). 

ʉ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʜʚʠʞʫʱʠʡ ʤʦʤʝʥʪ  ʊ¡1 = T1 / h, ʛʜʝ h -  ʂʇɼ ʧʝʨʝʜʘʯʠ 

(ʩʤ. ʪʘʙʣ. 5.1). 

ʅʘ ʨʠʩ. 5.13 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʩʠʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʧʝʨʝʜʘʯʠ ʧʦ ʩʭʝʤʝ 3 ʜʣʷ 

ʩʣʫʯʘʷ, ʢʦʛʜʘ ʟʘʜʘʥ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ (ʤʦʤʝʥʪ ʧʦʣʝʟʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ) ʥʘ 

ʚʝʜʦʤʦʤ ʢʦʣʝʩʝ 1. 
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ʈʠʩ. 5.14. ʇʣʘʥʝʪʘʨʥʳʡ ʨʝʜʫʢʪʦʨ ʧʦ ʩʭʝʤʝ 1 ʪʘʙʣ. 5.1 ʩ ʧʣʘʚʘʶʱʠʤ ʢʦʨʦʥʯʘʪʳʤ ʢʦʣʝʩʦʤ 
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ʈʠʩ. 5.15. ʃʝʙʝʜʢʘ ʩ ʧʣʘʥʝʪʘʨʥʳʤ ʨʝʜʫʢʪʦʨʦʤ ʧʦ ʩʭʝʤʝ 1 ʪʘʙʣ. 5.1. 
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Ä 5.5. ʂʆʅʉʊʈʋʂʎʀʀ ʇʃɸʅɽʊɸʈʅʓʍ ʇɽʈɽɼɸʏ 

 

 

ʂʦʥʩʪʨʫʢʮʠʠ ʧʣʘʥʝʪʘʨʥʳʭ ʧʝʨʝʜʘʯ ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʨʘʥʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʩʭʝʤʳ, ʚʝʣʠʯʠʥʳ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʩʨʦʢʘ ʩʣʫʞʙʳ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʝʥʴʰʠʭ ʛʘʙʘʨʠʪʦʚ ʩʠʣʦʚʳʝ ʧʝʨʝʜʘʯʠ ʚʳʧʦʣʥʷʶʪ ʤʥʦʛʦʧʦʪʦʯʥʳʤʠ 

(ʦʙʳʯʥʦ ʪʨʝʭʧʦʪʦʯʥʳʤʠ). ʉʣʝʜʫʝʪ ʥʘʟʥʘʯʘʪʴ ʥʝʯʝʪʥʦʝ ʯʠʩʣʦ ʩʘʪʝʣʣʠʪʦʚ ʜʣʷ 

ʣʫʯʰʝʛʦ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʩʠʣ ʚ ʟʘʮʝʧʣʝʥʠʷʭ. 

ʂʦʥʩʪʨʫʢʮʠʠ ʮʝʥʪʨʘʣʴʥʳʭ ʢʦʣʝʩ. ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʩʘʪʝʣʣʠʪʘʤʠ ʩʠʣʦʚʳʭ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʧʝʨʝʜʘʯ ʦʜʥʦ ʠʣʠ ʦʙʘ 

ʮʝʥʪʨʘʣʴʥʳʭ ʢʦʣʝʩʘ ʜʝʣʘʶʪ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠʩʷ (ʧʣʘʚʘʶʱʠʤʠ) (ʨʠʩ. 

5.14). ɺ ʧʝʨʝʜʘʯʘʭ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ, ʧʣʘʚʘʶʱʠʤ ʜʝʣʘʶʪ ʦʙʘ ʮʝʥ-

ʪʨʘʣʴʥʳʭ ʢʦʣʝʩʘ: ʩʘʤʦʫʩʪʘʥʦʚʢʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʟʫʙʯʘʪʳʭ ʤʫʬʪ, ʩʦ-

ʝʜʠʥʷʶʱʠʭ ʩʦʣʥʝʯʥʳʝ ʢʦʣʝʩʘ ʩ ʚʝʜʫʱʠʤ ʚʘʣʦʤ ʠʣʠ ʚʦʜʠʣʦʤ ʧʨʝʜʳʜʫʱʝʡ ʩʪʫ-

ʧʝʥʠ, ʘ ʢʦʨʦʥʯʘʪʳʝ ʢʦʣʝʩʘ ʩ ʢʦʨʧʫʩʦʤ ʠʣʠ ʟʘʤʳʢʘʶʱʝʡ ʧʝʨʝʜʘʯʝʡ. 

ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ ʥʘ ʨʠʩ. 5.15ð5.17 ʩʘʤʦʫʩʪʘʥʦʚʢʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʛʠʙʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʅʘ ʨʠʩ. 5.15 ʩʦʣʥʝʯʥʦʝ ʢʦʣʝʩʦ ʨʘʩʧʦʣʦʞʝʥʦ ʢʦʥʩʦʣʳʛʦ 

ʧʘ ʜʣʠʥʥʦʤ ʛʠʙʢʦʤ ʚʘʣʫ. ʅʘ ʨʠʩ. 5.16 ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʨʦʥʯʘʪʦʛʦ ʢʦʣʝʩʘ ʚʢʣʶ-

ʯʝʥʘ ʛʠʙʢʘʷ ʦʙʦʣʦʯʢʘ. ʅʘ ʨʠʩ. 5.17 ʩʘʪʝʣʣʠʪ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʛʠʙʢʦʡ ʦʩʠ. 

ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʩʘʪʝʣʣʠʪʘʤʠ ʚʦʟʤʦʞʝʥ 

ʠ ʜʨʫʛʦʡ ʧʫʪʴ ð ʞʝʩʪʢʘʷ ʫʩʪʘʥʦʚʢʘ ʚʩʝʭ ʜʝʪʘʣʝʡ ʧʝʨʝʜʘʯʠ ʧʨʠ ʫʩʣʦʚʠʠ ʚʳʩʦ-

ʢʦʡ ʪʦʯʥʦʩʪʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʤʦʥʪʘʞʘ (ʨʠʩ. 5.18). ɾʝʩʪʢʠʝ ʢʦʨʦʥʯʘʪʳʝ ʢʦʣʝ-

ʩʘ ʤʦʛʫʪ ʙʳʪʴ ʥʘʨʝʟʘʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʦʨʧʫʩʝ, ʟʘʧʨʝʩʩʦʚʘʥʳ ʚ ʢʦʨʧʫʩ 

ʠʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʨʘʟʲʝʤʝ ʬʣʘʥʮʝʚ (ʨʠʩ. 5.19). 

ʂʦʥʩʪʨʫʢʮʠʠ ʩʘʪʝʣʣʠʪʦʚ. ʉʘʪʝʣʣʠʪʳ ʦʙʳʯʥʦ ʜʝʣʘʶʪ ʩ ʚʥʫʪʨʝʥʥʝʡ ʨʘʩ-

ʪʦʯʢʦʡ ʧʦʜ ʧʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ. ɼʣʷ ʩʘʤʦʫʩʪʘʥʦʚʢʠ ʧʨʠʤʝʥʷʶʪ ʩʬʝʨʠʯʝʩʢʠʝ 

ʧʦʜʰʠʧʥʠʢʠ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ ʧʦʜʰʠʧʥʠʢʘ 
 

          Dmax = ʪ (z - 7),          (5.23) 

 

ʛʜʝ ʪ ð ʤʦʜʫʣʴ ʢʦʣʝʩʘ ʧʝʨʝʜʘʯʠ; z ð ʯʠʩʣʦ ʟʫʙʴʝʚ ʩʘʪʝʣʣʠʪʘ. 

ʋʩʪʘʥʘʚʣʠʚʘʪʴ ʩʘʪʝʣʣʠʪ ʥʘ ʜʚʫʭ ʠʣʠ ʪʨʝʭ ʧʦʜʰʠʧʥʠʢʘʭ ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʧʝʨʝʜʘʯʠ (ʨʠʩ. 5.20). ʇʨʠ ʤʘʣʳʭ ʜʠʘ-

ʤʝʪʨʘʭ ʩʘʪʝʣʣʠʪʦʚ ʧʦʜʰʠʧʥʠʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʱʝʢʘʭ ʚʦʜʠʣʘ (ʨʠʩ. 5.20, ʜ) 

ʠʣʠ ʧʨʠʤʝʥʷʶʪ ʧʦʜʰʠʧʥʠʢʠ ʙʝʟ ʢʦʣʝʮ. ʇʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥ-

ʥʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʦʜʰʠʧʥʠʢʘʤʠ ʢʘʯʝʥʠʷ ʩʘʪʝʣʣʠʪʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʧʦʜ-

ʰʠʧʥʠʢʘʭ ʩʢʦʣʴʞʝʥʠʷ. 

ʉʘʪʝʣʣʠʪʳ ʩ ʜʚʫʤʷ ʚʝʥʮʘʤʠ ʦʙʳʯʥʦ ʜʝʣʘʶʪ ʩʙʦʨʥʳʤʠ (ʨʠʩ. 5.21), ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʫ ʟʘʛʦʪʦʚʦʢ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ. ʉʜʚʦʝʥʥʳʝ ʩʘʪʝʣʣʠʪʳ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʚ ʦʜʥʫ ʧʝʨʝʜʘʯʫ, ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʦʜʠʥʘʢʦʚʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʟʫʙʴʝʚ ʚʝʥʮʦʚ. ɼʣʷ ʵʪʦʛʦ ʠʭ ʩʦʙʠʨʘʶʪ 

ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʭ ʠʣʠ ʧʨʠʤʝʥʷʶʪ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʝʥʮʦʚ ʧʨʠ ʩʙʦʨʢʝ (ʨʠʩ. 5.22). ɼʝʣʘʪʴ 

ʩʜʚʦʝʥʥʳʝ ʩʘʪʝʣʣʠʪʳ ʦʜʥʦʡ ʜʝʪʘʣʴʶ ʩʣʝʜʫʝʪ ʪʦʣʴʢʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʭ 

ʜʠʘʤʝʪʨʳ ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 
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ʈʠʩ. 5.16. ʂʦʥʩʪʨʫʢʮʠʷ ʢʦʨʦʥʯʘʪʦʛʦ    ʈʠʩ. 5.17. ʂʦʥʩʪʨʫʢʮʠʷ ʩʘʪʝʣʣʠʪʘ  

       ʢʦʣʝʩʘ ʩ ʛʠʙʢʦʡ ʦʙʦʣʦʯʢʦʡ        ʩ ʛʠʙʢʦʡ ʦʩʴʶ 

 

 

 

 
 

ʈʠʩ. 5.18. ʇʣʘʥʝʪʘʨʥʳʡ ʨʝʜʫʢʪʦʨ ʧʦ ʩʭʝʤʝ 5 ʪʘʙʣ. 5.1  

ʩ ʞʝʩʪʢʦ  ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ ʢʦʣʝʩʘʤʠ:   

ʘ ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ;   ʙ - ʦʙʱʠʡ ʚʠʜ 
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ʈʠʩ. 5.19. ɾʝʩʪʢʘʷ ʫʩʪʘʥʦʚʢʘ ʢʦʨʦʥʯʘʪʳʭ ʢʦʣʝʩ: 
ʘ - ʚ ʨʘʟʴʝʤʝ ʬʣʘʥʮʝʚ;  ʙ ð ʟʘʧʨʝʩʩʦʚʢʦʡ ʚ ʢʦʨʧʫʩ: ʚ ð ʥʘʨʝʟʘʥʠʝʤ  ʟʫ6ʴʝʚ  ʥʘ ʢʦʨʧʫʩʝ 

 

ʂʦʥʩʪʨʫʢʮʠʠ ʚʦʜʠʣ. ɺʦʜʠʣʘ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʧʝʨʝʜʘʯ ʠ ʧʦʩʣʝʜʥʝʡ ʩʪʫ-

ʧʝʥʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʯʘʩʪʦ ʜʝʣʘʶʪ ʟʘ ʦʜʥʦ ʮʝʣʦʝ ʩ ʚʝʜʦʤʳʤ ʚʘʣʦʤ (ʩʤ. ʨʠʩ. 

5.14). ʨʝʞʝ - ʨʘʟʜʝʣʴʥʦ. ɺʦʜʠʣʘ ʧʝʨʚʦʡ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʫʧʝʥʝʡ ʤʥʦʛʦʩʪʫ-

ʧʝʥʯʘʪʳʭ ʧʝʨʝʜʘʯ, ʢʦʛʜʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʘʤʦʫʩʪʘʥʦʚʢʠ, ʜʝʣʘʶʪ ʟʘ ʦʜʥʦ ʮʝʣʦʝ ʩ 

ʩʦʣʥʝʯʥʳʤ ʢʦʣʝʩʦʤ ʩʣʝʜʫʶʱʝʡ ʩʪʫʧʝʥʠ (ʨʠʩ. 5.23). ɽʩʣʠ ʩʦʣʥʝʯʥʦʝ ʢʦʣʝʩʦ ʩʘ-

ʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʝʩʷ, ʪʦ ʝʛʦ ʩʦʝʜʠʥʷʶʪ ʩ ʚʦʜʠʣʦʤ ʟʫʙʯʘʪʦʡ ʤʫʬʪʦʡ. ɼʣʷ 

ʫʧʨʦʱʝʥʠʷ ʬʦʨʤʳ ʟʘʛʦʪʦʚʢʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʜʠʣʘ ʯʘʩʪʦ ʜʝʣʘʶʪ 

ʩʙʦʨʥʳʤʠ. 
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ʈʠʩ. 5.23. ʂʦʥʩʪʨʫʢʮʠʠ ʚʦʜʠʣ: 
ʘ - ʩ ʢʦʥʩʦʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʦʩʝʡ ʩʘʪʝʣʣʠʪʦʚ, ʟʘʛʦʪʦʚʢʘ ðʧʦʢʦʚʢʠ, ʙ ð ʦʩʠ ʩʘʪʝʣʣʠʪʦʚ ʠʤʝʶʪ ʧʦ 

ʜʚʝ ʦʧʦʨʳ, ʟʘʛʦʪʦʚʢʘ ð ʧʦʢʦʚʢʘ: ʚ ð ʦʩʠ ʩʘʪʝʣʣʠʪʦʚ ʠʤʝʶʪ ʧʦ ʜʚʝ ʦʧʦʨʳ, ʟʘʛʦʪʦʚʢʘ ï ʢʨʫʛʣʳʡ ʧʨʦʢʘʪ: ʛ ð 

ʩʙʦʨʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʚʦʜʠʣʘ 

 

ʂʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʦʚ. ʂʦʨʧʫʩʘ ʧʣʘʥʝʪʘʨʥʳʭ ʧʝʨʝʜʘʯ ʚ ʩʝʨʠʡʥʦʤ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝ ʠʟʛʦʪʦʚʣʷʶʪ ʣʠʪʳʤʠ ʠʟ ʩʝʨʦʛʦ ʯʫʛʫʥʘ, ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʠʣʠ 

ʩʪʘʣʠ: ʢʦʨʧʫʩ ʨʝʜʫʢʪʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʧʣʠʪʝ ʠʣʠ ʨʘʤʝ ʥʘ ʣʘʧʘʭ, ʦʪʣʠʚʘʝ-

ʤʳʭ ʚʤʝʩʪʝ ʩ ʢʦʨʧʫʩʦʤ (ʩʤ. ʨʠʩ. 5.14): ʦʪʜʝʣʥɹʳʝ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʩʦʝʜʠʥʷʶʪ 

ʬʣʘʥʮʘʤʠ, ʠʤʝʶʱʠʤʠ ʮʝʥʪʨʠʨʫʶʱʠʝ ʚʩrʪʫʧʳ ʠ ʧʨʦʪʦʯʢʠ: ʩʪʷʛʠʚʘʶʪ ʬʣʘʥʮʳ 

ʙʦʣʪʘʤʠ, ʚʠʥʪʘʤʠ ʠʣʠ ʰʧʠʣʴʢʘʤʠ. ʂʦʨʧʫʩʘ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʦʚ ʙʝʟ ʣʘʧ ʩʦʝʜʠ-

ʥʷʶʪ ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʠ ʤʝʭʘʥʠʟʤʦʤ ʬʣʘʥʮʘʤʠ ʩ ʮʝʥʪʨʠʨʫʶʱʠʤʠ ʚʳʩʪʫ-

ʧʘʤʠ ʠ ʧʨʦʪʦʯʢʘʤʠ (ʩʤ. ʨʠʩ. 5.18). 

ɼʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʩʪʨʦʠ ʥʘ ʢʦʨʧʫʩʝ ʨʝʜʫʢʪʦʨʘ ʩʣʫʞʘʪ ʧʨʦʫʰʠʥʳ ʠʣʠ ʢʨʶ-

ʢʠ, ʦʪʣʠʚʘʝʤʳʝ ʚʤʝʩʪʝ ʩ ʢʦʨʧʫʩʦʤ, ʠʣʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʙʦʙʳʰʢʠ ʩ ʨʝʟʴʙʦʚʳ-

ʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʛʨʫʟʦʚʳʭ ʚʠʥʪʦʚ. 
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Ä 5.6. ʉʄɸɿʓɺɸʅʀɽ ʇʃɸʅɽʊɸʈʅʓʍ ʇɽʈɽɼɸʏ 

 

ɺ ʧʣʘʥʝʪʘʨʥʳʭ ʧʝʨʝʜʘʯʘʭ ʧʨʠʤʝʥʷʶʪ ʜʚʘ ʩʧʦʩʦʙʘ ʩʤʘʟʳ-ʚʘʥʠʷ: ʦʢʫʥʘʥʠʝ 

ʢʦʣʝʩ ʚ ʤʘʩʣʷʥʫʶ ʚʘʥʥʫ ʠ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ. ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʩʘʪʝʣʣʠʪʘ ʚ ʤʝʩʪʝ ʟʘʮʝʧʣʝʥʠʷ ʩ ʢʦʨʦʥʯʘʪʳʤ 

ʢʦʣʝʩʦʤ 

 
ʛʜʝ  wʅ ð ʫʛʣʦʚʘʷ  ʩʢʦʨʦʩʪʴ  ʚʦʜʠʣʘ,   ʨʘʜ/ʩ:   d3 ð ʜʠʘʤʝʪʨ  ʢʦʨʦʥʯʘʪʦʛʦ ʢʦʣʝ-

ʩʘ, ʤʤ. 

ʆʙʲʝʤ ʤʘʩʣʷʥʦʡ ʚʘʥʥʳ ʚ ʧʨʝʜʝʣʘʭ 0,3ð0,5 ʣ ʥʘ 1 ʢɺʪ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʤʦʱʥʦʩʪʠ; ʚ ʨʝʜʫʢʪʦʨʘʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ (ʜʦ 0,03 ʣ 

ʥʘ 1 ʢɺʪ). 

ʇʨʠ v > 3 ʤ/ʩ ʩʤʘʟʳʚʘʥʠʝ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ ʩʘʪʝʣʣʠʪʦʚ ʠ ʮʝʥʪʨʘʣʴ-

ʥʳʭ ʢʦʣʝʩ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʟʙʨʳʟʛʠʚʘʥʠʝʤ ʤʘʩʣʘ. ʇʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ v 

ʜʣʷ ʩʤʘʟʳʚʘʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʠʤʝʥʷʶʪ ʧʣʘʩʪʠʯʥʳʝ ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʟʘʢʣʘʜʳʚʘʝʤʳʝ ʧʨʠ ʩʙʦʨʢʝ ʚ ʧʦʣʦʩʪʠ ʧʦʜʰʠʧʥʠʢʦʚ, ʚ ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʤʘʟʝʫʜʝʨʞʠʚʘʶʱʠʝ ʰʘʡʙʳ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʜʫʢʪʳ ʠʟʥʦʩʘ ʤʦʛʣʠ ʦʩʝʩʛʴ ʥʘ ʜʥʦ ʤʘʩʣʷʥʦʡ ʚʘʥʥʳ, 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʝʛʦ ʜʦ ʥʘʠʙʦʣʝʝ ʧʦʛʨʫʞʝʥʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞ-

ʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 20 ʤʤ, ʘ ʧʨʠ ʟʥʘʯʝʥʠʠ ʤʦʜʫʣʷ ʙʦʣʝʝ 4 ʤʤ ð ʧʦʨʷʜʢʘ 5-8 ʤʦ-

ʜʫʣʝʡ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʩʪʦʷ ʨʘʟʙʨʳʟʛʠʚʘʝʤʦʛʦ ʤʘʩʣʘ ʚ ʧʦʣʦʩʪʷʭ ʧʦʜ-

ʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʠ ʚ ʢʦʣʝʩʘʭ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʟʫʙʴʷʤʠ ʥʝʦʙʭʦʜʠʤʦ ʜʝʣʘʪʴ ʜʨʝ-

ʥʘʞʥʳʝ ʦʪʚʝʨʩʪʠʷ. 

ʋʨʦʚʝʥʴ ʤʘʩʣʘ ʧʨʦʚʝʨʷʶʪ ʢʦʥʪʨʦʣʴʥʳʤʠ ʨʝʟʴʙʦʚʳʤʠ ʧʨʦʙʢʘʤʠ, ʫʩʪʘʥʘʚ-

ʣʠʚʘʝʤʳʤʠ ʚ ʢʦʨʧʫʩʝ ʥʘ ʚʳʩʦʪʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʠ ʤʠʥʠ-

ʤʘʣʴʥʦʤʫ ʫʨʦʚʥʷʤ ʤʘʩʣʘ; ʢʨʘʥʦʚʳʤʠ ʤʘʩʣʦʫʢʘʟʘʪʝʣʷʤʠ, ʱʫʧʘʤʠ ʠʣʠ ʤʘʩʣʦ-

ʤʝʨʥʳʤʠ ʩʪʝʢʣʘʤʠ. ʉʣʠʚʘʶʪ ʦʪʨʘʙʦʪʘʚʰʝʝ ʤʘʩʣʦ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ, ʟʘʢʨʳʚʘʝʤʦʝ 

ʨʝʟʴʙʦʚʦʡ ʧʨʦʙʢʦʡ. ʌʦʨʤʘ ʜʥʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʪʚʝʨʩʪʠʷ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠ-

ʚʘʪʴ ʧʦʣʥʳʡ ʩʣʠʚ ʤʘʩʣʘ. 

ʎʠʨʢʫʣʷʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʩʤʘʟʳʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪ ʚ ʨʝʜʫʢʪʦʨʘʭ ʙʦʣʴʰʦʡ 

ʤʦʱʥʦʩʪʠ, ʛʜʝ ʩʤʘʟʳʚʘʥʠʝ ʦʢʫʥʘʥʠʝʤ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʚʦʜ ʤʘʩʣʘ ʢ ʪʨʫʱʠʤ-

ʩʷ ʧʦʚʝʨʭʥʦʩʪʷʤ.  ɺ ʩʠʩʪʝʤʝ ʩʤʘʟʳʚʘʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʨʝʜʫʢʪʦʨʝ ʤʘʩʣʷʥʳʡ    

ʥʘʩʦʩ, ʬʠʣʴʪʨʳ, ʨʝʜʫʢʮʠʦʥʥʳʡ ʢʣʘʧʘʥ, ʭʦʣʦʜʠʣʴʥʠʢ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦ-

ʨʳ.   ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ  ʥʘʩʦʩʘ  ʦʧʨʝʜʝʣʷʶʪ   ʪʝʧʣʦʚʳʤ ʨʘʩʯʝʪʦʤ ʨʝʜʫʢʪʦʨʘ. 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʦ ʧʨʠʥʠʤʘʶʪ ʝʝ ʧʨʠ v ¢ 10 ʤ/ʩ ï 1 ʣ/ʤʠʥ ʥʘ 10 ʤʤ ʰʠʨʠʥʳ    

ʚʝʥʮʘ,   ʧʨʠ  v > 10 ʤ/ʩ - 2 ʣ/ʤʠʥ. ʆʙʱʠʡ  ʦʙʲʝʤ  ʤʘʩʣʘ  ʚ  ʩʠʩʪʝʤʝ  ʜʦʣʞʝʥ ʙʳʪʴ 

ʥʝ ʤʝʥʝʝ ʪʨʝʭʤʠʥʫʪʥʦʛʦ ʨʘʩʭʦʜʘ.  ʄʘʩʣʦ  ʚ ʟʘʮʝʧʣʝʥʠʝ ʧʦʜʘʝʪʩʷ ʬʦʨʩʫʥʢʘʤʠ ʥʘ 

ʪʦʨʥʳ ʢʦʣʝʩ ʠʣʠ ʯʝʨʝʟ ʦʩʝʚʦʝ ʠ ʨʘʜʠʘʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ ʚ ʩʦʣʥʝʯʥʦʤ ʢʦʣʝʩʝ, ʚʳ-

ʭʦʜʷʱʠʝ ʚʦ ʚʧʘʜʠʥʳ ʟʫʙʴʝʚ. 

ɼʘʚʣʝʥʠʝ ʤʘʩʣʘ ʚ ʩʠʩʪʝʤʝ 0,02-0,15 ʄʇʘ. ʄʘʩʣʦ ʢ ʧʦʜʰʠʧʥʠʢʘʤ ʩʘʪʝʣʣʠ-

ʪʦʚ ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ ʦʩʝʚʦʝ ʠ ʨʘʜʠʘʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ ʚ ʚʦʜʠʣʝ ʠ ʜʘʣʝʝ ʯʝʨʝʟ ʦʩʝ-

ʚʦʝ ʠ ʨʘʜʠʘʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ ʚ ʦʩʠ ʩʘʪʝʣʣʠʪʘ. 
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ɼʣʷ ʩʤʘʟʳʚʘʥʠʷ ʧʣʘʥʝʪʘʨʥʳʭ ʨʝʜʫʢʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪ ʥʝʬʪʷʥʳʝ ʤʘʩʣʘ ʩ 

ʧʨʠʩʘʜʢʘʤʠ, ʫʣʫʯʰʘʶʱʠʤʠ ʠʭ ʩʚʦʡʩʪʚʘ (ʩʤ. ʛʣ. IX, Ä 9.6). 

 

Ä 5.7. ʇʈʀʄɽʈ ʈɸʉʏɽʊɸ ʇʃɸʅɽʊɸʈʅʆʁ ʇɽʈɽɼɸʏʀ 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʝʜʦʤʦʤ ʚʘʣʫ ʊʅ = 290 ʅÖʤ; 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʝʜʦʤʦʛʦ ʚʘʣʘ ʧʅ = 360 ʦʙ/ʤʠʥ; ʪʠʧ ʧʝʨʝʜʘʯʠ ð ʨʝʜʫʢʪʦʨ ʩ 

ʧʨʠʚʦʜʦʤ ʦʪ ʪʨʝʭʬʘʟʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʯʝʪʳʨʝʭʧʦʣʶʩʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʝʜʫʱʝʛʦ ʚʘʣʘ (ʘʩʠʥʭʨʦʥʥʘʷ) ʧ1 = 1450 ʦʙ/ʤʠʥ; ʩʨʦʢ ʩʣʫʞʙʳ 

ʨʝʜʫʢʪʦʨʘ 5 ʣʝʪ ʧʦ 300 ʨʘʙʦʯʠʭ ʜʥʝʡ ʚ ʛʦʜʫ, ʚ ʦʜʥʫ ʩʤʝʥʫ ʧʦ 8 ʯ. 

ʇʦʨʷʜʦʢ ʨʘʩʯʝʪʘ. (ʊʝʨʤʠʥʳ ʠ ʦʙʦʟʥʘʯʝʥʠʷ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʚ ʛʣ. III ). 

1. ʆʧʨʝʜʝʣʷʝʤ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ 

 

 
 

ʇʦ    ɻʆʉʊ    2185-66  ʙʣʠʞʘʡʰʝʝ ʟʥʘʯʝʥʠʝ i = 4. 

  2. ɺʳʙʠʨʘʝʤ ʧʦ ʪʘʙʣ. 5.1 ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ 1 ʩ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦ-

ʰʝʥʠʝʤ i(3)
1H = 4. 

  3. ʇʨʠʥʠʤʘʝʤ ʯʠʩʣʦ ʩʘʪʝʣʣʠʪʦʚ (ʠʟ ʫʩʣʦʚʠʷ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʩʠʣ ʚ ʟʘ-

ʮʝʧʣʝʥʠʠ) ʧʩ = 3. 

  4. ɺʳʙʠʨʘʝʤ ʯʠʩʣʦ ʟʫʙʴʝʚ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʝʩʘ z1 = 30. 

  5. ʆʧʨʝʜʝʣʷʝʤ ʯʠʩʣʦ ʟʫʙʴʝʚ ʩʘʪʝʣʣʠʪʘ ʧʦ ʬʦʨʤʫʣʝ (5.2) 

 

 
 

6. ʇʨʦʚʝʨʷʝʤ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ʚʭʦʞʜʝʥʠʷ ʟʫʙʴʝʚ ʚ ʟʘʮʝʧʣʝʥʠʝ ʧʦ 

ʬʦʨʤʫʣʝ (5.10) 

 

         ð ʮʝʣʦʝ ʯʠʩʣʦ, ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʝʥʦ. 

 

7. ʇʨʦʚʝʨʷʝʤ  ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ʩʦʩʝʜʩʪʚʘ ʧʦ  ʬʦʨʤʫʣʝ (5.9) 
 

 

 
 

ʋʩʣʦʚʠʝ ʚʳʧʦʣʥʝʥʦ. 

8. ʆʧʨʝʜʝʣʷʝʤ ʯʠʩʣʦ ʟʫʙʴʝʚ ʢʦʨʦʥʯʘʪʦʛʦ ʢʦʣʝʩʘ ʠʟ ʫʩʣʦʚʠʷ ʩʦʦʩʥʦʩʪʠ ʧʦ 

ʬʦʨʤʫʣʝ (5.2) 
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9. ɺʳʙʠʨʘʝʤ ʜʣʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩʪʘʣʴ 40ʍʅ. ʫʣʫʯʰʝʥʥʫʶ, ʩʨʝʜʥʷʷ ʪʚʝʨ-

ʜʦʩʪʴ ʅɺ 280 (ʩʤ. ʪʘʙʣ. 3.3 ʛʣ. III); ʙʘʟʦʚʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʧʝʨʝʤʝʥʳ ʥʘʧʨʷʞʝʥʠʡ 

(ʧʦ ʪʘʙʣ. 3.2 ʛʣ. III)  
 

 
 

10. ʆʧʨʝʜʝʣʷʝʤ ʨʘʙʦʯʝʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʧʝʨʝʤʝʥʳ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ  ʩʦʣ-

ʥʝʯʥʦʛʦ  ʢʦʣʝʩʘ  ʟʘ   ʚʝʩʴ   ʩʨʦʢ   ʩʣʫʞʙʳ   t=5Å300Å8=12Å103 ʯ ʧʦ ʬʦʨʤʫʣʝ 

 

 
 

ɿʜʝʩʴ ʧ(ʅ)1 = ʧ(3)
1 - ʧ

(3)
ʅ = 1450 - 360 = 1090 ʦʙ/ʤʠʥ. 

11.ʊʘʢ ʢʘʢ NH > NH0 , ʪʦ ʧʨʠʥʠʤʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ KHL= 1 

[ʩʤ. ʧʦʷʩʥʝʥʠʝ ʢ ʬʦʨʤʫʣʝ (3.9)]. 

12.ʆʧʨʝʜʝʣʷʝʤ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʣʥʝʯʥʳʤ ʢʦʣʝʩʦʤ ʠ ʩʘʪʝʣ-

ʣʠʪʦʤ ʧʦ ʬʦʨʤʫʣʝ (5.15) ʪʘʙʣ. 5.3 

 
ʚʭʦʜʷʱʠʝ ʚ ʥʝʝ ʚʝʣʠʯʠʥʳ ʤʝʶʪ ʟʥʘʯʝʥʠʷ: 

 ʘ) ʜʣʷ ʧʝʨʝʜʘʯ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʧʨʷʤʦʟʫʙʳʤʠ ʢʦʣʝʩʘʤʠ ʂʘ = 49,5; 

  

ʙ) ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ      

 

ʚ) ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ, ʅÖʤʤ, 
 

 
ʛ) ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʛʨʫʟʢʠ ʧʦ ʪʘʙʣ. 3.1. ʛʣ. III  ʂʅb = 1,2; 

ʜ) ʨʘʩʯʝʪʥʦʝ ʯʠʩʣʦ ʩʘʪʝʣʣʠʪʦʚ ʧ¡ʩ =  ʧʩ ï 0,7 = 3 ï 0,7 = 2,3 

ʝ) ʜʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʬʦʨʤʫʣʝ (3.9) ʛʣ. III 

 

 
 

ɿʜʝʩʴ sʅ lim b ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʪʘʢʪʥʦʡ  ʚʳʥʦʩʣʠʚʦʩʪʠ; ʧʦ ʪʘʙʣ. 3.2, 

ʛʣ. III  

 
 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʂHL = 1 (ʩʤ. ʛʣ. 11). 

ʂʦʵʬʬʠʮʠʝʥʪ ʙʝʟʦʧʘʩʥʦʩʪʠ [Sʅ] = 1,1·1,2 ʜʣʷ ʢʦʣʝʩ ʠʟ ʫʣʫʯʰʝʥʥʦʡ ʩʪʘʣʠ, 

ʧʨʠʥʠʤʘʝʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ [Sʅ] = 1,15. 

ʂʦʵʬʬʠʮʠʝʥʪ ʰʠʨʠʥʳ ʩʘʪʝʣʣʠʪʘ ʧʨʠʥʠʤʘʝʤ yba = 0,5. 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʥʳʭ ʚʝʣʠʯʠʥ ʚ ʬʦʨʤʫʣʫ (5.15) ʠʤʝʝʤ  
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13. ʆʧʨʝʜʝʣʷʝʤ ʤʦʜʫʣʴ ʟʘʮʝʧʣʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʫʣʳ (3.14) ʛʣ. III  
 

 
 

14. ʆʧʨʝʜʝʣʷʝʤ ʜʠʘʤʝʪʨʳ ʜʝʣʠʪʝʣʴʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ ʢʦʣʝʩ ʠ ʰʠʨʠʥʫ, ʤʤ 

 

 
 

15. ɺʳʧʦʣʥʷʝʤ ʧʨʦʚʝʨʦʯʥʳʡ ʨʘʩʯʝʪ ʟʫʙʴʝʚ ʥʘ ʠʟʛʠʙ ʧʦ ʬʦʨʤʫʣʝ (5.21) 

ʪʘʙʣ. 5.3. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʘ ʩʭʦʜʥʘ ʩ ʠʟʣʦʞʝʥʥʦʡ ʚʳʰʝ. ɿʥʘʯʝʥʠʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪ  ʧʦ ɻʆʉʊ 21354-75 (ʩʤ. ʛʣ. III ). 

ʅʝ ʚʦʩʧʨʦʠʟʚʦʜʷ ʚʩʝʭ ʚʳʢʣʘʜʦʢ, ʧʨʠʚʦʜʠʤ ʨʝʟʫʣʴʪʘʪ:  

ʨʘʩʯʝʪʥʦʝ ʥʘʧʨʞ̫ʝʥʠʝ ʠʟʛʠʙʘ, ʄʇʘ 
 

 
 

ʉʨʘʚʥʠʤ ʩ ʜʦʧʫʩʢʘʝʤʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 

 

 
 

ʋʩʣʦʚʠʝ ʧʨʦʯʥʦcʪʠ sF < [sF] ʚʳʧʦʣʥʝʥʦ.  

ʈʘʩʯʝʪ  ʦʩʝʡ ʠ ʚʘʣʦʚ ʚʳʧʦʣʥʷʶʪ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʛʣ. VIII, ʧʦʜ-

ʰʠʧʥʠʢʠ ʧʦʜʙʠʨʘʶʪ ʧʦ ʫʢʘʟʘʥʠʷʤ ʛʣ. IX. 
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ɻʃɸɺɸ VI  

ɺʆʃʅʆɺʓɽ ɿʋɹʏɸʊʓɽ ʇɽʈɽɼɸʏʀ 
 

 

 

 

Ä 6.1. ʆɹʑʀɽ ʉɺɽɼɽʅʀʗ 
 

ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚʦʣʥʦʚʦʡ ʧʝʨʝʜʘʯʠ ʧʦʢʘʟʘʥʘ ʧʘ ʨʠʩ. 6.1: ʚʝʜʫɦ ʝʝ 

ʟʚʝʥʦ ð ʛʝʥʝʨʘʪʦʨ ʜʝʬʦʨʤʘʮʠʠ h: ʚʝʜʦʤʦʝ ð ʛʠʙʢʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ 

ʩ ʟʫʙʯʘʪʳʤ ʚʝʥʮʦʤ 2, ʠʤʝʶʱʘʷ ʦʙʱʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʦʩʴ ʩ ʞʝʩʪʢʠʤ ʢʦʨʦʥʯʘ-

ʪʳʤ ʢʦʣʝʩʦʤ 1 ʠ ʛʝʥʝʨʘʪʦʨʦʤ h. ɺʨʘʱʘʶʱʠʡʩʷ ʛʝʥʝʨʘʪʦʨ ʨʘʩʪʷʛʠʚʘʝʪ ʚʝʥʝʮ 2 ʚ 

ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚʦʣʥʳ ʜʝʬʦʨʤʘʮʠʠ ʙʝʛʫʪ ʧʦ ʚʝʥʮʫ ʠ ʩʦʟʜʘʶʪ ʥʝ-

ʩʢʦʣʴʢʦ ʟʦʥ ʟʘʮʝʧʣʝʥʠʷ ʩ ʢʦʨʦʥʯʘʪʳʤ ʢʦʣʝʩʦʤ 1. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʛʝʥʝʨʘʪʦʨʳ, ʩʦʟʜʘʶʱʠʝ ʜʚʝ ʚʦʣʥʳ ʜʝʬʦʨʤʘʮʠʠ 

ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʚʝ ʟʦʥʳ ʟʘʮʝʧʣʝʥʠʷ (ʩʤ. ʨʠʩ. 6.1). ʊʠʧʦʚʳʝ ʩʭʝʤʳ ʛʝʥʝʨʘʪʦ-

ʨʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 6.2: ʘ ð ʜʚʫʭʨʦʣʠʢʦʚʳʡ, ʩʦʟʜʘʝʪ ʜʚʝ ʚʦʣʥʳ ʜʝʬʦʨʤʘʮʠʠ; 

ʙ ð ʯʝʪʳʨʝʭʨʦʣʠʢʦʚʳʡ, ʥʦ ʩʦʟʜʘʝʪ ʪʘʢʞʝ ʜʚʝ ʚʦʣʥʳ ʜʝʬʦʨʤʘʮʠʠ; ʪʘʢʠʝ ʩʭʝʤʳ 

ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʤʘʣʳʭ ʥʘʛʨʫʟʢʘʭ ʠ ʥʝʙʦʣʴʰʠʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ; ʚ 

- ʤʥʦʛʦʨʦʣʠʢʦʚʳʡ ʛʝʥʝʨʘʪʦʨ, ʩʦʟʜʘʝʪ ʟʘʜʘʥʥʫʶ ʬʦʨʤʫ ʜʝʬʦʨʤʘʮʠʠ ʛʠʙʢʦʛʦ 

ʚʝʥʮʘ ʧʦ ʚʩʝʤʫ ʧʝʨʠʤʝʪʨʫ, ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʝʨʝʜʘʯʘʭ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ; ʛ ð 

ʜʠʩʢʦʚʳʡ ʛʝʥʝʨʘʪʦʨ, ʩʦʟʜʘʝʪ ʜʚʝ ʚʦʣʥʳ ʜʝʬʦʨʤʘʮʠʠ ʚ ʤʝʩʪʘʭ ʧʨʠʣʝʛʘʥʠʷ ʜʠʩʢʘ 

ʢ ʛʠʙʢʦʤʫ ʚʝʥʮʫ: ʫʧʨʫʛʘʷ ʢʨʠʚʘʷ ʛʠʙʢʦʛʦ ʚʝʥʮʘ ʠʤʝʝʪ ʬʦʨʤʫ ʜʫʪ ʦʢʨʫʞʥʦʩʪʠ: ʜ 

ðʢʫʣʘʯʢʦʚʳʡ ʛʝʥʝʨʘʪʦʨ. 

 

 
 

ʈʠʩ. 6.1. ɺʦʣʥʦʚʘʷ ʧʝʨʝʜʘʯʘ  

 

 

ʈʠʩ. 6.2. ʉʭʝʤʳ ʛʝʥʝʨʘʪʦʨʦʚ ʚʦʣ-

ʥʦʚʳʭ ʧʝʨʝʜʘʯ  


